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i E: aFBERKEEWEERTYS %?%’“E’J*#*Fﬁ&ﬁ%ﬁ%i%ﬁmmﬁ&% BHk SWD-28, 2 &%
BATS £ 31 %% # Penicillium cordubense. %1% & ¥k /= 8 FLBa i 3t 4T BRLBR 4% #h A7 F= Sephadex G100
AR BN, HE A ILF) 26.4 Umg, 125 20.6 4%, =& 13.1%. 4%%‘]*/\%57]@3&%4&5}?&%9"#’5!*1*]]
B, T &4 33.1kD. 2B &3t LMt iT4m, LIE o-225% & 49.9%, B-ir & & 0.0%, 4 A
& 24.3%, FALE W & 25.8%, ZHA o Fae, AHEEBFHRAATMTHL, £REARNLRE pH
5.0, RIERFLIREH 35°C, f£ 5 °C B A7 464k 60%.
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Abstract: A strain SWD-28 producing cold-active endoglucanase was isolated from samples of
Changhai county in Yellow Sea. It was identified as Penicillium cordubense based on the morphological
and ITS sequence. An endoglucanase was isolated and purified from it. The specific activity of en-
doglucanase was 26.4 U/mg increased 20.6 fold and coefficient of recovery was 13.1%, the molecular
mass was 33.1 kD. Analysis by circular dichroism (CD) spectrum of purified endoglucanase protein re-
vealed that it displayed typical a-helix structure and a-helix 49.9%, B-sheet 0.0%, turn 24.3% and ran-
dom coil 25.8%. Enzymatic properties showed that the optimum pH value is 5.0 and the optimum reac-

tion temperature is 35 °C, at 5 °C the relative enzyme activity still reach to 60%.
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1.1 &,

BRI EREES S A
(E122, N39),
1.2 EFEEEREHE
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MR TR (g/L): HEREE 200, HAME 20, [
R FR TR FR WA R TR P A 2%55005 .

R FR AL (g/L): FEFTRI(40 BT 20, #kK(40
H i) 15, (NH4),SO4 2.4, KH,PO, 2, NaCl 10,
MgS04-7H,0 0.4, CaCl,2H,0 0.3, nti#-80 0.8,
500 mL 9 = fffi, %W 100 mL, 20 °C., 150 r/min
B,
1.3 ®EHKIFIR A E

B 1 g FEEL 1 mL ZK#E) JITA 20 mL 74 /7N
PESER I TR, (EUTRAR R, BGEIFI 1 mL
FFHE] 100 mL AR FHEFE R, 20 °C. 150 r/min
Hig® 3 do B 1 mL 555000 FERR RS IS TR AT - AR O 25
FFRIE, 20 °C 557 3 do DANIR 219 68 )5 1R V% Sl il
IR 375 WY Bl /N RV A e 9 335 75 s ) 8 SR PN D7) il 17
FI AR I
14 EMHEE
1.4.1 FEEFWME: fEREIEAK AL RE T
B, HEIARARMRMN 2 QA )5, A6 B
WEETRARIE S HFAE
142 FEHDTFEMFLEE: R UNIQ-10 X E
DAL D A il P70 &, $RERA MR DNA. IEm 514
ITS1 (5'-TCCGTAGGTGAACCTGCGG-3")HIfZ [i1) 5|
¥) 1TS2 (5'-TCCTCCGCTTATTGATATGC-3") k17
PCR #" 3%, 50 pL PCR i {& % : Template (FEH4)
50 ng, L¥# Primer 100 pmol/L, F i Primer
100 pmol/L, dNTPs 100 pmol/L, 10x7aq reaction
buffer 5.0 puL, Tag (5 U/pL) 0.25 pL, ¥ HFF K-
98 °C 5 min; 95 °C 35 s, 55 °C 355, 72 °C 40 s, 35 |~
fIEFR; 72 °C 8 min, PCR j= ¥k il EY) TREFE AN
FARAFT . WAFFHE, #2238 GenBank %4
JEi#47 BLAST X, i ik MEGA 4.1 887
S RFEHEALIE RS, K Neighbor-Joining 2544 3 &
SR Ti e
1.5 BEENZEFE

TSRO P DD S R0 E 2 BEOCR9], 1 AT
T ) HAL(U)E LR B 8K g CMC-Na 77 4
1 wmol i SR (R 4 43 BT = 1) Tl 4t
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i W o

TR S AT FLRER 2212 M AR 2 30%1f1
I, 4 °C 1 12 h, 8 000 r/min &.0> 20 min, B |
T R GG AN R 5% 2 80% LRI, 4 °C 47T 12 h,
WAEVLTE, T pH 4.8 MIFFEIRE K, B2
BETE, HECE,

Sephadex G100 ££)Z#7: B 5 mL & AT )5 BRI
AT 5 F )RR 28 i P ik 1Y) Sephadex G100 #E R
(2.2 ecmx60 cm), HJES 34 cm H,O, Ve
297 0.5 mL/min, &8 3 mL. 20500 & H 5
T MG
1.8 AELFEE FIR SDS-PAGE Hjk

O3B R FE 12%, VRAF MR BE 5%, V47 i Fs Al
Y ESELRA3 R 100 V AT 130 V., % DR R250
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1.9 EZ&iEENEZREW

K JASCO-810 AU[R — (473 SO H4E 25 °C
PR T W05 JF 0 s &t o ¥ 0.5 mL & A S T
R 0.1 em (9 RITE A7 55 b 5w, B A% UE R R
1 nm, 7EJ%K 190 nm—250 nm 8 BBl U H, S
50 nm/min, MR EFE] 2's, T0& 3 ¥R,
1.10 B MER
1.10.1 GREXEEHBIEIE: 550 E s )5 i
BV AE 5 °C—55 °C 4044 T W B J1; W4 2hifb s
W5 HIHE 0 °C—60 °C 254 F AR 1 h, FR7E 35 °C
E T AR IS T
1.10.2 pH EXEEE NRIFI: 45100 ahifbf5 1
FifE % 7E pH 3.0—7.0 BB B A — 40 -Fr R BR 2% il 14 &R
TR T
1.103 €SB BE FAEENMEIE: £ IK R
P& AN 0.01 mol/L Na®, K, Ca*., Mg*". Fe*',
Cu’™". Mn™", Ba"" & @B T, RIGMEmME. LBt
W EAE 3 RBCFHE T

2 R 5

2.1 EHMBINBELEE

2.1.1 BEERBITEIE: A I BT R e KoK A
o AR 20 W BB R TR AR 14 B SRR R
O, ARATF — PRA IR 35 2R 0E N DI AT bk SWD-28, &
JHE 3 YR B e BTG - 240 2.43 U/mL.

2.1.2 HFFRRIFASFAFAE: SWD-28 HHR7EH; 773
LRIERI A, JFARGE, RGNS A, W
TR SRR, AR, ROE SR A, SRR
WAL, WIE 1. S 0 s AR TR 22 43 B, Tt
BN RAIIE, TS Az /R, /IR T A2 43 A= A
FH, WA 2,

Bl 1 ¥k SWD-28 BEES
Fig.1 The colony morphology of strain SWD-28

B2 FEik SWD-28 R SHFE(x1 000)
Fig.2 The micromorphology of strain SWD-28 (x1 000)
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2.1.3 BE#RAY ITS-rDNA £7E: ¥ IEE SWD-28 ITS [ 4 Sephadex G100 #EIAHE)Z M, 45 W& 4 f
FEB I S5 45 L W1, HC ITS JEH1(18S tDNA-  7n 25 P2 S 90 3 /S0, T 7 SO P U0 il 28 43 =
5.8S rDNA-28S rDNA)4 K 527 bp, ¥ ¥ 5l A BHEPRES 2 NMEABEN, B Sephadex G100
GenBank, 5% HM 777042, AL g, o BERHCLBET —#a &0 7' AR 0 750
W Penicillium cordubense (AF 527055.1)5 SWD-28 =
()G IRF] 99.43%, SWD-28 FIAH ¢ B bk 1 3% 4 HHLBG 22 (NH,),SO4 24T . Sephadex G100 JZHr
KR 3. 5 A HERITEASRRIE, MRS M 5, MRV LIS 8 T 20.6 £, BIKCR
W], 20K, 2B, MEGE, FHBEN R 13.1%, £E0Eabg g 1 iR,
Penicillium cordubense. 2.3 SDS-PAGE Hjik
22 BRI B Ve 4lidk 5 i) R M N U6 1T SDS-PAGE ANif
RIE6 dIGMARREREIRE, 4 °C BLOEHC N Sera ik, (R B R ER AT 10 VE Bl i SBURE R 17 F
o IMABRRREERHT, B 30%—-80% A A ko S5RILIE S, MR AT RN LR,
UUVE, JH pH 4.8 WFFBERR G2 vl s i o B S mL it I A R N DAY > 75 h 33.1 kD,

751 Penicillium cordubense (AF527055.1)

71 SWD-28
88 Penicillium viridicatum (AY373939.1)

Leilelels) (¥ ! 1)

100 Penicillium solitum (AY373932.1)

Penicillium farinosum (AF527057.1)

| Penicillium commune (GU183158.1)
19
| Penicillium crustosum (AY373907.1)

Doiainillizimn 1an fmromnon (AESITNSQ 1
i U3S.1

ERICluiuim monianense \nr's4i

— Penicillium ciegleri (AF178513.1)
99 Penicillium paraherquei (AF178511.1)

0.005

3 EHESWD-28 EFERFAE LK
Fig. 3 Phylogenetic trees for ITS sequence of SWD-28
TE: RH M BT FR Bootstrap H; 55 W AVEITIETE GenBank I IF I8 5 I 82 MRS
Note: Numbers at nodes present bootstrap percentages (based on 1000 samplings). The numbers in parentheses are accession numbers of
sequences in GenBank. Bar: 0.005 sequence divergence.

R 1 FHESWD-28 EBENYIEEA L&

Table 1 The results of isolation and purification of the endoglucanase from Penicillium SWD-28

P MEH RIS eI g AR A&

Procedure Protein (mg) Activity (U) Specific activity (U/mg) Folds Recovery (%)
L 380.4 486.1 1.28 1 100
Crude extract

N
el 111.9 364.6 3.26 2.5 75
(NH4)2SO4
Sephadex G100 2.42 63.9 26.41 20.6 13.1

i . © HERFRHMEMHARAEATIFKLSHER http://journals. im. ac. cn
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& 4 Sephadex G100 5ERIE
Fig. 4 Gel filtration chromatogram of Sephadex G100

Bl 5 SWD-28 ik SDS-PAGE ik

Fig. 5 SDS-PAGE of SWD-28 enzyme solution

1 MBI 20 FRATUUTERTI; 3: Marker; 4: ZIAL AR

Note: 1: Crude enzyme; 2: Salt-out enzyme; 3: Marker; 4: Purified
enzyme.
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W 72 43 25 4 Ak 5 9 0 SRO8E 9 U G TR — (53,
K 6 B HAE 222 nm P B 0ig, A Jascow32
Ak M B Yang-chen 73 U348 g 85 4 il 43
o-12iE 49.9%, B-ITE 0.0%, A 24.3%, REHLE R
25.8%. T N4 o B,
25 REBEERBEAVBEBEMEROVITHR
251 BEMESETHMEM: hK 7 aTLEH, B
(B E A IR A 35 °C, 50 °C LIS B s
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The CD spectrum of endoglucanase
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Thermal stability of cold-active endoglucanase
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2.5.2 pHXESTEARIEM: & 9 ] AHZACIR A R
W N VI il fc 3 S . pH M 5.0; #E pH 4.0 & pH 7.0
Z B 50%Lh I A mEG, 100 L AR — i B it
R .

110
100
90
80 r
70
60
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40 /(

w1/

20 !

30 35 40 45 50 55 60 6.5 170
pH

Relative activity (%)

9 pH XEGERIF G
Fig. 9 The effect of pH on relative activity

253 EBRBEFXEEAMEM: S pH. &ib
SR BE RS, A 5IA 0.01 mol/L Na™, K\
Ca*", Mg*. Fe’'. Cu*'. Mn*", Ba®&BE T, R
Je 2 G o 45 AN EE 2 BIR, Mg® X S 71 e ik
YEM, Cu® . Ba®. Fe™ Xt Ml A 5 KM il /6, Na™,
Ca™ it g% A K RFE I

x2 ERBTXEENNFM

Table 2 Effect of metallic ions on enzyme activity of

SWD-28
LRET AR il 375

Metallic ions Relative enzyme activity (%)

X} & Control 100.0

Na' 95.5

K" 51.8

Ca* 86.2

Mg** 120.9

Fe?* 13.2

Cu* 3.1

Mn?* 58.9

Ba* 9.7

3 ik

ST MR 2, LR AR P P
WK TR AT A X TR M 1 69 Bk BB
e, THRIET FAT IR . i P B 3R 5005 1
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Pl g g/ [ T i Pl LA v il 0 ) A e Ak
RO, AT KRR 4 0 Ak B R Y B[] 48 ) SR
IR G, TRk B LR 22 B ST — AN

ARSI 56 7 B VA BB VAU v O —
IR RN I B R SWD-28. DLHAE R 5%
X RAAT RS, VhEK BT, 20 °C IS
1355 2.43 U/mL ., SE56 & B0 B k7 FH B 7K e ] 1)
W R A R A R AR T IR, (HE AL
VN I ) O 1 3 3 5 R R A I R . R
A T A A R e A i 1 12 S R R A A Y R il R
KPR, W DR R SR80 b i — 2B oY . R
A Je op FH I A 1, A SR B 5 e A 1 oA 5 3
FRH

W S W EL N ITS-rDNA %58, B & H tk
SWD-28 N Penicillium cordubense. 75 &5 2R T A
BE O IR AT AR B0 R [ R AP XTI IR AT
A 2 ity A R Y = A P AE TR 0 o8 K A SR ST
() SR o B e 3k, T 2 AU I R SROM PN D) il A 2
P IF 5 A LA 110 15 8 SR B PR 10 il A 4 P e
1A YR — AR 50 °C—60 °C Z[a], Xf 40 HE FF = 1
AV R 7 SR PN B T, SWD-28 777 {1 Y i SR P W A
FHEGEIRE N 35 °C, 165 )CIRIRAMF T, LA
RN DRSPS RE RIS 60%, BT RISGEIE T
BB A AR N D 5 0 38 R ICER A0 TR BT R (2
25%)M 4 T EAZBFRITE 40 °C LR $EE E PR i
(90% LA ), X b & 2% 8 A TR 41 4 g -
A TR R B TR A BT, LA SRR N VI AE 40 °C
SRR 1 h B R 40%1, SWD-28 B
X ATk 8 35 7 1, b Sy YA AR B A VR B A 1Y
Febk, UL HAERIR Tk 3R 5E T B R I &
w1,

1 6 2 B R £4 AN Sephadex G100 A% )Z M 4fifk
Je B B e, 1A 3 o-BRE 49.9%, BT
& 0.0%, M 24.3%, FEHLE M 25.8%. F I k4
o RV A, 50k R 0 R TR R D) —
U oA B4 BN 0%, AL iR SR
B . ST AR IR T SR — Lk, A, IR
ARG U B Ay A R 22 ROV FE A 100 mmol/L B, 5 2
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THE R, B 5 mmol/L i, FCRE
KAk, v LA AR i bk 2, e T X
A R sE M, S0 RS R A ]
RGN Hh 2 A R R B X G 2R 1R B R IR
e By RS- T
REBGREAE ) N FAEY TR RER,
R EATTAEAR IR PR3 v i v e A 3% g RE b s IR B
MR R AR R miE S, are
i TR Tk, PREFE TR BS54 F A 55
PR AT PSRN R e M mT AT 32 1 H T 45 21
Tl DRSS S LT SR o Bk, AT DA AR
BEAR e, R R R e o 5 T B A AT Uk ) 2R W N
IR, Sy H Tl 0 FH B8 S
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