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W OE: ARBEMNERERTOEREK RETINERFEFERMCMCNO-HIRIEFE LN EHEE
BRI RREE S LB T R R ESBAE (RS . B37.B-35.B-31.B-25.B-17.Z-a 1 Z-b) , P E
ZbHMARERBEIREB. S TLEEEREWTE Stenotrophomonas maltophilia #) 16S tDNA F3IH
9. 8% MAIRH . MERENEEFFREANE. E4 T MAKERKW CHEATRERLR, ENEAD N
CaClz 0. 20 . MgSOs 1. 25 NaCl 5. 00, (NH)250; 1. 30, KH,PO: 1. 35.FeS0Oy + 7Hz 0 0. 015, Na-EDTA 0. 02
g/L. TN —-RENEHEE R, EH Z-b HIELEE (FPase) F1 CMC B§ (CMCase) IF R K, 0. 099 U/
ml 1 0.075 U/mL, Wi ZE & {& PSA L, Btk B-31 #1 B-37 # FPase fl CMCase &R, 5 0. 131 U/mL #l
0.175 U/mL, 7 MHHEAMAR.Z-b M BENHFEEIBR. BALTLHBEABRRR S EF M BREE
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Screening a group of cellulose-degradation bacteria
and their zymogenic characteristics

HUANG Ning-Zhen, ZHAO Zhi-Guo, HE Cheng-Xin* , FU Chuan-Ming,
GUO Lun-Fa, WANG Xin-Gui, TANG Feng-Luan

( Guangxi Institute of Botany, Guangxi Zhuang Autonomous Region and the Chinese Academy of Sciences, Guilin 541006, China )

Abstract.; Bacterial strains were isolated from humus mud by employing the dilution methods. Seven cellulose-
degradation strains marked as B-37,B-35,B-31,B-25,B-17,Z-a,and Z-b were selected according to the hyaloid
rings on the medium of carboxymethylcellulose sodium(CMC-Na)- Congo red and their efficacy of decompo-
sing filter paper. Z-b had the strongest ability in decomposing filter paper among the seven strains and 16S rD-
NA analyzed indecated that it was Stenotrophomonas maltophilia owning to 99. 8% homology. Comparing
clony size of the seven strains in media with different carbohydrates and inorganic salt, we found that the pota-
to extract and inorganic salt which contained CaCl; 0, 20,MgSO; 1. 25,NaCl 5. 00,(NH4)2S0; 1. 30, KH2 PO;
1.35.FeSO4 « TH20 0. 015,Na-EDTA 0. 02(g/L) were suitable for the bacteria growth. Studying cellulase ac-
tivity of 7 strains in different cultivation conditions,it’s found that Z-b had the hightest filter paper(FPase)and
CMC(CMCase)activity in the media which filter paper as the only carbohydrate. 'They were 0. 099 and 0. 075
U/mL. But on PSA medium,it was B-31and B-37 getting a highest cellulase activity. They were 0. 131 and
0.175 U'mL. When fermented individually with filter paper,only Z-b could decompose the whole pieces of pa-
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per into powders. But when fermented with fungus 34, the combinations of Z-a+34,Z-b+34,B-31+34,and B-

25+-34 could hydrolyze the whole filter paper into water-soluble compounds. It was obvious that the cellulase

activity of the seven strains closely related with their cultivation condition. Cooperation exists between some

fungi and bacteria,it could greatly improve the efficiency of cellulose hydrolyzation when mixed fermentation,

Key words: cellulose-degradation; bacteria; screening; zymogenic characteristics; FPase; CMCase: mixed fer-

mation
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BREYRTETRE 6. 05 LM (RABEBE,
2006) , FIAEMBAFERER BREVIEFELS
HMIE B A PR BEIR AR AN A B &R
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LHREZ—,

FAEEBMEYHERRE  BRNSEHCE S
B RFIMFEAE 3N BRILTAEE P,
REFEMRAEEL AEEXMEERRNGERRE
AR MARFT T ENTREBY RRGEED
IKIEERES, SRR EBL A NERE (R
sk 2002; FHE%,2002; L E,2007), RE
BHFREMED T ZEBLE, M5 FEE
KOME HBRELSERBEARE P47, B, K
ARFERENTERIBAEERAN AR, W
FRMERATR. W WS RFMES EH T
PREEM T AR, HN T RRAGEREHE
B — BB ERRBCRABITHRR, @
EI RABRBEARABTHENMRIEELYRN S
AR RMESEREERAEBEROMHEERER
%,2002), MH, BAR T4 RN HELA L
RATIUAE BT A0 B9 JB b, 3 24 % 16 5L A E B BUE
VHAERIBYEE. A, E5BR$ . RITER
BENBERPRERBAEERAE, FRILH
PREOIE R P B R IAMEE HERS
KRB, HRIEHRMAE - LRBHRBESE,

1 MeFey &k

1.1 #8

FEFER - (D AREE M TR 1 R ) 58 T R
TR B (O FEHER,
1.2 5%

L2l o4k ammibitia & (HHEE) fl& PSA

(200 g/L R EREWR, W 20 g/L, 35 15 g/L)
FRAIREEFE,121 °C(10° Pa) K& 30 min J§
BHEM. BEERHLEKKRRERMR 10,102,
10°,10*,10° . 10° {5V M, %5 8L 0. 5 mL % 3k F PSA
AR L, ER B 3~5 M. 32°CHFHIER.
FWR 12 b WREFYHEREL. BREONE
BEESG B TEA PSAERENRE S, 5
FUDEBRXMMEFENEREE S RE®
%, REAREENEREE ESRFANESR,
BE%D LIRS .

lL2.2 ko Madaidales (DEKXY
CMC Y F| Rl fnpE A - il & CMC i B (S # X
PLEh R % ,1997),CMC-Na 15 g/L, 55 15 g/
L,pH7. O], KEHF B PR, R BEARK, §
ANBBKR 3~5 I, 32 CHEFRMIET . B 24 h MW
FYREKER. BRTJE MNEHEER A
10 mg/mL BRI Y 6 12 h, Bl YR, I &% 5
BER, SIEEKE CMCEHRE FNAERBR,
AR RISR AT 3 60,5 325 B B A K/, 6 A TR RR B 47 2
ENBEN. (OXMBRMAR: H S EBRAERE
(HABIEHE . pH 7.0, FRMA—RERZ 9.0 cm
MES . BB XA PHEEAEK, B 1 EHK 3
.32 CHFAHERES, SR 2 d W 4K K #H
BIER HECHERNTERSBES. QEKRKS
FAEYFEE BT I RARREER IBKHRE
JIBR A BB, SR Al 16S rDNA J3 51| 43 17 35 X 12 & R
HITEE. MHE S DNA #32 BB F(2003) K
% ,16S rDNA @ F 51 4. PCR ¥ # {k & & & B &
£.16S rDNA Ml F AR L B % 2 Bir Bk
(2002) ik, IR R B FE ST E LA,
L2.3 sk omAanEargn (DXNBHSS
HEARAE R 5 & 4 B SRR TR 5
3, OMS (¥ X, 2002), @ # & #, @BM(CaCl,
0. 40,MgSO, 2. 50, NaCl 10. 00, (NH,),S0, 2. 60,
KH,PO, 2. 70, FeSO, « 7H,0 0. 03, Na-EDTA
0.04 g/L), @ 1/2BM; 4y 7 ¥ fin 3% fg 15 g/L,
pH7. 0, KA H AR . BA LR EAE K,



5#H BTR%. —HARBIERAEN DB EL > BFERR 685

BAEKIM,32 CHEFMEF, FXUMHICR
BHRNEKBR BEXNEASNEREROE
M. (DOAFBEMEREKNER . FIE4HTH
A CHRpEEFFE, O# 4 + CMC-Na 15 g/L,
Q&b+ M 15 /L, Q%A b + M & HE 15 g/
LOSHERHB(SKE 200 g/L, k& 40 min
Ja 4 BY AT, BREEWO  pHT7. 0, K G # &R ¥
W, MALRFEEFNBEK. B TEKIM,32 T
EHRAER BRMAFICRERNERER . BE
REBEE T oA KW,

L2 4 AW p A8 ERA 8%t (DCHE
SEEENEmW. & &AR CEMEFRE:1/2BM
EVE.SANEMER—-K(EZ I om)  5EEF
H ) CMC-Na i85, pH7. 0, % R &, 2 HIEA
ERFEMBEK. BEMK 3,32 CTHER
3t 6 d J5, 5 FPase #1 CMCase, 37 C B3 B 1%
R, ()EHFRELRSTBEENE R H &R’
£ H.LB.PS f[&{& PSA 5 v &, 2% KE, 25
BALARMBEMBEK,32 CTHEERSIE,
W 5€ FPase f1 CMCase, B R L R B E
B M. (3)FPase Ml CMCase Wl 5 J7 ¥ - ¥ 35 5% 4
MEBRCERBEEIER, MA 2 FEBREBE 7K H
B A G B R 20 min)7E 3 000 rpm F &> 10 min,
FEB N, MERA S HEKD R
(DNS) ¥ (ZF 44 ,2000) I & , B IE 47 R A B bR g
P (U):BPA 1 min B ™4 1 pmol B 1 X 10 mol
HEREPBRIEN — B S R,

L2.5 AR A A BstEmeI M UMTRE
ML M RAIEFR L, pH7. 0, M (4 50 mL), B K
MAERZ I em MK —k, REAHGE, 4 5EA
FRBEMBAE S EE MR LR BN E
EBEFER,. S MHA 3 M. 32 CHAAHER
F.ER2dMMEXKAKBER ARAESES
HEREEX BAKBRAROEM,
.26 B EE 5T 5%
SPSS St B #7514 47

B & B8 3

2 &R

2.1 BERESE/IMEK

RIFEEE PSA FREMAERKEE HE. K
NERSRE BB K B SRIERR NS H
EP B PSA B H,3L5K78 39 MRRIMAE

Bk, 2 5HS A B-1~B-37.Z-a f1 Z-b.

F1 BEEHHKAECMCEFERANEER ARG
ZRHAER (n=4) R RENHBYER
Table 1  The diameters of different colony and hyaloid
circle of Congo red s in media containing CMC-Na

HWEHRZ WRaAZSHEBER B 1 B TR

gﬁa-%% Colony Diameter of ‘ Collapse grade
Strain ID  diameter  Congo red hyaloid ) paper
(cm) circles(cm)
B-5 0.90 1.70 +
B-6 1.83 2.20 -+
B-9 0.65 2.13 +
B-10 1.00 2,25 +
B-14 1.00 1.60 +
B-15 0.75 1.70 +
B-17 0. 40 2. 40 ++++
B-22 1,50 2.00 +
B-25 0. 80 1.00 ++++
B-27 1,00 2.00 ++
B-31 0. 90 3.63 ++
B-35 1.90 3.70 ++
B-37 0. 80 3.70 ++++
Z-a 1.70 3.55 ++++
Z-b 1.75 3.75 +++++

E R ATB R+ 7Y ERMAR -+
+73/5 EMAR 4+ +72/5 MR+ A% B .

2.2 AHESBRARNTHIRLE

2.2.1 s CMC-Na #9248 KO EBIK
B AR R ZE L CMC-Na M — C T A9 I £ 3% 7 &
EEFTAEERRBE FHABABEHRRIE
HEMEKRAE BN ENNES BB TFTHEEN
EHETHERLE 1. ERER, IHEINHE
BRI CMC-Na JHE —BRIEMIEFE L EERA
K. MIRAREE, EHEERBEREILNEH® S
1% Z-b.B-37.B-35.B-31.Z-a, BB ERIKK R
3.75,3.70,3.70.3.63.3.55 cm, H %K & B-6.B-9,
B-10.B-17.B-22 .B-27, Z B E 24 2. 0~2. 4 cm
Z18);B-5,B-14,B-15 #1 B-25 W& A B ER K/,
EL7em IT, BHBEREKXERK, LA EN]
Xf CMC-Na 53 MR FRE S 5k . RIE LRE R,
FLWEL S R B ESHBMAEHE, 5 M. 2b.B-
37.8-35.B-31.Z-a, e Z-b B AR B LT KA, B
AN FCET R PR AR AR 1 VT RE AR .

2.2.2 3 ANAHRTIERGHBHLR WL EH
EMATREFEDITBRRYPBRIR LA, 55
— )G IR G RIT B TR TR, 2 R IR 4K A Bt
EEEZHEH;EHFE 2 dE0M,Z-b #Edgszs
FAfR A R AR 5 Z-a, B-37 . B-25 \ B-17 (i ® s I 4K 19
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4/5 BRI R B-22.B-27 . B-35 (K AL 2/5
TR ERERIM B HBARREEZ(E D,
SGHERGER JTEAMMRE ST LB K 5 N Ek
WK K :Z-b.Z-a,B-37.B-25 . B-17, H ¥ Z-b {9 i &
BEER AREFOLRMIE.

22344k oBmE AR R BEFBRE
SEWMAPRMNAEENEBRED . AR TERESHE
M—LBARGNABINEKR. BHRE LRSS
SR, ¥ CMC-Na 43 ) F . U8 4K AR R BE h 90 B A B3R
BFISHHES, AHETERT 5 1 B RRVE NI 8 B A%, A#AT
H-BLE,XEEKRER 74458 Z-b.Z2.B
37.B-35.B-31.B-25 f1 B-17,

224 AR5 TER NEKRTEREFEE R
SREBBR Z-b BE1T 16s rDNA BRI 447, 5 R KW,
¥ B ¥ 5 Stenotrophomonas maltophilia ¥ 168
tDNA 314 99. 8% )[R ¥R 1, B3 it , 17 /& g % %
ERBRE.
2.3 AL REBRAFAEFSNE
EAFEETENEFREL, ZREKRE 1/2
BM TR E FHHEERMEMRKR. MER
M CHREEFRES, UDREBKY K CH,7 4
ERMEEERHABRKTHE=ZFCHRE 2., B
FEAGER EHEL/2 BMI20% DR ERB B
TRT 7RO EEMRE.

R2 AERIBABETARRBEAEFELNERKER BEF 4+ LBEFRBE2Z O

Table 2 The growth of cellulose-degradation strains cultivation 4 days at 32 “C in different media

AAXZMERFELINEEER ARABEEAELNEZEER
Colony diameters in different salts Colony diameters in Hejixun media
?iﬁgﬁ% media without carbohydrates (cm) containing different carbohydrates (cm)

raimn

Ms  BM 1o pv MR BEBHEE  BERAAES  BABHCMCNa B BH¥

Hejixun  Hejixun+sucrose  Hejixun+glucose  Hejixun+CMC-Na  Hejixun+ potato

B-17 0.25¢ 0.30b 0,40a 0.35ab 0.65b 0.35¢ 0.30 ¢ 1.30 a
B-25 0.45b 0.60a 0.60a 0.50 ab 0.70 b 0.65b 0.70 b 1.00 a
B-31 0.40c 0.55b 1.05a 0.60b 0.60 ¢ 1.60 b 0.65 ¢ 2,00 a
B-35 0.55¢ 0.90a 0.85a 0.75 b 1.05b 0.70 ¢ 0.50d 2.00 a
B-37 0.55¢ 0.70b 0.80a 0.60 ¢ 0.60d 1.10b 0.75 ¢ 2.40 a
Z-a 0.75a 0.70a 0.75a 0.75 a 0.75 ¢ 0.70 ¢ 0.90 b 2,70 a
Z-b 0.70a 0.70a 0.70 a 0.75 a 0.65¢ 0.65 ¢ 1.0b 3.00 a

¥ BITRFRENEFEHRARFERARE (P>0.05), ARAXFLER BF(P<0.05), FF. BM:CaCl; 0. 40,MgS0; 2. 50,NaCl 10. 00,
(NH;);S0;, 2. 60 .KH,PO, 2. 70,FeSO, » 7H;O 0. 03 ,Na-EDTA 0. 04 g/L,

2.4 1&3F & 43Xt FPase B CMCase it &9 % i

(DC W ¥ H ¥k Z-a.Z-b.B-37,B-35.B-31.B-
25 f B-17 B RAEEARF C H (4K .CMC-Na,
EEDR X EIF T B P, W E & B FPase I
CMCase(K 3), & REZW, 7T MAKELIEK R C
FHERETPHERX KIS RER LIBK
K C W, Za, Z-b, B-17, B-25, B-31 H A HE H #
FPase fil CMCase Bf 8 K T4 CMC-Na S #gH % C
B, AT A, C IEAME RS & B ¥ FPase I
CMCase MR K, BARBEFHEBREEBIKFK
FHCHW., MEUEREKN CHENERES,.7IHE
ALl Z-b B FPase 1 CMCase FEHER KX, 75 A
0.099 #10.075 U/mL. (2)353REAEH NGB Z-
a.Z-b.B-17.B-25,B-31,.B-35 #1 B-37 ¥ 3 & H.
LB.PS #1 PSA WA ARK B FFEF, 2T &
¥k #y FPase 1 CMCase [ (FE O . ER BRI
Wifk Hf LB, T B-31 /) CMCase,Z-a
M Z-b iy FBase HE R Z, HE BB K CMCase

1 FBase £ 7A K EMK PS 5%, IR T B-31
ARMABEEENHE 6 N EROBEIT, XM
GRS PSEFAETHSERE ALEEB>T
AETEYMH AR ER R W EB K PSA 573
o, JLF BT A B Bk ) CMCase F1 Fbase B 8 K FH
EZMERE, XATRERH T PSA BREKE#E,
ERFABRPEXRER FEESHEREARS
. HE MNBRRKEELHERT =YMHGEE, 5
Ab, BRI FRRIE T TR ESHERL, R T A
MK, HhER 7 S EBRTE PSA FESTE R, B-37
1 B-31 B & & K, H FPase 1 CMCases 435I &
0.131 # 0.175 U/mL,
25 SEERAEASEB IR KBHR

SEK 7 BRAE A 34 5 E A A EEA R — 3%
FEPEIER 20 ERER, RBPEHE EHX
BAMKBERA G TR MEEKR, KPAHS Z-
a+34.Z-b+34 ,B-31+34,B-25+ 34 X i 4% B4 7K f#
MR ERBRPHRRGBRTELTHEER, B
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WEREERA(ESB D, RURANMAEMEAAR
SRR B R BERIKERLEY.

%3 TECEXFERFERSBEN FPase 5

CMCase (3%3% 6 d, 53R E 32 'C)
Table 3 FPase and CMCase of cellulose-degradation
strains cultivation 6 days at 32 C in media

with different carbohydrates

Wh R K3 3% ¥ Cellulase activity (U/mlL)

Strain  Kinds of 1/2BM fm 1//ZBM %mﬁ 1/2BM %m

D cellulase £ g +CMC-Na e

B-17 FPase 0.077 a 0.058 b 0.059 b
CMCase 0.064 a 0.041 b 0.044 b

B-25 FPase 0.072 a 0.056 b 0.057 b
CMCase 0.063 a 0.041 b 0.042 b

B-31 FPase 0.078 a 0.063 b 0.069 b
CMCase 0.062 a 0.052 b 0.038 ¢

B-35 FPase 0.080 a 0.067 be 0.071 ca
CMCase 0.063 a 0.043 b 0.040 b

B-37 FPase 0.082 a 0.066 b 0.065 b
CMCase 0.064 a 0.040 b 0.060 a

Z-a FPase 0.098 a 0,078 b 0.064 ¢
CMCase 0.051 a 0.034 b 0.035 b

Z-b FPase 0.099 a 0.083 b 0.057 ¢
CMCase 0.075 a 0.039 b 0.038 b

3 ik

AERRF BHAEFRENTERBIEER
WM RKRARAAEEMKBEABRS (KT R,
2002), FRHEEF(2000) N FEHERE P IHEEMNTFER
HEEEMBEBE FPase 7 0.011~0. 090 U/mL,
CMCase 25 0. 102~0. 260 U/mL; # H % (2005) f%
EHE 6 NRAKITAHEEEME T, FPase M
CMCase 4352k 0. 18 ~0. 19,0, 19~0. 21 U/mL,
ELBRMOBRNTRRERAR, RRTEEBE
A& ,FPased 7£ 0. 066 ~0. 131 U/mL Z[&] ,CM-
Case 7£ 0. 085~0. 175 U/mL Z [a] , {H X L B bk 75
EEFNUBMATHNE SEENEFH) LGB REK
BHRFGTHERRAEAFRIOHEBERR WHAE
TIXEFE KRR, A EFRGBERBA R, XK
LHRBEMTUVEFRETERO TEMRES
B, Al ELXERFTRARFMNAES.

EFBAARRT AR EE=BRERF.
FEE QOB R I, T A EBE™ £ B SH2
HEE EXB.CMCHE=ZFAF CHEH,UAEXK
& C HAf CMCase & PEB 5 ; T8 24 AE % (2005)

B kR B, 4 4 BB (Cellulomona ssp. ) #E LA
LOY%HEEE N C AT, £ CMCase X BB
K. ZHFFRER.CE EFRELSEFH A4
BEMBRAENTRERBEEIAERW, BEHNC
B E R TR, W F XL E vk FPase fl CM-
Case EHEMIR T, X —HRER AL HEHRFXE
407 AT RE KB B R R X e B MR A0 B HE .

®4 TELXBEFEIERS BB FPase

5 CMCase (353 5 d, 3B E 32 C)
Table 4 FPase and CMCase of cellulose-degradation
strains cultivation 6 days at 32 C in different media

i35 3 ByRp %K B3 7% ¥ Cellulase activity(U/ml)
Strain  Kinds of
1D cellulase H LB PS PSA
B-17 FPase 0.044 b 0.048 b Oc 0.066 a
CMCase 0.052b 0.053 b 0c 0.085 a
B-25 FPase 0.052b 0.051b 0c 0110 a
CMCase 0.066b 0.069 b 0c 0.141 a
B-31 FPase 0.057b 0.065b 0.037c¢ 0.131a
CMCase 0.066c 0.086b 0.042d 0.175a
B-35 FPase 0.071b 0.068b Oc 0.110 a
CMCase 0.039a 0.040a 0b 0.081 ¢
B-37 FPase 0.070b 0.071 b 0c 0.131 a
CMCase 0.076 b 0.077 b Oc 0.175 a
Z-a FPase 0.084 b 0,064 c 0d 0.127 a
CMCase 0.034b 0.035b 0c 0.091 a
Z-b FPase 0.057 ¢ 0.083 a od 0.067 b
CMCase 0.038b 0.039b Oc 0.088 a

x5 HTBEFREPRZESEE
FRENKFBHE EF 20D

Table 5 Filter paper hydrolyzation efficiency of
different strain-combination in Hutchinson medium
HHAS K BER
Strain combination  Filter paper hydrolyzation
Z-a+34 BREZLKER LB
Z-b+34 IR 2K, Rl
B-37+34 AR KB HPRIE
B-35+34 BRABAKE HLRITH
B-31+434 BT KR, LHE
B-25+34 BT KR LTE
B-17+34 ALK IR KR A RUTE
Zb BELWHREAME ARETE
CK U8R A AR

HTRAAERGWE R L -HHRHE™&
08 M H X LA PR AR RGBT BOR, B AT R
NAZTEMESABFIER JREERBD
MAEROEBRRELAHABY. £RY%
(002 MMEREER T EL —HAERIRER
MCI, X il 45 89 23 % 25K 94 % ; Anshu & stayawati
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30. 21% P& B 20.21%, £ 4 & M 35. 50% [& 3|

B-37+34 B-17+34

18.56 %, 4F A E M 18. 21 % F& %] 6. 18% ., ASLIH
HENTEEMBAESOTEERREFAES R
B REBAERKEEERYBHN4NEEA, T

Bl THERMERGOE S REBKBEXAHRER

Fig. 1
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