The highest level of differentiation
was present in the fibrin clot in the
chamber cavity, where three-dimen-
sional interaction was possible (Fig. 3).
This teratoma represented the end-stage
of a process noted in other chambers,
where embryonic cells often colonized
various regions of the fibrin. In the
presence of adequate cell numbers and
contacts, the inherent tendency for em-
bryonic cells to associate at a high
level of integration was expressed here,
even in an entirely abnormal fashion.
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Lactate Dehydrogenase in Pigeon
Testes: Genetic Control by
Three Loci

Abstract. Homogenates of pigeon
testes show three types of lactate dehy-
drogenase isozyme patterns. Recombi-
nation of the polypeptide subunits of
the dehydrogenase in mixtures of the
different types, and the distribution of
the three isozyme patterns in six differ-
ent pigeon populations demonstrated
that lactate dehydrogenase synthesis in
pigeon testes is under the control of
three distinct loci, A, B, and C.

By the method of starch-gel electro-
phoresis five distinct types (isozymes)
of lactate dehydrogenase (LDH) have
been separated and identified in most
mammalian and avian tissues (Z). In-
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formation currently available (2) indi-
cates that each isozyme is a tetramer
formed by association of two polypep-
tides, A and B. Thus isozymes 1 to 5 have
the following polypeptide compositions:
AoB:, AiB:, A:B:, A:B:, A:Bo. The syn-
thesis of each of the polypeptides, A
and B, appears to be under the control
of two separate genetic loci (3), so that
the isozyme composition of any tissue
depends on the relative activity of the
genes at these loci.

Electrophoresis of testicular homog-
enates from several mature animals re-
vealed one or more unusual LDH iso-
zymes (“band X”), suggesting that a
third genetic locus contributed to the
synthesis of LDH isozymes in mature
testes (4). Further evidence for this
additional genetic locus has been ob-
tained by studying the LDH isozymes
in homogenates of pigeon testes.

We used racing homer pigeons,
White Carneau and Silver King pi-
geons, and wild park pigeons (5). All
of the birds were delivered to the lab-
oratory, killed by decapitation, and dis-
sected to determine sex and maturity.
Most of the racing homer pigeons were
males, whereas the wild population
comprised approximately equal num-
bers of males and females. Testes and
several other tissues from the males
were frozen immediately after dissec-
tion, and enzyme studies were carried
out within 2 weeks. The electrophoresis
patterns of fresh and frozen tissues
were the same. Methods for prepara-
tion and electrophoresis of tissue ho-
mogenates, localization of LDH iso-
zymes in starch gel, dissociation and
recombination of LDH polypeptide
subunits, and determination of total
LDH activity were similar to those
previously described (4).

As shown in Fig. 1, homogenates of
pigeon testes exhibited three different
patterns of isozymes when lactate was
used as substrate. Type I showed seven
isozymes, including two new ones (des-
ignated “X”), type II showed a total
of eight, and type III showed four.
The bimodal distribution of activity
among the isozyme bands in the type
II pattern suggested the presence of a
second isozymic group whose first two
members were superimposed on LDH-
4 and LDH-5. .

This interpretation was supported
by studies with a-hydroxybutyrate
as substrate (4, 6). Two of the
bands in type I, five in type II, and one
in type III (all designated “X” in Fig.

1) exhibited higher catalytic activity
with this substrate than did the usual
five isozymes. When a-hydroxybutyrate
was substituted for lactate in the reac-
tion mixture, LDH-1, -2, and -3 in
testes, as well as LDH-4 and -5 in tis-
sues containing large amounts of these
isozymes, were barely visible.

In order to investigate the polypep-
tide composition of the “band X” com-
plex in pigeon testes, various combina-
tions of types I, II, and III testicular
homogenates were treated with 0.5M
sodium chloride and 0.1M phosphate
and frozen for 24 hours prior to clec-
trophoresis. This method was first used
by Markert (7) to dissociate the poly-
peptide subunits of the usual five iso-
zymes. After dissociation and random

(-) (+)

=
s
=
o

|

L |

TYRE

_: ﬁ L :

e (|

L
o
>_
l_
i-_ A
NER ‘ B
=i !
oo
i
c

Fig. 1. Lactate dehydrogenase isozymes in
mature testes from types I, II, and III
pigeons. A, Enzymatic activity with 0.5M
lactate; B, activity with 0.5M ao-hydroxy-
butyrate; and C, activity with 0.5M «-hy-
droxyvalerate. The homogenates were elec-
trophoresed simultaneously in the same
starch gel, and the conditions for localizing
LDH activity, except for substrate used,
were identical,
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reassociation of the polypeptides in a
mixture of type I and III homogenates,
the pattern which developed (Fig. 2)
was identical to that found in type II
homogenates treated in a similar man-
ner. No new bands appeared if sodium
chloride and phosphate were omitted
from the mixture of type I and III
homogenates during freezing.

Studies on recombination with type I
revealed increased staining of the
minor “band X” and a reduction of ac-
tivity in the other isozymes. Two faint
bands appeared in the region of LDH-4
and LDH-5 (Fig. 2). These changes
were more pronounced after dissocia-
tion and reassociation of the polypep-
tides in a mixture containing homogen-
ates of type I testes and heart, a
tissue which has predominantly B sub-
units. The redistribution of isozymic
activity observed in these experiments
suggests that the minor “band X” is a
result of the recombination of subunits
from the usual five isozymes and the
“band X” nearest the cathode. Further
evidence for the presence of B (or A)
subunits in the minor “band X” was
obtained when o-hydroxybutyrate was
the substrate. The reactivity of the
minor “band X” was intermediate to
that exhibited by the major “band X”
and the usual five isozymes (Fig. 1).
The minor “band X” generated in the
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Fig. 2. Lactate dehydrogenase isozymes in
homogenates of types I, III, and a mixture
of equal parts of type I and type III pigeon
testes. The patterns of testicular homog-
enates treated with 0.5M sodium chloride
and 0.1M phosphate and frozen for 24
hours prior to electrophoresis are desig-
nated (RECOMB).
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Table 1. Distribution of type I, II, and III
in six different pigeon populations. The up-
per figures of each pair are the observed; the
lower, the expected.

Number of pigeons Allele
S R Ee . -
Type Type Type frequencies S.E.
I 1I 111 C C
Wild Pigeons, Washington, D.C.
143 63 4 0.83 0.17 0.02

145 59 6

Wild Pigeons, Baltimore, Md.
232 77 3 .87 13 .01
235 72 5

Wild Pigeons, Oshkosh, Wis.
48 28 5 .76 24 .03
47 29 5

Racing Homer, Baltimore, Md.
140 58 [3 .83 17 .02
140 58 6

White Carneau
4 40 56 24 .76 .03
6 36 58

Silver King
12 24 14 48 52 .05
12 25 13

* Standard error of allele frequency estimates.

recombination experiments with type I
had similar catalytic properties. The re-
combination of polypeptides from the
major “band X” and the usual isozymes
indicates that the structure of the sub-
units is closely related. If this were not
so, then functional molecular species
would not be formed in mixtures of
the polypeptide subunits of these
isozymes.

The results of the experiments with
recombination can be most easily inter-
preted by assuming that LDH synthesis
in pigeon testes is controlled by three
genetic loci: A, B, and C. Apparently
all the pigeons examined have been
homozygous at the A and B loci,
whereas some were heterozygous at the
C locus. Thus with reference to the C
locus three genotypes are possible: CC,
C’C, and C’C". If the polypeptide com-
position of the major “X” bands in the
type I and type III patterns are desig-
nated C. and C.” respectively, then the
isozymes of the “band X” complex in
type II testes could be designated by
the following formulas: CiCo,, C:C,
Cﬂz’, ClCa’, and C.C.".

Further evidence for the existence of
allelic genes at the C locus was ob-
tained by measuring the relative fre-
quencies of the three types of LDH pat-
terns in six different pigeon populations.
As shown in Table 1, the distribution
of the three types in each population
agrees with that expected according to
the Hardy-Weinberg law for a single

pair of alleles. Also the distribution of
the three types in the wild pigeons and
the racing homers is remarkably con-
stant. Observations on White Carneau
and Silver King pigeons suggest that
there might be considerable variation
in the frequencies of the C and C’
alleles in different breeds.

An extensive analysis of the isozymes
of many tissues from mature male and
female pigeons revealed that the “band
X” isozymes were detectable only in
testes. If the location and the ontogeny
of the pigeon “band X” complex re-
sembles that of the “X” bands in other
animals (8), then one would expect
the “band X” isozymes first to appear
in the differentiating germ cells at
pubescence. Total LDH activity in
homogenates of each testicular type
were approximately the same. The
physical features of the type I, II, and
III birds were indistinguishable in the
pure bred pigeons.

A conclusive demonstration of the
mode of inheritance of the LDH iso-
zyme patterns in pigeon testes with ref-
erence to the C locus will only be pos-
sible when appropriate mating experi-
ments are carried out. The present
findings, however, do conform with the
hypothesis that LDH isozymes in pi-
geon testes are under the control of
three genetic loci, A, B, and C.
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