














metric assays 0.1 M potassium phosphate buffer pH 7.0 and pH 7.5
was used. Centrifugation was carried out for 30' min at 19.000
g and 4°C and the resulting supernatants were used for électro-
phoresis, for enzyme'agtivity measurements, and for partial puri
fication of LDH.allozymes. Electrophoresis was carried out in
‘horizontal gels containing 13% (w/v) corn starch prepared accord
ing to Val ef af. (1981) using the Boyer ef af. (1963)  buffer
system: A voitage of 8 v/em was applied for 7hs at 4°. 5.5%
polyacrylamide disc electrophoresis according to Dietz & Lubrano
(1967) was also used. The electrophoreses were darried out at
4°C and 2.5 mA/tube for about 45min. The gels were stained ac
cording to Shaklee et af. (1973) in 0.5 M phosphate buffer ph7.0

at 37% in the dark.

~Partial Purification

Partial purification was accomplished by a electro
elution process. It consisted of a preparative electrophoresis
prepared as follows: a 3mm wide slot was made in the starch gel
and 2ml of the homogenate;was mixtured thoroughiy with the—
starch gel that had.been taken out. After eléctrophoresis a
small piece was stained to identify the different LDH bands.
After the different allozymes and isozymes were identified, the
bandg were cut out éf the starch gel and each one inserted in a
dialysis bag.with éml of the gel buffer. The different identi
fied bags were submitted to the electrcocelution process. The bags
were immersed in a 0.071 EBT buffer and 100 volts applied‘ be

tween the electrodes for 5 hours. 1In this way, the enzymes
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are obtained with partially purified extracts as shown in Table
5. The results show that heart isozymes, B, and B! , are more
subject to inhibition by high pyruvate concentration than 1is

the muscle isozyme, Ay.

Thermostability

Suscepti?ility of the different phenotypes to in
activation by high temperature was examined. Results of the
heart extracts submitted to 65°C are shown in Fig. 4. Differ-
ences in heat inactivation between the:different heart pheno
types wege maintained throughout the aésay. These results are
corroborated when the assays are perfofmed with partially puri
fied extracts, Fig. 5. When the samples were heated for 20 min

to different temperatures, heart and muscle extracts . responded

differently(Fig. 6).

Oxygen Affinity

~  According to Powers etﬁél.-(1979), -polymorphism
for LDH-B in Fundulus heteroclitus might be relatea to differ
~ent oxygen affinities in the different phenotypes. As a means
Qf finding physiological differences we tried to determine oxygen
‘affiéities between the different LDH-B lactate dehydrogenase
phenotypes. Oxygen equiiibria curves for Qhole blsod were de

termined for the different’phenotypes,7LDH-BB, LDH—BBf and

LDH-B'B'., Because of the lack of differences, we calculated
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the Bohr effect for the whole lot and it varied from -0.05 to

-0.06.

Temporal Variation of the Gene Frequency

Table 6 shows the number of different LDH-B phe
notypes related with the time of capture. Chi square test
shows a dependency between time of capture and the di fferent
phenotype frequencies. Table 7 associ%teé gene frequencies
with the time of capture. Here also chi square values
show that there is a significant difference and that genic fre
quency changes with the iime of capture. Because variances
were unequai and to ascertain whether the LDH-B' gene frequen-
cy increases with time a weighted regression was car;ied out
which is shown in Fig. 7. To determine if the true slope esti
mated by b is different from zero, chi square tests were per

formed and the wvalues obtained were:

Ldh-B x = 7.43 1 4.f.
Ldh-B' x = 5.56 1 d4.£.C

which shows that b is significantly different from zero.

DISCUSSION

The experiments with phosphocreatine did not
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show inhibition except for H. malabaricus white muscle (26 % in
hibition) as was expected according to Guppy & Hochachka (1978)

and French & Hochachka (1978). This lack of inhibition is proba
bly due-to the fact that we are working with different fish spe
cies in ‘the case of L. friderici, wehreas in the case of #. ma

labaricus we are probably working with a different population,

hence with different metabolic reguirements.

Previous reports indicate that tybical values
for muscle LDH pyruvate inhibition were between 10-20% at 10OmM;
in contrast, heart LDH isozymes are inhibited by 50-60% at this
concentration (Gesser & Poupa, 1973; Baldwin & Gyuris, 1983 ).
;e_found the same values in our experiments carried out at 25°C. -
As was shown.by other authors when the experiments were perfor
med at a lower temperature (17°C), the inhibition values were
higher (Eby ef af., 1973; Enig et af., 1976; Baldwin & Gyuris,
1983). At pH 7.0 there were interesting differences between -
the various LDH-B phenotypes that started at a concentration of
1 mM pyruvate. This was the first evidence that there was a
small differéﬁce between the LDH-B- different phenotypes. The-
next stép was to compare Km values;at different '£émperatures
and pH.- In general, Km values were similar to those foundl in
the literature,,Table 8. Kinetic properties between heart and mscle,
LDH iéo;ymeg showed differences, as in other vertebrates (Hocha
chka & Somero, 1973; Lim et af., 1975; French & Hochachka, 1978:
Place & Powers, 1979; Baldwin & Gyuris, 1983). Apparent Km val

ues obtained with skeletal muscle extracts were a little lower
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when the pH was lowered. Apparent Km values between LDH-AA and
LDH-AA inverted their values when the pH was changed from pH7.0
to pH 7.5. Although at pH 7.5 (near the optimum pH) LDH;AA phe
notype apparently has higher affinity than the LDH-AA' pheno-
type. According to Atkinson (1976), the pattern of substrate
affinities of enzymes is one of the more fundamental adapta -

tions necessary in a complex metabolism involving many reac -

tions and many intermediates. We also found substrate - enzyme

affinity diferences between the different LDH-B phenotypes for

pyruvate. Exceptifor the values obtained at 17°C pH 7.5, ZXKnm
was always lower for the LDH-BB phenotype, which means a higher
substraté affinity than for the LDH-B'B'. Apparent Km is inter
mediary for the'heterozigousiLDH-BB‘, which shows a relation =-
ship between the type of subunits and functional properties .
Place & Powers (1979) in a eimilar study carried out at differ
ent temperatures and pH, found catalytic differences at 1lo‘c
when comparing LDH-B allozymes from F. heteroclitus. ﬁiffeg
ences obtained in apparent Km for lactate and NADH corroborate
the hypothesis-that Fe*are working with allelic'ifozymes with

qguite different functional characteristics.

Thermostability tests show differences between
LDH-A and LDH-B allozymes that are- simiLai to those found by
other{authors iﬁ lowe£ and higher vertebrates (Kaplan, lo64 ;
Bailey & WilsogL‘1965; Wuntch & Goldberg, 1970:; Borgman & Moon,
1975). Although, there is no known relationship between the

different physiological functions of LDH isozymes and their
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thermostabilities, many authors believe that the increase in Km
according temperature is the way nature has found to stabilize
and regulate the enzymatic reaction rate (Eochachka & Somero,
1973; Somero, 1978; Richarson, 1983). The different Km values
increased with temperature for both hqmozygous phenotypes. It
is interesting to note that the differences between catalytic
properties of LDH-B'B' and LDH-BB (Table 3) are in many- cases,
‘ofrthe same order of magnitude as thosé reported for the A, and
By LDH of other vertebrates, (Table 8). The differences found
in thermostability between the different LDH-B phenotypes were

also significant. ~ Here the homozygous variant was the most sus

ceptible to heat inactivation, and we obtained identical re -

sults with whole extracts and with extracts partially purified.

Our investigation reveals that the LDH-B iso
zymes not only differ in kinetic properties from the A contain-

ing isozymes, but also from each other.

The LDH-B locus has three electrophoretic phe-
notypes. The electromorphs encd&ed in alleles at this locus in

natural populations of ;bis species are more likely the rééult
of the segregation of codominant alleles at a single locus; and
not the result of post-translational modification. However,
crosses were not performed to establish with certainty the ge
neti; basis of the electréphoretic variants. The féct that the
genotypic frequency chaﬁaés with time of capture, resulting in
an increase in the LDH-B'B' allotype, suggests that this . poly

morphism could be related to envirommental factors.
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One of the most polemic subjects in evolution, in
late years, has been the-adaptative nature of protein polymor -
phisms. In general, this discussion has been characterized by a
polarization of 0pinio; between the selectionists and the neutral
ists. We believe that our work,together with other ones carried
out in this field, and having in mind organisms and . environment
as a ﬁhole,will stress the adaptive nature of protein polymor -
phisms. The chéngé in genotypic fregquency which we found to vary
with the time of captﬁre may Well be related to the increasing
quantity of industrial waste, especially that associated with al

cohol production, which is speedily killihé of all life in our

rivers.

- REFERENCES

ATKINSON, D.E.-(1976) - Adaptations of enzymes for regulation of

 catalytic function. Biochem. Soc. Symp. 41:205-223.

BAILEY, G.S. & WILSON, A.C. (1968) - Homologies between isoen
z&m@s of fishes and those of higher vertebrates. Evidence for
multiéle H, lactate dehydrogenases in.trout. J. Biof. Chem.

-243:5843-5853.

—16—- .









GUPPY, M. & HOCHACHKA, P.W. (1978) - Role of dehydrogenase compe
tition in metabolic regulation. The case of lactate and alfa-
glicerophosphate dehydrogenases. J. Biof. Chem. 253: 8465 -

8469.

HOCHACHKA, P.W. & SOMERO, G.N. (1973) - Strategies o0f Bilochemi-
cal Adaptation. E.B. Saunders Co., Philadelphia, 385 pp.

HOFFMANN, R.J. (1981) - Evolutionary genetics of Metridium sent
le I. Kinetic differences in phosphoglucoisomerase allozymes.
Biochems Genel. 19:129-144.

KAPLAN, N.O. (1964) - Lactate dehydrogenases structure and func
tion. In: Subunit structure o4 Proteins. Brookhaven Symposia
in Biology 17. 7

KLAR, G.T.; STALNAKER, C.B. & FARLEY, T.M. (1979) - Comparative
physical and physiological performance of Rainbew trout, Sal
mo gardnieri, of distinct lactate dehydrogenase B,  pheno -
types.- Comp. Biochem. Physiol. 63A:229-235.

LIM, S.T.; KAY, R.M. & BAILEY, G.S. (1975) - Lactate dehydroge-

nése isoenzymes of salmonid fish. J. Biof. Chem, 250: 1790 -

1800. | L -

- 19 -~









& SOMERO, G.N. (1982) - Interactions among pyruvate

WALSH, P.J.
concentrations, pH and Km of pyruvate in determinig "in vi
vo" Q1o values of the lactate dehydrogenase reaction. Can.
J. Zook. 60:1293-1299,

WILSON, A.C.; CAHN, R.D. & KAPLAN, N.O. (1963) - Function of
the two forms of LDH in the breast muscle of birds. ‘Nature
(Lond.} 797:331-334, -

physicochemi

WUNTCH, T. & GOLDBERG, E. (1970) - A comparative

cal characterization of lactate dehydrogenase isozymes in
Brook trout, Lake trout and their hibrid splake trout.J.Exp.

Zook. 174:233-252.

YAMAWAKI, H. & TSUKUDA, H. (1979) - Significance of the varia-

tion in isozymes of liver lactate dehydrogenase with thermal
acclimation in goldfish. II. Effect of pH. Comp. Biochem.

Physdiok. 62B:95-99,

- 22 ~

bl



Acknowledgements - This work was supported by CNPq - Conselho
Nacional de Desenvolvimento Cientifico e Tecnoldgico - and by
the OAS - Organization of American States. Lucia Panepucci
was partially supported by a FAPESP fellowship. The assistance
of Dr. E. Krieger in.statistical ana}ysis is gratefully ac~
knowledged. The authors wish to thank Dra. Paula Ann

Matvienko-Sikar who reviewed the manuscript.



Fig.

Fig. 1:
Fig. 2:
Fig. 3:
Fig. 4:
Fig. 5:
Fia. 6:

FIGURES

Electrophoretic patterns observed in different tissues
from Leporinus friderieci M.,skeletal muscle; H, heart

muscle.

Electrophoretic separation of LDH isozymes in 5.5%
polyacrylamide gels; 1, 3 and 5 skeletal and heart (phe
notypes LDH-BB and LDH-B'B') muscle extracts; 2, homo
tetramer A,; 4, homotetramer B,; 6, homotetramer B! .

The effect of pyruvate concentration on the rate of
reaction of L. frideriei LDH-B heart phenotypes. Reac
tion mixture (final concentration): pyruvate, as indi
cated; 0.13 NADE mM; 0.1 M potassium phosphate buffer
PH 7.0; enzyme activity to give measurable reaction
rate; Temperature, 17°C.

Heat inactivation of heart LDE different phenotypes of

L. friderieci; 0.15 mM pyruvate, 0.10 mM NADH, 0.1 M
potassium phosphate buffer, pH 7.0, 25°c.

Heat 1nact1vat10n of partially purlfled LDH ‘homotetra
mers. | O. 33 mM pyruvate, 0.13 mM NADH, 0.1 M potassium
phosphate buffer pH 7.0, 25°C. -

Heat inactivation of LDH skeletal and heart muscle ex
tracts from L. frideriei heated for 20 min at various
temperatures 0.15 mM pyruvate, 0.10 mM NADH, 0.1 M po
fassium phosphate buffer pH 7.5, 25°%C.

Weighted regression of Ldh-B and Ldh-B' gene frequen

cies versus the time of capture.
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c TABLE 6: Time of capture and distribution of the LDH phenotypes
obtained from L. friderict. '
_________ Collects LDH-BB LDH-BB' .. . . LDH-B'B' . .. Total.
1980~CBS. 31 40 6 77
CEXP. ... 28,49 . .. ... 33,91, . ... .. .. 14,60
1982-0BS 24 23 14 61
.............. EXP. .. . 22,57.. . 26,8 .. .. .. 11,57 ... . .
1983~CBS. 28 2 B 63
...... EXP.. . 23,31 - . 27,74 . . 11,94
'} 1984~0BS. 38 57 31 126
¢ EXP. . 46,62 . ... 55,49 . . 23,89
TOTAL 121 144 62 327
X2 = 12,81 64.f -
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