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2R E (Trichoderma virens ) T23 R EHE B EE A
gliN-T IR FZEHRHIAERR

PWET IR EACE gzt bR T K
TOHAE K& FW ogmyY & x|
CL DO Al R B 2 5 A4 7 RGRBE BB 1411 4 610300,
2. AL AR W R A 047 9 2 W1 5 BT S0 5 D)1 R 610066)

W E AIENEARE(Trichoderma virens) Ix 2 % A MR o F EENP KB R A G K FE B T23 AB R £, 5
RAF A A5 09 3 A4E #4L H K (Agrobacterium tume faciens-mediated transformation, ATMT) # 47 & B, 5+ A A & B
9 ATMT # ARG AREH T3 IR EFSRBLERBA AT T RAESERRE giN-T AT A RSk, AL F E&#
EABHARMEFEHESNARRKR R ERBRRPOREET ST ERE L, A glUN-T i & F & R ey 4F
Ao RAN . EZARFER T23 5 AT F R ¥R MK IEH 15 mg/mL 45 2 i0 B 3L # B (Glucanex) , 30 C 4 22
2~3h G FRAAENF 69 HAF A, 4 10° NIaF 4ALF 2 0,25 MEFH 10 A5 A A K R 49 ATMT H K, %
KREWEBE TR AGUNT, REFEMNERLN  EFAR T23 09 24 h3F R PR T AKREFF .M AE 48,72,
96 h w3 ik 3 B Ix X AR F 4T AgUNT £ A NMERBRYREZ LI FF. LW guN-T
BEWHTERED T3 REZVAR AN ZLAAERELZLSORERTFHREELAE,

KER RHFENCFEHN; ZRED; kEaF; TASBH; FRMR

FESES  SI182 XEHE 1007-4333(2020)06-0075-07 XEARER A

Regulation effect of methyltransferase gene gliN-T on the
gliotoxin synthesis regulation in Trichoderma virens T23

HUA Lixia'?, Sun Pei', JIANG Qiuping'*?, ZENG Hualan'?* , YE Pengsheng'*?, HE Lian'?,

ZENG Jing' , WANG Mingjuan', ZHANG Min', LUO Fei', YANG Xiaoya', HE Xiaomin', Liu Yong'
(1. Industrial Crops Research Institute, Sichuan Academy of Agricultural Sciences, Chengdu 610300, China;
2. Key Laboratory of Integrated Pest Management on Crops in Southwest of Ministry of Agriculture and Rural affairs,

Chengdu 610066, China)

Abstract To understand the molecular regulation mechanism of gliotoxin synthesis in Trichoderma virens, T. virens
strain T23 was used as study material, and Agrobacterium tumefaciens-mediated transformation (ATMT) technology
was modified to carry out gene disruption experiment. By using the modified ATMT technology, a methyltransferase
gene, gliN-T, which belongs to gliotoxin synthesis candidate cluster in T23, was knocked out for further determination
of its regulation effect on gliotoxin synthesis. Thin layer chromatography and high-performance liquid chromatography
were adopted to analyze the dynamic change of gliotoxin in the culture medium of the gene knockout mutant. The
results showed that. By adding cell wall lyase glucanex with a final concentration of 15 mg/mL to T23 conidia and

treated at 30 C for 2~3 h, the number of transformants was increased from 0.25 to 10 per 10° spores, and the
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knockout mutant AgliN-T was successfully obtained. Gliotoxin analysis results showed that: No gliotoxin was produced

in the 24 h culture of wild-type T23, but gliotoxin was then detected in the culture medium after 48, 72 and 96 h; Under

the same conditions. gliotoxin wasn’t detected in AgliN-T at these four growth stages. These results showed that the

absence of gliN-T inhibited the synthesis of gliotoxin in T23, suggesting that gliN-T played an important role in the

gliotoxin synthesis regulation.
Keywords

gene knockout

KRE W (Trichoderma spp. ) W8 A &)
ZHIEYIRE AN BN, A 50RO TR X B
JICHE 2 0 0 TR S RABURE B TR A A6 2l 22 A% TR 55 2
Folv R D A LA 0 S S O AR, L I T R AE 80 %0
A B R B T R SR AR AR RS L R A
KEAGMRIER . B KEEFEEDRF LY
Bi 167 A% 24 9 it 345 28005 T A T A IS T R R
M E ., K% (Gliotoxin) , Ri KK B 2%, & —Fh
TR U A AR = W DR HL G A0 B R TR LA B LR A
AW FH WS HUE N © #O0F it A R sy 25
Pl OREEJE I 4 T RN AT R R R R X T
X B 2 T S AT AR

JE 8 R A LY 431 BIL A e A it B b B RO TR
N < TR A I A DR A 9 R A I S A A B gl
FEABERAE T 12 DN (gLA, gliC, gliF, gliG,
gliK, gliM, gliN, gli], glil, gliH, gliZ, gliT)3L
Ie i 2 o 0 ol R e R S R BT RN gliP
gliC.gliZ . gliA . gli'T e M ith &5 e 2 & 5 g 42 v
MEHE S8 REm Y, EAR KRG AE
W (Trichoderma virens) W 3B 43 B ik 7] 7= A I8 B
ENSISiEuy Sl N LIRSS ¥ AR R R PO i
TR HE R A BB A AR AE B E R K T
B 2 A 8o T R AL D7 T ) B 5 G S S T
FHIRERX WIS, B IR Vargas Z %F T, wvirens
Wtk Gv29-8 iy gli P HE DX F A7 R R, W 17
I 5 SR B B RE R A A O AR R4 K
b R T AT AR TR B RE R G R 23 I 4 AL
T BT R E MR TR, Bk, PR ARE R
Jie 35 2R A IER R Y 3 R B D RE IO AR R T X B
A AR Y 2 7 AR AL ST IR AR AR T
G35 7K R R A B T RS AL, O i —
A I R NN A3 Y e B A

AW 5w E i A AE R T 8 R B s OR
B T23 B AP AATE 1 DS Mth & KR E W
LA R DR i B R RN 8 A e BRI g3
s N gliP-T .gliC-T .gliN-T .gliK-T .gliI-T

Agrobacterium tumefaciens-mediated transformation; Trichoderma virens; gliotoxin; methyltransferase;

gliGT .gliF-T .gliM-T ", Rt — W55 K8
TR BT 28 B 35 W ML AT 40 L 2 A % T
T23 S BFFExF 4 38 2 i R A AR AT 1 A 5 38 A% e Ak
(Agrobacterium tume faciens-mediated transformation,
ATMT)HLAR X T23 JBE35 3R A i R AR A 4 i i
RIS E A0 gliN-T JE N P17 RbR . 2
A Ak DL R I 2 8 AR b i 7 R AR AR RS O, B
gUIN-T X e ag 3 & AR 5 2 WS 7 3R
AR 2 AL A0 R AT A B2 ik R 2 Y B S Ll ()
o R R Bt — LI R AR BES R

1 RS

1.1 44

I AR BT SR FE A T23, th A58 % I
77 IE Hh 2R AR B R R B A R

a1 Mg BE 24 f# B Glucanex ( Sigma-Aldrich,
L1412, 25 [®); E. Z. N. A.® Fungal DNA Kit
(Omega Biotek, D3390 =101, & H); & 7 Z tr fE i
(1 mg,Lot number: 1DOE12, 4 >99% .5 &%
T A W) TAREA BR A W) 5 S %Rk e GF254 13 il A
G B FEAL A BRA A 5 1550 75 51 9 10 & 1
WP 35 A T AR TR ) B A PR R 58 % .
1.2 X&HFiEERIXF

1 ACRAE LS 1200 7Y, i 58 ARG T 9% G1314B
CZFERPHEARA A, 3L E); C18 A 3% 1
(4.6 mmX250 mm, 5 pm, Pribolab, Singapore);
0,43 4li F i (35 [ Fisher) ;
1.3 EHFERBEXIXF

Ly B ) ) M B IR 8% 9% 2 (Potato dextrose
agar, PDA)H T ARER T23 fUHF; LB B F R
FHT R AT 8 e AT B 55 57 5 IML MR A 15 = 1 3
BT ATMT S5 121 °C &l m K
J& A ZHE R 200 pmol/L () Z T T 75 B ; 3 15
T AT BRI 73 A A7 A R 3R R 5 7E IM
B LAl b R T AR R IR R I AR A 1 g
IMABERE# 15 g, 121 °C ik R KW Ja i A 283k
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B EE % G ARE (Trichoderma virens) T23 W IR EEIL N gli N-T XK 7 & A WA = 0F 5% 77

FES 200 pmol/L (1 Z Bk T Al o 48157 A s H

i 8 1 % Ak B PDA B 55 26 5 i = TR K S
A2 B2 Ry 150 pg/mL B9 55 R B J5 5] 7 H
.
1.4 EERKRBEENHEERBELFRNSFERE
1.4.1 DNA R

R R T bk T23 1546 T PDA V-4 i 3%
HE L HEFR 2~3 d JE s T B IR Pk BT 6 TR 22 422
B I 54 A MR WK 55 9% 3 (Potato dextrose
broth, PDB) 1,28 CHR% 53¢ 2~3 d, R 221k 4
8 R 1 A5 FH K TR 20 A 8 At B W B T 22 K
FHAC S 5 W1 T 22 AR h K 43 J5 BT K BE BiF Bk
AR AR S R AR AR E T ELZONCAL®
Fungal DNA Kit(Omega Biotek,D3390=01,3 &)
HEAT B P20 DNA Ry $2 B0, H A #4450 ] 43
HEAT
1.4.2 ARMBBEMERFZLTH ST EL

i BEC ) U5 g R e DR B R A O IR BR 3R AR
(B D43 3L gliN-T 1 535 1 016 bp (LF) &
3'3 892 bp(RF) 15 Jy ] P 5 LA 58 il 25 )3 3h 7

PtrpC Jii 8 (381 % F ZE N Chph) o B 5 R £ ik
GV NI B e B AR IR LF. . PurpChph . . RF
MY 2H 2% ) 4 47 A CaMV poly (A) ¢ 1k T
1 1 2 TR i B AR pGKO2 wh . AR AR PrrpCohph
J BT IE 7 w5 9, B hyp-F 5 hyp-R, J T
AL A R SR R B AR PR LE P 8% i
Em 514 gliN-F, R ¥ RF /¥4 & it & 17 5] )
gliNR,AHFRIBEEAHATH S FEE. 519
FRWFE I,

500 bp
LF <+— RF
T23 . L. gliN-T 7.7 .
S, et ” * Ll
-, Trw
. .-
AgliN-T ——@@Hrpcﬂwh

hyp—F+hyp—R:
— gliN-F+gliN-R

pGKO2

1 BERRKRREEE#RERE
Fig. 1 Gene knockout strategy based on

homologous recombination

z1 XAHREAASY
Table 1 Primers used in this study

L B AGREE/C .
3 9 (5'>3") o T J A/ bp ER
L Annealing )
Name Sequence (5 —3") Expected size Target
temperature
NL-F gtegacggtategataagctt AATTATATTCCGGTATCTGGA 60 1016
gliNL-
ATGTACC gliN LF
gliNL-R  tttggcaagc TAGTGGAGCACTTCACGCAGG
hyp-F tgetecactaGCTTGCCAAAACTGGTTCCC 58 1021 ptrpC-hph
hyp-R cacagattcc TGGGAACTACTCACACATTATTATGGA
gliNR-F  tgctaacagetgcagecegggGGAATCTGTGCAGCGCAGG 58 892 gliN RF
INR-R cgeggtggeggeegetetagaCTGTTAGCAGCTTACTCTTA
iNR-
8 CATACCAG
gliN-F CCGACCGTATCGACCTCTAC 58 1006/2 346 % fk:fy, T 4» 7 %
gliN-R  ATGGCCGACGAGCAACTCC &S i

FE ST 9 5 0 19 /NG 7 By JE 4 B4 0 75 0 TR UL 207 900 5 o SF /R TR RN S8 IR 0 B

Note: Lowercase letters on the 5'-end present the homology of the adjacent fragment for vector construction using seamless cloning;

%, length of PCR fragments of wild type and mutant.

LS RHENSHBERELEANUR
1) HRA AfF A7 Jik TR] i R A A 1A A B P AR AT T

C58C1 7F LB g3 3t R4k, 28 ‘C 1535 36 h, PLHL
PATEIE EI LA R A LB KRG gE 3 b, 28 CHR



8 O A K R it

2020 4F 55 25 %

WA B O MR AR, B S IM i T 85 97
(&M JE R 200 pmol/L 1 £ Tk T & ) 52 V7 14
R IF I OD600 & 0. 2~0. 3.4k 5 28 CHR % K5
6 h. %M.

2) LR F o A 1 B0 W ] & fE PDA KR
Ik FIEL SR AR T23,28 CHiFR 4 d AL R
A FH O K 5 A b R R AT IR 3 R R B AR B
22,4 000 r/m B0 5~10 min YWE LM F . Fl4
ES A 40 i BE 2R i Glucanex (28 ¥k &
15 mg/mL, % T 0. 7 mol/L NaCl % %), 30 C
80 r/m % 2. 5~3.0 h,4 000 r/m &.00s H
0. 7 mol/L NaCl # W% 1~2 i .3 24845 405 I8
WCAE 53 AR A0 T A AR AR & 10 /mLL,

3 BUAERF (200 (L) AR T T8 B T I Al 1 B 7%
WOHATIR & 5 ¥ 5 W An T 3L 3 35 o M s e s
22 °C WEEESR 3 d, Bi)E TR LRGSR AP0 T4 B 1
JZ2E R R (B 150 pg/mL) Kk flubi 4 R (&
W E 400 pg/mL) By PDA f 26 15 35 3k, 28 °C 1 3%
5.d A Ay PRICRE 7E U 1 By SR A b AR KR AT )
B O 3 B AR A EA TR R AR E MR
1.6 EEREHSH

Z M A T R U A A T23 03 I g ok
RAM AgliN-T By B RNA Jf 317 R85, 4k
cDNA 55—, 78 gliN-T B:HAh 7 X3 it 51
Y AR K BRI gl N-T AE 588 R b iy
KN, SIHEAEE IR 1,

1.7 BRERMRIERKEN
1.7.1 ER&&E5H

W L3 TR Bk 32 BB ) 100 mL PDB B 38 3 o,
28 C B % 48 ho LA R 0. 22 pm 1Y 38 B 2t
USRI L B 20 mL PR, A SEAR TR LR & TR
W2 WA AR O, BT 38 U T AR 20 AR
FEdh G 2 mL WS A AR O 2 20 s . B
M R X RS 1 me, il A 2 mL B R 8
5 min, 73 B EE A 0.5 mg/mL (1K BE K br e & %
WA R T2 3 A 6 RSV VR . DA R ARORE I GF254
T A AE 2 2R, LA IE O %6 O BR SRR R L A 6
6 VE N EIF 5. 7E 254 nm 148 4T LS HE 2 AR (1)
JR I L B I F R VRO 2 AR A T A
1.7.2  Z&kRARE £

PR IBCHT 6 1 22 $E 7P 3 200 mLPDB 1 32 5k v,
28 CHh B i 9% 48 h JF ML 2 mL ¥ % W I H
0.22 pm GLALUE RS I8 B HERER PR . R BRELT

F1% €0 3% 2% 1 0 B % WP B I 2 AR AT R < LAK
TLAAR AL TR S A CL 4 IR 5006 7K dm 5026 Y
BEPEAT A5 BE VR s W - 1 mL/min; AR 3 . 30 °C 5 Bk
FEAR 20 pLs IS - 254 nm,

2 GRESW
2.1 BEHMREM ATMT L RKKE gliN-T EEF &/
[(Z3udin

T 20 i B VR f# il Glucanex &b 3R 56 7y, dh k47
T3 LR s i A e R e B 3 M. g
TREZERRNX 3 MEATIH RN FAEA L
T EEMTRP IR INAWE R 15 mg/mL K40
JH B 7 i i Glucanex #EAT 4L RS L 0 £ 45 3] 22 4>
BEAL T W0 B 2 SE DRI PH P S 100 %0, 3 R A 5
FIMEES R 2. 78 22 DAL T A 3 D2
[] 95 2H 5 Ak 7 RIS REBR gl N-T 14 ik P il B
RAMNK AgliN-T s A 2 A5 Ak i 21 9 25 R 5
PRI o AEL ARG 00 A 28] [ 98 o 1) 2% 707 5 O AR OE W % AL 1
HApR 17 AR R AR G 5. XV fige i Ak B T S
BRI 5 R HEAT LB A AT s R sk R T T23 4324
il 28 4 B BE 5 i 1 Glucanex Zh B 5 , F- 34 13 2 T
SR ALFEON 0. 25 A4 FHR] 1000 4>,
HALRCR KRR & (R 2,

MT23 1 2 3 4 5 6 7 8

hyp-F/hyp-R

M:DL15000; T23 . 7 A= # T23 DNA ¥ 5 7= 4 ; 1 ~ 8. i K fif b
AL T DNA P34 745 (1~3 g [F IR 5 2 B M e b 7. 4 ~5 SHEEIE
WHALT . 6~8 M T) .

M: DL15000; T23: amplicon from wildtype T23 gDNA; 1—38

are amplicons from transformants gDNA. 1—3 represent

homologous transformants; 4 —5 are unusual transformants; 6 — 8
are ectopic transformants.

2 Glucanex A BERBABLTFHIFETE

Fig. 2 Molecular identification for transformants

after glucanex treatment

2.2 gliNT ZEERMBRREEPHIRESNT
NP A Y T23 Ko 3 R R BR 2 AL R AgliN-T iy
gliN-T 347 RT-PCR ik 70 #r. 45 R 3 W1 . 7 B A4 7
T23 FMZ S cDNA BRI E] gliN-T B33k 1ef%
SRIK b AR FE R BR 2 AR R AgliNFT o A A 3
gliN-T [FGR (B 3 ERF gliN-T SENBRIIEER .
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LW % . 2k KB (Trichoderma virens) T23 B ILFEREFEIL R gli N-T X} I 5 £ & A9 EEUF 5 79

% 2 Glucanex b HFAREHE T23 ATMT £ R LR

Table 2 Comparison of transformant efficiency before and after Glucanex treated for T23

S 74 T-DNA #fi A [F] 5 7 2 BT ERT [F) V5 T 41
. Y BT /A W LT /A B/ %
b B HE AR
No. transformants  No. of homologous  No. of transformants  Homologous
Treatment No. of conidia
with T-DNA recombination for ml™ ! conidia recombination
for co-culture
insertion transformants suspension efficiency
iR CK 12X 10° 3.00 0. 00 0.25 0. 00
2 0 B 5 i it A 3 2X10° 20. 00 3.00 10. 00 30. 00

Glucanex treatment

gliN-T

M:DL2000;1:T23 gDNA § 34 y=4y;2.T23 cDNA ¥ ## 5= &5
3:AgliN-T cDNA "1™ ¥y s 4. PIHEXT B, DL Ho O Sy BEAR i1 3 4
7/

M, DL2000; 1, amplicon from T23 gDNAj; 2, amplicon from
T23 ¢cDNA; 3, amplicon from AgliN-T ¢cDNAj; 4, amplicon from

H:O as negative control.
3 gliN-T ZEEERFRREM AgliN-T H§yRIA 5 4
Fig. 3 Expression analysis for gliN-T in
gene knockout mutant AgliN-T

2.3 gINT BEERBRRETEREZKR G =K

Xof W A R 5 BE R R PR R AR AR AgliN-T 1) 48 h
0 35 52 R AT 2 0 o3 A L RS RE B bR o S bR
H 5 pL RS AR 10 pL, W2 A% 0 b
SE U], FEBF A A T23 48 h K53 W v ] K B i
B2 (B 4, VK8 2 4 5 1A R85 38 4510 3
BR IS A AgliN-T 1) 5% 7 W) T v 46 0 3] fie 7 &
(K 4,918 3),

R TR RN WS WL
KA O S AR B 5T X AS [R]85 SR s 4 (24,48 .72 F
96 h) [ B Az A T23 K i PR Bk 28 A8 R AgliN-T
PO TR 22 15 35 053 S R AT T e A5 AH o T A I . K
M2 LB, 7 28 °CL120 r/m BB IR 56 F . 15
F% 24 howk, B AR R T23 B 5% W R I OR B i
F L 7E 48.72.96 h {35 % IR A I B B K
FEAH ) 0 85 35 2 0 R, Bk I L Bk R AR AR AgLiN-T
FE 4 A A KB 00 85 55 0 B ok R I B i T R
(£ 3).

(b)

s 2
. 8
e ® 9 § o
2 3 45

(a) WEMAE 254 nm 2E5M6 T B9 BRI 45258 5 (b) & ad 20K
P £ ) 1 2 € 3 R

LR S BE#E R bR G 2 R 4 B AR Y T23 B 57 W48 BURE &b
3+ 5870 T IR B SR W AR IR

(a) chromatography under 254 nm UV light; (b) chromatography
after vapor iodine staining

1 and 5, gliotoxin standard substrate; 2 and 4, extraction from
wild type T23; 3, extraction from AgliN-T.

B4 BEREZRN T RRTFEEKSER
Fig. 4 Gliotoxin detection by TLC for T23 and AgliN-T

®3 BUREREARNIAEHEOREFRRINKEELE

Table 3 Gliotoxin detection for different time-period

culture filtrate by HPLC mAU « S
- SR/
Atk Culture time
Strain
24 48 72 96
T23 — 436. 30 401. 99 240. 34
AgliN-T - - - —

T — 73RN A AR R WBORH £ 1 2544 T A A I ) 054
Note: — represents no peak is detected under the same HLPC

condition.
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3 W54

Tl AR T S DR AR B AR 2 R AT 22 MR LT R R )
REMF LAY AR Z — ., HEGN ] T 22k B S
S PR o 1 5 A AR A 466 4 2 70 L o B AT O
F ol 22 J5 AL R i PEG/CaCl, B 46 Jk B %
B AN WA T B AL e AL (ATMT)O P 45, Hor,
ATMT $ AR PR SA A R AE ] B e A8 i st e
FoE SR s &Iz I B 45 28 22 R BRI 3 A%
FAbht . RATF A T s A R BT &
FELSEARBE W (T, virens) A B N A A HiE
B AL ROCRAR, RRIRE T T, virens # D
AT BERIE ST K R . AWF5E ATMT £oR i
TR LE T. virens T23 B4 HW TP
LR 5 it T A R X AL Y 40 A%, I 3 i el
R ATMT SR AT I EE R 5 MU e 5 N gliN-T
(18 5 DAL g B 5 AR AR S K TR ADESE T, virens T23
R A Y o 1 IR AR AL H S A TR A ) iR
A

PP 2 il 2 — 283 A R TR AR N i
W2 L 2 5 A W) O 0 WY A SO L s o A ) AR T A AR
PRI A LR B IR AR RO AR A R
BER A AL KR N AE LA 2 A WYk B 7% Wl Ak
(gliN Je gliM) AHIE . 1 R WA 50 il 25 I 2 R
JG DR P PR R B % Tl DAL %) Zh BE I 9T 4108

BT R B R ATMT AR XS gliN-T ik
A7k DR T B O AR A R AR A R B ER gl N-T & A
Ja,T. virens T23 [RFFZE I G W Z BN WH . gliN-T
Z 5 T T23 RERMWE M. fERERE M
WIENAFEE gliN-T K gliM-T 2 AW 55 5% il
FEPRL X 2 S FE DA AR IS W o T A ) 7 H A 45
JREEE 3R A R AR A Py T AT A 8 X [R) LA
FRARE.

523 #k References

[1] ol Emk. X LA I B 435 0 A B 1 07 8 R b it R (DL e 22
P9 el KA, 2007
Cao Y T. Screening anti-Trichoderma to several kind of
pathogenic germs and improve strains [ D]. Yaan: Sichuan
Agricultural University, 2007 (in Chinese)

(2] k. AW S35 BT K B A 9 BT 9 0 e (D). TR R
A 2F 4R . 2016, 32(4): 946-952

Han C Z. Advances in utilization of antagonistic Trichoderma

spp against plant pathogens [ ] ]. Jiangsu Journal of
Agricultural Sciences, 2016, 32(4): 946-952 (in Chinese)

[3] Howell C R. Understanding the mechanisms employed by
Trichoderma wvirens to effect biological control of cotton
diseases[ ] ]. Phytopathology, 2006, 96(2): 178-180

(4] k&R DGR, BRAE, ZoMF. FATR . wREk, XU, fhir
. REE S T4y A B R R RO 20 B A RBOR M sz e [ .
YR P, 2018, 44(5) . 238-246
Zhang C Q. Ma G S, Lian H, Li M, Jiang X L, Su X L., Liu
M X, Qu H Y. Effect of Trichoderma on physiological
characteristics of cucumber seedlings and control effect against
Fusarium wilt[]]. Plant Protection, 2018, 44(5): 238-246
(in Chinese)

(5] mhukAr, Bk, ZET. #iE. WEARR D16 LW IEX 12
AR AE AR 2 [T . 25 %2 82k 2% A, 2019, 37(3):
216-221
Ye B Z, Zhai X, Qin L P, Han T. Effects of fungal
biofertilizer from Trichoderma atroviride D16 on the growth
and secondary metabolism of Salvia miltiorrhiza[]]. Journal
of Pharmaceutical Practice, 2019, 37 (3). 216-221 (in
Chinese)

[6] Waring P, Beaver J. Gliotoxin and related epipolythiodioxo-
piperazines[ ] ]. General Pharmacology : The Vascular System ,
1996, 27(8) . 1311-1316

[7] Brian P W, Hemming H G. Gliotoxin, a fungistatic metabolic
product of Trichoderma wiride [ ] 1. Annals of Applied
Biology, 1945, 32(3); 214-220

[8] g7, @ AK%E(TRICHODERMA VIRENS)TY009 B % &
BB R AT B A K G R A AR IS B LD AT < B VLK
2, 2008
Liu L N.
Trichoderma virens strain TY009 and its GFP-labeling[ D].

Isolation and purification of gliotoxin from

Hangzhou: Zhejiang University, 2008 (in Chinese)

[9] Gardiner D M, Howlett B J. Bioinformatic and expression
analysis of the putative gliotoxin biosynthetic gene cluster of
Aspergillus fumigatus [ ]]. FEMS Microbiology Letters,
2005, 248(2) . 241-248

[10] Chang S L, Chiang Y M, Yeh H H., Wu T K, Wang C C C.
Reconstitution of the early steps of gliotoxin biosynthesis in
Aspergillus nidulans reveals the role of the monooxygenase
GliC[]]. Bioorganic & Medicinal Chemistry Letters, 2013,
23(7): 2155-2157

[11] Dolan S K, O’Keeffe G, Jones G W, Doyle S. Resistance is
not futile; gliotoxin biosynthesis, functionality and utility[ J].
Trends in Microbiology . 2015, 23(7): 419-428

[12] Bok J] W, Chung D. Balajee S A, Marr K A, Andes D.
Nielsen K F, Frisvad J C, Kirby K A, Keller N P. GliZ, a
transcriptional regulator of gliotoxin biosynthesis, contributes
to Aspergillus fumigatus virulence [ J ]. Infection and
Immunity, 2006, 74(12) . 6761-6768

[13] SuguiJ A, Pardo J, Chang Y C, Zarember K A, Nardone G,



5 6 39

L KB (Trichoderma virens) T23 HILEE R BGIE I gliN-T Xt e 8 R A W 00 W 4 0F 5% 81

[14]

[16]

[17]

[18]

[19]

Galvez E M, Miillbacher A, Gallin J I, Simon M M, Kwon-
Chung K J. Gliotoxin is a virulence factor of Aspergillus

fumigatus: gliP deletion attenuates virulence in mice
immunosuppressed with hydrocortisone[ J]. Eukaryotic Cell
2007, 6(9): 1562-1569

Wang D N, Toyotome T, Muraosa Y, Watanabe A, Wuren
T, Bunsupa S, Aoyagi K, Yamazaki M, Takino M, Kamei K.
GliA in Aspergillus fumigatus is required for its tolerance to
gliotoxin and affects the amount of extracellular and
intracellular gliotoxin[J]. Medical Mycology, 2014, 52(5):
506-518

Wilhite S E, Straney D C. Timing of gliotoxin biosynthesis in
the fungal biological control agent Gliocladium wvirens
( Trichoderma wirens ) [ ] ]. Applied Microbiology and
Biotechnology » 1996, 45(4) . 513-518

Vargas W A, Mukherjee P K, Laughlin D, Wiest A, Moran-
Diez M E, Kenerley C M. Role of gliotoxin in the symbiotic
and pathogenic interactions of Trichoderma wvirens [ ] ].
Microbiology, 2014, 160(10): 2319-2330

EENEL . fIRR, AT, AR, iR, TR XD, TR
B KRB T23 KR A BN AW E B ¥ 0 S s b
[J0. ZEH A 2 5 R A 2% 2019, 38(3): 1079-1086

Hua L X, He L, Jiang Q P, Zeng H L., Ye P S, Zhang M,
Liu Z H, Wei S G. Bioinformatic analysis and cloning of
gliotoxin biosynthetic gene cluster of Trichoderma T23[]].
Genomics and Applied Biology, 2019, 38(3): 1079-1086 (in
Chinese)

WA SRR ZRIOT. 2GR LR R R ML S
B FHRIERLT]. = AR R 224, 2002, 17(4) : 386-388
Zeng HL, YeP S, Li QF. Study on the control of medicinal
herbs’ soil-borne disease by Trichoderma spplJ]. Journal of
Yunnan Agricultural University, 2002, 17(4). 386-388 (in
Chinese)

W /NE. AR AR TR A I IR K B A5 R AL R R A J e A
PRafiE[D]. B . Rk k. 2009

Ye X B. Agrobacterium

Optimizing the protocol for

tume faciens-mediated  transformation  of  Trichoderma

harzianum and mutants screening [ D]. Kunming: Yunnan

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Agricultural University, 2009 (in Chinese)

Chakraborty B N, Patterson N A, Kapoor M. An
electroporation-based system for high-efficiency transformation
of germinated conidia of filamentous fungi [ J]. Canadian
Journal of Microbiology . 1991, 37(11). 858-863

Deane E E, Whipps | M, Lynch ] M, Peberdy J F.
Transformation of Trichoderma reesei with a constitutively
expressed heterologous fungal chitinase genel J]. Enzyme and
Microbial Technology, 1999, 24(7) . 419-424

Ruiz-Diez B. Strategies for the transformation of filamentous
fungi[J]. Journal of Applied Microbiology, 2002, 92(2);
189-195

de Groot, M J, Bundock P, Hooykaas P J, Beijersbergen A
G. Agrobacterium tumefaciens mediated transformation of
filamentous fungi J]. Nature Biotechnology, 1998, 16 (9) .
839-842

T BE, KKE RE, R WA E A T E L
PR WF ST B RELT ], th E Y TR, 2002, 22(5): 40-44
Fang W G, Zhang Y J, Yang X Y. Pei Y. Transformation in
fungi mediated by Agrobacterium tume faciens[J]. Journal of
Chinese Biotechnology, 2002, 22(5): 40-44 (in Chinese)
WSS, M, BEL, N AR, WA R, AR R A AR
BB AL MOV T SR LT, A F AR, 2010(3): 1-5, 12
Fan L B, Li M, Ji Y, Liu W D, Jiang X L. Agrobacterium
tume faciens mediated transformation and its application in
Trichoderma spp[J]. Biotechnology Bulletin, 2010(3): 1-5,
12 (in Chinese)

Morishige T, Tamakoshi M, Takemura T, Sato F. Molecular
characterization  of ~ O-methyltransferases  involved in
isoquinoline alkaloid biosynthesis in Coptis japonica [ ] ].
Proceedings of the Japan Academy , Series B, 2010, 86(7)
757-768

Siegrist J, Netzer J, Mordhorst S, Karst L, Gerhardt S,
Einsle O, Richter M, Andexer J N. Functional and structural
characterisation of a bacterial O-methyltransferase and factors

determining regioselectivity[ J]. FEBS Letters, 2017, 591(2):
312-321

TG B E R



