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Proteomic Analysis of MCAo Ischemia Model Administered with Yukmijihwangtang

Kang BongJoo, Kim Youngok', Cho Dongwuk

Korea Institute of Oriental Medicine, 'Jaseng Reserch Center

In the post—genome era, analysis of the cellular transcriptome using microarray or the cellular proteome using
a 2-D gel electrophoresis and MALDI-TOF mass spectrometry are most widely used. Stroke is one of the
most important causes of death along with cancer and cardiac disease. When pathological change of cells in developed
from cerebral ischemia accompanied by stroke administration of neuroprotective drugs before stroke can decreases
the degeneration of neuronal cells. The purpose of the present study was to assess the neuroprotective effect
and protein expression after administration of P004, middle cerebral artery model of cerebral ischemia in rats.
SD rats were subjected to middle cerebral artery occlusion. P004 (1,000 mg/kg) was administered 2 times at
0, 90 minutes after middle cerebral artery occlusion (MCAo). Rats were killed at 48 hours, and infarct area
and volume were determined by histology and computerized image analysis. We investigated the protein expression
profile on the global ischemia induced by MCAo. This proteomic analysis enable us to identify several proteins
differently expressed in infarct brain tissue. The aims of this study were to do investigation comparing the
neuroprotection activities of P004 and to understand the mechanism of acted as neuroprotective drug.
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A hER Foboll 2-8Fo] AE9] ATAE, A
Z2 W A e] Hale-S Yol e A, WTX‘]X]"’] 71T %
offi1, o]& Tt AZ 749 71%E W 4 3o
Zhga Sl Aol e 248 5 e uY
s Folf AGATE T F= T, ¥ AFH e
155 Yl #istE sfepgto s 1 A871%e U o 9le
Zlolth. §H|A G- FUCRY) o= FRL AE0)
«16}@1 13 (Ba® 2 ARES (FETrEHE <

& AZEHHDS X 7oke vl AHg o] giot? oo §7
A gepe] thakgt Aol tla] A7t =Hd FuEd A
AET BEE 294 A7E gol AYAWY g1
Agere] T7| ol g AFRIE BA ¥tk ol
S| geke] GeATNA A HirFedA HAH
BEFTo) g8 A A7 4-vessel occlusion &
YFErdoAe giR f32 Tl AT s
o8 2+ Azt gl FUHE 1L Y5 ZAET 7
Zo| A7 A7ATe As TS

H A& MCAo (middle cerebral artery occlusion)
Az A o] U SHAPF] NANEETE
HE hAFAAT 7189 Z2H QYA 7|&E o831y
EARESE He A=A ok

I A8 2 49y
1. g9 FH|
Aol AHL3 3

LS LS LR R

A% B, B B
& B9, 2T A% AHY
A

2 A8 A% WA AS (F)
TFYste] AR, e
Fhal Aeke. ABAL = 701-{_
, Ak A5 A 599

T 7 A4, gAle A=A, AAE TS 2
Z+ () U ERH o2 HE FYstd AT

S0l R 35 (o]3} P04 £A%, A, Ao, HAL =
3, 50y, ARZ FA= glrt (Table 1). 424 B
B A9 8 gAY =AE vifste] BEE 3 A%, A
Ffr, Atk AL B, B0a], AAE Table 19] Hl&=
7tz SHj O 2 sho 262.50S 15 | 33} SRSl ol
90ClA 3 At EFFET AS /519—011 )8tk A

2 F AFAE oFsta S FAPNES 1144 g
43.6%<] =5 dUrk

J

A

. GAF AN FEH(MCAo, middle

cerebral artery occlusion) & A EFH]

ZUE 5 #H3) 33 282 AF 240260 g2 (&) AEL
Fo\A vl EfAbl A HE 4% &4 Sprague-Dawley
FAE AT AP 294 ASATIHAM 3 AR
£ ZH3] ZFsHA A3k 280~320 go] E ) AHsly

& Ad B9 FFdt A3 A3

Zea-Longa«] uP-S- 8231 intraluminal suture method
& AR 25 mme] 4-0 YL E B3] B FEollA o
5 mao)E Ay Eo 2 FHEH A E0] 0.28~0.30 mm} =
A ARSI Ao AT AHE 70 % NO} 30% O}
2191 E3l7t2d] 5%9] isoflourane 0.2 HAIIHE g 3,
B A 59 S92 s Aeka 8% e 9B8F
S F9 243 AAEZHE 2ALHA L3k 97
39 A9 AR $FsUs Ar|a|=
2281 WA EAA JEZTATNE dr14Ast
T 97359E A2 probed YAFTHAA WATHLE
Aets FAFHEA A o 18-20 mBE AR F A
Z 1A FANRHE O B/ T oA A
I EAFE e 08 F 22 PR AYniE st probe
g FHAA ABF AT ZE FEAAL isoflouraneS
2%2 FAAA FEduAstel A Agsiglon, HLol
37 + 05 Col3t2 WoA)A] &= A &FA3A| (Harvard
apparatus, Holliston, MA)E ©]&-3th

P0042] BA=3)2] H3|dejl T3t AAWAETAE &
A7) Yot FEES HE AL F 0 E
1,000 mg/kg? £Fo 2 23] AFFA ot 2T 0O=3)=
SFTE 5% 599

MCAo =% rat brain 24 sliceE homogenizegt + 8M
urea, 50 mM DTT, 4% CHAPS, 0.2% carrier ampholytes,
0.0002% bromophenol blueE 50 mio] o] A=
sample solubilization solutione}} @31 resuspension gtk 5
2%<} sonicationS 3 wHE3ke cell lysisE ok Cell
lysateE PAIREISA AT HEL tubeo] &7
ANEE protein assay (Bradford®)E E3 HFIch

ZE A=

3. 2D A7]|9%3} AT E ] £H

AL ARE 125 g /185 pl T=Z 45t AEE
H)&}ar focusing tray2] Z+ wellol] ¥ g welld] Al
F1F ol [EF cell gtellA 12417 52t AR

e N
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condition step : 250V, 20%

Ramping step : 8,000V, 2A17t 30

Focusing step : 8,000V, 20,000V-hr

Holding step : 500V

2 ml equilibration buffer 1 (urea 6 M, SDS 2%, Tris 0.37
M, glycerol 20%, DTT 2%l *go}A 15%3} shaking 8faL
2 ml equilibration buffer I (urea 6M, SDS 2%, Tris 0.37M,
glycerol 20%, iodoacetamide 2.5%)° @3t 15%3t shaking
ok

Precast gel(Bio-rad, CA, USA )ER& AAHoE 33}
ZFF5E ol 48)A washingdle] =3 acrylamideE A
AT 0.5% agaroseS Y1 IPG stripg 4+4s 3 2,000V
oA 6587 W7FE Jrh

A719%0l BUH geld oA ol ¥ gele
fixative enhancer soluton (50% methanol, 10% acetic acid,
10% fixative enhancer concentrate (Bio-rad, CA, USA)ell
20859 geld AT 33 75 400 m= 1087
washing 3tk 3% ZHFE W oA HEEA
washingdtil Aol Qo] 2083+ Mgt 5% acetic
acidoll ¥olA 1585 A& FANIL 33t THTE
washing 4T}

27 IR gel& 2AY & ¥ PDQuest (ver 7.2, Bio-rad,
CA, USA)ANA gae E4Ista] 3ulold S48 spote<
g

4, In-gel digestion® Mass spectrometry ¥4

30 mM potassium ferricyanide®} 100 mM sodium
thiosulfateS 1:12 4J0jAl, gel 27 50 ul 21, geld
siver@ajo] glojd w7iA] vortex sk SH+= 23] Al
At} gelo] Q& F-Holl 100% acetonitriled ¥ 31, 108
7+ Az & vgxn 23tk 1 M DIT 5 wet 01 M
ammoium bicarbonate 500 pl-€ Z+ e-tubee]] ¥ 56 ol
A 3087 w3 A A3 lodoacetamide (10 mM)Z 25
F7b alkylation AlZth

Acetonitrile 15 pl ¢} 0.1 M ammoium bicarbonate 15 pl
£ Y3 1087 X% v|g)2 acetonitrile 50 plgar 10
B7F AX% vtk 0.1M ammoium bicarbonateE ¥t
10&

AXNE 2d wHE3 & wjg]n AZRA )AL trypsin(A7HE
3 dAE s W) 1 S 50 mM ammoium
bicarbonate 90 pioll =4 30 plS e-tube] @ol 37T

b a0l Bt

MCAo S8 ESEZ oM FolX|&E

I[G]

ZEH A AT

ol A 8~12A17HH8- 3 50% acetonitrile} 0.3% TFA &
o8 50 pl 7hal 3087 Ao W) & 2Tk 3t
ganne ze 8z 3t vg 50T B2
=& heat blocksiel FHO F74& dolM 1 FEY
o] 5 polatE 2 wi7tx] HEFch 0.3% TFAFERE
10 yl Qo] AEAZ] Z, Ziptip L. Z salte5-& A AL 5
23} 3 MALDI plate $) matrixs} E3tstad A=zA17 2,
MALDI-TOF MS(Voyager-DETM, STR Biospectrometry,
Applied Biosystems Inc)Z &4tk

MALDI-TOF MSZ3-E] & peak HOJEIE2 AWl
9]+ Protein Prospector program (http://prospector.ucst.edu)
3} MASCOT (hitp://www.matrixscience.com& AR8-32
database= Swiss Prot database} NCBInre] databaseol| 4]
AAAAE ok

m 2 3

BHE MCAo o2 HEE Y27)a PI4E F
oste] A5 AE5EFe AYrk 18 sham, A3
S far7, P004 FHF2RE HE 83t infarct®
HBo Ax gillAS 23t 4~TpH ¥ 99 PG 2EH
o2 [EFE & &, o3 A7|95os EAF wet &
gata, gdel By s vuEMFt Fgure 1.
7 A3 oF 1,200719) 9eAF 3% A} 36 ol 18
o] WalgS A (Figure 2). Wl dldES
AR 7)E 0]-&3} peptide mass fingerprinting (PMF)
o2 AU (Table 2).

Dihydroxyacetone phosphate acyltransferase?} s Al
2259t PO0MEAA Z7}E2ich Dihydroxyacetone
phosphate acyltransferasex= etherlipid?} plasmalogene<]
A AA ol HAdh= TaolT o9 22 AARES
Yozt

Acyl-CoA + glycerone phosphate = CoA + acylglycerone
phosphate

Beta-arrestin 2 (arrestin, beta 2)& 3 8A] 7A=Y
7} P04 §A] 37191 Beta-arrestin 2& -2 417
ZA o] o] B E|o] 9] ™ G-protein signal transduction
of B Aoz UdHAH Y1 beta-adrenergic
receptor 7]%5S ZA3l=d beta-arrestinse] 14tstd
beta-adrenergic receptors 2338l G-proteinel] A<
A3tk
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Table 1. Components of Yukmijihwang-tang (P004).

Scientific name Weight (9)
s | AEOMannia glutinosa Liboschitz var. purpurea Makino
HUR | (sorophulariacese) ®
WEg | Cornus officinalis Siebold et Zuccarini (Cornaceae) 75
L Dioscorea batatas Decaisne 75
™ | (Dioscoreaceae) ’
= Alisma orientale Juzepczuk
R (Nismataceae) 5625
#Z5 | Poria cocos Welf (Polyporaceae) 5625
HFE | Paeonia suffruticosa Andrews (Pagoniaceae) 5625
Cinnamomum cassia Blume
T (Lauraceae) 562
525

Fig 1. Characteristic proteome of MCAo ischemia model: brain extract was
separated by 2-D gel electrophoresis (10% PAGE in the second dimension)
and stained with silver dye. Several hundred clearly separated protein spots

are visible.

e

" Fig 2. Image analysis of 2D gel used PDQuest 7.2 program
(Bio-Rad, CA, USA)
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Fig 3. Comparison of brain protein changes in the infarct brain proteome
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of sham, MCAo ischemia control, and PO04 treated group. Selected
2-D gel regions are shown here enlarged and overlapped protein spots
marked. The graph was presented express protein alterations. The
bar represent 0D (spot intensities) by area.

(A) dihydroxyacetone phosphate acyltransferase (DHAP-AT), (B)
Beta-arrestin 2 (Arrestin, beta 2), (C) Prostaglandin F2 receptor negative
regulator precursor, (D) heat shock-related 70 kd protein 2 (heat shock
protein 70.2), (E) ATP synthase alpha chain, mitochondrial precursor,
(F) Receptor-type protein-tyrosine phosphatase R precursor
(Protein-tyrosine phosphatase PCPTP1), (G) triosephosphate isomerase,
(H) Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (38 kDa
BFA-dependent ADP-ribosylation substrate), () muscarinic
acetylcholine receptor m5, (J) caspase recruitment domain protein
9 (rCARD9), (K) dihydropyrimidinase related protein-2 (DRP-2), (L)
Enalvasodilator stimulated phosphoprotein-like protein (Ena/VASP-like
protein).
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Table 2. Identiified brain protein spots

No. Identified proteins Acheosas}ion Mr? | pi©
Dihydroxyacetone phosphate

1 acyltransferase (DHAP-AT) QSES7T | 77076 78

2 | Beta-arrestin 2 (Arrestin, beta 2) P29067 {46340 76
Prostaglandin F2 receptor negative

3 regulator precursor Q62786 | 96732 | 62
heat shock-related 70 kd protein 2

4 (heat shock protein 70.2) P14659 | 69529 54
ATP synthase alpha chain,

5 mitochondrial precursor P15999 | oBB27 | 92
Receptor-type protein-tyrosine

6 | phosphatase R precursor 008617 | 73908 | 8.3
(Protein-tyrosine phosphatase PCPTP1)

7 | triosephosphate isomerase (tim) P48500 | 26921 | 6.4
Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (38 kDa

8 BFA-dependent ADP-ribosylation POA797 | 35836 | 84
substrate)

9 | muscarinic acetylcholine receptor m5 P08911 ] 60137 | 9.3
Caspase recruitment domain protein 9

10 ({CARDO) QOEPY0D | 62632 | 55
Dihydropyrimidinase related protein-2

11 (DRP-2) P47942 |1 62278 | 6.0
Ena/vasodilator stimulated

12 | phosphoprotein-like protein 008719 [ 42095 | 8.7
(Ena/VASP-like protein)

a) Accession number in Swiss-Prot
b) Theoretical p/ and Mr (Da)
¢) Classified protein spot patterns

Prostaglandin F2 receptor negative regulator precursor=
HEEA 24U POMFAA] F7FE3AT Prostaglandin
F2 receptor negative regulator precursor prostaglandin
F2-alpha (PGF2-alpha) ¢l £-9]2]Q] FP receptorell A g3}t
o] PAA KT receptordE 7HAaAA AR, Heat
shock-related 70 kd protein 2+ S| HA] F43] Z713)
T}t PO04 - A] ZHA3te] sham W3} FLsHA &3
3tk Heat shock-related 70 kd protein 2= HSP709)
family= HSP70¢] #27]%9] shrt Aeld - FHHA1E
HAZHE Y] AERTAEQlo] Uty o | Uiy
olZ I ATPS} ARt Ttk 7|5 HoFEd
53 £471%< 7H 2 92 @93 complexd] Y4
A g3 foldngd) F88 &S Fstn Yo
YRAFAE] 93] HSP709] 3184 4o zRE 9 4
Z72] BuAgo] A=) ATP synthase alpha chain
HSEA §43] F7HItF PO04TEAA] 7438k sham
W FY3HA A2 = ok ATP synthase alpha chain
2 mitochondrial H'-ATP synthase alpha subunit®24] 2H&
7}=4e protong 4kl PMF(proton motif force)E

g 250 #5 Z2HYA o

Ui & ATPE A4+8}1 alpha chaing 24288 99
S,

18] a7 Receptor-type protein-tyrosine phosphatase R
precursor, Receptor-type protein-tyrosine phosphatase R
precursor  (Protein-tyrosine  phosphatase ~ PCPTPD),
triosephosphate isomerase, Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (38 kDa BFA-dependent ADP-
ribosylation substrate), muscarinic acetylcholine receptor
mb, caspase recruitment domain protein 9 (rCARD9),
dihydropyrimidinase related protein-2 (DRP-2), Ena/
vasodilator stimulated phosphoprotein-like protein (Ena/VASP-
like proteinye-e] =& #sly} FAHAT Fgure 3).

Iv. .

TR LA genomed] HFNEEA A A
ZRAS A AL EE &5 AEE /XL Y=
gzl YA olck AMEY FAA AP HA A<
Proteome®] &2 ofzfe] I3 Z-2H 2003d HA <
7t Alsol ¥a 2 & Post-genomic era’ol|A]= 1) Protein
micro-characterization, 2) ‘Differential display’  3)
Protein-Protein A52+-8-6] ©¥Aste] A4gfo] 2
3}A € Zo|t}. Mass Spectrometerd] A4:3 gz s}
of attomoleo]ste] @A AL 4 QA B Aol
FAAB A A& 5L Antibody LibraryE Protein Chip
o &&& 4= & Aot} TS| i viveell A Two-hybrid
system¥ Phage Displays-< ©]-8-% Proteome 4524’
9] A7} Proteomics 7)1 o2 AE Aotk

AFE MCAo o2 H3PS dod|a PIE F
dto] HH ¥ 58-S GAT A oF 1,200719 @A
% 3% B} 3ulold 1 Ed o] WSk S AFch Wst
He ddESs FAFEN7E o83t peptide mass
fingerprinting (PMF) 2.2 F4 At

Dihydroxyacetone phosphate acyltransferase”} & &8 A]
ZAE AT P004FEAA] F7Fs it} Dihydroxyacetone
phosphate acyltransferase= etherlipid®} plasmalogene®)
A g A Folsh= E4 0]t} Beta-arrestin 25
F2 AAZA o] ExFo] glon G-protein
signal transductionel #H3le= Aoz AEAH JYx
beta-adrenergic receptor 71%& ZAd =6 beta-
arrestinso] 214+3}E beta-adrenergic receptors Zgste
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G-proteindl] 4& A3ttt Prostaglandin F2 receptor
negative regulator precursore =318 A ZHA¥ 1 PO04
EojA] Z7}EQin). Prostaglandin F2 receptor negative
regulator precursor:= prostaglandin F2-alpha (PGF2-alpha)
of Eo]2|<l FP receptorel] Agste] B gA Et receptor
&2 7AXNA JASTh Heat shock-related 70 kd
protein 2= A3 A F43] S7HITF PO0AFAA] 24
dto] sham @Sy FYsAl FEEUD.  Heat
shock-related 70 kd protein 2+ HSP70¢} family= HSP70
o) F871%9 iyl A - BHH2EH22HE 9
AZR3AEY0] Yukzloz g AXFHojx g ATP
¢} Agtatel Tk 71%5S BTt 2 £50%
< A2 3 @A complexd] 2P A 1gx
folding?] £8.3 A& G2atx k. YFAFAE
o]s} HSP70¢] 3134 &4ho 23 E|e] H 22 BEzkgo]
A=t} ATP synthase alpha chain =3 dA] F2 73]
Z7}3ith7t POOAEA Al 7H43te] sham WHE s} 53t
A F2=c}. ATP synthase alpha chain- mitochondrial
H'-ATP synthase alpha subunit24} 2h& 7F24 2 proton
& ¢nkste] PMR(proton motif force)& A& ATPE
AAFstL alpha chaing ZH#4-& @3dTh
Receptor-type protein-tyrosine phosphatase R precursor
(Protein-tyrosine phosphatase PCPTP1)E AlEAuj ol A]
F435%9 HeolA mitogen-activated protein kinases
(MAPKS) sequester 93hg @ch®.  Triosephosphate
isomerase (TPDS] ZAFAole £8A W severe
neurological disorder & 9231 glycolysise} a3k A&
S ggstn Z&HY AuA AR FFH ojnh
hypoxia A3el¢] A4HA £l A= de-novo B EE o834
Ax7} TPIE Akt Glyceraldehyde-3-phosphate
dehydrogenase= M EAol EA)sl ©@3tE At &
sl §ATA RNA® E7]% 3w, uracil-DNA
glycosylase &4¢ 7HAx Q1o neurondll A A 2
A8} 31 & A apoptosisell Al killing protein € &S 3t
1% &%, Muscarinic acetylcholine receptore G
proteing &8 Fd ZF AdS ZAS adeylate
cydaseE AAFET T AL dpAT
Caspase recruitment domain protein 9 tCARD9)= BCLIOE:
34 NF-kappa-BE 2433} A121tH?. Dihydropyrimidinase
related protein-2 (DRP-2)+= 417 growth cone 3ol &
&} axon AL FE@TH. Ena/VASPE acting 9%
so] Y& @l AZ cytoskeleton AE 47 axond s}

I A EE o531 dh= cell polarityol] T3}, EVLE
actine] AHQ7 2L AFAAF”.

Mol HYo| WAFH HzH o 4 P TET
Fo] BZ3H =+ hypoxia/hypoglycemias ¥o#A 54
220 &8 23l AT ool fEEr)
HEA 49 7|deg2E o 7HA7} AT HIZde
33 @ AAFA A= SAAHA9) apoptosis7t 4173
Az Aol 593 ¥R FEEHE A0E IRt

B3] B2} 70kD2! hsp70 (Heat shock protein 70)¢] &
7}= thermotolerence 3443} vl-¢- M3 FAE /A2
913®, hspr0oll ta antisense DNAY FAZ AFE)
hsp70 W3 2EH 2] i A &3] F7HET
=3 A E PEgo| i FAHUE MELEAL Ul
g hsp70 B3 EFE ] JAHT 9ot e ot
¥ B9 zlo) 9} hsp70 A= Z7)dl hsp707F A=
7} A3 2EH 29 ARG Y FE AE2ZT A7E
o} ddo) wEs|A A= AW E 1P| gt A
e Rogozy £4& TaAAFE sEuA
(ischemic tolerance)d o] H 223 tjEo] o2 & =
ASME BFHUT olhe] SFo] hsp70e] LS F
7 71E Aol W AT

Hsp700] Bag-lolghe Az g 24 T Ags}
=, 7733 st o)Al Hsp700] Baglell AdstA &&
+ Baglo] Raf-1o]gk= the dhild ol Adlstd Nadd
o] o] o)X == i} Hep70ol A 4 e Ed%le
Bag-1-& E3+ ATollA] Hsp70-o] Bag-1¢l] Agste] AZ
o) Z48 zAsE 2Ef 2 AAYo] WHAD.

58 M) X (ischemic preconditioning)®] ATAMZE 3
HAAA = apoptosisHg o] HAZEHAE ko] A4
AEel 2Ed2E Woldign @A AT NO,
adenosine 2 PKC (protein kinase-C), HSP%©] HEAH
Aol Bojshs Ao A Uk £ ATl E sham
o] Hlg| Sd F L@FFo| FUFPO P04 Fol - A
e AL BEY F YSUth

B d7dseMs 8 o] dA7A Hedel &
A7} Aok GEA Qe 4F BAY a3 7)1-d s
A 4R vke o 9x BAZE oig AAe] et
3tz Wzl gk A7t F2 o] Fo XA FA Akl
& 71Aa77) o vlEste] &3 F2 A (genomics)d
F9} bl A (proteomics)e] F7H ATE T FF
2 71et Ao it kAl BHE BAETE R
TEE = JTF ook & ol

ol

—
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