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42, cDNA JE 1), I 5 BE 41 DNA J7 41
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FEI F 51 ) 6 H 6t A NCBI i) Blast 76 28 T H. 58
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O30T s S OAS R AR 1 BT A AL I Y R, HC [ PR
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MZEG F 17, PCR N R Ry 25 pl: 12.5uL
SYBR® Premix Ex TaqTM Master mix, 1 pL 5| ¥
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95C 15 s, 58C 15 s, 72°C 15 s, {40 1K ; B/
PEATHE ffp i 28 23 HT, RBELL 0. 5°C /30 s By R A
55.0°C ZZ 18 19 3 95. 0°C A YK 2 0 188 s A il
ARFFES (R 3 U F—DPIHEX IR (NTC)
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IR EX
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Bl PE L, B4 T PPS B[ DNA ¥4, FIH 5]

Yy PP5 (f)F1 PP5 (r) Xf £k I cDNA % — 4 JE1T
PH 15 2% B N B 4 K eDNA B, 48 1.2% 3
W B JC P DK ARG I A 1) S5 5 U RN — B,
1624 bp, £ 7 J5 315 <DNA Fe 3. B &4 3k
4K cDNA 5 PP5 JLH 40 DNA 47 LX), #f
& PP5S BN 45#, © 4258 NCBI ( GenBank ¥ 5%
2 HQ317137),
2.2 PP5 EELEMHH

PP5 J:H DNA K 2100 bp, &4 7 A48 F
6 NN T, BIGE T ATG 2T 130 bp &b, ATG
AL BT I A AT G Kozak FLI (AXXATGG) , &
(BT T 1937 bp 4b, FF R0 HEAE K 1428 bp,
St X 6 N T BELIBT, 3 B2 T 272 - 357 bp,
440 — 498 bp.938 - 984 bp.1230 - 1289 bp.1654 -
1713 bp 1839 - 1894 bp, % KA 3'%i 45 Poly A &,
Jf HA AL AATAA IMEFS .
2.3 PP EQHEHMSH
2.3.1 — B GARE PPS [N g b5 475
ANEEER , Blast 73 B B 75 1%7 91 5 58 26 H Al B0 78
(%5 102 Ser/Thr 45 11 9 B2 B H A 8w 10 AH L4,
558 WL I S 5 rh S8 HoA )& 51, fn PPL PP2C
WHA —E R ARPIE . I PSI-BLSAT R 4:Xf PPS
DA G i A AT R PR X, SR A MIZER S
H.I& Neurospora crassa ( XP_955993.1), Ajellomyces
dermatitidis ( XP _ 002625655.1 ),
posadasii ( XP _003069386. 1), Uncinocarpus reesii
(XP_002544853. 1) F1 Ajellomyces capsulatus ( XP _
001536595. 1) B4 i3 Ser/Thr # 115 2 il 1 2 3t
LT 9 LA A 2 5 1 R L 4 90 % 829 75% |
74% 13% 13% o I H., TP YRR &2 T 2
1e Cm (1) o

FT A PPP E 52 Ik G 3 9 A 3 A A2 1Y B TR
%1 . -GDXHG- ,-GDXVXRG-H1-GNH-, X 3 {4 3
W2 Fp itk € T Ser/Thr &5 11 B R B 2 % b i 53 /Y 43
KU RN T SR EEE PPS L g R 9 &
BAEEMIT Y, YIEH R 7T 3 NEERY, >
BT 216,245 277 aa 4b. J34h, FATE 30T T
PP5 AR ZIERRZH K, 76 N % 10 - 110 aa fb%
BT 34 TPR P4, JF HAE C 3 217 - 428 aa AbA7
Ser/Thr 5 [ B 112 B 4 1k DX 488, 38 3o [] 958 Lb X % 2R
X2 AR Al Y R PPS BLAT A v B R LR
(E2),

Coccidioides
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M.anisopliae ... MSQE GNK ! TI§ FTARGOA AYGYAR:D/ J [ 9%
N.crassa . MTTPQEQAN GNK ) NRAG AYGY! AIKKAREL) J 9
A.dermatitidis NMATTDKE GNK ) NRAG AYGY! AILKAREL) J L 100
C.posadasii VAQAEI E GNK ] RAG SAYG 3 L 100
U.reesii MANADI E y 100
A.capsulatus VATAGEK L 100
M.anisopliae 195
N.crassa 199
A.dermatitidis 199
C.posadasii 199
U.reesii 199
A.capsulatus 199
M.anisopliae 295
N.crassa 299
A.dermatitidis 299
C.posadasii 299
U.reesii 299
A.capsulatus 299
M anisopliae 395
N.crassa 399
A.dermatitidis 399
C.posadasii 399
U.reesii 399

A.capsulatus GADVTKRHC 399

M.anisopliae 474
N.crassa 478
A.dermatitidis 478
C.posadasii 478
U.reesii 478
A.capsulatus 478

1 REES PP EEGBESSHCERDERE Ser/Thr EEMEBRBHESERFFEELY (—BHNEEBRUEE
ER BAUNEERUKRBET)
Fig. 1 Putative amino sequence alignment of PP5 in M. anisopliae with homologs of Ser/Thr protein phosphates type 5 from other fungi. The identical

amino acids are highlighted on a black background and similar amino acids are shown on a grey background.

1 75 150 225 300 375 450 475
e ———————
Query seq. o motif 4 Ak A Abh A Adh active site S Fry A A A A A A
binding su»‘u:e metal binding site J§ A A A

TPR interaction site

Y T ——
Specific hits MPP_PP5_C
Superfanilies TPR superfamily MPP_superfamily superfamily

Nt i-donains el A i - S Bt

B2 %EEHPP ERRTFIHEELEER

Fig.2 The blast result of conserved domain in PP5 against PP family.

2.3.2 EARE 54 73 Hr: 35 F SOPMA 3k 4 pl) W ERARTE PPS 5 IR 454, Wonix&E M
( http ;//npsa-pbil. ibcp. fr/ cgi-bin/secpred _ sopma. A 46.32% 1 o WRHE, 7.16% 19 B ¥ fa, 14.74%
e R O S W | ey |
100 150 200 250 350 450

B3 #EHE PP ERZREMH TN
Fig. 3  Prediction to secondary structure of PP5 protein from M. ansopliae. Alpha helix; Blue; Extended strand: Red;

Beta turn: Green; Random coil: Purple.
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[ FEARER | 31.79% MR M (& 3) .

2.3.3 YLK IR R A B A AT . B SWISS-
MODEL #2 fft i iz 45, #£25 PP5 W& A ¥ 51, &
BLAST Jz SIM 3155, 75 25 11 57 25 44 £ 4 128 rh 4 SHAs
M, B3 8] PPS BB 161 3| 466 {3 24 5 ik % St
5 3icfA P8 BA e m M AHRIYE( >25% ), B4
) V5 B A5 F. MRIEB IR M 25 W5 8, R H
SWISS-MODEL {1 45 #4) @ B F2 J7 ProModIl } B i 5
/IMERRF GROMOSO6 A7 [ I S A58, — S 245 4y
BEZE AN 4 Fis, n] LAY 28 1 F 5100 B A0 A% 0 45
FRAE T o/ B, A — 5 il 04T

4 FREHPPS EAZKEMEBFERE
Fig.4 The 3D structure of PP5-encoding protein predicted by

Swiss-model.
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B I B R DX I, o WRGE RSP o3 A, X — 45
5 5 5 Rossmann > 47 & 37 4k 45 4 AR AL, i —
B, FITEL I T Procheck Xif 4 25 5L 1] {7 Jif
Tk, 3f B 5 H Ramachandran & (& 5),
Ramachandran plots 2 JZ Bt 57 1K b 2% i & ( stereo
chemical quality) (241, EiE L5 © A ¥ M
(05345 T R BOFA AL 51 2 B 5 B AR
AR o BRI, BEEAG EI R PPS 8 A =4
Lt © MY M 92.5% (> 90%) fii T
Ramachandran [& §1 &3 X 5F, IS FFEP RIS
F ) PPS M = E T E .
2.4 HftEMERZESH
2.4.1 PPS P T LA ST : hip://us.
expasy. org/tools/pi_tool. html 7£ £k T. H.¥E 17 & 1 [
Sy PRI BB, S5 R B, AR AT
XFoy5HE ok 38. 1 kDa, 251 & (pl) N 9. 66, i
HH
2.4.2  PP5 FEAE T IKUDE AL S B hup /7
www. chs. dtu. dk/services/SignalP/ X} 4 15 (Y &2, & iR
Fe AT o3 A, e B L IR g B 1) 2 11 0 B4R 5 ik
FE3), AR WAL 1, 57 T 40 v B A A D
2.4.3  PP5 M U fE BB hup://www.
predictprotein. org T . 7F 13 {v; ( NKSH) & F: g 4k
FEAE N-BE B b 2 50, 136 fii ( SAAE) 200 fi
(TMVE) 234 {if (TPND) #11 337 {3 (TLDD) ¥/ —
AT 25 1O B R Ak 7 0, 80 i (GLARTA) (251
fii ( GSWSTE ), 277 {i ( GNHETD ), 328 f{i
(GGLFSD) 436 /i (GAYZNI) ¥ — 4 N-PJ 5.5
Ak 5, 175 £ (NGKK) 1 319 {3 ( VGKK) 43 5]
A — WML 5, 275 A2 (NRGNHE) 5 — 4> ser/
thr R 5 () 8% 12 1k # b7 iC, 338 {ii (LDDIRKLNRH
NQRQP) A5 — > His R 1 #% IR B b ic. Mo, 7
309 -326 A7 —> 15 AR e 25 4
2.5 PP EEEMMAERPHREFMESF
D) & A5 TR GO0 6 7 961 0 .8 116 .24 32 h i) ¢cDNA
FIIEH 774 28 h ) cDNA M B, 52056 &
PCR A0 PP5 JE X 7E 2% A I B (1 A X R ik &, LA
TAE R~ ] 24 h 1 Kk AR AR E(100% ), KB
ZIEATE O h 8 h i YR B AR AR K, X KB
AN 4. 48% (17.73% , i Ik B (DR BR 7 A0 5
B AT 0 AL AR T A ) B R A T
B RCF & BB B #) 16 h (32 h 3k & B W,
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HXT A 5 77.60% \91.22% , BB BLIE A
T T R B B IE ™ LAY T 22 4
KBrBe(28 h =, 1/4SDA B dk ), iZ W3R
BN 9.08% (1 6) .

120
100

g

£ 80

g

Z 60

L

E

= 40

QL

o
20 i
oL_mim M
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t/h

B6 PP EFEERBEHRTRAREETRABMEXT
B 3R IXHRAE

Fig. 6  Relative expression analysis of PP5 in microcycle
conidiation and normal conidiation. The expression level of 24 h in
microcycle conidiation was calibrated as 100% . Error bars are
standard errors of three trials. (0 h, 8 h, 16 h, 24 h and 32 h,
the total RNA was obtained from different stages in microcycle
conidiation; 28h # , the total RNA was obtained from hyphal stage

in normal conidiation)
3 itk

P0G 25 77 F BN g 2 B A 5T T A 1 — ol
UL PR AL, R LA 2 1 B )R R %
HEAPE AT, bR B 7 9t 7 20 R i B P 5T
R T R AR 2 Rl A A B — DR . BT R
W1, TEAS TR B 5 A5 PF T 0B i 0 i TR 3 R R A
—HFERY o A SCER — R SEBE B T 4 T U 2R 7 AL
W —A> Ser/Thr # H Wi R B HE N (PPS) , JF H X
TE BR0E 307 70 S IE 7 8 op (9 SR R A T 0 A
100X T £ R D 2 R R A ol A0 B 7 A TP A SRR R A
WH B

FURE A cDNA J7 51l 2 Jk X D BE F 58 o A 7l
D —AFEIT, AT ¥ 1977 2 Race BUE
cDNA SURZ AL FEHAR . FEARM S, RATRM T
i 5 PR L OE B 9 4 K oDNA SURE IR AR, XA
JERET YR RN AN E 258, lid 2K Blast

Foxt [ U8 (140 BT S PCR B RS &y o7, Wl
P 3R B B Y cDNA &K, 713 %] PP5 S
4K cDNA J5, B THWAM Tz 3N Y6e,
FEFE N R R LG5 T PR b, RS
6 NN T, FTo o T H AR A Wik o i 2 2Rk,
FE— A5 1z Sk AT PPP K5 vh A £ A W] 5
e PR AR S R, X S LR A I T R ST I 4
P38, 4N Ser/Thr 25 [ W B2 10 5 W T 3646 (19 N 3
TRP J7 51 Ko C ity il 7% i £k X 850

S5Ot 2 i PCR 40 M R B, PP5 JE BRI A ()
TEA AR RBRAHEZER, €0 hix
SERLPANRIL, MZEG06 26 7= 61 8 h i 3% 3k & JF
UR AT IS, A OO PR T IE AL A T 2R W R
BrBt. 7T 16 h Fl 24 h i} £k 0 F M &, 1
FF 1E 2 GO0 B 77 AL 0 e A, 24 b S RS 4 A - O F
AHEAN T —AMERR, FTLL 32 h i PPS B[R (1 3 3k
HWEAT TR, SR, 5L AR IE 4 7 f A R 22 4 K
MrBe ik m AR WAL, RWZIEEHASHIER =
fof R de g . el UL, IR R R S S S R R
AP 1 — A e B IR, I H EEE TR
T 7= A S R AR

TG B 7= 60 2 — il B A 0 00 4 240 o I B A B
AR, JF HAE A D AR 0 kR DA AL AR T
SRR B T 0 58 4 A B R B R E S I i
S EHALY R R PPS JEHWARGE S5 T 41 R AE
R R B 5 W S X BUR & PPS JER W] g
FE SR AR TR SO0 B 7 6 2o A o rT BB A R R AR S B T
B IR, 7 S A5 B 0 B 7™ F6 R 30 25 U S 1) T
43 (NCBI % 5 2 FC809186-FC809404 FlI
FC860292-FC860293) , [ T 1% 1 ¥ 7= 3¢ JE v 1)
PP5, 34 % B H b Ser/Thr & 14 #5 B2 1L B 5 % i
B, XU IZ I BR T & R R — SR SF 1 T R
Hb, SR R AR A IR FR HA B 5 TR B B R
TEDNRESR, I ELik 63y Al 3U7E SO0 B 7 0 A 5 2 ok
EREEE EEWEM . AW, PP5 S KL
U5 L PR ) D REAIF I 4870, T A 22 R TR 7 9 v o R
KWARE . i, PPS FED 0 2 v b X 2 35 FRAE
53 BT LA B 5 2 3k DR FE O A0 7= At il A b i PE
BEE AR R S
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Cloning and expression of Ser/Thr protein phosphatase
type 5 during microcycle conidiation in Metarhizium

ansopliae

Fei Xu, Guoxiong Peng, Yuxian Xia~
( Genetic Engineering Research Center of Bioengineering College, Chongqing University, Chongqing Engineering Research

Center for Fungal Insecticides, Chongqing 400030, China)

Abstract ; [ Objective | To clone Ser/Thr protein phosphatase type 5 gene ( PP5) from Metarhizium anisopliae, analyze the
structure of PP5 gene with its encoding protein and expression profile during two conidiation program ( microcycle
conidiation and normal conidiation). [ Methods | The DNA sequence of PP5 was isolated by blasting the expressed
sequence tags( EST) of PP5 in subtracted library with genomic data of M. anisopliae. Primers were designed based on the
DNA sequence to clone the full length ¢cDNA of PP5 by PCR, and the characteristics of the encoded protein was analyzed
by online tools and biological softwares. The PP5 expression profile was quantified by real time PCR at different stages of
microcycle conidiation and hyphal stage of normal conidiation in M. anisopliae. [ Results]The genomic DNA, which was
interrupted by six introns, was 2100 bp long. The ¢cDNA, encoding 325 amino acid residues, is 1428 bp. Analysis to Ser/
Thr protein phosphatase type 5 in M. anisopliae show a conserved structure features. Quantitative real time PCR analysis
showed that PP5 expression varied obviously in different stages of microcycle conidiation. Expression was sharply up-
regulated after 16 h, with the highest transcript levels at 24 h in microcycle conidiation, but lowly expressed in normal
conidiation. [ Conclusion ] This work presents the first report about the detailed sequence and structure of PP5 from
entomopathogenic fungi. Comparison of expression profile of microcycle conidiation and normal conidiation reveals that
PP5 is principally involved in microcycle conidiation in M. anisopliae, and it provides ideal candidate for further studies
to PP5 and its molecular regulation.

Keywords: Metarhizium anisopliae; microcycle conidiation; Ser/Thr protein phosphatase type 5; quantitative real time

PCR
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