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Abstract: Phytochromes play a key role in bacterial and plant development, while their roles in
fungi are not fully understood. [Objective] To explore the roles of phytochrome genes PaPhyl
and PaPhy2 in the sexual reproduction and asexual development of Podospora anserina and
decipher the regulatory mechanisms. [Methods] The homologous recombination method was
employed to knock out the two phytochrome genes, and the resulting mutants, APaPhyl and
APaPhy2, were obtained. A double mutant, APaPhylAPaPhy2, was constructed via genetic cross.
We compared the sexual production, asexual development, growth rate, and reactive oxygen
metabolism between the mutants and wild-type strains under different light conditions to reveal the
main roles of the phytochrome genes in P. anserina. [Results] Blue light and white light induced
the formation of P. anserina ascospore shells. APaPhy produced fewer ascospores in the light
and showed prolonged life cycle. [Conclusion] Phytochrome genes are associated with the sexual
reproduction of P. anserina. The aging delay of APaPhy is related to reactive oxygen metabolism.
The results of this study provide new ideas for further exploring the mechanism of light in
regulating the reproduction of filamentous fungi as well as anti-aging studies.

Keywords: filamentous fungus; Podospora anserina; phytochrome; gene knockout; sexual
reproduction; aging; reactive oxygen metabolism
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e LR R A=Y, P. anserina A= iy Jil A 54
HAEAMEEG, WA TOE%a". sk,
JeXt P. anserina (A T E LN FH MY, x5
St BE 3 4 >K il 2 (Aspergillus oryzae) Fl #4) 3 fif
AR T ERMR, 26R8E 5 %
(e AR IR SERIEAE A SRy A= s}
P 2 [l S-S, xE P anserina it 3 K 21
ST, EEA 9 MEZIAIERE®Y, Xk
ffi P. anserina B A BRI XGRS0 1 . 32
%A1k, 7E P, anserinath B 1 N6 K VVD
BEAFTE L, wd SERI AR IS, 2% 0 i M I 7
KBS, SEaMAREES FES, SR,
A I R ] 3 3 Y B £8 3R R MR ) ) A B
WA R T — 0

AR AR E L 575, ik P. anserina
rhOG e R JL K PaPhyl 1 PaPhy2, @it Hhds
AR SR TR R AR A AT . CERE .
T B S M A S R R
AT B B 8 22 I R AE P, anserina DI RE,
SBFFEE RE AN fuf A4 5 AR = EL I P anserinazE
KA T HRAE—E WIS K

AR

1.1 #8l
1.1.1  E#RFARRN
Podospora anserina ¥4 I B 4 (wild type,

WT). Amus51::phleoR ik (Amus5l::phleoR 27
5 A R B RE P RS musBL JE DR TR R, miBRIZ AL
PR [R] s B 2H A3 KR 2 7). pBC-Nourseothricin
pBC-Geneticin 43| | T APaPhyl 1 APaPhy2
RAZRAE
112 FEFEFHE

M2 LR IR B (M2) B & B 3R 4 (G) A
FE A B 7k (agar) 55 35 35 BL (19 BE 7 AR 1)
% W Podospora anserina Genome Project
(http://podospora.i2bc.paris-saclay.fr/index.php).
1.1.3  EZLFFNER

M5 Fungal Genomic DNA Kit g At R4
LR A PR F) 3 Go Tag® DNA Polymerase
Ex Tag” DNA Polymerase I PrimeSTAR® Max
] 5 TaKaRa 2\ H) ; BCA Protein Quantification Kit
g A v MR AR R BB A PR A T TR T
% (nourseothricin) Fl35t 15 5 & (geneticin) Il H F4
SRS A AR A PR Al 5 118 2 (hygromycin)
5 H A B A TAEY TR R ) R0y A R
INH] VERERGIE B Sigma 2 Al L DY g
(nitrogen blue tetrazolium, NBT), 2 LK KL
(diaminobenzidine, DAB) . {2,327 & F1 8 & 1k
Yy AL i (superoxide dismutase, SOD){ P44 il
R & A s ROk E R IRA F] ;. FM4-64
JURHE A AT EE R PR IR A s OB R
AR A RRER A
1.2 XHEEEE PaPhy £EMEEREL

M P. anserina & 5 2 $icd 2 kAT 2 A
ERDEH E LN Pa_4 59200 1 Pa_4 890,
S5l 4k PaPhyl Fil PaPhy2, i i ) 2 S ik
J¥ %1 & PaPhyl (XP_001905870.1)Fl PaPhy2
(XP_001903686.1), M NCBI {3 K 21 ¥ g rp
PAFIIIN T A AREL A B 2 HE R P9 A 13 5%
e B 4 T AN TR B R B R
J¥41, 4394 . Podospora anserina (CDP28551.1)
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Podospora anserina (CDP29591.1). Podospora
anserina (CDP22503.1) .
(CDP23894.1). Podospora anserina (CDP22389.1).
Podospora anserina (CDP29135.1), Podospora
anserina (CDP22636.1) . Ustilago bromivora
(SYW76598.1), Neurospora crassa (AAZ57421.1).
Sordaria macrospora (KAA8624047.1). Neurospora
crassa (AAZ57422.1) . Sordaria macrospora
(KAA8633010.1), Aspergillus nidulans (CAI30283.1) .,
Trichoderma reesel (XP_006965210.1)., Alternaria
alternata (QBZ93283.1) .
(KLP13785.1). Lachndlula hyalina (XP_031001258.1).
Beauveria bassiana (KAF1729566.1)#1 Aspergillus

Podospora anserina

Fusarium fujikuroi

x1 KHREMRMSY

oryzae (00009401.1). {# ] MEGA 11.0 {4+
) ClustalW B35 % 21 48 11 BT i A T 24 2L R )74
FEXF, fdiF MEGA 11.0 FB SRS 21 A~
J¥ 5k e R G AR
1.3 PaPhy & HRFRRTHERIME

FH NCBI fEEE 55 19055 1), I PCR
AR 1 PaPhyl F1 PaPhy2 £:[H 1 5%(PaPhyl-5'
1 PaPhy2-5"), 3'i(PaPhyl-3'F1 PaPhy2-3")HIM
pBC-Nourseothricin, pBC-Geneticin Jizki 5153 ]
744 Nour Al Gene FEH A B, FFafifb [k PCR
Y. RIS PCR A0 1 fealifb)E i
PaPhy1 F1 PaPhy2 1 2 Ml 3 F5 Bt R i e bx
WG . ¥RG 7 B A Amusbl::phleoR

Table I Primers used in this study

Primer Sequence (5'—3") Usage

PaPhyl_IF TCGGGGGTCCTCATTCATCT Amplification of
PaPhyl 2R CTATTTAACGACCCTGCCCTGAACCGGTAGCCTCGTCGTTAGGACC 5' flanking region
PaPhyl MKF GGTCCTAACGACGAGGCTACCGGTTCAGGGCAGGGTCGTTAAATAG Amplification of
PaPhyl MkR ~ ACAAAGTACCCACTCCCCCTCATCGAACTGGATCTCAACAGCGGTAAG  nourseothricin gene
PaPhyl 3F CTTACCGCTGTTGAGATCCAGTTCGATGGCCACACTTGGAGGGTAGAA Amplification of
PaPhyl 4R CAGGGGCAAACAAACAGGCA 3’ flanking region

PaPhyl-5’ test
PaPhyl-3’ test
PaPhy2 1F
Paphy2 2R
PaPhy2 MkF
PaPhy2 MkR
PaPhy2 3F
PaPhy2 4R
PaPhy2-5' test

GCGCTATGATACGATGCAGG
GCTCTCAGTCACCCTTCTGAC
TCTAGACAAACCGTCGCTGG

TCTAGCTGGTTGGAGGTGGA
GAGTACAGAGAAGCGCCCAC

PaPhy2-3’ test CAGTCTTCCGTCCAACGCTT
5’ test TGAGAAGCACACGGTCAC

3’ test TCGGGGCGAAAACTCTC
PaPhyl-1 GGCTACAAACCGACCTTGGA
PaPhy1-2 ACAAGACACGGCCACATAGG
PaPhy2-1 GGCTACAAACCGACCTTGGA
PaPhy2-2 CTACCCTCCAAGTGTGGCAG

CTATTTAACGACCCTGCCCTGAACCGGGTTGATGGTCGAGGGTCTG
CAGACCCTCGACCATCAACCCGGTTCAGGGCAGGGTCGTTAAATAG
CCAAAGAGTAGGCCGCAAACCATCGAACTGGATCTCAACAGCGGTAAG
CTTACCGCTGTTGAGATCCAGTTCGATGGTTTGCGGCCTACTCTTTGG

Detection of the
deletion mutant
Amplification of
5’ flanking region
Amplification of
geneticin gene
Amplification of
3’ flanking region
Detection of the
deletion mutant
Detection of the
deletion mutant
Complementation

of PaPhyl

Complementation
of PaPhy2
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PRI A A, 35 A A nourseothricin
5, geneticin MPLIESE I FET LU VERR & 1Y% 1k
o BPAERIEEAR S FAese, TRk R AP
Fric L HiE A Amus51::phleoR Ji A= i {4
PUPER/NE -, RIS AR IR A8 k. 8
if PCR IR 7 56 0F P 8 R A8 #k APaPhyl
1 APaPhy2. 315 APaPhyl #l APaPhy2 -/~
HRIRIG X LU 545K APaPhyl 1 APaPhy2
WAL 22 A, ik [\ i HL A nourseothricin I
geneticin HLYER)/IMELF, @1t PCR ik X 58742
¥k APaPhylAPaPhy2.
1.4 #33 APaPhyl #1 APaPhy2 &Y [E] %} & %
PCR /"1 P. anserina 7 AE #I B £ 1) PaPhy1
H1 PaPhy2 J[H i 5 2 4 5 X AT H AL E T
liE45 500 bp, I H ALK PaPhyl il PaPhy2 Ji
A A B4y iUl f5 59 pBC-Hygromycin JiHy 2%
&% A APaPhyl Fil APaPhy2 Jii 2k JFiik , b5 ik
FHEEALF PR B0 UE A3 2] | £ R APaPhy1° il
APaPhy2°, WL£2 [a] #h 1 ¥k APaPhy1° 1 APaPhy2°
)RR B
1.5 AREBTERKERENE SRS LR
MG 2 d 1) WT . APaPhyl, APaPhy2 il
APaPhylAPaPhy2 7% FYIF 025 em’® Y2
i, BT M2 RN, RETrh. a0t
FRBEES 27 cCHIRIGFR, BRINEREEZ,
T 7 d PP AR, e R EIE A
1.6 AEXBTHEHEEENBNE
P51k 2 d i) WT. APaPhyl. APaPhy2 Fi
APaPhylAPaPhy2 A [RIAZ BRI R HRIR 2T, 4351
AT M2 B2, ARIE T ok, ek,
WOk, LGB T 27 cClHEEREIE 7 d, 0%
TS A A st [ AN
1.7 AREBTRZHENE
$15E4k 2 d B9 WT. APaPhyl. APaPhy2 Fi
APaPhylAPaPhy2 [r]— A2 BB B AR 7D 2 H AR

M5 em WEEFRIE B, ARIEAE. LB RIE
R 535, B 22 A P 0 2R e R AR R
22 JJ7 WIS 18] A TR 7 TGRS 2B I IR, T 22 4 b
A5 kAR T2 T o A E I, U
FEAC 5% 3 A I 1) 0 A= A J] 40
1.8 &8 FM4-64 3t

MR, 5% WT. APaPhyl . APaPhy?2
F1 APaPhylAPaPhy2 % 10 d 11 18 d, ®JEUbHE
W 22554 % 4 pg/mL ) FM4-64 954wk,
EEEYL 2 10 min Ji5 A 10 mmoL/L A PBS ¥E%4
3 W FEOE IR A R T WS /N
A, WEL &R 100 545, JffH ZEN 3.0
T ISR RN AT o ARSI RN,
B> H 32 <2.5 um® (9 R/ M, 2.5-8.0 pm?
B SRR, >8 um® A KRR .
1.9 ;&M S (reactive oxygen species, ROS)
BENE

¥iEAL 2 d B9 WT . APaPhyl. APaPhy2 Fii
APaPhylAPaPhy?2 BE#FHFIE] M2 Bi3Rdt I,
I~ 27 °CIEIRKTFE 3 d, 43 5IFIF DAB & 7]
&I NBT URIX i 22 e e, ARS FIFE 2h, X
BrUe (iR, KA BE, WA 22 QL tafg il
1.10 AREBEHTHMSLEFENE

¥ WT . APaPhyl . APaPhy2 Fil APaPhy1APaPhy?2
AT M2 ARG IR AL, A BIE DG, 2GR
iR 27 °CHHIERESE 5d. 2R AR E A
PR SR LR, JHH ] BCA KR
I ) 0 8 R

FH AR B3 75 D 22 3 48 Ak P I (peroxidase,
POD)I& Pk, 74 H,0, fE1ER] POD REfEIL A GIA
Ty S A TE AR £ ey T DU 4 H AR B, i) ot
fE 470 nm A RAIERIRE,  H AR — Y L
PR TRIR 5 7 W)k B2 BE T . SOD 1l Mk
R FERHABRA R A% SOD & A
R E e, BRSO &) .
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2 EREGHN

2.1 PaPhy EFEMEMERFES

ffiF MEGA 11.0 X} 13 T8 . 1 MHEHF
HIDEH @ ZE B A L& P. anserina H il iy 7 4~
NZURHWERELEN, REKE 5 BN
(E 1A), ¥z IRMe 2R B W E i R%
KFR, MIELIEZ A, PaPhyl F1F2E 5 HUE
WKL PHY 1 HAAE @I EE KR, MRk

I PHY2 #8XF T PHY1 /D 360 N2 HER,

AL TFIZ I i B S, PaPhy?2 FIHLAS bk £
) PHY2 HAEEAELE KR, PaPhyl A
PaPhy2 3t Pl 2 figh T80 2 11 10 285 #4775 485 4
& 1B fir7, PaPhy2 5 PaPhyl M4 5L/ )% 5140
kb, PaPhy2 ZJERRIT9IfH45, PaPhyl 78 C ¥
160 N2 BRI IEM, 7E N %if 200 2R
% HKRD 5 RR 538371, (HAER O IRSFIX
B8 s AR = AL, PaPhyl il PaPhy2 #

Podospora anserina (CDP22636.1) op-2

\—122 '

Podospora anserina (CDP29135.1) op-1
Podospora anserina (CDP28551.1) vvd

100
Podospora anserina (CDP29591.1) wec-1

98
07 Ustilago bromivora (SYW76598.1)
B
PaPhy]1 PAS
A C263 AcC118
PaPhy2 PAS GAF . PHY
| A H342 A H696

Podospora anserina (CDP22503.1) wc-2

1 486 aa
A 1572 A V430
I HKRD . RR 1336 aa
| A DI1370 A DI1056 |

Photosensory domain

1 RBZREDINMEHTEE
Figure 1

Output domain

Phylogenetic analysis and schematic of the primary structure. A: The species name and GeneBank

serial numbers or NCBI reference sequence (in the brackets) are shown in the phylogenetic tree. Bootstrap
values are for 100 replicas; The evolutionary distance scale is shown at the lower left of the figure. B:
Schematic of the primary structure of PaPhy. Conserved cysteine residues, histidine residues and aspartate

residues are marked with arrows.
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T WA R A 5. 8T PaPhyl
1l PaPhy2 MLRSF S5 S AT K1, PAS HA & (.14
ZEA L RCEDEETR(C), REMB A Lk DU g 5
PaPhy1 £l PaPhy2 H' GAF #2243 57l 9 5+
ARG TR (V)AL 2 BRIl 45 1 5
(HKRD)H A R <F H 2 BR 0 5, a4 I8 5 25 4 3
(RR)EA R R AR . W AEYE B 2%
SYHTHEN], P. anserina () 2 it K E A
BRSO GIR T A S BR R L2 AR
2 S TR R it 11 LR T R
2.2 PaPhy RETIKRIMEFNLEE
2.2.1 PaPhyl#1 PaPhy2 £ E R f& RiAEHIHiE
Pl P. anserina H7 4= BIFE K 4] DNA AT,

A bp M 1 2 3

10 000
4 000

2 000 <1773 bp
<
1000 888 bp

<879 bp

2661 bp
2652 bp

ik PCR #7315 %] PaPhy J&[K (1) b iiE A B
PaPhy-5'F1"F i H B¢ PaPhy-3' (£ 1 000 bp), LA
pBC-Nourseothricin 1 pBC-Geneticin 51 DNA
AR 3 3 BT T % AR IC Gene I Nour
SEH B, Z5RANE 2A. 2B Bk, il als
PCR 4% PaPhyl i i 5% ¢ 15 &% PaPhy1-5'-Nour
#1 Nour-PaPhy1-3' (] 2C), DA & PaPhy2 frrlbr 2
iA £ PaPhy2-5"-Gene I Gene-PaPhy2-3' (5] 2D).
2.2.2  APaPhyl #0 APaPhy2 32 25 &K B9 16 i

He R R 3K &% A AmusB1::phl eoR TA 4 19 J5E
RS, ik 54 nourseothricin TY, geneticin
PRI AL 7 A B Uk g | 8 1 (6] 5 B
HA B (A 3), WIESIYFSI R 1. aifed 1

B pp M 1 2 3

4500
3000

2250
1 500

1 000 1 058 bp
750 960 bp

2342 bp

500

250

D pp M 1 2
5000 3440 bp
3 000 3305bp

2000
1 500
1 000

2 PaPhy £FE 8 LT H EMGRTMERICEENT IEA. B)SMERBEMTIEC. D)

Figure 2 The amplification of upstream and downstream fragments and the acquisition of selectable marker
genes and fusion fragments. A: Agarose nucleic acid gel electrophoresis map of PaPhyl1-5’, Nour and
PaPhy1-3’ (1, 2 and 3). B: Agarose nucleic acid gel electrophoresis map of PaPhy2-5', Gene and PaPhy2-3' (1, 2
and 3). C: Agarose nucleic acid gel electrophoresis map of PaPhy1-5'-Nour and Nour-PaPhy1-3' (1 and 2). D:
Agarose nucleic acid gel electrophoresis map of PaPhy2-5'-Gene and Gene-PaPhy2-3’ (1 and 2). M: DNA marker.
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A bp M1 2 3 4 B bp
10 000 10 000
4 000 4000
2000 2 000

1 076 bp
1 000 1074bp 1000
500 500
250 250

3 APaPhy RETAEREBMRFIEZ R £ THRIE

Figure 3 The upstream and downstream validation of the APaPhy mutant knockout expression cassette. A:
Agarose nucleic acid gel electrophoresis map of PaPhyl-vF/valid5' (1 and 3) and PaPhyl-valid3'/vR (2 and
4). B: Agarose nucleic acid gel electrophoresis map of PaPhy2-vF/valid5' (1 and 3) and PaPhy2-valid3'/vR
(2 and 4). C: Agarose nucleic acid gel electrophoresis map of PaPhyl-vF/valid5’ (3), PaPhyl-valid3'/vR (4),
PaPhy2-vF/valid5’ (1), and PaPhy2-valid3’/vR (2). M: DNA marker.

AT, PSR S BARp e —3, &
B i e AR IC SE R i T #E  #) PaPhy JE [
JE

el ba R, W AT
PaPhy JE[E O kit i dedric h Brgde, BE
PR AL T A LR Y PaPhy 3 R Bl 2 25 b
(APaPhy).
2.3 APaPhy EI%MEPRRIMIEFNE E

DL P. anserina 7 A4 BUSL [ 2] DNA AR,
PCR ¥ 3475 3] 2 A 2L AMY L BBy, H 10
L R By silEe AE) APaPhyl 1 APaPhy2
RAFRA AV S P AT AR R P Y S AT
PEFT PCR B 3IF, ¥ 3645 3 H 3L A BL(E 4A.
4B). RIS WSS R PR Y S BT E], [BIRRE
Pk 5 BT A TR B PR 1) 5 ) — 2, Ui PaPhyl
F1 PaPhy2 F& [A [a]#p 5% 2 o
2.4 HEBEN P.anserina £ KEXRNE
EREASR R

IR RAERE, WEREERNERET
R ZBNANFE NI EN , % WT. APaPhyl,
APaPhy?2 il APaPhylAPaPhy2 5 7E M2 AL
BiFREE b, 27 cCHEIRIEFR 7d, HERARKHEE,
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W s prRs, oTLUE BT ERREELLE R AR K
PP, BRI, 6T A K g .
LI Fh LT ERERSIE E P. anserina B 24 K,
FI 6 A JEAE S — ot BE W 38 R ) P 22 19 2E
Ko TR —JCHRTT, 58748 R G bk R0 B A A8 T bk
P AR R R AT B I 25 5 . R P. anserina A
WL ATAL, B A R G AR RN 28 48 Y B AR AE £ 100
B THREEESYRERES; HEA.
WA A ST SRR T, e AR A RV
BB WARRE—E, B E N A B AR
2, XFEW, P.anserina 55 4b—Fh 220k B HL
B MK A ZE AL, F 2 WL P. anserina [
HEIE A HR
2.5 XEEEEEISP. anserina AR
fE 71 B9 22

TR i A 22 R LT A T A B o B
BRI RE S A TR AR AR, R L A R
B IS E, P. anserina i i LA TSRS 1Y
L/t R B AR, P anserina
TEBE N eag 9% 7 d NRESEH A MRS, HE
A A e Moz Rk J5, nTRE S
X} P. anserina [ PEAEFRE S AL Rg i . 3l
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15 000
7 500

5000

2750 bp
2650 bp

2500
1 000

250

APaPhyl*

4 APaPhy [E 4} & ¥R 3 IE

2650 bp

APaPhy2¢

APaPhyl*APaPhy2¢

Figure 4 Validation of back-complementary strains of PaPhy genes. A: M: DNA marker; 1: Validation bands
for PaPhyl in APaPhyl® back-complementary strains; 2: Validation bands for PaPhy2 in APaPhy2°
back-complementary strains. B: M: DNA marker; 1: Validation bands for PaPhyl gene in PaPhyl and PaPhy?2
double gene back-complementary strains; 2: Validation bands for PaPhy2 gene in PaPhyl and PaPhy2 double
gene back-complementary strains. C: Both the wild-type strain and the mutant back-complementary strains
started to senesce on day 10, with obvious melanin deposits at the periphery of the colonies.
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Figure 5 The comparison of colony morphology and growth rate of wild-type and mutant strains under
different light conditions. A: Quantification of the growth rate of the strain after 7 days of incubation on M2
medium under different light conditions. B: Mycelia of different mating type strains were mixed and broken.

Inoculate 5 pL of suspension on M2 plates. Photographs were taken after 7 days of incubation (n=3 for each
strain). t-test, **: P<0.01; ***: P<0.001.
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Figure 6 The number of fruiting entities of ., R A G E Y . WT
wild-type and mutant strains under different light . P ” ”
conditions. Mycelia of different mating type strains %Ej‘ﬁ?ﬂllj‘é?ﬁ SERS 9 NG 12 KT
were mixed and broken. Inoculate 5 pL of %, APaPhyl APaPhy2 Fil APaPhylAPaPhy2
suspension on M2 plates. The quantification of TEFERIZIE T = 2R 4 B7E 14, 16 I

substrates was performed under the microscope . o
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after 7 days of incubation (n=3 for each strain). 18 do BRMPDEHTLMEE WT #362, 20t
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Figure 7 The aging time of wild-type and mutant strains under different light conditions. Inoculate 5 pL of
the suspension onto M2 plates of 15 cm diameter. The length of mycelial growth was recorded daily until a
visible accumulation of black pigmentation appeared at the front of the mycelium, and the number of days

elapsed was recorded (n=3 for each strain).
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Figure 8 Morphology of vesicle size in wild-type and mutant strains under dark conditions. A: Staining of
vesicle membranes of 10-day-old APaPhy and wild-type strains with 4 ug/mL FM4-64 for 10 min and laser
confocal microscopic analysis of vesicle size and morphology. B: For distribution of vacuolar size, vacuoles
were sorted in three categories: less than 2.5 um?, 2.5-8.0 um’, and more than 8.0 pm” (n=3 for each strain).
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Figure 9 The mycelial ROS content of wild-type and mutant strains. NBT reacts with superoxide anion to
form a blue precipitated substance. DAB reacts with hydrogen peroxide to form a brown precipitated

substance (nN=3 for each strain).
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Figure 10 The SOD activity of wild-type and
mutant strains in M2 liquid medium under different
light conditions. Inoculate 100 pL of liquid into 50 mL
of liquid medium and extract the total mycelial
protein after 5 days of incubation to determine the
SOD enzyme activity of the strain (n=3 for each
strain). t-test, *: P<0.05; ***: P<0.001.
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Figure 11 The POD activity of wild-type and
mutant strains on M2 liquid medium under different
light conditions. Inoculate 100 pL of liquid into 50 mL
of liquid medium and extract the total mycelial
protein after 5 days of incubation to determine the

POD enzyme activity of the strain (n=3 for each
strain). t-test, *: P<0.05; **: P<0.01; ***: P<0.001.
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