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Isolation and Identification of Major Cellulase-producing Fungi
in Intestines of Grass Carp*
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Abstract Cellulase producing strains were isolated from the intestines of grass carp which is endemic to China, and 4 of them
were found with high cellulase activity. The activities of carboxymethyl cellulase (CMCase), cotton lyase and filter paper enzyme
(FPase) were measured and the species were identified. The results showed that the intestines of grass carp had the ability to
decompose cellulase, which might be the synergistic effect of exogenous cellulase produced in the intestines. The cellulase
producing strains in grass carp intestines possessed high enzyme activities, which were different in the strains. CMCase in X7
had the higest activity with the value of 0.83 U/mL, while X5 and X8 had the highest cotton lyase and FPase with the values of
0.87 and 0.54 U/mL, respectively. The colony morphology was different among the 4 strains. 16S rRNA genotype identification
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indicated that X35, X6 and X7 belonged to Bacillus subtilis and X8 to Enterobacter asburiae. Fig 6, Tab 3, Ref 19
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1.1.2 EfahI® W fa e K i N 25 118 77 48 hs F 1%L
WAER MR, G FAR IR S, BURgiE; #IBkG
T ANEERG DT, W 4 2910 em/NBEVE R RE R, T°0 Cf
17

L1.3 BHREIE  DAJCRR 7 AR gBEdh, BT KRR i ik
TR RIS, A D TORR K, TR . H IR 104 1 1
T T W B TR, JB0.1 mLdge 4 M BV T 1 TP AL 21 4 5 4 ke
PEREFR LA |, B 137 °C, fEiREESE72 h,

114 BRRETE = A o6 0 0 B v AR £F 4 R NI R 40 B
FERTMr - RIZ, T37 CHEIRIE FRT2 h e,

FRE b R RO S A B8 VR K i B (D)5 B VR AR (d),
PRI RR DI K BB VR, I BB, 15 214l fb B R RE,
e Rl AR FRL, T4 CLRAE.

1.2 FHZEHEHNE
1.2.1 THEBHIE B Ao LR T 5 R P L 21 4 K
JI 1 R 8 AR 1 e T i 3R 2 — AR, F37 €L 180 r/minfH
RILRZE SR 3 Hd 5. d 6. d 7H9 &K B 7E8 000 r/min
SR B 0S min, RBRER, BRI, AR
1.2.2 EEMEREMEAE U0 mLidss, R HIAR. &
BMA2 mL DNSB. AW, 205, & TAs ik, 5 min
JE TR, 75K E Y 210 mLE, 72490 nmifk K bl E 4%
B Y RE (AVE, LI AT g mLE S5 A, 24 450
R HEE S

xR AEEREHZARES

Table 1 Solution preparation for standard curve of glucose

detection
e PR WK AT
Test tube B Distilled Buff§r solution of A
No. Glucose water sodium acetate 490 nm
(V/mL) (V/mL) (c/0.2 mol L', pH 4.8)

1 0 8 2.0 0
2 1.0 7 2.0 0.072
3 2.0 6 2.0 0.148
4 3.0 5 2.0 0.225
5 4.0 4 2.0 0.297
6 5.0 3 2.0 0.367

1.2.3 BEEANE  DhKE HLBGRAVEXT IR, SR I DNSYL 73 5l ks
T P91 77 S B (CM Case) . U8 ZIG il (FPase) M ] S W S0 Bl 1S
J3. LI50 °C. pH 4.851F 1 minfii FE4) 42 11 pnmol# 25 4% T
T B O — AN P, DAU/mMLR RO

1.3 FERERKRITRETE

1.3.1 BMREEEEE 7 DB T MRk iz s, |
PRV P, A IR, SRE YL (ki s IR AR B SR Y R 4 B2
Fh AN HE A SR, T37 CHiFE24 h, WERE KK
B3 . R/ANFIE 00,

1.3.2 EBAENEKE 203Gk,

1.3.2 16S IRNAERFYEE DNAMIEE S B Marmurft )5 i
021, R FH AR B BUEE PCRSC N 9 15 TR PR 1) 16S rRNAZ: FE A
B, RS R16(+): 5 GAGAGTTTGATCCTGGCTCAG
3’ Fl16(—): 5 CGGCTACCTTGTTACGAC 3’ , W 5|#)[a] it
HE B 291 5000 36 X (i 24 T4 R B R AT A ). 20 pL
WA 10 x PCRZE MK 10% , MgCL, 1.5 mmol/L, dNTP

200 pmmol/L, 5¥)451.2 ng, 1 DNAZ & HF 15447 . PCRY 14 4%
2 94 °C FAEYE4 min)5, 35 1L494 °C 1 min, 50 C 1 min,
72 °C 2 min, fEFR30K, HJE1ET2 CAAE10 min. IR
7 2 DNAZEAL R SE4lifk. PCRI7 ) 2 A i 4bF- s R Ak I 5
AR PTII9IE 42 5 AL BIE. coli TGIE#RT, 553 B X8 K
1, FHQLAprep spin Miniprep Kit(50))3 Bt 4lifk i ki DNA,
1% DNATL 3% AR e B9 S H. %« >R FH ABI PRISMTM
377DNA sequenceritE 173 1IN (v [ Bk 2 g 7K AR A 4 F
GEATSE ). K 5 K 5 GenBankHh & A 7E AU 41 #16S tRNA
LA ¥ 5 N I BLASTHE J 7 HE 47 A B HL 2.

2 GRG0
2.1 FrEREMRRIIHIE

HRAE Y T2 S FAEROIR G, BRA5 84 BEAE R P L 4F 4 R
PERR SRR P AR RAF R, 20 X1, X2, X3,
X4, X5, X6, X7, X8K /K. ¥Rk iE— LRI o8, 20
LAl BT, VAT T 2R 2 R ISR 2085 352 3Pl L, A K
Fl(D) 5 v HAR), THE I IE, 2RI K2,

x2 MIRAEHFEMRKRESEEERLR
Table 2 Diameter comparison of hydrolyzing zones and colonies
of repeated screening

JKfift Pl EA2(D/mm) T4 HA%(d/mm)

RS S

Strain Hydrolyzing zones ~ Diameter of colonies Drd
X1 1.9240.02 1.53£0.05 1.26+0.14
X2 1.2440.05 0.79£0.10 1.57£0.19
X3 2.04%0.05 1.54£0.08 1.33%0.11
X4 0.94+0.01 0.31£0.06 3.00£0.06
X5 1.56%0.03 0.63£0.05 2.48%0.05
X6 1.11%0.01 0.89+0.04 1.2440.14
X7 1.63£0.03 0.9610.08 1.70£0.12
X8 1.23£0.05 0.8310.04 1.48+0.02

2.2 WIEESDNSK M F=#1 )8 KRR

WA AT T A AR AR AR TR, B I T 380 A S 7t
ZE RN T DNS 5 38 SR 52 N 7= 10 0 6 WS s 1 A T T4
B, H470~550 nmIEW O ph £k an = T 7. DA TR ZemT T, 2
N 7 ) AE470~550 nm 2 [A]#A 3E R A9 S UL, i R TR i
U A7 480 nmAk, JH H LA 5 ML SR HI520 nmi 0, X AR
SR o A I AL 0 22 5 K, R X R A A, EL U SR A 480
nmihIAME, HBEWSh K, TR M2, HDNSE AR &I
S A BRI, 0036 490 nm I 5 B A 3
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Fig. 1 Spectra of the reaction of DNS with glucose
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2.3 EEMERINIE

5 1B A5 I %) PRAR B A B VA & T a5 SRS, 0 P R O
44 E i (CMCase) ., JE 4K (FPase) fIAR £ B (Cotton lyase)
67, AR RAREETE N, 2B BE. S5 (EI2) R,
FA 7 38 A AR LT Y T 4 s R — AR IR AR
A5 AT T 0 /NS AL AN (] B RR: (8] 45 R S O K/ A2 A
O dE 22 55 e SFPIE KR, X7/ CMCasefiff 1% i 5, 150.83 U/
mL, Ui W% B R X K E AR 4 R R A 5 = 115 15 FPase
TR XT, X8, 4315 3049 U/mLAN0.54 U/mL, $iHixX
ey R N EN RN E R (LIPS B2 R (OE R = L 7]
YEHITRE F1 5 XSIM AR AL IS e, 1£310.87 U/mL, BEHIZ
PR G5 d X B 2 W 2R 4E R 3 R B TR 255 % JE Tl
1) B[R] VR FH FI DI, X5, X6, X7, X85 H kit T %@
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Fig. 2 Liquid-state fermentation with different strains
2.2 EHRHIETE
221 RASFRE 2WE, BEIIMERHE LS,
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K3 41T416S rRNAFEHHPCR ™)
Fig. 3 PCR amplification of 16S rRNA gene
1,2,3, 4 4N PCRA4; 5: % 1,2, 3, 4: PCR products by strains; 5: CK

222 HWUTLBETF XS5, XOMXTERE LA LEK, KFE
B R B, i e 280 ik s B 4 L i R 3 Dt 3 B
P, BB IR RE IR AN R, KA E By AN K. XSTE IR A
SelbRE ARG, A A B TR AR R R, AR R B, R
R 2 O A it 0 B, A S 50 B 12
2.2.3 E16S RNAEREFFIY 1 LI H16S rRNAZE K&
SIYIPURI P2 BT $2 B 41> 21 B AR () DNA #E AT PCRY™ 4, 15
F]16S rDNAJFE A, KFEEZ A1 500 bp (K13). 4 T 8/ PCR
P R AL O 25 , BSR4 T T 54 AT I PCR .
2.2.4 HEPMDI8-T-16SIRNATZFEEKMEE  pMDI8-T-16S
rRNA-1-4/HEcoR | FIHind M 3B 477 4, 25 1%B5 N bk e,
vk, BEYIH R /NHAT A 457 (Bl 4). TP 25 R W7, XS5, X6A0
X 7Rk 20 T I I Y 51 5 AGENBANK, DIBLAST#H: 54T [
AT, B ST B AR AR AL — T, FI R R 264
16S rRNA, Fl FIMEGA4.0F 47 2 & 15 51 LX) 22 1l it £k
B, 2B 5 28 K R RS R 2E J8 A 1 A (Bacillus subtilis)
116S rRNAJF B A RIME X £199% (IK15), B 34K 4l i~
ity B 2 FELFT TR s XS TR At 1R T I T A 8 R R L AR A3 AT, R
TS AT R R AR B AR M T, 5 AT B [ A e
i (Enterobacter asburiae)fit 16S rRNAJF 1| i A IVE 15 ] 99%
(1E16), i 7 3 1 4 P by BT EC A 1A

M 1 2 3 4

K4 sele Ry e

Fig. 4 Digestion analysis of cloning vector
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FLAR B, B fn 2 —Fh DA N & B W R R Rk
125, 78 HyHAL R G, NOZA7TE R ML H 58 0% 1% N £
Y. T EAARGLET G4 £, WS FiF, B0l
T NSRS 1 4 27 A T O AE AR . A8 25 JRAIE 92 T X — 4
Wr, 7E 5 7 8 0 T AR 4E R e AR L UL B T AR

R3 FRBIFSHHE

Table 3 Morphological characteristic of 4 strains

b ke R g ks WA e R
Strain ~ Gram reaction spore Motile Cellular shape Colonial configuration Margin Colonial color
X5 + + + Ik Bacillus AFUE Trregular shape W5k Praerose brim Ft White
X6 + + + FPIR Bacillus [/ Round %)k Shaped like alobe (. White
X7 + + + IR Bacillus AKENIE Irregular shape 22k Filamentous brim A4 White
ANSRIN . o .
X8 - — - FPIR Bacillus breiik S Intactness 15 Offwhite

Shaped like punctuation
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Fig. 5 Phylogenetic tree of X5, X6, X7 and related bacterial species
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Fig. 6 Phylogenetic tree of X8 and related bacterial species
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