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Abstract. Intun&ic fluoiescence of LDH-C4 has been studied in the piesence of 
optical isomeis of gossypol The study showed that fluoiescence due to trypto­
phan íesidues aftei excitation of LDH at 282 nm is quenched by each gossypol 
enantiomere in a concentiation dependent mannei Half of the maximum quench 
(<?50%) of enzyme occuned with gossypol ( —) at 0 9 x 10~4 mol/1 and with gossy­
pol (+) at 1 4 x 10~4 mol/1 showing a maximum quench ( Q m a x ) of 45% and 65% 
íespectively, with a conespondmg association constant (A a) of 1 0 x 104 1/mol and 
0 4 x 104 1/mol Stein-Volmer constant (A s v ) mfeiied that quenching of LDH com-
puses at least two components with two diffeient A\v values A'sv(i) and A'sv(ii) 
between LDH-C4 and gossypol (-) were 1 97 x 103 1/mol and 1 22 x 103 1/mol, 
and those between LDH-C4 and gossypol(+) weie 2 3 x 103 1/mol and 1 56 x 103 

1/mol Smallei A'sv at highei concentiations of gossypol indicated that some of the 
tiyptophan íesidues in LDH-C4 aie deeply buncd within a hydrophobic envnon-
ment Theie was no blue 01 led shift of LDH-C4 when inteiacting with eithei of 
the gossvpol enantiomeies 

Key words: Intunsic fluoiescence — Gossypol (-) Gossypol( + ) — Male an-
tifeitility agent — Association constant (Aa) and Stein-Volmei constant (A^) 

Introduction 

Gossypol, a male antifeitihty agent (National Co-oidmation Gioup on Male an-
tifeitihtj, 1978) is an ambei colouied polyphenohc compound piesent 111 cotton 
plant Gossypmm (G herbacium G hirsutum and G arbor turn) It is known to 
be 1 ľ, 6,6', 7, 7'-hexahydioxy-3, 3'-dimethyl-5, 5'-dnso-piopyl-2, 2'bmaphthalene-
8,8' dialdehyde, and has both phenolic and caibonyl gioups which can leact with 
acids 01 amines Gossypol binds stiongly with pioteins and foims stable complexes 
Catei and Lyman (1969) lepoited that gossypol foims complexes with seveial fiee 
amino acids and that the binding of caibonyl gioup of gossypol and amino group 
cioss linking between protein chains can make the basis of the effect of gossypol on 
enzymic leactions (Tanksley et al 1970) 
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Gossypol is known to inhibit sperm-specific lactate dehydrogenase-C4 (LDH-
C4) (Stephens et al 1986) which is an unique target for chemical contraception in 
males and in females after immunization (Goldberg et al 1981, Gupta et al 1994, 
Gupta and Syal 1997) The íelative hydrophobicity of LDH-C 4 (Li et al 1983b) m 
the loop legion facilitates complex formation between gossypol and the coenzyme 
binding site which explains why LDH-C4 is most sensitive of the three isozymes 
of LDH aftei gossypol t reatment In vitro studies on ciude tissue piepaiat ions 
confirmed the inhibition of LDH C4 by gossypol and its effect on speim motility 
(Montamet et al 1982, Whaley et al 1986) although the mhibitoiy effect was not 
specific to LDH-C4 isozyme (Gupta et al 1988) The inhibition of thiee isozymes of 
LDH was of a non-competitive type with lespect to pyiuvate and lactate, and of a 
competitive type when NAD and NADH were vaned (Gup ta et al 1988) However, 
theie aie maiked diffeiences in the disposition and metabolism between ( + ) and 
( —) isomeis of gossypol Studies by vanous investigators showed (+) ísomei to be 
less effective as an antifertihty agent as compaied to ( —) 01 (±) forms (Waller 
et al 1983, Kim et al 1985, Lindbeig et al 1987) Whaley et al (1984), showed 
that both ( + ) and (± ) enantiomeics of gossypol quench t iyptophan fluorescence 
of human and bovine seiuni albumin (HSA and BSA) Although the kinetic and 
antigenic pioperties of LDH-C4 have been studied extensively (Gupta et al 1981, 
Ivaumaya et al 1990, 1992, Gupta and Kmsky 1993), fluoiescence pioperties of 
LDH-C4 aftei inteiacting with gossypol have been so fai ignoied The p n m a i y aim 
of this study is to desciibe the mteiaction of LDH-C4 with two optical isomeis 
of gossypol following quenching of its mtiinsu fluorescence, and to compaie the 
mteiactive piopeities of this iso/yme using two enantiomeres as quencheis 

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

Anirnah 

Balb /C (H-2a) stiain of male mice fiom Panjab Univeisity Animal House were 

used foi isolation of LDH-C4 

Chemicals 

8-(G-ammo hexyl) AMP sephaiose, Na-lactate, Na pyiuvate, NAD, NADH 2 and 

íeagents foi electiophoiesis weie obtained from Sigma (St Louis, MO, USA) Gossy-

pol(+) (punty 95 5%) and Gossypol(-) (punty 95 5%) weie obtained from WHO, 

Geneva through couitesy of Dr N R Kalia of the Department LDH-C4 was pre-

paied in the laboiatoiy (Gupta and Kmsky 1993) 

Prepmahon of LDH- C4 

LDH-C4 fiom Ba lb /C murine testes was prepaied accoidmg to a method íeported 

earhei (Gupta and Kmsky 1993) Testiculai extiact obtained at 27,000 x q was 
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heated at 60°C foi 30 mm and adjusted to pH 6 5 m the piesence of 0 5 mol/1 
KH2PO4 The enzyme solution was passed through an 8-(G-amino hexyl) AMP-
sepharose column pre-equihbrated with 0 5 mol/1 KH2PO4 (pH 6 5) The column 
was washed excessively with 50 mmol/1 potassium phosphate at pH 6 5, and LDH-
C4 was eluted biospecifically with reduced NAD-pyruvate adduct contained in 10 
mmol/1 potassium phosphate buffer at pH 6 5 The piotem was concentrated in 
0 15 mol/1 NaCl thiough Amicon Diflo membiane with cut off point of 10,000 01 
in Centucon micioconcentrators (Centncon-10, Amicon) The homogeneity of C-
subunit of LDH was confirmed electrophoietically as shown in Fig 1 The purified 
enzyme had a specific activity of 67 umts/mg piotem and compaied well with 
earhei leports (Lee et al 1982, Gupta and Kmsky 1993) 

F i g u r e 1. SDS-PAGE of punned LDH-C4 (30 //g) at 10% 
acrylamide gel at a current intensity of 10 mA done at 
25 CC Lane a - Showing the band of C-subunit of 35 kDa 
Lane b - Marker Proteins (Low M W kit of Bio Rad) 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 

SDS-PAGE was earned out following the method of Laemmh (1970) using 3 5% 
stacking gel and 10% separating gel at pH 8 3 (lunning buffei containing Tris, 
SDS and glycine) Electiophoresis was run on Bio-Rad slab gel electiophoietic 
apparatus at a cuiient intensity of 30 mA Punned LDH-C4 (30 /zg) and marker 
piotems (Bio Rad low moleculai weight kit) weie mixed with sample buffei (10% 
SDS 2-mercaptoethanol, glyceiol and biomophenol blue) and applied ovei the 
stacking gel with the help of a miciopipette The gels weie removed, stained with 
Coomassie blue R-250, then destained and photographed The band corresponding 
to the moleculai weight of 35 kDa of C-subunit of LDH is shown in Fig 1 
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Fluoiescence measurements 

Fluoiescence measuiements weie earned out at 25 ± 2°C on a HITACHI F-3000 
Fluoiescence Spectiophotometei Foi excitation wavelengths, piotem was excited 
at 253 nm 282 um, 292 nm maximum fluoiescence emission due to t iyp tophan 
occuned at 340 nm (Am a x) following excitation at 282 nm Theiefoie, 282 nm was 
chosen as the excitation wavelength 

Gossypol solutions weie piepaied fiesh using ethanol as solvent The fluoies­
cence quenching was collected empnically foi internal absoiption by subtiact ion 
of the fluoiescence shown by gossypol, when excited m absence of LDH-Ci The 
t iue change in fluoiescence was obtained using equation (1) 

si = s/obs - sllnt (1) 

Wheie si is the collected change m fluoiescence, and sluhs and s/ int aie the values 
of the obseived fluoiescence and that due to the internal filtei effects íespectively 
The mteiaction of LDH-C4 at 1 45 x 10~6 mol/1 concentiation with gossypol (LDH-
C4 Gossypol adduct) was momtoied by following the change in lelative fluoiescence 
intensities and shift in A m i x pioduced by giaded concentiations of gossvpol as 
ligand 

Association constant (A a ) 

A quenching cuive of Q% against gossvpol concentiation and coiiesponding double 
íecipioc al plots and mass action plots weie constiuc ted Mass action plot was used 
foi calculation of association constant A , , using a pioceduie as desc nbed b> Lehiei 
(1975) (equation 2) 

A-= ( i f i ) x Píl ,21 

m wdnch 6 = J/Qmfix and [L{] = [L] — ii[Lp] wheie / is the collected fluoiescem e 
mtensit\ Q m a x is the maximal fluoiescence quenching, [L[] is the niolai equilibnuni 
concentiation of the unbound ligand, [L] is the niolai constituent concentiation of 
ligand, and [LL] is the niolai concentiation of the enzyme expiessed on piotem 
basis Qmix was deteimined by extiapolation of a double íecipiocal plot to in te icept 
and assuming the binding stoicluometiy to be of the oidei of 1 1 The value of A"a 

was obtained fiom the slope of the plot d/(I — /i) veisus [L{] 

Stan Vohiici constant (K^) 

The quenching leacticm between the excited state of an indole ling M*, and the 

ligand L, is desc nbed In equation (3) 

Af'+L—iM1 Li — M + Q+s (3) 
« —d 
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Where (M* L) is the complex formed by cliffusional encountei between Aľ and 
L with íate constant Aj The encountei complex then íeacts to dissipate the excited 
state into heat (0) and giound state of indole ring (M) with iate constant k, The 
íelationship often employed to desciibe the colhsional quenching piocess is given 
by Stein-Volmei eciuation (4) (Eftink and GI111011 1976) 

| = 1 + A s v [L] (4) 

where l0 and I aie the fluoiescence intensities of indole ling at 340 nm, the wave­
length of maximum fluorescence (Am a x) 111 the absence and piesence of gossypol 
(L), and A'sv is the colhsional quenching constant By plotting I0/I veisus concen­
tration of quenchei [L], Ksv was evaluated fiom the slope of the line Excitation 
wavelength foi Q m a x and A'sv measurements was set at 280 nm 

Results 

Binding of gossypol ( + ) and gossypol ( —) quenched the fluoiescence of LDH-C4 

in a concentiation dependent manuei but without any band shift of fluoiescence 
maxima (Am a x) Relative intensities plotted against incieasmg concentiations of 
gossypol showed Q m a x foi gossypol ( —) of 45%, and that foi gossypol (+) of 65%, 
half of Q m a x 1 e Q50% occuned at 0 9 x 10~4 mol/1 and 1 4 x 10~4 mol/1 with 
gossjpol (-) and (+) respectively (Figs 2a 3a) Double lecipiocal plots (Figs 2b 
36) indicated that gossypol (+) quenched LDH fluoiescence moie stiongly than 
gossypol ( —) but not as stiongly as NAD and NADH (Gupta and Kang 1997) 
Assuming the binding stoichiometiy as 11 = 1, mass action plot (Figs 2c and 
3c) gave a highei value of A\ between LDH and gossypol ( —) íe 1 x 10' 1/mol 
as compaied to gossypol ( + ) which had a h\ value of 0 4 x 104 1/mol (Table 1) 
Stem-Volmei constant which depends on gossypol concentration (Figs 2d, 3d) had 
a low value of A"sv at higher concentiations of gossypol ( —) 1 e A s v( t) = 1 97 x 103 

1/mol and A'iV(H) = 1 22 x 103 1/mol The coiiesponding values for gossypol ( + ) 
were A"sv(I) = 2 3 x 103 1/mol and A s v ( n) = 1 56 x 103 1/mol (Table 1) A'a and A s v 

T a b l e 1. Apparent A a and A s v values for LDH-C 4 -gossypol mte iact ion 

Quenchei A n ( x 104 1/mol) A s v ( x l O 3 1/mol) 

I II 

Gossypol ( - ) 1 0 1 97 1 22 
Gossypol ( + ) 0 4 2 30 1 56 
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0 12 

0 08 

0 04 
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ca | 

20 40 60 
[Gossy(+)(ree] (mmol/l)x10; 

0 20 40 60 

[Gossy(+)] (mmol/l)x102 

F i g u r e 2. (a) Quenching of fluorescence at 340 nm of LDH-C 4 (Q) after exci ta t ion at 
Ž&2 nm at mc leasing concentiat ions of gossypol ( + ) [Gossv ( + )] at 25°C (/>) Double 
leciprocal plot of LDH-C 4 Ijetwcen l/Q and incieasmg concentrat ions oi gossypol ( + ) 
coi icspondmg to Fig 2 (a) (c) Mass action plot of LDH-C 4 between / J / ( l - fl) and 
incieasmg concent ia t ions of gossvpol ( + ) foi de te iminat ion of K^ (d) Stein-Volmer 
plot of LDH-C 4 between (I/Ia) - l and incieasmg concentrat ions of gossypol ( + ) foi 
de te iminat ion of A,v 

values between LDH-C4 and gossypol (+) 01 ( - ) aie highei than between LDH-C4 

and lactate oi pyiuvate but eciual to, 01 less than between LDH-C4 and NADH 01 
NAD (Gupta and Kang 1997) 
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0 20 
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F i g u r e 3 . (a) Qui nchmg of fiuon seenci at 340 nm of LDH-C i (Q) aft< l ( \ci ta1ion at 2*2 
nm at incic asmg i oncentiat ions of goss\pol ( —) [Goss\ ( —)] at 2r>°C (b) Double if t ípioc al 
plot of LDII-C4 between \/Q ancl incieasmg conc< ntrat ions of gossvpol ( —) COIK sponding 
to Tig 2(a) (c) Mass action plot of LDH-C'4 between 3/(1 — 3) and incieasmg co iuen t i a 
tions of goss>pol ( —) foi determinat ion of A^ (d) S t em \ olmei plot of LDH-C 1 between 
(1 /1,) — 1 and incieasmg concentia1 ions of goss\ pol ( —) foi de te iminat ion oi A s v 

Discuss ion 

A stiateg-y oiten emploved 111 studying the solution s t iuc tu ie oi piotems is to map 

out those lesidues wduch aie exposed \e i sus those which aie buiied (Kionman 

and Robbms 1970) Tivptophanyl lesidues ha^e ieceived consideiable at tention m 

topogiaphic al studies of piotem by fluoiescence quenching 111 the piesence oi vanous 

agents (Leluei 1971 1975) Howevei 111 a multipiotem s\stem these studies aie 

usualh associated with 111am complications 

file:///cita1ion
file:///eisus
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LDH-C4 of mice contains six t iyptophanyl lesidues pei subumt (Li et al 
1983a,b) Gossypol induces confoimational deteimmants in LDH-C4 which en­
hance humoial antibody íesponse leading to a high la te of uifeitihty 111 allogenic 
mice (Gupta and Syal Í997), the effect could be íelated to ciosslmkmg between 
piotem chains caused by gossypol (Tanksley et al 1970) Stem-Volmei plots foi 
LDH-C4 with gossypol ( —) 01 (+ ) , weie eithei lineai or cuived showing downward 
cuivatuie lepiesenting single 01 bicomponent pai ts of the reaction, similai to some 
othei piotems using a vaiiety of quencheis yielding diffeient A s v values (Teale 
and Badey 1970, Lelnei 1975, Eftmk and Ghnon f 976) Such negative de\ iat ions 
lesult fiom fluoiescence of cei tam t iyptophans being selectively quenched befoie 
otheis in a given piotem At a low concentiation of gossypol the slope of the 
Stem-Volmei plot leflects laigel> the quenching of the moie accessible íesidue(s) 
(Eftink and Ghnon f976) At highei concentiatioiis, the easily quenched fluoies­
cence lias been gieatly depleted, and t iyptophans with lowei quenching constants 
become dominant Selective quenching 111 this rnannei can only be detected if the 
quenching constants foi each fiaction of the fluoiescence aie quite diffeient If this 
is not the case, the da ta tend to collapse to give appaiently linear plots Static 
quenching causes the plots to cuive upwaids, and, theiefoie, oppose any negative 
deviation due to selective quenching (Eftmk and Ghnon f 976) The fact that foi 
LDH-C4 when quencheis weie gossypol ( —) and ( + ) the Stem-Volmei plots did 
indeed cuive downwaids, indicates that the cuivature due to selective quenching 
oveiwhelms any positive deviations caused by the static components The hetero­
geneous fluoiescence suggests that some of the lesidues m this piotem like many 
otheis (Eftink and Ghnon 1976) aie almost completely buiied within the s t iuc tu ie 
(Li et al 1983b) and the indole lings of t iyptophan(s) located 111 a hydiopho-
bic envnonment become accessible due to the change in the confoimation of the 
en/vme biought about by gossypol Since A a is a measuie of chemical affinity 
between gossypol and the enzyme it suggests that gossypol ( —) is moie íeactive 
than gossypol (+) with LDH-C4 Thus the loss of enzyme activity due to gossypol 
(Gupta et al 1988) is dependent on the natuie of optical isomeis and explains 
why gossypol ( —) is more effective than gossypol (+) 111 inducing mfeitility 111 
male species lepoited eailiei (Wallei et al 1983, Kim et al 1985 Lmdbeig et al 
1987) 

The ease with which gossypol (+) can quench the fluoiescence of t iyptoplian m 

LDH seems to indicate that gossypol (+) 111 companson to gossypol ( —) can diffuse 

moie easily into the mtenoi of the piotem, wheie it can encountei the indole imgs of 

t ryptophan shielded by piotem segments, and thus mcieases C7max and chffusional 

quenching constant (A"sv) Since t iyptophan-225 m C-subumt of LDH is located 

at the surface and other t iyptoplian lesidues aie paitially 01 wholly buiied within 

the molecule (Li et al 1983a,b), it is possible that gossypol ( - ) is able to quench 

the fluorescence ansmg mainly fiom tiyptophan-225 Thus, the gieater mfeitility 
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effect of gossypol ( —) is leflected in its binding affinity (A'a) rathei than in A"sv or 
to the extent of Qm a x 

During interaction of gossypol with BSA and HSA fluorescence measuiements 
indicated a high affinity binding site (Aa = 2 2 x 106 1/mol) Based on extnnsic CD 
and difference spectium measuiements one more binding site on BSA for gossypol 
with A a = 2 7 x 103 was demonstiated (AppuRao 1992) CD and NMR spectra 
repoited by Stoim-Hansen et al (1989) implicated the foimation of Sclnff bases 
duimg interactions of ammo acids and piotem with gossypol On the othei hand 
Cater and Lyman (1969) showed that gossypol forms complexes with seveial ammo 
acids and helps 111 crosslinkmg, and thus affects the enzyme activity (Tanksley et 
al f 970) Although such studies on LDH-C4 aie not available, yet such possibilities 
cannot be íuled out 
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