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Application of Proteomics on
Hepatoprotection Effect of Chinese Herb
Medicine Yin-Chen-Hao-Tang (2-2)

Lee, Tzung-Yan
Chang Gung University

Abstract

The accumulation of hydrophobic bile acids plays a role in the
induction of apoptosis and necrosis of hepatocytes during cholestasis.
Thus, factors that effect apoptosis may be used to modulate liver fibrosis.

We therefore investigated whether the antioxidant bioactivity of
capillarisin (Cap) prevents GCDC-induced hepatocyte damage. Isolated
rat hepatocytes were co-incubated with GCDC 100 uM and Cap 0.5
mg/ml for 4 hours. GSH depletion and thiobarbituric acid reactive
substances (TBARS, measure of lipid peroxidation) increased after GCDC
exposure but were markedly suppressed by Cap treatment. Cap protected
hepatocytes from GCDC-induced an increase in reactive oxygen species
(ROS) generation and mitochondria membrane potential induction by flow
cytometry analysis. In addition, Cap has shown to inhibit GCDC-mediated
NF-xB activation by using electrophoretic mobility shift assays (EMSA).
In contrast to GCDC, Cap not only significantly decreased cytochrome ¢
release and caspase-3 enzyme activity but also suppressed heme
oxygenase-1 protein and mMRNA expression in hepatocytes.

On the other hand, Yin-Chen-Hao-Tang (YCHT) is recognized as a
hepatoprotective agent for various types of liver diseases. Proteomics
approaches were used to study hepatic and serum protein expression
changes in bile duct ligated (BDL) rats following YCHT treatment for 27
days. The major effect of YCHT was evident in cytoskeleton related
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protein, plectin-1. In addition, proteins involved in metabolism of lipids
were also shown to be affected, including low-density lipoprotein
receptor-related protein 2 precursor (glycoprotein 330) and apolipoprotein
A-I precursor (ApoA-1). Significant up-regulation of keratin 8 and 19 was
found in liver tissue of BDL rats. Interesting, YCHT treatment caused a
statistically significant down-regulation in the secretion of monocyte
chemoattractant  protein-1  (MCP-1) and tissue inhibitor of
metalloproteinase-1 (TIMP-1) in BDL rats with fibrosis.

Another aim of this study was to determine whether YCHT can
ameliorate obesity-related liver oxidative stress and inflammation. Flow
cytometry analysis revealed that YCHT could reverse HFD-induced
circulating EPC decreasing. GSH/GSSG ratio in liver also decreased
significantly in HFD group, and it was reversed by YCHT. Proteomic
analysis shown taht oxidative stress-related proteins such as
peroxiredoxin-6, glutathione S-transferase, and regucalcin and the
expression of proteins related to glucose metabolism, such as
glucose-regulated protein and fructose-1,6-bisphosphatase, were also
decreased in obese hamsters. YCHT reversed the expressions of proteins
in the liver. Our results suggested that YCHT may be useful for treatment
of liver fibrosis because of its possible anti-apoptotic properties, and the
therapeutic effects of YCHT on liver diseases might be associated with its
lipid biosynthesis regulation.
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protein from tissue > (= ) ~ 2D-gel electrophoresis > (= ) ~ Image analysis of
gel - (= )~ Isolation of spots of interest> (I )~ Trypsin digestion of protein »
(=) ~ Mass spectrometry of tryptic fragments > (= ) ~ Identification of
proteins o P~ 3+ 3 & -20°C & 17 3o Frowimk > Hped g bt 2 o
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ANOVA) % i3 % e B 2 8 - F 2 ¥ M > Pl &7 Student
Newman-Keuls z_ % 8 247 o & 2 g B P & 4 < (Student's) t
B2 NP3 eR LR FE - R THEEE L
(standard error of mean)# -+ - & F {2 p -] 3+ 0.05 % 7+ o
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§ é"j‘} ﬁ‘*\’ rémé&aﬁpﬁgﬁéﬁ'} E“k\’—'}
g kB v ;}»;L |BEA > Ak & F P sARL T L L R
Toawake g R T E g RS o FEH BRI R

Fﬁ(ﬁr‘h‘ﬁ] 2)

LRSI VAR AR TR F AR R

W ﬁg?ﬂ’iit‘ LRy SRl 51—9*"17{,]‘ ) Bk G B P g W ARl R AL ﬁ & Pﬂ@;;:* ps
B 5 g0k B|ff D ORI T ¥ oL oo

3-3 ¥R el ﬁ(&r‘ﬁﬁ] 3)

ﬁﬁlfﬁi%!‘ #é"/]‘}ﬁg\{’réﬂﬁiaﬁ T iael g B

W ek E"W—Psﬁf‘—;{& Wiz ? om ,’ﬁ ) Ak G B P A AR I L G BUVFER L
TF AR IR I s @k § A P F adile

Ng AL & BT mﬂ%ﬂ%* TR SEL e I &«Fn L ek o

3-4 & ';i-i i e S g (40 % —)

Wk p ReF? 82 & ALT ~ AST ~ Creatinine -
Cholesterol ~ Glucose = 5 & p &«p %14 o Triglyceride a4 8 3
P mAl P RE B o Wl XA ML E B i e Triglyceride
WAk S B AR AR > B P R & o
3-5-1 ¢ & #% % Fl(d-'d W] 4)

R w8 R ;;u;sgg& SRR R i S
Axid > 2K e(BA DY P LEFREFOFmE R F AR mie
i 5 z,a];ﬂ;l; » ¥ = &“F' N LES Jﬁr}ﬁ o £k & ;g nqs;ﬁﬂﬂli@
g B (B B, E)Rom v & EW R FladFimie & 2 RPK >t
Prodimzg ok g P A e B P NIt i g g 2 hg Ok
fmie PSR ¥ BT B FRE F sk e(R C, F)Rlg 3P &

Y FPFme ALKARBN T F A e P SR A 0 P me
Fl|a BB g tmARL e B BERE A TRARITIN R ¥ e o
3-5-2 MFERFIR ¥ Fl (4t B 5)

RS chiwmfe PR BEREEY S we TR mie RIS
Axid o 0§ (B A DFFERE RaFwET 4 e
| A g,ar}ﬂq? s FLi-p Y ‘jm’?g;}ﬂf;lj%{:@ o £k G B 7 Bﬁfﬁjﬁlg BT
7 2 (B B, E)fgor v E R FlaiFimie & 2 PR ¥ Fl5 %
FraEE o L ¥ EOSERIR APPSR RF BRI

367



¢ %%&iﬁ y218 %24

PIABIT> 0§ oo
3-6 "Lz WL E F ek HITREY T ROBE

FEz MR AR PR TERE S VRB YA 2R
FAmMePLZ R > 2% 2 VS 5 “%&”’%’if‘:ﬂ(ﬁr"‘ﬁ@ 6) ~ B g bkl e
VS FmEFich e 'dB 7) SER Nt #i8 ar ¥ 2 VS 3 i
il BlEd 27 B AR B - B iaailleded BRI S 0 MO
;¥ e i’(ﬁr"ﬁ%] 8): Ag PR VS R M F Finkier U
HRPEEY 33 BALRE LB FMFFILRFLERD DR T
A endiir o HE LB gl e and B ou Aokt B 9) o

£ 41* MALDI-TOF 2 Tandem MS # 3 & -4+ % & 7 3 v &
g BB E TS Ak ¥ B VS B sl ﬁ”uz 27 1 39
Trd ) Br%pale VS FMEF SR e? &1 33 Bk 7
(drd =)o
3-7 wikz wRE FicR e g ? EPC g 5F

I N KPR L RY EPC2Z 4 2T & 5S4 /%% #7) fm
22 43 B¢ 1% CXCR4 +:i’—rf‘:;x¢aa » VEGFR2 £ 2_Y #h > it & o
WeHEPCHET LMY L EPCRIZR A A FAEISE 2 FH I
Fd+ b &) ARl 2 Adedihliz R R EPCEAI 0% BR 21T ¥
B hH Bk EPC £ 049% ; C B 5 8 "y &l e g &g » EPC
23.023%; ;DR G FMFF B es ik EPC 4 0.63% - (4
'+ ) 10)

B mre kA7 EPC £ 2 Bdp Sl st o ¥
(N=5) % 100% %+ BB & » B "g it e (n=5)4p >t & F 2 4 I ;4
4240.3% » & Mg F e e(=4)p] 5 92% - A& & F bl e f R
e? EPC end BRI ¥ 2T » B3 FMEFRST kR EPC £
A5 o
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N g’l‘%-&‘v £

W—’?”ﬂﬁ FS LT F e w—n*“ﬁ“‘g ﬁ&ﬂ ‘ ;;_;g 5 ARl e P g
= Bk TRE RS e R T "{—L““;‘ » BEOT v A R
Bl fm e 2 7 A gt 0 e DR AR o B2 & Han LK. % 4
2 KimlY. & A #Rwikigfe ¢ £k Fp TG &2 ALT ~AST P &
“ % (Kim et al., 2007) » = #§ % %% ALT ~ AST &= e & % >
TG At ¥ gnyiilies; £8 > X3 FmgFickis TG 7
TR AARE o AR SRR P TR AT Fisthit i ghi G B £ o
PERRT R Fl e B Taelenie A g R i S ch TG &2 FFA B f/f 0 @
A4 Pg BRI 0 gt IR D R s R F iy e
Se AL IFREY S Fov TR P2 FME F ehiE R

AP By PSS M RS § 5F S A AR M
v FARIBRE F il & Gerhard M.ZE A 12 Geo BREE A& 7 e ik
| BUPgRa s B RO S & % #p e 2. i Schmid et al., 2004) -
TR R s T2 3\9 %T’xﬂ”ﬁﬂ o BB e
Regucalcin

Regucalcin = % Senescence marker protein-30 (SMP30) » + & %
30kDa - &R 4T A& X v 5 B> > 1978 & 7 =4 Yamaguchi
M. % £ 7. (Yamaguchi and Yamamoto, 1978) o pt F-v F A& 3 RS
B3R R %s;‘gd Bl BB R R & B%—E;‘g\:‘ ' M é_a-‘r—}?;gﬂ B UA
W im fg chm *e BT (Fujita et al., 1996) - ~ #8 1 7= 3 Regucalcin 775 & >
DAY AMERP R o RBORAMKAE A ITET 0 * B
Regucalcin f- A #g4p i & i 88.9% » -] Bl Regucalcin 4p v & { % &£
94.3%(Fujita et al., 1995) -

Regucalcin x4 5y 2. — £ fcimiz f T4 Dk & crgd 43 B 5 4T 4R
FEaPFme RNt R TS > F e TN TS kR EF R A
g ERmee = oA D A IR § AT JI RS e
4T A3 B iX Pl e re b & Ak e Ao B 2 o] 8 (Microsome)
¥ 1335 Fujita % % 87 7 % IR Regucalcin € 82 5847 4+ § 0 st it
(Fujita, 1999) - Regucalcin 12 7% v 4% 4¢3 §1if f% % (Ca’*-ATPase) @ &
fL ’34'—’9%7}“' KR 11__ R AT B R HARpE R BO TS o

¥ ] BV 48 enInositol 1,4,5-trisphosphate (1IP3) < 48 @
@ fe) T :angw (YYamaguchi and Mori, 1990) -

Regucalcin ¥ — B i® % g fr4|s+imre @ X 4743 A - en Protein
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CREEF R 2P F 2

kinases(# 3 Ca”*/calmodulin-dependent protein kinase - Protein kinase
C ~ %2 Tyrosine kinase) (Omura and Yamaguchi, 1999b) - Protein
phosphatases(Omura and Yamaguchi, 1999a) 2 - % i* § & = f& >
Regucalcin # 1 18 % % Fv B A f2#f= s i % 9 SH groups -

Regucalcin 5 &3*m?z ¢ > § 355 4 pF > Regucalcin ¢ f& fw7s
P~z dr o> @470 chg RH 4 Bldrdlme Y DNA ¢ = fis
Z RNA & g d plrdFmeni 4 5 ¢ ﬂéﬁ”*—}ﬁwm e B
Frdleni®® 5 4 57 Regucalcin ffafFme iz t 3 HE B P o

5 F %% F 4+ £ Regucalcin | &2 J’mm?e ;ﬂ"?:afi_,)g’;igg > TS
(TNFa) & Fas sz }iﬁﬁ;ﬁ ¥ B oo s F A mie k= 3P Regucalcin
G F OUSER e k- > ¥ s A% 3 Regucalcin #H4F a3 47
ehiT* > F] L TNFo frimf e it e fE & ¢ & mie ¥ il g3 kR
H 4v > Regucalcin # 3% 18" M mz B¢ gl g+ @ frillnre F=
W3 A N R TR iR T R0 TR Ty 2 F IR TNFa o)
P € % e ¢ Regucalcin e IR0 dm e = gt b Regucalcin
o e e 10 4T A 47515 5o DNA %74 > 1% Regucalcin ¥
IPECE I RE LR S mﬁ—ﬂ;,ﬁ;p‘_—)- -ATPase /& o T § bR %",ﬁﬂ R
Regucalcin 3-v FAg# & 4em P 0 F oy g 0é _,sg,\?k@% E T =
@ B2 B 5 (Fujita, 1999) - K,ért T ES T E > BT B .
¢ 1€ 3FE2 § e Regucalcin £ F]14 3.*% i< (Yamaguchi, 2000) - %] &
SERIE i PF 0 i e ¢ h Regucalcin g AR S wip ¢ o F
Regucalcin ¥ 2§ (%8 4295 ch— B Bl Rk o

hdig v 1% > Regucalcin ¥ 23 4 & BUFim 2 @ Superoxide
dismutase (SOD) /5 (12 #% B #FsmPz e i ag 4 o

R % %% B or Regucalcin it § £ BUFEY 5 - TR IR Y
B P s Akl g 4 Blsw ks (4 > Regucalcin AL E P E T o i3 B
Thioacetamide (TAA) ~ = F i B (CCly):4 # ~ BUFR AL kT 7 37K
F RS D 0w AR BT A B2 A dkee ot A
BB~ E3FEEY Regucalcin o> (Isogai et al., 1994) o & 5 5% % IR
R F R e Ak BT R0 eh Regucalcin 3 PP A bk qR TR
Jo F1F R RUE M VRS GBI L2 o 0TI BLRE HT e
TRl AR HPFIT B T AL E G R E o
# ik 3. 39 (Heat shock protein)

# ik 5. kv (Heat Shock Protein, HSP) # % d Ritossa F. % . > #2
TARE R R @,,ﬂ;]z wmie A d R NI TR % > i
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i 7y - AR AR B FlERDEG Moo &wB LG AR
O

HSP & 4~ 3 & & 7~200kD 2z fFf eng-v ~ 725 » fRgpH o+ £ =
L7 & % 1 110KD e HSP > i3t m¥e BT & dmfe 45 ¢ 5 Q0KD ¢ HSP 7
%o & 45 HSPOO0 4w Grp94 » & f 23t tm e T > {8 F 230 4 5 7T0kD
s HSP 72% » @ 35 HSC70 ~ Grp78 fv Grp75 » A % =% fm?e B > b
fefeiti 48 60kD 9 HSP > it &k 48 4 3 £ HSP» » + & 20000
~30000 > i+ mFe % gime ¢ 10KkD e HSP » v a4y 5 23
(ubiquitin) > & + & 5 8000 > =** fm¥e F & n* % (Schlesinger, 1990) -

HSP fd#p % % » 2 # X b chlg F B GHORT 14 8 4 T
A BE Mrff): 4 HSP 3 £ m’VEL B B AT NGBS AT (%
SAPIR 2 f B A ’*}iﬁuﬁxﬁ#?m}ﬁ FedPaiipieit?d »HSP
H_if @"T léﬂdﬁ"’f TR AN FEOE RS2 - o

HSP timrepchz 404 8 > 94 e 3 Fod% £ - f
B¥Fwmed HArT e B AR i mr 4 BN 4o X B4 o
e Ren PR R R R AR LAz R BB EE R
FriaiFd 4@y gy o F PR wre it * (Lindquist and Craig,
1988) » #x* #L % molecular chaperoner o fm®s %t i § {357 W5 F e
%mﬁ’—aﬁﬁwﬁﬁﬂﬁﬁa%$£\$%é@~ﬂ§%%%%
F B 4 T EepE o :zm}?éfiﬁ;g Lk & x L AHSPI R e p R F
4] §v P53 ~ p2Lenh fE 1 2 uﬂﬁ x%‘}ﬁ o Hcmee g4 o
TR A ooy dmie ) R in® it b foenilipng & e i T pFo HSP
g€~ 2 A RFFEwre L3 = (Mailhos et al., 1993) o ‘w2 p &g B i
T % A R ¢ 7ok s b s if v (mitochondrial outer membrane
permeabilization, MOMP) - cytochrome C 8 3x > 11 % caspase R 2%
o ¥ oA AEFAKT Z2INK B S m i) oh e fljgeag = e 50 =
a & §_¥] 5 Fas-associated death domain-dependent(FADD-dependent) -
% i« caspase-8 2 & NF-kB m 3142TNF e i = Pz 5+ = -HSP +

B R sIAR e = o BB YR 2 NF-xBenk I %Lw RE v
7% % e 4 (Beere H.M. 2005) -

P a4£ 3T HSP &7 5 }P\Sfﬁfg%mfgn #BE‘T 701 R EY A B;Eﬁfﬁ:flﬁﬁ(y:’:
W)~ BB R P 2 ﬁi’v—fi"s moo T2 AT AT B 4o H) A
#E Goeh it AR o AP %% T HSP70 2 HSP60 %= 2 [ 3
pEEchsg it > fieakie @ HSP70 P &F‘ RN I iR Ry e
HSP70 2 HSP60 ' t%x4p i # ch& BE o
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# ik 5 3¢ -70 (Heat shock protein 70, HSP70)

HSP70: =% £ I A70kDa s ikse J=v > 3 8P 2 E%‘« ¢oo
Ry }JF} HHSP70 = 225 VR4 pM ehdd B0 T AR
7 it (Beere, 2005) - Calabrese V. § 2% 7% 3 HSP70 22 %%#8 1 INOS 4
B> Py itz %m; v gFes 4] 5 B oo HSP70 = Frd|f_sn 48§ 2
cytochrome C F|im®e 5 ¢ > F|pt ¥ [ &7 %] T 5caspase /& it 5142 ek
"2 ¥ oSong J.Y. i B “,f HPS70 A %14 e & R H 5 ¥ CCly,
ralde cnd MR i pF o XA iR R F E BB E o 2o Xu Q. &
F & ? T HSP70 $f*v e ¢ &3 B 5% (Xuetal, 1997) » ® a5
eI G Y s F BERANREE T o f WIRE RIFHEHSPT0 £ T
o T oa ROFERSR RE VRS AR R 4 M e sl iR
ek o FIVOTFRAERD 0 2 RT g S B R
# ik % }-9 -60 (Heat shock protein 60, HSP60)

HSP60 % # i % % 60KkD e ik 5 3-v (Cheng etal., 1990) > %
e ﬂi?ﬁgﬁ‘éiﬁf %*“f#%“ s T gk B AR R OTE R = 1% (Fenton et al.,
1994) » & A% Ak REE P chF AR 39 (Itoh et al., 2002) - & & d
Gupta R.S. 3t 1995 & I HSP60 3 ftrf L8 d 4 ek %éw‘*" v
(Gupta, 1995) > Itoh H. % % # 2002 # ¥ { i&— # % ¥ HSP60 &

Y4 g AR X s 4 @adrd M (Itohetal, 2002) -

27 HSP60 £ siAp i e 3224 iy (% % > ‘éf Bakate ATP
"% iz e g £ cnd A ek (Koll et al., 1992) » 7 g Bk st DNA # & %
% I&(Kaufman etal., 2003) ; HSP60 td H iz @mE L e d v
2 S SRS LI Lod 1 R e R

#37t HSP60 2w i & 7 Vg R enfd 7% > Puijvelde GH. & £ # 1
HSP60 e 7 4 +c 4 ) 33 & T tm%e chlic > JF 20 % > LDLr-/-|: &
LI o T d i alifkm it 5 Chan JY. § %% F HSP60 ¥ Fr
#] INOS e 38 > 11 2 fedrF]iE 3 ¢ R 2 cytochrome C & 1t
caspase m A 4 ¥ A= RS o @ E Pl g R H 5 gL
HSPGO siajps > ¥ iv b L bz 5t iy e & > H 3 SRR L R oo nd ¢
P g Moo R ERE PR A g l% HSP60 "% i< ; % Lai
HC. 3t F%"° % Iﬁq‘%ﬁﬁ:}rﬁf]‘ Bl HSP6O &5 » 2 ¥ ¢ "8 ML § % X
Wend I Io% B Iﬁ,ﬁ%f})}% A 5 ¢ HSP60 i ¥ 45 m HSP60
SR D B R AT B R B A ERT L B L RE L
FART AT M L 8- HEF HSPO0 s o s & A bk i3 3
FE R PFTERFBIE S
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HSPE0 A% P i £ 8 ehdk & » 3V FRB ST i A 4 D
# o M5 > HSP60 ¥ & 0 & ehf2 & (Faybik et al., 2004) ; Motoyama
S.EAFRATE A F hiTw > HSPEO ¢ % R+ 2 & e s
S S au B PP HSPE0 ¥ % i F) LSP @ i i e Kupffer
cell 2 B4 » & m 23 FEFH L h g = Tdf § o

M oorit > HSP60 2 HSP70 44 BA R E & b d > A F
B v g WAL G B HSPE0 2 HSP70 ¢ £ % > P A ER> 5 4
¢ o FMIFEFE I HR G KPP LFT 0 LS g FieRki o
HSPBO0 £ HSP70 £ T8 % #{ 4c > 2 #Fuf e 8k 22 3 4§ 5% % 3F a5
@ L > 22 HSPBO 22 HSP70 + st &2 iF5g s (R4 et A2 p g
Bn iy ER P ML
¥k PR pr g # pF (Glutathione S-transferase, GST)

#5 2k o s pn gk A4 i (Glutathione S-transferase, GST)2_# i~ d 4% &
Y Phase Il ® £ & ez > 4+ X5 50kDa > fevf s @ & 5 =
AHE LR G lwte TR A .

GST e & 7 #* F_igit Xenobiotics &2 GSH g & 1% » Kip &
ke Aed > i qler (Norppaetal., 1995) » f pel » 7 i 241
e HE LS N T e g1 e e B T - GST e T E £
FrHx i AP Hing VR4 04k ¥ SOD 12 2 Glutathione
peroxidase #g iz - H %47 i F35 Edrd] INK 75 (4 (Adler et al.,
1999) > & & ROS ¥ 3 ¥ i & 4 ¢nig T (Strange and Fryer, 1999) -

GST ¥ Fra|ie iepa) & » b e i ip g 715 L R4 L Renip T o
o pFe VA% g B A0 g R 5 ot b GST g %% % BESE S Bt
» £ & enk 4 o Shrilatha B. ¥ 4 325 b Ao BP0 95 2 pEAR &
WrF g o pr e A8 GST eE T %55 M > Tkt » # IR GST 7 %
HE FIE Ao T 3 3 ehip 2 (Hori et al., 2007) 5 GST # 7% i+ GSH 4 G
ROS» i dL b & dm ¥z ek = o Fr| & #% 5f R A 1 03] = (Ranganna et al,
2007) -

GST v 43 A #PF5 5 Figs it MDA » #F LI PR 55 1L R4
1% T (Tong et al.,, 2005) ; ¢t *b » GST $F>+ 35880 #g B %3302 Jor | 5%
dnre e H g TR > NP B R AEor GST fiwille P @ AES S s e
« WORIDAFEEE VRS A WM E F ISR GST & LR A R
PApR AR AT F e f BhEA R B or M B hik ek 2 GST #3%
ST & S o
Electron transfer flavoproteins (ETFs)
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Electron transfer flavoproteins(ETFs) % 7 & #if4ar ¥ € & e
o FOoOAFRICFTREIY TOTFES > LR T AR TR
(Thorpe, 1991) - vff st &g &> 4= e ETFs & heterodimer s34 > ¢ 7 #f 84
¥] &+ FAD (flavin adenine dinucleotide) & AMP (Adenosine
monophosphate) » ¥ & :& & + # # 3| electron transfer falvoprotein
dehydrogenase (Roberts et al., 1996) -

ETFs fk i ® 1 & 227 9mps ~ "l Bt ~ "24g (choline) & 4 B e
AR AR &5 B> * $L5 ETF-CoQ oxidoreductase - ® ETF
i F]+ FAD ¥ 22 NADH % & » it H 3y bR sl b 5 VR
4B 4c > T ) Tl A EE ROS 41 fr & endm e = (Wieckowska et
al., 2007) -

veOALR B SR sl 0 B_F) 5 ETFS (3R sk b 4 245
- iAo @A F VRS A2 N K Rehip 2 (Kahn
and Flier, 2000) » ¢t ¥ it 3 3R 4o Fopm & X B3pg i ¥ 924 4 (Boudina et
al., 2007) ; " e pFy § E 3R n F B g & 75 (Cao, 2007) > @
s 5142 NADPH + 2 @ i & § VR4 enip 2 55 575 & eha
& J ¥)z_ - (Cai and Harrison, 2000; Cubbon et al., 2007) » #1142 ETFS %
LT RO BEFEEI L FEA BT AT LLE LS o

PRI R CHE R R E > Sd FRY PR T 5 B iiiaiE
A2A 2 ATP - § ETFS /B 5 MpFrv s ERpP AWM &4 > 22
4 GSH {3 i & 4 en2 3BT *% (Pieczenik and Neustadt, 2007) » k= p»
i H ke s s e d & %44 B-oxidation & 33 (Zhang et al., 2007) > @ 2
NP AR ol ETRS Ak e § 4 B i f e & A iE o
AR ESF I e ETFS dhfe it § 2 BT "% o Bgom fw Al i 440
PR T N AL R R EFES VR A A R
B ETFS PIMRAR I % 23 0 Bo7 B 08§20 00 99 il S 0P ik 2
PR AL e dokk o
Peroxiredoxins 6 (Prdx6)

Peroxiredoxins &_rf f-2fds 4 fmre ¥ §F L VR ROE 0T
R Flete g ilAciEy LBl @Rl HA 5 B R
Peroxiredoxins 6 (Prdx6) = # ¢ z_ - (Hofmann et al., 2002) - Prdx6 # 'm
P2 3 & enwt gy A0 Ho,Op et 38> Manevich Y. 2 Wang Y. & A %
IR Prdx6 ¥ #r4] ROS e4 IR » 5% mPe 3 Mg & ,B_#« B m e dp i
i Prdx6 A FIPIF L BUEREF LG T o gt ¥ L BT S
B¥ (Wangetal., 2003) » 3P 7 Prdx6 iz it g & (4 o
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ALY § LR B A BB o - HileFUF KT
iv A SR v ik B AR 2 AT L1 & R F](Shoelson et al,
2006) - Prdx6 o3 i* B4 I P T £ R LT > AP HRESEF
e s g B¢ Prdx6 PP &g b o st I HSP70 chd Ap e o B o7 4+
P g Tt g 4 TR RS VR AR 0 T o BRI REE AL X
0B FREFiSRS o Prdx6 i Bkt ¥ o B F G R
BRI B R A ORI LT e g Moo
Az % & %% (Aldehyde dehydrogenase, ALDH)

iz 4 & %% (Aldehyde dehydrogenase, ALDH)-E_it 43 i1t ﬁ“‘zﬁﬁi i
Gk 0 G Y ARG ZER AN 0 - ”'J(ALDHl)

F R plmiz e~ % = A|(ALDH2) % at ks ~ % = A (ALDHB)E]

o E e @ % R (Lindahl and Petersen, 1991) » gt = ﬁ 7 A5 3% e
ALDH i £ 484 i% i RCHO + NAD(P)" + H,O <> RCOOH + NAD(P)H
+ H" pig e @Lx > 4 *% (Aromatic)¥s 75 %5 % (Aliphatic) 2 fE g » & 2 #&
%G\'ﬁ’;fk‘ﬁ“ ’ ﬁE’J’.m”E*‘f%mP F ﬁ”'tx\? mh; T o

ALDH s F1 3253 P a0 5 1k © fr'}a 16 BA T > g+ % i
FlenZ E 5 B Km g » & F % 5% e X f8 - ALDHL 2 ALDH2
LM ERY A R ASRY SR EER 0 A A AHpN o fE
@ & d M Km 2 ALDH2 § # (Goedde etal., 1992) - #7120 p % f B 3%
ALDH#= 7 } @3 3 & & ¢ 204834 ALDH2 e * o

ALDH2 3% 5 A% ¥ v @£ R chd ¢ > HUiP. 3 4 A fpm

/FH 7R IR B AR ’ﬁ)]% e ?® ALDH2 s X P FMEE @ﬂj%\
m_‘aﬁj& 1% ; Wenzel P.% < & ALDH2 £ 717 fm | BB IR HouER
PR ROS * B %2 LRI AV R E A F el B
R R ALDH2 & 5 423 it ehig 4 10 2 o o anpd oo gt vh s
ALDH2 21 n gl 2@y @ > FIRE GG Z a5y M >
Murata C. % A ff@fk R ALDH2 eia (2T "% g3 206 § 7% LT
A5 0 @ i 2 o #E1E 3 (Murata et al., 2000) 5 #7112 ALDH2 s > &
e 2_A& 4 Jy%q@% .J« W EHE R ),;qu % ¥+ (Dakeishi et al.,
2008) -

SEEEPE R ATS BPERE A FiE AR Y ALDH2 B i M etk d
(Lindahl and Petersen, 1991) ; Boon % * % 3 ALDH2 ¥ s8¢ %] 5 i &
A3 A EEY CA22Z AP AS R P4 FIROS @ 5l A 9 m
e k= s gt e ALDH2 ¥ A d53F F R 2 Ppin N g o el

|

Pl
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BRP AT RV § FRAFPWM LI S PGhE T EE A T £
A% = (Murata et al., 2000) -

*F S EE P IITEHE ALDH Ase ik f B P P AR L T i HROF
BRIy VR A LA TR B Ry F 69 F5 ALDH £ P R R
FRIF MG FET el § RS DG T ka R IFREPEREE g
e Hae 4 o
% ¥ 1,6-= i pes (Fructose-1,6-bisphosphatase, FBPase)

% #E1,6- = g pa = (Fructose-1,6-bisphosphatase, FBPase) 1983 #
B Tejwani & 3R o 33 v U B cPIERER g e s HF
PR R & FoKfRE AR OB AR TATE EARY L& fE

Pérez J.X. & A fie ik« &1 ¢ ¥ JLFBPase &8P "% & & o
ﬁ}g 7 ggﬁa:—@%ﬁé g.j“%’nl}%é_,}w £07 5 o BT L2 L SBbn iF 3 A
=5 PR TRk 4 3 LFBPase % A R R pERE B
i e % o B alAe ek JRAEFORB T R F] o

FBPase § "% " € & g% » H 1 & o iy %’jgé A & glycerol
fARIRY T AT BT AR HER B AL EFFEG 0 @
7z New Zealand Obese(NZO) mice(Andrikopoulos and Proietto, 1995) -
db/db mice(Chang and Schneider, 1970) > ob/ob mice(Seidman et al.,
1967) - fa/fa rat(Taketomi et al. 1975)12 32 3 Pg s34 3| K¢ 198 0
FBPase erjf > ¢ HROAFERHE M2 3 g2 Y& F BOF
R ER RS R VRIS 90 S RN NERER I 8 Y ¥
(endogenous glucose production, EGP) » i& @ ¥ it i = ¥ &2 v ot
oA 4 o gtvbo Liu S.P. % 4 %Glycine N-methyltransferase z 7]
i) B ARG PR IE G 0 e PR 3 IR BUPFERY FBPase P
Apope b > H g iplFBPase ¥ iFF 5 4 3 ik eniT® o

AR Y FR A Le § BFRY FBPase #ail ¥ B R o
B oAg AL BEEE AT F Ay FOREMCE KB AEREOR G 0 BiEd
% P FBPase # Z'E MPE > Foao i SRR A BTA F A BN
HrEEpi o WP 7 FBPase HiREIFRNER Y > A %S EF
iRy 16 FBPase f TR P AR IRAR o BEor M R B ¥ Av 435 i FBPase
BRI S e B B TR (e o
LR RS < PN —% g'—hgﬁ,:gszi f!::‘fﬁ % B ehit®

37 s-l;n//f TRHEOTER G 2 SRR 2 R L R
2 B 7 (Knight etal,, 2007) » & S+ 3% % 4t s o F G i 0 59
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TABLE 1
Effects of supplementing YCHT on the seruum biochermieal
analysis of female mice fed a normal or HF diet
Normal HF dict YCHT
N 4 5 5
ALT(U/L) GO+13 55108 52407
AST(U/L) TIHOT 81+04 70+11
Glucose(meg/dl) 115108 111108 145412
Creatinme{mg/dl.) 0.3710.02 0.410.02 0.4510.04
Cholesterol{mg/dL}) 7TBH0S 75110 58105
Trighyceride(mg/dL) 65+04 129407 113406
%ﬁﬁéﬁi g B Y Lg 4 iv 0 ALT~AST ~ Creatinine ~ Clolestrol 7
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NO. Accession no. | protein name tfold chmnges) score | Functicn
78 kDa el Probably plays a role in facilitating the assembly of multimeric
1] P20029 ]aa fl“me.' 2420 111 | protein complexes inside the ER, AND MASS
regulated protem SPECTROMETRY
Aldehyde
2| P11824 debwdiogenase, =+ 2.0 111 | An aldehyde + MAD* + H, O = an acid + NADH
mitochendrial
The electran transfer flavoprotein serves as a specific
Electron transfer electron acceptor for several dehydrogenases, including five
flavoprotein acyl-CoA dehydrogenases, glutaryl-CoA and sarcosine
3| weaLos subunit alpha, *+20 L dehydrogenase. It transfers the electrons to the main
mitochondrial mitochondrial respiratary chain via ETF-ubiguinone
oxidoreductase
Serum albumin, the main protein of plasma, has a good
. binding capacity for wiater, Ca(3+), Na(+), K{+), fatty acids,
4| PO7IZ4 Serum albumin *+20 108 harmones, bilirubin and drugs. Its main function is the
regulation of the colloidal osmotic pressure of blood
Stress-71 protein, Implicated in the control of cell proliferation and cellular aging.
5| Fasear mitochondrial >+20 8l May also act as a chaperone
Calcium-binding protein which regulates Ca(2+) signaling by
. regulating Ca(2+)-dependent enzymatic activity in the liver
6 | Qe4374 Reguealcin *+20 81 and kidney. Decrease of RGN leads to the dysregulation of
calcium signaling in the aged liver
This multifunctional protein catalyzes the formation, breakage and
rearrangement of disulfide bonds. At the cell surface, seems to act as a
reductase that cleaves disulfide bonds of proteins attached to the cell. May
therefore cause structural modifications of exofacial proteins. Inside the
Protein disultid cell, seems to farmdrearrange disulfide bonds of nascent proteins. At high
7| PD9103 X rotein disullide- =+ 20 72 | concentrations, functions as a chaperone that inhibits aggregation of
1S0MER: misfolded proteins. At low concentrations, facilitates aggregation (anti-
chaperone activity). May be invalved with other chaperanes in the
structural madification of the TG precursor in hormone biogenesis. Also
acts a structural subunit of various enzymes such as prolyl 4-hydroxylase
and ricrosomal triacylglyceral transfer protein MTTR
NO. Accession no. | protein name r(lfc;rll;lna{lh‘;slgil)gh fat sCOTe Function
Stress-71 protein, Implicated in the control of cell proliferation and cellular
& | Pasear mitochondrial +20 w0 aging. May also act as a chaperone
a | Q61176 Arginase-—2 +2.0 63 | L-argining + Hag _ |_omithine + urea
Probably plays a rale in facilitating the assembly of
10 | P200249 0 kg? glucofef +2.0 66 | multimeric protein complexes inside the ER, AND
feguRied proten MASS SPECTROMETRY
11 | Q81178 Arginase-1 +2.0 66 | L-arginine + H,© = L-ornithine + urea
Involved in redox regulation of the cell. Can reduce
H{210{2) and short chain organic, fatty acid, and
12 | Q2PFL9 Peroxiredoxin £ +2.0 65 | phospholipid hydroperoxides. May play arole in the
regulation of phospholipid turnover as well asin
protection against oxidative injury
Glutathione S- Conjugation of reduced glutathione to a wide number of
13 | F10842 transferase Mu 1 +20 57 exogenous and endogenous hydrophobic electrophiles
S-adenosylmethionine
. Catalyzes the formation of S-adenosylmethionine from
14 | Q91xX8E3 Is;;l;hftase izoform +2.0 43 methionine and ATP
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MO, Accession no. protein name r(lfc;rliinaih:;gljﬁt)gh fat FCOre Functicn
lutathi ¢ transt Conjugation of reduced glutathione to a wide
15 | P10649 Mu? HOnE lransierase +2.0 37 | number of exogenous and endogenous
| hydrophobic electrophiles
H-2class 1 Involved in the presentation of foreign antigens to
16 | FO1299 histocompatibility antigen, | +2.0 36 he immune system
DB alpha chain
Selenium-binding protein which may be involved in
. o . the sensing of reactive xenohiotics in the
17| P17e6s Selenium-binding proein 1 | +20 3l cytoplasm. May be involved in intra-Golgi protein
transport
Retinal cone thodeopsin- Participates in processes of transmission and
sensitive cGMP 2 5'cvelic amplification of the wisual signal. cGMP-FDES are
18 | Fo1249 phosphodiesterase subunit +20 23 the effector molecules in G-protein-mediated
Famma phototransduction in vertebrate rods and cones
Participates in the formation of the lipid-linked
Chitobiosyldiphosphodolic precursor oligosaccharide for M-glycosylation.
19 | Q92103 hol beta- +2.0 24 | Involved in assembling the dolichol-pyrophosphate-
mannosyliransferase GlcNAc[2)-Man({3) intermediate on the cytoplasmic
surface of the ER
20 | P35175 Stefin-3 +2.0 24 | Thisis an intracellular thiol proteinase inhibitor
Cross-linked envelope protein of keratinocytes. Itis
a keratinocyte protein that first appears in the cell
Small proline-rich protein cytosol, but ultimately becomes cross-linked to
2l | onE® 20 +20 24 membrane proteins by transglutaminase. All that
results in the formation of an insoluble envelope
beneath the plasma membrane
. . normal ws. High fat .
NO. Accession no. protein name fold changes) 2008 Function
22 | P3817S Stefin-3 +20 24 | Thisis an intracellular thiol prateinase inhibitar
Fructose-1 - D-fructose 1 6-bisphosphate + H, O = D-fructose 7-
23 | QuQxD? bisphosphatase 2 +20 2 phosphate + phosphate
Fructose-1 f- D-fructose 1,6-bisphosphate + Hy,O = D-fructose 6-
24 | QoQuDe bisphosphatase 1 +20 20 phosphate + phosphate
Carbamorl Involved in the urea cycle of ureotelic animals where the
25 | QBC19% hosth ty - " +2.0 20 | enzyme plays animpartant role in removing excess
Phosphate snihase ammania from the cell
ENA-binding Tumor suppressor protein that reduces cell proliferation
% | QILYE? protein 5 +20 2 and promotes apoptosis and cell cycle arrest
F-boz/LRR-repeat Substrate-recognition component of the SCF (SKP1-
27 | qocevs protein 20 +20 20 CUL1-F-box protein)-type E3 ubiquitin ligase complex
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. . High fat v, YC250 .
NQ. Accessionno. | profein name (old changes) score Function
Implicated in mitochondrial pratein import and
macromolecular assembly . May facilitate the correct
1| re20s 6l Ildz.)a heat shock 50 143 folding of imported proteins. May also prevent misfolding
pra e?, drial h and promote the refolding and proper assembly of
mitechondria unfolded polypeptides generated under stress conditions
inthe mitachandrial matrix
Aldehyde
2| PATIRE dehwdrogenase, 20 121 | Is capable of converting retinaldehyde to retinoic acid
mitochondrial
Stress-70 protein, Implicated in the control of cell proliferation and cellular
3| pIeAT mitochondrial 240 119 aging. May also act as a chaperone
Aldehyde
4| pL1884 dehydrogenase, 20 111 | Analdehyde + NAD* + H,O = an acid + NADH
mitochondrial
The electron transfer flavoprotein serves as a specific
Electron transfer electron acceptor for several dehydrogenases, including
flavoprotein five acyl-CoA dehydrogenases, glutaryl-CoA and
3 | Q9ILCS subunit alpha, =20 1l sarcosine dehydrogenase. It transfers the electrons to the
mitochondrial main mitochondrial respiratory chain via ETF-ubiquinone
cxidoreductase
Serum albumin, the main protein of plasma, has a good
. hinding capacity for water, Ca(3+), Mai+), K{+), fatty
6| POTRA Serum alburnin =20 108 acids, hormanas, bilirubin and drugs. Its main function is
the regulation of the calloidal osmotic pressure of bload
Multifunctional enzvme that, as well as its rale in
glycolysis, plays a partin various processes such as
growth control, hyvpoxia tolerance and allergic responses
7| FL7182 Alpha-enolase 2.0 10& | May also function in the intravascular and pericellular
fibrinclytic system due to its ability to serve as a receptor
and activatar of plasminagen on the cell surface of
several celltvpes such as leukocvtes and neurons
. . High fat ws. YC250 .
NO. Accession no. protein name ffaldchanges) SCOTe Functicn
Serum albumin, the main protein of plasma, has a good
Serum binding capacity for water, Ca(2+), Ma(+), K({+), fatty acids,
& | WTEe albumin 20 107 hormones, bilirubin and drugs. Its main function is the
regulation of the colloidal osmaotic pressure of blood
Aldehyde
dehydiogena
9 | P47738 38, 2.0 99 | s capable of converting retinaldehyde to retinoic acid
mitochondria
1
Multifunctional enzyme that, as well as its role in glycolysis,
plays a part In various processes such as growth contral,
Alpha hypoxia tolerance and allergic responses. May also functionin
10| P171E2 enghsé 2.0 97 | the intravascular and pericellular fibrinolyiic system due to its
ahility to serve as a receptor and activator of plasminagen an
the cell surface of several cell-types such as leukocytes and
neurons
60 kDa heat Implicated in mitochondrial protein import and macromaolec ular
shack assembly. May facilitate the correct folding of imported
11 | PB3038 protein, 2.0 92 | proteins. May also prevent misfolding and promote the
mitochondria refolding and proper assembly of unfolded polypeptides
1 generated under stress conditions in the mitochondrial matrix
Multifunctional enzyme that, as well as its role in glycolysis,
plays a part in various processes such as growth cantral,
Alph hypoxia tolerance and allergic responses. May also functionin
12| p17182 plaaf 20 24 | the intravascular and pericellular fibrinolytic system due to its
snoRse ability to serve as a receptor and activator of plasminagen an
the cell surface of several cell-types such as leukocytes and
neurons
Calcium-binding protein which regulates Caf2+) signaling by
. regulating Ca(2+)-dependent enzymatic activity in the liver and
13 ] QB43™ Regucalcin 20 8l kidney Decrease of RGM leads to the dysrequlation of calcium
signaling in the aged liver
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NO. Accession no. prolem High fat vs. YC230 soore | Function
nALeE (fold changes)
Calcium-binding protein wihich requlates Ca({2+) signaling by
Eegucalci regulating Caf2+}-dependent enzymatic activity in the liver and
14| Q645M n <40 &0 kidney. Decrease of RGN leads to the dysregulation of calcium
signaling in the aged liver
15| Q6L jramase- 20| 68 | Larginine + Myg . e s ures
16 | Qall® f‘rginaﬁe' 20 66 | L-arginine + H,© = L-omithine + urea
Involved in redox regulation of the cell. Can reduce H{2)D(2) and
17 SPFLO Peroxired 50 65 short chain organic, fatty acid, and phospholipid hydroperoxides.
d oxind e hay play a role in the regulation of phospholipid turnover as well as
in protection against oxidative injury
Keratin,
type 11 Together with KRT19, helps to link the contractile apparatus to
18| QLT3 cytoskelet =0 &0 dystrophin at the costameres of striated muscle
al&
Glutathio
ne S- Conjugation of reduced glutathione to a wide number of exogenaus
19| PLOG49 transferas 240 =) and endogenous hydrophobic electrophiles
e Mul
Involved in redox regulation of the cell. Can reduce H{2)O{2) and
Feroxired shart chain arganic, fatty acid, and phospholipid hydroperoxides.
20 | QapFLY oxind <0 53 May play a rale in the regulation of phaspholipid turnover as well as
in protection against oxidative injury
. . High fat vs. YC250 .
NO. Accession no. protein name fold changes) acore Functicn
leocitrate
21 | G884 dehydiogenase [NADP] 20 50 | lsocitrate + NADP* = 2-oxoglutarate + CQ, + MADPH
crtoplasinic
22 | pOOT62 Anjonic trypein-1 20 47 | Preferential cleavage: Arg-|-Xaa, Lys-|-Xaa
Keratin. tive 11 Together with KRT19, helps to link the contractile
23 | PLIE?9 Srati, pe 20 43 | apparatus to dystrophin at the costameres of striated
crtoskeletal 8
muscle
H-2class 1
histocompatibility Inwolved in the presentation of foreign antigens to the
24 | POlE9 antigen, D-E alpha <0 3 | immune system
chain
25 | Q8K3U4 Beta-defensin 36 20 25 | Has antibacterial activity
26 | Q8E3U4 Beta-defensin 36 20 25 | Has antibacterial activity
Rem.]?] Cogﬁgogf?in' Participates in processes of transmission and
o7 | 61249 Sen?.l e o B 20 5 amplification of the wisual signal. ¢ GMP-PDES are the
Cic 1Chcd' ; - effector molecules in G-protein-mediated
phosphodlesiense phototransduction in vertebrate rods and cones
subunit gamma
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MO, Accesion no. | protein name foldchanges) sCOre Functicn
3298 ribogomal
28 | Q99N91 protein L34, 248 23 | nbosomal protein L34P family
mitochondrial
Fructose-1 b- ; _
. D-fructose 1,6-bisphosphate + H,O = D-fructose 6-phosphate
29 | Q9QXL6 llmsphosphatase 210 22 + phosphate
Glutathicne Praotects the hemaglabin in erythrocytes from oxidative
30 | L1352 perozidase 1 20 2l breakdomam
ENA-binding Tumaor suppressar protein that reduces cell proliferation and
31| QALYE? protein 5 20 0 promotes apoptosis and cell cycle arrest
F-box/LER- )
. Substrate-recognition compaonent of the SCF (SKP1-CUL1-F-
3z | QuCIve ;%peat proten 20 20 box protein)-type E3 ubiquitin ligase complex
Type V collagen is @ member of group | collagen (fibrillar
forming collagen). It is a minor connective tissue component
33 | Qavses Collagen alpha- 20 %0 of nearly ubiquitous distribution. Type ' collagen binds to

20%) chain

DMA, heparan sulfate, thrombospondin, heparin, and insulin
Type V collagen is a key determinant in the assembly of
tissue-specific matrices

v

ISR LIRS
PR BT e 2 K P A W SRim e EPC 21375 Oxidative
stress rsg it T 32 18 % chfs 58
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