Hylid Frogs: Polyploid Classes
of DNA in Liver Nuclei

Abstract.  Microspectrophotometric
DNA determinations on liver nuclei
of hylid frogs have revealed the pres-
ence of several polyploid classes of
DNA in several specimens belonging
to five species. All such specimens were
breeding.

The spontaneous occurrence of poly-
ploid nuclei in liver cells is well known
in rodents, and also occurs in several
other vertebrate groups. In Amphibia
the usual low incidence of nuclei in the
liver with amounts of DNA correspond-
ing to tetraploidy (/, 2) can be ac-
counted for by premitotic DNA dou-
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Fig. 1. Female Pseudacris ornata: Feul-
gen absorption versus nuclear area.

bling. During a comparative survey of
DNA levels in amphibians, we have
recently found amounts of DNA indi-
cative of true polyploidy or polyteny
in several species of tree frogs.

Nuclei isolated from liver tissue by

a reported method (2) were stained for
DNA by the Feulgen reaction after
hydrolysis in 0.1N HCl at 60°C for
various periods. The total dye content
of single nuclei was determined by mi-
crodensitometry (3).

Usually all DNA determinations
from one liver are distributed around
a single value which is proportional to
the amount of DNA present in the
nuclei (4). Occasionally a few nuclei
show twice the normal amount (Table
1, items 2, 5, 8, 17, 20), indicating a
low level of premitotic DNA synthesis
in otherwise diploid livers. In some in-
stances, however, several distinct non-
overlapping absorption classes were
found (Table 1, items 1, 6, 16, 18, 19,
21). Within each class the absorption
was independent of nuclear area, but
the average nuclear sizes associated
with the different classes increased with
the absorption levels (Fig. 1). This
pattern indicates the presence of sev-
eral ploidy classes (5), corresponding
to the presence of multiple chromosome
sets (true polyploidy) or multistranded

Table 1. Summary of DNA measurements in hylid frogs. Numbers of measurements appear in

parentheses.
Polyploid nuclei (%)
Item Species Sex, age
2n 4n 8n 16n
1 (100) Acris gryllus Early-breeding male 87 13 0 0
2 (50) Hyla brunnea Adult 98 2 0 0
3 (50) Hyla cinerea Adult male 100 0 0 0
4 (50) Hyla cinerea Adult female 100 0 0 0
5(50) Hyla cinerea Adult female 96 4 0 0
6 (100) Hyla crucifer Breeding female 64 32 4 0
7 (50) Hyla crucifer Breeding male 100 0 0 0
8 (50) Hyla crucifer Young male 98 2 0 0
9 (50) Hyla crucifer Breeding male 100 0 0 0
10 (50) Hyla crucifer Breeding male 100 0 0 0
11 (50) Hyla femoralis Young 100 0 0 0
12 (50) Hyla gratiosa Young female 100 0 0 0
13 (50) Hyla ocularis Adult 100 0 0 0
14 (50) Hyla ocularis Adult male 100 0 0 0
15 (50) Hyla squirella Adult 100 0 0 0
16 (100) Pseudacris nigrita Breeding female 76 24 0 0
17 (50) Pseudacris nigrita Young male 96 4 0 0
18 (100) Pseudacris ornata - Breeding female 44 40 16 0
19 (388) Pseudacris ornata Breeding male 60 33 7 0
20 (50) Pseudacris triseriata Adult male 98 2 0 0
21 (300) Pseudacris triseriata Breeding female 44 29 24 3
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Fig. 2. Female Pseudacris triseriata: Feul-
gen densities of higher ploidy groups com-
pared with diploid absorption values.
Diploid absorption values (arbitrary scale
units) have been changed by variation in
duration of hydrolysis.

chromosomes (polyteny) in these nu-
clei.

The high Feulgen absorption values
obtained after optimal hydrolysis times
of about 6 minutes result in density-
dependent optical errors that preclude
determination of the ploidy levels pres-
ent by direct comparison of the ab-
sorption values, even when the mea-
surements are performed at wavelengths
off the absorption peak (Fig. 1). If
the nuclei are stained after various
hydrolysis times, the overall density of
the stain can be varied; with decreasing
overall density, the optical error de-
creases and the different absorption
classes separate more markedly (Fig.
2). This effect can be used to deter-
mine the absorption ratios, in the ab-
sence of optical error, by extrapolating
the ratios to zero density. In this way
the ploidy values in Pseudacris triseri-
ata have been determined as 2n:4.2n:
8.9n:17.3n. In the same species, aver-
age nuclear volumes associated with
the four absorption classes relate to
each other as 2.0:4.1:7.6:17.4, Neither
of these series is significantly different
from 2:4:8:16, the most probable lev-
els of ploidy.

Determinations of the ploidy levels
by other methods and elucidation of
the chromosome pattern of these nu-
clei have not yet been possible; the
mitotic index is low, chromocenters are
not clearly defined in number, and all
cells have one single nucleolus only,
which can be extremely large in size
in nuclei belonging to the higher
classes of DNA.

We have found polyploid nuclei only
in tree frogs of the family Hylidae, but
in specimens of various genera—in
five of the 11 hylid species examined.
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Such nuclei seem to be limited to breed-
ing frogs—females with ripe ovaries
and calling males taken at the breed-
ing sites. Polyploidy seems to be lim-
ited to breeding females in Hyla cruci-
fer. The six species that did not show
polyploidy were all taken outside the
breeding season.

This very high incidence of nuclei
with amounts of DNA corresponding
to higher polyploid classes, and the
possible correlation with the reproduc-
tive cycle, should make these species
interesting subjects for cytological and
physiological studies.
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Homoreactant: A Naturally Occurring
Autoantibody in Rabbits

Abstract. Homoreactant, a factor
found in the serum of every normal rab-
bit tested thus far, reacts specifically
with buried antigenic determinants on
the Fab-fragment of papain-digested
autologous and homologous G-glob-
ulin. It appears that rabbits normally
produce naturally occurring autoanti-
bodies.

The products of enzymatic digestions
and controlled reductions and alkyla-
tions have proved exceptionally useful
for describing the chemical and biolog-
ical nature of the yG-globulin mole-
cule. Of particular importance was the
finding that papain digestion of rabbit
antibody results in the formation of
two antigenically and biologically dis-
tinct fragments, Fab and Fc. The crys-
tallizable Fc-fragment has most of the
biological properties of the intact anti-
body molecule; but the Fab-fragment
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has the antibody-combining site and,
although univalent, retains its capacity
to react with specific antigens (7).

Erythrocytes which are sensitized
with immune Fab-fragments resemble
erythrocytes sensitized with the incom-
plete antibodies to Rh (+) erythrocytes
in that they do not agglutinate in
saline, but they can be agglutinated by
a suitable antibody to yG-globulin (2).
Subsequently we observed that human
O Rh (+) erythrocytes sensitized with
Fab-fragment from immune rabbits
could be agglutinated by a rabbit anti-
serum to human yG-globulin. Initially
we believed that this was due to a cross-
reacting antigenic determinant common
to human and rabbit yG-globulin. How-
ever, we later found this peculiar anti-
globulin factor in pooled or individual
normal rabbit serum and attributed the
activity to a heat-stable, nondialyzable,
mercaptoethanol-resistant, G-globulin
factor (3). Because this factor differs
from other antibodies (such as those
called “anti-antibody,” antiglobulin
reagent, rheumatoid factor-like anti-
body, and antiallotype antibody), we
initially assigned to it the term ‘“homo-
reactant” to designate a normal G-
globulin that reacts with a fragment
(Fab) derived by enzyme digestions of
the vG-globulin of the same species (3).

We now report results obtained when
the homoreactant of individual rabbit
serum was tested against the Fab-frag-
ments of yG-globulin isolated from the
same rabbit. Our results in Tables 1
and 2 show, by agglutination and in-
hibition of agglutination, that these in-
dividual serums react with autologous
as well as homologous Fab-fragments.
From these findings we conclude that
homoreactant has certain characteristics
of an autoantibody whose specificity is
directed toward buried autoantigenic
determinants unique to the Fab-frag-
ment.

Rabbit antibody to human erythro-
cyte (HEA) was produced in several
rabbits by intravenous injections of
washed, human O Rh (+) erythrocytes.
The Fab-fragments of antibody to HEA
were obtained after papain digestion
of yG-globulins isolated from a pool of
bleedings from several immune rab-
bits or a pool of bleedings from each
of three individual immune rabbits (A9,
All, and A12). Serums were also col-
lected from these individual rabbits
prior to immunization. For the inhibi-
tion experiment the Fab-fragments were
obtained from papain digests of yG-
globulin isolated from several individ-

Table 1. Agglutination by normal serums of
erythrocytes sensitized with the homologous
and autologous Fab-fragment of antibody to
HEA. All serums were heat-inactivated and
absorbed for heteroagglutinins.

Serums Reciprocal dilutions
before of serums
immuni-
. 16 64 256 1024 Sal-
zation ine
A9, Fab from antibody to HEA
A9 44 24 1+ 0 0
All 3+ 14 0 0 0

Al12 44 34 14 0 0
All, Fab from antibody to HEA

A9 4+ 34 1+ 0 0
All 34- 1+ 14 0 0
Al2 44 34 1+ 0 0
A12, Fab from antibody to HEA
A9 4+ 34 1+ 0 0
All 44 14 1+ 0 0
Al12 44 44 2+ 0 0

ual bleedings of six normal rabbits (B4,
H2, H3, G3, G4, and G35). Precipita-
tions with sodium sulfate and diethyl-
aminoethyl cellulose (DEAE) chroma-
tography were used to purify the yG-
globulin from normal and immune rab-
bit serums (4). Papain digestions were
performed according to the method of
Porter (5), and the Fab-fragments
were purified as described by Mandy,
Stambaugh, and Nisonoff (6). No ag-
glutination occurred when dilutions of
Fab-fragments from antibody to HEA
were mixed with O Rh (+4) erythro-
cytes in saline. Sensitization of the
erythrocytes by the Fab-fragments,
however, was demonstrated by aggluti-
nation reactions with goat antibody
prepared against rabbit ¢G-globulin.

Equal volumes of a 2-percent sus-
pension of washed human O Rh (+)
erythrocytes and solutions of Fab (0.31
mg/ml) from antibody to HEA were
mixed and incubated at 37°C for 1
hour. The sensitized cells were then
washed three times with saline and re-
constituted in saline to a 2-percent
suspension.

Agglutination reactions were per-
formed by mixing equal volumes (0.1
ml) of each of a serial fourfold dilution
of serum and of sensitized erythrocytes.
After incubation at room temperature
for 15 minutes, the mixtures were cen-
trifuged in a Serofuge (Clay-Adams),
and each was scored for agglutination
between 0 and 4.

Inhibition of agglutination was car-
ried out by incubation of equal vol-
umes of various dilutions of the in-
hibitor with a standard 1:8 dilution of
normal serum for 1 hour at 37°C.
Sensitized cells were then added, in-
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