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Magnesium aminoclay-mediated genetic transformation of
Trichoderma atroviride HB20111

SUI Lina"?, HU Jindong?, WU Yuanzheng®, WEI Yanli?, LI Jishun?, WANG Yan"'
1 School of Bioengineering, Qilu University of Technology (Shandong Academy of Sciences), Jinan 250353,
Shandong, China
2 Shandong Provincial Key Laboratory of Applied Microbiology, Ecology Institute, Qilu University of Technology
(Shandong Academy of Sciences), Jinan 250103, Shandong, China
Abstract: [Background] The complicated genetic transformation methods hinder the gene cloning and
gene function characterization of Trichoderma. [Objective] To establish a convenient and efficient genetic
transformation system for Trichoderma atroviride HB20111. [Methods] Magnesium aminoclay was used
as a carrier to adsorb the filamentous fungal expression vector pPCAMBIA1303-gpdA-GFP- TrpC-Hygro
containing the fluorescent protein gene gfp to form a plasmid-magnesium aminoclay complex. The conidia
of T. atroviride HB20111 were then genetically transformed under ultrasonic conditions. [Results] Under
the conditions of the conidial suspension at a concentration of 10° CFU/mL, culture time of 12 h,
magnesium aminoclay concentration of 100 mg/L, and ultrasonic treatment for 30 s (the ultrasonic output
power was 100 W/cm?, and the emission frequency was 50 kHz), the transformation efficiency of
HB20111 was the highest, which reached 124 CFU/ug-DNA. [Conclusion] Using magnesium aminoclay
as a carrier can realize convenient and efficient genetic transformation of 7. atroviride HB20111, and the

resistance gene and reporter gene can be inherited stably in the transformant.

Keywords: magnesium aminoclay; Trichoderma atroviride HB20111; ultrasound; green fluorescent protein

AREEWAER—FVE R AP DIRETE , FEAEY)
W AEYI B A T AR R A A . RSEiT,
ABR90% Y EL TR A= 1 B 16 R U5 T AN [R] B vk 1Y)
KRB, 60%LL EREFEEY AR SAAE,
XP AR T BRI KF- AT S RERIFSE, A B T
POTEA AL B HLI AN o N ] DNA 8L 5% 4k
FeARGRAG TEAS IR X IE N vl | SE K Th BEE 5T 1Y
HE T BRI 5E Frik A BRI
fiff 4\ 3 2% & $ K (restriction enzyme mediated
integration, REMI), CaCl,-PEG 45 bk |
AL MR AR AT R A 25 A0 i (Agrobacterium
tumefaciens mediated transformant, ATMT)%
ARG B B R A A Z CaClL-PEG AL
DB A, T v BT A A D A B £ PRI
FVEBIH H AL bR REMI 5 PEG /v 5 —

PR 2l s IR PR, $eALR L PEG mEAS
T AR R, IAFE 2 s . R IBRAER A R
B HERIRS, SXBHAS T SRR R TR
WL RIA I PEG LR, BRI, (A5
TR TR, XA iRm0
ATMT FERLEHIEAK Y EE M52, EH
RN R 2 W —Fh R B s AL 5 Ak g, R
S ATMT ORI R Z , ARBOTEA
AR ARFF R RS AL . IR FRAT ] R
pH SEH e AbeseAs — g s B E AR,
PRI R ) 7% A2 B P S R AL R D RE RIS o
WLk K EE (Trichoderma atroviride) HB20111
e ST i e AR AT Y — Pk A D0 R AR B T RE
FIAREE T, W Z P e St L R A3 9l ) T
g3 18 Hk 18

(Fusarium pseudograminis) .
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(Fusarium oxysporum) . 7 H3 &5 U 41 (Bipolaris
sorokinianum) F 37H 22 4% # (Rhizoctonia solani)
S EAAMEIE T o S2 8 % i i ATMT \REMI
J CaClL-PEG M FHALEM E T IR AR ER
HB20111 BEHALIR R, (BEALBCRER, A hE
T R TR AT, i, ARSI T
— PP EERERRER ARG A Rk, Wb S T
RERAREE HB20111 it e se LA R, TR
AR PR, DU Ry i — DR AT S TR AR AR
0T Dy REBE N B4 BLA

1 #RE5r*

1.1 ##
1.1.1  EPRFARKL

RER KB (Trichoderma atroviride) HB20111 {4
T H ] 5K 3 A A R DR R P O (PR R
58 CGMCC16963), AL AT 2R EEEE
& pCAMBIA1303-gpdA-GFP-TrpC-Hygro 14 [ it
DR RAEVRHECA R W], R & 1 5t 25
TrpC Ji shF# il i 25 R BUPE R hph 1 gpd A
Ja s RSSO E AR gfp.
1.1.2 FERFIFLEE

5 & B, Roche /A H]; DNA 43 Fmbrife .
Taq DNA R4, TaKaRa /AF]; BREEER.
AER, A TAY TR BROAERAE; i
BORIRIER &, A TAY TR A RA
A} Ho A AR 1 o oM Al T oot
FETE, BHAE PO RAE R, AT
(P ENARA A,
1.1.3 ERE

LB R RIS BESCHRSTRC il s A8 i A b
Bl A RS 7 3 (potato dextrose agar, PDA)S: i
SCHRTOTMC T -
1.2 FHi&
1.2.1 SEERINAMN T Z

¥ 4.2 ¢ MgCl-6H,0 ¥ T 100 g ZEEH, 2R

JE FRZAWR P 6.5 mL 1 3-Z NI = 2 AUk
FE(APTES), MARRIREAEHFE, 5 min 5%
WAL I, ARSI, 985 6 000 r/min
B0 10 min 43 EUIVE, FH 250 mL LFEEVE 2 1K,
40 °C THEENPASEERERRER ARG + FRBCKH 0.1 g,
7T 100 g TR LK IR 1 g/L akiriigs
1.2.2 pCAMBIA1303-gpdA-GFP-TrpC-Hygro
Rk FSERERR Eh K T IR E S MR &%

PRELS pCAMBIA1303-gpd A-GFP-TrpC-Hygro
FRLH KA AT T Top10 BT 75 T LB IR AAS: 75
(% 50 pg/mL RAFEZ)H, 37 °C. 200 r/min 4
VitiFR 16 h T BRiARHG R Bk R3] £
$RBUFCRL pCAMBIA1303-gpdA-GFP-TrpC-Hygro,
FRILSE UG SR FA O 43 66 BE T SRk B
FEEEN 1 pg/ul & 1 o/L BERERRER K
Kl BT R 4K AR R AL 25, 50, 75,
100, 150, 200, 250 mg/L X 7 AR,
HBUTORL 5 pl il A 100 uL A ] e BE L RERR R 4 K
K2R, FeoikiE, ZiRBEE S min, 5
B PR -EREFR R GOK RS + B AR S .
123 HUAARFAEHB201 SEBFRIR
MHE5HA

FH 5 mL KEZEIRK SR 5 d /# PDA P4l E ik
TUREAE: HB20111 WIkRAYSEHIF-, 3 000 r/min
Bl 2 min B, KR ZE R K R B AR
1x10°AY/mL S A2, i 10% (B E0Rz
Fh B R T PDB E53E3EH, 28 °C | 120 r/min
PRGREFRAR, e ST I & 15
1.2.4 SHERBRIMNKM TN SRAEL

B 100 pL S-SRk Rih o Kont - 30045 &
PIF1 100 uL RERTFREL 1:1 BIRFHIR A,
TRA WA PR, MR P D%
41100 W/em?® &S558 4 50 kHz 214 F#E 30 s,
URATTE S 150 pg/mL 125 21 0.1% B BT k1
M b, 28 °C fHIIGFRA RIS SR TR 5 ds
LB A IR AR AR S HB20111 VEXTRR, ECHT AR
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RERTEUM PR EAER . Seitieib+, THRRE,
1.2.5 HUWEREZHMIL

TEFA R, RATRA R EHE LA Tk
FE10*, 10°, 10°, 107, 10°4/mL). ARG+ HepE
(25. 50, 75. 100, 150, 200, 250 mg/L). IR&EA
7% HB20111 /340 -2 5770, 4. 8. 12,
16, 20 hyFEAESEI(10, 20, 30, 60, 90, 1205)
XTEEALRASE , TP 4 A, R R
N RSSO
1.2.6 R{F/ARE HB20111 % 1LF PCR ¥iE

PR T35 60 mm AR T 28 °C fE L5
FE1-2d, FARERKEFAERLZE, KA
DNA Bt kU i 2 7% PCR BOb, Flie:
Z5|% hph-F (5'-ACAGCGTCTCCGACCTGAT-3")
Fl hph-R (5'-3'GCTCCATACAAGCCAACCAC-3")
Y14 hph B2, 7 1% B R TR A .
1.2.7 #FRITRE RN

BIREEATE HB20111 ¥Ab TEAR S R
) PDA [ {4t gt 5 s, iz
150 pg/mL 12 R (K PDA BAFH F, PIAR
TN R T PDA AR X R, WEEE AL+
A A AG L o [R1E , PR % DNA A3 hph
R T PCR BIE
1.2.8 REFARE HB20111 351k FRIRIEHE T

1 PCR KHIETCIR 16T T PDA 4l
BE% 3—4 d 2770 AT, RGP R 22 R0
e = ) R 7)1 Y N S 2 &
IF, WISOK R, RO IS K
488 nm, AN 510 nm T LR 1R 22 K A
T OyOCE ARk,

2 BREM

21 RFEAEBMFIEHRBEERS

Rek K% HB20111 7€ PDB i HEHF
28 °C. 120 r/min ¥E¥% ;54 7%, T30
REWE D), WEFEN 45%LEL,

1 REFARE HB20111 B &
Figure 1 Germination status of Trichoderma atroviride
HB20111.

2.2 REGAKRE HB20111 B9%51L

RS RE TR EL AN AR - BRI A IR
BRI NPT, BRI AT T 3 A
150 pg/mL %5 KA 0.1% Hh B 0 HE 1 B,
28 °C H{IGFRAH H B S5 PR S d ), e
FEBUME - IE 5 AR K B VE A W e Ak
T, MEAERIREEKEE HB20111 7EHTE Al
AEeAEK (A 2).
2.3 REGAE HB20111 314 F A9 PCR #8570

BEPLPRZE 10 PRIREEAEE HB20111 F b+
5 75 PCR i, PCR 4 B3 K AL,
DL 1303 J5 ki hy BHE X R BT A PR 4% K HE
HB20111 Sy BI4H:XF B, BB % B AP LA TR AR 34
AR E 2 700 bp HIAHT (K] 3). BEEATRIE &
BB REE RS HB20111 JEK 4,

A

2 REBARE HB20111 R4 KHE LN Sk
Figure 2 Aminoclay-mediated transformation of
Trichoderma atroviride HB20111. A: Wild-type
transformation of 7. atroviride HB20111; B:
Transformants of 7. atroviride HB20111.
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Figure 3 PCR analysis of Trichoderma atroviride transformant. +: 1303 plasmid; CK: Wild-type strain
HB20111; 1-10: HB20111 transformants; M: DL5000 DNA Marker.

24 AREBHLFIEEZEEMHERN
LA P BEHLIEEL 10 ¥R 2403 PCR K
TER TR AR B A FEA S8 2 1) PDA Al
WS 5 R, SRIG AR S A R (1) PDA
A b, Hor 2 BRER AL TR BEAR S AE DU
IEH AR (E 4), PCR KGN & BLX 2 #RFE 1L 0
P A R IR AT, LA 8 AR AT LAY
H A FIL AR, U A 8 MRE L TR
O S FNRGEARE HB20111 KL 4 v Ifn]
DARRE 1A% o
25 HUKREZHMHL
TREEARFE HB20111 AT . 40K,

bp M+ 1 2 3

5000

3000
2000
1500

1 000
750
500

250
100

B4 AEBEATFERREEEN

TR RS HB20111 43 AE fil Bk s+
FF T U2V 7 s ) 6 2% Ab 8036 1A W S 5 v (1]
5), HALRCRKE R MR BRI, 20
TR EAE 1084 /mL I EEAb A R i s, aksk
P& 150 43 A A0 B A AR AR ) SRR AT, [RI R vT
FEORA TR B Ak 2 N R T
b IPRIE ; BEAERRER ARG -V FE 100 mg/L
SN TR B BRI = B AN AR vk
JEWAFI TR AR B4, W7E 25 mg/L
250 mg/L WO 2-3 DAk F/ug-DNA, 1
T A AU 1) W B2 T T o 1 J A - 6 ik R kA K
K+ BUAE GV AR ER IR, B

5 6 7 8 9 10

Figure 4 Genetic stability test of Trichoderma atroviride transformants. +: 1303 plasmid; 1-10: HB20111

transformants; M: DL5000 DNA Marker.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B TN G045 BERETR TR KM £ SRS AR E HB20111 gL 441k 961

>

B
700 1 . 700 ¢
§ g 500t £ 2 500 ¢
Z S 400t S 5400 |
g2 00l Z2300}
s2.0 ogmo
o ~ 3
S 35200f 55 i
BE £ <100
£ S 100} g 3
3 < 0
Z, 0
R ORI SR R\ 4 25 50 75 100 150 200 250
Q§) Q§’ Q§) Q§) Q§) Magnesium aminoclay concentration (mg/L)
\. \. \. \. \.
Conidia concentration (CFU/mL)

f; 700¢ D700 ¢
E _ 600} é ~ 600

< o
£ £ 500} 55500
= 7 g
£ 5 400f g S 400 |
< S 300 < 2300
5 2 200f 5T 200}
P& < O
E = 100} E =100t
2 0 7 0

0 4 8 12 16 20
t(h)

10 20 30 60 90 120
1(s)
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Figure 5 Influencing factors of transformation efficiency of Trichoderma atroviride HB20111 mediated by

magnesium aminoclays. A: The effect of conidia concentration on transformation rate; B: Influence of
magnesium aminoclay concentration on transformation rate; C: Effect of incubation time of Trichoderma spore

suspension on transformation rate; D: The effect of ultrasound time on transformation rate.

DIVEACF3/0 T e e B AR A AR 1 0 = A= 4 o
ER, WA F TRALF R ALK IRGARE
HB20111 434 MK AEE5 97 12-16 h BHEARAL
RhEr, BEFERTAMET 8 h s/ T 20 h kiR
AR O -BERERRER YRR -8R &)
SRR A TR 30 s AR,
P TR 60 s AR S U AR, 3285
K] S22 8 7 B (] e R AR ™ A T AR AT 3 451473

M4 EaREE R, e T IRS KR HB20111
AL R AR, TE AT HE 10° 4~ /mL

KL T BE 100 me/L. R4 A% HB20111
A3 T BRI SR 12 hy B A IE] 30 s BFEE 4L
R, Ak 124 N4 T/ug-DNA,
2.6 HUFHIRANE

P ke 28 ok 2 AL Fe e PRI AR K R AP FE Ak
T B, MAYOLE MEETE 488 nm
BB T 43 BI6T A 22 F0 A3 HE A A TSRS, TR 22 1
Sy HE AT ORI RE T AR B SR (6.5
(B 6), RULEIOEEHERE A LITERRAL TR 2
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El6 FRBRABAEABEUALTHMRIE A:
WORIGT B3 A5 B: G T 104481
C: WA TR D: HEOCIR TR Z. 5
A 20 um

Figure 6  Expression of GFP in Trichoderma
atroviride  transformant. ~A: Conidia  under
florescence microscope; B: Conidia under normal
option microscope; C: Mycelia under florescence

microscope; D: Mycelia under normal option
microscope. Scale=20 pm.
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P S [RD G AR R I Rg ), TRk . A
Pl P E . R SRR | GRS kAR
AL AT RE M Ak, PRdkiE, Kh R
T FATE Y B2 K 43.74 nm Fl 44.93 nm, 1E
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