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Abstract. Prolactin dissociates more readily from rat liver than from rabbit mammary prolactin 
receptors. The rate of dissociation is dependent in the time of association. In rat liver, prolactin 
dissociates from receptors at the cell periphery (plasma membrane, PM) more rapidly than those 
of microsomes, a major component of which is the intracellular Golgi membranes. The disso- 
ciation curves following 1 hr of association can be resolved into a fast and slow component by 
logarithmic transformation, with a greater than twofold increase in the fast componment of the 
dissociation rate constant (kz) in PM compared to microsomal membranes. With longer asso- 
ciation times (10 hr), plasma membranes develop a more slowly dissociable component, with 
dissociation characteristics (rate constants) similar to those observed in microsomes following 1 
hr of association. Another means of visualizing this difference is by a Scatchard plot of prolactin 
binding to PM, microsomal, and Golgi membranes. The affinity constants in the microsomal 
and Golgi fractions are identical whereas that for the PM fractions more than twofold lower. 
The decreased affinity in the PM would allow prolactin to more readily dissociate from its receptor 
than from receptors with higher affinity. Although the differences between PM and Golgi receptors 
observed are small, they are confirmed by direct measurements of affinity constants and dis- 
sociation rate constants. Therefore, it appears that receptors with lower affinity at the cell pe- 
riphery are those involved in the initial mechanism of action of prolactin. 

The interaction of a hormone with its re- 
ceptors is the initial event leading to the for- 
mation of a hormone receptor complex. Un- 
der equilibrium conditions, this reaction has 
been considered to be freely reversible (1, 2). 
However, for an increasing list of hormones, 
including PRL, hGH, TSH, insulin, LH, and 
P-adrenergic (3- lo), it appears that dissocia- 
tion of the hormone receptor complex is dif- 
ficult and that a slowly reversible complex is 
established with an increase in the time of 
association of the hormone with its receptor. 

The present studies were undertaken to ex- 
amine differences in prolactin receptor dis- 
sociation between two target tissues, rat liver 
and rabbit mammary gland, and to compare 
the rate of dissociation between various sub- 
cellular binding components. 

Materials and Methods. Animals. Mam- 
mary glands of 6-day lactating rabbits and liv- 
ers from ovariectomized female Sprague- 
Dawley rats weighing 200 g, treated for 7 days 
with 5 pg estradiol-l7P, were removed. CB- 
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154 (Sandoz, Basel) was injected just prior to 
sacrifice in both rabbits and rats to increase 
receptor content (1 1). 

Membrane preparation. Crude microsomes 
were prepared from rabbit mammary glands 
and rat liver by differential centrifugation ( 10, 
12). Purified plasma membranes (PM) were 
prepared by the method of Ray ( 13) and Golgi 
membranes by the method of Bergeron et al. 
(14). The purity of the subcellular fractions 
was assessed by determining 5'-nucleotidase 
( 1 5) and galactosyl transferase ( 16) activities, 
marker enzymes for plasmalemna and Golgi 
membranes, respectively. Protein was mea- 
sured by the Lowry method (17) using bovine 
serum albumin (BSA) as a standard. 

Hormones. Ovine prolactin (oPRL, NIH- 
P-S13, 35 U/mg) was kindly provided by the 
Hormone Distribution Program of the 
NIAMDD, NIH. 

Iodination of oPRL. '251-oPRL was pre- 
pared utilizing low concentrations of chlora- 
mine-T (500 ng) and 5 pg of oPRL and pu- 
rified on a column of Sephadex G-75 (18). 
The specific activity ranged from 40 to 60 
pCi/pg. The integrity of the labeled hormone 
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FIG. 1 .  Dissociation of '2SI-oPRL from microsomal membranes of rat liver (left panel) and rabbit mam- 
mary gland (right panel) at 23" following either 1 or 10 hr of association of the labeled hormone with the 
receptor. Specific binding at time 0 for rat liver is 7520, and 18,970 cpm for 1 and 10 hr association, 
respectively; and for rabbit mammary microsomes, specific binding is, respectively, 17,300 and 38,500 cpm 
for 1 and 10 hr of association. 

at the outset of the studies was verified with 
a laboratory control receptor preparation of 
rabbit mammary gland. Labeled prolactin 
bound >25% of the added hormone with 200 
pg of membrane protein and >75% in the 
presence of excess membranes. Iodinated hor- 
mone dissociated from membrane fractions 
retained its capacity to bind to control recep 
tor preparations. 

Assay and dissociation procedures. '251- 
oPRL (approximately 100,OOO cpm) was in- 
cubated with rabbit mammary gland or rat 
liver membranes (200 pg) for either 14 or 16 
hr at 23", which is the time required for max- 
imal binding to be obtained or for the times 
indicated in the figures and tables. The final 
volume was 0.5 ml in an assay buffer of 25 
mM Tris, containing 10 mM M a 2 ,  and 0.1% 
BSA. Duplicate tubes, two in the absence and 
two in the presence of excess (1 pg) oPRL, 
were used. Bound and free hormones were 
separated by centrifugation at 2300g for 15 
min following the addition of 3 ml assay buffer 
to each tube. Specific binding was the differ- 
ence between the total counts per minute 
(cpm) and nonspecific cpm and expressed as 
cpm or a percentage of the total radioactivity 
added. 

Dissociation (at 23") of prolactin from its 
receptor was initiated in tubes in which the 

labeled prolactin had been allowed to asso- 
ciate with the receptor for 1 or 10 hr by the 
addition of 3 ml assay buffer containing 10 
pg/ml oPRL. The dissociation reaction was 
stopped by placing the tubes in ice water and 
immediately centrifuging them at 2300g for 
15 min at 4'. 

Tubes were counted in a LKB gamma spec- 
trometer with a counting efficiency of 65%. 
For dissociation experiments, results are ex- 
pressed as a percentage of the radioactivity 
bound at time 0 (% of control). Affinity con- 
stants and binding capacities (N) were cal- 
culated by Scatchard analysis ( 19) under equi- 
librium conditions. 

Results. The difference in the dissociability 
of prolactin from rat liver and rabbit mam- 
mary gland prolactin receptors is shown in 
Fig. 1. It can be seen that '*%oPRL disso- 
ciates more readily from rat liver (left panel) 
than from rabbit mammary prolactin recep 
tors as has been previously reported (3,4,20). 
In addition, the longer that a labeled hormone 
is allowed to associate with its receptor, the 
more tightly it appears to be bound resulting 
in the decreased ability to dissociate. This re- 
lationship has been established for a number 
of hormone-receptor systems (3- 10). 

In rat liver, where dissoCiability can be more 
readily measured, there is a marked difference 
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FIG. 2. Dissociation of 'ZSI-oPRL from rat liver microsomes and purified plasma membranes (PM) at 
23" following 1 hr of association. The left panel shows the dissociation as a percentage of specific binding 
at time 0 (after 1 hr of association) which is 1 1,180 and 8980 cpm for microsomes and PM, respectively. 
The right panel shows the data transformed to linearize the curve. The slope of these curves is used to 
calculate the dissociation rate constant (kz). 

in the ability of prolactin to dissociate from 
receptors normally found at the cell periphery 
(plasma membrane) than from microsomes, 
of which a major component in rat liver prep- 
arations is the intracellular Golgi membranes 
(14, 16). Figure 2 shows that '251-oPRL dis- 
sociates from plasma membrane receptors 
much more readily than from microsomes 
following 1 hr of association. 

The dissociation curves, which can be re- 
solved into fast and slow components based 
on logarithmic transformation (2 1 ), reveal a 
greater than twofold increase in the faster 
component of the dissociation rate constant 
(k2) in plasma membranes compared to mi- 
crosomes with no change in the slow com- 
ponent (Table I). 

However, with increased association times, 
plasma membranes preferentially develop a 
slowly dissociating component. Figure 3 shows 
a similar dissociation study carried out with 
membranes which have been allowed to as- 
sociate with labeled prolactin for 10 hr. The 
difference between plasma membranes and 
microsome component is less apparent. It ap- 
pears that with longer periods of association 
(10 hr), prolactin receptors in plasma mem- 
branes develop dissociation characteristics 
similar to those observed in microsomes fol- 
lowing just 1 hr of association. This shift is 
confirmed in Table I. 

The differerences in dissociation rate con- 
stants can be seen by other means. Figure 4 
shows a Scatchard plot of PRL binding in 

TABLE I. DISSOCIATION RATE CONSTANTS ( k2) OF lzsI-oPRL FROM RAT LIVER MICROSOMES AND PURIFIED 
PLASMA MEMBRANES AS A FUNCTION OF TIME THE LABELED LIGAND WAS ALLOWED 

TO ASSOCIATE WITH THE BINDING SITES 

Rate constant, kz (hr-I) 

1-hr association 10-hr association 

Cell fraction Fast component Slow component Fast component Slow component 

Microsomes 0.44 
Plasma membranes 0.9 1 

0.03 
0.02 

0.34 
0.38 

0.02 
0.03 

Note. Rate constants were calculated fiom the dissociation data shown in Figs. 2 and 3 (21). These data are the 
mean of two separate dissociation experiments. 
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FIG. 3. Dissociation of 12'I-oPRL from rat liver microsomes and purified plasma membranes (PM) at 
23" following 10 hr of association. Conditions are as described in legend to Fig. 2. Specific binding at time 
0 (after 10 hr of association) is 25,800 and 18,380 cpm for microsomes and PM, respectively. 

microsome, plasma, and Golgi membranes. 
As can be seen in Table 11, the plasma mem- 
brane fraction contains the greatest concen- 
tration of 5'-nucleotidase activity and the Golgi 
intermediate is by far the richest in galactosyl 
transferase, the affinity constants in micro- 
somes and Golgi fractions are identical, 
whereas the affinity constant for plasma 
membranes is slightly more than twofold 
lower. The decreased affinity in PM would 
allow prolactin to more readily dissociate from 

its receptor than from receptors with higher 
affinities. 

Discussion. Prolactin more readily disso- 
ciates from receptors in rat liver than from 
receptors in rabbit mammary gland (Fig. 1) 
as we and others have previously observed (3, 
4, 1 I ,  12, 20). As well, there appears to be an 
increase in Cffinity with longer association 
times for mammary receptors as occurs for 
rat liver receptors. However, since lactating 
mammary gland preparations are greatly en- 
riched in Golgi membranes (22) and it is dif- 
ficult to obtain purified plasma membrane 

0'12 1 MICROSOME ( 2 0 0 ~ 9 )  fractions from the mammary gland, further 
C. P.M. (1OOpg)  
M GOLGI ( 2 5 p g )  

0.10 h comparisons regarding differences between rat 
liver and rabbit mammary gland have not been 
made. 

These studies could have important impli- 
cations in terms of cellular function. A very 
large percentage of prolactin receptors in rat 
liver is located within the cell (23). The pres- 
ent results confirm the differential subcellular 
localization of PRL receptors and suggest that 
receptors in the PM and Golgi are in different 
forms, with the affinity of the receptor being 
dependent on the subcellular localization. 

Prolactin receptors are down-regulated both 
in vivo and in vitro (24, 25) with a passage of 
the hormone-receptor complex inside the cell 
(23). The present data suggest that internal- 
ization of the hormone-receptor complex is 
preceded by a tightening of the linkage be- 
tween the hormone and its receptor, as has 
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FIG. 4. Scatchard plots of prolactin binding to micro- 
some, plasma membrane (PM), and Golgi membrane 
fractions. 
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TABLE 11. BINDING CONSTANTS OF PROLACTIN RECEPTORS FROM DIFFERENT CELLULAR FRACIlONS 
OF RAT LIVER CALCULATED BY %ATCHARD ANALYSIS 

5’-Nucleotidase Galactosyltransferase K, K d  N 
Cell fraction (Fmole/hr/mg protein) (nmole/hr/mg protein) (nM-’) (nM) (fmole/mg protein) 

Microsomes 2.6 
Golgi intermediate 14.1 
Plasma membrane 34.1 

20.0 6.4 0.16 34.7 
178.0 6.4 0.16 348.4 

6.3 2.6 0.38 50.8 

Note. 5’-Nucleotidase activity is in units of Pi and galactosyltransferase activity is in units of galactose transferred. 
These data are the means of two separate experiments. 

been suggested by Catt (26). The role of in- 
ternalization of the prolactin-receptor com- 
plex at the present time remains unclear. It 
is possible it represents simply a scavenger 
process for the cell. 

Following the binding of insulin to cell sur- 
face receptors, a ligand-specific internaliza- 
tion of the hormone-receptor complex oc- 
curs. Pastan and his co-workers have char- 
acterized these events in fibroblasts (27) and 
have demonstrated that following internaliza- 
tion, hormone-receptor complexes form ves- 
icles in the cytoplasm which have been iden- 
tified as “receptosomes.” These structures a p  
pear to accumulate in the Golgi region, and 
finally the hormone-receptor complexes are 
degraded in the lyosomes. Recently, Marshall 
et al. (28) have reported evidence suggesting 
that following binding of insulin to adipo- 
cytes, there is a degradation in lysosomes, pri- 
marily of the ligand, whereas receptors are 
rapidly recycled back to the cell surface. It is 
interesting to speculate that for prolactin re- 
ceptors, differences in affinity between recep 
tors at the cell periphery and within the cell 
might be a reflection of the cellular ability to 
regulate either or both the number of recep 
tors or the degradation of prolactin. 

Although the difference in affinity between 
PM and Golgi receptors is small, it is con- 
firmed by differences in the rate of dissocia- 
tion of labeled hormone from the receptor. It 
is possible that if a change of affinity occurs 
following the binding of prolactin to its PM 
receptors, that it could be related to the pro- 
duction of an intracellular message reponsible 
for the action of prolactin. (29,30). It appears 
that it is the receptors with the lower affinity 
found at the periphery of the cell that are most 
important in the initial mechanism of action 
of prolactin. 

The authors express their gratitude to the Hormone 
Distribution Program of the NIAMDD for the generous 
supply of oPRL. This work was supported by grants from 
the Medical Research Council of Canada, The National 
Cancer Institute (Canada), the Centre National de le Re- 
cherche Scientifique (France) and the Institut National 
pour la Sand et la Recherche Mklicale. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Kahn CR, Freychet P, Roth J, Neville DM. Quan- 
titative aspects of the insulin-receptor interaction in 
liver plasma membrane. J Biol Chem 2492249-2257, 
1974. 
De Meyts P, Bianco AR, Roth J. Site interactions 
among insulin receptors: Characterization of the neg- 
ative cooperativity. J Biol Chem 251: 1877- 1888, 
1976. 
Kelly PA, Djiane J, De Lkan A. Prolactin-receptor 
dissociation and down-regulation. In: L‘Hermite M, 
Judd J, eds. Advances in Prolactin, Progress in Re- 
productive Biology. Basel, Karger, Vol. 6: pp124- 
136, 1980. 
Van der Gugten AA, Waters MJ, Murthy GS, Friesen 
HG. Studies of the irreversible nature of prolactin 
binding to receptors. Endocrinology 106:402-4 1 1, 
1980. 
Donner DB, Martin DW, Sonenberg M. Accumu- 
lation of a slowly dissociable peptide hormone bind- 
ing components by isolated target cells. Proc Nat Acad 
Sci USA 75672-676, 1978. 
Donner DB, Casadei J, Hartstein L, Martin D, So- 
nenberg M. Characterization of the slowly dissociable 
human growth hormone binding component of iso- 
lated rat hepatocfles. Biochemistry 19 3293-3300, 
1980. 
Donner DB, Corin RE. Formation of a receptor state 
from which insulin dissociates slowly in hepatic cells 
and plasma membranes. J Biol Chem 2559005-9008, 
1980. 
Powell-Jones CHJ, Thomas CG, Nayfeh SN. Evi- 
dence for “compartmentalization” of a slowly dis- 
sociable thyrotropin binding component by human 
thyroid plasma membranes. Endocrinology 104: 136A, 
1979. 
Katikineni M, Davies TF, Huhtaniemi IT, Catt KJ. 
Luteinizing hormone-receptor interaction in the tes- 



224 PRL-RECEPTOR DISSOCIATION 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

tis: Progressive decrease in reversibility of the hor- 
mone-receptor complex. Endocrinology 107: 1980- 
1988, 1980. 
Ross EM, Maguire ME, Sturgill TW, Biltonen RL, 
Gilman AG. Relationship between the @-adrenergic 
receptor and adenylate cyclase: Studies of ligand 
binding and enzyme activity in purified membranes 
of 549 lymphoma cells. J Biol Chem 252576 1-5775, 
1977. 
Djiane J, Durand P, Kelly PA. Evolution of prolactin 
receptors in rabbit mammary gland throughout preg- 
nancy and lactation. Endocrinology 100.1348- 1356, 
1980. 
Kelly PA, Posner BI, Friesen HG. Effect of hype 
physectomy, ovariectomy and cycloheximide on spe- 
cific binding sites for lactogenic hormones in rat liver. 
Endocrinology 97: 1408- 14 1 5, 1975. 
Ray TF. A modified method for the isolation of the 
plasma membrane from rat liver. Biochim Biophys 

Bergeron JJM, Posner BI, Josefsberg Z, Sikstrom R. 
Intracellular polypeptide hormones receptors: The 
demonstration of specific binding sites for insulin and 
human growth hormone in Golgi fractions isolated 
from the liver of female rats. J Biol Chem 253:4058- 
4066, 1978. 
Widnell CC, Unkeless JC. Partial purification of a 
lipoprotein with 5’-nucleotidase activity from mem- 
branes of rat liver cells. Proc Nat Acad Sci USA 
61: 1050- 1057, 1968. 
Bergeron JJM, Ehrenreich JH, Siekevitz P, Palade 
GE. Golgi fractions prepared from rat liver homog- 
enates. I1 Biochemical characterization. J Cell Biol 

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 
Protein measurement with the Folin-Phenol reagent. 
J Biol Chem 193:265-275, 195 1. 
Kelly PA, Leblanc G, Djiane J. Estimation of total 
prolactin binding sites after in vitro desaturation. En- 
docrinology 1W1631-1638, 1979. 
Scatchard G. The attraction of proteins for small 
molecules and ions. Ann NY Acad Sci 51:660-672, 
1949. 
Perry HM, Jacobs LS. Rabbit mammary prolactin 

Acta 1%1-9, 1970. 

5973-87, 1973. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

receptors: Demonstration of a late puerperal increase 
in affinity. J Biol Chem 25331560-1564, 1978. 
Williams LT, Lefkowitz RJ. Theory of ligand-recep 
tor interactions. In: Williams LT, Lefkowitz RJ, eds. 
Receptor Binding Studies in Adrenergic Pharmacol- 
ogy. New York, Raven Press, p27, 1978. 
Djiane J, Houdebine LM, Kelly PA. Down-regula- 
tion of prolactin receptors in rabbit mammary gland 
Differential subcellular localization. Roc Soc Exp Biol 

Josefsberg Z, Posner BI, Pate1 B, Bergeron JJM. The 
uptake of prolactin into female rat liver: Concentra- 
tion of intact hormone into Golgi apparatus. J Biol 
Chem 254:209-2 14, 1979. 
Djiane J, Clauser H, Kelly PA. Rapid down-regula- 
tion of prolactin receptors in mammary gland and 
liver. Biochem Biophys Res Commun 90.137 1 - 1378, 
1979. 
Djiane J, Delouis C, Kelly PA. Prolactin receptors in 
organ culture of rabbit mammary gland: Effect of 
cycloheximide and prolactin. Proc Soc Exp Biol Med 

Catt KJ, Harwood JP, Aguilera G, Dufau ML. Hor- 
monal regulation of peptide receptors and target cell 
responses. Nature (London) 280:109-116, 1979. 
Pastan IH, Willingham MC. Receptor-mediated en- 
docytosis of hormones in cultured cells. Annu Rev 
Physiol43239-250, 198 1. 
Marshall S, Olfski JM. Characterization of insulin- 
induced receptor loss and evidence for internalization 
of the insulin receptor. Diabetes 30:746-753, 198 1. 
Teyssot B, Houdebine LM, Djiane J. Prolactin in- 
duces release of a factor from membranes capable of 
stimulating @-casein gene transcription in isolated 
mammary nuclei. Proc Nat Acad Sci USA 786729- 
6733, 1981. 
Teyssot B, Djiane J, Kelly PA, Houdebine LM. Iden- 
tification of a putative prolactin second messenger 
activity @-casein gene transcription. Biol Cell 43:8 1- 
88, 1982. 

Med 168:378-381, 1981. 

162:342-345, 1979. 

Received April 5, 1982. P.S.E.B.M. 1983, Vol. 172. 




