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SUMMARY

Estradiol-178 (E,) receptor (R) levels of bona fide E, sensitive cells were studied under a set of different
cell culture conditions. E;R concentration in Cg11RAP cells in culture is affected by the concentration
of serum in the culture medium. Removal of serum from the medium results in a swift decrease
in the E;R concentration, reaching its lowest level after 6 h. Subculturing the cells in media containing
different serum concentrations from 5 to 0.29% resulted in a sharp decrease in E,R concentration.
The dose-response relationship between serum concentration and E,R level strongly suggests the pres-
ence in serum of (a) factor(s) responsible for the steady, high level of E;R observed in Cz11RAP
cells growing in culture. The swift fall of the receptor level after serum withdrawal as well as the
rapid recovery after exposure to serum could be explained assuming a very high turnover of the
receptor, if the serum-borne factors act by stimulating the synthesis or impeding the degradation of
E,R. Although the conditions under which these cells are grown in culture differ from those in situ
in the animal host, it is under well defined conditions afforded by the in-culture environment that
a direct evaluation of the role of putative E,R level modifiers may be properly studied and correlated

with in vivo data.

INTRODUCTION

The binding of Estradiol-17f8 (E,) to their intracel-
lular receptors is considered to be the first step in
the sequence of events triggered by this hormone in
order to elicit the putative estrogenic stimulation. In
spite of this widely accepted view, few so-called
estrogen (E) dependent functions in vertebrate sys-
tems have been linked in defined molecular terms to
the interaction between the “activated” receptor and
the genome [1]. A major drawback in this respect is
the inability to consistently reproduce in cell- or
organ-culture systems the trophic functions attributed
to E, [2-4]. Nevertheless, the presence of E, recep-
tors has been considered the cardinal point to define
a target cell [5,6]. Dryden and Anderson demon-
strated the presence of similar receptors in cells where
the E-dependent function is yet to be defined [7].

Several long-term growing mammalian clonal cell
lines that carry estrogen receptors have been charac-
terized by Sonnenschein et al.[4, 8,9] and by Brooks
et al[10]. It has been shown that the E,-dependent
growth seen when the rat tumor cells are injected into
adult hosts cannot be reproduced in culture con-
ditions that resemble those prevalent in animals
[4,9, 11]. This represents a paradox.

In an effort to define the circumstances under
which the level of E, receptors vary in well defined
cell culture conditions we performed a series of ex-
periments which are described below. The E, receptor
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level seems to be affected by the serum concentration
added to the basic medium on which these E, sensi-
tive cells grow.

MATERIALS AND METHODS

Cell lines

The clonal cell line Cg11RAP was established from
rat pituitary tumors induced by high doses of estra-
diol valerate. Details of this procedure have been
reported elsewhere [9].

Growth conditions of cells in culture

Briefly, cells were grown in 75cm? plastic flasks;
the culture medium consisted of Dulbecco modifica-
tion of Eagle’s medium (DME) supplemented with
10% horse serum (GIBCO, Glasgow, Scotland) (HS
10%). Other experiments were done using 10% cas-
trated and adrenalectomized calf serum (Rockland
Farms, Gilbertsville, PA, U.S.A.) (CACS).

Cells were subcultured by agitating the media-con-
taining flasks to liberate the cells which were loosely
attached to the growing surface. A similar procedure
was followed to harvest cells used to estimate E,
receptor levels.

Drugs and isotopes

Estradiol-17§ (E;) was purchased from Sigma and
Co., St. Louis, MO. Tritiated estradiol (*HE,) of high
specific activity (69 Ci/mole) was obtained from the
Radiochemical Centre, Amersham, England. All the
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other chemicals used during this investigation were
purchased from Merck & Co., Darmstadt, Germany.

E, binding in whole cells

Cells were detached by gentle shaking and were
harvested by low speed centrifugation (800 g 5 min),
washed twice with DME, resuspended in the same
serumless media and placed in Falcon flasks. Each
flask contained 6-8 x 10° cells. Cells were harvested
at different intervals, resuspended in DME (1 x 108
cells/ml) and 1 ml aliquots were transferred to 35 mm
diameter Falcon Plastics Petri dishes containing
either saturating concentrations (10 nM as determined
by saturation analysis in whole cells) of the tritiated
hormone (A) or a combination of tritiated + 100
excess cold hormone (B). (A) was called total E, bind-
ing, (B) nonspecific binding. After 60 min incubation
at 37°C in an atmosphere of 95% air/5%, CO, and
100% relative humidity, the cells were transferred to
precooled tubes. The remaining attached cells were
carefully removed from the dishes by further agi-
tation. The cell suspension was washed thrice with
10ml ice cold phosphate buffered saline solution
(140 mM NaCl, 1 mM MgCl;, 2.5mM KCl, 1 mM
Ca(l,, 10 mM phosphate buffer, pH 7.4). The washed
pellet was extracted twice with 2ml 100% ethanol.
The ethanolic extracts were transferred to glass scin-
tillation vials. After complete evaporation, 10ml of
a scintillation cocktail (4.1 g% of 2.5 Diphenyloxazole
and 0.4 g% of p-bis<(0-methylstyryl)}-benzene in 1 liter
of Toluene) were added. Radiaactive counting was
performed in a Packard Tricarb liquid scintillation
spectrometer Model 3300 with a counting efficiency
for tritium of 40%,

The total receptor concentration was determined
by subtracting nonspecific binding from total E,
binding, and expressed as number of sites per viable
cell.

The method showed to be linear between 500,000
and 3,000,000 cells/dish.

Estradiol binding in cell extracts

Cg11RAP cells in culture conditions as well as
those in tumors growing at the site of inoculation
contain cytoplasmic and nuclear unoccupied recep-
tors [9]. We use KCl extracted E, receptors with the
purpose of quantitating all the E, receptors present
in these cells regardless of their location,

Briefly, 2030 x 10° cells are washed with PBS,
resuspended in 0.5ml of t0mM Tris 500 mM KCi
and 1.5 mM EDTA buffer pH 7.4. The cells were dis-
rupted by sonication. The cell extract was obtained
by centrifugation at 40,000 rev./min x 60 min in a
SW 50.1 rotor (Beckman Instruments, Palo Alto, CA).
100 4 aliquots were incubated for total and specific
binding for 10h at 4°C. Bound and free hormones
were separated by hydroxyl-apatite adsorption [12].
The results are expressed as sites/viable cell and fem-
tomoles of E; bound per mg of KCl extractable pro-
tein.
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The amount of receptor extracted through this pro-
cedure coincides with the value obtained by E, bind-
ing to whole live cells grown in standard medium,
suggesting that most of the in culture E,-accessible
receptor could be extracted.

Protein determinations

Estimation of protein concentration was done by
the microbiuret assay [13].

Cell viability

Cell viability was determined using the Trypan blue
exclusion test [14].

RESULTS

Binding in whole cells

These are experiments in which E, binding was
measured in whole cells in culture as explained in
Experimental Procedures. Cells grown in horse serum
(HS) 109 as cells grown in 10% castrated and adrena-
lectomized calf serum (CACS) supplemented medium
were transferred to serumless medium (DME). Recep-
tor levels were measured at 0, 24, 48 and 72h. The
apparent in culture binding increases within 24 h in
DME and this high level was maintained unchanged
throughout 72h. Cell viability, however, showed a
sharp decrease within the first 24 h of incubation in
DME. It is important to point out that in assaying
cell viability only the unlysed dead cells are com-
puted. Cell health was assessed by measuring the rate
of survival expressed as percent of the seeded cells
recovered at the end of the experiment. This, we
believe, is a more accurate way to describe the state
of the cells during the experiment than cell viability
measured by the dye exclusion test. In these series
of experiments, cell survival was 50% after 24 h and
about 10-20%; at 72 h. We then decided to compare
binding in culture with binding in the KCl extract
of comparable treated cells, i.e, kept in DME. While
the level of receptors was similar with both pro-
cedures at time 0, a significant difference was recorded
along the time course of this experiment. As can be
seen in Table 1, dead cells spuriously bind E; in cul-
ture experiments in what seems to be specific binding,
whereas the KCl extract which does not contain
detectable proteins, of course, shows no binding.
Moreover, “killing” cells by slow thawing of pellets
kept in liquid nitrogen resulted in less than 109
viable cells and no detectable levels of E;R could be
extracted from them. These results suggest that only
viable cells contain true receptor. To avoid these arte-
factual results all subsequent E, binding assays were
performed using cell extracts instead of the in culture
assays.

E, binding in cell extracts

As can be observed in Table 1, the amount of KCI-
extractable protein per viable cell remains constant
throughout the experiment. Because of it, E,R con-
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Table 1. Comparison between in culture and “in vitro” E;R levels, concentration of extractable protein per cell, cell

viability and percent of survival of Cg11RAP cells subcultured in different media

Binding sites/ Binding sites/ mol E;  KCl extractable
viable cell viable cell bound/ protein % Surviving
Treatment whole cells KCl extract mg protein (pg/cell) % Viability cells
24 h 10% CACS 11,200 + 2400 10,600 + 1700 177.0 + 31.0 1000 + 21 92 1250
24h 10% HS 10,000 + 2000 10,400 + 1051 1550 + 11.0  111.0 + 16 89 130.0
24h DME 21,600 + 6600 2400 + 460 400 + 11.0 1010 £ 25 49.0 45.0
48 h DME 19,400 + 5400 2800 + 539 380+ 130 1200+ 20 48.0 25.0
96 h DME 222,000 Undetectable Undetectable Undetectable 10.0 100
22,000*

Cg11RAP cells were grown in 10% CACS and subcultured in 109, CACS and 10%, HS for 24 h and in DME
for 24, 48 and 96 h. The cells were harvested, washed with DME and aliquots were taken E, binding in whole cells,
E, binding in the KCl extract, dye exclusion test and cell counting. E,R levels were expressed as sites/viable cell
in both assays, and in fmol of E, bound/mg of protein in the KCl extract. Extractable protein per cell was measured

in the KClI extract. Values are means + SD of five independent experiments.

* Binding sites/total (viable + dead) cells.

centration can be expressed as femtomoles of E,
bound/mg of KCl extractable protein, as well as bind-
ing sites/viable cell. Both HS and CACS-grown cells
showed comparable levels of receptors, whereas cells
transferred to DME for 12, 24 and 48 h lost 75% of
their receptor. The fall in receptor concentration
seems not to be due to the stress of harvesting the
cells and putting them back in culture, since cells
from the same pool transferred back to HS 109 for
2, 12, 24 and 48 h maintained their basal receptor
levels (Fig. 1).

Time course experiment

As shown in Fig. 2 the receptor level decreases
sharply within the first two hours of incubation in
DME, to reach a plateau at 6 h, where it remains
throughout the next 48 h. Evaluation of the survival
of cells kept in serumless media for prolonged periods
of time was considered important. Cell survival for
E,R levels were estimated on cells kept for 24 h in

(a) DME, (b) DME + Bovine Serum Albumin (BSA)
(0.80%), (c) 1% HS and (d) 19, HS + BSA (0.80%).
This experiment was done with the purpose of deter-
mining whether the change in protein concentration
and hence in osmotic pressure these cells are subject
to affects these two above mentioned parameters.
Table 2 shows the result of such an experiment. The
E,R levels vary depending on the growth conditions
these cells were in. Cells kept in DME and
DME + BSA did not differ in either viability or E,R
concentration. Cells kept in 19 HS and 1%
HS + BSA differed with the previous groups in both
parameters but not between themselves. The addition
of BSA to the media neither prevented the fall of
the receptor level, nor altered the viability and survival
of the cells when compared to the media without
BSA. Cells in HS 19, grew exponentially and were
steadily viable after one week in culture, whereas the
receptor level decreased to 509 (data not shown).
This experiment suggests that serum concentration
rather than cell health is the factor responsible for
the decrease of E,R.

Serum concentration-response experiment
N 2 To further explore this previous assumption a
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Fig. 1. Time-course experiment. E;R levels are expressed

as femtomoles/mg protein (A——-A) and as sites/viable cell

(@——@). C311RAP cells grown in 10%, HS were harvested

and tranferred back to 109, HS (HS) and to serumless

medium (DME). E;R levels were determined 6, 12, 24 and
48 h after subculturing.
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Fig. 2. Time-course of the receptor concentration after
subculturing in serumless medium. Receptor levels are
expressed as in Fig. 1.
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Table 2. Estradiol-17f receptor levels of Cg11RAP cells under different
experimental conditions

Treatment Sites/cell fmol/mg Protein % Viability
109 HS 8635 + 730 137.0 + 20 82.2
DME 2800 + 580 471 + 15 83.1
DME + BSA 2887 + 400 494 + 13 713
1% HS 5558 + 361 614 + 21 71.1
1% HS + BSA 5217 + 350 85.7 + 32 86.6

Cgl11RAP cells grown in 10% HS were subcultured in (a) 10% HS,
(b) DME, (c) DME + BSA, (d) 1% HS and (e) 1% HS + BSA for 24 h.
Cells were harvested, washed in PBS and extracted with 0.5M KCI
10 mM Tris, 10mM Tris, 1 mM EDTA pH 74. E,R levels were deter-
mined in the 100,000 g supernatant. Values are means + SD of 3 inde-

pendent experiments.

media containing HS at 0.2, 1, 3, 5 and 109 for 24 h.
An aliquot was transferred to DME. Figure 3 con-
firms that the level of E,R is dependent on the con-
centration of horse serum supplemented to DME.
The curve resembles a dose-response curve, with its
maximal effect between 5-10°% horse serum concen-
tration. These results indicate that horse serum con-
tains (a) factor(s) responsible for the high steady E,
receptor level observed in cells growing in 109, serum.

Recovery experiment

Evidence reinforcing the idea that horse serum sup-
plemented to DME is responsible for the maintenance
of E,R levels is presented in Fig. 4. After 24 h of
incubation in DME cells transferred to HS 10% show
a sharp increase in receptor level 12 h after the change
in experimental condition.

DISCUSSION

The control of the level of E;R has been the subject
of several reports [15, 20]. We believe that an in ani-
mal-in culture system whereby the behavior of E, sen-
sitive cells growing in animals and in culture can be
compared, represents an important tool for the inves-
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Fig. 3. Dose-response curve. C411RAP cells grown in 10%,
HS were transferred to medium containing 0, 0.2, 1.0, 3.0,

5.0 and 10% HS. Receptor levels were determined 24 h
after subculturing.

tigation of the elements involved in the estrogenic re-
sponse.

Receptor levels in C3g11RAP cells were measured
both in whole cells and in cell free extracts. The
rationale for determining E, binding in whole cells
is that it can be performed in conditions in which
the morphological and functional integrity of the cell
are preserved. This seems to be the case when cells
are growing exponentially and their viability is main-
tained above 709%. E,R levels obtained by this
method were comparable to the ones obtained with
the KCl-cell free extract, suggesting that KCl extracts
nearly all the receptor molecules that are available
to estrogens in culture conditions. The close correla-
tion between results obtained in whole cells and in
KCl extract is maintained as long as viability remains
above 70% in the former. E, binding in whole cells
maintained in serumless medium for prolonged inter-
vals varied from 50 to 400% of the control grown
in HS 10%. When cell viability was 10%, condition
in which neither proteins nor E,R were detectable
in the KCl extract, E, binding/cell in whole cells was
20 times higher than in cells growing in HS 10%.
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Fig. 4. Recovery of the E;R level. C411RAP cells were

maintained in serumless medium (DME) for 24 h, and then

transferred to 10%; HS (HS). Receptor levels were measured
12 and 24 h after adding 10°%, HS to DME.
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Because of the wide variability in the results obtained
by measuring E, binding in whole cells at low viabi-
lity, this method was considered unreliable. We then
decided to measure E, binding using KCl-cell free
extracts.

Specific estrogen binding in rat pituitary estrogen
sensitive cells in culture is affected by the concen-
tration of serum in the medium. Removal of serum
from the medium results in a swift decrease in E,
binding, reaching. its lowest level after 6 h. This low
E, binding is maintained throughout the 48 h the ex-
periment lasted. This phenomenon seems not to be
related to the stress of harvesting, pooling and subcul-
turing the cells, since cells from the same pool trans-
ferred back to HS 10%; for comparable time intervals
maintained their initial receptor level.

Subculturing cells in media containing different
serum concentrations from 5 to 0.2% also resulted
in a sharp decrease in E, binding. The dose-response
relationship between serum concentration and E,
binding strongly suggests the presence in serum of
(a) factor(s) responsible for the steady, high level of
E, binding observed in Cgl1RAP cells growing in
culture.

We should bear in mind that the serum concen-
trations at which we have done our experiments are
hardly seen under physiological conditions in the ani-
mal. Nevertheless, if the parametsr that has been con-
sidered crucial to explain the estrogenic response, be
it growth or protein synthesis is to be affected at all
we could state that it is under this unlikely growth
conditions where the change has only been observed.
The fall in E, binding observed at low serum concen-
trations does not depend on the health status of the
cell population because these cells grow exponentially
at serum concentrations lower than those needed to
maintain maximal E,R levels (1 and 5% respectively).

Since the results reported herein were obtained
with cell extracts, the decrease of E;R levels observed
in cells maintained at low serum concentrations could
be explained by postulating that cells maintained in
a restricted environment would be in a catabolic situ-
ation. When these cells are disrupted, proteolytic
enzymes could be released and they may degrade the
E, receptor. A comparable suggestion has been postu-
lated to explain the lowering of the testosterone
receptor levels in the ventral prostate of castrated
male rats [21]. This, however, seems not to be so in
our experience since (a) Cg11RAP cells maintained
in media supplemented with as little as 1% HS grow
exponentially, that is, they apparently are not in a
catabolic situation and (b) their E, receptor level rep-
resents 509, of the value observed in cells grown with
109, HS supplemented medium.

The swift fall in E; binding after serum withdrawal
could be explained by assuming a very high turnover
of the binding protein if the serum-borne factors act
by stimulating its synthesis or impeding its degrada-
tion.

To further elaborate on the meaning of our results
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it would be convenient to briefly restate the working
definition of E, receptors. This is, receptors are the
intracellular E, binding proteins present in target
cells [1]. Little is known about the homogeneity of
these receptor proteins within the target cells [22]. In
view of these considerations, an alternative explana-
tion for the results obtained would be the following:
as the estimated levels of E,R represent, in fact, the
binding of E, to protein molecules we call receptors,
we cannot rule out the possibility that about 75%
of the receptors present in cells transferred to DME
lose their property to bind E,. This would suggest
again that the total population of E,R represents a
composite of two or more populations. In this case,
the criterion to define the heterogeneity of the recep-
tor populations would be given by the ability with
which a portion of the E, receptors lose the property
to bind with specificity to E,.

On the other hand, the reported results raise the
question of whether the diminished level of receptors
measured in these cultured cells while kept on DME
may represent, in fact, a dilution effect between cells
that maintain their E,R levels intact and a great
majority of them (75 —80%) that lose them completely.
An argument against this possibility is given by the
fact that cells maintained for 24 hrs in DME recover
the initial E,R concentration 12 h after being trans-
ferred to HS 10%.

The data presented suggest that the concentration
of E;R is kept at a high, steady level in thesé E sensi-
tive cells. Furthermore, the lack of reproducible, con-
sistent changes in E,R levels in these cells by adminis-
tration of E,, prostaglandin F,, and prolactin within
a wide range of concentrations to cells growing in
castrated and adrenalectomized calf serum supple-
mented media suggests that it takes a drastic treat-
ment (serumless or low serum supplemented media)
to consistently change the level of this parameter. The
data presented is at variance from that obtained by
Shafie and Brooks[20], when E,R levels were
measured in the human breast carcinoma cell line
MCF7 subjected to serumless growth conditions. This
may be a reflection on the different species and organs
from which these cells are derived and the different
serum source used (calf serum and horse serum in
theirs and our case, respectively).

We have attempted to describe circumstances
under which E, receptor levels fluctuate in cultured
cells. We concluded that to do so these target cells
should be kept under very restrictive conditions.
These conditions are unlikely to be met in homeosta-
tic stages prevalent in animals. Therefore, we specu-
late that the level of E, receptors may not change
dramatically in target organs in situ despite cyclic
modifications of the status of these animals related
with estrogen levels.

Acknowledgements—The authors are thankful to C. L.
Pecollet, M. Jakolewicz and C. Ceurvels for their technical
help. Part of the experiments related in this paper were



1190

done while Carlos Sonnenschein received a Fellowship
from INSERM, Unité 34, Lyon, France and Ana M.
Soto was Fellow of the Fondation de I'Industrie Pharma-
ceutique pour la Recherche, Paris, France, Carlos Sonner-
schein is a Research Career Development Awardee from
the National Cancer Institute. This research work was sup-
ported in part by U.S.P.H.S. CA 13410.

10.

REFERENCES

. Gorski J. and Gannon F.: Current models of steroid

hormone action: A critique. Ann. Rev. Physiol. 38
(1976) 425-450.

. Flaxman B. A, Chopra D. P. and Harper R. A.: Auto-

radiographic analysis of hormone-independent devel-
opment of mouse vaginal epithelium in organ culture.
In Vitro 10 (1974) 42-50.

. Butler W. B., Brooks S. C. and Goran N.: Factors

affecting the growth and hormone responsiveness of
a breast cancer cell line (MCF7). J. Cell Biol., 75 (1977
186a.

. Sonnenschein C., Weiller S., Farookhi R. and Soto A.

M.: Characterization of an estrogen sensitive cell line
established from normal rat endometrium. Cancer Res.
34 (1974) 3147-3154.

. Jensen E. V. and DeSombre E. R.: Estrogen-receptor

interaction. Science 182 (1973) 126-134.

. O’'Malley B. W., Schrader W. T., and Spelsberg T. C.

In Receptors for reproductive hormones. Adv. Exp.
Med. Biol. 36 (1973) 174-196.

. Dryden G. L. and Anderson J. N.: Ovarian Hormone:

Lack of effect on reproductive structure of female Asian
musk shrews. Science 197 (1977) 782-784.

. Mester J., Brunelle, R, Jung I. and Sonnenschein C.:

Estrogen-sensitive cells. Hormone receptors in tumors
and cells in culture. Exptl. Cell Res. 81 (1973) 447-452.

. Sonnenschein C., Posner M., Sahr K., Farookhi R. and

Brunelle R.: Estrogen sensitive cell lines: Establish-
ment and characterization of new cell lines from estro-
gen-induced rat pituitary tumors. Exptl. Cell Res. 84
(1974) 399-411.

Brooks S. C., Locke E. J. and Soule H.: Estrogen
receptor in a human cell line MCF7 from breast car-
cinoma. J. biol. Chem. 248 (1973) 6251-6253.

i1

13.

14.

15.

20.

21,

22.

ANA M. Sot0 and CARLOS SONNENSCHEIN

Kirkland W. L., Sorrentino J. M. and Sirbasku D. A.:
Control of celt growth III. Direct mitogenic effect of
thyroid hormones on an estrogen-dependent rat pitui-
tary tumor cell line. J. Natin. Cancer Inst. 56 (1976)
1159-1164.

. Soto A. M., Rosner A. L., Farookhi R. and Sonnen-

schein C.: In Methods in Cell Biology (Edited by D.
M. Prescott). Academic Press, New York. Vol 13
(1976) pp. 195-211.

Goa J.: Micro-biuret method for protein determina-
tion; Determination of total protein in cerebrospinal
fluid. Scand. J. Clin. Lab. Invest. § (1953) 218-222.
Tennant J. R.: Evaluation of the trypan blue technique
for determination of cell viability. Transplantation 2
(1964) 685-694.

Clark J. H. and Gorski J.: Ontogeny of the estrogen
receptor during early uterine development. Science 169
(1970) 76-78.

. Lee C. and Jacobson H. I.: Uterine estrogen receptor

in rats during pubescence and the estrous cycle.
Endocrinology 88 (1971) 596-601.

. Sarf M. and Gorski J.: Control of estrogen binding

protein concentration under basal conditions and after
estrogen administration. Biochemistry 10 (1971)
2557-2563.

. Hawkins R. A, Hill A, Freedman B., Killen E.

Buchan P., Miller W. R. and Forrest A. P. M.:
Estrogen receptor activity and endocrine status in
DMBA-induced rat mammary tumor. Eur. J. Cancer
13 (1977) 223-228.

. Hunt M. E. and Muldoon T. G.: Factors controlling

estrogen receptor levels in normal mouse mammary
tissue. J. steroid Biochem. 8 (1977) 181-186.

Shafie S. and Brooks S. C.: Effect of prolactin on
growth and the estrogen receptor level of human
breast cancer cells (MCF-7). Cancer Res. 37 (1977)
792-799.

Bruchovsky N. and Craven S.: Prostatic involution:
Effect on androgen receptors and intracellular
androgen transport. Biochem. biophys. Res. Commun.
62 (1975) 837-843.

Yamamoto K. R. and Alberts B.: The interaction of
estradiol-receptor protein with the genome: an argu-
ment for the existance of undetected specific sites. Cell
4 (1975) 301-310.



