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X, %Ahe)E G BA A 0 4 AR & BB ZBRIREE M), BT S8/S53 Kk, oA 6 NERk,
Fl—E R ZOBERT R KEAML, ARG, HBARERERIILERRT. 2ARUSTR
T, Bl—RRAL BB EOBEA—L, (LRI EREF VT AEHN N> L AR TOMLR £
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Characterization of S8/S53 serine protease superfamily gene of
Trichoderma virens Gv29-8

WANG Yong-Chao LIU Zhi-Hua AN Liu-Di ZHANG Cong-Xing WANG Jin-Jie'
Northeast Forestry University, Harbin, Heilongjiang 150040, China

Abstract: [Background] Serine protease plays an important role in the biological control of Trichoderma
spp. [Objective] This study provided theoretical support for the development of the protease biocontrol
preparation and genetic modification by studying the serine protease S8/S53 superfamily gene information
and biological functions of Trichoderma virens. [Methods] Twenty-three serine protease genes were
identified from T. virens Gv29-8 genome by bioinformatics analysis. Four serine protease genes identified
from Arthrobotrys oligospora ATCC 24927 genome were used as controls. The characteristics, protein
structure, evolutionary status and function of 27 serine protease genes were predicted and analyzed.
[Results] The 27 genes were significantly different in structure, and the encoded proteins had typical
serine protease catalytic triad structure, belonging to the S8/S53 superfamily, which were divided into
6 subfamilies. The conserved domain of proteases in the same subfamily was similar in length, with high
similarity and conservative sequences near the catalytic residues. Phylogenetic analysis showed that the
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serine proteases of the same subfamily were clustered into one group. [Conclusion] Some serine protease
genes of T. virens and A4. oligospora have strong similarities in structure and protein properties and close
genetic relationship, both belonging to the S8 PCSK9 ProteinaseK like subfamily. It is speculated that 7.
virens and A. oligospora have similar functions of serine protease, which can inhibit plant pathogenic

fungi and degrade the body wall of nematodes.

Keywords: Trichoderma virens, Serine protease, Bioinformatics, Biological control
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Figure 1 Exons and introns analysis of serine proteases genes in 7. virens and A. oligospora

I TEMELSHGINE THNG T, BT FOREEN B (bp). SP: SARELZEIRE AN ; AOL: AT AAI R 22 PR E

AT

Note: The boxes and lines represent exonic and intronic regions respectively. Numbers indicate the length of genes (bp). SP: Serine protease

gene of 7. virens; AOL: Serine protease gene of A. oligospora.
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SP223467 TATIDDGIDTTL :691
SP220243 TALIDNGVYSAA :740
SP206616 VCVIDTGFNPAV :628
SP219820 TAVLDTGVDPSN :48
SP66654 TAVLDTGVDPTD :518
SP71006 ISTISDSGFDRGS :322
SP37325 IATIDTGVDYTH :109
SP230947 LAVIDTGIDYTH :165
SP189569 IGFIDTGIYYKH :143
SP69939 VAIIDSGVDYRH :179

E2 27 MNEBRERRECEFZFIIES
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HH 2R AR% S8 PCSK9 ProteinaseK like MEZEEAY
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BEEE AREIEIL =AY, T S53 SR R (A 41 44
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IR 225K, H R — S 5% 0 2 1 A AL A
E(R 2)o VUG5 R I 22 5 1R 5 (AR N 22

HGTHVAGTIGG :

470
:520
610
:573
551
:352

HGTHVSGTIGG :202 :361
HGTHVSGIIGG :206 :360
HGTHVAGTIGS :189 :342
HGTHCSGTVAG :237 :401
HGSHVAGTIGG :232 :388
HGTHCAGTIAG :210 :226
HGTHCAGTIGG :240 :391
HGTHVAGTAAG :202 353
HGTHVAGTIAG :205 :356
HGTQMANLICA :47 187
HGTQMANLICA :165 281
HGSLVAWLVCL :741 :894
HGTQMAQCTYK :782 936
HGTISASTILS :664 :820
HGTTSVNLVFS :84 1226
HGTTLVNLIFD :554 1698
HGTHVCGSALG :384 612
GTHVAGIIAA :165 :339
GSHVAGIIAA :217 :538
ATHVAGILGM :194 :537
GTHTAGIVGM :234 :558

Figure 2 Multiple sequence alignment of catalytic motif of 27 serine proteases
T HEASRIE K IREUER. SP: SRR ZZIREFME; AOL: LT MR 22 2R & A .

Note: The catalytic residues are shown in gray shade. SP: Serine protease of 7. virens; AOL: Serine protease of 4. oligospora.
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0.20

El3 MEGA 7.0 52 27 ML EERE BB R Gt (L
Figure 3 Phylogenetic tree of 27 serine proteases generated by MEGA 7.0

*2 27 NAREBRELBAMBIMEELER

Table 2 Similarity comparison of 27 serine proteases

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
1 100
2 78.2100
3 42.441.6 100
4 38.740.4 35.5 100
5 34.335.631.539.9 100
6 39.038.836.541.132.0100
7 37.038.934.642.039.942.9 100
8 36.436.833.741.135.640.7 55.9 100
9 38.436.833.836.533.338.446.243.8 100
10 39.039.632.838.634.939.845.644.461.8 100
11 10.712.211.58.9 10.99.2 10.08.3 10.99.3 100
12 10.610.99.2 9.1 8.8 10.011.09.5 11.09.8 21.2100
13 92 9.0 9.1 10.585 9.4 10.08.1 9.3 11.69.5 9.9 100
14 7.5 87 9.6 10.09.4 9.6 11.711.511.512.19.0 8.9 25.1 100
15 10.910.49.3 11.09.3 10.110311.48.8 11.189 15.313.414.3100
16 15216.615.012.313.014.916.117.515.314.77.7 8.0 10.110.07.5 100
17 14.415.411.114410.213.512.514.114.213.08.6 6.6 9.6 8.7 7.5 57.8100
18 14.714311.213.712.512.112.611.711.711.782 7.5 82 6.0 8.1 19.715.6100
19 14.013.610.012.712.210.512.713.011.8 12.87.0 7.8 7.8 7.8 8.9 21.315.311.9 100
20 12.812.213.414.210.811.6 15.013.713.712.58.1 7.2 8.1 6.1 6.6 20.513.49.7 11.6 100
21 14314.315215.612.712913.411.813.512284 6.2 9.7 7.9 88 15.713.015.413.631.5100
22 11.210.613.714.812.011.1 12.812.512.711.77.2 5.8 7.1 69 84 17.611.49.3 11.518.053.3100
23 91 94 7.1 8.7 7.8 9.8 10.883 9.1 9.6 63 6.7 73 56 63 87 88 7.0 7.2 6.4 5.8 6.3 100
24 9.6 9.2 8.0 10.610410.07.9 82 89 84 6.5 55 52 73 6.0 7.5 6.6 74 6.1 6.4 54 5.6 82 100
25 6.8 7.8 93 9.0 6.6 69 9.1 7.8 88 79 51 81 72 73 93 42 58 59 52 49 7.6 6.0 6.6 6.0 100
26 75 76 74 10.08.1 7.1 6.8 8.0 7.6 81 63 82 7.5 48 83 64 88 7.1 57 53 47 72 75 63 82 100
27 11310571 64 7.5 66 59 7.1 69 7.1 86 6.7 6.5 6.5 84 57 63 7.5 62 6.1 7.6 59 6.7 59 11.711.8100

Note: 1: SP41430; 2: SP77334; 3: SP33902; 4: SP88460; 5: SP82892; 6:

SP143434; 7: AOL3909; 8: AOL9083; 9: AOL11255; 10: AOL3670;
11: SP31861; 12: SP217176; 13: SP180959; 14: SP36006; 15: SP87425; 16: SP153866; 17: SP195992; 18: SP223467; 19: SP220243; 20:
SP206616; 21: SP219820; 22: SP66654; 23: SP71006; 24: SP37325; 25: SP230947; 26: SP189569; 27: SP69939.
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Figure 4 The model on tertiary structure of serine proteases
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Bod 25 W . XUOIE R g i Y 22 2 R 2K (1 1 43
R 6 MWK, [Fl— R BT XA A
VT, PRARPE SR, 1E B IR — S S 1 2 1 e
A —E PRI

22 AR W R R A B R T 9 2 Rk, B
SR ST AR BT 20%, (HiZE
JO P V5 P 2 AR SR AR LR S A — A2
SSRIZ DAL AR Asp-His-Ser™, i3 i —
X 27 NLERE ARSI R, BARE
TR AR RUBE AR, (A AEfE AL 5% 3 (Asp/His/Ser Y

e BBRANEE Ca™ 45505, A SP69939; B: SP71006; C: SP66654; D: SP217176; E: SP77334; F: AOL3909.
Note: The Ca*" binding sites are shown as spheres. A: SP69939; B: SP71006; C: SP66654; D: SP217176; E: SP77334; F: AOL3909.
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Glu/Asp/Ser) K J& il B SN ERAR PR AT, [A)— 2 S 0%
(2R (DR ST S o I T 2 2R B (A T e 45
) EINVE e, SECEFEhAE BRI FEb
01T PAFRLTRT 1) 2 2 B 11 il A A AR v BE R
H B, 5%:K% S8 PCSK9 ProteinaseK. like V. 5 %
()RR IR Z5 A AR AL, 3 10d B L TR 22 24 1R 25 11 g 5
HAEP R R L - A R RS, IF B R &
AT R E R b A A T RE . D
61T AFRLTRT PR 3K 4 /> 22 24 R B 1 B H HA R 2 A
FH, T G (A RE [ 222 S8_PCSK9
ProteinaseK_like 11 S8 Subtilisin_subset V. 5% % H1 1
WY, REREEE R H T R G
Bl — RGN E A RE R, B LEREK
UT, FF EARRUE S BT BoR ,  [F— S 2R 1
AR B i, 28 B 22 SR AR 1 I T R rh T Ak O
¥ 1) LR R AL K A= A8 Ak, T BOR R S5 11 8
PR AR I RE . DA MR RN, FAEHK
FIE 0% 38 2o 22 35 JF b 2 1 8 o A PR AR T AR 22
I R 11 T 590 00 A 2 A B A g RS 1 PR, —
SEIE R AR IR, (RS R 22 2R AR
SERIRR ST AL LY, R EA T4 7T e
JEN T AMER Y R IR S T RISy
Brigos, AR SRR I 22 2 5 B e — 4R 454
AR, (ARG L = BARLS R B I
W, EATTZE AR 1 25 55 FT 2 1 e i HL A R /K A
VERI R BRI 22 2 2 1 1 3 1 R e M R
I Ca™ 5B AT K, SP69939 BEAT TN E) Ca® 4%
A, SP77334 Fl AOL3909 HA 2 4 Ca*' 454
{755, SP71006. SP66654 Fl SP217176 HAG—4
Ca™ G54, HEHEYErhOa —ElRE, AT
FaEm g,

YR E AT ZAETHEL AR,
HARLAERE ) 2R, XEEAREZHN
AACRFPEARAL . R SRR LA SIS, SRR 2 A ik
PURIE R P E R R 22—, P 2 B AT TR
(subtilisin-like) 22 24 Fi% £ [ J 76 47 £ 2k L B0 IR X 2k
RO R Ak 3 R R AT R e E U

O Z I RFFIEN, RE22 2AFRE i S8/S53 i
FIEHFERAEAR PR dad i
o D028 JL AR 4B T S8_PCSKY_
ProteinaseK_like W.5<% . TEZMSEH, SRAREA 61
22 28 R ER RN/ 605 AL TR 4 A 22 2 IR 48 11 T
[i]J& T S8 PCSK9 ProteinaseK like W51, Al
AR RIPESRS 2780 He X B B AT Ak L 7
TR, REHAREEITEN—3Z, JFH =
REAERAEF AL . AT AT 4 22 R
il 35 hy L 2 38 P A RE B8 i 22 S PR AR T, B AT 1R
S 537 M RRBEN R, TRE LR
AR FAULI ISP oK1 SP77334 R RN
CARIE A Tvspl ZEMREAMS. 5600 F45R,
FRATHEM LR AR EE S8 PCSK9 ProteinaseK like W5
T 1) B 11 I8t T 8 AT [ fire 40 i BE Bl (ACRE R TR K
R TER

H HIXF 55 A8 JUAS SR T 1Y) 22 24 12 2K 11 18t ) fig
fRiER D, WL EIN I BRI RE, AT 2
FE v pE L RIB TR IR UE . Szabo 45 & MG KA
B S53 WA P5216 & [ 5 A 2 Pt (R 26
5, ATBEFELR BN A R e s E A, AR
XK S8 Zd TRl — xR, (A4
FGR 2 1 AL S AR TR AP ke 5 2R
FFI# (Bacillus sp.) KSM-KP43 Bk 22 52 12 45 11 1§
KP-43 J&F S8 Kp43 protease W%, HTIHHA
K, TRAEVE I EECY . At S e
22 A PR IS R L X, XS8R 5% A%
BB IR AR AL RAG, JC kI W 2 R g 22 S R 26 1
P2 A AL T RE

K ALARRR 23 PNEER g R & A R EA
22 PR E TR EAL R L, AT RBE A —FhE %
1455 77 D51~ 00 14 A 00 9 it T o i 2 o A B
PR R A PR, (RGBS ] 3
HY5 RS GO 22 550008 T 4% AR IR &
—VE . T RS TR 22 2 TR 1 S8/S53 MR MIAE
YA R EE , Bt — s 2 AR AR A
SEIBE AT AR A, R A B R 35 FLe B
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