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Effect of Validamycin A on Trichoderma asperellum for synergistic
control of maize sheath blight
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(State Key Laboratory of Microbial Metabolism, Key Laboratory of Urban Agriculture (South), School of Agriculture and
Biology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: [Background] Maize sheath blight has grew into the main disease that restricted the
increase in maize production in China. Validamycin A and biocontrol microbe Trichoderma sp. both
have resistance to sheath blight but each of which provides benefits and drawbacks. [Objective] To
study the synergy of Validamycin A and Trichoderma for the control of sheath blight of maize.
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[Methods] We determined the effect of Validamycin A on cell wall degradation enzymes and related
enzyme in defense reaction of Trichoderma asperellum GDSF1009. We used tobacco leaves to
validate reactive oxygen and its allergic reactions. We also used the transcriptome and gas
chromatography-time of flight-mass spectrometry to analyze Validamycin A’s effect on the
expression difference of genes, the growth and the metabolism of GDSF1009 and carried out the
experiment on the synergistic inhibition of leaf and plate. [Results] Validamycin A had no effect on
the activities of chitinase, cellulase and xylanase of GDSF1009 and did not get into the cell. At the
level of transcriptome, compared with the controls, the proportions of different genes in Trichoderma
asperellum were 8.932% and 6.779% respectively after 24 h and 48 h treated by Validamycin A.
Validamycin A had no significant influence on carbohydrate and lipid and only had some influences
on genes related to amino acid metabolism. These genes would not change amino acid metabolism
much. Furthermore, the combination of the Validamycin A and Trichoderma asperellum can
significantly improve the effect of prevention of maize sheath blight. [Conclusion] Validamycin A is
safe for the primary metabolic system of Trichoderma asperellum. The resistance of the synergy is
significantly higher than that of the single factor.
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Figure 1 Effect of validamycin A on the chitinase activity
of T. asperellum GDFS1009

~ 2.5 = Validamycin A
£
= 20 "CK I
2 I =
2100
2
= 05}
o)
o . ! 1
| 2 3 4

Duration of fermenation (d)

B2 BAYUEERAXNRBAEE GDFS1009 4 REEE
HBIF N

Figure 2 Effect of validamycin A on the cellulase activity
of T. asperellum GDFS1009
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Figure 3 Effect of validamycin A on the xylanase activity
of T. asperellum GDFS1009
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Figure 4 HR and ROS analyses in tobacco

TE: A MARGEHUROY; B: ROS UM 1: 100 pg/mL A3
A 4b¥E; 2. GDFS1009 A SAHAG A BORIS AL HE; 3.
100 pg/mL 54075 2 A K GDFS1009 A BTG & BEBIEBAL 1 5
4: ZE RIS SR WORAL L ; 5. JoR 25 BTk AL B

Note: A: Photographs of HR in tobacco; B: Photographs of ROS; 1:

Treated with 100 pg/mL validamycin A; 2: Treated with xylanase
solution of GDFS1009; 3: Treated with 100 pg/mL validamycin A

and xylanase solution of GDFS1009; 4: Treated with blank broth; 5:

Treated with ddH,O.
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..

T. asperellum Validamycin A and CKl1
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TEF(E 6A). $53R 4d )5, AMER A SRR
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%4 9.0£0.1 em. PHENEFRIHURHCR B3 = T 5
K1EH (% 6B).,
24 HERENFIEEFMERTEEESHT
TEA AR A LLPE 24 h I AR 25 B RE A
5T BEFE G 1 R IR A OGRS I, 25 55 5 A (Fold
change>2.0 &% I, Fold change<0.5 A& T
P AR 22 5# 5L 5 (0.5<Fold change<2.0 42553 A i
VNG s RAE 7 R, IZEE RN, TE
RNA 7K 2403 11 845 ML 263k, Horr
Rk 2 R N 10 787 4, 15 91.068%; 25
FHREYEE R 1 058 4>, 1 8.932%., fEXEFFkAL
H,739 A0 G, 319 M R IHZEA(E 7A).
ARUEEE A ABPE 48 h B A A AR AL 5 0] e
RIS R, 76 RNA ZKF F3A
11 801 NAERFRIL, Hrr. JE2RRIAMIEE R
10 001 1>, 5 93.237%; 2= 53RIBAFEER R 798 1>,
17 6.762% . TEZEFGRILE T, 436 -0 FIRFE,
362 A NIFRIA(E 7B). H TARE R A 51 2E
SEREDA o BRI LEBIARMR, AT REAS K LA A
TR IR B | A RN AE B D REAS 5

CK2

T. asperellum

Bl 5 BWEZE A SHMAEE GDFS1009 BE&INF EBRLZE BN F XL
Figure 5 Synergistic effect of validamycin A and T. asperellum GDFS1009 spores on R. zeae on detached maize leaves
A LB K CAMAH BTN 100 pg/mL A REFE A 40 puL, 10° CFU/mL B A 25 B il 29 40 pL, 100 pg/mL AR5 % A 5 10° CFU/mL

HUEIR AW 40 pL; D: WPHIMIEAIK 40 pL; B: JEEi/K 40 uL.

Note: A: The treatments are R. zeae with 40 pL of 100 pg/mL validamycin A; B: 40 uL of 10° CFU/mL GDFS1009 spores; C: 100 pg/mL
validamycin A and 10° CFU/mL GDFS1009 spores; D: R. zeae with sterilized water; E: Sterilized water.
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Chitinase

i i Chitinase and
Validamycin A Cellulase Validamycin A

El6 BHEEX A SHMEAEE GDFS1009 i E FiHEHIIH EHRLZEHIE

Figure 6 Synergistic effect of Validamycin A and related biocontrol factors of T. asperellum GDFS1009 on R. zeae
H: A: 100 pg/mL HREE A 5 20% LT AR AR ; B: 100 ng/mL AREHEE A 5 20%4F 4 R L .

Note: A: 100 pg/mL Validamycin A and 20% chitinase solution; B: 100 pg/mL Validamycin A and 20% cellulase solution.

A B
D1 VS D2 - ClVSC2
2= 15 = Up regulate 7=0.950
br gg:;%gﬁgted R * Down regulated P<22e-16
« Not diffs. P<22e-1657. Not change ‘
10 ; 10+

Log2 D1

« Not diffs. 91.068% « Not diffs. 93.237%
= Up-regulated 6.239% » Up-regulated 3.695%
® Down-regulated 2.693% ® Down-regulated  3.068%

&7 #MEASE GDFS1009 FikiExEE

Figure 7 Express correlation diagram of T. asperellum GDFS1009
Note: A: 24 h; B: 48 h.
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739 1~,48 h R 436 4>, Ay 193 ANJERAH A (K]
8A); 24 h 148 h TR SEHEEH A3, 551
43191362 4, Hi g 216 A~ HARTR (& 8B).

FEREERE . MR DTRRAC J R A 3 N igte
O AREE R A PR 24 h e, B R
4 ANEEBE BRRIR, 3 AR EE T
Fik; AP 48 hE, 2 MEREEEE FRERE, 34
FEHY) B TR ARER A PR R 24 h
J&, BeWim i 5 AL B2 FgRsmm 1A
RN B E FREFEE; AW 48h )5, HAa 3 NEE
FRHEL, 4B 24 h s, 13 DEIEREHES
A 72 AN BRI, 11 DR EE T
Fik; AbFR 48 h JE, 12 MEIERICE®RETAHE

28 NEEH W B IL, 2 IR B E T IERAER
D)o HUEATRIEN, #5308 ER A MARE R4 —
TERZI, TIRESFEN 22 A K | AR AE i LA SR B
LA

8 24h #0148 h ZEREFRYKEKMESH

Figure 8 Correlation analysis of differential genes in 24 h
and 48 h

F: A: BRER; B: FIREENR.

Note: A: Up-regulated genes; B: Down-regulated genes.

Table 1 Impact of validamycin A on carbohydrate, fatty acid and amino acid metabolism of T. asperellum GDFS1009

R1 BYUEE A MBHBMASE GDFS1009 #83. SRS EBRRISHEXEERE T
A
Metabolic pathway

BEE# Glycolysis
g BRI/ Fatty acid degradation
BN ERAEH Fatty acid elongation
g W ERAX 1T Fatty acid metabolism
A AR A Y Biosynthesis of unsaturated fatty acids
NER . KREAFRAAZ TR Alanine, aspartate and glutamate
metabolism
AR AIHZE MR Arginine and proline metabolism
B-HA R4 B-Alanine metabolism
f e S BRI A 2 BRI Gl Cysteine and methionine metabolism
2B H BRI Glutathione metabolism
HE&ER®R . 22 MIH &R Glycine, serine and threonine
metabolism
ZH &R 1R Histidine metabolism
HE WA ) Lysine biosynthesis
RN &2 Phenylalanine metabolism
RN R . T 2 R A 4 202 &5 . Phenylalanine, tyrosine and
tryptophan biosynthesis
AR Tryptophan metabolism
R R Tyrosine metabolism
WAL . SLRRA SR BRI Valine, leucine and isoleucine
degradation

24 h 48 h
3 N | TR
Up-regulation Down-regulation Up-regulation Down-regulation
4 3 2 3
3 1 0 1
1 0 0 0
1 0 0 1
0 0 0 1
6 2 1 0
9 1 4 0
5 0 1 0
1 1 5 0
3 1 3 1
4 0 0 0
2 0 1 0
5 1 1 0
7 1 3 0
5 2 1 0
5 0 3 0
7 2 4 1
13 0 1 0
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25 BUEEZE A WHAASEFREREENE
IR 1Z R0
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AFETEE DKL, H48 h RARTEGER 2), Ul
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i) o [INE T AR R A XA T AR K S5 e ]
TR, DA R A R E R YRR LA BT
B TP, T HED PIRR RGN ,  RIACE T v v
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TSRS , A H e HE R AN IR 1R (E 9).

HNFATFE T A AT LA L TR 2 Rk K i
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PTG, AR AL, BT AR R o
KIEA M H IR, TElA S —A M H IR
EEY, PEMBHERR RSN ik GC-TOF-MS
K, ATRLEDUL S AT S 2R A SR E A SRR
AN, SSRFIRERNEAARER A
(1 10).

x2 AUEZ A WNHRBMASE GDFS1009 S RERFHEXEFENFIG
Table 2 Impact of validamycin A on aldolase pathway gene of T. asperellum GDFS1009

A
JGT AR5 FE N B B Variation multiple
JGI gene accession number Gene name 24 h 43 h
e_gwl. 18.422.1 [}-D-%%*%ﬁ@@ [}-D-g]ucosidase 2.65 1.59
e gwl.4.2187.1 B-D_*ﬁ:ﬁ:@@ [;}_D_g]ycosidase 2.24 0.99
fgeneshl kg.7 # 352 # Locus6367v1rpkm10.24 B-D-HiF [ B-D-glycosidase 1.00 0.88
gml1.9162 g IR Trehalase 3.82 0.68
CE7902 17110 RS Trehalase 1.93 1.58
[,OH _OH _OH _OH
i .0
HOJ -y ‘ - ‘/ B_D_Glu HO. . N rOH
ou om ou'l on
Validamycin A BeDsglycosidase ~ Validoxylamine A
Similar
structure Interference
OH ,
HO~ 0.0 _~ _OH TPrehalase
o= [
on L et

o-D-trehalose

Other energy pafhways

M Rate-limiting enzyme and step

M Up-regulated significantly

Treatment
.= TCA cycle

Regulated no significantly

&9 BYEE A WHMASE GDFS1009 /5 EEE SR IEHEZE M
Figure 9 TImpact of validamycin A on aldolase pathway of T. asperellum GDFS1009
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Validamycin A standards
2.25¢+06
2.00e+06 - I
1.75¢+06 |

\

—— T. asperellum GDFS1009

1.50e+06
1.25¢+06 - |
1.00e+06 + I
0.75e+06
0.50e+06 +
0.25¢+06 +

29.166 7 29.5833 30.000 30.4167 30.8333 31.250 31.666 7
¢ (min)

B 10 BYEZE A EFHMEARER GDFS1009 F H & S

Figure 10 Content analysis of validamycin A in T. asperellum GDFS1009
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BET T BRI . S5 RERW, mWRERA
A WA RN KRB AR IR ST
B, X R B O RE A A TR Ve
A RER AR A R A ZAMER A e
(R SZ AL, 2 ez e A IR A E N . AR
AR TFAET, 220 0 B 2200 13 T I e A
SRR, SXHIRAL(CK-D)A L, DB/ R Y
It Fr b, AER A REFERT, £BEHZ
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