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Electrophoresis is one of the most widely used methods in modern biochemistry, molecu-~
lar biology, immunology, and other biological disciplines. Polyacrylamide gel (PAG) electro-
phoresis is widely used to study the properties of single proteins and also to analyze the
protein composition of complex biological mixtures.

PAG electrophoresis is constantly being improved. New versions of the method with high
resolving power, such as gradient electrophoresis [9], two-dimensional electrophoresis [8],
electrophoresis in gel blocks of various shapes [2], and so on, have been created. Meanwhile
methods of detection of proteins in PAG are being developed. New staining methods are being
introduced, the quality of the dyes is being improved, and fundamentally new methods for de-
tection of proteins after electrophoresis are being suggested.

An important place among the new methods of protein staining in PAG is occupied by stain-
ing with silver salts [3, 6, 7]. There are several modifications of the silver staining
method. Possibly the simplest, yet a highly effective version, of the method is that de-
veloped by Heukeshoven and Dernik [4]. This paper gives the results of a comparative analy-
sis of the sensitivity of the traditional method of staining proteins in PAG with "Serva blue
G-250" (an analog of Coomassie bright blue G-250) and of staining with AgNOs [4].

EXPERIMENTAL METHOD

A set of marker proteins (SDS-6H) from Sigma (USA), including (with molecular weights
in kilodaltons) myosin (205), B-galactosidase (116), phosphorylase b (97.4), bovine serum al-
bumin (66), ovalbumin (45), and carbonic anhydrase (29). Single marker proteins also were
used; bovine serum albumin (from Koch-Light, England), ovalbumin (Sigma), trypsinogen (24,
from Sigma), and ribonuclease (12.7, from Boehringer, West Germany). A weighed sample of a
mixture of marker proteins (0.4 mg) was dissolved in 1 ml of 0.4 M Tris-HCl buffer, pH 6.8,
and weighed samples of the single marker proteins were mixed, in a weight of 0.5 mg of each,
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Fig. 2. Comparative sensitivity of protein staining in PAG
with 0.1% Serva blue G-250 (a) and AgNOs; (b). A mixture of
the following marker proteins (with molecular weight in kilo-
daltons)was used: bovine serum albumin (66), ovalbumin (45),
trypsinogen (24), and ribonuclease (12.7). Original concen-—
tration of each protein in the lane was not more than 570

ng (lane 1); lane 2) 285 ng; 3) 142 ng; 4) 71 ng; 35) 35.5

ng; 6) 18 ng; 7) 2 ng; 8) 4.5 ng.

and dissolved in 4 ml of the same buffer. Consecutive serial dilutions were prepared in sili-
conized test tubes, and 0.4 M Tris-HCl, pH 6.8, was used for dilution. Samples measuring 10

ul were treated with 3% sodium dodecylsulfate (SDS) and 2% B~mercaptoethanol, and incubated
for 2 min at 100°C and applied to PAG.

Preparations of retroviruses were obtained from the USA under the terms of the Soviet-
American Collaboration in Oncoviroclogy. Before electrophoresis the preparations were treated
in the same way as themixtures of marker proteins. Preparations of the following retroviruses
were used: Rauscher murine leukemia virus (R-MulLV), Mason—Pfizer monkey virus (M-PMV), and
endogenous feline virus RD-114,

Electrophoresis was carried out in an apparatus for ventrical electrophoresis, in plates
produced by the Kiju Kalur laboratory (Estonian SSR). Gradient (7.5~15%) PAG with 0.1% SDS
wasused, and the thickness of the gel was 1 mm. Electrophoresis was performed in Laemmli's
buffer system [5] with a constant current of 15 mA applied to the plate. After electrophore-
sis the gels were stained with 0.1% Serva blue G-250 (Serva, West Germany) in solution con-
taining methanol, acetic acid, and deionized water (1:1:8). Staining continued for 1 h at 37°C
and 23 h at 20°C. Background staining was washed out with the same solution but without the
dye. After the background had been washed out the gel was photographed, SDS was removed with
a mixture of 30% ethanol and 10% acetic acid for 12~16 h at room temperature, with the solu-
tion changed twice, after which the gel was stained with 0.17% AgNOs; by the method in [4]. The
stain was developed with 3% Na,C0Os, containing 0.02% formaldehyde. The development procedure
tock 15-20 min. The background stain was removed with Farmer's photographic reducer for 10-
15 sec. After thorough washing with running water the procedure of silver staining was re-
peated. After staining the gel can be kept for a long time in 107 ethanol.

EXPERIMENTAL RESULTS

According to data given by different workers, from 5 to 0.5 ug of protein can be detected
by staining PAG with dyes of the Coomassie type [1, 3]. The first task of the investigation
was therefore to determine the precise sensitivity of protein staining in PAG with Servablue
G-250. To investigate this problem a commercial mixture of marker proteins from Sigma (USA)
was used.
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The results of electrophoresis of a series of consecutive dilutions of -a mixture of
marker proteins are shown in Fig. 1. The original concentration of each protein (lane 1)
was 666 ng. In each successive lane the protein concentration was reduced by half: lane 2
333 ng, lane 3 166 ng, lane 4 83 ng, and so on. All six marker proteins were clearly revealed
in a concentration of 83 ng (lane 4). In lane 5 (protein concentration 41.5 mg) only two
markers could be found, namely B-galactosidase and phosphorylase B, and the remaining pro-
teins (because of their greater dispersion) could only be guessed by examination of the gel.
Thus the sensitivity of the protein staining method with Serva blue G-250 in a PAG gradient
1 mm thick was 80 mg, or in the absence of any appreciable dispersion, 40 ng.

The next stage of the work was to compare the sensitivity of protein staining in PAG with
Serva blue and AgNO;. Electrophoresis of marker proteins (bovine serum albumin, avalbumin,
trypsinogen, ribonuclease) after staining with Serva blue (a) and AgNO; (b) is illustrated
in Fig. 2. The original concentration of each protein was not more than 570 ng (lane 1).
Staining with Serva blue revealed in this case not less than 71 ng protein (lane 4), but bo-
vine serum albumin could be clearly detected in a concentration of 35.5 ng (lane 5). After
staining twice with AgNOs, bovine serum albumin and ovalbumin were most effectively stained
with silver, and trypsinogen rather less well. The concentration of the first two proteins
was 4.5 ng (lane 8). In some experiments with silver staining proteins present in concentra-
tions of not more than 2 ng could be seen, in particular B-galactosidase and phosphorylase b
from the set of marker proteins obtained from Sigma. Meanwhile ribonuclease could be de-
tected after staining with silver in a concentration of only 35.5 ng (lane 5), i.e., the
method is only twice as sensitive as staining with Serva blue. The general effectiveness of
silver staining by the method in [4] is superior to staining with Serva blue by not more than
18-30 times, but not by 2 orders of magnitude, aswas reported previously [3, 4]. Silver stain-
ing takes place selectively, and the decisive factor influencing the effectiveness of silver
staining is the amino-acid composition of the,protein molecule. It has been shown, in par-
ticular, that leucine does not bind silver ions, but that histidine interacts most effective-
ly with silver [4], and that is why ribonuclease, which has only four histidine residues,
stains badly with silver. Silver staining is most effectively observed in the case of pro-
teins which are not clearly distinguishable after staining with Serva blue (concentration
from 50 to 18 ng). In protein concentrations of over 200 ng silver staining, in our opinion,
has little to commend it, for the bands are so large that, if two or more proteins are close
together, they may overlap one another.

The selectivity of silver staining could be most clearly demonstrated by staining the
gels after electrophoresis of virus proteins (Fig. 3a, b). By staining with Serva blue,
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traditional structural proteins of the retroviruses were revealed in corresponding quantita-
tive portions (Fig. 3a). For instance, p27 of M-PMV, p30 of RD-114, and p30 of R-MulLV, the
principal internal porteins of these retroviruses, stained most brightly. This same gel,
after staining with silver, is illustrated in Fig. 3b. The intensity of staining of p27 and
pl0 of M-PMV, of pl2 of RD-114, and of pl5E, pl5, and gp70 of R-MulV was increased. However,
the intensity of staining of pl0 of M~PMV, p30 of RD-114, and pl2 and pl0 of R~MulLV was
sharply reduced. Other disparities also were observed between the results of original stain-
ing and of staining with silver, further evidence of the selectivity of binding of silver ions
with proteins.

The combined use of two stains — Serva blue and Amido black 10B — did not lead to in-
creased sensitivity of staining. Moreover, the brightness of the protein bands was reduced,
indicating competition between the dyes for the binding sites on the protein.

The data given above are evidence of the higher sensitivity (relative to the generally
accepted level) of the method of protein staining with dves of the Coomassie G~250 type, which
for most proteins is not more than 70-80 ng. On the whole, however, silver staining is 18-30
times more effective for many proteins, but silver staining takes place selectivelv. Some
proteins stain weakly with silver, whereas others may not be revealed by it at all. All these
facts indicate that in order to obtain reliable results in the study of unknown protein or of
complex protein mixtures, combined staining of the gel is essential.

LITERATURE CITED

1. 0. Gaal, G. A. Medgyesi, and L. Vereczkey, Electrophoresis in the Separation of Bio-
logical Macromolecules, Wiley, Chichester (1980).

2, V. A, Morozov and K. V. Il'in, Byull. Eksp. Biol. Med., No. 5, 635 {1984).

3. L. A, Osterman, Methods of Investigation of Proteins and Nucleic Acids. Electrophoresis
and Ultracentrifugation [in Russian], Moscow (1981).

. Heukeshoven and R. Dernick, Electrophoresis, 6, 103 (1985).

K. Laemmli, Nature, 227, 680 (1971).

R. Merril, R. C. Switzen, and J. S. Kay, Anal. Biochem., 61, 120 (1974).

R. Oakley, D. R. Kirsch, and N. E. Morris, Anal. Biochem., 105, 361 (1980).

H. O'Farrell, J. Biol. Chem., 250, 4007 (1975).

Rodbard, G. Kapadia, and A. Chrambach, Anal. Biochem., 40 135 (1971).

jew e v kv~ B W v Bl 0

RAPID METHOD OF VISUALIZING ENDOTHELIUM IN UNFIXED TISSUE

V. G. Sharov, Yu. P. Vedernikov, UDC 611.13/.14-018,.74-086.14
A, A. Anikin, and A. M, Vikhert#

KEY WORDS: endothelium; endocardium; thioflavine; silver impregnation; rapid method.

After it had been shown that the endothelium influences the response of vessels to cer—
tain drugs [3, 4] research began into its role in the regulation of vascular tone. However,
interpretation of the physiological parameters of the vessel wall is largely determined by
the integrity of the endothelial lining, and this raises the question of a simple and rapid
method of detecting endothelial cells. Several methods are used nowadays to verify integrity
of the endothelium., The physiological method consists essentially of recording responses of
vessels to substances releasing endothelial relaxation factors (acetylcholine, calcium
ionophore A 23187, etc.). The method is simple but does not allow the state of the endo-
thelium to be observed directly. Certain species differences also may exist in the physio-
logical response of the vessels [5]. It is often necessary to resort to the use of film
("Hdutchen") preparations impregnated with silver [2, 7]. The two~dimensional film prepara-
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