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Abstract ;[ Objective) This investigation was conducted to screen facultatively anaerobic cellulolytic
bacteria separated from cow ruminal fluid for exploiting Microbial Feed Additives. [Method) Ruminal fluid
was spread aseptically on sterilized CMC-Na agar plates,then the plates were incubated under the anaerobic
conditions. The isolates dyed by Congo red to form big transparent haloes surrounding the individual colony
were selected for identifying. Biochemical characterization and 16S rDNA sequence analysis were used for
the classification of the strains. Physiological properties and pathogenicity were also preliminarily studied.
[Result) Out of 63 isolated cellulolytic strains, 29 exhibited strong abilities in decomposing cellulose. A-
mong 24 Gram-negative isolates, 18 strains were classified as Klebsiella pneumoniae, 3 Pseudomonas
aeruginosa ,2 Escherichia coli and 1 Klebsiella oxytoca. Of 5 Gram-positive isolates, 2 strains belonged to
Bacillus thuringiensis , 2 Bacillus megaterium and 1 Bacillus cereus. The screened strains required the
most moderate culture conditions at temperature (20—41 C) and pH (5—9). Study of pathogenicity indi-

cated that the 3 kinds of isolated bacteria could not cause the death of rats. [Conclusion] The results sug-
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gested that the isolated strains could become candidates for Microbial Feed Additives.

Key words: cow;ruminal fluid;cellulolytic bacterium;16S rDNA ; Klebsiella bacterium; Bacillus bacte-
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FWE, G KR Z I BRI AR TE i %A 29 kB HAR o=7 mm W41, 24 BRR
BODEFERNAGEREE . R 2 mm 48K G G WO KIG . R1IIMT 15 B E Hz
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Table 1 Diameter of clear haloes around cellulolytic bacteria dyed by Congo red

Bibk 42 Strain No. 1 2 3 9 5 17 19 21 22 23 28 29 30 39 50
. —

B EAE/mm 13 10 13 19 23 11 21 23 13 13 10 19 19 1o 11
Diameter of clear haloes

2.4 AHRSBENERE Y T ALY T R R — AL . 18 BRI A v TR A
2.4.1 AR ad R WA, SRR R A R A I R e A R XT3
63 BRANER A 34 kT 4 B Jm wlm LR OK S (G A AN TR A 2 5[] IR A7 7 A AR v 7 4 FRR A AR v
2). 24 BROTIRETHERBE DR GO LA 23 Bk WA T RENE. S MR MR AE R BE IR G
SE B PO 5350 1 ARBERU TR rO R R (A fe RO M . AR E F R

R2 AEZIBENENRBRETER

Table 2 Biochemical characterization of cellulolytic bacteria

i T 2K 5 40 T 44 K 40 T R EL
Type of bacteria species Bacteria species Number of bacteria
fiti 9¢ 55 TR AA S B il R VAT Klebsiella pneumoniae subsp. pneumoniae 18
2 [RBIPE M B Gram-negative bacteria 4RI B Pseudomonas aeruginosa 3
K s 75 [R# Escherichia coli 2
EMAF B Bacillus bacterium 8
G PH 40 B Gram-positive bacteria HERFF R Corynebacterium 5
Tl ER T )& Micrococcus Cohn 1

2.4.2 16SrDNA 347 [ 145 RWL 04 2) U F45 R A0 B 7R i AR W o8 IE % /9 16S rDNA
RO 16S rDNA FFHIKEEZ) 1500 bp, i FF41 X AT AEJE T 16S rDNA £ 41 1 A#7E EcoR |
i EcoR 1 I Pst | WEGUISEE AR BT BR800 Pt | BEUIALRFTEL

PMDI18-T-16S rDNA # Y] hl 700 1 800 bp 2 B (K

1 2 3 4

5000 bp
#12 600 bp 2500 bp
2000 bp 2000bp
1500 bp #7800 bp 1000 bp
I (7)(5)3 tl:g 5700 bp ;5)2 EE
500 bp
250 bp 250 bp
100 bp o
B 1 4% 5w 16S tDNA P51 2 EH R pMDI18-T-16S rDNA fiy WG] % &
PCR ¥ 3 7= 1~7. F4 ok pMD18-T-16S rDNA [y WU U1 7 9 5
1. DNA #7#f DL-2000;2~4. 16S rDNA ¥ 41 7= 4 8. DNA #7# DL-150004-2000
Fig.1 PCR product of cellulolytic bacteria Fig. 2 Identification of recombinant plasmid
16S rDNA gene sequence pMD18-T-16S rDNA digested by EcoR ] and Pst |
1. Maker DL-2000;2—4. Product of 16S rDNA gene 1—7. Products of recombinant plasmid pMD18-T-16S

rDNA digested by EcoR | and Pst | ;8. DNA Maker DL-15000+ 2000

MR E RGN N F7 2 DR 16S rD- NA FEAIRNEYE KT 97 %, il Ak 2 8 P9 89 [/ — 4
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Fh, 9 540 1Y 16S rDNA J¥ 45|24 MegAlign k4 2,30 Ml 50 5 40 @ 22 16S rDNA J3 451 53 #r . 15
HEATRVEPE B R B L S5 LR A A AR . R I 48 o o A R il 28 S A HEBR AR AR v A K
Hem B REYE . 15 SAE WA X PO, B, BT AR il 58 se BR R IR A Al R . Hoh 2 %5 Sl 48
s B Phylip U2 R LA MR B M E M A  wHAREMREAA 99. 70 R, 2,30 F
(FpJE . M Phylip RIFL I R G EFR (& 3, 50 SRR — L W0 E WK 6 Fix. 2
4,5)F1 MegAlign BRI IR PE 43 BT 45 R vl LUK R, 9 55 30 Hl 50 5 )3 51 8] I PE 439 o 99. 304 il
SN R I A ZF AT L 15 S AN O B ORI 98, 9%, BoR R PSS — B 2 5, 50 IR
W29 S AR EMIRE. Kb 9SHMEs SRR FESMS M, TR TRk

B RFFEA 99. TR FEEME. 15 SHm S E 22 S AN 2 16S rDNA J¥ 3143 #1 , H 7 51 5 0
KIS RUFFEAT 99, 6 %6 BB 20 SN 5 Mo RIFAURT AT 99. 5 %6 10 W . 7T U0 AR St T
FIAREA 99. 8% (R [P
. o ’_Bacillaceae bacterium KVD-unk-56 (gi| 94995726)
Bacillus thuringiensis(gil 157696071)
215 0 — Bacillus megaterium MPF-906 (gil 110006621)
130 1™ ; um limp 4-1(gil 164454813)
Bacillus cereus(gi| 111550227) 7 lgoBacrllus megaterium limp 4-1{¢
‘{ 251 15
Bacillus mycoides(gi| 158149002) 56
641
Bacillus flexus A2P5 (gil 161172604)
3 ]6—Uncultured bacterium(gil161562585) 145
T Bacillus subtilis C6-3 (gi| 159145576)
Bacillus anthracis(gi| 157143839) 1000
1000

. Bacillus megaterium A1-2(gi|157144165)
Bacterium EAB-4132.01(gi| 157781783) 170

Glacial ice bacterium G500K-18(gi| 19568761)
Streptococcus agalactiae(gil 156106970)

B3 954 E 0K 16S rDNA & 751 B4 15 S 4K 5rff W 16S rDNA 4751
ARG R E R MRS KB R
Fig. 3 Phylogenetic tree of cellulolytic bacterium No. 9 Fig. 4 Phylogenetic tree of cellulolytic bacterium No. 15
based on 16S rDNA full-length sequence based on 16S rDNA full-length sequence

Klebsiella pneumonias (gi| 34597620)

—— Klebsiella pneumoniae subsp. Rhinoseleromatis(gi| 6714908)
915
Klebsiella oxytoca (gil 157144208)
|E42 Uncultured bacterium(gi|126333257)
29
50
977 Enterobacter aerogenes(gi| 157144227) i

985
gamma Proteobacterium (gil 62529082)

964

Raoultella ornithinolytica(gi 159885653)
796

Pantoea agglomerans(gi|163311548)

340 Klebsiella pneumoniae subsp. Pneumoniae(gi 17407134)

Yokenella regensburgei(gi|157073874)

1000 —— Klebsiella pneumoniae(gi| 156447542)
L— Enterobacter cancerogenus(gi|2584741) 1000

L Kiebsiell lomatis(gi] 164504839
Enterobacter sp. 22-2005(gi| 61658333) ebsiella granulomatis(gil )

K5 29 SLF4ER M E 16S (DNA 2255 6 2,30 F1 50 5274k £ 40T 16S rDNA 2 FF 41
M RGET W O =i )
Fig. 5 Phylogenetic tree of cellulolytic bacterium No. 9 Fig. 6 Phylogenetic tree of cellulolytic bacteria No. 2,No30

based on 16S rDNA full-length sequence and No. 50 based on 16S rDNA full-length sequence
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KR, 7E pH 4.0 A1 10, 0 B 4E K4 2%, 16 pH
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G R TRT 357 D AR R ARCERT o A R DR SR LA
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SR AR 23 18 0 e i R A R I SRR O L (E R R
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ARG 0 B8 B 25 4 3R O TR B O SRR IR R
B, AEALE 20~41 C.pH 5.0~9.0 &M FAKR
Ui 78 pH 4. 0 RGP aBAE A . T 8 B 1Y Il 4 5
TAA IR I3 2= & 2F J0 KT 8 R L K28 J0 AT 1A JE BUW
P L RE B o e 21 4 3 SR R A A K AR 1R RE 8 0
IO O AR 3 A ) A A T TR SR R
3.2 fEEARMEWRmMA

FE 7 i RE A 15 i) 2L R T RE % R 4R e
7K s PR K A6 A5 0 7 AR FLIRR i kY pH (2
R e o AT 400 ) S O 2 T i HG b A A Y B L
B IR EE VR . (R FLIR B AN HA o i 4T 4 R
FIOK A 45 1 BTl R L DR I ST 4E R LR BT R MR
10T A % o3 i X DR B SR A R S A —
M2, 3 TR I — S ik 2 4 R A Sk, T D4R
o R Y RN .

RIS Bt G R R AT A A
KR A i AP e R RIE R 2 H R E
89T LAAE Ay Gk I o0 50 614 A= 0 T e ol 4 28 4
FRE . A5 2 4 28 AT BV S Ak 2% Je5) i) F 5
RN A o) i 27 2 R I WF IR AAR D5 X E R 2
AT B A [ 6 K™ 0 by T T B AT R A
Iy AT 4 A TS 5 MR 21 gt 0 e W L5 2 R
REA BCUF o3 R 4P 4 3R L 100 HL 2 kAl B JC SO 1, A E
SR KRR S 0 550 4 T R

A 5> B G A0 B 32 R R v AR G
BT - B e A1 EC B A R 0 i 4T e R D e, 9F
B ve AR R v T A e R I 1,3- 7
Bt BRI A T TR T B T — B A% Tk O
TR AT 5 R A R B 1 i AR A 3 56 R B 5 A
TE SR A 300 1) 5 At B0 i 4 s T AT PG T IR R IR 7E
{0 GN = € TSR G N T RE A R N BV N 7 2 e D
BCAR L i 58 5 T AR IS FEAS 5 R FUA Ak 115 6L T
A RETE ML F) 25 4k 2 5 1l AT £ 4F L (H e A5
SRR A B U ) 2 S AT LAUIE SN 38 A R
HE— BT
3.3 HEMEE

AN TR % E S AR P OR T AE ARG AT 16S rDNA
FEA A 05 . X G 4 A A % TR
(AR S5 E T 22 18 005 450 g b oF 5 48 00 T 4 1
YE5E o ATIR L AR s B A I T 5 A Al el
DA S8 BRI R OK . X5 T G 40 1y A e
SE 5 W TOAUE 1 S E T AT 2 L AR S % T
wk[16], Hae s 2 E KT,

16S rDNA §if F I 5 XoF 4= ) 53 26 08 — I+ 43
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FEN T FHEY YT B, AIREX 16S rDNA # 17
) Y4 o B & B, 1 5 S AN PR 5 2 Bk 0 A T 1 TR
TR E 97 % DL b, W # # 16S rDNA 741 &
GRBER LA ERENME. REKERN
W EALFRAE Bootstrap {H .15 5 4l [# ) Bootstrap {H
PR S5 TG E 5 T 29 5 A B 19 Bootstrap {H [t
L= g AR

Az AT PR AR T B, R P, B 2R AL E SR Y
WEEME, KER., 16S rDNA 75 48 F ik
55 A Ak 5 e A L S5 A TR A R AR
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