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FHZERIOY e 525 A AU R S e 5
BRI OC R, MERERESEN AR, WERE X
b, RS A EAEY O IR T R R A
KZRE P, X e s A Y, AU B
THE/R HBIE L, 3 AT Rl X R R 27 A
Yo P IRl A A R AR
T F AN, R BB AR TG I, MR

TR ROEFN 5 TREAR S I R, 25 0 g 1) 42
W, B A e TARRIINME, BIHAT NI, 06
BiGYF (Acyrthosiphon pisum ) . ZZ KA ( Sitobion
avenae) . BEWF ( Myzus persicae) F1 £ 15 %

( Schlechtendalia chinensis ) =5 /% Fh 248 (1) i I 7E
AT oE >, Sk Sef 5T S LA HUR AR 4, R
FHRUZ & 37 AT ADLIEF v A i P S B e v
S — 2D i F A MR P R T A, R
YT R B P IRCEE T E SRR B M R I 1
M, AR EE R B i A
A AWFFE A HAG 07 0 Z A AR 24
i ( Kaburagia rhusicola rhusicola) ( Aphididae:
Eriosomatinae: Fordini ) £ %k4# ( Rhus potaninii )
IR R B kL, AR OB SR S5 R R AT
HESL T MU IR R Wk AR L WRTTBH A A A
YR MR AR TR v, N FZOT B R ORI 4
T A A BB 2 B M R

R

1.1 K HE

P Ai i HUBCR 1 = B8 B T 4 B el A AR
MROSEE (102°48'E, 25°5'N, H: 1980m) , K%
A SR BIREAEEE . T 5 A RIAE R R AL B it
FRUF R0 OBt 7 RS FWARE T, AR,
1 5)-80 C . ZUBAKIRUKAE (Forma) {47, it
TGS,
1.2 BHfEFRELAER ERRE

BERUE AR R 3~6 mm AR A0 e, L
PEATARE, BRR RO T RERD T, 2RI
¥y RZBAE, FHICHK Mg T, F B ARED A
ANER, UEANBER RO ERDIBRANRZ , BCRIBERE R
2., BHNZUIE2 0.5 mmx0.5 mm B/NFEL, R
A TE-SDS ZEmw 4 (10 mmol-L ™" Tris, 1 mmol-L™
EDTA, pH 8.0, 0.1%SDS) , 4 C#& 1 h Ll L,
Bl LIEW, WAET2EARDIE, BEFRAEP R

M. R Bk, fi#i 30~50 DHuBE, EHE
WA ) 2 A R O AR A BDTTE VR, TR Sk

IrE

1.3 E|EBKE

13,1 ARAATrR%  BIENEATIEREIH
F 50 mL .08 T, FE-80 °C vKAE H TR A E
A, BBEEBINEES R HTHEAAN (ZL-12
TDT ¢/ |, &ESH N : 0.024 mbar, —54 C,
BT AR, HIA 200 uL TE-SDS Z& i
Vs, T E S sl

132 AEEGRSE PSRRI (500 pL )
HRARE ST (MWCO) 10 K iHEIEE |,
1300xg, 4 °C, B> 25 min, ¥EBIIIER 2R
3 (MWCO) 3K [ IEE T, 1000xg, 4 C,
B0 30 mine FFFEB VIR E 1.5 mL A &0 5
Hr, Jm 50 pL B ARG B0 F] ( PMSF) B 7S
e, BEIRIRS) . HASELOWAE, 30 C #1430 min,
AUTTERIAFRZISH 100 pL.

1.4 FEBKEN

1.4.1 Bradford ik 2 &40 R B AEE A &
FIH S, %E$E Protein F2 % T %) Bradford 7. {#i FH
96 fLE#MR (Corning, 535 3524) , H5.0mg'mL™
) BSA #E1H (A& E ) AbsdEEH, HER
SE YR B B 10, 20, 40, 60, 80, 100,
150 %, FAPREMEE | AEE, £La5MA
20 pL FHR e FE AR FH B (200 pgmL™) o
2% W FRFL AN A 200 uL Bradford T fE W, iR
Ao i 25~30 °C, N S min f5§, L0 B RA
FIXTRE, FEREAR A & FL7E AS95 ALY OD 1A .
DIAREZH 4% FLTE A595 nm AR E /Y OD -1 N
DNAL R, %R Y AR BTV B A i Ak bR, 7E SPSS
Statistics 17.0 ZK & hilbrEdT S o T SbRiE 28
Jg 2 y=0.0077x+0.3791, R*=0.9970, Mt 20 puL I
IR 1.3 A v A W AR e YRR R 10, 20,
40, 60, 80. 100. 150 1% A% B 46 i 1770 B
MI5E AS95 nm 4bAY) OD H, X I8 B 2045 2 (45 i
Mk, ARSI TR,

142 RRE%EBIEEK % (SDS-PAGE) R
BIO-RAD % 3 . H1L Uk A%, Tc il ¥ B 4 12% 1)
SDS-2R TN 4 Tk 22 B i F VK o0 B e, PO 1 5% 1)
SDS-ZR P Jis 1 2 B8 st FEL VK VR A G o DA SRR 25
FOK MBAYEXT AR, 5 uL iYL 1 Marker 7E A BHE
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XFHR ., 90 VP R H ik Z 5y AT L vk 4
Jie, 120 VAETEHLIKZ) 1.5 h, IR 5 AT
W BE A S, 5% Ik

1.5 ZOEHREREHE

Jett, KGIYUCE AR #2065 rmin ' AYFE
R EGe 1 h Ay, BUhiied, KEroKiEdk.

J A2, K e e Y R B T 3N 65 romin!
FER BB 1 h DL b, BRRE T, KAaiEwmT
DLREA]

1.6 EERIRR

1 80 Y TS R i T BE IR A AR b, SR
MagicScan 5. 1 1 THALF 5347 o
1.7 Fuig&arthr
1.7.1 &% B f# (in-solution digestion) ¥4
Je Y R AV B W 2 R 50 pl 0.1 mol- L™ AR S 8%
W Y pHIE & 7~8 Z 8], fil A 1 mol'L™ ¥y
DTT ( —BidpbilE ) ZEHEZH 10 mmol- L™, 55 °C
R IR IR INE 1 he #4500 1 mol L™ TR L MR Bk
BYRE N 50 mmol L™, FEEIR T, B TR i
BN 1 he HEMA 0.3 pg 1198 A B
trypsin ( TBI80 3K E ) , HF 37 CIHEAE, b5
F 15~16 h, FFFRER
1.7.2 AR E#R#EEAER (LC-MSMS) I
IREEE Y, HEATHOR €35 BT, 1k
HABWT . A& Dr.Maisch 4% (75 pm x
150 mm) , JshAH: ZHEHIK (70: 30) i st
PEATRERELEG, BflE]: 45 min, %i#: 200 nL-min',
M =l B e At st B B A

(BPRC) #17.
1.8 ERLETE

K H Mascot R, X L&A (LC-MS/
MS) W as RiETE A Z PR R X, MR
MR . BT AR ACYPlproteinsV2.1b
(http://www.aphidbase.com/aphidbase/downloads) FI
L me JT 5 1 $8E & ( hitps:/www.arabidopsis.org/
download ) . #ESEKE : Peptide Mass Tolerance:
+ 0.1 Da, Fragment Mass Tolerance: + 0.2 Da, Max
Missed Cleavages: 2,

2 HRERHN

21 FEHKRNEGR

2.1.1 Bradford & &40 %4 Bradford E:HFFRL

R, LSRR TR R VR AR R L R MR EE
39 pgrmL " R PR A v T A v v A A I R
Mo RSB HRTERWRER T SAENA, K
FECIREN T B M2k, Al T A 4
Mo N R B 1 )R 4
2,12 RABLREEIR B &N (SDS-PAGE) £
e FLAR AL VKR, IR AR AR AR L ek, 5 Eh it
SR ARNA IR, BRI TR A
Kb, ol iE e Oa e RN &, KU
WSCRE PH A% M 6 11 B BB %) B 1 v B AR
213 RABEEREKA 5P (LC-MSMS) £
LC-MS/MS 73#r, LSRR T W 4a it i ) B i
Bl EA&EARE (K1), RAERRINEAC SR
BT S HTIERR, AT A T AR R S Sy
Brs ARUE B 4 kAT B0 7= P A B 1 B
22 EBRLEE
5 T W e U HU AT B S i A5

I TERR I R , W BTk o 4 R S8 2 R
Bt R DL R T 8 VB A A T LSRR, A
S S AR 7 A, I 12 MR E, S
F 30.9~157.6 kDa, VCECHIRKELECH 1~4 55, 4ifid
RILFRKE N 277~1 421 (% 1) . &3 LR
S5E AR, B E I E A ERA RN S MEA
Firr, Hi 45 ACYPI 006711 (4 4 {f [H 12K
H, BA GTPEMHLGIRE, & A TE MR

( S. chinensis ) WMER FIER IR P BB E R 5
A5 ACYPI 006969 4 Actin 5, ARMLE4E
SEATNREAR T, TE AR I M A vl 2 e B
Hery 2 ManlndEmn . #aEEEn, BA%
/IMA DNA 256 FIRERRRR 45 A IhEE; 59 1 FlouAs g
FEHSGOIZER, B mRNA 7 55y Y1 Di6E .
i1 F ACYPI 006711 il ACYPI 006969 % H 7E 5 Jit:
it W 5 2 G ZAH I 14 £ A B0F Ve Y 8 M A TR v A7 A

(Kl2) , JFEA5REGERMHEXH TR, BILAT
DL DBy DA Ji A3 e st 2 20 e M i 2 A AR R Al
REck A TI-Aif e, -5 Bl R AR A .
i ACYPI007671. ACYPI003311 il ACYPI002474
VRV AR AR, PEMER AR R S A R A
i, HEEA TR S HERIE A E, ACYPI007671
1 ACYPI003311 MEFFEEAEN, S5
AR X LIRS EANIIRER, K2
A J& UYL ST RO EE . LRSI 8 1 8
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Fig. 1 MS spectrogram of saliva proteins from gall tissue of K. rhusicola rhusicola

®1 NRBEARDEFHAEEBMERKFE

Table 1 All protein types and characteristics of K. rhusicola rhusicola identified from gall tissue

EANS Name Molecular Function SUSIZIOI:EP Coverage 1:?]1;:13;8 Length/aa MW/kDa
Protein no R ST IRE KPEP/ME i ik E B KR KN
A mRNA splicing; via spliceosomemRNA
ACYPI 002474 Pinin/MemA proteinfA fig/ic 125 A BT B B 0.49 2.79 1 358 423
ACYPI 006969 Actin 42AHl5hEH ETf;ﬁ ;Jogzsnruent of cytoskeletonZHJifl e b 4 o "
El ion f 1-alpha 2-like %E
ACYPLOOG711  Longation factor 1-alpha 2-keSEM Grp bingingTpst 23t 221 433 2 462 502
Hr&EH
Histoneproteins involved in the structure
ACYPI 007671 histone H3 ZHEE of chromatin in eukaryotic cellsZAZE S 1.12 3.25 1 277 30.9
5 FAZ A G 55 1 544
Partitioning defective 3 homolog PP, G Lk
ACYPI 003311 isoformkl 5545 B3 [F 247 Phosphatidic acid bindingfi# Ig 2 45 & 0.83 0.56 1 1421  157.6
QIFIY0 Uncharacterized protein ARt 2 1 Hypothetical proteinff ~J i & & (4 i 0.51 1.95 1 614 69
Q56Y48 Transmembrane proteini5 [l 2K 5 Hypothetical protein{f {5 & & H Jit 0.49 3.08 1 325 382
ATP synthase subunit beta ATPE i ATP synthesis; ATP-binding; Chloroplast
P19366 i 7 B ATP 2 s ATPL: £rs 4544k 3.58 6.83 3 498 53.9
5 _bindi 7t
P21238 Chaperonin 60 subunit 1455 £ iTP.b,“?d“zi’ NEElEI BRI AU 2.05 1 586 62
=3 *%—Q‘M/D =]
6-phosphogluconate dehydrogenase 6- .
9FFR3 P e Hloroplastici £ {4 1.39 2.05 1 487 533
¢ B 47 B P
Alternative splicing; Protein transporti
H
QILTX9 Heat shock protein #4 K 525 A VLR E R T 1.14 1.39 1 718 77
. . 3D-structure; Acetylation; Calvin cycle;
Ribulose bisphosphate carboxylase 4
003042 large chain FZHE — PSRRI (LR okt Carbon dioxide fixation=#4E45#4; ZBE  6.61 7.10 3 479 52.9

s RARSCUER; SRR 2

FEREERM TRER, o v BEER . MEASY, HORUEBIRRS S . ATP 4SS
ATP SHER . FMER . HREAMBERRL M. EAfE . SR OB, %ﬁiﬁﬁ%%ﬂ
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Saliva of K. rhusicola
from gall tissue

o Salivary glands
of S. chinensis

Saliva of S. chinensi;
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Fig.2 Venn diagram of saliva and salivary gland proteins
identified from K.rhusicola rhusicola and S. chinensis
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Salivary Protein Collection and Identification of Galling Aphid
Kaburagia rhusicola rhusicola from Plant Gall Tissue

YANG Ying'"?, WEI Hong-yuan'?, SHAO Shu-xia', CHEN Xiao-ming', YANG Zi-xiang'

(1. Research Institute of Resource Insects, Chinese Academy of Forestry; Key Laboratory of Cultivating and Utilization of Resource
Insects, State Forestry Administration, Kunming 650233, China; 2. Graduate school of
Nanjing Forestry University, Nanjing 210037, China)

Abstract: [Objectives] To analyze and identify the contents of aphid saliva so as to provide reference for coevolu-
tion research between the sap-sucking insects and host plants. [Method] A novel method was introduced to collect
and concentrate saliva of a galling aphid, Kaburagia rhusicola rhusicola, from the gall tissue on Rhus potaninii. The
samples were treated by applying ultrafiltration membrane concentration and freeze drying, and analyzed by LC-
MS/MS. [Result] Protein peaks were found on the mass spectrum of concentrated samples by vacuum freeze-drying,
and partial salivary proteins were successful identified in the gall tissue of K. rhusicola rhusicola, The molecular
mass was between 30.9-157.6 kDa, The number of matched peptides was 1-4, and the length of the encoded amino
acid was 277-1421. Five proteins were identified in the Acyrthosiphon pisum, (ACYPI 002474, ACYPI 006969,
ACYPI 006711, ACYPI 007671, ACYPI 003311), i.e. pinin protein, actin protein, elongation factor protein, histone
protein and adhesive proteins. Seven proteins were identified in the Arabidopsis protein database (Q9FJY0, Q56Y4S8,
P19366, P21238, Q9FFR3, QILTX9, 003042), i.e. uncharacterized protein, transmembrane protein, ATP synthase
protein, chaperonin protein, heat shock protein and phosphocarboxylase protein, etc. [Conclusion] In this study, 12
kinds of proteins were extracted by LC-MS/MS from gall tissue. The elongation factor protein, numbered ACYPI
006711, was identified in the saliva and salivary glands of Schlechtendalia chinensis; the actin protein, numbered
ACYPI 006969, was also identified in the salivary gland of Schlechtendalia chinensis. It can be inferred that the pro-
teins identified from the gall tissues of Kaburagia rhusicola, most likely come from the saliva of the Kaburagia
rhusicola rhusicola.

Keywords: Kaburagia rhusicola rhusicola; aphid gall; salivary protein; protein identification; mass
spectrographic analysis
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