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The interaction of the synthetic serum thymic factor (FTS, facteur thymique s~rique) with a plasma 
membrane preparation of human T lymphocytes from the lymphoblastoid T cell line 1301 was studied using 
3H-labelled FTS (specific activity 120 Ci/mmol). The binding is temperature dependent and function of the 
concentration of both 3H-iabelled FTS and membrane proteins. At 37°C, using 1 nM of 3H-labelled FTS a 
steady state is observed within 80 min. The binding is reversible, specific and saturable. Scatchard analysis 
reveals the existence of at least two binding sites with respective K d of the order of 0.516-+0.2 nM and 
110-+27.8 nM with concentrations of 0.186+--0.045 pmol and 2.026-+0.367 pmol per mg of membrane 
protein. 

Introduction 

The serum thymic factor FTS (facteur thymique 
s6rique) is an immunologically active peptide which 
has been characterized by its capacity to induce 
the appearance of T cell markers on immature T 

* To whom correspondence should be addressed. 

Abbreviations: FTS (Facteur thymique s6rique) for the 
nonapeptide 

pyro Glu - Ala - Lys- Ser -Gln  - Gly - Gly - Ser- Asn OH 
1 2 3 4 5 6 7 8 9 

corresponding to the porcine serum thymic factor. The serum 
thymic factor analogs obtained by replacement, for instance the 
L-Asn in position 9 by L-Asp, or L-Ser in position 4 by D-Ser 
are designated [Asp9]FTS and [D-Ser 4 ]FTS, respectively. 
Hepes, 4-(2-hydroxyethyl)- I -piperazineethanesulphonic acid. 
Tx mice, Thymectomized mice or mice with ablation of thymus. 
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cells [1]. The absence of FTS activity in the serum 
of thymectomized (Tx) or nude mice (athymic) 
and its reappearance after thymus grafting demon- 
strate its strict thymic dependence [2]. Its thymic 
origin has been furthermore demonstrated by its 
purification from thymic extracts [3] and by its 
localization in the thymus gland using im- 
munofluorescence assays [4]. FTS has been iso- 
lated from pig serum [5], sequenced [6] (pyro Glu- 
Ala-Lys-Ser-Gln-Gly-Gly-Ser-Asn) and synthe- 
sized [7]. The synthetic material shows full biologi- 
cal activity and displays the same chromatographi- 
cal characteristics as naturally derived FTS [6,7]. 
Formely, some of us [8] using a tritium-labelled 
derivative of FTS as a tracer, have characterized a 
specific cellular receptor on two lymphoblastoid T 
cell lines, 1301 and HSB2. The specific activity of 
this 3H-labelled methylated FTS derivative was 
5 Ci/mmol [8]. 



Now, a very highly radioactive FTS has been 
prepared (see Ref. 9) by catalytic tritiation of a 
triple bond containing FTS analogs obtained by 
replacing lysine by an acetylenic lysine residue [9]. 
This 3H-labelled F T S  thus prepared without any 
change of the chemical structure of the natural 
FTS, showed full biological activity and displayed 
the same immunoreactivity as the synthetic FTS. 

In the present paper we report a procedure for 
the preparation of purified plasma membranes 
obtained from the 1301 cell line and the presence 
in these plasma membranes of highly specific bi- 
nding sites for 3H-labelled FTS. 

Materials and Methods 

Lymphoblastoid cell line. The 1301 cell line was 
obtained from S.M. Fu and M. Fellous. It was 
derived from a leukocyte culture of patients with 
acute lymphoblastic leukemia. Cells were main- 
tained at 37°C in RPMI 1640 essential medium 
supplemented with 10% fetal calf serum, 1% 
glutamine, antibiotics and Fungizone. The cells 
were used for membrane preparation when they 
were in stationary phase of growth. Their viability 
was determined by their capacity to exclude Trypan 
blue dye. 

Labelled FTS. The synthesis of triple bond 
containing FTS analogue [10] was performed by 
introducing a derivative of L-2,6-diamino-4- 
hexynoic acid (Dha, commonly acetylenic lysine) 
and the 3H-labelled FTS was obtained after cata- 
lytic tritiation of this unsaturated FTS analogue 
[10]. 

After purification, thin layer chromatography 
was performed, biological activity in the rosette 
assay and immunoreactivity were assessed. No dif- 
ference between unlabelled and labelled FTS was 
observed. Specific activity, determined by radioim- 
munoassay Il l]  and amino acid analysis was 120 
Ci /mmol .  

FTS, FTS analogues and biological activity de- 
termination. FTS and FTS analogues including 
[Asp 9]FTS, [D-Ser 4 ]FTS, [Prd ]FTS and [Orn 3 ]FTS 
were synthesized by the homogeneous phase 
method [12,13]. Their biological activities were 
assessed by the rosette assay. This test has already 
been described in detail [14]. In brief, it consists in 
determining the ability of FTS or FTS analogues 

to confer azathioprine sensitivity on spleen rosette- 
forming cells from adult Tx mice. The lowest 
concentration of the peptide that induces this ac- 
tivity is considered as the minimal active con- 
centration. The minimal active concentration for 
FTS is l0 fM and analogues which induce 
azathioprine sensitivity at concentrations higher 
than l0 nM are considered as inactive. Inactive 
analogues are tested in the rosette assay for their 
ability to inhibit the effect of FTS, as described 
elsewhere [15]. An analogue is considered as an 
FTS antagonist when its minimal active concentra- 
tion inhibiting the effect of FTS (5 nM) is in the 
range of 0.05 to l0 nM. 

Buffer used. The homogeneization buffer con- 
sisted of 10 mM Tris, 10 mM CaC12, and 0.25 M 
sucrose adjusted to pH 7.40. The homogeneization 
buffer was buffer A. 

Binding studies were performed in a medium 
containing 135 mM NaC1, 50 mM glucose, 50 mM 
KH2PO 4, 1 mM CaCl 2, 1 mM MgC12, and 50 mM 
Tris, and adjusted to pH 7.40 with Hepes. This 
binding buffer was buffer B. 

Preparation of plasma membranes. All opera- 
tions were performed at 0-4°C;  (100-200). l06 
1301 cells were washed three times in Hanks solu- 
tion to remove fetal calf serum and culture medium. 
The cells were suspended in 7 ml of buffer A. Only 
the cell suspensions with a viability of 95% or 
more were used. The presence of sucrose in 
bufferA, as described by Shiu and Friesen [16] 
allowed for the production of a cell suspension 
without aggregation and with less nuclear disrup- 
tion. Homogenization was performed in a Dounce 
homogeneizer using a tight fitting pestle (B type). 
Fifteen strokes were sufficient to disrupt almost all 
the cells. 

The whole homogenate was centrifuged at 1000 
X g for 20 rain. The pellet was resuspended in 7 ml 
of bufferA, submitted to l0 strokes in the same 
Dounce homogeneizer and centrifuged as described 
above. The supernatants of the two 1000×g  
centrifugations were pooled and centrifuged again 
at 20000 X g  for 60 rain. The 20000Xg  super- 
natant was centrifuged at 105000 X g for 60 min. 
The pellets of these last three centrifugation phases 
were called fractions A, B and C, respectively. The 
fractions A, B and C were resuspended in buffer B 
(2 to 3 ml) and divided into 0.5 ml aliquots. The 



fractions were immediately used or stored in liquid 
nitrogen or at - 2 0 ° C .  All fractions were sub- 
mitted to protein, DNA determinations and en- 
zymatic assays. 

Protein and DNA determinations. Protein 
evaluation was made according to Lowry et al. [17] 
using bovine serum albumin as a standard. DNA 
was determined using the diphenylamine reaction 
according to Burton [18], modified by Giles and 
Myers with calf thymus DNA as a standard. 

Enzymatic assays. 5'-Nucleotidase and alkaline 
phosphatase activities were used as markers for 
plasma membranes. 5'-Nucleotidase activity (EC 
3.1.3.5) was determined by the method described 
by Emmelot et al. [19], inorganic phosphore pro- 
duction was determined as described by Chen et 
al. [20]. Alkaline phosphatase activity (EC 3.1.3.1) 
was measured according to Garen and Levinthal 
[21]. /3-Glucuronidase activity (EC 3.2.1.31) was 
used as a marker for lysosomes; it was determined 
according to Fishman et al. [22]. Succinate dehy- 
drogenase enzyme (EC 3.1.99.1) a mitochondrial 
marker, was measured according to Tisdale [23]. 

~H-labelled FTS binding. The fraction con- 
taining the highest 5'-nucleotidase and alkaline 
phosphatase activities and the lowest DNA con- 
centration were used for binding studies: 0.1 ml of 
membrane suspension (5 to 80/~g of protein) was 
mixed with an equal volume of buffer B containing 
3 H-labelled FTS at a given concentration and ad- 
justed to 0.3 ml with buffer B. Non specific bind- 
ing was determined in the presence of a 1000-fold 
excess of unlabeled FTS. At the end of the incuba- 
tion time, 2 ml of ice-cold buffer B were added and 
the samples were passed through Whatman G F / C  
filters, presoaked in buffer B before use. The filters 
were washed three times with 5 ml of ice-cold 
buffer B and dried. The radioactivity collected on 
the filters was counted by liquid scintillation spec- 
trometry. Each determination was performed in 
triplicate. 

Results 

Characterization of plasma membranes 
5'-Nucleotidase and alkaline phosphatase activ- 

ities, plasma membrane markers were investigated 
in the pellet of these three centrifugation steps 
(A, B and C) (Table I). Maximal specific activities 
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were present in fraction B but low specific activi- 
ties were present in fraction C which was con- 
taminated by plasma membrane fragments. In 
contrast, the specific activity of/3-glucuronidase, a 
cytoplasmic  enzyme, was concent ra ted  in 
fraction C. DNA concentration was the highest in 
fraction A, due to the presence in this fraction of 
nuclei fragments and intact cells. The specific ac- 
tivity of succinate dehydrogenase enzyme, a 
mitochondrial marker, was very low or undetecta- 
ble (0.5 nmol.  min - I .  mg 1 for fractions B and 
C) in fractions obtained in the membrane prepara- 
tion. A low concentration of mitochondria was 
confirmed by microelectronic analysis of intact 
~301 cells. Such a low concentra t ion of 
mitochondria has been reported by other authors 
in tumoral and derived leukemic cell lines [24]. 

FTS binding studies 
In order to determine in membrane prepara- 

tions the fractions of 1301 cells binding specifi- 
cally 3H-labelled FTS, incubation of fractions A, 
B and C (100 /xg/0.3 ml) with 3H-labelled FTS 

TABLE I 

C H E M I C A L  C O M P O S I T I O N  A N D  E N Z Y M A T I C  
SPECIFIC ACTIVITIES OF D I F F E R E N T  FRACTIONS A, 
B A N D  C OBTAINED D U R I N G  PLASMA M E M B R A N E  
PREPARATION F R O M  THE 1301 CELL LINE 

D N A  was expressed in p~g per mg of protein. Specific activities 
at 37°C were expressed as ~ m o l / m i n  per mg of protein for 
alkaline phosphatase and for fl-glucuronidase and as n m o l / m i n  
per mg of protein for 5'-nucleotidase and for succinate dehy- 
drogenase. 

Enzyme activities Fraction Fraction Fraction 
and DNA content A B C 

5'-Nucleotidase 0.2 25 2,5 

Alkaline 
phosphatase 5 20 I 

B-Glucuronidase 40 25 100 

Succinate 
dehydrogenase 1.3 0.5 0.5 

D N A  300 3 10 
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(2nM) during 120 min at 37°C was performed. 
Binding capacities were 32 --+ 11 fmol, 1250 ± 430 
fmol, and 22 -± 15 fmol per mg of protein for A, B 
and C fractions, respectively. Only fraction B 
bound specifically 3H-labelled FTS. Binding stud- 
ies were performed in subsequent experiments 
using this fraction. 3H-labelled FTS specific bind- 
ing capacity of fraction B was stable for 1 or 
2 weeks when it was stored in liquid nitrogen. 

Characteristics of binding 
Effects of temperature and duration of incubation. 

Binding of 3H-labelled FTS to the 1301 mem- 
branes is time- and temperature-dependent. No 
binding was observed at 4°C. At 20°C and 30°C 
equilibrium was approached after 6 and 4 h of 
incubation, respectively. At 37°C, binding was 
more rapid and a steady state was obtained after 
80 min of incubation. The stationary phase was 
stable for more than 2 h (Fig. 1). In the presence of 
a large excess (2/~M) of unlabeled FTS only a 
small percentage of 3 H-labelled FTS was bound (1 
to 5% of the total binding). 

Dissociation kinetics. After 2 h of incubation 
at 37°C of membranes with 3H-labelled FTS 
(1 nM) the addition of unlabelled FTS (20 ~M) 
induced a dissociation of the binding (Fig. 2). The 
dissociation curve replotted on a semi-logarithmic 
scale displayed apparently only one first order 
kinetic. 50% of specifically bound 3H-labelled FTS 
were dissociated after 80 min. The k d value was 
2 .09.10 -as - l (Fig. 2 inset). 

13RIFTS bound 
(cOrn. 10 3) 

]0 o _ LJ 

z 0 % :  - 
4 

1 2 3 4 5 6 
hours 

Fig. I. Time and temperature dependence of 3H-labelled FTS 
specific binding to the 1301 plasma membranes. 30 ,ug of 
membrane protein were incubated in 0.3 ml of buffer B con- 
taining 2 nM 3H-labelled FTS at different temperatures. At 
various times, specific binding was determined as described in 
Experimental Procedures. 
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Fig. 2. Dissociation of3H-labelled FTS from its membrane 
receptors. 30 #g of protein membrane were incubated at 37°C 
with 2 nM 3H-labelled FTS with (©) or without (0)  2 ~ M  of 
unlabelled FTS. After 2 h of incubation unlabelled FTS (20 
/xg/ml, 20 #M) was added to the tubes containing 3H-labelled 
FTS alone ([]). Inset: Semi-logarithmic replot of the dissocia- 
tion curve. 

Effects of membrane concentration. The 
specific binding of 3H-labelled FTS to 1301 mem- 
branes is a saturable process with respect to mem- 
brane protein concentration. At 37°C, the maxi- 
mum 3H-labelled FTS specific binding was ob- 
tained with about 500 #g of membrane protein per 
ml. In the range of 0 to 300 #g membrane protein 
per ml specific 3H-labelled FTS binding was a 
linear function of membrane protein concentra- 
tion. Therefore, subsequent binding studies were 
performed at 37°C using between 10/~g to 80/~g 
per volume of 0.3 ml. 

Specificity of the binding. The 3 H-labelled FTS 
binding to 1301 membranes was competitively in- 
hibited by low concentrations of unlabelled FTS. 
Increasing concentrations of unlabelled FTS gave 
a classical displacement curve, as shown in Fig. 3. 
Molecular analogues of FTS were also tested for 
their ability to interfere with specific binding of 
3 H-labelled FTS to membranes. Biologically active 
FTS analogues, such as the agonist [Prol]FTS and 
the antagonist [Asp9]FTS were effective competi- 
tors to 3H-labelled FTS binding. Conversely, the 
biologically inactive analogues [D-Ser4]FTS and 
[Orn3]FTS did not alter 3H-labelled FTS binding. 
Fig. 3 and Table II summarize these results. 

Saturation data. Total 3H-labelled FTS bind- 
ing and non-specific binding (determined by an 
excess of at least 1000 of unlabeled FTS con- 
centration) were studied as a function of total 
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Fig. 3. Inhibition of 3H-labelled FTS binding by unlabellcd 
FTS and FTS analogs. 25 /~g of protein membrane were 
incubated 80 rain at 37°C in 0.3 ml of buffer B containing 
I nM 3H-labelled FTS in the presence of peptides in the 
indicated range of concentration. FTS (O), [Aspg]FTS ([]), 
[Orn3]FTS (O), [D-Ser4]FTS (~'} and [Prol]FTS (zZ). Results 
are expressed in percentage of 3H-labelled FTS bound in the 
presence (B) and in the absence (B 0) of unlabelled peptides. 

l i g a n d  c o n c e n t r a t i o n  (Fig.  4). T h e  pe rcen tage  of  

specif ical ly  b o u n d  F T S  was inc reased  f rom 0.1% 
to apigrox. 25% of  the  to ta l  F T S  c o n c e n t r a t i o n  in 
the  range  of 3 . 1 0 - 7 M  to 2 - 1 0 - 1 ° M ,  this in-  

c rease  b e i n g  the  express ion  of a m u l t i p l e  b i n d i n g  
site s a t u r a t i o n  system.  However ,  non-spec i f i c  b i n d -  
i ng  inc reased  l inear i ly ,  D a t a  o b t a i n e d  in  Fig. 4 
were  rep lo t t ed  acco rd i n g  to Sca tchard  [25] a n d  

sub jec ted  to n o n - l i n e a r  regress ion  c o m p u t e r  ana ly -  
sis, wi th  a r e su l t ing  cu rv i l inea r  (concave  u p w a r d )  
p lo t  (Fig.  5). If the  b i n d i n g  was  cons ide red  to be  

he t e rogeneous ,  two sa tu rab le  classes of b i n d i n g  
sites appeared ,  Values  for the d i s soc ia t ion  con-  

s t an t  K d were  of the  o rder  of 0 ,516+-0 .215  n M  
a n d  1 1 0 -  -+ 27.8 n M ,  a n d  b i n d i n g  site capaci t ies  

3O 

10 

I ! 

lO -'o lO -9 lO -s lO-' [FTS]M 

Fig. 4. Percentage of 3H-labelled FTS specifically bound to 
1301 plasma membranes as a function of total FTS concentra- 
tion. Plasma membranes (80 t~g/tube) were incubated for 120 
rain at 37°C with increasing concentratiorLs of 3H-labelled FTS 
in the indicated range. Membranes were then separated by 
filtration on GF/C  filters and the membrane bound radioactiv- 
ity was determined. Corrections for non-specific binding, which 
was less than 7% of total binding, have been made. 
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Fig. 5. Scatchard plot of the data in Fig. 4. The bound: free 
ratio was plotted as a function of -1H-labelled FTS bound to 
plasma membrane (0). The intrinsic plot ( . . . . . .  ) is obtained 
by resolution of the experimental curve into high and low 
affinity independent linear components. 

TABLE I1 

FTS AND FTS ANALOGS: RECEPTOR SPECIFICITY AND BIOLOGICAL ACTIVITIES 

FTS and FTS analogs Minimal active concentration Minimal active 
in the rosette assay concentration inhibiting 5 nM 

of FTS in the rosette assay 

FTS 10 fM n.d. 
[Asp9]FTS > 10 ~M 0.1 nM 
[Pro I ]FTS 10 fM n.d. 
[D.Ser4]FTS > 10 ~tM > 10 p,M 
[Orn3 ]FTS > 10/~M > 10 p,M 

Concentration providing 509~ 
of [3 H]FTS inhibition of binding 
to plasma membrane receptor 

80 nM 
95 nM 

224 nM 
10/xM 

I/~M 

n,d., not determined. 
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were respectively of the order of 0.186 ± 0.045 
pmol and 2.026 ± 0.367 pmol per mg of membrane 
protein ( m e a n -  + S.D. of three independent de- 
terminations). 

Negative cooperativity experiments. Dissocia- 
tion of 3H-labelled FTS specifically bound to 
plasma membranes induced by very large dilution 
occurred in two phases at 37 and 4°C, an early 
rapid phase followed by a long phase with slow 
rate of release (Fig. 6). Neither phase was accel- 
erated by the excess of unlabelled FTS. This ab- 
sence of 'dissociation enhancement by cold' phe- 
nomenon was consistent with the presence of two 
classes of independent FTS receptors on 1301 
plasma membranes. The dissociation was tempera- 
ture-dependent, greater at 37°C than at 4°C. The 
rebinding during dissociation experiments in in- 

~3H 1 FTS bound too %. 

60 ~ 

40 ~ ~  37 C 

2o 
• Buffer alone 
: Buffer + 10 6M FTS 

Hours of incubation 

Fig. 6. Dissociation of specifically bound 3fl-labelled FTS from 
1301 plasma membranes. Membrane fraction (60 ~g of protein) 
were incubated with 0.5 nM 3H-labelled FTS for 90 rain at 
37°C. The receptor 3H-labelled FTS complex were separated 
from unbound FTS by centrifugation. After washing the pellet. 
membrane pellet was resuspended in 0.1 ml of buffer B and 
adjusted to l0 ml of same buffer in the absence or presence of 
an excess (10 6 M) of unlabelled FTS at 37°C or at 4°C. At 
the end of each incubation period, the mixture was filtered on 
GF/C membrane, washed and the radioactivity remained on 
the filter was measured. Each point is the mean and standard 
deviation of duplicate determinations. 

finite dilution (about 100-fold) was investigated. 
The absence of rebinding was proven by diluting 
the membrane receptor 3H-labelled FTS complex 
into buffer B with addition membranes (2-fold ex- 
cess of fresh membranes) in the absence or pres- 
ence of 1 0 -6 M unlabelled FTS. This excess of 
fresh membranes had no effect on the dissociation 
c u r v e s .  

Parameters of association and dissociation. At 
37°C the association and dissociation kinetics of 
specific 3H-labelled FTS binding were determined. 
Using different concentrations of 3H-labelled FTS 
in the range of 0.4 to 3.1 nM, rate constants were 
determined from Fig. 7 by the equation [26]: 

[ H R ] =  [HR]e q ( l - e  (k,,[H]+kd),) (1) 

where [HR]e q is the specific binding at equi- 
librium, [HR] the specific binding at time t, [H] 
the free ligand concentration, k d the dissociation 
rate constant and k a the association rate constant. 
The equation is a pseudo first order kinetic equa- 
tion in the case when [H] is almost constant. In 
these experiments, at the 3H-labelled FTS con- 
centrations studied, [HR]e q was much lower than 
[HI and therefore, the pseudo-first order kinetics 
was acceptable, The values obtained for the rate 
constants were k ~ = ( 1 . 8 - 2 ) . 1 0 5  M - I . s  -1 and 
k d - - 2 .  10 - 4  S - I ,  given a K d value (kd/ka) 1.11 
to 1 nM (Fig. 7 inset). Independent confirmations 
for k d obtained by dissociation experiments (Fig. 2) 
showed a ka value of 2.09.10 4 s i which was 
similar to that obtained in the association kinetics 
studies. 

3H-labelled FTS and FTS membrane-receptor 
integrities 

The integrity of 3H-labelled FTS present in the 
filtrate of prolonged incubations of 3H-labelled 
FTS (1 nM) with plasma membrane (270 ~g/ml)  
during 30, 60, 90, 120 and 300 min at 37°C was 
established in three control experiments. 

(a) Rebinding to fresh membranes. No altera- 
tion of 3H-labelled FTS binding to fresh mem- 
brane was produced by preincubation with mem- 
brane for 2h  at 37°C. However, rebinding was 
only about 75.7-+ 3.1% of control binding after 
preincubation of the tracer for 5 h, estimating a 
degradation of the tracer of the order of 25 to 
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Fig. 7. Time course of 3H,labelled FTS binding to 1301 plasma membranes. (a) 3 H-labelled FTS at the indicated concentrations was 
incubated with 10 ,~g of protein membrane in 0.3 ml of buffer B. At the indicated times, the samples were filtered through G F / C  
filters presoaked in buffer B and washed 3 times with 5 ml of ice-cold buffer B. The values were corrected for nonspecific binding. (b) 
Time course of 3H-labelled FTS binding plotted according to the eqn. 1 with concentrations 0.35, 0.76, 1.54, 2.0, and 3.1 nM of 
3 H-labelled FTS. (c) The slopes of these lines were plotted as a function of 3 H-labelled FTS concentration. The slope yields a k a value 
of ( i .8_2 ,0) .105M I s, I The intercept yields a ka value of 4 s i 

30%. Control binding was defined as the binding 
to fresh membrane of the 3H-labelled FTS con- 
centration (not preincubated with membrane) 
identical to free 3H_labelled FTS concentration in 
the filtrate of membrane preincubation mixture at 
time t. However, all binding parameter determina- 
tions were obtained after 80 to 120 min incubation 
at 37°C, since our results were acceptable without 
correction. 

(b) lmmunoreactivity of the tracer. No signifi- 
cant differences in the immunoreactivity was 
induced by FTS preincubation. These results 
showed a dissociation between immunoreactivity 
and rebinding studies using 3H_labelled FTS after 
5 h of preincubation with membrane protein. 

(c) Thin-layer chromatography. The integrity 
of 3 H-labelled FTS was finally established by thin- 
layer chromatography. One spot was obtained in 
three solvent systems after 120 min of preincuba- 
tion. 

In order to determine whether the receptors 
were degraded during the incubation time, the 
membranes were preincubated at 37°C for 0 to 
180 min prior to the addition of labelled FTS for 
standard incubation. Neither specific nor non- 
specific binding was altered by this preincubation. 

Discuss ion  

Formerly, using a (3H-labelled FTS)-labelled 
methylated derivative of FTS with low specific 
activity (5 Ci /mmol)  as tracer, some of us char- 
acterized on the 1301 cell line a specific cellular 
receptor for FTS with at least two different bind- 
ing sites, with K d of the order of 3.5 and 110 nM, 
and maximum numbers of binding sites of the 
order of 48000 and 780000 per cell, respectively 
[8]. In this previous study, the low specific activity 
of the tracer and its structural modifications did 
not allow us to approach the binding sites with 
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affinity related with biological activity in the 
rosette assay. Furthermore, the subcellular locali- 
zation of the receptors remains to be defined. 

In the present study, using subceUular fractions 
from the 1301 cell line, and a 3H-labelled FTS 
structurally identical to natural FTS, with very 
high specific activity (120 Ci/mmol)  we have been 
able to find 3H-labelled FTS specific binding sites 
on plasma membranes and to characterize their 
physico-chemical  parameters.  The method 
described for plasma membrane preparation of 
cultured cells was rapid, reproducible, providing a 
good yield of purified membrane (2 to 3 mg of 
membrane protein per (100-150). 10 6 1301 cells), 
and did not alter dramatically FTS binding sites. 
The data in Table I show that the specific activities 
of plasma membrane markers are concentrated in 
fraction B. The 3H-labelled FTS specific binding 
was also concentrated in fraction B. Conversely, 
fractions A and C, enriched in nuclei and in 
cytoplasmic enzymatic markers, did not show any 
significant specific binding. However, the possible 
existence of binding site in the supernatant of a 
105 000 × g centrifugation was not investigated due 
to lack of a convenient method for separating free 
and bound 3H_labelled FTS. Thus, the presence of 
specific cytoplasmic receptors for FTS cannot be 
excluded. Autoradiographic studies on FTS bind- 
ing to 1301 cells are presently under way to define 
binding site distribution on these cells. 

The interaction of 3H-labelled FTS with 1301 
membrane was stable, saturable and reversible as 
on intact cells. FTS binding (Fig. 1) is very tem- 
perature-dependent. This result is not unusual for 
hormone and receptor interactions like steroid 
hormones [27], FSH [28], angiotensine II [29]. In 
these systems low temperature can alter thermody- 
namically dependent parameters of association and 
dissociation, modify the conformation of ligands, 
or modify the membrane environment of recep- 
tors. In the FTS binding system the exact reasons 
for this high temperature sensitivity are not known 
and the hypothesis mentioned above are also valid; 
moreover a possible inside-outside formation of 
vesicles in the plasma membrane, at 4°C, includ- 
ing receptors, cannot be rejected. The fact that the 
association kinetics at 37°C, 30°C and 24°C show 
a similar stationary phase, but at different periods 
of the incubation time, could demonstrate an ab- 

sence of receptor alteration at such temperatures. 
A possible association of all-labelled FTS with the 
membrane at 4°C, detectable after 10 or 24h or 
more, may occur, without, however, any biological 
significance. 

Displacement of 3H-labelled FTS binding was 
obtained with FTS analogues which were fully 
biologically active (agonist or antagonist). Con- 
versely, inactive analogues [D-Ser4]FTS and 
[Orn3]FTS did not displace 3H-labelled FTS bind- 
ing (Fig. 3). 

Saturation at low ligand concentration of 3H- 

labelled FTS showed a curvilinear (concave up- 
ward) Scatchard plot. This could be explained by 
the presence of multiple classes of binding sites, 
such as were described for the nerve growth factor 
[30] and for histamine [31], or a single class of 
homogeneously binding sites with varying affinity 
[32]. The negative cooperativity model for 
hormonal action postulates that a non-linear 
Scatchard plot is the result of progressively lowered 
affinity when occupancy of a given population of 
receptors is increased. The presence of two classes 
of FTS receptors in 1301 plasma membrane was 
consistent with the results obtained from experi- 
ments on the dissociation of specifically bound 
FTS induced by infinite dilutions. In the insulin 
receptor model, which exhibits a non-linear 
Scatchard plot, the presence of negative coopera- 
tivity is suggested by the observation that the rate 
of dissociation induced by dilution without un- 
labeled peptide is increased in the presence of an 
excess of unlabeled peptide [33]. Moreover, this 
'dissociation enhancement by cold' phenomenon 
has been demonstrated to be independent of the 
presence of a curvilinear Scatchard plot in the 
TSH binding system described by Powell-Jones et 
al. [34]. 

The hypothesis of two classes of independent 
FTS receptors in the 1301 Plasma membrane has 
also been tested with theoretical arguments. We 
have used a personal computer programme to 
adjust experimental data to the theoretical 
Scatchard representation with two independent bi- 
nding sites. We have used a hyperbolic, non-linear 
regression fitting of experimental data and calcu- 
lated a fitting index to quantify its accuracy. This 
index is defined by the formula: 
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i ~  ?t 

Index= Z (Y(i)-Y(i))2/n 
i = l  

where Y(i) is the experimental data, Y(i) the 
theoretical data for the ith point, and n the total 
number of experimental points. The best fitting 
index is not equal to 0 but equal to 10 - 7  in our 
precision test assessed with theoretical values. The 
index value for Scatchard analysis in Fig. 5 is 
8 .16 .10-6 .  Thus, theoretical and experimental re- 
sults are in agreement, as far as the hypothesis of 
two independent binding sites for the FTS binding 
system is concerned. 

Based on the evaluation of 'cellular equivalent 
unit' defined as the mean quantity of membrane 
protein obtained by the homogeneization of 'one' 
lymphoblastoid 1301 cell, the binding capacity was 
13070 ± 530 sites per cellular equivalent for bind- 
ing site, with K d of 0.516-+0.2 nM. This site had 
not been characterized in the previous study [8] on 
intact 1301 cells, certainly because of the low 
specific activity of the tracer and its unnatural 
structure. The relation between this high affinity 
binding site and the, r0sette assay biological site 
remains to be established. According to the in 
vitro rosette assay, FTS is active until the low 
concentration of 10 fM and 50% of high affinity 
binding site saturation is about 0.5 nM. Then,  a 
minimum occupancy of about 0.02% of highly 
binding sites could be detected in the rosette assay 
if such FTS receptor is present in the biological 
test. However, the rosette assay uses spleen rosette 
forming cells from ATx mice and not 1301 ceils, 
and the activity in this biological assay is ex- 
pressed in minimal active concentration of FTS 
inducing azathioprine sensitivity of rosette form- 
ing cells. This azathioprine sensitivity could be 
obtained with very low occupancy of binding sites. 

The correlation between FTS binding and its 
biological activities at 1301 cellular level is pre- 
sently under way, studying an activation of 
adenylate cyclase, activation of guanydyl cyclase 
or calmoduline interaction, and studying FTS- 
induced apparition of some T cell differentiation 
antigens on the surface of 1301 cells or on the 
surface of T cells with FTS receptors. 

The binding site with K d of 110 nM and bind- 
ing capacity of the order of 142440 + 24300 sites 
per cellular equivalent could be identical to the 

low affinity binding site found on 1301 intact cells. 
Its significance is not known. Kinetic studies con- 
sidering both the approach to equilibrium at dif- 
ferent ligand concentrations and the dissociation 
following addition of an excess of unlabeled FTS 
gave a K d of the order of 1.08 ± 0.35 nM identical 
to that found by equilibrium techniques (0.516 ± 
0.2 nM). The k a value 1.8 to 2 • 105 M - ' .  s - '  was 
relatively low at 37°C and it was not typical of the 
association rate constant, especially at this temper- 
ature for most protein-ligand interactions. Koren 
and Hammes [35] gave a typical value for ka 
between 10 6 and 107 M - ' .  s - ' .  It is possible that 
the association of FTS to its membrane receptors 
is not limited by a diffusion process [36] but by a 
change in peptide conformation, or a peptide- 
peptide interaction in the medium. These hy- 
potheses are speculative at the present time. In any 
case, these studies prove the existence of high 
affinity receptors on the 1301 plasma membrane, 
and provide interesting information on the bind- 
ing characteristics. They also represent a good 
starting material for the isolation of FTS soluble 
receptors from human lymphoblastoid cells. 
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