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Fluorescence Quenching Studies of the Rat
Ovarian LH/hCG Receptor
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Abstract. Fluoiescence quenching method providing information about the stiuc-
twe and dynamies of protems lhigand-protemn and protem-lipid mteractions was
used 1n a study of the rat ovanlan LH/hCG 1eceptor The efficiency of two different
quencheis, actylamide and 10dide, was tested Acrylamide was significantly mote ef-
fective mn quenclung of mtrmsic fluorescence of ovarian membranes than 1odide and
therefore 1t was used m all of the following expermments Both acrylamide and 10-
dide were not effective m quenching of membianes labelled with fluotescence probe
1 6-cdiphenyl-1 3,5-hexatiiene (DPH) In the process of desensitization of ovarlan
LH/hCG 1cceptors the adnumistiation to rats of hC'G wmodified the quenching
1ate of protemn fluoiescence and mtimsic fluorescence spectial properties of mem-
bianes Alteration m the quenclung of mtimsic fluorescence of ovanan membianes
was observed after chemical modification of LH/WCG receptors by 2-hvdioxy-5-
mtiobensyl bhiomide (HNB Bi) The accessibility of try ptophan fluotophores was
wcreased m HNB-Br  ticated membianes Delimdation of the LH/LWCG 1eceptor
modified the quenchung of protemn fluoescence charactenstic for control proteoli-
posomes These 1esults demonstiate that fluorescence quenching techmque can be
successfully applied 1 the study of the LH/AC'G receptor

Key words: Fluoiescence quenching — LH/LCG 1eceptor — Tiyptophan —
Acrylamide

Introduction

Intimsic fluotescence of protemns 15 a valuable tool to monitor protein conforma-
tional 1eorganization, higand-protein and protemn-lipid interactions This fluoies-
cence derives fiom the fluorescence propeities of the aromatic amimoacids tiypto-
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phan and tyiosmme The changing propeities of tiyptophan fluoiescence, such as
Ifetime and blue shift of emission maxmnum have been used to determuue the po-
lanty of tiyptophan enviionment (Langner and Hu 1991) and so the position of
protemns could be estimated Studies of the quenching of t1yptophan fluorescence by
extimsic quenchung agents (10dide, molecular oxygen, actrylamde, tiichlorethanol
or other small molecules) provide mformation conceining exposuie and micio-
enviionment of tiyptophan 1esidues and dynamics of protemns (Eftink and Ghiron
1981) The quenching technique has heeu successtully used i momtormg conforma-
tional changes of humau sermin albwimin (Chang and Lee 1984), human luteizing
hormone (Sanyal et al 1987) bovine growth hoimone (Havel et al 1988), melittm
(IKaszycki and Wasylewsk: 1990), spectiin (Kahauna et al 1992) and many othex
protems The ability of brominated hpids to paitially quench the mtimsic fluores
cence of the acetylchohne 1eceptor has been nsed to momtor mteractions between
the protemn and suniounding hipids (Jones and McNamee 1988)

The puipose of this paper 15 to present the application of the fluorescence
quenching method 1 the study of the LH/LCG 1eceptor 1 1at ovartan membianes
during the process of desensitization, chemical modification and delipidation

Materials and Methods

Materals

Puntfied hCG (CR 123, 12 780 U/mg) was genetously supplied by NJAMDD, NIH,
Bethesda Na'2°T was purchased fiom the Radiochemical Centre, Ameisham Pieg-
nant mare sexum gonadotiopin (PMSG) and human chorionic gonadotiopin (LCG
Piaedyn) were fiom Spofa Prague 1.6-diphenyl-1.3 5-hexatiiene (DPH) was ob-
tamed fiom SERVA Aciylanude, potassium odide (K1), 2-hydioxy-3-mtiobensyl
biromide (HNB-B1) phosphatidvicholine (PC) type V-E fiom egg volh and all
other chemicals were puichased from Sigma

Methods

Preparation of membrancs Lutemnzed ovailes were produced m 25-day-old 1ats
(Wistar stram) by sc admmistiation of 50 TU PMSG followed 36 h later by 30 IU
hCG (Kolena et al 1992h) Rats wete killed 6 days after hC'G adnumistiation Ho-
mogenates of ovaries i PBS buffer (50 mmol 17! phosphate buffer and 15 mmol 171
sodium chlonde, pH 7 4) o1 1 buffer A ( 25 mmol 17! NaH,PO;, 1 mmol 17 EDTA.
40 mmol 17! NaCl pH 7 4) wete filtered through six layers of surgical gauze, cen-
tufuged at 1000 x g for 15 min, and the supernatant was further centifuged at
20,000 x ¢ for 30 min The final membiane preparations were resuspended 1 the
same buffer

Preparation of proteoliposomes Solubilized gonadotiopin receptol, consisting of
approximately 25 mg of contiol o1 dehpidated membiane piroteins, was sturied
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with 0 5 ml of 20 mmol 17! sodium cholate m buffer A, contaimimg 20% glyceiol,
at 4°C for 60 mm (Kolena et al 1992b) Phosphatidylcholine was dissolved
sodium cholate with glyceiol and added to solubilized membianes The solution
was then centiifuged at 105,000 x g for 60 min The solubilized membrane protem
was apphied to a Bio-Beads SM-2 column (1 x 8 cm), previously equilibrated with
buffer A The same buffer was used for elution After 5-fold dilution the turbid
fiaction contamming proteohiposomes was centufuged at 160 000 x g for 60 min
(Iolena 1989, Kolena et al 1992b)

Membrane deliprdation The membiane-bound LH/hCG 1eceptor was delipidated
by extiaction using a mild non-ionic deteigent Tween 20, at 23°C’ A sample 1n
5% (v/v) Tween 20 was somcated i a MSE Ultiasonic Disimtegiator with a small
probe The prepatation was then stirred for further 30 min After centrifugation at
20,000 x g for 30 mun. the pellets weie washed twice with buffer A (Kolena et al
1995)

Chemacal modification Chemical modification of the membrane was cairied out by
mcubating 1t with 2-hydroxy-5-mtiobenzyl hromide (HNB-Bt) (1 o1 5 mmol 171) for
30 min at 25°C 1 PBS buffer The agent was dissolved in DMSO the concentiation
of which was kept below 5% The membianes weire then centifuged and washed
twice with PBS buffer

hCG bindimg assay In the hCG binding assay 0 1 ml aliquots ot ovailan membranes
ot proteoliposomes wete wmcubated for 16 h at 20°C with 01 ml PBS buffer o1
buffer A + 1 mg ml~! BSA with or without a 100-fold excess of unlabelled hCG
and 01 ml ['**T]hCG (1 15 ng sp act about 23 TBqs~') After mmcubation and
centnfugation the membiane pellets were washed twice with PBS buffer o1 buffer
A The hoimone-1eceptor complex 1 proteohiposomes was precipitated twice with
polyethylene glycol {Ilvolena et al 1992b)

Fluorescence polanization was measured and flumescence quenching studies
were performed usmg a Perhin-Elmer LS-5 luminiscence spectiometer, equipped
with a cuculation bath to mantan the sample temperatuie at 25°C Exatation
and emission shits were 2 5 nm and 5 nm, 1espectively

Fluorescence polarization A solution of 2 mmol 17! DPH m tetraliydiofuian was
dispetsed by 1000-fold agitative dilution 1 50 mmol 17! PBS buffer Ovarian mem-
branes (100 pg protemns) weire mcubated at 25°C for 1 h with 2 ml of DPH i the
above buffer (IKolena et al 1994a)

Quenching measurements The fluorescence mtensity was nieasured as a function of
quencher concentiation at a ixed emission wave-length The excitation wavelength
of 280 nm was used Fust, the mitial fluotescence (Fp) of the membianes was mea-
swred The membiane fluoiescence was then quenched by the progiessive addition
of small aliquots (10 o1 25 ul) of a concentrated solution of quencher (aciylamide
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Figure 2. Stern-Volmer plots for quenching of rat ovarian membranes labelled with fluo-
rescence probe DPH Membranes were premncubated for 60 mn at 25°C with 2 gmol 1!
DPH solution The membranes were quenched by acrvlanide and 1odide IThe excitation
and the emission wavelengths were 360 nm and 430 nm 1espectively The concentrations
of membranes, see legend to Fig 1

for acrylamude (Fig 3) Futthermore, desensitization appatently altered spectial
ptopetties of membiane mtrnsic fluorescence The emission maxnnum of 440 nm
for contiol membranes was shifted to 420 nm for desensitized membianes (data
not shown) This change of the physical propeities of membianes connected with
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Figure 3. The acrylamide quenching of control (0) and desensitized rat ovarian LH/hCG
receptors (A) (0 4 mg protemn pre ml) Pscudo-pregnant 1ats were treated with 75 IU of
hCG 30 mun before bemng saciified For mn uitro experunents, membranes from control rats
wete incubated for 05 h at 37°C with 10 ug ml™! hCG The results were confirmed mn 3

independent experiments

desensitization was not obseived i the tieatment of membianes with hCG n
witro Theire was no difference i the degiee of polanization of DPH when ovarian
membranes wete incubated fo1 0 5 01 2 h with hCG (Kolena et al 1994a) The Stein-
Volme1 constants, sy, for contiol and hCG-treated membranes weie found to be
almost the same, 4 9 and 5 0 mol ™!, 1espectively (Fig 3) Also, fluorescence spectral
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properties of membianes wete not significantly changed The emission maximum
of 400 nm for controls was shifted to 394 nm for hCG tieated membianes (data
not shown)

Chemical modification of the gonadotiopin receptor was used to obtamn di-
1ect information on the impoitance of tryptophan 1esidues for higand binding to
the 1eceptor Treatment of ovarian membianes with 1 mmol I=! and 5 mmol 17!
2-hydiony-5 nitiobenzyl biomide (HNB-B1) for 30 nun at 25°C decieased the bind
mg activity of LH/LCG 1eceptor to 30% and 14% of control values 1espectively
(Fig 44) HNB-B1, that has specthaty toward tiyptophan mcieased the accessib
Iity of tiyptophan 1esadues to aciylamide Ovalian membranes weie incubated with
5 mmol 17! HNB-B1 for 30 mm at 25°C Stein-Volmel constants, gy, for contiol
and HNB-B: tieated membianes were found to be 31 and 54 mol™! 1espectively
(Fig 4B) HNB-B1 also modified spectral properties of membrane fluorescence

Pioperties of biological membianes are dependent on hpid composition of the
membiane ['2°TJhCG 1eceptor binding activity m proteoliposomes was sensitive
to the piesence of hipids in membianes Bimnding activity of partially delipidated
LH/hCG 1eceptor 1econstituted mto proteoliposomes was 1educed to 324 of con-
trols Re-edition of PC (2 5 mg) to the delipidated receptor 1econstituted the bind-
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Figure 4. Effect of protemn  modifying 1cagent HNB Br (1 and 5 mmol 171} on the acces-
sibility of 1at ovaitan LH/hCG 1eceptor () and the acrylamide quenching (5 mmol 17
HNB Br) of ovartan membranes (3} Membrancs were imncubated fo1 30 nun at 25°C with
HNB-B1 and then washed twice with phosphate buffer The excitation and the emission
wavelengths were 280 nm and 380 nm for contiol (©) and 340 nm for HNB-Bi-tieated
membranes () respectively (A) Data are means & SE of 3 determinations (each re-
peated twice) (B) The experiments weie repeated 3 times with comparable 1esults
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Figure 5. Specific binding of [*#*IJh( & and Stern-Volner plots for actylamide quenching
of control {0), delipidated (A) and delipidated + phophatidvlcholine (PC) (0) 1econsti-
tuted 1eceptor 1nto proteoliposomes SovbeanP(C' 2 5 mg was added dwing solubilization
of hCG binding activity with 20 minol 17! sodinm cholate in buffer A containing 20%
glycerol The detergent was temoved using Bio-Bcads SM-2 (1) Data ate means =S E of
1 determinations (each repeated twice) (B) Lhe rcsults were confiimed 1 3 mnde pendent

experunelits

mg sites to the mitial extent (Fig 54) On compating the hipid level m wdentical
samples before and after hpid depletion, the contents of total cholesterol and phos-
pholipids 1 the delipidated membiane were 34% and 46% of contiols, 1espectively
{data not shown) (kolena et al 1994b) The possible structute-functional alteration
of delipidated LH/hC'G 1eceptor reconstituted mto pioteoliposomes was analyzed
by the quenching method The Stein-Volmer plots for this experiment are shown 1n
Fig 5B The cottesponding Steinu-Volmer constants determined fiom the slopes fo1
control delipidated and dehipidated + phosphatidvlcholine (PC) pioteoliposomes
with mcoiporated LH/WCG 1eceptor (IKolena et al 1995} weie found to be 29,
56 and 4 0 mol™!, 1espectively The 1esults mdicated altered accessibility of fluo-
rophotes for aciylamide An inciease of quenclung after dehpidation was observed
but the addition of PC' to delipidated proteoliposomes made quenching to approach
to control proteoliposomes Delipidation altered spectial properties of proteolipo-
some mtinsic fluorescence, a blue shift of emission maximmn from 450 nm for
contiol to 424 nm for dehpidated proteoliposomes was observed {data not shown)
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Discussion

The 1esults presented i this paper show the possability of an application of the
fluorescence quenching method m the study of gonadotiopin receptor propeities
in 1elation to the physical state of the ovarian membranes Quenching studies can
provide valuable infoimation concerning the exposute of tryptophanyl residues and
the dynamics of the protein matiix sutrounding such residues This techmgue may
be used to mvestigate protemn dynamics and ligand mduced changes mm conforma-
tion of pioteins (Eftink and Ghuon 1981) Quenching of the mtimsic fluorcscence
of protens by the addition of extiinsic agents 1s governed by the ability of quencher
to get nto close coutact with the fluorophore The access can be restincted by er-
the1 steric o1 chemical bainiers to quencher penetiation Tle stetic baitiers are not
ngid and act to lumit the penetration of laige quenching agents thiough the pro-
temn matirx Chemical bainers ate due to the chemical enviionment i which the
fluorophore 1s located (Havel et al 1988) Such steric ot chemical batiiets can be
mvolved 1 the 1estriction of the odide quenching as observed m our experiments
as the accessibility of tiyptophan fluorophoies for 10dide was not changed Our
1esults showed that aciylamide 15 a very effective quencher of intimsic fluorescence
of ovarlan membianes, this mght be taken as an wmdication that these barriers
are not mvolved m acrylamide quenching One of the most attiactive features of
actylamide as a quencher has been the fact that 1t does not sigmificantly inter
act with piotem (Eftink and Ghiron 1981) The rate constant of the guenching
reaction between the quencher and a fluorophore (tiyptophan iesidue) 15 known
to be dependent on diffusion-contiolled process Theirefore an increased quenching
rate generally suggests an wuctease i the proximity of quencher molecules to the
fluorophore

Desensitization modified the quenching 1ate of protemn fluorescence and spec-
tral properties of membiane intinsic fluorescence mdicating that conformation
propeities of the receptor weie changed These 1esults suggest that the hCG-
mmduced alteration of the physical state of luteal membianes may be a 1equite-
ment for the induction of changes that lead to desensitization Such alteration ot
the physical state of the luteal membrane may facilitate the transformation of the
receptor to 1ts desensitized state (Inolena et al 1994a)

The ammo acids of 1eceptors 1n contact with higands at the binding site may
play an mmportant 1ole Chemical modification studies of protein hormone 1eceptors
have been used i oider to undeistand the nature of then stiuctuie and binding
domains Most of these studies have been limited to membiane 1eceptor prepaia-
tions Tieatment of 1abbit mammaiy prolactin receptor with HNB-Bt 1esulted n
a loss of specific binding activity of the 1eceptor Based on the 1elative specificity
of HNB-B1 to tiyptophan, 1t would appear that tiyptophan may be ciitical for
prolactin binding to the receptor (Mahajan and Ebner 1986) In a previous study
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1t was demonstiated that disulfide lustidyl and tyiosyl groups may be mvolved
m the mteraction of hCG with 1ts receptor (Isolena and Sebokova 1987) In these
expeiriments HNB-B1 modified the quenching of tiyptophan as well as tyiosine
1esidues of LH/hCG teceptor fiom 1at ovanan membranes

Reconstitution of delipidated LH/LCG 1eceptot into proteoliposomes enhanced
the accessibility of fluorophores for aciylamide but its teconstitution mn the pres-
ence of phosphatidylcholine tuwined them into the same physical state as contiol
proteoliposomes The 1ole of lipids 11 membianes 1s not passive since the lipids
may regulate numeious cellular functions The piresence of a lipid environment 1s
known to be essential for the mamtaimng of the receptor function The LH/hCG
receptol 1s an ntegiral protemn contaming 7 tiansmembiane segments (McFarland
et al 1989) and 1t seems hkely that 1t interacts with lipids in the membiane Lipid
1eceptol 1nteractions may be requured for conformation changes of the 1eceptor and
signal transmission acioss the membiane Delipidation of native membranes was
observed to 1educe the function of LH/LCG 1eceptor fiom porcine and 1at coipora
lutea (Isolena 1992 holena et al 1992a) The 1equuement of spectic lipuds for a
teceptol system 1s still an atea of active wmvestigation Phosphatidylcholine meets
the ciiteria for 1econstitution of the 1eceptor mto proteoliposomes m 1ts functional
state (Isolena 1989 Ivolena et al 1992h) PC forming a bilayer stiuctuire may be
the most suitable species fo1 pieserving i1eceptor activity during reconstitution
There are probably mote inportant tequuements for the polar gioup than for acvl
stde chains of phospholipids The 1eacting abilities and theimal stability of PC
with different hydiocaibon chamns (soybeanPC  dioleocylPC  dipanmutoylPC) were
essentially the same (holena et al 1995)

The mechanism of the quenching reaction 1s not hnown 1n detail yet but may
mvolve 1nternal conveision due to election exchange enhanced intersystem crossing
due to spi orbital coupling o1 election spin exchange or electronic energy tiansfer
(Eftink and Ghnon 1981) Although the techmnique of fluorescence quenching 1s
expertmentally a sunple one the analysis and mterpretation of the data can be
mote complex in membrane prepatations than m a particular protemn Despite some
difficulties fluorescence quenching 1s a useful method n the study of the functional
state of gonadotiopin 1eceptors

Acknowledgements This work was suppoited 1 part by Slovakh Grant Agency for
Science Grant No 2/1290/94 and th¢ WHO Gaant No 81077

References

Chang ¢ G Lee H J (1981) Momtoring protemn conformational changes bv quenching
of intimsic fluorescence 1 Biochem Biophvs Meth 9, 351 -355

Cftmk M R Ghuon C A (1981) Tuorescence quenching studies with protemns Anal
Biochem 114, 199—227



462 Scsuhkova et al

Havel H A Kauffman E W Ilzinga P A (1988) Fluorescence quenching studies of
bovine giowth hormone 1n several conformational states Bioclhum Biophys Acta
955, 154— 163

Jones O T McNamee M G (19588) Annular and nonannular binding sttes for cholesterol
assoclated with the nicotmic acetylcholine receptor Biochemistrv USA 27, 2364
2374

Kahana E Pinder 1] ¢ Smuth Kk S Grantzer W B (1992) Fluorescence guenching
of spectrin and other red cell membiane cytoskeletal protems Biochem 1 282,
75—80

haszychi P Wasylewshi Z (1990) Fluorescence-quenching-resolved spectra of mehttin
i lipid bilayers Biochim Biophys Acta 1040, 337 —345

Kolena J (1989) Functional reconstitution of rat ovarian LH/hCG receptor mnto proteo-
liposomes FEBS Lett 250, 425—428

holena J (1992) Effect of phospholipase ( mduced hydrolysis of phosphohpids on mem-
brane-bound and water soluble LH/hCG 1eceptors i poicine corpora lutea Exp
Chn Endocrinol 99, 8—11

Lolena J Sebokova E (1987) Effect of protemn modifying reagents on water soluble and
membrane-bound ovanan LH/hCG receptor Exp Clin Endocrinol 89, 237—239

holena J DaniSova A , Matejéikova k (1992a) Role of phospholipids 1n the accessibility
of LH/hCG 1eceptors n porcine coipora lutea Endocr Regulations 26, 171—174

Kolena J Matejéikovak Sienkelova G (1992h) Osmolytes impiove the reconstitution of
luteinizing hormone/human chonionic gonadotiopin receptors into proteoliposomes
Mol Cell Endocrmmol 83, 201—209

halena J Scsukova S, Jasem P (1994a) Changes 1n physical properties of ovarian mem-
branes after h('G-induced desensitization in rtats Gen Physiol Biophys 13, 299—
307

ILolena J Sesukovd S Tatarza M Jasem P (1994b) Effect of partial dehpidation of
1at ovarian membiancs on theimal stabihty of LH/hCG 1eceptors BBA 1193,
293 —300

lolena J Scsnkova S Jedovd M Fuirdova J Tatata M Jasem P (1995) Effect of
phospholipids on the 1econstitution and thermal stability of delipidated rat ovarian
LH/hCG receptors in proteohposomes Mol Cell Endocrmol 113, 53—G60

Lakowicz J R (1983) Principles of Fluorescence Spectroscopy Plenum Press New York

Langnet M Hwur S W (1991) lodide penetration mto hpid bilayeis as a probe of mem-
brane lipid orgamization Chem Phys Lipwds 60, 127—132

Mahajan P B Ebner Kk E (1986) Effect of oxidizing agents on 1abbit mammary pro-
lactin receptors Mol Cell Endocrinol 46, 37—42

McFarland k' C Spiengel R Philips H S kohler M Rosemblit N, Nicolies K,
Segaloff D, Seeburg P H (1989) Lutropm- choriogonadotropin receptor An
anusual member of the G protemn-coupled receptor famuly Science 245, 494—499

Sanyal G Charlesworth M C Rvan R 1 Predeigast ¥ G (1987) Tryptophan fluores-
cence studies of subunit interaction and i1otational dynamics of human lutemizing
hoimone Biochemistiy USA 26, 1860—1866

Final version accepted December 4, 1996



