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Characterization and Evoluhonary Relatlonshlp of Lactate Dehydrogenase in Liver of Lampetra
japonica and Liver-specific C; Isozyme in Gadus macrocephalus. Seon Young Park’, Sung Kyu Cho and
Jung Joo Yum®, Department of Life Science, Cheongju University, Cheongju 360-764, Korea, ‘Central Research
Center, Dongshin Pharmaceutical Co., Osan 447-320, Korea — The lactate dehydrogenase (EC 1.1.1.27,
LDH) in liver of Lempetra japonica was purified in buffer of affinity chromatography. The liver-specific
Cy isozyme of Gadus macrocephalus was purified by heat treatment, affinity chromatography, and
DEAE-Sephacel chromatography The liver-specific Cy isozyme was eluted in a buffer contalmng NAD*
and was coeluted with Bs isozyme in plain buffer of affinity chromagraphy. Liver-specific C4 isozyme
in G. macrocephalus was the most thermostable, and By isozyme was more stable than A4 The LDH in
the fraction of pH 7.45 purified from the liver of L. japonica by chromatofocusing was more inhibited
by pyruvate than purified LDH. The optimum pH of the LDH isozyme in the liver of L. japonica was
7.5 and that of liver-specific Cy isozyme was 8.5. The LDH in liver of L. japonica made complexes more
with antibody against Coreoperca herzi A4 and liver-specific C4 than with that against eye-specific Cy.
Therefore, the structure of the LDH in liver of L. japonica might be similarly evolved to that of subunit
A and liver-specific C; isozyme in liver tissue of G. macrocephalus. The evolution rate of subunit C
is faster than that of subunit A. LDH in liver of L. japonica has not one isozyme but isozymes and
it was also found out to have not only subunit A and B but also subunit C.

Key words — lactate dehydrogenase, Lampetra japonica, Gadus mactrocephalus, liver-specific C4 isozyme.
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Fig. 1. Thermal inactivation of liver extract in Gadus macroce-
phalus at 60°C.
O, Activity of LDH; @, concentration of protein.
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Fig. 2. Densitograms showing thermal inactivation of LDH
isozymes after heat treatment for 25 min at 60°¢C.
a, Gadus macrocephalus liver extract; b, Gadus macroce-
phalus liver extract after heat treatment.
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Fig. 3. Affinity chromatography of LDH isozymes in Lampetra
japonica liver on the oxamate-linked sepharose gel (25
X 85 mm).
Fraction of 2.5 ml was collected at a flow rate 0.4 ml/
min. LDH isozymes were found to be in the fractions
of the column buffer. @, Protein concentration; O,
enzyme activity.
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Fig. 4. Affinity chromatography of LDH isozymes in Gadus
macrocephalys liver on the oxamate-linked sepharose
gel (25X 85 mm).

Fraction of 2.5 mi was collected at a flow rate 0.4 ml/
min. LDH isozymes containing C subunit were found
to be in the fraction numbers 80-140. @, Protein
concentration; O, enzyme activity.
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Table 1. Purification of LDH liver-specific C4 isozyme from Gadus macrocephalus liver

Ste Total activity Specific activity Total protein Purification Yield
P (units) (units/mg) (mg) (fold) (%)
G. macrocephalus liver
Crude extract 5360.0 221 2422 1 100
Heat treatment 4840.1 55.5 87.2 26 90.3
Affinity chromatography 4539.9 1899.6 24 858 84.7
DEAE-Sephacel chromatography 953.0 1906.0 0.5 86.1 17.8
o] 7tz 3 9] LDH FH &4 & pl 7.55 763, 22 LDH
a4 pl 485 4.80, 495, 5.05 49 LDH T aLre
pl 4.25, 4328 UERS 27 o] 4] S YA A bandE 7HA T
Qe Ao B HAGS]
30
2T
E
> 20r Fig. 6. Polyacrylamide gel electrophoresis of LDH isozymes. a,
% LDH isozymes of Gadus macrocephalus liver; b, the
© purified LDH isozymes after the affinity chromatog-
QE’ 10 raphy; ¢, the purified LDH isozymes after the affinity
E‘ chromatography stained with silver nitrate; d, the puri-
w fied LDH C; isozyme after the DEAE-Sephacel chroma-
0 ¢ - : : . ) tography; e, LDH isozymes of Lampetra japonica liver; f,
0O 20 40 60 80 100 120 140 160

Fraction number

Fig. 5. DEAE-Sephacel chromatography of Gadus macrocephalus
liver LDH fractions (Nos.80-140) pooled after affinity
chromatography (Fig. 4).

Unbound LDH isozymes were eluted with 0.05 M
Tris-HC1 (pH 8.5), and bound LDH isozymes were
eluted with a gradient of 0 M to 0.3 M NaCl in the
same buffer. Fraction of 1 ml was collected at a flow

the purified LDH isozymes after the affinity chroma-
tography stained with silver nitrate.
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Fig. 7. Chromatofocusing of LDH isozymes in Lampetra japonica liver on a column (10X300 mm) of PBE 94. Condition: start buffer,

0.025 M Tris-CH:COOH (pH 8.3); elution buffer, 0.0075 mmol/pH unit/ml Polybuffer (6.0); flow rate, 7.8 cm/hr. —,

Absorbance at 280 nm;
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Fig. 8. Effect of pyruvate concentrations on the activity of
LDH isozymes in Lampetra japonica liver.
®, Purified fraction after affinity chromatography; O,
purified fraction (pH 7.45) after the chromatofocusing.
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Fig. 9. Effect of pH on the LDH isozymes.
O, Purified LDH isozyme in liver from Lampetra
japonica,; @, skeletal muscle from Lampetra japonica; B,

liver-specific Cy4 isozyme from Gadus macrocephalus.

=
a9

pH 90 [19]22 ¥ =& 2%} fFrAtatSlaL, Gadus morhua
Ci 59549 &4 pHe 7.1 [20], o] AR Ay, AsBy, By
o) A pHE 71,725 76 [10]0.8 B =F9 A} o7t
9] ol Moy pH 6590014 ¢HFslug & Aolje £
& ik B3] k23 LDH §9 &4 9 3 pHe 75
ot} A3} F7|AoM & B4E YEIROU FAH
A LDH §9 849 ## pHe 550|111 grIdes &
&2 gAo| FAsGOon(Fig 9), PAGIEFI A9 pl g3}
FAEETH5]. whebA liver-specific Gy FH A4 2475
t27 LDHe 47148494 dAsdx, 2470 x4
LDHE ZZ3Z LDHS} Zol7t 9lE Aoz AlZ®oh

AXFo] 1x% LDHY FHES 74 2 Aol
Ax g gelstux Ag7o] 7tz 9 HAE LDHS} chro-
matofocusing®l] 218} A€ pH 745 8¢9 LDH FHa4
o t3f liver-specific Cooll T3t 38 4 3} eye-specific C4&} As
of thg FEA[6]S AME-sted FU-FAH P& AASAT

AMA0) 124 A A FAE pH 745 ¥ LDH
FYEAE LDH A0l tist 384 25 plE 7S o 25
B3AE FA4591, liver-specific Ci9} eye-specific Cyol
ge FEARE EFES F45AA eyespecific Giol
3 YA E BFES - A F4stHoHFig. 10).

247 o] LDH9} hagfish By §HEAE )T (Pseudophycis
barbata)¢] LDH BBt} C T a4d FARIEE2] G 5
9EAS IDH S 540 2AGA42 Hustd[213,20]
B AgA7e g7 722 LDH7} liver-specific & &
29 fAE Aoz Jeid Anel dXS . AAEZ T
%zA9 LDH B EAE eye-specific CuH T} liver-specific
C FHaz 3 FEAY o g HFES Y8t
eye-specific C4 5 &4 7} liver-specific G 3982120 ¢



714 Journal of Life Science 2004, Vol. 14. No. 4

a b
— 100 100
&
>
3 80 80
‘8‘ i
T 60 60
8
o 40 - 40 -
c
£
© 20 - 20 %
£
0]
14

0 0
0 50 100 150 200 O 50 100 150 200

Volume(ul) of antiserum

Fig. 10. Immunochemical titration of LDH isozymes from
Lampetra japonica liver with antisera.
a, purified liver LDH; b, pH 7.45 of fraction on chro-
matofocusing. [, Coreoperca herzi A4 antiserum; @,
Scomber japonicus eye-specific Cy4 antiserum; O, Gadus
macrocephalus liver-specific Cy antiserum.
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