
Gen Phvsiol Bioplrys (1996) 15 , 151—462 4 5 1 

Fluorescence Quenching Studies of the Rat 
Ovarian L H / h C G Receptor 

S SCSUKOVA 1 M JEZOVÁ 1 J VRANOVA 1 , M T A T Á R A 2 and J K O L E N A 1 

1 Institute of Experimental Endocrinology Slovak Academy of Sciences 

Bratislava Slovakia 

2 Institute of Preventive and Clinical Medicine Biatislaua Slovakia 

A b s t r a c t . Fluoiescence quenching method piovichng mfoimation about the s t iuc-
tuie and dynamics of pioteins hgaiid-piotem and piotem-lipid mteiactions was 
used in a study of the ía t ovanan L H / h C G íeceptoi The efficiency of two different 
quencheis, aciylamide and iodide, was tested Ac lylamide was significantly moie ef
fects e m quenching of mtiinsic fluoiescence of ovanan membianes than iodide and 
theiefoie it was used m all of the following experiments Both acivlanude and io
dide weie not effeetne m queue lung of membianes labelled with fluoiescence piobe 
1 6-diphenyl-l 3,5-hexatiiene (DPH) In the piocess of desensiti/ation of ovanan 
L H / h C G íeceptois the adininistiation to ía ts of hCG modified the quenching 
la te of piotem fluoiescence and mtiinsic fluoiescence spec rial piopeities of mem
bianes Alteiation m the quenching of mtiinsic fluoiescence oi ovanan membianes 
was obseived aftei chemical modification of L H / h C G íeceptois bv 2-hydio\.\-5-
nit ioben/yl biomide (HNB Bi) The accessibility of tuptopha. i i fluoiophoics was 
mcieased m HNB-Bi t ieated membianes Dehpidation of the L H / h C G íeceptoi 
modified the quenching of piotem fluoiescence chaiactenst ic foi contiol pioteoli-
posomes These íesults demonstiate that fluoiescence quenching technique can be 
sue c essfully applied m the stueh of the LH/hCG íeceptoi 
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Acu lamide 

In troduc t ion 

Intimsic fluoiescence of pioteins is a valuable tool to monitoi piotem confoima-

tional leoigamzation, ligand-piotem and piotem-lipid mteiactions This fluoies

cence denves fiom the fluoiescence piopeit ies of the aiomatic ammoacids t iypto-
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phan and tyiosme The changing piopeities of t iyptophan fluoiescence, such as 
lifetime and blue shift of emission maximum have been used to cletoinmie the po-
lanty of t iyptophan envuonment (Langnei and Hui 1991) and so the position of 
pioteins could be estimated Studies of the quenching of t iyptophan fluoiescence by 
extiinsic quenching agents (iodide, moleculai oxygen, aciylaimde, ti ichloiethanol 
or othei small molecules) piovide mfoimation concerning exposuie and micio-
enviionment of t iyptophan lesidues and dynaiincs oi pioteins (Eftmk and Ghnon 
1981) The quenching technique has been sue cessiulh used m monitonng confoima-
tional changes of human seium albuniin (Chang and Lev 1984), human luteinizing 
hoimone (Sanjal ct al 1987) bo \me giowth hoiinone (Ha\el et al 1988), melit tm 
(Kaszycki and Wasylewski 1990), spectnn (Kahana et al 1992) and many othei 
pioteins The ability of biommated lipids to paitially quench the liitiinsic fluoies
cence of the acetylcholine íeceptoi has been used to monitor mteiactions between 
the piotem and suiiounding lipids (Jones and McNamee 1988) 

The puipose of this papei is to piesent the application oi the fluoiescence 
quenching method m the study of the LH/hCG íeceptoi m íat ovarian membianes 
dming the piocess of desensitization, chemical modification and dehpidation 

Mater ia l s and M e t h o d s 

Mate rials 

Punfied hCG (CR 123, 12 780 U/mg) was geneiously supplied by NIAMDD, NIH, 

Bethesda Na 1 2 5 I was puichased fiom the Radiochemical Centie, Ameishain Pieg-

nant mare seium gonadotiopm (PMSG) and human choiionic gonadotiopm (hCG 

Piaedyn) weie fiom Spofa Piague 1.6-diphenyl-l,3 5-hexatiiene (DPH) was ob

tained fiom SERVA Aciylamide, potassium iodide (KI), 2-hydiox\-5-nitiobenz>l 

biomide (HNB-Bi) phosphatielvlcholme (PC) type V-E fiom egg \olk and all 

other chemicals weie puichase>d fiom Sigma 

Methods 

Picpmatum of membiane Luteinized ovanes weie piodueed m 23-da\-old la ts 
(Wistai s t iam) by sc adininistiation oi 50 IU PMSG followed 36 h latei b\ 30 IV 

hCG (Kolena et al 1992b) Rats weie killed 6 days aftei hCG admmist iat ion Ho-
mogenates of o \anes m PBS buffei (50 mniol 1 _ 1 phosphate buffei and 15 mmol 1 _ 1 

sodium chlonde. pH 7 4) oi m buffei A ( 25 mmol T 1 N a H 2 P 0 4 , 1 mmol T 1 EDTA. 
40 mmol 1 _ 1 NaCl pH 7 4) weie filteied t luough six labels of siugical gauze, cen-
tnfuged at 1000 x g foi 15 mm, and the supernatant was fuithei eentnfuged at 
20,000 x g foi 30 mm The hnal membiane piepaiations weie lesuspended m the 
same buffei 

Preparation of proteohposornes Solubihzed gonadotiopm receptoi, consisting of 

appioximately 2 5 mg of contiol oi dehpidated membiane pioteins, was s t m e d 
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with 0 5 ml of 20 mmol 1 _ 1 sodium cholate m buffei A, containing 20% glyceiol, 
at 4°C foi 60 min (Kolena et al 1992b) Phosphatidylcholine was dissolved in 
sodium cholate with glyceiol and added to solubihzed membianes The solution 
was then centiifuged at 105,000 x g foi 60 mm The solubihzed membiane piotem 
was applied to a Bio-Beads SM-2 column ( 1 x 8 cm), pieviously equihbiated with 
buffei A The same buffei was used foi elution Aftei 5-fold dilution the tuibid 
fiaction containing pioteohposomes was centiifuged at 160 000 x g foi 60 mm 
(Kolena 1989, Kolena et al 1992b) 

Membrane dehpidation The membiane-bound L H / h C G íeceptoi was dehpidated 
by extiaction using a mild non-ionic deteigent Tween 20, at 23°C A sample m 
5% (v/v) Tween 20 was sonicated m a MSE Ultiasonic Dismtegiatoi with a small 
piobe The prepaiation was then s tn icd foi fuithei 30 mm Aftei centnfugation at 
20,000 x g foi 30 mm. the pellets weie washed twice with buffei A (Kolena et al 
1995) 

Chemical modification Chemical modification of the membiane was earned out by 
incubating it with 2-hvdioxy-5-nitiobenz'yl biomide (HNB-Bi) (1 oi 5 mmol 1_1) for 
30 mm at 25°C m PBS buffei The agent was dissolved m DMSO the concentiation 
of which was kept below 5czí The membianes weie then centiifuged and washed 
twice with PBS buffei 

hCG binding assay In the hCG binding assay 0 1 ml aliquots of ovanan membianes 

oi pioteohposomes weie incubated foi 16 h at 20°C with 0 1 ml PBS buffei oi 

buffei A + 1 nig m l ' 1 BSA with oi without a 100-fold excess of unlabelled hCG 

and 0 1 ml [125I]hCG ( 1 1 5 ng sp act about 2 3 TBq s"1) After incubation and 

centnfugation the membiane pellets weie washed twice with PBS buffei oi buffei 

A The hoimone-ieceptoi complex m pioteohposomes was piecipitated twice with 

polyethylene glycol (Kolena et al 1992b) 

Fluorescence polanzation was measuied and fluoiescence quenching studies 

weie peiformed using a Peikm-Elmei LS-5 luminiscence spectiometei , equipped 

with a cnculation bath to maintain the sample tempeia tu ie at 25°C Excitation 

and emission slits weie 2 5 nm and 5 nm, íespectively 

Fluorescence polarization A solution of 2 mmol 1 _ 1 D P H m tet iahydiofuian was 

dispeised by 1000-fold agitative dilution m 50 mmol l" 1 PBS buffei Ovanan mem

bianes (100 fig proteins) weie incubated at 25°C foi 1 h with 2 ml of DPH m the 

above buffei (Kolena et al 1994a) 

Quenching measurements The fluoiescence intensity was measuied as a function of 

quenchei concentiation at a hxed emission wa\e-length The excitation wavelength 

of 280 nm was used Fus t , the initial fluoiescence {FQ) of the membianes was mea

suied The membiane fluoiescence was then quenched by the piogiessive addition 

of small aliquots (10 oi 25 /d) of a concentrated solution of quenchei (aciylamide 
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F i g u r e 2. Stein-Yolmei plots ioi quenching of iat ovanan m e m b i a n e s labelled with fluo
rescence probe D P H Membranes weie p ie incubated for 60 nun at 25°C with 2 umo\ 1 _ 

D P H solution T h e membranes weie quenched bj ac i\ la imdt and iodide 1 he excitat ion 
and the emission wavelengths were 560 n m and 430 nm íespett ively H i e concent ia t ions 
of m e m b i a n e s , see legend to Fig 1 

foi aciylamide (Fig 3) Fuitheimoie, desensitization appaiently alteied spectial 
piopeities of membiane mtimsic fluoiescence The emission maximum of 440 nm 
foi contiol membianes was shifted to 420 nm foi desensitized membianes (data 
not shown) This change of the physical piopeities of membianes connected with 
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in vitro 

O.J 0.2 0.3 0.4 

Acrylamide (mol.I"1) 

Figure 3. The acrvlamide enienchmg oi control (O) and desensitized rat ovanan LH/hCG 
receptois (A) (0 4 mg protein pre ml) Pseudo-piegnant lats were treated with 75 IU of 
hCG 30 nun before being saciified For in vitro expenments, membranes from control rats 
weie incubated foi 0 5 h at 37°C with 10 /ig m l - 1 hCG The results were confirmed in 3 
independent experiments 

desensitization was not obseived m the tieatment of membianes with hCG in 
vitro Theie was no diffeience in the degiee of polanzation of DPH when ovarian 
membianes weie incubated foi 0 5 oi 2 h with hCG (Kolena et al 1994a) The Stein-
Volmei constants, A'sv. foi contiol and hCG-tieated membianes weie found to be 
almost the same, 4 9 and 5 0 mol - 1 , íespectively (Fig 3) Also, fluoiescence spectial 
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properties of membianes weie not significantly changed The emission maximum 
of 400 nm foi coiitiols was shifted to 394 nm foi hCG tieated menibianes (data 
not shown) 

Chemical modification of the gonadotiopm íeceptoi was used to obtain di-
íect mfoimation on the impoitance of t iyptophan lesidues foi ligand binding to 
the leceptoi Tieatment of ovarian membianes with 1 mmol l " 1 and 5 mmol l - 1 

2-hydioxy-5 mtiobenzyl bionnde (HNB-Bi) foi 30 mm at 25°C decieased the bind 
mg activity of L H / h C G leceptoi to 30'/ and 14CX of contiol values iespecti\ely 
(Fig 4 4) HNB-Bi, that has specificity towaid t iyptophan mcieased the aceessibi 
hty of t iyptophan lesidues to aciylamide Ovanan membianes weie incubated with 
5 mmol 1 _ 1 HNB-Bi foi 30 mm at 25°C Stein-Volmei constants, Asv, foi contiol 
and HNB-Bi t ieated membianes weie found to be 3 1 and 5 4 m o l - 1 iespec t iveh 
(Fig 4 5 ) HNB-Bi also modified spectial piopeities of membiane fluoiescence 

Piopeit ies of biological membianes aie dependent on lipid composition of the 
membiane [ 1 2 5 I]hCG leceptoi binding a c t m t y m pioteohposomes was sensitive 
to the piesence of lipids m membianes Binding activity of paitially dehpidated 
L H / h C G leceptoi leconstituted into pioteohposomes was íeduced to 32'/ of coii
tiols Re-edition of P C (2 5 mg) to the dehpidated leceptoi leconstituted the bmd-

1 5 
HNB-Br (mmol.l') 

0.1 0.2 0.3 0.4 
Acrylamide (mol.ľ1) 

Figure 4. Effect of piotem modifying íeagent HNB Bi (1 and 5 mmol P ) on the acces
sibility of lat ovanan LH/hCG leceptoi (A) and the aerylaimde quenching (5 mmol 1~ 
HNB Br) of ovanan membranes (B) Membranes weie incubated foi 30 nun at 25°C with 
HNB-Bi and then washed twice with phosphate buffei The excitation and the emission 
wavelengths weie 280 nm and 380 nm foi contiol (o) and 340 nm foi HNB-Bi-tieated 
membranes (D) respectively (A) Data are means ± S E of 3 determinations (each re
peated twice) (B) The experiments weie repeated ^ times with compaiable lesults 
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D + P C 

Acrylamide (mol.ľ ) 

F i g u r e 5. Specific binding of [ 1 2 5 I ]h( G and Stern-Volmer plots for ac iy lamide quenching 
of control ( o ) , dehpidated (A) and dehpidated + phophat idvlcholme ( P C ) (•) leconsti
t u t e d íeceptor into proteohposomcs S o v b e a n P C 2 5 mg was added d m m g solubilization 
of h C G binding activity with 20 mmol 1 _ 1 sodium cholate m buffer A containing 20% 
gl\ceiol T h e detergent was lenioved using Bio-Btads SM-2 ( 1) D a t a a i t means ± S E of 
4 d c t e r m m a t ions (each lepeated twice) (B) the i< suits weie conta ined in i mde pendent 
expt imients 

nig sites to the initial extent (Fig 5^4) On companng the lipid le\el m identical 
samples befoie and aftei lipid depletion, the contents of total eholesteiol and phos
pholipids in the dehpidated membiane weie 34Vé and 46czc of coiitiols, íespectively 
(da ta not shown) (Kolena et al 1994b) The possible stiuctuie-functional alteration 
of dehpidated LH/hCG leceptoi leconstituted into pioteohposomes was analyzed 
by the quenching method The Stein-Volmei plots for this expeiiment aie shown in 
Fig 5B The coiiesponding Stein-Volmei constants deteimmed fiom the slopes foi 
contiol dehpidated and delipidated + phosphatidylcholine (PC) pioteohposomes 
with mcoipoiated LH/hCG leceptoi (Kolena et al 1995) weie found to be 2 9, 
5 6 and 4 0 m o l " 1 , lespectively The íesults indicated alteied accessibility of fluo-
rophoies foi aciylamide An mciease of quenching aftei dehpidation was obseived 
but the addition of P C to dehpidated pioteohposomes made quenching to appioach 
to contiol pioteohposomes Dehpidation alteied spectial piopeities of pioteohpo-
some mtiinsic fluoiescence, a blue shift of emission maximum fiom 450 nm for 
contiol to 424 nm foi dehpidated pioteohposomes was obseived (data not shown) 
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Discussion 

The íesults presented in this papei show the possibility of an application of the 
fluoiescence quenching method in the study of gonadotiopm leceptoi piopeities 
in íelation to the physical state of the o\anan mtmbianes Quenching studies can 
piovide valuable mfoimation concerning the exposuie of tiyptophanyl lesidues and 
the dynamics of the protein matiix suiioundmg such lesidues This technique may 
be used to investigate piotem dynamics and ligand induced changes m confoima-
tion of pioteins (Eftink and Ghiion 1981) Quenching of the liitnnsic fluoiescence 
of pioteins by the addition of extiinsic agents is governed bj the abiht\ oi quenchei 
to get into close contact with the fluoiophoie The access can be lestnctcd by ei-
thei stenc 01 chemical bameis to quenchei penetiation The stenc bameis aie not 
ngid and act to limit the penetiation of laige quenching agents tlnough the pro
tein matiix Chemical bameis aie due to the chemical envuonment m which the 
fluoiophoie is located (Havel et al 1988) Such stenc oi chemical bameis can be 
involved in the lestnction of the iodide quenching as obseived m om experiments 
as the accessibility of tiyptophan fluoiophoies foi iodide was not changed Oui 
íesults showed that aciylamide is a \eiy effectrve quenchei of mtimsic fluoiescence 
of ovanan membianes, this might be taken as an indication that these bainers 
are not involved m aciylamide quenching One of the most attiactive featuies of 
aciylamide as a quenchei has been the fact that it does not significantl'y inter 
act with piotem (Eftmk and Ghiion 1981) The late constant of the quenching 
íeaction between the quenchei and a fluoiophoie (tiyptophan lesidue) is known 
to be dependent on diffusion-contioiled piocess Theiefoie an incieased quenching 
rate generally suggests an mciease m the pioximity of quenchei molecules to the 
fluorophoie 

Desensitization modified the quenching íate of piotem fluoiescence and spec
tial pioperties of membiane mtimsic fluoiescence indicating that confoiination 
piopeities of the leceptoi weie changed These íesults suggest that the hCG-
mduced alteiation of the physical state of luteal membianes may be a lcqune-
ment foi the induction of changes that lead to desensitization Such alteiation of 
the physical state of the luteal membiane may facilitate the tiansfoimation of the 
leceptoi to its desensitized state (Kolena et al 1994a) 

The ammo acids of íeceptois in contact with hgands at the binding site may 
play an impoitant lole Chemical modification studies of piotem hoimone íeceptois 
have been used in oidei to undeistand the natme of then stiuctuie and binding 
domains Most of these studies have been limited to membiane leceptoi piepaia-
tions Tieatment of íabbit maminaij piolactm leceptoi with HNB-Bi íesulted m 
a loss of specific binding activity of the leceptoi Based on the íelative specificity 
of HNB-Bi to tiyptophan, it would appeal that tiyptophan may be ciitical for 
prolactin binding to the receptoi (Mahajan and Ebnei 1986) In a pievious study 
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it was demonstiated that disulfide histidyl and tyiosj l gioups may be involved 
m the inteiaction of hCG with its leceptoi (Kolena and Sebokova 1987) In these 
expeiiments HNB-Bi modified the quenching of t iyptophan as well as tyiosme 
lesidues of LH/hCG leceptoi fiom ía t ovanan membianes 

Reconstitution of dehpidated L H / h C G leceptoi into pioteohposomes enhanced 
the accessibility of fluoiophoies foi aciylamide but its leconstitution m the pies-
ence of phosphatidylcholine turned them into the same physical s tate as contiol 
proteoliposomes The íole of lipids m membianes is not passive since the lipids 
may regulate numeious cellulai functions The piesence of a lipid environment is 
known to be essential foi the maintaining of the receptoi function The LH/hCG 
leceptoi is an mtegial piotem containing 7 t iansmembiane segments (McFailand 
et al 1989) and it seems likely that it internets with lipids m the membiane Lipid 
leceptoi mteiactions may be lequned foi confoimation changes of the íeceptor and 
signal tiansmission acioss the membiane Dehpidation of native membianes was 
obseived to leduce the function of LH/hCG leceptoi fiom poicme and íat coipoia 
lutea (Kolena 1992 Kole na et al 1992a) The lequiiement of specific lipids foi a 
leceptoi system is still an aiea of active investigation Phosphatidylcholine meets 
the e n t e n a foi leconstitution of the leceptoi into pioteohposomes m its functional 
s tate (Kolena 1989 Kolena et al 1992b) PC foimmg a bilayei s t iuc tu ie may be 
the most suitable species foi pieseivmg leceptoi activity duiing leconstitution 
Theie aie piobably moie l inpoitant lequnemeiits foi the polai gioup than foi ac \ l 
side chains of phospholipids The íeacting abilities and theimal stability of PC 
with diffeient hydioeaibon chains (so\beanPC eholeojlPC dipamitoylPC) weie 
essentially the same (Kolena et al 1995) 

The mechanism of the quenching reaction is not known m detail j e t but maj 
involve internal conveision due to election exchange enhanced mteisystem ciossmg 
clue to spin oibital coupling oi election spin exchange oi electronic eneigy tiansfer 
(Eftmk and Ghiion 1981) Although the technique of fluorescence quenching is 
expenmentally a simple one the analysis and mteipietat ion of the data can be 
moie complex m membrane piepaiat ions than in a particular protein Despite some 
difficulties fluoiescence quenching is a useful method m the study of the functional 
state of gonadotiopm íeceptois 
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