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WE LQWEAEEEENEGREQREEENRERNEOR, BEF SR EDWF LRI

TEE AR R ) PR A E BAEA . A7 R = (Enterocytozoon hepatopenaei, EHP)Z —
MARPLSHEFIENERERANTFER, BAEXDHARMTRBALEFRTENHTEZ —
KA EAZ A A0 b @ T % £ EuSecPred2.0 Xt EHP 4 3t B 41 th 2 3b & & $E4TFOM, FE ¢
AWEAKE. BERKE. MEALELAXRIHFELITHON, X2 EEIGEHTHN,
HRET, RUWEARERKE TEE P A 30~400 aa 2 |8; EEHRKETEEFTAE 932 aa = J8; &
BRI A DL K B AR ER £ X T IRIRATEF AT, K I 27 NV[VT][IK]CA[ED][SA].
PR E G RIEATHAERE, AT S EHA TR EMZ L ¥ a0 8 80 % K& A4 K By
K#EHR A, FRERFH T T M EHP X £ E LAH], Bl B4 38— 5 5 EHP 89 BUR AKX B F

BB
KA

hESEE QI8 XEAFRIRAG A

IR B 7 it Bt (Enterocytozoon hepatopenaei, EHP)
T — R A PN A AR B B T, AR A T
W, K/ N (1.4+0.3)x(0.8+0.1) um, J5 i A
A2, NS LA, s~6 B, 115
e 22 M (R RE #0012 T EUR I T BE (TR 3
%,2018). EHP F 2009 4F 1 K M BE 15 % #F (Penaeus
monodon) H %& P13 4 (Tourtip et al, 2009), &L
EHP MY XTERAEAE IEH #E R, HA KM 250,
IR A EIE T Waah Rt R 1 T WAk s il 7R
RN EE, 2016, RIEESE, 2019), ] W5 AG
J7¥ EHP 28 A X MR 55258 7l 20 55 il e () Bk 22 ]
M, W EHP A RPLELE DI EHP L 1K i& 1R
FET X B 25 B 5 Rl . EHP A9 — 864 ) & ik 12 A

W ARy EEA; pukEa; 5K £F
XEHS  2095-9869(2020)06-0165-09

=R PR AE A % 55 DAL e 2 3% B HG X6 1 32 A AR 5 A A4
4 (Katinka et al, 2001), 75 % M1 3 W UCE 37 58 il Ak
W AT, Wik, FEdE i s+ Rkl —
Tt L 52 2% b A 0 SRR UL LR AR BT 1 £ R 40
1y B

b3 1 (Secreted  protein) & 7E 2 il N & hLS 43
WA SMERAE R AT, AR, 2N
S EAR R AR Y S 1 3 2 (A EAE B A
(McKerrow et al, 1993; Gupta et al, 2012)., 7£ HAtb i3 2
FTHRPCHHREN, W EAEREAREE
TR g A (O (ZE A, 2013; Wang et al,
2015), [k, AFAIHT EHP /953008 0 T 7R
A AL F AR fos bR A B2 . B,
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X EHP ESF A P B RAALE] T g B, JE AR
T A B E AR K Lo AT ik X 2 I £
PE o FERn L, R AE YR B ik e e B N VS N
W EHP RYSr AR, [, XS i R 2
REHEATEERE, JFXFH P IR AE MR PP #4770 4, B9
SR e EHP EUW AR S 1 R ST HAR S LA
RfE%,

1 #MEE5TE
L1 ERASERENEEIRE

U JHF f B He i PR A 85008 >R U T GenBank %46 2
(http://www.ncbi.nlm.nih.gov), H: NCBI & %5 W
MNPJ00000000.1,

FHENR FE 2 Hr R R s AR - 85 1 0T 4G
F 5 35 4% 4F Tmhmm-2.0c(Krogh et al, 2001), &k
AR TN 5 F MitoProt IT (Claros et al, 1996), 40
WA H T 8 44F Nucpred-1.1(Brameier et al, 2007) .
NLStradamus.1.7(Nguyen Ba et al, 2009)%1 PredictNLS
(https:// rostlab.org/owiki/index.php/PredictNLS), £ H
JEAS 5 BRI 4K 74 SignalP-4.0(Petersen et al, 2011),
FR BT GPI 4 2 A7 a5 TN X /4 Kohgpi-1.5(Fankhauser
et al, 2005), & /57 V. 20 it i o7 T 0 R4 TargetP-1.1
(Emanuelsson et al, 2000)H1 WoLF PSORT(Horton €t al,
2007), FAZAW) o> W E H AT EuSecPred2.0
(https://silkpathdb.swu.edu.cn/eusecpred), 2 IL MR ZH 1,
SRR WebLogo(http://weblogo.threeplusone.com/create.

cgi)(Crooks et al, 2004), & [ ¥ 537 i fe )7
MEME(http://meme-suite.org/tools/meme)(Bailey et al,
2009).

1.2 ZiEBRHN

FFXf EHP RN AME ARG TY], 517
EuSecPred 2.0 7 £k i 2 i 1% 43 W 2K 1 (Druzhinina et al,
2012), B TARFH R, HAEmN 3 2kt
B2 = S TN N R o | B2 B g s U U
M5t 3217 Tmhmm 27 2 FRES I 1, 1217 Nucpred
NLStradamus.pl 1 PredictNLS F2 ¥ 51 2= H: 7 /4 21 it 2%
EA, K5, it SignalP-4.0 i3 b LES
RSB EE H, @i MitoProt 2 7 ad g w2 17 T
LRRRE 1, FIF TargetP Al WoLF PSORT X% EL.
FAF T IR 8 1 B A7 0 20 B e o2 T, R BR e AL
TSN A BT, e, FIH Kohgpi 725 41 B
HA GPI 8 &M sl i I BT, 2455 EHP (19431
EHER.

1.3 SEBWNIIREST

FIH BLASTP 25, ¥4 Fil3R75 1) EHP 43685
7533 5508 22 Nr #11 Swiss-Prot 204 FE UE4T L%,
5 Hb 238 SR v A o B e O [R) R 310 9 T BE AR S ot 1 43
WA YIRS % (B H 5, 2013; FREFESE, 2014),

1.4 SbEBWFIIFES T

M SingalP-4.0 {5 5 KT AL, BB A
R E R RS KRS, IR b A A S Ik
SR EE LA S A 2R AR AL, TR, O = ik By
DINLRAT)R 4% 3 MR, FFAIH] WebLogo X HA
AT EEE, SRR, R MEME #5500 43 0 2
U ER=iINGEEOE- 95 o8

2 HBRE5HW

2.1 TN ERAT AR R S E B

FIH EBuSecPred Ji FEXT ARG 19 2548 ANHF -7 Mg
HE AT FH T, &P EAA BB E A A
2018 >, 1741 NEATEAMEZEMFES,
144 NEAFTEAESIKFES], 126 A8 A HA Lk
e, 119 MEFEA WM E N5, ik
Ja BT 109 N H(E 1),

2.2 HNEFEARE RS E BHIINRESY 3K

PMZRAT 109 >0 H , X BEAT DI RETE A
A 60 AN HE FB (S TN BT 0 2R Y 54.05%)
NICWRRDIRESE BRI H IR, 35 49 Doy HAE
B R e TRIBEES, HPEERAARZ, 4
T HA P 1 T 20 M I A S R GE T RERV S - 2
JUk N- 2 ot 28~ FUH e R il 112 20 R R S K it i 5
I, A E 1 B . SWPT, fREH
YONTERG I . R AL BOW 557 P R B2 10
Jioh, TN 2 Bl FAEE T o-BRER 1 A 5T
HAE HI, SRR EEBUE MR A 7 2, X 2 B
S TR BE M G R RS L VR A Y
SR BTN E 2 FOBEE E (K 1),

2.3 HNATB7 RE R 43 B B O FF B HRE

231 pEaS5EFReKEARLRAR TP
Ji7 B . 109 43 b A P B BEE LR 30~700 aa,
FZEPFTE 30~400 aa, FHKE N 219.34 aa, HH
9 181.00 aa([#l 2); {55 KK B FIFE 9~32 aa, FE
KEEPTE 15~20 aa, FHKE N 18.09 aa, T{EN
18.00 aa (&l 3).



6 TR MR B AT R AL I 4 BT 167
1 FMEOAI MR 50 E AR E R FIIS
Tab.1 Coding genes and sequence information of the predicted EHP secreted proteins
L LR 4 ERKE  GCERE EARKE %%Ei(ﬁ&f
Gene ID Gene name Length of Content Length of Length of signal
gene (bp) of GC (%)  protein (aa) peptide (aa)
EHPO0 2619 Hypothetical protein 192 30 63 20
EHPO00 2497 Ubiquitin carboxyl-terminal hydrolase 7 249 34 82 16
EHP0OO 2643 Hypothetical protein 264 20 87 23
EHP0O_634  Leucine zipper putative tumor suppressor 2 homolog 942 25 313 17
EHPOO 1709 Hypothetical protein 369 21 122 15
EHP0O 1921 Hypothetical protein 246 22 81 17
EHP0O 1834 Hypothetical protein 366 21 121 18
EHPOO_ 1831 Hypothetical protein 849 18 282 21
EHP00_2132  polypeptide N-acetylgalactosaminyltransferase 12 108 22 35 24
EHP0OO 1676 Hypothetical protein 720 24 239 15
EHPOO_1895 ATP-dependent rRNA helicase spb4 573 21 190 11
EHPOO 1099 Serine hydroxymethyltransferase 1398 34 465 25
EHP00_1094  Glucosamine 6-phosphate N-acetyltransferase 543 29 180 17
EHPO00_2309  v-type proton ATPase subunit a, vacuolar isoform 597 29 198 15
EHP00_1540 DNA-directed RNA polymerase subunit alpha 2 1122 24 373 18
EHPOO 732  Hypothetical protein 951 18 316 18
EHP00 2316 Hypothetical protein 363 21 120 17
EHPO0_738  Hypothetical protein 1059 24 352 18
EHP0OO_739  Prosolanapyrone synthase 228 35 75 22
EHPO00_743 C-terminal-binding protein 2 528 24 175 20
EHP00_750  Hypothetical protein 555 34 184 19
EHPO0O_751 ATP-dependent protease ATPase subunit HslU 627 29 208 26
EHP0O 1904 Hypothetical protein 1038 28 345 32
EHP0O_1639 Inter-alpha-trypsin inhibitor heavy chain H1 546 24 181 14
EHP00_1636 Gap junction alpha-5 protein 966 30 321 19
EHPOO_ 1635 Hypothetical protein 402 23 133 1
EHP00 2130 Protein C2 210 40 69 28
EHP00 696  Nuclear pore complex protein Nup153 750 25 249 18
EHPOO_711 Hypothetical protein 867 21 288 16
EHP0OO 1530 Hypothetical protein 1794 22 597 19
EHP0O 879  Zinc finger protein 778 387 20 128 20
EHPO00_878  Protein NETWORKED 4A 444 23 147 16
EHPOO 877  Hypothetical protein 480 21 159 20
EHP0OO 868  Hypothetical protein 1155 18 384 19
EHPOO_1803 Uncharacterized protein YggL 600 38 199 24
EHP0OO 2112  Glycoprotein 174 19 57 20
EHPO0O_508  Hypothetical protein 459 25 152 17
EHP00 506  Hypothetical protein 420 26 139 19
EHPO00 2251 Demethylmenaquinone methyltransferase 765 21 254 21
EHPO0 772  ATP-dependent protease ATPase subunit HslU 561 22 186 19
EHPO00_773 Linear gramicidin synthase subunit C 1236 24 411 18
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LR S 42 i RERRKE  GCEE ERRKE %%’HKKE
Gene ID Gene name Length of Content Length of Length of signal

gene (bp) of GC (%)  protein (aa) peptide (aa)

EHP0OO 1718 Protocadherin Fat 4 843 28 280 12
EHPOO 1408 Probable cell cycle serine/threonine-protein kinase 1776 29 591 18

CDC5 homolog
EHP0OO 168  Hypothetical protein 588 24 195 19
EHPO0 2110 Hypothetical protein 429 23 142 23
EHP0OO 964  Phosphopantetheine adenylyltransferase 423 18 140 17
EHPO0 962  Large tegument protein deneddylase 366 19 121 15
EHP0OO 1331 Hypothetical protein 687 21 228 19
EHPO00 2121 Hypothetical protein 243 26 80 19
EHP0O 2122 Hypothetical protein 171 24 56 9
EHPOO 1752  Translation machinery-associated protein 22 1380 23 459 15
EHP00 944  SWP7 753 34 250 21
EHP0O_2111  Protein FAM178B 189 26 62 16
EHP0O 268  Hypothetical protein 207 28 68 17
EHP0O 266  RNA polymerase II C-terminal domain 684 23 227 23

phosphatase-like 3
EHP0OO 1549 Hypothetical protein 546 23 181 17
EHPO0O_1547 Hypothetical protein 519 23 172 19
EHP0OO 1546 Hypothetical protein 654 20 217 18
EHPOO 1545 Trigger factor 498 22 165 17
EHP0OO 1717 Hypothetical protein 216 16 71 14
EHPOO 1449 Phosphate acyltransferase 450 25 149 23
EHP0OO 613  Uncharacterized Sell-like repeat-containing protein 1755 28 584 15

C1B3.10c
EHP0O 2114 Hypothetical protein 258 29 85 19
EHPO0 2574 Hypothetical protein 1257 21 418 16
EHP0O0_2577 Hypothetical protein 393 20 130 22
EHP0OO 1194 Hypothetical protein 456 16 151 19
EHPOO_1185 Hypothetical protein 438 20 145 22
EHP0OO 1182 Hypothetical protein 1257 21 418 16
EHPO00 2131 UPFO0182 protein SACE_1102 180 21 59 19
EHPOO 1483 Protein Teyrha-meyrha 639 36 212 19
EHPO0 2119 Hypothetical protein 177 21 58 26
EHPO0O0_1595 30S ribosomal protein S17 987 22 328 17
EHPO0 2586 Decapping and exoribonuclease protein 1 471 29 156 22
EHP0O 2123 Hypothetical protein 141 35 46 13
EHPO0 477  Hypothetical protein 840 28 279 22
EHP00 480  Hypothetical protein 1200 26 399 15
EHPO0O 1976 Histone transcription regulator 3 homolog 366 25 121 18
EHPOO 1942 Nebulin-related-anchoring protein 285 22 94 20
EHP0OO 1612 Hypothetical protein 1035 23 344 15
EHPO0_372 Coatomer subunit beta'-2 2286 28 761 23
EHP0O 393  Hypothetical protein 516 25 171 20
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Fig.1 Functional classification of EHP secreted proteins
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B KMEEIERR, Hh 29.30%, MMifs S IkEAELL
BiKPER IR F, (RS 68.93%, IMiEKMEZE
FEMR LR 22.42%
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Fig.4 Amino acid composition of EHP secreted proteins

A: WAL Ala; C: AR Cys; D: KRR Asp;
E: A& Glu; F: HAWER Phe; G: H&EMR Gly; H:
A His; 1. FAM lle; K: AR Lys; L: AR

Leu; M: HRZMR Met; N: KAWL Asn; P: 2R
Pro; Q: A&ABEAL Gln; R: AW Arg; S: ZZAMR Ser;
T: H&8 Thr; V. #&EM Val; W. OER Trp; Y:
ZATR Tyro BRI b5 ZMAE N AT 430 28 1T 5
oA I AR A TE T A 5 S BT 8 S A B H
BAHBUK MR, SROAEKIEEER, aa iRk

QAR , WO mtEER, ey hHaER. TR
Left column above each amino acid is the ratio in all secreted
protein sequences. Right column above each amino acid is the

ratio in all signal peptide sequences. Black column:

Hydrophobic amino acid; Green column: Hydrophilic amino

acid; Red column: Acid amino acid; Blue column: Basic
amino acid. The same as below
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Fig.5 The composition of amino acids flanking the signal
peptide splice site in the secretory proteins of EHP

M, 58NS IREERA RS, 55 B35 DI04
KR BRI FE LB K MR Sy £, H s
47.90%, Hrh, FRAROAMNEARA) T ERFES;
KRR IR SR 34.95%, Hih, ZERS)MEK
AR (N)BIT o LA v o DA A 5 1 2 3 R 4 A
0T, BlFRI-3 M EE R RRARD), 2 MEEN
RINERR(F), BEME5 RIS i1 A1 f E 2
HNERR(A), TR 3 AR 2 52 2Z R (1)
(A 6).
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XF T P M AR A B ok e, BRT, AU
— BB FRLRE 8 1 53 B TR I GE (R IEFREE, 2007),
WA SIS 1 B 43 B O s AR R B AR A R s
R SRy L SR G e o WA R TR RE L AR
W5 J 4R T g e U4 55008 1%, 3247 EuSecPred
2.0 TELR TR FEAE = HL IR 4 2548 4% 8K 1A o v A7 i 18
T, EeZAfAT T 109 SRR, XSS H 4]
B LAB K P 2 LRy 3, 3k 5 AR 5 IROR 85 U0 037 aRi
54 3 DA SRR A —3K

ARG ARAFH 109 KW EH, Hio,
60 NREICIRETERME A, XA & H ] BE 2
S T g J e A T R 1 B A B D B TE R
49 DI ET, AL 5EE T A AR AR
FREH, WnHIEE R H (Spore wall protein, SWP), 45
Kii 2 1 (Cadherin) Fl 22 JIK N- £ Tt 2 5k~ FLBH #4112
(Polypeptide N-acetylgalactosam inyltransferase 12,
GALNTI12), 1B (Spore wall)f& i T H i AN Z 1 45
M, FefRgead fib, RREN i /e S50 ARk, 76
BE TR VR A FRE Y E 20T, X AE 4776 RE AR [ 45 44 F0
PRy M N A Bl B AR, R B S SR gt
b 55 1 3 400 00 S RN A o Jaroenlak S5
(2018) %552 F143# T EHP U5 1 AN EEEE FH(EhSWPT),
TEH N Rk T 3 MHFREEGET, #—iksbgs
B SEP A EITR], EnSWP1 GRS FIIT
REG MG R AR FFE, Yang 55 (2018)FF 53 IE R,
K F YA T B (Nosema  bombycis) 358 43 61 BE 1 11 78
Rl B R0 AR Gl ok A v R DG BRVE T, AS BIF 5T O R 1Y
SWP7 WA ES EHP MARAHG, F5REE 12 1 F
Ca MR 40 MRS B R 1, AT RE 518 32 40 A A8 )
{5 S H A I A4 [, Frixione ZE(1994)WF58 R M,
Ca® LIy 2 fil & AL F & . GALNTI2 245
O-HHEERYEC LA EE, TIKGEE H E2 i O-WEEEA L, =
HARZ S5ARERAHOCHY R 78, O-WiHE 4 A I8 42 4H it = 1A
SRR, I R A 240 A A A AR T Ol AT,
2006). KL, e EHP {2 44id # b3 #Y GALNTI
AIRES 5 31 S 40 B A R RORG B

TE 3% 26 53 WA 1 I A — SE i 15 T S Th g
M-I o o-IRER A6 77 F4% H1(Inter-alpha-
trypsin inhibitor heavy chain H1, ITIH1) 7] ¥ 4% 4 }g 41
LR E I C5 B AL 1 (Zhuo et al, 2008), i
A 3O RS . 12 R R LR I K i
(Ubiquitin carboxyl-terminal hydrolase, UCH)"n] 7K fi#
#1722 (Ubiquitin) bR ic i 75 224 2 fift i AL 5T, o]

DIARic s A 1, AR5 8 2 B0 s W AH B, E I
550 1 AY R A BB IR 2 4 o Ciechanover 5(2000)
HREM, Z REAKMERGAE) 12 AR AT
HORTEEEAER . Horh, AR R . R
PEFNSAE SN TG 5 st . KB M5k DNA
B0 4 o X S AT R ) i A Rl 1 B 1 B A R 4R
) e e R A A 425 ) %) o R I L B UCHT HEAR G i
T A5 5 A% 38 e 9 1 3 e T A T (i e] i ) fig
v i AT I

T, BE AR A, s AR
BEARE MR I 12 (Leucine zipper putative tumor
suppressor, LZTS2), HilA ¢ 1Y 5% 2 W2 hr 5 4544 1
(LZ), 25 Wnt/B-cateninfs 5 1 % & 25 B-catenin it) &
K AN A, SNF-«BIA T Z M EAER, N
PR P 40 O3 5E AN 98 1= (Peng et al, 2011; T 5MESE,
2014), FEME RS, LZTS2MA EE M IE/EA,
AT £ Y A 22 5y ZA R RR (5K 5, 2016), EHP
S1 WA H LZTS2 /2 75 Be 41 il 1 3= 40 i 1Y 33 58 F ik 7% DA
T 90 6 A 32 A0 A T LT R v 5 i — 2B AT

TR I TEZ Fh A 4R R G R AR 28,
X BRAff i PN 2 AR R IR LR 2B DG EE B, AR ST
HRTE T 109 AN MAER 1, 32 T Rk — 20 XX 46 43 Uk
B H AT RN 5T % F B AR T B M S AR FLEE
HAHEZEE L,

£ % X M
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Genome-Wide Prediction and Analysis of Secreted Proteins
of Enterocytozoon hepatopenaei

NING Zijian, JIJANG Hongbo, LIU Qi, BAO Jie"
(College of Animal Husbandry and Veterinary Medicine, Shenyang Agricultural University, Shenyang 110866)

Abstract Secreted proteins are synthesized in cells and secreted to function outside the cell. They
play an important role in the manipulation of host cells and the virulence of many eukaryotic protozoan
parasites. Enterocytozoon hepatopenaei (EHP) is an obligate intracellular parasite that can infect a variety
of economically valuable shrimp species, and is one of the most serious diseases affecting global shrimp
production. Here, we predict the secreted proteins of the EHP genome with the EuSecPred2.0 pipeline and
analyzed the length of these secreted proteins, the length of the signal peptide, and the amino acid
distribution at the cleavage site, and annotated the function of secreted proteins. The results show that the
length of the secreted proteins ranged from 30 to 400 amino acid residues, the signal peptides covered
approximately 9~32 amino acids, and the cleavage sites of the signal peptides were mainly composed of
hydrophobic amino acids. Motif analysis revealed a NV[VT][IK]CA[ED][SA] motif in signal peptides.
Functional annotation of proteins revealed that a variety of key proteins are involved in adhesion and
infection of microsporidia, regulation of cell cycle, and immune response. The results shed light on the
infection mechanism of EHP and provide a theoretical basis for further defining the pathogenic factors of
EHP.
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