A=
ATARRICEY 38AEMEX b T —27 O
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1t 5

FEIETI, HxBHAADYORAERRIIR T MAERATR OHERERITEZ R Z
2HZET, HEAUN—HORBERME, HEERZRZ, EOFRE. SF356 DX L —[HiZ
. EHAMBRORANBIRE Vol Ha RS A TORBMRMEBTFET D Z L BRE I N,
EREOWAEHORENEFINZZ DX 5 kA2 2 F A TOMEERDAT VAP 5 E<H
NTVWARZENREETHIEEZ DN, HEEIETBI 2o =M ITEHR ORI E
WRITOMAEAREDT AT I 7 AT THY . BRI, RBEMRE. HEERZEEZLZITH
EhV, FEFEIECTHEINZBEREORICE., B —RASRRBEY 2t LB
ELTHHAFMBER LD b H o7, ZORE, &5V ITIHEES TR Z2BREL R D
Too AETIH, HFA U NN—HOBRME. HEERZ I OIZFEMICEIT T L & b2, ZDR
ELHFI DA D =X LB L THT 2R 2207,

—fixA A L X R Y | MAEDRRBEEROGRAICIE. EEMN2EMA T LZBEGRES
W O EIEESNTIEWNB DD (Bdellovibrio 12 X 5 A TEMIE DEE[98]. E. coli 12X B8z
il LI thE OABREDGR £) . F0E FREOEMENLELOTHELEZLND,
BEOEIZIE, pHOBEBRRREOEL Y, MEBEMNRRERBLRZTONDN, FED
WEEN LIZBRMEL, FRECEETHHLEEX OIS, TOL I REEERACEDLLIME
X, RE, BR. XA XFR Lo OR#ICELIWE L. RAMERLE Y IVERERE
DZRIHEH L CKRELSHSBTH MR TE S, PORBNMCBELIWE LI LI-tHEEH
DOFlE LTk, BEOBREI L 2P Reg., 18, 39]. BofEME OBEREMAENIZ L
% ERBSR[e.g., 28, 117], A ¥ U FREEZRIT 5 REMAYRM AR EEeg., 55, 52, 74, 10517
EDRFETOND, —FH CRBED 2 LIAEEAOF & LTk fidkWHEleg., 30, 95].
v’ I ¥ (e.g., pantothenate [26], folate [40], hemin [41]) . 7 X / Bf[e.g, 110)72 &, L4kl
HoOEHHBFETOND, AETIE, FRCTRREED 2 It LTZABEIER A SF356 DA /23
—MIZFEL TV DD TRV EE X BB OMBETR OWIR MO S BER D AEFIC
DL REBEEZDO0ERAN, ZTORR. Pseudoxanthomonas sp. M1-3 BE DR R T IK
\Z C. straminisolvens CSK1 BRIZXI 3™ 2B WA BREDNRE D L LN T=D T, & bIZFEMRMRNT 2
BZloiz,

INECTOMTTIE, tMBEOAFTICREELE X5 X5 2BR%E. HEER LR TZ 2h
o7, LM LERBMAEYHOEEIL. £AFET TR ZORIBVICHLEELEIZ TS E
ZEz2 BB, MEHHG KEORE R TIIMEEIF & IR R 2ME L2 TRT LV O BE83] &
FEMAEMDEEICL YRR T VI E (HD VI mRNA) REET 5. &9 #iE[29, 30,
277,19, 1271 WK O RENT WD, £ I TAETIE, FZ T E TOMRITH HIRVFEFIEE
ABMRIZH D LR S N7z C. straminisolvens CSK1 ¥k & Pseudoxanthomonas sp. M1-3 R DFE 7
AhRICBI LT, MHUSRR L 2HEREASERICBITARERY R I EOEWEMFIT LT,

FREIC, TNETICAITL CE 7 15 1 OBRMED, ABROFTENIEEHFELT
WHDD, F 3 OMEVOHFEILLD ZD 1 5 1| OBREICENEL DD, L TEEK

76



AT BADEEXY hU—7 DN

ELTEDEIIARTUABBILTWNDEDH, ZHDLANTT L, original microflora @ 57Bf
Bodb 4 BERAVT, MMERR, BIU 24 BRAKBRRIIRBIT 2FEROEF 2=
F—L, BERICBTIEEHROEFT L HET 52 & THREBR X v bV —2 OBFENERFZ
BR L7,

Fof IEREKC L MEOEEORE, W

LD 3EE TIZ, original microflora D A N—[ Dk 4 727 4 T7ORMELERPH L
MneRot (eg, BAO—RNREWE N LIHEEA. pH < ORP OZ/LE A LIZHEE
). AETIL. TSSO Z A 7OREEREZD - L2 BIIE LT, EHMEROMEE%
OWIEE TR, £ OERIBESMONEROETIC ED L 5> RPBE 5 X B0 EH I,

F1HE EREBRFINEHCTORRER Bk L ik 20)

original microflora 7> 5 D43EERR. BI U E L TE. coli. B. subtilis ZERA L T, FHEE
R L IRIR 2 AR L. 2 ORFRISIK & PCS-basal i & & 111 TIRA L2 b DO 2K
ELTHEKREZERL, TDAF (C straminisolvens CSK1 BRIZBI L TIXAT Tid 22 < WD
SIRE) Zary bo— U CEELZLO LR L, ZO/RE% Table 4-1 IR T,

I —RSMRMAEDOEEEIRIK (Bacillus sp. M1-1 BB ZER<) X C. straminisolvens CSK1
BROAE (Bro—256F) \[REHIEWE, ZORBRPL. b0kl u—R 5k
MBS C. straminisolvens CSK1 BROEFREME # EA L BERBBPITHRH L TWE Z L3F
BENiz, 8\ Pseudoxanthomonas sp. M1-3 Bk DEERIBER BB VMBEDREEZ R L TWZD T,
RIATS DI 2R ko,

C. straminisolvens CSK1 Bk DIZEIRIRIIFIEE NV v — X 3fRME (Bordetella sp. M1-6 ¥k % &
) OAEBI(RERNLDEELEF L TW=, 7272 L C. straminisolvens CSK1 BRDESZIRIE P21
AU —ZASGREDBEENTVE D, ZOEFREDRITEL 0 — R SRED TR
BEIZRDTE®, &EXbND, '

HRMESBERR O RIRIR I, thOFKMESBEROAT IO L TR RSIR2H L T\,
8§12, Bacillus sp. M1-1 BRO B BIRIK 2 WIS 5 & . Brevibacillus sp. M1-5 ¥kX° B. subtilis D4
T HE ST,
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Table 4-1. Promotion and inhibition of growth by addition of cell-free culture filtrate
Cell-free culture filtrate Control

CSK1* FG4* M11 M13 M14 M1S M16 E coli B subtiis PCS PY

C. straminisolvens CSK1 * 79 53 263 230 19 06
Clostridium sp. FG4® 304 ey 180 96 17 0.045 0.155
Bacillus sp. M1-1 68 80 63 60 64 53 4 0207 0.211
Pseudoxanthomonas sp. M1-3 58 36 49 46 55 m 84 0.3219 1.107
Virgibacillus sp. M14 87 88 79 9 81 1 0282 0482
Brevibacillus sp. M15 0 66 74 83 r 66 0361 1,102
Bordetella sp. M1-6 70 73 b2 72 76 85 86 0371 0.701
E. coli 51 50 60 66 60 55 §7 0376 0592
B. subtilis i 0 37 49 65 59 64 66  0.323 0.605
B promote (> 110) |77 no significant effects (90-110) inhibit (90 >) [ Jcompletely inhibit (0)

The numbers are relative values representing the growth (ODgy or amounts of cellulose degradation) in
PCS-basal medium supplemented with 50% (v/v) of each cell-free culture filtrate. The growth in control medium
(PCS; PCS-basal medium, PY; mixture of PCS-basal medium and PY medium [1:1]) is settled as 100.

* The growth of C. straminisolvens CSK1 was represented as the amounts of filter paper degradation (g/1) after
8-day cultivation under anaerobic conditions.

®The growth of Clostridium sp. FG4 was represented as ODgqo value after 4-day cultivation under anaerobic
conditions.

The growth of the aerobic strains was represented as ODgo value after 1-day cultivation under aerobic static
conditions.

“The culture solution of C. straminisolvens CSK1 cultivated in PCS-FP medium for 8 days under anaerobic
conditions was used for preparation of the cell-free culture filtrate.

4 The culture solution of Clostridium sp. FG4 cultivated in PY medium for 5 days under anaerobic conditions
was used. Only this column is compared with PY as control rather than PCS.

For the other strains, the culture solution of them cultivated in PCS-basal medium overnight with shake is used
for preparation of the cell-free culture filtrate.
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%5 218 Pseudoxanthomonas sp. M1-3 BRESERISHE P D C. straminisolvens CSK1 ¥k 1— 2R
S EEE

AEE 1 DO EER T, Pseudoxanthomonas sp. M1-3 BRDEERIRIHRIZ C. straminisolvens CSK1
BT 2@WAT (Bro—25) REDRVBHONT-OT, TOFMRETZR IR

27,

(i) Pseudoxanthomonas sp. M1-3 BRODSEREM, HERMHORE

BERWIRP OLEFTREVE OFEEZ R D72DIZ, £F Pseudoxanthomonas sp. M1-3 B % £
2 BEEEAN FRERR. RENEE). B XU~ 72 growth phase & TEF®R L. £ OEREK
O C. straminisolvens CSK1 BkD ¥ )V 11— X HFRIZSE S DIRER 2R~ T, £ DFEFR % Fig. 4-1
WY, EAan— RS REMEIBIEFRFCBEOLOTAES L, BEEPERIZIONTED
RER BB L TV o,

(ii) Pseudoxanthomonas sp. M1-3 BRES I IR OBINELE D

Pseudoxanthomonas sp. M1-3 Bk DEEFTEHK & PCS-FP iEHi 2 ¥k 4 RIS TRA L. TDRE
D C. straminisolvens CSK1 kD /L1 — R HARIZKE D{RER R EZ R, £ OFER % Fig. 42
IR, BRIEEOTRMEIS & 10%0 5 50%ICPT L, A —ASRMBESR bR L
2o LA L 50%7%> B 90%IZHRR LT b, A m—ASAHRERRITE L A ERMLgh o T,

(iii) Pseudoxanthomonas sp. M1-3 Bk IEHK O FRAMEIRIZ X 2 7B O

Pseudoxanthomonas sp. M1-3 Bk DIERIRIR % . 3 B OMR/MEEE (molecular cut off, 50,000,
10,000 and 5,000) % W CTEERIZ (5FE 50,000 L L. 10,000-50,000, 5,000-10,000, 5,000
LUF) SBEL., 2L C. straminisolvens CSK1 kD) 11— R BRI KT B REZ R 2
AT, BESE. SBEHIC PCS-basal HiUZ XV SERTOEEICE THR L7z b O 2 FERICHE
L7, #&%R% Fig. 4-312"7, & 50,000 LLE, BIO4FES,000 LATD 2 DOES5FIZ,
EVMEESIRPBREINT, SHIZID 2 SOESIZE LT, BV X A (SR OB
DEEAE T, TORBR, 2T & 50,000 LLEOE G IIEBLEIC LY REHREIK E < B
L7=ds, & 5,000 LT OES Tk, BUAEE HITZE A CREDROBDIIH DR
7
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Control (PCS-FP medum) l\\\\\\\\xl

Shr

Shake condition Shr &\\\\\S-

14 hr N\l
6hr \

Static condition | 14 hr

24 hr

0 2 4 6 8 10
Filter paper degradation (g/L)

- Filter paper degradation during day 0-4 Y day 4-8 l::] day 812

Fig. 4-1. Stimulation of filter paper degradation of C. straminisolvens CSK1 by amendment of cell-free
culture filtrate of Pseudoxanthomonas sp. M1-3 cultivated with various conditions (shake or static
condition) and various growth phases (log phase [shake 5 hours, static 6 hours], early stationary phase
[shake 8 hours, static 14 hours], late stationary phase [shake 14 hours, static 24 hours]). C.
straminisolvens CSK1 was cultivated in PCS-FP medium supplemented with cell-free culture filtrate of
Pseudoxanthomonas sp. M1-3 (50% v/v). Values are expressed as the means of two independent
cultivations. '

=

0 2 4 6 8 10
Filter paper degradation (g/L)
- Filter paper degradation during day 04 O day 4-8 I: day 8-12

Control (PCS-FP medium)

10%

PCS-FP medium with
culture filtrate of M1-3 | 0%

90%

Control (DSM122-FP medium)

Fig. 4-2. Stimulation of filter paper degradation of C. straminisolvens CSK1 by amendment of cell-free
culture filtrate of Pseudoxanthomonas sp. M1-3 in the various ratios (10, 50 or 90%). Cell-free culture
filtrate was collected from culture solution of Pseudoxanthomonas sp. M1-3 cultivated with static
conditions for 14 hours. Values are expressed as the means of two independent cultivations.
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Control (PCS-FP medium) Y |
MW 5,000 > (boiled)
MW 5,000>
MW 5,000-10,000
MW 10,000-50,000
MW > 50,000
MW > 50,000 (boiled)
Control (DSM 122-FP medium)

0 2 4 6 8 10
Filter paper degradation (g/L)

- Filter paper degradation during day 0-4 N day 4-8 I:] day 8-12

Fig. 4-3. Stimulation of filter paper degradation of C. straminisolvens CSK1 by amendment of cell-free
culture filtrate of Pseudoxanthomonas sp. M1-3 fractionated with ultrafiltration devices. Cell-free culture
filtrate was collected from culture solution of Pseudoxanthomonas sp. M1-3 cultivated with static
conditions for 14 hours. Cell-free culture filtrate was treated with ultrafiltration devices (molecular cut
off, 50,000, 10,000 and 5,000). Several samples were treated at 100°C for 10 min (designated as
“boiled”). Values are expressed as the means of two independent cultivations.

81



BAE BEWEE > b U7 OB

B3 2 AERM OBIERME. W AEMOFEM 2 AT
INTETOMITIZED SF356 DA R —MIcBIT 2B ENRBEERELHAL L E T,
A T BRSO 2 BRI O AS DAz 3817 5 BHRME 2 2RI ARYT L 7=,

% 1 C straminisolvens CSK1 ¥k & Pseudoxanthomonas sp. M1-3 Bk D BI(R{E

C. straminisolvens CSK1 ¥k & Pseudoxanthomonas sp. M1-3 ¥kiX Fig. 4-4 {21 K 5 72 MR
ABMRICH D LB OGN, KBTI O 2 @HROBIRIEL 2 MRESHRERICLY 61
PSRBT L7, EEROABTICRIETRES T TS, BORIBVIZRETREELN
REEDIZ, RAHKERG COREKA, BLIUEENY R 7BOMITbEBI 2o,

()2 RGHRER (MEE B3 17)

C. straminisolvens CSK| ¥k & Pseudoxanthomonas sp. M1-3 ¥k 2 FR A ® A1, ot
ORAERFR LIV LE L0 —2A5HEELH LTV (Fig. 2-2), ARATIXZ O 2 MRS
BRI L DM AB R OMIT 2 5 2 v, FEKOMBERIF L OlkBE B o7, 2
MR AERAR. BLXUSHEKROMNERAROBKI MR, HERIEpH OB, (RHED (K
PEBE, BEBE) OFM, BIUERKROLETMME Fig 4-5 1077,

C. straminisolvens CSK1 Bk & Pseudoxanthomonas sp. M1-3 ¥k® 2 fERGEEBRIX, C
straminisolvens CSK1 FkOMFHE %A SF356 LV b EA 0 —2AMAREALTEY,
F 7 B pH ISR B E TPMEMTICE THE L EREP ORFOFEMLE<HAONT
Wit, ZhbORERIZ. Fig 44 1258 L7 X 5 72 Pseudoxanthomonas sp. M1-3 Bk DAER & — B
LTW5, $-RAKBPTELLOEKLEZNENOMPIERIEL Y bAFNRETHY .,
02 WERIZMABEAEBRICHDLVWIBESS, LLID 2 MEAKRRL C
straminisolvens CSK1 PRMUBME 3R L A i+ 5 &, WROMBILEGHIRA T 5 2L L8
LTWaDIzxt L, C straminisolvens CSK1 BkOA L 2 KFEERE L8 L T ‘f..:?)")f:o

Fig. 4-4. Symbiotic relationships between C. straminisolvens
CSK|1 and Pseudoxanthomonas sp. M1-3.
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filter paper degradation (g/L)
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pue pue _*+
M1-3

MI1-3pure

CSK1+M1-3
SF356
CSK1 pure

A Mi3
O CsKl
—— inmixed culture
===~ in pure culture

Fig. 4-5. Comparisons of the filter paper degradation processes of mixed culture of C. straminisolvens CSK1
with Pseudoxanthomonas sp. M1-3 (designated as CSK1+M1-3), and the respective pure culture (designated
as CSK1 pure and M1-3 pure, respectively). (A) filter paper degradation over a period of 4 days (open bars)
or 8 days (gray bars), (B) pH value, (C) accumulation of oligosaccharides, (D) accumulation of acetate.
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). (E) Growth curves of C.
straminisolvens CSK1 (open circles) and Pseudoxanthomonas sp. M1-3 (closed triangles) in the mixed
culture (solid lines) or in the pure culture (broken line) determined by quantitative real-time PCR. Values are
expressed as the means of two independent cultivations. The error bars indicate SD. N. A, not applicable,
because filter paper degradation did not occur.
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(ii) @RS 2 o2 HOME (MHEFik21)

C. straminisolvens CSK1 ¥ & Pseudoxanthomonas sp. M1-3 k@ 2 FIRGIFRERN G
Pseudoxanthomonas sp. M1-3 ¥RDTFLED: C. straminisolvens CSK1 BRDAEF 21T T <, £D;R
ZHNNCHLEEERIIL TV LA R ENT, £2 T2 MESHRR L MPMERA T,
FNFNTRALTWAEENY R 7HIBRBDBHE0E I DERT,

2 fliRAKEER. BLUSIMEOMPAERAROKERE/MNOF A7 HZRAEL,
SDS-PAGE (= X ¥ gt L7=#6 % Fig. 4-6 [T/” T, MHER AR TIIA LNV FBREH
BRTHLOMBBENT (Fig. 46, AXKH), LOLENLDOA/FERLLEBDLND LD
25 C. straminisolvens CSK1 Bk DSM122-FP Hiih COMBER A ORIHE s (Fig. 4-6, R
%KH), C. straminisolvens CSK1 FRILIRGH5# P T, PCS-FP HiMi COMPERRIFL D b,
DSM122-FP it COMPUER R ISEVABRRBIZH D L EX NS,

CSK1+
MW(Du) M13 M13  CSK1
4 8 4 8 4 8 8
m e
116 v lﬂ!w-—-.
97 -
o -,4 ~s -«-—-ﬁ
45 % ;"’";“g-
g
-
31— ot
o -

:

N _ &k
Fig. 4-6. Profiles of extracellular protein of Pseudoxanthomonas sp. M1-3 pure culture (M1-3), of 2-strain
mixed culture of Pseudoxanthomonas sp. M1-3 and C. straminisolvens CSK1 (CSK1+M1-3), and of C.
straminisolvens CSK1 pure culture (CSK1). The number on each lane represents cultivation days. PCS-FP
medium was used for all of the cultivation, except for the lanes with asterisks (DSM122-FP medium was
used). White arrowheads; bands specifically detected from the mixed cultures, black arrowheads; same
bands with the specific bands detected from the mixed cultures. ;
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(iii) Pseudoxanthomonas sp. M1-3 BROE K & L /R 7 B D 2 IRTTESKIKENENT (BT E 51k 22)
C. straminisolvens CSK1 Bk DTFETEN Pseudoxanthomonas sp. M1-3 BRDIR D BN RIE T
ZIRRBT=DIZ, Pseudoxanthomonas sp. M1-3 BRO#iEER, BLVRAEERGETRETS

EEZ R ED 2 RTEBIKEENT 2 2207z, BT 2% 7Tl
(1) PURE: Pseudoxanthomonas sp. M1-3 £k PCS-basal 55 T DML
(2) SUP: C. straminisolvens CSK1 BROEEZEIRHR THEE L 7= Pseudoxanthomonas sp. M1-3 BRD#li
FreiE g
(3) MIX: C. straminisolvens CSK1 £k & Pseudoxanthomonas sp. M1-3 BRDIREGEEE RN O, £
ENDENL O —RANRG F—~DREHEDE (C. straminisolvens CSK1 kD H PR ERREZ AT
%) ZFIH L T Pseudoxanthomonas sp. M1-3 Bk D Z& % [BIR L 7= % @ (B D C. straminisolvens
CSK1 BRDFRFFITRMAED 3% L TF)
DIEEA AV, TNLEFNORD day 1,2, 3,4 O EEZ 7 EE2RABL, 2 KTEKK
BT o7,
BONEARY h%F —DO—f| (PURE day3 & MIX day3) % Fig. 4-7 12779, RIPRL
THRLEX I, BEEER MX) KHRNZRARNy PRV ORI ST,
EREFVTIADLBONIEARY MG —rhb, FAMTRA—CThDLELLNDA
Ry bevwoyFrrL, TNOLDOEET — 22 EEREMITOV L OTHLEFHITITIT,
&Y TNOUBRE B 22 o7 (Fig. 4-8), REEIERTR (MIX) & PCS-basal HEHb TOMKES
#% (PURE) itday | (REHFARTIRESMIEE DD TRHEAUL TV, TORIX
S RRLIEBYEH DN, ET-REERZTORREBILENE TR C. straminisolvens
CSK1 BRDBERIEIK CTHEE L=y 7 (SUP) b, MIX &38RV, € L5 PURE DIE5
WEWEBR 2R LTz,

85



BAE WEBME Y b U7 O

PURE day3

MIX day3

Fig. 4-7. 2D-GE analysis of proteins extracted from Pseudoxanthomonas sp. strain M1-3 cells cultivated
for 3 days in pure culture (left) and in mixed culture with C. straminisolvens CSK1 (right). Gels were
stained by silver staining method. Protein spots specifically detected from the mixed-culture sample are
marked by red circles.

0.6

0.4

0.2 1

Factor 2 (10.2%)

0.2

0.4 1

0.6

0.6

Factor 1 (55.2%)
PURE

n,

Fig. 4-8. Factor analysis of the 2D-GE analysis of cellular protein of Pseudexanthomonas sp. M1-3. PURE,
Pseudoxanthomonas sp. M1-3 cells from pure culture in PCS-basal medium; SUP, Pseudoxanthomonas sp.
M1-3 cells from pure culture in cell-free culture filtrate of C. straminisolvens CSKI1, MIX,
Pseudoxanthomonas sp. M1-3 cells collected from mixed culture with C. straminisolvens CSK1 in PCS-FP

medium. The numbers next to the plots indicate the sampling days.
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% 2I8 C straminisolvens CSK1 £k & Clostridium sp. FG4 Bk D B3R E

ZIVE TOMENT T, Clostridium sp. FG4 ¥kiZ C. straminisolvens CSK1 BRIZ X B0 — R 45
FREEY (Y THE) ICREEFLTWDE LB X DI, £ Clostridium sp. FG4 BRIZ X 53
Y SHEDOHEEIL. C straminisolvens CSK1 BkD &/ 1 — X 45HRI1Z% U CTRERIZEB &£ 2
NoEHB, TO—HTHORBICE 2EFBROBRAERKIC L 25K pH OKTIX, C
straminisolvens CSK1 BRDAEF | B o — XA SRICAEMIC@M & EX bR D, FATIE, Z
D2 B OBGRMEL S OIZFEMICARIT L=,

()2 MEAKERER MEEHE3, 17)

C. straminisolvens CSK1 ¥k & Clostridium sp. FG4 kD 2 R EIER LB 2V, TOREKS
AR Z ARAT L7z, ESHBICIX. PCS-FP 35Hh - DSMI122-FP 5o 2 FERZ R L7z, 2 R
BERZROREIMRE. (BED OKEERE. Bf) OEMEL Fig 491077,

2 BRAEEERR TIX C straminisolvens CSK1 BROMHETR R LB LT, pH DIETHEL
< (PCSFPEFHTDL), BEOERENEL | BEEOBERENS DRV, EWVOIRERER ST,
INHOFERIZ, F3EE TICFR &N T W= Clostridium sp. FG4 BRDIER & —F L T\ iz,
— 5 TR D REIN RIE T Clostridium sp. FG4 BROEE T B Wz X > GEVABR S
iz, PCS-FP EZHiTiX. Clostridium sp. FG4 BROFEIEIC X 0 WAL AR BTN L7225,
DSM122-FP 353 TI¥f i IeE H AR BIIBRE I L7,

(i) REHPEW DOERED C. straminisolvens CSK1 ¥k & Clostridium sp. FG4 BRO AT RIT TR

BREAIZ X D AEKEYD B OATICHEMICB IR b TS, T TR, BV
0 —RGRRORBMED TH DAY IFE (cellobiose) . EFfE, =% /) —, B L URRKOIH
pH M, C. straminisolvens CSK1#k & Clostridium sp. FG4 BRDAF I RIS THRELZFAT, C
straminisolvens CSK1 BRDBEEIZIT DSM122-FP bz LU, WO MEZ AT OREL L
7=. Clostridium sp. FG4 Bk D B2 1X PY-cellobiose 35 Z L, EERROBEZRIE L=,

C. straminisolvens CSK1 Bk DARITRE R % Fig. 4-10127~$, C. straminisolvens CSK1 BkD &V
0 — R S RITIBRIE D cellobiose THE s, BifA°T 7 ) —VTII@VEAFEHRIIR 6
enotz, —FH T, 6 LATOEpH, 9 L EDE pH i TV —R 5% M BE L,

Clostridium sp. FG4 ¥k DFEIT#E R % Fig. 4-11 1289, Clostridium sp. FG4 Bk DA F1IFERRIZ
X BMEBIHR NPT, =F ) —VZEVHEESNE, 6 UTOEpH, 9L ED
mpH bAFEZMBEEFE LK,
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Fig. 4-9. Comparisons of the filter paper degradation processes of mixed culture of C. straminisolvens CSK1
with Clostridium sp. FG4 (designated as CSK14FG4), and pure culture of C. straminisolvens CSK1
(designated as CSK1 pure). (A) filter paper degradation over a period of 4 days (open bars) or 8 days (gray
bars), (B) pH value, (C) accumulation of oligosaccharides, (D) accumulation of acetate. 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
independent cultivations. The error bars indicate SD.
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~ Day 8
---- Day 4

Filter paper degradation (g/L)

0 1 2 3 4
Cellobiose concn. (g/L)

10w, C

Filter paper degradation (g/L)
- A,
& [

Filter paper degradation (g/L)

0 1 2 3 4
Ethanol concn. (g/L)

Filter paper degradation (g/L)

1 2 3
Acetate concn. (g/L)

D

Fig. 4-10. Effects on cellulose degradation of C. straminisolvens CSK1. (A) Effects of addition of cellobiose,
(B) effects of addition of acetate, (C) effects of addition of ethanol, (D) effects of initial pH values (data
from Fig. 1-4). C. straminisolvens CSK1 was cultivated in DSM122-FP medium at 50°C under the anaerobic
conditions. Values are expressed as the means of two independent cultivations. The error bars indicate SD.
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===- Day 2
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10, C

0.8

0.6 |

ODy0o
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B

Ethanol concen. (g/L)

Fig. 4-11. Effects on growth of Clostridium sp. FG4. (A) Effects of addition of acetate, (B) effects of
addition of ethanol, (C) effects of initial pH values. Clostridium sp. FG4 was cultivated in PY-cellobiose
medium at 50°C under the anaerobic conditions. Values are expressed as the means of two independent

cultivations. The error bars indicate SD.
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% 318 Pseudoxanthomonas sp. M1-3 ¥k & Brevibacillus sp. M1-5 B£ D Bf&%E

BEIED/) v 7T Y MNEEDRENT B, SF356 1BV T 3 BROFKIEDBERMS EVICHRA
HYRBIRICH D Z R S e, HTARER 2 M ORFRIBHIRIEI T DR (Table
4-1) TH., HFRESEERRIENEWVICHEESREZFE T 52 LN TRENT, KETIL 2 5RO
KM BERR. Pseudoxanthomonas sp. M1-3 Bk & Brevibacillus sp. M1-5 k&R E LT, £D
2 BERR O BIGRYE 2 SRR ARAT L7,

() 2 EESHEER

Pseudoxanthomonas sp. M1-3 ¥k & Brevibacillus sp. M1-5 k% PCS-basal 55 #i T2 FER&15&E L.
EFNENOAEET 2 EEW real-time PCR IE (BB E FiE16)IC X W E=% ) 7 L= (Fig. 4-12),
Z OFER Brevibacillus sp. M1-5 #kiX day 1| £ TIIAEFTHRHEERINZHOD, ZOHEEENE
DL TWol,

(i) FREPOMBROTIMZ L DAEFHEE

AEE 2 fiOERIBIREMEEH TOEER KR (Table 4-1) T, Pseudoxanthomonas sp. M1-3
PR OBEFIRHRIL Brevibacillus sp. M1-5 BRIZXE U THEBRISF W BEDR LA D2 hro7e D
T, BEEBCMOIOEEMEEZHL TVD LEB XL, BREADA D =R DD
5 & TR I, £ Z T Pseudoxanthomonas sp. M1-3 % 1 HREIMEEER LZ 26BN L
WiE %, FFRIC 1 B E#HEE3E LT Brevibacillus sp. M1-5 BROEERIRICHEMT 5 (RIERIZHED
NRE—=B), EWHIEREZBZ o7,

SR % Fig. 4-13 17, 558 T Pseudoxanthomonas sp. M1-3 BROBEEDO B ZHMI
56 (@), WS (B) TbYH. Brevibacillus sp. M1-5 BROEEEIX 2 B BLRIZK
&L WA LT, —F T, Pseudoxanthomonas sp. M1-3 BRid, PiFEEER: (A) LV b, EFERR&
" T Brevibacillus sp. M1-5 BROEEZHFM L 72BE (W), WS (@) T. HEEN
£ 2o T,
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10000
A M13
® M1-5 Fig. 4-12. Growth curves of Pseudoxanthomonas sp. M1-3
5 1000 r (closed triangles) and Brevibacillus sp. M1-5 (closed
) diamonds) in the 2-strain mixed culture. The mixed culture
g was cultivated in PCS-basal medium at 50°C under the
5 aerobic static conditions. Values are expressed as the
E means of three independent cultivations. The error bars
indicate SD.
A. Pseudoxanthomonas sp. M1-3 B. Brevibacillus sp. M1-5
1000 1000
%\ 100 + /—E? 100
2 2
< <
Z 10} Z 10
1 : : : 1
0 2 4 0 2 4
Days Days

A Pure culture of M1-3 orM1-5

* Mixed culture of M1-3 and M 1-5

B Pure culture of M 1-3 supplemented with cells of M1-5 at day 1
@ Pure culture of M 1-5 supplemented with cells of M 1-3 at day 1

Fig. 4-13. Growth curves of Pseudoxanthomonas sp. M1-3 (A) and Brevibacillus sp. M1-5 (B) in the
respective pure culture (open triangles), in the 2-strain mixed culture (asterisks), in the pure culture of
* Pseudoxanthomonas sp. M1-3 supplemented withr the cells of Brevibacilius-sp: M1-5 cultivated for 1 day
(closed squares) and in the pure culture of Brevibacillus sp. M1-5 supplemented with the cells of
Pseudoxanthomonas sp. M1-3 cultivated for 1 day (closed cucles) These systems were cultivated in
PCS-basal medium at 50°C under the aerobic static conditions. Values are expressed as the means of three

independent cultivations. The error bars indicate SD.
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Eath RAEBRRICBTDOIHES AT I 7 AOKEZHMAT

AEE I E TEEER O 1 1t | TOMEERZANT L TE2n, BRROBEERIX
ZDOREBOREL. FZH 3 OEBEOFEIL L > TEOBRERIELL TV bDEEZ DN
%, % Z CAHE T original microflora D3HERD 5 H 4 E AW T, #IEUERR, BI U 24
REAKBERIBIT2EEROEFLE=F— L, BRICBTIBEROETZHET 5T
& TR & KRB I1T D ERBI O EER Z2# L7z,

B3 OEBKOGECL - THRENRELRLI Z2VDOTHL ML 5%, CSKI K,
Pseudoxanthomonas sp. M1-3 £k, Brevibacillus sp. M1-5 Bk D 3 O S BEELZ b BV TRFT L7
ITAEH TIZ, FREEBEREZSHERDO 1| XFRFE (S, C straminisolvens CSK1 #k; F,
Clostridium sp. FG4 ¥k; 3, Pseudoxanthomonas sp. M1-3 ¥k; 5, Brevibacillus sp. M1-5 k) OFAH&
by TRETD BT CSKI BRMiEES#RIT S pure, Pseudoxanthomonas sp. M1-3 ¥k &
Brevibacillus sp. M1-5 k0 2 TRIR AR 1T 3+5) . L350 3 BROMKEE3E R (3 pure, 5 pure, S pure
(Fig. 4-14a,b, ¢)) . 2 TRIR G HEH R (3+5, S+3, S+5 (Fig. 4-14e, f, g)) . 3 MRS IR R (S+3+5 (Fig.
4-14K)) 2B\ DB EHRDOAEE 2 EEBEY real-time PCR IE (Mi¥HE Hik 16) WKV BIE LT,
¥ - RIS THHIABERBESER LZAEBTOT — & H b A ERE O BIfRE % $ifEik
THEIUTT ALY BB R BoT (Fig 415), 2O7RI T ALY,
Bl 21T 5 pure & 3+5 12351} D Brevibacillus sp. M1-5 BRDAEFE ., BL U548 & 3+5+S I2KiT D
Brevibacillus sp. M1-5 BRDAEF 2 8 (log & L o TORED, BME)ZHEY) $52¢
C. Pseudoxanthomonas sp. M1-3 £k4% Brevibacillus sp. M1-5 BRI RIETHELZHEK LT, K
R DEBFOT 0L, FEKRE BICERRBICHD L EXOND day4 & day 6 DT —F
DYEHEZEM LT,

PEDL S LTHEILESE2 Xy FT—2EFL L LTHBHL L b D% Fig. 4-16 i
R, JIZ T, MEMERRE 2ERAREHBLEEDOT—4# (1 f/2 f&, Fig. 4-16a). 2
RRAR L 3SEBEARELBR LIEOT —F (2183 M, Fig 4-16b), B I UHESERR L 3
BEAREUBRLEBOT —4 (15/3 M, Fig. 4-16c) & 2BxCEALLE, ZhbOF
—Zhb, 3 OEROHFEI LT, SEKBOBRESEL L TWHIEAEDERAD
7=, Pseudoxanthomonas sp. M1-3 £kiX C. straminisolvens CSK1 BRiZxt LT, 1 fE/2 DR
F—ZhHITRVMEEDHRESH D &V I ERB/BONIH, 2 F3 BOKET —F bk
SWIEIIERH D & W O RERM¥E LT, £7= C. straminisolvens CSK1 ¥kiX Brevibacillus sp.
M1-5 BRICkE LT, 1 f2 OB T — 2 bR LE VI BRBFBONIR, 213 &
DHET —F D DITBRNMEEMRDE H D LW I BRBF LN

BEIZ LT, L5 D 3 fEIZ Clostridium sp. FG4 Bk &2 N 2 7= 4 O R CET 235 Z 72 o 7= (Fig.
4-17, 4-18), Z D 4FEOMAEDOEDOREEESR (+5+S+F, FIEDAMI6 LRIFR) HF

3EOMITRTORA A A—BRRERE VBT TS, BEOICEERBETHS Z LT
ENTREY, ZOROFITIC LV EEEBENORENHKFOA I =ALERDHZ L L LT,
FG4 BRI 3+F, 5+F, S+F LWV o 2 FERAFEER. RO NI 3+5+F L\ ) 3MRERER T

93



BAE AEWRXR Y b T ORFMT

IZEBRHR NI 27, Clostridium sp. FG4 ¥kiZ C. straminisolvens CSK1 £ 5 58V MEXER)
BREZITTOBIH20b b, C straminisolvens CSK1 HRDAEF 123t LEAERIZBV TV
ZEBRENT, ¥£72 Clostridium sp. FG4 i3 3 /4 BOLET —F (¥2bb
Pseudoxanthomonas sp. M1-3 BkOTFFE L T\ B & & DF —%) )b Brevibacillus sp. M1-5 £
Wt L TRERZDIREZR D, EWVWORRIFLNT,
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*Pure culture

(a)3 pure (b) 5 pure (c) S pure
10000 10000 S...No growth
1000 1000 (d) F pure

F...No growth

O C. straminisolvens CSK1 (S)
O Clostridium sp. FG4 (F)
A Pseudoxanthomonas sp. M1-3 (3)

[
o
»

DNA mass (ng/ml)
S

DNA mass (ng/ml)
8

Yo 2 4 s Yo 2 a4 p; @ Brevibacillus sp. M1-5 (5)
Days Days :
*2-strain
10000 ©3+3 10000 (0S+3 10000 @8+3 (h)S+F
S, F...No growth
= 1000 = 1000 (HF+3
E E’ F...No growth
& £ (Same as (a))
g 100 2 100
é é GOF+5
~3 < F...No growth
4
A 10 A 10t (Same as (b))
1 : : 1
0 2 4 6
Days
*3-strain
) (k)S+3+5 ] ()S+F+3 (m)S+F+5 (n)F+3+5
10000 10000 10000 F...No growth
(Same as (e))

DNA mass (ng/ml)

2 4 2 4
Days Days Days

*4-strain
(©)S+F+3+5

10000 Fig. 4-14. Growth curve of C. straminisolvens CSK1 (S, open circles),

Clostridium sp. FG4 (F, open squares), Pseudoxanthomonas sp. M1-3
(3, closed triangles), and Brevibacillus sp. M1-5 (5, closed diamonds) in
the mixed-culture systems with various combinations of the isolates.
These systems were cultivated in PCS-FP medium at 50°C under the
acrobic static conditions. Values are expressed as the means of three

DNA mass (ng/ml)
8

—
[=]
&
t

independent cultivations. The error bars indicate SD.
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Fig. 4-15. @k EERMIT 70 7 7 L2 X MR, BT C straminisolvens CSK1 ¥k (S, H#¢) .
Pseudoxanthomonas sp. M1-3 # (3, #R#) . Brevibacillus sp. M1-5 ¥ (5, ###R) O 3 BROMITRER.
EHILFig 4-14 OF—F D55, day 4, day 6 DB BROFEHEL b LIZ, HIEHRIPOBEKIZ L
IETREBLHEL (og 2 LolETORD, MME®%) LEEbon—-KR, FILE, FATEL
T8R4y 548 (HRMBMOT— %), 3+5+8 (EEEROT —F) 1281 5 M1-5 ¥k, CSK1 kD AEH

F—u (FREFNGHR., §8) 2L LI M3 RORELEIEL (log L o -ETORY, BNE
PHEHH) LELORBRENTIVA,

(a) 178/21% (b) 2¥8/3%18 (c) ﬂlj

Fig. 4-16. WK EERMIT T 0 7 7 LI X 5MITRSR (Fig 4-15) &b L2 L7z C straminisolvens
CSK1 ¥k (S). Pseudoxanthomonas sp. M1-3 ¥k (3) . Brevibacillus sp. M1-5 #% (5) @ 3 BRI
BEEROFy hU—2E, @QUMEHEERL 2 MRAMEROLRT —¥, 0)2 MRESKERRL 3
BAEBEROLRT—¥7, OMEEER L 3 MEOKBRROKRT —¥, REAIMEREL, §XA

EE, BRAEEEL BN, OB log T 15%LLF) #8T., RAIOKROK S IRE,
NHOBRE ERRL TV D,

PN T T T A 2. waMrkEve .y ] L AW e Bg
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Fig. 4-17. C. straminisolvens CSK1 ¥k (S). Clostridium sp. FG4 #% (F), Pseudoxanthomonas sp. M1-3 ¥k

(3) . Brevibacillus sp. M1-5 ¥k (5) @ 4 BROMFTEER. HIIFig 4-14 DF—F D3 5, day 4, day6
OEBROTVHEE G L2, HIEKI LOEKICRITTEELBIEL (log £ L oETOR, #
mB%) LEbLOO—-KR, RORFGIXFig 4-15 L EER,

(a) 178/2%8 (b) 278/378 (c) 3%F/478
s F g ] [ s‘:L F
3 5 3 * 5 3 5

Fig. 4-18. EEkMIF EIERMNT 7 0 7/ 5 LOMYTT—# (Fig 4-17) %% LIZ L7 C straminisolvens
CSK1 ¥ (S), Clostridium sp. FG4 ¥k (F), Pseudoxanthomonas sp. M1-3 ¥k (3) . Brevibacillus sp. M1-5
B’ (5) O4BROBEKMBEEERAOR Yy PUV—27[, (MERE L 2ERSERROURT—¥
)2 EROHERL SHBROHBEROURT —¥, )3 HREEERL 1HRAKEROLERT —
., RRANTREL, FREDIMEZ, BERADIZEEEL (8N, MR log AT 15%LLTF) %
KT, BEBLESZHMPEFCERVEER, RAIERRLTWAY, O)TIE 2@ OET—¥
BHHEOT, TOEEVRLIBEPENTERR L, KHOROK S 202, MbHl0iS % K
LTwW3,
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Fa¥ MAEMEXY bU—7 QA

FEOH BE

AETIEE T ALARR SF356 OF A N—ICRIT 5 14 1 OBRE, HE/EHZFH
WCRET L7c, S DI, BAEMRIY Y FU—27 ORENEMEZ B L. orginal microflora D%
BEEED 5 b 4 F& (C. straminisolvens CSK1 ¥k, Clostridium sp. FG4 ¥k Pseudoxanthomonas sp. M1-3
Bk, Brevibacillus sp. M1-5 %) ZHWT, MEEER. BL U 24 BRAERRCBIHEHE
BROEEEZT=F— L., BBPORBTZRI20, THETIRMBITLTE 2 1 3t 1 OB
WA, ARRROPTENEERFELTVLOD, 53 OWMEHDFEIIID ED 1% 1 DB
RIECEBECZ0, TLTREL LTED LS IAT VADBBIL TV D DR L
Teo AEETOMATHDLNE 207 L5E 4 MOSEEROBEMRME, HEERICOWTUTIZ
ZET D,

@) C. straminisolvens CSK1 ¥k & i S5y BiERK A

FEIEETOMTIZE Y, C straminisolvens CSK1 BRIZIFSIE T BER DBERHER I X 2 55&
BOTSKIL L WV IERD - THD TEF AR TH Y L7 FRMESRERIC X 5 pH D4k,
KRERBEY OKEMERE. EiR) OREBIZL>TAF (Bro—X45M8) BEgEshsZ &
BARINTWE, ,

AEE 2 T OFSIESBERR OB RIRIR IS H TD C. straminisolvens CSK1 BRODEEFEFEER

(Table 4-1) {Z X > T, LFED A I = X AL, KIS BERR D BEEIR I C. straminisolvens
CSK1 DA (LA u—R5H) [BEWEZKH LT 2 EXRBEShE, TOPTHH
IZEWREY R 27 L T = Pseudoxanthomonas sp. M1-3 BROIEERIEHE % FRAMEERIZ X D
SE LT 2 B T2 o 7o R, BUAERICK L TAREE RS & 50,000 LA EOME, KX UH
SRENR U CRERS TR 5,000 LTOMEOLZR &b 2 BMEFEERZALTHNDHZ &8
TR ST (Fig. 4-3), FES TRENREET2OBL DL RHEMIALP LI T
WRWR, BEOLIIEZFOZ A EEEGFO vitamin HO L SR b D THDLEXDL
nNd, HDGEMETEREOBVEEDD. thOMEMHS KT 2WEICL > TAERIRET S,
LW HERELRENTWS (eg, X7F K132, 7 3 7 B110]. ¥ ¥ I L5 [26, 40, 41].
K FEBRMEWELLS, 16,42]), L2>L PCS-FP ¥5#1iZ vitamin solution (Table 0-4) ZFNL
7% T C. straminisolvens CSK1 BkDAEE (BN 1 —R53R) OFEREIL DRI
Z &M 6 (datanot shown) . (REMEIZZNLUADFRLWE. HDWVITEBOMESNLET
HD, VWO EBEXDND, SHRIDREME L S LI, RET LI L THERDHE
RPEED LEZEZ LD,

C. straminisolvens CSK1 BR#FLEEH#R & | Pseudoxanthomonas sp. M1-3 Bk & D 2 FERGHER
ROEHSFERRL BT 2 L. WESMBRITBESIERRT S FULEML TWa0iext
L. C. straminisolvens CSK1 BROAEF 1L 2 FERE LI L TW2d o7 (Fig. 4-5), T O
REh 6. Pseudoxanthomonas sp. M1-3 BRDVERIX C. straminisolvens CSK1 BRDAE 2T 5
2T, BEDHIZY OB —AGRHREREL TVDLZ EFRRENT, TDXD
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CRBEMAEMOGFEPEBTET CTREBIRIBVICEELRIEL TV Z L 2HERT IO,
MHUERR L 2 BRAKERIBVWTRRAL TV X V7 EOBONEMT LI, £FXC
straminisolvens CSK1 MR FEBLT 5 cellulase ZfRITT 57201, BEEFENLF I HEZH
L SDS-PAGE IZ X W fi##T L7z (Fig. 4-6), T DFER. C. straminisolvens CSK1 B DMIFEE
RTIEDLNROAY FRBREERRTHLS O BESH, BEHER THARIC cellulase
PEBLTCODIAEESRBINZ, LEPLENLONR RFERLEBDNDLDHR C
straminisolvens CSK1 £k DSM122-FP IS COMBUER R b bR Sh, ZhooF v
JEITRAERERTHRENCEIE LTS, LW X Vi, C straminisolvens CSK1 BRASRE
Be#eHh T PCS-FP HEMICOMPERAM LV b, XV X CAFFRER DSMI122-FP H5#1 T DM
s B R IOEWABRBICH D1 DHEEE X DN D, orginal microflora (2815 C.
straminisolvens CSK1 ¥REEH 7=V D cellulase FH1EIL PCS-FP 5 # TOMMBEER SR D 6-7
EEWVE WS HE[142) b BB B & C. straminisolvens CSK1 BRITIRAER RV THED
72 cellulase ZHBT 2 b TIRARVA, BEELLY ORREIZHEMLTVEHD0LEX DR
B,

BB T 21 b OFKIE S BERRIX C. straminisolvens CSK1 BRDAFIZXF L THW
REDREELEFETDHZ EMNRENT- (Fig. 4-15, 4-16), LA2>L 548 & 3+548 BT 5 C
straminisolvens CSK1 ¥kDATE % el L7z & &1ZiX. Pseudoxanthomonas sp. M1-3 BRDTFIEIL
C. straminisolvens CSK1 BRIZXf L THEMNTH D, EWOHRR L Role, T, Brevibacillus
sp. M1-5 #k248 Pseudoxanthomonas sp. M1-3 Bk X V b C. straminisolvens CSK1 BRIZX 9~ % 58V Mg
YR AZH LTIV, Pseudoxanthomonas sp. M1-3 BkH3 % @ Brevibacillus sp. M1-5 BRDAEF %
Mx % Z & T, Brevibacillus sp. M1-5 BRIZ X 2 RVMEER B KDL TLE S LD LEX DR
Do ,

—FWz, FEEME X C straminisolvens CSK1 BRIZ X 20— X H5RHPEY

(Pseudoxanthomonas sp. M1-3 BkI3BEEE, Brevibacillus sp. M1-5 Bki3HE) ZFIHTIRETH Y |
FNCEDAEEMRES N TVD Z L BE 3EE TOMTTRREN T\ e, EERICATESR
28D C. straminisolvens CSK1 ¥R ODIEFEIRIR (B0 — X 5RENE ET) BMEH TOER
EER (Table 4-1) TINLOFIESHROEFTIMBES L, $L 2 MRAHERERATHIN
b DIF KPS BERRII M BT ERE L ¥ b X < AF L7z (Fig. 4-5E, 4-15) . BOERZERIAEHT (Fig. 4-15.
4-16) Tb . C. straminisolvens CSK1 #£D Z 1L b #F KA S BERRIC X DIRERN R R S 7,
7272 U C. straminisolvens CSK1 ¥k\Z X 5 Brevibacillus sp. M1-5 Bk D{EE R OB E 1. ZHEM
I B I D DX Pseudoxanthomonas sp. M1-3 BRDIFERFIET Th o7, T AU Brevibacillus sp.
M1-5 Bk DAEFE D Pseudoxanthomonas sp. M1-3 BRIZ & - TRAE SN T3 & & (Fig. 4-12 )
W OHEEZRPIRENCEN D, WD 2 D & Brevibacillus sp. M1-5 ¥kiZ Pseudoxanthomonas
sp. M1-3 BRI X 2PHESEME UL, BElTY (REDRERZLTH) RROEFELZHES
TENTED, LHERTED,

Pseudoxanthomonas sp. M1-3 BRIZBA L Ti., £ OMEEE. XU C. straminisolvens CSK1
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bheD 2 MEGKEESRH CRRTIHERFI UV ESY 2 RTEKKEBIC LI VEITL., C
straminisolvens CSK1 ¥R DIFTENS Pseudoxanthomonas sp. M1-3 Bk DR 2 BN RIS TEHE L T
Nz, ZOREFR. BEBEERFRNLEAR Y MW o>»RI &z (Fig 4-7). £7-EE
HERTOREIZEWE FHRENTE C straminisolvens CSK1 BrDEEHREBIR CIEE L~
Pseudoxanthomonas sp. M1-3 Bk 7L b | BEIEERLIIRZR Y| e LAMBSERRDIZD
W EE 2R Lz (Fig. 4-8), ZORENL ., FIAWRRZEE CHIBBBTFET S, L0
9 &9 L BEMIRERIC X o TTIER L IREEERRIZIV T Pseudoxanthomonas sp. M1-3 Bkix
22V BRpo T ABRKBIZENINTVE b O LERIIND, 5B ILICEAEERICERY
RARy bOT X)) BESIEN T, RELEDDIZETERIARIPEBLADIbDLEIHSH
Do

(ii) C. straminisolvens CSK1 ¥k & Clostridium sp. FG4 £k

B 3EE TOMITIZ LV Clostridium sp. FG4 ¥kiX C. straminisolvens CSK1 Bk )V 11— X
SRRPEY (FV T8 ICEEBIEFLTVDZ EIRBINTWE, TOZ EITAEF4H
DRENT T Clostridium sp. FG4 Bk73 C. straminisolvens CSK1 BRDfFER LTI AFLA A DI
72 (Fig. 4-14) Z &I X0 ERT bR,

%5 3 EE TOMYT T, Clostridium sp. FG4 BRIIBEN T Y IR OBRBAC L VB2 AR L
TWBZ MRS, A Y TFEOERX C. straminisolvens CSK1 Bk D&V 1 — R 53 RIZFAE
HIZ@ < (Fig. 4-10) 728, Clostridium sp. FG4 BRIZ X B4V THEDHBIT BN 0 — X5/ %
RETIDRVEHDLEZIDOND, LPLEZO—F CIRBEOEBOARICE VISR &
N3 pH OETHEL O —RSMRICAEOIERT 5720, F—#/1 & LT Clostridium sp.
FG4 BROER TV v — 2 GRRICTAERNCEV TV 5 2 AR STV s,

FRAREE 4 BIOREYTTIX. Clostridium sp. FG4 BRDIFLEIX C. straminisolvens CSK1 Bk D 4=
BICHENIC@ = LA RE N7 (Fig. 4-17, 4-18), ZOERE LTIE, EEROpHIET W
SERDIENIT Y, C. straminisolvens CSK1 R EBRICEENICI VAL TRIAT 2 EE TH
% cellobiose IZX T DHEDRBREBEX DD, LxL—F T, KESE 28D Clostridium sp.
FG4 PR O FE IR RIS IS H1 T DEFF FER (Table 4-1) TIX C. straminisolvens CSK1 BrOAF (&
N — R o) DRESNR BB DT, Z D Z &5 Clostridium sp. FG4 #k7)5 C. straminisolvens
CSK1 BRI RIETHBIILED VT2 OFEIRBEORIIC L > TEDY 9 30Tk
Wire TR U7, C. straminisolvens CSK1 £k & Clostridium sp. FG4 ¥k ® 2 IR A 5:% % 2 f8lR
D (PCS-FP Kb, DSM122-FP B5#) TR IV, £ ORELAEAFEE C. straminisolvens
CSK1 BRHfiFuERR & LB L7z (Fig. 4-9) . Z OfER. PCS-FP B2 Tl Clostridium sp. FG4 ¥
DFERC LV RKSEEIIEM U2, C straminisolvens CSK1 BRH BEFIZAE WTRER
DSM122-FP 35 T I iR BISBRE 1D Lic, ZOfRRN D, A n— X 3fEgR
DMEVY & X2 C. straminisolvens CSK1 BEDATF (B —X45f%) (EEMEEA & O
DRVPEHT, BAu—ASMHRAEOE 1T, FEEOBRILERLL & ORENR IR
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B LD, LHRIND, EEOBENTIXC. straminisolvens CSK1 #kS BIFIZAFAIRET
&H D78, Clostridium sp. FG4 ¥kiX C. straminisolvens CSK1 BRIz L THAERIZIERA LT3
LEZbND,

(iii) Clostridium sp. FG4 ¥k & {F- S5y BERk

B I3EE TOMTICL Y . Clostridium sp. FG4 BRIIEEHRIR P DAY ¥ % Brevibacillus sp.
M1-5 BRDFIRFTRRZ2 7V a2 — RIS D T & T, -Brevibacillus sp. M1-5 BkOAF R L
TWBZ eI, ERICRAERFEROGR (Fig. 4-17, 4-18) 25 b Clostridium sp.
FG4 BRIZ X B Brevibacillus sp. M1-5 BEOEESNR ISR Iz, 727 L. C. straminisolvens
CSK1 BKIZ & % Brevibacillus sp. M1-5 BRDRESIRDFE L REKRIZ, DEBRHZ LN DD
Pseudoxanthomonas sp. M1-3 BkDFTERF (F7223> 5 Brevibacillus sp. M1-5 BRDAEF I S h
TWaE) EifThot, _

Clostridium sp. FG4 }ki3F Y THE OB X VEFEE 2 AR T 2 DT, BFBEIC X o TAF R
S5 Pseudoxanthomonas sp. M1-3 BRDAEFIZx LIBERNRZ R TZ &b PRS2, KB
FEHBITORER (Fig. 4-17, 4-18) . Clostridium sp. FG4 BRDIFTEIX Pseudoxanthomonas sp. M1-3
BROAEFTIIZE A EHEBITED o=, C. straminisolvens CSK1 ¥RDAER T DEHEE 1T T,
Pseudoxanthomonas sp. M1-3 D AT REZNRIIATREIZH D, LEEZX BN,

HKAE D BER OTFTEIL, RIS MEMIE T B Clostridium sp. FG4 BRI & » THERFR T
BD, EERELESIL SN B 751) T Clostridium sp. FG4 BRIZAE T3, ATk
Rz X H I, BEERBOERSAGIZEE S C straminisolvens CSK1 BkDAE ., BX L u—R45E
C XD HMREY () T8 OBHEHEMATH D, 7272 3+8+F, 5+5+F, 3+5+8+F BT 3
Clostridium sp. FG4 FROEBTITIZE A EERHZ LN NI &b, FRESBEERIIE S Ok
FDBFETE LTI Clostridium sp. FGA BROA B ZWT-L 5, ¢EZ2bNMD,

Gv) HFRESRERRRL
FEIEETOMITICLY . FRIEDBERIZIE VRSN, REWBRICH D Z LA
TV, ETAER 2 OBRIEEIMNEH T OERER (Table 4-1) TH, HFRMETHE
BRI O S SUE S MR O FICRERICAEAT 5 2 L RSN, TIITRIEEC
R\ 7z PCS-basal B53CZ E D FIHFTRER EE (B% 6 < peptone, yeast extract FD~XTF
R, 78 OB, BLXORKHRBEDOERCLILOLHERIND, X HICRKEKE
WZ &IZ. Bacillus sp. M1-1 BROBEEIRIKE 2 #IN9 % & Brevibacillus sp. M1-5 B&X° B. subtilis
DOAEFIIZEICME SNz, Bacillus sp. M1-1 ¥RiX 7 T ABBEAIEICBREDRYN H 5 AWM E
(bacitracin) % PEA=3" B Bacillus licheniformis [53, ONZA&E THH Z b, BRlomAY
BOEERZAEL WA LHEBIND, Bacillus sp. M1-1 k& Brevibacillus sp. M1-5 i
original microflora IZ8 W T, BHIFIEFEL TV EZ DI, Z2ORED A I =X AT SR
WZBLBRYE S, Bacillus sp. M1-1 BRIZESEIEIZ & > T original microflora 7> b HHRAIZBRH I
5%, PCR-DGGE AT CiLIZ & A RIS VS, original microflora (2351} D FFELLRITIEH
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WWhEWEEZ B 5,38% 6 < original microflora {233V T Bacillus sp. M1-1 (kD AEE %)
25 X5 e AYBHEERBFE L, £ D7 Brevibacillus sp. M1-5 BROERIFNAIEE L 22 o
TWeDTHA D,

Pseudoxanthomonas sp. M1-3 ¥k & Brevibacillus sp. M1-5 ¥k D 2 F&IR A 143 5% T, Brevibacillus
sp. M1-5 BkiZ day 1 S CTIRAFIEREINTZLOD, ZOREEENELD L TWoTz (Fig.
4-12), Pseudoxanthomonas sp. M1-3 Bk DEEFIEHKIL Brevibacillus sp. M1-5 BRI X} L T ELERHI5S
VIEDR L DA DNRPoTOT, BREFMOPOEENEZHL TVD LIFEXIZ
LKL ZERUADA I =X b 035 % & FRENT, ERIFERPOEROHLEZRMLIZE
B% (Fig. 4-13) T%b Brevibacillus sp. M1-5 BROHEZRBBAPMBR SN, 202 ERAEE
ROBRBRZBWEBRET 2L MEOEEIEEARZA L TV (data not shown) Z
M0, Pseudoxanthomonas sp. M1-3 BEDHUAEMHE 2 EXEREPICHEH T 50T,
Brevibacillus sp. M1-5 BRkEBET B2 & THID THEDIRDPBNDL O BRA D= LB HDHD
b LV, ¥7= Fig. 4-13 DEBRTIL, Brevibacillus sp. M1-5 BROEE %2 HUIN L 72 1ER RIC
BT, Pseudoxanthomonas sp. M1-3 EEBMBIEERRFLD b X< AF LTWBZ Edb,
Brevibacillus sp. M1-5 Bk DFEE K % Pseudoxanthomonas sp. M1-3 BRSREIR & LRI L TW
B, LV AL RSN, |

UEDEENLHEIND A BOSEROMEERA R Y U —2 % Fig. 4-1912F & 7=,
b 4 FEOSBERRRICI, AR T BN, RENRBREL REZ T bk,
Brevibacillus sp. M1-5 BRI 55 2 B2 CHENT L 7= 4 IR A15# %R, CSK+M356 (35 3E D AFG4 &
F2) ICBWTRREFEBR THA L TLE 1o R TH 545, T Pseudoxanthomonas
sp. MIBBRIC K DIHEDNROEBIL L Db D EEX BND, T D Brevibacillus sp. M1-5 BRD 4
B % C. straminisolvens CSK1 ¥k, Clostridium sp. FG4 BRPMEHET B Z & T, HRIEBREZ LERF
FREICRDDES S, ¥z, 2D 1 MOBAMPEATERVE I IT, BERHEEG LV
ST AER S . BEEOMAYMOREREFIIIEE THLLEZ2 LD,
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~ b,

(d)
3 =—(D=P 5
Fig. 4-19. C. straminisolvens CSK1 ¥k (S). Clostridium sp. FG4 ¥ (F). Pseudoxanthomonas sp. M1-3
% (3). Brevibacillus sp. M1-5 8k (5) @ 4 FRAIFER (3+5+8+F) ICBVTEHLTWSEEZ
LNAZMEHME >y FU— 27K,
a; FEFI3E4 IR, MI-3 kA6 IR OMSIL, pH PiEk. FElgbRE, £HREDHOELE,
CSK1 #kD> 6 AR OERS. (7272 L M1-3 BRO(RHEZHR 12 M1-5 & T LU FTHE)
b; FEFIIE4ABIGR. M1-5 Bk 5 IR OBk SAL. pH P, BEBRE, £EHREMROESE, CSKI1
B BB, (72 L MI1-5 BRO{REZRIT M1-3 ¥ T b (— ) VEETTEE)
¢, FAEMMR, CSKI B b i OMBIZ L 2R, FG4 B HIiXpHIE T, cellobiose 254 5B G
PRAREBEZLNRS, (FG4 O LIREFREMEEE, +) TEREL VS LRESDR LD
BN, ERETRFENEVWLEEZLND)
d; AR AREGR, MI1-3 BD 6 I RIEOBSEL,. BLUZOEMRIZL S CSKI ROAEH, EAn
— ASMREN LI SEOMEIZ X SR, (7272 L M1-3 BROREZRIT M1-5 Bk T b R AT HE)
e, FAFILABIR, FG4 KB IX /N a—ADHHE, M1-5 ) biTERROERIL, BLUEDE
BIZX 5 CSKI BEDAEE, Era—ASREMf LI-EOMRGIZ L S{RE, (727210 M1-3 BRDRER)
B2 M1-5 BT HIVERFTHEE)

£ AEER (LLLIFEER . M13 BIZE S M-S BROEFNH., (M1-3 #RIZ X5 M1-5 D
BE, REEOFA, tWHEELDD)
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ABFE T, O L DOMEMEED OB L -MAEMOREGIERICLY . TOMEMRE
OHRERLEZEHLZBERLIEATABRZEBE T O L2E—OBRBNEL, SHIZZDOALAE
RBRICEIT 2 MAEMBEOBECHEER 2T T2 2 & . SEEEOMANIC X 23R
IRBREDFRE, BIUEEROMEN DR ELRKFORNR AN =ALERHTI L 2R
HER BRI E LT,

VTS DIAEMREE L LT, HIEZHMAEYIRE UTEBTRLRIVIRTILICKDEES
Lz, 50°C, HREHT. BERECRDLL, R EOKRLREVo—Z2PEEZHRILH
fRTDIENTEDEERMEDHE (original microflora) % FEBRIZHAWE, AR T, Z
O original microflora 7> LB L7=MiE % b L 12, BAn—RGRERER A T HLERESEE
% (NTAERER) Z2BEL, T2 TOSMEHOER., BLUSHEMROMEIER (M4E
YRXy NU—2) EBITT5ZET, MEMHECLIRMEELVO —RAGBDO AN =X
A, BXOBEBREOMEYREECKTFTIAN=RAL2EAT I L2 BNE LTERE
B0l

85 1 3 TIX original microflora 7> b K. KRB SKRH T THMAYH O 57EEZ R 7. original
microflora ® PCR-DGGE f##7 (Fig. 0-5) TELSEEL L TRIBEN TV 5L TOMELS
o, THOMBEOSBECRI L (Table 1), ThbD 5 b u—R53REEER LD
{RPERSMEME D CSK1 RO A ThoTo, Rl EFARROM R, CSKI BRIIBEM ORI &
JLr— R 55 PRHBE Clostridium thermocellum &k CTh o 7=, ZOMREMEIIEL . FFE4AE
FHORREBIRoLFER, £AFEHRE, BEMEREORTHENRADNIZLD,
Clostridium JBOFFE L& U T Clostridium straminisolvens &% . 18 L7z, C. straminisolvens
CSK1 #kiZ original microflora DIEEEH TH DI EEE CIXEFTE T, EHHKIEHT
RN THZDEN T —AGRMFRITHERFIELS . BHEFMOTDITIMOFEEL T —2
SFHEME O FE SN LETH D LEZ DI,

% 2 FE TIX C. straminisolvens CSK1 ¥k & IV v — R 555 BEk & OIRBEEBIZK 5. &%
K ra—2ANBATERZIOEBRERLBZRo7-, £ C. straminisolvens CSK1 ¥k & FEE L 1
—AGRSHREZRALE 2 FRAERRCIZ BV —RAGBERIELZE Z A,
Pseudoxanthomonas sp. M1-3 £k, Brevibacillus sp. M1-5 ¥&, b L < IZ Bordetella sp. M1-6 £k & @
2ERAERR T —AGREEA LN (Fig. 2-2), Zih 3 BROFRMEME A BEE L H
B UERBREZHKILT 5 2 & T, C straminisolvens CSK1 BROAEBBRIREIZRDDIEELEEZZ D
N3, IHIZZo 3 KRoHFSIMESBERRE C. straminisolvens CSK1 ¥R & D 4 FERAIEER

(CSK+M356) i, original microflora & R DOEZFEEL 0 — X 553fFEEH L Tz (Fig. 2-2),
¥ 72 CSK+M356 1IHRR G T OEE TIZE OB ESBREICE LD Z L1 b, HRIEROLK
Sz T, FREMEOFIMRABLEECTCHLIZ AR I, £Z T C
straminisolvens CSK1 BR#iErEEE & CSK+M356 D)L o — XG5 & g Uiz (Fig. 2-4),
CSK+M356 Tlt, MFMEERIV b EL O —RZ I HMLTVADIT bbb b T, B
BRPOFEPHEEOEEMELS WX b T\, E2 8RR O pH TR RIICIX 6 LITITK
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ART-NTWIZAS, CSK+M356 TII—E pHIZ 6 U TFTICETETLELDD, ZOB ERL
MBI £ CRIE Lz, MEMSRFICAONDS KO o —XSRENORR 2 ERES
[EpH i e 0 —ANMERETS Z LRI AONTEY A u—XSRAEIC L5
FREDOWEE. pH P LW IERN, BAa—XHBOMRHICKELFELTNDEEE
2 bNfz, L L CSK+M356 (TR R 24 VIR ¥ & Brevibacillus sp. M1-5 BkAS TR LT L
F\ (Fig. 2-6) . HEMRBEORERLIT T D7DDETFT NV E LTUIE S R o7,

% 3 F Tl CSK+M356 (T original microflora 7> L& 5 & L TR &3 TV e Clostridium sp.
FG4 Bk& N2 7= 5 TRIRAHERFR (SF356) ZHMEE L7z, SF356 13 20 BIOMREERERIZOET
DIEFRA VS —DEECIFRRETH Y (Fig. 3-1). T D SF356 2 ZERBEDET NV E L
THEMT Lo, SF356 \ZBIT 2K A U N—D%KE, BILUEFEAVAA—HOBEEHZERET D
7=®IZ, SF356 DA LN —=D 5 LOVEDZERW 4 MRAERR, /v 7TV MR
KL (Vy77 7 MEEITAX LRE. X EBRMANEEKRA), STHREERRICBITD
Lo — R SRRRROMNT. R (Fig. 3-3) 12XV, BRONZEHEROBENTORRZHE
L7= (Fig. 344), AFG4 (CSK+M356 &Rz TIIHERIET OMOEMNS R OER> D
RN & D3 D . Clostridium sp. FG4 BRD3 B % BRBF LBFBE 2 AR L TV 5 L HEE Sz, E2A
FG4 TORIERGIM O pH PHARH BN D Z &M 6. Clostridium sp. FG4 BRIZ X 2@ F 2B
BEAERRD pHIE T 23| &8 Z L, Ean—XSRICiBliic@ o Tnd & PRI, AM1S
THRERICEEOERA L < . Brevibacillus sp. M1-5 BROFEHB I RE I/, AMI-3 TiIEE
BEDEFENZ L . Pseudoxanthomonas sp. M1-3 BROEFRETHE A /~HE Sviz, BIOLOG IZ X 5%
¥r (Table 1-2) TIX Pseudoxanthomonas sp. M1-3 BRICEEEERIHBEIXA Do 72h5, C
straminisolvens CSK1 ¥k D ¥5%E L% CD Pseudoxanthomonas sp. M1-3 BRIIET#EEER (Table
3-2) &Y Pseudoxanthomonas sp. M1-3 Bk EFERIREZ BT 5 Z LRIz, I HIZE
AUA—BORBEERZEET -0, FRAERRORBARKIERMERICK T 55 5BERD
BIF. HRZ#F - (Fig. 3-2), SF356. AMI-3, AMI-6 TiIXERA U NS ER LR
FLTW, ACSK1 TR DEFE T Clostridium sp. FG4 ¥k, Brevibacillus sp. M1-5 ¥k,
Pseudoxanthomonas sp. M1-3 Bk DNBEIZIHEER Uiz, THiZZ @ 3 BkdS B0 — R GEEVIKTF
LTWAB7DTHD EHEINT, AFG4 T Brevibacillus sp. M1-5 BEH3 R L7225, T
Brevibacillus sp. M1-5 Bk3 Clostridium sp. FG4 Bk ORBEY (S a—R) IEFLTWET
HEEZBNT, AMI-5 TiX C. straminisolvens CSK1, Clostridium sp. FG4 MBI L7, &
IR 7 o —NORIRATEX T, BLo—IXNREEWNE I LEHEEERUSOER I M
TW5B LRI NTE,

EAETIIMAMRBEERCBE L TEOICHARBITZ B I oot EUBKROREER
BN SEEROEFTICRIETHEL TR (Table 4-1) . KU HER O BRI i
DEFSHESBERRDOAET 2 IH L, E 23k 0 — R 55 BEBR DRERISHRIX C. straminisolvens
CSK1 BRDATE (BErn—R5fE) 2T 5 Z BRI N, #IZ C. straminisolvens CSK1
BOAE (Bra—R40fR) O3 amyMEESIRD A b iLvic Pseudoxanthomonas sp. M1-3
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PROBEFRIGICBI L TS DICFEITARIT L7 & 2 5 (Fig. 4-3) . (REDHREH T 2 DIIBERE
EERm S THE. BIUREEHES TFHEOIRL LD 2 BELDIZ LR ENE, C
straminisolvens CSK1 £k & Pseudoxanthomonas sp. M1-3 ¥ & O EMRIEIZ DWW T, 2 TR A%
EBR (Fig. 4-5). BXOF U RI7E VL TOEER (Fig. 4-6. 4-7, 4-8) bR o, FD
#ER. Pseudoxanthomonas sp. M1-3 #kiX C. straminisolvens CSK1 #RI\Zxt4 5 A FIRHES i) Ti
RREEHY DL —RG5RNEEREL TWD I &, 72 C straminisolvens CSK1 ¥kD
FF1EVX Pseudoxanthomonas sp. M1-3 BROFEIRF S0 BIZ b REREBERIFLTNE T &,
R X T, C. straminisolvens CSK1 ¥k & Clostridium sp. FG4 £k & O 2 IR A B8 £ 5 (Fig. 4-9)
D 0iL. Clostridium sp. FG4 #k1% C. straminisolvens CSK1 ¥k D& )V 11— R 43#RIZ%E U CTIRHER)
ZIERM. BIUMEENRMEAOMAEZAELTRY ., ZOXNMRERFOBNMCI > TER
TE2LDTHDZ EMPRBINT, Pseudoxanthomonas sp. M1-3 £k & Brevibacillus sp. M1-5 ¥k
D 2 FREAEEFER (Fig. 4-12, 4-13) » b, Pseudoxanthomonas sp. M1-3 BRIZ X 5
Brevibacillus sp. M1-5 SRODEFHHIZIR (b L IXFEWHE) WREhi,

RERIZEER 4 MRAHEER 3+5+S+F (AM1-6 L [RIFE) D A > 73— (C. straminisolvens CSK1
¥k, Clostridium sp. FG4 k. Pseudoxanthomonas sp. M1-3 ¥k, Brevibacillus sp. M1-5 #%) b5
WT, ENENDOMBERERBIVCETOMAESDOEDRAEERIBIT 2FEHROEF
T=F DT L, ROT—F &b LICEEFHFT 2B 2RV, SEERHE OBRIEL RN
WRRPT L7z, TORR. Thb 4 MOSEEREICIZ, HERRIEG ©R<, BEH, e
IRBRE D RZ T DI, Th bkkL RBMREDR EFRT U RAREI. $B 1 MOMEDH
EFTERP-7ED, FEFREFTLBELV T EBRVEIREENTWVSZ LT,
BEEOMAEM DOREMEFR AR R > TWBIDELE X b,

UEDRERMD, MAEMHEC L8P 0 —R5RIZ, L v —XGHEMAEIC X

LEEBIBOEIAL., pH Pk, KRERBMEDORE., £BREMEOEALR EOERICL S
A —2GRAEORE. BXUOEES Y O Lo — A S5BHRORBENEETHD
EWREINT, FEEALO—RGRRGBERR B EEA T B C. straminisolvens CSK1 BROAEE (o
— A5 fR) REMEORE. TREERDY OV o — A SR RREICET 5 M2 7T
(Bl 21X mRNA, BERLANALTO), BIOZDRED A =X LD, REE2BIeoT
WS ZET, SORDFEVARBPBEONDILOLEEXLND, MAEMMEICY ZEED. B
KRB, BOFREME OSRE EOBFEIEEZ X HBAICHLRET, EERBRELZE-T
WOIRMAEMEREL. TOMEMPET. BELSTVI I BRREAEZEVHTZ ENEET
HBHLEZDND, TOBRAIIE. HEIFNREEHRE T Cided, E0 L) A rt
FLTWBD0n, LVOSRROZEELLETHA S, TOLDIITEERBREL T T HME
WCBE T ATICMA T, —REKOEEIZIZBES LT ARWE S IcHbn38EmcBE L
TH, MAEMMMBEEROBRITZED. BEL WK LERHDILEXDND,
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WADMMEERORITICI Y, BERATARBRIZBWTIAERNBHR (C. straminisolvens
CSK1 Bk & S BiERR 72 &) . AR (C straminisolvens CSK1 Bk & Clostridium sp. FG4
BR) . AR, FENRER (FIESEEKRREIL) Lol FRaRFA4 7ORBRERRIBSH
7=o C. straminisolvens CSK1 ¥k & #4453 BERR D Pseudoxanthomanas sp. M1-3 FRIZBE LTI,
BH|Y Y B D 2 RILEKKENC L BT S I8 222\, Pseudoxanthomanas sp. M1-3 FR2ME
AEBRIBVTEEDOY VA7 BEFROICRE L TWD I LATRINTE, SBETDH
VRIBERETDHIELETERIAMAPHEOND D LW D, KTz Pseudoxanthomanas
sp. M1-3BRiZ X B Brevibacillus sp. M1-5 BRDAFHIHIZIR (b L IETERBEHIZR) 2B L T,
EEEFCAEDE AEDHE) 2HET2. LWHIRADNEAN=XLTIHRL, B
FERILOEAMASMENLE RO TIIRVAE FRIN. ZOMBIRD A T =X LOFEHD
SBROMIERETHA D,

kDX diz, ZEZRATARBRRICEBWCIAENBR, FAENBEMK. HEH. FRERBIRLE
Wols, HaZzZ A4 7OBRESRE I, 2 oikx 2BHREDS EFIAT UV ABRRNT
W3 ZET, BEREOMAEMOLZENRENARICR-TVWIOELEX N, 583D
AT L DUV AIAEMEZ R LTV Z & T (Bl xIX Bordetella sp. M1-6 8k), 6723
FVHRMNEONI LD L TFREIND, FEREREFHOEKEDOAZHITICER L TY
DN, SEEROBRIELE O £ hEKE OMEERICKVHRATE L5, —SEL
PR HOMRYT . simulating 2 R TE B X HIniERH LAV, EZOITITBREL
LHETHRESNEVEKEDTE=#Y)  FFE (Bl XX GFP (green fluorescent protein) R H
BEFOEALT7O—Y A MA—F X D) OEAPLETHA S, SLICHAENH
DR T B —RRE R S T B DI L, ABIIECRRNT L &L m — % SRR LIS
DR TOERBEDN G Lve, KB THIT Lzt o — X SfERITHED I EETE O
EMPLZEBICHFELI DR THEDIN, EBRRE LTV OLOEERNEH D, BERDO—DI
ZHESZEMOCARE—RZ L TH D, AFETHENT LI o — X 5B RIIFK[GFE R
THEBZBI 2o TWVWEEY), HERRR LIERRPTII. BHEERBEE. B{LETEM L
WO RTERIRELRoTWVWEEEZOND, TEEEE L THETHEZ BV —R 2{E
RALTBY, —HDOE (BT C. straminisolvens CSK1 B) i o— X olE L-RETFEE
LTCW3, Z0X5 2R8I, FEKOBBELZMEICE=FY) VI TERVWERLZ->TY
5. R ZOWEHOEBMBBRELST. &0 FRIE. MAEDERFERIZIERICRKEN
HRTHY (ZHNREAS T BBEDOZHEEOAIH., HRFICLETH S L5 BE97,
100, 13510 5 5) . SHOFMARBTAEFEIND, b O — 208 [UL, AL TV IHEY
BT AHEBORRTH D, AR TR OERER LA DY OBEL-MAEMEZERL
TWBD, BRENLHMAEMCET 21EHR. ERT N LALENRETH T, &
CTFBEERREMY INTEY 7 AMERLERFRETH S L ) RMEHOHEAEGOEITLY,
BEREVREDOTT NREZBETHZ LN TENE, AR Y VU — 7 OffT. B
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FOREHEDRA =X LD P HBHESICB IR LIR30 TIRVWNEEZD
na,

AR LELTEONTHMEDRECBET2ARIX. B — A0 SRRRO A

59, REMEMF. BIUHAMARFNRMDPOOHFECFRATHIEEZLND, 4§
BT EROFREZ AR L, MAEMARICE T 2ERMANFLND Z L 2HFT 5,
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A

ARRERTT DD B OF A LOMEE, HHS, BXE, BHOSELE
. IIREDORHOBEERLET,

AL ERRDIZHIY | RIBHRDEINE & 250 T LA E e SR s
PHEER. IHRBREECESBRHOZLET,

RIGEYI 2 HBE RS2 THX 3 LAY AGR 2RSS, AHEREER
L RE W= LET,

ARREZITTDICH2Y) . BROMIBED ORTLOERE THRIGBIERICZ D Lok
FRAPEGRFHERFHELE, FRMPELICECESVELET,

BHERHB S LR E A TEE E LA BREA SR EHARE, FHEZ AT ECR
E LAYl -3 i

SRIBFSEE & LT~ OMBIS & Ml A T & L bR B A Bae . bt
6 < B LET

A5m 3L 1 B D Clostridium straminisolvens CSK1 Bk D B L RORRITIZRE L. 272 250
BE., KROMWBELZME S LA FAMEFETESE. BMERHLE, BIUEEy
TEMFREFTAAFY Y — AR OEREICES RO LE T,

AL A BOMERIEY A I 7 AOKEPOMITICBEL, SXRIMBS2EE,
TENTRNT T 0 7T DEBRE L CTHE X Uk, AEHESAIRA LR EREE. FRE
BEAICRS B# = LE T,

ABFICK LEL OMBIE, MiREEES L L#EEFICECRHHELE T,

ABFRICHBE, HRREAEE, HoMBLRERRELRE L T EI o ERDOEE
RS BEH#W = LET,

REICARFHRELRER CORAEE LR X LS o ik, KAZRICES B3 7= L
%79,

20065 1 A
IniE  Al—ER
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N

wmX 0N K 0 EER

ISHEMTY HHY
TRkl 5 EEFELRE #¥
K & TNE AI—BR
BEHEES ILHE /K

7 SCRE H Ao —RGRERERTIRERANLERRIZBITS
WAEMMR > U — 27 OB

BRR., RO0NNTEA RATHRECEVO T, H2BOMEMBREMTHEELTWEZ L
e A LR, MOBEMEFEL RREEAZRELDV2RBLEFLTIVD EEZLN
TV, TOXIICHMEDPBHEL LTHET A2 LICED, LIFLIEEMROMAEH IV b
FVBBEZ B L, T ORI ESREL L EOABERICH L THRILRETH D
W, HHIEEIEN, BoAMERR ¥ 0% < ONE CRANBEORIA, HCET 5HRNE
FEERINTVWD, e RETFEOREICL Y KEOREDPICBIT 2MEMDOLERES
T 5 Z LB RAICTRRIC R > TE - IRV X, BAEMBEICK T 3B DR THEE.
S OITITEN AV OHEERZBET 20 EICRETHL2OPBRRTHD, 22
TAPIETIL. OIS ITEmVBREZA L., Bied), MENICEZERET VEDRE (A
TARR) 2HBEL. TOBTEIIRoT,

AW TIL, HEZMEDRE UTERERZ BV IETZ LI VLI, 50C, #
[EBT., HEEETRDLL, KR LEOBAx R N u—2REER DRI H/MTIZENRT
X DPAEMBESE (original microflora) % EBRIZAV /z, original microflora (IRERIZEIZXT 2
REMET LTHY ., 20 ELL HICH B RHRUERH b2 OBE @R o —2 58 L%
E (B EN2MAEDTE) B EH bNiRdr- T, original microflora © PCR-DGGE #i##r ¢
. FRME, RREOHMELRLEICEFL VBRI ERREINTWVWE, AFFETIE, 20
original microflora 22 BE L7-HIEEZ b &2, EAu—RAGREEZHE T HIEERBAEER

122



R OARDES

(NTARER) 2BEL, £ TOEMENOEER. BLUOSHEMMOBEER (W4ED
Xy NT—2) 2T T2 & C.MAMHECLDEPIRENVO—RAGHD AT =X b,
BIXUOBEEROMEYNERBEKFETIAN=ALEHAT LI L2 BENE LTEREZB
ot

(1) original microflora > b DHMIEE D57 HE original microflora 2> b IFX., HKRMSEHT
TRED DM LRSI FER. PCR-DGGE T TEARE L L TRIESN TV 5 EETOM
Ha&te, TROMBEOSECHRILE (K1), ThbDdbero—RoEiEE R L0
IR KA © CSK1 BRD AT o 7=, CSK1 BRiIBEA v v — R 52 ME D Clostridium
thermocellum W TH o7 h, FRARIBPFRREBIRo-HKR. £FEHEE, B
Rk & O A THER AR LN 128, Clostridium JBDFTE & U T Clostridium straminisolvens
L., B L7, CSK1 B original microflora DEFESM:. HRBEER CTIIAETET.
EEHREGFTICB N THZ DA —RGESRIZIEFIELS . mHIRSHBOTDITiIf
DI O —RGREMEOFELRLETHD EEZ DI,

%1 original microflora 2> b 73 Bl X 1L 7= {IEE

Growth Utilization®

aerobic anaerobic Cellulose Cellobiose Glucose Acetate  Ethanol

Clostridium straminisolvens CSK1° - + + + - N.T® N.T.
Clostridium sp. FG4 - + - + + N.T. N.T.
Pseudoxanthomonas sp. M1-3 © + + - - - - -
Brevibacillus sp. M1-5° + - - - + - +
Bordetella sp. M1-6 + - - - - - -
Bacillus sp. M1-1 + + - + + + N.T.
Virgibacillus sp. M1-4 + - - - - + N.T.

*CSK1#k, FG4 HRIZBM & THEBYEHE—DRFIRE LI THREMISEER L, BEROFEIC
XY ¥IE, FOMOKITIBIOLOG VAT LAZANWTHIMIZEE LR, KL= ) —1LOFH
PIREERC L Dy /) —NVORBDEEBERE L%, "NT,nottested ¢ Zib 5F&iX original
microflora 2> PCR-DGGE #: CHHH & TV - HIE

(2) ‘RN — A GRREEEE R O CSK1 Bk & FE&L u— 43Rtk sy Bk
CERBRAE L 2ERAKEERIZI D BNV —RASMERIELE & Z A, M1-3, M1-5, H L<
IEMI-6BEE D 2 BREEAERRTEA T — AR RSN, 2 b 3HROFRIEHE I B
REHE UEREEZHRSILT 22 L T, CSKIROABFNFRRIZRIDELEZXBND, &b
IZZ D 3FkE CSKI1 Bk & D A FEEAEEER R (CSK+M356) 1. original microflora & [F% D&%
Xl —R5MEREHR LTV, £72 CSK+M356 IMREKEH T T T OO ENEE I
HFHLDIEMb, BERROBSILIIMZ T, FRUEMEOHIHILRRBPLERETHLHZ L8
RIR X7, % 2T CSKI BRffiguEsE & CSK4M356 O L o — A SRR OMYT. it B

123



WIXONEDEE

T otz, CSK+M356 Tid, MHMEER LY b L —R 2 I BB L VDI 0b
59, BRERPOECEROE/MMES WA DN TV, 7RO pH iE, M ERIC
1% 6 LATF DR pH 2MET= TV 2 A3, CSK+M356 TII—E pHIZ 6 L FICE TR T L2 b 0D,
D% EH UPHEMTICE THE L, ERFICADND X ) 2l u— R 5EMD
WRZEFECE pH T o—X 5 EHE T én < monTRY FFEErn—R55ME
HIEEIC & 2 RREEM OWHE . pH PHELE WO ERD, Ao —X5RODRIIIKRELSFE
LT3 EEZLND,
- (3)&ER S BIRGIEE RO CSK+M356 (I@v v b — R 5 fihaR 2R L1225,
R ZMY BT & MISBEBRHEINRL 2 ) HEBREOREREADETNVE LTI
R+ Thotz, —H T, T CSK+M356 (2 PCR-DGGE f#tT CE L L TRESATW
7= FG4 Bk &N x 7= 5 IR G E# % (SF356) 1. 20 BIOHHERIEREZIC L2 TOMEA /13—
WEEBICHFL TV (R2), £ TIDSF356 2 RERBEDETNE LT, EbLHHE
WEBIRo7, SF356 IZBITBEALA—DFE., BLOE AV AA—MOBEER %2 MR
T BB, SF356 DAL X—DH LOUVE SRR\ 4 BIRGISER., /v 777U MiE
ERELE (Vo277 U MEEEITAX ERE, X EBRMINEEKRS) . ETHESEREOEL
0 — A SRR AT, BT 5 2 & T RN EROBENTOEREIZHEE LT, AFG4

(CSK+M356 & [RIZR) Tid. HEBPOEDOEENLL | BEEOERBD 2N L b, FG4
PR PE L FRBE LEERE 2 AR L TV 5 LB I N, £/ AFG4 TOREREH O pH H##(t
BHHOINDZ &b, FG RIZ X 28R 2EFREARD pH B TZ25|ERZ L, BB —R5
FRICHIHIBS @O TV S L FRENZ, AMI-S THREERICEOERENE . MI1-5 BRO¥EH
BB I NIz, AMI-3 TIIEEEOEENE < | M1-3 BROEFBEH R A" Sh 7=, BIOLOG
12 X BN T M1-3 BRICEFRBSRIFBEIZ D b vie o 7243, CSK1 BRDHEHE EiF TO M1-3 ¥k
FIRERERIC LY MI3 BRAEFBERIRRE 2 F 35 Z &Amani, BLEDER BIUVEL
BEERDMBLE R TORFEE S LI, BoBROBRIZR 1 O X S ITHEE LT,

FAUN—HOMEEREZBMFT D012, FREERROMRNRERARIZRIT 5508
BRORTE. MREF (R2), SF356, AM1-3, AMI1-6 Tix2 A L \—3 kS % (22nd
generation) HZETF L TV 7z, ACSKI TIIRER DR T FG4, M1-5, M1-3 BRDIEIZHR L 7=,
TR D IHP N 0 —AGREREFL TN DD THS LIRSS, AFG4 TiX
MI1-5 BEDSYHIC L7225, Z3uid M1-5 BR23 FG4 BRORHEY (N a—X) IEGFEL TS
HLEZ OB, AMI-5 TIXCSK1, FG4 HAHER L, ZHi#7o—0»blHRA T
T BAu—RGRENZ I LI EERUSAOBERBEN TV S EHEIRD,

(4) REMBEMELIERORKT SF356 DA v /3 —OMFMEER, BLU 25 &
BAEBEROERBRIZBIT2EMEDOAET % EEM real-time PCRIEIZ KV E=F V) /7L
Too ZOFRER. MIBERIZ LD MIS BROAEFTHHIE Wole X 572, ZThETOINLITR
HENTWERPSTZBRBW OB b2 bl o7z, EA55MRE MO SBERORSE
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BXDHNEDEE

PEHINU-SHa AV CE®RT 5 2 & T, B o —2ASMREEDS. pH B R 2N &
WS RMEERORBEZRAT., £ORER. i o— X5 BEROREE BT CSKI
BROABRREL, TEHKESBEROEE EFIXMbOGTESBKOAEFTEISITL 2L
WRENT, IOICRBEHEL OMEERIL. £FLITTIEIR ZOMHE., RIBWIZHLE
WhBE 25 ETRL, SIPEERSEME. BLOCSKI Bké DRAERSMIZRIT 5 M1-3 BRO%
MY U BE 2IRTESIKENEIC L VRN Lz, TORBR. BAEREG CTHRENICRER
LTWBERDBNDZUNRIEDARY BV OB &, CSK1 Bk & OBEEMM
MI1-3 BROABIREBICHHEELZ RITLTWD Z LRI NT,

(5) £&¥ HEICL 2BV —ROEDERLSARIT. FEr o — 2 S5HAEIZE D
B RIROHTAL. pH P, RERBED OWME . £ T REVEOEL LV o =B & 5, CSKI
BROBENLN O —RGRERET I ENEETHD RSN, 2 OBENICITH®E
R, RESHEL Vo, BaRF A 7TORBHEMBAEERBFEEL TVDZ LR
Ent, TOLIMAEPRRY P —FDNRF VARSI ELBNTND Z EREEREOM
EMOREREGFLZTRIZLTVWEDEEEIDNS,

K2 FREAEBERRICBIT DB EMREORTF LHR

Mixed 2nd generation 22nd generation

culture CSK1 FG4 Mil1-3 Ml1-5 Ml-6 CSKl1 FG4 M1-3 Ml1-5 Ml-6
SF356 + + + + + + + + + +
ACSK1 N.L + + + + N.L - - - +
AFG4* + N.IL + + + + N.L + - +
AM1-3 + + N.I + + + + N.I + +
AM1-5 + + + N.IL + - - + N.L +
AM1-6 + + + + N.I + + + + N.I

* CSK+M356 L [FlEE,  +, detected; -, not detected; N.I., not inoculated in the mixed culture

|OXygen consumption |

Cellulose promote, 4s#** {pH neutralization !

' growth promoting factorsi

4-
iMWf1<mDLu“
: inhibit *s,
: Oligosaccharides Glucose 1 SF356 \ZBiT 5N — RGO
K N Rt 7 o— L KEEOKREORY b D
i —JET IV
**M Acetate Ethanol |
Mi1-3 Mi1-§

co
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