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Abstract: The protein components of Haemaphysalis flava eggs were investigated, and the key
nutrients were analyzed in the development of embryo, in order to lay a foundation for screening
antigen molecules that can interfere with embryonic development. Firstly, the egg protein com-
ponents of fresh Haemaphysalis flava were analyzed by LC-MS/MS, and based on the salivary
gland transcriptome translation library, the midgut transcriptome translation library and the Uni-
prot database, each protein components were identified. A total of 221 unique peptides were de-
tected from the yolk protein extract of Haemaphysalis flava , and 53 kinds of proteins were iden-
tified, among which 12 were highly confident proteins. The functional proteins that can be identi-
fied were actin and vitellogenin 2 (Vg-2). Vg-2 is completely same with the primary structure of
vitellins (Vn). The protoplasts of the eggs contain less protein, and there is only one type of vi-
tellogenin (Vg-2).
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Fig. 1 Proteins extracted from the eggs of Haemaphysalis
flava (1, 2 and 3 were the paired samples)
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Fig. 2 Mass spectrogram of total proteins
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Fig. 3 Three library identification peptide distribution map

TEA AT 5T A6 H 1 45 S 2k R B, 107 S kB 5
cds. Contigh575 DLt , 25445 3 F Contigb575 3y % H
H mRNA 4 (GenBank ID: MHS891495) , & % 5
R IR 7 3 5 1A 3k 78 W CAmblyomma hebrae-
wm ) W BP # 8 [ 11 (vitellogenin 2, Vg-2) = & #H
RLCT0. 720 s HOIA Ay B J2 48 ¥ 1fi W 1 B 2 2K 1 )
107 A 45 S 1 ik Be VT BE T i i e ok 20 8 3 S0 R
(GS69721) 1 cds. Contigb575 YA R FR A7 (K 4)
RIAEWRE b g5 B IZ R 1 EOR 2 Vg 5646 Vn 1
B ek R0 T R B R BRI A AR TR

TEZ T AAITFE rr o DA B 1 9050 8 v 4Gt = o B
wWEAE, E115 K /A I8 Vitellogenin 1. Vitello-
genin 2. Vitellogenin 3 #H {8l & /& ¥k N 86.72%.
87. 870 .84. 3061, kT B 1L W M Vi HR e ik 2 SC
JEESH AR Y Unigene 5 B 4 1) = Fh 2 11 4 A% 5 A
I, GenBank: MH178299, MH178300, MH178301, 4~
AT R 7S 4 B I B T b AR = b B A ) R
MR LT RGHREFRY . AR,
WS B B 2 1 DA K TR L — el R O A
Fb g G 2 B HLEG AR R DR B AR L i A T
SR il RS R T BB SRR TR TR
ARG G, 2 5828 0 G is™ . 454 %
RIF 5 & L o 3 = 0 O o A ) D 7 M TR v
kLM b AR K B E NN iR =R E A
JE AR T B TE 5% 2 B R BT, Z T AT 4 85 R e 1Y

WLy BT B 1 D 0 A W T S — 2D B R

E A {E#E H cds. Contig27530 5 Rhipicepha-
Lus pulchellus B Putative secreted peptide #f {2l &
R 75. 9% AR REAS A I

5 Uniprot % %, 48 2R L I X 45 R BoR .
cds. Contig23972. cds. Contig228, cds. Contig28 JG
& 6 I8 & A, cds. Contigll1351, cds. Contig8352,
cds. Contig58213 % # 1+ B & uncharacterized pro-
tein, JH P 288 5 11 45 40 5 AR A 0 T P i IS 1k A

I HPEVKEWTR. SECRKTQGSSQLTVG-
FTCLNR,VRELGTVGVLPSTYPVTLEEK, TIG-
PACTADCQR % #5 5 P K B4 A 7, 4 3 1f
b S A 5E A M5 ASZ1D7 Ffl GIMMRS [A] 5 1)
PIRRER F1 B AT I ol Y R i 3R 3K R R
BERG IV S G Bt e TR 14 R AT A

FIH] LC-MS/MS # AR #1785 F 51 21 4 0 5%
ST Y B R S AT R A B A e R AR )
FHOG AEL R T AT S3LBR P 2 1 AE ST A R L LUAGE H
A BERHE R Uniprot # SRR 18U AU D) %08
LRI o S P A LA B g S RO P 35 ] R O
O R GE R B ZR G0 26 35 f A8 17 e T a0 O R
SRR SCE A i e SR AR SO R KR T
10 i 7T A5 & 1, (H VAR B8 Fh 2R . REAS B
T 1 9 b 2 BE 2 1 P, Actin T] BE 7E IR G UL A 2H 41
T 3 Hb 35 A 5 OB P9 B4 B9 B 2R 1 R S AR LR



633

B 100 O 2 5 5 2 0 A

A

P
ZS

!

A3ojowoy 2y} I19y31Y 9y} pue 21008 9yl IoY3IYy oY1 ‘onjea i oY1 Iafews ay ], “(z=sopndad anbrun ) sepnded urioid juaprjuod ysiy sarjrjdwoxa A[uod[qel ayJ,
SR T B SRR R R A LR [ S G 23R Y A st ) X ok 2

€87 691 10T X9 SNOLIDLL2 S0L0pOYTIUA() ¢ U0 PazIIdIoRIRYIUN ¢ JINXTE6ZV OV €81 19 12L69ASD Ul £1z8531U0) 01
9°1¥ 88T 4 0IXZ ' snpdoaonu snppydond iyl < T S-TASW  SLAMTEOV OV 001 0SS 12.69dSD ul §z3nuon 6
0°00T 2961 0°0 SISUPIRIQUIDZ SNIDYJ201d 1] 4 UDY  0dSATZZV OV 902 869 LYZL9dSD W L1z3nuo) 8
€2¥ 26¢ . 0IXE'V 2LT 766 122694SD Ut y8z1311u0)
Z°L¥ 649 s OTXTI°8 snydoonu snpoyd 21 1y 082 692 1 12L69dSD Ul 867131100
A 960 T 41 01X2Z°€ ‘T u101d SUIUIRIUOd-UIRWOP Z3Uuny ‘OM LMTVEOV OV G6S 98. T [2L69ASD Ul £8z181u0) L
615 162 g 0T X L wngpnovw VoL )quiyy ¢ uP101d pazIIdRIRYIU) ‘FMSINED 901 567 LV2.9dSD ut zgggsnuoy 9
wnvjoaany vuwol jquiyy
gee vel g 0TX¢€ copndad Jeaajorquue oxij-uisnjdorotwaaneIng IHMMIATVOV 501 LTS LVZL9dSD W 8zz3nuo) S
€19 00€ 2 01 X72 asuauua vy vuuof1quiyy <ugjold paid1das saneing 9 1dACZ0V 0V 9.1 L0L LVZL9ASD Ul 226£g31u0) i
AT 2LE S 0°0 snyvmorpusd dv snyvyd2od 1y cworord paziajorieydu() ‘ZCMATEIVOV 8¥T € TeT € L¥ZL9ASH W 1GETT3NU0) €
L°0L 080 £ 0°0 wWnovAqay PUOL]quLy, ¢ 7 UIUDIO[PUA “6[[N6A AT 860 9 122694SD Ul 6.693nuo0) 4
6°GL 62 06 OT X T snpjoyopnd snpvydaord gy opndad paipidss daneindg ‘SNGIN LT 202 12 LVZL9ASD Ul 0€6,g81u0) I
Auapy 21008 anfea-;J UoelouUE UldlolJ [)3Ua[SuRl0L] IJUS] 9P1Od[dNN ‘0N 8nuo))
%/ oE E1c Wk EWS Al HE ee JEIHE dq /HE i & WG I 5 MM
=

u3oxd uoneiouuy || 5 sk L

ouaBtu() [yl 7 Hh 5 44

sj[nsa.a uonjejouure uyoad Juapryuod A[YsSig 7 dqeL

EHEHHEESE ¥



50 #

634

s33d pavny[ s1g
-ps{ydvwoavpy ui sapndad anbiun g-3A Jo uonnqLISIp AY) pue §/59313U0) *SPd puk (6LINGA dI 104diuf)) 7-8A wnav.qay puwwof]quiy uMdQ uostLiedwod A3ojowoy Y, + 81
Bl B YUFE & T-SA oh lff s T 22 8 37 B 1 T Y BY SLS981U0D) *spd 5 (6[INGA I 1oadiun ) z-SA Sk H % + E

SNSUAsuO))

bas ¢/ ¢93nu0)) "spd

bas 7 utua3oa)i A -naeIqay 'y
SNSUAsU0))

bas ¢/ ¢93nu0)) "spd

bas 'z uIua3o[iA-wndeIqay Yy
SNSUAsU0))

bas ¢/ ¢93nu0)) "spd

bas 'z uiua3o[iA-wndeIqay Yy
NINIENI)

bas ¢/ ¢93nu0)) "spd

basz uruadoaA-unaeIqay vy
A mdy drasieb x = X x SNSuasuo)

3l a8 ....mazr ST G80x G2 78 BamaE bas ¢/ ¢93nu0)) "spd
P n dSdTITI NS POV Il TFITHM; TISIH  bos'g uludSoaNA-WnaeIqay v

x

NRITIATIAAD

SyuupboTh T H Axd
nnunwurﬂy T

A A assbuler

A3233 u:.:m u>xau Arxyaau T nu.»uuuﬂu.ﬁ. ATAPLIYUS

mnumwﬁw \G:QO\A SNSuasuo))
6¢ 1 w—ﬁ.wwﬂmmmmu FITAALINHTEATEYEdATATHIAHESH LY IEHK! bas* mhmow::oo Spo
S6E 1 TR - - - 7" o e T 2 —uomm::_owo__oﬁ\/E:om‘_n_os<

A a3Aaspay .i:u T 2 p3s DBAagub ae de dbres ay> O eAazauzau T d ausexdis AANUTAD U T dd Oumxm T =&ada tpadAaygx adA SNSUdSUO)
bas ¢/ ¢93nu0)) "spd

bas z uIua3o[IA-wndeIqay 'y
X B ¥M>Mwuxnuum~.>nﬁ e asab SNSUdSU0)
C bas ¢/ ¢93nu0)) "spd

bas z utua3o[IA-wndeIqay 'y
SNSUASU0))

bas ¢/ ¢93nu0)) "spd

bas z uIua3o[iA-wndeIqay 'y
SNSuUAsuo))

bas g/ ¢93nu0)) "spd

bas z utua3oa)i A -wnaeIqay 'y
SNSuUAsuo))

bas ¢/ ¢93nu0)) ‘spd

bas 7 utua3o)iA-wnaeIqay 'y
SNSUAsUu0))

ANITHEI X!

211624 THAD
wﬂm_ @H.wuum u,,.mﬁ

AzA

v_u Nnnuuw

aAT¥2gdaa aessaeaafaadbaresaeT

ayua szybr Hunnnuuuux d TaxdudbAxz XJIpXT TsaaxdAzaate

0L AYTAIE uwwn.ﬁu.q,ux huuuuuu,uumﬂﬁuu.;w it bas ¢/ ¢93nu0)) "spd
91L bas z urua3o[a A -naeIqay Y
s sp sessa q 20qYEA ©TETOE £F TI 9A YOCAST TIAPTA  dYATEabT ATAq ® SNSUISUO))

009 Wﬁuﬂw@ bas ¢/ ¢93nuo0)) "spd
96$ anal - bas 'z uiua3oaiA-wndeIqay "y
ve pabersT PTIT AISTASX3sa 4 oTdaaa TT ATPS 3ATPUAAITTDATIPEAPPXASIPP ® TSeTISATAI ea ©3 Ip db TsTUsTSTed NINIENI V)

081 Wuu.mwumqubq RiNITRI bas ¢/ ¢931u0)) spd
081 T bas 7 uua3oaiA-wnaeIqay 'y
SNSUASU0))

09¢ vm.mm,ghuw:ﬂuﬁ A\ AYHA 3 bas ¢/ ¢93nu0)) "spd
09¢ AS1TA100408 bas z uruaSo[a A -unaeIqay Yy
do bdo >Umumn£u>mu mﬂuxnm:y_u&uHCH> nbnmﬂ>£huuwunm Aunuu>xh>>>wuw >nu>xnwn> udnumundbnmﬂ‘mumﬂnbbuwu ﬂ Bl n>>y: 34 Ja m:m:DmCOU

0ve  AAOYE ) 2 A A OB A FSISTASTIDEA INAA A bas: wwmcm::OU 'Spo
74 ATVH ) 12 S 3 q ag 2 C 2 FSISTASTID x.w...:::,m w L REW  bos N —:CDDO__OM_\/ wWNaRIqY "y
dasteas af Aadeb szarxd ud SNSUISUOT)

0zl bos g/ 93NnU0)) "SPd
0C1 bas 7 uruaSoja A -wndeIqay 'y




3 3] 73

AR T M0 09 O 2R A e A 635

Vg-2.Veg-2 IR KT 248 T8 R ke . ik me bR
T BB AT B B L G B O AR B AR A
AT BET A NG T B T A it — 2
WIT. 9 T TR B I 4 O b i B 2 5 1 R g
AR RO i L 2B A IE TR A 9 B M 0 A B AR e e
LSO . A B8R G A8 B il W R B AR R R
TEAE RN e 1 i A op 9 A8 A1 B 2E AT 38 B LU R
WY B B 2 1 it A0 3 i e AR VR i e 7 R v A I
WP 0 » AT S AR B AR I e 2%

4 &

NS B 1L B P IO A R S R B
221 4%, it e A 53 Al Hoh i alfE R 12
RERS B M D) RE 28 A WL 3l 2 L B0 3 4 11 D 1
(Vg-2); Vg2 5 EN (V) — L5 R ; Ve-2
J2 WEL B PN A7 T 1 ME — — ol B 8 R

2 % 3L #k (References) :

[1] CHOICY, KANG C W, KIM E M, et al. Ticks
collected from migratory birds, including a new re-
cord of Haemaphysalis formosensis, on Jeju Island,
Koreal]]. Exp Appl Acarol, 2014, 62(4) :557-566.

[27] CHENG W Y.ZHAO G H. JIA Y Q. et al. Charac-

terization of Haema physalis flava (Acari:Ixodidae)

from Qingling subspecies of giant panda (Ailuropoda

melanoleuca qinlingensis ) in  Qinling Mountains
(Central China) by morphology and molecular mark-
ers[J]. PLoS One, 2013, 8(7):e69793.

[3] YUNSM, LEEY J, CHOI W Y, et al. Molecular

detection of severe fever with thrombocytopenia syn-

drome and tick-borne encephalitis viruses in ixodid
ticks collected from vegetation Republic of Korea,

2014 [ J]. Ticks Tick-Borne Dis, 2016, 7 (5):

970-978.

[4] LUX, LIN XD, WANG J B, et al. Molecular sur-

vey of hard ticks in endemic areas of tick-borne disea-

ses in China[J]. Ticks Tick-Borne Dis, 2013, 4(4)

288-296.

[5] NOHY, LEEYS, KIM H C, et al. Molecular de-

tection of Rickettsia species in ticks collected from the

southwestern provinces of the Republic of Koreal J].

Parasit Vectors, 2017, 10:20.

XG5 R, A M, 5. K A i BR cDNA &

RSO AR L] op AR B2, 2008, 41(7):

2204-2208.

L6]

L7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

LIU G Y. TIAN Z C, CAI X P, et al. Construction
of ¢cDNA expression library from eggs of Haema physalis
longicornis| ]J]. Scientia Agricultura Sinica, 2008,
41(7):2204-2208. (in Chinese)

DI VENERE M, FUMAGALLI M, CAFISO A, et
al. Ixodes ricinus and its endosymbiont Midichloria
mitochondrii ;a comparative proteomic analysis of sal-
ivary glands and ovaries[J]. PLoS One, 2015, 10(9);
e0138842.

KHALIL SM S, DONOHUE K V, THOMPSON D
M. et al. Full-length sequence, regulation and devel-
opmental studies of a second vitellogenin gene from
the American dog tick, Dermacentor variabilis[J]. |
Insect Physiol , 2011, 57(3):400-408.

SMITH A D. KAUFMAN W R. Molecular charac-
terization of two vitellogenin genes from the tick, Am-
blyomma hebraeum ( Acari: Ixodidae) [J1. Ticks
Tick-Borne Dis, 2014, 5(6) :821-833.

AVARRE J C, LUBZENS E, BABIN P J. Apolipo-
crustacein, formerly vitellogenin, is the major egg
yolk precursor protein in decapod crustaceans and is
homologous to insect apolipophorin 1I/1 and vertebrate
apolipoprotein B[J]. BMC Ewol Biol , 2007, 7:3.
UTARABHAND P, BUNLIPATANON P. Plasma
vitellogenin of grouper (Epinephelus malabaricus) :
isolation and properties [ J]. Comp Biochem Physiol
Part C. Pharmacol Toxicol Endocrinol, 1996, 115(2) .
101-110.

SEIXAS A. LEAL A T, NASCIMENTO-SILVA M
C L, et al. Vaccine potential of a tick vitellin-degrad-
ing enzyme (VTDCE) [J]. Vet Immunol Immuno-
pathol , 2008, 124(3-4) :332-340.

DIAZ-MARTIN V., MANZANO-ROMAN R, OBO-
LO-MVOULOUGA P, et al. Development of vac-
cines against Ornithodoros soft ticks:an update[ ] ].
Ticks Tick-Borne Dis, 2015, 6(3):211-220.

LIU L, LIU Y S, LIU G H, et al. Proteomics analy-
sis of faecal proteins in the tick Haemaphysalis flava
[J]. Parasit Vectors, 2018, 11.89.

HORIGANE M, OGIHARA K, NAKAJIMA Y, et
al. Identification and expression analysis of an actin
gene from the soft tick, Ornithodoros moubata
(Acari: Argasidae) [J]. Arch Insect Biochem Physi-
ol, 2007, 64(4):186-199.

VAN TROYS M. VANDEKERCKHOVE ], AMPE
C. Structural modules in actin-binding proteins: to-

wards a new classification[J]. Biochim Biophys Ac-



636

Y
=3
I

P
g3

i 50 %

[17]

[18]

[19]

[20]

[21]

ta-Biomembr, 1999, 1448(3) :323-348.

DA SILVA VAZ 1 ]Jr, IMAMURA S, NAKAJIMA C,
et al. Molecular cloning and sequence analysis of cDNAs
encoding for Boophilus

microplus, Haemaphysalis

longicornis and Rhipicephalus appendiculatus actins
[J]. Vet Parasitol, 2005, 127(2):147-155.
RAIKHEL A S, DHADIALLA T S. Accumulation
of yolk proteins in insect oocytes[ J]. Ann Rev Ento-
mol , 1992, 37.:217-251.

SAPPINGTON T W, RAIKHEL A S. Molecular
characteristics of insect vitellogenins and vitellogenin
receptors[ J]. Insect Biochem Mol Biol, 1998, 28(5-
6):277-300.

TUFAIL M, TAKEDA M. Molecular characteristics of
insect vitellogenins[J]. J Insect Physiol , 2008, 54(12) .
1447-1458.

BOLDBAATAR D, UMEMIYA-SHIRAFUJI R, LI-
AO M, Multiple from the

et al. vitellogenins

[22]

(23]

[24]

Haema physalis longicornis tick are crucial for ovari-
an development[]J]. J Insect Physiol, 2010, 56(11):
1587-1598.

XU X L. CHENG T Y, YANG H, et al. De novo
sequencing, assembly and analysis of salivary gland
transcriptome of Haemaphysalis flava and identifi-
cation of sialoprotein genes[ J]. Infect, Genet Evol,
2015, 32:135-142.

CHINZEI Y, YANO 1. Fat body is the site of vitello-
genin synthesis in the soft tick, Ornithodoros mouba-
talJ]. J Comp Physiol B, 1985, 155(6):671-678.
XU X L, CHENG T Y, YANG H, et al. De novo
assembly and analysis of midgut transcriptome of
Haemaphysalis flava and identification of genes in-
volved in blood digestion, feeding and defending from
pathogens[J]. Infect, Genet Evol, 2016, 38:62-72.

(€ LSNP )



