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wAh S S AR R R R R Rk E A
IDP16, by [ 45 30 1L g 65 & K 5 K 4T B R ik .
A CAEXR 1 — 25 W 50 B A AR R S 5 00 6
TR s B HU BR 2R L — SRR B AT R 1 R UL
BEop T B .

1 BB 7k

L1 ##

1.1.1 X ERRFN B B : X, bovienii 73 & H A JL 5
S ORAF IO B HUR IR 2 U S, feltiae SN R ™ K
I (G. mellonella) K %)) ok A % 17 57

112 FZ|XFIFLET  PCR A S A K T 18
2 A AL A A o w5 BRI A D) i A I
i [ NEB 2y ] ; PMD 18 — T Simple 7 4 2% 4 [
TaKaRa 23 %] ; DNA ¥ i [71 e 22 i b 42 A 77 6 )
H Omega A @) ;pH 3 =10 NL 13cm IPG T B 4 AW
PR W 3 GE A A BCA R A & W H Pierce 2
A] ; Fluorescent Microspheres (5 Y% MEk) W A
Invitrogen A #); Grace [ H 40§ £ 7% & W H
Applichem 2 7 ; 3 fib 2 {6 B AU K 18 B Sigma 4 .
Sigma 3 - 18K 7 =3 ¥4 ¥4 &% 0> Ml ; GE AKTA explor
10 Z 7 & 4 ; PROTEAN 1II xi cell, Mini-Protein 3
cell, iCycler J B& 47 184 4% A1 W1 3k A #5 & BioRad 2 7]
72 ; GE Ettan IPGphor 3 45 & B2 £ B UK R 4t ; Waters
Synapt HDMS High Definition J5 i 13 ; & 48 4k 43
6BVl 2550 ; Olympus CK40 %¢ 5% {8 B B 1UEs

1.2 HHEIEF

S8 Yang 07735 %0, 5 3 Rl BT NBTA %
IR FEP AL PRI T Y B R T R N R R R OR
Wi 5 IR B IR 1 B0, AR R B 4 1 TSB B gR
PE % B 5% 48 ho,

1.3 MM ERER

B A 00 b3 B> DA B R EOA A0 R 2 A
4CHEAT -

W 1.2 B5 %00 B W0 3T B AR SRR AE B VR
SR ZE I ON TR Bk & 85% M RN, 1 AT v .
12000 x g &0 20 min WCAE PTE 8 A R 5 Tl
20 mmol/L Tris-HC1 (pH 7.5) ZZ b, o 3
NFENTAE (W 2 7 518000 - 14000 Da) 7 b ik
Gz ph b B A B, B ER A 1 B A T - 80C
M.

1.4 MESNEBEBIGEL

W 13 B AT B £ 1 2 AR A %2 20 mmol /L
() Tris-HCl 22y (pH 7. 5) 4 i i) HiTrap Q HP
B B9 1 A2 AT b AR5 AN IR R B2 1K) NaCl R AT 25 ik
SCBE VR (0.2, 0.4, 0.6, 1 mol/L) , W A
7 375 WA IR I 06 5 375 A Bk R U5 40 all gk AT 3 R W e R
SDS-PAGE. 4R J&5 76 1% T 41 20 n N 1R %% 2 1
mol /L, EFET 1 mol /L fini B2 ¥ 0 1 5 i 1f) HiTrap
Butyl FF gi /K ., F 1 -0 mol /L 1 fin 2 i ¢ &2 2k
PEAR B JE I 10 min, £ AN [] (1) 2 575 Ve R G Mt 0, 375
HT Bk 5 5 2 S0l 1 AT 35 2 Wl 8 A SDSPAGE. )
3% P 414> N 4 20mmol /L 1) Tris-HCl Z2 i (pH
7.5) V5t i) HiTrap SP HP BH & F A2 ekt L, H 0
—1 mol /L f¥) NaCl £ ¥4 8 J& P it 20 min, 43 ) e 5
7 175 WA R 5 08 I 3k A7 35 M4 0 € A SDS-PAGE .
FI B FH BCA B (1A I8 77) &0 7 > DL BSA fE
PRUEE .
1.5 ZEBRNWEEXMARIEEE

TP ) 55 U R AR EE - n) SDSPAGE
439 76 Ettan IPGphor 3 4§ 5 5 #: 1 yk & 4 f
PROTEAN 11 xi cell o k4T &5 — ) 25 2 58 £, 0%
100 g 18 (1 T8 & K6 BRI (7 mol /L JR
2%, 2 mol/L i lf, 4% (w/v) CHAPS, 40 mmol/L
DTT, 2% (v/v) IPG buffer, Jg & R 5 #) o 42 250
pl, SR 5 EAE T4 RO R AR T, il pH 3 - 10 NL
13em PG T4, B 6 0 Wy 2 a0 K 4% A 58 1l 4%
M BEAE:50 V, 12 h; 500 V, 1 h; 1000 V, 1 h; 8000
V &S TjZ K 20 kVh. 3 7] SDSPAGE (12% ) H
VK> T30 mA /RS HLUK 4 ho B T Mg g (.

RS S e e sck R 10 i AT . KX
) B S A BT S i 9 g U0 Ak S S 8 WA )
2, #F Synapt HDMS High Definition Jii iff {X 347 >
Bt BT 455008 1 Mascot 2 )7 78 NCBI 4> 41 1 5 A 41
Bl e b BEATR &
1.6 mIBERMTE

45 NCBL b 2 A5 (9 /7 41, Wik 514 (F: 57—
ACCCAGGTTGTTGATTTACCTAATC3"; R: 5°-
CCGTTGTTAAACATATCAAGAGGTG3") , $ I K
S0 FF R ) 55 D20 DNA AR S PCR N (1) A5 A, 4%
WRFRF AT Y #5:94°C 5 min; 94°C 30 s, 55°C
30 5,72°C 1 min,35 PMEH;72°C 10 min. 1. 5% B
JUE B g e PR VKA DU PCR 77 4 I [DC, 5 D F B 3
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B4 PMD 18 — T #44k, # 4k Escherichia coli DH5«
T2 S A0 B AR RO 328 BE PR R VR % B AR AR
B 2> ) Uy
1.7 EEMERKEREHEARA L

HR AR v B 45 21 1) 5 D e 27 5 B vl g U0 47 5 B0
31 ¥ (Nco 1F: 5 -CATGCCATGGCT CAGGCTGAT
AAGAAACTTGAAGATG3"; Xho I-R:5-CCG CTCG
&TTATTTGATTACTGCATTATCGAC—3’) , 1% 1.6 1)
ZAF AT PCR 1Y, 7 ) i # 3 pET-30a 4K 1K)
Nco I #1 Xho I A7 4, # N E. coli BL21 (DE3) Ji 5% &
0 H» 975 328 B TR 9 00 6 I

0 E R R B AR B B T A R OISR R K LB
PREEFREE S, H 1 mmol/L IPTG # AT H TR IEL. &
DI 42 B 4&, H Binding Buffer (20 mmol /L Tris,
20 mmol /L Bk M, pH 7.4) &, H /5 A #F 20 min,
12000 x g .0 20 min B | 3%, SDS-PAGE i yk #&
o

HE S TR B G EMENARIE Y. K
B B W W LA T Binding Buffer - 47 1 1
HisTrap HP A, ¥k LA B4 & M E A4 5, R H
40% f#] Elution Buffer (20 mmol/L Tris, 500 mmol/L
WK, pH 7. 4) JEAT BE B K 8 21 43 76 20 mmol /L
Tris-HC1 (pH 7. 4) i#E #7145, SDSPAGE 48l 46 1k, 7~
W RS 00 G 490 o) 10 vk R A ) R
1.8 BN

Z W ocmk 221 7 3. KSR AT 75% 1
WORS T 55, AR5 Sl A D 2 10 0 H Bl 3 5 4% N
RO R B A v NI, T R% 9 LA % i 8CE 30 min
Jo o T R BYBY R I 2, 8 ok L A 3 IR b, =
Uk B 30 min s RS I IR T AR EE AR A S T SRS £ A
B AR R AR, WA R AR T R A B s G SR O
FERCE, WA )T R L R A RN e 3 A T
PR G2t AR R B BN AR PR E AT 3 9
1.9 ZEyELE (PO) FE

PO (58 R0 2 B Scmk 051 1) 7 ik 147 .
ORI RG U 75 5 B 20 WL Ik L N 5 L A5
WRA], L EE 10 min J5, A 975 pL & 1 pg
AT Z 51 0. 01 mmol /L L=% [ ) PBS, JR4), 1%
A6 6 R v N sE JLAE 495 nm TR BWEOGAE AR AL
LG MK 2 SOk Smin P ROGE AR A o
1.10 >4 M 48 Bl & Wk Y 52 1

R AT 75 %0 WK I 55 5 F 0 T A4 R

TR DR 1 AN e 1115 AP 1 1S R i
30 min, SR #5 5 pl 58 e BBk B (5 x 10° A /L)
N B R, S R 2 h 5 BY T ORI IR
A B 20 L il vk B, 2 FIVR A AE 180 pL
TR (1) B %22 i (98 mmol /L NaOH, 186 mmol /L
NaCl, 17 mmol/L Na, * EDTA, 41 mmol/L ¥y 1%,
pH 4.5) U th £ 5% B5 .0 5 min (2000 x g, 4°C) , 4%
e £E ) (1 1L 40 L T B T 200 L 2 10% Jia 2 I3 1
Grace B 4N By 7 56 b, 9206 W08 T 20 o W)
W F1 580 nm R G AT D 5 O /)N BR B I 40 B 7 IR )
15 0, 55 40 i T B 1) 2 G /N ER BT b Bl e i, R ol
HHERE, BES K.

1,11 1 20 B 6 #% B89 52 1)

K KW UE 75 % KSR IS . P O VE O 280
SRR DI 7 SN e 1 s R R 10 1S S
30 min fi5, BY FF OME IS G E  #% ORI L 20 WL I ik
B, SR AR A TE 180 L YA (14 0 5 22 o v b »
B0 5 min (2000 x g, 4°C) , #5531 11 1 40 g &
200 WL 7 10% fi 21 (L7 1) Grace B L 40 i 15 5%
Berp, B 42 96 LA, AR S AL oI N LKL B
JIE /N BR, SR AR 12 h, SRR TR 0 /N BR B £ 4k
15 0 o

2 iR

2.1 EBMFIEANSK

A1 B B0 A 1R 11 i 4 H 28 B R Bl e R B
Jii 5 5 >l HiTrap Q HP [J] 85 1 22 # k¥ BEAT ¥ 20 43
BAF R 4 AN, B R 5 23 Sl N ORI I I i W %2 1.
IR EL R B AR B B, A %% B 0.2 0.4 mol/L NaCl
IPE 4L > A2 R A3 HL A 0 1 R et R if vk 2 PR Ak
ey (B 1 -A), H A3 SR & W A3 1EA T
— R BRI 414y . A3 2 HiTrap Butyl FF 7K
FEr B 13 21 3 A0, 3% VRS I 5 7R 57 35 I B1 R % 41
) I 9K L B4 (1 - B) » B 5 B1 7E HiTrap SP HP
BH & 7 A #e b b4 125 43 21 2 35 W C1 R0 Bk i i C2,
SEMER I K B 0 — 0.1 mol/L NaCl ¥t it £3 £ 1y C2
AT 0 A0 0 Ot AR 2 A E ] (1 - C)
SDSPAGE il C2 2y f— 14k, RW 4 18 K
2716 kDa (] 1 = D) « BCA 3543 T 13 & (1 41 70
&4 0.2 mg/mL.
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Fig. 1  Purification of immunodepressive protein from extracellular extract of X. bovienii. A: Step-elution profile of

immunodepressive proteins from HiTrap Q HP column; B: linear elution profile of immunodepressive proteins from HiTrap

Butyl FF column; C: Linear elution profile of immunodepressive proteins from RESOURCE Q column; D:SDS-PAGE

analysis of purified protein.

2.2 AUEBRRIBETE

C2 X1 MLk 3 B A — A A (B 2), &
Ao B MAE HL 230 04 16 kDa FTS. 2. $ZHiZ R
F i 2B AT e A B U > 3547 LC-MS/MS 73 #t, i 494
P 7E Mascot £ % J5 113 45 & 304, 45 — A &b 2 VT L (1)
WA MR R YR C2 HAM3 AMIKBL S KR E0R
AT X. bovienit SS —2004 F R A — N5 2 A W&
B LA ) ecotin [] Y5 (¥ A 1 (CBJ80493) ([ 2
B) AHULHAC (p <0.05) , B8 4 - 5 F1 45 W 5 43 il
73 16.01kDa 1 4. 98, 5 X jn) 45 KW 5 o FAT K 28
1L 8 A Ay 4 o IDP16 (a 16kDa immunodepressive
protein) .
2.3 EERERFIISH

R w91 s F AT AT I B0 A (X

bovienii) 3 K 41 DNA w75 [% 75 3] IDP16 11 4 K
(GenBank % 3% 5 :]J0669674) , i% 3t [ L 483bp, 4
fih 160 N IEWR , £ SignalP 4.0 TR, i% & (107 19
B2 AE 5 IR 515 B IDP16 d2 3t 141 DN e R R
It K AT % 1 ecotin (GenBank & 3 5 : AAA23719)
NI, W T A B Ik 54.93% . Hop
KR 60 s A 100 s B G5 A R 51 58 4B 50 s Al
80 s A A > A IA) (1 3) -

2.4 IDP16 X X %542 M ith B o & B & 1L B IE 1 RY
A1)

DR UE R i 4R T A B B S T 22 P SR A Bl )V AL
&, FATTEL DOPA AE 2 I K il T IDP16 X % Iy
AACEE I SEm . B 4 - A Wi, BSA W E (1 M ik 2
FEIIANZ 2 LA S A0 7 ) 2 L 1 1 AN I 18 T
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: kDa
—170
- 130
—95
)
72

55

43

(B) MKKYLLPLAAMMVSVSTF AQADKKLEDVAPYPKASE GMVRNVIDLAPEEDEGDY
MVELMIGQDIKVDCNHHW FGGQLETKTLEGWGYDYY VLNKVTGPASTKMACPGQ
KETVRFVQVQLGKDALIR YNSKLPIVVYTPKSMTVK YRIWQALDDIDNAVIR

B2 “EBRINE R KFRE S
Fig.2 2-D anlysis of purified protein and MS identification. A:2 -
D anlysis of purified protein; B:The sequence of the ecotin from X.

bovienii SS —2004, underline indicated the matched peptide.

xb MKKYLLP—LAAMMVSVSTFA

25 min J B 05 R AH AT B A HE W &0 AR 3G
50 min 5 % 5B (1 0K 1 5 K 4E F7 A8 € . IDP16
07 B 1 0L K AR N A1 25 min Y AL ) 2
EEL IR P 2 19 0 22 18, 22 W A A B T TR R RN TRUAIK
(K4 - B) , IDP16 W% & A 1 3k (2 b 22 193 4010 i 1) 3%
PE A Ay X6 B R 1 25. 6% , H. 25 5 1 2% (LSD test, p
<0.05) , 31X {3 W] IDP16 §E % & 35 1 1) K 5 s 1fn v4F
B e 1 2 1 A A T 1 3 1
2.5 IDP16 *i K %8 4% 1 40 i 75 Ik 58 14 B 82 1

¥ IDP16 3 A KR % 30 min J5, SR — K
N B 7 30K 2 6 S BR A N I IS 5 W %52 I 40 i A
RE IR AR A » 45 AL 7R IDP16 A K i ML ifi 41 Jfa xof ¢
IR B A T AR 2R 30. 9% 5 ALy X I 70%
72 7 B (LSD test,p <0.05) »
2.6 IDP16 *i X %8 4% (i1 40 i 6 #5814 B9 82 1

4 IDP16 i N KIS IR ifi Ji 30 min Ji5 , W 4 1 40
A 5% L5 B IR /N BRI B 4 % 4 22 IDP16 Ak B

signal peptide

ec ..T-I..AV.F. AFATT. AW.

50s loop

xb —QADKKLEDVAPYPKASEGMVRNVIDLAPEEDEGDYMVELMIGKDIKVDCNGISIFGGQLE 59
ec AESVQP. .KI....Q.EK. .K.Q..Q.T.Q...STLK...L..QTLE.... ..K.. 60

60s loop 80s loop

ec N..... . . . FDK. SS.

100s loop

PDG. KEKK. . TAY. . DAGMLENRARN. . . .. .. 120

xb TKTLE LNNVTGWSGQKETVRFVQVQLGKDALI IVVYTP 119

xb KSMTVEYRIWQALDDVDNAVIR 141
ec DNVD... . V.K.EEKI....V. 142

E 3 IDP16 5 KJa4T & ecotin B FF 5! bk x4

Fig.3 Alignment of IDP16 and ecotin from E. coli. Shade are functional sites involved in proteinase inhibition.

Tk (1 K e, G i 40 B xS 3 I R N K AL B R
WY W RE G, i 40 R 7R D BROR R R R A BB
([&'5) -
2.7 IDP16 MR#ZRIEREHEAMFEMEIE
IDP16 FEH 5 pET - 30a #4434 )5, ¥ A K
Jior FF B HE AT S R L, 4 SDSPAGE Ha yk A8 Il 8
H (18 (1 /s (24 kDa) db A — 445 S 0k ik
(1 2%ty (I 6) o 3% BT B #h 1) = 410 4 1 0 0 41 20 1
N R UES Wi e, L A 0 o i AR B R AR R BE s HL
B RN A R BE 4 A 5 2 W 48 4 i 0 3% P A
XPII 31.5% (Hos R Bon) » 5 KRR & A s
Y.

3 itig

% Wy A i b A 4 10 AL I8 T S 7 R o
A P BLJE 35 1 1) 22 93 46 A I S A7 7E T B o ot 94k 1
ML 40 o 9 A 1 N I e P B AT 5 52 AR
W F B L EIRE E A S0 R 2 AL I I 2
SR ¥ LA S IR etk 7R L2 B, T L L4
TR % LI, B 5 2K (45 & S S0RE AL, BE T 2R B — &
B1J 5| 4 1 L 2% 20 5 5 K R TR B 8 2%
RN B HUIR P I 2k e SE R A e R T E AR
AR iR g
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(A) 03p BSA

(B) 0.03p

OD,./5 min
@
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BSA IDP16
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El4 IDP16 M AEREMMEH Z AL TEENE
i

Fig. 4 IDP16 influence on hemolymph PO activity of G.
mellonella. A: Time course of PO activity in BSA or IDP16 -
incubated hemolymph; B: Comparison of PO activity in BSA and
IDP16 - incubated hemolymph.

gh-AMEE A 0®EANRRLENE 91K
proPO ZLIE S N = AL BB Y LR B 0 K ie e = 5
0 40 X A £ B R 5 0k 4 ek pk e g 4 T
I i 4 9 . 240 0 A AR D S T
Wy 77 B8 50 B AR

TX LR N A0 R W I 7 A R S A
WA F8) T Rt St N AL A I AR A AR = AN R A
BEW 5 EA AR R, &R LR
o A R VR 52 99 4 R IR A S
LF) T B 5 1€ 58, b an B 0 R i G4k LS.
carpocapsae ;= 42— R BE 2 11 1 g 08 3001 2 M AL
T3 12 BEL Lk DAk ) B R A6 o 40 M O £ B g
W 2k o BUR AT 3 (X, nematophilus) T 445 0] DL
Z Wy AL B 0 VORI B A A A0 R Ay MR 45 TR
3 O A R IE ) B U D HI A B RO T
(Photorhabdus luminescens) §& 7= 4 & 1 W 30 ) 571 8%
NG PUAR R I R A 22 0 S A T AR 1 K

5 IDP16 X X 4 42 M 48 i 61 40 E 1 O 20
Fig. 5 Effect of IDP16 on encapsulation of hemocytes from G.
mellonella. Bar indicates 50pum. A:Encapsulation of BSA-incubated

hemocytes; B:Encapsulation of IDP16 — incubated hemocytes.

3 2 1 M iDa

—170
—130

—95
—72

—55

24 kDa—>

—17

—10

E 6 T4HE D IDP16 & SDS-PAGE

Fig.6 SDS-PAGE of recombinant IDP16. M. Standard proteins;
1. Total proteins of engineering strain without induction by IPTG; 2.
Total proteins of engineering strain induction by IPTG; 3. Proteins

eluted by 200 mmol/L imidazole.

59 U S g R PO . RS Th 4y B 4 B
IDP16 nJ LA & 25 10 1 Bt 22 Wy 4 Ak g () 355 5 PR A1
RS O 1f 4T P 2 W R A R T 0 L AR G A
132 G B Hu Ay 32 (1 i A v B 6% 40 ) B H ) S s S N T
AT BB AEEAMEI. 245 A1k, MG Xenorhabdus
spp. 17 A G P 0 B 1 I AR .



AR

AR EOW AT B IDPL6 H 1 400 1 it 5 ) G 8 S 8. /2R 40 24 4% (2012) 52.(7) 891

Ecotin fiz 15 75 K i AT & 1 Ji Joe b 5 I, A2
AT A 2 G TR E 1 A AR S T i 2 A ) e R
F I ~ BE £ 5 A R A ) 22 210 1R R 1 il
v P WE ST IE W ecotin [1] 50 s il 80 s 4 L5 H il i
AR, (H 60 s M 100 s b &5 oy f2 L7 A 400 i) 3 P 1
il KU 2 G 3 M 67 51 Y o ACHIE S TDPT6
HA Y5 KA H ecotin 584 — 3 60 s 1 100 s J¢
51,50 s F1.80 s £7 it 22 53¢ » AN 4N IDP16 W] gty /2
I A 51 7E 2 g A A I A Th R T AR ] 22 R
R g A 380 00 i AR L A 2R 1 R o A
RS K AT B ecotin 45 T AN [H) o A 5 HE W7 ik 75 5
5 56 1IE -

{(SIANIE= Gl o S WA o< 0[S = G O Il =
IDP16, nJ GEAT Bl T 2k U F0 387 B A5 B dudi 2 N I A7
WAV, O 52 AR BN RE A K. Sk b, K
T I IDP16 1A R E0w #F 3 7 A 1 J A a1 2
R (B AR 7)) I L 7 B U J 2 e — 4
WAL AR AR ON B I i i R A S o G AT T 98
A TN TS 55 5 1A AR LS

2 2% SCHR
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An IDP16 protein from Xenorhabdus bovienii depresses the
immune response in Galleria mellonella

Huaixing Shi, Hongmei Zeng, Dewen Qiu
Key Laboratory of Integrated Pest Management in Crops, Ministry of Agriculture, Institute of Plant Protection, Chinese

Academy of Agricultural Sciences, Beijing 100081, China

Abstract: [Objective] A protein with insect immunodepressive activity was purified from Xenorhabdus bovienii, a
bacterial symbiosis of entomopathogenic nematode. To determine the function of this protein in the pathogenesis of
bacterium-nematode symbiosis, we detected the effect of this protein on immune response in Galleria mellonella.
[Methods] Proteins from extracellular extact of X. bovienii were purified using ammonium sulfate precipitation, HiTrap Q
HP chromatography, HiTrap Butyl FF chromatography, and HiTrap SP HP chromatography. Intra-hemocoel injection assay
followed by observation of hemolymph melanization was used for activity determination. Fluorescent microspheres and
sepharose beads were used to assess the effect of purified protein on phagocytosis and encapsulation of hemocytes,
respectively. The purified protein was identified by 2-D and MS anlysis. The fulldength encoding gene was cloned by
PCR, and expressed with pET 30a in FEscherichia coli. The recombinant protein was purified by Ni-NTA affinity
chromatography. [Results] An immunodepressive protein was purified and designed as IDP16, which can inhibit the
phenoloxidase activity, and weaken the phagocytosis and encapsulation of Galleria mellonella hemocytes. The encoding
gene was then cloned and expressed in E. coli. The recombinant protein was also determined to be immunodepressive.
[Conclusion] The IDP16 protein from Xenorhabdus bovienii can depress the immune response in insect, which may play
an important role in bacteria-host interaction.

Keywords: Xenorhabdus bovienii, IDP16 protein, Galleria mellonella; immunodepression
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