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O SIS S R R IR ¥ K P i A
BEYERMRRE S B PR, R AR R Gk AT %,
B2 8 HREVIB B KK E bR, ¥ 8 PREBR A E 3
P R BRIR ) R e 3 77 2, RS 57 6 d JG , 70 5
TETRLR (FPA) B ) FR B 27 4 3K (CMC) B{E 1 5K
fRIFE A ERIMR . 8 tREMPEE] H3 \H4 \H6.Q1 Y
=B BRI S o 3 FhRIA R BEIE SR, LR
F R LT e R SRR IR B 251 T, H3 19 CMC S 1 B
456.98 U/mL, H3 5 H4 Wy#F B K RBCRET , 38 bR

MRATR: AERGEEY AN
REEREFHKEERNNEN —FA
MAIHER . AXFTHER 8 T HEKER
—EWNAR R R, B BERFEER
REERRIFEMREE S, b SRR AR N 3E
WL bRt —E Bl

KER: W E; AFAERER; Bk BES
HESES: $216.3

MERFRARRD: A

EZRAHH 10.4% F112.8%

SN E KABR K, KEHREFR BN EXF
VIR T PR s R T E R . KT
S EERBKAE Y, F R REG BT I EY
RETR LI/ R B WF & B RO ) — R 0 i 12,
UG T LA A pRAG P A 245 I ST L e ol R U ) A

i R AT B e Vi A o K Y 2K A R B
BB, ARG SRR S G TR E R BT d,
ZEER KA R A K 27 ml/kg! . B REHII
B E BB R AP R  10% AR IR SR 4k K
TN 35 U/g X 3R R IR Bl 30 °C A B
WHEN 72 h WAHET , 2B RS . HAR
bR S BBV A, 58 Hah At h 25
JRY , RGBT & BB SR B B, 45 T 70
PEAT LASR Y 200 mL 2B, 3 B & 5 vk RIS
FITFHA R R A ES o 3 ) KIM 25045 DA 3 o
R 20, MEE 2 B8 AR e
PEPRSE 38 o A X R R IR R O B, SRS R
HE W) S B A 5 e B A 2B . YOON 45
W — A A 22 7 2 R L 2% | IR
R 110 ~200 °C,WHAIZERIE N 1 ~20 atm, HF3E
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B 5KMER R 0. 1: 20, T SR
HIEL A 0. 05: 20, BB % 45 = S0HhK 1 3 4R B K
AR B PT A B ) PR A BB . AR MR LAV
I3 o JERH A B R ot 4 Tk R T gk
TTTALIE AL 4 R B LT 4 R R T 4F
BRE AR, BRRETIEE R EASEMER
o7 ANFETCALER , B AR B B, 7E IR A4 14 T i
TR, HMRWALHE T 2 MR R AR
K 31.9% , LA Ty 42% , S EALAT
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ST W E , SR 5 PR R B R R B, 100 g
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RSB N 11.25% %, Bt b, At 65% 1)
T /KA W AT LA 22 A 8 R s T I B B,
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£1HE ORI 7K 8 T LA 2 PO Al AR SR S B,
BOK RS WK . BROKRXT R R RATE
TS b L M LASE L KU I A = e
SRR TR BIR, X 4R KW A
AL—tESRAE" . FAMEY AF=FER
BEEAT 7K A , B 2 AT B S 3R A HLAS ¥ B3R
B, 498 7w AT

ASCEET X R AR S BT, EEINE
RS AR & B R KA K i BA
WA A T AR 0, 5 3 HL R AT B T AR PR 52 I
B RE , D & RETRAL A AR AR o

U RPR

1.1 #&
LIBERNEBZHRROMEMNNE
(Ulva prolifera) , # & 4371% B B AR F AKX
SR S AR VR I W B AR, R M 1L
AHESEBKBGMERNBKEY. RER
FRRIRAE IR 2 5y 18] S 00 = T I A W i o
1.2 #EFxE
LW FERAGER S BAEAREERES
BRI A R B R B IR
HERIBRETGEIEFREN  FEREER
RIS RIRT SRR
BRI AR B R EEE S5 : (1) CMC-Na ¥
FrEk B ERHRE 1 g, EHR 5 g,CMC-Na 10 g, [k
77K 1000 mL, 4R pH, (2) UB4KHE IR 4L BE B
BE1g,EAMS g,2 g 84K, BRE/K 1000 mL,
B pH, B)WFERFRE . BHEE 1 ¢, HAMK
5 g, W&k 20 g, pRigIK 1 000 mL, §4R pH,
PAEREFREE 1 x 10° Pa K 30 min J5
i
1.3 SFEFHEEERRBIS
FEURBEEKER KNS BEN R,
MR EENWE FRERNZ DAERY)E,
THKIEUE3 ~4 3, BT 60 CHEAEH 12 h T )5
FARMYBEALBI#E 1 min, 3 80 H )54
1.4 HFERSHBEBIGIE
FREMHMELBEEFRERBE—EMLH, T
KRR ERER 1 ~2 d 5, FIFRIERA G 65
i e EL A B k37 P P A TR AR R T T 40 B ik, R
S e 2 N
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1.5 k&
1.5.1 HE® 1

W BB BB R | P B A S0 mL
TR R BEREFREE M =AM ,30 C 140 r/min R
B35 6 ~8 d, BT 4 °C,4 000 r/min E.[>
15 min, B EHR
1.5.2 M 2

e BB B B AR 2 S B A B3 50 mL W]
R BEREFRAE ) = A ,30 °C (140 r/min R
Bigr 6 ~8 d, K IEFRBAPIZ 200 B W IEER
R, B IR
1.6 BEEAHNE
1.6.1 JE4R(FPA) BHE J1 il E

1 x6 cm JEAEHNA 1 mL ¥ 5ER 5% YR, 1 mL
FLER, SO CHERILRIR 1 h J5 2 Bi4% DNS I
EJENE . B SCEIPKERYI T 1 pg H B
T 5 LA B g — B ) B UM
1.6.2 CMC FEiE S 5E

1 mL HHEEEMA 1 mL & 0.5% CMC-Na #J
PR 2% MR, 50 C YERR PR IR 30 min J5 37 B 4%
DNS iR S5 8% . & A Sk i R A7 1
ng AW T R RO — RS T B
e
1.7 HERLERER

FRECO. 1 g WrEB TiE S, A 5 mL M
W2, G MA S mL APBRER S W (pH 4. 8) P17
pH, B2 5], F 50 C/KIBH RN 48 h 54
DNS 3134 J5H
1.8 HEHEE
1.8.1 ZHEER 16S tDNA K&

XF Al 3 3% 5 W B AR A g A T A E
SK1201 J [FI 4 il 42155 & #2 B DNA, PCR J )i
1A % : Template (F£ K 41 DNA 20 ~50 ng/uL) 0.5
uL, 519 TF (5'-CAGAGTTTGATCCTGGCT-3") 0
1540R (5'-AGGAGGTGATCCAGCCGCA-3")4£%0.5
pL (10 pmol/L) ,5 x Buffer 2.5 pL,dNTP 1 pL,
P ZE K 2 25 pL, PCR fE ¥R & {4: 98 °C .30
min,98 °C .25 5,55 °C .25 5,72 C.1 min,72 C,
10 min, 1% BEgHEER K, 150 V100 mA 20 min
Bk WS . PCR =¥ ik 4 VI EIf i DNA H
M2k, PCR =¥ PCR 5I¥ HEM P, 16S
rDNA JF S TERZM RS 2 EXT E .
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1.8.2 EHK ITS X5E

XFafife e JE W AR A B A T A F] SK
8229 FE[K 2H i 48 157 & $2 B DNA, PCR J {4
% : Template ( F£[H 24 DNA 20 ~ 50 ng/pL) 0.5
pL, 5] 4 ITS1 (5'-TCCGTAGGTGAACCTGCGG-
3') Fl ITS4 (5'-TCCTCCGCTTATTGATATGC-3')
0.5 uL (10 wmol/L) ,5 x Buffer 2.5 L, dNTP
1 wL, iN3ZE/K 2 25 wl, PCR PEFF4&F:98 C |
30 min,98 C .25 5,55 C.25 5,72 C.1 min,72
°C .10 min, 1% IF 84 & 3k, 150 V.100 mA 20
min B, 7K WL %E, PCR 7= W 3k 5% D) &1 Br &%
DNA HK 47, PCR ¥ PCR 5% B £l
o ITS FF%I7#E NCBI | Blast X,

2 4%

2.1 SBEKNIBALER
LI EGE 8 IREF LR RRES]

FITERE, N B R IE R E 2518 2 6 TR,
445 H1 \H2 \H3 H4 H5 H6 , \FHF BFERK
VIR K A B AR B 2 AN EERR, RSN Q1.Q2,
Heh H1 H2 H3 H4 H5 5 Q1 4, He 5 Q2
HERE, 8 MR EMTRPEGHERM
(CMC-Na) S-H 3% 32 3 b, FH W SR 40 e 62 DAAG
HIrf# CMC-Na 3R, BB R/NLE 1,

B 1 W RAE i, H3 \H4 \H6 1 Q1 iX 4 FhEg
PRI B ERK, RIATATAT DAIFER LT 4 R
PAEESRIE bR b AR K, E AT ) A5 T, TR R
H3 \H4 \H6 FI Q1 it &1 4 28 2549 ok (¥ e gt 5 1
FI FRE 15558 o
2.2 AE®KEESHBERTEE

R 3 RN RS 4 R iR 8 N RR
ity , 35 SR AN 2% PR B R RIS 1 DR BB
2) M5 8 FhEAMRZIH T 7= Ak B UE 4K EEE J1 AR
ARG 1, R IE 1,

#1 AEBE#HE CMC Fif EAIERE
Tab.1 Lysis zone in CMC plate by different microbial strains

LS H1 H2

H3 H4 H5 H6 Q1 Q2

BB EA%/ cm 1.68 1.37

2.59 2.35 1.55 3.05 2.21 1.62

ME 1 G R& I, IR IR T 0, & &
PRAIEARER TS ) 22 R AR Bl B, T CMC B§iE
2R, HAd H3,Q1 # CMC BE I8,
KKK 16.18 U/mL.12. 21 U/mL, ¥ 3 4F 24
RO IR T 0, & B R UE 4K B8 1% ) f CMC
BTE H) ¥ 2 R, Ho H3 Q1 \H4 [ 4REG TS
JIEEE MKk Ky 27. 83.24.90.22.28 U/mL, HE
CMC BTG i 5, MKk 2k 56. 98 .49. 28 45,77
U/mL, W&ER NI TS0, £ HREE /) 2
SR, HoA H4 (H3 Q1 \H6 JEAREHTE J1 %88 , 4K
W H 15. 44 15,10, 14. 49 . 13. 43 U/mL, H I
CMC RT3 A , KK 32.16.29.20,28.98
28.001 U/mL,

SEgeIR kB, F H CMC-Na ik I5 175 3 B Ak
PR BT, BB 2 RIS TR KT
FEGWR 1 PRI ), RPBR AT B .05 A #
%o
2.3 FAEAHRBEFSERERTELR

RH 3 MORF A RKIE ST 8 A HER™
B , B SR A AR IR 2, U 5E 8 Fh Rk &I 3

H: AT 4 R RO RAR AP 4 R W I AR AE
GER LA 2,

A U8 4RAE D 47 HE R ISR 5 T 4 R ™
B, F LR BRRL O 1 M A 8, S5 R B, 8
BRI 7= 1 BN W 5 R 2 — R H) AR 1
A, Horp HA Q1 (H6 \H3 B MR B AR I 5 B S5O B
4, HA BB RE RS R =, N 5. 7% o FIH
CMC-Na YR T 4E R 2K IR 5 5 45 B AR 7 B,
FURLBGE o0 1) il 1 5 B, 4 R B, 4% T PR P
7RI B R ACR 22 R BOR, o, He (H3.,Q1
BRI AR R B0, 18 RO A5 3R KR 12. 8%
10.4% ,10.1%

FIFIWFE 3 KR AT 4 R 9B IR 5 3 4% B AR
7, PR AR S e Al o B8, S R B, 4%
R PR BT 7 i A T o A AOR 2 R B BOR, Ko
H6 Q1 \H3 \H4 [ fif AR BCR B4, H6 Q1 3£ R
BGRB8 9.6% 9.9% .

i LIRS EE R, LA CMC-Na 5 S R F%
A SCR B, B 5 BN 1 SR AAE, 1L
i HA Bk R AR & ROR B o
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. 60.0 m BV L _. 60.0 m FE1
E 50.0 O B2 E 50.0 O R2
Z 40.0 = 40.0
%3&0 Esao
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= o100ty £ 100
0
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[ G L 7S (GRS
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£ ORg2 E O A2
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N
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O7M1 W2 H3 H4 H5 HG Q1 Q2 O Wi H2 H3 H4 H5 H6 Q1 Q2
A Y B WA E
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EIEBEFR /%
i 8- i
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B 1 AEBEX&EKE FPA BiE 15 CMC Big 189 #m

Fig.1 Effect of different carbon sources on enzyme activity of FPA and CMC from different strains
(a) URLR A BRIF I 25 T BRI FPA BETE 77 5 (b) U4 BRURIN 45 B R I CMC BHE 77 5 (¢) CMC-Na SR U5 I 4% AR 1K) FPA JiHE 775 (d)
CMC-Na U5 I 45 B bR I CMC JHE 7 5 (o) WFE R B IR I 45 B R I FPA B 7 5 (f) WFE 3 A BRIEIN £ B BRI CMC BHE J7 .
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Fig.2 Effect of different carbon sources on the yield of reducing sugar from different strains

(a) U HCHBRUF S 45 VAR R AR I 5 IRACR 5 (b) CMC-Na SR BUR 75 S 45 B BR IRAR I 25 IR 5 (o) WEMS A B URT5 525 T ok e e 1

2.4 BHEKREESR

S I 4% B PR A I R A B A 5 R L X
B AR RCR BT SE , B bk H3 \H4 (H6 A Q1
NECREIF I FbR . o H3 (H4 Q1 W 4HT , Xt
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F*2 DOHKEHREELER
Tab.2 Identified result of four strains

B 75 B YFp BRe WS [ 95 B
Firmi ;5 Bacilli; Bacill ; Bacill: ;
H3 168 tDNA  Bacillus subtilis EF210073 irmicutes; Bacilli; Bacillales; Bacillaceae; 98.5%
Bacillus
Proteobacteria; Betaproteobacteria;
H4 16S rDNA Burkholderia cepacia AY741343 Burkholderiales ; Burkholderiaceae; 98.1%
Burkholderiaceae
Stenotropho Proteobacteria ; Gammaproteobacteria ;
01 16S rDNA e’l‘t" ’Z’,’l, monas GU391033 Xanthomonadales ; Xanthomonadaceae ; 99.3%
mactophiia Xanthomonadaceae
Fungi Imperficti; Sph: i 3 Discell ;
H6 s Penicillium oxalicum ~ KC344971.1  omg Imperficti; Sphacropsidales; Discellaceac; 100%
Penicillium oxalicum
3 e SROREAT, B TE 1 EBR, P E B IRZ, IE 4K
N
()

21 Y SR P A A ) 8 P, R P KIR L SR e
RIS IE I I B /N0 28 W 7= g E L B
375 W LS B 5 4 IR MR AR RE D (9 /N TR
IREEFRAEMF AR R B R A R 5 7 B R
ENENaE F R NCIN: B2 AN R NG
A AT AESE A I R R/ 5 LS A — B B
S S A9 B R T R He 3B TR,
{ELIN0 R W A7 Bt 40 R SR B i v T A A B vk
s, FEEAH I EE, A B EEER, R
R BIR

HARPRDMAERNED ETENER
RIEFERIIME , AR MR T HRE S B R
H T AR RS B 8 MRETRR R, AR
WHNEREEE S NER, Hp Q2 REAHBE R
W fRRE S  HE i &R, BA BOR M KR
FHERNBES . ALRITAMBIEIR A BRI
3R, G 2 B £ 4k 2K S0 i TR R 22 RO AT | G
AR TE M T IR 5T P B 4T 4E R A RE D 4
WAFRE S BGR. LK1 E] H3 H4 5 Q1 Fik
AR Rk 5 20 BE 1 29 T H6 BRIBR, X 7T g
AL P RAKMREERESHEREREY
R MK BCH A 5K

S IR BB U 155 5 X T PR 7 B TR LR R
KR , B R @ R IR S 5 — A
PR B 00 HL U AR 7, 45 OR R B, LAk B AN
R BT HE R N BRI , 125 Ak B U8 4R ) %
TR, AUB AR A B PRI YR 2, LA 26 0 A A Bk
TR A LR PRI 3 A IR B £F 4 R 38
BRUR, IRAR R LT e R B W B R X 8 R ERTAR
BT M, 45 R R, R R KN

Wfifo X5 & ERIEA FIBRIEFE S T 7= B xS
KRR HERX W& 0 i BE M — B Tk
2B R A Y4 R WA T T R R E N T
R SR E] HE S B, SR A 3 SRk 2 T R IR
A REFHE I HERE TR T 45 4R X B 5
FRCRA BN T8RS . UG LK P iR
I EWE S B S BSCR T RE S A

B 2 145 0BG 5 5 0 VR 3 K T B
1, b AT LU YRR e B 0 X 47 R T )
FLA — R WIS , o AT G A R o0 £ 4E R W1E B8
LTS E VIR L guE bR AR 2 A4
B B, R — i B A A R, 7E A A
PR R AT BB A K 7 B8, X B AR OR A — R 1R
Tto T ELARRIE o B BRAE X B SR B, 76
BPRBOK , FH S 1A i v R A 0 B, A 7
SN RASTEAE, X4 P A I B A — R
JzE T o
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Isolation and identification of Ulva prolifera cellulase-producing strains and
characterization of their cellulase-producing capability

FEI Lan'?, SHAO Fei"?, JIA Rui'?, HU Le-qin'**, HE Pei-min"’
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Institute of Marine Science,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Green tide outbreak results in massive Ulva prolifera accumulation in coast China. Because Ulva
prolifera has high proportion of cellulose content, it can be used as the raw material for manufacturing bio-
ethanol when cellulose degradation produces oligosaccharides. In this study, by using Congo red staining
method, eight larger lysis zone strains which have the ability of cellulose-decomposing were obtained from
rotted Ulva prolifera and green tide outbreak sea area. Cellulose enzyme activity characteristics and the ability
to decompose Ulva prolifera of each strain were studied and high cellulose enzyme activity strains were
identified. Enzyme activity of FPA and CMC in strains H3, H4, H6 and Q1 was higher than others, and
carboxymethylcellulose as carbon source induced enzyme work best. Enzyme activity of CMC in the strain H3
was the highest (56.98 U/mL). And the best reducing sugar yield were 10.4% and 12.8% from strain H3
and strain H4. All the four strains were obtained by morphological identification and molecular biology
identification. The experiments show that Ulva prolifera can be used as a raw material for preparation of bio-
ethanol, and the screened strains can used for cellulose degradation.

Key words: Ulva prolifera; cellulose degradation; strain; enzyme activity
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