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ment varied significantly in different strains
but bore no relationship to occurrence of de-
generative joint disease, or to ultimate epi-
physeal development of knee or head of fe-
mur previously found to occur late in second
vear of life.

Grateul acknowledgement for statistical computa-
tions is made to Joan Gurian.
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Heterogeneity of Insulin-Antibody Complexes in Rabbits and Guinea Pigs.
(25570)

Jane H. Morsg* (Introduced by S. A. Berson)
Vet. Admin. Hosp., Bronx, N. Y. City

Presence of insulin-binding antibodies in
human subjects treated with commercial mix-
tures of beef, pork insulin(1) and in guinea
pigs and rabbits immunized with beef or pork
insulin(2) has been established with use of
insulin-I'*! and paper chromatoelectrophoresis
of insulin antiserum mixtures. Kinetic studies
of rates of formation and dissociation of in-
sulin-antibody complexes and analysis of
equilibrium mixtures have indicated the he-
terogeneity of complexes formed in human
antiserums(3-6). Heterogeneity in this case
appears to be due to presence of 2 (or more)
distinct orders of antibody combining-sites
rather than to differences in stoichiometric
proportions of insulin and antibody in the
complexes(5,6). Since human antiserums
contain antibodies to both beef and pork

insulins, heterogeneity of insulin-antibody
complexes might be due to antibodies
directed against different antigenic deter-

minants in beef and pork insulin or to sepa-
rate antibodies directed against multiple dis-
tinct antigenic sites in each insulin derived
from a single species(6). In our study guinea
pigs and rabbits have been immunized with
either beef or pork insulin. Insulin-binding
antibodies in antiserums of these animals re-
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act with insulin to form heterogeneous anti-
gen-antibody complexes.

Methods. Analytic and technical methods
follow procedures described by Berson and
Yalow(1,5,6). In “equilibrium state” studies,
mixtures of antiserum and beef or pork insu-
lin (containing trace amounts of same species’
insulin-1"1) were incubated at 37° until equi-
librium was reached (usually about 4 hours)
and then analyzed by paper chromatoelectro-
phoresis for insulin bound to antibody (B) and
unbound (“free”) insulin (¥). Considera-
tions based on the law of mass action indi-
cate that when antiserum concentration is
kept constant while insulin concentration is
varied, the ratio B/F is a linear function of
concentration of bound insulin (B) only if
insulin is univalent and all antibody combin-
ing-sites are of a single order(5,6). A curvi-
linear relationship is expected if insulin is
multivalent and/or if there is more than a
single order of antibody combining-sites. In
5 guinea pig and 3 rabbit antiserums studied,
plots of B/F vs. B were curvilinear (Fig. 1),
a finding which is consistent with either of the
last 2 alternatives.

Results. In “transient state” studies, only
dissociation experiments are analyzed. Fol-
lowing attainment of equilibrium between



HETEROGENEITY 0OF INSULIN-ANTIBODY COMPLEXES

RABBIT 70
12 1 I:4 DILUTION OF PLASMA

T T T T T ¥

0 30 50 70 90 10
(8]

INSULIN BOUND - mug/ml

A.

RABBIT 64
I’2 DILUTION OF PLASMA

2.0 1
1.8 4
1.6
1.4 4
1.2
— 1.0 4 \e

.6
.4
.2

N T~

T T ¥ T
0 100 200 300 400 500
B (8]
. INSULIN BOUND ~ mugm/ml

GUINEA PIG S
59 1:4 DILUTION OF PLASMA

T
600

o T T T T T T
o 10 2 30 40 50 6
C (8]
. INSULIN BOUND ~ mugm/ml

FIG. 1A. Ratio of bound to free insulin as a
function of quantity of iusulin bound for anti-beef
insulin plasma of a rabbit incubated with erystal-
line beef insulin.

FIG. 1B. Ratio of bound to free insulin as a
funetion of quantity of insulin bound for anti-
pork insulin plasma of a rabbit imcubated with
crystalline pork insulin,

FIG. 1C. Ratio of bound to free insulin as
funetion of quantity of insulin hound for anti-heer
insulin plasma of a guinen pig incubated with erys-
talline heef insulin,
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bound and free insulin, high concentrations of
unlabeled insulin were added to the mixtures.
Further binding of insulin-I'3! is now competi-
tively inhibited and rate of “dissociation” of
insulin antibody complexes is determined
from decrease in concentration of bound in-
sulin-I'1 with time. The complexes exhibited
heterogeneity in rates of dissociation in all
experiments. In the 2 rabbit antiserums ana-
lyzed, the dissociation curves could be re-
solved into 2 components with half times av-
eraging 9 and 8 minutes and 274 and 7 hours
respectively (Fig. 2a). However the 5 guinea
pig antiserums appeared to have a greater de-
gree of heterogeneity, and resolution of the ex-
perimental curves required more than 2 ex-
ponential components (Fig. 2b).

Discussion. That antigen-antibody com-
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FIG. 2A. A typieal rate curve of dissociation for
rabbit insulin-antibody complexes. This plasma was
from a rabbit immunized with pork insulin and
was ineubated with erystalline pork insulin-J™,

FIG. 2B, A typieal rate eurve of dissociation for
guinea pig insulin-antibody complexes. This plasma
was from a guinea pig immunized with beef insu-
lin and was inecubated with becf insulin-I'®,
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plexes are heterogeneoust is generally not un-
expected inasmuch as numerous sites of anti-
genic determinancy on most antigen molecules
are responsible for multivalency of antigen in
its reaction with antibody. With insulin as an
antigen, however, univalency might be antici-
pated from studies of Harris, Sanger and
Naughton(7). These authors showed that in-
sulins from 5 different mammalian species
(cattle, sheep, pig, horse, whale) differ in
amino acid sequence only in the 8-10 posi-
tions of A chain. Immunologic differences in
reaction of these insulins with human anti-
beef, pork insulin serums suggest that this re-
gion includes a site antigenic for man(8.11).
1f guinea pig and rabbit insulin likewise dif-
fer from other mammalian insulins only in
this respect it might be expected that anti-
genicity would reside only in the relatively
small site in question and that the insulin
monomer (M. W. 6000) could therefore bind
only a single antibody molecule under any
circumstance. Moreover, even if beef or pork
insulin exhibits more than a single antigenic
site to guinea pigs and rabbits, the small size
of the insulin molecule might still preclude the
binding of 2 (or more) antibody molecules
simply because of steric hindrance(11). The
possibility that beef or pork insulin possesses
other sites of possible antigenicity in guinea
pigs and rabbits cannot be excluded until the
structures of guinea pig and rabbit insulin are
established. (Lacy and Davies(12) obtained
evidence, with fluoroscein labeled insulin an-
tibodies, that guinea pig and rabbit insulins
are immunologically different from beef insu-
lin and several other mammalian insulins.)
From data presented here it can only be
concluded that either insulin is multivalent or

t Although heterogeneity of complexes is observed
even with univalent haptens(9,10), the heterogeneity
is related to Gaussian distribution of binding encrgics
and is rather less marked than in insulin-antibody
complexes which, in man(5,6) and rabbits exhibit 2
main groups with grossly different dissociation rates.
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that the antibodies are heterogeneous or,
lastly, that both conditions exist. In human
antiserums the weight of evidence(6) appears
to favor univalency (though not necessarily
monoantigenicity). A more complete descrip-
tion of the nature of insulin-antibody com-
plexes in rabbits and guinea pigs must await
more extensive studies with these antiserums.

Summary and conclusions. Heterogeneity
of insulin-antibody complexes in antiserums
of rabbits and guinea pigs immunized with
cither beef insulin or pork insulin has been
demonstrated. Heterogeneity of complexes in
antiserums of human subjects immunized with
commercial mixtures of beef and pork insulins
need not be attributed to presence of distinct
antibodies directed against beef and pork in-
sulins.

I am grateful to Drs. Solomon A. Berson and
Rosalyn S. Yalow for aid and to Eve Spelke for
secretarial assistance, Carl Bacot for technical assist-
ance and Medical Tllustration Service.

1. Berson, S. A, Yalow, R. S,, Bauman, A, Roths-
child, M. A., Newerly, K., J. Clin. Invest., 1956, v33,
170.

2. Morse, J. H,, Proc. Soc. Exp. BioL. aNp MEp,,
1939, v101, 722.

3. Berson, S. A, Yalow, R. S, J. Clin. Invest.,
1957, v36, 873 (abst.).

4. , Diabetes, 1957, v6, 402.

5. , Adv. Biol. and Med. Phys., 1958, v6,
349, Acad. Press, N. Y.

6. , J. Clin. Invest., 1959, v38, 1996.

7. Harris, J. 1., Sanger, F., Naughton, M. A., Arch.
Biochem. Biophys., 1956, v65, 427.

8. Berson, S. A, Yalow, R. S, Fed. Proc., 1959,
v18, 11 (abst.).

9. Pauling, L., Pressman, D., Grossberg, A. L.,
J. Am. Chem. Soc., 1944, v66, 784.

10. Karush, F., Specificity of antibodies, Trans.
N. V. dcad. Sci., 1958, v20, 581.

11. Berson, S. A, Yalow, R. S, J. Clin. Invest.,
1939, v38, 2017.

12. Lacy, P. E., Davies, J., Diabetes, 1957, v6, 354.

Received December 3, 1959. P.S.E.B.M, 1960, v103.



