
Gen Physiol Biophys (1997) 16, 59—17 39 

Diethylpyrocarbonate, a Histidine Selective Reagent, Causes 
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Abstract . Treatment of íat ovanan membiane-bound and Tnton X-100 solubilized 
L H / h C G íeceptoi with a histidme-specific icagent diethylpyiocaibonate ( D E P C ) 
íesulted m macti\ation of the ability of the íeccptoi to bind hCG The pai t ia l íe-
veisibihťv of this inhibition by hydioxylamme domonstiated that histidine losidues 
aie involved m hCG-ieceptoi binding Fhioies(ence quenching expeiiments nidi 
cated that D E P C did not change the accessibihty of fiuoiophoies foi aciylamide 
Alterations of quenchiiig íate goneially suggest exposuie of t ivptophanvl íesidues 
Modification of histidjl íesidues was connected with an alteiation of the physical 
s tate of ovanan membianes Membiane lipid iigicht\ was dec leased aftei D E P C íe 
action Theimal pe i tmbat ion techniques won used to monitoi s t n u t u i a l (lianges 
m the ícceptoi clue to the action of DEPC on membianes Heat m a c t n a t i o n of 
hCG-bmdmg sites demonstiated that theie was a signmc ant destabilization of the 
LH/hCG íeeeptoi s t m c t u i e when the inembianes weio t ieated with D E P C Thei­
mal dcstabih/ation pioduced h\ 5 mmol/1 D E P C ( ausc d a dec lease m T^,0 \ allies bv 
about 12°C These íesults suggest that histidine lesidues aie lo< ated at the binding 
sites of the íeeeptoi and that they aie also i m o h e d m alteiations of membiane 
piotems the s t iuctuia l mtcgiitv of w Inch sec ondanly influences the ae ce^ssibihty oi 
the L H / h C G íeceptoi 

K e y words: Diethv lpyiocaibonate LH/hCG n c e p t o i s Theimal mat t n a t i o n 
Fluoiesc enc e polaii/ation 
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and numeious functional mteiactions within the plane of the membiane aie embed­
ded in the lipid bilayei The cell leeeptoi foi LH/hCG is though to be an mtegial 
piotein containing seven t iansniembiane segments (Segaloff and Ascoh 1993) The 
immediate i espouse of taiget cells to the binding of L H / h C G is an mciease in 
adenylyle} clase aeti\it> mediated by G-pioteins The subsequent c AMP genoia-
tion lesults m me lease d steioid hoimone synthesis The lesponsiveness of tissues 
to gonadotiopms was defined b\ the numbers of LH/hCG íeccptois ancl/oi then 
functional activity Because of the lack of knowledge about the leeeptoi stiuc t ine it 
is difficult to stueh the niolee ulai mechanisms ol the hoimone-ieeeptoi niteiaction 
Cloning of the c D N \ foi the LH/hCG leeeptoi has shown that the amino te immal 
domain whicn is sufficient foi the binding of the hoimone is < omposed of a íepeat-
mg leucine m h ícpeat motif (Biaun et al 1991) Howevei mutagenesis along with 
civstallogiaphie experiments of hoimone leeeptoi complexes will help establishing 
the specific amino acids essential foi hgand binding An alternative method is to 
use chemical modification of amino acid íesidues with piotem-niodifying leagents 
Foi that puipose we studied the mhibi toi \ effect of diethylpyiocaibonate on hCG 
binding to the leeeptoi a compound that has been pieviously used to stuch the 
lole of histidine in en/ymes and hoimone binding piotems (kolena and Sebokcrva 
1987 Holhs and Stiange 1992) Although diethj lpyiocaibonate can íeact with a 
laige numbei of nucleophihc ammo acid lesidues it shows a good selectivity foi 
histidine at neutial pH Histidine lesidues of the L H / h C G leeeptoi have been mi 
plicated as neeessaiv foi the hoimone binding (kolena and Sebokova 1987) Fiom 
these studies howe\ei , it is not cleai if the inhibition of binding was due to a modi 
fie ation of the binding sites oi to changes in membiane piotein wln< h e an affect the 
leeeptoi lecognition phenomena In the piesent woik stiuc tuie-fune tional íelation-
ships of the LH/hCG leeeptoi was studied b> mtnnsic fluoieseence and theimal 
pei tuibat ion techniques aftei diethylpyiocaibonate inactivation of the ability of 
the iee eptoi to bind hCG 

M a t e r i a l s a n d M e t h o d s 

Materials 

Punfied hCG (CR 123 12,780 I U n i g " 1 ) was geneiously supplied by NIAMDD 

NIH, Bethesda Na 1 2 5I was puichased fiom the Radiochemieal Centei Ameisham 

Piegnant maie 's seium gonadotiopm (PMSG), hCG (Piaedyn) weie fiom Spofa 

Piague 1,6-Diphenyl-l 3,5 hexatnene (DPH) was puichased fiom Seiva (Heidel-

beig Geimany), and all othei chemicals weie fiom Sigma (St Louis, MO, USA) 

Methods 

Luteinized ovanes weie pioduced m 25-day-old ía ts (Wistai stiain) by sc admin 

istiation of 50 IU PMSG followed by 30 IU hCG 56 h latei (kolena et al 1990) 
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Homogenates of ovaries (100 mg ml" 1 ) in icecold bufFei A (25 mmol/1 NaH2P04 , 
1 mmol/1 EDTA, 40 mmol/1 NaCl, pH 7 4) were filteied through six layers of sui-
gical gauze, centnfuged at 1000 x g foi 15 mm, and the supernatant was fuithei 
centufuged at 20,000 x q for 30 mm The final membrane piepaiat ions were íesus-
pended in the same bufFei (Kolena et al 1986) Soluble LH/hCG receptois were 
prepaied by extiaction of the particulate binding fraction with 1% Triton X-100 
foi 30 mm at 4°C 

Chemical modification of membiane by diethylpyrocarbonate (DEPC) was 
earned out for 30 mm at 24°C in buffer A, pH 7 0 D E P C was dissolved in ethanol 
The concentration of ethanol was kept below 5% Membianes weie then centnfuged 
and washed twice as described above 

Theimal pei tu ibat ion techniques weie used to piobe st iuctural features of the 
L H / h C G leeeptoi Ahquots of membiane-bound íeceptor weie heat inactivated in 
watei bath at a constant tempeiatuie of 50°C oi by laismg the tempeia tu ie at a 
hneai l a te of about l ° C / 3 mm Membiane piepaiat ions weie withdiawn at desig­
nated tempeia tu ies and placed on ice until the dcteimmation of binding activity 
(Kolena et al 1994) 

In hCG binding assay, 0 1 ml ahquots of ovanan membianes weie incubated for 
16 h at 20°C with 0 1 ml buffei A + 1 mg ml" 1 BSA with oi without 100-fold excess 
of unlabeled hCG and 0 f ml [12r,I]hCG (1 1 5 ng, spec act about 2 3 TBq g" 1 ) 
Aftei incubation and centiifugation the membiane pellets weie washed twice with 
buffei A (Kolena et al 1986) The hoi mono-leeeptoi complex m soluble leeeptoi 
was piecipitated twice with polyethylene glycol (Kolena and Šeboková 1987) The 
íesults aie cxpiessed as [125I]hCG specific binding pei mg piotem (Lowiy et al 
1951) 

Fluoieseence polanzation of DPH piobe was measuicd by a Peikm-Elniei LS-5 
luminescence spectiometei equipped with a en dilat ion bath to maintain the sample 
t empeia tu ie at 25°C A solution of 2 mmol/1 D P H in tetiahyehofuian was dispersed 
by 1000-fold agitative dilution m buffer A, pH 7 4 Ovanan membianes (100 j/g 
piotem) weie incubated at 25°C foi 1 h with 2 ml of DPH in the above buffei The 
fluoieseence polanzation was computed by equation 

p _ Iiv — hhjlhi/lhh) 

I in + Ivh(Ihi/Ihh) 

where Ivv and Ivh aie fluoieseence intensities detected through a polauzei onented 

parallelly and peipendiculaily to the dnection of veitical polanzed light Iin,/Ihh 

represents the íat io when excitation is polanzed honzontally and emission is ob­

served thiough the analyzei onented peipendiculaily and parallelly, lespectively 

(Kolena et al 1986) 

Quenching studies weie earned out at 23°C by adding small amounts of 5 mol/1 

aciylamide in buffei A, pH 7 4 The intrinsic fluoieseence intensity was measuied as 
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a function of quenchei coneentiation at a fixed emission wavelength of 416 nm The 
excitation wavelength of 280 nm was used The Stem Volmei quenching constant 
A„ , , was calculated accoidmg to the Stein-Volmei equation F0/F = 1 + A s l [Q] 
wheie FQ IS the fluoieseence of the unquenched fluoioplioie and F is the fluoieseence 
at quenchei coneentiation [Q] (Eftmg and Ghnon 1976 Kolena et al 1995) The 
least-squaies method was used to calculate the A s , constant 

Data weie analyzed by ANOVA and Bonfeiioni post test Values weie con­
sidered statistically significant at /; < 0 05 The results weie confiimed m 2 3 
independent experiments 

Resu l t s 

Incubation of ovanan nieinbianes with millimolai eonceiitiations of DEPC at pH 
7 lesulted in a coneentiation dependent deciease m hCG specific binding activity 
(Fig 1) Aftei 30 nun of leaction half maximal inhibition of [12rT]hCG binding 
was obseived at appioximately 1 5 mmol/1 DEPC, and moie than 90(X inhibition 
of binding was achieved at 10 iiimol/1 leagent Similai observations weie made 
after the tioatmont of Tiitou X-100 soluble ieee])toi with DEPC Howevei the 
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Figure 1. ( oncentiation dependent inactivation of [l25I]hCG biudiiif, to membrane 
bound (full hm) and Triton \-100 solubihzed (dashed line) leceptor l>v dicthylpyrocar-
bonate (DLP(') Ovanan membianes weie tieated with DEPC for 30 mm at 24°C m buffer 
A pH 7 and assayed for hC G binding as described in the text Each point repiesents mean 
± S E of three estimations 
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extent of loss of hCG binding was slightly less than m menibiane-bound leeeptoi 
Modification with D E P C was earned out using conditions expected to lesult in a 
selective attack on histidine íesidue m piotem (Pilch 1982) Othei a m m o acids (cys­
teine, tyiosme, t iyptophan and lysine) can also be changed by D E P C though less 
specifically In oidei to examine whethei the inactivation of the leeeptoi was due 
to modification of histidine íesidue the ieceptoi was t icated with hychoxvlamine 
Hydioxylanmie is a stiong nucleophile that piefeientially displaces the caihethoxy 
gioup fiom modified histidine and tyiosine lesidues, but not fiom cysteine and 
lysine lesidues (Miles 1977) Table 1 shows that hvdioxylanmie pai t ia lh íostoied 
the binding of hCG to membiane ovanan ieceptoi aftei inhibition with D E P C 
( p < 0 01) 

T a b l e 1. R<\eisal by hydioxylamme oi l iKinbiane 1 l l / h ( G ieceptoi s inactivation b\ 
dictlrvlpyioe a i b o n a t e O v a n a n membianes woe incubated with 2 r> mmol/1 1)1 PC and 
washed m e m b i a n e s weie t iea ted wit h hvdoxv lamme foi 50 m m at 2 1 °C Data aie means 
± S Ľ of tine e e s tmiat ions 
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Fuithei expenments were poifoimed to deteimme whethei the changes 111 the 
LH/hCG ieceptoi aie linked with an alteiation of the physical s tate of membranes 
piemcubated with D E P C As shown 111 Fig 2 ovanan membiane ngichty as eletei-
mmed by fluoieseence polanzation of D P H decieases m membianes t ieated with 
D E P C Infoimation concerning the expostue of t iyptophan lesidues can be ob­
tained fiom íesults of the fluoieseence quenching behavioi of pioterns We used 
aciylainide a neutial dynamic quenchei, to found out whethei D E P C modifies the 
quenching of piotein fluoieseence An niciease 111 quenching late generally suggests 
an mc lease 111 the pioximity of quenchei molecules to the fluoioplioie The Stein-
Volmei constants ( A s t ) deteimined fiom the Stem-Volmei plots foi contiol and 
0 1 and 1 mmol/1 D E P C tieated membianes weie found to be 4 7 1/mol vs 5 7 and 
5 2 1/mol lespectively, indicating that D E P C does not change the accessibility of 
fluoiophoies ( t iyptophan lesidues) foi aciylainide (Fig 2) The emission maximum 

file://�/eldl1iem
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F i g u r e 2 . Effect e>f eliffeient conee nt rations e)l Dl PC on llueaesee nee polanzat ion of DPH 
piobe ( i ippti panel) and Ste in Yolmei plots with eonstants ( A s l ) of aciylainide epienchmg 
(lower panel) for ovarian membianes Exper iments were done as clescnbeel in the legend 
to I l g 1 

of 416 nm foi contiol membianes was not changed m membianes piemc ubated with 
DEPC (data not shown) 

Theimal inactivation of the ieceptoi is a íapid pioeess Dunng the me ubation 

of ovanan membianes t ieated with 1 5 mmol/1 DEPC at a constant t empeia tu ie 

of 50°C the damage of binding sites was appieciably manifested aftei 5 nun The 

theimal inactivation pioeess lepiesents a tempeiatuie-dependent loss of L H / h C G 

binding sites that can be expiessed m teim of then Tr>0 value i e the t empeia tu ie at 

which 50(X of initial binding capacity lemams (Aitigues et al 1989) The T->o value 
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of about 50°C in contiol membranes decieased to 45 °C and 38°C m membranes 

t ieated with 2 5 and 5 mmol/1 D E P C , lespectively (Fig 3) 

T 1 1 1 1 1 1 1 1 T 

TEMPERATURE [°C] TIME [mm] 

F i g u r e 3 . T h e i m a l destabihzation of ovarian membiane L H / h C G ieceptor with DEPC 
Ovarian membranes prcincubated wi thout or with different concentrat ions of DEPC were 
heat inactivate d at mcieasmg tempe ratures at a lmeai rate of 1 °C/ 3 mm oi at a constant 
t empe ra tu r e of 50°C Means of two est imations aie shown 

D i s c u s s i o n 

In this icpoit using chemical modification of ammo ae ids lesidues w ith diethylpyio 
caibonate we supply evidence foi the lmpoi tance of histidine at the hgand binding 
site of L H / h C G leceptois D E P C leacts with the nucleophihc imidazole gioup of 
histidine (pha « 6) the phenolic gioup of tyiosine (pha « 10) the thiol gioup 
of cysteine (pha ss 8 2), the epsilon ammo group of lysine (pha « 10 5), and 
with amino te immal gioups (pha > 9) Consideiing these pha values it would be 
expected that at pH 7 oi below the imidazole gioup of histidine is the nucleoplule 
on the piotein that picfeientially leacts with D E P C At this pH appioximately 
50% of the imidazole gioups would be depiotonated as compaied to appiox 1'/ oi 
less of othei ammo acids gioups Additional mfoimation on the D E P C ieacting nu­
cleoplule can be obtained fiom its incubation with hydioxylamine Hydroxylamme 
is known to íemove caibethoxy gioup pnmaii ly fiom modified histidine residues 
(Miles 1977) When DEPC-mactivated LH/hCG ieceptoi was t ieated with hy 
droxylamine, the binding activity was paitly lestoieel The incomplete íeversal of 
hCG binding by hydioxylamine may be due to modification of other residues of 
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the ieceptoi piotem that a ie neeessaiy foi hCG binding 01 to the fomiation of 
dicaibethoxyhistidyl lesidues by the action of D E P C and to the addition of hy­
dioxylamme íesultmg m n n g cleavage thus causing mover sible modiŕie ation Since 
D E P C inhibition could bo íeveised by hydroxylammo, the modified amino acid 
lesidue cmeial foi hgand binding to the LH/hCG ieceptoi is piobably histidine 
In addition to picrenntia l c aibetoxylation of the histidine lesidue, D E P C leacts 
with othei ammo acids lesidues such as lysine, cysteine, t iyptophan and with 
an unusualh leactive tyiosine lesidue Sme o 20 mmol/1 c oncentiations of acetic 
anhydiide, which mainly leacts with lysyl lesidues, had no effect on h C G bind­
ing this ammo acid is not likely to be mipoitant foi the binding interaction In 
contiast, tyiosyl lesidue ma\ be involved m LH/hCG ieceptoi binding sites be­
cause N-aoetyhmida/olc and 2,4-dinitiofluoioben/ene wine h are ťyiosinc-pieíeiimg 
leagents (Cuatioeasas 1971) inhibited the binding of hCG to the ieceptoi (Kolena 
and Scbokova 1987) The íolo of t ryptophan lesidues in LH/hCG binding sites 
is uncleai Queue lung expeiiments indicated that D E P C did not change the ac­
cessibility of fluoioplioie>s foi acivlamide Alteiations of cpienching iate geneialh 
suggest exposuie of t iyptophanyl lesidues Modification of t iyptophanyl losiclues 
bv D E P C can piobably be niled out bee ause no c hange was observed m the spoctial 
piopeit ies oi menibiane emission fluoieseence 

Expeiiments with T n t o n X-100 soluble ieceptoi showc^d that histidine lesidues 
aie duectly involved m hoinione-iece^ptoi mtoiac tion, i e , at the hCG binding sites 
of the> ieceptoi However, it c annot be niled out that D E P C íeae tion anse>s at a site 
distant fiom the binding sites Data showed that modification of histichl lesidues 
aie connectcHl with an alteiation of the physical state of ovanan nieinbianes Mem­
biane lipid ngidity dee leased aftei D E P C leaction The> oideimg of the> membiane 
enviionment m which the LH/hCG ieceptoi is embedded can affect the accessibility 
of the ieceptoi A positive e onelat ion between the elevation of membiane ngidity 
and the accessibility of LH/hCG leceptois was found m iat ovanan and testieulai 
nieinbianes (Kolena et al 1990, Kolena and Kasal 1989) 

Studies of heat inactivation of hCG binding sites weie earned out to monitoi 
s t iuct iua l alteiations of the LH/hCG ieceptoi Those techniques aie highly selec­
tive to monitoi geneial s t iuct iual changes of the ieceptoi piotem (Aitigues et al 
1989, Kolena et al 1995) Theimal inactivation of hCG-bmeling sites suggested that 
theie was destabihzation of the LH/hCG ieceptoi s t iuctuie upon subjecting mem­
bianes to D E P C ieaction Thermal destabihzation piodueed by 5 mmol/1 D E P C 
caused a deciease m T50 values by about 12°C Modification of the L H / h C G ie­
ceptoi by D E P C suggests that histidyl lesidues aie located at 01 close to the hCG 
binding sites, as well as that pertuibat ions of the membiane at a site distant fiom 
the binding sites elicits an alteiation of structmo-iolated functional piopeit ies of 
the ieceptoi 
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