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Expression and functional analysis of the Locusta migratoria
lipophorin receptor gene, LmLPR
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Abstract [Objectives] The Lipophorin receptor (LPR) plays an important role in lipid transport in insects. The lipophorin
receptor gene of Locusta migratoria (LmLPR) was obtained from the transcriptome database, and its characteristics and
expression was analyzed. RNA interference (RNAi) technology was used to explore the role of LmLPR in lipid transport.

[Methods] Based on a transcriptome database from our lab, LmLPR and its full-length Open Reading Frame (ORF) sequence
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were obtained and compared with the L. migratoria genomic database. Characteristics of the encoded protein sequence were
analyzed after cloning and verification. The amino acid sequence of this protein was aligned with LPR amino acid sequences
of other species using GENEDOC software. A phylogenetic tree of the relationship between LmLPR and homologous
sequences from other species was constructed using the Neighbor-Joining method in MEGA 5.1 software. The expression
pattern in different tissues of 2-day-old fifth-instar nymphs and different developmental stages were analyzed with RT-qPCR.
The biological function of LmLPR was analyzed with RNAi technology and eosin staining. [Results] Two types of L.
migratoria LPR, namely a long type (LmLPR-L) and a short type (LmLPR-S), were obtained by cloning and sequence analysis.
Sequence analysis revealed that both LmLPR-L and LmLPR-S have one signal peptide, four epidermal growth factor domains,
five low-density lipoprotein receptor YWTD domains, and one transmembrane domain. Whereas LmLPR-L has 6 low-density
lipoprotein receptor domains at the N-terminus, LmLPR-S has 7. A 38 amino acid sequence was detected at the C-terminus.
The phylogenetic tree showed that LmLPR-L and LmLPR-S clustered together with the homologous BgLPR-L and BgLPR-S
from Blattella germanica. The results of RT-qPCR showed that expression of LmLPR-S was high in ovarian tissue but low in
other tested tissues. Expression of LmLPR-L was high in the wing pads and ovary but low in other tested tissues. The
expression levels of LmLPR-S and LmLPR-L both first increased in the early stage of fifth instar, then decreased. Expression
was highest on days 2 and 3 (N5D1 and N5D2), respectively. After silencing the expression of LmLPR by injecting dsLmLPR
into 4th instar larvae, treated nymphs were able to complete the molt normally, as did the control group. The results of eosin
staining found no evidence of significant change in cuticle permeability in both dsLmLPR and dsGFP-injected nymphs.
[Conclusion] The lipophorin receptor gene LmLPR is highly expressed in ovarian tissue, and down-regulating its expression
did not affect the normal growth and development of nymphs, or the permeability of cuticle. These results provide a basis for
further investigation of the role of the lipophorin receptor in the transport of insect cuticular lipids.
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Table 1 Species and GenBank accession no. for
phylogenetic tree used in this study
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Species Gene name GenBank
accession no.

“RIE Locusta migratoria  LmLPR-S  CAA03855.1
"R Locusta migratoria  LmLPR-L ~ MH891838
¥ K\ Nilaparvata lugens NILPR ADE34167.2
KA Bombyx mori BmLPR-1 BAE71406.1
ZAE Bombyx mori BmLPR-2 BAE71407.1
ZKAE Bombyx mori BmLPR-3 BAE71408.1
FA&: Bombyx mori BmLPR-4 BAE71409.1
UEYE Galleria mellonella  Gm-LPR ~ ABF20542.1
SEWME Pieris rapae PrLPR-L ~ XP_022117475.1

SEMYE Pieris rapae PrLPR-S  XP_022117489.1
it

TSR/ . BgLPR-L  CALA47125.1
Blattella germanica

/ﬁ i

TR/ . BgLPR-S CAL47126.1
Blattella germanica

R B AaLPRov  AAK72954.1
Aedes aegypti

L AaLPRfb  AEY84776.1
Aedes aegypti

AL DmLPR-I  ABWOS774.2
Drosophila melanogaster

eLES DmLPR-2  ABW08770.1

Drosophila melanogaster
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Table 2 The primers used in this study
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Application Primer names Sequence of primers (5'-3") Length of product (bp)

dsRNA synthesis dsLmLPR-F taatacgactcactatagggGGCACCTATTGATGAAGG 574
dsLmLPR-R taatacgactcactatagggCATGTGTGTTGCTGTTATTGCA
dsGFP-F taatacgactcactatagggGTGGAGAGGGTGAAGG 571
dsGFP-R taatacgactcactatagggGGGCAGATTGTGTGGAC

RT-qPCR analysis ~ LmLPR-S-F ACGGCCACTGCATCCCT 83
LmLPR-S-R GCAGACTGCGTTTGTCTCGTC
LmLPR-L-F ACTACAGAAGAAGATTGGGATT 94
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EFla-R CTCTGTGGCCTGGAGCATC
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Fig. 1 Genetic structure of LmLPR and structure analysis and comparison of LMLPR and other species’ LPR

A. LmLPR WFENE K 73015 B. LmLPR 5 AW LPR AOZ5K9 0B I LE 4K
A.The genetic structure analysis of LmLPR; B. The structure analysis and comparison of LmLPR and other species’ LPR.
SP: {55 k; EGF: ML T45HIB; LDLa: (R85HENSE 112 IRs5 M b
LY: (K% ENSHE A2 YWTD 5893 T™M: B5RK .
SP: Signal peptide; EGF: Epidermal growth factor-like domain; LDLa: Low-density lipoprotein receptor domain class A;
LY: Low-density lipoprotein-receptor Y WTD domain; TM: Transmembrane region.
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Fig. 2 Alignment analysis of LmLPR-L and LmLPR-S with LPR-L and LPR-S from other insect species
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93  BmLPR-1 [Bombyx mori]
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100 | L BmILPR-4 [Bombyx mori]
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DmLPR-1 [Drosophila melanogaster]
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DmLPR-2 [Drosophila melanogaster]

3 LmLPR SHthEHFIEEAZ K LPR RERES
Fig.3 Phylogenetic analysis of LmLPR and LPR from other insect species
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PITEST dsGFP X R, 45 5 % B0 55 % BB AH 1
HES dsSLmLPRCOM 1 KH8 LmLPR MI3RiKEENS
B EAME, TUERAERIA ) 80% L (K 5: A),

B RIS RS IE R W 2 S (B 5: B)o N T
PRVT LmLPR (TR SRR L 1B &, F
D2 G2 819 5 1% 43 i %5 dsLmLPRCOM  Fil
dsGFP M, 76 45 CFIFH 30 min
J&, KSR A S5 R, 1S dsLmLPRCOM
F14) ML T T R TR E AN RE e AT 25 [/ S
C), R LmLPR WJUTERA MR K 0B iE M
3 itig
AR, AR A2 R O AE AN R He g b
%2 4307 . Dantuma %5 (1999 ) AJRIE T &
B2 LPR J¥4, (HAELEY R &I 2 A~ LPR
PR, s /N, R PR, SR AE . ARSCRIH
TV S 2H B PR R 3 TR ZE BN PR R LPR
P, WSS 2 & LPR 75, H4giinE
[ 575 = /N BgLPR-L F1 BgLPR-S % J—37
(& 3), ks KA 4 4 LmLPR-L 1 LmLPR-S,
HAr LmLPR-S 5 Dantuma %5 (1999 ) ARIE
LPR JmtyF | —50, HE— 3R A 04 & B0,
LmLPR-L Fl LmLPR-S ¥\ F scafflod1393 I,
H¥A 14 MR, Hb LmLPR-S 155 3-14
AMEF (E3-E14 ) YR F LmLPR-L %5 2-10 4b
W7 (E2-E10) FI%5 12-14 b5 T (E12-E14),
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Fig. 4 The relative expression of LMLPR in different tissues and different days of Sth instar nymphs
A, C. LmLPR-S Ml LmLPR-L 75 W& 5 {55 2 Fax MRS 9#i5; B, D. LmLPR-S fl LmLPR-L {&

50 RIEANEE B REERIL . IN: {KBE;, WP. #ZF; FG: mills; GC: HE®; MG: 1,

HG: JElf; MT: SIRHE; FB: J&lifk; TE: Kil; OV: BIL; NSDI-N5D8: 545 1-8 K.
HEEARA A TR R AR 2257 % (P<0.05) (Duncan’s 28 AL ),

A, C. The relative expression of LmLPR-S and LmLPR-L in different tissues of 5th instar nymphs; B,

D. The relative expression of LmLPR-S and LmLPR-L in different days of 5th instar nymphs.
IN: Integument; WP: Wing pads; FG: Foregut; GC: Gastric caeca; MG: Midgut; HG: Hindgut; MT: Malpighian tubules;
FB: Fat body; TE: Testis; OV: Ovary; NSD1-N5D8: 1st-8th day of Sth instar nymphs.
Histograms with different letters indicate significant difference at the 0.05 level by Duncan’s test.

ifii LmLPR-S W55 1 F1 2 4h@ T (E1 M1 E2) 5
LmLPR-L (%5 1 A 11 4bE+ (E1 FIELL) fiiF
AR, H LmLPR-L (%5 11 4h2T (E11)
ity C mmdtd ey 38 N HEMTH(E 1: A, B ),
TEARFE R E R Fh g, LPR BZH 200 A B £k
P, Hh R EZHR R FRIRE A2 R E R R
B 7 A 248 R 2 240 L S5 A5 ) i T B as R
HEF . A RT-PCR AR 1 B BN/ M 5 i
A1 RN 2K KM Glossina morsitans morsitans
GmmLpR e g . k3. BRI . DR &4 A
I 3G SR PR VAR I G, TR MR . LD FQAE R
AT R TR A AN B A A 955 ( Benoit e al.,

2011 ), fE[E/NEE B. germanica BgLpR 1E /AR
AL Rk, DR . Him. IR i
#3A (Ciudad et al., 2007 ), # K& NILpR 1E5
Wi AT B B GR, MITESLER . RE AT
fIZRIBKEHIXT B (Lueral., 2018 ), 7E K
L. migratoria ', Dantuma %5 (1999 ) %6&EH T
R B RR 1 (LDL ) SZ RSB o, HER
T AE M DR RN A A 3Rk FE kR
i A F ik, ASTE Dantuma 25 (1999 ) Y 3EAN
FYET 2 MIERE LmLPR, ARRIHLFIE
I % B LmLPR-S F LmLPR-L Y475 90 S A %
ik, fERK . WEF . il . . Em A R
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Fig. 5 Effect of dsLmLPR injection to Locusta migratoria

A. S dsLmLPR X LmLPR (TUREOR, n RSB, RN S mm; B. S dsLmLPR X3 €8 % 75 6 5406 ;
C. JES dsLmLPR ¥ RIER KB BRI . b5 5 mm,
A. The silence efficiency of dsLmLPR injection to LmLPR, n is the injection number, scale bar = 5 mm;
B. Effect of dsLmLPR injection to the locust development; C. Effect of dsLmLPR injection to the cuticular
permeability of the locust. Scale bar = 5 mm.

i 45 %55, X5 Benoit 25 (2011 ) BIWFIE 4G
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KT LR, I H 2R 2R, fHhR
AW | RIEE . NRI IR | e 55 ( Cerkowniak
et al., 2013 ), FREZIGEYIINEE o F L /RAEm
BTG 58 B, W 5 A2 ol sk 08 3] 1 3%
HEATUURL, DAL EE M AR TIRE . IR

ST RIL, LmLPR FEWE R )5 335 e T E b
i, X5 AR s i i 3 AR — 2L
FATFIH RNAL £OR , X LmLPR #4714k
KIAEDTER LmLPR J5, A H B0 AR A] 0L 2
A, B T g R B, LmLPR RAES
KRB B B AT IRE LpR 7ER H %
FE PR SCHEERT . 7EM KEL N, lugens P,
dsRNA #l14l NILpR )3 15 S5 8 = Bk 5L H o
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B SIREAR, HE—2L M DIRE 53 HT 7R , NILpR 7E5)
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(V) AWE L (Luetal., 2018 ), IL4l, Khan
4 (2018 ) FEAE\ Lepeophtheirus salmonis H %
SE H— A 132k LsLPR, W58 K3 LsLPR
YT AR RE % 5 i 8 U SR AR T, MEME BT LX)
MEF AN ERE 72%. ik, FRATHEN
LmLPR HUUERAE s 87 ) BE AR AT LAY %
RURT R T B HEE 5AEFA SR, angp
HLH FZESERE 1. 1E Benoit 45 (2011 ) FIBFSR
ORI, it RNA TIEIG KRS G morsitans
GmmLPR At 7 FEAR i bk U i 7K ~F- 55 51
RAFREEmt ], HAE T4 Rk 7 a3
THAFF LpR BFERZAFRAY, thsh, LPR A]
REIF A E A 1 5 AU BAE A ME— & A
i, fan, fEZ &, CD-36 fHHH Cameo2
DI X2 5 NG AEE A B £ b K50 3 b
MR (Sakudoh et al., 2010 ), 7EK4EKE
Panstrongylus megistus H', p-ATPase 7t 5 5
FHE N B ENRE A ZRNER , AR R 2K
HE 2 1 1) B RE 240 L P 4% 7 ( Fruttero et al., 2017 ),
LSRR, ZNEE F 5 A Rl A B
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W AT GEAFTE HAR A -, BEAE I AR ZEY) BN
HARE A B B A iz .
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