type. We have shown that a bacterial

species with DNA of the high GC type

does nevertheless possess the means

(activating enzymes and sRNA) to

read coding units which do not contain

G or C. ’
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Sonic Energy Effects in Bovine Serum Albumin Solutions

Abstract. Bovine serum solutions exposed to high-frequency sound were
examined by ultracentrifugal, electrophoretic, viscometric, conductivity, light
scattering, and optical rotatory dispersion procedures. Parameters determined
with treated material were the same as those determined with untreated albumin
solutions except for slight differences in rotation, the dispersion constant, and in

weight-average molecular weight.

In contrast to DNA and collagen,
which are highly anisometric molecules
(1-4), the globular protein bovine
serum albumin is strikingly insensitive
to treatment with high-frequency sound.
Doty et al. (2) and Nishihara and Doty
(3) observed. scissions in DNA in 1
minute and in collagen within 10 min-
utes when these substances were ex-
posed to sound from a 50-watt, 9-kc
Raytheon generator. The fragmentation

of DNA is a nonrandom process and
the strand is split preferentially near
the midpoint (2, 4). The fragmentation
of collagen results in shorter pieces
which retain the - three-stranded helical
structure (3). Kanig and Kiinkel (5)
reported turbidity, flocculation, and in-
creased viscosity in bovine serum al-
bumin and fibrinogen solutions treated
with high-frequency sound. In contrast,
Tolgyessy and Kovacs (6) found no

Table 1. Comparison of bovine serum albumin exposed to 9-kc sound waves for 120 rpinutes
with untreated bovine serum albumin. The results are averages of two to six experiments.

Physical parameters Control Treated
Intrinsic viscosity [n] deciliters/gram 0.039 0.039
(Kc/Rg)o* % 10° 148 0.91
Weight-average molecular weight, M 68,000 110,000
Specific rotation, [¢]p —59.5 —56.0
Dispersion constant A, (mu) ‘ 264 266
Mobility, u % 10° cm? volt? sec™! —6.6 —6.6
St w from the second moment of the gradient curve 4.8 49

d .

Refractive increment,-—(%, in H,O at 436 my; ¢ in g/ml 0.1940 0.1940
Extinction coefficient E'%s deciliters/gram 6.45 6.45

# The limiting value of the scattering.
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change in viscosity but noted an in-
crease in the conductivity of ovalbumin
solutions exposed to ultrasound waves.

Since sonic energy is used extensively
to disrupt microorganisms (7, 8), it
seemed worthwhile to inquire into the
effects of the energy from high-fre-
quency sound on globular proteins. A
variety of procedures, such as ultra-
centrifugation, electrophoresis, viscosity,
optical rotation, light scattering, and
conductivity, have been used to ex-
amine sound-treated solutions of bovine
serum albumin. Crystalline bovine
serum albumin (Armour Pharmaceuti-
cal Co.) was dissolved in 0.1M KCI;
the solution was placed directly in the
steel cup of a 50-watt, 9-kc Raytheon
magnetostriction generator and ex-
posed to high-frequency sound without
excluding oxygen for 120 minutes. The
power output of the sonic oscillator was
checked according to the procedure
recommended by the manufacturer.
Viscosity measurements were carried out
at 20.0° = 0.1°C (9). Protein con-
centrations were determined spectro-
photometrically or by the Lowry pro-
cedure (/0). In experiments carried
out in a Model E Spinco centrifuge,
control and treated samples were run
simultaneously with wedge-window and
normal cells under essentially identical
conditions. The weight-average sedi-
mentation coefficient S (7/7) was cal-
culated from the rate of movement of
the square root of the second moment
of the entire gradient curve according
to the method of Goldberg (/7). Syn-
thetic boundary experiments were car-
ried out in a 12-mm cell with a 2°
sector modified according to the method
of Kegeles (12). Experimental pro-
cedures used in light scattering have
been considered previously (I13). A
Rudolph automatic recording spectro-
polarimeter was used for optical-dis-
persion measurements.

The results show (Table 1), despite
the extensive exposure of the protein
to sonic energy, a similarity in param-
eters determined from the treated and
the nontreated samples. In electro-
phoretic patterns of sound-treated bo-
vine serum albumin we observed a
barely detectable shoulder moving more
slowly than the main component. In
synthetic-boundary studies, the differ-
ences in areas under the gradient curves
obtained at 3000 rev/min and at 59,780
rev/min, after correction for radial
dilution and the stretch of the rotor,
reflect the removal from the boundary
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region of rapidly sedimenting material.
There was approximately 3 percent of
such material in the treated sample. The
shape of the curve from a graph of §
plotted against total protein concentra-
tion depends on the distribution of par-
ticles according to size. If the distribu-
tion depends on concentration, there is
an increasingly larger fraction of the
lower molecular weight species at low
concentrations. A linear relationship, a
result incompatible with rapidly rever-
sible interactions, existed. It should be
emphasized that aggregates removed
from the boundary region and which
are not optically recorded are not in-
cluded in the calculation of the weight-
average sedimentation coefficient. Con-
vincing qualitative evidence for highly
aggregated material present in the
treated bovine serum albumin but ab-
sent in the untreated was obtained by
sedimentation in the ultracentrifuge
with the “field relaxation method” (14).

Solutions of treated and untreated
bovine serum albumin were dialyzed
separately against equal volumes of
0.1N KCl in an attempt to demonstrate
low molecular weight fragments result-
ing from treatment with high-frequency
sound. The absorbency of the dialysates
from the two solutions measured in the
region of 250 to 280 my was identical.
Peptides were not detectable in the
dialysates by the Lowry procedure
(10). The identical conductivity ob-
served in solutions of treated and un-
treated bovine serum albumin provides
further evidence for the absence of low
molecular weight fragments When
samples of treated and untreated al-
bumin were centrifuged for 60 minutes
at 105,000g, within the limits of sam-
pling errors no difference in concentra-
tion distribution was observed, nor was
there a detectable amount of sediment
at the bottom of either tube.

Native bovine serum albumin is a
compact relatively symmetrical mole-
cule (I5) containing either 17 or 18
disulfide groups (I16). If no change
in molecular weight is assumed, it is
difficult to imagine any change in con-
figuration which would substantially
increase the capacity of the bovine
serum -albumin molecule to scatter
light. The most plausible explanation
for the effects of high-frequency sound
appears to be aggregation. The protein
forms aggregate in acid solution (I7),
on denaturation with urea (/8), and
on heating (I9) owing to polymeri-
zation—one interpretation—by means

13 MARCH 1964

of sulfhydryl-disulfide interchange. As
ordinarily prepared, 68 percent of the
bovine serum albumin molecules con-
tain a free SH group (/6). A second
possibility, discussed by Waugh (20),
is the reversible formation of fibrous
aggregates. Since oxygen was not ex-
cluded, aggregation resulting from oxi-
dation by free radicals formed during
the sound treatment (8) provides a third
plausible mechanism.

In a mixture of dimers and mono-
mers, 62 percent of dimers would be
required for a weight-average molecular
weight of 110,000, a value inconsistent
with the results from ultracentrifuge
measurements. With a sample contain-
ing 59 percent dimers, Bro, Singer, and
Sturtevant (I7) observed a distinctly
bimodal boundary. A polymer having
an average weight of 1 X 10°, compris-
ing 2 to 4 percent of the treated sample,
is consistent with our observations. A
portion of the aggregated material was
removed from the boundary region
and was not optically recorded in sedi-
mentation-velocity studies. Other pro-
cedures employed in studying the
treated samples did not remove these
larger aggregates from consideration,
and the results reflect the presence of
aggregates. The small shoulder, amount-
ing to less than 5 percent of the total
area, seen in the electrophoretic patterns
would appear to represent some poly-
mer formed during the exposure to
high-frequency sound. Extensive frag-

mentation, even where reaggregation of

fragments occurred, would be expected
to result in distinct and more striking
qualitative differences in ultracentrif-
ugal and moving-boundary electro-
phoretic properties.

The changes in the optical rotatory
properties of the treated albumin were
slight enough to be considered within
experimental error. The data shown
in Table 1, however, are the average
of a number of experiments. Because
the specific rotation in all cases de-
creased and the dispersion constant
(Ac) was greater after treatment, we
are led to conclude that the small
changes observed were indeed real.
Steinrauf and Dandliker (7/9) observed
similar small changes in optical rota-
tion,[a]», during the polymerization of
bovine serum albumin with heat.
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Separation of Microsomal RNA into
Five Bands during Agar
Electrophoresis

Abstract. Microsomal RNA from
rabbit livers and lymph nodes separate
into five major bands during agar-gel
electrophoresis. The  electrophoretic
method may be used either as an ana-
lytical or preparative tool. The 33S and
19S peaks of microsomal RNA from
sucrose-gradient zone centrifugation
divide into two bands each during sim-
ple agar electrophoresis.

The simple technique of electro-
phoresis in agar devised by Gordon (/)
has served to identify, separate, and
prepare many substances from com-
plex mixtures. Although Uriel et al.
(2) showed RNA electrophoresis in
agar and that RNA could be identified
by pyronine staining, Bachvaroff, Yom-
tov, and Nikolov (3) first applied the
method to the separation of RNA into
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