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The research of PGRP-SA’s expression in vitro and its involving in

phenoloxidase activity from Plutella xylostella

ZHANG Yu-Qing XU XiaoXia ZHENG Zhi-Hua YU Jing Gao Yandu OUYANG Li-Na JIN Feng—
Liang" ( Key Laboratory of Bio-Pesticide Creation and Application of Guangdong Province Department of
Entomology College of Agriculture South China Agricultural University Guangzhou 510642 China)
Abstracts: Peptidoglycan Recognition Protein ( PGRPs) are one family of pattern recognition receptors
which can recognize peptidoglycan or bacteria containing peptidoglycan and are playing an important role
in mediating the phenoloxidase activity. In this study based on the sequence encoding short type PGRP
( GenBank No. EU399240) which was obtained from Plutella xylostella in our lab the open reading frame
( ORF) sequence of PxPGRP-SA was amplified by RT-PCR and cloned into prokaryotic plasmid. The fusion
protein was highly expressed in prokaryotic cell and purified by GST tag. The purified fusion protein was
immuned the New Zealand white rabbit to prepare the antiserum. The titre of the prepared antiserum is
1:51200. Western blot revealed that microbes including Micrococcus luteus and Serratia marcescens can
induce the expression of protein PxPGRP-SA in P. «xylostella. In order to clarify whether the protein
PxPGRP-SA is involving in the activating of prophenoloxidase ( PPO) in P. xylostella. In the present study
PxPGRP-SA sequence is ligated into eukaryotic expression vector pMT/BiP/V5/HisA and was transiently
transfected into Drosophila S2 cells and the stable cell lines containing recombinant PXPGRP-SA plasmid
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were induced by CuSO,. Recombinant protein PxPGRP-SA was purified from S2 cells by V5 tag. When the

recombinant protein PxPGRP-SA was incubated with two microbes M. luteus and S. marcescens separately

the PO activity was increased significantly. This study illustrates the function of the recombinant protein

PxPGRP-SA takes a vital role was involved in activating the PPO in P. xylostella and our results lay the

foundation for the further research of PxPGRP-SA owning the immune function of signaling pathways in P.

xylostella.

Key words: Plutella xylostella; Peptidoglycan Recognition Protein ( PGRPs) ; Phenoloxidase ( Po) ; cell
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( Pattern Recognition Receptors

. PRRs

( Pathogen Associated Molecular Patterns
PAMPs)
( Kang et al. 1998; Ochiai and Ashida
1999; Werner et al. 2000; Yu et al. 2002) .
( Peptidoglycan Recognition
Proteins PGRPs) PRRs

( Peptidoglycans  PGN) ( Yoshida et al. 1996) .
PGRPs PGN
PGN PGN
Toll  Imd
( Yoshida

et al. 1996; Kang et al. 1998) .

o

PGRPs Lys DAP ( Diaminopimelic Acid
DAP) ( Ferrandon et al. 2007) .
Lys :
Al o
Imd
Imd DAP
( Leulier et al. 2003; Kaneko et al. 2004) ,
PGRPs
Toll  Imd

( phenoloxidase PO) -
( prophenoloxidase PPO)

( PPO )
(
2000) - DmPGRPE
Imd
( Takehana et al. 2002); PGRP-SA  -SD
LysPG Toll PGRP-SA
( Charroux et al. 2009) .
Tenebrio molitor ~ PGRP-SA Lys
PGN Toll
(Park et al. 2007) . PGRP-S
PGN
( 2013) . PGRPs
PGRPs PO

P. xylostella
PxPGRP-SA ( GenBank No. EU399240)
c¢DNA

PxPGRP-SA  ORF o S2
PxPGRP-SA
PO o
1
1.1
Plutella xylostella 1.
L:D
=14 h:10 h 27°C = 2°C 60% -
70% S2 ( Drosophila
melanogaster Schneider S2)
S2
10% Schneider
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S2 ( Gibco USA) 1%
27C o
1.2
pMDI18-T ( )
pMT/BiP/V5-His A

pCoBlast Xiaoqgiang Yu

o pGEX4T4
E. coli DH5a BL21

sublitis

Bacillus
Staphylococcus aureus
Micrococcus luteus Serratia
marcescens o
1.3
Blasticidine S
Schneider S2 Gibco
EcoRl. Sall. Hind M+ Bgl Il
ExTaq. dNTP Mixture. DL2000 Marker New
England Biolab ( NEB) ; N
Omega GST
GE Healthcare o DES Inducible/

Invitrogen

InvivoGen

Secreted
Pharmacia o CM-Sepharose

Amersham Biosciences . DNA

~ DEPC.

CL-6B
marker. Ex Taq
IPTG. EB Free

Takara :
Sigma
1.4 PGRP
PxPGRP-5A ORF ( open
reading frame)

( PxPGRP-SA¥ EcoRl: GTTGAATTCATGACG
TTGTCTTTTGGCGTG  PxPGRP-SA-R Sall: GCGGT
CGACCTTGTTGTTTTTAATCTTATCA)

PCR pGEX4T4
EcoRI Sall
. PCR EcoRl  Sal 1

pGEX4TA
SA BIL21 ( DE3)
o 2 mL LB
(50 pg/mL )
1:100 37°C
0.5 mM
Thiogalactopyranoside)
4 h 12000 rpm 4°C
. (1.5%

pGEX4T-PxPGRP-

A600 =0.8
IPTG ( Isopropylp-D--
. 28C

1 mM PMSF 1% TritonX —100 1 mg/mL
) 30 min :
12000 rpm 4C GE
GST Fusion Protein Spin Purification Kit

N o

0.5 ml.  GST 30 min
10 PBS ; :
: 10 wash buffer
3 elution buffer
SDS-PAGE Western blot
o N PBS
(pH7.4) 1 mg/mL -80C
1.5
Sambrook ( 1989) o
GST-PxPGRP-SA 600 g
20 - 30 o
600 g
o 3
2
3 mL o 3 10 d
37°C
30 min  1h
4°C o
4°C 10000 g 10 min o
-70°C o
4 60 mM ( pH4.0)
Buffer NaOH pH 4.5,
25 pL 30 min., 4°C
10000 g o
5 1 x PBS pH 7.4
0.27 g
30 min. 4°C 9000 g 15 min
1 x PBS NH4 *
-70°C o
1.6 PGRP  S2
PxPGRP ORF
PCR
pMT/BiP/V5-His A .
Bgl 1l EcoRI

( PGRP-SA¥ Bgl Il : GTTAGATCTA
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TGACGTTGTCTTTTGGCGTG  PGRP-SA-R  EcoRI:
GCGGAATTCCTTGTTGTTTTTAATCTTATCA) . PCR

Bglll  EcoRl1
pMT/BiP/V5-His A
pMTAPxPGRP-SA E. coli
DHS5« .
4 S2 6
( Falcon USA) 1.5-2.5%x10° /
2 mL 10% Schneider S2 o
27°C 70% o
2 mL Schneider S2 ( )
6 8 x10°S2
45 min. 100 pL Schneider S2
( ) 1 pg DNA
5 min. 3 pl
100 pL  Schneider (
)
5 min. DNA
45 min. 6
27°C 8 h
( 10% 1% ) 27°C
24 h SDS-PAGE ~ Western blot
PxPGRP-SA DES
Inducible /Secreted pCoBlast

pMTAPxPGRP-SA .
pCoBlast pMTAPxPGRP-SA
S2 48 h

25 mg/mL Blasticidine S hydrochloride

1

o 75 em’
250 mM o 10 d
24 h
75 cm’ o
1000 ¢
10 min o
10 kDa 10000 g
10 min 3 kDa
10000 g 10 min
o 0.1 M
(pHS5.0
0.1 M) CM-Sepharose CL-6B
150 mL 150 mLL 1 M

( pH5.0)

300mL 1 M
0.2 mL/min

( pH5.0)
1 min
Western blot 0

1.7 PxPGRP-SA Western blot

M. luteus
S. marcescens LB 37°C
240 rpm 10000 g
10 min PBS
PBS 2.0 x 10’ CFU/mL o
. 4 1

1 wL M. luteus

(2.0 x10” CFU/mL) 1 pL S. marcescens (2.0 x

10’ CFU/mL) 10 . 24 h
SDS-PAGE

Western blot o
1.8

Amparyup (2009) ; Sumathipala and
Jiang (2010) dopamine

PxPGRP-SA

o : 4
buffer E (20 mM Tris-HCI

pH8.0 1 mM CaCl, 0.001% Tween=20)

10 10 5 ul I pL
PxPGRP-SA (0.5 pg/pl) 4
1 wL B. sublitis (2 x 10° cells)
1 pL M. luteus (2 x 10° cells)
(2x 10° cells)
10° cells) .

1 wL S. aureus
1 pL S. marcescens (2 x
buffer E
PxPGRP-SA

. PxPGRP-SA

24 L 25°C
200 pL dopamine

50 mM Na, PO, pH6.5)

60 min 96
(2 mM dopamine

470 nm o
() PO

0. 001 units/min.
1.9 Western blot

Western blot Sambrook ( 1989)
( TBST +5% ) 2 h
( TBST 1:5000 ) 1h

PBST ( 50 mM potassium phosphate pH7.2;

150 mM NaCl; 0.05% Tween 20) 3

PBST JeG-AP (1:5000)
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1 h PBST 3
(H,0, ) 1:1 (
400 pL/membrane) X
90 min N o
1. 10
\ SPSS 19

Sigma plot 12. 3;
( One-Way ANOVA)
Duncan

(LSD)
P <0.05.

2

2.1 PxPGRP-SA
PxPGRP-SA
( GenBank No: EU399240)
PCR PCR

c¢DNA

588 bp
( 1A). ( 1B)
pGEX4T-PxPGRP-SA
BI21 37°C IPTG (0.5 mM)
4h SDS-PAGE 48 kDa
( 2). pGEX4T-PxPGRP-SA

o GST
Fusion Protein Spin Purification Kit
SDS-PAGE 48 kDa
(3A) o
Western blot
pGEX4T-PxPGRP-SA GST
PxPGRP-SA 3B,

2.2 anti-PxPGPR-SA

anti-PxPGPR-SA .

2 pmol
1:51200 ( 1o
1:1000 1 :4000

oD o
Western blot

anti-PxPGPR-SA ( 4

anti-PxPGPR-SA 1 ng

PGRP-SA o

1 PGRP-SA PCR
Fig. 1 PCR and double enzyme digestion analysis of PGRP-SA
A PCR PGPR-SA ; 1 PCR 7 M
DNA ; B PGPR-SA ;2
o Note: A PCR product of PGPR-SA; 1
PCR product; M DNA marker; B Double enzyme digestion of

plasmid; 2 Recombinant plasmid digestion.

2 PGRP-SA BL21 SDS-PAGE
Fig.2 SDS-PAGE analysis of expressional
PxPGRP-SA in E. coli BI121

. PxPGRP-SA BL21 SDS-
PAGE; M | 2 3
4 5 IPTG (0.5 mM) 1 2 3 4h

- Note: SDS-PAGE
analysis of expressional PxPGRP-SA in E. coli BL21; M
Protein standard molecular weight markers; 1 Pellet of lysate
of expressed bacteria before IPTG was induced; 2 3 4
5 Pellet of lyaste of expressed bacteria after IPTG
(0.5 mM) had been induced for 1 2 3 and 4 h

respectively. The arrow indicates induced fusion protein.
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3 PGRP-SA  SDS-PAGE (A)
Western blot ( B) 4 anti-PxPGPR-SA Western blot
Fig. 3 SDS-PAGE and Western blot analysis Fig. 4 Western blot analysis of the polyclonal
of the purified fusion protein antibody of anti-PxPGPR-SA
Ml 12 g SDS-— © 15% SDS-PAGE (10 5 1ng
PAGE; 2 0.5 pg SDS-PAGE; 3 4 500 pg) PxPGPR-SA
anti-PxPGRP-SA 0.5 pg PGRP-SA . Western blot 1:5000 o Note:
Note: M1 Protein standard molecular weight markers; 1 Purified recombinant proteins PxPGRP-SA (10 5 1 ng and

and 2 SDS-PAGE analysis of purified fusion protein 2 and
0.5 wg separately; 3 and 4 Polyclonal antibody anti—

PxPGRP-SA analysis of 0. 5 g fusion protein.

1 PxPGRP-SA

500 pg) were separated in a 15% SDS-PAGE gel and then
detected with an anti PGRP-SA antibody both of the primary
antibody and secondary antibody were diluted to 1 :5000.

ELISA

Table 1 Titer of PXPGRP-SA polyclonal antibody detected by ELISA

Negative control

Positive test sample

K 1:1K 1:4K 1:1K 1:4K 1:8K 1:16K 1:32K 1:64K  1:128K 1:256K 1:512K
0.0465 0.0477  0.0418 1.2179 1. 1447 1. 1038 1. 0513 1.0304 0.9338 0.8176  0.6158 0.4592
0.0388 0.0504  0.0452 1.2117 1. 0987 1. 0007 0.9416 0.08174 0.6163 0.4729  0.3067
©1:1K (1K 1000) 2 pmol . ,

PGRP-SA 4 o Note: Different dilution ratio of anti-PxPGRP-SA polyclonal antibody was incubated

with 2 pmol purified fusion protein PxPGRP-SA. Negative control
PxPGRP-SA serum incubated with PxPGRP-SA protein.

2. 3 PxPGRP-SA
PxPGRP-SA
S. marcescens)
24 h
Western blot ( 5)
anti-PxPGPR-SA
PxPGPR-SA.,

(M. luteus

SDS-PAGE

PxPGRP-SA
o (M.
luteus ~ S. marcescens)

PxPGRP-SA

indicates pre-immune serum; positive test sample

indicates anti—

[

2.4 PxPGRP-SA S2
pMTAPxPGRP-SA

2 48h  1000g 10 min
SDS-PAGE ( 6A)
PxPGRP-SA 2 48 h
2 .

6B V5
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6 PxPGRP-SA  SDS-PAGE
Western
Fig. 6 SDS-PAGE and Western-blot analysis of
recombinant protein PxPGRP-SA.

5 PxPGRP-SA
Western blot
Fig.5 Western blot analysis of PxPGRP-SA in the

hemolymph after induction

M o1
: M. luteus S. marcescens - .3
2 h 4 15% ’ ’
H& ? 4 - Note: M
SDS-PAGE Western blot B anti-PxPGRP-SA . . .
Molecular weight marker; 1  recombinant protein
1:5000 ; PB-actin . .
PxPGRP-SA was expressed in lysate; 2 recombinant
o U v - Note:

protein PxPGRP-SA was expressed in supernatant; 3
Plasma were extracted from M. [uteus and S. marcescens . . .
purified recombinant protein PxPGRP-SA; 4 Western

induced P. wxylostella at 24 h 4 pg total protein were . . .
blot was detected by using anti-PxPGPR-SA antibody.

separated in an 15% SDS-PAGE gel and detected with anti—

PxPGRP-SA antibody both the primary antibody and the PxPGRP-SA

secondary antibody were diluted to 1 : 5000 respectively. ( 7A4 7B4 7C4 7D4).

B-actin was as control. U Uninduced plasma; I induced V. luteus PxPCRP-SA

plasma.

PxPGRP-SA
o anti-PxPGRP-SA
Western blot
( 6C) 23 kDa ( 7D4), M. luteus
anti-PxPGRP-SA . 3 (B
2.7 PxPGRP-SA sublitis S. aureus  S. marcescens) o
PxPGRP-SA
4 3
( elicitor) 4
PxPGRP-SA ( 1 pL 0.5 pg/pL) 1 pL PGRPs
B. sublitis (2 x10° cells) 1 pL M. luteus (2 x 10 C 165 PGRP
cells) 1 pL S. aureus (2 x 10° cells) 1 pL S
marcescens (2 x 10° cells) 1h PGRP
( 7 ( Royet 2004; Blanco et al. 2008) . PGRPs
( 7A4 7B4 7CA (L) (S)
7D) . 4 6 6 6
( 7A2 7B2 7 7 4 3

C2 7D2); PxPGRP- ( Werner et al. 2000; Paskewitz et al. 2006;
SA ( 7A3 Tanaka et al. 2008) . PGRPs

7B3 7C3 7D3):
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7 PxPGRP-SA
Fig. 7 The measure of activity of PO were induced by recombinant protein PxPGRP-SA
: +SE (n=3) (P<
0.05) . 1 ;2 + 73 + PxPGRP-SA; 4
+ + o Note: PO activity was measured bar as mean £ SE (n =3) means

with different letters are statistically different ( P < 0.05) ( Duncan’s Multiple Range Test) among
treatments. 1 plasma; 2 plasma plus elicitor; 3 plasma plus recombinant protein PGRP-SA; 4

plasma plus elicitor and recombinant protein PGRP-SA.

( Dziarski and Gupta 2006) PGRP o
PGRPs PGRPs PGRPs
Toll Imd ( Peptidoglycan
PGRPs PGN) ( Blanco et al. 2008) .
( Zaidman-Remy et al. 2006) 13 9
PGRPs 17 PGRPs (Youet al. 2013; You et al. 2015) ,
7 PGRPs PGRP- PGRP
SA. -SBl. -SB2. -8Cla. 8Clb, -8C2 -SD PGRP-S
; 6 PGRP-SA
PGRPs PGRP4.. 4B. 4.C. 4D, 4E PxPGRP-SA.
4F ( Kang et al. (M. luteus S. marcescens)
1998; Werner et al. 2000; Tanaka et al. 2008) 4 24 h Western blot
PGRP N PxPGPR-SA

; PxPGPR-SA
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( 3) PxPGRP-SA
GST ( S- )
GST
PxPGRP-SA
PxPGRP-SA o
PxPGRP-SA GST
E. coli BL21 ( DE3) o GST
PxPGRP-SA
GST GST
GST-PxPGRP-SA
GST-PxPGRP-SA
1:51200 anti—
PxPGRP-SA  Western blot anti-PxPGRP-
SA S2
( 6)s
(
)
PO PO

( Pauwels et al. 2011) .
PxPGPR-SA
PxPGPR-SA
PxPGPR-SA
pMTAPxPGRP-SA S2
PxPGRP-SA
V5 PxPGPR-SA
4
( 7
M. luteus PxPGPR-SA
( 7D4) ( Jiang
et al. 2003; Sumathipala and Jiang 2010) .
PxPGPR-SA
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