[CGRYEZ

Acta Microbiologica Sinica

2017, 57(12): 1827-1838
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20160541

Research Article RREN

BREEEIZIERILEF BbarfA NS ABEBFHAS /
g, R, FER AW, PEES, KAE Y
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PPURRE YRR RE , FK 400715

HE: [ B R IETBRPERLAL I T ARF 7EER 1 (1 1 (Beauveria bassiana)F AF TEFIZE K A W)22 1 6E
[ Jrik 1 #IH BLASTp # RERM VB R IE IR R A EURE, %8 ARF IRl R, 456 RKT.
J S | R R R AR BUFE R GTP RS 0L 545 A 0L AR BEN , ffr i 1 4> ARF 5 H{ERE
KB, WEEMRE RN IR [ 4558 ] BRI EE P AA7E 2D 6 > ARF SR UER, 251F
KFWeE: . AZE ARF KHRUIE AR RIZEHE. Hrh BBA_01574 5 A2 ARF3. ARF4 Fll ARFS &
h—2, 4R BbarfA. BbarfA TERA 4R A BRI IS KT 2635 B B T2 . e
il BbarfA I T T8k, $&& T W), M ERE Bbarfd Fl i 2848 GTP fif 2 XK Bbarf4 W

FER TR REE, MR T Rk RE . R4 Bbarfd ek mdh . Mg . RALRIEREMRAMES, H

B AL 755 BF AR B ROOT B IR 8 SO Y R JE W] R 22 5
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[ 4515 ] BbarfA />S40l

KR WRHREMEAE T, SROEE, [Tk,

i} 1 R #% BE 5L fk [ + (ADP-ribosylation
factor, ARFs)J& T /)N G £ [ (GTP-binding proteins)
MR ARF TR, 43 F #2924 21 kDa, 7EH
A TP i A e B ARSI A
WEAR AR . 20 SE E A S5 AR W B, ARFs
BN ZREFE, WIE IR T AL E AR
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R RIS M 2 S GE S AR Y e R E G
FHE) ML, Class III ARFs (ARF6)M % {57 T2
LRSS, PR VR . WLshas (RS R A, 78
L BRI B (Saccharomyces  cerevisiae) PANAFE
2> Class I ARF £ F1(ARF1 1 ARF2)F1—~~ Class
11 Z5 9 (ARF3), {HEk/D Class 11 ARF AP, 5
b, BEZH MW AAAEZ R ARF K RIE A
(ARF-like, faj#5°~ ARL B{ ARFL), 5 & /REMAL
L/ ESUN

ARFs HIFENLH S 5 =Rk G HAAR,
He o ¥ VE I RO T 5 HOGIR A 3 1 5
FH R 2 # [ ¥ GEFs (guanine-nucleotide-exchange
factors)fll GTP BELG 2511 GAPs (GTPase-activating
proteins), GEFs f#ft. ARF ¥4k GTP B456IF
3, I ARFs, AL THIH IR H) ARFs i@ A
[ 400 43 AH EAE T, AT (A 7] A 240 B i A BT
fit. GAPs#dJish/Kf# GTP 361, # ARFs-GTP
W MRS S, B o AR TE R A B
ARFs-GDP™, ARFs-GTP %4445 {138 i 1) 41 g st
e v s 1| Rl o & D& Y D
5, TS R AN, ARFs 544 5Ll
%5 (Aspergillus nidulans) TR FEF 5 2 7 B H A9
P22 ARG L B R SRR 3R
1Y A2 i S5 DDA U S AR AR iR kB
ARFs X F— 28 L (1 1E 5 A7 15 S 77 U0

R 118 B (Beauveria bassiana)2&=— Fh [E N
HMTZ TR . M DA AR YA Y B R
JREH, {H ARFs KU FI7E FHE T i AF7E 4L
it RV EDIRE AN . AU LR R
AFR1, AFR2. AFR3 il ARL ZJE82 741 M ERET,
FIH BLASTp R BRI FHE R AR 5 H B
i, KIZE/DIAE 6 I ARF 5 ARL A, 43510
BBA 02249 .BBA 03298 .BBA 04097 .BBA 00918
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BBA 07587 #il BBA 01574, RS R &,
BBA 01574 Jh7 FEEEE ARFs, 5 A2KAY ARF3,
ARF4 Fll ARF5 RH—3, 744 BbarfA, il
FIRFEME AT . S S SRR A AU |
GTP 254G s s i B L S R AR L IR, 5%
BbarfA 59 & B AR R BURII KRR, N
78 ARFs 1ERHURIRE RS 50 EY) = Y)6E
E S

AR

L1 BERAEOR

BRI B B (B, bassiana) Bb0062 (CGMCC
7.34), M T ERHRALR LR AR R E
(Escherichia coli) DH5a, FHTF#MAEME, R E
MRIGORAF TSR 2

pUCH-T # {4 K Bio Basic Inc./~ Fl /™ i, i F
JE A-T vile . pBARGPE] N EL I i Rk A,
RAFT ARSI S
1.2 FRI\EMEE ARF(L)s RERE KI5 T

DL PR 9 B B2 ARF1 (AAA34431) . ARF2
(AAA34430) . ARF3 (AAAG1614) fl ARLs
(EGA83976 .EGA 59715, AAC49875 . EGA 79914 .,
AADI13357 Fll AAD56735)5 B/ IT 5 W iREr,
] BLASTp (protein-protein BLAST)# 2% BRI (4 /&
B AE 9T 4% 3 H 804 7 (database of non-redundant
protein sequences). &} MEGA 6 #{F J e KSR
3 (Maximum-Likelihood method)#17 ARFs
RGPt
1.3 BbarfA::eGFP ZFRE . B KisEHL

DLBERE R B 2L R 41 DNA AR, FIFS 1Y
Bbarflegfp-F/Bbarflegfp-R § 3% Bbarf4 J&izl+IX
BRANG IX (I ER K 11267 F TAG)(2417 bp), FF1E
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545 A Nde 1 B0, 35051 A 3 A~ =2 IR
(ARA)IE4%E X (GCCCGAGCC)., LAk eGFP-C1
(Becton Dickinson, Molecular Biology Products) >}
it , 514 eGFP-F/eGFP-R §"1 eGFP F Bk
(723 bp), FFTE 3-%i51 A Bgl 11 BEYIN & . [FIACH
P Bt o | E S PCR Y RS, A5
FIFH5 %) Bbarflegfp-F/eGFP-R § & A Bt Kt
Al B AT SEfE R pUCM-T 4R BEA i 7 B6:31F
FIF Nde 1 A Bgl 11 EgVIALA A B, vl
pBARGPEI {J Nde 11 BamH 115, Bt gpdA
= e R 8 Y 5 =1 RS 70 s 3 o e ¥ 2 23
ey B IR AR A T AR B . 519741
W& 1,
1.4 RNA Bl Real-time RT-PCR 247

A Qiagen RNeasy Plant Mini Kit 5] &5 2
HUELTA B RNA, B 2 pg B RNA, & Oligo (dT)

519146 # cDNA 55 —5% , FLIA#:AES I PrimeScript
RT reagent Kit with gDNA Eraser (MBI)Jz 5% 54,
FEU 4. LI cDNA % —8E Mk, RH
Real-time RT-PCR i ] & (iIQTM SYBR Green
Supermix, Bio-Rad A w))ifffrIEKH KB, U
actin (GenBank 1D : HQ232398) #l1 p-tubulin
(GenBank ID: DQ079603)fF }y = Hb Kk K IH — 4k
(normalize)$E AR5 R AR X 22k 7K, ELARTHECR A
CFX Manager software (Bio-Rad). 5|#)F5 W3& 1.
BbarfA 1E 53 4= 5 81 AN [R] f 303 A 0K 0
Pre BCH R BIF I, AT 1/4SDY A
i BB F A UL 1x107 conidia/mL, T
26 °C. 180 r/min #EJHi$5FE 0. 4. 8. 12, 16,
20 ho BLOWEAFRRR AT R, 12
BUE RNA, S5 a M54 arfaRT-F/arfaRT-R
(3 1)F1 Real-time RT-PCR 4347 BbarfA Fik ik

x1. KHRATASY
Table 1. Primers list in this study

Primers Sequence (5'—3")*

Bbarflegfp-F
Bbarflegfp-R

GGAATTCCATATGCGGAGAGGAAATGCATAATC
TCCTCGCCCTTGCTCACCATGCCCGAGCCCTGATGGCCAGCCTTGCGGA

eGFP-F GGCTCGGGCATGGTGAGCAAGGGCGAGGA
eGFP-R GGAAGATCTTCCTATTACTTGTACAGCTCGT
BbarfA-FP GGGAAGATCCTGCTTGTTG

BbarfA- BP ATGTTCTTGTACTCGACGGATATCCCTAC
BbarfA-F CGGGATCCCGCAATCATGGGTCTCGCTT
BbarfA- R TCCCCCGGGGTTCTTCTACTGATGGCCAG
BbarfA-mR GCGGCGCCGAGACCGACCAT

BbarfA- mF ATGGTCGGTCTCGGCGCCGC

BbarfA-QIR TCTTGTCGATACCACCGACA

BbarfA- QIF TGTCGGTGGTATCGACAAGA

S-Tubulin-1 TACTCTACGATTCGTCAAGT

S-Tubulin-2 TGCTGGAACAGAGCCGTCTT

actin-F TTGGTGCGAAACTTCAGCGTCTAGTC
actin-R TCCAGCAAATGTGGATCTCCAAGCAG
arfaRT-F AGCGCATGCTCAACGAGGA

arfaRT- R TGATGGCCAGCCTTGCGGA

*: The introduced enzyme sites are underlined.

http://journals.im.ac.cn/actamicrocn
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Bbarf4 TEAFIIME 5T MR IsE
£ 1/4SDY W MARBEF25EF 26 °C. 180 r/min FE it
F% 72 h BEF AR BERR AR, K RKIE GRS 3l 4
#F Czapek Broth (CZB). 7 0.8 mol/L NaCl,
1.0 mol/L sorbitol g% 4.6 mmol/L H,O, i) CZB, F
26 °C 8 32 °C (). 180 r/min MK F 12 h 5
IR 22, $RBUERNA, S % 5% )5 %) Real-time
RT-PCR )7 BbarfA Feik45E .

AL Fh BbarfA Fiknhr: WWEETE 1/4SDY
W3 32 5erh T 26 °C. 180 r/min 3535 48 h I
&, FKFEKBERE#MT CZB H, T 26 °C.
180 r/min #EMIEFE 24 h FUCEREK, EEE
RNA, 2% 5% )5 # ] Real-time RT-PCR /3 #fr
Bbarfd FKikK¥-,

1.5 BbarfA ihpRNA KFEEFE Bbarfd BIKH
=958 21

P Xiao et al. iy 731", &5l
BbarfA-FP/BbarfA-BP (3 1), DIBRAFIE LK ZH
DNA W, B Bbarfd & NE T A
25§45 RNA (Intron-containing hairpin RNA , ihpRNA),
B4 14 5 Bbarf4 ihpRNA (602 bp)5e %% pUCM-T
R EIN I, SRS F EcoR 1/Xho 1 ][RI
J¥1E 8 1Y) BbarfA ihpRNA , ¥4 H 52 %% pPBARGPE1
AR HFBGEDIA 0, BT R IR A RS 30
¥ Pgad4 Z T, JE{ pBARGPE1-BbarfA-ihpRNA
#k . RSB T A st Ak oy
U FRAT A AR T A BRI (R

PIERf I E R LN 4] DNA MR, F514Y
BbarfA-F/BbarfA-R (& )Y 14 BbarfA 451X, %)
820 bp. ¥ 7= ¥IH BamH 1/Sma 1 HHY] 5 % T
BamH VEcoR V Y1) pBARGPE1 I, ¥HEF
LR A S 87 PgadA 21, TERGH SR
ik BbarfA # 14k pBARGPE-arfA (& 1-A), M &

actamicro@im.ac.cn

S L A 3 4 A AT A e Ak U Ve A BRI
HTR
1.6 HMERDE GTP BRI NG A NS RAEE
R i Bt e B iR %4k

Wit gI ARASA s, RE S PCR 434
Py ts GTP i &5 % 5 45 5 0 o5 28 45 1Y
BbarfA*° ¥ BbarfA"" Fr Bt BAAEEEWIR . LA
BRAAMEE N4 DNA NE A, 519
BbarfA-F/BbarfA-mR £l BbarfA-mF/ Bbarfl A-R 43
MK GTP f# B L 5878 W) BbarfA 5'-%ii v Bx
(83 bp)Ail 3" F BE(Z) 739 bp), [EILHH 18 - BE
R oS [P EE PCR Y ES, SRIGFIHSIY
BbarfA-F/BbarfA-R 4" 34 GTP fift B i #5828 1
BbarfA i Bk BbarfA”?*° (820 bp). #414 H Bt AT
efEF] pUCM-T J il R k(K 1-B). #5114
BbarfA-F/BbarfA-QIR Fil BbarfA-QIF/BbarfA-R 4}
WY GTP 456500 RAEH BbarfA 5'-%i v Bt
(310 bp)Fl 3'-3 B (510 bp), [P 14 H Bt
WM EI Y ESE PCR ¥ a4, RIFHEIY
BbarfA-F/BbarfA-R §# GTP %G i s 5845 1
BbarfA Fr Bt BbarfA?"" (820 bp), W1 Bt AT vifk
F| pUCm-T J5M I8 UE(E 1-B) . FH BamH 1/Sma 1
A3 S BT TE 8 Y BbarfAP?%¢ 1 BbarfA%™" ,
H:7EFE %] pBARGPEL 4 BamH 1/EcoR V i j,
BT HEFEERNAKNIGNF Pgadd 2T, B
pBARGPE1-arfA"*Y I pBARGPE1-arfAY" (%]
1-A), SR8 oL S A0 A T o A AR e Ak
FEN N AR A AR B . 5 RS
W1,
1.7 AAHEFHENE

W B B BE FR O 4 A A TR MR BE
3x10" conidia/mL Ayl FEIFH, B 100 uL 5
T Czapek V-t |, IRAGIE], T 26 °C fHIRKEFE,
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(A) PgpdA arfA TtrpC
pBARGPEl-arfA el i a—

PgpdA arfAP%6 TtrpC
pB ARGPE1-arfAD26G *

PgpdA arf49 TtrpC
PBARGPE l-arfA?™" L e

B) 20
arfA
arfADZﬁG

}

MRI L MVGLDAAGKTI|TI
MRILMVIGL GAAGKT|TI
Pl VR I L MVGLDAAGKTTI

GTP hydrolysis site

30 70
TVWDVGGQDKI RPL

T TVWDVGGQDKI RPL
TVWDVGGDKI RPL

GTP binding site

}

130 140 150 440 450 460
TCTCATGGTCGGTC TCREGCGCCGTCCGG GGGATGTCGGTGGTETC|GACAAGATCC

il

1. BEREFEBRFEMSRTH Bbarfd HIKA)S N FEIESI AR RETALR(B)
Figure 1. Diagram of Bbarf4 expression vectors and sequence verification of the introduced mutation sites in
BbarfA. A: construction of vectors overexpressing Bbarfd (pPBARGPEI-arfA), Bbarf4"*°° (pBARGPE1-arfA"**%)
and BbarfA%”"" (pBARGPE1-arfAY"""); B: designed mutation sites in BbarfA and verification of the introduced

mutation sites by DNA sequencing.

M9 h FFUREREEIRG 1 h B, BBt gt
B kR, BB S EE AT 100
A, BE 3. FERTHRFITEEIN NI,
1.8 AYilE

DL = WS RS W8 40 13 (Galleria mellonella) } i,
B, SRAWIRMER T G T A . — R R ARRE
fRYesefp, BRI R FHEN 2x107 conidia/mL
B E AT BRI 20 s, SRIG MK 4R 24
RAKAY o Ti—RERN I AR R T, BRIk
JER 1x107 conidia/mL 43 #0777 B inf i 0 5
NGy, Ak BTS2 pl. PIRPEERD LYY
L 0.05% (V/V) Tween-80 #E474H [F4b it iak b1 oy
XTRR . HEFIG T 26 °C fRIBHEFE, M 48 h 5 1FE

12 h EIHPET R AR 30-40 kikH, S
H 3 K. FIf Kaplan-Meyer £k 22 i3 /775
s, FEA X ERAK B (log rank test) 7B A
[Fi) B A Ak 3 5 BB A TR R A B A ) 22 S o R
SPSS 8.0 HA A [AI Ak BR A~ ZFE 18] (LTso) o

2 ERFpH

2.1 BbarfA F5) M7

DIBRPRER: ARF1, ARF2, ARF3 JHZE&E
1 ARL1 5 ARL3 ZS5R)7 51 0%, FIFI BLASTp
1 2Bk A R AR U A B A B PE (hitp://www.

ncbi.nlm.nih.gov/sites/entrez?db=protein&term=txid
655819%5BOrganism%5D&cmd=search), 45 6 |~

http://journals.im.ac.cn/actamicrocn
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ARF K HZEPIE A, 47514 BBA 01574 . BBA_00918 1 BBA 07587 5 A 251 ARLSA B Ky

JT
BBA 02249, BBA 03298, BBA 04097, BBA 00918  —2([& 2). BBA 01574 4t 183 NEKER, SFHLM

I BBA 07587, RS LM, BBA 02249 N 677, T4 209 kDa, ¥ HAr4 N BbarfA.
5i#EE ARF1 F1 ARF2 B 5—2%, BBA 03298 5 4 &I, BbarfA 7655 24-31 f &L 5 A 14
fEf: ARF3 J5—35, BBA 04097 5% ARL1 5P GTP fi#25 X8k GLDAAGKT (GXXXXGKT),

BH—2, 1 BBA 01574 MJd <7 T % 6F ARFs, 6771137, 126-129 fiF1 159162 i & A 1R5F ) GTP

5 N2k ARF3. ARF4 1 ARF5 % H—%, 454X, DVGGQ. NKQD #il CAT!!,
%
"~ —~
% c 2
= > > D)
JY 2 2 ~ ~ 2 N
P C 2 g 3 < 3
= 2 = 8 3 = o
% % = 5 5§ ¢ &
&y % ‘%, 3 S S o S S =
55 a9 / )
7 <, % = z2 2 € & & e
09 (7 0 P, ‘% W™ ®
4 a4, 2. e = 2 ¥ 5 o g
- 2 5 @ T E 4L L 2
(];0 N\ G- (e < < 3 Q \ad CO
<0 < @, e ¢ 2 Y Y A\
D 9, 3 — ¢ @3’ N @,‘o\
4 g, Y 0.5} F o5 WP 556
L (44 e %, PN ®
S5 %) ® ?33 9 N
RL o) < ® o
v
& (AAD 1335 > 092%) (\’\S)
) Sc) u oAIfO (B
ARLI (AAD]3357) (Sc)m s ARF3 (AAA61614) (Sc)
Hs) ® 4BB
ARLAD (NP,00‘652) ( A_03298 (xp 0085
o -00859661~
0 )Q%S\ *4Ry, N ) (Bb)
\\%’l g. A P\OOI
YNUA 0 y '%8) @
ARV o ® < (7 S)
g & Q% 4V%
- o * ~r
»C ) D) 7, O >
é %0,
S S N A R % % iy
@Q g b‘é\ < 2 2 % Vax > @‘O 7 s)
& F Q2 E =R R T %
N 5 N S ¢ ) Iy
L S & S 5 ®w ¥ % D) %5
> SR - QB ez g %
v @ Q) S I . > J) % )
%\) o) ~ / =9 =2 Nej ~
v S O £ & & & x
v & 3§ < T =2 7
S . AT
s 7 2 7z B
N -
7 < <

2. KBBEEERAELFMEEE ARFs 1D FREXE ST
Figure 2. Molecular phylogenetic analysis of ARFs from B. bassiana, Homo sapiens and Saccharomyces
cerevisia using maximum-likelihood method. Evolutionary analysis was conducted in MEGAG6. The tree is drawn to
scale, with branch lengths measured in the number of substitutions per site. GenBank numbers is showed in the

brackets followed the proteins. Bb, Beauveria bassiana; Sc, Saccharomyces cerevisia;, Hs, Homo sapiens.

actamicro@im.ac.cn
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2.2 BbarfA WIFERERME

FI ARG 2056 8 11 eGFP 4347 BbarfA 1€
7R B SR RIERE, 42RRY] GFP 20t
TE A 53 A 6L FIBROE I RIS ERN S 4 hy2e
AR, AL SR AR S R T, POk E S
HAEA RO RN D, M7E 28 AR L3
B W 9¢ (RN G 820 h) (& 3-A). Real-time
RT-PCR S #r it —2UESE T BbarfA 16450 A=l
KadFEHR R REFE(E 3-B). FEE$2(0.8 mol/L
NaCl). #i#%(1.0 mol/L sorbitol), “&4t.(4.6 mmol/L
H,O,) M= iR MMA (32 °C) 54, BbarfA BY%% K
Y] I E T AEIE #4514 (Control) (8] 3-C).
ICHED , BbarfA AT -5 9 it 14 53 A6 - 101 LA
S35 A S A 2%
2.3 #BEFIE BbarfA ihpRNA | BbarfA ., BbarfA”**°
Fl BbarfA?""" {IEEAL T 1E

53 Sca T 4PEAEZRIA 3K pPBARGPE1-BbarfA
ihpRNA . pBARGPEl-arfA, pBARGPE1-arfAP*%¢
Il pPBARGPE1-arfAY", SR F s 4 L A 5 43 A
THAL D R ABRAL B, 7675 200 pg/mL BREL
59 ¥ H g (phosphinothricin) %) Czapek ~F-#z I i ik
PUPERTE . FIFH PCR P ¥8ARIC I bar BUFHTE
] v -0 1B 2 Ak 1 (Rl i) e fb T2 e 2 Ak AU
3% 3 i, K Real-time RT-PCR fifi it [z Al
BbarfA Flid Fik A=A GTP i 50 5 A5 5000
FGEAR ) BbarfA ¥4k . 453K, arf4-ihpRNA
A+ BbarfA 3K T 11%-67%, {HER 53
Ak FRIRACY- = TR AE TR (K 4-A) BERIE
Bbarf4 AL TR RIEKF LI 0.36-2.85 1
(F 4-B); MK BbarfA” ¢ #AbTrh S AJEA E
i 0.34-1.23 155(/&] 4-C); M1 BbarfA?" {4k T
S AL IR 0.35-1.48 f%5(18 4-D). AW IS

(A)

10pm_~ 10pm 10 um
ST

(B)

o2
~ O x

o
&}

Normalized fold expression

0 4 8 12 16 20
Hours after inoculation

nill

Control NaCl Sorbitol H,O, HT
Condition of culture

3. BbarfA ENEMFHEASEMARMERGT
BIRIEFFIE
Figure 3. Expression patterns of Bbarf4 during conidial

© o045

germination, and under different stress conditions. A: GFP
fluorescence of the transformants that harbored the fusion
gene BbarfA::eGFP during conidial germination. FL,
fluorescence light. BL, bright light. B and C: real-time
RT-PCR analysis of BbarfA transcription patterns during
conidial germination (B), and under different stress
conditions (C). NaCl, Sorbitol and H,O,, indicate cultures
in CZB containing 0.8 mol/L NaCl, 1.0 mol/L sorbitol and
4.6 mmol/L H,O, at 26 °C for 12 h, which represent high
salt, osmotic and oxidative stresses, respectively. HT indicates
cultures in CZB grown at 32 °C for 12 h, which represents
high temperature stress. actin and p-tubulin were used as
internal standard to normalize expression of BbarfA.

http://journals.im.ac.cn/actamicrocn
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(A) g
225
o
g2.0¢
5
< L.57
o
hal N
Q
2 0.5
<
E 0
3 WT T1 T2 T3 T4 T5 T6 T7 T8
“ arf4-ihpRNA transformants
Strains
©)

S == NN W
S W O W O W O

Normalized fold expression

WT T1 T2 T3 T4 T5 T6 T7 T8

OE-arfAP%¢ transformants
Strains

D)

WT T1 T2 T3 T4 TS5 Té6 T7 T8

OE-arfA4 transformants
Strains

S o W o W

WT T1 T2 T3 T4 TS5 T6 T7 T8
OE-arfA9"" transformants
Strains

Normalized fold expression

4. Real-time RT-PCR 5 #i¥% L F Bbarf4 8)FikKF
Figure 4. Real-time RT-PCR analysis of BbarfA expression patterns in the transformants that overexpressed
BbarfA ihpRNA (A), BbarfA (B), BbarfA”*° (C) and BbarfA%”" (D), respectively, as compared with the wild type
strain (WT). Total RNAs were isolated from cultures of CZB at 180 r/min and 26 °C for 24 h and used for real-time
RT-PCR analysis. actin and f-Tubulin were used as internal standard to normalize expression of BbarfA.

BbarfA 5K T 67%H arfA-ihpRNA #4461 T6 |
KR R 2.85 15 L 1.23 A5 AT 1.48 A
281k BbarfAd. BbarfA”*°° F BbarfA?"" # Ak ¥-
(T3, T3 I T2)iEA TG 8amtot .
2.4 BbarfA N FRBEABE ST EMFHE

JL AN AR R A BbarfA. BbarfA™%¢ i
BbarfAC™ X BRI A5 B A 1 AN A T S
B2 LA BbarfA (arfA-ihpRNA)NHRE T 7151
K M MR 255 BbarfA (OE-arfA) 1 Bbarf42”"
(OE-arfAY "YMIAER T HF 85 & (& 5). ANFFEHLE
CZP [#/n 0.5% (WIV)E IR Czapek agar]}
IR b B0 R SRR A A 5-A TR 5-B
Fiis. 4R 10 h 5, BAEHRE KR 42%,
arfA-ihpRNA B8 ¥k 19 B & 2 35 3] 64% , 1
OE-arfA Fl OE-arfA?"" FRKBIH & K53 50 31%

actamicro@im.ac.cn

F133%155% 12 h )5, WA RIRR(WT) .arf4-ihpRNA |
OE-arfA Fl OE-arfA?¥" BIRKH K& 4351 82%.
93%. 60%H1 72%. K I (GTso) 545 R i
7%, arfA-ihpRNA ) GTso (9.32 h) b B A= T bk
(GTs0=10.23 h)4i%5 T 8.9%, 1M OE-arf4 (11.25 h)
Il OE-arf4?™ (10.74 h)E R GTso 4331 HoBF A 1
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5. HEBTFRIBABEE
Figure 5. Determination of conidial germination. A:

trends of conidial

Conidia were
inoculated onto CZP plates [Czapek agar containing
0.5% (W/V) peptone], and germinated conidia were
counted hourly beginning 9 h after inoculation. B:
conidial germination of the test fungal strains at 10 h
and 12 h after inoculation. Bar=10 pm. WT, wild type
strain. arfd-ihpRNA, OE-arfd, OE-arfd”’“ and
OE-arf42”"" indicate the strains that overexpressed
BbarfA ihpRNA, BbarfA , BbarfA "*° and Bbarfa 97",
respectively.

germination.
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& 6-B), LTso 2351k 75.4 h #1 69.4 h, FLBFA: bk
(66.5 WIEK T 13.4%H1 4.4% . #HiHE F35 Bbarfa”?%°
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6-B). HHILF B, BbarfA 17 [ RS BR AL & e 55 T o

(A) 100 —

. 80t =WT —arfA [
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= | -—
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z 40 V—
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6. REHIZFPANGYE EGIEM R KR HIFHY
FEREY
Figure 6. Survival of G mellonella larvae after
infection with the wild type strain (WT), and the
transformants that overexpressed Bbarf4 ihpRNA
(ihpRNA), Bbarfd (arfA), BbarfA”*° (arfA®**“) and
BbarfA%"" (arfAY'M), respectively. A: survival of G.
mellonella larvae following topical application with
2x10" conidia/mL suspensions of the test strains
[control insects were dipped in 0.05% (V/V) Tween-80].
B: survival of G. mellonella larvae following injection
into the second proleg with 2 pL of 1x10” conidia/mL
suspensions [control insects were injected with 2 pL
0.05% (V/V) Tween-80].
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An ADP-ribosylation factor, BbarfA, is involved in conidial
germination and virulence in Beauveria bassiana

Hai Liu'", Jing Zhao'*, Xuebing Li', Pengfei Liu', Tingying Luo'?, Yongjun Zhang'*"

! Biotechnology Research Center, Southwest University, Chongging 400715, China
% College of Plant Protection, Southwest University, Chongging 400715, China

Abstract: [Objective] To understand the number of ADP-ribosylation factor (ARFs) and their roles in Beauveria
bassiana. [Methods] ARFs were identified by BLASTp searching against the database of B. bassiana proteins and
analyzed using molecular phylogenetics. Role of an ARF in fungal growth, stress responses and virulence was
characterized by analysis of the gene transcription pattern, and investigation of the genetically modified B. bassiana
strains. [Results] At least six ARFs and ARF-like proteins (ARFLs) were identified in B. bassiana, which were
distributed in different groups of yeast Saccharomyces cerevisiae and human Homo sapiens ARFs and ARFLs. One
of ARFs, BBA 01574, designated BbarfA, was clustered in the group of human ARF3, ARF4 and ARFS.
Transcription levels of Bbarf4 were obviously higher in the mature conidia or during the isotropic growth
(swelling) phase of conidia than those during germ tube elongation phase. Antisense inhibition of BbarfA4
accelerated conidial germination and resulted in an increase in fungal virulence, whereas overexpression of BbarfA4

and the gene with site-mutation in GTP-binding sequences (Bbarf42”")

caused the opposite phenotypes. Although
expression of the gene was induced by high salt, osmotic, oxidative and high temperature stresses, no obvious
difference was noted in sensitivities to these adverse stresses in all the genetically modified transformants, which
included strains suppressing (by antisense inhibition) or overexpressing BbarfA, overexpressing the genes with
site-mutation in GTP-dissociating (Bbarf4”*°“) or GTP-binding (Bbarf42”"") sequences, and the wild type strains.

[Conclusion] ADP-ribosylation factor, BbarfA, was involved in conidial germination and virulence in B. bassiana.

Keywords: ADP-ribosylation factor, Beauveria bassiana, conidial germination, virulence
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