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Elucidation of Biological Interactions of Endohyphal Bacteria within Fungal Hyphae

Tomoyasu Nishizawa

Ibaraki University College of Agriculture
3-21-1 Chuou, Ami, Ibaraki 300-0393, Japan

Obligate bacterial endosymbionts are critical to the existence of many eukaryotes and are usually characterized by
reduced genomes and metabolic dependence on the host, which can cause difficulties in isolating these
endobacteria as pure cultures. Endofungal symbiotic bacteria are well characterized in the family Burkholderiaceae
within the class Betaproteobacteria, and these frequently occur in the fungal phylum Mucoromycota. The genus
Mortierella is one of the largest genera in the phylum Mucoromycota. In this study, we examined the presence/
absence of endofungal bacteria in diverse species of Mortierella. A total of 305 isolates of Mortierella spp. were
surveyed, which were mainly obtained in Japan. As a result, Burkholderiaceae-related endobacteria (BRE) were
found in 66 isolates of Mortierella, and the BREs in the Glomeribacter-Mycoavidus clade were separated
phylogenetically into three groups. These groups consisted of a group containing Mycoavidus cysteinexigens, which
is known to be associated with M. elongata, and two other newly distinguishable groups. These results
demonstrated that BREs were harbored by many species of Mortierella, and those associated with isolates of
Mortierella spp. were more phylogenetically diverse. In addition, a culturable endosymbiotic bacterium,
Mycoavidus sp. strain B2-EB, present in the fungal host Mortierella parvispora E1425, was obtained successfully in
this study, and its complete genomic sequence was newly determined. The results indicated genomic reduction
occurring in the genome of strain B2-EB (chromosome size, 1.88 Mb), in comparison with those of other
Burkholderiaceae-related endohyphal isolates (chromosome size, 2.76-2.80 Mb); was equivalent to that of the
uncultured endosymbionts ‘Ca. Glomeribacter gigasporarum’ (draft genome sequence size, 1.62-1.73 Mb)
harbored in the arbuscular mycorrhizal fungus Gigaspora margarita. This work allowed us to understand the
genome evolution of the Burkholderiaceae-related endosymbionts. Phylogenetic analysis of concatenated
housekeeping genes and calculation of the average nucleotide identity showed strain B2-EB was a new species
affiliated with the genus Mycoavidus. Comparing with the massive expansions of transposable elements in other
known Mycoavidus genomes (7.2-11.5% of total genome length), this proportion only accounted for 2.4% in the
strain B2-EB genome. In addition, comparing with the genomes of the closest species, M. cysteinexigens, the strain
B2-EB genome was characterized by the loss of genes involved in signal transduction, transcription, energy
production, and conversion, as well as carbohydrate and amino acid metabolism. To the best of our knowledge, the
strain B2-EB genome represents the smallest genome among cultured endofungal bacteria.

Key words: comparative genomics, endohyphal symbiont, isolation, Mortierella, Mycoavidus
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SRS < 96k ORhJCREE ) TVB S DS RT D, B OB OB
REESTAr (JEHRRE ) N Y i
BB TS (Jhhk oy aar ) BEEZTHD L, AW FOB IR B TR,
RHEBAT CRIRK T EEHR) BEENT DI ENEETH L7720, BEMAEWE TH



LNAILEBG OB ENT-OTIERVESL ) H (K
H5, 2016). TOMBIHZREIE LT, 7T—NAF2T—
WA (AM W) 25> MRS (Bacterium-like
organelles (BLOs)) | 73% % (Mosse, 1970). ZOHis
A5 304ELL EAHE D, 5122000 4R D5 A R
WOHHMHEAIZL T, £ D BLOs D—DH
I & LU CTOaBFEmCAiE-o T S i, WHENAENTE O
eI E - 72 (Bianciotto et al., 2003 ).

A TR A D IR A S 5 T E AR S 1,
SRR - NAEMBE OBRTIX, 7—"AF 25 —HilE
Gigaspora margarita & % ® W £ Ml & ‘Candidatus
Glomeribacter gigasporarum’ (Bianciotto et al., 2003),
A AT SRR O 5 5 SR IR Rhizopus microsporus & 1)
¥ ¥ Vg H N & M Paraburkholderia rhizoxinica
(Partida-Martinez & Hertweck, 2005; Partida-Martinez et
al., 2007) THIgED HD SNTE 7. Fx OLATHIZEC
BT, M85 558 L 72 5% IR Mortierella elon-
gata DEFRE T Burkholderiaceae FHZIE 3 % WA ME
BB NE LD, WAERYD?S 7 F AR DN
AF=3—=h—=,hbTyFMFIrimMsh, HRAN
o BLOs (3 5% KW W2 N A3 % Burkholderiaceae FHIJE
575 LEMMBETHL I LS E %572 (Sato
etal., 2010).

VAR, WHICHAETAMIEORRE DA, 3P4 HT7
21 H 36 F 41 )& 73 Tl 148 RALORHUI N R AEAE
THIEDERSN (FED, 2015), ZOWAEMED 16S
rRNA S FECF O H0 55 BHHT 55 5 M ( Proteobacteria,
Bacteroidetes, Tenericutes, Firmicutes, Actinobacteria)
& Cyanobacteria 1 D 5 IRVE Nostoc punctiforme 732§
5T ENHE N KW S, 2016). Betaproteobacteria
# @ Burkholderiaceae #1211, Wi ¥y 9 I ¥ Rhizopus
microsporus (Mucoromycotina i) 7 & #like B S
72PAERR C, Burkholderia J& OFflE & L Cifk S 7z
Paraburkholderia rhizoxinica & Paraburkholderia endofun-
gorum (Partida-Martinez et al., 2007) X, JGiZak <72 M.
elongata (Mortierellomycotina Hi[q) 7 & Fike - &
T=WAEMBTH Y, [F U L Burkholderiaceae Ft O 3 E H
fifi & L CHEHR S 72 Mycoavidus cysteinexigens H3 5 F L
% (Ohshima et al., 2016). F 7z, M. elongata L)%+ @
Mortierella J& T 12 3\ T & Mycoavidus &M H 2 & 5
EEZONLEBHEPNEL TSI EPERINT
(Takashima et al., 2018b). A 7K HEI X L <
WS, Gigasporaceae FHZIE T AT — N AF 27 —
HARR N4 B HH D Burkholderiaceae FHIJE L, ¥
J& 1 i Candidatus Glomeribacter gigasporarum’ & L T
e X 7> (Bianciotto et al., 2003 ). [AkIZ, FrBERs 2
RS2V #iEIZEZ R WS Glomeromycota P9 3

H789E 1380 AME &, # 9D Endogone J& R K
W 2 & Molicutes i O WA B A Sz (BB,
2015). M. elongata OPIAMG, WRKOWNAME, £
L T Rhizopus J&TH O NAME O 3 F11E, Wb fEEE
rR-VCEHSABEORRBE A L L L,
Burkholderiaceae FHZIE S % &\ 9 el liA3d - 7z

AAEDOHRIFER 7/ 2 DNA e bl o AL R 3SR ARE —
WA ] D3 EBI G OFIICRE CHEIRL 72, A
WOT ) Mo oM HEHET 22 L2 HIRL,
SART 2 & WA W 53 % 4B L T 2 A Jae L 72
R VATA VEGER EWHERICHET 2 BETRHEE K
WTWh &) iz R L7 (Fujimura et al., 2014 ).
T A =N B Legionella JBME I Y A7 4~ EER
PR L, BEOFHMED 728 (Feeley et al., 1979),
VAT A VERME AW TEHOSERE (F 213
BCYE o £ X)) 2SHVHNTWD. 2T, 4L
7o NARNR % BCYE o ZEREF M H:AE L 72 & & A gl At
b o, HEHFED Mycoavidus cysteinexigens B1-EBT
MR 53 BERE #1282 L 72 (Ohshima et al., 2016). #lif:
EEICE 5 T\ ‘Ca. G. gigasporarum’ & Tr )/
2 A XAV L T\ % Burkholderiaceae Ft @ VYAl
DRPT, ZO7 7 ZF A4 AP HWT 5 &, fFERK
W OACHNAKL 3 5 EERER L s Lz,

AWEFEE, WNAEMEZRE T % M eongata VLA O
Mortierella J& IR B B WM D55 4i & & DL Hk
P& ML 720 & 52, Mortierella J& 12 W 3 5%
Mycoavidus BHIH Z LT TFT N E L, oy
WZHE U 72 Mycoavidus J& O FiFE A 0 7 7 2 ikt
C T MRS, SRR — WA o S 4 BA1R,
FE A AEM I O EAERIZ DWW TG .

FEERT5 %k

HLTYLT, YU TIVERREE S UBEBEOEE

Ty s%, B3, MM, M) ¥ —, ¥ 3 (F
FK) BLXOTEERET 2IIFHICEI VAT L +
7 & D Mortierella J& W O 43 EEX, EITHBEFEICLD
7wy, T RICRAELCRTEL AR (S0 1Lk,
1970) ICBHT A2 L CHitkafE. Lz F72, Eh
VA OILEIZOWTIL, MRS, FARW F 723K
HoF FHETREZITY, AF L TE2RREmE
Il TFEEZH L ARMICBIT 52 & THRkEE
L7z SrEER kOB M M OB ASHERR S 7o
4%, vantighem # (Sato et al., 2010) 12 & V) HR/H2
HHN7 TV TR L. SRR, AR ET
Yeggth, WhEeaOERE LA R (10% 7)) &
u— (v/v) BEO5% Lo —2 2K (w/v))



SRR - AT O B A A HAE T BLR O 1 W

ImLIZHZ, —80C DT 4 —7 7)) —HF—THHE IR L
7z. %7z, NITE Biological Resource Center(NBRC) B X
U CBS-KNAW culture collection (CBS) & V) Mortierella
BWEZNEN11BL P 12EkE AT L7

P A FB B 0D B

Mortierella parvispora E1425 ¥k % H\\»"C, Ohshima et
al. (2016) D FFIHE > THNAEME O HLEE % 17 - 72,
RO 7 7 v xR 1/2CMMY % K5 # (Corn
meal agar, 8.5g/L; Malt extract 10.0g/L; Yeast extract,
1.0g/L; Agar, 7.5g/L) @ b Zf5 50K % B R L,
23CTH HMR# L7, 5tk WhRHA% ACES ik
(pH6.9) 1ZHUXL, WAKOHHEIT-7. FEY S
AP =Ry 2V THER L 72 BR IR ST 2 55 DAL & o
THRARRE X Bz, REZLEORL 2 2HHO 2
YTV YT 4N E — (8.0umfLEB X U3.0um fLEF)
T2EBOAM T, WAMKEOM BT % 572 >
AT A v EAEER (BCYE a £ K5 ) 12 1mL 045

WAL, 2iE30 HRCHEREEE21To72. 512,
EF LM 20 = =2 5 WiREz2TY, Y7o

0= —%f7.

A& MR O IR ER R

T Sk P9 AR T oD sl ot B B 8% 81 %% 1, Live/Dead™
BacLight™ Bacterial Viability Kit (Life Technologies
Japan Ltd.) Z=H\W7z. defid, BUR L 72 BRIl
ZHEPER T L, —E RS ICREmil ) v R L1,
TUNT— b EREK L. SOGBMEE (BX51, Olympus
Corp.) FCTHAWICKE /23R EICHRT - /%
BigEL 7z,

H T T AR B (RS O SA SR AT, 4
) 1%, B - AR EIRE T o, ) k-
IVIEREE M T 7 HHIEG 28 L 72ROk R % AL 7 4 A
2EH UL FTLIHICHRBEL, BAKTOIY
(=175C) TRMHKE L2, SR LY 7 ViE2%
TR+ A I A EFEIREME (71 b > K=
98:2) HT-80T, 48D EIREEZITVY, S HIZ
—20C, 14WH & 4C, 2R o[ e LB % 1T 5 725
Ty FF T RE100% T8 J — )b & v TR
L, AN—BHRCHAZUE L. 20Kk, YV T
I8 b=2%HWTEES 90nm OB 2 /EH L
el 7 = Vs & 7 T Y RER TR TR L, ZWAE
T-SHEMSE (JEM-1400Plus, JEOL) THEI%L 7.

DNAH#H & PCRZEICL 2R RE & S UREMEDE(R
F/N—O— REEEBOEBEESRE
1/2CMMY ¥i#h ElC#n 72t 7 7 v B

_9_

AL, T0ICRR0EET A ECxl (H23TC)
THEL HEROBEARKEZ LT 7 ¥ L SR
122.0mL % Y OF 22— 7 (WATSON) % 7213 1.5mL
F 2 —7 (WATSON) 28 L, Prepman Ultra Sample
Reagent (Applied Biosystems ) % 100uL Iz 7. & D,
F—r 2 L—THWR L724&E 7 5 v ¥ x— (TAITEC)
T d Xy 2V T KR % B L, DRY BATH
INCUBATOR (Fast Gene) % VT 1007C, 10 %[ A
YFaN— L7 20400xg, 340 (SR oLz
%, EEEHLVISmLF 2 =712 L7z KICTER
i (pH8.0) % 100uL Mz 72, 7=/ —:z7n
TR VA A YT INVTII—) (25:24:1, v/v/v)
EMA, 20MANVF vy 7 A L7z 5El (20400 g,
15min, 4C) L7:#%, LJE OKME) 100puL 2 Loy
NRYFRVTFa—7ICBL, Thz DNAMHHESE L
7o, XD, LY — VIR X D RFR L, TE &R
(pH8.0) ZMMAZTRL vy &ML, DNAHH & L
72. DNA i J¥ 1 NanoDrop 45 Y6 ¢ & & (Nanodrop
Technoglogies Inc.) % MHWTEHI L 7. Hlill L7- DNA
Z § M2 L ¢, ITSIFITS4, ITS5-ITS4, % 7= i
ITS5-LR5 7 9 4 ¥~ —%t v b %W T, S%IKHEITSI-
5.8S-1TS2 % & #lsi % PCRI4IE L, PCREW % A58 L
72 (Takashima et al., 2018b). #E# L 72 PCR ¥ F & ABI
PRISM 3130x! Genetic Analyzer (Thermo Fisher Scientific
Inc.) THIILEH) % Peg L7z, 45 35K % o PCR H I
ICHW7- DNAIE 2 #78 & L, MK 16S rRNA # 1z
T OHEIZH WL = N—H )L 7 5 4 < — T PCR G
#4772 (Sato et al., 2010). FHH L 7z PCRIAREM A 1
ABI PRISM 3130x/ Genetic Analyzer (Thermo Fisher
Scientific Inc.) % v THILACY % P L 72,

BEFN—-I- FEEEAVAEBEELRREOERE &R
WA D T RIGREN

TEESRIRBODFRED 72012, KRBV H
Fr—aLryarF@EN-—NUTAREEINTYS
Mortierellomycotina i P92 J& 3 % W #H ® ITS1-5.8S-ITS2
Hn T3 % NCBI X DXL L, ITS1-5.8S-ITS2 #{n T
By 7 — 7 N— 2% W52 U 7> (Takashima et al., 2018b).
R L 727 — & N— 2 % W C blastn 12 & 2 A MRS
ATV, AE SRR D40 F W& 217 - 72, Takashima ef
al. (2018a) ZfEvy, MAFFT (ver. 7.212) TT7 54 ¥
A ML, Gblocks (ver.0.91b) T7 4 v A &Y
PRI 2 it L7225, MEGA (ver. 6.06) (Kumar
et al., 2008) TEFNIHEEZITV, RAXML (ver. 8.212)
% H\» T ITS1-5.8S-ITS2 #5120 < 1 F R IKE D
ARG 2L, AHRIVERR SR 35 & OSRAEIANT O R
ERETHIETHTRIERITo 72,

-,



F 72, o NN AME O 16S rRNA # 12 F 13,
MAFFT (ver.7.212) T7 54 ¥ A ¥ + L TMEGA (ver.
6.06) TETFNVHELEZITV, RAXML (ver. 8.212) % M
W USRS 2 /B L 72 (Takashima et al., 2018b).

SS2T / LBAIRE &7/ LR

SBERE AR U 72 NAERIR 2 BCYE o £ KB HC 7 H BIRE
#L, Rk VVF-LATHERL, 7=/ —-VETE
77 Mt T 572 (Guo et al, 2018). fhi L7277/
2 DNA & PacBio RS 1I & Ilumina HiSeq2500 % H \» T
V=4 Y AL (BRAatY -4, Hik). PacBio
RSII T 20-kb D54 75 ) #{E# L, P6-C47 I AV
%M\ T 118 SMRT cell T —7% » A L7:. Nllumina
HiSeq2500 Ti& Truseq DNA PCR-Free Kit T 101-base 7
475 #E L, Pairedend > —4 ¥ A L7z Fbh
72 ¥ FE B %) 13 SPAdes (ver. 3.10.1) (Bankevich et al.,
2012) TNA 7Y v K771 L, Pilon (ver.1.22)
(Walker et al., 2014) THIEMEZITV, ¥~=2 TV T
RIMEL Ceer /) 2B EduE LI, T/ 7 —Ya vy
1, Dfast (Tanizawa et al., 2018), BLAST-KOALA
(Kanehisa et al., 2016), NCBI-COG (Galperin et al.,
2015) ZH\WTAT- 7. i Sz CDS it Orthofinder
(ver. 2.3.3) (Emms & Kelly, 2015) TH Vv a2 -2 —
TEERL, Y7 NVa¥—o CDSEH» b4 E it
L7z. %72, Burkholderiaceae ¥ IR P/EMIH (BRE)
DI ) NN, BLASTP MIFIMEMZE 217w, 75%
DEDOT7I4 X2 b AL =T T10° LT D e-value
ERDTIVBENE SRS EiE L L7 (Guo et al.,
2018). & 512, eggNOG (Huerta-Cepas et al., 2015)
% M\ T Burkholderiaceae F+ @ FI A TG BT & YA
W AOWREEET 727 7 4 VEEK L, CheckM
(Parks et al., 2015) % H\VCHiw 7 2 2l <ciEd %
VY ITNAE BT ORERNS T ) AEEE (%)
RO

ANAME O MLSA B8t & &4/ LIERIMERSR

2R Al T 53 B R O 43 F R SR AT L&, Sharmin et al.
(2018) @ Multilocus sequence analysis (MLSA) 12
vy, 5HEONT ZAF =V U TR T (atpD, gyrB, lepA,
recA, rpoB) DIFEHEALH] % F v T MAFFT (ver. 7.222)
T7 94 A L, Kakusan (ver.4) TETIVIEE%E
T, RAXML Z W TR LRHEM 2 ER L7z, £ 72,
FEORED 20, #& DI D Mycoavidus cysteinexigens
BI-EBT ¥k & 44 7 2 HIFERZE %47y, Whole-genome
Average Nucleotide Identity (ANI, %) %% H L7 (Richter
etal.,2015).

RiRB L UEE

Mortierella BEI\-RAET 2 ME D 16S rRNAEEFICE
D RGN

SEEL7Z 305 Wbk B XUV Fr—aL sy ayr AT
L7z 23 WkkOFEF 328 WHkIZDOWT, PCR I X NAH
WG HEZ A L7265, 66 Witk &V Burkholderiaceae
BT 2 NAEMB 2SI S 7z (Table1). T b
Mortierella J& T 66 Bitklx, 25 MICHFFHESI N2 L
775 (Table 1), Burkholderiaceae FHZ )% 3 % PIAEMI T I,
I F THAEME AHERE S LT\ 72 Mortierella J& T 2
i (M. elongata B X O° M. minutissima) (WX T, #
7212 Mortierella J& 18 23 FEAME 350K & 70 5 & & A3
mahz.

7166 B AR O i F R IRE 2 S Wi 7z A o
16S rRNA SBAZF 2 HED 53 FRMFAT O R, Wik &
N7 XRCTOWNEMB L, Glomeribacter-Mycoavidus 7
L— FIZfiiE L, M. cysteinexigens BI-EBT ¥kH3E 9~ %
77 L—F (MorBRE group A) \ZMZ T, 220D %
5% 727 L—F (MorBRE group B X OFgroup C) #
BT 5 EBNHL R o7 (Fig.1).

U LEORERENS, BEDZ NV —TOWNEMEH L Y IA
HiPH \Z Mortierella J& SR KW ICHNAT 5 2 2R EN,
NS OPAHIR (XA o> Burkholderiaceae W FE & 134l
VLRI H DL ENHS N E o7

BB 7= Mycoavidus BREMBD T/ LEEFR

T 16S rRNA EAZ T 1230 RIRAT (Fig. 1) 225,
AR TH 7212538 L 72 5% 4K % M. parvispora E1425 ¥k
WA % HI# A M. cysteinexigens BI-EB™ FRIZ 5 b U0A%
THAHAZEIREN, VATA VERERHSHZ L2
8L, 22T, BICHMELZEELFBRICVATA ~
AR (BCYE a 2 KK #) % M\ T M. parvispora
E1425 ¥RICNA S B 0 R 28 2 il 72 AR
D5 % BCYE a ER B o RIS L, FilRT30
HEOBE#RZICau=—%2BHL, Eollaa=—»b
WL CT7 HEOREZTW, Y7 vau=—%{57.
H TR 16S rRNA {2 1 53R 0 35 2L BL 5 AY M. parvispora
EM425 BRICNAET AMI & —F L 2 &5, ZoNAHM
2 vk % B2-EB Bk & #4413 72,

JCATHEIED M. cysteinexigens BI-EB" kD544 ) L ikt
B, ) AR EIEARTEESS RIS,
SHOFERIN DG TN T\, F2TAETIE, v
YY) = FEDOPacBio RSIIBL Y a— b)) — koD
Ilumina HiSeq2500 % T B2-EB¥7 / 2D v —7r v
A %47 - 72. PacBio RSII A 5% 926 Mb sr0 1 > 771) —
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Table 1 Isolates of Mortierella spp. associated with endohyphal bacteria

Cult
. Y u?'e Isolation . Detected MorBRE
Host fungal species* Isolate no. collection Location
sources group
no.
. X Okinawajima-
Mortierella elongata YTMI18 JCM 33085 Soil . X C
island, Okinawa
Oki jima-
Mortierella elongata YTMI19 JCM 33086 Soil . 1nawa_|A1ma C
island, Okinawa
. Miyakejima-
Mortierella sp. "zonata" YTM23 JCM 33087 Plant . B
island, Tokyo
. . Miyakejima-
Mortierella alpina YTM25 JCM 33088 Plant . B
island, Tokyo
. - Miyakejima-
Mortierella verticillata YTM35 JCM 33089 Plant i A
island, Tokyo
Mortierella humilis YTM36 JCM 33090 Soil Tochigi A
. . JCM 33091, .
Mortierella sugadairana YTM39 NBRC 112366 Plant Hokkaido C
Mortierella alpina YTM40 JCM 33092 Fungi Ibaraki B
JCM 33093
Mortierella sp. 6 YTM49 i Soil Kanagawa C
NBRC 112368
Mortierella sp. 6 YTMS50 JCM 33094 Soil Kanagawa C
Mortierella sp. 5 YTMS3 JCM 33095 Soil Kanagawa C
Mortierella horticola YTM78 JCM 33096 Plant Ibaraki B
. . Kumejima-
Mortierella sp. 4 YTM104 JCM 33097 Soil . . C
island, Okinawa
X . Kumejima-
Mortierella sp. 4 YTM108 JCM 33098 Soil . . C
island, Okinawa
i . Kumejima-
Mortierella sp. 15 YTM110 JCM 33099 Soil . . A
island, Okinawa
. . Kumejima-
Mortierella sp. 15 YTM112 JCM 33100 Soil . . A
island, Okinawa
i . Kumejima-
Mortierella sp. 15 YTM113 JCM 33101 Soil . . A
island, Okinawa
X . R Kumejima-
Mortierella ambigua YTM115 JCM 33102 Soil . . B
island, Okinawa
Mortierella gamsii YTM123 JCM 33103 Soil Hokkaido A
Mortierella gamsii YTM124 JCM 33104 Soil Hokkaido A
Mortierella gamsii YTM127 JCM 39001 Soil Hokkaido A
Mortierella gamsii YTM131 JCM 39002 Soil Hokkaido C
Mortierella jenkinii YTM133 JCM 39003 Soil Hokkaido C
Mortierella sp. 11 YTM134 JCM 39004 Soil Hokkaido C
“Mortierella oedorhiza”* YTMI135  NBRC 112369 Soil Hokkaido C
Mortierella elongata YTM138 JCM 39005 Soil Hokkaido C
Mortierella elongata YTM139 JCM 39006 Soil Hokkaido C
Mortierella sp. "zonata" YTM160 JCM 39007 Soil Toyama C
v P
Mortierella elongata YTM164  JCM 39008 Soil ) onagunyima c
island, Okinawa
v e
Mortierella elongata YTM165  JCM 39009 Soil | onagunyima c
island, Okinawa
v e
Mortierella elongata YTMI70  JCM 39010 Seil ) onasunyima c
island, Okinawa
v e
Mortierella sp. 14 YTMI71  JCM 39011 Seil ) onasunyima A
island, Okinawa
v e
Mortierella alpina YTMI73  JCM 39012 Seil ) onasunyima c
island, Okinawa
v e
Mortierella elongata YTM174  JCM 39013 Seil ) onagunyima c
island, Okinawa
Y .
Mortierella sp. 14 YTMI176s1  JCM 39014 Soil ) onasunyima B
island, Okinawa
Y e
Mortierella sp. 14 YTM177s  JCM 39015 Soil onagunyima B

island, Okinawa

Continued on the next page.
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Table 1 continued
Continued.
I
. Cu tu‘re Isolation . Detected MorBRE
Host fungal species* Isolate no. collection Location
sources group
no.
Mortierella sp. 15 YTM179 JCM 39016 Soil Yamanashi B
Mortierella verticillata YTM181 JCM 39017 Soil Yamanashi C
Mortierella sp. 15 YTM184 JCM 39018 Soil Yamanashi B
Mortierella sp. 15 YTM185s1 JCM 39019 Soil Yamanashi B
Mortierella sp. 15 YTM186s JCM 39020 Soil Yamanashi B
Mortierella humilis YTM187 JCM 39021 Soil Yamanashi A
Mortierella elongata YTM190 JCM 39022 Soil Shizuoka B
Mortierella elongata YTM210 JCM 39023 Soil Ibaraki C
Sad hima-
Mortierella sp. 16 YTM212  JCM 39024 Soil adogashima c
island, Niigata
. . Sadogashima-
Mortierella sp. 16 YTM214 JCM 39025 Soil . . C
island, Niigata
Mortierella sossauensis YTM223 JCM 39026 Plant Fukushima B
Mortierella humilis YTM225 JCM 39027 Plant Fukushima A
Mortierella parvispora E1425 JCM 39028 Soil Hiroshima A
Mortierella chienii E1931 JCM 39029 Soil Kagoshima C
Mortierella parvispora E2010s1 JCM 39030 Soil Hiroshima C
Mivakeiima-
Mortierella fluviae ® M5 JCM 39031 Soil Miyakejma A
island, Tokyo
. . . Miyakejima-
Mortierella fluviae b M8 JCM 39032 Soil A B
island, Tokyo
. . . Miyakejima-
Mortierella fluviae b M10 JCM 39033 Soil A A
island, Tokyo
. . . Miyakejima-
Mortierella fluviae b Ml14 JCM 39034 Soil A A
island, Tokyo
. . Miyakejima-
Mortierella sp. “CBS 118520 ® M26 JCM 39035 Soil . A
island, Tokyo
. . Miyakejima-
Mortierella sp. “CBS 118520 ® M30 JCM 39036 Soil . C
island, Tokyo
. . . Miyakejima-
Mortierella biramosa ® M40 JCM 39037 Soil ) C
island, Tokyo
. . . Miyakejima-
Mortierella horticola ® M4ls JCM 39038 Soil A C
island, Tokyo
. . . Miyakejima-
Mortierella fluviae b M53 JCM 39039 Soil A A
island, Tokyo
. . . Miyakejima-
Mortierella fluviae b M54 JCM 39040 Soil A A
island, Tokyo
. . Miyakejima-
Mortierella elongata b MS56s JCM 39041 Soil A C
island, Tokyo
. . Miyakejima-
Mortierella fatshederae b M60 JCM 39042 Soil A C
island, Tokyo
. . . Miyakejima-
Mortierella fluviae b Mo64 JCM 39043 Soil A C
: island, Tokyo
. . . Miyakejima-
Mortierella horticola ® M70 JCM 39044 Soil A B
island, Tokyo
Mortierella verticillata ¢ - CBS 130.66 Soil Lancashire, UK A

*Host fungal species mostly identified by integrating blastn searches and phylogenetic analyses in

Takashima et al. (2018D).

# This species will be described by Takashima ef al. (in review).

" Host fungal species identified by blastn searches using a ITS sequence database constructed in

Takashima ef al. (2018D).

¢ This isolate was obtained from the culture collection (CBS).
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72

100

e YTM17651

96y Burkholderiaceae bacterium W44
8[[" Burkholderiaceae bacterium IAS

l YTM177s

bacterium K79
100 1 gurkhoideriaceae bacterium GRA18

YTM187
rYTMZZS

©
@

M5

CBS 130.66
AG67
YTM124
M2

YTM127
BSR 14.14
YTM171
YTM113
mM14
M54

YTM110
97 fYTM112

",

B1-EBT

87 FMR23-6
(e

FMR23-1
Mycoavidus sp. B2-EB
100 1E1425
71 ‘Ca. Glomeribacter gigasporarum’ BEG1
‘Ca. Glomeribacter gigasporarum’ BEG34T
Ca. Glomeribacter gigasporarum’ CM21 clone 7
‘Ca. Glomeribacter gigasporarum’ CM23 clone 18
Ca. Glomeribacter gigasporarum’ WV205A-5
‘Ca. Glomeribacter gigasporarum’ E28
‘Ca. Glomeribacter gigasporarum’ EO9
‘Ca. Glomeribacter gigasporarum’ CM47 clone 21
‘Ca. Glomeribacter gigasporarum’ CM50 clone 3
‘Ca. Glomeribacter gigasporarum’ TK1 MAFF 520056
‘Ca. Glomeribacter gigasporarum’ TW1 MAFF 520063
Ca. Glomeribacter gigasporarum’ C MAFF 520054
99
100 r[‘

89

100

Ca. Glomeribacter gigasporarum’ K1 MAFF 520052
Ca. Glomeribacter gigasporarum’ MAFF 520054 clone 27

a. i
L C2. Glomeribacter gigasporarum’ MAFF 520054 clone 78
‘Ca. ' BM65

87 Burkholderia rhizoxinica HKI 4547
Burkholderia endofungorum HKI 4567

99 g ‘Ca. Vallotia virida' FGA2
‘Ca. Vallotia virida’ abi3KL
‘Ca. Vallotia tarde’ lari1 1KL
‘Ca. Vallotia cooleyia’ G4
‘Ca. Vallotia cooleyia' BetM30

100 g Burkholderia gladioli CIP 105410
_%:Eﬂkholdeﬁa gladioli pv. agaricicola CFBP 3580
Burkholderia cepacia T

Pandoraea sp. E262-ES
Pandoraea apista LMG 16407
Pandoraea thiooxydans ATSB16

Chit koreensis R2A43 10
it cf

T Chi

MorBRE group C

YTM115

MorBRE group B

MorBRE group A

‘Ca. Glomeribacter
gigasporarum’

B. rhizoxinica & B. endofungorum

100 =227,
{

QLW-P1DMWA-1

Cupriavidus pinatubonensis 1245

c LMG 19424
90 L— cupriavidus necator
88 g Ralstonia solanacearum ATCC 116967
Ralstonia solanacearum GMI1000
Ralstonia pickettii ATCC 275117

Fig. 1.

88 g Collimonas fungivorans Ter6"
90 Collimonas pratensis CTO 91
72 Collimonas arenae NCCB 100031
72 95 Janthinobacterium lividum

nthinobacterium agaricidamnosum
Paucimonas lemoignei LMG 22077

99 Limnobacter litoralis KP1 19
imnobacter thiooxidans CS K2

b | autropia mirabilis ATCC 51599
Wolbachia pipientis wRi from Drosophila simulans

according to 95% of nucleotide identity cutoff.

MWH Molso2

Maximum likelihood phylogenetic tree of Burkholderiaceae-related endobacteria (BRE) dwelling in the multiple Mortierella
species based on partial 16S rRNA gene sequences (1350 positions) using RAXML with the GTRGAMMAI model and bootstrap-
ping (1000 replicates) with the rapid bootstrap analysis option. Bootstrap values >70% were shown at nodes. Wolbachia pipientis
wRi was used as an outgroup. BRE clades associated with Mortierella spp. were classified into MorBRE groups A, B, and C
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K (1) —F4720) oFHE 9,877 Ik, N50 : 13,899
¥i3%) & Ilumina HiSeq2500 2° 5 #) 1,487 Mb 73D ¥ 2 —
M) — FEE72 Zho o3RRS EHRIE SPAdes %
WTNAL TY y K 7Yy 7 YEN L7, Pilon TH
FEMRIE & LA BRI 247, Bl 1,876,900 35k
BUIRA ) ALY % 4572 (Table 2). Dfast Z HH\WTA 7 / 4 -
T 7= ary LR, B2EBMY A RI2i3 1,627
o a—5 1 > 74E (CDS), 2@V RV — 2 RNA
FRu v (rrm) L ATHOEE RNA (LRNA) 23 X
n7z. Zm95 %, COG-Orthology (2 & % Mg 5 1,157
il CDS %3 % & 11, KEGG-Orthology T 1,062 ffl &
CDS 2% [l & & 1L 72. % 72, Orthofinder # H \» 72
Orthology fANT D% F, 1,319 D > > 7 a2 ¥ — CDS
MPHEE SN, FESN4ECDSDOR81% My > 7o
¥'—CDS TV, Mo BRE NAME 7/ 4O Tl
LLVWHETH 7. T2, B2EBMT /20 v 7N
OV — BT OB A, M cysteinexigens (64-66%)
% & @ 72 M @ Burkholderiaceae # 12 J& 5 2 P 24
(52-74%) & O # A2 H - 72 (Table 2). B2-EB ¥k
OF 7 AE IhEITaMlREIhLTws
Burkholderiaceae FH\ZJ&$ % SR B A AEANTE O T/l
B A X THoT.

HABHES SOEREEFIEMEICIZNERREOER

LIVE/DEAD BacLight %t 3 v % v 72 806 EE
22 TlX, M. parvispora E1425 ¥k O 1 56 NI Fk {012 58
3 2 AW OM WS AT/ S 7z (Fig.2A). 25
2B MM E TSRS S, EMRREE L o Rko

i

MR 2 AT & 72 (Fig.2B). MM O K X
S 1.2um x0.4um TH Y, HFOIERIRORE & H3 B
BTE72. TOMERORPICIZY RV — AEkOHEED
ZRA N7 (Fig.2C). FBATWIRICB VT, M. elon-
gata FMR23-6 1 O 7 1~ BH i 85 8L A & AR M.
cysteinexigens B1-EBT ¥k 25 5% IR B 1 R AL I o i g v iz
RET 52 EMBEENTWD (Sato et al., 2010). L
2 L, M. parvispora E1425 #k T 13 A B AR BZ 1345 £ %
REHAMBNOIRER (V) &g (L) 1IcEfmL <
w7z (Fig.2B).

Mycoavidus BAEBDOLLE S / LEER

Uehling et al. (2017) 1%, 7 BERE 22 2 8697108 R IRE
— AR I AAR % 2 5 7)) MFENT LT, M. cysteinexigens
AGTT D 5E 4 7 ABLH & P L 72 %% (Table 2),
Mycoavidus JEAN T O 53 BER; 224k Tot 47/ A HEAERC
TG %272 DIE, TN F T M. cysteinexigens BI-EB" Bk
DO —B DI TH - 7z (Sharmin et al., 2018). M. cyste-
inexigens BI-EBT ¥k & B2-EB #k® 16S rRNA i {nF-4H [ 14
7399.1% Tdh - 7272, MLSAf#NT B L 047 7 2 A
PERRERIC & ) LIS L~V i E R E L7, AR
B2-EB kDD E D728, 5D Y v 7V a ¥ —#ix
T (atpD, gyrB, lepA, recA, rpoB) % JJ\» T MLSA 45
T RARIBHNT % 4T o 72, RAXML % W 72 35 SR8 o0 i
$er 5, B2-EB ¥EDS Mycoavidus & T 2 &+ 5 2%, %
L LAERDIERENR T D % M. cysteinexigens BI-EBT #k & L
LT52DNY AF =¥ ¥ 7 EET OFIMIE I
932% TH Y, ®hebipliso-72 (Fig.3A). 512,

Table 2 Genomic features of Burkholderiaceae-related endobacteria

Mycoavidus Paraburkholderia Ca. Glomeribacter gigasporarum

Feature B2-EB BI1-EBT AGT7 HKI 4547 HKI 456" BEG34 BEGI
Topology* complete complete complete complete draft draft draft
Size (bp) 1,876,900 2,795,004 2,638,116 3,750,138 3,288,408 1,726,950 2,355,846
GC ratio (%) 48.9 48.9 49.0 60.7 61.9 54.8 49.7
No. of CDS 1,627 2,317 2,255 3,878 2,988 1,736 2,499
COG-orthology no. 1,157 1,949 n.d. n.d. n.d. n.d. n.d.
KEGG-orthology no. 1,069 1,174 n.d. n.d. n.d. n.d. n.d.
Single-copy 1,319/81 1,476 / 64 1,493/ 66 2,204 /57 2,172/73 1,280/ 74 1,293 /52

CDS no./ %
rrn No. 2 2 2 3 1 1 1
tRNA No. 42 41 41 47 52 38 51

*, Complete indicates a circularized genome.

n.d., No data
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Fig.2. Microscopic observations of Burkholderiaceae-related endobacteria dwelling in the hyphae of
Mortierella parvispora E1425. (A) fluorescent microscopic observation of endobacteria within
hyphae stained by a LIVE/DEAD™ BacLight™ bacterial viability kit, and (B) transmission elec-
tron microscopic observation of endobacteria within rapid-freezing and freeze-substituted
hyphae. Abbreviation: FH, fungal hyphae; EB, endobacterium-like structures; L, lipid bodies; V,
vacuoles; M, mitochondria. (C) the enlargement of endobacteria in the red square frame in the
(B), arrowheads indicate the nucleoids in the center of endobacterial cells.
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1do __100 E Paraburkholderia rhizoxinica HKI 4547 (3.75 Mb)
Paraburkholderia endofungorum HKI 4567 (3.29 Mb)

4100: “Ca. Glomeribacter gigasporarum BEG34” (1.73 Mb)
7 “Ca. Glomeribacter gigasporarum BEG1” (2.36 Mb)
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Fig.3. Phylogenetic identification of Mycoavidus sp. strain B2-EB using (A) an unrooted maximum like-
lihood phylogenetic tree constructed by RAXML based on a concatenated sequence (11,460
positions in total) of the five housekeeping genes (atpD, gyrB, lepA, recA, and rpoB), indicating
the relative placement of the three endofungal bacterial clades (bold) and other genera in the
family Burkholderiaceae, and (B) a boxplot of whole genome average nucleotide identity between
strain B2-EB and M. cysteinexigens B1-EB, indicating strain B2-EB as a new species affiliated
with the genus Mycoavidus. The horizontal lines in (A) show genetic distance, which are support
values estimated with 100 bootstrap replicates.

BEFHERA LTI L2 5, BEAREOMEAN B (NRPS), #u7 /A FRETY — VR ok

WZHBHF) IRTF N EOERGEWE 2 50M L TT
IVBEREELTCWAIOTRRVWAEZLNS. DED
Z &hn, B2EBHROIEISRIREN TOAERRIL, 1
FOFRBIMBIELTVD LHEE SN,

B2EB#¥YT /) 2026, ¥4 T1EY 2a—VELKY Fr T
FEEEESE (PKS), )R Y — LRI R T F FEHK

A BCRICHE G- 2 ZACH B L A B R (R T 25 L
SN F7o, & TR BEAE & — U RER AYR
G2 L7z IV RIS, secSRP, YA ¥ - TIVLX =V iE
#R (Tat) ICBIG T2 @IETHERATLZIEDD,
T3 & OMEAEC S92 ZRACHTPEY % 15 B
WS A Z e RSz (Fig.4).



SRR - AT O B A A HAE T BLR O 1 W

Type IV
7“1’ Type ll secretion
Type Ii secretion A"'-._J.--'PO .
secretion 0"'~._':.~--> @] * A
& % A RaliL

SR

2

AKX _—

W

Insectiig)al toxin U T i "\ ] e
complex protein? i i‘clzg ?\jré;nse ztr?elr:s Ei‘r o A
Glucose-6P
ATP Peptidoglycan N-acetyl ‘/_\ 3 <5~ Mannose
< biosynthesis glucosamine TS0~ 1 ictose
Tg_@SBA Lipid A 1\ Trp ‘7 Chorismate ¢—— Fructose-6P
5 Lipopolysaccharide J
- [ pb?os);nthesis ] T pnd * Glyceraldehyde-3P
ADP His c yceraldehyde- > LPSs
ys
\’ POT [} Putrescine/Spermidine ) Met A Glycerate-1,3P,
N B2-EB endosymbiont Yol X : > EPSs
Phosphate
\’ Gly «—— Ser «—— Glycerate-3P
Dipeptides/Heme/d-Aminolevulinic acid x Ly Lipoprotein
AN Val.— , oxoisoval t<—;EP
- -Oxoisovalerate
< Phospholipid LeuA/ \‘A|
\’ -‘ Fatty acid - 2 H» Microcin C
FHU Iron complex degradation Fatty acid | ¢—— Acetyl-CoA ¥
) \» biosynthesis Asp
Acetyl-CoA ibioti
\V Long chain fatty acids lle 4= Thr Asn Gln»\ Pro > Antibiotics
Branched- \f Arg X Glu
oM chain Lys,Arg Glu,
Amino acid Orn His Cys Met Asp 2-Oxogltara
[ ] I O N 2 N (O

¥ Unknown pathway

Y

Host cytoplasm

Fig.4. Model representing metabolic processes and secretion system assumed from Mycoavidus sp.
strain B2-EB. Purple crosses show the genes responsible for the pathways or proteins deleted in
both B1-EB” and B2-EB genomes, and red crosses show those deleted only in the B2-EB
genome. Blue characters and arrow show the putative genes and pathway present in only strain
B2-EB genome. Abbreviation: POT, polyamine transport system; PST, phosphate-specific trans-
port; DPP, dipeptide permease; MCE, mammalian cell entry; FHU, ferrichrome-uptake; EPSs,
exopolysaccharides; LPSs, lipopolysaccharides; IM, inner membrane; OM, outer membrane;
SEC, general secretion pathway; TAT, twin arginine translocation pathway.
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Fig.5. Comparative genomic analysis between Mycoavidus sp. strain B2-EB and M. cysteinexigens B1-EB™. A, a synclastic comparison
shown by linking homologous gene with gradient grey lines. B, a bar-plot of reduced orthologous group in the B2-EB genome
comparing to those in the B1-EB” genome. COG category: (1) cellular processes and signaling (D, cell cycle control, cell division,
chromosome partitioning; M, cell wall/membrane/envelope biogenesis; N, cell motility; O, post-translational modification,
protein turnover, and chaperones; T, signal transduction mechanisms; U, intercellular trafficking, secretion, and vesicular trans-
port; V, defense mechanisms; W, extracellular structures; Y, nuclear structure; Z, cytoskeleton), (2) information storage and
processing (A, RNA processing and modification; B, chromatin structure and dynamics; J, translation, ribosomal structure and
biogenesis; K, transcription; L, replication, recombination and repair), (3) metabolism (C, energy production and conversion; E,
amino acid transport and metabolism; F, nucleotide transport and metabolism; G, carbohydrate transport and metabolism; H,
coenzyme transport and metabolism; I, lipid transport and metabolism; P, inorganic ion transport and metabolism; Q, secondary
metabolites biosynthesis, transport, and catabolism), (4) poorly characterized (R, general function prediction only; S, function
unknown). n, no COG prediction.
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each strain was plotted to the genome size (A) and genome GC content (B), respectively. Nine colors show the major genera with
sequenced complete genome sequences in the family Burkholderieaceae: red, Mycoavidus; blue, Ca. Glomeribacter; orange,
Parabukholderia; grey, Burkholderia; purple, Cupriavidus, aquamarine, Pandoraea; forest green, Ralstonia; olive, Lautropia; pink,
Polynucleobacter. The closed circles and triangles indicate the bacterial lifestyles of free-living and intracellular, respectively.
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Mortierella sp. YTM18 = JCM 33085

Mortierella sp. YTM19 = JCM 33086

Mortierella sp. YTM23 = JCM 33087

Mortierella sp. YTM25 = JCM 33088

Mortierella sp. YTM35 = JCM 33089

Mortierella sp. YTM36 = JCM 33090

Mortierella sugadairana YTM39 = JCM 33091, NBRC
112366

Mortierella sp. YTM40 = JCM 33092

Mortierella sp. YTM49 = JCM 33093, NBRC 112368
Mortierella sp. YTM50 = JCM 33094

Mortierella sp. YTM53 = JCM 33095
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Mortierella sp. YTM78 = JCM 33096

Mortierella sp. YTM104 = JCM 33097
Mortierella sp. YTM108 = JCM 33098
Mortierella sp. YTM110 = JCM 33099
Mortierella sp. YTM112 = JCM 33100
Mortierella sp. YTM113 = JCM 33101
Mortierella sp. YTM115 = JCM 33102
Mortierella sp. YTM123 = JCM 33103
Mortierella sp. YTM124 = JCM 33104
Mortierella sp. YTM127 = JCM 39001
Mortierella sp. YTM131 = JCM 39002

Mortierella jenkinii YTM133 = JCM 39003

Mortierella sp. YTM134 = JCM 39004

Mortierella sp. YTM135 = NBRC 112369

Mortierella sp. YTM138 = JCM 39005
Mortierella sp. YTM139 = JCM 39006
Mortierella sp. YTM160 = JCM 39007
Mortierella sp. YTM164 = JCM 39008
Mortierella sp. YTM165 = JCM 39009
Mortierella sp. YTM170 = JCM 39010
Mortierella sp. YTM171 = JCM 39011
Mortierella sp. YITM173 = JCM 39012
Mortierella sp. YTM174 = JCM 39013

Mortierella sp. YTM176s1 = JCM 39014

Mortierella sp. YTM177s = JCM 39015
Mortierella sp. YTM179 = JCM 39016
Mortierella sp. YTM181 = JCM 39017
Mortierella sp. YTM184 = JCM 39018

Mortierella sp. YTM185s1 = JCM 39019

Mortierella sp. YTM186s = JCM 39020
Mortierella sp. YTM187 = JCM 39021
Mortierella sp. YTM190 = JCM 39022
Mortierella sp. YTM210 = JCM 39023
Mortierella sp. YTM212 = JCM 39024
Mortierella sp. YTM214 = JCM 39025
Mortierella sp. YTM223 = JCM 39026
Mortierella sp. YTM225 = JCM 39027

Mortierella parvispora E1425 = JCM 39028

Mortierella chienii E1931 = JCM 39029

Mortierella parvispora E2010s1 = JCM 39030

Mortierella sp. M5 = JCM 39031

Mortierella sp. M8 = JCM 39032

Mortierella sp. M10 = JCM 39033
Mortierella sp. M14 = JCM 39034
Mortierella sp. M26 = JCM 39035
Mortierella sp. M30 = JCM 39036
Mortierella sp. M40 = JCM 39037

Mortierella sp. M41s = JCM 39038
Mortierella sp. M53 = JCM 39039
Mortierella sp. M54 = JCM 39040
Mortierella sp. M56s = JCM 39041
Mortierella sp. M60 = JCM 39042
Mortierella sp. M64 = JCM 39043
Mortierella sp. M70 = JCM 39044
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Screening of exopolysaccharide high-producing lactic acid bacteria and
symbiotic functional evaluation

Ikuo Kimura

Graduate School of Agriculture, Tokyo University of Agriculture and Technology,
Tokyo 183-8509, Japan

Metabolic disorders, such as obesity and diabetes, arise from disrupted energy homeostasis that depends upon
the equilibrium between energy intake and expenditure. Gut microbiota has emerged as a pivotal, multifactorial
mediator in these disorders as it remarkably regulates host energy acquisition and metabolism while being
modified by diet. Short-chain fatty acids (SCFAs) represent an essential subset of gut microbial metabolites
derived from the fermentation of the indigestible dietary fiber. We previously reported that SCFAs play an
important role in the regulation of energy homeostasis via specific receptors (e.g., GPR41 and GPR43) that are
present in host tissues. Recent evidence suggests that indigestible polysaccharides such as dietary fiber and the
gut microbial-derived SCFAs exert multiple beneficial effects on host energy metabolism. In this study, we
investigated the roles of the gut microbiota-derived exopolysaccharides (EPS) in host energy metabolism and
evaluated several EPS in detail in order to provide insight into the development of new drugs and functional foods
that are effective against the energy-metabolism associated disorders. We isolated and identified several high-EPS-
producing bacteria in gut microbes by screening. Moreover, we confirmed that the administration of these purified
EPS to mice markedly increased SCFAs production in the intestine and thereby improving host metabolic
functions. Further study including human trial is needed to apply these novel EPS and EPS-producing bacteria as
the functional foods against the metabolic disorders.

Key words: exopolysaccharide, gut microbiota, dietary fiber, short-chain fatty acids, obesity
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% N SE B e, JHSHIRIIRE LR, £ OBEIRIC X
LIRS BUIE R LRI T Bwiz, ko &
Wi — 7L oNA F 5 4 7 20W&E—FH L, Wiks%
## (Exopolysaccharide : EPS) — 7L /N4 5 4 7 A2
FHIT LI LX), Pr# EPS AR N oW
2719, ZLTC, H—Wilka7anx{t54 272,77
LA G T 4 7 ZADW )5 DR % PR o ks N
AF T4 7 AL )P eMEOFEFEL, bR &
mEM AL LTS LS5 L2 HIBEL, RWI%
EiTo 7.

BT

EPS EEEMDIEE & B
BIRZECTHRAET L MRS TV I SN,
bR AT A 2 S WA EPS AR IO W,
HESBREET, 7L — MESRICK D BEEL, 7 AMilitE
16S rRNA FLH & F R\ WG [l 2 2 47 o 72, S
WAREEARIZ L D 2N 5 OWHED S ZNE D EPS O
BWAtT o7z,

<y AEER
HHMLZNZENOEPS % 10%DEGTRAEL, ~
v ZC 14 H BRI S 8, ~ vy & 2040 b 4 a8 e I s e AR
% GC/MS Z W CTlIES 5 Z &1 & 0 N asiE
Wem BE A EPS %34k L7z, & 50, MR i e e A
EPS # AW, 1238 10 % EPS & 47 = I 1 fr {8 %
v, IR~ 7 A~ EPS #5-12 5 1) 5 14 # Ak
YUFEEH IOV TR 21> 72 (ZOBOEPSD I >~
Pe—& LT, BWREMELECHLLVE—ZX %N
72). ZoOROBNMEEEIIOWT, KLY -2
I VW —%& T 16S rRNA % $5EZ (AT L, FEfldig
BRI % GC/MSICL hEm L7z F72, ZOEPS
AT HWHRD RN TEBRICEPS Z AL TV 5
PEMERT D701, HRTAVL—F—NTHEFZ
To TV B MEHE~ 7 2~ EPS M4 Wbk o B Hi 928 %
f1o72. ZLTC, EPSEAMBMICL LY ABANT
D EPS DAL X OVHSIRII R O A=, = L TR
BB ERI B D W TN,

RiRB L OEE

B hEEL ) EPS SEERDHR & HER

FTHOIZ, BHEEIZBVWTREL TS b MiY
YTNVORBI R, MEI/ER L 72 EPS FEAE R AR Y
BIEREH L ICHRAE L, EPSHEAROHEEZ 175 72,
EPSZpEEL Twa L PRSItz b OERan

——x¥v 77y 7L, EBIZLC/MS/MS % HwT,
AT 4 E G IO —THDLI L EALT
(Fig.1A). anu=—0OIRZ 512, EPSEA W % ¥
BEL, 16S rRNABCHIIC & 2 iYW ki 2 % 17w, & b
T PRI FH Sk EPS w5 0 AR W AR S B Bl - A 121D
L7 FEB, BEPSEARIZ10 A1 AoE & TR
T&72 T/, WHEREEOKE, SEPSEARIIZ, &
LARVTHERLSRHPSBAFAET LT L0 bhro 7z
(Fig.1B). & 512, TIN5 DOHH 5 EPS & K2R #
T BB ETOREZ KA, WOPOR
B LT, WifkR# TIZEPS RO T A MRS N
72728, I (10mg/ml L) TR #E 7 EPS A
503, WMEAIT-7- (Fig.1C).

BREPS D in vivo ¥ 5588 (GESEEMEES DL 5 KH
HEBENDRE)

L 72 EPSICHI LT, % A~D 14 HE#% 595
W2 &0, SRR A A RS B SRR EPS & %
L7 (Fig.2A). FAEFHSIRNIEE (B8 - Yot ¥
W EEEE) \CBAL T, kD EEEOE W EPS (strain
AHR) ZHWT, SREEFLEEm~ Y 212035
EPS M B2 17> 72, 2 ¥ ba—f&i2id, EPS
DD DI & - THZREME O B Td 5
tu— X% EPS &R Z 7. RS, EPSH#HIUC LD,
ovu— R E L, BRI X AR
axt3 2 A B R IEh R R T & 72 (Fig.2B). &
512, EPS Hil$% 512 & 2 B9 2 AR Bk pe ~ D o 2
& LT, EPSERUX, ~v AROT N A REBRIC
B LMD LA Z A RBICHHI TEX A2 &b h o7z
(Fig.2C left). Wil HoRESIRNLER X, SESHIRIL
Z4K GPR41 % GPR43 =4 L, & SV E » GLP-1 ®
R, HEMN B BRS04 A ViR AR
WS 5L THEAHYEGECH b > TV EHE S hTw
% (McNelis et al., 2015; Tolhurst et al., 2012). L7:%%-
T, FAFTIS, FEOME % GPR41 % GPR43 # 15T
RIEX T ATIH o726 2 A, EPS HEFRLGHICH SR
7o MBS IR 25 25 L 72 (Fig.2C middle). 7=,
JEPIHIE O 4 S AFAE L B W~ 7 22B W TH FEED
Mgt 24T o 7280, 255 O EPSIC X B3R %L
72 (Fig.2Cright). Z» Z 1%, EPSHEHIC X % Mk
L FAIHIA, EPS 2 HIENMEIC L - THA SN D
PURMIEE DS E DZHRERENLTA VA Vb EiEkEd
HI LX), BEINLZEEZRBLTNS. Ul
BRI, Frld~ v 2I2BWTEPS B Bk gE
RUETLHILEBLIOZEORA S Z X LDNAE 24 L
THSRNRI R AR E T OZHEE N LTRSS NS L
ZREW L 7.
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Fig. 1. Isolation and identification of high EPS producing bacteria from human feces.
(A) The cultured plate from human feces. Arrows indicates ropy colony by EPS producing bacteria. (B) Isolation of high EPS
producing bacteria. The bacteria’s sampling names indicate specific strain. (C) Measurement of EPS products in liquid cultures.
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Metabolic benefits by EPS administration to mice.

(A) Measurement of short-chain fatty acids (SCFAs; acetate, propionate, butyrate) in mouse feces with EPS supplementa-
tion for 2 weeks (n=8). (B) Body, adipose, and liver weights of high fat diet fed mice with EPS supplementation for 12
weeks (n=_8). WAT, white adipose tissues; epi, epididymal; peri, perirenal; sub, subcutaneous. (C) Oral glucose tolerance
tests in wild-type (left), Gpr41- or Gpr43-deficient (middle), and germ-free (right) mice were analyzed 1h after EPS
administration (n=38). **P<0.01; *P<0.05 (Student’s t test). Results are presented as means + SE.
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Fig.3. Change in gut microbial composition by EPS supplementation.
(A) The relative abundance of microbial taxa in mouse feces with 10% EPS supplementation for 12 weeks
(n=4). (B) Quantitation of short-chain fatty acids (acetate, propionate, butyrate) in mouse feces with 10%
EPS supplementation for 12 weeks (n=8). *P<0.01 (Student’s t test). Results are presented as means = SE.

TEHMENG. KIS, TOEPSE4E (Kk) TX
% RTEFE QR E % in vitro B PIRIE RS #8212 X 0 MR
HEATo 72 GUANEL RS INAE T #d% L o ILFbF
72). S59FEDIEMNME I L, EPS O &M Z iR L7z
& Z A, Bifidobacterium J&, Clostridium )&, Lactobacillus
J& %2 Ruminococcus )& T3 7 {, Bacteroides J& ¥ ¥ 1412
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s, FEBICTR 4 O HUEE L 72 EPS A 31K N
TEPS#ZEAL, Z?OEPSAMNMEIC X 558 % 9
G, BT A SRR E LR A UE S 5
& ML F— MEBICE Y, WEF L7z R
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Fig.4. Gnotobiotic mice transferred EPS-producing bacteria.
(A) Body weight and adipose weight, and (B) plasma glucose at 10 weeks of age were measured in high fat
diet fed GF and gnotobiotic mice for 1 weeks (n=8). (C) Measurement of polysaccharides in cecum by LC
and (D) short-chain fatty acids in feces (n=5-8). EPS(+), EPS-producing strain; EPS(-), EPS-non-pro-
ducing type strain. **P<0.01; *P<0.05; #P<0.05 (Tukey—Kramer test). Results are presented as means + SE.
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Fish skin microbiome analysis for prevention of pathogen:
A preliminary study for development of ‘fish skin probiotics’.
Katsutoshi Hori

Graduated School of Engineering Nagoya University
Furo-cho, Chikusa, Nagoya, Aich 464-8603, Japan

The importance of fish disease control is increasing in order to improve the productivity of aquaculture. As a
practical method for fish disease control, we have proposed a concept of “fish skin probiotics” in aquaculture. In
this study, we analyzed fish skin bacterial microbiota during the percutaneous infection to explore the feasibility of
this concept. Zebrafish (Dani rerio) was used as a model fish. The fishes were given the combination of stress
conditions such as temperature shift, skin injury, and administration of antibiotics during infection experiments,
and then exposed to Yersinia ruckeri, an important trout pathogen. Progress of the infection was diagnosed by
observation of specific symptoms. The changes of skin bacterial flora were analyzed by comprehensive sequencing
of 16S rDNA amplicon using a next generation sequencer (NGS). The infection of Y. ruckeri to zebrafish was
observed among the injured fishes at 20C, and most of the fishes died in 7 days after the pathogen challenge. The
skin bacterial floras of dead fish were occupied by the pathogen, suggesting that the pathogen infected
percutaneously. In order to investigate the relationship between the skin bacterial flora and Y, 7uckeri infection, the
floras at 20C were compared with those at 28°C. At 20C, the replacement of the major bacteria in the floras and
the increase in the abundance of OTUs containing pathogenic and parasitic bacteria were observed. The effects of
the injury and the challenge of Y ruckeri on the skin bacterial flora were compared among the experimental
groups at 28C and 20C except for the dead condition (pathogen challenge after injury) by volcano plot and
B-diversity analyses. The results suggested that the quantitative change in bacterial floras occurred by the
challenge of Y. ruckeri and injury. Infection experiments were then conducted with the fishes, whose skin bacterial
floras were destroyed by antibiotic treatment. Although most fishes survived after the pathogen challenge, the
skin bacterial floras were occupied by Y. ruckeri. These results suggest that the zebrafish skin bacterial flora
usually prevents colonization of Y, ruckeri to the skin, and that physiological stresses such as low temperature,
injury, and antibiotic treatment cause dysbacteriosis of the skin bacterial flora and dysfunction of the skin barrier,
resulting in the increases in the susceptibility to infection. Furthermore, we analyzed the skin bacterial floras of
rainbow trout (Oncorhynchus mykiss), which is known as a natural host of Y. ruckeri, in order to observe the
changes of the floras during breeding in a fish farm. The skin bacterial floras depended on the fish growth stage
and breeding water. The data imply that the change of the skin bacterial flora in the process of aquaculture affects
the infection sensitivity against Y, ruckeri.

Key words: microbiome, fish skin, Yersinia ruckeri, probiotics
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KREFIT IR OBMEHBEROMINE & HIZ2W%
JB R & B T & 720 1974 4RI S IV SR A B A B
DILLENT%EHOTVDLIZTER oA, 2D
T x 7132014 41213 45% £ T EA L, 202541213 50%
ERZLETFUMENTWS (FAO, 2018). THXH 1T,
SR D IR GA F B K EERRHH O A REVE R R TE & A
Fegd 27018, A RIIRELHFEEZ-oTnD
(Leung & Bates, 2013 ).

IR & LU CHUEW RIS 2 O S &l #ip o )i
S H W ORGEY; TR S T E 7283, FERIWER
DOWBIAIIE L 7 o 72, SRR S PUEY - AME S
NBHMA BB TS 2 WREMAH Y, HFH 42O
FHEDDLRELEEMBEL 7t 5> T\ (Cantas ef al.,
2013; Kelly & Davies, 2017). S50 Z L5804
B o SR EE X o (Kelly & Davies,
2017), HATHIEAGHEA 232016 402 [HFA Rk 3
W7o varyr7ry] #EFLZOMHIHBE S oD
H5.

COEH I, FUEWE D B MR A
REINAER, KEHT 7 F ORI EAATDR,
WL OPDOHRBIIHLTREHL S TS
(Sommerset et al., 2005). L L2577 F VI3HE
DIHFEWIZ LR EZ RS WS &I, PUREREM
R Z WY T A~ LR EREROE VT 7 F 215
BIENTELRVWI EDLHFE TICE ORI & A
LT D Ko THRA BIRERH IS T E 5721070,
W77 7 F Y ORFEIBEM W TWRVODBURTSH
% (Sommerset et al., 2005).

PUEWHE R T 77 ¥ L3RR 500D T 7 u—F
ELT, Tuand 74 7 A0 ~oFH»H L. T
unNA AT 47 REL, BORGICE > THERAT—EM
BAELAL, MECAHRZRE Do THAENRZNS
EELRERMOIETHY, MEHO TN, F T 47 AU
DWThH, 1980 4FEM D SAFFEA GO S, i 2K
THEPEM 2R 0%, MEOMEREL WL 2
b, IHOREZIRET LS D% L4 o H MY
T TIZH A & Tw b (Zorriehzahra et al., 2016;
Hoseinifar et al., 2018). $5-HPHIfETH Y, AHM
AW 2 IR S L REH RIS 5 2 & TR
W5 XG5 FEI-HMIITbIL TS (Gatesoupe,
1999; Verschuere et al., 2000; Irianto & Austin, 2002;
Zorriehzahra et al., 2016; Hoseinifar et al., 2018). T ® X
VBT aNAF T 4 7 ADERVERFEO—21F, BN
MIAHZOLFIZLZ2bDOTHLEHEZLNTREY, EF
TR 7a A 7 1 7 X LRGN & ORISR

W

L CTHFZERsHEsD 5T 5 (Shreiner et al., 2015; Giatsis
etal., 2016).

—HT, FIHIIKPTHEET L2 05, 22RP LD
BIE2 0L L DIEEO B EAENIEERINE 5 Eh
5Tl b, FHOREIZI ) Vo ZMED SEE
2R, IENICTF L REEORHI 2o TV D, KIS
KR EBE > TOLMBIIKEFICHLTWLZD, B
B2, RAEIRRE, AR F 72 I3RE R O T
L O RERICEE L 2T EE 5 wEE
LHARTH S (Gomez et al., 2013; Peatman et al., 2013;
Brinchmann, 2016).

IREAFH TN 2 ST L -0 2 WEHHE L T»
5T ENE L, AL OIENECHEZE, BERHE & DB
WD REIMEOC VAT PEEF->Tw5DH, FERE LI
T & 72515 S 3R T AR D BE % 220 L TR
ALRT L, REMEOWZAIZDOWT, JRIER O &G
WX BRERDPRIEIZEAT LI EPHESIN TS
(Liu et al., 2015). L7:2%>C, FEhffa 095 % pikk % i
EPZE->TITHIDTHNE, ThETHOTONS F
T A7 ARRD L) HEZFICERT BT T4
TlE% L, REICHEHTHERELZLEZONS., L)
LR MBICBWTEEZRG L Lowbid [FHEMR
FaNAL F T4 7 2] 120w TIE, HRTHEIRES
Tz,

fFERE IR T 0N A+ 7 4 7 ZEAM O FEB ReME & R
AH720121E, WFEOTONA, T T4 7 ATHLHIEEER
FLL72bD LRI, HRERDEHE - MBI 2
MR L OBBREHS I LTV LENH L. MEBIC
BOCHRGHEEZ AT L2 S ¥ & F A0 cHs
ENTVDITH, AHEREENT RS 5 FEE, 4
BERBEOBENICL VMEENR LS 2L, KO pHOE
162, ZEHH; TOROIY PP I K o TEEZMEFEILE
b4 52 &HHEHE SN Twb (Larsen et al., 2013;
Boutin et al., 2014; Sylvain et al., 2016; Minniti et al., 2017,
Uren Webster et al., 2018). L2 L7%&A%5, ZOHMIEH
DN EALD BN B W THRIFOR BRI ED & ) %k
HEZRTONINHTDH 5.

AL TR ERBRIC BT % LR O BEEICS
WTHLNZT 720, FELTHr - v AHICL Y
FYo 225 &R I § 2 05N TW D Yersinia
ruckeri (Kumar et al., 2015) Z# EF VA TH LT
TTA YT RS L MR RE L F
HEBGE T SRTHERMIIBVT, €79 74
Va2 ORBEMEHEOBALE N Lz, $72, #iago=
VA BIT B REGHNR A DAEE R R L 72
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BT

fER U 1-RFEEk E EEE Y

ARWEZE TR U 72 8009 i VMl W Yersinia ruckeri
NVH 3758 ¥kid / V7 = — 12 THRAD = V< A X 0 Hilk
ENMRTH Y, F A1 KO Dirk Linke #5520 45
BLTWZW i, BRI LB (Miller) %W,
JEGLEERIT13 28 C T4 BFIREIT R L 72 b 02 Hl w7z,

tIT7749v 2088

P EBRICH W72 757 4 v ¥ a2 (Danio rerio)
DOWANFZHERFHANARICT LEED LT S h 72
hae AFL, BREFEREZIT) FCTEIERFLIIR L LM
BARICTER L. ST IZH WK1 CROSS MINI
(NWC-341; NISSO) #fiH L7z, ffi37 bI3I v A—
= (17653 ; AT VI N TIT VX VxR Y) &
Tetra Auto Feeder (AF-3; AXZ FS A 750X IUx
X)) C1H2Mb 12K/ B X125 272, B Tetra
LED Mini Light (73333 ; A7 S A 75 X I x 8
V) BEHL, EFY SV E A4 < — (PT70DW ;
REVEX) TI2IEM I LIt & 24T - 72, Kk
t—7h)N——1FFESHS (7775; V=v 7 A) %
LT 28 CITHfERe L 72,

€T57 4y 2 NDRESAEOBRREER
WERIZF — M7 L — 73 H L 72 Instant Ocean Sea
Salt (NPQO) O ZFIML, #EAKEA3g/L (HEK
D10%) AL 72MEAE KR EZER L7z, BRNEAE
KN A4 VE# (4.0mg/mlh Y 4 >, 0.021M
Tris) 2ml % 02 FRERE & L7z, BREEZ 2 0F 7288, 1
iRl LG22 72, WA S E K 300ml 2 500ml 7 7 A
JCHEL, BT xR UK OEEN YN 2
ERMERR L7215, 24 W 20T H L <1328 CCTHIH L 72
aryru—iE LCHED T R wid Rito &M CH
WRICEE L7z, 24 Wi f%, B9 KV 50 2 i L 72,
WER 2 BRBELT2OH LVIRE S F RIS L,
20CTHDA vFarR—y—NTRET7HHEHEE L. &
FEIHE L2 ET T 74 v 213312 B X 1B
L, LTS, LWLy Ry AEHstbh
BIERDH T B P & o TRPDOFFMI 2 47 - 72, AEIR
WERONT, DL CLAZET T 7 4 v ¥ 2 1 ZBERE
7 AaApSNRLE. FoBEay ra— Vv RS G,
BRI ORI L 7-¥T T 74 vy 2 MUK T
FT7 4y AR L7, FEKOKENS 7TH
M L CORERP RSN o 28T 57 4 v
YabITRTCTTIFAIANLNEILL 72,

T/, EBSHT LR TofBERPICE TN LM

W7a—35%, 74 V%— (E045A047A, LI 0.45um
Hf% 47mm ; ADVANTEC) TWe5 8@ L <RI L 72,
PUEYE THRZ AT 25,813 500mL D7 7 A T2
WREHEREYEWEZ A, fE L7z, ZO%RENRNE
HFREHLVDDIZKHL, 20004 v Fa2R—=% —
WTC, HWEREEMZ S50 E MR RV CRAT HIH
fiE L7

EIT5T71 v aRELPSOMEY / LOE

VRFRERRE T 2, 7 T A H 5 L L 7248138 )
D M)AV EECREFATKPICTEIILEE S LF
R, R E LB RE RV L7 B SE7
BT IFT74 9y ahbBERTEMHELTVLMEREL T
L7z, BURL 723829 7 IVIZAE A 1.5ml F = —
ZIZBL, —-30C CHHIREL.

RKgH v 7o oMK/ 2 DNA O - FEIC
3% v b &7z (NucleoSpin Tissue ; 7 #1554 F).
ZORS, 7T LBETERR 7 & ORI O FeAsHE Ll
) ADNAZ LS 5720071 b a2 VIizhtv, U
F— LW (20mg/ml V) V' F—24 5 127-06724 ; ADGHIZE
T2, 20mM Tris-HC1, 2mM EDTA, 1% Triton X-100)
12X 5 T37CTLIHERIY o~ 7V ORI ALILER % 17 - 7-.

KL =4 > —iSeql00 (& 3 16SrDNA 7> 71
A4 T7)-Do =522

M L7277 5 DNA DS, FEREAEY O A ADFED 16S
rDNA @ V4 $Hi % x5 & L C, iSeql00 (illumina) %
AWCY =T Y A%4797:0D16S tDNAT ¥ 7 ar 54
TIN) =ML 747 7)) —EBUCIZ LTS e b a
)V (16S Metagenomic Sequencing Library Preparation ;
15044223 Rev. A ; illumina) #ZE\Z L Tiro 7z, 7272
L3 7 2 25 5 @ 16S rDNA V4 #3580 381§ 12 13 Ex
Taq (RRO01A; ¥ 71 734 A M &4t) 2w, 7=—
V7 imBE % 50.7CICRRE Lz, WIRICH W27 74
~ — & Earth Microbiome Project (http://www.earthmi-
crobiome.org/emp-standard-protocols/16s/) Version
4_13 (updated April 2016) THIMEN/zdbDEMAL
F—=IN=NY T (ANIFTTT Y —BH]) AR
RECHNZ BN S N BEHHED b D& vz, 754
<X — DRI T 0@ Y TH 5.

Forward Primer:
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGTG
YCAGCMGCCGCGGTAA

Reverse Primer:
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGG
ACTACHVGGGTWTCTAAT
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254 4 7 VD PCR 2T WHIIEASE T L7 > 7o)
HA1Y N m WAER IR, WIREY © & O KOS
DO—EFML, 3~5HFITHEMATHRL 2%, A
FT7FIAF-ERKE Y AT 2 (Agilent 2100) % H
WTERKEI L, HEIEEDORELZHER L. FEY oW
YTV E E N B B EE Y & AMPure XP ¥ — X
(A63881; Ny 7 < v - a— L& —HR&H) 2L
THEW L2, BB L7 7Y 312, Nextera XT v2
v b eHWT, Y—=F Y=l ELeT YT —lS
EA YTy 7 ABHI & 8% 4 7 VD PCRIZ & - THHIN
L7z. KV *x7—+¥it 2xKAPA HiFi HotStart ReadyMix
(Bya - FA477 A7 47 ARKSH) 2 A7
V= VAR T ST Y=L T ay
% T U AMPure XP ¥ — X & fli [l L CHE S UMEAT I 5 4
TN =G BRLEIATIT)—D—EENAF
TFHIAF—TEKKHL, 74770 —DKE 2
L7, 9479 —i%E % Qubit 4 dSDNA BR Assay
Kit (Q32853 ; ThermoFisher SCIENTIFIC) # JH\»Cilll
FEL7, WELERICESE, & T VDA T T
V=& 50pM ELTA 7T ) — &R LI V=7 v
T—=F D7 F )T 4 —%FHDA572DIZ PhiX Control v3
(FC-110-3001 illumina) % 74 77V —IZEmL7z. @
By —r A% 7IE, DTFo7 e ban (iSeq
100 Sequencing System Guide ; 1000000036024 v00 JPN ;
illumina) #2ZI LTy =7 Y A%fTo 72,

16STDNA 7>7 ) a2 — 4 RIZED < Insilico BEHT
Y= Y AT & o T S 7z 16SrDNA BLHI G i & b
LAZ L2 WEMH B X R EH#E T 121X CLC Genomic
WorkBench (Filgen) # M\ 7z, iSeqil ko TH LR
JoRT7IZ Y R)=FDH)H50% L L~ —YT&%
Molefzdll, RTLY FDfastq 7 74 VD H HED
J—F1 (#150bp) #HWTHEN 24T 572, V7 b
I7 =24 Y KR—=FL72Y =7 ¥ AF— %3 Trimming
Sequences V—NWVICE W REXE 7 F) T4 =227, K
PO MBPBICIESE P IS L Y I Y
78T A —%—% L, Trim using quality score @1t
% 0.05 2, Trim ambiguous nucleotides @ fx KA B 1
BHAEVICRELZ. M) IV RBROEMEORS % ik
5 140bp, #E270bp L L7z, MU IV IZHBEOY =K
W LTET I T4 ar ) 80T LY AT I A
7 — % — & —F 3 54 % Clean Host DNA Y — )V %
WTHUY B\ 7z, i TEBSM T LIRSS R & 5
A2, bV, BEEEREOKG, HoA
P TNVENREOE T T T 4 v v
DAL FFKE DSBS X T F—7 B L
72, WAERIICE S 72 16S rtDNA Y — F (20000 — 1500

A

fig

) — F) % OTU Clustering ¥ — )V % J§\»CT OTU (opera-
tional taxonomic unit) Z & 2GS L. VU7 7 L
VAT R=RIZHDLOTU 7 9 A8 ) ¥ 7 &AT
W, V77 LY ADT—4F~X—2ZX& LT GreenGene &
v, FPE 7T %EWMEE Lz, o7 —T VT —
% % Microsoft Excel E XD 7 —% & LTz 7 AR— |
L, #V—F%, OTU%, ¥ 7 VHETHEMETSOTU
D%, #FOTUN LD H G L7z, S OIZFEM
AR o H 212133 5172 ) — FELSI % NCBI Blast
W CHFET AL Tiro7z.

EFBRIEICB T 5 OTU DFFERICHEDI = b Yy
7 DO VER 1 Create Heat Map for Abundance Table ¥V —
MIZE D BZ o7 Lo OTU Clustering  — Vi
FoTHBELAEVWERKOY—7r Y AF—=% %D
Abundance Table # 1 L, Th% b &2V — )% FAT
L7z, NI x—F L LTH v IVREEEEOR RS L
Ta1—27Vy Nz, 79250y 7o)dke L
THRAMREZRBINL . IV oa—21) v FiE
#E(E) OFHIED T oRIc X 2.

n
E= Z CGED L
i=1
CZTniOTUOH, XA x2iz0TU i > 7 VA
BLUBIZBIT % abundance TH 5.

FEBEMHHTOEZE OTUDELEDRIR L, AREED
#% %€ & Differential Abundance Analysis > — )V % i\ T
BT L7z, HERLZ2WERBRHO Y —F Y AF—45 XD
Abundance Table ZEB L, ThEdEiCLTY—L%
AT L7z Bl EE LTay ba—icd 5 iz
BIRL, av ba— VL2502 8IRL Hoh
727 — 7 )V % Microsoft Excel Tit&ird 5 7 7 4 VI
Kz 7 AKR— ML, f5RZ, pfid L OFDRHIEp
fili7» & volcano 71 v b EER L7-.

FEREEH O B ZREVEIAAT I3 R D & 9 14T 5 72, Mot
L OEBHED Y —r » A7 —% X 1) Abundance Table %
fERE L, Align OTUs with MUSCLE v — )V iZ & ) OTU
BT ENTZ)—FETIL A LI, 20T
FIA YA MTF—%% b LT Create tree Y —IVIZ XD
R 2R L7z, R ok & U CREE &k
bHWV, BREGNOT 74 v A2 M =120
B P E T L LT K80 E 7V (Kimura, 1980) % Hi
W7z VERE 7R 2 5 Beta diversity vV — V& H
W, %% ¥ 7V O Unweighted Unifrac F#E S & O°
Weighted Unifrac #fi#fi (Lozupone et al., 2011) Z #1451,
COF—=F9b3WITEEE T T v ;M (3D PCoA plot)
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VR L 7.
ZNZFN? UniFrac EEOFHEIZD T ORIC L 5.

Unweighted UniFrac:

b i(pf > 0) —i(p? > 0)|
?:1 bi

d) =

Weighted UniFrac:

Z?:l b; |19sz1 - piB|
diw) ===t 21t 7t

W) = S b o + )

I TnizRARBoONE pf, pPrehEhy T
ABXOBHO i 120FET % 08O MAK. 1BRE
¥i(pf >0),i(pf >0)ixzhzht >y 7VABLUB
ORI T 50 BBEOMAEERA 0L Lok, £
NUSDOIHZO & 72 5.

T TNV OBEEON E B X OHEMOH BEpE
12 1 PERMANOVA (PERmutational Multivariate
ANalysis Of VAriance) Y — V&FIH L7z, p %R
B W 72 2k % W T3~ 77 )L [ @ Unweighted
Unifrac Jil# & U8 Weighted Unifrac Bif 2 5155 < @ 7-.
JE%) (Number of permutations ) 1% 99,999 {2+t > b L7z.
FAMEDENE 1Z Anderson (2001) D FHEIC L D HEH L 7.

BEREADREMEZE OIS

A (BRI KHET) THEBELTVWA =Y YA
(Oncorhynchus mykiss) (87 HifhB X OV 14E 2 H H i)
R L7, MG O B RREE 2 710, s
A& BT ILY, A L7 fE KR L TRV
TV 7 ATHE L7z, FREEHOKLERRL, 740
7 — TG 88 LA & X L7z,

f R & 5

Y. ruckeri DFERZ BG4 DI%ET

Y ruckeri ETFNVHEE R HLXT T T 4 v ¥ 2 ITH
L TR R 2| S &2 /8K L7 Fig.1id2
TEH O E KR & KR OBHOH I LD FERTE % fEK
L, WREHEZ 8% L BoEfREoBoOHEREZR L
FIICTHAE ¥TITT74 v 2B RBEKIRTDH S
2CTHIERICRZE L L 25, BREHTTOMMK
ALz WIS, AREE#EKRO T T, BEICHE
EOF-0b, HENERELE. ZoRabHEEDT
VA L FBRCIZIZTRTOMAESERFE L. b
DZIENSETT T4V 2DERKRTHL28CT
ZY ruckeri\Z¥ 757 4 v Y YL W2 EDAUR
SNz, WICHER A RET2KiRE 20CFTH&ET
FEBEITo 7. e o T ICREREREZ T 256
1328 C DR E FBRICIE & A E DKL —F

Injury - Injury +
10 10
9 9
8 8
0 0
L 7 v 7
586 5E .
L w5 S m 5
< a
28C |E£ ! ES ‘
z 2
a2 = 5 2
1 1
0 0
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Days after the challenge of Y. ruckeri Days after the challenge of Y. ruckeri
5 5 B Infection group
Non-infection group
N 8
2&3 2g 3
s o
@ ap U no
o Q ¢ Qo c
20°C €S, )
= 22
21 21
0 0
1 2 3 4 5 6 7 1 2 3
Days after the challenge of Y. ruckeri Days after the challenge of Y. ruckeri

Fig.1 The number of survival fishes in infection experiments after pathogen challenge. The number of
survival fishes in each experimental condition was counted for 7 days after the challenge of Y. ruckeri.
Non-infection group (without pathogen) and infection group (with pathogen) were compared in each
experimental condition. Inset image are the dead fishes after the challenge of Y. ruckeri.
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T, BE2OF7:0b, WEREZRELZLGERXIZEAL
ORI RFHRTHHUPNCHIEL 72 (Fig.1). $5EL
ARG X D IIASA S, Ly K= XD
JEIR%Z £ L CWw72 (Fig.1 inset image). 20C TH# %>
J725&E0 ) 5, WK & #5E L %W IFRAE O i ik iX
BIETRTOBEERBEF LIS DS, ETT7 4y
V23 Y ruckeri DIEGIZ L VB L bDEEZ BN
7o. F7z, BEIEEZOT RV TIRBEAEREOMED
FIZEF LS EH S (Figl), BEOEHI RGO
WEZaoTwad I EAURBE NIz, SBIILREY TH
D, JKIIZ & o TR OBUHRAFERE 7 & O b 235
BIXNDLIENFMSNTW DS (Bly & Clem, 1992; Le
Morvan-Rocher et al., 1995; Nikoskelainen et al., 2004 ).
L7285 CHE KA FIF7z28 T, ¥7974vva
DRIEREAIEE 22, BEAKROKE & eGP T 08
L, Y ruckeri \ZEG L3 L o 72 kNS 5.
BORZIIWEROBRAZ; CzooN) 7 & LT
EHLTWREEZEZ LN, BT S N5 KRR H
RV F b EENHREFAEEIA TS
(Nakamura et al., 2001; Tsutsui et al., 2005; Gomez et al.,
2013; Unajak et al., 2015; Brinchmann, 2016; Tsutsui ef al.,
2016). FEHE & DT 72 U R AFAE T T O AAFE
PETT A EHEINTWS (Liuetal,2015). L
7o T, HEDOTZI ETNY THERED I X R
WAEMNIZEA LR T VIR A E 0213, A4
APV AIZE 5T, BARBGEEFO WK 2 &R
AT L, EHBIGEE: L 2 WREIE IS LR3Ik
BllholEZz NS,

Y ruckeri BEBRERRICHE T2 EBRLREMERZDIE
BDZE1E

AT ERITEIIRA ML AR 52 IRET, &£
ROWAEN 70— FHRED LX) B e 2T 500 %8
WY L7201, EhMEN7u—5 L LCHE#ICER
LN 247 - 72, flH K 28°C B & 18 20C o % HE B
FORML7-FEF 7V X ) FNRZFN138339 ) — K
B L UY263519 Y — F O H 2k 16S rDNAFLH] D > —
FYARRLENIZ, CNOLOEAEY) T 7 LY AT =4
~R—2 L W4 L operational taxonomic unit (OTU) &2
GHETHIET, 28COH Y T 513285, 20C D~
TN 513 484 O OTU IS NIz, 45 O A= 5w JE
RGO, MHERELZS S22 THE LE
RO FE RN OGS, 28°C TIX TN Enterobacteriacea
Bt (31.2%), Acinetobacter J& (17.6%), Methylobacterium
J% (6.6%), Bosea J& (5.3%), Delftia & (4.2%)
Stenotrophomonas J& (3.3 %), Pseudomonas J& (1.5%),
Ochrobactrum J& (1.2%) 7%, 20C T Pseudomonas J&

W

(31.6%), Sphingobacteriales H (14.1%), Acinetobacter
J& (10.4%), Yersinia & (5.8%), Pedobacter J& (3.9%)
Cerasicoccaceae ¥t (3.6%), Acidovorax & (2.6%),
Aeromonas J& (2.2%), Propionibacterium J& (2.0%) @
HEENE Do (Fig.2A). 72, 28CB L 0°20C
THEIZA LN/ OTU X ENZFI 148, 347, M1
HHELTALNZOTUIIRI7TTH 72, 20CBL T
28C THAEER DRVl EOLEE Z LKL 72 & 2 5,
ELELDMETHIMLTALNS OTUIZZDIZE A
EVBL, WMEICL) 5EROLZENRBI LT EITLD
MHEFEOBRENETI SR LTV LARIBR I N
(Fig.2B). &I, HEDOF -2 LIk B rB%T
572012, BEFKEIZBWT, HWEELZEZL%h o
TeIRREGRE T, B & D 7R & T e o Tk &
MR OZ A i L7z, 28C o filH KIC B W
T X Cerasicoccaceae ¥, Acidovorax &, Bosea )& @ E 4
WEEIM L, Stenotrophomonas J& O E A AR L T 7z,
—J720CTi&, HBE2F-I 2L bEELMEED
HEROZEALIZ/NE D72 (Fig.2A). RIS, HRIEHE
BORBEBSRT L2012, BHAFRZICBWT, W
WEmE LR, M EFICiELiary ha—
VEEZ L7z 28CTIIB 220 912N 2 #dk L
728546 \& Cerasicoccaceae F3¥4IN L, Stenotrophomonas
BOBENBA LT (Fig.2A). WEE A RET 5
L EBITRRIEZ DT 728i/1%, Luteolibacter J& D1
e, HofTiEb L T v 7z Acidovorax J& O B4 HS
SHICHEHFICHIML72. 20CoKRICBWTIE, %
DU VIR TIE FE MR RO A SIZ OV TIEKR
ERBABR LN -7 (Fig.2A). —HTHZDF
THIRWN % BT L7256 13% 08t L, %thHo
FR X EOR & L C ok L7z Yersinia IR 2580% UL L&
HAELTWZ Ehn, BESEENIIEI 7228
WS h & o7 (Fig.2A).

JEGLFEERTH W72 E A TR E R O F A 13w 2
25 (Fig.2A), Y ruckeri \ZFEAFKmMICAE L2 &
WREEND. Y ruckeri (&R FI2NA 47 4V A
BT HZEDAILN, DX BN F T 4 VAN
JEYPIRIC 2 B L E 2 5N TS (Kumar et al., 2015).
—77, &G LEESE L 7 M0 D KR TN #2 28 Yersinia JEAITA
WKHAEINTW2ZE2s, SROFERGFHETIIAOR
B FACHEEEANA T 7 4 VAR L7 2 EAURIE SN,

28C H 5 20C~DimBEZAL T Id % 7 M T 3 DAL
PRIBIZZELTwD Z LR &N/ (Fig.2B). F7-,
M & 2 EZSMBE ORCEL, - s £E %
HAELZZEWI LD, dEdEEHELOWMETHRE
WAEE L7 O R ARSI L7221k 530
THbHI LR En (Fig.2B). FIEITKIROEE
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Acidvorax
Acinetobacter
Bosea

Cerasicoccaceae
Delftia
Enterobacteriaceae
Flectobacillus
Luteolibacter
Methylobacterium
Pedobacter
Pseudomonas

Sphingobacteriales

Abundance

Sphngomonadaceae
Stenotrophomaonas

Yersinia

Fish15 W _ Fishi5 W _Fishid4 W _ Fishi5 Jw Fishid4 W__Fishi-5 W _ Fishid W __Fish15 . pgreedingwater
1:Dead fish

Injury - Injury - Injury + Injury + I Injury - Injury- Injury + Injury +
Y. ruckeri- Y. ruckeri+ Y. ruckeri- Y. ruckeni+ Y. ruckeri- V. ruckeri+ V. ruckeri- V. ruckeri+

Abundance

Fish 1-5 (28°C) - Fish 1-4 (20°C)
- Injury, Y. ruckeri - - Injury, Y. ruckeri -

Fig.2 Bacterial composition on individual fish skin in infection experiments. (A) The stacked bar chart shows the abundance of Operational
Taxonomic Unit (OTU) (top 50) in fish skin samples. The samples were grouped by water temperature (20C or 28°C), the status of
injury (Injury + or -), and the status of the pathogen challenge (Y. ruckeri + or -). (B) Comparison of the abundance of the major skin
bacteria varied by water temperature. The stacked area chart shows the abundance of respective bacteria from fish skin maintained
at 28°C and 20C . The data from fishes in the uninjured, non-infection group (Injury - Y. ruckeri -) were used for the analysis.
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EZFRTVIENS, FIIBREN TV LHMEED
K ESNDL LEZ o, MEMICE > TRRL4E
BREMERESEAROBEE L Ew e %
ZHN%. KK TFREONIMEVS7ZA LRI LD
TIEN O TN A, WEZALIC X 2 KM HEOZAL
X 5 TY ruckeri 33 FATNA X 7 4 VA EREK LR
TVIRBIZ R o oW D S 5. 28C LBV TIRGD
IR RE R BRE L Vo 2 A b L RIZ X Y Acidovorax
J& R Luteolibacter )& O 5 G H A3 Z B4 L 7253
(Fig.2A), I o OB I T2 WEMNEEZ R T
Lo HEIR RS, —T5 T Acidovorax J& 2B L
TIZ20CICFMHE KR ZET SE2SEICH HEFEISR
RWIMLTWwsZEH»5 (Fig.2A), ¥79574 v
ICBWTA ML ARG 25 L REITBWTHAEIHN
T M@ TH 2 HEED D 5.

Y ruckeri B BEERICH T2 E 0TU DEME1L
20C B L U 28C CRYFEEREAT - - FEBB OO
3L OEEMFIZONT, 100 — N EFET 5%
OTUD Y — F4 72y offfim k& ice— b=y
TTRL, KFOTUDHLENNY — XD s T3R8~
L7 ZofE%, 20C & 28C 0 FEERREICET %k
ZEhZhplor 5 A8 — 125 L 7z (Fig.3). 20CT
FAEENPZLVOTUICE L T20C TREL EHEEN LA
L7 FEMERE (Fig.2B) O 13 295 BB <2 25 4= P
Hx25{TL OTU 2B L T W A EnAsA S5z (Fig.3).
F 7% OTU & L T & Rickettsiales A Cytophagaceae Ft
Aeromonas )% (Janda & Abbott, 2010), Chryseobacterium
J& (Zamora et al., 2012), Flavobacterium J& (Loch &
Faisal, 2015), Janthinobacterium J& (Austin et al., 1992),
Stenotrophomonas J& (Abraham et al., 2016), Yersinia )&
(Kumar et al., 2015), Acinetobacter johnsonii (Kozinska
et al., 2014) 75 & 5 1, Stenotrophomonas )& & A. john-
sondi LIAME 20°C TOFFIZ L Y B L CTw72 (Fig.3).
28C L 20CHDENZNDOERIEIZB T, Gofin
R E BT L Vo T2 A MU ARG 2 7GR L A
EDAHCI3 S A ML ARG R e oizay ba—L D
FEBHELBR LB EOKOTUD A EE D E L%
volcano 70 v MI X - TFRL7: (Fig.d). ZOHRE,
28°C T G FEBRE CILLA ZISHEM, WA oz R
3 OTU A FEFICA SN Z2DIZx L, 20T Tl i w8
RGO I LV FFED OTU DFEED A RZEISHAT5
iz R L7z BoMmcky, ARICEmLTw53
2 ® OTU I A. johnsonii, Pseudomonas & Zoogloea J& T
Hotz. —F, WHEEHEBIOCGOMIMI L) FHEIC
WAL TW5b OTU & Cytophagaceae Ft, Methylobacteriacea
B, Neisseriaceae Ft, Rhizobiaceae ¥, Burkholderia )&,

fig

Corynebacterium )&, Delftia J&, Propionibacterium g,
Staphylococcus J&, Stenotrophomonas J&, Acidovorax soli
Tho7e.

WIZ, T X9 LD 20C O K FEEHE O koM
WA ARIZG 2 BB BT 5729012, 20C THAE
L7295t L fHE KDY TN & Br S EBRBEICH LT,
Unifrac Hi# (Lozupone et al., 2011) % f 72 p Z k1%
FRNT 2 AT\, 25 LR ) o0 il 1 3 o0 JE AV 2 B L 72
(Fig.5). % 7z PERMANOVA f# #7 (Anderson, 2001 )
2 X B HBENOE 21T\, BB RRMEIRAT D5 R D AHE D
EERLOPEME LT (Table 1). B LRI OF;
a2 FIEESHIC LD BRI LD D% Fig.51RL
7o, FAEAREICOWTOTU KT % A ¥ /N — DA i
D H B2 A7z Unweighted UniFrac Bk % #5145 L 72
W, GO OREIZL D ENENDOIER
HoMBEOMEZI D L2772, —HTERZELD
OTU OfifEm (U — F¥) % & L 72 Weighted Unifrac
FHEZ R R L72A1E, WERNERELIV—T LR
#L TR WEE I h 7. PERMANOVA AT O
%, Unweighted Unifrac fi##7 12 & % B SRR HLEL Tl
DN L 2 ZEAROTEEMEIZICC (pseudo-F i 1.38),
BOF I X IS N7 SRR B T OB %% 2213
Rohhdrole, =l THERBREDOA BTGV 20
5EMOENT X D HETEE A SN (pseudo-F fif
2.70), TN o OREMSHEICEN RENA LN (P
fii<0.04). —7Ji T, Weighted Unifrac f#dT % 72 p %
KRMELLIR T, HOBFMIC I ) HRAROFEEEDS A SN
(pseudo-F fifi 3.45), HBOAMIC X VI & 7z KA
HEBCTEMHMEICEMN A=A DN (PAE<0.03).
SOIHERBRBEOFMTITIL ) HELFEREDSADL
M (pseudo-F 1 3.88), WM TEARMEITEENL 7 2 A A
b7z (PE<0.02) (Table1). ZTh 5 DGR S,
20CITBT2HEOMIME L OHREROREFEIIDONT,
EE S HMEEOHWRERIIHEEL G2 TwbsZ L, #
ORI E D I DREIED A, KB ORI
B2 BBNPRENT L, ZOEBIIME A VN —~D
WEL WS 2NN R LOXN D, A UN—DBENLRE
ENDREPRENE NI T LIRS NI,

FAZBART7Z &) IO RIERRRIIKIRISERE SN 5.
20°C T3 R R R A7 A TEMT A 2 5 & OTU o3 A
A LMD (Fig.3), 20C &) KildE75 74 v
ValREoTORBMBETH S 28THhHRELHANS
F, ERBEOKT2B Y, HALELRL T 5IHE
AT 2 AR % & OTU oA A s 7z T
FhrwrliEEshs.

20C TGO INRHRIE H O REI X > THEED
wW B E D B TEIIALNI=AS, 28C TILHM
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Fig.3 Clustered heatmap of individual fish skin bacterial
floras in infection experiments at 28°C and 20C.
L Onaktaclricoe. 221658 The relative abundances of the identified OTUs

f__Comamonadaceae, 751207

by (over 100 reads) in individual fish skin samples
I_Enrobaceriaceac, 1111204 were shown by heatmap. Samples were clustered

I Methylobacterium, 677165
johnsonii, 343085

oo by the pattern of OTU abundance in each samples
and taxonomy. Dashed frame border represents

v sample clusters formed by difference of water
o i 41449
[ = giiamaidhed temperature. Circles represent the main groups of
B Tl N R T o .
oo ffzfsggtiiisiiiEEEEEEELLREREEE OTUs at each water temperature. OTUs with
2 §fssscazszisiffifificcscsaizaificic: .
i 55°" ° sSggsiece” SE A frame border represent the genera that possibly

By VR SR T R R ) include fish pathogen or parasitic bacteria.
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Fig.4 Volcano plot showing the degree of differential abundance
of bacteria on the fish skin in infection experiments at
28T and 20C. Log,transformed fold change in abun-
dance against control group (Injury-, Y. ruckeri -) is
plotted on the x-axis and log,transformed false discovery
rate-adjusted p-values plotted on the y-axis. The dashed
horizontal line represents the 0.1 p-value cutoff.

@ V. ruckeri+ O injury +
&) Y. ruckeri- X injury -

Weighted UniFrac

PCo 2 (14%)

WO

PCo 1 (66%)

W

WROBME KL H»IcA SR (Figd). Zhix
20C TR EN TV BRI # 1L 28C Db O LITHEWIZ
ZALLTHBY, BRI Y. ruckeri D#m#EIZ L - T,
AT DR A ¥ N =DV EFHEZZITR T o TW
LR EZ R L CTWa. MIEEOAIC XD 2P
WX Y ruckeri H3/N A4 F 7 4 0V A F T B W REME DS E
Abhbh. — kT, KRETFEHEEGZRTNIY
ruckeri DEZEHEHREDO LA BIUCBHICES LW L
5, BofmE FKEICHERZRELZZLI2XD,

IOV RELELMBFEOLEALEE, HELLY
ruckeri DFKE L TOMFEPMRE NIz D TR RV H L
MEND, T BEOTEEIZIXA johnsonii D L
I BT L o TR 2R TR IED D 2 AT 2384
L2 &nn, Bofmi—:=IBom s w o X g
RTREEELD S, RIFFETIZ20C THEAHML 72
U, INIETE 2 B L 7-RIZIZ E A D BIE L 72720,

BE ORI & 5 5 B B S X B AINEY - AH TR 2
DB CE o 7275, ME—A & F - 2R

Table 1 PERMANOVA analysis for p-diversity.

. . Pseudo-f
Distance metric Group 1 Group 2 o -value
statistic

Unweighted UniFrac Yruckeri-  Yruckeri+  2.70 0.04
Injury - Injury + 1.38 0.23

Weighted UniFrac Yruckeri - Y.ruckeri + 3.88 0.02
Injury - Injury + 3.45 0.03

Un-weighted UniFrac
PCo 2 (14%)

. =~ PCo 1 (41%)
" [ N
.x ~
! o®9
\ N 9
\ AN 4
\
N o @°
\ @
N 1 PCo 3 (12%)
N 1
~ x ’
~ 9 .

Fig.5 Principal coordinate analysis (PCoA) of beta diversity of fish skin bacterial floras in infection experiments at 20C . Unweighted or
weighted UniFrac distances were analyzed among the samples from alive fish at 20C and plotted by PCoA. Dashed circle
represents the group of samples from the fish challenged with Y. ruckeri.
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TR 3 D M 1 R0 At D B 28 A £k 0 M TR 3 DAL (Fig.2A)
OIS H &, FIEMR R OEEHITIT B v
A ASNDL 2 End, FEMEFINOZEDT] &
EZHD, Y ruckeri DER HAENFER I ENTZDOT
EZwhrtlibhs.

INLDOT LRs, 20CITKREEILEES Z LT,
FRIFMBEEIZAL L, RIS X > THIREF#EIVE R IC2L
T52 LT, BEMBERHED Y ruckeri \IR$ 2 IHLES
KTFLAZ Tz, KREGoftmckTE¥T S
74y Y A ARORIEIMRT L2 &I12X ), WK
W BIEZVEDE L 2D TIE L HER S h 5.

Y, ruckeri DEREEBICH T 2 REMAEERIEOTE
20CITBIT BB IEG TBIE SN2 Y ruckeri DFRFZ

HAICDOWT, RIEMEE L OMBREFARL 2012, it
AEWPE LS X ) MR 2 R L 72T T 74 v v a2l
DWT Y ruckeri DG IR 2T 72, 20C THUAEWE
ML U 72 e, RS & B 121 & A LI
L7Zh -7 (Fig.6A). N5 OMOFREME R % AT
L7-LZh, 20CCHUEWHEZ 245 L7720 b,
K% AN 2 GE % ke L 72 oI 35 13 LBE % 9712
filE L7 (Fig.2A) LI L CTREZ LMK ERL:
(Fig.6B). T Z &id, HUAW B X 0 Al #2s
W, B EINZEE2RBLTHWS. 2512,
PUAEY AR Y. ruckeri % B8 L1234,
DFEEHDA LN (Fig.6B).

Fig. 1 O EGFERCTIIEEIE L 7240 % N2 Y. ruckeri D
HEEAVBBE I NS, S OERSMHTIIEIILEL T
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Fig.6 Infection experiments with zebrafish treated with antibiotics. (A) The skin bacterial flora was destroyed by
antibiotics treatment, and then the number of survival fish was counted for 7 days after the challenge of Y.
ruckeri. Non-infection group (without pathogen) and infection group (with pathogen) were compared. (B)
The stacked bar chart showing abundance of OTU (top 50) in antibiotics-treated fish skin samples at a
genus level. The samples were grouped by the status of the pathogen challenge (Y. ruckeri + or -).
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WhRWART Y RZIZY ruckeri 3% Hohlz, 2ol
ED D, Y ruckeri |2 X B FREL O AT XM B 5 2 i
T2 ETHROERICHRLZ ORI S 2 ARSI N,
DT ENS, REHMIHEOHEEDOEILIX Y ruckeri D
REMEERLLAT A LR INTz. O L VR
DRBYUZOWT, RKEMEHEOBIEl KL &R T
V) MEFIDDH B A (Reid et al., 2017), HIH ORER
BYZOW T RIHMHFEOR S EE L BN E 25 2
LRI SN,

BEAICH T I2REHEEENDEE

YT7T 74 v aTIRY ruckeri DREBZIEG AR T
% 20C &AL L 72\ 28°C THI & DRI AT %2 o T W
Joo F72, 20C TRIGHEOBREIC L) FRMEHED
B GEADPBIE SN, COXIBANLAICKLEE
BN DZEINL Y. ruckeri DIEHF AT B W REMEAS
BV, EEBREMLIIRRY, A A NV ARG RS
RETIZZ W OBY TOARRBEOZLIZ L Y Rk
RO EER L THEONEARHTH L. £ T,
Y ruckeri \CHRESFET L EFMOENTVWALE =TV TR
IZDWT, HEHERL GG RS M0 0K
I 2 I LT 2 17> 72, =V < 20D FEM
W DRI ORR, BRFT7586 ) — FD Y —7 ¥ A
F—=F 52752 O OTU IS, RSB REE TR
BLTWEET I 74y vaREMAFEL IR LY S H%
TS MR B SIN. F MWL, Massilia
& (17%), Sphingomonas J& (10%), Deinococcus J&
(7%), Flavobacterium & (3%), Gemmatirosa )& (3% ),
Roseomonas & (3%), Tychonema )% (3% ), Hymenobacter
& (2%), Aliterella )& (2%) T&H -7z (Fig.7). [ U
SE SRR L7 8 AL 142 0 HBO =V~ 2D
F R M 3% T Massilia 1&, Tychonema J&, Spirosoma J&,
Scytonema &, Cutibacterium )&, Calothrix )87 EHEE
BB TR 5 E R LTz (Fig.7). F—o%
WGORL D Al (LE2hAME 8 Hi) =<
AB LT ZOFAEROMBEFEICONT, V) — FEAY100
DEOOTUICHLC =~y 7R ERLIZE A,
FNEFENPEL LT T 74 VvERLE (Fig.8). F
72 8 A D fa D Bz M 35 O — BRI F /K DAl 1 # D
WHEZIFTVWD I EARBE R (Fig8). TIN5
DT ENS, ROEFEREC, FEMMOKDE AL
Y D = T ARBEMMEHEDED BT B 2 LAUR
S BEEWICEBSNREICEE T2 —F Y
DOAARRE TR ME TR 2 5 2 EAHE SR T»
%75 (Uren Webster ef al., 2018), F&hiifh o F2 iz Ml w3
WCOWTOMT 285 E LT, ks X 2L
Vo 72O PN K > THMEHESZILTH LV

Others
Roseomonas
Tychonema
Gemmatirosa

=l Flavobacterium
B aliterella
Hymenobacter

Abundance

Deinococcus

Sphingomonas
Massilia

Rainbow l Rainbow
trout trout
(8m} (1y2m)

Fig.7 Analysis of the skin bacterial floras of rainbow trout from
a fish farm. Skin bacterial flora of rainbow trout was
collected from the 1 year 8 monthes (1y8m) and 8
monthes (8m) old fishes, and the composition was
analyzed by NGS. The abundance of the major skin
bacteria was compared between 1 year 8 months and 8
months fishes by a stacked area chart. Closed and open
triangles represent the bacteria that abundantly exist on
8 months or 1 year 8 months old fish, respectively.

HELDH Y (Minniti ef al., 2017), [F UaEiEs 0o &
W, EFEEOEVEVS IV L LT, £
IR ERZZ T LD EZ 5N, KIEHHE
WEALT LY. ruckeri ® & 9 7295 ECER 03 5 %
ZWED MR O KB CEIL L T B RS S 5.

U3 O

TRFEFERH O LEFEE D 1) _F.0> 72 60 1 2 S0 k) 3 0 T B s
WMLTWD, ARUFGE LB ISR A < (68 72 55 ) 5
OWFHEL LT [MEEER TNt 74 2 2] %48
W, TOEBREEEELZ L EZHNE L.

ETITT4 v varEFTVAEE L, REELEEIC
IBA ML 2R, PEWEOPRHZ X B R #EOBL
WaAT o724, WRIEW (Yersinia ruckeri) % HFT L, #%
RRFAHEATT HHEEE L2, T2, TOBOFERME
FOEAERMAC Y — 7 % — (NGS) 12X % 16S rDNA
T YT YO Y —r v AN K o THIT L 72

BYEEICB VT, #MEKREEZ 20CIITF, 512
R EOTt%, WEREREHZELZLTA, BIET
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Name
Ambiquous taxa, FPLE01032615 16 1530
me. FPL501003392.15.1531

uncultured bacterium, HM773460. . 1425

Ambiduous taxa, AF143692.1.1483

D 6 Pleurocapsa concharum VP3-C2, F§10000387-5 BPA73021-2014.1 1102.6930 2280 1:N.0.52

D 4 Sohinqobacteriaccae, FS10000387:5:BPA73021-2014:1:1101:3970:1070 1:N:0:55

D 6 Oryzias latpes (Japanese medaka), GFI001003240.10.1502

uncultured bacterium, GQ360012.1.1488
Ambiquous taxa, FPLLO1000761 10 1526
Ambiguous taxa, FPLKO1000581.11.7482
coccus fascians, KROBB385 11564

Ambiquous taxa, KXBB6830.1 1502

uncultured acterum. F
uncultured bacterium, EU775295 1.1447
uncultured bacterium. JF198440.1.1352

:BPA73021-2014:1:1101:7740:1430 1:N:0:54

D 5 Bryovacter, F$10000387 5:8PA73021-2014 1:1101:4840:1540 1 N:0:54.
Ambiguous taxa, F$10000387:5:8PA73027-2014:1:1101:8130:1260 1'N:0:54

D6 Gemmatirosa kalamazoonesis, FS1DDDOSS75 BPA73021-2014:1:1101:6900:1950 1 N-0:54

D 6 uncultured hacterium, KX508129.1.1
uncultured baoterium, KFO37877 1.1

uncullured bacterium, KX508089.1 1
Ambiquous taxa, FPLKO1001308 34,1504

uncullured baoterium, KY 190682 1.1408

Ambiquous taxa, CPOD3614 4288160, 4289647
Ambiguous taxa, AJ416411.1.1485

D 6 uncultured basterium FukuNJS AJ289998 1.1471
582032

Ambiguous taxa, AJ
D 6 uncultured bacterium, HMBKQASQ’ 1338
Ambiauous texa, DQ257479.

Ammqunus taxa, GFIMO1008300 3.1500

Cench
Ammquuus taxa, KF!
D 6 uncultured bacterium, JF1756451 1347
D 6 uncultured bacterium, KX507829.1.1452
Ambiquous 2xa, KCB20896.1.1489

Ambiquous taxa, LMSEQ1000002.894057 895587

Ambiauous taxa, CP010028.372413.373822
Ammqunus toxa, KF037525.1.1454
uncultured bacterium, KF037544.1.1453

rus americanus, GEUY0102|'=54 21377
037584.1

uncultured bacterium, FS10000387:5: BPA73021 2014:1:110

D_6_metagenome, F$10000387:5: BF'A73021 2014:1:1107:8890:1610 1:N:0:54

1352001050 1:N:0:54

D & Chroococeus sp. CCALA 702. FS10000387:6:BPA73021-2014:1:1101:12770:1570 1:N:0:54

Ambiguous taxa, FS10000387 SEPA73021 2014:1:1101:5820:1190 1:N:0:54

D 6 uncultured bacterium, F$10000387:5: BPA73UZ1 2014:1:1101:9370:1270 1:N:0:51
15

uncultured bzcterium, KF975562.
uncultured bacterium, FR675953.1 1390
uncultured basterium, GQ113661.1.1352
mbiquous_taxa, KX139010.1.1507
D 6 uncultured bacterium, GQ338901.1.1482
D 6 uncultured bacterium, KF037919.1.1489
D 6 oyanobzcterium OU 20 GQ162224.1.1

Ambiauous taxa, F$10000387:5:3PA73027-2014:1:1101:6400:1470
1

1N0:51
1N0:51

;3P

Ambiguous axa, KP232912.1.1527
Ambicuous taxa, CPO14168.1647251.1648745
Ambiguous taxa, ARKHO01000011.180.1673

D 6 Sphingomonas humi. KP196808 1.1360
Ambiquous texa, JQ711744.1.1526

Ambiquous taxa, JOEE1000020.157.1662
uncultured bacterium, DQ347903.1.1437
uncultured bzsterium, JNEGWH 1523

Ambiquous taxa, AY212736.1.15

D6 B

Gelloura cancida, GFKBO 059596 50.157C

uncullured bacterium, JN389233.1.1486
D 6 Artirobacter sp. F7. KROB8549.1.1526
Ambiauous taxa, AF001645.1.1525

2411

uncultured Sphingomonas sp., EU440702.1.1412

D 8 Sphingomonas aurantiaca, AJ429238 1.1465

Ambiguous_taxa, AVSAD1000105 81.1627
D 6 Massilie sp. Asd M1A2, FM955855.1.1512
D 6 uncultured bzcterium, JNB68638.1.1481
Ambiquous taxa, AMB9BBE49. 11443
Ambiguous texa, AGZIC1000009,333935.335453
uncultured Massilia sp., FJ191730.1.1435
uncultured bacterium, KC883056.1.1501
Ambiguous taxa, AF385548.1.1485
uncultured bacterium, FJ812137.1.1475
uncultured bacterium, FJ849238.1.1443
Ambiguous_taxa, KC424688.1.1493
uncullured bacterium, KP887082.1.1430
uncultured bacterium, JN868773.1.1523
Ambiguous taxa, FNEQ01000020.109.1643
D 6 uncultured bacterium, JF176793.1.1355

Ammquaus texa, FQWF01000024.3946.5465

D 6 uncultured Bacteroidetes bacterium, GQB70456.1.1465

uncultured bacterium, FJ849203.1.1437
uncultured basterium, CU918572.1.1339
uncultured Milsuaria sp., JF808983.1 1512
uncultured bacterium, JNB69134.1.1529
Ambiquous taxa, FPLKO1000415.18.1468

Ambiguous taxa, HQ738455 500
Ambiquous taxa, FQWE01000018 476 1993
Ambiauous taxa. H0530235

Ambiguous taxa, FPLS01046477.11.1457

D 6 uncultured bacterium, JX223606.1.1501
Ambiguous taxa, AF361198 11498

D 6 Sematia proteamaculans, KF625184.1.1787

D 6 Pseudomonas fluorescens. HQ288944.1.1533

uncultured Alicycliphilus sp., JQB61843.1.1498

Ambiguous taxa, F$10000387:5:3PA73027-2014:1:1110:8510:3500 1'N:0:51

D 6 uncullured bacterum, FS1000 B
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73021-2014 111015620

60 1 N 051

D_6__uncultured hacterium, FS10000387:5:8PA73021-2014:1:1105:2190:1070 1 N:0:51

Clustered heatmap of the skin bacterial flora of rainbow trout and their breeding water.

The relative abundances of the identified OTUs (over 100 reads) in individual fish skin samples and
breeding water were shown by heatmap. Samples were clustered by the pattern of OTU abundance and
taxonomy. Solid frame border represents specific bacteria that exist in 1-year 2-moth or 8-month old fish.
Dashed frame border represents OTUs that exist both 8month old fish and its breeding water.
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Anaerobic fermentation driven by oxygen-evolving photosynthesis
Shigeki Ehira

Graduate School of Science and Technology, Tokyo Metropolitan University
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Cyanobacteria, which carry out oxygen-evolving photosynthesis, have attracted attention as hosts for the direct
production of biofuels and valuable chemicals from CO, using light energy. Various chemical-producing strains
have been generated by introducing engineered metabolic pathways. However, the introduced metabolic pathways
often include oxygen-sensitive enzymes, which are inactivated by oxygen evolved during photosynthesis.
Anabaena sp. strain PCC 7120 is a filamentous cyanobacterium that forms differentiated cells called heterocysts
with a semi-regular spacing of 10 to 15 cells along filaments. Heterocysts are specialized for nitrogen fixation, and
their intracellular environment is maintained micro-oxic to protect oxygen-sensitive nitrogenase, an enzyme for
nitrogen fixation. This study aimed to utilize the heterocyst as a host for the production of chemicals with oxygen-
sensitive enzymes under photosynthetic conditions. A genetically engineered strain, expressing within heterocysts
the 1-butanol synthetic pathway that includes a highly oxygen-sensitive Bcd/EtfAB complex from the anaerobe
Clostridium acetobutylicum, was generated. In this strain, 1-butanol production was concomitant with oxygen-
evolving photosynthesis. This study proved the usefulness of heterocysts as a cell factory for anaerobic production

from carbohydrate provided by photosynthesis in vegetative cells.

Key words: cyanobacteria, anaerobic fermentation, photosynthesis, butanol, heterocyst
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etal.,2009), 2-XF )N -1-7% J — ) (Shen & Liao,
2012), 12-7us8» Y *+— ) (Li & Liao, 2013), ZL

E-mail: ehira@tmu.ac.jp
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2013) R EDKE & TV A — )V BT B RO ER X
NTwa. LaL, TOAERIIMKL, EEEEDD
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B A L7z S. elongatus PCC 7942 Tl&, BRI %4
L3 B2 ETEHICHRRREBIZL AvwE1-75 /=
DEFEDHET 57\ (Lan & Liao, 2011). —4 T, W¥
RS VERESE 2 7] U PO % il 3 2 R ET LD & 5 BEFE I
BEWZ LI LT, BECEIEEMAEL NS S L
NT&% (Lanetal,2013). 2L HICHEELIAET
LNEK L MR EERERIC L 2B A2 WAICT. S &
WD, TN T T RO LT AHMEEIC X S
WHEEDRED—D L 5T A,

DTN T TR, WRHRFEAE & RIS TR O R
HZRRT 2 TERZ2H L EMRATVE. £ DY T/
NI TFI)TIRERBEZT) 2L TE B0, EEEE
Jn % it 3 2 EE% = b oy — B IEEmH IR 125
MHETHDH., Y7 /N7 7)) TIIELRERE AL
W, &2 WIRZERMICPEET 2 2 TZOTODX
JBZ MY, ZETWDE, ZL DT TN 7) 7k, k%
VEE T BHEREBERIATY, BEREIT) T LT
X WRICHEREZIT> TWab (Grobbelaar ef al.,
1986). —J, —HORKMES T NT 7Y 7L, GG
B & R EE RIS EET 52 & T, BREICHEREC
COZODORIREIIEEZTEICLTWS
Anabaena sp. strain PCC 7120 (ULF, 7F+XF) %D
SHAREES 7 787 7)) 7L, B OKEMIEA—HID
o 7RI RIS 5 (Fig. 1A). SEFILEWE;
HFIAAET B & 7 FRFORIREIE AL D B 2> &
B SN Twa0s, BFRILEUPE b ATHY R
hEIEN DM L2 10~ 15M1ak 12 1 EOH
AT ENS (Flores & Herrero, 2010). ~7 1Y A
M, BREEOREIT) MM TH 5. EREZME
D=ty F—YEBEISRET D012, AT
A PPUTBFR B R BRBR T b, BREZRET S
HEBAEIE L TV B 7217 TR, ShELHIRED S 72
% 2OV & AITRE DMK L, Miast e 5 o
FOWMAZNVT WD, 512, BREPREEELT 5
Z & THIIBN ORI EE % 600nM 12 F TR T &€& Tw
% (Tomitani et al., 2006). ~75 1 ¥ X MIEEKE T
I ENTELVD, BREAEIILELZIANVF—%
Bige L7 R 3sfIBIIRE LT B, SEsMfa e i
Y LR IICA 70— LTRITD, £
DOEALIZ X ) BERBEEICHE L ATP LRI EHTW
% (Cumino et al., 2007; Nurnberg et al., 2015) (Fig.1B).
15T DN, % 2470 NH, [SRIELT % 7201213 16 5T
DATP L 8D BEFHLETHY, NTUYAMIB

o #

WTIIBE ALY % 5530 B 72 0 1B AL RS O S8 B Ay
9% (Winkenbach & Wolk, 1973). 59 7/l ia N
BB A, SBWERMLEEZ O OAT O YR ML, B
BAC X 2B AR T LY DML E LTS L OF % i
ATW5S, EE ATFTa VA MIBWTLY ) — V&4
FESE L0 E NV I REERER & 7V 3 — VK
FWEREEBIEL L, MM O ) —VERE
I, HME 7 2N ) T OEEROB L E 3RS
IETHIEDRENT WS (Ehiraetal., 2018).
AWZETIE, 7T HXFOMEMiEANT O Y X PR PE
AL E LTHIET A2 LT, MERZURHEICLS
FEREA I & B AR MR TR 2 2 L S HETH 5 2
ERGIE L7z, C. acetobutylicum 73b 2 1-7 % J — IVEK
BEEATOYA MIBWTRISELE IS, HBAK
FMTT1-7% )= VHREEINSEZ ERENT.
EHIIAT O YR MERN BT RBIE S A7 4%
WL, ~Tu v A POMREUEICE ) AL S

Sucrose +— Sucrose NADPH CO2
lycolysi PP

Calvin Cycle Glycolysis °©

CO2 NADH
ATP
— Pyruvate
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heterocyst

Fig.1 A. The filamentous cyanobacterium Anabaena sp. strain
PCC 7120 grown in the absence of combined nitrogen.
Heterocysts are indicated by arrowheads. B. Central
carbon metabolic pathways in vegetative cells and
heterocysts. Vegetative cells synthesize sucrose from
CO, by the Calvin cycle of photosynthesis and provide it
for heterocysts. In the heterocysts, sucrose is catabolized
through the oxidative pentose phosphate pathway (OPP)
and glycolysis to produce ATP and reductants required
for nitrogen fixation.
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LI EICHMI Lz AROBERIEE, ~ATa v A+ 1% CO, 2 ab A2 BRA L5 30C THEE L 7.
OWHEAREMBE LTOMREZIRRTH25DTH 5. VBRI, ARZFIRA TV ERAPLT ALY

FBF 5

AU LT FNFHREBESG

YR ENZN 2ug/ml FORMITRML 72, 1-7 % ) —
VBEOTY ) —VEEESED E X, 0Dy, 2B
X1 2 FORE L7 Bl s oMl « £15
L. 2% #% & F % BGA1KH# (BG11,) T2k

7 FRFFROF;FEICIE, 20mM HEPES-NaOH (pH7.5) itk ODypy 73021275 X HIZBG1L, ICEE L, ~7T
WML 72 BG-11¥:# % Jiwv 72 (Rippka et al., 1979). YA MNEROFEBLI T VI —VAEEZHEBSE
30~ 35umol photons/m2/s™ @ [t 3 5 B 5 4 1 C, 72, ARHFFE TR L 7-kk% Table 1127137,

Table 1 Strains and plasmids used in this study

Strain or plasmid Derivation and/or relevant characteristics Reference
Anabaena sp. strain
PCC 7120 Wild type (Kaneko et al., 2001)
PCC 7120 derivative, in which pBU1 was integrated in the  (Higo &  Ehira
BU1
genome 2019a)
PCC 7120 derivative, in which pBU2 was integrated inthe  (Higo &  Ehira
BU2
genome 2019a)
BU2 Aldh (Higo &  Ehira
BUI11
2019a)
PCC 7120 derivative, in which p2c was integrated in the (Higo &  Ehira
2c
genome 2019b)
PCC 7120 derivative, in which p2e was integrated in the (Higo &  Ehira
2e
genome 2019b)
Plasmids
pSU102-cyaA Sp/Sm®; A neutral site-integrating vector (Higo et al. 2018a)

pBUI

pBU2

p2c

p2e

Sp/SmR; pSU102-cyaA-based suicide vector.
(Higo &  Ehira
Peoxpi-pbuE-nphT7:

2019a)
Prims-theo-crt-bed-etfB-etfA-hbd-adhE?2
Sp/SmR; pSU102-cyaA-based suicide vector. (Higo &  Ehira
Peoxsi-pbuE-nphT7: Puis-theo-crt-ter-hbd-adhE?2 2019a)

Sp/SmR; pSU102-cyaA-based suicide vector.

(Higo &  Ehira
PpetE-tetRLVA: Pros-trigger RNA: Peowpi-switch

2019b)
RNA-dcas9: promoter-less sgRNA for g/inA

Sp/SmR; pSU102-cyaA-based suicide vector.

(Higo &  Ehira
PpetE-tetRLVA: Pros-trigger RNA: Pocpi-switch

2019b)
RNA-dcas9: Pro3-sgRNA for glnA

Km/NmR, kanamycin and neomycin resistance; Sp/Sm®, spectinomycin and streptomycin resistance.
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TR EG7 (Cai & Wolk, 1990). & TH ¥
LAY —THMOMBZ 2RI > TnbH Z &id, PCR
XD RERE L 72,

1-T2/—ETR/—IDEE

1-7% 7 =V EEESE TV B ZID, 21,500
Xg T 55 M OO X 0 MIH 2 hg X272 99ul
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F AL B B 2% & Gaskuropack 54 60/80 % 73 L 72 A
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Ara< b7 57 (GC-2014; BidtBiEfr) 2w Tiro
oo T AIEEIZ190C, EAD & BRI O
240 C 12> 72
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L72IREET60TCIZ20 5 ifHE L7z, ANy FAR=2Z2D
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ANTOYZMNOEEETI X2 T0Oy MEMH
SHRREPSDOANTF T YA OHEEZ, Golden ef al.
(1991) DOFHEHES TIT o 72, WEERTORIRMEB X O
HEEL72AT7 03 A PR OaEic X ) 8D, 400ul O
% i (25mM HEPES-NaOH (pH7.5), 1mM
EDTA, 5mM 2-A )V % 7 ML ¥ /J — )b, 1X protease
inhibitor cocktail (Roche) ) Z/#%# L 7. #ifk % Bullet
Blender (Next Advance) Z/HHWTCTAF YL A¥—X (&
£ 0.2mm) THMRE, #OSEEIC X ) MiakE s X7
VVAE=ZA R SE, REEYIAY Ty ME

o #

WICH W, w2 X% v 71y b iEHigo et al.
(2018a) DFEIHE > THF-72. GlnA @ % 1% Image]
(National Institutes of Health) % fi\»CTA4T\>, Student
DBGEIC L DA EAE (p<0.05) ZHoE L7

G S

1-7 &2/ —ILERRIEDIEE

C. acetobutylicum TI%, 7+ b7 EF I CoA» S 41
DBHFEOBEIZLVI-TY ) -V REGREND
(Fig.2A). NSO DMEFEE a2 — N4 5 8IET ert, bed,
etfBA, hbd =L TadhE2% —>DFXa >yt LT, 7
FANFIHEALL (Fig.2B). 7% 7 — VAR %~
THYAMCOARFEHEE L7012, ~NTHTA MR
) 72 SERAE R 2 FIH L 72 (Higo et al., 2018). ~T O
VA MR TOE—F —-ThHbnfBTUE—Y —
Mo, TF—IVEBA T Y EEB S (Wang &
Xu,2005). 7HE—F—F X0 rOMIZIE, T4 74
D YINENED ) KA v FBHASNTEY, 74741
Y UIFAET TiEp (Rho) FAKAE Y — I £ — & — ¢
WS N5 2 & THRESHIET 5720, 75 7 —VEK
FRa VdEE I kv (Maetal,2014). 74741
YHAETTIE, 7740 UHAmRNALKAT AL
TY —IA—F—MEEN, 75— VERENT Y
MRBT L. X527 % ) —VERA T YRR,
78— VERDOWEWH LR DT £ T £F L CoA
YT = )VCoAL 7Tt FILCoAd b aMT 5 HEHE
NphT7 % 3 A L 7= (Okamura et al., 2010) (Fig.2A).
nphT7 I ~NT 2 Y A MERWY 7O € — % —Td 5 coxBIl
TaE—% =753 L (Jones & Haselkorn, 2002),
ZOWEIZ2-7 I 7 v (2AP) ISEMY RAA >
FIZX BHI %25 (Fig.2B). TS O D#EET
2=y Mab DT TFTAINpBUL 2T FXRFTT7 AFD
cyaA AR T WITH % 7 HEIS T3 A L (Katayama &
Ohmori, 1997), 7% / — VA BUL 2 /R L 7.

ATAYZAMIBTR1-TE/ —IVERE

FRETHER LT FRXFHRBULN1-T75 ) — v xk
HETAHIENTELPERGEEL:. 3, 2R &L
B CHBLZBUIZERBE 2T 2 0EHICE L
ANTHEYAMEBREFLELL. ATa YA MM T
T H0ALFEER 24BN T, T8 ) — VAR DOIEH
FHETLEOICTE T4 Y E2APERMLIZ. £
D%, WIEE A L Tw 5T T 10 HFE 2%
J72L A, BULIZ1.14mg/I D 1-7% ) — V&AL
72 (Fig.3A). —7J, 747140 L 2AP A %D >
TYiAcix, 1-7% 7 —VidEEEI N h o7 Bed/
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Fig.2 The metabolic pathway for 1-butanol production in heterocysts of engineered Anabaena. A. Vegetative cells fix CO, by photosyn-
thesis and provide fixed carbon for heterocysts in the form of sucrose. In heterocysts, 1-butnol is produced from sucrose via pyru-
vate. PDH, pyruvate dehydrogenase; AccABCD, acetyl-CoA carboxylase; NphT7, Acetoacetyl-CoA synthase; Hbd, 3-hydroxybutyr-
yl-CoA dehydrogenase; Crt, crotonase; Bed/EtfAB, butyryl-CoA dehydrogenase/electron transferring flavoprotein complex; Ter,
trans-2-enoyl-CoA reductase; AdhE2, bifunctional aldehyde/alcohol dehydrogenase; LDH, lactate dehydrogenase. B. The sche-
matic representation of artificial operons for butanol synthetic pathways introduced into Anabaena. Bcd/EtfAB complex or Ter
was used as an enzyme that convert crotonyl-CoA to butyryl-CoA in strain BU1 or BU2, respectively.

EMB@%W&NMB@,M%@%%@%T&%&%
b Tw b (Inuiet al, 2008; Atsumi et al., 2008 ).

coli % Bacillus subtilis O & 9 72 WE % WL % 17 ) Al # k
WTh, 1-7% 7 = VoOEEERIZITANGET LD B
BRI SAE T TO S5 (Atsumi ef al., 2008; Nielsen
et al., 2009). 4, Zih b OREHEZ HAN 2 LB
i b OANTH YA MNTHRISIEL I LT, BERAR
Wt & BERZHD T ¥ ) — VEEZ FFIThE S
CENTELZEIIRENT.

T RXIIFEREFRIESR Ter OFIBICLZEEMMR E
Bed/EtAB #E1Ki1X 7 0 b =)V CoA % 7 F 1) )V CoA
WCEWT LB, BT2AkE LTRtElo7 2L FF:Y

/%Mﬁkﬁé.7IVF#&yKﬁ¢5§mﬁﬁ@5

7o, B MR TIIEESHREN S Z LA

N<Twb (Lietal, 2008; Lan & Liao, 2011). < Z C,

Bed/EtIAB &R W U S & 32 5~ A -2~

T J AV CoARICEEE (Ter) ICE &R 5720, bed

37 34
S 24 =,
£ ]1 22
6 :
5 g
21 2 1
0 04
0 01 0.1 2AP(mM) 0 5 10 15
0 1 1 Theophylline (mM) Time (days)
BU1 BU2
Fig.3 1-Butanol production by genetically engineered Anabaena.

A. 1-Butanol production by BU1 and BU2 under nitro-
gen-fixing conditions. 1-Butanol concentration was
measured 10 days after induction of the butanol synthetic
pathway by the addition of theophylline and 2-aminopu-
rine (2-AP). B. Time course analysis of 1-butanol produc-
tion by BU2 in the presence of 1mM theophylline and
0.1mM 2-AP.



& etfBA % Treponema denticola HH 3% O ter |28 X #2272
#BU2 Z# 18 L 7z (Fig.2B) (Lan & Liao, 2011). Ter
BN T & LCNADHO AR LB ETLHETH S
(Fig.2A). BU2IZBTAH1-T7% 7 = )VAREVEZ 5 L
7oL T Ah, ARG S HH F TIXEMIICHEE AN
L7z (Fig.3B). €0, AE#EIZEF L2715 H
HECT1-7% /7 — Vi3 LR 2672 EEI10HH
BT B EERIE, 217mg/1THY), BUIOB X Z2
D75 7 —NEAFELT (Fig.3A). N7 YA MZ
BWTIE Bed/EFAB A ARDHERES 5 2 LT E 0%,
ZOWEIR1-7% ) = VAEREORERE - TBY, Ter
ICHEXIRZ 5 2 L CTHEESEDNN LT 5 2 LAVRE S L.

EILE CEBREBRBONEME LIS L 2EEMR L

BU2¥kD 1-7 % 7 — VAEEEZ S SIS 572
WHIZ, BU2 2Btk L CHABRAKEREEZI—-FT 5
ldh BAET % W38 L 72 BULL 2 /E 8 L 72 (Fig.4A). FLEE
ik HEEH I, NADHOBLIZE b2 WwE L v BH
S E AT 5 BUS % i3 % (Fig.2A). 1-7% / —
WOLEFEICLERENVE VL NADH 21§ 5720
FOREMALIZ 1-T7 7 2 — VEEEO IO %255
EWItETE . BUILICBU A 10HETO1-7% /) —
WA ZFHE L& 25, BU2IZHART30% 4 M
A L7 (Fig.4B). FLEEBKERER OANEHILIC X
BAEFEEI FICX D, EVE VE2ALDT T )L CoA

A 2.0kb B
Primer F *
L 37
BU2 dh
D) ——
/ Primer R ]AE
Primer F
L >
BU11 — =,
Primer R o
E
2.3 kb 5
5
BU2 BU11 =
Q19
(kb)
23—
20"

BU2 BU1M

Fig.4 1-Butanol production by ldh-disrupted strain BU11. A. ldh
was inactivated by replacing with neomycin-resistant
cassette in BU2 to construct BU11. Disruption of ldk in
BU11 was confirmed by PCR using the primer pair F and
R. B. 1-Butanol concentration was measured 10 days
after induction of the butanol synthetic pathway.

o #

DOEREDSEEIML-E & D12, Hbd R Ter BSUFEE T 5
NADH O{E B2 2 S N7 EAEREREOBINICS 2
NolzbEZbNhb.

ANTOY R MEERNAHEEIC L 2EEMR L

BUIl D X 51257/ &2 IENEET ZHIRS % 815
TRIFETIE, ZORBEIANTT YA MRS T HREM
JRIZH IR, Foko, FEMEOEEICLHEOBET
EREHALT 22 LIETER V. ATU YA MDOATI#H
TR Z I 2 2 &S TE L, FEMBEOLEK
R L2 E £, & 0 W AR L AR &
bOMAEMEL LN TE D £ TARMMETIE
CRISPR T #: # (CRISPR interference; CRISPRi) %
ALTATE YA MERWICEETFRBZHIH T2 2 2
T ADBFEELT o 72,

CRISPRiTix, X7 L 7 — iM% %k - 7 Cas9
(dCas9) & FEMBCHICAHMEN 2 >~ 7 V74 F RNA
(sgRNA) #RBIEXE LT LT, BEWBEETO "‘fﬂ%?ﬁﬂ
45z t?ﬁ"(%é (Ql et al, 2013). Sz
CD2ODNFHFERHAFAEL BV RS 5 Z LA T
&R, «Tn/xb%ﬂm7n% 5 — 55 dCas9
ERBEEELIET, ATV NOARTHEET BN
sz LWfFTEs. 22T, mifB7UE—% —
25 dCas9 FHL, F IV A 2 ) viHEEE T O E—
% — 755 sgRNA 2556315 % 1k 2e Z/E# L7z (Fig.5A).
E51Z, dCas9 DI 4 3 v 7 NARIHIBET % 72

IZYVARLF 2L —%—"TdH5 toehold switch % FIH L
72, 2OV AT A Tlddeas9 O el A L 7z switch
RNADEXT, VAV —=2NBYRY—2FEEHF A MC
WATAIEN iﬁib‘)%ﬂ“(b\é L2 L, trigger RNA
A3 switch RNA K BT 5L VRV —AHHEH A M
WETED LR D720, FFPEEILEING, KT
AT 5 Tld trigger RNAIZT b S 4 7V ViFEk 7
E=F=DORBTHLIITHL SN TE), T
G A7) VAT TOHA dCas9 DEERASE Z 5 (Higo
etal,2018). #5714 7arrua—)& LT, sgRNA
DEB L ik 2c HEH L7z (Table 1). sgRNA O
Mfa e LTiE, A7 YA MIBWTEEIT S
GmA T2 gAY I UEEE R I —FL
THEY, BRMMLICVDHDOBEETTHL. LD, ¥
7/N7%07Tiym%7ﬁﬁmTé’kiT§*
V. BT % GlnA ©53LE, KEMETERT NI
47U/TETT%&%L&#01#,ATH/XFT
7 b4 7)) X RA L7z (Fig.5B,C). 72,
2c TET b4 7)) ¥ OFMIE GlnA DFEBU 2
Loz, DEORENS, 26 TET PIHA 7Y~
TdCas9 & sgRNADFEH A FHEST L2 LT, AT
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Fig.5 Repression of GInA in heterocysts by CRISPR interference. A. The schematic representation of CRISPR interference system intro-
duced into Anabaena. dcas9 is expressed from the heterocyst-specific promoter PnifB and sgRNA is expressed from the anhydro-
tetracycline (aTc)-inducible promoter PL03. Switch RNA, which is located upstream of dcas9, inhibits translation of dcas9 by
preventing ribosome from binding to the ribosome-binding site. Trigger RNA, which is also expressed from PL03, is base-pairing
with switch RNA, resulting in derepression of dcas9 translation. Thus, dCas9 is expressed within heterocysts only in the presence
of aTc. B. Repression of GInA in heterocysts. Heterocysts were enriched 72h after induction. Total protein was extracted from
whole filaments (lane w) and enriched heterocysts (lane H), and western blot analyses using anti-GInA, anti-RbcL, and anti-NifH
antibodies were conducted. RbcL and NifH were used as marker proteins for vegetative cells and heterocysts, respectively. C.
Quantification of GInA expression levels in whole filaments and heterocysts. The GInA level of whole filaments of 2c in the
absence of aTc was taken as 100.

A MERIGEETFRBEEZIHITE L 2 RSN T4 5 EBEREPIHEN, ANFaLyAPTIZL)E
ANTFEYANCREZFETIESNLZT VY EZ T LA FHEZAT ) 72O LIEE S LA T EZ 5B
FUN, TNVE I VEBRBRICIVDAEFNLZ LT (Higo et al. 2016). GInA OISIRINHIZ X 0 By A ek

EFRLEWITERINDL. TD720, GlnA DFEIAK WA LT 2% MT 5720, 2228 ) —VERT
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5 A3 FpET1 ##EA L7 pET1X, =% — V&K
WCHBELREVE VBT HINVEF Y S—EBE TV a— Vi
RFEMHREANT I YA MERWIHEHSIELTIAIF
T& % (Ehiraetal. 2018). pET1 % D 2e kDT ¥ /) —
VAR, pET1 % &2 2c kR E R, 30 %ML Tw»
7> (Fig.6).

AWFZETIX, ~NT O Y R MIBWT C. acetobutylicum
D1-7% ) = VEBRREHEBRHAIEL T LT, BEK
FMTFT1-7% = VOEENIRETHAIILERL
oo ANTHEYADMTE, T84 DAEERT > TW AN
ME L, EEIGEL-BELXZOFFAHTALIEHT
&, EEomESHEcE L. 4, INnE CHEEE
HERDGA I & OTLDSATTRE T dH - 7GR 2 FIH L
TR AR ERT LI EDMRTH L. AFEOKE
X, AT a YA boWEAEMLE LToOFHEERL
WA L B WEAEOWREEE KEIETHHDTH 5.

AT YA MIBWTIE, HHEEZMO Bed/EtfAB
BEKRDFERET 5 2 L 2R & N7z, LA L, Bed/EtfAB
oK% Ter CE SR B ETI-75 /) — VAR
X2 RECHIML, COBMEFEEOREML RO TS
LR ENS. 7TV NR Y UEBTZHERE LT
P& 9% Bed/EHABHGRIE, 7oL FF T 00T
BIBIRVED 720 I RAE £ CHRES €5 2 LS WEET
o7z (Lietal, 2008; Lan & Liao, 2011). L2»L, ~

140 —
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100 I
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Ethanol production ratio (%)
(+aTc/ —aTc)
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Fig.6 Ethanol production in the GlnA-repressed strain 2e/
pET1. GInA expression was repressed in heterocysts by
the addition of aTc, and ethanol concentration was
measured 48h after the GInA repression. The relative
ethanol level in the presence of aTc to that in the absence
of aTc is shown.

o #

7Y A MIBWTIXC acetobutylicum O 7 = L K&
VRSB EE LT L%, Bed/EHAB BIAKIHERE L
T FRFIIBEMEO 72 L FE Y U 2FHioTHED
ANTOYAMNCE= by F—E~OBEBFHGM4AE LT
Feplze 7 2L F¥ 3 Y 53l L Tw % (Magnuson &
Cardona, 2015). SHoHD7 2L FEXF Yy OVWTFRhas
Bed/EtAB B AR & LICHEiET 2 L E 2 5N 5 A
Bed/EHAB HAMKICH L TR d D TH % ML ED
TiX %\, C acetobutylicum D7 =L NF I V&2 ~T 0
VA MNTHBE®5HZ LT, Bed/EtAB #4E14 % FIH

L721-7% 7 = VoXkEks S5IMESEL I LN
TE LWL D 5.

PR EBERONEEICED, 1-7F ) —1D
AFEEIEMINL. LT, ¥ENEVEoMGES
HWINEE5 2 Eh, AEEEORNEICEETH LI EIUR
BENDL ANTOYANTOLY ) —IVEEIZBWTD,
A7 0 — A TRBERRL RO, HLVIETI=
AR EFEOFBREZ NS YN E VB % 1
RT LT, AERPEMT LI LRI NTVED
(Ehira et al. 2018). ~F7 1 ¥ X b NOH %2 W e
WIRBE LT 2 &C, B AEEon EAWIRET
X%, AKWF22TIid, CRISPRIICE ATy A bR
M TRBMH AT AT S EICH R L
7o RYAT ALY, RIEMIL OB LA D
BIEZFTHoTH, NFOY A PDRTZDIEH % P
THIENREE 5. FER, WHEICUHO I VY IV
BRBEOFEBEZATO YA MIBWTHHIL, ~Fn1
VA MU ZTGHALT 5 2 & TR AR 5 2
EWRENT, RIATAEHWT, FAFT ) —)VE
WEVEBEANVERFY I —¥E 32— N L0HBIET TH
% ppe R EDFBE AT O YA MERYIZIIHIT S Z &
T, WRICEEE 525280, ATOVANTOYE
VY VR EZMMS 22 DM iEE LS (Lu&
Coleman, 1990). 4 iI~rTa Yy 2 MUHZ2 S 512
AERENTIROBEAL L7 ICHE D # 2, AREME R S 512 R S
®/, EHEANEDRIFTVL,

U3 O

B EIEAEINEIRZT) YT /N F I TR A L7
CO, 25 DA HPEABE L, ACHBREHIARAE L 2 ik
WHERI S Y AT A OREICKE L HIRT 2 2 Hiffsh
TWwa., INFETIIHLRAHRELEATSLI LT,
BAx R GRAWEREET BT /N FY THAOL Dl
ENT&EZ L, BARREERRE W WE
HERETIE, BERORIEDE LTAERSNAERICLD
BALZBEIIGELTLE ) 0, Hinm) o4&



BRFRFEERDEE BT X 0 BRE) 9 % BRSElRE 7 o 2 2

EREBWVWIENE L, Bl hWEEREROBRIEIRD
LNTW5.

AW EAT ) KEMBSEAE 5> %035 ZHia
W7 2327 7)) 7 Anabaena sp. strain PCC 7120 i,
ANTHYAREMENS bR EZ B L2 10MiaZ &
W—EHOEETERT 5. AT YA MIEREEISF
BAL L7 T 0, BEREICHD CH VSR ERE =
MOy F— B ERBRENSRET L7002, MBNBREED
BRI ICHERF S Tw b, RIFZETIE, AT Y X b %
WA EMBE LTHHT A2 LT, BERZITVARD
O RS X 2 AW R AEEDSTTRETH 50 %
MG L 72,

1-7% 7 —=NVi3T s ) — VX ) bENNA FRE
LLTlifFes T 5. RGBS EM T Clostridium
acetobutylicum \Z1- 7% ) —VEHRTH I LNTES
W, T ORI IIEBOmBERTEBEI G IND.
LrEIATO YA MR 70— —2FHL T,
C. acetobutylicum D7 % ) — VAR 2K 5 71
DEZETFEANTTYAMIBWTHEBT AHEREL
2. ZLTCEOMEHWT, AR TRIRNICT
)= VEARESEDL T LICE Lz RIFZEICLD
AT YA MWHAEMBE LTHHTSZ LT, B
FHARDCA R & BRESEIE L W ) M 5 RO & [IRELS
TOELIENTELILIIRENT, T I N7 T
T TIEINFETHHT 22 LW TELho e BREZH
BREFH L WREAEESTTRRE Y, YT /N7 T
T2 & % CO, 2 & DA Y B ARE O W] REVE SR AV 12
I35 EWIfFTE 5.
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Elucidation of molecular mechanism of intestinal symbiosis and its advanced application
Shin Kurihara

Host-Microbe Interaction Research Laboratory

Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

The aim of this donation course is to elucidate the symbiotic relationship between the host and intestinal bacteria
from a viewpoint of low-molecular-weight compounds produced by the host or gut microbiota. We defined those
compounds that affect each physiological function across taxonomic boundaries as “symbiogenic factors”.

In this research, we studied on polyamines that are symbiogenic factors delivered from the gut microbiota to
humans, phenethylamine that is a candidate for a novel symbiogenic factor, and human milk oligosaccharides that
are symbiogenic factors delivered from human to the gut microbiota. Furthermore, we report our development of
culture system that is useful to clarify the symbiotic mechanism between the gut microbiota and the host.

Key words: symbiogenic factor, intestinal bacteria, polyamines, phenethylamine, human milk oligosaccharides,

culture system, symbiosis.
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The aim of this donation course is to elucidate the symbiotic relationship between the host and intestinal bacteria from a viewpoint of
low-molecular-weight compounds produced by the host or gut microbiota. We defined those compounds that affect each physiological

function across taxonomic boundaries as “symbiogenic factors”
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Use of Gifu Anaerobic Medium for culturing 32 dominant species of human gut microbes

and its evaluation based on short-chain fatty acids fermentation profiles.
Aina Gotoh, Mikiyasu Sakanaka, Takane Katayama, Shin Kurihara

Host-Microbe Interaction Research Laboratory

Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

Recently, a “human gut microbial gene catalogue”, which ranks the dominance of microbe genus/species in human

fecal samples, was published. Most of the bacteria ranked in the catalogue are currently publicly available;

however, the growth media recommended by the distributors vary among species, hampering physiological
comparisons among the bacteria. To address this problem, we evaluated Gifu Anaerobic Medium (GAM) as a
standard medium. Forty-four publicly available species of the top 56 species listed in the “human gut microbial
gene catalogue” were cultured in GAM, and out of these, 32 (73%) were successfully cultured. Short-chain fatty
acids from the bacterial culture supernatants were then quantified, and bacterial metabolic pathways were
predicted based on ix silico genomic sequence analysis. Our system provides a useful platform for assessing
growth properties and analyzing metabolites of dominant human gut bacteria grown in GAM and supplemented

with compounds of interest.

Key words: gut microbes, standard medium, short-chain fatty acids, dominant human gut bacteria, Gifu

anaerobic medium
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al., 2002; Peterson et al., 2008; Sommer & Backhed, 2013;
Spor et al., 2011; Turnbaugh et al., 2009). BAE, Z D%
2B HFEDHEEIE, 4 I 7 AFTEh SR EW IS
HOLENERBITLTED, BENECSBT 23402
BOWTHEELREH R 2THTF BIZET7T I/ B’ X7
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FR, B3Iy, RYTIY, N7FTYTIZLoTHEA
ENDLEHERIIEEZ: &) (2OWTHIZED T b IUGD T
% (Donia & Fischbach, 2015; El Kaoutari et al., 2013;
Flint et al., 2008; Matsumoto et al., 2013; Woyke et al.,
2006). Z09H b, FMIRIIMRIZLTICHIET S X912,
b MERESIHEE R 5 2 5 AR oY & LTl
FRINTVwL720I, BFEREZFEHEZEDO TV L.
LSRG )3 1R A R I 2 R BT B I 0 EHE e A L
F—HETHY, MR A S K) v 7Ty Fa—2 %X,
PUISEVEH R Ukt s B e 2 5921320, M sk o
BRPLOIEELREL, AETEZHRAE T % (Arora ef
al., 2011; Berni Canani et al., 2012; Csordas, 1996; Fukuda
et al., 2011; Fukuda et al., 2012; Furusawa et al., 2013;
Hamer et al., 2008; Hosseini et al., 2011; Louis et al., 2014;
Murphy et al., 2010; Murugesan et al., 2015; Perry et al.,
2016; Shepherd et al., 2014; Turnbaugh et al., 2006; Vinolo
et al., 2011). TS OHEW QR NMEIC X 5 PEA:
BIOEHD, EoXHICHIEISN TS 2iE, KKE
L TR TH 5.

2010 4E 12 124 NOWEBRFE O FME IV SN
BLeBNFETHOEB L OEPFRE SN, [ MENE
AW ICBIT A MEF A0y ] & LTHE SN (Qin
etal,2010). ZOAF T PHRESNDE MHNELE
AR B SR & B T S, B TRV A P L
TLEIEHRZIZSE D DD, invitro TIHTFEY O ZH)
RIENTS B L AREE 2B, F 72, 2010 FEOFATHE
RE NI MBI SR O K (56 i b
44 ) 7%, Japan Collection of Microorganisms (JCM),
American Type Culture Collection (ATCC), Deutsche
Sammlung von Mikroorganismen und Zellkulturen (DSMZ)
ZHl U THATRETH 72, LA L, TS DR
SRR HSHESE 3 2 B Hh (Table 1) I3 L - THRZ D,
% OYE, TOMBIIITE % FIESLETH L. #l
21X, ATCC Hi#h 1016 DAFKIZIE, Fv— 2 i vo
T AFWEELR MR ICLETH D, SHIT, e MG
W TE N S i RS 2 RIS 2 2 2 oMl Tl & B 2%
TH2OORMIL, TOMBIEDI B ENENRL D720
2, HWHOMHEEB X OMEIZOWT, @Iz
1) TEDAWRETH B.

B NI ORI B VT, Gifu BESER . (GAM;
1.0 % (w/v) peptic digest of animal tissue, 0.3 % papaic
digest of soybean meal, 1.0 % proteose peptone, 1.35 %
digested serum, 0.5 % yeast extract, 0.22 % beef extract,
0.12 % liver extract, 0.3 % glucose, 0.25 % potassium
dihydrogen phosphate, 0.3 % sodium chloride, 0.5 %
soluble starch, 0.03 % 1L-cysteine hydrochloride, and
0.03 % sodium thioglycollate, final pH 7.3 £0.1)

(Yamamoto-Osaki et al., 1994 ) DSEEICHE N TH H =
ERAMLENTVS, b MENERRERESED S B
JCM 2 S 55 S N B BFIZ DWW TIZ GAM TOAF O
LHRRARSNTWAHH, ATCC & DSMZIZri#Esh 5
WHEIZDOWTIE GAM IZ X 2AEFONEDHL LT
B, FIT, Fxld, GAM AMESR NGO
TeoOIBEOREH E U TR REDN &9 20 % 3l L 72.
ZOZliE, b MNENEERERBESHELEET L7720
WA STV 2 5B % ERL o BEO gt
WZDo%D5.

22T, e MBENBEDEEET A a7 ] I
ENTVBLRICATRER4FDH B 32 A GAM T
WETEDHIEERT. 512, FTrid, MECE-T
FEA SNSRI (FLIE, WEEE, ot Vg B
X OTERR) OWEZ AT L7z WIZ, FRoos ) LR
D in silico 53HTIC & B FIZHEDNT, Th b MK
D FNRIITACHRE RSO W Ciam L 7z

FER5 %

BIEBFREREL - GAM O

H7k#L3E (Tokyo, Japan) »*SEA L7z GAM 7' 4 2
YERBA S VRIEAEICEHEL, 115CTI5 5 A —
JU—TWHTHIETHE L. A= 7 L—T D
FERRITCITT A o725, HHIZGAM 2T v ¥ /3 —
(INVIVO, 400, Baker Ruskinn, Sanford, ME, USA) W2
L, 37C Tt L CifriFE 2 i L7z, IilE
DEEFRII B 52 TOBRIEIIER T ¥ v N—NTIT 5 7.

HAZHE M & GAM TOBAMEOEE

I AN X ATCC, JCM, B XU DSMZ 25 ATF-L72
(Table 1). GAM DA O RARIRAE ;GBI X 5 HESERT
Wi, WRRPAR I X A PRS2, %
3, MU & B L 7= SERE . (Table 1) 2 HWwC, 37T,
Bes ST (0% 0,,5% H,,10% CO,, and 85% N,)
T1~50M, ¥ELL KT, HEREHh AL
oI B ARR %, MRELRELZBREAZ Y ta—
EIRAEL (ZF) u— Vo#REIX15% (v/v), —80T
THRELED DZ 7)) Ru— VA My 7 E L7 RIS,
R L7270 va— v A~y 2 ofMiE %2, KR
VT GAM I L 72 oMIEA 2 > ¥ I 42— 3
YLD Wi, ik d % 16S rDNA FLAIEMT
WX DHER L7, GAM Z W/ MRiss 8 e, BEL
B LB A 7Y v 0 — )b GRRIEEEZ 15% (v/v))
EREL, 967 V7L — MIESFL, -80C THRAF
L7z, ZUtu— VoKL, GAM OFiEE#ELL
FRRIZAT o 72
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Table 1. List of bacterial species/strains and description of the media used for culture.
Rank* Species Strain Recommended medium” Growth in Growth in
GAM MegaMedium
1.0(Wu et al., 2015)

1 Bacteroides uniformis JCM 5828 JCM medium 13, EG, GAM + +
2 Alistipes putredinis JCM 16772 EG — n/a®
3 Parabacteroides merdae JCM 9497 EG + n/a
4 Dorea longicatena DSM 13814 DSM medium 104 + +
5 Ruminococcus bromii ATCC 27255 ATCC medium 1016 — n/a
6 Bacteroides caccae JCM 9498 EG + +
8 Bacteroides thetaiotaomicron JCM 5897 JCM medium 12, GAM* + +
9 Eubacterium hallii ATCC 27751 ATCC medium 1869, 260 — n/a
10 Ruminococcus torques ATCC 27756 ATCC medium 1589, 260 + n/a
14 Ruminococcus lactaris ATCC 29176 ATCC medium 1490, 260 + n/a
15 Collinsella aerofaciens JCM 7790 EG + +
16 Dorea formicigenerans ATCC 27755 ATCC medium 158, 260, 735* + n/a
17 Bacteroides vulgatus JCM 5826 JCM medium 13, EG, GAM + +
18 Roseburia intestinalis DSM 14610 DSM medium 330 + n/a
20 Eubacterium siraeum ATCC 29066 ATCC medium 1016 + n/a
21 Parabacteroides distasonis JCM 5825 JCM medium 13, EG, GAM + +
23 Bacteroides ovatus JCM 5824 JCM medium 13, EG, GAM + +
26 Eubacterium rectale JCM 17463 JCM medium 465 — n/a
27 Bacteroides xylanisolvens JCM 15633 EG, JCM medium 461 + n/a
28 Coprococcus comes ATCC 27758 ATCC medium 1102 + n/a
31 FEubacterium ventriosum ATCC 27560 ATCC medium 1528, 1589* + n/a
32 Bacteroides dorei JCM 13471 EG + n/a
33 Ruminococcus obeum DSM 25238 DSM medium 104 + +
34 Subdoligranulum variabile DSM 15176 DSM medium 339a — n/a
35 Pseudoflavonifractor capillosus | ATCC 29799 ATCC medium 1490, 260, GAM* + n/a
36 Streptococcus thermophilus JCM 17834 JCM medium 13, 28, 156, 282 — n/a
37 Clostridium leptum ATCC 29065 ATCC medium 2751, 260 - n/a
38 Holdemania filiformis DSM 12042 DSM medium 104 — n/a
39 Bacteroides stercoris JCM 9496 EG + n/a
40 Coprococcus eutactus ATCC 27759 ATCC medium 1015, 260, 735* - n/a
42 Bacteroides eggerthii JCM 12986 EG — n/a
43 Butyrivibrio crossotus DSM 2876 DSM medium 330 — n/a
4 Bacteroides finegoldii JCM 13345 EG + n/a
45 Parabacteroides johnsonii JCM 13406 EG + n/a
47 Clostridium nexile ATCC 27757 ATCC medium 1490 + n/a
48 Bacteroides pectinophilus ATCC 43243 ATCC medium 1547, 260 — n/a
49 Anaerotruncus colihominis JCM 15631 EG, JCM medium 676 + n/a
50 Ruminococcus gnavus ATCC 29149 ATCC medium 1490, 260 + n/a
51 Bacteroides intestinalis JCM 13265 EG + n/a
52 Bacteroides fragilis JCM 11019 EG + n/a
53 Clostridium asparagiforme DSM 15981 DSM medium 104b + n/a
54 Enterococcus faecalis ATCC 700802 ATCC medium 44, MRS* + n/a
55 Clostridium scindens JCM 6567 EG + +
56 Blautia hansenii JCM 14655 JCM medium 676 + n/a

“Rank order established in the “human gut microbial gene catalogue”(Qin ef al., 2010)
?Medium recommended by microbial resource collections. Underlined medium was used for recovery and storage. Media noted with
asterisks (*) were used although they are not recommended by the resource collections.
“There was no description about growth in reference(Wu et al., 2015).
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GAM % R\ =358 OIS 0 178 iR

GAM I NAE R 20 7 ) v a — IV R b v 7 &1
AT ¥ UN—NTEEICAHEE, TOIHD5uL %
BRTF4—T 7z 7L — o 5004l ® GAM 127k
AL, BERSEMT37TCTI-2HM, AigELL. a¥—
7L — A%~ F (Tokken, Chiba, Japan) # JJ\C,
B E 96 RTFT 4 — 77 =)V 7 L— bhod 500uL O
GAM ICEM L7z, DT 78 b3 iz kb ODg, %Ml
ETH I AT LD KA B & R R BRAT L 72
WBRTFTA =TV T L— b CTHLEERL? E
Ry T4 Y7L VRAEL, —EZHY L TOD,, &
WE L7z, lemOKEEEZAT HF 2y MhCHlE
LT O N2 GEYICHNIEA) O 0D, %,
RO BEX*HFETLIERKTL—bho<vf a7
L= M) —=F—CIhMESNAREY T VD
600nm 2B BWOLETE -7z, HoNifi%, <A
raFL— ) —F— ko THEONLETFT—F 25
0D, HZFHH T 570D E LTHA LA, R0
bz, MifgzxLy MEL, F#EIZBWwWTar 3
A= a v olzZ LR T 572012 16S
rDNA O I P %17 - 72, 412 pH B L OS8R 115
ZIEATS A HINT, B3 LFEZ -30C CRAEL 72,

16SrDNA > —4 > X

47 1 DNA (gDNA) % ©—X3 3 v 5 —[Shake Master
ver. 1.2 (#BMS-12, Biomedical Science, Tokyo, Japan) ] &
A7z /—v-zoakVadBic X DB L, 16S
rRNA # {z-f (16S rDNA) @ V1-V3 #1% ® DNA %1
Pt L7z, BUFICF 0N 278 L7z, 16S rRNA
(1,500 35 #xf) # 2 — N9 %5 DNAWiH %2, 794 ~—17f
(5-AGAGTTTGATYMTGGCTCAG-3') BXUV 7 I54 < —
1510R (5-ACGGYTACCTTGTTACGACTT-3') % i\ 72
PCRIZE > T gDNA D HIEIRL 72 KL 7- DNA Wik %
794 <—518R (5-GTATTACCGCGGCTGCTGG-3') %
72 DNABLHIPLE D720 DR & LT Lz £
b7y %E X7 LA F FEREFTT 74 X ¥ MRER
v — )V (BLAST) 7 1 5 & (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) & I\ CTHHr L7z, BE3EW) OFEE % fE 52
T 5720, U —RARERDO X 7 VAT FESI%
KIWEEHENIRET LI ETHE—DY T F 05
5 EEMER L. 135N 2EE DT BLAST fi#
i, HIOME D 16S rDNAESIA - v T v b
THIUL, KW L7z &% L7z, Parabacteroides
distasonis B & O Pseudoflavonifractor capillosus @ 2 > @
2DV TIE, 20 16S rDNAESIZKFEA TL I TH
572912, 16SIDNARHIZ 7F A I FXZ & —I2F
OU—=r7L, #oN7Z10D7F A3 FEEHKRIZO

WTEFIPE L, fivT BLAST 9 24T o 72, Mk
PHB DM E D 16S rIDNAFLH] D A TH - 7235612,
FEEA I L EHE LT,

EHEERBROTEE

RO REIREREK I O T T T 4 —
(HPLC) 571 & - THI%E L7z, GAM TH; 38 L 7=l
Z4CT405 M, 4,400rpm Tl L7z, 55N z8538
FiERKTI00HHNRL, 209 H D 10ul % AC11-HC
(4 by 250mm) % T 2 % FAfi L 7z Dionex ICS-3000 ¥ &
5 2 (Dionex, Sunnyvale, CA, USA) % i\ T4#T1 L 7.
SR 5T, BT 212 ImMAKBILF M) A (3
BA) % 1.5mL/min O # TH T 2 & THREZ ML
2. By Ao g, A B X 0V 100mM K
b+ b A GEHEB) # T RAARIZ L Y B
L7z. 1.5mL/min ® & T, 0~8min T 0% DAL B,
8~15min TO~10% DA B, £ D% 15~25min T
59% DEEB 2 TN ZFNHEHAICRASE, 77V
NI ST

Blast Z{EH U 7= in silico {CRAHR IR ERAR

Protein BLAST (Blastp) (Camacho et al., 2009) 23#7 (2,
NCBI protein searches 7 — % X— 2D v G NFE
WHERESMO 5 7 BRANIIF LT, By v s
B W5 (Table 2) % #id L7z, 100 B X UF300bit % i#
ZBAATEAFT DY V87 Haihihi L.

fio R

E NBARERERES6REICT XL TIN5 EM
EiE D 1E5E

e NENBEYBEZEFA YRy ] O by 756125~
s ENZHMBE O B, 45 (79%) #»ATCC,
JCM, B XU DSMZ % 5 AFWHETH -7z (Table 1).
LR 3OO - BRI LAY =2 T VT, 2
NoEOUFEDH B, 45 (9%) 122V T GAM TH 2
THIE, EBY (91%) 22\ TIlE, Table 1IZit#ko
BEORMTERT LI ENEFNENHERIN TV
(A B O LW O RER 2B X ORAF121E Table 1O
THRTRLZERZMHE L), TAZY RS (%) T
RENT 6 HHMIZ, Table 1 T/ LB T HRET
HbH DA DWERETURMICHERIN TV DT,
HeAERE My & 137 DR TR R AT o 72, SRR
L7-MH &, 37CICo 725 F ¥ YN —NT1~5H
MR EE L7, RO N8R, S gDNAZHIL, <
D%, 16SDNABHIZPET HZ LT, I ¥ I 40—
TarvPhnwI AR
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Table 2. List of proteins used as the query sequences for Blastp analysis.

Source Accession ID Reference
Lactic acid synthesis
(1) D-lactate dehydrogenase (D-LDH) Bacteroides thetaiotaomicron NP 810488 Uniprot*
(2) L-lactate dehydrogenase (L-LDH) Enterococcus faecalis NP_814049 Uniprot
Acetic acid synthesis
(3) acetate kinase (AcK) Bacteroides thetaiotaomicron NP_812604 Uniprot
Propionic acid synthesis
(4) propionate kinase (ProK) Clostridium neopropionicum KXL51791 Uniprot
(5) propionyl-CoA:succinate CoA transferase Escherichia coli WP_061359559  (Haller et al.,
(PCOAT) 2000)
(6) methylmalonyl-CoA decarboxylase (MmdA) Veillonella parvula ACZ24924 (Reichardt et al.,
2014)
(7) lactoyl-CoA dehydratase (LcdA) Clostridium propionicum AEM62994 (Reichardt et al.,
2014)
(8) CoA-dependent propionaldehyde dehydrogenase  Roseburia inulinivorans ABC25529 (Reichardt et al.,
(PduP) 2014)
Butyric acid synthesis
(9) butyrate kinase (ButK) butyrate-producing bacterium AARI19758 (Louis et al.,
2004)
(10) butyryl-CoA:acetate CoA-transferase (BCoAT) Roseburia sp. A2-183 AAX19660 (Charrier et al.,
2006)

* Protein sequence data were obtained from “Uniprot” (http://www.uniprot.org/)

HESERFHC BV Z RIES RO, BRI % GAM (2
L, 37CIfto 228AT ¥ ¥ /N —T1~5 HfHa8
L7z, BT LMo b, SRR M oRE 28 L 72 28 Fli s
GAMIZBWT LT 52 & T&E 7 (Table1).
GAM TH; 38 L 72 3830 12 & £ 1 5 Ml @ 16S rDNA
WY &A% 2 &C, BaEia sy I 4—v 3 vzl
T2 L 2R L.

CORERE, Te NENBAwEET Iy a s ] THE
SN MNEWNELERRESED S L ACATITRER D
DIF44FETH A0S, ZOFTER32H (73%) 5 GAM
THERWETHAZENHONE 572, T, e b

W EEEF A u s ] Ty /TS Twa bk
. 56 T D243 LA 1 (32 7, 57%) (A4 4% (Table1).

GAM CTIEERREL £ NBANBRERZERES 32EDIEHE
HhAR
GAM THi#E L 7B & b N AL N 3 e 3 32 i
BAGE AR Z Fig. 11k L7z, 1 HBIICIEIZ AT oM (27
Fi) ASEHWHIC A o 72, Bacteroides FINZ S MBI
MWL, GAM OAEF ISR CTH 2N H SN
= EWINC B BEK 0D, Ml B & O Fl R D AR
(BYT Rl L oY Al
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bacteria. The number before the name of the species indicates the rank order listed in the “human gut microbial gene catalogue”. Dashed

SCFAs (lactic acid, acetic acid, propionic acid, and butyric acid) in culture supernatants after 60h of culture of the dominant human gut
lines on the panel of lactic acid and acetic acid show the concentration of each acid originally contained in GAM.

Figure 2. Concentration of SCFAs in culture supernatants.
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(Fig.2). TOWTE. faecalis \, it EViEEOFLEEZ
pEAE L7z, BUBR L 70 4ar COM DR B I BER A B
Eh7z. GAM TR L7236 227 (71%) 2°10mM %
KB HIEOREY EE L. GAM TRIFLETEZRL
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Figure 3. Summary of growth, pH, and composition of SCFAs in culture supernatants.

The ODy,, and pH values of culture supernatants after culture for 60h in GAM. Total SCFAs indicate the sum of the concentrations of
lactic acid, acetic acid, propionic acid, and butyric acid contained in culture supernatant. The number of each column and the number
before the name of the species indicate the rank order.
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FED R Lt S AR A S 7,

KA M A 7aE4+— AREROMSETIE, b METER
BIREBHOERZ T v A PEETHY), 20
IR R WP OBV TH D, LA L
s s, B MG AR 2T 2 72 D IR R -
SIEERERENC X o THESE S N5 B3 OV HEUME 72 T
MWEREIND FIZ, BEHIIEENFNL L o 7Rk
B EENLTD, INOLORMTEF L -EZNEhD
MW OCHEEY 2 FEH TS 5 2 L IdHEETH S, A
WZeCid, RO ROWEE S 28 L, HED T
ZREHICAN A O E @b 5 HWT, e My
NHEAEN S RESM 2 R 572 0O L LTo
GAM %AV, €04 % MEE L 7.

Wu et al. (2015) 1%, & MENMEEETLVOET IV
ZRENL S B 720 ORE#ER ) & 1T Megamedium 1.0 % B
%L, [e MaNmAwBn T 7o 7] Iiish<
W5 10D & I N ETE TR 3 dec B VA A 2 0 13 i & B

#L72DS, AT, 5 1051 GAM TH &1
HETdH o7z (Tablel). 26MFOK T2 LELT S
Megamedium 1.0 & L& L T, GAM (345 K % K IZE »
FTIEIL o THIHICHR ST 52 LD TE 5. AT
X, b MEWNEERERESEOD %) OFEITHY T
% 321 % GAM THREFEWHE R 2 L AVRE N7z, GAM IZ
&, MO—RMICFIH S T2 BN H OB X D
LENTZEBNLO0H b, f2k 213, £ L OIGEHNME
HORMIZHRME N D 7w oliEid, GAM IZIZLEE
ENLVDIZ, BIENTHY, 0D, xiEfEs L
T BT CE 5. F72, GAM % FEHER &
LCH#ET ALY, FHEImEZ IO E LR
WD O REL %2 0, R OBNHMHTE DR FE I
W25 ALl TH 5 2 &1L, MERH R~ 221850
ST BIRE RO N T AD B WA TS
LT EDVUHEE D,

HHENRIZ N ORI THEA SN S, Figdill
FVa—A%RFRE LGOI, Bk, Sost
VR, BEEE DA IR OB (Louis et al., 2014; Reichardt
et al., 2014; Rios-Covian et al., 2015) % 7~ L, Fig.51Z
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Figure 4. Pathways responsible for the biosynthesis of SCFAs from glucose in gut microbes.

The key enzymes are indicated: (1, 2) LDH, lactate dehydrogenase; (3) Ack, acetate kinase; (4) ProK, propionate kinase; (5) PCoAT, propi-
onyl CoA:succinate CoA transferase; (6) MmdA, methylmalonyl CoA decarboxylase; (7) LcdA, lactoyl-CoA dehydratase subunit alpha; (8)
PduP, CoA-dependent propionaldehyde dehydrogenase; (9) ButK, butyrate kinase; and (10) BCoAT, butyryl CoA:acetyl CoA transferase.
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Figure 5. Occurrence of homologous proteins responsible for SCFA synthesis from glucose in the genomes of dominant human gut

bacteria.

The results shown are based on the Blastp analysis of genomes in the NCBI database. The color of each columns indicates the score from
the Blastp analysis: (black) >300bit, (grey) 100-300bit, and (white) <100bit. The number before the name of the species indicates the

rank order listed in the “human gut microbial gene catalogue”.
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FEE N A, BEEE F F — ¥ (AcK) (Fig.4) (Louis et al.,
2004) 13, BEMREE AR B O FeA B DAL SO % fillit 5
BEMRTHY, v MENFEAWERBEMICEIND &
MEDY ) MELBESh TS (Fig.5). €74 X
AW, TENAF T4 7 AMEE LTHY SRS R
TH DA, REICHEKT HEERRIE~ 7 2D FE IR
&N, KEW 0157:H7 (Fukuda et al., 2011) 7 & OJF )5
W3 2 i 2 i3 5 2 LT TICH &
NTwa, RKFETHELZ e MEREER & RES
32FiD 9 B, R. intestinalis B X U°E. ventriosum % B <
30 WK 2 FiEHIC5mM 22 %, H7% ) EiRED
FEmeAS M S 7z, S oMRIE, v MEWNETER & RE
BHEDL DS, €T 4 AAW & BRI 1Bz I WERE % it
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TVt CEEIAET S (Fig.4) (Hosseini et al., 2011).
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T HetEA % 5 (Reichardt et al., 2014). ProK % Z i %
E LT L7 Blastp FTIC X W R sy vy
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ENAHHEORE FFERH» S I 7 a Ed VBRI S vz
ol (Fig.2). THOLOMIZGHINLIZEALT
N TOIX AcK/ProK, X U"MmdA, LedA, F 7213
PduP xEu 72 L7225, TN o603 Tid PCoAT 7k
U TR NTW .

ARWFSET R. intestinalis, C. comes, A. colihominis, E.
ventriosum DFFE LG IR S N2 BRI, 200 F O
7 & F v CoA & gk ¥ + — ¥ (ButK) Ofilii§ 2 Kb
WCEDEERTED, 7FYIVCA: TEFIVCALT
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TIZHi SN T b (Duncan et al., 2002). —J5 T, R
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otz

&, Clostridium J&NNAIR ICHIk 3 5 B L OV
Tk VDS, HEENETHROFEE N LT R
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Comprehensive analysis of polyamine transport and biosynthesis in the dominant human

gut bacteria: Potential presence of novel polyamine metabolism and transport genes.

Yuta Sugiyama, Mikiyasu Sakanaka, Shin Kurihara

Host-Microbe Interaction Research Laboratory

Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

Recent studies have reported that polyamines in the colonic lumen might affect animal health and these
polyamines are thought to be produced by gut bacteria. In the present study, we measured the concentrations of
three polyamines (putrescine, spermidine, and spermine) in cells and culture supernatants of 32 dominant human
gut bacterial species in their growing and stationary phases. Combining polyamine concentration analysis in
culture supernatant and cells with available genomic information showed that novel polyamine biosynthetic
proteins and transporters were present in dominant human gut bacteria. Based on these findings, we suggested
strategies for optimizing polyamine concentrations in the human colonic lumen via regulation of genes responsible
for polyamine biosynthesis and transport in the dominant human gut bacteria.

Key words: gut bacteria, polyamines, polyamine transport, polyamine biosynthesis, symbiosis
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Polyamine biosynthetic and transport pathways in bacteria.

Polyamine biosynthetic and transport pathways previously described in bacteria are integrated and illustrated. Gray squares
indicate transporters (importer, antiporter, and exporter) that were previously reported in Escherichia coli or Enterococcus
faecalis. Black squares with white letters show abbreviated names of enzymes experimentally identified in E. coli, En. faecalis,
B. thetaiotaomicron, Thermus thermophilus, Vibrio cholerae, or Pseudomonas aeruginosa. The abbreviations used are as
follows: AAT, agmatine aminopropyltransferase (Ohnuma et al., 2005); ADC, arginine decarboxylase (Moore & Boyle, 1990;
Stim & Bennett, 1993); ADI, agmatine deiminase (Llacer et al., 2007); AdoMetDC, S-adenosylmethionine decarboxylase
(Tabor & Tabor, 1987); AGM, agmatine; AguD, putrescine-agmatine antiporter (Suarez et al., 2013); APAGM, aminopropylag-
matine; APAUH, aminopropylagmatine ureohydrolase (Ohnuma et al., 2005); ARG, arginine; ASA, aspartate-p-semialdehyde;
AUH, agmatine ureohydrolase (Satishchandran & Boyle, 1986); CASDC, carboxyspermidine decarboxylase (Hanfrey et al.,
2011; Lee et al., 2009; Sakanaka et al., 2016); CASDH, carboxyspermidine dehydrogenase (Hanfrey et al., 2011; Lee et al.,
2009); CSPD, carboxyspermidine; dcSAM, decarboxylated S-adenosylmethionine; MdtJI, spermidine exporter (Higashi et al.,
2008); MTA, 5-deoxy-5-methylthioadenosine; NCP, N-carbamoylputrescine; NCPAH, N-carbamoylputrescine amidohydrolase
(Nakada & Itoh, 2003); ODC, ornithine decarboxylase (Kashiwagi et al., 1991; Morris & Pardee, 1965); ORN, ornithine; PCT,
putrescine carbamoyltransferase (Llacer et al., 2007); PlaP, low-affinity putrescine importer (Kurihara et al., 2011); PotABCD,
ATP-binding cassette type spermidine preferential importer (Furuchi et al., 1991); PotE, putrescine-ornithine antiporter
(Kashiwagi et al., 1992; Kashiwagi et al., 1997); PotFGHI, ATP-binding cassette type putrescine specific importer (Pistocchi et
al., 1993); PuuP, high-affinity putrescine importer (Kurihara et al., 2009); SAM, S-adenosylmethionine; SapBCDF, putrescine
exporter (Sugiyama et al., 2016); SPD, spermidine; SPDSyn, spermidine synthase (Tabor et al., 1986).
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2010 4E12, & MHNO B mAYIE BE NEALA
L7zt NN B S 25l E 7z (Qin et al.,
2010). FX 4 1% Gifu anaerobe medium (GAM) #Hwit
X, INo e MR AR & R B 56 FLo ) b 32 Al
FEARWEETHY, b 32 OB EWHEZ o
AT AERE LT ETH A2 L2 HE L7- (Gotoh et
al., 2017). e MEWNETERFRESMICE T 5 Alistipes
(Hamana et al., 2008), Bacteroides (Hamana et al.,
2008; Hosoya & Hamana, 2004) 3 X UF Parabacteroides
(Hamana et al., 2008) BANHIZ & - THRE S 72w
WMICBUI2R) 7IViREZIATTICHMESRTY
L. LALES, WOhoME T, MRNB LY
B RIEHPOR) 73 ViREZZENO DEFTEREICL -
THRL L2 EFHME S Tw % (Hanfrey et al., 2011;
Sakanaka et al., 2016; Sugiyama et al., 2016). =D Z L 1%,
AT I VMBI E > CTEETHLZOTHD L
ZEZoNb, L7zA-oT, MIEICEA2R)TIVOEs
BB L ORI OWTO L ) BWiZ21T) 7201213,
AHFBEEENOMIBN G X O EFPORY 7 3 VRE
OWEBLETH L. E5I12, b MEHEEIIBIT LR
TIVRRAFTAY VAR AT 5720121, 2
N FE TIWZHAE O B B Alistipes, Bacteroides B & O
Parabacteroides JEF T LAY D & - i P H 18 18 75 o B 200
DR T I VER - BRIV TH IS S b
& TH5 (Tablel).

ABFFETIE, GAM THZEWREZ & B TE W #% Ik
fE232F (Tablel) I22WT, GAM CTHE LA
ORI & w NS B AN B L UK RiGh o R
VTR VBERNE L S 51T, in silico AT 2 VT,
NSO MENEAERERES32HHHA ) 7 2
VBB LI OEY VR E AT A ROV T
WY 5.

BT

EERMFL

GAM 743y, Z7hLy ¥y HE AXVIY
VEEEE, B OCANL I CUERIEIE, FhERn
HARSE FGH3E 7547227 8BX0MP
Biomedicals 2 SHEA L 72.

Btkd LT DEBERG
I WAl A 1Z ATCC, JCM B X O"DSMZ %6 AF L 72

(Table 1). ZNZNDREPHIR IZD W TIXEEH (Gotoh
etal.,2017) \ 2 L72h5 o TR T o 72,

HREAS LUEEEFORY 73 U8R

T TIVRORY) T I VREREREAs O T
74— (HPLC) # MW TR L7z A &2 BL
(Sakanaka et al., 2016) \Zfit - 7. ¥5# BB X O
REHMB X OEFNTERZRY TS Y UL
(Sugiyama ef al., 2017). 5532 [ B L OMilaN o HPLC
EHVIZR) T I VIREOWEIILE LY Y TV O

Table 1. Bacterial strains used in this study.

Dominance Strain Name Strain number
rank’

1 Bacteroides uniformis JCM 58287

6 Bacteroides caccae JCM 94987

8 Bacteroides thetaiotaomicron JCM 58277
17  Bacteroides vulgatus JCM 58267
23 Bacteroides ovatus JCM 58247
27 Bacteroides xylanisolvens JCM 156337
32 Bacteroides dorei JCM 134717
39  Bacteroides stercoris JCM 94967
44  Bacteroides finegoldii JCM 133457
51 Bacteroides intestinalis JCM 132657
52 Bacteroides fragilis JCM 110197

3 Parabacteroides merdae JCM 94977
21 Parabacteroides distasonis JCM 58257
45 Parabacteroides johnsonii JCM 134067

4 Dorea longicatena DSM 138147
16  Dorea formicigenerans ATCC 277557
10  Ruminococcus torques ATCC 27756"
33 Ruminococcus obeum DSM 252387
50 Ruminococcus gnavus ATCC 291497
56 Blautia hansenii JCM 146557
18 Roseburia intestinalis DSM 146107
28 Coprococcus comes ATCC 27758"
47  Clostridium nexile ATCC 277577
53 Clostridium asparagiforme DSM 159817
55  Clostridium scindens JCM 65677
14 Ruminococcus lactaris ATCC 291767
20 Eubacterium siraeum ATCC 29066"
49  Anaerotruncus colihominis JCM 15631
31 Eubacterium ventriosum ATCC 27560"
35 Pseudoflavonifiactor capillosus ATCC 297997
54  Enterococcus faecalis ATCC 700802
15 Collinsella aerofaciens JCM 7790

9The dominance rank indicates the order of occupancy in the
human gut (Qin et al., 2010)
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ZBRZ: L7228, ZOBIC—Hofllax L v badibhi:.
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RL7z) L, W CiRL 7.

BLAST #&#f

71 5 4 ~ BLAST (BlastP) f# #7 (Camacho et al.,
2009) %, @ COWPMBEID 7 7 2025 LCHEM L 7.
FEERZ X o THREDNFEIE S NS V37 K%, BlastP fi#
Molzdborzz)—% X728 LTCHMAL L
(Sugiyama et al., 2017). BlastP f#FT#& 4 X b 100, 300,
BLOG00bit ##B2 52T &2 8y H &
L., 4 L7z (Fig.5).

et

I T30 £ R (SD.) & LTRL7Z. SPSS®
V7 by xT7N—=Yar21 (IBM) &HwTHEAR
ExITo 7z

E MNEAEEEERESRCHUZ T Ly Y VEER
EBnx

v MENEARERESHEOMB T O T ML v ¥ VR
EaMila s 87 L xouizxt LCTREREML L, nmol/
mg#¥ s LTmRL MIBNT MLy v VRE
(nmol/mg ¥ ¥ 7327) Offi (F¥-SD.) €T XK
WS, MBEISHBANIIC T P Ly Y BAET B LI
L7z, Zo#MEZESWT, 320 Bl NN
W ERESHED ) B 58 (16 %) (Bacteroides ovatus,
Bacteroides xylanisolvens, Bacteroides finegoldii, Clostridium
asparagiforme B X UF Ruminococcus lactaris) Tix, 5l
WMELTETY, HoHvig, B - EwATrT, M
AT Ry v A LTV, 72721, B. wlanisolvens
OHMAN T b Ly ¥ VIREIZIEF K2 5 72 (0.56 =
0.39nmol/mg ¥ >~ 737 ) (Fig.2A).

FELEROT MLy v VIREOEILE, bbbl
GAMIZEENTW/T MLy ¥ Vi (735 % 3.7uM,
Fig.2B DIkt omi L LTRLA) &H T o7 b
Ly Y ViR IRT A2 LIk - TR L2, Th
FTIXT MLy YR TR I NG Z L 2Rl
LHEII Rz, BEEEPOT Ly VY LRV D
WAL, FERLMEICL2 T MLy ¥ v OR) ARIC

BET L EEZE2 LN REEIT-o7232 o MW
THERRESFD D B, 22 %2243 5 7 (Bacteroides
dorei, B. finegoldii, P. johnsonii, Dorea formicigenerans,
Clostridium asparagiforme, Ruminococcus lactaris 3 £ O°
Eubacterium ventriosum ) |23\ C, B F 7213 2 W,
BB\ L, W] E AU T, Bi g LR To T MLy
VVREOWMABBIE SN (Fig.2B). M, &
Biaiio7z32 o MENEERRESEMEDI L, 13%
WZAHH M9 % ARl (Bacteroides intestinalis, Ruminococcus
obeum, Clostridium scindens 33 X U Enterococcus faecalis )
BT, BHHH 5V EENORE Lifho 7 My
TV IREEII B AR & e L CHe L 72 (Fig.2B).
F72, RBREAT- 72328 & TG N AL 1 i B SRR o
96, 16 %I4T 5 5 T (B. dorei, Bacteroides stercoris,
Ruminococcus torques, Anaerotruncus colihominis 3 £ O
E. faecalis) (2B WT, ¥EEHEPFOT ML v ¥ VRE
HIBEFH I 2 & g I~ CHEm L 72 (Fig.2B).
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I P

ML Z ANV I T Y DFFAEIZ DV TE T P Ly ¥ I
DWTHWzb DL UHRETHEZIT- 72, RERL 72
RHEoOL MNENFEARERBEEED ) L, ANV IY
VM & N b o 72 D. formicigenerans & Collinsella
aerofaciens % B &, W H 5 WV IZEFEIIZ B W THIE
PIZ ANV 2 D v ki Sz (Fig.3A). ZoOHT, C
nexile DRANLR A RV I T VREIIIEF IR o 72 (7.3
+5.2nmol/mg ¥ > /37 %) (Fig.3A).

R LEPOARV IV VIREOELE, bbb
GAM IZ&EN TV AN I Y VA (24.6 = 1.0uM,
Fig.3BDJxfudai & L TR L) ¥ v T o A~
VIV UBEEERBT A LI > TR L. &
NETIZARV I D U HMBATHING 2 & %L
W9 2HE R0, KELREPOZAXVI VYL
NV ORANL, Fiag L7oMEIC X 2 A0V YOl
ABRITERT L EE 2 b7, RBE o732 oL
MENERRREEMEDH 5, 69%IZH YT 5 22 ff
(Bacteroides caccae, Bacteroides thetaiotaomicron,
Bacteroides vulgatus, Bacteroides ovatus, B. xylanisolvens,
B. dorei, B, stercoris, B. finegoldii, Bacteroides fragilis, P
johnsonii, Dorea longicatena, Dorea formicigenerans,
Ruminococcus gnvaus, Roseburia intestinalis, Coprococcus
comes, Clostridium nexile, C. asparagiforme, Clostridium
scindens, R. lactaris, A. colihomihis, Pseudoflavonifractor
capillosus 3 X O E. faecalis) 2B\, WA E 2132
TR LER TOANI I YV VIBEORD DB S
N7z (Fig.3B). Bzir-> 723280 MENELR
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Figure 2. Putrescine concentration in culture supernatants and cells of dominant human gut bacteria.

(A) Intracellular putrescine concentrations in dominant human gut bacteria in growing and stationary phases. The amount of
putrescine in the cell was quantified by HPLC and normalized to the cellular protein concentration. White bars show putrescine
concentrations in the growing phase, black bars show those in the stationary phase. Data are represented as mean +S.D. (n=3).

(B) Putrescine concentration in culture supernatants of gut bacteria in the growing and stationary phases. Gray bands indi-
cate the maximum and minimum putrescine concentration values in GAM (n=3). White bars show the putrescine concentra-
tions in growing phase, and black bars show those in the stationary phase. Data are mean +S.D. (n=3). *»<0.01 (Dunnett's
test in comparison with GAM). Tp<0.01 (two-tailed unpaired ttest). The number shown before the species name indicates the
order of gut bacterial occupancy (Qin et al., 2010).
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Figure 3. Spermidine concentration in culture supernatants and cells of dominant human gut bacteria.

(A) Intracellular spermidine concentration in the gut bacteria in the growing and stationary phases. The amount of spermidine
in the cell was quantified by HPLC, and normalized to the cellular protein concentration. White bars indicate spermidine concen-
trations in the growing phase, black bars indicate those in the stationary phase. Data are represented as mean +S.D. (n=3).
(B) Spermidine concentration in the culture supernatant of the gut bacteria in the growing and stationary phases. The gray
band indicates the maximum and minimum spermidine concentrations in GAM (n=3). White bars show the spermidine
concentrations in the growing phase, black bars show those in the stationary phase. Data are represented mean =S.D. (n=3).
*»<0.01 (Dunnett's test in comparison with GAM). ' <0.01 (two-tailed unpaired t-test). The number shown before the species
name indicates the order of gut bacterial occupancy (Qin et al., 2010).
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HI~HUF L7z (Fig.3B). 72, Rz i7-7232
Hoe MpNFEERRESHEDO ) B, 31%ICH4T 5
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siraeum, Eubacterium ventriosum 3 X O Co. aerofaciens)
Tld, GAMIZEFEN D AN I Y VIREE L W - %
WIS DANN IV VigERTHEAIED LN
»-7- (Fig.3B).

E NBABHREERESRBICS I I ANILI VEAKRE
E7pe

BN ARV I Y OFFEIZODWTIE T MLy ¥ Vi
DOVWTHWbDLF UIEETHEEZIT> 7. RERL
723280 MENEARFERESFD ) 5 41 % I12HY
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B LU Ps. capillosus) T, HEHIH 5V IEEFHNIZEW
TARNV I VI &7 (Fig4A). L» L, B
vulgatus, B. xylanisolvens, B. fragilis, P merdae DML A
A)V I VIR IER IS o 72 (£3.2nmol/mg ¥ ¥ N
7'%) (Fig.4A).

BEEHEPOANLI VIREOZEMLIF, bbb
GAMIZEZEN TV AN I Vil (84+0.4uM,
Fig. 4B DKo & LTRL7:) &y TIvpo AR
VI VBEL AT A EICL o TEHELE. T
Ly vy, ANVI Ty ERER, ZNETIZARLVI Y
DRV CTHREINS Z L ZFAEHT 2 MED V0,
B FIER DAL I ¥ LRVORBAE, KA L7
WCEBANNVI VO ARIERT L EEZZ b7
REEEITo 7232 MGENEANRKESHED S B,
P merdae % W &, B F 23w cRELEF T
DA I VIREOBAHBIE S N/ (Fig.4B). 7z,
REEEITo 7232 MEWNEANKESEDS &,
9% CHI 49 % 3FE (B. stercoris, D. longicatena 3 £ O
R. torques) 2B \WT, ¥ LERO AL I VREEDN
BRI A S B E AT T L 72 (Fig.4B).
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FUARNVI VY TFANVEF Y F—+¥), CASDH (F)V
REFEVARVITVUFre Fartr—+8) &, £{ Dt b
W P IR TR e i B A L PR A S T 7z, 72, SpeA(T
VXU FHIVERF I —+E), NCPAH (N-# V/3E
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Bacteroides J& 3 L& UF Parabacteroides J& Ml 1 12 X < BRAF
ENTwWi, — T, SapBCDF(7 hLy ¥ V27 AR—
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AAT (77=F o733/ 70EV 502725 —8),
APAUH(7 I/ 7RYLVT F<F v Ldng Fug—
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J& B X UF Parabacteroides J&RH T LAY o g PR 12 & <
BRI TW .
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ZFUTHNRFY T =), PP (F Ly ¥ VHY
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¥ —) IZowTidt MENEERRESED 7 L
ZOXREQTIIRED L VIZEL R EN e h o7,

ARFGE TR R AT o 722 MG N A6 18 35 I B 34 32 i
OMBEN B L OE 2 EEOR) 7 I VRO L,
BlastP f#HT12 & 2 BERIAR ) 7 3 VAR - iR % K
T25 7 REUSOFEOHERREREL, THE
BENT 2 TT, RNOKRY 73 AACHR - %%
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A FF OB T 2w EE L TiTbh7z720 (il
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Figure 4. Spermine concentrations in culture supernatants and cells of the dominant human gut bacteria.

(A) Intracellular spermine concentration in the gut bacteria in the growing and stationary phases. The spermine in the cell
was quantified by HPLC, and normalized to the cellular protein concentration. White bars show spermine concentrations in
the growing phase, black bars show those in the stationary phase. Data are represented as mean +S.D. (n=3).

(B) Spermine concentration in the culture supernatant of the gut bacteria in growing and stationary phases. The gray band
indicates the maximum and minimum spermine concentrations in GAM (n=3). White bars show the spermine concentrations
in the growing phase; black bars show those in the stationary phase. Data are represented as mean =S.D. (n=3). *»<0.01
(Dunnett’s test in comparison with GAM). p<0.01 (two-tailed unpaired #test). The number shown before the species name
indicates the order of gut bacterial occupancy (Qin et al., 2010).86
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Figure 5. Occurrence of homologous proteins responsible for synthesis and transport of polyamines in the genomes of dominant
human gut bacteria.
The BlastP analysis was performed against the genomes of the dominant human gut bacteria using query proteins listed in
Supplementary Table S1. Black, dark gray, light gray, and white boxes indicate the result of homologs with scores>500bits,
between 300 and 500 bits, between 100 and 300bits, and <100 bits, respectively. The number shown before the species name
indicates the order of gut bacterial occupancy in a “human gut microbial gene catalog” (Qin et al., 2010).
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Novel polyamine biosynthetic proteins and transporters expected to exist in the tested dominant human gut bacteria.

The presence of novel polyamine biosynthetic proteins and transporters was predicted from the changes in polyamine
concentrations in the culture supernatants and cells and the presence or absence of homologs of known polyamine biosyn-
thetic proteins and transporters. Presence or absence of novel polyamine biosynthetic proteins and transporters is indicated
by the color of boxes; gray boxes indicate presence and white boxes indicate absence. The number shown before the species
name indicates the order of gut microbial occupancy in a “human gut microbial gene catalog” (Qin et al., 2010).
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Identification of SapBCDF as a novel putrescine exporter of Escherichia coli
Yuta Sugiyama, Mikiyasu Sakanaka, Takane Katayama, Shin Kurihara

Host-Microbe Interaction Research Laboratory
Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

It has been reported that polyamines present in the intestinal tract at a concentration of several hundreds of M
and have an important influence on host health. Intestinal polyamines are produced and released by gut bacteria.
In Escherichia coli, a model of gut bacteria, PotE which is a polyamine-releasing system that responds to acid stress
has been reported so far. However, even under neutral growth conditions, E. coli extracellularly release putrescine.
In this study, we identified a novel putrescine exporter of E. coli that function under neutral growth conditions. The
screening was performed using a gene knockout collection of E. coli, and sapD and sapF which are components of
sapABCDF operon were estimated to encode putrescine excreted protein or a part of it. Deletion of sapBCDF
significantly decreased putrescine levels in the culture supernatant, and complementation of the deletion mutant
with the sapBCDF genes restored putrescine levels in the culture supernatant. Furthermore, the concentration of
stable isotope labeled putrescine derived from stable isotope labeled arginine added to the media was depended on
sapBCDF presence in E. coli. From these results, we concluded that SapBCDF exported putrescine from E. coli

cells to culture supernatant.
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ol

RYT7 IV, BERIC2ODEOT IV REAET S
JEWiGET I > ThY, FRdbOICT Ly vy, ARV
IVIUBLIPARVI UHFIET B, KU T I VIEM
M2 5 FEEM N ¥ C©IA < 44 L (Tabor & Tabor,
1985; Wortham et al., 2007; Pegg, 2009; Tiburcio et al.,
2014), MBATERZEORY 724 VIZHEL, ¥
VNV EBLUOBBROGKEMREL, BMKNT L L CE
BafkE 2RI 0D EEZ LN TV S (Pegg, 2009
Tiburcio et al., 2014). FZWE, IHFEITIEH L TV 2 Ml G
B oMB 2 L) I2BWT, Y7 I VIdRAK
10mM & v 9 =i TAETE L T Ww % (Igarashi &
Kashiwagi, 2000 ).

HPOBENICHRY) 7 I VIIFELTEBY, Zhud
BEPMEHKTH 2 &t ST b (Matsumoto ef
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al., 2012). S5, BENORY 7 I VB o
WA 5.2 5 2 LANRERE SN TS (Goodwin et
al., 2011; Matsumoto et al., 2011; Kibe et al., 2014). # 2
12, %% 5% @ Bacteroides fragilis \Z X % 5 B I 55
WADZE. (Goodwin et al., 2011) AAEE N TW5DH—
KT, BENEOERY) 7 I VBRI E2 52562
EBRIEEINTVS. FIZIE, ITAETNVICBVWTK
W PE TGRS X - TREASNSRY) 7 3 v 28
SEHIET, BIAPEBET LI EPTESINTNDS
(Matsumoto et al., 2011; Kibe et al., 2014 ).

EZAT, A PH TIERY 7 I VIZIEIHELT
BOBAKETHLZ L0 s, IHUC X VBUKETSH 240
Jaliz EMme 52 LI TEa RV, L222> T, MEIER
V7 I VO AR LB EZITHIBICRY T IV bV
AR—=F =% PELT L, LzdoT, BENORYT
IVIRERBNHEOR) T IV T Y AR=F — %4
L7200 AR EHEHONT VAT I RE SN L ENZ S,

ETNVENMEO—>TH 5 KIBETIE, ZhF TS
520K TIVETIVAR=F —=HPHEEINT V5.
PotFGHI i, 7 F L v ¥ ¥ % B Y A ¥ ATP-binding
cassette (ABC) bJ Y AR—%—THY (Pistocchi et
al.,1993), PotABCD X, ARV I IV VIZEL, by
YR BAEERTABC T Y AKR—F —TH D
(Furuchi et al., 1991). PuuPix, 7u  YE#$HH o 7
Py A VR=F—=ThY), KIBWET MLy I »
EME—DRFERD D VITERFE LK T TEET S
BRICHD N5 v AR—% —TH 5 (Kurihara et al.,
2009). PlaP &, KA FKmEE M 2 /R 3B Ic E %k
Tu b VBB OT LYy YA VY R—=F—TH D
(Kurihara et al., 2011). PotE (X pH O AEFEEE T T
Z7u s VEREBROT MLy YL v R—- =L LTHE
T 555, MetpH OAEFBRETTIEA V=T 2D
A, TRy PP T LTI Ly Y/ Fv=F
YT yFAR=% =L LTHREL, PotE (&KW oMM
BEANOBERICFS LTV EEZLNRTVS
(Kashiwagi et al., 1992; Kashiwagi et al., 1997). —Ji T,
KW PO AEF B TIZB VT PotE KA
TRUy v ERERELECNT S 2 EmRE ST
% (Schiller et al., 2000). Ziud, KW ko4E
RETTT MLy vy 257 Ly v vy R
R=F—%FLTVALILRRIEL TNV,

BENOR) 7 I VigEZHIET 5 BT, mEICER
BB EGZHEENORY) T I VIETH S MENHE O
AT I VRH, FHICR) T I vodiE ST LARLVT
M523, MOTEETHLEVZ S, Af5ET
i, BN O—HTHh L RIBEOFH T MLy v vz
7 AKR—=5 —%FET Sz Keio T 27 a3 (Baba

et al., 2006) AN ) ATA RAZY) —= v 7 &4
W, sapBCDF # X0 Y SO EFE LN TFTOT MLy
TUHHBICE S L TWA I BMEET LAV TEREL .

FEERT5 %k

FEREMOSVOERTZXIFR

AR T L72WkkE 79 A 3 F%& Table 117" L
72. 7272L, Keiloa L 27 ¥ 3~ (Babaetal, 2006) %
HOW2T Mo Y Vg AR —DRAT ) —= 2 JIC
i H L 72 #k1Z Sugiyama et al. (2016) (23 TIZHE L 7-.
SK623 (MG1655 ApuuP:FRT) ¥ Keioa L 7 ¥ 3 »
(Baba et al., 2006) @ JW1289 % KF—& L CTHw7- P1
transduction #: (Miller, 1972) 2 X v, ApuuP:FRT-
kan-FRT %, MG1655 {238 A L 721412, 79 XA I F
pCP20 (Datsenko & Wanner, 2000) % i\ T kan' # iz
T EBRETLHFLETIER L 72 speB, speCB L O
sapBCDF @8 A% 11313 pKD3 & L < & pKD13 # H »
T, Datsenko & Wanner @5 (2000) ZHEV 1T o 72,
W7o A3 F (pACYC184-sapB*C*D'F*) & MG1655
D) 5 DNA %R L L7z PCRIZ X ) sapB @ i
3.500bp % & & DNAWTF 2 840R L, B4WREITF %2 HindIII
B L O Sphl TUHAL L 72 pACYC184 124 A LAERL L 72.
V= T AL ) s a—= > 7 L7z DNAWIIC
BN W L 2R L7

e S UREEEH

G TV OB, BIO, x0T v LA REORTR 2%
i%, Luria-Bertani (LB) ¥5#b (BD Difco) ZH\W 172,
M9+ h1) 7 b U HH (MORAH o R E LT
FNA—=ZADORDbYIZ1% N b-F) T RMHHL
7235 M) (Kurihara et al., 2005) ZHLEXTF K7 v &
4 BLORKORE FEO T MLy ¥ V3RO I
HL7.

puuPlZ I NI BRIC L - TRICHE SN 5 (Kurihara
et al., 2010). =2 T, Ytttk U2 puuP % H T HHEOE;
BEHROT MLy v VIRERNTT DL, BiAE RiE
FICHE E N2 P Ly ¥ O AR Z T 5 HiY
T, aANTEEF )T LEMI+ N T UEHIHE
E02% LB X )WRMLTERLEZ (Zoii% M9
+ MU MU ansEE L7z, BEEEPOR
MR T MLy ¥ VIBREOGHT ORI, &N
PR T VF = 2 RRE1mM & 725 X9 M9+ b
DR 5 b R B
BREHEROT MLy ¥ ViREERIET 2 EBRICBW
T, W12 100mLED =447 5 A 3~10mL O #Y)
GPAEME Z T LB RmML, 37C T 140rpm T
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Table 1 Strains and plasmids used in this study.

Strain and plasmid Characteristic

Source or Reference

Bacteria strain

BW25113 rrnB3 AlacZ4787 hsdR514 A(araBAD)567 A(rhaBAD)568 rph-1 Baba et al., 2006; Grenier et al., 2014
P

MG1655 F" prototrophic Laboratory stock

SK614 MG1655 ApuuP::kan ' FRT This study

SK623 MG1655 ApuuP::FRT This study

SK626 MG1655 ApuuP::FRT AsapBCDF::kan™ FRT This study

SK627 pACYC184/SK623 This study

SK628 pACYC184/SK626 This study

SK634 pSK607/ SK626 This study

YS40 MG1655 AsapBCDF::kan* FRT This study

YS111 pACYC184/MG1655 This study

YS112 pACYC184/YS40 This study

YS113 pSK607/YS40 This study

YS226 MG1655 ApuuP::FRT AspeB::FRT AspeC::FRT This study

YS227 MG1655 ApuuP::FRT AspeB::FRT AspeC::FRT AsapBCDF::FRT This study

YS233 pACYC184/YS226 This study

YS234 pACYC184/YS227 This study

YS235 pSK607/YS227 This study

Plasmid

pACYC184 pl5A replicon cat” tet” New England Biolabs

pCP20 oriR101 bla™ cat™ c1857 APR Datsenko and Wanner, 2000

pKD3 oriRy bla” FRT-cat’-FRT Datsenko and Wanner, 2000

pKD13 oriRy bla” FRT-kan®-FRT Datsenko and Wanner, 2000

pACYC184-sapB"C D'F* pACYC184 containing sapB*C"D'F* This study

This table is modified from table 1 of Sugiyama et al. (2016).

WG L2, RERIZ00mMLED=MH7 5 A a3~
60mL DX 2RI L, W ODg, #30.03 & 72 % X 9 i
K& A, 37°C T 140rpm TIRERFE L /2.
KeioalbZyarvzHw/iz7T b Moy AR—
F—DAZ ) —= 7L, 20mL BT~ 5mL ® M9
+ M) T b ansEBEERERML, 37C, 140rpm
T 6 N HIRER 21T - 7.

HENTF K7 v tq

PLW X 7 F FLL37 128§ %5 MG1655 3 & 1°YS40
(MG1655 AsapBCDF::FRT-Kan’-FRT) O &% 1 % 3EAf
5 7:®\2, Harwig et al. (1994) O )E:zx —HBZE L

2% E MW7z 1004l @ LB £ 4 % 6.9mL @ 10mM
VEEF MUY AR (pHT7.4) WIRINT A ETT v
AR ATEL, 37TCITMR LR L7, MG1655 3
L UYS40 %, M9+ b 7 b U EiMirb T 140rpm, 37T
TARFHIBERE L7, Biaets, M ok® 10mM ) v
F MU AR (pH7.4) TG L, 5x10°cells/mL
ERBEHIT10mM Y YEEF MY Y AR (pH7.4)
THHEE L7 10ul OIS E W, 5ul @ LL-37 B,
BIU3BuLoOT v HMERAL, 37C T2 KA
V¥ aN— L7z 450uL @k 150mM HifbF )
AEHMT AL CRISEEIL L. RISREY %KY
10mM Y Y ERF MY 7 AEAE (pH7.4) TERREEARL,
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LB#ERF AT L7z, 7L — b%37C T2 WA
v F 2~X— b L, colony forming unit (cfu) %% L7z
AR, LL37 TRLE L 7-MiiE @ cfu % LL-37 AR AL A
OMIFLD cfu TH D Z L THIB L7,

RUVTILER

RYVT7TIVREIEERAKI O M T T 10—
(HPLC) 2 & 9 %= L7z, HPLC 0416 X OVFlR 3,
VIR ey U724k & [MERIZAT - 72 (Sakanaka et al.,
2016).

B BB Y SV OB O W T, iR 500uL %
aLEEL (18,700 xg, 4C, 543), LiE#EILL 7.
YR B ERET D201, RIEDO/I0FRED
100% (w/v) bV ZvufEREzHML, KVv7ry 7 A
WED XCREL, OB L7: (18700 xg, 4T, 5
g5). maOarEEt, RiEA WXL, HPLCIZftL 7z M
R AR ) 7 3 il v 7OV OB TIE, 0Dg,,=0.5(2
BRI L7 > 7)) F 7002 ODy=1 (4~ 24 BERIES
FLZY Y TIV) H72 500ul OFEFE % BN, 30
5HE (18,700 xg, 4C, 54) L, }_L v ;& 1mL®
K&G Lz v a—2&F v M9 B cikis L7
iR, Ly FE300uLD5% (w/v) Y7 oo
TR L, 100CT15 70 MAER LMBEZHIEL . &
W, B e 008 (21,500 xg, 4T, 154) L,
% % Cosmonice 7 1 )V % — W (Nacalai Tesque) T7 4
WV — 25 L HPLC AT ISt L7z, s OIS TRE L 7 o
YR Z 1T 3004l @ 01N KERIL T N ) 7 A VA TR
L. Protein assay kit (Bio-Rad) #H\WT% ¥ /37 ik
FErEmLl Bohi7 Ny v VBERy o8
HEECIERL L, nmol/mg of total cell protein & L T3k
L7.

LERMAES T MLy O EE

FEFMAAESRT N Ly ¥y ORIE, Chen 5D FE
(2009) Z—HBAZE LA AZ7a< 7574 —-HES
Bt (GC-MS) 12X V17572, KB Wik & 2208 7 A AR i
L-®C,, "N, 7 V¥ =~ (S.I.Arg, Wako Pure Chemicals )
ZARIE 1mM & 25 XMLz M9+ F ) 7 b B
Hop T 8IEMBE R L7z, B LiEId L T1/10% 0
100% (w/v) MY Z7OufEBEEGLTY Y X7 HE
S 72 T, Wk & a0 (18,700 x g, 4T,
3547) L., 600uL® LiEiC2mLO Y T F VT —F L%
BML, 15MAVFy 2 2452 LT 2175 72,
RNT, TV Y a3 v EEDEE (18,700 xg, 4T, 54)
XD AW L, IRE, R B X O oMo S %
GHTHYTF NI —TVEERE, €L COKE~FHE
VIFNVI—FNVERNML, KEZEHELL. ZOKE

% 500ul 4L, PIEEH#E L LC0.01% (w/v) 1,6-
¥4 ¥ Y7 3 v (Kanto Chemical) % 10uL M L,
5M NaOH CTpH11 £ 05 L7z, KU TIYO7T
I/ EEN-Z PR IANVKRZVET HHNT, 50ul @
IF )7 auaklA—h (Kanto Chemical) % & &r
ImLO YT F VT —F Ve v FVERICHENL .
REWEHEE T30 MIkE 5 L7tk 4CT50M
15,000 Xg Tt L7z, RV T IV N-ZhF A
VR NVFEEKEZEETHAYIF NI —FIVER RS
Ja—Fxy 7HEOTTAFIE L. ZoFEARL
%, 50O F N z7auxx— &2&5HT 5
1mL O Y T F )V T — 5V % @0 EO KGN L
T2 L ILoTHDELZ. 2RO THR N7
VIFNVI—TNVEESE—L, ZLTBRERLT Tz
MeL7 WEBN-ZFEFIANEZVEY 7 I vFEEk
Z 1004l OfEEE = F IV THML, Z 2122004l O K
N 7 vF afEEEE (Sigma-aldrich) #INZ 7. &HT
SAENOREWE 5COMBT T Y 7 1121 B E
& MY TZLVFOTEF LIS EFTV, RV THERSE
FH T CTRECHE ST FEAKEZ 200uL OFERR T
FVTHBEL, 24L% GCMS It L7z, GC-MS 4#r
W, FxUTHAELTANY YA EMH L, Equity-5 F v
¥J1)—% 524 (30x0.25mm, JEE 0.25um, Sigma-
aldrich) # W TiTo 72, EAZSB L ORI O EE
EZENZFN260BLT150CE L GCOrI vy
M 8T/5T140~190C FTHZA L, #Hiv> T 4 75 [HFR
L, RWT20CT/H5T300CEFTIMEL, HWT45
MPRFEL 72, &I, 20C/4rT320C £ TMEL, 4
SHERETA TR L 7SR A F VI
selected ion monitoring mode T€ = % — L, m/z +355
DAFYET MLy Y VORI I 7 ME LTHER
L7z, HBEs L O MERIE 1,6-~FH P73 v
EHOCHERELL, 7MLy ¥ VBEIRERZ VT
EREL.

Ty PIVRAR=—E-—DAI) =25
Ty YV AR=Y =% 2= FTLHEETOK
HRIE, Btk L CRE GO T MLy v ViRl
MEL 25, LW ETTAZ ) —= v T EiTo 7.
Keio 2L 27 ¥ 3 ~ (Babaet al, 2006) X b ¥Rl %
WD L VIMLEMDO NG Y AR=F =L LTT /
F—a VAT STV BT ORI 123 k% A
FL, ERLEEPOF I Ly Y VBEERZBEL
(Fig.1A; Sugiyama et al., 2016). A 27 V) —= > 7 D#ER,
AsapFtk (JW1283) OF;# LIED T ML v ¥ VBED
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Putrescine concentrations of culture supernatant of screened strains and depiction of putative sapABCDF operon.

A, Putrescine concentrations of the culture supernatant of the screened strains. Bacterial strains were grown for 6h at 37 C with
reciprocal shaking at 140rpm in 5ml of M9 + tryptone + succinate medium in a 20-ml test tube. Culture supernatant was
harvested and subjected to HPLC analysis. Dots in the box plot indicate putrescine concentration of culture supernatant of tested
mutants. The concentrations of putrescine of culture supernatant of parental strain (BW25113), AsapD (JW1284), and AsapF
(JW1283) are indicated as solid dots.

B, Location of putative sapABCDF operon. Locations and directions of genes are indicated by arrows, and the annotations of
genes are indicated below the arrows. Locations of puuP encoding putrescine importer (Kurihara et al., 2009) and genes
encoding enzymes for putrescine degradation pathway, the Puu pathway (Kurihara et al., 2005; Kurihara et al., 2006; Kurihara et
al., 2008; Kurihara et al., 2009; Kurihara et al., 2010; Nemoto et al., 2012), are indicated by arrows. Locations of predicted
promoters are shown by arrowheads; gray arrowheads indicate 654, and black arrowheads indicate ¢70. This figure is modified
from Figure 1 of Sugiyama et al. (2016).
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KRBk P TR LML (18.6uM), K\ T AsapD Fk
(JW1284, 255uM) THh o7z, T HDMEIE, REEK
OB (BW25113, 48.8uM) F/2iE A2 ) —= v 7k
RopgefE (487, M) X bKH» -7z (Fig.1A). &
NOEDRERLY, sapD B L FsapF H37 + L v ¥ Y HEH
WZHGT 5 ETFHEIN

sapABCDF # XA U EREEFOEELEFRFOT Ly
JUBEANDES

in silico fRATIC X V), sapD B X U sapF % sapA, sapB,
sapC, & & HIZsapABCDF F <1 v )% $ 5 & e
sh7z (Fig.1B). KBWICB ) % sapABCDF OHETgIE
AHTHY, WIFNRHABC T Y AKR—=F — DK ¥
URTEHENYT )T =2 a VI SNTWEDAT
o7 (Fig.1B). =T, sapABCDE 0S¥ 7 ML v &
VI AKR—F—%RIA— 55 LEZ, AsapA, AsapB B
LU AsapCHRDOBE LD T ML v ¥ ViR RE L7z,
AsapA RO LHHh O 7 Ly ¥ Vi (48.3uM) 1,
BHREIZIZHSETH o7z, — T, AsapB B X U AsapC
HoOBBEHEOT MLy ¥ VBEIRE BEO37%
(18.2uM) B X 147% (23.4uM) TH -7 (Sugiyama
etal,2016). INHOMRLY, BELETOT ML v
T UBEDORMAL, sapB, sapC, sapD, B L sapF &
ETORBIZE VAL, sapAlZFgEEEROT ML Y
VUG LT RWnI EAURE R,

SapBCDF OHEN T F RiENDEE

Salmonella enterica sv. Typhimurium 35 X O° Haemophilus
influenzae 12 3B\ T SapABCDF ALK R 7 F F 2 HL Y A
LABC I Y AR=F—TH Y, PLHEHTF N
HEST LI EFHEENTWw B (Parra-Lopez et al.,
1993; Mason et al., 2006). = 2T, KEWIZBWTD
SapABCDF 2L R 7 F FilitEICH G L Twb 2 &
FM I N72720, PLR AT F F LL-37 1239 % B AT AR
(MG1655) 3B X OF AsapBCDF ¥ (YS40, MG1655
AsapBCDF) D&M %M L72 (Fig.2). Z OfFRE,
WINOKD LL37 O ARSI AEFEIMMLT L7
A%, MG1655 & YS40 D[ T LL-37 (23 % &z o f
BhEERo N o7 (Fig.2). Lo T, K
JI% Wi\ BT SapBCDF 2P X 7 F F LL-37 1% 5 %
PEICHG L CwuhwnZ &R sz,

sapBCDF DIEEFFRD T MLy Y VBEADETS
sapBCDF 73K Lo 7 b Ly ¥ ViREICH 2 5
BRENTT 5 72012, BIBEYS111 (pACYC184/MG1655),
sapBCDF R3EME YS112 (pACYC184/MG1655 AsapBCDF)
B & UsapBCDFHI#i#k YS113 (pACYC184-sapB*C*D'F*/

MG1655 AsapBCDF) %A 7z, FHRIZDOWT, B
FEBIUHIBNO T ML ¥ VR % BRI 8 7

72 (Fig.3). £BIC X B2 R0, KigLEPO
7Ly TR RMIRAZEEE (ODg,) T (1M/ODygy,).
MBNOT Ly v rvEiZy v EETIERILL 2
(nmol/mg protein). YS111 & YS112 DA FH 1271380
LN D o725 YS113 DA F X YS111 & YS112 & 1
BLThIMIE2 -7 (Fig.3A). YS111 & YS113 @
BREREFOT MLy ¥ VR, F2ERG 4 RERF O
KIZEL, 22N 41938 X U°384uM/OD,, TdH - 7=
(Fig.3B). Zof%, Br2ERG 12 KM #2382 Lig s
DT MLy v ViEEIZOE % o 72 (Fig.3B). — 7,
YS112 D853 LiE D7 b Loy ¥ VRS KRG 4 WY
BICIR A 2 7% L7245, 26.2uM/ODg,, CBFE® 63 %)
T & - 72 (Fig.3B). sapB'C'D'F* (YS111 & YS113)
¥k & sapBCDF RiEFE (YS112) BCREZERIG2 B X 074
RHBZEORE LEFOT MLy v VIREICAE R E
(p<0.01) PO BN/ (Fig.3B). *HEAYIC, MIEN
D7 MLy v vEIEsapBCDF DA M X 5 ZALIZE
Lo r (Fig3C). DEofERE2BAT 5 L,
sapBCDF D RIFIZ L ¥ # LiEOT MLy ¥ VigED
WA (Fig.3B) 237 FL v ¥ VESEEOBAIZE S

LL-37 (pg/mL)

Cell survival ratio

-4

Fig. 2. Effect of the deletion of sapBCDF on resistance against
LL-37, an antimicrobial peptide.
Strains were incubated with different concentrations of
LL-37. After incubation, the cells were plated, and the
numbers of colonies were counted after incubation.
Survival ratios were calculated by dividing the colony-
forming units of strains incubated with LL-37 by those
without LL-37. Closed and open squares indicate the
mean survival ratio of MG1655 (parental strain) and YS40
(sapBCDF deleted strain), respectively. Data are expressed
as the mean = S.D. of three separated experiments. This
figure is modified from Figure 2 of Sugiyama et al.
(Sugiyama et al., 2016).
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Effect of the deletion of sap BCDF on putrescine concentrations of culture supernatants. YS111 (parental strain), YS112
(sapBCDF-deleted strain), and YS113 (sapBCDF-complemented strain) were grown in M9+tryptone +succinate medium
supplemented with 30 ug/mL chloramphenicol.

A, Growth curves of strains. Closed, open, and gray squares represent the mean OD,, values of YS111, YS112, and YS113,
respectively. Data are expressed as the mean + S.D. of three separate experiments.

B, Changes of putrescine concentration in the culture supernatant of strains. Cultures were taken at different times after inocula-
tion, and putrescine concentrations of culture supernatant were measured by HPLC. Putrescine concentrations were normalized
by dividing the values of ODy,,. Closed, open, and gray squares represent the mean of normalized putrescine concentrations of
culture supernatant of YS111, YS112, and YS113, respectively. The means with different or the same letters are significantly
different or not significantly different, respectively (a versus b, p<0.01; c versus d, p<0.01 according to Tukey's test).

C, Changes of intracellular putrescine concentration of strains. Cells were harvested at the indicated times, and putrescine
concentrations in the cells were measured by HPLC and normalized to the amounts of protein in the cells. Closed, open, and
gray squares represent the mean of normalized putrescine concentrations in the cell of YS111, YS112, and YS113, respectively.
Data are expressed as the mean = S.D. of three separate experiments. This figure is modified from Figure 3 of Sugiyama et al. (2016).
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LOTIE ARV EAVRIBRE NI, B ERKETOT MLy
T VBRI OIS B W T L BRI 4 BRI S
S0 Lisw - (Fig.3B).

Tz, HELEPOT MLy Y OEAET b
Ly o4 VR =7 —=PwPIZLD 7 Ly O
ABRIZE D ERE END I L 2HE L7 (Kurihara et
al., 2009). sapBCDF 5853¢ LW O T ML v ¥ ViRE
25258 % L) IR T 729018, puuP KIB% &
fmfNy 2759 FICAT %, SK627 (pACYC184/
MG1655 ApuuP), SK628 (pACYC184/ MG1655 ApuuP
AsapBCDF) 3 X UFSK634 (pACYC184-sapB*C*D'F*/
MG1655 ApuuP AsapBCDF) % #4172, SK627 & SK634
DEFIZIZIFFAETH 7. LarL, SK628 DAFEIZ
SK634 DAFH L g LTA L7z (Fig.4A). SK627
& SK634 DG LT O 7 MLy ¥ VikER, B
WEBEFNZENS8 L LT 10K TRAIEL, Zh?
11103438 £ 0°83.6uM TdH - 7z (Fig.4B). —F T,
SK628 D}z Lih 7 v Ly ¥ VIR, BREERIGHE
12E B CRKISEL 2%, DT 5 33.6uM (SK627 D
32%) TH-o7z (Fig.dB). ¥ EEHhO 7Ly v >
IRIE % ODg,, OECTIEHAL (uM/ODy,) LK EZ4T-

AR, BELEROTS MLy Y VRER, ORI
sapBCDF OAFAEIAKAE L T 72 (Fig.4C). Th oDk
1L, sapBCDF HEEFR LIEDOT ML v ¥ VRIS L
TEELRREZR T EE2RL TV

sapBCDF RIBICE BT hL vy T DB IAZANDEE
R EEFOT My Y VREET MLy V) A
ADTLHEIZ L > THWAT 5. £ T, sapBCDF DK
HIZED 7MLy 2 V) ABAMRE L 72 0] BB % FRE
L7z, B EETO7 MLy ¥ v OBL ORI EFERHIC
TH20I1, Ty Y VESREEYI—FT 5
spe BB X WspeCH WIS HZ ETRIBHEICL BT b
Ly v R ENEESE. bbb, MG1655 ApuuP
AspeB AspeC % HLFk & L, YS233 (pACYC184/MG1655
ApuuP AspeB AspeC), YS234 (pACYC184/MG1655
ApuuP AspeB AspeC AsapBCDF) 3 & 1°YS235 (pACYC184-
sapB*C*D*F*/MG1655 ApuuP AspeB AspeC AsapBCDF)
ZEML, 100uMO7 MLy ¥y 2RML72M9+ MY
TN UEMTHEREL, BREHTOS Ly Y ViRES
FEREIGICHE L7z, YS234 o4, YS233 & Hel LT
i P S, YS234 D EF IR L7z (Fig.5A). #
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Fig. 4. Effect of the deletion of sapBCDF in ApuuP background on putrescine concentrations of culture supernatant.

SK627 (pACYC184/ApuuP, parental strain), SK628 (sapBCDF-deleted strain), and SK634 (sapBCDF-complemented strain) were
grown in M9 + tryptone medium supplemented with 30.g/mL of chloramphenicol.

A, Growth curves of strains. Closed, open, and grey squares represent the mean of ODy,, values of SK627, SK628, and SK634,
respectively. Data are expressed as the mean = S.D. of three separate experiments.

B and C, Changes of putrescine concentration of the culture supernatant of strains.

Cultures were taken at different times after inoculation, and putrescine concentrations of culture supernatant were measured by
HPLC (B). The putrescine concentrations were normalized by dividing the values of OD,,, (C). Closed, open, and grey squares
represent the mean of normalized putrescine concentrations of culture supernatant of SK627, SK628, and SK634, respectively.
Data are expressed as the mean =S.D. of three separate experiments. This figure is modified from Supplementary figure S1 of

Sugiyama et al. (2016).
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BREHRORERE EFERO T Ly ¥ VIBERWFR OIS
BOTHREBIIIED LA, HRETOT MLy ¥ Vi
VEICHEEAEIRO SN2 572 (Fig.5B). 0Dy, 12
IoTEHIbEN T Ly ¥ ViBEDERY (uM/
ODgy) WL TS, B2EFHLA 8 WM THE 2 2133
5N H o7 (Fig.5C). Zhid, sapBCDF DR%:B
OISO T MLy ¥ Y OB AR EL
ozl LERBTS. $L05bE, sapBCDF DK
RIZEBRBEREFEOT Ly ¥ ViREDWA (Figs. 3B,
AEB L UAF) &, 7Ly ¥ YD AADMMEIC X B
WERTIEZ L, MBSO T MLy ¥ VORI
IrdboThrELZON.

SapBCDF #- LT bL v ¥ > DHEH

B IETOT ML v ¥ v oAk wan 2 5
®DSapBCDF # A L7z 7 b L v ¥ YHEHICERNT 5 2 &
BRI, RERMAE#RT VE=" (SILArg) %
W77 v b o7z, ZOEBOBN % Fig. 6A 12
RL7z. $74bb, SLArgld7TVF=V b v AR—

=1l X o TRIBWICH D AE N, SpeA (T LVF=
FANKEY S —F¥) BLUSpeB (7 7/ ~F 7 LF
theg—¥) XD RERMVEERT ML Y ¥
(SLPut) ofti#fsh s L FPEhs. 4 U7 SLPut 28
SapBCDF (2 & o TR R AN A & 55 12 HF I S 7z
Wty ¥ BT o S1Put LI, sapBCDF O /K IE
BIUOMBWICLYEATLETFHINE 2T,
SK627, SK628 35 & UF SK634 @ 538 L% i ® SI1.Put i
BEERRE Lz, ZoRE, SK627 ORi#E Lo S1Put
MEEEI 21.8uM/ODg,, TH - 72 DIt L, SK628 D H; 28
Ei# o SLPut # 13 8.3uM/ODy, TH 1, SK627 &
L T62%A L7z (p<0.01, Tukey test). SK634
D R 3% B @ SLPut i B 13 16.9uM/ODg,, Td 1),
SK628 & L L THEICE > 72 (p<0.01) (Fig.6B).
¥EEHDOBT MLy ¥ Vi (SLPut & REH T
MLy vy oEFD &, SLPutilE & OB %R
L7 (Fig.6BB X U6C). #EEL7Z3HKRICBVWT, &
TS L O 7 M Ly ¥ v ORI TR
BN, sapBCDF ODAMIZL 2 7 V¥ = R~ D
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Fig. 5. Effect of the deletion of sap BCDF on putrescine uptake from the medium.

YS233 (pPACYC184/AspeB AspeC ApuuP parental strain), YS234 (sapBCDF-deleted strain), and YS235 (sapBCDF-complemented
strain) were grown in M9 + tryptone medium supplemented with 30ug/ml chloramphenicol and 1004M putrescine, and growth
of strains was measured ODy,.

A, Growth curves of strains. Closed, open, and gray squares represent the mean of OD,,, values of YS233, YS234, and YS235,
respectively. Data are expressed as the mean + S.D. of three separate experiments.

B, Uptake of putrescine from culture by tested strains. Cultures were taken at different times after inoculation, and putrescine
concentration of culture supernatant was measured by HPLC. Closed, open, and gray squares represent the mean of putrescine
concentration of culture supernatant of YS233, YS234, and YS235, respectively.

C, Decreases of putrescine in the culture supernatants of tested strains. First, a decrease of putrescine concentration during the
culture was calculated by subtracting putrescine concentration («M) of culture supernatant at 8h after inoculation from 100xM,
which is the original putrescine concentration of the medium used in this experiment. Then, the decreases (uM) were normalized
by dividing the values of ODy,,. Black, white, and gray bars represent the normalized decrease of putrescine concentration of
culture supernatant of YS233, YS234, and YS235, respectively. This figure is modified from Figure 4 of Sugiyama et al. (2016).
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Effect of the deletion of sap BCDF on the concentration of culture supernatant of stable isotope-labeled putrescine derived from
stable isotope-labeled arginine supplemented to the medium. SK627 (pACYC184/ApuuP, parental strain), SK628 (sapBCDF-
deleted strain), and SK634 (sapBCDF-complemented strain) were grown in M9 + tryptone medium supplemented with 30 xg/ml
chloramphenicol and 1mM S.I.Arg. Cultures were harvested at 8h after inoculation. Analysis of S.I.Put of the culture supernatant
was performed by GC-MS, and putrescine concentration was quantified using a standard curve and internal standard methods.
Data are expressed as the mean = S.D. of three separated experiments.

A, Schematic illustration of the experiment. Gray circles indicate stable isotope-labeled atoms.

B and C, Concentration of S.I.Put (B) and total putrescine, and sum of S.I.Put and native putrescine (C) of culture supernatant of
SK627, SK628, and SK634. The columns with different letters are significantly different (a versus b, p<0.01; a versus ¢, p<0.05; b
versus ¢, p<0.01 according to Tukey's test).

D, Ratio of S.I.Put to total putrescine of SK627, SK628, and SK634.

This figure is modified from Figure 5 of Sugiyama et al. (Sugiyama et al., 2016).

WX ol LAUREE N/ (Fig.6D). I bHD LDREBEDOT MLy Y VI AR—F—THHI L%
R LD, SapBCDF 2/ L7=7 b Ly ¥ VA AL S, INFETIC, KEBHE O M (Higashi et
TWhbZ EHRE NI al., 2008) B X O Bacillus subtilis ® Blt (Woolridge et

%

al., 1997) ARV I VY I AR—% — & LTHE S
2 N, & 512, Shigella flexneri Tl&, MdtJIiZ7 hL v ¥
VI AR—F —THDLHIEDPHEINTWS (Leuzzi

AWFZETld, SapBCDF 28H D EH 4 F CTHAE S etal,2015). TNFTIZ, KBRIEIMBUEOAEESLLET
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TPotEA# L CT MLy ¥ v &EEEFE~PNT S Z
LA SN TWw b (Kashiwagi et al., 1997). L2 L
BHG, HHEOAEE LG TH KR A PotE JFKLEY
W7 MLy ¥ R PR 2 2 e ST
B Y (Schiller et al., 2000), Z i PotE LAV O # 7
Moy ¥ v AR—=F —=KRBEIHFIET ST & ER
LTz, AWFZEIC X ) SapBCDF 25K 1 o> Atk o
HEHERMTFTTOT MLy ¥ VHERIC BT EE 2 &# %
RIzT e 6L RoT.

I AR—F — OB TIE, KN
(Kashiwagi et al., 1992) F72l3 =7 AR —¥% —% &
T )RV - A REHTZONEBENTH B
(Sasahara et al., 2011). L2 L7Z&A35, FAELOFM 2
WS D7D IS0 EREHETICZ Y 2K —
y—CFELZZE W) HEDAHFMET % (Pathania &
Sardesai, 2015). AW TIX, KizFE/NaE 7a5+ Y
RY—LHWHHTE LD olldh, EERNIST A—F
ERETE eh ol LHL, SLArgxHHwb Z & T,
S.LArg 7 & KB OACHNC X 0 2 U7z SLPut & % Jll 5
T5HZETT LY ¥ UHSapBCDF (2 & - THIK A 2
SE:FE FiEAHER SN B Z L 23 L7 (Fig.6).

SapABCDF % y-Proteobacteria i T & { fRE ST
W5, ZMFETIZ, SapABCDF ASLL37, B-74 7 =~
YBIOTRY I VEVS AT F VB AR TF R
T 2ME O EICHFS T2 EPMESNL TS
(Parra-Lopez et al., 1993; Shelton et al., 2011). Parra-
Lopez et al., (1993) \&, S. enterica sv. Typhimurium
AsapABCDF #RHBIbE L 0 & 7 a ¥ I VT LTk
MEWZ &2 L, S. enterica sv. Typhimurium \IPUHE
NRTF FEMBENIZI) AR TF 57— THEL T
BEWHIWH AT, ZOWFIE, LL-37 £ B-F4 7 =
v U ERWT H influenzae \Z B\ TEEBRISEH S
T\ 5% (Shelton et al., 2011). K H & S. enterica sv.
Typhimurium @ SapABCDF % > 7% 7 B3 IEH 1w W
FME%24LTwWbd (SapA, 90% ; SapB, 92 % ; SapC,
95% ; SapD, 96 % ; SapF, 98%). ZNIZb b 5T,
KW B @ SapBCDF 12 PL i < 7 F F LL-37 2%t 9 % i1
WHG LawnwZ LhvRani: (Fig.2).

KW 14 SapABCDF O FEREICBI L C, AWFZE LAHT Tl
Me—SapD (TrkE & LCTHHOLNTWES) AV 7 A
N7V AR=F—TrkHB XU TrkGDOATP 7—E & L
THRAEL TV D &) s Tw/z (Harms ef al.,
2001). H. influenzae \Z 3B\ TR & FKEZ, sapD K
FHIZE DAY Y 2O AARDWYT 5 Z Lot sh
Twb (Mason et al., 2006). 2T TOMIEICID,
FER R BN B THIRRNA Y 7 I Y AREh 2507
Vo LAOMD AREHHT 2 EvHwEINTNS

(Lopatin et al., 1994; Liu et al., 2000; Vandenberg, 2008 ).
L7z, KRBEWIZBWT, SapD ® ATP 7 — € i
WCEDERBENE TIkHB X O TkGIZ L 54 7 A1
) iAdk & SapBCDF I & %7 b Ly ¥ Y ORI BI£R
PEA3% B W RELEATRIE S 7.

RN T I VMRS ER TH 5720, ME oM
WORY 7 3 M TR <, EE TRl
7% (Fig.3C) (Igarashi & Kashiwagi, 2000; Sakanaka
etal,2016). F7z, MBAOERY) 7 I 350 & PRl
WX DA T 5. Pun kL, WMol 5
TNV YUK T S (Kurihara et al., 2005;
Kurihara et al., 2006; Kurihara et al., 2008; Kurihara et al.,
2009; Kurihara et al., 2010; Nemoto et al., 2012). 7 + L
T UPE AR sapBCDF L 7 b L v ¥ Y MRICHE ST
% puu BAZF 7 7 A7 — ORI BT T D72
&, MAO 7 MLy ¥k, WESEmE S 2w
P TRE WA T 5. KW DGtk T sapBCDF
BIRTF7 T AY — & puu BIn T2 7 A5 — 3B L CFF
FELTW57:% (Fig.1B), sapBCDF & puu &=zt 7 5
A Y —HHIAHERE L, SEEEHTN A & @ w2
THRAD 7 MLy ¥ Y EZHILTWD E PRI,

AWEICBWT, T hLy v o, sapA DX
JHICX ) HE X% H o 72 (Sugiyama et al., 2016).
SapAlZABC b T Y AR =7 —DXR) T 5 X LIYREE
FUNRIZRHELTT /T —varyaEanTniizw,
SapA BN 2 S E 2 EE~NO T MLy ¥ VHEHICHE
GLTWhRWZ LIIGmENTHL E VRS, S enterica
sv. Typhimurium @ sapABCDF 3 KRY) Y A ba=vy 7 %
BUETHZ EPHEINTWS (Parra-Lopez et al.,
1993). L2L7%d%5, KB sapABCDF 28\ THEE
SNT7zsapA O 7O E— ¥ —Id sapBCDF & 4. LTI iE
LTBDYH (Fig.1B), 35612, #HEEHTFITBHLTD
sapA 36" TH - 7=DITH L, sapBCDF L 6™ TH - 7-.
IO DFER LY sapA & sapBCDF H35l % (256814 5 )
HEPEDY IR < 7R ¥, SapBCDF & SapA 28 L& L5t
LAHEREEAETAEEZ SN KT IE, SapB,
SapC B & U SapF O BB % M & L7 OHE & LT,
KE5H D SapBCDE 37 M L v ¥ ¥ 2 MBI A & 5538 1
HICHEE T 5 2 & 2R L72(Fig.3,4 BX1'6). E 5612,
KI5 @ SapBCDF IZPLIH < 7' F F LL-37 125§ % Mif 1%
ZHEGLChWwWZ e &R L7 (Fig.2).

L2 L, ApuuPAsapBCDF #kD¥i3¢ L ikik e L
TThLy v okt Eih (Fig.dB,6BB X U6C), kX
Wi 25 SapBCDF NN D T MLy ¥ v 27 AR— 4 —%
ALTWDZEARBE NI Stk BNMEOET IV
HEYTHLRBREICBIZ T MLy Y VHREO X A =X
LESLIIMAETLILENHLLEZOND,
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KeioZ L 27 varvyazflwizAs)—=71240,
HPEDEE S THRIET 2 KBROHH 7Ly >
T AK—4 —D—>E LT SapBCDF # [il5E L7=. s
OMBREE R D, KR Cld SapBCDF IZHL I~ 7 F
FIFEEICHEG LT WwZ EBRENT 51k
SapBCDFE » &N TH T b Ly ¥ vy EAZHIMT 5 L
TR 5 2 e MIfEs 5.
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Functional analysis of polyamine biosynthetic genes in genus Bacteroides

Mikiyasu Sakanaka, Takane Katayama, Shin Kurihara

Host-Microbe Interaction Research Laboratory

Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

Recent studies indicate that polyamines in the gut are produced by hundreds of gut bacterial species and are closely

associated with host health. However, the molecular mechanisms of the polyamine biosynthesis in human gut

bacteria have been poorly understood. In this study, we analyzed the functions of polyamine biosynthetic genes in

genus Bacteroides, human gut symbionts, using gene manipulation tools. Markerless deletion of carboxyspermidine
decarboxylase gene casdc led to depletion of intracellular spermidine in Bacteroides thetaiotaomicron. Disruption of
arginine decarboxylase gene speA in Bacteroides dorei resulted in the decreased concentration of spermidine in the
cells and culture supernatant. These two mutants also showed the delayed growth. Collectively, our results indicate
that casdc and speA are the main genes involved in spermidine biosynthesis in genus Bacteroides.

Key words: arginine decarboxylase, carboxyspermidine decarboxylase, gut bacteria, polyamine, spermidine
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RVIVVBIOARVI VPEBITFONS. BYT IV
X, AWM orkc DT L TBY, b FOREEE
AIEICBWTDH MBI XN 5 (Tabor & Tabor, 1985;
Michael, 2015). B MEEICHEAEST B E) 7 3 VIdBH
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LFErTEE

BIEKR GURRZEREERE RFFTEFRL,

HREDA AR KRFEWERRBE ),

i B CANRSLRFEEY G RBREEST)

ENTHY (Matsumoto et al., 2012), FN 5 IIfEFED
ERICKRELEEZ RIFLTWAZ EHEINTWS
(Upp et al., 1988; Matsumoto et al., 2011; Kibe et al.,
2014). CoZehn, BAMEZALERNEY T3
VIR OEZEESEESE D) OO0H ), TNEEK
T HIIBNATEC X 2 G - #ik OBFEAATT KT
HbHEEZOLNTWVD.

NI TN TOR)T I VEEEAEEIE R 2 i
MoesnTwb b od (Tabor & Tabor, 1985), Z Ol
WHZ e FMENIZBW TR EEDSwD Th v, 72,
Bacteroides BN O X 9 7 v N N AE R 3% & 5 208
(Qin et al., 2010) \EKER L3RR LE) T I VG
WM EET 5 LRl S Twb 2% (Fig.1) (Hanfrey
et al., 2011; Sugiyama et al., 2017), BAE T TIZHFERY
7 I VEAERRROFEBRN I fTbh Tw vy, K
BE 9% T & E AR T B V6 8l %2 WK L T, Bacteroides
thetaiotaomicron 3 X UF Bacteroides dorei DR") 7 I V1
BRREEO—mE P SN THIEIZLD, b MENE
TR RESIICBIT 5 K) 7 3 VRGO PR % 3
WHZ EEBRL.
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Fig. 1. Predicted polyamine biosynthetic pathway in genus
Bacteroides. SpeA, arginine decarboxylase; AIH,
agmatine deiminase/iminohydrolase; NCPAH,
N-carbamoylputrescine amidohydrolase; CASDH,
carboxyspermidine dehydrogenase; CASDC,
carboxyspermidine decarboxylase.

FBRTT %

Btk EEHES S U

KERIE BLoMmMEDO X ) T pirkkz Hw T
(Koropatkin et al., 2008), Luria-Bertani 5 #12 T 37T
TH;# L 72. Bacteroides JFM (35T v > 73— InvivO,
400 (10 % CO,, 10% H,, 80 % N,; Ruskinn Technology )
W, 37C THEAMICH: 38 L 7. B. thetaiotaomicron @
ReAglx, F1C GAM Hi# (Nissui Pharmaceutical) 72
AR (Koropatkin ef al., 2008) (LA, KV 7 3
v 7)) —Xilh) TH 72, B. dorei DXiFEIX, FIZ GAM
Fedh F 7213 10 % (v/v) GAM Z 0 L 72 & eks . [ DA%,
A7 I KEER (3uM T ML Y, 2uM ARV
IVUVBIP LM ANV I V)] TiioZz, 20812
LT, 7YE¥EYY ¥ (100ug/mL), T AT<A4 ¥
¥ (25ug/MD), 75 <42 (200ug/mL) B X O°
5-7 NVt u-2-7 % ¥ 1) ¥ (FUAR; 200ug/mL)
RN 72,

EE15EIZ & B Bacteroides BHIE DR B i

IY 2 A Y VIHEEE T2 S8 7T A I FEREF
9 % K wpir ¥k B X OF Bacteroides & % L ZFh
R l, BEWATRA LR 10 % %5 B m
(Nippon Bio-Supp. Center) Z &L 7 LA Y N— A &
72— a VIERKH (Sigma-Aldrich) 2% L 7-.
24 BEMIIF RGN T v F axX— b LESREERIT- 72
%, B L7730 =—% GAM /A (Nissui) TH
WL, T)AONA T YBIVOTY YA Y U EEDRH
WOFERFEHICEIR L 72, 4 Fax— ME, EREH
ECEELzau=—, §4hbbzyauxA ¥ Uitk
BIEF 2 &L 7T A I FE2IRFET % Bacteroides J& Ml
2 L7z, % B, Bacteroides BMH X7 > <A ¥ >
P2 FE00s, KIBRILUHHEEZ AL Twiwn,

B. thetaiotaomicron DEETF RiBHk S & CE = FHEM%
DR

Bacteroides JB R Tl%, “HmARMIBEZICL B~ —
H—VABIEFRIBEAT) 72012, Ay —kL s
Yave—Hh—ThHbFIVrFF—YHEET tdk L 15
FRTDH D AtdR DS X K WS Tw % (Koropatkin
et al., 2008; Wexler et al., 2016). Atdk #ki& FUdR Tt 14 %
HLTWBD, RO tdk O A1 FUAR &2 % fif
5920 C tdh BT I3 v sLrvar<—7—
ELTHHTAZENRTEXSL, IRIZEY, 2R HOM
[FIALIR AR Z B EIRT 5 2 LA REE 72 5.

Lo 27 2 %FIH LT, B. thetaiotaomicron Atdk
(Koropatkin et al., 2008) O ANKF I ARV IV VT
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Bacteroides J&ME 2 BT 5 K1) 7 3 v HEEBCREE T OREBRINT

HWVEKRF T —LHIET casde (Fig.1) % MM 2
FECXoTHELE., 7923 FOMEILIE, —HLT
In-Fusion HD 7@ —=>%% v I (Clontech Laboratories )
M7z, casde RIEM 79 2 3 i, casde izt 0L
U TR, tdk & 5T 77 X 3 K pExchange-tdk
(Koropatkin et al., 2008) @ Sall ZFROIZIFAT S Z & THE
$L7z2. INSOLEFETHOMEEI B. thetaiotaomicron
JCM 5827" 7 ADNA% 7~ 7L — b & LT PCR¥IH
L7z, L7279 A4~ —Id Sakanaka et al. (2016) @
Table 1 \ZFE#OEY) TH 5. W L7 casde RIH 75
2 3 FIZEAIREIC X o T B. thetaiotaomicron Atdk |25
AL, 79 A3 Fdcasde D EFRFE 2 FROWVT NI
A SNk (tdk % Betafk LSRR 5 110 H OAIH
FAMZAR) ZHUS L7, 20, 10 HOHIE M AH
AROFFEW % FUIR & A SEREFHIC IR L, 2 H @
ARG AR 2 AR SR 212 X 5 T tdk H3gefafk -2
SWi¥%E3 52 2L D, Bacteroides &M 12 FUR i %
e 58N 5%) 2 PG L7z casdefn T RIBERED
BAXPCRICK DHERRL, 5 N7k % casde KIEME
(Atdk Acasde) & L7-.

casdc {IFIH O 75 A I FIX, casdc BT %, PstlB
X O"Notli 1t L 72 7 5 2 X ¥ pNBU2-bla-ermGh
(Koropatkin et al., 2008) IZIFAT 2 Z &Ik DHEEL
72. casdc 18 {5 ¥ 1% B. thetaiotaomicron JCM 58277 % J
LADNA%ZT 7 L— & LTPCREIHL 7=, fEIH L7
7"F A < —1% Sakanaka et al. (2016) @ Table 1 |ZFiRD
WY THDH. WL 7 casde HHIH 77 A I FI3HBAHE
T X o T casde KIEMH (Atdk Acasde) \ZEAL, 75
Z 3 FASNBU2 attl #4L (tRNAS & (=¥ BT _t70) (23
ANSNTRRZRS L7, 0Nk % casde AR (Atdk
Acasdc attl:casdc') & L7z,

B. dorei DiE{ZTF RIEMDIER

B. dorei \(ZBWTIE AtdR DR e 2o 72720, T3 B
dorei JCM 134717 O tdk #1xT % Lk X 9 I ZHAH
I Z B L o THIEL 72, tdk R 79 A 3 VI,
tdk & 51O Lt & TR % Pstl B X O° Sall iH1b L 72
75 A 3 F pKNOCK-bla-ermGb (Koropatkin et al., 2008 )
WCIFAT A ETHELZ. Ihbo kil & TiROHE
13 B. dorei JCM 13471" 7 ADNA %5 > 7L — bt & L
TPCR¥#ENE L 7-. i L7275 A4 ~ — I3 Sakanaka et
al. (2018) @ Table 1\ZRL#kD@E Y TH L. WL 7 tdk
R\ T I A3 FIZEESGEEIC X > TB. dorei JCM
B47TITIZEA L, S5 LB X H IS EMFEME 2
(2 & Y B. dorei Atdk ¥k (BI¥R) ZAEM L7z tdk AZT
DRABIFE PCRIC & - THERR L 7-.

W<, A ry—klLrvar<x—h—tdk L Atdk

HEHWT, EdEREBDTEIZE Y B dorei ® speA
BT 2B L7z, speA RIEH 75 X 3 Fid sped i&1x
T L& Tk % Pstl B & O Sall L L7277 A
3 F pExchange-tdk (Koropatkin et al., 2008) ZHfi A3 %
CETHELL. IS0 e FiRoHEIE B. dorei
JCM 1347177 7 L DNA% 7~ 7L — I & L TPCR ¥
L7z, fiH L7794 ~—Id Sakanaka et al. (2018)
@ Table 1 \ZFLHROMY TH 5. HESE L7z speA KA 7
5 A3 NIZBAIEEIZ X 5 T B. dorei Atdk (BIKR) 1235
AL, E5ICERD X EHFEMIEZIZL Y sped
KAERE (Atdk AspeA) EAVEH L7z, speA 1o T O KIH
X PCRIZ X - CTHERE L 7.

EEgs7 0~ M5 7« — (HPLC)

RYT7 I VIRERNET L7200, A+ RS
& (5 LikE67C, #2619PH, 4.6 50mm; Hitachi)
% %7 L7 HPLC ¥ A7 & (Chromaster, Hitachi) % fii
ML7z. K73 roEiicid, BEHA (46.2mM 2
IYBR=F bYW A, 633mM LS MU A, 60.9mM
s W) BIXUOBEHMEB (200mM 7 = BB=F 1tV
7L, 2MEEILF VU T A, 5% ) — ), 5%1-7
T% ) —)v) B L. BEH B OREE, 0-65D
M2 50 A5 85 % I BRI F T, 6-12 20D 85%
THEFE L 72, 12-18 0D 12100 % 12 % TP, 18-45
SDRIE100% THEFE L 72, Z o8, 45-60 4 D 12
50% 2 TRz LR 7 I VL, RAND
FAEICEY 0-7FZ VT IVF FTHEMRILL, FOL
#igs (hex 340nm, Aem 435nm) % JHWTHE L 72,
RY 7 I VoOFEMRIE, BOSER 1T (04N KEELS
ML) BEORIGER2 (234mM &7, 0.05%
Brij-35, 5.96mM 0-7 ¥ L7 VFE K, 02%2-ANVHT
FLg =) Z6TCTHIBHERET S ETIT-
7o BARYVT I ORE, BB O T & v
THERL L 72 e lc 2D W CEHE L 7.

HPLC (Z & 2l S L OEE LEBEFORY 73 >0

B. thetaiotaomicron % RV 7 I 7 1) =¥ T, F
721, B dorei RV 7 I MRIEER I TRAEL /2.
FOtk, RREMICEEREABIL, 2008 XD Rk
BLURELEZI L.

FREHNARY 7 I VIEUTFO X H 25 L7z, UL 72
WKk % ) R il AR B AR K TEE L 72 (18,700 X g,
4C, 54). Witk% 300uL » 5% (w/v) b1 2 ook
B L, Bk L22KR TS v Fax—FL
= Ve (18,700x g, 4T, 543) %, LikEax
EF A A7 4 NV%—W (Nacalai Tesque) 12X ) JEE L,
HPLC Aricfit L7z, F 7z, @O BRI Mk %z
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300uL @ 0.1INKEE{LF bV 7 AW CHML 72 KERILT
N LA DS 87 iRk E, BioRad 70 7 A
7wt 4Fv b+ (BioRad) ZHW/A2T7 5y K74 —
PRIk P L7 (B EE LTy Y iFET7T V7 32
YR, MBNEY 7 I ViR nmol/mg MLy >~
N TR

R EETORY) 7T I VOSMIZUTO LS 2475
oo WiEERHEICNY 7 o o FREE 2 R 10% (w/v) &
b EIICRAELE. Fotk, il (18,700xg, 4T,
154) #f1w, BoNZLEEIAEFA AT AT —
W (Nacalai Tesque ) {2 & ¥ 3¢ L, HPLC #Hri2fit L 7.
B2 FIEhoORY 73 VIEEE M TR L.

RiRB L OEE

casdc V¥ B. thetaiotaomicron DIBJE E A NIV I T4 E
BICEE LTV

casdc AR T3 B. thetaiotaomicron O ¥4FEIZ & O FEFE
HEGLTWB 0 a @ity 5 HIT, Bk (Atdk), casde
RIERE (Atdk Acasde) B X U casde FIf#iHk (Atdk Acasde
attl:casde*) RV 7 I ¥ 7) —HMICTHEEL, £F
AR L. ZoR Bk (Ardk) B X0 casde
#itk (Atdk Acasde attl:casdc*) & IWHE L T, casde KR
¥k (Atdk Acasde) (2B W THEBFTORIENBLE IR
(Fig.2A). WO EF OMEFED casde RIAMIZ B
W HEIZE X N T 5 (Hanfrey ef al., 2011). 2115 D
R XV, casde X B. thetaiotaomicron @ ¥EHH 2 W50 Tl
BV OOEEREEHE R LT L I LRSI NI.

casde 1%, FIBHNTO ARV I YV VESKICHEER S
VWRFVARVIV UV TFANRR: Y F—¥%2a—-FT 5
EHEE XN TWA DT (Fig. 1), KIZ, casde K3EFk (Atdk
Acasde) (BT HHMMBBNARY 7 I VIRERFN L. H
¥ (Atdk) 3 X O casde itk (Atdk Acasde attl:casdc”)
Tl&, ME—DKRY 7 IV & LTHIBA AL I D Va5t
FELTW20 L3RI, casde KIERE (Atdk Acasde)
TIRMBHAARVI VY BFRERBE N o 72
(Fig.2B). LLE XV, casde 3 B. thetaiotaomicron @ i
FANAAN I Y Y DEAICHG T 5BIZTFTHL I LN
RENTz.

%B, B FETWIZIX, B thetaiotaomicron @ ¥k
(Atdk) TETHANRNVI VUMM EN LD o722 Eh
5 (data not shown), 47 < & &4 M OFERSM T,
COWMIZAAN I T Y MM TE 2wz &8
RSN L L7ADSS, B. thetaiotaomicron 13 < 7
AWEHD 2R 3 T NS L Tw b 2 & A &
NTwb DT (Noack et al., 1998; Noack et al., 2000),
in vitro LAIBRBEDS R L D HNTIEIARFIEIARVI DV
ZHIPEAMRINTE 20000 Lt v,

speA VE B. dorei DIETEE ANILI U VEARKICES LT
w3

Fe T, speA IET-75 B. dorei DREHEIZ & DFEER 5.
LTV L% 2 BT, BARM Bk (Atdk),
speA KIEME (Atdk AspeA) & RV 7 I AAKIRIER #I2
THEL, AFERZRKLA. CORBER, BHAMEB X
Ok (AtdR) L ILERL T, sped KIEME (Atdk AspeA)
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Culture time (h)

Growth and intracellular spermidine concentration of B. thetaiotaomicron strains in the polyamine-free medium. (A) Growth

curve of B. thetaiotaomicron strains. Parental strain (Afdk): open triangles; casdc mutant (Atdk Acasdc): black circles; and
casdc-complemented strain (Atdk Acasde att1::casdc?): white circles. (B) Intracellular spermidine concentration of B. thetaiotaomi-
cron strains. Cells were withdrawn at the indicated times and analyzed by HPLC. The symbols indicate the same strains as
Fig.2A. Data are the mean + standard deviation of biological triplicates. Reproduced with modifications by permission from
Springer Nature Customer Service Centre GmbH: Sakanaka et al. Amino Acids (Springer Vienna), 48:2443-2451 (2016) (©

Springer-Verlag Wien 2016).
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EARY T I VKBER B W CTAET KBTI
CENFHSENE 572 (Fig.3A). T OFERIL, sped %
BLR) T I VESBOCREBIE T O RIBARE 4 7l AR
BOWTHIHOBELZ L7253 L W) BEOHE & —FT
% (Patel et al., 2006; Hanfrey et al., 2011).

speAlZ, FMBHNTOANRN I YV AEGRICLELRT
VWEZVFANKRF YT —¥E2a—-FTLEHEEINT
Wb DT, KIZ, speA RIEME (Atdk AspeA) (2B 5
MR Y 7 3 VIRER AR BAERMRD X OHA
(Atdk) Tix, MIBNICHE—DRY 7 I v & LTARY
IVUDPHERELTWZO L IZRRNIZ, sped RIBRE
(Atdk AspeA) TIEHIAN ANV I T Uy hh R s
%otz (Fig.3B). KBEOARLI YV URBlIEsh
7200%, B D ARV I YU % speA KAEKE (Atdk
AspeA) DB Y AA 727200 TH B LI N 5.
VXD, speAHSB. dorei D AN I TV VLRI
B535E 0BT THAEIEIRINT.

Wik, 41X, B. dovei HHNAN THEAER L 72 AL
IV VERBRINIBE T B 2 & & in vitro DFEERIZB W
THE L Tw5 (Sugiyama et al., 2017). Z D5,
v MNENEEREREPHEOR SN -HOATHE S
(Sugiyama et al., 2017), TEFEDOBITBITH ARV I Y
VIEEOBINCE S LT WA WD H 5. S omge
WKCBWTLEEEETOARL I T V0L, B
dorei B HETIRE B X OBIME (Atdk) TIXE 2R & k1
BN L 727285, speA RIERE (Atdk AspeA) (2B W TIE A

A B
g ég 50 -
+ O
*5540—
s 2 28 39 -
2 g 3
=
S , 25201
2E 40 4
0 G 0-
0 12 24 36 48 ,\»’Q
Culture time (h) o
>
¢

NIV B SN o7 (Fig.3C). T o#iRIE,
HBANBRIEIC BT A ARV I Y ViBED ERIZIE, sped
ZHLZHIBRTO ANV I Y VESGEPLETH D
LEIRIELTWD. B dorei DAV I T VG - i
RBEDORERBNAEY T I VIEEICEEE RIZLTNDS
DPNZDONWT, SHT T AT T NVEE 7205 TR
THUENDD.

v N oGE IR B EEEOBNMRE AR LTEY,
e & e CHEw 2 A L T\ b (Matsumoto et al.,
2012). RUT I VL, BAMREIC L > TEESINS E
LRRHMEYO1-oTH Y, TNSHIFHEOREEIIRE
LB Y RIFTEEZEZSNTWS (Upp et al., 1988;
Matsumoto et al., 2011; Kibe et al., 2014). T FTDH &
25, b MEWNEERERESEORY 7 I Y EFED
STRRERIREW S E o TO RV, AR T, 4
ke NG A I i B 8l T & B Bacteroides J& M 1A
WZBWT, KU 7 I VAEGECREET VANV I Y VA
BWICHETH L Z L2 WHS»IZ L7, Bacteroides JE
W (F¥12 B. dorei) ORMMAMERBEND A~V I T Vi
LTRSS T 0TI awdbon, Sk 257
7RI AR ) 7 I U ED XTI Lo Tl
HEINTVBDEIFTLIZTHEHETHLEEZZONS.

2

PR T 28 7 3 V1%, BEHEEO B NAIE -3

(9]
)
(=]

—
(&)
L

(9]
1
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=)

o

S X 0 12 24 36 48
v V%Q Culture time (h)
&

Fig. 3. Growth and spermidine concentration of B. dorei strains in the polyamine-reduced medium. (A) Growth curve of B. dorei strains.
Wild-type strain: shaded squares; parental strain (Afdk): white circles; speA mutant (Atdk AspeA): black circles. (B) Intracellular
spermidine concentration of B. dorei strains. Cells were withdrawn after being cultured for 24h (Fig.3A) and were analyzed by
HPLC. (C) Spermidine concentration in the culture supernatant. The culture supernatant was withdrawn at the indicated times
and analyzed by HPLC. The symbols indicate the same strains as Fig.3A. Data are the mean * standard deviation of biological
triplicates. Reproduced by permission of Oxford University Press: Sakanaka et al., FEMS Microbiol. Lett., 365:fny003 (2018).

(© FEMS 2018)
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Bioactive polyamine production by a novel hybrid system
comprising multiple indigenous gut bacterial strategies.
Shin Kurihara

Host-Microbe Interaction Research Laboratory
Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

We have previously shown that the level of putrescine, a polyamine found abundantly in the human intestinal
lumen, in the colonic lumen putrescine was increased following administration of arginine and the probiotic
Bifidobacterium sp.; however, the underlying mechanism remained poorly understood. Here, we report a novel
pathway for putrescine production from arginine through agmatine by collaboration of two bacterial groups, which
was triggered by environmental acidification (drop in pH to below 6.5 from neutral). This pathway comprises the
acid-tolerance system of Escherichia coli, representing bacteria possessing an arginine-dependent acid resistance
system; the energy production system of Enterococcus faecalis, representing bacteria possessing an agmatine
deiminase system; and the acid production system of the acid-producing bacteria, represented by Bifidobacterium
spp. This pathway is unique because it represents a relationship between the independent survival strategies of

multiple bacteria.

Key words: metabolites, polyamines, transporter, biosynthesis, hybrid biosynthetic pathway, Bifidobacterium sp.,

Escherichia coli, Enterococcus faecalis
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TS PRI TR HOR 3 2 Bk 2 20 AR E D 134 2 D fE e IR T
BLOBHOFRREICHM L CEB Y (Sharon et al., 2014),
TUNA F T 4 7 ZAREE S SACHEY 0 AR
BH 2528255 T, BN O G EDHLIE %
LT A EFHING,
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s (RFLEERNS),

TR OR BRI TE 2 v 4 —),

ARBET (HARBREE A Rl 24K BRI 245

PrureC (BRI S8 A B LA 128 T)

A (I FLEkk &)

R)TIV (EBDDIT Py Yy BIUTARL I
JrndhBd) ZHENMEOEERHEYTHY, T
Ly ¥ V3R e MICBWTHEMNEIZ0.5-1mM
o E T4 $ 5 (Matsumoto & Benno, 2007;
Matsumoto et al., 2007). SN SOHEMH F+ v idiF L
AL ToAEWICHE 72 & 1 (Pegg, 1986; Tabor &
Tabor, 1985), NS D@L 7 ik & HIHICLETH 5.
FYTIVIE, A— 1+ 7 7Y —DFH (Eisenberg et al.,
2009), JHE DI (Soda et al., 2009), FRIIBERE DY
(Gupta et al., 2013), LA HESTOIH] (Eisenberg et
al., 2016) Z @ U CE OMEEZRET 5 Z &2 F
TIZHESIN TS, —FHT, BETIERREDORY 7
I UBIEE X (Gerner & Meyskens, 2004), KV 7 3
VEBICBUAEELHEETHIIN=T VT ANERY
T —YERBIINICHE LG A1, BiEr St EEE
B SN B Z L SHL LR - TEY, BRI
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bl

DD 5T W5 (Gerner & Meyskens, 2004; Laukaitis
& Gerner, 2011). D XHIZ, BEENOERY 7 I v hv
HECHIETH ADHETH LI WTILHER O R A
HDHH, BENTOZNSOMEEZMES LRELd 572
DOFAMFIE, DR LB ERW LML E 5.

Fr ORI IV—TTlX, RVT I VOEBEIER
bNIZEERHEIIBWT, KNOKRY) 7 I 2 LV EHEN
SHLHNT, BRMEERO T MLy 2y OAEE R
ET2H L VERRPEMZAI ) I I e 2 REHME L
T, RUTIvEePumiGe o#EEIEL T2 — )
T, FBhORE) 7 I VL RNVERDEELLEND D
HWBEOBEIHLTH, KBBENECBIERY 7
IVHEEDOANZALOMIIE, FHTHLEEZONS.

EWHROR) 7 I XA E TEIZE T AAN RN
I TINS5 7280 (Uda et al., 2003), KIEEBEPWEED
RYTIVORBHGIEHBNELERFEICL>TEESINS
(Matsumoto et al., 2012). L7=H%>TC, BEipEIcFzREh
BIBERENEY 7 IV OLNVAEVE FOBENPEC B
W, EREZHMADIEEL NV THS0.5-1mM DK 7
IVIREERHERTA2012E, MAEmoOR) 7 IAHB
TR ORI S ETH A (Matsumoto et al., 2007).
CNETOWNIT, TLAEZ TNt 5717 A%l
BeG L2 A KB EPIEO R Y 73 VIR AN 35
ZEDVDPoT VLY, FDAHZALEEIETLNVT
12T & ALRIENTE ST (Kibe et al., 2014; Matsumoto
et al., 2011), THOZLiL, BETHIOMEZE L2
BHENOR)TIVIREORBELZEERDOLL TN,

TrL UL, TVFZUTFHVERFT T —E (SpeA
BIUAdIA) (CIBTNVFo v OBRIERIC X >TREA SR
77T ERERELT, MEMEANTHENMEIZID
EERENDL., ZOTTFU 2T My Yo NEEHT D
RFEEE LT, ThETIZ2o08M|EINTVS, 1
OHORBNLT 7= F VD EET My B ENGT
r<FroLelus—¥ (SpeB) K TH5H 220HD
B, N-OUVNEALVT MLy YV RIETHY, ZOREK
TR7I7<F U EIEELT, 7rvF13/vefus—+€
(AIH) IZfil i SN B B Ko THER L7z N-ZIWNEA L
Ty YU NAWVSEA VT Ly 7IReRO
5 —¥ (NCPAH) ISl SN B RIBICED T Ly T o
EBEND. e MEWNEARRNRE BT 5 R B2 56 H i
(Qin et al., 2010) D in silico 7/ 23T DFER:, LD
WNHEIERFERESIIATEELT Ny Y ORI L
A ERVDIL, SLOMBMAHEMTIITVF=V D
LT Ny IV REEETLIENTELRNWIER TSN
(Burrell et al., 2010; Sugiyama et al., 2017). 2O &1,
N D LD A THERE S 2 SRR O % R8s
T5H, INETIS, ZTOLI%NAT Yy FUHREE

J

#

BT VNV TRRHLEIEEIEL b o7z, F72,
MAMHDHEEDRBEY OSBRI EA LTSI LN
ZOrARAPLHERMSINIZELTE, BT LLZDOR
HEY R BT 2D TIE e Wwzols, BFEOMELSH
OB HED OB ZHEET 2720121, AR E X
ORI ER DN v AR =5 — DR ICHET 58 In
THEBZIMTHIENLIETHL. L Led S, ¥
TFILRENMBLORAY DTV A2 )T =L 2 VT,
FEE OB EWIIT T2 6N 585 T 0%
BE, HUAHEDINTEENT VAR=Y—D 5B LD
HOR#E A FET LI LIIIFFICHETH L. 22T, &
W ClE, B eERES FEWF T EEZHWT
H— MR X2 CHEY OG0 & U o #R % L1
%h, MAZMEREAR 535 B ED % 60 - i)
M2 HNA Ty FREEOFHEIT- 72,

TUuNA T4 7 AL, BEAMREICETR, KA
THEGBEATE2HEERBLOISETETNLEMT
HY, €74 XAZAWPZOREFELTHSLNATVS
(Rijkers et al., 2010). 704 F 5 1 7 ZADFERED—D
& LT, BPANGE ek o ED O MR8 2 52
5L X BGNESEOUWEEE U7z, HEORERE
NOFEGHRET 515 (Fuller, 1989). i T4 13,
< 7 A\D Bifidobacterium animalis subsp. lactis DFEI]
BGHHE AR T I VIREREMS L I E WG LT
W5 (Matsumoto et al., 2011). Bifidobacterium J& I &
RYT I VAEGHICHEG T 2MEORET 7 Rk
W, LT, 74 ZAREGICE B3 ADOKE
PENEDRY) 7 3 VRO, BNEEREIC X
BHRY) T I VEGEOEEACITER T 2 TRk E .

AWFZETIE, BN REE, S FEYFNTE B
MR OMAGDEEZHNT, TVF=
ZRPHELT I F Sk E Lz 22o0HME
(KB 3B X OF Enterococcus faecalis) 2 F 72035 HH o
NATY) Y KTy ¥y VEERKZHEETLANLVT
FE L. 20 KEWB L O En. faecalis DIAFIZ X -
THEERENSL T MLy ¥ i, Bifidobacterium & H
HEOREEET LML > TR SN2 BITERBEICE
5, KRB &L 2R X O En. faecalis (2 X %
ITANF G L V), TRENOMRIC X 2
L 7B AF G O A G D& DGR L ARIEW TH - 7-.

FERTT

WEMBLVUTIXIR

COWMETHW - FOBNMEZICBITSFEER
14 RO (Qin et al., 2010) Z &L Rk, 75 X
IF, BXOSS5 4 ~v—%Tablel 2R L7-.
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Table 1. Strains, plasmids, and oligonucleotides used in this study

Strain, plasmid, or Characteristic or sequence Source or reference
oligonucleotide

Strains

Alistipes putredinis JCM 167727 ICM
Bacteroides vulgatus JCM 58267 JCM
Bacteroides caccae JCM 9498 T ICM
Bacteroides thetaiotaomicron JCM 58277 JCM
Bacteroides uniformis JCM 5828 T ICM
Bifidobacterium adolescentis JCM 12757 ICM
Bifidobacterium longum JCM 12177 ICM
Blautia hansenii JCM 146557 JCM
Clostridium leptum DSM 7537 DSMZ
Enterococcus faecalis JICM 58037 ICM
Escherichia coli JCM 5491 ICM
Parabacteroides johnsonii JCM 13406 T ICM
Parabacteroides merdae JCM 9497 ICM
Streptococcus thermophilus NBRC 13957 NBRC

Escherichia coli K-12

JW4076 ME9062 except AadiC:: FRT-kan'-FRT (Baba et al., 20006)
JW5731 ME9062 except Aadid:: FRT-kan*-FRT (Baba et al., 2006)
LKM10096 pBeloBAC11/MG1655 This study
LKM10097 pBelobac11/SK903 This study

Continued on the next page.
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Table 1 continued

Continued.

LKM10100

ME9062

MG1655

SK900

SK901

SK902

SK903

SK912

SK914

SK930

Enterococcus faecalis

SK932

SK934

SK937

SK947

SK948

SK949

pBelobacl1-adiC"/SK903

rrmB AlacZ4787 hsdR514 A(araBAD)567

A(rhaBAD)568 rph-1
F" prototrophic

MG1655 except AadiA:: FRT-kan"-FRT

MG1655 except AadiA::FRT

MG1655 except AadiC:: FRT-kan™-FRT

MG1655 except AadiC::FRT

pBelobacl1-adid"/SK901

pBelobac11/SK901

pBelobacl1/MG1655 except AspeB::FRT

AspeC::FRT AspeF::FRT

pLT06-AaguD/V583

V583 except AaguD lacZ' cat" pheS" aguD*

V583 except AaguD

pLZ12/V583

pLZ12/SK937

pLZ12-aguB"D"/SK937

This study

(Baba et al., 2006)

C. A. Gross

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
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Table 1 continued

Continued.
V583 Clinical isolate, TIGR sequence strain; Van® ATCC 700802
Plasmids
harbouring genes of E. coli K-12 MG1655
pBelobacll Mini-F replicon cat” New England Biolabs
pBelobacll-adid* Mini-F replicon cat" adid™ This study
pBelobacll-adiC* Mini-F replicon cat” adiC* This study
harbouring genes of En. faecalis V583
pLT06 repA-ts replicon pheS‘-cat™-lacZ" (Thurlow et al., 2009)
pLT06-AaguD repA-ts replicon AaguD pheS* cat” lacZ* This study
pLZ12 pSH71 replicon cat’ (Perez-Casal et al., 1991)
pLZ12-aguB D" pSH71 replicon cat* aguB*D* This study

Oligonucleotides

adiA_300bp-up_for

adiA_term_rev

adiC_300bp-up_for

adiC_term_rev

ccgtgeeggeacgttTCAAGTAGTCGTTTTTACAG

ggatgcageccggttTTACGCTTTCACGCACATAA

ccgtgecggeacgtt AAAAGTTGAAAAGCGAAAAC

ggatgcageccggttTTAATCTTTGCTTATTGGTG

Continued on the next page.
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Table 1 continued

Continued.

Clone ageB+0.5K_FWD

Clone_agcD+COMPL

tgaattcattaggatc GTGCGGTCATAAAGGTCTGA

aggaagatctggatc T TAGCCATTTTCTTTCGTTCCCTT

RYTILEERDOR T )—=27
UHBEOBHNME D) b, L-TVF=r2b7 Ly
UEARTIENMBEREO 2 WM AES DY, 91
HOIZOWTIERL, ZoR# LEPFOT MLy v »
TERE A e L7z

KIBE & En. faecalis DELIEE

KIGW & En. faecalis % 2mM D L-T VF =V 2 &4
35 LBE M % T 37C T 24 Ke[, BEEMESMT
THEE, HHVIIHMTRR L. 2ok, KR RE
W7 MLy Y ViESY HPLC % Vv CillE L 72,

KIBE % 7213 En. faecalis BRDIEE LE AW EE

KIGH F 7212 En. faecalis © 24 W E: 85 OE 38 %
MU L a0 & o TR B 2 /70812, 7 1 V8 — ik
WL7:. RWT, &9 —HOREBREEELER T2
FEHIREEE L, R REhoL-T X =, T3 F
Y, BXUOT MLy Y VBEEZEEL .

KBEHE, En. faecalis, Citrobacter youngae, Fusobacterium
varium $ & U Bifidobacterium BHE D BEIREE

PP RO (MG1655) 13 B Pk 4 1 F C pH4.0-
0.0 IZ N L2 TR L 72, ¥ 4 B En. faecalis
(V583) 1Z5mM 7 7'~ F v =& 4, pH4.0-9.0 \Zii%
L7284, $72130-3g/LZNVa—ABLU5mM 7 &
XS U REHAPHEO B L TR L. C
youngae ATCC 29220 B & O° E varium ATCC 27725 % Wi
MG T T pHA.0-9.0 ICFRIE L 2235 TR L 2.
Bifidobacterium JEM A L, BEEMESHET C pH6.5 IZFH%E
L7385 CR 8 L 7-.

K&, En. faecalis, £7 1« AABED3IEEE AW /AH
&

KBWOT MLy ¥ v GRS THEE (SK930,
7MLy v VRIEM) & En. faecalis DEFAETIRR (V583)
O2HHDOIEEE, HLVIEIKRBEOT MLy ¥ VAR
i F% o 7R kk (SK930), En. faecalis 0 B A= 1 ¥k
(V583), €74 AAWD 2 WD ILE R ATV, Kide

EEROT MLy v VREB XU pH Z2HIE L7z

J RN F — b ZDIER

6 EEEDO MR ~ 7 A2, KRBEROT MLy ¥ v Al
A F R EE AR (SK930), En. faecalis @ ¥ 4= T ¥k
(V583), En. faecalis ® aguD &z T W ¥k (SK948),
En. faecalis ® aguD Iz F MK (SK949), B. animalis
subsp. lactis (LKM512), FE varium (ATCC 27725) %
ENENHMD B VIFEREES S 72/ b3+ —
b~ Z 2B L 7=

SEEEH pH TOABDEFDOREE

6 NDRTF VT4 T2z %, 9fE (w/v)
@ 100mM MES # i i (pH4.2, 5.0, 55, 6.0, 6.5, &
X 187.0) (Dojindo Laboratories, Kumamoto, Japan)
IR L7e, MR A RS S T C 24 A v F 2
N—DPL, B EFORY 7 I VREARE L.

RUTIL, LTIXZY, LTI FUBEDETE

BEEETOR)T IV, LTAVFZ VBT <
F VIR, FLRB AR % 24 L 72 HPLC (Acquity,
Waters, Milford, MA, USA) % JJ\CLLRT @ J5 i3 12HE W
£ L7z (Kibe et al., 2014).

Blast #{EH L /=1 > > U DR KA

717 4 ~ BLAST (Blastp) (Camacho et al., 2009)
ST, b MENELER 126 Bk ¥ o8 BHES
7 — % % I\ T47 - 72 (Yatsunenko et al., 2012) .

E varium & C. youngae DHIEE

KIGW & En. faecalis D ILE53 & [WEEIZ, E varium & C.
youngae % FFFE L, Hr# LEPOT MLy v VRESR
P L7z,

o AT

Mlass L OBERO 7 MLy ¥ ViRE, pH, B X
CHERBE, AF2—7 v bothoE, —tiES s
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Br (Tukey's test 12250 <), Steel-Dwass #i5€, F 721
Wilcoxon DfF 54} Z NEM M # VTR Z T 727
V7Tl LZ. 0EH & 128 H okl shis
D& B t g E 7213 Wilcoxon O 1551 & AL R E % 4k
ALTHELZ. AF2—7 v bOtRES L O—ITh
58 AT (Tukey's test (2360 <) 1%, SPSS ver.22
(IBM, Armonk, NY) #MWTirv, o4 Rk
FtY 7 bz 7 ver3.4.2 F 721X SPSSver.22 & T
7o 7.

woOR

MEOHEEICLDZ T Ly VU EEDFE

T3, BBNMITN & Bk O R L7256 & BB iR
IR LG EORE LGOS MLy v ViRER
WL TvF=ra&bEdhor MNaND4-DFE
TR MICE TN D 14 5 % [\ 2 Jb 8528 U 28528 L
DT Ly ¥ VREIESSmMM THY, Zhb 145%
MTRERZRLZGBAGORE (0-1.02mM OHPHTH D
IR 0.21mM) @ 105D E&Ed - 7z, (Fig.1A).
TV Yy OEERE R FE LR OMA G D &k
ETHHMT, EEL UFHE»OREA 2 2HAZ
WMAfbe HEEBhO S Ly Y ViRERER L.
CORER, KB L En faecalis % L3 L 22 A1
8OMM DT ML v ¥ yAREELFEPICERL, T
RBREAT o7 2TOMAEDLED ) H THREDWRET
Ho7: (Fig.1B). T OEEX, KW L En. faecalis %
TN L 72 A IS SNZEEL D D S LR
otz KIGWE En. faecalis DILREFRTHOT ML v &
VRO pHAS55 0L FIRbEN o, Th
7MLy Y VRFEOREED, NI T ) T ORI Y A
FACEDHDTHLIEERBELTWAD, KEHEIZT
WEZ VWL, 77 FVIEBmL, ZoT77~<F
YEMBEANE BT AL AL TB Y, ZOBIIH
oD H+ 5B SN B 7012, TOBEIZ, 77 <F
vEFMMLAZBEBEEY AT LELTHLRTWS
(Sudrez et al., 2013). —7J5C En. faecalis \Z Mgt o 7
r<F v EMHLTATP # AT 2 REZFHE->TBY,
COREHORIED L UTHIBIHNI T MLy ¥ U &
N, SHICHBINTH 2% % X b (Suarez et al.,
2013). EELRI LI, TIURTFURTAF ST
Moy Yy EREETLIEOMLNTHETHL L THS.
KW F 7213 En. faecalis BB O 2 X - THeh &
nizfilgnNo T r<F 2 FHLTT AT =67 b
Ly ¥ v REET 5 REZEHIIT 572012, —J7 OM
WoORELFETH T2 8L, w252 L
DTVE=Y, ThLy Yy rBIOTI<F VilkErE

L7z, KIS & B i TR 8 L 72 B o S W B o 2L
7 NVE=T251405 0.64mM (BT FE D 26 %)
ANDRA, T T<F 2 T0350 5 2.51mM D HE N,
TErLyy Yy TORS07ImMNDOHINTH - 72
(Fig.1C, 0-24h). ZOXEGHEOFFE Lg% H\ T En.
faecalis & Fi 3 L7 B O KW O EEILIE, 77~ F
Y T251 45 0.10mM (WL E D 3.9%) ~D A
TRl Y rTOMHS32ImM ~ND BN TH - 72
(Fig.1C, 24-48h). xtHEAYIS, En. faecalis DR Li
HOTKER AR 2 L7288, RSN R LT
W7 7<Fy, ThLy v ORFEEASNT, 7
VEZNIEE A EHFIEL o7z (Fig.1D). Lo
WMREMAET DL, KIGWE En. faecalis O IE 2K 12
B sN T VT vl LT MLy YV EED
FEx, KBW DS En. faecalis~7 7 <F >~ (TIVF
ZYET MLy VY OMORISHEETH B) HZITE
SNFERIE 572 LRI E N,

KIEE & En. faecalis \Z & 2 EHRH EYELTHRICELZ T
FLwy Y &R
KEWITIVF=VFHINVRFTS—¥ (AdiIA) &7
VWXV - TIRF VT v FR=F— (AdC) 5%
Mt > 2 5 & % /3 % (Foster, 2004). En. faecalis |2
BT, 7/ F T35 —¥ (Aguh) &7 7~
FU-TIrLy T YFR—%— (AguD) IZHEEED
FRIYE S AT A0FET 5 (LA L, 2OV AT AR
THEENZVWIENRINTTIIMESINR TV S
(Sudrez et al., 2013). K41, HMEOMEICHRT 2 2
NS 2ODMEBEMEY AT APMAEDLE ST, FEIN
2T by v EEED LT EVHIRF AT
DORAERE (Fig.2) Tk, 7V¥F=YIZAdCIZL»
THAHA S RIBHEALIH ) sAF h, AdiA/SpeA il & -
CTIRFVICEREIND. AR LTI~ F VI, #
D, KEBHEMILA S AdIC 24 L TR ic il S h
5. I, En. faecalis (3 AguD \Z & ) Exuh o7 7~ F
VR WIS B, En. faecalis DN T, Tr<F i
AguUA L 7 b LY YV ANNEA NG VAT 25 —F
(AguB) WX 2#ARMEUBICE > TT MLy ¥ /12
B s, AR LT Ly v Uid, AguD 24 LT
En. faecalis fifa 2 SEHH AL E NS, Zhb 200
MW OMRHB X OMERKEOMAGDEIZLY, 7
Ly ¥ v OEFENGE SN REEDE 2 b,
DR FHAT B 72012, adid BIET 20 H 5 v
A L 22 KIBR 2 e L, BARL O En. faecalis & 3555
# L7 (Fig.3A). ¥, 2mML-7 V¥=, 15g/L
D-Z)Va—A, BXUW05g/LL-Y AT V-G &
& LBH:# (LB-RGC) T, AR (LKM10096)
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Figure 1.
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24 48
Cultivation time (hours)

» »
» »

En. faecalis E. coli

Induction of putrescine production by mixed microbial cultures. (A) Extracellular putrescine concentrations in cocul-
tures and individual cultures of 14 bacterial strains in GAM medium supplemented with 2mM of arginine. (B) Extracellular
putrescine concentrations in cocultures of each pair of 14 bacterial strains (total 91 combinations). *N.D.=not detected, i.e.,
the levels fell below the minimum detectable amount. (C) Extracellular concentration of L-arginine, putrescine, and agmatine
in the medium after culture of E. coli for 24h (0-24h), followed by culture of En. faecalis for another 24h (24-48h) in the
same medium; E. coli was removed by filtration after 24h. (D) Extracellular concentrations of 1-arginine, putrescine, and
agmatine in medium after culture of En. faecalis for 24h (0-24h), followed by culture of E. coli for another 24h (24-48h) in
the same medium. Ex. faecalis was removed by filtration after 24 h.
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Arginine Agmatine Putrescine
NH o]
/\/\/NHg
HZNJLH/\/\I)'LOH )\N/\/\/NHZ H,N
I NH> r
E. coli Argnine-agmatine En. faecalis Agmatme—putrescme
/— antiporter (AdiC) —\ antiporter (AguD)
NH * o] NH2
NHy
- JLH o HN /\/\/
Arginine NH jmatine Agmatine
H* deiminase
Arginine decaraboxylase co (AguA)
(AdIA/SpeA) 2 i
NH, N/\/\/NHz HNT NN
Putrescine
NN proarbamoy g7scine carbamot
i HaN. NH; i
Agmatine ? g 2 putrescine (AguB) co,
Agmatine ureohydrolase . NH,*
SpeB osphate
(SpeB) ) HzN/\/\/’?‘HZ pil
- H* Putrescine HaNo___ Posphate carbamate kinase
Ho\n)\/\/wuz Ornithine \g/ app  (AguC)
decarboxylase
\ Y °Omithine (SpeC/SpeF) P 4

Figure 2.

Hypothetical putrescine production pathway consisting of the acid resistance system of E. coli and an ATP

synthesis system of En. faecalis. A putrescine biosynthesis pathway consisting of sequential reactions accomplished by E.
coli and En. faecalis. Details are shown in the text. Abbreviations: Arg, arginine; Agm, agmatine; Put, putrescine; AdiA, argi-
nine decarboxylase; AdiC, arginine/agmatine antiporter; AguA, agmatine deiminase; AguB, putrescine carbamoyltransferase;
AguC, carbamate kinase; AguD, agmatine/putrescine antiporter.

& ¥ AR En. faecalis (SK947) # L¥EzE L 728 2 5,
ZOEERIZLEZmM O T b Ly ¥ AR L7z RIS
KIG B D adiA Wik (SK914) & W41 En. faecalis %

HEAE L 2A, 7MLy Y UAEEIRIZIENLE L X
% WK H D adiA #HAR (SK912) & BFLER En. faecalis
EREEL2ETA, T MLy Y VEREIZEAICHEBL
7z, RIS, adiCRIGKBEW (LKM10097) % %5 A R
En. faecalis & L5382 L7256, 7ML v ¥ VAEREITMHE
KL, KBW O adiCHiHik (LKM10100) 3 X VB4
I En. faecalis # I\ 7-HMEBRTIEIT MLy ¥ VAR
WFsEalcmfE L7 (Fig.3B).

\ZF 4L, En. faecalis \2B\F % aguD O%H %

X7z (Fig.3C). WA KWW % En. faecalis ® aguD %
Hitk (SK948) LILEEL7:3G, 7ML v ¥ ViR
T AERIR GG W & B AR En. faecalis % L5538 L7260
14% (0.26mM) (ZE TRA L7z, — T CHAERKER
% En. faecalis © aguD HFiFE (SK949) % F\7-tH#%:
Bcix, 7hLy Y UEEI0.68mM  (BFA UK &
B AR En. faecalis & LR L7260 T MLy ¥ Vil
FED 37 %) (MR L 72,

INHLOFMRIZEY, FHhOTVF= U Ha KGR B
X W En. faecalis DEEB LN T VAR—F —h b
BNAT) v FY AT A (Fig.2) I2XoT, 7MLy

VIEWIND Z & DEIEZFIIICHEH S 7.

2EOMBAICELZINA Ty K- Ty P EEVR
TLEYIZABEICHVTHHEET S

7Ly v s EERE (Fig.2) 25~ 7 ZOBENIC
BUTHHEET AL 2RTHWT, KEEB LU En.
faecalis DSEA LTz b4 F— b= 2% W EE

At o7z, FAERIKE B & aguD K2 En. faecalis % 3455
BLEWA, 7MLy Y VEEIESIZENELED S

72»T (Fig.3C), 7 rL v ¥ Y R\EAEW (SKI30,
pBelobacl1/AspeBAspeCAspeF; = CD T L v ¥ Y AES
OB E T2 L 7272012, ThLy Y U EERTE L
WS, ZOHBKMETH DT I3 F VIOV TIRAKTE
%) RAERL, TOEBRIEHLE ShLy Y URE
KW B X AR En. faecalis % LB-RGC 55 v ¢ 3
WA LG, BEEHPO TS YLy ¥ VX 2.8mM
(23 L7 (Fig.3D). MEMIZ, 7Ly ¥ Y RIEKE
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/WT) JAadiA) /AadiA) /WT) JAadiC) IAadiC)
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Enf (pLSZﬁg‘/‘\ZVT) (pLZ?E?A“:guD) (pLz12- (pL2T2/WT) (pLz12/AaguD) agu(g*/AaguD)
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Figure 3. Validation of the hypothesis of sequential reactions in E. coli and En. faecalis using bacteria whose genes

encoding transporters and enzymes were deleted or complemented. (A, B) Extracellular putrescine concentration in
cocultures of wild-type En. faecalis (SK947) and E. coli including gene knockout mutants or complementary transformants of
(A) arginine decarboxylase (adiA) of E. coli or (B) arginine-agmatine antiporter (adiC) of E. coli. (C) Extracellular putrescine
concentrations in cocultures of wild-type E. coli (LKM10096) and En. faecalis including the wild type, gene knockout mutants,
or complementary transformants of agmatine-putrescine antiporter (aguD). (D) Extracellular putrescine concentration in
cocultures of putrescine-deficient E. coli (SK930) and wild-type En. faecalis (SK947). Coculture of these bacteria was
conducted under anaerobic conditions at 37 C for 24h in LB-RGC. (E, F) Putrescine concentrations in the content of (E) cecal
lumen and (F) colonic lumen of gnotobiotic mice colonized with putrescine-deficient E. coli (SK930) and wild-type En. faecalis

(SK947). Error bars represent SEs. One-way ANOVA with Tukey’s test; *p<0.05; *p<0.01.

- 122 —



B ORGP EAEME O ARG S AG D EDL 2 LIZE TR TEHHNA T ) o FUAT AL B EFEEWER) 7I v O &

BB X O En. faecalis O aguD Wik (SK948) # dLirzg
L7t 7Ly ¥ VAEREIIEEICEE L 7Ly
¥ U REKEGW & En. faecalis O aguD HAfikk (SK949)
DK E, 7MLy Y Y RBAEGE L W AER En
faecalis DIFZFED 21 % DL XNVTT ML v ¥ V34
Eh/z (Fig.3D). WIZ, FNEFNOMBEO LR
TR MR ARG LTRSS L A — by
ADELB LUOHBONFEWHROT MLy ¥ ViRERE
wmL7Z ThLy YU RERBREB L OCEAR En.
faecalis DSER L7z / v 34 F— b= o AT, §HiC
BUIE7 MLy ¥ ViEIX100uM TH - 7z (Fig.3E).
SRS, 7T b Ly ¥ Y RERBE B L O En. faecalis
D aguD BAZTWIEHREH L2~ ATk, BRICE
FAHT MLy Y IR 46uM E TR L. —T,
T Ly Y Y REKRIGHE & En. faecalis ® aguD Mk %
ERH ST ATRERICBITL T MLy ¥ VigER
(Z1Z100% M148 L7z (Fig.3E). #BMNEO T ML v ¥
YIEEIIOWT D[RO &R L7228, £ OEIGHE
MICHE TR -7: (p=0.079) (Fig.3F). ThHD
MEEIL, KBH & En. faecalis DBEB IV I v AR —
T—ohBb T Ly Y yDODNL Ty FEEY AT L
A, T ABENICBOTOERET A L 2R

KBE & En. fuecalis\C&BNA1 Ty K- ThLyd
CHEYZTLOEEFHNEEM
COMETBHRERINLT MLy ¥ VEEOWIE, Y4
), KWW & En. faecalis DT EETE Y X 7 2 DA E D
TIERNT S EE 25172 KR, MRNoT 7~
F U RMBAOTNF =V LT BTV F = AR
FEiR (AR3) 24T 5 Z EAASNT WA (Richard
& Foster, 2004). AR OKEH (MG1655) % 7V F
— U EHET A4 % pH (pH5-pH9) OR;#hr CH
MEEFE L7226, BERNEOT 7 F ViREEE O
pHP 5B 9INEHT 5 LA L7 (pHAB L
9 TIMME S HE S N z). i, KBREICBT
LT NVEZVINLDT I F Y ORELEDEERES AT 4
WCHET L2 LERLTWS, L2 Lahs, AR
En. faecalis (V583) # 7 /< F v & E&H T b8~ 7% pH
(pH5-pHY9) DR THARE R L 725813, Thz
NOFWTHEESNZT MLy ¥ OREICEEZE %
o7z (pH4 B X9 TIdMlas HE S 7z). b
W, B AT En. faecalis (SK947) I2X A7 ML v
VUEBEIINVI-ZADOHFETTHESNZZ LD,
CORBENRT AN F—FEAIZHEG LT HEENE 2
bhze. T TIZ, En faecalis® 7 b L v ¥ VREEHA
WP T ANF— 2B 5720 bshs b, Bt
A b VAR D AEAE O & 35k < BIfR L T e

W e ST W 528 (Sudrez et al., 2013), ARbf5E
THEOLNAHERIINSDORRE—F L Tz FERRIZ,
5mM 7 7V F v R EAT LT UM S s
HF En. faecalis (SK947) O AW #1%, [F Ui T
Wik 38 K W7z En. faecalis ® aguD WHIERO AR B D A
BlIZEmh ol E512, AR En faecalis (SK947)
ET MLy Y Y RIBREHR (SK930) #3128 %
En. faecalis DERIEUZ, En. faecalis ® aguD &= T-#idE
Pk (SK948) &7 bl v vy Y RIERBHOIRELD B
HEIWZE» o 72, (p<0.05). ¥ 512, En. faecalis D
aguD Mk (SK949) # 7+ L v ¥ Y RIE KGR & It
¥R L72E X, En faecalis DFEFBIINBE L. o
5 DFERN, En. faecalis s, TIVEZ V9o KR IC
KVEESINT 7~ F v EACTE ) RIS %
ZEERLTVAS.

E7 4 XXBICL > TEESINZBIE En. faecalis &K
BEICEZNATV Y K- Ty Y EED T LE
FETB
ARICBWTBEINLT MLy ¥ v AEOFE
1%, Bidbo pHIZ# AL Tw/z (Fig.1D). €7«
AWIEFME & FERR 2 2E K L (de Vries & Stouthamer,
1968), Wi EWEEDOPH ZKL T S5 Z &AL T W5
(Bullen et al., 1976). 41X 7 bL v ¥ Y AEEZBRLTHE
BEDHET 4 ZAAWEAZ ) ==V 7 F5HT, 7
Ly vy REAE®B (SK930) & %54 & En. faecalis
(V583) MILERRIZEHIZIDDE T 1+ X AHIME Z
NZIEN L THEEELZIT, TR RETFO T
MLy vy oiEER L L7 (Fig.4A). RER% 1T 72
HMAEDLEDSI L, 7MLy v yREKEGR, AR
En. faecalis, 3 XU B. animalis subsp. lactis LKM512 ®
SIS X 2 LR IC BT R R ICiRD SiRED T
MLy Iy E N & 512, B. animalis subsp.
lactis |2 X N 5 28 (LKM512 & DSM 10140%) #
En. faecalis & KIGW O ILE 2RI, EhEhnEinl T
BRLIEBOT MLy Y VREIIREC R o T2
b, €74 XAWDOT MLy ¥ v AERERRIIHRIC
AT 2 2 EAVRBE S N7
KA T % & B. animalis subsp. lactis LKM512 2% En.
faecalis E KIGWOIIGERHTT MLy ¥ VA% FHET
BANZ AL FTHFAT WHNIEE L 72T P Ly YUK
AW, BER En. faecalis, 3 X U°B. animalis subsp.
lactis LKM512 % 24 IR 5548 L 72 B o> L3 @ pH IZ 7]
DpHES N HENEFNDS2, 53, BXU 44128 L7
7% (Fig.4B), ThHDHEEFICBFL T Ly v
BEIRIEFICED2 572 (FigdC). L LAa2S, Th
53 DDA IR L 72RO 88 RIFIZH 1T % pH £ 5.0
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Figure 4.
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Effects of acidification by bifidobacteria on putrescine production by E. coli and En. faecalis. (A) Extracellular

putrescine concentration in cocultures of putrescine-deficient E. coli (SK930), wild-type En. faecalis (V583), and each
Bifidobacterium sp. (B, C) Extracellular pH (B) and putrescine concentration (C) in cocultures of putrescine-deficient E. coli
(SK930), wild-type En. faecalis (V583), and B. animalis subsp. lactis LKM512. Coculture of these bacteria was conducted
under anaerobic conditions at 37 C for 24h in LB medium containing 2mM L-arginine, 1.5g/L D-glucose, 5g/L galacto-
oligosaccharide, 2mM MgSO,, 60mM NH,Cl, and 0.5g/L L-cysteine-hydrochloride (pH6.5). (D, E) Fecal pH (D) and putrescine
concentration (E) in gnotobiotic mice colonized with putrescine-deficient E. coli (SK930), wild-type En. faecalis (V583), and B.
animalis subsp. lactis LKM512. (F, G) Fecal pH (F) and putrescine (G) concentration in gnotobiotic mice inoculated with
putrescine-deficient E. coli (SK930), wild-type En. faecalis (V583), and B. adolescentis JCM 1275%. (H) Extracellular putrescine
concentration in human feces incubated at different pHs. Error bars represent SEs. One-way ANOVA with Tukey’s test,
Student’s t-tests, and Steel-Dwass test; “p<0.05; “p<0.01.
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THY, ZNud B. animalis subsp. lactis LKM512 % 3Bl
FFICHRE R L2 AOpHS5.9 L ) AR, - 72
(Fig.4B). & 5612, 300k z LI L - 3a o5 1
W7 MLy ¥ EE, LKM512 %3712 b5
BLEBAOT MLy VVBEDO2EUETH Y
(p<0.01; Fig.4C), B. animalis subsp. lactis LKM512 1
KW & En. faecalis DILFEFRIZBFT LT MLy ¥ U
FEERRELZEEZ oM LA L s, Mg~ v
Ly Y VBEENKIEBRH B X O En. faecalis DT J5 O 41
BEEICHB L CWwWieoT, BEx BS540
HFAZ 070t RIS LTw A EEEIZE2ICIEE
ECELhol:, BERZILELT, OY 714 AAH
EHBRLTI)EREDOT MLy ¥ VAENHBE I N
B. animalis subsp. lactis LKM512 & %\ % B. adolescentis
JCM 1275 Z 38 L 72 L5538 R 12 B W Tid, KR s X
W En faecalis (2 BT, TNFN3.2x108cfu/ml Ll L, 7.9
x107cfu/ml Pl & vo @ AEREEAR L. —F
T, by vy VAEEICHT LFEEEIAEA S hh o
72 B. longum JCM 1217 & % \» 1 B. pseudocatenulatum
JCM 1200 % 381 L THT - 72 6352810 B Cid, KA
B X O En faecalis O =RV FE L B. animalis subsp. lactis
LKM512 & % \ 23 B. adolescentis JCM 1275 Z 360 L 72
B 105D 1T D 63x105cfu/mliCE E -7z, %&b,
SHMZ W TOREEERICBVWT, by
A REDSIRKATET B EARB MG 12 RER DAL, B2 B3
@ pH 1% 5.5 IZFE L 7-.

KIEREH LU Enfaecalis EEBESI ¥/ bINMFH -+~
JADEFRRORYTIVEEIRE T+ AAEOROH
EANEIE. -3 % (-
BWEARNTO T MLy ¥ VAEEIZBWT, €74 X
AW X o THER SN A MREERTEOZE LR+ 5 HW
T, JINAF = b3 R MLy ¥ U RBABGR
(SK930) 5 X O848 En. faecalis (V583) 22 & 5
¥ 7 4 ZAH 28 (B. animalis subsp. lactis LKM512
# % WX B. adolescentis JCM 1275%) @9 b 1 Fi % B4
g7 I F = AER L7, FERCZT b
Ly v YRR H B L AR En. faecalis 2 T H
(E7 4 AAWZREESER V) ZEASE/ b3A
F—I~ABER L. T MLy YU RBEREREB X
ONBFLER En. faecalis 2FED M % B S T2 ) MoNA F—
b= A LW LT, B. animalis subsp. lactis LKM512
FELICEESELY T ADEMD pH 134 F I L
(p<0.01) (Fig.4D), 7 b L v ¥ ViBEIAEEIZED -
72 (p<0.05) (Fig.dE). L22L%A&d»5, FThL vy v
RIBKGH B X OB AR En. faecalis 2 FLD A % E35 S8
727 N4 F— b ADFEME | B. adolescentis JCM

1275" # K SIS ADFEMOpH B L 7 +
Ly v ViREICIIAE B EN R h o7z (Fig 4F B X 1M4G).
INHLDME T 4 ZAWDBYT ABEIZEE LTSS
CAIFERE S 72 AS, B. animalis subsp. lactis LKM512 @
H W #Z B. adolescentis JCM 1275 D4R B L Y Eor o
2L INSORRIE, ET74 AR T MLy v v a2
MECHMHNIFEICL > TRLEL I EZREL.

W NEEO BB OB T Ly ¥ VAR RITT
MBSO TAHMT, & MEM (n=6) ZH~4
7 pH OFRREHRIIREB L, 2dh A Y Fax—FLiEZ
%, pH5.6 TIXTRCTOEMEY > TNV TT MLy ¥ Vi
JEASEEIM L7z, Zhud, BENEERSI oL e Mg
WIS E B2 7 b Ly ¥ v ARG SRR S
HTLERBELTWS (Fig.4H). HRHIE % i@V ERIC
LD EL72DICHEME (n=5) % 0.1N HClIZ &
L72EEBTIE, TRl ¥ ViBEOBMINZbTNE L
Foll s, EEHERLBRELLZBEOT MLy
¥V ARSI X BT oM DR 2 HR
THOTIE L, AROEIRENC X 5 2 & %R <RI
anz.

En. faecalis EbDBEAMER E OERICELZ T MLy
DUARE

AR CTHESNINA T Y K- T Ly YT A
T L DB H Y9 B En. faecalis (Fig.2) &, & M
WHEITEHERESETSH Y (Qin et al., 2010), ZOHH
ROBEINS, BENEICBTA2REYO 70— |CEE
EER-TEPHENS, L2L, AFECHES
NI4Ty KT Ly ¥y Y AT LOHPECEHEY
9 5 KRG IEE AN CIIIER R B D R WHTECH
5. LIetioT, "4 7y K- T by ¥y EERIC
B TR X o THLN L A5 5 2500 B N TR
WIZX D RBTRER Z & 2R T HWT, AdiAB L TAdIC
#HY HH%E in silico AT L > THE L2, FESH
7z Citrobacter youngae ATCC 29220 3 & U° Fusobacterium
varium ATCC 27725 O 2ffi = v & I %, ¥ £ En.
faecalis (V583) L ILK538 L 7=, C. youngae & En. faecalis
FRERLLGEDOT MLy U VAR, C youngae %
AR TR LB E L T 2 HI2H - 72
(Fig.5A). —J}C, FE varium k En. faecalis % $t3538 L
A ORNERETOT MLy ¥ VIRER, F varium %
B CHER L 2BE X 0 b 28458 LB A 5 72 (Fig.5A).
512, FE varium B X OB LR En. faecalis % g5
B72) bNAF— T AQEMFTDOT MLy ¥ VRE
&, BPHER En. faecalis ¥ 7213 E varium % g5 <8
o) I A= T ADOEBHROT MLy Y VR X
DL AHBEICE P -7z (p<0.05) (Fig.5B). b DH
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Figure 5. General putrescine production pathway from arginine via agmatine in the human intestinal microbiome. (A)
Extracellular putrescine concentration in monoculture of C. youngae ATCC 29220 or F varium ATCC 27725, and coculture of C.
youngae ATCC 29220 or F. varium ATCC 27725 with wild-type En. faecalis (V583). (B) Fecal putrescine concentration in
gnotobiotic mice inoculated with F varium ATCC 27725 and wild-type En. faecalis (V583). Mono- and cocultures of these
bacteria were conducted under anaerobic conditions at 37 C for 24h in LB-RGC.

Wik, AdMIABXUPAdICHFET 2 HTE0NL OO
WHEFEWAEDS, NA 7Y v K- 7MLy ¥ VARERICE
ELTwaZ ewRIEBLE. C youngae % HATHFE L
BT < F U AEEE RO pH 500 L EibE
2o 7205, F varium % BMEFE L 7-BRE, Brbo pH 28
T0DL ERDED o772 Z O EIZC youngae D
AdiC/AdIA #2675, KW o Zn E FBRIC, BREoREE
LIZ & o THEHEAL SN B A5, E varium OFEE T P PESR
BT OMERET A 2 L BRIBL T

o PRI DAL, H— ORI O RS IC X -
T, TR ENORLR LMERIC BT % L 7 UG
WKLo THEENE EEZONTVWS. BNMEERD
CHEY DGR 53 A RO FEBRIWFEE % Hig L 7:
WL O DRI HESTH TDH % (Degnan et al., 2014;
Rogowski et al., 2015; Wu et al., 2015) 7%, =15 Df%E
3 4 OMITE OMBBNRERE O MIIEH L2 TH 5.
—1T, 22D LoOBGAME A E L T1r ) A ROS %
BIET LAV TR L2 S b T TH L. FlZ
X, BRI L2280 0X 74 —F 4 V7V A
F AW THGE L2 EN 71142 (Rakoff-Nahoum ef al.,
2016) Ti¥, MW OIAER, ZoruRT4—F 1 ¥
FIZHG5 T 5 200MBEHED S Lo 1HEOME BT %
HEETHEIC X > THRAES LTV 5. Z1Txh LAIFZE
WZBWTHELIL, 2200MEICE2HHTPLY 22 -
NAT)y FYAT L%, KV AT LIZHE53T 850

FHTAFE O 3 (= - B R 3 X OV IR 2 1 L C 321512
AEWT L 7z

ZOMETIE, BENEOARRIIBIILZRY T IV
OD—HTHET MLy ¥y ORBUTHEEEZYUT, 200
B PR AR (En. faecalis & E. coli) DMST U 7248 3%
BLE S AT ADPHMAGHLEILIEIZEY T PL Y ¥
VOEEDNFEENDL LB BET LN, 72, in
vitro & in vivo DM FIZBWTFEA L7z, L LA
in vivo EERIZB W T, HBENERFOT Ly v ViR
BEIL in vitro EBIZ BT AR RiEFO T MLy v ViR
LML CTELI Doz, g, EESRAEZT N
Ly YU FEIC Lo TS 2Rt 2 R LT
0, ZORMEHEMIZEIT 57201213 8 &% 058054
YCTH D, En faecalis (TR & o LF 2N AZ T,
AdiA & AdiC » & € T 7 % F§ D C. youngae ¥ 72 1L E
varium & DIFERIZ L T, T MLy vy EERT
57:0, COREIIELZT MLy ¥ OEBIE, En.
faecalis & E. coli &\ 9 J55E O WO M A A D IIFAK
fELZv. & MENICIEEEF ADIA, AdiC, AguA, B
L0/ F7213AguD DR ET Z 2 HT 5% OFFEOHM
WS 572012, TOREEAMLTT Ly Y 0%
HEHET AH I ENTELEHOMALDEDD B HENEDS
B, TORFURERET LSOO pH X, B
2 CTIE C youngae & F varium TELZLZ N5, b
WP BnTid, MBS TIHMEL S 5 AdiC/AdIA
VAT ANEHRESEMLT CTHHET 5 AdC/AdIA ¥ A T
AL L TO B REMEDSE 2 H e,

ARG CTBIEE SN T Ly ¥ U AEFEOREIL, BT
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BRECOEAEZHIE LI KBR OIS AT 212k -
THIERZ &N, 7 b Ly ¥ VRO pH 4112
KAEL 72, KIBWIE, 22007 VF= Y FHALKRE Y T —
¥, SpeA (Boyle et al., 1984) ¥ X UF AdiA (Gong et al.,
2003) # AL, TNHDOMEDOMEEST ZIBICL>TT
FRFUVEEGRTE S, adiA b A RT Y EBELT
W5 adiCl¥, MilRNOT 7=<F &2 HOT7 V=
ERWMT DTN = V- TR F VT VTR —%
2 — 3 5% (Gong et al., 2003). KI5 # Mz I T i,
AdiCIZ & o THIEA 2SI AT h7zT Vv F= Vi
AdAIC L > THREEESN, ZoBIC7a by 2HET
LT r~F U ERAERL, REOpH % LA 3¢
H., ZOVATAIEpHIZKIG L THI &R &, [T
Wy A7 253 (AR3)] L LTIAL RSN T &/
(Foster, 2004).

En. faecalis TX, 7 bL vy Y 3T F UL
AguA & AguB IZ X o Tl S 2 W HE Y 2 SUSIC & -
TE K &1L (Landete et al., 2010; Llacer et al., 2007).
En. faecalis DT 7 < F Y HEABREEIE I N E TIOHE
ENTHEST, 7r~F UV AEGEEEDFET 7 LA
LAEWDT, ZOMBEIET 7 ~F v ZMlgstnr S0 A
B, TNET MLy Y VIERTAEEZOND. TT
XF YOy AKIE, MBENOT Ly v EMilasto
TIRFVERMT BT I F U -T Ly v YT VT
R—%— (AguD) 12X o THrbN 5 (Driessen et al.,
1988). MiBHNOT r~F 2T MLy ¥ VICEHET S
TI7IF U TAIF—E R EUREKIE, AguA, AguB,
BLPAguD 64D, BEWArFRTAILICLST
En. faecalis DI RE R R Z(EY T 2 LS TE
% (Suérez et al., 2013). L2 LARD5, ZOREIIEREE
PHIC X > TB SNV, —F T OREEIER 2
FHET AT 7= F VIHESN, ZVva—RL-> T
2RI N s, DLk, En faecalis DT 7=
F T I ERBEDSTHRIEC BV TRET TR A
WEF—EREIIBNTHEELEHERITIEE2REL
72 Suarez b DE = EfMF1F 5 H D TH 5 (Sudrez et al.,
2013).

Y74 ABD X LHMBNTWABEADIEX, Zh
LOMRIZ X BHERS X CFLROAEIZ L B HENED
BEOMMEALTH 5. Bl XM, S oEEE;
TR & o TR S N7 THALE O IR B EE OIGHEALIC X -
TR A2 LAVC& 5 (Shietal, 2016). 2z,
YT 4 ZAWIC & o THEA SN D AR FEY A T3
MICHHZRSZEBHMONTWAS, flZIE, ThET
DWIFET, ¥7 4 X AWDBEREA: % - L CORIERIC &
% RGe & K = RS % 2 & AVR S 7z (Fukuda
etal,2011). L22L%&d5, €74 ZAWICHET S

S SRR T 25 s P AE A SR 3 2 L DA E ) O AR
EHETLEVIMEIFINT TITR V. KIFFETIE,
Y7 4 AAWI & 2 NBRBEOBRVEILAS in vitro B L T
in vivo TOKEGH & En. faecalis DILIGHEIZ X LK) 7
IVOERRERM A RAET 2 L v ) & B L VS & g
L7z, REOMBIE, €7 4 2 AW AR R 5
REENIH 0T E VI MEOEZR T ML, €74 R
AW A AR 3512 & 2 A W A DB 2 & 4 L 724
BEW RN R 2 BB MICD 0T LI H L WEZ
D, KREBGNRFFTA LT T beRLTWS, BRENS
LS, Ly Y UAERBIIAEGRW B X O En. faecalis D
W &I L 72w oh D ¥ 7 4 XAH (B. longum 3
X O B. pseudocatenulatum) % &R 2 TIIE &
N7z, ZTomEE, BNETEME, 512 AdC/AdA *
7213 AguD/AguA % A3 % Ml T8 O R 5H 2 FI L 2 W e E
DET 4 ZAWY, TONAT)y KV AT AN
TV Y VEEOFGIIEG LTRSS 5 2
EERIRIEL TV,

M LT, RAGBENECBC TR EET M
BICXBREOMBMALICE > THIERI SRS, TILF
ZVERERELT STV ERET 2008, 5K
FCE P T MLy v VAEREEZ R L. 2
ORI, 74 RAAWICL2BoEE, ZOMRICLS
KIGHE OMEEY: > 2 7 2 OFE, En. faecalis D T4 v
F—PEY AT LAOFEE D, B B 4 ORI
BUF B L7 5 7% 5.

Fa ik, BAIERIC L 2 Mo RHEY OAFEICB W
T MO IR O BEAEAE§ B ek w <, N
WIEWR I X 2 294 BT, 20k
BRI 72 AR O REMEZ BT 5 2 LI HE
LTHbHEEZTND.

-3 O

INFTOWZETH AL, v MEENEICEEICES
NEZR)TIVO—FTHELT MLy ¥ VRENRT VY
S ETUNA T4 T AE T 4 R AW OG- HIZHN
FTHZERWE LD, ZOA DA LEIAWTH - 7.
KIFFEClE, ERFRBEOBMEL (B2 5 65 Ko
PpHOET) 2L o THl&RI SN2 00K 7V —
TOWENRHE - AR AGDE LI LT, TVY
SVEREREL, TORFUERISREAE LT
MLy v VESERBERERRL, ToRrEET LN
WVTHEIEL7:. TRk, €74 XABIESD
MRS 285 v A= 2 ) 3B, KR ICAL
KENDHMBE O T IV F = VRAVE O BRI EASRE B X O,
Enterococcus faecalis \(RRESNLMBOT 7~F 74
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Different specificities of two lacto-N-biosidases towards p-linked

galacto-N-biose-containing sugar chains of globo H, Gb5, and GA1l
Aina Gotoh, Shin Kurihara, Takane Katayama

Host-Microbe Interaction Research Laboratory

Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

Two independently evolved lacto-N-biosidases (LnbX and LnbB) show different specificities towards the sugar
chains of globo- and ganglio-series glycosphingolipids. LnbX, a member of glycoside hydrolase family 136, from
Bifidobacterium longum subsp. longum, liberated galacto-N-biose (GNB: Galp1-3GalNAc) and fucosyl GNB (a type-
4 trisaccharide) from Gb5 pentasaccharide and globo H hexasaccharide, respectively. LnbB, a member of the
glycoside hydrolase family 20, from Bifidobacterium bifidum, released GNB from Gb5 and GA1 oligosaccharides.
This is the first report demonstrating enzymatic release of p-linked GNB from natural substrates.

Key words: Bifidobacterium, lacto-N-biosidase, glycosphingolipid
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B Ehea

TR E GREBR AR B A RHF 7R,

BIAKR GURZERFEPE RFTEEL,

AREHE] (ALK AW & I BREE )

PRI CRNTE N K22 A B I BREE2EE)

AF R GRS KRB A A BHF 7R,

FH A GERRSAWE T L),

JelIASG (TR I8 5 N R ),

IARE (AR K=Y & IR BREEAEE)

Clostridium JE MW Z X - TEE & N5 FEER AT M T
MDA ZFHEST 5 2 L R EDBAENT VWS, E5HIT,
X7 ADANLATE R BHBEREREE & v o Z2THRE D,
B PIAIBEACH IS L Tw A 2 EAMEIhTws
(Diaz Heijtz et al., 2011; Goehler et al., 2008; Hsiao et al.,
2013). L7228 C, 1 EOMEEICE - THNAIRED
MR B AR T 52 LIIATRTH .
AL TES B (BWkAE) 1, PR oRDR I
BELZ2EHNO1DOTHY, HHBAY OB %
T DTUNALF T4 27 A (— IS E) TH) DR
&2 HIETMRICB VTR 24O T\ % (Brownawell
etal, 2012). W AN @ W55 PWIC 4 K3 % Bacteroides
thetaiotaomicron D7 7 L L2, SO EALICE S
T 5 #EnT#H2%L { f£7E L T\ % (Koropatkin ef al.,
2012). F 7=, VBN OB LRl & 72 B Bifidobacterium
BAIEICIE, AP C3FHICEE BB STHIL
MIv 4 T (HMOs) ORHICHE L L 72BEE S
filid o T\ % (Asakuma et al., 2011; Ashida et al., 2009;
Kiyohara et al., 2011; Martens et al., 2008; Miwa et al.,
2010). T o OBNMEE, ZfHkE X OEFHIk
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DS Z L CHl 5 A 2 & CTHRAEMREEL 2D
2, B0 7)) 3y ¥y — i b S g2 REE A W
ZD729, TR O & R o Sk % g
T5720121%, 7Y a3y y—LolsE AT 5
CENRLETHLH, O L BLEEMBERTO
FUT212 X % H 5 (Fucal-2Gal) OBl L, HPUE R
SENME R D 1,2-0-1-7 2 ¥ 5 —EI2 & - Tl S
N2 73— (Fuc) #%, 4O & E MR En
TORBPZ WV IELIOICERETHLEVIHATS
HEAFF NS (Bry et al., 1996). 1,2-0-L-7 2 ¥ ¥ —
¥ (EC32163) &, BENERBRIEEZGZDH
B MEs7)ayy—ttoffRfLEZLNS
(Katayama et al., 2004) .

HMOs ® £ 5 Tdh 5727 b-N-7 b T+ —A (LNT:
Galp1-3GIcNAcB1-3Galpl-4Glc) % 7 7 h-N-E 4+ — A1
(LNB : Galpl-3GlcNAc) B 1’5 7 b — 2 (Lac) &
GRS HEEE T 7 M-N-¥F ¥ ¥ —+¥ (EC3.2.1.140) b,
W PMIR & F ORI HE LR THL L bN S,
INFT2O0RRLT 7 b-N-YA T ¥ —EHHEES
T\ %% (Sakurama et al., 2013; Sano et al., 1992; Wada
etal.,2008), —HiZZ)avFerfes—€7731)—
(GH) 20128 L, 77138l 7% - T GHI36 12778 &
N5 Z k&% - 7 (Henrissat & Davies 1997). TN 5 i
% N2 N Bifidobacterium bifidum % 5 7 b-N-¥ *
¥ % —<%¥ (LnbB), B X U Bifidobacterium longum subsp.
longum H¥ ® (LnbX) TH 5. FTAxlEI N F TI,
GH20 LnbB 354l LNB fif & 125 L Tk 2544 %
RT DK L, LobX i& GalNAcB1-3GIcNAc (a-¥ A k
QrIh DOy VNV H IR LN A R
%) (Yoshida-Moriguchi et al., 2010), 3 X O°LNB & 2'-
7 2 Y )V INB (Fucal-2Galpl-3GlcNAc) % RS % =
L & LT w % (Sakurama et al., 2013; Wada et al.,
2008). HEiEM9ICE 2 A L, LnbB X GH20 D FHEX /N —
THbHPB-N-TEFVAFVH I = F—LOEMEHLIC
B OIERTLKBMWCH T A M E2ERSESE (-2
THA b)) ZETH#EELIZEEZSNS. GH20 72 b
-N-t % v ¥—¥\X, Bifidobacterium &3 LU Streptomyces
BAFELTWDAH, IhH2200MRBEO 7 I 7 BRES
MEEIEIRKT38% THY, TNOLOMRIIELRL T
Tt A CTHALL T E 720 HBIEDSE . Streptomyces J& 12
B HHMALDIEE ) AT > 72 IO THIER S 2
X7 \W2%,  Bifidobacterium J& DA%, faEHK TV A
Y, FICHMOs S Z D HEFETHh o2 E X BN 5B.
LnbX A ET 72N T T52oD)F (Bifidobacterium,
Clostridium, Ruminococcus, Roseburia, 33 XU Enterococcus)
THZEENTWAS. T2 MN-Y4 v ¥ —Lifia K
HARRTEIMTHLILEEZDL, 200 8D

5 27 b-N-¥ & ¥ ¥ —¥2%, Bifidobacterium £\ 1D
DB THELLMLZFTFTEZ LIIREHRE N,
bbb, REEFIIEPAIE O b FRIFES 051358 % Pl
W3 5720, ElmE—MREoILER X OLELo 5+
KA MRS L7200 BELRMIETFRERD 2 5.
AL TIE, LnbX 3B X UF LnbB #7872 b §5 55 f F
PELT, ZYuRRBLIOH 7Y +RAT7 1 v THElR
B+ ) T 2%z 2, p-7o 7
F-N-¥'4 —2Z (GNB : Galpl-3GalNAc) % RKRILHEH»
LSS HEMEE I L 2R OMETH 5.

FERT5

EEHLUHE

INB-B-pNP B L T 7 M-N-7 a X ¥ F — A1
(LNFP1I : Fucal-2Galp1-3GlcNAcp1-3Galp1-4Glc) 1
Sigma-Aldrich (MO, USA) %5, GNB-B-pNP (&5 50{b
T3k A*E (Tokyo) 7*5, LNT & Dextra Laboratories
(Reading, UK) 7°5, globoH, Gb5 BL U GA1 4V I
#E1Z Elicityl (Crolles, France) 58 A L72. Gb5 i
Asahipak NH 2 P-90 20 F # 5 2 (Showa Denko, Tokyo )
EHE#EER 7 ax 7574 — (HPLC) I2&o T
SHITHRL 2.

BEROER

LobX 5 & O LobB &, BEHR@Fik2HEvy, His & 71
IRz & 2237 B E L TRBREICB W THE URH#E
L 72 (Sakurama et al., 2013; Wada et al., 2008). % > 732
BB, 7Y T VT I v AL LTBCAY ¥
NZET v+ 4 F v b (Thermo Scientific, MA, USA)
2L CHlE L7

B RIEMERITE

AR BOS L 50mM V) Y S ) Y A8 (pH6.0)
hCifo 7z, S E LTHNP-HEB X O ) T8 % T
L7z, BEEORIMCE Y S % ML, 30C T#iY %
BER A~ F 2 _— b L, MR ROSZEEATE S 5
PHIC 3B W C ol % g L 72 LobX O i FE 13,
0.09-0.3ug/mL (LNB-B-pNP @ 3 & ), 4-6ug/mL
(GNB-B-pNP O545), 50-60ug/mL (Gh5 D), *
7213 970ug/mL (globo H®¥54) & L7z, LnbB @i
J 1%, 0.1-0.8ug/mL (LNB-B-pNP 5 X 0F GNB-p-pNP
DY), F72131-2ug/mL (Gb5 B X U GA1 DHE)
L7 MRS 2 =5l TlE, EREITZEN
ZNDOK D035 25 TOHPEHTIr - 72 UG
ik, KBRS MY AN (pNP-HEOHE) 7213
95C T3 Mme () ITEDYE) Tiro7z. HEEEL
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B-#T 7 F-N-E4 ¥ Pl % A3 % globoH, Gb5, BIUGAIMESIIK T 2/DT 7 -N-EF ¥ ¥ — YOtk

72 pNP 13 405nm OWSLEEZ JE L THEL 72, 4
THEDIAKS %1%, Asahipak NH 2 P-50 4 E /7 & (I
MET) #HW/AHPLC Y AT AT, 73% 7€ b= b
UV ImL/ G Oi#ETHER 21T, MR T OV IVRE
#+ (Thermo Scientific) %MW TE=% —L7:. Globo
H#%IEE L LYa, #EHEL 72 Fucal-2Galp1-3GalNAc
o7 aAYNVEERIT H72012, HPLC 5HTICdE -
T, MY % 1,2-0-1-7 2 ¥ ¥ —+ (Katayama et al.,
2004) THRLER L 7=, rmaiild, BEANRE O Lack L O
GNB % H\WCE# L7z, GraFit vV 7 b7 = 7 (Erithacus
Software, West Sussex, UK) # ffi /i L, Michaelis-
Menten X (BEAMWHEL &) ICHBENTE 2 &1
OGS A—FZHB L7

YUy IRZEL Y —FiE 4> 1biE (MALDI-TOF)
BHENMH (MS)

T MBI STy ORI R BE LI i T
g, M)y 7 AL LT20mg/mLD25-Y N
FURBBEBEEG50% A % 7 —)v (Sigma-Aldrich) 12
% f# L 72. MALDITOF MS 4 #7 &, UltrafleXtreme
(BrukerDaltonics, MA, USA) Z#fiH L, FAf 4 v E—
FTITo 72,

GalNAc IZ & % LnbX &M DAE

LobX IZ INTIZ X 3 2 il iR BN H T & h 5
(Sakurama et al., 2013), INT# EEILE L L TW5b &
ZZ5HN505 LobX AEU ZIZHKR CIHEFICHICL
P LWz, WMOBRIEELRT 2 E ) 02X
T lEL7z ZOROICET BEHERS V80K,
BERE, BXOZYayI ) h rOMEEEERT S
HifEC©d % Fuc, Gal, GalNAc, Glc, GlcA, GleNAc,
Man, NeuSAc, 3 X U"XyliZ X % LabX o iifi ¥4 & %)
eZ A7z I E LT LNB-B-pNP % L C o~
FER, GalNACc O A2 EZHET 2 L2 R L7
(Fig.1). GalNAc 2 X % [H%E 1%, Kifti 6.4mM O
ETH - 72H, Gal % GleNAc (LNB HEK HipE) TIEEH
EENE S N Do 72, LNB-B-pNP B X U8 GalNAc
B1-3GIcNAc-B-pNP 1253 % LobX & K, liA [ FEE Td
AL ERETLHE, LnbXiZ-19 7% 4 & LT
GIcNAc £ D & GalNA % L D @ BT HEE 2O
B. %85, LnbX iF GalNAc-B-pNP I fF A L 7\ = & 48
BEZ 5372 > T\ % (Sakurama et al., 2013).

GNB&AA!) #5239 % LnbX & LnbB D&M
T A LnbX 12 & 5 GNB-B-pNP D 17k 451735 1

AT o728 GH20 LnbB O iEEIZ DWW T [
BRI EFA L 72, LNB-B-pNP 1% ¢ % LnbX 3 X 0F LnbB
DMLY /ST A — %1% (Table 1), DARio#H & [
JECdH o 72 (Ito et al., 2013; Sakurama et al., 2013). T4l
Y, LnbX X GNB-p-pNP % Ik 4 f# L, [bif i
LNB-B-pNP @ 1/50 #£ £ T & - 7= (0.51U/mg %} 25U/
mg). 72721, HERGTHE SN/ EE KL T,
LnbX iZ LNB-B-pNP X © % GNB-p-pNP I xf L T ik »
K, %/~ L7z (<0.05mM %} 0.12mM ). GH20 LnbB I3,
LNB-B-pNP & i L T 1/3 #EE D &)= T GNB-B-pNP %
A% L7z (25U0/mg *¥ 7.7U0/mg). LnbB X GH20
B-N-7EXFNAFIVHIZF—EroRELEEZ
b, ZOIEFELALIEB-N-TEF VT VIHIZFNE
B-N-7TFNFF 2 bHI= FOMHIZHELERT
% 7:%, LnbB 7% GNB-p-pNP (25} L Tl # o2 &
FELREZETE LY. 2F U O0-7) H VICHE
T 5 oA R GNB K L Tid, LnbX & LnbBD &L 5
LIEH L h o7z

WIS, LnbX BX P LnbBA 70Ky FBIOH v
Uk NHED GNB &4 KR4 ) THEZ K5 # T &
LhE D PEFI. INBE AN LNT B & ' LNFP 1
ZOWTHBEDDICHAEL. Hgrux 75
74 =M E Y, LnbXAYLNT, LNFPI, Gb5, B
X W globo HIZPET A2 DIZ%F L, LnbB i LNT, Gbb,
BIUGALIEHTAZ EXM S L o7 (Fig.2).
LobBid GMLICIEER L e 2o 72, SN B DOIEEOM
KARE, MSHHHC X o THMER L (LNT IR #

100 ) 1L zoMes
Ea ‘}'1'
g 90 -
Fy
= 801
i
<
70 -
60
S, D 3 A X L0 D
S ‘<°O$V“OO\0\(§‘?“§°§§”+
© © © @

Fig. 1. LNB-B-pNP-hydrolyzing activity of LnbX in the presence
of various monosaccharides. The reaction mixture (total
volume of 50xL) consisting of 0.23xg/mL LnbX and
1mM LNB-B-pNP in 200mM sodium phosphate buffer
(pH6.0) was incubated in the absence (control) and
presence of 10mM monosaccharide (each) for 15min
at 30 C . This figure is modified from Figure 2 of Gotoh
et al., (2015). Carbohydr. Res., 408:18-24.
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Table 1. Activities of LnbX and LnbB on GNB-containing sugars.

LnbX (GH136) from B. longum LnbB (GH20) from B. bifidum

K (mM) kear (571) sp. act.* (Umg ") K (mM) Jecat (571 sp.act.* (U g™
LNB-B-pNP 0.12 88 25 <0.05° 16 7.7
GNB-B-pNP <0.05" 1.5 0.51 <0.05" 4.9 2.5
LNT 0.40°¢ 110¢ ND¢ 0.63¢ 42°¢ ND
LNFP I 15¢ 14¢ ND nd®
Gbs' 2.5 0.84 0.21 33 0.029 0.0094
Globo Hf ND ND 0.0051 nd
GAlf nd ND ND 0.049

*Specific activity was determined at the substrate concentration of 5 mM.

®The K values were too low to be determined.

‘Data from Sakurama et al., (2013) (measured at 25 °C)
IND, not determined.

°nd, not detected.

fOligosaccharides were used as the substrate.

This table is modified from Table 2 of Gotoh et al., (2015). Carbohydr. Res., 408:18—24.

[ZD Wi Lac (FH41# 365.1 5 FEfE365.1) B L O
LNB (Gl 406.1 ; St 406.1 ¥ 7213 406.2), LNFP
[IZDW T Lac (F#IME365.1) BLU2-7 a3
LNB (&5t 552.2 ; F I 552.3), Gb5 22w Tl
GNB (F141# 406.1 ; F£ME 406.1) B & UF Galal-4Galpl-
4Glc (FHHEfiE 527.2 3 S IE 527.3), globo H XD W T
1 Galo1-4Galp1-4Gle (FEJIME527.3) B LU 2-7a v
GNB (&t 51# 552.2 ; F2 I 552.3), GALIZD W Tl
Lac (1l 365.1) # X O°GNB (ELHIME 406.1)) A8
Hah.

Gb 512%}9 % Lnb X 3 X U°Lnb B D # il /35 A —
% &, Gb5 B & Wglobo HIZxf 3 % LnbX O ik, 7%
5 UNC Gb5 B £ U GALIZH§ % LnbB o Mk % g
L 7z. LnbX X, GNB-B-pNP (2%} L T LNB-p-pNP &
WK A RT—HT (<0.05mM %} 0.12mM), Gb5
WK LTIEINT & b 6fimv K, flizR L7z (256mM
W 04mM). k,, HD7EE, LNT & Gb5 T 130 4% (110s™
% 0.84s1) TH Y, Z i LNB-p-pNP & GNB-p-pNP
Lo (60f% : 83sixf 1.5s1) kb 2fREN-7
GbSIFLNT L L CT1 oMM EENTEY, F/2
+1H T A D Gal & +2% T7H A4 b Gal & DRI
0l ARG EAT A0, LnbX D+ ¥ 744 - Tifk
BEENE UMD I EZRIBL TV, EERESmM T

-,

1, LnbX & globo H % Gb5 @ 1/40 FEE D&Y Tk s

i L 72 (0.0051U/mg xf 0.21U/mg). LNT (2 al,2 T7
VNP LUZZ INFPIIZDOWT Y, o R=EL
T A S L7z, LonbX 1d GAL1 5 GNB % Bl L 7
o725, GbS K L CTIEEM L7222 &4 5, LabX i
1B X+1H7H A FEOREEOIEFTLEI I IE
TEhWwEEZbhi.

Gb5 1243 % LnbB i id JEH 1k <, Ieib ki
GNB-B-pNP & O[T 170 f5 872 0 (4.9s 51 0.029s),
K 34 7%<Ed 60 5582572 (3.3mM 3 <0.05mM ).
LobB I3 + 794 b 28725, TofiloRr v
MIBEBEIZH L THWTWAIZH Eb 53 (Ito et al,
2013), K, AHABEEEIEICR & BB E ZT D O PR

=

. LnbB & LNFP I % K53 L 2w o & AR globo
WCHTEH L d o 72, GALIZHHS 4 LnbB O keifihix
Gh5IZ T 5HbD XY B 555D -7z (0.049U/mg K}
0.0094U/mg). =D b, BLEEIEDHEE DA
PRCEBERIT L2 EZ N5,

I

AT 4 v THEREZ, A7 4 0 TA VA2 &R
HOVLOoTHY), ~#IZHENERE 7 I FRIGLTW2
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Enzyme (2 mU/ul)

LNT LNFP | Gb5 Globo H GA1
GalB1-3GIcNAcB1-  Fuca1-2GalB1-3GIcNAcB  GalB1-3GalNAcB1- Fuca1-2GalB1- GalB1-3GalNAcB1-
3GalB1-4Glc 1-3GalB1-4Glc 3Gala1-4GalB1-4Glc 3GalNAcB1-3Gala- 4GalB1-4Glc
4Galp1-4Glc
e -
¥ & ¥
-
-
- i e
S
& 6 o
' V 4 v v
S St L o fF Lo G S @
SR ST OO ST oSS
Enzyme (20 mU/pl)
- - - * =
s » s
an = L
“ &
v % 4 2
SFF o SF Lo S Lo o ®
LA ST O OGS

Fig. 2.

Specificity analysis of LnbX and LnbB for natural oligosaccharides containing p-linked LNB or GNB disaccharide structures. The
reaction mixture containing 2mM of each substrate in 50mM sodium phosphate buffer (pH6.0) (total volume of 50x1) was
incubated at 30°C for 12h in the absence and presence of 2 U/mL or 20 U/mL of the enzyme (LnbX or LnbB). Unit (U) was
determined using LNB-B-pNP as a substrate. The reaction products were analyzed by thin-layer chromatography using a solvent
system of 1-butanol/acetic acid/water (2/1/1). The sugars were visualized with diphenylamine-aniline-phosphoric acid. LNB or
GNB was used as the standard (the right most lane in each image). This figure is modified from Figure 3 of Gotoh et al., (2015).

Carbohydr. Res., 408:18-24.

FHEBW IS BT 28Dl B S % 2 PR 2 A5 % A
74 v IREIRE L, SO a THEEICER O W T4 s
V—7 (raX, Frruk, 57 b 2457 R)
WZAEHINTWS., 2o ORIRE MO/ ]
b, WhWwaRET 7 MR L, fla-MieE o
HERB IOV 7V FIVREICERE 2 FEEHEZ R LTS
(Schnaar et al., 2009). & MIBIF 2 A7 1 ¥ THENRY
GIRICLER) VY — AERORZIET 77 —hiB &
CTFA - By 7 2Wes|ERIFTIEFMONTVS
(Patterson 2013; Thomas & Hughes 2014). & 512, &
7 4 ¥ THEIREORESIE, WL o2 0K L Z0FHED
HMEMBE~NOEZ AN IR L3 DH 5 Basu&k
Mukhopadhyay 2014; Krivan et al., 1988). L 722%- T,

NS OB T I == R o722
X, B AT 4 2 THIRE QBB B L OB
BREDGHICBVTHEEEEZ 5N 5.

WM & 2 A7 1~ THIRE OMSHO 53-fF 12D
Tl&, 19884 1C Larson et al. (1988) &, % @ 1% Falk et
al. (1990) BER LTS, 1hbid 727 FRBLOAF
7 bRAT 4 v IWERE R T HET 4 AAWB X
OV ay h AEMEEROBREZERLTBY, €
NS OB IZALMICHMOs E R U TH 5. AW
78 CiE, LnbX & LnbB %%, HMO IZx)3 A 1M & lLigd
LEDBVEVLOD, GNBEBFEZTRY ) —Z (Gbs
Yglobo H) BLUT7 Y704y 7Y+ (GA1) ®
PESHICER T2 2 /I L 72 LobXIiZ Gb5 B L Y
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globo HA ) TN SLZNENGNB B LUN2-7 3L
GNB (4 BifEsE) # ik L7228 GALIZER 23, —
77 LnbB i3 Gb5 B8 L N GA1 A5 GNB % ilsffi L 7=, 2h
W RIRIEE 2 5 pA#G A R GNB % it ffE 9 % i61%, F 72,
type-4 Z“HEOBHEEEO Z N ENRYOHRETH L. 7
TRy FEH 74T FOHALE FEMEoRmICAF
1E L, LnbB & LnbX O Wi J5 A3l BEfs &1 & > 78 2
THAHZEEEETAHE, Zno50EMEIEX, GNB/LNB
TALREIE RO 7 4 AAWD, BBV TRFER 2
By HBICAMICE < 2 b LN w (Kitaoka et al.,
2005). 72, I oOBEHIIBNOZE  OMKDOZE
RELTEBERET 2720, BRNOEBREMRIEELY
5.2 5 HEM: b & % (Karlsson, 1989).

WA, SRS, ES, B X OREMEICHE T 298I
BT, HH LFEOVEMNEDSEE > TWwb. Globo H I,
FUIR, WIS, B O BRI CRIFEBLL Cuv B A
XA —CTHBEERBICHEGE LTV EEXLNTND
(Heimburg-Molinaro et al., 2011). Gb5, \»bh W % SSEA-3a
X, ZRHSEA DV AMYE (muse) #ifE, & 8ERHE
Hifg, WML, B X A LZretkasiiie oMl &M
CRHLTW22Y, ZhsOMIICBI 2 BEIEAH 2
FAYER & LT\ % (Shevinsky et al., 1982; Takahashi et
al., 2007; Thomson 1998; Wright & Andrews 2009). Z®
72, LnbX & InbB ® L =— 27 3G ME1E, HEENA T
Fyr)avy—Liz ) aksIy—tLed
AT 5 2 L2k D, AP B A BSR40 % I
ETLIOOEM Y —NVE LTHHTAZ L HEE
Bbh s (Ito & Yamagata, 1986; Sakurama et al., 2012).
E5H12, AT GNBO KRG HE (~100g) % L
LTWbDT, TNHEHED ) 2y vy —E¥{bE T2
X, GNBEHBEOHHZ AW T 52 2 ENBISHITRET
H5.

WAL EALREEETL2DO0D57 M-N-¥F ¥ =¥
DWTC, FB SRS ESH O 0 ol IS
DR, BB TR RE 2 T R & 3 AN
A &M RO ERMRZ R T 272D EE AT
b B5IZ, INSOREEIIH A HEAE oMM b
VIVZHLWVIEAEET LY =N E L TUnHTRETH 5.

-3

EALRBEORL L2005 7 »-N-X*+ ¥ ¥ —+¥
(LnbX & LnbB) 1220\ T, ZuRXKZBIOH 7Y F
RAT 4 ¥ TR ORI 2 Frfl e Fe 8 2 F
L 7z. Bifidobacterium longum subsp. longum H ¥ LnbX
X GHI136 1273 & % 25, Gb5 B X Wglobo HA* 6 %
NENGNBBLU2-7a2 )V GNB (4 R=HE) %tz

B85 ENWHS 0L % o 72 Bifidobacterium bifidum
Hi3k GH20 2 »/N—"T2% % LnbB &, Gb5 8 X UF GAL
5 GNB 2 #3212 A LTz T b ORI,
RIRIEE A5 B-GNB = Tl 210 & L Tidw
BDTTHAH. TNHOFFEM RGN, BRI
A BT S EELREHZ LTS 0, FHREC
AT 4 Y IFERBEOFEHOBERE LR T 572008 L
V=& LTIBHDTRETH 5.
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o BB R S P28 E K4 (BB650m1) . 9. A .
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Generation of a highly efficient 1,2-o-L-fucosynthase and its use
for introducing H-antigen structure into various glycoconjugates

Yuta Sugiyama, Takane Katayama, Shin Kurihara

Host-Microbe Interaction Research Laboratory

Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

Fucol-2Gal linkages, the so-called H-antigens, constitute histo-blood group antigens and are involved in various
physiological and pathological events. Recent studies have revealed that the H-antigen-containing glycans play an
important role in establishing symbiosis between gut microbes and the host. H-antigen-containing glycans can also
mitigate gut microbiota dysbiosis. Therefore, development of a method for synthesizing H-antigen-containing
sugars is desired as a research tool and for medicinal purposes. In this study, we succeeded in converting an
inverting 1,2-g-L-fucosidase into a highly efficient 1,2-o-L-fucosynthase. The synthase specifically synthesized H
type 1-, type 2-, type 3- and type 4-chain-containing sugars with yields of 57-75 % based on acceptor depletion. The
synthase was also able to introduce Fuc residues into Lewis a/x antigens to produce Lewis b/y tetrasaccharides.
Moreover, the enzyme was shown to introduce H-antigens into sugar chains of a glycoprotein (porcine gastric
mucin), as revealed by lectin blotting and mass spectroscopy analysis. These results show that the synthase
developed in this study could serve as an alternative to other H-antigen synthesis methods involving «-1,2-

fucosyltransferases and retaining o-fucosidase.
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H JrEIS M B PR e g 26 & HE K 3 2 i 0 — D> TdH
D, #5327 b—A (Gal) 72— X (Fuc) 2%a-1,2
7 3y PG L2 ZHiRE (Fucal-2Gal) ##59. H
PURIIHE Y X7 B, BEIRRB X OF ) T & v o 7o
EHEE ORES O IR TT AR S5 (Hakomori, 1999),
Bex AMFN T A TERELEHERZL TV
(Heimburg-Molinaro et al., 2011; Tateno et al., 2013). &
MIBWT, HItklLa12- 733NV T VAT 2T —
€ (FUT1 B X O'FUT2) 12X » TAB 215 (Mollicone
et al., 1994; Rouquier et al., 1995). FUTLIZRMERB X
OBz T HBL L T ABO I B PLR o 2 7 4 & %
BT H—F, FUR2 353 ECTRILTwS (Suet
al.,2004). BBREWC LIZ, YT ARLBWTHED
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Fut2 O3EHBGPME IC X - THHE SN S Z & s
ENTWw5b (Bry etal., 1996; Goto et al., 2014; Pickard et
al., 2014). ZOBRIZ, 18 ELNEE ORI~ H T
2 RERO—D L LTREEL, EHFERT VAT AT
HHEEZLNT WD (Bryetal, 1996), i, B
PRI @ 1,2-0-L-7 T ¥ ¥ —EIZ X D %8 L 72 Fuc 285
BIRIMYEREGE OREMEREFORB 2 M 3¢5 2 &
23 7 & N7z (Pacheco et al., 2012). % 72, Pham et
al. (2014) I~ 7 A HBR 2R IS E A ) THE2 &
542 2 & T, Enterococcus faecalis \ZxF9 % &GPt
PG ENBZLER L S OREIELF BT
B HPUEMED E EORBEIZE s THEETHL I LR
RIELTWA. b MIBWTIE, FEG A (FUT2 )
WK & FiE LTy a— ViR T BB RIE 0 &
THENWZ ERRE I N TS (McGovern et al., 2010;
Smyth et al., 2011).

H s 2 S LML, BRI X o TH NG
ENb. AAHPTIHFHICEEZBER S THLE 3
)V 27 % 1) TH% (Human milk oligosaccharides, HMOs ) 1%,
W TH L2346, 1L ALOIERITTEMICH
O A H 5 1L A (Kunz et al., 2000; Kobata, 2010;
Urashima et al., 2012). HMOs Xt MEILBERIC X %59
RA2Z T 72O KA RECHE L (Brand-Miller
et al,1998), EZCHWME (€714 XAWARE) @
BRI A MRS L E 2 5N Tw b (Kitaoka et al.,
2005; Sela et al., 2008; Wada et al., 2008a; Sela et al., 2008;
Asakuma et al., 2011; Sakurama et al., 2012; Sakurama et
al., 2013; Lewis et al., 2015; Katayama, 2016). F7-H¥T
[ % A3 % HMOs &, Campylobacter jejuni O I35z % b
ST ENHEEINTWS (RuizPalacios et al., 2003). H
MEZETH5HMOsD 12O TH52-7I3 VT 7 b—
2 (2-FL, Fucol-2Galp1-4Glc: Glc, 7 Vv a— ) &, B
B LMD ) REFEFRMEIEE 2 MEE S5 2 &
AHE SN TS (He et al, 2016). T 5 DGR,
H PUIEURE 7% 23 PR A & 1 5 B o0 B e A BAAR & Aifg 37§
B728%, SO A RIBEEREE TR 5720125
HWTHHLIEERBRLTWS, TNFTIZ, HiuEME
OEEFEAKIF a-12-7A YNV Ty A 725 —EE 0T
0-7 25— X BB IUE & 721550 S
T\ %. Drouillard et al. (2006) &, Helicobacter pylori
HkDo12-7aI Vb5 A725—EE2EHWLD
POBIZTERBW~NEAL, 2-FLBX T 7 M-N-7
2y ¥+ —AIV (LNFP IV, Fucal-2Galp1-4GIeNAcp1-
3Galp1-4Glc: GIeNAc, N-7TtF V7 Va3 V) ZHK
5L LTS, Mz KW % w7z 2-FL
D7 T KA — )V TOERIE Baumgirtner et al. (2013)
X THHIEEN TV A, Zhao et al. (2016) 1%, Fuc

Y52 F-N-5 b54—% (LNT, Galpl-3GlcNAcp1-
3Galp1-4Glc) &£ V), Thermosynechococcus elongates H K
a-1,2-7IAI NI T VAT T—E¥BILYT7aIFF—¥
/GDP-Fuc ¥ B R AR I—¥&FH LT v Ry MEE
FRIEHREANTIgD I 7 F-N-7aAXRy ¥ F—A 1
(LNFP 1, Fucal-2Galp1-3GIcNAcp1-3Galpl-4Gle) %= &
Bl TOXHICTYVaI NIy AT 2T —EiT,
HEOX) T2 ERT 57200y —VThbL
Wz %. Osanjo et al. (2007) (& Thermotoga maritima
KD o-L-7 35 —¥ (77 ~—Kinhl) ZBRED, 4-
=87 2= )V(pNP)-a-L-7 I ¥ FH 5 Galp-pNP ~
Fuc BB HETH LI L 2 IE L TV 5.

Fy)ayryy—¥eid, ry)ady—vYIlERyEA
FT5ZLT, 7vitHirtic OfET 72Ty —~NiEf &
BHLIENTEDL LI EER/T. F7Vad
=L TIIMARGRGEESIRE L TWETzD, BREh
7)) ay FiEEE, MKSH%E il % (Shaikh &
Withers, 2008). 2V 2 ¥ » % — ¥ 1%, Hehre et al.
(1979) 12 X BFTLICIHED VTR S, BT )~ —
RO 7)) a3y ¥ —¥IZHEH N7z (Malet & Planas,
1998; Mackenzie et al., 1998). F 72, 7/ ~— iz
Bor)ayy—Litb@EflshTwb (Honda &
Kitaoka, 2006; Wada et al., 2008b; Ohnuma et al., 2012).

F& % 1X LLRT , Bifidobacterium bifidum JCM 1254 D
7 /%= RiE 1,2-0-L-7 3 ¥ ¥ —¥ (BbAfcA) O 7
ayry—¥it (1,2-a-L-7 23 ¥ —¥) YL
B, Ve L 7-BE O KR I3 H» - 72 (Wada et al.,
2008b). BbAfcAIX 1%, 2B B X OSHMHIE X &F
THF) THEB X ORESY VX7 HESICH Liswvw T a Y
F— Bt L R R A3 5 2 A6 (Katayama et al.,
2004; Gotoh et al., 2015), XV Emwy v ¥ —EiEks 4
THERMEPERTEIUL, ) TRSKICEHTH S
LEzohi

BbAfcA OIFENE, 7 A% ¥ Vg (D766)
WX o TS N7 285 F U5k (N423) 23
L LTERT 2 L v ) 2= — 7 L RUBERE 2 /L
T W % (Nagae et al., 2007; Liu et al., 2013) (Fig.1).
KBRS BRI, 22007 A8 F ViEHE (N421
BLON423) 12k o THFFSNTED, N4211d E566
DTNV I R (—RRAEE) & RERA LT
E566 fIH & 277 ) 2 ¥ FERF#II0 L Icilm S 2T
5. AREFFEIZB VT, F4 iE BbAfCA ~NDZEFE AT X
573y —ERIBMEOM EEZHiEL7Z. kKW T,
HpE, ) Tk, BIXOWES 37 HE W TGO
P& AT L 72
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Fig.1. Structure of the catalytic site of 1,2-o-L-fucosidase from
B. bifidum.
The catalytic four residues (N421, N423, E566, and
D766) and Gal-recognizing residues (H419, E485, W500,
and E566) are shown with the attacking water molecule
depicted by a sphere (PDB ID: 2EAC) (Nagae et al.
2007). 2"-FL observed in the crystal structure of E566A
mutant (PDB ID: 2EAD) is used to model the complex
structure with WT enzyme. The hydrogen bonds are
shown as dashed line. This figure is modified from
Figure 1 of Sugiyama et al. (2016).

BT

BbAfcA EEADIER

BbAfcA fili i N 2 4 ¥ #IxT % -4 3 % pET23b-afcA
(Katayama et al., 2004) % $ % & L T, QuikChange
site-directed mutagenesis (Stratagene) % JH > C itk
HATIVMBEREEA L. =7 Y AN EIT O,
BUHNOERS MmN L 2R LR, o7
A X F%& KW BL21AlacZ (DE3) (Ashida et al., 2009)
~NEA L7

#0#2 Z2 BV AICAERIFDFRIR L a8

Histag # FIH L CTNiNTA A ¥ » 7 5 & (QIAGEN)
AW BEHE % 4T\, Slide-A Lyzer G2 (Thermo
Fisher Scientific) % M \» T 10mM Tris-HCl % & i
(pH8.0) IZH L TEH L7z, BETHNIE, MonoQ
5/50 7 7 & (GE Healthcare Life Science) % i\ T &
SICHE L7, KL SDS PAGEIZ & 0 fEGEL 7-.
v 7 B L, 280nm T O E OV WG AR B
(184,165M'em™) X &ML 7.

#8#2 2 BoAfcA ZE D HIK D BEEBITE

2-FL (1mM) % f\>C BbAfcA 2 SR D K 55 i
PA e L7z ¥AAE 0.51nM, BbAfCAN'? (% 1.0nM,
BbAfcAN*P 13 10.2nM, BbAfcAN*Q X 51nM, ZFDfhod
ZESARIZ 1020M TR L7z, 8 L 72 Fuc i, Fucose
dehydrogenase (Kikkoman) & Thio-NAD (Oriental
Yeast) % H w72 CT% = L 72 (Katayama et al.,
2004 ).

#8322 BDAICAZERAED 73 > 2 — EiEHEE

B-7 v{t7a—A (p-FucF) &7 %7 F—2X (lac) %
T BbAfCAZERAKD 7 a3 v & — Bk & i~ 7.
10mM DL & 4,M 0 BbAfA Z Bk % & ¢ 100mM 2
T VR (pH5.0) #30C T304 M A >~ F 2 R—
%, 95C T34 MM L ChUtZ Ik S 7. o
13 Asahipak NH2P-50 4E (4.6 x250mm) # 5 2 (Showa
Denko) & fl\WC, @ik v~ 777 1 — (HPLC)
(Ultimate 3000, Thermo Fisher Scientific) 4~ #i L 7-.
ATEF—=TF40CEL, BHEHIETB%T7TEIN=1Y
VEMH L, 1.0mL/min Tfr-o7:. HiliZaoFmE
bk T-#e i #% (CAD, Thermo Fisher Scientific) % i\
THi»o7z. 2-FLEX, B SER L RER» 55
L7,

PO %8 pH 1, 100mM 27 T~ B i (pH4.5-
6.0),2-FENKY ) ¥ ¥ ANk VG (pH6.0-7.0)
BLU3-EBNFRY 2 78y 2 )k VAR (pH7.0-
8.0) ZHWTHEL . #AZEMIZ100mM 7 = > 1
% i (BOAfcAN®H 1% pH5.5, BOAfcANZP/DTN 3
pH5.0) T304 WA v F 2 x— + &fF- Tl L7-.

T U T a2 — DR

HopgE L o) I %2 W TBWAICANMP DT 7 v 7 & —
FE R 2 720 10uM @ BbAfcAN®H 10mM B-FucF
E10mM 7 7 & 77 — % & 100mM 7 T > R
(pH5.5) #30C T304 vFa2xX—FL, 95CT3
SR EE %, SORSE % HPLC-CAD % Fi v T #t L 72
OB T 727 % —{HE w2 H I L TR L 7.
HPLC-CAD % #1 1%, HILICpak VG-50 4E 77 5 & (4.6%
250mm, Showa Denko) %MW TiT\w, h I L6+ —=T >
1340CE L7 EHIETB% 7 b= M) VEMHL
1.0mL/min Tff->72. ¥ B+ —RA%27 7t 7 % —
ELTHALZZSER, BEHHELTTEI= )L/
AZ 2= /K (75/20/5) ZAEH L7

7' % " & F ~ (porcine gastric mucin, PGM) % 7 7
Ty =L LT B, 73y v s —ERIBOH
12 Fuc %% PGM OFEH 2 S L7z, Bl a3k
i, 2mg/mLPGM, IlmM Y54+ ML A4 F—=NVB LY
10pM OYF AT BbAfcA % %43 5 50mM V) Y S +Y)
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B KK, Al e, SRR

v AR (pH6.5) % 30C T48 MM A » F 2 _X— |
LATo 7z, BE% 95T TEIL S B 7:1k, U Z KIZ
X U CENT, SURSTEME LI~ 2 2 Vb PGM % B3 L 72,
1mg/mL it 7 2 ¥ WAL PGM, 10mM B-FucF 8 X O
104M BbAfcAN*H % & 4§ % 50mM 7 T > [ itk 1l i
(pH5.5) #30C T304 M A > Fax—1bL72E W
YT NWERAY ) — )VALEL L 72 Immobilon-P 5 (Millipore )
FiZARy L2 2% (w/v) 9 VMETNVTI V%
E10.05% (v/v) Tween-20 70 v F ¥ ZFHIEGH M) A
WALk (TBST) T7 0y d v 7%, EFF Ufk
&V 27 F ~ [Ulex europeus agglutinin I (UEAI) BL O
Y —J v agglutinin (PNA)] (0.4ug/mL) 3 X ")V
FTFTF—EHEAMLT I TEY Y (0125ug/mL) %
& TBS-T HI T 60 47 A » Fa2~x—FL7z. TBST
T ¥k & #, SuperSignal™ West Pico Chemiluminescent
Substrate (Thermo Fischer Scientific) & LAS-3000
(Fyjifilm) %M L THEL M L7

O-FEETTESHDRS

O-F5 A BUBESH X2 71 B- BB X > TH372 (Aoki ef
al., 2008). HAEHZIEL7HMES » X278 (100ug) % 1M
DOKRFALR T HEF M) Y A% E4T 5 5004l @ 100mM
KBALT P AICHEEL, 77 AEFRTLHCTI
B A v FaxR—F L 0%k, KET10% (v/v)
kg T L, Dowex-50W-X8 (H+ %, 100-200 X v ¥ .,
Sigma-Aldrich) % 7 A TR L7z, ) TfET VY b —
VaE5% (v/v) BEEECHEILLCTHILL, HEZH L7
03mL D10 %BEEBEH A5 ) —VERML, 40C T2
FFEMR T CHBESELIETRYBEAY J— L bt
WESEHRELL CoTHRES MY KL %
0.3mL ® 5% EEER CHEM L, 7Ok L 72 Sep-pak
Cl18 #— bV v ¥ (Waters) M L7z, 70— )L —
BLU2mL @5 % RERRVES W /7% A4 ) IHT VT b —
Vs e UCHL L, SR L7

PEEHB L UA ) JFEDTE X FILE

B D 5E 4 A F Vb, Anumula & Taylor (1992) @
TECHE - 72, BB ) ThEB X O O-#E & s
BSR4 THET7 VY b — L% 200ul DMK T A F IV A
VAF YK (DMSO) THEM L. #E% 250uL ©
Wi OKBRft> b o 4 &4 DMSO) I & 01504l @
S—FxXF U E50HMMLIEAETSAZIEIZLY, XF
MExAT- 72, 2mLO5%REEB X0 2mL oY 7 oo
AF U RBIM L2, 2 AF MY 7 ARSI
I L, KW TIhz @R FAT 40T Tzl
iz, BTNk TP L 72 Seppak C18 77 — b
Uy DI, KTHE, 8% (v/v) TEMZFU L

T L7z w2 SR N, 40°C THIEZEE L 72

RICEM DFERN

7aAyry—ERMC I DAER LA ) THEZ R L
72, BUBE (750 ~4300xL) % Amberlite MB-3 T L,
G W M %, Sugar-D A 9 4 (20%x250mm, Nacalai
Tesque) XM L7z, #FA4F—71340CT, #Hild
72% 7 & b = bV T50mL/min TITVy, RAEEITH
W 28 (RID-10A, Shimadzu) 2 &) E=% — L 7.
OB EY = G laxa6— L, HEEERE 2561
TSK-gel 80Ts (20x250mm, Tosoh) # J A % W T
WL 720 % M IE K T 7.0mL/min O i # T AT W,
RID-10ATE=%—L7-.

Ty AT B/ A A AERITEERE
E2# (MALDI-TOF MS) & & 0" MALDI-TOF/TOF
MS &

<MYy AELT25-Vk U v ZRERE W,
RY T4 T4 % E—FTIr->72. MALDITOF/TOF
MS f##7 (Bruker UltrafeXtreme, Bruker Daltonics) (2
£, MS/MS A7 bV &#3HTC, gt OHEE 217 o
72, BEAOIGE S, GlycoWorkbench 2.0 ( Ceroni et
al.,, 2008) #MWCHEM L. RO ERNZHEE
X, &Y 7 FNREEZ100% LT 5 & Tliro.

ERIE 1,2-0-L-7 Y > 2 —HEDEK

BbAfcA @ i P v o 1, N421, N423, E566 8 X O
D766 12 & Wi ¥ 5 (Fig.1). E56617 a3 v % —
FRIGICB W THEMBEE L TRHETH S L% 2,
N421, N423 B X D766 27 I/ WiE# 28 A L 7.
2-FLIMAK 43 G % Wl L 72 & & 5, BbAfcAN?'P,
BbAfcANP 1 X UF BbAfcAP™ |21 4: K1 BbAfcA 9 36 %,
4.9% B X 1825 % D% % fR¥F L T 72 (Sugiyama et
al., 2016) »%, MOZEBEARTIZEMIZKRS LTz 2
NEDOEEALD S B, BbACAV®! 75, B-FucF & Lac %
FHELEBIIROEWTIY Yy —Bii2 R LA
(Sugiyama et al., 2016). BbAfCAN*P D7 a3y v ¥ —¥
EVE, DLETHGE L 72 BbAfcAP™%C L [F%:Td - 72 (Wada
et al., 2008b). W2, N423D F 7213 N423HZE R % /3 v
7797y FIZLTD766 28k %2 E L7 (Sugiyama
et al., 2016). N423DIZBIJ 5 D766NE iz 7 a3 ~
y—EBHEORINZBME 725 L7z—7, N423H I
B 5 D766 ~OT I/ BREIR OB NITIHEOHD % b
72 5 L 72 (Sugiyama et al., 2016). Z O #% 5,
BbAfcAN*H! 15 X O BhAfcANPP/PTON 2 X 25 72 B 43 HF I
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wapZkrrlLz.

BbAfcAN*M 13 pH5.5 T, BbAfcANZP/DTN 13 pH5.0 T
KOEWIEEEZRL, TOEEIZUEHI O A LN
BbALcAP™C X 1) & KIRIZ & A - 7z (Fig.2A) (Wada et
al., 2008b). BbAfcAN*H B X UF BbAfcANZP/DT6N gy s 4
NOWED, FUNI30 5 DINICERITEL. ERY
WS (2-FL) L RERIEEE & o BB R I3 SO O #H B
B (<340) TOARBIZSNZA (Fig.2A), Zhidk
W T O B-FucF Ol (2047) 72D TH S
& % 2 5 N 7 (Sakurama et al., 2012). &L 7z
B-FucF 3 & U Lac 125§ 2 PIE, WML R EE
12 B W T, BbAfCAMZBD/DION (83 ~94%) X 0 3
BbAfcANPE ) F 7% (88~100%) 7§ A I & 2 » 72.
¥ 72, BDAfcAMZD/DTON 13 BpAfcANZH L g L C, Lac
RIS T 55822179, 100mM Lac f£/£ FC
D YL 1, BOAfcANZHP/DTON G 60 9%, BhAfcANET (X
80% T & - 7= (Sugiyama et al., 2016). BbAfcAN*H |X
55T 303D A v F 2= 3 YT 90 % DI % i
F L7228, BbAfcANZP/DTN 13 40C 30 53D 4 ¥ F 2 X —
Ta v TRIELI, INOORR I, BbAICAN®H Hif
LRI 1,2-0-L-7 23 V¥ —¥ThHbLEEZ LRI

BbAfcANE T v 2 T 2 4 EM

BbAICAN®R 7 7 7 & — R %, 10mM OFfi 4
OHBERB X0 ) THEE T L2 (Table 1). 12
TEOHEEDOH T, Gal 2 DAIFHEMICTHE S (83%),
HPAEC-PAD f#NTICB W CTAERM E PRI L E— 2
B b7z (Sugiyama et al., 2016). L-7 5 ¥ J — R
(L-Ara) 1348 % HE XN, RwW T 779 —Th - 7.

(A) BbAFCAN423H

10
1 mg/mL
8 - ¢}
0.5 mg/mL
6 g

0.25 mg/mL

2'-Fucosyllactose (mM)

Time (min)

F#hEE 1, 2-a-L-fucosynthase DI & £k 4 2 BIEHEE ~ 0 H PrEHEE 0B A

FVa—Z (Gle) EFu—2 (Xyl) iZ3ZFNZFN84%
L 72%07 3y vy — ¥ G TiHE S, HPAEC-PAD
ST T/ANE R — 27 25 & L7 (Sugiyama et al.,
2016). L-5 &/ —Z (1-Rha) EbHTFMICHEIN
(Table1). TNOLDIBIZBITBT 717 & — Rk
IZOWTIFEZR TS, F72, L-Fuc, 7V7 b—2A
(Fru), #9277 43, NNTRFVHTT P H IV
(GalNAc), ZIVva¥3I v, GlekNAcB L U'w v/ — R
BWFhd 727277 — & LTHREL 2o /2.
3B-H57 PEF—Z, LacBIU6-p-H5 7 bEF—
AN, ZHEORTROLFEMIZ (585%) 7TV MLS
N7z (Tablel). £72, AV VY F—X, #1527 b-N-Y'F—
Z (GNB, Galp1-3GalNAc), 3-B-7F 27 I )V 7 )L a—
A, 927 b-N-¥%—Z1 (LNB, Galp1-3GlcNAc), 4-p-
WG PEF—R, Fr/Fau—X, N-TEFNVF¥
IV T 2RIy - LTI, 456~79%D
AW E SN/ (Table1, Fig.3A). ¥ IV h—Z, A4
VRNV E—=A, a0t —ARNT rFF Ut — Ry
W77k T Y — (26~22%) & L THERELZZ2S, ML
NO—R, FIFVEF—ARFAZT—RET 7 &7
y—r L THRELRPo. —hT, FyubEt—2
(Xylp1-4Xyl) % fliJH L72BRI2 33 %ANHE S, IS
MEeFPRINLZHLOE =7 BMBL L7 (Table 1 B &
"Fig.3B). 73 ¥ WALF 0 ¥t — 2 DfLF s 13 bk
WAL DY L7z (Fah).

3-7a V57 b—A (3-FL, Galpl-4 (Fucal-3) Glc)
BT T Y=L LBORIDHFEILEZ%THY, T
7 VY737 b7 4 — A (LDFT, Fucol-2Galpl-4
(Fucal-3) Glc) #dh & [ UARFERE [ o ¥ — 27 25 HPLC

(B) BbAfcAN423D/D766N

10

1 mg/mL

0.5 mg/mL

0.25 mg/mL

2'-Fucosyllactose (mM)

Time (min)

Fig.2. Time course of the fucosynthase reaction catalyzed by BbAfcAN* and BbAfcANZP/PT6N mutants.
The reaction was carried out at 30 C in the presence of 10mM p-FucF, and Lac, and the samples were taken at the indicated time
points for HPLC analysis. BbAfcANZH (A) and BbAfcANZP/PT6N (B) were added at the concentrations between 0.25 and 1 mg/mL.
This figure is modified from Figure 2 of Sugiyama et al. (2016).
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B KK, Al e, SRR

ST CTRO LNz VA Za VA ZAx ZHER S IV A
Ab BRI A Ay DUREAS 43 % K U 62 % DRI THER L
Tw 7z (Table 1; Sugiyama et al., 2016). 727t 7% —
L LT9 27 b-N-7 b 5%+ —A (LNT, Galp1-3GlcNAcp1-
3Galp1-4Glc) #fiVvb LT 7 b-N-7axXv ¥+ —2A1
WIS g 5 ¥ —27 238, RISRIFEIZT5% TH - 72
(Table 1 8 X U’Fig.3C). 52 b-N-2%+ 5 b 5F — 2
(LN#T, Galp1-4GlcNAcB1-3Galpl-4Gle) #7277 % —
ELBEORISHEHIZ59% TH -7 (Table 1B L O°
Fig.3D). IS DEEYOREEIZOWTIZBET 5.

KERDMICE D 73 2 2 —ERICED DR
7V —BREDT 72Ty —HREEIET S
7212, GNB, ¥y oV #—2Z, LNTH X OFLN#T %
T Ty =k LRIRH & )R8 L 72 OIS Y R s
% MALDI-TOF-MS Jt 0" NMRIZ X W @M L 72, ¥ 0
U —2%7 7% 75—k LB S NS EY D
1RITH X 2K ITC NMR A X7 N IVIENTRE S X 1) Fuc
% 2O ¥ — 2 D@ICA N Xyl D 03 {128 A
KR, 3-7a ¥ VFuovFt— X (Xylpl-4 (Fucal-3)
Xyl) ZHEWRT 5T LpRENT. GNB, INTB IO
INWT %7 2727 % —% LTHWZK, Fucido-12#
GENLTIERITEmMD Gal BRI AL, Thheh
2'-7 2 )V GNB (Fucal-2Galg1-3GalNAc), LNFP I (Fuc
01-2Galp1-3GlcNAcp1-3Galpl-4Gle, 1B HHLF ) K O°
LNFP IV (Fucal-2Galp1-4GlcNAcp1-3Galpl-4Gle, 2 7Y
HPUR) 2T 5 LAURENT. 2'-7 320 GNB
T GalNACHEEIZY 5 ) — 2B E 75 ) — AT THELE

L Cw7: (Angyal & Pickles, 1972). KW D& & %
O RILF X, 2'-7 2 ¥V GNB & 11.4mg T 50 % mol,
3-7a vy VvF yu ¥t — A TIiE04mg T4 %mol,
LNFPI X 2.0mg T 30% mol, LNFPIV iX 2.7mg T
41 % mol TH - 7=.

HER > IN7EREEAD HREREA

EFNE S EELTT I HLF Y (PGM) %l
L7z, Fig. 4AICUEAIBL U PNAZ WL 7 F 70y
M2 b, HBUR () B X T HUR (Galpl-3GalNAc,
) BB LR E R Lz BAER BbAfCAIZ L 5
PGM LI UEAL v 7 F Vo kE2d 76 L (L—>
1BL0U2), FKIZPNAY 7P Va2 &
5 (L—=r5BX06), Fue Bk SNCTHE»H
N7z epvRahzz. W7 a3y nvik L7 PGM % B-FucF
LA v F axX—- b T B E, UEBAL Y 7 Fua8ing:
(L—>3) %% BbAfcAVPHIEAEAE T Cld UEAL > 7
VIZED N Loz (L—24). PNAYZFVidh
FAIMEG LTz (L= 6~8).

WNT, O-BUpE % % VX7 B SHEEEL, el X F
VAL #, MALDI-TOF MS ¥ X " MALDI-TOF/TOF-MS
12X D fENT L7 (Fig.4B; Sugiyama ef al., 2016). Y —
7 O EAERY, &Y 7 FVIREIHT A EARTE
L 7z (Sugiyama et al., 2016). 7 2= # BbAfcA 12 X %
PGM AL B, m/z 708.4 (¥ € Fucal-2Galp1-3GalNAc-
itol) OMxIEZ WA S, m/z 534.3 (HEE Galpl-3Gal-
NAc-itol) DHIx} = % H N S & 72 (Fig.4B; Sugiyama et
al.,2016). 73 vy —¥Rnk, TAHEFIAFY—

(A) GNB (B) Xyl-Xyl (C) LNT (D) LNAT
150 150 - 100 1 100
. g3
< - 2 75 | 8 2 75
< 100 53 100 1 g 3 <y 5
2 23 8 3 =8
2 gg < 8 Y 23
S 8o v O 50 1 + BbATCANZ3H 5 - g
£ <V v go
T 50 1 M + BbAFCAN423H 50 1 )\ “ } \!-_BLATCANMZH | — BbAfcAN423H ;( Y
5 25 25 + BOAfCANZ3H
»
~ BbAfCAN<23H . ~ BbAfCAN<23H Std LNFP I — BbAfGANeH
0 - - 0 : - SV S— AR
0 5 10 15 0 5 10 15 0 5 10 15 20 25 30 0 5 10 15 20 25 30

Retention time (min)

Fig.3. HPLC analysis of the fucosynthase reaction products.

Retention time (min)

Retention time (min) Retention time (min)

The reactions were carried out at 30 C for 30min in 100mM sodium citrate buffer (pH5.5) containing p-FucF (10mM), acceptors
(10mM) and 10M BbAfcAN**H, The mixtures were analyzed by HPLC-CAD. The chromatograms obtained for galacto-N-biose
(GNB) (A), xylobiose Xyl-Xyl) (B), lacto-N-tetraose (LNT) (C), and lacto-N-neotetraose (LN#T) as acceptors (D) are shown. The
peaks of acceptor and product are indicated. This figure is modified from Figure 3 of Sugiyama et al. (2016).
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Fig.4.

BRI 1,2-a-L-fucosynthase O & B 4 = BIEHE ~ 0 H HUHE# OFE A
(A) Lectin blot
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(B) MALDI-TOF MS
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Analysis of the reaction products using porcine gastric mucin (PGM) as an acceptor.

(A) Lectin blot analysis of non-treated PGM (lane 1 and 5), 1,2-a-L-fucosidase (BbAfcA"")-treated PGM (lane 2 and 6), defucosylated
PGM incubated with B-FucF in the presence of BbAfcAN*! (lane 3 and 7) and in the absence of enzyme (lane 4 and 8). The
samples were spotted with varying amounts (0.125 to 1.0xg), and the membrane was blotted with UEA-I and PNA for detecting
H- and T-antigens, respectively. (B) MALDI-TOF MS analysis of permethylated O-glycan alditols. O-Glycans released from
non-treated PGM (upper panel), BbAfcAV"-treated PGM (middle panel), and BbAfcA""- and BbAfcAN**"treated PGM (BbAfcA""
+ BbAfcAN*?1) (lower panel) were used for the analysis. This figure is modified from Figure 4 of Sugiyama et al. (2016).
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il K, i

A (dHex, Fuc i3 dHex) & A HESH DO AR & (m/2=708.4)
¥, R PGM & F& L NV F CHIE L7 (Fig.4B;
Sugiyama et al., 2016). [ Kk 12, m/z H%1157.7 (dHex-
1Hex2HexNAc2-itol: Hex, ¥ — X ; HexNAc, N-7
FIAFY—A) BL11331.8 (dHex2Hex2HexNAc2-
itol) HXf =%, PGM % A4 % BbAfcA THLIE$ % & i
AL, FREICdHex & & F 7 W B8 (m/2=983.6,
Hex2HexNAc-itol) & A& # 2% ¥ I L 7z (Fig.4B;
Sugiyama et al., 2016). 7 I ¥ ¥ ¥ — ¥ )b £,
Hex2HexNAc2-itol (m/z2=983.6) DA%} WMA T %
— 7 T, dHex & A 584 (m/z=1157.7 5 X 1 1331.8)
OEFEITHML 72 F RO @I, m/z 1228.7
(Hex2HexNAc3-itol) & 1402.8 (dHex1Hex2HexNAc3-
itol) # X 1815769 (dHex2Hex2HexNAc3-itol) [, &
512 m/z 2127.2 (Hex4HexNAc5-itol) & 2475.4 (dHex
2Hex4HexNAch-itol) [ T 3 72 % & . 72 (Fig.4B;
Sugiyama et al., 2016). —Ji T, 3#ICA U IZ HexNAc 5%
REHFETHEE DN D m/z21269.8 D FE X (GlcNAc
B1-3Galp1-3/4GIcNAcp1-6GalNAc-itol & ) ( Karlsson
et al., 1997), WpHERI BbAfcA B X UF BbAfcANPH LB
WBEDERD LN T H -7z (Fig. 4B; Sugiyama et al., 2016).

“TOHOH

C4 (8] N N

Ho oH P RN
HO%D"L'
on e

Fuca1-2Gal

. L-Ara
(H-antigen)

GalB1-4(Fuca1-3)Glca
(3-Fucosyllactose) (a-anomer)

Fa, SRR B

E 2

LLHT OWFFE THUE L 72 BbAfCAPC D7 a3 v 7 — ¥
WHEEIERICE D o 72720 (U 6% Kiil) (Wada et
al., 2008b), AWM OREIIHWEE TS > 7225, AWFZET
13 = R AL B R BOALCAN®H % I 5 2 &Sk 7z 72
W, TR Ty —ERELFEMCHANRS Z gL
72572, BOAfcAMZPR X, Gal B X OIEEITCE G IS Gal &
AT AHA) TR, W TIZ1-Ara, Gle, 1-Rha
BLUXyl, 52OV EF—X, £ V<)V b—
A, kOt —X, FrFretr—RtFubf—2
27775 —k L ik L7 (Table1 B X U Fig.5).
L-Ara D¥i4, C,ET ) —ARNIBVWT AR T F ¥ ¥
VB HE & L % 72 ® 12 (Angyal & Pickles, 1972),
BbAfcANH H3ZREEHECTH 5 L FHH SN (Table 18
X U°Fig.5). L-Rhad#fr, ¥EO'C, BERESE5 &
C2- (axial), C3- (equatorial), C4- (equatorial) -OH
H3Gal D C4-, C3-, C2-OHLEARLZ Lilhb. &
D728, LWL Fucal-4Rha & % 2 bh b (Fig.5 8
X U Table 1).

B-FucF & ¥y m bt —2ah U EEDE 3-7

oH
/ 1 4
L-Rha
OH
HO R%
Ra
H

Structural requirement

XylB1-4(Fuca1-3)Xyla
(3-Fucosylxylobiose) (a-anomer)

Fig.5. Structural requirement of acceptor sugars for 1,2-o-1-fucosynthase reaction.
Structures of H-antigen, L-arabinopyranose (1-Ara), L-rhamnose (1-Rha), a-anomer of 3-fucosyllactose, and a-anomer of 3-fuco-
sylxylobiose are shown. The acceptor sugar accommodated in the (-1) subsite of the enzyme is shown by dashed line. This figure

is modified from Figure 5 of Sugiyama et al. (2016).
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il

IV NVEFFTEF— A (Xylpl-4 (Fucal-3) Xyl) THo
72 (Sugiyama et al., 2016). = O#EF1%, Xyl 7213 Gle
Da-7 /) X—BHREDHRLTNDLZEEBIRBLT
w5 (Fig.5). ¥ 0¥t —2A0OEILKMa-T7 /< —
01 (axial), 02 (equatorial) B & U° 03 (equatorial) 1,
Gal @ 04 (axial ), O3 (equatorial ) 3 X 0¥ 02 (equatorial )
WREEMISHE L CWAS. SIFVEF—AD L) %3
M7 ) ay MG FT 5 0L, EuEum Gle®
O3 7 ) —=Tidmwicd, 77275 —Il%hbldho
7% z26N5. a-GalNAc B & M o-GleNAc D C3 & I
T F ¥ OV#IS equatorial T 5725, BbAfcAMZH (338G L
Lol TOTERPL, 12-0-1-733 V5 — ¥
T BT RT Y —OMERFTIE, 200K L2
equatorial OH (2> 72 axial OH % 1 2 F 3 % # T-F L
FEEAT A6 BERTH S LHEw 3h7: (Fig.5). g,
BbAfcA # SR 2 HHESE S N D Gal ek bkUIC R < —
FLTHBY (Nagae ef al., 2007), F 7z BbAfcA 7% LNFP
II (Galpl-4 (Fucal-3) GIcNAcB1-3Galpl-4Gle) (ZHf LT
ARG R % R 2§, 3-FL (Galpl-4 (Fucal-3) Gle)
B X O'LNFPV (Galp1-3GlcNAcp1-3Galpl-4 (Fucal-3)
Gle) H®a-(1-3)-7 T ¥ VG L Th 3 Rk
SEEE RS2 & X —F$ % (Fig.5) (Katayama
et al,2004). BLBRIR W 2 & 12, Lac TlE Galbk 3 o
C6-OH #:75 Gle 520 C3 » OH W L THAEL TH
D, ZHIE3-FLNOBEROEEZITL L FRING.
et —2Z (Glefl-4Gle) (5.6%) ¥t —2
(33%) DM &I 2 WL USSR OZEE, FEREIT
KIHEP LR L T A Fad s 2 FVEIC X 5 TH
RIS EFHEND.

GNB, INTBXUPLNuTZT7 27t 7 ¥ —& LT
L7234, BbAfcAN®H 1% a-1,2 #5 4 %2 /- L CIRRE I K I
Gal 52 A2 Fue FRAE 2 FREA MY IZE A L T w7z (Sugiyama
et al., 2016). Z DD Gal EHMED 5 E U7 D1
ERBIRE L R Do 208, BZ 5 L TXTHBUEM
WBTHAHD. itoT, 7Y v ¥ —BRMIARZNIZIX
FRILKM Gal TEL A LEEZOLNS. T/ Ty -k
LTAYVEF—R, 3pH52 NEF—R, 3pH 52
FINWTNI—=R, AB-F T T FPEF—ABIL6-B-I
77 MEF—RAE LSO HPLC 70 7 7 4 VIZH
Wi, FIEWYE =273l ohkahsi.

MS#iB L WUEATZ HwizL o Fr7ay 74~
FIZEo THLNE R o7 K512, TAR BbAfCA &
BbAfcANZH CILEE L 72 PGM (iL7 2 ¥ W LR ICHE 7
Iy Ab) O HPuUEREE I, RO PGM ICILHT 5 13
ETH o7z, B AR BbAfcA & BbAfcANZH CRLEE L 72
PGM TH. 51, RWLH PGM Tt 57 % > 72 PNA
2L 5 THEOBINE, BZF5 L&A (V574 LA

F#hEE 1, 2-a-L-fucosynthase DI & £k 4 2 BIEHEE ~ 0 H PrEHEE 0B A

k=) OFLET TOREFHEP OO K LIZ X
LREY YRV ADEWNOA LI EZLZD.DF D,
L2 F Y IZPGMBESHICH LTI D ESHIT 7 L Ak
722 THRLYTFVERDbNSG., EEEICHEHY A
T 55 87 B PGM (25 2803 7% Fuc E AL, &
T, BENRERHNE LM O 2 & o kk 4 AR
CHEEZS 2 TICHUEZEAT LY — )L e LT
TRETHLILEREL TN,

Hehre et al. (1979) 13, 7/ <~ — M B-7 3 5 —¥
MBIV BTN TNA) FE2EETR-YIVF—RE
T oAbKRFIWZMAKRGHET L xR L7 &I
Hehre-resynthesis hydrolysis & 544 S L7z sk, 7/
v —RiEEMEEE Y 7)) 3y v 7 —BIERT 5720 DR
e & © » % (Honda & Kitaoka, 2006; Wada et al.,
2008b). T hbH, BAINT I/ BiEHES7 vk
PEP O DT v #HA F VERRETE R R LD, K%
W2 KIBICAD SR LE IR L7 as vy —
PRI S5 5 (Honda & Kitaoka, 2006; Hidaka et
al., 2010). MRB X OHEIEMBEE L CT—H DA VKR
BRI L OREAKE RIET 5 W% 7 )~ — R
FoWa, HERENPRAE ST, HITREKE
T AEREE2 o7 I VBRECTEIBRZ L L
T, FVavryy—vrnkRI s flziE, GHS
WKWET2EILKGF o0 — AL Sy -+ ) THFT T
+ — ¥ (Honda & Kitaoka, 2006) 3 X O GH19 IZJ& ¢
5% FF—+¥ (Ohnuma ef al., 2012) 23FIFS5NE. L
PLEDS, W OhOT )~ — R R 7% 5
IGEEREZ A LCHB Y (Helland et al., 2009; Honda et al.,
2016), Thoa ) 2y vy —¥I§ 57200
f1E L T\ % v (Honda & Kitaoka, 2006; Wada et al.,
2008b). AWFZECTHiH L7z BbAfcA 1Z, ik @ b My
BEISA N = ALEAHLTWAS (Fig.1). @ L7251
ffi > BbAfcAZE Bk D 9+, 2 F D% AR BbAfcAN*H 15
X OY BbAfcANZP/DTON (3 BN T a3 v 7 — BiE R R L
7o s, REAREREET 25RIED LR (N421 22 544K)
X733y —EiEMERE b o 7. BbAICAN®E B
& U BbALCANZD/DTN 7y 7 bt GG PE A IS 2R 5 %
PEAHATH 5. MIFOCEHEE AT 57/ ~— ik
TN SRRW R 7Y a Y v 7 — B R AT 572012
i, BN T 7u—F BN ETHLLEEZONS.

AWFSE Tl& B-FucF O A E & D72 DI HEETRT 8 T
A= =KLV KL LDAL,
BbAfcANZBH 12 X o THME X N5 RIS AR O 3 55 Tl
MBI HEAT L2 & B 4 & (Fig.2A), HPUEAMIC
9 HERKOIIGEIL 55 TH D EHEE SN, ZOff
Fol12-7a3 Vb5 A7 25 —FOfE (1-20min™)
X0 L5 7% 0 E. BbACCAV®! Z FI v T H PL5 & A Bl
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Bl KR, Al

BoEWEAr—NVT v 79 570I121&, p-FucF ®»
T A =T A YT EZFERIS (<4C) PLETH D
b Lz,

AW cHBEINLL2-0-1-7 3 Y ¥ 7 —F
BObAfcAN®H (%, 17, 2 3W B X 4RI HPLE, v
A2 b BLOyHIE, BLOMOIERREG ) ThE% &
W L7z, F72, By v o8y BEAESHIC HHUE & 38 A hE
ThHhbIEIRENT. ARRIEHEDFZ OGS
WCTHRAZRY—=LVTHbHEVZ S,

ZN

HPtE (Fucal-2Gal) (&, fix oEMB SIS L
TW5A, RIEOHZICBWTENME & EEE oM
LA AR T 2 DICEE e f#l % R723 2 LA S 212
SNz, L7zd-oC, HYEEHMY GRS % H B0
ENEINTWD, AETIE 7/~ —Xigh
1,2-0-L-7 A Y ¥ —EE2EHRED 1,2-0-1-7 T ¥ ¥ —
BB HZ W Lz L2 1,2-0-L-7 3 Y
vy —BidH L OF) THEORL ST N2 (7
FHELFV) ©O-BFEGICHPUE ZEA$T S 2 &5
EThol. INLOKEIE, REFETEHRSNE
1,2-0-L-7 3 ¥ V¥ —ERRERAWHICBTHHAR
V= E L THETAILEEZRLTWVS,

RPN T 5 N7 FECR D ey
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Versatility evaluation of 1,2-o-L-fucosynthase

Yuta Sugiyama, Takane Katayama, Shin Kurihara

Host-Microbe Interaction Research Laboratory

Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

A highly efficient 1,2-o-L-fucosynthase (BbAfcAN®") generated by protein engineering of 1,2-o-L-fucosidase was
further examined for its versatility. The enzyme was found to introduce H-antigen into N- and O-glycans in fetuin
glycoproteins, GM1 ganglioside, and a plant-derived xyloglucan nonasaccharide. This study broadens the
feasibility of this novel H-antigen synthesis technique in functional glycomics.

Key words: 1,2-a-L-fucosynthase, H-antigen, N-glycan, glycolipid, xyloglucan

1

T THER Y VST BRSO 7 3 v VAN, HEH
=y N7 EB LM B 2RSS 5RTF L L
TEICHAHE oM OIETRImIZH 51D (Lowe,
2002; Pickard & Chervonsky, 2015). & MIZB W T
a-12-7 23y V5 A7 x5 —¥ (FUT1B X O
FUT2) I2& Y 73— (Fuc) a-1,2 45 7 b—A (Gal)
T HEMEE (Fucal-2Gal: HPUE & IHIEN %) 2SEE I,
WS X7 BB X ORI M R PR Jeg B AN
S5 (Kelly et al., 1994; Mollicone et al., 1994; Rouquier
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LR FE

AL E G R AR A B G R = 5E ),

BIEEI R ER B AR = 7eF))

REHHE] CH NSRS A YGRS

HH A GESKFEEWH TR A E S TR,

IARES NS R E IR L8R

et al., 1995; Hakomori, 1999 ). H Ht)5 1395 )5 # &g 0 7
ViZe EOBFRRBMEERL, HELBNBEDRE L DL
HEEESLT A0 EE LTHMS N TW S (Ruiz-
Palacios et al., 2003; Goto et al., 2014; Pham et al., 2014).
Bz, #BEEpic2-7a v vy 2 b= (2-FL)
BLMio 7 a v vfte MEBEA Y I (Human Milk
Oligosaccharide, HMO) # 4 L CIRBICHHBE LT b
(Kunz et al., 2000; Kobata, 2010; Urashima et al., 2012).
EERY T, o-1,2-7 3 Y IVIRIZ X ) W O E DS
ENBHZELHSNT WA (Zablackis et al., 1996; Dumont
etal,2015). L7=25-7TC, 7a v VbBEOEIE, e
BAEWIZBWTHES NS 7 3 Y VEDINMET SIS
LD T AN = XL DRI OEEZHNL.

F 413, Fucal-2Gal # & O TR & filt#597% 78 Fucal-2Gal
FEA RS B IMAK IR % 2o 72 mR# 1,2-0-1-7 2
¥ vy —+¥ (BbAfcAVH!) ZHEMT A2 LITKIIL T
W2 (Sugiyama et al., 2016). AWFETIE, fis OBE
i 2 H\ T BbAfCANVZR 0 8 5 7 5 o H & ik 7.

FEi I 1
Wiz 2 N7 B DR

Bacteroides thetaiotaomicron VPI-5482 1 3k @ 1,3-1,4-
a-L-7 I3 ¥ ¥ —%¥ (BT _2970), ¥pA=# BbAfcA B X OF
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BbAfcANZH I DIHT O et & RIS L 72 (Sakurama
et al., 2012; Sugiyama et al., 2016 ).

GM1® 7 a3k

50ug DI ¥ 71) % K GM1 (Sigma-aldrich) % 2uL
DI AFNVANVKFY FTHEM L. lmg/mL AT > 7
Y4 ¥ FGM1, 10mM B-FucF 8 X T 10uM BbAfcAN*H
Z &t 50uL ®100mM 7 T Y B ) v L KR i
(pH5.5) #30CT605 M A »F 2= b L7 Kt
WLV ATZF V60T VI =Ly —1F (Merck) %M
WwWiolEg s su~x b5 74— (TLC) THM L7 B
BIVABLE, Z0uakiVa/ A% 7 —V/02%¥ELH IV
v 25 (60/3/8, v/v/v) & L7z, TLC 7L — FDEMIE,
V72 VT Iv-TZY) ) VEBRETITT S 2
(Anderson et al., 2000). X512, ¥ M) v 7 AFEL —
P — il A + >~ 1t (MALDITOF-MS) 4347 % 47 9) 728,
UG ) % Sep-Pak Cg 1 — bV v ¥ 5 & (Waters)
EHCCHELZ 9, 7 MBIk THEER
BREL, EiF2mO0BRMECX o TEZEL, 50% X% ) —
VTHEMRLE. Y TV E2EBARKTTOEHLL 72
SepPak C,y # 9 AT 794 L, Zuuk)VA-2 %
J = (2/1,v/v) THHL, BERFHKT CHEEL 7.

Lt S n B ROk e DY o
10mM Z 7z1Z 2mM xyloglucan nonasaccharide (XLLG,
Tokyo Chemical Industries ), 10mM B-FucF & & U8 10.M
BbAfcAN#H % &4 F 5 100l © 100mM 7 = » 5 b
v LR (pHb5.5) % 30C T304 M A v F 2 xX—
b L7z BUSHIZ OV AT »_a X )y 7 2 % i
2 EEEAF R u~ b5 74— (HPAEC-PAD)
(Dionex) T 4" #1 L 7z. CarboPac PA1 % T & (2x
250mm, Dionex) % 30C TR L, L 125mM K
BRALF b U 7 L ERERT DY T A D20 SO =T 7
7Yx b (0~330mM) T 0.25mL/min TfT -7z,

WE2 > NTED T3 IVE

7y 7u7 YA (Sigmaaldrich) &> 7 1) % —
¥ (2L Wk, Roche) MIEIZ X 0 IRE ¥ 7 IVERE
RE2BRELLE 7avryy—ERIBIHEHL
Img/mL7 ¥ 7827 YA Y, 10mM B-FucF B & O~
10uM BbAfcAN % &t 100mM @ 7 T VB F b U w7 A
MM (pH5.5) 250uL % 30°C T60 45 A4 >~ F 2 N—
ML, 95C T34 MRS 22 & TRINE 1L S H,
10mM Tris HCl#% i (pHS8.0) Zxt L CT&EMN L7244,
PG ST LA L 72,

EVCILTI/ (PA) EBEEEAVWEZT7 I 2
YRS

2,M PA BE#EBESE (TaKaRa), 100xM p-FucF 3 X Of
10uM BbAfcAM*R % &4 3 % 604l ® 100mM 7 T > [
F MUY AR (pH5.5) % 30CT6055 A >~ ¥ 2
N—hL7 RS ERAEAI O 757 14—
(HPLC) T4#T L 72. Waters e2695 separation module
(Waters) =\, 71 5 213 TSKgel Amide-80 77 5 2 (4.6
x250mm, Tosoh) %M L7z, #J A4 —7 ik
40CE L7z HHITHEEA (T2 =YV /10%T &
b= NV IVEA 500mM BEEE- b =F V7 X (pH7.3)
=75/15) BIX OB (7 =PV /10% 7 & b
= MU VEA S00mM FERE- MY = F LT 3~ (pH7.3)
=40/50) ZH\WT 1mL/min Ot # Tl o7z BB D
75T b (100 5HT0—100%) &L, 20 41 100 %
TR FL 72 % H ) 1 Waters 2475 Multi-wavelength
Fluorescence Detector (Waters) (A_: 310nm, A,
380nm) CTE=%—L7.

LyF>70Oy K

7T¥7u7 VA% TN (2ug) % SDS-PAGE
THBEEL, &\ TPVDFJE (Immobilon-P, Millipore)
NIRG L7z, Tay R ER 2% (w/v) 7 VI
TNVTIyBLY0.05% (v/v) Tween20 & A Tris #%
AR AK] LTI A Y Fax—PL, BEEE4
F UGV 7 F v (0.4ug/mL; Ulex enropaeus agglutinin
I, UEA-1 7z 1% Peanut agglutinin, PNA) (J-Oil Mills)
BIUOAVFF IS —EHEAINLT I TEY Y
(0.125ug/mL) % &t 70y & ¥ 7L 121 B
A4V F 2= NL72 B% Tris 88 A: B A3 K Tk
L. SuperSignal West Pico Chemiluminescent Substrate
(Thermo Fischer Scientific) 3 & 0¥ Luminescent Image
Analyzer LAS-3000 (Fujifilm) % v TRt L 7.

N-ZUFESH DS

N-BI S &, X7 F F-N-7 1) % +—+¥ (PNGF,
Roche) ZHWTHE L2, FFHEy o822 Y 7
UMBLL, BEXRTF RETHL Lz BEY Ny B
VTN EHAEEL, 1I0mM¥EL I VY A EET
100mM Tris-HCl #% i i (pH8.2) 200uL T & % L,
KWT54LD20mg/mL b 7¥ Y ZFML, 37CT
15504 v F 2=t L7z 0%k, H o7 wmls
sk (15000rpm, 4°C, 1043) L, EiFzRIILL 7.
LA R CHIEE L, HEE.OA ML, Lz mIL 7.
WO REEA—L, s L D ZRs S whk
L7z MY 7Y Vb TF F&300uL D 5% (v/v) K
W CTHEME L, 5% T 7 © P11k L 7z Sep-Pak Cy
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H—bY v IHT AL, 5%HEEECHE L. b
RTF B, 20% 4V 708 —VEH5BEHER L O
40% A4V 7Tar ) —IVER S BERTHEB L7z, BT
F N2 5 N-RUBESH 2 W dE S & 2 72002, B2
IRAEBE CHZIE L, 27ul DZEF K E 204l © 100mM Y ¥
B bV AR (pH7.5) %N, HEML, kv
T3uL @ PNGF Z 2 7. MUBER % 37°C T 16 IR A
YEFRaNR—=bML, RS WK YTV E
300uL D 5 %EERTHMH L, T Tk L 7z Sep-Pak Cy4
NTGBIT T T4 Lz K br&, #WXTF F05
e HE L 72 N-BURE 95 % &5 30 5 % B2 7 10 43 % I L
KSR, BESH %524 X F V{k L, MALDITOF-MS
AT L 72, BE8H o 5E 42 A F Vb 1d Sugiyama et
al., (2016) & FFRIZAT - 72

O-EIFESH DEASY

SepPak C,y /1 — M) v U h 5 L THESY VX7 H S
WERE L 72 N-RUBES & L L 7288, O-TUpESHZ & AT 5
BERTFF220%BLT40%1 V 7Tasx) —VER
5%MEME L, O-BUMESHO ST L7z, BT
F RH 5 O-RUBESH 2 el S & 5 7200, 3T pLEED: %
A/, #ERTFF (80~100ug) % IMKFELF Y
FF MU A EET 100mM KEE{LF b Y 7 A 5004l T
WL, 45CTISHEM A v FaX—=b LA 4V F2
N— kg, KREICEEL, 10% (v/v) BEEZIMZTK
I 2 TR L7z, IRIZH 7V % Dowex-50W-X8 (H* %,
100-200m, Sigma-aldrich) # 5 A THEL, 7u—2
WV —T 533 X OF 5 % WERE C 0 P 43 % 45 5O C BfUis 2
L7 10%EEfR&H A%/ —V03mLZIA, ¥k
T E A Y ) =V EOWMIREWE L TLCTHER
W THRELZ. ABEEZREeIlRET 472012, 2
OTAEEZSREMY R Lz WLz THET VY b —
V% 0.3mL D 5 % FERRICEE L, Seppak Cg 71— M1 v
VHhSAhEMTHRBE L, EBEELLTY) IHE7T LY
F=NVEREETH 7O — AN —W5 % WL, B L
584 A FIVAbtk, MALDI-TOF-MS 22 fit L 7.

MALDI-TOF-MS 2

MALDI-TOF-MS (UltrafleXtrem, Bruker) #7128
W, ZEXAFIVESHIIRY 74 74+ VE—FT,
Ay T7IVFY FGMIBIYN7a vy 7))+ v F
GM1LIZAHT A TAFVE—FTHHLZ. <MY v
JAELT25-Ye Fu ¥ T2 &ML MWL
MALDI-TOF/TOF-MS f##712 & h MS/MS A2 h V%
7. B OMEEEIZY 7 MY = 7 GlycoWorkbench
2.0 (Ceronietal.,2008) % H\CaHEL 7.

EA7I-XDEEHKXDORTE

7aATy—ERIBMIEDEASNIZFucw s 3
FiEEORIL, Fuc OfAMERITH L TR WIRRE
RY 1,2-0-L-7 2 ¥ ¥ — ¥ (L8 BbAfcA) B X O
1,3-14-0-1-7 2 ¥ ¥ — ¥ (BT_2970) WLFEIZ X b FHT
L7 1,2-0-L-7 2 ¥ % — AL # &, 1.M % A4 R
BWAfAB X U7 a3y v ¥ —ERIEEMZEHET S
150uL ® 100mM V) »#EJ bV 7 AR (pH6.5) %
3TCTA v FarX— 52 ETH o7 1,3-14-a-L-
7ayy—ERE, 1.8uMBT 2970 B X ¥ 7 a3~
7 — Y RISEW % 543 % 1504L @ 100mM 2-E )L &)
J LY v ANE VRS (pH6.0) % 37TCTA v Fa
N—=bF5Z T2z WAL, ABZHRO X912
MALDI-TOF MS 3 & O* MALDI-TOF /TOF MS 12 & - T
ST L 7=

RikB L UEE

TIFATIVACON-BLUO-BFEEHD 7 O UL
1,2-0-L-7 2 ¥ % —+ (BbAfcAN®!) H3fE 7 > o5y
B N-EPESHIC Fuc #BATE LN EMRL720D1C,
WONCET NS o g e LTy VIRRILER kDO 7
Y7u7 VA Y EON-BBEHO 7 32 VbR i AT
TzIA VL, FORY)RTF R I3 RO N-FIHEG
E3ARD O-MPE AT 5 48KkDaD ¥ VIS HTH b,
MALDITOF-MS H#1ic & D 737 a7 v £ VILN-
RIS E LTI MY 778 (m/z 25204) %, Kk
WTCNA 7T FH ] (m/22071.2) &7 ) & —Eiiftk
B/ y7a by T YT FR (m/22881.6) =KL TWw/iz
(Fig.1Aa). —7, BbAfcANMPRILBLY > 7m 72 £ ¥
DMS AXRZ FIVIX, m/z 2694.5 D > 7 F )V DO W 7 44
M, & 512m/z 22452, 2868.1, 3055.6 D FF LD
HaR L7 (Fig.1Ab). TNHDO Y 7 FIUATRT HEE,
TyT7Ta7 VA YPILAHRLTW5Smz2071.2,
2520.4 3 X 1V 2881.6 DFESHIC 1D (m/z +174) F7z1d 2
> (mfz +348) OFF F I AF vV — 2 (dHex, Fucld
TAFIAFY—ZA0—2) PHIMLIEEOERE —
WLz FEBIZ, m/22694 DY 7 F VD MS/MS AR
vz, £ 733 AL MY T 27 B N-RUESE
BT BHTITTAY N =V ERLT: (5F— 7 RIBI).
KBIZ, mz4A33 B L2284 DTS5 7 XY WA F VIdR
WA FIAFY -2 (dHex) WEEOHFAEERL, 2
M Gal kD 7 3 VML ZRIEL TV 5. a-1-7 3
7 — P OFER, Fucal2#ATHDL I LWL E
72572 (Fig.1Ac B LUV 1Ad).

TITaT VA OTITANA T T FR 7Y
7H-BLXOYE Y TU M) T VT FRINRIBEE~D
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MALDI-TOF MS analysis of the permethylated N-glycans released from asialofetuin (A) and fetuin (B) treated with BbAfcAN*,

(A) MS spectra obtained for the permethylated N-glycans released by PNGF from asialofetuin treated without (a) and with BbAf-
cAN#H (b). The sample (b) was further treated with 1,2-o-I-fucosidase BbAfcA"" (c) or 1,3-1,4-o-1-fucosidase (BT_2970) (d). (B)
The same experiments were conducted using fetuine as an acceptor glycoprotein. The estimated glycan structures are shown
.Sugars are depicted as: diamond, N-acetylneuraminic acid; filled circle, galactose; filled square, N-acetylglucosamine; filled
triangle, fucose; open circle, mannose. This figure is modified from Figures 2 and 4 of Sugiyama et al. (2017). Biosci. Biotechnol.

Biochem. 81:283-291.
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HRIE 1, 2-q-L-fucosynthase it FH

Fuc ®EARIFIIMS O 7 F VIBEOREK LY, Fh
FN9, 26, BLU20% LB MBI ZofRLD,
7 AV MLORFRIHESHORENC L Y R b T LHVRE
h7z. 22T, PATEREININA-BIU M) T ¥
7 F B N-RURESE % I\ T BbAfCAN®Y 0 ik FLPE 2 AT L
72. NM-BIXOMN)T7 7 N-BIRESE 2 L & L7
Wf, BbAfCAMPLIRIZ X D), ZhZEN220BL U320
¥ — 27 HHPLC Ti#®» N, Fuc N4 7 ¥ 5 FRTI
1BXO2MH, PV T7YFFREITIZI~3MEASNT
WAL ZEDPRIEEN (F— 7K. LEOHEN
SEMLZ7a v VbR, "M -BXONIT VT
FRIN-TIFEGHICB VT ENZENSOB L U81%TH -
2. IS OIS, BbACAVPH ZERED NS - B X O
M7 TS RINTRES R FREEOMETT 7T
F—ICHRBZLERB L L2, 7Y TR =
VA BT BT I MEDORROENE, WY 3y
B o RWEGEFEAND BbAICAV*R D7 7 A D LRg &
WERLTWS EEZ SN,

TYTUT7 VA rOOMEEHO T aY b
MALDITOF MS 3 #1 12 & - THWI & 2 & & o 7.
BbAfcANH ILELE: . 7 3 2 AL O- B 7 L Yk —
(F MU OERE—-HTEL OOV T
F )V (m/z2708.5, FuclGallGalNAc-itol 8 & O° m/z 1157.7,
FuclGal2GIcNAc1GalNAc-itol ) (GlcNAc; N-7 & F v 7
Va¥ 3y GalNAG N-TEFVHS 7 M3 Y) 258
B En (F—7 RER). Lok,
BbAfcAN®H 3k & 2 X 7 B HESHIZ Fucal-2Gal 1 & %
AWBETHEZ EEZRLTWVAS.

BOAfc AN 2 W= O TV E B N-IEEREHEAD
Fuc D& A

BoAfcANVPH LI 7 > 7 a7 =V A4 ¥ THRIEE Nz m/z
3055.6 D ¥ 7 F VD MS/MS A X7 kJVIZEBWT,
NeuAcldHex1Hex1HexNAcl O & 2% 63 % m/z 1022
[M+Nal*® 75 7 XA b F 2505172 (NeuAc;
N-TtF IV /453 VEE, HexNAc; N-7tF L AFY
P I V). OB, BIACAVPE AL 7 OVIEE A N-
BUPESHIC 0 L CD Fuc 2 BATEL 2 E2RIEBLTW
2. FCT, 77Ty —LT7VA4 vEHWTT
Yy —EBRIEEERLZ. 7294 TR TV
PEHTHNSEGEBESE : Dy Tant 7rrF+ (m/z
27934), MU ¥ 7u - (m/236038) BLUTF bT ¥
78 (m/23966.0) VT YT FRISEELREEHE LT
Mol &7 (Fig.1Ba). — T, BbAfcAN*H LB 7 «
VAU TVTIR, B 7a VLR AT S YT IVIE
A N-BUBES WIS 5 =2 B E Nl shi:
(m/z 2967.5, 37789 B X 174140.1) (Fig.1Bb). T 1

5 0¥ — 73 A4 R BbAfcA LB TIH e L 72 28,
BT 2970 THLBEL L 72354 132 1L8 9, Fuc A% a-1,2 K&
THEH~NEA S22 &R & N7 (Fig1BeB X O
1Bd). TS DHF1Z, NeuAco2-6 ¥4 % H 3 5 Gal
BILCBWT D Fuc AP WHETHL I LEZRLTW
72 MSY 7 F VIS 7a v Ve IZ Y v 7 a-
WA T T FRBIYY Y70, M) y7u-BXY
ThI7I7ua- M) T TR NFEHICBWT, Fh
Zh12, 11, 5BX P11 % TH - 7.

BbAfcA & 2'-FL O 3Lf5 siiEIZ BV Tid, Galjkzko
06 HEIANCFEH L Tw5b (Nagae et al., 2007). §7&
D HBWAfCA L, MEH OB IC KB ICHLT S
NeuAca2-6Gal {15 2 IWET 5 DI+ 5B EEHT 5
EWnzb.

yElRE N 732U

W GM1 (Fig.2Aa) % H\WwT7 3 ¥ Wb Wik
L7z, €/ 733V GM1 I EERLIYI I H I 2L B O
ILETHIMT LI EARENTEY, & SIT/MITE
B L O OB~ — 7 — LTOHEShTw
% (Wuetal., 2012).

Y YMER GML Z HWT7ay v ¥ —EBRSEITW,
BB % TLC TS X DN L7z, 7a v vy —¥R
X B AEEWEEZ 5N D727 ARy FHGML A
Ay boTIcEgshs (F— 7 KkB#K). MSHHIC
X0, GMI1 kD m/z 1544.7 3 X O m/z 1572.8 D ¥ —
ZIZMA T, m/21690.8 B X U m/z 1718.8 D727 ¥ —
ZHRWBL, £/ 73V VGMloHtEE R —F L
(Fig.2Ab B X UF2Ac). T b DY — 7 1% BbAfcA ¥4
MTOMMTHELZ LS, GMIA Y 7YXV F
D o-1,2-7 3T ML L 722 L HVRE N7z (Fig.2Ad).

wHEoasivAn7adIvtk

Furva L, EERYOMBEEZBIT ANk
Va—ALPEO TS TH D, XLLG IE p-1-45E5 7V
IINEKERL, ZVa—2Z (Gle) ®C6HIICalE
ALlzFru—2 (Xyl) B XU Galpl-2Xyl 53 ol 34
PHTAHAMTH S (Fig.2Ba). 7 2 ¥ )V XLLG i34l
WIRPNCAEFE L, F — % ¥ VHIBR RSt U C RS GE
BRT I EDHE SN TS (Augur et al., 1992).
10mM O XLLG # iV T7 a2y v ¥ —¥ s &2 T\,
Rt % HPAEC-PAD ML 722 25, AL v
N5 ¥ — 27 55 BB ACAMPR LI & T ICB W TRD 5
Nz (F— 7 REH). ZOLEMTORISRHIZXLLG
WXL TH57% TH o7z, 584 A F IALRISA Y O MS
GAZ X D E-(m/219482), V-(m/221223) B X
MY 73 3V XLLG (m/z 2296.0) % BbAfcAV*H 12 X -
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Fig.2. MALDI'TOF MS analysis of the reaction products using GM1 ganglioside (A) and xyloglucan nonasaccharide (B) as acceptors. (A)
The structure of ganglioside GM1 is shown (a). Mass spectra obtained for GA1 without (b) and with BbAfcAN**!" (c) treatment.
The sample (c) was digested with 1,2-a-L-fucosidase BbAfcA"" to examine the glycoside linkage (d). Cer, Ceramide. (B) The
structure of xyloglucan nonasaccharide (XLLG) is shown (a). Mass spectra obtained for XLLG without (b) and with BbAfcAN*H
(c) treatment. This figure is modified from Figures 5 and 6 of Sugiyama et al. (2017). Biosci. Biotechnol. Biochem. 81:283-291.

THEBEENZ LR ENT (Fig.2Bb B X 8 2Bc).
TFIVREDS, MY 73V VXLLGIE I ok
B TH B LR S 7z (Fig.2Bc). DRI OWMZEICE
WT, 73NV Gal D C2RED AR ST, LK
GleH a-7 /X —OBFICCIMTIHIRIVHBLZ L%
R L Tw b (Sugiyama et al., 2016). S D 7 32 ¥ )b
XLLG ® MS/MS 53 #i 4T o728 25, m/z 1175 1M1 4
THTIGTAY A F =R OLN, 3OHD T
I VOVEEDSR TR D Gle FRAEIA M S T B TR
M R ENT (F— 7 R\I). 72721, XLLG D#
JC A ¥ Gle ~® Fuc O i, XLLG 12X Tl 2
B-FucF "FAET 2 A O ABIZE I NIz, b DR
1E BbAICAMPH 337 a I b dF a7 v h v OEARICH
MTHHIEZRLTWAD.

B 1,2-0-1-7 2 ¥ ¥ ¥ — ¥ BbAfcAVPH A3 7«
VA WY T O N-B X O O-K A TR, GM1
A7) A Y EB IOk F T a sV 12 Fue
KIEE al-2 GG THEANETHL 2 LR ENT R

WFFEIZ & ) BbATCANPH O BESHA ) 2y — Vv & LTOH
2R E Nz,

KRBT S N7 WFFERER D iy

WETER
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Bifidobacterium bifidum \Z X % & M REFLA Y THES Y O
JRAT L =T A4 Y ITHRET 4 ZAA 70 =S R ZMRT
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Bifidobacterium bifidum enhances bifidus flora formation in fecal cultures
by sharing human milk oligosaccharide degradants within bifidobacterial communities
Aina Gotoh, Mikiyasu Sakanaka, Shin Kurihara, Takane Katayama

Host-Microbe Interaction Research Laboratory
Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

Gut microbiota of breast-fed infants is generally rich in bifidobacteria. Recent ix vitro studies have revealed that
infant gut-associated bifidobacteria specifically possess gene and enzyme sets to degrade human milk
oligosaccharides (HMOs), which suggests selective growth of the organisms in infant guts. Interestingly, however,
HMO assimilation ability of Bifidobacterium sp. is not related to the dominance of each species in the intestines.
Bifidobacterium longum susbp. longum and Bifidobacterium breve are the dominant species in infant stools;
however, they show very limited HMOs assimilation ability in vitro. In contrast, Bifidobacterium bifidum and
Bifidobacterium longum subsp. infantis are less abundant in infant stools despite that their in vitro HMO
degradation ability is very high. In this study, we observed altruistic behavior by B. bifidum when incubated in
fecal cultures supplemented with HMOs as a carbon source. Four B. bifidum strains, all of which were found to
possess complete sets of HMO-degrading genes, left HMOs degradants unconsumed during iz vitro growth.
These strains stimulated the growth of other Bifidobacterium species when added to fecal cultures containing
HMOs, thereby increasing the relative abundance of bifidobacteria in fecal communities. HMO consumption was
also enhanced in B. bifidum-supplemented cultures. The addition of deoxyfuconojirimycin, a potent fucosidase
inhibitor, abolished the growth stimulatory effect exerted by B. bifidum. The altruistic behavior by B. bifidum was
not observed in the medium supplemented with glucose as a carbon source. These results suggest B. bifidum-
mediated cross-feeding of HMOs degradants within bifidobacterial communities.

Key words: Bifidobacterium, human milk oligosaccharides, secretory glycosidases, cross-feeding

E-mail: L FEWF7EE
BIEE (aina.g1985@gmail.com) (TS : HUAR K KB IS AN OnE Ny e e g R i SO
AR RE T 606-8502 HUER T A R IX AL 11158 Yiwei Ling GHrif KRS BEE i # A8 G F 78

43T, I T RRURF R b A e B 7e ),
BhitE (miksak@dtu.dk) (377 J& : National Food Institute, 163 M ER VA A RPN =2 - 7 O
Technical University of Denmark, Kemitorvet, 2800 e E GFILEERFESG - SRREIFZEE M),
Kgs. Lyngby, Denmark ), VORI ORER Y L5,
Frili#sds (takane@lif kyoto-u.ac.jp) (BHAIE : BUHE K24 KB FrilifLo CRNB S, KRS8 IR BR B4
M REEEZERE T 606-8502 ki 2w IX AL 11138 IARE S CRNR KA G R RESE),
5rHT), FH & (75 F 3RS,
B # (skurihara@wakakindaiacjp) (BUFTIE : dEs k% E il (FHF U ILERE),
Wy B T 2288 T 649-6433 Flk I AL o NI P =4 R - (R N K2 A S B 243)
930) AeRaASY (SRS B S 2 N R ) ,

BLHE RS (I8 e R Be B -2 ke e e Rt

- 161 —



tRmE AR, B EREE BB OB, Rl

W5

IHFLE OB RS IS ORI, Z O EY
R AR L OEEN LB B LT, RO
&R 5.2 % (Kau et al., 2011). B A1 3 O R
R & & HITEALT 578, I KRELRZ oD
DI B MG & T T H % (Yatsunenko ef al.,
2012). wATOFFZETIE, FLIRBNT B 2 B Nl # &P
WA E EORBEICRMN 2w B2 525 2 ¥ rfsh
TW5 728 (Cox et al., 2014; Olszak et al., 2012), FLYELIH
DEWNMREAED X H IS N a2 BF§T5 2 &
BIEHICEETHD. ¥7 4 ZAAWIEE MNENITRIC
EETHHENMEE LTashTsh, —RICHALTE
TOHONARTEIBHME L DO0% L L (L oYH
70% L 1) %5 Tw A (Matsuki et al., 2016; Tannock
et al., 2013; Yamada et al., 2017). €7 4 AAFDEE X,
TabbEAREOESIE, TH, TLV¥—, BXU7T
MY VLR RDOFIER WM T 2 Lo TE
Y (Di Gioia et al., 2014; Kalliomiki et al., 2001), & 512,
PUERE 509% OTEEAL (Saavedra et al., 1994), IiliE T L A
70— VEDIXT (Beena & Prasad 1997), B & O
DO EFE R O BN (Scholz-Ahrens et al., 2001) & W o 72%)
OS2I ENTVD. L2 T, ¥ T4 AATH—
T ORI, AJEICD7zo> Tl OB EEE 5 2
LT ENEZLND.

v MR Y THE (HMO) 1, ARLICE TIN5 34
U boA4) THEOERRT, FUHES X OIREICKRWT3F
HICEE ZEIZERSTHh 5. FHALEERISH L Cifitx
RT 72012, FURICE > TOREICIE R 5 %W (Kunz
et al., 2000; Urashima et al., 2012), ZNIZdhb 57
MHIEARTE R AN T —2HE L CHMO % 4L
T2 #Ewmb1mor)ayvhs vy 27 25 —ER-G
W15 TFOATP 28 B E & b)), ZIZiI S50
HEINERDV D > TRIRETHD. ZhFETIC, F4
EELWLOPOMET V=T, FLREE 7 4 X AR
T & 5 Bifidobacterium breve, Bifidobacterium bifidum,
Bifidobacterium longum subsp. longum (B. longum), B.
longum subsp. infantis (B. infantis) (¥ 112 B. pseudo-
catenulatum 35 EN5 2 L5 H5H) 2SHMOs 53RV
WaWFRea— P8Rz > zHELTW
% (Garrido et al., 2016; James et al., 2016; Katayama 2016;
Matsuki et al., 2016; Sela et al., 2008). W5 PIAH AR 2 3w
T, ZH 50O HMOs 73RS OFFAEIZIEARIIC BRLE
T4 RAAWMICHEE ST w5 72 (Katayama 2016;
Ruiz-Moyano et al., 2013; Thomson et al., 2017), HMOs
Z NS DOMEIZ & > TOBIRWFEIIZ > TV AHI]
REPEDS v, EBE, A IR, B longum O EE 7%

HMO 5% CTH 55 7 b-N-¥ 4+ ¥ ¥ —<¥ (LnbX)
% I— N9 5EET2, RAELRER LR TRalt
FLFREOFEP TEMICEM SN T DI LI LRI
L 7z (Yamada et al., 2017). B. longum \Z B} % nbX ®
FIEEIWEFENTHY, 7 2B YE S L7z B.
longum ¥R D 5 HARBIE T 2 FHOMPEGU T TH S 2
LEERT DL, ZoMEIE HMOs BlBNIZBIT 5
BINFEELTEHLTWAEZ E 2B RBLTWAS.
AWME 7 4+ X ZARIE, HMOs &2 5303 5701222
D E T B % 783% X 8T & 72 (Katayama 2016). —D
Hidfast 7)) a v & — B 2 ng, —>HIE S
YAR—= Y —ARAEW R EIETH S, WA DYE, HMOs
HIIRE (2 S L7l 7 ) a3 5 — 82 X - THlliE
LTI IR S I, Z Ok, kL 7 BB X O
FHARMEAICI D AE NS, #BETIE, 3D LEOTY
THHZATP#EA Ay b (ABC) FTF Y AR—F—1C
Lo THRICERR Y Axh, =%V 7)) ayy—+EI12
Lo THIRRN TR RIS, MY 7 4 ZARIC
B1F % HMOs 73t O BRI T 7258 TIE R WY, B.
bifidum & LnbX Pt B. longum (&ML 7Y 2> 5 —
YEAMBAT2HEICEST 505 L, B breve, B
infantis, B X O LnbX BB B. longum (3 b T ¥ AR —
5 —\AF T % 5 4 7 TH A (Odamaki et al., 2015). LA
HIOWFRICBNTIE A, 4FOFLRBME 7 4 ZAW %
HMOs 5 #h TH; 28 L 72 B 0 L3 0 58 W % 503 %
ZET, TINHDOET 4 RAWHT ) LY R AR
POFRLIEY D7) AV F—¥E bT VAR—F —
ZfEH L CTHMOs # &L LTWb I L2 HLMICTL
(Asakuma ef al., 2011). Z O\FET, BBRZEWT &2,
A 7 v a v & — B KA 7 HMOs 73tk % F8 o
B. bifidum JCM 1254 ¥k 11X, Bl L3 XToO¥ L 7D
HMOs Z&1t3 56 2 LMK D12 220 57, HflE
o T HMOs 73 f# ¥ O — 8 2 1 2 & 97 1 i 2k L 72
FFICTAHI LR LA BARIIIE, i)
Mo Rigds, 92 F-N-7 b4+ —Z (LNT: Gal
B1-3GIcNAcB1-3Galpl-4Gle, % b &E 7 HMO 2 7 M)
725527 b-N-¥4 % —+¥ (LnbB) IZ& o TR
5727 b-N-¥4—A1 (LNB : Galp1-3GlcNAc) B X
9 27 b—2Z (Lac: Galpl-4Glc) 2SKEBIZHIBE N5
ZEERILA mMA<T, 527 b—A (Gal) 135
ke @l TRlish, ERPHoOKINICBVTHH
HANBWTE FRIN TV LabX B D B. longum
JCM 1217 ¥k & Lac & —WERICHE 2 IO L T 7z,
o OfRIE, HMOs 5% Tdh % LNB, Lac, B &
O Gal 25, Mifiv 7 4+ ZAWICHE SN D REEZ R L
T W 72 (Asakuma et al., 2011; Katayama 2016). 4% 12,
INB&1biZid# 5 27 b-N-¥+—A (GNB)/F 7
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Bifidobacterium bifidum \Z X A NEFLA ) THERREW O I QAT 4 —FT 4 Y ITHBET 4 AAT U= TR R T

-N-¥+—2Z1 (INB) b5 v AR—%— LHIBE K A
&A1Y S —+¥ (GNB/LNBH ZAKY F—¥) BPULETH
5 %% (Kitaoka et al., 2005; Xiao et al., 2010), Zh 5 D&
ZFIZAFOFIEA Y 7 4+ X AT B. longum, B. breve, B.
bifidum, B X O°B. infantis WIFRMIZHELTWDL I &
MBS TS (Xiao et al., 2010).

Tannock et al., (2013) \ZREFLSE2E 2 O NG IR % W C
B. bifidum 5% 2 RED PRI 2561, €74 X
270 —FHMENEL A I L WG Lz, FRREY
CEI, TR EROBEICOARSNAHL T,
ANLIFRIBOEMIIBOTIIR O o/, T
DOFERL, R, ¥7 4 X AWBELENTB. bifidum |2
Lo THEAINIHMOs 3o 7 a X7 4 —574 ~
THHEZ o> T B FEMEZ R L Tz,

ZZTAIZETIE, FLRIEED S HEE L 72 B. bifidum
DAEHNT, Y74 XAAWAI 2T —HNDr 1
AT 4 =T 4 v 7OWNREEERETAZEE L 7,
INHO¥E HMOs Bl TR L, 2O Lz
55 HMOs 53z o562 812k 5T, ThZh
Dk HMOs &Abet % 704 L7z, KIZ, B. bifidum 2 &
% B. longum ~® HMOs 5@ oy (7027 4 —
T4 YT) ATV, MR FEREITS) T L THGGIEL 7.
X512, HMOs Z e #EiF & L CHMEIRB M 5% L,
Z OB ARRD B. bifidum OEMAMFLYE 7 4 X AW D
BEGE % AT 2 W REE IO W CWE L 72, B. bifidum @
2HRIZDOWTIREY / ABHI D IE L. TORE, B
bifidum X HMOs 73 D 7 0 A7 4 — 5 — & LCFl
MARMEZAELTWDZ L% B L7 RO,
BARBEROBHNTEDLHIICLTE T4 XA TU—T
PR INLE "2 5 LT, $72, €74 XA70—
TR 7200 M ARBEITH) L TEELRER
BT B 2 L0 %D S,

FE 5

273 V727 h—A (2-FL : Fucal-2Galp1-4Glc),
3-7a V52— (3-FL: Galpl-4 (Fucal-3) Glc),
Z 7 N-N-4%7 b5 4+ —A (LNaT : Galp1-4GlcNAcp1-
3Galp1-4Glc), 527 F-N-7 3 W_» ¥4 —A1 (LNFP
I : Fucal-2Galp1-3GIcNAcB1-3Galpl-4Gle), B X U'T »
N-N-¥7 323 )LA%4+—2 11 (LNDFH I : Galpl-3
(Fucal-4) GIcNAcB1-3Galpl-4 (Fucal-3) Glc) 1 Dextra
Laboratory (Reading, UK) 2°5, %7 - 735 b
5 %+ — A (LDFT : Fucal-2Galpl-4 (Fucal-3) Glc) ¥ X
0% 7 h-N-7 F 5% — 2 (LNT : Galp1-3GlcNAcp1-
3Galp1-4Glc) iZ Isoprep (Tullinge, Sweden) 75X,

3 L < X Glycom (Denmark) 7255, $27bF-N-73
IRy %G —A 11 (LNFPII : Galpl-3 (Fucal-4) GIcNAc
B1-3Galpl-4Glc) BL T 7 M-N-T 7 a ¥ AFHF —
A I (LDFH I: Fucal-2GalB1-3 (Fucal-4) GlcNAc
B1-3Galp1-4Glc) & Carbosynth (Berkshire, UK) 225,
Fr¥xv7asv)<4 v (DFJ) & Sigma-Aldrich
(MO,USA) %5, £ V<V Xy &+ —2 (IMP) &
HALF# T3 (Tokyo) 75 MEA L7z LNBIELLRT O %
EI2HE - TH K L 72 (Nishimoto and Kitaoka 2007b). 2-
TI/TYRITVEE (2-AA) BX O Y7 7 KFEFE
U#EF M)A FATAT A7 (Kyoto) 05 ATF-L
2 MOETOREITHH I L—FOb D2/ L7

Bk & BEEEG

ARWFFECHEH L 72k, B. bifidum JCM 1254 1,
JCM 7004 #, TMC 3108 ¥k, B XL U"TMC3115%k&, B.
longum 105-AMB L OZDF 7 M-N-¥ 4 ¥ ¥ — ¥tz
TR AERE AlnbX T 5. B. bifidum JCM 1254 # & JCM
7004 MRIZBELR N A )V — 2k v & — (JCM) 2 S,
TMC 3108 ¥k & TMC 3115 #i3 & JEFEE A> & LU 12 L
EN72bDTHAH (Harata et al., 2010). B. longum 105-A ¥k
W 5 SE B K o I BE OE 45 A2 A & TH W 72 (Matsumura
et al., 1997; Kanesaki et al., 2014). AnaeroPack ¥ A 7 A
(Mitsubishi Gas Chemical, Tokyo) % I\ CHE&MES
#EF, GAM%:#1 (Nissui, Tokyo) TH:#EL 7:. ¥
OREZ BN L 7235 TORIH 2 TRD Y6, EAREH
(02%MERETF 2, 1.0%XT ~ ¥, 0.5%EEREF b
A, 02% 27 T VBT YEZT L, 0.02%HEES 7R
YL 02%Y) VERAKFEZ AV T LA, BLXUT01% YA
TA VIR 2w/ RHRATC 4% eH (2% >
ATA YIRS X1 %REFT ) 7)) BEO1%
ORI L7z, 35HIZ ODg ZMET A2 LIZL - T,
TR CFURMET A LIZE > TEZY— LT F—
ZI3 P + kR E (SD) & L ORLZ-.

27/ LESIRE

B. bifidum JCM 7004 # 3 X O°TMC 3115 % X 9,
Wizard DNA 7 7 A %58 % v b (Promega, WI, USA)
ZHWTHy ) ADNAZHIH L, PacBioRSII ¥ — 7 =
> — (Pacific Biosciences, CA, USA) #H\WwTZNh
ZFN540 5B L V260 5D AN L — D TEF % YL L,
SMART 7347 7 b7 = 7 v2.3.0 & I\ THLH & FA% 5%
L7z, 512, HiSeq !l & D BN EF P& %= 1T\,
Frv THreBELE RAIRES X U5,
TaKaRa Bio ® Dragon Genomic Center (Shida),
Eurofins Genomics (Tokyo), # & UF Beijing Genomics
Institute (Guangdong, China) (2 CT4T - 72. Glimmer3
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tRmE AR, B EREE BB OB, Rl

(Delcher et al., 2007) i L CA =T V) —F 4 ¥ 7
7L —2%Fi L, KAAS (Moriya et al., 2007) 12X - T
KEGG 7 — # X\ — Z (Kanehisa et al., 2017) (232> W72
T/ F—varvEirol.

PCREYOEZES -T2 T

B. bifidum TMC 3108 kD 2 L DNA %27~ 7L — |
&L, HMO 7% % 2 — N3 % 85T % PrimeSTAR
Max (TaKaRa Bio) # w72 R Y X 5 — € Ko
(PCR) TR L 7z, HAWEWT v 2 4558 L 72#, Eurofins
Genomics IZIKFEL CTTFIA4 v =+ —=F V72X D
Bey P & 17 72,

A H 5D HMOs DsESY

HMO i, DAl O EICHE AL SR L 7
(Asakuma ef al., 2011). AFLid, ERB#RE (Kyoto)
WCBWT, FRIEIO1 > BRICIAEME 2R L T
W14 NOWEEEZ HARANDO RSB L72. 4 7 —
LAF-arey PIIXRTORBLHHELNTVS.

& LB OFEEE D

Bt B O MBS X OV ) THEE, HOBESIRE IS
Wik v~ 7574 — (HPLC) IZX - THMr L7,
HMO HAEFTA ¥ F 2 _— b L7283 A 5 50 ul 247
WL, @OOoHIcEh EEZRINL T-20C TR L
7o. TRMLOBRIE, RiEER AL CTHE B30 DK
BLU20 D 0.1% IMP (NHREEHE) LRA Lz Rw»
T, B OB % DA O #HE IV 2-AA THEERR L 72
(Asakuma et al., 2011). ffi % oD S H INB L2 X
D AFRGHRT Z720, KiCOHISRERE LTRIRENT
WD IR IIARR DB D LU FIZ 7% - T b, TSKgel
Amide-80 HR /7 7 & (4.6 x250mm, ¢=5um) (Tosoh,
Tokyo) ZMH\WT, 65CTHMAEMBLI. HT 1%
8B WHEMA (T =DMV N) /15%EHB (100mM
X7 v E= v AR, pH4.3) TFHEL, &
il 1mL/5r T 90, WHEBO YT b (15%
M5 45%) I TIT- 72, KRk L 72 B8 13 Waters 2475 #06
Mgz T, i 330nm B X O0%% 420nm TR
U7z, BB, [FRRICEEE U 7o RR el 2 v TR L
HRERTHRELL. BonF— 7 ZNEEREICE Y
MIEL, VI £ BEEFEA (SD) & LTORL7.

B. longum & B. bifidum D in vitro T1EE

787 A7 x =3 — ViRt FoHARE NI T T
Z X F (pBFS38) (Sakanaka et al. 2014) % %3 5% B.
longum 105-A WT #% %, B. bifidum JCM 1254 D AF4E T
BIXOIEFATT, mFEFELT1%HMO L 7z

FEAREE My CR R U7z BRI ISR i A v 7Y v 7,
FRUC PAEDE SR (25ug/mL 27 A5 L7 2 =0—
V) b LLIRIEEARGAM 7L — b Lic#Ai L7z, 20
FSAT A= VERTL— LIRS zaa=—
X B. longum, F&EH7 LV — b Enpaa=—iB
longum & B. bifidum Bk D EFME LCHEMEL 72, HMO
Kb \2 B % B. bifidum 74 F T, B. longum 105-A
AnbXtk %, WTH &8 A 2 & % 8 A1, pBFS38 &
pBFO2 (Sakanaka et al. 2014) % Z 1L Z 1 AlnbX ¥k &
WTHRIGEA L CTXBI L7, SRS > 7)) v 7,
WL CTHAEMEEA GAMER 7L — + (30ug/mL A
ROFIRA Y Y HBHVIE25ug/mMLY O T AT x =
a—)v) Eic®AiL, CFUREMLZ.

EEAREE

FMHRENE, T AORERZIARAALL (LR C: 42
Al w5 EOIBS W) & 2 Ao HAR AL R
(BIWEA: 45 R, HEB 5%/ BT 25MH»
%5729 2 THRML7:. 2 AR HARADRA
(A D :307% Bk, WAE:39m% Bk dARAD
F AR TR AT - 72 BRICL 723 RHE B S T
THRAE L, BEA M F ¥ >~ 28— (InvivO2 400; Baker
Ruskinn, Bridgend, UK) H1T20% 27 ) 1 — V28
WL, HHT5ET-80CTHRAEL. MR L 723
AEA~E%, REBELLT1I%HMOs F/2137 v a—
2 (Gle) % & &AM ImLICHEM L THEL
PR oM oNIE A, $HEB, AL C, BAD, Bk
DI E OB O H £ 16S rRNA EE T2 ¥ —
THTEL, ThENT79%x10°, 3.2x10° 4.4x10° 1.7
x 10", B X O°1.7x10"copies/mL T&H - 72. DFJ & iR
TS 2 B A 3 E 5004M & L7z, 24 BEf A ¥ F 2" —
b L7, G % s O HE L L 721/ /8 % 1mL o
TE #% i (1mM EDTA &4 10mM Tris-HCl, pH8.0)
CHBE L. BB E AT YLV AE—X (¢=5.0mm)
BXUOYNVI=ZTE—X (¢=0.1mm, 1004L 7 12 AHY)
EANZ2MLOAZ ) 2 —=F % v THF2—-7I1BL
72t, Y x4 7 < A% — %% (Biomedical Science,
Tokyo ) 12C, 1,500rpm C 10 /- FHREME L 72, kKW,
WS 7 =/ =)V, 7oafi A2 L) 4 DNA
ZHH L7z, SYBR Green ¥ A5 2 (TaKaRaBio) #Jf|
W, ZEEHH O B. bifidum (B L ~XV) & Bifidobacterium
(B LX) &%, 16S rRNA % T D qPCRHTIT & -
THERLAZ FEE3EOEROFIME = 28 7=
(SD) & LTmLAE. ¥74 XAWOLEEREZ, 71
A AW D 16S rRNA #Hn T8 (B. bifidum % B <) %
M 16S IRNA Bz T CH A Z Lick > TR L -
75 4 <~ — 1%, B. bifidum ¥ L X )V (Tannock et al.,
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Bifidobacterium bifidum \Z £ 5 ¢ NRERA ) TRESEW O O R T 4 —FT 4 Y TBPET 4 AXTU—FREERT

2013) & Bifidobacterium J& L X )V (Yamada et al., 2017)
DLOERMHA L. B Lo pHIE, ¥4 70 pH X —
% — (HORIBA, Kyoto) Till®L7:. F72, TLC 747
T, YUAFNV60T VI =AY — b (Merck,
Darmstadt, Germany) % i\, 1-7°% /7 — b : Bk :
A (2:1:1) WIS TRERME, 260H%E (Anderson ef
al., 2000) % HwCu b L 7.

mET PR

T 1, BellCurve 23— 3> 2.00 (SSRI, Tokyo)
B & WM Excel 2013 (Microsoft) ¥ 7 b= = 7 % Hw,
Dunnett #%E (ZEME) #1T-72. OB, plEA80.05
KOG EIHBERETHLERR L.

EfR{ER
70 ARETEII RSy =T @ “circlize” 54 75 —
ZHWTERL 7.

fRIERVED B

ARWFZEIL, FHREZE (RO046), BB K% (71-3),
FNES K (2016-2) OfMBEEESOHRE - Kik%x
2, ANV UFREEICEOWCE L. ALIRTRMEI
HBHOFZEZET, 2D/ EToOBRE» S 1 ~
TA =LKy bz ECHENTIMER L.

7T — 2 &R

B. bifidum JCM 7004 ¥k B & O°TMC 3115 ¥k 477
LFEHNE, accession number AP018131 3 X UF AP018132
TDDBJ & ) AFWHETH 5.

R R

HMOs fFE T3 B. bifidum DIEYE

FLIBHEE A & gk X 7z 4 ¥k D B. bifidum %, HMOs
ZRFRE L THOEMPTRERELL. RBEO2HI12
Lac AR CTH FMBICRER L7, ZOHE, 4kE D
HMOs & Lac & RIUFIZEALT 5 2 &35 h o7z (151
BILAPIIZ ODg,,>0.5). 728, HMOs & AR M2 B\ T,
JCM 1254 #%, TMC 3108 #, # X U'TMC 3115 #k 2%
JCM 7004 ¥k & D b B BglBE &2 R L 7=,

B. bifidum JCM 7004 ¥k & & ' TMC 3115 %D & 47 / L
BCHIRTE

B. bifidum JCM 1254 %k > K 7 7 + 7 J A FLF)
X, GeneBank 7 — # X — Z (accession number
BBBT00000000) #%*5 AT HETH 5. AWZEIZHE T
1, JCM 7004 #& 8 X O"TMC 3115 ko 5245/ A LS

FPE L7z (Fig.l). INSH2MEBIRL 201, o F
UHHHE BT A TH D EAREINTVWDL DT
HbH(REELT—%). JCM 7004 ¥k D Fetafhk o £ & 1%
2,261,666bp T, 2,106 ® I — F i & (CDS), 57 ®
tRNAEET, BLU3ODOMRNAF RO Y E2EH5TLEF
W7z, TMC 3115 D Befu ki 2,178,894 bp T, 1,876
» CDS, 53 D tRNAEIET, BLU 32D rRNA* RO
VERELETFMENT. K ADFHGCERIRFNE
n626%&628% ThHo7z. T TICHLNZEINTW
% THRD B. bifidum 7 /7 L EH| O T, JCM 7004 £k D
7 A A AR THL—7, TMC 3115 5D b D%
WINTH o7z

Kyoto Encyclopaedia of Genes and Genomes (KEGG)
BT B fENTTIE, JCM 7004 £k 2,106 D CDS D 9 5
932 #fz 712, TMC 3115 % ® 1,876 ® CDS ® 9 % 905
BT ICHEREIE )Y TOENE TRSEERTOI D
10 % PL B2 AKALAGEHNC RIS L T b & Flll S 7.
FEE B #E 5 — 7 N — 2 (http://www.cazy.org/)
(Lombard et al., 2014) 12325 43472 & 5 & (Yin ef al.,
2012), JCM 7004 #& B £ O TMC 3115 ¥k ik, T Fh
MBI WEOTF) L ¥—¥T77I)—=FXA ALV
& ATz, B. bifidum 7/ 5 aE 35 SRS L
HAI270)avy—¥BB8EIlEThs i, DA
I S T (Turroni et al., 2010).

B. bifidum \= 53 3 HMOs 9 RREER D217

I E TOMIETICM 1254 ¥R IZ BT 5 HMO &1bi
X, 6 0DMIEMNEER, 12O MV AR—F—, BX
F1OOHMBENAFAKRY) F—E¥RlbLZ L2z HENE
LCTwb. 12-0-L.-732 % —%¥ (AfcA) (Katayama et
al., 2004), 1,3-14-0-L-7 2 ¥ ¥ — ¥ (AfcB) (Ashida
et al, 2009), 77 b-N-¥'4 ¥ % —+ (LnbB) (Wada
et al., 2008), B-14-% 5 7 b ¥ % — €I (Bbglll),
B-1,3-N-7+tF V7)) a+%3I=%—+¥1 (Bbhl) (Miwa
et al.,2010), BX O Y 7Y ¥ —+¥1 (Kiyohara et al.,
2011) 1Z, HMOsICA SN ETH 7)) a2 FiEs x|
## (Fuc, Gal, Gle, N-7 & F V7 )La4 3 ¥ (GlcNAc),
BLXUN-7TEFNV/ 453V (NeubAc)) BIUZ
B (Lac BXOVLNB) (23T 2 50 BIEHRTH 5.

LnbB {2 & - Tk L 72 LNB X, GNG/LNB FJ » X
AR—=% =12 & o THIBIZIY 3A F 1 (Asakuma et al.,
2011), = ®# GNB/LNB & A &K1V 5 —+¥ (GLNBP)
W&o THI 7 b—=RA-1-1) Y& GlcNAc/GalNAc (2l
) V53R S 1 (Nishimoto & Kitaoka 2007a), Y7 1 X
AR A D (Suzuki et al., 2010). Lac i Bbglll I & -
TGS NE D, F7zidLac/S—3I 7 —HIZE o T
e S b (Miwa et al., 2010; Parche et al., 2006). 21
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Fig.1. The genomic structure and gene functions (KEGG Orthology) of B. bifidum JCM 7004. The genome structures were depicted
using the R package “circlize”. This figure is modified from Figure 2 of Gotoh et al., (2018). Sci. Rep., 8:13958.

5 D 6 D DM # AfcA, AfcB, LnbB, Bbglll, Bbhl,
GLNBP, 3 X O°GNB/INB F 5 ¥ A F—% —%, 4
HMOs T 90 % L I % 5 % i HMOs (Urashima et al.,
2012) ZSEEEWALT 572D E /ey N TH 5.

7 NERTH S, JCM 7004 #£B & O TMC 3115 A
HMO 5l FZEOm/Mey v ETax 5L I L HL N E
%572, TMC 3108 #klZ>WTd, PCREWDEHHE
»o, INOLOBMETEART S LG hoT.

AR D T ODWHEDO T I BEH] O F— P IEF I
< (97.3~100%), A& 2SR S Cw b EHE
(AfcA, AfcB, LnbB, GNB/LNB + 5 ¥ AR — % — 4
Bty v 378 (GL-BP), B XU GLNBP) 2B\,
IS L O RS 5-3 5 7 3 BRFR Ik se 4
WERE ST Wz, 7 ARG SN Tw Ao 5
DD B. bifidum ¥k b, TNOEEFEELY M2 981%LED
[l —MCTHRA LTz ME—oB4E JCM 1255 # o
GLBPTH Y, 7L —2r3 7 NERPSEASH TV,

N Z DA HMOs 55 H CHFEBEMR WK TH 5
L END. B bifidum B L ~XVIZ BT 5 HMOs 53 f#
R ORI, Mo R Y 7 1 X AR L IEK
SRR DBETHY, B longum, B.infantis, 3 XU B.
breve TlX, HMO 5 f#lEF % 2 — F 3 2 85T ORAE
11X, GNB/LNB 7 v AR —% —3 X " GLNBP % [&
WTE L DA, BRIKAFHTH % (Garrido et al., 2016;
Matsuki et al., 2016; Odamaki et al., 2015; Ruiz-Moyano et
al., 2013; Thomson et al., 2017; Yamada et al., 2017).

B. bifidum @ HMOs BE{b#%zX

B. bifidum \ZBF 5 LEL 7T BIZ T ORE ZWGEET 5 72
D2, HMOs ¥ Hurp TR 38 L 7z 4 ¥R od L3 o BRI 35
T OEEEALE M L7z (Fig.2). Z 0%, HMOs @
HERRIT 4 DO TIFITHBL T3 2 LSS )
otz F72, ZOHBEKKIEA ODHTOME L b
HBLL Tz (Asakuma et al., 2011). 3 7&b%H, HMOs
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Bifidobacterium bifidum \2 £ 5 ¢ NEFLA ) TREGHEW O 7 AR T 4 —F 4 Y TBPET 4 AR TO—FHEERT

JCM 1254 JCM 7004 TMC 3108 TMC 3115

T

Penta-, hexasaccharides -o- LNFP | —& LNFP II/lll - LNDFH | —% LNDFH II
1.5

BBy B

Tetrasaccharides —e— LDFT -2 LNT -0~ LNnT

BB A

Di-, trisaccharides -o- LNB —A- Lac —¢— 3-FL = 2'-FL

(mM)

Conc

—
(=)
N—

Conc. (mM)

(

)
~

3
=
E 2
3]
s 1
(&)
0
(d) [ Monosaccharides -0- Gal -2 Glc —#— GIcNAc -+ Fuc

Conc. (mM)

o 4 8 122 0 4 8 122 0 4 8 12

Incubation period (h)
Fig.2. In vitro HMO consumption behavior of four B. bifidum strains. Each strain was cultured in HMO-supplemented basal medium,
and the samples were collected at the indicated time points. The sugars in the culture supernatants were labelled with 2-AA and
analyzed by normal phase HPLC. LNB concentration was not accurately determined due to its heat lability. Concentrations of (a)
penta- and hexasaccharides (LNFP I, LNFP II/III, LNDFH I, and LNDFH II), (b) tetrasaccharides (LNT, LN#T, and LDFT), (c)
di- and trisaccharides (2’-FL, 3-FL, Lac, and LNB), and (d) monosaccharides (Fuc, Gal, Glc, and GlcNAc) are shown.
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tRmE AR, B EREE BB OB, Rl

DERSTH A LNT B X U 2-FL O 513 AT Fo
BINCAZHICIT D, T2, ThHD2ODREOKR
oI FaEmi i clizizeTofman, FHRreL T
LNB & & ' Lac ® — g 235 (ZhZhd e e d
0.3mM, 1.9mM) 2B 3 Nh/7z. T»Z &Lid, LnbB
EACAERL PICHEFEL TV D 2 EZRIBLTWD
(Ashida et al., 2009; Katayama et al., 2004; Sakurama et
al., 2013; Wada et al., 2008). Gal lZ LN#T B X O¥ Lac »»
5 BbglIl IZ & - Tl S 4, WEHHHIH %08 LT85 Hrp
THU S 7z, Gle#REE X JCM 7004 ¥k % B v TR &
FTH o7z, JCM 7004 ¥ T Gle & REAMER V01, il
D IRIZHARTHIREDSE o 7o L E L T b &
Ebhsb. GleNAc I SNz h -7z, 3-FL, LDFT,
LNFP II/1II, BXINDFH /I ® o-(1—3/4) -7 2%
WASEIZ ACBIZ X o TR R ENS S, 3-FLB L
LNDFH 1 O 5 #EE DSV D1, AfcA & HiE L T AfcB
OMBEEEN RN L ICERT 2 EEZLNS
(Sakurama ef al., 2012). 5 OFEREIE, B kP
~® HMOs 7 f#4% (LNB, Lac, Gal, 3 X U'Fuc) O
B2, B. bifidum BEOWHETH LI LEZRLT VA,

B. bifidum \Z & 3 B. longum ~® HMOs 24D 7 0 X
T4—T127

HMOs 53ty 2 a 27 4 —5 14 ¥ 7O Retk % il
N5 72812, B. bifidum O afeA F 7213 nbB #AE T % %
g2 Laliizd, BETREHBOIIFICIEES %
Mol £ 2T, HMOs @ & v i2 5 v T, B.

longum 105-A ¥k B X O B. bifidum JCM 1254 #k o 15 3%
KER % 1T o 72, B. longum 105-A (InbX Ftk) o545
¥k (WT) (&, HRE: 38 CTld HMOs X5 b < o B it g
322> 7225, B. bifidum & FL5E3E$ % L WA L <
et 7z (Fig.3). WKIZ, B. bifidum A7 FI2BWTB.
longum 105-A WT & AlnbX ¥R DO BEFlEH S FBRI T o 72 L
Zh, MHEOMIHIZIZEV L ONah ol T EH
5, nbX #B1511d B. longum H* B. bifidum \Z X - THEA
S N7 HMOs 73 = FIH 3 5 O e W & A
57 o7 B. longum AlnbX ¥R B 35 CIlX LNT
ZEALT B 2 EATE LD o 72H B. longum WT (LnbX
Bath) & RSN Cld & < 85l L 72 (Yamada et
al.,2017). T X ) SR - AL VO Z TR T 4 —
T4 7, EBEOBNMEHERENICBNTHEZD
b EMRIBEINT.

HMOs Z 5N U - Z@ERBRPICH D B. bifidum Dt
DE T 1 XXAEADHEEANDFE

B. bifidum \Z & - TREA E 72 HMOs 73R A, FEks
DEHMELRATERIIB WA E 7 4 AAFICHAF SIS
NEIDERHRLZOIIZ, 1405 (C), 240518
(ABXUB), BXU24DKAN (DBXUE) 25
WU 22 350K 2 W T B 2 1T - 72, SIEA,
WEB, FLEC, WAD, BXUHAEOE[MIE D
Bifidobacterium J& M 1 16S rRNA &= T O (3570
B ¥ —Hu, £hFN1.0x10% 4.7x10%, 3.1x
104, 1.1x10°, B X U3.9%x10°copies/mL TdH - 72. B.

Growth of B. longum in HMOs-supplemented medium

Monoculture
(= B. bifidum)

1 %1097

€

S 1x108-

i

e

< 7

g 1x10 . /f

3]

1] -o- B. longum
1% 108 T T T
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(+ B. bifidum)
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0 4 8 12

T T T T

0 4 8 12 16

Incubation period (h)

Fig.3. Inter-species cross-feeding of HMO degradants. The wild-type strain of B. longum 105-A with pBFS38 (Cam®) was grown in basal
medium supplemented with 1% HMOs in the absence (left panel) and presence (right panel) of B. bifidum JCM 1254. The
samples were taken at the indicated time points, and CFUs were determined by spreading the cultures on Cam-containing (for B.
longum cells) and not containing (for B. longum + B. bifidum cells) plates. This figure is modified from Figure 4 of Gotoh et al.,

(2018). Sci. Rep., 8:13958.
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Bifidobacterium bifidum \Z X A NEFLA ) THERREW O I QAT 4 —FT 4 Y ITHBET 4 AAT U= TR R T

bifidum @ 16S rRNA BT D 2 ¥ —HKi2oWwTix, K
A D Z B TR ARG (<4.0X10*copies/mL) T
otz FEBEE Y AFED B. bifidum OFEIE T $721%
AR T T, 1% HMO Z 3 L 7B o Hr T 24 IR R 55 42
L 7=, 16S rRNA #{nF#xlle L7 (Figd). €0
KEH, B bifidum ORI, B E B X UVTMC 3115 #
EHWIML729E B ORAEEBRWT, B bifidum UAtofl
Y7 4 ZAWOBIZRAE L Tz, Z o8 ER)
Hid, 15601 10 B THFTRIICH E (p<0.05, Dunnett
Wig) Tholz. RADHEHIB W THZE SNl
Y7 4 X AW AER)RL, B. bifidum % %L 7%
Mofzar bu—) e L T, JCM 1254 £, JCM
7004 ¥k, TMC 3108 ¥k, # X O°TMC 3115 kZFnEh T
60, 130, 290, B L9990 TH -7z, LR B TIE

KM1%M%JOMmM%,B;UTMC&%%%%%
NT25 16, BLXUPLIHETH-72 i, DHECHKH
B 6L, B. bifidum % IS 5 2 £I12 XY 1,700 f5
A5 10,000 5 OHINASH S N 7275, B A D HkRE T
142D UREOEMTH - 7-. @ﬁ5742x%
OB FEARAERD FIT I A B L ORI C oS

WCHHE TH o 7275, W% B bifidum RS ﬁ’—“(
24 Wy 5528 U 728312 B. bifidum 9 16S rRNA E15 1134
M hoiz (ThbLH, AR B. bifidum 3
GENTCVLRDPo). —HT, BB, KAD, KAE
DFFEFEL T UL 24 R RIH2E1212 B, bifidum DM S 7z
(ZNFN1.8x10° 3.1x10°, BLU1.5x10"copies/mL.
COMBIE, BEIOOHEMUEIZIE, LA DB
bifidum HEEN TV Z E 2R LTWA, HiERER
TLCH#HTL72E A, HIBABLUIECOREK OB
bifidum JETEMSAE T, 2-FL, LNFPI, LNDFHI, ¥
LR HMOs D AR v M A3 24 BB #EH B> T
7275, B. bifidum %3N L TR L 72381313540l
Xz HRBRETIE, B bifidum FERMEA B
WCTINDFH LICHIB T 5 ARy M2 & z25, B
bifidum I X VL L7z, WKAD B XU AE O
T EHEICBWTIE, B bifidum FERMB L ORI
WZBWTY, HS2RARy M3 I ehro7.

B. bifidum OTMIE, HMOs & % L TfEE 7 4
ZAAWOWHEZWMSEL0A% 5T, EWETICBT
Y7 4 AAWGEARD I LA SETWZ I3
T % (Fig.4).

FORE#ZEZGcETHFEMBTIT-72E 2 5, B
bifidum RINC & AMHE Y 7 1+ X 2 R O BEGHARAER) 13
ELELEoTHRWEERON o7, T§4bL, B
wamﬂmnzm%B;UTMCM%%%%%%%@
AB LU CHEDORENIRIM L 22E 10 A, bl
Y7 4 X AW D 16S rRNA#E{E -3 ¥ — ﬁ#aﬁﬁb;

D93 RN L7225, Ao R o iRt Cid 21t
Lawhrt LA L7

WML 72 B. bifidum B 5%, ) L72REE (HMOs
F72013Gle) WXhhbOF I WAL Tz, /R
% HMOs 85 # THE 38 L 72356 O e pH 1T H % (6.4 ~
77) THo 725 GleDHHI1E51~61ICKT L7
D EDRERL Y, B bifidum 2 & > THEE & 72 HMOs
IS, B. bifidum HE 72T THRLMMEY 7 4 X AH
CHHEER SR, FRICE -5 TE 7 4 ZARERO 5HFH
 PRIGZEDHRIREBI N

s PRI TR 3 DR, FE E—HR O EAER 720 T
%, MM —ME B O EAEHIC L > TOEEEZ 2T 5.
BNIC B 2 MMM oFE L LTiE, BALZHERA
Wil B VIEEET20%Bi CRIRVPRELAMSNT WS
% (Sekirov et al., 2008), WL DWIETIEZ T AT 4 —
T4 v TR EOHEERPH LM ENHED TS, 7
A7 4 =74 7& BGHEBETHOWTRORT
BRI NELH, B aRT 4 —F4 > 7L LTI3A

X 1) ¥ % - L7z Bacteroides ovatus & Bacteroides vulgatus
& O (Rakoff-Nahoum et al., 2016) R O-Z7 Y 7 4
YL > 22— FY¥ ¥ 3 VB, %I L7 Akkermansia
muciniphila & Eubacterium hallii & O VEH 7 & W5
g N T w % (Belzer et al., 2017). A. muciniphila &
Anaerostipes caccae B\ \ZH G 7 DA T 4 —F 14 27
DR SN, A muciniphila |2 X > TREE X N7 BEEE DS
An. caccae ® B it % ¢ 3 (Belzer et al., 2017). F 7z,
Faecalibacterium prausnitii O 3 5 2 & B 7 B R %
Bifidobacterium adolescentis 33 261 H M5 T w
% (Rios-Covian et al., 2015). @ X 9 7/l [ T 0 43 figk
YR oLE L, BNMEHZEOS KL NS,
TR CRELRBGREZTERT 52 7-0ICEETH L LE X
5N TW% (Bokulich et al., 2016).

INETIE, BAZECVLOPDHET V— T E
7 4 AAWIC & 5 HMOs &AL A 71 = X 2 OfFBICHLY
WMATE . Zo8%E B infantis, B. longum, B.
breve, B X UB. bifidum \ZRFEN LB 7 4 X
ZAWHAHMOs BiLie 2 H 55 LWL E & o7z,
BIRRENZ LI, 4AFITERETH 2120 b 5T,
HMOs % 539 5 72O\ 87 8 (B. bifidum B X O°
LnbX Btk B. longum \SHIREAN 7)) 2 2 % — A, B.
breve, B. infantis, ¥ X U° LnbX &L B. longum 13 ~ 5
VAR=F —RAFH) & o TBH, HMOs HE kX
HH 7o Twh. LoCascio et al. (2010) 1, B. infantis
MHABC b7 Y AR—=F— LMl NTFY 7)) av 5 —
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Fig.4.

temE  ZAR, B R FR R, R EE
HMOs-supplemented medium
child A infant C
— n.s. (x 10000)
E ** (x 990) * (x 6900)
§ 1 x 1013 wx (x 290) n.s,ix 3900)
EE (x 1700)
< 1 x 10"
[aa]
= <
2 1% 109 2
2 H 5
5 1 %107 - P
g Oh 24 h Oh 24 h Oh 24 h
g > > »
5 dult D dult E 5 @6&@0”’@6’\\
g adu adu RN
© n.s. (x 0.75) x
-8 ok (x 14) n.s. (x 0.96)
2 ns. (x 1.4) ns. (x 0.90)
@ (xrl)'.sio)
‘S 1x10"3
[0}
Ko
) 1 x 10!
o
[0]
g 1% 109
<
Z 1x 107 —
* Oh 24h Oh 24h
(o]
2 * D o x> X P
rabb% '\OD@\QQO“’\QQ""\\ & 3 &QQQ%\QO%\\
AR DR @ PP
Relative abundance of Bifidobacterium sp. other than
B. bifidum in total bacteria (%)
None JCM JCM TMC TMC
-added 1254 7004 3108 3115
Child A 0.0050 0.21 0.58 1.0 5.3
Child B 2.6 43 34 4.9 1.9
Infant C 0.00034 0.27 0.81 1.6 2.0
Adult D 0.37 2.4 2.8 0.43 4.4
Adult E 5.0 3.6 4.4 4.4 3.8

Exogenous addition of B. bifidum to fecal suspensions increases the relative abundance of Bifidobacterium (species other than B.
bifidum) in the culture supplemented with HMOs. Stool suspensions from two children (Child A and B), one infant (Infant C),
and two adults (Adult D and E) were cultured in basal medium containing 1 % HMOs with and without the addition of four B.
bifidum strains for 24h. The abundance of 16S rRNA gene attributable to Bifidobacterium species other than B. bifidum were
determined by qPCR at 0h (white bars) and 24 h (striped bars: without the addition of B. bifidum, and grey bars: with the addition
of B. bifidum) post-inoculation. The data are means + SD of three independents assays. Dunnett’s test was used to examine the
statistical significance. Relative abundance (%) of Bifidobacterium sp. other than B. bifidum in total bacterial cells is also shown.
This figure is modified from Figure 5 of Gotoh et al., (2018). Sci. Rep., 8:13958.
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Bifidobacterium bifidum \Z X A NEFLA ) THERREW O I QAT 4 —FT 4 Y ITHBET 4 AAT U= TR R T

22— 95 40kb DERF 7 TR —%EHR LS
LT, BLALEDOHMOs 3 FRHBEWREE Rolzt it
HL T, B bifidum d HMOs BILREDE <, A%
TIE Z ORI B. bifidum B\ TEEICHRE SRz
HMOs 7 #E#FIER L TCWwbA 2 2L E L7 B
infantis B X O° B. bifidum £ I X2, B. breve & B.
longum \ZBR SN 72 HMOs 53 FHD A L &L T E 22w,
ThbbING 2, INT 28T 52 LN TE LD,
o> HMO 5315 O BALRE IO TIREW TH 5 T & AF
415 T w5 (Ruiz-Moyano et al., 2013; Thomson et al.,
2017). B. breve ¥R 12 B\ TIXLN«4T, 2-FL, B X U/
F721Z3-FLEZ RS 5 2 L AT X 5k James ef al.,
2016; Matsuki et al., 2016), B. longum ¥k TIiZ LNT (2l
ZTC2-FLBXWINFPIZFIHT 5 Z L A3TE LD
WL ODPME SN TR, 2L RBlIMHOTENR
T» % (Garrido et al., 2016; Thomson et al., 2017).
Th, BELANVTADE B breve B X U B. longum O
HMOs &1bEEl%, B. infantis B X O B. bifidum & g L
TR YVRENTHL. ZRICH b5 T, Ao
P 35 P TlE, B. breve % B. longum 73 L TH 5
WA D%\ (Matsuki ef al., 2016). 2 F 1), R3L¥ER
DBFIZBITHET7 4 A2 70—F K, HeHhRITED
HMOs BALREIC & - TOAHBIZH T2 Z LTk
.

R L7280, DEOWEICB VT~ 1 B. bifidum
JCM 1254 ¥4 HMOs 73 O —#8 2 8 L e v X 1
Mok LT FIcdr2e2Wone Lz, —,
Tannock 51, BFLEEIBOFEMIZBI 5 B. bifidum O
HIELET 4 ZAZX 70— FEEEOBICIEOMHEH %
Z LIS L T 5 (Tannock ef al., 2013). T HDH]
W, B. bifidum \Z X HMAEY 7 1+ XA ~D HMOs 57
YOI OAT 4 =T 4 2T OWREMEERE L TWie.

A EARWFEIZB T, 48D B. bifidum 3 X THE;
FPICHMOs M 2R L2 F FI0T A2 L2 F IR
L, KIZE 7 1 AR OB L OFENIZHB T HMOs
TR DO I OAT A =T 4 VTP 5> T0DE L%
Shk L7 bbb, B longum 3 B. bifidum & 355
L 723812 0 & HMOs 55 i TR W B RE 2 7% L 72,
¥/, 57 MN-¥A V¥ -Vl T2 RIEZE7B
longum AlnbX #1X LNT % EfLT & L h o 7225, WTHE
LB R LA L, INTR i CRAFICHIGH L 72
INLORREZEE LT, XV BMRERER Thbb
HFARE 2 T ER 2T 72, ZOKE, B. bifidum
% HMOs # &L EJMAMRE WIS 5 &, e 7 1 X
ARWDEBEREENE Z WS E kol RAE
MBI ERRC). F2, GRA DHEB, BLXUANECH
KB % B. bifidum & 3553 U7-%5E, B. bifidum IETR

INGAE TN E S 37125k > T 7z HMO 43 T8 2%
LTz, B. bifidum \Z & AMEEY 7 4 X A O HEGiARE
MR T, HMOsHHIZB W TR R 5N 7225, Gle Kt
TIRIEEACHSE SN Do 7. BREWZ &I,
HMOs B rfr T 24 REfE B5 28 L 72 % 0K B, D, B X
CEWZBWTIE, B bifidum FEIRMEHTH > TDH B
bifidum DB S, — B A L CTIIRIE S e h o
72. B. bifidum \Z X HMHEY 7 4 X A O R R R 5
A, BB, D, BXUEXDHHBABIUCIZBW
THETHoLILEEETLE, TADOEMHPIZB
bifidum FAE L CTW/2B, D, BXWE TIE, R#EN
AN S L 72 B. bifidum ORFEVPFENITL otz
L E s, WEYRSMTA N EAAETH
53R CTlX, B. bifidum % 3 L 72 HMOs 553 TOR:
HIZLoT, E7 4 ZARKE HASDRIEIIHNL 72
ZEHEHITRENTHS.

HMOs 3o 7 0 X7 4 =574 ¥ 7B 5 a-7
a ¥ ¥ — ¥ HEH DFJ (Sakurama et al., 2012) O 2%
VAR A L THRzE ZAH, DFEIRIC X -
T B. bifidum \2 & HMFEE 7 4 X 2 W O BT AER) Fe A3
HEL £, ToBOREEEIZIE, 2-FL, LNFP
I, BXULNDFH IWHEE S NTIF-> Tz, 2ok
Bix, 73 Y VAL HMOs O 55 f#A2SDEJ 12 & - TRHE S
N7zl &R ENeEZONA. LA -> T, B
bifidum O 7)) a2 ¥ ¥ — €12 X 5 HMOs 5 i3,
L L LMY 7 4 ABNOH) 7 a7 4 —
TA YIS LTw 5 L TREVWTId R wneE
Bbhsd. &HAA, B bifidum\Z X 5RMONRHEY
DG L TR REME 2B 5 2 LIETE WS, &K
WIZEDREHRIE, BAKBROBLNICBILZET 4 XA 7
O — J KL, B bifidum (B % 5 { LnbX B 14 B.
longum b) 12X % HMOs 73 % A L7 fifie 7 4 X
AW OWHRER RV KRESHLE LT LHEZEEN
%. B. bifidum ORI 2 WH I, WADBICBNTH
FEREL TV AU HEME A 5. Egan 13 B. bifidum |2 &
B NF HEG S RYDS B, breve (27 QAT 4 —F 4 VT
ENTW DU REN: 2 i L T\ % (Egan, et al., 2014a;
Egan, et al., 2014b). AF %, b FOKBIZBVTE
FHLTWLHEY X7 ETHY, B. bifidum \ZF Dk
xRy sowilsryayy—¥E2zaLTw5
(Gotoh et al., 2015; Katayama 2016; Katoh et al., 2017).
BIRZRWZ L2, A F VP8 L HMOs 0027 a ¥
FREAIEHEBLL TB Y, RAFFETHAN L 72 HMOs 53 #
WD ELL D7) Ty 5 —EDRLTF Y RICH RIS
N Tw % (Katayama 2016).

UEbEZzFLds L, KFERIZBWTIE, B bifidum |2
X % HMO AP N TR BRFEESNTwDL 2 &%
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tRmE AR, B EREE BB OB, Rl

WIS 2023 5 & FIZ, 4 U7z HMOs i sifi ¥ 7 1
AAR OB ZIRET A EZ R L. Zhs DR
I, FAVHRARAZ SO T LN T4 7 AR 7 unNA
T4 7 AD%E, BLXUOARBEICIBIIAET7 4 XA
Tu— IR RTMNAREEEZ S L CEELRMALE
BT LD TH 5.

ZW

BARBROBEICBNTE—#HKICET 4 AA 70—
IR EIND., EEOMEIE T, FALRBE 74 X
AWA e PRERE Y THE (HMOs) OFFEIEALFERE
EHTAIEDPHORE RSN, ETLAATH—TF
BED LI IR EN TV LIV TIRFH S Tw
T, BIREWZ 12, £Y 7 4 X AR O HMOs &
1LRElE, EBEOBMNICBT 2B EEEMHEL TV,
T 7bbH, B longum & B. breve \$FLIEG N OB 5T
HAHDS, invitro FEFIITBIT A HMOs EILREIE R < .
— 5T, in vitro 5312 B W T HMOs E1LAE A3 5 W B.
bifidum B X O° B. infantis 13, FEBEOILEBEN TS
AEFKW., TO0XIREE»S, ANFETIEB
bifidum ORI R >WTHREEMA7-. £3, B
bifidum JCM 7004 #£3B X OV TMC 3115 kD47 7 LKLY
BPET 5 LI, B bifidum NI BT HMOs &A1t
WCVELERTEY FPREIRESNL TSI L, £
72, B. bifidum 75 HMOs % IR & L CTHHRIZZE D55
A B L2 2 IS MEALBLTHET S
TlaRM L7 WIZ, HMOs & @30 L 7 3608 18 5
% B. bifidum OAFE T TR T 5 2 L THIfiY 7 1 XX
WOMPES T, ZRICX Y7 1+ ZAWERD L
HEPREATAHZ LR L [WKZ, B. bifidum 3
NZ & % HMOs i # DR S Bl S 7z, Th b off
B, ARBENTE T ZAA 70— 0S5 8
T, B bifidum |2 & %5 HMOs 5 E i L7270 &
TA—TA Y ITPRIoT0EILEZHRIRBELTY
5.

RPN T 5 N7 FECR D ey
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Evolutionary traits found in fucosyllactose transporters support symbiosis
between bifidobacteria and breast-fed infants
Mikiyasu Sakanaka, Shin Kurihara, Takane Katayama

Host-Microbe Interaction Research Laboratory
Faculty of Bioresources and Environmental Sciences
Suematsu, Nonoichi, Ishikawa 921-8836, Japan

Recent studies indicate that the human gut microbiota established during infancy has persistent effects on health
in later life. Breast-feeding promotes the formation of a bifidobacteria-rich microbiota (bifidus flora) in infant guts,
which has been attributed to the ability of infant gut-associated bifidobacteria to catabolize human milk
oligosaccharides (HMOs) that are non-digestible sugars contained in breast milk. However, the i vivo molecular
and physiological basis underlying bifidus flora formation in infant guts remains unclear. Here, we report a
comprehensive characterization of two functionally distinct, but overlapping fucosyllactose transporters (FL
transporter-1 and -2) from Bifidobacterium longum subspecies infantis. Faecal DNA and HMO consumption pattern
analyses revealed the association of both FL transporters (primarily FL transporter 2) with bifidus flora formation
in infant guts. Structural analyses of the solute-binding protein (SBP) of FL transporter-2 complexed with
2-fucosyllactose and 3-fucosyllactose as well as phylogenetic analysis of homologous SBPs revealed the molecular
basis of ligand binding, which highlights the expansion of HMO uptake preferences by the gain-of-function
mutations in the SBP as a key adaptation strategy of Bifidobacterium to the infant gut niche. Our results provide a
molecular insight into the HMOs-mediated symbiosis and co-evolution between bifidobacteria and humans.

Key words: ATP-binding cassette transporter, bifidus flora, ecological niche adaptation, human milk
oligosaccharides, oligosaccharide uptake
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BFREEORNTIE, €7 1 A ARELRLMEE(E
T4 AATU—=F) PREENL. ThiE, €71 XA
WA ICEHE TN 4 ) T [HMOs (human milk
oligosaccharides)] % Mo BT & JLig L TRl & <
BALTELN L EE 2 5N TWwb (Katayama, 2016;
Thomson et al., 2018). HMOs (& BEFLH D B 25 o>
T727 b—2Z (Lac), TREICKVWT=FHIZE AL
(10-20g/L), 2'-7a ¥ V527 b—A (2-FL) B LW
3-7a¥ V727 b—2A (3FL) ICRRESND LI %7
YL F Y THEERBEEICGEATYS (Fig.1C S )
(Kunz et al., 2000; Urashima et al., 2012).

Z I F T, Bifidobacterium longum subsp. longum (B.
longum ), Bifidobacterium longum subsp. infantis (B.
infantis), Bifidobacterium breve B &£ U Bifidobacterium
bifidum \ZARFE SN LI 7 4 X A H O HMO 55
WA X < WF%E ST & 72 (Katayama, 2016; Thomson et
al., 2018). B. bifidum B X O° B. longum MO\ { D h Dk
1, MM PR & R SRR 2 AR LR
L THMOs 250 L TR % L3812, o7 1 X
AWHEIZZ7 B A7 4 — FLTw5 (Gotoh et al., 2018).
—JT, MO T 4 X AR X HMOs % E I BN
BUAHK, Zotk, MR TENLS %53 % (Katayama,
2016; Thomson et al., 2018). WFNDWEHIZBNWTY,
HMOs # 7213 HMO 7 # i 2 WAt 2 L1 E 7 4 XA
WOABNTOMIEICEETHL EEZ LML, ¥
7 4 XA D HMO BGAABEREIZ B3 2 Hiis 13 BED &
CAIERICIR SN T WA (Suzuki et al., 2008; Garrido et
al., 2016; James et al., 2016; Matsuki et al., 2016; Zaniga et
al., 2018). Y4585 B O ¥ 55\ W AF4E T & % David
Mills & OFZE 7V — 71, 7/ LfFNTB X ABC + 5
VAR—=F —0IERE Y 37 (SBP: solute-
binding protein) DHEFET L A fEMTIC X 5T, ATP K&
Atv b (ABC) b+ v AKX — % —A5B. infantis D
HMOs OHGARIZEE TH 5 2 & 2 # 10 FEFTSW S 2
IZLTw5 (Selaetal., 2008; Garrido et al., 2011). L 2*
L7230, ThoOEMTHELNMRCERE, He
DT AR—F —ORREERHNMEZETE RSB 5
AR E 2 BRSO kv e rodz. F72
% 3T, B. longum (Garrido et al., 2016) B X U B. breve
(Matsuki et al., 2016) 281} 5 2-FL %Mo 7 2 3 ik
HMOs 2 Jlihte b 5 ¥ AR =5 =535 N ERT % Hls
ELZBICEYFRESIN TS0, i3 LE
MR in vivo TOAEPIBRENT T 2R %5 5% <
BEhTwiz,

ARWFZE T, B. infantis HRO MO 73 V7 2

F—2Z (FL) N5 Y AR—% —2WWIHT§5 &
2, ZN ORI EEENTO HMOs OFH B X
CET74 X270 —=FBEICED LD IZEboTWEHD
PEWHLNIILE T 22O TV AR=—F—O
SBP 2 & % 2-FL B & ' 3-FL O #5 AR & A i 22912
HoNIZLz, ThooREiIC, U740 AW
FLFI Y AR—¥ —m oL S5 & THRED
HEZFT S TELILIIOVWTHERT 5.

FKER5 %

FHREKEEERG

B. longum 105-A (=JCM 31944 ) ZHUERSERL KM
WEEIE T8I X 0 0 TH W 72, B. infantis JCM 12227
(=ATCC 156977) B X U Bifidobacterium kashiwanohense
JCM 15439T 3B NA F YV — Ak v 7 =X ) AT L
72. B. infantis JCM 12227 @& {5+ 512 GenBank 7 7
t v ¥ a yF 5 CP001095. 1 IV TRl L7z, €7 1
A AW DORFE, GAM HH (Nissui) 3 L < 130.34 % (w/
v) TAINVE VBT M) YA, 02% (w/v) Y AT A
VIR B X U2% (w/v) ZVva—A (Gle) @l
7> MRS #:#  (Becton Dickinson; MRS-CS 5 H#) 7% v
THTo 72, BB TIE, 05% (w/v) O % HE—
DORFEPE LT MRSCSEHIZARM L 72, B3
Fx Y N—=NT37TCTTIT- 7.

JE O MR TR 2 B AE 12T RN W DHSo bk 2 W
72, EIZIR LTz A7 2=a—) (Cm; €74
A AW 2.5ug/mL, KEE X 10ug/mL), AT F )
~ A4 ¥ ~ (Sp; B. longum % 30ug/mL, B. infantis 1%
10ug/mL, REWIE 75ug/mL), HF~4 ¥ (50ug/
mL) Z@HM L7 FRICRREBA L WD, Wi
0Dy, THIE L 72

HMO rZ2 AR —2—@IFADOE 7« AXAABEDIEE

HMO b 5 ¥ 28— — OB 72 2R R, M

fay HMO 70 n T (75 A 3 F pMSK65) % f#
59 % B. longum 105-A AlnbX AgltA ¥k (#hik) 128\ T,
NI YAR—Y — R RMFRBT 52 L& o T L7z
(Fig.IAB L U'1B). WHB LTI A 3 FIER O
1%, Sakanaka et al. (2019) @ Materials and Methods {2
FLL7cH ) Th 5.

B. infantis JCM 1222 13k D b 5 v AR — ¥ — @i {z+
Blon_0341-0343 & Blon_2202-2204 7%z & O 2 B. kashi-
wanohense JCM 15439" Hk D + 7 ¥ AR — ¥ — @5 T
BBKW_1838-1840 i PCR ¥ L 721%, xfp 70U E— % —
TWICHLE T % & 9 12 pJW241 (Yamamoto et al., 2010)
DONdel fALIZIFEA L. MELLTIZAI FE,
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pPMSK®65 % 17#+53 % B. longum 105-A AlnbX AgltA \Z3E A
L72. PCRIZEH L7275 4 ~—1%, Sakanaka et al.
(2019) @ Materials and Methods IZFC L7230 Tdh 5.

A 2 NV EORE CHER

B. infantis JCM 12227 f1 3% @ SBP (Blon_343 8 X O
Blon_2202) &, ©AF Y ¥ (His) # 7 %&b L<
FAMEFREAI L ML T,
Blon_0343 (7 3 / ¥ 3L 32-469) B X U Blon_2202 (7
I/ WRBR AL 26-460) (2B % {4 T % Sakanaka ef
al. (2019) @ Supplementary Table S3 IZ it # D 7 5 A
~—% M\ CTPCR¥IE L, pCDF23 (Nakagawa et al.,
2016) @ Ndel B X " Xhol ®F#BALIZHFA L7z, HESE L
7279 A3 F%, pRARE2 % f#¥:9 % KI5 BL21 (DE3)
AlacZ #: (Sakurama et al., 2013 ) 1238 A L, % 0.1mM
AV 7aYENVB-D-FFHF27 T YK (IPTG) O
AL FCTI8TC Tl L7z, BifRZ s iz X -
THEEL, MERESO% &b LX) MEET v E=Y 2%
wm L 7. 1 W 4 % Mono Q 5/50 GL (GE
Healthcare) 3 & UF Superdex 200 increase 10/300 GL(GE
Healthcare) T 5 (ZRGH# L, S € B 2GE N (ITC)
W2t L 7.

His # 7 % 4 il L 7z Blon_0343 ( 7 3 / ¥k 5% %
29-469) B L U Blon_2202 (7 3 / ER¥EIE 24-460) @
¥ X B % 32— ¥ ¥ % #5113 Sakanaka et al. (2019)
@ Supplementary Table S3 IZFL#D 77 4 ¥ —% T
PCRI4IE L, pETM11 @ Ncol 3 X U EcoRI #BA (26 A
L7z, MEEEL7279 A X FIZ AR BL21 (DE3) 28
AL, FRRICTHESSB X272, Ml % HisTrap HP
#Z 2 (GE Healthcare) (2fit L7-%%, HiLoad Superdex
G75 26/60 (GE Healthcare) 12X > T HITH# L 7.
His # 7W3 TEV 7u s 77—tz HWwTHREL, 677
& S BRI, & o8 7 iR 1E 280nm

TOWNEZMNET S LII2X ) PE L7 (Blon_0343
1Z77,810M'cm™, Blon_2202 i 81,820M 'em ™).

ITC A1

Blon_0343 3 X U Blon_2202 ®FE Y 4> FIZxf$ % 4%
1%, ITC (MicroCal iTC200; GE Healthcare) 2 & -
TEIFWAT L. % o828 % 10mM ) Vi)
MU AR (pH6.5) TENL, VH Y FEELE
Br &% 15 312 R L 72 204ul @ S £ OV T
45-250uM D ¥ ¥ 7327 E % 25°C, 750rpm TR L 72
YA YR (2-10mM) O E I 180 O FE T 20 47 -
72, F— % A RECCHIIE L72#, One-Set-of-Sites #& &
EFNIZED T4 T4 VTR T T

IZB55%

Blon_2202 OiES(b L E&ERTE

AL LIkt s AFF = (SeMet) iE#2%I
Blon_2202 @ #& f 1t 1% 10mM 2'-FL % 7= 1% 3-FL O £ 7£
T, AERIWETIT o 720 U =3 —=121E, 100mM
MES (pH6.5), 25% PEG-500MME, » X U 10mM
ZnSO, % JHv 7z, SeMet R IC D W Tl 2.1A, 2-FL
BEHRICOVTII L3A, S FLEAKICOVTIE14AD
SIRBETHEIIT T — & ZNE L7z, kL I & 2 5E L
(SAD) # H W T MHTREZITY, #o N -HE%
2'-FL 3 & OV 3-FL 85 h M3t 2 g § B B o 50 £
7V & L CHEiA L 72. Phenix.AutoSol (McCoy et al.,
2007; Adams et al., 2010), Phenix.AutoBuild (Terwilliger,
2004), Coot (Emsley & Cowtan, 2004) 3 X UF phenix.
refine (Afonine et al., 2012) ZfiH L THEIL L 21,
MolProbity (Adams et al., 2010) % > TE Y4 % 2
L7z, 77— & I - 07 @ FEANC D v Tl Sakanaka et
al. (2019) @ Supplementary Table S1 2R L7z ) TH
5. X @ FEL 12 1E PyMOL Molecular Graphics System
v1.7.2.2 (Schrodinger) %/ L 7-.

Blon_0343 # & 1" Blon_2202 A €O J DRFEMES L UFR
R ROBRAR

Blon_0343 35 X 0" Blon_2202 7~ € 1 7 & & £ % 1%
NCBI 7/ &7 — % N— AT % BlastP f##T 12 & - T
TR7z. F OB, B. longum SC596 @/ L HEESY (Garrido
et al., 2016) HIFNTICE D72, BMFARIRITIZIE, 73
J WRECH A% 60 % LA b —F3 2 BLy & A7z (Blon_0343
& Blon_2202 %360 % Tdh 5 72). 18HH DR 5
Bt %] % MAFFT (https://mafft.cbrc.jp/alignment/soft-
ware/) [ZCTT7 74 Y X ML, EEEREHEICE DR
AR LA F2 73/ BREORAENIZ
WebLogo (https://weblogo.berkeley.edu/logo.cgi) %
LT L 72,

B FEROINE

36 HOFFFLA AR HEAE (BT 184, LI 18 %4, 1.4-5.7
A, F2.9+1.2 Ak (SRR #EER (ﬁ%ﬁﬁ?)
TEIXL L7z, F7-, B, AIBEMAINEL-H
RLOEE, SIAE L THWZ, A Y 7vid, 31
% (BYE16 %4, K15 4, 21-75 7%, T35 42.3 + 16.8 %)
AN RS RN TR LZZ. Shsod
TV EB T CRTICAE L7

HMO »#f

PERL, FLREAE R X OB LGP oML, MR-
TEHffks o~ 25 71— (HPLC) TN L7z
(Gotoh et al., 2018). NEFFEHEMEIZ~ IV AT T —
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A (FABIORELE) FEdx)er—2 (FLB%E
1) % v

${EDNAHD 16S rRNAEIZFH LVFL b7 > AR —
2 —EEFOER

F A DNA BRI HE - THiH L 72 (Yamada et al.,
2017). Blon_0343 i#{xf-, Blon_2202 #fn{, &/\7 7
) 7 B & U Bifidobacterium JEMITH @ 16S rRNA #1n 1D
IE—HEICE, EEPCR (TBZY)—r7 L3Iy 7
2 Ex Taq II; TaKaRa Bio) # M\ 72, fF7E% (%) 13,
FL b 9 ¥ 2K — ¥ — #1571 ¥ 7213 Bifidobacterium J& Ml
WD 16S rRNA BT O I ¥ —H A2 L7 71) 7D 16S
RNAEEZFI V- T#5 2 & TR L. E® PCR
THiH L7 75 A4~ — & Sakanaka et al. (2019) ®
Supplementary Table S3IZFE L7z D) TH 5. Mg,
B. infantis JCM 1222 ¥ 72 & B. kashiwanohense JCM
15439 » %/ 5 DNA 2§58 & L CER L 72,

X LT =2ty MNER

BEDNAXY X ) A7—% (77X yva &y
qiime:621) 1, MG-RAST v4.0.3 (http://metagenomics.
anl.gov/) 7 5 HU% L 72 (Yatsunenko et al., 2012). Perl
BLUPython A7) 7 b BLOAWMICAFTRERY 7
Fr =27 E#HWTZ )T 4F = v 7 # (Li & Durbin,
2009; Niu et al., 2010), 132,556*76,952 ') — K /%7
NV (CF¥ +SD;al83 %) DY —r TV ATF—5EHT,
Blon_0343 8 £ U'Blon_2202 k€0 7w v ¥ 7 L7,
KB T OMM®E (%) 1&, YFHEETIITYE TS
N7z —Fxre)—FTcHErZETHRELZ
Bifidobacterium JEM W OHFHEH (%) 1k, LikoT7 7€y
YarvFErous Lz BT LT -4y ME, K
(n=50), %774 (n=18) BLUIXRAAXLT (n=15)
AT 28340k shcly, BAHER (1
WILT) 23344, ANLFRIER (LKD) 25274 T
HY, WA (18FUL) X224 ThHho 7.

REERVED B

ARWFZEIL, FHREZE (RO046), BB K% (71-3),
FINES K (2016-2) OfEERSOHRE - Kil%x
U, ANV YERESIHEOWCER L. AREEIX
HBHOFMEZET, 2D/ ETORBRE LS 1 ~
TA—AF-artr b LTI L.

L S

HMO hZ > XKR—% —FHlRDHEES & U Blon_0341-

0343 & Blon_2202-2204 DA

HMO A AR % KB &4 5 & A 2RI P HMO 45
7 8% % % J8 B X & 72 Bk B. longum 105-A AlnbX AgltA/
pMSK65 (HMO 5k inT ") Z1EM L7 (Fig.1A
B L OIB; Dk, AfF Ik E MSHh4 bk & KL T ).
MS554 #kiE, HMOs % ik #IR & L THIHT 5 2 EH3T
Eholeh, ZOWMRIZ B. infantis JCM 12227 3k D
2D ABC 5 ¥ AKX — % —,%5 1~ Blon_0341-0343
B & U°Blon_2202-2204 (SBP ® 7 3 / BRECH > —F 1
1360 %) (Garrido et al., 2011) # R L /2L 2 5,
FE 8 HMO IREWAATE FICB W CIRTEHR L b & 4 hE
HERA L (F—7 KB, Lac AT TIIFRBIMkE
JEFHIR L ORI A S e o 72, HMO RA AT
FEFTRELZBEOLEZ HPLC o icfit Lz & 2 5,
WFEND bT Y AR—=F =58 D 2-FL & 3-FL % i#
RPIHET LI ENFHL N E R o7z (Fig.1C). ¥ 5
12, Blon_2202-2204 56 Btk (L, ¥iEogMcBwTI
s o7a7 74 —A (LDFT) BXU'7 2 +-N-7
IRy yF—A (INFP) I bFIHT 2 2 LARS N7,
fli> HMO 4 7-# [LNT, $ 2 b-N-AF 5 b5 F — 2
(LN#T), INFPII/ I B LS 7 b-N-UV 7V a~F
4 — A (LNDFH) I/I] ® ¥ EIIAR I TR % 2o 72
(Fig. 1ICB X U7 — % K##). L XD, Blon 0341~
0343 & Blon_2202-2204 &, FERHFEVEDEMICELR D
FLENS Y AR—F—THLI VWS ER ST L
#, Blon_0341-0343 % FL b 5 ¥ AKX —% —1 (SBP i
FL1-BP), Blon_2202-2204 % FL 5 ~ ZA&— % — 2(SBP
13 FL2-BP) & K5 5.

B. infantis JICM 1222T DEFBICH 3B FL b5 > AR —
2—1BLV20EEM

WIZ, 220D S Y AR=F =D E3M %R
18 X %72 B. infantis JCM 1222 ¥k # F84 L 7-. FL + 5
v AHK—%—1 (ABlon_0341-0343) F 721X FL 5 ~
AR —%—2 (ABlon_2202-2204) DHpi~—H—1 &
RIFRIZE S 228, “HE~— A — L AXREHRIIEOR
Hlrotz, FZTHRHLYVIC, FLF S VAR—F—1RK
M (ABlon_0341-0343) ® FL2-BP #fx 1123 A% 5
(Blon_2202:pMSK101) %3 A$ % Z & CEXEH/KE
W L7z, #RELT, 4MoOMBETFRIER T4bb
ABlon_0341-0343 (AFL1#k), ABlon_2202-2204 (AFL2
#k), Blon_2202::pMSK101 (FL2-BP™S#) & & UF ABlon_
0341-0343 Blon_2202::;pMSK101 (AFL1 FL2-BP™S, .
M) & DBEOERICH 7.

INSOEMIEA T 7 v —A (Gal) DEFETF TIdE
FIZENR SN o 72, 2-FL £ 7213 3-FLAEAE F T
FL N7 v AR =% — 2 R IEE (AFL2 4k B L O
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A

Intracellular HMO-degrading enzymes

1,2-0-
L-Fuc-ase

B-GIcNAc
-ase

B-1,3- 1,3/4-a- 2,3/6-a-
Gal-ase L-Fuc-ase Sialidase

tIe vector

pMSK65
(15.3 kb)

p15A
replicon

CmR gene

pTB4
replicon

B

HMO mixture
R R A
cue g o

B. longum 105-A
AlnbX AgltA | pMSK65 (MS554)

ABC transporter

Kacdd

I
- /‘/SDR v
pSC101
replicon gene —

replicon

C 15 2'-FL 15 3-FL 04 LDFT
) < ) 2 0.3 2
0.2
S5 05 - 0.5 - o1
2 .
2 0+ 0 - 0 . >
S
g
I LNT LNnT LNFP |
g 15 0.4 n 0.4
§ 17 A 03 - o™ 03 -
0.2 1 0.2 4
0.5 4 0.1 0.1 1
0 : : : 04 : : : 0 -
0 24 48 T2 0 24 48 T2 0 24 48 72

Incubation period (h)

<& MS554 carrying
empty vector

& MS554 carrying

Fig. 1.

Incubation period (h)

FL transporter-1 (Blon_0341-0343)

Incubation period (h)

@ MS554 carrying
FL transporter-2 (Blon_2202—-2204)

A platform for evaluating in vivo substrate specificity of HMO transporters. Specificity of the two candidate HMO trans-

porters from B. infantis was analysed by their heterologous expression in the pMSK65-harboring B. longum 105-A AlnbX AgltA,
the strain expressing intracellular HMO-degrading enzymes but deficient in growth on purified HMO mixture. (A) The E. coli-
Bifidobacterium shuttle vector pMSK65 carrying the genes encoding intracellular HMO-degrading exo-glycosidases from B.
infantis. (B) B. longum 105-A AlnbX AgltA strain with pMSKG65 as a host for evaluating iz vivo specificity of HMO transporters.
The candidate gene cluster is introduced into the host using a compatible plasmid. (C) Changes in the concentration of each
HMO in culture supernatant during growth on 0.5 % (w/v) purified HMO mixture. The strains carrying the following plasmids
were used for the analysis: an empty vector (open diamonds); the plasmid expressing FL transporter-1 (locus tags Blon_0341 —
0343, gray diamonds); and the plasmid expressing FL transporter-2 (locus tags Blon_2202-2204, black diamonds). Experiments
were technical triplicates, and data are the means + SD. Reproduced with modifications from Sakanaka et al. (Sci. Adv. (2019)
5:eaaw7696) [© 2019 American Association for the Advancement of Science (Licensed under CC BY-NC; https://creativecom-

mons.org/licenses/by-nc/4.0/)].

FL2-BP™ ¥k) ORI T AR & ZIFABETH 72D
2L, FL b5 ¥ AKX—%— 1 Hplk$EM (AFL1) T
WFEFIGBES R SN, ZEXIEK (AFL1 FL2-BP™)
TIKIFLABTROBKTABIE SN (77— KEBIR).
LDFT 48 F CIZHPARIfRE FL M9 Y AR — & — 1 B
MRIEME (AFLL) OB CTEFICKE R EIR SN R 2>
72%%, FL + 5 v AR—% — 2 WHURIEME (AFL2 F 7213
FL2-BP™) & —#/RE#k (AFL1 FL2-BP™) 1313 L A
CHEHTE L o T2, LNFP IfE4E F Tld, AFL2

UM IZEOROEFTICEDIRO L » o 7.
FL2-BP™ #k B X UF AFL1 FL2-BP™S ¥k ® 4: & 7% LNFP I
FAETTRONZDIZFREINCTH -7, ZoBTIE
FLFS YV AR—F —20BEEE N A 4 Vi(m752r s/
A RIZER > Twb 729, Jlo SBP A FL2-BP »1tb 0 12
LNFP 1 JUGAAIZE G L7222 E 2 H iz, wih
IZ¥ L FL b5 Y AKR—=%— 2 B. infantis ® LNFP 1 ®
M EE % # 2 B2 L Tnb 2 EIEHEN R 225
Thsb. UEELY, B infantis \ZBWTFL b7 ¥ AR—
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% — 113 2FL & 3-FL OBGAAIZ, FL b5 ¥ AR —% —
213FN 52 A TLDFT & LNFP I OJUA A IZ 5.9
BENTVAR—F—THEIENHEN L ol (F—
S E AN

MW HMORAMIEIFL N 5 Y AR -5 — DO EY
(2-FL, 3-FL, LDFT 3 X O'LNFP1) % %9 50 % #2 1 D
EETEHEATWASDS, B infantis AR & A f 0 /RIE
¥z HMO REW % FRE LTHB LA AT
OEFIR NP7 (F=F KB, LrLE2S
TP A RIRR & T ERIEME (AFL1 FL2-BP™S) [ Tt &5
®rRITo728 25, 2-FL 721388 HMO R & WA AE
TIZBWTEAMKIZI ZERBHERE LD D ZNE1 1000
%5 L U100 HREESIET L (FhPFhp=8.14%
103X 08330%10°, AF2—F> b thE) (F—
YRR, AT 7 b)) THE (GOS) 715 F THitr ks
BT o 72540213, MKROMICRESI RSN d o7z
(p=0.18). LLEDO#ERL2S, FLNF Y AR—%—138
X U212, B. infantis 7 HMOs & LB CTESRIC R 5
72ODOEELRNTTHDL I EAREINT.

FL1-BP # & O'FL2-BP O#EY) /> KAD#EE

FL1-BP 3 X O'FL2-BP O ) 77~ F~O#i 45 % ITC
EEHLTHEII LS, =¥ VE—RBEITH S
T L Ao 7z (Table 1). FL1I-BP @ 2-FLIZ K3 %
K fti (=10uM) 1%, 2-FL 8 X U'3-FLIZk3 % FL2-BP
DK (5-6uM) LIZIZFM L TH-72—)T, LDFT
(&3 % FL2-BP O BAITE IR A > 72 (2006M) . § 7
b5, FLI-BP 13 2'-FL (24§ #4258\ — 75 € FL2-BP 1&
2-FL, 3-FLZ L THW 25 b LDFT 2 b BAIMEZ A
LThY, EEFRUENRLZLSBPTHL I ENHL

Ne oz, MO ZRINL 72BIZ
ol (F—7 RKEI).

FEEA A SR

FL2-BP D& &/

X s SR & ST O A% 5, FL2-BP 1X SCOP 7 — % N —
A (Andreeva et al., 2004) L2 5 X% —BIZHH S
N7 SBPHEEZ A LTW5 I LD hrosi.
Thbb, YA XBERLEL OO RAL UBY TV N
YA MK TS v VHERTES s Twz (7%
). 2-FLB X U°3-FL & @ FL2-BP B &K O &
A4 FEIE L& 2 A, Fuc-[Gal/Gle] (Fuc: 72— X ;
Gle: 7 Vva—2) TEEING 2HEMEET — 7 2 E
WML TWB Z EWI S e ), FL2-BP 2%2-FL
BIU3FLICK L CH%O#MME (Table 1) #E3 5
&R THLZEDHL N & o572 (Fig.2A). T 74
b, Fucifi s & Fuc lZ# s L 72 B84 (2-FL T
Gal, 3-FLTIZGle) &, 5 508aKTH R Ui
Wi LT/ (Fig.2A 3 X O°2B). 2'-FL O &K Ui
Gle & 3-FL @I 70K Gal % #2ak 3 2 S0 13 as 49 A
FOBEMICAELTBY, I oRER 50 BEE
THEELTV.

Fuc ® 3> @ OH %k i%, G321, S212, E284, S112,
N114 3 X OF K115 (AR5 H1Z 2-FL & hD H) & DT,
¥ - BRNEEE (05) 12 Y59 @ OH k& REHE& LT,
Y59, F 923 X K115 iﬁﬂ(f/ﬂiﬁéﬁ/ﬁi L T Fuc ® *
FNEELARATH, 2-FLIZBIT 5 Gal B L O
3JFLIZBIT 5 Gleld, KEMEBLOTW26IZL 5 A
Yo Fx 7 TRBmINTEY (Fig.2A), FL2-BP 2%
;@QET%:H%;F? TR T H B D1 Q63 HIBH O F ik
2E25DTHAHZ EHREENT. Fuc[Gal/Glc] HE

Table 1. Isothermal titration calorimetry analysis of the binding of FL1-BP and FL2-BP to mono- and difucosyllactose.*

. . Ka Ka AG° AH —TAS® AS? n
Protein Ligand » o
(x10° M) (uM) (kcal mol ) (kcal mol ) (kcal mol!) (cal K mol)* (binding site)
FL1-BP  2-FL 1.05+£0.23 9.75 —6.8 -23.6+£0.5 16.8 -56.3 0.85+0.14
2'-FL 1.86+0.12 5.40 =7.2 -14.2+£0.7 7.0 -23.6 0.90 +0.04
FL2-BP 3-FL 1.69+0.11 5.95 =7.1 -14.0+£0.4 6.9 -23.2 1.12+0.14
LDFT 0.05+0.00 191.11 =5.1 —6.8+0.5 1.7 =5.7 1.02 +£0.02

4Reproduced with modifications from Sakanaka et al. [Sci. Adv. (2019) 5:eaaw7696] [© 2019 American Association

for the Advancement of Science (Licensed under CC BY-NC; https://creativecommons.org/licenses/by-nc/4.0/)].

b Dissociation constants (K4) were calculated from the reciprocal of K.

¢The Gibbs free energy change (AG®) and the entropy change (AS®) were calculated from the equations AG® =

—RTInK, and TAS? = AH — AG", respectively (R: the gas constant; T" the absolute temperature).
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A
Lys115
Ser212J
Asn114{
c Residue 59 60 63 88 112
D

®Bi

— 0.1

QO Bi: B. infantis FL1-BP

B 2w.rL -

04 IF GLC

FUC

3-FL
(a-anomer)

115 161 212 284 286 321 322
EDSEWGS

59 114 115 212 284 Cluster

YNKSE I
Y NK SE I
FDRSDQ [}
YSETG v

@ Bi: B. infantis FL2-BP
@ Bk: B. kashiwanohense FL2-BP

Fig.2. Structural basis of the dual recognition of 2’-FL and 3-FL by FL2-BP from B. infantis JCM 1222 (A and B) and
conservation of FL-recognizing residues in the ligand binding site of FL-BPs (C and D) (A) Conformations of 2’-FL and
3-FL in the ligand binding site of FL2-BP. Sugars are depicted by stick models. The sugar rings of Fuc and Gal of 2"-FL and those
of Fuc and Glc of 3-FL well overlap, while the Glc of 2"-FL and the Gal of 3-FL shifts about 50°. (B) Structural mimicry between 2
-FL and 3-FL (a-anomer). Axial O4 of Gal moiety of 2’-FL corresponds to a-anomeric oxygen (0O1) of 3-FL, when Lac moiety is
inverted each other. (C) Conservation of residues interacting with 2’-FL and/or 3-FL visualized by sequence Logos. (D) Phyloge-
netic tree constructed using the FL-BP homologs that share >60 % identity. The signatures associated with the four identified
clusters show significant changes in distinct binding residues between the homologs of FL1-BP (cluster IV) (gray pentagon) and
FL2-BP (cluster I —III) (black pentagon). Reproduced with modifications from Sakanaka et al. (Sci. Adv. (2019) 5:eaaw7696) [©
2019 American Association for the Advancement of Science (Licensed under CC BY-NC; https://creativecommons.org/

licenses/by-nc/4.0/)].
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3E DR T ik L AT TR 2-FLICB T 5 Gle B L O
3-FLIZBIA Gal & & v 37 oM E/EMIEZ %L,
COMEATAIIE B P > THWT W, 2o e
LDFT BXU LNFPI O GICEETH 5 L LN 7.
WIZFLI-BP B X OFFL2-BP A E 0 7 D#E&H A b D
73 MR F IR L 72 (Fig.2C B L U°2D). Z D54,
Lac #8435 % #8ak 9 5 4% & Fuc #7490 % 38k 3 % BRAL T
FHEDRE G 5Tz, Lac i 235 6 Mo
73 MEERIE (S60, Q63, A88, D161, W286, S322)
BETORETTIZBWTRE SN T WA, Fuc #B55
ERRIRT LT I VWA EIL, S112B X UNG321 < 5
Mo FEIE (Y59, N114, K115, S212 3 X OFE284) 2
BWTEMMEZR L TbbREMFNTICL S &
FLBP A€ 34207 5 2% — (I-V) 258 sh
7ehs, INBOY T AY —HTFuc kit ko k& %%
KAl 57z (Fig.2D). B. infantis JCM 12227 Hi 3k

D FL1-BP BX U FL2-BP 3ZNZENY FAF—IVEB I
7525 — I EN LD, FOIEIEREDENTS
NSOT I EERILOBENTERHLTWS g s,

FLBPAREQYJDE 7 « REY / LIZH T 57174
BlastP f# i1 2 17 o 7zfi B (7 3 7 BRICHI D — B
60 % LL_ECHEl), FLI-BPAET S (25 A% —1V)
BLUFL2BPAET Y (75 A%—1»561) kB
infantis, B. longum, B. longum subsp. suis (B. suis), B.
breve, Bifidobacterium pseudocatenulatum B X O B.
kashiwanohense \Z DA &L (Fig.3), foMIFEMIC
FaEd BB &N o7z B infantis TE 19D S b
6 HRANTNADOFL M7 v AR—=F —% AL, 11
WAREDT 724 LT, B longum I 39 kD ) & 3 #k
L2 FL2BPREU 2 HFLTELT, ThHDH)HO
2OUE B. infantis DZN L TI%FREDO—F (7 FAF —

Species / subspecies

Occupancy in (sub)species

Strain FL1-BP homolog FL2-BP homolog

B. longum subsp. infantis 16 / 19 strains

ICM 12227
206122787
307292462
01111250
012126212
01212621b
01242951
515
0

272845a
272845b

[
C
BIC
BIC
BIC
1B
1B
1B

IN-07
NCTC 13219

B. longum subsp. longum 3/ 39 strains

B. breve 10/ 89 strains

(@] B3] B3l Bl Bsl p] B
P
N
©|

< |w|o|o|w|o|o

CM_1200"
CA-C29
. CA-K29a
B. pseudocatenulatum 6/ 14 strains AR5
18968
TM10-1
B. kashiwanohense 2/ 2 strains 202
: JCM 154397
B. longum subsp. suis 1/ 2 strains BSM11-5

90 % < Identity < 100 %

61 % < Identity < 90 % | Identity <61 % |

Fig.3. Distribution of FL-BP homologs within Bifidobacterium. Distribution of FL1-BP and FL2-BP homologs (>61 % identity)
among Bifidobacterium species/subspecies. FL1-BP and FL2-BP from B. infantis JCM 12227 were used as queries for BlastP anal-
ysis. The cluster numbers (I to IV) are indicated based on the phylogenetic analysis shown in Fig.2D. The sequences of B.
longum without subspecies identification in the NCBI database were excluded from the analysis. No close homologs (=60 %
identity) were found in the genomes of other bacterial taxa in the NCBI database. Reproduced with modifications from Sakanaka
et al. (Sci. Adv. (2019) 5:eaaw7696) [© 2019 American Association for the Advancement of Science (Licensed under CC BY-NC;

https://creativecommons.org/licenses/by-nc/4.0/)].
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) TH-o7z. B breve®”s ) L TlE, FLBPO &L 5
P—TTDOFRETTHIMKD ) HLI0KIZHWAZ S h7z B
pseudocatenulatum 13 14 ¥k 0 9 & 6 ¥k (2 FL2-BP A3 (£ 18
L CTw7z. B. kashiwanohense 3 £ O B. suis TiX, €h
FN2HB L 1A FL2-BPAET 7% H L CTWwW/. B
kashiwanohense JCM 154397 3o FL2-BP ~E w1 7 (7
S A% —11) & B. infantis DZNE 71 %FEE O[] —
R L72AS, URHEIET 7 9 A ¥ — BBKW_1838-1840
% MSH54 M CHFEFEH L 724558, B. infantis D FL + 5
YAR=H =2 L DB AR AT 5 2 LW 5
Ll o7z (77— REW).

E74XZ270-5FRICETFTBFL S AKR—%2—
BT DEE

HAN (36 4DTARER L2 DBA) DOFEME
DNA % % = PCR# #1 12 it L /2. & o # £,
Bifidobacterium JEMHE B X (' FL2-BP &€ 1 7 O AE %
PN AR THILRBIEOEMTHEIZZ VI L
Lk o7z (Fig dA, p<0.001, ¥~ KA v b =—D U
W) .

BIBRIR N C 212, BFLREIRHETIX, Bifidobacterium
JEANW & FL2-BP & € 0 7 #{nT £ 721X FL1/2-BP & &
U7 BIETOEERLOBICAEELZIEOMHBEIBIZE S
72 (FL2-BP i {5 ¥ 1 p=0.512, »=0.001, FL1/2-BP &
f5F13 p=0.501, p=0.002; A ¥ 7 < > DNERAHBIARE;
Fig.4B). FL1-BP 7k & 1 7 i#&{x 1 & Bifidobacterium )&
MW CREHIEDOMME»BIE S 7z (p=0370,
$=0.026). —J5T, WMABETIE, HEIDTLIZLIHR
Wahido/z (FLI/2BPEE T ITB W T O A
p=0.386, p=0.032). w&i2, FFFLB X OFLIEEM D (32
BT_7) OHMO BEZIK L& 25, FEMfICE
i} % FLBP T DD, BENIBIL 732
{L HMOs i # %8 & —3 LTz, 3% b5 FLBP
HAZFAHRIL S N3 MERE (n=25) TIiX, FL 7 ¥ X
K—%—RFE (2-FL, 3-FL, LDFT, $ X 'LNFPI)
DWEEMNFLBP @ T OIEMIIEE (n=7) XV LHE
W —J7 T (Fig.4C, p=0.0098, ¥ &K v b =—
O UME), BAFRDOFL bS v AR—5 —ILHOWRSE
IR T R o 72 (p=0.2944). F 7z, FL2-BP
HAZF O A FITAEEE D 3-FLIRE (p=-0.416,
$=0.018) B X WLNFP I & (p=-0.551, p=0.001)
ERELRAOMBBERICH -7 (FigdD; AL T< VD
NEAAH BIEREL .

LRLOMENT L XBNC, T RN—=RIIEEHEI NIz Y
) hF—%%ty b (MGRAST, 727ty ¥ a &y
qiime:621) (Yatsunenko et al., 2012) % # 1 L T,
Bifidobacterium & Ml # O A7 4E & & FLBP # (=12 DM

WA L7, AF— 7ty MIIEKRE (n=50), ~
S A (n=18) BIUVXREXAZXLF (n=15) 2 LT
L8IHDEMA Y7 ) AT = EENTEY, B
KW (n=34, 1DT), ALIRER (n=27, 1%
LIF) BXOBA (n=22, 18i&LL) R INT
W5, BT OWR,  Bifidobacterium &R B X O 5 D
FL-BP #fn T, 4¥ICFL2-BP#fm 1A%, A LI
RRNEE L K U CREFLKR BRI B TR B IS S
NTWLIEDPHLNE R -7 (Fig.4E). EREW
L2, I UL ENF AL S OEETIE, WO FLBP
BETAKREORL ) S BmE e LTHBY (Fig. 4F),
O Ji © FL-BP # = (¥ I FL2-BP#{xT) &
Bifidobacterium JEM B OFFER O MIZIL, HVIEOFE
MR N7 (Fig.dG;, A ¥ 7~ » O AR E).
Y EoiERs»S, FLE S Y AF—%— (JRICFL b5 >~
AR—=%—2) X, 73 IVILHMOs #JUAT = & T,
BRFLEEBOBNIC BT A Y7 4 XA 70— F I
B LTwaZ&hm mgEnge.

% %

HAANDOBMNIIZHEHRDORVT 4 T 2 O5 B &
ORI B 2 BARTFAERIISHRIL S NS X912, B
WA ZE EOBFICHEIS L Ao #LE RT3
(Hehemann et al., 2010). T 72, MO b5 AR —
¥ —i%, MWoMREL OBESHIIHTBHL, BN TREICE
ETDLOOEELZNTTH DL LI T
% (Maldonado-Gémez et al., 2016; Leth et al., 2018). 7
W Tid, B. infantis D _FEFHOFL F T v AR —F —
EENTL, IS OREEREEOM PR ENSE T 4 X
AWIZED X ) HR#L AT E 52 Tw50h, BX
O, BRI BIT 2HENMREEZEDOERICED X912
FHLTWBEONPIZOWTHFEZES Z & 2ikAz.

ZNF T, B infantis JICM 1222 D FL b 5 ¥ AR —
Y= 1B L0233 EEFREEPFRCTH S LN ENT
V7278 (Garrido et al., 2011), A OKEE» S ZFDIE
FREIEHL TV LODENICEL > TWDE I LD
R &N 7 (Fig.1CH X U'Table1). FLI-BP B X ¥
FL2-BP i3 R#HICEENLCHB Y, FLEGICHDLE T I/
AR b B 5> Tz (Fig.2C B X U°2D). 4¥12 Fuc
Rk B T 3 ERFRHE N114, K115 3 X UVE284 13,
FL2-BPRE0 s (79 A%—I-) TRFEGFINTY
7272%, FLI-BPAEBRZ (75 A% —1IV) IZBWVWTIZZ
nentyr, ZFVyIVE FUYVICERIRTE
N, ZNHFLI-BP B X (°FL2-BP [ ® S BAME o5&
WERERN L TWAIREMEAVRIE S N7z, S 61T, FE
DNAEHT & D, “HODFL b T Y AR—% =D HFFIC
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Fig.4.
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The abundance of Bifidobacterium in breast-fed infant guts is associated with FL transporter genes. The results
presented are obtained by analysing Japanese subjects recruited in this study (A-D) and by data mining of a deposited metage-
nome dataset (MG-RAST, accession number qiime:621) (Yatsunenko et al., 2012) (E-G). (A) Relative abundance (%) of genus
Bifidobacterium and two FL-BP homologs in stool DNA of breast-fed infants (#=36) and adults (#z=31). The copy number of the
genes attributable to Bifidobacterium 16S rRNA, FL1-BP, and FL2-BP, which was determined by qPCR analysis, was divided by
the copies of 16S rRNA gene attributable to total bacteria. Mann-Whitney U-test was used for evaluating the statistical signifi-
cance. The data are shown by box plot, in which the middle bar indicates the median while the top and bottom of the box indicate
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the third and first quartiles, respectively. Whiskers represent the lowest and highest values within 1.5-times the interquartile
range from the first and third quartiles, respectively. (B) Spearman’s rank correlation coefficient analysis between the relative
abundances of genus Bifidobacterium and either (left and middle panels) or both (right panel) of FL-BP genes in the breast-fed
infant (black diamonds) and adult (open diamonds) groups. The data obtained in (A) were used for the analysis. (C) The concen-
trations of 2'-FL, 3-FL, LDFT, and LNFP I (substrates for FL transporter-1 and -2) in breast milk and infant stools (32 mother-in-
fant pairs) were compared between FL-BP gene-detected (positive, #=25) and undetected (negative, n=7) groups. Mann-Whitney
U-test was used for evaluating the statistical significance. (D) Spearman’s rank correlation coefficient analysis between the rela-
tive abundance of the FL1-BP or FL2-BP gene and the faecal concentration of each substrate HMO. The data obtained in (C) were
used for the analysis, and the results are shown as a heatmap. * and ** indicate p<0.05 and p<0.01, respectively. (E and F) The
deposited metagenome data of 83 individuals from USA (z=50), Malawi (z=18), and Venezuela (n=15) were used for the analysis
(132,556 + 76,952 reads/sample) (Yatsunenko et al., 2012). The abundances (%) of genus Bifidobacterium and two FL-BP homo-
logs in the faecal samples obtained from breast-fed (z=34) and formula-fed (2=27) infants (<1 year old) and adults (=22, >18
years old) are shown in (E), and those in the faecal samples of breast-fed infants living in USA (#=10), Malawi (z=14), and Vene-
zuela (n=10) are shown in (F). See Materials and Methods for read count and abundance calculation for FL-BP genes. Different
letters (a, b, and c¢) indicate statistically significant differences among the three groups (p<0.05, Mann-Whitney U-test with
Bonferroni correction). (G) Spearman’s rank correlation coefficient analysis between the relative abundances of genus Bifidobac-
terium and either or both of two FL-BP genes in the breast-fed infant group. The data obtained in (F) were used for the analysis,
and the results are shown as a heatmap. *, **, and *** indicate »<0.05, p<0.01, and p<0.001, respectively. Reproduced with modifi-
cations from Sakanaka et al. (Sci. Adv. (2019) 5:eaaw7696) [© 2019 American Association for the Advancement of Science

(Licensed under CC BY-NC; https://creativecommons.org/licenses/by-nc/4.0/)1.

FLFT Y AKR=% =27, FAREEHBHANTOL T 4
AAT7U—=FBWICEETH S I EWRBINT
(Fig.4A-D). FL b 5 ¥ AR —% —OEEM I, BEHO
AZT ) LT =5 DN S S EMNIT SNz (Fig.4E-
G). BIREWZ LI, ¥9 94 ERAXTTIHEMEL
T B BRSO B N2 BT 5 Bifidobacterium & il
W & FL-BP #{n T D FFAE AT IE 58V OE O AH B 3 i &
N7z25, ZO &) HBIKRELEFEORAREE T3
BINLhol:.

Y7 4 AARWIE, WAEY, e FOBENTOR
FHICHE D B BET 2 AT A EICL s TIHEL DI
b2 ZFFCEEEZO5NTHY (Milani ef al., 2014),
FRIZE 7 4 AAR LB O ABC b5 YV AR—% —
BB LTEZEHEESATWS (Milani et al., 2016).
REDOHHEIZBWT, FLN 9 VAR =7 —20DFKED
TRFLOEALICHES L Twa 2 ENBEITREN TV
2% (Garrido et al., 2016; Matsuki et al., 2016), A7 T
Y74 ZZAWPUMIZ L CHFEDOFL b T ¥ AKR—
7 —Z IS ST EZOH»Z MY 5 &,
2, TOEBNEREWSICT LI LN TE FL
N UAR=F = 2DIE VBRI, SBPOT I/
FRARIED BRI L ZHRERISERLTBY, Zhi
X 5 TFL2-BP 1 2'-FL 3 & U 3-FL O T J5 % [F £k BN
T L, XS5ICLDFTHB X OLNFP I &5 %255
LT D X ICHENEL L CE NSRS, 0
BN ELOEEME, RPN T o FL2-BP #i1{s
TOHEHERE SFLIEEOH CTHEZADOHBABIZ S
N, =/ CTFLI-BPHEIET TIRZD L) RHERR S

Tholl o bEMNTSND (Fig.dD). F 72,
FL2-BP #fz VDR & LNFP LIEE & O MI2 b A&
ZAOHBEPHMEBE I Tws, itsT, ZOFL NS ¥
AR—= 8 —BIETOBEINELA2THMOs 24 L7 € 7 4
AAH & b OIEALIIS IS B W TEREE R E 24 5 T
Wit #EzZoh5b, F72, 2-FL721F T4 < 3-FL b i<
BikTEBLEVHIZ LR, FLF S v AKR—F—2%4F
T 5E 7 4 AAWDPIEGWEEA (FUT27) 12X ->T
FEA &N B HMOs (2-FL Db 12 3-FLASK R IHE
3 % (Urashima et al., 2012)) IZE L TL R X LA
MTEBZEERBLTVWS., L7225, FLFF ~
AR =% — 213 HMO FEEW 5 O EALITH D TEEZ K
FTThrEEZOLND.

RO R E N T TEREINTEMA (Sela et
al., 2008; Katayama, 2016; Thomson et al., 2018; Zuahiga et
al., 2018) #HbHEHLIET, €74 AARHDT7 AN
1t HMOs O F) H¥EIE 12D W TS I ER -+ 5 2 & A8
WHgLko [EOHMO b5 Y AR—=F =7 4
AA70—=F DT DOBEETHLDN] Lwvozif
Mo Twab oo, Sz gEs 5 HMOs
AL T 4 ZAW & AL o L HEAL B 0 — i & R

WAL TR LzE RS,
LI )

SLIBB OB NMIE#E D e S OB R 22 2% K
TT e SN E Lo TE L BAEEROBNTIZ,
74 ZAZ270=FWBEENLZ LB rbmbn

- 185 —



B wedt, SR BT, Il wmidE

THY, THEFFLRBNICERT Y7 4 X AR AL
&IN5 HMOs 2 BILWRETH B 720 FEZHNT
7225, BIIEE T 74 XA 70— 5RO 5 Tk X
TSN E ERTWiRW., KEf3ETIX, B. infantis
HEOZHENDT7 AT NVTFT I FP—ANT UV AR=F —
(FLF} 9 Y AR—=%—1BL02) 2 TR L7,
F7:, b PEMFEEIIBIT S DNAGH B L UHMO H
B OB 20, BIARERBNTOY T 4 XA 7
O— S, SHEOFL M v AR—F — (JFIC
FLFNT VAR=%—=2) PG LTVEILEZHL MR
L7 ¥512, FLFS ¥ AKX — % — 27D SBP O#ik
R B X 045 SBP O R E T 7 ORBIAM DS, Y74
A AW O HMO 5 TR B % #IsE g, $hbb
WNZ LT T v AR=F —=HIRIE WO HMOs %
BUAD % & 9 ICHEL 2 BT T E 20022 TR %
DL ENTE. UEOKELY, 74 XA70—
S OREHERE, BXU, HMOs# A L72¥ 7 4 XA
EAR DA - LD G T IO — NG S 2 &
ol

KRBT 5 N7WFFERCR D ey

I1ga 583
1) Sakanaka, M., Yachi, H., Kurihara, S., Fukiya, S., Yokota, A.,
& Katayama, T. 2016. Physiological characterization of 2’
-fucosyllactose transport systems from Bifidobacterium
longum subsp. infantis. The 4th International Propionibacteria
and Bifidobacteria symposium. 20-23 September. Ireland.
2) KNEZ, BOhiEtE, HREBEIR, EEH, AR, B
. OIS, 2016. ¥ 7 4 X XA Wi Bifidobacterium
longum subsp. infantis® 7 A )V 77 h—A T ¥ AKR—
r— BT 20058, EomALBEE R NA v YR T T AL
1174-5H. &k

JE L

1) Sakanaka, M., Hansen, M. E., Gotoh, A., Katoh, T., Yoshida,
K., Odamaki, T., Yachi, H., Sugiyama, Y., Kurihara, S.,
Hirose, J., Urashima, T., Xiao, J. z., Kitaoka, M., Fukiya, S.,
Yokota, A., Leggio, L. L., Hachem, M. A., & Katayama, T.
2019. Evolutionary adaptation in fucosyllactose uptake
systems supports bifidobacteria-infant symbiosis. Sci. Adv.
5:eaaw7696.

I

EN T ARSI A RN 2 oz IR R 9L 5]} A N )
fTbizbDTY. ZOWaM) TEEFLIPL RiFE 9
F 72, b M OEIC SH A TEW - RR R T+,
2FL, 3-FL, LDFT % ¥ TH\ 72 Glycom A/S, FEBIAN
2 % — pCDF23 % 433 TH 72 47 I B S7 K22 v )1 WA G,

B. longum 105-A % 5378 TH\ 72 AR SERL K272 I el ¢
Iz, B R — b2 7o THW A REHERY 4
F v RFA, BEEE KFEEE, Fry—7 THRXK
SO OfLERTE R, AIENEICE L CHEMEE
Z PRI 7o ok AR R &t HIREHATE R IS0 &
DIEHHLET.

D' N

Adams, PD., Afonine, PV., Bunkoczi, G., Chen, V.B., Davis, IW.,
Echols, N., Headd, J.J., Hung, L.W., Kapral, G.J., Grosse-
Kunstleve, R.W., McCoy, A.]., Moriarty, N.W., Oeffner, R.,
Read, R.]J., Richardson, D.C., Richardson, J.S., Terwilliger, T.C.
& Zwart, PH. 2010. PHENIX: a comprehensive Python-based
system for macromolecular structure solution. Acta
Crystallogr D Biol Crystallogr 66: 213-221.

Afonine, PV., Grosse-Kunstleve, R'W., Echols, N., Headd, J.J.,
Moriarty, N.W., Mustyakimov, M., Terwilliger, T.C.,
Urzhumtsev, A., Zwart, PH. & Adams, PD. 2012. Towards
automated crystallographic structure refinement with phenix.
refine. Acta Crystallogr D Biol Crystallogr 68: 352-367.

Andreeva, A., Howorth, D., Brenner, S.E., Hubbard, T.J.P,
Chothia, C. & Murzin, A.G. 2004. SCOP database in 2004:
Refinements integrate structure and sequence family data.
Nucleic Acids Res 32: D226-D229.

Emsley, P. & Cowtan, K. 2004. Coot: model-building tools for
molecular graphics. Acta Crystallogr D Biol Crystallogr 60:
2126-2132.

Garrido, D., Kim, J.H., German, J.B., Raybould, H.E. & Mills, D.A.
2011. Oligosaccharide binding proteins from Bifidobacterium
longum subsp. infantis reveal a preference for host glycans.
PLoS One 6: €17315.

Garrido, D., Ruiz-Moyano, S., Kirmiz, N., Davis, J.C., Totten,
S.M., Lemay, D.G., Ugalde, J.A., German, J.B., Lebrilla, C.B. &
Mills, D.A. 2016. A novel gene cluster allows preferential utili-
zation of fucosylated milk oligosaccharides in Bifidobacterium
longum subsp. longum SC596. Sci Rep 6: 35045.

Gotoh, A., Katoh, T., Sakanaka, M., Ling, Y., Yamada, C.,
Asakuma, S., Urashima, T., Tomabechi, Y., Katayama-Ikegami,
A., Kurihara, S., Yamamoto, K., Harata, G., He, F,, Hirose, J.,
Kitaoka, M., Okuda, S. & Katayama, T. 2018. Sharing of human
milk oligosaccharides degradants within bifidobacterial
communities in faecal cultures supplemented with
Bifidobacterium bifidum. Sci Rep 8: 13958.

Hehemann, J.H., Correc, G., Barbeyron, T., Helbert, W., Czjzek,
M. & Michel, G. 2010. Transfer of carbohydrate-active
enzymes from marine bacteria to Japanese gut microbiota.
Nature 464: 908-912.

James, K., O’Connell-Motherway, M., Bottacini, F. & van
Sinderen, D. 2016. Bifidobacterium breve UCC2003 metabolises
the human milk oligosaccharides lacto-N-tetraose and lacto-N-
neo-tetraose through overlapping, yet distinct pathways. Sci
Rep 6: 38560.

Katayama, T. 2016. Host-derived glycans serve as selected nutri-
ents for the gut microbe: human milk oligosaccharides and
bifidobacteria. Biosci Biotechnol Biochem 80: 621-632.

- 186 —



ETAZAZAHD 7 ALN T I =AM T Y AR=F =6 N SIS A KB RIBETOE 74 XA 70— F BRI 55 5

Kunz, C., Rudloff, S., Baier, W., Klein, N. & Strobel, S. 2000.
Oligosaccharides in human milk: structural, functional, and
metabolic aspects. Annu Rev Nutr 20: 699-722.

Leth, M.L., Ejby, M., Workman, C., Ewald, D.A., Pedersen, S.S.,
Sternberg, C., Bahl, M.1., Licht, T.R., Aachmann, F.L.,
Westereng, B. & Abou Hachem, M. 2018. Differential bacterial
capture and transport preferences facilitate co-growth on
dietary xylan in the human gut. Nat Microbiol 3: 570-580.

Li, H. & Durbin, R. 2009. Fast and accurate short read alignment
with Burrows-Wheeler transform. Bioinformatics 25: 1754-
1760.

Maldonado-Gémez, M.X., Martinez, 1., Bottacini, E,, O'Callaghan,
A., Ventura, M., van Sinderen, D., Hillmann, B., Vangay, P,
Knights, D., Hutkins, RW. & Walter, J. 2016. Stable engraft-
ment of Bifidobacterium longum AH1206 in the human gut
depends on individualized features of the resident microbiome.
Cell Host Microbe 20: 515-526.

Matsuki, T., Yahagi, K., Mori, H., Matsumoto, H., Hara, T.,
Tajima, S., Ogawa, E., Kodama, H., Yamamoto, K., Yamada, T.,
Matsumoto, S. & Kurokawa, K. 2016. A key genetic factor for
fucosyllactose utilization affects infant gut microbiota develop-
ment. Nat Commun 7: 11939.

McCoy, A.J., Grosse-Kunstleve, R.W., Adams, P.D., Winn, M.D.,
Storoni, L.C. & Read, R.]J. 2007. Phaser crystallographic soft-
ware. ] Appl Crystallogr 40: 658-674.

Milani, C., Turroni, F, Duranti, S., Lugli, G.A., Mancabelli, L.,
Ferrario, C., van Sinderen, D. & Ventura, M. 2016. Genomics
of the genus Bifidobacterium reveals species-specific adapta-
tion to the glycan-rich gut environment. Appl Environ
Microbiol 82: 980-991.

Milani, C., Lugli, G.A., Duranti, S., Turroni, F., Bottacini, F.,
Mangifesta, M., Sanchez, B., Viappiani, A., Mancabelli, L.,
Taminiau, B., Delcenserie, V., Barrangou, R., Margolles, A.,
van Sinderen, D. & Ventura, M. 2014. Genomic encyclopedia of
type strains of the genus Bifidobacterium. Appl Environ
Microbiol 80: 6290-6302.

Nakagawa, A., Matsumura, E., Koyanagi, T., Katayama, T,
Kawano, N., Yoshimatsu, K., Yamamoto, K., Kumagai, H., Sato,
F. & Minami, H. 2016. Total biosynthesis of opiates by stepwise
fermentation using engineered Escherichia coli. Nat Commun
7:10390.

Niu, B., Fu, L., Sun, S. & Li, W. 2010. Artificial and natural dupli-
cates in pyrosequencing reads of metagenomic data. BMC
Bioinformatics 11: 187.

Sakurama, H., Kiyohara, M., Wada, ]J., Honda, Y., Yamaguchi, M.,
Fukiya, S., Yokota, A., Ashida, H., Kumagai, H., Kitaoka, M.,
Yamamoto, K. & Katayama, T. 2013. Lacto-N-biosidase encoded
by a novel gene of Bifidobacterium longum subspecies longum

shows unique substrate specificity and requires a designated
chaperone for its active expression. J Biol Chem 288: 25194-
25206.

Sela, D.A., Chapman, J., Adeuya, A., Kim, J.H., Chen, F,
Whitehead, T.R., Lapidus, A., Rokhsar, D.S., Lebrilla, C.B.,
German, J.B., Price, N.P, Richardson, PM. & Mills, D.A. 2008.
The genome sequence of Bifidobacterium longum subsp.
infantis reveals adaptations for milk utilization within the infant
microbiome. Proc Natl Acad Sci U S A 105: 18964-18969.

Suzuki, R., Wada, J., Katayama, T., Fushinobu, S., Wakagi, T.,
Shoun, H., Sugimoto, H., Tanaka, A., Kumagai, H., Ashida, H.,
Kitaoka, M. & Yamamoto, K. 2008. Structural and thermody-
namic analyses of solute-binding protein from Bifidobacterium
longum specific for core 1 disaccharide and lacto-N-biose 1. J
Biol Chem 283: 13165-13173.

Terwilliger, T. 2004. SOLVE and RESOLVE: automated structure
solution, density modification and model building. J
Synchrotron Radiat 11: 49-52.

Thomson, P, Medina, D.A. & Garrido, D. 2018. Human milk
oligosaccharides and infant gut bifidobacteria: molecular strat-
egies for their utilization. Food Microbiol 75: 37-46.

Urashima, T., Asakuma, S., Leo, F., Fukuda, K., Messer, M. &
Oftedal, O.T. 2012. The predominance of type I oligosaccha-
rides is a feature specific to human breast milk. Adv Nutr 3:
4735-482S.

Yamada, C., Gotoh, A., Sakanaka, M., Hattie, M., Stubbs, KA.,
Katayama-lkegami, A., Hirose, J., Kurihara, S., Arakawa, T.,
Kitaoka, M., Okuda, S., Katayama, T. & Fushinobu, S. 2017.
Molecular insight into evolution of symbiosis between
breast-fed infants and a member of the human gut microbiome
Bifidobacterium longum. Cell Chem Biol 24: 515-524.

Yamamoto, S., Wada, J., Katayama, T., Jikimoto, T., Nakamura,
M., Kinoshita, S., Lee, K.M., Kawabata, M. & Shirakawa, T.
2010. Genetically modified Bifidobacterium displaying
Salmonella-antigen protects mice from lethal challenge of
Salmonella Typhimurium in a murine typhoid fever model.
Vaccine 28: 6684-6691.

Yatsunenko, T., Rey, EE., Manary, M.]J., Trehan, 1., Dominguez-
Bello, M.G., Contreras, M., Magris, M., Hidalgo, G.,
Baldassano, R.N., Anokhin, A.P, Heath, A.C., Warner, B.,
Reeder, J., Kuczynski, J., Caporaso, J.G., Lozupone, C.A.,
Lauber, C., Clemente, J.C., Knights, D., Knight, R. & Gordon,
J.I. 2012. Human gut microbiome viewed across age and geog-
raphy. Nature 486: 222-227.

Zuniga, M., Monedero, V. & Yebra, M.]. 2018. Utilization of
host-derived glycans by intestinal Lactobacillus and
Bifidobacterium species. Front Microbiol 9: 1917.

- 187 —



ok 29 4 EE— bt ZE B B O Bt ZE et

BT« Pk 29 4 4 H ~FHi314E 3 H



IFO Res.Commun. 33

2019
4 N
FAREMREMTIVE T U TEED
S FE B KOG T
 ® B #
FESE - N SE TR A T SE B MF AL & AFZE R
someyan@affrc.go.jp

- v

B8 : VX A A EOEENE IR, K\ T Alternaria
solani \Z X 2 EFEMRD BT O N L. BAE, FERilyitk i
FOBEWALHED STV B, BREmIEHTT MR E L
ATV, 20720, EHREHUEGREDE K LT
WA 2R L7238, I HE 38§ 2 Rl
Bdhsb, RPETIE, VX HAf TEERBEREB IO
JE3B 0> F ARREMNZ BT B B AR B S 9 R IR
THEE, FET S EEEMT

HiE V¥ A E (Solanum tuberosum : St), I =1~ b
(S. lycopersicum - S1), N F A (S. sisymbriifolium :
Ssi), 4 XA 4+ XX (S nigrum : Sni), 7V I/ 4 X
I+ Xx (S americanum : Sam), 74 XK+ XF (S
sarrachoides : Ssa) DIHIEH 5, £ 50 Wk, 7l 300 #k
DSR2 o dE L, TTS 9 3 A& B 5 & € &,
Alternaria BHRIZDOWT Y 5 A5 RNt %47 - 72, A4
BRIZD W T gapdh, altla, tefl B X O rpb2 BiH) % L5 L,
MLST (2 & % Rt 2 92k L7z, duifgi -+ o &
TR A AL FR L3512 B T D v A B R O B TR R AR
B A L, BT & BTl L 7.

FER - B 1 6O AR 2 5 HEE L 725K 300
o9 b, ITSEHIEB X CGAETREPSHK 35D 208
Alternaria B L BRI E I Nz 7 T A YN L 724
RORE&L 25580, —HRIDMEGAT, bR HIEK
RGHETF RIS W CTH o 72, KBTI 7
7 A% OMLSTAT# R0 5, < b o Bk
Alternaria linariae LRI U7 L — FIThEL, Yy A
B HERR L N ) F A CSEERIE A, linariae & EARDR) 7
L— FICH@E L7 74 R+ XX 5Eko—3B1x
A. grandis, ’N') F A CHERO — I A, protenta & |F)
L7 L—FRiZehzhgrii. £ X5+ XF, 7793
IARXFRFXFBLETA XRF A FO—HWkKIE

A. solani-nigri LEAFD 7 L — RGNl 2Ok,
N F REGHERD I Y v A A SR & R T
HHWEEMENEVEEZ LN, MIEEDE L ToN) S
AEDYREAE T L 2 Rt S e 7, Uy
A E A O BRI 2 AR A L 2R, 28 A L2
BULIEIMBRELZHET LI LN TE . ZOHICiF
PERIPUE DR IS b 53, BIERIEZ 2 H W
i AR RE S 7z,

XHEEFEIHERRIGERL L
EIRRELE & EYIREDERA
—FERD SHERNDEIL

(A &

SRERR 2B A P RE e & > 4 —
yumatsu@comb.u-ryukyu.ac.jp
(. v

B £ ORWAIAEMAEY 2 NIRRT S2 LT
Bl AL R e enTBY, IM
FVHET I BEGT 5 2o EIL M & 3R L
THRELMPPEERISEELTWD. LaL, &3t
W Hodgkinia cicadicola (R ¥ =7) OF ) Ak
W IZHR AL L TB Y, WSR2 DD S WIRIRICH
5. —Ji, BAOPMHEALILY, HEAO® IFITIIL
U RO TR REDA CBERE L TWAE Z e hho
T AFETIER, £I0RAEROERELLET S 7
O, LIFEEARIRZWEL, BEHE Rk 7
J AR A YRR A MR IRA LT, A S A
HEALZ Y 5.

FHiE T HREWA» S I 2 REL, ESE O HSEE
%2, DNA#H 217\, PCR & Illumina ¥ — % ¥ —1C
& % Multilocus sequence typing (MLST) & X % 7/
DA &0 AR A Y 00 &G o R A A & R S
5. 72, I OWAEEREKROHEEREEZ KA, PacBio
RSIL % i\ 7277 7 ARATIC & 0 3EAEBUI & & 3 R4
HE ORk % BT L T2 5 ORI FEAR 8 T
ZMET D, 612, AR/ EIOMERE LD
B, WERRORE & BRI L > TEI 5 T HO
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IR PR 2 ]S 5.

&R - EE  ZE O I 245 73 41 219 Ak O AT
W&, LA Sulcia muelleri (v 7)) ASAfE AR A
oM E N —J, AVFZTIRI5HEOE I
HERT, IFDF Y F=7137 7 ZWTRALIZHE A
TRBIREIZH B 2 EARESnrz. kIS, LI0dkAk
B & MLST NI L7 R, AR R A 7 4 4
anYt 7 AIE (Ophiocordyceps) D+t I ¥ rHH Sk
AL, AVF=7 ERMR3 P EER L7 EHEE ST,
T7z, 3 10 0 25 S 81 kA & e/ B o HLBERT 38
iz, vy s Ry v 3K (0IE, HR, 3
#H) ORI LTz, —TTERO L I ELME R D
B2 Lo TR I L 72 s, JRAR BT S i 2 B Bl
FERKRIEON TV AV ERRO Y ) AEGTIE,
¥3E, W T DNAOHI L 7 & ¥ 7OV IR 2 2L 72
B, Vs Ry VIAERERFE R I ¥ (0. sobolifera),
IINNVE I Z 4 (0. longissima) O NBRC 4 at#kIC
DOWT, 7 AR 251~26.7Mb, 7013~ 7524 {8 ®
#E1EY (complete BUSCO 98.97-99.3%) Z#FEL, 3
AEWAILAEME & WM CET IV BENEEA L, £
WA DL L ORIZT DO 2R 4
o, W2 FERIEATIC & 0 SRR & A AR O BB
EWEHLNIT . L I OfFE BRI 2EMORITH
ARORER, PIEREE & B AR TR E o 7208, R
WM MEFRIC I S S ICERHRE D LETH 5.

TEIRIEE ETIVICLABERICLD
HEERREOSBEDRRE L
WEMRROER
moA B r

bR R A B2 0F ZE
amatsu@lisci.kitasato-u.ac.jp
& J

BEY ¢ BREEUEMIC & o TR A 1Y S N7 FEBREBR
i & FIBBE TR AET RO BINICZLT 5. RFIH %2
TR E IR 2 238 LIS 2 HIOT, BARSRIRISE DT
7RSS b B R TR AR \CTEH L7z

BTN & OILRTRIC X 2 WG 2 TR o Bk &
BFEL, WAEWEROIKE AR S.
Hik o HEARENY L= (25ug/mL) B X OF
VYR VB (25ug/mL) %Gt WPARGHL (1.0% 7
o)y, 15% %K, KEK, pHERE) ISERL,
27CIT T 1EMRE %, Wl 2 au=— 2 W L7z (5
HE1). SHERRIZYD Bidh (LO%EERE-F A, 1.0% 7 %
A PH—R) ITTEARER, LR, KRk ) V&%
EAEMARKICEE L, SRkzREG LRGRESHE
WL, CORGWEMRZT: WAKH (1.5%%X,
WK, pHEFRE) 2 KMy v — Lok CTRE{LLZ.
DEIZAYTVL YT 47— (B045um) FiE X, JB
HZREBT T AY vy —VEEREZ Ihaekiik
ELTHRELICHW 20 & il — 1B X O — 0 BlERT #
ZH, 21CT1-28MEE LIGRR o8 L7z (5
BE2). SrEERRIZ 16S rRNA S F ORI HNIC 3D
ENHL72 G HHIE X 5 7 ARTICE D,
b DM 3 A RS EERR & L L 7z
BR-ER 2o (A, B) 2w, 22KkBIT
I8 HROBGHRIN % 7B (0B 1) 15, DT LK~ Wik
RAEWEMAZ 7 WAR L ECHIESEEZ 172 572 (Hk
2). hEEAD S IEI5IMR O KA & EE L, 258
(Streptomyces J& 20 Fi, AW 3R 5H) T4 S
iz, WK, BRI AR A & 55 #E L 72 30 #RiZ,
217 (Streptomyces )& 19, # VR W 18 2fE) 12
SEENT. D) BLEHL TV D DI Streptomyces &
THDOHTH o7z, 1HEB 2 b IIINEED S 100 ¥k, 24
T (Streptomyces J& 227, FHVHBARE 18 2H), #5%
IN#ED 51 62 ¥k, 20FE (Streptomyces J& 20 Fl) 5355 BlE
B, FEM L Streptomyces J& 15FETH Y, HLREFEIC
L BRRED D o 7z M S N

—Ji, HTEABXOB%E X577 AR LUMR#
AR U7, B E (Actinomycetales H) O 5
% Streptomyces J& D EN A 1ZHK 5% B L 1% 1238 X9,
SHERE L TR ONDRIBADO—-ITH L LIIHS
NTHhoTz.

JEREARIT L D RIEA XD 7B L 7 AR KV-967

B oA X
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\& Jiangella J& & 4% T % b O D 16S rRNA #I5 T O H
FIPEAYE < Brlci i i E S b, 72, LB RS
SR DA THIBRE D RES h, AT ERE
EHBEEDEEOENE LN LTHOLLDOTHY,
TR ORI EP R DO TEEIF G TE L LEEZI TV,

EREZDBEREE LZEREZ OO
BRERILT | 2BREROMEZNFHO
PR E D BREFEDY R
WOk o

IR B E W & o 2 #EE R v 7 —
endo_nao@tottori-u.ac.jp
- v

BEY © BRSO SHBIA S SVERIRZ R L, 4
THEDOIHMTHL. KREIIGEME O IR E X T
HIELE Th B FHEKD S O EEEREPHETH ),
PERTZER DRI ZE DM KL & 72 2 Wtk ATE E/ STz
WVONBURTH 5. ABIFETIEWARNEE O Z OKERE
TdH 5 R b O EEG D (RIRTEEER) 12X ) AR
OWMILR R AT, 72, WREZGEREE LR
5720, M E DI L 7 5 WIROTEIE R E R L 7.
FHiEENL)EREE O o FEKE ZOETO T
6L HE R L 7o, WX FEMRSAREE T THMDIE R
%, WO TS F TREERE T 2 e L, W
L7z I L7z WBRIZ 0.01% Tween 80 K& C ki
L72DBHIZ 1% RMIEHREE A v > 7 LRI TR
L, 799 A 7)Y BIXRAM LT A4V 0 %
50mg/L B £ ¥ 100mg/L #Hn L 72 MNC % 7213 MA %
ARG M\ HE R LB 28 L7z, 184 20 3} T AR
P TAT o 72, BRI 20CHEATIZT 22 A ML EAT W,
53 BfERR (X rDNA ITS #3880 PCR-RFLP #4735 & MR LT
FIREHTIZ X > TRlE L7z,

TER - ER  WRMEZOZ 18R 49 1 61 HUB TR S-HE
AT o 78R, 78 (Amanita, Boletus, Cantharellus,

Lactarius, Rhizopogon, Sarcodon, Tricholoma) 18 Ff
WCHIRT 2 19 WAL CTE 72, WINOWkD, 4
HE I o AR 2 B o T 924k & [A] — @ PCR-RFLP /¥

y— YRR E7HIERAIEAT ORE, W OR
HOHMET ZWETH S 2 LavRENz. /2, B
GrHE L MR EEOM ) 2T 072108 18FED H &, F
v %4 (Lactarius tottoriensis) (W AR 558k T D A5
WafD I ENTEL —FH, Thb 18HITIZHIAS
MECORRETE WP 3E I, wFhohETh
B TE& B3R 61, Wi TE hd o ik 6
JE8Mid o7z, LLEX Y, R EERIIIER DT HE D
BEEDER 9 5 2 & TR E O SO WKL H ST
EpLEZOLN SEEOWHIEEL Bl L 241,
Amanita JBIFIRREIZ X o THEHEE D R 2 - 72 012xt
L. Hydnum )& \3J8EN THBUEE D IE T 2 M2 H -
7z. Tricholoma & b [FI KR DI 208 L7275, ko
RSN E SRR DL, BSRD T T ¥ TG OF I
BCERPEON w2, WRBBIEERICL >
TIEHILL T OSRIE L 55 2 L AVRE S 7z,

WFERSHAAHICE TR 52
LB OB - HAEEFEEAICLD
I EEMESRBEYORBN D BHISE
oL #E 1
PE SEHATHR A I FE T M P IR BRI ZE R
h-mochimaru@aist.go.jp
N\ /

BE: WRORARTZAERICEIND 257 O 20%
AL Y ARSI EfESN TS, HE2S
PR ff S M 7B ZE 0 R O T EEFB R A A R 21
100 J3 47 LA HERE U 72 A AEAE L T 5 HERTDY
FTHBWIIERGEZMR Y ELERR G TREF O
RPEDOGEEWICEL L TR LEZLNTEBY, A5
AN & e S ARIEA B DR 2 R R B ED
WZOWTIEH S 2Tl RV, 2 TRIFZETIE, TR
WM AHICBIT B 25 AR E RS 22 8% H
E L, ERNOA BT AHORE2S, )V 7=V
HWETH DA M VIHEEBACEW 20T 2 e %
HEREMS 0B - e L, TOATEZHHT 5.

Fik  ENT A S EAKERL, V)7 =Bl
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PWEELT, X MFUHERLEGWEIE L L CR%
To7z. ZOXFFIAMEWOHHEWEEZ S5NDK
R A 5 VITEZ DAY VEBE & O AR
RRAIA b ACEW R L 5> TRHTH D L
I E LT, KREFHE 7SRRI O X & 2 A8
RN B AR EE VT X N LA RmE
VI OERERE AT o 7. B \ORFFIH £ 72 13 FERA)
Xy AR Z AR E LTREEINICH S22 Lol
mu., WA AHBREOMREERE o7, ZoHAER
WeRREE R R L 2%, HEESNMIE O 16S
rRNA #{5 TFHEERCY % f#HT L 72,

TER - ER XY VERHEZRNE TIPSR EET-
72RTE, FEALEBIEORMTIEA M F ULEY
DRBR SN o loDIZf L, X7 VHERR % 4
WE LTRINLZZR T, BRREOEBICBWTHR
B A PR ALEMOGENR SN, TORRITRA T
F VDGR E XY AR R IERRICE D KDY
VO Z L ERRT L. FER SN IO W T 16S
rRNA BRI 2 AT L 72 & 25, R R; 22
I PE 7 EDSF 7R LR OFED S, AR & O RS
90% LU N DM H AT 40-100% DFEAER TR S iz, 2
O HCHEAE & DAHFIPEASZ 211 88-90% & B Tw
2B E 5 R DL LRERR S, AR RN
DA+ F ACEW AN OB RICARTH D Z L3
MERC &7z, AWFZEIC LY, B Tl ZHIZB W T
A NFVHHERHACEWN A &V EH & O 2 A
LRI NRA Y IANEBRENT VD L) F LA
BAVRENT.

~
J/

BAE Alternaria EREH LV
Cercospora BEE DR EFHIHR
S R T
SRR AR &R A IR

chiharu@bio.mie-u.ac.jp
G J

BH : HAFE)L 3% Alternaria J& W & Pseudocercospora &
W OWIE R & 587 L, BIEICRE 2 ok %

HOTHERL, oo EIRE, HEHHE o7z
BHOBEHZHMAGDELIEICLY, HAMIHEEE
EHBET A, SHICE DR EOBRERL EE D
(2, B N— T —F 1 2R g P o B 8 SE 0 JE
BBV TETNOORREZIGHT A2 EZHE LT
Bta L7z,

FiE - BRI R AR R R AR R A TS
Alternaria alternata strawberry pathotype 3 & U" Japanese
pear pathotype % HUL T HRE & £ fn T E (ITS, gapdh,
rpb2, tef-la, alt al, endoPG) D451 %%, #HHERE:
WX BT, B X OEREERIC X SWERKOA
e L7 2 ey Le, E7o, HRELEET
O —EIRIERS) % BF 12 LAMP B IF RN 7 94 ~—
%G U7z, Pseudocercospora J& # 22\ Cld 4 Eix T
FE (ITS, act, tef-la, rpb2) \Z X BNt %475 72,
FER - ER 1 AL Alternaria J& T 110 # 32 F 0 6
I AT LT TR 2 A 72. A alternata 3 TF —
FEN A BRI ICH U TR R #E R (HST) PEERE%
B9 %550 E REREBPEIET 25, ZRIEICE G,
TERE, fi EHEPH, FEFRPEAREZ A LT L 72RR,
T AR FL O B3R R & JRE AR O AR L XL
TOMMEBELN. ZoZ ehn, HBRELRKE
Alternaria gaisen Nagano ex Bokura & 3546 2 L ZHEE L
72, MAT, 2D A gaisen DI 45 R4 RHK
IR S HBRIC X T 5 2 L EM EEETDH
52 Lirn, #EFREARR T ORSEY] % Hv T LAMP
BT 4 ~—ty bERGEIL, #RMEA R ORE R
BN L7z, S oFkzx HICsE & &, LAMP-FLP ik
WX BT LFHRPON (Fusarium graminearum) D3
AIRPURAT 2 R R I T B 2 A 7 A 2 Bl L &
FL72. —, WWIREE TdH 5 Psendocercospora /& B
R ZRMEICE A, SRR L SR ) D
Dhb. AWETIE, ERHVONTELRIATHZ
B ZTHTz M AEHE (ITS, act, tefla, rpb2) 12X
B0 F RN X ), BT VT (HAR, /s,
HBE <~L—Y7. ¥4) O¥% LD Pseudocercospora T
D5 REBREASICL, &SIl N—a— NI
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FREL. &5, INSLORSLDS, & TR o
AR ML 2 AL L BRI 5 Z L AR Sz,

4 2
BFRHAAICEEBESNAHES VI AL —FED
KA & REMNROBIRE
iR B/ OE

PN A Ay D St - HbERTEN) £ 2% 25350
t_orihara@nh.kanagawa-museum.jp
G J

BE: M) a7ERYa a0k, FEE (202)
A ICE DN E AL, B TORTHEADTTE
By 7T AML— MR GBFAER) & HPEEST
RWHDOLWN D72 5 R0 O FATHEM L TELZ LA
MHENTWS. HARIZBIF 2 2O ORIz
PAESEIERLTBY, 208V EHEI Ry
HHEZEDTWS, LaL, BAWIZSHZ=T (1900-
1976), /MREEHE (1907-1993), LR — (1928-2003)
LOWFHIC LY BREMICERS NMIIONTIE, %
KAWL FEETH S LOHL V. KifgETiE, Zhb
ARSI NI [X)] OWOEEKEZH L 2L, EHN
DY IA ML= FNROGHANEBEHET L L%
HiE L7z, 35618, EERPHETE VT A -
WAL SNTELZWIIOWT, RAeICET 5 E0mE
RERT L L EHIELZ.

FiE  WANCIEE LB I X DD L
IV 7 A ML= FPRIZOWT, ¥4 Tu—7
VT4 &G Ll OFLERE L T OB R EN & o
NN T MBI BRI ER L. o N
ROGEFNHERF 2179 & L b1, —HICOWTIIH
1) RV — 2 RNA R T-5 OO 5 T R
biTo 7.

fER - ER ARICE D HONEELFREILT O
WY TH5.

AF & < T %% (Chlorophyllum agaricoides) 1% 1930 4
WZAMET O R T—ERESNTURE, BN TR #kD®
S, BREAL Yy FYANCI [H] IS shTwna.
COENME—DREARIZ B LE 20 FFERID SPEAP L% >

TWedy, Al BEZER (B I TREZfT-
7R, COERNME—OEARZHIERTH LTI

YT Ay Y gy (Circulocolumella hahashi-
mensis) (&, 19364 11 HI/NGIEE SRS TRIES I,
BUEFR S T LB FFE LB AE <, C. agaricoides [FlE,
BEE Ly YA NCHIEBREICHEESN TV S, 40,
Bl TOFEMRRERAL N — 3D 7 LNUEE RO T A
IR L7, AR OIRBINIED 2 ) R T
B A S 7.

=47 ¥ aua (Protuberella borealis) 1% 1938 4O
RLILRE, RO CRLE e <, FEARDWIMET 2 Ao 72.
AREIE 1990 FEACBABEICTFO TR SN D £ ) 12% o 7275,
INBIRICRD=AT ¥ avu LBREMICKE S Rk o
Twa. 2o EHR=27 Y ava] OREHEN 217>
ToRER, AL R L ANV TEL L, RAZRKOR T
HDHIEIRINT

1930 AR /NE TR E OREAR & 2EIZRER S /= 4 T 3
va (A=r¥avn) OFHENARERETL L L
bIZ, L7 A TRER T2 61T, AFPHA
ARV, PEIRFEICA S s 6 2 L R L7,

HAREM S E LY 7 2 A ML — FROKRE - FEAY
BRP 1L A2 EEBIE L, 2B 2172 £0
R YavuRERER, 2016 FICHEFICL LS

72 Rossbeevera paracyanea 7z £ 2[R % S 7z,

FKIREICH T DS HERMESEED
HAHE Hymenobacter nivis 0D
7/ LR RO RS ORFER
¥R OEX W
A i R AR - JE AT
m.terashima@lowtem.hokudai.ac.jp
(. v

BEY KRS ILEE TSR ELE, SoXIE
Y 7RO FREBEIR 5. OGS HEFHIH
WZE2b0THY, KR, HOL SRS, R, ol
WL DB EDA NV ATICBW T ORI AR L
TV, FREZIIMHEROIZA, MEbRIshTs
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D, BEPEELCAEBYEZHBEL TV bR,
PR O RS 2 O (3 EALAREE & — I 0E)R SRARVEMINA o
Hymenobacter nivis 2S5 RIS N TW 5. KIF%E
Tl&, H. nivis \IZBF 5 BRSO lik L WERBIAN OIS
AHZALOFHEHE L.

FiE: EBOBMBEEICE2RELOHEESI N
H. nivis P3 BRIZD W CT&AMEAR S — 7 ¥ 4 — PacBio T/
J NBELH R % AT o 72, H onivis PSH % 5C B L O
I5C TR2AF b ETHi L, HEIR T CoAEF & 1
L7z, 70— FA MY —I2XD, 2HBEITRE
BN DM BRI E L, R R L7z B
Bk (5C) THi#E L7z H. nivis DMLYV 5T W H
DERAALI % 7 = ) — VB TR L7z, [FAARIC,
¥y vy HEBCABTER LRI, 7/ 4 L
RENTBIZTFOFB A TS Ly, HEEIRY (5C) T
Wi L7 H nivis PSR 7 a5+ -2t —Y b7y
7 RVE AT R T E L7z

&R - ER  H nivis P3HROK 500 AT 7 AR
134604 DBIZ TS FW SN, SBITIET L5 37 H
(FastuR7yy, 74 bruan, 75 )T —E,
7T rruak) OBIZFFEEINTVDE I EHNHLH
WCho7z, E5612, WIREERE N TARE O Z ik 2§
e, 5SCTRUISTHRICHIBET OHHEL, #HEHO
HREEL D MBI T O 5 05% 22> 7. H. nivis P3 #2571
FAART I v EDy VN7 EIZE )T AVF—%
AL, REZEESETWLEEZOND. F72, W
W BR3E T OMMLIL 50 TR D530 % 4T o 7oA, #ehie
KA LAy 28y ISR T O S35 VW 2 LA
bhotz. WIS, H nivis PS¥RO 70 7 4 — A &R L
72T h, BRGSO ENFREBENT WS Z L]
Nl olz. TUurAu T I Y, 74 M aA, T F
M7=, YT by usOKEIIREREE T O
T&7 KBRS Y 87 BB THRIIN TN
DIE, WITHERRLFAATE 2REL RSO0 72L
bbb, THLEI NV EERITAHILICES T,
H. nivis IR S OIGE - HOGBRBEI#EIS L, 5L
TWwaLEZLNS.

ANKOEREEET X —/\AD
FERERMMBRE % 28 L T
HAEBBROXEZHERAT S

N R

KRBT S AR 2B g I B LR A A FE e

nishiuchi@med.osaka-cu.ac.jp
- v

B89 : iR AL MEPURR M A I b, BRI H AR T
LSHML T 5. BBiA O s 2 HUlR & iE 25 1
FPTHZ T A HEE, BEDOPIRREAEAF R Z L
RKLTWwRWhREMEZ R L TWo. EFEROIKITIE,
BT 2 LA N A 7 4V KT H ARG
T A= (T A=) WREFFGLTWDEEZEZON
5705, ZOEBIAYIZ LS. KIFZETIENIEE
K DOFFHER & 7 A = SHOPUIRWIZDOWT, Fagik
PURRBIFRE, B X ORI 2 BT L T BpR D 52
REZ 7.

FHik e, ANo3~6 K4 ¥ b bEERE
L A&FEO 2 MFEREAKE ILIFIL T, 0.8um JLEED 7 4
W — FIH o 723 & 7 A — 33k, 0.8um fLEED
TANY —Z @Bl 0.2um FLED T4 V5 — RIZFK 5723
2 PRl L7z, B2 200 L, Bige & DNA
B L7z, BEEEREHE 7OV 4 ) L4 12 Middlebrook
TH11 R KT 4 IR L, 1 6 N5 BERR D rpoB
DECH % HAZ 97 % M DL ECWAER & L7z, Hohi:
Mycobacterium avium subsp. hominissuis (MAH) ¥ET
(5 AR BE 51 £ B AT % 4T - 72 DNAId DNeasy
PowerWater kit % I W CHiIE L, atpE = f81E & L7 %
#PCRE, B X UM16S rRNA (LT D V3-V4A i & 4
F & L7 BRI 217 QIIME THAT L 72,

TR - ER  FERAA T %S 5 & MAH, M. intra-
cellulare, M. colombiense, M. arupense, M. shigaense 7
EDIFIENES X ORIk D 2 bk 72 PUBR T 2 20 R DL 1
SHEL 7z WIRERKRRA 2 b, TS L DR EILEED
N7z Gl L7- MAH 17 Bk % #E51 IS RCE % R
T L72E 2%, BARPHEHRMDIS Y T A5 —I12
110, RHECEMRDZ VW27 5 A5 — 126 WA L7z
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JNFERE K H > MAH 13 % Bt %2 7% Lo 7 < 04§ % 4%
WAERLz. 7 A= ED 513, Naegleria koreanum,
Naegleria neojejuensis, Stenamoeba limacine, Vermamoeba
vermiformis % 5B L7z, EET X — N 5 X TP
WD TE o7, MBMROLETLHET A=
P PURR M St Bt W 25780 B 7z, sE it PCREETHL
MRBEER 2L 25, FERB LT A —GHO
WIENRS WA SN, H&AK3.8x10° T ¥ —/500mL T
Hotz. BARBOWFEDENE RS L7zE 25,
TRIERAEEE 7 X — NGB, 35 X OVRRIL 72F-MIC &
D7 725 —%BR L 7z, BEBIRRE DR
WEER Z i L TZ 001 %2 7 X —/\5lkh & it
R CHBEL72E 25, Mycobacterium (& 7 * — 7330k
T RO LNz ERPCRICK BHER L GHE T
JNFRREAKIZ B THIRE XS 5720 TR <, RFK
HOTA=NELEDY & o TEFLTND Z LAURIE
SNz, S8BT A=/ BED YRR Z 708 L Tl i
HIRHURRIA & D5 A BET L 72,

HEMET) /XX 2EBETS
AHZIVINLYDIBERY 18
SRR O HEEDRERR
K P ORET

ALK AR b R Ze R
wakako.ohtsubo@tohoku.ac.jp
G J

B AR ) Y XV IIEREO Y 2 v RR G
LZlhs, ZLOFYRRIICL S THETHS. L
2L, HROERRBHRTHL2IATI NI NLTIE, PR
BIOBRKICZ Y ) FOXFVERERICEAL, 3512
RHICIEY 2 BOER L T a2nZ EmshTn
5. AWETIE, NA VBT ME O 2 7R
DRI AER L, ORI AR IO W T S A
952 LEHWE LT

FHiE TN NLTLYREEB L O S O E
DHHEDB XY 2 v BREALERBZ, 10 7213 20mM
DY aBERML 7 2HHEOLERE B X 06 flfH

DRFEF WA AT T o 72, NA VIS - Rl X OH
BERIME DNA1Z, SK 3 VIC X A1 DNeasy ¥ v b %
M THi L, 16S rRNA BAZF OBRCHITE IS & % Wil
FlsE 3B & OWFEMAT (V3-VASHIR) 1M L7z Hik
B M ML5 B £ O'R102 ® 7 7 24 F %) #t % 13, Ilumina
MiSeq & H\WCTZEEATIC X D ERL 72, N2 VI
WA B MW O WG in situ NA TN A= 3 v
1%, whole-mount FISH % v C17 - 7-.

BR - ER BHREB L UEEREN RO TS VY
NAVIBENEW S LR 2 8 L7y 2y lREAR:
M3 X OVRAERMICAET Lzau = —% 70 6 HEE L 72
ZOMR, V2 vBRETLHMTIE, 16S rRNAERT
2 & 2 M RAT IS B VT b2 TdH - 7 Rahnella
& B & U Pantoea J& OVl i 73 2 2 AUBEZAY I FL
SN, YaBAREEDAL W ZolErn, 3
YWD N FEFEREHERT 5 7 2 7 R
WS AE L TW B 2 e s N BEEREONR
KEMTDH % Pantoea sp. RI2KED K57 7 ) LEMT
DFER, ¥ 27 BRI IR R EE - ORYIA R S h7z
2%, Rahmella )& 23k (R 7 Vv —7) O ML5 RO
FZ 7 b7 7 WEHID HIZEEHI O ¥ 27 R SR 11
RS zedosz, BIREWZ L1Z, 16S rRNA @5 F
? BLASTn #3835 & USRIIT O K58, ABFEICBW
TAHTIVINL TS HEE ST 2 2 B R Ak
D30% LD, h ALY EDAER RO Z L
HENTVLREME &b mHEEZRL, 5
RI2¥RICDWTIE, 7/ A DHZBEETORIIDOZE A
B A LY HAEMIR TH S Symbiont C 77/ 2 DAY E
FHLH & 99 ~100% DA 2R L7z, Sl HAE L 72H
WORAT - e L EEOAAF L OBEEICOWTIE, 3
B D&y - BREFEBIC X DGR TH 2205, AHFZED
INFTOREIER, TaHINVINLVIHETE I 2
FROMIRRIA2S, A AL VICBVTHEINTVSE LI &
(R SRS NEEOAEIFICES T 5 ] LERKRE
AT HUREMEEZREL TV,
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(" 2
BRLETEMHE T COIOZ K
[EEREELE : SPECIES| TH#<
EETEREEVEOIOC T 14T
A AT R

U TS ) S L P A AR BRI T L 508
zkimura@kure-nct.ac.jp
G J

BE : BEEMRNA A RAFBETELTRAY ¥ - kFE
FOREHZEL LTYHA ZUPBHENRTVE25, 4
BOMAETNREEFEROFIGEHOIRDI-HI2IE, L1 Eff
I 7 ALK R 2 BT 5 T A 2T L T L
B 5. FFISMBINAFAET 5 EF 2 EHEI T
VEF—IRE S HME (B EALYEMIE) % W8 A e il i
& U TH 2 i i A B o> 26 o R DRGSR LY HLA
TS, BT ELHAR IR A W E AR 2 HEK L%
B4 M MR T H 2 A R RIEDPHEL SN TE S
T, TOMEIILREMB T EED 2V —7 v b2 ESE
5. HFE, HYOMAPITH 2 FMHEASEEE
(Solid-Phase Electrichemical Colonization and Isolation
Equipment System; SPECIES) 7%, %Ml BB 55-#fk%e
EELTHMHTE 2 EAR-L, HRGERERE 2 R &
§ 5 W B R O B T iR, B X OERD
BEREFEIC X 0 15 5 NI RE O SRR BIC Y HLA 7S,
#iE  SPECIES ZH5#lckf LA —KR Y+ Fa—7
(CNT) Z iR L 73S E AR s X 25 8B ETH
%, BEREEAERIKA T A (FABRF P T L) 10%
JoOF CNT 73 BRI (R 0.01%) % I L M il
EIZE D7 AL TR I E L, 2 212-400mV (vs
Ag/AgCl,) BfBEEHME LCRFY>aRxyy b %
FCTEILAM U7z, B BIEENSR & JEEm %
ZAECL, W CERBEE OUGTEREK) 2T L,
BAIRIET 1 7 i L7z, Bi#fkoan = —RmEIdK
ALY — 7 I XD AT - L 7.

fER - E2  SPECIES 2 E WIS 72 T 5 1 A
TREREIC R o7z, AN XA RELBELLT,
B BRSNS a0 — DS RMESE T 5 2 LAV
L7z, BIEEILRICB VT, 0.5%BOMHBEE & 7% -

72IE@D3 20 DL EAFAEL 720l L, FEENIRTIX 11 RICE
EEol FRAMR»LELNIzaT=— (T3 LN
JVCHHL & # 2 55 Proteobacteria "2 J& 3 5 bEASE
INTHBY, BRSOV TEIBUER TR LR AR
U7 ) A ERiCTh 5. F7/22 02 LIZBEMBEN
Wk aH Lo REEZ R L7z, 7DD, SPCEIES
(IR REBE Y B 2 YLK LIS A BB HAN TH 5 2 &t
HHIL72, $oa0=—RERoE 5L, Eaeri
WTH s LARESITW S Thermoanaerobacter I
2o 7z HEo TAREFZEIC X Y SPECIES O Fi2 % - &1k
e B e W O RN R o VAR R R
St ol DEOKRIIOWTHIER A TH
5. —HT, BURE LCTAEERE, E-EALrEME 2 B
— Wy 2 i OB FE T etk &2 b LK $ 2 W REME A B
D, SHBROMEL LT [HEEOIKR] kU [E-E1L
PEMI R R O REm F] o 200 mEx2 8 55007,
PR RE, R R R R Rl £
NENOITEICEES 2 HEE M Sl 2 a4 2 %
N5,

ERECRBICES5T2/4 0 d8TBRD
B EBERITAE T ICREBADIEHA
KOH — K
JOER B2
kyoneda@agri.u-tokai.ac.jp
(N J

B HROIEMERETH 2 BGOIIB LTINS 5 7
BHEY OFER S S 72 A 7 2 FAHIHWC, FilE
TN BT TORRBERICICE VIESI L. HEwIC
X527 BEITIIICRL DT TW278, £OHEEI
FEAERHTHY, BADSORERE o
MRTHNTE 20O R - F—#IEICHD
GBI DR BRI ATE, ZOm B EHA W
W HPRE SN TS, IE CICERO ML D
A ¥V TRICRERZ AT D HIMEOI 7 v 71 ) R D
HLHER ER G R OB RRIENTEIE B 5 b O, BEHED
ANEEVED D S A ¥ ¥ TIICEEE O R 2 ik 1ok
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CICAHTH A, F2T, AUGETIEA ¥ T@iEtk

A9 A U B Bacillus )@MW T3 5, Bacillus smithii

ICEHL, HRDEREXRTHIERTIIBITS, v
TORITTHEEL FALFIRNP ST 2 2 HINE
LTw3

FHi& B smithii D7 7 AW S A VY THERICEE R E
ZFaMEL, BEFEREITo 2 BIZTFHEBE
pETI5b X2 ¥ —l2ru—=v 7 L7, ZOtk, KGR
Bl21 2 K79 2% W TIPTG 2 & % #ix 58 %
fro7z. WBEFEOREICIZTLC Z v, UVIZX - TH
BFROMINZAT o7z, BRI ERT ZAETITBT
% 610nm DA% WE L7z, #Eiabid 42meg/ml i ki
L7zBHRE Yy 74 v 7 Fay TEKIEREZ v
T, 20C CRESLZAT o 72, 72, Bded Yetn 2B IC
FHPE GRS D A ¥ TR 2 L7

TER - R EETFRBUEY I v MRS T AT
R AT, BEASGHTIEBWT, »YTaaviy Ok
BEA Y T) ofelEE (30U/mg) AL TwA S
RSP L. MilEEOREZIT - iR, ABEH
$ FMN 2l & LT/ B bmth 2 e L
ToRER, AR ORGEpH X7, HOEIREIX 70T LT
»Y, pH5~11 DL VHPITLETH Y, 100CTH
Rl L WEERBEOFH L4 © Y TRICHRTH 2
CEWBbol. A VIVTANI VKT S K I
6.9uM, NADH 12513 % K, fHiZ 157uM THh -7z, F 7z,
DBIEPTREADLDVARDEETH B A ¥ VT 5K
5D 280-700nm DAY NV #AT ) & TR
THIENTEL LoLl, KROEETHLA v VT
W29 B IR IER IR o 72, A4 Y TR I
LA VY TRICEEHR & L7 g0 Pt B TR O
Yt R K L2 E 25, 01%DA ¥ Y Tt ER O
4T, BITHOHMEIZ X 5 REOEIFHERTE 2.
F 72, PEG600 % ikl & L C FMN-REE B A1k o i
AR SN2, X ERZ T, 1L9A 5k

TR % PuE L7z

P ABMRERRY RSEERY
WM 2 OMEMERECR T R

i p5

N TNy N R v
hseki@bio.eng.osaka-u.ac.jp
S /

BE: 7747 /794 F2AFT ARy T b Y
(GSLs) 5 HB-THBE-7 7 b Y BMHiA L72HEAR
g2 RO AFTNVRIAL FO—TV—TTh
D, A VEREERT TV IE R I )4 Pl
DALEW % Erte. D H D GSL I S E S B E P il i
M0 3 2 IR B 2 S84 5 2 L HJEH &
NTWab. REFZETIE, MR EEREZ H 7z GSL A
I 72 Bk gE & L C, GSLAEG R B D % BE Kl
et OBF LM 2 BERHIC BT B GSLs 4 A Wik o 1
HEEE HE L7,

HE Vv Favrfiyavravipskow AF T
R UBALEEE (0-guaiene B EER), L ¥ AHEK T b
7 0L P450 €/ 4% 2 —+ (CYP71AV3), 7V =
Y VHRTVa— Ve Fasr)h—+ (ADH1) B X
U7 V7e F7Fe Fas+—+ (ALDH1) 23— F¥ 5%
BIET2HEEL, £AF7 VAU 4 FoIEmkmE
HBHTTNVAIYNVI) YREEAEET B Saccharomyces
cerevisiae (EPY300 k) (Z3HA L7z, BABIEZTDOFEB
ZEKICHEST L2 LT, AR BEREN T GSL A E
¥ OHERA & 2 ) 9 5 §-guaianoic acid % de novo & K
L72. KIZ, o-guaianoic acid Z3E & LT 7 b &
Tk 2 #%35 L GSLER G 2 ALK L ) 5 BERBIET D
Rl LT, ¥ F Y ay o GSLEA LR T 5 agar-
wood part I BT A2 M ENE L & 6% CYP71
77 31 —P450 (AsCYP-1~6 L3 %), 72, Thapsia
garganica DRI B\ THEHLT 5 3FHD P450 % #IK L 7=
INSOBBMLETE2ANLAKL, 6-guaiene 72 5 VI
5-guaianoic acid 2B ERERRICE A L7z, BEEERT 283050
WrersA < 7774 —HESH (GCMS) 124t
THLEEDIL, EEPO—HIZOWTIIHEES LV
NMR (2 & 2 I E & 4T - 72,
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fER - BE  AsCYP-1~6 DT NENZHA L Zz R,
WY o GCMS O R, 3 ff D P450 2% §-guaiene
xS B ML E & R L7z AR DR S FRAT O,
AsCYP-11Z 13-hydroxy-oJ-guaiene %, AsCYP-2 X #r
L&Y T % 11,12-epoxy-7-hydroxy-J-guaiene % 2 i
WMELTE2R2ZEDPHP L AsCYP-37% 5 T8I
T. garganica HFRED 3FED P450 \I2DW T, wWihd b
L& M7 B 5-guaiene BILM 2 AL E LTH 252 &
MHPI L7270, HEEMEREzEDO TS, —,
WTNOBRIIOWTOHWET ST 7 b Y BRIBINHE
HEICOWTIRRIB S NG Do 72720, S5 7% 2 HEHk
FRIZTOWRKRPLETH 5.

SZEEMFaEZFAL st
TEBEONAZXIV—Ty FEIE
£ NI S |
0O Ny el TR

hirokazusuzuki@tottori-u.ac.jp
G J

BEY  EHM R BLLR (ZEft) BELHHI2E,
ZOBETDOT VT LIERTATT) —RMHEL, it #
IEERICK LB ETEAZ ) —= v 78 5 s
SPBHVOENTEZ, LeL, A2V —=v7iZon
T2 AL S NTE ST, WELERERO
BIEIR L CEDRIEETIE 2V, A L2 SRR A
DONA AN—=T v MEEHME L, REIZE TR EIEE
R F BT 2UEIE (Geobacillus kaustophilus) T
fHICA 2 ) —= v 75 FEOMEE HNE L.

HiE 1 OHOTHRIL, AR THEEN Y VX7 B
BRLZZBICRBIVEE T 2 BIZTFELVR—T 4 ¥ 7T
BT, TOX) BEEFEZ VT VAT )T+ — L%
FIZE Y RIELZ. ShoBIZFO7aE—8 —FT
WICHBHEIEY ¥y OB 2dk L, T7VER
A% (JE T 24 vk B% 35 BSPryF, < i 24 vk 25 ¢ % 3%
BSPryF, & &) LILZIFBR B TRILS ¥, ZOBEO
BER RS VAR — 8 —SBIEOMBMEZFi L7z, £
72p-T527 b F—¥ (BgaB) ZLR—F—L L7H

HLBN L7z 20HOTHRE LT, BENy v 5s ]
DERPIFHNOEE 2 HET 20 Rk 2 MEE L 72, €
FOVEERBET R UFBR N TR S @, BGEihER % 7
M9 52 &T, MIRNTEESNGBERORENE L B
P O BIARYE & BT L 7.

fER BRSNS A HOBEMIC L ) BHEL |
ASELTHE—Y—%2OHM L. TREDTFHRIC
W EOEy Ny HER T 2B E L, BSPryF, &
BSPryF, @ a T & IR R THRILS 7205, W
RN o7z, WLEOEY V7 HANER
BRETICBWTHAEN L2720, 70E—5 —0Ina)s
BMAL L - ReE 2 2B L, L AR— 7 —Z2iif#dkomny
BgaB IZZE ¥ L7z, BgaB i3t v 87 H X b & &k
FEICKIR T X 570, YUE—¥ — L bgaBEZTH 5
B LUR=F =Nty bRFRRREOARIGEA L. 4
5 74k hC BSPryF, & BSPryF, % @ik S ¢7- L
A, WTFROLR—F —RICBWT S WIFRE Y O bagB
FEHA By (BSPryF, MR T <, BSPryF, A EHKT
Kv) RSN 22HO T, BSPryF, EEkk s
BSPryFy A BEMR OB GE MR 2 H W TEMli L 72, 2 b
TRk IR 2 RIS 2 7R L7228, BESMBRAAIER (4l
W) ICBWTEREND Y, BSPryF, 4 BEME L BSPryF,
ARERE D SR B ARG L. BENSY VX BHD
BROEM L), RIMBGREES SRS E 25
N5, WFNOFESBEFGEIEAET 5 2 & 4 SMifE
CERMRZENTEZNHNA S ) —= 0 FEIC s R
T5EMFFCTES.

VFS L7 7OFENLE
BERfEEEE O/ AR N7

[ == ITE /A

B R R SR TR
BTN K LA
okada @ kanagawa-u.ac.jp

N /
BEY : IR BMICE D VYT T 7 YRERESA VT L
U ENF ) IRTF R XS0V T T
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Oty (ComX7xHEY) #HDTHEALEDN, 40
LA, FAEEMATE TV DRI 7Bk AT
bb. TIT, BNMEZ DR MR D RO
TIOUEYPHGWENTVWL I L, f5FE (e ) I3l
THM O DEIIFEEEZRT I EEHOLNITLHMNT
WM& 17 - 72,

FHik RTF 7 20T BEEHERT L2 EIINEET
H2720, EEWERTICER LY ) a~x 4=V 7%
fTo72. ComXDA V7L = )ViLEE# ComQ % RHE 12
L-AHFSERZEICLY, 2aa 7L sy 2AMoMK
Sphaerobacter thermophilus FH K O sthQ & Ax 1 25k I &
n, 7 CHICIECEm2S2, 3SFEHICINV T 77 ¥
BIAEAET HEPNRTF V&2 3= F T 5 sthX Bz 1A
FAELT:. 22T, sthQX@ET 27 I9AY—Dra—=
V7 RAT W, SthQ, SthX % 1372112, SthQ B X O
Mg* 4 & VT, FF—HETHE 77 VATV
VUMRE SthX L DPUSEITo 72, 251, SthQ @ Xt
s it S AT &2 4T o 72,

TR - £ S E LC-MS/MS % v THMr L 74
A, SthX @ C K 5 10 5RIEITHH L, CRImH» S
FEHO YT b7 7 VERIENT 7 VA ML S NI 56
THNRTF FPRBEsniz2 e, SthQ2sh) 7+
77 UREDT VAV IMEEEETH D Z EAEH
72, #EV T, SthQ HARTH 2 7 RO K —
EHEDOII Vv I THHET 7 VAV VT F ) VEEEDOH
ERDHG RO THEEIRNT 217 o 7286 2R,  WiE OREE
FEF—FH L2 2, TREFr RGN T
W DAFAET BV — THEED R, b L3P EL %
Wz THhEEZ bR ORI SthQ 23
WCRELRTFFEIERELELTZITANSLZ L, ComQ
PHEHHEMEOWD THVHRTH S 2 & 2 GHMIH
HT& %720, NI T M7 7 Y BREDOA YT L = VLR
KO L E 2 5. ComQ & MFETMED B 5% 30,000 F
oy o280 H, SthQ LR UEMEZHETLHHD
B L 7oA R, 300 FRERE Ok T 7t S e,
PRV C L2, ZoH2 ComQ % SthQ k& FhTw
7oh, BEHMOBREEIEEN TR o7 F, M

HREART 74NV 7T AMLrsua 7 L s AMIC
Mz, BEREM, 723779 7w »5 S, b
TrT7 7oAV TVoWVEEZEORET IR ROh 5
7z, ULLORRNS, BRBEBHICLZ )T T 7Y
FRIED AV T L= WAbIZER A e M IR < B S B FIR
BIBHIO—>Th 2 WHEMHEA D THWEE 2 Hhiz

BESHEMEE T 37T ZIVLBRORRE
D-F7I/BINTF NEEEDERE

Z G

SRR FH RS B 24l Bt S A B 27
kkino@waseda.jp
- v

B IX_TF R, NI AT I/ BREFICIZA R
VARG R L AR E 2 A L, RS,
&M, AL E R & & LTZOHBRIZIER LTV S
—77, LRI R G R MO O P I ERED p-7 3
BROGAE L BRI EPWMESNTBY, ¥V 7140
RpbD-T I/ BIrORD ITF FITSHi- ikt
RUFEAAEAES 2 W REMEDSIIEE C & 5. AffgE T, T4
BB L= Y AT A& FH L7zD-7 3
JBREHTYRTF FOGREOREEALZ HIEL, G
BB D-7 I VY RTF FOILRE BET L 72,

BHE D IhFEFTIE, FIRY - LBRTF FEEREEZD
TFZIER AL Y (ARAAL V) ICXBIET I/
DANVKFLIEOT T, —TOEEAT I VRO
73 I K B IR G R EIR UG & A G D E B
2T, TIFHARESREIY, IXRTF FPEET
5T LML TS, BB ORBLESRSOSEIERERN
THOIPWZICD-T I/ MBEELEHET IV ET 3
FREAZIERL, L#izd-7I /BEELT I MLE
MBEWRRTH S, —H, WEOD-T IV BET T
L LSS AR AL v OEERERENRS L LT
BT RERD-T I /VBINRTF FPWIRTE 579
D-7 3/ MRET T IVALW R L HBLA F A 4 ¥ DR
w7z,

BR-ER p-TI/BETT2MLIRELZA R AL~
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LA EHE S Tw AR, 22T, ZR#EDAE
E BRI BT T 3 OV E ) € 2
VAL R AL YDA Z FHBHD) & LT, #F7lZiG L
50NDAFAA YEMRETRAELTW2bDEEDE
6DODARNXA VORI ZA T 7. 2R, Tyrocidine
synthetase ® A N X £ » TycA-A %3 p-Trp, p-Tyr, D-Phe,
D-Met, D-Leu, Dp-Ala %, Bacitracin synthetase ® A ¥
A 4 ~ BacB2-A & Paenibacterin synthetase ® A KX A
PbtAI-A B X U'PbtB2-AD3DODA FA A Y 3p-Lys &
HBEET B LRI L RIC, TycA-A L BacB2-A
EETNWVICYXRTF FEREmE Lz, £ORAE, pp-,
DL-, LD-KE VoM F 7)) T4 DT XTFF,
S5 CARMITERED -7 IV REH T % 40 FEILL
EOYVRTFFOGEPTRTHLZ L2 S5NITL
7o MR Z KRG XL 2 I _TF FEME MG L2k R
10mM @ p-Trp 7* 5 i K 4.67mM @ p-Trp-D-Pro D& HK
TR L7

Dk, p-7 I VBREEELTHAF XA VEREIH
TN DR LR RTIEDTE, ZOME, £
BZp-7 I VBRI XTF FORMEHER B TREL 20,
Fea DI L72HBLT I FRIG UL Y AT 5 DR EZ
FHAET B e TE .

XT4I—2 L ABRREEBARTZ
wE U CERETBRBHeaRKEN
ik TBE SR DIRTE L RAEREAT
BN R

IR F AT e LR M
satomura@u-fukui.ac.jp
G J

B8y - KRR ZREE (Dye-DH) (I AT RRALE
FBFFETTT I /W, AR, Bk Lo &AM
S OBALROG % il 3 2 —~HOBETH 5. REEEL,
ANLOBALETLOREE AT A =5 L35 L THRED
BFEEBNEANT LI EDTETHL. EFE, 2O
DyeDH OH1Z, A7 4 T— % % P& & THEE - Bl
M CHZEEFRZIFTRL2EEETRE (DET) &

Dye-DH7Z LI S viEH T 5. DET & Dye-DH i,
RN IE L DAL BUG & AT 9 Ml Ar & FEAs A~ %
AR $h7e & & G OB ICEAL O Z D D JUS T
PO ENTWAS. 2O DET # Dye-DH 1%, % -
BWE COBRBTRZENTIAT AT =Y 2 UELE
T, MEETOBRZET) LR TH L0, Ek
BT L BN B NA A & U EORE
FREEEBHNEZET L L CoHAMAIEEI LT 5.
LA L%, DET % Dye-DHE, Zh T THiRMEAE
YRR OMEH Lo, BMEAKRDALZETHD
ToOMHEREMAR T L LCoOMHIINETH 5. &
g ClE, REMDE IR OHE B 23% I 2T 2
5 DET ! Dye-DH Z#E3K L, BT —F 7 2161
& LMz & v 287 BFEBLR % VT DET & Dye-DH
DRI L BEFEOWRREMIT 202 2 L 2 HI L L7z
FHiEBEAET T or 7 AR L 0 A2 mRLT
B G RO & N A RERIR I 7 T A Y — R EDE D
AL R ICEN A FE D EF — 7 2 OB T 2K L
DET %! Dye-DH it O $li it} % 47 - 72. DET %! Dye-DH
BERIEIRTF IOV TH LT —F 7 5 YR B8R %
HAWT, Mz 7 Bo5B, BEE2ITWwE vy
BOREEIT- 7.

R EE KEGGY / A F— % X—Z L) DETH#
Dye-DH i #in F 2 BR L2 & 2 5 4 T RBIFE 2>
5 62 ® DET 2 Dye-DH Bl {2 ¥ % 52 & 25T
&72. I 5 DET MR BEMELEFIZOWT, 7T—F
TEEEE T A ¥ VX BRIRY ¥ — 12 FNZE
N A U Sulfolobus acidocaldarius W CTHLHL R & %2
HOBHAEAT> 72, TR SBEHEIE T OFBLUEY O
WHEZWELLEZAL-TOY) », p-3L, 1-ILEE%
B L9 % Dye-DHIGEA R TE /2. 22T, BH#E%x
WAL ACBHI L A 74 T — % 2 i3I AR SS O]
ERATo72L A, EHAEL MRS 52 LTS
7o, SO NS, AL AFEGE HREER L E
W ECDET KL ZATA B EDRWSNICho7z. 585
X, CTODETHEEZEZHVIN, AL ba=s A
FNA ZAERBEL T TFETH 5.
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4 Y
BRICHETES- 7T/ IIAFFZD
A IBHEEE (R AT
K W OE M
INCPNE 5 o a et e T S

mmizu49120@hiroshima-u.ac.jp
- v

B89 @ BALIZERN - WY - BT Sk e R
PERLTBVEHEMTHL LEZONTE 272D,
BHAMIRIIA T Th o7z L 2AD, ) iR
AREEND &) ICAMHIRDEAL - FHarflio—3E K
ELTRINER, TNV DD Y T F IEERE D
FESN, Bk - FHICBIT 50 e —HIEROR) R IR
TR b I - BIRASEA TWA. Fx 1L, BBl aE
BANZALZWOPICT H720, BEREaflio THAR
FR& D & BHFICHFMAIER L 72RO L 72
(Z£ 5% SSG1 L &%h). SSG17ZEFAkix A F 4 = AR
HEWTHDS-TTF ) YIVAFF = (SAM) % EER
T2 EWGhole. WARKTIESAM OFERITIHE
Bgshnwz Lhs, SSGIEEME VT, SAM®
AT HO 2T A HME L.
FHECSAMOMBBIZ BT B LB E AR D 720,
SAM EHERKTH 5 SSGI EREKEM VT, ¥4 71
TUVABHBLORAY Fa— L@ E2IT5 72, RIZ,
Ssgl & ¥\ HE B OMAEE W S 52T 5720, GFP
AP S SR EMESE L, Ssgl OMIBENREZR &0l
aiTo 7.

BR-ER FT, 4207 LA DML S, BAER
FR& D H SSGIZERMR T2 R LB L 724G & L
T, 274 = YRR OBEFRELINZ 7 v 3 — 2R
CHET 2 RIZTVEHEER TV Lad, Zva—
ARFCHD S RETFRE IO —HIRTERB T2 &
WESNTWBEZTLOEREIBOOLN. 2D L
25, SSGIERMETIE A v ) —HIEBRARIC 2 > T
HIEDRIBENT K5I, A¥Ru—LENETo
2L 5, SSGIZERMTIISAMB LU S-7 7/ ¥ b
REYATA ¥ (SAH) O¥MA%EDd Sitz. —J5, ATP
BLOXTF A=V OGS N, ThHI1dSSG1%E

RHRTSAM HEMABIE SN L —H LT

Ssgl ¥ ¥ 87 Bid, AL LT v 2AK—-% —
MATE 7 7 IV — L MEEZ A L7722 &5, Ssglid
SAM g EHEICE DL L 2 A FHEIN. T3, Ssgl
DORMLNJRAE 2 TR72HE R, Ssgl TR /AL L 7z
BURIGRNC &2, 2 O JRTE 10 B gl 1010 101 C v e
WIRTE L7278, ZOREF LRI % 5 & Z DJRTEDNH
L7z, 512, MEICSsgl 7 7 mdb %y
YIRFTIC XD BRSBTS (Bl S
N7, TOHIRD L Tvo 7z BUE, Ssglid SAM/
SAH DAL W RE G358 Y87 B E TR
L, SAM/SAH} 5 ¥ ZAR—% —L LTHEZAHT LD
PRE LT 5.

HEOHKIE S S CREOHERIEOER
(T R SN
KRBT SR S SE A

yamaguchi@ocarina.osaka-cu.ac.jp

G /

B89 M ERNIE IS %2 L 72 W ARHRRTE O M T4 237 AE
L, BN T 74 VLANOBEZ1%% D5 L
EZHN TS, RIRREOMIE 1Z3EH 2 &bk 7 X
b L AZERWTIFEZ RS 720, AR EGYE % & D5
HeZmoTwa, UL, ZOHMBBHEOKRE A SRR
B L OHET RO ZEI3E0 LT 5. 4, MK
W H & OEF 2T 5 toxin B L OE OB E BRI
% antitoxin D =D ¥ ¥ 37 HAh SR E LS toxin-an-
titoxin (TA) system Z 4 L, = ® TA system 2SR 75 E
G LTWwE I EAVRBRINTEL. B, KEBRT
13 HipA-HipB TA system 2SRIRFFEICEETH 5 & il
Sz, Lo L, hipARIBRRIZE AR & W55 ORIk EE
BT ZEDD, KRIRANIB X OKRIRD & OBFHTTHH 121X
hipBAUNORF OGP RIBES TS, Frid,
HipA toxin & MHEEZ RO Y] ZEEL, S 5I2YjJ X
DNA B X O'RNA & 2 B L, YjjJ-HipB TA system
RS A 2 & 2 L7 HipB-HipA 2l 2 T Yijj]
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PIRIRICE G55 LR S h/zZ &2 5, Yjj] toxin D
FERy, S 52 HipB, YjiJ 8 & U HipA i O HI LA
WS L, YiiJ, HipAlZ X 2 KHR I X OB fifi 73 B
AT 22 L2 HNE L7

7% 1 Escherichia coli MG1655 Ayjj], hipA B X OF hipB
@ multiple deletion mutant % ER L BRI 72, A
His-PrS-tagged YjjJ, His-tagged HipA 33 £ O His-tagged
HipB (& Ni-agarose 7 5 4 % FHIW TS L 7-. DNA#SA
FEERIZ08% T AU —AFINVELIETZ7UIVT I K7L
% w72 EMSAT#H L, YjjJ ® DNA & & B2 51 1%
SELEX#EB LIV 7 MERHWTHR L.
BR-ER YA DNACKE LI E2D, Yl
DNA#G Y Y0 HTH AL EAmEni /2,
DNAM T HEZ R L2 Y] AR MFIIEFT 2 HEL %
Motz koT, DNAKEDYjJICL 24HFHEICE
HTHLIENWLNER -T2 2T T, Yjj]»DNA
KAEH 2 HRFE L, 25bp B LU 26bp DI ¥ & v H AR
%7z, BLRZEVLZ L2, 25bp D T & v ARLY
(21X CRISPRD Y ¥ — MEHIO—EAEZ TN Tz £
72, YiiJ i SIS otk % &t dsDNA, dsRNA B & OF
sSRNA & #5 &5 52 & 2SI LAz KIS, KIEK
ZHCTY[] QLB EE 2 F L7z, TOMER, yil
BIXOhipADO ZFEXRBIZT v ¥ ) VITHT 5K
% 6.2 fEMIM S 72785, yi] B & O hipA 1= T O HMK

BIZEANMEIEB L oz, LoT, KIRZAL7:
HANMEZ, ] B LT hipAWERTHPEETH LD Z

LAURE NIz, B, HipB, HipAB X YD 3 & IC L -
TED X ) ITKRIED I ST L BN TH 5.

BAMEICEPET7 « AXEDFimBED
R —LFERF DR & 7 DHERER

[T VN
BlPNCS 5010

Bl BRI SR R
keita.nishiyama@keio.jp

AN /

BEY - WA BOMEIELS 2 HNICEWT, M

FDCZHAERBBRERD G OMR#EEZER L Twb. ¥
74 AAWRE MCERRBEANMEO—/ETH Y, BN
BOR DR MEMERE & B CHE S 5 2 & S EE AR
WHRETHD. LrL, €74 ZARPBATEDLHIC
EHET DD, TOSTHEREETHICR LTSI Te
v, FExlx, e POMASSEEINZE T 4 ZAHIS
FimME% 3 — F 3§ 5 8EZF VA RF STV S RS
EH L7 BRRNZ LI, ¥7 4 XAROMEIE, #MHE
Bfirp TR LZBRIC O A, WRFBISRER) v —
W2 L7z, $hbb, H2MEOBNMREICHIRT
LACHEEW DS, €7 4 AABOMEEFHE L7 & DG
AT, MEFLHR T OWRKREBBHNLHWE L7z
FHiE BRI A BT HER 7 4 vy —IEE L, T
77 A ROHPLCIZ X0 55l - AFRLL 72, f Sz 45
45 % GAM ¥ #L\Z 3 U, Bifidobacterium longum & 3%
IR L 72, MEBOFEEEE, v Ay yTuy T4
YUB X OETFEMSN X DAl L7z, B O
PoElE, HESTB L ONMRBITICE VT e -7z &
5IZ, WA Y — & v — 2 X BB E T IRBRT &
Caco-2 ¥ HT29-MTX B 2 12§ % #45 ali  F2 it
L7
fER - ER  HERER OMEOFEEEL DO —
SHL, REEMNT 2 AT 728558, HEET IV Bo
—fE (WEA) ZFMETLHI LKL WHEA%
GAM ¥ MR L B. longum #3585 L7225, RE
BAFW LB ORY) v — L2 BT 5 2 LS T& 7.
LX), WEAR, B longum OWMTHFEMETH D L
Ham oz £, MEAFETICB T, B. longum
DOMEMHEIE T (fimA, fimB, srtC) OFEBULHH
CEHHEESh e s, WHAR BEELANLT
MEOR) v —fbLEFLE L LR INZ. &5
2 MRS S B AL, WHAGFET
THEFIZHMLZ, b, MEBOK) v —1Lid
B. longum OEAEZRET L2 EER 70 A THLH L HE
Zbffe, DEXD, BEARFEEREmZERKT 52 L5 T
&7 BUE, WHAORMEHEZEMELT WHA
AR ZEBERBLTWS., €74 XAWBEINS DN
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WA EWEAX N LCTHEMEHAL, BNTOAEFE
HRHNZT 5L\, Fiize L ERROFENIZ O WTHLD
ATV,

ZILXRILT7ILA—ILEEE(LT B
AR DOFRACTE LB R KT DR
M i
PN T3 1 5 0 P 2 0 L T2

mueda@oyama-ct.ac.jp
- v

BEY - B LIS O @ MR LR Wik deE 2 H T
Y, R E R ERERE RO DD L. Bk
VB OB OB IZEAMN T, NA Fafx/ yREsy
IV CRHERG I EICERLEhTwD, 43t
BMWOa-7Vayy—EIEFAL, TVFLVT IV T—
WVECHEILIE 3% DYRFE & BUBER O & RG] 247w, A0
PG 6-2 v — VoL A s LT & 72 AF
FRXHEER TR FEO T VR TV a— L 2 Y
EL, 1TV I— DR — VOB LHREE L O3
W7V a—NDY Fa— ) ORBLEIZ OV THRE L
A BB AR L D N7 & R O VERURIA & b 5 &
EEHWET 5.

HiE AU — v OEBE LI R Agrobacterium
sp. M-I2 ko Pbis Bk E Hv, <V h—=2% FF—L 7
LR LUNC X DT o7z, BRIT1IL- Py —7 7 — X
VI —TATWIE R AR E 137, BB EOS (X EE, pH
R EOFRWEM R YSER, I=HNVF =T (FUSHE
15mL) THro 7. WHEIRAOIERIE, 7/ A AR
THEAMEALIG L %2 4 3 5 Ensifer adhaerens NBRC100388"
6 -7 VA ¥ —Y#{aF (GH family 13) © 27 10—
SV T RITV, WRBIET % pET-19b N7 ¥ — (ZHlAA
A, KB (BL21(DE3)) ZEA L7 Boh7-E
BRI A BT L, A U E SV A XY B
FRREAT - 2. BREEOMNEIE TLC & HPLC % A
W, A OFREIZNMRIZE D T- 72,

IR - EZE: Agrobacterium sp. M-12 ¥k O P& # A IC X
% A0 — VEHEADO G, 40C, pH7.0, ¥V b—2

WEEE100g/LAE#ETH o7z, F72, NV =A% TR
FREL TR TOY v =R TIEIE 25K H O W
RCRAEEIH O, CovEEEEZ VTR —
V1g/L % &G OSEF (20mM Y >~ B, pH 7.0)
THhH— VERBERD G E AT - 72 40°C T 72 By ] BUS
AT o 7oRR, 1.8g/L ORBEMRAER L2, VI
\£87.6% Td - 7=. E. adhaerens NBRC100388™ O -2
VAT ¥ —YHEIRT & EA LRI T O B
fLiGPEA /R L7z, RB L 7Bk o 5ol pH X 7.5 fHET
HY, NV b=APINAZB—2AR LT —R, <
N a— A R NRGR U7z, FOR LI PE o JL B R Rk 2
B L7460, 37 va— oY Fa—L ToORHEEK
EREMALZ. a-BIOp-F VT F—BIZE B0
WAL X3 T v a— v TIikW#EETaH Y, CGTase Tl
tert-7' % / — )V TORBEALHIDHE END DA TH -7z
D, ABEEZE—VOFEFEERGTH Y AR O
bH DY) T =T HEHLATTRETH 5 2 & A3
St ot HHBIE SOICEHARETIURL, 7
7T Y — ORI D TAREIUE R A B R IO
TR 2D L FETH 5.

[INAAEBTXY AT L] FBBADI-HD
HEFHAER IO — AWHKFEZD
EETENHE
D = 5
KBRHF SR PR B A iy BB R = SE R

kataoka@biochem.osakafu-u.ac.jp
(N J

B8 : 7va—2AfikFEREFE (GDH) 2 k4 7% NAD (P)H
WAVE OB ICRERE L MAGDEL 2 LICL D,
WRERITY AT AR SINTEBY, L bEMDIE
HPET B ZANOIEHPHE I TwD. —7, Fico
FEALRICREE AL L, T OB/ B OWYEDL & o
THRIESUSFM IR TH D720, BILY AT A ONH
W2 ED B 2DICRELEVEET TEVIEEEZ RY
GDH @ £ Ik 252 B & 72 5. Bacillus megaterium H %
GDH i JUSTEICEN-E TH 5 2%, BIEFHBIZB W
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TEREUEIF LK T T5 2 MR SIN TS, £
2T, AW7ETIZ, GDH OWEAPEIZ BT B HlilE % 1T
ARELTORMMEOM EZBME L, BUELEICBYT
BB EZRIZ U ® L3 5 M E A 2 7z GDH ol
&R A7z
FHiE Ty AEREAICLY, $AR GDH X b Bk
PRI B 2D RV KIT9Z 2 GDH 2SR s h &
L5, K179 Sf1ZE SR % 3 U R S 1F F C ol
ARG L7z, 8518, K179 fafiZ Ao CiiiE
LEVED EAAE S N7z KIT9R ZE 54RO W C pH A7
P, pH 2 ME, WIEMRAEYE, B etz ow T bt
L7z, %7z, GDH OREN EADT T a—F 00—
LT, WMEAEHET 27 12=y MALOME/E
DAL O NG, 2T, 255 FHOE) vk %E
VAFA VICEBT A Z LI X B B megaterium H %
GDH ~D5ZE 2 Wi L7z,
fER - R K179 AR Ao pH 5.0 1281 1%
WE U7cah R, BAm & i LR BISEES LA 5
IO BERKIA SN h o7z KIS, 0CKRU3TTCT
DEFENZ BT 2 BAFHEMENE 217 o 7o R, K179R 4 5
HIZOWT, 0C, 37TTHEILIIE L WG F 528
o7z, KIT9RZE AR D W TR MG L 7228 5
Bz PEIC DV TR 0~ 40°C D #IPH THRAFIGYED L5
HHE SN, HMOWEIZOWTIIETAR L FEETH
B ENWSPE R ST

— 75, S255C 2% GDH I22W T, ¥4 %I GDH & It
B3 % Lk pH g kol L S iz, L
L, BEMEHEBICB VT pHREEOM LR SNz
LAb ST, Tk FEKE B ) ERYE pH T O
W A IR N o7z RIS, eIV T
STCULOERETZOREEDIN LR S iz B
A7 GDH %°37C TR & {BRAFIEMEAME T L 50C T5%
SZHAET B DITH L, S255C 2 BAKIZ 37T CHES D
0CLMBEDEEZMFFLTBY, 50CHERDH
79% DIGVEE MEFE L Tz IREREREIZ OV T,
60 C UL FIZB W TR AR IEER s 5 2 &
DR S 7z,

AKBRI I —RBICH T SHERERE
X TCARBOENGT -
MEZHBZ A v F 2 THREOHEA
o 7
T SRR BT 8 e FE bt
kntanaka@res.titech.ac.jp
- v

BE : NV a— A2 a0 TRBNER#T L, 7
WV T — 23O i TR O T A& P L RSB 2R S
N 5%, Z 1 Inducer exclusion (2 & % 7V a2 — 2|
fill % cAMP % 4 L 7z Catabolite repression {2 X ) Fil] &
NTE7. TITHYAFNIZZ N T — A EEHERIC X
DULE YT THRESN, ZORKEBSIET £F )V CoA
ERECHEE S L TR CO NG, SR EREEA —
W=7 u— R EIER, RIS RE LR OBZET,
COFERRA — N =7 0 —RHFORBT LY 7V T — AR
B — B e B R OB G A b AN 2 B 2 A R L
7z. cAMP 2B b 2 FBFHMIE Z 21TES5 LT 6T
POBLEIEROIFAEIRIZ S N2 L, R TIRZ
D5 T DT 2 1775 - 7.

HiE ARBIETIE, REROZ7VI—A L MEREOT I
VR EL MR/ TON y FRERE Wi, 2
TRV T —ADHBE SN, HKRT I /R, —
HPE S N7RERRONI R FFE O ) B2 5. K
B OEEMEE LTIEKO 714 ~, #HETOBREEHIC
X ASKA S 1 v &7z, SWATH#:Z & %5 7 a5 4 —
LPERTIEHK - HOSE R, FHEUBEO I
X757,

BR-ER: v a—AMigniio s 4 3 2 7 TRER
AR, B X OWERE A — N N— 70— % K pta ks
RiRZEIILL, HRAHREOBES 37 B2 iR
BRI O T A — AENT R AT R 072 TORE, 3L
AEDBEFEITGEVSAON 22572~ T, ptatkT
& AceA/AceB ¥ v 37 Em (7)) 4 F D OVIERREIEEESR)
DA, AceE/AceF ¥ ¥ 37 B & (EVE YgEFe §
o —+ :PDH) ol sniz. chbidz
NZNICR, PdhRZ L 7L v ¥ —L 3540 L IZH
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FNCTBY, HEOWHRTFTHLENE VRIRED L
HERBTH/EEE Lo TV 2512, ptaZRkD
HCPdhR Z B S5 ERE TR/ 25, *E
BRI 7V a — 2 MR O Bk SR L 72, o T,
WA — N — 7 0 — ORI X DMl E v e »
BEAERL, 22X ) PdhR DA DI TI2H % PDH
DOFBIBMNT 2 2 & T, 7V a— 2B OB AT
EENLZZEDRBENT

INFTOMIETEAIE, PDHE2-FFV 7V 7L
E7 b FasF—+ (OGDH) OifPEASHEA i Hl4
ENDAMEHRTEZ. £O—JT, OGDH O KIiEkE
TIZ7 v a— Atgk oM eIl HEINL 2 L
BIEELTWE., IhoxExGbYb e, FEERA —/N—
70— R#EROKIEIC X 5 PDH%EH O FA1E, OGDH
OIEPALBLE % 4 L C 2V 2 — ARG # o8 % Bl L
TWhHIEARMBEND., 2D T, OGDH ED X
HIZLTZOMAEZFIHML TV B PIIDOWTIE, BFES
5% IR HHESTHRTH 5.

BAEMBRREND RHBERICET 2HE

Nk EOE

SRR B A A BRI RL = I e
sec.mmb.tsukuba@gmail.com

S /

B 3> 3 7316 O KMEERRIZ L~ K2 b
F—a Sl eb 3, BUETIEEERE L TR
THWOLNRTWA., I aTDEREFIFER) v En
ITNAVAL RTHL. RO #ERhDO N4 128
SN, F7z, FRSNTELICOELLTERY Uty
DEHRH (DR SNLODPEEELNVTHTL
LRfRIE . FITRABENRY Y EEL (O T
LA ERE L, T OMRMEEE L FE LIk W5
5T ERHME L.

Fik:ER) Ve B REE T2 TAETT %
WA (Noddkk) »5, WMERT ¥ E=Y AkEB LT
#HA T2 EH V220w b5 T 4 —BECX ) R

) VREEROR R A T o 72 KR LBROMEE O
fEdT B X O, BER O RMRBLE B L7
R EFE: YFEETIIERY Y ELMEw D 2 2
V== ZICEY, ¥R VEERY VBANEGRT S
No.14 ¥& HEE L T\ /e, REFZETIEE S, €Y Vi
EEHIZELDETHAS ) b ) —2DRISHEN DFEZ
o7z, RIBHEWICT I VI5Hik3E TdH %5 NBDF % 1k
HERHRIT 2T, ) —2OSEWIZEX) ¥
VTHHILEMFELR K, EXYVEEXRY U
EERY T UITRH T R ORR 2 AT Nold
DYERY O RIETEIERE LTI sz 720, B
5 & ) SDS-PAGE L TH—127% % F TE R RHEE
FORHEIT, ¥ 35kDa DREHZ & [E L7z, REEHE
DENRY NI 5 K 3O TR Z E3%hH» D), W
INEER T D 2 AR D BF P ORREOE ) v & b
TS TE S Z EpvRgsniz. Fiz, K5 FLEW
DEEFETENDREIZOWTIZ Y AT A VBRI —
BOF L — MIDPEEERGELHET 2 2 Lbr o7z
T, ABERONKmIBST I BREVOHHRE b
L2 No 4 bk D AR BIZ T2 ME L7z, KW B X
O 2 4 2 & U CRBESEBL &2 A 7 D3RR D 58 Bl
B L OTEPEIZ AN, §28 Ll L b TR sz o 7z
ARHFFETHE L7z €Y RO RFE R % 4H ) B
FEXRY YD3MT I PG ZIAKGES R TH -
720 3T I FRGREREFIOREFFML T awn
7INEETHY, 70 DT I KBRS F i
AEBETH2HECLRONE. 70 Y07 I K
CROND3IMT I FiAIEXaa-Pro7 I/ RTF ¥ —
BIZEOIKRAGEEIND 2 EHPWESN TV LA, S0
xR LEH I Xaa-Pro7 3 ) RTF¥—¥ L ik
7 3 BRI OMEANED E VEETH > 72, KRR T
LEMD3IMT I FREEZ 0T BRI I NI TITH
BN, RRIZBWTERY U3 X5 1
TVLONEAHTH - 7225, REIZEIC X D ¥ THEH]
TAHILENTE.
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e N\
PET 9#& B3 O structure-based design
Lk 2 EEELEICRICEY TR

f H & ¥
PAE RV N PN o A SRR R E e

oda@kpu.ac.jp
- v

BHY © AWF2E%F % @ polyethylene terephthalate (PET)
95 f# B 3 Saccharomonospora viridis AHK190 H 3% 27
F—+E (Cutl90) 1Z2>WTC, AHFFEHGAR IHH LT
W72 AR DAL O FEA 2 S T e AU L C
structure-based design (SBD) 2 & 0 E#kAEAL % 17\,
PET M TRBEPET ) %4 7 V~\DJeHZ Hig L7z, &
WETiE, EICUTOZHEAOMYIZHKE L. Cutl190
O R R AR D 1O S226P/R228S 28 F44k (Cut190%)
IZoWT, HEEHEOEAEROKMMEEZHIHT 5. 55
N BRI E, HEEREMEZ S HIZH RS
TERAZARL, TOEKRRILERNZBNTLE LD
(2, PET ORGP 2 BEET 5. Cut190 % Ca* 12 & 1)
WAL, ek A2 EICEHLT, TOERNEZMOE
B A & ¥ OFERMRR S B £ 2 TR 5.

ik Cutl90 KA k%, KIBWIHBLR 2 H v Tl
BL7z Cutl90* OAEER S176A AL ¥4k & % FEILE 7
FuroEaheRitl, XElEmreTo7 1%
SNSRI &, T (MD) GHRE
2 & D BB A D R AL & AT L
Cut190*S176A @ Ca* AN FE ) L ALHAE 2 R 9~
, REER#ER (DSC) WX 2T E To L LB,
Ca" UM o Ml &8 4 & ~ (Zn*, Mn*, Mg?) 2%
Cut190* DIGFTEALIZ B AT B 2 5FAM L, S5k i By
il (ITC) THROLNDLEZEEI/A + ¥ OREEIIFER,
M=k (CD) MWE TR OB A g~ 2
LR, MR L7z

R - EZE Cutl90*S176A & Ca®* % 7213 Zn*, KO
monoethyl succinate ¥ 7z |% monoethyl adipate & @ %42
B EHEERNT 2 1T o 72, A S N7 TE D S s R
IBHI TR & & 2 5N B SARME & & S0 e COvE L, MD
FHEFBREDDLET, EBEA A VI OIS P

O fil i SO BEAS 2 $208 L 72, X 512 Cut190 £ FE 4 Fk
ZHWIIZE % B U C, Cutl90* DL I EkRE L L 72
FARZNUTT 5 & & DI, FEMEE T 2 L72BE
D Ca*' fi G AL D 4 DN 2 W L 72, £ 72 Ca™' i
EIHED E L DSCiMT & MD Bt 5, LEfLh
Cut190 & 1 E BB FI2 X 0, 5T WA <
olzZ EITERT LI EEZHLMILI 51T Ca"
e, MoTflieE 1+ U EE XD 5L, 205w
fiEAHs, Cutl90 & B OB 2 Mg I F S5 2
Rl —EDRLNPS ML, ZOFRLD SO
BHICHEETH D LARB I NI

EEOINX O TEERICELIET R
NAFRBEET O ZDRERE
X H & #
LKk b TR Se R

i o 8 il R I Tk g > 8 —
otam@tohoku.ac.jp

\ J
B&Y : ARWIZETIE, 2005 OWEALD X ) ICHREHRas
A AN (BALKFR) ZHIMT 2 IV F > FERE LT
I s ke & kA EE L
Botryococcus braunii \ZHN@/M R M) Fa vy E%n
SUWAERET HRETH Y, AESINIA A Vidaa=—
WICEICEM SN L. BBSBIROBICATA N7 T A
AL CHENZ 2T 2D & F A VDHEBICR T 28T %
BEBETES. ZOLHIMS2ONIZMATEHA VE
BINLR T 52T, Mgt EffsEIRETH
ANDORHZ MBI TE 2RI H D, Tz gk
THILEHME LT

HiE T EBRIE, RBEKRELY 5SS NI B braunii
BOT22 # (4 4 V&A% 0.189g/g-dry algae, W AKF
WE13.5um) B E LTHWE, oo —FE—i%
WZ50umBETH AT EEZEL, SHIZTa=—TH
LTRWEEINZ 52220 T 4 YIEDRRWERIFE L
T, AE175um, BEX3emDF v E¥5 ) —F 2 -7
FEAE % 5~ 120cm®/min Tl X & 72 B O 35RTIS ) %
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FHLCau=—%@i L7 &8, a0=—@ikoif
i1 = 0 = — T O BRAR O PR 428 2 E 5 5 1t
AW & S5 n-heptane & KK L TR
FE2EHEC 5 RIARM L, 20min, 300rpm (2 C [ul 4541k
L7212 GC-FID AT L D F A V&R ER L TIro 72
ZFOBE, F A VEGIE BOT22 %RORE R EEW TH
B hAbAKRFEC,Hy & L, A A VNINEZHWCTao=—
MBI LA A VORI Z -G L7z, 2B, @RS
121% GC-FID % i\ 7z.

#5E8R - £ 5 Reynolds (Re) $4HI Tl 4 4 )V HL
E LT 24T, PHIMLRIRS L. 2
USRI 3 2306012 K ) a o = — 23 s
LpIiTau——|lNaInTwicH A vl sns:
2oz B, FEE, 120cm®/min B IR 0 BT
GEBMERI Nz, DL, KEodgtaon=—
Rk L CORRMIRIBS Nz, K7L ARk
7% 2 =)V 7y FIZIF T, F A VIEIERO Re 84K
D — AL % ATz iR e & O FEBR G2 B S,
FReBUSKH LTAHAVEIREEL Ty b T5E, + A1
VI Re UK LTB L Z Y 7 €A FHlOKRT
HPTELZ b h o7z, DLEX D, F A VI ZEE)
PARETFTIVICL ) PRITE R R SN 2D
—Ji T, ARER R I TR BT, 7
v 7k (WE) %4 LRVHELORESLETH
LT lWbhrotz, TNED, B braunii RALKFE O
e 2l o W RIE S .

13-4 —ILERILEMDREEEREIC
BT Z7y b7+ —LBBROBE:
BAFEEE,LSOO Yy h77TAXT 2 B
BIER{AAEEEA Dk

BB

IR AR A BB R JE 7
nkataoka@yamaguchi-u.ac.jp
- J

BEY 4R, RRFEEEREHO2D, LLERD S E
SN B TR KV EET B2NAF ) T 74 F

D —HIESHER P THESI N TV S, TH)vo TR
b AT, EREMICHAHEOR JERRLE
W 1,3-75 v VA= VEERL D B AR O
At KIBWNCTOREZ S L7z, AT, ML
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fER - ER BEOWT, BMLMH (pH55) THM
BBLGEICZ VI - Ao TtESRIE S hizZ L
5, TNEITIC, BEOMRMALISNE LIRSy 7
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R S DREEA F YOI ARICEDE T v A
K= =%, BERMEBISRIEL, SRR ST~
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FERFIL P O TRV % B (S 3 2 B & B2 i)
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L7225 T, 7aua 7L ¥ oM (3H) OATH-
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R ER RSB ZNCHR CHBEREICX Y, 2
WD T x5 ML YRR & ARO E L 2R O I
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ToREMR R R AR L 2 A, MEMMT 2 IEWREEE
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FHLTw2b0LEzON/ F72, WEHITORHR
2O, HERMERHORE WS 2 & T, A%
TR S NZ2AFEANE ) 77 b b — 2RI & BRI
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7z, T VMHE 2L DNAZHBL, TAX TS
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OTU (Operational Taxonomic Unit) & L7z, AfclE
(213 RAXML, FEEMATICIER Z w7z,

IR - ER A28 0TUSED SN, TEIKRE, &
BER: 28, BRBIDNAMMTcZhZh 10, 10, 27 OTU %
ML, 2095, R DNAMRIT DT FEZAEDO R TH
HEN7210TU 2K §XTO OTU 2 L7z, Rk
e DGR, BRI DNAMIT NI b S hk e Rt & Mol L
TV I EWHholz. TNHORENS, ShItEKL
723 DD FEO R TII BRI DNA RN A5 b A%
BRPERRINGE T 5 2 LRSI Nz, £/, FEETIE
Mol & 9 BERS 28 B DNAFRIT Co A e %
RABMAE R S N, — SR BT
T LML L EELRMTH S LRI hiz. 2
OFERD S, TEAEROBHIC L 2L HTER TIE RO
FEAEZIEE L 2 WEERK L LK E LT E L ReEss
s s, BoNHBICHEDE, Stk Ng
T A% HE LIRS MR, WA B RIRKE
MR 727 %% 27 7 7 BoORGMGE, LS EY 7 7'a—
F L BB DNARNIIY 7 70 —F OW 5 ORI 05 i 7z
HEISMIEIC O W THE LT,
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KW &t 77 AR oML, MREx T
M G EE) & 2 DAMIl DA & v 5 Z o ik
WCEDEDLNTWE, I OORICHE - Hik%E
WY TG LB EIPY, ZZIWXEXRTF T H V8
PIIET 5. T oifaiEiigid, HMliEwTH 2
KBWICE->T [ EAREFTEERTHY, ER
BRBCAAET A AEEWEICHN T 2BEREE LTl < —J
AESE LM & ORTHE A R R TR AR ISR ) L
D324 8 LTHEEREH RS, MaREORE 2
ZALR KB IN T OEGHORIR ORI, MiaEEo
WG HIRIC S A=V & 52, Zhs, Hilukkse, Ow
TIEMNE DAL BIRICERA B RIFT L H 5. A
falzZ o k)%, MEBORE (A ML) ITHIBT
L7202, BED [EBAMLASEY AT L] 2z
TWwa'2 ZOHT, FKEFA ML ARERKIZ, £
& L THMEDORERE - S OMFFICEb - TE Y, Sk
EORNT 2O REITINE LT, S V87 Ho
EENHIL, T/ TuFT—EROT vy UE
T Aia B RE R OMEFRIZEE b B Hk 4 L BIE T
BHEFUT L, K213, SEBA L AREREIC
B2 7ur7—tYoREICER L CHIgEZ#EDTE
D, 2012 4FEEFEEERIZE AT O KIUEFZEBh K & 5200 ¢, A
LAY ZFIVORMBHN~NDOIRE (L 7y ) ICBb
5S2P7 73— NI T2 7 —€ RseP &, A T
VARBICEDFESNTHESY v 7 Ho B
(77 b+ 7y M) ICEbBETaF7 —EBepAlZB LT

LB GHRRE A VA - B RER e I ER

E-mail : yakiyama@infront.kyoto-u.ac.jp

EFFIZEE OEARE) @ BBl e, Am GF3E) F5, KM
HERRY, MTEEEE, KB, msEk, b
RRA?, HEHIGWE, Trevor Lithgow®, #HAMH",
AT, EAKRMK®, MM A®, Mohammad
Shahrizal®, A7 RAE, RIGRW, AL CHR®,
BT —ERS, AR Mo ET

("HIRRE v A VR - FAERFHERIZER, R LR R S

W A= iy B BF 22 0F 78 B}, *Department of Microbiology, Monash

University, *FALERFZETBRET G HA £ %E L v ¥ —, &R

Yy e S N o i N o 8 e S S0 ) v SR T i N 2

BHFER, 74 R RS R b K W LA R 7R

7B

OWFEE B TR o72°% ARgTld, BIRAFED R & &
DHEDIFFEREB IOV T 2 /5 5.

o FEBA ML ARESREOFEICED S
RseP OB 385 - Pk

ERBA NV AREIHLIEGRT (sHF) Th
bof i, @EIZ1IRBEEEE Y > 87 B RseA D N EK
UM N A 4 ICHSE LT TATEME] RIS 22
TWBH, MSEEIES 7 BoER R E0EE
APMLRIZELEND E, TR T TR LNANGEELR
% b D7 a5 7 —¥ DegS 5 AL X T RseA %
NRY T ALPMBFRTYML, Zhizsl&4&L LT
RseP 7% RseA oI5 H i@ I8 % LI W9~ 51567, RseP 13
NEIWF 71 7 7 =¥ D—2 T, BRI 2R BENERCIE R
) RTFF RENRSHRST S &) Hi# %D, RseP 2
L2227 % & ReeARBLE N 2 £ & oF OBAIER
I S BEIL, ALY RseAMINBE K 4 ¥ 2siia g
TuFT7—BIZEDHEINT, PR L AIREE
fZF DB M) <2 RsePd, DegSIZ X 2EIMiTAL
72 [ RseA 7 p 4R | Z Y)W 9 % 2%, DegSIZ & 54
Wiz A%y 7L CTaRDRseA ZHEHEYIWT 5 2 213
P56 DegSIZEBEA ML ZADE V=L LTH
{720, ThiE, A LRI U7z o OEMAL % £ EF
TLOOEERMETH L. Fa TARBIFZEICB W
T, RseP D PDZ F A A VIZHE % YT TF DR - 1
O EITV, &R RseA 1X, TDOXRY T XL KA
A Y H3RseP DR 75 XL PDZ KA A v L vifkEER
HZ T 720, ReePE K A A4 VINENICHEAET 57057 —
BRI 7 2 A TE RS, DegSIick )X 7
F ALK A4 V%YW S L7z RseA 1 RseP &R H]
FELUIMSNED X% bZ L, HIL, PDZ KX A
AP AR T T X NHBIKTT S T A RHER T 4 v
F— L LTEHL L THREDERNE B2 H 2 L it
M L72%1%(Fig.1,(1)). L2*L7%% 5, RseP DI 2R -
BANRZOBEDOATHHTE 2 0O0IEIARHTH - 7.

[HEDMERE] RseP 258 S2P7 73 —7 057 —
Yix, —MIC2MP s o8 B (NRmEMELIE, C
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Kz X)) 77 XLZEINS 5 1R EEY S > 8 SE B AR OR R L BRI S Db S FAVRIR S

B) #EETL. RAGCOWEERTZITAZY — 72 (Fig.1, ()", W& ¥ o3 7 B oo i B s As i &
VT RAT, BB R RN L DT R D T HoanN) vy AR Te T 7 — Ik 50 E =TI
LA, FOB/FETNRY) 75 X LHEBETREF 202 1 v, Fox OFERIT, FEE OB E B HEUI O IRRE T,

s X7 THo>ThH, ReePIZ X UM% 22w BOIEBANT ¥ FAIIBEREIZ X ) MRE g-loop @
LOWHAETHIERM L B, Eilko+ 4 TPER: AT Y FEMEAEHL, B &R S THIR
74V y —REREDANC, R R - BT 5700 EH)THIELERBRTELOTH L. 512, MRE
WAL T A 2 EAURIE S 7z, ReeP D RRE# XA B-loop IZBEHE L, ReeP % & S2P 7 7 I V) — NI T
PEARZZAS, MR O R E T 7 mjS2P & & O A3 Tu7 7 — ¥R SN EIE (CIN 8 & 46T 72)
LI TWAHE miS2P Tld, BRI NI i 3 DEBAIIBCHL S N A FLE A LY, R IR m E

BIGVERACBEE L C, 2 KD A N T Y RS bV — BWMEMEENT A2, ZOERI L) EE O
THE#E (MRE g-loop &%) 2FIELTH Y, RseP (2 EIXNBZEHbhro7 (Fig.1,(3)). MRE g-loop D
BT ZoOMEPRASNTVWD LTSN LR CIN IO AR & M AR bE-FEERENS, Kk
KoL, COFHHIIEEER G T HEEEE R T HIZFEF$CIN EHMEMEML, Z0%IC MRE g-loop 125
fENT 2 D 7z, FOFEE, MRE p-loop &, Z5E O YT JEIN2DOLEEZLND. INLOMHEREPL

WCETH Y, ZOFIEDEHINE OB E @S & AH RseP ®3E 1%, PDZ K24 », CIN%Hi% MRE -loop
ER$ 52 &, F -8 4 o H8 5B 5§ 5 38 % MRE BT DHEBOF = v 7 RA ¥ b EMEREE TR - B
p-loop DER % AL b EN 5 5, MRE p-loop 2% Sh, YrshsdboeEZTw5 (Figl). Thb

(1) Selection of substrates depending on
the size of their periplasmic domains

R P Non-substrate
se (e.g. intact RseA)

(

Substrate
(e.g. DegS-cleaved RseA) —
Periplasm
2
o©
MRE B-loop -g
(7}
> :
@
c
£
Cytoplasm
CIN
[Pathway of substrate presentation to (3) MRE B-loop-induced ﬁ\
the protease active site conformational change | |2
of the substrate (o B
transmembrane region §
>
—> —> o

\Substrate i ) Interaction with C1 N i )

Fig.1. Selective substrate recognition by RseP
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HRMEDLTETH 5.
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PRBFAMLVARKICLVEEOMBER T e T
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BEETLE, TNEHFE - BrETLHI 2L LM
O LMD, BepAldsrF vy Xu rHEERE (LptD
TRy 7T —EH) Eruar T -k (TEr 7)) —
e 1ptD O R) O OoDREERObDLEEZ LN
5. %72, BepAns, AEICHETET S [HMBESY 37 &
M AABEE (BAMBEGHK) ] EHEMAERTLZED

TPR
domain

Protease
domain

Active site

ALY LA L7%a2YS, BepA2SHifiiz L€ LptD %
BAM &R EMEAEH L, 20451 v~_u v Ktk
& 7a s 7 —BEREIUNIC L TRV SR Dhs
DFEANIAYITH o 72

(B0 R] 7 3 7 BRI OF5E A 5, BepAldN
KMz 7ra 57— F A4 ¥, CREMIZTPR k2
A v aFEobo NS 7z, TPR F X A4 Y iE—#i
y o8y B EAEIZED 230 5 2 0FEBITEH
L, TPR KX A Y EMENEHT 28 v BRFET
572012, TPR F X A4 Y&zl e LT, R
19 in vivo YCZERGEER % 17 - 7217, A B9 in vive 6
G TIE, AEMNT Y Vo8 BRI EEH 2T 2
RFRIE L RV D IREETIRNTT 52 2 L 5TE 5. ZOfR
A5, TPR F 4 4 » i3 LptD % BAM #i &1k & 4446 X
NAHZEDREN, IS EDOHMEEHIZEH L Z AR
BEnz F72, BB OEREN S, ZOM
HAEH A BepA D13 ¥ ~u v kikkRE, o5 7 —+¥
BREWTFNICLEETH LI L RSN BAM #
HkiE, Tyvrany bR ofiEz b b (Fig.2), 4t
PR 75 2 LT 7 vy hODIZICY e B G AY
VY 7RO IS, T4k, BepADTPR K % A
ERFEH L T oML %A S 212 (PDB ID
5X18) L, BAM #&MMILE T & O 4UEE A2 TPR F
AL UREE RISy Y S L EORRE, TPR F X
A U HEFRBAMBEERO ) ¥ ZhiEohiciiiA LR
BEELLOEHESNT. FOHK, X512 BepA 2tk
Mk DI D BT L (PDBID 6AIT), BepA 341

Outer
membrane

Periplasm

Fig.2. Structure of BepA
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ZOWERCHRGE 5. AP oOAR I ae=—TF
B cfu B HRDZONHETH Y, MEFT [HET
Wa] dldau=—ERkEFEZFETH o7z L L4,
HABRBETHEETWANZF Y TDIFEALIZaO = —
EELBRWIZ ERMONL L) IChoT2, HENICaT
=R, THEETWE ]| & LIGE) DICREDOHR
WOT DN EHR E L THIRINT I had ol A%
R A ETOHOAETRIE cflu TEHRSNDDT,
WHEICIF 100 B OB AR > TV B HEMEND %A, [18
R E LTSNS ZED% L, Koo =—H%
PIEWLZBORI & ZLF L AmIhTwiwn, &4
oo = — B RN 2 A TR oMEE LT
A, A== N WERKO S ROl a 0 =—
B ORIRRE T2 K72, F7-REINSEFEO a0 = —I
BRI T 25, B A ML ABETH S 2157

an = — 2R R R AR

a0 ==K & o TIA  EELMEIRTFHAAFE LI
HHHEHIE, T =R ENEWERESI KBRS D A
ONBITTTHSL., L L KRICEEKIIao=—-¢ L
THEEST 2 O THEFENMETH - 72, BB CIii
REEHRA AR Tan 2 — 3LV S L ORPESND
DT, WRREEEZEEICLCaro—2ES R WERK
RO RTHROE, KIBWOREERZHEER (ts)
¥R cfu & W AKK 2 TP mpn (most probable number )
WCHEH L. ZotsHEREER T —2ES %W
DT, [ UIREORMASE TR OWMZ 2HREHEER LY

#2600 kA & M FE L 72 KB o fabB™ ¥k % 712 2
R BEL 72, FabBIZIEMIMEA R OMAE R T, &<
WCARBIAR I A IZ B EHTH . Lo LtskRiZE
B leaky TH ) & 7 AHIZIZALHEZEBANC & 2 AT
SEOEREFFODOT, O THEMMD S fabB O AKX
K L72AfabB¥%E, T LA VBEAE# ETHERL 2.
CHEA VA YBEINZ %\ L-broth EREEH Ta o
Z—RES WS, R TIE b Tz .
L-broth O £ 2 12w O BRI T, £

BRI+ WRORSE R BRI U R 2T e R ERT 78
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SIET AR AR TIIN 2 B LRI L 72,

ZFITHYI IV — AN A v, e
F VA BRI O RS FE & RS A2 1T 5 B g
P L2E A, WAKETIINZ 01, THa—
AT IO APMBZOL O R SN
o7z (Fig. 1). SIS X ) KIGRIE, AR
PRI D, FRICEREETORMAHZ 5 b 2
EAHIHL 72,2

a0 = — 2R S OYLERY

BRI SN, MEREHEKTH S, TAERK
B IERBE SR TE LD THRIEHTD Lz
. AL, b UBHBREEIRETIUIE D B b0 ?
ZLTHDONZ 7)) 7 TIE?

() BEETH L abBRBIFES 3 & BRI
L 7= fabB A% T % miniF 7 2 3 FTAfbB HRIZHE
AL7:. fabBEERBEIE L a0 = —ERHE X
WARRE R L [ 7278, fabBHRBLZ % & § LilifkiE%E
CHRTau = —EEHENKE S E L. BAER
TH, b URNEBAEE s AL T Eae=—BKL
W B LHEETE B,

() BRBRETIRIEHBRZIRED © KIEH 2 KEHILK
WD & cflu DRAMIET LT L. 2D cfuill

101 1010
© Solid medium g Liquid medium
%_ 10°| M9CAGIc-agarose =108 | MICAGIc
= P
© o]
g 107 108
2 Oleic acid £
8 5 100
E £10
= (6]
© 102

L 100 N
0 10 20 30 40 0 10 20 30 40

Incubation time (h) Incubation time (h)

Fig.1 Cell proliferation of strain AfabB in M9-Casamino acids-
glucose-based solid and liquid media containing 0.01,
0.075, 1.0, or 20 ug/mL oleic acid. After incubation at
37C as indicated, cells were collected from each plate or
liquid medium for counting of colony-forming cells.
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ADOFWREEWICF VAL VRERINT AL, a0
S—HBAEEICER L. REBEIZEAEKRTY, L
fARTE O HARBREL CIXEBICIRIIM R ZIREICH 2
LHEETE S,

(3) EFITOIEMBEMEE T : FabB 2 HE$ 280
EWEE VL = V2 RBRISMZ 3 &, WkERED
AFHEBEICIEN a0 = —BEHENKRE L TR 72
COHFFEIKERPDANCHIRETE 5. MEEIIE LV
L=vab 2 Th au=—BEAHENIIHz s
72 (R TOREAY X FabB T7: { FabF). JRIjwE
B RO JEES Fabl % LET 2 5UHA b 2 oy
TY, KBWZTT% < (Fig. 2) MiBER= 2 1) AN
7)Y ATH A =PRI SN,
ZOMIHENIF L A VBRI THEY S h.

@RRABE LT HAEgmmEs S 1/10 8 5
Lbroth 7 70— Z P2 fio Cam = — Pl &
HHER, 20ug/mlDF LA VEEESVI LA Vi
EIMAAE, au=—H28BIc kR L. AUk
a0 = — DL HEIRBIBOBRINTETLTES T
NEIGNE 2 1 ek R WD E A D TIE %, au=—
BEBEPRETENEEZOND.

Dibadrs, N7 7RISR ZICR b L a
D=—%2fED 12 <2, HUREE CRIFRAZ A 2
U= —HIKTO—HTHh 5 LHE SNz, R
NCHEABIHATIZ 5N A HER, EHZOEHREFI13k
FTH 5. AT B ARG O VE 80 20 ug/mL
DT OARIREE 2 DT, FEEROFERITEH§ 255155 124K
HF5HTHAI.

__10°

-

£ 108 =]

2 107

8

o 108

B 108

p=}

= 104 cfu mpn

O1m o
102 i | | n=3

Triclosan 0 005 0.1 0.15 0.2 0.2 (ng/mL)

Oleic acid = - - - - 20 (ug/mL)

Fig.2 Comparison of culturability of E. coli MG1655 in solid
and liquid media with reduced activity of enoyl-ACP
reductase by the addition of triclosan. cfu and mpn were
determined after incubation at 37 C for four days in
M9CAGIc-based solid and liquid media containing
various concentrations of triclosan as indicated.

A0 =— %S % BB SO E(E TS

BETCcau—HEMNMETILREKNE, Ju=—%
RLFZFOTTO—F oo/ RFHLE LT, ag=—
TR BE O HEFE 21X 458 & 13 B DU E DB AR T- DU EE T,
IRALEKICE S & ZOBIE T O WP WET 572
DAV HEMET LTV THAHH, ZO5HLME
b hid, ERAEKICL T oo —BKaED iR S
HOTIEBVIEEZ. IV BIET2/LT20,
KB OEEEF 2Ny ¥ —TEFsBTE 5 ASKA 5 1
77 =% i,

ru— Y RRERELZOLIKEIMICET E, $
Hoao=—EEEMET LTI -T, aa=—
TERCRE & R0 HIWBIE T % 56313 2 Ml v Tl
S Nb., MareBEORRERIHRIHEON, EFY
LKA N L AR < 55 K] T RpoS D F B D & F
NTW72s, —FRRFE D o 72D 13 cAMP O 53R
F CpdA DREJIRTH - 7.

ZhFau = — TR EEDOMERFZ, cAMP X~ F A%
HEWHIZEEALI)D? cAMPIZZAHACRP & R4 L
THMEORERH 2N T 5L REEEHRT L 2575, 2
OoZ—BRICHDHEGS LTV DO0? ZZ T AMPO A
I S K AE R AcyaA & CRP RAEMKk Acrp iR D L, W
TN EEIRICE R LT oo = —BkaEr 4 K
TLZDo72. F72AcyaA PROHIE 2 cCAMP % il
Z5E, TORBEIIS L KRR L >Taue=—
WA T4 5 &9 2% o7,

REGEY, AR LVATTHau=—JREOMERRCHE
rpoS D X ) HBIETIEWMN T & 72285, cpdA ZEIED
ES. AMNLABIC IO = —IEE R 2 RIS TE L 34
HADENLTWT, ZDAAL v FThbHCAMP % 53
BHOCpdAPE L7256 Lv., —KIIRALERF Ica o
S—IRBEED R o TV DI, LELEIINIbNI
T E PN, R 2 EAE D 728 cAMP A% [ 4411k |
ERMIICHEEL T2 L) 7 BBoLEEE B
ZFH LMD, FOTFHROAMAICEEN T2 5.

I BZV R CTHEEEFERTLOEBINFEL
WA, FOHTOE BRI D - 7R &b ITxt L CTHFZER)
Wb o/zZ LI K D EHB L F3. AWFZEIE, B
KPR R AR IERE O M D % { DFAFHR DY)
L—TiHd B 2 EATEE L, ASLOFPHIZER D ok
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JLF s ME—ErmERr G toF L.

1) IEARFZ: au=—EKO#ELY, IFO Res. Coomun.,28, 15
(2014).

2) Nosho, K. et al.: Microbiol.164, 1122 (2018).

3) Nosho, K. et al.: Microbiol.164, 164 (2018).
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ANDONAFRTZ )= g YOS EAHTIUE, BEK
REEFEYF LT 5 Se # B A ICHAMMEICHINTE %

FHR © SR LA iR

E-mail : yamashi@sic.shibaura-it.ac.jp

RV D 2.
At U v A A o33 T AT

L UK FHWT, Ly St ARIC BT
5 NT1 OF: # Rl bR 2 1T o 72, & Of REFT IR
38C, pH9.0, ili%i & 1L 'min™!, #HHESE 250rpm TH -
72 FEBEK & VTl b4 T Se ZALBIGRER % 17 -
TR, ALER 120 BER T L R D 39 % 1224
72 % DMDSe % X L 72, B4 BEK T D LA 71 %
LIRS % &, FEEAKTOMINEER LG F T L.
WELOEE KDDL L v REPLHEET S &, KAREIL
F O T X DMDSe 251 &£ L » & L CREIIIRAT
LTWnrbTHrEeEZLND. ZOWEENGICE
T 5 DMDSe BT RTEMAEL V& LTHINTE %
&, BERIZI L L CIREOR 65 %127 ), BB
KR ORI L {5 TH 5. REBROBEFKICIE
AR L %2\ T HEBEKITAATE T 5L S 2R % I ©
ENE, L URALEIERSE L 2 b L bR S, B
L7 Se % &AL 5 7212, WHEH Cf LARHERIE
DAF VL = VEEICEALL 72 Se AL OMET 2 1T -
7. BimSER L, 7oV Ak, BEEICIC X o, mEE
25%, RPE99.7 % DICHEEL L v OREHIIHII L 72,

At U VGO EIE T LT

DMDSe 13 Se (2 2 FIVEDFES L& 5, NTH
77 5 DNA DS X F IV IHEERBICE S 3 % #ia T &2 =R
L, DMDSe OB 5§ 2 @15 T menG & FEH. L 72
menG % PCRY§IREH, TANZ & —IZ#fE L7275 A3
F pGEM-MemG #/F#L L7z, &kIZ5 27 b—A T T E—
¥ — @O Vit i DMDSe SR O AV K F ¥ K 12
HisTag # 1t % 15 fili L 7z # fz 7 ME-His % HlL#t 2 72
Escherichia coli DH5a (lac-ME-His) % #%: L 72, NT-I
& E. coli DH5a (lac-ME-His) #Hit L V% & TSB
B CRi L, BRI i L koL ¥
WEREZ AT L7z, WIFE ikt L S 37.8 mg /L T
H»Y, NT-Id E. coli DH5a (lac-ME-His) & #&EE1IC+
L VIREEANEA L, 168 I BV TIEWEE L L ik
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mT e

BEAS % 11.9mg/L & 12.0mg/LIZigA L7z, Wikks 3
AEELL VI 24BBTE—2I1EL, Z0% 1681
Tl 6.0mg/LF CTHA LA DEOEENS, Mt
Z KB B 168 5[ #2124 50 % @ DMDSe % & 1% L 72
EIRIBEE N,

TIVNVESETEN DA 7 ) — =2 7

TNV (Te) FEBFMEIHCSONLZ LT X I VD—
SAETH Y, EFEAHEIHZ S L LB, TR~
PR DML T b, BEART A HKEMHD Te (7100
B (VD), 7 Vg (V) OEALRIEMN S £
NTw5a., EIRRE TR, S OB E Hig L,
METE 7 VARG AR E U, iR R 2 &
FEMIZHE L, RO RE & B2 B e L7z,
HEYWOSHEEE LT, BuE, @S0, Frisiho
FAEF 14 7 B Bk B L ONREHER ) 2 FRIL 72, 20
FEAE WRUE DS 24 8%, EMNEEE O 5 22 ¥k, FriE
5 6 FRET 52 ¥R 7OV VIR T B S EEL 7. T
9, 18#RIF04mM FIVIVIBEH <) VR T 72 B
IR BOBEAT T WIVERZEFRDI50 % UL 1 Th - 72, 58
RO 9 B 18 ¥kiZ Sulfitobacter J&, Ruegeria &, Hoeflea %,
Alteromonas J&, Marinobacter )&, Pseudoalteromonas &,

Shewanella J&, Idiomarina J&, VibrioJ& ® 9 )& 13 &
M @ 16S rRNA EZ L & 98 % UL LI M2 7R L
72. Z® 5 5 Sulfitobacter }%, Ruegeria )%, Alteromonas
J&, Marinobacter J&, Idiomarina J&, Vibrio J&® 6 J&IZIZ,
FARZZBR D TR T VVEER I T OV VIR % SR IT Y A IMAEY
DB LD o 72, 55 B O P Sulfitobacter sp. strain
TK39B 1 4 %3 b F b ) ¥ AE4E F Tl d BB T
WOVEREER 82 % 2R L, XMENT L D ITHRET Vv 2
BALH E LTAR L TWD Z LA h o7z LEofki
5, WBEBRBEOE 5 Te OBFALEILUZ AT TE 5
3G E T V VIR TTRE 2 RO SR G MR AFIE L T %
ZEEHELL.

BbhiZ

AFZNNAF T2 70y —3BEHEIIBIT LN, F
) —F TR BB EABRIK - BREYIIL L v o 2 —
WCHOWOLNTWAITHE W, IR EE PR S
N, ZNHIHED W RSB PUCHZ HULIN S
NTWhb. N FRFZNVX=2a vyl LT7 XYV
AL (L BE K R BESEM 2 & A il & I & D& AL 5
LRt DH L FETHY, [TEREME] BRo—B&
%5 EHFRETES.
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