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1. ABFEOHE &

TERE TOMAEN OB TiL, REF 2D 1 ROMAED & Mo/ L. EROBET (A
THREEH, —BORESRMN) CTHEEZBIRVEOMEZFHMCTT LV D BRI
KELIEFEPERTH o7, LA L Woese H[130, 131\ L % SSU rRNA (small subunit
ribosomal RNA) BIZT Z4ER & LIc 3 FRMFHITFEDOEM. 5L Amann 5[6, TNZ X 5
SSU rRNA # # —7% v b & L7 oligonucleotide probe % % BN MR (FISH
(fluorescence in situ hybridization) #) OB 7 S L D BEPICHEEL W AMAEMDOREF
HIZEREGD Z EBREICR 272 2 LT, BARRUIIERE TIRE X b EIZ 272
WMEBMBFEL TVDZ LRI N, 0D, HEE TOBRIERIKT LIBITTF
ERZT TR, BRAEBRIIBT D2EROMEMOBE L2 ELICBMTIZ LITTERY, &
WOEBXERERE 2ot LK, B 25 FARZERMITFE (eg., cloning of SSU rRNA
gene, PCR-DGGE) [e.g., 24, 112, 119]03% < OREIGEA S, /AR L TIBERIC (BHESE
HINZ) EDX D RMAEMHB EDL LWFELTW2O»Rb»d L oiikot, bR
TeRIEFHIER (I SSU RNA BIZFEFIHER) 22D, TOIKROBENMEDEZFELZ
DHBEERO LAEDED2ZE T, RHSNAEMAEMOBELZHETIZ L LARETHE, £
TSIz o T, EDOREFHNERE A Z 5 ) MMEHT EDBEN» LB LN DNA ZHV
T direct amplification, cloning. sequencing {2 X BAEHT) [e.g., 107, 121, 124 ML FR0AZ
#r (eg, MAR-FISH (microautoradiography-fluorescence in situ hybridization), RING-FISH
(recognition of individual genes fluorescence in situ hybridization)) [e.g., 8, 54, 137)72 K 24l A &
FDHI LT, REP TOMRMAEM DO EBROBRRLERN LR T LA WREL 2ok, L
L. ZOBHE S NT-WMEY LR BIMEMBRIEZSHEIN T RWEEITIIRFC. 20
EM e iR BE L 22T S ZE OREPIZRIT 52 EBEOBEZM S Z L I3ERICRETH 5,
ZZTEFETIE, D FARFRMITFECIVELEE LTRHSEZ, HEAWITEE K
RREHESMAME LTFRINEMEME S —F v b & L THRSEEZ B 22V, EBRICE
DHEELZRIEL7Z, EWVIOIRENREI REINTWVD, filé LT, &BiRMEA X o REMTA
FUERGME & EERRICHIRKBRAVUEIOAHRBEMBLHBE Pelotomaculum
thermopropionicum [52]. WEPLEBBEICRIHIN TV RRLENETHEF I TV id o
72 SARI1I clade DAHE[96]. Marine groupe 1 I\ZJB 9 DHEHEMET T =7 L HIE[63)/2 ED
MR THEOBERH T oD, LPLIDX I RENE TIHMBRSEES LT\ e o 25T
DFEM DR IR~ 2R SREICEA T 280 R S e Cickkx 2T
KEBELTZEBMETH Be. g, 59, 60, 71],

HARREE. 53\ 3ka 2 A THBEIC BV T, & 2BOBAER S EMTHEEL TV
TLREEALELS BEROMAMPENVCRELERILOVWRBLEFL NS, 20
IO RBRBIZBWTHAESIL, MEEHE OEF LV IR TRV T, FUDTHRMIZ
TORBEEFEEL TVDILDOLEXDOND[E], TODEEOREPIZRIT 2MEH OB
ZHEETODITE, EOXRNRET IMEMOBREEZAOMHITIZ LIImA T, BfF (%
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FFiR

AL OBRE, MEERAZALNICTIZENEETHEEEIDND, DX RRE
AEMR OBMRME. BAEERICE L T REED £/t LizER (R L4£BRe.g., 50, 89,
106], KRR, ERPRELZBVE O BFBReg, 18,39, NI T VAT U R EOHAYE
I L7=PEEEReg, 30,62,95172 £, ZL DB LN TS, LirL, DX 52 28D
A OBRMEDS EERICBRED THEL TV 300, I-BREROMAEMBEEREICRL
TENIEEFELTWDON, TTHLMZLEFIKIZEAER,

ElLZOX I AMBOMEER L. BEOEE, RUZOREREZRETIER LR
S2TVNSEEZDLND, BRRE, 2O 4 ZRATHRECEVT, Z0REICRITS
PREEDZNRIVLFE, R OTRER EIoxT 2 REN. FHREORERFODIIT, £h#
HIZBIT DL, ROCEENOEFRREVROREN LGBV ETHELEZILNT
Whle.g., 34, 35,76, 80, 120], FrIZHBMEREEMCREKOMAEMIC X 2 LEBELREDOATH
BREIZRBW T, R OER R 2 REEILZR SICa+ 20 E B EOBEE,. HBiEoREE
ZHERFT D 2 LIERICEERBE L ZE X 0N TV 514, 34, 35, 47,109, 125], LA LEERE
DWBAEMINRECIIFET D A I = XL EREFBREIZ STV,

PUEDX 57, MAEMHE IR T OIBESEERLBITT 2ICbizo T, TOEMEE M
K& RIEEEL 725 TN B DR, B BAEMBEICBIT 52 T OMREAE MR O E) R
THD, LnwiHRE, BRHNRERREZBETI20PRETH D, LWV RIIHDEELDL
N5, ZORREGHET TIRBEMOREF TOBRRBLCHEERZHALNCTEZ LI3FEFIC
R TH D, 2 TABETIZ. O & DDOBAEMBEED b OB LTS DORBIERIZLY .
ZOWMAEYHEOKRE L ZEZFR LEATAEREBE T L2 E—0ABE L,
S DIZZ DATARBRIZBET 2B MEMRBORBCHEER 2T 5 2 & T, BEEOHK
AN X DREOLBEREDORE, B UCBEEEOMENORZERLFICETE RN RA L
SALEMRAT I L 2B ENE L,

2. BEZFEMDFEL O —ZAGBRIAEYEE (original microflora) [45, 140]

AT TIE, EVBEE L ZERZ P EHOATAERROBEIER T 50 0OMAEMIR &
LT, Haruta H4S[IC X o> THRESNICEDR V0 — X5 H T D RERMAENIE
(original microflora) Z{Hf L7,

original microflora DIEFERE % Fig. 0-1 I/~ 7, original microflora (Xf&i> b DHERILER &
BAMIR Y LT, WA AR L Lzt (PCSFP HEi, A1 Hik 1@B8) 2ER L.
MAERZRYVEBETZEICEI VBRI, HIEDRY TV 2EHICERE L, 50°C, #5K
FUHETCHRERELZBIRY L. HAD LITRKOSMARLNE, LML ZTALR
TEAEMRE L, BREEREZRVIET O bIIEEORRE 2 K> T LE YRR ERHETH-
2o TOESLTHELNEBRORLZERHELEESDY TRRICHREZE2BZ o
EZ A, MREEZBRVRLIB IR > THRESBEES KON R WRE RIMEMEE

(original microflora) 3% 57z,



Frim

original microflora [3f@#> b & FRFEIR & L 7551 (PCS-straw B5 L $1EL & F7 1% 1(2)B ) . 50°C,
FRAFERETORET, 4 BRITH 50%. 8 BREITH 80%DFab L& 45T 5IZEDFE
A —RARESNER LT\ (Fig. 02), ZOSMRENIL. BVl o—R5ReELE T
SBEENAME  (Clostridium thermocellum) DFHEE XV bHFBIIHEVIMZFE TH - 72[140],

original microflora Df&1 b 3R DFFITIC L Y LT ORBRAMANE LN TV, original
microflora D b 43 ffBFRIZI51T 5. pH. oxidative reductive potential (ORP, FE{L&ITENL)
DRFERR % Fig. 0-3 127, pHITHEEMPIC—RIET L (BAro— X5 B
BEAERKIZ L 20D LHRIND), ZOHPHFHEIZE TLER L7, original microflora DS
DEPEFFIZIBNT, 2O XK 5% pH DEIEBRH OIVRWHENREE ThoToZ &b, Z
O pH DB X original microflora DEEZRFHA TH D &E X DD, ORP EIIHFEFMGERF
BI&IZIE-400 mV BIFICETET L, Z20%LIZEFLDORELZRL, BREDIIHRKHT
HDHT ENRINT,

original microflora Dffd b FRBRIZEIT D, A — R HGHEY OKBHERE. 70
a—R, x=F )b, B BEEE) OFEERE MBI EFIE1T) % Fig 04177, fibb
SHRIZAE - THIH SN 2 ERIEERIMIT—RHOICER T 382 0%BER I, b
D DOGFRRAE D EMDBHEIND Z EH, RIEGMO—EHTHLLEX DN,

original microflora 76 B FOEER. BIUHME IR S, orginal microflora
FEMHEOLNOREBETH D Z LHB/RENT, original microflora 7> DNA 2 L.
HIE D 16S IRNA BEFEINEF—F Yy M LET 74 ~v—%2HOTPCRIBIEZ B Z 72\,
% DPEY % denaturing gradient gel electrophoresis (DGGE) 5 (Mf#t & Hik 5 28) 2 X Y AReT
L7-#EF% Fig. 0-5127%, HSIEME (Pseudoxanthomonas J&. Brevibacillus J&. Bordetella
B) \OE&EREINCMZ T, MKMEME TH 5 Clostridium J& OME A& LB LfE L
L ThriH &4, original microflora IZIZEFRMEME & HKHMESEKFE L TWBHZ LAREN
7=

¥ 7= original microflora {3 &R BB OREMRITECHELIC R L TEWERENE., FHEEZA LTV
7z, original microflora I3E+EIZ 7= 2MIFELHBERFOHRTHLEDb bR EL BT —R 55
FRREZAREF L TR Y | £7- PCR-DGGE fi#tT TR S 3 MAEMREIC L EiTA b o7z,
ERRLY pH THRZBIZ2WED pH B Z T2 L 2 A, BRI —EPiEfha
12729, £O% pH 6 fHIIZE T—RZET L, ZOHBLICEF LT Vo, iR
R HEB L2 R LT (Fig0-6),
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Fig. 0-2. original microflora (= X %@ & 7p#f, HE# X PCS-straw 5, 50°C,
HEBRBRETEB IRk, HPEDO7 7R I@REREDO . bun—/,
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Fig. 0-3. original microflora |~ X A& & 3 ff:@F2L @ pH, #{LR (I (ORP)
BERR (BEC45]1L D), K53 1T PCS-straw K5, 50°C. 4R ERIF
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Fig. 0-4. original microflora |~ & Z5&b b MBI 5517 B &5 (KEHE,
Ina—A xH)—N, LB KlE) OFEERER (BETRH51XY), #
F&1X PCS-straw 5, 50°C, HFRBERHF TR 2o7,

35%

Fig. 0-5. original microflora MfEdH & AR D
PCR-DGGE MR (BE LM45)1L V), H®
iX PCS-straw Hf i, 50°C, HFRpERHE TR A
alz, &3 FOEERETINL L WM VHEFENE 27
L-BEAf ST L ToM Y (FEATHEE) .,
Band A: Pseudoxanthomonas taiwanensis (100%)
Band B, C, D: Brevibacillus sp. Riau (94.1-99.4%)
Band E: Bordetella avium (94.9%)
Band F: Clostridium thermosuccinogenes (100%)
Band G: not assigned
7L Band G [ZEOMHTIZ LY | Clostridium
straminisolvens CSK1 Bk D3 I L B,

HRARERE TR Ik,

Of S
ol g 1 e
o8 = &
0‘@.- n
L 0%
2 3 4 5 7 8 9
DAY
10
9 =
8 L~ PP ———==ts
7 ¢ -
N ASY=
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Fig. 0-6. original microflora % 572 % ¥ pH
(5-9) THE® L7 L & DRI pH OB (B
% CHR[45] & V), B3 X PCS-straw HE i1, 50°C,
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3. MAEPBHECL B0 -5

T n—RIHEY NS A AOERERDOH 50% 2 D THEY, KR ETRVELFET
LEBMETHD, TEBARERECRTSEXREEY. FEMOHRHENSZTIPELT
b, ZOEEOHN 50%ITEL0—RATHEEEDLNTVBR0]), 20X KBRFICEEIC
FET LN a—R L, EBEVWLESES>WEERF>—FH T, BEOZIN¥—, BRABHE
RREGEMABOMAFERE LTOFIAMRLRERTHS. L b2 LHTES, L
H—2R{3, D-ZNNa—2H B-1-4 N ay RS THER o7, BENICIIEMRZELTTH
5, LALBALHRREICRIT2 L0 —ROKEHIL, BRI DMASEISFERICE
B REHEORRMEMEME L LTHEEL TV [12], S bICoEMBRRS. TRbb~
IEAE—RRY oL, BELERE (V7 Ern—2) KHBIET, Shic
SRENREERIRETHEEL TV 121, F0EHY 7)) o —RERERICERELST L.,
DR, APFHTERICEELRREL LTI DA TWVW3B]20,43],

V7 ) ero—RESMRRTHHEY. BLXUZOBEREE (cellulase, xylanase. peroxidase
2E) IZDOVTHI, B HOEL DFEBRINTEY [eg, 13,37,48, 78], HiiE. AmH, &
MTEREOSFIELISHENTWS, L LEMOMAYMCEER CHRRBERDY 7/
EA TR BRI B, MBI R L o 7 HLEE LI R BT
LSORBRTHD, EO—FTHRRILBITSH Y 7/ wru—ROSRIIEROMEY DL
BHEAIC L o TITON TS L ZBEXbNTW3, EEERICELV—ISfED L. KT
RENO—RABBEVZRET D L) RFEL Lo —IGRRBEY (eg, KRBHBMEWSS,
128], FEHERMAEM(T2, 86, 94, 123])) L DERAERIZLIV EA O —RRMEHEREDOND,
VI BELRINTWVWS,

ABFFCIL. original microflora 7 b 4l LI BN DB AIERIZ L » TEPHEL LT —R
SREEAETOIANTABRELBEL, TORNLEL TREBOMEDIC L 2L —20D
BRI IIRD A T =X L& -1,

4. WEDBEORER LMEYR XY U —7
ARFOLSEFIZIBNT, 2 MOAYKOBREILITO 6 ¥ —IZH5BEINTW3leg,
144, 1451 ; () EWZFIEZ 5245 THEFE4A], Q) B E > TERAIR, BFCRELE
25 &, FEI. G) BZIC L - TIHRIRE, HFCIRELZEX 2V THFEE], @) @
FLBHBIWELZEXE D THBF. BEl. 6) B Lo TEIELRIRE LRV, BRECREE
523 ThEERL. (6) ME L bICEERRW ThER ), o0& ) 2BFREE. MEHO
HERATHERBRICALND LD TH Y REEDZ I L2488 (FF)) 3£4BRe.g., 50, 89, 106].
REW, BRBERELZEBONE IHSERleg, 18,39, NI T VF LR EOHEWEZI L
TeHEER (REER) [eg.,30,62,9512 8, L DEIBMHFTENTNS, L, £DLD
72 2 MOMADM ORI ERICREP THEL T 500, EREFOMEDIERS
B LTENZERELZRIELTVEO0, ETHLMCLEFIKIZEA LR, FE

11



Fr i

BROBIEP T, EFRO K 57 2 BRI OBHRESCHEERIISHH TRAERbOTRAL B
BERFKF LB, FIENRbLOTHEEEX DN Bleg, 26, 62], & DICHEEKOMEE
RDESH, RET DI LITE>TEL 2RENRZEMR (EBEOSTF CIIRHEDER. Ml
MEEREFEIN TS, P AR BRICKELEX 52 L TBENCRIZE X HHE
ZELGEE, BEARLO)SE2LED, AL CHEOBEEN) 2, £BHEDF LTI
RREEDOHERICH LTHFECEETHLZ EWREN TV B[eg, 62, 91, 108], ABFED B
HD—2>Ths. BEMOMAVPRBIZHKGET I AN =X LOMADEDITIZ, TORX Y
N—EOBRE, HEERAOXY NT—7 (MAEHMXY hU—2) ZEBLTNL Z LM
BETHDLEEZOLND,

Z Z CTABFFETIL, original microflora > & 738 L 7= AWM DRAERIC X » THER O
AEMPLEICHFTIATERERZEBEL, TOMAEWR R Y FU—7 OIT 218 LTEK
BOMAEMPRECKETIAI =R 22T,

5. ABFFED HHEY

AR T, BB —ANMHEELH T DLERMAEWBE, orginal microflora Z 41
BHE LT, TOMERA U N—Th 2MEDOMBSEEZ ISR\, EOSHKE VRS
H5#I1Z X o T original microflora 383 28k, ThbbEMR A0 —2SREEL ZEMES
BRELIEATARRZBETIZL2E—0BMNE L, EDICEDANTAEROMITIC X
DEAAN—DBEHENTRIETEE, AV S—ROBRERHERER G4EwExy by —
7) ZHLNCT DI LT, MAEDBENE VB EYHRELo—25M) 2RETB A
A=A 5, BRUOEBEOMAYNEECHTETIA D= AL 2BAT L2 EE L,

12
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1. i
(a) PCS K3Hh
PCS 5511 original microflora ZHHT HBRICHEMA SN TVIZEHTH B[45], ABFETIX

original microflora, {EAHEFER. FRMESBERR DR U1 L7z, PCS 8 BAMRL %
Table 0-1 {ZR 4, {#9 2 RETULEER O BIICR CCEE L, $722 OBED CaCO, 3N
DHE., P18 pH FOFEZLUTICTRT, TEREFH T CEETIEAICIT. BaA
L-cysteine HCI'H,O % 0.5 g/L.. B&{tB L5 ~3E resazurin % 1 mg/L #IM L 7=,

* PCS-straw Kih : JRFEIRIT 10 g/L OFfido b (A APFED Oryza sativa subsp. japonica DEERSy
LML, 1 BAZETKBET P U LAKER (1% wv) &L, I<KTHERY. B
EXEBREERTZH D), CaCO;HM, pH 8.0

* PCS-FP 553 : JRFBEIRIL 10 g/L OYeHK (Advantec quantitative filter paper No. SA (Toyo Roshi,
Japan)) CaCO; ¥/, pH 8.0

- PCS-ethanol 5HH : [RFEJRIT 0.5g/L DT F ) —/L, CaCO;EFIN. pH 7.2

» PCS-basal 54t : [RFEVEEAIM, CaCO; EHMM, pH 7.2

Table 0-1. Composition of PCS medium

g/L
Peptone 5
Yeast extract 1
NaCl 5
(Carbon source) (0.5-10)
(CaCO5) 2)

(b) tryptic soy broth (TSB)# XK1
TSB 55T TE R R BMED I TIEME ORERIC AN HERH S a5 ThHh 5, AT
SR OB ER L7z, TSBEXEH (pH7.2) DK% Table 0-2 (2R,

Table 0-2. Composition of TSB-agar medium

g/L
Pancreatic digest of casein* 17
Enzymatic digest of soybean meal* 3
Glucose* 2.5
NaCl* 5
K,HPO,* 25
Aga_r P T TN 15

*These materials are originally contained in Tryptic Soy Broth (DIFCO).

14
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(c) VLG EXEHh

VLG BT R A iUk KA DB — R SN 35 ThH 551, 139), AHFRET
X R D BEBR OIRR A4 T COBRERICHEM L1z, VLG EXE#h (pH 7.0) DK% Table
0-3 IR,

Table 0-3. Composition of VLG-agar medium

g/L
Peptone 10
Yeast extract 5
Meat extract 2
Glucose 10
NaCl 5
L-cysteine'HCI-H,O 0.5
Agar 15

(d) DSM502 5531

DSMS502 541X Clostridium thermosuccinogenes D453 BE\AEF] S - TH 5[27, 147), &
WFZE T iX Clostridium straminisolvens CSK1 Bk D 238, 35 X O} Clostridium sp. FG4 B O¥ERIAtE
ARBRICHEA L7=, DSM502 35 (pH7.0) DA% Table 04 {2739,

Table 0-4. Composition of DSM502 medium

per liter
NaCl 120g * Composition of vitamin solution [49]
MgCl>6H,0 040g ® Composition of trace elements[93]
CaCl2H;0 0.15g mg/L —
- per lite
NH,CI 027g Biotin 10 - <
Folic acid 10 HC1 25 %) 10ml
KHPO. 02lg FeCl-4H,0 15
Na,80, 0.10 g Pyridoxine-HCI 50 , 012 2 76 g
Na,HPO,* 266 g Thiamine-HCI-2H,0 25 s mg
) Rib ﬂ . MnC12'4H20 100 mg
KCl 030g oflavin 25 H ¢
NaHCO,* 250 g Nicotinic acid . 25 sBO; mg
Yeast extract* 0.03g D-Ca-panthotenate 2 CoCly 65,0 190 mg
Casamino acids* 003g Cyanocobaramine 0.5 I(:;ugllz 211;2(()) 224mg
Na,§-9H,0* 0.15g p-aminobenzoic acid 25 1C1;6H; mg
Resazurin 1 mg Lipoic acid 25 Na;MoO,2H,0 36 mg
Vitamin solution ** 10 ml
Tl e el SOt 1 1 ml * First dissolve FeCl, in the
race elemen
HCl, then dilute in water, add
Carbon source 5-10 g

and dissolve the other salts.

* Sterilize separately stock solutions of Na,HPO,,
NaHCOs, yeast extract, casamino acids, Na,S,
vitamin solution and trace elements.
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(e) PY K5

PY BEHuIIEE A R R AME M O3S — R E A Sh BB T B[51, 139], ABFFETIX
Clostridium sp. FG4 BRD 55 B, Y53\ U7=, PY K5 (pH 7.0) D&% Table 0-5 {277,
RFPR L LTIL. glucose, fructose, inulin (FBDIRIZEL SFENDEHE. £ & LT fructose
D B2—-1 HEEP LR INDE) ZFEALE (ENE4 PY-glucose, PY-fructose, PY-inulin %
&KL,

Table 0-5. Composition of PY medium

per liter * Composition of salt solution

Peptone 10g gL
Yeast extract 10g CaCl, 0.2
Salt solution* 40 ml MgSO, 0.2
Resazurin 1 mg K,HPO, 1.0
L-cysteine'HCI-H,O 05g KH,PO, 1.0
Carbon source 58 NaHCO, 10

NaCl 2.0

(f) IAM B46 553h

IAM B46 B 347804 = v 1 — X 53 M 58 Clostridium thermocopriae DISEH DISHTH D
[56, 138], AHFFE TIX C. straminisolvens CSK1 $RDETERER, I X U Clostridium sp. FG4 Bk D
SRECAER L7, 1AM B46 15 (pH 7.0) DK % Table 0-6 12579, IRFEIR & LTI, glucose,
fructose, F 7= inulin ZfEH L7z,

Table 0-6. Composition of IAM B46 medium

g/L
K;HPO, 4.4
Urea 1.5
(NH,),SO, 0.4
MgSO,7H,0 0.5
CaCl,-2H,0 0.05
FeSO, 0.001
L-cysteine'HCI-H,O 1.0
Yeast extract 6.0
MOPS* 20.0
Carbon source 10.0

* 3-(N-morpholino)propanesulfonic acid
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(2) DSM122 ¥

DSM122 554113 C. straminisolvens CSK1 ¥k D E#FE T & 5 Clostridium thermocellum D E @ s
HTH 5[102, 146), AFFFE T3 C. straminisolvens CSK1 Bk, 3 X Ut Clostridium sp. FG4 ¥R D%
FIZEM L7z, DSM122 5548 (pH 7.0) D#Rk#% Table 0-7 \27R9, C. straminisolvens CSK1 ¥k
DERIIRFRE LTEAT -7 F— (Avicel® (Merck), 5g/L), J# (10g/L), b L
- < i cellobiose (5 g/L) 2 L 7= (£ 2 DSM122-cellulose. DSM122-FP, DSM122-cellobiose
B & KEC) ., Clostridium sp. FG4 BEOREEIZITIRFIR & LT fructose, F 7213 cellobiose % {5
HBL7,

Table 0-7. Composition of DSM122 medium

per liter
(NH,),S04 130g
MgCl;6H;0 260g
KH,PO, 143 g
K.HPO, 552¢g
CaCl,2H,0 013g
Na-p-glycerophosphate:6H,0 600g
Yeast extract 450g
Glutathione 025¢g
FeSO,7H,O 1.10 mg
Resazurin 1.00 mg
Carbon source 5-10g

(h) gellan gum A U7z B kR vERL

gellan gum (X Sphingomonas BMIE VS EA T DN TH V [44, 101], FiR, B, 7
NV EEGETHHERTET, ZOFERAELEVZ &0 bHICEBBREMAD DR OB
ERXR (agan TR D7 MEFN & LTER SN D, S HROMB R LO—BKREICRBVWTH,
gellan gum Z 7 NALHI & LCTHERT 5 Z & Tagar M LIRS LV LEERAIRE A M
DTS, LOBELRENTVWS[22, 60, 115], ABF% T Clostridium sp. FG4 ¥k D 538
WZBR L. agar OfX3> D |Z gellan gum (gelrite® (Wako chemicals, Japan)) 245/ L 7= B %
ER L7z, gellan gum ZfEM U/zFEEEHIZ. 1% (Wwv)D gellan gum, #&EE 10 mg/l @
CuSO45H0 ZHERIRICHEML, F— F 7 L—TRERICHR T TR ¥ 5 & TER L
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2. BEESAF
AR TIXFFICHRE L2V R Y EERIIE T 50°C TR Z 2o 7,

(a) FFRAEILE

original microflora, IR&HRR, HFXESEEKIZ, FFICHRLRVR Y FRBELRM TS
L7z, BREBIIT. MMEEARRE (¢40X170 mm, for 70 ml scale) . 50 mlBERY Fo v
Vo Fa—7 (for 30 ml scale), A7 Y a—F % v 7 OERBRE (¢16X100 mm, for 4-5 ml
scale) DWTNLEERA LR, BREOBIZIZISEE2BEDIRELT, [ENKRKREBETS X
Mz LT,

(b) FRIRE 5 55%%

7/ 2 DNA Hhit 72 Sic it 5 2 72D O [ESBER ORISR E SR TR I ooz,
BEEBIITRARE (forS5mlscale), b L IR A7 F A= (for 50-300 ml scale) ZfEMH L7z,
SV a2 ER L, 100-150pm TIRE 5 LTHEEE LT,

(c) BRSHEE .

C. straminisolvens CSK1 ¥k, 3 X W Clostridium sp. FG4 BRDOER Y o\ iZ, BEARN 32T
R[F ¥ >/ —Anaero Box Hard (Hirasawa works, Japan) Z{#H L C. K& G T B I o7,
HRTF ¥ N IRRIBE T R (90% N, 10% Hy) THik Xiv, NEICKE EBRLZRGS
TOMMELPBS L TEREAREZREY T, KR ICHEA T 2EBICITETH

(Glutathione, L-cysteine-HCI-H,0. Na,S DV B E L. F— F 7 L—7RE%ICHK
KT ¥ NN TEEFRFHE L GRIob Uis, £ iR T H R resazurin % 730
L. FAEZELTWRWEH (TRLLETREBICH D55H) OLEERICERLE,

(d) ZERARABRIC L DRTIER

C. straminisolvens CSK1 ¥k, 3 X U Clostridium sp. FG4 BRDOMEERIT. HABEBIZ X 55k
K[EEE TR I 2o7-, HEEBRITIL10ml BFNA 7TV (for 4-5 mlscale) ., b L < X 50 ml &34
7w (for 20 ml scale) Z{EH L7z, AT v —NTEILU LicEICE L EfER. N1
TAETFLILE, BEOTAIXyy 7 THEH L, EBEVAEAMELEE (Sanshin
Industrial, Japan) IZ& Y &HHZ 100%ZER T RICER L, FEEBI2oTk,

(¢) Anaeropack %[l L 7= H5ns%
REBERDEIEFHET CTOXEE. C straminisolvens CSK1 BkD &)L 11— 2 538 FE DR,
HRESRERR ORI EHF T CORERIT, BERRI - ZBLRFEFZEME Anacropack®
(Mitsubishi Gas Chemical, Japan) Z{£H L THRRRH T TR I 207, BERBITIIAHE@D
FRFEER L FROEMBERRRE. 27V a—Fx v T 2ERREOVTIIZER
L7z, ST-2BOTREBOREESR % Anaeropack & L B2V —, b LLRIANTF ARy JIZA
NEBARBICLTER2 B I 2o,
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3. REGEROBEE
(a) AITEEE

SRS BERRIL PCS-basal BT 18-24 FFRIFRAHER R LI b O 2 M L, Clostridium
sp. FG4 BRiX PY-fructose ST, ER NV ABBIC X 2R EHF T, 4-5 BREREL = b O &
H L7z, C. straminisolvens CSK1 ¥ki% DSM122-cellulose 35 T, R T A BHIZ & 2HKEH
T, 45 BREER L bOZRERLE,

(b) BEEE

RAKEROERITIX PCSFP 2R L, S0BROREEREZ ZNEN 1% (VW)
FTOERBL., FREBERGFTTEELE, ZZTHRELLREASEETRS st generation & EH
35, 6 ARIESE LRIk E B LWISHNZ 1% WWEBERET 2 Z L TSR LT, 20X S
W LUTHERISRZ 1| ERBZ 2o 7-B4E % 2nd generation & 95, UERIERICHRIERE 2RV K
L. ZEHOFMERLZ 2 o7,

4. DNA HhiH

PR EE U= OB, B I UEAEERN DD 7 - DNA O, Zhu H[136]9 benzyl
chloride #:% —¥&KE L= FEIC LV BIZRoT, ZDH% RNase. I X U8 polyethylene glycol
(PEG) ALEE[104]2 B 2722\, B&#KAY72 DNA 3> 7V #757-, DNA IBEEIX 260 nm OWLE
ZRETHZ ETHEHLE,

(a) DNA extraction :

LAF benzyl chloride ¥1Z & 5 DNA i Bk % rd, LBIZIGELT, 50 ml BELF 2—7
EHEALE 10EORISA T —NAVTHR IR,
(i) Bif&% DNA extraction buffer (100mM Tris-HCI pH 9.0, 40mM EDTA) 500 pl (= %%
(ii) 20% SDS 50 pl, benzyl chloride 300 pl Z &N, RE L7224 5 50°C, 30 A ¥ =2_— 1+
(i) 3M EERET F Y U A (pH 5.0) 300 pl 2500, K ki 15 RIEE
@(iv) 3L (4°C. 15,000rpm, 10 4y, LLFR#R) L. k&% Tus saturated phenol 600 pl 20,
BONICRABRE
(v) B L. ERE% CIAA (chloroform-isoamylalchol(24:1)) 600 pul 2N, LB G B
(vi) =0 L. ERE% 600 pl isopropanol {2 FAN, FZLITBREEEMR L, 4°C, 10 HEEHE
(vii) 3E D> L" EFEEBE T, # 70% ethanol 800 ul % Fehn
(vii) 2O L, EFEEZE T, <Ly MEBET TR
(iv) TE buffer (10mM Tris-HCl, 1mM EDTA) 100 pl 235/, DNA 2@ s %5

(b) RNase treatment
() $EBEHSHR 100 pl 12 RNase A (2 mg/pl) 5 pl 25
(i) 37°C. 30 pflA »F 2=—}
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(iii) 2XPEG (20% PEG6000, 0.6M NaCl) 105 pl Z#s/n

(iv) BO L, EEZEE T, # 70% ethanol 500 pl % #A0

W) EOL, EEEZHE T, _vy MEBET TR

(vi) TE buffer 100 pl Z#M, 4°C, 1BEFHE L CDNA ZfiEI 5

5. PCR-DGGE fi##t

denaturing gradient gel electrophoresis (DGGE) {Ei3#%RE “AS{ZEMA| (urea, formamide) @
BREABRZSTERITIZINT I FINVEER L-BERKENETHY | [E Uk SO DNA Bt
H&ZDESIDOENTHEET 22 LB TE 5, FEIIEMANIC X VE2MRE L 7~ DNABTH O
WEENBL 2D Z EIZESHTWS, BEFIOEV (ThbbHkT2MEHDEN) ITX
Y RSy AREE T D EMFIRENRZR B DT, DGGE DX NV EDRRBAEIZ/NY FE LTHRH
INBD, ABFFE TIE Muyzer b DFE[82]1% —HIE L7=51E[46, 141112 & ¥ PCR-DGGE ###T
BRI oT,

(a) PCR IZ X 5 16S rRNA Bfn T I EHHIK 111 O X8R
PABELE D b benzyl chloride ¥ (BMTEtL FiE4) WXV LADNAY I ALET T
L— 1} & LT, polymerase chain reaction (PCR) {2 D #i 16S rRNA &f=T DA EFEIR 1
(positions 341-534 according to Escherichia coli 16S TRNA gene numbering) % 3808 L 7=, PCR iZ
AmpliTaqGold™ (Perkin Elmer, Japan) Z{#H L C. Z£D 71 h 23—/ /UZHW I Z 72 o 7=, thermal
cycler iX Peltier Thermal Cycler PTC-200 DNA Engine™ (MJ Reserch, Japan) % {#f L7z, PCR
RIS DR % Table 0-8 2R, 7T A ~—IL357F-GC & 517R (Table 0-9) % fHA L7z,
PCR IS TIORTIRERG TR I ko7,
95°C 10min
(93°C 30sec, 65°C 30sec, 72°C 1min) X 10cycle
(93°C 30sec. 60°C 30sec, 72°C lmin) X 10cycle
(93°C 30sec, 55°C 30sec, 72°C 1min) X 10cycle
94°C 1lmin, 55°C lmin, 72°C 5min
PCR PEMIX 2% agarose gel ZfFEH L 7= ERIKENEIZ L VW RESE L. QIAEX II® Gel Extraction
Kit (Qiagen) & & D #BHE. Wi¥E L7z, Fluorescent DNA Quantitation Kit (BIO-RAD) (2 X Y #
FE1% D PCR PEMI#REE Z# B8 L. %9 100 ng ® PCR M % DGGE fEHTICHL LT,

(b) EXIKE), Bufa

AR CHER L=/ vz, EHFIEEAEICMZ T polyacrylamide D¥EEAE % H it
double gradient gel [21, 46, 141]% . Gradient Delivery System Model475 (BIO-RAD) % {ERH L T
fERR L7c, A% A Xix 16 emX 16 cm, EE 1 mm T, BEARZZNLN 6-12%W/)
acrylamide - N,N-methylenebisacrylamide (37.5:1) & 35-50%ZtEH] (100%i% M urea, 40%
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formamide) & L 72, E A IZ iX ammonium persulfate (APS, & B E 003%) &
N,N,N’,N’,-tetramethylethylene diamine (TEMED, #&BEE 0.06%) 2/ L7z, U = /MZI3EM:
Fl & E 22\ 6%(w/v) acrylamide - N,N-methylenebisacrylamide (37.5:1) Z{#EH L7,

ERYkENL DCode™ Universal Mutation Detection system (BIO-RAD) Z{Ef L. 200V EE
JE.61°C T 5 K136 Z 72 o 7= 3K BN/ » 7 7 —IZ1X 0.5 X TAE buffer (20 mM Tris-acetate (pH 7.4).
10 mM acetate, 0.5 mM EDTA) Z{EMH L7z, BRKEME T, 0.5 XTAE buffer C 10,000 {Z#7
#R L7z SYBR® Green I (Molecular Probes) C 30 43f#14u£2 L, Gel Print™ 2000i (Genetics Solutions,
USA) MR L= PV AA NI X—F—THBE. BELBI ol

BEIS LTI BNY FE8)Y L, QIAEX II® Gel Extraction Kit (Qiagen) Z{#/H L
THNAH 5 DNA ZffitE L, PCR (BEHE HiE 5(a) CTHEE L. TORERIIRE (b L
HiEe6) 2RIkoT,

Table 0-8. Composition of reaction mixture of PCR for DGGE analysis

ul
10 XPCR Gold buffer 5
25mM MgCl, 4
2mM dNTP mix 5
Forward primer (357F-GC, 45pmol/pl)* 1
Reverse primer (517R, 45pmol/ul)* 1
Ampli Taq Gold (Sunit/pl) 0.1
DNA solution 0.5-1.5
SDW up to 50

* Sequences of these primers are shown in Table 0-9

Table 0-9. Bacterial universal primers used in this study

Primer Sequence (5°-3°) Position®
27F AGAGTTTGATCCTGGCTCAG 8-27
357F-GC GC clamp®-CCTACGGGAGGCAGCAG 341-357
515F GTGCCAGC(A/C)GCCGCGG 515-531
517R ATTACCGCGGCTGCTGG 518-535
907R CCCCGTCAATTCCTTTGAGTTT 907-929
968F AACGCGAAGAACCTTAC 968-985
1512R ACGGCTACCTTGTTACGACT 1493-1512

* positions 27-1512 according to Escherichia coli 16S TRNA gene numbering
® 5°.CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGG-3
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6. 16S rRNA BIc T #H1E & L5 T RN
(a) PCR IZ X % 16S rRNA B&{=F DORIE
H 57 BERR D> © benzyl chloride #& (AL FiE4) WX VML DNA YV T2 T 7L
— ;& LT,PCRIZ LY 16S rIRNA BT DIFIE LK (positions 27-1512 according to E. coli 16S
1RNA gene numbering) #¥B L7, 774 ~—IX27F, 1512R (Table 0-9) [25]ZfEH L=,
PCR IZUTICRTIRESRMH TR I o ofe, ZTNLUSMIMEL L Fik 5@ ERBORBG TR Z 2
27,
95°C 10min
(93°C 30sec, 55°C 30sec. 72°C 2min) X 30 cycle
93°C Imin, 55°C lmin, 72°C 5min
PCR EMiT 0.8% agarose gel A L= EKKEIEIC X VSR L. QlAquick® PCR
Purification Kit (Qiagen) K ViR#HE, BE. M7 v —%2 BT Ro7,

(b) BEEEIIRE
@ THEONZPCREH%E T 7L — b & LT, Big Dye™ Terminator Cycle Sequencing Kit
(Perkin Elmer) %2 L . sequence it~ 2 3 Z 72 o 7=, 16S IRNA B =+ DIEEASIPEIZIL.
754 ~—27F, 515F. 968F, 517R. 907R. 1512R (Table 0-9) [25]% A Lz, & DEMIL
ABI Prism™ 377 DNA sequeancer (Perkin Elmer) THEHT L 7=,

(c) RMFHIMT

O)THRLNE=ELBEPRD 16S IRNA Bz FHEEARFI1EHIX. DDBJ nucleotide sequence
database IZBE SN TV SELFIH b BLAST [SIIC KV HHRAKEEZ AT HESIZRE L=, C
straminisolvens CSK1 #RiZBi L Tid, ZDORMFEHNRNMBE LA LMNICT B8, Clostridium J&
DT BFFEDELF & | CLUSTALX (version 1.81) [11812HERH L TV FINT FA AV b 2B I 2
V), MEGA (version 2.1) [65j % L T neighbour-joining 5[103]i2 X B RHEBOIER B Z 7%
o7, VERR L 7= 5ut D15 §R1%E 2 R 3 5 72 ® O bootstrap resampling I Felsenstein 5 #:[33]
b &3 1,000 El#R VIR LT,

7. DNA-DNA 8[R8k
DNA-DNA HFMRBIL, RAEKSREBT 2MERET 5 ) LCROERVRBRTHY
HICHREERET SBRICIE, BEFOM L O DNA-DNA HRHRRSSATH S, DNA-DNA
BRSOV TIHEBRRE S BMEEZBRC XV, I 70%H 2 W ITZ Ll Lo DNA [
BEADLEREET) EEZEINTVB[126), AFFETIL, Ezaki bOFER2NTH & D%,
B-galactosidase Z{FH L=~ A 7 27 L— MEIZX Y DNA-DNA HHRIMRBR 2B Z ko7,
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(a) %'/ 2 DNA OFEH
AEBRIZEER LUz C. straminisolvens CSK1 8. Clostridium thermocellum 1AM 13660 ¥k E. coli
K12 Bk2>5 @ DNA flitH X, benzyl chloride ¥ (B1EtE FHik4) ik vBI o,

b) <47 aFL—F~DF—% | DNA DEE

(i) #BE# D DNA % TE buffer (10mM Tris-HC], ImM EDTA, pH 8.0) T 100 pg/pl {2 FR%

(i) PR TS HEMBE L, 2EbIkkPTa%s (DNA OBREMH)

(iii) PBSM (PBS [137mM NaCl, 8.1mM Na,HPO,, 2.68mM KCl, 1.47mM KH,PO,, pH 7.4] with
100mM MgCl,) T 10 pg/pl \IZFHR ,

(iv) 96 KA 7 a7 b— DT = )UZ 100 pl o438 (FHEK 58T D)

(v) 28°C, 3 BFRAE

(vi) IBZEE T, 45°C TIRFRIKE. BB w5

(© 74 PEFAFUIZL D7 0 —7 DNA OIEH

(i) a—7 & UTHERT 5 C. straminisolvens CSK1 % DNA % BEZRE /K T 500 pg/pl IZRE
(i) DNA & 10 pliZ, 74 M EAF U %#KR (1 mg/ml photo biotin acetate) % 10 pl HA, BE
(i) k. KRS BRI, 20 HbE |

(iv) 100mM Tris-HC], 1mM EDTA (pH 9.0)% 80 pl #sin, &S

W 1-7# =100 ul 25N, L BE

(vi) =L (15,000rpm, 108, FiR) L, L (1-7% /—1E) 2K<

i) 1-7% ) — i E b 5 —ERZ 2D

@ N TIFLE—ay

@) v NAT YV F A= 3 %K (300mM NaCl, 30mM trisodium citrate, 1 g/L bovine serum
albumin (BSA), 1 g/L polyvinyl-pyrrolidone, 1 g/L ficoll 400, 50% (v/v) formamide, 100 pg/ml
denatured salmon DNA) 200 pl % (b) T DNA Z#&H L2V = VIZHHE

(i) 37°C. 30 IR E

(i) 7V NA TV FA BT a VBRERT, "M TV FA ¥ a iR (T4 T Y5
H—¥ 3 VIRIZ 25 g/L dextran sulfate & 2 pg/ml D(c) THAEL L7245 DNA 7u—7 %2 &%) %
100 pl 92531

(iv) —VTHEE L. 45°C, 3 BFfiIRE

) #EZ#E T, 1XSSC (150mM NaCl, 15mM trisodium citrate) T 3 EI¥EH

(e ARV RTETUORE

(i) Streptoavidin-B¥E A% (1 U/ml streptoavidin p-D-galactosidase, 0.5% BSA in PBS) % 100 pl §°
DHE

@ii) 37°C. 10 HyFEKE

(iii) Z T, 1XSSC T3 E%kHE
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() RE

() FIEEEHW (4-metylumbelliferyl-B-D-galactopyranoside 1 mg % 20 ul DMSO IZ3#E. — 1
% 10 ml PBS (Z#¥A0) % 100 pl 24501

(i) 37°C TV —F2BREL. 15 Q§QC¥%9§E%?4 7 a7 L— kU —F— (excitation, 360
nm; emission 450 nm) THIE

(g) MREDEH

C. straminisolvens CSK1 £k & C. thermocellum 1AM 13660" ¥k & OHFEHEIILL TO X 5125t E
L. BHLE,
DNA AR (%) =100X (X-N)/(P-N)
X: Z—% v b3 C. thermocellum 1AM 13660 "Bk (B2 Eik) @ DNA TORIEE
P: Z—% v F25 C straminisolvens CSK1 #k (71— 24 L7=E#) © DNA TORIEfE
N: Z—5 v FDBE coliK12¥E (XHT 472 hr—)L) DNA TOR|EE

8. GC E EHIE

DNAZZEOLEABETT 7= (A) &FIv (D, 7= (G) &¥ v (C)
HAELTVWDDOT, &EEPD G & C OFMDENRERAEKIZE - TEHAEDOKEIZ RS,
BCHAN CIRINASE DR AEIBRICR Y . FAERORRICIIRIRRERTHS, &
WFFETid. Mesbah & D FERIIZY &-3< HPLCEIZ X V. C straminisolvens CSK1 #£D 4° )
A DNA O GC EBZHIE L7,

(a) X7 vA Y FRAEORERL

(i) C. straminisolvens CSK1 ¥k® %" 7 1 DNA % BB R E /K T 300 pg/ml 12 7%

(i) T DNA ¥ 20 pl % 100°C. 10 KB, EHIZKAKF T4 (DNA OEZEN)

(i) 20 1 DX 7 7 —E PIH#K (0.1 mg/ml nuclease PI, 40mM EEEET + U 7 A, 2mM ZnSO,
(PH5.3)) ZHN, 50°C, 1BERKE

(v) 20 WDTNHY T+ A7 7 Z—EEHK (2.4 U/ml alkalinephosphatase, 0.1M Tris-HCI (pH
8.0)) Z¥M., 37°C. 1ERIME

(b) HPLC fi#hr

A7 B i Cosmosil 5C18 (4.6 mm X 15 cm) (nakarai) Z{# F U7, %BEERKRIZ 1T 0.02M NHH,PO,-
TER=FUV (20:1,vv) ZEAL, FEIZ 1 m/min & L, [IBETEREZBZ 2o, BHH
{% SPD-7a (Shimadzu, Japan) {Z& Y 270 nm DRHEEZET=F —F B2 L TR R o7,
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9. A BEER O ZE A B HERBR
(a) carboxymetyl-cellulose (CMC) agar 1k

HRMESHRO L o — 2R A (B-glucosidase TEEDHEE) ZRABL43]DFEIC L E
-3 & carboxymetyl-cellulose (CMC) agar {512 & W fi~7=, CMC iV B —REHINERF T AF
MMEL, KB LEEHETHD, CMCOF Y UL (5 gl) ZRFEIRE L7 PCS EX
BE I A SHE S BEBR 2 FEEE L. 50°C T 3 HREIREE L7, HE#%. 1% cetyl trimethyl ammonium
bromide (CTAB) /K¥F#K & BRI LIZATH L CMC 2 HEAEER S, au=—Fa07 Y
T OREZBE L,

(b) BIOLOG f&4T

BiOLOG system (BiOLOG Inc., USA) i, EEOMALIZH S tetrazolium EOBTICL D2
BERET S Z & T, SEROLEY (B AHEE. 7B BEMiY) OXEAALL
FARBIENTEBVARATLATHSD, ZD BIOLOG system 2 L THSHESHEROEEF
BEE2RR, 77 LBEMEME (Pseudoxanthomonas sp. M1-3 Bk, Bordetella sp. M1-6 %) 1%
TSB ZEXESHIT 50°C, #9 16 Fe#IRIHS#E L T 7= 2 1 =—% Inoculation buffer iZ#J 52%%E i
RIZHB L. € OB % microplate GN2 D&YV =)V (ENENRRDZEEI TN ->TWVD)
12 150 pl SOFMUL, A rFax— bt Lz, 77 LAEHEME (Bacillus sp. M1-1 #k.
Virgibacillus sp. M1-4 £k, Brevibacillus sp. M1-5 #) & FIEEIC TSB ZERHEHIT 50°C, #J 16 B
RIRTIE#E L T8~ 21 =—% Inoculation buffer I2% 28%F@RICEE L. Z0EBKL
microplate GP2 D% 7 = /WZ 150 pl SOFMUL, A U FaX— Mt Lz, REEHFTTHAE
FH LKA BERE (Bacillus sp. M1-1 £k, Pseudoxanthomonas sp. M1-3 #%) 2B L Ti%, VLG
FEREEHI T 50°C, Anaeropack Z{ER L7cHRSURM T, #9 24 RERAIER L CiRlcan=—%
Inoculation buffer IZ# 63%FEAMRIZRE L, £ OREEIKZ microplate AN2 DF ¥ = /LT 100 pl
SOBML, A rFa—hfiliz, w4 7vFb— MNI50°C T 24 KA Fa~—F
L (microplate AN2 iZ Anaeropack % f#F L 7= #5544 T T). Biolog MicroStation™ CAZHT L
7=

10. SRS BERR OBER R 1ERRRR
(a) Clostridium sp. FG4 ¥k O¥ERI R tE

Clostridium sp. FG4 Bk OFERI FAYEITRABRT 2 IRFEWRZ 5 g/L BN L 72 DSM502 Kl TR~V
FEPROFEIX 5 BMEEREZ OEKR pH QKT CHIET Lz, RBRLERBRIIUTOLE
D ; glucose, fructose. xylose, cellobiose, fai> H. WM, EA B —Z T F—_ xylan (from
beechwood, Sigma), inulin,

(b) C. straminisolvens CSK1 ¥ D HtE
C. straminisolvens CSK1 BRDOFERIAMEIIRABRT 2 RFBIR% 5 g/L ¥ L7z DSM122 $53# TR
7o, BERIAOF Y 5 BEEEEE OFER pH OKT THIM Uiz, REBR LI RFBTRITLT O
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& B Y ;glucose, fructose, ribose, mannose, mannitol, melibiose, saccharose, xylose, cellobiose,
sucrose, lactose, cellulose powder, J&f%. &3> &, xylan, starch (from potato, Kanto Chemical),
laminarin (fromlaminaria digitata, Sigma). pachyman (from Poria cocos, ICN Biomedicals). chitin,

chitosan (from crab shells, Sigma), B1-3 glucan,

11. C. straminisolvens CSK1 Bkt )V — X 5 RAGHED OB
(a) H5%&

C. straminisolvens CSK1 ¥k D351, DSM122-cellulose 55#1T 50°C, ZER A ABHIZ X B8k
K[EMT. HEFMTT MBI 2o,

(b) HPLC T X 25D RS F e okl

BEFEE P DS LA iL HPLC L6300 (Hitachi, Japan) % {8 L T, Tanaka 5 D F1E[116]
Ioh & SEBH L7z, 75 13 TSKgel OApak-A (7.8mm X 30cm) (Tosoh, Japan) % f#fH L 7=,
VAEERIZIX 0.75mM H,S0, 21 L, JiE#IX 0.6 m/min & L, MBECTEREZBIRo7, Bl
i% SPD-7a (Shimadzu, Japan) {ZX ¥ 210 nm DB NEZE=F—F B2 LTI o7,

(¢) GC IZ X D5 MR Db
KD H,, CH,, CO, DR % GC-14A (Shimadzu) #{EF LT, Kisel b DIHFILE[66]IZ
bEDERBI o, SWRHIILLTO®EY,

Column molecular sieve SA (Shimadzu) (for H,, CH,)
porapack Q (Shimadzu) (for CO,)
Injection temperature 60°C
Column temperature 40°C
Detection temperature 60°C
Detector TCD 60 mA
Carrier gas Ar (for H;, CHy)
~ He (for CO)
Flow rate of carrier gas 20 ml/min

12. BRSRIRERAER

C. straminisolvens CSK1 £k & C. thermocellum 1AM 13660 " BRIZEI L T, KABIZ 0. 1. 2. 4. 8%
DERVGFET IR TOEFTORELA T, BIZIE DSM122-cellulose, 3 & T
DSM122-cellobiose 55 A L 7=, K5 #3121 10 ml 534 7 /L (for 4 mi scale) Z £/ L7z,
BRT ¥ o N—NTEIL SN E L ERE%, "M TAETFLILR, TALIXY
v 7 CHRE L, EERNT AFEANMEREE (Sanshin Industrial, Japan) ZEH LT\ o7 AL
%wWH%Kﬁﬁb\%@&GMBummmGﬁm(mﬂmJ@m)KID§%€®%A-
BERIBE N R &AL TIVIZER. B LT, C. straminisolvens CSK1 $k1X 50°C, C. thermocellum
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1AM 136607 #kiZ 60°C THiE L7z, 5 ARIERE. £F0FELBARIC X %K pH OIf
T bl Uiz,

13. C. straminisolvens CSK1 ¥k DA PRI ER
C. straminisolvens CSK1 ¥RIZRT 4~ 5 _ERELASA DA SA95 BRI, Holdeman b D HHE[SIIZ
L3&, UTITRTHIETBZ o7,

(a) motility
C. straminisolvens CSK1 BRDEBIPE (motility) DA ik, S (AX80, Olympus) 12Xk 3
EH#SE THE L, BREEIZIZ DSM122-cellobiose 35HiC 3 ARIEE L-EERZEH L,

(b) aesculin hydrolysis

TR Y ARG FREMEDOF X, C. straminisolvens CSK1 ¥ % 0.5% (w/v) aesculin Z %0
L7z DSM122 ¥531C 5 ARIERE. 0.1% (wiv) 7 = BEKT U MKISRE BRI T L.
REBALERAEROFETHE L (2227 Y VIkS@RY (=27 VvFY) BEETIITT
BRAERL : BB .

(c) nitrate reduction

WHEEBITRR DA ®EIX, C straminisolvens CSK1 ¥ % 03% (w/v) KNO; &L -
DSM122-cellobiose 35H#H (5ml) T 5 HRIE:E®%. WHEEERIE A (0.8% (w/v) sulfanilic acid in 5N
acetic acid) 1 ml & FEEEHERIE B (1.2% (v/v) dimethyl-a-naphthylamine in 5N acetic acid) 0.5 ml
EHRML, FEOEEOFETHN L (EHEAFETIWVIRE  Bitb) . $EREORE
ISR D72, MEOCHMHRZIERIRICHEML ., MBOERBRPORFLHER L (EH
OBILAEAIC XY, W OHEMERER L, B B,

(d) casein digestion
HEA MK REDH X, C. straminisolvens CSK1 k% 2 g/l I E¥A 2 HMLE
DSMI122-cellobiose REFHI T 7 AMEREL, o v =—A0DI Y 7V - OFETHMT L7,

(e) lectinase activity and lipase activity

VI Fr—EREE. BIQY X—EEEHOFEIL, C straminisolvens CSK1 Bk % 10% (w/v)
egg york #i5/I DSM122-cellobiose EXEZH T 7 HHIISERE., a2 v =—FA00LBAERERHFED
FEOIBVVF VORIV ACDITREHOT 7 Y)Y FIZX 2 REAFOHR B,
BRUOMBERAROFE (BEOLMIC LV A LU D2 RBHEOFEBEIEREIC X 2 MRRRER -
BiE) THIET L7,

(f) indole production
AV F—=NWERK(RNY 7 N7 57 5 fREERTENE) O #&IX, C. straminisolvens CSK1 k% 5 g/L
peptone #$AN DSM122-cellobiose 55H1 T 5 A Ml %, 2 ml DEFFIKIZXE LT xylene 1 ml 2%

27



Mt Hik

mL, &<EA L. 2 7HKE L. £ D% Ehrlich’s 3% (para-dimethyl-amino-benzaldehyde 2 g,
95% ethanol 190 ml, concentrated HC140 ml) 0.5 ml ZHM L. FREDEREOHFETHIM L= (1
VR LABFEETIERRE : Bit),

4. BT 7 A ~—DORE

¥ REIPCR. FEERY real-time PCRIZMEA L7, S0BERICKT 2B T I ~—iL, &
STBERRD 16S IRNA B TEISI%Z b & 12, PRIMROSE [10] A L TRt LTz, 75 A v—
DRI, WEB LDTF —# ~X—X Ribosomal Database Project II > PROBE_MATCH {Z X ¥
BUE, ABFETRE LEBERIT T A ~—% Table 0-10 1R,

Table 0-10. Specific primers used in this study.

Primer Sequence (5° - 3°) Position® Targeted isolate

CSK198f ACATAACGAGGCGGCATCGCT 181-198 C. straminisolvens CSK1
CSK439r CACTTTCTTCGTCCCCAATC 463-439 C. straminisolvens CSK1
FG199f ATCACGGGGAGGCATCTTCC 183-199 Clostridium sp. FG4

FG442r CGTCACTTCCTTCGTCCCTC 461-442 Clostridium sp. FG4
M3-459f GTTGGGGAAGAAATCCTGCT 440-459 Pseudoxanthomonas sp. M1-3
M3-743r TGCCTCAGTGTCAGTGTTGG 762-743 Pseudoxanthomonas sp. M1-3
MS5-225f TGGCTTTITCGCTATCACTGG 207-225 Brevibacills sp. M1-5
M5-489r TAGCCGTGGCTTTCTCGTCA 508-489 Brevibacills sp. M1-5
Mé6-456f TTTGGCAGGAAAGAAATAGG 437-456 Bordetella sp. M1-6

M6-742r GCATGAGCGTCAGTGTTATC - 761-742 Bordetella sp. M1-6

* Positions according to E. coli numbering

15. 5759 PCR
REWRRD D OFSHROBRHICIT, FRET T A < — (Table 0-10) ZHEMA L7=FrRHY

PCRIEIC LV BT 20T, PCR ISIIUTIORTRESRE TR I Rote, 7=—Y v JiRE
. C. straminisolvens CSK1. Clostridium sp. FG4, Brevibacills sp. M1-5 ORHIZIX 65°C.
Pseudoxanthomonas sp. M1-3, Bordetella sp. M1-6 ORRIZ X 55°C TR Z 72 o7, PCREMHIX
1% agarose gel 2 L7 BRIKENEIC X VR Lz, ThUSMIAE & ik 5) & R0 £
TR0, #—5 v NUADOZEERO DNA Y T T T L— b & Liz & TR
BRI DRV EZHER L., BEREZENIDI

95°C 10min

(95°C 30sec. 65°C or 55°C 30sec. 72°C 2min) X 30 cycle

93°C Imin, 65°C or 55°C Imin, 72°C Smin
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16. &R real-time PCR

AWETIE, BERCEGER (Tro—2) BEEN. $7-20RERE~MEH 1R
BT5D, BEOFETIIERKOERLZAEN TERY, £ I TARETIIERORED
ROV IZ, EEH realtime PCR IZ X W MAEDBETOZEROFER. BIOFEREL
DNA E~X—XTHH L7, EEA real-time PCR (X PCR EEM DR 2 VA IV LEBICA VT4
YTCE=S—FDRIETH U TIAFODNARELZRECTE D, LWIFETHE, 754~
— ¢ LTREOHAEMIR T IRRENT T4 ~—2FRAT52 LT, BMAEMBRENLTARL
T DNA Y 7T 2 2 OHAY O DNA B2 B TE 5, PCR EMOEREICIZNL 5
DOFEENH D, AR TIL 2 AE DNA KRS TS SYBRGreen ] 2{EHT5 5
KERA LIz,

BRI Light Cycler quick system 330 (Roche Diagnostics, Germany). LightCycler-FastStart DNA
Master SYBR Green I (Roche Diagnostics)Z2{#H LT, £D 7 v ha— o TEBIko7,
RISHR DA% % Table 0-11 12, {RES{F % Table 0-12 ICE N FIR LT, Vv FMCITBE R
BAKT2-5 ng/WiCHFR U DNA VU I A2EA Lz, HEEEOREIIMERE (72°C,
20 sec) RTRIZB IR o7z, YA 7K THIZ, 2 A8 DNA % melting THE TV X,
Z DRI (70°C—95°C, 0.1°C/sec) DENMEZE=4# Y7 L, PCREHD T, D —2
W single THDHZ EERR LT, EFRAMENSEZ > TWVRNWT L 2R L, S0k
DRERIT. FBEROKE DNA % 10, 1. 0.1, 0.01, 0.001 ng/pl IZHFR LA bORER L.
{ERL L7z, ZORERE b L ICRAEEY L P OE5BEKD DNA B2 EH L, 808
PROFELRIL, 258D DNA RO 100% & LE-ESERTHLb LT,

Table 0-11. Composition of reaction mixture for quantitative real-time PCR.

ul
25mM MgCl, 24
Forward primer (10 u M) 1.0
Reverse primer (10 u M) 1.0
SGI mix soln.* 20
Sample 20
H,0 11.6
Total volume 20.0

* Buffer containing 10mM MgCl,, Faststart Taq DNA polymerase, dNTP mix and SYBR Green I
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Table 0-12. Conditions of thermal cycle for quantitative real-time PCR.

Target Temperature Incubation time Transition temperature
Cycle No. (°O) rate (°C/sec)

Denature 1 95 10 min. 20

95 15 sec. 20
PCR 45 68 or 61* 6 or 10* sec. 20

72 20 sec, 2

95 0 20
Melting 1 70 0 1

95 0 0.1
Cooling 1 40 30 min. 20

* Annealing step for 6 sec at 68°C (for C. straminisolvens CSK1. Clostridium sp. FG4, Brevibacills sp. M1-5),
or 10 sec at 61°C (for Pseudoxanthomonas sp. M1-3, Bordetella sp. M1-6)

17. B u— X5 fa TR ORAT
(a) H5%&

REBER OB 0 — R GRBEROMYTTIL PCS-FP #5312 /M L, 70 ml scale THEEZ B
T 7227z, C. straminisolvens CSK1 PR DMPEERIZIZ, PCS-FP 85 GBTHl & L T glutathione
0.25 g/L #AN) . b L < ix DSM122-FP 5% 45l L. Anaeropack %/ L72#k& 4T, 70 ml
scale THEBZ B IR o7,

(b) T, b b oMERE

R, fib b OSMERIX, Taillisz SOFEN4NC S ESERE L, EEROEERKE Y
T A FBHEIEHE GF/D (Whatman, Japan) THE@ L. FZ7 bHDOKy FFL— 1 (60°C) kT
1AUEHBRIEAEBLOOERFAIE L. K, MbOOBREFRELZEH L, BREBOR
BRI L CRIROBIERZ B Z oo bDEary ba—iL b LT, OMRELEHBLE,

(c) ORP. pH DHIE

BERBOMIEBITEN (oxidative reductive potential, ORP) X ACT pH meter D24 & ORP
electrode 9300-10D (Horiba, Japan) Zf#f L CTHIE L 7=, $5E¥#K D pH IX Twin pH B-212 (Horiba)
ZEA L TRIE LE,

(d) KEtEpEDER

REREP OKBHEREIIT 2w ik [122] XD EBR L, cellobiose ZHRBARIER DB
Daryha—PEE LTERLE,

@) V7 (BEREDN S0mg/L ATIZ22 X 9FR) 1 ml #RBREICANK ETHPT
(ii) Anthron reagent (anthron 0.2 g in HS0, 100 ml) 2 ml Z %/, B& L TKETHRT

(iii) 100°C, 16 Z3RIMELL. K ET23 9K, FOHREIRTS5-10 HiEE

(iv) 620 nm DWRICEE & RIE
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() BifE, =% /) — 1L OEER

Bifg, —% ) — NV OFERIZIL Fkit (Boehringer Mannheim, Germany) %/ L7z, #ES 5
P TMATHL, R E R D LEE 2B L% 80°C T 10 YRR L, BREDICERTF
LTV OEREIIE S b oL EFEE2FER L=,

18. SAMRSIBIRIC X 5B EHIE

BRIR P O2EHIY Haruta b DHIE[M46ICE & D% | 4°,6’-diamidino-2-phenylindole (DAPI)
REIRIZ X VRIE L7, DAPI e, IRREZEL2BE (1 #BF1C 20-200 cells) 2%
L. Isopore™ 0.2 uym membrane filter (Millipore) iZEifkZ %, DAPI%&#K (1 pg/ml) TS5
ST, FBEFTCHEARDNA #4425 Z L T IRV, ThEE0LHAMES (AXS80, Olympus) T
URhie (BhEE¥ £ 330-385nm) FCTHEL.,

19. C. straminisolvens CSK1 ¥REZ#RIEIK TOIEE N 00— X SRS BERR D% EBR
(a) FERIGKDORR

C. straminisolvens CSK1 #kiX PCS-FP ¥5#1C, Anaeropack ZfEfH L7-#& &M T. 8 BREIHE
B, EEREZED (8,000Xg, 4°C, 10 min) L, JEKE FAZERE. IN NaOH TpH 7.2
ICFHEE LT, £ 0K EIE% 0.2 pm-pore filter CHGARBE L7 b D% EREBKE L TERIC
fEA L7,

(b) BRBE COI L o — XGRS BEROREE

Z 2 Tlid(@) TR/ LIV C. straminisolvens CSK1 BRDISHEIBIR Z T O F EHEME L TFERAL
Teo 1272 L. Clostridium sp. FG4 BRDISERHZIX, BIAl (0.5 g/L L-cysteine: HCI-H,0) % HRAN
L7z, 40 pl DRIEREZ 4 ml OWEEIHICERE L, FRMESBERIIFSRERESM <2 AR,
Clostridium sp. FG4 RIZER T A BIIZ X 2K EMH T TS5 BREIER L, BR%IC, BEK
FOBE, Bk, =5 ) —VOREEME L FIE 1T OFETRE L, BEEEELRVIRKES
MWHEWRIZA FaX—h L, EhvktEar bo—n e LT,

20. SEEIRIRASNBEH T OIEHR IR
(a) BERBERDOFE

C. straminisolvens CSK1 £ki% PCS-FP ¥5#1C, Anacropack Z M L 7= &R E&HT. 8 BRI
#E LTz, Clostridium sp. FG4 ¥kIL PY-fructose B C, RV ABRIC L 2HKEH T, S AR
553 LT, Z OMOIFRIESBERRIE PCS-basal HEH T 47 SR AR ., 18 FERINGRE L7z, B coli-
& Bacillus subtilis i PCS-basal ##hC, #F5&IRESM. 37°C T 18 BRfijEEE Lo, HRKRLIE
i (8,000Xg, 4°C, 10 min) L. Ef&%ZFRE, INHCL, F7zi% IN NaOH T pH 7.2 TR 7,
Z DE5FE EIE % 0.2 pm-pore filter TRIBERE L7-b D%, KEREKE U TERIERLE,
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(b) H5%&

(@) THAR U 7= 553 ISR & PCS-basal 351 & 1:1 TIRE L7 b O Z B IRFINEHE L CE
B U7, 7272 L. C straminisolvens CSK1 BRDBIERFIZIZIER (1% viv). CaCO3 (Qg/L), &
Jt#l (0.25 g/L glutathione) % . Clostridium sp. FG4 BREZ#FFIZIX cellobiose (5 g/L) . #ITAl (0.5
g/L L-cysteine HCI'H,0) Z¥M U7z, 40 pl ORIERE%Z 4 ml OIEBRMEMCEREL, C
straminisolvens CSK1 ¥kIJ Anaeropack % {ff L 78X 5 T C 8 BR. Clostridium sp. FG4 B
TERTABRICE 2WMEKEHT. 4 B, GFXMEMEIIFKIHESREFTL B, BE LK,
E. coli & B. subtilis 1% 37°C T, O OME X 50°C TEE#E L7, BERK T1%.C. straminisolvens
CSK1 HRICB L TR Z DM OMELZRE L FHBE ik 16(b)) . £ OMOMEIZE L Tidi
£ 600 nm DWHE (ODgoy) ZHPELZ, =2 bua—iL& LTIX, C. straminisolvens CSK1 £
iX PCS-FP 5548, Clostridium sp. FG4 #kiX PCS £5#i & PY 5% 1:1 TIRA L7zigH (RFBR
L LT 5 g/L fructose, #ETAlI&L LT 0.5 g/l LcysteineHCIH,0 2&3e), T OMOEKIX
PCS-basal 51 &5 L 7=,

21. 5 LG 7 R B OMYT (SDS-PAGE)
(a) ER LW R BOFR

ER%, KRR EZRELD (8,000Xg 4°C, 10 min) L., EiF, BHEIMEELZREL, BN
7o 55 E¥E % 0.2 pm-pore filter TIIBME L7z, € ZTIZ(NHL),S0, % 80%fafn& 725 L 512N
Z. 4°C, 30 pHIBER L THF 7 G20 S8, =0 (30,000Xg, 4°C, 10 min) XV ¥
VRY B &R ¥, 100mM Tris-HCI (pH 8.0)i2%%# L C SDS-PAGE (2t L7, #2308
B EEIL BSA 2 E#EH)E & L T BCA Protein Assay Reagent (Pierce)iZ & ) #ll® L7z,

(b) SDS-PAGE

B B3 S N7 EORENTIL Laemmli b DHIE[68IC S &-5< SDS-PAGE HRIc X V52 72
o7z, @ THREELZ 10 pg 0¥ NI BEELY TN %E%ED SDS-sample buffer (100mM
Tris HCl (pH 6.8), 4% (w/v) SDS, 12% (v/v) mercaptoethanol, 20% (v/v) glycerol, 2 mg/L
bromophenol blue (BPB)) &iEA L. 100°C, 3 7B L=, A% SDS-RI 77 U7 2
RN (10% (whv)) Z8EL. Ezﬁu_r”‘;ﬁ%ﬁ‘ 20 mA TH9 15 75/, 30 mA T 20-30 FER
KBy L 7=, ERUKEN. D 7 V1L Neuhoff 5 D FIE[85]IZ B & 3% Coomassie Brilliant Blue (CBB)
LW REL, BB IRoT,

L22.2 RITEXIKE) (2D-GE) AT S e
(a) IBEEEE R DO D Pseudoxanthomonas sp. M1-3 H&GD IEIIIR

C. straminisolvens CSK1 k0D /L 11— 2R 8% FI M L T Pseudoxanthomonas sp. M1-3 ¥R
C. straminisolvens CSK1 #k& D 2 BRAERRNPOOREINEZ B I o7, 2 BRAHEERE
PCS-FP B TR, BERK 2 N 7 AMHETEHE GF/D (Whatman) Tl L. 7fRREZ IR
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BT, ZOERRBIIC, 2% W) L2 X 5BV n— T F—%%x, FilT 10 55
# LT C. straminisolvens CSK1 k& B 0 — R 2R3 S W, F DRI T A EHEIEHL
GF/C (Whatman) Tl L TEA O —RA T F—%2FRE L, K HiEd (>8,000Xg, 4°C, 10
min) (Z &YV EEEZEIR L, BUXLEEEEZ ERD real-time PCR & (BB FiE10) 10 &
DHEDOHERR. 36 K U 2G-DE bz fit L7z,

(b) EkZ 7 BORK

B L 72 F{& (50-100 mg wet weight) i& PBS THE# L. lysis buffer 100 pl (8 M urea, 4% (w/v)
CHAPS, 50 mM dithiothreitol (DTT), 0.5% (v/v) IPG buffer (pH range 4-7, Amersham Bioscience))
IR L7-, Z Ol E#K % Bioruptor (Cosmo Bio) 12X W okAKH CHBERQE LK (10
WOBERLE L 5 WOGHREMOY A 7 Va5 2 5), TOBIP U TIVICRBEZLEN
1 mg/ml. 5 mg/ml ® DNase. RNase Z#{fll, IBE L. BERKOBETRALIEEL I 20, lysis
buffer 100 pl Z 70, BA L, RIET I FFHEFFHE L7, B0 (15,000Xg, 4°C, 15 min) 12X D
Ml ZBrE L. L& 2G-DE BATICft L7, & /37 BRI BSA 42 HEME L LT Plus
One™ 2-D Quant Kit (Amersham Bioscience) & X ¥ BIE L7-,

(c) 1 koo B FE R EXKE)

40 pg DF T GEELY TV Iysis buffer (DED BPB 2 &) K& 250 pl 27
%X 5%, 13 cm long IPG strip gel (pH 4-7, Amersham Bioscience)® ¥ > b L7z 2 bV v 75k
NE =ML, 20°C, 12 BEREIFHE L. strip gel OBEE{L% 3 Z 72> 72, IPGphor IEF system

(Amersham Bioscience) # ] LB RESKEIZ B 22 >7 (100 V for 2 hours, 500 V for 2
hours, 1000 V for 2 hours, 2000 V for 2 hours, 4000 V for 6 hours, approximately 30 kVh) , vkEht% D
strip gel X, SDS equilibration buffer (50 mM Tris-Cl (pH 8.8), 6 M urea, 30% (v/v) glycerol, 2%
(w/v) SDS, 0.002% (v/iw) BPB) = & ¥ fE{b L7z, 11818 OF#{kiE 16 mM DTT %0 L 7=
SDS equilibration buffer T 15 53/, 2 [E] B D {kiZ 25 mg/ml iodoacetamide % %40 L 7= SDS
equilibration buffer T 15 73R E 5§52 & THBI R o7,

(d) 2 %kt B SDS-PAGE

2%kt B SDS-PAGE iZ PROTEAN® II Xi Cell (Bio Rad) #{#H L. 16 cmX 16 cm, £ & 1mm
DR%FRVTIZINTIRIMIE DBt stripgel 27 27 VLT I RFALO_EHRIZER
E L. EEF 10mA T 1 K5, 40 mA TH 3 B} (BPB v — b — N7V THICL 5 ET) ¥k
B U7z, KBV DS VT Swain HOFHENBNICH &3&, RPGIKIZL Y ¥ U0 R RE

L7z, ARy bOKH., B&E, B ORFTHMICE 5 LBAEYTIX, Image Master 2-D Platinum, ..

(Amersham Bioscience) Z{FEHR LTI o7,
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Abbreviation list

2D-GE: two-dimensional gel electrophoresis
APS: ammonium persulfate

BPB: bromophenol blue

BSA: bovine serum albumin

CBB: coomassie brilliant blue

CMC: ) carboxymetyl-cellulose

DAPI: 4°, 6’-diamidino-2-phenylindole
DGGE: denaturing gradient gel electrophoresis
DTT: dithiothreitol

EDTA: ethylenediaminetetraacetic acid

FP: filter paper

GC: gas chromatography

HPLC: high performance liquid chromatography
MW: molecular weight

nt: nucleotides

OD: optical density

ORP: oxidative reductive potential

PAGE: polyacrylamide gel electrophoresis
PBS: phosphate-buffered saline

PCR: polymerase chain reaction

PEG: polyethylene glycol

SDS: sodium dodecyl sulfate

SSU rRNA: small subunit ribosomal RNA

TEMED: N,N,N’.N’ -tetramethylethylene diamine
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B1E s

AR T, BEEEOMAEN L 2FENLBEORE, BIXUEEEOMAEYDEZER
HEDAN=ALEMATZOOMEL LT, B Lo —R 52 E T 2RERM
HAMBEE. original microflora (Fif 2 B) OERKA VN —ThH IMEY OMBSBELZ BT 12
W, ZOHBEREOMAE DRI L DIRAHEERIZL Y original microflora XA 5 5. 474
OOERMNBREL O —RGREEREREZHE LEATARRZBETIZL2E—DHM L
LT3, ARETILET original microflora 2> b DEAESH DHESIEEZ WV TG T 5,
PCR-DGGE ###7 (Fig. 0-5) 12X V. original microflora 7> 5 i3 3 FOFKRMEME & 2 O
SHEMAENELEL LTRHEILTWE, T2 TInb0BELE2 S THBSBETS 2 4 %
BHEL. B LUHREG T COMEY DO SBELRA -, DEESNEERCBELTXZD
FTHOEEN, BLUAEZNRITZBI 2\, ZOBMEEZHONE L, BERNIIBITS
Hhe, &RIEZERLL,

B2 HFRUERIE O LBE L sEEE oG
BLIE R

original microflora O L FRTRIZISIT DITRIRE HHEIR & LT, TSB EXIGHZ#H
L. 50°C, RRKMTTERZBIRV, FRIEMEOLE LRS-, HRLZau=—0D
SHLIBIRORBR DL DL RIR U TSB BRIGHICERE L 7=, ZOEEZ 3B EEYIRL
MR BEL 7=, ZHICX Y, SBROME (MI-1-M1-8 ) OLBEICHIh LTz,

B2 REIBENMRT BB E Bk 6)
8 BROIFRIESBERRD D &) A DNA #HiH) L., bacterial universal primers Z {5 LT 16S

IRNA 8572 PCRICK VIBIE L, T OWERS (1500nt) ZRE L7, ZhbDORFIT
GenBank/EMBL/DDBJ database = & & L 7= ( accession nos. AB039328-AB039331 .
AB039334-AB039336) , IRE L7=HREEISHI % FIZ BLAST f#T 2 3 22V, BbimREEm oD
MEZ BB L7 (Table 1-1), M1-1, M1-8 Bk DEEAFNIL5ERIZ—F U, Bacillus licheniformis
(accession no. X68416) & 100%DABREIMEZ R L=, M1-2, M1-3, M1-8 BRDEEEFNIHE I
99.9%LL EDFRRIE % 7~ L. Pseudoxanthomonas taiwanensis (accession no. AF427039) & 99.9%®M
FREMEE R LTz, E£7220 5 OB original microflora @ PCR-DGGE f#47 (Fig. 0-5) TH
&N 7= Band A & Rl— DB T - 7=, M1-4 BROELSNIZ Virgibacillus pantothenticus (accession
no. D16275) & 99.8%DHRIEL 7R L7z, M1-5 Bk M1-6 Bk DBELFIX, £ L€ L original microflora
@ PCR-DGGE f##7 Tt & 172 Band B, Band E & R—DEFTH Y . LN Brevibacillus
agri (accession no. AF378233) & 99.6%. Bordetella petrii (accession no. AJ249861) & 97.2%D18[F]
M2R LI, H#I7NV—TD5 b, 1 EROME (Bacillus sp. M1-1 #k. Pseudoxanthomonas sp. M1-3
Bk, Virgibacillus sp. M1-4 ¥k, Brevibacillus sp. M1-5 ¥k, Bordetella sp. M1-6 k) D H % LT D
EBRIER LT,
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BIW RN
() MREH T CTOEFTAR

L S RO GEERIC OV T, MEKHFT TOEFTORES, glucose Z IRFWR & L7 PCS &
R, VLG BREHIZER L TR~ =,

ZDFER. Bacillus sp. M1-1 Bk, Pseudoxanthomonas sp. M1-3 ¥k Tid VLG RS TD gk
KEUT COETEBHER SN, TOMD 3 FiZ, WThOFEHMTHLHIEHFT TOERIE
Hoiighot,

(i) BN u— R RHERR

FRMESEER DOV o — ZFIAEE . PCS-FP BIHIZ 1T 2 IAMOFEL L5 & TH
Rz, HR. WROBFFTEREZB 2o 728, WTFNOSEKROBSE TH KO SRR
BT,

¥ 7= carboxymetyl-cellulose agar ¥ (#1#t& 51k 9() 1LV, A —R5MEEERD 1 DT
& % B-1,4 endoglucanase FEMEZ 7225, WO SEERRIC L IEHEIERD b o7,

(i) BB —RGREHORAERR (ML 51 o))
original microflora 1233\ T /L 11— R SARIC P o TRERIEPICEEA SN 5 =B R BIEEY
(BE[cellobiose, glucose]. FLEE, EEEE, — ¥ /) —/) OHFKHEMEIC X 2R BEZHRARE,
cellobiose, glucose, ¥FLEE, HEEEIZBI L Tik BiOLOG system ZfEH LT, =%/ —/WZBL T
1% PCS-ethanol i CORERE DT F ) — N DRD %2 H 5 T & TR,

R % Table 1-2. 1-31Z7RY, Bacillus sp. M1-1 Bk cellobiose, glucose, HLEEZ K. K
& CHIATEE T, EFREZ R CHIAWRE S . BIEVWRAIRERAR BN, Z Oftho sy Bk
TI. Pseudoxanthomonas sp. M1-3 BR D3RR G4 T glucose % . Virgibacillus sp. M1-4 BED3EFR
41 CHERSE % | Brevibacillus sp. M1-5 BR DS EFREAH T glucose, =% /) — /L 2 FIRARIBETH o 7=,
Bordetella sp. M1-6 BRI S BRI = EE ORI AEIXIA L2 o 72,
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Table 1-1. Aerobic bacteria isolated from the original microflora.

Closest relative Similar-  Aerobic  Anaerobic DGGE
Strain (Accession number) ity (%) growth growth detection*
Ml-1, 8 Bacillus licheniformis (X68416) 100 + + -
M1-2,3,7 Pseudoxanthomonas taiwanensis (AF427039) 99.9 + +
Mil-4 Virgibacillus pantothenticus (D16275) 99.8 + - -
M1-5 Brevibacillus agri (AF378233) 99.6 + -
M1-6 Bordetella petrii (AJ249861) 97.2 + -

* detected from the original microflora by PCR-DGGE analysis (Fig. 0-5) or not

Table 1-2. Utilization profiles of the aerobic isolates (under the acrobic conditions)

Strain Cellulose Cellobiose Glucose Lactate Acetate Eihanol

Mi-1 - + + + + N.T.*
M1-3 - - - - - -
M1-4 - - - - + N.T.
Mi1-5 - - + - -

M1-6 - - - - - -

*N.T., not tested.

Table 1-3. Utilization profiles of the aerobic isolates (under the anaerobic conditions)

Strain Cellulose Cellobiose Glucose Lactate Acetate Ethanol
Mi-1 - + + + - | N.T.*
M1-3 - - + - - N.T.

* N.T.; not tested.
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# 3  Clostridium sp. FG4 ¥R 578 L FEEE ORKRF
original microflora ® PCR-DGGE f##7 (Fig. 0-5) THRH &M=V FDH L, Band F
(Clostridium thermosuccinogenes (accession no. Y18180) & HHRIME 100%) {25tk 9 2 M 25 plF
DHEINTHREPS72DT, ZOMEEF—F Y Ve LRI V-0 T2BI o7,

H1E EE
() MR

C. thermosuccinogenes [IEREIED inulin (FEB DORICE L EENDEPE,. £ & LT fructose
D B2—1 HENLEREND) HFRMAEE L THBESNTWA27), £ 2T inulin ZM—0
RFEIJRE LTc DSM502 B2 L THRARG T TERER 2B I ooz, FBERICIX
original microflora % PCS #5# (IREWMIIFEH D) TS5 HHER L, tOoBRTOMbL (3
H mg BE) 2HMIF ¥ A—HNTRYHL, 50ml OISy 77— (PBS with 0.1%
L-cystein-HCI-H;0) T4 [EIFE->7=bDZEH LT,

SEERTH I L O/MT 2 EREEMICERE L. ERVABRICI 2HREHEFT. 50°C T
3-4 BEEELIEL 25, EORRIC L SEEEOARAH bk, BREELKERYIEL
T, HRHEH» D DNA ZHitH L PCR-DGGE f#tT2 B Zeo7c &b, #—5 v b THS C
thermosuccinogenes T##MIEE & Bacillus RMIED 2 KDY FIZEB ST (data not

shown) ,

(i1) single colony isolation

inulin, glucose. & L < I fructose # IRFIR & L7z DSM502 BEIEH CHan =—FHR LR
Bl & Z A, BEEEKIED Bacillus BHIE L SBES ViR o7, £ Z T, inulin, glucose,
% L < I fructose & BRFEIR & LT, DSM502 3EHIUTIN X T\ Clostridium JRAE OBEE I —HRH)
IR SNV D205 (PY Hi#, IAM B-46 $5i) 2L T, an=—FRERA»
7o, BEEEMEREICY IV EBTT 2 HEOMIZ,. VU7 EBRL CEEEATa R
SRR EEDIFEBR L, ERSMEAID 7 0 =—BRRICKRIETRER2, 60, 115]2%
L. agar DXV IT gellan gum (B EFE 1) Z2EHLEFR bRBE, &b C
thermosuccinogenes NDAEEB B HIREMN 60°C THDZ L #EZR L. FERIRHEIX 50°C & 60°C D
M52 LT,

Bl Licao=—%FE CHROBHRAEMICER L, £0AEFLHREIC DNA ZHiH L,
original microflora @ PCR-DGGE #iZ#7 (Fig. 0-5) ® Band F DB % b & 1Z5%E L 7= K5 RAEY primer

Bkt E HiE 14) Z2EALEBRBOPCR MEEFIE15) 22020, BEXRLZLNTZLOD
CBLTEE o =—FREBI RV, ML TV, |

ZTDRER. FLAlE LT gellan gum M L, fructose ZRFWRE L7z PY B5H A ERA L
T B ERIREE 60°C DR T FFRM PCR RTT 4 7T2¥E%E 2 BRI DBET 5 Z LTI LT,
ZD2BREENTEIFGA BR. FG6 k&4 DT,
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B2 RHROBFHIMNT (MRS Fike6)

FG4 k. BIXT'FG6 £x2*5 77"/ L DNA ZhhtH L. 16S IRNA 8= DEEES (1621 nt)
ZRE LT FG4 Bk & FG6 BROBFIIT5E IR —TH -7, Z DEFYid GenBank/EMBL/DDBJ
database (2% &k L 7= (accession no. AB207248), RE L= EEH% ¢ &2 BLAST fifth # 8
Theolt, TORERE. FG4 Bk, FG6 Bk DELFiX original microflora @ PCR-DGGE ###f (Fig. 0-5)
? Band F & ZRIZR—ThH Y, FBEMED C. thermosuccinogenes (accession no. Y18180) &
99.8%DIHEHEZ R L7z, UTOERIZIIZ D 28D 5> H FG4 DA EHH LT,

B3 ABEROMNT (BB L Ik 10(a)

A FEPE (0.5% wiv) ZIRFEIR L L= DSM502 550 C Clostridium sp. FG4 Bk O¥ER| it %2 8~
T BERIL 50°C TR I 2o FEFIHOF T 5 B RISEE OERIR pH OIK T CHIKT L=,
FEZHIN L 72\ DSM502 55 T Clostridium sp. FG4 BRD A FIZA BT, pH b2k L 722 As
27,

#& R % Table 1-4 27”9, Clostridium sp. FG4 ¥kixV 7'/ B —2R (rice straw) & ZDEE
RAERKRR S T D%HE (cellulose, xylan) ZME—DRFIRE L TEBFTERP SR, 20
SRPEY) Td B cellobiose, glucose, xylose DFAEEZH LTz,

Table 1-4. Saccharides utilization profile of Clostridium sp. strain FG4

Polysaccharides Disaccharide Monosaccharides
Rice straw  Cellulose®  Xylan Inulin® Cellobiose Glucose Xylose Fructose
- - - + + + + +

Utilization of a substrate was judged from pH drop of the culture solution after 5-day cultivation.
* cellulose powder or filter paper
® one of the storage polysaccharides in plant roots, mainly composed of fructose B2—1 linkages
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BAHE  Clostridium straminisolvens CSK1 BRD 53R & sEEE O

FREMLET CTHBESNIME. B X O Clostridium sp. FG4 B, W b Lo — R 3R
ERHLTORRo T, & 2 TRIFH T T m—2 ﬁﬁﬁﬁ‘é #7435 M D original microflora
e DSEERB TR,

F1E B (Fig 1-1)
() SEEEE

T — R SR OERISEICIT., BAru—XRNY X —%RFER L LIz DSM502 55ih %
B U7, SEERICIE FG4 BkOSREDRE (AESE 3Hi%E 1) LRI, orginal microflora
DIEEBRICEIT D RETPOMb O 2R LT,

SEER CTH AR OO/ B ERIEHICEERE L, Anaeropack Z{EH L72#K &4 T, 50°C
T34 AFEHELELZA, BERFTOEANO—ZARY F—DHEERH LN, WHEEREIR
& LT original microflora #55#%& 3 % L RARICIEEDNHE T D2 &, Ehwru—X5E Mk
Clostridium BHE 2 E D&/ 1 Y —Ab (cellulose binding domain C¥FELE D cellulase THERK &
NTVOIBREEHE) 2R OMETRFROHEENRALND Z & [20] PADATEY, ZD
BEREL 0 —RGBECEFTICL Db LYWL=, :

ZOEFBEEOURIEREZFITEOTIE., BA—ZADRENEZEE LTV IHMEE TE
BMENTLES LEZON, £ TeAu—R5ME Clostridium BRE 2 YOO Y —
AEFOMEITEL D —RZBRE LEEREBTHFEL TS EnbhTnd [20] ZEdhb,
BVED (0300 xg, 1400 Ik vELlo—R (BLUEE LTVBSME) OXZEUILL,
FNARRERTHILZ 3ERVIEL, Blu—X45REE, BERZEOMBEOL 2 EMR
L7z, '

(ii) single colony isolation -

cellobiose ZfRFEIR & L7~ DSM502 BXKiZH F T an=—ElkEZRAAEL E Z A, BERK
D Bacillus BAIE LRI S hoTolodd, BREMERESRA, EREREOE
2. I E IRFBILE L7z DSM502 iR KSR H55E L . Anaeropack Z {8 L 7-8k& &M T. 50C
T4 BRIIEERLELZ A, BROBEBLIUOBRBEINE, BE. oPBEch
e, BEZEBVHL, &K NNy 77 —TEobO0 L, RNy 77— IR LIEKIZ
BE#REERE L. 60°C 12 L7z DSM502 ZEREGH (REWRL) 2EERAHR, HKEHT. 50°C
TEEEZBIRol, HEERS 4~5 BRIEEEIIRA =R A bk (Fig. 1-1B),
FHED 20 =—FR% 3 BRI 2\, BE DSM502 ik (RERITEL O —R T F—)
TAFSE-HEEN» D DNA 2/ L, PCR-DGGE &t (MEtEFiksS) 2B ooi/R.
YUTNNRY ERELN, MBMEETHD Z LRI (Fig. 1-2), £V FOME
i original microflora @ PCR-DGGE fi##7 (Fig. 0-5) TRt X117~ Band G £ [RlI—Toh - 7= (Fig.
12), SHICHMBECIZBRIZL-TYH, MR THDI I L2HRE L, 22 THEDLN
7o 4yBERE % CSK1 Bk & 4317,
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A

Pre-culturing of original microflora in PCS medium
l 50°C, 5 days
Picking up the residual straw and washing with an anaerobic buffer *

~® Inoculating to DSM502 medium (with cellulose powder)
l 50°C, anaerobic, 3~4days
The color of cellulose becomes yellow
3 times l
Collecting only cellulose (with binding cells) by centrifugation
(300 x g, 1min), and washing with the buffer
———
Inoculating to DSM502 medium (with FP")
50°C, anaerobic, 3~4days

The color of FP becomes yellow

Picking up the FP and wash with the buffer

Inoculating to FP and pouring DSM502-agar (60°C)

50°C, anaerobic, 3~4days
3 times : .
Yellow colonies (see Fig. 1-1B)

Pure culture of strain CSK 1

Fig. 1-1. Isolation of strain CSKI1. (A) An outline of isolation of strain CSK1. a, PBS with 0.1%
L-cystein-HC1-H,O; b, filter paper. (B) Photo image of colony of strain CSK1.

-
-
I]E;am:i % v T
an
Fig. 1-2. PCR-DGGE analysis of the original microflora (lane 1) and
strain CSK 1 (lane 2). Band F and Band G in lane | are same bands as
those in Fig. 0-5.

42



E1E WEOSEE

B2 RELSBFHOMHT
(i) 16S rRNA B{n-FHREBSIARNT (BHEHL F5ik 6)

CSK1 BRDEERIKN B 5"/ 5 DNA % Hith L | bacterial universal primers %/ L C 16S rRNA
BfEFZ PCRICKVEIEL, TOBEERS (1451 ot) ZRE L., ZOBEIIX
GenBank/EMBL/DDBYJ database (2% L 7= (accession no. AB125279) ,

BLAST iZ & 2fRRMERR DR R. CSK1 HROFFREIIREYE (AFEHRE 60~64°C) O
STV o — RS EHE Clostridium thermocellum (accession no. L09173), iRt (£ FEE
B EE 35°C) DR /v 0 — R 45 R MEH Clostridium aldrichii (accession no. X71846) Tdh o 7=,
L LE OMEHEZZNENHK 96.2%. 95.1% L& < . CSKI ki Clostridium JBI\Z B % #ifl
DHE L LTHEEND Z NI NI,

neighbor-joining {512 £ ¥ . 16S rRNA B THEEAS % b & ITERK L= R&#H % Fig. 1-3 1
Y, CSK1 BRid B/ 10— R 72 E OLFESIRYEDORTMEME % 5 L0, Clostridium J&® cluster I
WHABEEINBZ ARSI,

(ii) DNA-DNA HHEHERER (BB & HET)

CSK1 #k & . 16S IRNA &{n T-ECHIARNT CHOILHM & 4172 C. thermocellum IAM 13660" & @
DNA-DNA HHFWERBRZ B Z 2o 7=, T DR CSK1 Bk & C. thermocellum O genome sequence
similarity 135 23% & B Snlz, ZORRIX CSKI k& ZOERZETH B C. thermocellum
Lk, BBR2HL L THOBENERETHD I LEMIART D,

(i) &/ - DNA © GC ZERE (BrEtE FHik )
HPLC 2R L= FEIC X Y CSK1¥D Y ) ADNA D GCEEBZRIE LT, £DfEH.CSK1
1 I AN DNA @ GC SEIT413mol% TH o7,

77 Clostidum straminisolvens CSK1™ (AB125279)
Clostridium thermocellum DSM 1237" (L0917 3)
Clostridium aldrichii DSM 6159" (X7 1846)
63 Acetivibrio cellulolyticus ATCC 33288" (L35516)
100  Clostridium termitidis DSM 53987 (X71854) Cluster Il
Clostridium celfobioparum DSM 13517 (X71856)
Clostridium papyrosolvens DSM 2782 (X71852)
Clostridium cellulolyticum ATCC 35319" (X71847)
Costridium stercorallium subsp.stercorallium DSM 85327 (AJ310082)]
Clostridium leptum DSM 753 (AJ305238
100' Clostridium cellulosi AS 1.1777 (L09177) ) | Cluster vV
Clostridium butyricum NCIMB 8082 (X68178) = Cluster |

0.02

100

98

Fig. 1-3. Phylogenetic dendrogram, indicating the position of strain CSK1 amongst cluster ITI of the order
Clostridiales and related bacteria based on 16S rRNA gene sequence data. Bar, 2 % sequence divergence.
Bootstrap values are given at the branching points. Accession numbers are shown in parentheses.
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FIWM  ATEMT
() EREGOEHEL

CSK1 BkZ& /L —R Ny F—_ F 7|1 cellobiose %ﬁ%ﬁ& L7=. Clostridium B DL
RIESHEHASNDZ WL OHh D55 (PCS B33, DSM502 551, DSM122 3531, IAM B-46 1%
#) CTEEEZBIol, TORKER. DSMI22 BBV TR L BREFRAERSER SN,
% Z T CSK1 #RDLAT DABRZHIMITIC I, DSMI122 Bt {E/ L7z,

CSK1 BRZ I8 = 721X cellobiose #RFEIR & L 7= DSM122 5541 (pH 7.0) T 37-70°C D%
TEEL, T04ABFTRE (T8 BREZHAN-, TOKEZ Fig. 14IFT, CSK1Ho4
H AR BT 50-60°C T, EMEIEEEI 50-55°C Th o7z,

CSK1 Bk Z MK 7213 cellobiose % JRFIR & L7z DSM122 55#1 T pH 5.0-9.0 D#iH, 50°C T
BRL, TOAFRE (Z8) 8 pH 2R/, TORR% Fig. 140)277T., CSK1 KD
AEFREOIH pH 1£ 6.0-8.5 T, E@pH X 75 Thot,

UTFOERTIE. FFICHARLZRVRY CSK1 BRDREHEIL 50°C, FIHipH7.0 TR Z o7,

0, @ 10, (b)
o a
& 8 & 8¢
£ £
g 6 % 6} A day 4
_?;D 8 4 day 8
g 4 g 47
& g
o . o
) 5 2}
23 [

0 0

30 40 50 60 70 80 4 5 6 7 8 9 10

Temperature (°C) Initial pH

Fig. 1-4. Optimum temperature and optimum initial pH of strain CSK1. (a) Filter paper degradation
efficiency of strain CSK1 under various temperature (initial pH 7.0). (b) Filter paper degradation efficiency
of strain CSK1 under various initial pH (at 50°C). Values are expressed as means of two replications. Error
bars indicate the standard deviation.
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(i) FEREFHIFFE

cellobiose Z RFIR & L7z DSMI22 ¥ C CSK1 Bk% 10 BRESR L. ZOEKEZAZER
8 (Axioplan Il imaging, Carl Zeiss) X D8E L7z (Fig. 1-5), CSK1BkOMHEIL straight
rods H L < & slightly curved rods G, 8 0.5-1.0 pm, & & 3.0-8.0 ym Th o7z, MFiIFEHE
T, MIEOHEIZAEL, £OKRKE Z1X0.5-1.0 x 1.0-1.5 pm ThH o 7=,

(i) FERURYE GHEHE I 10(0)

AR (05% wiv) ZRFRE Lz DSMI122 153 CSK1 BROFEFIRME 28~ $ERIH
YEOFEEIL 5 BEEEE ORI pH OKT THET L7, #EELZAM LAV DSM122 BT
X CSK1 BRDAFIIA BT, pH BB L22d o7z,

EBRICHEHR LD 5 5 CSK1 BEBFIH L7=DiX, cellbiose. laminarin (polysaccharide of
glucose with B-1,3 and B-1,6 linkages) . A —RFEH (Ero—2IANyF— &K, fEbb)
DHTHoT,

(iv) Bru—RoEhER (B & 571 17(b)

WAL, TR D 2 RFE L L= DSMI22 K1, PCS ¥ /M LT, CSKI #. B X
USERRED C. thermocellum IAM 136607 D& /L 11— 2 53 fBZh5R % B L. original microflora &
el L7z (Fig. 1-6), CSKI1 BRI 50°C, C. thermocellum IAM 13660" {% 60°C T2 L7,

FRALEZEL e —REEICBED LT, &Y OMEERI R D5 7= DI original microflora T,
CSK1 RIZBR b DR R B E oz, BIZZDEIMbOZHEBE L LI L X THEThH -,

(v) BREHCHED ORI (K& HEk 11)

Era—ANRYH— FEid cellobiose Z RFEIRE L7- DSM122 5 & /A LT, CSK1 £k
DEREERBEYM ORI Z I Z o7z, BRIERPOFHEE, 7L a— X HPLC IZ XV L
7o [P OTARGZIXGCIZX VR LT,

CSK1 RO FERRREHUHEYIIER L RFRICBEDL L TEEE, =% /—/, H,, CO;
Thot, ¥/, MELRP LB LR N,

(vi) BERmItERE (BPBE & 51k 12)

original microflora DXS/FHF VP HRBERMFTHD Z &, Tz CSKI OSHEERI LT
ZDHDERICBNT, ZIUEEBEBERRIGMELEL Leh o722 &b, CSKI BRiZ—
PR 22 RAERSMEME & V b RVEBRTMMHREZ A L TV O TIRARVWMEEL LN, £2
T CSK1 Bk, BXC. thermocellum 1AM 136607 {22\ T, SAIZ 0, 1. 2, 4. 8% DEEFEM
FETOIRGTOAEBTOREL AN, EEITEVO -2 T F—  L< X cellobiose % R
FRE L7 DSMI122 &5 L=,

#& % Tablel-5 (29, 2 BEDORBR THERIOENIIA DI eh o7, C.thermocellum i3
SARBERIBE 2% ETIXEESH bLdr o128, CSK1 BRIZEARBEERE 4%V Th
EFRHLLNT,
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Fig. 1-5. Phase contrast micrograph of cells of strain CSK 1, showing subterminal oval spores. Bar, 5 ym.

(a) b
" L ®
< » e
e ! £
R 6 3
=
3 5
4 g
3 &
; 5
2

days days
4 original microflora (PCS medium) A C thermocellum (122 medium)
[ strain CSK1 (122 medium) O strain CSK1 (PCS medium)

Fig. 1-6. Dried straw (a) or filter paper (b) degradation efficiency of the original microflora, C.
thermocellum and strain CSK1. The original microflora was cultivated under the aerobic static conditions at
50°C. Strain CSK1 was cultivated under the anaerobic conditions at 50°C. C. thermocellum was cultivated
under the anaerobic conditions at 60°C.  Values are expressed as means of two replications.

Table 1-5. Growth of strain CSK1 and C. thermocellum under the atmospheres containing various

oxygen concentrations
Head space O, concentrations (%)
strain 0 1 2 4 8
CSK1 + + + + -
C. thermocellum + + - - -

Growth was judged from pH decrease of culture solution after 5 days cultivation. Initial pH of the culture
solution was 7.0. +; the value of pH decrease >1.0, -; the value of pH decrease <0.3.
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(vii) & DfDOATLHRR (B & ik 13)

Clostridium JBHIE O 5B FRNT OBRIZIA 61 5 A B FHIFRER (tests for; motility, aesculin
hydrolysis, nitrate reduction, casein digestion, lectinase activity, lipase activity, indole production) %
BIlotlz,

LRRORBD 55, aesculin hydrolysis DA T, EOMORRIILTRETH -7,

$AYA  Clostridium straminisolvens sp. nov. DiE"§

b CSKl BRDEITER L, G5 I T3 C. thermocellum & C. aldrichii D& & DLy
Bi% Table 1-6 \ZE LT, RENSEFHN. BIOCAEFRMITA O, CSKIBRITREE TIZ
BED D B Clostridium BOFEL IR R EFEEIRE, MREMERRY) BEGohk
7=®. CSK1 #% type strain & L7z Clostridium ROFFE L LT, Clostridium straminisolvens sp.
nov. ZRB L7,

Description of Clostridium straminisolvens sp. nov.
Clostridium straminisolvens (stra.mi.ni.sol’vens. L. neut. n. stramen straw, L. v. solvere to dissolve;
N.L. part. adj. straminisolvens straw-dissolving).

Cells are anaerobic, non-motile, spore-forming, straight or slightly curved rods, 0.5-1.0 pm wide and
3.0-8.0 pm long, occurring singly or in pairs. The optimum temperature for growth is 50-55°C, and no
growth occurs at or below 45°C or at 65°C and above. The optimum initial pH for growth is 7.5, and
growth occurs between pH 6.0 and 8.5. Growth occurs under a gas phase containing up to 4% O..
Cellulose and cellobiose are utilized as sole carbon and energy sources; the fermentation products are
acetate, lactate, ethanol, hydrogen, and carbon dioxide. Glucose, fructose, ribose, mannose, mannitol,
melibiose, saccharose, xylose, sucrose, lactose, xylan, and starch were not utilized as sole carbon and
energy sources. The G+C content in the DNA of the type strain is 41.3 mol% (HPLC).

The type strain, strain CSK17 (=DSM 16021"=IAM 15070"), was isolated from a cellulose-degrading
bacterial community.
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Table 1-6. -continued

C. straminisolvens CSK1 C. thermocellum * C. aldrichii ®
Physiological tests Motility - - +
Aesculin hydrolysis + + +
Nitrate reduction - - -
Casein digestion - - -
Lectinase activity - - -
Libase activity - - N.D.

Indole production - - . -

Symbols: +, positive reaction; -, negative reaction; w, weak reaction

® Data from ref. [64, 87]

® Data from ref. [133]

“N.T.; not tested

4N.D.; no data available

¢ These substrates are not utilized as a sole carbon source, but utilized when cellulose or cellobiose exist in the
culture medium

f Products: a, acetic acid; b, butyric acid; ib, isobutyric acid; e, ethanol; 1, lactic écid; P, propionic acid. Capital
letters indicate major products, and small letters indicates minor products.
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Bof BE

Table 1-7 IZ original microflora 7> b 578 L 7 Ml & £ DB % £ L 7=,

original microflora 7°6 . FREGEMHF T T8 (5 FN—7) OMEL B L 7=, BERKMED
M1-2, M1-3, M1-7 #kid 16S rRNA BRI FECHUAFHT DFE R, y-proteobacteria, Pseudoxanthomonas
BB I, & TH D Pseudoxanthomonas taiwanensis (LIERD> b 5B S - mEE
BEERSMEME TH DH[19], EHEBIRESNIFIE (55°C) OBEKLEBNAAZ YT 7 & —h
HHBRIENTWVWA[70], RIEFKIED M1-5 BkiZ Firmicutes, Brevibacillus B DI LTz,
T RKFED Brevibacillus agri IMRYEHFKMED THME & U TR, RIEIILTV5[84), fmiEsF
S[MED M1-6 BRI B-proteobacteria, Bordetella BIZ 53 S i-, Bordetella ROKMEIXIZE AL
ARG TETH Y  — ORI 50°C LETHAERRRETH D, LHESh TV 5H[64]
UED 3 7 A—7 1B L Ti, [R—DEFDS original microflora ® PCR-DGGE f#HTIZ & » TH
HEh Tz (Fig. 0-5. BandA. B, E), M1-1 & MI1-8 £. 7= M1-4 ¥kiZ Firmicutes D%
EI Bacillus J&. Virgibacillus JRIZ/EINTZ, T O HBERRICKIST 53 Fid original
microflora @ PCR-DGGE f#H TIdhaH S T iawy,

original microflora ® PCR-DGGE fi## (Fig. 0-5) (2 & » THH &L TV 7= Band F IZx5d
B RSN  FGA B Ay BEIZ R Th L7, 168 rRNA 45 F-ALFIARAT 0k B FG4 MK Firmicutes.
Clostridium J&® cluster NI /3B I, B&FEIL C. thermosuccinogenes (FBEINEXT 99.8%)
Thotlz, FG4 BRITTHEFED C. thermosuccinogenes[27] & RIFEIZ, /L u— X SREEIXA B
BoT=b DD, WKEMH T TOR L 2BE (e.g., cellobiose, glucose) DFIAEEZF L TEY .,
BERTEL O —RGRRIE > TEAINDFEOHEERIZEbDL - TV LRI S,

WIEHTTEA R —R5FREEXH T2 CSKI BRiX 16S rRNA B FEFIAITIZL Y
original microflora ® PCR-DGGE #i##7 (Fig. 0-5) ® Band G {Zx$hn 3 DM T o 7=, £ 7= CSKI
BkiX Clostridium J& @ cluster L2538 S 7L, C. thermocellum, C. aldrichii & dT#& T > 72755,
ZOMEAMEIIREOHME N BN L HETIBEROBR LD 97% [111]& Y bk ok, Ei=
CSK1 ¥k & C. thermocellum & ® DNA-DNA HEIMERBROER S . FEOMENT1ZHIET
DEOBEERD 10% [126]& 0 bk o7, EABRFWITCBVWTSL, £EEHRE,
MEMERE L Voo, EHRELIIRLRIMEVRBOOLNE, CSKI BROEBZBETH D C
thermocellum. C. aldrichii DA EE BB IX, TN £ 60-64°C,35°C L #HiF STV 5[64, 133],
—J5 T CSK1 BRDAEF FIRRIREE 1L 50-60°C, ABFEEIRE L 50-55°C (Fig. 1-4(a)) & . EiE
DHLDETRIR STV, £ C thermocellum BKIABEREE 2% L ETEFR A LILZN
DIZH L, CSK1 BRIZTABBERIBEE 4% IRV THEFNRA LT (Table 1-5), Clostridium

URMEORICIE, SIARBEREE 6% CABTRAENN onBEINTWS (Clostridium ™

glycolicum [67). Clostridium magnum [61]), L7 L&/ o —R5GAREER £ Clostridium BB
TR LA T 2EOBE LR SN TRV, original microflora DEFEEMF (GFR#H
BEE) ICBWT, BERmttE., BREET COATRIEIERVIERICAERNZHEETH
5EEZ DD, LLEORFSRFER, B L OAEBEFERNMITI O, CSK1 BRITHREE TIciRE

50



F1E MO

D&% Clostridium BOTEEL IIRIe DIERDE FONIZIZ®, CSK1 K% type strain & L7z
Clostridium ROFifE & U T, Clostridium straminisolvens sp. nov. %" L7z,

original microflora {Z i3, BERIZ X9 2 BRME, REMDOR R 284 RMENSHFL T,
T Ui original microflora DR EM. TROLHFRHESFHBIREETH S 5, BREROKE
fHETIIRME DEERPHHE S DD FREME OB X I2 &V BERITERHICHE S L.
BERBE ORI 7IIHREH, BxiceoTnd E¢Ex b b, FEERIZ original microflora D
a—RSFERRICEIT HERE PO ORP fHIZ400 mV UTTHHZ EABESN TS
[45]

RAERRE L o — X 53 HERR. CSK1 BRI original microflora DR EME, TR DL
REBERGCIIERTT O LN TERP o=, FEHRIEHFTIZBWTHZDOELO— RS
f#Zh3R X original microflora & ¥ b BFEITE -7z (Fig. 1-6), ZDOZ &b, BEER TIIHF
SHEHEIC L ABEERBRIIME T, Lo —RSRAEOM OIOBX BNEHEY 7 )+
Na—RGREFELTVWE EB2OND, ZORIKELTIE, UTOETHELIMITES
Nl £ Y el

Table 1-7. Bacterial strains isolated from the original microflora

Growth Utilization
aerobic  anaerobic Cellulose ~ Cellobiose ~ Glucose ~Ace” Lac® Ethanol
Dominant strains *
C. straminisolvens CSK1 - + + + - NI NT NT
Clostridium sp. FG4 - + - + + NT NT N.T.
Pseudoxanthomonas sp. M1-3 + + - - NGl - - -
Brevibacillus sp. M1-5 + - - - + - - +

Bordetella sp. M1-6 + - - - - - - -

Minor strains *
Bacillus sp. M1-1 + + - + + + + N.T.
Virgibacillus sp. M14 + - - - - + - N.T.

* Dominant strains were detected from the original microflora by PCR-DGGE method, and Minor strains were
not.

® Ace, acetic acid.

¢ Lac, lactic acid.

4N.T, not tested.

¢ Pseudoxanthomonas sp. strain M1-3 showed glucose utilizing capability under the anaerobic conditions, but
did not under the aerobic conditions.
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H1f WS

BRFIZBNT, HOEOMAMDPEMTHEL TVD I LT A CELS, BEEOM
EMPEVNIEELZRIZLDWARRLEFL NS, ZLOMAEDIIFO X S RiWEDAY
EOEFTIIBOTCILD THRMICBELRELIDLDEZEX N, DX 5%
FHNCHRE A RE L QW AMAEMRBORI E LTI, AZ UARGEHIEE 2 O4AEME (B
BB LI 72 &) I & 2RI AKEEEeg., 52, 1051, BRILABEILED/2 £ D xenobiotics
DEHFEHI S fEleg., 17,1292 EB L HBNA TN D,

ABFRTHEE LTS ) F /L u— A0S L THREKIC, BRRTIIEEED
BAM ORI X > THRMICAMBET LTVB L E X b3, V7 Eia—2i3
HWIK ECROEBEICHET 2BEWVMRRERTH Y. £O5M. AIFIRITERICERE M
BELTIADNTWVWAR0, VF /) EAu—R 25T AN, BIOEOBERE

(cellulase, xylanase. peroxidase 72 &) IZ2WTit, H< N HEL DS BR I TV Dleg,
13, 37, 48, 78], L2 LEMOMANSLERE CARRABRO L0 —2YE 2 08T 5121,
WL FHLIRRCIRE &\ o AT E LICIHERICRE TH D L VO o BRTH D, —
FT, BEru—X5REsEmE . £RBElREL L0 — 2 5REMERET DI O REELT—R
SYFRANEE (e.g., AKRTHEBAYISS, 128] FEHEMAM(72, 86,94, 123]) & DRAHRIZL Y,
EAB—ASHHESED DND, LV BELRINATNS,

AHFFE CHRMT % 33 T 72 > TV 5 original microflora X, EFED & 5 R#EHDIFEIERIC X
DENEENO—RGEEBMETHIXT, BNETATHDLEEXONDH, BEMED
FMOLTERE, T2 TERVEVS | EBRMREAHIPEINL TS, £2T
original microflora 7> 5 5B L7-AEMDIRBSERIZ Lo TEMREL 0 — R 5EEZBHRL.
EDNTARRZIHITT 5 2 & THEEBOMAEMIZ L5 R NV —RGBD A T =X
LEATHZEEZERNE L,

AFRIL D 1 B T original microflora > H DHIE D /3B % 35 = 72 o7 (Table 1-7), HBESH
TFHIEDOS b, B —ASREZE L TCWEOIIEHKIEME Clostridium straminisolvens
CSK1 BRDH T o 7=, C. straminisolvens CSK1 ¥kiX original microflora DEs&ESRHE. T42bbH
HREHERFTIIET TERP o7z, T b, BERIZRW TRV O — R 55T
KHEME P ERRPOMBRLEE L EEREHKSIET 2 Z & T C straminisolvens CSK1 BRIZ
LN —2GMBITCHTAREICRS, EBADND, DT, MEEKHTIZBVTYH
C. straminisolvens CSK1 kD PCS F:HilZ 3617 % B/ v — X 53i#Zh R4, original microflora & k.
B L CHEEBENLDTH-7 (Fig. 1-7), 2D &b, HECBITIEDEREILO—R45
FRIZIE, BEBROHEIILLSMC b EELRERNLEH D L FRIND,

& ZCAETIL. C straminisolvens CSK1 £k & EE 0 — XA 3 FHIE & 28k 4 R A G DY
TERAEE L. B ED LIWVIRAEERIZBE L TEOS MR Z YT U, C. straminisolvens
CSK1 PROMUBERIF & Ll d 5 2 & THIBEHEIL L Dm0 -S5O A I =R L
ZHRoTo, X OREHEEFRD original microflora & FARICHEREEFRIZH U THEER, 18
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WL EEZH LTV D BRE LT,

B 28 C straminisolvens CSK1 £k & FEE L1 — R %ﬁ?ﬁ:} BiEbk & DBREAISE
F1HE BEEERCIIHIFEFMFTCOEL -5 (BB L 51 3)
FTEIETHEEL-EL O —RG5MME C straminisolvens CSK1 ¥k & . £ TOFEHESEE
& DIREEREZB IR o7 (Fig. 2-1), £ D#ER. C. straminisolvens CSK1 BRD#Mi¥E % (Fig.
2-1B) \ KT BER DA DR AHEHE (Fig. 2-1C) TiXEA B — R SMBERZ bRV Dlzst L,
C. straminisolvens CSK1 ¥k & fF A BERE & DIREREE (Fig. 2-1D) T, HFRBERMETO
T —RGHERH DI, FT 2 OREREEF T C. straminisolvens CSK1 BEMBER L TW 5
T &7 PCR-DGGE gt 72 El2 X W /R &#7- (data not shown), Z DFERMN O, RS BERK
DEEIZ L > THKEFESRME TY C straminisolvens CSK1 MM ABFFREIZR Y B — R4y
RPHEITT D Z LR E N,

2 2 MRGERROMIT

E ORI BfER DS C. straminisolvens CSK1 BRDIF R E B LU COBM A A[REIZ T D8N
ERALTWDONERLMIT B0, C. straminisolvens CSK1 ¥k & & 53BEbk & 0 2 FERE
BERERTHEEL, TN —X5RNEEZFAT (Fig. 2-2), TORER. C. straminisolvens
CSK1 ¥k & Pseudoxanthomonas sp. M1-3 ¥, Brevibacillus sp. M1-5 £k, & 7= i% Bordetella sp. M1-6
e D2 BREERRTENL O — RGN B LI, ¥FIT Pseudoxanthomonas sp. M1-3 Bk & @
1R& B%%% % Tl original microflora (7.77 g/L, for 8 days) (ZPCEkd B1E & DEWofigiEdE (7.31
g/L, for 8 days) DA HILTZ,

F3MHE ATHRAGEEETR (CSK+M356) 12X @RI u— 53R

C. straminisolvens CSK1 ¥k & @ 2 FER SR Tl v — X MR A bV 3 O o
Pk (Pseudoxanthomonas sp. M1-3, Brevibacillus sp. M1-5, Bordetella sp. M1-6 £) &. C.
straminisolvens CSK1 Bk & D 4 fEIEAHEE R (CSK+M356) . original microflora % _E[B] 3 1%
Eomnira—R5REEEH LTV (Fig. 22, 8.30 g/L, for 8 days), — 5 CHREEKHET
TiX CSK+M356 D)L — R G EHERITEEFIE N DO TH o7 (Fig. 2-2, 1.93 g/L, for 8
days)e TDT END. T b DFTMESBFRITHRKMLREZEV T, Lo Z sz
T, ZDHKRGHT TORMEDVPREPDRLBIHFE LTI LEZIDLND,

—J . CSK+M356 IZ% 9 —¥kD 5 BEE (Bacillus sp. M1-1 Bk, Virgibacillus sp. M1-4 ¥k,
Clostridium sp. FG4 ¥k) %Nz 7= 5 MIRARIERIL, Wb CSK+M356 LY Erm—R45;
FETEMEB KD o 72 (Fig. 2-2), DI EMD, b 3 MOSERRIIHENTEL T — X5
DRI R T 4 TRPREFL TN EEZ OIS,
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Fig. 2-1. Photo image of filter paper degradation by C. straminisolvens CSK1 together with non-cellulolytic
bacteria. Incubation was conducted for 4 days under acrobic static conditions at 50°C. (A) Uninoculated
culture, (B) C. straminisolvens CSK1 pure culture, (C) mixed culture of acrobic isolates only, (D) mixed
culture of C. straminisolvens CSK1 with aerobic isolates, (E) the original microflora.

CSK1 pure (AN, 122) = -
CSK1 pure (AN) [ "+
CSK1 pure
All aerobic isolates No degradation
CSK1+FG4 | No degradation
CSK1+M1-1 | No degradation
CSK1+M1-3 = y
CSK1 +MI1-4 | No degradation
CSK1+MI-5 H )
CSK1+M1-6 e -
CS K+M356 ] - o
CSK+M356(AN) | Hi——
CSK+M356 + M1-1 — —
CSK+M356 + M1-4 ] Ly
CSK+M356 + FG4 — -
CSK1 + all aerobic isolates (== i
Original microflora . + H . &, ;

Filter paper degradation (g/L)

Fig. 2-2Filter paper degradation of pure or mixed cultures. Open bars, filter paper degradation during day
0-4; gray bars, filter paper degradation during day 4-8. Cultivation was conducted in 70.0 ml of PCS
medium with 700 mg of filter paper under static acrobic conditions, except for; AN, cultivated under
anaerobic conditions instead of aerobic conditions; 122, cultivated in 122 medium instead PCS medium.
Values are expressed as means of two replications. Error bars indicate the standard deviation.
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%5 38 CSK+M356 & C. straminisolvens CSK1 ¥R DRIFEES 3 D HEE (b & ik 17)
HRMESEERO ED L S @& PRDBIMICHFEE LTV DO EF LMNICT 701,
Fig. 22 OFATIZIV TR S B0 — A GMENERFH - FLRAHEER, CSK+M356 L. C
straminisolvens CSK1 BROMBIERR DL 0 — X RGARZAZIT L. B L7z, CSK+M356
DFFFTICITIR SR EBERIC 2 ERRITREZ BT 2 o7, 31d generation Z R L7=, C
straminisolvens CSK1 BRIZFiF53 &4 Tid PCS-FP HIIC W T, HELKETIZBOTH
DN —RSEEEITIER RN YD (Fig. 2-3). C. straminisolvens CSK1 BEDHEE D

FRATIZIL, DSMI22-FP $5h 25 L7,

10 9

® pH
g | < filter paper degradation 8
2
2
]
g
=
°
B
3
£
&
&
8
=

Fig. 2-3. Filter paper degradation and pH profile of C. straminisolvens CSK1 pure culture in 70.0 ml of
PCS medium with 700 mg of filter paper under anaerobic conditions. Values are expressed as means of
two replications. Error bars indicate the standard deviation.
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E1H wru—RHRE

C. straminisolvens CSK1 BR#lIEUEHE R & CSK+M356 DI MRBOHEB & Fig. 24@)VRT,
BRI ISR L RE R TR AEEIIR X REBVRA DN TH (eg., day
2-3,3.76 and 3.44 g/L/day, respectively) . SEREZINTIIABRBV DA DN (eg., day 4-8, 0.47
and 0.82 g/L/day, respectively) . 10 B ] D35# CORMLAZRIL. C. straminisolvens CSK1 Bi#i
PMEE T 6.50g/L. CSK+M356 Tix 891 g/L Thol-,

F2H BERIKO ORP, pH R

CSK+M356 DIFFRBIZBIT DERBOMILEILENL. (oxidative-reductive potential, ORP)
fBEX. BERBASAT 1 BEAIZ-300mV L FIZE TIET L. £0% H-300 mV TR TV
7eo C. straminisolvens CSK1 PR, CSK+M356 DIFFRIBRIZIIT 2I5RIKD pH HB %
Fig. 2-4(b)R T, TERZWEIENER > TV D day 3 £ T, MHFERL BICpHIL6 LL
TIRETET L7z, L2 UEEREHICIE, MBREERR CIIMERE (ca,pH5.6) MRz T
W DIZxE L, CSK+M356 Tid pH iZHH#AHE (ca,pH7.2) IZR->TWol,

H3E FEEEPOVLu—IGBRABED

BRI DKAVEREIREE 2 7 L A VIRIC X D ER L (Fig 2-4(c) . HEH9IH (~ day 4)
TRABHEBOERIFERRATREREZZLZODN 2o, LA LEKSAERIZ
CSK+M356 DHHLZVDIZ b 20 vb b F | HREH OKIEHERE OFERIL CSK+M356 D J5 38
BN I o T 555 10 B O AR H 7= Y O oligosaccharides #8 EE NI, CSK+M356
I% 162.0 mg-saccharides/g-(cellulose degradation), C. straminisolvens CSK1 BRliEMEERIT 333.4
mg-saccharides)/g-(cellulose degradation) Tdh - 7=, )

BERERPOEBEEEZ Fkit i X W EB L7 (Fig. 2-4(d)) . C. straminisolvens CSK1 BRiteEs
F TIIEFEER T day 2-4 THY 1200 mg/L ¥ TRBIIEM L, Z 0% bikx MG T,
—75C CSK+M356 TiX. day 3 £ TITH 670 mg/L ETHIMUI=#., B2 ITHL LTV,
BE#% 10 B £ ORAESRRE H 72 Y OFFEREINIL, CSK+M356 X 54.2 mg-acetate/g-(cellulose
degradation), C. straminisolvens CSK1 BEAlEEE 21X 227.1 mg-acetate/g-(cellulose degradation) T
HoTe,
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(2) (b)

10 or
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= ® CSK1 pure 5 |
0 1 1 1 ] 4 1 1 1 1 J
0 2 4 6 8 10
days
3000 _(c) 1600 -
~ 2500
S 1200
g .
§ 2000 3
2 kS
k 1500 e 800
8 g
2 g
2 1000
© 400
500

days

Fig. 2-4. Comparison of filter paper degradation processes of pure culture of C. straminisolvens CSK1 and
the mixed-culture (CSK+M356). Cultivation was conducted in 70.0 ml of liquid medium with 700 mg of
filter paper. Pure culture of C. straminisolvens CSK1 (filled diamond) was cultivated in medium 122 under
anaerobic static conditions; CSK+M356 (open circle) was cultivated in PCS medium under aerobic static
conditions. (a) filter paper degradation, (b) pH value, (¢) oligosaccharides concentration, and (d) acetate
concentration. Values are expressed as means of two replications for two culture solution samples. Error bars
indicate the standard deviation
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FAH CSK+M356 DREEHIESY A F I 7 ZAOREHNT
F1H FERERPOREK

CSK+M356 DI ARHBRIZIIT DEERIE P ORBE OB & DAPL ik (Ml & ik
18) W2 X D flE L7z (Fig. 2-5), day 0 A>5 day 2 IZRBWTRE XTI 100 fFi2MLTE Y,
Z D% day 6 £ TIRIKE REITH DRI 0T,

P2 FOEEBROGFIELRROHRE

.CSK+M356 DISMELAFBRIZI T 28 DRBROFELLEORRHNE L ERM real-time
PCRE (BB E Bk 16) WXV BIE L (Fig. 2-6(a)).

C. straminisolvens CSK1 BRIZIBAR S RED A E BRID day 1 TIIZE DOFELRIIIEFITIEL

(1%LLF) . Z OHIEHAROHEST & 4B U T day 2 121349 20%4 = THEIM U 7=, @PEgkE
O Pseudoxanthomonas sp. M1-3 $RIZHIESR 2 8 U THEFITEWFELR (3%LE) THho
oo IRIELFSMED Brevibacillus sp. M1-5 BRI day 1 121X 10%LA EO LR TH o723, £ 0D
B LTt (c.a., 1-7%, during day 2-6), [F] U< (RS S D Bordetella sp. M1-6 BRi
day 1 121X 1%L FOFERETH - 22, £ OHEIM L TV o7z (ca., 1-8%, during day 2-6),

HOHHI CSK+M356 DR & BRE DR EE DK

CSK+M356 D& L BBEOLEEMZ A D702, HREEZEBV R LEZORKOBRE L
BEEEME 2R LT,

11 [E DO EEFET% D 12th generation O day 4.day 8 TOIRMOMREIIFNF15.02.8.70 g/L,
40 Bl DORE{REZFE B D 41st generation @ day 4, day 8 TOIREOMRERIITHLEN 518, 842¢g/L
&, RRIEEATORESMRE (5.51. 830g/L. Fig. 2-4(a)) LIZERERTH o7z, F7= pH#
BO/NRE— (day3 ETIZ6LLITIMET, £0% 7L EicE CHEIE) b, BEERAIT% T
iER—"T3 o7 (datanot shown), '

—5C CSK+M356 DREBEITHRERICKH L TRELZE TH o7z, 12th generation, 37th
generation O fE EHY real-time PCR ¥ ($1#t& 51k 16) W2 X DS HBERROFIELLRMITE R %
Fig. 2-6(b, c)IZ7~" 3, 37th generation {233V T CSK+M356 DAERR A > /3—D 5 b Brevibacillus
sp. M1-5 BEDSERHHFRSE (39 0.01%) AT Th oz, F72% D Brevibacillus sp. M1-5 BRDTFETELL
(X, 3rd generation & 12th generation DI TH, AL REL B A LN,
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10E+10 t

10E+9 1

10E+8 |

Cell number /ml

10E+7 4

10E+6
0

day

Fig. 2-5. Quantification of cell number in the culture solution of CSK+M356 during filter paper degradation
process determined by direct counting of DAPI-stained cells. Values are expressed as means of eight fields
of view. Error bars indicate the standard deviation.

(2) (b)

100

o 23 O/L 7;\%
T .

% DNA mass

0.1 1 — 1
0 2 4 6 0 2 4 6
days days days
QO C. straminisolvens CSK1 @ Pseudoxanthomonas sp. M1-3
0O Brevibacillus sp. M1-5 A Bordetella sp. M1-6

Fig. 2-6. Quantification of each bacterium in CSK+M356. (a) 3rd generation, (b) 12th generation, (c) 37th
generation. Open circle, C. straminisolvens CSK1,; filled diamond, Pseudoxanthomonas sp. strain M1-3;
open square, Brevibacillus sp. strain M1-5; filled triangle, Bordetella sp. strain M1-6. Values are expressed
as means of two replications for two DNA samples. Error bars indicate the standard deviation.
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o B

C. straminisolvens CSK1 #:iZ original microflora DS ERMH CTHOIFRBBELRHTIXEFT L
oo, HRHESEERE OREERICE o T, ZORFTHER, BV —R SN ATHE
E7ote (Fig. 2-1), ZORREMS, HRMEEL o0 — X GFME & FRIEDEEL T — R 55
MBEOEFNREL L2 BN —RAGRILATH DI EBRENT, L LETOFRE
DEERB N0 —ZAGRRICR DT 4 TRRERT DI T2 o7,

C. straminisolvens CSK1 #k & @ 2 R A& TN 0 — R G A bl 3 FEOF KB
¥k (Pseudoxanthomonas sp. M1-3, Brevibacillus ép. MI1-5. Bordetella sp. M1-6 ¥) & . C
straminisolvens CSK1 ¥k & @ 4 IR/ EE®R R (CSK+M356) iX. original microflora % LB %X
EOBmWEL O —RSRREEZE LTV (Fig. 2-2), 2 b 3 EOHKHESRITESIER
ROBNLO—AGREPRET IRBFD LELLND, B0 — R Clostridium BHE
&, B —RGREY (eg, B, KR) 2WETD LI I v —RGMHEE L DILEE
XY, MBI Y b Lo — AP REBINDI LVOIREFEIINETIIBH NS
OMNRENTWVB[72, 86, 88,94, 128], L LINLDRIZIVTNRY 2EEITORSERRT
HY, FEELLOMEMBHRITHET, BRELEIEHT TR 2b T3, EiFatk
o — R4 fungus D Tricoderma harzianum BRGNSV u— R ARMAE Clostridium
butyricum & DILIETIZ L DN 0 — R GFEIEOREBOBRE L H H[123], —FH. FFETH
# L7z CSK+M356 i1, BV 11— 253 Clostridium JBHIEE & 3 BROFTHEME L VD ZhET
WKHEEINTHWRWE A TOMBEDLRIC L DHRSGHT TOELR—ISBROMRL, &
WO RTHRERESERRTHDI VALY, EKBHROL S e o —R5RRBET
HBHTICIBVT, B0 — R 53 Clostridium BAIE & FFRAEMEIL LIX LIZRIFICR S
TWaleg., 73], CSK+M356 i/ 1 —Z4538# Clostridium JBHIHE & K MEME & OB
YEMET 55 X T, FRCIVEFALTHS LEL LIS, ‘

C. straminisolvens CSK1 Bk D3 & CSK+M356 D/ b — R @Rz ik U= E8R

(Fig. 2-4) B, LTINS 3 B8, HELL2EHREA0—RHOBERTHD LE
xbiB, |

F1RBIE, FREMENERLZHE L. C straminisolvens CSK1 BRASAER FIREZ2HRERY.
BINREZEVHT L THD, HFREMBEIERRKE L HIT PCS BHBICEENS
peptone X° yeast extract ICE ENDRATHIRTF FT I/ B2FIALTAEE., BLU®
RHBZLT2LELLOND, EE, ThbOFKHESEEKITIT, BIOLOG ##HTIZ L o T, #&kx
RT7 I JBOMBERD D Z EAIRENTUVS[140], LA L CSK+M356 DL — R 55fE%)
FERRREHCELUETT 3 (Fig 2-2) ZL2EXDL, HRIEROEIILISMC b EER
ERBHDLEZDLND,

2 ABIE. FEEHECLIRB R0 — R SREDOHEE TH D, KIBHEHE, i
cellobiose I cellulase ZXEDOIHI[S7, 134]. cellulase TEEDPHE[SS, 69)72 Lo XD, Ero—
A58 Clostridium BIIEDEN 0 —RAREHRE T 2B 03H 5 L BESN TV B[T5],
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CSK+M356 Tid C. straminisolvens CSK1 FRAHERIFL 0 b, IREABRIIZ VDI L0
DO TERIED OKBHEREOERIIEL M ON TV (Fig. 2-4(c)). W TN DEFKRMEM
BIC X B KIRHERE OTHE 25 CSKHAMB56 12 L 2 MR L 0 — X GMOBER OV LD TH D &
HETX 5,

F3RBIL. FRIEMEIC X 158K pH OFHE L TH B, C straminisolvens CSK1 B D+
N —RGROEEGH pHIZ 7.5 THY ., pH 6.0 LT TIIOMEMT LA LR 52V (Fig.
1-4(b)) . CSK+M356 ORFFBRBRIZBWTIE, pHIZW 57 A 6 L FIZE TR TFT 300D, #
DEPHEMIEETER LTWolk (Fig. 2-4(b) . FFKHEME D pH 2 (L 288138 5 >
2722 o TRV, BEBEDEE (Fig 2-4(d) X2 0—HTHD L EXBNS, 7= original
microflora ZfJ# pH5 X° 6 THEET 5 & . —FIC pH 3 78 ICE TEFT 5, &\ ) &R (Fig.
0-6) =°. Pseudoxanthomonas sp. M1-3, Brevibacillus sp. M1-5, Bordetella sp. M1-6 ¥k% PCS 33
i (13 pH 7.2) THIEERET 2 &, B3RO pH A3 8-9 ICE TERT 5. &\ 5 AR (data not
shown) 2EHNTWD, ZIUIFRHIRT IV BEOBIIC L 5TV E=T DARKICL B L #
2335,

CSK+M356 I original microflora & RIRIZ  HERBERIZXE U CHEERN R R EEZ B L TE Y,
RIS L2 OB 0 — X EEER pH HB DS — B ITHR bk doT-, LivL
WERNC TR RICH L TRZETH D ROBR TR 23— 5 B0 | #, Brevibacillus
sp. M1-5 KB HE LT LE o7 (Fig. 2-6), —J. original microflora Tl Brevibacillus sp. M1-5
BRiL 40 BILLE ORISR % IC HIRIF LT\ 2 [45], Brevibacillus sp. M1-5 kA% CSK+M356 12
BWTERAETERVEHRIIHA LA TIXA2VWA3, original microflora (Z#F7E L. Brevibacillus sp.
M1-5 BROEFWERIOT 4 TR 2> A L3 —% CSK+M356 BRWNTWS, &) ATEE
HENE x Bi’béo DX S RME O & L TIL, original microflora > % PCR-DGGE fBHTiZ
Lo TELEE UTRIEEIN TV Clostridium sp. FGA BB E 2 b b, = DEEZSEX. B
3 ETITMAEERICHR U THREH. BRI R ERBEAEEROBELRAL I,
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B 5

BRR., Z2oUNHF4 R ATHREICEWT, H5BOMEMPBEMTHEET I Z &
EAEEL MOBED LB LBREERZRELLVAEROHFLTVEEEZ LA T
%, BHIEEEEYCRAKOMANFHAER & O AN THREIZIEWV TR, B oEER
B2 R ELZ: Sk A MAMBE OB, BEORENZHERT S Z LITFEFEICEER
B LR 2 HILTVB[14, 34, 35,47, 109, 125], L LEEEOMAMPRZEICETIAD
= ZAMIREABICIZR > TWERY, ZOA =R LOEBEZREEC L TWBEROVE D
i, BRI AMRECBIT 22 TOBBMEDRORENEETH D, LWVWI L THS,
DI EN OBERBAEYREOBET COBESCHAEERZHALNPICT I Z LT LV RETSH
5. T TAMFETIE. O & DOMEMBEN L OB LZMEDORAERIZLY ., ZOMK
EYBEORBELZENLZHEL, TOATABREMIT T2 L TLEREOA I =X b2}
HTHZE2BELE, ZOXIRT Fu—Fi, MEDHEC L 2HSMEHE ORI
B BBFZE[11, 17, 23, 28, 117)%°, O REPBAMBEE DIFZE[36, 92)72 L OHHF T L AV bR
TW5, ZDX5RHETIE, 2 BOMAEYMOBRMEZMEIT L. BRXANBRICHS 2
BOMAEYMOLZEREFICEHLTERINLTWVWS, LMLEO—FT, F 3 OMAEHREDT
ENR2FBOMAEMOBRMEICHELEX D, LWVIHIBELRENTWVWSleg, 26, 62], £
Z. BRAOBHLMEMBED XV IFEVEROLDIZIZ, ZHE G L) OMAEWME
DHEERF Y FI—2 ZRXTOK LERD B EZx bR,
AUNR—BHEINTIRAERC K > TRERBBEMAYHESBE TSI EE. £T
DA N—DFPHERFE CORBEZRRTHIEPARTHY ., TLETOR/EA V3 —0D
HEFTOXBEZET=F IV I L LUBHNERICR D, SHIZ, BEA VD5,
DOEDETERWEL S BRBEAERR (Vv 770 MEE) 2 BETHZEDBWETH Y,
T v T Y NBERRNTT ST L TR A LA ORERTORRE, &ER, o
AUN—ERIEL TV BB OWCTHETE D LERT, T/ v 277y MNEEDRENT L
WO T Fu—Fi3, HEBEBETFORREE ZOBGFORBLMALIETHMELELS LW,
BEFHEEERLALZEXZFZBECLTVS, MAHERBRZOSFIZBW TS,
2-bromoethanesulfonate FEIMZ & 5 A 7 AR ME O Ee.g, 3810, €V 77 VEBERMC
L AR THEOME g, 90)2 ED X I BEDWMEM I N—TDOBEDHEZRET S
T &T, TR, BREZFEIFELLTCIOT 7/ e—FiRi{AVnHhTNS,
AL D 2 ETIX original microflora 7> 6 7B L7 kK E B 0 — R G5 RRSEEBRD C.
straminisolvens CSK1 ¥k & . 3EROHFRMEIEE LV a0 — X 5L BEE (Pseudoxanthomonas sp.
M1-3 ¥k, Brevibacillus sp. M1-5 ¥k, Bordetella sp. M1-6 k) & #BEEHFLESHZ L T, &EMF
rn—RSREEERE T HAEMEEE (CSK+M356) ZHEE L7-, CSK+M356 iI original
microflora & BT, BEAEIRICHK U CHBRERIZRZ BRI LW, BEMIZIIARRLET
HY . EROBETA L N—0DHHD 1 #, Brevibacillus sp. M1-5 Bk kb T L E - 7= (Fig.
2-6) , Brevibacillus sp. M1-5 Bk%% CSK+M356 I\ BV TERTF CTE 2 WERIIH L TIZR WA,
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original microflora \Z777E L. Brevibacillus sp. MI-5 BRDAEFTIWZ R OT 4 TR EFHF LA N
—% CSKAM356 MRWTWNEH, L WS AREMENE X b, 2O X 5 RMEOEE & LTI,
original microflora #*% PCR-DGGE f##7 (fig. 0-5) Itk -oTELEEL LTRIHERA TV S
Clostridium sp. FG4 k3% X bivic,

AE T, CSK+M356 {2 Clostridium sp. FG4 BRZMZ 5 Z LW X W BERMAEDHE L
KLz e, BIXUED v I 70 MHEZBE, iIT L-RRE2HRET 5,

B2 wru—RARMREEAETOIRERANLALRE (SF356)

E2ETHIT LI- 4 MIBEAH®RR. CSK+M356 12 Clostridium sp. FGA k&M % 7= 5 iRE
B R (LUF SF356 Li0#h) B LT-, SF356 IMFREFESLT CHEKE QMBI L DD,
Z DO%hEE X original microflora X° CSK+M356 £ W FEIZIKA o 7= (5.29+0.20 g/L for 8 days, Fig.
2-2), L2>LED—K T, SF356 ITRERESRITTH DR, IEMZERZA LTz, &
THAEAITIT, 20 B OREIEEEEIZ S SF356 DL n—XSEHRICKE BB MiITAONE
Mo7o (5.12+0.12 g/L for 8 days), SF356 DRE{UHE#E AT (2nd, 22nd generation) O day 6 I
BT 2B L EERROTFERIS 2 EEM realtime PCR ¥ (BHEHE 5k 16) 12 X VARHT Lok R %
Fig. 3-1 {Z/RT, 20 BIOMKREEREE IS 5 MOBEKRES TR S, SF356 [3#EICLEE
THDIEPRENT, TITIO 5 BREEBRREZRERBEDETNVELT, bR
TR lrotz,

FH3f v 7T U MEEOBE L TOREHDOKRE

SF356 IZB1F D& A >\ —F OB, MEERZ BT 57-DIT, SF356 DA /3—D 5
HLOUWEDERWE AFERAEERR, /v 77U MNEERBE L (Fig.3-2), UTF. &/ v
77 MR AX LREET . T I TX BRI A L A—OBE TH B, HI%IEACSKI
iX C. straminisolvens CSK1 BRBSERDNT=BE4E . 372> B Clostridium sp. FG4, Pseudoxanthomonas
sp. M1-3 Bk, Brevibacillus sp. M1-5 ¥k, Bordetella sp. M1-6 k> 5725 4 BIRAEERTH B,
FIHRIZ. AFG4, AMI1-3, AMI-5, AMI-6 ZHEL. £ b ORREERICHHT D REM LR
~ie, '

7 v 77U MEEORKEZ®RAE (2nd, 22nd generation) @ day 6 (281} 5B S BEROTFE
& & EBW real-time PCR & (b1} & F¥k 16) 12 X D ARWT L7 fER 2 Fig. 3-1 lORd, $£7-
Z DORERE HMIZ Table 3-1 1I2E L 7=, AMI-3 & AMI1-6 Tid SF356 &[RRIz, £TDRA
N TERERBRICOBRELTBY ., 20 u—A 5RO EEA LR o
oo —HTHMD ) v 77 7 MEETHH—EDORA UV N—DWEEBBZ oz, AV N—DHEKH
Ron7-RIZBEA L Tk, FeREIPCR & (BB & H1E 15) I X D IR0, JEF 2R L7,

Me— DN O — R GRRHIE C. straminisolvens CSK1 Bk % &\ /= ACSK1 Tl 1st generation
PoENu—RGRRITR LT, ETHEREERICH L OBENICARLZE Th o7z, MRER
DIEFE T, Clostridium sp. FG4 ¥k, Brevibacillus sp. M1-5 Bk, Pseudoxanthomonas sp. M1-3 ¥k ®
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MR U, BRI 13 Bordetella sp. M1-6 kD B - 1=,

AFG4 (3 2%D CSK+M356 LRIL D) Tik, H2ETHHRBINL X Sz, #ROB
BTEro—2 oM EDN -6 DD, Brevibacillus sp. M1-5 BER % LTz,

AMI-5 TiX, ACSKI TH b /=® & [FEHRIZ 2nd generation 1Z351F % Bordetella sp. M1-6 ¥
DIFELERMOR & B L THERIIKRE hote, E-RHROBI T C straminisolvens CSK1
Bk, Clostridium sp. FG4 BRONRIZWH M R bivte, o —2 581 C. straminisolvens CSK1

BoWk L i ITFERY (10th,

SF356

ACSK1

AFG4

AM1-3

AM1-5

AM1-6

2nd IB

22nd | g

2nd IA

22nd I‘g
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22nd | B

2nd IA

22nd | A
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Fig. 3-1. Relative abundance of each bacterium
in SF356 and the knockout communities at day
6 of the 2nd and 22nd generations. The data
show the results obtained from two independent
subcultured communities (designated as A and
B). The values are expressed as the means of
two replications of real-time PCR experiments.
The variation between the real-time PCR
experiments for the same DNA sample was less
than 20%.
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Table 3-1. Stability of SF356 and the knockout communities.

Mixed 2nd generation 22nd generation

culture CSK1 FG4 MI1-3 MI-5 Ml-6 CSKl FG4 Ml1-3 MI-5 Mil-6
SF356 + + + + + + + + - -
ACSK1 N.IL - + + * N.L " - - *
AFG4 + N.L + + + - N.L + s +
AM1-3 + + N.L + + + + NL + +
AM1-5 + + + NI + - - + N.L +
AM1-6 + + + + N.L + + + + N.L

+, detected:; -, not detected; N.1., not inoculated in the mixed culture.

Original microflora

Isolation

CSK1 FG4 M1-3MI1-5M1-6 CSK1 FG4 M1-3 M1-

SISO
/RAand AT

“%
Model community Knockout community

(/M1-6)

Fig. 3-2. The outline for construction of the knockout communities. This figure shows the one of the

knockout communities, AM1-6, in which Bordetella sp. strain M1-6 is eliminated. In the same way, '

ACSK1, AFG4, AM1-3 and AM1-5 were constructed.
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FAH SF356 L/ v 77y MNEED A 0 —RSRRREROMT e E Fik 17)
SF356 IZBITBHEA U NR—DRBN LB T DH-DITSF356 L&) v 7 T7 U VEEDEALD
—AGFRREE AN, R U7, RHTICIX S EESE D 2nd generation ZHEA L7,

B1LE ELo—RGREHE

FHEED day 4. day8 IZBIT DMK MREDERER % Fig. 3-3@IRT, ACSK1 Ti3ik
WARIIBZ 2707, AFGA ITFRNBED 5 b TR bEVRESEDENERINE,
72 AMI-5TH SF356 & D bW BRSO ERBREINT, ZDZ &b Clostridium sp.
FG4. Brevibacillus sp. M1-5 BkiZE v 01— X DZhRWGIRICK L TIR T T 4 TR E2FH-
eI NI,

F2m R pH OHER

£ BEE OEE pH OHEB & Fig. 3-30)I0TT, SF356, AMI-3, AMI-5, AMI-6 @ pH #
BONREZ— N3 E<EITEBY, day 34 TpH 6 fHEICE TR T L, 20#% 70 EiCE CHEE
TBZ LN, —HTAFGE Tilday3 E TRV oA PH6 U TFIRETEF L= b D
O, ZO%pH 7.0-73 I THEME Lz, ACSKI TiXpH DIETRBI bF. F4I2#9.01C
E¥TERLTCWoE,

H3EH FEREPOENL0—RSRGHEY

SHEOERETO BNV 0 — R SRAGHEY OKBMERE. B, =& ) —\) OBREYE
Bl SHECBIT L0 —RSBHROENC L ZHELEL 7012, 8 BEDKE
ETOZERPEHOEME (mg) ZRICL 8 AMOBERCTHMINT-IEKOEHEE (g) <H
ST AR EEZ b o T, FRMEDOERE Lz (Fig. 3-3(c,d, ¢).

ACSKI1 TIHIEMFMEPREZ DR\, FRBEHORING o iRh o7z, AFG4 Tk
IKEHEREDEBPTANTHEP CTRHEL | BiEL =¥ ) —VOERPRARCHEPTRD
Yiginote, ZORERM B Clostridium sp. FG4 BRSBE 2 BRBE L CHEBE. =& ) — NV Z AR LT
WHLTERTFRTES, AMI3 TRERBROEBIFARLCHEF TRELEL .,
Pseudoxanthomonas sp. M1-3 IR BHEF CEFEZHEB L WA Z L8 FHREINE, AMIS T
(7K IEHERE DEFEDS SF356 LV bHFEICL < | Brevibacillus sp. M1-5 (R EEER CHEZ R L
TWB I ERTFHREINE,
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filter paper degradation (g /D

ol = 1 B I
T

8Fasa
ACSK1
AFG4
AM1-3
AM1-8
aM1-8

OmMO &< »

8 §
o

g

mg acetate /g degradation
2 g

FFEFH

Fig. 3-3. Comparisons of the filter paper degradation processes of SF356 and the knockout communities. (A)
filter paper degradation over a period of 4days (open bars) or 8 days (gray bars), (B) pH value, (C)
mm«awmgmmmmam(mmam Accumulation
of the metabolites is represented as an increase in the metabolites during an 8-day period of cultivation (mg)
per amount of filter paper degraded over a period of 8 days (g). Values are expressed as the means of two
culture solution samples. The error bars indicate SD. Asterisks represent significantly different (P < 0.05)
from SF356. N. A., not applicable, because filter paper degradation did not occur.
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FE5H FHrru—ASMABHROBEDOERR

5 4 B DfENT T, Pseudoxanthomonas sp. M1-3 BkOBEBE ORI E VWo= X 52, B1ETO
HOBROEBZNMBITORKR (Tble 1-7) LRIRRDTFELBONE, 22T C
straminisolvens CSK1 Bk % Sl L /- R OB RIMIR CTH L v — XGRS ER AR L (M
BEHE19), BREOKEME, Bt =& ) — L OBBZHFA~ (Table 3-2), KX
J —IVOEBOREEL ZE L T.negative control & U TITHE ZHE L2WIERIRE 2 fth & R
tZ incubate L7=% D% L7 (Uuinoculated (after incubation) in Table 3-1)

C. straminisolvens CSK1 BRDIZHRIIR TIX. W ITNOSEERRS PCS-basal 5L W b K< &
B L7z, C straminisolvens CSK1 BRDEEHEIBHR T Clostridium sp. FGA R ER LT & 2 A, B
DORPD>BRH I, ETEFREOKBRBMBE A LN, =F ) —LbbThrTiEHI28MmL
TWe, ZORRIIE1E (Table 1-7), RKEFE 4B OFER L —F L. Clostridium sp. FG4 ¥k
DYELERBEL ., BERE, =& ) — N2 AERT 5 &5 TREEMT -, C straminisolvens CSK1
BEDOEE R IEHK T D Pseudoxanthomonas sp. M1-3 BRDEE3 Tl BEEE SRR AL T E THEA
L, SEKRBEMEBOBRELARICEALE, TORBRIIAESE 4 ficHioh=TH

(Pseudoxanthomonas sp. M1-3 BROEFEFIH) 2T 0D TH D, F 1 EDOMEYT T glucose
OFRIFIER S b, EAES 4 fi T HEEOILEIRE STV = Brevibacillus sp. M1-5 Bk T
&7 C. straminisolvens CSK1 BRODEIFHIIK TOREE TIIKBEEE OB XA bR -
Teo ED—FT, =¥ ) — OB LEFEDEMMBBE SN, C straminisolvens CSK1 ¥k D
B IR IK T D Bordetella sp. M1-6 BRDIEE TiX, FETREERA DN,

Table 3-2. Pure culture of non-cellulolytic isolates in PCS-basal medium and in the cell-free culture
filtrate of C. straminisolvens CSK1

PCS medium Cell-free culture filtrate of C. straminisolvens CSK1

Strains ODgoo * ODgg0 Saccharides Acetate Ethanol

(8D) (SD) (ng/L)(SD)  (mg/L)(SD)  (mg/L)(SD)
Uninoculated (before incubation) ~ 0.006 (0.001)° 0.005 (0.002) 506.5 (39.9) .254‘1 2.0) 200.2 (14.5)
Uninoculated (after incubation) 0.009 (0.002) 0.007 (0.002) 520.5(1.9) 275.6 (1.0) 158.5 (6.9)
Clostridium sp. FG4° | 0.048 (0.010) 0.110 (0.006) 241.0(10.2) 461.3 (6.6) 205.0 (4.9)
Pseudoxanthomonas sp. M1-3 0.676 (0.161) 0.917 (0.038) 454.3 (0.9) ND? 180.1 (2.1)
Brevibacillus sp. M1-5 0.733 (0.133) 0.940 (0.014) 536.0 (9.9) 609.0 (8.0) 24(0.7)
Bordetella sp. M1-6 0.420 (0.040) 0.511 (0.006) 548.9 (14.4) 206.8 (13.2) 141.2 (4.9)

® ODsw, Optical dencity at 600 nm.
® The values in parentheses are the standard deviations of two independent experiments.

¢ Clostridium sp. FG4 was incubated under anaerobic conditions for 5 days, while the others were incubated

under aerobic static conditions for 2 days.

4 ND, not detected.
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BoHE BE

C. straminisolvens CSK1, Clostridium sp. FG4. Pseudoxanthomonas sp. M1-3, Brevibacillus sp.
M1-5, Bordetella sp. M1-6 £k &\ 9 original microflora %> & PCR-DGGE f###7 (Fig. 0-5) 2 & -
TESREL LTRHENTOW AL TOMEDOHLAEDLEIZ LS 5 BRAKEHETR (SF356) 11,
AT —RSRER T ERREN b DD, BRI U THER, R R L
TWiz (Fig. 3-1). REMEMF. MAEMARFOSE, FICHEMBEIC X S8SEIEME
DR E VS TERFRICBNT, AFRTHWE XL SRFEFLICRRITOND, T42bbL,
H2WE EOMEMERLE) Z2H—DRRF (B LIEIER, =x¥—) e LIk
THEEEREZB IRV, AN 227 1 — 2/ 5. QHEBIERNT (PCR-DGGE f#HT72
E) BEREONBEL IS 2D | Q)RR EZESEE L. Th o LBEROMEECEREZ A~
5. EVWIFETHD, W OO TIIAERL i3 FIRAERRICH S 2 MOWMAEY
DOREMEFICER LT Bleg, 28, 117], T2V 20D 7 A—FiF 3 U EM LR DEE
BRREBEL., TOAA—MTORBMO 7 o — O, HARBRORRAR & 285
LTW3B[1L, 17, 23125, LA LINOHDORTIIEA U AN—DORERMEFIIHRE ST,
AECHE L S MRER. SF356 1L 5 MOLA UV AN—RRYMEZECEFELIDLEVI R
TR FHRRRTHD LV D, '

SF356 DAV N—D I HLOVE2ER\E 4 BIRAKERR. /v I 7V MNEELREEL,
B M D in situ TORBIOHEE Z RS 7= (Fig. 3-3), 72 T THE S 7= BBtk O RE (57
WCEERIHRE) WCBIL T, C. straminisolvens CSK1 B DFIFMERIEIRICIIT DRI L o T,
HRBERB I 2oz (Table3-1), F1E, F2EOFERLERL T, UTDOX 5 IZ&SBEKRD
HECRITHEEIZHEL., Fig. 34l thz e i,

(i) C. straminisolvens CSK1 ¥

C. straminisolvens CSK1 BRiIZ BN 0 — XA G EZ BT MO HEEKTHY . C
straminisolvens CSK1 Bk Z &\ 7= ACSK1 Tl u— X G5B Z 57 (Fig. 3-3(a)) . BHEIC
X3 —RAGRIZLADHETHDEVZ D, L LE2ETHLNIIR2TZE DI,
C. straminisolvens CSK1 BB EF L, R L EAru—R 25T 57 DI0iX, FRESBER
WX DBEROMEE. pH OFHALR EOERNRKLETH D, X bIZ C straminisolvens CSK1 £
ORERWERPFR]EFE L 0 —RGHESEROEFT LRET DLWV OFER (Table 3-2) biE
bNFZ Ehb, ZOMEIIRREANZBRICHD EEX DN,

(ii) Clostridium sp. FG4 £k

Clostridium sp. FG4 ¥kiX C. straminisolvens CSK1 BRIZ X 30— R 5MRIZ & Y 4 Ulo ks
WHEEZRAL. ZROBBLEVBOTY )NV EERLTWDZ LR v 7T Y MEORE
FHLRBENT, EI O LITHEROFKR (Table 1-7,3-1) & b—HKLTWV5D, K&
PEBE . 5L cellobiose 1 cellulase ZEERDOINHI[S57, 134]. cellulase TEEDFRE[SS, 69)72 EIC XLV |
T 1 — R 45588 Clostridium BRE DL O — A S5ENRE TS5 @ER1s 5 L @EIh Ty
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5[5, & D7=¥ Clostridium sp. FG4 ¥Rz & 2 KB OBERIIFEDIR L0 — R SRBIZF Y
FATRPERHBEELDND, L L AFGE BT B KEMREDOETEIL SF356 X W v %
W (Fig. 3-3(c)) Db bbb ¢, AFG4 TIL SF356 X 0 & BVWIER MM ESBE I N

(Fig. 3-3(a)) e Z DT &M b, Clostridium sp. FG4 BEIX 72 A b >D L 0 — R SRIZx L TR
BT 4 TRPpREALTEY., ThAREOHE L VWO RIS T 4 TRHREZ ERl>THSEEE
Zbnd, HEEKpH R 7 — L OER (Fig. 3-200) »b, ZOERMBHEZTE S, AFGE
KBWTHERK pH XV -7 A 6 LTICETIRT T 58, £0®%PHEMEICETRIE L, —
J5C. SF356 Tidsa M 218 L T 6 il OfK pH RN T\, Z DK pH iX Clostridium
sp. FG4 HROBRIZEFBAERIC L - TEl&BZIIND LEZDLND, ZODIE pH . C
straminisolvens CSK1 # (6 LLFD{EKpH TR B —X %ﬁ@sﬁ‘?ﬁm&b\ Fig. 1-4(b)) i2& %%
Na— 2SR FRERICEH N TVWBE EEZ NS,

(iii) Pseudoxanthomonas sp. M1-3 £

FE2EDRERN G, Pseudoxanthomonas sp. M1-3 BRIZEER OHE . pH Pk L b1
—RAGRROREIZRESERL VB EEXOND, /v 7T U MNEHEOMEN (Fig. 3-3(d)
{2 X Y Pseudoxanthomonas sp. M1-3 BRIIBERE % 1HE L TV 5 & T & L7z, BIOLOG IZ & 5 fif
#7 (Table 1-2, 1-3) TIIBEHERORMAMEITIL DN R o7, CSKI ROBERIER TOHRER

(Table 3-2) 2 X Y. Pseudoxanthomonas sp. M1-3 BRDSEEBE DFIHEEZH LT\ 5 Z & B HERR
&ndz, Thid C straminisolvens CSK1 BRDEERIEIK D KEROBREL (PCS-FP H5#h T OIMSy
) ZIDISKBLTWARED EBE X bLD, Pseudoxanthomonas sp. M1-3 BRIZ X D EERED
HERIZ. pHOKTFIZL 2N —ASMAELWIBREORTT 4 TRMRELZER L TS
LfEEND,

F 7= C. straminisolvens CSK1 BRDEGFRIRIK TORERFERIZIS\W T, Pseudoxanthomonas sp.
MI1-3 BRIZ X DKIBMERE DR B A bt (Table 3-2), ZDZ &, BIOLOG IZ & ST T
Pseudoxanthomonas sp. M1-3 BRIZERR ST T glucose FIAERH Bz & W I FER (Table
1-2, 1-3). Pseudoxanthomonas sp. M1-3 BEDREE EWE. BX W cell free extract IZENLEN
exoglucanase & 1E . 3 X R cellobiase JEIENS A DTz & W 5 FER[142] & —F$ 5, LA L AM1-3
TABHEEOERBMNR ZTNIZT LA BNV (Fig. 3-3(c) Z &7z EMM D, Pseudoxanthomonas sp.
MI1-3 BRIZ L 2 BEDWRIZEE L LTOFHINSVEHR SN D,

(iv) Brevibacillus sp. M1-5 £k

FE2EDHERN G, Brevibacillus sp. M1-5 BRITER OHE. pH P ic k5L —R 55
RORECHER L TVD EEXBND, AMI-S5 KBWTKBIEREOEEN SF356 LV b AR
W& hoT-Z & (Fig. 3-3(c)) 2>B. Brevibacillus sp. M1-5 RS FEZHE L CVWD Z E R THRX
N7z, BiOLOG 2 & Afi#HT (Table 1-2) Tb Brevibacillus sp. M1-5 BRIZ I glucose KD FR
DHNTWS (cellobiose FIAMEIXE L), LAL C. straminisolvens CSK1 BEDRSEIEIK TDHE
& EBR TIX. Brevibacillus sp. M1-5 BRIZ X 2 FEDHEE XA b d o7z (Table 3-2) ., Z DJREEA
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& L TIXC. straminisolvens CSK1 Bk DRFRIRIKIZE L TV B HEH  glucose & LT TIEAe <,
cellobiose °F Y THE L LTHEEL TWABEDEEZBNS, EBE. original microflora DfEd
DA FERRIZIV T, KEEHEREIIR 600 mg/L DR E THRIBESNIDIZH 20 b T, glucose
E LTI 10mg/L BLF LISV EBESNTWVWB[45],

CSK1 BRDE;ZIRIK TDREFEEBR T, Brevibacillus sp. M1-5 BRIZ X B & ) — O L BE
BOBMBBES NI (Table 3-2), %7z Brevibacillus sp. M1-5 ¥k % ) —)VFIRIZBIL T
X, =& ) —VEZHEMLIZ PCS I TORRER T ORI N TV D (Table 1-2), LALA
M1-5 1BV T B % ) — )L DEFEMN SF356 & KE LK Eb R\ I &b (Fig. 3-3(d, €)) .
Z D Brevibacillus sp. M1-5 BRiZ K B & 7 — VD% & BiEOERIT HETICBIT 2H 5T
ZHUZERESIFEN LB N5,

(v) Bordetella sp. M1-6 £k

BE2EDRERMN D, Bordetella sp. M1-6 BRIZEER DOIHE. pH FiELIC X 2B n—R554%
DEECEMLTVDEEXDND, £ 1 EOKR (Table1-7), BLUAED ) v 7T U b
BEEFEBR. CSK1 BRDOISEBIR COBRERN D, Bordetella sp. M1-6 BRid /1 — A 3R
85 (RHEY OKBIERE. =% / — | BFED) WIHMRTFEL T 2neE X b5, Bordetella sp.
M1-6 ¥kix PCS B2 & £ TV D peptone, yeast extract DEFIZTEEIKTFL TV 5 L HEE
Shd,

fom=—mem—me——=—
]

Cellulose| promote ,s»**" pHneuralization |
< 3,56
inhibit ++] CSEL F

.....

inhibit s,

Oligosaccharides | Glucose

CSK1 FG4

JrUSSRANREESUERES

'Y Acetate Ethanol |

Mi1-3 Mi1-5

co,
Fig. 3-4. Network model of substrate flow and the putative roles of each member in SF356. The solid lines
indicate the flow of the substrates. The thickness of each line represents the relative contribution of a particular
pathway in SF356. The dotted lines indicate promoting or inhibiting factors with respect to the efficiency of
cellulose degradation. The names of the substrates are presented in boxes. The designations of the bacterial
strains are presented in ovals.
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SF356 [IRRUEERICKTT DHRRERY. MENRERZA L TV, ERO LS E A —
DBREZEMRTLIOITMA T, FAUAA—MOBEGKRYE, MEERZERTLIZ LT, £0%
EHEDA I = X DT 2BMHBERE D L EX DN D, AFETIX 20 BIORREEEBRIC KT
% SF356, BLTED/ v 77U MEEOWBEZRNTT 52 LT, BRI A L \—Ofhd
AUN—Zx T 22 M L (Fig. 3-1),

ACSKI TRz 0@ T Clostridium sp. FG4 . Brevibacillus sp. MI1-5 |
Pseudoxanthomonas sp. M1-3 BRDIRICHEMPEZ o7, ZTOKRPD, Thb 3 B, FiZ
Clostridium sp. FG4 ¥k C. straminisolvens CSK1 BRIZHE S KTF L TWA Z ERFREIND, Z
DEFIT LR OB HBEROER (Fig. 3-4). Thbb, Zhb 38X C. straminisolvens CSK1
Wic kB —R5RREY i, BEEE. =% —0) ZRIALTVWS, EWVWOS5HR?PL S
R TE D, &I Clostridium sp. FG4 BRITBRK G T OMESEREM <, FBEEHFML2W
PCS B TIZAEF TE 72\ (data not shown) Z &b b, EAT—RGREEMICERITKTF
LTV EEXDND,

AFG4 TiX Brevibacillus sp. M1-5 BRASHEE L7, Ty Brevibacillus sp. M1-5 BRH3
Clostridium sp. FG4 BRDREMIETF L TS, &P ENSD, Brevibacillus sp. M1-5
BRI glicose ZFIATIRETH B7% cellobiose, BLTIRE L A Y THEIFATE R,
Clostridium sp. FG4 BROBEE EEN LAY T2 5T 3BREESR S EZ L0 5 #
[142)% & YV | Clostridium sp. FG4 ¥RIZ X 5 7Y THED 3 ARIZ & Y 4 U7z glucose % Brevibacillus
sp. MISS BRBFIHLTWB, &¢TFHREIND,

AM1-5 T, C. straminisolvens CSK1 BROWMHRDPBE ST, TORBRITERD K 572
BEEW & At U= BIRMED B IERB T & 22V, AMI-5 OREEME TR 22 D 28 2nd generation
IZ3V T Bordetella sp. M1-6 BRDIFIELL RN Ml & LR THEIZH < o TS, EWVWHIRTH
b, Z DI LD Brevibacillus sp. M1-5 ¥kiX Bordetella sp. M1-6 BkDAEF #W|HI L CW\WBZ &
PHERIE N5, FHRIZ, AM13 TIIA U A—DOEERIZRI LRV OO, 2 BOHFRMEY
Bk (Brevibacillus sp. M1-5 Bk, Bordetella sp. M1-6 #%) DIFEHENEL 2-oTHRY ., Inbd
3TEDIFRMESBERIIEWVIZHHEIE., b LIIEFHRBRICH 2 L HE I D, SF356 DE
B Z DK DT T 4 TI2BRE S BRERDHS L2,

PUED X 512 SF356 D A 3—fiziX, FRIFEARBIFR (eg, C. straminisolvens CSK1 ¥k &
Pseudoxanthomonas sp. M1-3 k) CHBEGHIBAR (eg, 3 FOHFTIELBERR) Vo X 51z,
Bx 28 A TOBRENFET S Z ENTRINTE, ZEEOMAEHOLENRFIIZIZO
£ 5 kkn 25 A FOMEEMOAT VRBES ERATOSZ EBREETHS LEX b
5, LTI TROFEAFETIL, SF356 BT DA VA—ROREERR Y FT—2 (DR
Iy bU—7) KL T DICHEMARIT 2R 2207,
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