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Diethylpyrocarbonate, a Histidine Selective Reagent, Causes
Structural Alteration of Rat Ovarian LH/hCG Receptor
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Abstract. Tieatmment of 1at ovaiian membiane-bound and Tiiton X-100 solubihized
LH/hCG 1eceptor with a histidine-specific 1cagent diethylpyrocarbonate (DEPC)
resulted 1 mactivation of the ability of the 1eceptor to bind hCG The paitial 1e-
versibility of this inlubition by hydioxylamime demonstiated that lustidine 1esidues
are mvolved m hCG-1eceptor binding Fluotescence guenching experiments ndi
cated that DEPC did not change the accessibility of fluorophores for aciylamide
Alterations of quenching rate generally suggest exposme of tivptophanvl 1esidues
Modihcation of histidyl 1esidues was connected with an alteration of the physical
state of ovaiian membianes Membiane hpid ngidits was decreased atter DEPC 1e
action Thermal pertuwibation techmques were used to momtor structural changes
m the 1cceptor due to the action of DEPC oun membranes Heat mactnation ot
LCG-bmding sites demonstiated that there was a significant destabilization of the
LH/LCG 1eceptor stincture when the membranes were ticated with DEPC Ther-
mal destabilization produced by 5 mmol/I DEPC causcd a decrease i Tsg values by
about 12°C These 1esults suggest that lustidine 1esidues are located at the binding
sites of the 1eceptor and that thay are also mvolved m alterations of mcmbiane
protems the stiuctural mtcgiity of which secondanly mfluences the accessibibity ot

the LH/LCG 1eceptor
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Introduction

Gonadotropm 1eceptors, which are 1esponsible for transmembiane communication
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and numetous functional imteractions within the plane of the membrane are embed-
ded 1 the lipid bilayer The cell receptor for LH/LCG 15 though to be an integial
protein containing seven tiansmetbrane segments (Segaloff and Ascol 1993) The
unmediate 1esponse of taiget cells to the binding of LH/LCG 15 an mciease 1n
adenylylcy clase activity mediated by G-protemns The subsequent ¢cAMP geneia-
tion results 1 increasad sterowd hormone synthests The 1esponsiveness of tissues
to gonadotiopms was defined by the numbers ot LH/hCG 1eceptors and /o1 then
functional activity Because of the lack of knowledge about the 1eceptor structure it
15 difhcult to study the molecular mcchamsms of the hormone-teceptor mteraction
Cloning of the ¢cDNA for the LH/LCG receptor has shown that the amino texminal
domamn whicn 15 suthcient for the binding ot the hoimoue 1s composed ot a repeat-
mg leuciue 11ch 1epeat motif (Braun et al 1991) However mutagenests along with
avstallographic experiments of hormone 1eceptor complexes will help ¢stabhishing
the specitic amino acuds essential for hgand binding  An alternative method 1s to
use chemical modification of anuno acid 1esidues with protemm-modifying 1eagents
For that puipose we studied the mlubitory effect of diethylpyiocaibonate on hCG
binding to the receptor a compound that has been previously used to study the
1ole of lustidine m ensymes and hormone binding protems (Iolena and Scbokova
1987 Hollis and Stiange 1992) Although diethylpyrocarbonate can 1eact with a
large number of nucleophilic amimo acd residues 1t shows a good selectivity for
histidie at neutral pH Histidine 1esidues of the LH/LCG 1eceptor have been mm
phicated as necessarv tor the hormone binding (Rolena and Sebokova 1987) From
these studies however, 1t 15 not clear if the inhibition of binding was due to a modi
fication of the binding sites o1 to changes i membiane protein which can aftect the
receptol 1ecogmtion phenomena In the present work structure-functional relation-
ships of the LH/LCG teceptor was studied by mtimsic fluorescence and theimal
perturbation techmques atter diethylpyrocarbonate mactivation of the abilitv of
the receptor to bind hCG

Materials and Methods
Materials

Punfied hCG (CR 123 12,780 IU mg™!) was geneiously supphed by NIAMDD
NIH, Bethesda Nal?’l was puichased fiom the Radiochemical Center Ameisham
Pregnant maie’s setum gonadotiopmn (PMSG), hCG (Praedyn) were fiom Spofa
Prague 1,6-Diphenyl-1 3,5 hexattiene (DPH) was putchased from Seiva (Heidel-
berg Germany), and all other chemicals were fiom Sigma (St Lowss, MO, USA)

Methods

Lutemnized ovaries were produced mn 25-day-old 1ats (Wistar stramn) by s¢ admm
1istiation of 50 IU PMSG followed by 30 IU hC'G 56 h later (Inolena et al 1990)
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Homogenates of ovaries (100 mg ml™!) 1n 1cecold buffer A (25 mmol/l NaH,POy,
1 mmol/l EDTA. 40 mmol/l NaCl, pH 7 4) were filtered through six layers of sui-
gical gauze, centrifuged at 1000 x g for 15 min, and the supernatant was furthe:
centiifuged at 20,000 x ¢ for 30 min The final membrane preparations were 1esus-
pended 1n the same buffer (Kolena et al 1986) Soluble LH/hCG receptors were
prepated by extiaction of the particulate binding fraction with 1% Triton X-100
for 30 min at 4°C

Chemical modification of membiane by diethylpyrocarbonate (DEPC) was
carried out for 30 min at 24°C 1n buffer A, pH 7 0 DEPC was dissolved 1n ethanol
The concentration of ethanol was hept below 5% Membianes were then centiifuged
and washed twice as described above

Theimal perturbation techniques were used to probe stiuctural features of the
LH/hCG 1eceptor Ahquots of membiane-bound 1eceptor were heat mactivated 1n
water bath at a constant temperature of 50°C o1 by rasing the temperature at a
linea1 1ate of about 1°C/3 min Membiane pireparations were withdiawn at desig-
nated temperatures and placed on iwce until the determmation of binding activity
(Kolena et al 1994)

In hCG binding assay, 0 1 ml aliquots of ovatian membianes were imcubated for
16 h at 20°C' with 0 1 ml buffer A + 1 mg ml~! BSA with o1 without 100-fold excess
of unlabeled hCG and 0 1 ml ['**IJhC'G (1 15 ng, spec act about 23 TBqg™*)
After icubation and centnfugation the membiane pellets were washed twice with
buffer A (Kolena et al 1986) The hormone-receptor complex 1 soluble receptor
was preapitated twice with polyethylene glycol (Ivolena and Sebokova 1987) The
1esults are expiessed as [M°IJhCG specific binding per mg protemn (Lowty et al
1951)

Fluorescence polatization of DPH probe was measuted by a Perhin-Elner LS-5
luminescence spectrometer equipped with a circulation bath to mnamtain the sample
temperature at 25°C A solution of 2 mmol/l DPH m tetrahydiofuran was dispersed
by 1000-fold agitative dilution m buffer A, pH 74 Ovanan membianes (100 pg
protemn) were incubated at 25°C for 1 h with 2 ml of DPH 1 the above bufter The
fluotescence polarization was computed by equation

L'u - IU’L([}I’L /[hh)

B IUI + Iuh (Ihz /Ihh)

where I, and I, ate fluorescence intensities detected through a polatizer orlented
parallelly and perpendiculaily to the direction of vertical polatized hight I;,.,/Inhn
represents the 1atio when excitation 1s polaiized horizontally and emission 1s ob-
served thiough the analyzer oriented perpendiculatly and parallelly, 1espectively
(Kolena et al 1986)

Quenching studies wete carnied out at 23 °C by adding small amounts of 5 mol/1
acrylammde in buffer A, pB 7 4 The mtrinsic fluorescence mtensity was measutred as
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a function of quencher concentration at a fixed emission wavelength of 416 nm The
excitation wavelength of 280 nin was used The Stern Volmer quenching constant
LI .., was calculated according to the Stein-Volmer equation Fp/F =1+ L, [Q]
whete Fp 15 the fluorescence of the unquenched fluorophore and F 1s the fluotescence
at quencher concentiation [Q] (Efting and Ghnon 1976 Kolena et al 1995) The
least-squates method was used to calculate the Ay, constant

Data were analysed by ANOVA and Bounfeironi post test Values ware con-
sidered statistically significant at p < 005 The results were confumed m 2 3

mdependent expernnents

Results

Incubation of ovarlan membianes with millimolar concentiations of DEPC at pH
7 1esulted m a concentration dependent deciease in hC'G speafic binding ac tivity
(Fig 1) After 30 min of reaction half maximal mhibition of ['**IJhCG binding,
was observed at approximately 15 minol/l DEPC, and mote than 90% inhibition
of binding was aclueved at 10 mumol/l 1cagent Sumlar observations were made
after the trcatment of Titon X-100 soluble receptor with DEPC However the
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Figure 1. (oncentration depcndent mactivation of [M*°IIhCG binding to mcmbrane

bound (full linc) and Triton X-100 solubilized (dashed linc) receptor by dicthylpyrocar-
bonate (DLPC") Ovailan membiancs wete tieated with DEPC for 30 num at 24 °C 1n buffer
A pH 7 and assayed for hC G binding as described n the tcxt Each point represents mean

+ S E of three estimations
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extent of loss of hCG binding was shghtly less than in membiane-hound 1eceptor
Modification with DEPC was cainled out using conditions expected to result i a
selective attack on lustidine residue mn protein (Pileh 1982) Other amino acids (cys-
teine, tyrosine, tryptophan and lysine) can also be changed by DEPC though less
specfically In o1der to examine whether the mactivation of the receptor was due
to modification of histidine 1esidue the receptor was ticated with hydioxvlanune
Hydioxylanune 15 a stiong nucleophile that preferentially displaces the carbethoxy
gioup fiom modified lustidine and tviosine residues, but not fiom cysteine and
lysine residues (Miles 1977) Table 1 <hows that hydiovylamme pattially 1estored
the bmding of hC'G to membiane ovarlan 1eceptor  atter imhibition with DEPC
{(p<001)

Table 1. Rcversal by hydioavlanmune of membiane TTI/hC G 1cceptors mactivation by
diethyIpyrocarbonate  Ovallan membianes weie mcubated with 25 mmol/1 DI PC and
washed membrancs ware ticated with hvdoxylanmmne for 30 nmun at 21°C Data arc means
+ S L of thice ¢stimations

[T hC'G bound

Addition (finol/mg protan) Y% of contiol
0 0 211 £20 100
0 NH,OH (0 { mol/1 218+ 35 103
DEPC 0 606 21
DEPC NH>OH (0 2 mol/l) 73+ 10 35
DLP( NHLOH (0 1 mol/1) 91 +£6 2 43

Fuither experiments were peiformed to determine whether the changes in the
LH/LCG 1eceptor are linked with an alteration of the physical state of membranes
premcubated with DEPC A« shown n Fig 2 ovatian membrane 1igidity as deter-
mined by fluorescence polatization of DPH decieases in membranes tieated with
DEPC Infoimation concernng the exposute of tiyptophan 1esidues can be ob-
tawed from results of the fluvtescence quenching behavior of proteins We used
actylanude a neutial dynamic quencher, to found out whether DEPC modifies the
quenching of protein fluorescence An mciease i quenching 1ate generally suggests
an mcrease m the proximity of quencher molecules to the Huorophoie The Stern-
Volmer constants (h.,) determined from the Stern-Volmer plots for contiol and
0 1 and 1 mmol/l DEPC ticated membianes wete found to be 4 71/mol vs 57 and
52 1/mol 1espectively, mmdicating that DEPC does not change the accessibility of
fluorophotes (tryptophan 1esidues) for acrylamde (Fig 2) The emission maximum
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Figure 2. Effc ct of different concentrations of Db PC on thuorcsconce polarzation of DPH
probe (upper panel) and Stein Volmer plots with constants (A, ) of acrviamide quenchmg
(lower panel) for ovarian niembianes Laperiments were done as desciihed m the legend
to Lig 1

of 416 nm for control membranes was not changed 1 membranes premcubated with
DEPC (data not shown)

Thermal mactivation of the 1eceptor 15 a 1apid process Durng the mcubation
of ovailan membianes treated with 15 mmol/l DEPC at a constant temperature
of 50°C the damage of binding sites was appreaiably mamifested after 5 mun The
thetmal mactivation process repiesents a temperature-dependent loss of LH/hCG
binding sites that can be expressed m term of then Tsy value 1e the temperatuie at
which 50% of imtial binding capacity 1emains (Artigues et al 1989) The T5q value
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of about 50°C 1n contiol membranes decicased to 45°C and 38°C in membranes
treated with 2 5 and 5 mmol/l DEPC, 1espectively (Fig 3)
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Figure 3. Theimal destabihzation of ovarian membiane LH/hCG 1eceptor with DEPC

Ovarian membranes premcubated without or with different concentrations of DEPC were
heat 1nactivatcd at imcireasing tempe ratures at a hnear rate of 1°C'/3 min o1 at a constant
temperaturc of 50°C' Means of two estimations aie shown

Discussion

In this1eport using chemical modification of amino acids 1esidues with diethylpyio

caibonate we supply evidence for the inportance of histidine at the higand binding
site of LH/hCG 1eceptors DEPC 1cacts with the nucleophilic nmdazole group of
histidine (pha = 6) the phenolic gioup of tyrosine (pha = 10) the thiol gioup
of cystemne (pha = 82), the epsilon ammo group of lysmme (pha = 103), and
with amino tetminal groups (pha > 9) Considering these ph a values 1t would be
expected that at pH 7 o1 below the mmdazole group of listidine 15 the nucleophile
on the piotein that preferentially 1eacts with DEPC At this pH approximately
50% of the imdacole groups would be depiotonated as compared to approx 1% o1
less of other amino auds gioups Additional information on the DEPC 1ecacting nu-
cleophile can be obtained from 1t mcubation with hydioxylamine Hydroxylamine
1s known to remove caibethoxy group pinmaidy fiom modified histidine residues
(Miles 1977) When DEPC-mactivated LH/LCG 1eceptor was tieated with hy

droxylamine, the binding activity was paitly testored The wcomplete 1eversal of
LCG binding by hydioxylamine may be due to modification of other 1esidues of
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the 1eceptor protem that ate necessary for hCG binding o1 to the formation of
dicarbethoxyhistidyl 1esidues by the action of DEPC and to the addition of hy-
dioxylamine 1esulting m 1ing deavage thus cansing nieversible modification Since
DEPC mhibition could be 1eversed by hydroxylamine, the modified amio acid
tesidue crucial for hgand binding to the LH/LWCG 1eceptor 15 probably histidine
In addition to preferential carbetoxylation of the lnstidine 1esidue, DEPC 1eacts
with other ammo acids residues such as lysme, cysteme, tryptophan and with
an unusually reactive tyrosme residue Smce 20 mmol/l concentiations of acetic
anhydiide, which maimnly 1eacts with lysyl 1esidues, had no eftect on h('G bhind-
mg this ammo acid 15 not hikely to be mnportant for the binding mteraction In
contiast, tyrosyl residue may be mvolved m LH/WhCG receptor binding sites be-
cause N-acetylimidarzole and 2 4-dimtiofluoiobenzene which are tyrosme-preferting
reagents (Cuatiecasas 1971) mhabited the binding of hC'G to the 1eceptor (Ivolena
and Sebokova 1987) The 1ole of t1yptophan residues m LH/WCG binding sites
15 unclear Quenching experiments mdicated that DEPC did not change the ac-
cessibility of fluotophores for aciviamde Alterations of quenching 1ate generally
suggest exposure of tivptophanyl 1esidues Modification of tryptophanyl 1esidues
by DEPC can ptobably be 1uled out hecause no change was observed m the spectial
propetties of membiane emission fluorescence

Experiments with Tiiton X-100 soluble 1eceptor showed that histidine 1esidues
are duectly mmvolved i hormone-receptor imnteraction, 1 ¢, at the hC'G binding sites
of the receptor However, 1t cannot be ruled out that DEPC 1eaction arises at a site
distant from the binding sites Data showed that modification of histidyl residues
are connected with an alteration of the physical state of ovarian membranes Mem-
brane ipid ngidity decreased after DEPC 1eaction The ordenng of the membrane
envitonment 1 which the LH/LCG 1eceptor 1s embedded can affect the accessibility
of the 1eceptor A positive correlation between the elevation of membrane nigidity
and the accessibihty of LH/WCG 1eceptors was found 1 tat ovanan and testicula
membianes (Kolena et al 1990, holena and Kasal 1989)

Studies of heat mactivation of hC'G binding sites wete catiled out to mouitot
stiuctural alterations of the LH/hCG 1eceptor These techniques ate lghly selec-
tive to momtor general structural changes of the 1eceptor protemn (Artigues et al
1989, Kolena et al 1995) Thermal mactivation of hCG-binding sites suggested that
there was destabilization of the LH/WCG 1eceptor structure npon subjecting mem-
branes to DEPC reaction Thermal destabilization produced by 5 mmol/l DEPC
caused a decrease mn Tsg values by about 12°C Modification of the LH/hCG 1e-
ceptor by DEPC suggests that histidyl 1esiducs are located at o1 close to the hCG
binding sites, as well as that perturbations of the membiane at a site distant from
the binding sites elicits an alteration of structmie-related functional properties of
the 1ecepto



Histidine Residues in LH/hC G Receptors 47

Acknowledgements. This work was supported i part by the Slovak Grant Agency
for Science VEGA 2/4134/97

References

Artigues A Villat M T Feinandez A M Perragut ] A Gonzales-Ross J M (1989)
Cholesterol stabilizes the stiuctuie of the nicotinic acetylcholine 1eceptor 1econsti-
tuted 1n hpid vesicles Biochim Biophys Acta 985, 325 330

Braun T Schofield P R Sprengel R (1991) Anuno ternunal leucine-rich repeats
gonadotropin receptors deternune hormone selectivity TMBO T 10, 1885—1890

Cuatiecasas P (1971) Properties of the msulin receptor of 1solated fat cell membranes
J Biol Chem 246, 7265—7274

Pftmg M R Ghiron C A (1976) Laposure of 1y ptophanyl 1esidues in protemns quan
titative determination by fluorescence quenching studies Biochemustry USA 15,
672 -680

Hollis € M Strange P G (1992) Studies on the stincture of the higand binding site of
the bramn D; dopamine receptor Biochem Pharmacol 44, 325—334

Tolena 7 Kasal A (1989) Lffects of cholesteryl esters on the accessibility of LH/hC'G
receptors and membrane hipid fluidity 1 rat testes Biochim Biophys Acta 979,
279 286

Lolena J Schokova B (1987) Effect of protemn modifying 1eagents on water soluble and
membianc bound ovaran TII/hC G 1cceptor Dap Chin Endocninol 89, 237 239

kolena T Blazicek P Hothovics kovats S Ondiias k' Sebokova £ (1986) Modula
tion of 1at testicular T H/WC G receptors by meambiane lipid flmdits Mol Cell
Fndociimol 44, 69 76

Lolenv J  DMatojethova b Damsova A Viah 7 (1990) Pseudopregnancy dependent
changes m 1at ovatlan LIT/hC Gorcceptors morclation to membirane hpid flindity
Repirod Nuti Dcvelop 30, 115 121

holena 7 Scsuhova S latara M Tasem P (1991) T flcct of putial dehipidation of rat
ovartan membianes on thormal stability of TTI/WCG receptors Brochun Biophvs
Acta 1193, 293 300

Kolena ] Scsukova S TJezova M Fuidova 1 latara M Jasem P (1995) | fect of
phospholipids on the reconstitution and thcrmal stability of delipidatcd 1at ovarian
lutemizing hoimone/human chottonic gonadotropin receptors m proteohposomes
Mol Cell Lndocrinol 113, 53—060

ITowivO H Roscnbiough N J Tarr A T Randall R ] (1951) Protem measurement
with the Folin phenol rcagent J Biol Chem 193, 265 275

Ailes F W (1977) Nlodification of histidy1 residues in protems by diethvlpvrocarbonate
Methods 'nzymol 47, 131 442

Pilch P 7 (1982) Modification of the insulin 1cceptor by diethyl pyiocarbonate Lffect
of msulin binding and action Biochemistiy USA 21, 5639 5611

Segaloff D T Ascoli M (1993) The lutiopin/chonogonadotiopm teceptor 1 veais later
Fndoame Rev 14, 324— 317

Final version accepted January 15 1997


file:///eais

