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The c-los nuclear oncoprotein is rapidly induced when the growth of normal cells is initiated by mitogens, 
and it is also synthesised in several cell systems in response to stimuli that do not cause cell proliferation. 
When expressed inappropriately, c-los, and its retrovirai counterpart v-los, can transform susceptible cells in 
vivo and in vitro. We have developed a simple and sensitive ELISA for the c-los and v-los proteins. Fos 
proteins are captured from cell lysates by an antibody specific for an amino-terminal peptide substantially 
conserved between v-los and c-los; the captured proteins are recognised by a second antibody against a 
different peptide sequence also conserved in the two proteins. The second antibody has been conjugated to 
alkaline phosphatase to provide an enzyme label; bound alkaline phosphatase is measured with a sensitive 
cycling enzyme system that generates a coloured end-product. We show that the los ELISA is immunologi- 
cally specific and use it to monitor increased c-los expression in serum-stimulated HeLa cells and human 
fibroblasts, and in mitogen-stimulated murine thymocytes. 

Introduction 

The c-fos gene is the cellular counterpart  of the 
v-fos transforming gene of the FBJ and FBR 
murine osteosarcoma viruses [1,2]. These retro- 
viruses induce bone tumours in mice [3,4] and 
transform cultured fibroblasts [5,6], which demon- 
strates the oncogenic potential of the v-fos gene. 
In adult tissue c-fos is normally expressed at high 
levels only in a subset of haematopoietic cells 
[7,8], but the gene is rapidly and transiently in- 
duced on addition of growth factors to several 
types of quiescent cells (e.g., fibroblasts) in culture 
[6,9-11]. In these systems c-fos expression appears 
to be essential for subsequent cell proliferation as 
this is blocked when c-fos m R N A  translation is 
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inhibited by antisense RNA [12,13]. Furthermore, 
deregulated expression of the c-fos gene can trans- 
form fibroblasts in vitro [14,15] and cause 
abnormal bone growth in vivo [16]. However, 
notwithstanding its role in proliferation, the c-fos 
gene is also expressed in cells and tissues in re- 
sponse to stimufi that do not cause cell growth 
(e.g., in cultured nerve cells and in brain [17-19]). 

Both v- and c-fos genes encode nuclear 
oncoproteins of apparent  M r 55 000 (p55 cf°s and 
p55 v-l°s) that differ substantially only at the C- 
terminus [14,20,21]. Both fos proteins are exten- 
sively modified post-transcriptionally by phos- 
phorylation [14,22,23], but their biochemical func- 
tions are at present uncertain. There is, however, 
some evidence that the c-fos protein is a compo- 
nent of the machinery that regulates the expres- 
sion of genes mediating longer-term cellular re- 
sponses [24]. 

The most common method for analysis of fos 
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gene expression has been to measure los mRNA 
levels (e.g., by Northern blotting). This is slow and 
laborious, and gives no direct information on fos 
protein levels. The fos proteins themselves have 
been monitored by immunoprecipitation, im- 
munoblotting and immunocytochemical analyses 
using polyclonal or monoclonal antibodies specific 
for v- and/or  c-fos [10,11,14,18,20,22,25-27]. Each 
of these procedures is complex and time-consum- 
ing, and (except for immunocytochemistry) their 
sensitivity is poor. We have recently described 
rapid, simple and sensitive enzyme-linked im- 
munosorbence assays (ELISA) for the c-myc and 
N-myc oncoproteins [28,29]. Here we report the 
development of similar assays for the human and 
murine c-los proteins and for the v-fos protein, 
and demonstrate their use in monitoring fos pro- 
tein expression in HeLa cells, thymocytes and 
fibroblasts. 

Materials and Methods 

Antibodies and peptides 
The rabbit polyclonal antibody afos5 was raised 

against the peptide sequence MFSGFNADYEAS- 
SSRC which corresponds to amino acids 2-17 of 
the human and murine c-los protein. The v-los 
sequence is identical with the exception of a Ser to 
Phe change at position 15. The afosl antibody is 
also a rabbit polyclonal and recognises the se- 
quence NDPEPKPSLEPVKS, amino acids 245- 
258 of the murine c-fos protein. The correspond- 
ing v-fos sequence is identical, and the only change 
in the human c-fos sequence is Leu to Val at 
position 253 (all sequences taken from Refs. 21 
and 30). The preparation and some properties of 
these antibodies have been described [18]: both 
antibodies recognise human and murine c-fos pro- 
teins and also v-fos protein when used in im- 
munoprecipitation, immunoblotting and im- 
munocytochemical analyses (G.I. Evan, unpub- 
lished data). The phosphorylation state of neither 
of the above peptide sequences is altered by serum 
or phorbol esters [22]. 

The afos5 antibody was purified from immune 
serum by affinity chromatography. Briefly, a small 
column was prepared from afos5 peptide coupled 
to agarose beads, and washed extensively with 144 
mM NaCI, 25 mM Tris-HC1, pH 8.0 (TBS) con- 
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taining 0.1% Nonidet P40 (NP-40). Antibodies 
were precipitated from serum using 45% am- 
monium sulphate and redissolved in TBS contain- 
ing 0.1% NP-40 before application to the column. 
After extensive washing with the same buffer, then 
TBS, then 0.9% NaC1, the direction of flow through 
the column was reversed and afos5 antibody was 
eluted with 100 mM sodium citrate, pH 2.5. The 
eluate was neutralised with Tris base and antibody 
was precipitated in 50% ammonium sulphate. The 
pellet was dissolved at 4 mg/ml in TBS containing 
0.1% sodium azide and stored in small aliquots at 
- 2 0 ° C .  

The afosl antibody was partially purified from 
serum by octanoic acid treatment followed by 
ammonium sulphate precipitation [31]. This frac- 
tion was conjugated to alkaline phosphatase [32] 
and the antibody-alkaline phosphatase conjugate 
(afosl-AP) was purified by fast protein liquid 
chromatography. 

Cell culture 
HeLa cervical carcinoma cells, MRC-5 human 

lung fibroblasts and RS2 cells (rat 208F fibro- 
blasts transformed with FBJ.MSV [33]) were grown 
as adherent monolayers in Dulbecco's modified 
Eagle's medium (DMEM) containing 10% fetal 
calf serum. When confluent, HeLa and MRC-5 
cells were washed twice in serum-free DMEM, 
then incubated for 18-24 h in DMEM containing 
10 mM Hepes and 0.5% fetal calf serum before 
serum stimulation. Murine thymocytes were pre- 
pare.d in RPMI 1640 medium containing 10 mM 
Hepes as described previously [34,35]. 

Preparation of cell lysates for ELISA 
Lysates were prepared essentially as described 

previously [29]. Cells from suspension cultures 
were adjusted to 0.1% sodium azide and pelleted 
by centrifugation (1000 ×g,  5 rain, 4°C). Cells 
growing as monolayers were washed with ice-cold 
Hank's balanced salts solution containing 0.1% 
sodium azide (HBSS), removed with a scraper into 
ice-cold HBSS and collected by centrifugation as 
above. Cell pellets were carefully resuspended at 
(5-10)-107 cells/ml (thymocytes at 3-108 
cells/ml) in lysis buffer (TBS containing 1% SDS, 
50 mM dithiothreitol, 1% aprotinin and 0.5 mM 
phenylmethylsulphonyl fluoride) and boiled for 5 
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rain. After addition of 100 mM iodoacetamide, the 
lysates were passed through a 26 gauge needle to 
shear DNA, incubated on ice for 30 min, then 
diluted with 9 vol. of TBS/NP-40 (TBS contain- 
ing 1% NP-40, 1% aprotinin and 0.5 mM phenyl- 
methylsulphonyl fluoride) and mixed by passage 
through the same needle and syringe used above. 
Lysates were stored at -70  °C and immediately 
before use were clarified by centrifugation (1 rain 
at 14000 × g). 

Conditions for ELISA 
The afos5 antibody was adsorbed onto poly- 

styrene flat-bottomed microtitre wells (Immulon 
2, Dynatech Ltd.) by incubation (4 #g/ml  in 100 
mM sodium bicarbonate, 1 mM EGTA, pH 9.6) 
for 16 h at room temperature in a humid environ- 
ment. Unbound antibody was removed, the wells 
were washed twice with TBS, blocked for 30 min 
with TBS containing 2% non-fat dried milk 
(Marvel, Cadbury Ltd.), and washed twice with 
TBS before addition of TBS/NP-40 (100 #l/well). 
Where appropriate this contained afos5 peptide. 
Cell lysates and/or  mock lysate buffer (TBS/NP- 
40 containing 10% lysis buffer and 10 mM iodo- 
acetamide) to a total of 100 #1 were added to each 
well and incubated for 3 h at room temperature to 
allow maximal capture of fos proteins. Unbound 
protein was removed by washing twice with TBS. 
Bound fos proteins were recognised by incubation 
for 1 h at room temperature with 100 #l/well of 
afosl-AP (1 #g/ml  in TMT, which is TBS con- 
taining 4% non-fat milk powder and 0.5% Tween 
20). Non-specifically bound afosl-AP was re- 
moved by washing the wells six times with 200 
/~l/well of AMPAK wash buffer (Novo BioLabs, 
formerly IQ (Bio) Ltd., Cambridge, U.K.). Bound 
alkaline phosphatase was detected with the sensi- 
tive AMPAK system (Novo BioLabs). The design 
of the AMPAK system has been described 
elsewhere [36-38], as has its use in ELISAs for 
myc oncoproteins [28,29]. In the present assay the 
wells were incubated for 1 h at room temperature 
with 100 #1 of 'substrate solution', followed by 5 
min with 100 #1 of 'amplifier solution'. The reac- 
tions were stopped with 50 #1 of 0.5 M HC1 and 
the absorbance (.4492) was determined using a 
conventional automated plate-reader (Titertek). 

Results 

The design of an ELISA for the c-los and v-fos 
oncoprotein was similar to that used for the c-myc 
and N-myc ELISAs described previously [28,29]. 
Briefly, the afos5 antibody adsorbed to wells of a 
microtitre plate is used to capture c- and v-fos 
proteins from cell lysates. Bound fos proteins are 
recognised at a separate epitope by the afosl 
antibody conjugated to alkaline phosphatase. 
Specifically bound alkaline phosphatase is de- 
tected using the AMPAK system [36-38] which 
generates a coloured end-product whose intensity 
is determined spectrophotometrically. 

Preliminary experiments established that the 
conditions used previously to prepare cell lysates 
and assay them for myc proteins [29] were suitable 
for an ELISA for fos proteins. Lysates prepared 
from HeLa cells incubated for 18 h in 0.5% serum 
then stimulated for 1 h with 15% serum were used 
to characterise and optimise the c-fos ELISA. 
HeLa cells treated in this way contain large 
amounts of c-los mRNA [39] and protein (as 
assayed by immunoblotting with afosl and afos5 
antibodies [18]). 

Titration of the afos5 capture antibody showed 
that the optimal concentration for ELISA was 
approximately 4 #g/ml  (Fig. la). Higher con- 
centrations were less effective, possibly due to 
aggregation of excess antibody on the plate surface 
with consequent reduction of available binding 
sites for los proteins. A small background signal 
(A492 of 0.10-0.15 in the absence of any cell 
lysate) was found at high afos5 concentrations, 
probably caused by non-specific binding of afosl- 
AP to afos5. The background was, however, 
minimal (less than 0.10 A492) at the afos5 con- 
centration used routinely (4 #g/ml), where the 
signal-to-noise ratio was 15-20 (Fig. la). 

In a similar experiment (not shown), the afosl- 
AP detection antibody was titrated at a fixed 
afos5 concentration (4 #g/ml) in the presence or 
absence of a lysate of serum-stimualted HeLa 
cells. The maximal signal-to-noise ratio was found 
at an afosl-AP concentration of 1 #g/ml, and this 
concentration was used routinely. Higher con- 
centrations of afosl-AP gave progressively higher 
background signals in the absence of a cell lysate. 

To demonstrate that the coloured end-products 
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Fig. 1. Capture of c-fos protein by afos5 antibody and its 
inhibition by afos5 peptide. (a) The afos5 antibody was ad- 
sorbed onto microtitre wells at the input concentrations indi- 
cated. The wells were treated as described in Materials and 
Methods, then 100 /~l aliquots of mock lysate buffer ((3) or 
lysate containing 1.106 serum-stimulated HeLa cells (0) were 
added. (b) The afos5 antibody was adsorbed onto microtitre 
wells at 4 #g/mL The afos5 peptide was added to the wells at 
the concentrations indicated (O) for 30 min prior to the ad- 
dition of a lysate of serum-stimulated HeLa cells. In both 
experiments bound c-los protein was detected with afosl-AP (1 

/~g/ml) and the AMPAK system. 

of the los ELISAs were caused by immunologi- 
cally specific reactions, various components of the 
assays were omitted, the capture and detection 
antibodies were varied, and the peptides against 
which the antibodies were raised were included in 
the assays. The signal ( .4492)  derived from serum- 
stimulated HeLa cells was completely dependent 
upon the presence of afos5 capture antibody (Fig. 
la). Omission of this antibody or replacement by 
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an equivalent concentration of irrelevant antibody 
(pan-myc antibody [29] or rabbit immunoblobu- 
lins; Sigma) prevented any significant signal (more 
than 0.10 A492)  when afosl-AP was used to detect 
captured fos proteins. Similarly, there was no 
signal when afosl-AP was omitted. Pre-incubation 
of the afo5 antibody with the peptide against 
which it was raised blocked binding (and hence 
detection) of c-fos protein from serum-stimulated 
HeLa cells (Fig. lb) and also of v-los protein from 
RS-2 cells (not shown). Furthermore, pre-incuba- 
tion of the afosl-AP detection antibody for 30 
min with its immunogenic peptide (10 /xg/ml) 
completely inhibited detection of c-fos and v-fos 
proteins. We conclude that the ELISAs for fos 
proteins are immunologically specific and that 
they can be used to monitor fos expression in 
cells. 

To assess the sensitivity of the fos ELISA we 
varied the number of cell equivalents in ]ysates 
added to wells containing adsorbed afos5, then 
detected bound fos proteins with afosl-AP and 
AMPAK (Fig. 2). The p55 c-/°s content of as few as 
3-104 serum-stimulated HeLa cells could be de- 
tected by ELISA, and the signal ( A 4 9 2 )  increased 
in an approximately linear manner with the num- 
ber of cell equivalents assayed. In contrast, no 
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Fig. 2. Detection of c-fos and v-los proteins by ELISA. Condi- 
tions for the ELISA were as described in Materials and Meth- 
ods. Lysates were prepared at (1-2). 107 cell equivalents/ml, 
and the number of cell equivalents indicated were assayed for 
los protein. The lysates contained: HeLa cells incubated for 1'8 
h in 0.5% serum ((3); HeLa cells incubated for 18 h in 0.5% 
serum, then stimulated for 1 h with 15% serum (O); RS-2 

transformed rat fibroblasts harvested in log phase (I). 
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signal could be detected from 4-105 serum-de- 
prived HeLa cells, and only a small signal (less 
than 0.20 A492) from 1 • 10 6 serum-deprived HeLa 
cells. The signals derived from 1-10  6 serum-de- 
prived and 3-10  4 serum-stimulated HeLa cells 
were similar, which implies that the induction of 
c-los protein by serum is at least 30-fold and 
probably much greater. Log-phase HeLa cells 
grown continuously in the presence of 10% serum 
contained no more c-los protein than serum-de- 
prived cells, which agrees with previous im- 
munoblotting data [18]. In contrast, log-phase 
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Fig. 3. Induction of c-fos protein by serum in HeLa cells and 
fibroblasts. (a) HeLa cells were grown to confluence (6-106 
cells) in 75 cm 2 culture flasks in medium containing 10% 
serum, then incubated for 18 h in medium containing 0.5% 
serum. At time zero the cells were stimulated with 15% serum 
and lysates were prepared at the times indicated (e)  and 
assayed (5.105 cells per 100 btl) for c-los. (b) The experiment 
was of similar design to that in (a) except that confluent, 
quiescent MRC-5 fibroblasts were stimulated with 10% serum. 
The same lysates (5.105 cells per 100 #1) were assayed by 
ELISA for c-los ( I )  and c-myc (©). Absolute values for the 
c-myc protein content of fibroblasts were obtained using 
bacterially expressed c-myc protein [29,41], but  for clarity data  
are expressed relative to the highest c-myc protein level re- 
corded (defined as 100%). Similar data were obtained in three 

experiments of the same design on each type of cell. 

RS-2 fibroblasts (which have been transformed by 
the FBJ murine sarcoma virus [33]) contained 
abundant fos protein (Fig. 2). The fos protein 
detected by ELISA in RS-2 cells is assumed to be 
p55 vf°s rather than p55 c/°s. On the further as- 
sumption that the affinities of afos5 and afosl-AP 
are similar for both the v-fos and c-fos proteins, 
we estimate that there is approximately the same 
amount of v-fos protein in RS-2 cells as in serum- 
stimulated HeLa cells and slightly less than the 
amount of p55 c-I°s in serum-stimulated MRC-5 
fibroblasts (see below). 

The rate of induction of c-fos protein in 
serum-stimulated HeLa cells was measured by 
ELISA (Fig. 3a). In this and subsequent experi- 
ments the A492 signals at each time-point were 
converted to percentage c-fos by reference to a 
calibration curve (similar to that shown in Fig. 2) 
prepared from the lysate containing the maximum 
amount of c-fos protein (defined as 100%). The 
A492 signals from all lysates were completely 
blocked by pre-incubation of the afos5 capture 
antibody with afos5 peptide (1 / tg/ml).  A small 
increase in p55 c-/°s was detectable within 30 min 
of serum addition to HeLa cells, and the amount 
of c-fos protein increased dramatically between 30 
and 60 min after serum stimulation. There was a 
subsequent slow decline in p55 c-I°s levels, but a 
significant amount (approximately 10% of the peak 
response) of c-fos protein was still detectable as 
late as 8 h after serum stimulation. In contrast to 
the induction of the c-fos protein in Hela cells, 
there was no increase in the expression of the 
c-myc protein on serum-stimulation. The amount 
of p62 c-myC in log-phase adherent HeLa cells was 
estimated as 100 000 molecules per cell by quanti- 
tative ELISA [29], and any change on serum-de- 
privation and re-addition was less than 2-fold (not 
shown). 

Proliferating human MRC-5 lung fibroblasts 
are rendered quiescent by serum deprivation and 
accumulate in G 0. In most experiments, no p55 c-f°~ 
was detectable by ELISA in 5-105 log-phase or 
quiescent fibroblasts, but the c-fos protein was 
always rapidly induced upon re-addition of serum 
to the quiescent cells (Fig. 3b). Whether c-fos 
protein is present at very low levels in log-phase or 
quiescent cells is presently under investigation. 
The p55 c-y°s response to serum was maximal after 



45 rain, and we estimate that the peak level of 
c-fos protein in fibroblasts was 2-3-fold greater 
than that in HeLa cells. The amount of p55 cf°s in 
fibroblasts slowly declined over the following 4-6 
h, and no c-fos protein could be detected later 
than 6 h after serum stimulation (not shown). 
Unlike HeLa cells, fibroblasts also respond to 
serum deprivation by a reduction in c-myc protein 
levels, and synthesis of p62 c-my¢ is re-initiated on 
serum addition to the quiescent cells [29,40]. We 
monitored the increase in c-myc protein in re- 
sponse to serum using the same fibroblast lysates 
assayed for c-los (Fig. 3b). An increase in p62 ¢-myc 
from the level in quiescent cells (450 molecules/ 
cell) was detectable after 45 min and the amount 
of c-myc protein increased for 6 h to a level of 
5400 molecules/ceU (defined as 100%). There was 
a subsequent slow decline in p62 c-myc expression 
(not shown). Kinetically similar increases in the 
expression of c-fos and c-myc proteins were also 
found on addition of epidermal growth factor plus 
insulin to quiescent murine Swiss 3T3 fibroblasts 
(S.R. Pennington and J.P. Moore, unpublished 
data). 

The c-fos gene is also inducible in freshly iso- 
lated murine thymocytes in response to a variety 
of defined mitogens, including the phorbol ester 
12-o-tetradecanoyl phorbol 13-acetate (TPA) and 
the calcium ionophore A23187 [35]. The combina- 
tion of TPA (10 nM) with A23187 (30 nM) is 
mitogenic for these cdls and cause a very large 
increase in c-fos and c-myc mRNA. We therefore 
used the ELISAs to follow the synthesis of the 
c-fos and c-myc proteins in murine thymocytes 
(Fig. 4). An increase in p55 ~d°~ was found within 
10 min of addition of TPA plus A23187, and the 
amount of c-fos protein rose for 90-120 min 
before declining slowly. (Similar kinetics were also 
observed in response to A23187 alone.) The peak 
level of c-fos protein per cell in murine thymo- 
cytes stimulated by TPA plus A23187 was esti- 
mated to be approximately 10% and 25% of the 
peak levels in serum-stimulated MRC-5 fibro- 
blasts and HeLa cells, respectively. There was also 
an increase in c-myc protein above the quiescent 
level of approximately 50 molecules/cell after 45 
min, and synthesis continued for at least 3 h (Fig. 
4), when the amount of p62 c-myc was estimated as 
600 molecules/cell (i.e., approximately 10% of 
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Fig. 4. Induction of c-fos and c-myc proteins in murine 
thymocytes. Thymocytes were incubated at 6.106 cells/ml for 
2 h after isolation before stimulation of 5 ml aliquots with TPA 
(10 nM) and A23187 (30 nM) at time zero. Lysates were 
prepared at the times indicated and assayed (3.106 cells per 
100 #1) for c-los (e) and c-myc (O) by ELISA. The data are 
expressed relative to the highest values recorded (defined as 
100%): for c-fos the calibration curve prepared from the 90 
min time point was used (inset); for c-rnyc, the assay was 
calibrated with bacterially expressed c-myc protein. Similar 

data were obtained in one other experiment. 

that in serum-stimulated fibroblasts). 
The kinetics of the c-fos protein response to 

TPA plus A23187 in thymocytes were somewhat 
slower than the responses to serum in HeLa cells 
and fibroblasts. This may be due, at least in part, 
to cellular heterogeneity in the thymocyte popula- 
tion. It should be noted, however, that although 
c-fos mRNA levels are maximal 30 rain after 
addition of TPA plus A23187 [35], the decline 
from the peak is slow. Thus, 5-10% of the maxi- 
mum amount of c-fos transcripts still remain in 
thymocytes even 4-8 h after addition of TPA plus 
A23187 (J.P. Moore, unpublished data). 

Other mitogens also stimulated increases in 
p55 cd°s in murine thymocytes; expressed relative 
to the maximum response evoked by TPA plus 
A23187 (defined as 100%), the responses to con- 
canavalin A (10 #g/ml), TPA (10 nM) and A23187 
(30 nM) after 90 rain were typically 4-8%, 6-10%, 
and 30-50%. The relative increases in c-fos pro- 
tein were consistent with the relative increases in 
c-fos mRNA in response to the same range of 
thymocyte mitogens [35]. 

Discussion 

We have described a simple ELISA for c-fos 
and v-fos proteins and have used it to monitor 
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c-los expression in several types of cell. The assay 
is simple, quick and sensitive. Thus, lysates of 
cultured cells are prepared easily and rapidly, and 
can be stored for several weeks at - 7 0  °C prior to 
assay if desired. The ELISA itself takes a few 
hours to carry out, and hundreds of samples can 
be processed simultaneously. The reproducibihty 
of the assay is good: assay of a single sample in 
triplicate produces an A492 measurement with a 
standard deviation that is typically less than 10% 
of the mean value. Assay of duplicate lysates is 
slightly more variable, as the principal sources of 
error precede the ELISA stage of the procedure. 
These errors include variation in the number of 
cells in replicate monolayer cultures, variable re- 
covery of cells from monolayer by scraping, and 
losses of material during lysate preparation. None- 
theless, assay of duplicate lysates of stimulated 
fibroblasts or HeLa cells results in m e a n  A492 

values that differ by a maximum of 0.15, which 
does not usually cause large variations in relative 
c-los values (see Fig. 2). 

The los ELISA complements existing assays 
for c-myc and N-myc proteins: use of the ap- 
propriate combination of antibodies allows simul- 
taneous assay of, for example, c-los and c-myc 
proteins in the same lysate. The present lack of 
purified c-los proteins means that, unlike the 
ELISA for c-myc, the c-los ELISA is not 
calibrated. Nevertheless, values for relative c-los 
expression may easily be obtained by preparation 
of standard curves such as those shown in Fig. 2, 
and relative values are the usual aim of an experi- 
ment. Once a supply of purified c-fos protein 
becomes available, quantitation of p55 c-f°s expres- 
sion in cells should be relatively straighforward by 
ELISA. Finally, modifications to the fos assay 
currently under development (principally prepara- 
tion of a more highly purified afosl-AP detection 
antibody) could increase the sensitivity of the 
present assay by up to 10-fold, perhaps allowing 
determination of p55 c-/°s levels in quiescent 
and/or  log-phase cells. 
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