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Effects of Sulfur Dioxide on Lactic Dehydrogehase—léozyzﬁe

Department of Preventive Medicine and Public Health,
College of Medicine, Yonsei University

Yong Chung

Alterations of H-and M-isozymes of Lactic Deﬁ&drogenase(LDH) were observed in the various tissues
after exposing the rats to 50ppm and 250ppm of sulfur dioxide. These iSozymes of the respective tissue
were separated by Diethlaminoethyl (DEAE)-ce_llulbse from the tissue ~homogenates of brain, lung and
muscle, presenting the activities by rate of reduction of nicotinamide-adenine-dinucleotide (NAD¥®). -

Pure LDH and the coenzyme (NADY) were ‘directly treated with sulfur dioxide in vitro in order to
find out the diréct to sulfur dioxide on LDH and NAD" and the results were as follows.

1. In the normal tissuss, the H-isozyme activity was dominantsin the brain and heart, and the
M-isozyme in the muscle.

2. In the lung tissue of normal rats, there was no difference betweén the
of LDH. . .

3. When rats inhale sulfur dioxide gas in concentration of 50ppm -and 250ppm, it appeared that the
H-type tend to be suppressed in aerobic tissues and the'M-type in anaerobic tissues.

activity of H-and' M-type

4. In the lung tissue exposed to sulfur dioxide, both the LDH activities were suppressed.
5. It seems that LDH and the coenzyme (NAD') are not. directly:affected by exposing in sulfur dio-
xide gas.
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#msla cytochrom C oxidase®] iEiko] MiAst: Bl
%< meslgl s Buckely (1967)%-& EXEo) Rk
FERE BRAAAYD F £l A SO.Ml7t @\t B
S} i) aldolases] kel BmE ¥ ol MM
#0] 4] LDH9] fast moving isozyme (HE)o] A e}
K slow moving is_oz}me (M) fimsle AE A
o} o]d Y BHEE-L energy Rle] & BHE rlalda
ek Garland (1967)% & £f HEEpol4 LDH7}
HWBE] Pyruvated] fERE + & #iEe] ETE=
e HENGT. oW HWETE HIA ABR
o) EFHRA u)AE BEel £ Zold AFHA U+
5l HErtadA EEB7tAE 48 B4 3t
Wz FASE Aol LM 2K whHI BY
& EHES AL dolne KR P FHIMFEEH
Ao mRERES HEE 4 e deid
38 WAL R BE Lactic dehydrogenase (LDH)E
FHRE exergy RABES FREY Bx BAMN RE
w2l o BERO) Whikel BMkol ach o %o o[LDH =
Markert (1959) %-& multiple forme 2 F#EII T+ A
4 #uislglz Kaplan (1962) %<& ol&5¢ K4 #hEo|
& F7hA isozyme(HE B MEDo % #RH i
2 stgle
Hi(1968)2 |23t LDHEEHK Rl #d TEMII2
EL & @Rt HR Subunite] BEE SA L
oha HE st o
weld ol Hae Jdo= v xABRY wimn
o} el EEHMEOla Ho Kl A =E Blke s
BERRol EiE mE MEes BEL v £ BB
BES AR BEE MKT Ao BuAL olwd
RRE/ A7 LDHS #ik3 2 isozymed] £76d] B
g 7tA o= FRH R #Ha4: #4571 ol
28ng FEE AR TEEBIAE BAAD # &
B2e] LDHEHT F isozymed] BtE Mzsigz
¥ LDHE #iRo sty RBERANA E%g s B
At 24 LDHREHS = isozymed] BLE Bssld
HF ML A7l |EE vtol

I. & & 7 %

A REEYD U TEMII~ RA

B E 160~180gme] Albino rats(ifi)E HRBBE= R
BE &4 10984 fEHG o] ABHe 2Hoz B
ok #.21009) EHE stA2%o ¥ 3 Dual infusion/
withdrawal pump(Model 600-910/920, Harvard App-
aratys Co. )Z EEHE7 T~ BEE 50ppm3 250ppme.

GHEHE S Al MERZE Bibax ARSR
Vg & [130ml/min, £f (1961)1% B3l BEWHES
A &4 6 EREIAE BRAA AT

B1E Tyt BAEKE

W] By

1: Air inlet 2: Dual infusion/withdrawal pump
3: Exposing chamber 4: Gas monitor 5: Gas flow
meter 6: Rotary pump

sbxgERe E#ELA0] BEE  Midget Impinger
Gas Analyzer(Mine Safety Appliances Co. )= 6 R
ot 1540t BRiEsd 4 A2 BES #gsld —
B MRS olv AT mEElaE SBH
b BmS kipps#BEARC A WMAKEAA, B4l
k&% polyvinylférholl #%ste] #HASIHE 7o
BHA 2 B B BRSO LB MY KR
-2 st

B. BER #H@xel #A%

B AL 4°C LT= 53¢ 0.25M Sucrose
3} zre] 4°C B EAA Z2 X 1}o]A] (homogenizer) 2.
FERR L] B sucrosel L2 40% (w/v)7} HEE 3}
.

WHES MK B B “HEAZE W
L, BHE Bk Bk 600xgR 1650 Hlik
BAFHF o] LIFK-E mitochondria oS ki)
Bl 12,500 g% 3054/ ELWHEBA A cytoplasm ¥
Bg 99 o]z AREjes FAE S ox &
IS .05 B (International Centrifuge Model
PR-2, International Equipment Co. )& /3l .

C. Lactic Dehydrogenase2| 4B

1. Lactic Dehydrogenase 5 IsozymeS| 4B

Bergmeyer(1963)4:2] Jighel #£sle] DEAE-(dicthy?
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2ml of Tissve Homogenate 40%(w/v)
Ay +
1 ml of DEAE-Cellulose Suspension 10%(w/v)
Mix and stand for 10min. -
Centrifuge 4000X g. for 10min.

Supernatant (1) Sediment
Add 2ml of 2X 10 2Mphosphate buffer(pH8. Q) Add 2ml of 2X107'M.
Centrifuge 4000X g. for 10min. Phosphate, 2X107M..
Supernatant (2) ) NaCl buffer(pH6. 0)(Elution buffer)
Centrifuge 4000Xg. for 10 min.

Supernatant (3)
m+ @

M Add 2m! of elution buffer
type

Centrifuge 4000Xg. for 10min.

Supelrnafanf @ -
@+ W
H type
#2 LDH-isozyme o} 7
Tissue Homogenate (40%)
) l + Treat as the method B
‘j i Cytoplasmic solution(Crude enzyme solution)

+ Saturate with (NH,).SOs to 35%
+ Centrifuge 10,000Xg. for 10 min.

Supernatant
+ Saturate with (NH):SO; to 65%
« Centrifuge at 10,000Xg for 10 min.

Sediment
» Dissolve in amount of phosphate buffer(pH7. ()
« Centrifuge at Ca 1000Xg. for 10 min.

l

Supernatant
+ Dialyze against 5mM-Tris-1. 5SM EDTA buffer(pH8.4) at 4°C for 24hrs.
» Treat with DEAE-cellulose as fig 2.

[

Supernatant Sediment
» Fractionate with (NH:).SO; as the above
- Dialyze as the above -

+ Treat with phoshate-NaCl buffer (pHS. Q)

» Centrifuge at 10,000X g for 10 min. * Centrifuge 3, 000X g for 20 min.
|
Sedimant Supernatant
\ « Dissolve in small amount of phosphate H type
buffer
M type

# 38 LDH isozymed] Mo ik
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amino ethyl-) Cellulesed 2X10°M PRI 15 #i (ph-
osphate buffer, pH6.0)o] 10%(w/v)EA BB #%,
o] DEAE-cellulose#2 B 1mlol BB 2ml &
& BA#% 105H KES 4,000<g, 1058 2
WA 2 ERES d2 94 2X107M HEREE 2
mlE s FELE HEY LERE s dME 7
BED.

t}& U x| DEAE-cellulose B iRF & #HEEE
(Elution Buffer; 2X10™'™M phosphate buffer, 2X107'M
Na(l, . DHG.O)% 2mld 2/ HlfhHatsd o (HE 48D
(2. ' o

2. Lactic Dehydrogenaseo] #i¥isyhit

o BIM} Fo) HHEY KEH BHE HEY &
40% hemogenates w53 MK} mitochondria 45
2 BE # PH~65% KBIEFRAA Hw@sl<s #5
& DEAE-cellulosez LDH¢ HES M#-S &£ 4
et o .

& Priol A& LDH Mmate fmaigl=.

D. Lactic Dehydrogenase2| B

LDH Isozyme-& Smithies(1955)°] —@fy e} &
&ke] Spiaco electrophoresis chamber(Bsckman Co. )&
st czllulose acetate strip(Sepraphore lI, Gelman
Co. )& HAEIA Slide kol Fx K% HENKEY #el
Rutenburg(1956)49] kol ©-2F nitroblue tetrazoli-
um ¥ phenazin methosulfater} NAD*E #xmele] 4
BE & formazaned] SEMH%F MEAWHE SEESl isozyme
< R

E. Lactic Dehydrogenaseo| iEM:AIE

Neilands(1955)2] Jizkel wekdl LDHell 4k3le lac-
tate7} pyruvate2 E{LE uio] BILHE coenzyme NA
D*(nicotineamide adenine dinucleotide)?] B 310mp
oA e RE WEstd

#EFH e Beckman DU Spectrophotometer] [ 4E
2o icm silica cellZ FEEstz ERES 4.2mle] 0.1M
glycine buffer(pH10.0), 0.5m1¢] 0.1M Na-lactate @
0.1ml9] 2X1072M NAD*¥& ¥ 7)o 0.2mle] B
S RERP) BES wmin B4 B 340mp
oA EeEEe] BLE: HHEEB(EIDZY kg
o1, o 7)o EmliE F5H ML SE ‘optical density
(OD)Z extinction coefficient 6. 22X 10°2 Frdted NAD-
HY pME& ket EOHE ¥mgl HEEME(specific
activity)e. 2. FRslg .

F. EnEaRe A

BEEE RS Lowry(195D%2] ke el Fo-

lin-Ciocalteau(1927)2] phenolfAZE-g stz FEAA
# Spectrophotometer(Spectronic 20, Bausch & Lomb
Co. )2 750mpo] A9} WS MEse MR K&
ey

MR- v] 2] microkjeldahlpio s MEFEES N
2§t 4:fi ¥ albumin(National Biochemicals)-& #i/A3}
o et

G. LDH % NAD*of #j& TEHM7i~0 {EH

polyvinylf¥e] #ifd BE¥EIIAE HEHR] ¥4
WA S A2 % 10,000ppm, 640ppm, 64ppm K
0.64ppme] WS EMHS mEsld 58] RES] HR
Bt 2B TS BT oldd] BEhe ERMRES
&9 =¥ (West and Gaeke )02 PaEsigleh. LDH
o} NAD*Y| mHmMEEE o|& m¥Msia A8 RE
VWO B %% LDH(1202M of NADH reduced/min/mg
of protein)¢} NAD'(0.02M)-¢ sl JEEY MK
9} coenzymeo & dla W4 FAiAKZ RiRES LDHs
NAH*BHS FEro] w50 ogd Zol 4B oz v
o] &4% 925°C 1044 Hele] LDHFERS WEde
2A m¥FMraYt LDHESRSRC 93+ BES RE
sigith. olmle] LDHE: #is sl M type$ A3
K-

1. % LDH®} E#% NADYE #ifsle fled HE
¥

0. mi¥mrl2~2 EEs LDHe T#H NAD'E #H

3. E% LDHS} TijkM/laz j2#d NAD'E (A
& R

4. LDH X NAD* % TgMrlas @gEste #H
T BB

M. &= 8 A&

A. & ®B3Eol % LDH-isozymeo| EH
M) 9lo] & W% LDH isozyme iEiko] &

& hE H2R, BSE H e ol et LR

o QelAE HES ko] £T & W) 77.4%}
82.7%2 MBS WGt EHsg KB A
B MR iEtke] Z¥EM:e BB.7%2A HERY #ES
g o} (&2 p<0. 01

T iRl AL HES MBS Ei57E7T 48.6%
S} 51.4% 24 K% ) BHLEkg ek

B. TE#7t~0l %3t LDH-isozymeo]| 3%#8MY

TR G Y BRRS 4 ae) HEA Eo
i 2 LDH-isozymed) iGt49) ##bs o5 H1%, &
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T'Brain Hdert Lung Musde
#48 AREHe] LDH-isozymed] 57

g1 THEleO BiliY BRASS BaH
% Bt (mg/ml Homogenate)

Kind of Exposed Group
LDH Tissue Control
type 50ppm | 250ppm
Brain |1.1020. 12]1. 8720. 14/2. 551-0. 30
Heart [1.85--0.192. 7640. 2112. 954-0. 25
H type
Lung  [2. 254-0. 35/2. 85+0. 32/2. 78+0. 28
Muscle |2.5040. 2013- 03+0. 3113. 2310. 40
Brain  [1.500. 18|1. 4740. 15(1. 801-0. 19
Heart (1.70-0.17(2. 30-+0.16{1. 753-0. 14
M type ‘
Lung  |1.6970. 132. 0540. 203. 75+0. 33
Musde (2. 10=0. 26)2. 40+0. 25(2. 70+0. 29

(Mean+SE)

$o%k 9 3% 2o

iAo 9lel4 LDH-isozyme] % (specific acti-
vity)e] ke HMo) o] BIEA 58. 614. 3uM/min
/mgoll Hd HEBRE B ERNECIAZHE-S ENBRrls
50ppm @ 250ppme] k&  38.7+3.0uM/min/mg3}
31.633. 12M/min/mgo. B &4 HRH] Ik 34.3%,
45.1% 9] IGHEETFE 2ngdeh (0€0.01) MZ2 HIWRE
17. 240. 7eM/min/mget BT 16 4-50. 92M/min/ng

#ok  EEErlsd HHE &aRASe LDH
¥EM: #{L(NADH #M/min/ml homogenate)

Kind of Exposed Group
LDH Tissue Control -
type 50ppm 250ppm
Brain | 64.3% 7.2 72.4%+ 6.3 80.4% 7.0
Heart [174.04 9.2|166.4410.4174.0112.3
H type ; .
Lung | 55.5-+ 3.9 56.34 4.7 48.3+ 5.2
Muscle [110. 9% 8. 8130. 3:+10. 2]143. 1+11. 3
Brain | 25.7+ 3.8 24.14 2.9] 30.5% 3.7
Heart | 32.1+ 2.5) 44.2+ 3.3 30.5%+ 2.7
M tyge
Lung |41.8% 3.7) 28.2+ 2.9 36. 8+ 3.6
Muscle 1146. 3+13. 3(128. 5+13.7/143.1110.4

(Mean=SE)

#3% TR BN SERERS LDH
WG #L(NADH pxM/min/mg of protein)

Kind of Exposed Group .
LDH Tissue Control
type 50ppm - | 250ppm
Brain 58.644.3| 38.733.0] 31.6+3.1
Heart 93. 01-4. 6] 60.312.8 58.6+3.2
H type :
Lung 24.742.21 19.8+1.7| 17.44+0.9
Muscle | 44.5+2.1} 43.012.7| 44.3+2.5
Brain 17.24-0.7] 16.430.9{ 17.031.0
Heart 19.941.6[ 19.24+1.9! 17.5+2.4
M type
Lung 26.212.0| 13.8:-0.7| 9.8+0.6
Muscle | 69.7+5.2 53.6£3.3/ 53.1+2.9

(Mean+SE)

% 17.0-1.0M/min/mge 2. Ae| Wik BWEs o

ol v} CHESHRD

3%k 2 FeESH ol LM AL KB
3 7ol BERTES HES] jFHko]l HBH] ksl HEY
BAE 297 (p<0.01) Bl #BHE 93.014. 62M/min/
mge] 3 HHRIL 60. 312 8¢M/min/mg3} 58. 6+
3. 2¢M/min/mgo & %4 35.1%, 36.9%9 WAIE n
Lok M-S HEDTE 19. 91 pM/min/me, THBIE 19.2
+1.9¢M/min/mg, 17.5+2.4¢M/min/mgo.2 = Gk

— 115 —



—HBTEEGEE A% 1R 19704 107 —

90} f 1Control
> a0}t 2574 50ppm . exposed
€E 7ob V2 250ppm erposed
g2
.0
::’sd: 60t ]1:'\
5% sof
<
Z 40>
1;,
= 30r
e
< 20r
(&)
= 101
@ H type

M type

#5H E¥mOtac] k3 MRS LDH-isozyme
ER 2

100- &1 TJcontrot

255 50ppm  exposed
8oy 24 250ppm exposed

-/tm ‘q
!

of Profein

type M type

Specific Activity { NADHuwm.

5
53

Y

° H

#6E mEEECTd K3 LEEMS LDH-isozyme
o 8

9 @bk % 4 gl

=3 il dolAe] BLE vyl F3E B ETHE
o 4} zre] HEe] glo A& HEM 24. 742 2uM/min
/mgell W EEF 19.8F1. 74M/min/mg3}t 17.430.9
gM/min/mge 2 £T 19.8%9F 29.5% ] HAE g
2(p<0. 01), M#4] §lo] A = 26. 24-2. 0uM/min/mge] }
3 HERFE 13.81+0.7¢M/min/mgs} 9. 8:0. 64M/min/
mge 2 A2 47.3%9}F 58.8%2 WMAERA H(p<0.01)
LDH®} ¥ isozymerhol 4 MIe] ¥WEHETZ o1 #
o}

¢ KRGS A = HES ke BB 15
ol &4 44.5%2. 1¢4M/min/mg, 43.04E27,M/min/mg
B 44.312. 5uM/min/mg o 2 TRV} 2ol k3 HE

7heao] BEEESl whet hfliie o ko

)

in/mg

L control
50ppm exposed
WA250 ppm exposed

/m
Protein
oD
o
T

NADHuM
of

Specific Activity(
N
o
i

H ;ype

M ‘t»ype

BUE EREvTAc] KT e LDH-isozyme
9 Bk
< 2 £ 5 ggded MEL gAE HEE 69.7
5. 2uM/min/mgo]] Ja] £LEAREC] 53. 63 3¢M/min/
mg R 53.112.9xM/min/mgo 2 FH¥Y L ET
F 2Y90<0.01), ¢]EL XT 23.1%F 23.8%9) &
KT CESED.

I control

£ 50 ppm exposed
W22 250 ppra exposed

@
o
T

of Protein)
3
P —

(9]
(o}
+

Specific  Activity {N A DHum/min/mg

201
0 ¥ B

H l}ype M {ype

B8E HRECTEo] %3 AREAFESS LDH-isozyme
o] B4k

Bt o] KT & E&e] LDH Isozyme i #: 9]
BT RE Hofe} o) e MEL #Eike] AlY
g ¥ MRS HEls LEARS HEe], =
2o e HES XBHERS MB JHeisich

= Bl H f MRS fiase] HES BREm
ETHA
oL HE 9 M8 MBL miEmst

< 50ppmel A RE ] KT RS Yegich
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100k,
50"\\(1\
1N ) A
pob 4% N
A e ,
\ N T ‘=~T:'::""'*“-'—~-‘>—"ZGM type in Muscle
$ e .

70 \‘\‘5 . ) ~ -4 H type in Lung
2 &0 \\\:5 ‘k"{g':f:;:-";""“'QH type in Heort
< 2 Kﬁ\y H type in Brain
250 3 54 yp
- .
- 40 ’

W : 37 M type in Lung

30

20L

5

[ .

L L. 1 |
50 . 100 150 200 7 250 (PPM)

Corc. of SO,

EEEEVT 20l T f#RS] LDHIEH: ETXR

C. BEMII27 LDHERRAN olx= pR
B SRS BRI 2(1%)e] kAL NAD'
v o] EiEslgl o LDHY wAE ML i
Mg et oWl 2 fEiES] ETE LDHE BES BE
o] EMLash NADY] fR/B Aox uoldh (K
RSl B2 (64ppm BIT)7 LDH K NAD*e) W
# P AL BEe nolA PR,

#4%k ¥E7lA 9 LDH 9 = Coenzymed] )

' A #E
%ﬂ’}?fea(t)f Normal NAD* | Normal |NAD*
ment NAD* Treated | NAD* Treated
+ -+ -+
Conc. of Normal | Normal LDH LDH
SO, (ppm) LDH LDH Treated | Treated
10, 000 100.0 4.4 56.7 3.7
640 100.0 81.¢ 92.3 —
64 100. 0 95.3  100.0 -
6.4 100. 0 97.6 100. 0 —
0.64 100.0 100. 0 — —
wEt A 4o EEREVIAC vlAe BEe LDHY
2 B BEE s1AE o] okd Aoz HNEA

V. = i
RALBRAIA TRE F GEERED B2 g
& ¥kl LDH4= Markert} Mdller(1959)¢] ﬁ’ifﬂi multi-
ple formo. 2 fFEI = Aol WA ol F Hol
o}& 28] isozyme(HHE B ME) oz o] 5o "\l‘;’rl&d

o] Kaplan(1962) %o {&3] EWI= glel. Cahn(1962—
63) %2 o] LDH ¥ isozymed A2 ttE #HI{LEY
PeEL MAER R RSN HEE A ddgx sl
i vSo] Kaplan (1962-63) 42 o]5 & £8 o8&
BERETA K 2 L&) XA Sn s
=¥ Markert(1963)%% #£(1968)2 °]& F LDHx
Epo] FF BTl wet Ao HEITGL Y

I Vesell(1964) 52 = HE] HE stel4 HE
& Q] pyruvateo] 3X107M 2R Bl olA Gk
o MiE Lov] MEL H|IES] pyruvate 1X107°M
HhelA = fEike] WA e HGslgdcl =T Pesce
(1960 Mks B Mzt A HEL FRMheZ fEH
e EE MES fhimes FA%GR st 29
a2 Cahn (1962) % % isoyme % o] R
Z A BABRE olFo 5M] subunit® e} £
Y Hrg etz #iEsrd o

BB % #f&e E% LDH 5 isozyme?] Wik #
(1968) <] cellulose acetate strip kol ER&KE &2
Bl S SRS ABe —mEtgdd 2 O
Mgl A= HBlol MEe] iHin e} ERstgd s KB
el A MES fhike] 2 EHsg T o T B
B BFETE] L FEEHERBCAL HB #Gike
B Kol BEROEEe] Ry & HEH R A
= M) iGbke] @B A& wEsle £

28| B2 energy fRH#Mo]4 #EMWSE pyruvaterl M
L5 L 2 Mgl A HAlel B#lA A
Heol FRYE RALHRE BAES RiHez ETHR
T Aol SRS ol KA HREHIAC] energy
ol Bk ERAAL I HREN HBHTIA4
energy 5 gEsto] oF stz g2 LDHY} el 9] pyruvate
BEel = WEie]l MHESIA S MEe] {Emdy
lactate® WLt E. M. P. RA 8= glycolysisE #E
#HE Aol

MMl A2 Hile] BT AL MEIE &
ﬂ?%&@fﬁﬁ%"]a}l B *451‘:}

Mg 1Y et AEE R EHEBEREAE

SRS 2%{‘—”‘°IP—i Eadiel SEESl B FREARC
gt3 AzbEo] HEY ko] BHT Rolok Husigl
o} HAS) ¥k % 48.6%, MEAlL] #E#ke # 51.4
%z HEY BHET RAET 4+ g =28z Yy
LDH #%ik-2 ffigel el Eeldeh ol2l@ g
B968) sl AE BT Aoz LDH isozymog-
ramo] 4 = LDH,;, LDH, ¥ LDH;9} HFE #RAZE
st LDH:9} LDHsuhS s g n).  wobq hams
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o] Energyfliiel QolAL 2 FHEMI} Blisle o
2 o] phEsiol ¥ Aol

Koen(1967) o] {kslwl LDH4= 59 subunitz} £
O 5 isozymeo . ES AACE tetramerd o] 23
% subunitE 9% 41t subunitz o] Fo] A ctm
AL B 5ol o] HbH 4% subunitEE E isozymesl
HE R M3 32 H#2A o] Fojxx @x £HH
o Himhe BREe BAme s WEIGZ a9+ 7
2H4] BHREKE L YEd LDH-isozymed] subunite)
5124 5 LDH-isozymed] #7E @] o8 9+ o
$o] £ subunit®] #EEo] FEES] vt=2 2 mitocho-
ndria @ cytoplamo] 4] o]t} energyfRE Bl & B
B MmAcl Aol RAEHNRBBE] HRWLE F
Ry =€ fRiyez deojhe A& 507) 95

adeg FElaY] —fiq ERECtert Wk
KA /S olgfF LDH F isozyme] ® = HEE
dr] Bate AR & WA LDHe HRs} MBS
DEAE-cellulose2 #ifsls 40 2 EHE WES
% #U9 LDHeo] j HZIS} MES) H#kimkozd 8
R} Hagslgl ok

[ B LEESA s HEY iEigale]l #fEE K
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