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Treatment of Rauscher murine leukemia virus lysates with the anionic deter-
gent sodium dodecyl sulfate (SDS) at concentrations between 0.2 to 2.0% SDS
per mg of viral protein greatly increased the anodal electrophoretic mobility of
p30, the major internal polypeptide. SDS treatment did not reduce p30 antigenic-
ity or cause nonspecific precipitation of normal serum proteins during subsequent
immunoanalysis. The increased anodal electrophoretic mobility allowed assay of
Rauscher murine leukemia virus p30 by Laurell rocket immunoelectrophoresis.
An SDS-facilitated rocket immunoelectrophoresis assay is described that was
highly reproducible (coefficient of variability, <3.0%) and capable of detecting
125 ng of viral protein. To our knowledge, this is the first report of a quantitative
immunoelectrophoretic assay for an oncornavirus antigen. Since SDS binding is a
general property of proteins, this method of noncovalently altering electropho-
retic mobility appears to be applicable to other antigen-antibody systems.

Laurell "rocket" immunoelectrophoresis
(RIEP; 13) is a sensitive quantitative immunoe-
lectrophoretic (QIEP) technique in which im-
munoprecipitate rockets are formed by elec-
trophoresing suitable antigens into gels contain-
ing specific antibody. The surface area and
height of the precipitate is, generally, directly
proportional to the amount of antigen present
in the samples.
Although RIEP has received widespread use

in quantitating a diverse array of antigens (2,
24), many antigens do not possess the electro-
phoretic mobility required to form characteris-
tic rocket immunoprecipitates during RIEP
analysis. Various methods of covalent chemical
modification (6, 27) can be used to alter the pI's
of proteins if a sufficient number of specifically
modifiable amino acid residues are present.
Other methods of increasing electrophoretic
mobility must be used with antigens lacking
sufficient amino acid residues for chemical mod-
ification.
Sodium dodecyl sulfate (SDS) is an anionic

detergent that noncovalently confers a net neg-
ative charge to polypeptides, thereby minlimiz-
ing their native charge differences (22, 23, 25).
Because polypeptides bind identical amounts of
SDS above an SDS-monomer concentration of

t Present address: Jensen-Salsbery Laboratories, Kansas
City, KS 66103.

tt Present address: The J. L. Smith Memorial for Cancer
Research, Pfizer Inc., Maywood, NJ 07607.

5 x 10-4 M (21, 25), we reasoned that SDS
treatment might prove to be an effective
method of noncovalently altering the electro-
phoretic mobilities of polypeptides that possess
pI's generally unfavorable for RIEP quantita-
tion.
The major internal polypeptide of Rauscher

murine leukemia virus (RLV), p30 (1), possesses
a pI of 6.7 (17) and does not readily permit
quantitation by RIEP analysis due to its slow
electrophoretic mobility. This report describes
the successful use of SDS to confer a net nega-
tive charge on the polypeptide, thereby increas-
ing its anodal electrophoretic mobility and al-
lowing RIEP quantitative assay to be per-
formed.
This work was performed by O.R.R. as par-

tial fulfillment of Ph.D. requirements at the
University of Massachusetts.

MATERIALS AND METHODS
Virus. RLV was produced and purified from

chronically infected JLS-V1O cell culture superna-
tants as previously described (12). Highly purified
preparations (verified by SDS-polyacrylamnide gel
electrophoresis) were used in these investigations. Vi-
rus preparations generally contained 1012 virus parti-
cles and 2.0 mg of total protein per ml of concentrate.
Protein was quantitated by the method of Lowry et al.
(14) on samples previously disrupted with 0.1% Sarko-
syl. Highly purified bovine serum albumin was used as
the standard.
Antiserum. Antiserum against RLV p30 was ob-
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tained through the courtesy of J. Gruber, Office of
Program Resources and Logistics, National Cancer
Institute. The antiserum was prepared in a female
goat by intramuscular injection of purified RLV p30
in Freund complete adjuvant. This antiserum yields a
single immunoprecipitin band upon immunodiffusion
and immunoelectrophoretic (IEP) analysis with lysed
RLV and precipitates a single 30,000-dalton poly-
peptide from [3H]leucine, [3H]methionine, or ['"I]lac-
toperoxidase-iodinated RLV.
Immunological techniques. IEP was performed

as directed by an IEP supply package obtained from
Hyland Laboratories, Inc., Palo Alto, Calif. After elec-
trophoresis of 5-A1 samples, plates were developed
with antiserum for 18 h at 37°C. RIEP and radial
immunodiffusion (RID) were performed with the
same Hyland kit by making necessary modifications.
For RIEP, 25 ml of 2% agarose was poured into the
kit's 7.5- by 13.5-cm lid to obtain a base of 2.4-mm
thickness. Once hardened, a strip of agarose (7.5 by
8.0 cm) was removed from the center and replaced
with a thinner, 1.25-mm layer (7.0 ml, total volume) of
2% agarose containing 5% anti-RLV p30 serum. Wells
were punched with a 15-gauge needle immediately
before electrophoresis. Two-microliter samples were
subjected to electrophoresis at 10 mA per plate until
bromophenol blue tracking dye migrated to the ano-
dal well. RID was performed by pouring 15 ml of 2%
agarose containing 5% anti-RLV p30 serum into a
Hyland kit lid. Wells were punched with a 15-gauge
needle, and 2-pl samples were placed in the wells for
24 h at 37°C. Immunoprecipitates were stained with
0.1% fast green before photography.

Lysis and SDS treatment. To insure that RLV
p30 was available for reaction (i.e., that lysis of the
virus was complete and p30 was solubilized), the RLV
preparations used in this study were first lysed with
2% Nonidet P-40 and 2% sodium deoxycholate before
SDS treatment. Though this treatment effectively
solubilizes p30, it does not alter its electrophoretic
mobility as compared to native p30 (unreported data).
SDS was obtained from Fisher Scientific Co., Pitts-

burgh, Pa., and further purified by extraction with
acetone and chloroform. SDS was added to Nonidet
P-40-deoxycholate RLV lysates as required from a
20% (wt/wt) stock solution to obtain desired concen-
trations. Treated samples were allowed to remain at
room temperature for 30 min before immunoanalysis.

Because SDS binds to polypeptides, the amount of
unbound SDS remaining in an SDS-protein mixture
will be influenced by the amount of protein in the
mixture. Therefore, the data in this report are pre-
sented as percentages of SDS per milligram of RLV
protein, thereby reflecting that the total RLV protein
in a solution must be considered when the percentage
of SDS is reported.
Carbamylation. RLV preparations were carba-

mylated in the presence of 2% Nonidet P-
40-deoxycholate by the procedure of Bjerrum et al.
(4).

RESULTS
Previous attempts in our laboratory to use

RIEP to quantitate RLV p30 have met with
limited success. Though altering the pH of the

electrophoresis system was found to change the
IEP patterns obtained, the resulting immuno-
precipitates were not sharply delineated and
appeared to have been formed more from diffu-
sion than by electrophoresis.

After an observation in our laboratory that
p30 antigenic determinants are still able to react
in immunodiffusion with specific antiserum after
1 min of boiling in 1% SDS, we reasoned that
SDS might facilitate RIEP of p30 by conferring
an artificial electrophoretic mobility on the poly-
peptide. An experiment was therefore outlined
to test this hypothesis.

Figure 1 shows the effect of treating RLV
samples with increasing amounts of SDS on the
relative electrophoretic mobility of RLV p30.
Though most of the untreated RLV p30 dis-
played a slight cathodal electrophoretic mobil-
ity, samples treated with increasing amounts of
SDS displayed increasing anodal electropho-
retic mobilities. In addition to reversing and
greatly increasing the electrophoretic mobility
of RLV p30, the anionic detergent also changed
p30's immunoprecipitation pattern. Untreated
RLV lysates usually yield rather broad p30 im-
munoprecipitates with clear indication of two
electrophoretically distinct populations possess-
ing identical p30 antigenic determinants (10, 17).
However, SDS treatment minimized these dif-
ferences and yielded a population of electropho-
retically homogeneous antigenic determinants.
Treatment with 5% SDS per mg of RLV protein
conferred an electrophoretic mobility on the p30
molecule approximately equivalent to that of
native bovine serum albumin.
RIEP was subsequently attempted with SDS-

treated lysates (Fig. 2). The results showed that
SDS concentrations between 0.5 and 2.0%/mg
of RLV protein conferred an increased anodal
electrophoretic mobility on RLV p30 and re-
sulted in the formation of sharp, clearly deline-
ated rocket immunoprecipitates. Smaller, poorly
defined immunoprecipitates were obtained when
the SDS concentration was lower than 0.5%/mg
of RLV protein. Because of these results, we
have adopted 0.5% SDS per mg of RLV protein
for routine RIEP assay of RLV p30.
To substantiate that rocket immunoprecipi-

tates were due to an immunoprecipitation reac-
tion between RLV p30 and its specific antibody,
the above samples were simultaneously electro-
phoresed into an agarose gel containing 5% nor-
mal goat serum (Fig. 2). Immunoprecipitates
were not obtained with normal goat serum aga-
rose, thereby ruling out the possibility that im-
munoprecipitates were due to the nonspecific
reaction of SDS with normal serum components
(5).
The effect of SDS on the reactivity of RLV
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FIG. 1. IEP ofSDS-treated RLV lysates. After treatment with various concentrations of SDS, 5.-d volumes
of RLV (10 jug of total protein) were subjected to electrophoresis until bromophenol blue tracking dye
migrated to the end of the troughs at the anode fright). Anti-RLVp3O serum was placed in the troughs and
allowed to incubate at 370C for 24 h.

p30 antigenic determinants was investigated to
verify that the detergent does not partially de-
stroy or otherwise reduce the polypeptide's abil-
ity to react with its specific antibody. For these
investigations, RID (which relies upon diffusion
rather than upon electrophoresis to form im-
munoprecipitates) was used. An RLV lysate was
divided into portions and either treated with
various concentrations of SDS or carbamylated
for 3 h at 37°C with potassium cyanate (4). An
additional untreated portion served as a control.
When serial twofold dilutions of the prepara-
tions were assayed by RID (Fig. 3), no differ-
ences were observed between the ring sizes of
the immunoprecipitates of the SDS-treated
RLV lysates, the carbamylated RLV lysate, or

the control RLV lysate. In addition, no precipi-
tation was observed (either before or after stain-
ing) around wells receiving serial twofold dilu-
tions of a 2% solution of SDS. These results
indicate that the SDS treatment neither de-
stroys p30 antigenic determinants nor impairs
formation of p30 immune complexes.
The effect ofdetergent treatment on the quan-

titative aspects of RIEP assay was also investi-

gated. Two portions of an RLV preparation were
carbamylated for 3 and 18 h, respectively; and
portions of each preparation were then treated
with 0.5% SDS per mg of RLV protein. The
four preparations were co-electrophoresed into
a 2% agarose gel containing 5% anti-RLV p30
serum (Fig. 4). All RLV samples formed rocket
immunoprecipitates upon electrophoresis, indi-
cating that carbamylation of RLV alone is suf-
ficient to alter the electrophoretic mobility of
p30 enough to permit RIEP analysis and quan-
titation. The rockets formed by the SDS-treated
samples were approximately 1.2 and 1.1 times
higher than their corresponding 3-h and 18-h
carbamylated RLV controls. However, this dif-
ference is not interpreted as being significant,
since the rockets of the SDS-treated samples
were visible at an earlier time. Since the electro-
phoretic mobility of SDS-treated RLV p30 was
greater than carbamylated p30, the slightly
larger rockets of SDS-treated samples were due
to faster electrophoresis. This conclusion is fur-
ther supported by the fact that the 18-h carba-
mylated RLV preparation formed a rocket 1.3
times higher than the 3-h carbamylated prepa-
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FIG. 2. RIEP of SDS-treated RLV lysates. After

treatment with various concentrations of SDS, 2-,ld
volumes ofRLV (2 mg of total protein) were simulta-
neously electrophoresed into 2% agarose containing
either 5% normal goat serum (top) or 5% goat anti-
RLV p30 serum (bottom). SDS concentrations used
were: (a) 2%, (b) 1%, (c) 0.5%, (d) 0.2%, (e) 0.05%, (f)
0.005%, and (g) 0% per mg ofRLVprotein.

ration in the time allotted for the electrophore-
sis.

Inclusion of 0.5% SDS per mg of RLV protein
was sufficient to allow RIEP quantitation of
RLV p30 and was therefore adopted for routine
RIEP assay of RLV samples. Figure 5 shows
the results of one such analysis in which an
estimation was made of the amount of "viral
protein" in fractions collected from a model K-
II zonal ultracentrifuge after initial concentra-
tion of 118 liters of RLV material. When plotted
(Fig. 6), the rocket heights given by the RLV
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standards yielded a curvilinear plot between 125
and 4,000 ng of total RLV protein. The nonlin-
earity of the standard plot is attributable to
incomplete electrophoresis. Because purified
RLV preparations were used to make the stan-
dards, quantitation must be made in terms of
viral protein. Other assays performed on the
fractions identified by RIEP as containing p30
antigens (e.g., virus particle counts by electron
microscopy, ribonucleic acid-directed deoxyri-
bonucleic acid polymerase, total protein, and
viral infectivity) verified that the QIEP tech-
nique had not only qualitatively identified the
fractions that contained RLV, but had also pro-
vided a quantitative estimate of the amount of
virus in each fraction (data not shown).

DISCUSSION
The binding of the anionic detergent SDS to

polypeptides and other biological macromole-
cules has been studied in detail (20-22). Its use-
fulness in conjunction with polyacrylamide gel
electrophoretic techniques both for solubili-
zation and for obtaining estimates of molecular
weights is well established (23, 26). However,
the use of SDS with immunological techniques
has generally been discouraged in the literature.

Several reports have been made of SDS caus-
ing nonspecific precipitation of normal serum
proteins (especially 7S immunoglobulin) during
agar gel diffusion and IEP of SDS solutions (5,
11, 19). In contrast, Crumpton and Parkhouse
(8) reported that precipitation of antigen-anti-
body complexes was markedly inhibited by 0.5%
SDS. It is therefore evident that care must be
exercised when using SDS in immunoprecipita-
tion techniques, as it may yield false-positive or
false-negative immunoprecipitation data.
The anomalous effects that SDS can elicit

have also been observed in QIEP techniques.
Nielsen and Bjerrum (16) reported that 1 to 2
mmol of SDS in a 5-pl sample was sufficient to
cause disturbances in the normal precipitation
patterns obtained upon QIEP analysis of either
human serum proteins or membrane proteins
from bovine milk fat globules. The disturbances
included loss of certain immunoprecipitates, the
appearance of new immunoprecipitates, and the
apparent non-immunological precipitation of
other serum proteins. Interestingly, these effects
could be partially overcome by incorporating
nonionic detergents in either the samples or the
agar gels before QIEP analysis.
Whereas there is no doubt that the strong

conformation changes and alteration of charge
induced by SDS can precipitate certain polypep-
tides and/or interfere with their specific immu-
nological reactivity, SDS has, nonetheless, been

*: .. ...
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FIG. 3. RID ofSDS-treated and carbamylated RLV lysates. After treatment either with various concentra-
tions ofSDS or by carbamylation with potassium cyanate, serial twofold dilutions were made ofRLV lysates
containing 1 mg of total protein per ml. Two-microliter volumes of each dilution were placed in wells in 2%
agarose containing 5% anti-RLV p30 serum and allowed to incubate for 24 h at 37°C. Controls included
serial twofold dilutions of an untreated RLV lysate and a 2% SDS solution. SDS concentrations used were:
2%, 1%, 0.5%, 0.25%, and 0.6% SDSper mg ofRLVprotein.

3 hr
Carbam

3hr +
Carbam SDS

18 hr
Carbam

18hr +
Carbam SDS

FIG. 4. Influence ofSDS on RIEP ofcarbamylated
RLVpreparations. After carbamylations for either 3
or 18 h, portions of identical RLVpreparations were
treated with 0.5% SDS per ml of RLV protein and
analyzed by RIEP assay for RLV p30. Resulting
heights of rocket immunoprecipitates are plotted rel-
ative to the untreated 3-h-carbamylated control.

used successfully by a number of investigators
to extract antigens from membrane complexes
and enveloped viruses without loss of antigenic
reactivity (7, 9, 10, 18). In these studies, the
investigators used the anionic detergent solely
for extraction purposes and generally removed
it by cold precipitation, KCl precipitation, or
ion-exchange chromatography (25) before per-
forming immunological characterization of the
extracts.

Investigators studying uromucoid have used
the dissociating properties of SDS to facilitate
a variety of immunological techniques (11, 15).
Because native uromucoid possesses a molecular
weight of 7 x 106, the large glycoprotein molecule
must first be dissociated into its 80,000-dalton
subunits before analysis by agar gel immunodif-
fusion and IEP is possible (11). The investigators
titrated the SDS and determined that 0.3% SDS
was sufficient to maintain the uromucoid in its
subunit state, thereby allowing RID and RIEP
analyses to be performed. Higher concentrations
of SDS interfered with both assays by causing
a nonspecific precipitation in RID assay and
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0
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FIG. 5. RIEP quantitation of viral protein in zonal ultracentrifuge gradient fractions after concentration
of 118 liters ofRLV material. Sucrose was removed by differential ultracentrifugation, and portions of each
fraction were treated with 0.5% SDS per mg of protein. Two-microliter volumes of the samples and serial
twofold dilutions of a standard purified RLVpreparation containing 2 mg ofprotein per ml and 1.0% SDS
were analyzed by RIEP assay for RLVp3O.

yielded artifactual overestirnations ofuromucoid
concentration in RIEP assay.
The work presented here also describes the

use of SDS in IEP techniques, but for a different
purpose: to noncovalently confer an increased
anodal electrophoretic mobility on antigens that
otherwise migrate too slowly during conven-
tional electrophoresis to permit QIEP analysis.
The data presented (Fig. 1) show that treatment
of RLV lysates with the anionic detergent SDS
at concentrations between 0.2 and 2.0% SDS per
mg of viral protein (SDS:protein ratio, 2:1 to
20:1 [wt/wt]) greatly increases the anodal elec-
trophoretic mobility of RLV p30. The treatment
does not cause a loss of antigenicity (as deter-
mined by RID quantitation, Fig. 3) and does
not cause nonspecific precipitation ofserum pro-

teins during RID, IEP, or RIEP analysis (Fig.
1 through 3).
As mentioned above, other investigators have

found that SDS can cause nonspecific precipi-
tation of normal serum proteins or interfere with
specific immunological precipitation reactions.
We did not observe these effects during our
studies. Though the reasons for this could be
many, we attribute it to binding of the anionic
detergent by RLV components, possibly to a
counter-effect exhibited by the two nonionic de-
tergents (Nonidet P-40 and deoxycholate) pres-
ent in the RLV lysates (16), or to the antigen-
antibody system under investigation.
SDS treatment of RLV preparations was

found to have an additional effect on the im-
munoprecipitation pattern of RLV p30 during

VOL. 18, 1977



66 ROBINSON, SHIBLEY, AND SEVOIAN

X20

10.

0 0.5 1.0 1.5 2.0 2.5

RLV Protein (mg/ml)

FIG. B. Plot of rocket immunoprecipitate heights
ofRLV standards shown in Fig. 5.

IEP analysis (Fig. 1). Although IEP of murine
oncornavirus p30 generally yields asymmetric
patterns due to heterogeneity of charge (10, 17),
SDS treatment was observed to overcome this
effect and yielded preparations that gave sym-
metrical p30 precipitation patterns at concentra-
tions above 0.2% SDS per mg of viral protein
(SDS:protein ratio, 2:1 [wt/wt]). A very elon-
gated and asymmetric immunoprecipitate was
obtained at a concentration of 0.05% SDS per
mg of viral protein. Since these effects are ob-
tained as SDS concentration and p30 anodal
electrophoretic mobility increase, they are at-
tributed to increased binding of SDS by the p30
molecule and an obscuring of native charge het-
erogeneity.
To verify that treatment with SDS does not

cause abnormally high rocket immunoprecipi-
tates (3), an RLV sample was carbamylated and
compared by both RID and RIEP assay before
and after SDS treatment. Both RID and RIEP
analyses (Fig. 3 and 4) indicated that SDS treat-
ment does not cause artifactual rocket heights.
At SDS concentrations of 0.5%/mg of viral

protein (SDS:protein ratio, 5:1), RLV p30 pos-
sesses sufficient electrophoretic mobility to yield
sharp, clear rocket immunoprecipitates in RIEP
analysis. This concentration was therefore
adopted as a standard SDS concentration at
which to assay unknown samples for p30 con-
tent. This assay has been used in our laborato-
ries to screen gradient fractions (as presented
in Fig. 5), cell lysates, and virus concentrates
(both crude and highly purified) for the presence
of RLV p30 antigenic determinants. In all ma-
terials tested to date, RLV p30 (when present)
has yielded sharp, clear rocket immunoprecipi-

tates. Plots of standard rocket heights are fairly
linear (Fig. 6), and if electrophoresis is continued
for longer periods of time, the standard plots
become truly linear. To our knowledge (24), this
is the first report of a QIEP assay for an oncor-
navirus antigen.

In the experiments reported, RIEP in agarose
gels containing 5% antiserum was used to detect
RLV p30 in as little as 125 ng of total viral
protein. Reducing the antiserum content of the
agarose results in larger, less intense rocket im-
munoprecipitates. For instance, when agarose
containing 3.3% anti-RLV p30 serum is used for
RIEP, 3-mm rockets are obtained with 30 ng of
total RLV protein (unreported data). It is there-
fore apparent that SDS-facilitated RIEP assay
is a sensitive assay for detecting RLV p30. In
addition, the assay was found to be highly repro-
ducible (coefficient of variability, <3.0%).
Because the standards used in this study were

RLV lysates and not purified RLV p30, all data
have been reported in terms of viral protein. It
is not felt that using purified p30 for standards
would pose any problems in obtaining charac-
teristic rocket precipitates or prevent the SDS-
facilitated RIEP assay from being used to quan-
titate p30 content in more purified samples.
However, if other components of RLV (e.g.,
nucleic acids, lipids, glycoproteins, etc.) bind
significantly more or less SDS than p30, our
titrated SDS concentration of 0.5%/mg of viral
protein may prove to be unsatisfactory and re-
quire some adjustment to assay highly purified
p30.
The data presented were obtained on a single

antigen-antibody system. Because SDS binding
is a general property of proteins, we speculate
that SDS can be used in similar manner with
other antigen-antibody systems. Indeed, we
have already successfully applied the method to
detect antigens of other murine and primate
oncornaviruses.
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