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Identification and expression pattern analysis of a secretory
phospholipase A2 gene in Bombyx mori
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Abstract: Phospholipase A2 (PLA2) is widely distributed plants, and
microorganisms, and it plays an important role in many physiological activities. In a previous
study, we have identified a secretory PLA2 in Bombyx mori (BmsPLA2-1-1). In this study, we
further identified four new SPLA2 genes (BmsPLA2-1-2, BmsPLA2-2, BmsPLA2-3, and
BmsPLA2-4) in B. mori genome. All four genes exhibits the characteristic features of sPLA2,
including the sPLA2 domain, metal binding sites, and highly conserved catalytic domain. This
study completed the cloning, in vitro expression, and expression pattern analysis of the
BmsPLA2-4 gene in B. mori. The full length of BmsPLA2-4 is 585 bp, and the recombinant
protein obtained through prokaryotic expression has an estimated size of 25 kDa. qRT-PCR
analysis revealed that the expression level of BmsPLA2-4 reached its peak on the first day of the
fifth instar larval stage. Tissue expression profiling analysis showed that BmsSPLA2-4 had the
highest expression level in the midgut, followed by the epidermis and fat body. Western blotting
analysis results were consistent with those of QRT-PCR. Furthermore, after infecting fifth instar
1-day-old larvae with Escherichia coli and Staphylococcus aureus, the expression level of the
BmsPLA2-4 gene significantly increased in 24 h. The findings of this study provides a
theoretical basis and valuable experimental data for future related research.

Keywords: Bombyx mori; BmsPLA2-4; gene cloning; tissue period expression profile
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g A2 (phospholipase A2, PLA2)f;
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) R A YRR, PLA2 A AL,
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T, anigs ek R AT 55 AL i/ MRIE R +, 4E
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PLA2 J2— M ERMMERE, 5 16 ™A
[l BERNE 2 A S AR AL | 2 1 TR
AL FR, AILLST A WY PLA2 (secretory
PLA2, sPLA2). #fiffi)ii PLA2 (cytosolic PLA2,
cPLA2). A Ca® iy PLA2 (Ca**-independent
PLA2, iPLA2). Ifil/INii i 1k B+ 2 Tt 7K i it
(platelet-activating factor acetylhydrolase, PAF-AH).
PLA Mt L4 # i (PLA acyltransferase, PLAAT) .,
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W HEIA PLA2 F1 o/B 7K fi# i (/B hydrolase
enzymes, ABHD)!"’!, sPLA2 i)/ T8/, —
ek 14-18 kDa, 7 5-8 ik, H—145
& Ca® WA TRIEVENL AT, %A M5 KA E R
SEATE N His/Asp BRI sPLA2 A 2L [R5
HIRE dfpem s, mBgERmha s 4, K
IR S A, RIS ETA 6 4, MEIER
TR 1 AP AR S i e R S
T —AF 4 sPLA2 J:[H(BmsPLA2-1-1), 3 &
BmsPLA2-1-1 54 BaAb A7 K0, AR SCHE R A
FEH %2 B 4 4S8 sPLA2 JE[R, % H:
HiiY BmsPLA2-4 JERHE T T iRShRIA . B4l
T FNF B M, B34 RN 5 SR AR 3R
TSI AR

1 MR5r%

1.1 #8

A G A B 5K 4 R 22 A0 i K il &R
DIL, WAL ZERAF. EINFEIREE 25 °C, #H
TR 70%-80% 251 T i o 4l Hufml 35 255 AF
JE 28 °C. 12 h JME/12 h B, I8
70%—80%. WEEARFIETH | AR HEAH K 4
fEHIARTT IR . FEE . DR R 2.
BRMEVR . H i A gk EL SR 414, —80 °CHR-AF S
1.2 X7

K545 BL21(DE3) I F ki PET-28a(+)
B ALK E 7. KIAFE DHSe 14 H %R}
YR A BR S Al o Trizol . 2xTag Master Mix
2xsuper-Fidelity Master Mix Iz % 553057 &5 1)
B VL AR YR A FR A Al . 2xSP Qper Mix
W PR A AE YR AR A RAE . 20168 DNA
afi A [mscR & H AR, pMD19-T Vector .
T4 DNA RGBS N VI B A 549 T
FECREVARAA] . FFEZE PP 3xGelstain Red
Prestain 1 H 75 W1 F AR A RS\ 7

&: 010-64807509

A 511 & TR R R E YR PR W
SEh. RIPA ZUEIK . BCA 2R 1Mk RE I i )
& —PUF B . a-tubulin (TUBA4A)RI T
W A REVHEARAIRAF . PAGE BEK R
1 453 4 (10%) FH = {8 71 e 25 11 Marker 11y
F e AR P B 25 R FR A F] . BmsPLA2-4 %
i BB A (F RO ZE A B FRSTAT 23 v
i 4 o
1.3 RESPLA2 EFEEE. #HEMaER
L3t 5 i

F¢ BmsPLA2-1-1 [ J¥ 57 NCBI  Hl
BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
TR IR P R Rl P48 R, L
T.H SMART?" (http://smart.embl-heidelberg.de/)
XFARAGF AN BEAT 307, IMBRAAF & sPLA2 ZK iR
LERIA S . i Clustal X2 F1 DNAMAN
WA 0 108 ) 1) 5 1 O 90 S S AT 2 R A1 L
X, MERZRELIFH . MEEFINKE
sPLA2 %5 [ #7274 Luxt, FIF MEGA 117
T EEUEIL, Adobe Illustrator 4% ik fLA% 1
Fr AL FITERE

K FHAE 28 W 3 (https://services.healthtech.dtu.
dk/service/ TMHMM-2.0/) R 3 0 25 [ 85 5 45 44
I, i 74T H NCBI Conserved Domains'"!
(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.
cgi) 73 A 45 M B, fff I 7E 4k T° A SMART
(http://smart.embl-heidelberg.de/) {5 5 ik .

i ClustalX2 FfFxi 5 e . RIEAHE . FRdL)
A5 Vs AR BRI SPLA2 ZLRR 81 FE XA,
A X 25 SR 564k A A Espript (https://espript.
ibcp.fi/ESPript/cgi-bin/ESPript.cgi) i}, PowerPoint
BAFX S5 RATE R
1.4 BmsPLA2-4 EF Ry e g & JR %Rk &
R

K F Primer 5.0 #fFP2%31 BmsPLA2-4 5
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[H(GenBank & 5¢%5 . XM _004928778.4)1) ORF
F Ve PCR 9145 #)“BmsPLA2-4-KL” (£ 1),
HEAT vERE

Ml Primer 5.0 AR IT I RIEG Y
“BmsPLA2-4-YH” (% 1), LA 5% 544 A cDNA
JEAR, AT PCR 74, 254: 94 °C 4 min;
94°C40s, 52°C45s, 72 °C 1 min, 3t 30 MF
FR; 72 °C 10 min. K BmsPLA2-4 JL[R F Bk A7
4lifk, 35 pMD-19 Vector #if&iZ 2, HAk#k
VEPAPEFERE, St ARy, fJ515%] cDNA
FEA, K EA P BAPE B IG5, SRR
2H TR “pMD19-T-S4”, —20 °CL-AF#5 . F T
TalET-BHE pMD19-T-S4 /A& Fh BmsPLA2-4 - Bt
W5 | A7 A EcoR T 1 Xho 1, ¥5| AR
YIS AR S pET28a(+) 28 243 B #E 17 X il
Y. B 09 B 0 R B S5 2Pk b 2 44 pET28a(+)
FH T4 DNA #EH#: 7 16 °C T b &z, RI5 T
fb %] DHSo B2 A4 M, Kan Ho it i 2k B
SERE, BEBUTTRLE A6 SR A YR A B
HEATIN Y, Gk 20 2R AR “pET28a-S47 /2 75 14
B
1.5 BmsPLA2-4 EHRIFESRIENE &
R N=R R

H I I B ) B A AR pET28a-S4 %A
BL21(DE3) B #k H, ik FHME 5E B . ZEFHE

Fz1 FHRAABSIY

Table 1  Primers used in this study

BL21(DE3) & i H A N Bt B-D-2FFLAK
1 (isopropylthio B-D-galactoside, IPTG)#F17 15
S, KEFik BmsPLA2-4 A E . WERK
UUVE J5 M R, B0 J5 4 O 5175 5 2 1
N IS ATEE, 4T SDS-PAGE BRI
SR J5 F LE buffer 32 57 8 75 MRS A0 BRI
UE, A Ni-NTA SEFZ AT B & [ 7%
MZHralifh . ¥ aifb/s & F 47 SDS-PAGE
K, FH 4l Ak i E5 20 BmsPLA2-4 25 [ 9055 5 v
ERAR, FRERZENTE, HiEdtks, iz
FH Western blotting 7% % % 2 i B HUIR 1045 57
PE, SRFH ELISA [0 @ Bk s i

1.6 & RNA HJIZEUK cDNA HI&

A R A iy AU R B BN Trizol, Hifth
HAU(HIRAE . KL, DD, Rz, 2R, IBN
AN ) R IS OB R 5 A Trizol, 2
BUE RNA . )i F M-MLV S5 SR 2R 50 0
& RNA DL3RAS cDNA AR o
1.7 qRT-PCR &l

K H Primer 5.0 #4580 B AOFER BmsPLA2-4
] QRT-PCR 5| 4] qBmsPLA2-4 Fil N 5 3L K Bmactin
A3 (NCBI F4]%5: NM 001126254)1 5%
gBmactin A3 (% 1), LA ik cDNA J#AR T
qPCR, i H B FE P o () ik B0 - 736 45 1F
95°C30s; 95°C5s, 62°C30s, 60°C30s, it

Primer name Primer sequence (5'—3") Size (bp)
BmsPLA2-4-KL-F ATGTATAAAGTCTGTAGTTTATGTAC 585
BmsPLA2-4-KL-R TCAATAGTTACTCACGTCGAA

BmsPLA2-4-YH-F CCGGAATTCATGTGGGTGATGACAGACGTAG 522

BmsPLA2-4-YH-R

CCGCTCGAGTCAATAGTTACTCACGTCGAA

135

ATGCAAAAGGAAATCACACGTC 99

gBmMsPLA2-4-F TCTCCACGATGCGAACAGC
gBmsPLA2-4-R CATTTCCTCTTGAACCAACCTCC
Bmactin A3-F

Bmactin A3-R GATCGATCCACCGATCCATACG

http://journals.im.ac.cn/cjben
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40 MEFR; 72 °C 10 min, LAZ A% Bmactin A3
NNS, A 2R T R A
1.8 Western blotting (WB) %) 1

B A 21 2 B 04 A A ik v e oy
AR, AR IEBRNRA ] S84k, He B RIPA 2
WL PR T, H BCA M@ B vk
JE R A R U BRI A [RR B2 JS 100 °CAB M
10 min, FAf 20 mL (FR 11 A1 40 pg), 78 200 mA
fHI T #4T PAGE H7K, % 45 min & PVDF
JEE, 5% MR Wik 2= % KIF & £ 04 2 h, TBST
GEOPREESE 3 Uk, BRI 15 min (FIREIR), —
PR 9 E S, ECL B e,

1.9 RIEEMH & KBRS

A 8 57 3 T AL KA 1 (Escherichia coli)
14> B (9,75 %8 BR 7 (Saphyl ococcus aureus), 43
HIECS mL #H, 4 000xg B0 10 min J5, Wtk
ULYE, % T PBS (pH 7.4)Z% thifH , 14717 ODeoo
% 0.7,

F#il %5 1) E. coli % F1 S, aureus %5 47
SIS 508 1 d iR A, kAN 5 L,
FEHETF 0. 3. 6. 24 h WET AT RNA
B M, BEAIE A 10 kKR, BAHK
B3N EER, XA A S A g
PBS.

2 BRS04

2.1 #B5RH SPLA2 ARG H W R F5 L3t
ST

i BLAST X, A SCM G A B R 448 R
F 4 A~ sSPLA2 [RlIEY . 1 5 M54 sPLA2
e[ 5 B L (Drosophila melanogaster) . 7
1 4 ¥ (Tribolium castaneum) F1 4 # K
(Manduca sexta) B2 £ 5T i 8 (1) sPLA2 & (A
[ LIRS AL s AR (] TA). AR5 HT i
AN, 1T A SPLA2 B3R = K37 SRR 3 4

&: 010-64807509

SPLA2 I hy—32, SR HEN 5 1> sPLA2 K
—3, FEGIMERIER) SPLA2 Bl—H . XK
e 55 B R M IR A S IR R Y 4 > sPLAZ
MF&EM 3 4 sPLA2 (XP 012548107.2 .
XP_004929036.2. XP 004929038.1)%3 51 LA#) Fil
REKZEMAMK 2 7%, BmsPLA2-3 il
BmsPLA2-4 KUK /3 A TEIX DR LS, 2
HE R AU B i 2 7 Q0 JL AR 3% 54~ sPLA2
394k BmsPLA2-1-1 (XP_012548107.2).
BmsPLA2-1-2 (XP_004929036.2) ., BmsPLA2-2
(XP_004929038.1), BmsPLA2-3 (XP_004929039.1)
F1 BmsPLA2-4 (XP_004928835.1),

it sPLA2s LA () 2 JE R T 51 43 At 4
IR 51 BmsPLA2 LK 1) Z LR #F AT sPLA2
TP N Y - R e S U
BIMEAENOL 2% sPLA2 FUSLRIARAE, Ef1&A
10 PR R ER L, H AT LUE K 5-8 4~ i
. FAx 51 sPLA2 JPAIM—3 R 77.65%,
Hrh e R BmsPLA2-1-1 5 BmsPLA2-1-2
B FH BLBE 5 5 93.72% , T 43 AT o B A 1Y
BmsPLA2-1-1 5 BmsPLA2-4 JE 5 AR A 53.81%
(K1 1B), #5R 5o tr—3.

BmsPLA2-4 3 [H ) 4 5 J¥ %1 (coding
sequence, CDS)K &}y 585 bp ZHERIFH, %
T 194 N2 EERR, 15 S IKGEH, ToBs L1
B, 15 S1-174 AE LA A PA2c TIEESS 1Y
B, JBT S RIBEAREGE KR . AR T T
AR MRS RIS | AR IR IS T .
2.2 BmsPLA2-4 BEFmEREHEHRFTIE
“hify

Pl BmsPLA2-4-KL h51%¥), #RIE &R
HZ RNA Jfor BP 5% 55 B0 cDNA, Lhix
cDNA W% BmsPLA2-4 1) ORF J¥51 k4T
PCR " ¥4(&] 2A), %57 K P s i Bt 5 NCBI
T 51—

B<: cjb@im.ac.cn
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Metal binding site
20 30 0 50 0 ! 80
CRCWMTDVDGDYLD EYGIPEE QGISNSDLPQRR
YVNRVTGSWFANDSANVN . . . LDIQSERIARK
YINGVITGSWFANDS N ... LDIQRSETIARK
LD IQSETIARK

XP_004928835.1 Bombyx mori
XP004929036.2 Bombyx mori
XP_012548107.2 Bombyx mori
XP_004929038.1 Bombyx mori

& YINGV[IGSWFANDAAVN . . .

XP~004929039.1 Bombyx mori LIAVHTN . ...... KAAEZIR. ..IDPDIFGF|QS|...AIY[ETNFVE:eRiM el
NP_001139342.1 Tribolium castaneum IIEINGRDVIIAGIRDELSK SSNLDNKIFSG TEGF L S[KIRLITFXeki{Li{elelD
NP_001014501.1 Drosophila melanogaster LAM. WAFG ...... DEAIFE....DEDIYNQALP . .PVPHTG LT VidehiK|ifele]p|

Catalytic domain

90 100 110 160
XP_004928835.1 Bombyx mori EREMEELDENE DL LAGCETRN N . TS AF ¥ TRLS] E K KEYREKDY[JIVK
XP_004929036.2 Bombyx mori ARELI MR B TD LY LAGETKHGH . T [DAF ¥ TRL E K YRRDYIVVG
XP"012548107.2 Bombyx mori AR M{eled B e HE TD L LAGETKHGH . TUIDAFYTRL E : R KEYRRDY JIVVG
XP_004929038.1 Bombyx mori AR (efet lE Sl TD LA LAGETKHG . TUDAFYTRL E A F K&l YRRDY JIVVG
XP_004929039.1 Bombyx mori E M{eled 1B i H{6 TD LEAFAGETKH S . T DCF ¥YARLS! = B IYRKDY|HVVG
NP 001139342.1 Tribolium castaneum LK [efad:15):8:IMlelP D DE{PIAGQ SKHG) BNGLFTRSH| ) IFRODYIHNIIG

NP_001014501.1 Drosophila melanogaster ~ER K(efedin ) eB[eDE IFE|IS HGA L HGIP (T T DWE P I LK) ) KTLERIMYCSR . SREFANGHIETTG

XP_004928835.1 Bombyx mori M
XP_004929036.2 Bombyx mori T
XP_012548107.2 Bombyx mori T|
XP_004929038.1 Bombyx mori T
XP_004929039.1 Bombyx mori ™M
NP001139342.1 Tribolium castaneum LIK|
NP_001014501.1 Drosophila melanogaster (o]

1 EHRSPLA2HRSGHARFILET S AR H sPLA2 RN RS &K & LR B: B sPLA2
) 2 B8 LT A

Figure 1 The phylogenetic analysis and sequence alignment of insect SPLA2. A: Phylogenetic tree of insect
SPLA2 genes. BmsPLA2-1-1: XP 012548107.2, BmsPLA2-1-2: XP 004929036.2, BmsPLA2-2: XP 004929038.1,
BmsPLA2-3: XP 004929039.1, BmsPLA2-4: XP_004928835.1. B: Multiple sequence alignment analysis of
insect SPLA2 proteins. The conserved cysteine residues are marked with asterisks, and the yellow dashed
region represents the conserved region.

http://journals.im.ac.cn/cjben
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BmsPLA2-4 £ 14T it K/Nh 22.47 kDa, W, FEAS AR A o T iE AT /NS S 2R 8
EWIES KA BUG N 19.88 kDa, Jill |- pET28a-S4 %2 SDS-PAGE BEREKI , & L 37 °C40F FliE
HHBIRRETFH], KANH 26.02kDa. #  hEMAEAREEES (A 2B), BEHZEAE
pET28a-S4 H4H ki B R4 BL21(DE3)  fuilfiik b 355 . X BmsPLA2-4 40 & (1 4T

A

bp M 1

2000

1000
750

500

250
100

kDa M 1 kDa M 1

il ol

10— L W

2 BmsPLA2- 4 EF R REHLHEAMRIELENL A: BmsPLA2-4 JLF PCR ¥14. B: BWAIEMAH
JiRIk. C: ANRIWSEKIME 2P SDS-PAGE 70 #r. D: BmsPLA2-4 FH I 4. E: i Western
blotting ik

Figure 2 Cloning and expression of the BmsPLAZ2-4 gene and purification of the recombinant protein. A:
PCR amplification of the BmsPLA2-4 gene. M: DL2000 marker; 1-4: BmsPLA2-4. B: Prokaryotic expression
of the recombinant protein. M: 180 kDa marker; 1: pET28a(+) empty vector supernatant; 2: pET28a(+) empty
vector pellet; 3: Induced supernatant at 16 °C; 4: Induced pellet at 16 °C; 5: Induced supernatant at 28 °C; 6:
Induced pellet at 28 °C; 7: Induced supernatant at 37 °C; 8: Induced pellet at 37 °C. C: SDS-PAGE analysis of
the imidazole buffer at different concentrations. M: 180 kDa marker; 1: Protein loading buffer; 2:
Flow-through; 3: 25 mmol/L imidazole; 4: 50 mmol/L imidazole; 5: 75 mmol/L imidazole; 6: 100 mmol/L
imidazole; 7: 150 mmol/L imidazole; 8: 200 mmol/L imidazole; 9: 250 mmol/L imidazole; 10: 300 mmol/L
imidazole; 11: 400 mmol/L imidazole; 12: 500 mmol/L imidazole; 13: 1 mol/L imidazole; 14: Protein loading
buffer; 15: Flow-through. D: Concentration of the BmsPLA2-4 protein. M: 180 kDa marker; 1: BmsPLA2-4
protein. E: Validation of the protein through western blotting analysis. M: 90 kDa marker; 1: Validation of the
immunogen.

&: 010-64807509 B<: cjb@im.ac.cn
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HRBE, IWERKDE, Brke, BEE
TEAE, A [ e J3 IR e 5 J58 3 A 4 45 2 e I VR
Kl 59 B 7R, 100 mmol/L At DK IRk B RE¥t
A ARG PR T k(K 2C). Wi IFalifk
100 mmol/L BRMRIE K, BmsPLA2-4 4 # [
afi ik F 85%LA |, WEEKT 0.5 mg/mL, £F
Hhuik] 2R (K 2D), % 2 i KA A ARl
HARTAEARIGIRPiA. WB BiF, 458
N, FRATUAM, FTH TS5 (E 2E).
2.3 BmsPLA2-4 EE B FTIEEX D

qRT-PCR K5l 5 %)) s &~ BmsPLA2-4
FENMFRE, R EH, BmsPLA2-4 L RFES
ABFRAE Fik, Hdp s 1 d RFRA R,
KR ZEDR 51 2-7 d i 2 50 E(E 3A),
5% 1 d P RBEANALRREIMEE R BN,
BmSPLA2-4 J R 7 i i 2 2 rp & SR K P die i
HUR R BE AR W 1A (& 3B).

PRI A G g 2L S (IR L B s A A i )
(AR T WB A, 45 R BN, KAFEiE
KRB g . g iR Fnm kB, ik
A B
15[ _ 100|—

—_—
~

g ]

|

elative

| -

elative

3 BmsPLA2-4 EE/RIFRIEIFER
KR, C: ARIAZ ) BmsPLA2-4 & K8 TE M

t o~ [1 7]

5 mRNA 7KF-—F((E 30).
2.4 BmsPLA2-4 & [E % & il 4 49 8% i [z
S5 E. coli #1'S. aureus I Fis 53 A=
YL 5 Y 1 d KA m, Ko, 3. 6. 24 h i
BmsPLA2-4 JLRTEH 4l py ik, 451 e
N, SXTREZHAHLL, AHTAEYY 3 h F1 6 h B,
BmsPLA2-4 ik I T H, M 24 h B,
BmsPLA2-4 5 1L i % T (K1 4), % W] BmsPLA2-4
B DR BB 1) 15 D s A ) W

3 W54 ®

Ay INTTE NET A2 (SPLAR) i LM 5 I WA
fitf A2, 7E AL | RIS RN R 0 A
HUpfy sPLA2 B RBP4, AR = e
HIMNZE P v T sPLA2 5P (BmsPLA2-1-1)P¢!
ARG, AXAFERILRALEET 4 8
1) sPLA2 JEH . FRA 4T it s,, X 4 4> sPLA2
FEHE A #EA PA2c IHRES M, 5-8
b 4B B T ah A LA TR E AR ST () His/Asp
THRRAE LAY SPLA2 FRAE, HEAMTH TR

C

BmsPLA2-4 -

a-tubulin - -

A BmsPLA2-4 & [H (¥ i A 2 1511 B: BmsPLA2-4 JE [ 1) £H 41

Figure 3 Expression profile of the BmsSPLA2-4 gene. A: Temporal expression pattern of the BmsPLA2-4
gene. B: Tissue-specific expression pattern of the BmsSPLA2-4 gene. C: The expression of BmsPLA2-4 protein

in different tissues.
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Figure 4 The expression of the BmsPLA2-4 gene in response to pathogenic microbe stimulation was
investigated. A: The expression level of BmsPLA2-4 gene after stimulation by E. coli was examined. B: The
expression level of BmSPLA2-4 gene was investigated in response to stimulation by S. aureus. **: P<0.01;

*#%x: P<0.001.
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