the composition of nonhelical regions
but also from differences in the relative
amount of helical structure and in the
lengths of the helical segments. Varia-
tion in composition might, therefore, re-
flect significant differences in structure.
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Beta-1C-Globulin: Metabolism in Glomerulonephritis

Abstract. The metabolism of f;c0-globulin labeled with iodine-131 was studied
in six normal individuals and in three individuals with glomerulonephritis who
exhibited markedly reduced serum concentrations of this protein. Fractional
catabolic rates were similar in both groups, and therefore the low concentration
of serum B,c-globulin in glomerulonephritis appears to be chiefly secondary to

decreased synthesis.

It has been known for decades (7)
that total serum complement activity
is markedly lowered for several weeks
after the onset of acute glomerulone-
phritis. In addition, some children with-
out a history of acute glomerulone-
phritis, but with intermittent nephrotic
syndrome and characteristic patho-
logical changes of the glomeruli (pro-
gressive glomerulonephritis), have per-
sistently low levels of complement ac-
tivity for a year or more (2). In both
acute and progressive glomerulone-
phritis, concentration of the third com-
ponent of complement, J;c-globulin
(C’3), has been shown to be markedly
decreased in serum (2, 3).

Several independent observations
have indicated that the lowered activity
of complement in these disorders is the
result of continuing complement fixa-
tion. Immunofluorescent studies have
shown B;q-globulin, as well as -glob-
ulin and fibrinogen, on the glomeruli of
patients with glomerulonephritis (4).
Some features of acute and progressive

180

glomerulonephritis can be produced in
rats by the injection of rabbit antiserum
to rat kidney (5). In this experimental
disease, activity of serum complement
is lowered and f3;q-globulin is fixed to
glomeruli (5).

We have attempted to obtain more
direct evidence for the basis of per-
sistently lowered activity of comple-
ment in the serums of individuals with
glomerulonephritis by the use of I'#1-
labeled 3;c-globulin.  Beta;-globulin
was prepared by the original method of
Miiller-Eberhard, Nilsson, and Arons-
son (6), and it was labeled with radio-
active iodine by the technique of Mac-
Farlane (7). A mean of one atom of
iodine (or less) per molecule was in-
corporated. Over 80 percent of the ra-
dioactivity was attributable to By-
globulin as measured by precipitation
of counts in antibody excess by an
antiserum specific for this protein.

The labeled B;c-globulin was filtered
on a Millipore filter and examined by
immunoelectrophoresis before and af-

ter incubation with hydrazine and
EAC’; 4o (sheep red blood cells sensi-
tized with rabbit antibody to sheep
red cells that have complement compo-
nents 1, 4, and 2 on them), and, after
addition to fresh serum, by radioim-
munoelectrophoresis, with the use of
antiserums to whole human serum and
to Bi¢-globulin. With both antiserums,
the labeled protein gave an arc identical
in appearance with that of native B¢~
globulin in fresh serum. The same ma-
terial converted to an arc of more rapid
mobility (B8;4- or B;g-globulin) when
it was incubated with hydrazine or
EAC’; 4o in the same manner as By¢-
globulin in whole serum. Millipore-
filtered, labeled, and dialyzed gyc-
globulin increased the hemolytic ac-
tivity of serum from patient V.O. (with
progressive glomerulonephritis) to the
same extent that the unlabeled protein
did. These findings confirm the obser-
vation of Miiller-Eberhard and co-
workers that labeling with radioactive
iodine has no effect on the complement
activity of C’3 (8).

Concentration of serum fJ¢-globulin
was estimated by an immunochemical
method (9). Six normal subjects and
three individuals with glomerulone-
phritis were studied (10). After intra-
venous injection of from 2 to 6 uc of
I'31labeled g;q-globulin, radioactivity
was assayed in plasma, urine, and, in
some cases, stool. In no case was sig-
nificant  protein-bound radioactivity
found in the urine, nor was there sig-
nificant excretion of radioactivity in the
stool. Curves of protein-bound radio-
activity in plasma and urinary excretion
in normal individuals (Fig. 1) and in
individuals with glomerulonephritis (Fig.
2) showed no striking differences. Since
the concentrations of fBjc-globulin in
serums of individuals with glomerulo-
nephritis were between 4 and 20 per-
cent of normal (5 to 30 mg as opposed
to a normal of 150 = 10 mg per 100
ml), the low levels resulted primarily
from depressed synthesis of f;q-glob-
ulin.

Catabolic and synthetic rates were
calculated from curves of protein-
bound radioactivity in plasma by the
Matthews method (7/) and from plas-
ma concentrations of f;s-globulin.
Plasma volumes were calculated from

the amount of radioactivity in plasma

samples obtained 10 minutes after in-
jection and the amount of radioactivity
in the labeled protein that was injected.
In several instances, plasma volumes
were also determined by I'25-labeled
human serum albumin, and the figures
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Table 1. Summary of the metabolism of I'-labeled g;c-

three individuals with glomerulonephritis.

globulin in six normal subjects and

Frac- Rate of
Bre- tional synthesis Extra
globulin . Y . vascular/  Plasma
Sub- Age Sex Status® inserum  catabolic Ofbﬁ k¥ plasma  volumet
ject (yr) (mg/ rate globulin pool (ml/kg)
100 ml) (% plasma (mg/kg ratio
pool/hr) per hr)
T.G. 26 M N 150 2.0 1.2 1.1 39
D.Z. 26 M N 165 2.8 1.7 0.4 37
F.A. 27 M N 150 3.0 1.9 0.8 43
R.L. 26 M N 162 2.3 1.5 0.6 40
L.R. 26 M N 150 2.5 1.3 0.7 33
J.P. 26 F N 150 1.7 1.1 0.8 42
Mean (£ 2 SD) 154 =14 240098 1506 071+ 0.48
J.F. 11 F AGN 6 3.6 0.1 1.1 38
V.0. 13 F PGN 7 2.4 0.1 0.8 50
J.L. 12 F PGN 30 1.8 0.3 1.1 55
* N, normal; AGN, acute glomerulonephritis; and PGN, progressive glomerulonephritis. 7 Patients

V.0. and J.L. had hematocrits of 38 and 34 percent.
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Fig. 1. (Upper portion) Protein-bound radioactivity in plasma as percentage of the
initial (10-minute) value plotted on a semilogarithmic scale versus time for two

normal individuals.

Plasma curves have been resolved into three exponentials, which

~ are also shown in upper portion of figure. (Lower portion) Percentage of the dose
excreted in urine per hour in these same studies.
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Fig. 2. Same as Fig. 1 except that data are for two subjects with glomerulonephritis.
It is evident that these curves do not differ greatly from those in the normal individuals.
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agreed within 5 percent. If a significant
amount of labeled protein had been re-
moved before 10 minutes, plasma vol-
umes calculated from dilution of I'31-
labeled B-globulin would have been
too high. These data are presented in
Table 1 and show the markedly low-
ered synthesis of (;.-globulin in indi-
viduals with glomerulonephritis.

Prolonged decrease of hemolytic
complement in serum of individuals
with glomerulonephritis is apparently
due chiefly to the selective lowering of
the concentration of serum g;.-globu-
lin, since highly purified g.-globulin
(12) alone restores the hemolytic ac-
tivity of complement in serums from
these individuals (9, 13). Deposition of
Bic-globulin on glomeruli may well be
an initial and transient event in acute
glomerulonephritis. This protein is de-
tectable on glomeruli even after com-
plement activity returns to normal in
both natural (/4) and experimental
(5) glomerulonephritis.

Our failure to find strikingly increased
disappearance of labeled g;q-globulin
from the plasma of individuals with
glomerulonephritis cannot be attributed
to contaminating protein (less than 20
percent of the total radioactivity as la-
beled B~ and By;-globulin) in the 8-
globulin preparation. Even if one as-
sumes a very long half-life (for example,
20 days) for this contaminant, made
very unlikely by the actual plasma
curves,. catabolic rates would be in-
creased only two and a half or three
times. If synthesis were normal, the
catabolic rates would have to be up to
25 times the normal to explain the very
low concentrations of serum g;¢-globu-
lin that we observed in some of the
patients. In addition, as seen from the
plasma and urinary excretion curves,
no rapidly catabolized component is
evident.
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Satellite Deoxyribonucleic Acid
from Bacillus cereus Strain T

Abstract. DNA isolated from expo-
nentially growing cultures of Bacillus
cereus T has a single component (den-
sity 1.696 g cm—3) in a cesium chloride
density gradient whereas DN A isolated
from spores shortly after the initiation
of germination has two components: a
major one (density 1.696 g cm—?) and
a satellite (density, 1.725 g cm—?). The
DNA of both components is double-
stranded. By the first cell division there
is no satellite DNA.

The germination and outgrowth of
bacterial spores has been proposed as
a useful model system for the study
of cellular differentiation (/). Evidence
has been obtained for changes in the
pattern of RNA synthesis (2), in classes
of ribosomes (3), in metabolic activity
(4), and in structures (5). We have
examined some of the physiochemical
properties of the DNA isolated from
spores and outgrowing cells of Bacillus
cereus T, and have obtained evidence
for two DNA components, one of
which differs quantitatively and qualita-
tively from the single component found
in logarithmically growing cells of B.
cereus.
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Spores were prepared from cells of
B. cereus grown in “G” medium (6).
Germination after heat activation (65°C,
2 to 4 hours) was initiated by the
addition of spores to “G” medium con-
taining 10—3M vr-alanine and 10—3M
adenosine. Germination was stopped
at intervals after initiation by pouring
portions of the culture over an equal
volume of ice maintained at —20°C.
The cells were washed once in SCET
buffer [IM NaCl, 1 percent cetyltri-
methylammonium bromide (weight/vol-
ume), 10-3M EDTA, and 10-3M
tris, pH 8.0], suspended in the same
buffer, and incubated at 37°C overnight
with 1 mg of Pronase (Calbiochem) per
milliliter. Treatment with Pronase great-
ly increased the viscosity of the ger-
minated spore suspension, and the
spores appeared empty under the phase-
contrast microscope. Dormant spores
were not appreciably affected. The par-
tially lysed cells were then heated for
4 hours at 65°C to complete lysis and
to allow autodigestion of Pronase. Cel-
lular debris was then separated by
centrifugation and the supernatant was
poured into approximately 4 volumes
of 95-percent ethanol. The fibrous
precipitate that rose to the top of the
ethanol was collected and dissolved in
saline-citrate (0.15M NaCl + 0.015M
NazCy¢H;0;, pH 7.0) according to the
procedure of Marmur (7). RNA was
digested by incubation at 37°C for 30
minutes with 1.0 unit of T; ribonu-
clease and 100 ,g of pancreatic ribonu-
clease per milliliter. Sodium perchlorate
was added to a final concentration
of 1.0M and the incubation mixture
was repeatedly deproteinized by a mix-
ture of chloroform and isoamyl alcohol
(7). The DNA was finally precipitated
with ethanol, and the precipitate was
dissolved in saline-citrate solution. Such
solutions were stored at 4°C over
chloroform until used.

Fig. 1 (above right). Buoyant densities in
CsCl of DNA extracted from cells in the
mid-log phase of growth (A) and spores
1 minute after initiation of germination
(B). Escherichia coli DNA (1.71 g cm™)
was used as a reference density marker.

Fig. 2 (bottom right). Buoyant densities in
neutral and alkaline CsCl of one and two
component DNA from Bacillus cereus T.:
DNA at neutral pH from cells in the mid-
log phase of growth (4), DNA at pH 12
from cells in mid-log phase of growth
(B), DNA at neutral pH from cells shortly
after germination (C), and DNA at pH
12 from cells shortly after germination
(D).

Analytical methods were essentially
those of Meselson, Stahl, and Vinograd
(8). For analysis in cesium chloride
solutions at neutral pH, mixtures were
prepared by the procedure of Schild-
kraut, Marmur, and Doty (9). When
alkaline CsCl solutions were used as
solvent, solid CsCl was added to the
DNA solution, the density was adjusted
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