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Abstract

In an endeavour to elucidate effects of ginseng on some characteristics of enzymes,
malate dehydrogenase (EC 1.1.1.37) was chosen as a model enzyme and effects of ginseng
saponinon the enzyme such as optimum pH, product inhibition, optimum temperature and
the activity was investigated.

The product inhibition by NADH-a reaction product of the enzyme-was increased 33% by
0.3% ginseng saponin. And the optimum pH of the enzyme was 8.3 but in the presence
of 0.3% ginseng saponin it increased to 8.5. The enzyme activity and the optimum
temperature was not affected by ginseng saponin in the concentration of 1.0% and 0.3%,
respectively.

In this work, the possibility of contribution of ginseng saponin to the adaptogen activity
is suggested; Potentiation of the regulatory activity of an enzyme may contribute to the
normalization of the physiological state and consequently may increase the nonspecific

resistance of an organism.
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ol BRE S Ao EHHEES HWslel e xdo] dsto s AZRSrol LABEEN
u) )= od3F-S RBEe &Rl £V 3 FEP = Cytochrome p—450, NADPH Cytochrome
C reductase % glutathion S-transferasec] gt A% FHHRE FHsI o, FEVe
Xanthine oxidase 8| &S F A& cli 3Fsivk. & T. Yokozawa®® % S.Hiai"+= Pyruvate
kinase, Serine dehydratase, DNA dependent RNA polymerase®] &S kol F2¢E B
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A ARGl BES kol dgrd vz BB ded Ramstdeh o4k el ABel &K
repol = kP i Al abdell A dAeisbal RO MFEA deFE vlAle Al THsteE
B e e s gt atsiol ofs] ored Al odelshx (FA-E ol E fRdiel g M
Foll el Ao (EMje] medo] Ug o2 Aslch

AP ko] gt Ao chokgt (FMAS BEE ddo sl RHlstTA sHilen
Malate dehydrogenase 2] of 2l 7b) 45¥Eoll v]Ali= A2 ofzk-g Z AL} 8FSivh

Malate dehydrogenase (EC 1.1.1.37) & kol sheb4 zboiz} 7l shxisk, 2 o FRELE PN
#% 60,000 W=} 70,0000} =, dimer 2 Sleielvl, NAD =+ NADHE hEEFE R Flod L-mali
acid 5.4= oxalacetic acid & HE 23l bisubstrate reaction mechanism% =23 gl ZF 2
$%of 45 mitochondria s 3} MM Rl F7h2l FH72 vrejAed, “malate shuttle”™] 3o
ste] NADHE Aujpshs slo2 @ el ok ABRe A€ olshe BRMRE ks,
A#ALE Wl o] malate dehydrogenase?] i&tE R FaEMEAEA wlxl& o AsF-g 7oAkt 8ot
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Malate dehydrogenase (EC 1.1.1.37, from pigeon breast muscle, 2, 000u/mg protein), oxala~
cetic acid(OAA), NAD 3 NADH+ Sigmail #Fol=, B Rl ¢ A8t
DL-malic acidi Junsei Chemical Co.oll 4 Faldtg].o = »le} dubs|eke it Hike A8

sh4let.

2. APZUOl N

ABREEEE A Wt RECEY e ik whebd FBEAE IS Bk IR
FS 70% ethanol £ sl 3 $5% F, AT Bolme] @2 benzeneo 2 33 F
F3lm, 2% MBS butanol 2 33) it A & 5% sH3ch ol HE vhA] chloroform2.
2 33 2238 & 2142 methanolol]l %o § TAE columno @ &FElcl columng F¥EL
eluent & Zola FHk Faslod vlghe] HERAE IS ALt

3. RBAHZE

BESEMEAIELS 340nmoll A 10% %oko] 35 Walr} 0.1~0.2 A =7 55 KH ¥ #F
85 zystgich BERER (24u/ml) 10x1%E 10mle] NAD =+ NADH £oHd] 3]4sts, 1%
ghlofl 10~100pl & ubSodoll 7Fakadch #F dbgotell4 NAD % NADHO| Fx+= 7tz 5mM
2 0.25mMo] = 5% shgdch. Malic acidE 7| ¥ 2 % wli= 50mMe] 5 5% 314127 oxalacetic
acid® 7122 Zas HI ab-odol4e FE7F ImMo] HEE 3hovh o= Aol lel4
Uk 0.1IM tris buffer pH 8.8% <}&3dtglonl, XEBEMAIKS NaOHE 4H83te] pHE ZAslodch
ol &bzl & F 7ol A [IEMLER 34T (Gilford System 3500) & AH&-8FS vt

m. # S
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1. MEBHHBHENS WE
BF o) iEtEe KEe DL-malic acid®l FE7b F7hetel =tel Srbebglesd, 50mMell 4 £3}
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Fig.1. Kinetic behavior of malate dzhy- Fig.~ Kinetic behavior of malate dehy-
drogenase versus DL-malic acid conce- drogenase versus NAD concentration. (Enz-
ntration. (Enzyme activity was measured at the yme activity was measured at the given NAD con-
given DL-malic acid concentration with ImM NAD centration with 50mM DL-malic acid in 0. IM tris
in 0. IM tris buffer, pH 8.7at 37C.) buf fer, pH 8.7, 30C.)

Al B etd e, 1 plke FxolAe o83 iE&ke) M=t 37C, 0.IM  tris
buffer pH8.7¢ll 4 DL-malic acidell tAg} Kmzt-& 7.4mMe|gich (Fig. 1), =3+ NAD9] =7}
0.7mMe] = &Etke] Mine E3p4edE ol 92, Kmit-& 0.22mMo e}, (DL-Malic acid
7} 100mM o) (Fig. 2). Oxalacetic acid9t NADHE HHE & o, SREAA= ®WE
o) sle] BEEiEMEo] 1HE= gich. NADHS} Oxalacetic acid7b 7tzh 0.2mM 3 0.25mM o] 4}o] =
o AEEESA] Vel Az e w, NADHo] o8t Kmzk-& 0.2M tris buffer pH7.6,46
Tl 4 0.04mMol ). o)ad oxalacetic acidoll 43} Lineweaver-Burk plotoll 4+ Km3ZrS #iE
T 7 o AEE ot 2 HEF ZokE fehulgrh

2. AFAIZHO| B¥EEtol O|R= B

ANEAE (o] BEFEY iEitd n)alv MBS 2alslr] sk ALEy] BEE HaA7HA iF
e MEsldcl. & ABAZ S 55 10°%A 1% 527 F7hA7194 BEREES
fliEstd o, HEMEUE Aol sz duck(Fig. 3). AZ4lE o] o] BEFe| 2 HpH
A olzj= d3kE Falsts) 218hed pH5.8M 4 9.67421 8] WSl A BERiEHS BiEstd e ( pH
5.804 8.07t=19] WHejoll 4= 0.IM sodium phosphate buffer & #.°.= pH8.00]4tell 4 pHI9.7
7tzlo A=  0.1M borate buffer & AF&35Lch). L #4538 Fig. 4l A4eF 7o) AZ4EW 0.3
% EXolA o] BERS A pHe 8.5HEUd vl#l 4, AEAZ] & Afodls 8.33E
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Fig. 3. Effect of saponin on the activity of malate dehydrogenase.
Enzyme activity was measured at the given saponin concentration in 0. IM broate buffer
pH 8.0 with the substrate of 0.25M NADH and 6mM OAA.at 37C. The decrease of
absorbance at 340nm was measured for 10 sec.
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Fig. 4. Effect of saponin on the tem-
perature profile of malate dehydrogen-
ase activity.

The reaction mixture contained 6mM oxaloacetate,
0. 25mM NADH, enzyme and either 0. 1M sodium
phosphate buffer (pH 5.8 to 8.0) or 0.1M borate
buffer (pH 8.0 to 9.7) at 30C.

without saponin O

with saponin 0.3% @

Fig. 5. Effect of saponin on the tem-
perature profile of malate dehydrogen-
ase.

-0.2mM NADH and 6mM OAA was reacted with

the enzyme in0, 05M sodium phosphate buffer pH
for 7.3 30sec.

without saponin ©

with saponin 0.3% @
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A& dkeh =T o] BERe HARELEE AT Az, ABATY HEA BAIgoe] 50
T AEAE ¢k (Fig. 5).

3. AFEAIEZLIO| NAD g NADHO| 2|8t product inhibition0f 0|X|= ¥

DL-Malic acide} NADE o) B¢E ) HEE 312wl 11 KEEHS oxalacetic acid @ NADH
7 He, 2 @& 25t product inhibitiong WA Elch, o] 2L bisubstrate reaction mec-
hanismg =2 = BHfdlde TE 44 3&’%0]"11 HfRPIel] 4 2] F8.8F ﬁﬁ%ﬁﬁﬁi%ﬂ g 7k
7b e =etd AZASrel o] 213t product inhibitionol] ] x| & BE-S FEAStE AL A9
A oA fEAE shvhal RHEEHEEEA B4 o S8% oqnlr e 7/‘1—0—1 alo z}
oh BEBHEE AT 0.3% F =04 NADHo| 28} product inhibition©] controlell w}#l
Ao FHS o 4+ U9 (Fig. 6). NADE =48 product inhibitiong vebu =d], AZA}
i"“’ﬂ 23}ted inhibitiono] F7FHw A& & & Agiek(Fig. 7).
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Fig. 6. The (ff'feCt of saponin on the Flg 7. Product inhibition of malate
product, inhibition of malate dehydro- dehydrogenase with NAD.
genase with NADH. , _ 0.22mM oxalacetic acid and 0.44mM NaOH was
40mM DL-malic acid and 0.22mM NAD was used used as the enzyme substrate in 0.2M tris buffer,
as the enzyme substrate in 0.2m tris buffer pH pH 7.6 at 37TC.
7.6 37C. The increase of absorbance at 340nm without saponin — O — with saponin — @ —

was measured for 30 sec.
without saponin — ® — with saponin 0.3% —C—

N. & =

—Meo R EEFES oeivkal A& 2 gRe K sleld g2 ztolHe] glrl Malate-
dehydrogenase 2| 7-%-oll ol A5  EEENES] FABMELS BE LFd stebd o S5
okako ebdllcl, & Sol x| .LBE™ 3} Guinea Pig il 4% R elxl 72 ordered sequential
mechanism-$ w2 =0 »ia) 4 s =) LBl E2]5l 722 reciprocating compulsory sequential
ordered mechanism =25 Aol el glu}?® ==& Pexnisetum purpureumdl| 4| &=l EEHE
iso ping-pong mechanism-% = 2= wole] Hio] 4 75EEgl MY BEFE= pH7. 4015k oA
+ ordered bi biternary mechanism-3 =230 2] © v} pHY 6o 4= Theorell Chance bi bi

mechanism2 =2 1 l-&o] otaiz glcl?®
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Guirea pig?] #A 4 783 MFE B2 Kmgh-& 0AA, NADH, L-Malate 3 NADd o
a4 Fzh 0.041mM, 0.018mM, 0.36mM % 0.13mM o] edz alosi® wole] o4 4
BEw AIRE B2H o Kmgh2 OAA, NADH, L-Malate % NADoll siah 4 zt7H 0.24mM,  0.022
mM, 0.05mM % 0.5mM&lo] ahud=) goluh ™ 4 (4 9] Lol 4 B o] BERSY Stz &
B 5 omgselobd 9 #ilaE ol g Kmghs Wislof e o[ 52] gh& ojimsinm, o
obe]l Hfell 4 4r@st HIRWE MDH2) OAA % L- Mdlate\Oﬂ gt Kmghe b2 #np z4]) vl x|
Ghoehe RS b BEES W R S debulin 9% % 4 aek ARl A AHEOEE
#¢] NAD 3 NADHel| abat Kmgho: v} & BE#Eol ghab ol xgh +2% vepbis A4S o +
dodvh, =3t o] B EHEE M-S F4bebxl 9ok ol Bisubstrate reaction mechanism® «t

24 BEES] %49l oF4al product inhibition mechanism-& w] $8} ok4Fo & vlehub #o] o

dslme KRR AL Hold <At ®HS 44lshx spore)
ABART o] of MER] Mol oA WS Zaetual, AB4Ey FEUR RIS
MGESE ok, obFal EiE sl s sbashal Tahdrh ot F o) PG4 A%z

107 ~107°% Fxoll 4 iEtko] Mmstdche RAE dAsha] gatvh ozl o} & 3Hqls}hy]
15ked of el siEe] Adstd o, FEMU: EES Mine abad 4 glgicl ASd o)
e BRGNS Hsbrh A W Y Bgot ol Yoshida™ ¢} Shore® off 2]aled dbs]zl
dpelbt o] (KR S| BEFE AW A1 Dimer ] BEES 17} monomer 2 FHEst = ] iEiEo] A4
= A RN mSRIE AR WolHel alebd KPR A ool EEMEE B3}
7l Hshed BEFRRS et & SBE He s aEsios ofrlel mle] NADH el NAD
T Held F HBRol 4Esbsiclh o ®Al 3h2 24 ARGl subunit BREEE Q)at BEEEMES

=
£4F AT BHIEYE + dd=h

B vel ApEIE pH = RS SRRl Heishe obvlmal Faie] Kfol&o BRAEH

o1ske] A A slrbe 740] e glem e Aol ofwl pRsrol o MRS IEMMZ (EH3)
of ofnmal Fso] ol BHEE B dekd vl =W, BE#e RS pHE  Ad3kE

abAl sieh sheps] ofeigh b S E4bslr] fldked AZEAbEvlo] EEREMEALE pHell w)3
dabd Zabshales 2 Asl chaze] Wb et by B HEME sl Rt
cf.

BEF S| MERE H3boll abE ihiE sl (LAREES] BB £, BEES T ki
g 3 IR be] b & (R ARG BRAEA RIS WHESSl slclel Slstd RESEIRE L A
sHAl slell, oy el BUGL FoF MR Sl Bk, (ERIAGS| MREERTEL X At 93 B
#Fol Ui wskel Jeks vl T e b Mf{mm’cﬂl WRE A g A E R abelA
Aol olwd nEsrol BEFS Toll Rifrshal =lmd @R RHERERME A 23-E vl A 2ol o4k

bl

=y
e

2

ek el KR AL o) BER ] ERDERIE S dakE ubx °%8% bkl ol vl RaEK
e pH= vhiel wige] ozl wish4 L@l s H3lsh glv AE B of, ABILo] MEH
ok fitgrvlar ¥ Aels o9 vieksl gle R Asgbsle] ol& Aol Oil‘bl';}

CfEtRol 4] AFE-8F malate  drogenase b 7H-3 Bisubstrate reaction mechanism-g w2 i=g¥
Foll ol A= BEHIEME () o) MEE VIl BOwl hust RIWERRKAD (p) o) #BREFol oshed L

Hog Jorstd Asior vhebbE AE o 4 ol



86 sl AES, FTT el Aakehs A

1/v=k, +k, (p)

74 k& BEELES B 2 MR KEREEHZ oFoal o« g vebie, k=&
HARE, KEEE $8 9 KESRpe] BEFHRE 23kt od e vebdel Aebd k,
Zho o] EEFo| oiEr REEARMS B wheld d3FS abAlRCl k3ol Sobe RKEEK
W) AgrEe] 718 ovlebd, k3ol A4t KEERAS] 4] A4 e eulakeh

AERS R ABAEY 0.3% BEAA kg Aol a4 1.03 3%% e g2
Uk, o zhe 1.330.2 MlEs gk weld AZarzde] o] EEFol i3t KELMMS] (BFFRE
He ZEAAAE o 4 ek ol AL vhAwakE, A%AFE ol o] BEFE2| product inhibitiong
BIEA ke Az 22 Fo2 vk o]ohxrS EEF S product inhibition®] F7b AL, A%
of o%t 4tk EHLIFAS] —foz 4zsoid 5 2dom, A%2| adaptogen HER™ S 5 F
Kol 42| Bh2 KBlo g 7532 4 UdE AoR 44k @] BRGNS FERES] H
M Ekftks 2 ool EHE(LCERS Min =t AHtE e Bna vebd Jloe v
o}Alch wheb4 de] erell ql4abe]l AEdl A BAEPEAPY-S e kR HE(L BRESl net

fii

itS

7o olu|g sjd=o], MitaET e To 2 s, olebpe oAriskx] fEMC] £R{THI
2 {EMsle Aozt RBEGECD Jepd AoR sldmcl Plbkab 22 A4dg ke
@ malate dehydrogenaseoll ™3t product inhibition2] F7He Al EHEMLERSE Sluil

T 4 At A 94Ueka 2ejalsh
V. 8 #J

AZALE Y 6] malate dehydrogenase (EC 1.1.1.37) 2 R7kx| BREBMN Hite mlxle BHRE
RFstz} sldod 1 HERe ohea 2eh

1. ABAFES EEFe BEKE pHE vhs Bz o), iEtkols W3lE vlz= Xst
ook, =3 MERMEL] BEREEAT BHE ¢xx Z3drh

0. ABAFZd-e NADHe| 94 product inhibitiond M7l 7gke] glgiom
#o AHFSIEM BES vzl HolBE, A#o| malate dehydrogenase 2| H EhFETERE
wimAsle des =},

3. LES R 2 oo, Aol o%t AkABERIES Fuft v AR EHEEES 7
EERAS A s RS R 2HFE 4+ e AR nlefArt
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