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Regulatory Role of PhiA in Penicillium expansum Sporogenesis and Stress Response
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(College of Life Sciences and Engineering, Lanzhou University of Technology, Lanzhou 730070, China)

Abstract: The cell wall protein PhiA is implicated in conidiogenesis in filamentous fungi and is closely associated with the
development and formation of conidiophores. To preliminarily analyze the role of PePhiA in Penicillium expansum, PephiA was
cloned and its cellular location was identified. Homologous recombination was then used to create Aphid, a Pephid gene deletion
mutant, to explore the function of PePhiA in P. expansum. The results demonstrated that PePhi4 encodes a protein of 182 amino
acids with a signal peptide located in the cell wall, which is predominantly distributed in the mycelial membrane, conidiophore, and
spores. The colony morphology of the mutant Aphid was green and circular with smooth edges, almost identical to that of the wild-
type. Although the colony diameter and spore production were unaffected, the spore germination rate and bud tube length decreased
by 22.73% and 13.26%, respectively, at 12 h. The pathogenicity and patulin yield of the mutant AphiA were not significantly different
from those of the wild-type. Additionally, PephiA responded to both cell wall stress and osmotic stress, and its sensitivity to KCI,
NaCl, CR, and SDS increased in sequence, resulting in increased inhibition of 14.47%, 11.89%, 11.36%, and 6.70%, respectively.
These results suggest that PhiA is involved in the regulation of spore and mycelium formation in P. expansum and that PephiA
is essential for maintaining cell wall integrity and responding to osmotic stress. This study provides a theoretical foundation for
understanding the genetic network of asexual development associated with the biocontrol potential of P. expansum.
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7] ()P h N AT AEAS R AE P 2 D Re . filan,  7E 49 Sl
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abortus) ™, PhiA E Ay — P 1 5 i B8 5 Bl 40 1) 550,
BRT DA — Bl R0 T SagA TG M, phid BK
R FHERTES T BINE 20, EHRES
TR AEREAREKR . Rifi, ¥ REET Pephid 25
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1 RS

1.1 HEkFnRE R4S

Hitk: ¥ EESE (P expansum TO1) T 25 CH:%;
KA (Escherichia coli) DH5a T 37 “CH537; fJE
KK (Agrobacterium tumefaciens) EHA105 T 28 C
S

ki E Ak : PCHPH ; pC-NEO-GFP.

Bi9RsE: LB H9R3E; PDA 7%, IM 5372,

AR KR . RIF% % (Kanamycin, Kan)
50 pg/mL, FJ4&°F (Rifampicin, Rif) 50 pg/mL, ¥}
% % (Hygromycin, Hyg) 250 pg/mL, 7% 5 284
(Carbenicillin, Cb) 250 pg/mL.
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25 CH;7%, W3, 5. 7d¥59RMK 1.5 mL, £ 0.22 pm JE
i B 5 433 T AR AR BERE L (2 mL) P&
W7 d RSB ILHLSWTEE, RH LR LBEXEHU T
FERBCE R HSA &R, WE TREAR
PR & . SR SRR % (HPLC) #EAT
BB R ™. FEhA N 0 K (10:90, VIV,
1.0 mL/ min, #Hli%H RS L ng/mL £IR.
1.6 BT

AL R 3 A AT ML, Gk
BRI 7 % 45 BT (ANOVA) 55 LSD 5 Tukey Lt ¢

(P <0.05), ##LLFIME £ rEZHRE, FH
GraphPad Prism 8.0.2 #4414 .

2 FER5THE

2.1 PephiA e & K 4 j € frfn o0 A7

Wt 59 % MDS [ 4 5 R 4L b xR
Pephid &4 549 bp TP EEHE, Jwid 182 N2 FR

a1 1-18aa 19-182aa b
ERE7N

a, M 1 2

2000 bp

1000 bp
750 bp

500 bp - -

PephiA-549 bp
250 bp

100 bp

C  Treescale 03

0.993

0.502

0.631

0.686

J¥ 5. f$H Interpro W ¥k #E AT A )15 B 5 70 i K W,
Pephid £ 1~18 aa fF{E15 Tk, 19~182 aa J& T-IE4H
0 o3 35 e A, B0 G g 4 i S A 1 R AR 1 4 A X
B (B 1a). RGEKEW IR K, PephiA Hia
R B EE R (1 PhiA MRG KR NEE, T
FIFIPE R 99.5% (B 1c). Dée R FMEE, KB
PePhiA = %3 A7 7E W 2248 53 W B e, B 22 4 240 Jf B
B AR (B 1b).

2.2 PePhiA#t %k R4 Ek oy HE KK &

K FH [R5 520 1) J5 08 7 Pephid 5375k (Aphid)
(K 2a). LL51% (phiAF/ phiAR) 47 PCR ¥ % %€ .
ZERWE . RIL Aphid %75 K/NMEZ) 4 500 bp &b, 5
TOUH H B 2% 6 B — B0 (TR 267 K/ 4 554 bp),s
B AR RS R /INAEZ) 2 000 bp &b, 5 I HE B 4 A AL
B8 (W4 K/ A2 180 bp) (B 2b). Ib4h,
X BT % 5 W MR 3E4T RT-qPCR #E — B 56UF (B 2¢). PA
SRR, Pephid B Ok FAR W ARA R I o

XM 025702699.1:94-511 Aspergillus vadensis CBS 113365 cell wall protein PhiA (BO88DRAFT 331872) partial nRNA
[ XM 025530828. 1:434-851 Aspergilus eucalypticola CBS 122712 cell wall protein PhiA (BO83DRAFT 376833) mRNA
XM 035495867.1:94 511 Aspergillus tubingensis cell wall protein PhiA (AtWU 00752) partial mnRNA

XM 025654259. 1:242-659 Aspergillus piperis CBS 112811 cell wall protein PhiA (BO85DRAFT 165218) mRNA

XM 743535.1:85-558 Aspergillus fumigatus Af293 cell wall protein PhiA (AFUA 3G03060) partial mRNA

XM 676510.2:133-597 Aspergillus nidulans FGSC A4 protein phiA (ANIA 08333) mRNA

XM 057117247.1:75-552 Penicillium longicatenatum uncharacterized protein (N7484 006860) partial mRNA

R — XM 040788119.1:1-550 Penicillium griseofulvum uncharacterized protein (PGRI 004060) partial mRNA

0.993 XM 016742751.1:1-549 Penicillium expansum hypothetical protein (PEX2 054770) partial mRNA

XM 014679471.1:1-542 Penicillium digitatum Cell wall protein PhiA (Pdw03 1220) partial nRNA

1 PephiA WSeRE. HUH R ILARERE IR
Fig.1 Cloning, evolutionary tree and subcellular localization results of PephiA

7E: (a) Pephid #1 PCR ¥73%; (b) PephiA #) mft 2 4x; (¢) ALK F M.
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Fig.2 Construction and identification of PephiA knockout strain
E: (a) FIRELLRIZ; (b) Aphid %) PCR %7 ; (¢) RT-
qPCR X5 Aphid. * 2%k TArEE, ***P<0.001.
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Fig.3. Effects of PephiA on the growth phenotype, sporulation
and biomass of P. expansum
2:(a)WT = Aphid 9 5T AF B A A A SLANE;
(b) WT #= Aphid FFoE 2L AMBE; (c) Aphid £ W& eynlE.
REFZRTEE, *FP<0.001, ns AFLEHEEF.

2.3 PephiA#t Iy Wk A& K & AL oA

Vg B A2 M Aphid B PR EEFR T PDA 85 97 %,
WIS 25 CR3%, X HWEEAMATUE . HiKkH
AT EM O (B 3a). Aphid HHRETE GG L7
GRth, RWIERMARREES S EMERATLER
WHRK MR ZEEZSR . IR, it Aphid A4
RIBMRAE 7 d Pl EE, 255 BIR : Aphid BRI
B4 NEZTF 6.13x107 spores, Hf AR 2 B A %=
Tk 6.71x107 spores, HEL LR ZEMZE R (E3b). It
Gh, MBS EEHEHLBEERI: 5ERE,
Aphid TR AR RIS, b 749 6.76% (B 3c).
DA 45 53R, PephiA FE MY & 7 87 B v A R
e, (Hagmy REENEYR.
2.4 PephiAXt7#F & 4 8% 7

AR T PephiA XHEF KA BIREI, A8 FH 65 B4
BiWL 5 WT F Aphid FIf T RORE (E4a). 5
AU KR B, Aphid Bk SR AR AR T R R AE 3
M6 h i LR Z R, (H7E 9 F1 12 h i, AHEEF A=A
FEAK T £ 16.04% 1 22.73%. BLAN, X WT Fl Aphid
B RRAE AR AL B (3. 6. 9 AT 12 h) HIZEE K3t
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TIsE, SRR 753 h TS MR, 6
Ao hHHEFERKELHEX S, 7£12 h i, §k
KA Aphid N EFKES WT ML, 5174
13.26%. fE4RJT PephiA X fl ¥ 2E ik B 20, 2l

FERITE R (B 4b), 7 24 #1136 h I P9 B 2R 1 4
KL BN, 7648 h i, WT 540 - E K,
1M H Ao A7 5 R BRI BUREIR,  HR BOIR 1 B 4 HLAR
B, MM Aphid [ BRAR (4 5 A A T BE SR 45 BORS B

BOMTIERT 24, 36 F148 h LA KMy LR T RIS
a WT Aphid 80r owr —
° I AphiA T
E 60 - Kok k
§ dkk
3h §
5 40
g
g ns ns
o ’:E‘ i i
3
=9
w2
0 1 1 1
6h 3 6 9 12
Time /d
00 mwr
[ Aphid
g 400 B
9h sk
‘E" 300
ED L
2 L
E 200
g 100
F ns
Clea 0
oL 1. mm .
6 9 12
Time /d
WT Aphid
b 10x 40x% 10x 40%
h - - - -
- - - - -
) - - - -

& 4 PephiA Xt 7 F & 4 i3 12 B 220
Fig.4 Effect of PephiA on sporogenesis
iE: (a) WT Ao Aphid TR B B a9 Fe T HE B LT HL EfFERKEFHANLAE ; (b) WT Fo Aphid TR ot i8] B B 42 S 4%

EM), RELEETAREL, *P<0.001, ns ATFEBEEF,
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BRI RAZ T bR Aphid 7 B R R B E LT WT,
FEKERMET WT ; JF HAE A7 R0 &l
R R BIL Aphid (¥ 73 A2 467 107 A 1) & BRoIR A 5 AR 4L
TE AT BN M 7 B 5 AT A R BB
FERG BEI B R BR phid 2 )5, TR SR AR TE 5,
(BTG 7= A2 MR 43 A B EAh, TR Bk
JIBRE 7R Je FE 75 85 1 phiA A& 23 b AN ] 2>
(g 22230, S P I 0 L BE 2R 1 MrMid2 2 43 A Al T
(7= A JT b T3 (Y . Pephid 8RR Y R 5
DAERTEKIER K E, BtV PephiA &7 41
THEHKBELAIN DR, 5ZAFEK R Pephid H)
W BRI AN T T A K A, R REAE AN PephiA
Y REHSEM TR, B IR LA KR
AT RURE I I A e IR, RN R 800
EfT R

2.5 PephiA#{ Ik H # 3t Bom M X =15 & & 6
SR

al
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Aphid
a, I owr
I Aphid T
E 30
8
% 20 -
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g,
& 10t
0 1 1 1
3 5 7
Time / d
b, N Swr
0 AphiAd —— ns
fg 30
&
Ed
I 20+
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g
&~ 10F ’;‘ ns
0 L i L L
3 5 7
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66

80
b2
ns
s
~ 60F
—
E
oy
=
S 40
£
E
<
£ 20F
0 1 1
WT Aphid

Strain
5 PephiA BIGRAA X R E BRI R =B ERXNFM
Fig.5 Effect of absence of PephiA on the pathogenicity and
patulin production of P. expansum
E: (a) Aphid 5 EFR T il mAAZGAE. (b)
Aphid fe B AR A FRAAHR A FHBEE S FHML. &
EEETIAEL, s RTAEEEF,
NARTT PephiA 52 52 5 R EF B HMEME, A
53 91K Aphid FVEF A2 RYGRAR (1 7 1 B340 45 A0 T 325
R, e 3L 50 7Td AR EAR (K 5a).
SRR Aphid TR PTS| A B B HARLE 3. 5. 7d
B 43 i 29 9 13.800 24.19. 34.63 mm, 5 % A2 LA L
T E R ZWEY T 58 N 3 R
RANL P ERTE SRR SHEMY
FI LG, Aphid () #5 ih 55 3K & B C W 3% %2 3 (B 5b).
A2 R3] PephiA X & 75 2 E0m MR i 2 37 &
AR, ST FASRRURZ, BRI GAPI
&M EE ROBE i B 2 R R AR, S 504
AN AR AL, (B 5B MR

2.6 PephiA Bk IR B Ak X 3135 it 28 vy oL B RE
A

T Jol 3 e SRR S, RATTB L T Aphid %f
512 I IE R T RO M BE SE R (M50 . 7E NaCl, KCl,
SDS 1 CR [ 835G T, Aphid %} 1% £6 i 18 U I
YA ATt . A fE KCLA NaCl jhit 648, HR
LR BRAR T 4 18.97% A1 18.41%, fE SDS il 4 14
T, B BEZRIKT 4 14.89%. £ CR A% T,
W VK ELARRRIR T 20 9.61% (K 6a). HHHERRNE
KA 2R (& 6b)o Aphid %15 3% 38 (0 52 5 g 85
B, X KC1 I BUR I o, 292 5 749 14.47%,
X NaCl T BUR IR 2, IS T2 11.89% ;. Xf
CR 1 SDS F R A A7 Bl 3 o, 0] 22 23 il 32 v 1
29 11.36% 1 6.70%. M4h, 7E&H H0, k7R -
M T B A R SR AR B T BT, ARKI, fE
H,0, fAEHIZAE T Aphid BT B2 5B AR 5%
FESt.
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a CK KC1

WT

AphiA
b 40 ro ns COWT
! B Aphid
T
E sof - xrx .
E dkok *
g EE LS
E 20t
3
>
g
s 10t
@)
0 - 1 1 1 1 1
CK KClI NaCl CR SDS  HO

272
Stress condition

Inhibition / %

0.3

0.5 . IWT
I Aphid
- dkk
T .
Kk

L ns

0.0 1 1 1 I 1 1
KC1 NaCl CR SDS H,0,

0.2

0.1

Stress condition

6 PephiA Xt TRi5E BfriE Mia 5z 5 52 0
Fig.6 The influence of PephiA on responses to environmental stress
Z: (a) WT v Aphid EARFV AN T E AN SFE A AZGZTRANA; (b) FRMALEM T oydrsl Egit o, REL
ATHEE, *P<0.05, **P<0.01, ***P<0.001, ns R TEEHFEF.
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