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The properties of lactate dehydrogenase (EC 1.1.1.27, LDH) and expression of monocarboxylate trans-
porters (MCTs) 1, 2, and 4 were studied in tissues from Micropterus salmoides. Native-PAGE revealed
that the LDH Ay isozyme was predominantly located in skeletal muscle. The LDH Ay, A;B, and By
isozymes were detected in heart, liver, eye, and brain tissues, while eye-specific C; isozyme was de-
tected in eye tissue. In September, strong LDH By isozyme activity was detected in heart tissue. High
A4 isozyme activity was noted in all other tissues except heart tissue. However, in November, strong
Ay isozyme activity was detected in heart tissue. The LDH/CS (Citrate synthase, EC 4.1.3.7) ratio in
skeletal muscle and heart tissues indicated that anaerobic metabolism was high in those tissues.
Native-PAGE after immunoprecipitation showed that eye-specific C4 isozyme was more similar to the
A4 than the B, isozyme. The LDH Ay isozyme was purified by affinity chromatography. The molecular
weight of subunit A was 37,200. The LDH activity in tissues was consistently 11.05~28.32% due to
inhibition by 10 mM pyruvate. The K ' of LDH in eye tissue was very low. The optimum pH for
LDH in tissues was pH 7.5~8.0. The LDH A4 isozyme was detected in mitochondria of skeletal mus-
cle, whereas the By and AsB; isozymes were detected in heart tissue mitochondria. Western blot analy-
sis indicated that MCTs 1, 2, and 4 were located in the plasma membrane and mitochondria of skel-
etal muscle and heart tissues. The sizes of MCTs 1, 2, and 4 in skeletal muscle were 60, 54~38, and
63 kDa, while those in heart tissue were 57, 54~38, and 55.5 kDa, respectively. In conclusion, M. sal-
moides appears to use anaerobic metabolism predominantly when adapted to a hypoxic environment.
In highly activated skeletal muscle and heart tissue, energy production is controlled by inward and
outward flows of pyruvate and lactate through MCTs 1, 2, and 4 in the plasma membrane and mi-
tochondria, with effective adjustment by LDH isozymes.

Key words : Largemouth bass (Micropterus salmoides), lactate dehydrogenase (LDH), K, mono-
carboxylate transporters (MCT) 1, 2, 4
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Fig. 1. The Western blot analysis (a) and immunoprecipitation
(b) of LDH isozymes in tissues of M. salmoides using
Caregrerca herzi LDH A, antiserum (anti-Ay), Bos taurus
LDH B antiserum (anti-By) and Sebastes schlegeli LDH
eye-specific Cy antiserum (anti-Cy). (a) M, skeletal mus-
cle; 1, M+anti-Ay;, H, heart; 2, H+anti-By; E, eye; 3, E+an-
ti-Cs. (b) M, skeletal muscle; 4, M+anti-A4(1:0.5); H,
Heart; 5, H+anti-B4(1:5); E, eye; 6, E+anti-A4(1:0.5); 7,
E+anti-By(1:4); 8, E+anti-Cy(1:0.5).

Journal of Lite Science 2012, Vol. 22. No. 1 101

13} JEE I THFig. 1b). F7
B 2 739, A9t ABy FHEA
A W= ACTF Sl A

o
rE

e
=
o
X
v
o,
(H=I W
&
o>
o
WE
0 A

FxA A AR AAzxA 9 = %9 gl
2 WE7} BCE RIS, =24 3¢ B e84 E §lof
A3l Ay ABy, G 2 ¥ Zol AG, BG, AGE & Atk
o] A Wl=+= Western blotting 27} anti-C42}9] HH-g-oj A=
gl At 18] 3 =24 9| anti-LDH eye-specific C4& 7}
S A9 Byt oF3 Al FA OB R eye-specific Co7F BuETH Ay
o o A Ao 2 SIE UthFig. 1b). 99l A
9 19 1199 AT 2999 I 249 LDHE 44 na-
tive-PAGESH Z#}(Fig. 2ab) U9 19 422 Ay 59
BT A vehgt oy 18 A5 At A8kl AB, % BE
Ak 114 AFZ22E ABy, By 2 B,C7F YERYIL A
SEA GEEARE Mol A Ay S840 EAJo] A
A=A} Th2AL 19 A9 Ay G4 o] 238t AB,, Bt
SHRIE Y 119 35 Ay 59849 &4 o] SFaiAith Io|A =
e A9t G 1B A7) 738kl ABy, By, AC % BC o] A}
A o] o] vetton HxA e B,Crt fFelo] UE
T H2A Y] A [oA A TAEATE A ERIEH A

oof PN o o rfr

(@oMH L E B

. B
- . oA
-
-

«~—C,

(b}

; <G4

+IB

Fig. 2. Native-polyacrylamide gel electrophoresis zymograms of
LDH isozymes in tissues from M. salmoides. (a)
September, (b) November. M, skeletal muscle; H, heart;
L, liver; E, eye; B, brain
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Table 1. LDH activity, CS activity, protein concentration and mitochondrial LDH activity in various tissues from M. sa/moides 1

) LDH activit CS activit Protein Specific activity
Tssue (units/g) ’ (units/ g)y (mg/g) LDH/CS LDH units/mg CS units/mg
Skeletal muscle 418.00 0.68 48.77 614.71 8.57 0.014
Heart 98.39 1.94 28.40 50.72 3.46 0.068
Liver 3.90 0.62 41.25 6.29 0.09 0.015
Eye 11.70 0.32 26.95 36.56 043 0.012
Brain 16.72 0.88 36.44 19.00 0.46 0.024




Table 2. LDH activity and protein concentration of various tis-
sues in M. salmoides 1l

. LDH activity =~ Protein Spe:ci.fic

Tissue . activity
(unlts/g> (mg/ g) (unlts/mg)

Skeletal muscle 109.32 45.12 242
Heart 13.54 27.40 0.49
Liver 1.22 37.68 0.03
Eye 3.05 24.88 0.12
Brain 10.61 34.96 0.30

Table 3. Apparent Michaelis-Menten constant values for LDH
from M. salmoides 1

Tissue K" (mM pyruvate)
Skeletal muscle 0.229
Heart 0.215
Liver 0.122
Eye 0.07
Brain 0.166
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AEo] Apol7t A7|BE FH AL whet gelo] tig A
o] M2 gzt Wt 15 455E9| LDH A, $984
£ NAD'S &3 buffer (05 M KCI& 33+ 0.05 M potas-
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A1 108~123% EgolA §=H Utk 2 £2]9] LDH 24 3%
9l g GFS IS elution profileS 23319 2.7 (Fig.
3) ?—5— < 6036%StE. £953 LDH A 5984 NAD+
Y F 528~768 mlelA §EEH 150 Ay FHE

NAD' $-¢] & 40~56 mi[49], EFE A, 59 ELE NAD
F9 F 54~96 ml[66], AA Ay FHEAE NAD" #¢ %
68~120 ml[17]9 A &&= 1}, Affinity chromatography %

o] X LDH 59849 £% e £E0]4, 2ZE0|A[15]
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Fig. 3. Affinity chromatography of LDH isozymes in M. sal-
moides skeletal muscle on the Sepharose-liked oxamate
gel (25x85 mm). Fractions of 1.6 ml were collected at
a flow rate 0.4 ml/min and chromatography was per-
formed at 4C. LDH A, isozyme was found to be in the
fraction numbers 108~148. O, protein concentration; @,
enzyme activity.
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Fig. 4. SDS-polyacrylamide gel electrophoresis of purified LDH
A4 isozyme in M. salmoides. M, marker; A, purified LDH
A4 isozyme.
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Fig. 5. Effect of pyruvate concentrations on the activity of LDH
in tissues and LDH Ay isozyme from M. salmoides. @,
skeletal muscle; O, heart; W, liver; [, eye; A, brain;
O, purified LDH A4
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Table 4. Maker enzyme activity of plasma membrane and mitochondria in tissues from M. salmoides 1

Crude extract Plasma Mitochondria Yield (%)
membrane
Tissue 5-Nucleo Monoamine 5-Nucleo Monoamine 5-Nucleo Monoamine
tidase oxidase tidase oxidase tidase oxidase
(units/ g) units/g) (units/ g) (units/ g) (units/ g) (units/g)
Skeletal muscle 51.28 1.74 4744 1.04 92.51 59.77
Heart 23.82 0.87 18.67 0.61 77 45 70.11
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Fig. 6. Effect of pH on the activity of LDH in tissues from M.
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Fig. 7. Native-polyacrylamide electrophoresis zymogram of mi-
tochondrial LDH in skeletal muscle and heart tissues
from M. salmoides. M, mitochondrial LDH of skeletal
muscle; H, mitochondrial LDH of heart.
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Table 5. Mitochondrial LDH activity in tissues from M salmoices 1

, LDH activity ~ Protein  opecific
Tissue . activity
(nis/))  ME/D) it/
Skeletal muscle 12.05 381 3.28

Heart 14.74 3.86 3.82
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Fig. 8. The Western blot analysis of MCTs in plasma membrane and mitochondria from A salmoides skeletal muscle and heart
tissues using MCT 1, 2, 4 antiserum (anti-MCT 1, 2, 4, 1:200). M, marker; 1, plasma membrane of skeletal muscle + anti-MCT
1; 2, plasma membrane of skeletal muscle + anti-MCT 2; 3, plasma membrane of skeletal muscle + anti-MCT 4; 4, mitochondria
of skeletal muscle + anti-MCT 1; 5, mitochondria of skeletal muscle + anti-MCT 2; 6, mitochondria of skeletal muscle +
anti-MCT 4; 7, plasma membrane of heart + anti-MCT 1; 8, plasma membrane of heart + anti-MCT 2; 9, plasma membrane
of heart + anti-MCT 4; 10, mitochondria of heart + anti-MCT 1; 11, mitochondria of heart + anti-MCT 2; 12, mitochondria

of heart + anti-MCT 4.
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