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A MESSAGE FROM THE DIRECTOR

The Institute for Fermentation, Osaka(IFO) was established in 1944. Since the es-
tablishment, IFO has shown steady growth. The major functions of IFO are to col-
lect, preserve and industrial application. And also, it carries out basic research on
microorganisms and animal cell lines with a sophisticated understanding of recent
developments in microbiology, microbial genetics and cell biology.

We wish to strive continuously on improving culture quality to maximize the use-
fulness and keeping cultures as living assets into the next century.

Toru HASEGAWA
Director
(Sept. 1992)
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BIEEA S, HIISSE, RERK BHNBEE HTHNES, EANERER RAERET, ERRT, EkTE,
Rige—, 43 fk HIUET REZEE R E SAFBR
eSS, BAN B RS RSEAME ALk, AHE B, BR R
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(19944F10H28H  #
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FE DL D S, 19944E 250 EZMZ HICE -T2,

199447 A, BTN TOMBOKEE, BB FEAT% 50 EiR a5 & LT, [TFO Res.Commun. ] O
FI47 (19954 3 AT &) 2 E L. Z0%, iLaFRXOREZOW I 25T, TEHED [TFO
Res.Commun. 17,1995 ] 253 FICHOEN & 72 5 728
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AR IB TR O R

ERNIREEE, 1961~19754E D 144E [, B EIEA
BEMZE O R L L CREEMIEI» A B O
RS A X IMEEIN. - REEE OBk
H & a s HFRICATEED, IFO L AfHT o Btk
AWM FOMESR L MAEMEEDRBICKRELEFSL
Il RBEVOEFHOLTNWEZATHAE. EHIZHAK
BEEBENEREZBET L L L LI, MIEHE RS
FOREEFEIHCH L OEFBERIN.

PLED XD %% RABICH N B, 19934EFLD
BN, [4E 2 A RHEEEHEZ CRA IR L2 D
%, MROBEOERE - EFERFIZOWT, RO
b EICHIERICh /o THREL, FLOLTREZE
BRI L7z, ZO8FE, 19934E10H 4 HIZZBON
AABHY, IA3HICHKOBNSHEEZED = o
— AN EE L THE s .

Zo%, 11A30B KD SEHREZ 2725 KIR
HER TEHRXSHE T ZFICE Y, RERZHATEKR
WCZERE SN

BbyIZ

B ANFEEZERNIEE T OGE I L DR LETONAEIE TR GTVER 2T 5 EEE
BORERRTH Y, BICINTITEINTELEMNE ) 9N OERIZFV NGV DB >
7o  FTEB, BEE TV AL TH Y, R EEICRWIRI O NEHEEOEEL VWL LS.
CDEIBEBEL LVWEROHLIBRENDL LT, SEMOEERIMZEG 8EMIIHoT,
BIEEBEOREEEIHBETIRSCEINAZ L, ML RAMEELHENTH 7.

19954E 3 B, IR BRENHEDO 2O R L, T T O RBEWEFTORBEICE T SN Tz
NEBBEENZOREF X EAHE - FFHESTARASIN.

Z D%, 200142 SAFFEFTIZ B MIIERR B £ O F YT E A L 2 —~ ¥ ZIREH FIF G5
NV 7N, EBI220024E 1 I3 AEIRR B & UV F OFH M B AT AT Bk A ST ST B R e ki
NAF T2 0y —REAEYEBREFRE (NBRC) NFNENEE L7 & OE#RSED 725 7.
L, REMETOBEELZANF Y —aL sy a Y INERFEEORERERE, 2O EN L
SOOI~ L2 DI L TH o7z,

20034F 4 H, S ZERI A 72\ eI RIS L2 2 L 20, BOB YV EL Y ZE DD
WIFFEFTERR P OB RFzIEN LBV &Nz, 20, 20114E 2B HiE A BT FE T 3 A5 Bt
FREANFEBEMSEI AT L7, T0L 5, FHEFESEFOERMT Bl Fik N SR 7T F
BOOEEMBOEE” LELREIHEENE L)Xk oz, ZFOMEREZEDOTR A —H
PORFETOEMNEENRICEI TR Z2RE, FTITFORRMIHELTWEZ L IO
ELBTHAH. BENFEHOOBO—ANL LT, EEHAEHEERZPOICHEDREEN T T
TRETHIOHFLTR T 2.
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FERFFEBh R 30 B L OV 2 ~ 3R DB % 523 72 PR E B 2 OB DR X 7 —
IZ X BERMTONIZ. BINEIE, K% BRI, CEOHIEERPKEREELR ER
¥195 HTho 7.
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(3T L WHRIIC L e b 6 OBMEYBRRER L 20 HOER] (ILAEZ) 0 18E
EESFBATUMERFEROERENOD LIZ, [LEX S 7 A - WY 2 BHREEH L
Bk & DR L E R A A R AR RAEY OFFE - 7Bl & IR | (BREEES) B X O [H
WEEBA ML ABEY AT LOFBREROMA] FKILFE) © 2 BE RN ARKBRKRFRF
BB OBED D L2, OEERIMTON. T, FHEEBRO 18 [HHmss ikt
DEF R L L2REBEREEMOMFE] (B M) IR BREERELBHIZOEED
b EICOERERMTbN. THEIFEMNEREMBEOMERERE LTI TOLDOTH 72,
BEWFEFRITH L THEELRFH#EI 2SN, RRICEAZEROELILREEYVDHBLHERL
ote. BRRONBIEXVPABREENER SN TS, 2B, FHHEEBIROSEITRH
1R & S 4 T TTHRES LTV S,

5l & fe v T—RIFZEBN K 30 R X B FMREBIK 2 R R A S —BRICE 2R
SNz, ERAY —DRITESME L AL LERESRDb SN, EHICZORITbN-BES
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SINE OB THR P ICEBRD T NT-DINZ T, MESKTIE IR E - BRSNS
biTbh, FUMEDLOFFMICL ) RE ST RE, bEERE AMKE KR
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Genetics of bacterial colony-formation
Haruhiko Masaki

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

Colony-isolation is the first effort spent in every bacterial research. Colony counting is also widely applied to
determine the viability of a bacterial culture. But in these decades, it has become understood that the majority of
naturally living bacteria can hardly form colonies. Thus, colony-formation is never equivalent to simply being
alive but a certain special status of being alive. We have to newly define what is colony-formation. For this
purpose, we tried to isolate Escherichia coli mutants defective of colony formation, and succeeded in this from a
classical temperature-sensitive mutant (ts) collection. This collection consists of mutant strains that can form
colonies at 30C but not at 41°C. We counter-selected the strains from the collection that can grow in a liquid
medium at 41°C. From 1432 ts strains of the collection, we eventually isolated a candidate mutant and identified
the responsible single ts mutation in the fzbB gene encoding 3-oxoacyl-ACP synthase I, which is involved in fatty
acid synthesis. It was confirmed that this fabB*I strain exhibited very poor colony-forming activity at 41C with
an efficiency of less than 1/1000 of that of liquid cultivation at the same temperature. We expect that our

findings draw on a breakthrough in understanding of what is colony formation.

Key words: Escherichia coli, colony, fatty acid synthesis, temperature-sensitive mutant, MPN
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EREQFEAEEH Lo =—2ER IS, FIh
SNT T T R BT AR SRR, 3y Aol
WHEL SN THFICEL T T, §XTONXRZFY) T
FOE—RE o TwDH, EBRMAENFEPARE LS
TIX, BE-AZFYTRITZ BRI TESRL,
BT A LRI AT TwA, L Lit4E, %
REHFH V2o o — 0k o THEE . B8R TE 5
DiE, REONZ TV TOITL—EHTH 5 L) ik
I F o T &7 (Staley & Konopka, 1985). 19794 (2
RESWE, BN F)TICDOWT, HMBET CHE
DET X HMIBE %S9 5 Direct Viable Count

(DVC) HxERL, #OEFI0=—BEH L HIE
Rick&anwz &R LA (Kogure ef al., 1979). & o
DVC #:% B ) AN T Colwell 5%, KBHPILIH

E-mail: amasaki@mail.ecc.u-tokyo.ac.jp

%, BEEEBICERKC KIS L IR RE
<&, DVICHE RN TWARIZYH au = — B
DBEBIIEDL TOWCHSEBEL, A& TV H 0
T & 72\ Viable but non-culturable (VBNC & % W it
VNC) LWy kiEndH s xRk L7 Kuetal, 1982
Colwell et al., 1985). Z @ VBNC #i& i3k s h T,
BEPOIIEALEONZ 7 THER 2T = — %55
BOWHHERRBICH D EOEFVE LTHHESR
BH, BEBIZL > THABMPAFETEL2VWAETICED
VBNC IREED A DFIRITEA T 2w,

La»L, VBNCOEEIL, d-dltan=—%Fo
TRFETEBLNZFYTTYH, FETwLIDICan=
—EETELVIRBICH S Z 2 EH LAEATHERET
HY, ao=—JEED, BICAEETWAEZ L EFMET
Bad, FETVWLULOEERRETHLZ L2 H
ATLNA, TiE, IR EIMZ o720,
FENEWDTHLPITHELENELL., 52 0H
RFEEF T —ERE RO TS EThE, &9
W) EIEFAED LI IR LTS Dh.
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ZOEEMIZESL 0, AT KERO, au=-—%
EL R WERKEZSHEL L) EF L. EETVTY
= —%EL L WIREEPHFELET 201205, 5T
TRTCFNERUD L WVIIPIREVENZI1XZTTH
5., LdL, FTCHshCELERKIIIEILALY
FTARC, Ao - LTHHINRTWws, b L
U= ES R WERKRPHFAETALELTY, £h
EOHET A ES, gz —BPAT, gg s -k
FEETHLIGHOMNIPVEPLEE D, KA
X, WEEENZ 7 T 20T ABIC, AR MR R A
R (B (MPN) OB TR~ ILVF 7L — b
VA EICLY, WEHEEZTTROOHEDITH
K AHVLE, a0=o—3E 0 100 CHOE
T & HFRER % > (Shigematsu et al., 2007;
Shigematsu et al., 2009). #ZC, I0=—%{EhLiw
SRR, TAREE S TIIIEAE T & B SRS Tk
BETELWERKRE L CHETcE s LEZ. £/,
AKEODVCIE, 2u=—HLhEHEy [HERE
FH 25N, FOHBAKROREBIIERC L T
WY HWARRERIGEVWEEbNS., F0OHEMLE, O
O —BHEOREE U CRAREEEZ IR 5D R
HTHH).

KEL T, MERSUERIATIY —256,
RERETELFIT RO LW RBRERKDO A
s =y T RRATEREMET A0, TOHIZ,
XYM HECHRARBERIEL CB &2\,

b RRY VER

T, KB E W3110 B2 1:Tnb CI¥P,, 0, % &4
s, BRINVFTU— MIHRSELT, 7/ 41
Tn5 Km) 28 A L7tz AR Tolt L7z, Th
EXAS =T — P& LT, WAL EEREMRIZL
T AL, WAREBTIEIEET AU — 3 ES %
WEWARRD A7 Y —= v T RAEP RS, I
Lo, TOFETIE, WAEEZTCHIOS
BoORAYy—ru—r2HAEBETLHZOPNEELD, £h
DEOMELLT, ZOXIHRLLTYHET
i, au=—ERo EEMETIA] L5 L%
Wy g, B2 WA T, 100/mL ¥ T2 22 HIE
Wiie, LTYAE Y TIyL BREMICB LT
L, BRI 1R B, fEo T, & 2R
O —PEEEE RESELETERPFERLI L
LTh, Toau=—BEHEN 105K TR WY
gu=—%4UTLEY, BHELTRELLTLE
I, TNEPRDELVEIRTHS. bHAHA, BI
BT OF R0 Y TRICHHEEERT RS L, EmER)
RCHMECERVHIOREL 5.

%

2

EMS &

KIGH W3110 #RIC EMS (ZF IV A & Y Ak v
M) CABMBLAE L7z, WMEBOROEFREE -
THMHOBME %AW T 52 LGRS, ZOHE
b, FI VARV VELERUL, WARRIESZ G ML
DEPDO< AT —ru—rx[ETLOREET,
L2007 BICHMOBRIE AW b oz, F
o, LU AECEIMEL LR EE#RTH S, T
12, BEOMITIE FT v ARV VBT, 28
OEROREHEEZRTCLET ) BEIDEL 2 5.

EMS B E~RZS YRy Y-

BEARBEBTEE L2 WKRERDIT A2, =Y
VA -y P EAT. LR EEIC EMS LB
L7z 10~10D R %, WHREERA Y7L T4V F
—RiCED, 7405 —TEEREMICBLTIIC I
B RE L CREARRICEIE SE 5. ThaeT ¥y
VU EREAPEREL EICEB L, 37C T—HEHE R
T5 (BRERTHALGEEHT). 7405 —»5
BWEBRIZL, F#FRLTIVFTL— MIHEL, &
D &AL BRICOWT, ZhZi 5 B D258
MR EIEY, FORN T & MR & BRI L
FUHLT, BAHICEODDL 70— BHELLD,
KO BRIZE SN h o 7o, SO0 %
72O Lo 72T REME D BEIETE v,

[k cEETcas P an=—%/Es ] KIBHE
BRELRDHUEORADLAZELE, o= -
BALTERWERTH L LHEE L. ) ThhE, B
EFOMEAOBO 0 = —TREEICERLTAZ Y
—ZVTTBLENRDH L. £ ) B O RE
%, RERSUERSATI)—DOLDOAT Y —=
THEBRIRDHIEIZL T

SERTT R

Bk & B
KB H K-12 PA3092 ¥k (thyA, thr-1, leuB-6, thi-1,
argH1, hisG1, trp-1, lacY-1, gal-6, mtl-2, xyl-7, malAl, ara-
13, 7psL9, tonA2, A, supE44) % BkkE $ 5K
BEREILV I vay, BIXUOERERLZOR Yy 7D
720, KBEWORFEZ 79I A3 FlIlsu—=r7L
~E T4 Ty -k FofEmEE, KBE K12
JA200 #k (F*, thr-1, leu-6, DE(trpE)5, recA, lacY, thi,
gal, syl, ara, mtl) 1%, PAREEFHE-ELL D053/,
R LB (1% Bacto Tryptone, 0.5% Bacto
Yeast Extract, 0.5% NaCl, 40 ug/mL F 3 >). FE{kiEH
E LT, EELFOERKE LRI 1.5% 2 )



0= — RO EEE

LR L7

EFIEE & REEEDEB DR

30C T—REREL-HAKO—ERE, HML TEX
BcEE, 30CH 50341 C T2 HMEBELZD
LAEULZao— 2L SR SHIRIBET T
DFEEFRFO I 0 = —BEHE (CFU/mL) %k
7. —F, —EEZ, WEEHMTHERLZ0L, 96K
TNVFFL—MIT VYD 120ul FOH5EL

30CHHWVIZ4ICTC2HHMEEL, Ho/zv = LD
HEERDI. BTV Uy 5MmeEE L CREERF O
WhE A B L 72 MAE o8 E (MPN/mL) %k 7.
[CFU/MPN] T, 30T & 5\ 3 41T 128 B [EE
B2 & RS A8 T O FHME E & LEEAM L 72 (Table
1)

B IEE & REEEDEBT DS (BEX)

SO ts Witk B4 R BERRIREEICBI L CRERRE R L
WA EOEFTOEZKT 5720, UTO/ELEZ
vz, R VEKRZ 30C TmilAEEL, 20
1000/ Ml 2 A — MIZ LT, JHX 311 O
Rk < F 7L — b B2 1200l ¥ 2R RGN %2
EB., ZORAZ—FTL—t05, HriLwILF T L
— MOEREM ERAEREIZ2uLTOL T

Table 1 Comparison of CFU and MPN of the fabB*-
1 strain grown at 30C and 41C

Temperature CFU (/mL) MPN (/mL) CFU/MPN

30°C 72x108  86x10° 0.84
41°C 12x10°  21x10® 57x10*
replicator

master dilution series

replica
for each clone P

AN

% incubation for 3 days at 41°C
N

orig. 1/N 1/N2 1/N3 1/N* 1/N5

L, £7L—1%33C, 35C, 37C, 39CIZ3 HH
HEL-OL, au0=—3503H Y 24 U2mKA
RExZNENG T EHBICBEC LG8 L THKL
7> (Fig. 1, Table 2).

EELDER

fabB*-1 ¥k ® DNA % $5 12 L T fabB E{z+ % PCR
WIEL, 79 A3 F pUC19 ® BamHI-Pstl B2 —H >
O—=72017. RWT, BamHI, EcoRl, Pstl %
HILTH SN S fabB BT O 3WiH %, pUC19 12+
7ru—=r71L7®D%, Thermo Sequence™H {
W=7 vy 7%y b (GE Healthcare) & DNA ¥
— 4 ¥ — DSQ-2000L (Shimadzu) % F\»TIEZERLY)
ZPuE L7z,

Table 2 Comparison of the growth of seven fabB* strains
on solid medium and in liquid medium at
various temperatures

fabBtS clone

33°C 35°C 37°C 39°C
number
212 10/10 711 7/9 8/10 4/8 3/10 0/2 0/6
458 911 811 9/9 7/11 7/10 6/10 0/4 1/4

814 7/8 7/8 1/8 1/9 12 01 0/3 0/2
1153 4/8 5/7 4/5 4/6 5/6 5/7 3/7 4/6

1229 7/9 8/10 8/9 6/9 0/0 0/0 0/0 O0/0
1249 710 7/9 6/10 7/8 0/3 0/2 0/7 0/1
1251 7/t 7/8 6/6 58 0/8 08 0/7 1/6

Each numerator and denominator represents the highest
dilution factor that yielded a colony and turbidity,
respectively. Shaded cells suggest inhibition of colony
formation. The test was duplicated.

L-agar medium

[ ]
orig. 1/N 1/N2

difference?

L-liquid medium

orig. 1/N 1/N2 1/N% 1/N*

Fig. 1 Comparison of growth on solid medium and in liquid medium.
A master dilution series was prepared for each clone and transferred with a replicator to both solid
and liquid media. The highest dilution factors giving a colony or turbidity were compared.
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BEBRSEHEEFIL I3 5DXT)—22T
WhWLIAHORERSHEREKIL s Y 3 Vil
KIEEHE PA3092 #k % N-A FJ)V-N-= P E-N-= +a v 7
ToZYUTERMEL, 30C Tan=—ERT L) E
B (KEBRTIZAAC) TRERLZVEKOEATD
D, BEELEETOERTHAIENHFTE L.
REEFIZI0C THRENDL I EWEDH-> THMHE 41T T
FHANS N, A, 41T ICBwT, gu=—iZ

ES R WA RTE 2 L) eHREHL .

ALy va IR LT 4R2@okE £
nZER, BRIV F 7L — b LD 150uL ® LiEHIC
MZT30C CT—HEEL, TNZNO3FEARE
155uL &, & 5220 250 %A HIE 150 uL D7 = )V
BRI Ay =T L= 2 HELE. —F, #iltk
TL—= b0 VIS LEMRE 150l To5FELD
nE, LEREM7L—-MEZHEL, A¥ -7V
— o 2uL I oINSV T Y HERL .
41C 2 HE#E R L7225, RN TF Y Bk
WTaou=—2MEXEhho7160%E, 1 REME
&Lz,

BlEwtk % 30C T/ ER, TNENOIEKR29ME
5 BEBEORRRATNE 7 2 VIZHERET AT —F L — b
FHEL, —F, YVFTL—1rO7 o VIZ L ERE
BOuL T2 EL D LEREL L - %
HEL, A9 —=7L—= 20 2uLF2I b
L7 AL 7 (Fig. 1). 41C T2 H &R &
%, MAEHTHEY AL RAGWREL, EAEEH
TaIOo=— %2 HBAIELHERGNE LT, 2EBEIL
DEOR N 2 ¥%E 2 IR E L7-.

TEADRTE

L7y a OB RICEIZROERENAS>TVED
T, TOIHLEDERNPRDLERFTTHEH, Tk
DHLEEOERts T G2 T W20 ERR5LEH
HbH., FHLTWD tsHRIZH L, KW D4 ORF %
ColEl k7T AI NI/ u—=v7 L7294 77
—%, FRFICEA 75 A3 FUB{LTHEATEL
ERIMMHENTLC Tau=—%2ENE LAk 5
BT % A2 T, Bk ts REBETFZREE L
(Saka et al., 2005) . Z DFER, 2O OFEMIL, fabB
EpolA THDHZ ED o7z, L LEDOHRERD L,
et & L7z polAsBR TR/ EEBE D EDPRE VW E
WO REBPHIHTELRLL 2D, 11D fabBs #7217
WRERBEHE L TR/, ZOW%E fabBs-1 & ¥

/N

E

S,

fabB 32— F ¥ 501%, RHREET A 7 vizBw
T, A2 malonyl-acyl-carrier-protein [ACP] % #i &
X5 EFMICH R L CREMZ 2 DM ITHR,
3-oxoacyl-ACP synthase I C, $FICREH O ABIFINGIHE
BRI EEEIND., 55N fabB-1 Ein T DB
BRELEZA, CHTIIEDLLI EIZEY 4057
I 218 H O Ala AY Val IZZ{L L T 7=,

BEfFiEE ERFEE TOEB LS

fabBs-1 ¥ 30T & 41C T» CFU & MPN # lt#g L
72& 2% (Table 1), 30T TlXEAE:ZE & AR EL
TENZVOIZH L, 41T TiE, au = —BREED
AR T OMEBEHEEE D 1/1000 ML F KT L7z, BIEBRT
BRETIE, IREIZX 59 CFU & MPN TEOZRWI &
BHERALTHS., 2BRERE 2 VWD, 41C TO
fabBs-1 MIHBIE 7 4 9 A ¥ MER K LX<, 30T
TOMBBEWE T CTHEZBVWIR SN 2D o 7.
A7) == TR RRAS fabBe-1 O 1 #7207 725
20T, ALalLzyavyORTESFETabB L LT
RERS N T Wz 7RO, AR IS 5 EAREED
WM E 7 2 T L7z (Table2). 25O fabB*
BRiE, fabB=1# & ) b 41C DK TOEFIEL,
41T COEMK HAROEBTEVPRKELM L D570
T, LVEVBEETOEZM. BRICK > TREI
XY HIRZMEAGE D AT, 4 BB (FHFUEIC LTSS
DEoxZRICEZEE RS L, ¥2121337C T, &
81413 35C T, ¥k12511337C &£ 39C T, zu=—¥
WAEL o> THEY, TR OF458 L 115312 FAkD
EAASH 2 5. ¥R1229% 1249132 37C UL E CTABIEY
XTEPRALZ V. UEOERE2E2 5L, fabB%E
BRaa=—2EDIZ VWORENZE B 7S,
A7) ==V FIHRA L7241T & v ) BIREAH50: L
T EZ72OIZ, fabB-1 k1O LB TE L oizk
WO THREEDLEZ LS.

SREDOAZ ) —= v 7T, HEGHECTEao=—
e RE % R & <375 9 BERIE fabBs-1 O 1 #7217 T
B o7y, RI|BANHN LB E DENTH > THHEK
D fabB* L RAETHEUVOERBMPIERTE /2. X7 Y
— o VTR LD 1BIZT & w) oMiies
2 72DPAHT, BEREL SO RR V. 22Tl
BEL 2k, HMERED 1HE XD IFMr LT
BEAZ)—=v 7 ERmEZA, AL fabBEET
DR OZERKEO ts RAPTURF S N7z, T X ) FEME
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EHEEIC R -7z, 3612, Bz FLs VEEERRIL
ToRERAM T, WML S fabB 7P RE LRk
fE$ 52 L) TEIZ. ZHUE, Lbroth THIZMKC S
LRFTECH LEREHTCRao—-2BKTELR
v, BUEC ORI EHWTERBOSHT 20 T
5 (BARiEmii).

GREMEHBER IR EEBRL TS0
e N T TR CHEIREICRS &, S
HEL, 2WT, VRV —LALEOY S0 HEiNE
L, 255 VF—BOREEMIBIED DR
DOhbIMN ., FHRELTH, FOAMLANE
WEAEZEOF IR BN ORI ARWATH L. fabB
EERAP IO —2EL VBRI, EHARMET
D fabB BEEMBORE N L WA £ D34, BRI
L HMAEHE (FEKRTERESRZ ) 250bo Ty
B Z e 5T F e fabB DAY DRI AR K R
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F72, ROPRZZTTH LA, ou——% ik
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— IR, LI EHLELEIICHBLHICE
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o l20S, WAHREEROTNTOHERAZ 7Y 7
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W, fabB BREORTWEL, BB Y TO
A Z{RZ TV DWREN R EIRTH 5.
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HTFOIEROTDY MA S BAMED TV 5,

-

NIF)THRECEI I — 2S5 2 L7
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CENPEEREND LI ThDE, oo —
L, EETWBEIEEFETIERL, 2055

DR 7oA THY), au=—BR LTI %2
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B9, BERZUERaLV Y Y3 s, 41T ok
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DTIEYIT S WEE D fabB ¥R &S L7z, Wk HT
O MPN TllE L oo = — B e RikT 5
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P, FORRZHIRERIL 41T XY EILY TH o 72,
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Studies on enzymatic syntheses of bioactive carbohydrate compounds using
microbial enzyme on the basis of novel idea and the development of its application

Kenji Yamamoto

Research Institute for Bioresources and Biotechnology, Ishikawa Prefectural University
1-308, Suematsu, Nonoichi, Ishikawa, 921-8836, Japan

Methods involving addition of oligosaccharides to various compounds have attracted attention as efficient
techniques in glycotechnology. Recently, the method involving the transglycosylation activity of endo- 5-N-
acetylglucosaminidase from Mucor hiemalis (Endo-M) is developed and the exploration of oligosaccharide
oxazolines as donor substrates for the transglycosylation of this endoglycosidase has significantly enhanced the
efficiency of the process. Moreover, discovery of novel endoglycosidase mutants with glycosynthase-like activity
has made it possible to effectively synthesize a large quantity of glycopeptides as well as the homogeneous
glycoprotein. The use of mutant enzymes and oligosaccharide oxazolines has led to development of practical
applications for the synthesis of bioactive carbohydrate compounds and therapeutic glycoproteins as bio-
medicines.

In this study, we found the efficient glycosynthase mutant N175H derived from Endo-M, which possess
enhanced transglycosylation activity. Using N175H mutant, we succeeded in exchange of high-mannose type
oligosaccharides on recombinant human immunoglobulin G produced by yeast to sialo-complex type
oligosaccharides which are human-compatible oligosaccharides. The result indicates that this method is
effective for practical use for producing pharmaceutical glycoproteins expressed by different cell expression
system. We also synthesized sialylglycopolymer with a chitosan backbone as inhibitor for influenza virus
infection using the transglycosylation activity of Endo-M. The inhibitor possessed high affinity to hemagglutinin
of virus and hemagglutination inhibition activity.

Key words: endoglycosidase, transglycosylation, remodeling of sugar chain, influenza virus infectious
inhibitor, bioactive carbohydrate compound
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F)WCHERHLL. Thabb, RAMPITEL ) HEERE
Lt KRB Mucor hiemalis DYEFET AT v NI ) o

vEY—-—¥oxL F-B—N?k%»?}bj%::&*—t“

(Endo-M) 3> /82 B N-7'V) 2 ¥ Fig &
%5 NI B OB ARG EEE &I, i
BEL oW K ERIEZ AT ALEYW (EMH) TR

M s2EEBgEErE T LI L2 AEL
(Yamamoto et al., 1994) (Fig. 1), Z D4R IGEM%
FALT, TNFEFTICS T IFRLEWITHEHZ
(ZyVavylb—3yary) LT, RHEEEESTF N2
EOEREENE L EW E A L 72 (Yamamoto et al.,
1998). & BT, A A substrate-assisted catalytic
mechanism &\ L= — 7 e USRS L - THERER
InAHEST T A Z e L (Fujita et al., 2001), €O
MREEICLT, BMECHEETHLE TV~
RIBESH 2 AR L TSk E LTHWA Z L2 X D ahE
BICHEOBBAERY A HEONL I L2 AM L
(Umekawa et al., 2010b). T 7z, F FH V') o HIPERH
ZHEGARE §AMEBGICB VT, SMRRANER
METHENITBQIZED, HWIERTERY»HE S
LI e ESHAR R A R D AR F L RN L7
(Umekawa et al., 2010a). S DFEICL T, WEHE

FELNNVTARELH WA I ENTEEIC -7, F2
T, COBEFEOILHAZERLT, SFSEaHAR

WREMEZ BT A LA EER T A2 L2 EE L
L, "AFEEZRA VT VI Yy HFy 4 L ARG HE
FOEGHERAAD L L BT, TORENREREDHE
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GlcNAc-Asn-R
acceptor

Transglycosylation

AR RES L 7.
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ST MUERENASHB LY TUBEXRTFF (VT
OHER T AREHEHELEC 6 REDT I VBrb% 5
ARTFF) 80mg 2 50mM Y VEEF b 7 AFEE

(pH 6.0) OFFHE F T Endo-M BEZHE S 50 ug %= 7N
L, 0CTC—HERBLTERTFFEN T VLS
T 7 OPEEE & EME S G, RS E Sephadex G-
257V AMEA T AL, BEHEHESE 2 AR LT
FEREMEL 72, B NE (80mg) K :(gﬁﬂb,
5HEBEDON)IFLT I VOHEETTISEED 2-
Chloro 1,3-dimethylimidazolinium chloride (DMC : H#

W) @L<, KET1HM, #iaRox 1T
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RZERMKEEEZEE2 3 — F L7275 A3 FpET23b 2E A
LMz KIGHE DHSa 2 7 Y ¥ ) v 2 &L LB
fREEHIZ T 19T CT38MFfIR L H B L7z, BEEpih &
) Bug Buster T% ¥ /827 E %t U TG %

¢
Man- GlcNAc GlcNAc-Asn- Peptlde

H20

Hydrolysis

GlcNAc-Asn- Peptlde
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\
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NeuAc-Gal-GlcNAc-Man

transglycosylation product
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/s
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Fig. 1 Enzymatic action of endo- f-N-acetylglucosaminidase from Mucor hiemalis (Endo-M).
Abbreviations used: NeuAc, N-acetylneuraminic acid (sialic acid); Gal, D-galactose; GlcNAc,
N-acetylglucosamine; Man, D-mannose.
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AL, = v & V75 4 (Hitrap chelating column)
L 2%, 100mM A4 2 ¥V —J)b, 20mM U Y EES
FU 4, 500mM NaCl DREEHERIZ L o THRZE
HiL 7.

IR E—EDEREEDETT

Mucor hiemalis DLV F--N-T 2 F V7L a4 I =
¥ —¥TdH 5 Endo-M B L INZ DEREEE DK H
EHEICOWTREZREE LT=T V) EHRDO Y T H
BT F (75mM) ZHWT, 50mM Y Y #F Y
v AR (pH 6.5) A T30TC ICCTEEERID % 1TV,
WA T & (Cosmosil 5C,g ARII) % Fi w7z HPLC i2
Lo T 214nm 2B 2 EH RN Z B E L, ks H
IS DERYW %= 5 L7z, —7F, BEEBEEICoOWT
Z1I0mM RS =t 7z =— )V N-TtF V7L aH
2= F (pNP-GIcNAc) =K E L, 76mM O 7
OHENRTF FEEE 39V VEY 7 ufEg & At
AL LT, 50mM Y »EES MY 7 A8EEE (pH 6.5)
FCT30C IS TRHERISEIT, LELE MDY 5
L&MW HPLC 12 & - T, 280nm (28 5547
ZRE LT, RISERY %5 L.

FER NV EBEROFEHE)ET) Y

WS U EBETH LY VHERY AR LT —F
B (RNase B) ##iEHRKDO T Y F--N-7TF L7
VaHI=F—¥ThH5Endo-H TUHELT, 1%%K¥#E
DONTEFVTILIH I (GleNAc) DHRHFHL
72 RNase #1%C, COBMIROMEH ) ET) ¥ 7247
oo Thbb, FEHMASAELTOmMM OF X3
) U RIY 7 apES 2 v, 0.1mM @ GleNAc-RNase B
ZHEMEE LT, 20ug D NITSQ EEBEFEICLD,
50mM U »EEREE T (pH 7.0) DOFFEFE T THER G
AT o7z, S % 150mM @ NaCl # & 50mM Y
YEEF MU Y ARRE (pH7.0) EBEHKE LTV
538 LRSS AR B & B L 7.

MZE MREIOTU L GOFEEYET YT
TR A e O TR ME+ L ) E5- S
FtE (Ogataea minuta) % fgE & U THIH L2/ 2
t b IgG |2 Endo-H #1/EH & &, Fc IO EHD N-
7)) a Yy RIEAEIC GleNAe D A 2% - 72 1gG % 15
2. ZofM#EEz e b I1gG 20 ug \[CEREESE N175H
0ug & 7aERTF N 20mM 2502 T, 50mM Y
YEEF MY U AR (pH 6.8) DOAFFET T 200 1l 12
THEBEBIISE1T> 7. UG D 75471 SDS-PAGE %
To7:1%%, &b IgGIfkE w2y Ay v THay T
1 Y 7RG, YT OBEEOBEIIE Y T IVERICER

72 SNA (BB E=v ba) LoFraHwiz7ay 7
1 VT BT 7.

A TINI Y ¢ VIR BREEEROERK
A 2T NVEZ T 40 2R R YR E A O~
FARIEUHICERL - FEICHKE> TITo 72
(Umemura et al., 2008) . ¥ 7 u X7 F F
(572mg) %5k & L, p-Formylphenyl GlcNAc
(248mg) ZZHEMAELTI00mM Y YEEF 1) 7 A
W (pH 6.0) OFFAET T, 30T, 16[#fH, Endo-M
WX BHEmBLZ1T - T Y 7 O = ZRKICER
L 7-fE SR AR (106 mg) %1572, B/
PR AR (72mg) I2F MY (12mg) %A1z
7212 0.1 M Sodium cyanocarbohydrate ® X ¥ J —
VERZRMLC, 37C T2 HM, BT I /LS
ATV, F RN ST T OEEASMICES LAY
=% A Y T7NVZ Y 4 VARG ER & L
A

1 TIIT Yy 1 L AR EHER

96X 7 L — b EIZ MDCK (Madine-Darby canine
kidney) Mgz iV CT—&EEL, 7z VOREIIHIE
DEEFH 7. RWT, PBSIZHM L7 HEA %
fEre /M L2%, e ARSI NIV FTIAL VD
A/New Caledonia (HIN1) ¥R D& (4.0x10°
ClU/ml) &EAELT25C T1HEBEDSE, KR
%7 Vo MDCK fifgfE L2 40 w1 %L T CO, £
VEFAN—F—NT37TCIZT1IERM, a4 VA%
IR 887, 610, BEELARM| L%, CO, A
YEFaNR—F—NTIC, 4RMEEEL. BERZ
L7, 1% /89 FKVAT7IVFk  PBSIHEET 1
BrREE L, X512 1% Triton X-100 T155 FALEE L
2, MABA VI VI FEY 4V ADI T AHEE
J 7 a—F ik & s R sORPURE IS & 0 g
Mfax et L, SEOBBMEIC CRIEMEEE >~ b
L7z, BgEiZay bu—ne LCHERZ ST 20
PBS &% 7 4 VA & Ut S & 720 B ix 5
BRE LT%TEL.

& *
= EEREM 57T 5 Endo-M OEEBEORE L
ZOME

ek, BORERIEEEAE L, KRG HE T EH
ENrsSA4ayry—EHOENEZEZAT 5 Endo-M
DEREFEFR L LTNI75Q 2R L Tw5b (Umekawa
etal.,2010b). ZOERBERIF FH V) VENEHZ
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Fig. 2
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Reaction time (hr)

Transglycosylation reaction of N175Q and N175H
mutants using sialo-glycopeptide as a donor substrate
and pNP-GIcNAc as an acceptor substrate.

The transglycosylation reactions were carried out
using 7.5 mM sialo-glycopeptide as a donor and 10
mM pNP-GIcNAc as an acceptor. The products were

quatified by RP-HPLC.

Symbols: squares, N175H; triangles, N175Q; circles,

Endo-M wild type.

N175Q L H%, »50iEFNL EOB VIR CHERE
ERWEARTA LR AL L by, R
DOFIBIZ BT, FEERB AR OIED N175Q (21t
BLTRRBEVWIEERBLA (Fig. 2). EN
BRERIZOWT, BRI OE# pH 2 2 HIEE
R EDORIBEM T A & & L ICHEREN LR
Tolz. ZO8E, N175Q & Ei# pH (pH 6.0) 2 E
BRE (30C) WKKERMRIIASNT, HHEICHT
% keat/KmfES RKRE R ZIIR SN o 72 (Table
1. NI75Q B L UNITSHIZWwWIT S 754 av v %
—EHOEEZ R TS, BEREERLNIZBNT, 3%
VY VR T aREEOAR LTS, YT UENRTF D
PEHMGRE LTHENTHA L2 RAELADT, W
TRBEZZHOVAEEIRY 7O TF N2 Egts
RELTHWAZ LS ET L.

-—
Z T,

a2 NVEBEHEOVETV YT
INFTICRHENRTOWEMAEY DT Y K--N-7 &
FNTNAFIZF—VIIHEY V37 B O NS BIE
HOLRNTHIBERL I C R EOBEMEWONES v 3
JECEEL L THET A REBENEM R EEOS< V
— AR (v ) —ADF ) T —) PRI
(B~ v/ — ATUFEEE L A TINESH OB AESH) 12
ER T 525, ¢ MBI ZR EHROMES V87 BT
T 5 MR EOREIPEHITY L TiEE<FAL
vy, —7, EndoM iZWFNno sy 4 TORESICH L
THIERT AL W) B»rdH L. 22T, ZOfHE

Table 1 Kinetic parameters of Endo-M mutants for transglycosylation and hydrolysis reactions

Transglycosylation reaction

Sialoglycopeptide pNP-GlcNAc
Enzyme kcat Km kcat/Km kcat Km kcat/Km
min! mM min-lmM-! min! mM min! mM!
N175H 143 85.8 1.67 40.0 1.91 20.9
N175Q 248 118 2.09 76.5 2.03 37.7
WT 656 5.01 131 529 4.15 127
Hydrolysis reaction
Sialoglycopeptide
Enzyme kcat Km kcat/Km
min’! mM min! mM!
N175H 92.2 55.0 1.68
N175Q 145 56.5 2.56
WT 385 2.41 160




FLVREBIC L 2RI EMORENERRER L £ DOILHORER

FMATAHEZ LIS T, EndoM DIEFRTEEIT LD
Wy R BORBEOTIFEZ (VEFTY V) 21T
oz, Thbb, S EOMESE Y VOES
RUBEGRICART B2 L2 X 5T, b MIEDLES
VR BEERBIET AL E2AET.

%9, HHOVETY v L HEHEEENY 2Ry
YNTEEBLHWNT, By v/ —AREEEY AT A
BEY Ny BIERESR O 7 PEE RNase B % W CRET
L7z, ¥7%bH, RNase BIZFMLTWwWA 1ADE<
v ) — ARIBESH % Streptomyces plicatus H13 @ Endo-H
EPRHWTYR L, 13&ZED GleNAc O &2 L 72
RNase (22T, N175Q ZEFEZZ H W THEAE A
oL FH V) VAL 7 OER %ﬁ%ﬁkk@"%%ﬁf’?’
RIS & o THESHAIIMZ 1T o 72, 2 ORE, Y708
I REEEHO AT EFT Z)RNase Bh@ELN, B
V) — ARG B R OME & LSy B R AT &
OWEY VN BICERT AT LIRS L7z (Fig. 3).

BETREBELUAZEBARE/IOTU COEHEOE MY
FEEANDNE
MAEEERE LTEERZL MREITUTY VG
(IgG) I TEHEBEHEEIFENDL T V87BN b b

Wy o7 BREOPUA TS 525, Fe tHIRD EFH OIS
I N ATIRESHASEAE L, PiikE LCoEiEoRHIC
RaZEZ2 8- LTS (Jefferis, 2009). © b HiE
Fug) 0L S YN BEBRTRES Y
B ZHESY N BRBBICREOEREY Y ) — A
OFX)Iv—% AL, & ML THWILUEEZ3E
T 5720, BERICHERTEEESMEVICL22b S
¥, TOAEREITIE CHO Mila 7 & ogiiia % Fwv T
fThhTwad, 22T, BETHRALLMBEZL M
FEru7) G oOREEY e MURERICHELT, v b
\EE L7PUREREE LT IgG DAEEEZRAM. T
bbb, BERE (Ogataea minuta) THRILU-MHEE L v
FgGD~ Y /) —ADF ) I3 —% Endo-H THIHF L
7:%%, GIeNAC1 %% EZHFH T 5 gG&2H/ET, ¥ 7ol
NR7F FEpEEM GRS U7 N175H 2 B E O fEin
BIUSBICED e PRI Y 7 oA TURESE 2 E A L 7.
v 7 OFESEAY GleNACIgG IZREFIICEA SN2 &
li/?’ﬂ/ﬁx CERRLZF U THBESNAL Y F

Lo THERR L7z (Fig. 4). Thbb, BETHEHS
WM 2 1gG & & N UHEEH 2 550N 4 PR E SR
ELTHETLI LI,

Transglycosylation
reaction

kDa Ctr. 0 0.5

fF i

20 S

-

15\

7 hr

‘;g“;‘,: 3
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Fig. 3 Enzymatic remodeling of sugar chain on RNase using N175Q with sialo-complex-type sugar

oxazoline as a donor.

The reaction mixtures were analyzed by SDS-PAGE. SG-RNaseB: RNase having sialo-
complex-type sugar chain; GN-RNaseB: RNase having GlcNAc residue.
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Fig. 4 Enzymatic change of sugar chain on recombinant human IgG using N175H with sialo-

glycopeptide as a donor.

The reaction mixtures were analyzed by SDS-PAGE and followed by the western blotting using
anti-human IgG-HRP (upper panel) and lectin blotting using SNA-biotin/streptavidin-HRP

(under panel).

B RS> TILT A )L IERBBEAER DA K

LM VTNV IALNARGANYTNVF U 2%
BARE L TREEMBIE FICHEET A Y 7 O oIER
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WELL 71, HEIFOV TV F—¥ (V7 VEESH
BHE) X TARITNF oV ERFE LY T VERE
LIk L, mEMBEIrOBIFETE. A VTV VDR
BEELTELHAVLRTWAE Y I ZNIEZIDOYTY
F—EDHERTH > TRHEEMIBIST A VZADEEL
TeBOMBEERICE> TAMTHY, BEZDOLOE
BWTAHZEIETERY., —F, AT NVF=ZDOYT
VEBAOHKEGEHET L L) REAHEEREA VTV
I NVADBEANDERZOL DR HET LS
EWTEDDII, BREFHIIENTHLEEZLN
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Fig. 5 Inhibitory activity of sialylglycopolymer with a chitosan

backbone against influenza virus infection of MDCK
cells.
A/New Caledonia/20/99 (H1N1) influenza virus was
inoculated into MDCK cells after incubation with
sialylglycopolymer. Infected cells were stained by the
indirect immunofluorescent method.
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p-Formylphenyl GIcNAc ICE=BAIML, Thax Uy v h
— L LTHF M YIZEMICEITT I 2fERBICE - T
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(Fig. 5).

RIFFE IR EZFD [ # —BROBE
B & o TIL AR L <, #eeetEL
EWMEERTAIEEENE L, FOFERE LTHE
YWoORRLZ V) a vy —EEHAWTTIZ LR
L LW TH A, WIS, SHABEOREHE%E
B LB HERED N FEERZE LTOBERE R

[/N4 % ¥ 3 5 — Bio-similar] 27K S5 3O
—MEICXTINT A EZREE L-ISETL H 5.

Endo-M 3 DA IZIE L 543 5L ¥ R-B-N-7
CFNTNVAFIZF—ELRELRD, e N EHO
Wy NI BICHEET A YT U ARSI L TA
CERTL2HRLREETH Y, ¥ 51T substrate-
assisted catalytic mechanism & \» 9 L= — 7 72 oA
HEIZ X o TIHEERS A #IT T A ETH LT L 5,4
ERMBLTw3s (Fujitaetal., 2001) (Fig.6). ZDOK
SIS BV TIE, 3L ALOEIMKGHEEE (77
T Y =) BHET HE/AREMIERE L RERED
2ODEWREVEEE Y V37 BICHAER T, B/iE
FEMEREOANGFEL, JIGEEO7 73 P&
WREGFREL 2o T, BERSHHEEEIELE Y V82
BOBESEKRTII R, £33 VY AMLEWI IS
BIZHbE., ZOL) RBBEICL > TRIEVEDHEE S
I BITRESE RO R SV ALE O
BUCEEEEZ ONBBRENEEIIRAEEIN TS Z
ERRBEENTW S (Williams et al., 2002) . Endo-M
WZOWTHEEFLTHD NEELS1I7T7TFHO IV
IV OEBEOITSHFEHICIT AT F UERENF L

E177 (Acid/Base)
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Fig. 6 Substrate-assisted catalytic mechanism of Endo-M.
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TSNV E I UERFETEAL-ERER N175Q (3
KR BREMEDIH S, HEEREEEIMEE SN AR
BETHAILEZWPLMIZL TS (Unekawa et al.,
2010b). $ %&b bH, N175Q BEEFZ I+ FH V) V1t
EMEEBELTCRILTAIEIZEY, 'S4 av
¥ —BREOEEE TR LT, WERAER SIS ES
NTICEF IR T W 2o — I e BRETH 5.
ARFFETIEIeRAF Y VEREXZEALZ NITSH B
N175Q Il L TEFNITZEE L 2 & 4, HBEBRE
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HrrRTI e AR LA Wi, AFT VRERENS
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HEEN L TR, BRERICOWTHAEL 244
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Identification of N,O-generating microorganisms in agricultural field by utilizing
genomic information

Keishi Senoo
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Yayoi 1-1-1, Bunkyo-ku, Tokyo 113-8657, Japan

Denitrification, the microbial nitrate reduction to gaseous nitrogen (N) such as nitrous oxide (N,0) and
dinitrogen gas (N,), is an important process in the global N cycle, because it causes the N loss from
environments and generates N,O which is one of greenhouse gases and ozone depleting substances.
Agricultural soil is a major source of artificial N,O emission, largely through denitrification. In the
denitrification, nitrite reduction to nitric oxide (NO) is the crucial step and catalyzed by the nitrite reductase
(NirK and NirS). Therefore, biogeochemical and ecological roles of denitrifiers in environments have been
studied using the NirK and NirS genes (nirK and »nirS); however, recent genome-based studies strongly
indicated that we have analyzed only a limited range of the genes in environments. Here, we firstly
demonstrated a comprehensive phylogenetic analysis of the #izK and #i»S genes, then revealed their
distribution and abundance in environments and finally assessed the functional importance of the denitrifiers
having the unrealized #i#K or nirS gene. The nirK and #irS phylogenies were divided into four and three
divergent clusters based on the amino acid sequences, respectively, in which three #izK and two #i#S clusters
have been rarely analyzed in many previous studies. We designed the specific primers and revealed that such
unaccounted genes were widely and abundantly distributed in terrestrial environments through the clone library
and quantitative PCR methods using the designed primers. We confirmed the expression of the genes in a N,0-
generating soil microcosm under the denitrification-induced condition and also found that 41% of the »izK or
nirS clones in newly realized clusters had the similar amino acid sequences with the genes from the bacterial
strains (13 genera) which have been isolated from the soil and of which denitrification activities were confirmed.
These results suggested that we have seriously underestimated the diversity, distribution and abundance of
denitrifying microbes in environment. The knowledge and methodology obtained in this study will lead to the
N,O-mitigation technology in agricultural field.

Key words: nitrous oxide gas, upland soil, denitrification, nitrite reductase

ftEH (NO), —BRIL-=% (ERIL=EXE, N0),
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FAWITEE B & O OFTEER
1"" Ji‘ "uﬂ"m if Juﬂ) B (L

1988; Conrad 1996; Bouwman et al., 2002; Martin et al.,
1999) . MBORBEEWO—2TH 5 N,0 RiRERE
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ZOORBIIRENCLEENILHEI A6 RER
HHEZHEDODTWD, IHEMNICESHeMEYBREREY
HLTBY, BEDPORSEEIZREMED O EHEE
HREBRMRA R CORBERICL > TRELHB SN
T 5 (Philippot et al., 2009; Morales et al., 2010; Wei
et al., 2014). WREEE A 4 ¥ 26 NO ~ORITILIAFHE
EEPOTABREROFBRLE W) BRTHREOF—
AF v T THD. TORAT v TIIHEEWITRL D4
REMICHS O O OMEERRETHEE TH 2HRENLD
NirK & & b7 12— 24 cdl RE T O NirS 12 & o Tl
&N 5 (Hochstein & Tomlinson, 1988; Sakurai &
Kataoka, 2007; Francesca et al., 2001). 16S rRNA #&1=
FEFNCET L RKE iy BEFNIE DT RBIZLTL
b—3 L7 (Tiedie, 1994), B T o B
AW OERESENBENE NS 72D nirK R nirS X5
ELAPCRT AR —PHHINTVS (Zumft,
1997; Knowles, 1982; Tiedje, 1988). % /2% { O3 T
T AT —OERR YR EEI N TS (Braker et
al., 1998; Hallin & Lindgren, 1999; Michotey et al., 2000;
Throbick et al., 2004; Braker et al., 2000). Z®D X 9 %
TI 4= —OERPE R SEEEEI N HEMEY
O nirK % nirS WHVEHRE b L 1fTbh b0, £hb
o kR AR D % X Alphaproteobacteria i,
Betaproteobacteria ¥, Gammaproteobacteria NGB T
& 5 (Braker et al., 2000; Heylen et al., 2006; Smith et
al., 2007; Palmer et al., 2012; Ishii ef al., 2011) . L2 L
HEDOT ) LABTBEHOERICL - T, FlZE
Nitrospira T, Actinobacteria ', Bacteroidetes M,
Spirochaeta ™, Chroloflexi FAORBE L —FDOT —F 7
bFELnirKP nirS *RELTWAH I EPFPHL,ITE
- TV 5% (Cantera & Stein, 2007; Nishizawa et al., 2013;
Nolan et al., 2009; Moir, 2011; Bartossek et al., 2010) .
IS D nirK R nirS OBINIWERD 7T 1 <= —D1E
BRRMBIZIEEE IR TR, T/, KELEICE
FEL TV D nirK % nirS OREGDHERDT 5 4 < —
TRIATYFRHIRETELRNIEB ALY/ L
AP LHLNICR->Twad (S, 2011). L7z
Mo T, BEPOREWMAYIIOVWTORL DHIRIL
KELFo COATREENS V. B TEIIBWT
NO HARERL TV BREMAEWICOVWTOHMAD
WohTwa,

AWFEO BB BRBEIC B W IhETRIE S
T hho REMEYOLHRERHFELER L ZOERE
MEERZESMCLZLET, MIECBWTNO &
BEfToCwAREMAEN T RETAILTHA. £
DIDFEAIE (1) HENTWBTRTD uirK & nirS
DOEREEZ B TRHEBHF 21T, BBSIh TR

Mo lznirK & nirS OFEEZHL ML, (2) Fiw
T, E@COairK & nirS TMIB T 572000 2Hh D
T4 —ty bEEKLE. Q) IhHTI54<
—ty MERAWTEBIEEEICBT 5 nirK & nirS 0%
MEESPHEEEZWS2ICLE. Q) BB, 2hE
TH SN dr o 72 nirK %0 nirS % B3 5 REMAEY
AL IS BT NO AR 2o T A AT T
HHIEEHSPIIL.

EERITEE

NirK & NirS ;&&=F 0O R

nirK & nirS DA 2K %, Kyoto Encyclopedia
(http://
www.genome.jp/kegg), National Center for

of Genes and Genomes Repository

Biotechnology Information (NCBI) Microbial Genomes
(http://www.ncbi.nlm.nih.gov/genomes), Functional
Gene Repository (http://fungene.cme.msu.edu/
index.spr) 7S IUE L, ClustalW2 % T 7 3 / BRAC
ICEWR L%, T4 A V&L airKIiZOW
T, 4T 18 (220D AF VL E1IDDAFF =
V) EFAT2M (20D RF YY) EELHFL
FAT1L A yOFEQ 7 2N L2 nirS (2
DWTIRHEMBEFHAELTRITLTSY 7 0adl F
AL v oFEQ BB L. REEIET I B
BEFNZ E D W CTRICEIC X DR L 72,

NirK & NirS BEFEBHT 2200771 v —DE
B

ER LRI BT K DR T 4o0
FGAY— (TR —V) T, nirS DR Z 3D
Dy SGAT— (5 A% — LI kP L7 (Fig.
1), 75257 —12BT 5 nirK & nirS # ENENR
WY 20200 BRNETIA~—ty PEERL:.
75 4 < —OFERIZiE COnsensus-DEgenerate Hybrid
Oligonucleotide Primers (CODEHOP) 7 ) 1) A A
BRIz nirK OREBIIBWT, SEHERTH 5
Halobacteria W7 — %7 O nirK 1375 4 <~ —VER IR
DT I IBEHN S IAY—NICBT BMD nirK 7
I EREH EEFHSHEBL Tnwid s T A — 111
Gl (Fig la). nirS ORFEBITB VT, EFERE
B N7 Bacteroidetes '), FREEEMAWE NC10 (7)),
Planctomycetes P, Epsilonproteobacteria D 5" 7 LT
HSES 5 4 20 nirS BHNZ, 754 < —1{EREEHRO T
I JBEH ST 5 A — 11 D Proteobacteria PRI A%
BB uirS EFEBL Tk 7 525 —1I&DT:

(Fig. 1b).
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@® Archaea (a)
A Actinobacteria

A Bacteroidetes

A Chloroflexi

A Candidate division NC10
A Planctomycetes

A Spirochaetes

B Alphaproteobacteria

B Betaproteobacteria

O Deltaproteobacteria

B Epsilonproteobacteria

B Gammaproteobacteria
O Nitrospira

Cluster I

Cluster Ill

" Cluster IV

(b)  Cluster |

Cluster I
Cluster | b

Fig. 1 Unrooted maximum likelihood phylogeny of partial #i7K (a) and nirS (b) amino acid sequences
obtained from genomes. The 77K type 1 copper center and #irS cytochrome d1 heme were detected
for each Cluster. Bootstrap values (500 replicates) greater than 70% are denoted by dots above the
branches, and the branch lengths correspond to sequence differences, which are indicated by the scale
bar. Symbols on tree tips indicate the taxonomic affiliations of reference sequences.

B L 7=7 714 ~—DOBERMEDORILE
B L7723 RXTOT T4 3 —ty MIOoWT, HiH
HiPH & 1% % Japan Collection of Microorganisms
(JCM, Tsukuba, Ibaraki, Japan), NITE Biological
Resource Center (NBRC, Kisarazu, Chiba, Japan) 7*5
AF L7180/ (Tablel) ZHWTHIEL 72, =
NS OEEFERITZ D 16S rRNA EETI2ET L Rkt
B 5 nirK & nirS O%E (Fig. 1) O&K 7 IR 5 —
WCENENELTWAEFEIN, AT, ThE
TITKHETIE GrBRERERAEIIZET) »oa8sh
744D PR EMIE (Table 1) S MFED 72D H W2, F
T2BRERE 2 A L 2\ Geobacillus kaustophilus & 3 7 7
4 7aryra—E LTHW.
TRTDTF4 < —%t v MIA L TPCR &% fei
b L7z. PCR Ll BIOTag HSDNA KR X 5 —¥
(Bioline, London, UK) % T, MgCl, %= 4mM (&
), dNTP Mix # 0.2mM (¥&i&E), bovine serum
albumin % 0.5ug- ult (EE), £7/54~v—%
0.2uM (#9EFE), genomic DNA % 25-50ng & 72 5 X
MLz, 79X —TICET % nirK I22WT
EFOGCEHEENRNH WO DMSO 2 KRiEE 5%
(v/v) 1275 X9 I2EHIZ@mML 7. PCR K4t
1395C #1057 D%, 95C %30%F, Table 2 IZ/RTIRE
T308p, 72C #3080ty b&30% A4 7L, wFEIC

72C %105 17 > 72. PCR MM 1Z Gel and PCR clean-up
system (Promega Corporation, USA) % v THgHL
L, pGEM-T Easy X7 ¥ — & E. coli JM109 high
efficiency @ » ¥ 5~ b &) (Promega Corporation,
USA) 2FivwCru—=v 7 L0b, WEROM®
%t 2 Takara Bio Inc. (Otsu, Japan) |2 T47-72. PCR
BIROBRICESVWTIRBELR T I/ v —ty M E e
L, T b OfH & PCR/E&E PCR DiRBESM %
Table 2 1278 L 7=,

BRIEDRO NirK & NirS &5 F DS
FeAGBREBEY Y TVERWT 8-V 54 751 —
fEAT 24T\, BRI O nirK & nirS DR E BREE L
oo BEY 70 E LOMM g OREEBLT), K
Ht+iE (i), HRLE Baikdl), Wi
B % Hv7: (Table3). HEH VTN IZOWTIRE
FA PZBWT 3R 5 EKE 510cm O T8 % FRE
L7z, WHER®IZ oW ISt EAh 5 %8 10cm OHE
EWERBE L7z, F®EST V7055 ISOIL (Nippon
Gene, Toyama, Japan) % FI\>C DNA # il L, 1ERL
L& 754 ~—+ty bz HWTPCR %4T-7:. PCR
Sefbid L3k & F U Cd 545 MgCLIREE # 2.0mM (%
WRE) & L7, PCRIEWZ LlFEEICHEE, ro—=
Y7, MERSNOBHEEITo7. Boni-BHIE
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Table 3 Amplification and clones of #i7K and #irS in each cluster of environmental samples

Habitat type ' nirK and nir§ Cluster Amp}iconar No. of sequences No.of OTUs  Reference
(3% cut)
Cropland soil nirKk  Cluster] A+t 47 15 (Morales et al,
Cluster II +t 44 20 2010)
Cluster II1 et 43 30
Cluster IV ++ 23 2
nirS Cluster I -t 31 21
Cluster II + 12 8
Cluster III - e —
Rice paddy soil nirK  Cluster I ++ 18 14 (Morales et al.,
Cluster II 4+ 24 20 2010)
Cluster III ++ 21 16
Cluster IV — — —
nirS Cluster 1 +++ 28 24
Cluster I ++ 29 16
Cluster ITT —_ e —
Forest soil nirK  Cluster | - 18 13 (Wei et al., 2014)
Cluster II ot 20 17
Cluster 111 +++ 20 17
Cluster IV — — —
nirS Cluster I + 15 3
Cluster 1I — — —
Cluster 111 — — —_
Lake sediment nirK  Cluster | ++ 23 8 (Francesca et al.,
Cluster II +++ 24 15 2001)
Cluster 111 ++ 19 6
Cluster IV + 8 2
nirS Cluster | +++ 25 20
Cluster 11 + 24 10
Cluster 111 — — —
Cropland soil nirK  Cluster ] +++ 19 15 (Morales et al.,
(soil microcosm ) Cluster 11 At 24 14 2010)
Cluster III ek 20 15
Cluster IV + 5 1
nirS Cluster I 4+ 48 20
Cluster II + 16 9
Cluster 111 e — —

: Cropland soil, gray lowland soil applied with organic fertilizers; rice paddy, a flooded paddy soil; forest soil, a natural

forest soil.

¥ The concentration of PCR amplification product: +, 0-20 ng/zd; ++, 20-50 ng/zd; +++, >50 ng/pl.



TR 55 A WY MEREER LB 5 ORISRV A REEEMAEY ORE - S8 & MR

Mothur 70 7 5 A2 HWT97% OHEEZE L
operational taxonomic unit (OTU) & L7z, &#HIZ
195 OTU @ nirK & 102 OTU @ nirS OIFEES % 7 3
JEREIANC AL C, ko h R a2 ER L 22,

BIESFD NirK & NirS Bz FOEES

Bea 2BEY VR AWV CTER PCREZITY, B
B D nirK, nirS, 16S rRNA =z FOHEEE # MIE L
7oo BRIV TV E LCTHEBRIEE 2 R U 7200 i 438

(BRZ4), RETITABREE L KA L 72 M+
8] (R t), HEAKRE L IEEKRFOKE T

REEHLL), 2 FFORKMKIE BaHEktLe
BRZL), 1o A IE BEiht), Wit
By HWE EREY U5 DNA % Lk
Yl L, StepOne real-time PCR system (Applied
Biosystems, Warrington, UK) & KOD SYBR qPCR Mix
kit (Toyobo, Osaka, Japan) # VW TERLZ. &7
SAZ =BT DHnirK & nirS3ER LK T T4 <
—tv PEHWT, 16SRNABZFIEI S99 ~v—+%
v b 357F/520R# FlVCER L7z, b9
2, BERLHWSORTWARHAYS{~—ty + T
% % FlaCu/R3Cu (7 9 A% — LICBT % nirK % %t
%) & cd3aF/R3cd (7 SR —1ICBT 5 nirS %5t
BIHAWTEREZTo72. EEPCRONISERITIEE
20ul ® & T, KOD SYBR qPCR Mix % 10ul,
50 X ROX reference dye % 0.4ul, £75 4 <v—%
0.2uM (RiEE), DNA% 10ng L /2. PCR K&
M3 98T % 2001, 98T %108, Table 2 12/R T
HETI08, 68C 2300ty M %409 4 7 ViT o
72, 79 4<—+v I FlaCu/R3Cu& KOD SYBR
qPCR Mix % i\ 72 PCR 12 5> C I B A BG4S FL &
N7z, 794 <—+tv b FlaCu/R3Cu 2% LTI
KOD SYBR qPCR Mix &4 1) iZ Power SYBR Green
PCR Master Mix (Applied Biosystems, Warrington,
UK) #Hwi. BSEEEEE 200l ®% T, Power
SYBR Green PCR Master Mix % 10ul, £ 754 < —
% 0.2uM (#EE), bovine serum albumin %
05ug/ul (EE), DNA% 10ngwminlL7z. PCRK
G4 95C #1050 #, 95T =308, 58T %30
B, 2T 230001y F %409 4 7 VT - 7z ME#
DO HIFEZhEE & B AR Tm fE122 v T3 Table 2 12
AL

ML E A 700X LICH TS N,O £ & NirK
& NirS EBIEFNEERIE

BER L7914 <v—ty b2 HwTHRESH
77 wirK & nirS OESERERBICOVWTHEERFH R SE

oY A s o XA ERFIH UMREE L7z, 18I
R v, SRR MR (ke
1, #HE) 40g% 0ml D34 7 VIRICHKIEL, 05g
DRREHERZERAEL, 20BEA v Fax—rL
2. 3y hbo—ERE LCERZEML2VTES
BELZ. NO7S v 7 A% 2HEBICMEL, S8HE
WHERRKEREZEFH L. BRESHEOERZEREEL
72, ElmmLTwinwtEHR» S RNA & DNA #
RNA PowerSoil Total RNA Isolation Kit, DNA Elution
Accessory Kit (MO BIO Laboratories, Carlsbad, USA)
FHWTHHLZ., B 12g0 8% Hwnri,
RNABH P IZRTET 5 DNAIZD W Tid Ambion
TURBO DNA-free Kit (Life Technologies) % BTk
F L7, L7 DNA & RNA O E % Qubit 2.0
Fluorometer (Life Technologies) # HWTER L 7.
RNA & High Capacity cDNA Reverse Transcription Kit

(Applied Biosystems, Warrington, UK) # W CizE
L cDNA Z{ER L72. DNA & cDNABHE % H W,
ER DB Y nirK, nirS, 16S rRNA BIZFOHEHEE % E
L7 £-DNAZAWT, ¥#gHHOTIED
wirK & nirSIZOWT ERO@EY 70— 5475 Y
— BT 24T o 7.

R & B

NitK & NirS B =T O R BT

Actinobacteria I, Bacteroidetes 1, Chloroflexi P9,
Nitrospira P, Proteobacteria M, Spirochaeta FIFNE &
Euryarchaeaota M7 — % 7 2585 % nirK O FHET| &
Refl. 20K, —0OfEH» 5T 3/ BRESIT99%
UL OB 2 L ICRERES 2 B, 2970/ %
B, TR ABLY A 71 KA 4 (Sakurai &
Kataoka, 2007) DOEH % & L IZRHEBZER L. B
ELSHBENTVWEETORBTIA =ty b

(fl 2.1 F1laCu/R3Cu% nirK2F/nirKoR) b 72 @
T WIRT 2 LHOEREIN TS (Braker et al.,
1998; Hallin & Lindgrem, 1999) . &## 70% LL Lo
—MRAMT Y THEODE, 4DDI TR — (75 A
F— V) ok s/ (Fig. 1a). FlaCu/R3Cu %
nirK2F/nirKsR & W o 7275 4 v —t v MI Ko T
BEN) BEINEZISAF—TIKEL, 7925 —1I-
WWiCEREBE Lo/, 753 A% — T2
Alphaproteobacteria ¥, Betaproteobacteria i,
Gammaproteobacteria FMHE BH 5 nirK DA EE
N7z, 79 X5 112k Alphaproteobacteria M,
Betaproteobacteria #, Gammaproteobacteria ¥,
Deltaproteobacteria Wi, Epsilonproteobacteria #i,
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Bacteroidetes 11, Chroloflexi ', Spirochaeta 11 O #0 T
WETEarKP&EN. Fhtdodb,
Halobacteriaceae Bt 7 — X THET D nirKb 27 5 A%
— I EEN/z. 75 R ¥ — 21X Actinobacteria P9
MEOEST S nirK ORBEENT, FIAF—IVIZ
& Nitrosospira J&, Nitrosococcus J&, Nitrosomonas
J&, Nitrobacter J& DIEILME 25F 3 % nirk O AW E
sz, FL—-HOWMCMBEIET S nirKiZo 5 A
y— HIZd & E N7z, Zhid Cantera ef al. (2007) D
WRE—HT 5.

nirK & FIRE1C, Bacteroidetes 9, 3288y A=W i
NC10 (M), Planctomycetes F1, Proteobacteria F9#l H
WHET BT nirS HERFER2HEL. Tho DR
DY rrahdl FX AL YO E b & IR %1
Bl HELCAREINTYWAETOPATS A<
—t v b+ (Bl zZif cd3aF/R3cd % nirS2F/nirS4R) d &
T OB EBIET A IIEREN TS (Braker ef
al., 1998; Throbick ef al., 2004) . ZFEHHZ 87% UL Lo
T—=b ATy TEDODE, 3DODIFGAEY— (75
A& — D) kPl E N7z (Fig. 1b). cd3aF/R3cd %
nirS2F/nirS4AR & Vo 7275 4 v —tk v MT X o TH
BEh) ENEZ SRS —1ICBL, 79A%—11-
HNIICWEEBE X o, 79 2% — 12
Alphaproteobacteria i, Betaproteobacteria i,
Gammaproteobacteria ¥, Epsilonproteobacteria N#H
%° Bacteroidetes 1, Planctomycetes [, NC10 FIHIH A%
BT L airSHEEITN. 75 2% —11ICIZ
Methylobacter J&, Methylomonas J&, Methylomicrobium
BOXy YALMEIE TS nirSBEEN. 752
S —HIICRHRKZROEBHEEY »»LHE LR
Epsilonproteobacteria 8 C Nitratifractor |&, Sulfurovum
BB, Sulfurimonas BAWDHE T 5 nirS 758 L T\ iz,

PAEDRRIFEAT OFER, RIS B R BAY A
nrtKR nirSEZHLTHY, WHDTSS4 -1y b
TREZFOREG (79X —IIIVIZET 5 nitK, 7
FGAY—IIWCET S nrS) 2B TLH5IENTE
Tz, THETPCRZAWVAFETIIMM S
NTCZhdholnirKE nirSHPELFELTHDL I &
BHLE o,

B L7275 14 v —DHFBHEDKREL

Rt (Fig. 1) 07707 5AY— BT 5 nirK &
nirS # ENEFNWIRL 5 72y v OT 54 < —%1F
L7 (nirK®D 27 9 A% — LIVE 3§ I
nirKC1F/nirKC1R, nirKC2F/nirKC2R, nirKC3F/
nirKC3R, nirKC4AF/nirKC4R, nirS 7 5 A # — Il #
A % 2 nirSC1F/nirSC1R, nirSC2F/nirSC2R,

i

nirSC3F/nirSC3R, Table 2). M IE-3 % FHiK & B41EEY
D A4 X (nirK &% 430-468bp, nirS &% 410-
420bp) HHO 754 <= —LIZIERALTHE. Fh
DZ, BRI LVFHLCERINTI14 <%
WCERBNS nir AN FE CRBHEDO T I < —
FHOWTHEONBREED niy IEY] & o IR 2
WEETHE.

HNFx— Vo va bl REME s KHL
EhroolURENMEZ HOTER LA T4 v —
oy FOMMEEEFREERIEL . £2TOTIA4
v —ty MIBREHEOY ) A DNADSTFEIN
A AOB IR 2R L2 MBSz o s —
Y ABRDP SR TIAw—ky NI RE LY S
AZ =BT B nirK T 7203 nirS #HWIET 5 2 & 25k
AL FHEREEZELRVWHIEO S ) A DNA

LCIZEIEED B SNk o/, e LT, H
DTG4 <=ty PTHHunirKeHKREL L
FlaCu/R3Cu & nirS 34 & L 72 cd3aF/R3cd %
TuirK & nirS O PCR¥WEZ 4T 072, ThoDT T4
<=ty PEENEFNITAI—-TWET S nirK &
nirS BB L7225, Moy 5 A5 =B % nir 38
BLahrod. FREMENRBIRSMR SN D
LoERE, RECHZIERLAETIA4A v~ Ly
MIBHEOT I/ <~ B L TEML nirK F 7213
nirSEBHBTELEEDIZ, TVERNTHLI LR
RALTW3S

SEFO NirK & NirS B0 2%

ER L7794 —2HWwTra—rI4 757 —
TRAT 24TV, BRIEF O wipK & nirS DL EWELE L
2. HOWhETOREY Y Vb 525 —1HVIC
BShurKoru—2res 53 A8 —LIICET 5 nirS
sua—rhEoh (Figs.2and 3). 79X ¥ — 1l
WBRT 2 nirS 70— VX EOREY 705 555
Naholz T, Boh/lapKBL W nirS 7 10—
YETF=FR—=ADLHONTREMEW D nir &L O
B CEHILE A T o7, 79 AS—1IZBTHETD
nirK 7 00— » OEYIE Alphaproteobacteria M,
Betaproteobacteria ¥, Gammaproteobacteria F#l & %
HT 5 nirK OBRF EEWHEREE (73 BES] T
0% LLE) ZRL7A. 79525 —TNITRTAHE112D
nirK 70— ®9H 590,13, 5 7 u— v OEHIEFNZE
U Proteobacteria [, Bacteroidetes "1, Spirochaetes ]
OREMBEFET L nirK OBH EBWHFE (73
J BERFY T 64-99%, 68-87% and 72-76%) %~ L 7.
Bhodsra—roRNGEBEMOREMEIET S
nirK OB EMEAMERE edrodz. 7R — 11
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@® Archaea
A Actinobacteria
A Bacteroidetes
A Chloroflexi
A Spirochaetes
@ Alphaproteobacteria
B Betaproteobacteria
O Deltaproteobacteria
B Epsilonproteobacteria
I B Gammaproteobacteria
O Nitrospira

s Cropland soil
B Forest soil
B Rice paddy

0
2

g

w8
g3
3
z0

Lake sediment

Fig. 2 Maximum likelihood phylogeny of the 4 Cluster of #i7K amino acid sequences obtained from the
environmental samples listed in Table 3 and the reference sequences from the genomes and
denitrifying strains listed in Table 1. Bootstrap values (500 replicates) of each Cluster are denoted
above the branches. Non-coded and coded symbols on tree tips indicate the taxonomic affiliations of
the reference sequences from genomes and denitrifying strains, respectively. The outer color strip
shows the source of environmental clones. The branch lengths correspond to sequence differences,

which are indicated by the scale bar.

WETAE103D nirK 70— D9 b347 0 — Y O
H& Actinobacteria IO REME A E 3 5 nirK ORLF|
ERWAHEREM: (7 X/ BRELY)T6090%) &N L7z.
DO a— VIZBEA D Actinobacteria FIMIE 25E § 5
nirK L B OHHFEMEZ RE L h o7z (<50%). F 72267
O—YORIEZ 5 A5 — 1 & 3N B —F
K L. LML, IN5OEF]IE nirKC3F/
nirKC3R TR INAZ b7 5325 —1IZED
72 (Fig.2). 79 A% —=INIZETAHAETD nirK 7 1
— Y OBFIZHILME TH 5 Nitrobacter /&,

Nitrosomonas |&, Nitrosococcus J&, Nitrospira &l &
BHET 5 nirK OFH & S HHEME (7 3/ BEESIT
60-90%) %mL7=.

IR —TIZBT AE9D nirS 7 10— D9 596
7 ua — v o B 5 & Alphaproteobacteria i |
Betaproteobacteria ", Gammaproteobacteria FiF B A3
BT 5 nirS OERH EFBWHREME (73 7 BESIT71-
95%) ZRL72. Y ® 3 a— L Chloroflexi P4
BAOE S 5 nirK OBRS| &L mWHEEEZR Lz (77-
80%). 7 I A —IICEBTAESD nirS 70— D
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Fig. 3 Maximum likelihood phylogeny of the 3 Cluster of #i7S amino acid sequences obtained from the
environmental samples listed in Table 3 and the reference sequences from the genomes and
denitrifying strains listed in Table 1. Bootstrap values (500 replicates) of each Cluster are denoted
above the branches. Non-coded and coded symbols on tree tips indicate the taxonomic affiliations of
the reference sequences from genomes and denitrifying strains, respectively. The outer color strip
shows the source of environmental clones. The branch lengths correspond to sequence differences,

which are indicated by the scale bar.

Bylix X 7 v BALHI R Td 5 Methylomicrobium J& ,
Methylobacter J&, Methylomonas B A8 3 5 nirSO
Bl & ESwAHEE (73 7 BEYIT8299%) %~ L
7z,

BEPONHADOTIA~—ty PZHWT nirK R
nirS% BN L TWwW 3B % L o3 Tid,
Alphaproteobacteria ¥, Betaproteobacteria M ,
Gammaproteobacteria WA E VSH 3 5 nirK R nirS %
T LTw5b (Braker, 2000; Heylen ef al., 2006;
Smith et al., 2007; Palmer et al., 2012; Ishii et al.,

2011). AMEOHBI IV EMHEMEY (FI2E
Actinobacteria I}, Bacteroidetes '], Chloroflexi I,
Spirochaetes FIFITE) b F 72 nirK R nirS 8 L, FE
BIEPICAS M LTSI EZRLT VA,

B#EFRO NirK & NirS EEF0OEFES

R L7794 —2HVWTERZITV, BEFO
nirK & nirS OfFFEEEMIEL 72, 2K E LT,
25 A7 —1IZBT A nirK & nirS 25t 5 & L72ULH
754 ~<—+%v b FlaCu/R3Cu & cd3aF/R3cd % F\»
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Fig. 4 Relative abundance of each #i7K and ni»S Cluster of gene copies from the different environmental samples,
calculated as a proportion of the total number of bacterial 16S rRNA gene copies (for the mean and standard
deviation of replicates by site). *Cropland-1 denotes an Andosol soil treated with organic fertilizer; Cropland-2
and 3 denote a Gray Lowland soil treated with organic and urea fertilizer, respectively; Rice paddy-1 and 2
denote a Gray Lowland soil of flooded and non-flooded paddy fields, respectively; Forest-1 and 3 denote Brown
Forest soil and Andosol soil from a natural forest, respectively; Forest-2 denotes Brown Forest soil from a
planted forest. Relative abundance of nirK Cluster IV and nirS Cluster I genes detected by the widely used
primer sets F1laCu/R3Cu and cd3aF/R3cd are shown as a reference.

Table 4 The relative abundance of the nitrite reductase gene and transcript responsible for N,O emission in a soil microcosm

, hirKin nirK in nirK in nirK in Total nirS in nirS in Total Total Nitrite
Treatments
Cluster I Cluster IT Cluster IIT Cluster IV nirk Cluster I Cluster IT nirS reductase gene
Gene NF-8 0.506 0.717 2.191 0.027 3.441 1.863 0.498 2.36 5.802
OF-8 5.631 5272 1.282 0.014 12.199 1.344 0.275 1.619 13.818
Transcript NF-8 0.002 0.003 0.001 —* 0.006 — = — 0.006
OF-8 0.010 0.049 0.002 = 0.062 0.001 - 0.001 0.063

“NF-8 and OF-8 represent the control and organic fertilized soil on the 8th day of N,O flux in the soil microcosm.
"Relative abundance of the nitrite reductase gene or transcript copies calculated as a percentage of the total bacterial 16S rRNA gene copies (for the mean and
standard deviation of replicates).

*Not detected.

IR —=TIVIZET A nirK &7 9 A% —LHI1IZE
T5 nirSEETORET Y 7 VICBWTHRIEEN
(Fig. 4). 79 A% — I ® nirS EHNZHE E e

TEEPCRZ1To7. 75 A5 —I12ET 5 nirK &
nirS OAFFE & 1Z 16S rRNA E = T OFEFEE TIEHAL
L, 87225 5REH CHA 2 EELL /2.
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Fig. 5 Maximum likelihood phylogeny,
including the sequences of the
clones, denitrifying isolates and
reference strains based on the
partial ni7K (a) and »nirS (b) gene.
Bootstrap values (500 replicates)
greater than 65% are indicated
above the branches. Branch
lengths correspond to sequence
differences indicated by the scale
bar. The strains with pink
backgrounds exhibited the
denitrifying isolates. The clones
with gray background exhibited
the OTU sequences from each
nirK and nirS cluster.
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572, nirSO 7 5 A — MLICIRBUKIEEELHE LN
72 Epsilonproteobacteria MM I 258 5 % nirS O HhH3E
FNTWAD, BAEWRICBWTS HERCHRDICH
VT Epsilonproteobacteria Wl & O 1715 &= 13 48 D T 4
BV EAHEEN TS (Roesch et al., 2007; Jones
etal., 2013).

ZLOMBEBWTHAOT I/ -ty |
FlaCu/R3Cu (nirK) % cd3aF/R3cd (nirS) % H\T
niy DEEIMTHObN TS, KIFFEICBWTIER L7
T4 =ty PERAVWTERESIN I TAF— T
B3 5 nirK & nirS OfF7EE S Cropland-3 Z B &, UL
HAOTS5A4A Y —CERENIHEERELFASTH- 7.
La»L, fEfL7z754~<—%ty hCTEEINZ T
A —TIVDO nirK £ 27 5 A% — I ® nirS O EFH
BlX, MHAT9A~Y—ty ' CERESNLHFEEEOR
26fETH o7z, FIFROKR? D, KA ITEEFOR
EMEYOHFEEYE L BN L TWwWzZ &A%
L& o7,

M tE~ 1 703X LICH TS N0 £/ & NirK
& NirS Bz T DEERE

e L7794 ~<—ty bEHOTHRB SN wirK
& nirS OEEFEIRIT OV THE 2 3G L & 72 i 1
BxA0a X2z A LTHAELZ. R EF U &
INCEK T TAY —IZBT B nirK & nirS DA REIX
16S rRNA Bz T OffEE TIERIL L 7-.

NOAEBBEENEDIRELo2EEIHAIIBW
T, 7IAY—TIZET S nirK DDNA &7 5%
— I IZE3 % nirS ® DNA WG L2+, LTw
HWTIEOW T THHB &N/ (Tabled). 75 A5 —
HIWCE T % nirK ® DNAFARIIMAE L /- 38ICB
WTC, LTwWZWwWhELI Y KRENo72720, ZNLHD
nirK # 53 HWAEYHPEEKOMEY I I 2 =T 1 —
ORTHEL-EEZON. 79 A —HIIKET
5 nirK®D cDNAE 27 525 —1IZRT 5 nirS @
cDNA AR L7223, LTwawHIEOM G TH
Nz, Ty I A — L ICET 5 nirK © cDNA
B L - HBicBWw T k& D o7z (Tabled). LL
FoOERELS, 25 RAF—HIICBEST A nirK & 7 J
A —TIZBT % nirS 2B HEWZ, BEEZEOM
WEEPSDONOERICKECHELTwDE I L, ¥
W2, 79 A —TIICET % nirK* B 5WAEWIE
NO AR EMEA L, WHEAED REVWEEZ LN
oo —FHC, 25 A—INIZBTDnirK& 27 A%
— 2B 4 nirS @ DNA IZHH 217245, cDNA I
MHBEN okl b, 7525 —IVD nirK %
B3 HHLIE, oAy VBRI X HEEE O

2

B om

TS S D NO EEADE G IT/hZnEEZ LR
78:

FAIILETY v v VS5 EED: (Ashida et al.,
2010) zHW TR LR LL < ONEME % 28 L
7= (Nishizawa et al., 2012). T 5 D5 HEEMRIZIREIE
P& TR 2 m D 7T S 727290 (Ashida
et al., 2010; Nishizawa et al., 2012) , T35 CHRLEE M
AEL, MEHENIKEW-HTHILEEZLNS.
YUDGTHERD D B, 24DFEERIE IR T TR ST
ChholenrK F3 nir S # A LTV, Thbb
MWHOT S 4 <w—ty bTRBIRBSN 2057228, 3
IER L2754~ —%Xy FTldIES 7z (Table
1) . FICHE~A 7 uaXahroFons nirK
72E nirS 7 a— > (Table 3) DOEH] & FEERD nir
DO % AT 452 T, LE~ A 70X s
58BNz nirK F 7203 nirS 2 B S A AP ERIC
REREEL V200, FL20RKTHEHEET
5T EEHMI. DA TuaxXsirbBEoNnTzs
FGAY =N/ T Db nirKE 75 A7 —1ICET 5
nirS111 7 28— D9 B457 0 — VIZHEBRENFERE &
NTWDLOHERD nir L HWHHREMEZ R L 72 (Fig.
5). INHOMERIL LFEOM T HE TR S 7z nirK
FE nirS EE T HAMAEYEENBRENICERETH S

(ERICHEzH-TWD) EWwIlEimae & mEIC
T55DTH5A. F/2F04570—rD) H267 01—
& Enterobacter sp., Ensifer/Sinorhizobium sp. 758 5
57924 — 11283 5 nirK, Ralstonia sp., Curvibacter
sp., Wautersia sp., Yersinia sp. B85 A2 7 A% — 111
B3 % nirK, Streptomyces sp., Micromonospora sp. 754
5275 A% —IZET % nirK, Dechloromonas sp. %
BT L7525 —1ICRT S nirS EBVHRME (73
J BB T80% LAL) ZRL7Z. T H OS5 EERRIZNR
LBORMEWE LTNO ZAKT S (N,O+N, AR I
x5 N,O DAREIE1L80% Ll 1) . S EERROEAHR
ENTVEOTRNTOZ O— I LTHIBT 55
Btk Z B oS Z LIETE TRV, Lok
5, ITNFTHEENTI G o2 nirK R nirS %4
THMAEMBESHERZO MM 1 E) S ORBieE, FFiC
NO AR ZERICH-TWAE—HTHELEZDLN
7. INLOMAEMBOUEE IO THZ LI
X0, BEHES SO N0 A HIREM O ICE
(NGRS (N

Z 8

REBEOERFERICBVT, BE, v2bbEAEWIC
IAHmr» S~ 8% (N,0O) o TRESH
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Novel functions of a bacterial extracytoplasmic stress response

Yoshinori Akiyama

Laboratory of Gene Analysis, Institute for Virus Research, Kyoto University
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Escherichia coli is equipped with multiple envelope stress-response systems to sense and cope with disorders of
envelope constituents. Among them, the o®dependent stress response system is the only essential one and
thus would play pivotal roles to maintain proteostasis in the cell surface. However, the control mechanism of the
o® stress response pathway and the cellular roles of the oregulated genes are not fully understood. In this
study, we addressed these problems, focusing on the functions of cell surface proteases.

In the regulation of the o pathway, membrane protease DegS responds to misassembled outer membrane
proteins and introduces the first proteolytic cleavage into RseA, a single membrane-spanning anti- ¢ protein, at
the periplasmic side. Subsequently, RseP, an S2P family intramembrane-cleaving protease, introduces the
second cleavage into the transmembrane region of RseA. RseP cleaves RseA only after DegS truncates the
periplasmic part of RseA that suppresses the action of RseP. Previous studies suggest that the periplasmic PSD-
95/Dlg/Z0-1 (PDZ) domains of RseP are involved in this negative regulation. We analyzed the three-
dimensional structure of the two tandemly-arranged PDZ domains (PDZ tandem) and revealed that the two
putative ligand-binding grooves constitute a single pocket-like structure that would lie just above the active
center sequestrated within the membrane. Complete removal of the PDZ tandem from RseP led to the
intramembrane cleavage of RseA without prior truncation by DegS. These observations suggest that the PDZ
tandem serves as a size-exclusion filter to accommodate the truncated form of RseA into the active center.

BepA (formerly YfgC) is one of the o®controlled putative periplasmic metalloprotease. Disruption of the bepA
gene sensitizes cells to multiple drugs, suggesting that it may be involved in maintaining outer membrane (OM)
integrity. However, the specific function of BepA remains unclear. We showed that BepA enhances biogenesis
of LptD, an essential OM protein (OMP) involved in OM transport and assembly of lipopolysaccharide, by
promoting rearrangement of intramolecular disulfide bonds of LptD. In addition, BepA possesses protease
activity and is responsible for the degradation of incorrectly folded LptD. Interestingly, defective oxidative
folding of LptD caused by bepA disruption was partially suppressed by expression of protease-active site mutants
of BepA, suggesting that BepA functions independently of its protease activity. These findings raised the
possibility that BepA maintains the integrity of OM both by promoting assembly of OMPs and by proteolytically
eliminating OMPs when their correct assembly was compromised.

Key words: ¢, intramembrane proteolysis, cell surface proteases, transmembrane signaling, protein quality
control

E-mail: yakiyama@virus.kyoto-u.ac.jp
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A~ E OlE, BIROfmE, K, MiaoES)
e EMARTORAIMEHNTED, MIBRREDOMERIZ
VEOBREE R LTS, BAllRAEwTH 57T A
e c, MiRRERBIIEEAREBLTBY, £
e RIE A A VEORS TR EESICERT B
W, RER pH, 44 ViBEE Vo 2AREOZELIC
T OMRRERREY N7 BITKRE BB TITRICIEE
EERZT. TOLILREBS 37 HORE ML
DEFCERGZPBELRIZLY 22805, FlLICE
ZOEELEHEFETA-OOBBI IO TS,
INHEERBA ML AKRSE (extracytoplasmic stress
response) &IFENL 5.

KBHEICBITAEREBEA L AREILIE, of Cpx,
Res, Psp R ' Bae RO 5o b N T W5

(Laubacher & Ades, 2008). Z® 3 b RKIBH Tt ot
BOADPHBOLEFTICHETHY, RLFEOEAT
WHA N LABERBOVDEDOTH B, o REEIIBWY
Tk, BERF (Y 7<ETF) ot HBAFLVAEEL
7B FORBICE D S (Kanehara ef al., 2002; Ades,
2008; Lima et al., 2013). o®i%, #EEIZ—EFEEER 7
YFgEF YR TETH D ReeA DMIFLE F X 4 2 ITH
L TRERZIREBICR N TV A, HIERA LA
WEEhbE, AP LVRCE o TELLBERINES
V7B (OMP) ®Y) RKEHE (LPS) OFEM G &4
LRy, RYT I A LN AR & O T a7 T
— ¥ DegS PEMAL SN T RseA & F DR 75 X A
FEIRA TINS5, DegS 12 & BWF T4 U7z RseA &
R EARIE, B TETT T 7 —E ReeP 2L D £ D
JRELB AR UM 22, MREHN NS V28
T ReeAWTH & ot OBEMRIIIED HHHET 5. BHY
I ReeA B2 ClpXP S 0OMBE 7u 77 —¥IZ LD
PREEND I EToEHA P AREEETFOEEICHE
(. ZokyicHilikE a7 —Yido KBEA ML
ARG EELZHERZL T LN, BRE%R
KBS VR BEOHEE, AN LVANDORIBIC D B
BB b - Tw A, REFFETIE, ISEHIEICED S
RseP &, oI & 2 5 HHIH % %17 % BepA (YigC)
WENENT, 20 - RO 2170 72,

gl A b L AISERBICB VT RseA DEE 2 BREH O
W) < ReeP iE, BEROIM 7077 —ELFEh
LH—FoTa 5T 7 —¥IZET S (Kroos & Akiyama,
2013). TR FT7—LIZ X BHRYXFTF FOLIEIEM
KGRI TH YRS T 2 LEE T 505, BENUIE T
Oy 7 —Xid, BEKSTOUBREINZEE_EEN
HCENEL LIRS Y X BOBRERTMZ YT 5
HICHERE o, KRR a7 7 —X i, S2P, 1
Y HEA F (Rhomboid), 7L +t=1 » (Presenilin)/¥

his

75

R

TFNRTF RRTFF—A (SPP) =207 7 3
J—iIoEE N, FEBAEYDL O SEEZAEY E TL <
YR CBERBR Y T FVAGERE Y Vs HOR
REHIME, MEEMERL MBI ORI —L R
LHEE %L Tw5b (Wolfe, 2009). RsePi& S2P 7 7 3
- A ARBERE Y 7 THY, R
ONRY TS A LEHICE 200 #EE L 2 PSD-
95/Dlg/Z0-1 (PDZ) KA A ¥ (PDZ% 5 Ah %
®» PDZ F X4 v % NEKf» o £ PDZ-N,
PDZ-C & W5) %¥#> (Inabaet al, 2008). PDZ F X
A2k, —fICU Y ¥y s o CEmERE
B HBEST Y N B ERICED S ¥
YRTBEEV2=NVTHY, £ D5 T BITHFIE
T5 (Jelefetal,2003). MEDS2P 7 73U —EA
Wi 7rer7—vid, R MLV AREHEEHRO, Mk
ER, MRS LR S Y, HREEOFEIEICD
BELEE L R 2 &5 5 (Schneider & Glickman,
2013), EOHERE - WS O II O W TS  OBFEN
RENTEL., LROBEY, KR RseP i RseA @
2B EH OWW EATH A%, WEIZEED ReeA 2 HEE
U+ aZ I3 TER Y. 20O [EOHI] 13, DegS
MAPLAE =L LTEHZE2EZANE, X b
L RIS U7 BB TR & REET 5 720 IS LB 2 i
THY, oA ML RASERE 2T 57203 EE
REETHEH. CNFTTIE, BRSO 7EZHAWE
HACERNTR 2 DD PDZ KA A V2 EINC R LIk
BT AT o o RICHTE, [DegSIc L 55 1B
FEH OB & #7212 U7z RseA @ C R imsR I
(Val-148) %%, RseP @ PDZ-C F * A Y IZHFRGITHE
ETH, TNAH RsePIC L B4 2 BeRE H Wi ATE =
52D ETHL] ETHETFVPIREBI N L
et al., 2009). T OEFIVIL, DegSIZ L A% £ 17
72 RseA iR A D & % RseP 23UIW3 4 2 & % EF
CHBT 5. LaLad’s, F4ld, AMEYH T PDZ
FAA ¥ %/RY L7 RseP DERARRL, RseA 4 ]
o C Kk (Val-148) Mo 7 I/ RICEH L 72
LERMAEEZIEB L, RseP 12X 5 ReeA TIWiHERE & AT L
7o B RseP PDZ F A A VT X B RseA @ C R
FHoEE, ReADOYWMIZIELELRZWZ EEZR LA
(Hizukuri & Akiyama, 2012). 2O L9 LZEWVWEWV
I3, 73 RseP & RseA 75& B2 2 KITFHEH TH 5 JHIZ
AR ENTIRBCH L OWTH L, GiElE T VARE
HHRTHBEIL L2y V87 B2 W72 ORI
EoOLZiisboriEN s (Hizukuri &
Akiyama, 2012). RseP @ PDZ F X £ > &, {HuICH
HL72 PDZN, PDZC OB IEIH LI R o T HAS
(Inaba et al., 2008; Li et al., 2009), FN 5B H NI



MBEEEA b L RASEY A7 2 OFBREEOMI

HLTEDEL ) REEE & H5DE0P> Ty, 2
DL BMAEEE 2, KK TIEPDZ ¥ v T Ahefk
OWEEZIEL, €O %E ICIT in vivo TORITEAT
- T RseP #FEHIMIC BT 5 PDZ F 2 4 OB % M
L7 (Hizukuri et al., 2014) .

INFETIZoPA P VAREIC X 25 Z 2175
BREEFFI4ARE IR TS (Bury-Moné et al.,
2009)., TRhHOHICE, TOFT—ERFORED
TaIA—-FTH5OPEPEITNATEBY, Tur7—
Y AT RseP 2 DegS D X 9122 b L AIRE R o Hill £
WBDLBZTF TR, BEA MV AIIHIRL TEL
EARFE L THEELREHzEOI LARBEEN
L, IN6DH B, XTS5 XATIE, DegP, PtrA,
Yhi] LU YigC vy 4o 7aF 77—/ 7057 —
YERETZVHFIET H. DegPld 7 us 7 —EhERE &
S YU R EEERD, BELREREY VN
BORREEBITHIESY vy BONE~DT T
D=2 EMBENTWAED (Spiess et al.,
1999), o 3 oD T uFT 7 —¥hEU ZOBEEIZH
LTI ol &ifE, RBEORGMAEETZM
BIICRBELET A T5Y—~ (KeioZ L7 v
>) (Babaetal,2006) AT ) == 775, YigC
DRIBIZ L D HIBLATE 2~ OB E R HERIC KRS L
H I EDRMBENS (Liuetal, 2010; Oh ef al., 2011;
Nichols ef al., 2011) . AL IE UM E <o JH]~ o Bk
ELTHL ZEhs, YigC i3/MESREDOHMERICE D 5
T EMREEINS, YigCli M48 7 7 3 —DHiSH A
yursusy—¥EMHEEEEo. RIETIERA X
YigC i H UCTHBEMANT 24TV, YigC 2344 E # > o8
CHEOEERSLmEBEERIIHIILZARLT, o
& ¥ 37 E % BepA (f-barrel assembly-enhancing
protease A) & &fHIF AT & 23R L7 (Narita et al.,
2013).

S WIRES

Bk, 77 X3 FRUEHR
AU CHWARKD S B, AD16 (B AE#K)

(Kihara et al., 1996) , KK211 (ArseA, ArseP)

(Kanehara et al., 2002), KK374 (ArseA, ArseP,
AdegS) (Akiyama et al., 2004) 1220 TIBHEICEER
BN Twb. GC187 (AIptE, A(A,lom):bla-
P, IptE(atg)-araC; 7 5 ¥ J — A2 X Y HIEP LptD @
B2 HETEE) 12 T Silhavy (Princeton K28) 7 & fit
5. %3772, SN56 LU SN1194 ix, Keioa L 7 ¥ 3
> (Baba et al., 2006) @ bepA:kan ¥ & Z D~ —H
—% PLIEEEAICL ) ZRFh AD16 L T° GC187 ~

EB LR, HAENHEEMARZIZLD kan B 1
v PEBEWTER L.

pKK11 (rseP-his-myc) (Kanehara et al., 2001),
pKK34 (rseP(R23Q)-hismyc) (Kanehara et al., 2001),
pTGF13(rseP(L151P)-his-myc) (Inaba et al., 2008),
pYH126 (rseP (APDZ-NC)-his/myc) (Hizukuri &
Akiyama, 2012) DWW TIHBEICER I TV 5,
PYH129 ix, pYH126 | &R 74 R AV BB X Y
E23Q R Z A L C/ER L7z, pYHI181 i pSTD892

(Koide et al., 2007) 2SI A5 4 v RELZEL L0

(Cysless) RseP-His;Myc % 2 — F§ A #{ET &~
% — pTWV228 (Takara BioInc.) 7 0—=> 7L<
ER, L7-. RseP ¥ ¥ 7V A5 4 >~ (single Cys) %
BART S A3 i, pYHISLICEREAZBIRH T
& TR L 72, pTH-bepA-his, %, KB4t DNA
PO R T T A4 v~ H T PCRICE Y bepA-his,,
Wi 2 B8lE L, X2 % — pTH18r (Hashimoto-Gotoh et
al., 2000) 7 u—=r 27 LTHER L7, E137Q,
H136R % R AR T % $D pTH-bepA-his,, D R A
AR NEEEAIC LD ER L. pMAN-IptE
X, KIGEHEEAEDNAZ»S#ED TS5/ v—%
WTPCRICK ) IptEWr fr 2 MIRL, N7 % —
pMANSS5EH (Yakushi et al., 1997) (27 a—=r 7L
THER L 72,

BAROREIZE, LEH (Hizukuri & Akiyama,
2012) F 721 MO ®&A M (Hizukuri & Akiyama,
2012) 2w, LEICBRLTT Y Y Y

(50ug/ml), #F<4 ¥ (25ug/ml), Y AT
£y (bug/ml) ¥/ sussrr7z=a—n
(20ug/ml) EMZ7z.

Aquifex aeolicus RseP K E 05 (AaRseP) @ PDZ
Kx4 > (AaPDZ & > 7 L) OFEE
GST-AePDZ ¥ ¥ Fh & a—F 4575 A3 NI,
AaPDZ % ¥ 5 A% 2 — K9 5 DNAW R % Aquifex 7
J 5 DNA (H.Huber (RosenburgkZ) #»&4ts) 7»
5PCREHWTHIEL, X7 % — pGEX-2T (GE
Healthcare, Inc.) 27 0 —= v 7352 L CTHEEL
7o. TO7I A FeKRERE BL21 (DE3) IZEAL,
ImM IPTG CHEZFE L. B2 ) Y BREHR
(PBS) W THifD £, TEMS 2 Glutathione-
Sepharose (GE Healthcare, Inc.) & E#& L T GST-
AaPDZ % v F o2 LY VIl ASHE, F0HE
AaPDZ % TEV 7u 57 —X¥ & HWizh 5 AFTOY)
Brick hEm L. B, ¥ 502 HiTrap SP FF
(GE Healthcare, Inc.) 3 & UF Superdex 200 10/300
(GE Healthcare, Inc.) #FH W/ S L0~ b7
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TA—IZX DR

AaPDZ % > 57 L0 X {@18E&E#EHT & anti-AaPDZ £ /
70— F LR DS

KB 72 AaPDZ % VT LAY VNI B BT, H
B\ i3 antiAePDZ €/ 7 0 —F VLA Fab i &
OBEERE LTHEABLEL., XEEHTF— 51,
Photon Factory BL-17A B\ id SPring-8 BL-44XU %
WTIE L 7. #Rbo &M, WET—5 L BELo
MM Hizukuri ef al. (2014) OFERE S, &1
CCP4 71175 A& H\WvCgNr L7z, anti-AaPDZ &/
7 a—FVHARIEBR L7 AaPDZ ¥ T A5 V%
BAPEE LR LA, Fab g Li-e ) s
U —F VR E 2SS T L TRE L 7.

In vivo RseA H)i#i 77 =~ 2 1 & EcRseP single Cys &
ERDILFBaER

KIBH KK221 BRI B A B sl v 13 25 5271 RseP-His,
Mycz 22— K957 A3 F&, HARseAx 22— F
TA579AINEEAL, 20EOT7 I /B (%
20ug/ml), 2ug/mlFT7 3, 04% 7NV a1— 2R,
1mM IPTG, 1mM cAMP % &t MO A5 H ¢ 3 B
W 30C TR L2, €0, &MBES VX7 E% b
) 7 o uFERALENC & ) bk S €72, SDS SV ESIK
B HAPLAR £ 7213 Myc ¥t 48 (Santa Cruz
Biotchnology Inc.) Z v/t 7auy 74 ¥ 72k
D IEAT L7,

methoxypolyethylene glycol 5000 maleimide (mal-
PEG-5k) & HW 7 SMiEBRIIAD L HICB I ko7,
KI5 H KK374 #&1Z Cysless B\ i single Cys % RseP-
His,Myc #2— F¥5 75 X3 F#EAL, 1mM
IPTG, 1mM cAMP % & LE M T2.58:M 30T °K
L/, MM EINE20% 2 afiZ2 & 30mM ~Y
ZIEWERER (pH 8.1) WCB® L, lug/ml) VF—
5 /10mM EDTAMIRIZ X D 272075 X MEL
. FO—#E L o5T, 5smMEAL<T AT 4,
1 mM phenylmethylsulfonyl fluoride % % 1 mM Tris (2-
carboxyethyl) phosphine 48 T2 0C 128 W T 3 41
1% Triton X-100 T LCEZmEE LA, o4 b
Y X100 M E Lz v TN, Lawnwdry FVEn®E
MIC 1mM mal-PEG-5k % i1z T 4C TH# L 72 R
BUZ. BHSIEERRBE 0% D2 AVA T Ly
= NVEMAAIETEIELE. ¥ 37T N) 2
OO ERERLIC & D pRR S LR & ARSI L 7.

BepA O¥gEL Y in vitro 707 7 — BiEMED R
BepAR# A » 75 A 2 F pCDF-bepA-his, i3,

e
7

B

BepAy,, % I — K3 % DNAIFJr % PCRIC X b 415
L, pDCFDuetl (Novagen) {27 0—=r 2735462 &
WCEDRELE, 2575 X3 Fa KRX B

(Promega) (Z#AL, 01% 5 A7 — A% &t LEH
T37CTOD (600nm) A8 1IC%5 FTHEELE. M
W% AU, 1ug/mlDNasel #&% 20mM kU R#E
i (pH75) WEEBL, 7Ly F 7V ATHBEH
e/, £o#E.0 1% TALON L ¥~ (Clontech)
H T MEHITFT, BepAy, ¥ A S8, 0, 58I
20mM 4 I ¥V EHNTEHEHR L.

in vitro TP BepA 705 7 —BiRMEMER, BHL
72 BepA (200ug/ml) & a #¥ A ¥ (400ug/mD) #
FUSH (20mM b U ASEERFEMS W (pH 7.5), 0.05% #-
dodecyl- f -D-maltopyranoside K O 10uM ¥a b i $5 %
&) PTREL, SITCTHRIBETHAZETBI 2o
72,

JINVX o F A XEER
KBEME, AFF v 2BRIEEOT I B
(H£20ug/ml), 2ug/mlF7 3, 04% 7V a—2A
et MO &R C 30T vk 37C TR L /2.
Fig. 7B TR L2 EBIZB W T, Zra—204tb b
1202% <)V h—2 & 1mMIPTG %2 72, R8I
370kBq/ml ® [*¥S]- X FF = ¥ ZMA T 15 B
L, SRR 0.04% DI A F A =& M2 5T &
TF oA ARRBL. BR LR CREBRO—E
D, M) OOFERLEICLY Y s BELE
&, 1% SDS K O° 1mM EDTA # &t 50mM V) R
WEEERRE R (pH 8.1) ICW¥A L L7, 50mM NaCl, 2%
(wt/vol) Triton X-100, R TF0.1mM EDTA # &
50mM bV RIEEREEE (pH 8.1) T20fEICAHML 7
%, NEWERLOSECEDBREL, % LptD T
14} U Dynabeads Protein A (Invitrogen) % 7241
WLt Uz, RBEIR L2587 Bk, SDS 7
VERIKE L BAS1800 4 A — T 7 F 5 4 ¥ —
(Fujifilm) “C#HT L 72,

i a3

RseP DiExE & KEBED R
Aquifex aeolicus RseP xE0 7 O PDZ % > F LD#E
S

4T LAETic, #E L2 KBE PDZN/PDZ-C F £
4 Y (EcPDZ % v 7 L) OELERALFEIE
3, XYM AEGELIRAT O RA S EcPDZ 5 ¥ T A3
SRV EOMEEEDOZ L R L (Inaba et al,
2008). KM RseP (EcRseP) @ PDZ KA A4 ¥ HIC
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F6RREDY) VA —FHIEMPHFIELTEY, &L LT 5, AaRseP D PDZ % v 54 (AaPDZ % v F A1) %

1‘% EOEMBUEN BV OB ON Lo/ L8 Y‘EE%%@ L, #dfb RO X MBI 2 A7, 20
—F, BB Aquifex aeolicus @ RseP & BE, 28A O RETHEEZRE L (Fig. 1AD).

EU Y (AaRseP) T3V v H —fEBOES A3 E L lmmmy/?AiéﬁkLT*ﬁEﬁ@%%%%%

FOHRLICET LD LRI N2 &M HEY TV FREEEALIE S FOR CEICAEL TH

[ AaPDZ tandem in Fab-free form ]

Inter-PDZ liker
A (L206- K208) =
% (P123-P205)
/ \3'“ 3 By
PDZ-C oo
(P209-P289) (Eggg) Hellcal region {_ & PDZpocket ';
(5115) (P117-E122) a * (open) %
Side view 90° Top view

Combined ligand-binding grooves
(PDZ pocket)

l AaPDZ tandem in Fab-complex form

= N - F \
8 e S
‘ﬁﬁ$ﬁi§yi§,“13> QWE:T.'
( w Il

.'539 % el N :
2 J~::»\, :.' PDZ pocket
(E1N15) (semi-open)
Side view Top view

Fig. 1 Crystal structures of AaPDZ tandem of RseP in Fab-free form and Fab-complex form. (A, B)
Ribbon representation of the crystal structure of the Fab-free form shown in two different
views. All of the residues included in the construct (from E115 to E292) were assigned in this
model. PDZ-N and -C are shown in green and cyan, respectively. Additional regions in the N-
and C-termini and the inter-PDZ linker are colored in light pink. Residues P117-E122 in the N-
terminus assume a helical structure. The carboxylate-binding loops of the two PDZ domains
are highlighted in red and the directions of the putative ligand-binding in the canonical
binding mode are indicated with magenta arrows. The PDZ pocket is indicated with a red
dotted line. (C, D) Electrostatic surface of AaPDZ tandem in the Fab-free form. The molecular
surface is colored according to the electrostatic surface potential from +10 kKT/e (blue) to -10
kT/e (red). The two ligand-binding grooves constituting the PDZ pocket are enclosed with
red dotted lines. (E, F) Ribbon representation of crystal structure in the Fab-complex form.
One of the two AePDZ tandem fragments in the asymmetric unit of the crystal (chain B) is
extracted and shown in two different views. Compared with the Fab-free form, the two ligand-
binding grooves are closer to one another and the PDZ pocket (red dotted line) assumes
a “semi-open” conformation. (Reproduced from Hizukuri et al., 2014)
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D, HEEVF Y FHEEHMLOLITAIET—2DKRT v b
2K LT/, EcRseP O34 & I AaRseP 128
WTd, 4 sDPDZ NAA ViZd#gy7: PDZ N A 4
v E XM R g R & o Ty, #iEIAY 7% PDZ
FAL VY O—RIEEE KT HEINLO—REER
EEEE Y] (circular permutation) & 2 ->ThBYH, Z
DOIHEEY F Y FEGEHUA—2DORT v b &R
KB ENTES, BRI, £/ 70—FVitE
Fab Wi & AaPDZ ¥ v 7 A OBEE&EHED 22A 04
fREeCE L2 (Fig. 1E,F). Fab #5&% AePDZ ¥ ~
Fulk, %4 @ PDZ N4 AL v OE&EIZHEM AePDZ ¥
VFELADOREE L IZIZ—E LA, FAL VEOHED
BpDHEED F Y FEAEMELAL Y% L RE
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A
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(Dummy-residue model)

: -
A g . g
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77

id

(semi-open #1) % & 5 T\ww72, PDZ K x4 YDA
BRI IREOROXERL ) BT EPRBEE
na5.

X f§/ A BIEL AT ER # B\ /= EcPDZ 2 > T LIBEE
FILDIEEE

AaPDZ K X 4 ¥ Ok & LLATAT - 72 X 8/ /4 B L
fEHT %S (Inaba et al., 2008) % FIH LT EcPDZ F
AL v oOEETVEME LS (Fig. 2A,B). 7,
EcPDZ % ¥ F L Dffi % D PDZ F A4 ~ % AaPDZ ¥ ~
T L& (Fab f5EH) (CEAGDYE, M FX L D
AE xR 72 F T XBU/NAEGELIRNT A 513 5 7B
ICETIEHDTH A YOFRBZHEL. 20LH

e * PDZ pocket X
EcPDz-C Y PDZ pocket ECPDZ-N _ .
(PDB: 2zPM) (semi-open) (PDB:2ZPL) Side view
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Fig. 2 Modeling of the EcPDZ tandem structure of RseP. (A, B) Superposition of the crystal
structures of EcPDZ-N and -C domains with the envelope of the dummy-residue model in two
different views. The ribbon representation of the two domains is colored as in Fig. 1. The
relative distance of the EcPDZ-N and -C domains were adjusted on the assumption that the
EcPDZ tandem adopts a semi-open conformation similar to the crystal structure of the AePDZ
tandem in the Fab-complex form. The PDZ pocket constituted by the two putative ligand-
binding grooves is indicated with a red dotted line. (C) Fit of the theoretical scattering profile
for the predicted model with the experimental SAXS data. The R, and y* values are shown in
the inset table. (Modified from Hizukuri et al., 2014)



MEERBZ L AGEY AT 2 OF R D R

KL THELNEEET V2 LRIE SN G —7
TEBREE I —FH L7 (Fig. 20). T bHDH
&, EcPDZ % 725 b, AaPDZ % ¥ 7 A ERBRICZ
HMEAMOEEZ L HZ L2 RRLTEY, RseP 417
D S2PRET T D PDZ Y ¥ 7 AHFE L CHRERZE
EEEDIENEESINS.

PDZ %> F LDEEDOEM
KICHIEIZIEE T AR F L/ IRRED EcRseP 128
WTPDZY v TFANED LS ZBEEMZ & 5 a2 TN
. TNETIIS2P 773 —TJusr7—tE& LT
&, ME— Methanocaldococcus janaschii D Fx €T 7
(MjS2P) O#EREENME SN T WS (Feng et al.,
2007). MjS2P & PDZ KA A4 Y &&= w), 707
7 —BEEBLESF -T2 EOENTT AL VDT
I BEMIZIS2P 77 I —HTHRESINTEY
(Kinch et al., 2006), EcRseP & & F &= 7 HHFE % £F
D, INHOEF OIS, EcRseP @ PDZN K £
A V32 FHORE@HEE (TM2) & 8FREDH Y
UH=IZE N ENRSTWL I e SN, PDZ YV
TAREOE LI E L, K7y MEEE BRI
T CRETSIEPHEEINS., ZORICOVTH
ET 57200, A ZAOKE ZERSEEEF A — VB
i F3E mal-PEG-5k (43 F & 49 5,000) % i\ 715405
BraiT o7z, MARREMNEREAEICLD, 7X'74
VEREERT, CRBIIAFHeAF I VI v oS
7 (HisgMyc ¥ 7°) & A3 L 72 EcRseP (Cys less
EcRseP-HissMyc) @ PDZ Offi# OLEIZ 1 D720F &
ATA VEREREBEATLIETY VIV AT AV
(single Cys) MZEFRMARZ{ER L7 (Fig. 3A). 215
BREZFHALMBE»SA 72075 X % i#
L, BALZZY AT A Y3REED mal-PEG-5k ALH | X
LAEE DR & B L 72 (Fig. 3B). mal-PEG-5k ([t
BHRERDFIA A 2O L6, TOREICK
Aizfiix SDS 7V E ﬁ(ﬂ@b BV THE IR ENE
LT B EXERIIERIHMENTE S, PDZY V7
ADRT v b Vﬂﬁlﬂiﬁ}\tf:“/x'/‘% v Ek Ak
(WmQI%%)ﬁmd%B%”i%V%ﬁith
EHR LN o TlzDs, Ry MO GFFREIC
L72b® (Q252C, A136C) T AH 1540 % 52 7‘, 71?
Fy PADVOREZICMNEST S AT 4 ki
(S2110) IFHMMIZW - < D LS. wih
DFEE S FEEER CTHEZ WEL L 2R Cldgh=s
I BHiE 272, IO RIE, RIHAAEN
72 RseP IZBWTIX, K7 v MHEBIEH A ZAoKE%R
mal-PEGSk (2T D2 wnwZ b 2R LTw5b., Fi-,
D163C KUY L167C &, PDZ % ¥ T2 ORMMIZHE T

5500, NEZWTELLE EIZORBEH SN,
O L, INSOKREDONMEDWEFIRM L IC(LE
T AH72D, HTFEREIEH DI2H20b 6 TIEMEEIE
Ten-RETRBHREIEDS T2V EEZRLTY
5. BMAC EETHELOFRII 22 Hb O T, Biit =z
Fedro7zds, TG IB04C AR 72z E iz P A A4
CHNEBICHFEESINL 2O THLEEZONLE., 2 b
DOFERIE, PDZ %V F LR v Mk & BRI
i Cc7ar 7 —EHEEBVOFETLE RN XA 0
BLIEEBETAEDETFVEXEHETLLDTHS.
RseP ® PDZ K * £ ¥ O — RIEEIIEERES & 7% - T
WBZ EiZ, PDZ % v FANEr v & BEREMICE
TTE%¢é® VIETH 5. Bl 21, PSD-95 7 > /%

B & — M — i%L%HOHEFx4y@&>%
LTI, HEEYH Y FHEEEE—D20KR Ty &1k
59, BEEREENC D ER LR,

PDZ % Vv FANEBRDO LS ZEEE & 5 & ThiE,
EEIPHBENRELRRY) TS AL NAL v 2fFEOY
&, PDZ % ¥ 7 L 3 EE D ENEEOIE IR & r0
L ERWTAHNRBEEE 2505, XY T T X L4HEE
D/NETNIEPDZ FAAL YO %@ CHEETRE %2
LEFREINE., COWMEEL T 5772912, PDZ
4 y»?Af‘ﬁS%: RIS 72 ReeP ZBE4E (RseP(APDZ-
NC)) 12X % 3B HA-RseA (NEKIIIAT Z L F
4 7 (HA % 7)) %A+ L 72 RseA) DOYIW %
#FAR7: (Fig.3C). I bD% vy H % fefufk
rseA/degS/rseP % R L7-% (DegSIZ &L 55 1 BEFEH
OYWIARZ S\vy) THEIMLZEZ A, HARseA i
BPAET ReeP 12 X B2 UIWNIE 2T 2o 7228, FHE@ED
RseP(APDZNC) |2 X - Tl DegS KA 1912 b i =
iz,

PDZ 2 > FLIZL 2 EEZRTEEBEOET L
LLED#ERD S, &&ﬁmnyzfAﬁﬁfzm%
T4 vy —E LTHRE , &% RseA (DegSi2& %
YIRr & 27 Tz v RseA) @ RseP G~ DEE
ZRHIETAEDETFTIVEREST S (Fig.4). TOET
ViZBEDLZ L OMAEZHBALY 5. F2E, )7
5 A L% 7827 % RseB 1& RseA DRV 75 X 1 4HIE
KBS T A 7%, ReeB RIE T TlX ReP IZEA %255
DegS JFIKFFEHIIZ 4 E RseA # ¥ L 9 % (Grigorova
et al., 2004). RseB #%RseA OV 75 X L EIBISHKEE
Lf“lﬁ“bf‘ﬂi PDZ 7 4 )V % — ®fi) % T RseA iZ RseP
DIEVEENZ LD 22025, DegS IZ & V) RseA A3yl 2
=5 k RseB 13 413X RseA IZHEATE T, RseA s
fF AR R ReeP WL FETE % (Fig. 4). RseB
VAL TR WIS, RseA DR 75 X AL
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Fig. 3 Structural model of EcRseP and effect of removal of PDZ tandem. (A) Model of the full-length EcRseP. The
structural model of the EcPDZ tandem is represented as in Fig. 2. The PDZ-pocket (as indicated with red in
the envelope) is presumed to lie just above the active center constituted by the helix-bundle of the TM
domains. The residues replaced with cysteine are highlighted with stick-models in magenta. (B) The mal-
PEG-5k modifiability of introduced Cys residues. C-terminally Hisy:Myc-tagged EcRseP(Cys-less) or its single
cysteine derivatives in E. coli spheroplasts were treated with mal- PEG-5k in the presence or absence of Triton
X-100 for the indicated times. Trichloroacetic acid (TCA)-precipitated proteins were analyzed by SDS-PAGE
and immunoblotting using anti-Myc monoclonal antibodies. Positions of molecular size markers (in
kilodaltons) are indicated on the left. The closed arrowhead indicates the mal- PEG-5k-labeled form of EcRseP
derivatives. The asterisk indicates EcRseP derivatives modified with a minor mal-PEG-5k component with a
smaller mass, as reported previously (Koide et al., 2007). The mutations were classified into five categories
depending on their location and are indicated with differently colored squares. (C) DegS dependency of RseA
cleavage by EcRseP derivatives. HA-RseA was expressed in 7seA/rseP/degS-triple deletion cells together with
EcRseP or its derivatives; lane 3 is vector control using pTWV228. TCA-precipitated proteins were analyzed by
SDS-PAGE and immunoblotting using anti-HA polyclonal and anti-Myc monoclonal antibodies. The asterisk
indicates C-terminally cleaved products of HA-RseA that were produced by the action of an unidentified
protease, as reported previously (Kanehara et al., 2003). EcRseP(DPDZ-NC) and EcRseP(DPDZ-NC/E23Q)
were overproduced from pUC-based high copy plasmids (as indicated with “0.p.” ) due to their lower stability
in E. coli. Modified from Hizukuri et al., 2014)
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BRE R 7o A EEE L g (Walsh ef al., 2003),
—#IEPDZ 74 VF — & T DIRITTUBENADTH
%9, F72, PDZ KA v OHHHEDI ALY LR
12X D, RseP 2% DegS FJEMEFRIIZ 2 F RseA # YW T
559127 5% (Inabaet al, 2008), Z DGEIFE
RIZLY PDZ & v T LDEENEALL, 74 V5—H#
BEANEL L o72b LN IS,

Salmonella enterica serovar Typhimurium (¥ )V & %
7) bRBREE LWz o EERA ML ARE T A
TAERED, YIVERTTIE, BEAFNLVALHETIC
BW T, ©F RseA 7' DegS FFKAFHYIZ RseP 12 & 5
PIWr #5213 %5 (Muller et al., 2009). H IV E R 13 &k
FrlZigEo~2su 7y —JICERESINSDS, Ltk
AMVRREE, 77TV —20BEREICIBTAY
VEAXATDOEFICHEML TS 5 LW, BEA LA
i, RsePPDZ ¥ v 7L OREELZFHREL, 74 L

AlSeever]

Size exclusion by PDZ tandem

7 — IR SN D Z & T DegS IEMRAEY 7 RseA
DU Z 500d L., KEBEICBWTH,
BEA NV AZELAOE2OY 7 F VLD, FEEZ
DegS FEMRAFIG 72 o REBE OGRS Z 2 W g D
D, SHERFTLILENDS ).

PDZ FAA Y% FHDS2P 77 3 —KEUTSTII,
EEORE Il EHIB OB 1%, BTk %
I TAOICHBL TUNEE END. RL IRETSW
FUNRIEDYTFNVRTF FY RseP DREZ L 742 5
ZEERBLZDY, ZOYTFARTF FOYRICE
WThH, BB oTY T FIURTF REDMWs v 30 &
PO YEEINALENDH L (Saito et al., 2011). F
72, B b S2PIC L B EDREE ATF6 DY OLE D,
ATF6 @ IEM BB M fHIk O K & S AL Wish =R C 24
% (Shen & Prywes, 2004). ¥  S2P i RseP & 138
%0 PDZ RAAL % 127ZFHF 2% (Kinch et al.,

Fig. 4 Model for the negative regulation of the intramembrane proteolysis of RseA through the PDZ tandem.
(A) Suppression of the intramembrane proteolysis under unstressed conditions. Before the first
cleavage by DegS, RseA forms a complex with RseB in the periplasmic region, and its entry into the
active center is blocked through the size-filtering function of the PDZ tandem. The combined putative
ligand-binding grooves within the PDZ tandem are enclosed within the dotted line. The capping helix
(CH) found in the E. coli PDZ-N domain is indicated with the orange column. (B) Entry of RseA into the
RseP active center under stress conditions. After the first cleavage by DegS, the reduced-size
periplasmic region of RseA becomes capable of entering into the PDZ pocket. As a consequence, the
TM segment of RseA is susceptible to cleavage by RseP. The upper panels represent side views parallel
to the membrane plane, and the lower panels are top views perpendicular to the membrane plane from
the periplasmic side. (Reproduced from Hizukuri et al,. 2014)
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2006), 2D PDZ FXA A Y RseP ® PDZ ¥ ¥ 7 412
L3 a2 RESEEFEL, HIMTHAS XPBR7 1 v 5 —
ERRTEZ200b Lk,

RseP ORERERI M 2 & S ICREMICEI§ 5 72012
1%, RseP &EROWEMRAPLELRS).

BepA HEEDEEMT
BepA (YgC) MESFHEAE : 707 7 — EBEDRE
BepAiZHsn Ay a7 a5 7 — G EF —7
H®EXXH % #0725, £ 777 —EEErfEor
LI N T THLATIEZE., BepA BEED RO
728, TFAEAENICTe T 7T BT H T A2
LARRAS. CRBIIFTALRAFI VIS (His,) %
£ L 72 BepA (BepAy,, MU H¥EXXH E€F— 7N
W27 IV BEREEYEALZ HIBTQEREKE A VT
T4 =T 4—2u~<x b7 74 —IZEVRERELLZ Z
NORBHY VNI BERETNVEEATHDah A v L
BELIC THRET AL, FEM BepA Z /2L &
DR LY S ah A v OGHBPHER I N
(Fig. 5A). Z OGRS ORMIMKLFL, FL—
F¥ITH B EDTAR 1,10-7 =F v A1) X ) E
X7z (Fig. 5B). TIN5 DOHERD S BepA A3EREIC
757 —UiEEEREET S AL NI R o7
MHELZ7a7 7 —BEERFLDOTH 728, &
BEFOBRRPINETREIN TR WRERTF %

A

&

RZLRMT A2 ETE)BOEEE RTINS &
bbb,

bepA RIEBZERIIWTZZIE—H T Ly —DoEkE
BepA OAEFBEREICHN T 5 F20 ) 215572012,
BepA RIBZERE (AbepA) (T ANV Fa—H7
Ly Y —058xiTo72. AbepA R 2u< A ¥
CEEZ M ERT (Fig. 6A) 25, #MESY Y7 B
EERICE D 5 BAM & F O E + BamE O KI5
EHR (AbamE) tHAELE L _EREEE
(AbepA/ANbamE) (X H vz ) 2u< A4 ¥ VIH
&2 %R L7 (datanotshown) Z&HHIZD_HE
REERZ A7) —= v 7V, KIBROEERT
54751 — (ASKA 7 u— ) (Kitagawa et al.,
2005) ZAWT, 4,123MHDOTFAI FEZAT ) —=
FLUIHER, IPE BInTE2FHFD2T T AI FOARD, ¥
R bepA BIZT 2 FHOTIAI FEFAFELANVIIT
VyAauxA v rEEte S €72 (Fig. 6A and data
notshown). F72, PEEZFETIAIFDOT TE
J—=A7aE—y—HETICre—=r 7L, B
DTIE)—ZADOHRMCE YV EREFEST 2 &,
AbepA DT 20~ 4 ¥ VEEIZT 7 ¥ — AK
FRycBl sz (Fig. 6B). 3 7%2bH, LptE O&FE
HEJEIZ LD BepA BERERIBIZ O NIE L. LptE Id4MER
DIYRYNIETHY, B/SUNVEINESY V7 &

<
i_
BepAueio WT E137Q EES
Time (h) 0 24 0 24 0 24 kDa
kDa 19%:
75+
gg" - e ww e BepA §3~m “BepAugo
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25 A 25+ <
204 204
15+
154

Fig. 5 Protease activity of BepA. (A) Degradation of a-casein. a-casein (400xg/mL) was incubated without
(-) or with His,,tagged wild-type BepA (WT) or its E137Q derivative (E137Q) (200g/mL) at 37°C for
0 or 24 h. Proteins were separated by SDS/PAGE and visualized by staining with Coomassie brilliant
blue R-250. Proteolytic product of a -casein is indicated by an open arrowhead. Migration positions of
molecular weight markers are shown on the left. (B) Effects of metal chelators on the BepA protease
activity. Protease activity of C-terminally His tagged wild-type BepA was analyzed as in A except that
the reaction mixture contained 50uM ZnCl, (Zn), 250 uM 1,10-phenanthroline (PT), or 250 uM EDTA.

(Partially reproduced from Narita ef al., 2013)
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LptD & HAEKEE L TV REHEDIHESZEA D B4
1218 < (Polissi & Sperandeo, 2014). 7z, LptE iZ
IptD DA - HEEZ MBI 22 LMo TwS

(Polissi & Sperandeo, 2014). TN 5D Z &1, BepA
PHEEENY % LptD OTERICHE 53 2 W R RIE L T
W5,

BepA ZIELWHAFRIRILT ¢ KEFEEHED LptD
DR ERET S

LptD i34 DD Y AT A4 VEREZFL, FHEIZIEFEIC
AR T N7-BEBER LptD I2B W Tid, N RE S
¥zT1%HH (C) &3%FH (Cu, 2%H (Cp)
E4FH (Cpy) DYRTA VEREMTIYANT 4 F
AR (native &) ENhTw b (Fig. 7C,
LptDY)  (Ruiz et al., 2010). #iT, LptD X, Lil&
FRZY1FHE 2HFHE, 3HFHEAFHOVRATA
VEEOBETOY ANV T 4 R4 (non-native 5 &
ZFEOF A (Fig. 7C, LptD®) & TIELWIY AT
4 FiEEEFFORIEKE LTHE~NDT Y 7)) —F
HZENRENT (Chngetal,2012). LT, ELW
VANT 4 R ZFD LptD 41 % LptDY, ik
MY Z2NVT 4 Fild %D LptD 4 F % LptDe & I
A (NC RO ClE, #1LF1 “non-consecutive”,
“consecutive” ¥ AT A VIRIEBDOEEERT).
BepA 7% LptD D AL IZBE b 5 W REM: & it 4 5 72
W, VA - F A4 AERITX Y LptD 7 5 LptD¥e

-

50+ —

25+

MIC (ug/mL)

< 1

vector [ ]
LptE
BepA

DEWRBIEIIITT 2 bepA BEDFE % F~7- (Fig.
TA). [BS]-AF+ = T1HMERL, FFERAFF
ZVEMATTF oA AT HE, BAEKRTIEET LptDe
I S, KRERS 1T PRI 105 T LptDye~\ & 25t
L7z, THITHL, AbepAMRTIEIZOBEIZEL &
EL T GRS LLE). AbepA ¥k THE AR
BepAZ 77 AI FDLHRBETH L EHEEIEEL
TeDHT 6T, BEKIVEEI LA L (Fig.
7B). LptDS, LptD¥ & HITEITHI2-A VA T Ry )
=V (ME) iz CESKE %175 L&A LptD

(LptD®P) 1252 Eh0, TNOHPREBEI ALY
4 FEEZHEH O &R EINS (Fig.7A). Thb
DOFER I, BepA Y LptDe 5 LptDN¥e~ D 25 1 % 1R E
T5IE, TOEFGREE LptD O EEALIC B VT
MERSTWDHLIZEERLTWA, LptE DOBREFEIC
L oThH, AbepA ¥kHIZBIT B LptD B #AL 238 4 4k
W AIZEIES A (data not shown) Z & 725, LptE#
FAEFEC X B AbepA ZEE O, LptD E#AL o [E]
BILEBIDERBEND, B, 7OV A EHREZ
P ENDL Y T FURTF ROYM &2 2Tz
W LptD BTEMA OB B & oA OB & » 21§
% (Fig. 7A). Y ANVT 4 FEABEKIZ, )Y 75X
ADFEEFE DshbAIZ X Y i SN % (Ito & Inaba,
2008). LptD BiSRfADSIEZEZ T 5& LT, BYED
YATA VEENRT (Cuk Chy Cp & Cp) SRV
TIALNERITTEDE, TNHLOBTY AL T 4

B

I 50+ _—

E |

o))

= 25

&)

=

o L

LptE» e

arabinose - + - +

vector LptE

Fig. 6 Overexpression of LptE suppresses the drug sensitivity of the AbepA strain. (A) Erythromycin sensitivity
of the AbepA strain transformed with an ASKA clone carrying [ptE. For comparison, the MIC of the
AbepA strain transformed with pTH-bepA-his,, encoding wild-type BepA,,,, is shown. (B) LptE was
overexpressed from pMAN-IptE carrying /ptE under the control of the araBAD promoter. Expression of
LptE was confirmed by SDS/PAGE of total cellular proteins followed by anti-LptE immunoblotting.

(Reproduced from Narita et al., 2013)
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Fig. 7 BepA facilitates disulfide isomerization in LptD. (A) Wild-type and AbepA cells were labeled with [**S]-
methionine for 1 min and chased for the indicated durations at 30°C. Acid-precipitated proteins were subjected
to immunoprecipitation with anti-LptD antiserum and were analyzed by non-reducing (- ME) or reducing
(+ME) SDS/PAGE followed by phosphorimaging. Migration positions of molecular weight markers are shown
on the left. (B) Oxidative folding of LptD was monitored as in A using AbepA cells transformed with empty
vector or either of the plasmids encoding C-terminally His,tagged wild-type BepA or its H136R or E137Q
derivative. LptD™ (%) in right was calculated by dividing the band intensity of LptD¥ by the sum of those of
LptD¢ and LptD¢. (C) Schematic representation of disulfide bonds in LptD* and LptD¢. (Modified from Narita

et al., 2013)
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Fig. 8 BepA destabilizes LptD in LptE-limiting conditions. LptE-depleted cells (GC187) carrying bepA
(bepAr) or its disruptant were pulse-labeled and analyzed as described in the legend to Fig.
7A.  (Partially reproduced from Narita et al., 2013)

LptD¢ M LptD™

E3°

Fig. 9 A model for BepA function in the assembly/ degradation of the OM LPS translocon. (A) BepA
promotes disulfide rearrangement of LptD€¢ that is triggered by association of LptD¢ with
LptE. BepA may directly assist LptD-LptE interaction or act indirectly to facilitate formation of
the productive LptD-LptE complex. Square brackets represent disulfide bonds. (B) In the
absence of LptE, BepA acts to proteolytically eliminate accumulated LptD¢. (Modified from
Narita et al., 2013)
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Construction of environmental conservation systems based
on exploration of novel microbial functions.

Jun Shima
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Kitashirakawa Oiwake-Cho, Sakyo-ku, Kyoto 606-8502, Japan

To construct sustainable society, it is important to improve food chain. Effective systems for food production
and recycling of food wastes including food losses are required for the improvement. To contribute the
construction of sustainable society, Research Division of Microbial Sciences, Kyoto University carried out the
microbial studies described as follows.

1) Analysis of tolerant mechanisms to environmental stresses in yeast and application to molecular breeding of
industrial yeast. '

We found that modification in metabolisms of protective molecules and function of vacuolar proton pomp
increased tolerance levels to environmental stresses in Saccharomyces cerevisiae. Stress tolerant strains derived
from brewer's yeast and baker's yeast were successively constructed.

2) Analysis of organic acids tolerance in yeast and its application to bioethanol production.

Organic acids tolerant yeasts are useful for the construction of bioethanol production process which eliminates
bacterial contamination. We found that overexpression of the HAAI gene in bioethanol yeasts, which encodes a
transcriptional activator, could be a useful molecular breeding method for acetate-tolerant yeast strains.

3) Exploration for useful yeast strains from collection of non-conventional yeasts and application to biolipid
production.

It has been reported the great taxonomic diversity of the yeasts in Japan. We performed a comprehensive
screening of the yeast strains collected by Takashima et al. in order to identify a strain that produces lipid with
high productivity. Cryptococcus terricola has suitable characteristics for lipid production from soluble starch
through CBP (consolidated bio-processing) with high lipid content.

4) Analysis of nitrifying bacteria and construction of novel solution culture system using food wastes.

To construct solution culture system using food wastes, it is required for enrichment of nitrifying bacteria. We
successively enriched nitrifying bacteria from soil by monitoring of changes in bacterial flora and showed that
the enriched nitrifying bacteria are suitable for solution culture system using food wastes.
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Environmental stress tolerance in yeast and its

application to fermentation processes.
Jun Shima, Koichi Tanaka, Akinori Ando?, Jun Ogawa?

Research Division of Microbial Sciences, Kyoto University
Kitashirakawa Oiwake-Cho, Sakyo-ku, Kyoto 606-8502, Japan

A yeast Saccharomyces cerevisiae is one of the most important microorganisms for human being, because this
yeast is necessary for production of almost all fermentation foods including bread, and alcohol beverages.
During industrial processes using S. cerevisiae, cells are exposed to numerous environmental stresses, such as
oxidation, ethanol, freezing/thawing, hyperosmolarity, and drying. To improve the industrial processes of
fermentation, yeast cells should have higher level of environmental stress tolerance.

We have proposed that function of vacuolar ATPase is one of the most important in environmental stress
tolerance. We show that overexpression of Dbf2 protein kinase, which putatively phosphorylates V-ATPase
subunit, enhances ethanol stress tolerance in brewer’s yeast Saccharomyces pastorianus. Reactive oxygen
species (ROS) level of S. pastorianus overexpressing DBFZ2 after ethanol challenge was significantly lower than
that of parental strain. We also show strategies for molecular breeding of baker's yeast by self-cloning method.

Key words: yeast, Saccharomyces cerevisiae, environmental stress, fermentation foods, alcohol beverage.
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WEEES 5 2 % (Attfield, 1997). o244 & EARIZ,
FETFZIRBANLVARCERELT, DLEEELT S
BDEMAZTwA. LHL, ESENIEZBLZBE
ANV ABET TR, FOREMEEETEL CHR
ENB. T, ZLOEXRTO LA TIIHE—ORE
AMVAEDPDTELZL, HEWB X UHEENIZER
WA PLVADPRETESNE, FORD, BEEMEYT
HrEBEHTEMEEIEHATIGREC#HELLD
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BIFE R ORI, EREEEFTOBEE/ALKT A b
LICERET S, B3y, FEEERTY A VEEC
HwbohaBEOEMRKE, LHFBEEO1ETH
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Takagi, 2009). Z OB S ERLIIPE N T/ O
W OBR R ELE DAYy FBEEENRSL. L
ML, HETU LA TEHEHRA b L AD BRI AN
BN, BEBEOBRY IO A TEEFE L LA
%\,

T/, BESH T, BHETILRAOMRICOBA
o, BBRECHEOLAARTONLTWAELD, b
HHRIEENLWEEERRREED THELY J — )
BREWCEY, BOTHVERELA FLVAPRATEND
(Hasegawa ef al., 2012). L7:4%- C, HEEMBEE
iz, =7/ - ViR OCEREEMREZE T 54k
BLELEN5.

VD EoEES, BREEOFHICL2EMEED
BRI, BWEA ML AMEER LSS I EPE
BThb oZ&iCiy, AREETI LA
LR CEGFRFHHOERSHGTES. Zh60H
Bh5, BEAMLAWRZE T ABHOMER TR
HHEE~NETLHILEZHMIIMEL TV . HEE T
10, FICEBIREN (72 /32 R) 45T - Mgt
WeEn e P X DB LT & /2 (Ando ef al., 2007;
Ando et al., 2006; Shima et al., 2008). BREEZ L X
PIcBES 3 BT s R (VATPase), L
N —ZEEOHMBBREWE, BREX L AREIIHFS
THWERFIZOWT, FF LRV TOREICL YR
BN VAR E L EERSOREL T /2.
BB, BETOL AR LAFECHEFMEZIT-
7z.

kB L Ok
B R U

FEEREMREMRE LT, S cerevisiae S288C B L UF
BY4741 #k % v 7z, F72, BIEA b L XIS
T 5 BET OB RHERICB VT, EUROSCARF
XY AF L7 S. cerevisiae BYATA3 MRICHI KT % £ (R
FoaFumEtkal s v a re v,

Y — VEERE & LU TIX, Saccharomyces pastorianus
Weihenstephan 34/707%* &, Ogata H 2SHEEL 727 5
OV BRI B R bk W34:70-1B #k & v 72 (Tijima &
Ogata, 2010). FEFH SV ERREKRE LTid, BT
M WA IEgEiT £ D IR S 7z S cerevisiae 3346 Fk

(MATa) R U3347TH (MATa) % 7-.

B ORFICE, Bl 2wEE10E, YPD &
Q%7 NVva—A, 1%BHLFZ, RUF2%XT T
V) R BERERET BB, YPD BHZ 2%

SR, AR

DERZRMLU. C—VEROBSEEBREEECS
I ASEEERECIE, YPM B (20% <~V bF—2A,
1% BT F R, 2% N7 ) #HV FhoFE
BeErE i (16%4E: F Vv a— A, TN F—ARUY
aBEZ NS L CHEM, 0.046% KH,PO, K U 0.225% %
) 13, BOSUREREBICHV AEBROERICE Y
7.

BIEX U ATHEICEAS T 2BV EEETFRHORE
BUIRESR
TR K ZEEERE S, cerevisiae BY4T43 BRICHIR T 5 %
HEFATORERILV S Va9 VEAWTA ML RG
BB S 9  #nT o MgRR T FBERANT & 17 o 72,
3mM H,O, ST T, WAk L THL M
FEREAMEK T L 7Btk 2 ML A P L AR MR E L
7z, W L72BMEA b L AEICES T2 E 26N
T UEBETEHR E LT Saccharomyces Genome
detabase (http://www.yeastgenome.org/) & L <&
MIPS Saccharomyces cerevisiae genome database
(http://mips.helmholtz-muenchen.de/genre/proj/
yeast/index.jsp) D0 S HESLRERICI 20H %
fTo7-.

BETERFERAE
BIEFOBPIEHIZ 2O EE M7z, Kifs
FOT7OE—-y - eEGURNELIE—RT F—
Td A pRSA26 IR L TEAT L FE L etk Lo
BEWHEEF 7 uE—7 — 2R ER 7o e—%
—TC&H 5 TDH3 7 OE— ¥ — | BT 5z v/
(Hasegawa et al., 2012).

INCEBERICE T B EETHE

23V BERERE D — AR 67 T 2 OVESR R 2 B
Bl BETHREROBFEZEZRICEIVMERL, 4
A AR 2 12 X ) BETFeiE % 4T - 72 (Sasano et al.,
2012b).

ZHRy MEICEBBIEX b L ATHEO TR

YPD B:dh % FivC, BERRHRZ B £ CTAFE S
7z, 108 S & oRRRYIZRE L, YPD EREH#
FIEEES A ST YPD SEREFMIC 4pul ARy P L
oo ARy MR, EREHE 30T T4 ¥ 7213 48KF
Mk=zE L7> (Hasegawa et al., 2012).
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BEREOBBEA b L AR QT & AR EGE~ OIS H

RNA ZHit L7z, SR EREE T W TE L7z cDNA
%I E LT, SYBR Green # 87" & L THE L
PCREWE % EE L7z (Tanaka et al., 2012).

E—IVEER O EE &S O FHE

R A B L SRR EL, YPM BRH A A v
TAT-72. YPM E3#1iZ, 2x10/mLiZ7% % X 9512l
Moz L, 25C CREEZ1To72. 10mL ORE 2z —
HZ&iZH 7Yy 7L, @08 X )iz By
7%, Density/Specific Gravity * — % — (Kyoto
Manufacturing) % i\ T, 3%{f9 A Hi= % apparent
extract & L CEMfi L7- (Iijima & Ogata, 2010).

EREOBEBREREY - VEEICAI L 2R TiL, &
it (10°P) IV F—RERMLT, 22P 1% 5 &9
B L -sBEETEZ AW 2x10/mLIck 5 &
INCHIBL & #EFE L, 25C THM %17 > 7. apparent
extract DI 1L YPM s 2 Fl W72 88 L HMETH
B

#HAZA ROS L ~NJL D

HIFE ROS LAV AERIET 572012, BT u—7
& L T 2’7-Dichlorofluorescin diacetate (H,DCFDA,
SIGMA-ALDRICH) % F\»7- (Du & Takagi, 2007) .
200 mL @ YPD i fk35 H1Z 0D,,,=0.02 (272 5 X 9 HikF
FWETRML, 25C TO0Dy=1.010% % F TiRE 9 5
FEL7:, 10mLE#E S Hm.Ooi TR - /Migx
YPD ¥ #1288 L, H,DCFDA % #%i2FE 10mM (2 72
AXHmmiLz. 25C, 3050, EHEE T TRIE
Torzts, £HL, 10mL®YPD £7:129% =% / —
VAR L 72 YPD B 128k L 7=, 25°C, 48§,
80rpm TIRE HHEL, ®LOGHMTER L7z, 10mL
DWH AR THE L7, B % 500 uL O R KIS
WL, FTIAE—X&MZ, IVFE—XTavh
—E A THAEZ R L, "O058EZ4Tv, BiE%
WL7. 2o kiE50ul & MHK 450 uL THL 72
%, 485nm D REZ B L, RS hmtiER

(5638nm) ZHILTL— M) —F—TlE L. g
WROS LX)V %, Miliy > 828 (mg) H7-h) Dik
SRR & LTHEE L7,

RN pH OEITE

MR pH ZMIET 572012, 37 u—7& LT
5(6)-Carboxyfluorescein diacetate (SIGMA-ALDRICH)
MW7 (Imaietal,1994). YPD BL 9% ¥ /) —
VAR L 72 YPD iR B 1 ODy=1.0 1272 % L 9 Hl
BWL, 25C, 48M:f, 80rpm TIRE H ¥ L7z, 2mL
DEEWRLTELOHMTERL:. BoNWHHAZ

MES Ny 7 7 — (pH6.2, 50mM 2-N-(morpholino)
ethanesulfonic acid, 110 mM NaCl, 5mM KCIl, 1 mM
MgCl,) T2 mEuE#E L7z, W% 3mL ® MES /Yy 7
7 — THRE %, IEE 1mM 5(6)-Carboxyfluorescein
diacetate Z M L, 3050, K& L7z. MES/Nvy 7
7 —C3MEPEHELHE, 4mL D MES/Sy 7 7 —TH
WL, 2095 03mL % 10mL O 27 T VE/1) VAN
v 7 7 — (pH3.0, 50mM citrate disodium hydrogen
phosphate, 110 mM NaCl, 5mM KCI, 1mM MgCl,)
FE Lo, mL B, B  2E, 7 VR
/U VEENY 7y —THiEL, 10mLOZ T UEE/Y
BNy 77 — 2B L. TRZETHRE LE
12, mOrEE (3,000xg, 54 M, 2C) L, k%
3mL Oy =Y 8/) Y BNy T 7 —IEE L. 2O
BEE O 2 IR OB 441, 488nm I23%F§ 5 517 nm
KRBT EEEELHFETL— M) =5 —TFHAIL,
ZOHGHEED,Z LD, HOA UOIER L 7-HEi
LD HREN pH %R 7z,

1,000 x g B D 7 AT F — LR

Y — VI RE & o BOEEI £ CAE S 7. 0Dy,=200
CHY T MBS A 720752 b2 #H L,
300mM VIV E P =L EEGEEHRTTAT7 20T T
AMNEWRERIE. TTY AR BV, 1,000
xg M%7, 1,000x g W50 % 87 BiRi%E b
V7Y CHEZREIALLZ., HILBEOXRTF K E
nanoUPLC (nanoACQUITY UPLC, 7 # — % — X%th)
THHEL, QTofmicro (74— % —X%L) ZHwWwTF
L7, MS/MSHFTICX W74,
Masslynx (¥4 7 a<Ath) 12X D F7FarK) 22—
Va v EiT o7, BN E—=2 AN T T4
(pkl 7 7 A V) IZH LT, Mascot (% N1 v 7 A4
AT v A%) %MW, Swiss-Prot ¥ 721Z NCBI & 7
— I R=ANT—KT S5 NI EOWMEEITo 7.

INCBEROREBEEMEOFHE

AT AEETER AR, MEEMEZFAVWCERNET
AFSE7. BOSEECIVERL, ZEKT2EE
L7z, SBEHEARZIIUR (v h—) OLTI1K
M, ACITHEL, REOKGEZRWY BRE, EWHIRE
Bhefi7e.

B S oM IE, AE LT, 100g/hE
¥, 5g > akE, 2¢g NaCl, KU 4g FFERER & L
7o RSV EHOMEIE, 100g /N ER, 30g Y 3
P&, 0.25gNaCl, 6g L¥EEEREE L7z, S 2 IKED
T, Swanson ¥ 4 7O I FH—FZ T 2201
SHHEDIF TV IR To. Z0H, 40g DM



B M, HfR—,

Y)Y 5531F 721, Fermograph I (ATTO tt) Z W T
RER W A 564 & % FERENIZHI%E L 72 (Tanaka-Tsuno et
al., 2007).

foR

S. cerevisiae \_ 5 T B V-ATPase BE &= FDM@ERN
WFIFEIR

HAEF TIZ, FBEETFVPFEFA A RAICHEES R
BIETFHEEEY FEHWT, BB N AMEICE
B4 2 BIEFOFREZIT\, V-ATPase O #HE 0 B 5%
A MVAEICBAEEEEZRLTE 2. L2L,
REYA ﬁX@@iﬁ*%ﬁ*)ﬂ\ﬂt WA, EFICLE

LB TOFMSITE LY. £2T QTJ"ﬁ‘ﬁ%CEr!
S. cerevisiae BYAT743 ¥RICH KT % %1@{3?/\7— o R
BalrzyaryEHAVWTA ML AREKICHEES T %8R
T OMRNFHBBN 2 ITo72. T2, BEAMLX
R SN GEICRIRBYIZAER T A ROS ISERT %
BALA b L AWEDSBEOEENHICBNTEELE
Z, LA b L AR LT, haploinsufficiency % 7R3
MaeFZE L. F0OHE, haploinsufficiency # 7R §
BLEMETZREZELA. T/, FELOELA ML AR
SZHERTIIERICBWT, BT TV EERTZ
ZORERCHBEBERICE Y ELZ (Fig ). €
DRERIE, FEWA FAOHIERE V2T THES
N E% XL T, V-ATPase % & & trasnport

SR, DI R

ATPase O EEMEIURIE X7z (Fig. 1A). F 7z, Mg
RAEETHTHELZEZA, RICBELEEZR EICHD
HEEFIZMAT, WREBERZ RS Y YN HPE
BEThbH I Epvradhs (Fig. 1B).

S. cerevisiae \_ & |7 3 V-ATPase BEEE =T DEERN
BFIFIR
RO E DS, V-ATPase BB O EEEFIAIC

FAEERKNTTHAIENRBEINT2D, V-
ATPase DIEREMSEI AT BETH 5 DMl 247 o 72, V-
ATPase 3DV 722w b5 bEAKTH 5
729, VAATPase D 3 v K— % v M & 32— N3 5z
FTERL, TOREMNH LT vy 7)IIHEST
B EHPRBENTV D EIAT 2 WHREMNIRR S
7.

DBF2, RAV1, RAV2, SKPI1, VMA12, VMAZ22,
VMA41, VMA45 O VOALl Bz F%2%a¥—7F A
I N TdH 5D pRS426 % T S. cerevisiae BYAT41 ¥RIZ
BAL. ZO%YE, DBF2#{zT%% 2 —CEAX
L72E, =8 /7 —=VA ML ARCEBILKEIZX
LHAEA ML AICK LCHFLWEL R LA (Fig.

2).

S. pastorianus \Z ¥ 1+ 3 V-ATPase BEEZ T DBF|
R DIEE

EBRERB TERSNMAE LIS, ©—IVER,

ribosomal proteins
transport ATPases

oxidative stress response

1 All genes

B Genes required for
H,0, tolerance

5 (%)

nucleus

vacuole

1 All genes
B Genes required for H,0O, tolerance

ey toplaem —

0

20 30 40 50 (%)

Fig. 1 MIPS classification of the total genes required for H,0, tolerance. The 331 essential and nonessential
genes whose heterozygous deletions conferred H,O,-hypersensitivity are shown. All S. cerevisiae
genes were classified based on function (A) and subcellular localization (B), using the MIPS database.



BEREOBBEA b L AR OB & AR EE~ OIS

NUBBEOEEABRICBVT, BERER o€ —
& — O T V-ATPase B8z T % BF 53 & &
7. TORER, E—VERIIBWT, DBF2, VMA41
T O RAV2 Z BRI S 7-B412, =% 7 — Vit
DRE LB EEEXIN (Fig. 3). SUERHICIIR
LOBETEZARMBHIELGEICIE, AERAM
AMEOZALITBHE S N5 72,

S. pastorianus ® V-ATPase B E &5 F BRI RN
E— VB &S

T ¥ — VittEom kA% S 72 DBF2, VMA41
T U RAV2 BRI RIS 728 — VR O SR R
C— VEEEICBT A RMEOFMEZ1To72. £3, YPM
B A HWT, BESETAL (Fig 4. FoO%
B, BT L7z 3%kD 9 B, DBF2 b EN -5 ms:

SD-URA

BY4741

DBF2-0OP

dbf2D

vma2D

W34:70-1B
W34:70-1B-ura3/PTDH3-DBF2
W34:70-1B-ura3/PTDH3-VMA41

W34:70-1B-ura3/PTDH3-RAV2

YPD

HERL, =%/ —VAEERHICENRTWY (Fig.
4A). fibo> VMA4I K. U RAV2 BRI ZEHMR L B AR & 1
BLEIE, BEEom ErBE s (Fig
4B K T* C).

O EN-FEEFEE R L7z DBF2 BRI SEHKICD
WT, ZiteHOWTEBERESICHET 55, FEHICA
L7 %47 o7 (Fig.5). ZORE, FAEkE ik
LC, DBF2 BFHEKIZ, BEOBRLEITERTVS
ZEDRIBEINT. F72, REHOMOELE TR
~N72& 5, DBF2 BRIFEBRKOEFFIFRICTA
BRI BN EARENT,

S. pastorianus O DBF2 ;BRIFEIR#4 D 4547
DBF2 BRI FEHMEDO T Y 7 — )V A b L AT BERE
T 2MA%EE L7202, MBI ROS LAV (Fig.

6% EtOH

8% ethanol

Fig. 3 Growth of the DBF2-, VMA41/CYS4/NHS5- and RAV2-overexpressing yeast strains and the parent strain, W34:70-1B-ura3.
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overexpressing yeast strains and the parent strain.
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days Fig. 6 ROS level after ethanol challenge in DBF2-
-@— W34:70-1B overexpressing yeast strain and the parent strain.
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Fig. 5 Time course of high-gravity wort fermentation using
the DBF2-overexpressing yeast strain and the parent
strain.

6) K OHINEP pH (Fig. 7) IZDoW Tl 217 - 7-.

FORER, BARKTIZ, =%/ —VA ML ZETIC
X ROS LRIV DFE L WAL S 722%, DBF2
B SEHAETIE ROS LAV oA ZIZEH & T
w7z (Fig. 6). —7F, MBRNpHIZOWTHEZELzL
A, FAMRE LB LT, DBF2 BB TIZAIR
W pH O THHIOBEEABE I NT2D, BEEDD

575 LTIRIUFTE o7z (Fig. 7).

¥ 72, W% & T 1,000 x g TR 45 O AT &2 AT o
2. BEEZ T2 LTIEIIETE L2h o7z
A, VT a=y FEERT 55 o8 HOBEEE
PEWEIABIZE S .

SEAREI N XAMMEEETI3EANCEBEEORRE

HAET TS, Moo= 70y yEofllafi#
WEIBREA L AMMICEETH Y, ZORBFE
WEDBRBEA ML AWMELZ M LESEHELIEERLT
&7z (Shima & Takagi, 2009). #Z T, ML /BT —2A
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Fig. 7 Intracellular pH after ethanol challenge in DBF2-overexpressing yeast strain and the parent strain.
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Fig. 8 Fermentation ability of baker’s yeast strains in doughs. Frozen doughs were prepared by using
WT, PRO1-1150T, Anthl, and PRO1-1150T/Anth1.

E7n) Y ARIIEECER T AN VERK
(PRO1 nth1) ZHEEEL, FEH LA L& BT Z 5F
fii L7z (Fig.8). ZOHHE, b ro—2k 7y
ZFERFICERTAHTE, BFERI)IAFEIIEVG
S E%E xR L7 (Fig. 8).

Iz, oMz, Yay vk —BILEZOERKT
i, BOSVBRTEMEINAMEL RERER ML A ICH
LCMEEZRTIEEZHELMILZ. 512, BRER
FLAMEICES T 2 SRR SN TWw 55 R
FPogl x I— FTA2BEMLETOLEIZLY N VERD

BEZ MV AMEZMLEEEDLZEMETH 7.
/2, AMLAFERBICBVTEELZE 2 BT HE
HF Msn2 O#@EFHEIICL D A b L ATEAH LT 5
Z & R ENT: (Sasano et al., 2012a) .

AWFZE T, BERES. cerevisiae DRBERERIC L 1) &Y
HEINZEGRPBEHOME T o 2DOEELZHIEL
T, BBEA MLV AWEZ BT AEER S. cerevisiae ¥



B, HBR—,

DIEEE T ATz,

KT N—T DT 2/ I 7 AEDF I v 7 AfFHT
12X ) V-ATPase %BR3E 2 b L AN ICEE 2% E %
M- L% /R L T&/: (Shima & Takagi, 2009).
T, ZREAEKRICBWT, 1 aY—0OBEEFAMHIES
Nle~Faf@itkal s a v 2 HVWTA ML RIS
BB G-3 A B In T O MR RIAIEN 217 o 7.
Z DOfEFTIZ X B, haploinsufficiency = 81 & L T,
HEFICLHEREETHEPOREZ ML AWEICES
ThHBEEETEMHTETH D LE 7. FIC, B
BIELEEE - #RICHEDLLEERTOEENZERHT
HIEMWTE/. — T, VAATPase & 2 — N3 %3
ZFICET AT OHIEROBRIEA I L ATH LT,
haploinsufficiency % 7~ 3 2 & 2384 T & 72 (Okada et
al., 2014). ThHOKEHE» L, V-ATPase @ A h L A
i PEm BB 2 & L CHEMRR L 7.

V-ATPase 3O 72y bbb END

(Kane, 2007), V-ATPase ##§3 5 ¥ /37 H Tl
7, FOWEBEREHRT vy 7)ICEDbLERTIC
FEHL, WENICEEFORAREREIT 72 7,
EEBERER TR EfT 27225, U7 HF
F—¥% 32— K32 DBF2 BT OBEBEHICLD,
I¥/)—=NVAILARBILA P L APERICH LT S
CLAYRIEE Nz, DbR21E, AAROEILOERILE
HELTWwWAIENRRENTWSE —FT (Toyn &
Johnston, 1994), V-ATPase ® Vmal }. OF Vma2 ¥ 7 1
Zv bDY VERLIZ X Y V-ATPase O HEREFHIIC & B
B4 A0 ge M ARIE E T\ b (Makrantoni et al.,
2007) .

B4 RS REIZ B W T, DBF2 EIET D BFIZEH
BiTo7- A, E—VEERES. pastorianus 2B\
T, ¥/ —VAMLAWEPBEINZ. =5 T
S. cerevisiae \ZJB T HEERRTIE, T0 L) IR
Blgshahol, TOERELTIE, EEHHS.
cerevisiae HRIZE WIEREEZ P L A EE A L TW5720
FTHRE L CBBETE 2o 2SR S. pastorianus
DEEHTRFIIBVWTOARLECLHRTH L UHEMNEL
ENEZONL. ZHNEAENSHEEEHT, /34
FIF ) VERRPREERTOSTFEEICEHATE 5
BRI nweEEZ TS, S bayanus \ZHB1T
DRENZAT o TV WA, S, cerevisiae @ V-ATPase B
HEETOBMAEIRICLY, REZX ML AMWEZES
THUREELEZEZONA.

DBF2 BRIZEHTIE, =%/ =NV A L AAMIZ
AR AL ROS LAV O FAAA EICHIH ST
Wi, T, AREEZATAT L LTIIRIRTE
o 7oA, M pH O O HHHE R A3 B S

ZHRSER, AN

7o, ITNHOERKD DBF2 BRIEHMOEE LR Y
— VA ML AMEICHFELTwEbDEEZ LN,
V-ATPase D V, 7 2=y b VT2 DT v
YT VICEDLRAVED YT Ly 7 ARHEK T 5
Rav2 # /87 8% 2— ¥ 5T OMERFEREKI,
DBF2 BT BB B & S5 I L - KRB R
EFRL. IR0 Ehn, DBF2IZV, &V 7
2=y FOTEYTVICHFES LT AR D HE S
nas.

F 72, MRuAwENaMEsmFLkeE 7o 7t — 24
AT 2 A G DY, HRZETWSO T T+ — L fF
Wrazskas, MIrFse LT, BHAEOHERS T &
B X RV, DBF2 BRHFEREKTIX, V7 ¥ —%
BT % 5 87 BEOSEHE IR S L5 A B
&7z, V-ATPase Dk - BB 22 L O el 7 70+ X
HZALIZIEERTER VDS, DBF2 OBFEIHHIC L
D, V-ATPase DIEFEISEIiAS 2 Nz D L HEW LT
Wb, 7z, ERHASVERKRIIBNT, FLATE—A
EO7w) yORBEERICLY, BEAVIIHS TR
¥ 2 b L A (Baking-associated stresses) o [] A%
NBEZEDNELEN o7z, TNHEOMIE, N UBE
OGS TEEICBD THAZFETHL I L 2RET
. Tz, BESHLPIIR > TWARW POGL Ei5T
i, BERFZ2I—-F3 I PN SINTNS

(Sasano et al., 2013). TIN5 DBE LT OEFEMHLER
TOREL N VEHOA L AR EICEHTH %
ZENL N o7z, ST, Pogl OREREIZDWT D
MAZERLTVELZVWEEZ TV,

INUBBOBRICBWTIE, HEEOHERPERELY S
HEZEICANT, FREETFPEASNZVELT
ra—= Y FREEERFICHGE, BV 7o —= v 7
TIX, S. cerevisiae SRFAH L T2 WEEBED T 5138
LWeEEDLELRELZ VA, REA ML AMEOLE
IO TEN R FETHEEEZTHD. 5%, 2
NOOFHEOFHERLEMEICET 2z B LT
we

RAFFETIX, ROREREZ FIH L7z & mEERImN o
HEALE BAEE L7, BREREEICX)EEDORFRI
BENIUE, BEIX PRI AL F— O ICTE2 S
yoEEZOGNL, T, BRAVSHTIE, BOTH
BB 2 E T AN VEERORSEICE Y, B0
YR REIC 2 ), BT ADKIRIZ S B35 2
EEBEELTWS., T, RENGZEZEA ML AWE
OmENSTEEICZNE, NI/ —A DTz VT T
4 7 DILENMFEFCTE, O EOFENT S FERERESE
OWHHERICL BT TH D LEZLTWVAD.
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b, Z07201E, AmBEICETH TR F -2
ML T ZEVEETHS. £/2, BRod V7
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FESEH S. cerevisige DBAFICHENIHEH L Twv { B
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ORFEEEE SO AOBEELICENT A, £ T,
REA DV ATWHRBEOMEE TR - L ARMEREE O
B & 4T o 7.
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Organic acids tolerance in yeast and its application to bioethanol production
Jun Shima, Koichi Tanaka, Akinori Ando?, Jun Ogawa?
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Kitashirakawa Oiwake-Cho, Sakyo-ku, Kyoto 606-8502, Japan

Bacterial contamination is known as a major cause of the reduction in ethanol yield during bioethanol production
by Saccharomyces cerevisiae. Organic acids including acetate and lactate are effective agents for the prevention
of bacterial contamination, but it negatively affects the fermentation ability of S. cerevisize. We are proposing
that the combined use of organic acids and yeast strains tolerant to organic acids may be effective for the
elimination of principally lactic acid bacterial (LAB) contamination.

In the present study, we focus on the acetate-tolerant strain of S. cerevisiae, which is useful for the construction
of fermentation systems for bioethanol production under acetate addition conditions. A massive screening was
performed to identify an acetate-tolerant strain of S. cerevisiae. We found that S. cerevisiae ATCC 38555 is
acetate-tolerant, with a fermentation profile indicating that it has a high level of acetate adaptation. The global
gene expression analysis indicated that HAAI- and AFTI-regulated genes are clearly up-regulated.

We show that overexpression of the HAAI gene in laboratory S. cerevisiae strains, which encodes a
transcriptional activator, could be a useful molecular breeding method for acetate-tolerant yeast strains.
Furthermore, we constructed a HAAI-overexpressing diploid strain (MAT a/ a, named ER HAA1-OP) derived
from the industrial bioethanol strain Ethanol Red (ER). ER HAA1-OP showed tolerance not only to acetate but
also to lactate, and this tolerance was dependent on the increased expression of HAAI gene. The ethanol
production ability of ER HAA1-OP was almost equivalent to that of the parent strain during the bioethanol
production process from sugarcane molasses in the absence of acetate. The addition of acetate at 0.5% (w/v, pH
4.5) inhibited the fermentation ability of the parent strain, but such an inhibition was not observed in the ethanol
production process using ER HAA1-OP.

We also show that trehalose confers protection against various environmental stresses on yeast cells. Trehalase
gene deletion mutants that accumulate trehalose at high levels showed significant stress tolerance to acetic acid.
The enhancement of trehalose accumulation can thus be considered a target in the breeding of acetic acid-
tolerant yeast strains.

Key words: organic acid stress; acetic acid; bacterial contamination; stress tolerant yeast; bioethanol
production
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B M, HRR—, ZBREHE, NIOE

HTW5 (Antoni ef al., 2007).

BEERARORERHE 7O A LRI, N 4T
¥ —NVEETOR AL, BRICL o THEEZA ML
ABBECHDLEEZDLIENTES., Lo, B
BanNitry ) —VREEBEIFBEITHIEECHELS
DONVBEA P L AT HEMEEEZSNS. BEA
PUATHEZE T HAEEBEOREBICHELZ, ot
ADEBEARK T A MEICHMET 2 & HFTCEs. N
AFxy ) —NVEFETTE 2T, BRICHKET S
FUERLHRSFARICARSNE F =A% w». Lz
MHoT, BHOEENHZBEENTS) 2T, BEX
FLARE - A D = AL RF2WICHEEL, 20
MRZERATAZEIZEDOTEETSH .

NWNAFTLY ) —VEEOEE T XIZBWT, M
TR WP A BT O A i T B WERR R LIRSS O A BRBR A FE R
WHICEEICERsND L, SHE,PLLY /) — VEH
kT A B ORBBENHEE SN S (Beckner ef al.,
2011; Skinner & Leathers, 2004). #%i2, FEEEHEA~OR
BWORADVEEE ZoThB Y, HERANHREINLT
W5 (Beckner et al., 2011). FRNIZIMA T, HEIHAR
NAF LY ) = VEBEOFEFHIIEESIN TS
YT e — A%, F < ADOFLE - L TR
TlE, TEFMESHAAI BT — 2 8h 0 FERE
ML, BEEHEOERNEZNHES (Olsson &
HahnHagerdal, 1996). T D X ) ZEEH» S, HEBT
MEETLIHEEOBERTZOMEIE, BEARICX
5L ) —NVREOKRTHILICENRL I EPEETE
A.

SHIC, BELARBEHEZETABNLEFET S
T EDMEIC AT, FRBREOLABBNICHEH
L, BRI MEEEE OMEIl X ) MW G PR
TEHIEPFEZOLNS, VIEWEOTEIMZ X OME
BEROIENIATRETH 525, BEREW & MR AEL L L
THAHT2HACEFE LA RLEEA Y. £
7z, NAFTEBBAERETCIHEIA MERTTZ AV F -
HLOBMEFALDEZEFNTVBRHKRTHY, THwoiza
YT NOEEM L, BIANEF—-TOLATHD
MBABRE T BT 02 A DR LRI I A S0 R
LR INSL, L oT, BELEHEA ML AW
MWeHTHBEMERORBIZS ) — N, FIZBTEF
—F 7 AT —N—D2kEZ LA,

AR E TIT, B4 REEEED O HERL S 5 BEATHRAR
AR ETRI e Ny 7 ONETABERS(4 7 5
V-2 HWTHEBRBRA N AMEBEORERLZIT-
7o. TOME, AMBICEE LM% A3 5 Candida
glabrata (Watanabe et al., 2008) & U HERETH I 2 A& 3
% Schizosaccharomyces pombe (Saithong et al., 2009)

EOMEL. NAF Ty ) — VBT O A THYED

LD D B Lactobacillus BABER % ETFNVHELREEE L

THRE L7248, AREBLEELRETHRMNT S &,

Lactobacillus B BW OBMSEEICHES L, =¥

= VIR ETELHBETELIEFHAETH o 72
(Saithong et al., 2009; Watanabe et al., 2008).

—7, NEEEEECILTCEYETEZY )~V E
HERETBHIENTEL S cerevisiae 1E, WO
BAEMRPIEHOBEICHEHENTEZ. BELAER
Era®a b LT, S cerevisiae (%MD E W GRAS

(generally recognized as safe) AW E L TOME %
HDHTWAE, L7zAoT, S cerevisiae /N4 F .5 J
— VELEIIEH L2 AE, BERZEY % DDGS

(distiller’s dried grains with solubles) 7 & & L CIiHH
TOGEANGEREE RS,

PR R7E RIS, FEERZR & OB RRERICEE 2
WE2ET 5 S cerevisiae BREWERL, ~NA < AFH
OMEEERITET A2 LT BWE LTRIIEEZ T
720 ABEFEICB VT, FEBIEEICEES T 5 EE A
WY % a2~ F55 HAAL OBFEE SEEEA L AT
MBS TERICETLIZ 2R L. T, B
OMIREYE L LCRRETS M Love — R L FERE
Z b VAT D W TOMET %247 - 72.

Mk & O

Bk, 1, RUBEERG

EBEERMRE LT, S cerevisiae S288C # B L OF
BYA741 % flve7z. NAF Ty ) — VA EHER L
L Ti&, Le Saffre ft & v $#24lt % 51} 72 Ethanol Red #

(ER) ZH /-, BIETFOBRFBEAROMEICH2-
T, ER¥RHSRD —HR LT ZDT T ¥ VERKE
45 L7 (Inaietal,2013). F72, N4 4Ly /-
EREMROa Y ba—VkE LT, S cerevisiae NBRC
0224 % FHw 7z,

BROREZICE, BFRRLAVWEEIICE, YPD T

%7 Vva—R, 1%BEEIF X, RUF2% X7
V) RV BMREEET ARSI, YPD BHIC 2%
DERETML72.

YP5D ¥, YPD B#bo /v a— A& % 5% 218
BLEMTHA. by FUEESE (16% 4. 7
Va—2A, FVZ P=ARV Y 2—ru—RA%MMEL
THH, 0.046% KH,PO, B U8 0.225% R %) W&, %t
BRIV,

ARy MEICE D Z L XTHEOFHE
YPD 53 % i nwC, BEEEE T CAEF S ¢



ARREEA N L MR OB & FrBl N A A PREHERE 7' 1 & 2 DS

72, 10BtRE CE oM BRI 2R L, YPD ERE M X
ZZIIBEREZ &0 YPD EREHIC4ul ARy b L
7oo ARy M, EREEHA 30T TR F 721348
ﬁﬁﬁgéélel.

BEERTHIE S. cerevisiae #5DIRFR

BUTHERE &R S e A N v 7 ITRE ST
W5 HI500 8D S. cerevisiae ¥k % XF 5 A FEER 14 #k
WRKEITo72. 0.8% DEEME = & Ll fk YPD B2 B
JHEBEEZREL LTHRREZITo 72, 4A£FZ 600nm
BT BHHEE LCEHME L 7.

RNA OEKR U DNA ¥+ 7 O7 L A 8
FERR % & £ 72\ YPD BT, FEERR#R 2 5 B i
FTHEEL, 0.6% OFEMEZ AN L3057 MEE L el
7. TRk, EWLHEI»S Ry b7/ — ikl
LD M=%V RNA ZHli L7z, Poly (A)RNA i 5%
B L7, Affymetrix O F v MR HWTIANY »
7 % AT 72. Yeast Genome 2.0 array & i\ T/ A 7
V¥ AX¥—varifrofe. WELLT—%1E,
GeneSpring ver. 11.5.1 % Fi TN 2 47 - 72.

BT AR RIBARDIBE

BRFEBROMEL, K LOBENERTF T2 E
— 7 — RN ERBEE TeE—45 —CTH 5 TDH3 7
OE—% —|JERT 52 EI2X VITo 7 (Hasegawa et
al., 2012).

B TFRIEE DN

BEOBEZETFORIL NV O, £8 PCRESR
HWTIT - 72, YPD Bz FHWV-C, S8 5m il % <
M AE S, JO0aHC X DMl % EILL 72, Mg
MoRY b7/ =ikl L D M —% )L RNA % HhiH
L7-. #EHREEZHVTER L7 cDNA Z§HE L L
T, SYBR Green #f8/R3E L LTk L7z PCR EW=
%% 7> (Hasegawa ef al., 2012).

I42/-)b, BEBERV I I—IXDEE
BEEFEPOZY =)V, ERE T VI — 2Dk
B, mH#iffkru~ b2 57 14— (Prominence
series, Shimadzu) 2 &V, HBEE=F) Y7 H T A4
(Bio-Rad Laboratories) # H\WTHlZE L7z, FiBE
&, SHERED SRS S E L7z (Tanimura ef
al., 2012).

NLNO—ZXDEE
BRI S 8K EZH T Lo — 22 dH L

7z, fHHPERO b Lo — B, BEEA s 2T
N 22 7 4 — (Prominence series, Shimadzu) 2 &
0, #E5HES 2 5 (COSMOSIL Sugar-D, Nacalai
tesque, Kyoto, Japan) % H\WTHlE L7, KIREL,
AP REHEN A /2B M2 5 Peg L7z (Shima et al.,
1999).

HEERER

YPD ¥: i CRINGE % 4T o 728, 100ml OFEBEE#Z
4.8 x 107MIZ (ODg=1 \CHHY) OFEICLR B L H I
YPD i & 7213 YP5D Bl ICHER L7z, 80rpm D F5\»
RS T, 30C TAURMERLTY, Y 7Y v 7
L72EEREFEOLY ) — VIRESDOEEZ T 72,

Fiz, WAATAETFTIVELT, ¥ b FURER
% v 72 5B S [ ERICIT - 72 (Inaba et al.,
2013).

MLNS —HEEMDIEE

BY4741 #%ICHET A P LB — A REEEZE T

(TPSI Je T8 TPS2) J U b Lot — R SR BT

(NTH1 % O° NTH2) O3k EUROSCARF & ) A
FL7.

X5, HAAl B TFHEROBEHTERIIBY
T, AR b E— A HEREET (TPS1I KU
TPS2) ROt boa— AR ER T (NTHI B OY
NTH2) #EFICHECRIEL, SERBHREBEEL

(Shima et al., 1999).

o R

EFEAMIE 2B 9 D S. cerevisiae 15 DIEFR

R AR S PSRN IR AT S T B %9 500 7k
D S. cerevisiae FREHFEZRIF L LT, HHEEA ML AW
W OWREEIT - 72, 0.6% OEEEE% &8 YPD £t
BBy ) —VEERTIM L& 25, BifE
¥RANA ATy ) — VB TH S S. cerevisiae NBRC
0224 BRE LT, FELREMA ML AMELHET S
S. cerevisae ATCC 38555 HRAS A & 7= (Fig. 1).

BERCT MR DB T R IRARMN

S. cerevisae ATCC 38555 #k D BEFRMPE D ZHIZ B
LR AHETS720, DNARA 77 LA #HWTHE
ETFRBABT AT o7, RBEGE LTE, EEAN
ATy )= VERTH 5 S. cerevisiae NBRC 0224 ¥k
RV FEREAIIC L Y EEICEETRRO LA
BeEshizEzT (28U E) \c2w T, Munich
Information Center for Protein Sequences (MIPS;
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Fig. 1 Ethanol production (A) and glucose consumption (B) of yeast strains under acetate addition conditions.
Cells of NBRC 0224 (closed squares) and ATCC 38555 (open squares) were pre-cultured at 30C for 12
h in YPD medium and then inoculated into YP5D medium containing 0.6% acetate (pH 4.5) at the final

0D,y = 0.1.

http://mips.gsf.de/) OF—F RXR—A%EH LT, #
BE AR AT 72, ZOMER, BERISEIZEL THOR
iREERTEEZ SN TWS HAAL EIZTHY, S
cerevisae ATCC 38555 #RICB W T, BHEICHEHFES
NTWBEZEPRHLNIZR 7 (Tablel). 72, %
O, BEEOREICHG TEY VXV EE I T
% AFT1 RREFEICICHEES 5 HOGI DR LA D
S. cerevisae ATCC 38555 HRICB W THHE TH - 7=,

EREBEICE S HAAI Bz AR EBEMOEELR
(=1

B R FERI RO 5 T B ORI R OERD
720, EEEEEE S288C DECHERZET S S.
cerevsiae FRIZB VT, BERERMEBHARSEERTE L XV
DFEBFENBILE I N7z HAAL B =T OB F RO

B2 To7., BREEHICHEL L, Lo
HAAI BIZTO70E— ¥ — 2 RN IER o€
— % —Tdhb TDH3 7UuE— % —TEHR L. T/,
HAAI #& {57 % U Haal \CRBGHEZ 20 2 @75
DI EF LB s N (Fig. 2). 55N 7B RO EERE
Mz ARy METHRZEZ S, FLOEEEEEO
mEasEgE sz (Fig. 3).

NAFAIH/—IVEAEEERICH TS HAAI EizFB8
RIS DIBEE

FEEERERCBWT, HAAL BT OBFREI;E
MTHolzl ehn, EENAFTY ) —VHS
cerevisae ER RO BIZM T = I2 BV 5 HAAL Bz T8
FRBAFEZFMLA. T3, ERERICHEKT 22—
K ER-6C (MAT a) M. OF ER-3a (MAT a) 2B W T,



FRREEA N L AW AEARRE ORI & BN A PR E 770 & 2 ORESE

Table 1 Transcriptional changes of HAA I-regulated genes in S. cerevisiae NBRC 0224 and S. cerevisiae ATCC 38555.

Transcriptional
Gene name Description changes
(fold)

NBRC 0224 ATCC

38555
HAAI  Transcriptional activator involved in adaptation to 2.1 3.6
weak acid stress
INHI Protein that inhibits ATP hydrolysis by the 1.0 2.0
F,Fo-ATP synthase
TPO2  Polyamine transport protein specific for spermine 0.5 1.6
AQRI  Plasma membrane multidrug transporter 0.9 1.5
PFK27  6-phosphofructo-2-kinase 1.2 1.8
STF2 Protein involved in regulation of the mitochondrial 1.0 1.5

F,Fo-ATP synthase

45 -
40 -

;—‘535-

2 30 -

®

“é25~

7 AR

@

E 5

3

o *]

g 3 -

£ 27
1 - e pRey
0 - 35 El :__

HAA1 TPO2 TPO3 YRO2 YGP1 FPS1
Fig. 2 Expression analysis of HAA1 and Haal-regulated genes in the HAA1-OP strain.

YPD 0.7% acetic acid 3% lactic acid

wild type

Fig. 3 Growth phenotypes of the wild-type and HAA1-OP strains under conditions of acetic acid stress.
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ZIRSEHL, DI

B

YPD
+ 0.5 % acetate

Fig. 4 Acetate stress tolerance test of HAA I-overexpressing strains derived from strain ER.

TDH3 71 € — ¥ — DOl FIZB T HAAL Bz T %
BRBEREELLETH, FLOFRLHELT, GV
FEME A b L AMEZ R L7z (Fig.4). E512, &—f
BRI FEREZ LML, ZEEOBRE K ER-
HAA1OP % #57:. ER-HAAIOP i3tk ki LT, #
L EWEEEA L A% R L7 (Fig. 4). 7=,
Tut VBRI LT EWA P L ANEE
RL7z.

HAAL B=FBRIZEBEROREEASEFFME

YPD ¥:#h % T, ER-HAAIOP ¥R ZERERE % 8
FRE B L7 (Fig. 5). FEERZARML THWIHEIS
1%, ERHAAIOP Mo =¥ /) —VAEEE, 7V —2X
WHE, EkemMETH o7 (Fig. 5A LU B).

—F, 05% OBFEEEZRIML 4G, BkTido
5 )= VERERIIZI VI —AOHEENELLHESR
Tw/z, ZRCx LT, ERHAAIOP ¥ T, 120
BNV =A% IZITREIHEL, =¥/ —V%
BT LI ENHLNICR -7 (Fig. 5D L T'E).
72, ERHAAIOP #% R Otk Z 723G, Kl
FORBEEOEELZEZINITBRE SN 22> 7 (Fig.
5C LU'F).

HAAI Bz FARERMKERVWAY NI X EREEDL S
DIH/—IVERE

F IR RN Y ADETFTILVE LT
Pz, ERHAAIOPHOET B L8 /) — VEEEDEF
filfi% 47> 7= (Fig. 6). FEERMERM&HCIE, Bk
ERHAAIOP# DT ¥ J — VEERERRKRLT Y ) —
VIBELLEEREZIBE SN 22 o7 (Fig. 6A).
0.5% OEEM 2RI L7236 120%, Bk Hw 2561
dT sy —VEENPBEINL o7, ERHAAIOP
BCit, BEBERMEGERRTSE, =5/ — VA&
FEREORTIRBIEINILOD, TF J —IVEEN
%3NDB T EDHERTE7: (Fig. 6B).

S. cerevisicge DEFEER ML AMEICH TS LB —
2 DRERERTE

FEfg A b L AMPEICBIT 2 b Lova — 2 DFRRE % fif
327012, P —=23EHIhzw e
— A B R B TAERE (tps1A K Utps2A) BTN,
FLANO—ANEBEICERT S LT —A5HER
BRI (nth1A, nth2A & O nth1A nth2A) OEE
WA b L AMYEZ M L2 (Fig. 7A). ZO%EHE, b
Lo — ZEROKIBIZE, tps1A K O tps2A 14 BE
B2 L AR R R L. —F, PLaa—2E
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Fig. 5 Ethanol production, glucose consumption and acetate concentration of S. cerevisiae ER and ER HAA1-
OP in YPD medium (A, B and C), and YPD medium containing 0.5% acetate (D, E and F).

HEO FFAIE, AR E B LT, nthlA, nth2A
T O nth1A nth2AZEERE A b L ATt %2R L7 (Fig.
7A). ¥F1Z, nthlA nth2AZ, BEZEEEA L A0
HERLZ DEOERE2S, Lo — 20N
EREIL, BFBA P LA L CRERREAFT L E
VAAVIN - (B

b

$72, Haal \TIKFE T MRS E R & OB &~
572912, HAAI O RBLEEHERIZBVWT
TPS1, TPS2, NTHI [ O° NTH2 #&1=T DHE % T\,
BEEE A b L AT O R %47 > 72 (Fig. 7B). £ D%
R, HAAI & TPSI % 7: TPS2 © B EMRIZ, HAAI
HOMmgErk & R L€, RS OFEREA M L A2t %
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Fig. 6 Ethanol production of S. cerevisiaze ER and ER HAA1-OP in molasses medium (A) and molasses
medium containing 0.5% acetate (B).
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Fig. 7 Organic acid stress tolerance of the mutants of trehalose metabolisms from a wild-type background (A)
and the mutants of trehalose metabolisms from a haal background (B).



FREEA b L AT ARRE ORI & BB A A BB RE 770 & A R

RU7z. —J, HAAI & NTH] 7213 NTH2 O &
BERRIZ, HAAI BB E BB LT, WWBREX - L
At zR L7z, T b DORRM S, Haal FERIG
BEROKIBIZ L HEEREZEZ Lo — ZERIC X
DT E BT LR ES NI,

KFFETIE, ARBEEYRLEMUANDLDO/NA F T
¥ —VABIIBWT, BRLEEL VB L5ET
T ZANOHEWE BRI LT, BEERSEOFRBRICH T
B M MERE T % F 75 e B A 2B 3 A IFFE 2 1T -
7o ARRERIZHIE OWHIZIR 2 H T 55, BEORE
BRI T B EA &L CHAET S (Olsson &
HahnHagerdal, 1996). % 2T, HHEBICH L CEEZ
il % H 55 S. cerevisine Bi A i3T5 2 L5 T& R
W, ABBEET CHBEOEFZ IR L 2053, =
7 ) — VEISHRBEITS DL ENTREIC R B EE 2
7o. RBIETE, ARBORT, BEBICHEICERL
7oo BIHRONAF TS ) — VAR O F B FURHC
BEESNTWDEY Z )l a— XD - FEL T
WBWT, TEFUbshionI o — 2%
L, BEEHEERELLZ EMMENITV5 (Olsson &
Hahn Hagerdal, 1996). LU 7:%%- T, B2 b L 20
PERERERRIE, V7 O —ADnbDN, F 1y ) —
WESENOISHOWHEE D B, F72, Bk, =¥
= VOBILIZE VBSOS N S, Hnygelic
TELEMEE R 7.

F 7, REFZECI, BEBA ML AWMEEET S S
cerevisiae MEOREFEICE R o7 /vy a Ry
FVEEREORIZIE, C glabrata 5 O & FE 70 A BRI
BA T HEERPEAT S (Watanabe ef al., 2008). L
L, NAFxy ) —NEET O A THELSREIEY
DR E~OFAHEZEE LAl BERAR
Bal LEENN ML IN T BREKE LT, S
cerevisiae DI DT REME BN EZ 20 B TH B,

WIS RAT S. cerevisiae # 500 ¥R % XF 51, BEER R
MU AEOFMEIT> 7. FORKER, S cerevisiae
ATCC 38555 RS R &z, ABkkE, WL -6
EAOHEEINAZEFREINTY S (Put & De
Jong, 1982). DNA~ A 7 a7 L £ % H 73BN
WKBWTiE, a ¥ bo—VEKRE LT, EEHRANA A
¥ - VELERMRTH B S. cerevisaie NBRC 0224 ¥k
EHWz. S cerevisiae \2B\WT, BEEEA b L ARUSIC
BUAPOMREE 2 R TiREFEE LR T2 - F
T 5 HAAI #ZF K OB & OF Haal IZH#IHl S 4 #E 1R
FEHOBELZFEH LAPBE I N (Haitani ef al.,

2012). THHDHEENS, S cerevisiae ATCC 38555
PROBEERA b L ATMEOERD—2TH B Z & AR
Shie. Fofl, SoOMBMNEEICHEET 2RERT
- F95 AFTI KU BRRELSEDORWHIZES T
A HOGI ODEFEHLBEEINS., ARLICEI DR E N
BEAFT Y DRAFAY ¥ ADOMEFDFEE A b L AT
HAFHELTWATREEDEZ 5N A, Hogl IZEERE
F ¥ ANV TdH 5B Fpsl OFEWFRICEL>THAEZ
LB ENRTWS (Piper, 2011).

S288C RO BIZME R & A T 5 EMERIHIIB W
T, HAAI BZF 2 BERER L 25, HELE
AN VAo M EAEE S/ (Tanaka et al.,
2012). TOBME LT, Fpsl ¥ ¥ 87 EDHRIZ L
b, EEEROMMATA S S AT RS E 2 5
5. F72, BFROMBEA~OPHR Y TIERE S TW
BV, PEER Y T ORBEMMBE S N TR D E 2
BNb. Tpo2 LT Tpo3 id R 7 I voOHHiRy T &
LCRZSNhTWwWAAY (Piper, 2011), BEEEOHEHIZ D
HFLHLTWATEEDLEZ ONS.

FEREWEEEATIHE SN ML ERE LT,
NAF 3y ) — VIR ER k& 72 BHER 2 b
LU AT RSB 2038 %47 - 72, ERBRIZ, 75
INMIZBWT, Y EIFERLDNA ALY/ — VA
HEICFIHIN T LETH S (Inabaet al, 2013). 4
FH I T, ER¥DH—FEBETEDOY 5
VBRI EAR HUS U7z (Inai ef al, 2013). ZHh
LOBROWAEE Z T T, ER¥O HAAL BRI D
WHERIT-72. NAF Ty ) = VAOIEHEZEICA
nT, 244 (ERHAAIOP#) Z#i%EL 72, ER
HAAIOP HRIZ B\ Tid, BEERA b L AR T,
AL 7t YBICH L CHME %R L7 (Inabaet
al., 2013). FEBFROWEOMEE L B2 BRIEB kO
WEFEL AN, HAAI B2 TFBAEORE LA L
NV ERBOBIEHERICBVWTEVWI LIZLET
EHEZ S

ER-HAALOP # @ R H O RE: % 575 5 72
D, TrFYXFEEEENAATAETAE LTHY
T, T¥ /= VAEEERZFML:. BEIRETH S
T ORI BETH B L # 2 72, B iemin gt
I2BWT, ERBAAIOP %O FEBEGF M Id Bk & F&C
HY, HAAI BEFOBPREIIC L 2 BB IIBIES
Nl o7 (Inaba et al., 2013). BEMEV &I,
MR BB L <, BBFHOBEIHEIN
7o L2 L, R CEAWEBRRMESIcBY
T, BoLy ) - VAEREEELIHNENTE
D, FEIZERHAAIOP BEOFEEEA ™ L A 1km L
LCTwaAEHBFCER 360, HELHWT, HHE



B, HpR—, ZEERE, NIOE

1B HHNHIABR & 47 o 7203, PRI IZBIE 3 2,
BREDEZA, FREZNHI T—FEBNHETETHR
v, IR, TROEEICIE, SVAT VTR FEO
BERPBRIIIN T Er—ANE L, IhbsoxE
DEBNHDLEEZ TS,

S. cerevisige I B W T, 2WHO—FETH S b L
T — AR B CTEELZEHZ R LTS
CEMHEHENTWS (Shima & Takagi, 2009). % 2
T, BEEEA DL AWEICH TS P Lu—ADFSC
DWTIT 2 4To72. BIEETIZ, Mo —ZXEK
BEEETE2HETLIZEICLOMBN N L T -2
THEIHITHIE, R U — R REERE
EFAEBET A LK DM Lo — 2D
KT BZERMSNL TS (Shima & Takagi, 2009) .
ZZC, bo— AEREBREET R OO HEESRE
EFREROBRA P VAT EFM LA, SRR
L =2 L)L MM U TEERA b L AT A5 L
L7z eds, MR LT —R25, FEBA ML A
POMERET RN D 5 W RESTRIEE NI

(Yoshiyama et al., 2014). L2 L, S. cerevisiae flE
WCHEEEA M L AR AR LBO, PLou—REHEE
DELVHEREIBE SN o/, INH ORI,
BEEE A b L ABAICB VT, &I Haal IRIF OIS
BIYRAFLABBETLIOTE RN EEZ SN

(Yoshiyama et al., 2014). 72, AR CUEFES Lk
57275, HRZ Y Eu—VoOERLEEBRA LA
HICHES T 2MRENS L EEL, B ET-> T
5.

PEOMR%Z%Y T, Haal IKEOREBIEE Y AT
LE M a— ZORREMEBICHET AT 2T o 7.
Thbht, HAAI BEFHFBEEEINZEENE R

(haal) \=BWT, M NO—AARBERETRY
SIREER A TR R R L, FEMRA P L A%
M L7z, NTHI ¥ 7213 NTH2 & HAAI O R EkE
T, WAEKRERBELTEVERRA ML AWEZRL
72 (Yoshiyvama et al., 2014). TN oD & h 5,
HAAT B3 & ABERR L, P Lo —ZERIC
LOIMEINBEERZBIENTEL., INH 200
FEBEA F L ATMICES 56 2 A7 A0 L TR
LTwb0%, E6L5MHAPLETHEEEILN
5.

AHFEIC LD, BELKEA MLAEEETS S
cerevisiae RO 3 FHE BT EPHETE L EFZ R T
A, BEINEEREHWT, EMEEDSPRER D
AMEOINA F I ) — VEFET O XD ET
THIEDREMZ &0 5. F72, S cerevisiae (2B HEE
WA b RARBEEOSBEORIIINTT, 5FLAN

Vo B L OV T OB E D 2w,

I

FREERIC & 2 FEBE R O AL B OV H I % TR AR Y
VAR U 7= MBS S8l o B L 2 ey L7z, DLa
DFFZEIC BT, Lactobacillus FLIEH % 75 Jeil W € 7
We LTRGBS LD, BERRIFEEE: & OB
MO L VMEFBEREABECHRI TS L2 W
LRI LTWA.

AFFECik, FHREATILVAWEEHIT S S.
cerevsiae MRDEFR # 1T o072 25, BFBEWEEZAET 5
S. cerevisine ATCC 38555 #k % R L 72, DNA~ A 7
o7 LA 2 AW REREITICL D, ATCC 38555 #£ T
BEERIS A LTS T ABBEEIRFZza—-F§ 5
HAAL OBELRBHR LA BE I N, AENLENA
Ty ) — VEEREERTH % Ethanol Red #RiZ B
THERMWIE T o€ — % — T HAAL # BRI s ¢
7o, ZOfER, Haal THRIEFEEI NS THRERTFD
R ER M- F L BRI RO LHE S
oo P FYFEHEEEXETMNAATALLT, Y
J = VESEERBR A AT o 7o, BRSNS B W T,
TF AR D SR EERE I L  HE S I /zs, HAAI BF
BEMTIEEBORE RSN, £/, BB b
VAWHEIC P LA — APRFES T AR 2R L
7z F72, P —AERIILY, HAAI kD
BEMEA b L AR cE s L RR L.

ARBY TR & N7 ZER D

1) Haitani, Y., Tanaka, K., Yamamoto, M., Nakamura, T,
Ando, A., Ogawa, J. & Shima, J. (2012). Identification of
an acetate-tolerant strain of Saccharomyces cerevisiae and
characterization by gene expression analysis. J. Biosci.
Bioeng. 114: 648-651.2.

2) Tanaka, K., Ishii, Y., Ogawa, J. & Shima, J. (2012).
Enhancement of acetic acid tolerance in Saccharomyces
cerevisiae by overexpression of the HAAI gene, encoding
a transcriptional activator. Appl. Environ. Microbiol. 78:
8161-8163.

3) Inaba, T., Watanabe, D., Yoshiyvama, Y., Tanaka, K.,
Ogawa, ]., Takagi, H., Shimoi, H. & Shima, J. (2013). An
organic acid-tolerant HAAI-overexpression mutant of an
industrial bioethanol strain of Saccharomyces cerevisiae
and its application to the production of bioethanol from
sugarcane molasses. AMB Express 3: 74.

4) Inai, T., Watanabe, D., Zhou, Y., Fukada, R., Akao, T,
Shima, J., Takagi, H. & Shimoi, H. (2013). Rim15p-
mediated regulation of sucrose utilization during
molasses fermentation using Saccharomyces cerevisiae



FRRIRA N U AT AR O & BBl A A oA 7 0 & R RS

strain PE-2. J. Biosci. Bioeng. 116: 591-594.

5) Yoshiyama, Y., Tanaka, K., Yoshiyama, K., Hibi, M.,
Ogawa, J. & Shima, J. (2014). Trehalose accumulation
enhances tolerance of Saccharomyces cerevisiae to acetic
acid. J. Biosci. Bioeng. (in press). doi: 10.1016/j.jbiosc.
2014.06.021.

) B, ZiEEe, PREIE (2011). BEA MU AR
HWICHEB LN AF Ly ) — VAR OR A
H A4 T 345k 89: 536-538.

2) B M, HPpR—, PREIE (2014). HREEX ML

AT BB OBER - FHENNM T 70 A~ 1L

L4y 52;251-352.

ZH

) B, KEE, FEr, RF A, R,
WS, NIE, B # EETov ACEH R
A bV ATEEEREORIE & A 7 = ZA@»W H
REZEFR0BFEERE Py 7 2K

2) WR—, A JE, B M IR OREERHE
HaalK G 2 AN 7Y £ 0 — Lo BERHIC L iR
N5 2014FEE HARIFFH04EEKRE Y
v 7 A

PREPEBIICZEL L A ik

Fhe L.

&

RKIFFEDEITIZH 2D,
TH& £ LA M FE AFEEEMIGCAT IS
7.

AN %& LY IR
B L

X Wk

Antoni, D., Zverlov, V.V. & Schwarz, W.H. (2007). Biofuels from
microbes. Appl. Microbiol. Biotechnol. 77: 23-35.

Beckner, M., Ivey, M.L. & Phister, T.G. (2011). Microbial
contamination of fuel ethanol fermentations. Lett. Appl.
Microbiol. 53: 387-394.

Haitani, Y., Tanaka, K., Yamamoto, M., Nakamura, T., Ando, A.,
Ogawa, J. & Shima, J. (2012). Identification of an acetate-
tolerant strain of Saccharomyces cerevisiae and
characterization by gene expression analysis. J. Biosci.
Bioeng. 114: 648-651.

Hasegawa, S., Ogata, T., Tanaka, K., Ando, A., Takagi, H. &
Shima, J. (2012). Overexpression of vacuolar H-ATPase-
related genes in bottom-fermenting yeast enhances ethanol
tolerance and fermentation rates under high-gravity

fermentation. J. Inst. Brewing 118: 179-185.

Inaba, T., Watanabe, D., Yoshiyama, Y., Tanaka, K., Ogawa, J.,
Takagi, H., Shimoi, H. & Shima, J. (2013). An organic acid-
tolerant HAA 1-overexpression mutant of an industrial
bioethanol strain of Saccharomyces cerevisiae and its
application to the production of bioethanol from sugarcane
molasses. AMB Express 3: 74.

Inai, T., Watanabe, D., Zhou, Y., Fukada, R., Akao, T., Shima, J.,
Takagi, H. & Shimoi, H. (2013). Rim15p-mediated regulation
of sucrose utilization during molasses fermentation using
Saccharomyces cerevisiae strain PE-2. ]J. Biosci. Bioeng. 116:
591-594.

Olsson, L. & HahnHagerdal, B. (1996). Fermentation of
lignocellulosic hydrolysates for ethanol production. Enz.
Microbial. Technol. 18: 312-331.

Piper, P.W. (2011). Resistance of yeasts to weak organic acid
food preservatives. Adv. Appl. Microbiol. 77: 97-113.

Put, H.M. & De Jong, J. (1982). The heat resistance of
ascospores of four Saccharomyces spp. isolated from spoiled
heat-processed soft drinks and fruit products. J. Appl.
Bacteriol. 52: 235-243.

Saithong, P., Nakamura, T. & Shima, J. (2009). Prevention
of bacterial contamination using acetate-tolerant
Schizosaccharomyces pombe during bioethanol production
from molasses. J. Biosci. Bioeng. 108: 216-219.

Shima, J., Hino, A., Yamada-Iyo, C., Suzuki, Y., Nakajima, R.,
Watanabe, H., Mori, K. & Takano, H. (1999). Stress tolerance
in doughs of Saccharomyces cerevisiae trehalase mutants
derived from commercial baker's yeast. Appl. Environ.
Microbiol. 65: 2841-2846.

Shima, J. & Takagi, H. (2009). Stress-tolerance of baker's-yeast
(Saccharomyces cerevisiae) cells: stress-protective molecules
and genes involved in stress tolerance. Biotechnol. Appl.
Biochem. 53: 155-164.

Skinner, KA. & Leathers, T.D. (2004). Bacterial contaminants
of fuel ethanol production. J. Ind. Microbiol. Biotechnol. 31:
401-408.

Tanaka, K., Ishii, Y., Ogawa, J. & Shima, J. (2012).
Enhancement of acetic acid tolerance in Saccharomyces
cerevisiae by overexpression of the HAAI gene, encoding a
transcriptional activator. Appl. Environ. Microbiol. 78: 8161-
8163.

Tanimura, A., Nakamura, T., Watanabe, 1., J., O. & Shima, J.
(2012). Isolation of a novel strain of Candida shehatae for
ethanol production at elevated temperature. SpringerPlus 1:
27.

Watanabe, 1., Nakamura, T. & Shima, J. (2008). A strategy to
prevent the occurrence of Lactobacillus strains using lactate-
tolerant yeast Candida glabrata in bioethanol production. J.
Ind. Microbiol. Biotechnol. 35: 1117-1122.

Yoshiyama, Y., Tanaka, K., Yoshiyama, K., Hibi, M., Ogawa, J.
& Shima, J. (2014). Trehalose accumulation enhances
tolerance of Saccharomyces cerevisiae to acetic acid. J. Biosci.
Bioeng.: (in press). doi: 10.1016/j.jbiosc.2014.06.021.

93 —



IFO Res.Commun. 28
95-107, 2014

I vaAyRYYaFVEROBERIER L
HWIREO/ AW E L E~DILH
B A, ERR—, ZERE, NI NE

TUER R S A W R 22 WP 22 3R
T606-8502 G AR X AL E I 85 NF

Characterization of non-conventional yeasts and their application to
biofuel production
Jun Shima, Koichi Tanaka, Akinori Ando?, Jun Ogawa?

Research Division of Microbial Sciences, Kyoto University
Kitashirakawa Oiwake-Cho, Sakyo-ku, Kyoto 606-8502, Japan

Biofuels including bioethanol and biodiesel have received increasing attention as a result of globally rising crude
oil prices, increasing carbon dioxide emissions, and growing expectations that food wastes and food losses will
be utilized.

Considering the cost-effectiveness of bioethanol production, there is a need for a yeast strain which can convert
glucose and xylose into ethanol at elevated temperatures. We succeeded in isolating a yeast strain, designated
strain ATY839, which was capable of ethanolic fermentation at temperatures above those previously reported for
yeasts able to ferment both glucose and xylose. Strain ATY839 was capable of producing a substantial amount of
ethanol at up to 37°C from 2% glucose or 2% xylose.

Biolipids produced by oleaginous yeasts have been confirmed to be among the most effective raw materials for
biodiesel production. The advantages of lipid production by oleaginous yeast include the potential to produce
lipids from food waste matter containing various types of polysaccharides, such as starch and cellulose.
Because, in general, food wastes contain large amounts of starch, we are focusing on biolipid production from
starch through consolidated bioprocessing (CBP) using oleaginous yeasts. A CBP protocol for producing lipids
in a single step without the use of amylolytic enzymes from starchy materials would have the advantage of being
very cost-effective, since it would eliminate the requirements for enzyme addition, long reaction time, and
electricity for heating. Cryptococcus terricola could be used for fuel production through consolidated
bioprocessing. C. terricola JCM 24523 exhibited the highest lipid content of 61.96% on medium with 5% starch
on day 10. Fatty acid methyl ester analysis showed that this strain produced high proportions of C16 and C18
fatty acids when grown on starch, which are ideal for use in biodiesel. Considering the yield and cost, lipids
derived from starch using C. ferricola would be a promising alternative source for biodiesel production.

Key words: yeast, Cryptococcus, bioethanol, biolipid
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DB FRFFENSHFIEREL Y 5 —
2) M FERREER SR R IR
HFEBIEE BRSO A R ERAEDREFWIF7EH

M), BIBET GMEEBIA), BHE (FEERks),
PR (TP RS ATIER, BAKE (ks
BT

Kurtzman 5@ ‘The YEASTS % 5 AU’ 124, 1498
1,500 & £ b OB FES RSN T3 (Kurtzman
etal,2010). FEREEEIIMA T, HDTEHERMAH
REATHHEHTFREEBERLIZEETN TS, ¥/ 41F
WAERE S NG FHRAYENFEESHELIN TV S

Saccharomyces cerevisiae X° Schizosaccharomyces pombe



B, HbR—, wlEs, NIJE

o LT, AT, FoboBEgEY ) v a X
vvaFVEBRERT A, S rar Ry Y aFIVERE
i, BELSREAMNVAHEZETIMPEEINS
LB, ERBRZFROGILER OB EY O LK
BEAELTY L& E TS (Kurtzman ef al.,
2010). F72, REWLEERTH 5 Saccharomyces
cerevisiage PN A B L, BEEYWOET VM E LT
LR SN D EERERE L HEE - BEBICHVONE
R, FLRLEEELZAEL TS (Shima &
Takagi, 2009). F 7z, &4, R s TH» ¥
RS GO C, BROFOAY NSRS
25, ZTOBBESCHEEICIEE VAN ZWERT ¥
VA NVBHFELTCWEEEZONS. REBEAREOE
FEWZBIT B S. cerevisiae DEENLITERE 25 d D LZE
ZoNBy, RREEYOEAER AT 774
FI) =BT, JryarXryya VERORERE
FRALEELREETHLEEZONS.

NA A AR FETRERZ ) — ¥ TRV F R
FICER LAET 2 FEOEELE, IR
LOBED O NEEEROFRICED S HFMITRDE
ERRgeiiEo 1> TH 5 (Balat, 2011; Binod et al.,
2010). REIR 7S VUNTHE, bvETITRY Y
FYHOER T O AP RBENES b EMEREY KE
WCHWINA F 2y ) - VED T — VA NVF—D
AEMEEIN TS, T2, -0 v GEETE,
FEREBERE LINA T4 —EVOFAIREES
nTwb. Lal, ERREICH 5 ERES L OH®
o, BEBEMONS FRELEE>LORMEZHES
nTBy, RBTHEMENA Y AEBREROEE
EAETh TS, LaLlieds, BEaA ], =4
WEF—ILE, BB L OBA L EOMMED SN FIRE
DL - FRIZEATHERVWEIRICHY., Z0kH%
ERro, BRIEWEESENNA A A L0 —5@EE
DA 3 A A PR FEBAN O BASSIZIANT T, AWF%E
AT 7.

NV — A ERDLIRET BTNV —AEDKRFHE
FHWLY J — VBB S cerevisiae 758 b ITfE
HAEhTwb Binodetal,2010). LML, 9
OFRBICEIDELAF YO — AL EORREHEICBEALT
X, S. cerevisiae WEBHRERITZ LW ENH,
Scheffersomyces stipitis (LLBT, Pichia stipitis \2538) %
EOBROMERAPME ST WA (Jeffries & Jin,
2004). ¥, —MRICHRREFEEEIIEREL L
ATHHED LRV HPENZ &2 S, S, cerevisiae & 7T v
b7 A —2E LT, S stipitis ®F 0 — AHEEEE
BEFOEBACLIZHFEHEFELHLONATVS

(Kuhad et al., 2011). LH» L35, HEHEro0x

5 ) — VB EEL S NI, 5%
BRULETHLEEZOLNS.

—J5, ISAFF 4 —ENIITELTIE, 77 2E0m
WM ENA T ABEHRE L TEESINE T — A0S
v, LaL, /JrarxyiatryvERORIZE, &
ERMESHET AT 58 (WREE) OFEIR
ENTHBY, RHUEHNA T RAED25OEMNE MG
MBI TS, T2, MRS X 5 MG
RFNVH v OEFEIZDECERIE-NTW S, RKiF
Tld, ERETEBERICLAMBOLEREICERL
7. |FBEERE, Fr7y, FUITUEONLFT
ZHEDOEEHOBEEHFLTBY, XM F+—FF
gt X (CBP) (C& AVMBRERENWREIIC L 5 2 &2
EEN7-DOTHAH. Tz, BAlEICIEL T, HHE
Hz ) OEREIE W ESMBAERIIBWTHR L
HThHoeEEZLND.

R, BELEX, ARERCHAED HSEHOIE
ATV, TOEOLHMEELRE L. o, WESH
EHOBERESHFEEETHL LR
(Takashima et al., 2012). TEOZREIHY, HHY
BAEERLZEOBEELEHTHLILE2MELT,
BELOIEL B L2HRREL LT, MledEiri
DR AT o7z, B HIT, WARBER: ORRRE B ¥h O Al
Feip & T, HREMAED L LTS ERLTBEY
ST ER TSRS S T W 5 R Mortierella
alpin # € TN E LA FEBICHT AHI5EICHED
HLA 7S (Sakuradani ef al., 2013).

MR OV SEBR T R

LS

BREX P UVAMMEEET A3 20— ARBEREO
BREIIH-TE, BARPOHEEL 2B KREZHEER
e L, FERERNIIBYT, BEEOY V7Y
VTR To 7. hEE, B, BESEE, Fuo—2%
REFRETLHSXEH (3% Fu—X, 0.67% yeast
nitrogen base without amino acid) % v CTHEMFREEL
11wy, SXEREHM (3% ¥ v 0 — X, 0.67% yeast
nitrogen base without amino acid) T ¥ 17— XSS
BERE R BRI L 7z,

WHEEENBBOBBEICH > T, BELIPEE
BBIUONRAE,POINELEBEHERFEL L

(Takashima et al., 2012).

T, MEBREDOSTERERLET A1,
Mortierella alpina 1S 4 ¥k (Sakuradani et al., 2013) %
HwTorEflziro72.



S AR Y a FVERORRRE L MESEOFHYWEEENOILH

SRMELI %/ —IVEEMERD#EK

SEEL7-RBR (F9550%%K) 1%, SGEH (2% vz
— X, 0.67% yeast nitrogen base without amino acid)
L OV SX EEH A vy, 35T, 37C, 38C BL 39T T
48[, 120rpm THRE HB#EZ TV, b ¥
J = VIREE R T L7z,

EHLUIR/ —ILEBEDAE

WhLOLy ) —ViBEIE, SRBRAIO< NS
7 4 — (Prominence series, Shimadzu) T, 3EE=
#1) 27715 2 (Bio-Rad Laboratories) % H\WTillE
L7z, HBER, NEENSCHTRERE,LLOREL
7z.

EHDRE

B L -BRICOWT, Gen & 5 A™ (BEREA)
(ZHF14F) #FHNTH /A DNAZHEL
PCRIZEL ) DNA Z##E L 7-. PCREWIZ, BELV
V=T VAR ERAT oD Y= v —FHWTH
EEH 2 PE L. 155172 26S rDNA O 15 R 1)
%, BLAST® F— 4% N— 2 CHRAMEzHmETLI L
T, BEBOREZ{T-o7:. I, TECA ¥/ 7
7 2 (BioMerieux) 12X 0, O EALMEM 2 1T
7.

fabh 5 & AU /- FIISFE L 3EE

bo (avehV)) ORILEIZIE, TIVH)E

(Park et al., 2010) % W72, Feb HIEEX, 10% &
L7z, fiib SEILERIZ, V5 —F (Celluclast
1.5L, Novozyme 188, Ultraflo L; \» 3 1 § Novozymes
Japan) ZWAIL, 50C T 2R, oLz L7220
L, BREZHRML, 37C T7265/, 150 rpm T [E BkE
IR AT o 7. FRFELERL, tro—2FoN
A AT AR EITCLDN S, BELITH) TET
& % (Tanimura et al., 2012). Saccharomyces cerevisiae
NBRC 0224, Scheffersomyces stipitis NBRC 10063,
Scheffersomyces shehatae ATCC 22984 @ 3#k% 3> +
— kL7

SEEMEE T 3 HEEREIOESR

AT ) ==V TE2BETITo72. 1 RAZ ) —=
v TIE, BEREA SD BiHb (0.17% yeast nitrogen base
without ammonium sulphate and amino acids, 0.5% %t
BBy E=ZY L, 3% 7 NVa—RA) I2T30CT3HM
¥EEL, HENORHBEZUNE L. 2KAZ7 1) —
=TI, SS2EH (3% rva—X, 0.5%WEET
YEZT A, 0.05% TR~ A vy A, 0.01% AL F

MU 2L, 001% BV T A, 0.01% BT F
Z) IZT27C T4 HEREEL, HAENOIRIERE %M
E L7z

2RAZ ) == TG BEE L2 BARIE, SS2 B M
ICT2IC T4 HMEEERL, &0, HANORIBE 2
#lE L7, Lipomyces starkeyi NBRC 10381 B & Of
Rhodosporidium toruloides NBRC 0559 % 2 > b @ — v
BrE LTHW .

BB DI &RITE

B389 3mL % 15,000rpm T 5 2030 L, HE% 5
oo BARZKT2HEEH L0, BTGRP ITWI
BI52LT, WRAKEZEZHRELRZ. X F VI
TV, WE S5 D FE % H w7z (Ichihara &
Fukubayashi, 2010). & 5N 7GHEE A F L 25V
&, ¥RZ7a~< 757 4 —(GC-2010 Plus; Shimadzu)
THIE L7,

77 Bt RESEEBRORSE

A7) ==V TR 2BETITo7:. 1RAZ ) —=
YT, BRE10% 70 7 U ERREM (0.17% yeast
nitrogen base without ammonium sulfate and amino
acids, 0.5% WEET v = A, 10% W HEET Y7
¥) \IZT25C To HMEE Lz, AF LHAEZ V-
TTHEHY, BAENORHBRELZWE L. 2KA
g ==Y TE, 5% 77 EH (0.17% yeast
nitrogen base without ammonium sulfate and amino
acids, 0.5% WMBET v E=Y A, 5% WENETFT Y 7)
IZ2T27CT6 HHSEEEL, HANOIRIRREZHEL
72,

2RAZ ) ==V I bLEKLEKRE, 5% TV
TUREMBLO10% 7T T R (0.17% yeast
nitrogen base without ammonium sulfate and amino
acids, 0.5% WEE7T v E=v A, 0% WHEKT v 7
) IZT27C TIOHMIEEZE L2, 1,2,4,78 X U°10H
HTEERZEINL, BENOREHBEZHEL 7.
Lipomyces starkeyt NBRC 10381 # 2 > b u— )L & LT
FH 72,

Mortierella alpina 1S-4 ¥ H T B D FERBFEDRE
h
M. alpina \Z BT 55T HEWENTEICOCTIE,

Ando & D FEIZHE- 72 (Ando et al., 2009). K5 7 b
TIAT—F X=X, BEREHRETOE-5 -]
OCHERBTuE— 5 — OB ZMEB L. ToE—
¥ —BHOTHRIZ, f-rhru=¥—YHEEFE2L
R—F—BERFELLTEMEL, TUE—F —iGEE2
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TEMEIC

B, HEhR—, ZEREES, MR

, BRI E T aE—F —D5
B HEEZFHE L.

R
Eﬁ&%ﬁ?%#/u A RBEMEBER O IR

63“?3& Bhs, Fro— 2FLMEERT2%RE THREL
3512, ’Cﬂ%?ﬁ‘%, i i I 1 2 A A BE R
ATY839 ¥ R L7z, 26S rRNA OIRIERCHIFAT B X

U LR B O & F, ATYS39 i, Scheffersomyces

Ethanol [g/L]

O m 1 1 1
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Time [h]

shehatae \ZJB$ B TH D Z L RINTC.
TR E DA% ET

ATYS839 #: % 35°C, 37C, 38T KRU'39C THELL
W, SGEM, SXEHWELLOLMFIIBVWTY,
3TC ALy /= VEEDO LRIEETH 52 L8390
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Fig. 1 Time course analyses of ethanol formation in SG media (a), and SX media (b) using strain ATY839 at 35T
(filled circle), 37C (open square), 38C (filled triangle), and 39°C (cross). Data are mean = std. dev. (error

bars) of three assays.
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Fig. 2 Time course analyses of glucose consumption (a), and xylose consumption (b), and in the SSF process of rice
straw using S. cerevisiae NBRC 0224 (open circle), S. stipitis NBRC 10063 (asterisk), C. shehatae ATCC 22984
(open triangle), and strain ATY839 (filled circle) at 37°C. Data are mean * std. dev. (error bars) of three

assays.
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Fig. 3 Time course analyses of ethanol concentration in the
SSF process of rice straw using S. cerevisiae NBRC
0224 (open circle), S. stipitis NBRC 10063 (asterisk),
C. shehatae ATCC 22984 (open triangle), and strain
ATYS839 (filled circle) at 37°C. Data are mean * std.
dev. (error bars) of three assays.
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Table 1 Characteristics of selected 12 oleaginous yeasts

Accession
JCM number  Species Source
number
Leaf,
JCM 24501 Rhodosporidium toruloides IPM33-18
Iriomote Island
Soil,
JCM 24502 Cryptococcus sp. NIS002
Iriomote Island
Soil,
JCM 24503 Cryptococcus ramirezgomezianus NRS132
Rishiri Island
Soil,
JCM 24504 Cryptococcus podzoricus RSM13-3
Rishiri Island
Soil,
JCM 24505 Cryptococcus podzoricus NRS088
Rishiri Island
Soil,
JCM 24506 Cryptococcus sp. 1S2-4
Iriomote Island
Soil,
JCM 24507 Cryptococcus sp. NIS004
Iriomote Island
JCM 24508 Cryptococcus podzoricus RS051 Soil,
Rishiri Island
HMIEETRE DHLE WL7-3kEay ha— )V 28k%E, SS2EMICT4H

/Boni12tkh 5, FICHEEEELEORE Y 31,
JCM 24502, JCM 24511, JCM 24512 % @ L 7z, &

— 100 —

VIR RN & A4

MixE#E L7- (Fig.5). ZO#i%, JCM 24512 2"k b &
BRexm L7z, JCM 24512 D&AI D
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Table 1 continued
Accession
JCM number  Species Source
number
Soil,
JCM 24509 Cryptococcus sp. ISM16-1
Iriomote Island
Soil,
JCM 24510 Cryptococcus podzoricus NRS037
Rishiri Island
Soil,
JCM 24511 Cryptococcus sp. NIS008
Iriomote Island
Soil,
JCM 24512 Cryptococcus musci RSM13-2
Rishiri Island
Soil,
JCM 24513 Rhodotorula sp. RS106

Rishiri Island

2B oMmEAEEEIFICENRTEY, 1HHD
066g/LTHo7. ZOfEIZ, BHOF—5L L5
7o 72 (Katre et al., 2012). ZToHZ Eh 5, JCM
24512 1%, BB QMW E FICE) T2 FIRICE
THIEIRENT.

FrTUEEEER T S HEEBREBEBOR V) —Z >
5

Fig. 6 IR L7 AF — LI X 8EZITw, 2271
— S VI L2 12008kD D B, 85% T v T U E
REMETERE L. 2095 43% 1%, MHTRELRE
OREZER LTV, Fr 7 rprbililizERL
RIS THFERERICE LTV, BIIEWwkE
HEREMEH LTz 98I, 2T Cryptococcus terricola
TdHo7: (Table2).

9RIZDOWT, WMIEEEE2FTE LR, JCM
24523 ik b EWIH & &2 o 72 (Fig. 7). AL C.
terricola THHBE BRI EICKRERENFDO LN
7

HIEBEEE D HE
FICHWEEEo /w28, JCM 24518 X U° JCM
24523 1200V, WBEEEE TV T VIBEED Y 4 4O
— AR B L 2KkET Y u—VE, 5%
FUTUERB I O10% 7Y 7 RIS TI0H M E
L7 (Fig. 8). #DO#FE, 5% 7 v 7y EHIZTBW
T, JCM 24518 & JCM 24523 »*10H H TZFhFh
57.76%, 61.96% DiEEEZZE R L. TN b5 DA
d, I - EDB 18U Er o, ETOHEK
T, 0% Ty T VEROBELY 5% TV 7o
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Fig. 5 Time course of lipid concentration (a) and biomass concentration (b) of JCM 24502 (filled circle), JCM 24511
(open circle), JCM 24512 (asterisk), L. starkeyi (filled triangle) and R. toruloides (open triangle). Data are
mean * standard deviation (error bars) of three assays.
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N2 TFHELE. 726 0MEERIZ, LH ORI E Y, C terricola %, BEZEHEALZ KRS
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Table 2 The nine strains of Cryptococcus terricola

JCM number  Species DDBJ accession no. Source

JCM 24514 Cryptococcus terricola AB726925 Soil, Rishiri Island
JCM 24515 Cryptococcus terricola AB726924 Soil, Rishiri Island
JCM 24516 Cryptococcus terricola AB726973 Soil, Rishiri Island
JCM 24518 Cryptococcus terricola AB726896 Soil, Rishiri Island
JCM 24519 Cryptococcus terricola AB726906 Soil, Rishiri Island
JCM 24520 Cryptococcus terricola AB726970 Soil, Rishiri Island
JCM 24521 Cryptococcus terricola AB727265 Soil, Rishiri Island
JCM 24522 Cryptococcus terricola AB726890 Soil, Rishiri Island
JCM 24523 Cryptococcus terricola AB726902 Soil, Rishiri Island
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Fig. 7 Comparison of the lipid contents of nine selected C. terricola after a 6-day culture. The sole
carbon source was 5% starch. Data are the means *+ standard deviation (error bars) of three
assays.
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Fig. 8 Time courses of the lipid contents of JCM 24518 (filled triangle), JCM 24523 (asterisk), and L. starkeyi
NBRC 10381 (open circle).The sole carbon source was 5% (a) or 10% (b) starch. Time courses of the
starch consumption of these strains. The sole carbon source was 5% (c) or 10% (d) starch. Data are the
means *+ standard deviation (error bars) of three assays.

EDF VT VRNAFTIADOFERICHERLES Z &AF
RENT.

WHHERERE O T B IS X A PERERR ¥R O Huily 2 i3k 7
WV C, RO TRLIENEATED 5
FHEWER Y — VA ST W A M. alpinag & FH\»
AT ERFEORITEZITo 7. ST FEREOLZDIC
2, BEOBETORHAMESLETHL72D, WE
W BEFRRCARLZ 7O E—9 —OBREFREZIT-
7o, FORE, FERHSoE-F - LT, ¥I
7 b —AFBMED GALIO 7R E— ¥ —H 5T HEIC
FEHTHLZEDPREN (IERIZRLTRY). £
7o, BB 7o E—%—& LTiE, BiERmMs v 8
v B a—FK$5PP6 KU PP3EIZTHOTOE—Y
—PEEFRBECEN R TEE—F —TdHbH I LR

ENnf. oI, AENEHTROERECHEBT 572
OIZER IR AR 2 32— N3 5 EETO
BRI L7 (RRITRLTRW).

z B

RUFETIE, EREEYSLAERTAZ LN F<
ZEWEE LT, JryaryNy Yy P VEROKEEREE
WX ERWHEARECET AR LT/, S rar
Ny aFIVEEREE, S. cerevisiae R° Sc. pombe 72 ED
IRV FVERERELT, 22— TR
HELTWARPHFET A, TEREIETS/ Ya N
YYa FIVERRRICIE, ERZREA ML A AL
TWAHKEEEEINTWAS (Tanimura ef al., 2012). F
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7o, HFEERICE, KA 2 RFBFEOEEZELT
BY, "MAXAFHOBE BN HE LTS
(Tanimura ef al., 2014a).

EREEYTRICE, VS kvo—25EFThTn
BZENS, AIBNU—ADSBICL VLR Y
U—2DOFMAALEELRETHS. /42, ¥
— AR ORBEDOL  PSBRBEA DV A ED LX)V
PENZ EDPIRHEENTWE, 22T, HALEER
FLAICHEZETAF 0 — AREERBRBOEE
fTolz. BAPLVARMFEAPLAIHLT, HLA
NVOTEZETHHRIEZIBFECES Lh o7 L2L,
RENZF 00— R EERETETH 5 S stipitis & g
LT, BRI L%t H 345 ATYS39 # % s
5T ENTEL. FREMLER (SSF 7ot X Tk
DLy —VEERZTIHEICE, BEOZHEEBE L
BIORBRENCTXL2EL, BRTHLI L
ZFNTw5b (Doran-Peterson et al., 2009). ATYS39
WrzHWwAZ EICLY, SSFOREZ TCEELR S
LI ENMERELRALI EERLA. 4%, ATYS39
HMOBEEZTVWREL, BHETULAZREEL T
ElwltEZEZTwa., T, BHBNLZSEICLY
ATY839 ¥kiZ, S. shehatae (BT B EEZ LN L
ML, A4 THRELBLCREESELZ>TnDH I E 0
O, FICHESINLIREEDEZERICAN, FF7 b
7 AEEHR GRERER) 2B L7z. 7 AEHROMT
=D, THEFNAMRICHETIMAZER L wEE
ATWh, F72, F77 b7 AE#RD 5 ATYS39 #k
DFT HERMEICET AEHRLMB L, BEERED
HFETHD.

HIEEREORL, FEAESROHFERSL
wEhrL b R Eh, SEEN LR misERET
WCIEEREZEEERWEZEZ SN TS, ARICE
T AMBEREBBOERIIBNTYH, BrLBOE
MR EREE AL TV A LI 572,
—#IC, FEEBEEIMRL T, HFREBAED
BWEOHSR%®E525. LarL, BEDH oEERE
FRECLABEEToE 25, RENLINRER
TFBEBEICET S Lipomyces BEETEEE L LT,
Cryptococcus B DT HBEFIZ L VB VAEESEZRY
ZEDPHL IR o 7

HERBEETHE, RHZRBFFEOBELAXRZ b L%
ALTwS., 22T, BEmBEDPFIEINLGT VT
Y, ¥Vo Yy, Bva—2%R» 50 CBPIZ L AE
HEEVPTRGZEBEIKROBERZ T -7, 20OHE, Hit
BZEOWRNZLIZ, Fr7rhsEsZomls s b
T 52 LW REL C terricola % B L 72, 1,000 8o
BRENPSDA T Y=oV I Thol2hY, BERENT

I, CTOX) RN ERT HHRIZE T C terricola
KB TAM|TH-72. lhoZ hs, Fyr vy
LOWMBAEICLBTAEELRETHHZ LAH IR
M s iz, %72, Candida subhashii JCM 30101 J& OF
Schefferomyces sp. JCM 30102 1220\ T &, FFFH/NA
FRADPOOBBERBICENTHLZETRBL,
Japan Collection of Microorganisms (JCM) Z&F & L
7.
EZWRONS FRE TRV T — ANE RN F
TABRICHEEINTVE., LrL, BEDELEZ A,
- AR B—REFFEE LEAICE, 3FLLM
B2 BRI LI RBETVWERY, tut—2%2%
LT 2HIILEHAHENDL 00, P50 L
O — A5 FERORMS LtV —ERHETFED
BAL D5 FERENLETH S LR SN
EREEYRLERT AL T ANV F — 2 H LFH
THIEE, FPYERaAYRTF NI FVELTHWE
— AN A BB OEEOIR I D AT, )
ESRETHILERIZZ TS, BEROREYSE
ma Ak, ZREZFNVF LWL IR NEPITTE
EINTETBY, ZAVF-PWEONT v 2EFLL
THRETLLENSHLEEZ L. T, LWEHAHE
LRTWTF U TR RERELEBICACEFNRTED,
BELNAFTTAEFRICHMEBITONL. BEYD
G, 2APMRPZANT-ICEOMBELR L, FIMZ
BRNEN—FVEEHHFELTVEIDIEETDH S
2, REFERIHKCEB L TCWIELAFELTS
D, BOMHEEL Vo B, 5 b BERERYOEHF
RICET A FEE T VwEEZ TWAE.

-3

HFRBEI L TFERER2E/ vavrRr s
TR T, REFEOEMME, BBEX ML AME,
MESOEHYEEEEIBOTEH/HTHY), REE
EYCLRAUTADKRICEHRTH AWM+ HEEL
2. £F, AMBEERICLEINDY S/ kru—2
POELBEFIU—ZAZFBAMNVARET LY
—IWANERT BHBROBRREZT o7, ZoORKE, K
HRFOHAS S HBES L7z ATYS39 Bz R L 7-.
ATYS39 #z /-3 &12id, 37CIZBWT SSF 72
CAIE YIS ) — VEENTEETH - 7. ATYS39
¥R S. shehatae (BT HHTH A Z EHRBEE N7,
RAT, HALEIFERT OB B S AE L - H T R EER
RHLETHEERT A 75 — DR LM 2
Torz. BiZ, BERESIISELBLINAFT 1 —¥F
WANOEWPTFERNA )Y F GHIR) ICEBL
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72. NAFVEy FOEEBERCMITTHECEEEZSH
FTAHBEALEELEINTWALEI EhD, EERICER
LT R fTo72. COHE, RENZMERETS
% Lipomyces starkeyi %5 & LT, Cryptococcus musci
EHRIVEERYVE Y FAEEREZE L TWA I ZHH
Sl ol. T, HTHERISHEERLES
HLTWAI LN, BRMEEVEOTERITH S
FrU I EEEELALI AV E Yy NP BHETE
LR R MEE L7z, DR, Cryptococeus terricola
BT AR —E 7 ut ALY Ty oI E
v REBIICAETRETH L ZEERLL.
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Characterization of microbial consortia with high nitrification activity
and its application for organic hydroponics
Akinori Ando?, Koichi Tanaka, Jun Shima, Jun Ogawa?

Research Division of Microbial Sciences, Kyoto University
Kitashirakawa Oiwake-Cho, Sakyo-ku, Kyoto 606-8502, Japan

Recently, an enriching method for soil microorganisms with high nitrifying activity by controlling the amounts of
organic fertilizer and inoculums under moderate aeration conditions was established. The culture solution
containing the enriched nitrifying microorganisms was usable as a hydroponic solution, and organic fertilizer
could be directly added to it during vegetable cultivation. This novel and practical organic hydroponic culture
method using microorganisms to degrade organic fertilizer in the hydroponic solution attracted some
expectations as the one of promising technologies addressing global warming issues of environmental and food
problems in the future. The organic hydroponics consists of following two processes i) nitrification process:
constructing microbial ecosystem for degrading and nitrifying an organic fertilizer ii) cultivating process:
culturing plants with maintaining the nitrifying microbial community. In this study, we screened soils as
microbial sources with effective nitrifying ability and applied the culture of a selected microbial source for
organic hydroponic cultures. We further investigated the relations between the transition of microbial consortia
and nitrogen dynamics by polymerase chain reaction-denaturing gradient gel electrophoresis and chemical
analyses. We found that microbial consortia became simpler than that of soil and converged with a certain
number of kinds of bacteria through the nitrification process. Especially, nitrifying bacterial consortia including
ammonia-oxidizing and nitrite-oxidizing bacteria showed reproducible transition well related to nitrogen
dynamics. As a result, we revealed that enriched microbial consortia which were subcultured through
nitrification process were useful for organic hydroponics as microbial inoculums and could be a subject of
scientific analysis supporting reproducible and multi-scalable supply of excellent microbial consortia for organic
hydroponics. These results showed the probability that we could design simple microbial consortia for organic
hydroponics.

Key words: organic hydroponics, nitrification process, nitrogen circulation, autotrophic bacterium
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#, A

Organic fertilizers (CSL, fish soluble, soy meal, kitchen scraps, milk, etc.)

| __—soil (as microbial source)

mild aeration

Fig. 1 Method of organic-hydroponics.

%A,

KRB R R, (LEREEE WA ERN ZEMTH
D, BEZINOERELROEHZENL, FRYDORE
B X B TEMOREEED RN & 2o TW/z, Frxid,
HFEEFFEE S & & HITHEREIB T2 LITHRERE
by MZ, BESHEEL SNEEWHEILEEEZ R
EBOEREEZRARETLE L LI, BMELESME
WEEOERIC L ) KPS R NOBEENZH R D&
AW L 72 (Fig. 1) (Shinohara et al., 2011;
Kawamura-Aoyama et al., 2014) .

HHBFIHTE 2EREEIE, FICHBTHY, F
BREEW D HAEEBRANDOEWR, $4%bb, Wbtz HE
I MM DRI EREAFEEL 25, RFETIE, &
LEAEMAEY OB X BRI T 52 & THRE
REBRBERONFALE R AL, BRERBAY O
FENIFRNT 24T 5 72,

KBTIk

ARERRECERLMEMEREOX V) -Z27
AwIRE LT, AFWREREEL, B8, HIELR

EH100EEH WA, ILAY - —HFOEZK
(800mL) (ZfAMmFE L CH&ELE (5g/L) %= ik
FTAARLOEREL, 1EBTEKE (800mL/57,
GEX, Osaka, Japan), THEZIY) Wiz, #HwWT, &
v 4 O FE T (Cooperatives Yaizu Fisheries Processing
Center, Shizuoka, Japan) % 0.5g/L ®JgEEIZ TS5 HH
WL, 7YyE=o7RE, WEHEERERE, WMEREEON
ExBAT-72. 7y EZTIRERNEIE, Ammonium-
Test (Merck, Frankfurt, Germany) %, Al EEIE Ll
5% Nitrite-Test (Merck, Frankfurt, Germany) %, 7l
W % BE ) % 121X Nitrate-Test (Merck, Frankfurt,
Germany) % ZNZFNHW .

AR & AR

OB TR ZMEALFEELZ R L 2N — 7 HIE
(Sanyo Chip Kogyo, Yamaguchi, Japan) % f#%E¥iE &
LCTHWwZ., dohrldtiE (5g/L) 2@5AF—BK
BELZZKBHIZRY X7 > NF (1g/L Nippon
Seiyaku, Tokyo, Japan), ®REEH# IV 74 (1g/L) i
g, REEIZS 20mL 249 L, 28C, 300rpm
WCTIRE L. BH, ®BE 5 A% (BF75mL) B
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BRI HFS T 2 EMHOBN & 2D H

L, TUyE=ZTIEE, HHEERE, MEEZHZEL
7=.

g LD

HERE 5 R4 OB A 8,000rpm 2 T105% L L,
B AR % [ L T ISOIL for Beads Beating (NIPPON
GENE, Tokyo, Japan) \2C4 ./ &2 & i L7z,

PCR 12 & DGGE f#&#h

PCR (Z1Z T-3000 Thermo cycler (Biometra, Géttingen,
Germany) % H\72. 754 <~ —13MHE (Morimoto &
Hoshino, 2008), BEA%4EY (Morimoto & Hoshino, 2008),
7 vE=THALE (AOB) (Rotthauwe et al., 1997),
HASEEERfLE (NOB) (Wertz ef al., 2008) %#xi& & L
725 DEMH L7 (Table. 1 28). GC-7 5 ¥ 774+
MU7z% D1k DGGE T HIZ, GC-2 F ¥ T3l
TWwewnboix, fEFEZERICERL 7.

M AT I, FHB L7247 ) & lug 28R L L,
16S rRNADV6-V8 Tk & % 412, 984 F GC & 1378 R
79 4 ~<— (Table 1 &), KOD FX Neo (TOYOBO,
Osaka, Japan) =fEH L, 98C T10#, 55C T30,
68C T15D 7 a5 LI2T50 4 7 VR L 7=
ZHwvs72. AOB (amoAlF & amoAlF GC), NOB
(F1370 F1 nxrA & F2842 F1 nxrA GC), EMAWH
(NS1 & GCFung) f#ATIZBWTIE, MiHL2Z24/ 4
% 1ug A\, Ex taq HS (TaKaRa-Bio, Shiga, Japan)
EHEHL, LTOLEMIZTPCR #417-72. AOB; 98T
T10#, 52T T30 #, 72C T1 4712TH509 4 27 v,
NOB; 94T T30f, 55C T45 #, 72C T45812T50
T4 7 v, BRAEY; 98T T108, 50T T30 #, 72T
T 1402TH0% 1 7 v,

DGGE #4713, PCR EW OIEIE % #3524, High
Pure PCR Cleanup Micro Kit (Roche Diagnotics, Swiss)
ICCHEE L, %O PCREW%, Dcode system
(Bio-Rad Laboratories, Hercules, CA, USA) (2t L, LI
T D412 T DGGE 4 % 47 » 72 (Morimoto &
Hoshino, 2008). i, AOB, NOB f##Tix, KU 7~
JWVT I T VIRE 6%, ZMREAR50-70%, k&)
BIE 50V, WKENEEE 58T 12 CI8HERI4T » 72, EAGAEWY
MO, RV T2 INVT I FTFVIBET%, B4
BEA 20-45%, KEIFEIE 50V, FKENEEE 60T 12T
2005 4T o /2. kEI# @ DGGE # )V i&, Ez Stain
Silver (ATTO, Tokyo, Japan) 2 C#ldett 24Ty, 1
T yHEIZTNVEREA, FVEET A F Y  (TEFCO,
Japan) \Z X D #ZIR%, BEEM 7V Y4 (FUJIFILM,
Japan) (B L7, ~—H —1F, MIBEAAERTICIE
DGGE Marker III %, EEYHFENI21E DGGE
Marker IV (Nippon Gene, Toyama, Japan) % FH\ 7z,

DGGE /N> RIZHIET 2EEOHESZRT

B L7A VLN FEFnwETX
(FETHER SAFETY RAZOR, Japan) (ZTHJH H L, 100
uL @ TE bufffer Z Mz, WENA F A<y ¥y —1I
(Sarstedt KK., Japan) TH#ifef%, 1ul % PCRDOF ~
7L —bMELTHW. PCRIZ, ExtaqHS (TaKaRa-
Bio, Shiga, Japan) #fiH L, MEHEOWHERZE 21X
984F & 1378R (Tm; 67TC), AOB DB IFE FEI121%
amoA1F & amoA2IR (Tm; 58C), NOB EEO B IEF 2
213 F1370 F1 nxrA & F2843 R2 nxrA (Tm; 58C), E=
BAAEWHOFEF EI121E NS1 & Fung (Tm; 50C) &7
FTAX—FH, £40O7=—1 Y IEEIZT, PCR
HIEZ4T-o7:. PCR¥IEEWIZ> &, CEQ 2000XL

Table 1 Primers for PCR-DGGE analysis and sequence analysis

Primer Nucleotide sequence Tm (°C)
984F 5'-AACGCGAAGAACCTTAC-3'
984F GC 5'-CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGGGAACGCGAAGAACCTTAC-3! 55
1378R S-TTCTACTGGTGGT-3'
amoA1F 5-GGGGTTTCTACTGGTGGT-3'
amoAlF GC 5'-CGCCCGCCGCGCCCCGCGCCCGTCCCGCCGCCCCCGCCCGGGGGTTTCTACTGGTGGT-3! 52
amoA2IR 5'-CCCCTCIGIAAAGCCTTCTTC-3'
F1370 F1 nxrA 5'-CAGACCGACGTGTGCGAAAG-3'
F2842 F1 nxrA GC  5'-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGGCAGACCGACGTGTGCGAAAG-3' 55
F2843 R2 nxrA 5'-TCCACAAGGAACGGAAGGTC-3'
NS1 5-GTAGTCATATGCTTGTCTC-3'
GCFung 5'-CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCCATTCCCCGTTACCCGTTG-3! 50
Fung 5'-CATTCCCCGTTACCCGTTG-3'
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Genetic Analysis System (Beckman Coulter Inc.) 2T
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Fig. 2 Screening of useful microbial sources for nitrification process. Transition of nitrogen ion and pH using ordinal soil (4),
selected soil (B), enrichment microbial seeds with calcium carbonate (C). €, NH,; [, NO,; A, NO,; @, pH
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BRI HF 5T 2 WEWH O & Z DI H

. A
root hair in organic fertilizer section root hair in chemical fertilizer section

Fig. 3 Cultivation trials of strawberry (A) and spinach (B) using enrichment microbial seeds. Difference of
root hair between organic hydroponic (C) and chemical hydroponic section (D).
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Fig. 4 Measurement of inorganic nitrogen concentration and pH during the nitrification process. Nitrification
process was performed in test tubes with fish soluble and soil extract as a microbial source at 28 °C,
300 rpm. €, NH,; @, NO,; A, NO,; @, pH
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Fig. 5 DGGE analysis of prokaryote community transition during nitrification process. DGGE analysis was
performed using 16S rRNA gene V6 to V8 region primer, {984 GC and r1378. Bands Al to A10 were cut
off from the gel and used as a PCR template for sequence analysis. <, NH,; @, NO,; A, NO,

CTCREMEITEICEBL I NI L BRI N R
HCRALRIS DT & L7z, #9100 FE3E O Ff 4 72 1438
EWMAEWEE L TRV MEE 21T, kT £
TOHBEREIIRZ ) -V TR To R, —#
B 7 HIEA MRS LCHEA LR (Fig.2A) &)
b, WAL 1 EMREEME T X 5 MEDIR % #IK
L7 (Fig.2B). 5l&f<Maticid, |k L2 TiE%
w7z,

LAY B EERIG

A7) —Z Yy T ORBICIE, 7Y F OB AR
ELTHWE., 22T, Z2R2ARYIE (3, Bh
5, B¥EYa—X, 3= NVIhE, C/NEOBEWD
D) EACTHALRIGZ 3 L7z, #R, 7 XToF
Y Cx L CRERER R L, AV A OETTEAERD L
LCHWRKEAFEOZRRBYWOHRIBETE

7=,

WAERISICHE L - MEMBFE ORI

LR THROBER L EIXL, BEMLRKISZ#D &
L7z, #40mREALRE 2 # V& L 724558, 40 | Akl
ERAOBFARBYOHER 2RI I EHFWULNIIR -
fz. 72, pHOBLZEKT L, REA VI T L
% 1g/LOREICT, WEKBHEPICHLZE IS,
R AL RS2 HERR T & 72 (Fig. 20).

ER L - MEME Ao 725 ER

WAL TR T, EIXL-REEEL AV, FROE
R & AT, ERES, REHORABRE 21T
WV, HIERELBHOOLVEERYOET 2 FERL
7= (Fig. 3A, B). Z OB, ZERBHOIRKE TR
RIZH~N, SHMEEOEIBIETE. /2, &
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Fig. 6 DGGE analysis of ammonia-oxidizing bacterium community transition during nitrification process.
DGGE analysis was performed using amoA (alpha subunit of ammonia monooxygenase) gene primer,
amoA 1F GC and amoAZ2IR. Bands Al to A10 were cut off from the gel and used as a PCR template for

sequence analysis. ¢, NH,; [, NO,; A, NO,

BIEAX CIZHEROREDRZEL MR TE 2 (Fig.
S HITIE, YRR & R AL RS R i R
WHERE L 7235600, R o0#%8 & IR RO A3 Y R
RLUTIC R 2SR E I N/ (Fujiwara et al., 2012,

2013).

ERERE (T D MEMB O ABHZ R

LIS DO SERENRE & MAEMOHER Z I 5 2T
LR, REBEAr — 0V CHLRIS Z4T7\v, BlEE, B
EYBEORINE TV, DGGE #ir it L7z, EH,
5ATOMERL, LRI pH, HHEEZRHY
BEAZMEL, HAzENE, ¥/ 2% B L,
DGGE fEfTHD 7> 7L — 1 & LTHW .

Fig. 4 127" 5 £ 912, MfbsiZ 2 HE X D 7 v
S LA F UHBRBTE LD, BXF 80ppm T—E

11 13 15 17 19 21 23 ¥
days o
DEERL, WRIIBETE Lhoz. SNIET V%

ST DEMHNOHRBR, TrEZTEBEICL 5
FRLR EOBERNEZ SN DH, 5HOFHM BN
PLETH L. 120 HIIE, FEEES 4 v sh
16H H1IZ 160 ppm = 7~ L7z, HEASEE A F+ ¥ 28B4 L i
Lo L FEFFICHHER B S, fiffb20H B I X HRS
A+ Vi3 sn il ko7, TOTVEZT LA
T roERE, 16H519H £ THMEEE A 4 ~ OHER
ETEIEA A 2 DWIMNIRROFFHDO—DTH 5.

Fe\va T, 16S rRNA @ V6-V8 #HI% & %7 % 1 DGGE f#%
W& 4772 (Fig.5). LIEMAWH L HEMmB% oM
FHIEEWEMUME 2R L2AY, st oMEH 1
JEERR AL R EAICING L T/, 72, BHEERZ
NYHEAEER A A v o B & IR B AR O % R A R
IR AR TE 2, BNy P28
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Fig. 7 DGGE analysis of nitrite-oxidizing bacterium community transition during nitrification process. DGGE
analysis was performed using nx7A (catalytic subunit of the nitrite oxidoreductase) gene primer, F2842
F1 nxrA GC and F2843 R2nxrA. Bands C1 to C7 were cut off from the gel and used as a PCR template

for sequence analysis. €, NH,; [, NO,; A, NO,

WL, BEFIOHMEMEDSBHESRREEDFRE 21T 72

WERERT. FNLFN Bacillus cereus (Fig. 5, Al),
Bacillus cereus (Fig. 5, A2), Bacillus sp. (Fig. 5, A3),

Bacillus sp. (Fig. 5, A4), Lysobacter sp. (Fig. 5, A5),

Pseudomonas sp. (Fig. 5,A6), Pseudomonas montelii (Fig.
5, A7), Pseudomonas sp. (Fig. 5, A8), Pseudomonas
putida (Fig. 5, A9), Pseudomonas sp. (Fig. 5, A10),

Acinetobacter sp. (Fig. 5, A11) T& o 72. Bacillus J& X

Pseudomonas J& DAL IS — R ICBE SN b —HF T,

Acinetobacter sp. (Fig. 5, A11) 7z &, Hi§HOEHR &

FRISHRE L T HE DAL Tz, b DR
R, WLRISHOMEMZ, —&87% 3EMET
& % Bacillus J& < Pseudomonas J& 23 AL SUG H & R EB
SEED, FOMOWHPIEFIZPLVWIRETH S 2

LRI RN,

#eT, amoA (ammonia monooxygenase) % X HIC
DGGE f@#r # 17\, 7 v E= TEBALMTE O % HAT
L7 (Fig.6) %8, 7YE= Y44+ OB & FEE
IR 2N v RSk &, TRAEEEASMH SN B £ T
BRELRBLIIBE CTCE R o7z, T, IR Y
FEDHYH LUBEN L& 25, Nitrosomonas nitrosa
(Fig. 6, B1), Uncultured ammonia oxidizing bacterium
(Fig. 6, B2), Nitrosomonas nitrosa (Fig. 6, B3),
Nitrosomonas nitrosa (Fig. 6, B4), Nitrosomonas nitrosa
(Fig. 6, B5), Uncultured Nitrosomonas sp. (Fig. 6,B6) T
otz T VEZT ABALIZEID Nitrosomonas J&HME
S5 TWND I EARE I NIz, Fe\nT, THRIRILERED
£ % nmarA (nitrite oxidoreductase) % X512 DGGE f#
MEAT-72 (Fig. 7). WAEEA 4 v BRI 5 L FE
B2 N FOHRIEMPER TE 2N Y Fae
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Fig. 8 DGGE analysis of eukaryote community transition during nitrification process. DGGE analysis was
performed using 18S rRNA gene primer, NS1 and GCFung. Bands D1 to D6 were cut off from the gel
and used as a PCR template for sequence analysis. €, NH,; H, NO,; A, NO,

WYY W LS FIE 24T - 72488, Nitrobacter vulgaris
(Fig. 7, C1), Nitrobacter winogradskyi (Fig. 7, C2),
Nitrobacter winogradskyi (Fig. 7, C3), Nitrobacter
winogradskyi (Fig. 7, C4), Nitrobacter winogradskyi
(Fig. 7, C5), Nitrobacter winogradskyi (Fig. 7, C6),
Uncultured Nitrobacter sp. (Fig. 7, C7) TH o7z,
T EEERAL1Z 12 Nitrobacter winogradskyi 338 - T\ B
ZEDURIEE NI, BB, 18S rRNA i S IZaH1L
ISR OBEZAEYOH#EBZH L2 L (Fig.8). it
BB 2RI L TBY, E2NY Fiy)
DHL, BSFREZTIT - 72EE, Cercomonas sp. (Fig.
8, D1), Mortierella alpina (Fig. 8, D2), Mortierella
alpina (Fig. 8, D3), Leuconeurospora pulcherrima
(Fig. 8, D4), Penicillium oxalicum (Fig. 8, D5),
Hartmannella vermiformis (Fig. 8, D6) T® » 7z, H

MR EW A DT, Cercomonas sp. (Fig. 8, D1),
Mortierella alpina (Fig. 8, D2), Mortierella alpina
(Fig. 8, D3) HEMBREMFOAERTE LI L, %
IRBE TDH 5 Leuconeurospora pulcherrima (Fig. 8, D4)
AR TELILIIAKRENATHLEE L
5. T A=)N—FTH 5 Hartmannella vermiformis
(Fig. 8, D6) 1%, MiEHEZMHEL T 5 - OIS
FIC—RRICHERR T & D L EZ NG,
FEALROG O E 2 AV Z O I L7zds, 13
WK ORI ZREPRE D2 505 2 EDHH L2
olz., THUE, HEMREAAHATOMELRISAERTE
LUREMEZRIEL TWAHEEZTnD., —HT, Hi
ZRATORENEILL D 2035 BOBETHY,
S 5% 5 WD & AN O BEERIT S LETH A

>

).
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AL SICE D27 v E= 7T LE & EAERMBILE
FHOTREME T ) BEESHEEE S hTwa s, &
FRAL L 7-MAEMBEEHWAZ LITX ) 2 AR TRt
RISAHET T 5T ehn, RALPORAEWHAIEH
WCEH L7 70 —FIC X D WEEAPLED B EE R
TWh.

F 7o, RBFFEICBUTAWLRBFEOERICB VT,
WAL T T8 25121, WALKSHEOBE (OD
600nm) #%0.01~0.05fFicHE B2 mb e LT
HFohs. CEOMBICHEVBEDEI WD T S —
7, ERERFIANVT-HETEMAEWEICIEEKD
WAEMFAI ST A2 & T, BEBENERE X B
BTEDLOTHA). 61T, LIS HIE, EHRMA
WA TE 525, WY EMEREERY RN 5
W 2hboT, Fo EFABWIBETE %L
LBABRPBEINTWE, ZhE, BEWIIEISHE
PRAKZEFZ ORI~ DR LW X 2 5O RIS
BAEDRHDETOY) Do TVILRETHLEEZ .
IO XD BB, KRSMEY-EWEMAHEIER, #
EYAY B ER OSSR E LTH LWwiEk e
BYIABIEERLTVE, MAT, HEEFEKOR
EOREPRBENAF 74 VA EZTHLTE BIRET
BHETE, 2o, BBEILEMLZERER, WELEN
MR TN &5, REBEY, HEYWEH, WY
S, MEESEOBT TS E LT BRRE Y., HRBREE
FEBEMETIEIZWEARSD, BARALFAKOET IV Z /N
XGRBE LR THETEL I LPARROFH TLREHT
5. T, ARYOBE I, »H ST, WHER
EHEBL THAKICERYEIFRALHERZ R T
T, WALEA AT OWmiE & L CTARRDBHE AT
DOFRIZHEDIBEEZT A,

MEMAEY OBRITIER ICHETIZH 225, RIFFE
TOHREMAEMOICHINE, HEMEYHFE~D—D
DA 07282 TW5,

7z N
FRE TS AR 2 ML, %R &

EBT HAPESE & LTI £O T2, R,
BRFOTICT—EREOARBERZM/ETHZ LT
WALt E R 2 BT 28R L, MY ERRICERY
DFEAL & B & [ ICAT ) B AR TR SN L. K
W Tid, MAEWIEE LTk EN 7 iz &k
L, ¥EmtEiTbe s I & TRELHILEZRT
WAMBELER L2, £, PEHABETHIZLT,
SR LM bEHOFERAL2HRA L. 351,
PCR-DGGE & &M L, MLIARIZBT 5 ERAHE

#, AN R

RBEMEME, 7o 7TBRACGHE, BEMRBRIHE,
BB OER 2 T L2, #R, WILTRESO
BEWAL, IS SREMEIhTBY), —ED
A L TW5E T EFHL PR o 72, ML
CEDLEAMD LB EMAREHEZRL, FHER]S,
SR/ EH L THB L TV EOKREIY, A
RIS (A 2 MRS, — 7% MR
ERHALMTE S & D FHER T & 2 W REMEARIR S L7z,
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N
K458 Clostridiales B iR O BEFIE

ROERBRZNHEENCET 5%
w O (ER) B %
F AR S22 Yy I

takano.hatsumi@nihon-u.ac.jp
. A

BV £ OWREEHIMBE DR S 5 Clostridiales H
Wik, SEFNICHBEZERS IR TRV )V —
7" (Family incertae sedis : Bl & FHEE) 150D b
ELTWE, ThoDZ V=708 T HHEE, LK
IZ R BB D O RS T B 7 DRI 2 1% E
LTI RV, 205 FEAEELEEOHF
HrHLTwh., ZZTHAPETIE, EAESHEL
TRRE I B3 7 BRI R 2 & BERE 2 A%k o Clostridiales H
MR ERL, ROEBRORKEEFN MR %2E
BT, DHRORFEERAET S I L THEBRICE
JAREERAERERE LToORMAEERBTIEEH
& L7,

FHE D EAEY, BERAM Ty TB IR F O RER
REOFBIEE TEBE L, FHRERIS, X7
b EICHE R O RKRETZEARE U CHBRIE 8
LWz mm U ICRBAKET V=T 220N
T5Z LT, WEEEOBRIKMEMEOEE 2 BRI
RBET A EAMERIN20, KEBfFr@EHAL-.
ERB AR OB ICHEEL, ®iR (55~60C) T1
~5EEOEREELZIT o7, RIS, 4 ¥ F-VRE
iz R L7l @& L, BEARRICY S 7
L EREE M ANEAR, R Y v — TEEER, MBIl
Oo—ZHHE L7 BonglRicovnTiE, 16S
rRNA B E T B OB X OTF 80 BB
#iTo 7. F7z, Clostridiales H O K5 BB %
RLUZZHBRICOWTIE, SEFNEHEEzREL..
TR - R R O34k, AT TH 519
B, R#F v THEE ORI D S 11k D 7 Bk &
AR L7z, SN SHEEO 16S rRNA @5 T B8 % AT
L72dE 3, OGRS Tepidimicrobium & AN
HeRL7z. KB, ROERO—DTH 5 Family XI

KT 58T, BMHEIX Tepidimicrobium fer
riphilum (TF) & Tepidimicrobium xylaniliticum (TX)
D2ETH B, F7z, WMAEICHET 5 0HEENFEOT
GREN P OARFRltigicE T, HLERDN
BRENTOEPolz, FIT, INOBRMEE & AR
FETHUE LBk O R 21T o722 2 A, TR &
TX 2l & LRI o»h s 2 e Hl bt ko
7z E7z, TF 7V — 7R Y % 5 #fikk Uio4d #k & SC-
1 RRITHEERR & 7 B R E 2R L, 16S rRNA #{x
TFEHID—F L 95% LT TH o722 & o HFBHH
HWTHHUREVRBIN. RIZIMA, 7T 46
R oM B EC A v SRR LB L CH
ThHIE, RUBMLAYZ REETZERE LTER
TH eV RHATHR SN, —F, BEMAEB X
OTHBEIIREELL TF & TX 7V — T TERENH - 7.

WL THAT L2 BE R TR, KOO Clostridiales
HMEHO -z BIRNIIOBT 2DICENTH -
7o ZORRE, AMRICEEEST, HALMANE
HIE R O D HEE B IR ORU PR ESEET S
Sl THBRTLILERLWRB L., £
72, SRR % &t Tepidimicrobium &3 7 VA U it
rHLTBY, 7y EZTHREIC L LHBMEEEED LR
HAOFHEITRIEINTNDE I L0, 5HOM%
PEIREENB.

T RSB ISR S h TWERRIC
FH e BERMEYBE s HAEES A TERL
FREFRIMREREITD
B oL ¥E O£
FE 3 BT B R 92 BT

h-mochimaru@aist.go.jp
N\ W

BAY D REH T A A B BT O BUR B T
KON ERLZRETH S, EFITBEICHE
N A OB K Z X5 & L7z 168 rRNA BIEF 12
FD AW REERERTIC LY, B & oMM
73 90% R D AMERNH R 2 MBE A FESE L Tw5E S
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EERBSMILI. FIT, RBIETIERMA AHICA
B 2 HHoOMRMEMEDRCRRL, DHEREZT
AT LWL T, INSHOMWMEIIEIT S AEHAREEN
BEEZHOPICT A LR HNE L2,

FHiE L ENIMA A E»OMBAKE R, HEEE L
LCRHRALKSE, RSRIIE, FEESVE VB,
BelE, X% ) —VReRE/SBALREE A CHERE
DS5C I THEMBEEEEM L 2. HONLERIEER
[T, 16S rRNA EIRFIZHED M W ie S 0w
eI, FREOSCHEREZ &THERIIH LT
3, D) %< ORBEHEASFA T 5 8BELF X2 L,
2) BY=EMhE LT 3liogk, ) WA AH»SHEL
oAy VEBRRE Y BBUXEMWORARTHE LTH
v, FIEAE O SRR L R, DHERE IR L
FEAIBIC D Wi, EFREE R E# pH, NaClii
FE7e E ORI E 2 AL .

TR - EE ERREAMG LT LERE, R H
WTHER LABBERICBWT, BEOREEMRHOE
AR SN, D) OFEICX Y Firmicutes I Clostridia
M Thermoanaerobacterales H \ZJ& ¥ % B H SenYP
Bk (R AAFERE Thermoanaerobacter wiegelii \Z 86% D H
FE) &, 2) ®FBEIZ XY Deferribacteres P Deferrib-
acteraceae FHIIE S 2 HBAE ANA#k (Calditerrivibrio
nitroreducens 1= 90% DAHFE L) DR BEIZ I L
72,

SenYP Ak £ E B EIREIEX55C, BEMpH X7, &
B REZ: NaCliRE1L 23% Th o7z, Tz, AERIT
JRBREE CHEBRMRAL- KRB AR & » UG 24T ) R
REREHTN & 96% OMRIMEZ IR L2729, BlE, WA A
HERDO X & > A & D#AERMETICBYT 5 BEERE
ALREIZ DWW THREEZ T o T\ 5.

ANA MO AEE R MEIRZIE55C, 2@ pH 37, 4£F
THE% NaCligEE1X2-3% Th o7z, T/, ABEE
IRHSBRI S 72 B BRBE 185 T 5 Flexistipes sp.
vpl80 Bk CRAZZAFEA L) & 99% DAL ZRL
7z, vpl80 ARV EIN A X & > A BURIE & 4T ) B
ERTELETHZEAMESNTEY, WMHRKEICE

RS ER e RE e R L TO AW RES D
5. ,

ABFFE TR EBRBE IS BT 2 RN O Rk 78
WL, ZOREZHLNMITAHI LT, BT
B O RFVERICEE R 2 Rz MAEMARER OB
fRZE S HEBIOHAZ B2,

4 )
EPEOREMICHITHHHMET—XT7O
IR, REFHSHEMES LT
IR B DREER
moBk E OB
IEER R NA TV — A ¥ —
skato@jem.riken.jp
L /

B ZKREVWRO—DOTHE7—F T, £k
ILEBEERFED LTRLZLEDTELRVWIIRENRTH
H., LPLEBPOHARDORROT —-F7IZH L T,
FOBERRC BB OHH E Vo RERYZRET S
BrAEREINTYR W, REFFETIE, HAZBOR
RIZAERT 57 —F THEDORMFAEL HRME & HBLAY
oA, BLUWHEICFENRESM 2 RIS,
[EZORBD, EOX)RERESEMHIC, Lok)n
SEHOT —FTHIHEETH00] 2RI THZ L
FHBE L.

HE D SODIRE R 5 EF2250E £ ERELL
7o. ZNOOIMREE, pH, WHEMRE, &, WREIRE, &
BB X OUEREICTHE L2, BILL 223808 2
L5DNAZHML, 7T—FTREBW I/ —%2HW
T 16S rRNA 1R F @ PCR IR 24T\, HEIREY O3
AU,/ ForH——r vy refiolz. Bohnk
EEFl % b &2 QIME, mothur E0 Y 7 by = 7w Hwn
THERE ZHERITZ2iTo72. 35612, KT
— %7 RIS L0 HEE S AT L TiT o 2.
BER-E22  RILZABORE L 158CH» 5
85.5C, pHIZ2.09%4 5 8.14, HHEMEKREIZ 02 S
163uM THh o7z, Tz, WL OO ME %
BEIZEHATHW, EHRFIETTRTORETOTH
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57278, 5% BEOREbEETN TV,

IR pH H P50 & SRR BT B W T, PCR#
BBIOSA O/ o= =22y 7KL
7o, ZRRUEMATORER, EIRERMEEA & i
SLWEOLE T — % 7 AMEE pH R EC
THIEPHLNICR o7, HERITOBE, 207
—F 7 ORPIIKREEE YV — 7D DSEG % MCG I2&
TAHIENWbRol, TNLOREETN—TITIE
RSP pH O 7T —F 720G T N5 2 LAURE
ENd. &5, DSEG D7 —* 7 16S rRNA #E %
FIEA Y e Y BEHEFRET LI EFHL IR
D, 61T, IRITHWERHDOLZWEMIZB TS ¥
o rBRWAEEN. 16STRNA BIEF~D4L > b
YORASRED, T—FT OB LM AR T
UEICECELs TWATEEYND 5.

— KT, L OEBIIBVTT —F 7 16S rRNA #
EFOBIRPHRATE ok, TOHEIL, Hwi
TIAR—ERyF LRVERGRESZNS ORI
HFHET AL RET S, 2720, #ho0Rpd
27 —F 78I b o720, BIRBLER DR A
L7220 LATTRENE D B TR E T & 0,

eI ORER, Thaumarchaeota M OMRITANEIZHL
B3 2k V—7 THSCG IZET 2 H MOk
BEVCRETD U7z, B, WG, &7 AMITB LU
WA RN O T OEMZ HED TN 5.

Pib, AR L o TIRARBREFICHFETH27 —F
TEDOWTELDFLVHRERL I EBTE. &
%k, S FHRCEREMEZ, E5RLELORRME
AL, %< OFHEENE, BETFT-5, fL¥ET—
YEET, LV B0 IERTERL, A7
—FTHRZEY) EFThELVEEZ TS,

NERESERRBEREDOLODONEE -
AR -BAMERREHRELT
Wo#w A
TR AT

hattori@affrc.go.jp
. S

B NEFEHB IO AREERETHY, ThET
IR E DL o2 NV e, fll, &<
AR OWTREREESZ I LM NG. —
73, WA SAEDSS <, PRI BEA O IR
HDTRENTH L. ZILRBEL I LD ETHHAME
BROSMIL, BEELRHBAMBICKEKFLTSE
D, BEFEBARDEZ NGRS % B A B A O fF B
WEREWEREETH S, 22T, AW TII/PERIC
EA, &L RS mHzMR5HMAERROFELHL
THEEDI, TOWMEREBREEMHT LI L%
Hige LToTo 7z,
FiE 201249 A, 11A, 20136 A, 9 AB LU
AD5ENCH20, MEFEELE, BEBIUTLE
FHICBCTHENEZ T o2, ZHLEEEZPLET
AHMAERREZRN, WoOSHLITI L Lo, BEAR%:
ERU7Zz. $72, WREAMY EEMROEL L
7o, BAROFEEED L L LB, —HOEKICOW
TDNADITS F£7213 /B LU LSU IS IC O & &
(EF AT 2 AT o 72,
R - ER I EATIE, BREBLONERERICHE
WA T AL S, BEHEA OMIBEEME I
BEENTWBEFF X237 (Fulvifomes rimosus)
WZDoWT, TR % & UNIC LSU i 30 < iz
FIENT D &, EAEARAREE &N FEREE L I O AT
REMESEWI LW LNIC L7z, MH L IS FE rimo-
sus D5 A TR LIRENFEI—FET, Zhoofd
LREENREE LTSN, F, NEREATIE
WREBREOF AT TS5 70 LICEENBRLONRTS
D, THHITI7TORPBEELBRER L EZ S
n5.

T F 75 5 E (Microporus) Wik, 777 B~
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BB THERNOMTHEE L TEETDH D
A, BRHTHEL ANV TOGEMRE L Tw5b. rDNA
@ ITS SEMSEE R AW T, MNERERZEOENE
BB L L= TERERAKOSTFRAMT 2T o728
B, BERYXYIF T 5 (M. vernicipes) L 3INLTW»
b4 L—FIgEEhi. Toob1 7 Lb—
FIZOWTIINEREDS OZF oM INTW
7eo A7 L= FRIAAEREFEDSBILL TSR
(EXAVIN 2y (A

A= a7 (Inonotus sanghuang) \XH7 ¥ 7 IR
BIWNEFEABIIOATHLEEIN TS, KB &
CZofEFEiE It b EERREENE, A ~va
TE7 TBOAPGREENT ST, D REE
BHEOBEHPIALN TR o 72, FEROK
&, NERBEEEZ VRTREZSEZ R/ BOU
BT EADPSREELTWBEIEFHEL NI o720 /b
SEMEGREE A v a7 L 3NONEREAETH S
WHREMEA D 0, BUESFRMFRINIE D L TR
HOHBRE 2 DTV 5.

RiEHEOREA 2 BHBICERT S
X8 EEEOEE, RHHE,
b L UERERFOHR
FomoMl
HERESE A S

hirayamah@jamstec.go.jp
. /

By Ay VEBILBERERFeBEE LRERHO
TRAT A &, WEEEZIX Gammaproteobacteria FBIZIE T 5
SR X 7 YBRALHIR AR T 5 Z EAVRIRE N T W
BHS, BEEEGD DR FOEBFEEOMHILEATY
v, FRRBERICOWTS, ZOATRE 2 RIS
fRAT L72BliE 4 v, R TIRTAE B MAKE
1,180 m OEEMEFEHERE Y 2 L BBt L 72 x & ¥ BT MR-
1HRIZDWT, FHPHEN & RFEDB L TERAHE
OB AT, ZOERBFNREEZHETL L2
HiyE 3 5.

Fi%  MR1¥D DNA S, REBEERR - 70—
Z15EAY VEBANEF YT — B/ A XV FF— ¥
(WERT) OBIET rbel, BEFREERE - =ba s
F—ERITHEOBET nifd, BLUMLEE - F
TXvIVT I LR ICEEREDOERTF hao & PCRIZ K
DR L7z, Sho OEERFIES & USRBRENT 2
fTofe. RICRFFRMAEER L 2REOKET MU 7 A
(1-40mM) O Y AAKRERRIZE D, REREERZH
Nz, FoMRIMPEREEZIT)IBO, )77
VIRE (0.120uM) ERBMEIRE (0510%) OE
WA AT
R MR-1 %k & BES D Methylobacter marinus A45 ¥RiZ
16S rRNA FE{ZFH3100%, nifH & hao H57 3/ BEELH
TEZENRZEN100% & 99.3% L EmVHEEZ R L7z, TR
Wi, G+C &8, &/ b Methylobacter J& DFFE & —
L L L E R IEETIE Methylobacter BT
oI RS R o7, MR1IBOREBEEEEE, KRk
KFF MU AEINEE 15 mM TR I )
L L2225 15mM BTk efilgxED 12-13%
TEIEF—ETHolz. T2 MRIMPHBENTER
BEICL Y RIFICAETT A0, 10uiMBEOE) 7
7 LIRS (RUBRE 1%) PRETH o 7.
EE DAY VERLHECIE 2 D OREE O REEE
BEFAMONTBY, ZLOKEELLP1D22ET
BH, HIZIZ 200K\ NVERATIEGT S D ONH
ENTWwA. L2 LZDEEREBEEA~DREICH
THHAIZREN TS, MR1BROSTHERTH 5 53Rl
WRDOBEBAKDOT VA ) =F 412 40mM BETH
VD, FLBEHRBEDTOBRZTREIENZ E25,
MR-1 AN T CREREE 2 17V, EBHEE LT
ABBBEIIW RIS, MR RO REEEZEICE
FBNVERTOFZIZONTIE, BIZF 237 Ly
DR #FTHILEDNDH B, FhTF— I R—AMBI L
D, ZLOX5 YEAMIED?S, TYEZTERILICK
DAELAE FaF I LT I v EBILT REEOBET
hao BRI E W, HHRIAT OREE, hao H3A & V&L
WORMEMRE MR T LBOBER RIEELE 2B LA
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o I,

s B
IRIE DNA XIRE RNA D X 2457/ LIRS
LB TEFEEEYDERRZOMBEEHELE
R ERORSR

B oM OB B

LR B R
yasufuku@bios.tohoku.ac.jp

N\ e
B BEMAEYO G EARIE, KELELLDOH
b, A GEBEAEYOT ) AMEROERE, a2
— & OB EFEOW L2 S, 5T AT IR
FER L7, TN O5FREMTIE, Wik LICERT
5 BEAEY OLRREAEMIRTH 5 B ALY O LB
EFIFHBTH LI LWL L, D, ZhET
R o N FAEEYOL BT RREBROMRE, &
BAEWEROGEHEZRZ 5 I35 THY, &5
R R EBROANH LGRS L KE. 22
T, WEDNAZH WX 57 ) LG, BEERR
WOWME 7 FALEYEBRIICE B2, RBERTHEA
AR IRES S T ABI TS LT, EH
ENTw5,

TEICIEE  OFRAELEWIFEAL, I hbidtgd
RRIIBITAIWEBEROEE EEL HOTW5, 72
D, TNETHAELEYD A 57 LAEHTE, WL E
KIBETEILTLATBY, TETOMTAIEMSR
T, FRBEEMO XS 7 ) NRETTIE, 2
SNAFED M. RO, TIEFEAEY R R E
L7z A 85 ) AR FEOM R LR FEICAR T R %
BHEROTR, ZHICHERENOFHIEICBIT S
FAEYOLERERT KT AZ L HEEE L7,

HiE L RERRE, =5 VYA F1000021 A

FoCbdEE - R - EA - BE, BFER - 2w
R, BRI - FEEWL, HBE - MEE (&R [F
YR - RAEVE, RIEIE - S, BEER - RIR -
B, RIE - A2YOF, BME - BHKRE, 7T
B R - FAE, RIEILE - R, BN -

3 L, B - 8%, EEBE - B, s -
5IR) OBl AF 5 AL, UKV — AN
7=y b+ (SSUTRNA) @ V4 #HiE (8 400bp B) %
N—a—FELTHY, DTO#EYIfFo7/. &To
TR A S BR3E DNA L BRBE RNA 2 i L, X514
WIEEICCTHRE DNAZAK LA, Th o
DNA/cDNA #4881 LT, /N—a— F§EE % PCRT
B L 72, RIZ, Ton PGM THEFI > —4 ¥ 2 %2470,
BOIREY ORH & PeE Lz, B SN RAER IO W
TAMEREDORE L QCF = v o, £ 1L T 300
500bp D MY I ¥ 7 ETV, KEOSEROHEE
SR 7 T Y N MG-RAST 2 TN L 7=,

fER - B A & PCREIREMZHET L, 1294 b
P 5 BB DNA/BRSBE cDNA OMIEREY X v F #1587,
INHDH6H 05M-10K DEFIEZIEF S —4 > A
Lo THTEY, TORMOMEKAEMHOFE, B&
CHEREFRBEEOMT 2 BED #EDTVE. ThE
TORHIEL, DNA & RNA THH & 1 AW O Rk
B A MIEoTRESERBZE, FLFEMORE
HEYORFIS T EAICBEICHFAET L2 L 2 ST
NEHELTRLTWAS.

4 )
HEYNERREONE, HED L LR
B ok B T
AL E R AL B A Rl A e T

amatsu@lisci.kitasato-u.ac.jp

. J
BRY: REICE S BOBME (77 25MEE G+CHl
B) DA LT B0 F D% 1L Streptomyces BT H
B, —J, PRSI B GEYRIITEE DK
WMRDVHFET B, T TERBTEY D S ORI AT
MW & O, ST 5 LR, YN TORGE D
JRTE % A~ N A O O LE TR A~ O T T 1 —F
ET B, S OITHEEL 7 KF R 2 Y Y AE O R A S
DZRHED OBEREITR .

Fik Y ORE SR 1% REEEBRF P v AB

— 1256 —



IFO Res.Commun. 28

2014

XO70% x5 ) —VTRERELz2bOz#HFE L,
B o4, R, NAERBREO 0—25475
Y —OFERICH 7z, SR EEEOT I ORL
W EREBEBERERL, kL EL. b0
BORE oML, Bt msitu ATV A E—T 3
~ (FISH) &z w7,

BR-ER Vx /e 7ORPLDOFISHEILL AW
AR OB T, BBRREIROREIES TE RIS
Nz, ¥/, 7UASRAT—ABLOPFaztr7H
HAOWENTEREEZ DT TCHMET L L, REPDH
FHEOH 1000 a0 = —2HB L, SEECBNT
bW OROERE CICHHBENEFETHI LR
RYRRIEONIZ, —TF, Ty AL/ aVFORE
wEwHETVoOSEL, —#WEoMIC, —BeEEYwo
16SRNA EmFDorua—r 54 759 —OERICH
W, %4 16S rRNA GEAR T O E 7R AES H 6 )& « HE
ETAHE, SHEMI66RITIEIC, 227 70— Y Id45)E
IS N, MEEZLB Y2 L3TRP I 0— VDA
THRHEINFETE TR Edbdro/. Zh
E, FHETE TR WY NERRE OFEEZRT
DTH 5.

7 ) A A0 — XD XY 5HE L 72 K12-0602 ki,
FEwWlF# %254 L, 16S rRNAER TR DS Mi-
cromonosporaceae FHZB T 5 1 Bk & i s hiz. 4k
SRR 0 LR R, MlBERTF K7
HhYOT I BB, Ty, TV, NF
XV TNVY I VEBLORREET I B O S
naZldbhol, ZORMET I/ BRITTERER
ELTCERLRY 7 I RN SNIzOT, TLC,
LC/MS 3 & O° NMR # HlW#T L7255 5%, 4 Ttk
BRI ATINAL FEF I ITIIERY VBT
Holz. FEBH, LESEB L OMOEBIEE
5, HE Rhizocola hellebori % MG L 72,

F XU OMRMP S 5L 72 Polymorphospora
rubra KO7-0510 ¥k DRERM A &, SGERAL 1 BH & i
EPHTAHHEWE MLV YU VA BBXUCE
R U7z, Polymorphospora EHGREIGRA1E 1L

PHLNTWRWHDLHMHRE CTH Y, BIRITWEE
FRICHA SN mE T2V, EY» o, HEZEE
LAHWBENHHTE, “RRHFEDORRDOZOOH
ey —RAELTHEHTE S,

EMICRET 2MEYORE & TORA
i i

T RSE RS SE v F — - PEPIRIEE
ushima@ecology.kyoto-u.ac.jp

\ Y,
B8y EAE, MAYEEOMB O SHILEINE S
o T&IEEZITT, BAEWEEOMERERE IS
BLEMESRE SR TWS, flziE, AOFERMIZ
1 LTV B AR EOMBUIMAIC X o THER
ThY, FORRNEMEDHEIZOANDMNIZD
DITE LIRS, T, bOIHELHMEYE
MRS 5 2 & CREICHESMN P ERHET LI LN
T&5., KFRTIEZ DM 2 ERFICIBWUSH
L, E3ihFRomEL2T). ERL-OREYD
B WEE - EHEEZDL LTEERBRIER 2 E
A (R v oA BTE [EPREOR
El THAH. WEROXBEIEE T, EEEE - WK
Lo THEBREDOFEEZIT-> TE2A, KRBT
IR SN EOMB Z T L, ZToMEM
B e BEARRICHEET 2 EWREOME z L &
DD MO X B ZHEET 5.

FiE L EY, BRERoOMEDMEEEWNE L. ¥
AL &0 B L B ORE & SR & EE R TR
HL, MWL HEE - sobfE UBHMSET TRl
BoAFHI L2, K, BHROFBETHICK 5 BoER
P EIENOMEY OBE &R 5B 72D ENEREAT
572, 201MERICEHO T A A F T T DOOIFTHILER
JEL, BERICIEESHRNT 22 124 ) [BRliEE
L7 BEDOLWIE] 2 AF L7z, O EBI TR
WLARBR (7=3F, IUNF, aIUNFNTF)
2TIAF Y 7 HEMNT 3 IBEEMS . 20,
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RMMkER, EEmMIVBEDEZAEL, KEy -7~
AFENT X o THAWM % T L7z, &1, L& RHE
DEEMEMHOTIEZRARD 72017, HITBWT
YA T AT ITF I EFORALTAHALND BHEF
WL, TEFEME, BRAEEOMAWME M L. L9
B — R B T AMEW LB THFETH 72
A, BB CIREMICRETSH - 2720, Eatkhkhr
DAY HRILT B R R L7z,

TR - EE L RAURED S FEE S D EmIR %
WiE L7zAER, BAaRE 1 EROAES S 100 75 ~200
TR E A S e, BNEMEROER, T
AT DI T = NFPEMT B LICE - T, fE
REMOMAEWHIIRKESEL L, Thbh, 73N
FOHTMIZ LY 7 =N FEEP SIS N DAY D
SRS DIMHBENDE LI h o7 o
T, BHOFEITHIC L - TRICEBREROMEY
BEILTWALHBTES. REIIL, BB TE
AFATITYFVIDORELREZORELTRONG R
HOBREBAEWHA 2 T LR, EEBEICL-T
W LAAPHERINRE (FANFTTRE) 4§
ROMEWHE, €A I T I5FVIORETOM
A OEUEDSE o7z, THODOBIERHEL Y,
BLUORRBROBMAEMHEOMBIE, BEWL)
FEROHEEICHFTE AW REEATRIE S L7z,

i

i

[y

d

b

ay

RKIRR TORBREARIOSHIE L
AREICBEY SR
NOBOA B

Je i ERFEIRE W FE AT
kojimah@pop.lowtem.hokudai.ac.jp

N

e
BAEY  REBRALMEIE, N, €K, BLUREORE
B )y 958 E UTHEREICES ML, TBHE
TEBRICKESHETHEEZON TS, BEFORK
HIRALAIE BT 21RO IR MR R 104
PLTHY, — BB YRENBICERT A2 HEELA
HIZDW TR R EAS V. PokME s 0%

He 3 H5MEOMEBIMESEEL T I &2
TFHEEN, ThOORBREEZHELMITAZ LI, HE
e olBzE L TRERLIEHSEOBEMBIIKE <
BT 20 MifFsn s, KRR TIE, #KMEIC
BEET AMEBACMEORKZIFEL, WAR~DHEIG
Wiz 7 AR OHEST AL ERHE L.
FHiE D WORBOEELRERMEERET 5720
2, ARSI OMEKE L, 5 o0MBEOHEREY %
HHE L TLODWMEBRILHERETFOs O—= )
BT ZAT o7z, ZORRD LHKESEEZ KT A%
BALHITE O % 2 TR, Z2h2hoRkiEkosse
7 KB & e LT O BEER R LA & i L 7.
BR-FR 77U —= VBT ORKE, wThoilEg
IZB VT D Betaproteobacteria W OWREBRLAH 23 &
LTw5bZ EARBEN, RBEBITOKE, Zhd
DAY FROWME BRI, FARBBRILOFBRE
LTHAEREZAELSL 547 (REEF 4 HBERL
B) THHEMWESNZ, BHIOL IOV TIRHEE
BEET BICES o 2y, BIANEIZ Sulfuritalea hy-
drogenivorans & Sulfuricella denitrificans \ZHH X4 3 5 H
FIDHE S, ENRENDMEKE LR ICB T2
FEBOVEDTHAH T EIRBEINZ. s 25
ZPWKIBOE T VIREBRILR E A% L, ehth
DIEEMRDTET ) LEH) & eE L LBRAT 247 -
7z ZOREER, ML S FE UREBICEREETH
EBFWAL»E R ol TORBEREST A IR
BWTHY, MEBILEET ORKPERI LHEE SN
bOE—H LT, MoOmERMLME L O LD
5, TR OBEE BRI AR AT BRI LA 12
BHMLIOTHE I EHRBENT. T OWERL
L, BREREBTICBOTHEZEETA I ENT
ELnolMEBRILMECTCOLBTEEZEZONA.
AT L 72 &BIC B W T IO 5 £ TOREBALE A
FEHLTWAZ b, KT TRE S MM EEBIL
FR PR VA BB 1 BE U - B LM W o 458 ©
HAHWREMN D D, WEE L THREEA 4 v IRED
RWPOKEREE T, BTHREAYOMREI T2
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LNTWw5b EEz 5NAB. Sulfuritalea hydrogenivorans
& Sulfuricella denitrificans 738 & 5 BB ILRRIL,
FATRELEESEONLEMTICBWTLINZLD
IANF—% BT 2 TEMNIBHATHE00b
Lz,

1JF8Y 7 TR ML — FERFRFED
RREDE, BIUERRD - HIBMEROBEH

oE ' OE

HWENE Aao R - IR
t_orihara@nh.kanagawa-museum.jp
. /

BRY: Y27 A ML= (M) a7ZBDE L,
FF RN L2 WBEEROEOZZBKT 5
W) HEFEM - FEEMOVWTICEWTH IR
FICERRIL L TWAB IV —=TThb. BT, HTH
HDA4 7FH (Boletaceae) 37 LA L —FEHDE
BMAIFICE L, ThODBEOEHECE/L T T2
FRLIETCEERIINV-TTHbH. KETHE, 47
FRENRE L, BLNVORARKS 7 A ML
~ MROBRLSEEEELRENE L. 51T, &
LNRAERIC, HLCRESNARBIIBTSE
BIEEOERLZHAFICOVTORBNER R4

o

FE . ATFTFROY s A M- MR EM AL 7T
HErERATH T 7L, FEBMBE» OB X
' b3 ¥ FJ 7 DNA 5 #i (nucITS/LSU rDNA,
EF-1a, mt-SSU rDNA, ATP6) O —7% v A%fiiz. &
OB LEHAET— 5ty M b, N4 X
EBLUORAEICL ) RHBEER L. — o7 —
¥k v M2 W TIiE Mesquite v. 2.75 (Maddison &
Maddison, 2011) # H W T T EAEBE O EiEE
#iTo7. FEZ, HRELAEZIIJZAML—FHD
EREFHRE 21T o 7.

BR - ER AR L D ITb N RO R O
Wk, 1 7 FFICBWT, 5008 LNVOKRAR
B, 12oOHKRHER, BIXUELLIEIEHD

- AR LNV ORAGRIAHER SNz, LRR6 oD
BLAVORMSECICERR TR, A 7 FHOK
PHYIITAN L= FPRENERTELMLZDDTH S
EEZONZ. B, YA T7FE (Leccinum) (ZiE
7% v 7 T A MU — M Rossbeevera J& DI BTk 2 L
— PR, K7 L— FOEICH L THE Turma-
linea Orihara & N. Maek. &L, BHN® 4 FisL X
O 1 FfE % fLdlk L7z, F 72, Rossbeevera JEIZ BT
b2 ooHEE R L. WEHETRT P FERE
PRSI L VEBNTTRETH 5.

IS 2BERBICY A 7 FE L EBGRROMEN
Y7 LA ML — ME Chamonixia JEI\E TN E THERDNPS
G SN T adozd’, ENTHDTY 4 7 C
caespitosa SERE SN, FEERE & D 78N O RIIENT
DOFER, Chamonixia BW ALK ZRIEE L, 7T 7
HTa -1y SN EGH &R REME2RIE S
7z.

Zofl, TNE CREEMRPAITHo72aFF v
av o sy (CEREME) 7 7Y AEETH S Octa-
viania ivoryana ST O VTS EEER T -5 v PR
fom LT EHEORKL, BLNLVOHBRRTH
BT ENFIHBL, 4% 5% 5RMFEN - 5
BRI R O LT ETH B,

4 N\
BEREESLURUEMEEZFAL 28E
FRKOFRBEEIORRE
Hoh @ -

SRR B e BB SR
amarujun@mail.ecc.u-tokyo.ac.jp
\w _/

B8Y : B Aspergillus oryzae 1&, 1< X 0 HADER
MRS R S, T, RS 8y HEREOME
ELTHwWoN R E, BELFHZMEMTSHS.
BHOBENLE 2L ORTHER T 51218, Bl
BHERHRR, FEAODP> TR WERAFHICE 52
REMPERN THALLEEZONL. BN TDH, BRE
FRREEECERZBRO—2THS. L2L,
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19504F A D 3 1 3 — BRI R B B HI% 5 oM DL
M, WREORRRMAEICHET AR TIZLEASRL,
REFEEZFTOICZHMRAPIZL WKL TH - 72, KT
FTiE, FEICBVWTEL L REBERECREBR L 28k
2AEES A LXK, BRMA LT BEEIC
MR, AT A EBR A L7,

ik vUYr v U VERER (ApyrG), TF=
VEURMEM (AadeB) RV, HARBIET B EFNRZE
NOFERBEREVPHBENLZEERAL, LELRH
BREE2ETLVERVEMTOEFZEET LI LICE
D EREAEOF R HE L.

R EZ ! 200KRBERBMOFETFEZRAL
T, LELZEEBEREOCERER CHRAERELAT

720, REHHRICHRET HZHER—OMICEDOZ
LA TH L. TOME, ZHOTT=—HPHES
N, THOEBHEARBARICE o TER SN ASETIC
HkT250THE I LEMERELL. ZOFELFH
LT, REEBICB MM T O R REE
HIZRIEFTHBIIOWTURIT 21T o 72, ZOMSR, X
R VG E TEREAE R EME L, kORI
DEFRE, KFR, pH 2L R 5 ERERRIET S
ZETHLMT L.

DI, RALRBERMMREMIGERT L LI
I, TOBRFMETHEAMENITDODNEPZHRETL
7o, XIFEERTORWARBMARI LM T 2L L
T, IO —DOFERBPETEEINLEELFIAL
7o, WAZEBAAHERE - MEEMDEL TR T A0
AMERETH D, MORIRE TIZZ DN H AT
BEEETA2IEPRESIN TS, HEEHEELT-
bl A, auZ—OBRFARECHBEOERSR S
N, FEBRIREPHEH SN T E2S, FREA
RIZE D ERENDOTHH T EZMHRA L. BE
TREABEEREDPETLTWLZ Exs, A4
2T KR ZORBENZNESEL I EPLETD
b, FIT, WHEEREIECHET 2SR T SR %

WFEFEB & 2RR, WARMAERIC X 2 WRIER MR
HEhEZ LWL

PEDOERIZED, 200R22EBBHEIIBL
T, WHICHRAARINH S Z L ERAW L. 5%
HIOMmRED LI, BRICBY258UAEAOH
B, &5610&, FREAOP o TR WEEAHOR R
L BREBEOMNAC DR DS Z LA F SIS,

4 A
BEHE_—RHEEEFETHR T
FOLZEEE & F S RUOHER

aOIR 6
R BRSBTS

karakawa@hiroshima-u.ac.jp
. Wy

BE8Y : Streptomyces J& W21 Afactor % ED ¥ 7
VTR YR E L RIS A 25— PR
LTBY, UAEWEEEZREIZIY bu— L Tw
B, FADPWEENRE L TV B Streptomyces rochei
TABMANARIZ 2 DD R 7 F FHAEWME T v h ¥4 Y
YALC) BLU T yHIA Ty (IM) &EEL, #

75 A3 FpSLA2L LiZa— RaiTniz, RKfET
EARBEETAHEY 7 V5 FSRBIZEH L, #
B - M ILED X DT RRE S RO = Hig T
FiE 0 SRB OHEE - HEETE R AT A, KR
L, £Wra~ 7574 —TRELL. SRBEEMR
HHE s X BRERR OBUAEY E AR EIZ X D 1T o 7.
%72, SRB A& BUAEE ORI & OH R 2 O JEAT
T HIEL, BETFHREROMES LU SRB FHEAOS
EbATo7.

R -ER 160Uy PUVREREL, BRLTES
N7ALEMOBHRRERGN E T2 LA, 2D
DEER S O (SRB1, SRB2) AR Eh, #hb
D 5T CsHaOs, CleHyO5s TH o 72, 8 512 NMR
T L2 A, wihd 23-TEH4e Fufx s
T4 FEREETBHRY I FVGTTH -
7oo AREEB LU MR F R R T 57201 b
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ERLEZA, CVNDUMLEEZRTHH I &M
Shrol. HETHLRTYSHEGREMER AV E
Bwihb y-7Fus s P BB THAD, ThIZLD
VIFNGTFOMEES KRR RN LAk,

F 7, srrX (01f85) WAL R ITEER smvG (or8I), 7k
AT 7 F—YRIETF srrP (01/83), P450 &A% T srvO
(01f84), F A4 T AT T —BHET srrH (07/86) 72 EA32
—FENTBY, SRBEEAEANDOHENEZ b7,
Z ZCTHREFHRES L UCRBEDHIT T, SRBO
EAEREHEREY BIE L 72, O BRI LC, IM %
HELIZSOD, V7 FVEFITownTHEE - fiEk
B LicE I, {EMESE SRBL, SRB2 Tk <, 6-
74 % SRB1, SRB2 THh o7z, KFRIE6-TA4FY
P EFBENEETHI L 2RRLTEHY
6 MOBEEREICHL TEY 275 — SrA OIEHR2
BHEETH D LW ol. BIE, RIUKEHEER
T ENRL BFERIIOWTLERL, TROHEDTKRK
A FHEGEERRPME RN ORMERZ &b T,
DTSR 2 DTV 5.

4 ™\
JTO5F7Y—LBEXESRIOFT7—E%
ST BIFHREOBEICET 3R
WO OF =
TUBRIRE ST SR 2R B A A IR R SR

kwatanab@kpu.ac.jp
\ A

B AEBEEIABIRR> O HEE L 727 7 A0
B Meiothermus ruber H328 #RlX, 7077V —
LAROERGTFHEEHREERETLIRELR S 7 F V00
T T 7T —¥ESWL, MUPFELRIRICE TH
f#3%. Zo7ar7—¥d ) HELREOESHNE
By oy BEBNIOET B3 TERL, ke
W B O FEE R AR IR 2R, £
TR T, 79 F v R Tas 7 —EhEED
ERGTHREEBELZHLMTT 5 LT, EHEAn
PR T RO TFREBORPFAZEDIEH LTV Z
LERHMETA.

FHiE CHI8 MLy SF ViR Tu T T —EEX
FFEEROBEIL, KARKRENEEHEHMTE0TC,
ThEEERE, MO IVEELFEEZET, RIEBR
i (HEBRFRSE 500kDa) =7 A VA HER 7 VigE 7 v
< b Sephacryl S-1000— 3 = ¥ B & (10-60%) WEE
WS & DT o7, BT HMSETE, LitkRR
W LATT 4 THREHEE 7 -V T ) A EE
EWL2 yoFramETur 7T - YEXRGFES
R T 58 YV EGTFORER, 7/ AFF7
b fE AT I #t &, SDSPAGE®B X U MALDIL-
TOF/MS/MS fti st Rz a3 € TiTo 72,
BR-EE . BUEBEOSVIERDDS 2ODH 5
(Peak 1 BX¥2), #L T Peak 1109 % a R
FERR A IEEE S L EEOBVE S Z/72. Ihb
& 500kDa ML Lo FREEATHERGTTFTHY, H
{2 Peak 1 i3 HIRET S 22 HICEREVA L
AKTHDZ Doz, BEMI»S, ¥ alERE
HEEE LT HEONS 2 ODEFIZIE, 100nm KO
PRE BRI AT 5/ ENBE SN0
L, Peak 2 5 Cix, BE/RIZBEZNLTI0amKD
BT OAPEBICBE SN Zhdr 9 F v 5k
Tu7 7 —YERGSFEEES, 10nm ROKTFE L
TIOBNMNICEEIN S EICTERETE b L%
RIELZ, MRS L5 V2 BEGpTFORENS, H—
Yy 7o F 7 - ¥IZHH T %5 Protein B
(MrH_0844) % RE L7z, B/AAE & HE SO R»
5, MREEREY vy Hi C10EM Eoflo 5 o8
JHLFET A PRI LD 5 10nm KROKF
K5 F Y AR T O T 7 —EERSTHAKTH B
CEDRBEINT., O IF BT e T T -
ERGFEEEO SR RE DT 5 MERERD> S,
WA, BEREREEZRTET & LTBE/MIKR
E{HELTWAZEER LA, 4, Z OEMEM
WORBEE DL L6, BRNZEWAN O RS
LT, MEADOFRLETH LB Moz, FHl
T %BNAF Y — VT B LR HIET I
—WTH5b.
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e ™
R (SRR AR UL F O EE Z
159 3 b DEBEHF
H ®

ERRFEHTIRBAR Y A7 5% 5R
aztaoka@staff.kanazawa-u.ac.jp

. S
BEY AR EIREA VT AT THET TR Y —
LEAEEL, ThEBREy - LTHwEZ &
T, BHICEML TR 5. EEOMEICY % b
V—AEEREE, BREAREL NS TENE, ME
DHEFT J5 10 R S RE T & BT IT & o THIE 2 Hraksl
DORFEPRTEL., <72 VY- 22X THERH
Bk, ¥/ ADNAHOT T ALY —LATA 5V F
(MAD &IN5 $HIIC, AFISUED ORF 225 7% 5
420 F v v (mamAB, mamCD, wmamXY,
mms6) 22— F3NTED, B/NMIOERE, $koHh
A, WEREERERER R Y, <74 MY —ADERKIC
BlboTwnad, KFETIE, IhontRuarzkh
HNTREASYE, MEANVITAT2E6K ST L%
Hry& L7

F7i% - Magnetospirillum magneticum AMB-1 @ MAI O 4
oOFRO UE2HEEOCTIAI NI G- T
L, mamABS B N2 ¥ — (pET-AB: 23.0kb) &
mamCD, mamXY, mms6 FER~N7 ¥ — (pBBR-CX6 :
18.7kb) %= /E# L 7. pETAB X EHERENRY ¥ —
pET-29b Hi3k, pBBR-CX6 iXJEfE i~ 2 ¥ — pBBR1
HED 7T A3 BT, £4 00 LEICE PTG #
Hugga T 7ue—y—wRELL. EHRLLTS
A I P, HERMERERL, REEERICEETS
ZEOLZWLDOZEH L7, MAIO#EZEFDI B
mamE, P, T 3W#kSERICLHEDOY bra—Ack
I—-FLTW%., £2TC, "A cAHEETHY a—
F§4%77 23 FpEC86 (plbAHIk) %I
7z, 25 @ compatibility R8T SEEDO T T AI K
pET-AB, pBBR-CX6 & OF pEC86 %# X B W BL21
(DE3) K U" HMS174 (DE3) ZHIgimi L, MAI
SEBR T FR L 72,

HR-EFR I IPIGRKIVEHERALFTEL L
A, wiho MALZESIMHRE &, SDSPAGE TEARIZ
RONBWEBOEHENY FERETLIENTE
7. ¥/, LAY rT7uy MET, EFRar 1D
Dlto&AE (MamA, K, P, C, Mms6, FtsZlike)
DFERECHERL, 742 MY — L EREREFEORH
W L7z & HIWT L7z, kel (Fe,0,) 1d Fe L Fe¥
{LEYTHY, ZOABRICEMTFRNWEENLETH
5. £T°T, MAIF8Eifk % & - BRgk L AHIRIE 2 N 2. 72
AR IZHEE L, 1% BRI ER 3T VIT Y
HARTERL, AN FOEREZR. Ly
L, REHTEMBOBMEIIMERTE T, BAMT
DERDBED LN b o7z, B, WEELEKD &M
MET D1 OBRBEFMHEORFT L HED TV L. GBI, 1K
fEEEANy F—ZFHL, KEE S FTAERNEHFOR
% HAEIC MAT SEBUR 2B AL, BEEE RSO
HETOTETHS.

s ~
EHLTHETCICEERED [EHL BVEEE]
— e RO KEARE & EENF B
oAk IE M
B R R

tokunaga@chem.agri.kagoshima-u.ac.jp

N W,
B8y IR RIIEREIKREL YL TR FH- 72
BUEEAETHA. LV pHHEBTELRBO< A 5 A%
EBELD, BFBIEVRETCELVWERERGAETT
bKDFZF &2 C [HTMER] 220350k
BBTEL. MROBIEELETLIOIORA ML AR
TTHHEROYA T AMEICL 2B WHEELWEDOK
FIZE D [IEEEN] 2R, WM& EERZ
BHETEDL [EELE2VY 72BE] Tbb. KR
T, KBEZERBRICHWFEESY V280
KREFBROMINL L ZOEENHHZOSIL T, Fil
B —FT 4 ¥ (HaiTML) OIERFEMSEAL, 175
% B-7 2 5 <—+¥ (HaBLA) OFMEEER M, KO
HEHEEREG Y ¥ 328 (HaHP) & 2 E4 B E L
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IZOWTHRET L7z,

FHiE HEEREORERFAROWEED D, KIGH
B & U Brevibacillus choshinensis % 38315 £ H W TR
L7 HBIRELL 7 pro B HaTML O+ e HE 12
B AR ET A L, EIENER G, SR
FBEIRAFAE T & MBI TG ARV EE R 55 AR
BEEETCTHIVEVWFEEEZRTEFEINLD
T, WFEYE - JRIFEETE BLA R BBUBR L, AREE
DB L7,

fER - #£22 | HaBLA B & OF HaHP 3405 & H
BHCHBENTANT 4 FREGEIELTECTEEEZ D
5>TWAHDT, KGRHMBENERTOEEODH 5K
BTKEICREB L. & 51T B. choshinensis % g F.42
Hw7#é, HHHP TR KB E O 3fERE (~
500 mg/liter) DEEFHAVRDHON. TuFyT7T—Hid
—REE9 IS BUBRARED (pro BY) CTHREIBLES N, pro FHIEA)
DBk TIEMALY 5. HaTML i KI5 H W Tl pro B
THEARSN, BRBEEZMZAS LI THOT
BB S g ks hi. TuFrT7T—¥oTu
Ly v SRR E R LERAOME BbNhb. CD
ARy BViE, BISRMR S KB TR E RENE R,
WA THRBRKIZIEEALE LV 2 KiEEZ & o
TV I EAREShi, L LEBIEO 2 Ko
EUREZRI- s, BHEATCRERRED L
ABRON, WMEREMIRENT, RATOBERT
ML, NaCliBERFEEEZ AL, 1,2, 3,4M @ NaCl fF
ETTENZFNEEZMZ L VWHED 4.0,87, 21.0, 30.8
v ) BWEHE LR L7, Halomonas SRRV
HaBLA & KB HskIELF4EM: BLA (EcBLA) OA A
B R e L2 2 A, T b rEokTEd
BEOFFAETICBI HEREE L Th S FELHE KR
B, Wihd HaBLAO AL ) Ed o7z,
¥7: HaHP O E&RE A A Re© & L7245 %, HaHP1
AF472 0 Ni, Cu, Zn % E OBEEE 1057 TREMKA
THILEPWO,E BT

4 ™
DB TFNVCEIHIRREZ N TED
=T 1 THEOBEH
oA & #
TR 4

ymmthrk@shinshu-u.ac.jp
\. )

BaY  EUHEEC LV BEDLITW5E 7T B MR
&, EIRERGL (HBE) BXUREEORTF F7) A v
(PG) #MREMICHRTHI&IEY, BRBELHE
FLMEASTREE 5. MEROEE, ThoDliR
FES RIS LT S Al BE AR SR 1 4 O pL-—
¥ FRTFF—+¥ (LytE, LytF, CwlO, CwlS) T&h 5.
INH®H B, LytE & CwlO i 3 1 1 BE o BRE 45 fif
12, LytF & CwIS XBBED M RICHEIE L TBY, &5
BREWMAREASENZ IR TS, AYE AcwlO O
THERBRGHEGESM TR WD REEEE
AL, LytE& FA A VEEEDPHUL T D LytF R
CwIS OREHAFEL-HETD, ORIt Z M
HWMTERWZ EDWbhoTwA. £2T, AT
FA A4 CHEERZEULLTWA DD, TICHEBED PG
%R 5 LytE &, WREED PG % 5§ % LytF 12
HEY4TT, MBEOF -7 714 7B ED L) Lk
B XS hCw20MEHAT L 2 L ERAT.

FHE I IMEBICIWF O 7V _7FF (SP) %
ANEE:Z 72 SPLupytF, SPLwLytE & IPTG FFEIZ X D
RS, FNoO0WE, BELS X TAME AcwlO
ARBIEOHFEIC DOV TIA/z, & SITFHICT SP
DBREZRARD 2012, BB RUBRERTZ ANER
7:% A5 SP (SPye B LU SPyy) %, 32O (+F
=3, Bk, VPRSIV — BRI &
ANBRZ 2% 25 SP (SPgrp, SPpgp B & U SPrep) %
e L, MIBEDBRESMICBIT 5 SPORE %<
7.

fER - ER ! SPIytF 2 RES 7256, SWSh
72 LytF W3 AR OWREE & #5720 T SMEBEIZ O BIEL T
W7z, 85I ABE AcwlO A REIFE DAL ITONT
BARAER, AN TEDHZLOOMATEL LI
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%o Twiz, —7, SPLwIytE # B S E8E,

RBE~DORBIEEIWS L, SHRBFEOMHLEDS ko
SPLwIytE IZHA_THELIETFTLTW ., Lo

h, MEEROSPICENENORIEME & BikZ EE
THRFPFEINTVEURESRBENL. 22T
SPDO#EREE & HITFEANICHNB 72D, ¥ 25 SP-
LytF ZHEREER L7z, 2REhoF 25 SP 2w
THA S LytF i, 3R CESMRERES L 05
WIS STz, RICHERET COREEZ R
MR, BittER ANE L2 SP T, ZORIFEHIFE
ETHY, 26320208 E ANEZ /2 SP T,

BUKEESABETH L LWL hot. I
SOMEDPSHMT B L, SPL., D BUKYEFEIE ORI
BRI i B DO BERE & LS B SEIASIEAE 3 5 W REME
AN (A

T BB EEFIRL 2k
T3/ BEBEESNOBILEBEL L
BB
Z #

ALK R B SR

yoneyama@bios.tohoku.ac.jp

" Y
By 7 3 BREBEOIET O8I B EE RO &K
ThHaA, 73/ BREBEROMBITL 5 FHEITIER
b, )V rHNBEROR R REEET I 5@
PR AR g S v, EEIEBROMMICX 54
FEVER L O REMEAEH ST b, F4 dEEEN
FEREIOVKBEDOT 7= (Ala) PHBE®RA YgaW
DB L7z, #2T, AlafksEnsI#c L 5
Ala EEXEOM L% BIEL, YeaW O & Bikoi
BHIZINZ, ygaW BAEF OSBRI % 17 - 72.

FHiE D YgaW OffiE & gL 2 A7 4 ~ (Cys) AF ¥
SV TERHACTENT L2012, YgaW D 3200
Cys 8% Ala IZ1# ¥ L /2 Cysless YgaW % PCR #: %
HOTHEL, ToEEE277=2rv7 720 (Ala
Ala) 2 BEEDOEZHOEE, FIRR/EA~

O [*H]Ala DFEFIC L VEHME L 72, F72, yeaW HEIEF
DOFEFITFATTHREE T Lrp O %, yoaW K
(60~300353) & 7O E—¥ — %R\ lacZ EiET
& DREEIRT 2R LMl L 72,
FER - EBE | YegaW RiEbk (AygaW), YgaW BFEIFHH
R (AygaW/pYgaW) R UT#F0HBMIEA~D H]Ala
DEREZWE LR, BRI AygaW ki3
28, AygaW/pYgaW ik 1/20ERELZRL7. XK
12, YgaW OHEMIE M % 5/l % 72912, YgaW B 5
FHARL AygaWhk & DB L 72 REBER AR~
[FH]Ala DEY :AAEME FHEREEICHY) 2 W78
K, TOFEHEEIENO AlnBER L 3L F—
(2.5mM NADH) IZfFFE LTz, Thid Ala Dl
AR EETH 2720, 200mMAla #a—FL
e RREANE 2 B L PHIAla O HLY A A8k % X
72, T ORER, BUSBRIER O BRI O 38
Z/ABNER L 200mM & Z4 L 0K 034 M 127%
FELHE, Wihd TRV F—REN % PHlAla ©
INPREREATRD N7 &b, YeaW 2o AL
— AR Ala REBV IR XA A SO LW Sk %
o720 RKIT, Cysless YgaW OiEH: % Ala-Ala 1% 3 5
ML LTI/, TPAR YeaW ISE Witk %
O EATRE SN, 72, Cysless YgaW HBHkD
BB NMaz s L, [PHlAla DR &% 76858,
T AV — RAF R 2 BB IR G 2 R L 72, MR At
WRETHIENFREINET I JEERES Cys I0E
#2172 Cysless YgaW FFE R E R L, #3565 Nk
WX oTYgaW D RO I~ F4T o 72858, 40
DFEEBEBZ D% CHE 1LV —THD Serdl B UE 3
V=T N Trpl07 MBI BTET 5 L AVRIE S h
72, 3B, HADORED ygaWEET LfiHE L
LER—=5 =7 v %2475 7458, Lp il & 5G4
2% ygaW B 15T @ 180bp~240bp LWICHELET 2 &
AR E T,
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4 N
p-H o 7Ot ERREBORAL
FERRELT X/ BB ADIEH
M % R %
i B R AR B IR B AR T

ymatoba@hiroshima-u.ac.jp
\. A

BAY L EORIZEMRICBWT, ERRET I BE
CNF a7 7ay 7§ 5RERORENENIIC
fibhTwad, LaLads, FERRET IV RIZH
RAEDPSOMBPLREBERIC L ZEESEL Y. 72,
73 BOBRER T, BFEEEEIE SNV
ENL V. SHOBIEMEZERESE TV IO
W, BRA SR AT S NEIEMIERARET I BD
ERFEETRBEL T LEDN D 5.

NEMEO VLD dH A 7uty ¥y (DLCS) i,
Streptomyces lavendulae 72 L\ X DV EA I NS D B THR
Ko7 3 VBEMEEWTHY, BEOZREBIREL
LTHWSNE, HEELOWIFE S V— 71, pCS4
AR OBNH Y 7 —< IR EDTE . ZOK
ROVEDE LT, S lavendulae DYk DNA 5,
D-CSEGRICHbL A LHMSNLBIETF I TR —

(desA~dcs]) ZBUSTH I LITHIIL 7.

AT, DCSOEFHRBHELHLMITLLL
LI, pCSHT IV BHEPLEW THH I LIEHR
L, D-CSAEAREEFEZ A L TN TIERA
B7 I /e EEATHI 2 HMET 5.

BHE L 7IRAY—HIIETNAEA DOBIGF»OEL
EhEpEELY, KBHEZHAVWTRERRLZ. Boh
oMz BIEERE v, YO X ) RS MES 50
AL, 8518, DesD & DesG iz Tid, X##
FE G L BRI 2 E R L, MBI D R
EERELL.

TR - EE | Hx OBFEOBREN 25, D-CSAEER
BEEMECTE . 3, DesA & DesB sk P F v
REZMHB L, DesE 2 0-7 v F 1ty v EMHET
%, #HWT, DesDOfEHICE D O-7F VLB ¥
e FuFYRELEBREL, O-7 LA F1k) UaF

AT, DesCOEMICE Y DRICER S N tz, ATP
RIEHEDOEEFE DesG i & D BRIRIL S, D-CSHERK S
b, #12, DesC, DesD, DesG % & TSR US|
2, RS TWS -T2 F Lk vk FuFxy
REEZMRABI LT, DCSERBENTERT
BT ETHEIILT.

DcsC, DesD, DesG OZEEFFREZRAELE S
A, DesClE O-7 LA Ky o LCRREELRD
ZEDPHENE RS, FD—FT, DesDiZ 07 L
A FLE) VERDOALEDLT, LY AT A ARG
#FLTEBY, DesGUED-FEYATA YR D-FEE
Yy ERBRRIETAIEEEZROI PRGN E R T,
DesD & DesG S B L Tk X ias s & A 2 47 v,
B OSICEEE BN s BRELZTWT 5 & LIS,
EREBITZL ) ZOBEBEEEZWLMITLIZ. S5,
BoNEERE I, WUFRRNEREEATS
T ET, BRARBREERIERARIT I BROEHIIIS
HAT&bLEZOND.

/ N
N FRMEEORIKZEBEL 27OV

FR L REFB M DOEDR & BT
s %
BB R

anoy@agr.ehime-u.ac.jp

- /
EECMEY/ESEINE S IS S WY E 2 S/ A
W, verBEERICHERENTBY, tlru—2A,
V7 a— AR CHETRE 2N 4 < AH R
ELTERENRTWS., REFSETIE, BRFIIA O
Ay srvo e MY~ EREL SERL ) ML
MOEREFOBELTHLMITHIEEHMEL,
INAFEMEEORBBEO7:DOREEBEEZHBLI L%
H¥gL .

FHiE AT, FERESICA SN S EEN O
BRI RE R AR [RRILFERE] OFM 2
FiZANT, £7, IRERFOMREKRZHRE L
Ao ) == v T RE L7z, Acetobacter I%, Glu-
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conobacter & ,  Gluconacetobacter & , Asaial& ,
Acidomonas J&, Kozakia BB T 5 3 F &3 L BEEH
Wzoo BREFRTREL, HonME»5M
MoEm 2R L. ALEFZERTHVET vt
ARIICED, voYBICHT BRIGEE AL 2.
R, MREIC R Ly v o EBREBRIGEE 2 T %
72®, GF W FE IR DT VR 5\ Gluconobacter
oxydans NBRC 12528 W RIZHI G2 #ED T, ¥
U Y EEOBELERYIZ oW Tk HPAEC-PAD 12 L 5 %
P Z ERL 72,

TR - BE D ST ILLIFREMR T TRITT O R
ILEHEZRAE LA, BT T u BRGNS
EEERRBICIA CFFFEL T /e, BEERR X HAR R Tidqt
PEBLARESEDPS L CHEESH, 22285
PERF CRBICERT 2B X o THEESNIT IV
T—NVEBIICBILT S Mo N TS, 4,
FERE I ERESIC L o TER SRS F V5
THLEVOVBRHBILT LN EZALTVE I L0
OTRENT2. G oxydans NBRC 12528 &7 o v % B
—REBEBE T HREMTIIESEFTLZRE WA, Y
VEEMEACETRIEEMICE LT, KRS ko
—hEou v RFBBICHWEECIRERAF
wARL2HY, By u Y REOEIMETE 2
o7z, LaL, RIEF#hE Yo VBE2BRESEET
TEHENESEHE, ARMOI) BIZTa Y BOHEE
HHER T & 72, 7 u ¥ RERA{LAE BN @ HPAEC-PAD 12
LM ORRPE, 7O YBROWSIHESTT VS
VEBOMMATHRTE., oI Ers, KHOMIK
RiiZva YBEOT VT FEE VRS O VERICE
LT BEEIHFLEL TR I EDPHLNER 72, T
WEWVERIZIAE K TEMHERD 5{LEWTH Y, KE
IANVF—4 (DOE) 25EH 5 Top 12 DAY EIZ D
FENTWS, KERFSE, RYMT &0 MRE&#E
THEEINBIREREDY 77457 —FMH~DIEH
PHRFTE 5.

e R
NAFALN=D 3K 2KEDHEEDSD
REBREZV P EEICONT

BRRFREESY

kanauchi@myu.ac.jp
. iy

By 27 b, REODFVERT 7L —N=LL
T, BEELGZEOGL LTHHZATWS, 74 2AF—3
AHAHTIE, ABREEBEOERICLY y-52 F VHHE
EETLIENREINTVS., L2L, S2FrD
EROEMHEICELT, HICy-52 N2 BEET S
DOWMBWETH B Fox il AR+ 5 A8
HHEICBET A MBI\, 22 TAMIR T, Y
WIRORE B IEEEZ ¢ Fu X by 2B OS5 &
ZOMER, oIk Fax I UEHBEI LD y-5 7 b
VEBEELMIIOWTHE L7,
HE A BB YIS 19RO BE %
B, INoZ201%F VLA VBLEOID HEL Vet
AR M CREAR T, b FOF VRIDIEZMA L. &
HERRIGE IR IZHE, TERREEN, AEHEN, HTEE
WRZEXfTo7:. TOSHRO L Fox v IgTimEHk
DIzOD, FEREBRRERLWE AR L2, 72, &
HEE R R I E BRI 48O & F o Y IRIEES &
DERT 7 b EEED GCMSICTRE Lz, 7277
L, 97 b EHBLZOT F, b FoF U IEHBI
kY RXFIV ) VAL IZ GCMS 5347 % 17 - 72.
AT HERR Y20 © 7 7 & DNA % il [REEE ©
oL, RKBEANRY & —CHBALTIA 7Y
EUER, KBEIYEF v MeVICEALZ. Boh
PR SR e Fu s U EE (fah) ZRT
B @I L7, 2512, HEEL 7 fah % 6xHis ¥ 71}
meEBE N2 % — (pCold) WKHALZTIRAIF
(pHis - Fah) #HESEL, MBI Fos BE (His
FAH) Z5¥&¥72. TNENIATAIKLIET 742
TA—=2av T 74 —-TH#E L Zh% Factor
Xa LEIZ LD 6xHis & 7 %44 L, JENiEEE Fof o
FFAH & L7 fah OEEBEHIZEHE DNA Y — 27 =
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Y- W THRE L7z,

BRI 0.84M NADH, 160uM 5 L A VB, 20%
DMSO % & tefB i (50mM V) V8. - 7 = ERiEAG
W, pH3.0~7.0) [ZEfEsE, 30T ©1RBREHE,
Aggg £ DML
ERRUER . AR, OAME 179%%, =IEHERL
Fo MR Lactobacillus sakei Y-20 % 43 L
72, Y-201F, 15T, 48WEMIT, AL A4 UM% 10-v F
X UPEIERICERL, SHICERE—-VERIZLD
V-FEFAT 7 P ICERTHIEDVPL N E R ST,
DL EDOEERIN U ETH 72, Tz, 70—
SV TOMR, A Y VERETAH405T I Bk
% 2— N9 5121580 AR e F o ¥ U BERE
=¥ (fah) OEWERFNTH o7z Tz, 73 7KK
e MFEEMETH L, L sakei DIERBSY V37K L
i% 60% DOAFEIET, Lactobacillus curvatus @ NlpC P60
F Uy i3 90% Uk EoHRETH o 72 KR
D F# pH 12 6.0, T8 46kDa ¢, NADH ##HF
ETBLDTHole. <AV, gk, IRV E
WX YRGS N, WAFy, KL F v ET VT b
VAL NHESNDIBRTH - 7.

HWREOt > 7 LERICET 2%
7 R e

FEPNTE T
yanzai@phar.toho-u.ac.jp

. v

B89 : 20114 3 A ORALH T KPP R IZ & 0 384k
LB H—RTFNIEIERI & 2 Bty E ok
BEER LR IMIBICE REEEEZ L6 L.
FTh, 137137 A BCs 2 & B BIEHRIIRE D ER
LEED 1 DOTCH 5. FCs 2L B BRIEMSEOFHLI,
19864EDF = V) T4V EFHREBEHERTHHERE
N, BICBAEX ) a0 BCs OER RO JE DY
LB WwEEEro /. BFERETHE, &
5 & ORIAPICEGAT N7z S 7 A4 F ¥ Cs* i3

FRNoORY) Y YBRICRESNISLZET, 72, AW
%o TR EORR & RBRBRERI ML 5 5 B
WD MBPUCHGA iz Cs* 1R ) ) VBRI S
NBHZEIREY, ZEOEY YA CsHEREINSC
EFHOSMIZLTWA. IS OMAEWMIAN~® Cs
EELRE M TSI, Cs* OWMAARRREE LR L
DEEELMHTHLENDH L. KWETIE, Thb
BERICEHL, BMEO CsERA =X 2 0fHE
ATz

HE VT LA F K F v 30 KesA OWFZERHEA
TW5b Streptomyces lividans TK24, Cs* @RV Y Vi~
D HHEER & L7z Streptomyces sp. K202 % 72,
BIZFREBBRERICE, SEKOS ) 27— 2 Hw
2. BEFRERoILEICE, Bty A CCl %
L 75 a w7,

R LR C"ERALT7VAVERAF Y THH K
DEEFREN LU THIRNICHRAE I, BEOENZ B2
RYY B INLLEZ NS, MEICIZMEA
DK WERPIFEL, FHbOLLT, KT BERD
Trk #3%%, Kip BiER, K¥ F ¥ 2V KesA B3 5.
MRAORY ) YBROEGEIIEFEY ) Y BEF—E
PPK 72 &3 5-9 5. s T b S lividans TK24
& AEHIE (NZ_GG657756) 12i%, K* F % 2D
BETFA20H D, SSPG_00189 (kesA) 1Z K+ F v AU
KcsA (160aa), SSPG_00653 KesA & [AlERIC KY 5 v R b
D/NLEEIR O FBAECH] TIVGYG % 0 276aa & 2 — F
T 5B, —J, 77 MENT L7z Streptomyces sp. K202 T
i, K* F Yy ANVOBEFIZ1 27 KEEFICa
— F&N/27 82 g (2252a) X TIVGYG %= b B,
KcsA JHL & 787 B KesA2 & L 7.

Ak S. lividans TK24 & FERIC kesA RIBHROAE
HRHNH] S 7z 125mM CsClE M /N ERKEE W LT
SSPG_00653 RIEMRIZAEE L7z, I 1id SSPG_00653 A%
I—FF5 K F v A Cst OMIARTGAS IZBS-
TAHILERET S, 5%, WEEKD CsERICHS
5 EHEE SN B A OBIET ORI TR & HAT
& D, BUREICB % Cs OERICH D 5 gD H
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HTEbLERS.

~
T/ LEREEBICUSABRIREICH TS
HERSERROER EEA

® B B Ik

SRS SRS
ngotoh@mb.kyoto-phu.ac.jp
) v

BHY R 2 REARIREE COMBE O IR IEE {2 5
T T&7, Lhl, BRI v REL, B
OMBEPFEL, BVICH—-DRERTTIERS Z L2
TERWEHMEEZREEL, RELTHESTHL. &
F, BIEORAEMEHIIZLEOME ARAE (RA K
g L, ERESHNOMEIEEELL 2 (FRR
fE) B4, KRR TIE, BEPRERGCo B
Ehml, FLREBEPHZNECERO 7 41
YWHE TdH B Pseudomonas aeruginosa (FEIEH) & 75
LG TH B Staphylococcus aureus (37 ¥ 7 Bk
W) OREFRIZONT, REBERSLHRAEDOPIE
ROBREOBHMETHLEHNE LTI 7.
FERREBETO vy 77y METTIIHRE LA
suc MIRF & A7 AHFE RHIR 2 I X - TIT o 72,
¥ 7z, M @ Pseudomonas quinolone signal (PQS)
% 4-hydroxy-2-heptylquinoline-N-oxide (HQNO) ®& i
WL TaMEL, UVAIIC L o CHE L 72, MRIRE
WL AEET FYHRBOMBMHEIRGHEEIIBITS
BB & - TR~
#ER - EE URIER PAOL BRISH LU TEIEZ M EZ RS
HET FYRBOBRRET 72825, 7/ AFEHRN
WO 7R TYS5 A S o & b BEEWRE, o7/, £2
T, K¥xA V74 75— —fE LT, RIRE PAOL
MR ORESE L 72Tnb 7 v ¥ A AERMT A 75 —
9,085 ¥k D 72 27 S IETHINMENEE DT L 22 BBk % 0
L, TnHAMEZ R/ E A, quorum sensing
(QS) % Pseudomonas quinolone signal (PQS) ¥ X 7
2 DFENI D B BEIEF 7 7 & O43B IR F#EHY TY825
HROBEIH IS D 5 BIZFTH D I EAGHh o7,

NS DAZHEARF DI HREER AT 7% RND ZUHE M R >
7 MexMN ORY) 75 X5 VR—-—F2Y baEa— g
BmaNBEENTWEI EnS, MexMN 2375 4
BHREOMEME HET 5 PQS X 4hydroxy-2-hep-
tylquinoline-N-oxide (HQNO) #¥ihi3 5 Z & T, ##
7 RO ERBEICH T A EMBEIPHICEHFS LT v IR
AT,

FRAR A ARFET B 72 D12 mexMN RIBM: % F 72124
BlLiz&Zn, B2 EEFO PQS - HQNO D& 154
TAHZ &L, TY825 HRITH§ 2 BERHINHI/EHAME T 5
B ENgholz. TRHORKEPS, BIEE O RND
BIFEHI R ¥ 7 MexMN 13 PQS - HQNO Z #3562 &
TEET NV REOMMEIHICEHFS L Tnb 2 L5
Lk ko

PLEORIBE & #&E 7 Ko 3Rl % € 7 VIS8
FOEENS, MEOAL LT, EWRITIEL 5T
5EMPEM S X T AW RBRITKE LB % R/
LTWwbIEZHONITTHIENTE. BRI
R L BB e RE L, BETF ORI
TN A Z &Ko T, MHS S F Ao LABIRAS
BlERI SNBFEMAE A =X L% WS HITT BHF%E
rERIELIENFLETH LD, BB AT A
DEEEOEEIZ X BB AE D IEZE DB 5
ThHIEERTIENTEL.

4 ™\
RUIXFINVDEEYFF—EE2TTINELE

a/B & FOS—OHFHRERFOMRE
MoE BT

FELEMAHER ST ML - 751 ARfgEE > ¥ —

fkawai@kit.ac.jp
. /

B BG5S I AF v 7 RONA R v —DIF
EAEDRR)IZATFNVTHE, RYVLATFVIETF—
WETANKYBIOLEREN, THNVKBORE
ORI, FEEB L OCEHESERCOE SR
. FEBRZILAETRTER)ZFLYFL TS
L— 1+ (PET) Th 5. BIIERFEHREY X7 Vit
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PET #EICEREZ BEASEMELZAH TS, LA
FURERTa/pr Fus—EBIlETAH) =¥ T 7 3
)~ DOEFETHMINGDS, BEROME L EHFRE
Mo I FF—ERRY AT VOGRICEGT L L
PREMOEETHS. LirL, PETOGHEIEL TIE
Thermomyces tnsolens (formerly Humicola insolens) B
W Thermobifida BEEFZDIVCHEE 2R Z2RT 0
v, TOERE LT, BEOEED.OMEL PET R
Y —$HIC® L EEE 2 BDICLERIHAMEZ IR
2 7-BERIBOTIRESNE I ENBETOND., 7
FF—EBERY X7 VPSS FEL 2 7 VLEY
DORBROCERANDISHURE LA ABERTH L. K
FEATHERE R B BRI © 7 F F — ¥R IRF O WE
EREEAT AT, X DRI LRERIER D20 D5
FUERMZRETHLDTH 5.

Bk AEH L BEFHBREEE L Thermobifida alba
AHK119 3 @ pQES80L-estl or est119 (E. coli Rosetta-
gami B(DE3) #3) TH Yy, BE#E 5L BAK4S590.1 K
UF BAI99230.2 Td 5. Estl19D ¥ ¥ 3 7 BHiE &
PDBIZ3VIS & LTEHFEIN TS, VISIZEDW
T, Estl®3DEFY ¥ 72 El L. EREROME
121, KOD-Plus-Mutagenesis kit (TOYOBO) % fififf
L7

fER - ER ! Estl19 OFRMEEICHED & Estl OfEH
ERATo 7GR, MAOERIME IREZECHE
AN —TIEB LT Wz, R S 7z Estl O
H OCGRAT) 13 Estll9 &IT & A EERN WA, Estl
1% Estl19 Oy 2 fEDiEHZ R LA, o T, V—T7H
GO ZRMERICRE(BELTWEEERD
N5, F/z, EstllO I LCHro/2T ¥ 5 ABERDH
HRZHEOE, Estl © A68, S219 FUFM259 ICE R % H
A L7z, Estl 8 & 0 Est119 QU AR N O RIMWEER O
EERCHEEOE, S, V- THEIIBT ST
U HEARRICTH O IRICEE TH H T LAV L
7o INHOHTIE Estl (A68V/S219P) 7% b il
BN, BIEREECERDGESERI AR AT V24
THfg L7z, F&FE (3) X)X 7 ViR

il — AT E 525, HkEELVwoT, KH#
AR AT VAR ER (3) ) A7 VG
GEEENLE L., F72, KERIEIPET 74 V2% H
KALL, PET3 B&AEEFNVEEAZ M L. ThHD
SR EWL LCITTORMS TR L, ZTATFIVEED
AR FER CTE DT, KREEEIE PET R EE D
1HETH5B. LHL, PET 7 4 Vo D555 iEc b
B 65C LA ECTRIEH (]9 18H) HELMERFT 5L
W GRS ol SHITHEVPLETH S
bOo, PET &G R T2 7V EROFRELHITIL
+oa iR E AT S, M5, Saccharomonospora viridis
AHKIQO 2687 FF—E Cutl # 7 a1 —=2 7 L
2. IS 30D FF—¥ Y VST REED LR
%47y, EO PET /M EER OB & FSHR O %
Higs.

s ™
MRHEOD R & EREEME DRE

KK O ® M

FNRF R
kimura@ag.kagawa-u.ac.jp

N Wy,
Bay @ RAWHROEFERY 3R oME & sy
AIEREET L I EPBL VDS, RRWHROESR
BRPO—ExREoTwd. RBYWHKDOESRE
i, BMEEEO DO, 67HEEDTWED, &
H, #i7-zlBizoissl 3L E SR TY
b,

KA O Sorangium cellulosum X, HHE O WP T
VL OBIETFEATHMET, BRFICEKIFEL
TWaBYS, EEPEL, 2, ML w20, H
ARTRIFEAEHEIN TRV, F 2 THEME X
il AR E 2 R ET A MAEWERE 2D 9 5
E#E 2, HE D Sorangium J& O 5 EE & AR FE Y
HOFR A AT,

FHik RE LR AREICoR, 1y AIEEE
#®L, % LT & Sorangium B E T L WA

[
on
|
on
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WH LA, ChaeBERYEL, Sorangium B % 78k
L7z, DWORIRMLHE, BELERCEBLA L A0
kA RMALFEEHWC, SHEOMLET
7z, WAL S NAE DY, Sorangium B TH B L % 165
rRNA B 1ZTF OWEESI 2 SHERET- 72, MALEZ
% ORI TEE 2T, BARKL U XAD-16 # &2
S5T7EMHIHL, ThEHWTHAEY O LT HER
Hi R O° LC/MS AT % 47 - 7.

FER - EBR DR LTERND, Sorangium JB % 5
ThH0, eI HEYES, SEICEL 28
WEME L. 2oE, AR RERE, EBFFLL
THEBE A ) 7 A RUBBOEREIEZ & 4RI T RIF
BFD ) 5B FEAEOTLR M % W CBig
BN, BELTEOR 10% 5012 B\ C Sorangivm B
DB 7 ST,

5B X N7z Sorangium B DAL EIT D o8, WFT
W72 ENT2F-D ) b7k bF5EEE 50~65C T, 150
~ 1 BMEWRE, AHREMICHEE L, Sorangium &
DEBDWHALNI DD, FEEEZH D UERRE
DRBEREWICEL, BAMBEOAEFTICLOMILTE T
WHEDPE ) PERERLZ. TOMRE, 50C T155-0hn
BCHBTA2D000, 60CTLHEMBWTLAET
ELkbHY, SHERIZE o THEA BEEE R L7
DT, HED»LHEAIRIBLE ST S 2 & THILEZIT-
Foo TRICEY, SEER O 20% BE ML T E 7298,
BEAEL, FIEREBEESCHACR PV AOREM L
EW X BMLTEOREEITo TV 5.

#ifb & 7z Sorangium J& @ 16S rRNA & {=F D3
BeH % dvsE LR, Sorangium cellulosum & 99-100%
OHAESBR LN E, S, FHES ML, So-
rangium B TH 5 Z L DRI N,

Sorangium J& OWALEE % amberlite XAD-16 % 70 L
7z 6 T L OB E WV THESITY, XAD-16 & H
Ko7 b i e AR L, 20, B, MR
W HEFHEET AL I, I Aspergillus niger %
EDORTIHT ABVAFTHENR S,

Sorangium cellulosum FEEICER THEES L TE D,

WTEDOHBALEW D FE SN TS, il % LC/MS
AT L7z 25, BRmOLEwH12@RE, Bae i
RebnTREAETHILEWIIMLEWITI LRSI
7oo BUE, ThoofbEWwE HTHHEMEEYE
DERERA TS,

e N
FINAAT—h—%FABALEZETIVEBR

T7O—50OY 7ILE A LEEEERBIT
oA s —

SRR TSR
naka@bp.apph.tohoku.ac.jp

\. v
Bey  EBEME S ORAEOMEE (HRHEE,
) &, RETOMFWERERL pH R EODLT
PHREERAMLTY A T3 v 718 T 5. KRR
Tit, MBERAEOEIEEZ v —H—& LT, ILBED
REEB Z =y —3 52 L 2RlAT.

Fiak D FLBE & L T Lactococcus lactis subsp. lactis
NBRC:100933 Z f#H L 7=, RAEME & L T Salmo-

nella enterica serovar Typhimurium # H\W7>. L. lactis

13 Trypticase Soy Yeast Extract Medium {2 & - T 30T
THAMICIRER 2 L 7. L lactis 35 38 W % & O
(6,000xg, 34 WEoTHPLALEEZ T4V F
— (0.22um) ICEL, NABEENEICH W, Sal-
monella 1%, Lbroth 12 & - T37C THEIEHI F TLF
KRG RS L7, Salmonella DR AER R % 2
Y5720, 2HOHNFAEZHEYEbETERLALF v
- ICHilEEEE L, RABRKAEFEZIELAR) R
FLryE—X (B LSum) DEEEZHN L7, &%
BEAATTHRE LY AOHESH I Ya—%
BT L, EEROMEE HIRDOEERD .
R ER IR T, Salmonella < AEZ
BORFETIE 0 1% E L CHEE L T/, 8RB HEIC
B S 7z Lo lactis B R LIEZ WM 5 L, RAE
DRSS L 72, KIS, S EEOMBETE
TTENENEERE L L lactis B3 L ORAER
T BB R WT. ZORER, L lactis 235 1% 0]
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R NVI—R, 7 b—=A, INVI P—AFHETFTT
RFENT: L lactis FERB LEPIIBWTOR, Salmo-
nella NAFED EFESHEML, BEZORERLHE LD
BEs iz, RABHEEOZE LIFREME DKL
PSR S, 2 OB & 728 DR EEARAE
L7, L. lactis & Salmonella DFEFERIZBNTDH, L
lactis DFESTREERTFR 72 Salmonella EF) DIAL AR
Ehiz. DLEORENS, L lactis OREEE) % Salmo-
nella R AFEO BRI & o THE»OFERIIZFT
flicx 2 LRI NIz. KFETIE, L lactis B33 L
& W C Salmonella OMBBN pH KT 352 L HHE
L7z, 8512, FoOMBN pH OKTIZE, L lac
tis OFEFRIZ & - THEA S NZREEEDS B D A W REME D
R U2z, MR oEE M & R IEHRWHEEED 2
TEAFHMONT VD, FEFEORRE, FLBREAHE
BOMEL PR 7)) — =V THEERETHIET TR
<, MIBEREBEIC BT 5 LREFH ORI S R
THIEPHRFEEND.

4 ™
WEHDRILLTIVF £ NCBE IR
FAL -REFETER
HER & W
TR R B R e R
yury@kais.kyoto-u.ac.jp
. A

BR RV ATAFe F (HCHO) 3D THEDNE
<, IRBETH AMMRICERLEL RITT. —J, HCHO
WIS EEND Y 7= VSRR, WS
ENDBAY ) —NVOBALIZI VAL, 25X 5 )
—VEREDZINLORTE CLLEWE, BHARI
LA FEL T2, ClLILEYERFFEL LTHHATE
pAFubu—7 (CligdY) b E7-BRFICEED
SIS A%, CLBEWIZBT B CLILEWRHOR
RKOWHIL, ZOWPeHEREICL»H»Db5Y, HCHO
PRBPEEL 2o TWBHATHL. SHIT, CLE
MoORBRERETIE, CO LD bR NF—H#NDE
HCHO %[5 L CHIB R 32 & LTBY, T0

iz iEH$hE, COBEL D AR WHE T : NV
F—TREBEELSTREL % 5. AHFILTIE, HCHO %
Hl &% CLILEWACH o A B AL - BB % )
AL, REBEXRAT AP HER R FHROMWE R L
REMEOMIIELOEBEN RTS8 % H
BE L.
FHik 2y —IVELEAE O HCHO B 2%l D—o
THbdY 7u—AEY) VR (RuMP &) O#
BEAFAT—-R6Y VY5 —E¥ (HPS) L&k A
FAFRuL v A7—+¥ (PHD %, 2%/ —VEA
HME, BLOx Y Y EBEHRETHEASE, £EFR
RFICEZDBBER, —F, A%/ =&k
BRI DWTIE, A%/ —)VB XU HCHO KB4 T 5
BIZFRBICHEDL 2EE R T B L BRI ERER T
WZoWT, BEFHEEREZBEEL, BERT LT
7z.
BR-EFR XY - VERERERELTIWEAREC
HHRHAR XY ) — VEACEME Methylobacterium ex-
torguens AM1 #:1C HPS-PHI A LRI G Ex SH 3 47
LZA, BRBETOE-F XD LPRECERTS
TRE—F—RHVWL I EIZLY, AF ) — VEEAER
OWBREPENT A FHLMCLE. T28H
BRICB T 2 B YN O R, HPSPHI @ &5HIC
IAWAERNEORAE, TAVF—FORRICLSD
DTHHI LWL —TF, 2% AL
W Methylococcus capsulatus Bath ¥R & @ HPS-PHI #lé
M#E%, HCHOBiL@EHL LTt Y RREEZHD
Methylosinus J& » ¥ » BALEMEIZEBA L. 25>
H#8 L7: HPS-PHI B4k Cid, MU 2BEREEZ
RTELD, EFERAY VHBICHT 2 IEORRITFE
DONT, XFOhERFRETHREETIIETRE
TR SN. Mea RBEREEHERE L5,
HPSPHI OBBEHIC L D EE L A4 VEBEPART
BT EWIREEI N,

A F 7 — VEALHE R R RAER R TR BR O ML
iy, A%/ —BXUHCHO XA T 5 EEFHBUC
b 2 RERF B & OTERIEE R EE T O 2
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Tolz. ZFha—2HHNICED 2 EERT Migl 0#
BFEBIETHIEITLD, 25— VHENERRE
TOREEHIL T ED D L IR Lz, $72, W3F
BETE Saccharomyces cerevisiae DML BT H A b L
A= LTHOND Wse & VRTHP, X257
— VELEERICB VT, HCHO RS EEET %
BLRAY ) - VEHEERBREFOREERLICHS T 5
ZEERALMITLI.

e A
PRI NRTFIONNT F 45— L RAREREME
WEOZ N7 B - WY AH B OREE

B K #

PN YN IV S E e ey e
tnemoto@nagasaki-u.ac.jp

. y
EiY . AR ORKE TH 5 Porphyromonas gin-
givalis 1%, WEIEFEBMEET, TANVF-EBLUORER
ELTHIMGANY >3 08, TIVBEFATS. H#
YR FETLYRRTFF—ETHEHY V54
Y EoTH Y IRTF FIIOHEN, RATIRS
FYNRTF = (DPP) 2L o TIRTF FITH
Wk, BAERPICILY AZ EN 5. 3k, P gingivalis |2
i DPP4 & DPP7 OFEBISM ST WA, bk
01EIZINETHOWBAEYETHREDO R o728
HOAsp BELU GuiEEM DPPUL SHFAETH I L 5B
LM L7z, REFZETIE, P gingivalis DY R 75 Fiig
ERBOSETHONPIITAI LR HNE L.

Bk 3MD DPP QAR RUEREYY IS
MY YR EEEBERL, ThooBRELLE
HREREZRETLIT I/ BRIODVWTHE L. %
72, DPP#fEFDRIFFERMRZ/ERL L, £ ORAER
7 ORI DPP DFEZHEE L7z, ZhoDRET L &
BT, AEOF /) L1EH X ) DPP BT OMREIIR
BTV, BEEET S VN EEREBEL T, &
TGz 309 Hi#lo DPP5 % [\ 5E L 72,

FESR CBUKMET 3 BIRRRY % DPP7 X P2 0B (N K
W) CHBUKMET I BREUFA, P2 ABURMET I B

THNIE PIFBAKETRZLSTH IVRTF Frieffd
HTEPHELA., SO P2BAET IV BOTAR
{Z1% Phe6b4 BRENVBE ST 52 L 2B O IC L7,
dpp4-7-11 AT FTRIEERRIC1E DPP7 O 32 45 B S8
L2V RTF FEEFEEIRE L Tz, 7/ AE#H
L) DPP M2 AT 2 SAEOEET 2 KBHE TR
BL7-& 25, PGN_0756 23547 1& M (<S8 L 72 DPP
WHEERLZ., 7I7BESN 2 EORBMET LY,
PGN_0756 1273k, I 7 VW% EOERHEICO ARG
THEENTELZDPPS ANV T TH B ERKH
7z. P. gingivalis DPP5 OFHAZ X Y, DPP5 EMl & =
THIRICE S AT 2 2 LML, & SICESHm
Wiz b A3 B REME2SRIZ S /=, DPP5 i DPP7
ERBICBUKET I VBR U Al SR TH 555, P2
LEIZDOWTIERIREDS 2 {, ZOHE, KEOIR
TFFEEL =DM =RV EVHLrE L
7z. DPPIERY 7S X AMCRAET S LHBEL, Zof
ETAH) IXRTF FEHPRI L IRTF FITEHRL,
bT Y AKR=F —I1ZHE Y AT REMATRIE S Nz,
TEER . P gingivalis 1213 4 TEH O DPP S5 L, 8
BIUNRTFFeEETHIETABHOEMET 2T
5. ZOHHDPP5 IR T VR EDO—EMOEM
W O BRZ DFEBIM SN T 7225, MR M
ISR 53Hi5 % DPP TH A Z LML o 7.

N
1 2 PHEMICHE T 5 RKBOREMEYE
EEREET OB S EYREHBRADHAR

(I VNI
H BRSBTS R

dtakemo@agr.nagoya-u.ac.jp

\. A
B89 MR THAERIZAETE L T 250 RE M
BERTY 774 MERMINT VS, Epichloé &
TV FT7 74 ME, A ARORERZED L B R
OMIBRARTEE L, HEBERZ R TS, Epichloé
BTy R7 74 M3, BEBBYA TR 2 ZRKAHE
WAL, BERICXAMEOWH, MERICHNT 2
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EmER EORREEZ 7207, WHREICHDL S 4H
Y E B S L, R LS 2 EERSER
BRI SN A —F T, HEEICHT Bz L
BELHBBIEIBEHEHL NI R o TR, KR T
1%, D Epichioé festucae WHRD 5 iR EH O A HHH
EHEOBVEKREZBKL, S5ICFOHkEHWTH
WD E O E BRI LR L EEF O BB L 2 ORREEIAT
2Tk o7z,

FiE KA M S 5 ZN72140 E. festucae W%
&, BEMEYRVL=TNIA 7T ADRHERTH 5,
Wb bR Magnaporthe grisea, 59— AKX v MEH
Sclerotina homoeocarpa, BE M. 7% W Drechslera ery-
throspila, D. siccans, TBIRW D. dictyoides, RILFHW
Colletotrichum graminicola, B ¥ & 9% W Bipolaris
sorokiniana B & UZEEIRW Rhizoctonia solani & O PDA
i b ToMNgEREY T2, 2, HEEOEV
E437 ¥k % BT, #EFF X 7% REMIE) 2 H
WHRER T ROz T2 o 7.

BR-ER TV FT7 74 MRAKEHEERE OISR
DOFER, E437 BAvi b % < OWRERISH L CHEG T
%R L, D. erythrospila, D. siccans, D. dictyoides, C.
graminicola B X OF B. sorokiniana DHEF % BE L 7.
EA37 #k3 L UM G 2 22w FiL ke RV =TV
GATTARCERL, ENENORKIEGE L 2R
2 D. erythrospila % B L 72, ZOKE, = F7 7
A MIERGeRE KOV FIL Bgebk & I LT, E437 S
BRIZB T 2B OB RO bz, TOREPG,
E437 ¥R D BEA S B BB B AYE W & FE R A 5 5
BIEENH B I LpsmENTz. RIZT I A3 AL
L2 BETFEREZHVC, FEGEEE R ERKY
HEE L7, 12000 B iR R L D. erythrospila ORISR
BOMKE, HBEMEET Ko LRk T HEEL 7. 830
BICBWTT I A I FAHRASNIEMICBEE®E T 5
DNA B ZHRE L 25, HEREHMEFO 7O
E— —HBICHA ST, ZOHERFIZTI—F
ENTVWAEBESEHIMEFIE, TH 8B E (Neu-
rospora crassa) @) Ndt80/PhoG DNA K& FA L Y & %

DEEHRIERETTH B Vibl LHFAEER LA L X
D, VibA & &7z, vibA BIETFORBEEF72124E
WL7z&Zh, il EToMIEREERICE T 2 E T
BLUBBEROREROIRFREFEEF LS LD
Twiz. RIZ, E. festucae EA37 HRICEBRHEHR 7o € —
& — OHET T vibA % HBL S 72, vibA BRBROHR
WGz L &5, EAST MRS L CHIEEME %
AU S HOWER IS T A2HEAMPEFE LS LEALT
BY, SOUUHERFAEEEZ RS 2o M
grisea, S. homoeocarpa B X U R. solani (2313 % Pul
/LT, T, PIRERET b 72%\ E festu-
cae FILARIC vibA # BRI BH L 2L 25, WEEICH
THHRMEEZEB L. CNHORRSS, vidd 3T
YE7 74 POREYEERICB W TEEN 2RE %
) BEHHEFTHL I EHIRINL.

N
BAME~ 1 7 O/ + — LDEEFHE

MEMER X v b7 — 7 OLEHFR
WOE B
VREAFEEGHEE R RBAERERE GG AT

okd@med.niigata-u.ac.jp
N A

BaY 4, B & R e & O AT E R
e OMENSRBEINTWVS (Vijay-Kumar, M. etal
Science 2010, Qin, J. et al. Nature 2012) . #: 4 Z A
WHEOBN 25, BAMEOMESLELR EOREFIC X
5T, B MBI AENL EOEGEEERZ FHT 5
FENRFE SN EESITE . BRMEIZL 2
HRIEBEREZ RO LT HRAL OMED A B = X LR
HrgEnTsy, BllEEz 5Ly -7
TAHIA 70N 4 - AFRBFEFIEE ST
b, AEFETIX, NAFA V747 T 47 AOFE%E
BEL, Brh~A 704t — 07— 20BN M
HWHECBIARIEFAY T —7 LRREOMEZH
ST BT EEHNET S,

FiEFEHEERTY AEREMR (KEGG) F—4F N
— ALY ABRFIPREEN T LEYED T — 5
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FRBL. TRHOF—InLRHETO T 740V %
kg L7z, RETO 7740V ER, HEEETOY
ANTOREEEEEYES ) MOV THELALZDD
THhH. FRALAEWRES 2 2R REMMHEIC
LMY BHBIDERT AN ZEML, FLEYRE
ZZNV—=TL L7 ERSATOER, L, F5HP
90% U EIZR B EFTOERSEEIEL, ZOERSIC
FEONTRT P bFRET R T 7 A VEOHBEREK
FEHE L. £, REAY P2 ARLETOR
HEEFRT7TOMEEZEBL:. Zhohrsn, Rl
WHEOL 7240 7 v — 7354 9 —E RSO
v el L, 518, EHELICL - THEBEN
WEIRF & BB & OBEIC DO W T O (Qin, J.
etal. Nature 2012) (ZFIH & 17z 2 TIPSR S B & LR
HADOBHMBEED Ty 2R L. 07— %
FHRTELNIZEY 2 - VB LU KEGG Y 2 — VT
— I R=RZT v VT Lz, S50 2 BIERKEEE
LREZANE VD 2000 T TVIIHFT L, Fh
FNOEY 22— VOMBEZHEL, 1 7T)HTO
HEEERL 7.

BR-EFE2 . BRIEO L) 2EELMEYHOME
R FRINBHEICE, BETEMAEERL Y b
T— 7 BRI ELTY, OB EORICE
S TCEEPOHWAIEEICH L. 22 TERET
i, AMFRHERH#AY VT RHHICHAET S S
ET, AT LF—F <y BT LR, EFo
AEMTER LD RS> TV B, HEVIZEORE
BEEPEZBBE LT WIETHEN T 5200F L% B3
L7z, ZOME, Y2 — VEMTOMITIZBNT2
RBERRAN OB OBRE L R THREOEBRICHRIIL,
ZORBEOWHT 5 2 BAERKBIHELREY 2 — VD
FEIRBEN:. 58I1F, BonE®Ed 22— V0OFH
RKEOBBRE XHAL R &0 XD FANCHEIT T 52
Ehd5b.

4 , ™
BRE T FOTRZFEREOREEA
B E £ R
KRR A M SR BT FE
kodama@biken.osaka-u.ac.jp
. W/

Bay : BRY T UL (Vibrio parahaemolyticus) 173
ETo#tRE S BhHEEREE THH. HFEHIIZZ
NETEAREARLICI-FENE 3BFWERE
(Type III secretion system 2; T3SS2) 2%, By 71
ABPIZ L o THE SN L TRERICLHEATHLZ L
oML TE& 51T, 20 TISS2ERE L THI
FHCHEST 5775 — (effector) & LT VopV
ZREE L. FFEOBRET VopV LM b 121838
DTS2 DLT =7 ¥ —BHFHETHIEFHLNE L
oz, LaLaPs, ZROOWREEEEBREIIBITA
HENITHTH B, Lo T, AWFETIETISS2 D7
7 ¥ — DR 1T & T, REO THFHER
BMOSRETHELMITHIEHHBE L7,

HiE L BRE T 4 OBEFREKIE pYAK1 (R6K
ori, Cp") #HWTHESL 72, B F-7 25
(F-actin) #faid Alexa Fluor 488-phalloidin % vy 7.
VopC DBLT 3 FALIHEMEIZHUR 7 3 F{k RhoA Hifk %
W L 72, Rho family @ i& %1k & EZ-DetectTM
Racl, Cdc42 Activation Kit % FvyCEFi L 72, AR
AR V¥ < 4 ¥ v % B 72 gentamicin killing

assay TEHili L 7z,

ER-ER VopViE 77 F VHEEEEZAEL TS
e, BERECTIVARBREMBOF T 75 2
L7258, VopVIRTFEWN L 7 7 F v EE Ol T3SS2
KRR P VA7 7 4 N—JEH (stress fiber forma-
tion) PBEE N2, I T, VopV Lot T3SS2 =7
7 ¥ —DM5%% %2, 75 —FEHEETRE
BEERL, APLRAT7AN—RBRIIFSTHLT
75— ORRETo7. FOME, vopC BT KB
HREIGIZICB VT, BMRTROONELA MLV AT 7
AN—BEOR DY ICHPB s G hrn L2775~
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77 A N—TEE SN, VopCl REERIE MK E A
FEA 4 533K, cytotoxic necrotizing factor (CNF) ®DiF
WM EHAEEZRLTBY, EFEBRE T A+ OM
JABAEICES L TR LOREFH DT 27 ¥ —
T 4. CNF FHFE i Rho family GTPase (RhoA, Racl,
Cdcd2 2 &) KRBRTAHEDTFEG Y YV HERT 3
FAEL, £ 6 2 EEFEEEREICTZEFaoh
TWwWbZeRs, VopCOBLT I FALIEME % HE L
7o, FOREE, Racl B XU Cded2 (2 L CRIRIGICHE
73 FEEESREO O, ELICFRL ZHEEMALT
Wiz, vopC BIETRIBAE TR Nz 72850
NLT7 257 7 AN, EEEERE O Racl
FRESELIEIZLIoTHIEL. —J, VopC &
TR 2 MR A1 Cded2 @ knockdown 12 & o Tifid
L7z, BEoRicky, TSS20x 724 —Th
% VopC 1% 2 @ Rho family GTPase # & L35 Z &
&), APVLA 774 N—REEMBRALEE W
9, 2D00RLIRABIIFGF L TCRILIELDTEZDS
nre.

— 144 —



PR23, 244F FE PSR B L O B SE R i

Bhpk AR : FRk234E4 H ~F264E3 H (FHiE &
PRk 244E 4 H ~ 2643 H  (FIREAN)



IFO Res.Commun. 28
2014

s ~N
1815 % XA B Polaribacter BIE D
RENEEEREICET AR

H OB =1

RERFR AT
Yoshizawa@aori.u-tokyo.ac.jp
N\ W/
B8y SRR A KRR R 25 5
S N7z Polaribacter BMW (1 B10H) 132 0BEE 58
BECHRLESETEIN—TDO—2ThHb. 72,
Dy 7 NIRRT C Polaribacter &AM © MED152 # 2> &
JusrAu 7y (PR EEFRROPD, MR
55T PREZFHE L - EFHEKKX2EEH S Twb. PR
BT AV F - B THlaNA» S 7 v (HY) %
CAHBTLTBRMEN T Y AREEEL, £
DIANF—TATP Z KT 5 5 DIELHRER 71 b
YRV TTHB. LI L%DS, Polaribacter BNITH
T A PREIETFOXHEMER, = ANVF—2FHT 54
EHRICE L TR A LGho TR, KT
1, B BREEA O 58 L7z Polaribacter AN % Fl v
T, BORME PREEFETOFEZNENICBT S
PREETOEBEFHSMIL, KT 37X
Z F T A HOLTER KRB AR T HEET S 2
&C, WIRIEE ST % Polaribacter J& O A fEMRHA % H 1Y
£ 5.

FikAFYa< GEBKIER-15E), MHEE (ERE
JKU23EE) , PHERACR TR HE S il (FRIEOKIR 4C L
T) # % Marine Agar 2216 % i \» T EEHIE & 08k
L, 16SrDNA % W CHOMEE T o 72, HHitks
L OWEA U724 Polaribacter DO ILHEMRE VT, BN
2B 5 PREBIEZFOHEL /. PREETFOML
EHHICEFT LT 4 v — 2 flvi, £29EEI5E
BTHY 05 PREBTOFHESRLZLH/BONT 7
MNP AERREL, BT I A% o7,

FEER - ER | BEB4RD Polaribacter RANE O 58K
L7z, F-08ko18%» S, BIUBA L2
BR108k D 5 B 5 ¥kp 5 PRERFIRE S iz, o
N E T Polaribacter BHIHE 5 PREIETFIX 1 RTL»

WED R <, BRICBI S PRIEET O LB ITRME
BHTH o728, REFEIZ LY Polaribacter JEPIZ PR i
BFPIELSFETHEIHL PR o /2 Fa<iir
55 HE L 72 SA4-10 #8383 & UF SA4-12 #RiZ 16S rDNA AH[H
A 98% LIEFICH VLD ST, PREETOHR
WsBlaols, ThOD2HOFT T M7 ARTE
L, WY/ 37 A%ATo 7048, PREET 2RO
(SA4-10: #9 3.4Mbp) EF v b @ (SA4-12: #
4.0Mbp) ICHARTH ) A4 WP EL, FLEER
&, M, RAAEHAEICET B BETF 2 % W EE
AWREN/. ZThid, PREMRFEROKIIKEGEE T
FNVF—FELTHATE S0, HihwiRick
THBYRGEEIMRCAEFERRE RO R 2 R L
Twb, 5%, ooy ) AT ElL, KRR
ZVZ BT % Polaribacter JEANE @ “JeFI " A HED P
FHSPICLTWLFETH 5.

TRILVRIRE D 5 OHRIRE Z RABED
BIEF7 78— ORBNEE LB LT
bEYEEEERT 2EHEERE
BoRE A

I LS 2R2F BE S G
tnakazaw@kais.kyoto-u.ac.jp
o A

BRY D 7 AREREBAM OMRBRIESIHEY, BREHK
DRIRWRED 77 AFZES TNz, TORE, RIK
W (SRS EY) EEREERFICHE L TENRFE
HH L., S TERBINTELRKRYOMEL D E
PCE L DESRBET DY/ A RICESEAREE IR
BTHELTWOTHSE. MEHELIZFICIY Y 2
AFA v IHRICIBEDEE SN, BEETEREDL
9 RARIREAE & BGEE T 2 G L €5 2 & THBL
EYMOREENRALNTEL., FOHERICHELTD
BEICHMESATWA, L LEEIE, BELER
HBIEBROREHEEFL T THRIT5FT, &
o eI RT] OFEBRTH L. RHEEEFE
<, MR EmE LTOHMESNTWa L IRFIKES 2
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WKL TH B, £ 2 TARBIZERETE, HEVRIR
W x TR P OFETRIRE A& BE 5T O
ba A b EERFIC, ZORRBESGREEZTOLY
VAT 4y 2IRESH L, WA LD
OB Loz bDiionT, 2O Vi
4y 7RERRET A, INOEMLT, LDLOH%
REBIZH B EEBEZRFOFEEICE, LX) RF
EPENTHErE T LD, RNRRER, ke
PEZRRETHTHA ) RREHOY ) & - 2 ¥T )
LIEHAEEH L, B rOWBN LEENEETD
TEEAL - UL EROEIUCTE T % LB R
REMTHIERRROHNE T 5.
R - EFR . SHEORKRREIIBNT, RIREAEE K
BIRTF 7 7 A% —WICHETET B EEHI K+ 2 b 5
REerFEERRT. MR, 20 BREOHRTS F
A5 — OEEAL - RIRY ORI L7z, HHkIC
B L7z - KL o e EEREEFIZTTT, 7
o< F RELRE (ChIP) 12X bk X b Vs &
OCHMEELILBREIT Lz 25, LA Y OfFLER
LR TEFMELRVBBOHEIE, KPESE
MTdHh B &) IS Ep N2

Chaetomium globosum, Botrytis cinerea {35 \\T, L
Yz k7 4y 7 flEFHEOBER 2 MER L 728
B, RAWEESRPBIMIIES L. C globosum 1235
WTHRBEER L2 ENOAFRERTFOIEY 2 47
4 ZIREEMRAT L& 25, BHETHEERIIBNVT
EEHPHERCTEEGRERTFLEH L TS
BB FOMEPFEL TSI EPHRTE. 2
DT EF, TV R T4y 7 RAFPEGHERTZ
EEFH L TWB5HEICmz, MR - BEzE LT
HERICHIE L T2 RBEFFEL T»AH Z EAURIE
sSnr.
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