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1. Introduction

In the course of our study of the biogenesis of the
cytochrome bc, complex (complex III) of yeast mito-
chondria we became interested in the steady state
concentrations of the different subunits of this com-
plex.

Several procedures have been described to transfer
proteins from polyacrylamide gels to diazobenzyloxy-
methyl-cellulose (DBM) paper [1—4] or nitrocellulose
filters [4—6] electrophoretically or by diffusion. In
principle these techniques offer a simple method for
measuring the concentrations of single proteins in
complex mixtures like whole cell lysates provided
that a suitable immunological detection method is
available. However, exact data about the transfer effi-
ciency of proteins from gels containing sodium
dodecyl sulphate (SDS) to nitrocellulose filters by
electrophoresis and the reliability of the immuno-
detection method are scarce. We have studied the
quantitative aspects of the protein blotting technique
in order to estimate the amounts of individual complex
IIT subunits in cell lysates.

The procedure used for transfer is a modification
of the one originally described in [6]. No special
apparatus is required apart from two perforated stain-
less steel plates which are used as electrodes.

Here, we report that under our conditions the
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transfer efficiency of a given protein from a SDS—
polyacrylamide gel to nitrocellulose filters depends
on its M -value. After immunodetection with specific
antisera and '*I-labelled protein A, the amount of
label bound to each antigen increases linearly with
the amount of protein applied to the gel. The *[-
labelled protein A bound to the filter is not removed
during successive incubations with different antisera.

2. Materials and methods

Yeast (Saccharomyces carlsbergensis NCYC74)
was grown on 1% yeast extract—15% glucose or on a
semi-synthetic medium containing sodium lactate as
carbon source, as in [7]. Whole cell lysates were pre-
pared by shaking yeast cells with glass beads [8] and
removal of unbroken cells and large debris by centrif-
ugation at 1500 X g for 5 min. The cytochrome bc,
complex was prepared as in [9]. Staphylococcus
aureus protein A (Pharmacia) and cytochrome bc,
complex were iodinated with ['**I]iodide according
to [10]. Electrophoretic procedures using SDS—poly-
acrylamide gels have been described [11].

Proteins were transferred to nitrocellulose filters
(Sartorius; 0.45 um pore size) using the set-up shown
in fig.1 at 60 V for 2 h using 192 mM glycine—25 mM
Tris—20% methanol (pH 8.3) as buffer [6]. Special
care was taken to avoid all air bubbles between the
layers. After the transfer, filters were incubated in
phosphate-buffered saline (10 mM NaH,PO, (pH 7.2),
150 mM NaCl)-8% bovine serum albumin to saturate
remaining protein-binding sites for 30—60 min at
40°C [6]. The antiserum reaction was done for 16 h
at 37°C at 1:50 diluted serum in 5—10 ml phosphate-
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Fig.1. Electrophoretic transfer of protcins from SDS—poly-
acrylamide gels to nitrocellulose filters. The apparatus is
assembled as follows: the cathode (1) 1s placed in a tray and
on top of it are successively spread a sheet of Schleicher and
Schiill paper (no. 2294) soaked in 0.5% SDS (2), the gel (3),
a sheet of nitrocellulose filter (4) and 10—15 Schleicher and
Schiill paper sheets soaked in the buffer (5), described in
section 2. On the anode (6), 3—5 sheets soaked in the same
buffer (7) are spread with a weight (1.5 kg) on top of them
to maintain proper contact (8). Finally, buffer is added (9).
Care must be taken to avoid all air bubbles between layers.
Two stainless steel plates (150 X 200 X 1 mm) with perfora-
tions of 5 X 5 mm are used as electrodes. Transfer is done at
room temperature for 2 h. The voltage is gradually increased
to 60 V, assuring the current does not exceed 250 mA.

buffered saline—8% bovine serum albumin with
vigorous shaking. Unbound antiserum was washed
away with phosphate-buffered saline (3 X 5 min) and
the filter was incubated in the same volume of phos-
phate-buffered saline—8% bovine serum albumin with
10® cpm 'PL-labelled protein A for 1—2 h at room
temperature with vigorous shaking. Filters were
washed in phosphate-buffered saline—1% Triton
X-100 for 2—3 h to remove unbound protein A, dried
and autoradiographed on pre-fogged Kodak XR-1
film at —70°C (usually 2—16 h) using Ilford intensi-
fying screens.

Autoradiograms were scanned at 550 nmin a
Gilford 2400-2 spectrophotometer equipped with a
linear transport system. In some cases the radioactive
bands were cut out and counted in a Packard 5230
auto-gamma scintillation spectrophotometer. Protein
was determined according to [12].

3. Results and discussion

To determine the efficiency of transfer of proteins
from SDS—polyacrylamide gels, samples of '**[Habelled
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cytochrome bc, complex were electrophoresed on an

11% slab gel and subsequently transferred to nitro-

cellulose filters as in section 2 and fig.1. The results

are given in fig.2. Comparison with the autoradiogram
of the original gel (lane 1) shows that the nitrocellu-
lose filter (lane 2A) is a faithful replica within certain
limits. Two observations deserve comment:

(i) Proteins of low M_ (<25 000) appear to be trans-
ferred more completely in 2 h than proteins with
higher M -values (lane 2B).

(ii) Not all the protein transferred electrophoretically
is retained on the filter as is apparent from the
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Fig.2. Efficiency of transfer. '**I-Labelled cytochrome bc,
complex was fractionated in two parallel lanes on an 11%
SDS—polyacrylamide gel. After electrophoresis one lane was
dried immediately; from the other, the protein was transferred
to a double layer of nitrocellulose. Autoradiograms of the gel
and filters are shown. Lane 1, original gel; 2A, first nitrocel-
lulose filter after transfer; 2B, gel after transfer; 2C, second
filter after transfer. Because of staining after the transfer, the
gel has increased somewhat in size.
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Table 1
Efficiency of protein transfer
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Subunits First Second
filter filter

44 000 M, 65 -
40 000 M, 70 10
Cytochromes b and ¢,

(30 000 M) 65 12
FeS protein

(25 000 M 123 9
Small subunits

(17 000, 14 000 and 11 000 M) 21 22

Autoradiograms presented in fig.2 were scanned at 550 nm.
The values given are percentages of the amounts of protein
originally present in the gel (fig.2, lane 1)

autoradiogram of a second filter which was placed
on top of the first one in this experiment (lane
2C).

Scanning the autoradiograms presented in fig.2
shows that under the conditions used >65% of each
individual subunit is retained on the filter (table 1).
However, of the smallest subunits (M, < 17 000) a
considerable amount leaks through the filter and is
partially retained on the second filter. When the
transfer is done for only 30 min at 40 V, the recovery
of small subunits on the filter is almost complete
(A. G. Jochemsen, personal communication).

We investigated whether these phenomena inter-
fere with the quantitation of small amounts of protein
in complex mixtures. Therefore, we have fractionated
increasing amounts of yeast cell lysates, transferred
them to a nitrocellulose filter and subsequently incu-
bated the filter with a specific antiserum and '%°I-
labelled protein A from S. aureus. The results are
shown in fig.3A B. It is clear that both the darkening
of the autoradiogram and the amount of '*I-labelled
protein A present on the filter increase linearly with
the total amount of protein applied to the gel, pro-
vided that this is <25 ug. Calculation shows that it is
possible to detect 0.1 ng antigen after 16 h exposure
of the autoradiogram (fig.3A, first lane).

This method is very well suited for precise charac-
terization of a certain antiserum [67]. Moreover, the
same filter can be used again for characterization of
other antisera, as shown in fig.4. A replica of a gel on
which a yeast-cell lysate was fractionated, was chal-
lenged with antiserum against the 44 000 M, subunit
of the cytochrome bcy complex (fig.4A). After auto-
radiography the immunodetection procedure was
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Fig.3. Quantitation of the immunodetection. Increasing
amounts of cell lysate were fractionated on an 11% poly-
acrylamide gel and transferred to nitrocellulose. The filter
was incubated with antiserum directed against the 40 000 M,
subunit of the cytochrome bc, complex and subsequently
with '**I-labelled protein A as described. The autoradiogram
shown was exposed for 16 h (fig.3A). Similar autoradiograms
were scanned at 550 nm (fig.3B, dotted line). The radioactive
bands on the filter were cut out and counted as in section 2
(fig.3B, solid line).

repeated with a serum directed against the 40 000 M,
subunit of this complex (fig.4B) and finally with anti-
hexokinase serum (fig.4C). Since the label bound to
the filter during the first reaction is not washed away
during the successive treatments, this leads to a
composite pattern of bands.

In summary, we have shown that the procedure in
[6] is a simple, rapid and sensitive technique to deter-
mine the concentrations of single proteins in complex
mixtures, fractionated on SDS—polyacrylamide slab
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Fig.4. Sequential characterization of 3 different antisera
using the same filter. On an 11% polyacrylamide gel, 5 g
cytochrome be, complex (lane 1), 10 ug lysate of cells grown
on 15% glucose (lane 2) and 10 ug lysate of cells grown on
2.5% lactate (lane 3) were fractionated. The proteins were
transferred to a nitrocellulose filter, which was incubated
with serum directed against the 44 000 M, subunit, '**I-la-
belled protein A and autoradiographed. The procedure was
repeated with serum directed against the 40 000 M, subunit
(panel B) and with serum directed against hexokinase (HK)
(panel C). The autoradiograms shown were exposed for
equally long periods.

gels. The main advantage of the use of nitrocellulose
filters over that of DBM-paper is that glycine and
SDS, present in the gel, do not have to be removed
prior to transfer [2,3] and that no activation of the
filter is required. The whole procedure, including
electrophoresis, transfer, immunodetection and auto-
radiography, usually takes only 48 h. This is consid-
erably shorter than the immunoreplica technique [13]
without loss of sensitivity [14].

196

FEBS LETTERS

February 1981
Acknowledgements

The authors thank Professors L. A. Grivell and
P. Borst for critical reading of the manuscript. This
work was supported in part by a grant to P. Borst—
L. A. Grivell from the Netherlands Foundation for
Chemical Research (SON) with financial aid from
The Netherlands Organization for the Advancement
of Pure Research (ZWO).

References

[1] Renart, J., Reiser, J. and Stark, G. R. (1979) Proc. Natl.
Acad. Sci. USA 76, 3116—-3120.

[2] Erlich, H. A., Levinson, J. R., Cohen, S. N. and
McDevitt, H. O. (1979) J. Biol. Chem. 254, 12240~
12247.

[3] Stellwag,E.J.and Dahlberg, A. E. (1980) Nucleic Acids
Res. 8, 299-317.

[4] Bittner, M., Kupferer, P. and Morris, C. F. (1980) Anal.
Biochem. 102, 459-471.

[5] Bowen, B., Steinberg, J., Laemmli, U. K. and Weintraub,
H. (1980) Nucleic Acids Res. 8, 1-20.

{6] Towbin, H., Staehelin, T. and Gordon, J. (1979) Proc.
Natl. Acad. Sci. USA 76,4350-4354.

[7] Ohnishi, T., Kawaguchi, K. and Hagihara, B. (1966) J.
Biol. Chem. 241, 1797-1806.

[8] Needleman, R. B. and Tzagoloff, A. (1975) Anal. Bio-
chem. 64, 545-549.

[9] Katan, M. B., Pool, L. and Groot, G. S. P. (1976) Europ.
J. Biochem. 65, 95-105.

[10] Greenwood, F. C., Hunter, W. M. and Glover, J. S.
(1963) Biochem. J. 89, 114-123.

[11] Laemmli, U. K. and Favre, M. (1973) J. Mol. Biol. 80,
575-599.

[12] Lowry, O. H., Rosebrough, N.J., Farr, A. L. and
Randall, R. J. (1951) J. Biol. Chem. 193, 265-275.

[13] Saltzgaber-Miiller, J. and Schatz, G. (1978) J. Biol.
Chem. 253, 305-310.

[14] Woodrow, G. and Schatz, G. (1979) J. Biol. Chem. 254,
6088—-6093.



