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Studies on the Malate dehydrogenase in Cardiac muscl
and Skeletal muscle

Shin, Wan-Chul + Song, Jae—-Chul
Dept. of Food Science and Nutrition

<Abstract>

Malate dehydrogenase was extracted from cardiac muscle and skeletal muscle, and
biochemical characteristics were compared each other. Malate dehydrogenase activity in
cardiac muscle was 2.8 times as high as that of skeletal muscle. In cardiac muscle and
skeletal muscle, the content of cytoplasmic malate dehydrogenase was higher than that
of mitochondrial malate dehydrogenase. Malate dehydrogenase of cardiac muscle was
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more thermostable than that of skeletal muscle. Thermostability of cytoplasmic malate
dehydrogenase was higher than that of mitochondrial malate dehydrogenase. The Km
value of mitochondrial malate dehydrogenase from cardiac muscle showed higher than
that of skeletal muscle.

I.A &

Malate dchydrogenase(MDH)EC 1.1.1.37)& malatec] dlste]l 7}l stgukg-8 Zo
alE #4E 19100 Batteli®t Steinell #fshe] A5 vk, > MDHE A Zulel 4 cytoso]
off #ai3hir ¢cMDHE2E mitochondriac]l £ A8l mMDHE F EF 9 isozymel & 43}
W (3,4) ol g isozymeES T-RAOE FAsA FAE subumt(\’IW 30,000~ 35,000)7F 2
AN B 477F AFFE dimertt tetramer?] H & FAQSvn Hga JoHE~7).

cMDHe mMDHY A& &2 gened] AAER 4ElA 2 JE=d(8~10) ribosomeol 4
At 8 F cMDHE cytosolol WolslAl Hy mMDHYE mitochondria matrix® o] %9}
G ® A sl oh(11,12). B3t ¢MDHS®F mMDHE amino acid sequence 2 - - ghA| gk
SollA A& & 54& YENEE(7,13) AR g2 FhedA MEVTY 38 988}
A 3tz MErFd dws] Fa8 AAE AA3tn Uck(14). F, Fig. 1o Jekd nt
¢t o] mMDHE kreb cycledlA]l key enzyme2.2419) 7F& 7MAa &7l 3,
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Fig. 1. The malale-aspartate shuttle for the transport of electrons
from NADH across the inner membrane of the mitochondrion.
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FEAL $%L F39n JE ZHAXE A4 42, AF2 2 €834 g £
g} AgEtd Bl Aol7t A=) Y, FATE red muscled white muscle®
550 1 Eijo] B4 vlmEi oi(15,16). Uukd 02 red muscled white muscle®
t} myoglobin ¥ mitochondria®] F#o] wow Astd  AbA (oxidative metabolic
system)E H4%n v ALRQT), B}t AELHQ 5] J5IEE AAFH e
AL BaH Qek(18~20), 1AW ZAHMXEFAA 713 433 dAE 43 R
£4¢ £& . olgg A3 Y AL AT AUTATY & ¢ QU
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50~80% #-goz dojx FAE-E 001M phosphate buffer(pH 7.0)o} %2 t} & & F
% EAe AAl 3 00IM phosphate-buffer(pH 7.002 HE A7 CM-cellulose
columnol F34A17l g F4 S5 Ao 280nmolA ©uFeo]l AFHA e WA
columng A&zttt o)&A 3t cation columnol AsA £ wuas 443 AA
3 F 0.0IMelA 0.05M Atolg]l FYg Ffde] o] 2P WE FL AMFuE A
£33+ Bmi/hre) FE45EE 7F gFg B 8539 malate dehydrogenased] $4%
2 Jehlle BEES 2ol B3y olojA DEAE-cellulose columnelA Z+Zt ¢MDH
¢ mMDHE A Al3aAt.

4, dWd s 53
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albuming TEdwAg &l sttt £33 column chromatography ol A @01/3 3
A o] vl e = Warbug-Christan™¥ (Ao /Amo)(25) 2.8 &334t

5. dHEA HY

g ol Ztd Al lmg/me &9 A & 9 (diethanolamine-HCI buffer, pH 9.2)& 32374
ol 55TColA AAAZ 2t4 o2 7Fd3 3 ice bathiel e &4 SAH LG WolA
7Hd-g AAAD g 25ToAA 71385 W7kt £49 489S S48,
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& #FHG Holx gt o]FL AANEE Mol oy dAalea FAIH A4 Alold
o] 2 xloldol e RS & £ gon, 2% AR EAYAA mihwn
YHL AA7E ks Lawrie(26)9] A e} dA3e Ao Aol F4Tel v A
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Table 1. Comparison of MDII activity of cardac muscle and skeletal muscle,

Muscle type Heart Soleus
Porcine MDIT . .
activily (U/mf) 6244 2208
Rulflq of enzyme 2.83 i
activity

Muscle type Heart Trapezius
Rat MDH ;
activity (U/ml) 8419 212
Ratio of enzyme 289 i

activity

2. MDH®| 3 vl

Table 19) A% g HE ATl FAT nlsle o F3FF MDHY &4 & &3
o2 veght A7 I§ o2 MDHE FE39 isozymedz2 F&54 R 848 3
&34, Table 29 Table 32 # 9 4323 FAZ2Z5E MDHE F&, AAse &

Az Fa9d g% 84, gAY 283 &£ JEd Ro2A B AAHA o)
Aggol nhe} WA R wdt FFE HAon, cMDH H#eo A4S A ¥
Zo A mMDHET % g Jehiid. F 4329 FA29 MDH E4HEXE
cMDH7F 7ty 14.7% 2 145% % mMDHS] 49% 2 66% Bl ®skch, 23d] cMDHS:
mMDHS] v|@4 e A4 FAZAbod ZolE Hola glonR o] He st
1o AAE 240 "o Ro2 AZHA ey EHAA R vnd el
Fig.2, Fig.3, Figd 28132 Figsel Wehdl ule} 2ol CM-cellulose column chromatogram
3 DEAE-cellulose column chromatogramdolAe A& F439 cMDH® mMDH
7F 2& AAAM fEHeg 2agdy 219 mudstdl doMe Aozt e A
o2 velyton, wd B AF A9 elution patterne Glatthaar(22)0] R 31§ elution
pattern®} A3t Aoz ey} §9, B =g vehiA] A 29 dnjd
¥ A €HRe] A2 cMDHS mMDHE # 9 33 tE elution patterng
Uehglth welA o)k e AME Rol & 7%E& 7IF mMDHIF FE9 FH IEd
B2 FA B4o gl Aojs veEd £ de Aoz s



Table 2. Purification of cytoplasie MDIH and mitochodrial MDU from rat cardiue muscle.

Procedure Isozyme Volume Total protein  Tolal activity — Specific activity Recovery
¢ 4 () (mg) (units x 107) (uniLs/mg) (%)

Extraction MDIH 160 17160 570 3319 100
Acid precipilation MDI1 160 1530.0 527 3444 925
Ammonium sulfale g R 5250 142 8419 775
fractionation
CM-cetiulo mMDII 210 336 032 9642 56

clulose cMDII 80 1133 203 18246 356

) mMDIl 110 331 028 8458 49
DEAE-celliose  umip 29 530 084 15792 147

Table 3. Purification of cytoplasmic MDII and mitochodrial MDIT from ral trapezius muscle.

Volume Total protein

Total aclivity Speciflic activity Recovery

N
Procedure lsozyme () (mg)  (units¥10%  (onit/me)  vield(6)
LExtraction MDI{ 650 4745.0 897 1850 100.0
Acid precipitalion  MDH 700 40130 860 2143 95.9
Ammonium sulfate .y 63 14190 422 2912 170
fractionalion
M-cellul mMDH 245 245 072 20346 80
cellulose cMDH 150 1370 197 14379 220
mMDH 80 160 059 36057 66
DEAL-celiulose  ny g0 900 130 14444 145
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Fig. 2. CM—cellulose column chromalogram of malale dehydrogenase from 1at trapezius
muscie.
Column size : 4.2 X 25cm, Elution buffer : 0.01M phosphate buffer(pH 7.0)
Linear gradient : 0.01~0.05M phosphale buifer(pti 7.0}
------ . Prolein concentration, A—a4 ! cytoplasmic malate dehydrogenase aclivily
‘@-@® . mitochondrial malale dehydrogenase aclivily
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Fig. 3. CM-cellulose column chromatagram of malate dehydrogenase from rat cardiac

muscle.

Column size @ 4.2 X 25cm, elution buffer : 0.01M phosphale bulfer{(pH 7.0)
Linear gradient : 0.1~0.05M phosphate bufler(pH 7.0)

------ : Protein concentration, a-a : cytoplasmic malate dehydrogenase aclivity
o-@ : mitochondrial malate dehydrogenase activity
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. 4. DEAE~cellulose column chromatogram of malate dehydrogenase from ral tiapezius
muscle. :
Column size : 4.2 X 20cm, elution buffer : 0.01M phosphate bufter{pH 7.0)
Linear gradient : 0.0t ~0.05M phosphate buffer{pH 7.0)
= 1 Protein concentration, ®-@ : malale dehydrogenase activity
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Fig. 5. DEAE —celiulose colmn chromatogram of malate dehydrogenase from ral
cardiac muscle.
Column size : 4.2 x 20cm, elution buffer : 0.01M phosphate buffer(pH 7.0)
Linear gradient : 0.01~0.05M phosphate buifer(pH 7.0)
------ : Prolein concentration, @-@ . malate dehydrogenase activity

Buffer concentration (M)
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Fig. 6. Etiect of pH on the aclivity of malale dehydrogenase isozyme  Fig. 7. Effect of pH on the activity of malale dehydrogenase fsozyme

trom porcine soleus and cardiac muscle. from rat frapezius and cardiac muscle.
buller system ! bulfer system :

pH 6.0-7.0  0.¢M phosphate butier pH 6.0~7.0 : 0.1M phosphate butfer

pH 8.0-9.7 : 0.1M diglhaclamine ~HCl bulier pH 8.0-9.7 : 0.1# diethaotamine~HCI bulfer

pH 10.0-11.0 : 0.1M carbonale -bicarbonale buffer pH 10.0—11.0 : G.1M carbonate-bicarbonale butler
®-® :soleus C ic malate deh L * trapezius cylonlasmic malale dehydrogenase
®-M : soleus mi ial malale - i i ial malate
0-0: cardiac ¢y ic malale dehy 0~0 : cardiac cyloplasmic malate deh
{O-0: cardiac mi ial malale y -0 : cardiac mitochondrial malale dehydrogenase
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Fig. 8. Heat inactivalion of malate dehydrogenase from porcine
muscle at 55°C.
O-0 : Cardiac mitochondrial malate dehydrogenase
O-0 : Cardiac cyloplasmic malate dehydrogenase
£&-M : Soleus mitochondrial malale dehydrogenase
@-® : Soleus cytoplasmic maiale dehydrogenase
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Fip. 9. Effect of malate concentration on the activity of ral cardiac and
trapezius muscle in mitochondrial malate dehydrogenase.
Enzyme assay : 1~75mM malate, 2.9mM NAD*, 37T

0.1M giethanolamine —HCI bufier(pH9.2}
©-0 : Rat cardiac muscle
<+-¢ : Rat lrapezius muscle
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Fig. 10. Lineweaver—Burk plot of malate dehydrogenase from rat and porcine muscle.
Enzyme assay : 2.9mM NAD*, 2.9mM NADH, 25mM malate,
25mM oxaloactate, 0.1M diethanolamine—HCI buffer(pH 9.2)
-@ : Rat trapezius mitochondrial malale dehydrogenase
~# : Rat cardiac mitochondrial malate dehydrogenase
-0 cytoplasmic malate dehydrogenase
-0 : mitochondrial malate dehydrogenase

myey X J

-11 -

11



12 Ay - A3

dH HAY FAZ9 mMDHe cMDHEY 71AzE40 doiA e mMDHS Kmgkol
27%x107°2) Wt cMDHE Km#e 40x10°22 mMDHS 7AHE40]) =& Aoz
Bttt ol9t e AL mMDHYE mitochondriatfoll M oxaloacetate® #9-2 Alste
Wl cMDH= cytoplasmUlol A malate®] AH3ts JAste A ZUlolA8] MDHE 759
2ol & Wt Ao B Ak

v. 4 &

B A7E A4S 3429 red muscled] e TCA cycle?] key enzyme2] 3lu<)
MDHE ##3to] 1 Asletsy 43¢ g e 44329 MDH €42 429 A
Ho}h 28 x BEE AT S52R0 W e Aos veEhgt ddH A e
AMe A42e MDHY Z$7F 4250 g3tod N Es 4330 F40rg
= e

Aol 2

BomEe 19009E Aol sl o)Foln HemA dFHIE AU # @
gaol =gy,

,lzﬁ



A2 24329 Malate dehydrogenase(MDH)el 3 o3 13

o

a153

1. Davies,D.D. and KunE. : Isolation and properties of malic dehydrogenase from
ox-heart mitochondria., Biochem, J., 66, 307-316(1957)

2. Wolfe,R.G. and Neilands,].B. : Some molecular and kinetic properties
of heart malic dehydrogenase., J. Biol. Chem., 221, 61-69(1956)

3. Villee,C.A. : Multiple molecular forms of L-malate dehydrogenase in
sea—urchin eggs and embryos., Ann. N. Y. Acad. Sci, 151, 222-231(1968)

4, Rudolf,R.,, FuchsI. and JaenickeR. : Reassociation of dimeric cytoplasmic malate
dehydrogenase is determined by slow and very slow folding reaction., Biochemistry,
25, 1662-1669(1986)

5. MannK.G.and Vestling,C.S. : Isozyme of rat liver mitocondrial malate
dehydrogenase.(Evidence for the existence of nonidentical subunits.),

Biocemistry, 9, 3020-3025(1970)
6. Shore,].D. and Chakrabarti,S.K. | Subunit dissociation of mitochodrial
malate dehydrogenase., Biocemistry, 15, 875-879(1976)

. Musrati,R.A., Kollarova,M.,, Mernik,N. and Mikulasova,D. : Malate

dehydrogenase; Distribution, function and properties., General
Physiology and Biophysic, 17(3), 193-210(1998)

8. Edward,Y.M. and Hopkinson,D.A. : In Isozymes, “Current topic in
biological and medical research” , Liss, New York, Vol. 1, 19-78(1977)

9. Abdelmordy,M.B. : Organ distribution of lactate and malate
dehydrogenase isozymes in two species of the genus Gerbillus, Biologia, 54(3),
325-332(1999)

10. Kulokawa,T. and Nakano,H. : Changes in isozymes of soluble and
mitochondrial malate dehydrogenase of carp(Cyprinus-carpio L) during
thermal acclimation., Comperative Biochem. and Phy B-Biochem. &

Mol. Biol. 99(4), 911-915(1991)

11. Roderick,S.L. and Banaszak].]. : The three-dementional structure of
porcine heart mitochondrial malate dehydrogenase at 3.0-A
resolution., J. Biol. Chem.,, 261, 9461-9464(1985)

12, Roderick,S.1.. and Banaszak,L.]. : The conformation of mitochondrial
malate dehydrogenase derived from an electron density map at 5.3-A
resolution., J. Biol. Chem,, 259, 11636-11642(1983)

13. Gandhi,B.S. and Kanungo,M.S. : Modulation of malate dehydrogenase
of young and old rats by various effectors., Exep. Geront., 9, 199-207(1974)

14. Moss, D. W. : Isozymes, Chapman and Hall, 113(1982)

15. Barton,P.J.R. and Buckingham M .E, | The myosin alkali light chain
proteins and their genes., Biochem. J., 231, 249-261(1985)

16. Hartshorne,D.J. : Phosphorylation of myosin and the regulation of smooth~muscle
actomyosin. In cell and muscle motility I, New York Plenum, 188-220(1982)

-3

#1’—7)_



14 Ak - A

17. Peter,].B., Barnard,R.]. Edgerton,V.R. Gillespie,C.A. and StempelK.E. :
Metabolic profiles of three fiber types of skeletal muscle in guinea
pigs and rabbits., Biochemistry, 11, 2627-2633(1972)

18. Shin,W.C,, Oh,D.W., Jhin H.S., Kim,K.T. and Yang,R. : Comparison of
Myosin ATPase Activities from Red Muscle and White Muscle.,
Korean J. Food Sci. Technol., 18(3), 181-186(1986)

19, Yang,R., ShinW.C., Oh,D.W,, Jhin H.S. and Kim,K.T. . Thermostability
of Myofibrillar Proteins from Red Muscle and White Muscle., Korean
J. Food Sci. Technol,, 18(3), 226-233 (1986)

20, Yang,R., Park,H.J., Kim,Y.H., Jhin, H.S. and Shin,W.C. : Comparative
Biochemical Study on the Myofibrillar Proteins from Porcine
Muscle. Korean J. Food Sci. Technol., 18(6) 443-449 (1986)

21. Smith,A.F. : “Malate dehydrogenase” in “Method of Enzymatic
Analysis” |, Vol. 3, 166(1983)

22. Glatthaar,B.E., Barbarash,G.R., Noyes,B.E., Banaszak,L.]. and
Bradshaw,R.A. | The preperation of the cytoplasmic and mitochondrial
forms of malate dehydrogenase from pig heart by a single
procedure., Annal. Biochem., 57, 432-451(1974)

23. Gerding R.K. and Wolfe,R.G. : Malic dehydrogenase., J. Biol. Chem.,
244, 1164-1171(1968)

24. Lowey,O.H., Rosebrough,N.J., Farr,A.L. and Randall,R.]. : Protein
measurement with the folin phenol reagent.,, J. Biol. Chem., 193,
265-275(1951)

25. Warberg,O. and Christian, W. : Isolicrung und Kristalisation des
garungsferments enolase., Biochem, Z. 310, 384-423(1942)

26. LawrieR.A. | The activity of cytochrome system in muscle and its
relation to myoglobin., Biochem. J., 55, 298-305(1953)

27. JaenickeR., Rudolph,R. and Heider, [. : Quaternary structure, subunit
activity and in vitro association of porcine mitochondrial malic
dehydrogenase., Biochem., 18, 1217-1223(1979) .

28. Wood,D.C., Jurgensen,S.R., Geesin,].C. and Harrison,J.H. : Subunit
interactions in mitochondrial malate dehydrogenase., J. Biol. Chem., 256,2377-2382(1981)

29. Bernstein,L.H. and Everse,]. : Studies on the mechanism of the malate
dehydrogenase reaction., J. Biol. Chem., 253, 8702-8707(1978)

30. Kitto,G.B. : Purification and properties of ostrich heart malate
dehydrogenases., B. B. A, 139, 16-23(1967)

ﬁ‘14,



