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VARIANl'S OF IACl'ATE DEHYDROGENASE ISOZYMES IN SERA OF SOCKEYE SAIMON
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Variants of lactate dehydrogenase iso]. Fish. Res. Bd. Canada 26: 15-19.

Three phenotypes of lactate dehydrogenase (LDH) isozymes were found in sera of sockeye
salmon (Oncorhynchus nerka), presumably representing B'B', B'B, and BB genot~. No association was obvious between LDH phenotype of sera and sex or total body length.
Of 1006 sera from Asian, Bristol Bay, and Gulf of Alaska stocks, 826 were B'B' and 180
were B'B or BB. Of 591 sera from Washington and British Columbia stocks, 589 were B'B' and
2 were B'B; both of the B-allele phenotypes were found in fish captured at the Skeena River in
northern British Columbia. These findings suggested that LDH isozymes should be useful in
studies on ocean distribution of sockeye salmon and in characterizing certain Asian and Alaskan
sockeye salmon populations.
Received August 27, 1968.
INTRODUCTION

MULTIPLE FORMS of lactate dehydrogenase (LDH) enzymes (isozymes) have
been extensively examined in many animal species. Where studied, these isozymes are t~tramers. In mammals, LDH patterns are generally alike; that is,
five principal isozymic forms are found that are tetramers of ail possible combinations of two monomers frequently designated A and B (Cahn et aI., 1962;
Boyer et aI., 1963; Markert, 1963, 1965; Shaw, 1964; Kaplan, 1964; Salthe et
aI., 1965). Several mammals and birds synthesize another polypeptide monomer
which forms active enzymes in the testes (Blanco and Zinkham, 1963; Blanco
et aI., 1964; Zinkham et aI., 1963, 1964).
Several studies of LDH isozymes in fish have been reported (Market and
Faulhaber, 1965; Nakano and Whiteley, 1965; Goldberg, 1965, 1966; Hochachka, 1966; Morrison and Wright, 1966; Odense et aI., 1966; Arnheim et aI.,
1967; Massaro and Markert, 1968). Markert and Faulhaber (1965) examined
30 species and found that they possessed one, two, three, or five major LDH
isozymes. Additional LDH isozymes have been found in the eye, skeletal muscle, and other tissues of some species (Markert and Faulhaber, 1965; Hochachka,
1966; Morrison and Wright, 1966; Massaro and Markert, 1968). Morrison and
Wright (1966) demonstrated by controlled matings the autosomal transmission
of codominant alleles for the subunit in brook trout (5alvelinus Jontinalis)
analogous to B in mammals. The same authors reported that matings of lake
trout (5. namaycush) X lake trout and of lake trout X brook trout indicated
that the A subunit is similarly inherited.
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In this report we describe LDH isozyme variants in the sera of sockeye
salmon. We also present gene frequencies calculated for populations of sockeye
salmon from different areas.
MATERIALS AND METHODS
Most of the sera tested for LDH isozymes were from immature and mature sockeye salmon
collected in marine, estuarine, river, and lake areas of Alaska, British Columbia, and Washington.
A pool of sockeye or chinook salmon sera with isozymes of known electrophoretic mobilities was
routinely included in tests as a standard control.
Some of the isozymes came from sockeye salmon sera which had been frozen for as long as
6 years. We found that freezing and thawing of whole salmon sera did not markedly alter LDH
patterns. We noted, however, that discrete bands of LDH activity could not be resolved from a
few of the long-frozen sera and that two weak extra bands of LDH enzyme activity frequently
were present anodal to LDH 1, particularly in older samples. After comparing the samples containing extra bands with fresher samples, we concluded that different LDH phenotypes could usually
stiIl be discerned.
Sera from three populations of sockeye salmon reared at our laboratory were also tested.
These fish were obtained in 1965 as eyed eggs from the Kamchatka River in eastern Siberia, USSR;
the Babine River, a tributary of the Skeen a River, in British Columbia, Canada; and the Wenatchee River, a tributary of the Columbia River, in the State of Washington. The embryos were
transported to the National Fish Hatchery at Leavenworth, Wash., for hatching; taken as fry to
the Bureau of Commercial Fisheries (BCF) Laboratory in Seattle, Wash., for freshwater rearing;
and transferred at 2 years of age to a large saltwater pond at the BCF Marine Station at Bowman
Bay, Wash. Some fish were also maintained in a freshwater tank for comparative studies. These
fish were all fed the same commercial food and were maintained under identical or similar environmental conditions.
Blood sera or, in a few instances, plasma were stored either in liquid nitrogen (-196 C) or in a
freezer at -15 C and thawed at room temperature before electrophoresis.
Muscle samples were collected simultaneously with sera from marine fish and frozen in a
shipboard freezer. On the day of testing, these samples were thawed at room temperature and
homogenized at 0 C in equal volumes of phosphate-buffered physiological saline (pH 7.4) or distilled
water. Homogenates were then incubated in the refrigerator for 1-2 hr and centrifuged at 700 X g
for 15 min in a refrigerated centrifuge; supernatant fluids were studied by electrophoresis.
Horizontal electrophoresis in starch gel was used to resolve bands of isozymes. Gels consisted
of 30 g starch plus 30 ml of a lithium-borate buffer 1 and 80 ml of a Tris-citrate buffer' in a total
volume of 250 ml. The lithium-borate buffer was the electrode compartment buffer. A voltage of
300 was applied for 10 min, sample wicks were removed, and 400 v were applied until the visible
ion front reached a point 9.0 em anodal to the origin; this required a running time of about 2 hr.
During electrophoresis, gels were cooled either in a refrigerator or by ice packs on glass plates
placed on top of the gels for protection.
After electrophoresis, zones of LDH activity were made visible by incubating the gels in the
dark for 20-60 min at 30 C in the following reaction mixture: lithium lactate (0.5 M), 7 ml; nicotinamide adenine dinucleotide (NAD), 10 mg; phenazine methosuifate, 3.5 mg; p-nitro blue
tetrazolium, 7 mg; Tris-HCl buffer (0.1 M, pH 8.3), 27 ml. Controls on the specificity of staining
were run by elimination of substrate or NAD.
NATURE OF LDH VARIANTS

The three LDH phenotypes detected in sockeye salmon sera are shown in
Fig. 1. Although random combination of three types of subunits (B, B', and A)
11.2 g lithium hydroxide and 11.8 g boric acid in 1 liter (pH 8.2).
28.66 g Tris and 4.84 g citric acid in 1 liter (pH 6.6).
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Bands in starch gel illustrating lactate dehydrogenase
phenotypes in serum of sockeye salmon.
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would justify prediction of 15 LDH isozyme bands in B'BAA heterozygote
sera, the maximum observed was only 9. The same maximum number of bands
for heterozygotes was observed by Morrison and Wright (1966) in brook trout
and by Goldberg (1966) in lake trout. Possible explanations include overlapping
of isozymes, nonrandom combination of subunits, and nonresolution of weak
isozymes.
One (Kamchatka River) of three populations of sockeye salmon reared
from embryos to more than 2 years of age in very similar or identical controlled
environments demonstrated more than one phenotype of serum LDH (Table 1);
this is consistent with the concept that these phenotypes directly reflect genotypes and are not the result of differential environmental effects.
TABLE 1. Frequencies of lactate dehydrogenase (LDH) phenotypes in sera of sockeye salmon
from seven populations.
LDH phenotypes
observed
Fish
origin

Allele
frequency

B'B'

B'B

BB

143

0

0

1.000

0

Wenatchee R., Wash.·

85

0

0

1.000

Kamchatka R.,
Siberia-

85

15

Tazlina L., Alaska

42

5

(;ulkana R., Alaska

22

7

Hering J .. , Alaska

26

American R., Alaska

13

Babine R., B.C.·

LDH phenotypes
expected
B'B'

P of chisquare

B'B

BB

143

0

0

0

85

0

0

0 .916

0.084

84 . 7

15 .6

0.7

> .050

0.927

0.073

41.2

6 .5

0 .2

>0 .05

0 .879

0 . 121

22.4

6.1

0.4

>0 .30

1l

0 .829

0 . 171

26 . 1

10 .1\

1.1

>0 .80

8

0 . 773

0 .227

13.2

7. 7

1.1

>0.90

0

B'

B

·Obtained as eyed eggs and reared in the laboratory.

No association was obvious between serum LDH phenotype and sex or
total body length for 244 salmon taken from the North Pacific Ocean (on which
we have sufficient sampling data). Homology was apparent for all three phenotypes between LDH isozymes in sera and skeletal muscle extracts from the
same individuals, although, as reported for other salmonid fishes (Hochachka,
1966; Morrison and Wright, 1966; Massaro and Markert, 1968), additional
LDH isozymes are also present in muscle.
FREQUENCY DISTRIBUTION OF LDH VARIANTS AND THEIR POTENTIAL
APPLICATION FOR DEFINING AND CHARACTERIZING POPULATIONS

In Table 1 are shown the frequencies of serum LDH phenotypes of the
three laboratory-reared populations of sockeye salmon and of four wild populations representative of a range of phenotypic frequencies. None of these populations differed significantly in its phenotypic distribution from the hinomial
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distribution expected for two alleles in accordance with the Hardy-Weinberg
law (Hardy, 1908; Stern, 1943).
The B-allele phenotypes appear in much greater frequency in samples
from Alaskan and Asian waters than they do in those from southern British
Columbia and Washington state (Table 2). We have not detected a B'B
TABLE 2. Distributions of lactate dehydrogenase (LDH) phenotypes of sockeye salmon sera
grouped by geographical area of fish capture.

Fish
origin

% LDH phenotype

No. of
fish tested

B'B'

B'B

BB

Kamchatka R., Siberia

101

84 . 2

14.8

1.0

Bristol Bay and northern Gulf
of Alaska rivers, lakes, and
estuaries

480

80.4

18.3

1.3

Bristol B~y and Gulf of Alaska
-manne

425

83.5

15.5

1.0

B.C. and Washington rivers,
lakes, and estuaries

591

99.7

0.3&

0

&These fish (two) were from the Skeena River area of the northern British Columbia coast.

or BE phenotype in 418 sera from sockeye salmon captured south of the Skeen a
River, and only 2 of 173 fish from the Skeena River area contained the B-allele
(both B'B heterozygotes). Conversely, in tests of 581 sera we have not
failed to detect one or both of the B-allele phenotypes in sockeye salmon stocks
from rivers and lakes in Siberia and Alaska; phenotypes of the B allele were
also frequently present in sera from 425 marine fish from Bristol Bay and the
northern Gulf of Alaska. If further testing confirms this distribution, LDH
isozymes may be useful indicators of ocean intermingling and separation of
Asian-Alaskan from British Columbia-Washington sockeye salmon. Even if
this separation proves not possible, the ratios of phenotypes of Band B' alleles
are shown by the present data to vary considerably; their frequencies should
be useful in defining and characterizing certain populations.
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