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Expression of catalase gene (VvCATI) from Volvariella volvacea in
Escherichia coli and its temperature tolerance

YANG Huanling CHANG Tingting ZHAO Yan' YOU Huafang ZHA Lei
LI Zhengpeng TONG Zongjun CHEN Mingjie’

Institute of Edible Fungi, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China

Abstract: [Background] Catalase (CAT) is involved in the growth and development of fungi and protects
them from oxidative damage in the event of stress. [Objective] The VvCATI gene from Volvariella
volvacea was expressed in Escherichia coli Stbl3 and its temperature tolerance was characterized.
[Methods] V'vCAT1 was cloned to construct a recombinant plasmid pPBAR GPE1/VvCAT1 which was then
transformed into Stbl3 to yield a recombinant strain expressing catalase. Catalase activity and growth of
the recombinant strain (pBAR GPE1/VvCAT1/Stbl3) and the control strain (pBAR GPE1/Stbl3) were
measured to verify the temperature tolerance. [Results] The recombinant strain exhibited stronger heat and
cold tolerance than the control with increased catalase activity and better growth. [Conclusion] The
transgenosis and expression of V'vCAT! significantly improved the heat and cold tolerance of E. coli Stbl3.
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¥ Volvariella volvacea (Bull.) Singer]& T 5
BT, 32-35 °C Afad KR, 7E 04 °C
VTR E T BRI A B Bl AT
MR, 77 A T RAMIRIR R . -SSR IR S
5 —Z A I, TR R T B A b A R

i A AL A (Catalase, CAT)J&—Fh | {2 f7A1ET
IR N RIBTRAILEE, FESAEAMR . LR
TEAAFLS EALIAR, e T LR,
TEA W IRTE Z I 3a s, AR b0 2 (R BT
&3 Wi 155, M PN 935 M 4L (Reactive Oxygen
Species, ROS){& oG, AEYIARNM ROS W
B R Gl PRI ROS 1. HyO;
VE R FETETEEIT, W BT i e D 2 3 A Ak
Wi, SLEAMERFHAET . CAT B5M# H0, i+
BRAR, TEAMIPIE R R E /R,

ASHIE S 5 B I 57 U6 A T R A ) E b AU
VvCAT1 BEPR, G o 20 T 0T B TR 7 R P E B2 v
T 38 TR AR S M A R B2 S, K F
VWCATI SEHTIRE, IR S i 1) 5 #h &
TP EER PR
1 MEETE%

1.1 ##

BRE F R A V23 T g TR
BB RS T

KW kT #i (Escherichia coli)J#%Z 75 41 i (Stbl3)
Flid #3534 pBAR GPE1 T35 i LE iRk (k-
WYAWRAA, i REEHATEER
(Ampicillin, Amp), k4K 5518 bp.

12 MESREEHER

TERL s BRI (5 B hifF T BLAST #1&, if
FERREGER YvCATI JERFH), TEES WL )5
B0 W WCATI S H#E A FI4 BamH 1l EcoR
DU EFYI S B pBAR GPEL 2k I, FHIES i
SO REAY )5 vk, #% pBAR GPE1/VvCATI1/Stbl3
T 2H R A1 pBAR GPE1/Stb13 X BATE . i 50 pL F4H
BRI BB, A iRAi s LB ARG SRS A

100 pg/mL Amp) b, 37 °C 535, PRIBCATE
%, PR3 LB RIARE (S 100 pg/mL Amp)H?,
37°C, 220 v/min FEF5d7% , 1 T7H I PCR HiF.

7£ NCBI M3 EAfiF Primer-BLAST 7E£k¥¢11
PCR 5|¥), VWCATI 3L PCR IE [ 597510 «
5-ATGAGCGGTGTAGCCTCTACTGC-3'; fZ [f] 5
Y5 N . 5-TTAGTACGCGACACCACTAGTCAA
T3, 5l iR EY RN A R A .
PCR JZ iR RIS i 5P Jrid: . PCR
P38 Wik Hi R YR R LTI
KM P2s RS WweATT TP H X, BF 4
SE A
1.3 HHMEBHRBIFRIE

PR LR EREERT 100 mL LB AR FE 3L (5
A 100 pg/mL Amp)H, FEEEHR 37 °C. 220 r/min
PEIRFEIR FH59E 2.5-3.0 h, 7E 600 nm 2R AW
FE(E R 0.6 B, A TPTG &M LA 1 mmol/L,
RS FHEFE 6 ho WTRATEHRAER AR 7 i
ETHHRBU IS 505555, SDS-PAGE #4F
SR, T 8% B G VVCAT1 2 5
AR R IR . R b AR #RIE VVCAT1 R
1500, 8] Image] BF3-F TR BEA3HT
1.4 TiEE B gE S

3100 L 1 EEZH BRI BRI T, 45
F LB WA FHIE(ETH 100 pg/mL Amp)H,
37 °C. 220 r/min fHIRFEIR EHEFR 2.5-3.0 h, 7E
600 nm Zb RV IO EEE(ESS 0.6 B, LA IPTG fifiZk
WREIRE] | mmol/L, 4¥E5ATHEFR 6 ho JrHIlEA T
Pk KA PESLE:, tF CAT ATLIAMR Hy0,, )
IAATRAE 240 nm (HO, A FFAEMISTR) T 1O EE Bl
FW TR R R, ARAERO B R AR (b2 A CAT 1
PEMY S S e s U s I B A TR R
AT IRTE 600 nm ZLAMOCRE(E, A A KAR L.
1.4.1 it ESELG

B AL AT BT S A 50 °C ESFRA, o
BIFAE 0. 2. 4. 6, 8. 10 ho YWAEANF WA
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WHRETER, TR ES E e Pk,
S HER AN G R VRN E M BB FE 240 nm &b
W GREAE, i A — sk A iR (Bicinchoninic Acid,
BCA)E AL S B e, FREAR R Ak
THE A FEA R S5X AR CAT BEEM:. Wl
i Ab PR T L B AN BRTRTZE 600 nm Ab (W%
FEAH, AR, BRI E 3 MY
HE,
1.42 W4

W L A IR TR RS 4 °C UKAR R, 43
a0, 2. 4. 6. 8, 10 do BMHALTHG ELHEF
T R TR I kR 141

2 ZR545H
2.1 PCR ¥ #8&M VvCATI

Bk EAL SR (AT 41K 2 274 bp,
RS |9 PCR Y1 S B VwCATT B Fr
B, 1%BA R R UK R IS SR S, fAE S
T EA SRR 1 R BaR/IN2 274 bp) MR Y BR— 2
A7 (1), K PCRY =PI jllfy, 45585 eATl

bp M 1 2 3 bp

2274
2000 —

1 000 —
750 —

500 —

250 —

100 —

1 PCR & XBAATHE VvCATI BB K EIE

Figure 1 Electrophoresis picture of VvCATI by PCR in
Escherichia coli

TE: M: D2000 Marker; 1: XTHAG; 2. KHFFE Stbl3; 3:
AR

Note: M: D2000 Marker; 1: Control strain; 2: E. coli Stbl3; 3:
Recombinant strain

FPOVRFE—3, UL R WCATT A
%EJZIJJO
2.2 SDS-PAGE #iEHRFIXIFER
{4 ] ExPASy ProtParam T H7EZE il VVCATI1
BEAMS . S, e REL BUKPESERA
FRALPERT ., SWfSEias VVCAT1 BUZIERECH 757 1,
T [ 54> FHE o 84.03 kD, ZFH1 N 6.40, AFa
EFRBCH 29.88, JEFRUEEN; siKMERECN
—0.370, FKHNZE A A EKYE, X EE S EAR
F5 )8t SDS-PAGE HL ik 25 R B (K1 2), FEFIXT - F
JiiE 70-100 kD Z 8], HA AR T X A H I —
U BREAFSA, SIS E VWCAT1 EHRN
AN 5B 84.03 kD W&o {4 Imaged Ff4-if—
HAMOKEE 43 Hr, VKiE 1-4 HIWE A B KEEE N
&l 3 P, LRI B2 = T BRRI(P<0.05),
VLB R I FRIE T Higi VVCATL &,
2.3 aiz'*ﬁ' WCATI FiFFIERITARMBEE 1 7 4R
2R A 5656 B 1R I 2 1) A AL S (CAT)
g MELS ) R (50 cO)t FRh, FAIEM
CAT [y 11 % TR, ARG CAT
g R AR L EIHEFQ2 h BRAbL): E A AR
PR TE R Z 2B B, CAT BIE J1:cfik, 4%
2% 0.36, 0.21 nmol/(min-mg-protein); 5 4 B

TEAMIE 2 h A1 10 h I, CAT FgEMEdRs, 4
1.53 nmol/(min-mg-protein) (& 4). M E K
kD 1 2 M 3 4
200 —- [e—y
130 — —
i ]

< VvCATI
H

. "

70 — |

2 FHEFFAMBERIE VVCAT1 EHRHAY SDS-PAGE
Ei%

Figure 2 SDS-PAGE picture of VVCAT1 expressed in the
recombinant and the control strains

o1, 2: XWHEE; M: EAFIC; 3. 4: HAR

Note: 1, 2: Control strain; M: Protein Marker; 3, 4: Recombinant strain

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



s & Bgh o E AL L R (Vv CAT T S5 363K N i3 E r e S BE 04 4057
40 000 ¢ = VVCATI . * 0.9
%‘ 30 000 f 08l
5 (o]
el -
2 20000 = S L
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[# 3 SDS-PAGE BRIERKEE

Figure 3 Integrated density of target protein in

SDS-PAGE

W % HASHH#E X (P<0.05); ns: JCRFMZEFP>0.05)
Note: *: Significant difference at P<0.05; ns: No significant
difference at P>0.05

JAFFRAE 600 nm T PIWOGREED, oA E 2H @i
X BETE A K B (- S) o 7E AN IV 38 By
Br(2-10 h), A OGRS {40 25 5 T IR
TE32 55 I 1] (4 h)yBPaa s, o 20 B R0 B T B 2
KARZHEm, 2 TR A P
[, PP A9 2R K R 2 2 BH B . T4
Y CAT B SAERK Y BE T EE, £
VCATI FER W Rk B 88 5 T KIAHFIA Stbl3 Y
%%

207 4] FFRecombinant strain ,,
-[ w5} BE B Control strain I

1.5F

*

1.0F * T
*
2]

| *
0.5 T I
Nl R BN 1 |
0 2 4 6 8 10

Puphia s a]

Heat stress time (h)

CATHI 71
Activity of CAT (nmol/(min*mg-protein))

4 EHEMMNBEEAMETIENEEEEERLLR
Figure 4 Comparison of CAT activity in the recombinant
and the control strains under heat stress

TE: *: BRI L(P<0.05)

Note: *: Significant difference at P<0.05

Heat stress time (h)

B 5 EHEEMMBEEAPRETERKERLR
Figure 5 Comparison of growth of the recombinant and
the control strains under heat stress

e+ A E X (P<0.05)
Note: *: Significant difference at P<0.05

2.4 EIE VWCATI RRFIERITHL HBRE S 5 Vfﬁ
T E R INE (4 C)d F b E A B AN R

SASLE B CAT)RYTEYE, SR CAT E@(—;ﬁﬁﬁ"*
FXTHEG ;. PIDARRAY CAT BE JJ7ERE N2 A o A2
AR R E T A AR S BV aE B
CAT T[if#iG J18fk, & 0.40 nmol/(min-mg-protein);

FAWAEL WA 10 h i CAT FEiEvEfRm, M
1.10 nmol/(min-mg-protein) (& 6). TEZEAE AT

z
g 1s5¢ T2 FiRecombinant strain
= == i} B4 7R Control strain ¥
80
g [
£ 1.0t x
R ' [
el I *
=
=S 05t s
<
ol
s
2 00 _'. " .. " "
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Q
< ¥ i ia st ]

Cold stress time (h)

6 EHEMNRBREALHE T IELIEEE LR
Figure 6 Comparison of CAT activity in the recombinant
and the control strains under cold stress

e *: BAGIAE X (P<0.05)

Note: *: Significant difference at P<0.05
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FEQ2-10 )b, FELG S0 B OB E R
T FEve 38 i 8 4 T A BR S Rp 2L 9218 A
K, HAARZZm(E 7). HAWMR CAT MHGMES
ARG OLII T X BTN, B VvCATT SN i 3%
BB T RMAT B Stbl3 Ay .
3 WikE%R

it S AL SR AR Y s W B AR 25 . AR R
BEAMY R RE RN, RIREMEZRE .
TG T TR AR S A W S 22 R R s

TEAO Az 77 I b, 38 R 4 5 0 S b T
TE ARG 3R ROS ARSI 7 ek 32w dd 9 0y i 2
Mo b TR MGRAKAS, KM CAT 56 AOKAS,
LKA RIS CAT 11, &8 7K
KR AE MY b TR AR PR, K
KatG ¥ NARAETD, B BEDIARAE HAT B g A= KA
AR KR CAT HeAk RIS, R
THHEGT T AR AR 1Y Kk car2
IR, AT LIS BR R R A d T 2r
Hrh CAT2 TR R FEE R it Rk s, 2
BT A R A R aE U W B E
ScCATI & H 7 #f 18 M 2 ¥ 5 (Sporisorium
scitamineum)Z 4% . HHYIIAZ (SA. MeJA Fl ABA)

1.6 H2H [#Recombinant strain
-e- X B P Control strain

H %

1.4

H

12+ ns

1.0 p

W RE
Absorbance

0.8

0.6 |

0.4

0 2 4 6 8 10
T IE S [H]
Cold stress time (d)

7 EHEBEMMBEELHETERFERA LR
Figure 7 Comparison of growth of the recombinant and
the control strains under cold stress

T % HAGHEE X (P<0.05); ns: JLEEMER(P>0.05)

Note: *: Significant difference at P<0.05; ns: No significant
difference at P>0.05

AhFR | SAAINE (H0,) . EE 4 8 A (CuCl) FE B
ZEHA(PEG #1 NaCl) N KA ®RA R E LI},
ScCATI TERWFH P RIBE, BERS T
FFHIX} CuCl,, CdCl, il NaCl ¥, SeCATI %t
Yrla A Y IRE BRI LY, 25 T AR H R
SZIEVE AR AR B FeRE Tl AL A
FERI AL A LU s, (HI Be ' CAT
PIBEFR AR D, F A T T B S5 F T g T AN
FER PRI, S5 (Flammulina velutipes) |
45 (Pleurotus eryngii) ) T 22 FEAR IR AN &= iR P A
ff, CAT IEPEAREINSE FIHE TREM S, Flss
(Hypsizygus marmoreus) 8 22 TEARIE T CAT {5 14/)N
MR EF, MR CAT 3G/ MR T RIS R
Fa 2 BB %S (Pleurotus ferulae) B 22 74 I 38
f, CAT {&1ESE FTHE FRERY; 1R 4 [Pleurotus
eryngii subsp. tuoliensis (Bailinggu)] & 22 % ifi 4b P
G, CAT ikt FTH, ke R M B (Pleurotus
ostreatus)Y) CAT TERMAFAER A B AP RI
WEZEFYE, TEmRIAm N AR EYEH], CAT
HFGRE— SR FIEREZZN H0, MY,

BN RSN R o NS S Y PN Y EPS
TAE, DI E B m R B A0 I S R R
PREEITTA], A FL 7l () A JR B JeAti . miTHA (s
Fh VH3 (B IRIR Bk F1 V23 (IR USRI TR )
PEATIRIR P 520G, SR BN, PIRIRRE VvCATI
S E Sy X (AT SERUN L AR < 7 N Y 5 T )
VH3 ) VCATI (AHXT Rk i 355 T V23, CAT
PR 3 P AR W 2 0 TR AR 2 TRk A, i HL
VH3 [) CAT i& 4k ETHEE =T V23, KW CAT fig
U A RO TR HoO,, VvCATI RYMIN i 1k 7T fil
PR T HAE RSP FEH LA, A SOk
VWCATI SIRFRKIFRAEHIENIRE, DHaiRk
B VWCATI B A e Rk B T RIBAT A Stbl3
AT AR RN P 1, UERH PvCATT RSk IR Haa
B A R B E AR . X i — 2P AR
T & R 1P ey IS K 2 T U= DS S TS
B OREEI AR A T SR .
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