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KN Ky (0.35 =0.50) pm x (2.42 —6.40) pm, %
A AR TR AR T s A R KNk (0. 65 -
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Fig. 1 HCp cells under electron microscope (10000 x ) .
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Fig. 2 The optimal growth curve of strain HCp.
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Fig. 3  Filter paper degradation by strain HCp.
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*1 SHEEHKHCp SHMREAEREBRREMLR
Table 1  Comparison of the isolated stain HCp with other cellulolytic anaerobic bacteria

Characteristics HCp Acetivibrio Clostridium Clostridium Thermoanaerobacter

Cellulolyticus ua thermocellum ™" stercorarium 17 ethanalicus "2
Gram straining - - - - -
Spores detected + - + + -
Optimum temperature / “C 60 35 60 - 64 65 65
Substrate utilization
Cellobiose + + + + +
Xylan + - + + ND
Glucose + - + +
Fructose + - - + -
Sucrose + - - -
Galactose + - - + ND
Mannose + - - ND ND
Sorbinose + - - ND
Raffinose - ND ND - -
Maltose + - + +
Rice straw + - + +

ND indicated no determination.
2 AEKRHAESY
Table 2 Fermentation products of HCp using different carbon sources

Fermentation end products  Carbon sources
(mg/L) Cellobiose Filter paper Microcrystalline cellulose Cellulose powder Rice straw
Ethanol 233.321 267. 156 301.370 293.430 222.797
Acetate 408. 157 492. 566 467. 499 456. 527 531.470
Butyric acid 5.947 5.647 5. 805 6.711 1. 641
Valericacid 1. 340 1.297 0 1.023 0.720
Total 651. 648 769. 790 777. 466 758.976 764. 020

Other detected products includingmethanol, propanol, butanol, propionic acid, isobutyric acid, isovaleric acid are less than 1 mg/L.

(3) PUrEsste : Pk Z g R U, o Bl
P &R TR 3R B R A R R A )
BRI A 1R AR 2% S 35 208 % AR T A
PUFR 0 HCp AR HA 25 MR AT (11 4)

2.3 S EEN HCp MEgZ451%
2.3.1 A4EZRBEERYIE SN E W E WL HCp 1 3

FRLTUE ZEMEAL S - 35 T A2 4 8 (CMCase) «
JEARHG (FPA) F1 B — % %5 B F iy (B-glucosidase) , &
I BEEAE R Y 0 70°C, K5 9% 4 d I A BgE
44 2,12 U/ml. 1. 46 U/mL.0. 55 U/mL.

HHL CMCase Ay $i b5l 2 70°C e B & 4F T
FEHCp 537 1 — 10 d ) CMCase Jif§ 5, 45 5 36 1,
CMCase 7155 3 IR Iy s ik 1) g e K AR 1X 5 AR

YR MRS L) & o

2.3.2 ¥AHRMG (KEEE 89785 WK HC
Ri e 4 d, BUREFE I 52 AR ZE B il (xylanase) [ 53 1F
FHUREE R 60°C o HL 1 — 10 d B8535 M .60°C Jx NV 4%
AR D e AR SERH S o AN ZROBH Bl % B % 7 N [R] (1) 3G
SIS O <1 P R I NI <O N
A 25 U/mL.

2.3.3 EEEREREME: MIE S W BLE H, 7 100°C
N AL A [ 15 [A) (15min. 30min. 1h) , CMCase {4 B3
(R ) 53 3 K 97% ~T8% ~36% » A& 5€ AT R
SROBE M Ok B B g S ) 2 0k 26%  16% 7. 5% »
100°C 1y ey it Ak 3L PR 410 1) 17 K38 70 A 2R 0 18 1)
W)
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Fig. 4 Effects of antibiotics on the growth of strain HCp.
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Fig. 5 Heat stability of CMCase (A) and xylanase (B) in strain HCp.

2.4 RAJEBESH

I3 B B Ak HCp f) 16S rDNA #5453 17 41 K
1350bp, GenBank J7 51 % 3% 5 & JQ820024. HR %Kk
B WK 6. Xt JE, HCp 5 A, cellulolyticus A.
cellulosolvens AR B K, M 97. 5% o

3 ifie

A TR 2T 4 3% Al i w1 5k AN PR 2T 4 220k

TR IR T B/ it L )R 1 DA TG 36 SR b oy B 3
T wERK HCp, JEXF LA 27 R 11 . 16S 1DNA FR 58K
B AT S LT A 2% R - 2T A 25 (1) N 2 R R S
AT THESE. FBESI T

BIPE HCp 4y Mg # R A 47 4 5 BR i i, 5 A
cellulolyticus (o) AR = B R AR B s A 97. 5%
SR EATHE T & S AR B AE AR Ry Ve BB AR R 1) 22
St (1) JEAS% LI 28 5 1 bk HCp JE 80 I, 76 [
BRI LR A PR 1A 26T A, cellulolyticus A
AR I TR LSRN R . (2) AR AN TR - T
Pk HCp AE K JEYE ) (35 = 70°C) , fe & i & N
60°C, W #; A, cellulolyticus 1¥) 4= K 35 il %5 (20 -
40°C) » BO@E A KW E K 35°C, J& TPl . (3) Al
HIEWAE: A, cellulolyticus L F| FH 4F 4 25 Fl 41 4
TRE Ay B TE AR HCp BT RER ] Bk AR, i
AR FH G AT ~ W ~ A 25 0 A S A SROB S RO e
B LB 2 LB 22 200 L B R R
B Ao b W L, B PR HCp B X B BR A
cellulolyticus 7= AR K, 4 5 168 rDNA R ALl A1 A=
A AL AL, B RK HCp 7T LIS 58 Dy A, SR ie
i I G+ C & DNA 71 448 K 40 i i i 1017
T2 1 73 A5 AT 1E — 2B K B IE o

5> B TR R HCp (¥ B A D8 4R 2T 4 3 1) e AR P
32 —40 h JEARTERBE A M 1. ethanalicus-B, 75
B3 -4 dyEmA e AR . Rk HCp B3R
10 d JE4RRF A 2 0] =734 90. 4% ;1 C. thermocellum
LQRI (ATCC35609) X JE4% 1B fik 2% 4 79. 8% "
B N R AT R R e A
P 28 MC1 0SB R R4 88% - DL, ek 25
—BRIRIE R TR R AL, 73 BRI AR HCp B AR D
AR R BA W

Sy B R HCp AR R LT dE R gt A AT AR
SROBE M s L. IR, WK HCp (1) CMCase i )
(2.12 U/mL) Lt C. thermocellum (1.7 U/mL) 25,
& HCp ¥ AR ZBEEG 7% ) (25 U/mL) K T C.
thermocellum (56 U/mL) " . 3 L6 fifg 75 [ fif 4T 4 2%
JE I SR U R AEVE F W HCp (8177 i 4% 14 o 4] 252
o) JUIE 5 1 — P HIBIE 9T . 534, HCp JIT ™ A 1) £ 4
F2 ity R A RN Wty e o A il JEE #RA1 60°C LA L, FAAR
SEMEW LU AT I HAZ B R IE W] DAy il 4T 4 3R el Kk
WEREDR P Ol o il BT 3R R IR e AL S L7
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HCp (JQ820024)
57 100 | Acetivibrio cellulolyticus DSM 1870 (NR_025917.1)
—{ Acetivibrio cellulosolvens ATCC 35928 (1.35515.1)
100 100
Clostridium aldrichii ATCC 49358 (NR_026099.2)
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100 Clostridium hungatei DSM 14427' (FR749970.1)
6? —— Clostridium termitidis DSM5398T (FR733680.1)
—
001 99 Clostridium cellobioparum DSM 1351 (NR_026104.1)

El6 T 165 rDNA FFFIHRILEHIER A E 4 HCp B RGEit (LA

Fig. 6 Unrooted phylogenetic tree of strain HCp based on the 16S rDNA sequence similarities. The tree was constructed using the neighbor§oining

method by MEGA 4. 1 software based on bootstrap (1000 replications, 64238 seed; >50% indicated only) .

HCp refers to the stain isolated.

Accession numbers in GenBank of the sequences was bracketed behind the species name. The numbers at each branch point indicate the percentage

of bootstrap supporting. Scale bar, 0. 01 estimated sequence divergence.

225 3CHK

(1]

(2]

(3]

(4]

(5]

(6]

Adlakha N, Rajagopal R, Kumar S, Reddy VS, Yazdani
SS. Synthesis and Characterization of Chimeric Proteins
Based on Cellulase and Xylanase from an Insect Gut
Bacterium.  Applied and environmental microbiology,
2011, 77 (14) : 4859-4866.

Subramaniyan S, Prema P. Biotechnology of microbial
xylanases:  enzymology,  molecular  biology,  and
application. Critical Reviews in Biotechnology, 2002, 22
(1) : 33-64.

Margeot A, Hagerdal BH, Edlund M, Slade R, Monot F.
New improvements for lignocellulosic ethanol. Current
opinion in biotechnology, 2009, 20 (3) : 372-380.

Ghose TK,
activities part 1: xylanases. International Union of Pure
and Applied Chemistry, 1987, 59 (12) : 17394752.
Robison PD. Cellulase and xylanase
Trichoderma reesei Rut C-30.
1984, 6(2) : 119422.

Hungate RE. A roll tube method for cultivation of strict
anaerobes// Norris JR, Riboons DW, (ed.) . Methods in
Microbiology. 3B. New York: 1969 :

117432.

Bisaria VS. Measurement of hemicellulase

production by
Biotechnology letters,

Academic Press,

(7]

(8]

(9]

[1o]

1]

[12]

R, BWE, MWW, Bd. TN R, X
PRRELT G R BIN BEE T, REKRE 0 K
fig 24 M R ST, P VE S (China Biogas) » 2009, 27
(3) : 34.

FAEGS, M, RAE, HETE, B, Hal, B
UK. R g R P AR AW AR L3 Bt M
58544244 (Chin ] Appl Enwiron Biol) » 2010, 16
(1) : 104408.

TRICER DRRE, BT, GRME. bk R AR A T
TR PR DR ST T (R ZE B R B o i
3 (Acta Microbiologica Sinica) , 2011, 51 (11):
15104519.

Keis S, Shaheen R, Jones DT. Emended descriptions of
Clostridium acetobutylicum and Clostridium beijerinckii,
and descriptions of Clostridium saccharoperbutylacetoni
cum sp. nov. and Clostridium saccharobutylicum sp.
nov. International journal of systematic and evolutionary
microbiology, 2001, 51 (6) : 20952103.

Patel GB, Khan AW, Agnew BJ, Colvin JR. Isolation
and Characterization of an Anaerobic, Cellulolytic
Microorganism, Acetivibrio cellulolyticus gen. nov. sp.
nov. International Journal of Systematic Bacteriology,

1980, 30(1) : 179485.
g, X BRIEE, BAE. WA YR



1166

Yingping Zhao et al. /Acta Microbiologica Sinica (2012) 52 (9)

AR 2> A KRG R E T R A R
(Acta Microbiologica Sinica) , 2002, 42(2) : 138-144.

(3] B4, X85, 4Rt sRuglul. om0 R S 21 4 5%
FRI 23 25~ S5 08 ~ R G RCH o 00 AT LA R 2 R TR T 5
N 5 2R 55 AW 2% 4R (Chin ] Appl Environ Biol) ,
2004, 10(2) : 197201.

(4] JrinlE, BREHG . AT YRR AN [ B PR 1) 2T 4 3 1%
FERI0 A A R 0. PR BE R 2 22 4 (Acta Scientiae
Circumstantiae) , 2010, 30(8) : 1926-1931.

fie. 1 EERL % (Environmental Sciences) , 2002, 23 (3) :
36-39.

[16] Karita S, Nakayama K, Goto M, Sakka K, Kim WJ,
Ogama S. A Novel Cellulolytic, Anaerobic, and

Strain  F21.
Bioscience, Biotechnology, and Biochemistry, 2003, 67
(1) : 183485.

U7] Jiie B, BB 2. W3R £ 18 7 2T 4k 3004 42
PO AR . B OBE R %% 2% 3 (Acta Scientiae

Thermophilic Bacterium, Moorella  sp.

05] #Eo¥y, 226, A, # &5, Ishii M, Igarashi Y.
AH AR AT U 3R O R A & MCL [ i i 12 1

Circumstantiae) , 2011, 31(4) : 752-958.

Isolation, identification and enzyme characterization of a

thermophilic cellulolytic anaerobic bacterium
Yinping Zhao, Shichun Ma, Yingjie Sun, Yan Huang, Yu Deng’

Biogas Institute of Ministry of Agriculture, Key Laboratory of Development and Application of Rural Renewable Energy,
Ministry of Agriculture, Chengdu 610041 , China

Abstract: [Objective] To identify a thermophilic bacterium from horse manure to degrade cellulose efficiently, and to
enrich microbial resources producing cellulolytic ethanol by co-eulturing with thermophilic ethanol producing bacterium.
[Methods] We used Hungate anaerobic technique to isolate a strain named as HCp from horse manure mixed culture; its
phylogeny was identified through 16S rDNA sequencing. Enzymatic assays were determined using DNS method. [Results]
The isolated HCp cells were straight with rods size of (0.35 —0.50) um x (2.42 —6.40) wm, in the form of single or
paring. This strain belongs to a strictly anaerobic Gram-negative bacterium, it is able to form spores, shows motile ability
and resistance to neomycin. The strain could degrade filter paper cellulose, cellulose powder, microcrystalline cellulose,
cotton wool, rice straw and gelatin, and it was also able to utilize abundant saccharides as substrates such as cellobiose,
glucose, xylose, xylan, raffinose, maltose, sorbose, fructose and galactose. The growth pH ranges from 6.5 to 8.5,
temperature from 35 to 70°C and concentration of NaCl on cellulose from 0% to 1. 0% , while the optima of pH6. 85, 60°C
and 0. 2% NaCl. Under the optimal growth conditions, the filter paper cellulose degradation rate was up to 90. 40% after
10 days. The optimum temperatures for FPA, CMCase, B-glucosidase and xylanase were 70°C, 70°C, 70°C, and 60°C
respectively. CMCase activity was found with high thermal stability. The phylogenetic analysis based on partial 16S rDNA
revealed that HCp was close to Acetivibrio cellulolyticus and A. cellulosolvens with 97.5% sequence similarities.
[Conclusion] Strain HCp is thermophilic, efficiently cellulolytic anaerobe. It is able to utilize vast substrates and
produce highly thermostable enzymes. It is a potential bacterium that can be used for cellulolytic ethanol production.
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