
Polypeptide Chains of 
Immunoglobulins from the Smooth 
Dogfish (Mustelus canis) 

Abstract. The 17S and 7S immuno- 
globulins of the smooth dogfish, Mus- 
telus canis, have been characterized with 
respect to molecular weights, chain 
structure, amino acid composition, and 
carbohydrate content. The 17S protein 
had a molecular weight of 982,000; that 
of the 7S protein was 198,000. Both 
proteins had similar amino acid com- 
positions and a carbohydrate content of 
approximately 8 percent. Light and 
heavy chains from both immunoglobu- 
lins had molecular weights of 20,000 
and 72,000 respectively. Apparently 
both immunoglobulins belong to the 
same class; this class resembles the yM- 
immunoglobulins of higher vertebrates. 

The'elasmobranch Mustelus cans has 
immunoglobulins with sedimentation co- 
efficients of approximately 7S and 17S 
(1). These immunoglobulins are com- 
posed of light and heavy polypeptide 
chains. The heavy chains of both im- 
munoglobulins had similar peptide maps 
and they resembled the n-chains (1, 2) 
of higher vertebrates when acquired 
by starch-gel electrophoresis. It was 
therefore suggested that M. canis may 
have only one major class of immuno- 
globulins resembling thatt of the yM- 
immunoglobulins seen in higher verte- 
brates. We now report the molecular 

weights, carbohydrate contents, and 
amino acid compositions of dogfish im- 
munoglobulins and their polypeptide 
chains. Our results strengthen the con- 
cept that these immunoglobulins are 
related to the yM class described in 
higher vertebrates. 

A direct comparison of the chains of 
dogfish 7S and 17S immunoglobulins 
with those of human yG- and yM-im- 
munoglobulins is shown (Fig. 1). The 
immunoglobulins were reduced and al- 
kylated in 8M urea (1) and were sub- 
jected to starch-gel electrophoresis in 
urea (3). The light chains of all of the 
samples had similar mobilities. The 
heavy chains of both the 7S and 17S 
immunoglobulins of the dogfish had 
mobilities similar to that of Ut-chains 
from the human yM-immunoglobulin 
(compare Fig. 1, origins 2, 3, and 4). 

Carbohydrate analyses of the dogfish 
immunoglobulins were carried out with 
anthrone reagent (4). The 7S immuno- 
globulin contained 7.6 ? 1.1 percent of 
carbohydrate (by weight) and the 17S 
immunoglobulin contained 8.7 ? 0.9 
percent. These values are within the 
range observed for mammalian yM- 
immunoglobulins (5). The yM- and yA- 
immunoglobulins cannot be distin- 
guished by this criterion alone, inas- 
much as yA-immunoglobulins may con- 
tain 6 to 10 percent carbohydrate (6). 

Amino acid compositions (7) of dog- 
fish immunoglobulins and their chains 
are presented in Table 1. The dogfish 

immunoglobulins resemble human im- 
munoglobulins in their high content of 
serine, threonine, aspartic acid, and glu- 
tamic acid. The heavy chains of the 7S 
and 17S immunoglobulins have similar 
compositions, and their compositions 
more nearly resemble those of human 
u-chains than of human y-c'hains. Light 
chains of the two dogfish immunoglob- 
ulins were also similar in composition, 
which differed significantly from that 
of the heavy chains, as well as from 
that of human light chains. 

On the basis of the relative amounts 
of heavy and light chains in the dogfish 
immunoglobulins, it was suggested that 
the 7S protein consists of two light and 
two heavy chains and that the 17S pro- 
tein contains five units, each similar to 
a 7S moiety (1). These structures would 
resemble those proposed for mammalian 
yM-immunoglobulins (8, 9). The molec- 
ular weights of dogfish immunoglobu- 
lins and their chains (Table 2) are con- 
sistent with this interpretation. The 
values were determined by the high- 
speed equilibrium method of Yphantis 
(10). Whole immunoglobulins were dis- 
solved in 0. 15M NaCl buffered to pH 
8.0 with 0.05M tris. The chains, which 
were isolated after extensive reduction 
in urea (1), were dissolved either in 20 
percent acetic acid containing 0.5 per- 
cent sucrose or in 1M propionic acid 
containing 0.5 percent sucrose. Partial 
specific volumes (V) of the immuno- 
globulins and chains were calculated 

Table 1. Comparison of amino acid compositions of immunoglobulins and polypeptide chains from Mustelus canis and man. Results are ex- 
pressed as grams per 100 grams of carbohydrate-free protein. Cysteine and tryptophan values are not included. Variation in tyrosine 
values is probably due to oxidation during hydrolysis. 

Mustelus canis Man 

Amino Immunoglobulins Chains Immunoglobulins Chains 
acid - ---- acid ~~~~~ ~ ~~~~Light Heavy 

117 S 7SLih 7S yM yG* Lightt chains chains 

Lys 5.5 5.6 4.8 5.2 5.8 6.1 6.2 7.4 6.2 6.2 7.4 
His 1.9 1.7 1.7 1.9 2.1 1.9 2.3 1.9 1.8 2.5 2.6 
Arg 5.0 5.7 5.4 5.5 5.2 4.8 6.1 4.3 4.6 6.5 3.8 
Asp 9.9 9.5 10.2 10.3 9.2 9.1 9.1 8.6 7.3 9.0 7.6 
Thr 8.4 8.6 9.2 8.1 8.0 8.9 8.8 6.3 7.4 8.8 6.8 
Ser 9.6 9.5 11.8 11.5 10.1 9.9 9.4 10.4 10.3 8.4 8.6 
Glu 13.3 12.6 11.3 11.7 12.3 12.7 12.2 11.7 13.0 12.2 10.1 
Pro 5.9 5.4 5.4 5.2 6.3 6.6 6.4 6.8 5.1 6.5 6.4 
Gly 4.8 3.9 4.1 4.5 3.6 3.5 4.0 3.9 3.3 3.8 3.2 
Ala 5.0 4.6 4.5 3.7 4.2 4.0 4.4 3.8 4.2 4.4 2.7 
Val 7.1 7.4 7.0 7.6 7.1 7.8 7.7 8.5 6.3 8.1 8.2 
Met 1.3 1.3 1.3 1.0 1.3 1.2 1.5 1.1 0.4 1.5 1.0 
lieu 5.3 5.6 4.5 4.7 5.8 6.4 2.7 2.3 2.7 3.4 1.9 
Leu 7.7 8.0 8.5 8.2 7.4 7.9 8.1 8.3 7.3 8.1 7.1 
Tyr 5.4 5.9 (6.3) (6.9) (7.4) (4.3) 4.4 6.3 6.2 4.5 5.5 
Phe 4.1 5.5 4.1 4.3 4.2 4.7 4.9 4.8 4.3 3.4 3.8 

$ Data of Heimer et al. (14). Data of Crumpton and Wilkinson (15). t Calculated from Chaplin et al. (16). 
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Table 2. Molecular weights of immunoglobulins and polypeptide chains from Mustelus cans. 
The molecular weights were determined by the high-speed equilibrium method of Yphantis 
(10). Molecular weights and standard deviations were calculated from a weighted least 
squares analysis as suggested by Yphantis (10). 

Molecular weights 
Immunoglobuhn 

Intact molecule Light chain Heavy chain 

17S 982,000 25,500 20,100 500 71,600 ? 2,800 
7S 198,000 6,000 20,500 + 300 73,400 4,000 

from -their amino acid and carbohy- 
drate contents. 

On the assumption that no carbo- 
hydrate was present, the V of light 
chains was 0.727. The value obtained 
for heavy chains, if all of the carbo- 
hydrate was present on this portion 
of the molecule, was 0.723. Both whole 
immunoglobulins had values of 0.725, 
close to the value of 0.722 (9) 
for human yM-immunoglobulin. The 
molecular weights of the light chains are 
similar to those reported for light chains 
of the immunoglobulins in lemon shark 
(11) and mammals. Heavy chains on the 
dogfish immunoglobulins have molecu- 
lar weights in the range reported (9) for 

... 

........................... 

~~~~~~~~~~~~~~~~.. ...... ... .. . ................. .. . ................ . ... 
................. .... . . 

:.~ ~ ~~~~~~~~~~~~~~~~~~~.... ..:....:..,...- 

.. vC si v is.. ..* ' .* * ..c.. 

................. ....... .... _ 

. .f ~~~~~~iB . - * | _ _::: f ' >~~~~~~~~~~~~~~~~.. . .:.:... .. 

0 

0 

0 

-Q~~~~~~~~C 

Origin- 
Fig. 1. Comparison of reduced alkylated 
immunoglobulin of dogfish and man by 
starch-gel electrophoresis in urea. Origin 
1, human -yG-immunoglobulin; origin 2,, 
human 'yM-immunoglobulin, origin 3, dog- 
fish 17S immunoglobulin* origin 4 dogfish 
7S inimunoglobulin. The letters -y and jA 

refer. to the position of the heavy chains 
of human -yG- and -yM-immunoglobulins 
respectively All samples were reduced and 
alkylated in the presence of 8M urea. 
Electrophoresis was performed in 8M 
urea-formate buffer according to the con- 
ditions of Edelman and Poulik (3). 
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pA-chains on mammalian immunoglobu- 
lins (approximately 70,000); this value 
is considerably higher than that reported 
(12) for y-chains (approximately 55,000). 
The molecular weight of the a-chains 
from yA-immunoglobulin has not been 
reported and thus cannot be compared. 
A dogfish molecule composed of two 
light chains and two heavy chains would 
have a molecular weight of approxi- 
mately 188,000. The observed value 
for the 7S immunoglobulin was 198,000 
? 6,000. Five units, each composed of 
two light and two heavy chains, would 
have a molecular weight of 940,000. 
The observed value for the 17S im- 
munoglobulin was 982,000 + 25,500. 
The amino compositions (Table 1) are 
consistent with the above assignment of 
chains within the dogfish' immuno- 
globulin molecules. 

Our data provide support for the con- 
clusion that the 7S and 17S immuno- 
globulins of the smooth dogfish belong 
to the same class. This class resembles 
that of yM-immunoglobulins of the 
higher 'vertebrates. A report (11) on im- 
munoglobulins in the lemon shark sug- 
gests that similar relations obtain in 
other elasmobranchs. As proposed (1), 
the unchains may have been the first 
of the heavy chains to have evolved. 
This is of interest in the light of a sug- 
gestion (13) that the structural genes for 
heavy chains may have arisen from 
duplication and mutation of genes cod- 
ing for light chains. 

J. MARCHALONIS 
G. M. EDELMAN 

Rockefeller University, New York 

References and Notes 

1. J. Marchalonis and G. M. Edelman, J. Exp. 
Med. 122, 601 (1965). 

2. "Nomenclature for human immunoglobulins," 
Bull. World Health Org. 30, 447 (1964). 

3. G. M. Edelman and M. D. Poulik, J. Exp. 
Med. 113, 861 (1961). 

4. H. J. MUller-Eberhard and H. 0. Kunkel, 
J. Exp. Med. 104, 233 (1956). 

5. H. G. Kunkel, in The Plasma Proteins, F. W. 
Putnam, Ed. (Academic Press, New York, 
1960), vol. 1, p. 279. 

6. J. F. Heremans, ClIn. ChIm. Acta 4, 639 
(1959); J. J. Cebra and J. B. Robbins, J. 
Immunol. 97, 12 (1966). 

7. D. H. Spackman, W. H. Stein, S. Moore, 
Anal Chem. 30, 1190 (1958). 

8. F. Miller and H. Metzger, J. Biol. Chem. 
240, 3325 (1965). 

9. M. E. Lamm, and P. A. Small, Jr., Biochem- 
istry 5, 267 (1966). 

10. D. A. Yphantis, ibid. 3, 297 (1964). 
11. L. W. Clem and P. A. Small, Jr., Fed. Proc. 

25, 437 (1966). 
12. G. M. Edelman, in Abstracts of Papers 143rd 

Meeting, American Chemical Society, Cin- 
cinnati (American Chemical Society, Wash- 
ington, 1963), p. 2A; R. H. Pain, Biochem. J. 
88, 234 (1963); P. A. Small, Jr., J. E. Kehn, 
M. E. Lamm, Science 142, 393 (1963). 

13. S. J. Singer and R. F. Doolittle, Science 153, 
13 (1966). 

14. R. Heimer, K. R. Woods, R. L. Engle, Jr., 
Proc. Soc. Exp. Biol. Med. 110, 496 (1962). 

15. M. J. Crumpton and J. M. Wilkinson, Bio- 
chem. J. 88, 228 (1963). 

16. H. Chaplin, S. Cohen, E. M. Press, ibid. 95, 
256 (1965). 

17. Supported by grants AM 04256 and Al 
06985 from NIH and GB 3920 from NSF. 

30 August 1966 

Initial and Resultant Population 
Densities in Chickens between 
Brooding and Sexual Maturity 

Abstract. Seven flocks of chickens 
were raised in groups from weeks 5 to 
9 after hatching. Initially the groups 
had the same number of chickens but 
they differed in population density. The 
number of birds that survived to week 
9 was strongly related to the initial 
population density. 

Thiessen and Rodgers (1) sum- 
marized the results of a number of 
studies on factors that limit popula- 
tion density, in infrahuman groups. 
Thiessen (2) subsequently proposed a 
correlational model to take into account 
the types of variables related to mor- 
tality, but as yet he has not been 
able to assign relative weightings to 
these variables. One of his factors, 
"prior experience with grouping," may 
facilitate survival under high popula- 
tion density. In this report we seek a 
precise relationship between initial and 
resultant densities. Since most of the 
theory and data seem related to mam- 
malian groups, domestic fowl were 
used to supplement them. 

Although Thiessen (3) prefers to 
make an assumption about the role 
of interspecific aggression, both field 
and laboratory studies (4) have demon- 
strated social interactive processes that 
result in a reduction in density. Most 
of these processes, however, apply to 
sexually mature or infantile-dependent 
members of infrahuman groups. Since 
little is known about density reduction 
among juveniles, we examined chicks 
after brooding and before sexual ma- 
turity. Between weeks S and 9 after in- 
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