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Effect of Acupuncture on Transmembrane Signal Pathway in AD Mice: an Analysis Based on Lip-
id-raft Proteomics NIE Kun, ZHANG Xue-zhu, ZHAO Lan, JIA Yu-jie, and HAN Jing-xian Insti
tute of Acupuncture and Moxibustion, First Teaching Hospital of Tianjin University of Traditional Chinese
Medicine, Tianjin (300193), China

ABSTRACT Objective To reveal the transmembrane signal pathway participating in regulating
neuron functions of treating Alzheimer’'s disease (AD) by acupuncture. Methods = SAMP8 mice was
used for AD animal model. The effect of acupuncture method for qi benefiting, blood regulating, health
supporting, and root strengthening on the amount and varieties of transmembrane signal proteins from
hippocampal lipid rafts in SAMP8 mice was detected using HPLC MS/MS proteomics method. Results
Compared with the control group, acupuncture increased 39 transmembrane signal proteins from hipp-
ocampal lipid rafts in SAMP8 mice, of them, 14 belonged to ionophorous protein, 8 to G protein, 8 to
transmembrane signal receptor, and 9 to kinase protein. Totally 3 main cell signal pathways were in-
volved, including G-protein-coupled receptors signal, enzyme linked receptor signal, and ion-channel me-
diated signal. Compared with the sham-acupuncture group, acupuncture resulted in significant increase
of kinase signal protein amount. From the aspect of functions, they were dominant in regulating synapse
functions relevant to cytoskeleton and secreting neurotransmitters. Conclusion The cell biological
mechanism for treating AD by acupuncture might be achieved by improving synapse functions and pro-
moting the secretion of neurotransmitters through transmembrane signal transduction, thus improving
cognitive function of AD patients.

KEYWORDS lipid raft; HPLC MS/MS proteomics; Alzheimer’ s disease; transmembrane
signal transduction
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R BZEREIRIT AD RS EANIRAE SR A A oG
B, ABF5E L) SAMP8 /NECH AD sy, ok FHR
TR AR 1 G 21 27 07 12 (HPLC MS/MS) #6125 <
MARA B TCEF X SAMPS /N Ui T 4 SIS 1 5 5 1
5 R A5 5 2 1 50 R RR 2R R i, e 48 7 B RIR
7 AD IV K B B AN A 5 is AR .

MHETTE

1 Zh¥ K4 SAMP8 /ML 60 H, AN
7 H AKE(24.28 £1.89) g, MEMERSE, B RHHER
2R — B s B S 36 s ) O BRI (S B A IE
50004600) ., BEHLSY A 3 41, B X HR4H T il 4 Fn
T, 4120 H

2 GRS AR AR R B Sig-
ma /A 7l ; 8 3 B .0 ML, Hitachi Himac CP80WX;
Morris K& B AT 2203 0T RS0, i H [ B2 2F R B )

Pt At .
3 RACEFEMETRTrE  FH A L BUE |
e A RSN it 7 R = L, N A S IR S B B

o) B R S LI . AT s I R
57 30 s, A TR M 30 s 5 AR 7CALIK
XU T [ AR 22 AR /s, FPEANEIG 165 Tk &
30 s X HRAURIEATE T, AR 2 LU R B ] ) 42 40
T, AR AL 1 WK, 557 REE1 IR,
e A

4 VGIARFEIRIL AR BRSCHR [ 4 ] e A 2 5 b
I O TR AR BUIR 2, BV - SME B 1 A P/ N R,
SRR ER S0 T A SUE B S A F R R R L
400 mg/mL AN FLE, ¥ 5 pLl/mL LB A
A ED R UK b 510 AR R i AR A
EP & 4 C T 90 min,sRJ5 4 °C,1 000 x g,k
HEGL 15 ming B0 5 /N IR 35 1T T o S
.L>(Hitachi Himac CP80WX) : %%k P8OAT, it
W T 2 FAKIK N 40% . 30% 5% FHEWE , BEfh
TE 40% RERE P, B0 2 8.4 °C, 200 000 x g,20 h,
A0 5E U, 7E 5% HERES 30 % A 4 AL F 3
— 2B IRFLE AR Y T, B R RS B 5 BT
-80 CrkH#H.
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HPLC MS/MS shotgun analysis 7', £ 21 15
G FEF T Swissport #4E i, F| ] SEQUEST soft-
ware #{f (University of Washington, licensed to
Thermo Finnigan) %} MS/MS raw data #1725 [ Jit
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SHH AR I R 1T ) i E S 8RR Xeorr (1

+=21.9;2+=22;3+=3.75) and DelCn(=
0.1),
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f) Turbo SEQUEST #2J%, #1153 1Y MS/IMS H 13k
ki A e/ B P (IPI MOUSE v3. 29) #4715
R RBEMMIEI T . Variable modifications,
Oxidation ( Methionine ); fixed modifications,
Carbamidomethyl (C) ; peptide tolerance, 3.0
Da; fragment ions tolerance, + 0.0 Da; max
missed cleavages. A SEQUEST 455 213 &
PIFESR .34 14> a DCn score /002 0.1; W
SR IS, Xeorr 200 1.9 B 5 BB Xcorr
£2/02.2,
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HRIE R, A FE GRS HANE R, P <0.05
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1 BYUNEUNARE AL R (1) XFHR
417N B b Vs R A B I 25 R0 T Pir i, {H 25 5%
TGt E R (P >0.05) 5 £FfilZH /N B R R I bl
YIZRIRB 38 g B Sk e 0, 5% BRAL R AR /AL TR0 He
B2 RG22 R A2 L(P <0.05) ; 1fif
k7L KA B (B )3 AT i 4, 5 R BA X B2 241 1)
e, N3 2 Kl , 22 R A Seit2# 8 L (P <0.05) .
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BER I T B 2H SAMPS /)N KL D IR 45 449 Fii ik
F1, MR I B 0 40 R 7, %85 IR A B 1 319 Filrs 41
FIZHAG DN H 570 Fhak 1, %508 IR S 1 361 Fs i
FEICHLR I 455 FhEE [, %€ RS 1 301 Al
Y MRS 1 BRSO bR B B 15 Flotil-
lin-1 .Flotillin-2 \HSP90 k. Thy-1 #B#k k& B ; %t % %

WA IR B I GO IRETERE M AT 4 R o, A
B 2256 S R BT EE I O LRE S 1, 40 SNAP-25
Synaptotagmin (Syt) ; A9 &AM N AH =53, 4/
G HEH ; HAREH L AL 175 4 i i 2R UL S Pl 2 o0 N
YIos fACE B, AR E AR R T i
LUE:NNEECEE S B e /I I S ) P TR
HEMAREAS.

3 AR Wi O IR A 5 S 85 IR AR 5 e S A 5
EEPRW (X 2) AR/ R E IR E B
301 . SXFERZL LA, A 113 MR PR
il (BARAR S ) o X 113 o 242 1 & H 17 1)
REI AT A B, AR A 00 X6 T 5 i 7555 52 3 1 A9 2 )
FELS G EAME RS S SMER y £52
FRAE , RO EA HEATE PE A I, A0 B A DG B A%
sEA% Hob, BRI S5 S CER B
21 Fh Hrh s FEERE 9 Fh, G 1 8 Fl B5 (5 5
SR 3 Fh 1

T HA/PRINAMEE RS R LR (xxs )
HeHEVE IR (s)
215 n
1R 552K %3 K $a KR 555 K
payiizl 20 85.50 = 13.80 69.28 +18.10 53.63 +25.26 64.22 +11.05 65.96 +15.57
[l 20 78.85 +17.27 56.65 +10.36 ** 53.11 +18.20* 2 32.15+8.12*% 28.41 +12.66 %
e 20 80.44 +8.81 78.05+9.22* 67.33+£18.23" 55.02 +6.88 " 51.72 +8.47*

T 3 ML R L, * P <0. 055 Sl el e, *P <0. 05

&2 ARRAIRRIEENE T SHCER

Trfie #HH ID EHERA
c IP100356063 Sodium channel subunit beta-2
c IPI00117357 Voltage-dependent calcium channel alpha-2-delta-2 subunit
c IPI00170310 Sic8a2 sodium-calcium exchanger
c IP100109213 Slc8a1 sodium/calcium exchanger 1
c IPI00120643 Isoform 2 of calcium-activated potassium channel subunit alpha 1
c IP100133224 Isoform 1 of FXYD domain-containing ion transport regulator 6 precursor
c IP100230013 Isoform 2B of dihydropyridine-sensitive L-type calcium channel subunits
c IP100331064 Voltage-dependent R-type calcium channel subunit alpha-1E
c IP100356287 Sodium channel protein type 9 subunit alpha
g IP100138406 Rap1a Ras-related protein Rap-1A
g IPI00116770 Rab18 Ras-related protein Rab-18
g IP100122245 Rhoc Rho-related GTP-binding protein RhoC
g IPI00126042 Rab14 Ras-related protein Rab-14
g IPI00411115 Rab8b Ras-related protein Rab-8B
g IP100465871 Gpr158 Probable G-protein coupled receptor
g IPI00466588 Rap2c Ras-related protein Rap-2¢c
g IP100108372 Rasgrf2 Guanine nucleotide release/exchange factor Ras-GRF2
k IP100471270 Serine/threonine-protein kinase LMTK3
r IPI00116355 glial cell line derived neurotrophic factor family receptor
r IPI00113772 Gamma-aminobutyric-acid receptor
r IPI00117630 Inositol 1,4 ,5-trisphosphate receptor type 1
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w5 AN A e S A DG B AR AT 39 i, L
BFEBEEM 14 M, G HEM 8 Fl, BSHEE 52k 8
Fir, WA O i, IR AR R AE T E Rk 48,158
Fopr i S L BB R . SR Al He g, BTl Al
Vi I IR A 5 4 I R R S R, LS - R
R TR 5 32 R 5o 2 B s () 26 16 22 1) o,

i

i IR RARE O LR T = U 7 3 2
TR QUE R ML i, OO AR | Fp e U | L7
A= SN B o R = 2R T AR, 1k
AEETC A 5T B ETE AR Bk A SR,
Je—FaB) AD AT B R AR I PRANEERE B 7S #B
SR MR 07 RORIURE S (2 A B 0
TEMLIHFTE 1, Morris 7K 28 B 1 80t 5 — IR W, 1%
BT R B 7RI/ B SAMPS

G H AR LA . R ESSw S PN UE RS b ol v DA

R3 LRSS EIE S SMRER

ig” EHID HEATR
c IPI00751774 Calcium-activated potassium channel subunit alpha 1
c IP100109213 Sodium-calcium exchanger
c IP100120643 Kcnma1 Isoform 2 of Calcium-activated potassium channel subunit alpha 1
c IPI00133719 Kcna1 Potassium voltage-gated channel subfamily A member 1
c IP100123672 Kcnj4 Inward rectifier potassium channel 4
c IP100124792 Kcnj10 ATP-sensitive inward rectifier potassium channel 10
c IP100131720 Cacnb4 Voltage-dependent L-type calcium channel subunit beta-4
c IP100133732 Kcna3 Potassium voltage-gated channel subfamily A member 3
c IPI00170310 Sic8a2 Sodium-calcium exchanger
c IP100227840 Kcng2 Potassium voltage-gated channel subfamily KQT member 2
c IP100230013 Cacna2d1 Dihydropyridine-sensitive L-type calcium channel subunits alpha-2
c IPI00311200 Atp2a3 ATPase, Ca?* transporting
c IP100331064 Cacnale Voltage-dependent R-type calcium channel subunit alpha-1E
c IPI00111158 Cacna2d2 Voltage-dependent calcium channel alpha-2-delta-2 subunit
g IPI00126042 Rab14 Ras-related protein Rab-14
g IP100224518 Rab5c Ras-related protein Rab-5C
g IP100108372 Guanine nucleotide release/exchange factor Ras-GRF2 release Ras-GRF2
g IP100115546 Guanine nucleotide-binding protein G(o) subunit alpha 2
g IPI00122245 Rho-related GTP-binding protein RhoC
g IP100138406 Rap1a Ras-related protein Rap-1A
g IPI00116563 Rab5b
g IPI00116938 Guanine nucleotide-binding protein G(1)/G(S)/G(T) subunit beta 3
k IP100620349 Kalrn Kalirin, RhoGEF kinase
k IP100272387 Citron Rho-interacting kinase
k IPI00356608 AP2-associated protein kinase 1
k IPI00116546 cAMP-dependent protein kinase type Il -alpha regulatory subunit
k IP100109672 Yes1 Proto-oncogene tyrosine-protein kinase Yes
k IPI00122143 Jak2 Janus kinase 2
k IP100421000 Diacylglycerol kinase beta
k IP100471270 Serine/threonine-protein kinase LMTK3
k IPI00112584 Calcium/calmodulin-dependent protein kinase type I
r IPI00321320 Glutamate [ NMDA ] receptor subunit
r IPI00462846 Receptor-type tyrosine-protein phosphatase delta
r IPI00130546 Gamma-aminobutyric-acid receptor subunit beta-3
r IP100131369 Gamma-aminobutyric-acid receptor subunit gamma-2
r IP100131472 Gria3 Glutamate receptor 3
r IPI0O0110598 Gamma-aminobutyric-acid receptor subunit alpha-2
r IP100136965 Gria1l Glutamate receptor 1
r IP100553387 glutamate receptor, - metabotropic 5
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ERCE AR AL

A S 8 2ok YR o B FH 1 2 O A £ A
MLARAS TG JCEFH TP /N B E bl 2 TR 1 55 5 10 5
JEAE S ARG 1281k . BRFSER B 412 U /R %
FHEBA BB A R Sk . FEAR XA AT
JEA 113 FoH R 5 A 300 S B 48 b s iR BT i 41
WA 1568 FUHT A 5S4 BT S e A b s SR UL 5
GRS 5 A M 39 B, Wl 2 TR AL 21
ALOL, SEFREE A AR B, BRI R AR A 2% T i
FUR 20 A= 12 3800

X BT o 26 i 8 5 4 5 A 5 B I R R 2R 4 AT R
BB A S 1) 5 A 1 S 0 o O A
TR A, BT 2H Y R R (9 B £ TR XA
(1 50 3% 9 FhiEE P, M5 5K AE, cAMP-de-
pendent protein kinase type 1II, Diacylglycerol
kinase beta ¥} G i R IK Z 415 5 i&1%; Citron
Rho-interacting kinase, Yes1, Jak2, LMTK3 #
it F B 37 1445 5 32 7% ; Kalirin, AP2-associated pro-
tein kinase 1,Calcium/calmodulin-dependent pro-
tein kinase type I # & & F#iEN S 0G5 &%,
Mz oeTEek & , Kalirin, Calcium/calmodulin-de-
pendent protein kinase type I Z 5 #4040
M R A K T 2 2 R R R T Ay
LMTK3,AP2 - associated protein kinase 1 J&3 /&
S-S0 40 0 PN A G S B TR A 5 510 Yes,
Jak2,Citron Rho-interacting kinase # & % Fi 4 Jits
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FI3EIN 14 Fi, B EAE S S2 K0 m 8 B, Hid 342 m
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