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Cloning, expression and activity analysis of cutinase from
Sclerotinia sclerotiorum

LU Ruihua, SHI Linna, ZHANG Xirong, FENG Zhao

College of Medical Technology, Shaanxi University of Chinese Medicine, Xianyang 712046, Shaanxi, China

Abstract: Cutinase can degrade aliphatic and aromatic polyesters, as well as polyethylene terephthalate.
Lack of commercially available cutinase calls for development of cost-effective production of efficient
cutinase. In this study, eight cutinase genes were cloned from Sclerotinia sclerotiorum. The most active
gene SsCut-52 was obtained by PCR combined with RT-PCR, expressed in Escherichia coli BL21 and
purified by Ni-NTA affinity chromatography to study its characteristics and pathogenicity. Sscuz-52 had
a total length of 768 bp and 17 signal peptides at the N terminals. Phylogenetic analysis showed that its
amino acid sequence had the highest homology with Botrytis keratinase cutinase and was closely related
to Rutstroemia cutinase. Sscut-52 was highly expressed during the process of infecting plants by
Sclerotinia sclerotiorum. Moreover, the expression level of Sscut-52 was higher than those of other
cutinase genes in the process of sclerotia formation from mycelium. The heterologously expressed
cutinase existed in the form of inclusion body. The renatured SsCut-52 was active at pH 4.0-10.0, and
mostly active at pH 6.0, with a specific activity of 3.45 U/mg achieved. The optimum temperature of
SsCut-52 was 20-30 °C, and less than 60% of the activity could be retained at temperatures higher than
50 °C. Plant leaf infection showed that SsCut-52 may promote the infection of Banlangen leaves by

Sclerotinia sclerotiorum.

Keywords: Sclerotinia sclerotiorum; cutinase; nitrophenyl butyrate; prokaryotic expression; protein activity

¥ 8% Sclerotinia sclerotiorum (Lib.) de
Bary J&—F I FPE R SE IS R BT, Wi
600 Z RN, [ 1837 4EHE LI, —H R
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. BERRRTEG . FLAEAH O = ER Y, SRR
FIE R8T Fusarium solani™™ F1 0% JE % BH
Glomerella cingulata"> £ J g 1) b AR 25 # £ B
fEAT L B i D T T e e SR R /B K
R T HT s A SR T S G 0 e O A R
RMR, FEXTRAR IR —RER (PET)
HLA B U B R f A FRU T S AER A o A
I, B e 7 I BT 8 Humicola insolens ) ff
B AT A AL R, R A AL S K
Ry M B £ BRI e e T 3K 2 233 U/mL, 2
PR RETG (9 13 A5 fERE IR h A AR
RSO T , ST Fusarium falciforme & 1%
TS F R B PE AT IR (3.4240.24) U/mL!7,
AR I I T RS R Y AR R B A 2
5 H A BT BT A R T Y2, i
A A AR AR, DR TR — R AR A
PR A Jo it P T TRl 0 AR WA A A
5 ELA B AR YL RE T A% B TR TP I e 15 2
RRIB I B ALY, SR S IR R A B T A5
FNZA NG, X R TS, LA
R e R R R R P 5 A

WL

1.1 7§
W (FHk4iS . CCTCC AF 2021085

Sclerotinia sclerotiorum Ss10715) A Hij I M 7
SR AT H 3 BT R A7 T 52 30 %, pMD18-T 844
RNA $2HGLR & e Mg R PCR Tl
FEHWE A EEY TR (KiE) ABRAFA,

Escherichia coli DHSa J&Z UMM . Escherichia
coli BL21(DE3) &2 41y A Jb 5t 45X
GHEVBARGIRA A, pET-28a(+) #H M HNA
I ERAE . 4-fFE PR T MREE  (4-nitrophenyl
butyrate, PNP) g B %2 va bk AE AL R A R
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ONFE], NiT-NTA ERMaifbit 7. & E -
ATRR Y A AE T A TR (B AR
NS
1.2 %EBEARBER SsCur HRESHR
B

Wtk PDA BigRdk EAKRY 4 AR 1
(PDA it FAERKMR2Z . WS ik .
FHRIE R AR . AR B IR,
DL R 2242 0% 24 h BMRERR T O REAS, i iE
TaKaRa 73] RNA 42 B & i B 5 5 HOR,
RNA, 1.5%3UEHHEEIAL I RNA $2 U5 I H
T 28 A0 43 6 BE T v . DABR A A
RNA B, 5 B st cDNA, KU
EF-F/EF-R A5 YK cDNA 5, #6044
J& LAMCA SR EF T PCR J¢ RT-PCR §73%. MA%
B A B s P T A RAGF 8 A Ak
R4, R IA) i v B 1Y) i 21t PCR %
RT-PCR 519 (5 1), LASREE A5 cDNA Ky
BEHUEST PCR §74%, PCR 454 RT-PCR 45511
TE A TR FEROCEA R E R T R
e, =95 pMDIS-T simple vector i 4%
AL E. coli DH5a B2 540, Phik PCR %7€
FBHMER R R A TAY TR (B ARA
w AT
1.3 ZEEAREEYER SsCut-52 R4
BEARAK S

W SEREAS 2 0 £ BT e RN SsCur-52 Tr
Y4743 87, {#iFH ExPasy 7E4k T. H. ProtParam
(http://web.expasy.org/protparam/) T illl SsCut-52
HFEA PRI M BT, 5 SignalP (http:/www.cbs.
dtu.dk/services/) il £ [ 5T {55 5 K 0 S 40 g
AN NG HEIERR P 54228 NCBI BET)7 51 1L
Xf, FIH MEGA #4F48H%  (neighbor-joining
method) % SsCut-52 FE 14 FRAE K FH -
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%1 PCR X qRT-PCR FTH3I|#)

Table 1 Primers used for PCR and qRT-PCR
Primers name Sequences (5'—3")
Primers used for PCR

XM_001596490-FF
XM_001596490-FR
XM_001597636-FF
XM_001597636-FR
XM_001591427-FF
XM_001591427-FR
XM_001590986-FF
XM_001590986-FR
XM_001586279-FF
XM_001586279-FR
XM_001586084-FF
XM_001586084-FR
XM_001589112-FF
XM_001589112-FR
XM_001585452-FF
XM_001585452-FR
EF-F

EF-R

ATGTATTCACCCATCTTCCT
CTACTCAATCTTCCCCAAAA
ATGTCATGCATACATAGGGG
TTATTTATAAGGCCAGCCAC
ATGTTCTCACAAACGGTACT
CTAAAGACATTGCGCATAAT
ATGAAGACCTCAACCCAACA
TTACAAACCCGCAGCTTTCT
ATGAAGTTCTCAGTTTCCCT
TTAAACAGCACCAACAGCAT
ATGAAGACTCCACAATACTT
TTACATACCAGTCGCCGTCT
ATGCATTCCTCTTCTATCCT
CTACAACAATAATCCCAACC
ATGAAGCTCAATTTCCTCCT
TTATTTAGCGGCAGCAACCA
TCCTATCTCCGGTTTCAACG
GCAAGCAATGTGAGCAGTGT

Primers used for gqRT-PCR

XM _001596490-F
XM _001596490-R
XM_001597636-F
XM _001597636-R
XM 001591427-F
XM _001591427-R
XM_001590986-F
XM_001590986-R
XM _001586279-F
XM _001586279-R
XM_001586084-F
XM_001586084-R
XM 001589112-F
XM 001589112-R
XM_001585452-F
XM_001585452-R
B-tubulin-F

B-tubulin-R

CTCCCAATCCGTCACTCGTA
CTCCACGGCTGCAATCAAAT
ATGGAAGTTGTGCCACGATG
TCACCACCGGATAGAAACCC
TCTCAGGGTGGCCAAATCAT
GAGCAAATCCTTGGGCTCTG
GGTCACATCGGCTCTATCCA
ATGAGAGGCCTTGAACTGCT
TAGCTCTTCCTGTCGCAGAG
AGCAGCTACTACGGCTGATT
TCCCTATCCTGCCGATGTTC
GAGTTGGCCTCCTTGAGAGT
AACCTCAGCATCAGCTCTGT
TAGACCACCACCAAGACCAC
GCTGGATCAGCTCTGTTGTG
TATTTAGCGGCAGCAACCAC
TTGGATTTGCTCCTTTGACCAG
AGCGGCCATCATGTTCTTAGG

&: 010-64807509

1.4 SsCut-52 EFEZFTIEHEBEER
L

TGS BRO I 5, FRE SsCut-52 B
JIK cDNA Fr B its14, EiFs|¥h 5-CGGA
ATTCGCGCCCATTACCACCGGACC-3' (%I
28k EcoR 1 BEVIN 5, TlE5I¥-~ 5-CCC
TCGAGTTTAGCGGCAGCAACCACAA-3' (T
R R Xho 1 BEDINLS), LA cDNA it idt1 T H
FERI P3G, PCR P-4 B iR e Il , FH
EcoR 1 Fl Xho 1 4354 PCR ;=¥ pET-28a(+)
FORL R T Y], o S R, A &
T4 DNA ¥ E 25 Ci#E#E 2 h 54k E. coli
DH50 J&AZ2 5400, PCR i1k B B Rk 15 3L
it U 545 78 E R ) RRR A T R T A )
UKL AT 44 N pET-28a(+)-Cur52, FH45 ¥ IE
W R RE4k R E. coli BL21(DE3) 87 2540 ity
i, 2 PCR 56 F 1F 6 (%) 25 20 20 LA SR 75 3 TR Ak o
1.5 EHARRES SsCut-52 BiE S RIA

¥ S A pET-28a(+)-Cut52 iAKW E. coli
BL21(DE3) /& &t iTd KEE5, %K
1100 AT HCEEA LB WA BE 55 (RIRE &
50 mg/mL) HHETY KRR, WEFRE ODeoo N
0.6-0.8 B IMA SN IE-B-D-iif CEFURHT (isopropyl
B-D-thiogalactoside, IPTG), EZEE A 0.4 mmol/L.
28 'C 220 r/min P55, B 1 h BU 1 mL A4,
HELES 5 h, BT EOBUEREIR,
100 pL BEEREEZE i (PBS) HEWIAS A
20 pL 5xSDS-PAGE # [ L HEGE il ik K i
10 min, B.0HEIF#4T SDS-PAGE JREAG I H:
Fiktk, N TE—Haift SsCut-52, HifFHr
15 TRV B O MSCBE B AR, i AR 7 I8 A R % i
(20 mmol/L Tris-HCI, 500 mmol/L NaCl, 5 mmol/L
wkmk, pH 7.8) #HfTEE, TRAIGHBFRE OF
2 /5% 3's) 30 min, Z.0 5 FIUTIEH LA 8 mol/L
(PR RO, 4 Cdpaia ot e Fism.
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1.6 FHEAMEM. SUREENE

HY 1 0l DAL R AT S E e, R
MBI, KRR T R
ABNTAEH, 4 C AR N HRIRTEA [FIVR JE 135
Mr&% Wik (6 mol, 4 mol, 2 mol, 1 mol, 1xPBS)
gk T aEN, BABEEN 12 h Dk,
SDS-PAGE #5 il i Hr 3l R o b T 45 2 4l Ak 11
SsCut-52, 5% Ni-NTA 2 F1JZ2 Mk & i 5 1
BT g alifh, 2 M8 el fbiatn & it
B UEA T4 . 451 A 10 mmol/L, 100 mmol/L .
500 mmol/L [HIWKIEE RS Tk , I SDS-PAGE
K e i RR . 5 E P 4lifb i SsCut-52 HEAT A
W8 VR T, EE AL AR TR E M E S %
Sooksai Z5U K L kAT, BENEG 2 SN B A
ARG SR T MR R /K 7 A2 A 1 pmol il JEE 3 1)
fitg 3t R SRy — il 7% BV
1.7 &i& pH R&i&ERE BN E

TE 30 °C 2% T 5 F1 41 A o e 1 6,
AT pH {EL 0.1 mol/L A28 ¥4k [t R 9 2% wh ik
(pH 3.0-6.0) . NaH,PO,/Na,HPO, 2% ' #fi (pH
6.0-8.0). Tris-HC1 ZZ ' (pH 8.0-9.0) FHlifR
S (pH 9.0-11.0)]"7, 3-LAi% pH {022
HIRECH] 0.1 mol/L M AHILR T RRERVE IR,
AR BLEINA 800 pl 2% itk . 500 pLJEEY) |
100 pL Triton X-100. 3 mg SsCut-52 Zfifb & 1,
SV 10 min 5 0 25 20 /K S IS 4 (R K SF-, AR
pHECPATINE 5 HCE- Y 53 B pH 9 FR 2 Pk .
ISR G EE (20-80 °C) Xof T 4 I 4k 1
SN, £E pH 6.0 5 T, RNiARE L,
Sy BT AR E P
1.8 SsCut-52 XHRIEIRA F AR LW RN E

FH R TR 8 25 4 A 0 R A Ak ) 2 I 3 T )
i, S SR B B TR 22 B, SRS e TR 22 )
WA HIHIA 100 pL i PBS 2% i A1 SsCut-52
AR R, REFREERE, B0
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WAL 3, BTORBERA TR R (25 C,
12 h /12 h ), B F O UG B0 0L
GEIFILR.

2 BERXR504

21 MEFEARMBEENESRIESH

DL PDA Ki32 3k FAE R AP B H 22 | 1
¥, DAREZER A 242G, 48 h AR ER T R
WARE, DAAZ: 25 71 Ik DR 4 550008 T2 v 4 A 9 1 2 o
FET 8 MBI, H & s — Iyl y
PAFHOC T o W fA o =2 e Al ) e e
B R, KT E i PCR 593641 qPCR 4
W, 1 AT LA B XM_001585452 7E
WA R A A P ) I i e Rk, TEAX B AR
K4 MARFEBBL (S1-S4) HEHRFWETH
il BTl LR, DRI AT R L e Ay 32 8
w4 M SsCut-52.,

4 - XM 001591427
- XM_001590986
-+ XM 001589112
— XM_001586279
— XM_001586084
o~ XM 001585452
B XM 001596490
-& XM_001597636

L

R o

B W . Ll . T 'i‘-—“
2 S3

Sl S S4 Infected

Relatation expression level
(3]

B 1 RT-PCR Stz E 8 TARBERAESR
B BRI RIEE

Figure 1  Analysis of the expression level of
8 cutinase genes of Sclerotinia sclerotiorum at
different stages used RT-PCR. S1, S2, S3 and S4
represent the hyphae growing on PDA medium,
liquid exudation, medanin begins to form and
mature sclerotia, respectively. Infected indicates
that Sclerotinia sclerotiorum hyphae-infected leaves
of Banlangen for 48 h.
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2.2 SsCut-52 ZEEFIIRRSEHRIBE
BB ERIBW R

2 TA TEESAHR) SsCut-52 KR 42K 24 768 bp,
& — NI REHE  (open reading frame, ORF),
ity 255 NEFERR, KT A #E 5 F] NCBI I
WAF TS MZ611860, 6L T 1% 26 1 1
A FRER/NHK 25.74 kDa, HSSEHL S 4.57,
N 35 5 KR 17 40 ¥1% cDNA K Hgifid i &
LR T 54 NCBI Wl 47 Blast FuXt, SR H
neighbor-joining YE#EALR 4347, 25K FW,
MZ611860 F1%5 %5 761 J& Botrytis ffi Jot i W) P14 fx
&, SRR Rutstroemia fA Sl F 4 L A AL
i, 5/NEBHEE Lachnellula . W5 &
Aspergillus . WEARTE)E Talaromyces 55 6% K
Bk (K 2).
2.3 SsCut-52 BEEFERRIEBEEER
HAEKXBHE BL21 F IR

FIF] EcoR 1 F1 Xho 1 X} 4 FFl pET28a(+)
Gy AHAT I %08 , BEVI Y2 1% R e

B2 H, ok 4 5 43 WIAE 5 300 bp T 700 bp Bz H 3R
2 ks, MAs #RAE 5300 bp Ab HEL A o
BEAL, 4L ORI 25 R 5 T e A e 4 —
B, R SsCur-52 JE KRB AR,
N S5 7 T 0 T AL TR SsCut-52 $5 AL K I #T
& BL21(DE3), £ 0.4 mmol/L IPTG 5 3£k
547 SDS-PAGE 73#r, &R/, FEEN
25t 28 CHESFISAE 25-30 kDa [A] H BLEE 4%
, Bt 75 O T A 3 L 3R Gk e B T K,
FET 4h Rk (B 3).
4 SsCut-52 W9 E MR RIERM F IR
S

7SR KIAFF I BL21(DE3) Wik &#
FEEERE, SDS-PAGE fil 25 R i+t
FAKAH (F 4, lane 1), HAYE A LIGBRATE L
e (K 4, lane 2), Bhizpl&EAAE, H
8 mol/L JREXNLIRIAHITI R, KR HiE
Hr]gaEm (F 4, lane 3), 2.0 RHELE IS
Mkt &M, R NE AR Z NI -NTA

o3

(]

<
p2

e

100 —— MZ611860
87 L Botryiis fragariae XP _037189177.1

44 —————— Rustroemia sp. POE11494.1
53 Hyphodiscus hymeniophilus KAG0651405.1

39

98

Coleophoma cylindrospora RDW66012.1

Acephala macrosclerotiorum KAF8864885.1
Lachnellula suecica TVY82425.1

100 Lachnellula arida TVY18302.1
99 D Lachnellula willkommii TVY89819.1
Lachnellula hyalina XP_031004944.1

100 _l—_Lacime[!w'a cervina TVY59105.1
82 Lachnellula occidentalis TVY49973.1

Aspergillus nomiae XP_015405466.1

100 [
93

| |
0.05

Talaromyces cellulolvticus GAM36079.1
Talaromyces islandicus CRG87219.1

2 ETHMEZMENARBRARFI R SGE LK

Figure 2 Phylogenetic tree of cutinases amino acid sequence constructed by neighbor-joining method.
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kDa
100

3 E4H pET-28a(+)-Cur52 H iK%k BL21 &
Wi FRIEFF A B & B 3RIE SDS-PAGE S
Figure 3 SDS-PAGE profile of proteins in strain
BL21 transformed with the recombinant vector
pET-28a(+)-Cut52. M: protein molecular weight
standard; 1-6: total proteins of recombinant strain
pET-28a(+)-Cut52 after induced for 5 hours; 7:
strains harbouring pET-28a(+) after induced for
5 hours.

kDa M 1 2 3 4 5 6

100

40

30
25

14

4 EYHEH SsCut-52 B4k 247

Figure 4 Purification and analysis of recombinant
SsCut-52. M: protein molecular weight standard; 1:
crushing supernatant; 2: crushing precipitation; 3:
dissolution of crushing precipitation using 8 mol/L
urea; 4: sample from the eluted solution with
10 mmol/L imidazole; 5: sample from the eluted
solution with 100 mmol/L imidazole; 6: sample from
the eluted solution with 500 mmol/L imidazole.

FEMZEPAE AT B slifk. A 10 mmol/L F1
100 mmol/L F KA 58 v AS BEKF H A9 2 110
T2k (& 4,1lane 4 # lane 5),1H 4 A 500 mmol/L
(AR 6 6B mT AR B I 26 (1 58 e TR (& 4,
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lane 6). ¥ MEaifb i SsCut-52 FEATAGIR A
T4, 1 mL Aifb i 8 R AT 3R 0.03 g R TR .

{RYLZE L, TN PBS 22 i i M s AR
W 5P B 22 ) 77 A )9 B T R I S i n
B I SsCut-52 I R BEmE AU (K 5), B
5 VA 1 AR T R 9 i A R e A i AR i R el A
HA—E e ER .
2.5 mi&pH EERKERENE

i 6 AT LIE H, SsCut-52 £ pH 3.0-10.0
BRI AR IR S SR T MR R i 1 1k,
7E pH 6.0 B i PR fe R, i5%) 3.46 U/mg. 4 pH
1E 4.0-5.0 B 7.0-10.0 B}, HAR AT PRt Al 3k
#] 60%LL F {524 pH & 3.0 5 11.0 i}, SsCut-52
TGP R [, SRR TEME A B E] 11.7%F0
5.6% (K 6A), SsCut-52 TEIRE A 20-30 ‘CHf{E
Pefe i, ZERERE R EIHE RSB
Fé, 80 CHIGM:EAER, TR R 40-70 C
R P, HLAR A TG Mt vl 89% % E] 17% (&l 6B),
FW SsCut-52 AT 7 i

5 SsCut-52 X T B EEH LR FWERM A
A

Figure 5 Effects of SsCut-52 on the infection of
Banlangen leaves by Sclerotinia sclerotiorum
hyphae. (A, C) Infection status of 48 h and 72 h,
respectively, after dropping refolding protein
SS-Cut52. (B, D) Infection status of 48 h and 72 h,
respectively, after dropping PBS buffer.



EER FERERARBIRE. RERBEEST

Activity (U/mg
=N
O
T T

=]
T

oo
wn
T

pH

.0 n | \ . | . \ L )
2.0 3.0 40 50 6.0 7.0 8.0 9.0 10.011.012.0

B 40-
35¢
3.0
257
20F
1.5+
1.0+
0.5F

Activity (U/mg)

30 40 50 60 70 80 90
Temperature (°C)

0.0 :
10 20

B 6 ZHEH SsCut-52 &i& pHE (A) RRERE B) ME
Figure 6 Determination of optimum pH (A) and temperature (B) of recombinant SsCut-52 protein.

3 W

RS ER P T 8 /A o il 5
R, FFofiak  H EROE R SsCur-52, K& 7E
W B G R P B e = 3Rk, TR AR
K4MNARFENEB (S1-S4) WFsEBH 2 ET
oAt ol S PR, 2 HH A% % TR 1) A o A 2
VP RIB M o A Y i L T3 3 W D Y A
Jo iRk A7 5 A A2 e, e ™ A o TR
T, NI T LR A B 2 1 R A3 32
1IR3 5 A TR M T B S R AT,
SR B 22 AR B 1 b Pk T ARSI £
SsCUTA %%k, KW M R HE T
AR R AR Bk . I NFE SRR Rhizoctonia
cerealis A% L EESE R ReCUTI TE1RZ YLt )
18-240 h Z [JFRA I 2] T ik (HIEEH ReCUT6
TEREAZ YL BRI 235, ReCUT2-ReCUTS
Nl et ] g ik g 22 5220, RATHG I A%
DA TR 22 (R YL M AR I 24 h AR o O TR 1 3R
ik, AUH SsCur-52 ik, HAth 7 4> Bl
LR ER M Rk, RN R) I A 7 1R YLt )
AR AR R B A R AR T
FLA 5 5 1 9 5 A0 A 5 W B0 1% DI A
5%, RBFEPURIM A E M TG SsCut MK M
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LA 2R (IR E T Fr L TSR A R
FECVE IR BE S o 25 73 F P2 0 A2 45 7R £ R
SsCUT2 I fi il 1 75 A 3 M S iy i k5 |
A MR B 7 A 2l et S iy i A s T, B
BRI L THIIEE. ASWF5EH SScut-52 4lifk
A2 B P N B A 45 T TR 22 B % A M AR
R b, 5 A B T R B 2 X B, e
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