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Table 1. Primers used in this study

Primer  Sequence (5’ —3") Size /bp

EGFPF  GGCGCGCCATGAGTAAAGGAGAAG 24

EGFPF  GGACGTCCTTATTTGTATAGTTCATCCATGCC 32

HphF TCGTTATGTTTATCGGCACTTT 22

HphF TCGGCATCTACTCTATTCCTTTG 23
L1.4 FERLFMMEWER B CLRUMEL

Al EMEE R (LD R A W) 5 R EE 3 (b 5L
J= A T]) ;G418 (Amresco 24 7)) ; 1 3¢ 55 2 (Sigma A
F) o LBET AW (A TAEY) A W) R A0
# - ( Merck 2 7 ); West  Pico
Chemiluminescent Substrate Pierce (Thermo) ; PCR #H
FARFI B TaKaRa 2w, FoA Bl 1) 1 O [ 7
BTl = e 519 Invitrogen 24 ®) A A DNA I

SuperSigna

AR o | (JB ) SE pe. fER B IR (YT 75 K
) A A B R4 (g sk A R 2 \]) s PCR
1% (BioMetra) « %f 85856 8 A —Prdi i A 3k 5T
AL EY o\ PiBUR I A Jackson A R A
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(egfp) » 1 rTaq DNA JE4 W 1MW) 5 % B BB
B 5 R (hph) o PCR 464£:95°C 10 min A5k j5, 4™
1430 S EFR (95°C A8 1k 30 s, 55°C Bk 30 s Fi
72°C LA 1 min) ,72°C Ji5 ZE A 10 min.
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FURE R BERR Y 3 egfp FE R 3 1Y 77 ) B v B B
pEasy-Blunt {4k |, £3 8] T pEasy-egfp Jii fio XJ .
Vo B AT 0 AN B AIE . T B GRS Xbal
F1 Kpnl % V) pEasy-eglp Jiki, £ 8] —4> 843 bp & FH
SE WL egfp KEK ) DNA F Bto H Sacl Fil Xbal Wi 4] )5t
ki pAC: :PupCH™ , 3K45 4> 359 bp &4 TrpC J& 3l
T DNA Jr Bt ¥ egfp BRI TrpC J3 30 v 5 &A1
Sacl/Kpnl B ) A7 200 FORE pBH2 " 3% 45 43 3 5ok
pBTG.
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AGLA, X 3k 19 (5 4k 1l ik PCR AT S0 UE -
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) MM 52723, fF 28°C 555 2 do ¥ MM k5323
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Table 2. Factors and levels of parameters used in orthogonl experiment design for fungal transformation test

fee Co-cultivation period / d A. tumefaciens volume /pL ¢ (Acetosyringone) / (umol/L) pH
Levels
Level one 2 200 200 5.0
Level two 2.5 400 400 5.3
Level three 3 800 800 5.8

1.5 X [F2H DNA B2 EUANEE L T B9 L0 IE

K IRAT OB r B FeA 742 5 2 mL GYE B R &
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Figure 1. The growth and morphological differentiation of Gliocladium
sp. 6.102 (A), Conidial spores of Gliocladium sp. (B),
Germination of conidial spores after 6 h in the TSA medium (C) ,
Extension and differentiation of the fungal mycelia in TSA medium
(D), Sporulation after 72 h in TSA medium. FEach scale bar

represents S mm (400 x ) .
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WL Ly 50 2 400 pug/mlL 1 3% 27 2% (148
Y H 10 21 80 wg/mL G418 FlI A Jl ff i) i I < & ¥
Bl i 100 %] 800 pg/mL (% 3). ¥ W £ W,
200 wg/mLfHI % 2 B 7F TSA B35 k300 wg/ml
(R % 3 B 75 PDA BrFRJE b ar UA 2000 RS 2 14 1)
1,500 pg/mL [f) G418 762 47 3% DMSO [¥] PDA
B IR BE by DAY S i A i AR K. e PR Rk
FUAh 25 A1 A e A7 AW RS - B R ARG DR ot )
BB A I K 5 R o B R AL T
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Table 3. Sensitivity of Gliocladium sp. 6. 102 to

different antibiotics

Concentration ( Mg/mL)

Selective agent Medium
tested working

Hygromycin B TSA 50 -400 200
Hygromycin B PDA 50 -400 300
Bleomycin TSA 10 - 80 -
Bleomycin PDA 10 - 80 -
Bleomycin PDA +3% DMSO 10 - 80 -
Geneticin TSA 100 - 800 -
Geneticin PDA 100 - 800 -
Geneticin PDA +3% DMSO 100 - 800 500
Glufosinate TSA 100 - 800 -
Glufosinate PDA 100 - 800 -
Glufosinate PDA +3% DMSO 100 - 800 -

GHWI AR B IR A M AL K (hph) (1) pAgl-
Hy FORL ] T AR KT 18 A 3 B0 RS o 1 32 A B A St 3
RUE AT pAglH, UKL e 4L 1 72 28°C K5 9% 4 —
S dBI AT R O R AL RCR AR AR N T

P2 B AR, AT i 1E AT 3R 5 ok AR 5 i i 4k
RN DR 25 - LS % 10 I ) R R R AR B SR T
T W (R FE R pH A - 3R 4 M 22 45 B Bon 7E 52
PR RN R rp, i 5 4 AT I8 RN 0 2 1k
THAE 3 A A R A B E v 3 AN KCP
JIT 43 B0 e A0 7 1 A Bk 5743 2000 M= R ORI 2
SR I doe AR R B /N IR 22 B . AR DL Bgh I, B
S DR 3% 19 8 URAK U R AT TR R AR B L 15 % 1) I
) < pH {5 R £ T 4 B A S5 o [l B ol 3 4 1) 39 4
A DU HY B 0 I 8% 9% 45 AR A2 1400 WL R AT B (0D,
=0.6) 5 100 pL 5 B 7 B A (1 x 1071
F/mL) FEEEFRI A 3 dopH k5.3 5.8 Fl
CTET WA (¥ < JE Ol 200 pumol /Lo f 2 FR AT 1 3
1 A6 33 g 50 - 100 46 /10° 1 1.
2.3 HUKRREIE

N T E A AR R IR T TRATTEE egfp SEIN
Rl rpC i 8 138 3 Foki pBH2 |15 2] Jfoki pBTG
(B 2-A) o @it ATMT ) 553 4 1468 kL pBTG
ARG 6. 102 w1, 73 5 25 200 N EAL T BEALIE
W10 ANEA6 1 H hph 1519 3E4T PCR 50 3E (18] 2-
B) o {EIGUE A% 4k 7 i B AL IE L — A HE 4T Western
blot 5256, B A7 5 4t R W) egfp &N 4 1 D) (19 75
KT B R T 20k (B 3-A) 98 O Bt W 5%
T e (K 3B) o« LU ESzIGIE o] T % AL
A R BE 8 A0 R 5 B b A 280 S T I 4 £ 5 o B
1A B DUVE ARG R — SRS SR

RAETREER

Table 4. Results of orthogonal design experiments

Numbers Factors — - - Transfor-mation efficiency#
Co-cultivation period/d A. tumefaciens volume/ pL. ¢ (Acetosyringone) / (pmol/L)  pH
One 2 200 200 5.0 1.2
Two 2 400 400 5.3 27.1
Three 2 800 800 5.8 6.8
Four 2.5 200 400 5.8 9.5
Five 2.5 400 800 5.0 15.7
Six 2.5 800 200 5.3 15
Seven 3 200 800 5.3 25.3
Eight 3 400 400 5.8 52.1
Nine 3 800 200 5.0 6.7
Average 1 11.700 12. 000 22.767 7.867
Average 2 13.400 31.633 14.433 22.47
Average 3 28.033 9.500 15.933 22.80
Range 16. 333 22.133 8.334 14.933

# Transformants per 10° fungal conidia.
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(A)

Transformants

E 2. Fiti pBTG B9 F4% L F A9 PCR 31
Figure 2. Construction of the plasmid pBTG and identification of the transformants by PCR. A, The entire egfp gene
with the TrpC promoter was inserted into the Sacl/Kpnl site of the vector pBH{2; B, The transformants were

identified by amplification of the hph gene (859 bp) with primers HphF and HphR. Transformants: the identified

transformants; NC, negative control; PC, positive control; M, 1 kb ladder.

(A) WT (B1)

-
@

-

3. Western blot F17¢ % R 4@ X B R A BB HRIE
Figure 3. Western blot analysis using the antid£GFP antibody and fluorescence microscopy observation of putative transformant
mycelia. A, Western blot. M: EasySee Western Marker; WT: wild type strain; T: the identified transformants (26.9 kDa) ; B1,

the mycelia of transformants under the fluorescence microscopy; B2, the mycelia of wild type under the fluorescence microscopy.
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Genetic transformation of the fungus Gliocladium sp.
mediated by Agrobacterium tumefaciens

. 1 .. 1 Cor el . .1 2
Yanling Wang , Pengjie Hu , Erwei Li , Xingzhong Liu , Yongsheng Che”,
Rt
Gang Liu
'State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
’Beijing Institute of Pharmacology & Toxicology, Beijing 100850, China

Abstract: [Objective] To construct a transformation system in Gliocladium sp. 6.102, a Cordyceps—colonizing fungus
producing a variety of epipolythiodioxopiperazine (ETP) compounds with drug potentials. [Methods] Agrobacterium
tumefaciens-mediated transformation (ATMT) was used to transform Gliocladium sp. 6.102. The factors of bacterial cell
concentration, co-cultivation time, pH and acetosyringone concentration were optimized. [Results] A total of 50 — 100
transformants per 10° fungal conidia was obtained via the optimal ATMT method. The genes encoding hygromycin B
phosphotase and enhanced green fluorescent protein (EGFP) were transferred into Gliocladium sp. by the optimal ATMT
method. The marker genes were successfully expressed and stably maintained in the transgenic fungus. [Conclusion] A
transformation system was established for Gliocladium sp. 6.102 and this system may be useful to identify ETP
biosynthetic genes in Gliocladium.

Keywords: Gliocladium sp. , Agrobacterium tumefaciens-mediated transformation, green fluorescent protein
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