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The adaptive role of the karyotype has been demonstrated
in rodents as Thomomys® and Spalax®. Bickham and
Baker?, stressing this karyotypical adaptiveness, proposed
the canalization model of chromosomal evolution in which
‘the karyotype contributes significantly to the fitness of the
individual, and that for a given set of biological parameters
faced by an evolving lineage, there is an optimal karyotype.
Thus, those lineages which have reached that optimum
adaptive karyotype would show chromosomal stability;
such is the case with these species of Akodon and, as they
point out, also the situation of Lasiurus (i.e. virtually
identical karyotypes and morphological distinctness). The
2 subspecies of A.olivaceus illustrate chromosomal adap-
tiveness since animals trapped in 4 localities covering
1400 km latitudinally showed an unvarying karyotype in
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spite of strong biotic and abiotic differences. In addition,
consistent stability of banding patterns has been retained in
species belonging to the different subgenera Abrothrix and
Akodon and thus reveals a close genetic relationship be-
tween them, which strongly favors the interpretation of
descent from a single common ancestor.

Based on morphological grounds, the systematic relation-
ships of these species are clear. It follows that morphologi-
cal diversification was not accompanied by a significant
amount of chromosomal disruption which would markedly
dlter banding patterns. The biological significance of these
morphological differences rests upon the maintenance of
distrinctness when the species occur together. Consequent-
ly, areas of sympatry provide a test of species status
supporting previous assignments.
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Dystrophic mutation (dy?’) affecting regulation of lactate dehydrogenase (LDH) and pyruvate kinase (PK) in

C57BL/6J mice!
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Summary. The genotype difference (dystrophic vs nondystrophic) in the LDH isozymes is observed in kidney. These
differences are evident only at birth and at early developmental stages (before the expression of dystrophic symptoms).
The tissue specific genotype differences for PK are limited to the thigh muscle (M form) and heart (L form), after the onset
of the condition. These differences may reflect the pleiotropic effect of the dy? locus during the temporal regulation of
these and other enzymes implicated in muscular dystrophy (MD).

The phenomenon of enzyme heterogeneity is a general
aspect of metabolic structure and function of cells. In
general it is characterized by tissue specificity and develop-
mental profiles. The understanding of this general pattern
of heterogeneity is particularly desirable for evaluating the
role of enzyme(s) in an organ specific genetic defect.
Animal models of muscular dystrophy (MD), which is
genetically heterogeneous in humans, are a muscle specific
genetic defect. In mice the dy? dystrophic mutation is
expressed as the degeneration of thigh muscles, around
3 weeks after birth?. Although several enzymes, including
lactate dehydrogenase (LDH, E.C. 1.1.1.27), and pyruvate
kinase (PK, E.C. 2.7.1.40) have been suggested to be
involved in MD?*% the basic defect and how it affects

>

specific tissues is not understood®.

LDH and PK are key enzymes of carbohydrate metabolism
(L.lactate —LPH o pyruvate —PK o P enol pyruvate) with a
wide distribution. The genetics, subunit structure and bio-
chemistry of these enzymes are partly understood. Al-
though attempts to utilize these enzymes in Duchenne MD
have yielded encouraging results®, their role in producing
dystrophy remains unclear. Most enzyme studies in MD
have concentrated on levels of enzyme activity and little
attempt has been made in understanding the ontogenic
pattern and tissue distribution of different subunits. Such
studies are useful in providing insight into the genetic
regulation of enzymes with altered activity, which may in
fact form the basis for MD and other inborn errors of
metabolism for which no basic enzyme defect has been
demonstrated. This report deals with the tissue distribution
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and developmental profiles of LDH and PK in the 3 geno-
types of MD mutation dy? in C57BL/6J mice. Our results
suggest the involvement of tissue specific regulatory
mechanism(s) associated with LDH and PK during the
expression of the dystrophic phenotypes.

Materials and methods. The source of genetic stocks, breed-
ing system used to yield +/+, +/dy” and dy?/dy”
genotypes, tissue preparation, and electrophoretic proce-
dures have been previously described’. For LDH, the gel
(0.006 M NaH,PO, 0.004 M citric acid) and electrode
(0.245 M NaH,PO,, 0.15 M citric acid) buffers were at pH
59 with agar or electrostarch as the electrophoretic
medium. Following electrophoresis the gel was incubated
(37°C) in 15 ml Tris-HCI (pH 8.5), 135 ml H,0, 35 mg
L-lactic acid, 20 mg NAD, 10 mg nitroblue tetrazolium
(NBT) with 1 ml.10% phenazine methosulfate (PMS) added
after 30 min. The gel and electrode buffers for PK included
0.01 M Tris, 0.01 M MgSO,, 0.01 M KCl and citric acid at
pH 7.5. The PK gels were stained using a staining mixture
with 15 ml 2% boiling agar overlaid on the gel and
incubated at 37 °C. The staining mixture consisted of 20 mg
glucose, 20 units G.6.PDH, 4 mg NADP, 3 mg PMS and
2 mg MTT in 15 ml 0.1 M. Tris HCI, pH 8.0. Bands for both
enzymes were visible within 30-40 min. A Gelman DCD-
16 densitometer was used to evaluate relative proportions
of isozyme bands on agar gels.

Results and discussion. The dy” mice mutation in the
C57BL/6J background results in a milder form of dystro-
phy’. It is possible to use 9-14-week-old dy*/dy”, dys-
trophic genotypes in breeding to produce the young of the
3 dy® genotypes (+/+, +/dy* and dy¥/dy?) from appro-
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priate crosses. Homozygote dy2J genotypes express dystro-
phy around day 21, following which these animals lag
behind the normals in their §r0wth rate?.

The genetic determinants®®, regulatory mechanism!'® and
ontogenic pattern'' of LDH are well understood in mice.
The mechanism of the involvement of LDH in muscular
dystrophy, however, remains to be clarified. Figure 1 shows
the electrophoretic LDH isozyme pattern for the 3 geno-
types in 6 tissues. Pattern for lung, spleen, heart, upper and
lower thigh muscles did not change during development
and they follow the representative tissue specific patterns as
shown in figure 1A for adults. Such tissue differences may
represent tissue specific differential rate of synthesis of A/B
subunits and/or their differential degradation. The pattern
in the 3 kidney genotypes however was age dependent. In
the +/+ and + /dy¥ genotypes, isozymes with the B sub-
unit predominated with complete absence of A, isozyme
reaction at all stages of development. In the dy¥/dy”
genotypes, however, the LDH pattern at birth was different
from the pattern in animals old enough to express dys-
trophy. At birth the A subunit predominates with trace
levels of B,. This pattern gradually reverses with age and
within 3 weeks, the dystrophic genotype is similar to the
nondystrophic genotypes. At birth the A, and Asp, isozymes
represent approximately 50% of LDH activity in dy*/dy?,
while in +/+ and +/dy” the B, and B;A, account for
over 50% of this activity. By day 21, however, there are no
genotype related LDH isozyme differences in kidney. It is
interesting to note that these age dependent genotype
differences correspond to the expression of dystrophy in
dy?/dy? animals.
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Figure 1. Electrophoretic pattern of LDH in 6 adult tissues (A) and at 5 developmental stages in kidney (B) of the 3 dy¥ genotypes
(N=+/+, H= +/dy? and D=dy¥/dy?’; UTM and LTM refer to upper and lower thigh muscles respectively).
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Figure 2. Electrophoretic pattern of PK in 7 adult tissues of the 3 dy?! genotypes (N= +/+, H= +/dy?’, D=dy?/dy¥; L. liver form;
M. muscle form; inserts a’ and b show diagrammatic representation of L and M isozymes in heart and thigh muscle respectively in the

3 genotypes).

PK is known to exist in 2 isozyme forms (L and M)'? and
their kinetic and immunological properties have been de-
scribed!®. The developmental profiles of a number of
enzymes including PK in C57BL/6J mice have been eva-
luated'. An elevated PK activity has been implicated in
different forms of MDY, with some success in the detection
of heterozygotes'®, when used in combination with other
enzymes”. The underlying mechanism reflecting PK altera-
tions in MD, however, are not understood. Figure 2 shows
the electrophoretic pattern of PK in 6 adult tissues of the
3 dy¥ genotypes. The tissue specific PK patterns with the
absence of the M isozyme in brain and spleen can bee seen.
No genotype differences were observed in isozyme patterns
of brain, kidney, liver, lung and spleen at different develop-
mental stages. However, differences between dystrophic
and nondystrophic genotypes were evident in heart and
thigh muscle after the expression of dystrophy. In heart, the
L isozyme is predominantly represented by a slower
migrating subunit in dystrophic animals (insert a’ fig.2).
Furthermore, the enzyme activity associated with this form
of isozyme is approximately 40% higher in dystrophics as
compared to the nondystrophic genotypes. The L form of
PX is known to be allosteric in nature and at least in the
liver it has been shown to be under hormonal and dietary
control'’. The observed genotype differences for this iso-
zyme, therefore, should be interpreted with caution.
Figure 2 (with insert b’) also shows the genotype difference
in the thigh muscle for the M type PK isozyme. The three
forms of this isozyme (M, M, and Mj) are different in
electrophoretic mobility with similar immunologic and
kinetic properties’® and the genotype differences are
reflected in the absence of the M; band in the dy¥/dy”
genotypes.

It is evident that the expressions of LDH and PK are not
onl;r tissue specific, but are affected by the genotype at the
dy” locus in specific tissues as well. Furthermore, the
pattern may depend on the ontogeny, particularly when
compared before and after the expression of the dystrophy
caused by the dy™ locus. The genotype differences for LDH
in kidney associated with age may represent transcriptional,
translational or post translational regulation, as this differ-
ence is observed in the relative proportions of A and B
subunits. The LDH intersubunit interaction, which is
known to be influenced by pH® and other epigenetic

factors®’, may in fact represent the regulatory mechanism
associated with these observations. Observed genotype
dependent alterations in heart for the L form, and thigh
muscle for the M form of PK indicate the effect of the dy?
locus on the expression of these isozymes. It may be
pointed out that neither LDH nor PK represent the basic
defect associated with MD and these alterations should be
viewed as the pleiotropic effects of the dy?’ mutation during
the temporal regulation® of these enzymes.
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