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Characterization of Lactate Dehydrogenase in Acanthogobius hasta. Jung Joo Yum*. Department of Life
Science, Cheongju University, Cheongju 360-764, Korea - The lactate dehydrogenase (EC 1.1.1.27, LDH)
isozymes in tissues from Acanthogobius hasta were characterized by biochemical, immunochemical and
kinetic methods. The activities of LDH in skeletal muscle and eye tissues were 65.30 and 53.25 units,
but LDH activities in heart and liver tissues were very low. LDH/CS (EC 4.1.3.7, citrate synthase) in
skeletal muscle was the highest as 22.29. Specific activities of LDH in brain, eye and skeletal muscle
were 56.45, 38.04 and 11.0 units/mg, respectively. The LDH isozymes in tissues were separated by
polyacrylamide gel electrophoresis after immunoprecipitation with antiserum against A4, By, eye-spe-
cific C4 and liver-specific C; LDH A4 isozymes were detected predominantly in skeletal muscle, brain
and eye tissues, and B, isozyme was detected in heart. Anodal eye-specific C4 and cathodal liver-spe-
cific C; were coexpressed in A. hasta. The eye-specific Cy isozyme showed higher activity in eye tissue,
but liver-specific Cs isozyme showed lower activity in liver. As a result, one part of molecular struc-
tures in A4 and G, A4 and By, and eye-specific C4 and liver-specific C4 were similar, but in By and
Cs were different with each other. Therefore the subunit A may be conservative in evolution, and the
evolution of subunit B seems to be faster than that of subunit A. The LDH A, isozyme of skeletal
muscle was purified in the fraction from elution with NAD" containing buffer of affinity chromatog-
raphy and eye-specific Cy isozyme was eluted right after A4, so the structure of eye-specific C4 iso-
zyme is similar to As. And LDH activity remained 35.22-43.47% as a result of the inhibition by pyru-
vate, the Michaelis-Menten constant values for pyruvate was 0.080-0.098 mM, and Vmax were 153.85
units, 35.09 units in skeletal muscle and eye, respectively. Also the By isozyme was the thermo-stablest
and C; was stabler than A4 isozyme. The optimum pH of LDH was 6.5. The results mentioned above
indicate that isozymes in tissues showed the properties between LDH A4 and Bj isozyme as A. hasta
was adapted to hypoxic conditions. Also LDH seems to function more effectively under anaerobic
condition because LDH in skeletal muscle and eye tissues have high affinity for pyruvate.
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CStE AtshA tiAle]l AEE ARSETH229]. 183 3k
+F T U713 AR QA3 BAHe =HER 28 &
Hany gA o HTd dAE v Ay
E2A #8359 monocarboxylate transporter (MCT) A&
T3 AEE Eol7} BFRA0E AR AeE & 9T,
EETZE INTY F dde AELR Mol RuH[37],
53] = AN e FH dUAPOE A3ty B
2E K TH30].

LDH¥= NAD"-oxidoreductase2 A 3]&H Ak} 212ke] A
A8 ¥hgS Zufstr Ldh-A, Ldh-B 2 Ldh-C 37} 9]
1 ST A, B Y CE FAYE MW 140,000 = 9] Alek
A o|th45]. LDH A; EHEAE FZHAL B0 A
3l pyruvate reductase2x4 FAZ3 & A7)8 2Ad
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274 24 XE LDH By 51849 7|50] A4 o] &
A SH o] ARHAT I)H 2HgNE A BYFAY
3ol 7] Fte] HAAYR]. ¢ FHRELE AR
FoAFANE T3 ¥ ZHA eyespecific G T AL}
FHHT, Y& 7+ ZH N E liver-specific C; T E
L74 FHHATH0), 97 oF FAME Lab-C FAA7} @
dHA ekri[34].

W2 AEHe] FNEE oFE 7 239 Fad ua
LDH $91548 283 5714 tAle Soln 8714 o)
AE F7HIA ZARARRL aHY 315ES s
Channa punctaurs®] 4 3.8 F5& 37)7} 2311 LDH
AT BE YAIF o g BEsin 3755 S ste AAE
T717F FE53E ABoN AE F7181 B A3 2Aa
SIATHIL EF AN} RAFAE 2719 §ENA) 2
3 3A A TATANE A BYEA7 21EY 4
FolXe Bot 23 S7h9 0] 7129 LDH 7)%) gist A
I AASA Gy, BHFRA 7L AR o] vls] LDH E40|
A7 F7HEa FPa29 HAE FA Vegon ¢ £
a2+ lactate oxidaseZ A WALE 2A 3G TH8]. Ze %A
NN =& Z7 A& A$ Ld-A9) Lin-BYt 28 Ee 27
e Bd Axst 2 SRBQA7} Fasiez 2439
Ae Ay AN E Bt 24891, Ldh-Crb 288 7 %
A GE F7MA 2483 Aog Uegt(2] = 4
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23 FEY9| FH|
%5 o] 3K Perciformes,
(Acanthogobius hasta)& 73715 A EA] 78+ 8ol A 2006
d 1149 &0 2642 cm, 9143 ¢ AT F7|E PR3t 24
TANA HPAR gt 2959 42, 4%, F
H R 2L o] 2HFE AL 323 AAG
O+, Als 239 0.1 M potassium phosphate buffer (pH
6.85, 4°C)Z 2-3u)(v/w) 7}8to] FLo )& glass homoge-
nizer2 3 Stk 24 FHH& 4°C, 20,000« g oA 14]7F
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# 23] 94)% 2] (Hitachi 20 PR52D) 3}50H 4594<¢ A8
2 AHStnh

Lactate dehydrogenase®} citrate synthase®| &4
53 9 puy B

LDH¢ &AL 1.50 mM 35 ¥ 43} 014 mM NADHE
23HgH 01 M potassium phosphate buffer (pH 6.85) 3 mlej
A8 E 713 g NADHZ 2H NAD'E 43l5: P&
#3333 = A (Shimadzu UV-160A)E A}&3e] 25°C, 340 nm
dA 243 Att. A dH(unit)e 1% F< 1 pMe] 7)
A& AGAI)=d BLF 549 %oF millimolar ex-
tinction coefficient 6,228 Al-g-3to] AAbslQ1[45] 24 1 g
o B3 oz AN CSY 4L 0.2 mM acetyl-
CoA, 01 mM DINB [5,5-dithiobis(2-nitrobenzoic acid)],
0.5 mM oxaloacetic acidE *¥33F 0.1 M Tris-HCl buffer
(pH 7.5) 3 mlo]] A8 & 713 %, DINB/} A3 E &
FHBEAE AS3H] 25°C, 412 nmol ) SRSLT. B4
o Beunit 12 FF 1Mo 714¢ ABA7IEY B
§ 849 %0 2 millimolar extinction coefficient 13.62 A}
&3te] AAretTH4l] 9 Ee BSA (100 pg/100 p)E %
TEYAZ ALGote] BRFEAZ 595 nmol A A et
[5] LDHY] SojZ4xe villd o) i3t aie &4
(unit/mg) .2 ERT.

Native—polyacrylamide gel MI|HS A - sl'xﬂ‘.’_*%

295 249 TAELE Y W8 =8 P
7] Sste 242, A48, & 1‘] 2 2499 72‘12%]6} A
(Coreoperca herzi) LDH Ay [9], A&(Bos prinigenius) By, o)+
(Gadus macrocephalus) liver-specific C, [36]% Zuj¥ut
(Sebastes schlegeli) eye-specific Cs S A A[6]d] & 3
& 7tz 1:1/2, 14, 12, 13(v/v) 7Vt 37°Col A 6027t
£°Col N 1247 5 39-34) 8-S A AT LDH 598
&8 FA7F EFAE A g FF Yl Hol de B
AAAE S 93 uH-3 A4S 4°C, 20,000 gl YA &
B¢ & 45 Y& native polyacrylamide gel A7 4% 3Y
th 7 249 LDH 840 5931/ 955 A28 42 2
A3 R, AlE= 50% sucrose (1:1, v/v)$} 0.05% bromo-
phenol blue £94-& 718ttt #7149 &L polyacrylamide
vertical slab system (Hoefer SE250) 2.2 thermostatic circu-
lator (EYELA CA-1100)2 A}£3}d] 4°CR FAA)|7|HA) A
A3t ATH12]. Slab gel 7.5% acrylamide separation gel %
2.5% acrylamide stacking gelZ TH&£%1 11, Tris-glycine buf-
fer (pH 8.3)& A}8-3}¢] 100 Vol A 2087 AAAZ) 5 200
Vel A 13087t #7]9% 8t9tt. LDHE pi-lactate, NBT,
PMS 13l NAD'E L3¢ 908 37°Col gad ¥,
15% 2A-gH oz nAste] Flatgri45]. LDH $9 a4
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o] 84 AE & gel& image analyzer (Viber Lourmat)2 A}
& AL $ 248

SDS-polyacrylamide gel HI|HS

LDH As B840 A A= &3 EAFE 34
317] 93 Laemmlio] #4][23]] w}g} SDS-PAGEE 4 A8}
Rt 10%T, 2.67%C acrylamide separation gel®} 5%T,
2.67%C acrylamide stacking gel 2 slab gel & wHEQIT) 24
ZF 2 EFUWEZE bovine albumin (MW 66,000),
ovalbumin (MW 45,000), glyceraldehyde-3-phosphate de-
hydrogenase (MW 36,000), carbonic anhydrase (MW 29,000)
2 trypsinogen (MW 24,000)2 Alg3tg3, 9#AL co-
massie brilliant blue R-2500.2 4 A3 9}

Lactate dehydrogenase SIE40| HA: affinity
chromatography

LDH< affinity chromatography (Bio-Rad Econo System)
o] 93] A= 3L, oxamate gel?] FHl& O'Carragl W
3132 WHsa ANSAH2] 95 2A2 2593
4%, 2 3 2242 §8 2499 27} 05 M KA 02
mM NADHE #7}3 A28 02 mM NADHE 363 0.05
M potassium phosphate buffer (pH 6.85, ©]3} buffer2 %
= FH A7l oxamate column (25x85 mm)ol} -z} 71319
o @8 do] columno 2HE §£EHA %<& w7z 02
mM NADHZE ##3% buffer2 #lo] & %, 1.6 mM NAD'&
33 buffers} buffers A2 fYA7)1HAM £59S 1.6
mly 2859y, 72 £ LDH $HEALY AL 24
3taL, B A S AFste HA 1Y=E 13t} LDH 59
49 240 e L native polyacrylamide gel 7]
95 HASYT, FAEA BAE RYsY wol
Amicon (PM-10)& A}8-3}¢] 553 & SDS-polyacrylamide
gel 719522 3ty A §Hog ALgsy .

Lactate dehydrogenased] 7|ZQIEA &3

LDH &40] 71d% = o3 As=HE J=& Lojry)
A8 FAZ, AR, £ 2 2 249 LDH9} A3 LDH A4
% eye-specific C4¢] 9] FH o] Ujg 453 548 &3
Ak HFBA 55 01,03, 051,152,575 2 10 mM
A LDH &4& ZA43H, v 84& 71502 A
BA4(%)S Adste HFE 4 5o oel LDHF As s e

TE AsAg. =3 9F184 10, 20, 30, 40, 50, 60, 100,
300 % 500 pMojA LDH #4<& 24§ ¥ Lineweaver-
Burk ploto] ¢J3) Km# Vmax& T3¢t

Lactate dehydrogenase2] 0]l CHE QFM 2 A=A pH
FAZ, A% 2 & 239 60°Col A 5, 10, 15, 20, 25,

30, 40, 50, B 60 F< FAE 3 4°CAlA 1A FA AR
F 4°C, 20,000% gl A 1417t F AHRE st FT A9
4 BAE AT T gzTd U A 4(%) S 73t
Aok 243, A%, £ 244 4°C9 01 M sodium acetate
buffer (pH 4.0, 4.5, 5.0), 0.1 M sodium citrate buffer (pH
5.5), 0.IM potassium phosphate buffer (pH 6.0, 6.5, 7.0), 0.1
M Tris-HCl buffer (pH 7.5, 8.0, 8.5), 0.1 M Tris-glycine buf-
fer (pH 9.0) 2 0.1 M sodium carbonate buffer (pH 9.5,
100, 105)91 4 w71 & LDH 248 ZH 91 o
24E& V1R Ad 84(%)e Tetden, 34 pHE &
At

Zn 3 nF

Lactate dehydrogenase@ citrate synthase &3}
EHyEl HMat

E7%5 LDHY 84L& 7] 6530 unitsZ 713 31,
T %3 0] 53.25 unitso]™ 7+ Ao A] 3,67 unitsZ 53] &
A JegthTable 1). o]F ZAZ] LDH A& 100-200
unitsol] A Zx] o] WA 5000 units7}A] Thekst = (16,18,
19] o] &3} vluA] F459 LDH 848 w3ttt C5¢ &4
& AFo] 3,66 units, ZA 2.93 units, I 2% 1.84 unitsE
e} BF wgkon, Aol £ v 3713 dALE e 4
o8 Holu 423 & zlolE HolA ¢, + 239
CS 84L& FAZRY Boiti(Table 1). 218} E3E &
9 CS A& AFo] WA 0817 unitsgh H A 1.2-23
units [28]2 0} 27 A Jelgty, Ho| Arapaima gigase]
WA 171 units, F A2 33 units © A% 10.3 units, tuna
Katsuwonus pelamis & ¥AZ 2.1 units, AT 21 units 2
A% 26 units [15-19]9} Hl@A] WAZIE 2Fo]rt glort
Ao CS #4o] 3 ¥ Ao] EAFHoU. 181
LDH/CSE &7 20| 2292 714 &1, ¥ 641, A% 23
582 & 23] AR ¥7]F ALE st AoE EQl
¥ AtKTable 1). 22| 3 #%Fo] LDH/CSE &4 0] 151.59,

Table 1. Lactate dehydrogenase activity, citrate synthase activ-
ity and protein concentration in various tissues from
Acanthogobius hasta

LDH cs . Specific
Tissue activity activity g;ot;zn; Lgl;/ activity

(units)  (units) 8/8 (units/ mg)
Selelal 50 298 591 22 1104

Heart  21.89 3.66 2.65 5.98 8.26

Eye 53.25 835 140 6.38 38.04
Brain 28.79 0.51 56.45
Liver 3.67 0.79 4.65




T 3143 9 A7 17.850] 31, H o] Arapaima gigas 7S WA 2
153, 2 A 80, A7 37 2 3 1400 11, Protpterus aethiopicus
o] WA 306, A1 33[13,15-19,28]0| B2 o] ZAE o
U5 423 4% 249 LDH/CS Hle 2ol 8714 o
AV BETE S o AAHAY. gl o ZAo]
591, 47 265, i+ 140, 7+ 079 & ] 23 °] 051 mgo| 2 &,
LDHS| o845 o, & 342, 4% 2 71 224
56.45, 38.04, 11.05, 8.26, & 4.65 units/mg= Qo] ¥}
T 240 BAZRG A Yelga A4 7 23e ve
A02 AUHAY. A9} = 2H X LDHY} &) 5= o)
AZE AR AR Holng ¥ 2o ZAS F9 oy
Adoe AHS@The HAP0]E st A i)
HE$E ez 48 W7%F 5954 B AHe
Hypostomus plecostomus 74-%- LDH| Eo|@A & ZTAZ
13.53, AA 343 2 ¥+ 243 units/mgo] 3, 57 FYaLE
YWt Pangasius polyuranodon®) EA7L 218, 3 011 2
27 010 units/mg [7]o]™, Cyprinus carpio®] ZAT 2.65
units/mg 5! Salmo gairdneri®] &7} 3.95 units/mg [43]9}
Hastd 295 2429 LDH Eol8AT Y =ong
W7, gol & Folof ulg) A Aid HLEA 7 )
AHE AEHOE 3 AoE B F qth

Polyacrylamide gel X7|¥Sa} sl-atx U120 28t
S &40 2M

LDHY| X719 54-& Ldh-AS} Ldh-B7} @ = o] A, AB,

0|

D
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Ak, ABy % B2 e, LakCrl wagE 57 29
2343 2t 204 g4 A $A54 Ao ofe

fash 890 £ Sol4% 23 &
[344045]. e} E AN EUFY TEZ AF, T o
% 7 248 WI9ES 29 BARAY S} 42 295
HE A7 derktHFg 1A) SAXLE FA3] 99
7t 239 Y)3] Ay By, eye-specific C4 B liver-specific Cyoll
He FEHES WA A7 AN F A59E V953
Ao FAEY H Z23F(Fig. 1B, Qo Al T JdH 3
eye-specific Csol 3t 384 -& 1104 7130S w LDH7}
YEhA] ¢donz 2432 Ay, 232 A9 AC 59
24E FALAL, Bl tid FIHE 122 AYE 4
LDH7} Jeht2 2 Ak Gol BATZS U437} §48 2
02 ¥ & 9 & 23 (Fig. 1D} Al B §837 11
2 HhEAl Agst obd F =Tt WeEte] EA4o] o

+F Zo yehd Wee FA 9} w3 $34 BgAg B
F 3ed, 128 wgA] LDH/L BF YehtA] g =3
= 249 eye-specific C4oll Th3F FEAH L 128 uk-3A] Ay
g

ol glong I& yine JRUYH CE ¥3
g FHALO|T, 1302 WA WIEJ} BT QlojAug ¢
ZZ o] LDHE Ay, AC, AyCy, AGs, G £ E 401, By
W3 FEHE SAAS W Ay, AC B Ao BAo) ¢
AU C A e dopglomz A9 B BRTRE 23
Y71 FAFSEL AsS} eye-specific o) B 7R dBE
FAEE A g B} G FAMSHA] B8 Aoz &) w

E

Fig. 1. Native-polyacrylamide electrophoresis zymograms of LDH isozymes in Acanthogobius hasta tissues after immunoprecipitation
with Coreoperca herzi As antiserum (anti-Aq), Bos taurus By antiserum (anti-Bs), Sebastes schlegeli eye-specific Cy (anti-eye Cy),
and Gadus macrocepharus liver-specific Cy (anti-liver Cq). A: M, Skeletal muscle; B, brain; E, eye; H, heart; L, liver. B: M,
Skeletal muscle; 1, M+anti-A4 (1:1/2); 2, M+anti-A, (1:1); 3, M+anti-B; (1:1); 4, M+anti-B4 (1:2); 5, M+anti-eye C, (1:1); 6,
Mtanti-eye C4 (1:2). C: B, brain; 1, B+anti-A4 (1:1/ 2); 2, B+anti-A4 (1:1); 3, B+anti-By (1:1); 4, B+anti-B4 (1:2); 5, B+anti-eye
Cs (1:1); 6, Btanti-eye Cq4 (1:2). D: E, eye; 1, E+anti-As (1:1/2); 2, E+anti-A4 (1:1); 3, E+anti-By (1:1); 4, E+anti By (1:2); 5,
E+anti-eye Cy (1:1); 6, E+anti-eye Cs (1:2); 7, eye; 8, Etanti-Ay (1:2); 9, E+anti-B4 (1:3); 10, E+anti-eye Cy (1:3). E: H, heart;
1, H+anti-Aq (1:1/2); 2, H+anti-Ay (1:1); 3, H+anti-By (1:1/2); 4, H+anti-Bs (1:11). F: L, liver; 1, L+anti-eye Cy (1:1); 2, L+anti-eye

Cs (1:2); 3, L+anti-liver C4 (1:1).
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&4 Lah-C 3274 23805 Lih-As} La-BE HEAT
© H31[2438]9 A skGTh T AGF] FHT 244
A DA A% B T27F FAMSHE SRaA AVL B
EHo|9], 712H 2R ATt AT A9 BHRHY 7
Z7} e ol 2 7 e JFFEHA REF o A9
= 9ASgT 4% 24 (Fig. 1) Aol g 3 %
A LDH W=7} vehda) ofgka, Bl v g3 ut
A 7 WET} Holgleo] Bist BAo|m, 4739 BE A9
FAE Aoz vegon 45 Fo Bolx M=E 49 3
AolA 2 =g FAYc}. 3+ 23 (Fig. 1F)S A} &
= & WEZF e, eyespecific Col g Y o
liver-specific C;o) t& FER 7 WgolN 112 78 2
4 liver-specific Co¢] %71 &A40] o oF3lA B E P
B2 liver-specific Gy |9, 1.22 w-gA] ¢H3] glojAuz
liver-specific C49} eye-specific Ca7} €8 FAMS L AE
7 FAIG o2 AL, £ 2A 9 eye-specific Ca=
o] 21 AFFF 7150 FHF A0E Boly 7 23
9] liver-specific C4 A& o} okalA Uehgt) o] FdA
Z7'd LDHY] 24 93¢ 2d 239 thats ¢ 5+ Ao
I BASRTH2). B Aol 959 LDH F98a47}
SHETA Ask BY w27t B3HEA o} fAGE AAF 0
D4Ete B3d Rog BolAg & Z<f LDH [7,47]
of vial SAFolx 37} HA Jehtn FHake 98
TE7F AE FARHU dehd 2e A 24 87 ALHA
7l JEQD A2 AR AT BEG FO)E A eye-specific Cy
FHEEE Sde Wo & FolA Jeh}a[a546], )
OB A liver-specific Cy FHEAE Y8}H S wo] &3
oA e A TH40], EF S AN E & 249 eye-specific
Ca9} 7+ 23 9] liverspecific C7} 42 23} &2 &7
UEER & 9 F 2HdA ddo] vz yehdre
B1[2034]9} Qx5+ ch

Lactate dehydrogenase S|&4° HA: affinity
chromatography

B FBA frAlEoln LDHY tis] AAA AA ox-
amated Z %27 sepharose geld] LDHE NADHS} 37
7bstd A9tk NADH tj4l NAD'E 48 bufferg 7}
& As 9} By 59 &4+ abortive complex (E-NAD'-7) &
BAHE A3t Ax9 3fol2 A3 oxamateo] g 13}
Ae7t d2ng AT 5 Aok w2k A8 S 1§ 02
mM NADH7} 32 bufferE ¢35 LDHE A 93 o+
Who] RE £251, NAD'S 343 bufferg 49 A Ay
THELT £25HUT, BY buffers FY A Bs F9EA
7t £2HAT 283 £ A3t we LDH e
A, BHE CY BE3Hryl tb2r g IDH i+ 933
549 Aol 2 Q13 affinity chromatography Aol 4] Tkt

A F34E JeEE og vlwdle FaL9 NFe
EE 2349 4984 13T 5 Q3132 EY5 F
A2 %279 LDH A; 39 F4E NAD'E 88 buffers
Y F 33729 F(53-9 mi)ol| A &ZH ATHFig. 2). A
LB 2 23S 38 2899 LDH $984E NAD'

853 buffers #4138 5 4561 387298 ml)oj A &
=5 9131 (Fig. 3) Asdll ©]o] eyespecific Cs TH AL} &

B2 eye-specific Cu7} BsR T A} §ASE Ao 2 el
ok A7)|9%5E AA S gdl=g FAH B9 Bo} ¥
%3 & g A719%ste FA20M FAT Ae wUW
2 AAYReY & 2N FA G LDHE eye-specific
G}t GA7ZF 37 &85 ArhFig. 4A). 18] 2H2 9 AA
S Ay 382 SDS-PAGE 23} ¢ ddz #QlHon
T A9l EA1eke 34,000 Dax 215 ¢l chFig 4B).

0 et o3

25 60
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T T - 0
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1(‘)0
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Fig. 2. Affinity chromatography of LDH isozymes in skeletal
muscle from Acanthogobius hasta on a column (25x85
mm) of oxamate-linked sepharose gel. Fractions of 1.6
ml were collected at a flow rate 0.4 ml/min. O: pro-
tein concentration; @: enzyme activity

10 'IIIADH NAD* Buffer 30

i i

I 26
8 4

|20
6 4

|15
4

I 10
2 4

5
0 O T T y T 0

0 40 60 80 1

0 2 0o 120 140 160 180

Protein{mg)
Enzyme activity (units)

Fraction number

Fig. 3. Affinity chromatography of LDH isozymes in heart,
eye and brain from Acanthogobius hasta on a column
(25x85 mm) of oxamate-linked sepharose gel. Fractions
of 1.6 ml were collected at a flow rate 0.4 ml/min.
LDH Cs and CA isozymes were found to be in the
fraction numbers 123-139. O: protein concentration;
@: enzyme activity
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Fig. 4. A: Native-polyacrylamide gel electrophoresis zymo-
grams of LDH isozymes in Acanthogobius hasta. a,
skeletal muscle; b, purified Ag c, eye; d, purified C;A
and Cp. B: SDS-polyacrylamide gel electrophoresis
zymograms. a, marker; b, purified LDH A4 isozyme

185 98 ZE9 IDH 9849 affinity chromatog-
raphyoll A &&= %433 vlmshd NAD' ¢ & 150]
AsE 4056 ml [35], 7 A 66-92 ml [10]o]M £2597,
buffer ¢} ¥ 315¢] eye-specific C;&= 20-45 ml [35], =39
A Ase 4452 mi [21], BAAA] 46-76 ml, 2 Bz 66-72
ml [9]e] X && 5] 150 A} B35 o] 7)) Egis)y,
Adt Gt S9HE 202 RAB5EQIT. B A3 95
9] A7k NAD" 943 53-96 mlo 4] 8<15o] :150] A8}
AF Ay Aol A #-2)H )31, eye-specific CE Aol Q173
$EHRE 159 eye-specific Cu9t D8] Ass} FAMSHA 2
FENES & 5 ARk Wb ERS A FOFAE 15
ol% o] £38 o] A} B, Alol2] sty S4S by
o, buffer #9 ¥ $&5= 254 Asl FAo] LDH
woh Asl 48 540 farael

Lactate dehydrogenase?| 7|1Z9&A

LDH T84 714 tig 938 4388 s42u9)H)
2 F2E olsisieul f83t39]. LDH 595485
Z AFEA dig Asukge] g, 242 2L ¥)F
ZAd| o] ZAsl= LDH Ay EYaAE AFEe e
At ofe) AdiHe Aes) B, A% 2 ¥ e 37)F 2
Aol $& B FHEAE AFEY TS Aoz A
3¢ o agHoly uFLo) wFH A oFA A E =
AE7} ATH45]. £33 eye-specific Cy T EAE A9 B, S
829 FT A=Y 937 E4S UYegyti3s] E9s
EA4I, 4%, 2 4 & 27 LDHY 9784 10 mMo] o
g ALY A3 4076, 37.11, 40.07 2 35.22%¢] o] Y
Skat, BAE A9l G FHALE 43477 36.52%9) BA o)
Fob UAH(Fig. 56). 7)1 2l th§ A5 whgo] zAME 3
A Aelg HolA 4k, #4423 AAY A FHALY
Ad =7t A dehgen, & 243 AAE G F
AELE FAMSHA Uehdoh 4% 282 B s AR
=7} o3 Aolg YEix 7 24T AT fAH) U
ettt meld =284 10 mMo) A Bos tauruse) By E9) &

o lo
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Fig. 5. Effect of pyruvate concentrations on the LDH activity

in various tissues from Acanthogobius hasta. @: skeletal

muscle; [[J: Ay A: heart

&
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Fig. 6. Effect of pyruvate concentrations on the LDH activity
in various tissues from Acanthogobius hasta. @: eye, [:
eye-specific Cy; A: liver

A 22%, Coreoperca herzi®] Ay BHEAE 72%9 &4 o]
Gthe RaP)g v o B =89 295 242 2%
¢} LDH 9847} A9} By A AT F31o.2 etk
U5 © 39 eye-specific C FHEAE Scombo japoni-
cus eye-specific C; FHHRA L] 30%[45]k. v n T o] A4
S71 A7) et B2 Fo mls) 24 709 Rol7} A 1}
B, SFagtel o8 382473% $4o| Hob 2750
ol AA JehtA & Hypostomus plecostomus [7]9} A}
it WatM EFFY A 715 FelA A A 4
& F4d A& ol A, A% 2 239 LDHA} 4
B3] FABHA FstH o] Q' Aoz Alg®Eu.

T 243, A%, T 2 2 249 5FH A Y& Km
0.083, 0.098, 0.089 % 0.080 mM o]3 Vmax 153.85, 7.41,
35.09 2 455 unitsZ2 ZAHo|(Table 2) =Bk o
Kmo] #Alstz LDH #sh4go] & Aoz Jehgou
Vmaxe BATNA 7% 2A Ueksdth. meba A o)
2EHo] o] £H HHAA HPH J&& sl 5 F
< 3 2423 4% LDH7L frARHA Yelge characin
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Table 2. Apparent Michaeris-Menten constant values for lactate
dehydrogenase in tissues from Acanthogobius hasta

Tissue Km (mM pyruvate)  Vmax (units)
Skeletal muscle 0.083 153.85
Heart 0.098 741
Eye 0.089 35.09
Liver 0.080 4.55

Colossoma macropomum 2722 Km 0.077 mM 2 A 79
Km 0.056 mM [4]3} £%45 %3 9] KmE& §AHsFA 5t cichl-
id Oreochromis mossambicus®] LDH By T & 4= Km 0.032
mM, Vmax 88 unitso]xl C; $YEAE Km 0014 mM,
Vmax 410 unitso] 22 E%45 A3} £ 23 B} o]
o W27 olfolAE Aoz B 4 L, ko] A% A 1
O Agtdol 27 & A AR o9} 2L FEL
AHA A Ao AZEo A} ga HH3E 48 o)
Abell &3} 3 LDHS} e 4 E 2Ashe Aot 13y
Jo] AT Ay Km 0173 mM o] £0] TAZ A, £9
H4+¥ Km 0209 mM o]l g 9o}t £ojit) gr1Aa 24
A H& Z BAow agFHowE AL 4 Qe H1
[43]%} RlEA $%% LDH7} 3] E B4 i3 AsiAo] o
A8z FY50 AMa 74 v H3H] €717 wrg
o] $AISHA FgtE Aoz B 4 o

Lactate dehydrogenase2| 20f| CHt QHEIA Y HZ pH

LDH7} 5843 He AEE FUQ37] 98 239 e
60°Coll A @A B2 6087+ A2 d & LDH &4& 243}
THFig. 7). A 22L& 587 A A] 7350% ZAo] &
%3, EHTH T Z3 L 55 A 49.70% 9} 51.46% A 0]
gdston MA3 astd 6087 dAE 3 AL A%
41.59%, = 2756% 2 FAZ 27 13.72% &40 Fo}, AF
ZA o] 71 Ed 7 Ao Yehygh B AN £ 23
o] 7% 5%l A 51.46%, 1087+ A2 A 4028%F e,
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Fig. 7. Thermal inactivation of LDH in various tissues from

Acanthogobius hasta after heat treatment at 60°C. @:

skeletal muscle; [: heart; A: eye

150l £ 23 1027 A Al 48% &4 o] dof Utk
= Ha[35]9} fAlsl Yk =g 15 9] eye-specific Coi= 10
E2F A Al %% E4o] gol g9 Y E LR B
[35] E459 ¥ ZAE AWt G} A8 &F 24 0]
doll oFg ZoE Hol G ARt} Eol 38 Aozt & +
82 BoCoAE B 4 Qlth Yoj& Ze 54 LDHY
do] g B L BLCoAE HI20]H0] B =79 2
o} A &P o 55 Geophagus brasiliensis LDHE >
AR>EF 2 £A4E gol HA3A[34] ZolE BA

EUE 2429 41739 LDH 84L& pH 50914 52 &
€ EHoH pH 55004 &40 ZaFH pH 6594
19 48 BRI pH 75 o] F o Ao} F743] 243
t. & %3 LDHE M4 Z94 @& 845 Yefi1 pH
6.001 4 &4o] Z7150] pH 65904 Fe] BA4L Ho
pH 7558 &4o] A% Z4s gt wepr 42, 4%
2 F Z3 A LDH= 334 pH 652 Uelyton pH 5-79]
A T Ar1AME AY A4S vERA st
(Fig. 8). 1}e}4 E5 LDHe| A3 pHe 224 222
LDHe] # 3 pH 6.5[48), Electrophorus electricus®] Ay S &
49 pH 65[42]9} fALSHA A=A, Lampetra japonica
=7 LDHY #3 pH 550|1 @7]4lA &40 Zas
tes Ry 9 #%o] A4 LDH7} pH 5.03 8.004 HF
pH7} U} pH 58041 <45z, 9714 pHOIA 240l
Hehta g A5 FAS S 28y Scomber japonica
eye-specific C; ) E4 ¢ 3 pH 85[35]%+= Atol& el
Woh. mekA 715 Go AAst 43 B vl A&
S5 gle 453 A5ol9] LDH %% pH 5.0% pH 65
A BF MFEHI 714 pHAlME 84§ JehlA go
B2 AR A7 ARE AR HY, o] Fo T
g A3 2444 Jeve 249 gFR49 gia 2
LDH F9 849 715 &3 A7} o] Fo Ao} oy o
At xle] LDHS| 483 FHaA9 7]%Fo] FE3A 43
4 o3 AyAdn.

2

Relative activity (%)

Fig. 8. Effect of pH on LDH in various tissues from Acanthogobius
hasta. @: skeletal muscle; {J: heart; A: eye
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&%= (Acanthogobius hasta) %7 9] A5 A (EC
1.1.1.27. Lactate dehydrogenase, LDH) S 849 E48 A
so, Wsehs 0 sk gud) o AT £9
5 A2 ¢ 239 ANGFAEA Ao 65.303% 53.25
units§31, A4 7F 2F e A dehgth 243 23
9] LDH/CSe 2292 7} %1, LDH Eo|84E:
5645, i 38.04 ¥ FZ 11.04 units/mgAch 7+ Ao )3
Ay, By, eye-specific Cy, 2 liver-specific G40l D)3t 8o 7
q 37 984121 ¥ polyacrylamide gel 719 % 34tk
AL, H 2w 2FM A FI T2 A FAHY
i, AdAE B FHEL7 ST =3 2o
eye-specific C49} 8= 9] liver-specific Ci7} & ZollA 37
HEHG O, & 239 eye-specific = FAJo] 21 7 2
9] liver-specific Cb9] 842 WA vebdth. A5 A8l G,
As9} By B eye-specific Cy9} liver-specific C42] EA}1 %9
YHF7E ME ARG Byt Cu9) P2 AZ T2 Aog
eI B2 1G9 A Ax BHEF o1 3¢ B= 3
FEAA AR w2 A 2139 Ao Algdnt 242 25
9] LDH A4 5984 & affinity chromatographyoj 4| NAD'
€ FF 3 buffers F 94T ¥ $29 2o ARHY AL,
eye-specific Gy FHELE Ay 2] o]o] £35Qong
eye-specific Cu7} A9 2} 729 FAH AoZ B,
22)3 LDHe| ujgh s]2 8 ake] 28] A8 A3 35224347%
o] #40] Fokat, Kmpyrd 0.080-0.098 mM o]z TAZH &
Z 2 9] Vmax& 153.85¢} 35.09 unitsgt}. =3 B, 847}
gl thal 7Hg Y G At ARG o, H7
pHE 652 Uetdth £ 4% 23 2952 A 4 34
44 4854 259 FIELE A% B EPEA
Atolel §A4E Ueia, 3473 £ 230N 93 Hat)
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