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16S rDNA  PCR ! BSF8/20 5'-AGAGT
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BSR1541/20 5'-AAGGA GGTGA TCCAG CCGCA-3" Eshcerichia coli ~ 16S rDNA
1541 ~ 1522
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Table 1 Names of isolates and related strains and accession numbers of sequences in phylogenetic tree

Names of bacteria Numbers of strains Accession numbers

Clostridium stercorarium NCIMB 11754 L9174
Clostridium thermolacticum TC21{DSM 2911) 109176
Clostridium cellulosi L09177

Clostridium josui [ FERM P-9684 ABO11057
Clostridium thermocellum DSM 1237 109173
Thermoanaerobacter thermocopriae JT-3(1AM 13577) L09167
Thermoanaerobacter * cellulolyticus ’ NA10 IFO 14436 L09183
Caldicellulosiruptor saccharolyticus Tp8T.6.3.3.1{ ATCC 43494} LO9178
Caldicellulosiruptor kristjanssonii 177R1B AJO04811
Caldicellulosiruptor lactoaceticus 6A(DSM 9545) X82842
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2.1 HEEKEESE
v, . - 2.1.1 HUEZF. 2HEIN4ITEHE
EVA1.EVA2.EVA3 fl EVA4 JE S ML, LS
Y U 4K R BRIR B 3F 48h ~ 72h MY B K R AT
W, K/ADHK 0.4pm ~ 0.6um X 3pm ~ 15pm, F
: . WA 8um, B AT WA X 30pm ~ 60pm, B
 E 100pm MR EF RO EE—RE
L 8um ~ 15um; ZRFEF LA KR E 1.0pm ~
1.5um. BRAREZH, THEREESALE
(B 1), 458 d ¥R LLEF 4 3 R E4F 4 08 Bk
1 BERAEWEMEVAl BN AtnER RESFEHWERFHR. FREBEREE,

£ (10,000 x ) K/ 1.0pm ~ 1. 5pm x 2.0pm ~ 2. 5pm, ¥
Fig.1 Electron micrographs of negative-stained EVAL cell iﬁ]jg 15pm % 2.0].1.1110 %kgﬁﬁgm%&*
with peripheral flagella {10,000 x ) T (B 2A) {86 6 W22 I 10 o A= 3F #0 H i

KR (E 2B). EAEREBY, HEXNFERAFRANKBEA, KA FRX
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Fig.2 Phase-contrast photomcirograph of EVA1 cells grown for 96h
A Cells with one terminal spore (2,000 x ) ; B. Cells with one subterminal spore and one swollen place {900 x ).

ZHBZAET X, BEAUEFBPNGERLHER. EVHBEAAERBRHEIRPFHA
ArEERAR AREMUTRALAGCHEEY . SEEHRESE HEAERLRE D
aF a3h HHWEE BF RVEHEESRE MERASEE, AN lam £/, %%
B FLE G 4R 06 ~ 120h, HEFRARTY M, P RO KERMA 1mm £ 4,
My HEEEAA2.5~3.0mn, REY BES M EFEET HEACHHERKRAS
HNEHA, :

22 SEEHEMEEELSE

AN BEERSATERENE LR LAY AE. TERER, AEERKE, &
pH6.2 ~8.9, 1R 45C - 65 CHE N AI FIHA BRI —mBEA K, HEEpH N 7.0
~7.5, RBERENR 55C ~60C.

DEERER RS ERBL, L HEY Whatman CF 1, #R 44 E , 4 F H MN300
MR ELHH ERFFE , U EE, KB, P EERRRERIRT S 8, Btk — R
F¢ 24h ~ 48h IXFVE KB RE ; FI A G LG R A 4 W 58 B 33 K 12h ~ 24h;
FHH # %0 BE I # W AT 43K 96h ~ 120h, FI R4 4 4B R IE 5% 36h ~ 48h A H A4 K B 15 F)
BAE,& 1200 KB, pH THZES. 0T, REBEARENTH B4 28 . 2% H, M
Co, (£ 2).

2 SERGERGERNGE_Sr-ZRNZERRUBIEEERE
Table 2 Ethanol and acetic acid production from cellulose and

cellobiose fermentation and the rate of cellulose degradation by the isolates

19 Cellulose filter paper as carbon resource 1% Cellobiose as carbon resource
Name of strain Rate of cellulose
Ethanol/(mg/L)  Acetic acid/{mg/L) Ethanol/{mg/L)  Acetic acid/{mg/L)
degradation/ %
EVAL 473 604 56 247 538
EVA2 420 687 43 368 648
EVA3 631 687 63 431 676
EvVA4 326 581 42 473 632
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Table 3 Comparison of characteristics of isolates to other moderately thermophilic cellulolytic anaerobic bacteria
Characteristics Isolates ¢ " C: L . C " ¢ . " ¢ s r | 1617
thermocellum ' stercorarium Josui  thermopapyrolyticum ** cellulose thermocopriae
Femperature s 37170 ND 25~ 60 45~ 66 40~ 65 4774
range/ C
nemzigtl;i?m 55~ 60 60 ~ 64 65 45 59 55~ 60 60
Gram stain - - - - + - -
Substrates
Arabinose - - + + + - W
Cellobiose + + + + + + +
Dulcitol - ND - - ND ND ND
Fructose + - - - + + +
Galactose - - + - + + W
Glucose + + + + + ND +
Inositol . - = = - + ND
Lactose - - + \4 + + W
Maltose + - + + + + W
Mannitol - - - - + +
Mannose = - ND - ND + +
Raffinose - - - - - + W
Rhamnose - ND + - ND - -
Sorbitol + - - - - - W
Sorbitose - - - - ND - ND
Sucrose w - - - _ _ W
Starch - - + - + + W
Xylose - - + + + + ND
Fermentation EAL EAB BLE
products EAHC EAHC H C EAPD Bu H HS C EAHC H HS C
+ indicated utilization - indicated no utilization W indicated weak utilization ND indicated no determination E indicated

ethanol A indicated acetic acid P indicated propionate B indicated butyrate Bu indicated butanol L indicated lactate H indicat-
ed H, HS indicated H,S C indicated CO, .
2.3

EVAI  16S rDNA 510bp EMBL AJ410280

EVA1 10 ) 3
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__— Clostridium stercorarium
~ L—— Clostridium stercorarium subsp. thermolacricum

Clostridium cellulosi
Clostridium josui
Clostridium thermocelium
Strain EVAL

Thermoanaerobacter thermacopriue

‘_r Thermoanaercbacter "cellulofyticus"”
Caidicellulesiruntor saccharofytions

Caldicellulasiruptor kristjanssonii
Caldicellulosiruptor lactoaceticus

0.1

M3 ET16SDNAAFIFEMMNEHE EVAL 0P EAREARRERAB (SHNEB T Closwridi-
um , Thermoanacerobacterium and Caldicellulosiruptor B IR R & T H

Fig.3 Unrooted phylogenetic tree based on the 165 yIDNA sequence of stain EVA and sequences of ten validly described thermo-
philic cellulolytic anaerobic Bacleria, which belong to Clostridium , Thermoanaerobacterium and Caldicellulosiruptor . respectively .

Scale bar indicates evolutionary distance
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thermolacticum) BP FE $4 LR ¥ & ( C . thermolacticum )™ | A B (C . josui)'"™ , WS 4
R (€. thermopapyrolyticum '™ ,WELT B M B ( C . cellulosi '), $4.3% 4 8 1K E 4T & ( Thermo-
anaerobacter thermocopriae ) Bl ZE B ( €. thermocopriae )™, B— R BB THBAFY4HE
& Caldiceliulosiruptor WA i, 3 HU B4R i P8 IR B, L35 MR R LM &1 4 B T { Caldicelludo-
siruptor mcch{zrolyticus)[m JEEBR B R T ( €. lactoaceticus )“2“E J RRhmagE
M H ( C. kristfianssonii ){21] o

AR BEBEAPREERE, SREERNRBA % ZFHR ( Cddicellulo-
siruptor )1 P 2 S K . 50 Y UK 0 2 A6 ALV 109 4 09 165 DA 84 7] JRRE 4
WHRN, SEREBREET C. thermocellum , &K 1658 1DNA JFHI MBI N 99.8%. 5
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Isolation Identification and Phylogenetic Analysis of
A Thermophilic Cellulolytic Anaerobic Bacterium "

Han Ruyang Min Hang Che Meici Zhao Yuhua
College of Life Science ~ Zhejiang University ~ Hangzhou 310029  China

Abstract Four strains of thermophilic cellulolytic anaeobic bacteria were isolated from fresh feces
heat compost cellulolytic mixed culture with a method based on adherence of cellulolytic bacteria to
cellulose. The cells of isolates were straight or slightly curved rods that were 0.4pm ~ 0.6pm x 3pm
~15pum  Gram negative strictly anaerobic sulfate reduction negative spore-forming bacteria.
Most of the cells had oval terminal spores while subterminal spores middle spores two or more
spores also could be observed and spore formation could occurred in any position. The isolates de-
graded cellulose filter paper cellulose powder Whatman CF [ microcrystalline cellulose cellulose
powder MN300 and unpretreated maize stem core sugarcane residue and rice straw. The pH and
temperature ranges for growth on cellulose were 6.2 ~ 8.9 and 45°C ~ 65°C respectively with the
optima 7.0~7.5 and 55°C ~ 60°C  respectively. The major fermentation products from cellulose
were acetic acid ethanol CO, H,. The isolates could ferment cellobiose glucose fructose mal-
tose and sorbital. The phylogenetic analysis based on 16S rDNA suggested strain EVA1 was the
closest relative of Clostridium thermocellum with 99.8% sequence similarity .

Key words Cellulose degradation Thermophilic anaerobic bacterium 16S rDNA  Phylogenetic

analysis
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