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HARHME L2 SEIZFER 20~22 FEEICIIR E 21T 72 10 ZHOWIZEE D 5 3 IS 720
BEHENFERIN. BMFIF 160 % TH 7.

SR BELHNEHERD O BHIC [RAREXCEBOFAPSMEN/Z LITH
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EHICHIREE R &R Ko 212 b S5 FTHIFE T WH B B S &I L TOR 56
WMEEXETL. JEOEEND Y, HTRD L) RlEOHREI R SN, [ LB EIIIERM 19
FEH 5 58 EMITH Iz o THMAERMEDREFELIT o TEH, FH 14 FIT—KBEEMHKR
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72O ORGSO EEHR L. SFOERO TR E SHBICX ), IEHICEELZ LD
ZENTE, RE 3 H 22 HICHENBEOLAFEARD L THEN» SHHIEZIZE T 5248
MEEADBREEZT 2. Zhh o bMEDIEOREZ 8 U THEEKEZ L TWHET
HbH. TOWERIMIFEREORKELZTTEL, BREABLIUSMBOMOIRD BEL T
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Characterization and identification of novel symbiotic bacterial species isolated
from plants adapted to acid sulfate soil areas of Vietham and Thailand

Tomoko Alzawa

Department of Applied Biological Sciences, College of Bioresource Sciences, Nihon
University
1866 Kameino, Fujisawa, Kanagawa 252-0880, Japan.

Acid soils are estimated to cover approximately 30% of the Earth's arable land and represent a major
limitation to plant production. Acid sulfate soils (ASS) are highly acidic (pH 2-3), and serious destruction
of the environment occurs when these soils cover arable land. Below pH 4.5, aluminum becomes more
soluble, and a few micronutrients, such as manganese and iron, become more soluble and toxic.
Furthermore, most plant nutrients, especially phosphorus, become more limited in acid soils, which
One
possible measure is crop production using organisms adapted to highly acidic soils, e.g., the inoculation of

situation can cause serious desiruction of the environment and significant economic problems.

symbiotic bacteria into crop plants. We have surveyed plants adapted to highly acidic swamps, ponds,
and ditches in ASS areas in Vietnam and Thailand. Bacteria tightly bound to the surfaces of these
plants as well as endophytes were isolated. Among these isolates, acid-tolerant strains, nitrogen-fixing
strains, pH-neutralizing strains, insoluble phosphate salts-solubilizing strains, and aluminum-tolerant
strains were characterized and identified.

We describe four novel Burkholderia and Acidocella species, Burkholderia heleia (SA417, SA42, and
SA53), Burkholderia acidipaludis (SA33" and 7TA078), Burkholderia bannensis (E25" and [21), and
Acidocella aluminiidurans (AL467), isolated from the Chinese water chestnut (Eleocharis dulcis) and
torpedo grass (Panicum repens), growing in ASS areas of Vietnam and Thailand.

Key words: acid sulfate soil, acid tolerance, aluminum-tolerant, pH-neutralization, rhizosphere
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(acid sulfate soil : PAME ASS) & idh 5 L0334 T
H5.

T3 2 13 OREWE TH 5 M GERE, KiE, B

B ) PEALLTTELLOTH L. EBIEHERE L
HOARERIE, T THEPLIHELZ S8BT/, T4
b (FeS,) DA - BHSRELZEDPLIEE S (A,
1986). KHITHI/NAL T4 PR EOFALYOER, FHM
1 SO, O & AW OB IC X BB ITH S A%
T2ENBERRI B, HEKPIZIEE 2.658/ 1 D SO B
L, 8- o~ v 7o — 7, IR O NEORE
TREINSDENNER T/ 54 PP TERLT WV,
FLTCHERLAESA 54 F ORNOBREIZE 20D
R HMIECERT 5. ZoOMRE, HEERY R OBRT
BA F o bEMR D1 70 95% Pl L, SR
B2 1~4%, FNIIEB% U EN L 54 b
% (van Breemen & Pons, 1978). COFER L7234 5
4 P a % EUHRYDS, R OFRBRLMBRER) % &1
LD RICHND SR REE R L IPE N B,
ZLTC, KREBRE R SICL ) ERIENGREINS
&, 44 MEREFOBRFICLDBRILEN, ZhiC
Thiobacillus J& AW <2 Ferrobacillus B & & D%
EYLEHAT A LIl E o T, REMICUTO LS 2K
EARBI 5.

FeS:+15/4 02+ 7/2 H20 — F e(OH)s + 250+ + 4H"

Thbb, 1LEVDNAL T4 256 2 EVOHERA £
e AMBOMIERT A LIS Y BRI AN
R L L, ASS &7 5. ASS i, HRHIT10005
7y — WL, W7 VTR FORGPELET S L A
NTWa, —FHT, ANIPFAMICHEMLCW2HET Y
T TR EREO - OMEE O L L ASS OFI 2
RO BN TV B, HREEIC & 0 hEE X ORI
ASREEE 2 R T, BIES o BIEY O AT IR T
HY, PEERREINTRBICZ > TV SRS S .

B0 E LT, REFRICE S TEOWE
B, AR & DBOPHEDITHIL T S48, LI
PR TR Y 7ORGE - G, REOHIKOENR - i
PUHETHY, CNOHFIERE IR ML EI L
P, AL L WA DH 5. ASS OHFAIL S BITHE
T, MIC3% D34 54 b 2EL ASS AKIZE -
THHIL &9 &9 iE, BT 5O ERZKICE 5%
FChE L& LThH, 15005 b riha OFRIKPLET
HHEREENTWS (van Breemen & Pons, 1978).

FIT, &I A M oRIERM B R, B A IR AR
P C OB BB O L @B R R OBV VR
O FE@BERAYOMIR R EE VR ¥ TR
FSEHES A R L B IS A AR ORI 4 AR D

% M

.’f_

LbTwna,

— M B AR R R L AR A B AR A R
& LT, Pseudomonas JEMIT 7 & % &R AEFE I
FEHIH (plant growth-promoting bacteria, PGPB) & I
ENAMEWRHENRICHENPBI bR TETW5,
L2L ASS Tid, s, 7viovh - BERLRED
SEARE, V) VEBEOTRNELICL ) Y RRAZEIC X
H BLAFE O PGPB IS T & 22w,

ZZT, RMF LD CanTho K%, ¥ 4 OEL MG
Bt - ey & AL FITE 2 4T v, BLATgEE & S
FATTRE Yy « By LR WBUE R L 72 RE D
I, ASS Tk, BonZ-fE oY A AR O, FE
(Panicum repens) RAX VIV Y FHOI 0 s 74
(Eleocharis dulcis) 7 EHEFH L, £ ORMICHHOM
HEMHNA AT A VB EBER L TERBL T . 25
HiMiE ASS OBMAHIICHALTHY, HEHDITLA
ENTREIEOARPITE L T B,

KEFFE % BIMR$ 5124720, IR S IR oMY 2
SR, AEFBREE AL, SR A+ Vi, U BT
b, B S RN TS L ASS HISHEEZ O£ <D
Btk EEEEL T3 (FHE, 2008; Aizawa et al.,
2008). A ST NS OB W B &
DL DHE L, HYIE L OB S DERETE L D
ICF DSEENRESLETH B0, KTk h

O MR O RO AR EE NS P ICF L2 L2 H

e L7,

EBRTT R
EAEM  ASSHEISHEZ b OWARKII D TIORY Bk

CHMEE - SRS N o EYO RS LTids 1 -
TVFABLIUNRNMNFA - FT Yy VITTRILL:
Panicum repens & Eleocharis dulcis % i\ 72, R4
L 7R, W BT iR ie L2) 2 TR L
BB L CEm L, WA RS L EN S 2%, B
T o k) A ERMAEY OIS % 1T o 7. v 7
VR EZEZW D 50, ABEARKTLESH, 3 HIE
WL, IR  fH35 LT B BEEY 2 W AR Fr OB
FEFFo 2 RIC, Pl U 7-fi & R E AR TR 16
MRS L CIREE L, WM EREMAE R L7, £, 0
Wyt & JHE L 7 o R 2 70%EtOH T30
PRIRE S L, KERFEEF MY ATISHEIRE D
LCEmZBRE L% AT LB ONHE
R ANARR S L.

INLOWAEWE ST %L 0.22um DX VT
Ly 74y —RiZ Mgy 7L, RS L TR R
W B L, R, TSP, SR
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T, ) BT, BRI B R ERE S & ASS EIS ik
RIRIEIEE L7 (B, 2008; Aizawa et al., 2008).
AW T, SEIR L 72 ASS HILEER D OHWMD D b,
16S rRNA A% O Fi (19 7 Ha Z B 7 AT D521, i
SHEBEICR T A L FHEENS Burkholderia B TH
(8A41, SA42, SA53, SA33, 7A078, E25, E21) B
& ¥ Acidocella BRI (AL46) #Hvy, SO DORK
SRRSO W TR 21T o 72,

fERE  WhkORBI VIO M) TRV A (TS) ¥
M (pH3.5) (Aizawa et al., 2007) ML 72, SERH
EIEEOWE L pHS.5 F 721 pH 6.2 @ Winogradsky
LSS FH W (Hashidoko et al., 2002), &H A4 + Vit
BRI MT 34 (Kimoto et al., 2010) ZEH L. R
B B A LREORIEICIE, ) BB B H v
UYBET VI = A G 1L M) p-sva—
A 10g, LT v EZT A Bg, HWALF FU YA 1g, B
BT Ao AT KM 1g, ) VBE—HHLNIEY
CEET NI A 3g, pH4.0) FHW.

16S rRNABEFOEERINRES L SREEN
16S rRNA #AZT O IERLY] (]9 1500 bp) O PFEIZ T
ZN=H N TFTA Y= TIiTo 7 (Tamura &
Hatano, 2001). R#HMHTIE MEGA version 4 (Tamura
et al., 2007), PHYLIP 3.65 package (Felsenstein,
2005), ClustalX (Thompson et al., 1997) & v 72, %
M OVE I neighbor-joining ¥ (Saitou & Nei, 1987),
maximum-parsimony # (Kluge & Farris, 1969),
maximum likelihood # (Felsenstein, 1981) v, 7
— MA T v 7k (Felsenstein, 1985) % iV TZOM
EETo 72

A8 - AeEEEBR SRRB LUK E & 5ERO
M E A, DTORBHEIIOWTHEEIT- /2.
BEATF pH, BHEAFTRE, 79 ook, JEiER
B, HEEALREAER, BEF RO RER, PraW B sty
EIPEOBISIEEIEICE - TIT o Ao ERME T MRS
X BILREREE (Urai et al., 2008), &B/ A+ » i HER
EAREYE) YEETHELAER (Kimoto et al., 2010) b &
DR TITo/. 72, EREEBRER 77 L VTR
BTHEL, =FLryoERERFAZav b5 7
(GC-2014, SHIMADZU), ¥ x ¥ 5V —% F A HP-
PLOTQ (Agilent) % i\ 7z,

{2 FEF A ER BEMRB X UL & 2 s EO
LR E BV, UTORBEBICOWTHEZT- 2.
F UMK ¥ HNZHEA S O (Tamura et

al., 1994) 2 #¢ v # M & ACUITY UPLC™
(UPLC/MS/MS, Waters) * w7z (Aizawa et al.,
2010¢c). WEIWFBEALREE; JalhlE A F L A 7 MO M
ook (Tamura et al., 1994) 1266y, SHFICIX
GCMS (QP5050, SHIMADZU), 7 7 41 SPB1 30m
(SUPELCO) %/ L7-. ¥«f/f DNA i Ml 5
@ DNA OHHHE I - TITV, S ERE v
T &K 260nm & 280 nm OWEEEMEL, B oM/
WEMDIL2 5 DNA OMBEEHE Lz, £0%, DNA
IR OME % Qubit fluorometer (Invitrogen) % AT
fTo72. ZTODNABWHZ GCEHERBNEDS X U'DNA-
DNA MBI W, GC &RIE; GC &R0l
EiX HPLC (LC-10, SIMADZU) # M\, # 9 4l
(Cosmosil 5C18-AR, 150 mm X 4.6 mm) % v, #5)
FC02M ) VEETAKET VEZY AT MYV
(40:1) % BHWTHH L7z, DNA-DNA A [l 1 35,
DNA-DNA #IFERBIE 7 + PEFF 2V A
sua7 b b (Ezaki et al., 1988, 1989; Tamura et
al., 1994) THFo 7z,

R & B

ASS #EISHEMFREICTFET 5 H#R Burkholderia B
MEICDOWT KW FEOFT BB TR A & L
T S N7z Burkholderia BB I F #1168
rRNA #{ET OEERINED  RIEMT ORE, 3o
OFHETCREB MR LT 2T L A5 —
ZIER L, SA41, SA42, SAB3ESA33, TAQ0T8 BLU*
E25, E21& 9 3 DDBL B TaH 5 REMEIVREN
7o (Fig. 1), AWFECIRELZHHM 3 Fig. 1 TRL
72 R #% & Burkholderia JBHE O 2k &
H P AL DR R % Table 1 8 & U Table 2 127R
¥, 72721, Burkholderia oxyphila (Otsuka et al., 2011)
oW TREA O CREERICREE TH o 72720, It
RO R LT L TRy (Fig. 1, Tables 1, 2).
ARG THLE U7-HHl 3 FEB X U Table 1 & Table 2
(R L72tig il B, unamae, B. silvatlantica (b 77 &
1 a2 2R Caballero-Mellado et al., 2004; Perin et
al., 2006), B. tropica (3 b7 F Y DX, Reis et al.,
2004), B. sacchari (W ™ % IO L8 Bramer et
al., 2001), B. nodosa, B. mimosarum, B. tuberum (<
A FHEY DR Chen et al., 2007; Chen et al., 20086;
Vandamme et al., 2002), B. kururiensis (FV 7 0au
IF L TES E N7 K8 Zhang et al., 2000; ki
B ABRE, Py ETaYRALHEEShTY
%) 72 & B. ferrariae (#8545 ; Valverde et al., 2006) %
Fr&EE LA EDHYIZHBRT AP HEE TS
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1001l Burkholderia heleia SAS3(AB495125)

75!Burkholderia heleia SA41T(AB495123)
Burkholderia heleia SA42(AB495124)

Burkholderia silvatlantica SRMth-20T(AY965240)
Burkholderia ferrariae FeG1017(DQ514537)

Burkholderia mimosarum PAS44T(AY752958)

Burkholderia sacchari IPT101T(AF263278)
Burkholderia oxyphila OX-01T (AB488693)

92

{—

Burkholderia unamae MTI1-641T(AY221956)
urkholderia tropica Ppe8T(AJ420332)
Burkholderia nodosa R-25485T(AM284971)

Burkholderia bannensis E25T(AB561874)
100! Burkholderia bannensis E21 (AB561875)

Burkholderia tuberum STM6787(AJ302311)

82

P
0.005

 E

Burkholderia kururiensis JCM 105997 (AB024310)

Burkholderia acidipaludis SA337(AB513180)

100! Burkholderia acidipaludis TA078 (AB513181)

Burkholderia ginsengisoli KMY03T(AB201286)
Burkholderia cepacia ATCC 25416T(U96927)

Fig. 1 Neighbor-joining tree based on nearly complete 163 rRNA gene sequences (positions 150 - 1418 of Escherichia coli 165
rRNA gene), showing the positions of strains SA41%, SA42, SA53, SA33", TA078, E25", and E21 among its phylogenetic
neighbors. Numbers at branch nodes are values based on 1000 resamplings; only values over 70% are given. The
sequence of Burkholderia cepacia ATCC 25416" and Burkholderia ginsengisoli KMY03" were used as the outgroups.
Bar = 0+005 nucleotide substitutions per nucleotide position.

Y, B.oxyphila (BEMEFMATEEN) &0, HYHE
PARTHEBELMEZIN TRV IEDNE, 207 TR
% — 2B+ % Burkholderic BHIE XM & 34 1L T
BEPIEIS LTS EF 2 b, BIREW, LITIZ, &
W CRE L 728 3 o, B LMoL RT
(Aizawa et al., 2010a, 2010b, 2011).

$IREEMMEFEEETH | Burkholderia heleia X
M AD ASS Ol (pH 2-4) CERTEITTT A
(Eleocharis dulcis) D7KHRZEZEE & 0 Bk L7z SA41,
SA42, SA53 #kix, 1/10 TS #fksEH (pH 3.5) THEF
BB L, ¥ pH % L& 38, »olER iR
WTT7EF Ly RITRBEITo 28R, pH35 &V
AR T b SRR EHEET R L7z, 16S rRNA #IEZF D
WHEH O vlast FHOHEE, T b 3Kk
Burkholderia B ToH 5 Z L DRBE S N7z, SA41 Bk
Z O, JEFAEE O 168 rRNA BT OB
13, SA42 % (99-9%), SA53 ¥ (99-8%), B.
silvatlantica (98-5%), B. mimosarum (98-2%), B.
ferrariae (98-0%), B. tropica(97-0%) TH - 7=. SA41
r& FoMBERE, TR OILEER L © DNA-DNA #
W 41k SA42 ¥ (94%), SA53 tk (89%), B.
silvatlantica (39%), B. mimosarum (41%), B.
ferrariae (39%), B £ U° B. tropica (33%) TH Y, €
DD EH - EERBEB X EFE S EE R R

AN

(Tables 1, 2) Z#A LT, SA41, SA42, SA53 HrEH
#E Burkholderia heleia & L THE L7 (Aizawa et al.,
2010a). DTFICZOIRERT.

Description of Burkholderia heleia

heleia (he.lei'a. Gr. heleios, a marsh, low ground,
meadow; N.L. fem. adj. heleia, of the marsh, growing
or dwelling in the marsh).

The cells are Gram-negative, strictly aerobic, non-
spore-forming, non-motile rods (0:6 - 0-7um by 15 -
1-7um).
pale yellow with entire margins after 3 days'

Colonies are smooth, round, convex, and

cultivation at 32C on 1/10 tryptic soy agar plates
(pH 4-0). Growth occurs between 17 and 42C with
an optimum at 32C. The pH range for growth is 35
- 9-0, with optimum growth at pH 5-0. The bacteria
grow on MacConkey agar at 29C, but not at 37C.
Growth and acetylene reduction to ethylene occurs
on nitrogen-free soft gel medium. The physiological
The
major isoprenoid quinone is Q-8, as described for the

characteristics are summarized in Table 1.

genus. The predominant cellular fatty acids are Cyq,,
Cr.0 cyclo, Ciy., wTc, and summed feature 3 (Cy .,
w7c and/or iso C,5., 2-OH). The DNA G+C contents
of these strains are 64 mol%.

The type strain, SA41" (= NBRC 101817" = VTCC-
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Table 2 Fatty acid compositions of B. heleia, B. acidipaludis, B. bannensis and closely related type strains of Burkholderia species.

AN FAB LU A OB LTI

B. ferrariae
LMG 23612"

B. silvatlantica

B. tuberum
LMG 231497

LMG 21444"

B. kururiensis

B. unamae B. tropica B. sacchari B. nodosa B. mimosarum
LMG22274"  LMG 194507 LMG23741"  LMG23256°  JCM 105997

CIP 1079217

B. bannensis
E25"

SA33"

B. acidipaludis

B. heleia
sa41’

Fatty acids

=
—

1.1

1.3
44
16.0

1.6
5.5

1.6
4.8

1.3
5.1

0.7
2.8

1.3
7.1

1.5
5.6

16.7

0.6
5.6

1.0
5.4

6.1
39.8

0.8

.
summed feature 2

CM:O

™
')

54
8.8
38.7

9.2
12.9

™
o

2.5 38 14.5 10.2 15.0
31.1 32.8 29.0

45.6

8.6

&
summed feature 3°

C!(v:()

28.7

26.0

29.6

23.8

41.7

14.6 14.9 18.3 25.9 15.0 17.1 7.1 11.4 19.6 16.0
27.1 36.7 35.8

19.8

16.0

Cy7.0cyclo

30.6

17.5

314

17.8 21.0 18.4 30.9 8.9 311
2.1

C;g .1 w7c

CIS:()

=
—

0.7

0.9 0.7 0.9 0.9

3.7

0.9

1.1

1.2
5.7

ND

)
v

4.5 4.2 4.1 8.1

34

14.3

5.7

6.7

1.6

Cig.¢ cyclo w8c

The analyses for the above mentioned strains were performed at least in triplicate using the cells grown under the same condition. ND, not detected.

*summed feature 2 corresponds to Cy4. ¢ 3-OH, iso Cyg. I, an unknown fatty acid with an equivalent chain-length of 10.947 or C,., ALDE or any combinations of

these fatty acids.

§summed feature 3 corresponds to C,4. | ®7¢ and/or iso C, 5.9 2-OH.

AT B AN A O BUHE U 2 B BURIA SR AR 00 SRS R A O TF 9

D6-7"), was isolated in 2005, from an aquatic plant,
Eleocharis dulcis, that grows luxuriantly in a highly
acidic swamp (pH 3) in an actual acid sulfate soil

area in Vietnam.

FAREEM e - IV = LT D Burkholderia
acidipaludis X bF 250 ASS O (pH 2-4) 12
BT B0 T4 (Eleocharis dulcis) Ok
O HHEL7- SAS3BRB XU, ¥4 @ ASS Ot (pH
2-4) ZAEBRT B Ul 7 A OWOMBEAE L O Bk L
f’ 7A078 BRiZ, 1/10 TS WfkBH (pH 3.5) THEF S &
, Bt pH  LAEE, o MTEH (pH3.5) 2
mLTLTJl/ %)J[lez},l:] REBEOMEFR, ASS I
&“9“7@»?1*7}19&7» 3 LAEEE (2-3mM) ERZ S
5 mM (ZIE % AR Lf 16S rRNA #{xT OIS
blast AT O#E, 1S 2 #iE Burkholderia BT
BT LAURIE SNz, SA33 Hk& TAOTS Bk, EiRAE L D
16S rRNA =T OFME &, 7A078 # (100%), B
kururiensis (97-3%), B. sacchari (97-1%), B
tubernum (97-0%) TH o 7z, SA33 Bk & TAQ78 ¥k, iF
AR o MR 2 o DNA-DNA H ) #ix 7A078 #
(90%), B. kururiensis (47%), B. sacchari (46%), B.
tubernum (45%) TH Y, ZOMOEH - A L5
B L UMb RER (Tables 1, 2) #8&L T,
SA33 Bk & 7A078 # % ¥ T Burkholderia
acidipaludis & L THZEL 72 (Aizawa et al., 2010b).
DT DREERT.
Description of Burkholderia acidipaludis
acidipaludis (aci.di.pa.lu'dis. N.L. adj. acidus -a -um
(from L. n. acidum) acid; L. gen. n. paludis of a
swamp; N.L. gen. n. acidipaludis of an acidic swamp).
The cells are Gram-negative, strictly aerobic, non-
spore-forming, non-motile rods (0-6 - 0-7um by 1-3 -
1-7um).
pale yellow with entire margins after 3 days'

Colonies are smooth, round, convex, and

cultivation at 32C on 1/10 tryptic soy agar plates
(pH 4-0). Growth occurs between 17 and 37C with
an optimum range from 28 to 32°C. The pH range for
growth is 3-8, with an optimum range of 4-7. The
physiological characteristics are summarized in
Table 1. The major isoprenoid quinone is Q-8, as
described for the genus. The predominant cellular
fatty acids are Cy4., Cis,, wTc, and C,; ., cyclo. The
DNA G+C content is 64 mol%.

The type strain, SA33" (= NBRC 101816* = VI'CC-
D6-6"), was isolated in 2005, from an aquatic plant,
Eleocharis duleis, that grows luxuriantly in a highly



Hl

acidic swamp (pH 3) in an actual acid sulfate soil

area in Vietnam.

HREBEMEHE | Burkholderia bannensis yAD
ASS OiEH (pH 2-4) 1245 21 7T 1 (Eleocharis
duleis) DRPEFM L D B L 72 E25 BB L UR X
DBEEL 7- B21 MR, 1/10 TS JEMAE N (pH 3.5) TH
H gD LR pH & LA &872. 16S rRNA #{Z1 @
WAR A o blast B O R, TN 5 28
Burkholderia I TdH A Z L3RSz, B25 ke
E21 k. JEigAE X 0 168 rRNA {2 F ORI, E21
¥k (100%), B. unamae (98-7%), B. tropica (98- 6%),
B. sacchari (97-6%), B. nodosa (97-4%), B.
mimosarum (97-3%) Toh-o7z. E25 #& E21 #k, i
AR O IR & @ DNA-DNA AL E21 #k (90%),
B. unamae (42%), B. tropica (42%), B. sacchari
(42%), B. nodosa (45%), B. mimosarum (35%) T
HY, FoOMoAR - AR{LEEREE L UM i

i
B (Tables 1,2) ##& LT, E25the E21 HRE il
Burkholderia acidipaludis & L THE L 72 (Aizawa et
al., 2011). LUFIZZFoftiflitr .

Description of Burkholderia bannensis
bannensis (bhan.nen'sis. N.L.. adj. bannensis, pertain-
ing to the Banna region of Nakhon Nayok Province,
Thailand).

The cells are Gram-negative, strictly aerobic, non-
spore-forming, non-motile rods (06 - 0:-8um by 16 -
2+-1um). Colonies are smooth, round, convex, and
pale yellow with entire margins after 3 days'
cultivation at 32T on 1/10 tryptic soy agar plates
(pH 4-0). Growth occurs between 17 and 37C with
an optimum range from 28 to 32°C. The pH range
for growth is 3-8, with an optimum range of 4-6. The
physiological characteristics are summarized in
Table 1. The major isoprenoid quinone is Q-8, as
described for the genus. The predominant cellular
fatty acids are C,; . C,;., w7c, and C,. , cyclo. The
DNA G+C content is 65 mol%.

The type strain is E257 (= NBRC 103871" = BCC
36998"), and was isolated in 2005, from a root of
Panicum repens, an aquatic plant that grows
luxuriantly in a highly acidic swamp (pH 3) in an
actual acid sulfate soil area in Thailand.

TIVE = LT  E2BmRME - U BIEIEE
Acidocella aluminiidurans D=y VN > St

NE THEMFLEORSYE L UTEGR RN

IR ST E A28, Bk oo & 5 ICHRPEBREE T Tld A
T L, MiNBEEL. HHIBE, DNA % SHRME A~
TAHI LT, W ThE CEHMA~LBEERT. Ch
FTOWMEICE VYO T VI =y ATHEORIEE L
T, AEBICLAFL— 2P HRESh T2 (Ma
et al., 2007) ., —#EH9LZ, 4 3 5 SRR A~OT IV I =

4D ASS TEHAPFOTIVI =7 ARED 6mM L1
FRTHTL H o7 20700, BRZHRHY % ASS T
AEHSELEE, KPOTLI =Y AL+ b bHTRE
W, BT 21 4 SR E oMY, 0038
MOBHLHENTHLEEZ NS,

ASSITHEL L THETANA FER I T 7T 1 DFE
MCIIERICMmO 7T IV I = AR TV I = A
AF 2, BRETBSA L7 4 VAR E B E
L, WaHEEL W20 eSS, 22T, NN
LD ASS O (pH3) (R B A F ¥ (Panicum
repens) DKM L D 7TV 3 =7 AR RN E
Pl 7z, BB L 22 B ERIE S _T Acidocella JB12JE LT
B, ThHoMkid, ShEcofstrkad LE
WEOEALT VI =7 A (150mM) RHE~ »» >~
(1M), =y L (20mM), WL FI YA
(1 mM), #HAL# (0.4 mM), WHEH 0.1mM) &
R (pHS) TRIFLEFZRL. /2, 2hb
DEROIES B (LPS) KB o7V I =0 A4
FrEREEL, ) VBT MI ST AR YBSR EOR
B EBEOWBILRE L AR L. AL46 R & IR &
7 168 rRNA H{Z T O BIEIR, A. facilis(99-4%) , A.
aminolytica (97-8%) TH-ol. Th ke o DNA-
DNA MR AL facilis (40-3%), A. aminolytica (39
6%) TH Y (Fig. 2), FOWOAE - AR X

Acetobacter aceti NCIB 86217 (X74066)

Acidiphiliun cryptum JCM 212777(D30773)

" Acidocella aminolviica JCM 87967 (D30771)
0o —E Acidocella facilis NCCB 860387 (D30774)
» Acidocella aluminiidurans AL46T (AB362219)

Fig. 2 Neighbour-joining tree, based on nearly complete
16S rRNA gene sequences (positions 19-1487 of the
Escherichia coli 165 rRNA gene), showing the
position of strain AL46" among the phylogenetic
neighbours. Numbers at branch nodes are percent
values based on 1000 bootstrap resamplings; only
values over 50 are given. The 168 rRNA gene
sequence of Acetobacter aceti NCIB8621" (X74066)
was used as an outgroup. Bar, 0-01 substitutions

t 6.0} }

per nucleotide position.

_12 —



A. aluminiidurans A facilis A. aminolytica

AN F LB LY L OGN A AT T AR S B L 7R R A A B B 0 SR B AR R

Table 3 Physiological characteristics of A. aluminiiduransand closely related type strains
of Acidocella species.

L A. aluminiidurans A. facilis A. aminolytica
Characteristic T . r oy
ALA46 NCCB 86038 JCM 8796
Acid production from:"
Glycerol - - +
Erythritol - + -
L-Arabinose - + -
D-Ribose - (+)
D-Adonitol - + -
Methyl B-D-xylopyranoside + - -
D-Galactose - + -
D-Glucose - + +
D-Mannose - + -
L-Sorbose - (+) +
L-Rhamnose - + +
Dulcitol - + B
Inositol - + +
D-Mannitol - + +
D-Sorbitol (+) (+) -
Methyl a-D-mannopyranoside - + t
Methyl a-D-glucopyranoside - - +
Arbutin - + R
D-Sucrose - - "
D-Raffinose - +
Starch - + +
Glycogen - + +
Gentiobiose + - -
D-Turanose + - +
D-Lyxose - - +
D-Fucose - - +
L-Fucose - - +
D-Arabitol + - 1
L-Arabitol - ) +
Potassium gluconate - - +
Potassium 2-ketogluconate - (+) -
Activity of
Arginine dihydrolase (+) - -
Urease - + +
Acetoin production - + +
Gelatinase + - -
Cystine arylamidase - (+) ()

— 13 —



Mo W T

Table 3 continued

a-Keto glutaric acid H

. A. aluminiidurans A. facilis A. aminolytica
Characteristic T T T
ALA46 NCCB 86038 JCM 8796
Utilization of*
Dextrin +) ) -
Glycogen +) (+) -
Tween 40 - + +)
Tween 80 - + )
D-Fructose - + +
D-Mannose - +) -
D-Psicose - + )
Succinic acid mono methyl ester + - +
a-Hydroxy butyric acid - +
p -Hydroxy phenyl acetic acid - + -
o-Keto butyric acid + -
- +
Succinic acid ) - +
Bromo succinic acid + +
Succinamic acid + - +
D-Alanine ) - -
L-Glutamic acid &) - -
L-Histidine - + -
L-Ornithine - + -
Urocanic acid + + -
Putrescine - ) -
2-Aminoethanol - - )
Glycerol - + -
Resistance to:T(mg ml/ 'l)
Amoxicillin + - -
Cotrimoxazole + - +
Sulfamethizole + - +
Fatty acid compositions
cyclopropyl Cyg.¢ 49.1 39.6 52.3
Cig. 254 35.8 22.6
Cis-0 12.2 13.2 11.2
Ci6.02-OH 6.7 2.9 5.2
Ci4.03-OH 4.3 5.8 6.1
Cis.0 2.2 2.0 1.8

* Results obtained by use of the API ZYM and API 20 NE systems.
§ Results obtained by use of the API 5S0CH system.

1 Results obtained by use of the Biolog GN2 Microplate system.

+ Results obtained by use of the ATB VET system.
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DML SN 5ER (Table 3) A LT, AL46 Bi%
Pt Acidocella aluminiidurans & L CIRZEL
(Kimoto et al., 2010). LAFIZEDREBEIRT.
Description of Acidocella aluminiidurans
(a.lu.mi.ni.i.du'rans. N.L. n. aluminium (from L. n.
alumen, alum), aluminium; L. part. adj. durans,
enduring, being insensible; N.L. part. adj.
aluminiidurans, aluminium-tolerant.).

Gram negative, strictly aerobic, non-spore-
forming, non-motile rods (0-3um by 12 - 1:6um).
Colonies are smooth, round, convex, and white on
1/10 tryptic soy agar plate. Growth occurs between
17 and 42C but not at 5 or 45C. The pH range for
growth is 3:0 - 7-0 with optimum growth at pH 4 - 5.
Growth occurs on MT medium (pH 4°0) containing
500 mM aluminum sulfate or 200 mM aluminum
chloride. The physiological characteristics are
summarized in Table 2. The major quinone is Q-10,
as described for the genus. The predominant
cellular fatty acids are cyclopropyl C,,., and C . ;.
The DNA G+C content of the type strain is 65-6
mol%. The type strain, AL46" (= NBRC 104303" =
VTCC-D9-17), was isolated in 2005, from Panicum
repens inhabiting an acidic swamp in actual acid

sulfate soil areas in Vietnam.

Z 8

BRI R BT A HER AL &S 2 B AR 2
I, EHITFE O 30% % 50 BHFHEICH S 2[R
13| OPEHADIEREAITRO 6N T 5. ZOE L
BEOR30% BRI L8 (acid sulfate soil: ASS)
rEUGBELETH Y, KpH ISR, FOMERMETH
BT RL T 2 S RBRE, b0 ) ViR e
IRIE &G E, RBELT A VBA ML AR EICL B4
WOEERENMEE 2oTW5h, LHhTH pH4L5 L
TTAA LT BT VI A4 F Y (AP) A+
BB AMBOEEHEEROLEL5b0L LTH
IFHENTWA, #Hiissid ASS MY & A e
T BHEY - WA IAERICHEE L, LEEA P L AICHR
Wit %R L, OFE B0 @B R 408 O R iG{k
@V VEOTE(LOEZLEY O, L OFH =%
B EOMEYHEE TV A, FHRERTIE, oh
BEMBEEDA MTEM L2 8 TAMBRECTET
RESRONIZT D5, I OWEYEZE v 1Ei ki
Yo ASS LT AR E WIfF s 5.

R TIE, TS ILEMEY R L1 2 E0E

WHEEE BB L, FOEBWMREE 57201, Fills
MBS T 5 & FE SN B Mo S EEN IR
DWTHEEMA . ZORKE, BiEEZEEHO
Burkholderia heleia, B - 7V I = AR O
Burkholderia acidipaludis, HENER @ Burkholderia
bannensis, T L TEBRET VI v b - BEBIY: -
Y W E{LE Acidocella aluminiidurans & v 5 %
AR PR E UCTRE, REsh. 4RI oM
WA F ARG oW TEINICIFge & e, A % 1
A L7z ASS & & OBttt o B FI B, BfRbiEIs o
BTV ELWEEZ TN,

KPR TR 5N RO

I3k

1) HEIT, A&ME—E8, Nguyen, V. B., 4 REZ, &%
Rf—0, gk, WAGEK. (2008). BRMLGRMES
AT IR T AR E DHEEL 27 v 3 = AT
WIZoWT, HARBAEYEESES B15ERKE (T3,

2) HENIF, WM, Nguyen, V. B., HlileZs, A8
Je. (2009). FEMERERE LEUL OBRMBICALET S
Ludwigia adscendens 31 7 & Wik L 72 3 8
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= ().

3) HEM T, KA, FHEILE, Nguyen, V. B,
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Nguyen, V. B., frlilEZ:, i A#I. (2000). BEVEGERE
WA oMY X Bl L Y EREEREICD
W H AR A EESS Fielilke (KID.

BY R, HEET, Neguyen, V. B., WilEiHEZ, 5 AH
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B., Vijarnsorn, P., Pl
I =T AR & ORE
=7 AT A . BABSEEEE20104E Bk (D).

7 KHE#A, HEENT, AR, Nguyen, V. B., #i§
egz, WA, B, (2010). HIWEEE AL MW
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Global analysis and taxonomic investigation of the oral microbiota,
including the minority populations

Yoshiaki Kawamura

Department of Microbiology Aichigakuin University, School of Pharmacy
1-100 Kusumoto-cho, Nagoya 464-8650, Japan

In recent years, analyses of the constitutive bacterial species of complex microbiota, such as those found
in the oral cavity and intestinal tract, have been carried out using genetic-based approaches. To analyze
a wide variety of bacterial species simultaneously, researchers commonly use PCR amplification using
primers to the same conserved area of the 163 rRNA gene. However, with the use of this approach the
DNA from numerically predominant bacteria is much more likely to be amplified, compared to DNA from
bacteria that form a small proportion of the total population and that are therefore much less likely to be
amplified due to target competition for available primers.

In this study we developed a new technique, which we call "DNA-deduction", where approximately 70%
of the predominant bacterial DNA is removed in a single procedure before PCR amplification. Using this
novel approach, we can detect a variety of the minority bacterial species of the mouth that have so far
been overlooked. After applying this technique to oral specimens, we were able to detect several
previously unobserved amplicons by DGGE that might be derived from minority bacteria. Following
metagenome analysis of the specimens based on pyrosequence data, carried out in parallel to assess the
performance of DNA-deduction, we concluded that approximately 18-30% of the microbes present were
detected by the new technique. After analyzing the metagenome data at the phylum, genus, and species
levels, we concluded that many kinds of microbes, including the minority bacteria, could be detected by
our deduction method.

In summary, the development of "DNA deduction" greatly improves our ability to detect microbes from
complex specimens containing dominant and minority community members, and as such we conclude
that this deduction technique is extremely useful for analyzing complex microbiota.

Key words: oral microbiota, deduction, DGGE, pyrosequence, metagenome
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B D 2% 4T o 724 > T2 W T DNA =0l %
fro, BEm & B 520 DNA OREZFIHE L
72. KB IE SYBR Premix Ex Taq II (TaKaRa) % ffi
AL, 794 ~<—
168-8F (5-AGAGTTTGATCMTGGCTCAG-3) &
16S-342R (5'-CTGCTGCSYCCCGTAG-3")
ERARENSENEN04uM & 725 X9 Hvi:. s
Ma 155 729 templete DNA & L CTHBEFEEHEZ O
> 7V DNA 10ng, 1ng, 100pg, 10pg, 1lpg & Hw
72. S 1X 1st denature 95C 30sec ® %, denature
95C 10sec, annealing 55C 15sec, 72T 30sec %
35cycle 19 72. RS dissociation program % 174>,

melting curve % 157-.

DGGE ##f
Bio-Rad DALAREICHEV:, 8% Gel BVEERE AL 20~
60% DYy NrVEER L. DGGE v —# —
My 7 e LCHOBEMIC—ICHFREL, G+C &=
MR D72DIZDGGE ST L > TR L 2B E
A, LU o5 WA DNA 2 FHw 7.

Fusobacterium nucleatum subsp. nucleatum PAGU
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1217 (= JCM 85327)
Streptococcus mitis PAGU 567" (= NCTC 12261")
Veillonella parvula PAGU 12107 (= JCM 129727)
Rothia mucilaginosa PAGU 1047 (= CCM 24177)
Actinomyces naeslundii PAGU 12097 (= JCM 8349")
<—# —H¥% 7V DNA & 1ng, deduction RO
VINVEENFN Lul & template DNA & L T
DGGE-PCR # 47 » 72. Forward primer & 341F (5"
CCTACGGGAGGCAGCAG-3") I Bio Rad HH#EFED
GC clump Z#E4& S€72% @, Reverse primer 1& 518R
(5-ATTA CCGCGGCTCTGG-3") A L7z, Rt
#£1% 1st denature 94C 3min P, denature 94T
15 sec, annealing 55C 15sec, extension 72 30 sec
% 35 cycle 47\, final extension 72C 7 min T47 - 7.
DGGE 73#713 D Code SUEMEFEMATEA Y 2 T 4
(Bio Rad) & F\T47o 72, ikEIEIRE 60C, 100V T
14h BRIKEZ1T o 7.

Metagenome B#4f

Deduction LE RO ¥ TV EMLEHZED S DITD W
T metagenome fEHT % 1T - 72. Forward primer & L
T 8F (5-AGAGTTTGATCMTGGCTCAG-3'"), Reverse
primer & LT 519R (5-GWATTACCGCGG KGCTG-
3) &fEH L, 16S rRNA @ 5' Kiifl# 500bp % PCR
I CHEME L 72. Wizard SV Gel and PCR Clean-up
System (Promega) % AW CHMIREY ZFKHE L /2.
Roche 454 FLX-Titanum % f£H L 72 pyrosequence X
i, KE Beckman Coulter Genomics #:IZZRFEL 7.
BoNI2T — & OFERFENIL, Ginaris #IZTEMEL
7z, S 512203 & DNA BFZEAT O F )11 412 in-house
blast BT 247> TTHW 7.

B, AW % TlE, RDP database project
(http://rdp.cme.msu.edu/) @ reference ¥ — 27 L ¥ A
& 9% U EDOBELEND - 725A12, YEWiEL ZF
ELL L7

RAGERAN

TR OZFEERICB W TH S NEERY] 7 — 7 13,
DNASIS-Pro (Hitachi solutions), DNASIS-Taxon
(Hitachi solutions), Clustal-X (Thompson et al.,
1997) D% software & W TR 7% b UM L 7-.
BT B A L VIER L, Treeview (Page,
1996) B & O NjPlot (Perriere & Gouy, 1996) (2X& D
HE L7

=

=

REREER

PCR competition DiEEE

HIFRE 3% Spe-1 12 & U S. mutans HKX D PCR EY
DHRFYWENTVWE I LEEFTHAEL. —EED
S. mutans DNA IZX L, $&4 %E]& T S. mitis DNA
ZRAEL, PCREIREIT-72L 25, mEMHTF (KEE
T S. mitis) ® DNA HEIEFITON T, S. mutans
%k PCR EMOARENMLETHE D, 7FIVEIIKEE
TiE 1:100 TT M, 1:1,000 TERZ 2 WL NLT
Hol. UEOZ E2n, MEIZHHED primers & -
72 universal PCR {28 T, PCR competition 232 &
> TW5Z L EER SN (Fig. 2).

Fe 4 13 LLETIC Mycobacterium J& B A5 % i\ 72 505
T, [ U primer #& ML RORMEHINRIET 2> 7
VTIE, PCRBIRICB 25 AMEEN LY, LR8I
HFAET 5 DNADPELWICHIES L 2FzH+HEL T
% (5, 1998). HHWREZR 7 VEKIKEI T, 4
|l & FEBRICE L2 1:100 DRELT< A 7 —DNA O
WIEAMIZIZRON R oz, RFREHREZEH L 72ME
T, 1:10,000 L DR G E %2 & <A 7 — DNA @
WESARON R oz, —REHTEZLEIEHMED
DNA AHIREINTWARWEHICRZ 575, BEICRE
FTNIE, 10CFUmIHFORARBFICHFELET S
10*CFU/m] O X, 2 PCR IR THET L L &
7Y, BRIITERVWEEZTNAS.

A, MBEFZEOMATITIIRDHBIEH I TS
16S rRNA &z T ® universal PCR H ® primers % f#

Fig. 2 PCR competition

Bacterial universal PCR amplification (8F+519R)
was carried out using various mixtures of S.
mutans DNA (10pg) and S. mitis DNA with differ-
ent ratios (10pg~10ug). Then amplicon (about
510bp) was treated with restriction enzyme Spe-I,
which can cut the amplicon from S. mutans.

MW: Molecular weight marker (100bp ladder),
linel, PCR amplicon from S. mitis; line2, PCR
amplicon from S. mutans which was digested with
Spe-I; Line 3 ,4, 5, 6, PCR amplicon from the DNA
mixture of S. mutans (10pg) and S. mitis (10pg,
100pg, 1ug, 10ug, respectively).



YA F=RE 2 L= a3 VR & B 72 CUE I R O HERE 10 2 BRIEIAT 72 © DN SRR

H L, PCR competition 22 Z o TWb I & 2 AL
Biz. 15T, %< OMBFEMRIT THRAIC PCR ¥Rz
LTWBHAEIZIE, TR TOEMFIET 5 ME I3 EmH
EN, SRICHEET ZMARO LI SN TRELE
STHB/ETIE RV EREEINS.

DNA-deduction $IZDBIE

o<, #FE D universal PCR Tid, X ¥ v —IZ
FAETHIHEBEIE DN, v~ F—LFEEIMETE T
mwkEZ bhiz, 2 THEMIC universal PCR T X
Uy —REE) EMEEY, @Y — X Lk
A, b L OMRLEE L T DNA hybridization ¥4, X
Ty —WHEHRD DNA ZE L7, Koro~ A F—
SEHIHk D DNA 28, 0L ML S N3N %
W 2479 FikeELE L2 BRIIZIE, Fig 1 IORT
FkaxEL, 24 DNA deduction #: & a4 L 7.

$ 9 deduction HHEIZ XD, ENITED DNA AWK
KTXBH, Real time PCR % H\» T deduction Fif%
DY 7 VH o DNA &% l%E L, deduction ZE% il
FE L72. 500ng @ DNA #{fifi L, deduction #{E7% 5
W F @ biotin PCR #EW 2 M AT, F—lEx 4T

o723y b a—VERET5/LZA, I U= LT
1% 308 ng, deduction #EHIZIE 66 ng @ DNA 2SEIX
ENz. T ERS 1EO deduction BIEIZ X Y, #
78.6% O DNA 2SR SN2 2 LA - 72, BloE
BREDAT o 12 ETLR T7T% OBEREIE LN TS
D, —E® deduction #IEIZ L D 70% LL_E® DNA 78
W, BEINTWEEZZ 5N,

FERIZORENY TV 2 T 5546120, Tk
@ deduction #fE% 3 MR L, WHERIRD, XV v —
GZHREHRED DNA 2 R T5 L) 1% D7,

PCR-DGGE *IC & 2 EHE D ET(LOMEER
LIRS~ 7 V22w T DGGE @47 @ PCR #41E
ZiT\y, 8% Gel ZMBREAEL 20~60% DT 5V = v
MV TERKEI LA, ZH TN T EI220~
SORBEDONY FefERT5Z 0 TER. M—0
VT WIZD T deduction MLH F AT o 7214, AT L 72 &
Zh, RIWHD b DT, BEOH 2% FoHH
R, WMEG RNV FOMmR E2R 507z (Fig. 3).
Deduction #EIZE D, 4 F—FfiHFE L BbI BN
YFOHEITERTE I LR, AEO—EORRE %

Maker 1 2 3 4 5

6 7 8 9 10 Maker

Fig. 3 DGGE profiles before and after PCR-deduction
Maker (from top down) Fusobacterium nucleatum, Streptococcus mitis, Veillonella
parvula, Rothia mucilaginosa. Line 1: sample-1, before deduction; Line 2: sample-1,
after deduction, Line 3: sample-2 before deduction; Line 4: sample-2 after deduction,
Line 5: sample-3 before deduction, Line 6: sample-3 after deduction, Line 7: sample-4
before deduction, Line 8: sample-4 after deduction, Line 9: sample-5 before deduction.

Line 10: sample-5 after deduction.
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Z bz,

EBICHEA OB EERE L7225, AT vy —HHH
BNV PO E RS ZEH TERD, BEITITHEL
BV &, A F—REHREBEDNAFHO N P
BEAEOLXVpbmEL WS ENDE, DGGE IZX
% profiling DMHBEROMREEDEZ b7z, 261
FCHBE LY B, V7P ASEsmE iz Ny F
HaEgy L, WERITGEZ R, BEEDE
WA ZRETERVEEGTH Y, FEEHRESE
, WMAEMHEOREICBIF LN WEORESH Y, B
DT TU—F 2 BHh B LEENHTE 7.

Metagenome EEHTIC & 2 Zix L MEO%H

72 7 fEHT )5 B2 & LT DNA deduction Rif2 D4 >~
TV E A, pyrosequencer % FE i, metagenome AT
FE&EA L7z, Deduction Fif® 3 M OEERY > 7 ViZ
BT 16,847~113,407 reads D ¥ — 7 LY A %1772
(Table 1). Sample-2 OFFFTTIE, 9, 16i, 26H,
53%t, 92)8, 401 FEIZE % A #iBH 2 B EM RN T & T
WHZEDPHLNE RS T,

Deduction Bi % THE S - EZ R TAS &,
2247 5 276 (18.8% Hihm), 321/ A5 4011
(20.0% ¥§Im), 153 %825 221 # (30.8% ) &,
FTHROBEIIBWTDH, deduction D F DS, SRRIEM
B, ZLORMBERHTE TV Z L2 o7,

2Pk XY deduction FEIZ LD, AT ¥ —RAEHE
DNA#BETHI LIV A T —LHBEEZRET
H5EV)LUPOHMICH L —EDOBEPHRELNTVS
LEZ LN

Metagenome DfE R % phylum I &2 TH L
A ATNDOH Y T IZB VT deductio nRi & H ALHE
BOFD, L0LOEBEZ RBETws I o7
(Fig. 4). $#12 Proteobacteria P22 WTIE, Wiho
F M BWT M S5 WEEOBATBEZE (M
LTWABIEDPHLRERST.

¥ 512 deduction HIE THH S NLEIZOVWTYH,
FZA DBV YT NVICBTEDLEGIZI > TEY
LRI E & o7z (Fig. 5). 2RIZ deduction HILZ
HEg L, deduction % TIIELEMEOWMAET 2/ S
N, Ho deduction DI TIZR 5N 72 o 728X reads
BV MEBREEL LTOAMHEINTOLEHED
reads B O¥EIN% EAR S N7z,

Phylum LX)V T DM T Proteobacteria 1D ¥ H
HEEMADHEE I 2 T2 £ 25, deduction Aif2 T
et S N7 WHE QRS 2 vy, SRE 2 Em L 72
(Fig. 6).

Deduction BilZ 1%, class B, y, J-Proteobacteria ®

ﬁ
Table 1 Metagenome analysis -data summary-
sample-1 sample-2 sample-3
Number of before after before after before after
Read 16,847 51,242 48,831 113,407 17,071 16,602
Phylum 8 74 9 9 9 9
Class 13 15 16 16 14 15
Order 18 24 20 26 18 21
Family 28 40 37 33 30 33
Genus 51 76 64 92, 47 58
Species 224 276 321 401 153 221

Sequence was determined using Roche 454 FLX-Titanum pyroseqencer. Read sequence length
more than 300bp (~500bp) was used for further analysis. Species were assigned if the read
sequence showed more than 97% blast similarity to the reference sequence including RDP database.

Sample-1

Firmicutes
Bacteroidetes
Proteobacteria

E Actinobacteria

z
&  Spirochaetes

T™M7/SR1 [P | M Before|
Pl After

0 20 40 60 80 100
Number of Taxon

Sample-2
Firmicutes K T i i S R SRR TR CCR AR AN RERRRY
Bacteroidetes m’
Proteobacteria m

5 Actinobacteria ﬁm
z
£ Spirochaetes ASSSSSSISTSRRY
Fusobacteria ﬁl
s [ i
Synergistetes ) N After

0 20 40 60 80 100 120 140
Number of Taxon

Sample-3

Bacteroidetes |
Proteobacteria f

Actinobacteria

Phylum

Spirochaetes §

Fusobacteria

TM7/SR1 T = Before
Synergistetes [ HAfter
0 20 40 60 80 100

Number of Taxon

Fig. 4 Metagenome analysis data on the phylum level
Upper and lower bar indicate the number of
species detected from "before deduction-DNA" and
"after deduction-DNA".
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Sample-1

Sample-2

T 38 D R 2 ARUEIRAT 72 & OV 3SR

Sample-3

Prevotella
Streptococcus
Haemophilus

Actinomyces

Prevotella

Neisseria
Haemophilus

Gemella

Streptococcus

Before

After

Catonella

Neisseria Veillonella il

Gemella Fus i |Abiotrophia

Abiotrophia Granulicatella Gemella 2

Fusobacterium Tr |Granulicatella

Granulicatella Porphyromonas

T il |Aggregatibacter |Terrahaemophilus

Porphyromonas | Abiotrophia i i

p |Actinomyces Fusobacterium

7 >

Leptotrichia Eubacterium | Atopobium

Rothia L ichi: p
Peptostreptococcus Leptotrichia

| Aggregatibacter

Capnocytophaga

Campylobacter

Centipeda
Mannheimia
Rhizobium

Mogibacterium
Bacillus

Fig. 5 Metagenome analysis data -relative abundance of bacterial genera-
The abundance (%) is indicated according to the scale at the right of the plot.

Candidatus Lumbricincola
Sporacetigenium

Megasphaera Terr: Rothia
Cs Filifactor Lautropia
| Atopobium it
Oril il | Atopobium Selenomonas
Kribbia C:
C: Campylobacter Corynebacterium
Kingella Orril i Filifactor
|Bergeyella Rothia Oribacterium
Tannerella Dialister Propionib
Dialister Pasteurella Dialister
Filifactor Simonsiella Catonella
or ium Megasphaera Kribbia
Catonella Olsenella
Tannerella Mycoplasma
Serinicoccus Bacteroides Tannerella
Saccharomonospora Kribbia Megasphaera
Olsenella Corynebacterium Peptococcus
Actinobacillus Bergeyella Actinobaculum
Pseudomonas ir il Serinicoccus
Bacteroides Olsenella Actinobacillus
F ionil Bulleidia Johnsonella
Peptococcus Pseudomonas Cryptobacterium
Cardiobacterium Johnsonella Lactobacillus
Saccharomonospora Eikenella
Psychromonas Bergeyella
Psychrobacter Eikenella Bulleidia
Lautropia Mogibacterium Bacteroides
A bacillus Kingella Kingella
iminil it Desulfobulbus Shuttleworthia
Bradyi Bacillus Saccharomonospora
i ter Mycoplasma Bacillus
Mycobacterium Psychrobacter | Afipia
Shuttleworthia Brevibacillus
Sphin Clostridium |Anaeroglobus
Eikenella Scardovia Pasteurella
Shigella Propionibacterium Cardiobacterium
Bulleidi: Sediminibacterium Schlegelella
Slackia Anaeroglobus Duganella
Escherichia Centipeda Arthrobacter
Lysobacter Brevibacillus Wolinella
Acii Lactobacillus Pseudomonas
Brevibacillus [Agrococcus ii
Nitrosovibrio Myroides Propionivibrio
Clostr im Alistipes Mannheimia
C Riemerella Gallibacterium
Chitinophaga Chryseobacterium Pseudoramibacter
ibacil Wolinella Brevibacterium
Flexispira Erwinia lyrhizobium
M Trichococcus Sediminibacterium
Staphylococcus Cellulomonas Helicobacter

Staphylococcus

| Bradyrhizobium
i 5

Shigella
Moraxella

Methylobacterium

Rhizobium

Curvibacter

Streptobacillus

Roseburia
Nitrosovibrio

Sebaldella

Acidovorax

Flexispira

Geobacillus
Pseudoclavibacter
Pontibacter

Mic it

Blastobacter

Leptolyngbya
Gordonia

Virgibacillus

|Helicobacter Mitsuokella
Staphylococcus Kocuria

Es ichi: Es¢ i
Shigella Nitrosovibrio
Rh: Str

| Acinetobacter Acinetobacter
Enterobacter Odoril
Deinococcus Lysobacter
Sten Vibrio
Lautropia [Agrococcus
Brevundimonas

L

Pseudoramibacter

Left and light columns on each sample represents the relative abundance of bacterial

genera detected from "before deduction-DNA" and "after deduction-DNA".

1.25
0.62
0.31
0.16
0.08
0.04
0.02
0.01

(%)
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Nelssena flava-U40-AJ239301
mJ\Ielssena sicca-Q13-AJ239292
Neisseria pharyngis-NCTC4590-A
Neisseria subflava-U37-AJ23929
leisseria meningitidis-M8067-A
Neisseria polysaccharea -ATCC43

ECN

=

FAMILY | CLASS

Neisseriaceae

166 ngella orahs CCUG30450- L061

2 corrodens-18642

100 Nelsser/a oral taxon016-AP067-
Delftia acidovorans-158-AJ0028

Comomonadaceae
Alcaligenaceae A

Xanthomonadaceas \
SIS

Aggregatlbacter ora/ taxon512-
Agaregatibacter oral taxon458-

Hasmophil

enzae-ATCC333

100

Haemophilus oral taxon036-BJ09

f @aemoph/lus parainfluenzae-CIP
41 errahaemophilus aromaticivo
190 H; ' / 2035-BJ0
— e

SIS, IR
100

28 100

Enterobacteriaceae > fY

. Cardiobag

w0 =
Cardrobactenum hominis-AB2167
tor Haii 44200

Cardiobacteriaceae

Moraxellaceae

enb8-X853

Preudc

oo Pseudomonas otitidis-MCC10330-
|___— 8

Pseudomonadaceae /

Bradyrhiz

-ATCC333
Aggregatibacter oral taxon513-
Haemophilus aegyptius-NCTC8502 Pasteurellaceae

Bruceliaceae
Rhizobiaceae >

IR

Caulobacteriaceae
Sphigomonadaceas

Deslifovibrionaceae

0.01 Helicobacter pylor

Campylobacter showae-CCUG3054-
Campylobacter gracilis-ATCC332

% Campy/obacter rectus-ATCC33238
,—‘ 69
100
| \_‘LCamp ylobacter conclsus—FD0288»
| 100 TCC3

[

Campylobacteriaceae

m

-ATCC43

Helicobacteriaceae

Fig. 6 Phylogenetic tree of the phylum Proteobacteria.

Bacterial species /phylotypes detected from "before deduction-DNA" and "after deduction-DN.

were shown in black color and underlined gray color, respectively.

Family Nieisseriaceae, Comamonadaceae, Pasteurellaceae,
Cardiobacteriaceae, Pseudomonadaceae, Campylobacteriaceae
D 6 B 28 L 2 2 T2\ a3, deduction 214,
bR ORI 2., class a, & -Proteobacteria @ & #EAHS
HFELTWASZ EPREN, Family Alcaligenaceae,
Xanthmonadaceae, Enterobacteriaceae, Moraxellaceae,
Bradyrhizobiaceae, Brucellaceae, Rhizobiaceae,
Caulobacteriaceae, Sphigomonadaceae, Desulfovibrionaceae,
Helicobacteriaceae ®11FL, 277212 s, &
AresfEa R§ Z LT & 7.

Mo & 7= % 212 deduction il % Ol B # D2k
WZDoWTF ED/E T A, deduction WH % il & 72 Wi
121, S. mitis % Prevotella melaninogenica 72 % &%,
AL I0RED 7 — 5 H347.6% & HO Tz (Fig. 7). ¥
XA F—LRHEEGT—41352.5% (263 )
¥ 5 72. Deduction 121, LM I0RED T — & 1%
31.7% KL, boT~vA F—LRBEzELT—%

Before

W S. mitis [ P. melaninogenica i48S. salivarius
Eother major sp. [Funcultured bacterium  Other taxa incl. minor sp.

Fig. 7 Comparison of the detected organism before and
after applying deduction technique.
Plotted values are mean sequence abundances in
each species, detected from "before deduction-
DNA" (left) and "after deduction-DNA" (right).

1362.3% (346 %) L7V, B X LT8OMAH It &
nTwz, Th b oI, Bradyrhizobium japonicum,
Propionibacterium acnes, Mycobacterium chitae X
Helicobacter cinaedi 7% &, TN E THEND S 5EES
NEREDRVDOVRLHET LTV,
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100

Selenomonas noxia JCM 8546

Selenomonas infelix ATCC 43532
Selenomonas artemidis JCM 8543

eilione

|

_—@Veiﬂoneﬂa magna DSM 19857
100 wbeillonella ratti DSM 20736
Veillonella criceti ATCC 17747
9l Veillonella caviae DSM 20738
Veillonella parvula CCUG 5123
-[83 Veillonella denticariosi CCUG 54362
Veillonella rodentium DSM 20737

~ Veillonella dispar DSM 20735
~ Veillonella rogosae DSM 18960
Veillonella atypica DSM 20739

Selenomonas sputigena ATCC 33150

— 4
= Mitsuokella multacida DSM 20544

a monitpellierensis

Genus

Veillonglla

GNSL5VJ01BDLD/() s
Veillonella sp. PAGU1582 ====»

GOXTBOTOUIAMCGQ s
F[——_: GOXTBOTOIBOEM] -t
Veillonella sp. PAGU1572 e====:

‘! Veillonella sp. PAGU1574 < =rnnn:

GOXTBOTO01BSPFM o
Veillonella sp. PAGU1570 ~ ®===»='
__{: GOXTBOT02C2EJC
Veillonella sp. PAGU1576

~———
GOXTBOT02EHO4B e
Veillonella sp. PAGU1575 € xsnux:
GOXTBOT01A8GGJ ~——
1 Veillonella sp. PAGU1571 L EEEELT

§renan

- GNSL5VJ02BW4QJ R
Veillonella sp. PAGU1573 L LEELLT
Veillonella sp. PAGU1577~1581

ialister micraerophilus CCUG 48837

D

Dialister invisus DSM 15470

Dialister pneumosintes DSM 11619

Bacteroides ureolyticus DSM 20703

Fig. 8 Phylogenetic tree of the genus Veillonella based on pyrosequence data and unidentified isolates.
Sequence data from isolates and pyrosequence were depicted with solid lined arrow and dotted lined arrow.

4 F 4 1%, metagenome AT % SEHG L /2 FEAI
POMKE T -5 2R/ EIENTE.

B ECET X & &, Fig. 6 T#H 5. Deduction Hi
DY TN ER, TROLBEERY > T bl L7z
DNA %4 & 5B 20 LB % & SR IRAT L 72 % DITH
W95, FOWEIZ Phylum Proteobacteria (28T,
77 7228%% (3 class, 6 family) LM TE R &%
RLTWS., INiZx L deduction W % i3 &,
Phylum Proteobacteria ® 5 24xC ® class 23 &
i, 55%0 (5 class, 11 family) &, MERTOIZIZFEDOS
MOREERNTAZ LA TE.

240, deduction EE ML T, A Y v —HWHHkD
DNA #T MO L BrEL, ~f T—HHOADT
—F Bl EEZ TV, EBIZIEDGGE T
metagenome W TH, AV ¥ —HEOAZRL En
IRERIIZE S oz, LLEDS, deduction #
DY TP, EECEREDOH 57— 03B LN
THY, 351 deduction HIIHI SN T 5 HE,

e B
if‘m §< )

I =MD 2 T, §RNTRIEN TV A2,
deduction EE BT H I EICLD, A Vv —HHENIS
RAF—HBHET, ML TRNTEEEZ LN

Metagenome fEATIC 5 (T 3 DEEE O REEMET

Metagenome T IZ L o T LNV -7 2 v X %
T, Veillonella J& O 2B L, &4 A%, LET
WY > 70 X0 558 L Tz Veillonella J& O K [H
FEMRIZDOWT, RIHT 2 17 o 72 (Fig. 8). KFEKIZ,
% OIFRIE L3 95% LT OBPELIRE 2do
72%%, metagenome fEHTIC L D IR S /oD ¥ —
PIVALEF-DY TGRS —RER LT DI &
Lrkizol.

4 &, metagenome 7 — ¥ 1872 4L, BEFETE
ERDICKRELBLE-TVABI RS, TFF—F0E
JEPE% Bt o /2. Blast il % 2C chimera #E (Wang
& Wang, 1996) DT REME R #7283, T & 5 e JkiEz %
RT3 TELRDP o7 2 CTRRHCOBEN L Y 58k
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R LB TOIRFEkE HERE L TAREZ A, &
WIE M *’/J“T ZEBWSRE R ST o T reads O
BB I 2 < RIICE T2 T Heh i - 2T
i 7N o B c‘: DL OREICE - B, &
NS DOWHRIZDWTIE, B ED 720 O 7
— ZDOEET»> T B,

CHERNBEED 2 JAE OB ICB VT, £ ¢ O)WU%«/
168 rRNA #{Z-T DM % }ﬂ\/‘” WHOKEETT-> T
W5 (Avila et al., 2009). iT4E, pyrosequencing &7
FLOBIROBAILLD, ¥ =7V A% B 5 200F
TN L0LELY, LV B DY — 7 20 AP
HNB LI o TET (Chenet al, 2010). LY%<

DFEDE Y = 2y AR HOCTTF— 7 N— A & H
Y DT 2, B O microbiome WFFEICHMEE LTH
WBEIENTELTHA) (Peterson et al.,, 2009).

AP DR T X & pild, DNA-deduction 2L % [
WAHEI LI LT, MliFEOLZ NN T T2 — %
W7 TR T TZJ CENTERDP- 7”_7}‘& R %
WS 2 Z 3T, MWEOH - RT 5
EBTERLEICH D, AV ¥ —HHH¥RD DNA % %4
RN G o722 Eh S, deduction DFED R
WL Twa EEEvUhi vy, 4, deduction #1E
OO hybiridization 12815 5 K644 1356°C & ifIA
CEHEPTIREL 2 B L) BIRETH Y, ATV v — W

TR, <4 7" WHICE T AWM YL REENT
WA TR L T T & v, Hybridization O UG
KA g VIR mﬂé’é‘é EIEh, X BRI
BRENZREMERSELIENTEDLLD, L 4EL
DA F—HBORMAMILTELEELLNS. £

7o, T A — L ORISR LRI SN A EAITRE - b A
MaEKE & & 5728 (Kroes et al., 1999), v 577 4
% EALEEE T L THONLIBHIIE DB
REMELHEZ 5115,

RS LA VAT 35 L2l R VAR AE 3 B M TR 20, 0 D v il
DU 7 1 AN~ O FUG % B8 L, A3 B9 1 5k
ERGT A AN A LDHESNTYS Mans et al.,
2009). —fl& LTEERIMERRETS % - ATt
TGN pH MET L, Z0RENHEHESNA L D12
72 % & mutans streptococci (S. mutans, S. sobrinus
etc) 7 &K pH ICHEIS T 5 ) AT 0% & 2% <
mh, RVWTHHEEO Y7 MBE, ) U{@%ﬁﬂi;ﬁ%i)‘
5 (k5. 2010).

F 7, SRED S 5 % BRGS0
REFMHT IR ELRFYTERSE (N

__‘*

Nasidze et al.,

2009). WRBMHAENFTOFREREIZL o T, DOENMBEOS
BAHLPI B E, TERNOELREETH L) leH

R ORBER TR Tk Mo BIYEIC BT 5

HRFIZLRDENTELEEZ NS,
Metagenome AT IZ IHE PIAN TR & G PRI & o LUK
KHes R TwaiHdEd H 5728 (Maukonen et al.,
2008), DNA-deduction b [aJ#kiZ, MEHE Z & 0> LA
WG 7200 T < BPITE 3E 5 & oo o MR %

OIS EFERRFEE R VRLZAS.
i #

AEAR, TP R B B A AUER S B s
RER WA & B 2 IS LY, f‘“h@”énx\&ﬁ 1
bITWB, BTN LT 7a—F Tk, £8:0
W % MR IZIIT 9 % 728, 168 rRNA 3Ll g %
1Lo 72 universal PCR MIRAT > IL B DS — W TH

. L# L universal PCR Tld, ZHICHEHATH A Vv
“—73"[% D) AR S N, PRAETELTwDL A F—
WL, BELTLE) LI REDNH S,

ARFFETIE, WAL ST A P v —WHEH %D DNA
EREL, FOBICPCREMEz I I LICED, 20T

ThLa éh E7o= A T =T AT L, PR
FOZHMEEMAT 2 L2 HE L THBREIT- 72,

ZoH fIN) t #® DNA-deduction # & v 9 J7ik % ¥
7oATBFE L7z, RFHICL D, —EOBIETHA DNA
0)%"} T0% & WAERFETE B T LOH l‘ o7, RFPE M
Tu L7 DGGE T 2 7~ 72 & A, #ilk

w BT T EAST & 2. 8 512 pyrosequencer % fHu
metagenome FiE THANIAT L7728 2 5, deduction
(T bbbk 20 F M L7125 0IH:Y)
«Juwﬁi,m~aﬂzi&%<0fWWr+l“’%gw
AZEPHo M, BBIUHEOL XV THT L E
A, A F—HEEGD, LR, ZL0WHE
MW TETWBEZ -7

Bz CBIFE L 72 deduction 2 L D A Y v — W
oA TR E TEIHIMRINTZ 5 2 EAVREN,
CHETOFELFICBOTERTH L LHEZ LRI,

N R

By TH

-5 L72FSE R O
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Genetic analysis and preservation of chemolithoautotrophic
bacteria dominating deep-sea vents

Satoshi Nakagawa

Extremobiosphere Research Center, Japan Agency for Marine-Earth Science and
Technology (JAMSTEC), 2-15 Natsushima-cho, Yokosuka 237-0061, Japan?

Chemoautotrophic Epsilonproteobacteria are widely distributed and support ecosystems in sulfidic
environments as primary producers of organic matter. Their genomes lack many DNA-repair genes,
probably resulting in increased diversity within the population. To assess their genotypic diversity, we
developed a multilocus sequence analysis (MLSA) scheme for representative deep-sea vent
Epsilonproteobacteria isolates. Sequence variation was determined in 11 different housekeeping genes of
49 Sulfurimonas strains that originated from 9 different hydrothermal fields of the Western Pacific,
Central Indian Ridge, and Mid-Atlantic Ridge. The analysis revealed substantial genetic variation
within the genus Sulfurimonas population, with an average of 28 alleles per locus, and a total of 48
unique allelic profiles were found. Intragenic recombination was revealed in several genes but was
shown to be a weaker force than mutation in the divergence of deep-sea vent Sulfurimonas members. A
phylogenetic tree inferred from all concatenated loci led to the identification of geographic barriers
isolating epsilonproteobacterial populations. Linkage disequilibrium analysis supported a clonal
population structure, probably reflecting geographical separation and/or selection for particular alleles of
these genes. In addition, these strains were successfully preserved in glass capillaries in a liquid

nitrogen container. This study represents the first MLSA on the dominant deep-sea vent

chemoautotrophs.

Key words: Deep-sea hydrothermal fields, Chemoautotrophs, MLSA, Epsilonproteobacteria
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DFERE) O & 9 REMEMAEY = FEMEELE 52 %
WIN—TTob LB #HINTE7 (On, 2001). L2
LAE4E, A D TRk R AL 2 & AL SR FE A ) 7%
EENDLTENHL N E % 572 (Nakagawa & Takai,
2008). L&A B M D Epsilonproteobacteria
3, TR EALEY OFTET A4 BRBREICIA < 50
LTBY, #lzZIZEROIE (Engel et al., 2010) i#E
EOBERILEITTESR (Labrenz et al., 2005; Yakimov et
al., 2007), EHEEEIEEIN (Moyer et al., 1995; Polz
& Cavanaugh, 1995) 1285 L TR E N Tw 5. §ilF
B KIG B2 5 3 B Epsilonproteobacteria I,

Bz T B HEBN ) IR & 5 VI L R4S 5 B
D% (Polz & Cavanaugh, 1995; Cary et al., 1997;
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Nakagawa et al., 2005a; Suzuki et al., 2005;
Urakawa et al., 2005), 7 & = —HE&EW Bk K
DREBICBWTHHAEET %3 D (Moyer et al.,
1995; Reysenbach et al., 2000; Nakagawa et al.,
2005a, 2005b) % ESHBTA TAZ A NVEALTW
B, RAEMBEEIRMED S FEEEFANET, KEPHE
TR ELEY 2 BT HGMA L 52 LAaRBED T
% (Nakagawa et al., 2005c; Nakagawa & Takai,
2008). 7/ LIEHNT ORER, A A YRR S SR
L FBRICIE & D DNA BEERETF 2 RELTEY, A
BRI 2 - KPRIFEISEEICE L FHRWR AT
LEHTHEEZLNTWA (Nakagawa et al., 2007;
Sievert et al., 2008; Ambur et al., 2009; Sikorski et
al., 2010). 21 E T, 16S rRNA EIx T DIFHEEFI L~
VTIEX BT & %\ Epsilonproteobacteria 75, HifY
(Z0E < BEN 72 BRI IR AKIE B IS A b A il ST w
B, ABEYTC B W TRFEEEZ FH2 b OIS
NTHELHT, ZNOFUTIGEH LTV E2, 5121
7 5 LNV T OB ENE R REEE R 2 VR 2 AT
L7zl 72w,

WA, EM DD OEER T AFREATER ZHT
TH Y (Glaser et al., 2001; Perna et al., 2001; Mira et
al., 2002; Rocap et al., 2003), JFIZMAMAKFENTO T/
ARV, Y O ERERIRIEEIL - E a2 B
AT HIZTARIRTHDILEEZLNA LI IR
(Welch et al., 2002; Thompson et al., 2005; Coleman
et al., 2006). BAEWIIBT BT ) L ORI,
randomly amplified polymorphic DNA (RAPD), /%)L
A7 4 =) FERKE (pulsed-field gel electrophore-
sis [PFGE]), #MIEW HF KZ® (amplified fragment
length polymorphism [AFLP]), % i#f{z 1 FEECHI AT
(multilocus sequence analysis [MLSA]) %, #4 %&F
ETEHMIT 2 2 &5 RETH S (Maiden et al., 1998;
Gevers et al., 2005). T3 MLSA #:1d, #5 GAEF I
7THELLE) O XA F = U FEAT ORERY) 2
AEHLETHVEFETH Y, 4~ DAY ROELT
2 ARSI L, RN 2 B BRI L L
RIFEAT AU RE R 720 — L LoD H % (Maiden et al.,
1998; Maiden, 2006). Epsilonproteobacteria #§ DA D
I, Helicobacter J&X° Campylobacter J& D EW)
BRFFEICE DTSN, BRICREL 2T — 5 X—=28
X (Achtman et al., 1999; Dingle et al., 2001),
EFEMUIEOAR L T ANFH L OLEEREZBHT S
WFoes I FE S C &7 (Falush et al., 2003; Linz et
al., 2007). T4, MLSA FEIIREERAEY O A TR,
FENE E R AW (de Las Rivas et al., 2004; Baldo et
al., 2006; van Berkum et al., 2006; Ivars-Martinez et al.,

n

iy
i

2008; Oh et al., 2010), & HIZIIRFFE AR T RIHE 2 AR
W (Vergin et al., 200 I BHENDL XH %> TE
TWa, LAL, INE CRIBEAVKIEEIRICE S T 5
SR FENEH SN BRI ERTH L. COHEAD
1212, WG TE L T 51b5 &K Epsilonproteobacteria
IR TH 5 (Polz & Cavanaugh, 1995) I & 535
T HENDD, EESOMES NV — T IIARMEYFH O E
R R L, RS M ORI EAKGENIE > 55 D
%Rk o BERR A TS L C & 72 (Takai et al., 2003;
Nakagawa et al., 2005a, 2005b) . V& B K EENINIZ
BB 9 % Epsilonproteobacteria AT A L E 2 bl
50 WEMERZDIL AR EBET 5 &, B
AR R R TR B K TG B IS S 5 A AR  MLSA
AT 24T ) BNy =7y FThHA. D LoEs)r
5, AWFFE T, HRE M OBREBRAKEEE S 558
L 7z Epsilonproteobacteria O BEMRIZ DWW T, MLSA
FRATIC X D FEEEENMERE BT 5 &I, ok
DRI OV THE L7,

KEFTT ik
DB NI TOWRICBCT, WAFH - 4 F

W RPEICMES 2 9 7 ETORIBRSVKEEI (Fig.
1) 7 547 L T X 72 Epsilonproteobacteria 53-HERE D
95, 168 rRNA BI5 T DRI TIATE299.9% Ll I
M % Sulfurimonas J& DFT49%k (MLSA1-95 #k) % %
W L7z 2B, ThO D8RI Sulfurimonas autotroph-
ica OK10" (Inagaki et al., 2003) & 99.9% L LA
Pk (168 rRNA MIA T OFIERLFTILNV) 2 H LTV 5.

Fig.1 Map of hydrothermal fields where Sulfurimonas
strains used in this study were isolated.



PRUBEEZ /TG B 815 5 5 MR A LA 6 BUBUEY DB RS2 0 B X ORISR 5 5 0F%E

SEEICEE L T, MK E B R o
MMJHS-1 ¥ 38 X O° MMJHS-2 312 X 2 s
E2 T, 72 = —MEY LR E» o B 5L
ERFRER LB, BAGTUC X DML L7z (Nakagawa
et al., 2005a).

MLSA &z FOIREARIDRE  AWFETIE, #49
BROGEERZ N ZNICOWT, 1O N 2 F -~
T BIET (glyA, tht, atpA, rplA, dnak, pheS, napA, metG,
feoB, gyrB, valS) DIEFEINE FE L7z (Table1). &
NOSOEETIE, 7/ A FICy vy 7V a ¥ —TEICR
0237 <, o LEIRE T LEE AR GER
BB L FRELOLD 1 LVEIMIPIEV), Lo
72 MLSA #HIZH W 285+ (LT MLSA #f51) 128
RENBHSGM (Maiden et al., 1998; Hurst, 2002;

Table 1 MLST loci and primers used in this study

Gene Gene product or inferred function®

Primer sequence (5'->3')

GCNGTYATGGARGCBATGGG
gly4  serine hydroxymethyltransferase (E)

CTTCTTGTCTCTCCDGGAAC

TGTHTNTGYGGTGAYGGAG
tht transketolase (G)

TCTTCNCCHACRCCGATRCT

CAAYGTTATGGCWGGAGA
atp4  ATP synthase, alpha subunit (C)

ACGTCACCWGCYTGWGTTTC

CCDAGACAYGCDGAYCARATG
rpl4 508 ribosomal protein L1 (J)
GGCATHADRCCTTTDGGBCC

AGAAAAGCGACAAAAGADGC
dnaK  chaperone dnaK (O)
GCNACMACTTCATCAGGRTT

N W
phenylalanyl-tRNA synthetase, CECEAMOHOATATEC ARGH

pheS alpha subunit (J)
= CCRAANGCATAWCCRCTTACAT
5 .y TTCTGYGGTACDGGHTGTGG
periplasmic nitrate reductase,
napA large subunit (C)
° GRTTCATACCCATYGTCCA

ACNGGHACNGAYGARCAYGG
metG  methionyl-tRNA synthetase (J)
GCHGGCCARTAVAYNGCATG

: GGBCAGCCHAATGTDGGVAA
ferrous iron

JeoB transport protein B (P)

CATRTAVCCHGTVSTYTC

GGWYTKCAYGGBGTBGGBGT
2B DNA gyrase subunit B (L)
CVACRTCVGCATCGGTCAT

CTAYATGRTHAAYTGGTG
valS  valyl-tRNA synthetase (J)
CCCAGAAAAABADDATRTC

“Letters in parenthesis correspond to the COG classification of genes (Tatusov et al.,
2000). E, Amino acid transport and metabolism; G, Carbohydrate transport and
metabolism; C, Energy production and conversion; J, Translation, ribosomal structure
and biogenesis; O, Posttranslational modification, protein turnover, chaperones; P,
Inorganic ion transport and metabolism; L. Replication, recombination and repair.
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Urwin & Maiden, 2003) /23 dDTH5. &7/
LIENT D #%T L T\ % Epsilonproteobacteria @ KL%
EBEILTIA v —%iEt L (Table 1), PCRIC X A3
&% ABI 3130x1 (Applied Biosystems) & F\» T4iH
{ZF OIEFEAH) % Jeg L7z (Nakagawa et al., 2005a).
g L7 £8 15T O3B % Clustal X (Thompson
etal., 1997) I2X DTS4 Lk A, napA&iZT
W1 OARF v v THAHA SN0, BFEOKRY ¥
a3 VELLT DT S RS L 7.

EEESIOEER MLSA BT C—HKICHWOLNLEF
FHED &, 155 N IEEF 2 AT L 72, B2 R
% &, % MLSA BnT 2B AL FEEN Ik
[F] FZ B EE O FF (Table 2 IZFEH L 72 d @) 1, DnaSP
45 BXUOMEGA 4 V7 +7 =7 (Rozas et al., 2003;
Tamura et al., 2007) Z HWTHE L7z, 7, #T
MWZOFEEIRDP 3V 7 P 2T I2E DR
(Martin et al., 2005), R 2 BHE - 2R A REHE X
LDhat (2 X D B L7z (McVean et al., 2002). X 512,
LR BANE RAXML 2 W TERL L (Stamatakis et
al., 2008), ZHBE O bRT P — L SHMEIC X
0477 -7z (Shimodaira & Hasegawa, 1999).

DB DRTE Sulfurimonas autotrophica OK10"
WA IR & s S L TwW b A (Inagaki et al.,
2003), AWFFETH 72 Sulfurimonas J& O 5 Hikk 1L &
THEYHEMETH 5720, ZORAEFIE L T, #X
HRAEMORFICHE L72F v ¥ ) — 3G RAFE (7
BE, 2002) IS L7z, TFVTARBLIORHERY
O ¥y 72WOfHT 5L DTEZ@LE (50ml
) HEMEL, BEILXFYET) - TOREETE
ETHRWICT 2w, WRERY V7 ICTREFEL. %
B, TEEE10% 7)) b L% VAT VR
VAEFTEF (DMSO) % &SN LK E H w7z,

R & B

MLSA Bz FDZH&14E 4%k D Sulfurimonas J& %
NENIZDOWT, FH11HEE O MLSA #{n T 05k
HeFl CPI4#5 530 bp) & PE L7z, RO GC &&id
#136% (gyrB #inT) 75 43% (glyA Ei5+) DHipH
TH Y, &TD MLSA #faF TOFHEIZR 39% TH
o7z BB, SEERICERE S Sulfurimonas autotroph-
ica OK10"® 47" /7 5 DNA @ GC & #1335.2% TH 5
(Inagaki et al., 2003; Sikorski et al., 2010). 7z, &
fFFECERIN L 72 MLSA #{5F1%, FEITHEMEEFED
MLSA IZBWTHIT 2N TS5 H D (Achtman et al.,



1999; Dingle et al., 2001) % H\w727%, % MLSA #fz
ToIERFER L AZEHROL (Ka/Ks ) 131 £ D&
PINEWZ 25 (Table 2), 4 HLER L 7-@15 T8
FWFhd MLSA T ICE L2 D LHBITE 5. &
MLSA Bz T OEERS 2 FEEH ST Lz 25, 16H
H (rplA BIET) 7 5 32FEHH (pheS BIET & feoB Eix
F) bOXMIUBEBETVIRONY, FHTLELEEETHT
D #28TEIH TH - 72 (Table 2). 49D H b 2
(MLSA 4 #k & MLSA21#%) @ 4434 < [ U MLSA #fz
FHEEZAEL TR, e Tl EWIE LR F
LTBY, SEERBED 7 ) 5 LNV OSEREENRD T
WZ ERHE DL o F RIFREAKIEEIRICE ST 5
Epsilonproteobacteria \X, 7/ AHIZ DNABER%
RELTVDEDF ) A LNVOERERBVEE L
SNBD, T AORE—ENE - LIEYEFENE
B L W EUKIG BRI EIR T A 720 IS E RN @) <
#2515 (Nakagawa et al., 2007). Mz T, &5

Fo I B’
Table 2 Genetic features of MLSA loci
. No.of 7 of Nucleotide Average
Gene AVI" content 1?10 variable diversity  Ka/Ks
(SD) (%) alleles  ites per site (1) ratio
028
ghd 5 427 29 312 0.07 0.03
93.6
he @y 397 29 317 0.06 0.07
94.6
apd S 419 26 244 0.05 0.02
rpld (954'27) 413 16 271 0.05 0.02
dnak (943-57) 390 29 261 0.06 0.03
pheS (952-87) 400 32 292 0.07 0.02
93.8
nap4 (48) 37.4 27 253 0.06 0.02
92.2
meG (g3 382 30 462 0.08 0.04
feoB (961 ~65) 363 32 347 0.09 0.06
B (952-77) 362 29 325 0.07 0.02
valS (96280) 387 26 396 0.08 0.03

BEdR DA § X LB TF OB OMAGDEITEDE

“Average nucleotide identity. Standard deviations are in parentheses.

@, Iheya North; O, Izena Hole; ©, Hatoma Knoll; [J, Kairei Field;
A\, Lucky Strike; A, Rainbow; %7, TAG; <>, Daikoku; 4, Eifuku
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Fig. 2 A UPGMA dendrogram drawn on the basis of the alleles present
at each of the 11 loci. Symbols denote origins of isolates.
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UPGMA Y ) —#{Ef L7 & 2 5 (Fig. 2), &4 BikkiZ
SEERICRE 7 L— FEBRT AEASED b
yA

MLSA BZF DR & i 2 114536 » MLSA &
EFIZOVTRARFE 2R LR L2225, T
NORMEEITBWTD PRIV —PNEEICRL DL
ENRBELNE R 572 (P<0.05). flZ T, MLSA #E{x¥
D) HA% L&D napA, feoB, gyrB O 3 BIZTIZDOW
Tix, RDP V7 b7 = 72X BN T BIEFHH 2
A sz (P<0.001). 209 b, gyrB EIEFIZD
WCAT % 2 72 A7) v NIRRT OfE R % Fig. 3 1IR
TH, ZEOEROR y T — 2 HEENE SN, Mz
PELTVWEZ EEZRELTNS (Fig. 3).

RRETE BB A LEROMBATICB T, HEEREEAD
WOTEETHHZ L, 2 LD 3EHEHOBEMLETICE
WCHEBEZDBELTWAZEHENE oz &
O, GHRICBWTEIRIEZE L BB & LT, Mk
ABLURAZEROBE RN L2, Z0OE, iz
FAZ BT BAAME R R BRI O (p/6) 1, 0
75 0.02 O#FH (F¥%90.003) TH Y, REEWEIC
B ALHLDFEETI & LTI ZERERENKR & 2 kE %
HoTWB I EPHLNE o 7. HEEREMAEY % X5
& L2 DFEIT NI A 2 W s, HREICIL < A/ L Tw
% Alphaproteobacteria @ SAR11 7 L — FIZBWT, 2
RERL DB Z ORBPREVI EITRBEINTN S
(Vergin et al., 2007). i E M7= %, MLSA O 7 —%
N—AHFEEL TV B ELREEBAEN O b O & T
5 &, RIREHUKIGEIHIE 53 5 Epsilonproteobacteria
DIERE R 1ZE {, [ U Epsilonproteobacteria ®
Campylobacter |& & WU /- EEBIZENEE# T A
TAHIENPHLNE R o7z (Fig. 4).

Y IEROBR AR 117EE O MLSA #fa T % i L
R EER L7z & 2 A, EoHRIESHEIC s L—F
2T A ER RS bz (Fig. 5). 72, HEERE
DEEBEAS 7 B —F NV TH 5 T &I, HEE AN FHRAT I
BOTHIEENZ (P<0.01). X512, SEEREB OH#
BHRYERBE & o BEAR ) O BRI EERE B A 2 AR D
b7z &b (P=0.015), FEKIEBBIELT 2
Epsilonproteobacteria #EE TR SN TV 3
CENHE DL o Jz BWIBRAAIEBIRICER T 5 4%
EDRIAEYFEIZ B W THIAY RS HRE S -6
%\ 7S, R O BTGB ICIZITE B HA T S
AW B 5 LA % MLSA (2 X 0 3Rl Lt 2y
SARER R L 7: D EARISE ST & %o 72,

gyrB-19

Fig. 3 Example of split decomposition analysis for MLSA
loci. Alleles are connected to each other by multiple
pathways, forming an interconnected network, is
suggestive of recombination.
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Fig.4 A scattergram of population recombination rates
and population mutation rates. Data for non-deep-
sea vent bacteria were obtained from PubMLST.
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Fig. 5 Maximum likelihood phylogenetic tree constructed
from the concatenated sequence of the 11 MLST
loci from Sulfurimonas strains. Only origins of
strains are shown (See Figs 1 and 2 for location).
Bootstrap supports using maximum likelihood
(left) and maximum parsimony (right) are shown
for principal branches.
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Fungal systematics based on chromatin structure comparison in gene
promoters
Hiromi Nishida

Agricultural Bioinformatics Research Unit, Graduate School of Agricultural
and Life Sciences, University of Tokyo
1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan

Chromatin is the most important structure for maintaining the eukaryotic genomic DNA. The eukaryotic
genomic DNA is packaged with histone proteins to form nucleosomes, and nucleosome is the most
fundamental repeating unit of chromatin. (1) We performed nucleocsome mapping using the filamentous
ascomycete Aspergillus fumigatus, which was detected at high resolution on the basis of DNA sequence
data obtained from the nucleosomal DNA fragments. We found that the distribution of the nucleosomal
DNA lengths in the active gene promoters shifted toward shorter lengths than those in the other regions.
This suggests that histone modifications and/or histone variants influence nucleosomal DNA length. (2)
Based on this finding, we identified nucleosome positions of A. fumigatus treated with the histone
deacetylase inhibitor trichostatin A (T'SA), which induces hyperacetylation of histone proteins. In a
comparison of the nucleosome mapping data of the TSA-treated cells and untreated cells, the nucleosomal
DNA fragments obtained from the TSA-treated cells were significantly longer than those obtained from the
untreated cells, which indicates that TSA influences the nucleosome positions, especially in the regions
with high density of nucleosomes, by elongation of the nucleosomal DNA. However, most of the nucleosome
positions are conserved in the gene promoters, even after the TSA treatment, because of the low density of
nucleosomes in the gene promoters. (8) To elucidate the influence of histone acetylation on nucleosomal
DNA length and nucleosome position, we compared nucleosome maps of the following three strains of the
ascomycetous yeast Saccharomyces cerevisiae: strain BY4741 (control), the histone acetyltransferase gene
ELP3 deletion mutant, and the histone deacetylase gene HOSZ2 deletion mutant. We found that the
distributions of the nucleosomal DNA lengths of the control and the HOSZ2 deletion mutant were similar,
while that of the ELP3 deletion mutant shifted toward shorter than that of the control. This finding
strongly suggests that inhibition of Elp3-induced histone acetylation causes nucleosomal DNA length
reduction. When we compared the profiles of nucleosome mapping numbers in gene promoters between the
control and each of the two gene deletion mutants, we detected 24 genes with low conservation level
(correlation coefficient r < 0.5) between the control and the ELP3 deletion mutant as well as between the
control and the HOS2 deletion mutant. Interestingly, in 19 of the 24 genes, the profiles of nucleosome
mapping numbers were similar between the two gene deletion mutants. Our findings strongly suggest that
the nucleosome position profile in the gene promoter can be used as a marker of fungal systematics. (4) To
compare nucleosome maps from a wide range of fungi, we started to determine genome sequences,
nucleosome positions, and transcription units of phylogenetically important fungi. We selected the
basidiomycete Mixia osmundae (authentic strain IAM 14324) and the ascomycetous yeast Saifoella
complicata as the phylogenetically important fungi. To date, we have deposited 283 contig DNA sequences
(13,393,708 bases) of M. osmundae and 7981 contig DNA sequences (12,981,880 bases) of S. complicata
(type strain: NBRC 10748, = IAM 12963) in the international DNA database.

Key words: chromatin, fungal systematics, gene promoter, histone, nucleosome
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WENSE. 7/ L DNA 2O O IEME 2 BIEFIRBLIIAEY
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0 — & ) IEH T & A IR T I &
N5, Thbh, X713V —L0MEB L UHEILE
TP HBHOREEE o TB Y, MO T A
T4 DIEFFICHO TEETH 5.

B4, DNA ¥ — 7 LY AFMOHE T LI RIZX
D REA RBEFOETVEYIIBNT, 7/ A T4 Pz
27 Ld Y —aOREEB X ORE BT % e A5 K
WTW5 (Dennis et al., 2007; Lee et al., 2004; Lee et
al., 2007; Mavrich et al., 2008; Schones et al., 2008;
Segal et al., 2006; Shivaswamy et al., 2008; Valouev
et al., 2008; Yuan et al., 2005). %7z, #fRF 7 0E—
FHEWICBU AL AN VBEHAEE TR E AL T
WA EWRENTWAS (Bernstein et al., 2005; Liu
et al., 2005; Nishida et al., 2006, 2008; Roh et al.,
2005).

W BT 5 7 0~ F UHENEIE, TR 3R R
Saccharomyces cerevisice B X U 4 2 B &
Schizosaccharomyces pombe [ZIZIFWHENL T 5. &
BT, TNSOMEIIBITAX 7 LAY —ADFHB &
OCMNBEBICHT ZEVWIIODVWTHESIR TS
(Lantermann et al., 2010). &%, FREHRFIE TS
BHOMIZBIT 5 X7 LAY — A0 BT 2517
b, ZOMEIRY OZEEIRS NI (Tsankov et al.,
2010). L2L, RREICOoWTIEF /474 KXy
LAY ==y TOF—FPHEEL TRV, THE
GH) DA oWE 7R, S60E, v RIEE) 12
M5 74y - AHREEFEZTOMNARIBFELETD
D, X7 LFV—roEB L MNEFHEICBNTE

o n e

FUTA

E-mail: hnishida@iu.a.u-tokyo.ac.jp

SEEIERE - A LEE (REEFERT , R G20
), SAHE CRECR 225 SO BNBCR 22 0F 98 , il
FrisE RS EMBEERAE v & —), 1l

B G REIRR B v 5 —), i

A CREBERS), HNHS GEERER

), BUKSE (77 2 ANH - 5F), EARKRT

(BiaREE)

#

B

DL EWENEREZ > T AP RATHS. £ 2
T, AR BVT, RRBEE LTHRICS EHT
Aspergillus fumigatus D7/ 2T A N X7 bV —
Ay TR L, TORFBEHELMIL, 25X
YT EFNMENRX 7 LY — A OREEB L UMLEIC
5.2 50V T A fumigatus B X U8 S. cerevisiae
EHCTHLPIIT 5.

A. fumigatus B L U S. cerevisiae DX 7 L F V) — A
T A RN T — 7 2 M L7 BT, WERRSE
% LR CHEE R Mixia osmundae B & U Saitoella
complicata O/ LNIFFERHINIOWEB LR LY
— 5y TOWELEIERT 5. M osmundae 3% D
REV8ED T HIChA ) FREBICHE I TV
A, F0) KV — 5 RNA OB KB X Oz
RV & 0 T REICE 54 S - (Nishida et al.,
1995, 2011) . EFHMEBIRE X 1, 4 TITHED Z W
FATOWFRFEREZT->TVEEEZLLNTVD
(Bauer et al., 2006; Nishida et al., 1995, 2011). L»
L, TFHENTO M. osmundae OFEFAE/LIIHITE 12
DWTHEHAHOEFETH Y, IBFWE ML ER 5 L
THROTEELZRIETH S, S. complicata X< I ¥
AL SIS N T FELTEIETH D (Goto et al.,
1987), Z0 YRV —h RNA OIERYILE & b 738
B 46 @ Taphrinomycotina X4 X LT W 5% A
(Nishida & Sugiyama, 1993), Taphrinomycotina
BT 5 RN E IOV TRAWTH b, FHUH

FORWEN G 7, FRERORILE %2 5 L O
TERELWHTH 2.

APZED B, BEOBEF 0 T— 7 HBICBI
HRAZUVFV—LhDREB X UMNEBEOIHRZ LK 5

Fha R L, WEELE DB L OCHERR S A IEH
THEIELETHS.
EBTT R

HIBICB DX b ASHBEAE S /NI B OHE/LIR
FEOE BETFEFMSITPRDEATHS S
cerevisiae B & ¥ Schizosaccharomyces pombe D J
AEME T, WHICBIT 2 e 2 b U BilE s > o8
7 EDOHEAHEEEICOWTHENIZEBHF L. S,
cerevisiae 13620 Y A+ MBHIRE Y V80 H
(Saccharomyces Genome Database,
http://www.yeastgenome.org/) ,
% 72 Schizosaccharomyces pombe 348Dt A b ¥ &
fipg s 7 H
(Schizosaccharomyces pombe GeneDB,
http://www.genedb.org/genedb/pombe/)



BHOBET 70 E— & HIBIIB 2 7 0xF SO R EED R S5

EFoTVA. INH 11005 Y7 Bx 7 x1) —RE
& LT, Kyoto Encyclopedia of Genes and Genomes
(KEGG) F— 4 RXR—ZR BV T6HOTHEREE (A
fumigatus, Kluyveromyces lactis, Neurospora crassa,
S. cerevisiae, Schizosaccharomyces pombe, Yarrowia
lipolytica), 2 FEDOIET B4 (Cryptococcus neoformans,
Ustilago maydis), B & UHET H Encephalitozoon
cuniculi D&Y ¥ 737 BIZxF L T BLASTP R % 17

-7z,

Aspergillus fumigatus DX 7 L *J — L~y T
A fumigatus Af293 BRD 44 F 2 X 103 &
20ml @ PD ¥5#h (2.4% potato dextrose) T28FE, 24
REMEBEEE L, Micrococcal Nuclease (MNase) 5 U/mg @
IBET3TE, 155 MG EE, ZO%K, 725V
BERIKE 21TV, B—BIUH X7 L4V —24DNA
Wiz s vE L, BRLZ. £h 5o DNA K
F % Illumina Genome Analyzer (2 X V), € Oy
My % & 36t fE Lz, £NICX D E S NzERER
2k L ELAND # FHlW T, A. fumigatus 7/ A&
(NC_007194 7*5 NC_007201 @ 8 KDYefuff) 12~ v
T L7z, HEOWMEEE Fig. 11O, %28, ST
122 Tid, Roche NimbleGen Systems z H\ 7274 A
YA A4 78T VAL YISSTHIZTIZDWVTH
WL, BERMBAIZOWTIEE Y IF v v 7 (Suzuki
& Sugano, 2003) 12 X ), RNA @ 5' KinE & E 7 343
# % Tllumina Genome Analyzer # W CTHREL, 7/
AiZ=wy T L7

Micrococcal nuclease treatment
w
-
Agarose gel electrophoresis
%
X v@_gj«,.
Cut off dinucleosomal and

mononucleosomal DNA fragments

o
-

DNA sequencing using
lllumina Genome Analyzer
D (both ends)

-

Mono &;i

Map them on the genome

Fig.1 Nucleosome mapping method. 1st lane from left
side in agarose gel electrophoresis, DNA size
marker. 2nd, Aspergillus fumigatus chromatin
without MNase treatment. 3rd-6th, MNase-treated
chromatin. Di, dinucleosomal DNA fragment.
Mono, mononucleosomal DNA fragment.

M)OX&2F > AWIEBED Aspergillus fumigatus O
XTLFV—Lvy TR A fumigatus %28,
24IFHBEEEIFIC N Y X ¥ F >~ A (TSA) %= 1uM D
BETUM L7z, %72, MNase LH DREMIC & 2\ % 7
R5b720, ZORIGFEMZ 155 M B £ 080547 - 72
b 2RF e HE L. TSAREOMEASDRX 7 L
FV—AI Y TIBWTE, BB L UHEx7 Lty
— 2 DNA Wil o & 7635 2 REL, Zh b %
< v 7 L7z BETEHEITO W T, Roche NimbleGen
Systems  HW /2 A A< A A4 78T L A4I12LD
988THRIET T DV THIH L 72.

Saccharomyces cerevisiae DX 7 LAV —L<y T
FE S. cerevisiae EUROSCARF Y00000 ¥k
(BY4741), Y02742 # (v X s ¥ 7 & F VLB R & (5T
ELP3 RIOAR), BLUY04561 #k (B A + VLT £ F L
LEFERT HOS2 KRR & w7z, S. cerevisiae &
YPD ¥ #1258\ T30, —BpkE#E L, 600nm THE
0.1/ml 2% % £ HIZAHML, 0.8/mliZ7% % FTI0ET
¥ L72. Zymolyase % 0.25 mg/ml D& T30/, 30
S L, 27 zu7F A MEL7Z. 2D, MNase
% 0.75U/350u] DIREETITEE, 3055 S S 7z, H
— X7 L4V —ADNARWH % Illumina Genome
Analyzer IT & H v Tl %913 AL H % hoE L 72,
Burrows-Wheeler Aligner % Fi\» T S. cerevisiae 7/
2 (NC_001133 #*5 NC_001148 D 16K DGt fk) |2
s L7z,

Mixia osmundae $ & U Saitoella complicata @
T LY =TI XN M. osmundae IAM
14324 (=JCM 22182) %74k (authentic strain) B
L U S. complicata NBRC 10748 (=IAM 12963) ik
PR L7, M. osmundae (22 TIE, YM ¥4 T25
B, 6 HHE#%, PBS & (pH 7.4) T 3 MPEEL
72, 5X10°MI g & » QIAamp DNA Micro Kit
(QIAGEN) % HI\»C DNA #ii L7z, S. complicata
IZOoWTIE, YM BHT25, 3 HMEE®E%E, TE &
W (pH 8.0) T 3 MIEEFE L7z, 7x10%Mfe L » QlAamp
DNA Micro Kit (QIAGEN) Z H{\»C DNA Z#hiH L 7=.
MHEED, 7/ A DNA ¥—2 T~ Al Roche GS FLX
Titanium % AW TIT o7z, HoNiza v 7 1 7O
PEMiER 1 BLASTX 2 lVWT, £2ia—F&EhTwa
¥R EOT I RIS (BR) &7 — I R—RIHE
BEINTWE Y U7 H L OFEUEZ TR,



" H

R

BEICH TP EX b AEMEES > /NI BOE(ERIF
TFEDHE S. cerevisiae B & UF Schizosaccharomyces
pombe D& A b VBHIBEE & ¥ 8 7 H O AR E
ORI, Ay T2 FMEB I OB T £F VLI
ME552 8 v BEAGRIIBITRIEESY X BED
HALRREEZT 72T =5 87 BL D b EWIC
LhrboF, e A MY AFMUIZESTH 5 Vs B
BEKIZBW TR T 7% —F VX7 BOFHENE
FUNRIZEINIBNIEERL HERLL). £
72, B A b YT T VALEEE Elps Hi b EALRYIZIRAF
ENTWLIEEHLMILA (EERLL).

Aspergillus fumigatus DX 7 L A4V — L~y THE
o T AEBICDRARREOX 7 LY — A
< v 7L A fumigatus Af293 ¥R O TOIE & 72 -
72 (REHRXL2). X7 L+ —24DNA DR SHFHE—X
J LAV —=AIZBWT236WAEL LBLUCH - L
F V= 2BV T436HIEL LiIchiz)~y TE N7
LDIEKE, B—X 27 L4+ Y —247715001, X7 L
F v — 48565279 D DNAWH %7/ A it~y 7
L, B—x27 L4 v—LfiiE 5975567, $437v#y
— LI 6995122 AL A L7z URFSL2).

L4V —24DNADEEDGMEHIHNIZLET A, i E
7L AV —ATIF135 BL P 150EEED 2 DD —
2 BT X LY —ATIE28BERED 1 DO -2
-7z,

Gene promoters

Active genes . 1s o Inactive genes

Length (nt) ** e

Gene bodies

Active genes -._ -~ Inactive genes
=, * o

2008 89 2

Length (nt) =
Fig. 2 Histograms of nucleosomal DNA fragment lengths
in promoters and bodies of transcriptionally active
and inactive genes. The active protein-coding genes
(from the highest to the 50th highest) and the
inactive genes (from the lowest to the 50th lowest)
were extracted on the basis of the microarray data.

*

i

988TEIZTF I T A~ A 707 L A N O FICEE
d%,%%ﬁgm%#(“ﬁb«wwm%mwéwﬁ
50 (AT) B L OREHBERETHE FEHL VoK
WO SE0EET) 5T, FREFNOEETRICE
B EETFT U E— & R TIREIERB G S €
® L 1kb Ok & L7z) & #mTR 7 1 w5k (BIERE
WP LRAEET) OX 7 LtV —2 DNA RO 54 %
N7z, FOREE, BEEEGTERT 4 8, RS
EFHTOE—BLORT A BEIZBI2HE—X 7
LAV —2DESOGHIEIEROLDEE DR, H
BHBETH 70— HBICBWTOA150EEE
D= BREL, 13BpEREOE—FOHRELY, &
BN JF~Y 7 L Tw7z (Fig. 2). B, HxX 7
vi/ LDEZDHAHIZOVTIZIING 4 DD FEE
BUIAZEREDON L -7- (RERL2). B—BX
Uﬁgﬂﬁbﬁy—A®777ﬁ®R#%ﬁﬁﬁ®
MNase BZ %2 5HI§ 5 FEEREL, Fha@EHL
72 A, EEEEOBVEETICBWTIETuE—%
FHIF D MNase EZEAFFEBE L ) bE o T
b lmmli (JHFEWRL3).

F)ORXREF 2 ANIED Aspergillus fumigatus O
XTI LFYV— L7y TET S S IV e AP D
27 VF V=LK EERNRL-0, b XA N VR
7T FNVALERZBEANTHL V)T AT F 2 A (TSA)
AL 2000 (A b TR FIALL RV RT S AL
RIZH720) Lo Tw D) FHWT, AR 7 Lt Y —
LONERFE L UREFRL 4). MNase DL

155 M OMBIZ DWW T, B—X 7 L+ Y — 2 9487154
BXUOHE X7 L4V — 29197430 ® DNA Wi %2 7
JAhbiZwy S, B—X 27 LY — AL 7178492,
Bo27 L4V —2[# 7199013 # ST L7 (&
FEC 4). MNase OULEEE 305 M ORI DWW T
i, B—=X 27 L4V —211086845 BX U =2 7 L F
Y — 114382898 O DNA Wk % 7/ A ki< v 7L,
HB—3 7 L4V —LAiE8932331, X7 L4+ V—
LB 11674690 ZH LS L7 (HFERL4). X7 L
TV —24DNADERSOGAZARI LI H, H—2X
L4V —ATIk1681EEE (MNase 155 HALH), 160
WHE (MNase 307 HLH), H - TIE321EEE
(MNase 154 HLE), 3063EFEE (MNase 3047 fi AL
H) oFNnEN1 20— o7 (Fig. 3).

TSA WLHIC X 5 BIZFFHBLD % 988TEIZ T IZoW
THRRER, av fa—b e TSA M TIZZEB L~V
OAHBEIREL r = 0.95 LD TEHWIERETH - 72 (Fig. 4).
FEL NV 2 BRI L 2 #EE 11328, S J‘u
TIE T L2 T1349TH -7z BERL4). £2



BHOBET7OE— Y BIT 5 7 0o~ F ViSO RIS D RO

TSA-treated cells
30 min MNase
treatment

= 1 Untreated cells TSA-treated cells
15 min MNase P 15 min MNase
treatment [\ treatment

DHA g i
Fig. 3 Histograms of mononucleosomal and dinucleosomal
DNA fragment lengths from trichostatin A-treated

cells and untreated cells of Aspergillus fumigatus.

Technical replica
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!
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TSA-treated 1 <

L
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1r=095 =%° " r=0.95 %
E . o $ J&FH
5 95> o 5o .
%T . ® TSA-treated 2
2 T T T T T T ¥ T T T T
k] 20000 30000 S20G0 bl 000 40000 0000

Fig. 4 Scatter plots of expression levels of 9887 genes
between trichostatin A-treated and untreated cells
of Aspergillus fumigatus.

T, TNSHFEH L ANWITEALA R & N8 51 & 2L
HONBZWEEZEFIIBWT, ZOX 7 LY —LDfHE
AR, v v S ENX 7 LAY —24 DNA B IS
Hox, ZofiEo7ra7 74V (Fig. 5A) %L
A7 LV —AEOREEL ET Y ¥ RERMHBE R
TEH L7z, ZOfEE, BFHRLANAVOELICEST, £

COBETFICBWTHEET 70T FHIBICBIT S X
7 VE Y — A EORFESBETRT A HIIEID D
w27z (Fig. 5B).

TSA 2B L T\ ¥ b a— V2B BIE5EH
ALY, 10008 L ¥ 7% - 7 AL iE
BT AAAEL Tz JEEMR L 4). TN 6 DG HIAR O
3 300 Hi 2B X OV Tt 300 MR O FIHIZ BT B X 7
LAY — A EORGFEZRK L ZARELER
3D SN0 - 72 (Figure S1in FEEFR L 4 ).

(A)
—
[0}
Q
£
)
c
o i —m
== T T
Q
8. L PR T
=
Constant expressed Down-regulated Up-regulated
(n=50) (n=49) (n=28)
® i T T o
H ¢ é ] _._i_
S 3 3 L. 3 ¥
r2:

Body Promoter  Body Promoter ~ Body  Promoter

Fig.5 (A) An example of mapping numbers for each
nucleotide position. (B) Boxplots of squares of
Pearson's correlation coefficients between profiles
of trichostatin A-treated and untreated nucleosome
mapping numbers in 50 constantly expressed
genes, 49 down-regulated (< 50% expression level)
genes, and 28 up-regulated (> 200% expression
level) genes.

Saccharomyces cerevisiae DX 7L * ) —L<y 7
BRAR S. cerevisiae 62D A b Y FHIHH ¥ %
JEOWRICBIARFEZ I Y F 7 L728 25 (K
FWL 1), B A YT EF IV LEEE Elpd 9% b R1E
EREWZ N gh o7z (Fig. 6). €2 T, ELP3 B X
P A N7 v F VLR BT HOS2 (IR
VR VTEIN) REERKIIBVWT, X714V —4
<y T EToT. FORE, BY4741 FR(a >~ b r—)),
ELP3 R%:Hk, HOS2 REMIIBNT, H—X 7 LtV
— 4 1578348, 789257, 2664981 @ DNA Wil & 7/ A
Fizwy 7L, B—X 27 LV — A& 1522676,
771069, 2427330 ZH LMLz (JHFEHL6). X7
LAYV —2ADNADORESOS a5,
BY4741 #k (2~ bu—)), ELP3 RIHk, HOS2 K%
FRIZBWT, 163K, 160K, 1621EEENE
B ¥—2r0dH o7z (Fig. TA).
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Evolutionary conservation level

Histone modification-related proteins

Fig. 6 Evolutionary conservation levels of Saccharomyces

cerevisiae proteins related to histone modification.

A) ELP3 deletion

“1 Between control and .
¢+ ELP3 deletion mutant —

1 Between control and
i HOS2 deletion mutant

Fig. 7 (A) Histograms of nucleosomal DNA lengths of

Saccharomyces cerevisiae (BY4741, ELP3 deletion
and HOS2 deletion mutant). (B)
Histograms of Pearson's correlation coefficients
between profiles of control and each gene deletion
mutant mapping numbers in promoters of 5869
protein-coding genes.

mutant,

i

2

Ry TENLX T LF Y —24 DNA WIS R, #
ONEOTO 7 7 A VEREEL, X7 LF YV —LfiBED
RHEEZETY CHEEMBRETRLZEZA, S
cerevisiae M5869% Y37 E 31— NEE 7 H0E—%
IZBWT, 2 ¥ ha— ke ELPS RIEME D952
v hu— ke HOS2 R & Y REEIME
2% FEEL T2 (Fig. 7TB). MBMREAS0.5 K
MTHo/lzBETAT Y ba— Vikk ELP3RIHRIE

TI£283, 2 bu—ukke HOS2 KARE TlZ537%F
L, ZOH24BEFIZLETH 72 UREFwWL6). A
REWZ LN H24EETOH, 19EETICDOWT
2 ODBIZFREMBIIBITZ X7 LAY —AE
DIRGFEENE o7z (Table 1).

ELP3RIMD X 7 LAY — A<y T2 O
— VB L HOS2 REKD EN IR o 72
20, S5 - FHEBR LEORELERLT
3136450 DX 7 LAV — A%< v 7L 2892273 D X ¥
LAY =L fBERELL. DX T LTV —LEDS
FIZBWT 160 HEDEEY — 7 1IZBid o 7275,

YRE—LVEDRX I LFV—LANEOTOT 7 AN
DILEIZ B CTHFREL20.5 R TH 5 $i1x 6312 7%
o7z F72, HAAOKETIZ HOS2 DFN X ) IRV~
o TWbHZEIZELIE o2 2 bk R L 72,

Mixia osmundae $ & U Saitoella complicata ®
gL — T I REEMNT M. osmundae IAM 14324
MOFrZ7 M7 ADNAWR O Y —27 2 v G2 F
To/z. —EHDRER, 44082 5 1 7 DNA B4
(8,019,501 3 %) # B 5 A2 L, BABT01000001~
01004408 D7 7 & v ¥ 3 ¥ F 2 CHEEH DNA 7— ¥
N— 22 FL, AL £/, 2hhb44080 0 0 5
4 7 DNA & /%% 7 =) —& LT BLASTX {2k %
HORSIMREZT o 2R, Efi<10®Tey ML/
FEHNE 1473 ERFIFAEL, ZO vy Ty MK %
BT AEMOBZ T LI Ah Bmb%Eby L
72 W 1 Ustilaginomycotina (ZJ& 3 % Ustilago @
340, KiIZ% < b v b L7-HWH T Agaricomycotina |28
9 % Laccaria D 239 BIETEW TH - 72 JRFH XL
5). 7 AEEEFSOWR 2 L)L EESE520,
SHIRERSOREL T (CERBDO Y — 7 =0 A
M), —ERBEZEREAEDbEER, 2833547
DNA F2%1 (13,393,708 #%) & 72 h, BABT02000001
~02000283 D7 7 kv ¥ a v EESTEREL .
Saitoella complicata NBRC 10748 ¥kD N5 7 4
JLADNAWR DY —2 22k, 79812 > F 4
7 DNA Ei%] (12,981,880 ) #5212 L,
BACD01000001~01007981 D7 7t v ¥ a3 ¥ &FH T
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Table 1 Genes with low conservation level of nucleosome positions in promoters

Correlation
Correlation Correlation
coefficient
coefficient coefficient
between Translational Transcription .
Chromosome between between Locus tag Gene name Function
ELP3 and start site direction
control and control and
HOS2
ELP3 deletion HOS2 deletion .
deletions
2 0.249607174 0.473673107 0.7721589 235795 - YBL003C HTA2 histone H2A
2 0.348375767 0.456574762 0.925312 236495 #+ YBL002W HTB2 histone H2B
galactose-1-phosphate uridyl
2 0.167687998 0.498226441 0.4466425 275527 - YBRO18C GAL7
transferase
component of the small ribosomal
2 0.236843537 0.48510247 0.7772281 332829 + YBRO48W RPS11B .
subunit
3 -0.016805523  0.487126621 0.4006219 301296 - YCR099C unknown
4 0.085009851 0.232139365 0.7189923 1252529 + YDR389W SAC7 GTPase activating protein for Rhol
protein required for survival at high
4 0.152408275 0.28069126 0.5575123 1456686 - YDR504C SPG3 . .
temperature during stationary phase
4 0.055918124 0.486328976 0.5588501 1490588 + YDR525W-A SNA2 unknown
plasma membrane protein involved in
5 0.443413247 0.410937945 0.8950202 559449 + YERI85W PUGI
protoporphyrin uptake
6 0.408998973 0.400870707  0.04896357 74425 - YFLO033C RIM15 glucose-repressible protein kinase
7 0.11172062 0.206927302 0.7238332 915246 + YGR211W ZPR1 essential protein with two zinc fingers
probable mitochondrial seryl-tRNA
8 0.151686283 0.223618366 0.8327685 127774 + YHROIIW DIA4
synthetase
9 0.422569353 0.446417635 0.6548925 257061 - YIL052C RPL34B component of the large ribosomal
subunit
heat shock protein that cooperates with
12 0.194538514 0.490307343 0.8172198 88622 + YLL026W HSP104
Ydjlp and Ssalp
12 0.380423431 0.303213268 0.847854 1014175 - YLR438C-A LSM3 U6 snRNA-associated Sm-like protein
12 0.07769072 0.340055324 0.7438567 1066570 + YLR464W unknown
bud neck-localized, SH3
13 0.38055936 0.496357301 0.5092175 335297 + YMRO32W HOF1 domain-containing protein required for
cytokinesis
13 0.101118688 0.483732376 0.8159712 475452 - YMR104C YPK2 protein kinase
14 0.169243455 0.31430664 0.1470152 8330 + YNL336W COS1 unknown
14 0.418800862 0.472949337 0.6864377 137700 + YNL269W BSC4 unknown
14 0.390506697 0.450747268  0.07042813 745343 - YNR062C putative membrane protein
15 0.470409741 0.453495316 0.5922247 586982 + YOR140W SFL1 transcriptional repressor and activator
15 0.41110728 0.408744637 0.738176 817291 + YOR262W unknown
mitochondrial protein with similarity
15 0.188881962 0.356846187 0.8161629 1007219 + YOR356W . ‘
to flavoprotein-type oxidoreductases
EFEH DNA 7— ¥ N—RIZBH L, A L7z $72, & Tey MEFIEETHEYHER L LOLE TS, 3743
hbo7981Da > 7 4 7 DNAEREES 272 —& L (64.7%) 2% Pezizomycotina, 616 (10.6%) #*
T BLASTX I & 2 HMBEFIMRER 21T o 12468, Efi < Saccharomycotina, 673 (11.6%) % Taphrinomycotina,
105 Ck v b L72EEHNI57893E RKBLFIFAEL, D b v 755 (13%) %% Basidiomycota T®H -7z (JFHEFRL9).
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[ URREZ FD 7 v /87 B RNA DB IZRL %
EYBIZBWTHRESNTWS I ED% L, O]
OFUMEICED L HBREYFEFREML TV 5. fii)y, &
OBIETFIE B L T 5 HE Bz T 7 0E— 5
B) IO WTIEFEDEERFOMEE I v & v ARSI
WYy TENEREDWIEIFEEINTWEY, H 5
FEOR S %2> CDNAMERFPREIN TS S
LMD TR TH A, LT, BERr4WHICBIT5E
ZT-7 e E— ¥ HBOELEY LI IE D  RFE
T EAT) S BRETH 20D 5 I TE RV,
BT OB B EESELIITRFEINTE
Tl rnEZLE, ZORMETRIAHEEED »25HE
BFEENTWEEEZZONLD, BT 7uE— 54
15, Cld DNA R REEH] & 3R 2 MR EIFAEL T
WhEFHEND, FIFFETHLNIZEEDO DL L
T, BIEFTOE—FHEBRIIBITAEXZ LAV — LD
BERLDERFBIVCELLEYHEHMTHET 27
BRI LI ENBRTON, BT 7 0E— 5 HIEO
HRIZBII 2 —20OREE LTI ZITRET 5.

ARUFGETIIEEEL 2L {oMBEkox 7 Lty —
LADNADY =27 TV AZHEDERX 7 L F Y — LD
BERRELZ. £oT, XZLFV—LDMENELD
M CTHGETH S (IRESNTWD) I, Mk
SRR DHY X7 LAY —ADMBRIZo XD LT
VB EXT A LN TESL, T, BIETFTOE
— ZHEBIIB L X7 LF Y — A EOREE L EE
FART 4 I (BIRHAB L VST TOFEE) XDd 5
{, 7aE=FHEBICBIIL X7 LF Y — 2D ENE
EFREBICEER2 52 22 L EMRBLTNS., £
72, 22 LA Y —2ONEORGEEEREL L TTOE
— Y HEBOMLDTRETH S5 L2 EBRBL TS

A. fumigatus \IZBT B X7 LI Y — L\DNA@F?

DA T, 135 E 150D 2 DD — 27 25
L, BETEHLNUPBWTOE— FFHEICBWT
D&, 10O =7 BREL, AP ENH~NT T
FLTWB ZEDghorz (Fig.2). 202 & XY, &
ZFOEFBI2DIZIEX 7 LY — 4 DNA EL
BEOVWTWDLXZ LF Y —AHPHEMIIERT A Z
EAURIBENTZ. FITL A VBT B F VAL E
HITH B TSA % A. fumigatus MBS 5 2 & 12
IV, ANV OTEFMEL RV E T ) AT RIZE
WIRBEIZ L7 02 L, ZDRX I LAY —A~< v T
Birorz. FOMRE, TSAMBIZLIY X7 LF Y —24
DNA ZMHELTWAEZ 292 (Fig. 3), X7 L *

£

E

V—LADNADOHELLZA Y72 FIVEDEHRL T
Wb EmRERR L7,

LA L, X2 LF YV —24 DNA OHEIC L 2 EETF
BNORB D TN S WHER (89 10000 EIEZTFOH,
2L EDFEH L XVOEADH > 72 b DA29, Fo
UTORBL RXVOEAHND - 72b DH48, JEEH
4) Tho/Z &IV (Fig. 4), TSA ZMEL TV
Iy b= VIZBIT A EREEREZT O E— & FHIIC
BUISX7 L4V —ADNAROENE~NDY 7 &
TSAMLIIZBIT S X7 LE Y — 24 DNA DR L IZER
RABERTHLHLEEZ GNDL. FZ T, TSA ZLH L 72
Mg LTWZaWillglicBir X7 LAY —AfIED
PRI E S 2 Y CEIEF 7O — 7 s K71 4
BWIZOWTHERLAEZ A, #ZF 70 E— ¥ HBOMRK
HEPBEFRELAAVZP 2D S THEIEFRT 4 #H
BLLEwZ LW LML (Fig. 5B). 2 D%
X, TSAICX 2#FE I A v 7 F ML EEIEE
FRFAEBDOR 7 LAY — 2 OMEOEALICIT KR X

BB 5220 YU — Y HEBTIIENTIE TR
Mol ERBHRLTBY, BEFRT 4 HIRIZBIT A
37Vﬁ7 LMEOELIZIZE AL DBRT R
I EE 52 ol EERB LTS, EEF T
TOE—FHEBORX 7 LAY — L BEPEETRT 1 48
L) HEnd, X7 Lty —24 DNA OffiROFE
BEYPhpolbEZ TS (Fig. 8).

LAMYBIOLA N VBHIICEEL TV AEBET
IZDWT TSAUIIIBIF 2 FHBAL XVOLE & iz &
CAH, EANVIRT EFNMEBEED—DFI—FLTW
% rpdA (Afu2g03890) DFEHL NIVHR S B WEE) %
LTWwWaZERNGHhorz (Fig. 9). T DFEEIT,
Aspergillus nidulans (2B 17 % TSA LH D i
(Tribus et al., 2010) & —3% L TBYH, KEERIIBWT

Low density of
nucleosomes

High density of
nucleosomes

Acetylatgd Core histones

Genomic DNA

Fig. 8 Model of influence of histone acetylation on
nucleosome position.
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Fig. 9 Expression levels of histone-related genes of trichostation A-treated and untreated cells of

Aspergillus fumigatus. x-axis, gene name. y-axis, expression level.

b TSA ASHIIEICER L2 2 ERLTW5. F2T,
rpdA DEBICBFEX 7 LAY =A<y TOLKE
aryba— e TSAMBIZBWTITo72. $72, 3> b
U— VIZBITRBEREMT— 7 2 ERATRZE 25,
EBRIBEN—2DX 7 LAV —2ADFBIZHH LT
WBHZE, ZDOERIZEI—=DDX T LAY —ADifE
LTwhZE, TSARBIZIoTING2DDX T L
F V) — L DAL TV B BFICEES RIS L
TVWBEXZ LAY —AIZOnT) ZEWadorz (Fig.
10). Z ORI, TSADFEEIZL), Thb 220
JVLF Y=L OMBIZBW TR IR o7z
CLERL, FORBCHRIETRALNUR LA L2 E
EZbNB. XM TEFMEEITEX N OBER
DEIREIICIE & 0 FEM 2 SEERADS LB T H 5 A, T B
IREAMED I 7 e A b Y BSAREE T RBU T LAY
IZHERE L TV AT REMEATE .

S. cerevisiae B X UF Schizosaccharomyces pombe @
LA BHIEED S oy HEARERR L TWA
Z R BORBIIBT HENEFEORE LY, &
ANy TeF AL E XA F AL TR ZE DML B E
o TWAhI LaRETHHREM (RERL ). R
MR TIZ, b A b T RF AL - BT B FALIZ Db
BISEREEY VN 7 BICHEN R ) BT R T o 72 2 A
M TEFMEE X LY —2ADOMEBIZET 5 HR
X ORENTT 5720, S. cerevisiae D A M Tk

400
i

Gene body of rpdA W
(Afu2903390)

300

L

-1~ Control

MOpENg AU
00

.
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&

. »
$34000 %z‘m(; \\\ 307000
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Fig. 10 Mapping numbers of nucleosomes and transcrip-
tion start sites around the histone deacetylase
gene rpdA of Aspergillus fumigatus. x-axis,
nucleotide position on chromosome 2.

FMEB L OB T 2 F VLB R E R T REEREEE H
WTXZ LV =A<y TaiTo72.

b EALIREERE VL X b 7T v F ALEEEE
&7 ELP3 RIHB L OEMWRTFEN 3 FHIZE W
v 2 VT T VLEER ER T HOS2 RO EIR
TREGENS OREBETHEIBRICX 7 LF Y — A5
Y TENTVEWI EIZEVHERTAILANTES
(Figure S1in JFFERRL 6 ). KRBV &2, &= T



m H

RF 4 FEAKELTWBIZH 2 0b 5T, #FRBEA L
WEBDOX 7 LAY —2OMEBOTHET 7 4 VITHRE
ENTED, 7TOE—FHEBEOX 7 LTV — 2B E
EFRF 4 EHBEIEEL TRV EERELTW
B, 5B, BAWEEEN 2 FHIIBVEA N VT &
F VALEESE Rpd3 136D A. fumigatus @ RpdA RIS
T55 VNI ETH ) ZOBIBETFREROIIE % A
oS, ZNEH/LIENTET, S HICEBRETMET
XWNRTHHEEZ TV,

X7 VL4V —LDNADORESOGAAEZIY ba— &
2O DEETREMIZBVWCIHIEKL /2L 25, ELP3 K
KRR TIZENT~TY 7 ML, HOS2 KM TIZa» b
—VEREREVWI R, 586D F VS Ha—
FEfETF7uE— YBT3 Y ha—V E&EF
RERBOX 7 LV —2OMNEOREEZ LI L7
&L ZA, ELP3RFMR LD HOS2 REMRDFTHRX &
L4y —AIBNEENFNZ b)) (Fig. 7B),
Hos2 ® /&K 2% Rpd3 % Hosl 23> (Watson et al.,
2000), FOHEZWZWREEIE V. Lo T, 7/
LAERIZE 2 72 BEMEL, X7 LF Y — 4 DNA OE
EOBALE B TE oz EZONS. BELL,
HOSI ¢ O _HEBIBEMREEHWAZEIZLD Y/ A
T4 NREBEPRAI LN TELEEZTVD,

F72, ELPS RIARIZBIFH X7 LAYV —2 DNA D
MMIE AR U T EFIMELRIVOETIC L HE L
Z2 b, A fumigatus ~0 TSA JLIEIZ X 2 \F b A
FrT7EFMEICE DX LAY —24 DNADOHEREE
FELEZV., INOLORLY, a7eX o7 vF
WMEDEEDOWT WS DNA OELXZMEXE, lTE
FMALHNEE L EEZ SNL. ZOFEMMPTRTD
i, L LA RBICBVWT L TEL2LTH
AVEPICOVTIEESIIHENLETH L EF 2T
W5, AN TEFIMEIZE B X LAY — A DNA
OHEORERERIZ-2EZ 5N, —2FL A M T EFIN
ILBEICL D A bV & X7 BOERFEOEIMMZ X %
HETH), b)—2RTEF ML BZLA VDR
WOEAIZ L 5 DNA L OMEIEHORETH 5. HiE
DBEICTIEIDNADE A M v ~AD&EEOXIFEDL A
D, BEOEEIZIBATVEEEZONS.

S. cerevisiae D24 BIET D 7O E— ¥ HIBIZBIT 5
X7 LF Y —LDAE ELP3 B X O HOS2 RIFT
& D ICHIBIFREL AT 0.5 FKiii LK <, £DHD19EIRTFIZ
DWWt ELP3 & HOS2 RIMM TRV & - T
W7z (Table1). T7%bb, TNH19EETIZOWTIZ
Elp3 2L B X b7 EFNALE Hos2 12X B A b
VRTEFNMED X 7 L F Y — ALEBICE 2 B RS
PCnZ 2B RLTBY, X7 VLAY —AR Y TD

# B

BRIV, 27V —L2ONBIIFALEELZS 25
ANy TEFMEERT € FMEOBERT 2 HET
ELZLERLTVE. B0 7 a< T UiggOfl
HEOWIFRIISHTE BT HETH L EEZ TV 5.

X7 LFY—LDOREE NS HERE DNA H2ET)
DINE = TFRUTEHTEFREBINTVSD
(Segal et al., 2006), F D% — 1L S. cerevisiae &
Schizosaccharomyces pombe TIZE % 5 Z & 3R &
7z (Lantermann et al., 2010). AKFFEIZBWTX 7
LAY —AOMBORFEEFSEBICBWTERS L
RHLPIICLAZE LD, MBEIY ECEREIZLD X
JVFYV—=2OMNEBENPEELTCVwBEEEZLN, X7 L
FV— ARy TERSTEYFERICI YV RTILOE
EHIZETETETIoTVAS. 72, X2 VFV—20D
MEZ L) IEFISRD 2 FEOBEOZOICL LS
S OF=FPREEZFOMNIHFEETH 5.

XZVFV—LADOMNEOTOT 7 A NVE]RBT ST
& (Fig. BA) ICE DV EL2AEYFEHORX 7 LAY — A<
vy TERNETHZEPRETHA. L L, HIKRTIZH
BTELAEEEIFEELTESY, RFERICBVT M
osmundae B X O S. complicata ® 7/ LIEHELH] %
WELDODOH L. AFFEMBICL Y 7 2D FF 7 ME
EEG 2 PEL, M. osmundae \IZ2OWTIX2BDF
AY—=F7 T ALY 283 2T 4 FETITELTWY
5. BAE, LAMEICEIY X7 LFV—a<xy TBIV
RNA <~ v 7T 2 EITL2o2H D, A fumigatus & [
BIZX 2LtV —LADNADORSOGHHR2DODE —
RO TVWE I LEHAL TS, BIEEITHLEZ
A, HFHEEOX LAV =A<y TOF— ¥ 3G K
NTBS9, M osmundae DX 27 LF YV —2<y 7
HIWEE LTHAPOT— 5 TH 5.

777 A DNAICB T % @12 FHIB O P& I21E RNA
<Y TVENTHSL. L, BEHLANVIED TRV
HHVIEHEHAL TR VWEZRFIZOWTIEZOHET
RNASY FICL VS RICT A LI TER V., A
22T, WIEFRBEDO LNV hhb 5§, EiET 70
E-SHEBTIEIEGT AT H LV X7 LAY —
AMIEPREENRTWEZ %2R L (Fig. 5B), X7 L
FV—LDRMBEDONNY — X ) BIEFHEBEZHEETSE
LUEEEEZR LTS, 2D &% M osmundae DY
A EEBLCERTAIILE2EZLTBY, LD
FECE D BIEFHEBERET S ENTE L2561,
SBDF ) MENICKERAL V87 VRS2, 5 A
ALY EOBEETFHEIBOPEEI B THR 2 BT H %
ELTHIRFTE 5.

4%, M. osmundae % S. complicata DX 7 L%
— ARy TTICE Y, WEICBITA X LAY — ok
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EBLOMNECHET EMETHO ML, T/, W
DETEBRIZB T B WA, EEEAICERN R 7 L
&V — AREERMEDTEAE L TV B HENITDWTH
LT D AR CHR LN TRCO T £~ 7 i
KBTEX VAV —2DNBETE T 7 A NVET—F
N—Z{LL, ZNOZMIRTEDL I AT ATHET S,

I )

yu<xF VIZEEMBEYN DS ) 5 DNA DR
TOIRDBELEETH L. BEBHMEO S ) 4 DNA
BeA MY SEMIC2AGFEZODEX T LAY -4
BEERLTBY, X7 L4V -2k 7avF UifiED
RANEALTH B, (1) RIRFIERIE Aspergillus fumiga-
tus DA T LIV —5<v 7R LFV—5h DNA W
FrOYEIEBIS R EI & D PR L 72, R S EANE AL
LT ABIET 72T~ ¥ I 0 08I k<
2 VAV —ADNADESODHHEIHEAFT~T7 ML
TWABIEFHELNI L. ZOZEEXIZLEY—A
DNADEZN APV BHiRteA Ny T o &
BHELTWVWAIEEZRBLTW.Q FIT, b2
BR7EeF VIbtBEREHNCTHB PV IRAFF VA
(TSA) ZMBL, A by 7EF MEL ARV %E ET724
oz v v—n=y 7R L, FUEOb 0L
BLA, TOE, TSAMEIZLY, X7 LFV—A
DNADOEZOHFAEREVIANTY T T 5T LxRL
oo X7 LF Y = ABENEWEBIZBWT, TSA IC X
527 VFV—ADNADOMENX T LF Y —ADA
BICHEF5 27 LAL, X2 LtV — ABEN—kK
IR 7 e e — 7 SIS B W T, TSAMINZ X 5
X7 LFV—LDNAMEDHEZHTHZTT, X7
LAY —ADMEIIEIBRIFEEN T, Q) A MY
TEFMEERXZ LAYV —LDNADEEBLIURX Y
LAV —AOMBOBBREHEL T 700, THER
B Saccharomyces cerevisiae BY4741 (2 > h @ —)b),
v A M7 S VAR ERT ELPS REERK, B
LT R b VT v F MEEERMET HOS2 REER
WoxrzLvtv—s<y TE2ERL, ML 208
B X714V —LDNAOESOSMIZa Y ba— v
& HOS2 REBTIZIZIZF —THo =D L, ELP3
RIGETIEENHEANTY T PLTWAB I ERXgh ol 2
DZEWFELPSIZE B LA YT EF VLD HED X
7V AV—LDNADEXOR/MIBELIEEZZD
ha BfETF7oe—sHBICBILX 7L Y —200
METOT 7 ANERELEZ S, 24BETICONV
Tarybu—)v& ELPSR¥E¥MBI Pz bu— &
HOS2 REMOBFIZBVWTRZ LAV —LOMED

IR o T B (MR r<05) 2L RIS
P U7z, BIBRE WS 212, 245 T 0, 198ET1C
DWTIEE 2 DOMBEFREEEEBIIBNTCT BT 7
ANPETBY, NS 200X NV i5Hiy v 378
WEBTEFNLERTF VAR T LF Y — A
BIREBLTWHEEZONE. ChoDFEERLIY, &
EF7TOE—FHBICBITAX LV —2OMEBR
BERAMEICRB T2 —20EL 2D 2 L % {RIE
L7z, @) EWHPOBREICBII2X 7 LY —A<Ty
T O AEATH 7280, WS EE LEELWEO Y/ A
WIS, X7 LAdV—2avy 7, BLUEEL= Y b
BWET DI E RO BT Mixia osmundae
(authentic strain IAM 14324) B X "7 FE 0N 78R
Saitoella complicata (type strain NBRC 10748, =
IAM 12963) ZFgext R & L, 4L £ TI2 M. osmundae
2833 7 4 7 DNA K% (13,393,708 %) BL U S.
complicata 79813 > 5 4 7 DNA B4 (12,981,880 1
k) #EL, ERRK DNA F— & N— 228 L7,

AWFFERIL TR S N7 FE R D

CIBHSE#

1) VEHEEE, AL, WRHE, M, REEne
(2009). HEDERT ) A TA KRR VAV —H7 v TR
W, 83 EIHARY ) sldarss, WH.

2) VHHIWEE, Alwmse, AME, s, RHEZ
(2009) . Aspergillus fumigatus DX 7 LAV —h< v 7
AT 49 EARB A TEWET > 7 7 LY X Yok
75 [ WGHRIRAT & E ORI OB, HE.

3) WHEEE, KU, SARE, LWAERE, maEE, R
H#z (2010). MU RS F 2 AWED Aspergillus
fumigatus \CBT B /) AT FX 7 VAV —Avy
THENT. 8 4 BEHARY  AEWYES, B,

4) Nishida, H. (2010). Genome-wide map of fungal
nucleosomes by the massively parallel DNA sequenc-
ing. Seminar, Center for Informational Biology,
Ochanomizu University, Tokyo.

5) Nishida, H., Motoyama, T., Suzuki, Y., Yamamoto,
S., Aburatani, H. & Osada, H. (2010). Genome-wide
maps of nucleosomes of TSA-treated and untreated
cells of Aspergillus fumigatus. 9th International
Mycological Congress, Symposium "Fungal epigenet-
ics", Edinburgh, UK.

6) Nishida, H. (2011). Nucleosomal DNA length and
nucleosome positioning. 2nd World DNA and Genome
Day, Dalian, China.

7) WHEE (011D . HEHOX 7 LAy —2a<y IO
. ERELRREAETIIRS, B

8) Nishida, H. (2011). Comparison of nudeosome posi-
tions in promoters of orthologous genes between
Aspergillus fumigatus and Saccharomyces cerevisiae.
4th International Conference on Environmental,
Industrial and Applied Microbiology BioMicroWorld




noH

2011, Malaga, Spain.
9) PHHEEE (2011). o X 7 Vg v — b= v ¥ ¥ 7 IR
B9 5 THARY ) MRS RO RIS, .

B R

1) Nishida, H. (2009). Evolutionary conservation levels
of subunits of histone-modifying protein complexes in
fungi. Comp. Funct. Genomics 2009: 379317.

2) Nishida, H., Motoyama, T., Yamamoto, S., Aburatani,
H. & Osada, H. (2009). Genome-wide maps of mono-
and di-nucleosomes of Aspergillus fumigatus.
Bioinformatics 25: 2295-2297.

3) Nishida, H. (2009). Calculation of the ratio of the
mononucleosome mapping number to the dinucleo-
some mapping number for each nucleotide position in
the Aspergillus fumigatus genome. Open Access
Bioinformatics 1: 1-6.

4) Nishida, H., Motoyama, T., Suzuki, Y., Yamamoto,
S., Aburatani, H. & Osada, H. (2010). Genome-wide
maps of mononucleosomes and dinucleosomes
containing hyperacetylated histones of Aspergillus
fumigatus. PLoS ONE 5: €9916.

5) Nishida, H., Nagatsuka, Y. & Sugiyama, J. (2011).
Draft genome sequencing of the enigmatic basid-
iomycete Mixia osmundae. J. Gen. Appl. Microbiol.
57: 63-67.

6) Matsumoto, T., Yun, C. -S., Yoshikawa, H. & Nishida,
H. (2011). Comparative studies of genome-wide maps
of nucleosomes between deletion mutants of elpd and
hos2 genes of Saccharomyces cerevisiae. PLoS ONE
6: 16372,

7) Yun, C. -S. & Nishida, H. (2011). Distribution of
introns in fungal histone genes. PLoS ONE 6:
e16548.

8) Nishida, H. & Yun, C. -8. (2011). Extraction of
tentative mobile introns in fungal genes. Mobile
Genet. Elements 1: 78-79.

9) Nishida, H., Hamamoto, M. & Sugiyama, J. (2011).
Draft genome sequencing of the enigmatic yeast
Saitoella complicata. J. Gen. Appl. Microbiol. 57:
243-246.

ZOMl GE# R L)

1) WHHIEEEL (2010). X 7 L4V — 4 DNA O3 &lifsF
S SRIKIE Aspergillus fumigatus DX 7 LAV — 4
< v 7. AbEE & Y 48: 379-380.

PRI I ZREE L7 bk

mL

W

AT GE LT At I R v A SEERFZE TR 26 k. (G R20

EAHE PR3 I HE® LW frbhEL. 2
AW L E T RRTTHME R AT E LA

B

KERZERBEEGRSEMER 7T 7N F A T %
YT A7 AORAF 7 WgEE PRSI 2 L
3.

XM

Bauer, R., Begerow, D., Sampaio, J. P., Weil}, M. &
Oberwinkler, F. (2006). The simple-septate basid-
iomycetes: a synopsis. Mycol. Progress 5: 41-66.

Bernstein, B. E., Kamal, M., Lindblad-Toh, K., Bekiranov,
S., Bailey, D. K., Huebert, D. J., McMahon, S.,
Karlsson, E. K., Kulbokas 3rd, E. J., Gingeras, T. R.,
Schreiber, S. L. & Lander, E. S. (2005). Genomic maps
and comparative analysis of histone modifications in
human and mouse. Cell 120: 169-181.

Dennis, J. H., Fan, H. Y., Reynolds, S. M., Yuan, G,
Meldrim, J. C., Richter, D. J., Peterson, D. G., Rando,
0. J., Noble, W. S. & Kingston, R. E. (2007).
Independent and complementary methods for large-
scale structural analysis of mammalian chromatin.
Genome Res. 17: 928-939.

Goto, S., Sugiyama, J., Hamamoto, M. & Komagata, K.
(1987). Saitoella, a new anamorph genus in the
Cryptococcaceae to accommodate two Himalayan yeast
isolates formerly identified as Rhodotorula glutinis. J.
Gen. Appl. Microbiol. 33: 75-85.

Lantermann, A. B., Straub, T., Stralfors, A., Yuan, G. C.,
Tkwall, K. & Korber, P. (2010). Schizosaccharomyces
pombe genome-wide nucleosome mapping reveals
positioning mechanisms distinct from those of
Saccharomyces cerevisiae. Nat. Struct. Mol. Biol. 17:
251-257.

Lee, C. -K., Shibata, Y., Rao, B., Strahl, B. D. & Lieb, J. D.
(2004). Evidence for nucleosome depletion at active
regulatory regions genome-wide. Nat. Genet. 36: 900-
905.

Lee, W., Tillo, D., Bray, N., Morse, R. H., Davis, R. W,
Hughes, T. R. & Nislow, C. (2007). A high-resolution
atlas of nucleosome occupancy in yeast. Nat. Genet.
39: 1235-1244.

Liu, C. L., Kaplan, T., Kim, M., Buratowski, S., Schreiber,
S. L., Friedman, N. & Rando, O. J. (2005). Single-
nucleosome mapping of histone modifications in S.
cerevisiae. PLoS Biol. 3: e328.

Luger, K., Mider, A. W., Richmond, R. K., Sargent, D. F. &
Richmond, T. d. (1997). Crystal structure of the
nucleosome core particle at 2.8 A resolution. Nature
389: 251-260.

Mavrich, T. N., Jiang, C., loshikhes, I. P., Li, X., Venters,
B. J., Zanton, S. J., Tomsho, L. P., Qi, J., Glaser, R. L.,
Schuster, S. C., Gilmour, D. S., Albert, I. & Pugh, B. F.
(2008). Nucleosome organization in the Drosophila
genome. Nature 453: 358-362.

Nishida, H., Ando, K., Ando, Y., Hirata, A. & Sugiyama, J.
(1995). Mixia osmundae: transfer from the Ascomycota
to the Basidiomycota based on evidence from



BWHOBET 70— & FJIRIBY 5 7 o< F VO IRICIED Rk o

molecules and morphology. Can. J. Bot. 78 (Suppl 1):
S5660-5666.

Nishida, H., Kondo, S., Suzuki, T., Tsujimura, Y., Komatsu,
S., Wakayama, T. & Hayashizaki, Y. (2008). An
epigenetic aberration increased in intergenic regions of
cloned mice. Mamm. Genome 19: 667-674.

Nishida, H., Robert, V. & Sugiyama, J. (2011). Mixiac C.L.
Kramer emend. H. Nishida, K. Ando, Y. Ando, Hirata
& Sugiyama. Kurtzman, C. P., Fell, J. W. & Boekhout,
T. (eds) The Yeasts, a Taxonomic Study, 5th ed.,
Elsevier, Amsterdam, pp. 1499-1502.

Nishida, H. & Sugiyama, J. (1993). Phylogenetic relation-
ships among Taphrina, Saitoella, and other higher
fungi. Mol. Biol. Evol. 10: 431-436.

Nishida, H., Suzuki, T., Kondo, S., Miura, H., Fujimura, Y.
& Hayashizaki, Y. (2006). Histone H3 acetylated at
lysine 9 in promoter is associated with low nucleocsome
density in the vicinity of transcription start site in
human cell. Chromosome Res. 14: 203-211.

Roh, T. Y., Cuddapah, S. & Zhao, K. (2005). Active chro-
matin domains are defined by acetylation islands
revealed by genome-wide mapping. Genes Dev. 19:
542.552,

Schones, D. E., Cui, K., Cuddapah, S., Roh, T. Y., Barski,
A., Wang, Z., Wei, G. & Zhao, K. (2008). Dynamic regu-
lation of nucleosome positioning in the human genome.
Cell 132: 887-898.

Segal, E., Fondufe-Mittendorf, Y., Chen, L., Thastrém, A.,
Field, Y., Moore, I. K., Wang, J. P. & Widom, J. (2006).
A genomic code for nucleosome positioning. Nature
442: 772-778.

Shivaswamy, S., Bhinge, A., Zhao, Y., Jones, S., Hirst, M. &
Iyer, V. R. (2008). Dynamic remodeling of individual
nucleosomes across a eukaryotic genome in response to
transcriptional perturbation. PLoS Biol. 6: e65.

Suzuki, Y. & Sugano, S. (2003). Construction of a full-
length enriched a 5-end enriched ¢DNA library using
the oligo-capping method. Methods Mol. Biol. 221: 73-
91.

Tribus, M., Bauer, I., Galehr, J., Rieser, G., Trojer, P.,
Brosch, G., Loidle, P., Haas, H. & Graessle, S. (2010).
A novel motif in fungal class 1 histone deacetylases is
essential for growth and development of Aspergillus.
Mol. Biol. Cell 21: 345-353.

Tsankov, A. M., Thompson, D. A., Socha, A., Regev, A. &
Rando, O. J. (2010). The role of nucleosome positioning
in the evolution of gene regulation. PLoS Biol. 8:
e1000414.

Valouev, A., Ichikawa, J., Tonthat, T., Stuart, J., Ranade,
S., Peckham, H., Zeng, K., Malek, J. A., Costa, G.,
McKernan, K., Sidow, A., Fire, A. & Johnson, S. M.
(2008). A high-resolution, nucleosome position map of
C. elegans reveals a lack of universal sequence-
dictated positioning. Genome Res. 18: 1051-1063.

Watson, A. D., Edmondson, D. G., Bone, J. R., Mukai, Y.,
Yu, Y., Du, W., Stillman, D. J. & Roth, S. Y. (2000).
Ssn6-Tupl interacts with class I histone deactylases
required for repression. Genes Dev. 14: 2737-2744.

Yuan, G. C., Liu, Y. J., Dion, M. F., Slack, M. D., Wu, L. F.,
Altschuler, S. J. & Rando, O. J. (2005). Genome-scale
identification of nucleosome positions in S. cerevisiae.
Science 309: 626-630.



IFO Res.Commun. 25
55-67, 2011

AL D MBI 20 b B WS- TN
BXWODNA N—a2— FDOEHAL
%7 p
MRXETF 7 AV 5K
T424-0065 FHEEFRFTE KX B 330 F il

Fungal community analysis to elucidate the cause of biodeterioration of
cultural properties and evaluate fungal DNA barcoding for species
1dentification
Kwang-Deuk An

TechnoSuruga Laboratory Co., Ltd.
330 Nagasaki, Shimizu-ku, Shizuoka, Shizuoka 424-0065, Japan

The Takamatsuzuka Tumulus, located in Asuka-mura, Nara Prefecture, Japan, is known for the 1,300-
year-old mural paintings drawn directly onto thin plaster in the small stone chamber interior. Fungal
outbreaks caused serious biodeterioration and ultimately led to the relocation of the stone chamber in 2007.
An aim of this study was to identify the mycobiota in the samples from the Takamatsuzuka Tumulus using
fungal community analysis and the cultivation method, and to determine the invasion pathway of fungi
into the stone chamber interior. Fungal community analysis by ribosomal RNA genes and protein-coding
genes led to the detection of high ratios of Eurotiales, Hypocreales, Chaetothyriales, Helotiales, and
Saccharomycetales in the Ascomycota. These were the same mycobiota revealed by the cultivation method.
When a diverse mycobiota was expected, it was effective to use the community analysis method together
with the cultivation method. Our fungal community analyses suggested that a variety of ecological groups
inhabited the stone chamber interior and its environs. The possible origin and invasion route of fungi into
the stone chamber has been thought to be the surrounding soil (mainly by waters), plant substrates, air,
and some arthropods (e.g., mites and collembolans). The research into the origin and invasion route of
fungi has also focused on the contribution to conservation science for cultural properties and studies of
fungal species diversity broadly, including an examination of the usefulness of fungal identification using
DNA barcodes. As a result, ITS and LSU were found to be superior in the PCR amplification and species
identification in Acremonium s. lat., and thus they were applied to the identification of Takamatsuzuka
Tumulus isolates. The rpbl was superior to other genes in species identification of Cladosporium. We
conclude that ITS and LSU in Acremonium s. lat. are effective as DNA barcode standard genes, whereas
rpb1 is a useful barcode gene in Cladosporium.

Key words: mycobiota, Takamatsuzuka Tumulus, biodeterioration, fungal DNA barcodes, fungal
community analysis
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AE (A Z16M 05K S BA TR S, WE
EEXH2.7m, IEHXH 1m, HEDH 1L.1m O/
ZMCTHEE (J RH 100%) LiRESHFEMZELT 14
~20TC OHBHICDH V), BEATORBEIR N7z, B TR
I OEEEE - - LI TS, BEEIIRIF
WCIZEBR KX 725, REEIZIZHFRME - H# - H
% - WTBEE, VEREICIZ B FRME - BUR - Afg - KT
%, LEEIZIZE RN T D, HTH B FHEE
i REEA] OFFFTHLEFNR TS, BREIZIZRE
PPN TOZZTRENS VW E Wb TWw 2728, FRO
REDHELTBY, ZOREBIRD SN2 (BADS,
2010). HIEIZ19734E 4 A23H OV CHEFIEERC, F7-
SR EBEEE, 19744 4 A1ITHOU CEEICHEE S
7B, AR EShTWih oz,

A S SR e
(http://www.bunka.go.jp/takamatsu_kitora/hekiga_h
ozonkanri.html)

DEFICL B L, 19724 3 AICHEBMSNZERY S, A
ERNPLRFEEDau = —Z2EKT LI E
(Alternaria sp., Cladosporium sp., Nigrospora sp.) <
WHPEE DAY (Trichoderma viride) H3FE S L7z,

19764EICITAE (M) NCTEN T TROONLh o7z
/1€ (Doratomyces sp., Fusarium sp., Cladosporium
sp., Mucor sp.) A%5HE - FE Z 72 (Arai, 1984; F+,
1987, 1990). & 512, 19764FE A 5 19804 DIEIR
DA, Doratomyces sp. & Streptomyces sp. 72 £D
MAEMORFENAZENOBER TR X 72 (Arai, 1984;
i, 1987,1990). 1986, 1987TM4FITIIHURE & o
WHE & —# 12 Aspergillus, Trichoderma, Fusarium %%
B S L (Arai, 1984; #HF, 1987, 1990), 1994475
20004E 12 1% Penicillium, Aspergillus, Fusarium,
Trichoderma 7 EDKH &z (RIS, 2006). Lk,
INSOBBIIAZENETICBWTHATHEL TV
A, BEEAGA R EGETER I S kb oz, AENER
DOWHM (mycobiota) 1 HEAYZE L TW7z. 20014
FRICERI N EHREHEBEOREI LTS HEN
B & AR % D 7 /N ORI 7E 1L O THELIFE,
B ENREEB L CAENERICEA - JEKL, S 5121
AEREWE IS4 4 7 4 Vo (B3 EHEORER) 23
HET 2% L, MAEY OB RS, hE (5=, b
VALY RHEESEEOBBRLED, T0FEMKELH
AT 22 EHNEL o7 (Kigawa et al., 2009; KJI|
5, 2010). ZD7=OMEY O REHOT, Rins
R 2 R ECMAEWHOMEHEZ HIYE L, 20044F 5
A LI, 20074 S FEARIEHE 2 1 T, 20084 OIF L HR5E
PHRERT T CEBAZENNORAEDRE (BHEL AN
V) AT, FORRGER LR B REHRIE R A

I

Wy, BRI RN D 5T 2T S D
DANT, il 42 OREM ORI EFELNVOFRE %
1772 o C % 72 (Sugiyama et al., 2008, 2009; Kiyuna et
al., 2008, 2011; An et al., 2009; Nagatsuka et al.,
2009). F7z, 20084 5 HRRE S N7z [ dR i SERE
FALRRFAEMRE <] CULT) 12X ), BEE o SRR
AL GBEPOBEET 5 2 ERHA LN, 2EED
20104F 3 H 122 OFRARY - A0 HY 2 AT R R OBRZEAS
WEEL L TARIN TV S (BREEEREE S LR
REME S, 2010). 2B, WY HIWIZEEAM LB
HNZBRAE, I < OAIEE R B\ TS B ESE A5
HHENTWS,

—7%, hako#HEE (BRgiEEE E %0 H i A
4%, 2010) OFTIHRFEEI N TV 52085, LM 2 5R/FFT
5 LT RAFRED O HLER E 2 RS DT —
FINENR T2\, & A AL AW SBT3
SIS LTWABEE, 4 OBMAEYOEYFEEO T
EIERERFE L NV ORI EICED A WHE (microbio-
ta) ORALZER, BHEBILERT R TH L. W
TH DNA N — a2 — NMEOERLIZHT TOB) & A4E
IR ) DoDoH %S, DNANN—I— FLEid, BWiLH
MDD 5 EETOEERIIZTARD Z LT, EYofEsE
ZfE - AEICEITEEICLEIEVHIBDTH
5. DNAN—I—FOBE DA FFDT VT KE
(University of Guelph) @ Paul Hebert 1§15 22003
SEITF85R L 72 “Biological identifications through DNA
barcodes” & EbHN T35 (Hebert et al., 2003). Z D
%, V=2 vay FTOREREERTI P NYTT
J A3 — FE N3 COL&ART O &R 4 3E 2 B 7
(648bp) %, BEEWIZHBITSH DNA N—a— FLOF
Np=—h— LTHREEN/. DNANN—T— FED
LA IEIRAE, Consortium of the Barcode of Life
(CBOL) (http://www.barcodeoflife.org/) TH 5.

W NN — 3 — MEORKER 2 8) 21320074 K, KE
DN—T =7 ThHifE & 1172 All Fungi Barcode of Life
Planning Workshop (13-15 May 2007, Smithsonian
Conservation and Research Center, Front Royal,
Virginia) 225 C» Y, R4 9 HIZIEHE T All Fungi
Barcoding Second Planning Workshop 23 Bifl & 172
(Rossman, 2007). MEBHEESOERE L TITZE
9, Wz N— O — NMLT 5 - O IR ERE IR
WTHER SN, DNA N —a— FEETIE, [EeiEE
By THoHrI L, LAaC—HICLEBENPD RN L,
BT I4< =T M efol L, EHOZENEEKT
e bl BEMTH S (Rossman, 2007; Kress &
Erickson, 2008) . AWML 6 LM 257 5 7201213,
At E R FMAEY % BE - IEMEICEE L, Y2k



SALH DA HACIZ 27 B RIS T RREMEAT 5 & OF DNA /Y — 2 — FOZEA(L

THEZFWS 2N RS, ZOBAH»S, HHE
DNA N— 2 — FOEALIZ AL RAERIFE & DRy
MRz .
KRWFFERTETIX, T3 BREEEOAENIOHEE
MR Z DGGE AT B X OV 0 — VT Tt v, B
PAT L B8k - MR L B ONT A2 2I10L-C
X0 EMRHEMHOSR G ZITIET 52 LT, AZEAN
DHEOMEAREK 2L Z & & L7z, $%FETIZ DNA N
— I — NIZ X 2 WHEHOAEFE EFIT DOV THET L, A <
YALMBRBEOWEMOE=4 ) ¥ 7% b5 ICHES
HFEICFESTHZ L x BHig L7,

EERTT R
REEERRAT
SRR AT RRHI RGNS, SRR I O

&, AZNEROOHEN, AZEZHLTERS OO0
FEhh, AREFWR T L0 LB ORI D S OB, A
FENER & RN 0BRSS OMELROHO DA T
T =250 bz (Fig. 15 Table 1 &MR). f#ATICH
W7 3EHZ20064E12 A 2 5 20094E 2 B o W1 P BRI
Lz83F o9 b, 18, N4 F 7100 a, BER, Y
HH e &R A R FE S 7 B FEIB0M % AT I L 22
(Table 1). AHFFETIE, HIEEIXFRRILER, BEW I EE &
W B LWHIBOTIZ, ¥ 7Y v &2 iTo72720, A
EWB L OWMEROHRHNI D b5 7.

DB BB LT, SPEAE L R E RS
BEHLT, WEOHHE - B2 BT -7 (Sugiyama
et al., 2008, 2009; Kiyuna et al., 2008).

DNA i  FHE» 56— X2 X 2 HOWEAH
2 FastDNA® Spin Kit for Soil (Qbiogene) # H\»
T, Wo<= 27 VIZiEv, DNA ZHiE L7,

DGGE 1 DGGE 21 SSU rRNA &= ¥ (SSU)
&y N Ea— FEET O f-tubulin 2 w72, PCR
75 42—ty M, SSUICIZ1427£-GC clamp (5-CG
CCCGCCGCGLLreEeaeecaeaeeecaceaecececce
GCCCCTCTGTGATGCCCTTAGATGTTCTGGG-3")
/1616r (5'-GCGGTGTGTACAAAGGGCAGGG-3")
(Van Hannen et al., 1998) %, S-tubulin (21t Bt2a-G
C clamp (5'-CGCCCGCCGCGCCCCGCGCCCGGC
CCGCCGCCCCCGCCCGGTAACCAAATCGGTGCT
GCTTTC-3")/Bt2b (5'-ACCCTCAGTGTAGTGACCCT
TGGC-3") (Glass & Donaldson, 1995) % \27z. PCR
K5 1x AmpliTaq Gold® DNA Polymerase (Applied

Biosystems, CA, USA) #ffH L, GeneAmp PCR
System 9700 (Applied Biosystems) TH#4lE L 7z. PCR
SR R DOBENE R 94T 3 47, AN 94C 1458, T
==Y r7esC1a82Y A 7 VITEIC FOT LR
HMERIET72C 2 50 3BEME %2001 7 VAT - 72
%, BEMIACT 19, 774 v —8ZEMs5T 147,

72C T25D 3B 154 7 )V, BREOMERIEE
72C TH7 o 72. DGGE f#HTIE, ZHH (40% SNV AT
IFE IMIREDREW) % 25-656% DREHNEE L
TEL8L RN T 7 INT I Ry Ve HV:. ikENCIX
Bio-Rad DCode System (Bio-Rad, CA, USA) % fiH
L, 60T, 50V T20ME:H (SSU)/128FH ( f-tubulin) 17
- 72, BRIKEI%,SYBR Green I (Invitrogen - Molecular
Probes, SP, Brazil) TH#f L, &4 DNAWHAZ 7V 5
W ULBRLZ. 2o DNAWH 2T, BigDye
Terminator Cycle Sequencing Kit v3.1 (Applied
Biosystems) % ffif] L, ABI3130xl DNA sequencer
(Applied Biosystems) % M\ CTHiFEES % e L7z,

JO—2@  SSU L% s Ha— FEETD)
5, f-tubulin, U ¥ Y EGERERLET lys2, I =HA i
oy o BEF mem x /. FIA4<x—t v b
1%, SSU Tid 351f & 1427r (Mitchell & Zuccaro,
2006; van Hannen et al., 1998), [S-tubulinTid Bt2a
& Bt2b (Glass & Donaldson, 1995), lys2 Tl lys2F &
lys2R (An et al., 2002), mcm TlE mem7-709for &
mem7-1348rev (Schmitt et al., 2009) =fHHL7-. 7
U — = 721X TOPO TA Cloning Kit (Invitrogen-
Molecular Probes, SP, Brazil) % H\»T4T\, BigDye
Terminator Cycle Sequencing Kit v3.1 (Applied
Biosystems) # f ] L, ABI3130x]l DNA sequencer
(Applied Biosystems) T L THARS % g L7z,
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Fig.1 Schematic diagram of a side view of the
conservation facilities and stone chamber of the
Takamatsuzuka Tumulus.
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Table 1 Samples used in this study

SSU B-tubulin mem lys2
Clone
Sample Samlple ST DGGE library DGGE (?10ne Clone Clone
category No. Lane library library library
sample Lane
No. sample sample sample
No.
T61213-2 Blackish viscous gels on the paintings of the group of women on west 1 Cl
Stone T61213-8 Viscous gels below the paintings of the group of women on east wall 2
chamber T61213-12 Viscous gels upper area on north wall 3 C2
interior  T61213-17 Soil on the floor below the east wall 2 4 C3
T7521-8b  Plastic cover over the thieving hole (adjacent space side) 5 Cc4 (@) (@) O O
Adjacent T7214-14k Black spots on the exposed ceiling stone wall in the adjacent space 6
space T7302-8 g‘:::—yellowish mat on the soil layer under the crater in the adjacent 7 Cs o o o o
T7409-1  Blackish materials behind the north wall 8 C6 O O O )
T7302-11 Black spots on the surface soil in the northwest area 9 C7
T7601-3  Soil in the levee behind the east wall 2 10
T7302-10 Blackish soils on the surface of the ceiling stone wall 2 11 C8
T7302-12  Soil in the ditch in the northwest area 12
Stone T7821-16  Soil undersurface of the floor stone 2 13
T7829-1  Soil under the floor stone 4 14
chamber . A
extorior T7829-2  Soil under the floor stone 3 15
T7829-3  Soil under the floor stone 2 16
T7426-17 Soil in the levee behind the west wall 3 17
T7601-4  Soil in the levee behind the west wall 2 18
T7604-8  Soil in the levee behind the west wall 1 19 €9
T7426-18 Blackish soil back side of the east wall 3 20
T7604-5  Soil in the levee behind the east wall 1 21 C10 O O O
T7615-9  Brownish soil on the floor 1 (under the south stone wall) 22 Cl1
T7607-1  Joint plaster between the east wall land 2 23
T7510-7  Blackish viscous gels on the norh-lateral side of the west stone wall2 24 Cl12 O O O O
T7521-8a Plastic cover over the thieving hole (stone chamber side) 25 C13
T7413-6  Blackish particle plasters between north and east stone wall 3 26
T7517-4  Blackish materials on the north-lateral side of the east stone wall 2 27 Cl4
T7413-2  Blackish materials between north and west stone wall 3 28
T7614-2  Soil and plasters on the bonded surface of the west stone wall 1 and2 29 CI15
Joint/space T7615-5 Black-brwonish viscous gels on the south-lateral side of the east stone 30 C16
of wall 1
stone walls T7530-16 Blackish viscous gels on the south-lateral side of the west stone wall 31
T7615-10 Blackish viscous gels on the south-lateral side of the west stone wall 32
T7417-21 Plant roots and plasters between the north stone wall and floor 4 33 C17
T7607-4  Plaster and soil undersurface of the east wall 2 34
T7626-14  Soil undersurface of the west wall 1 35
T7821-7  Soil on the north-lateral side of the floor 1 36
T7528-25 Brownish plaster on the north-lateral side of ceiling stone wall 1 37
T7530-2  Plaster and plant roots uppersurface of the east stone wall 1 38
T7530-12  Plaster uppersurface of the west stone wall 1 39
T8804-4  Clay-rich soil upper area in the east side of the restration facility 40
T81027-1 Soil (Hanchiku) in the southeast area of the burial mound 41
T81027-2 Soil in the east area of the burial mound 42
T81028 Soil in the north area of the burial mound 43
T81119-1 Buried soil in the east side of the restration facility 44
Burial mound T81119-2  Buried soil in the west side of the restration facility 45 Cl18
T81203-2 Soil (Hanchiku) in the west area of the burial mound 46
T81203-3  Soil (Hanchiku) in the east area of the burial mound 47 C19
T81203-5 Soil (Hanchiku) in the east area of the burial mound 48 C20
T81203-9  Soil on the surface of the west tuff 8 in the adjacent space 49 C21 O O O O
T9217 Soil (Hanchiku) in the southwest area of the burial mound 50 C22
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ver4.0 (Tamura et al., 2007) ZHWTCT 4 A B
F OFRAA = VER L 7.

DNA/N\—2O—F

HEEM  EREEEEmIO "B OERTH -
72BEt R Acremonium (Kiyuna et al., 2011) 5 #% &
LILFD Acremonium JED 9 B JCM IR I LT W
B AR D ET 48Kk L MFIE WAL D AW HLICE D B &
SN 5 Cladosporium JED H B JICM IZRESI LT W»
%65tk % fvi7z.

DNA#HE $ LU PCR DNA HiH 121X DNeasy
Plant Mini Kit (QIAGEN, Hilden, Germany) % H\»
72. PCR X puReTaq Ready-To-Go PCR beads
(Amersham Biosciences, NJ, USA) &£ 754 ~v—+t v
F& LTITS TIXITS5 & ITS4 (White et al., 1990),
LSU Tix NL1 & NL4 (O'Donnell, 1993), rpbl Ti&
RPB1-Af (Stiller & Hall, 1997) & RPB1-Cr (Matheny
et al., 2002), P-tubulin Tid Bt2a & Bt2b (Glass &
Donaldson, 1995), mem Tlid mem7-709for & mem?7-
1348rev (Schmitt et al., 2009) ZfEH L 7z. GeneAmp
PCR System 9600 (Applied Biosystems) L T1T- 7.
V=27 LV v 7 e BigDye Terminator Cycle
Sequencing Kit v3.1 (Applied Biosystems) #f#if L,
ABI3130x] DNA sequencer (Applied Biosystems) Tf#
AT LR AR & PsE L7z,

DFRIFEN BT OGO NS & 7 —
FXy bELTHERLZ. 5FRBEHENIIE MEGA
ver4.0 (Tamura et al., 2007) ZHWTT 74 AV B
AQOF I (AP ANE Y 7 [OF ST N R R e
v, ERHEEOBEEIZT—Y ATy 7LD EF
i L 7.

T s

EAEEERET  BUB508 5 SSU I X % DGGE fi#
W 247 o 72k B 5 H (Fig. 2) TIE, T TOREH 5N
Y AR SN, FREUE TR TGO 2 5 25
DNV FHFEFRT & 72129 KD/ RN OFER D 5,
ZmIM SN BRI TEREM75%, HT 5 M
6%, HERIM 4%, Z oM (BEHUNED) 14% TH -
7z (Table 2) . FEREM% H L X)L TH S & ,Eurotiales,
Helotiales, Hypocreales, Chaetothyriales,
Saccharomycetales 7% { #i 7. B LNV TEI&
E WD DIINEIC Exophiala 11%, Verticillium 9%,
Aspergillus 5%, Mortierella 4%, Penicillium 3%,
Phialocephala 3%, Candida 3%, Thermomyces 3%,
Fusarium 2% T& -7z (Table 2). AZEWN 251
Orbiliales 7% < #iH & 1172, Helotiales (Z3 FEHF & BX
EEH M &7z, Hypocreales 1338 T #5, 45 4%, BL
EEB, BEA MR SR TR Sz BRI, BEATH
T4 ZHERIRI SN R E AEN L0
HELSEHEEYD N L U HRE MBI N0,
AZENTORBDOIELMOEDPDOMBER DL EEZ D
.

—F, ¥ 237 3 — FEET B-tubulin & F W T
#5 IOV T DGGE T 27072, & Y8y B a—
FBETIIE) RV -2 #8EZFI) av—#rdbk{,
HiZiE mem BEFOLI) GH—aIE¥—2HOH D
» Y (Schmitt et al., 2009), & V) IEHE % FAHMHAHER T
EpLE2 6Nz L2 L DGGE kB EETIZ/N VY K
INF— VDRI, N RSN HEFER
FlOAHF MG R S b F2EH M @ Hypocreales &
Chaetothyriales \ZJF B3 % WAEH L 2B Sk
272,

HEB0E D) B, SSUILE B 7 10— VN TId224

Fig. 2 DGGE profiles of fungal partial SSU fragments amplified from samples of the Takamatsuzuka Tumulus.
Lanes 1-4, stone chamber interior samples; Lanes 5-7, adjacent space samples; Lanes 8-21, stone chamber
exterior samples; Lanes 22-39, joint stone walls samples; Lanes 40-50, burial mound samples. The sequenced
bands were indicated by number (An et al., unpublished).
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Table 2 Closest relatives of the bands in the DGGE analysis

DGGE Closest relative Taxonomic assignment Accession - Similarity Alignment
band number (%)

1-2 Uncultured eukaryote isolate TGGE band 11 Ascomycota; Saccharomycetales AY736096 100 2117211
2-1 Candida parapsilosis strain NRRL Y-12969 Ascomycota; Saccharomycetales FI153126 98 207/211
3-1 Orbilia fimicola Ascomycota; Orbiliales AF006307 100 211/211
3-2 Candida boidinii strain NRRL Y-2332 Ascomycota; Saccharomycetales EU011678 99 210/211
4-1 Uncultured eukaryote isolate TGGE band 11 Ascomycota; Saccharomycetales AY736096 98 185/187
4-2 Uncultured eukaryote isolate TGGE band 11 Ascomycota; Saccharomycetales AY736096 99 209/211
4-7 Aspergillus terreus isolate Li-20 Ascomycota; Eurotiales GUS73850 100 210/210
5-1 Chaetomium elatum strain T53 Ascomycota; Sordariales FN666095 98 203/206
6-1 Aspergillus terreus isolate Li-20 Ascomycota; Eurotiales GUS573850 100 210/210
6-2 Phialocephala fortinii strain UAMH 9525 Ascomycota; Helotiales AY524846 100 205/205
7-1 Phialocephala fortinii strain UAMH 9525 Ascomycota; Helotiales AY524846 100 205/205
7-2 Sphaeronaemella fragariae Ascomycota; Microascales AY271802 99 207/208
7-3 Uncultured ascomycete clone IMRP106 Ascomycota; Incertae sedis AY343925 97 195/200
8-1 Uncultured fungus clone T3_IV_la_11 Ascomycota; Hypocreales EF628547 99 210/211
9-1 Mortierella sp. CO-21 Zygomycota; Mortierellales ABS521052 99 212/213
9-2 Exophiala salmonis isolate AFTOL-ID 671 Ascomycota; Chaetothyriales EF413608 99 212/213
9-3 Tullbergia yosii voucher SIE C040004 Eukaryote; Collembola DQO016556 99 209/210
10-1 Candida parapsilosis strain NRRL Y-12969 Ascomycota; Saccharomycetales FJ153126 97 207/212
10-2 Exophiala salmonis isolate AFTOL-ID 671 Ascomycota; Chaetothyriales EF413608 99 212/213
10-3 Verticillium dahliae Ascomycota; Hypocreomycetidae AF104926 99 210/211
10-4 Penicillium allii Ascomycota; Eurotiales AF218787 99 213/214
11-1 Phialocephala fortinii strain UAMH 9525 Ascomycota; Helotiales AY524846 99 211/212
12-1 Exophiala salmonis isolate AFTOL-ID 671 Ascomycota; Chaetothyriales EF413608 99 2121213
13-1 Tullbergia yosii voucher SIE C040004 Eukaryote; Collembola DQO016556 100 209/209
13-2 Mortierellaceae sp. LN07-7-4 Zygomycota; Mortierellales EU688964 99 213/214
13-3 Phialocephala fortinii strain UAMH 9525 Ascomycota; Helotiales AY524846 99 211/212
14-1 Calcarisporium arbuscula Ascomycota; Hypocreales AY271796 99 209/211
14-2 Aspergillus terreus isolate Li-20 Ascomycota; Eurotiales GUS573850 100 212/212
15-1 Calcarisporium arbuscula Ascomycota; Hypocreales AY271796 99 209/211
16-1 Uncultured Neonectria clone LTSP_EUKA_P4J14 Ascomycota; Hypocreales FJ553819 100 178/178
17-1 Uncultured fungus clone T3_IV_la_11 Ascomycota; Hypocreales EF628547 100 206/206
18-1 Uncultured fungus clone T3_IV_la_11 Ascomycota; Hypocreales EF628547 100 207/207
18-2 Aspergillus terreus isolate Li-20 Ascomycota; Eurotiales GUS573850 100 210/210
19-1 Uncultured fungus clone Ascomycota; Incertae sedis DQ027902 100 210/210
19-2 Uncultured fungus clone T3_IV_la 11 Ascomycota; Hypocreales EF628547 100 207/207
19-3 Aspergillus terreus isolate Li-20 Ascomycota; Eurotiales GUS573850 100 209/209
20-1 Uncultured fungus clone T3_1V_la_11 Ascomycota; Hypocreales EF628547 100 209/209
21-1 Chalara aurea Ascomycota; Incertae sedis AF222503 100 210/210
21-2 Uncultured fungus clone f Ascomycota; Incertae sedis DQ027902 100 212/212
213 Aspergillus terreus isolate Li-20 Ascomycota; Eurotiales GU573850 100 196/196
22-1 Claviceps purpurea strain: MAFF 240419 Ascomycota; Hypocreales AB490177 97 206/211
22-2 Auricularia auricula-judae AFTOL-ID 1681 Basidiomycota; Auriculariales DQ520099 98 210/214
22-3 Tullbergia yosii voucher SIE C040004 Eukaryote; Collembola DQ016556 99 209/210
23-1 Chaetomium elatum strain T53 Ascomycota; Sordariales FN666095 99 208/209
24-1 Chaetomium elatum strain T53 Ascomycota; Sordariales FN666095 99 208/209
24-2 Trichocoma paradoxa isolate CBS 788.83 Ascomycota; Eurotiales FJ358354 99 212/213
25-1 Ostropa barbara isolate AFTOL-ID 77 Ascomycota; Ostropales AY584666 98 194/197
25-2 Uncultured eukaryote isolate TGGE band 11 Ascomycota; Saccharomycetales AY736096 100 210/210
25-3 Trichocoma paradoxa isolate CBS 788.83 Ascomycota; Eurotiales FJ358354 100 206/206
26-1 Aphelenchoides sp. US01 Eukaryote; Nematoda GU337998 99 207/208
26-2 Mortierella sp. CO-21 Zygomycota; Mortierellales AB521052 100 210/210
27-1 Mortierella sp. CO-21 Zygomycota; Mortierellales AB521052 100 198/198
27-2 Exophiala salmonis isolate AFTOL-ID 671 Ascomycota; Chaetothyriales EF413608 100 198/198
27-3 Verticillium dahliae Ascomycota; Hypocreomycetidae AF104926 100 207/207
27-4 Tullbergia yosii voucher SIE C040004 Eukaryote; Collembola DQ016556 100 207/207
28-1 Exophiala salmonis isolate AFTOL-ID 671 Ascomycota; Chaetothyriales EF413608 100 212/212
28-2 Verticillium dahliae Ascomycota; Hypocreomycetidae AF104926 100 209/209
28-3 Verticillium dahliae Ascomycota; Hypocreomycetidae AF104926 99 207/208
28-4 Tullbergia yosii voucher SIE C040004 Eukaryote; Collembola DQO16556 100 206/206
29-1 Exophiala salmonis isolate AFTOL-ID 671 Ascomycota; Chaetothyriales EF413608 100 210/210
29-2 Fusarium sp. MBS1 Ascomycota; Hypocreales FI613599 100 207/207
29-3 Verticillium dahliae Ascomycota; Hypocreomycetidae AF104926 100 208/208
30-1 Exophiala salmonis isolate AFTOL-ID 671 Ascomycota; Chaetothyriales EF413608 100 210/210
30-2 Hohenbuehelia tristis strain RV95/214 Basidiomycota; Agaricales DQ851573 100 205/205
30-3 Verticillium dahliae Ascomycota; Hypocreomycetidae AF104926 100 206/206
30-4 Tullbergia yosii voucher SIE C040004 Eukaryote; Collembola DQO016556 100 204/204
30-5 Uncultured organism clone Cluster1069 Ascomycota; Incertae sedis GU178359 98 197/200
31-1 Rhizoplaca chrysoleuca strain 111 Ascomycota; Lecanorales AY530883 91 246/270



312
32-1
322
32-3
33-1
332
333
33-4
335
33-6
34-1
34-2
343
34-4
35-1
352
353
35-4
355
35-6
35.7
35-8
36-1
36-2
36-3
36-4
37-1
38-1
38-2
383
38-4
39-1
392
40-1
40-2
40-3
41-1
41-2
42-1
42-2
42-3
43-1
432
44-1
442
451
452
45-3
45-4
46-1
46-2
47-1
472
47-3
48-1
48-2
48-4
49-1
49-2
50-1
50-2
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Table 2 continued

Exophiala salmonis isolate AFTOL-ID 671
Exophiala salmonis isolate AFTOL-ID 671
Verticillium dahliae

Tullbergia yosii voucher SIE C040004
Exophiala salmonis isolate AFTOL-ID 671
Verticillium dahliae

Exophiala salmonis isolate AFTOL-ID 671
Fungal sp. FCAS133

Verticillium dahliae

Tullbergia yosii voucher SIE C040004
Mortierella sp. CO-21

Fusarium sp. MBS1

Auricularia auricula-judae AFTOL-ID 1681
Tullbergia yosii voucher SIE C040004
Septofusidium herbarum strain CBS 265.58
Desmodesmus communis

Aplanochytrium sp. Sla

Exophiala salmonis isolate AFTOL-ID 671
Uncultured fungus clone T3_IV_la_11
Verticillium dahliae

Tullbergia yosii voucher SIE C040004
Uncultured organism clone Cluster1069
Fusarium sp. 94a

Hohenbuehelia tristis strain RV95/214
Uncultured fungus clone T3_IV_la_11
Tullbergia yosii voucher SIE C040004
Exophiala salmonis isolate AFTOL-ID 671
Verticillium dahliae

Tullbergia yosii voucher SIE C040004
Exophiala salmonis isolate AFTOL-ID 671
Tullbergia yosii voucher SIE C040004
Uncultured fungus clone T3_1V_la_11
Tullbergia yosii voucher SIE C040004
Thermomyces lanuginosus strain ATCC 200065
Pestalotiopsis guepinii strain WR-1
Pestalotiopsis guepinii strain WR-1
Thermomyces lanuginosus strain ATCC 200065
Kavinia himantia

Arachnula impatiens strain BaikalA155
Thermomyces lanuginosus strain ATCC 200065
Hypocrea koningii strain JH

Craterellus tubaeformis isolate OSC 49915
Trichaptum abietinum

Uncultured Soil Clone Group I clone N18§
Uncultured soil fungus clone CK173
Uncultured cercozoan isolate HetAus17
Herpotrichia juniperi isolate AFTOL-ID 1608
Thermomyces lanuginosus strain ATCC 200065
Uncultured fungus clone T3_1V_la_ 11
Uncultured fungus isolate DGGE band M1-23-5-89
Phialosimplex caninus strain UAMH 10335
Phialea strobilina strain CBS 643.85
Loramyces macrosporus isolate AFTOL-ID 913
Penicillium decumbens isolate K1

Candida lactis-condensi

Malassezia obtusa

Penicillium decumbens isolate K1
Scytalidium lignicola strain UAMH 1502
Penicillium sp. LAC1

Uncultured fungus clone T3_IV_la_11
Aspergillus alliaceus strain SITA 1572

Ascomycota; Chaetothyriales
Ascomycota; Chaetothyriales
Ascomycota; Hypocreomycetidae
Eukaryote: Collembola
Ascomycota; Chaetothyriales
Ascomycota; Hypocreomycetidae
Ascomycota; Chaetothyriales
Ascomycota; Hypocreales
Ascomycota; Hypocreomycetidae
Eukaryote; Collembola
Zygomycota; Mortierellales
Ascomycota; Hypocreales
Basidiomycota; Auriculariales
Eukaryote: Collembola
Ascomycota; Hypocreales
Eukaryote; Chlorophyta
Stramenopiles; Labyrinthulida
Ascomycota; Chaetothyriales
Ascomycota; Hypocreales
Ascomycota; Hypocreomycetidae
Eukaryote; Collembola
Ascomycota; Incertae sedis
Ascomycota; Hypocreales
Basidiomycota; Agaricales
Ascomycota; Hypocreales
Eukaryote; Collembola
Ascomycota; Chaetothyriales
Ascomycota; Hypocreomycetidae
Eukaryote: Collembola
Ascomycota; Chaetothyriales
Eukaryote; Collembola
Ascomycota; Hypocreales
Eukaryote: Collembola
Ascomycota; Eurotiales
Ascomycota; Xylariales
Ascomycota; Xylariales
Ascomycota; Eurotiales
Basidiomycota; Gomphales
Eukaryote; Cercozoa
Ascomycota; Eurotiales
Ascomycota; Hypocreales
Basidiomycota; Cantharellales
Basidiomycota; Polyporales
Ascomycota; Incertae sedis
Ascomycota; Incertae sedis
Eukaryote; Cercozoa
Ascomycota; Pleosporales
Ascomycota; Eurotiales
Ascomycota; Hypocreales
Ascomycota; Incertae sedis
Ascomycota; Eurotiales
Ascomycota; Incertae sedis
Ascomycota; Helotiales
Ascomycota; Eurotiales
Ascomycota; Saccharomycetales
Basidiomycota; Malasseziales
Ascomycota; Eurotiales
Ascomycota; Helotiales
Ascomycota; Eurotiales
Ascomycota; Hypocreales
Ascomycota; Eurotiales

EF413608
EF413608
AF104926
DQ016556
EF413608
AF104926
EF413608
GQ120161
AF104926
DQ016556
AB521052
FI613599
DQ520099
DQO16556
AY526480
X73994
FI810216
EF413608
EF628547
AF104926
DQO16556
GU178359
AJI557797
DQ851573
EF628547
DQO16556
EF413608
AF104926
DQ016556
EF413608
DQO16556
EF628547
DQ016556
EF468714
EU375526
EU375526
EF468714
AY293138
EU567294
EF468714
EU722404
DQ8YS6]3
AF026585
EU179935
GU568140
EU709266
DQ678029
EF468714
EF628547
DQ520023
GQ169312
EF596821
DQ471005
GU573852
ABO18144
EU192365
GU573852
AY762623
FN666097
EF628547
EU278606

100
100
100
100
100
100
100
100
100
100
100
100
99
100
99
88
99
100
100
100
99
98
99
100
100
100
100
100
100
100
100
100
100
97
94
98
97
99
92
97
96
98
97
87
97

99
98
99

97
98
100
94
89
100
100
98
100
97

210/210
2117211
209/209
206/206
209/209
209/209
210/210
207/207
209/209
207/207
210/210
208/208
207/209
207/207
99/100
189/214
210/211
209/209
208/208
206/206
164/165
197/200
205/207
206/206
206/206
207/207
161/161
209/209
205/205
209/209
207/207
207/207
205/205
202/208
199/210
207/210
207/213
212/213
196/211
206/212
200/208
207/211
171/175
183/188
147/168
172/176
174/175
175/176
172/174
175/176
209/212
206/212
208/211
212/212
199/211
155/173
212/212
212/212
204/207
210/210
207/213
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ZHVWTITo72 (Table 1). B56M7212017 0 — Y DN
¥ RIERTORERD B, B 83%, HTEM 5%, %
AR 0.1%, Zof (WELAET) 12% OEE TR
B &7z, B LNV TlE Exophiala 19%, Pichia
11%, Phialocephala 11%, Penicillium 8%, Candida
6% DNET & > 72. 53T RS DAEHR D> 5, Eurotiales,
Helotiales 239 X T OHRIE AT 2> i * 7z (Fig.
3).Chaetothyriales |$3E ¥ & AENTIIHE SNz n
572, HEND HIEFERREERFO Saccharomycetales
W% sz (Fig. 3). — /T, DGGE T ¢4 <
eH E 172 Hypocreales 1& 7 1 — VAT Cldiih &
Lo lz BEAE & AENOREE 51X, DGGE OfF R
ERARICHIEE O N A TS B E L.

—%, ¥ 87 Ea— FRIZF f-tubulin, VT V&
EWBIET lys2, I =g S » 37 BIET mem
ZHVCTHEE 6 JIZDOWTHB0 1 — ¥ § DM 217
ol 70— bk LEIERSNIC X B MR
DOFEFE, DGGE T OfFFR L FERIC, 12& A & FERM
THY, HHEOLHMEIED 72, B-tubulin Z H\ 72
AT D5, Burotiales, Chaetothyriales, Hypocreales
LB E Lz, La L, HTRMETXToRED
SN h o7z, WEFENLERT lys2 (Anet
al., 2002) & w72 o K, Eurotilales,
Helotiales, Hypocreales 7% { #rii S /=, & 512,
lys2 7 5 72T W M @ Bullera 23t & L7243,
SSU, B-tubulin & D IZHWEDOZIEED D R R E %
S5l B—aV—%2EF-5T0nbEELNTWVS mem &
A\ 7247 CTld, Eurotiales, Helotiales, Hypocreales
NEL B ENn, LaL, HYFEMEFERMD
Saccharomycetales (&3 X TORE 2 &M S Iz
o7z,

BIREEIEO A E NI OFEE T H - RERE LT
T, ZRLEEFE B SN, KESPFERMOR
JARETH o7z (Table 2, Fig. 3). SHIIHEEILL 55
HERRED KT A, T/, HIEEYWTHAPELTD
A4, BEABCHRH S 7z, Dromph (2003) 12+ E
LAY DRBREREONRS ¥ —ThHbI L EWMEL T
5. Greif & Currah (2007) i& b ¥ A 925 Acremonium,
Beauveria, Cladosporium, Cryptendoxyla, Geomyces,
Gliocladium, Hormiactis, Leptographium, Oidiodendron,
Penicillium, Verticillium % 778t L72. T OWEREIE
EIRREEONS & FEARE» O SN WEEREL
—HTLLDONL T EhD, FEAVIAERNIEOL
Wbzl &R Lz Bbh s WHEMEADOEVE
CLTEERBRE 2R LEEZLNA. SSU DO
EIRAT B O R RIGIT T L ICHB L THS
& (Fig. 4), Penicillium 7 E2%¢ % 114 BEurotiales 1

i

BEH»LAZENE TIRTOBCIRL KRS
o BEABIIAZENE AR - EERR EOIERE L
DEHTHY, AENLINROM S OB x 2T 54ER
BETHY), REITOZLMEBEEDY O OMAEND “ER
W TholzEzoNb. HEFFETERMDLEH
ZEEHEIMH SN2 8L, FOZ LR BT AR
Lotz

372, HAFELRTIIRBE SN RER D D72 72k
Z1E, BEPE L DGGE Tt 2 LT\ 5 Hypocreales
&7 a— VT CIIR I S NT, FREERO s a—
f#AT Cld Pleosporales 25, DGGE T3 Xylariales 2%
HanaZinrt, L) EHAFEMAZANS O
BHOTFEERACLIULENRD S LEZ DN SEOK
Bhbid, B#EEL DGGE 42 AT 5 2 & TRIAW
REMERARL ZENTEL. LT, 2RlEd
COZODRMAELEN R WEMHZIEET 2 0IE
LTWwabEEzoNiz. U7 Ea—FEzTI2L5
TR O REOLHRENBE O N G072 81, 7
GAT—DREL T — I R—ADWBER EDVLETD
5T LREIRT 5.

AZENB LU ZOFEDBEEED S 5 AT AR

¢ interior

B space walls

/\ exterior

(O adjacent space

V/ burial mound

Ascomycota

Fig. 3 Phylogenetic relationships among sequences of clones
and those of the accession numbers downloaded from
GenBank based on NJ analysis of SSU sequence data
using MEGA ver4. 9, clones from the stone chamber
interior; O, clones from the adjacent space; 2, clones
from the stone chamber exterior; M, clones from the
joint stone walls; ¥, clones from the burial mound
(An et al., unpublished).
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WCHSEERLRESEZERICL )G 2ho
DRI, EI T, EpEE, =R, SIS (5=
RIMEAVRE) LB EHEEEINS (kiyuna et al.,
2008;AJ11, 2009 ; #2115, 2009). RAZEIL, HLAEE,
BEADBRHRPBELEVPEZOND.

B¥DNA/N—O—F  HWEA -3 NMLoFLm
e E % 72 LT\ A International Fungal Working
Group (http://www.fungalbarcoding.org/) TS %
ToTWABIET D) B, ITS, LSU, rpbl, f-tubulin,
mem @ 5 D DEIET TN 1T 572, Acremonium J&
DIEHTT, PCR » HIEIEEFOBEF TOREZ A
5 & ITS, LSU T 100%, rpbl T 94%, mcm T 81%,
B-tubulin T40% TH o 72. HIE 5%, ITS &
LSU ZMEN Tz, LD L 5 WEOBINZER) 2 D2
& RIBATIC & o TH72. Acremonium B (JL3&D)
DRI Gams (1971) 12 & 5 & Gliomastix Hi (HF
#R), Acremonium #i (BfR), Nectrioidea fi (Hi
BR) 255N 5, ITS &L LSU TiHIZE AL 32D
o oz, Bt (Fig. 5) 205, SRR ERE ]
D BY I"OEMRTH - 728 RD Gliomastix HilZ &
FNBFEE LT A masseei, A. murorum B X OHE45}
BB B B X7z A polychromum (Kiyuna et al.,
201D ICBVT, MWEET & B ITHEOBINIZENL Tz,
F7z, F N ITHED» S GEES N HERD Acremonium
J& 53 HERR Acremonium sp. 15326-15333 (e.g., Kiyuna

et al., 2008) &, 5 RIDFER DS, HEFRD Acremonium
HiD A. kiliense \XJwlE 3 5 &EZ bz, —F, ¥ %
78 a3 — FEET ORI, rpbl & TF UL PCR 2
LIEIEEH OIS F TORIEIME S B TIEAERD
IR, £72, rpbl BEF B IEHIIFRIZI4% 7525, ITS
ELSUICH~IEHIIREMER Y (Fig. 5). —H,
Cladosporium J& DfENT T, PCR 2 & IEEE S D B
FTCORGFEL AL L ITS, LSU T100%, rpbl T
92%, mecm T 49%, B-tubulin T60% TH - 72, KT
FTILITS & LSU 25100% L& d L2207z, LA L,
OB OMERE AL E, 728 213F C. colocasiae, C.
oxysporum 13 ITS TIEFE U7V — FI2& L TRBIE
WTHo7z (Fig. 6 DA). ¥ 87 Ea2— FEEFDOH
T3 rpbl DY 92% Lk bWV IERE R o7z, R
A I & 2 MO T ITS THREBIREETH - 72 C.
colocasiae, C. oxysporum %% rpbl TILi#k I REZZ 5 72
(Fig. 6 ® B).

AW OO HENFEE 2 S b W DNA /N —
I— FALIZBLA S E - T b, B/ S —a— FEic &
LRI A AL EZ LML, Fl2IE, FEREHE
THHPE»EEE - BRI T A & CHERFM
DRAB LR EN TS Z &, HANOZEENIZES X
CRMOFEDOMH %2 EABITF 5N 5, UL RFICL £
KFEGIT B EFEESN S, A, W DNA N—2O
— MELD7ZZODRERETELTITS BENTH 5.
SR DBITHRERIZB T, Acremonium J& (LE3%) 1%
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I E Helotiales (Ascomycota)
@Leotiales/Helotiales (Ascomycota)
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Fig. 4 Comparison of DGGE, clone and the cultivation method (An et al., unpublished).
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Phylogenetic relationships of the Acremonium sect. Gliomastix isolates from Takamatsuzuka and Kitora

Tumuli with the JCM reference strains, based on NJ analyses of ITS and LSU sequence data using MEGA
ver4.0. Numbers on the branch nodes represent bootstrap support values (%) based on 1000 replications;
>50% bootstrap values reindicated. B, section Gliomastix; %, section Acremonium; @, section Nectrioidea;
€, Takamatsuzuka Tumulus isolates; 4, Kitora Tumulus isolates (An et al., unpublished).
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Fig. 6 Phylogenetic relationships of the Cladosporium isolates from Takamatsuzuka and Kitora Tumuli with the

JCM reference strains, based on NJ analyses of ITS

and rpb1 sequence data using MEGA ver4.0. Numbers on

the branch nodes represent bootstrap support values (%) based on 1000 replications; >50% bootstrap values
reindicated. €, Takamatsuzuka Tumulus isolates; 4, Kitora Tumulus isolates (An et al., unpublished).
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The cultivation and phylogeny of "uncultivable" bacteria
co-cultivated with microalgae
Shigeto Otsuka

Graduate School of Agricultural and Life Sciences, The University of Tokyo,
1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan

In the present study, artificial green microalgal-bacterial consortia were established by inoculating soil
with an axenic strain of Chlorella vulgaris NIES-227. These consortia were maintained in an inorganic
medium in the light for periods from seven weeks to more than a year, and the bacterial community
structure co-cultivated in them was examined by a cultivation-independent PCR-based method. Bacteria
belonging to the phyla Proteobacteria and Bacteroidetes were dominant members in the consortia, and
those belonging to the phyla Acidobacteria, Actinobacteria, and Verrucomicrobia were also detected in
small proportions. Subsequently, bacteria in the consortia were cultivated and isolated on gel plate
media containing C. vulgaris NIES-227, and the composition of these isolates was also examined.
Members of the phylum Proteobacteria comprised the majority among the isolates. No isolate belonged
to the phylum Acidobacteria, and only a small part of the PCR-detected bacteria belonging to the phyla
Bacteroidetes and Actinobacteria were isolated. Bacteria belonging to the genus Prosthecobacter and
closely related to the genus Verrucomicrobium, both belonging to the phylum Verrucomicrobia, were
isolated. The above isolates included candidates for novel species, a part of which would belong to novel
genera or taxa of higher rank. Most of the isolates could grow on R2A medium and thus do not
necessarily require an algal partner to live under cultivation. There were still many DNA sequence-
based taxa left unisolated from the consortia. These so-called "uncultivable bacteria" (or "unculturable
bacteria") are currently being maintained under co-cultivation with C. vulgaris NIES-227.

Key words: algae, bacteria, co-cultivation, community composition, cultivability
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55C (7 =—1U ¥ 7) 308, BLU72C (fhE) 4584
S5 AFISE2THA 7 VAT, B2 720 oMERE
7AaMA7 (Ulk, PCR1MEH). PCREE#,
MicroSpin S-400 HR (GE Health Care, HE) % Hw
THEBOTIAv— %L,
CDTIAT—BEHEARAOPCREWE T L —
ML, 794 <—357F (5- CCTACGGGAGGCAG
CAG-3) & 520R (5'- GTATTACCGCGGCTGCTGG-
3) &\ T 16S rRNA #fETOWEFIR 3 (V3 #il)
#PCRUMIEL 7. BEHUAREQE Y VELR KD
(denaturing gradient gel electrophoresis, DGGE) {2
AT 2720, 794 <v—38TF O IZGC 7 5 >~
7" (5'- CGCCCGCCGCGCGCGGCGGGCEGGGCGa
GGGCACGGGGGG -3) (Muyzer et al., 1993) %41
L7z, PCR RUbIZER%Z 5001 &L, PCR¥ A4 27V
X, $9°94C OBENE 5 51T o 72, 94T (BEN)
30, 55C (7=—1 7)) 308, BLU72C (hf)
1575 %BEIEE2TY 4 7 VT, BHBIZT72T 0ff
BEEE 70Nz (Ul, PCR2EH). Wizard SV
Gel and PCR Clean-Up System (Promega, H5T) % H
WTPCREWM»S 754 <v—%K3EL, ND-1000
UV/Vis Spectrophotometer (NanoDrop Technologies,
USA) ZHWTDNAREZWE LY. #750ng O
PCR W%, ZHHIBE 30~60% TIER L7 6% K1)
TZUNVT I RFIVICT,60C, 60V T4 B ELKE)
L7z, kEhig, HAN—=2) = THREL UV DT T
DNA XY F2FEEL 7. DNA N Y FREREE, B sh
TN FaRELrVERDYHRL, 1bmlFa—T7IC#
L THEK 50ut A 7. Fivgk —80T 12 1 REW
THSE2H, 4COHREICBRL LEEHELL:. =
DOHFEMFEZ 2 DKL, DNA ZEHSE/.
ZOLHICEINE N/ DNA (PCR W) 1213 GC 7
T YTV TnBE, GC 75 TDRWPCR EY %
Ba0I, ENS PCRENEF Y 7L—FEL

T, GC o TD%BWTF4<—357F & 520R (L
#) v, PCR2ZEH&F U4&HTHE PCR 217>
7z. MicroSpin 8-400 HR (GE Health Care) % W T
PCREWP»LTFA4A~—%K*EL, p-GEM T Easy
Vector Systems (Promega, Madison, WI, USA) # A
VRO T P a VI T TA 7 O—2 0 1T
- BRI S —mENICT PCR EMAFASh T
FAIFEEO LA SN KBHOao=-—% 1K
D DGGE N Y FIZD &5 v ¥ AIT5~10EY, 0
WEEECH 2 M5 U7z, anid, X &y —ofigzr 5y —4
v b & L72V-2772F (5-GTAAAACGACGGCCAGT-
3) BLUV-172R (5-GGAAACAGCTATGACCATG-
3) RV, AT RT3 ANDOERICE
D707,

National Center for Biotechnology Information
(NCBI) %544t % blast (Altschul et al., 1990) 3 X
¥, Ribosomal Datebase Project II 28#Rft4 3
SegMatch (Cole et al., 2007) B X UF Naive Bayesian
rRNA classifier (Wang et al., 2007) #F#H L, #oh
7IRIERCH & MR OB WIS RO IE & TR
DR ORE AT o 72, F 720 U - RS2
HMBESLERE L2 MEHOBEHERYZMA, ClustalX
1.8.3 (Thompson et al., 1997) & v Tl &HEIC &
B RARIEHT 2 AT, B S 7 OFTE 9 3EME % W E
L7z

MEODESD S CHEREN LR ORAGHERY, ¥
MG TEMBCH Ly CHAEBICHIRE, 20
% 3B B & I THEZ Ak X % 4T o THEAC L 7. 55284 D
HR60AE, 1 ARKORBEOERIEDS 3 KOS
KHZREE, SHIC3EMERLAELOZHCT, UT
DB ET o2, 9, BHRE Tml 2 E3um BI O
0.24m DA YTV 27 4% — (Mixed Cellulose
Ester) (ADVANTEC) THEXIEE L7z, MO EEDS
5um P ET#H 5 C vulgaris NIES-227 ¥k DR B X
CENIABET2MEIEILRE S m DAY T L Y74
V& =i, RIS L TR WHlE R Fh 2@ ) 317
LEO2um DAY T LYy 74 MF—ZHREShTW
LEEZON. FNFNDT A NI — % E—F— I8
L, BBEK5ml 2h12 T, BRANSON 3210 (¥ ¥
%, WD T T o EEERREEL, T4y — RO
B LOMBE 2 EZA L COBEY 15ml B lF
=78 L, 20,000 x g TI5MELL, LEEE T,
CORK o TR O—EExFEA L L, LB FBEICE -
T, TNENOEGITEF N 5B OB % FH L.

TREEEROEBE LEFEO2um DAY T L YT 4



ﬁ

Wy —THEY SN THERER OSA 4y b, HEH)
(Fig. 1A) (Z¥HE U724k C Brih 100 mi (—H%1{Z 50 ml
o) &7z L, —HIZ C. vulgaris NIES-227 BROFfike
B 2 ml %, 51 LR o BRI AN 1 ml &8
FEL, THERERERE Lo (DM, AT % s, BBz
IR LR, S 1 (B 1 BIE) B L OUT3 (5
%o HH) T2L b, NIES-227 ¥hBFESAE (L) T
Bag L.

TAEREBEROMEMREEN  EBR1EETE, R
WG 7 AR IR ORI A S ml ELL 72, B2
M H T, MEEEOREE L BT 5720, B3R
a5 6 BMHRE T 1 BB I L IE 6 |, BB
W sml FOEURL 72, BERM % A0 L C 241§
SEILL, Fhax 7y 7L—1F DNAORKDLYICZEDE
FHEHL, &% 3041 T, 16S rRNA #IZFOIZIZTEE
25—y e LEPCRESEToR. Bnkro4
<—BLCPCR DY A 7 id 3k (PCR1EH) L[HE
—THhH. FOBK, T4 ~—kFE, PCR (2HH),
DGGE, DNA [f, 7 u—=7, WEREGHE, B
X U RN % B O EICTIT o 72,

EERSEMTAEMOER EERENTH L CH
HERHEL, 0.8% (wiv) HHOT7TFu—RE7d 1%
(whv) WSOF S v FaEMAA— 7 Lb—T L7z,
Y —FNAFFHALT08% THu—-AFE21%
oA A BEALL R WRE, $hb b 35~40T I
Sz, T C B 200ml (2 C. vulgaris NIES-227 #il
W MR OBRE s ml ZRAL, Yy —-LIGELT
P HEBIZTHEILL, C. vulgaris NIES-227 DRF#25:
B (L) ERBEOSRGT T —AF ¥ ¥ N—HIZT
e o, RESCHCIE, ST [EREEA TR
W] &R,

Paper cap

Membrane filter

L

Partition A

Partition B

B OB A

THEEIMEED, S OMEO DB HHER AR
AR DO PEST C. vulgaris NIES-227 JSBFH L,
AR R o CTELL, HAMED S 6 HELL -8
L 7z ARG AN A O R A8 % AR L TR R TR 1
BRL £l aouo—% 1090408 L, FLBEKR
L7282 SR A R P B L OF, 110 B &
UF 17100 534 B @ Nutrient Broth (A% 1/10 NB B &
1100 NB & %9 5) D0.8% 7 A1 — X L7z
1% 45 v J AR MR 2 e L7z, Thull
XY, oML E AR IT, FTASERS (110
NB 8 & 0°1/100 NB ¥i#ly) L TOEFOHFEZHEL
7z,

S EHED 16S rRNA BT FOEER SRR kR
DEN S MEOS B, 1/10 NB B L UF1/100
NB EHEEH T 2o = — 2K LB, o7
aoZ— BB ET V- DNA DD YIZE
DF FH, PCRIZL Y 168 rRNA #fEZ T DI IZ4& K
ZWIBL, LloiidclERi 2 ME Lz, 220
PCR EEWE, 7 0—= 7RI IR R ERICHE
BALZ, $/o, BRSPS TOATT = —
BB LI, Yoryvano—2 RO HBLT
C. vulgaris NIES-227 # DA DT FEENH 5 720

16S rRNA #ifzFl3iT&EOI 0 =— PCR W Z, %
3* p-GEM T Easy Vector Systems (Promega) %\
Tyrua—=r 7L, TORELRENEBRL:. 215
DOYERFEINHETE, B & RIS L CHBSRZR LR
SIRAT ATV, S HEE R Z B E L7z, &3, 165 rRNA
HETFOIFIZEELHMIFT 27290 PCR O REHTA
ZVid, T9°94C OBEWNESHIT o 72, 94T (BE
) 308, 55C (7=—1 ¥ 7) 308, BXU 72T (I
B) 458005 R IS %30 4 7 VTV, E#HIZ72T
OMERISE 7 0 R72.

Well
Tissue Culture Insert
Membrane filter

Manified figure

Fig.1 A dialysing culture vessel (left) and a "mini-scale dialysing culture vessel" established on a 24-well plate (right), each
separated into two partitions by a 0.2- #m membrane filter.
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TL— b THEEERDIBE a0 = —JEHRE &
7o IR OFIEO T REEZ ZER L, H—2 o — > O
W& C. vulgaris NIES-227 ¥RIZ & 5 ZHE5E 3R O T
ZHB L LT, TR ERM B OB ZROGIHE 2 5
MRS L, Sl SRR ME L7z /EEDRIERL
D7D, I AT — VO T fEEEIDFEEZUTO L)
Wi A 7z, T, 247 2 uH 572 % Cell Culture Plate
(Nalge Nunc International K. K., BH) O &7 = L2
WA C R % 600kl TO5E L. AL Tz 3
DFEERR (F) 0955 2 >OMEIE OB R % #
HARL, 51 T2O%7 2 VICHERE L 72 &7 = Vil
#0.2um @ Anopore X ¥ 7L VT 4 VF —DDN7z
Tissue Culture Insert (Nalge Nunc International K.
K., H5) 2335 L, % Insert WIZIECE#b %2 60041
FTOMELTH S, C. vulgaris NIES-227 ¥R MR A%
DOFFRW 1541 2 ZME, C. vulgaris NIES-227 #ED
Bragtt (L) ERABOFGTTERELL. CheY
L— MR RER LI, 7 2 VONITA ¥ — b
O % AR AE, 4 > — b Ol R LR S
123 % (Fig. 1B ).

TL— PR EROMEMBRER H—-ru—
Y OMIE & C. vulgaris NIES-227 2 5 % 5 Al # %
BTEDDVS72hE ) PIERT 5720, FT7L— MR
TAER R R A OME M R T L. Thbh, 7
L — MR AR R OREMG A 58 3 AR %I, M
MoORmERE T v 7L — e LTHEMIEEINLM
B D 16S rRNA EIZFDIFIZEEZ -7y bEL
72 PCR %17 o 72. #WwTT 54 <v—K%, DGGE,
YROWY ML, ru—=r 7y, WERVIE, BIO
IR 24T o 72, TS DT TR R OME
BAAHT (k) LFEETH 5.

BEEER LY DB S W/ Ensifer sp. CSBa #£0DE
232 B, (ANTIY) ERREETFORE AN
22 L SEAT LT, BHEOWFIE S )V — 713 & AE &
DOHEAMERICEAT 2582 1T o Tz, ZOifEDH
T, AFROFEZICHL, RN EOREGEERE
SHERE LT, ¥4IV B, (a5 3IY) ERMEOE
& Bk OMBE OB L 2, BRI TR AR
EBTLHILIWCXY, anNs I VEBHEORAZ ) —= >
T ERITo7. FOWMETHELNIZINTG I VAEME
Ensifer sp. CSBa #kx #F & LT, AIFO WFgedimkic
I ang I VERRBETEZUTOL ) ICREL.

%7, Ensifer sp. CSBa ¥k 7/ A DNA D FF 7 b
AT %, LB Y AT & - T TV ANORLICL AT
o7, Thbb, 30ug DIFE DNA % 454 GS-FLX

(Roche) Z vz f oy —4r 7t L,
575,172 FEAELY] (51225,813,225bp) 2E 5Nz, K
12, GS De novo Assembler Software (CX ) 7+t 7
U YT ERITW, 163 YT 4 IHRER SN £a VT4
FORE Lo 1k 32 F Y% MetaGene
Annotater IZL DL, 6,859 4 —7 ) —F 1 7
7 L — 24 (open reading frames) %57, wf&IZ, 0
HEET I/ BEELS % blastp (2 & AMHFEMMREICAL,
aANT I VERREBETOMEEETERE L.

wmo R

RAEEZRS LU FO—LVROMERERE
RERBBRBL IV bu— VIO S N HIE
#E 7% % £ T 16S rRNA #15F-V3 #HiKk D DGGE /¥
y—%&, thik 3B AEREER (EEB1EE) © DGGE
NF =2 EAEDET Fig. 21RT. 2 b3, [ UEE
BEFBICERELTHEELALDOTH 2. BETRS D
DIZS WS, BEDOKE 2Ny FOMIZ, ZHOBED
INETNY RO N7z, RAREZREE (Fig. 2 ©
MC) DN F9BLI1IDO LI, REEERDAIIH
CHhay bu— ViidBihzury Fhbhud, N
F13 (=15) DL H ICRERERDALZLT I Y PO —
WMIZHRELZBREEZ D> THNEN Y FbdH ol F
72, 3 buE—IVHEH%E (Fig. 2 ® CC) @3 F14%°16
DEH, T IFE=VORITHELENLEN Y FHH o
7. MIEREOSTEBE 2 572012, Fig. 2 [IR S
72 DGGE /N F O IERF % M55 L, SeqMatch (2

DC MC CcC

1 8

\AJ

10>
R i P — 145
4 N —

16>m P

6™ 2 T

7 P e —

Fig. 2 DGGE banding patterns of bacteria in the separate
culture in a dialysing culture vessel (DC), the
mixed culture in a glass tube (MC), and the control
culture in a tube (CC) after 7-week cultivation. The
bacteria were co-cultivated with C. vulgaris NIES-
227 in the former two cultures. The bands
indicated by arrows were excised, cloned, and
sequenced (cf. Fig. 3).
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A MC-12 = MCS-03 (Bands 13, 1C, 2C, 3D) Order - Family Phylum - Class
MC-07 (Band 10)
[ Phenylobacterium immobile ATCC 359737 [Y18216]
MC-14 (Band 13)
84 [ MC-13 (Band 13)
CC-01 (Band 15)
DC-10 (Band 5)
Brevundimonas diminuta NBRC 126977 [AB021415]
91 = MC-08 (Band 8) Caulobacterales
DC-11 (Band 1) - Caulobacteraceae
MC-09 (Band 12)
Brevundimonas kwangchunensis KSL-1027 [AY971368]
MC-10 (Band 13)
MC-16 (Band 12)
MC-11 (Band 12)
Brevundimonas variabilis ATCC 152557 [AJ007808]
MC-06 (Band 12)
MC-15 (Band 13) - i
g9 | Phyllobacterium myrsinacearum NBRC 100019" [D12789] = Erotcobectena
Ensifer adhaerens ATCC 332127 [AF191739] Rhizobiales - Alphaproteobacteria
Ochrobactrum anthropi LMG 33017 [U70978] - Rhizobiaceae
bactrum i CCUG 460167 [AM180485]
MC-17 = MCS-05 (Bands 6, 1F, 2D, 2E, 3E) -
Afipia felis ATCC 536907 [M65248] "] Rnizobiales
100 DC-13 (Band 7, d - izobi
Spmngomon;s ;rzl/cim)obflis ATCC 298377 [AM237364] 5 - Bradyrhizobisceae
| DC-17 (Band 5)
DC-15 (Band 5)
Sandaracinobacter sibiricus RB16-177 [Y10678]
DC-16 (Band 6) Sphingomonadales
DC:14 (Bend 6) - Sphingomonadaceae
MC-18 (Band 13) PG
DC-18 (Band 1)
Erythrobacter vulgaris CIP 1089567 [AY706935]
89 — CC-02 (Band 14) -t
—— DC-12 (Band 1) . . -
98 Prosthecobacter dejongeii FC1T [U60012] = =
99 Verrucomicrobium spinosum DSM 41367 [X90515] Verrucomicrobiales Verrucomicrobia
DC-01 (Band 3) - Verrucomicrobiaceae | - Verrucomicrobia
DC-02 (Band 5) = -

100 M(C:g? ggangss?, 10) Acidobacteriales Acidobacteria
_l L - an . y 3 -
86 Aci i ATCC 511967 [CP001472] 1 Acidobacteriaceae - Acidobacteria
B Hydrogenophaga flava CCUG 16587 [AF078771] . N

Ramlibacter tataouinensis DSM 146557 [AF144383]
— MCS-06 (Bands 1F, 2E, 3C
Rhodoferax fermentans NBRC 166597 [AF435948]
CC-03 (Band 14)
CC-07 (Band 16)
CC-06 (Band 16) Burkholderiales
CC-05 (Band 16) - Comamonadaceae
DC-19 (Band 5)
CC-08 (Band 16) .
85 DC-20 (Band 3) Proteobacteria
o CC-04 (Band 14) - Betaproteobacteria
MC-19 (Band 12
L Acidovorax facilis ATCC 112287 [AF078765] "
__:?als[onla thomasii LMG 68667 [AJ270258] =1 Burkholderiales
MCS-04 (Bands 1D, 1E) =1 - Burkholderiaceae
Methylophilus methylotrophus NCIMB 105157 [AB193724] =
MC-21=MCS-02 (Bands 11, 1B, 2B, 3B, 3C)
MC-24 (Band 9) Methylophilales
MC-23 (Band 9) - Methylophilaceae
MC-22 (Band 9)
MC-20 (Band 9) = -
MC-27 (Band 10) i
MC-26 (Band 13) i
MC-25=MCS-01 (Bands 10, 1A, 3A) Pseudomonadales Proteobacteria )
Cellvibrio mixtus UQM 2601T [AF448515] - Pseudomonadaceae | - Gammaproteobacteria
P. igit DSM 500717 [X06684] - o
Pedobacter aquatilis AR107T [AM114396] " . N
pari DSM 23667 [AJ438172] Sph/ngobactena_/es
Sphingobacterium spiritivorum NCTC 113867 [EF090267] - Sphingobacteriaceae
MC-04 (Band 13) = )
MC-05 (Band 9) Bactgrotdetes )
7z MC-03 (Bancd 8)1 - Sphingobacteria
hitinophaga japonensis NBRC 160417 [AB078055] Sphingobacteriales
Chitinophaga sancti NBRC 150577 [M62795] :] - Crenotrichaceae
99 100 DC-09 (Bands 2, 7)
. DC-08 (Bands 21, 7{4 e
F aquatile DSM 11327 [AM230485] Flavobacteriales b
93 Flavobacterium soli DS-87 [DQ178976] - Flavobacteriaceae
L| DC-04 (Eand 5) Bacteroidetes
DC-06 (Band 4) - Flavobacteria
DC-07 (Band 4)
o DC-03 (Band 4)
DC-05 (Band 4) =

Fig. 3 Neighbour-joining (NJ) trees based on the sequence of the V3 region of the 16S rDNA, including the bacteria detected
in the cultures and the type strains of the phylogenetically related bacteria. Depending on the length of the sequenced
region between the primers, NJ trees were calculated separately for the following three groups: A,
Alphaproteobacteria, Acidobacteria and Verrucomicrobia (all 135 bp in length); B, Beta- and Gammaproteobacteria
(mostly 160 bp) and C, Bacteroidetes (mostly 155 bp). The names of the taxonomic units beginning with DC, MC, and
CC denote the sequences detected in the separate, the mixed, and the control cultures, respectively. Names with
MC1S denote those from the long-term mixed cultures. The number(s) following a sequence name denotes the DGGE
band(s) from which the sequence(s) was obtained. Bootstrap values (%) were generated from 1000 replicates and

values only >70% are shown. Scale bars indicate 0.05 nucleotide substitutions per site.
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PR & A L O S 2 MBS M i o MRS i B X USRI HIC B3 2758

Lo THEH SN/ S_ab score IZEDWT, I
WARSOFRbFELRDEREEZ SN 5 BEELEEM
HODZ A THREEE LTz, 205 A4 TR, s EE
DA THEEINZ TIERR L 72 BB & R 5 % Fig. 3
R

BERERD BIE, FEIT Proteobacteria ', KW T
Bacteroidetes '1IZIE T 5 L& 2 LN 5 ME P &
M, Acidobacteria FIFHE b 2 7z (Fig. 3 ).
Bacteroidetes MR IZ K 2 IELECH] &, Z DA

M1 M2 M3
>3pum <3um >3uym <3uym >3um <3um
1>A 2»/\__”_ o =
B & L
lB 2>B* e eE t»-' -
3C
1048 HiC e W Y
3D
<+ ]

Fig. 4 DGGE banding patterns of bacteria harvested from
the fractions >3#m and <3 #m of the long-term
mixed cultures after 15-month co-cultivation in
triplicate (assigned as M1, M2, and M3 in this
figure). The bands indicated by arrows were
excised, cloned, and sequenced (cf. Fig. 3).

DC2a DC2b DC2¢c
123 4561 23 456 1 2 3456

- A
B, C, - 4 B,
28 s- irhEe-- 0~
ER: e : * S EEe-
= TF . a6 Y ESZ_SreSss
4 G A F =
sESEFETEC --§8eR8e
~—=== - -
- 1 vm&.m -
' m‘«
A‘”
1 3 TR N - &
-
= =
Ly,
- - -
-

Fig. 5 DGGE banding patterns of bacteria co-cultivated
with C. vulgaris NIES-227 in the separate cultures
in dialysing culture vessels (as the second
cultivation examination in triplicate, DC2a, DC2b,
and DC2c). The number above each lane indicates
the number of weeks after the cultivations started.
The bands indicated by arrows were excised,
cloned, and sequenced (cf. Table. 1).

M E (Pedobacter J&) % 4 7HED7% Y DNA HIEIEL
By L OMEMEIE, I NBEP o7 (94% Ki).
Proteobacteria I Betaproteobacteria fHIEIZHEd 55
HRFFN &, F O iR E (Methylophilus J&) ¥ 4 7THD
%% DNA #Hs3R IR & O D K> 72 (95% %
{ii). — 75, Proteobacteria 10 Alphaproteobacteria fi 3 X
" Gammaproteobacteria W O E 2 H 2K 3 5 3E A AL T
L, TN omE&ZME (Brevundimonaslg,
Phenylobacteriumlg, CellvivriolB%) O ¥ 4 THED%Y
DNA #HIg3RARY & OMRAEEBBCRAE» -7 (%
1398% L1, Zlloay ru— bl Shzo
i, Proteobacteria MIZIET 5 & & 2 b N BMBEIZIT72
-7z (Fig. 3&M). €095 %, Phenylobacterium J&
WICHRT % & & 2 5N BIEHERS] CC1-01 i, RAERE
ERD DI S NEARS MC1-13 LR —725 72,

RHREGEEROMEOSE R (157 A) BREeH
2% M1, M2, B X UM3 OEHD, 3um Ll EOH S
BXO3um UTHh202um U EOHESICHET HH
fA® 16S rRNA #fxT V3-DGGE /¥ % — ~ % Fig. 4
W29 . 7B, C vulgaris NIES-227 1% 3xm DL EOIH
SICZEENEH, C. vulgaris NIES-227 D ZEig A H 3
DNV R & e 20 o 72, AWFFETIE DNA HiH 2
ThTEKLEAKOBRERZETOEET Y7L — |
DNA Oftb D IZ PCRICHE L 72285, £D &M TIXC
vulgaris NIES-227 O EEPEE SN o 2720 L
EzbNb. 3um LLEOEGOHDHE BB
NYF, BERER Sum LTOWESOFIZEYECH
NNV BB o7z, TNy N T 5 DNA
DYFFERT) D ZARAALE D1 1E, Fig. 3 ORHA IR S
nTwsb,

3um LL LD 7572513, ProteobacterialfTZJE T %Ml
ROADHM Sz, FBEERG,S 7 HHEZOREE 2
ZB LTy bu—h ol &z Phenylobacterium
BAIE Db D& F 2 5N B IFHERLS] & 100% 1R 2k
Br & FEN T2, 3um DT 024m PLEDE 525
1%, Proteobacteria P12 2 C Bacteroidetes P& %
BAMH &7z, DGGE /3% — > (Fig. 4) (2B HHRE
DREGNY FOERZBRED ) B, 3um UL ELOH S
D HZD LB E 72Dk, Betaproteobacteria #i &
Ralstonial& B £ " Gammaproteobacteria i O
CellvibrioB OMBW 721772 o 72, 728, Ralstonia/&ME
133 4mbUF0.2 4mPl EOW A5 b, FRED/NS 728
YFOBEBE LTHRIEENTVEN, ZONY FOF
BB E TlE R,

THEEERXMEEOMEMER  CHESEEROMEE
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OEEEBFICHER SN -MEFEMRELFT 168
rRNA E{ZF V3-DGGE /3% — > (3 1[|A) &, b
BOBEY Fig. 2 1TIRENT WA, Fig. 2 DRAHEER
(MC) BLUarbrua— (CC) 1%, [ UEMEEZ R
BRICEE L CEEL-DDOTHE. MEORXLNVF

OFIZIE, N R 2R 4D LI, TAEEERRITO K
BCHN, BRERERPL IV P — VIRV D
L, N F50k91, BARERPa Y bu—

WBWTHFE URBIEMSEZ RSN FOAEET S D
DLHotz. F7z, BEEER MC) O LmIZIE@EE
DREVGNY FINDH LY, W UERBEEO NV FiZZ
R RIIIHH L 2o 72,

E5\2, F—oEEEE C vulgaris NIES-227 #R2»
L, ML L7230 MEEEREME L BE2H
H). DBBEINL O MEEE#ER%, DC2a, DC2b, B XL
O'DC2c &R, T NTH—&BEFTERLZY,
DC2a,DC2b, B L " DC2c OHMBEAEIZH KT % DGGE
Ny — L, ENFNEL 5T (Fig. 5). DC2a @
DGGE /8% — Y IZBIF BN FFB I UG, DC2b IS
BIFANYFI, KBIOLOXH I, BEMHEIEL
BRBEDIZIGELU TN Y FOBMENREL L5005 -

72, —7, DC2a BT A1 Y FBBLUE, DC2b 12

Téﬂ/thiUG@i?L,ﬂ/b@ﬁF#
BAIINEL B0, DC2LICBITHL/N Y FBEB

FUDDXIHIZ, %%ﬁHFﬁWT/\/ N D 5 %
WHDLH o7z,
MR AR 2R RE 72012, Fig. 5127V 77Xy b T

féfﬁgDGGE/R/ILOb\, HABCYI R & R
AT 2 R CHTE AR R EE L7, TORER%E Table 1
W9, BEEE 1 HE &[RRI, Bactemidetes ME7zix
Proteobacteria fIIZIET 5 £ E 2 LN AMBENE
W& N7z, Verrucomicrobia MIZET 5 & & 2 b LA
WY M S 7z (AR DC2a-10), BMTRED
KELDGGE NV FEERLTELT, HEOEAR
FIN1ARKDODGCGE N Y FEER L TV AHEICBW
T, 20— LT EN: (Table 1 2H). 7B,
Verrucomicrobia FIFE 1L, 553 1 B H O " FEREE R H
byl ST b (EEERLS) DC1-01). Bacteroidetes
PR O D O & ZE 2 SN DIEIFFHN &, FNS &%k
TH HHFHEME (Flexibacter J&, Flavobacterium J&,
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Table 1 Identity of DNA sequences excised from DGGE bands (Fig. 2 (DC) and Fig. 5) originated from the dialysing culture

vessels.
Seq ID DGGE band' Phylum or class Closest described genus®
Genus name(s) Similarity (%)

DC-01 DC-B Verrucomicrobia Prosthecobacter 81.9
DC-02 DC-D Bacteroidetes Flexibacter 718
DC-03 DC-C Bacteroidetes Flavobacterium 91.0
DC-04 DC-D Buacteroidetes Flavobacterium 90.3
DC-05 DC-C Bacteroidetes Flavobacterium 90.3
DC-06 DC-C Bacteroidetes Flavobacterium 90.3
DC-07 DC-F Bacteroidetes Flavobacterium 90.3
DC-08 DC-A,B.F Bacteroidetes Chitinophaga 86.2
DC-09 DC-F Bacteroidetes Chitinophaga 85.6
DC-10 DC-D,F Alphaproteobacteria Phenylobacterium 100
DC-11 DC-A Alphaproteobacteria Phenylobacterium 97.0
DC-12 DC-A Alphaproteobacteria Phenylobacterium 91.1
DC-13 DC-F Alphaproteobacteria Rhodopseudomonas, Nitrobacter, Afipia 99.3
DC-14 DC-B,E,F Alphaproteobacteria Sandaracinobacter 100
DC-15 DC-D Alphaproteobacteria Sandaracinobacter 98.5
DC-16 DC-E Alphaproteobacteria Sandaracinobacter 985
DC-17 DC-D Alphaproteobacteria Sphingomonas 100
DC-18 DC-A Alphaproteobacteria Caulobacter, Sphingomonas, Asticcacaulis — 98.5
DC-19 DC-D Beraproteobacteria Ramlibacter 93.2
DC-20 DC-B Betaproteobacteria Variovorax 92.5
DC2a-01  *DC2a-G Bactergidetes Chitinophaga 91.6
DC2a-02  *DC2a-G Bacteroidetes Chitinophaga 91.0
DC2a-03  *DC2a-C,D Bacteroidetes Pedobacter 92.9
DC2a-04  *DC2a-F Bacteroidetes Pedobacter 92.3
DC2a-05 *DC2a-F, G Bacteroidetes Pedobacter 98.1
DC2a-06  *DC2a-] Bacteroidetes Pedobacter 86.5
DC2a-07  *DC2a-J Alphaproteobacteria Porphyrobacter, Sphingomonas 99.3
DC2a-08 *DC2a-F Betaproteobacteria Polaromonas 95.7
DC2a-09 *DC2a-C Gammaproteobacteria  Pseudomonas 95.6
DC2a-10  *DC2a-J Verrucomicrobia Prosthecobacter 88.2
DC2a-11  DC2a-H Bacteroidetes Flavobacterium 100
DC2a-12  DC2a-H Alphaproteobacteria Brevundimonas 100
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Table 1 continued
Seq ID DGGE band’ Phylum or class Closest described genus®
Genus name(s) Similarity (%)

DC2a-13  DC2a-A Gammaproteobacteria  Variovorax 94.4
DC2a-14 DC2a-A,B Gammaproteobacteria  Pseudomonas 100
DC2a-15 DC2a-E Gammaproteobacteria  Pseudomonas 99.4
DC2a-16 DC2a-E Gammaproteobacteria  Pseudomonas 98.8
DC2b-01 *DC2b-J.K Bacteroidetes Emticicia 91.6
DC2b-02  *DC2b-] Bacteroidetes Emticicia 91.0
DC2b-03  *DC2b-J Bacteroidetes Reichenbachiella 87.7
DC2b-04 *DC2b-K Bacteroidetes Roseivirga 81.8
DC2b-05 *DC2b-L Bacteroidetes Roseivirga 80.5
DC2b-06 *DC2b-L Bacteroidetes Roseivirga 81.2
DC2b-07 *DC2b-H Gammaproteobacteria  Pseudomonas 100
DC2b-08  *DC2b-L Gammaproteobacteria  Pseudomonas 98.1
DC2b-09 DC2b-AF,G Gammaproteobacteria  Pseudomonas 100
DC2b-10  DC2b-G Gammaproteobacteria  Pseudomonas 99.4
DC2b-11  DC2b-F Gammaproteobacteria  Pseudomonas 99.4
DC2b-12 DC2b-1 Gammaproteobacteria  Pseudomonas 99.4
DC2b-13  DC2b-G Gammaproteobacteria  Pseudomonas 99.4
DC2b-14 DC2b-1 Gammaproteobacteria  Pseudomonas 98.8
DC2b-15  DC2b-D Gammaproteobacteria  Pseudomonas 99.4
DC2b-16 DC2b-A Gammaproteobacteria  Pseudomonas 99.4
DC2b-17 DC2b-B,C Gammaproteobacteria  Pseudomonas 100
DC2b-18  DC2Zb-A Gammaproteobacteria  Pseudomonas 99.4
DC2b-19 DC2b-C Gammaproteobacteria  Pseudomonas 99.4
DC2b-20 DC2b-A Gammaproteobacteria  Pseudomonas 96.9
DC2b-21 DC2b-D.E Gammaproteobacteria  Pseudomonas 100
DC2b-22 DC2b-B Gammaproteobacteria  Pseudomonas 99.4
DC2c-01  *DC2c-H Bacteroidetes Persicobacter 83.4
DC2c-02  *DC2e-H Bacteroidetes Persicobacter 834
DC2c-03  *DC2c-H Bacteroidetes Chitinophaga 87.5
DC2c¢-04 *DC2c-A,B Bacteroidetes Flexibacter 89.1
DC2¢-05  *DC2¢-E Bacteroidetes Flexibacter 88.5
DC2c-06 *DC2ec-D Bacteroidetes Flexibacter 88.5
DC2c¢-07 *DC2¢-D,E Bacteroidetes Pedobacter 100
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Table 1 continued
SeqiD  DGGE band' Phylum or class Closest described genus®
Genus name(s) Similarity (%)

DC2¢-08 *DC2c-E Bacteroidetes Pedobacter 99.4
DC2¢-09 *DC2¢-CD,EH  Bacteroidetes Pedobacter 100
DC2¢-10  *DC2c-H Alphaproteobacteria Brevundimonas 100
DC2c-11  *DC2c-A Betaproteobacteria Duganella 100
DC2¢-12  DC2¢-F,G Bacteroidetes Sphingobacterium 88.4
DC2¢-13  DC2c-F,G Gammaproteobacteria  Pseudomonas 99.4

" DGGE band names correspond to those indicated in Fig. 2 (DC) and Fig. 5. A band with asterisk

(*) increased its intensity in DGGE as the cultivation period increased.

? The closest described genus is that the closest type strain of described species belongs to. The

closest type strain was determined by SeqMatch program. The similarity is that of the V3 region of

16S rRNA gene between the obtained sequence and the correcponding sequence of the closest type

strain.

L7z (BICRHEHT IO CREDITo72). 0.8% 7
Au—2A 2 HCTERREE R ou=—%
R LS 2 B, W d Proteobacteria P10
Alphaproteobacteria W, Betaproteobacteria fi, T 721
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1.0% 7' ¥ 77 b Bl T BHIR & IO s 2 v
= — %W LS LM 0 % i Proteobacteria
PHUCET 5 &% 2 b7z ds, M Actinobacteria 1,

Bacteroidetes [, ¥ 7213 Verrucomicrobia PIIZET 5
LEZONAHME b D7 LR ELEESH SN
BRIZDWTIE, 0.8% 7 H 0 — A OHRIER A B EAR RS
W S5SNI bODIFE A ED, Bl il
4 THREIT% EHEZ B EV 16S rRNA & 15 T4
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Wk # Z bi BAlphaproteobacteria # I @ DC2a-
AZHRD 2073 572 20 5 BHiE L, fidkOBE%
WHEZBETPLAEL I — RS B2 TH
5.—77,1.0% 75 ¥ I b ORISR G TFRET A S
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HH O R 2 2N FN Fig. 6 BL U Fig. 7 2/R7).
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W OB LB LN AFTRROME, 0.8% T4
O — 2P TEE T 5T, §XT1L0% 77 >~
HHOFREEITHEF L2, 1.0% 7T ¥ A THE
BT HHOFIZIE, Arthrobacter BIZBT 5 L Bbh
B O —# % Verrucomicrobium BIZET 2 L B
NABME R L, 0.8% 7 HU—ADOFREMTIIEEF L
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Table 2 Representative strains of each taxonomic group of bacteria isolated on the algae-containing gel plate media from the

Strain' Genus Phylum Closest type strain of described species’
Species and type strain Similarity (%)

DC2a-Al  Mesorhizobium Alphaproteobacteria Mesorhizobium plurifarium LMG 11892 To977
DC2a-A2  Mesorhizobium Alphaproteobacteria Mesorhizobium plurifarium LMG 11892 T o984
DC2a-A3 AL Alphaproteobacteria Roseospira navarrensis SE3104" 87.0
DC2a-A4  Massilia Betaproteobacteria Massilia plicata 76" 98.5
DC2a-A5  Pseudorhodoferax  Betaproteobacteria Pseudorhodoferax soli DSM 21634" 98.6
DC2b-Al  Rhizobium Alphaproteobacteria Rhizobium alamii GBV016" 99.9
DC2b-A2  Mesorhizobium Alphaproteobacteria Mesorhizobium amorphae ACCC 196657 99.6
DC2b-A3  Pseudomonas Gammaproteobacteria Pseudomonas plecoglossicida FPCos51” 100
DC2b-A4  Lysobacter Gammaproteobacteria Lysobacter gummosus KCTC 121327 98.0
DC2c-Al  Hyphomicrobium  Alphaproteobacteria Hyphomicrobium zavarzinii ZV-622" 96.4
DC2¢-A2  Rhizobium Alphaproteobacteria Rhizobium leguminosarum ATCC 100047 99.6
DC2c-A3  Polaromonas Betaproteobacteria Polaromonas jejuensis JS12-13" 91.7
DC2a-G1  Arthrobacter Actinobacteria Arthrobacter oxydans DSM 201197 99.1
DC2a-G2  Brevundimonas Alphaproteobacteria Brevundimonas alba DSM 4736" 99.4
DC2a-G3  Sphingomonas Alphaproteobacteria Sphingomonas soli T5-04" 974
DC2a-G4  Massilia Betaproteobacteria Massilia plicata 76" 98.5
DC2a-G5  Polaromonas Betaproteobacteria Polaromonas jejuensis 1512-13" 97.7
DC2a-G6  Tariovorax Betaproteobacteria Variovorax boronicumulans BAM-48" 99.2
DC2a-G7  Verrucomicrobium  Verrucomicrobia Verrucomicrobium spinosum DSM 4136" 91.4
DC2a-G8  Devosia Alphaproteobacteria Devosia insulae DS-56" 99.5
DC2b-G1  Emticicia Bacteroidetes Emticicia ginsengisoli LMG 23396" 99.1
DC2b-G2 ML Betaproteobacteria Massilia albidiflava CCUG 522147 90.5
DC2b-G3  Pseudomonas Gammaproteobacteria Pseudomonas plecoglossicida FPC9517 100
DC2b-G4  Lysobacter Gammaproteobacteria Lysobacter gummosus KCTC 12132" 98.0
DC2¢-G1  Methylobacterium  Alphaproteobacteria Methylobacterium zatmanii DSM 56887 99.4
DC2¢-G2  Polaromonas Betaproteobacteria Polaromonas jejuensis JS12-13" 97.9
DC2e-G3  Polaromonas Betaproteobacteria Polaromonas aquatica CCUG 394027 98.0
DC2e-G4  Prosthecobacter Verrucomicrobia Prosthecobacter vanneervenii FC2' 95.0

! DC2a, DC2b, or DC2c in a strain name indicates the dialysing culture vessel from which the

strain was isolated (cf. Fig. 5), and A and G indicates 0.8 % agarose plate and 1.0 % gellan gum

plate, respectively, on which the isolation was done.

% The closest type strain of described species was determined by SeqMatch program. The similarity

is that of 16S rRNA gene (almost full length) between each isolate and its closest type strain.
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Naxibacter haematophilus CCUG 383187 [AM774589]
Naxibacter varians CCUG 352997 [AM774587]
Massilia niastensis 5516S-1T [EUB08005)

Massilia niabensis 5420S-267 [EU808006]

Massilia dura CCUG 522137 [AY965998]

Massilia lutea KCTC 123457 [AY966001]

Massilia albidiflava CCUG 522147 [AY965999]
Janthinobacterium agaricidamnosum W1r3T [Y08845]
Janthinobacterium lividum DSM 15227 [Y08846]
Herbaspirillum rubrisubalbicans ATCC 193087 [AB021424]
Herbaspirillum seropedicae ATCC 358927 [Y10146]
Collimonas pratensis LMG 239657 [AY281137]
Collimonas fungivorans Ter6" [AJ310394]

Caldimonas taiwanensis LMG 228277 [AY845052]
Caldimonas manganoxidans JCM 106987 [AB008801]

78 | 100 EPandoraea pulmonicola LMG 181087

Pandoraea apista LMG 164077 [AF139173]

Burkholderia megapolitana LMG 236507 [AM489502]
Burkholderia phenoliruptrix AC11007 [AY435213]
Burkholderia phymatum STM815T [AJ302312]
Burkholderia terrae KMY02T [AB201285]

Burkholderia caribensis MWAP647 [Y17009]

Burkholderia hospita LMG 205987 [AY040365]
Betaproteobacteria bacterium (DC2b-G2) [AB552866] -_
Thiobacillus thioparus ATCC 81587 [M79426]

Castellaniella defragrans DSM 121417 [AJ005447]
Castellaniella denitrificans NKNTAUT [U82826]

Leeia oryzae DSM 178797 [DQ280369]

Aquaspirillum putridiconchylium DSM 115577 [AB076000]
Aquaspirillum serpens ATCC 126387 [AB074518]

Pseudomonas aeruginosa strain RH 8157 [X06684]

Pandoraea norimbergensis DSM 116287 [Y09879]
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Ensifer sp. CSBa#% DI 53 4R BEET
LR Y, AR TR LR ERE SR E L
T, Mo 7a 772128035 3 VEEME
Ensifer sp. CSBa ¥kl & iz, F0anNs 3 v g
REARFDAWIZENT & D FE 2, Ensifer sp. CSBa
BRIZIFRIN 259 3 Y EBICHD 5220 EET 2%
BT DHZEPHELNICR 72, Ensifer sp. CSBa k7S
BRETHHENINT I Y ERFREETIE, ARSI
BDBIEFICETO®EY  cobF, cobG, cobH, cobl,
cobd, cobK, cobL, cobM, cobS, cobT, cobU, cobV,
cobD, cobC, cobB, cobA, cobE, cobO, cobN, cobW,
cobP, cobQ. B, BET %X, Pseudomonas
denitrificans DL MLT OEZRFI» S FE L7z,

Hydrogenophaga atypica BSB 41.87 [AJ585992]
Hydrogenophaga flava CCUG 16587 [AF078771]
Polaromonas aquatica CCUG 394027 [AM039830]
Polaromonas vacuolata 34-PT {U14585]
Acidovorax facilis CCUG 21137 [AF078765]
Acidovorax defluvii BSB4117 [Y18616]

Variovorax soli GH9-37 [DQ432053]

Variovorax paradoxus DSM 667 [AJ420329]

[AF139175]

Fig. 6 Neighbour-joining tree constructed from almost full length of 168 rRNA gene sequences of Betaproteobacteria

bacterium strain DC2b-G2 (indicated by an arrow) and

the type strains of its phylogenetically related taxa. Bootstrap

values greater than 70% are indicated at nodes. Accession numbers in DDBJ/EMBL/GenBank are indicated in
brackets []. O, C, and B on the right hand indicate clusters of the families Oxalobacteriaceae, Comamonadaceae, and
Burkholderiaceae, respectively, of the order Burkholderiales.
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Haloferula sargassicola MN1-10377 [AB372856]
Haloferula helveola 051JR53-17 [AB372855)

Haloferula phyci AK18-0247 [AB372854]

Haloferula rosea 08SJR1-1T [AB372853]

Haloferula harenae YM23-2277 {AB372852]
Luteolibacter pohnpeiensis A4T-83" [AB331895]

Luteolibacter algae A5J-41-2T [AB331893)

Roseibacillus persicicus YM26-0107 [AB331890]

Roseibacillus ponti YM27-1207 [AB331889]
Roseibacillus ishigakifimensis MN1-741T [AB331888]
Persicirhabdus sediminis YM20-0877 [AB331886]

Rubritalea sabuli YM29-0527 [AB353310]

Rubritalea tangerina YM27-005T [AB297806]

Rubritalea marina Pol0127 [DQ302104]

Akkermansia muciniphila ATCC BAA-8357 [AY271254]

88

100

1 Q_E- Prosthecobacter fluviatilis JCM 148057 [AB305640]
Prosthecobacter vanneervenii FC2T [U60013]
Prosthecobacter sp.(DC2c-G4) [AB552872] <
Prosthecobacter debontii FC3T {U60014]
W[E Prosthecobacter fusiformis FC4T [UB0015]
Prosthecobacter dejongeii FC17 [U60012]
Verrucomicrobium sp.(DC2a-G7) [AB552861] 4um
7§E:—Cerrucomicrobium spinosum DSM 41367 [X90515]
Coraliomargarita akajimensis JCM 231937 [AB266750]

70 75— Pelagicoccus albus YM14-201T [AB286016)
Pelagicoccus litoralis JCM 232047 [AB286017]
100 Pelagicoccus croceus NSFB36-57 [AB297922]

Pelagicoccus mobilis 02PA-Ca-133T [AB286015]
Puniceicoccus vermicola IMCC545T [DQ539046]
Cerasicoccus arenae YM26-026T [AB292183]
Alterococcus agarolyticus ADT3T [AF075271]
Opitutus terrae PB80-17 [AJ229235]

100

100

Pseudomonas aeruginosa RH 8157 [X06684]

Fig. 7 Neighbour-joining tree constructed from almost full length of 16S rRNA gene sequences of Prosthecobacter sp. strain
DC2a-G7 and Verrucomicrobium sp. (or bacterium belonging to a novel genus closely related to Verrucomicrobium)
strain DC2a-G7, both indicated by arrows, with the type strains of its phylogenetically related taxa. Bootstrap values
greater than 70% are indicated at nodes. Accession numbers in DDBJ/EMBL/GenBank are indicated in brackets. V
and O on the right hand indicate clusters of the classes Verrucomicrobiae and Opitutae, respectively.
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AL TR S 5.

RBEXZBRTE, LEERB» 7 HMBEIZ,
Bacteroidetes f3 & U Proteobacteria FAIZIE 3 5 HIHE
DR & (Fig. 3). TN 5D 5 B Bacteroidetes M
MEE, BEOWRWI Y Pa—h SR S h
o7 BB, RFETIETHMERE LT, NIES 2L 7
g r SR FE - HAEEEOIFEE RO OB
ML % JEHT L7z (Ueda et al., 2009 ; 7 — & 134 0).
Bacteroidetes FMIMI® X, ZOFMEBRTIHMBENT
BY, T80 5 58 SN B O SRR HR R i
HEREOZFOMOBMBEROERBE L E, S LIFLIE
MEENTWSEZ Eh S (Sapp et al., 2007; Otsuka et
al., 2008a) , phycosphere TOAEFIHE L7242 o
WReMEDE 2 b b, Bl 8 L7z Bacteroidetes MANHE
® 16S rRNA 5T V3 IR OE LB, BERE A E
FED & 4 THOBERF LR (<94%) #RL
7o AWFFERAETIC, FEE, BELEFELCEEINS
Bacteroidetes FMIAMIEIZBEAMOM & R R0
DEENRL NI &2 L7722 (Otsuka et al.,
2008a), AHFE T RBMOMRIBONIZ LIk B,
Blast i # L TA B &, WM E I bo
Bacteroidetes AW B3 O ILEF] & HFEMEO B iR
FEFNE, BEY A iE LE LIRS Tw D
eVl (F—FI3ER). Lo T, ML ETFL
THFEE N5 Bacteroidetes PIHIH 1%, BB cHI$
AEEPELN TV ELDIZINTTHEES N h o
7o THESBEMEMTE ] T3z <, BREP O HBUFE LK <
TWHPBFOREE TR I NI WD EERO
FELZV (Lo THEEMHICERBR S L Tniw) [k
FEMHE ] THHEEZSNB. C vulgaris NIES-227 ¥
ICHRST, SEIELBEELAHALT, 2o k) Ml
ARIRMICHEM UERCEDZWHESD S, 2B,
Bacteroidetes P OIS IIBBEEEZHFoD 01 M5
LT % (Toncheva-Panova & Ivanova, 2000) . AHF%E
THRB S NMERZD XD RIERZ PRI,
REREEIRITBWT C vulgaris NIES-227 %O AEF I
RIFTH o7z,

et & 7172 Proteobacteria MIOMIE O i THEEET R &
b D & LT, Alphaproteobacteria #l O Brevundimonas
FBAEAH 5 REOME L, 80 5 5l S W ER L X
NFITHER SN TWREORREH, S MH ENT
B Y (Otsuka et al., 2008a) , % 72, Chlorella ellipsoidea

~NOEFRENR D BE SN TS (Park et al., 2008).
72, [ U < Alphaproteobacteria BOMMBE D 5 5,
Ensifer J& 72 EVHRO TR R B R 2 AR
MC1-17 (Fig. 3) & [A—OEHEFI S, 1BEHsk o Ip
H ORREIE I SR E N (Otsuka et al., 2008a),
72, RO FMERICBCHIVF Yy —aL s ¥ a
v WMRA T A Chlorella saccharophila DREFEW D5 B
M EN TS (Uedaetal., 2009). TNHDHMED,
PR JFRICAREE @ phycosphere TOAF IZ# L 7245 %
b, TNW2EAFLTHEREALT VNS 5.

Proteobacteria PR DY H, 2 ¥ bE =V 6 b
i & N7z Phenylobacterium &, Erythrobacter BE &
Uf Comamonadaceae F %2 EDOMiH X, C. vulgaris
NIES-227 BRI GRFERICBVTH, BEITHES 3104
ERo MRS #E 2 5L s, Erythrobacter BAIHIZ
FEREzTAEO ML T 5 (Koblizek et al.,
2008) 2 &M, a ¥ bu—NVih® Erythrobacter Bl
BILEEREZ LTt d 5 5. o bu— Ui
AT B BRSO >\ T, Bl L7
T b0 REICHET 2D TIRIREO G2,
BRHICA LT DA T MLOMBE O#E R &% F
LTRSS S, H5WE, 7EEORERHEz
HEHFZET, ZEFTwL0EFEINL WV (viable but
nonculturable, VBNC) JIREETHR L -EEM L 5 5.
L L&aAS, ay bu—h bRl Eh-fEodic
12, HECOEBORINREGRERRD, S 100% M 23
EEFPHMLENE Db B o7z, 2089 RHIEE,
22— VRO L) REEREIRETHERT
E5%, B EORET CIIBEOAEY # B L T4
BFC&AbDEEZLNG, 2840, BEHRAN#ER
T, BEMG 7 EBICRYOMIFEZ b, £
DBid 3 & T2 E 23T b 72728, 60T
2% o THH SN MM, B O TR L T
TREERLONDEPLIE. 7B, 3 Fu—VEEERPT
FIRTHMMBEIZOWT, FHEOWE IS N —T L BHD
MATBEL LT =M/ LN FRIZDWTIEE
By 5.

RG> 560 B ORMEBEARER, SMIE S
N7-ME O %, Alphaproteobacteria WIZE T 5% <
DJERE, B X U Acidovorax J&, Methylophilus J&,
Celluibrio J&, Pedobacter JEI\ZIE 5 A MR 1L, B2ER
6 7T HBBEORGEERPLIMB I DFN S
NoOME L, HEMHICRATESL, 20#%b55
BEFELCEET ERTEIMETHLEZLON
%.—77, Bacteroidetes "I @ & 5 ITEIIRERBICH
HEENR - 7 L HBF S b b DR, Brevundimonas
BHEO LD SR OBERERICEMBENR{Eo7
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bobdb. RTRAREERT, BEMG>»G 7 HMEZ
IR DRk E & AT o 72 PABRE, 3 IS 1 EEoRE 2
HEE BAT o 72720, BFHHEEAVN S Wb OERBITFLL
HEWNEL B, B E ML TRHES NPT WEE
ZoNBINOME (L) PEBOREREERITR
o7z, HEVIIRIBENR o I, A
FEICH AR H L. L L, BEEOLITIR T, K
Wige & A UHE A Ak BT ¢ 1 ElEE I N kR
DFEIRBEFRI AT D, Bacteroidetes M AME 5 LT
w7z (Otsuka et al., 2008a) . HHH-HMHOREREERT
&, M OEFIIGRE-AREOMEEHNZT TR <,
A -HE I OMEMEH OB L T AT rd 5.
B, HEcORBZEORINE AR, L, HFAOU S
WV —7 & b Brevundimonas BHMIBE A5 s T v
5,209 k5%, DGGE TR S wiimiish
HHMBEOHEAL, —2I2Z DOGGE O, T7%bb,
DGGE TiZ#HoR TDNA®IZ L TR 1% L L%
EDLL OB s S Muyzer et al., 1993) T &2
Lo THPIEING. $72, KT DGGE XY FO
IBLMEDORE WS OPERMICHITE N, LoT
MIHEBEOPRTIVELELTYE D DN, KIFFETRES
NAMEMIEICENR TV &% 5. —F, Ralstonia
J& % Ramlibacter J&, Enterobacteriaceae £+ @l H
I I, BRBIAD B T HBIIRARER> LML S
Nhhol (—HOMEEz Y bo—Lhoiiish
72) A5, F60MBIITIRAERR,r LML END L H S
BolzbONhHb. INHOMEIL, KERMED»SH 7
HEFECOREGREERTEMOMBE OEETHELETE
VA, B OEEEHIC L Y MIE oM ERME 2 L L
THEET LI oIz ELZONAS.

KD H ML OFER, Cellvibrio BB L U
Ralstonia JB & F5E S N2, ¥ C. vulgaris
NIES-227 #k O #Ma A3 & £ 1 5 3m L EOW 557 5
B M &7z (Fig. 3 BEUN4). 2hid, 2hsofl
WY C. vulgaris NIES-227 #Roflgiofilzs L CTAEFR L
TWBH I E&#RLTWA, Cellvibrio JEMBE (IR
WMaRED L% SRS 5 OB D (Humphry et ol.,
2003), REBORPRERERRIIBVTH, C vulgaris
NIES-227 #2543 3 % Hi E Z 48 % Cellvibrio J&
WAEAL L T A% 2 b5, £72, Ralstonia
sp. & Chlorella sorokiniana ® N T HFRITB W T
&, BB BB OMILICHE LTEFTLTws L)l
% (Watanabe et al., 2005) b, FUFEORR L FIEL
Zovs, HEPEMESEH O JHIE R BRI BT, BRI
HELTHAEL TOSHMIE MBS TIFEREL T 5l
BB, FNORHHENIIRLAZ EREENT
WA H (Sapp et al., 2007), A%t L Watanabe et al.

%

N

(2005) DFERA 5, Ralstonio JEMH 1 BRI %14
ThbeHFEz bbb, —Jf, Phenylobacterium J&,
Ramlibacter B® (F213F 06 L inigks) MWL,
3um LT G»oidmibah Fig 3BLU
4). ToTIhooMlE, C vulgaris NIES-227 #
DRI BETICAEFTF L TWwLEEZLNAL. L
oy ba— L THhIRIB I NHMETH 5. ool
Wi, TS0 S MBEORE CRINENG, HbHWIE
MHHBEICES &0 ) —EDEIPRO SNk h
o, TRHOMEMIE, 15E (BEViE 1) oFiz, 3
BB L TAEFT A Mk IEETICAETT S
R EPHELET B LTSNS,

CHEEEROMEER  CTHREREZROMBEE S,
Proteobacteria M, Bacteroidetes 1, B & U
Verrucomicrobia PR $ 2 B A S vz (Fig.
3)., THIERZROHIBIA~D C. vulgaris NIES-227 #k
DEREANTIE SN D o722 06, TROOHMEIZHES
MICEFAL» SN TEF L TCWBZ EIlk 5.

1EH ol R3O ML 2 S 800 S Lz |
(Table 1 O &, HBRoBA&R#ESR W) »58%
WS N (Fig. 8) 1, o b odEroiz. 2
g, 1 H o ZARAER & IREE IR (EI) 2% F—
DOBEME, SR SN EDVEKNTH LR
Wr#zonb, Lirl, 72& 21E Sandaracinobacter
B F 2 F0EBNE & # 2 5N AME ORI D
i CELHDLNL, TNHDEED, FLEND
HRARADEHIGERL T 505, BAROEZENKE N
OPEARYWTH A, 2 HHO RS, B—OHEEE
7 5 [EIZ 3 M CAT - 7228, RN T O MBS B
THRWI LR EZBE, REBROLEHTIZL &b EHME
RIS 252 LR TV REENS S, R
Proteobacteria 'l Betaproteobacteria #l & O H & %
VIR L NV BUTF o232, Bacteroidetes PO L
NV OSFRIEES D SN E o7z (Table 1 #
A), AWIEO L) I MEO IS RS Lk
VIR S A SR B 2, BRI b o R AL R A
FLEDWETLVD, BoHBEEEORwb DL
EAONS. 72751, Otsuka et al. (2008a) RAEWFED
FHEHROMRE T LD/HE (Ueda et al., 2009) T
B ENTVwaEY, B FE LTRSS A HE O
P08 L~ O SRR O BBEIE R <, Z oIS
D B & Proteobacteria ' 3 & UF Bacteroidetes M
#HR 2% phycosphere TIEIEE L TWwH L EZ HNA,

2 H o 3#o iR Tk, DGGE /3y — i
Lo THESINDMBETEEME L BB L 7.
DGGE /3% — i3, ERMEoORS & LI L
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(Fig. 5). %8B, ZOHMICHAMEIZFTbEho T
%y, DGGE Y FOEEPR SN0, BEZBK
A 4 OME S HEREO 2RI G AL L7
2, bbb TSRS (BE S (EHTE) T4
BTE2Wb O, BHT %52 VBNC IREIZH 507k
ELTEAIY, M TE 2 b O3 EL I8E&20 2
B7:7EA 5. BREMMPEL 5L DGCGE Y Fo
REPKEL Lol b D, ThbbERELENE L 572
W21, Bacteroidetes & FE SN AMBE DL o
7z (Table 1 #). ik RINRARER TIZ, B2
15603812 12 Bacteroidetes M OMBE S FE B lH & L
TR SN 7228, Otsuka et al. (2008a) TliA
WFoE & Rl BEAEBAMAH & 145488 U 7o hsi i sk o #ie
EAIH DRABEFER D S Bacteroidetes M H A% <
Ml EhCTwnas, ko, BEEEFELTHEESh
% Bacteroidetes MAIH IR I B2 b O»%
WIERL, TO LD R ERBRIINCERT S0
W0, B E O TR NI A BT A MR TH B
LEZLNA.

Watanabe et al. (2005) 1%, JLH D5 % v
C. sorokiniana OIEMRE KD H 3FBMOME = 1 #3
DHEL, ER e BB C. sorokiniana DR (il
WeREAEME) \CHEE L 7. 2R, C sorokiniana D
B & 72 MBS LT AR ST X C oM
P L TEFT LT EWmE L. tdkomy, &
LI LS NA MW O P ITIE, BHICHB LT
WHRWHIEAE EN B 2 EAURENIZD, REEERO
T OF IS b S TR & A AT 5
WEDH 5. “HBRZAOTEMIC L - THD T, Mg
EEZ SN BB L BT 5 2 & 7 SLAEREE
THREINAIZ EITRENT.

EECHEEIND 221 TOMER C Bz ik
U &3 2 3RS o T, FHREEZ LICEY
A5R 9 5 M DMK A, FEFOWIE T V— 712X B3
DFFE T S N7 ZOMR CRER) 0o~ E = 212
5I935 &, rthrobacter &, Microbacterium /&,

Hyphomicrobium J& , Methylobacterium J& ,

Mesorhizobium J&, Bradyrhizobium &, Caulobacter
&, Polaromonas 1%, Variovorax J&, Pseudomonas J&,
Lysobacter J& 72 EOMBE A5, FHML 2L E %
WL CHhS128EIC b2 0 B, St S h,

128 R OB, OEBIZHH - I hb
OB, B L OWHFRRROPCTHLEMICb T
EFTHHOTHE. Lo T, TNSOMBAHHED S
WS B Y ORI R 2 I & 9 B WAk
Tz, &b EEEREETH ) HURTTEO RV T

HBHD, REBOWEMECEHEE o ERATY 4
BHLRTWIEESEZ 5N5, L OLERALS
W ENTME DD B, ChHOMEERVZLD, ©
E0,EHEOREVPEFTORE LD I BMEE LT
1%, Verrucomicrobia M#I®, Acidobacteria M,
Bacteroidetes P & —#R,Proteobacteria Pl O &
< — & (Phyllobacterium &, Ensifer J&,Methylophillus
BRI, Acidovorax Bl 22 &) 2o h
b, ZOXHIT, BEHE IR INLMEICIE, BEEE
DEEOHFMIZhDb LT EEERETER L 2TV
A TE, BHEORFRICRIRMICHBT2 54 7 &
PEENTVD,

EERAERTHEEBACTABI N AEE C
B C. o vulgaris NIES-227 ke & - $ $IRE LT
TNAL L 72 PR b (BESEIR A IR AR B ) % v, =
W ZRNMEORBEIr OB INME D) b,
16S rRNA #IZFDIZIZEROHEETN BT, %D
ARG BERLIRAE & A4 T Hk & DA DY 97% Feim DRk
52& 72 (Table 2 ® DC2a-A3, DC2c-Al, DC2a-
G7, DC2b-G2, DC2c-G4). 2D 9 5 2 Bz 7 M ALH &
LT08% THuE—ZEHWT, By 3#hiz 1% 55
HoEHCTHHEE N7z, 16S ' RNA @5 T 0IZIFLE
DIFILBCEH A3 97% K O A F % 7R 22 OHIHE I
DNA-DNANA 7Y A4 ¥ =3 a VRO LT B
fi& LTz % (Stackebrandt & Goebel, 1994). X5
2, ZOBRMEE 98.7~99% LT AMEL LI T
% (Stackebrandt & Ebers, 2006). 4%, 4{L3vk
AR L SO L R A RBUBEE W ST
F, 2% b LR s BIIHEER T 2 2 & A2
59 . DC2b-G2 #kiZ, Betaproteobacteira WHZIHT 5
A, HELBH VAV OMBGEBESAHTH Y, I
GRAWENFAE L2 VHIETH S5 (Fig. 6). R,
DC2a-A3 #RiZ H L NV & T B 4 8 BE A5 A4 W 72
Alphaproteobacteria OMBETH 5 L EEN (R
AL A E) .

DC2¢c-Al #k1Z Hyphomicrobium B & Fl % X
T IR DY, 0.8% T H 0 — A OHIHE A MR PARE
T SHIOHBIC a0 = - BRAPHR S R,
COR N ETHRATEEL 57225, 0.8% 7 Fu—2®
1/10 NB 35 £ UF1/100 NB “PHE; M Il 2 T 3 4
B Lol —H%9IZ Hyphomicrobium JRAMTH 1358
PXFTO a7 THY, AF ) —LPruury s, A
FNT I VED CLILEWERMM L (Kanamaru et ol.,
1982: McDonald et al., 2001), F7/2A % 7 — V& HY
& LTIE % 1T (Sperl & Hoare, 1971). DC2¢-A1 ¥
#Methanol-utilizing bacteria medium B (Atlas,
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1997) WM L2 L 25, WA TIRMIOA RIS,
0.8% 7 Ha—ADFREWM TN 2 » ARHBL TH
5, BREASHEER T & 72, & 72 C. vulgaris NIES-227 #
RRA SN TS EREREN LT X ) BEsRE WY
b, C uvulgaris NIES-227 B AEEST 2WED
Fiht (FRACLALEWTH A ) &b S &) DC2e-
ALBRICE o THALR T WL DEEZILNS. 25,
ORRIZHEORERIZI Y, R2AKHL (Seviour et al.,
1994) THLEFWERTH L I LAHHL TV 5.

1% % 5 ¥ 5 5 O BRGSO 2 o S
NRT, BD B LR Y 4 7TH# & @ 168 rRNA
BT RS OMFEMEA97% KD b DI, §T
1% %5 ¥ 77 50 110 NB FHIFHTHEFTE 2 I
FIOFERTHRRTEL I &»0, IHEREMR T
W7 <, MESEEMERIE, 3 2 b BEER o B 2
DTEVHIER, BHOBWEOMEICATEHE SN
B0 BERP LI TH S EE R
HNA, RERTHEHEMEREE LT1EDEDHALTE
Pe AR OMER 2 Vv TWw . CHERRATIE
TR R O RFER L 2 5 b 0w, M uE i
WS L Tw 2 C vulgaris NIES-227 ¥4
W AEBEBME T TH L0, TNEFHTE VMR
R, HERPOBREIMET X THACHBETE R WllE
M EOMVELIZL Y SRHFTHATLEIZA
I, FRIZLE T, WIS S Wl O—ERA
FREEN, DHESIR T LRHMBEFELLEEZLN
5.

Verrucomicrobia F3 9 Verrucomicrobium J& ¥t ##l
W B & U Prosthecobacter BHITH & [ 7 S 17z DC2a-
G7 #B & U DC2c-G4 # (Fig. 7) ®°, Proteobacteria 1l
Betaproteobacteria #ZJE 3 % DC2b-G2 #k (Fig. 6, &
B 43, 1% 7T v & OFERA AR, 1/10
NB AR H, B & OERSEREEH (C. vulgaris NIES-
227 M B ETIRERBTIML 2 VEH) THEFEWRET
HY, 30— DB - TR HET O FasH 8
wahtz, LaL,08% 7 Au—ABLU1.5%%EKT
FuAL L2110 NBBCHAFTRER I E P -
72 PEX Y, Tho oMM, 1/10 NB OS2 3H
ELTHEBFLLEWY, BWTHH7 T v AriEHE L
TEFTELMETH LI L0005, BESTWT 5
REALADCDIILZHEILZVEEION,
Verrucomicrobia FIMIE 2SN ERERL 7070 & 72 B B b o
TECOAYVEEE KGFE L CAFTT LI EPWERT
HHI L, APMEFEE L LTEMET TGS
5zt (Hedlund, 2011) &EFEL RV, &b, IhbH
@ Verrucomicrobia M5 HERRI, 212 R2A 85 TH 4
H e THH I LAREN. R2A BB LA HE

®

E A

WEELH, SZHEE LTIKEET Y T DhEE
. RRAR M oOFO Lo RZFELZFHEL T
Verrucomicrobia P35 8EREASEE LT 5 O EAH
TH5.

Verrucomicrobia P &\ 9 5%, A& 2 9E
LT 520114F 4 ABE, EBREBEDHGHRBHOD
FERLZE LTHD LN TV, MBS EHED N4
T &b E LD Bergey's Manual of Systematic
Bacteriology % 2 I BV TH 2RV ENT2HHFT
HhH., TOMICERBREINAEIEED %R, B
Verrucomicrobium JEiZ, BIE £ 72 Verrucomicrobium
spinosum (Schlesner, 1987) @ 1AM IN T 5
DH T 5. Verrucomicrobium J& I ILTIRY 7 #ers 28
BHORMICE TN, BREREEIZ 2HLrHAONA TR
Vv,

Verrucomicrobia FIIE 2R &3, A¥dkiz w3 d
1R b AR £ B - TR R o b T [ERE
ENTWz®), ZOEREHTTEFT LTV IEEAZ
boTWwabeEZbNA., & 21dDC2e-G1 #IT,
Methylobacterium & O MEHTE 5 4 T4k & @ 168
rRNA &= TR ES O 25 99% %8 2 (Table
2), 2R (IZEE) 55 b Methylobacterium Bl
W& FE SN, —iRIZ Methylobacterium BT 138
WAFa b7 ThHY, CLILEWERERL LA
NWE—FEELTHIENTES (Aken et al., 2004) . KR
DY A T TH B Methylobacterium organophilum
BXF e H—RFFETHIEATES (Patt
et al., 1976). Bk ® Hyphomicrobium JEME b Mk
AFaba7Thy, BHLEOEFEER,OTEISH
T REEZ R B 2 DOME Y, BORBREET S
Z &id, C. vulgaris NIES-227 kS8 AP IZ W ¢
LPMEOBBELERPOLITHEENDH L. 2O
Methylobacterium EAE 1, WWHB4EREL - CLLE
W% FIE$ 5 (Trotsenko et al., 2001) b Vi, Yy
FNVE VERE (Ivanova et al., 2001), EFEE®E (Syet
al., 2001), FHEMAEW AT 2 EEPEH (Aken et al.,
2004) ZERX Lo THWCRIHEZE 2B EBHLN
T 5. Chlorella J& % &k LY OBEHEOH
Fe N —FIIIR S WS, FLEERIKEBEEL & b ITHEY
RIBETAEETH Y oBEEIENOFICRET ), -
WEZNICBWTD, £ s60ME & C. vulgaris
NIES-227 #2570 & 2 OME/EH 2 H L T 5 O H
BRASHE N B, FBOBLEN S, < ARHEYRT 7 2T
BEYLEELCEBEBEZEZTOMBELZELED
Rhizobiales B (de Lajudie et al., 1998; Ramirez-
Bahena et al., 2008) BT A MBS, REFERP T
iR AN 5% M - SN D Z EIZEBRIE .
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16S rRNA #H{EF DIZITEEOBERFIC BT, &
OB S 1 TR OMFMEES 97% # B 5
PROHIZ D, RF L ToOUEIE & o AL AR R
(97~98% &Rk 05, PG Rad s kiE
Bd ot FHFb, 16S rRNA HEF DY IEEFIE W
HEAS100% Th 5 2 OMEHIEE 2 25650 H 5
720, BIZZ MRS EWZ EPHE L RV TOR—H
DORINE 7 5700, 16S rRNA #EfE T LB S LD
FHILEOBENC L o T, kO h R 5 2 5128 D
FEES ROoMP BN D 5.

TL— PRIEEEROMEMAE X7 u—
AT G U H A E S VR TR S N W
DFFETEZ ERIC AN, ARSI THITE o BLEE 2 A
7o MW, AWHRALHEE, vfsuvoEal
— & = VTS T CHEEL X 95 LA, 4t
SN CTHITE ORI & S HEREEETH - 7o 3B
DLW EEFTLRE & T HERBENTIEH 2720, 18
HEMEPMER S E SRR EE X 5D, EZTREEL

LT, 4707207 L— b LIZNAT— Vo 5
R (L — PRTHEER EIER) 200, K
RRAMBEMHORER2HML CEETLZLICL), B
7 u— HEE C vulgaris NIES-227 B —3% | —%
5 A TR O F ATz

L@y, MEOK s o— LR L EE RS
NDH T VhSHE SN0, FUHE I CRAET g7
B OMBEIE L0 B E» ) Thol. FRODIE
TEEFEP -2 D BHO—DE L TELONS,
e d WA WA ATV 74 VS —DERDE
RERoTREMN DB, Thbb, THEREDOX Y
TV T 4N —DEHFREAMERY) 2—F 0 A bk
YTH T, T — P RTHERROA YT L T4
VF—OEMIZERBILT VI =T ABTh o7 B
PREEOME S EIICHEM S 20 B8 5.2 2T
HDIED, C. vulgaris NIES-227 ¥k D3y O %812

W5 A RSN EZ ONB.

BRONN Y REE UMW 5, St &
FEZONB, B RELR MM PIER L D 0w
WHIE DM SN (F— 2 388 . Sk s hbl bo
BATIE L o 72708, #0032 A B B oA N OSHE)
ThHhiuL, CoFEIIEEEZ LD, FRELZ H
W AHET D, AT A R I O Roks
BHRB7ZA). LaL, BEHETED-> THhaHisn
LW 2185 2200003, EHEEHIC & 2 58I R
RrbbrLEZLND.

7L — PR TREEE R R O MY O i ORI LR
%% 3T DGCGE /8% — v ik, BHETH L HEER

DC2c OMEM DD O L T2 L Bk Eh T vz,
PR & LA TR S IR s o 2ot
EFIb M s N, Zh S OEERMNOEHLETH 5
Wi, AR PTIEES LT ho 228, Hf
BHOBBERETIEILD T, 7L— M TRERZOM
WRTEST2E)1ChD, S EZLND.
1%, MR AT AL S IR % B & LT
AR 2T A, By u— VMl L C vulgaris
NIES-227 Bh 5 %2 B —% | —ZDERZDS, L )=
MICHENL T& 5725 9.

Ensifer sp. CSBa#® a5 3 L &K REEF
Ensifer sp. CSBa RIS I/ I Y ERICHED 3
22 D BIET % BAE L T/, Ensifer BEOMH
Ensifer fredii (= Sinorhizobium fredii) NGR 234 ¥k
Ensifer meliloti (= Sinorhizobium meliloti) BL225C
HRERNINT I VARROBETR2HETHZ LN
MoNTWBELD, SRIOFERITERE:. F72, FE
OMBIRY, SNETITHFRINT I Y EHICHEDS
EHEEFOEEBRINIFIMHEINTVEDIEP.
denitrificans (1 BRICHR T 5 2 DOERM) OATH
D, KEICL > THELNF— 71, FEMaNT I
YEBIWCHED A ERETOMBEEE LT 2 E
5,

LaR D P. denitrificans B & AW TR S 7z
Ensifer sp. CSBa #DIFEMW I /NF I VAR EET
HEOBER Fig. 8 ICRTMEM D TH 2. 22D HETH°
P. denitrificans TIZ 220D IR ¥ —Z5hrhTr ./
A LWL T DD, Ensifer sp. CSBa BTl 32
DT FAY=ZhhhTwic, Lo L, #ETFOIEFE
REEIE L (Fig. 8), T ERMOMREL Edh o
72 (94~97%). ZMIGICHEN TV B P. denitrifican
( Gammaproteobacteria # ) & Ensifer sp.
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Fig. 8 The arrangements of the genes involved in cobalamin biosynthesis of Ensifer sp. strain CSBa (open arrows) and
Pseudomonas denitrificans (closed arrows). The former was separated into three regions (E1 to E3) and the latter into

two (P1 and P2).
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Identification and functional analysis of non-coding RNA from
enterohaemorrhagic Escherichia coli O157:H7 sakai
Akiko Soma
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Enterohaemorrhagic Escherichia coli (EHEC) O157:H7 is a serious food-borne pathogen. The formation
of attaching and effacing (A/E) lesions on intestinal epithelial cells requires strict control of virulence
factors in EHEC through a complicated and only partially understood regulatory network. Recent
studies have revealed many kinds of non-coding RNA (ncRNA) involved in various regulatory events of
the cell. We identified several EHEC-specific ncRNAs and investigated their functions, especially with
regard to their pathogenicity. The results showed that two novel ncRNAs (Esr29 and Esr4l) are
involved in the inverse gene expression between the locus of enterocyte effacement (LEE) and the
flagellar regulon, which are both crucial for the formation of A/E lesions. The introduction of a multicopy
plasmid carrying esr29 into EHEC cells repressed the expression of the flagellar regulon. A multicopy
plasmid encoding esrdl had opposite effects on the LEE and the flagellar regulon in the form of an
increase of the flagella protein (F1iC) and a decrease in LEE proteins. We also found that Esr29 and
Esr41l contain sequences complementary to LEE-encoded genes and flagellar genes, indicating the
possible interactions with target mRNAs. More detailed analysis clarified that Esr41 functions,
depending on an RNA chaperon Hfg, as a trans-acting antisense RNA targeting two genes. Esr41 down-
regulates the translation of ler, the LEE-encoded transcriptional activator, by masking the Shine-
Dalgarno (SD) sequence, while Esr41 simultaneously up-regulates the translation of fliC by opening the
stem-loop structure formed around the SD sequence. The mechanism by which Esr29 represses the
flagellar regulon is still unclear. The results of the present study represent the first report showing that
EHEC-specific small RNAs are directly involved in the coordinated regulation of pathogenic gene
expression.

Key words: Escherichia coli O157:H7 Sakai, non-coding RNA, Hfq, post-transcriptional regulation
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BY, ORI ICERZICAHZEDESATY
%4 (Ohnishi et al., 2001; #K,2003; F#,2008; Ogura et
al., 2009).

A, ¥R EE - T, FNRE TR
& LTid72 5 < non-coding RNA (ncRNA; JERIER
BIRNA) PMEBESNTBY, REEEMS L UCEHRAY
O A REPHICBWCZDEYRNERIIHATD
A, BICERAEWICBITA RNAL O R (Fire et al.,
1998; Hamilton & Baulcombe, 1999; Elbashir et al.,
2001) LIk, 2LC, ESDFF A7 Y T+ — Af#
o e L bic, BETHRBERMEO N2 HE D Bk
: RNA 5 F O ENBEAIT bR T WA, NFFY
TIBWTHE L DEGTF neRNAPFE S 1, K
W TIEHI0ME D ncRNA DFELEBHE E N TV S
(Waters & Storz, 2009; Raghavan et al., 2011). JHJE
PAE OBREMEEFORBICELS ORI
TWBH (Toledo-Arana et al., 2007), EHEC 0157 (2
R % neRNAZRZ R Y7269, 3o F 8

AGCGGTCAGGTGTTTCTACAACCACTAAACCCGCAATATCCAATGATCCCATGCAATGAGAGTTG
TTCCGTTGTGGGGAAAGTTATCGCCGGCCAATGGCCTGAAGAGACGTITGGGTAAAGAGGATA
GATGGAGITTAATGGCCATGAGTATCAAGCGGTCAAAAAGAAGTTCATCTATTCATTGAAAGCATA
AGGCCATCTGAGTATATCCGTAATGATCTGGATATTGTCTATAACATCAATGACCGGACGATAGATA
TCGGTGAGCAGCGTCCTGTATGGCAGGGTGAGGCAGGTGAAAAAACGTCCTGCCATCAACAAG
AATCAAGTGCATCCGCTCTCTGGACAGATGGAAAATTTATTGGATGCAAAAAGATATGAAATAACA
CCTGTATAGCACGGAGCTTTCTCTGACCGATGCACTTGAAGTTGTTAGGGCGACCCAGCCTGE
TGTTTCTTTAGGTAAGAGAAAAGAGAT TTAGGAGATGAAAGGTCGCAGAGGTGCGGCCTTTTTTA
TTGAGAGTGGATCTTGAACGGAAATTCTCAAGACTTGAGTCTTGCATGCAAATCAATTCCTGGAT
AAACTCGATCTGAGTCAATAACTTAGAGAGAGAGCA

B Escd41 (1422271-1422203)

GCGCTATTCTTGCTGGCGTAGGCATCGCCATACTATGAATATTGTGTITGTCGTGATTCAATTTTTA
TTTATAACCTCTACCCGGAGCAAATTCAGGTAGGTCATGCATAAAAATATCTTTCTATACTACGAAA
ATTATTTTTGTGAAAGTATTGACAACGCTAACTATTTTTAATTATATATTCATGATGCTCTAGGCATEA

ACTTTTTAATCCCACTGTCCTTTCCACCAGA

Fig. 1 Nucleotide sequence of EHEC 0157:H7 Sakai non-coding RNAs: (A) Esr29 and (B) Esr41. Positions
for predicted start and stop site of each gene in the EHEC genome is denoted according to the web site for
E.coli O157:H7 Sakai genome project, http://genome.bio.titech.ac.jp/bacteria/ol57/index.html. Nucleotide
sequences for the possible promoter sequence (-35 and -10-sequence; two sets for Esc29 and Esc41) and
terminator sequence (one set for each) are underlined. Predicted 5'-end of ncRNA molecules are indicated in
bold. The sequences complementary to the target mRNA candidates are boxed, solid line for fIAD in panel A;

solid line for ler and dashed line for fliC in panel B.
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MBI BITET I 7Ry 7 A 2MHT HEN
ncRNA TH AWM B V. ZOWREEZ KRN T 2
720, £z, BrA RAEGHRICEDLL RNA GO H 7
5LWIEABEOHEZZBRBL T, FESIIE. coli
O157:H7 Sakai ® #R4F B A ELS O & =T H HIE 2 5
ncRNA DR Z 1T\, FOREE, $ff3H D ncRNA =
R L7z, BRSBTS 25T AW BN 5,
ZDHH 2 D0 ncRNA 75, EEME~OEE BRI
O BEETHOEHENMICIED-TBY, ZOEH
BAEIX mRNA 2R E LT v F 22 ABERICH &
DNTWAHLZ ERHLNIZ L. 72, 2 OmlEEE
1213 RNA ¥ ¥ Xa > CTdH 5 Hfg 7 >~ 7327 % (Valentin-
Hansen et al., 2004; Aiba, 2007) 2S%ETH 5L Z & H
STz,

KT

ncRNA EEFORE S & URBROEN O157:H7
Sakai ® 4tk 7 & (Escherichia coli O157:H7
Sakai genome project, http:/ genome. bio. titech. ac.
jp/bacteria/o157/index.html) #*% 400bp LA EDE &
ZOOBEMLFHEEBEZMBL, 202005, TUE
— Y —BHBLOY I 32— I EER, BER
XM R L ) AEANZ BRI L VRER L. [
5 & 72 ncRNA A5 ICK LT 8~10% EMR Y 7 7
YT I FFVERKE), BLUS Kiir IV L7z
F 1) I DNA 7u—T7 &Rz VRN AT o 7. [
Fric 72 5% RNA (&, LB ¥ F 721X DMEM %5
Hi (Dulbecco's modified Eagle, GIBCO; 0.5% 2"V
— A %) THFE L 72 0157:H7 Sakai DML 5
ISOGEN (=y Ry T =) IZX i L7. DMEM
E#co¥EIZ, EHEC © LEE #ETHORHFL
ERET LI EPMEEIN TS (Abe et al., 2002).
HHEF AT — YO necRNA OMINER R O I,
Y 7% A4 APCR (SYBR Green Realtime PCR
Master Mix, TOYOBO; ABI PRISM 7700) % F\:7-.
FEBRIITRTHERMEY = 2 7 VIRV IT 5 72,

ncRNABEFDRIEM BRI OEBE  Wanner
DL A%V FiE (Datsenko & Wanner, 2000) %
W, Sakai B D& ncRNA Bz T O RIB M Z/ER L
72, £72, Bsr29 £721 X Bsrdl O 7T U E—F —Hh 5 5 —
IA—F —FTEECLHEE LT pGEM-Teasy (pUC ori,
200~700 2 ¥ — “#ifg, promega) ¥ 721X pRS414
(ColE1 ori, 200~700 2 ¥ — “#ifd, Simons et al.,
1987) 27 u—=r 7 L7zb D% Sakai HRICEAL,

FNENBA-HETIAI FBIOTEED Y —

B7I A3 FIZL % ncRNA OBREIZEHMEE L.
FUBHTICE D, NS OMIBIZBIT 5% ncRNA ©
BRI FEH R L 72,

YIXELT0Oy MNER Sakai ¥k% LB ¥ # % 72
X DMEM ¥#1 (0.5% 7 v a— 2 &%M 2HWT
37C THEELIMIEZHMML, 8~10% SDS KV 72
UNT I FrVERKEIRE, SEFAREHWTY 2
yr7uay MENEIT o7, EEBIIIE (Iyoda &
Watanabe, 2005; Iyoda et al., 2006) % & \217 572,

KBREOEEES & CHMIEZEORT  SABE
Hhoau=—%, DMEM BREREH (0.5% 7 V3 —
2,0.25% agar) T25C, 5~6 M RIFEERE#E L, F0ik
EMORE S ZBE L7, MEERORITIILTO
HW)TH5bH. 10% FBS & &1 DMEM i TR L 72
HEp-2 35289 H1C EHEC 2 fER® L, 37C T 1 KA
YEFANR—DPLAZBICF AL, HEMECHEL
72, Wi h K (Iyoda & Watanabe, 2005; Iyoda et
al., 2006) %ZEIT4To 7.

XA AT LA E) TILE A L PCR BB U7
V% A4 5 PCR #1Z SYBR Green Realtime PCR
Master Mix (TOYOBO; ABI PRISM 7700) % H\\T47
272, A4 2707 LA ENTIZ GeneChip E. coli genome
2.0 (Affimetrix) %\ THTo72. f#ITICH V72 RNA
7k, DMEM ¥# T2 L 72 Sakai ¥k 5
RNeasy Mini Kit (QIAGEN) # W CH# L7-. ik
TEETRTCEGRN~Y =27 VI 7.

lacZ assay |Z & 2 BHERIEMEIE BFUEMER 212
HAWENEEFOT T AI NiE, LToOHETHE
L7e. BERERIZTFBER (pchA, ler, fIRD, fliC) O,

THE—Y —EEF 25 HFERERER (5-UTR) B £
% ORFONKMD10~147 I /B a— F#HEBO
THIWCA YT V—ATR-HI7 b ¥F—F¥HEEF
(lacZ) ZREL2bD%E, T/ —AFET0E—
% —% 42 pBAD30 (Guzman et al., 1995) 2D 7%\
7. £7:, Esr29 £72l3 Esr4l O T HE—F —H 5 ¥
— 33— —FTEELHEBE % pJAC4 (Jaurin,
1987) iZ7u—=ry /L%, ThoDTSI9AIFE
SKI-5141 (Sakai/A (lacZYA)::kan; 8 H, 1%,
2004), MC1061 (hsdR, mcrB, araD139, A(araABC-
lew)7679, AlacX74, galU, galK, rpsL, thi), B X O
MC1061 (hsdR, mcrB, araD139, A(araABC-leu)
7679, AlacX74, galU, galK, rpsL, thi, Ahfq::cat) (&
ALZ. LEokz, L 24EWESB L 070.02~



OB EAT

0.2% D7 I ¥ — A% &t LB B TR E iR K & 5
#L, Miller DHEIZLZN>TR-AF27 by F—+E
OB EZAT - 7.

ncRNA & Hfq OHEEEHOEMN Sakai #RHIZKD
hfg (Ecs5148) % pET-22b(+) (Invitrogen) {27 T —
7 L7b 0% BL21 (DE3) IZHEA L, MAHEZAK
Hfq ¥ ¥ 82 B & Bz, 7 o7 EORENEX SDS-
PAGE ICBW T BSAEEFRE LB TSI L TlTo
72. ncRNA & in vitro BB Y % A\ 72 (Sampson &
Uhlenbeck, 1988). 5' K% =P THE# L 72 ncRNA
in vitro 5%, 50 mM HEPES (pH 7.5), 250 mM
NH,Cl, 10mM MgClL, #{8&L72DH, 90T T24
37TCTH A4 vFax—FL, E5120.12~1.2uM
Hfq #i &2 T 37C T3005 4 ¥ F 2= b LS
W ERAWT8L AT 7 UNT I FFVERKE %
To7z. BAEKD® Competitor & LT, H#EL Twiz
v 10~250 nM ncRNA in vitro 8254 % F\~ 7.

R

# # non-coding RNA O RITE E. coli O157:H7
Sakai ¥k (Fetfks /7 28 5.5Mbp & 2 DD T T R 3
F# 0.1 Mbp) & K-12%k (f) 4.6 Mbp) Z LT 5
L, 41Mbp ICh 7B HMAFEEICLISREZINTS
D, COERNTOBETOREBEIZIZERLTH S
(Hayashi et al., 2001). COBEEIRIFES N7/ &
DIERBEHEIZ, FWRICHERN k4 K& SO DNA
WHE2ZSEFSELMEANICEHEIFASINTEY, Sakal
FRICERWZEINZS v — 7, K12 FRICHER 2B
FlE KV —FEIFIENR TS, SVY—702E
1.4Mbp TH Y, O LICIEEFEZLMILESLER T
% EEBOREEBERE TN I - FESNTw5s., F
Z 513, Sakai kDX A LD F vy BEEFOM
DOWFT 7 b b GBS 400bp BLEOEED
YORTEHBL, ZohhsTuE—5 —FRES B
T —3I 2= T EHA, S5HIZncRNA &
LCREIHEIET H7200 2 KEEZTRT 5 X9 %
M5 &2 BRIC X VR L, ncRNA BzTHEME L.
ZDFEFE, $10002°FT O E 5T HHEE D © 28 O BH
MM E Nz, TS OFEMICH LT Sakal FROME
SRNA Z W7z ) F VBT 247572825, 6D
BTy 7 F UM SN, Sakai HHIEHN TO3EH
PHAINZ., 20 L, 400BEFIEFNEFN2
DO nRNA Z#I— FLTWAIZ LD gh ol Y
201k, Sakai kO F ) A FIZ1 I —FOHFEMEL

[{ U EHEC T& % EDL933 #£IZ & & E 1 /@R F2°

BFETDZENBETRBICIVALN 7. &
513 HBED 2250 ncRNA %, Esr29 (E. coli small
RNA 29) 3 X 0" Esr4l (E. coli small RNA 41) L%
L7 (Fig. 1). K TIZZ D 2 DO ncRNA OFERE
AT OFERZRT. Esr29 & Bsrdl TV NOEGET
bZFDOLEHRETHICTOE—F —FBHEY—I A —F
—EHEHoZ LD, B—0BRGHEMNTH B & T~
ahsd (Fig. 1). JHF VR O&ER» S, Esr29 &
Esrd1 1ZZFNZFN#H 300nt BLUOF 70nt DE S %5
DT ENGhrolz (Fig. 2). Bsrdl 270 —= 7 L7
75 A3 F% Sakai thE 23 K- 124K ICEAL, + Y
TFNTRBEWTEE—F —DOHERIETH, wT
NOBED 00t IZEDH A XD RNA P I NS
ZEhs (F—FIEERK), Esrdl ZIREHIT, MRS
HBIEET BRI LT —FilEoTTHET Y
FrZITHAEEZLNDL. FBEBENHEZLOLRE7-0,
BEBAT—VICBIT5 RNAOHIBENERELZY 7
V% A4 5 PCRE T L 724 5%, Esr29 i exponen-
tial stage TEEED D o & $ % {, stationary phase
2% b BB L (5= EBE). Esrdl idw
FhoBicbuwtd —B0EHEEs R L (F—7%
JEHBH) .

Esr29 £ & U Esrdl O REHE /- 1LBRIFEIRAERDE
il Esr29 B L 0" Esr4l ORREFTZ B E LT,

Esr29 B & UF Esrdl OXKIEKS L BRI ZER R Z /R
L, Wz A¥r7uaysr4 7Bl f4 7074
I2& % LEE Bz FHSPRAERETFHROEIE DK
B, BLOEEER e bEEEMIBAOEERR OB

Probe Esr29 Esr4d1
Lane 12 12
400 400 =
300 = | i 300 =
200 = 200 =
100 100 =
-

Fig. 2 Northern blot analysis for Esr29 (left) and Esr41l
(right). The positions of band detected are
indicated by arrowheads. The positions of RNA
molecular weight markers (Dynamarker RNA Low,
BioDynamics Laboratory) are also indicated. Total
RNA purified from K-12 (lane 1) and Sakai (lane2)
was separated on a 10% polyacrylamide gel
containing 8 M urea.
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47572, Esr29 & Esrdl OZFNEFN DK% R
L, LB #7:13 DMEM ¥#112B\F 54 F, BIMEHE:,
M EEE RN 2 fRAT L 72 R, WA E O S h7hE
WIER LN o7z (F—FIEBE). T, BEEMEC
LRELFEEIIR SN2 o72 (Fig. 3A). L EosER
75, Esr29 & Esrd4l 3 EROBEESLMF BT S
Sakai thOEF B L OHMIEHEE L EATH L LT
Bahs.

BIE—=79 23K (pGEM-Teasy; pUC ori, 200~
7002 ¥ — /#ifg) 12X Esr29 2 BEFEH S &7
Sakai HROMBLBHEHAERICH LTz A% 7 ay b
FRAT & AT o 12 KEH, NABMMESY V28 (75 V=
YY) THhAHFLC OMBNEY»E L KT L7 (Fig.
4A,lane 2). L2°L, FREEOIY-HD T I AI K
(pRS414; ColEI ori, 252 ¥'— “#fifd) % H\W 73412

WT/pRS414 WT/Esr29-pRS414
& 2

WT/Esr41
-pRS414

esr41/pRS414

BEDLX) MBI R SN %07 (Fig. 4B lane 3,
4). WThORAELKRERREM FTolEEEICkE R
HEEA LN o278 (Fig. 3A), 2hi3Z b 2L H
AMROBERMIVNE W2, FRLE OO
AT A EPEETH DI ENERE Lo TS,
TIAIFOIAC—FIZED LT, Esr29 % MM
E¥TH, LEEIZT— FENERWHEERTF EspB D ¥
N HEEBIZREVNRSNT (Fig. 4A, lane 2, Fig.
4B, lane 3, 4), b MEEMEANOEERZEICH FAK
L DENIR SN LD o7z (Fig. 3B). U Eo#ERIE, &
HBREDBIV—HDTIAI P HBRICEES &
AT, Esr29 ICIERAEL F o v 0FH % I
TRARRV DAL L ERBEL TS, EEOEREE
FEFEET H729, Esr29-pRS414 % 3E A L 72 Sakai
BROMBLA S L2 RNA ZHWTT LA BT B &

WT/pRS414 WT/Esr29-pRS414 WT/Esr41-pRS414

Fig. 3 Effects of multicopy and deletion of esr29 or esr41 gene on motility and adhesion of EHEC 0157:H7
Sakai to Hep-2 cells. (A) Motility phenotypes of EHEC strains were analyzed on a DMEM plate
medium containing 0.25% agar. The following strains were used: EHEC wild type, and esr29 or
esr41 deletion mutant complemented with esr29 or esr41 encoded on pRS414. (B) Adhesion ability of
EHEC wild type harboring pRS414, Esr29-pRS414 or Esr41-pRS414 is shown. Microcolonies are

indicated by arrowheads.
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Fig. 4 Effects of multicopy and deletion of esr29 or esr4l gene on the expression of flagella and LEE of
EHEC O157:H7 Sakai was measured by Western blot analysis. The following strains were used:
EHEC wild type, and esr29 or esr41 mutant complemented with esr29 or esr41. Ers29 or Ers41 is
encoded on (A) a high-number-copy plasmid, pGEM or on (B) a medium-number-copy plasmid,
pRS414. All strains in panel A and strains for detecting EspB in panel B were grown in LB at 37C.
Strains for detecting FliC in panel B were grown in DMEM at 37C.



OB E&HT

Y T IVE A4 LRI & 5 BT HAOMRENGN %
Tolzblh, WxARZ Y 7TUv T4 ¥ IR CIEER
HABBEE N2 B DH 5T, pRS414 12k
% Esr29 O BEFHHR TIIRAEEETH O mRNA
BIZELWETSR SNz (Fig. 5A). RAELVF a0
Y ORBEERENICHE T 2BERF fIWDC L) BT
WHOBET O mRNAENEZELIETLTWDZ &
5, Esr29 3 fIRDC #IEMICLTBY, ZORFEHE
EHIGT A EFREEINS.

Esr4l BRI B TIZ, 759 A FOIE—HITH
HoT, RABMMSY VS ETH A FHC ¥ V37 F
OMBHNERELSHEIML (Fig. 44, lane 3, Fig. 4B,
lane 7, 8), FIUlfEo CTlEEE I F L L LA L, B4
ICHRTRERBEEMEBK L7 (Fig. 8A). NAFEL
Fau vy LRBEERT fIhD ® mRNA E5%3E L
Tw5 zé o » (Fig. 5B), FO THOEETHO
mRNA I[Z1ZF & A EEERASNT, Esrdl 25 flhD
BRI Tb\é—fﬁ‘%lé L. —%F, fliC ® mRNA

i flagellar regulon [

Environmental fih

Factor I’IR_Q !‘IA 219 > fliA e
e - (1.6) 0.96 [3 g ';’i?
@3 35 fIhC . ﬂ (1.89)
pchA \ l ? |Esra1| ?
’,)/\((1).22)

\\A -

?\’ n 002 0039 0.030. 0.021 (0.006 {
Ier(o 0037 esc s Loz OB
LEE

Fig. 5 Effects of multicopy plasmid carrying esr29 gene on the expression of flagella regulon and LEE of
EHEC 0157:H7 Sakai. The expression level of total genes of Sakai/Esr29-pRS414 relative to that in
wild type was analyzed by microarray analysis, and fold changes for flagella and LEE are indicated.
Total RNA was purified from cells cultured in DMEM at 37C to OD,,,~0.4
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Fig. 6 Effects of multicopy plasmid carrying esr41l gene on the expression of flagella regulon and LEE in
EHEC 0157:H7 Sakai. The expression level of total genes of Sakai/Esrd41-pRS414 relative to that in
wild type was analyzed by microarray analysis, and fold changes are indicated. Total RNA was
purified from cells cultured in DMEM at 37C to OD,,~0.6.
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CHWERHEINDL 20 (Fig. 5), Esrdl 1 ZE#
flzC OHEMPFFEEEREL, ZOHRELLTILCOD
mRNA DYZEL L TV A WREELE Z 5N b, Esrdl
DBFFEHIL LEE B FHOBRICLEEL B LIT
L, & MEEMBANOMIBEERENTLEALHEELLR
(Fig. 3B). LEE Z ¥¥E M #3225 KA F pchA
D mRNA BICIIRELREHPALN L VDIZH L,
pchA X WV EEAR#E R 2T 28 E [HF ler ® mRNA
EFMETLTWEZ L5 (Fig. 6), Esrd1 12X Y
pchA OFIRDHEIFI E N TV B0y, BB WIL ler DFJFRA
P S NER E LT, ler ® mRNA BSAREL L2 &
FHEENS., S TENIZL L, 015THT DRAEIZ
e M~ 0EEIC i?inﬁ%UEgm)b%%mﬁ“k%x s5h
%. Esrdl OBFFHEHIZNAE L LEE W5 OSBICE
B RKlTITZ & Hh 5 Fig. 3B TBIER I N7 Esrdl D%
PR L, LEE OFBIHNIC L 285 & 2 NIfES
AE BEOHEBEN RHEZ T TR, RAERBUEEIC
LEEHEICORERTALEZONS.

EHEEFORESE, ncRNADT7 > F 12 AEEED
AJEEM DR ET EEo X, FIZTVALEEY)
TIWVE A LAPCRICL BN 25, Esr29 & Esrdl @

BB EETFEMII oI bz, N7 7Y
T OBEA D ncRNA D% {137 v F 4+ ZARNA & L
THERE L, EAYEET O mRNA ICHBNICHEET 5 2
LT, ZORREEZEE T 221339 5 (Aiba, 2007;
Waters & Storz, 2009). Z DK, 7 v F+t ¥ A RNA
i, BEREIZT O mRNA @, EICHFRFEGa F o
ORFNF L CHTIERXOMHHAEZ RT I L0 0o
TWwhb., Esr29 & Esrdl D7 v F 2 ZARNA & LT
DIERED T BN % MRET T 5 720, BEF OENEIZ TR
V7 b7 =7 TargetRNA (Tjaden, et al., 2006; 2008;
http : // snowwhite. wellesley. edu / targetRNA/) % F
WTIT 21T o 728, BSERTFIEImBEINT, K4
DFFIC L VB o NENERMEET (FID, fliC,
pchA, ler) DWTIZh, BEA D ncRNA & ZRHY
mRNA L DRIZHALNS & 9 T4 7% E S OFMHES]
BB I oz, FITHLIZ, Esr29 72103
Esrdl & ZOEMEETOREY L OMHEOMmEL H
HICE VAT o7, ZOE, Esr29 F 7213 Esrdl & -
BOBERMEETFORMGD F AR, BBROT v F &
» X RNA LY mRNA ORI & r‘oﬂé X9 iR
&0 S5, A B & 3R Lf: (Fig. 1).

Z DEFI QAR D & DV FERHI#E O T e &
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o
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Lo T .

A @
¥
flhDs70-pBAD30 - - - e
235 bp
B
1800.0
1600.0
« 14000
‘S 12000 -
S 1000.0 - OpIAGE
o 8000 .
= 6000 —— __ BEsr2e-pJAC4
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flhD mRNA

5~ CGGTGAAACCGCATAAAAATAAAGTTGGTTATTCTGGGTGGGAATAATGCAT -3

khk k kkkkhkkkk k% *

3- GGATTTCTTT G-TCG-TCCGACCCAGTCGGG -5’

Esr29

Fig. 7 Effects of Esr29 on translational activity of predicted target genes. (A) A schematic representation of
flhDs70-pBAD30 in that 5'UTR, a ribosomal binding site and 10 bp of fIAD are spaced in front of
lacZ. Dashed line indicates the sequence to which Esr29 is predicted to bind. (B) Translation of lacZ
from flhDs70 -pBAD30 was assessed with or without Esr41l in K-12 strain MC1061. (C) Possible
base pairings between flAD mRNA and Esr41. In the sequence of flhD mRNA Shine-Dalgarno

sequence is boxed and start codon is underlined.



MK AT

ME L, BEREOENERTZRET 5720, BEIYEM
BIEZTF (pchd, ler, fIhD, fliC) @ 5' {8 3l FaH
(5"UTR) B X% ORF ®» N KM» 10~14 7 I /B
O— N AEBOTHIC, f VT VL—LTL-HF7
b —YHEET (lacZ) ZRAELLTIAI FEH
WL R—F =T v A BTV, TTAI FPLBEE
X7 BEsr29 B X ¥ Esrdl BEEMHERTOFR
IS 2 5 BRI (Fig. 7, Fig. 8). Lo L, b
BOFEFHERTIE, WITRD ALV - BERINEICHE
42 NEMES L OV OFET KR F 12 X 5 53
ZITHI1E0 (738, 2007), BHICX 5 HCOREEE
% b D728, Sakai HRMIILAN T O IEHE % & R 2 23 W
HTHHETFHELE. 22T, ENEHEETORE
E7I5E ) —A7OE—F—=IZLoTHIBIL, 61
Sakai MAF R RGN T2 R 2w K12 ke v
TPy %2752 ¢T, Lok )%/ A A&k
L, EHEHEETOMIUEEITN T % Esr29 7213
Esrdl O¥BZ T 2N C& 5 R LEREZ T 72,

ZF DR, flhDs70-pBAD B X UF Esr29-pJAC4 %
1354 5 K-12 %k &, fIhDs70-pBAD B £ UF pJAC4 %
T LK I128ET, -T2 by ¥ —EEMEICHE
EREIHRLN L o7 (Fig. TA). T2b 5, Esr29 %
ﬁﬁ%ﬁé%f&Eﬂ%@%%@ﬁf%éMﬂﬂ&
lacZ OFRERRIZE L b o7z, UEofERIE, 4
%L EDHZDERRICBVWTIE, Esr29 OBHEFEHIL
fIRD OBFUEHE I CREEZ 5 2 6wl L 2R B LTE
D, fIhD DAMEREETHATFEL TS, HbHW»
X7 Ty AL IIFIOBE THRBEOMZIT o Tw
LU REEDD Y, MOFIEIL WP LETH 5.

<A ra7VUA#EN, V7V A A PCR BT & A
WA PR ORED S, Esrdl i LEE O EFE i
BERTTH5pchA Tzl ler R E LTZEDORR
2T 5 FHEEIN: (Fig. 6). LR—F =T vt A
DR, Esrdl ® K-12 #kPB X U Sakai £ T D @E 5
BIZwWdhd pchA DFFRICIZ 3 LA LEELZ 5
otz (F—%IEBE). —F, Esrdl-pJAC4 FET

A D
ler Ap-pBAD30 ) fliC-pBAD30 & &
P & 1322 & . & 14aa &
Para | SD Parg Y Prmm—
L [ ler facz, L i flic (/3
B 86 bp E 117 bp
35000
8000 sy 30000
_ 5000 L 25000
= £ 20000 OpJACH
2 4000 pJAC4 S 15000 BEsr41-pJACH
2 2000 — Esr41-pJAC4 2 10000
= = 5000 [.
0 0 —
EHEC/lacZ MC1061 MC1061/hfq EHEC/lacZ ~ MC1061 MC1061/hfg
y-6-C
C F o A
4
En 149 155 171 fer mRNA A
G GCUUAAAAUAUUAAAGCAUGCGGAGAUUAUUUAUUAUGAAUAUAG 3 U
I R TIR * /3;
UUUUACACUA - CGGAUCUCGUAG 5 7
Uz SD &5
Esrd1 e Y lg_
G A~y
i i3
fiC mRNA -4
6-C
T e AL AnAnil-Co AallaGrGe 3

MCmRNA g

§ A

oor\
nnc

amc' ol
nm»‘;v

aD ?E)I

¥ %
yﬂu 0666601 A{{

Esrd1

Fig. 8 Effects of Esr41 on translational activity of predicted target genes. (A) A schematic representation of
lerAp-pBAD30 in that 5'UTR, a ribosomal binding site and 13 bp of the N terminus of ler are spaced
in front of lacZ. Dashed line indicates the sequence to which Esr41 is predicted to bind. (B)
Translation of lacZ from lerAp-pBAD30 was assessed with or without Esr41. The following strains
were used: EHEC/lacZ, K-12 strain, MC1061 or MC1061/Afq. (C) Possible base pairings between ler
mRNA and Esr41. In the sequence of ler mRNA Shine-Dalgarno sequence is boxed and start codon
is underlined. (D) — (F) Analysis for translation activity of fliC-pBAD30 in the presence and absence

of Esr41, as in (A) — (C).
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TDler-lacZHEDL-FT 527 ¥ ¥ — EiERIL
pJACAHFIET TOWH B L5 EE TIET L (Fig.
8A), ZOXRIFK-12 %L 0157 O TH SNz
Z &b (Fig. 8A), Esrdl X ler # 1By E LTHFDH
FEHZ N T 52 L FHEINZ. Esrdl 07 v F & >
AL LTOWEEMEEZ S HICHE L, HEEE LR
ler-mRNA FOBEFI % FET 5728, mRNA [CZER %
ML, ZOBEBERZFAMBEIILRE—F—T v I2L YR
B L7z, ZO#E, Esrdl &MY 25 (Fig. 8C) %
RIS TE02, Bsrdl 12 & 5 FFRINGI A0 A %
L7 (F—2 3B, T/, 77y 2ABHIL S
BRIHNI, EREET O mRNA Q5B E2ES 2 &
PHISNT W5 (Aiba, 2007; Waters & Storz, 2009).
Esrd1-pJAC4 fFAEF T ler-lacZ ® mRNA &%V 7
V&AL PCRIETEHITLZEZS, #O mRNA 28
FELABA LT (F—7IEBEK). L EokEp,
5, Esr4l | mRNA & OB EF 2N LT v F &
YA L) LEE O EELRBERTTH 5 ler DFY
FUEEZIIHIT 5 2 & T, LEE D&KW EEEM 2
TWhbEFHEIND (Fig. 6). [MEZ, Bsrdal IZRAE
L¥20r0) 7Lyt —TbdH b ler DIEH & P
T52LT, LEEERAELF 2o r22%<
GrlIAR 2N L TRAEY v 7 EDORBAIEET 2 &
Zz25N15 (Fig. 6). 2 200R% 2 BETHIHIEHT S
ler 1R 352+ T, LEEERAFLF2 a0
FOBEFHEEROFEHEBIMATEL 2o TWIED

%9,

Esr4l & ler & OIS & 135 OIS % H T,
fIRD F 7213 fliC DBF 2T 5 L FHEEN S (Fig.
1B, Fig. 8F). K-12 iz HW/2LE =% —T v (D
FER, fliC-lacZ HRDL-T5 7 b ¥ & — P IEHEA,
Esr41-pJAC4 FEAE T Tld, pJAC4 @ 2 {532 2 &7
L72Z &5 5 (Fig. 8E), Esrdl I3 fliC 2y & L C#
ORMPERZRET A DR ENL, T, TUF
v ARREC X A FFURE I, ERYEEF O mRNA
DRFEALTHES. DI DTIED S5, Esrdl-pJACL £
ETFTTOD fliC-lacZ ® mRNA BIZHIMASA S &
»o (F— 7 /), BRI fliC-lacZ ®
mRNA OZFALDRE T E EFHEEINE. Dok
R0 5, Esrdl i fliC-mRNA & OMHHE S 2 /- L 72
TrFe s ABECLY, TOMFUSETEEEEL T
HEFHEINSG., —F, Sakai hz HW2T7 vt AT
2, 20D RHTFUREHRIZF - AR Ero
7z (Fig. 8E). Sakai HAIFEN T FliC O3 E1Z
K- 12 BRICHRTIEFICEL, EEAT—IICH EES
T 570, MRHEMHEZBRTELBIELREE X
TV TORNARETHLEEZ NG,

ncRNA & Hfq EOHBEEEBEOBENT N2 7070
% D ncRNA X RNA ¥ ¥ X1 v T 5 Hfq ¥ ~ /%
JEERETH. BT v Fe AL LTHEET S
ncRNA I2& 5T, ncRNA OZEWICIZ, ¥ —4 v

c

VA%
Hfg (UM) © o oV a¥a IV WV

Labeled Esr41 (nM) 5050 50 50 50 50 50 50
M

Non-labeled Esr41 (nM) 0 0 0 0 1040 100250

Esr41-Hfg complex »

Esr41 » o g

Lane 1 2 3 4 56 7 8

Fig. 9 Interaction between Esr4land Hfg. (A), (B) Analysis of Esr41l stability depending on Hfq. EHEC
strains were grown in DMEM at 37T to an 0.D.,,, of 0.5. Crude RNA was extracted as described in
materials and methods, and then Northern blot analysis was performed. (C) Binding analysis of Hfg
to Esr4l by the gel-shift assay. Effects of the concentration of Hfq and non-labeled Esrd1 on the
Esr41-Hfq complex are shown. Binding reaction was performed at 37C for 30 min. in a binding
buffer of 50 mM Tris (pH 7.5), 250 mM NH,Cl and 10 mM MgCl, using indicated amounts of Hfq
protein and 50 nM of **P-labeled in vitro transcript of Esr41. The concentration of non-labeled Esr41
used in competition assay is indicated (lane 4-8).
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B EHT

b & 7% 5 EIEF D mRNA & IEEE L CREHEIE 2
79 LT Hfq RLEDPKTFTHASH (Valentin-Hansen
et al., 2004; Waters & Storz, 2009; Chao & Vogel,
2010). L7z2H» T, 7vF vy RELTHRETSHZ
L 25 RIE E 7z Esrdl 28 Hfqg EHHEAEH L, %0)
BeRE L B Hiq DEELRE 2 R 7 Rk
w.mq%kﬁbts&m%@RNA%mwt/%y
FRNT ORGSR, Esrdl & Hfq IAFWICEELENE T L
25 h ot (Fig. 9A, B). $72, Hig®Y I ¥ ¥ ¥ b
¥Ry B L, Esr29 T 7213 Esrdl @ in vitro 5 W)
EFHWCHIVY T MY v ZfTo72L T A, Esr29
(F—# FEHEHF) b Esrdl (Fig. 9C) b Hfq L HEEHK%E
WH L7z, BET7 viA T, RETERMARTERL
72 Esral & Hfq & OBREERBE LS, FFERD Esrdl
DFRMZ & - TEERFWICHE S N2 (Fig. 90).
Esr29 & Esrdl O#EFEIC Hfq 2SLED &) 2 f5b
72%, Hfq R¥EME AT ler- lacZ@ERB LT
fliC-lacZ ERD LV R—=¥ —T v A 247072, D
R Esrdl O ler \2x6F3 A BFRIGIZIE (Fig. 8A) B
X O Esrdl @ fliC \2xF3 5 R ERI R (Fig. 8B) 75,
hfg RIEHRETIEALN R o7z, DLEORRDS
Esr4l 2" Hfq KEWICREHL TR I &, 72
Esrdl |2 & % ER#E AT O BFRHIEEERE 1213 Hig 230
HTHDHIEDThorz.

BT 7 ABATICE D 0157 Sakai HREFER
BEBEOFHE ncRNA ZFHZE L. €09 5 Esr29 &

Environmental Factor

Esr4l &, BEME~OWHESE BV CHEMERMIIC
FHTAHLEEBIURAELFaur vy 2200
BETEZHHLTVEIEPHAS 2 E ko2, RiF
7855 213, EHEC Sakai #RIF RN 2 K5F RNA 9% R
HRBHEICEZES L TCWLIIE2R LD TO
BITH 5.

R EET OFE & MERBIEDRN 21T o 72/ R,
Esrdl i RNA ¥ ¥ R0~ Tdh 5 Hiq \THKE L TER
mRNA IZEE L, FOMPFGEEEZHESTL7 52>
ZRNA & L CHRET 2T RESEWC L0 o7z,
LE—F—7TvtAfI12L0, Esrdl DEMNEETFIZ
LEE O5H % FICHI#H T 285N T ler L XAES ¥
INZE fliC TH 5 Z L h45h -7z (Fig. 10). Esrdl i3,
sz Ic BV THLN 5% % R7-7 LEE #E{z 1
BErwmETAEERNT Ler 2 BICHMT 52 & T,
LEE 20X H 2 #H$ 5. T O Esrdl @ Ler (4
T AMEIR R IZEREIC, RAFBLFa2nr0) Ty
H—TH5BCGrlAR ZH LT, RATBRTFHOFEH
W 2R, T b REELBET IR LB
N5, 512 Esr4l 3 FLC # EEENE LTEDH
BEeR#ELTWS. §74bb, Esrdl id Ler & FliC
DEMAEBLTRAELVF 20 Y2 ECHETS. &
D EHIZ, Esrdl 3HBEFEMBANODHRGEIIBNTH
DE R E %2 B3 LEE L RAEBL X2 0 v O
MR 2 EHEAICEZNCESE L TWwL Z WL H
Ehr o WEMEWI 1 O0AEGHRRICEDS, 2
DDE HEREET~OMMEE Esrdl 2SED LD
ICHER L 72 3R TH 5 2%, SREMEO IR T
T%<, RNAGFOBRELIEEOEILEZZE 25 LT

flagellar regulon

griRAR) —] iD= fiA—> fiic (1)
T»

Esréd1

Esm‘;?hy N~

e eSCJm sepQ

—_

LEE

intimin mespA,esgB_m

Fig. 10 Model for ncRNA-mediated regulation of LEE and flagella regulon in EHEC 0157:H7 Sakai. Black
arrows and the lines represent predicted positive and negative regulation, respectively. The
mechanism by which Esr29 represses flagellar regulon is unclear yet.
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JEF I EBRIE, D neRNA 23R — O BAR T 2 1
& LTWwaHIR, —D® ncRNA P EBOEETFZ
ERHETENTTICOMEEINTEY (Waters
& Storz, 2009), ncRNA 2 & % B{ET B
NIFIVTIWRESTEETHY, TL-MALRTVY
AT A THoIZZ EXRBELTHE00b Litkw,

Esr29 ICL BARAFELF 2 u vy OREN BRI
WOAD A LEHASPIETE R Dol T2, EHHE
DENEETERETE hh o2, IThETOEER
FERD S Bsr29 RAELF oo v 2RICHIE L Tw
5 Z LikEhEW R (Fig. 10). 41, o hFHkC
AT T —FBULETHL. Esr29 B XU Esrdl i
EHEC OAFRLHEEHEBICGTIELHETH Y, FOK
BRRICB W TRRENOEELZEBRBEI N 2 dh o
72, SN LEE BLURAFELFouryofios 2
r—1F%, H5WIEMUOKE T Esr29 & Bsrdal O]
RHAET B, d Ltk

Ny 7y T oOMBEOMEbD D, T2, BE
DRIERL BDBBERND 20, WEERTORBIX
WYy 43I 7 THONBELENSH Y, ¢ MEERN
THEMEZ 384T 5 EHEC 1213, MRV LFD7-0
OBBIEE Y AT AWM o TWALEND L. EHEC
OFREMBETIE, 77—V ETHPRERFEAL
FoRTPARPAC & 0 S OA F 724 e o M5 T Bk
ThH, SESELRMICES I NORRERBEO S
J B FICEY A ZIRCEALT B4R TR, JER
BHRBEICHLE L THET A BBEISE VAT AWK
Mz, WEHEREHETF 2 A LR 2 EHE S 2
TACE T, HPTHBMEIhTWE (5%,
2007). ABFFERERIE, T OBMED OB B
W2, Ao (/8% RNA 571 APEBEICHES LT
WHEILEZRLEZDDTHY, Esr29 B X U Esrdl
&, EHEC 25882 izt LT X h @SS 572
DO (fine-tuning) AT HHEST & LT
HEH>TLEOREASH ., 0157:H7 sakai YAl
EHEC ZiZ U, BWEEMEICIEIRABEZEZ2VY
DL% L, NAFROFEIEERERLF{ELEOM S &
EENRHELELZRT DI TE% v, LEE ERAEL
FaarOWGrENLd % Esrdl (& 0157:HT L4t
TRFEZESIN TRV, RATF RV E LM
WIZBWTY, LEEICOAERE RITT 2 & THE
HEOWBMIIHEE T2 L) 2RMOMERBIEEL LD
ncRNA PEFET 205 Ltk v,

TUF ey AL AR LAVCORET-HH
B, "o FUTTILMONLBLRTH S,
BEso 7 v+ A RNA &R mRNA OMEERT
5HEBII R TEES E B, —F, AWRETRES L

72 Esr29 B & U Esrd1 OREAYBIE T3 2 M6
10, 22F 721325355 & g < (Fig. 1), BEFFORERY
BETFREY 7 by o7 CREMEERFERBTE R
oz, UL, KIBHOEAHREclitTas T~
F & v AR (SgrS/iptsG-mRNA) I2BWT, 7+
2 A RNA (SgrS) OF#MEEN (3 A~y FHHE
HEEt) SUREO D BRI RIS+
FTHIZED, MHIZEoTHEENL TS (Maki
et al., 2010). L7=H%> T, KHIFECRE B L /zEsr293
L O Esrdl OMMHESNIC D &5 < EAYEETF OB
R CTRETH ), KIKRO small RNA & LT
i, ROLECHMEAICL BT v F ey ARREERL
Bl Vi B,

ARWFEFERIE, EHEC O F M0 RBIHIHEHE =
FOGFAH AL % WHTZ LTOEBHMREE.
ZAb0THY, FAE, BEEEHZEDTVS [/
& 7% RNA 5F 1 10 & 2 B = T R B i o
HOE—ERRTAELDOTH .

& B I PEANGH (enterohaemorrhagic Escherichia
coli: EHEC) i b 2MEEL T2 THBEMLKEEO—
Hi<Tdhb. EHEC O% J AENT 5, LEE WEMIC
Mb2Z DT NI HBETFOFESHLPITEN
T3, ZOHEMLBHENMEEICEARN L EDLE
SNTwW5hb, —FT, @i, ¥ 7HEa— K7,
ZNHS THRELZ R OIFEMIAE RNA (non-coding
RNA; ncRNA) ¥4 AU OAGHRAICBWTE
B &8FHoTWAEZ ENHL R ELRSTWA,
EHEC @ neRNA IZ DWW T OMFIZRZRY -5 0
25, EHEC OWFEEOFKEBMICBIILZ TSI v 7Ky
7 A% % #0° ncRNA T 5 WREEIEE W, Fe
& EHEC 0157 Sakai #R4F £ 197 ncRNA DO L #%
BT 24TV, B OH B ncRNA 2 EEL2. 20
I b D 22 (Esr29, Esrdl) i3, EHEC O EMla~®
MBI B THRONRIE25 &35 LEE (locus
of enterocyte effacement) ENAFLFaarwng
2 D DBIRT RO FEFHBING 72 FEIBBMICE S LT
VBT ENEH, o, Esr29B L U Esrdl TRBKOM
WizdTo72L T 5, Esr29 OBHREHEMRTERAEL
FaorORBEIRD, Esrdl OBRFEKETIEIRA
FELF2uryORB[AEEL L LEE & TFHOBEH
I PBE SN, BWEETFORE L EREEOMR
WEAT >R, Esr4l1 i3 RNA Y vy R v Thb
Hfg \ZKF L TN mRNA AL, ZORERIEHE
2T ETF Y ARNA L LTHETLIZ L%
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MBI O A D = XA WS NI TE e h ol K
TFZess 543, EHEC Sakai #REFSRMY 25T RNA 295
PR FEH R A SRS LT WA T E IR LA
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The molecular basis for regulating the diversity of receptor sugar
recognition by influenza virus and the virus' host range
Takashi Suzuki

Department of Biochemistry, School of Pharmaceutical Sciences, University of Shizuoka
and Global COE Program, 52-1 Yada, Suruga-ku, Shizuoka 422-8526, Shizuoka

Influenza virus hemagglutinin (HA) attaches to sialoglycoconjugates (glycoproteins and glycolipids
containing sialic acid) on the host cell surface to initiate infection. The binding specificity of influenza A
virus (IAV) for sialyloligosaccharide moieties on the cell surface is a critical factor for acquiring
transmission ability to different host species. Two major molecular species of sialic acid, 5-N-
acetylneuraminic acid (Neu5Ac) and 5-N-glycolylneuraminic acid (Neu5Gce), are chemically
distinguished by a functional group at the C-5 position. Neub5Gec is derived from enzymatic
hydroxylation of the N-acetyl group of Neu5Ac by CMP-Neu5Ac hydroxylase. Glycoconjugates
containing Neu5Gc are expressed in many animal tissues, whereas they cannot be synthesized in
normal human tissues owing to a lack of the N-terminus of the CMP-NeubAc hydroxylase gene.
Determination of the molecular mechanisms of sialic acid recognition by influenza virus will help to
clarify the roles of sialic acids in cell tropism and host transmission of TAV, leading to useful information
for the development of anti-influenza virus agents. We found that single amino acid substitutions of
H3 HA at position 155 from Thr to Tyr and at position 158 from Glu to Gly play a critical role in the
recognition of two major molecular species of sialic acids.

In the present study we also examined sulfatide, which is abundantly expressed in various mammalian
organs, including the intestine and trachea, in which IAVs replicate. However, the function of sulfatide
in TAV infection remains unknown. Sulfatide is synthesized by two transferases, ceramide
galactosyltransferase (CGT) and cerebroside sulfotransferase (CST), and is degraded by arylsulfatase A
(ASA). In this study, we demonstrated that sulfatide enhanced TAV replication through efficient
translocation of the newly synthesized IAV nucleoprotein (NP) from the nucleus to the cytoplasm, by
using genetically produced cells in which sulfatide expression was down-regulated by RNA interference
against CST mRNA or overexpression of the ASA gene and in which sulfatide expression was up-
regulated by overexpression of both the CST and CGT genes. Our findings provide new insights into
TAV replication and suggest new therapeutic strategies.

Key words: Influenza virus, hemagglutinin, sialic acid, sulfatide
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Pk oT, A, B, CO3ODIIIHHENTVS
4/7W1/ﬁiﬁﬁfﬁ%f<TETéA%AL
HFED—DTH 5. 4 VI VI FORmIT OV 7
Ivy) L, BEREHAOKMNIICHET LA VT
VNIVHFARY AV (TAV) 3, RERL Ty &%
MALTE PNEHTHBRBTEESLYA VABTOHE
EFTMERYVETZETRELEEZESRL, -t
bR TG RE & 72 o 23 Y £ L A 2SR HAE T
AT L7220 TH 5. g7 Td, 191845 (A
4 U, 19574 (7 ¥V 78), 19684 (kv a v
M), 19774 (By 7)) R 4EICbA%. 4
2, 1918/ 73 v 7 T, WRFT20005 205
4000 D AL N Twb (Webster et al.,
1992). 512, 19974 ICHFWE T HAN1 B SRt
MY TAV 2SEFE L MEZEREL, 180 BENHE
NTOEHDITENFER SN, TOT ANV RIZEFDHE
LG Z IR L THED, 2010465 A F TS ¥ P&
V7, NhF LA, VT MEFULIC 490 £ DL AT R G
L, 2900 L EOIRTE DRI NT WA (Enserink,
2006; Webster et al., 2006). F 7220094F1Z1E #7212
TEHEO HINLE Y A VABHEL, it dse
HETI5000 A LT HEENT S
(Neuman et al., 2009).

A TNVI T AV A, BEMEEROIBES
FEAL 20 (R —7)%b b, AL B
TA VA, BREECHEEOZER (T VERE
ELHEOHEH) NEETHAY VT = (hemag-
glutinin: HA) & Z D2 B EOWERE (V7 ) 5 —

PIEHZb 2/ 453 =% —+¥ (neuraminidase:
NA) D 2 T » VST A4 2 IRICEE L
Twa (Fig.1). 4 Y7 VI ¥y 4V Z0HEHIT
DEFMBEZERNOREE TV FH A P =2 R
X2 A NVAKTOMBANOIY AK, 2) > KV
— ANTOBEPH CBITAVA VALY PV —
AROBEIC s A VAR T OB (uncoat-
ing), 3) 7 A VA RNA OB LHE, 4)7 1 VAR
F O (assembly & 5\ 1d packaging) & 3
(budding) ® 4 R 5% % (Fig. 2) .

IAViZ, HA AL C, BEMEERTO > 7 VR
EHEMERICRE LRAZRBT . [AV O G HMME
&, YT NVEBOSTRE, 7 IVEE L HESHIER IT AN
L52FHONT 7 b—A (Gal) & OREMK, 3%F
H DO RESE RSN T 5. ¥ 7 VEERE &R O R
e HFEHEAD 7 A VA HA O EFEEZ, » TR
TANVAELE FPHETANVATERELCRELSTH
D, YA NVADORGESERPEIRLRET 2EELZRT
D—DrEZ5NTWwS (Suzuki, 2005). —7F, K

N

CHEETAEER Y TVESTFEE LTN-TEF NV
/47\/@’% (NeubAc) E N-Z)aYyn 453>
B (NeusGe) IS5 Twb (Fig. 3). TNHV TV
B THICET 5 HA Of a0 &Gt & oI,

YA VINVEZVEIA N ZAERWTIEEAEHS
127 5 Tz (Suzuki et al., 2000). F72IAV IZ ¥

TIVEEEER L OCIRBRILEREO—HETH L ANV T
77 F (sulfatide) IZHHETAHZEPHHL TS
(Suzuki et al., 1996).

A Fo A7 4 v THEIRE, IV AT —b, A7
4TI VITE T lipid rafts & XN 5 R~
A7 RAL VB ELDTANVAEEICES LTw
5. WEALHEIRE O TH % sulfatide I lipid rafts

WZHEEL, YA VAR ERDIREXR VA VAD
% ZILH E T2 MDCK Ml 2 & o Bl ik L%
M CEEICHEET LD, 74V RAEEITBT AR E
BRI oTw RV, AV 7F Fid—#K&iZ, €53
F# 5 ceramide galactosyltransferase (CGT) &

Hemmaglutinine (HA)

Fig. 1 Structure of influenza A virus.
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Fig. 2 Replication cycle of influenza A virus.
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N-acetylneuraminic acid (Neu5Ac) N-glycolylneuraminic acid (Neu5Gc)

Fig. 3 Structure of N-acetyl and N-glycolylneuraminic acids.
These molecules differ at position 5 of the pyranose ring. N-acetylneuraminic acid in the
precursor of N-glycolylneuraminic acid; enzymatic hydroxylation of the former results in
the latter.

Ceramide

(CGT)

1 Ceramide galactosyltransferase

Galactosylceramide

Arylsulfatase A
(ASA)

Cerebroside sulfotransferase

(CsT)

3’-0-Sulfogalactosylceramide

(Sulfatide)

Fig. 4 Metabolism of sulfatide synthesis and degradation.

cerebroside sulfotransferase (CST) Z fIH 3 %5 B¢
BOIEBBERIICE > ThEAEKE NS (Fig. 4)

(Honke et al., 1997; Kapitonov et al., 1997). —
Ui, RO 20V 7 7 T R, AR LEER O - TdH
Aarylsulfatase A (ASA)IZL D S5 (Stein et
al., 1989). AHfgEiE, HA OFESHFEHEOLBIEL 1AV
BRICBI 2 EEEZHL2IIT 572012, HADTYT
VRS TR O TR & TAV 312 51T 5 sulfatide
ORREE HA L OBBREHLMIZT A2 LT, JAVO
YL - (SARICBU A HA ORREER AT 22 L2 HIY
L7z

FEBRTT i

E/ 70 —F IO LFIEE TIER L 72 A
V7 7 F I $ 5 IgM $iufk (LLT, GS-5 & &Ahk)
B & U globotriaosylceramide (Gb3Cer) ZX 3 %
IgM $ufk (LT, TU-1 L&) Z@EET A0 4 7 F
— < OMEIMEREH (Invitrogen) H5E LE* H w72,

HL NP $ifk (4E6), ¥t H3 HA $ifk (2E10, 1F8)

X Pl NA LR (SI-4) 1, A/Memphis/1/71
(H3N2) B & O A/Japan/305/57 (H2N2) % %HE L

R AL UEME L FECE o TIERL
(Miyamoto et al., 1997) .

MDCK #f2iC &2 T 1 L ADEE MDCK (Madin-
Darby Canine Kidney) #Mifg% 37C, 5%CO, T5%
fetal bovine serum (FBS) & MEM (medium
essential medium: GIBCO) THELI > 7V v b
ZARTEIZL 72, 20 LEX R Z, SFM (serum free
medium) T 2 B {E# L 72, 22 hemagglutinating
unit (HAU) ICFHML727 4 VAR B SE, 34T,
IR L2, 7RF LMY TV v (pgml) 28
ATESFM &Nz, 34T, 48FpMIEE#E L7z, LiE%®
LF =712 L, 4C, 3000rpm, 104-REO L,
P 2 mikbrE L7z, 2512, 4C, 10000 rpm, 3
FEfE.O L, o714 VALEY 20% 7)) kO
— )V -PBS THHL T, 74 VARMRE L7
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i
H3HA BIZFEEC RNAKR U AT —F IREFETS
23X FDERK IR L D s SV LA S
A/Memphis/1/71 (H3N2)# (214~215HAU)
(20«L) % RNA #li i 543 TRIZOL (Invitrogen)
(ImI) 2 A, L <IRE L, BEICHS>TI A VA
77 5 RNA O %17 - 72, KIZ, TaKaRa RNA
PCR Kit Ver.2.1 # HWTRT-PCRIZEL N A v 7
VHEIA NV HABGFEZHEIEL 2. 25617,
GENECLEAN Turbo Kit (MP Biomedicals) % >
THABET LTI AI FOBREEIT-72. RIZ, 1
VINI U YA VA HA BET (dul) 75 A3
K (0.54L) #A L, TaKaRa Ligation Kit Ver.2 %
HAWTIAr—varzffofz. 615, AF*Fy b
Solution ITT (14L) Mz -KIsE#Z I EF ~ b
Ml [E. coli DH5a] (204L)~NZ, bT Y AT+ —
A—Ta Vi, LBERTL— bABAHL,37C, —if
BELZ. S0, CORBROFEER (1.5mL) %
1.5mL~A4 7 uF 22— L,4C, 10000 rpm, 3 55
M 0%, Lg% BV 72. Wizard Plus SV Minipreps
DNA Purification System (Promega) F v Fz H W
TT7IAITFHEE =Ty 7)) 247o7-.

REEHABGETEET T IRI ROEE ELAE
W75 A3 N1yl #,10 x pfu DNA polymerase
buffer (24L), 2.5mM dNTP mix (1.64L), % %

S

(F),193R (F)] (5pmol/xL) (K4 1u4L)B L
High-fidelity Ultra pfu DNA polymerase
(STRATAGENE) (0.54L) REWWICINA72. PCR
KExHT, 95C-25 Mk, ZEEA PCR9T-1
4, 55C-14730% 1, 68C-84fMD¥ 4 7 V%18
) EL 4T I2HH L7z, PCR KISiEIC, HIMRESE
Dpnl (0.541) %Mz, 37C, 1RHIELL7:. HIR
B PCR BUBTE 2ul # IV CHARICT £ 77—
YavEk b NI URT = A=Y a v Eol. 2O
SAIFNERBEL HADOSHFHOT I VB HER
(N137Y, G144D, T155Y, E158G, S193N) &7z 5%
BHAY ) AFEHTTAI V&G

UN=—XAT IR TATREICELD M TILIT O HAR
YAILADEH  D-MEM ¥#i (10%FBS &F) T
247 = VT L — MR L 72 293T Mg, W7 7
Z 3 F pcDNA762 (PB2 53), pcDNA774 (PB1 %
H), pcDNA787 (PA %3l), pCAGGS-WSN-NP0/14
(NP 3¢3) ,RNARY A5 =V IREHET7I X I F
M, HAZ V AEHTIAI FE&5 1 8ETFT
O, HF12ADTIAINF [(RESIAIF (K4
0.5uglwell), RNAKRY) X5 =¥ IREHETI X I F
(%% 0.2ug/well) ] % TransIT-293 (7.2 «Liwell) %
FWTCREEA L7z, 37C, 5%C0, M0 F 4 BERIHE
#FEL7:%%, OPTI-MEMI ¥ (Invitrogen) ~Z&#t L,

B7S54<—[137R (F), 144R (F), 155R (F), 158R 37C, 5%C0, 5 F48ERIE R L7z, ZoR#E LEZ

IV3Neu5AcnLc,B30 Neu5Acf2-3Gala1-4GlcNAca1-3Gala1-4GIca1-OCH(C4Hy),

OH.oy  COOH - OH 0H_0oH OH
Ho
NHA%%\OW\O%O&&,()%O/\(C”H”
Ho Losof 1O Nhao OH oK Gy My

IVéNeu5AcnLc,B30 Neu5Acf2-6Gala1-4GlcNAca1-3Gala1-4Gica1-OCH(C4H,),
OH

oH COOH it
Howo NHAG OH Gy 4Hyy
NHAc L OH HO 0 0\)\
0
HO HO&V\’O 0 0 HO Gty
OH
OH OH OH ~OH

IV3Neu5Ge-nLc,B30 Neu5GcE2-3Gala1-4GIcNAca1-3Gala1-4Glca1-OCH(C 14Ha),

OH
oH COOH OH OH OH 0'8 o OH
NHC (0) CH,0H 0 HO oH 0 . H
HO on o NHAc OH 141129

IVéNeu5Gc-nLc,B30 Neu5GcE2-6Gala1-4GIlcNAca1-3Gala1-4Glca1-OCH(Cq4Hy),
HO  OH

GOOK
Ho
0770 OH OH PLIN
NHC(O)CHZOI:__SZ/\\)\OH WD NHAG &\0\\/
HO 0 o %’_\\/7\0 0
G @IEI\HOO . \AG ’

OH OH OH™OH

147729

Fig. 5 Carbohydrate structures of synthetic glycolipids.
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A Y TNVIFT AN L BEHZ R RERDOSHRNE & EIR 2 HE S 2 0 T REORY

AT, 79 —2T7 x40k, 5 FE (N137Y,
G144D, T155Y, E158G, S193N) D HZEH 7 4 )V X %

57z,

TLC/virus overlay assay ([C & 2@ S EMDEIE
YU ATV TLC 7L — 1+ (Polygram Sil G,Marchery
Nagel) b2 7IVERR AR E ¥ 7 VEBRG TSR
%% A BEOGHMERE (Fig. 5) (%4 1.0nmol) %
ARy b L, Chloroform/Methanol/0.2%CaCl, in
water =65/35/8 (v/v/v) HTRERM L. HZ#E,
1%0valbumin & 1%polyvinilpyrrolidone (PVP) &
HPBS BT, iR, 2BM7oy R 527 ko
7. PBS TS5REIZEHR, 1 7NV ZHFIALNVAD
PBS & (2 HAU) %Nz 4C, —BuiRE L.
Zh % PBS T5HEPE#H L, 3 %PVP-PBS AT 200
BRI L7280y 4 v 25ufk (USAD) &z, 4T, 2
ERiRE L7z, 2O7L—b% PBS T5HEEEL,
3%PVP-PBS i T2000f5 A M L 72 horse radish
peroxidase #Z##% ProteinA # iz, 4C, 2M:MiEE
L7z. TLC 7L — I % PBS T¥t#&1%, DEPDA 3¢
WEMz, BIWTI5 5EikE L, SBEREZEICESL
72 A VAR L7z,

Solid-phase binding assay I )= VICHERRE
7K EERE % 12.5 pmol 2 HEREARL, <A 2
o7 L — b (1x 8 Stripwell™ Plate, Corning) 2/l
Z, ¥ —NVEEE, TL— 1 r LETFHESFIILT
2564nm DEINHE 1o HEG L, EAHALZ.
1%Extra BSA -PBS 2 (250«L/well), 4T, —
7oy ¥ L. L= 1% 0.01%Tween20-
PBS T 5 |l L 72, 210HAU ICHMRL 72w 1 v
A (50uLiwell) #MZ, 4C, —MEELZ. HlHA
Hryo— ik (2E10) =iz, 4C, 2 WRHEEL
72. 0.01%Tween20-PBS T 5[ i L 72 %,
0.1%Extra BSA-PBS T3000f5 24 L 72 HRP #Zi#%
Pix v 2 IgG+M itk zMmA (50uLiwell), 4T, 2
EEEIHFE L 72, 0.01%Tween20-PBS T 5 [H 25 L 72
%, FOEELMZ (100xLiwell), 155 F#HERE,
IN B2 M2 T (50uLiwell) FUS % &1E S+, il
FEW R 492 nm, XHEMEE 630nm Tl ESE L7,

CGT, CST 6 LV ASAEZFOvA—=> 7 &£&E1n
FEALTEMBOMEH CGT, CST #f= T,

MDCK #Hfg & 1 3-B XU 5-RACE I L h J# L
7z. MEfnT % pIRES-neo vector (23 A L, pIRES-
CST-CGT vector # FH L7z, ZD#EMET % COS-7 #
fa~EA L, G418 (1mg/ml) 7 DMEM T 3 34 [

DI kBEFET 52 LT, sulfatide &5 E MMM kk
(SulCOS1 B &£ 1F SulCOS2) #1572, ASA #EizT
PCREEIZL Y HeLafMllfa WML 72, Z0EET
% B 912 pTriEx3-neo vector (23 A L, pTriEx3-
ASA vector ZFE L /2. T DEEF % MDCK Mz~
HAL, G418 (1mg/ml) ¥/ DMEM T 3:EMH 2k
A4 HI LT, ASA BREILEMtkx 1572

CST mRNA (Z¥f9 2 RNAI  CST #{xT % 401-419
% H ® cDNA FeH 72 5 N, BRI & LT CST o
337-357 % H @ cDNA At 3B L O GFP @ 29-47FH @
cDNA Fc%l % siRNA H D %3 vector pSilencerTM3.1-
H1 neo I A L7z, 215 vector 2 MDCK flifig~3&
AL,G418 (1mg/ml) #HI DMEM T 3 B[ DL L5
T5Z LT, ERMubkE 157

HEAL—V—FERBICL DT 1 LR Z NI BOREN
AT A KH T XL, 5%FBS &4 MEM (Minimum
essential medium, Invitrogen) Tz L 72 MLz
PBS ( 100xL/well) T ¥ & # , & Il & ¥ #
(100« L/well) T—HMak5 % L 72. A/Memphis/1/71
(H3N2) ¥k (8 HAU) ® MEM (FBS JE&H) %
i (80uLiwell) ZMMZ, 34T, 5%CO0, T— ki &g &
T, YAV RAEREE, MDCKM g & PBS
(100ul/well) THEL, 7 A4 VA HA 2 R2 - &M%
ILEEE7DICTEF VNI T Y (Qugml) &HE
MiEEEH (100 «Liwell) &Mz, 34C, 5%CO, 54T
T7RMEEZE L. #Miflax PBS (100x«Liwell) Tk
W, A5 = (80uLl well) ZHNZ, =i, 30%
BIEEL L7z, 7 A VAPUR (80uLiwell) ZINZ,
FEi, 304 M KIS ¥/, EEfLzME%E PBS
(100 #L/well) THE#E L, WHSMT 0.5% Bills BSA-
PBS T50f A R L 72 FITC &Pt~ 7 A IgM ik
(80 uLiwell) WA, ZHif, 300 MRS &2 72, #k
EmpilHE ~HETL, A= 52FRE, E
VRILESL - -2 F v VEME (LSM510,
Zeiss) THEIZEL 7.

S

TI/BEEEEI B~ HIHAEGEFEEET 54
BAATNI LTI IOFEEESHE IhE
TOWFED S, 19684FE2 5 19T HEES N7z 9 Bk
H3N2#lbe A V7 VTV HATA LA (IAV) O
HA #E1= %) & NeubAc & NeubGe &4 & IR
RS B RSPEA S, A/Memphis/1/71 (H3N2) #:%
B CMOBRIET O > 7 VB TREICKET A2 &,
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#

¥ 72 A/Memphis/1/71 (H3N2) &Moo 7 £ v A #k
MTid, HA OZEMEEAEBEHEO 5 7 3 7 BRikE

(137, 144, 155, 158, 193) 2825 Z L3 L T
W5, 2 T,NeubGe L DEEEHEICHET AT 3/
W 2 0 5 223 5 72912, AIMemphis/1/71 ¥k D
HA BEF2#1, hoo7 3 2 BEEL 1 &0
ORI R AR S HABETEEHT A5

FEOMMEZ A VI NI v F A VAR L7, &
No virus Wild type
i 12 3 4
T155Y
1 2“ 3 4

/N

52, YT VEES T (NeubAc, Neu5Ge) & ¥ 7V
Rt (a2,3%6, a2.686) ORZL 5 4
DA RAENEE % H v T, TLC/virus binding assay &
solid-phase binding assay (2 & D ZHHEZ 7 1 V2D
37 UESEAE AR AT L7 (Fig. 6, 7). T DR,

137%, 144%, 193 HF LRI ELHMBRA VAN
1%, A/Memphis/1/71 # & [F#£1C NeubAca2,6Gal &

BFREHOREEEZ R L72H, 155%F H% Thr 56
N137Y G144D

1 2 3 4 1.2 3 4
E158G S193N

B 12 3 4

Fig. 6 Binding of reverse genetics IAVs to synthetic sialylglycolipids in virus overlay assays.
Binding ability of each reconbinant JAV was determined by a virus overlay assay with
TLC. 1, IV*(NeubAc)nLc,B30; 2, IV¢(Neu5Ac)nLc,B30; 3, IV*(Neu5Ge)nLce,B30; 4,

Absorbance (492 nm)

o
o

e o
- o

o
N

N137Y

/i

IV8(Neu5Ge)nLe,B30.
Wild
0.8
£ type
~ 0.6
% 0.2
2
0
0 5 10
Glycolipids (pmol)
T155Y

Absorbance (492 nm)
o o o o
N R D

o

0 5
Glycolipids (pmol)

10

15

15

Absorbance (492 nm)

e o o
Y - - -]

o
N

10
Glycolipids (pmol)

15

E158G

o

0 5
Glycolipids (pmol)

10 15

Fig. 7 Binding of reverse genetics IAVs to synthetic sialylglycolipids in solid-phase binding assays.
Binding ability of each reconbinant IAV was determined by a solid-phase binding assay.
Sialylglycolipids: open square, I[V3(NeubAc)nLe,B30; closed square, IV{(NeubAc)nLc,B30; open
circle, IV*(Neu5Ge)nLe,B30; closed circle, IV¢(Neu5Ge)nLe, B30.

- 112 —



A YTV LT AN L DM ZERRBRDO SN 26 £ % HET 5 5 T 2B O

Tyr BRI G788 2 7 1)V 213, NeubAca2,6Gal
EHVESE 72T T { NeubGea2,6Gal & A FESIZ K
FlERL. F72, 158%FH % Glu 25 Gly ICE £
BEMIER T A VA, 4EEETOMBEISES
PEIRT Z &AL 72,

DTIIVEES TRERHICEAS 2 H3 HA W7 I JFR4E
# HA OfiaigE s —yickonwkarvva—ry—3
23— aryhb, IN607 3 BELIL, NeuGe
EOMEGICAETICIER 35 2 &N S 17z (Fig.
8. TNICXY HAWESY N2 D 155%H & 158
FHOT I VBNV T IVERS THRHREBICEECTH
HIEHHMIL 2. BRI 158 FH D ZERIE, Neus5Ge
NDOHEDORE ST, XD ILHAO > 7 VEES TR
MATHIOIIEETH LI LAVRIBE NI,

Sulfatide (2 & 3 TAV &L DO{EE Sulfatide O FH
BROONL VI EHE SN TS COS-7 MR
CGT & CST O#EInT%#EAT S LT, sulfatide %
[EHE IS S B2 2R O Z R (SulCOS1 ik
& SulCOS2 i) Z{E#E L, IAV OBy Y% b
L7z, TAV ORE SRR AHEIZED SNk h o7z
ZHEH 59, SulCOST M & SulCOS2 ffaA &
HEENTZHAEY AV ZmiE, COS-7 Mg & gL T#
FAEICHInL 72 (Fig. 9).

Sulfatide D/ v 747 2 & 2 TAVEEDE L WE
iz MDCK Mg lC ASA D#EETFEZEAT LI L
T, M@ Sulfatide % HH IR S & 7222 Bl

; ‘ﬂeﬁSAc S

Glycolyl
= . group

137, 4 :

Fig. 8 The receptor-binding pocket with Neu5Ge.
Location of altered residues within and
neighboring the receptor-binding pocket with
NeubAc. The arrow indicates the N-acetyl group of
NeubAc. The model was generated by using PyMol
Molecular Graphics System 1.1r1 (Delano Scientific
LLC.).

faz e L, TAV O¥EE HMie s kgL 7z, 2o
FEE, FEYANVAOREEIE TGO —IED L.
2512, CSTmRNA (23135 RNAI LI L) CST #
EFE) vy yE8RBHIET, HFEYA IV ADIE
EPBHEICHDT A2 EHMBELE BERAR
Takahashi et al., 2008Z 1K) .

# Sulfatide F{FIC £ 3 TAVEHBEHOMEE Pt
Sulfatide . 7 @ — ¥ Jifk GS-5 % Ji\» T MDCK i
2B 5 TAV OB ER R 2 X7z, TAV BEG:HT
LK GeEIC MDCK Mild % GS-5 THULE L TH 7 1 v
A OWAERLHWIIHEB IR SN o7, —T7, 1AV
YR 5 4 BER DL GS-5 ¢ MDCK il i % AL
ThE, FEIANVAOEEDPEZELLBRLTEIEN
L7z, LA Lads, TAV A5 2BE%BE T
12 GS-5 THLELLCd, WMHEENR IR SN
-7z, F72, MDCK Mg & $T Gb3Cer .27 1 — V #ii
& (TU-1) P GM3 7 o— U HATREL T,
ANV AMRHENRIZRD SN o ERE
W% : Takahashi et al., 2008 d).

Sulfatide IC & % vRNP 8 & & 1% 4} &% 0 #I 1
apical V—F 4 ¥ 7V 7 F L EHDHA & NA D Z 8
Aoy V8B, MRBICIVVEBELRBALT
MM RmICREINS., T2, JAVOESY V0]
(NP) ® 3fifoxRY x5 —+ (PB1, PB2, PA)
i, BIRBICEAICEEIL, YA VRS ARNA L
TA VARS8 E (VRNP) #HEKEZ T
%. 2O vRNP HERIIBEN 2 S HA & NA % &l
e BRI Nz0b, Y4 VAR TEEL, Mg
BRI A 5 M35 5 (Martin et al., 1991; Nayak et
al., 2004). #Z T, RNAi #I2 XD CST #{zT% /
v 7 &y s€z MDCK Mgz v, HEHL —
- HOLBMEE 2 AU L A SRR L D, 9
TIZE M 72 HA, NA, NP @ IAV B4 261 ] %
2B BB & 7z, BRI Z 12, CST
BETE /v 7 ¥y &8 MDCK Mgz B v Tid
E# 7 MDCK fMifg & #7: 0, NP EEHNICHE T ) B
HHMCRRE I NV EHHB L. —J, HA & NA
DAL I FES NI TS MBI IC S X
N, Sulfatide &/ v 7 ¥ » 472 MDCK #ifig & xf
TRME R CRAENICHEIRD SN o7z, £/,
Sulfatide DFEH AR D 5N 7%\ COS-THMIBIZHB VT
{ Sulfatide # / v 7 ¥ » 87 MDCK g & [
FRIS, NPIEBA B XS, —F,
Sulfatide Z[EHAYIZFEE S €72 SulCOS1 Az B W
Ti, IE#H7% MDCK MIfE & FERIZ, NP OBA %k
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Fig. 9 Multiple replications of IAV in sulfatide-enriched COS-7 cells.

Two sulfatide-enriched cell clones were generated by transfection of COS-7 cells with both dog CST (dCST) and CGT
genes and cloning. (A) Detection of dCST mRNA expression in sulfatide-enriched cell clones (SulCOS1 and SulCOS2)
by RT-PCR. Glycerolaldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was used as a control. (B) Flow cytometry
analysis of sulfatide contents on the surface of sulfatide-enriched cell clones (SulCOS1, red line; SulCOS2, blue line)
and parent cells (black line) with anti-sulfatide MAb (GS-5). (C) Fluorescent observation of sulfatide (green) and
nucleus (blue) in sulfatide-enriched cell clones and parent cells. Scale bar is 50 #m. (D) Observation of infected cells in
a well (lower) or under an optical microscope at a magnification of X 40 (upper) at 24 h postinfection in the presence of
acetylated trypsin to generate virus multiple replications. Cells were infected with A/WSN/33 (H1IN1) at 2.5 X 102 pfu
per well. (E) Virus multiple replication titers in the supernatant from infected cells of (D) were measured by a plaque
assay. (F) The number of initial infection in sulfatide-enriched cells. Sulfatide-enriched cells and parent cells were
infected with TAV at 1.25 X 104 pfu per well. At 15 h postinfection in the presence of zanamivir to prevent virus
multiple replications, the infected cells were counted per area unit. Standard deviations were calculated from the
three independent experimental data.

PEIEE NI, & 512, MDCK M= SulCOS1 #ilz
FPANT 7F FHEI7u— ik (GS-5) TAUHET 3
&, COS-7#ila% Sulfatide 2 / v 7 ¥ v &4/
MDCK g & AR, NP 3B R S AEnwT &
AHIBH L7 (Fig. 10).

HA % 8280 155F B & 158FHDOT 3/ WBA°
VTV FERHMBRICEETH LI EHAHHEL
7o, B2 158 FHOZE R, NeubGe ~DIEA DA%
53, LDEHEOY T AVBSTFREAEET 572012
HETHALI LIREBEINT.

F7-, EESEEINLTWAH3EIE Ff Y7V Y
P AL NVAD155FH DT I/ EEIE Thr, 158FHD
73 /B Lys THY, BZ5H L NeubGe IZIEFHAL
TWEBbhd, SHBEITTELA VIV T AN
AMRO HA Bz T2#WETAHIET, A VIV UH
OWRKRIEITEFNTL200FN LN ITHRbBI L

A &b, CMP-NeubAc hydroxylase (CMAH)
BEFR7S, F b u L b ODFFET, CMP-NeubAc % 2
B & LT CMP-Neu5Ge ~NERT 5 Z AL T W
5. ¥/ M Tk, CMAH #ZFICEEPEL TS
D, NERKFEREIKEL TwEzD, b HEkMlE
¥ NeusGe DEREREEZ A L T, £2°T, TIAV
DG - BB 5 V7T VEERS TREEROCE L H
LT 57201, BIE NeusGe ZEEAET S b MHIK
AR DEE 2 AT B,

=77, VANVZAKFOREE HFICBWTHA L
NA DAL ZHES V87 Fi%, MREE® lipid
rafts EIFIEN TV BRI~ A 78 F XA VIR #%
ENDLZTEMOENT WS, lipid rafts i&, P,
7 A NVADOHEARMIF, MIBNERISER SF4 M
JHKICHELTWH I EPHASN TS (Chazal &
Gerlier, 2003; Schuck et al., 2004). Sulfatide %
lipid rafts DK S TH 525, 74 IV AKRGEIIBIT
HEENIINFETAHTH o7z, AWFRICE Y, BRG:
MRERTA~BE SN HAZALV T 7F LA
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Fig. 10 Distribution of viral HA, NA, and NP in IAV-infected sulfaide-enriched COS-7 cells and in the cells treated with anti-

slufaide MAD.

SulCOS1 and parent cells were infected with IAV A/Memphis/1/71 (H3N2) at an MOI of 5 pfu per cell and
maintained in a medium containing 1% FBS or containing GS-5 or TU-1 plus 1% FBS at 37 oC. At 7 h postinfection,
the infected cells were fixed. The newly synthesized viral proteins, HA, NA, or NP, were stained with respective
specific MAbs (red). Nuclei within the cells were stained with DAPI (blue). Scale bar is 50 #m. (A-C) Distribution of
HA (A), NA (B), and NP (C) in infected SulCOS1 cells. (D-F) Distribution of HA (D), NA (E), and NP (F) in infected
parent cells. (G-J) Distribution of HA (G and H) and NP (I and J) in infected SulCOS1 cells treated with GS-5 (G and

I) or TU-1 (H and J).

% Z & T vRNP HEROEIN L EFEST LI & HH
5 & 572, HA- Sulfatide B O #& & FHEH X H 72
B ANVAHE LTHFESNS.

-

vt N H3HAGTD1556FH & 158FHOT I /W
BREN T TIVESTFHEOBBIIEETHL I L, FIC
158 FHDERI, RHEEO Y 7 VERS T HAOREE
BEHELTWEI &ML (Takahashi et. al.,
2009). —, AV BIMBHN TH 7 ICH K S L7z HA
AR R ARATER, MEEO sulfatide & &
BT LT, 94 VAR Y v 8 BEA RO %
BHEL, EIVANVAORTERZREL TS
EDVHIBH L 72, X 51, sulfatide & HA MRS ZH
E9 5P sulfatide 7 0 —F viifkiz, ¥4 V2D
R Z R bE, Iy A N AWEEIHREZR L2
(Takahashi et al., 2009). IAV &2 B17 % HA &
BEREES TFOREPMPAINELEZI LT, f Y7V
VHRRIHEDO T L IRIRICEB T 20 Bbh .

AR TR S MR R D
3=

1) K K, mMU@,$%$—,mﬁ #, W
B, Jg—a, £ , swAHER (2008) . A v 7

WI/%74WX@W$E%ﬁ H AR S 4568 128 4F

2)

3)

4)

5)

6)

7

8)

9)
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Polyesterases that can degrade modified polyethylene terephthalate
from a thermophilic Thermobifida alba AHK119

Fusako Kawai

Center for Nanomaterials and Devices, Kyoto Institute of Technology,
Goshokaido-cho, Matsugasaki, Sakyo-ku, Kyoto 606-8585, Japan

Thermobifida alba AHK119 was isolated from compost as a potent thermophilic degrader of aliphatic-co-
aromatic polyesters. A gene encoding polyesterase (est/19) was cloned from strain AHK119, based on
the conserved region of a lipase family from Actinomycetes and inverse PCR. The gene was successfully
expressed as Escherichi coli Rosetta-gami B (DE3)-pQES80L-est119. Dot-blot hybridization and reverse
transcriptional PCR indicated that the expression of est119 was constitutive in the absence or presence
of polyesters. Purified Est119 was active toward aliphatic and aliphatic-co-aromatic polyesters. Kinetic
values indicated that p-nitrophenyl butyrate or hexanoate were the best substrates among p-nitrophenyl
acyl esters. Ca” was requisite for the full activity and thermostability of Est119. 3D modeling and
biochemical properties showed that Est119 is a typical cutinase with a compact ternary structure of
a/f-hydrolase. Random mutation of wild type Est119 indicated that activity was improved by
increased hydrophobic interaction between antiparallel E1 and E2 beta-sheets (A68V) stabilizing the
pleated sheets of the core structure. The thermostability was increased by the introduction of proline on
a predicted substrate-docking loop in the proximity of the active site (S219P). The specific activity of a
mutant A68V/S219P increased to more than 50-fold compared with the wild type, and the mutant was
stable up to 60C. In the upstream region of estl19 encoding hydrolase 2, the identical gene encoding
hydrolase 1 was sequenced, which are homologous to hydrolases 1 and 2 from 7. fusca, Two genes belong
to independent operons. In conclusion, T. alba strain AHK119 exerts high degradation ability on
polyester fiber in compost through an arithmetic effect of plural polyesterases.

Key words: Thermobifida alba AHK119, modified PET, polyesterase, cutinase, tandem genes
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DFEDIE SN B A5, BEER T O HAGHICIZ504E
FEVIEBRBET A EEZ 5N TWS, BEHRCIERE
Fe R H I & 595 b & %1k L 72 PET OB 75 1%
MEZ HENBH, Vi B AESHEIZEE v
LV, S OTEOEMEZE,E S & Uik o Ballk
BHEBEIR)ZATNTHL, 2F 0, EFMEICHR
B AR LS, ESHNsHFRTELR)
AFNOEKRTHE. A7 TERH0ER»HERT
YLy bE LTHESRERY T AT NVOERLEE
SRR ER SN TWD, FL Y07V — 7T
2B S NSRS (Thermobifida fusca) 73
TS FHRIR) T AF VO—HTH H Ecoflex®
DOREERRT Z S, MEOTRERZNEL,

FOR[EFOra—= v ZICEE L7 (Kleeberg et
al., 2005; Dresler et al., 2006; Yang et al., 2007). <
NURE, T fusco % MfnTHETHRY AT NVIH
BEREF ORI TR TDNL TS (Lykidis ef
al., 2007; Chen et al., 2008; Sinsereekul et al., 2010).

A ZAF VIEHAEFIERTROWEE LTH
M SEEINTWS, LML, [FETiErfhs]
DRGNS EY A O U 2 & BEZEW I W 72 B 4G
BROMSEINRD LN T WS, 7Y a— VKL OIEE
A BRI RRE ST TH B 720, BIER)
AFMEETEDMKOEM 2 FHT H54F 75 A
ForDIMEEZHIENTE D, FEREREBIC
B LT b 09 S YV S A R T 1B 2 W L~ D s R 5
FEE T A o OEWTHE SN LW REND 5.
i, KT AT OVEGEREY OSRLECEETH B
S AR ORI R S A E S X Rk i =N
PR RTH 5.

PET ICHET AW EH L, oo/ Tcs
BEABREWMPET FEREINTWEI L 2HEZ,
AR hzy =7y PELCHMREEZHEIELD
SEEL, SRE S MRBEEETFE /O ST
LEEDIERIZLBDMWMER Y AT L OEE A
. SMEOFHHO L OE, B PET oMz 3t
MR LT, S E ORI X 5 00 O R HE & W
L7z, T B e 3 o 40 R BRE O J B I3 41 PET st
DOUENEIR DR R BT F—F IR B E L DI,
T SRR A L L COSBOITEHRTE 5.

BTk
EREG, EERUREE AU TEREL 05

WL EOR»S, T alba AHK119 (FERM BP-
10829) A CTHM L7z (Huet al, 2008). HaEi
Luria-Bertani broth (LB) T50C, 2-3 H M2 ¥k

BT

BT o1, DIHEET (est119) A L H RN
K (E. coli-pQE80L-est 11N X7 ¥ ¥ ) ¥ (50ug/
ml) } ¥ isopropyl f-D-1-thiogalactopyranoside
(IPTG) M L7 LB T37C, 12-16hr §# L 7.
ST A MR LR ) = A7 VIdRIER ) = A
F ) & LT poly (caprolactone) (PCL: F¥4-T i
40,000), poly (butylene succinate-co-adipate)
(PBSA: ¥4+ 8 1.0x10%, poly (butylene succi-
nate) (PBS:*F¥4rF & 1.3x10°) & v, 2R =
AFNELTHHEWS Ecoflex® 37 L 7 ¥ — V&
(TPA), 1,4-butylene glycol, adipate } NB/R 8T
WhEWHHEE &, Apexa®4027 ik TPA, ethylene
glycol RUBIR SN TV WES )& F 72, poly(3-
hydroxybutyrate) (PHB) & U poly (lactic acid)
(PLA: 3950 F4ik 1.7x10°) ZfEHI L 7.

SEREY OBIE IR AT IVOSIRERYTH
5 TPARHEMK I a~ 7574 — (HPLC) 124D
WELz, WEITEOLEMETITo72. Bk o<t
757, Y — CCPM-II 8020; detection: Tosoh
UV-8020; columns, Tosoh TSK-GEL2500PW+TSK-
GEL3000PW; eluent, 0.3M NaNO,; flow rate, 1.0
ml/min; pressure, 1.8 Mpi; temperature, 30C;
injection volume, 50 #1. TPAICEESTHIINE — 27
ROWL, HAETCEER, zooflVaTiiL,

T AANRY PIVAH (ESI-TOF-MS) #% micro-TOF
instrument (Bruker Daltronics, Germany) 2 THT

7.

PRBREETFOI/IO-—Z2T 1) 28— ¥ ORAEED
¥ TdHh H GXSXG & T. fusca @ codon usage 757 7
42 —%FFAL L, EDNAZHHME L TPCR %
fio7z (Huet al, 2010). #5i7z DNA WiF i3 /47
BB % & ATV, 22T, 4 DNA % il [REE S ALl
#% self-ligation L C,Z N & $ELIC inverse PCR %
DELTORF #18T, TNhEestil9g& L7, DL
T % inverse PCRICL D E L /. Est1l9 O 53
i3 pBR322, pET23a, pCold I X T* E. coli DHba,
BL21 (DE3) OflA & LETIERIET, E. coli-
pQES8OL-est119 & LT DA, TWHMEM S IZHBE L.
LB OFMT 1T SolGent Co. (Daejeon, Korea) 124K
L7

4 RNA D%, dot-blot hybridization & U RT-PCR
4r RNA ® 8 121% high pure RNA isolation kit

(Roche Diagnostics Japan) # ML, B ohie
RNA {& DNase I (Invitrogen Co.) TRLELF:, fJH L

- 120 —



EURYZF VYT V75 L— bR B Bk 0 53 R SR O I & FIH

72, TOERNAD—HzFAarXxr7L >
(Amersham Hybond™-N+, GE Healthcare Japan
Ltd )i FL,75C, 1hr o CEE/MLZ. 71
— 7L LT3 est119 DIERET T %2 72, RT-PCR
I first strand cDNA synthesis kit (Roche) & H \»,
second strand i¥ KOD plus DNA polymerase
(TOYOBO) 2k W#IEL7. A #7473 bu—
VWELTIEHEBEERT y 7oA L2 v%x, 72, K
V54 73ay ha—)LiZidF/ A DNA 2 EH L7,

BROBERUEBREEITE TEEEIRARIET v
v v (50ug/ml) Z&E LB Z HWT, 37C TH#E
L, 0D, %%0.4-0.5 (ZH]#E L 72, IPTG % 0.1 mM
2AHEITMAT, BT 12hr BB L2, EOTER
L 72 W R 1X 0.9%NaCl T 2 [0l %k & £, % fF K
(20 mM NaH,PO,, 500 mM NaCl } OF 20 mM imi-
dazole % & &, pH 7.4 (ZFREE) THRE L, 85 D mk g
I2& D cell-free extract # 2.72. Z 11 % Ni-Sepharose
6 Fast Flow column (GE Healthcare) #H\T,6X
his-tag ICH T2 HMME s a~ b g7 4 =12 04
B 72, RELEEFRE 50 mM Tris buffer (pH7.0) T
BT AT - T imidazole & [\ 7z, ENEERIZ S 51
Mono Q anion exchange column (GE Healthcare)
2, 0.1-0.5MNaCl OREAR THH L.
5% %5 T SDS-PAGE THUEZfERR L, FHEEHR
ELTHEM L7-. BRGNS p-nitorophenol butyrate
(pNPB) Z#£H & LT 37C TRn &8, 4T 5 p-
nitrophenol (pNP) % £& L7 (Hu et al, 2010). K
VAT VGIREMEZ, 0.1% OFFEAE Y T AT VE
(LEREEHC BT AT — TR CTHE L7,

REFRICD T FE R SRR 1 mg 12 50 mM CaCl, &
%z 4T, 3hr ® incubation #, PD-10 Bi¥E 7 5 &

(GE Healthcare) IC L W HIEL72d D%, HIZ R T W
HANRT PV A =% —7-9000 |2 & D547 L7z, CaCl,
& incubate L TV WHEHERIZOWTH 5T L
72. a ¥ bua—J)v & LTI bovine serum albumin %
L7

BEBROERRVOR I -7 ZERFEFT
Niu 5D F# (2006) I129€ > T MnCLAF1E T @ error-
prone PCR TIEK L7z. 79 4 ~— 121X BamHI

(forward) M OF Sall (reverse) IR A b % &Tr X
INZTHA v L7z, FUBH (5041) & template DNA
(10ug), 1 X rTaq plymerase buffer, 2 mM MgCl,,
2mM dNTP mix, each primer (0.8 pmole), rTaq
polymerase (Toyobo, 2.5U), 2% dimethyl sulfoxide &

2B Ao

" MnCL Z&&. T 100C, 3min MIZLE, PCR
AHMB L. S4&MHE95C, Tmin & 194 27 V.

96C, 80sec #3071 7V, 76C, 1min & 1 %4 2
WV, 75C, 10min 2 1 ¥ A4 27 v& L7z 2677
DNA Wi Fr % fil BREE R ALHL L 72 pQESOL IZ#A L, E.
coli Rosetta-gami B (DE3) ZPHEERIEL/Z. 70—
> (Clones) ®i%120.5% tributylin (TB), 0.001%
Rhodamin B, ampicillin (50 #g/ml) % O° 1 mM IPTG
Tt LB R M (TB %EREHM) T37C, —wsE
%, BAMBRE N TO—F A 2L BiEs o
—VI3E5I260TC, 1hr¥EL, NE—H% 1 XDHEX
Lizborfeatro—r e Lz BRLAZ2E—>
D ERALFF R A R I1X KOD plus mutagenesis kit
(TOYOBO) %Al L7-.

fo R

WRBEEEE SR IR ) I XTIV T 1 VL ER
Y YR (Wl N ) Apexa® 7 1 )V A & B %R
K ORI RO MM 2-8 AR L, W {boAs
N727 4V 2ADEMIC ﬁ%ttﬁ%ﬁ%’ﬁbf:. Nl ()
% Apexa® 7 4 )V AICHAT L CHRREER R LA LD X
D 3THE % # A T 16S rDNA f##T 2 L 7245 £ (Hu et
al., 2010), Bacillus $ixH (¥ 30%) K OTHE (F9
0%) L ES Nz, ZORTROENTHHEREEZ L
O L7z Thermobifida alba AHK119 % LLF O SERIZH
VigE,

aARY I XFTIVDERE Thermobifida alba AHK119
ICEDRIY—HRFORBETL 72— ILEEDER
AHK119 BEASFEMP I REEZ R L T 5 T & 2 R
35720, Apexa®4027 FiT (250 4m) 2N L 72
LB T50C, 2 AMEERL, K1) ~v— #H%/fx%ﬂ%;
FEORFEB LKL (Huet ol 2010). %,
BT A XD 5H OS5 A X#w?h%d&’l‘
W7z (Fig. 1A). F 72, K <~ — D5 H:O’CE)&?‘
% TPA % HPLC Tl L7z, 1Zi# TPA & A U{7 &
W — 27 OWRIFEFEINZOT (Fig. 1B), ¥ — 27
5% B L, ESI-TOF-MS 2L ) TPA &HIE L 7.
INHOENS, AHK119 FRIEAR Y T A 7V 55k
FESWL TS LWL,

T. alba AHK119 BR DD EEEEFEEF (est119) D
JO—Z>7% & Est119 OHEIBEEMR RYZ AT
SIREERIZVN—E T 7 I —D—BTH 5NN
O TE. 22T, WHEHED Y S—E 0 RAFER
5 & T. fusca YX (www.kazusa.or.jp/codon/cgi-bin
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o

/showcoodn.cgi?species = 269800) @ codon usage |2
EOWTTFFA Y LT F4 v —%HTPCR %17
o7z, TOKRE, REMS (GXSXG) Z& T 191bp
DWIREW A HF S NZDT, inverse PCRICL Y &7
J L5 ORF #&% 1.5kb @ DNA Wik % 2 C,

pGEM-T easy vector (Promega) Z¥EA L, E. coli
JM109 2 EEEHR L, au=—0F-HEREZIT-
2. Bk 75 A FEil L, RERS = iR
#%, GENETYX version 8.2.1 CHHFEZEEMRTL D
Tovkry7)—%fTol. BEOMERNT OO
Streptomyces exfoliatus HIRD V) 73—t (1jfr) (Wei
et al., 1988) Ofk & 2 58 & L C, ViewerLite 5.0

A 400
‘ control
treatment
mean
300
E
3 v v
o
N
@ 200
2
°
b
5
a8
100 L ]
0 T *
contro} treatment
400
B ------ Terephthalic Acid
e LB44027
300 —— LB+4027+AHK119

Height (mAU)

-100
Time (min)

Fig.1 Degradation of polymer particle (A) and HPLC
chromatogram of degradation products in the
culture supernatant (B). AHK 119 was cultivated
in LB containing Apexa® 4027 particles. (A) Particl
sizes are shown as an average value of the width
and length of each particle. Filled circles, control;
open circles, cultivated with AHK119; filled
triangles, mean. (B) Dotted line, authentic TPA;
bold line, supernatant of LB medium
supplemented with 0.2% Apexa® 4027 particles
and inoculated with AHK119; dashed line,
supernatant of LB medium supplemented with the
polymer particles but uninoculated.

BT

XY 3DEFY YT EITo7 (Fig. 2). ®KEIIC
903bp O DNA W H# 5 3 7 F VX7 F FHEE 5%
By Yo7 1M M5 % 798 bp & pQESOL @
BamHi }2 (¥ Sall 4 MIZHEAL, E. coli Roseta-
gami B (DE3) # WE#EHE L7z, WIEEKD cell-free
extract & EBEFIETHERAZLHITHEL, 2% Ni-
Sepharose 6 Fast Flow columniZW 7% S8, 1 I5V
—ViEEEY LI CEM L. BRESIENTA 24
V=V E w72, MonoQ anion exchange column
2 S, NaCl DREAE (0.1-05M) THEHL
7. 1M 531 SDS-PAGE TH—% Y87 TH 5 Z
L EFEFE L7z, F 72, Superdex 200 column TH Vg
BEAToT, 5 FEN 30KDa DHEAEKSY 287 TH
B ERER L. o5 TFEIFREERLY ORRE—
T, BEEEIIEE pH 29 6.0, REIEE 50T
THhotz. T, WIEWV pH (6.0-9.0) 23 L TEE
THo7205, 40C LLETHESEIWD L7z, V=¥
7 I —HEOLBEEYE TH 5 pNP acyl esters (X
3 5iEMIE pNP-C, (butyrate) ZBEZEEE L, C,
WHIFIZEBEOEEE R L722%, Cy R Gl §
HIEMIZEFE L KT LA (Table ). FY ATV E
L Tix PBSA, PSA, PCL, Ecoflex® I24f L TIE % R
L7275, PHB KU PLA ICX L ClIFEMEZRE 2005
72, Apexa® (38 Y A A L Wz d T =R Tl
EWEHRETCE o7 L, RYTATIVERK
E/X—0OW, 2mM OFHEER (TPA, 7V Y¥ VIR,

W) KRB LEro2d, 2mM OIS L
YY) A= VROTFL YY) a— VIEHEE 2R
L7zDT, KEZIT Ecoflex® N U° Apexa® (233 %

Fig. 2 The predicted 3D structure of Est119. The amino
acid residues in a catalytic triad are shown in red
in a ribbon diagram.
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ZWARY TF VT V75 b— bR B R O 3 R RESR ORI & FIUH B $ 5 F5%

SRR TH 5 EFHMENIIR SN, D ETY
Y ROBEZEOREEITARERSEIN 2 cutinase
type DEEEZETHHZ L %/RT. Est119 i EDTA T
BAHES, 24fif+ > (Ca, Mg, Mn) TiEHMHALE
N7z, FFIZ CalREDOWEIME & & ITiHEME & T 2 MEA3 0
KL7 (Fig. 3) . E.coli DFIEPN TSI L 72 Estl119
IFCakEHmATVR VA, Estll9 % 50mM @ CaCl,
& incubate L T Ca Z#i& & ¥ 71 PD-10 THIE T
BE, ZUNTWS LY ENVLTH 11D Ca HHEFE
L720T, BH IFEEFOISH A L T cofactor & L
TESEHEEL:. BRED Calddy v 37 EHITHE
SFEELTY s BErmik L, (ﬁfﬁkfﬁﬁﬁﬁ%m
HDTWB RSNz, 150mM @ CafFETF T
Est119 13 50C, 16hr & biEME 2 121 100% #EHE L
Twi-,

Est119 ZEER DER S HEN T E &
DL1DT T AERERA, £9,0007 10— 2% 2
72. TBEREHO NG =D 1RAZ)—=V 7T
H17U—7%%ﬁbt.é%°dkx7U~”V7
A1 0 — v % @R, HIEES) % AT L

f: (Fig. 4) . ZON2 70—V idHEEERL .
Fig. 4 \ZRT LI, ETOEREIBANET I VBO
BUKMET I VEBANOBEBRTH 72, Ehro—rv oz
BT E1 strand B IZEF LTW2, F72, MifEh
P2ra—rvidwind S219P 2 E5A TV, Zh
5 ® cell-free extracts ZFHE LT, HMHZ LB L 724
R, A8V DM R b & <, S219P MR O s
BVt Z R Lz, Ala6s ZBUKMET I B (I V
L) ICERLA-ZEEERZ LK LR, A6V Of
HRRELEL, FERT7I /B Y, W,P) OBEHRT
I L 2 2 o 72, Ser219 % [FAICBKME 7

IUERHFEEHET I JBRICERE L CHBLEE,
S219P DANMENMEZ R L7z, INS ORISR
XS VvV LAERTRZ 70— VUDBRAMNTHo720D
T, A69V/S219P ® 2 EERER R L2 E, B
ATIRESE (W) & L CiFtEs0fEicsin L 72
(Fig. 5). Cell-free extracts # 50C T 30 min ¥ 7z

Table 1 Kinetic parameters of Est119 with different
chain lengths of p-nitrophenyl esters

Substrate Vmax Km(mM) keat(S™) kcat/Km
(umol/min/mg)

PNP-C2 3.97 3.22 2.06 0.64

PNP-C4 8.64 3.41 4.48 1.31

PNP-C6 6.33 237 3.28 1.38

PNP-C8 4.73 1.87 245 1.31

13 60 min iR EEMLIR L CHAEIE /Y~ ¥ % SDS-PAGE
THAR72HER, S219P K U8 A68V/S219P 1 i1 /N &~
RAFRAE L TW7225, WT RO A6SV TIdidEE /v F
XL L Tw/z, AB8V/S219P 1d Ca fFFE F D WT &
WL CH Btz m L7z,

Thermobifida BICH T2 EENE 2> F LEEZFD
FE  Estl19 O LiBEZMIELZ LR, ®
600 bp E¥itiZ 93% D MR % /R § BIZF DD
HaEh., o ZBEMORS] & IR L 72453,
Thermobifida HR DM EFINRZ 5N72DT, Th
Sh bR EER L7 (Fig. 6). Z OFER, est119
& hydrolase 2 7 )V —7I12& DL, b9 —D2DHE
BT & hydrolase 1 7 Vv —TIEWD T, hydrolase
1t L7z T. alba iZ2W Tl hydrolase 1 \Z4H[F 7 &
RFOHEEPAON TV 55 (HQ147784.1), [MH 12
BUIBY Uy TFALRBETFOHRET R . T cellulosy-
litica \IZ b [AMZR ¥ ¥ F L BIZETFOHFEENHE SN T
W5 Z kb, Thermobifida BIZEBIICHFET S
LFEEIND.

T. alba AHK119 IC& 1 % hydrolase 1 KU est119 #
~O> 200 YT ABETFROIZENS OF LR
Bl % AT L 7245 F, hydolase 113 est119 (hydrolase
2) DLEWMICNHNEL, TNFNOERETERIZIZE
inverted repeat BLHIASEEAET 5. F 72, intergenic
region (213 RV — A EGEFIVAEIE L 720 T, WiE
ZF1 ;t,DJUO)yj-/\D VICHET B LRI N, #EIET
DFERERARD /20, LB RUORY v —iF LB T

100

[==d
o

D
o

S
o

- Activity

Relative activity (%)

n
o

-l Thermostability at 50°C for 16 h

o

0 50 100 150 200 250 300 350 400 450 500
Concentration of CaCl,H,0) (mM)

Fig. 3 Effect of CaCl, concentration on activity and

thermostability of Est119. The pNPB hydrolase

activity of Est119 was measured in the absence and

the presence of various concentrations of CaCl,. The

thermostability of Est119 was confirmed after

incubation at 50C for 16 h in the absence and the
presence of various concentrations of CaCl,.
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H1 El E2

JJ5-29 GSAPAQAANPYERGPNPTESMLEARSGPFSVSEERAPREGADGEGGGTIYYPRENNTYGA
s52-12 GSAPAQAANPYERGPNPTESMLEARSGPF SVSEERAPRFGADGEFGGGTIYYPRENNTYGA
S512-70 GSAPAQAANPYERGPNPTESHMLEARSGPEFSVSEERAPREGADGFGGGTIYYPRENNTYGA
JJa-7 GSAPAQAANPYERGPNPTESMLEARSGPESVSERECASREGADGFGEGGTIYYPRENNTYGA
S11-57 GSAPAQAANPYERGPNPTESMLEARSGPFSVSEECASREGADGEGGGTIYYPRENNTYGA
wWT GSAPAQAANPYERGPNPTESMLEARSGPF SVSEERASREGADGFGGGTIYYPRENNTYGA
59-37 GSAPAQAANPYERGPNPTESMLEARSGPFSVSEERASREGADGEFGGGTIYYPRENNTYGA
JJ7-15 GSAPAQAANPYERGPNPTESMLEARSGPEFSVSEERASRESADGFGGGTIYYPRENNTYGA
si2-1 GSAPAQAANPYERGPNPTESHMLEARSGPF SVSEERVSREGADGFGGGTIYYPRENNTYGA
JJI5-16 GSAPAQAANPYERGPNPTVSMLEARSGPFSVSEERASREGADGEFGGGTIYYPRENNTYGA
s54-18 GSAPAQAANPYERGPNPTESMLEARSGPFSVSKERASRFGADGEFGGGTIYYPRENNTYGA

e e e ke e K e K K e R e K U T R e o R R R R % 3 R L Y

E3 H2 Ea4 H3

RSSO
IALISPEY TCTQSS IAWLGERIASHGE VVIAIDINT TLDOPDSRACOLNAALDYMLTDASS
IAISPGYTGTOSS IAWLGERIASHGF VYV IAIDINTTLDOQPDSRARQLNAALDYMLTDASS
IAISPGYTIGIOSS IAWLGERIASHGF VVIAIDINT TLDOPDSHARQLNAALDYMLTDASS
IALSEGY TG TIOSS IAWLGERIASHGF VVIAIDINT TLDOPDSRARQLNAALDYMLTDASS
ITAISPGYTGTOSS IAWLGERIASHGFVVIAIDTNTTLDOPDSRARQLNAALDYMLTDASS
IAISPGYTGTQ IAVLGERIASHGEFVVIAIDTNTITTLDOPDSRARQLNAALDYMLTDASS
IAISPGYTGTOSSIAWLGERIASHGF VVIAIDTI T TLDOPDSRARQLNABLDYMLTDASS
IAISPGYTGIOSSIAWLGERIASHGEVVIAIDTIN T TLOOPDSRARQLNAALDYMLTDASS
IAISPGYTGTOSSIANLGERIASHGE VVIAI DTN T TLOOPDSRARQLNAALDYMLTDASS
IAISPGYTGTQ IAWLGERIASHGFVVIAIDTNTTLDOPDSRARQLNAALDYMLTDARS
IAISPGYTGIQSSIAWLGERIASHGFVVIAIDTNTITLDQFPDSRARQLNAALDYMLTDASS

O e e e e e

4 ES HS5 E6 7
‘e =
JI5-29 AVRNRIDASELAVMGHEMGGGGTLRLASORPDLKAAIPLTPWHLNKSWRDITVETLI IGA
sz-12 AVRNRIDASRLAVMGHESMGGGGTLRLASORFPDLKAAIPLTPWHLNKSWRDITVETLIIGA
512-70 AVRNRIDASBLAVMGHEMGGGGTLRLASORPDLEKAAIPLTPWHLNKSWRDIAVPTLIIGA
JI4a-7 AVRNRIDASRLAVMGHEMGGGGTLRLASQRPDLKAAIPLTPWHLNKSWRDITVPTLIIGA
S11-57 AVRNRIDASRLAVMGHEMGGGGTLRLASQRPDLKAAIFLTEWHLNKSWRDITVRPTLIIGA
WT AVENRIDASRLAVMGHEMGGGGTLRLASOQRPDLKAATIPLITDWHLNKSWRDITVPTLI IGA
59-37 AVENRIDASRLAVMGHEMGGGGTLRELASORPDLEAAIPLTFWHLNKSWRDITVPTLIIGA
JI7-15 AVEANRIDASRLAVMGHEMGGGGTLRELASORPDLEAAIPLTPWHLNKSWRDITVPTLIIGA
s12-1 AVRMRIDASRLAVMGHSMGGEGTLRLASOFPDLKAAIPLTPWHLNKSWRDITVPTLIIGA
JIG—16 AVRNRIDASRLAVMGHSMGGGGALRLASORPDLKAAIPLTPWHLNKSWRDITVETLITIGA
s4-18 AVRNEIDASRLAVMGHBMGGGGALRLASORPDLKAAIPLTPWHLNKSWRDITVETLIIGA
PR G S RS AR A S G S

HG ES H7
JI5-29 EY] ASVTLHSKPFYNSIPSPTDKAYLELDGASHEF APNI TNKT IGMY SVAWLKREVDED
sz-12 EYBIT IASVTILHSKPEYNS I PSP TDKAYLELDGASEEAPNI TNKT IGMY SVAWLKREVDED
s12-70 EYBTIASVILHSKPFYNSIPSPTDKAYLELDGASHFAPNI TNKT IGMY SVAWLKRFVDED
JI4-7 EYBTIASVILHSKPFYNSIPSPIDKAYLELDGASHFr APNI TNKT IGMY SVAWLKREVDED
S11-57 EY@Ir IASVILHSKPFYNSIPSPTDKAYLELDGASHE APNI TNKT IGMY SVAWLKREVDED
WT =Y IASVILHSKPRFYNSIPSFIDHKAYLELDGAS FAPNITNKTIGMY AWLKRFVDED
59-37 EYPTrIASVILESKPFYNSIPSPTIDKAYLELDGASHBFAPNITNKTIC VAWLKRFVDED
FIT-15 EY ASVILHSKFFYNSIPSPIDKAYLELDGASHFAPNITNKT IGMYSVAWLKREVDED
s1z-1 EYBTrIASVILHSKPEYNSIPSPIDKAYLELDGASHBF APNITNKT IGMYSVAWLKRFVDED
TIE—16 EYBTIASVILHSKPFYNSIPSPIDKAYLELDGASHFAPNITNKT IGMYSVAWLKRFVDED
sa-18 EY T IABVTLESKPFYNSI PSP TDKAYLELDGASHEFAPNI TNKTIGMY SVAWLKREVDED
R AR W R K R A R e X K R TR AR K A R KR R
HS E9

TRYTQF LCPGPRTGLLSDVEEYRSTCPFVD
TRYTOF LCPGPRIGLLSDVEEYRSTCPFVD
TRYTQFLCPGPRIGLLSDVEEYRSTCPFVD
TRYTQF LCPGPRIGLLSDVEEYRSICPFVD
TRYTQFLCPGFRTGLLSDVEEYRSTCFEVD
TRYTQFLCPGFRTGLLSDVEEY.
TRYTQFLCPGFRTGLLSDVEEYRSTCEFVD
TRYTQFLCPGPRTGLLSDVEEYRSTCPEVD
TRY TQFLCPGPRTGLLSDVEEBYRSTCPFVD
TRYTQFLCPGPRTGLLSDVEEYRSTCPEVD
TRYTQFLCPGPRTGLLEDVEEYRSTCPFVD

Fig. 4 Topology of the predicted 3D structure of Est119 and alignment of the amino acid sequences of WT and mutant Est119
that showed enhanced activity and thermostability. The catalytic triad (S'**, D*® and H"") is shown in red. Points of
mutation were shown in green. A68V in topology is shown in yellow.

AFSELEAED2S 272 mRNA KR LT, #REh
DEfET % 70— 7 & L T dot-blot hybridization &
" RT-PCR % AT o 724 R, RN R FEHIFMHR S
>. ¥ 72, intergenic region OFMIIAD LN %05
20T, MEEFRECIa Y E LTHRALTVWE
WZ ERRERR L7z, T fusca DEETIXFHFERIZIEH
ThHERESNTAS, T2, T fusca TlE 22008
EZFEA RO Y 2@BRT AL ENTWED (Dresler
et al., 2006; Sinsereekul et al., 2010), RILIIAHT

Hb. KREZXT alba DY ¥ F LABIETFOF T~
R L EEZMOTHLPIZLZDDTH S,

T. alba AHK119 #Z3EIZL 5 aKRK U T R 7 IV DO
FESEE  Apexa®4027 i (faHh) |12 AHK119 OR
& A L CHEIRR CPEIRER 50T) 12 L T,
REMICE L E Az, BEEOLOTIE, 77 HiED
FARDEALIZRRD SN h o728, BHE L2563 3
T ATHLPIBRPKE SR Twz (Fig. 7).
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Fig. 5 Comparison of activities of purified WT and mutant Est119. Maximum activity is shown as 100%.

| o Hydrolase 2 (7. fusca YX) (YP_288943 1)

Hydrolase 2 (T. cellufosilyticd (HQ147786.1)

Est119
(AB445478.1)

Hydrolase 2 (7. fusca DSM 43797) (CAH17554.1)

Hydrolase 1 (T. cellulosilytica (HQ 147785.1)

Hydrolase 1 (7. alba) (HQ147784.1)
Hydrolase 1 (T, fusca YX) (YP_288944 1}

acetylxylan esterase (7. fusca NTU22) (HM193859.1)

Hydrolase (7. fusca KW3) (FR727681.1)

.‘-Iydmiase 1 (7. fusca) (HQ147787.1)

VBl Hydrolase (7. fusca KW3) (FR727680.1)

* = Hydrolase 1 (7. fusca DSM 43787) (CAH17553.1) and Hydrolase 1 (Thermobifida sp. BCC231686) (Sinsereekul ef al., 2010)

Fig. 6 Phylogenic relationship of Est119 with hydrolases from Thermobifida species.

PET #fETIZ, HOAEIZEDL ST, BIRE(IZ4L
oz, )

E A

T. fusca, T. alba % O T.cellulosylitica CT[&] UJIHE T
hydrolase1 & 2 % 2 — F§ 2 #{ZFAF CNHF T ¥
VFELFIET A LIZIN S DEEFAE Y bEL
THALEED U ENSL. IS DBRET DM
P2 CT90% U LTH Y, 7D hydrolasel &
2OMTH 90% U EOMEMEZRT I L, BBl
BETARLY  ANTEHIE-SN, 1ky M &
LCHoMIE L2 E2HEHNSEEI0TH 5.
LA2LeAs, TNFROEETIEINE TH-LIR
HRl, BEIFEF VY TFAZHATYS E ) HEH
TRULFRT Y EENTWR, Hot~roy (H—
BIETF) THAEZEEZHLMNI LA, 72, BHREIEX

VI AT VICE D FENICERT 2L MEIN TS
25, T. alba TIEWRW 2B TH 5 LRI,
1ty bOBETOEREET T O E— ¥ —FHEHIE
RL72E0)TEREZLNDD, FHEIZ2o207 0
E—F—NERFTLLEEZLLINLERTHEICED
LSO T7 7 7% =3 T. alba TEXE TRV
O, 22O0@EFELITHRMICHEBRL2EEZLDL)
NEEEEZ SND. 2O00BETFIZE) T AT V5
fEBESR & L CHNMIC AHK119 O 3Rk % H o Tw
beEZBND.

Est119 (X pNP acyl esters (233 % #E 2= 3D
ETNVEE R E L, B Z% cutinase type @
depolymerase & #Eam DT HIL 5. BERIEIEIZ AR
TRHESN 2D 57275, Apexa® N U Ecoflx® D i 45
THLIF LYY A—VREITFZY 7Y IT— LT
FNENFEFIICHESI N, K v -5 HERE
b EHE T, Ecoflx® X Apexa® D L ) 2 IR LA
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Fig. 7 Degradation of polyester fiber in compost.

A, before burial test; B, without inoculum; C, with inoculum of strain AHK119.

FIVIHRBETH 5 EEmOT 6N L. BERIEC
AT B 2 ICREAE <, SRS s T8O
BAEAIE D IR 2 R EIRL, BESHNILD 0
WCHEETH L. mEE LIFE L, 5 TFHOBREE
M3 20T, FHRICEIHEEERILETH 5.
Est119 (& EDTA TRIGASHHE SN, F72 211 4+ ~
(Ca, Mg, Mn) THEMEIMEME X N5 DL Thermobifida
cutinase TIXZMO THOHETH 5. HME, WML D
12 CalEEnRine & IR LA, MFIZMEI
ML TWwbeEZOLNE. FEHE Est119% Ca &t
FTC—KRER, PD-10 7 5 A CTHRIEL, ¥ V87
SEBEFRICATTHEY V8B EEELD Ca S
Mt &Nz, 2o Lid Cady v 87 HITHEN K
ALTVWAIEEHESELDT, EHHEFOLICHRS
THELTCHEAETREEZOND., FHBED Calds
YR RMATL2OBTHIHBAELT (BRELE
KT 22 LIFHENFB L 2RT) BERLL ST~
N BERET L EABICEEERELL Tn b L
EIND.COMOMERDOIGEHARA & THEMEIZET 5]
BRIBMETHLOT, TV LAERTERBR K
L7, #9,00007 0 —rHh5EZMicilzao—r%
A CCHRES % AT L7 R, & ToLRBERIETH
HKET I VB LBUKET IV BANOBERERLZO
T, BUKEOBALS Z OFEOBEHRICE > TIZEE L ZE
25oN5b. BIZEL strand EFOERZOT I BEEB
KT I BRIZE RS 5 &L ELY] O hydropathy 2%
BN L, antiparallel IZfF7E9 % E2 strand & DA
VERDHL %Y, & Y87 B0 TG s mEC 2 5
CHESEEN, BUKMET I BRI TIE AGSV AR D E
WIEEEZ R L720T, FHRMICIET V5 LAERIPINA
NCHot il WEEEZENLAZ270—- 21

S219P & E65K/T175A/S219P T& - 7245, S219P @
T EMEICEN TV 20T, S219P 25T B LZEH &
Mmoo ohzz, ZOMULIIOVWTLIFHFERT I/
B, BUKMET I/ BAOBEREZ CEFENERTE
B L 72A, FERIICIE PACERR L 72K 720 12 2 b A%
Bobhiz. TNICELTIBEEOMEZR 70 0
BATEATBMOBELBWEICL, WEAEZENIE
22 EDMEEIN TS (Tian et al., 2010; Vieille &
Zeikus, 2001). %F1Z surface loops, B-turns, N-cap of
a-helixes~DE X ZEFZ & SN TS (Sakaguchi et
al., 2007; Suzuki et al., 1991; Zhou et al., 2010).
S219P & surface loop ~DEAIZFE U T 5. al/f-
hydrolases \Zx9 5 70V VEAIZ L A MFZLESE NI
PEHEIN TRV, I T7HEEOBUKMEAEEH O
EERENV— T FRCEETOED) ~oTu) r o8
AT a/p-hydrolases DEFRTFE & LCTHAZ—BHNIZ
BB E Lz,

RV T AT IVEREY O 5 TRUEOIE BV % iR
572, 2V PET #i# 1 AHK119 % %47 L CHEMRIC
HEE LR, BEEOL 0L B L ToEERI R
DWRD LN XS ICEZOWAER OIS EEZ =D 5
CLIEEMEDO7ZOICLETH B, FRICERILE
OBREFTMELZR) ZATVERHETE B, 0
TeDICERBRE WPIERT 20K E T Tl kIl
BRI o> TCwA. T alba AHK119 i3 ZDHE I 7%
BEHTHELEZLNS.

=

He A0 v o it B PE SRR ISR (B 70%) &
Bacillus $%H (8130%) \CKH &N, T fusca H
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KOG EIZRESINTYDLED, T alba 1ZHT 5
WEIFEhhor. KU TIE T alba ® #ET %
B 5 & & 512, Thermobifida Tix FN-FIL 90%
PLEDAFE: % A 3 % cutinase type DB =T 28
% 5 52 hydrolase 1 B U2 ONHIZE A THAET B
ZEEHSNMILZ. SO ERBEREFSESD
Y—&h, &y MI% o TE L Thermobifida (2554
L7z e %RY. CNETY P FALLBVLRENS 2
DOBERFAIANT BT 5 L ENTW/d, H
HEEH & RT-PCRIZE D, MotRoyTHisT Lk
B oAc L7z, Estll9 it Ca 28R THEEHETH
D, CaOFETCHEAETHLIEEHSICL
oo Fi, SUFAEREHMUEBEENEROE R
3D RER Y —EFNHENSFELEL, El strand ~
DBUREET 2 BOLAMELEHO, WHEd0x B
LN —T7 D S219P BRDPTHAMICIIEETH S 2
EZWHPIT L. ZOREDS I THEED beta-
sheets HIOBUKEEA EAEH 20 5 2 135 ¥ /37
WERBECL, V—TF~07aY rO#E ATV — THE
WELEEAAL T EZED TS LRI &
MAYIZIE B 7z AG8V/S219P A MEEH X 60T FTO
fifdt 2R L7, AHK119 Tl 2 D Ol &7 F 5 —
EAMMIZ R Z S L T a LR L7, fib
77, AHK119 #7% 8L L 72K Y T 2 7 Vsl 1 3 i v
T (CFSIRE 50C D L) CHEE L 5 ER B 2 R
L7.
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Microbial degradation process for novel nano- and hybrid-fiber
derived from biomass
Makoto Shimosaka

Bioscience and Biotechnology Course, Division of Applied Biology,
Faculty of Textile Science and Technology, Shinshu University
3-15-1 Tokida, Ueda-shi, Nagano 386-8567, Japan

Nano-sized whiskers prepared from cellulose and chitin were used as a carbon source in enrichment
culture to analyze constituent species in a constructed microbial community. PCR-denaturing gradient
gel electrophoresis (DGGE) targeting the 16S rDNAs using total DNAs prepared from the community
revealed that band patterns were significantly different between nano-sized whiskers and crystalline
particles for both cellulose and chitin. Nano-sized whiskers are likely to be a promising material for
isolating novel microbial species capable of degrading cellulose and chitin. PCR-DGGE analysis also
revealed that bacterial cells adsorbed on the surface of flakes of chitin placed in a river, a moat, or soil
differed extensively among the three environments. Most of the bacteria are likely to be unidentified
species, which might be unculturable as judged from low similarities (less than 98.0%) when their 16S
rDNA sequences were compared with those of known bacterial species. A bacterial strain capable of
degrading chitin was isolated from the surface of flakes of chitin placed in moat water. The strain SAY3
was gram-negative, curved rod-shaped, facultatively anaerobic, and motile with a single polar flagellum.
Since the strain was clearly distinct from closely related genera belonging to the family Neisseriaceae in
phenotypic and chemotaxonomic characteristics, the name Chitiniphilus shinanonensis gen. nov., sp.
nov. has been proposed. To elucidate a chitinolytic system of the strain SAY3, fifteen genes (chiA-chiO)
coding for putative chitin-degrading enzymes were isolated from the genomic library. Sequence analysis
revealed that they are composed of twelve family 18 chitinases, one family 19 chitinase, one family 20
[ -N-acetylglucosaminidase, and one polypeptide with a chitin-binding domain but devoid of a catalytic
domain. A colloidal suspension composed of nano-sized whiskers of chitin, plasmid pUC18 DNA, and
cells of Escherichia coli was treated physically by sliding a polystyrene streak bar over the LB agar
medium containing ampicillin. The antibiotic-resistant colonies appeared by the acquisition of plasmid
DNA by E. coli cells. Under optimum conditions, the transformation frequency reached 2.1 x 10°
colonies/ug of pUC18 DNA.

Key words: cellulose, chitin, nano-sized whisker, Chitiniphilus, genetic transformation
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L7250 8N7. ITRHRARB LA O EZITHM
WHOT 10um BETH L. HE, &57%5BMOB%
HMEZ RO TRISE S N2 ERHARTE (electrospinning)
2&oT, RYZAFURRY I LY Ve EOERE
BFPSF I T 7 AN—DERPMEEE 2o TV 5.
F T AN—DEZEIZ1I00nm DF—=F—ThVY,
WEROBHMNC R THNEED 2 ) OREREIEE L
WRYTL, TORE BEBBECTHL I LITME
T, WS, R, 74V RO RE VST
F YA RSB BEND 720, IBIACEESTOREE
B LTEBRED TS (KE - £/, 2003; 11
T,2007) .

F )T AN—IE, BT —RAREFF U R EDRKR
SHED S LEHRTRETH . LV —ABLOFF
F 2T AN—=E, 1) BAETREANAS AT ZAHET
HHIL, 2) BHREIOEKABEECTCHLIL, 3)
NI FUNRIBEREDL ) RMOEMENL T v
ML S TH B2 H -5 2L T&H T L,
4) ESMBETHLIE, BEBELTRITLILNR
TEL. JBIC, ESBECOWTIE, BEF/ 774
NG L ENGEICZEITRESMETHLLE
25, WMEMBEOENL-2umTH B0 LT, ¥k
DWMAMEOERIT 10um, 7/ 7 74 NN—DEEI
100nm O —%—THh H, MEAEE DX %
A ZOMRIEHEOE CTHEZT 5. fEk, ru—2
R EFVORBBEMSE (EE20~50um) & HWT
SREGDRMENA 7 ) —= v rsh, SREBERRE
DBETICOVWTEL DERPERESINTEL. Th
SOSHMMEE, ;Y4 MbE kv — 2 F
F K L CREBERBEEFE L L) 2OMEE 2R
TOTHAH 0. TNHMENTF A4 ALE ik
BB LgE, B0 MER2FETI0LE
BRBOAEL LD, &5 \VIIEREERERHE
B EHICENGZECHPELLZOATHAI . Th
5O, [k, ;U EMPLOL bNABENE
RFCHH s B0 A S REoRESR, #at LT
PREEHHETEAMANEZFMT 220 EETD
5. Afgeo o0 HIE, ZOME~NDOT 1 —
FELT, /A Iz rve—ABL0FF
NT BMEM DO REE e RET LI LIZHS.

AT, F /7 A AREF L D BEFICHNS S
JREREN O —ABLIOFF VEEFMEL LTH
72 (Fig. 1) . 7/ %5 fld nano-sized whisker & b I
i, eve—2, FF U ERER TR BITIIK S
THEIEIZIoTHESNIIROMMERTHE.
JAEROFEF 10nm BTHY, FFIFuT 4TI
(microfibril) O K SICHYT 5. F72, BEXiE

4

i

200nm BETH Y, HEPIC-EOHETHEET S
R EEB IR REZ T 725D EHESINS.
AT, F/REREVO—ABLTFF U 2R
FFRE LT, FEBEHROMEY ZHBERLE L%
TRV, B SN 0 E R 2 55T L
BEOEEEMHELZAVGELOERZ KL
7o, FORER, O/ RERIEE R A E AR
ENALZEIZDOWTHET S, T2, HREERTE
BRICFF > O RFHICIZZ 5 B BICIERRED
HREBEMBES LW L2 RTEEDIT, ZOFND
SEECRI L2 BRI % T MR IO W
THRMNT 5. BB, F/7#mFF VS HEMRIC L
FTERBREFAL, RBREIOHT 5 8E2BER
Wk B L0 THECHRET 5.

EETT %

tO-XELTFFOORE MLErE—2R
i, R rv O —2ABEK (AVIHE, 2TT7 E
35um) MBI E Y =y PKIET CHES BT 5
WALEBE A ¥ —N— 2 b (AF )<y A48 2 H
WCHRBE L7z, 5% I8EW % MFEMEL L L, 200 MPa,
16 pass DB LEMT, A VTV F4um DA T ) —
WvMEe v o — 2 IBE R A7z, muMetra—2
DAVT AL, L=V BT A ) 2
B GREE/ERTE LA-910W) ZHWTRD 7.

F KR VT — 203, BRI LAt THiHI SR
va—2 (J7y b= Y8 CF11) »5FE L7 (Araki
et al., 2001). L TO— 2K 10g % 95C I2hnzk L 7=
100ml @ 2.5 N R 2, RBIEE R ZH ) AT T
155 A% =5 —CHRELE. #TH, 77F—u—
M ETA F U ZHREHCTAELIFMICR S T TH
WL, 74005 = —=F%EIL, 200ml DK
S L7, Waring B 7L v ¥ — (HARBEHEAS

Fig.1 Transmission electron micrographs of nano-sized
whiskers.

Nano-sized whiskers were prepared from cellulose
(A) and chitin (B) by chemical hydrolysis.
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A FTACHERTBHHRF /- AT v BT 7 48— kT B B Y5 B o

tt STK-9323) T405- it L7z, Roh/izA 51 —
4Bk (1600g, 5min) L, LW /5
rELBREE AR L7z, RBIEE A 4+ vk
SRS TRLAEEL, FARICT ) RERBER AR
ELUMEIN L 72, wBICEN L - BB % 1 4 > 5k
TENL, /Rl — 2 BBiREEs. F /K
mE T Eh ZBREERREF TV (FATATAY)
225 #E L7 (Revol & Marchessault, 1993). R+
F v 5g% 3N 100mlIZMATAY—5—TH
—IZRE L, LEBICRIEE S 2 LY fH1F T 100C @
T4+ — % —NZAT 3RHME L7z, 100ml DZEFKE
Mz CEIRETHE L&, & O00LHE (1,600 rpm
S5AEDICE D FF ik BE BILL 2.2 ORI E Y
BOHEZRKEZMATHRB LDD, BERLT LIBME
EEEO RE IO A NIROEAM L EH RO 2
BT A2 FETHRYERE LT /2. T, EWRE
MIZBEL, 204 FMROBHOAZEILL 72, Eo
7oL B ER S T A KITIRE L g, 34 FRRo
WEAHZ BT B8 EE DR L. BILzaa4 F
WAHZ O E T EDICLTHEEKISHLTENL, 7/
W VBB RS, B SRR —E
B%70C C12M Mg s, RELAERZHET
HZEICEY, FIEREILVO—ZABIUOFF O
BrElLiz, i, F/BROY A XL, EEME
FEEMMEE (JEOL JEM-2100EX) % HW7-EZIC X D
B L7z,

tIO—-XERFFEETIEEEE HRero—
A, BMbErva—2, F KRBV T— 2 FRER
T HEREREETIE, A & LT Serensen ¥
W, EXEHEME LTCYECELZH W (LRI
A, 2001). BEEFLE30mMI DT A7 a/)N{ 7%
Awv, o —2% 1% &L 10ml 2 Ah7:.
FREZOESIIVY I V2 LTE+0OT T, BEE
EOBEITE T TV T 2% LG HRT 1 5
FEBETVHEM - THOBEZBRWREE LTh
5, FNEFNA—=T 7 L—=TRE L. EHEOBMEY
BHEZBEELZ0L, 30C /213 50T THERE
o7z, R, RV THOEREIIBVWTDH, 1.8
ML ICEEENL TURER THEDZHIEL, 1
r A EITEEW 1ml % FA KO EEREH 10ml 12
B LHUOEEZHEE L. BAEBICBITAHES
X ORI IR T ¥ v N — N TITF o 72, BEHipI
BAETHE Ve —A&E7 =/ — VEiEEDE (Hodge &
Hofreiter, 1962) 12X ) & L 7.

XFUERFRRETHIEREE S U/REALUBE
FF U RFRE T HERBREEICIE MO AR E
W, Y akxrEMNFL=ZMT7 5 23 T25-30C TR
EIREEEITo 7. MR EAT O BRI, BEER R AT
B 1/50 R L 7.

T, AIK, BARAOXFFUBE5ER  TE~D
FF UGS EBRORBRIZ, EINKEMAEFTRN S L
WOBBEAIIZ, 1m0 2B (FF7 5K

EH5X) Z2HELZ. FFUyHE5XICE, FF>
3kg (HBIZHWTA2EEITI%HMY) % 30cm DFE
SFEFTILKRBERAR . FFYIET FVALE 94%
D7Vv—rROLD G777 A8 Rz +
WOy 7Y v, Ml (1~2@EIE) ok
ERITh725 TTo 72, FRBX el IUIE O 5
A 30cm DERSFTTHEZEYHEL, 2hbH e
FECTICRALIEYORP AR EDOKRES R T % B
D B2 DNA FREUC H V72, T-HIGik, &
HIIRK, i E 2B oBEoznznie, 7
L= REF U 5g2HALLFA TV EAY M2
EL, EHMCERLMFoORELBIZ L. /2,

KEAKTE B, FFUERIIBINELTVS
WY H 5 DNA ZFEL 72,

16S rDNA (2349 % PCR-DGGE #4f  ¥#&iih o
BAED 5 D4 DNA Hi ZEAL R Y DV 2 v 5 BER
W& VATo72 (Zhuetal, 1993). T/, HiERB L
7L = FFEMIMELLBMED» S DL
DNA #fiHi1% ISOIL for Beads Beating (= v K ¥ ¥
— )2 & V4Fo 7. 16S rDNA @ PCR HIEIZ i,
V8 il x & & 9 ICEFEN L7 357Fw (5'-CCTACGG
GAGGCAGCAG-3") & 517Rv (5'-ATTACCGCGGC
TGCTGG-3) DA ) TX 7 LFF K, »5\id Ve,
V7, V8 WM &t & 9 ITEET L7z 968Fw (5-AA
CGCGAAGAACCTTAC-3") & 1401Rv (5'- CGGTG
TGTACAAGGCCC -3) »4 1) TX 27 L 4+F F% PCR
754 <=t LTHW. DGGE THHd 512134
YIX T LAF R 357Fw & 968Fw O 5' Kifi 1240
#Eo%bGC T YT EMMLAE. PCRITEHDOK
ISR E 0.01% O 4IMET V7 3~ (BSA)
(Takara, 7 FHEWFEERH) 2z, A7y 71
96C, 44, HVWTATY72:96TC, 14, AFv
73:58C, 147, A7 v 74:72C, 10»hbk5b
—HDAT v TR A 7V, BRBEICAT v T5:
72C, 45507075 L&MW, DGGE 121 DCode
VATA (N4 F Ty FITRT MY —=X) B,
0.5XTAE (pH 8.3) H, 6% KU T2V LVT I/
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20% EMHRN-12% K1) 7 27 ) IVT I K. 60% EHHFI O
AN EHWT60C 12T 50V T304, #HWwT 150V
T oM ERE L. EHEAIRE 100% 13 TM RE,
40% WA F LRV 27 I FICHYST 5. kEEo s
JV1Z SYBR Green I F 721% Gelstar Nucleic Acid
Stain (Takara) (2 & D Zefa L, UV B4 T DNA
NV RERBIB L.

DNA EERIIFEE EHREMER PCREHDO I 1
— = ¥ 7 2i, Mighty TA-cloning Kit (¥ # 5 /34
F) #Hwv, pMD20-TRZ7 ¥ =& 547 —3 g3
¥7-Db E. coli IM109 ICTEEfRHE L2, 5 ¥ 5 Al
BAVPEEER A IO = — (I LC2=nN—=H VT T
4 <—M4 & RVEHW/IZTO=—PCR ZIT\V, T
A A4 XD DNA WEIERT AR C& b 70— v & #
] L7, FlexiPrep Kit (GE NV AT TH A 22 X)
EFHVWCHBLAT7S5AIFNDNARZ I F—
FSUHDOT U NAT LIy 7 RET = IVT L — M
M —ERIZt L7z, DGGE Vo x>y FE DL
7 DNA W o B ERY 2 923 5 BI21E, &M
GCr v TaFlrnwTIf~v—1y MLV FHE
PCR %17 o 7. B O N 7-HIE DNAB R 288012 L
T, BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) #HWT¥—27 2V ARIE%E
f7\vy, ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems) |2 & o CHERIIZJE Lz, REL
e L ECH O M FE MR 1L BLAST (http:/ www. ddbj.
nig.ac.jp/search/blast-j.html) 12X D 17wy, Z 61T,
GENETYX-MAC Network Version 14.0.11 (€47 4
7 2)ERCCTHERNOT 54 A b ERIER L.

A OREHER 7oA, 740N —G [=
v 24 (HKEHE) 2 Fvy, eSS BX50F4

(A vy 2) ZHWCERBEZIT>72. 16S
rRNA #En T OWEEESN T 7 14 X~ FIZIE Clustal X2
R, R[FEMERICIE, PHYLIP (PHYLogeny
Inference Package) @ Neighbor program % HJ 7z

(Thompson et al., 1997) . £ - AfLFEHEIZDO W
Tid, BRGSOV TIE API ZYM (bioMerieux)
%, RFFEOEAREMAIZ O W TIE API20NE, API
50CH (bioMerieux) HWT{To72. #F & —F
EHEICDWTIE, 1%tetramethyl-p-phenylenedi-
amine DELOF W THA L 72, MlIZE 208N
BHEIEIF A7 T 742K DHAELL

(Sasser, 1990). %"/ & DNA @ GC &#®1%, Yamasa
GC kit (Yamasa Shoyu) # W TH 7V 28 L
HPLC (2 X b 3 L7z (Mesbah et al., 1989). #iuM

B

¥ 0N, BRERE LIRS 7 ma R A
Ay =NV (2:1,v/v) ZBHWTA YT LA FF
JrERHEL, BEru~r5 74 —CRERE (B
BVARE  n-~"FH 2, VIFL—FURE (8515,
viv)), IR RE T CRAAR Y FERB L. M
RN X/ vig7k b2 HWTHE L, Nacarai
ODS 5C18 columns (4.6xX50mm) % H\»72 HPLC
(Shimadzu LC-10A) 2 & o TH#T L7z, MilaoZE
WIE T HEMSGE ORI T () BAREFICREL .

T L4 T —DEREXF O DREERERTD
K3 Chitiniphilus shinanonensis SAY3 ¥l g 7
504 LFEIE, Nexttec™ Genomic DNA Isolation
kit for Bacteria (Nexttec) &\ TATo72. FWEL
7247 7 - DNA SIS EEBEEIC L D, DNA OFY
H4 X% 40kbp BEZ THHILLIA 75 —DH
FILHW. T894 75 — ORI, fosmid N
2 % — pCC1FOS % Al \» T CopyControlTM Fosmid
Library Production Kit (EPICENTRE BIOTECH-
NOLOGY) WZiFEft &7z~ =a 7 WIZL72h55 THT
ol I ATAT T —wEET HKEE EPI 300
roruo—vaedF vaoRiE il e KA 4-
metylumbelliferyl (4MU)-N-acetyl-p-glucosamine
(GleNAc) (8 mM) B & OF 4MU-(GleNAc), (1 mM)
ek L7 M9 AR (36ugml 70T AT 2=
—VER) \BA L, 37C CTREEE L. RIEE
HTFcau=—FHRIlFao®NTHET LHF T oM
BEREH 7 u— v E2ER L 10EOREES 0— > h
5 QIAGEN Large-Construct Kit (QIAGEN) % Fi\v»
CHLHE 2 fosmid DNA Z## L7z, €D DNAREW
Z /Ly — 2 =~ % — Genome Sequence FLX (X
YaFATT AT 47 AL, 4 v — 0
HENZRELL (FHITNAFZEY—ER). &k
E LB S 5 F VoM R R R T 2 R
45728, BLAST (http : //www. ddbj. nig. ac. jp/
search/blast-j.html), ORF finder (http:/ www. ncbi.
nlm.nih.gov/projects/gorf/) % i\ 7z, ¥ 7 FIVEH D
HEE 2L SignalP (http: //www .cbs. dtu. dk/ services
/ SignalP/) %, WEMAKGEREZDO T 7 3 ) —REIL
1Z pfam (http:/pfam.sanger.ac.uk/) B X U cazy
(http://www.ca zy.org/) x H\w7-.

F/RERTRVEABRAOHRESGRE LB
W AT, KEBRE JM109 #£% 30T 12 T18FfHR &
IR LIz, BEWOEE (0D, #53.0, #EED
6.0x10%ml & 72 o 72 BB OB FR & LU ORI
HL7Z., F/#EFF &7 A3 KNpUCIS DNA %
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A FTAZHERT BHHT /) - ATy R7 7 4 N— 1285 BMEYS

ENFNEESD 5ng/ml, 20ng/ml & 7% 5 X5 IZEE
L 72 BB 50u] IC K B2 500l 22 T, LB
FERRH (BRIBE 25%, 7 ¥ ¥ 100ug/ml
EH) FIZWETF L. #\T, Gene injector (71 &
) ZHOTRYAFL VBRI MY — 7 N —

(Sarstedt, Germany) # ZE R HIHEM S, X MY
— I N—QEEP % 40g IR D, EREHTL— b
% 90rpm, 6OMH I EB S LI LIZL ) FTXD
BB T 5 272, F0%, ERE®BTL - %
37C, 15-18HF[I A4 v F a2 x—FL, BEENT ¥
Yoy UiftEae=—#E2EH0 L7, BEERERE
pUC18DNA 1ug J7-hFEohzau=—$L LK
WLz

S

WM O—-X E BV EREEES Ty MK
TCHEERERErE—2 (PC EMEFE, X VT V%
35um) = EZEmi L T2kt o — 2 (MC &
WS, X VT U 4um) ® HREFEE LTHY, o
TiJH (Sorensen &S Hh & YEC Se#8Es4), B3gR
B (30T & 50C), &AM (WFR4EMLBRsn) Ot
Qi) DHMATORERELM CEBMEEELZMBL:. #
AW OFRERIL, B KRR, KH L, EA
SERF v THERRIG L, BT IR, IEF R
BV b, TG, MR - KRS 1
ERL L THEOREN S1572.
1 AZ oIt Ve — 20 REY EE

MC & PC OB THWADRED b N o 2Rl X

(A)
pC MC

WC

(B)

A 0D 7 B

eIk L7z, &fe LT, BMiE LRSI H
—THIRABXEZIHETALE, PCLOIEDNE L
MC T& ) AP RSN L@ D72 (F—%
RET) . HEC,r AEOHEET, WINhDRE
FETEN T — R DFED b NEERD S X 7238
XIZDTos5:80) Thsb.

BEAER % B K IF KRR & L7z YEC 554, 1R

¥FE, 30T & 50T

PR 2 E T I MR L L7 YEC 854, IFSEE,

30T & 50T

AR & A O I HERD & L 72 Sorensen 32Hb, IFAREE

#, 50T
TR, 6 7 HHOMMRIZB T, v o— 2545
BIFREMToRBO SN T2, B s REBX S
D 4 RERXIZBWT MC O EEENPC LY bEL
Tw7z, LaL, [H#EEY 4TI E Lz YEC 5
i, HFEREEE, 30T RERIX] Tk, PC o4 f@EEH
MC &) db#ED-7 (F=FRET). 0I5, &
MC 55 R EE DS 2> o 72 [ BRI % B KO B ik s 172
& L7 YEC B4, 5852, 50T ilBaX ] iconwT
PR BT 24T 072, B, THEE PC & MC TR
B S N7 AEWEE % 22N YPC50, YMC50 & i
L.

WAL VIMHBLZDNAZT Y 7L —MICH
W, 16S rDNA @ V3 £ % & & PCR #iF
DNA [+ & DGGE #8278 L7z (Fig. 2A). ¥;#%
3rHBETIENY Y =0 OB KRE D5 72
W, A AHEBED DNV FPRBOLNDE L)%
DRFEDPREEL T B E SNz, WM EIC

(€

005123456MO005123456

012345M2901

L & 1
=) n o
T T

Remaining cellulose (g/1)

o
n
T

I ! !
0 1 2 3 4 5
Culture period (month)

Fig. 2 Analysis of microbial community in enrichment culture using various cellulose as a carbon source.
PCR-amplified 16S rDNAs using total DNAs prepared from each successive culture were analyzed by DGGE for the
enrichment culture containing a combination of PC and MC (A) or WC and NC (B). The culture condition was aerobic
in YEC medium at 50C, and the source of inoculum was mud of water reservoir. Numerals denote culture period
(month). M: DGGE marker I (Wako Junyaku). (C) The amount of remaining cellulose after each successive culture in
the enrichment culture containing WC and NC (corresponding to the DGGE pattern of B). The initial amount of
cellulose in the medium was 2.0 g/l. The remaining cellulose in the culture with WC (closed circle) and NC (open

circle).
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Table 1 Sequence analysis of the cloned 16S rDNAs amplified from the microbial community in enrichment culture with
powdered cellulose (PC) or micro crystalline cellulose (MC)

Bacterial species with the highest 16S rDNA sequence similarity

Appearance
OTU frequency Taxon Accession no. % Similarity
PC1 12/89 Chelatococcus daeguensis EU822295 99-100
PC2 9/89 Aneurinibacillus thermoaerophilus GU137302 98-100
PC3 9/89 Bacteriovorax sp. EU443967 93-95
PC4 7/89 Alkaliphilus crotonoxidans AF467248 97-99
PCS 7/89 Bacillus thermocloacae 726939 99-100
PC6 4/89 Paenibacillus polymyxa EU982481 92-93
PC7 4/89 Paenibacillus campinasensis EU169230 95-97
PC8 4/89 Hyphomicrobium hollandicum Y14303 97-99
PC9 4/89 Baccili bacterium AB362269 86
PC10 3/89 Symbiobacterium thermophilum AP006840 100
PCI11 3/89 Clostridium thermosuccinogenes Y18180 100
PC12 3/89 Tepidimicrobium ferriphilum GQ461826 97-100
PC13 3/89 Myxococcales bacterium AB245340 97-98
PC14 2/89 Thermobacillus xylanilyticus AJ005795 96-97
PC15 2/89 Bacillus farraginis AY443035 99
PC16 1/89 Desulfotomaculum sp. AY340811 96
PC17 1/89 Paenibacillus alvei GU186841 93
PC18 1/89 Paenibacillus xylanilyticus EU249590 90
PC19 1/89 Brevibacillus thermoruber GU137300 100
PC20 1/89 Clostridium caenicola AB221372 98
PC21 1/89 Bacillus circulans Y13065 99
PC22 1/89 Bacillus sp. AB375754 100
PC23 1/89 Azonexus fungiphilus AJ630292 99
PC24 1/89 Proteiniborus ethanoligenes EF116488 98
PC25 1/89 Sphaerobacter thermophilus CP001824 98
PC26 1/89 Rhodopseudomonas palustris X87279 95
PC27 1/89 Moorella perchloratireducens EF060194 92
PC28 1/89 Thermoanaerobacter sp. AB062280 91
MC1 26/84 Lachnospiraceae bacterium DQ789118 97-98
MC2 10/84 Clostridia bacterium GU136561 93-94
MC3 9/84 Symbiobacterium sp. AB361629 99-100
MC4 8/84 Chelatococcus daeguensis EU822295 98-100
MC5 8/84 Unidentified eubacterium AJ229225 92
MC6 5/84 Symbiobacterium thermophilum AP006840 98-100
MC7 5/84 Desulfotomaculum reducens CP000612 96
MC8 4/84 Clostridium themosuccinogenes Y18180 100
MC9 2/84 Paenibacillus terrigena GQ284528 96
MC10 1/84 Aneurinibacillus thermoaerophilus GU137302 100
MCl11 1/84 Alkaliphilus crotonoxidans AF467248 99
MC12 1/84 Desulfotomaculum sp. AY340811 96
MC13 1/84 Paenibacillus daejeonensis AY032949 95
MC14 1/84 Bacillus nealsonii AB547220 98
MCI15 1/84 Pedomicrobium ferrugineum GU269548 97
MC16 1/84 Bacteriovorax sp. EU443967 95

DWT 67 HHOEREE T u— VN 21T o 72868,
YPC50 5897 T — ', YMC50 A 5847 T — D
WHERFIZRETDHIENTEL, A—RHzEH
L, EWIZER HEH] % 3T BLAST BERIIH T,
Bon-MHERNOEYBEESF L7 a— Y T97%
DEoMEESD 5% A ICIEF L operational
taxonomic unit (OTU) & L T#k-o72 (Table 1). %
AW B YPCB0 ©28, AR YMC50 T160 OTU
BRWZEENR, Z09 5 72 FWHEIHEL TRV
Xz (PC1=MC4, PC2=MC10, PC3=MC16, PC4

=MC11, PC10=MC6, PC11=MC8, PC16=MC12). L
L, 7u—rOHBEEIIPC & MCHTRECE
oTHBYH, —FTHELTWIFMEFTHELTY
v OTU 2SS ¥H 52 s, REBLEZ LV
T — ZDOFIROHEZT THEFOBEHFEIRKE (L
b+ aZ EARENT. T, WMAEWHE YPC50 T
PCHIEFLAEREINTV VDL, MC DEL
WAOREA R S N AR YMC50 TE S E LTH
HLTwb OTU-MC1 & OTU-MC2 % 5 % % Al & i
1 MC O REALIZEAL L Tw 2 R E V. FFl
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Table 2 Sequence analysis of the cloned 16S rDNAs amplified from the microbial community in enrichment culture with
cotton cellulose powder (WC) or nano-sized whisker of cellulose (NC)

Bacterial species with the highest 16S tDNA sequence similarity

Appearance

OTU frequency Taxon Accession no. % Similarity
WCI 27/92 Clostridiaceae bacterium AeB FJ481102 97-99
WwC2 18/92 Clostridium tertium AB618789 99-100
WC3 10/92 Desulfotomaculum reducens MI-1 CP000612 95-96
WC4 8/92 Sporanaerobacter sp. SN28 EU887812 97-98
WC5 6/92 Clostridium sp. 6-31 FJ808611 99-100
WC6 5/92 Symbiobacterium sp. KA13 AB455239 99-100
WwC7 3/92 Clostridiales bacterium 77-5d HQ452857 99
WC8 3/92 Clostridium sp. 6-12 FJ808612 97-100
WC9 3/92 Desulfotomaculum sp. MPNegl AY340811 95-96
WCI10 2/92 Clostridium sp. C40-2 AB059477 97
WC11 1/92 Symbiobacterium sp. KY38 AB361629 100
WC12 1/92 Clostridium cellulolyticum X71847 97
WCI13 1/92 Clostridium sp. PML3-1 EF165015 99
WC14 1/92 Sporolituus thermophilus strain AeG ~ FJ169187 99
WCI15 1/92 Lachnospiraceae bacterium A4 DQ789118 98
WCl16 1/92 Propionispora hippei AJ508927 94
WC17 1/92 Clostridium sp. 6-31 FI808611 94
NCl1 61/94 Clostridium sp. 6-31 FJ808611 97-100
NC2 19/94 Clostridium cellulolyticum X71847 97
NC3 8/94 Propionispora hippei AJ508927 93-94
NC4 2/94 Propionispora hippei AJ508927 91
NCs 2/94 Clostridium caenicola AB221372 97-98
NC6 1/94 Clostridiaceae bacterium acetate- 1 FN557300 100
NC7 1/94 Clostridiaceae bacterium acetate- 1 FN557300 96

MEMH2S5IEE DB 5 Y Firmicutes, Clostridia, WD 2 D72, T 2T, WC TESN- AW

Clostridiales ZE FIZABHMETH Y, L o—2EA
EATAHI LI HICTFRTE L, L L, B
HHE L O 16S rDNA EFIAHFEELIH EF DV EL B nZ &

(93-98%) %E 2 5 EFED L1 — X5 FHME T
H5HZENMFEI N

F/EREIO-IEFRVAEEREE  KVT, M
Hktvo—2HE (WC g, ££20-50um) %8
KRS FELCTRE L /R rve—2 (NC &1
Ft, 10 -20nm, £ 100 - 200nm) % HEF & L
T, HiRomA b o— 2 &R USHECHtER
fTodz. MAMBEMEELE LT, MiBoEERTMC 2%
B GRS AW S N B KR Bk R
Wz, BEALEDORBEXT, WCENCOEL S
bHLRESMT HEINB A SNk T, [YECH
i, BEREEE, 50C OREBX] TlEWCRIFEALE
DRI N VOIZH LT NC PIRIFREIComE

(Fig. 2C). ZOREEX TiE NC /MR IEAL L 2k
WEHNER SN RENTEVEE 2, T oMtk

B x YWC50, NC CTHE SN2 MEWMBEE YNC50 &
Fio L7,

EMAEMBE S L2 £DNA 25 7L — b IS
FH TR L 72 16S rDNA Wi @ DGGE f#AT % % /R
L7z (Fig. 2B). RERMMAEE (KR) &, MR NV
RAESN B WIFZERTE LMEWETH - 7275,
WARDSE T O TNy R LBt L7z, %
7o, MBS » FHIZBWTWC & NC TV
N = VIR R 2 o T, Thbb, Ero—
ADTIRAHEIZ L o> TEBEINTL 25 M EREK
ELBMT A LARENT. O E OB A
Zxt L CTrua— VI 21T o 72 R, YWC50 T922
T— Y, YNC50 T947 10— ¥ O ILEF ZHRET S
ZENTE (Table 2).

YWC50 T17, YNC50 T7 ® OTU SRV Eh,
Z0HBE3IDEMEFICHEBLTRWESI NS (WC5
=NC1, WC12=NC2, WC16=NC3). L»L, &/ o
—COMBBHEEIRESCELZSTBY, MAEYE
YWC50 TI iRy B BE 23 OTU A AR Yy i
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YNC50 TRREBMES L 2o Tz, S 51T, A
WEE YWC50 THIEL L T 528, MAEWE YNC50 T
12100 7 0 — Y REREOMITTIZHBEL TZ 2w OTU
PHUKD L EPWAS I E oz, NCEEMEY
HETR, RLBVHAEERTEBAMEESF—TH
2y b5, AVOMEEI% LT O
D, WO OTU ICHEINZ 7 u— P 2R b o7z
(NC3 & NC4, NC6 & NC7). ThHi&DTHb
FTHTHED OTU LPRWE SN G/l b2 b,
NC % RZEFE L7-HA1213 NC 0o MEILICEEL
FEEEAEBELTWE I EFBIRBEINZ. 4
%, TNLOMESEEL, bl u— A5 MEEERICD
WTHET A EHHRETH S.

F/RERXFUOERAVEEREES B =, LU
PHLTEEEIN TS FF VL, HMEETEVD—
ZNZRSEBERNAFTTATHE., TNFEFTELLDOF
F U RME RS s I, FOFT U aREERICHE
T HEDN % ENT &7 (Cohen-Kupiec & Chet,
1998 ; Keyhani & Roseman, 1999). & ZTix, WK
OWEFF ¥ (20 - 50um) 2 SBINKGHIZ L -
TR L 2 #ifa*F > (10 -20nm, & 100 -
200nm) % AWT, WAEWIIRS SHEDE LEGRE
Lz,

g, ik, JEoK, TORALE FREFRERZ S
AFOWAEYFELHEREL, HRFF > T35/ K
FFURHE—RFRETHERER TS RITHLHHK
REEEERIT- /2. F /BRI T v ERFRE T HEE
TIEBHERFTFT VIR T, OROBEE»LEH OB
AL, MEOHIEICLA2E) DRVRH»LED L
N7z, HEoRERREEROBMED > OTRL /2
DNA#%Z7 v 7L —MIHwv, PCR¥EIEL 7 168
rDNA Wil (V6, V7, V8 Il A % &) # DGGE #
Hr L7z (Fig. 3A). BB EINENY FOI8F — P
5, FM—oFEmEELHVW-HEaTd T /EREhERS
FUBMTHERBRSNTL ZMBEEIZESH L I EVHS
Mol BIZ, F/ERBFT Y TOARBET SN
Y RIZOWTH VX Y) DNA % il L3R ZER S % o
L7z. BLAST HRMEMEKZIT o 2R, ZNHDO/
H1& Ochrobacterium J&, Pseudomonas )&, Delftia
J&, Aeromanas &, Stenotrophomonas J& DM EHE &
99-100% O FE VA MEZ R L7, 168 rDNA FLH1IEHl
HEnHET B0 EODOEELRILEL LTHYLON
Tw5, 2200MENFFR—HETH S & HH§ 51213,
WM& DOBHI A 98% LL EOME M 2 /R T 2 & 25— #kH
L S hTwb (Drancourt et al., 2000). Z &
EEPSHET DL E, F/HRF T v TREMIZEMR

Ak

ENTELMBERIZENOME L H—3 5 Wi T
FEWEBEESEAZLS. INETICERERICHVD
O LR UMK OEREI THUT 5ME D58 % A A
T&EZD, BRI LRWENEhoiz. DEDDHEBE
LT, BETHMOMERE L M IERRICH S0
BT aou=o—ER L o7l 22605,
F 7o, BREHOKRSEEZ EOYEIEE HHEEIZ
B oMM EZONS. Dk, 7 /&

FUEHAOCEERIILI-T, BRFFVEIEIELRDS
BaxF vaHEsEBTEAILIRIN. £
oS, SR INHE OIS EECHEE
PHRELZHEREEODLDPEINTE I LEHHLM
Eolz.

TEAOXFUOBRENH S THENMFEOES il
CEFETICARREZDIEFEVE— R, FF RV EE
ZHNTOEMBEORETH S, EBOHBRREICE
W, ThHEHDOTHAMICED > TS AR O
FEREL M A 72 DI AR i 2 R oA ¢
LLEND L. BREERCEETIHMEDDS B
99% YL EIIFEROBEFRFEMIC L o THET 5 2 L2
WTHHEEDLN TS (Riesenfeld et al., 2004;
Streit & Schmitz, 2004; Singh et al., 2009) . HEHze
VA S & THMENR ZBITT 20 DOFE L
LTHEHEZEDTWEON, BRIFHLLIEEZETIC
EHEAE L2 DNA (BRE DNA) #ffoxd5 L35
FHETH S (Rodriguez-Valera, 2002; Torsvik &
Ovreas, 2002). rRNA BT %2 EORFHEOBWE
FIDSBREBROMEY DL kT FMT 2BE0REE L
THWwWLNTWS (Amann et al., 1995; Clarridge,
2004; Jones et al., 2005).

FIT, EBICFF U 2RG LEIIBT A4
WHEOLEBRL BT A LT, HEFOFF ¥
SRR EZRAET S Z L elAz. ABXKIZEMNK
FEERHE RS ORBOR L M TIZHEEL,
30cm DERXFTOLFEIIHLT, TEEEH/D
1% BEE LT VL= RFF U EHEL XL
BERAL . BT YT v 7 L8P S ERE
AL -BBEDNA%Z T v 7L — NI, V6, V7, V8T
IS % &1 16S rDNA W % PCR #1iE L DGGE
TN L7- (Fig. 8B). MHEOEHRSGXIZBWTIE,
AEEE R 28 CRELMEROELH A S N )
SO LT, FF rRGRTIIFEMEREOR K
ERTBERONY FORBMHERINTZ. TORER
2, ¥FFUoOEEPTEFOHREOMBEE A RS &
HZELEHBIORTLOTHY), EBORBRX i
TlE, NS OMEENFT v 2 0BAHLEE L
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Table 3 Sequence analysis of the 16S rDNAs extracted from DGGE bands which appeared after addition of chitin in soil

NA Ty BT 7 AN B R o AR O iR B

OTU

Bacterial species with the highest 16S rDNA sequence similarity

Name with strain number

% Similarity

Phylum

CH1
CH2
CH3
CH4
CH5
CH6
CH7
CH8
CH9
CHI10
CHI11
CHI12

Cellvibrio vulgaris NCIMB8633"
Cellvibrio mixtus ACM2601"

Dyella ginsengisoli KCTC12599"

Dyella kareensis NBRC100831"
Lysobacter daejeonensis KACC1 1406"
Lysobacter oryzae KCTC22249"
Pseudoxanthomonas mexicana NBRC1010347
Methylococcus capsulatus UNIGEM1 o
Chondromyces lanuginosus TC4494"
Kitasatospora niigatensis NBRC16453"
Kitasatospora arboriphila NCIMB13973"

Streptomyces bluensis NBRC13460"

98
100
99
99
99
98
99
91
92
100
98
96

y-Proteobacteria
y-Proteobacteria
y-Proteobacteria
y-Proteobacteria
y-Proteobacteria
y-Proteobacteria
y-Proteobacteria
y-Proteobacteria
8-Proteobacteria
Actinobacteria

Actinobacteria

Actinobacteria

*DNA bands indicated with closed circles in Fig. 3B were used for sequence analysis

Table 4 Sequence analysis of the 16S rDNAs corresponding to major DGGE bands originated from bacterial cells bound on

the surface of chitin

Bacterial species with the highest 16S rDNA sequence similarity

Ol Name with strain number %Similarity Phylum

Sl Cellvibrio fulvus NCIMB8634" 99  y—Proteobacteria
S2  Cellvibrio mixtus ACM2601" 99  y—Proteobacteria
S3  Stenotrophomonas maltophilia NBRC14161" 90  y—Proteobacteria
S4  Methylobacter psychrophilus Z-0021" 91  y—Proteobacteria
S5 Pseudomonas fluorescens NCIMB9046" 99  y—Proteobacteria
S6  Pseudomonas fluorescens NCIMB9046" 94 y—Proteobacteria
ST Stenotrophomonas acidaminiphila DSM13117" 92 y—Proteobacteria
R1  Clostridium sporosphaeroides DSM12947 88  Firmicutes

R2  Lactococcus lactis ATCC19435" 97  Firmicutes

R3  Clostridium sporosphaeroides DSM1294" 90  Firmicutes

R4 Lactobacillus plantarum NBRC15891" 89  Firmicutes

RS Pelosinus fermentans DSM17108" 86  Firmicutes

R6  Desulfovibrio desulfuricans NCIMB8307" 99 §-Proteobacteria
R7  Anaerovibrio burkinabensis DSM6283" 91  Firmicutes

M1 Clostridium tertium NCIMB10697" 90  Firmicutes

M2 Clostridium cellobioparum LMG5589" 85  Firmicutes

M3 Clostridium sporosphaeroides DSM1294" 93  Firmicutes

M4 Caenimicrobium bisanense K92" 94  o-Proteobacteria
MS5  Chitinibacter tainanensis DSM15459T 96  B-Proteobacteria
M6 Zymomonas mobilis ATCC10988" 91  a-Proteobacteria
M7 Streptomyces longispororuber NBRC13488" 100 Actinobacteria

*Flakes of chitin were collected from soil (S1-S7), river water (R1-R7), and moat water
(M1-M7).
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TholtbDlEZ L5,

% 16S rtDNA NV FOHRMEHE L HEE T 5720,
OV B L7z DNA BT o3 EBLS 2 e L T
BLAST #%& %#17 -7 (Table 3). —##1Z 16S rDNA
B SR —FETHLI 2 HET AH7-DI121398%
PLE® identity # mn§ 2 ENEELZ INTVS
(Drancourt et al., 2000). ZOXEIZH LT L, &
g U712 Mo RSN BEAFEH k25 9 M, KA H
Jens 3 M8 & HIWTT & 72,

RERBERICHBELAAFF ORAILMNSB L -AE
BEOmRT  KIZ, WK, JEKDINZ 72 BHARBREE R
WFAariry MIARZSF V2B L, BRI
BALZBE L2 25, A E & DITHRIEL
LaRARI o7z, & E, ¥FUREICH TS
L7855 DNA # 3% L, 16S rDNA PCR ¥41&
Wi F OBFNC X 0 R {7 U TVET
MEBERERKECREL2DY, ZEBETRELALH
Gammmaproteobacteria FMIZIES 5 DK LT, Ml
K, YEIKTIE Firmicutes FIZJE T 2 Ml E O H & 25K
Eholz. Tz, 21FFIF16HCH] (76%) (EBEAMIE
FED 16S rDNA FH| & OMHFER97% U T TH Y,
REAZEOMEHELNL L RSNz, ZoHIEF#H %
FFUNMMBERENEENEZ ENTFEINS, w
THHEEOPRIERETIISENEETH ), HE
EHME & HEE SNz (Table 4).

(A)
12345678

P 1
Sen L EemE
-

W

INLORMMEREZ2 5T 20207 Tu—F
LT, LB LR L 3HOBREICHETS2FT

TEMEWEREG LI T Vv EABEBTHRAREZREIEL
72l A, ATEEOMED SRS N5 R ERMBE R

PHEEIN (F—FRETF). IhH 4HOME IR
VIR FF U EFRERERICBCTHETRTH -
7. &5rEEVRD 16STDNA B ZREL L2 A, 3
FIZEEORMBEE (Acinetobacter junii, Acinetobacter
calcoaceticus, Microbacterium phyllosphaerae) &
99% L EoMEEEZ R L, (IR L HE I N,
R0 o1 fEE, SR L7z EEBIREAKEROF F 12
FE LTV RAMEEORS EFM—Tho7z. &
B, TOMERIIIEKEROFF O REMFEMEZ B
HMTHFF U EFTMTHEEL BT 22 LA
T&hhol. BEBBIZIL o THAADEIN/Z4TE
DA B BT B 2 DIRAEERDSE U7 R, 5
BOBESW IR o b D, ZO5ERIEF T
VEREREN CHE R 5 ORISR
IBMRAERL, MAOLRFTF UV oBiEr b oI L2%b
o7z (Fig. 4).

FREOX 7B MAEEORERR  LIIRLZHE
N7 F*F 23 ae e Rk (SAY3 FrE M) &, 168
rDNA 55 5 RFAEDOHEMETH 5 Z L HHEE S
N7zDT, FkOFM % FREREZITo72 (Fig. 4).
RO, 7 F7 ABET 1 AORCEIIEZ

No addition Chitin addition

0 30 60 90120150180 O 30 60 90 120 150180

Fig. 3 Analysis of bacterial community by PCR-DGGE targeting 16S rDNAs.
(A) Bacterial community after the 5th successive culture in medium containing nano-sized chitin whisker (lane 1, 3, 5

and 7) or particle chitin (lane 2, 4, 6 and 8) as a carbon source. The sources of inoculum were river water (lane 1 and
2), soil (lane 3 and 4), moat water (lane 5 and 6), and active sludge (lane 7 and 8). DNA bands appeared only in the
culture with nano-sized chitin whisker were dotted with closed circles.

(B) Soil-borne bacterial community in untreated soil and in soil with chitin addition. Lane numbers indicate days

after addition of chitin. Closed circles indicate the fluorescent bands that were used in the determination of nucleotide

sequences.

— 138 —



NAFRZHERS 2HB S/ - N4 T v BT 7 48— 2 MY 57852 O 755

o §

0

Gram-negative, non-spore-forming, curved rods
0.7-0.8 mm in width and 1.2-1.5 mm in length
Motile by means of a single polar flagellum
Facultatively anaerobic, oxidase-, catalase-positive
Does not produce acid from glucose

Positive for nitrate reduction

Major cellular fatty acids are 16:1 w7¢ and 16:0
Q-8 is the predominant isoprenoid quinone

The DNA G+C content of the type strain of the
type species is 67.6 mol%

Phylogenetically belongs to the family
Neisseriaceae in the class Betaproteobacteria
The type species of the genus is Chitiniphilus
shinanonensis

Fig. 4 Taxonomic characters of the novel chitin-degrading
bacterium Chitiniphilus shinanonensis gen. nov.,
Sp. nov.
Left photo, growth on synthetic agar plate
containing colloidal chitin as the sole carbon
source; Right photo, transmission electron
micrograph of the strain SAY3.

DR E TH 572, 16S rDNA DL ERF] (1494 bp)
ZREL, BLASTHMIZRZITo72L 2 AR B MEMED
B W iRkIE Formivibrio citricus T& - 72733, Z OHH
1% 93.6% LV IHENETH 572, F72, HFAEER
L 72 B2 1278 o i H 254 T Betaproteobacteria [0
Neisseriaceae FHIR T MW TdH o 72728, SAY3 ¥
b Neisseriaceae FHIZE T 5 Z &SRB I N7z,
Neisseriaceae FF O % J& O FL¥EFE IL#EME O 16S rDNA
BiH) %2 SAYS ¥RD & D & & o & TRIAM T % 47 - 72
& 2 A, SAY3 ki Formivibrio J&, Silvimonas J&,
Prevotia J& , Chitinibacter J& , Deefgea J& ,
Iodobacter J& D K IEEFE LRI T 57 F A 5 —
WIZEENhTWLZEFHERINT (F—F RS
9) . SAYS ¥R AEMAELFEIHEBERICOWT, £
MBICBWCHAIL Y SAY -G TN RO 6BD
FEBEEROWEE L KB L7z (Table 5). % D
R, SAY3 T 6 MIBHEDO VW h & b EEOAERIEE
TRZEzo7MEEZRLE. BIZ, ¥/ 4 DNAD GC
EE (67.6%)13 6 AL ILEE L CH S 2ICEWES
RL7z.
DEoRZHREICHE LT, SAY3#i
Neisseriaceae FrOH B EZ LK T 2 METE & ¥ E L
7o, A¥REHBIHEOME Chitiniphilus shinanonen-

sis £ 5% L, International Journal of Systematic
and Evolutionary Microbiology ® validation list {Z
B8k L (Euzeby, 2009), SAY3 ##% ZEi#ERE (type
strain) & L THFERE L. SAY3S KO£ R 16S
rDNA fic511%, DDBJ/GenBank/EMBL database IZ
accession number AB453176 & L TE#k L 7-.

C. shinanonensis SAY3 %MD % F > N ERBZEEFD
=k C. shinanonensis SAY3 ¥R DI 72 5 > 45
AREBHOL DT H720, 74+ A3 F (fosmid) % H
WTT I ATA4TT7)—%2ER L. 94750 =&
E¥ A Y — MED 40kbp, KBEHE 2 0 — 2 Has
5000fE 2> SR S, —BILMED Y ) 294 X%
TR AN=TEIDTHo7. FA75) =L 0 F
FUaEEEEERT A 70— V10 A EE L, Kt
fRy—2rxz % —T#Hars 127 (contig) EN
226kbp 25 7% HIEEEFRS . E L7z, ORF #ERB L
" BLAST #ZFR 2 # ) 5B L7245, FH15Eo*F 45
MEEFETETERABIIENTEL. &I, 55
FORBULETH A F 2T LRI 2
HMENTWDE, DEDRFFUVHORRTE T V¥ AIC
SfE$T ALy FNEI*FF —+¥ (chitinase, E. C.
3.2.1.14)THYH, N-TEFVZVaH3I v (N-
acetyl-n-glucosamine, GlcNAc) @ 2 mfhkzx F & 55
GleNAc Y IHEZ ALK T 5. b9 & DI, GleNAc
) THEOIEFE LKA S GleNAc AL T F VA
YW+ 54-N-TEF VI NVaHI=F—¥(F-N-
acetylglucosaminidase, E.C.3.2.1.52) T® % (Cohen-
Kupiec & Chet, 1998; Keyhani & Roseman, 1999).
AWML, THhOMERIHAIEFF v 20 EEL
TEHI LRy, ¥F U ELMBEOFICIIRREER
- F$58BEFZ 190 2T OREET S S OHA
S5 Twb (Lan et al., 2006). FNIZH LT, +iE
FOFRELRFF VMR E LTS5 Streptomyces
BHRHEB L OCKEORENFF HHHEETH 5
Vibrio BME Tix, 207/ 4 EIC10EM EoFF &~
DB REETAREEN TS (Meibom et al.,
2004). C. shinanonensis \ZBWTH15MHE W) %<
DFF U RBRRECTFERETAZLICLST, B
NedFUoERzERLI-DDETFHEINS.

NS 1I5EDEZETFEY (ChiA~ChiO) IZFEI
HRAAL V&R Fig. 512 & dz. HFORFOT 2
J BEIEH % BLAST MBI F72E 25, 13ff (ChiA
~ ChiE, ChiG, ChiH, ChiJ~ChiO) &=~ FAIF 5
F—BICHEMZ R L7, BEEIKGHEEE OS5I
BWT, =V FEIFFF—BI3EE N X1 VEFOM
A2 EICLT, 22077 3 — (family 18&
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Table 5 Taxonomic characteristics differentiating the strain SAY3 from the known bacteria in the family Neisseriaceae

Property 1 2 3 4 5 6 7
Morphology Curvedrods  Curved rods Rods Straight rods Rods Rods Rods
Number of polar flagella One One One One or two One or two One or two One or two
Anaerobic growth + + + = . +
Catalase i - 5 * + + +
Gelatin hydrolysis - - - + + = +
Chitin hydrolysis + - + + + - W
Nitrate reduction + = + - = + +
Acid production from glucose - ND + + - - -
Utilization of:
Ribose s ND - + - + +
Sucrose - = + . - + -
N-Acetylglucosamine + ND + + + w +
Cellular fatty acid (% of total):
C12:0 3-OH 53 Tr - 2.0 4.0 2.5 2.5
C14:0 1.4 - 6.4 0.6 Tr 2.0 8.4
C14:0 3-OH - 95 - - - 2.0 -
10-Methyl C19:0 - - - - 1.7 - -
Major quinone Q-8 Q-8 Q-8 Q-8 Q-8 Q-8 Q-8
DNA G+C content (mol%) 67.6 59 58 62 56 48.5 51

Taxa: 1, strain SAY3 isolated in this work; 2, Formivibrio citricus DSM6150"; 3, Silvimonas terrae KM-45"; 4, Andreprevotia
chitinilytica JS1 1-7"; 5, Chitinibacter tainanensis BCRC17254"; 6, Deefgea rivuli WB3.4-79; 7, lodobacter fluviatilis ATCC330517. +,

positive; -, negative; w, weak; Tr, trace; ND, no data.

=

ChiA GH 18 2
ChiB GH18 b
chic [T GH 18 ;
Chib GH 18
Chit [Tk={ = GH18 |-
chif [ = == ]
ChiG [ = ={ GH18 =

chi

chil o = GH 20 =
chi) W= = GH18 J
chik I={=__GH18__}

Chil 1:(

GH 18 Js

chim{_GH18
[ H_HGH 19)

ChiN

Fig.5 Deduced domain structures of polypeptides encoded by 15 genes coding for chitinolytic enzymes in C. shinanonensis.
Black boxes, signal peptide; gray boxes, chitin-binding domain; white boxes, glycosyl hydrolase (GH) catalytic domain
with a family number; waved bars, proline-, threonine-, valine-rich linker region.

19) 12kl & N5 (Henrissat & Bairoch, 1996). 13
Hoxy FE*FF—ERKORFEH D) B, 12fHiZ
family 18 12 1 il (ChiN) D A7 family 19 IZ77FH &
n7z. Yo 2o ORFOH 5, 18 (Chil) =
¥ B @ f-N-acetylglucosaminidase (family 20) 12
FUEERLZ. 9 —HD ChiF IZFF U #EHE FA
A VIREFT BH, FF UOMBEROTEE AL VI
M L2Z7 IV BEMNIFELER2 -7, 13D
ORF @ N K¥illid ¥ 7 F IVELHI DFFFEH & 5

THEEN, INSHORY) RTF FigMfgshc oW =
NHZepnyFHEINL. ZRICHLT, 2o ORF
(Chil, Chil) @ N R#HZIZY 7 F VEFIDHFEE L 2
otz 5EDEFET S ORF (ChiC~ChiG) DI
78 E— 7 —RRECFIAFAEE T ORF B O FRAE D 54
W (1835~217bp) &5, RO VERKLHE—
O mRNA 3 F & LTRE SN RRESRKREN
2. T, FFUBETFAAA VHEBLIOE®ENAAL Y
EomMIziz, )y, ALF=y, NY UERECE
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Nano-sized chitin whisker (ng/ml)

Number of E. coli cells (x108)

Time period of sliding (sec)

Fig. 6 Transformation frequencies of E. coli cells mediated by sliding friction with nano-sized whiskers of chitin.
(A) Effect of nano-sized chitin whisker concentration on transformation frequency. (B) Effect of cell numbers of E. coli
on transformation frequency. (C) Reduction in number of viable cells during time period of sliding friction. All of the
experiments were carried out in duplicate and repeated three times. Values indicate the mean +/- SD.

&) VA =S R Z S .

WBEoT Y FHEFFF —EHREETOI B, family
19IZET55® (ChiN) "1 2RWEZsh7z, —fix
912, family 19 FFF— I3 HH L, B &
WAEWIZIE family 18 FFF —E¥ 230G L Tw3

(Prakash et al., 2010). T F THMAEWIZB W T,
family 19 5+ —VIZHHR Z 1L LD, T D
MEIZ L0 L2z dbDTHS. C. shinan-
nonensis 243 4 family 19 ¥ F F — X #\E (=T DM
\CHIR2SFE 72N 5. 4%, C. shinannonensis 73H 3
L15AOEET 2 KIGHE TR S, £z 5 oo
JHEOBEEEZINDL T LIL ) REEDPIRT R % 5T
VREER B S AT L7z,

F/ESEERAVWERBREAORESRE A Fos
V& BB & o BN HTE AL & Boms Ik EmM &
B, TX0)BEEMES 22 EKGD7V~DEE
IRV, EERARITARICH AT S, BEAKOB A
ISR OV AT D IRfLEEZ T &l L, %
PR L J3N 5 SR E - MW AR 2T S
N, MHEZENT LI ERNHLELER STV
(Yoshida & Saeki, 2004; Yoshida, 2007; Wilharm et
al., 2010). ZoHL &, 75 A3 FDNA ZH|FEEE5
& R R R A2 i i AR IS WS L 72 DNA % 22558
B2 & BUA B FA Y B W~ O i 258 2 5
(Yoshida & Ide, 2008). ffligtikzAf & LT, DNA
WEREEETLEELTITA L, 27UV T VE VST
SRR A TR T A R OR LA S, MR
DR % B TE A (Yoshida et al., 2007) B &
OCBEFO 7 AXRZ MM (Yoshida & Takebe,
2006) L LTIBHENTWAE, F/#ERFFroOlIR
X, IR O TG SR S LB EIREA o IR

EHULL TS (Lietal, 1997; Desai et al., 2008).
FIT, T/ REMET ERCT, KIBERAD 7 S
A 3 F DNA B AIZ X 5B IREE0OBS % ka4 72

F /K F >, pUCLS8 DNA, KB JM109 ¥k
Ml 2 iRE L& (F& 100ul) 2 LB+7 v ¥
D) VEINERREH (25% %K) L Te0MMOT X
DRI AE S 222 2 A, IMERBIIT VYYD
VIt = =SB L2 RAERER D S T
FF 2 F7213 pUCI8 DNA Z W iz3f, H5H Wi,
TR BRI A 5 2 o AL, Wy T
YEYY Vi au = — gL o7z DLEORE
Bk, 79 2AI FDNADF /#ERFF 2V ICWEL,
KGR & DM CER P BAESTER S N2 2k
D, BHEHEBERIEI 5722 &2 RLTWVWS. —F, F
RV - A TRBOER T/ 25, B
iAo = — 33 LA EHBR L a7 F /iR
FFURMIE, TEFLEORBICL->THELLT
IREICHRT 2 EEMAGML B0, TIA
I F DNAPEBENHEERICLORET L. 75 A
I FDNA 205 L7zF /7 ff ¥ v 1d, EREH L
DT BEEHICBO TV ) RILEEEARE 2D,
KIGW ML % 220 L DNA ZMIFBpicEA L% 2
bNA. T, F/MEFT VIRE, KBWEM
B, 30 BRI 2 A AT L, i
R u ==L 2 &t F RO RE M7 g
L7 (Fig. 6). EBFEOEIZHWMSI N R#ELMET
12 2.1%10° CFU/ug DNA &\ 9 TR 4508 5375 &
N7z, R RO ML MR 524 L TR %2 75 5
B, MY 2IREANE BT e E2 005, 1
MIBe 2 1 2 R R RO 7T A 3 FEBUAA TH
AW T B R L 22 S S b . 608
B O3 ) BRI S0 &L 5 %0 a0 = — R
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DEEFFNIZE 25, FEE MR A 5
MR RE ZLRBB I E P N B R E 2o 72 (Fig. 6).
KW O EREE, AT oM L TR
ANy ahEOERMETIET Y MEL, #
Yav ik 52 TDNAZRYAZTEEHEP KD
T&» 5 (Hanahan, 1983; Inoue et al., 1990). T D&
& E IR T 105-10° CFU/ug pUC18 DNA & R
HEINTW5E, SHOF /fEaFTF v &Y BEiED
EFRWZIEEREEE (2.1X10° CFU/ug pUC18
DNA) i35EkE L R THEBA RV, EROKRBHIZE
BRI L T 5 L, DEFRMHOMBTLMER S Z
L, DEAMBEIC L2 ET Y PR VRABEOLES)
TWZk, 3BT a v I ENLELNT L, 4B
TFEANERAZY)—=vr (B 2R UCERFEH#H ET
F2RBZE, Lo furds, F/#ERTF UL
TR BEEN YAV EETEAEL, 570 oRE
PEE G THRRBEICED 5§ 2 B T8 AST &
EA25. SHBE, oA YR~ T RE AU
DFENLENS.

BEEYIE, Eva—2ABLOFFVEEDF T
FAN=NA Ty FT 74 N—%EEMP L LT
FIHT 5 EREE LTV, BEERICLELE
FRALEZEPHETH /2. FIT,REZMELT
F R BB WS, F A AL E
ity aMAeEM OB ZFHET S HMIIEHE) O
Thotz. 7/ 7 7A4ANN—0KEFEFMN S BB
FEHTLLEEZLTBY, SRBEF /7740, KL
RICICEFE LA ATIRTF 7 7 7 4 N—DEREHIZBW
THEMDBED X ) BB ZRTHPRTHE TN,

e o X F v MR Chitiniphilus shinanonensis
AT BI5EDFF ¥ HERERER ORI, TE
FEBROBETH HH, TVl v FRIGHEEEZ 6
FEOBE, TNHHIEIFF U OERIE AT F
I LSRN0 LI ENH B Y %
B, #a—F3530FAHENTVE. &5, N4
FTXATHEFFVOEMGHE VI ICHOBIA D
5, HEEDOBNINSD T VR BOBIEIZDOWT
FRTWE 2,

I

FMEREVO—AFREFF U ERRRELT,
B AEYEER T W EREELTo /2. 20K
BOBEORVO—-R, FFUREKTRERELIZE
LR AMAEYRIEE SN LI, S
OFIHIT X o TH 72 5 % 08T & 2T REME

W

%

ARE N, I, K, HEAKEEOBRESEFIC
BWT, EBICFF U3z L FRENSM
BEICIIRAOMBEELIZ CEEFN TR, wih
LR TH ) pREIREETH o 7.

R BB S EX L 7255 v REICEE L 7R
FRAKELCEELGY T VR A EEL-E
5, EOFF R RO GBS L7, &R
B 1 ROWHEL RO/ 7 ABEOFEERTH - 72,
FEA 72 0 B 09 BR 2 4T\, Betaproteobacteria Y] D
Neisseriaceae FHICMET 2 HBEBOME & L T
Chitiniphilus shinanonensis D5 % % M8 L 2 &k L
7. C. shinanonensis D58J1 72 ¥ F V5 fRR = H &
W25 5720, 16O FF v EEEREHERET & Bk
L, TORXA YEEZHLPITLI.

BIREREEMW BT, F/#&FF Y, KBEMIE,
75 A3 FpUC18 DNA OREAWIZ, TX0 BEEHH
H525Z 012X, 7YYV ViR GiREK
0= —%BLEIENTER. RBEEGTORERR
HEIZugDNAH720 1050F —F—ThH VY, #EzT
THEEBROERICT T ADDTHo 7. EFMN
oOMifaEFIRATE, FAMBORLESRHRY a9y 70
HELEE Lhnaky, WERBEEREE L TEH
Al 5.
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