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Abstract. Intinsic fluorescence of LDH-C4 has been studied in the piesence of
optical 1somers of gossypol The study showed that fluorescence due to trypto-
phan 1esidues after excitation of LDH at 282 nm 1s quenched by each gossypol
enantiomere m a concentiation dependent manner Half of the maximum quench
(Qs50%) of enzyme occurred with gossypol (—) at 0 9 x 1074 mol/l and with gossy-
pol (+) at 14 x 107* mol/l showing a maximum quench (Quax) of 45% and 65%
1espectively, with a cortesponding association constant (/v,) ot 1 0 x 10* 1/mol and
04x10* 1/mol Stern-Volmer constant (A, ) inferred that quenching of LDH com-
puses at least two components with two different K, values A 1) and K m
between LDH-C4 and gossypol (—) were 1 97 x 10® 1/mol and 122 x 10% 1/mol,
and those between LDH-Cy4 and gossypol(+) wete 2 3 x 10® 1/mol and 1 56 x 10°
1/mol Smaller I, at higher concentrations of gossypol indicated that some of the
tiyptophan 1esidues in LDH-C4 are deeply buried within a hydrophobic environ-
ment There was no blue o1 1ed shift of LDH-C4 when interacting with either of
the gossypol enantiomeres

Key words: Intiinsic fluorescence — Gossypol (-) Gossypol(+) — Male an-
tifertility agent — Association constant (A,) and Stern-Volmer constant (A, )

Introduction

Gossypol, a male antifertility agent (National Co-ordination Gioup on Male an-
tifertility, 1978) 15 an ambe: colouied polyphenolic compound present i cotton
plant Gossypwum (G herbacium G hirsutum and G arborwum) It 1s known to
be 1 1/,6,6', 7, 7-hexahydioxy-3, 3'-dimethyl-5. 5’-duso-propyl-2, 2'binaphthalene-
8,8 dialdehyde, and has both phenolic and caibonyl gioups which can 1eact with
acids o1 amines Gossypol binds stiongly with proteins and forms stable complexes
Cater and Lyman (1969) 1eported that gossypol foirms complexes with seveial fiee
amino acids and that the binding of caibonyl gioup of gossypol and amino group
cross linking between protein chains can mahe the basis of the effect of gossypol on
enzymic reactions (Tanksley et al 1970)
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Gossypol 18 known to mhibit sperm-specific lactate dehydrogenase-C4 (LDH-
C4) (Stephens et al 1986) which 1s an unique target for chemical contraception 1n
males and n females after immunization (Goldberg et al 1981, Gupta et al 1994,
Gupta and Syal 1997) The 1elative hydrophobicity of LDH-C,4 (L1 et al 1983b) n
the loop 1egion facilitates complex formation between gossypol and the coenzyme
binding site which explains why LDH-C, 15 most sensitive of the three 1s0zymes
of LDH after gossypol treatment In wiro studies on ciude tissue preparations
confirmed the immhibition of LDH C4 by gossypol and 1ts effect on sperm motility
(Montamet et al 1982, Whaley et al 1986) although the inhibitory effect was not
specific to LDH-C'y 1s0zyme (Gupta et al 1988) The inhibition of thiee 1sozymes of
LDH was of a non-competitive type with 1espect to pyruvate and lactate, and of a
competitive type when NAD and NADH were vailed (Gupta et al 1988) However,
there ate marked differences i the disposition and metabolism between (+) and
(=) 1s0me1s of gossypol Studies by valious mvestigators showed (+) 1somer to be
less effective as an antifertiity agent as compated to (—) o1 (%) forms (Waller
et al 1983, kim et al 1985, Lindbeig et al 1987) Whaley et al (1984), showed
that both (+) and () enantiomeres of gossypol quench tiyptophan fluorescence
of human and bovine serum albumm (HSA and BSA) Although the kinetic and
antigenic properties of LDH-Cy4 have been studied extensively (Gupta et al 1981,
Khaumaya et al 1990, 1992, Gupta and Kisky 1993), fluoiescence properties of
LDH-C, after interacting with gossypol have been so far ignored The primary aim
of this study 1s to desciibe the mteraction of LDH-C4 with two optical 1someis
of gossypol following quenching of 1ts mtimsic fluorescence, and to compare the
Interactive propetties of this 1so/yme using two enantiomeres as quencheis

Materials and Methods

Anwimals

Balb/C (H-24) stramn of male mice fiom Panjab Umversity Amimal House were
used for 1solation of LDH-C4

Chemacals

8-(G-amino hexyl) AMP sephaiose, Na-lactate, Na pyruvate, NAD, NADH, and
1eagents for electiophoiesis were obtained from Sigma (St Louis, MO, USA) Gossy-
pol(+) (purty 95 5%) and Gossypol(-) (purity 95 5%) weie obtained from WHO,
Geneva through courtesy of Dr N R Kalla of the Department LDH-C,; was pre-
pated m the laboratory (Gupta and Kinsky 1993)

Preparation of LDH-Cy

LDH-C,4 fiom Balb/C murine testes was prepated according to a method 1eported
earlier (Gupta and Iansky 1993) Testicular extiact obtained at 27,000 x ¢ was
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heated at 60°C fo1 30 min and adjusted to pH 6 5 1n the piesence of 0 5 mol/l
IWH,PO4 The enzyme solution was passed through an 8-(G-amino hexyl) AMP-
sepharose column pre-equilibrated with 0 5 mol/l KH,PO4 (pH 6 5) The column
was washed excessively with 50 mmol/] potassium phosphate at pH 6 5, and LDH-
C4 was eluted biospecifically with reduced NAD-pyruvate adduct contained 1n 10
mmol/]l potassium phosphate buffer at pH 6 5 The protemn was concentrated 1n
0 15 mol/1 NaCl thiough Amicon Diflo membiane with cut off pomnt of 10,000 o1
i Centricon micioconcentrators {Centricon-10, Amicon) The homogenerty of C-
subunit of LDH was confirmed electrophoietically as shown in Fig 1 The purtfied
enzyme had a specific activity of 67 units/mg pioten and compaied well with
earlier 1eports (Lee et al 1982, Gupta and Kinsky 1993)

Figure 1. SDS-PAGE of punified LDH-C, (30 ug) at 10%
acrylamide gel at a current intensity of 30 mA done at
25°C' Lane a — Showing the band of C-subunit of 35 kDa
Lane b — Marker Protems (Low MW kit of Bio Rad)

SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE was cariied out following the method of Laemmli (1970) using 3 5%
stacking gel and 10% separating gel at pH 8 3 (1unmng buffer contaming Tris,
SDS and glycine) Electiophoresis was run on Bio-Rad slab gel electiophoretic
apparatus at a cunient itensity of 30 mA Puified LDH-C,4 (30 pg) and marker
protems (Bio Rad low molecular weight kit) were mixed with sample buffer (10%
SDS  2-mercaptoethanol, glycerol and biomophenol blue) and apphed over the
staching gel with the help of a miciopipette The gels were removed, stained with
Coomassie blue R-250, then destained and photographed The band corresponding
to the molecular weight of 35 kDa of C-subunit of LDH 15 shown n Fig 1
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Fluorcscence measurements

Fluoiescence measurements were cartled out at 25 + 2°C on a HITACHI F-3000
Fluorescence Spectrophotometer For excitation wavelengths, protein was excited
at 253 nm 282 nm, 292 nm maximum fluorescence emission due to tryptophan
occurted at 340 nm (A ) following excitation at 282 nm Therefore, 282 nm was
chosent as the excitation wavelength

Gossypol solutions were prepared fresh usig ethanol as solvent The fluores-
cence cuenching was conrected cmpiically for mternal absoiption by subtraction
of the fluolescence shown by gossypol, when exated m absence of LDH-C'y The
true change 1 fluorescence was obtained nsimg equation (1)

sl = S]ol)s - s]mt (1)

Whete sI 15 the cotrected change in fluorescence, and <1, and sl aie the values
of the observed fluorescence and that due to the mteinal filter effects 1espectively
The mteraction of LDH-Cy at 1 45x 10~% mol/l concentiation with gossypol (LDH-
€y Gossypol adduct) was monitored by following the change in relative fluorescence
mtensities and shift i Ay, produced by graded councentiations of gossvpol as
ligand

Association constant (I ,)

A quenching curve of QY against gossvpol concentration and corresponding double
reciprocal plots and mass action plots were constiucted Mass action plot was used
for calculation of association constant L . using a proceduie as desciibed by Lehier
(1975) (equation 2)
3 1
hy=——+x— (
(1-9)  [Ld]

m which 3 = I/Quax and [L¢] = [L] = 3 [Ly] where I 1s the conected fluorescence
wmtensity Qo 15 the maximal fluorescence quenching, [Ly] 1s the molar equilibiium
concentration of the unbound higand, [L] 15 the molar constituent concentiation of

bt

ligand, and [Li] 15 the molar concentration of the enzyme expiessed on protemn
basts Qmas was determmned by extiapolation of a double 1eciprocal plot to mtercept
and assuming the binding stoichnometiy to be of the order of 1 1T The value of It
was obtamned fiom the slope of the plot 3/(1 — /3) versus [Ly]

Stern Volimer constant (K,,)

The quenching reaction between the excited state of an mdole nng A7*, and the
ligand L, 15 desciibed by equation (3)

9 ,
A[*+Lﬁ(ﬂ[‘ Li2 40+« (3)

—d
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Where (M* L) 1s the complex formed by diffusional encounter between A" and
L with 1ate constant kg The encounter complex then 1eacts to dissipate the excited
state mnto heat (s) and ground state of indole ring (Af) with rate constant k, The
relationship often employed to desciibe the collistonal quenching piocess 15 given
by Stein-Volmer equation (4) (Eftink and Ghiron 1976)

II—O =1+ K[ (4)
where I, and I are the fluorescence intensities of indole 1ing at 340 nm, the wave-
length of maximum fluorescence (Amax) 1n the absence and piesence of gossypol
(L), and K, 1s the collisional quenching constant By plotting I,/ versus concen-
tration of quencher [L], I, was evaluated fiom the slope of the line Excitation
wavelength for Q. and K, measurements was set at 280 nm

Results

Binding of gossypol (+) and gossypol (—) quenched the fluorescence of LDH-Cy
m a concentiation dependent manner but without any band shift of fluoirescence
maxima (Anax) Relative mtensities plotted against wcieasing concentiations of
gossypol showed Quax for gossypol (—) of 45%, and that for gossypol (+) of 65%,
half of Quax 1€ Qs occurted at 09 x 107% mol/l and 14 x 10™* mol/l with
gossypol (=) and (+) respectively (Figs 2a 3a) Double 1eciprocal plots (Figs 2b
3b) indicated that gossypol (+) quenched LDH fluorescence more stiongly than
gossypol (=) but not as stiongly as NAD and NADH (Gupta and Kang 1997)
Assuming the binding stoichiometiy as n = 1, mass action plot (Figs 2c and
3¢) gave a Ingher value of I, between LDH and gossypol (—) 1e 1 x 10* 1/mol
as compated to gossypol (+) which had a IV, value of 04 x 10% 1/mol (Table 1)
Stein-Volmer constant which depends on gossypol concentration (Figs 2d, 3d) had
a low value of Ii,, at ngher concentiations of gossypol (—)1e Fgyy =197x% 103
1/mol and I,y(1qy) = 122 x 10* 1/mol The corresponding values for gossypol (+)
were I,y = 2 3x 10% 1/mol and Kgyqry = 1 56 x 10% 1/mol (Table 1) K, and Ay,

Table 1. Apparent L, and A, values for LDH-C'4-gossypol interaction

Quencher L. (x10* 1/mol) Rov (x10° 1/mol)
I 1T
Gossypol (—) 10 197 122

Gossypol (+) 04 230 156
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Figure 2. (¢) Quenching of fluorescence at 340 nm of LDH-C'y (@) after excitation at
282 nm at mceasing concentiations of gossypol (+) [Gossv (+)] at 25°C (b) Double
reciprocal plot of LDH-( 4 between 1/Q and mcicasing concentrations of gossypol (+)
corresponding to Fig 2 (a) (¢) Mass action plot of LDH-("y between /(1 — j3) and
mcreasing concentiations of gossypol (4+) for deternmunation of A, (d) Stein-Vohner
plot of LDH-C'y Letween (I/1.} — 1 and incieasing concentrations of gossypol (+) for
determination of Ay,

values between LDH-Cy and gossypol (+) ot {(—) are higher than between LDH-C,
anud lactate o1 pytuvate but cqual to, o1 less than between LDH-C,4 and NADH ot
NAD (Gupta and Kang 1997)
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Figure 3. (a) Quenching of fluotescence at 340 nm ot LDH-C; (Q) aftar excitation at 282
nm at mcteasing concentrations of gossvpol (=) [Gossy (—)] at 25°C () Double 1¢ ciprocal
plot of LDH-C4 hetween 1/Q and mcreasing concentrations of gossyvpol (—) cotresponding
to Lig 2(a) (¢) Mass action plot of LDH-C'y between 3/(1— 3) and mcicasing concentra
tions of gossypol (—) for determination of L. (d) Stern Volmer plot of LDH-C'y hetween
(I/1,) —1 and increasing concentiations of gossypol (=) for detcrmmation of I

Discussion

A otiategy often emploved 1 studyimg the solution stinctuie of proteins is to map
out those 1esidues which are exposed versus those which ate burnied (ionman
and Robbis 1970) Tivptophanyl 1esidues have received considerable attention in
topogiaphical studies of prote by fluotescence quenclung i the presence of various
agents {(Lehier 1971 1975) However m a multiprotemn svstem these studies are

usuallv associated with many complications
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LDH-C4 of mice contains six tryptophanyl residues per subumt (L1 et al
19834,b) Gossypol mduces conformational determimants mm LDH-C4 which en-
hance humotal antibody 1esponse leading to a high 1ate of infertility 1in allogenic
mice {(Gupta and Syal 1997), the effect could be 1elated to crosshuking between
protemn chamns caused by possypol (Tanksley et al 1970) Stein-Volmer plots for
LDH-C4 with gossypol (=) or (+). were either linear or curved showing downward
curvature 1epresenting single o1 bicomponent patts of the reaction, similar to some
other pirotemns using a vaitety of quencheis yielding different L., values (Teale
and Badey 1970, Lehier 1975, Eftink and Ghnon 1976) Such negative deviations
result fiom fluorescence of certain tiyptophans bemg selectively quenched before
others 1 a given protemn At a low concentiation of gossypol the slope of the
Stein-Volmer plot 1eflects largely the quenching of the more accessible 1es1due(s)
(Eftink and Ghiion 1976) At higher concentiations, the easily quenched fluoies-
cence has been greatly depleted, and tiyptophans with lower quenching constants
become dommant Selective quenclung i this manner can only be detected 1f the
quenching constants for each fiaction of the fluorescence are quite different If this
1s not the case, the data tend to collapse to give appatently linear plots Static
quenching causes the plots to cuive upwaids, and, therefore, oppose any negative
deviation due to selective quenching (Eftink and Ghuon 1976) The fact that for
LDH-C4; when quenchers weie gossypol (—) and (+) the Stein-Volmer plots did
indeed curve downwards, mdicates that the curvature due to selective quenching
overwhelms any positive deviations caused by the static components The hetero-
geneous fluorescence suggests that some of the 1eqidues 1n this protemn like many
otheis (Eftink and Ghiton 1976) are almost completely buiied witlun the structure
(L1 et al 1983b) and the indole 1mgs of tryptophan(s) located i a hydiopho-
bic enviionment hecome accessible due to the change in the conformation of the
ensyme brought about by gossypol Since L, 1s a measuire of chemical affimity
between gossypol and the ensyme 1t suggests that gossypol (—) 15 more 1eactive
than gossypol (+) with LDH-C; Thus the loss of enzyme activity due to gossypol
(Gupta et al 1988) 15 dependent on the natuie of optical 1somers and explamns
why gossypol (—) 1s more effective than gossypol (+) wm inducing infertility m
male species 1epoited eather (Waller et al 1983, iim et al 1985 Lindberg et al
1987)

The ease with which gossypol (+) can quench the fluorescence of t1yptophan in
LDH seems to indicate that gossypol (+) in comparison to gossypol (=) can diffuse
mote easily 1nto the inter1o1 of the protemn, whete it can encounter the indole 11ngs of
tryptophan shielded by piotein segments, and thus increases @y, and diffusional
quenching constant (A ) Since tiyptophan-225 m C-subumt of LDH 1s located
at the surface and other tiyptophan 1esidues ate partially o1 wholly buiied within
the molecule (L1 et al 1983a,b), 1t 1s possible that gossypol (—) 1s able to quench
the fluorescence anising mainly fiom tryptophan-225 Thus, the gieater infertility
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effect of gossypol (—) 1s 1eflected 1 1ts binding affimty (/\,) rather than mn I, or
to the extent of Qumax

During interaction of gossypol with BSA and HSA fluorescence measuiements
indicated a hgh affinity binding site (A, = 2 2x 10 1/mol) Based on extinsic CD
and difference spectium measuiements one more binding site on BSA for gossypol
with L, = 27 x 10° was demonstrated (AppuRao 1992) CD and NMR spectra
reported by Storm-Hansen et al (1989) imphicated the formation of Schuff bases
during nteractions of amino acids and protemn with gossypol On the other hand
Cater and Lyman (1969) showed that gossypol forms complexes with several amino
acids and helps i crosshnking, and thus affects the enzyme activity (Tanksley et
al 1970) Although such studies on LDH-C,4 aie not available, yet such possibilities
cannot be 1uled out
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