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Cloning and bioinformatic analysis of the citrus red mite, Panonychus

citri, prophenoloxidase activating enzyme gene
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Abstract Prophenoloxidase, a member of the serine proteinase group, is a key enzyme in invertebrates for defense
against microbial infections and the prophenoloxidase activating enzyme ( PPAE) is an important component of the
prophenoloxidase activating system ( PPO-AS). A full-length ¢cDNA of the PPAE gene named PcPPAE ( GenBank:
KC136292) was cloned from Panonychus citri ( McGregor) using rapid amplification of cDNA ends (RACE). The cloned
gene was 1 676 bp in length with an ORF of 1 377 bp encoding 458 amino acid residues. The protein predicted from the
cloned PcPPAE had a molecular weight of 49.9 ku and a theoretical isoeletric point (pI) of 5. 68. Iis predicted molecular
formula was C,,5, Hy,67 Ngo7 Ogr5 Sy, - Bioinformatic analysis showed that its instability index was 41.51 and its GRAVY was
—-0.268. The deduced protein PcPPAE had a clip-domain, serine proteinase domain and a conserved catalytic triad in the
serine protease domain. Phylogenetic analysis indicates that PcPPAE is most closely related to the clip-domain serine
proteinase of Tetranychus urticae (Koch). These results provide the basis for further research on defense against microbial
infection in the citrus red mite.
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( prophenoloxidase activating enzyme, PPAE ) , A fij
oMk B K H B§ JR  ( phenoloxidase, PO;
prophenoloxidase , PPO ) %, 4 4p IR i3 4= ¥ 1= 4 15
FE I, BU TR K RE 4 S 1 Y P 0 G A g 3R T Y B s
PCHE DR T, e 2 RB R TR R s 2, LAY -1,
3R SROME RV A 2 [ e T ) R SRR A5, DA T VR Ty
ST L, TE AR B AL B AR A W A BRI
ULAH B2 {4 2% ( Sritunyalucksana and Soderhall , 2000 ;
Cerenius and Soderhall, 2004 ; Kanost and Gorman,
2008 ; Labbe and Little,2009 ; Rao et al. ,2010) , PO
JE RACVE T GHE 3 G0 b (0 OC S Wl , 7E 0B ME S
R LLTE G PPO 19T R AFEFE ( Brookman et al. |,
1989) , 28 22 MR & H i ( serine protease ) 4% Ik 2 I
IKAE I PO, PO REHE ALK 2 MR ( tyrosine ) e fb N £
EFHAR 2 O, 2 BRI "E2
EEREZEARFMEENT ™4 5,6-—%
N5, R 7 A R 2R AR A Tl DT s B o
T o7 A 1 B T A TR S R EC Al T e e i A
W fE B 4% & S B A R 4= % ( Nappi and
Christensen, 2005; Zhao et al. , 2007 ; Cerenius
et al. ,2010) ,

MTCEPE ) PPO S BH 6 £ Y PO J2 58 i
PPAE F K fiff V FHI oA 98 15 #), PPAE SUHEFK A 3 4
A T IR 3% 7% 25 1 B ( prophenoloxidase activating
proteinase, PAP ) = Wy %A 1t BE ¥ 1% ¥
( prophenoloxidase activating factor, PPAF) ( Cerenius
and Soderhall ,2004) , FTf i) PPAE 14 B J& —FE 17
15, 23 W TES 5 A4 B & BoK v, gt 2
R I AT A A B DO AR AL
#H 43 — #£ ( Cerenius and Soderhall, 2004 ; Cerenius
et al. ,2008) ,

W% 4 NI Panonychus citri ( McGergor) X 44
A £ Wk 96 B 21 1 9k, & kB 49 ( Arachnida ) |
WG V. 24 ( Acari) | M4 B} ( Tetranychidae ) | 4> JTCigh
J& (Panonychus ) , i — Fift i 5P 1) 22 £ ¥ 35 5, 78
T [ 25 ARG - X A o0 A Hofe 8, Har 3
12 R AE FNIAG Ob B X SR S AL R SE 2
PR 7= A A o 2 LA SCIG 5 i L 40 096 Sy 3 AT
A O IO AR S, I 5] R R R VR T AL
AR E . T HA S RN, G2
JTUSHG 0] Xof 0 S A= W) A AR 77 A — 5 4R AE A, A
— TR T IR A W TR R 096 700 0% it FH R i
DA BB o A A 4 JTC S S 22 AL 1 BIF 5 1 Ak 75 20 Bir

B A9 FE WA 4 TG % S5 41 5090 B S I
At FE K SR RS T — 2% PPAE JE[H ¢DNA 2,
JFHEATHCE G B =R b, A R 1 4y 1
K 4K B PPAE 78 PPO-AS i [ T B 25 2 T gk
filt, I e — g B B L4 30 T M ARG 4 TCI6 4 5 8 4%
HLEE B 5T

1 #Me57E%

1.1 #RE5EERAN

AE UG U5 - M A 42 TURE T 2012 4E2R { = KT
AU DX FE AR ARG AIE 5 BT A ARG I el

F LA RNA $2IBGL K] & 4 RNeasy © Plus
Mico Kit( Qiagen GmbH , Hilden, Germany) ; DNA Jit
MR &l A B Es Y TRARA A,
SMARTer™ RACE ¢DNA Amplification Kit g [
Clontech 2 &) & # 3 ik 7 & PrimeScriptT“ 1st
Strand ¢cDNA Synthesis Kit ,DNase , PrimeScript® RT
Reagent Kit Perfect Real Time . Taq [iff .10 x PCR
buffer( Mg”* free) ;MgCl, &z ANTP (2.5 mmol/L) j
Iy B Takara 23 @] ;pGEM-T Easy 25 {& ) H Promega
I RZ S MM DHS o 1 A At 204 A T .

1.2 & RNA IR E R #E R

200 Sk 0 B 395 T WA N R, BT E B R
VS W J AR By, e B8 A5 S5 ] DEPC K b B 3 9 25
OE RIS RNAL 8 T - 80°C A7, HiK D
B2 om il R & W B i Clontech 24 H
SMARTer™ RACE ¢DNA Amplification Kit i %] £
Bi s RNA 23514 v I F 5' RACE #11 3" RACE
PORE R AR — BE cDNA B, A R 5 51 W ik A7
RACE § 84 . Jf{fi F§ Takara 2\ &) Primer ScirptTM
1°" Strand ¢DNA Synthesis Kit i 5] &% & RNA Jg
e T 2K UE R 58 cDNA B, Fir il 4%
cDNA KA 5 R A7 2 -80°C .

L3 3|9MiRit5&M

18 AR ARG 4 JTCIG B 53t 2 8048 P vh PPAE B: [
FrBefE B AR B A5 19 cDNA Jr Bose i 4 5= 1 5
Yy, 51050 G 4R A 0 4 Sk 51 W o B b AT 5 i A 3
S, 1 R S R R S X PCR. ARG P74
ARAFE 5 S F1 3" e A B A K R S S L T
AR 42 TUE PPAE IR B8 I 8 B 1 37 48 1 383
T R b TR R A M B R A BR A 7] 58 Ao

1.4 RACE ¥t 54 KIGIF
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5'RACE 55 —% PCR 5|4 & Ml H &b iy
UPM 5 5GSP1, #i 4 & 5' RACE ¢DNA #i 4y, 5’
RACE %5 — % PCR 5| ¥4 & Al & NUP &5
5GSP2 B Ry 55 — % PCR =), i 1A & .10
x PCR buffer (Mg’" free) 2.5 pL, MgCl, 2 nL,
dNTP(2.5 mmol/L)2 pL, 4k 1 L, I FiEs 9
# 1 L, Taq WA 0.25 wL, itk ZE 25 wl,iB%),
B0 A PCR ALY 4 . PCR i F2 )% 4 :95°C Tl

A5PE 3 min, 95°C 5P 30 s,53.8°C (45 —H N
59.6°C ) k 30 s,72°C AL 1 min 30 s, 3k 34 4
R, 72°C JE /10 min, 3’ RACE ¥ 14 )y g [d] 5
RACE, 5[5 B W3 1, &K BIFE L% E cDNA
S fiHR , PPAES Fl PPAEr 43 9I/E K b F e 9,
PCR P27 [A] RACE §" i F2 /7 o &7 397 ¥ )1 1% 3
W B IS P DK A Il H R R B

x1 #HEL/E PPAE £ & cDNA TEFT S|4
Table 1 Primers used in the cDNA cloning of PPAE from Panonychus citri

EIEZEA S SIIFE(5-3") AR Mg
Primer name Primer sequence Annealing temperature Purpose

5GSP1 GTTGGTTGTGGTCTTGGT 53.9C PPAE ¢DNA 5’ end
5GSP2 TTCCCTCTTCACTTCCATTCTCAC 63.0°C

3GSP1 TTACTTCGTGTTCCATCTTG 53.8%C PPAE ¢DNA 3’ end
3GSP2 TGGGGCAACTTTGGTCTC 59.6C

PPAEf CGGAAAGAATGAGAATCG 54.2°C PPAE ¢DNA ORF
PPAEr CCTCTTCACTATTCAAGGTTCT 54.4%C

1.5 PCRF=¥%RE . EERNF

PCR 7 ¥ 28 Ji¢ [nl Wie i 0] & Il Wi i A s, 3% 4%
£ pGEM-T Easy #4, 5% fb 8] &% 32 25 K W #F 18
DHSo ™7, 283 P BREA 1 , B AL PR Z A4S B — 1
VR K95, PCR A R % 7 BHPE e B % = b
SRR AW EARA R W
L6 FF3laHr

&I DNAMAN 6. 0 X ] J 45 51 ot 47 4 %, O
X A G 1 S BE Ry 9 AT R R L X . i i MEGA
5. 04 W AY4ER 1 ( Neighbor-Joining ) M it R G A F
WA 03 S HEAT 1000 YKy H ARG 0, B I
% % ¥ ¥ H BIOINFORMATICS & SYSTEMS
BIOLOGY ( http://bioinformatics. psb. ugent. be/
webtools/bogas/overview/Tetur) , H 43 ¥ # J¥ 31 £
3 B NCBI %% 8% )& ( http://www. nibi. nlm. nih.
gov) . ffi F§ SignalP 4.0 Server ( http://www. cbs.
dtu. dk/services/SignalP/) #1715 5 K7 #r, IF %
JH ProtParam ( http: / web. expasy. org/protparam/ )
HEAT A B A v B O AR o R R S A A Y
W AR AL A5 R R Ak A7 5 43 991 R T DictyOGlye 7
2% % {4 ( http://www. cbs. dtu. dk/services/
DictyOGlyc/) #1 NetPhos2.0 Sever ( http://www.
cbs. dtu. dk/services/NetPhos/) 4y #r. ff

TMHMM Server v. 2. 0 #A{E5 #7185 X, {8 ] NCBI
i) Conserved Domain Search 7£ 2k T. H. ( http.//

www. nchbi. nlm. nih. gov/Structure/cdd/wrpsb. cgi)

AT 157 45 g S T
2 ERS54HH

2.1 H#BE£/NEE RNA 2

R FH A TR VA 38 000 4SO 5 1 R A 4 T o O e
A A PN B BT 5 A RNA A 4 B RNk B, H: 0D,/
OD,, 1 tL {H i 2.125; OD,,, /0Dy, 1 L 1H 4
2.061, 5 RNA ¥ N 1 175 wg/mL, B8 HEEE R
HL VK 45 5 87 - 18S RNA 1 28S RNA 4575 15 0 , 136
BRI & RNA JE 5238, 4l B 30

2.2 HE=E N4 PPAE EE#H cDNA FF 55 #r
i RACE J7 ¥k e R 3R 45 M A 42 TCll — 4>
PPAE %t ) 4 K cDNA ( f5y % N PcPPAE,
GenBank % 3% 5 5 KC136292), J¥ %] M K K
1 676 bp, JF ji% 4 & #£ ( opening reading frame,
ORF) K J&E } 1 377 bp,5" ¥k 4% X 189 bp,3’
IR RIS X 110 bp(E 1),
2.3 PCPPAE S EBFIRTEMEBRRAZL

Bom
TEHCEL 5 M A 4 TUSE 72 N B 5 A A i



2 3

Pl B0 A A A A T T S T T JSUROT B L A cDNA Sl I A= W) 15 B2 0 B

- 371 -

91
181

271
28

361
58

451
88

541
118

631
148

721
178

811
208

901
238

991
268

1081
298

1171
328

1261
358

1351
388

1441
418

1531
448
1621

acatggggattgttacttttcaatttccaaattagtttegttttttttttggttaattaatttgagatttaattgattttetetgaattt

cagaatatttttgtcccagttaactgttttatttaatttacattcectaattgttgetgttegtettecatttgattacttttttttecaattyg

tcggaaagaATGAGAATCGTTGGTTTAATTTTTCTAATTGT TAATTTATTTCTTTTACAATTAGCAAATTGTCTAGTGGTTAAGAGACAA
M R I V 6L I F L I V NLFLL Q@ L A NCULV V KU R Q

ATTGTTTTCCCATCTGATGAAGAAGATAGTAAACCAGAAGATAATTTGGATGGTCAATTGTGTARAACATTTCAAGGTGGCCGAGGAACT
I VvV F P S DEEUD S KUPEUDNDNTILDGU QU LTZ CZXKXTZFQ G G R G T
* *

TGTTTACCAATTACTTCGTGTTCCATCTTGAAACATGAGCGTAATTTAAATATTTTAAGAGGTTCAATTTGTGGTTTTGATGGTGTTACA
c L P I T s € s I L K H E R N L N I L R G S§ I C€C G F D G V T

*
CCTAAATTGTGTTGCCCTTCCTCAAATGGTTTTGATAACAATGGARATGTAAATGGTGGTGATCCATTGGTACCTTTACCTTCCAATAAA
P K L CCP S SNGTFUDNNGNVTVNG GG GDTZPTZLVZPTLTPSNK
* ee
CCATCAAAAGAATCATCAAGTATCAATCCCCATGGTGTAGTCCCCGAATCTCAGGTTAATGGTAATGGTGAAGGTGAGAATGGAAGTGAA
P S KE S S S INZPHGYVYVPESIOQVNSGNTGEGENGS E
* * * k¥ * *
GAGGGAAATGGTTCCTCTTCCCATGTAATTGT TACACCAAGACCACAACCAACTAAATCCACT TTTGARACTTTCAATAAACCAAATGGA
E G NG S S S HVIVTTPRTPGQEPTI KT STTFETTFNTZKTPNG
* . *
AATTTGAAAAAGGAAGACATTAAACTCAGAATCCCGGATAAATTACCTTCTACCGAATGTGGTGTCAATARACAAGCAGAGACGCGAATC
N L KK ED I KL®RTITZPDZEKTLTPSTETCGVNTZ KT QA ATETR_I
*
GITGGTGGAGTTCCCGCTAAACCTGGAACTTGGCCATGGATGGCTGCTCTCATGT TTGATGARAACGGCGCTARAACCTCCCAATGTGGG

V.G . G V. P A K P G T W P W M A A

JRLELDL

N. G A T 5. .Q. G

GCAACTTTGGTCTCCGATAATGTTATTTTAACTGCTGCTCATTGTGTCTACGAATCTTCGGCTATAGGTTCTGTTCGTGATCCATCAAAA
A T L V S D N V I L T A A cC VY E S S A I G S V R D P s K

VI V. R L G E H D I E N D S E D D A V. K D F S V. Q T I K I H

* *
GACGCATTTGATCCCAAGACTTATAGAAATGATATCGCTCTAATTGTATTAAGCGAAAAGGTCACTTTTAATGAAAGAATGGCACCAATA
D A F D P K T Y R N BI I AL I VL S E KV T FNTZETRMMATUP I

TGTTTACCTTATGATTCTCAACTTTTTCGATTTGGAAATATAACCGTACGAAGTGCTACAATTACAGGGTGGGGTCGAACCTCGTTCAAC

¢ L P Y D S QL F R F G N I TV R S A T I T G W G R T S
* *

GGTCCATCAAGTCAAGTATTACTTCAAGCGAGTTTTGAAATTGTCCCCCAAGAATTTTGTAAAGATGCTTTCAAARAATGGGTTCCAATT
G P S S QV L L QA S F E I V P QE F C K D A F K K W V P I

TCAATGAGAAAATGGTATTTGATGGGAATAGT TTCATTTGGACGGAGATGTGCAACTCCTGGTTTTCCCGGTGTTTATACTCGGGTTCCT
S M R KW Y L M ¢ I VvV s F G R R C A T P G F P G V Y T R V P

* * *
GAATTTCTCGATTGGATTGAGAAGAACCTTGAATAGtgaagaggaaatcgatccttatttcatgattaaatttaaatggaacaagtaaat
E F L D WIEI KNTULE *

taattaccaatccaaaacaactttcatcgaaaaaaaaaaaaaaaaaaaaaaaaaaa

1 M2/ PPAE EE ) cDNA FIIRESHEERF T

Fig.1 The cDNA and deduced amino acid sequence of PPAE in Panonychus citri

[ R R % RS T ATG FIZ RIS T TAG KL, » KR X W A% H IR P 5 R 4 L 18 T, T R RIR 55 ik, R <F i # 4k =k
R(H,D,S) FIUrHERR , T RN KRG, T B4 RN Z AR E A MAE WL, - SRR BRI 5, » RIRBRIR

The initial codon ATG and termination codon TAG are indicated in bold.

Hefi ki o

# indicates that corresponding nucleotide sequence and

amino acid sequence. The predicated signal peptide is underlined (single line). The conserved catalytic triad (H,D,S) is framed

with rectangle. The clip-domain is underlined ( double line). The serine proteinase domain is undelined ( dotted line) .

the glycosylation site; * indicates the phosphorylation site.

indicates
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HdPPAP1 ——-MKQVHFF-ILWEFFVLNLYS IKAQAG-—————————————————— CRTPNGENARCVP
DmMP1 ---MEPHFFFTVLWMLLMGTSSTYAQEIFG----—-———=———————— YCRTPDENSGTCIN
MsPPAE 000 0———————- MRNHIVFIVFAVYWTCVESQS—————————————————— CTTPQGADSNCIS
BmPPAE === MELIWTFIVAVLAIQTKSVVAQS—————————————————— CRTPNGLNGNCVS
PcPPAE MRIVGLIFLIVNLFLLQLANCLVVKRQIVFPSDEEDSKPEDNLDGQ LC‘KT FQGGRGTCLP
eeeeroo-o--Clipdomain _____________.
HdPPAP1 INNCKILYDSVLTSDP--EVIRFLRASQCGY-NGQPLVCCGS——=-=—————=————————
DmMP1 LRECGYLFELLQSEEVTEQDRRFLOASQCGYRNGQVLICCAN-—=-———————————————
MsPPAE LYECPQLLSAFEQRPLPSPVVNYLRKSQCGFDGY TPRVCCGP-——————=——————————
BmPPAE VYECQALLAILNNQRRTQQODEKFLRDSQCGTKNSVPAVCCPCNAADGQQGNCVNINSCPY
PcPPAE ITSC‘:SILKI{ERN -------- LNILRGSIC'GFDGVTPKLCCIPSSNGFDN'NGNVNGGDPLVP
HdPPAP1 S A S = e e e e e - ————————— YQPPPTSASIR
DmMP1 —=SRMRNQQPQ———————————m e e WGNHPQPTQTTKP
MsPPAE LPQQASRPOPT————— = m e m e e PAPVPTRAPPV
BmPPAE VLQLLKNPNEANLNYV=-==————————— ————— RGSVCQGSEQQSICCVTAPQSTAVTTT
PcPPAE LPSNKPSKES SSINPHGVVPESQVNGNGEGENGSEEGNGS SSHVIVTPRPQPTKSTFETF
HdPPAP1 NRRP--ELLPN--DCGY---—-=—————— QVEADKILNGDDTVPEEFPWTAMIGYKNSSNF
DmMP1 TKRSGTKLLPMAPNCG--=-—=—=——==———— ENFGDRVVGGNETTKREF PWMALIEYTKPGNV
MsPPAE N-PGGVDPTYDEDSSPAPRNQ---CGVDMN-GDRIYGGQITDLDEF PWMALLGYLTRTGS
BmPPAE PRPKRVHACQ SEMTAT PPNPEGKCCGRD IAVGDK IVGGAPASIDSY PWLVVIEYV-RLER
PcPPAE NKPNGNLKKEDIKLRIPDKLPSTECGVNKQAETRIVGGVPAKPGTWPWMAALMEFD-ENGA

Serine proteinase domain

HJPPAP1 EQFACGGSLINNRY IVT CVAGRVLR---VVGALNKVRLGEWNTATDP-DCYG--AVR
DmMP1 KGHHCGGSLINHRYVLT CVS—--AIP---SDWELTGVRLGEWDASTNP-DCTVGKNGR
MsPPAE TTYQCGGVLINQRYVLT. CT IGAVER---EVGKLITVRLGEYDTQN--—-—— SVDCVD
BmPPAE TMLLCGGALISGKYVLTAGHCVKGGIL----DVGTPKTVRLGEYNT TNPGRDCVSVSAGG
PcPPAE KTSQCGATLVSDNVILT CVYESSAIGSVRDPSKVIVRLGEHDIENDS —-————-——-—
HdPPAP1 VCVPDKPIDLGIEET IQHPDYVDGSKDRYHBIAL IRLNRQVEFTNY IRPVCLP---QPNE
DmMP1 RDCNEPYVDYPVEERIPHPQYPGNSRDQLNBIALLRLRDEVQY SDF ILPVCLPTLASQHN
MsPPAE DVCADPPONIPIEAAYPHSGY SDNNKNRKDBIALVRLTRRAQYTYYVKPICLA---HNNE
EBmPPAE TDCTDPLVKIGIEKT IPHPDYQPYHFL IGLIRLQSIAPFTDFIRPICLP---STDY
PcPPAE —-EDDAVKDF SVQT IKIHDAFDP--KTY IALIVLSEKVTFNERMAPICLP-YDSQLF
HdPPAP1 EVQVGQR--LTVVGWGRTETGQ-——--~ Y ST IKQKLAVPVVHAEQCAKTFGAAG—---VRV
DmMP1 NIFLGRK--VVVAGWGRTETNF -——--- TSNIKLKAELDTVPTSECNQRYATQR----RTV
MsPPAE RLATGN--DVFVAGWGKTLSGK~-—--- SSPIKLKLGMPIFDKSDCASKYRNLG----AEL
BmPPAE TVNPPSKFALTVAGWGRYLQFDNGTVRS SKIKLHVTLPFVQRDVCEANQKPLRNGQRITL
PcPPAE REGNITVRSATITGWGRT SENG----PSSQVLLQASFEIVPQEFCKDAFKKWVP—-——-— I
HJPPAP1 RSSQLCAGGE-KAKDSCGGDSGGPLLAER---ANQQFFLEGLVSFGAT-CGTEGWPGIYT
DmMP1 TTKOQMCAGGV-EGVDSCRGDSGGPLLLEDY SNGNSNYY IAGVVSYGPTPCGLKGWPGVYT
MsPPAE TDKQ ICAGGV-FAKDT CRGDSGGPLMORR---PEGIWEVVGIVSFG-NRCGLDGWPGVY S
BmPPAE WKGOMCAGGE-AGKDSCKGDSGGPLMYEH---SK-KYEAVGIVSFGPEKCGQIDIPGVYT
PcPPAE SNVYLCASNVGATRDSCQGDSGGPLVMFDN--SMRKWYLMGIVSFG-RRCATPGFPGVYT
HJPPAP1 KVGKYRDWIEGNIRP--- 365

DmMP1 RVEAYLNWIENNVRA--- 390

MsPPAE SVAGYSDWILSTLRSTNV 383

BmPPAE NVYEYLPWIQNTIEP--- 441

PcPPAE RVPEFLDWIEKNLE---- 458

2 PcPPAE S5 Hftt S EBRF T S ELL Y
Fig.2 Multiple sequence alignment between PcPPAE and the predicted amino acid sequences of other species
e o8 A I8 T i R i 4k 3% 32 the disulfide linkages are shown in black lines. fIf ] /i %1 GenBank % 55 GenBank
accession number: 75 It K 2B @ 4> 4, Holotrichia diomphalia pro-phenoloxidase activating enzyme 1 precursor ( HIPPAF1 .
AB013088) , J i H i Drosophila melanogaster melanization protease 1 ( DmMP1. NM_141193) , #H %L K ik Manduca sexta
prophenoloxidase activating enzyme precursor ( MsPPAE. AF059728) , % %% Bombyx mori prophenoloxidase activating enzyme
(BmPPAE: NM_001043367) , # 4% 4= NI Panonychus citri prophenoloxidase activating enzyme ( PcPPAE: KC136292).
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PPAE Z B2 )5 51 , i 1] DNAMAN 4 {4 it 17 2
J 50 L, I 0 E S A 25 4 DSk A7 0 A, K B
S AFAE &R (His, H) , RZ&E MR (Asp,D) Fl
225 1R (Ser, S) 4 1A i Ak = BEAK ( catalytic triad )
PRy BT AL s (1B 2), il i ff ] NCBI
Conserved Domain Search £ 2 #4470 7 & B, iZ )%
B 48 ~93 i K J 45K B, 206 ~ 458 {3 hy 22 %,
WR A 1 i 45 A0 38k U PePPAE JEIN & T 22 & B 4R

F i ( clip-domain serine proteinase, clip-SP) 5 Ji%
(#12), DNAMAN Z & X 45 /R W], H 5 — 5
I 56 1Y) 22 28 R AR 1 il (5% R e 5 R ) T 4[]
i, 38 68, 10% |, [A] #F X & BEH 5 75 07 5 5k
Metaseiulus occidentalis 1% P %) — B4 33.68%
I MEGA 5. 04 S8 HE M R LB W, LI
H5 =g clip-SP 58 8 1 W) I8 1 fe v (1A
3).

100 [ APanonychus citri

36
89

L Tetranychus urticae

Metaseiulus occidentalis

Tachypleus tridentatus

91

Penaeus monodon
Aedes aegypti

Manduca sexta

Holotrichia diomphalia

100

49

Drosophila melanogaster

05 04 03 02

0

B3 MHBE/Ni PPAEHRERE N
Fig.3 Phylogenetic analysis of PPAEs from Panonychus citri and other species
Bt H F%1] GeneBank & 5% 5 GeneBank accession number: #f 1% 4> NW Panonychus citri( KC136292) , p4E % Tachypleus
tridentatus ( AAA30094) , BE 5 X HF Penaeus monodon ( ACP19558) 32 K AJt U Aedes aegypti( XP_001662898 ) , KA H K iifk
Manduca sexta( AF059728) , 4 4t K B4l 4> fa, Holotrichia diomphalia( AB013088) , B i JL i Drosophila melanogaster(NM
_141193) , 74 )7 H 5E W Metaseiulus occidentalis( XP_003740553) ; BIOINFORMATICS & SYSTEMS BIOLOGY & 5% 5. —
BE M-I Tetranychus urticae (tetur09g00280) .

2.4 PcPPAE EQEAKRENL M RTINS

fi Fi| ProParam 7EZE 43 H7 4R 1F 51 PcPPAE 1Y
FEARPRA M o, K B A AL 4 458 AR AR, oy
T 49.9 ku, BB AER A (pl fH) 24 S. 68, Tl
BF R K Coy Hyser Ny Ogrg Srp o AN A E BN
4151, BEW oy A fa e 8 1, SRR RECN
-0.268, F3E/KIEHEH ., F A SignalP 4.0 Server,
RIBUES AL T 1 ~21 fii, R DictyOGlye 7E4
BAE AT, %I A T 115 {7 1) 22 2 /R (Ser, S)
LT 159 {7 B 95 2 B2 (Thr, T) 2 AN FEAL AL AT,
X% H] NetPhos 2. 0 Server 7EZ8 340 , A 24 5
MRALAL R, Ry 18 D22 IR (S) ,5 DI EMR(T) K 1
ANEEE R (Tyr,Y) (1), fi H TMHMM Server v.
2.0 B AT H 025 T IX 03 A, 000G 2 1A B I
X

3 i

iy 2 P i DTG AR 0 Y M S W R A B A

w3 AR W W BB 4 5 I W ( Sritunyalucksana and
Soderhall, 2000; Cerenius and Soderhall, 2004 ;
Kanost and Gorman, 2008 ; Labbe and Little, 2009 ;
Rao et al. ,2010) , PPAE i F 5 RIEKE, & H
FEX} PO j= A 520 (Zou et al. ,2005) , 225 R4 H
it 2 2 A 1 K ik Bl b e K R 2 — , 58 0 24 &
2 £ 11 T A 1 % Ak B L 05 0 VR b e 3 OC B A
Mo PPAE J& T H & Je 45 1 B ) 22 2 2 45 1 i K
JG A N s A B Y ke gty 7E C i B
& B RE 25 M 38 (trypsin-like domain ) ( Piao
et al. ,2005) . 722 % FR & H B 450 AL 5 A h
AR KA TR M 22 2 TR 4 10 A4 b = TR A3
WAL B, BT AE Tk 1 B B8 ML b R AR
(Amparyup et al. ,2010) , HWFRENH, - A%
S S5 A8 B8 1Y) 22 A R A 1 TR o O A 1 SR A T T
fifg 2% Bk 2 b Bt 6 201 B4 ( Jiang and Kanost, 2000
Barillas-Mury ,2007 ; Jang et al. ,2008) ., H fij — &&
LB Y PPAE KL R E 245 B0 5T, ) a5 45 Xf
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IR B R R b R R B 4 e 5K & 55 (Satoh
et al. ;1999 ; Kim et al. ,2002; Gupta et al. ,2005;
Charoensapsri et al. ,2009) . 2R, % ® ik H i 48
AT I 2R 48 R BIF 90 9 R DL 4

B IBHF Macrobrachium rosenbergii 1) PPAE
A & 22 D B 0915 5 IR, AR 78 & e 4 ity
WA M 22 F TR A5 H i 45 49 38 ( Arockiaraj et al.
2012) , 7F B g 38 #) BE 5 X KR Penaeus monodon )
PPAE2 JEN v A0 55 A 3 % £ 51 19— i 6 i
T B W K& e 45 44 388, ( Charoensapsri et al. ,2011)
TEAE ST vh A5 21 1 R A 4 JTC 6 193 40 4 T Jirt 8T Tl
BE DRt A A A, B p R A 21 A R A
BRI, H 46 A 0Kk 1R 4 A0 & e 45 4 B8,
H1 252 A 0k R 21 Y 22 38 IR 4 11 T 45 40 380, LA
KR Je sE R i 3 6 s (&1 3) .

A G 5% s 2 800, R RACE HR B
U LAR A 42 TCE S A4 8L, o B 3R 15 — 2% T L g
JEOOE 6 cDNA 2 K P 1  F7 80 0 B S AR <1 4
P b X 3R B LR T 22 &R B 1 R, N R B8
REW a5 1w LLE , PePPAE 55 [6] J& T i ik
P B 5 22 2R A 1 (& AR S5 R ) R TR Y
RGO F I AT, HE I 3X AN B AT BE B A AR AR Y
g, YT PPAE 2 PO i i #2 v i OC 5 g, A
WF5E 345 (9 M 22 Tl PPAE SR 51475 8., 7T 4
Je ST A A 4 JTC 895 G 22 HIL 1 B L Al o X it
56 R M 4 Al il A SC A 0 S B AR 1 4 S AEHT o
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