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Abstract: Utilizing bioinformatics methods and protein property prediction models to mine novel GH45 family cellulases, and
achieving their efficient expression in Trichoderma reesei, in order to provide a new enzyme source for animal feed processing. By us-
ing the Preoptem protein model prediction tool combined with the public database Uniparc, the GH45 family cellulase TpCel45A
from Thielaviopsis punctulate was screened. We synthesized the encoded gene and construct an expression vector, and transformed it
into a strain of Trichoderma reesei using protoplasts. The recombinant TpCel45A protein was obtained through expression and purifi-
cation, and its enzymatic properties were determined. The research showed that the optimal temperature and pH for recombinant Tp-

Cel45A were 55 °C and 5.5, respectively, and exhibited good thermal stability. After 15 minutes of treatment at 80 “C, the enzyme
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activity remained over 84%. In addition, TpCel45A exhibits good stability within the pH range of 4.0~9.0, with residual enzyme

activity exceeding 52%. The determination of kinetic parameters showed that the K of the cellulase was 8.04 mg-mL™, V,_ is

19.04 mg*mL " *min”', the k_ value is 377.1 s, and the catalytic efficiency k_/K  value is 46.9. The excavation, identification, and

heterologous expression of TpCel45A provide a new enzyme source for the industrial application of cellulase. In addition, the excel-

lent thermal stability and pH stability of TpCel45A make it have the potential for application in high-temperature granulation and dif-

ferent pH environments, and have important application value in fields such as feed proessing and biomass conversion utilization.
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Table 1  Published GH45 family cellulases
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AR 1 7 (Staphylotrichum cocco-

STCEI ’ PRYTOMLETHE COCCO™ 43 pH 6.0 ST R EE 60 °C [15]
sporum )

HrGH45 18R ( Haliotis rufescens) i pH 7.0 ; i iR 45 °C [10]
U BT AL 5E B (Thielavi j ! :

TaCel45 x/; : TP AT ATERATIE SRR 60 °C37E 90 CT 100 °C R ALHE 1 b5 , T4 70% BEE [11]

FpiGH45  Z12)ZFLE& (Fomitopsis pinicola) fcid pH 4.0, 7 pH 3.5~5.5 INARFE 75% 15 P [16]

MeCeld5A  2R5E3HG (Mytilus edulis) TE 4 “CH T P47 70% T M [17]

i pH 4.5, F%3dE i B 60~70 °C, 15 pH 4.0~8.0 Al 45435 60% LA |

NMghd5  HUREIKAEEE (Neurospora crassa) WS 1 40~80 CTTHEF% 60% 1 |- 1% [18]

TILPMO9H iﬁiﬁﬂ)ﬁ( Thermothelomyces ther= ., o 1 0.0~10.0 B ELEE 85 °C [19]

Cel45 W& T ( Thermofilum adornatum)  #¢iti pH 5.5~6.0; Feidi i 80 °C [20]

rEndo2 1% 4% (Sclerotinia sclerotiorum) e iE T BE 60 °C,7E 70 CHI180 ‘CHEFF 10 min J5RI4 50% & [21]

CTendods g 1 E 52 R (Chaetomium thermoph- 70 °C.pH 4.0 554 R i B , 76 70 °CHI1 80 “CAT Bl {454 78.9% 22
ilum) H165.6% 151

FpCelds 35 UZFLE (Fomitopsis palustris) 80 ‘CAMH 1 h 5 AR B4 91.4% L) F %t [23]
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AW ARG BR S F) s DNA B [l ) & [ b st
KIRAEYRHEAT PR 6] 5 BREIPEAZ IR YT Pme 1
g [ TaKaRa A BR 2 &l RNA 4 k357 & A
KAREY R A BRA A 5 24 (100 mL) :
0.05 mol L' NaOH 0.2 g.1 mmol-L.' EDTA 0.03 g
Triton100 1 mL; HoAth A 30550 Ay [ 7= 43 B 43 7
Fe k5% 75 3 (minimal medium, MM) (1 L) :
(NH,),S0, 5.0 g. KH,PO, 15 g. MgSO,*7H,0 0.6 g.
CaCl,*2H,0 0.6 g. FeSO,-7H,0 0.005 g. ZnS0,-7H,0
0.001 4 g, MnSO,+H,0 0.001 6 g Bk N 2% 7%

FECARFUED , B8R pH, L4 R SR FR 3 MM
B S e ol B IR K 2% S AT 2R, A 9K pHL.
LB Y {4 5 37 5 £ 0.5% B B2 B L 1%NaCl | 1%
R, AR LB 55 57 5 55 b 2% Biig B .
A BT 2 M i A :0.01 mol+ L 'pH 6.5 Citric ac-
id-Na,HPO, 2 th i W o B &5+ )2 B 42 o i TR
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Table 2 Primers used in this study
HFR JFHI(5'—3")
TpCel45A-F 5-'"GCGTCCGGAAGCGGCGTCAC-3’

5-'GTGCGTCAGGCTTTCGCCACGAGCCTA-
TGAAGCTGTAGGCTGGCACTG-3'

TcbhI-F 5-'"GCTCCGTGGCGAAAGCCTG-3’
TrEGIISP-R  5-'"GATGCGCAGTCCGCGGTTGAC-3’

TpCel45A-R

1.2 ZEHFHE
1.2.1 Sk ME DL TpCeld5A A MLFE R AR ,
L TpCel45A-F Fl TpCel45A-R J1 514, F i A L
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V4 1 2 7 e PR b 2 KA T TR TOP 10 J&
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v BEMEAT B V& PCR S UEIT I ¥, fe R L%
TpCeld5A Fik AR B KM FT 7 TOP10 Tk .
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Ml AT AEA AN ], 76 37 COKWS RN 3 h e TS
P 3 mol - L' s R G i 17 BE T AL B, B 5 -20 °C
TRAE TFARBEFALAH
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FHR AR 8555 7K AR B R Ll
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12 ho FH 200 H i i s8R B & 1R 22, LLIE K
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& . PEG6000 Fl 5 A= {4 A VK% 30 min J5 , %
IR E 20 min, L PEG 6000 41 5 114 J5 AF i {4 4%
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4 d J5 BEHLER O AL 5 AL, 2R T A MM-
glucose J5 77 519 24 FLIE AT [, 28 “CARZEH &
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F/R A5 E4T 7% PCREGIF &5 O 456 A BLIR
REERFER A

123 EZRAREFFRES BN ABLIORE
(B T4 DA 24 FLAR - FH K AR ZE®I R IR M T8
MM-glucose 55552 H1,28 °C 200 remin '1K55F 48 h,
SRIG TR IR 10% $ERh T s R S b 1185 597 120 h,
12 000 r+min"' 10 min 5 Y& 2500 T3 HLE o
1.2.4  BEpey o B ot BHTIEL KRB HTAS BT ALK
B 20 em JFABERRHINFAGEERE 10 min J5 H 1-7K e e
A, SR KR BRI A B AT, 20 mmol - 1L
pH 6.5 B R L -Fr SRR 2% thili #E 4 “CER AL T . 4F
2 hffe 1R ZE 0P, Bt £k e R ol EA TR 8 158
e 20T B T332 BT K 3 AT I 1 R il T B
3 mL A B % o A V-5 11 HiTrap Q Sepha-

rose XL BB 74, 9% J5 FH AR 6] % b s %) in A
1 mol - L' NaCl VA 2% #h i B FIZE M A BEAT 4
JFEVEMG , 3 4 mLemin ', JCEE AT T A T3 )
AT TG FIER VR B I, I S Wl A 1 B
fiti 4T SDS-PAGE HL UK %5 .
1.2.5 BEE A egmlE NUIER2E 3 WS I DA
R H I 2F 4k 2 4 (carboxymethyl cellulose sodium,
CMC-Na)VE R IR AT o fiff 7 A R - W i 1 —
BHZE PP B 1.5% R T L 27 4k 2 A W (I
VT S R i RS IR AT ) o BGE YA R
465 BB 100 L, JiTA 900 wL. CMC-Na &%)
WL AR TR AT, 50 “COK M 3 min, [0 453845 Hoim A
1.5 mL DNS 3£, ] 23 1 oo A BB LB 100 L,
RAYS] . Wk h A 5 min, I A R K hiA 4]
Je M 2E 540 nm ARG . — BTG ) 507 (U)
TE SCHAESS “CLpH 5.5 %A, R4 BhoK fife 52 F
PRGN, 724 1 wmol 38 JFUHE (ARG AT FIrs
Bl i
1.2.6 B MR oA i R e MR
S AL S I EEIE AT IE Y RIS, 76 30~80 C.
pH 5.5 21 I 5E PN UI 4T 2 BB , LA E 47
AEZR W Ol L o KA BRI R 43 I #E 30,40
50.60.70.80 ‘C 6 A [F] ¥t & T 4b ¥ 5.10.30.
60 min J5 37 BRI E FUK -, 7E ol A 0F F b # s
P P T A G o DA A A R P il 76 7R 100%
A3 T SEAS R A () Ak B BsF [ J R ) e 23
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1Y) Bk il B2 A5 R I E AN W] pH(1.0~12.0) 55/ F
(AT 01 R0 5 s pH s K i FH A W] pH A 22 i
PEAT TR A IS 70 R | DA A B R A S T R
100% , 315 A [a] pH A BT A9 A X 58] 43 il 1% LA
JE BEAE AN [A] pH N (e Pk o ANIR] pH 19 22 vh il
43549 50 mmol - L' Gly-HC1 28 #fi (pH 1.0~2.0) ,
100 mmol-L" #7 & 2 - i 12 & — 4N Citric acid-
Na,HPO, 2% i # (pH 2.0~8.0) , 50 mmol+L" Tris-
HCI 2% /¥ (pH 8.0~9.0) , 50 mmol-L" Gly-NaOH
I (pH 9.0~12.0) .
1.2.7 #HhFwaegn sz srRILOR R E G R
() 2 F 35 2T 4k 25 4 (CMC-Na) MY, 16 pH 5.5,
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10 min, FI PR R BAXAERIFHHE K Y, (H .
1.2.8 #HHESH  BALEIIMOEAT3 ), RH
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HRAE UniProt 2K 11 ST 44048 P72 v &5 11 5 41 1A
Y (http: //www. uniprot.org) s &, LI skRIE T
Staphylotrichum coccosporum HJ GH45 5 J5 N V] #]
BB HE STCE1(NCBI Y31 %5 5% %5« BAG69187.1)
GRERR 7 5 AR, % R D DR ST 91 R AT 43
BT, i W EI) 5 STCE T 28 5 W AH U1k >40% 19 21 2
HfE, o Python2.7 A2 S A, A STCE1 [A]
528 1 B b O L — B0 HE 4% SE T 100 R )F
G2 iE — 4 38 1 Preoptem A5 % (hitp : //www.
elabcaas. cn/pird/preoptem. html ) " FU I 4% & £F 4

bp M 1 2 3 4 5 6 7 8

BRI Fc il RN B PR T 5 STCET — 338
155 B9 2R IR T Thielaviopsis punctulate i) GH45 Zji%
21 2 Z iff (UPI0006 1 EEASF ) , - FU i H: ok v il £F
AR, 1T RS0 E .
22 TpCeMSATEERABHMRERIER AN
4 7 TpCel45A 3 35 J5i K PpebM,-TpCel45A-
3NC, ¥ 1 2 LG AR 25 CBHI 4 % 3% [H )3 3 7 M
Z LT A TpCeldSA 26 3AHE 28 I A AR RS 1k,
D5 B L ROK B SUST B bR b 3 e S A
K B T R R T 24 FLAR L 35 R 48 hE Y
B A 25 L A 2 i A Ak B 4R G AL T G R R 4
DNA. HIFH 5115 TpCel45A-F/R #£4T PCR B iiE
TpCeld5A 215 0 25 N [CRFE MK, HLIKES
BB AL TAE 1.2 kb AR B — H B 5670,
It H B3 XF B SUST B8 #% o JC 454k, UE S5 Tp-
Celd5A FIXHE O BN B A &2 IR 25 3 P 4
(1),

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

P e Pe-e  WevYgyueuewewewwre-e

1 : M—DNA maker; JKifi 1~22:SUST—TpCel45A AL TF 7% PCR IIE AT 5 UKAE 23 « BH: Bk 4f B Uk 24 - B X IR
1 BRAKREBEAFEKSUST/TpCeld5A B PCR IEHIE
Fig.1 PCR validation of recombinant strain SUS7/TpCel45A of Trichoderma reesei

W4 T 2H B Bk SUST/TpCeld5 A HEATHRIN 2 192 , 1
PEFAE R TR 9% 3 A, SDS-PAGE HLIK /41 & i
FIEWCT I E A RIAE L. BRI R BN,
55 R RRAR LL , 3 2 R AR 1 & I8 13 T E 60 kD
ZAT I B Ak o B S AcH E M Atk B i iR
H, 24l T 2H TpCeld5A HAT N V) 2T 4k 25 il 1%
1, I8 S S A IR SE TpCeldSA B ) ik 4l
1o TpCeld5A BRI 315278 36 kD, 4fifk J= #
21 TpCeld5SA LIRS K TR /31t , AT RE/Z
T HWE AR £ R A TR (E2).,
2.3 FEHFHER TpCeld5A RIEGF 4R
231 FHTPCeld5SA #yRiERE R LN TE
pH 5.5 24 °F il % TpCeld5A 7E A [F] ¥ B (30~

80 'C) TN VILF 4 R lIE J1 . 45 R WoR, biE
U BE (Y B, RE G G O 24 T 7E 50 “CHAH
Xof % A e v TR 1) 89% , 1 55 “C I 3 3] i v A
ST 71, 60 CHFYj 55 “CHEXT IS F1AH T, 80 °C
FISF A XoF il 95 A Sy A e T 1Y 23% (K1 3A) o H
P 3B AN, HE2H TpCel45A HAT RUF UG E 1,
£ 80 “CF AL BE 15 min /S REF 4% 84% LA L il 1%
77,70 “CALFE 15 min T 70% WIBETE 7. HALLF
HEZR T TpCeld5S A TEAAKEE P A ) BEALHE S 8]
AFTR) , ok AR v, 60 S TS 7 B vy (R A 0, ) 2
H T HE2H TpCeld5A iy il ABVE J& , 7R S IR S
e KA TARIRE M . S0 [l R 1 8
2H TpCeld5A 1 =HE45 ), HAE B 2 WP iy — o
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UK 1—FE TS T it marker; KIE 2— IR AR SUST & 8% I
T 3 VKAl 3—TpCel45 A MR ; VK I 4—21ALJ5 Y TpCeldSA H 1
2 SDS-PAGE#MNZEL iR FE/FHIELE TpCel45A
Fig.2 SDS-PAGE detection of purified and concentrated re-
combinant TpCel45A

A 11X, A R T AR ) e A il
15 5 21 4T 4 K i TpCeldSA AT BETE L 75 7L (80 °C)

A 120 -

100 |

o0
S
T

HAXSBEEE /1/%
3

40

1 1
50 60 70 80 90
R C

020 30 40

FEXSBEEE 71/%

M AR MER B AR SIS  E 2 X —
WA 2 b TR B KR A R S s . 78 60 C
AEFRZEATT AR AR R AN FE 03 AR S AR IR
RAS e e LA B I & (1K 3C) o

2.3.2  F 48 TpCeld5A ¢ 5 i& pH F= pH 48 2 %
T4 TpCeldSA i f2idi pH N 5.5, Mg P £F 4 %
fiti . #£ pH 3.0 B il 1% 77 A 55 e W % 7714 50% 5 7
pH 4.0 B, AH X i 17 20 T w5 A A v e T 1Y)
80% ; pH 4.0~8.0 B} #R PR FF 25 70% LA - 19 4 X fifg
15 775 1€ pH 10.0 B, F6 42 Bl 16 7 Sk dee i 3 076 T 1)
42% (Bl 4A) o R 50 T # 41 TpCeld5A ) pH 2 2E
P 85 4 TpCeld4SA LA R pH B 2% whif &b
FE 1 h, 4550 BN, A TpCeld5A A & 512 i) pH
Rt #E pH o 5.5 B9 & i h il E 1 h s AT )
4% 80% L b BRI 1. 7F pH R 6.0~9.0 B9 2%
Wb LB b S A S ) A58 63% LA
(K4B).

100
90
80

70

| | ! ] | ! I | ]
400 2 4 6 8 10 12 14 16 18

B []/min

A ANRNREE R A B 77 5B 60~80 "CAL RS G J1 17E AL ; C: F2H TpCeld5 A 1) = 4L R 1] 5 B 43 12 3L HH 2 e 2l R 1) 137
3 EHATpCeld5A NREREMBIBEM
Fig.3 The optimal temperature and thermal stability of recombinant TpCel45A

233 EBeiF hFAHME  FEEY TpCeldSA
1) Fe 305 I P8 R 3 pHL A& DUR Y S 27 4 R 4
(CMC-Na) J K ¥ 0 52 Ho WG 2= o 11 280 &

Michaelis-Menten £ 7 1 5 1} 5 4 TpCeld5A LU
CMC-Na AR K fE4 8.04 mg-ml. ", fe K5I ik
BEV, 1904 mg-mL " ~min” (] 5) ,k, N 37715s",
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