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Adenylosuccinate synthase negatively controls Metarhizium
robertsii pathogenicity
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Abstract: Adenylosuccinate synthetase (ADSS) plays an important role in cellular energy metabolism and
signal transduction. However, ADSS had not been reported in entomopathogenic fungi. In this study,
function of ADSS family protein MrADSS-1 to the growth, stress resistance and pathogenicity in the
entomopathogenic fungus Metarhizium robertsii was characterized by investigating the protein subcellular
localization and gene disruption, complementation and over-expression. Results showed that MrADSS-1 is
exclusively localized within the vacuole. Disruption of the MrADSS-1 resulted in marked reduction of
radial growth of the fungus on maltose medium and a significant decrease in UV-B tolerance, but
unexpectedly enhanced thermotolerance. Bioassays revealed that loss of MrADSS-1 led to a pronounced
increase in appressorium formation and penetration efficiency through cicada wings, resulting in elevated
pathogenicity toward Galleria mellonella larvae. Conversely, over-expression of MrADSS-1 attenuated
fungal virulence. These findings demonstrated that MrADSS-1 functions as a repressor of both
thermotolerance and virulence in M. robertsii.

Keywords: adenylosuccinate synthase; Metarhizium robertsii; subcellular localization; abiotic stress;

pathogenicity

L AU I TR O 9T R o B R R
12 0 T AR E B A Py B iR (Wang & Wang
2017; Maina et al. 2018), H P E4REF AR dUFIE
M EERIE, AEREEE . BEHE . 53
H. B H, XSGR H ., B3 HS% 30 &F 200 2
FhEL AL, TERE WAL 12 1 FH(Son ef al. 2008;
Vorontsova et al. 2018; [ FESFE 2022), LR
FRG 43R 5 BB s ERTFIRBIENE
A EARRE | T AR MG SR IE AR RE
AR UM | FE I P I AR SE R R ZE S R R
REEA: KTy A fF(Gao et al. 2011; Wang
& Wang 2017). EZemfz el ARG 13 R
PUAPER A, B[R S B A 2 A AR A
TEA WA . R R PR ROR AT E 5
[ R, e R H R AR N (F R S
2022). IRARFEEE RS B BB EARPLH], %
JERTEE R A B TR AR R R FHRCR

5'- % 2 I H (adenosine 5'-monophosphate,
AMP)TERERACHT . 15570 15 S AL IR & L%

A=A il R & ¥4 EE E/E FH(Sharma et al. 2023) i
1 R 3% FA TR & A I (adenylosuccinate synthetase,
ADSS)] ZAFET I . B Y MSh Y5
W, 2 54k AMP & BRI E A
AR, DU -5- B (IMP) A IEY) , 5K
BRFFERBEFARR (Iancu et al. 2002; Zhu et al. 2023 ;
Kano et al. 2024) . W ZL 3P R 11 BR BT HITR & B
TEB BN S RGE, JF B 5 W e O R R %
A 12 v AL A 5< (Sun et al. 2005; Park et al.
2017). TENMHT, St AL PR S B R B
iR & BB 1 ) ADSSL 1 55 R R A J S 8 —Fhil
TR, FIH T BGE v G 7] (Baskar et al.
2024), 1EEK Zea mays 1, ADSS ik G5
AMP B FE TR, shRmKAE YA LR
RUFZERL, A RBRILEE 2, FiFiEkh
FIER (0 B AR (Zhu et al. 2023), BT TIEFF iR
Helicobacter pylori ADSS #FEARATE YN A e
ISECAR T B R B P A REAE K TE R S R85 9%
Herp g K™ A2 PR (Liechti & Goldberg 2012;
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Wojtys et al. 2024),

ADSS 7EE A K | AR A1 2 A 4%
HEAEH . TEEREEERE Saccharomyces cerevisiae
(Desm.) Meyen 1, ADSS fifLALHTIR 5 KA R
MREEAL N IR TR IR AR . ADSS AR RFIAE K
i8R R WUTE R R BT RS R A
B I ZUERE T DNA &2 IR AR ST
K, K] ADSS TEREEEACHHHS 3 D A8 E
v & 4% 2 B AF FH (Tarakhovskaya et al. 2025).
FEIEIR 8 Magnaporthe oryzae W ADSS 7E43E
61577 A U P S T TR B AR, Bk
GEAS AR LA RS B FR B AL, I Hood 4k
4 PR AR SIS0 J1(Zhang et al. 2022), 1EH4A:
FEERTE Cryptoccus neoformans W', ADSS wil% 55
F RIS 5 % e B LR B ) 5% 4 1% 2% (Blundell
et al. 2016), SR, ADSS 7F E HUps I H i 1 4=
KANEOR S R VR v AT 2

JHh ADSS RHURIEEH SERKELH K&
B PER, AR TEARGMER
Metarhizium robertsii J.F. Bisch. et al. MrADSS-1
(adenylosuccinate synthetase 1, ADSS-1) V.41

s, I 2 ey R IR B A o R TR R A
Br MrADSS-1 fEZ RS ARE AR . HLidiE
Jipie K Bop e B PR AT, LA O R TR I
G4 b AR B R R IR BE T IR IS

1 AH5 7%

1.1 #R}
1.1.1 #EXERFI R

ARGk ARSEF23, (RAFT LA EK
ol A F AWk A B R S R . K
FFIR TOP10 MIAREAAT I AGL-1 331 A MEHLAEY)
OS] RIFHE 5 820 Rl A Swid P AT R A A
1.1.2 EFHFE

PDA (potato dextrose agar)ii#7dk. #ijZitH
20g. 545200 ¢g. LIE20 g, Z%iB7K 1000 mL;
SDAY (Sabouraud dextrose agar with yeast
extract) 55 FE 5L . A 40 g, FEOE 10 g, B2
FHEK 10 g BUIERY 15 g, Z&487K 1 000 mL;
1/4 SDAY Hidrdk: #i%HE 10 g, HAMK 2.5 g,
RN 2.5 ¢ BilEM 15 g, Z8187K 1000 mL;

CZA (Czapek yeast autolysate agar)i5 7555 MR
A 1.0g. WRIN3.0g. EILA 0.5 g, WRER
B 0.5g. BRBRIEEL0.01 g, HEWE 30.0 g, TGRS
15 g. ZK07K 1 000 mL; MM AKRKEEFIE: A
fReh 6 g. FALER 0.5 g. FREREE 0.5 g. BEERA
A 0.25g, N=EE10mL, Z€M87K 1 000 mL,
1.1.3 K7

J Il 4l Ak iR 6 . Bk B B 6
OMEGA /5 Hl; TRIzolif5f] . Abclonal F 21 i |
Taqg DNA R4, 10x PCR Buffer, dNTPs,
DNA Marker FIBR il PEAZ B2 9 VDB 3 K% %
YA FCRE)

1.2 RETFMKE

FIHAAT H AT B AL e Ak ik e B
FER BRI o A 3R 5K 4 T AR B B4 (Wang
et al. 2021),

MrADSS-1 @iFRFASEL : PCR 43 MrADSS-1
LA F1iE (895 bp) I T 1iE(916 bp) A [RI TR (3% 1),
FIA— b, Kb TR Boor i 3
B REHLIE M ROT 4K pDHt-SK-bar |, 3R15- /4
Ukl pDHt-SK-bar-MrADSS-1., B4 4 & (1 pil B
ORI IE ARV RFF I AGL-1 H, il ad AT
PR 3 1 dt A% 2 A T o0 R o5 oo e Al i A
AR TRT H R AT i B3 TR A o

MrADSS-1 BIAMNF MR L : PCR § 34 381540
5 MraDSS-1 %4 FiiF(1 408 bp), K 4ifidF
§1(231 bp)AY B, HE R IR R BT A BT R
{& pDHt-SK-ben Ll 345 [0l #h i ki Com-pben-
MrADSS-1 (£ 1) MR 0 Bob e AR AR
FFRE AGL-1, 5T iR FRIUER A 7 4 1 #b
2 Ak 1 NS DR il o 5 AR AR R AT [ b TR AR o

MrADSS-1 3 FB bR EE . PCR 3353k 15
MrADSS-1 &£ 45751231 bp), EHZF &M
HHE Aspergillus nidulans HIHEE-3-BEER I A
lit )3 shF ) BOTEAA pDHt-gpdA-bar I, 354514
1K Uk pDHt-gpdA-bar-MrADSS-1 (3 1). #
PG Y R S AR AR AT I AGL-1 - %%
U7 T N A T B A R AR AR A o 3 R TR Bk o

MrADSS-1 2 EHR LRI 2L : PCR 4735 3K
19 MrADSS-1 =K 4wt 751 (231 bp) Y F Bt ,
P& 5056 A (GFP) R BUCEA pDHt-GFP-
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Table 1 Primers used in this study

519

Primer

Fe4il
Sequence (5'—=3")

SN R AR T )

Primers required for
gene-knockout vector
construction

BE DR [ R R A A S | )
Primers for complementation
vector construction

FOHMCEATET )

AMrADSS-1-up-F
AMrADSS-1-up-R
AMrADSS-1-down-F
AMrADSS-1-down-R

cpAMrADSS-1-p-F
cpAMr4ADSS-1-p-R

MrADSS-1-Gfp-F
Mr4ADSS-1-Gfp-R

TTTCCTCGTGTATCCCCGGGGGAGTTTGCTCGTGCGTCTTG
CTTTTTTCCCACCGCCGAGCTGCAGCCCGGGGGATCCGTC
ATCTGATGAACTAGTTCTAGAGCATTGGCCTCTATTCTTTT
TGCCTCGACAGGTGGTGCAGGCCGGCCTTGCTCGCCGAGT

CAAGCTTCGCACTAGTTCTAGAGAACACTATGCGGTGAAGG
CGAGATCGGGGCGTTCATTCGGGAGACGAAATAAACTA

ACTTTGAAGACTGTGGTCTTATGATGGTGAGCAAGGGCGAG
CATCTACTCTGCAGGAATTCTTACTTGTACAGCTCGTCCATGC

Primers for constructing
fluorescence-labeled vectors

e Rk A S )
Primers required for construction
of gene over-expression vector

MrADSS-1°E-F
MrADSS-1°E-R

CAAGAACCTTTAATCGAATTCATGAACGCCCCGATCTCG
TGTAGTCCATAAGACCACAGTCTTCAAAGTCGC

S RIED |9 Bar-F GCACCATCGTCAACCACTAC

Primers required for validation Bar-R CAAGCTGCTCTAGCATTCG

of mutants MrADSS-1-F CAGTCGTCGCAGCCTGTCCCCATG
MrADSS-1-R GGTTGACATCCCGAAGAAAAGTCTCG
Ben-F CGTTACCTCACCTGCTCTG
Ben-R CCTCACTAAAGGGAACAAAA

ben [, 3K1%2¢ 64512 i ki pDHt-GFP-ben-
MrADSS-1 (& 1)o B4 EEL () R i AR s AR
FFEE AGL-1 A 1510 5 12 AL IR a8 A8
PRARIS D AR IC Bk

FRBUE AL FR Y DNA Fil RNA, F/] PCR
8 [ 5 PCR AT IRAIE
1.3 T4RaESL

¥ MrADSS-1 9 YhRIC KRG 7% T PDA K%
IR, WE 4d T W2 ARG a5
T-BIE-4- AP RFH E RN TR 22 T e o,
LR 10 pmol/Lo
1.4 2R E

ARG BR R % K PDA KigR it
FRESR 14 d PMARGER A ERTFIRESR | mL
0.05% Tween-80 /KH', WHEYR 2-5 min, ffifflT
SEREL. AR IR LW, A4
FFEIF, R BRSO T e

BRARKME: WH 1 uL WEHN 1 x
107 conidia/mL A4 T2 PR W40 70l A 4% & PDA
SDAY . 1/4 SDAY }igdEe, 25 °CHEIEFRAH
WIESR 14 d, I8 ORI R T BAR .

PR R GE . WEHL 30 pL WREH 5 x
10° conidia/mL I T2 FE Y 511845 T 60 mm

() PDA K555 |, 25 °cCIEIRESFR4E, TS 3%
7 d #0114 d A A FEA AT 30 mL /9 0.05%
Tween-80 H1, A€ 15 min 7, ‘Wikss N # A0
BRIEOA T E5A T

AR . RIRRFREE EARINE . W1 pL
WelE A 1 % 107 conidia/mL BHIE W SEE CZA
K R CZA KigRFtrp o, 25 °CaEREEFRM N
K3t 14 d, AT ORISR HE.

AR 32 0 . WE 1 ol YRR
1x107 conidia/mL LBk w38 BN F R 7
#J PDA 1538 %£(2 mg/mL congo red &% 10 mmol/L
H,0, 5 0.5 mol/L NaCl)Hh &, 25 °Cla R F=4H
WEEFE 14 d, 5748 SO & V% BAZ .

A KAM B R =(WT BibR7E PDA H573E 1A K
Fo— BB B PR AE VR AL 24 A0 19 PDA K535 FAE R
12)/WT HHRLE PDA Ki3t FAE K HAEx100%.

NI 32 ST I RE < KA 5 > 10° conidia/mL
FIf BT 42 °C/KI 1 h, XN IR CE
1 h (96 BRI, R 10 uL A B s
% PDA Bigi3k |, 25 °CIHEREFE 16 h #1124 h,
S O A B I AT A & R =(4b
PRZH B 2 S0 BRZH 4 %)< 100%.

LA Z ST B : AE 10 uL ¥RBE R S x
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10° conidia/mL FOfl FRIF S PDA i
b, T B TN 90 Jem® HE 5t
10's, 25 °CIEIRIEFE 16 h #1124 h, WAEETW
FLIE IR I TRAR A1 & T 00 I 3145 AR i
R=(AbFRLH B & Z-/0 IR % %) 100%.

WA ZE B RE I . E 1 pL WREE R 1 x
107 conidia/mL ()4 17 I s 42 2 W A W 1)
PDA JiFR3E I, 25 °CHiFR 3 d Jeia Luii,
AR 7 dJEHFAGE & HAR

W BT BCRE T« F MM AR RS SR
BRI BE A 1x10° conidia/mL A T-E R,

MZHC 1 mL 3] 35 mm /KL, 25 °CHEEE T

INREFE 24 h, BEE FMESH A MBI AR,

DL EiREG RS 3 IR A
1.5 BHEMNE

RN B 10 ub M F2IRR A x
10° conidia/mL)i: S ¥k K SIS — G L, RS
TCIRIKAE A% B B T 5 i 40 HUlCE T4l i
FUEACHY 90 mm BEEEILAY, 25 °CIEIRIEIRFE N
BigE, B 12 h G RIS ESE TR, R
BT, PREER YL B R EEIE B F 30 mL
HlF2 I W (1 x 107 conidia/mL)H & L&, &
B 60 s JFHUH, T 90 mm BREEMLAY, HnAAR
BRAATE, 25 °ClHIRIEF4GNETE, FiFG 12 h &5
TPRIE AT HdE, HEUA R HET, B4k
PR30 Hal, i ER 3 K.
1.6 MrADSS-1 EFEF FRIXFARL I EE PCR A&7

B R RR R MrADSS-1 K2 [H 3 265 bk
76 PDA 5353t FREE 14 d, WEER. XM
TRIzol iR FIHRIBUE RNA, FI FHE B 1%05E i Ha, Tk
Frill RNA 58k, il A WR T A=Y o
WAL R GERI RNA (46 R B . 9 E &

W14 BRI
Bright GFP

1 MrADSS-1 FISEZ4RAEL  FRR=10 um
Fig. 1 Subcellular localization of MrADSS-1. Bars=10 pm.

PCR JZ W& % : 12.5 uL 2 x SYBR"™ Ex Premix
Tag™ 11, IE 5144 1 uL. DNA Bt 2 uL .
WZEIK 8.5 pLo P IHEFRIT: 95 °CHiASE 10 s;
95 °CAE 4 5's, 60 °CiR X 30 s, T 40 ¥K; 95 °C
AP 15 s, 60 °CIBK 1 min, 95 °CZ81E 15 s, VA
H Y R -3- i IR 5 S I (gly ceraldehyde-3-phosphate
dehydrogenase, GPDH) HNZBHEN, KA 2724 ik
SRR AR Rk i, LA ESR 3 k.
1.7 BT\ESH

{8 F GraphPad Prism 8.3 # {4 X) 4l #1740
T, FFA U ; {7 SPSS 26.0 #F X4k
W TGt B, BRI E et
TTEARIZ )5 253 M (one-way ANOVA), 4 ANOVA
sERA A B ST, K Tukey’s honestly
significant difference (HSD)¥: ¥ ik 17 4H 6] &
HLK.

2 BER500

2.1 MrADSS-1 B9V 40 i E L

7-EH-4-F R SRR 5B
GRS, P, SEEURT IR A AR Sk g
o NI E L BoR, SREREE M sid
MrADSS-1 & FIPEOIE 5 5 WO FE 5k Gkt
CMAC fF5EE&E 1),
2.2 MrADSS-1 HIRIREMT AR FERNESF
Ei

15 PDA . SDAY . 1/4 SDAY iX 3 ffitiz:
e FHTEFAERIGE, MBREE AMrADSS-11
B TARK BHAR 5E A RIG bR WT A1 [RIRM A
Wk cpAMrADSS-1 Jo i EVEZE 5 (El 2A, 2B). il
E PDA RiF¥E BAEK 14 d BRI TR,
AMrADSS-1 5 WT Fl cpAMrADSS-1 B 42 I

74U I T Ly

CMAC Merged
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SDAY 1/4 SDAY

"
Diameter/cm

C
m WT & AMr4DSS-1

[ = cpAMrADSS-1

+ =2

(R

LA
Conidial yield
/(%107 conidia/cm?)

=]

4. = WT [ AMrADSS-1 -IcpAMrADSS 1
W 2 [ i -
- N
& 9
R sl
0 | | | || | | 1 | I [
> @ 3 3 o D 9\ Y & ™
0%@6\&0 o« «c’?“&e@*\o@ g @* \e~° TS o T
, {%‘?‘ 3 4, ;2" ‘{)k‘ a
B a8 e @ﬁ* % e ¥

& 2 Bif& MrADSS-1 ST ARXRFEFEKWFIE A, B:
(AFI4 K H##(B); C:
AR ER; BPEEE AR ER; #rR=1 cm;

ASKETE PDA . SDAY.
SEASRRTE PDA K523k /=i D, E:
*P<0.05

1/4 SDAY ¥i#t FAEKNHEIES
SEASKETE CZA Mt L CZA B33 A KM TEIES

Fig. 2 The effect of Mr4DSS-1 knockout on the asexual growth of Metarhizium robertsii. A, B: Colony morphology and diameter
of the mutant strains on PDA, SDAY, and 1/4 SDAY media. C: Conidiation of the mutant strains on PDA medium. D, E: Colony
morphology and diameter of the mutant strains on CZA and modified CZA media. Data are mean+SE. Bars=1 cm. *P<0.05.

W EMEZ R P>0.05, F 2C).

J IR MrADSS-1 @3B ) ek AR T AR
ANk . RIS IR KRB, 78 CZA
bk . RIRAA R R CZA KiaRAt Bl
AR AR B, YEFR AL R IE Ry 27
ZEREEE, 5 WT [(3.5940.04) cm]FI cpAMrADSS-1
[(3.55£0.12) cm]#Ft, AMrADSS-1 [(3.4120.04) cm]
E’J@%ikﬁ 2 W F W (P<0.05), TiTE CZA

HApthph B CZA }:gidk I, AMrADSS-1 5
WT Fl cpAMrADSS-1 "KL SFAK E

BRI EYE2ER(P>0.05) (B 2D, 2E). it
W1, MrADSS-1 JEPR kR 5200 21 ok S A 1 A
A FREIRETT
2.3 BiP& MrADSS-1 B A% G ERE X HAF
LKINTZ B

JEAH MrADSS-1 R BR %S 2R R S
[ PREEN 32 R S 520, 7E PDA R gkrh gy
HEI NaCl (FEia). H0, EALE )
congo red (AHMUEEINE), KNSR ERRI R AR
FHE, 5 WT Hl cpAMrADSS-1 A8, AMrADSS-1
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FE K AT R E 5 (P>0.05, & 3A, 3B);
FEPEIA SR, RS 16 h 5034 24 h,
AMrADSS-1 53 F M R B & =T WT
H1 cpAMrADSS-1 (P<0.01, [ 3C); MAELEAMEST
AT 16 h i 24 hiF, AMrADSS-1 48Tk
KRR D FALT WT Al cpAMrADSS-1 (P<0.05,

[ 3D), JEHAE 24 h B, MrADSS-1 BriBRH1S
YN B Tl AB 5 2 A O A B 7 A T I R R
TR 29.8%.
2.4 Bif% MrADSS-1 ERERSTAREEE
HZIERES

WAH 2 SC I UE R, WT . AMrADSS-1 #il

cpAMrADSS-1 WRBHIRERL I ZE L il , FFAE
PR UAEH 5 (1) PDA Kit FIE R T HVE (B 4A),
H. AMrADSS-1 [(3.70+£0.05) cm]7E PDA R34k |
A KRR B R E KT WT [(3.59+0.04) cm]Fl
cpAMrADSS-1 [(3.54+0.07) cm] (P<0.01, [ 4B),

Congo red

NaCl H,0,

C i Heat shock
m WT =3 AMrADSS-1

S g0, =8 cpAMrADSS-] o
- ik

s 5 60r

W E

= E 40}

= B

=7 20t
=
=
= 0

16h 24 h

FESK LSS 24 h WELIN B OB BUG 0L, 45
WK, WT. AMrADSS-1 Fl cpAMrADSS-1 Wit
M 18545 5] 4 (66.40+1.85)% . (78.05+0.92)%
F1(65.07+2.77)%. 5 WT M, AMrADSS-1 1
W 25 MO LR 1 11.64% (8] 4C). DA F45 93k
B, MrADSS-1 fBR¥E R 211 2 G AR T 1) wifLe 2
25 RN A MR B RE T o
2.5 MrADSS-1 AN SFRRZERNF

B A e 25 3R B, @R MrADSS-1 5|
R REE ) B S . PR A E BoR
WT. AMrADSS-1 Fl cpAMrADSS-1 153 Kbk i
(¥ > OB I [R] (LT 50) 20 51 4 (3.2640.05)
(3.42+0.06)F1(3.41£0.04) d, =FHZ[a]JCE &1
25, KU MrADSS-1 % B0 o S B 1k
S T B A L R T S S 35 (K] 5A) . AR
B E B, 5 WT HH[(5.28+0.06) d], J&k
Yu AMrADSS-1 [(4.83+0.18) d]E I (1A I I 7y

B
mm WT
—= AMrADSS-1
£ 30, ==cpAMrdDSS-1
&
8201
E:
=g
= .= .
= ° 10
£
2 0
NaCl H,0, Congo red
D 44N UV-B radiation

wm WT = AMrADSS-1
100 . =8 cpAMrADSS-1

80
L
60 |
£
40 +
20t
4 16 h 24h

GEROEY S
Relative germination rate/%

[ 3 Bk MrADSS-1 X FZRRFEFMMBRENWIENT A, B: FHRLEANN NaCl (0.5 mol/L), H,0, (10 mmol/L)F

congo red (2 mg/mL)[¥ PDA #5775k F/AEKMEAEIEE; C: KRB THXI LR, D: LIMNESIE AR H
FHXT R % BB bR R AR R =1 em; *P<0.05, **P<0.01, ***P<0.001

Fig. 3 The effect of Mr4DSS-1 knockout on the stress resistance of Metarhizium robertsii. A, B: Colony morphology and diameter
of the mutant strains on PDA medium supplemented with NaCl (0.5 mol/L), H-O> (10 mmol/L), or congo red (2 mg/mL). C:
Relative germination rate of mutant spores after heat shock. D: Relative germination rate of mutant spores after UV irradiation.
Data are mean+SE. Scale bars=1 cm. *P<0.05, **P<0.01, ***P<0.001.
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A B
H
X i
CK
23]
Before penetration |

Tl

After penetration

4 FiF& MrADSS-1 3t BIRKFER

Diameter/cm

FIERMEBREROEE A
WIRIREEE R EAR; C: MEERIZIER; B PR BER DR FRR=1 cm;

[SS V] =

C

*
o ki

80
60
40
20
0 q\& N )

i

F

RALRR G B W )5 B R R LA 5
#%P<0.01,

AR TE R
Relative formation rate/%

@<9$

@9“

o RASRG B
#4%P<(.001

Fig. 4 The effect of MrADSS-1 deletion on the penetration and appressorium formation of Metarhizium robertsii. A: Colony
morphology of the mutant strains after penetrating cicada wings. B: Colony diameters of the mutant strains after penetrating
cicada wings. C: Appressorium formation rates. Data are mean+SE. Scale bars=1 cm. **P<0.01, ***P<0.001.
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Fig. 5 The effect of Mr4ADSS-1 deletion and over-expression on the pathogenicity of Metarhizium robertsii. A, B: The effect of
MrADSS-1 knockout on the pathogenicity of M. robertsii toward Galleria mellonella larvae injected and soaked by the pathogen.
C: Quantitative PCR analysis of MrADSS-1°%" and MrADSS-1°%2. D, E: The effect of MrADSS-1 overexpression on the
pathogenicity of M. robertsii toward Galleria mellonella larvae injected and soaked by the pathogen. Data are mean+SE.

**P<0.01, ***P<0.001.
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LTso & MK 0.5 d, KRR MraDSS-1 &
RSP R SGERRRRZ YRR 1 (P<0.01,
& 5B).

Sk — W MrADSS-1 % B AKX B
BRI AIREEER, W T MrADSS-1 3 3Rk
H B (MrADSS-1°%" il MrADSS-1°%2), %) H:
o ST T . PO E it PCR AINITESE,
AT B4/, MrADSS-1°%" Fil MrADSS-1%2
o MrADSS-1 ik 2.9-3.1 £5(El 5C). 4
YIE BN, JCIIRNE A SRR SRR, 3Rk
MrADSS-1 5B Z BRI SME R R0 11 (K 5D,
SE). Hr, 5 WT ML, KHNES MrADSS-1°%
il MrADSS-1°%2 [RYL Ay RIEIE LTy 40 HILE K
0.4 d 11 0.51 d (& 5D), {&#iZHE MrADSS-1°%"
. MrADSS-1°% (R YL RIS LT, 4 HIAEK
1.23 d fi1 1.26 d (&l SE). 45:L3RH], MrADSS-1 &
B ARG A
3 Wtk

AMP | Z e T EEZS A R, T
Y35 A A U 1) 20 R Bl AN AR AR R P AR
F(Honzatko & Fromm 1999). 1A~ AMP & i
PR, ADSS i1t 45 AMP/ADP/ATP i f i
ST, FE G RE AR S R R R R A O AE
(Zhu et al. 2023), ADSS 7E5h%) . FYI AR D)
EAE PR D RE RA — & M IRSFHE(Zhu e
al. 2023). AT 3 X R HLU P T L R A 2 A
Y—FAXRSERE T ADSS W1 7iF5T, FH
ADSS TELHE IPTESN . PR BOR &t
R R EHEAEH

RE ADSS JTIZAAE, (HRERTEAR YA
MIEEMIEE RS, T WANR KGR,
HARRIZEHE (8] D e [RIAE A7 7E 22 5+ (Miskovié et al.
2024), WFFEFEM, ADSS IR X I I
MG AR A EHRA T GTP 1EIG PN S
SEHER, {Efl ADSS Bl &1 AMP & A
Hifi(lancu et al. 2002). 5 KMGFFIE Escherichia
coli FIYUFGST Arabidopsis thaliana SF¥)Fh ADSS
ZERIFA G, AEERAMT SR H Leishmania donovani
ADSS 1T K IRIRE X I B AT B £ i S BL R Ao

MARSYE, B ADSS 5 ADP 4565, HIFk
I GATYIRIR AT TF I, 22 B AL IR IR 1) X %
HEFRT T AFAEAS JE (Mochi ef al. 2024), R, #t
A2 ADSS DR BRI 250,
T EM RN RGR AR P IR BRI B L, R A
A AR ARG AR T TR G A AR
(Boitz et al. 2013). MTEEKH, ADSS 74T
iR, XA FEEMESRBERELE
B, HER SR AMP SERIEIL, KA
FEILR I ZEL(Zhu et al. 2023), TERRTEEZRE
1, ADSS RAMKEMEAKZEE . Tk
AR U FIIR BTSSR B 2R (Tarakhovskaya
et al. 2025), TEAMGEH, @R MrADSS-1 J5*t
FHMRGEREWE ALK, P HIFRA B E
s, HOEEOREE 1 &R B AR, dE— %)
AFEYIF ADSS WA BE AL T R B, Eok
Hik) ADSS 43 A A b s 78 5 AR B
Dictyostelium discoideum H', ADSS ENTifE
& th (Wiesmuller et al. 1991) ; 40 Ji #1 % %
Paecilomyces tenuipes "' ADSS 434 T 41 it Ji
W, PR e A e AR R AT R k4 EE AR R (R AR
45 2018); AT H, MrADSS-1 26055
SRS R CMAC (E5ES, RN
YIFIE] ADSS AOLEH . 4 RE 7 AT e 55 7
HHA BE2ER.

TERDER B, ADSS 2 5 IR M kA Al
A%, ADSS iR S BORIEI 1R J0TE 7 A Ak
Z{IARIN O N T B S AW =R | RS/ R E O S R
. TSI BRI > L BOR M AR
(Zhang et al. 2022), TEH A FREKE 1, FEAK ADSS
(2R IR T B TR R B RS B FR I, HL B0
R 115842342k (Blundell et al. 2016), A@F5EH,
MR MrADSS-B) B A K ERARTE P HIRE T . XTI
LT R E AL LA 1 B UM S R S R AR
HFRICH B 22 5, (H2riE R B IRREEE 1 F 8w
TR EAE, RUMREFFEN2ZESFEM ADSS
FEAN TR I L P B T RE & AR el AR, DA G
AL 2

IR, DA K SRR T A7 A PR A AL T
(MAO), ReWeHfb o i o3 i S o B ™ 1,
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AT RN R R HOR TR, TR
IR XTI B . AR MAO SRR I L
R BE 71 i & H2 5 (Tong et al. 2020), ADSS 54
Y1 AMP 198 B, T AMP 7595 )5 L B 1 2o 1
Rk HE BRI (Sun et al. 2024), AWFIEH,
i MrADSS-1 J& B AR GAE B0 1 B E T =
1 #3E MrADSS-1 RefS W E RS0k T, BT
MrADSS-1 i 4 5 G & o 1 B0 01 . B2,
MrADSS-1 Wi/ AMP 482 55 E R
W IVE B, o 7 B — 2 BT

HEHEGFEBEARCT ZNHTRIL ., B,
A BT ST AEe, FLAE KRG MERE IR AR
PE” ST TR0 Bk B2 5 R HU L T B0 RE
TITFRET B2 (E R4 2025), MAT, T
CRISPR/Cas9 55 5L [ g 8 4 AR AT 52 ) R4 R
AR S5 R P D L A ) B DR e i, 4
T FE R S TR AR AT . B B o S5
A€ JJ (Mascarin et al. 2024), AF5EH, mEFE
MrADSS-1 J5 BA R SR A SR 1 B E T, IE
52 MrADSS-1 fE S E R 0% 11, AEk It
- 2 DR i 2 R o e 1 R O R T A T A
PRIEH

1B TR

FORBR: BEDRERR | 2 3 1M ] #h PR Y
SRR FRINL . AR R AR S
Brs BAFTAR . ShHAESE DN A 40 E 2 o0 #r s
M8 4 1 5% SO - AR TR RR B O 1 3 A5 AR
He WARRIORAE . R IR; SR S
RS ISCH ST, £
ARG IPRIEE SRS IBSCERS BT,

A 22 9 R A

I TEASAFAEAT AT T AE ) £ v 5 B0 R ol
W25 KA
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