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Molecular cloning and transcription analysis of lipoprotein receptor in
Helicoverpa armigera (Lepidoptera: Noctuidae)

LIU Xiangya', YANG Ruihong', ZHANG Jing'. PENG Yingchuan', XIAO Haijun®, ZHANG Wanna'"

Abstract The lipophorin receptor (LpR) plays an important role in lipid transport in insects. To investigate the
function of LpR in the ovary development and starvation stress in Helicoverpa armigera , the cDNA sequence of
HalLpR was obtained using RT-PCR and RACE technology (GenBank accession no. KU355886.1). The length of
cDNA was 3 117 bp including an open reading frame (ORF) of 2 643 bp, encoding 880 amino acids. It had the
typical conserved domains of low-density lipoprotein (LDL) receptor family. Multiple sequence alignment
revealed that HaLpR shared a high similarity (up to 80%) with other lepidopteran insects. qRT-PCR analysis
showed that HalLpR was highly expressed in the ovary and fat body of female adult, and it was transcribed during
oogenesis at a peak level in the 3-day-old female. Nevertheless, the expression of HalLpR in the ovary and fat
body was suppressed after starvation. Our findings therefore help understand the roles of HalLpR in lipid
transportation and starvation stress during ovarian development in H. armigera .
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Table 1 Primers used in this study

519 519751 (5'-3" P BE /bp i
Primer Primer sequence Expected size Purpose

Hal pR-F1 TCATCACATCAGACGGCTTG 960 s E] F B

Hal.pR-R1 GTGCGTAGCCATTCTTCTCG

Hal.pR-F2 TGCGGGGATGACAGCGA 502

Hal_pR-R2 GATGCTTGTCACACACCTTC
HalLpR-5RACE CGAACTCCGATGATATGCAGGGTG 356 5" RACE #1%
HalLpR-3RACE ACCGTAATGTTACATCTATGAACTT 622 3" RACE ¥

HalLpR-F ATGTTCCTTTTGGTGGGCT 2 643 Hal pR 5 R T 5] 152 HE 56 1

HalLpR-R CTATACAAAGTCATTTGTACC

qHalpR-F ACTGTCCCGATGGAAGTGAC 192 SERF 968 B PCR

qHalLpR-R CGTTGTTCTTCTCGCATTCA

Bactin-F GCGACATCAAGGAGAAGCTG 231

Bractin-R CGTCGCACTTCATGATGGAG

1.5 8% H HaLpR FIHN MR RFELZERHIHE

FFH ORF finder Chttps: // www. ncbi. nlm. nih.
gov/orffinder/) # $% 5¢ #& 19 FF 7k B 132 AE I A H
ExPASy M translate toolChttps: // web. expasy. org/
translate/ )%} HaLpR £ [H ¥ ORF J¥ 51 #E17 Bi% . %
JH SignalP 4. 1 #A4: Chttp: // www. cbs. dtu. dk/serv-
ices/SignalP-4. 1/) #1 TMHMM-2. 0 Chttps: // serv-
ices. healthtech. dtu. dk/service. php? TMHMM-
2.0) W A5 5 Bk A 85 R X, A AT SMART 4 4
(http: // smart. embl-heidelberg. de/) #4745 4 38 43
Bro HLHE B34S 2 ) & L W2 )y 41, iz ] NCBI 1y
BLASTP T HAHZHAE R LpR P41, RS R
) i) H A B He b [R] P 1) LpR 2Ry 31, A1)
ClustalX il Genedoc ¥ {4 i#F 17 £ & %, i
MEGA 11 3% FH 4B A7 AH 4% % (neighbor joining,
ND#HERGKER L HAT 1000 WELMHE, HIT

LER IR AT B AR R S 1Y B TR R A R TR B
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Table 2 Species and GenBank accession no. for

phylogenetic analysis in this study

GenBank % 5%5
GenBank

accession no.

Pyt H P # R

Species Gene name

# H  Lepidoptera

a4l Helicoverpa armigera Hal pR ANG56609. 1
Bk Spodoptera litura SILpR ADNO04911
HEMT Galleria mellonella GmLpR ABF20542. 1
JHEIE Amyelois transitella AtLpR XP_013194689
FAx  Bombyx mori BmLpR BAF51965

B RRAE  Samia ricini SrLpR ANO58556. 1
MWK 4B Danaus plexippus DpLpR EHJ72227
%GR Papilio xuthus PxLpR KP197525
KA RWE  Papilio polytes PpLpR  XP_013134900
4 X Papilio machaon PmLpR KPJ11684
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453k 2 Table 2(Continued)

GenBank & 3% 5

%ﬁ] R GenBank
Species Gene name .
accession no.
H#MH Orthoptera
KR Locusta migratoria LmLpR CAA03855
i H DBlattaria
TH[E /N Blattella germanica BgLpR CAL47126
Lk AW Rhyparobia maderae  RmLpR BAE00010
M H Hemiptera
#y KEl  Nilaparvata lugens NILpR ADE34167

BiEWF  Acyrthosiphon pisum
i H  Hymenoptera

ApLpR  XP_008186770. 1

YIHM  Acromyrmex echinatior Ael pR EGI61302

HEROR MM Ooceraea biroi ObLpR EZA59257
XX@ E Diptera

MRS Drosophila melanogaster ~ DmLpR NP_733119

BRI Aedes aegypti
YR AL Aedes aegypti

AaLpRfb AAQ16410. 1
AalpRov AAK72954. 1

1.6 FIFALHRKIEEE qRT-PCR H AR 3F HaLpR
HITRIEESH

M8 3R A5 AR 48 L HaL pR 1) cDNA JF51], 15
=X 90 E & 51 ¥ g HaLpR-F/R, LA £ 0
Bractin FEF NS FEH (G- D, 479 AR IR
J& s MM gRT-PCR #5l Hal pR 7EAR4% AR & &
BB [ 4l 21 # ik 5. gRT-PCR R A SYBR
Green 75,25 plL WK &R : 2 X qPCR Master Mix
12.5 plL,ecDNA #i47 2 L. 10 pmol/L F . #5149
# 1 pL.ddH, O 8.5 pl. W AE Bio-rad CFX96 ¢
J6E i PCR AL A $EAT, 2 W R 5 O+ 95°C T4 1
1 min; 95 CZ8¥E 5 5,60 CiR & 30 s, JH¥F 40 I 4%
ik 95°C 15 s,60C 15 5,95C 15 s, qRT-PCR
ERT 27 AR A T T
1.7 ¥EFKITSHH

AN T B BORIAS [R] 2 4 IR) 0 i TR 6 ok i 5 S
PR R A R 2 U7 22 43 HT (One-way ANOVA),
Fk H] Fisher” s LSD ¥ & 17 2 H K (o =
0.05), X FRZE ALk Ab BE 2H] it 35 DR 2 3k 1 2R JH I
Xf r-test kAT 22 5 W VR M. BE 3 d
SPSS 17. 0 44,

2 FERE5HM
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Ry W LpR B 4w 44 8 Hal pR (L& 5% 5
KU355886. 1), 84K 3 117 bp. 148 25 bp Y
5" ARG % X A0 449 bp (1 3" AE i it X, T ) 3 HE
A1 2 643 bp, gmfih 880 AN IERR . T H AR (B4

iRy 98. 67 kD, S5 HL R 5. 01, 0 H: 4 ) 11 2
HBTE N-Rui & A 1 AME 5 K BT UL S A T4
31N 32 Gk . HALMRES M3 o i K B Hal pR
HE PR g B 1 2 B AR A IR % R IR A 1 2 AR
P 8 AN E 5 2 M 2B B AR 25 G B 3 AR K
AR T E AR 5 MR IR B 2K YWTD
SR T A B R (795 — 817 L& HE R LA b —
A% R AL B MR A AL FDNPVY (832 —
837 LA HEIR)
2.2 tREHBAEELZH HalpR FHIELCIER R
St it

Fp44 L Hal pR 5 HAW B L LpR He[H 4 i 1)
IR 75 A 2B, LpR 2 AL 1R 17 57 A [R) M) b
() A DR AR o o AL 25 (% i 2 1 2 A T AR &
A3 (LDLa) (3 f A K T 25 M 3 (EGE) AIR% &
NEEFZ A YWTD 5438 (LY) SF 458 (K 1),
FE8 LAY Hal.pR SRR Spodoptera litura (]
LpR S IR T IIAHRINE A 94. 4%, SR MR} Pyrali-
dae [FHBHE Amyelois transitella F R IEEE LpR
IR T H AL 43 31K 88. 7% 1 87. 5%, 5 4 ik
# Bombycidae 4t , B fR#x Samia ricini LpR BY4H
RLEE 4350y 85. 200 Fil 87. 8%, 15 ANk & BE M Dan-
aus plexippus. B 45 RIE Papilio polytes . 4 X\ I
P. machaon FIFAG JRIE P. ruthus 25650 B S B
H LpR BYMILEETE 83. 1% ~85. 5% 2 A, 5 HoAth AR
i H R i 2k 1R T 5 1 A LM AR 59. 500 ~
T2. 4% Z (K D,

P B 7R AR 4% HL Hal.pR 5 3 800 k1Y
LpR SR R il . 5 FPRE IR | OS5 Ay | bR
SEELH LpR MR G K R BT, T 5 BBk 4 BEAR . £
i JRUBRE B AT A XU 45 B U R % O R . A
PIE RGO FR IR [R5 2 LR 7 91 bkt
2R (& 2),

2.3 HaLpR EMREHRAE LR EHAMEARNRIE

Hal pR 7 51 F1HE B B N 5 220K L 12 %)) dUF
TR AR N PR AR (8] 3a) . HaL pR {EME R
B HIR A 235, Rk e ME R ORI R 5 3 K
Bk, BES B TRR AR ZE P IS 5 9 RIS i ik
K& 3b) . Hal pR TEg i 1A F1BP §5rb gy 25k
TR EL PR, TR P 2R B L B FRAE Sk AR 45
PP FRBEERE 30,
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HalLpR NH, Fl 2|3(4|5(6|7|8 QQ ""' e C—Q COOH  (100%)
iR NH, [—1]2[3[4]5]s]7 QQ ""' @ CO COOH  (94.4%)
awpR NH, [H1|2|3]4[5[6|7|s QQ ""' @ CO COOH  (88.7%)
GmipR NH, [H1|2(3/4|5]6|7|s QQ ""' e CO COOH  (87.5%)
BmipR NH, [H1|2|3]4|5]6|7|s Qe ""' Q DO COOH  (85.2%)
sipR - NH, [H1(2]3/4|5]6|7|s QQ ""' e GO COOH  (87.8%)
DpLpR NH, —1]2|3|4|5]6]|7 QQ ""' Q GO COOH  (85.5%)
PleR N, 1 (2]3]4[5]6]7|8 QQ ""' a ;O coon  (831%)
pipR NH, [H1|2]3/4]5[6|7]s QG ""' e O-Q COOH  (84.0%)
PmlpR NH, [H1|2|3|4|5]6|78]0 Qe ""' @ EQ ool (83.1%)
LmLpR NH, I—T@z 3|4|5]6|7|s Qe ""' a EO COOH  (724%)
BelpR  NH, |—i1 2(3 45|67 QQ ""' e EQ COOH  (71.2%)
RmipR NH, [1(2]3/4|5]6|7|s Qe ""' @ EQ COOH  (71.0%)
NIpR - NH, [ 1(2(3]4]5]6|7]s Qe ""' @ ;O COOH  (66.3%)
appR NH, [H1(2|3/4]5[6|7]|8 QQ ""' e OO COOH  (602%)
AclpR NH, [H1|2|3]4[5[6|7|s QQ ""' Q OO COOH (61.8%)
ObLpR  NH, I_®~1 2134ls56l7 Q‘e ""' @ CO COOH (62.3%)
pmipR NH, [—1[2]3]4|5[6|7 QQ ""' Q OO COOH  (59.5%)
aaLprto NH, [|—1]2|3[4|56]7 QQ ""' @ EO COOH (65.4%)
aapRov NH,  H1|2|3]4[5]6|7[s QQ ""' e OO COOH (65.0%)

I D LDLa O EGF O LY O ) D ™ (Oc

R s B A2 S BRI#2. SP: {55 ik; LDLa: {IR%E5BEAG 2 F 2 AR RLAA S B3 EGF: R A P25 LY: IR% E N R H AR YWTD 25143 O
O-WERELE A TM: B5IRISG C: R4 H 33

The species information of LpR proteins are listed in table 2. SP: Signal peptide; LDLa: Low-density lipoprotein receptor ligand-binding domain A; EGF: Epidermal
growth factor-like domain; L'Y: Low-density lipoprotein-receptor YWTD domain; O: O-sugar linked domain; TM: Transmembrane domain; C: Cytoplasmatic domain

B1 #RRAREMESR LpR SEBFIINEESTSIE

Fig. 1 Structure analysis and comparison of LpRs from Helicoverpa armigera and other insect species
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100 HaLpR* [Helicoverpa armigeral
93

SILpR [Spodoptera litura]
— AtLpR [Amyelois transitella)

8 GmLpR [Galleria mellonella]
99 BmLpR [Bombyx mori]

75

SrLpR [Samia ricini]
100

—— DpLpR [Danaus plexippus]
100 PpLpR [Papilio polytes]
71 100 — PXLpR [Papilio xuthus]

PmLpR [Papilio machaon)
ol LmLpR [Locusta migratoria]

| 100 BgLpR [Blattella germanica)

RmLpR [Rhyparobia maderae)]

79 NILpR [Nilaparvata lugens)]
ApLpR [Acyrthosiphon pisum)
L0 E— AeLpR [Acromyrmex echinatior]
L ObLpR [Ooceraea biroi]

97 DmLpR [Drosophila melanogaster]
— 100 AaLpRfb [dedes aegypti]
L AaLpRov [dedes aegypti]
L
0.05

HEALAR T P ALPR GenBank ¥ 5 K2 & e i BUE R bootstrap 1 000K b i 32 ¥ BEAEL, ARRARFE 14 1B
The GenBank accession no. of LpR from different insect species used for phylogenetic analysis are listed in table 2. The number represents the bootstrap support
values based on 1 000 replicates, and the scale bar indicates the phylogenetic distance

2 FAERHE#F LpR SEBRFIIHNRGHUXRDN

Fig. 2 Phylogenetic analysis of LpR amino acid sequences from different insect species

5 a 25 5
5 5} a ©
S4ta L>’ 2.0 E 41 a
=] = =
b a
prh SE15F be N
g R c R 3
®E by 2 ybe| [pe B LS w RE b
7 §2 be be c R El0 7 § 2| be
Zo c Zo d Eg [pe b |
s 1 =05 = 1t
Kl s Hinliln
~ 0 U L L L L L L L L 1 og ~ 0 L L L L ' L L b ~ 0 c
Egg Ist 2nd 3rd 4th 5th 6th P F M 1 2 3 4 5 6 7 8 9 He Mg Mt Ep Hm Fb Ov
KEWE el %/ d HA
Developmental stage Day-ages of female adult Tissue

Egg: Bil; Ist: 1484 H; 2nd: 2% 4 it 3rd: 3k &) st; Ath: 418 4h H; Sth: SER4 it 6th: 61k &) it P l; FrfEplidy; M: A sit; He: Sk Mg: i Mt: TR,
Ep: 57; Hm: Mk s Fo: fgifA; Ov: SR & Bl PR, A F TR HalpRIE A AR R B B A FIA L P R B H A
BEER, BN MFisher’s LSD L HE L%, P<0.05

Egg: Egg; Ist: st instar larva; 2nd: 2nd instar larva; 3rd: 3rd instar larva; 4th: 4th instar larva; Sth: 5th instar larva; 6th: 6th instar larva; P: Pupa; F: Female
adult; M: Male adult; He: Head; Mg: Midgut; Mt: Malpighian tube; Ep: Epidermal; Hm: Hemolymph; Fb: Fat body; Ov: Ovary. Data are mean+standard error.

Different letters indicate significant differences among different developmental stages or different tissues. Statistical significance was analyzed by Fisher’s LSD
(P<0.05)

B3 HaLpR EMEHEAE LB MK (a) MERAE B (b) KRR EHR () WRIZFER
Fig. 3 Expression analysis of HaLpR at different developmental stages (a), days after female moth emergence and in

different tissues (c) of Helicoverpa armigera

2.4 LA E HaLpR %1800 48 h P4 I 2 Nt BRZH 1% 115. 3% 1 66. 9%, T

A=

RS b e A 2 LR A B, O S AR D AR b 31 72 h PR R T B AL A X BR 2 ek
HaL pR F:H AR AR Z EII0H] . S 100005 &M 41. 9% (=3.7, df=3, P=0.03) (Kl 4a). 7}
IKA T B ALAR EE BRI RV K I LR AL FRAL BR B vh DL IUERE HRRRAIG Hal pR ENR AR 363k 78

HalpR R A IR L BT REM B H, 24 bR YURALHE 24 h, HARIARHRXTIRZARY 82. 1800, 2 /A
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BEG=1.16, df=3, P=0.33) . EYUFK 48 h M 72h  fRTFXHRLH (48 h.r=4.7, df=3, P=0.018;72 h.t
Ja s HAGA R e BRALIY 37. 5001 24. 820, W3 =4.7, df=3, P=0.018) ([ 4b),

50 T HEEOK == K * 05 T IEEK == Kk
: Honey water Water Honey water « Water
E sk E 2.0F *
5 BE 5|
g X 2
K E LOF *® &
73 "5 0
i‘j 0.5F § sl
0 a 0 b
24 48 72 24 48 72
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