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PETTIN 2 25 R R W A E A B-1,3 MR SNV EE M, L RAT Z 0 IR R, fl ROV AR R pH 6.0 il
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Cloning and Expression of an Exo-$-1,3 glucanase
Gene from Coprinopsis cinerea
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Abstract: To acquire enough B—1,3 glucanase for investigating its role in morphological changes of fungus, an exo—3-
1, 3 glucanase gene (exg) was cloned from ¢DNA of Coprinopsis cinerea okayama 7#130 and inserted into plasmid
pET28A (+)to generate the recombinant expression plasmid pET28A (+)—exg. pET28A (+) —exg was transformed into
Escherichia coli Rosetta strain for heterologous expression. The result showed that the length of exg gene is 2 415 bp,
which encodes 786 amino acids. SDS-PAGE analysis showed that the exo—-1,3 glucanase was effectively expressed in
E. coli Rosetta with an apparent molecular masses of 85 kDa. The specific enzyme activity was 45 U/mg after purifica-
tion. Characterization of the recombinant enzyme showed that it had an exo-hydrolases activity and the optimum pH val-
ue was 6.0, and the optimum reaction temperature was at 60 °C when laminarin as substrate. Besides, the thermostability
and pH stability give it some prospect in the future.
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TSI R 2 50T B AR A Tl AR v, AR R BE A TR A RN A AL 23 Bl 20 A A K s 2R
3 A AL AR AR PRI, ok 200 O BE B0 A% o S5 A 2 23 B-1, 3 A SROBEAT R R AN A T A B—1,3 4
R A Sk R VEE UM EEAME RS, EEERIUN 5 LT 0 — i 52 B DA 40 I RE 1Y KA L R
240 YR TS 285 T 2 IS 73 1) o 26 e 1 A e

AR A 1399 A4 S 0 AR v, AR 2T IR 8 S S U T S A i < 5 S i, Tl i — RS A (i
AR, Ay B A 3 R B-1,3 A RAERE . AE i T Al A R R A, Hali ik B i
% , AR P ol X L2 A I S0 S ) R 5K AT ST LA b i — b B M PR B T -1, 3
R MG g X G2, S A PR S ANl , AL B FRIKBORL pET28A (+) T, IF7E E.coli Rosetta T FR 4
HEA TS, DU e Ak DR i AR IO B A i AT B—1, 3 7 SR

1 BRI

1.1 ERJRAMEFREG

K5 YA (Coprinopsis cinerea okayama 7#130) (ATCC) FH F 5eFEAMI) B—1, 3 % M EEIE A, B Fh AR
Tk 1) AR 5 B 2 PDYA SEAR (K B2 5 R 300 g, JGd s SR K & 0, DA 08, U8 W i A 25 4
20 g, FEREHEE 5 o, BRARHY 15 ¢, LA 5 mol/L NaOH ¥ pH = 7.0, /K #ME E 1000 mL, 115 *CKH 20 min
Je B A D) L T 37 CCORIE FREE b B 3% R i 22 KW R AR B A o R R T
28 °C, 12 h G, 12 h PRS0 B5 75 48 P AR K 524K . FORL pET28A (+) (Novagen) FAE A 34 , KT
DH5a (Novagen ) FEHE H 52 19 75 T, 765 50 mg/L Kana-50 (%) LB “EAZ (1 000 mL & BEEERS 5 o,
FII 10 g, NaCl 10 g, BUIEH 15 g, L 5 mol/L ) NaOH ¥ pH % 7.0, 115 CK 1 20 min J5 {8 5FH £ H) -
PEATIE . KIAFF B Rosetta(Invitrogen ) FHAVE LR Z2 A 145 E 5 , 7675 50 mg/L Kana-50 £l 34 mg/L Chloro-
mycetin [ LB ~F-Hg b #4716 . 55 J5 8 8 a2 1 85 40 B 7E 5 50 mg/L Kana-50 1 34 mg/L. Chloromycetin
(%) LB W A3 57 5 (1000 mL & EERE 5 g, SR 10 g, NaCl 10 g, %85 10 g, LA 5 mol/L ) NaOH 4
pH & 7.0,115 CK B 20 min 545 ) h 1715 S 85
1.2 EFRRE.HUEEARIE

MR AT LARA K BN L) 6 cm B ORI 55, VR U VR 5 IS O AR . DA 5 DL <P TR o 4 41
R HURL RNA 7575 B8 Sangon Biotech 23 7] 4 7= 1Y TotalRNA Extractor( Trizol )35 & 5B 45 ; cDNA B9 &
52 18 Vazyme 23 7] 4 7= B9 Hiscript 11 Reverse Transcriptase 1857 & UL A 45

U] B-1, 3 F B Bl FE [ (GenBank % 5% 5 XM_001835119) ) 52 [% % JH 1E 17 51 4 5° —~CTTTA-
AGAAGGAGATATACCATGAAATCGTTCTCCGCAGACATT-3" RIS 754 5’ -AGTGGTGGTGGTGGTGGT-
GCTCGAGCTAGTTATTGCTCCAGCAGGTCACAGTA-3", LUK 35 Y A 1 55 A ¢cDNA A, 94 B-1,
3 I BHREF cDNA H B .

Z M Vazyme A 742 72 B9 ClonExpress® Entry One Step Cloning Kit Uit B 56 48U -1, 3 #ij 5B W i
cDNA F Bt 5 pET28A (+) #AKZ: Neol Fl Xhol RUEG U 7 0 AH 3% $2 , 44 1 b 5 20 32 35 kL pET28A (+) -
exg , TR FURL pET28A (+) —exg i Y KA AT 3 DHS o, 7% 50 mg/L Kana-50 ) LB SR 0 & , BT 3540 1 BH
P 70 R 2 4R IUTUREIN R 36 IE . pET28A (+) —exg/DH5 00 7 K T Mk 28 K 355 55 )5 P 4R B SR 3k FORE pET28A
(+)—exg,ﬁﬁiﬁﬁ/fﬂ%ﬁi?%ﬁ%*?% Rosetta &, I 50 mg/L. Kana-50 F1 34 mg/L Chloromycetin 40
LB V- i e BHPE v e % {b + pET28A (+)—exg/Rosetta.

AR Y5 Rk LR 7175 5 R S0 pET28A (+) —exg/Rosetta $546 F1E 5T 4
KEEFREER T 37 °C,220 rpm 55/ F R 32 2 ODsw=0.8, [ 55 F7 F rp i ALK EE N 0.1 mM (1) 5P 3 -B-
D A L FRg 2 FLBE H (IPTG). Z 54328 3 Al B 2547 (20 °C, 30 °C, 37 °C) , 220 rpm 73 511553 %35 0 b
6h.12h.24 h 48 h.

o 2H B 2R IR A 520 )T 20 °C .30 °C .37 °C N 75 2k AN Rl I a) (R B AR 28 2 000 g/min 5.0
5 min B, LABK 40 .22 4P (10 mmol pH 7.0 Y Tri-HCD W5 YEEA 3 Y5 FH& 1 mM PMSF 6% 40 i 2% b
W BT AT A ML, 0 CAR 1 P AR A Y, 8 P AR S5 F 2 15 Hz, T 10 s [A]Ff 10 s, B 20 min 2B
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B, 8 000 g/min B5.L> 10 min Ji B AR A AR B, AS I H B A B e 4
1.3 RikEEMILK

22 TN T ) 2 4L 1o B2 22 BB TransGen Biotech 2 5 42 7= (1Y Proteinlso™ Ni-NTA Resin 7= & Ut B 5, %
100 mL FRAE 20 °C,220 rpm 2544 F A IPTG 55 48 h, WCAE A, FHAE 40 2% ik B8 & 20 mL, #%2 B3R
D5 AN F U AE B3 L EIE IR Ni 4 s RUZ M AT Rk B A A B Al
14 RIEBMERRIK

Z: 8 UK Laemmli {9 77 6T 240 J5 19 33K M 26 B2 e o3 5 K/NEAT SDS-PAGE 4341 , ¥ 2 8 = 1Y
2SR 1 R 2 R N & JE SR FUZ AT AL 5 AR IR IR A T R v S bR
mn— AT SDS-PAGE &R HL Uk (RN MR LR BE R 129%)1.
1.5 FEARBEHUE

afi Ak I %) il AR P vk B E 2 BR Bradford SR F 25 H s A, DL AR I AR 1 (BSA) AR s
AR .
1.6 RiXEEHIKEEES

% 3 il 526 ik 22 W R TS DO 1) SR FH DINS SR 2 200 Wl 5 TR 7 3k 12 1, 19 2 Aol i HE A
Z M AT A, 50 mmol BEFR R 2% v (pH 6.0) , T 37 °C,800 rpm 5/ T E 30 min J& , JIA 200 pL
DNS &, 100 °C H#A 10 min J&5 , B KIS AT 2 min 281150, 1122 85008 8 B0 B E 38 I H: 520 nm 4k
RO RE , AR AR AR i . 1 BTG ) 5 8 SONTE ROV A5 E T B4 BB 1.0 pumol 38 J5UME (L7 25
Wi AR E) T T BRI B . R T PR pH X IS R A2 IR, 43 B0 50 mmol/L B R £ 2% vh (pH 3~
pH 6) 5% 50 mM Tris-HCI(pH 7~ pH 9) 2z %5 ¥ A2 AR [ 7 8 pH 5 SR B e 76 R TR pH T A 30 min,
FEIMA S RN, E 50 mmol/L BEFRE: 2% thil (pH 6.0) 2144 F MEATREE SN , LI RE B pH B2 EE . N
T R A G MR BRI L 7E 50 mmol/L iR 2% i (pH 6.0) Z51E T, 7E 20 °C~80 CAN W] BT A< 14
AT N 5 SR VR SEAE 20 CC~80 CAN[RI R BE T I E 30 min J5 BRI SN, SR G #E 37 °C
ST AT RGN, LA A il AR P L SR T 00 U A A T T T 1) ) R i B N B 2 S T
37 °C,50 mM PR Eh 22 mik (pH 6.0) 5548, 23 5 (8 FH 2% ~109% 1) B AT B 204 7 it S 1o .

A it 3 e B A1 M R TS0 70 2 W ) et R P i 2 M S A Bl — o SR AR W R DU 2 10 L ROV, A
T8 2 1 , 19 A A, 50 mM BSBREL 2% vh ik (pH 6.0) , T 37 °C, 800 rpm 2514 F I E 60 min Ji7 , {13 %
B2 AT £ (Robio, China) il & H: 505 nm AL P W SR, DU AIHEERRAE . 1 AN BGE 1 507 2 SCRAE O
FAF T R AT =08 B DAL B A M R 2 BRI 1.0 pumol ) 260 W T T 2 1Y) il o

FEIR R AF pNPG B H b X6T A 28 P W A0 A5 0 R T30 1 XoF i 5 2R 0 P e SR FH B R AR ¢ LB 3 T
200 wL [N, & A 3 5 1, 2 mM pNPG B H AL A B8 1 5 77726 97, 50 mM NaAc-HAc(pH 6.0), T
37 °C, 800 rpm 24 FIEHE 20 min J&, HIIA 200 WL Fiv& A9 0.5 M BREREN , FTRE I AG il JEA 7 1 A0 200 €6 7
410 nm b0 E WOGEE , LIRS R WA EARIE . 1 SIS 1 500708 ONFE ROV A5 14 T FE AR pNPG 5800 filg 5
TP BEF AT AR YA PRI 1 umol R LS B Fir 75 B2 A T

2 &%

2.1 RESMIB-1,3EREHRERNEESREEARIE

PUWK 58 A A 1 5L cDNA AR, AT B—1, 3 Hi SR BEHE N BEAT PCR 973, = W) 2 B I WE eI
VKA , 5 28 S 2 RN S BUWARST (18] 1 A). P45 R 3RB  iZ R BoF 9115 GenBank Kdli 7 i 51 7 47
SEA— B AR IRAPRLS 75 1 Ik 20 SR A i 4 R IB JFORE pET28A (+) —exg , F5 4L RMAT T 40 i P Ay i F 4]
W FE pET28A (+)—exg/Rosetta.

HE FE PR pET28A (+)—exg/Rosetta FEAN AL T 28 IPTG 5 T 3R I8N [R5 0] S, AH B 0% s AR
W 22 5 (18] 1C). 78 20 CAAF P IASRIAR, HOM MR NG L 30 “CR1 37 “CH 2 25 5y, HfE DN A 72
i v B RE T HEAT 75 5 e K N R A Tl A U A0 T AN VA R A TR A, DA TR 17 5 01 AL A v Pl s 1
Bl 5 1 BRI, R ) SR BB A D 7 (. 7 20 “CHI 30 CHYZEIE T, B 175 2 1k I (] f) 2iE
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1, B TE ARG TR . T DA B A 8 15 R IR W 454 R 20 °C, 220 rpm, 3557 48 h.

HE 20 CIF5-F: 32 8 1) H1 4 T 20 RO R s A8 AN ML R RO L, 7 SDS-PAGE I m BH b & B v
TN —4% 85 kDa ZE47 I ER A 45T . W T2 3K B AN MG RV B T4 Ni &g SR 2 M ke alifb )5 | sk
g AL IR B RS A B — I H A0, i T K/ R 85 kDa 247 (1 B). 540) B-1, 3 #i R Wi
FEHMHENIE S F AT . 4ifb )5 ERR 2% DI iR e, 58 1 & 220 0.07 mg/ml.

B M123 100k C
kDa IS
116.0— > 80
66.2— Z 60
<
45.0 — S 40
35.0— g
< 20
& _/”/4
25.0— od—e + .
Il Il

8 2‘4 36 3‘6 4‘2 4‘8
Time/h
ALHNTI B-1, 3 H SR RE R ) PCR 7 1Y HELIK 12T, M: DL5000 ARifidin 1:AM0 B~1,3 AR BERGESE ) PCR 9735774 . B, A RIB ST
B—1,3 AR BHAGE (11 SDS-PAGE HLVKJMHT . Mo B 1153 T Ebrofe i 5 1« 28 AR 19 A A0 BBV 5 2 - T PRI T A AU BRI 5 3 28 Ni 4B Sl
AL AR R AT R C, AR TE A [RNRBE T 175 S 15 % 5 A0 M A R G 5 el 725 £ . I:20 °C; @:30 °C; A 237 C
A, Electrophoresis result of exg PCR,M: DL5000 Marker; 1 : PCR product of exg. B, SDS-PAGE of exo—B~-1,3 glucanase. Note: 1 : protein mark-

1
18.4—] 0 6 12 1

er;2:total bacteria(Blank) ;3: total bacteria(Induced) ;4 : The recombinant protein purified by Ni-NTA affinity chromatography column. C, changes
of the enzyme activity in the breaking cell extraction with cultivation time at different temperatures. ll:20 C; @ :30 °C; A :37 C
E1 SMIB-1,3BREBRNELARIE

Fig.1 The expression of recombinant exo—f3-1,3 glucanase

F1 REZBHEUHESE
Table 1 Substrate specificity of enzyme

Substrates Glycoside Linkage/s Special Activity/(U-mg™)
Chitin B-1,4 —
Pustulan B-1,6 —
CM-cellulose B-1,4 —
Starch Soluble a-1,4 —
Pachyman B-1,3 —
Barley B-glucan B-1,3/1,4 —
Laminarin B-1,3/1,6 45
periodate—oxidized laminarin B-1,3/1,6 —
Gentiobiose B-1,6 —
Cellobiose B-1,4 —
Laminaribiose p-1,3 —
Laminaritriose B-1,3 747
Laminaritetraose pB-1,3 1504
Laminaripentaose p-1,3 1793
Laminarihexaose p-1,3 1635

pNPG _
p—Nitrophenyl-N-acetyl-b—D—glucosaminide —
o—Nitrophenyl-b-D-galactopyranoside —
p—Nitrophenyl-b-D-glucuronide —
— A E]
22 EAREHRRIMNIB-1,3FBIEES L
ZEEAE NCBI BB B-1, 3 I RME I, A S2 95 LIS R P04 DU AR T O =X, 45 21 R i g
YERTRATZHE (S B-1,6-7r L MEER B-1,3 FRWE) HXT B-1, 6-F R MH . B—1, 4 RME L) A3 3L
() B—1,3 H MR VE I 1Z BT B—1,3 S B AT 8  pNPG | DL K HoAt X fil§ FE A A7 4 M 2 A AR
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AL SR HORGEER T Wb &%, AR i HOZBEnT/ER T8 8-1.3 B s R =Ll LR
AN A AREEH Tl AR - b -B A (R 1), Bab g BRI LA )y XK i B AR b, T L%
filg R R AN ) B-1, 3 ) BB .

T A R BE R AT K A BN, & FAZEAE 50 C~70 CHFHB A %5 5 i s M | Tl A i S o7 Tk JFEE
7 60 C. (HARYE I AAVE ST 7R 7E 60 °C R LA 1l BE I I M A AR E (8 2 A) , 25 7E 50 °C AR T I i B2
I R B AR e 1

TEAIR] pH Z50F T SR A7 7K i SO, 45 2R b 7 R IR 1) Feai S0 pH oA 6.0, i 2 55025 Ot B #1102 5 B g
TEPER) N % B RIAEEAE pH 5.0~pH 8.0 Ju Bl N ABA F 47 A AR e M, I 30 min AN 23500 il 75 1A W i 1)
AR AHAE pH 9.0 B, S PR T RE (K 2 B).

JUE A0 %o T P %) 5 W) R il S 2 50 ) 27 B5CHIR 2R Y, IR W AE 37 CIRB S5 T Y K., R 2.23 mg/mL, V...,
23256 U/mL(E 2 C).

0.010
10r A 100 c
S IS L
5 80 S 80 0-008
£ £
E 60 g 60 2 0006
< < S
2 40 2 40 S 0.004 -
= =
g 20 © 20 0.002
0 0
| | | | | J | | | | | J 0 | | | | J
20 30 40 50 60 70 80 3 4 5 6 7 8 9 -06 -04 -02 0 02 04 0.6
Temperature/ C pH 1/[S]/(mg-mL™)

AR SN R BE RO TE (D) F3E e M (@), B, BN B pH A () A1 pH F2 2 (@), C, FEEFAY Lineweaver-Burk [l £k
A, Optimum temperature () and stability( @ )of enzyme. B, Optimum pH (M )and pH stability( @ )of enzyme.
C, Lineweaver-Burk plot for enzyme determined by varying the concentration of the substrate laminaran (mg/ml.)
2 EHEIMIB-1,IFHREENEFFYE

Fig.2 The enzyme characteristic of the recombinant exo—3-1,3 glucanase

3 e
RS2 B TR K 35 5 A T SR B 26 P4 B A A 375 3 1,3 A B g , HC B — o

AR (B A GE AN . (F R T2 B ol A P P B, B R IR AT I S A AT SR, Bt L 9%
T3 AR EE G MELATH 2 i SET 500 i 00 R 7R A i B 4 S AR A X 4t B—1, 3 i SR W . (LT
UL, YT B-1,3 H R BT B—1, 3 A HOM A R A7 AR 20K 5 B R VR, ik A R A ) R AT
B PSR IR E A R, FUA AT B-1, 3 OB A AT UL M e R AT B b S IR A SRk O Hodl a2k
SRAFRIBER AT A, U AR BRI T (ARBFTE o8 20 “CHTE T FRIBMAMI) B-1,3 H#I R A AT LI
AR ITEE

SMI) B-1, 3 Al SR L DR A R AT T v ) e 0 R SRk A R 21 SRR AR 25 1) L B, T e i i
BB TR A I, R A S Ni 4 2 2 Mk A A I 1] N AR IO s 4 Y ST B—1, 3 ) SR il
VIR T8 s . WHFE R B s , TR B — 52 B S RE 0 Ay 1) pH RS M, () I S
HARIRSM) B-1, 3 H R MHRAE SR L His Rl S AR2E , (EHC R AEAL I PR AR B O, Aok it — 20T
Pzl Tolb A A 7= K i 3858 1 Sk

(5% 30k ]

[1] MARTIN K,MCDOUGALL B M,MCILROY S, et al. Biochemistry and molecular biology of exocellular fungal B—(1,3)- and
B-(1,6)—glucanases[ ] ]. FEMS microbiology reviews,2007,31(2):168-192.

[2] REESE E. Degradation of polymeric carbohydrates by microbial enzymes[ G ]//The structure, biosynthesis , and degradation of
wood. New York : Plenum Press, 1977,11:311-367.

[3] YAMAMOTO R,NEVINS D J. Degradation of a glucan containing —(1—3)and B-(1—6)linkages by exo—(1—3)-p-d-

- 100 -



£ A PO RASM) B-1,3 R E L N Y R S R A

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

g]ucanase[]]. Carbohydrate research, 1983, 122(2):217-226.

PITSON S, SEVIOUR R, MCDOUGALL B. Noncellulolytic fungal 3-glucanases: their physiology and regulation[J ]. Enzyme
and microbial technology, 1993, 15(3) :178-192.

REESE E T,MANDELS M. B-d-1,3 glucanases in fungi[]]. Canadian journal of microbiology,1959,5(2):173-185.
LATGE J P. The cell wall:a carbohydrate armour for the fungal cell[J]. Molecular microbiology ,2007,66(2) :279-290.
ADAMS D J. Fungal cell wall chitinases and glucanases[.]]. Microbiology, 2004, 150(7):2 029-2 035.

BOWMAN S M, FREE S J. The structure and synthesis of the fungal cell wall [T]. Bioessays,2006,28(8) : 799-808.

CHET I, ORDENTLICH A, SHAPIRA R, et al. Mechanisms of biocontrol of soil-borne plant pathogens by rhizobacteria[ J].
Plant and soil,, 1990, 129(1) : 85-92.

PEBERDY J. Fungal cell walls—a review[ G ]//Biochemistry of cell walls and membranes in fungi. Berlin: Springer, 1990:5-30.
SAKURAI N. Cell wall functions in growth and development—a physical and chemical point of view[J]. The botanical maga-
zine=Shokubutsu—gaku—-zasshi, 1991, 104(3):235-251.

FONTAINE T, HARTLAND R P, DIAQUIN M, et al. Differential patterns of activity displayed by two exo-beta—1, 3-gluca-
nases associated with the Aspergillus fumigatus cell wall[ J]. Journal of bacteriology,1997,179(10) :3 154-3 163.

MOUYNA I, SARFATI J, RECCO P, et al. Molecular characterization of a cell wall-associated § (1-3) endoglucanase of
Aspergillus fumigatus[J]. Medical mycology,2002,40(5) :455-464.

DELGADO N,XUE J,YU J J,et al. A recombinant B—1, 3-glucanosyltransferase homolog of Coccidioides posadasii protects
mice against coccidioidomycosis[]]. Infection and immunity,2003,71(6):3 010-3 019.

COLE G T,HUNG C Y. The parasitic cell wall of Coccidioides immitis[ ] ]. Medical mycology,2001,39(1):31-40.

ZHOU Y,ZHANG W, LIU Z, et al. Purification , characterization and synergism in autolysis of a group of B—1, 3—glucan
hydrolases from the pilei of Coprinopsis cinerea fruiting bodies[ J ]. Microbiology,2015,161(10):1 978-1 989.

AMANN E, BROSIUS J, PTASHNE M. Vectors bearing a hybrid trp-lac promoter useful for regulated expression of cloned
genes in Escherichia colilJ]. Gene, 1983,25(2) :167-178.

LAEMMLI U K. Cleavage of structural proteins during the assembly of the head of bacteriophage T4[]]. Nature, 1970, 227
(5259) :680-685.

BRADFORD M M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle
of protein-dye binding[J ]. Analytical biochemistry, 1976,72(1) :248-254.

MILLER G L. Use of dinitrosalicylic acid reagent for determination of reducing sugar[J]. Analytical chemistry, 1959,31(3):
426-428.

0’ CONNELL E, PIGGOTT C, TUOHY M. Purification of exo—1,3—beta-glucanase, a new extracellular glucanolytic enzyme
from Talaromyces emersoniil J]. Applied microbiology and biotechnology,2011,89(3) : 685-696.

KUMAGAI Y, SATOH T, INOUE A, et al. A laminaribiose-hydrolyzing enzyme, AkLab, from the common sea hare Aplysia
kurodai and its transglycosylation activity [ J ]. Comparative biochemistry and physiology part B : biochemistry and molecular
biology,2014,167:1-7.

SAHA B C,BOTHAST R J. Production, purification, and characterization of a highly glucose-tolerant novel beta-glucosidase
from Candida peltata[J]. Applied and environmental microbiology, 1996,62(9):3 165-3 170.

[RERE:#E &)

- 101 -



