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Localization of Two Genetic 
Factors to Different 
Areas of y-Globulin Molecules 

Abstract. Gm(a) and Gm(b) factors are 
present in 7S -y-globulin molecules and 
absent in 19S y-globulins, /_2A-globulins 
and Bence-Jones proteins, whereas the 
Inv(b) factor was demonstrated in all 
four kinds of proteins. The Inv type was 
identical in isolated 7S and 19S 7-globulins 
of six normal sera. After papain splitting 
of 7S y-globulin, Gm determining sites 
were present only in the fast (F) split 
product and Inv determining sites were 
present only in the slow (S). 

Recent observations on human y- 
globulin have indicated that a variety 
of genetic types occur in different in- 
dividuals. Of the seven factors known, 
only four are considered in this paper: 
the Gm(a) factor is present in 52.6 
percent of the American white popula- 
tion, and the Gm(b) factor is present in 
91.5 percent. The responsible genes, 
Gma and Gmb, behave as codominant 
alleles. The Inv(a) factor is present in 
about 20 percent and the Inv(b) factor 
in about 99 percent of the same popu- 
lation; the responsible genes also behave 
as codominant alleles apparently being 
present at another independent locus 
(1-4). 

All determinations were made by the 
hemagglutination inhibition reaction 
using red cells coated with incomplete 
anti-D and agglutinators of well-known 
and high degree of specificity. The Gm 
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types were determined by a slide tech- 
nique using anti-Gm(a) Smejsa with 
anti-D J.J., and anti-Gm(b) A.Berg with 
anti-D N.B. The Inv types were deter- 
mined by a tube technique using anti- 
Inv(a) Travnikova with anti-D Roehm, 
and anti-Inv(b) Lucas with anti-D Ham. 
All readings were performed with a 
blind technique, and the results were 
easily reproducible. 

Myeloma proteins were purified by 
starch block electrophoresis and clas- 
sified immunologically as belonging to 
the more complete or more deficient 
7S y-globulin type or to the /2A class. 
Macroglobulins were similarly purified 
from sera of patients with macroglob- 
ulinemia Waldenstr6m. The macroglob- 
ulins and isolated Bence-Jones proteins 
were tested for purity by ultracentri- 
fugation and immunological methods. 

Four myeloma proteins were selected 
for splitting by papain because they fell 
into the antigenically more complete 7S 
y-globulin type and were of relatively 
low electrophoretic mobility. Isolated y- 
globulin of low electrophoretic mobility 
from a selected normal serum (45502) 
was used in one experiment. After treat- 
ment with papain (5), two main anti- 
genic fragments were distinguished by 
immunoelectrophoresis (6) and subse- 
quently separated by starch block elec- 
trophoresis. The degree of separation 
of the slow moving (S) and the fast (F) 
split products varied somewhat. A high 
degree of purity was, however, obtained 
in the segments corresponding to the 
slowest portion of S and the fastest por- 
tion of F. A typical example of a test 
for purity, using double diffusion in 
agar, is shown in Fig. 1. The slightly 
curved lines of both S and F isolated 
split products fused with marked spur 
formation with the straight lines of un- 
split material. The S and F lines passed 
through each other with no evidence of 
cross-reaction. Each of the split prod- 
ucts gave a single line indicating that 

there was very little or no contamina- 
tion with unsplit material or the other 
split fraction. 

None of the purified S preparations 
inhibited anti-Gm(a) Smejsa in the high- 
est concentration tested (1 mg/ml). The 
isolated F split product of those pro- 
teins which possessed the Gm(a) char- 
acter inhibited the agglutination com- 
pletely in seven or eight successive, 
twofold serial dilutions, starting at the 
same protein concentration. If the start- 
ing material was of type Gm(a-), none 
of the split fractions showed inhibition. 
Tests with two additional anti-Gm(a) 
sera (1604 and Kouba) gave virtually 
identical results. Preparation 45502 was 
Gm(b+); again the inhibiting capacity 
was confined to the F fragment. Neither 
of the split fragments of two Gm(b-) 
preparations had any inhibiting capac- 
ity. 

Inv(a) testing of preparation 45502 
showed that the inhibiting capacity was 
present in the S fragment, whereas F did 
not inhibit. One of the myeloma pro- 
teins was Inv(a+); again the inhibiting 
capacity was confined to the S frag- 
ment. Three of the myeloma proteins 
and preparation 45502 were Inv(b+). 
In all cases the inhibiting capacity was 
present in the S fragment and absent in 
F. In the Inv tests, the F fragments 
had no inhibiting capacity at a concen- 
tration of 1 mg/ml, whereas the S 
fragments inhibited the agglutination 
completely in at least three doubling 
dilutions starting at the same protein 
concentration. 

The double diffusion tests in agar in- 
dicated that the purified preparations 
did not contain unsplit material. Ultra- 

Fig. 1. Control of purity of isolated S 
and F fragments after papain splitting of 
7S y-globulin. Center well: Rabbit anti- 
human 7S y-globulin No. 509; well 1, 
whole split; wells 2 and 5, unsplit; well 3, 
isolated slow (S) and well 4, isolated 
fast (F). 
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centrifugation, using a 5 to 10 percent 
sucrose density gradient, gave more di- 
rect evidence that the inhibition was 
caused by components with a sedimen- 
tation coefficient smaller than 7S. Ten 
fractions were obtained from each tube, 
and inhibiting activity was recovered 
from top fractions of the split material, 
while corresponding fractions of control 
tubes with unsplit 7S y-globulin con- 
tained no protein or inhibiting activity. 

The /2A myeloma protein was iso- 
lated from ten sera. Tests for purity 
were made by double diffusion tests in 
agar and showed that the preparations' 
contamination with 7S y-globulin were 
less than 2 percent of the total protein 
content. All ten f/2A-globulins were clear- 
ly Gm(a-b-), whereas seven possessed 
the Inv(b) character. Five isolated 19S 

y-globulins from macroglobulinemia 
sera were all Gm(a-b-), whereas two 
of them were Inv(b+). Finally, six 
Bence-Jones proteins were Gm(a-b-), 
whereas two of them possessed the 
Inv(b) character. 

Since the 19S y-globulins possessed 
the Inv(b) character, it seemed of in- 
terest to isolate these from individual 
normal sera to determine whether they 
were of the same type as the 7S y- 
globulins. Euglobulin preparations were 
dissolved in glycine HC1 buffer at pH 
3.0 and subjected to density gradient 
ultracentrifugation. Selected fractions 
were carefully dialyzed against saline 
and tested immunologically for purity 
before Gm and Inv typing. Bottom 
fractions were obtained from six indi- 
viduals with 19S y-globulins free of 
7S y-globulin; the corresponding top 
fractions contained 7S y-globulin and 
no 19S material. The Gm characters 
were present in the 7S fraction, where- 
as the fractions containing 19S y-globu- 
lin all were Gm(a-b-). Two of the 7S 
y-globulin fractions were Inv(a+b+) 
and four Inv(a-b+). Identical results 
were obtained in Inv typing of the frac- 
tions containing 19S y-globulins. 

It has previously been known that 
Gm and Inv determining sites are pres- 
ent on 7S y-globulin molecules (2, 3). 
Evidence has also been presented which 
indicates that 19S y-globulins and f2A- 

globulins lack the Gm characters (7). 
No evidence has been available con- 
cerning the presence of Inv determining 
sites on these proteins. 

The present experiments confirmed 
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ent on 7S y-globulin molecules (2, 3). 
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indicates that 19S y-globulins and f2A- 

globulins lack the Gm characters (7). 
No evidence has been available con- 
cerning the presence of Inv determining 
sites on these proteins. 

The present experiments confirmed 
that Gm determining sites are present 
only in 7S y-globulins, whereas Inv de- 
termining sites are present also in 19S 
y-globulins, ,82A-globulins, and Bence- 
Jones proteins. These findings and the 
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results of the splitting experiments pro- 
vide evidence for a common genetic 
makeup of a part of all four types of 
proteins. This is particularly interesting 
as this part of the 7S y-globulin mole- 
cule is known to contain the antibody 
combining sites (8). The findings are in 
agreement with previous evidence from 
this laboratory (9) and elsewhere (10) 
which indicates that the immunological 
cross-reaction between 7S y-globulin 
and the three other proteins is due to 
common antigenic determinants present 
on the S fragment after papain splitting 
of 7S y-globulin, whereas antigenic de- 
terminants present on the F fragment 
appear not to be shared by the other 
proteins. 

After papain splitting of 7S y-globu- 
lin, the Gm determining site was found 
in one of the fragments only and the 
Inv site in the other. Irrespective of the 
precise action of papain on the 7S -y- 
globulin molecule, these findings indi- 
cate that the sites are present on differ- 
ent parts of the native molecule. The 
results with the highly homogeneous 
myeloma proteins are particularly rele- 
vant in this connection where the same 
myeloma protein contained the two sites 
in the different papain fragments. The 
molecules of 7S y-globulin appears to 
consist of several polypeptide chains 
linked by disulfide bonds (11), and it is 
possible that the present findings corre- 
spond to the current concept of "one 
gene-one polypeptide chain" as exem- 
plified by hemoglobin. However, this 
remains to be proved. At any rate, one 
gene, which also has the code of the 
Gm-determining site, might control the 
structure of one portion of the mole- 
cule. An independent gene may con- 
trol the structure of another part of 
the molecule which contains the anti- 
body combining sites (8) and also the 
Inv-determining site(s) (12). 

M. HARBOE 
C. K. OSTERLAND* 

H. G. KUNKEL 

Rockefeller Institute, New York 21 
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Relationship Between Temperature 
and the Metabolism of 
Experimental Ecosystems 

Abstract. Short-term temperature varia- 
tions of approximately 7?C above and 
below the normal maintenance temperature 
of balanced laboratory aquaria demon- 
strated that the metabolism of the eco- 
system is practically independent of tem- 
perature. It is postulated that the closer 
a living system approaches the integration 
of a balanced ecosystem, the less it is 
affected by temperature. 

The usual response to temperature of 
the metabolism of various single organ- 
isms is well known. However, the meta- 
bolic response of the balanced eco- 
system, in which the food for the 
heterotrophs is made in situ by the 
community's autotrophs has not been 
studied frequently. Natural, balanced 
ecosystems are often large, not repli- 
cable, and temperature variation cannot 
be controlled. Such disadvantages may 
be overcome by using the microcosm 
method in which small replicate micro- 
ecosystems are set up in the laboratory 
where environmental conditions can be 
more easily controlled than in the field. 
The microcosm method was used in 
this work. 

The biota, water, and sediments for 
three benthic, fresh-water microeco- 
systems studied were taken from the 
San Marcos River near the town of 
San Marcos, Texas, over a year pre- 
vious to these experiments. By the time 
the measurements were made the com- 
munities had stabilized. The principal 
primary producers were Vallisneria and 
Oedogonium. Some of the other plants 
present were Anabaena, Gleocystis, 
Merismopedia, Spirogyra, Cladophora, 
Chlamydomonas, Ankistrodesmus, Coe- 
losphaerium, Chara, Achnanthes, Pin- 
nularia, and various very small green 
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and blue-green unicellular forms. The 
animal contributing the greatest biomass 
to the microcosms was a lumbriculid 
oligochaete, Sutroa (?) whose habitat 
was in the sediments. The only other 
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