
Nledical Journal of Ba

The Kinetic anal The Therrnodynamic Studies on the Binding of LsI-

Testosterone to Its Receptors in Uterine Tumors Homogenate

Sami A. Al-Mudhaffar Bilal J.M. AI-Rawi
Chemistry Dept.,College of Science, University of Baghdad

summary

Kinetic and thermodynamic studies were carried out on the uterine tumor homogenate
binding to l25l-testost".oua. i'i,',"-"ou.." ofthe association oflt5l-testosterone with its receptor in

human ute ne tumors at four different temperatures revealed the time and temperature dependency'
Association kinetics ildicated pseudo first order kinetics for the binding. Time-courses, scatchard,
Van't Hoffs and Arrhenius plots led to the theoretical determination of thermodynamic parameters

ofbo*r the standard state (i.e., AH', AG', ASo) and transition state (i e , AH+, AG*, AS*)
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Introductioh:

Jrr, d,fF2004-i5r1 JP! l+

steroids stimulate cell gro*th and differeDtiation and regulate the synthesis of specilic proteins
primarily by altering the rate of transcdption ofspecific gene. Steroids exert these actions on targei
cells after binding to specific receptors, which are localized primarily within the nucleus(1'2)'
Human endometrium, which is the intemal layer of the body of the uterus(3), changes
morphologically and biochemically during the various phases ofthe mensirual cycle, influenced by
estrogen and progesterone, and androgen(4). Some laboratory studies indicate the plesence of
specific binding sites for androgen receptors in endometrial cancers(5) The measurements ol
recepto$ in endometrial cancer would be clinically useful such as prognosis that could be obtained
from other sources(6). The thermod;'namics of the molecular interactions between testosterone and
its uterihe receptors were studied by measuring the temperature dependence of the rate of
dissociation and association between testosterone and the receptor. Accordingly, the aim of the
work in this paper includes the determination of the kinetic and thermodynamic parameters of the

binding reaction oftestosterone with its receptors in benign and malignant serous uterine tumors
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Experimental:

Chemicols:

All laboratory chemicals and reagents were of analar grade and were used without
further purification. Tris (hydroxy methyl) aminomethan, were obtained from Fluka
company, Switzerland. Hydrochloric acid, glycerol, EDTA (disodium salt) and
mercaptoethanol were obtained from BDH ,Kit of radioactive testosterone (r2sl-testosterone)
was purchased from CIS Bio International (France). The activiry of the labeled testosterone
was approximately 5 pci.

Insbuments:

The instnurents used in this work were LKB gamma counter type 1270-rack gamma II,
Pye-Unicom pH meter, LKB ultracentifuge t)?e 2332, Memmert water bath, and Memmert
incubator.

Potients:

Two groups of uterine tumor patients were included in this study. Group I coltained 21 patients
with benign uterine tumor. Group II consisted of9 patients with uterine cancer.
All patients were admitted for treatment to Al-Arabe Hospital and Saddam Medical City
under the supervision ofspecialists, Dr. Ryad Mohammed Salh, Dr. Raja Al-Tikreti and Dr.
Nada Al-Ubadi. They were histologically proven fiom the supewision ofspecialists Dr Luay
Edward and Dr.Nabel Abdr-rlwadoad. The patients were newly diagnosed and not underwent any
type oftherapy. Patients did not suffer from any disease that may interfere with our study were
excluded.

Collection of Uterine Tissue Specimens:

The tumor tissues were surgically removed flom uterine tumor patients by either
hysterectomy or rnyomectomy. The specimens were cut offand immediately rinsed with ice-cold
isotonic saline solution. They were collected individually in plastic receptacles and stored at -20'C
lmtil homosenization.

Prepsmrion of lJlerineTumor Tissue Homoeenate:

The frozen tissues were weighed, pulve zed finely with a scalpel in petri dish standing on
ice bath, and then homogenized at 4'C in buffer soldtion with a ratio of 1:5 (weight: volume), using
a manual homogenizer. The buffer used was Tris-EDTA (Tris-HCl 0.01M,pH 7.4, containing 0.15
mM EDTA, 2-mM mercaptoethanol and 10% glycerol).
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The homogenate was filtered through several layers ofnylon gauze to eliminate fibers ofconnective
tissue, then cenlrifuged at 2000 xg for 30 minutes at 4oC . The sediment was suspended in 10
volumes ofTEMG buffer for 15 minutes at 4o C and then suspension was used to obtain the crude
nuclear lraction .

Methods:

The Kinetic and The Theflnodynamic Studies
The Time-Course of l2sl- Testosterone Binding to Ils Nuclear Receptors in Benign and
Malignaot Uterine Tumor

The experiment was carried out in duplicate and according to the following:
.Atzero time, 100 pls. of r25l-testosterone (0.9ng) was added to 200 pls. (250 pg
protein) of uterine tumor homogenate. The final volume (1 ml) was made up by adding
the assay buffer (0.01M, TEMG buffer pH 8.0 ). The assay tube was stoppercd and
incubated at 4oC for several time intewals ( 2,4,8,12,14,16, and 24tts).

.Another tube containing 100 pls. of I 2 5l- testostero ne only, for total concentuation of
hormone (CPM) computation, was set a side until counting.

.After ingubation, the radioactivity ofbound hormone was estimated as in section
(2.4.2\\ 'r.

.Parallel expe ments were pedolmed to dete.min€ the amount ofnon-specific binding.

.To determioe the time-course ofthe association of r2 5l-testosterone with irs recepror at
different temperatues, the above experimenl was pedo1med at five temperatures (4,
25,37,42,50 and 60'C).

Calculations:

o The value of l2sl-testosterone bound specifically (pico mole of r25l-testosterone per mg or
protein) was calculated according to the fbrmula:

" I specificar ly bound I frncubation volume I
The vdlue of soecif ical  h |  1 " .' -  - ' l  

l ' ' t  r e s o  r e r o  
" " i " ( P V )  L  i n  r i r e r  lbound l25I tenosrero ne |  '

.  I  r s o f p r o e i n  i n i n c u b / , o n  m e d i u r n
'Dmo mg prorern ,  I

.  I  lora lConcenrt . t jon I
)pec ' rca ryoouno I  l todtb i rdrrq{ .oV) l_ lNon .oe. ; f icb indins(CpV) l  I  __ _

,^ ,  |  -+. lo l  label rd lcs lor lerone
|  

' "1  te ' tosrer  ore in  (ev)  |  Tora lcounK(CP\.4)  |  , . , .  . ,  . .  .  . .  , . . . . .
L  In In(uDaronmearum l

(sB%J=Totalb inding(CPM )-  Non -  speci f ic  b inding(CPM ) x 100
Total counb(CPM)of 125I - testosteroneusedineachtube

.The percent of specific binding (SB%) was plotted against the different times of
incubation at each temperature.
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Determination of The Cotcentration of Testosteron€ R€ceptors a;d ThelAffinity.
Constant of 125I- Testost€rone Association With Its Receptors in Benign and Matignant
Uterine Tumors

The experiment was ca ied out in duplicate and according to the following:

oTwo hundred microliteN ( 250 pg protein) of uterine tumor homogenate was incubated
with increasing concentration ( 0.18-1.08ng) of '"1-testosterone with or without the
addition of 200 fold excess of unlabeled testosterone in a final volume of I ml
(completed with TEMG buffer, pH 8.0 ).

.The assay tubes were stoppered and incubated for ( 8hrs) at (25'C for malignant and 4'C
for benign tumors) then the bound hormone was estimaled as menlioned in section
(2 .4 .2 \ \ ' , ) .

.The previous steps were performed at different tempemtures (4, 2 5,37 and 42C).

Calculations:

. The value ofl25l-testosterone which is bound specifically in picomolar were calculaled
using the following formula:

B =
Total binding - Non-specific binding Concentration ofl25I-

x testosterone (PM) in each

assay tubeTotal count

'The 
concentration o"f receptom and the allnity constant were detemined according to

Scatchard equation: '

R I
:  - .  '  ( B m a x  B )

" o d
, _ l

* k d

The bound radioactivity (CPM), repfesents the (r25I- testosterone-receptor) complex. B:

F: The free radioactivity (CPM), represents the non-bound l2sl-testosterone.

T: The total activity(CPM).

F= Total count (T)- Bound radioactivity (B)
where:

&r Affinity constant,Kd: Dissociation constant , Bmax: Maximal binding capacity.

a The plot of B/F ratios vs. the B values gives a linear relationship. The value of the
affinity constant of the binding ku at each temperature can be calculated ftom the slope of
the straight line, while the value ofthe total concentration of testosterone receptor in uterine
tumor homogenate can be calculated ftom the intercept with the x-axis.
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Kinetics of The Binding of i35l-Testosterone to Its Receptors in Benign and Malignant
Uterine Tumors Homogenates

The expe ment was ca ied out in duplicate at different temperatues (4,25,37 and 42'C).

Calcul.ttiotts:

o The percent o-f specific binding (SB%) was detemined according to the method in
section (2.4.2)r" at different temperatues.

o The rate of the association constant of (l2sl-testosterone-receptor) complex was
calculated by the following equation:

t  ( H R , "  I  { H ) r { R  r r ' l
l n  -  

l - K  , l  - i

LrHR)e 
-  I  HR rr  I  

+r  (HR)e l
\ herel

The rate association constant k+r:

The iora lmo larconcent ra t ionof lz ' l - tes los te roe  (H) . :

The total molar concentation ofhormone receptors. ( R )r.:
The concentration ofl25l-testosterone-receptor complex formed at equilibrium. (HR)":

The concentration ofthe complex fomed after time (t). (HR)

a The .ate of the dissociation constant of tha complex fomed (rate of the reverse reaction
constant) was calculated by using the foliowing equation:

k
L  l l
* k_1

where

kr: The rate dissociation constant

k.: Is the equilibrium constaDt ofthe association (affinity constant)

The Thermodynarnic of l2sl-Testosterone Binding to Its Receptors in Benign and
Malignant Uterine Tumors Ilomogenates

The experiment was calaied out in duplicate and according to the following:

. Ty^9 hundred microliters ofthe protein homogenates ( 250 pg) were added to (100 pls.)
of '"I- testosterone in a final volume of 1 ml (completed with TEMG buffer (0.01M, pH
8.0). The assay tube was stoppered and.incubated at 25'C for malignant uterine tumor
and 4oC for benign one for Shrs.

. After incubation, the radioactivity of (lrl-testosterone-receptor) complex fon'ned was
estimated as mentioned in section (2.4.2) \" .

a Parallel experiments were performed to determine the amount ofnon-specific binding.
. The previous steps were performed at different temperatwes(4, 25,37 and,42"C).
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Calculations:

! The themodlnamic paranieters of standad state were obtained ftom Van,t Hoff plot,
the values ofthe natual loga thm ofequilibrium constant (affinity constart k1) obtained
at differcnt temperatures were plotted against the reciprocal values of absolute
temperature in Kelvin (1/I), according to the following equation:

AS
RT

where

The enthalpy change ofthe standard state. AHo:

The entropy change ofthe standard state. AS.:

The gas constant (8.31441 J k-'mole' ') R:

AH' Value obtained ftom the slope of the linear relationship of the plot. The change in Gibbs
free energy ofthe standard state (AG') was obtained ftom the follouiing equation:

AG'= -RT ln ka
While the standard state entropy change was obtained froml

In ka =

. AH -AG

T

a The themodynamic parameters of the transition state were obtained ftorn Arhenius
plot of ln k+t values against 1/T values, that gives a linear relationship according to the
follor,r ing equation:

where

A: Arahenius constant

The value of apparent energy of activation (Ea) of the binding reaction can be detemined ftom
the slope ofthe straight line. The enthalpy oftansition state AH'obtained from:

AH = Ea-RT
Transition state free energy change is calculated from the following equationl

AGY = -RT IN K, .  +RT L l ] [ ! I ]_ ,  !  h ,

where k and h are Boltzmann and P/anfb constants whjch equal 1l .38 x J0-23 JK r), (0.662 ,.
lU- -J5  )  re5pec l r \e ly .

The change in entropy olthe tansition state AS* is calculated from the following relation:

,^+  AH -Ac

T

AS

rnt , =r,'o-l&l
fr LRr I
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Results and discussions:

Ki[etics ofthe "l-Testosterone Binding to lts Receptors in B.^e_nign and Malignant Uterine Tumors
Figue (1 A & B) shows the time-coursi ofthe formation of l2sl-testosterone:rcceptor complex at

six differcnt temperatwes (4,25,37,42,50 & 60'C). The results of time course pattems at
different temperatues revealed that the binding of ' "I- testosteron e to its receptors in utedne tumor
homogenate is a temperature and time dependent process with a maximum binding occun at 4oC

for benign and 25'C for malignant after 81Ts ofincubation.

" ' t
3 5 i

h r o

L

i / .

, I

6 2 0

1 5

t 0  1 5 1 0  1 5

Figurc 111: Tine-coursc of"'l-tL stoyeronp binding v)ith it! rcrcplo$ in:
A- Malignant uterine homogenate
B- Benign uterine homogenate.

Detemination of the Concentation ana AffinityConstants ofTestosterone Receptors
The concentation oftestostercne receptors and the affinity constant ofthe binding have been
measued in uterine tumors that show specific binding in the preliminary test. The experiment was
caried out at the optimal conditions, which were obtained in previous expe ments and was
repeated at different temperatures (4, 25, 37and 42"C). Scatchard plot analysis gave a straight line
as shorvn in hgure (2 ) at each temperature indicating the presence ofonly a single class ofreceptor
site or more but with the same affinity and nurnber ofbinding site .

The results are summarized in table (1). Nuclear testosterone receptors binding capacities(Bnu)
of uterine cancer patients were(l0.8fm01) per mg protein while benign uterine tumor patients
were(8.2 finol) per mg prorein.
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Table ( 1): Concentration and affinity constant of the nuclear testosterone rcceptors in two groups of
utenne tumor patrents,

Group k, x10to M-l
. Binding capacity

No. of cases Age (year)- (fmole/mg) protein

Benign 53 r  3 .421 8.2. 5 . 7

M.ligna

nt 42  !  t .9
10.8

0.25

al-r€l. *""i
x """1

I I 4, tl

0_2 0 .4  0 .6  0 .3  1 ,0 0 ,4  0 ,3  1 .2

0 .25

b  0 - 1 5

Figure (2): Scatchard analysis ofthe r25I- testosterone binding to its receptors in (A): Benign and
(B): \4alignanl ulerine rumor.

Detemination ofKinetic Pararneters ofl2tI- Testosterone Binding to Its Receptors in.Patients with
Benign and malignanl Ulerine Tumors
The time course of ")I- testosterone binding to its receptors in utedne tumor homogenate vr'as
carried out to descdbe the kinetic parameters ofthe binding. _--
The simplest proposed model representing the interaction of '"I- testosterone with its receptors
could be expressed by the following equation:

t25-
l-testosterone + ^ kt ,  -  T25t  .^^ .^^.^-^-^^ - - ,-, ."r.r, . , . , , .-R

(receptor) K-r

Where k+l is the rate ofthe association of '"I-testosterone with its receptor and Lt represents the
rate ofthe reverse reaction ofthe dissociation ofthe complex formed under the same conditions. At
equilibrium:

[125I-testosterone-R]

0 . 0 5 :

[1')5l-testosterone] [R]

8 1
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Irz5l-testosterone] [R] (2)

Thus:

Ir25I-testosterone-R]

k+1
(3)

Ka k-t
Where ko is the equilibrium constant ofthe association (affinity constant) and Kd is the equilibrium
constant ofthe dissociation of ('"I-testosterone -R) complex.
The values ofk, and maximal binding capacity (B,j were calculated from Scatchard plot at four
different temperatures in hgure (3 A and B) and table (2).
Table (2): The kinetic parameters of'"I-testosterooe binding to its receptors in benign and
malignant utedne tumor homogenate.

Ku = !:!,. tolou-l
^ 1

Benign 
Maligna

Benisn Maligna
" n t

Temp.
'c

Binding capacity
fmoVmg protein

4

42

7.6
6.8
5.2

10.8
9.'l
'7.5

5.2
6.1
7.0

6.1
4.6
5 .0
8 .0

The Kinetic association rate constant, k+1, can be determined fiom the time course ofassociation of
'"I-testosterone with its iecepto$ and verified the order ofthe reaction at foul different
temperattues. Time-course data obtained from hgure (3 A and B) can be used to confirm that the
binding reaction oftestosterone with its receptors in benign and malignant uterine tumors
homogenates following a first order kinetic reactions but due to the bimolecularity ofthis reaction,
the following equation(g).

l n (HR) -  
(H  )T  -

. , -  ( H ) r
(4)

Equation (4) can be simplified to equation (5) when the most testosterone remained free and only a
small fraction of(H)1is bound even at equilibrium (pseudo- fust order conditions)(9).

ln
(HR)e = k+ld(H)r(R)r /@R)el (s)

(HR)e - (HR)r

Where k+t is the kinetic association constant in M'lmirrl; (H)1 is the total molar concentation of
r25l-testosterone; @1is the total molar concent.ation ofthe homone receptors; (HR)e is the
concentration of(1251-testosterone-receptor) complex formed after time (t).

(HR)e

(HR)e (HR)t

82

(HR)e(n)r
(HR

(H)r(HR)1(HR)s /(RhI = -."[- ftnn;" iun;r] t

K,  =11 '19  r zy
'  k+ t

Maligna
|'enrgn"  n t

19.2 16.39
16.39 2t.'7
14.3 20.0
12.19 l2.s

Figrue fl A & B) showc lhai lhe ploning of ln against time (t) gives a staight lin€
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26.0

a i

o
Benign

Maligna

.Y

2  5 . 8

25.4

25.2

25.0
3 . 0

Temp. EH.

KJ/mole

4 *8.181

25 +8.787

37 +8.787

42 +8.787

3.2  3 .4  3 .6  3 .8  4 .0
1 / T x 1 0 3  ( K 1 )

Figure (4): Van't Hofffor the "'I-testosterone binding to its receptors in utedne tumors.

Table (4): Thermodynamic parameters at standard statc oftestosterone binding to its receptors
benign and malignant uterine tumoN homogenate.

Benign Malignant

nG'
KJ/mole

-47.85

-48.8

-54.21

-57.32

DS'

KJ/mole

+198.21

+198.24

+198.54

+198.24

!H.

KJ/mole

+9.12

+ q  I t

+9.t2

+9.12

trG"

KJ/mole

-42.24

-43.82

-44.6

-44.2

trs"
KJ/mole

+211.22

+211.42

+211.62

+229.82

The smali positive AH' may indicate a favorable interactions between groups within
testosterone and its receptors. These include the non-covalent interactions which are
fundamentally electrostatic in nature such as charge-charge interactions which occurs in boti the
hormone (testosterone) and its receptoN present in uterine trunor homogenate, other rypes of
interactions include charge-dipole,dipole-dipole, charge-induced dipole, dipole-induced dipole
and hydrogen bond.The contdbution of any of lhese intactior to the enthalpy of binding is
administrated by the fact when a protein molecule of the complex folds from an expanded

8 5



Medical Journal ofBabylon-20o4-volume 1 JJr! d+1-2004-i.l"Jr J! a+

random coil, it gives up some favorable interaction with wdter(I2). The sum of these types of
interactions can yield some stabilization to the fblded structue ofthe compiex. So, the negative
value of AG'showed that the ovemll reaction was energetically favorabie in the direction of
complex fomation.

Thermodvnamic Parameters of Trsnsition State:

According to the transition state theory, the interaction between the Iabeled hormon and its
receptor leads to the formation ofan activated complex (transition state), then the formation of
the finalproduct:

l5l-terlort.rone + R -> 
f 
't-t"sor,.ron.-n 

] -----> r25[-l 
estosterone-R

an activated complex
(Transition State)

The transition state themodynamic parameters AH', AG', AS" and Ea could be determined ftom
Arrhenius equatio-n and kinetic constant. Figure (5) shows the dependence ofthe association rate for
tl1e binding of '"I-testosterone to its receptors in uterine tumor homogenate on temperature
(Afthenius plot). According to the plot ofk+r values vs. 1/T which gives a linear relationShip (Fig.5)
as in the following equation(13):

I n k  ' = l n A -  
- 3

, .  RT

Where A is the Anhenius constant, some times called frequency factor or pre-exponential factor.
The value of Ea that determined from A henius plot represents the apparcnt energy of activation of
the binding reaction.
The high positive value of AG- indicated that the formation of an activated ltestosteione-R]
complex was a non spontaneous process and required a lot of energy (equal to E") to overcome the
tansition state erergy barrier and giving the final product, whereas the high negative AS- revealed
that the activated complex had a more ordered stlucture than the reactant species (AS" < 0) as
shown in table (5). The positive values ofAG' is majnly attributed to the decrease in entropy ofthe
tansition state (AS" < 0). In addition, the positive value of AI{- shows that the heat content of the
activated complex is more than that ofisolated species(l4) .
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with a slope equal to the obseNed valde offirst-order rate constant (kou, ) in min-r, and the
association rate constant k+r was calculated from the following formula:

(u)r(n)r
kobs. = k+l (6)

(HR)e

The halflife time of association (t1 7 2 )nss. , which represents the time needed for the fomation of
halfamounts ofthe complex at equilibrium, was determined from the concentration ofthe complex
at equilibrium and the time cowse curve, while the halflife time of dissociation (t I 7 2 )66r. was
determined from:

The k" values were also obtained from equation (3). Figwe (3 A & B) represents the kinetics of
complex formation between i2sl-testosterone and its receptors in the two groups of benign uterine
tumor homogenates and the malignant uterine tumor homogenate at different tempemtues.
The results revealed that the association rate constant k*t at 25'C (accofding to malignant utedne
tumor and 4'C for benign one) were higher than that at other temperatue as shown in table (3).
The values ofk-r were obtained also from the values ofku which have been estimated at the four
different tempemtues investigated. The k-r was detemined ftom the equation (3). Table (3) shows
that k-r increases with the elevation oftemperature.

(t1l 2)diss.
ln2 0.693
k 1 k,1

200 400 600
Time in (min)

= " .

; , "

L , . u

0.5

200 400 600
Time in (min)

Figure (3): Psewlo-Jirst orcler kinetics of125l-testostercne binding with its receptors in
A: benign uterine tissue homogenate,
B: malignant utedne tissue homogenate.

83



Medical Journal of Ba bylor-2004-volune I J j1 r&F2004-i.61 Jri iJ+

Table (3): The effect of different temperatue on th€ kinetic parameters oftestosterone binding to its
receptors in benign and malignant uterine tumors.

Benign

Temp.

42

Malignant

Temp.
1:
4

k*t (M.nin)'l
xid
4.6

5 . 1 6

7.5

13.56

k" M'
l r 'Jh\  nr  > ldn
0.012 5.2

0.009 6.1

0.006 7.0

0.00s 8.2

- k" Ml
{ l t )d iss hr  

, l  O'o

0.009 6.1

0.006 4.6

0.0045 5.0

0.004 8.0

k,r (M.min)'l
x10"
2 .91

4.61

7.8

1 1 . 4

xl t)4

56.1

7 5.7

111.4

139.03

1.66

| .'7 5

1 .80

3 . 1 0

(t'/)^". hr

2.1

1 . 8

2.4

2.65

xl0'a

75.5

tt2.2

1 5 0

169.5

This numerical difference may be attributed to the different types ofreceptor sources used and to
differences in the stmctwe ofthese recepto$.

The Thermodynamic ofthe Binding of l25l-Testosterone to Its Receptors in Benign and Malignant
Uterine Tumors

Thermodvnamic Perameters of Standurd State:

Figure (4) represents the dependence ofthe equilibrium binding constant (i.e., affinity constant) fbr
the binding of l2sl-testosterone to its receptors in uterine tumor homogenate on the temperature
(l an r Hof{ plor\.

The results indicated that AH' in general had small values and their positive sign ascertain that
the reaction was nearly endothemic. The AHo value in the case ofmalignant uterine tumor
receptors was higher than that in the cases ofbenign uterine tumors rcceptols, so more energy
was needed in case ofmalig8ant uterine tumor recepto$ for the reaction (binding) to occur.The
negative values ofAG' reflect the stabil;ty ofthe complex, hence the high affinity ofthe
reactants. The high negative values ofAG" for the binding reactions are controlled by high
positive ASo values as shown in table (4). So, oul system is characterized by the sole
contribution ofASo to the stability ofthe complexes fomed, while AH'has little or no effect(l0).

The high value ofpositive AS' srygests that the reaction spontaneity was entropically driven.
Entropy was the driving force for the occurrence ofthe binding reaction. This indicates that the
hydrophobic interactions played an important role in stabilizing the.complex(1 1).
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Figure(5): Anhenius plot for the l25l-testosterone binding to its utedne receplors

The activation in the thermodyr.amic parameters at 42oC for the standard transition states of
the binding reaction in uterine tumor homogenate was higher than the other tempenturcs
invesligated, this could be attributed to the elevated tempemture which affect the protein structue.
Detemination olthermodynamic paramelers ofthe binding reaction using equilibrium data gives an
overall idea about the nature offorces controlling complex formation. Comparison ofthe values of
tansition state with those of standard state in tables (4) and (5) lead us to choose a thermodynamic
model shown in figure (b).

t r 2 0

87



Medical Journal of Babvlon-2004-volume I JJlrr.+r 2004 L-Br!J?q ir4

Table (5): Thermodynamic parameters at transition state of testosterone binding to its recepto$ in.
benign and malignanl ulerine tumois.

Benign Malignant

Temp. "C

4

25

37

42

! H*
KJ/mol

e

2.45

2.40

2.27

2.1'7

!G*
KJ/mol

e

27.21

29.7 5

30.12

32.4

! s *
KJ/mol

e

-80.24

,80.68

-81.42

-82.32

KJ/mole

-74.62

E"

4.3
8

4.3
8

8

8

E"

10.2
5

10.2
5

10.2
5

t0.2
5

trH* !G*
Ktmol KJ/mol

6.32 18.21

6 . 1 1  1 8 . 9 8

) . d J  l . / .  d

5.42 20.05'7

Our model proposes that the fomation of the (125I- testosterone -receptor) complex undergo
three thermodynamic states. Thermodynamic state (A) represents the initial energy level of the
isolated ''I- testosterone and its receptor@. In thermodynamic state (B), the two components have
come together and mutually petetrated their hydralion sphere to fonn a paftially immobilized
hydrophobi^c-ally associated species. Thermodynamic state (C) represents - ihe fully interacting
complex ('"1- testosterone -R). In step I of the reaction. the binding of rr5[- testosterone to its
receptor was associated with positive AG- value. This indicates that the initiai step of the rcaction
rcquires input of energy for the system. The negative entropy change AS- for this step of the
reaction reflects the change of the '"'I- testosterone -R transition complex to a more ordered
structure. The positive AH value shows that the heat content ofthe activated complex is more than
that of the isolated species. Partial immobilization of the hydrophobicaily assooiated complex
formed, in step 1, occuls when isolated lrydrated species r')I- testosterone and receptor @ intemct
partially so that the{e is a mutual penetration of their hy&ation layers to form the activated
complex. This hydrophobic association is a result of the tendency of water to form a more ordered
structwe in the vicinity of non-polar hydrocarbon groups (e.g. the side chains of the amino acids
phenyl alanine, leucine and tryptophan) this means that hydrophobic amino acid side chains which
were previously accessible to solvent in the isolated species became buried upon complex
folmation. ln step 2..the activated complex participates in further interactions, giving the fully
interacting complex 1'"1- testosterone-R). It is proposed that the formation of a testosterone -
receptor complex occurs in two steps, the first step stabilized the complex by hydrophobic
interactions and the second step stabilized it by shod range ilteractions such as electrostatic
int€ractions, hydrogen bonding and Van der Waals' interactions(l5) .
Hydfophobic interactions contribute to the stability of the complex via large decrease in tlte excited
entropy change (AS- < 0), while electostatic interactions, hydrogen bonding and Van der Waals'
interactions stabilize the complex via high increase in the standard entropy change (ASo > 0). (15' 16)

The thermodynamic data from this study indicate that the biriding of'rrl- testosterone to its
recepto$ are entropically driven and come in agleement with the concept that hydrophobic and
short-range interactions have an impollant role inral- testosterone -R interactions.

8 8
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Figure (6): General energy diagam and themodynamic model applied to tie interaction of125I-
testosterone with its receptor in ova an tumors
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