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A Study on the Properties of H,~LDH Partially Purified from the Cardiac Muscle of Rabbits
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Table 1. Summary of crude preparation of H,-LDH from rabbit heart muscle

.. .1 Specific ; -
. Total activity | Total protein | . Yield Purification
Preparation steps (¢ mole/min) (mg) (Un?f;::;grot) (%) (fold)
Supernatant of 20% homogenate 138 119 1.16 100 1. 00
35~65% saturation of (NH,).S0, 130 49.6 2.62 4.2 2.26
Dialyzate 128 49.5 2.59 92. 8 2.23
DEAE-cellulose column eluate 25.3 1.86 13.6 18.3 11.7




Table [. Pyruvate inhibition of H,-LDH activity

Copcentration 0 |0.50X10"M|L 25X 10~*M] 2.5X10-"M | 5.0x10-*M| 10x10-"M | 20x10-*M
Activity 2.38 2.14 1.80 1.39 113 0.530 0.262
(umole/min) (100%) (89.9%) | (75.6%) (58.4%) (47.5%) (22.3%) | (11.0%)

Table [f. Effect of Sulfide ion on the Pyruvate inhibition of H-LDH activites in the function of their

caoncentration,
Concentration of [
Pyruvate :
0 0.50x107*M: 1. 25X 10-°M| 2.5x 10-*M| 5.0 10-*M| 10X 10*M | 20x10-*M
Concentration ‘ ;
of Sulfide ions
0 2.38 2.14 1.80 1. 39 1.13 0.530 0. 262
(100%) | (89.9%) | (75.6%) | (58.4%) | (47.5%) | (22.3%) | (11.0%)
5.0x10-*M 1.99 1.94 1.73 1.46 1.20 0. 672 0. 460
(83.6%) (81.5%) (72.7%) (61.3%) (50.4%) (28.2%) (19.3%)
5.0X107*M 1.80 1.75 1.72 1.39 1.18 0.671 0. 410
(75.6%) (73.5%) (72.4%) (58.5%) (49.6%) (28.2%) (17.2%)
G/q 7’
100+ 100
90 Pyruvate alone
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Fig. 1. Pyruvate inhibition of H,-LDH activity
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Fig. 2. Effect of Sulfide jon on the Pyruvate inhibi-
tion of H,~-LDH activities in the function of
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unit/min & A sk ok 2]} o] ) g sulfide o] 29
MR pyruvate & HETO A B AHBDEST

e BEZEPE ®Eo #HuAA KT M-LDH 4
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Table V. Effect of cysteine on the pyruvate inhibition of H,~-LDH activities in the function of their

concentrations.
Concentration of]
pyruvate
0 0.50x107°M! 1. 25X 107 M| 2.5 10"*M | 5.0X10-°M| 10x10~*M | 20%10-M
Concentration
of cysteine
0 2.38 2. 14 1.80 1.39 1.13 0. 530 0.262
(100%) (89.9%) (75.6%) (58.4%) (47.5%) (22.3%) (11.1%)
2.0X107*M 2.31 2.28 2.25 2.21 1. 66 1.08 0. 530
(O7.1%) | (95.8%) | (94.5%) | (92.9%) | (69.8%) | (45.4%) | (22.3%)
2.0x107'M 1.73 1.73 1. 66 1.76 1.81 1.71 1.73
(72.7%) (72.7%) (9. 8%) (74.0%) (76.1%) (71.9%) (72.7%)

Table V. Effect of substrate, lactate, in its varicus concentration on the H,~-LDH activities in the presence

of sulfide jons.

Concentration of | =
Na 125 025 050 125 s 5.0 125 25
X107°M]  X107*M:  Xx107°M|  X107°Mj  x10~M| x10-*M| X 10-*M X10—*M
Concentration of sulfide | I
0 0.134 o260 o461 o080 139 18 199 23
(5-63%)| (10.9%)| (19.4%)| (36.1%)| (58.4%) (75.6%) (83.6%)| (100%)
5.0 10-°M 0.040,  0.081 0. 158 0. 305, 0.531 0. 865 1. 37 2.01
(1.68%)  (3.40%) (6.64%) (12.8%)| (22.2%)| (36.3%)| (57.6%) (84.5%)
rg’o Without Cysteine Kt B3 el AN whsk Foh
o6~ With 2x10°'M Cysteine B0 cysteine 93] SHE & 717 KEER 49} 2o
-aa-a With 2x10°2M Cysteine PH 10. 0 A = A sulfide 2 ion fke}7] o) 2o AR
9 sodium sulfide & fEFiskel He&gsle & sulfide o]
B 2 #RG vEH BEE we Fgl o, pyruvater)
5 #31S =, cysteine EE8~} 20X 10°2M 3} 2. 0x 10-™M
é 50t o BIENA £% 97.1% 72.7% 9] LDHE®S 2y
é £ H}, ol cysteine 9| EE oA LDH &4 bzt 2
o3& WEEch e} cysteine o 27}x] e 4
2] H,-LDH ##:o] #3 pyruvate #1358 S 42 4
Feke] @B cysteine B 2.0x10°*M 2] cysteine
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Fig, 8. Effect of the cysteine on the pyruvate inhi-
bition of H,-LDH activities in the function
of their concentrations.
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Table V]. Effect of substrate, lactate, in its various concentration on the H,-LDH activities ir the presence
of cysteine.

T Concentration of = == ————
— . ! l
0.50 1.2 2.5 5.0 12.

S BBl gp5 025 . . . L hizs s
Concentration \ ®10-Ml x10-*M  x10-*M XlO M Xl1o*M X10 MP x10-M!  x107°*M
of cysteine ‘ |

0 0.13¢/ 0260  0.46]  0.860 1.39 1. 80 1.99 2.38
(5.63%)| (10.9%) (19.4%)| (36.1%)| (58.4%) (75.6%) (83.6%) (100%)
2.0X10-M b 114 0.221]  0.422  0.810 1.32 170 Lol 230

‘ 479% (9.29%)| (17.7%)| (34.0%) (85.5%), (7.9%)| (80.3%) (96.6%)

M-LDHe| ohgt cysteine?] pyruvate HIHZHR |SB—
o % g®me nw cysteined] LDHE#EMH7 e
o] cysteine 2.0%10"'M 2] # Tl 4 M-LDH ik

0% uke] =7 \gkgked, A pyruvate HHRIRS

CYSteine'_S-l] 7 R ol A ﬁ%_\:{q;{] kol cysteineo“
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Sz B L
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Hq=-LDH activity
o
o
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2 FHEAL lactate & LEHE A pyruvate £ & s With 50x10°M Sulfide ions

2 =z, I uhek R EHAHHR P 2 . L L
W sulfide, cysteinedl frst LDH ii#ifisme © v oty

= otomg, o]z Gl ! |
Mg Bk : 2, ol¥d R EHBE Fig. 4. Comparison of the H,-LDH activities as
He BB wUslnal EHq lactate o] REE B induced by the substrate alone, and with
A7 =4 sulfide £} cysteine o] —E®REZ} vl = & cysteine and sulfide ions
UnH-| Lactate alone

eooo Wwith 2.0x I02M Cysteine
—A#aA- With 5.0 x 107M Sulfide ions

T

1 1
0 02 04
mmM ! Lactote

2F

Fig. 5. The Lineweaver-Burk plots of the H,-LDH activity




Table \l. Effect of substiate, pyruvate, in its various concentration on the H,~LDH activities in the presence

of cysteine

\ "Concentration of
L pyruvate

. \
Concentration \\
of cysteine e

0 0.140'

0.125 10.25 0. 50 1.2

0.266; 0. 539

2.5 50 |lo
X 10-*M| % 10-5M| X 107*M ><10 sM" % 10~*M| X 10-*M] X 10-*M

‘ !20 l 0

15 | 4
'S 10'3M‘ X 107°M| x 107°M

. b

70.7!;5‘{ 139 221 28 312 =25 221
(4.49%) (8. 53%)| (17. 3%)) (30. 4% ) (4. 6%) (70. 8%) | (91. 7%) (100%) |(83.0%)(70.8%)

2.0x10"2M 0. 080l

0’0

0. 096
(2.55%) (3. 08%) (6.09%)|(26. 7%)|(70. 8% )| (96. 2%)

1. 190

o083 22 3.0

2.540 2.21
(81.4%)|(70.8%)

BE Eheld ngd HVR 9 BURKS Ak

Z sulfide 5, 0x10°3M 3} cysteine 2.0X10-*M &
ol A st nel R =% KE<Q lactate o] ol &
H,-LDH iG] HEFELHRE AH L 9o, M-
LDH o 42 72 w2 sulfide ¥ cysteine & ol 4
o] EEFEMMBRERMN, 1974) el F4d KK
&}el.

Eg cysteine ®IE2] 1/44] 3| Fsl= sulfide o]

RiEAA oS BEFE WHIT BB Y= ol ME
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6) Pyruvate § ENRE 3 FFMRHAAM2 Sulfide
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H-LDH iE#ell w5 & lactate #'E o) FaEHF] o3
sulfide o] 23} cysteine o] $HAY FEAFFA WHE 2
o], pyruvate & tj4l #E= 3lx NAD* g4 NADH
& coenzyme % Yol F IRl A 4] sulfide o]
23} cysteine o] BHE HHATEHN 29 FEWESY Fe
et el

Z pyruvate & HE 23 LDH S 552 &0 £
oi]‘i M-LDH o] KR A KTt £ ERERE
(4, 1974) ¥r}l & H-LDHso| #SEERAA KB
¢] pyruvate o] (K4 turn over s} =+ H,-LDH
9] B MEFR A X pyruvate o] WHEEFF 20< 107*M o] A+
ol A4 252 LDH iEde] M= At

=3} cysteine 9] HEE 2= ERE pyruvated]
% H.-LDH o} #E##FHE =24 #Hsld M-LDH
&4, 1974)0 A 2ok FEShE, G A 20X 107°M o] 42
pruvate @Eel A= 2 MHBHRIT HAHAdZ 40X
10-*M o] pyruvate o)A = pyruvate ZLE{E S 1
HEREo gk
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Fig. . Comparison of the H,-LDH activities as
induced by the substrate alone, and with
cysteine and sulfide ions, )
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2} lactate 2] BALETRES fiEsl= M#EE pyru-
vate ] #REfEME: 421 NADH &
JB3le] lactate = BRLAF A 2 2 HRES &4
Al Alvh. $3] EREFS] RRET 4 = Krebs cycle o] [
#isl Mz Felr=z YES energy £ MEARANA
Lfgetedof ab=dl, o] A4l LAl NADHL
glycerol phosphate shuttle =}o 2= #4543 #Hiks]=
Z3l=2 LDH 7} pyruvate & lactate @ BTA 7w A

coenzyme ©. 2 F
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NADH & NAD* = Mgt #4 NAD*E gfas]) Fi
T EFS #HL st o]l KHEL NAD/NADH
o R =A EFE A MeGilvery, 1970).

ol g LDH = A2 A%29 4w A4 2
A B s SEHPHAA 289 polypeptide B
TE {72 sl hybrid tetramer & o] Fi g =o] (Wie-
land et al, 1957) #%3| mitochondria o) F3-3l7. EE#%
fige] HBEEL A EAdeo|x rhythmical 3 HHE s}
T LA Bt HA SSHfre; whdge]x Zbatsg]
EE she AR e MX S Hflde 4
By, L2, RERHNOT A7z 2REE B
=gt} (Fondy et al, 1964; Pesce et al, 1964; Kaplan
et al, 1967; Pfleiderer et al, 1970; Rajewsky, 1966;
@ffE# s, 1971; Brody, 1973; Plummer et al, 1963;
Plummer et al, 1963; Rosalki et al, 1960)

ol2] g ool ZREE ol A Hs] MEREY BE
#19) pyruvatee] k3t ERE Az =24 ="zl HE &
By gfog 745" LDHE Bl £S Hl@EdA 2=
uhe} Zho] pyruvate 20X10-°M 9 FEA 4 1I%REZ
iEMo] Holx & Km, MM M2 745 LDH &
pyruvate 7 Fxoll A 22% (&M, 1974) BER 4
o Wtkel oA A goket

o] 52 ] & lymphocyte 2 phytochemagglutinin © 2
BHate oJeivkA @iFe] META  incubate 4] 714
2 LDHo HAEGEEzel MAGEEAS #REEe Ik
Y ¥ R K BETIAE F2 MEESGE 5
LDH isoenzyme o] t}ebstir FEFESKE] < ST
A= HAEEEM7} B¢ LDH isoenzyme & }Elyteli=
Hellung-Lasen 3 Anderson{Hellung-Larsen et al,
1970) 2] #&lA $5iEE wis} o] LDH 9 fErg
A& BKRSE] BED H@ILe b9, ey
g #REag =& pyruvate Fif o] 23
ol2gk AaFekst pyruvate bl HBEMGRN 4 LDH
HRE EMstd £ 4 glalen] o1& pyruvates] 4k
% LDH i e] o o) 7k=] 42 BEY o =4 LDH
EEY Brix MY 4 Yzl

ZE®RJIAA {FH7 H,-LDH9 #4AAs= DEAE
cellulose column chromatography 2 FlAslo (& H T
#t, 1973) 13. 6unit/mg. protein o] H¥EHS 71& Mg
R 18.3%, MoRBHEMAE 1L7MG dd HA &= #5
¥ Fel}d, DEAEZ w9 MEgye s H-LDHE 1

#H3le= 7tee] H-LDH ol $]2] o1 & LDH isoenzymeE
+ BEHDSE BRKEHSZ ERAAL, oA
4 Kol 4 H-LDH o £& 8H8H KRS A9

ol = Xl elgich

FikEt ule} el H,-LDH ¢} M,-LDH = pyruvate
of sl M=l Rel chEn] ol F pyruvate I
¥5 2 %= Plagemann £ (Plagemann et al, 1961)3
Nisselbaum % (Nisselbaum et at, 1961)°] #4535+ ule}
o] # isoenzyme 2] Michaelis a7} A2 r}=7)
wlEeln], o] Ml HEd s 2R GE A
22 Hfsty ot FEL HBAA HRSA £ A3
25°C~37°C Atolell 4 & HEEFE gt A2z ud
Al (& ATH, 1970). =3 Wuntch S (Wuntch et al,
1969)o1 2] zl=d LDH 2} pyruvate, =rg] i NAD+*s}g)
Abolefl abortive ternary complex & W4 <le] pyruvate
HiHE ol Fof Aclz maslgeow, F3] H-LDH &
o] 2] g abortive ternary complex & M,-LDH ¢} s
gl #Rslz, =3 o] complex &= M,-LDHd A wre
o & BESA HAslel sleba @dshy o (Wuntch et
al, 1969).

olel gt pyruvate Mifls} ©lEe] ¥ HEAA
sulfide ¢] &3} cysteine o] LDHEH:E ML |
st Zloll (&R 7T, 1973), WA M-LDHO| Ao #@
5 fatebd MBS, 1974, € K%l 4+ H-LDH

| glol 49 sulfide ©]-&3 cysteine 2] pyruvate #%¢]
ﬁf& FAE BB Bskeh

H,-LDH of) 4 = pyruvate #2582} sulfide o] 29
tkel EOFE F2WelA R vbsl zho] KR pyru-
vate o] &= M,-LDH 2} ®#&E AA dy ZEE
pyruvate ol 4 £ M,-LDH 2o} & BEE dgtot AA
o2 vof A% glvln ¥ 4 glow =3 cysteine
ol &% pyruvate MGIFA-E ARSI EVES E3IW
o Eghgt whel o] 2#EHYC = ¥e} pyruvate HHZ)
e aA MyAF o) M-LDH 9] A% (E5 1974)
dl4 wrhe 2 BABHRZ o & FELG

x| HEA A LA7] cysteine o] o] HH
cysteine 2] B H == pH109] 42 cysteine sulfhydryl
group &) o] &ite] K@t sty BEdd HEE e
BGH R b sulfhydryl group ®] o) &1k <-Ed "THE
ol =zetx W|MES A (&S, 1973). F cysteine
9] sulfhydryl group 2} o]-&ftq mole fraction £ pH
10. 00 4] BiHigled »ed cysteine o] carboxyl group 2}
pKa:= 1.92¢]x, amino group®] pKa+& 8.35¢]4
sulfhydryl group® pKarz} 10.46°]=z ol -21kg}
sulfhydryl group 2] mole fraction & Q.25¢|cl{& 8T
s, 1973).

wald cysteine %9 1/4 = 25%9) #lFelE w2




9 sodium sulfide & A}§3ld L#Este] & $48 A%
8ol A4 pyruvate MIHIZHRE BED viebs e @y
#FOBUE E4EH ¥ BE5EANG B ulel gke] o]
€ JFHEIEY MEE 2 wb=A] oz ¢ jonfkato
2 A o= ASE 2o

E3} cystine/cysteine 2] standard oxidation potential
£ —0.220v o] = (Jocelyn, 1972), NAD/NADH o] =7
- —0.320v, =% pyruvate/lactate ®] 27.& —0. 185
vZ zeo] gl (Sober), NAD*7} cysteine & Eg{Léla,
o] cysteine o] FRIERHE o OB HEFY K
el FHE 4 glo (Jocelyn, 1972), == cysteine
M 7} lactate of HEAI2 2 NAD'| RES <= q
At zei ol s F5EAA L uhe} 7ho]
lactate o} cysteine fflol &= LDHo| oj& FEmwo o
feRisked eolo] WHEM-E o)

iy AEEAA S8 FHA Rl sulfide o] &
& cysteine o] ¢} pyruvate o] LDH G4 mgic £3
cysteine off 4] FE%sle} o] So| pyruvate o] {3 LDH
4 EES THEs Bee B5E Y He@ANE &
Bigl%el JAESECY 2 MPE weg oot
Ev Byl &3 vk gbe] opd AHelw),

webA B HERE 7HA I BHs £ vl o] & pyruvate
7t cysteine 3} ARHERANA 2 sl o) com-
plex & Mo @wEstd, 44 pyruvate o] LDH
Gkl =l & W%l w4k cysteine o MBS 3
W+ gals

£ sulfide o] &-& pyruvate 8t oj = complex S ¥R
=] b3 cysteine gfo] ofw complex B F4dleind,
sulfide o] &3} cysteine o] #HHE7F 42 o} & vl 47
AUL 4 90w, pyruvate PHBHRE FHFt=d 37
&= pyruvated| 9|4l abortive ternary complex 2] 4
& cysteine o] pyruvate 8} o] complex & WK T
224 2 (FAE —% o} Foz Az 4 g9la,
pyruvate 7 §l& Gl A & sulfide o] 22 Fxo =2
49} 5] & cysteine ] rxdlol 4o LDH iEi%mH% £7F
IR A2 Mol olmb sulfhydryl group o] o] &k,
o] kT EE|E HEHE Atz gl

=3 sulfhydryl group o] 3l it NAD*| =i+t
SH group o] E#L 442 YA 4 gAed,
NAD*:= LDH#E#A gloid LM BEEEY L mi
3t vhek Fot 53 LDH9 3%M@E RwAs) =
o HF®|YE ¥wk bzl (Clausen, 1970). = pyridine
ring & NAD*s} LDH S #s&el = £3535)ko (Shifrin,
1959), EEE BB FEI o2 . oy

NAD* pyridine ring & 44l W3+ pH 10.0414 52
2] thiolgt oWl & EE#KASstd NAD Bre
el g o 24 (Jocelyn, 1972) LDH 2 E#S$ =4 i
e 4 ez gahs.

= el 2wl cysteine o] H-LDH &gl
profile o] 4] =}z cysteine o] allosteric inhibitor 9] &
T HEE T kETY BEo AL HK o
4, M-LDH o § AHBY ML vl5d A
£ ok

Ll kst 22 H-LDH e & sulfide ¢] 23 cysteine
o #Re M-LDHo| M3 4 $uc} 29 EEaMoz
FER £RE BAA ) o8 & €&l 287} LDH
ARe T st BEG B2 2 AUt $o
LB R HAAE AL ExH B BB+

RN o fo el

1. E7.CBMHA«A H,-LDH & & iscenzyme ©.
ZHe ek 12w Az A8t o

2. H,-LDH iE#%:& pEdo) pyruvated] 2lsbe] st
MHEZHRE ubel pyruvate 0.02M d &) lI%A == 1§
ol BAdg ot

3. Sulfide o] &-& H,-LDH#E#:ol] o]} pyruvate 4|
HERE 7 WA et

4. Cysteine & H,-LDH {%{io] & pyruvate ii# %
KT HFED] MAAFrt

5. #% (substrate)q] lactate@ & (ko] W& H,-LDH
WiEe] ML cysteine B sulfide o] 22 FFEE ol A)
WMzzaldwl vl oysteine |IES) 1/40] e sulfide
o] &2} iM% Y cysteine B T} FEA2S}o o}

6. Pyruvate & HE= ¢+ BREEATRAA
cysteine -2 allosteric 3H- 55 M4 RS o] nt sul-
fide o] 2& o} 7 ZFE7T gigdet,

ABSTRACT

A study on the properties of H,~LDH
partially purified from the cardiac
muscle of rabbits

Soo~Hoon Park, M.D. Seung-Won Kimm, M.D.

Dept. of Biochemisiry, Seoul National
University, College of medicine

1. The H,-LDH was partially purified approximately




12 folds of its activity from the cardiac muscle of
rabbits by means of salting-out with ammeonium
sulphate and of DEAE-cellulose column chroma-
tography.

2. The activity of the H,-LDH was inhibited markedly
by 0.02M pyruvate to 11% of its original activity

3. Sulfide ions, when added to the reaction system
using lactate as the substrate, reduced slightly
the inhibition caused by pyruvate.

4. Cysteine, on the other hand, lowered significantly
the magnitude of pyruvate inhibition in its lower
range of concentration, but showed its own inhi-
bitory effe:t regardless of the pyruvate inhibition
in its higher range of concertration.

5. 'The activity of H,LDH, using lactate as the
substrate was more inhibited by the addition of
the sulfide ions than by the addition of 4 folds
concentration of cysteine,

6. When pyruvate was used as substrate, cysteine
showed an apparently allosteric effect, while sulfide
ions showed no particular effect different from the
pyruvate induction itself.
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