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AT, AARRE Y O AR ER R . F S A RO
B k0 B A B BT 2 R MR AR
W RN . AR, BRI RA
VERH 2 DR e TR st S gl o 5 (B Bl ) R
VR, BB AT AR IR RE AR LR,
b &AL EY, RSO R LS. Rk
PR, R A R R AR 34 3 DR A T A2 B
F AreA Fil NirA AYJETEP, AreA JEA#BR A
WA ZR G0 AE [ PR 1 36 IR, NirA W BRER 15
WRAE RIS T, BB NOy™ (3 NO,)iES:
WY, NirA BT GAL4 RN XK, oFH
—~ Cyse/Zn, B RUZ D, X IBER E A1
H P S 5 R K R E B A 8 R
O MEEE T AVVICRSR, 552 H T AreA
5 RY IR LR A Ak JE IR FE G A BRI S niid JE DA
TR IR JE M niaD SEPD)XUH 8 P54, feut
NirA fY) DNA 4540 5t 9l e (7812 00w S 3 T
JEg 7 AreA Fil NirA 2E[6 55 il e b A%
TR SRR, VR A R A D it AR g R
it Fy 7 ™™ AR BB R Bk NirA 504 NirA
S SRR, i PR A i A R TR A e A R A A
KT RRRIEHR Rik, IS EERAERKZIE
iy, [ s AT A B AR SO R AP,

R FIE & (Beauveria bassiana)ie—Fh) 1%
P i B SO SR BT B . R L0 T 5 B A AT
MRS, B2 IZ TR . MO TR E du A
Yiliiie, kBl VRIS B 5 D B ) 4 o
R E T BRILZ AN, BRI R A R
VENFEYI AT, FEHUR e I o i 2B R Y
W, XEREAS [F] A AR Ty IR B 45, R0 P R
PRI T LS A D SR R, s A OGIE R Rk,
A JHL B A 3 43 1) FH P8 v ) R A3 (e L &L
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T TEMARK LR  Bom R R AP UE P
Ao Luo SEBFFE 1 BRAL AR B H 00 B A Q4 )
%A BbereA MPIRE. MiBRIZIEHN, ST
DRIRAE F B B R i S AR AR K 221226 °C),
1M HAE 32 °C 54 itk — 20004k 5 EFAERIA L,
BbereA 5 AR I i 5T R 40 A S A
T AR S R AN 0 E mir Bk e A AU
IR R 45 BE R A R i 3/ o

TEAWFEH, AT ERBAERE S 1 A4
Nird [RIREER AT 7RI o 38 2o 4 8 i B 28 A8 ik
ANirdl . & ik OENirdl K 05 5 #b i bk
ComNirAl, WWHT Nirdl K:[H 2875 Hikk 5 B9 A= 4
MIERRM AR AR AT . A hidisE e
N B U Y 25 5, R i — 25 Nird BRI YT
E M D L TR IR A Ah SR 0 5 Bk 38 Y 43 T HL R 42
HE—E MBS KR

1 AR O ik

1.1 TEBRFI R

BRI BT (B, bassiana) Bb0062 (CGMCC
7.34), A E B RAE, T B
FREA TRV ; KT (Escherichia coli) DH5a.,
4T TaKaRa 2\ ). M AT 1R (Agrobacterium
tumefaciens) AGL-1 T H &L ¥4k . PUC-sur-
gpdA AR R IR, pK2-PtrpC-sur-TirpC
o FLA BRI R AT T ALY =, PUC-bar Ny
LA 0] 52 A . LRI 0 20 B (i P A e Ol RO
W5 (Galleria mellonella), Wi MR =A%),
1.2 HREHEE Nirdl 2H5E AR

K Fl MEGA 6 417 NirAl A 5L F A
B B R EE i R Gk .
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1.3 HERRBERAE . FIEBERE A K B E S
Wz

1.3.1 RSB EAEA R RARIEELAN
P, VAR PUEIL T Sur FIRTTIE R
Nirdl S ER A P41 o DA A 30 R 40 S A
M, 5538 Nirdl JEF R X IR(LB/RB).
LB IE 548 5'-CCAAGCTTGGGTTGCATCAT
GTATGTCTTC-3' (P\-F), JZ 541k 5'-GCTCTA
GAGCAATATCACCAACGGCAGTGTCAA-3’
(P\-R), #3141 B EcoR 1H1 Spe 1 B & ;
RB IE 61594 5'-GGACTAGTCCCGACTTTTGC
TCTCCCTTTC-3' (P,-F), & I7 5191 A 5'-CGGAAT
TCCGTTGTCACTAGATGGCTGGCA-3' (P,-R),
P14 R B Xba 11 Hind LA 5, I I E IF
Wi/ R B T4 DNA &4 % 43| pK2-PirpC-
sur-TtrpC #AK |-, 158 pK2-LB-PtrpC-sur-TtrpC-RB
1.3.2  BIESBEKME: DIILHEA NN, FIH
EM 5[4 5-GTACTGAGAGTGCACCATATGAA

GCGCTCAAGTCTCTCTGC-3' (Ps-F)HIJz 1] 5|4

5'-CGGTATTTCACACCGCATATGAACCCA
TCTGCGCTTAAGAA-3' (Ps-R), ¥ W R13 403515

31F(885 bp). Nirdl %X (2411 bp)FIZ k¥
(84 bp) v Bt , i 423 pUC-bar Bk (Xba 12PE4L)
2 KW (DHS o)1k, ik th A & B AR /iy
AT, WP IE.,

1.3.3  Nirdl ABBREBEMHEE: hihdE
Nirdl HMARFBEM, FHEMSIY 5-TTTA
ATCAATAACAATCTAGAATGTCTCCAGCTCGA
GGCTC-3' (P+-F)FMI 514 5'-GAGGTAATCC
TTCTTTCTAGATTAGTGAATATCAACATTGCC-3'
(P4-R)M cDNA BEAR H 54 HY Nird 1 Fr B, E 425
pUC-sur-gpdA (Xba 1 Z14:4k) I, & KInFF 41k
K PCR ¥4 504E (519 pgpdA-F 5'-CCCACGACT

ACAAAACCATT-3'F Nird1-R 5'-TATCACCAAC
GGCAGTGTCA-3") 345 1E# 1 JBopr, I 107 5%
e ¥ E&H pUC-sur-pgpdA-NirAl k5% ANBRAE
FHEE A A, 7EHA Sur BOEETRBIAR RS 37 2k
(Czapek-Dox Broth, CZB) 17k
1.4 Nirdl RXEXHT

Real-time RT-PCR #&ill Nirdl #ik: 5 5ldk
Mol 3k 76 P 48 TR A R I PR T S TR A B R
(Czapek-Dox Broth, CZB). %% %48 2 Wi (AR B
7% 3 (potato dextrose broth, PDB) M ¥ [ %) 24 B ik
A1 # K (sabouraud dextrose broth, SDB)H', F
I RT-PCR i3 [H A R IBTE 0L . S B2 P8 IR 8
F%(200 r/min, 26 °C) 3 d BUTHZZ & RNA, S
A3 cDNA, XA AL 7 i H bp Bk R R ik i
PATE R . AR VB TE actin NS
(iE11 514 5'-TCTCCCTCTACGCCTCTG-3', )& [i]
519 5'-GATCTTCATCAGGTAGTCGGTA-3"), |
H Z 4% B i) Bio-Rad CFX manager 3.0 ¥ {4:if
FrAHR BT (AACq) .
15 Nirdl ¥RAAEBEARKR LT

B THRICERB AR Nirdl ZEREAE )
RE . K 58 728 T R 4 Pl 3 ¢ R [ 14 15 5% 3k (Czapek-
Dox agar, CZA). A7 NaNO; [ CZA H:FE30m
A Tryptone , NaNO, ., (NH4),SO,4 . NH4;NO; /& Urea
SRR NaNOy)  EFRF R 1/2 BRI IR
(sabouraud dextrose agar with yeast extrac, SDAY)
RN A B R B [ AR K% 3% KL (potato  dextrose
agar, PDA)H, 26 °C £55% 7d. VIHPA BIERH
fE R X IR, A RABIRAE A [F) A IR A A= K
KH, T R IR R BR S AL R (ANir A 1 TEFE Rl 1 57
B CZA P MR A IR £ 140 J5L i S B i 3 1 R DR 1)
Fik o[RS B[R] TR AR AE AN [ 30 25 R i 2R
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28 5 S AR RIS, IR0 1 & 2878 bk b HL0,
Bt A AL W 38 A 26 FE [ (Bbeyb . Bbgas . Bbmsn |
Bbpace 1 Bbslt2) e WIS 21 iy 38 AH S 5L Kl (SOD il
CAT)HIFRIE . AR B 255 =5(0.8 mol/L
NaCl fi1 0.02% SDS). f=if(32 °C). 25 pg/mL K
LT 3 mmol/L A AL H,0,.

1.6 Nirdl XTER7E A EE > EH T =Zm

1.6.1 B E B AT RALGRIR 3 60
8. N Nirdl rBE3To Az R0 R5R U8 Y 5
mi, R TN UM B R . MPEEER
PNA (%56 K p-2EFLHH . JJTE %R A ConA (454
TR ou-MEL Mo 2 0 R - P e 8 25 B 3R 3 ) . 2 IR
2 WGA (B Gl N- £ Tt 22 Je 10 2 B A N- Tt
M Z IR, Y2 Wanchoo 51
HE, TN R AR R AR PDA FAEK 14 d
Je BT .

1.6.2 HMOBHEHAEMRT R M7 LW
FE: AT Nirdl X ERa6 R B A A Y
SN, ME T CZA. PDA il 1/4SDAY 137 3Erp
S AR E 17 i FIUF 0.05% Tween-80 i
4 HL R AUEIR (1107 conidia/mL)#5 . #E4 3 Fh
A A By ARG 3% K5 CZA . PDA . 1/4 SDAY
(50 mL), 7 i K B R R 2 50 °C £ 41T,

A 100 pL EiREER, IRASEHEIA 90 mm )
SR (55 3 4N B PR 26 °C K597 14d J7
MATALAR(EAR 1 em)TER AR 3 AMFE, 72
3 mL Tween-80 (0.05%)H 7w fi€, SitFfitH
SRR, S8, RATHT Nird 1 TR 6+
MRz, AR E 3x107 conidia/mL, HX
100 pL LRI AT T CZA B3k, 26 °C K537
8ho MIFARTIERME 1 h YIHL 1 em 24 Y IGFR 3,
T TP R T A W e O T S, TER BT
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WG A1 %
1.7 Nirdl MERBEEEET I HWZ MW

AR i 0 SAy 38 o o B Bk A R R 1 7 T DA
0.05% (V/V)I¥] Tween-80 Y EETE PDA K73k S+
14 d JG A, JRR R TEE% R 13107 conidia/mL .
BRI (35 /AR 2H)7E 20 mL #1215 s
JRHU, BT 150 mm BRI, AR EROR IR
J¥ . 0.05% Tween-80 Kb Hf it it iy xif B, B34~
WIPRIE 3 AAEY) B s R T
26 °C MRBIE LT, BRI IE T $E .

2 HRAAT

2.1 Nirdl 2R 5EH R0

Nird 1l FFREEAE 4K 2013 bp, 465 1 A
670 N2 LR i) 85 11 ST (ETJP68720.1) . fE NCBI H7,
NirAl & F S Re R BRI s K+, 78
H N 35— Cyse/Zn, Z5H I8 (E 1-A) il 1 NirAl
S 2R B R E SR, L
Nirdl 5HEEREEAFEEZXRKE, M5
I T TR R % Ok R (K 1-B)
2.2 [AREA . EE BB ERE R R
XA FRAE

) Y5 R 2R R A R 2-A il g R AR AT B
M FIBAE T, AT Nirdl WibRZEARM . H
FAERER AR AR, Nirdl FE R 440 bp FBE
#% 3600 bp HY Sur KIETCIF e, FIMLELE
B ETRESIYRS TR TR R TP AR R R R
N R B B AR BUREYTEE AR B 997 bp R/
B, ARG R BER/NN 4600 bp, [814 H AN
P b BE [ iR 45 B i BL (1] 2-B) o Real-time PCR
(RT-PCR)ZE itk — 2 R AR Nirdl 3
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R R B (I 2-C)o LA pgpdA-FINird1-R H5|
Y, FIFH PCR BiEffiik Nirdl Wb+
RT-PCR 73 Hr i it RIS AR P I Nirdl 35K
F, FERBEREN 4 5T, TR S
55 (&l 2-D).

(A) (B)

NirAl

l——

Il 7n(2)-Cys(6) domain

I Fungal TF_ MHR

2.3 Nirdl FRBERHHr

FIRLERANE 3 N, Nirdl 3£FAE CZB.
PDB % SDB #5554 A FK Rk, I
Hr, IRV fems 1B R CZB, TTE
B FHFE R K PDB Fil SDB ik K

e EWZ78316.1 Fusarium oxysporum

0.1
EWZ78317.1 Fusarium oxysporum

CEI60173.1 Fusarium venenatum

OBS23068.1 Fusarium poae
KXJ90100.1 Microdochium bolleyi

r{A EJP68720.1 Beauveria bassiana]
L 0AA41980.1 Cordyceps brongniartii

— 100aa

_ﬂ 61787.1 Cordyceps militaris
XP_018708047.1 Isaria fumosorosea

0SS54441.1 Epicoccum nigrum

1. NirAl EAFI S MESEMEERBEEANRFEH LT O

Figure 1.

Domain structures and phylogenetic analysis of Nirdl. A: conserved domains in NirAl. B: a

phylogenetic tree was constructed by MEGA 6. NirA1 was indicated by red square.

(A) P4-L ORp P4-R
P3-F PJ-F

P2-F P3-R
NirAl -

Replacement

©

2.
Figure 2.

1 kb

®)

Actin

1 2 3

D)
201

051

0.1

Normalized relative expression

HARMZFI R T IRBITRIE

Vector construction and mutant screening. A: gene replacement strategy of NirdAl in B. bassiana.

Chlorimuron-methyl resistance gene Sur was used to replace the deletion region of Nirdl gene. B: Nirdl

transformants screening. Lanes 1, 2 and 3 indicate B. bassiana wild type (WT), ComNirAl and ANirAl,
respectively. M is DNA marker 2000. C: RT-PCR analysis of Nird ! strains. Lanes 1, 2, and 3 indicate wild type,
ANirA1 and ComNirA1l strains, respectively. Actin is the reference gene of B. bassiana. D: RT-PCR validation of
OENirAl. WT is wild type B. bassiana. 1-7: seven NirAl overexpression strains. Error bars: SD of the mean

from three replicate assays.
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201

151

101

Relative expression

CZB PDB SDB

B 3. Nirdl RixER D
Expression analysis of Nirdl. RT-PCR
analysis of the expression of the Nir4 [ gene in different

Figure 3.

mediums. B. bassiana wild type was inoculated into
CZB, PDB and SDB liquid media and cultured at 26 °C
for 3 d. Total RNA was extracted and RT-PCR was
performed as described in materials and methods. Error
bars: SD of the mean from three replicate assays.

2.4 NirAl ¥RBEABHAKEATHIE R

2.4.1 Nirdl ZWERAAEE AN FEIE LA
KERFEFI MR E N RE: WE 4-A iR,
ANirA 1 B REAE ¥ — % J7 NaNO, 1 Urea 1 # 5+

(A) _&\ @@& N
» 0

00
Tryptone UUDD
o I
O
oo [N
oo QIOIOID
Urea .-n.

&l 4. Nirdl FkBAEEEFAARRELEKBE

Effects of Nirdl on B. bassiana growth on mediums contained different nitrogen sources and the

Figure 4.

1A K I S B B A T B2 18, OENir4 1 F1 ComNirA 1
F14) TR V5 92 0 5 0 A U LU A I 25 5 . JERIR
KPR, BEER Nirdl Wi R TSR is
WAL Nred W35 & AR AS IR L 5B (Niid)
I R A4 JE B (Nia D) FE IR 7 52 M B AR (E 4-B) .

2.4.2  Nirdl TR E 25 M8 SO
W : TR Nirdl J& 1555 23R PR X A
SRS B R, 8T T ANirAl LEASR iE
ZM TR AERKAED . #E NaCl, SDS HINILI(CR)
(38 S5 T, ANirA 1 ¥R TR VA K 35 55 0 A AL 2%
18, Horp, TEWPRZAFAERS, ANird] Wik K2
N WA, IR G 2 B A R EUR . E
32 °C. H,0, fl NaCl &b BRAAH T, ANirdl A=K 40
il 24 B A A A BIREAR 29.0% . 25.2%F1 49.0%
(Kl 5-A); {HAE SDS fil CR $; 555, ANirdl
5 1 A R I 3 A BB ET A R T 34.1% 1
96.2% (&l 5-B). M RIKF R OENirdl F1H b

IR ComNirAl e[ PE 500 T EE A K55
(B)

EZ.S-DWT

é 20 | B ANirdl

g 1.5+

5

2 1.0 %

Hin-ly

~ 0.0 %

NiiA NiaD NrtA

SIE R EURF AR EERIE

expression of nitrate assimilation genes. A: plates with fungi were cultured at 26 °C for 7 days. B: RT-PCR

analyses of Niid, NiaD and NrtA. Error bars: SD of the mean from three replicate assays.
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CZA 32°C NaCl

SDS H,0, CR

. pgoopog
- HaoEnn
- I
-

i
(=}

r OwWT
eaANirdl

| @BOENirdl

S ComNirAl

*
*
3

N
S

W
(=)

3o}
(e}

Growth inhibition/%

(e

N KRSSSSSSNN
V2222222222722

— Q2227272272772

ol NS
P22222222222222272
AARARRRRRRRRNUNNNNRNNNNNY
V222222222722

°C NaCl SDS

202

@)
=

& 5. Nirdl SRRITEFRITERE BRI

Figure 5.

Effects of NirAl deletion on fungal stress tolerance. A: colony growth of B. bassiana on CZA

mediums contained NaCl (0.8 mol/L), SDS (0.02%), H,O, (3 mmol/L), Congo Red (CR, 25 pg/mL), respectively.
Plates were incubated at 26 °C for 7 days. B: calculated growth inhibition rates of ANirA 1. Error bars: SD of the
mean from three replicate assays. Two asterisks indicates 0.01<P<0.05.

RIS LSRR, Bkt e
B Nird1 RGBT PR SDS Fi CR A9 BT
I, (AR TR . Hy0, F NaCl ()
i 527

2.4.3 IR RE AR OGN W B R RIB T . KL
SN AR, LIRS A B A AL %ﬁﬁ
A(ROS). NAMHT Nirdl X BR7 P Bt 2 AL
THAETIHIRZ I, R T 58 AR ik Hh A DG S Ak 1
fblil SOD Sl AL A g CAT AHOCHE Y RiE .
R H,Op /b FEE , ANirA1 Y5 sodl .sod2 F1 catC
Hh, Hp ik i s T8 A8 H,0, A J5 , SOD
FIGERI A LR B A FUF ANirdl ¥ kA T
P, Horp sod3 SER B AR A I B . (FE ANirAl Ho
RALFRHY 5.4 %), WA BIFN ANirdl 1, catd F
catP Fik FVE, 12 Nirdl ek 5 b 1 iRig
JEWT R AR TH AR (A 6-A),

FERIRL A IS, REBR Nirdl 520 T HRER
Ao FIH RT-PCR K T Nird 1 w55%F 108 540
ARG LR 23K o RESINRIR LS, ANird 1
Bbmsn Fl Bbpacc 321k w35 5 FHFH Y
Hrt Bbpace Feikw SR B AT 2.1 £ FERIAR 2T

Bbgas .

JoiraE B, Y A= Y Bbhgas Feik i T F% T 42%, Bbpacc
Tk JEARACFRR) 2.5 f5 o ANirdl 5%4&}@%%
AK, HZ Bbmsn Fik it i) N IH 5B AERIR K
FTHEEAF AR . TCIR IR AEFE S, Bbeyb
Fl Bbsit2 T ANirdl WA LT R,
{HRIRL ARG , ANirdl " Bbeyb H1 Bbsit2
P RIBRBEARLIE 5] EF T 1.5 f5F0 1.8 1,
W d v T B AR R R EE (18] 6-B).
2.5 NirAl XER# A RAEMBER S PR K&
T RN

AR TFRORER OSSR ERE 7-A). 5
YA RIMIEL, ANirdl WS A0 F AR B
R (PNAYFIAE IRBEE R (WGA)POLIH 555, e
A REJE Nirdl SRGFENA T 3 HE A A9 RO, 40
B-FELHE . N-Z TR ILA B N- I 2 220
MR EE, e RS, 76 CZA. PDA
1 1/4 SDAY Hi3ikerh, ANirdl (5117 4y
AR A FRURAARG 21.6% . 16.2%F11 25.6% . 1Tl OENirAl
1 ComNirAl W53 =5 50 A R H A B
BZER(E 7-B). MAL, FR NirA 307 7k
P4 RIERT T 1 h (10.3 h VS 11.2 h) (E 7-C).
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Figure 6. Expression analysis of stress response genes. A: effects of Nird/ deletion on expression of SOD and
CAT family genes. Each strain was inoculated into 1/4 SDB medium with or without H,O, (3 mmol/L) and
incubated at 26 °C for 3 days. B: expression analysis of genes involved in cell wall integrity in the ANirdl
mutant strain. All strains were inoculated into 1/4 SDB medium with or without Congo red (25 pg/mL) and

incubated at 26 °C for 3 days. Total RNA was extracted and used for real-time PCR analysis. Error bars: SD of
the mean from three replicate assays.
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7. Nirdl MEHBABESEBFRENS . BAFERAFHEAXNZMN
Figure 7. Effecst of Nirdl on cell wall compositions of conidia, conidial yield and conidial germination rate. A:
lectin binding profiles in B. bassiana conidia. B: analysis of conidial yield. C: conidial germination rate of
ANirA1l on CZA. Error bars: SD of the mean from three replicate assays.
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2.6 HEHREII5T

I R W R 4y e HE AT T TR TR R Y BE ) 40
BroRR4R) . SEFAERIAA L, mlRal Rk
Nirdl ¥15 8 T Wtk EE i 8&m, Hrp ANirdl HHk
S B Y 2 BRI ] A B A RLAR T T 17.4%
(P<0.01) (&l 8). ComNirAl WHHETEE J1 5 85 LE BUAH
o B AR 1k

3 it

ShAE S i L R A S A s e A T, ARk
WIS AN ) PR 05 v A R R S DG T . RCUR AR A
32 31— F A e SR R T A Db R 45 o A SRl
B, ASERER R RS HLE E g e
X S R R34 35 DR P R 2 U VR A AR I e B
A 255 = JIEHS, 7E4ME NOs (3¢ NO, 5T
T, 3 B S S S ) Nird [R) 55— s - 3
Kl Ared —ife, L[5 shAEmRER A Ry 5 il
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Effects of NirA1I gene on growth, stress resistance and virulence
of Beauveria bassiana
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Abstract: [Objective] We investigated the effects of the nitrate-specific activator NirAl on the growth and stress
resistance of Beauveria bassiana. [Methods] The expression of NirdAl was detected by RT-PCR in different culture
mediums. Several Nirdl strains, including gene knockout (ANirdAl), complementary (ComNirAl), and
over-expression (OENirAl), were constructed and the functions of NirAl involved in fungal developmental
differentiation, stress reactions and virulence were analyzed. [Results] Expression level of NirAl was higher in
CZB medium than that in PDB or SDB. The growth of ANirdAl in mediums with different nitrogen sources was
significantly slower compared to wild type. The expression of nitrate transporter Nrt4 was down-regulated in Nir4 !/
deletion mutant. Compared to wild type, conidial yield in CZA, PDA and 1/4 DAY mediums decreased by 21.6%,
16.2% and 25.6% respectively. The growth inhibition rate of ANirdl in 32 °C, 1 mol/L NaCl and H,O, mediums
was reduced by 29.0%, 25.2% and 49.0%, but increased by 34.1% and 96.2% in SDS and Congo red mediums
respectively. Bioassay of fungal strains were performed using 3"_instar larvae of G mellonella. Compared to wild
type, deletion of Nirdl increased fungal virulence, decreasing mean lethal time (LT50) by 17.4%. [Conclusion]
These results indicated NirAl is involved in the utilization of nitrogen sources and play crucial roles in colony

growth, conidiation, stress responses, and pathogenesis of B. bassiana.

Keywords: NirAl, Beauveria bassiana, expression profile, stress resistance, virulence
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