
We have seen that differentially ro- 
tating solar models are unstable unless 
their angular momentum is an increas- 
ing function of distance from the rota- 
tion axis. This latter condition is 
violated by all solar models whose in- 
teriors rotate sufficiently rapidly to ac- 
count for Dicke's oblateness measure- 
ment. The turbulent motion that would 
ensue in these unstable models would 
be characterized by very elongated 
eddies. Their short dimension (approxi- 
mately 1 km) would allow rapid ex- 
change of heat with the surroundings, 
whereas their long dimensions would 
approach, if not exceed, the local scale 
height. The circulation time for these 
energy-containing eddies is on the or- 
der of a rotation period. Such eddies 
would produce very rapid diffusion of 
angular momentum and complete mix- 
ing of the sun would take place in about 
10 years. 

The sun is subject to a torque by 
the solar wind (5, 6). This torque will 
produce differential rotation and there- 
fore turbulence below the solar con- 
vective zone. The mixing of material 
brought about by turbulence will lead 
to the depletion of lithium and beryl- 
lium which are destroyed at tempera- 
tures slightly in excess of those at the 
bottom of the convective layer. From 
the presence of beryllium (and pos- 
sibly lithium) in the solar photosphere, 
we may infer that the sun's angular 
momentum has not decreased by or- 
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We investigated the possibility that 
detectable structural abnormalities of 
the immunoglobulins might be found 
in diseases of immunological deficien- 
cy. Studies of the electrophoretic char- 
acteristics of immunoglobulin G (IgG) 
in serums of 11 hypogammaglobuline- 
mic patients show that the mobility 
of the IgG of each of these subjects 
differs from that of IgG either in a 
human serum pool or in individual 
serum samples from a group of normal 
persons. 
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ders of magnitude since it arrived on 
the main sequence (unless lithium and 
beryllium have been formed since then). 

The rotational instability that we have 
described is analogous to a thermoha- 
line instability that was first discovered 
by Stern (7). This instability arises 
when a layer of warm salty water lies 
above cold fresh water. Even if the 
density increases downward the sys- 
tem can still be unstable because the 
thermal diffusivity is much greater than 
the diffusivity of salt. A small rising 
blob of fluid can lose most of its tem- 
perature deficiency, while retaining its 
initial salinity, and consequently be act- 
ed upon by a buoyant force. In this 
context, salt plays the role that angular 
momentum did in the rotational in- 
stability we have been discussing. 
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Electrophoretic behavior was as- 
sessed by diffusion analyses of serums 
after electrophoresis in acrylamide (1) 
and by immunoelectrophoretic and 
acrylamide analyses of isolated IgG. 
Serum samples containing approximate- 
ly 150 jug of IgG (0.05 to 0.15 ml 
total) were applied to 7.5-percent acryl- 
amide gels. At the end of electro- 
phoresis (pH 9.5), the gels were sliced 
longitudinally in half and placed on 
the surfaces of agar-coated microscope 
slides. Troughs were cut parallel to the 
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gel and filled with antiserum specific 
for gamma chain. 

The analyses (Fig. 1) showed that 
limited heterogeneity was a constant 
feature in the patients. Bimodal peaks 
(two arcs) were common. The elec- 
trophoretic mobility of most of the 
IgG's fractionated from samples of 
whole serum tended to be slow, but 
peaks of intermediate and fast mobility 
were also seen. When we increased the 
smaller volume of control serums 
(those having normal amounts of y- 
globulin) by adding serum albumin 
(70 mg/ml) or normal saline to make 
it the same as that of the patients, the 
diffusion pattern of the normal serums 
was unchanged. All samples tested were 
obtained from patients before adminis- 
tration of y-globulin therapy, except 
for samples from one patient who had 
not received any y-globulin for 1 year 
before the study. We examined the 
IgG patterns of two sets of parents 
of our patients and found them nor- 
mal. The diffusion patterns of patients 
with hypogammaglobulinemia of sec- 
ondary etiology (hypoproteinemia) also 
do not differ from normal when equiv- 
alent amounts of y-globulin are applied 
to the gel. Conversely, two patients 
with hypergammaglobulinemia (chronic 
infection) also showed normal patterns 
under these conditions (that is, when 
serum containing 150 /g of IgG was 
applied to the gel). Similar distribu- 
tions were also seen when we used 
antiserum specific for K- and X-chains; 
hence, the restrictions are apparently 
unrelated to the composition of the 
light chain. 

Immunoglobulin G was isolated from 
the serums of four male patients; the 
amounts varied from 85 to 172 mg 
per 100 ml of serum. None of these 
samples showed a bimodal distribution; 
the serum pattern is represented by 
the lowermost portion of Fig. 1. Frac- 
tionation was accomplished by diethyl- 
aminoethyl (DEAE)-Sephadex chroma- 
tography at pH 6.3 with 0.0175M 
phosphate buffer (2). When the iso- 
lated IgG's were analyzed by immuno- 
electrophoresis, the samples from the 
patients tended to have slower mo- 
bility and less heterogeneity than the 
IgG from normal persons (Fig. 2). 
Analysis in acrylamide gel confirmed 
the differences between the IgG's of 
the patients and y-globulins of nor- 
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Limited Heterogeneity of Gamma 

Globulin in Hypogammaglobulinemia 

Abstract. When serums of 11 patients with hypogammaglobulinemia were ex- 
amined by acrylamide-gel electrophoresis, combined with diffusion analysis, for the 
gamma chain of immunoglobulin G, the electrophoretic distribution of immuno- 
globulin G differed from that of normal individuals. The differences consisted 
of limited heterogeneity and bimodal distributions of the proteins at times. Iso- 
lated immunoglobulin G from four of the patients showed similar phenomena. 
The findings indicate a deficient gene population in these patients. 
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hypogammaglobulinemic patients (Fig. 
3). Furthermore, samples from two of 
the patients showed banding of the y- 
globulin in the acrylamide gel; this fine 

Fig. 1. Diffusion analyses of gamma-chain 
distribution of representative patients with 
immunological deficiency. Serum samples 
adjusted to contain 150 Ag of IgG were 
subjected to electrophoresis in acrylamide 
gel. The diffusion pattern obtained by re- 
acting a longitudinal slice of the gel with 
antibody specific for gamma chain of IgG 
is shown. The pattern from normal in- 
dividuals is at the top. Patients from 
whom the IgG was isolated showed reac- 
tions typified by the lowermost portion. 

Fig. 2. Immunoelectrophoretic analyses of 
IgG (2 mg/ml) isolated from four pa- 
tients. Electrophoresis of the several sam- 
ples was performed simultaneously. The 
dotted line passes through the tangent of 
the normal arc (A). Arrows show the 
point of tangency for IgG arcs of the 
patients' serum. Cathode to the right. 
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banding is attributable to unit-charge 
differences between the y-globulins and 
is similar to the anomalous patterns 
seen with Bence Jones and myeloma 
proteins (3). A number of manipula- 
tions indicated that the banding ob- 
served in the acrylamide-gel electro- 
phoresis was not due to conversion of 
y-globulins to proteins of unusual unit- 
charge distribution as a result of pro- 
teolysis or destruction caused by han- 
dling (4). While IgG from normal 
human serum undergoes changes if 
kept at room temperature for 24 hours 
at neutral pH, pH 10, or pH 3, in no 
case is banding produced. Further, we 
observed the banding pattern whether 
or not urea was used. Even when the 
serums were handled with special pre- 
cautions to minimize proteolytic deg- 
radation, the banding was still regu- 
larly observed. Figure 3 also shows 
marked difference in dye-binding in IgG 
samples from two of the patients (B 
and D); this decrease in dye-binding 
was always noted with these samples. 
All of the proteins illustrated in Fig. 
3 were subjected to electrophoresis at 
the same time, the same amount of pro- 
tein (180 jig) was applied in each case, 
and the gels were stained simultane- 
ously with the same batch of dye. Al- 
though the banding is associated with 
the more faintly staining specimens, 
this does not, in itself, explain the dif- 
ference. Simply binding more dye 
would not make the normal IgG ap- 
pear to have a more continuous dis- 
tribution of mobilities. 

These findings show that the IgG's 
of normal persons differ from those of 
certain hypogammaglobulinemic pa- 
tients. The observations may be of 
significance in etiological considerations 
of patients with hypogammaglobuline- 
mia and in theories of antibody syn- 
thesis. Our results imply an abnor- 
mality in protein synthesis in these pa- 
tients. The electrophoretic characteris- 
tics of the IgG fractions obtained from 
our patients indicate that only a part 
of the total potential of the IgG pro- 
duction apparatus is functioning nor- 
mally. This could be the result of a 
faulty structural gene involving the con- 
trol of the absent molecules, or selective 
inability of precursors to differentiate 
along certain cell lines (a tendency to- 
ward oligoclonality). 

Schaller et al. (5) reported an un- 
usual case of immunological deficien- 
cy associated with thymic dysplasia, 
lymphopenia, and hypergammaglobu- 
linemia. They mentioned a sharp peak 
in the y-globulin region suggestive of a 

Fig. 3. Acrylamide electrophoresis of iso- 
lated IgG (180 ttg). Samples were applied 
in each case. Limited heterogeneity is evi- 
dent. Samples B and D did show band 
formation, although these bands are not 
evident in the photograph. 

paraprotein, and they also noted the ab- 
sence of faster IgG components. An ad- 
ditional parallel to our findings can be 
found in bacterial mutants. Mutants of 
Escherichia coli and Neurospora crassa 
produce analogs of the enzyme trypto- 
phane synthetase which, although bio- 
logically inactive, bear antigenic deter- 
minants that cross-react with the nor- 
mal enzyme. A similar analog has been 
described for ,i-galactosidase (6). It is 
impossible to test the hypothesis that 
the molecules which are present and 
have been examined are, in this sense, 
abnormal. The species present may 
function adequately. However, the di- 
minished total antibody response in 
these patients is associated with less 
heterogeneity, and thus the organism's 
response is impaired. 
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