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The properties of lactate dehydrogenase (LDH, EC 1.1.1.27) eye-specific C; isozyme were studied by
polyacrylamide gel electrophoresis, Western blotting, immunoprecipitation, and enzyme kinetics.
Furthermore, we proposed the optimal conditions for measuring the activity of LDH eye-specific Cy
isozyme. The isozymes were detected in the cytosol of eye tissues from Lepomus macrochirus and
Micropterus salmoides and were more similar to the A4 than the By isozyme. LDH/CS in the eye tissue
of L macrochirus was increased in September, so the ratio of anaerobic metabolism was high. The electro-
phoretic patterns of mitochondrial LDH were similar to those of cytosolic LDH in the eye tissues of
L macrochirus and Micropterus salmoides. LDH eye-specific Cy isozyme from eye tissue was purified by
preparative native-PAGE. The activities of LDH eye-specific Cy isozymes in L macrochirus and M. sal-
maides were reduced at concentrations greater than 0.2 mM and 0.1 mM of pyruvate, respectively. These
concentrations remained at 5.2% and 15.8% as a result of the inhibition by 10 mM of pyruvate, so the
degree of inhibition was very high. The LDH activities of eye tissues were reduced at concentrations
greater than 22 mM and 24 mM of lactate, respectively, in L macrachirus and M. salmoides. The Ky "~
of eye-specific Cy was 0.088 mM in L macrochirus and it was 0.033 mM in M. sa/moides. The activities
of cytosolic and mitochondrial eye-specific Cy4 isozymes were high in a-ketobutyric acid. Furthermore,
the activities of eye tissue and eye-specific C4 isozyme had to be measured with 0.5 mM of pyruvate
and a buffer solution of pH 7.5. As a conclusion, the eye-specific Cy isozyme in M. salmoides has a high
affinity for pyruvate and exhibits maximum activity at a lower concentration of pyruvate and at higher
concentration of lactate than that in L macrochirus. Therefore, it seems that the energy produced by
the LDH eye-specific C; isozyme in M. salmoides was used at the first stage of predatory behavior.

Key words : Lactate dehydrogenase eye-specific Cy isozyme, enzyme kinetics, pyruvate substrate
inhibition, Lepomis macrochirus, Micropterus salmoides
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amide separation gel (2850 mm)& THE 1T, Buffer (0.025
M Tris-Glycine, pH 8.3)E upper chamber®] 400 ml, lower
chamber®l] 2 1, elution chamberdl] 800 ml & & A8 3 ml9}
sample buffer (0.0625 M Tris-HCl, pH 6.8, 10% glycerol,
0.025% bromophenol blue)E 1:1(v/v)E 42 &4S geld
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3 A 24(%, V/Vmax)2 2139tk 3 a-ketobutyric
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£ 47T, 0.1 M sodium acetate buffer (pH 4.0, 4.5, 5.0), 0.1
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buffer (pH 6.0, 6.5, 7.0), 0.1 M Tris-HCl buffer (pH 7.5, 8.0,
85), 0.1 M Tris-glycine buffer (pH 9.0) ¥ 0.1 M sodium car-
bonate buffer (pH 9.5, 10.0, 10.5)9] 0.1 mM I FHA} 0.5
mM 3F B3 5115 mM 3]F B A LDH 845 43}
of Hluetolar, = o EAdo I A 24(%)E 75t
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Aol FARE Aoz FlEATt(Fig. 1).
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S 2 FE By ABy Ay AC, C hybrid B 4= %9 eye-spe-
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A & Aol fAtstgl o, sHFE-9-29] LDH C hybrid9]
o] ZA¢YRY oA UEhd Aol & H Y THFig. 1).
ae)a E%5H A eye-specific Cio 4812 o]
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LDHE Ay 98271 718 &5 deug Aol & Bglonu
AsB, ABy7} YEREA] 32 FYsto[13], 5714 THEL
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Fig. 1. Native-polyacrylamide gel electrophoresis, Western blot-
ting(W) and immunoprecipitation of LDH isozymes in
L macrochirus and M. salmoides using C herzi LDH A4
antiserum (anti-Ay), B. faurus LDH B, antiserum (anti-By)
and S. japonicus LDH eye-specific Cy antiserum (anti-Cy).
A, L macrochirus eye; 1(W), A+anti-Cy; 2, A+anti-Ay; 3,

A+anti-By; 4, A+anti-Cy; 5, mitochondrial LDH in L. mac-

rochirus, B, M. salmoides eye; 6(W), B+anti-Cy; 7, mi-
tochondrial LDH in M. salmoides.

golol A LDHo| 23k o1 A] tjA}7}

o U (Fig 1) HERE
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3% tHTable 1). 9¥ ol Q3 v}ehE-9-2 o] LDH &
AL 304 unitsE 499 945 unitsol] 18] ZA Z7F=E Ao
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o, nEZE ol 23 FE Ao s MAOX7} 043 units
oz nEZ=gort L E sl FRlEden, =2
2 EZ=gol B8 LDH 40| 1.38 units$ 1, LDHY
H] 8442 1.29 units/mgH k. 18] 299 9 "E

=24

Zd54 w24

Z=glo} LDH &AL 0.55 units@ 1L, LDHS] HI AL 5.00

units/mg thTable 2). wetA FFELEH pEZ=go}
LDH &4 A ¥7]3 LDH 849 454% %3, 24549

ALE 47%2 Vel o v 2 nEZ g old X LDHY 93t
kel ALzt o] Fol A& Alo] FRIH AT oHgE-9-8(94)
o] 23 FEA FAL EUE %32 LDH 53.25 units,
CS 8.35 units 7H&X*] =%2 LDH 3.5 units, CS 10.9 units,
FA=#v] £2% LDH 10.90 units[13,28,49]9} vl n sl Z75
5 LDH 2/ Bt} 2Avk #ieefn| ¢} 7}=%] 9] LDH 845
o =4 FAHNL, CSe EUSTY /HEXRY Yol gl
8% 2999 w249 A5 @714 giAb HlEo] 2 A

o2 AU

native-PAGEO|
Sesa0 22
Eye-specific Cy 91845 E2ldt
native-PAGES A A3t th(Fig. 2). 3} "ora.«] 3%, 5%
acrylamide gel2 AAI3H 27} 10~32H(45~16 ml) & A
eye-specific Cy7} 2|5 0o™, A8 LDH €4 3858 units
ZH-E eye-specific C4 17.11 unitsE& Fo] F5E°] 44.35%°]
AL, 208~211H A Ay, 27084 AsBy, 350 o1 A By &
a47h 5 AckFig. 3). H= 2] eye-specific Cs [13]9+ 2
o] 4% acrylamide gelZ 2|3t 7% bromophenol blue®}

olst

Preparative LDH  eye-specific

Cs
7] {3 A Preparative
TE

Table 1. LDH activity, CS activity and protein concentration in eye from L macrochirus

Collection time LDH activity CS activity

Protein

Specific activity

(Month) (units/ g) (units/ g) (mg/g) LDH/GS LDH units/mg  CS units/mg
April 9.45 0.97 8.23 9.74 1.148 0.118
May 12.73 0.53 13.99 24.02 0.91 0.038
September 30.4 0.9 483 33.78 0.63 0.019
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Table 2. LDH and monoamine oxidase activities of mitochondria in eye from L macrochirus and M. salmoides (Collection

time: September)

Species LDH activity Protein Specific activity MAOX (units)
P (units/g) (mg/g) (units/mg) Crude extract ~ Mitochondrial fraction
L. macrochirus 1.38 1.07 129 0.35 0.43
M. salmoides 0.55 0.11 5.00 042 0.52
16 10.12 " A1 2 3 4 B 5 6 7 8
Z 14} n
c {010 E
2 E] B,—
> 127 - AB,~ = B
%10_ —0.0SE 22— . .
8 osf {006 & I
—
2 os} 3 C hybrid
S 4 0.04 ‘S o
§ 04t ‘%
£ 1002 © Cy— — -
4 02¢ s +
0.0 0.00 1 1 1 1fi
. o0 0 o Fig. 3. Polyacrylamide gel electrophoresis zymogram of purified

Fraction number

Fi

=

g. 2. Purification of LDH eye-specific C;4 isozymes by
Preparative native-PAGE from eye in L macrochirus and
M. salmoides. Fractions of 0.5 ml were collected at flow
rate 0.75 ml/min. @, L mnacrochirus O, M. salmoides.

eye-specific G/} &Y E8 A A &ZH ] eye-specific
G eAaLE wefel7I7t oA OER 5% gelol Al efst
At ZU5Y eye-specific Cy FH &A= 5% acrylamide gel
Z 223 3% eye-specific Cy T &9} AHFA A3
a7 A EEHEZ 6% acrylamide gel2 #2]35HS
o, 35~659(17~325 ml) A £ = AthFig. 2). 4
| & &85 native-PAGE3}] eye-specific Ci, Ay 2 By 59
A% s o H(Fig. 3). 248 wF2 <9 LDH €4
u

O o

16 unitsZF-H eye-specific C; & &4 046 unitsE Lo
SEL506%E HFEFH F5E vl ke, of
AR X E AG FAELZ A3 £7} o 7]
olt}, 7HEA| eye-specific C4 T &9 75 4% acryl-
amide gelZ Prep cellS A8t 2 ml¥ 83 of 9~15W
T8 (16~30 ml)oIA Fo] F550] 0.7%RAL[28], F =2 v]
eye-specific C4= 4% acrylamide gelll A 10~12H (18 ~24 ml)
A &EHol F5E0] 24% 2= Bar[13]9} vlwstd it
£-$8 LDH eye-specific (48] %3¢ LDH 84 % =11 acryl-
amide gel®] FE= & 2HFHo| £550] £& 0% Alg

A,

2 0r 4>

i

LDH eye-specific C4 SgAL T|FLA HA I -
keto acidsol| CHst 7|Zo|&Y

LDH eye-specific C4 5 &9 7|2 tig A3 =&
sols 7| WFEA FEE 10 mM7HA F7HA71H

LDH eye-specific Cy isozyme by Preparative na-
tive-PAGE. A. L macrochirus eye; 1, fraction number
10-32; 2, fraction numbers 208-211; 3. fraction number
350; 4, concentrated LDH eye-specific Cy; B, M. salmoides
eye; 5, fraction numbers 35-65; 6, fraction numbers
220-236; 7, fraction number 340; 8, concentrated LDH
eye-specific Cj.

LDH #4& =433 th(Fig. 4). 3323 LDH eye-specif-
ic o] 84& ¥F Bt F7hg e wet F7bE o] 01 mMol
A 97% E45, 02 mMollA HAEA S YE AL 02 mM
ool FEAA 43 FAHJUT F9FEe LDH
eye-specific Cs= 0.01 mM I F B2 A 37% S-S HA
73292 LDHY 10% AR 121, 0.1 mMelA] )
A4S YeR I 03 mM7HA 97% BAL Bo|il, o]& A
Aok FFESH Y99 LDH E40] HEA o] %
B F243] AslEo] 9FHA 1 mMollA 22 504%, 59.2%3
Aol @ekat, 15 mMolAE 20.9%, 31.6%, 10 mMoll A} 5.2%,
15.8% &4 o] dol A A&7}t Zom sFE--Ho] As) 3
7t o 2 Ao E YethFig. 4). HFEFY £x239 7
X 03 mM 3FHAA Hof €48 Y 1 mM 97
Bk A 741%, 1.5 mMoA 61.6% 2 10 mMol A 221% &
34 Ve thFig. 5). WEA LDH eye-specific Co7}F £ 2]
LDH Eth o @& 9284 54 Hof &4 o]21,
o]F FA3] Aslx o] B FH kel tis] H& WA A
Rom, 5FHA 43 mM o] FHE A H 7] A st E7
<% LDH ot B2 FRolA Adlste 3oz BT 15].
VA B AwEe sFH e Az 9] LDH 40
ol 3y 9785 527t 70 wet 242 LDH €4
o] Z7kste] 26 mM I FHAFA Ao 495 e 1L, 4
AxAL 60 mMol A Hol S-S vehdths Ba[1]9} v
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e Aoz B 4 gtk

®-ketoacids 7] el gt eye-specific Cy & E A &4
Zg3te] wFH kel oJgk LDH Ao sl ol S4(%)
4% A e o ketobutyric acid7} 72.90% %
, Y582 a-ketobutyric acid7} 114.58%, o -ketovaleric
acids7} 833% % =9kom, BE 7|A A &Ado] 41.67~
11458% 2 Wep 713 tgk Soldo] wA A= gl
FETY w249 rEZ=g o} U LDHE a-ketobutyric
acid7} 52.77%, 9498 vEZE=2]o} U] LDHE a-ketoglutaric
aicids7} 35.12% 2 71 EA SAH AL, UeiA] 712 M=
2% 9 215 %t (Table 4). Al E7) 23} 0] EZ = 2] o}o]
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Al BAEE g4 ARE Y] dolrt AoldaE sty a
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acid £ 0.2 ZFagthe 279t YX| 3 ATh34]. A B4
LDH testis-specific C; &4 A3 1150 LDH
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-hydroxyvalerate®l| thAlsh= & 7149 tgh SolAo] 4
t 24349 E AT

g3lal o] %

Rt o
ry e e

LDH eye-specific Cs2| pH oF&Ed 2 % pH
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A 80% 39 #4& vetlth whebA A pHe 7531
pH 4.0 pH 75~85¢4 ¢t A oldtt. 2U-F2 eye-spe-
cific Co= pH 40014 At 245 Yehllal, pH 4.5904]
95.3%, pH 8014 86% &4 YEMHEZ HZ pHE 4.0°]
3, pH 40~459} pH 8.091 4] <44 o] A Th(Fig. 7). 12| 1
Whitt HH[45]0] W& pH 685 ¢4, 1.5 mM 3] B Aol A
LDH 84& Z43he 24, 249499 sdE589 LDH
eye-specific 4 THEAE 7H7F 33% <} 60% EAo] SHHA
THFig. 7). 1% eye-specific Cyi= pH 85914 Ho &4&
UER 31, pH 65~10.0014 75% 43S Vel o m[30], 2%
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Table 4. Effect of a-ketoacids on the activity of LDH eye-specific C4 and mitochondrial LDH in eye from L macrochirus

and M. salmoides
L. macrochirus M. salmoides
Substrate LDH eye-specific Mitochondrial LDH eye-specific Mitochondrial
Cy (%) LDH (%) Cy (%) LDH (%)
Pyruvate 100 100 100 100
a -Ketobutyric acid 72.90 52.77 114.58 35.12
a -Ketocaproic acid 15.63 6.38 62.50 5.03
a -Ketovaleric acid 15.63 3.83 83.30 3.66
DL- a -Keto-B-metyl-n-valeric acid 31.25 3.55 41.67 1.83
a- Ketoglutaric acid 10.42 2.84 41.67 6.40
a- Ketoisovaleric acid 26.04 5.67 41.67 6.40
a.- Ketoisocaporic acid 31.25 5.32 41.67 2.20

o 4

TZ4& pH 65914 Hol 45 Yehf| Agk pH 75%F
gddo] F43] AaHATH49]. FH=elv] eye-specific Ci=
pH 85014 Hdf &4E& Vet ov pH 7.0~8.000A4 80~
97%, pH 6.5~7.0014 23~35% o] S ArH13]. £&
7HEA] eye-specific Gi= pH 55914 Hdf €4S Yetfi A,
pH 70914 37% &740] S50 24+ 4FE23}
2ol FAA &4go] viA ZHFHU

LDH eye-specific C4& 0.5 mM I} FHAO 2 pH 3}
o2t LDH 442 4% & 4 845 78 23 FE¢
& pH 45~5.0014 79%, pH 7.5~85014 80% o] A&
el AHdat oFgvte] ol A E4do] 3 om, pH 80014
o $4S B, pH 68914 E 70% B34S Lyeb h(Fig.
8). 182 29589 LDH eye-specific C4= pH 4.0914]
o €495 Yebd F 7h4ste] pH 45904 65%, pH 7501 4
50% &35 et =3 Z959 eye-specific C,o] 45
o €45 vl 01 mM 35 B A 4 ¢ A3 pH

Relative activity (%)

Fi

=

g. 7. Relative activity (%, V/Vmax) of LDH eye-specific C4
isozymes in L. macrochirus and M. salmoides according
to pH at 1.5 mM of pyruvate concentration. @, L macro-
chirus, O, M. salmoides.
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e TH(Fig. 8).
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75~85914 240 £9kon] o) B4 pH 800 Ark(Fig

9). 2998 LDHE 37 HAF F=of wet 4] & pH7}
th2 A e AT pH 40~50747] Bl 25 g4 Ykt
1,01 mM 35 pH 6.0~75, 05 mM 7% pH 7.0~80, 1.5
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pH 757} SHgZ o git}, 3 LDH A8t B, 59 84%E 3
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Fig. 8. Relative activity (%, V/Vmax) of LDH eye-specific C4
isozymes in L macrochirus and M. salmoides according
to pH at 0.1, 0.5 and 1.5 mM of pyruvate concentrations,
respectively. @, 0.5 mM pyruvate, L macrochirus, O, 0.5
mM pyruvate, M. salmoides B, 0.1 mM pyruvate, M.
salmoides.
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according to pH at 0.5 and 1.5 mM of pyruvate concen-
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Fig. 10. Activity of LDH eye-specific C4 isozyme in L macro-
chirus according to pH at 0.1, 0.5 and 1.5 mM of pyr-
uvate concentrations, respectively. W 01 mM pyz-
uvate; O, 0.5 mM pyruvate; @, 1.5 mM pyruvate.
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