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SUMMARY 

Human spermatozoa suspensions produce a spec i f i c  f luorescence spectrum which 
is s i g n i f i c a n t l y  quenched when adenine nucleot ides (AMP, ATP and cAMP) are 
added to the medium. These same nucleot ides modify the pattern of in te rac t ion  
of the human spermatozoa membrane wi th a f luorescent  probe (ANS). ATP induces 
a decrease in the p o l a r i t y  of the membrane, increases the number of ANS bind- 
ing s i t es ,  and the quantum y i e l d  per s i t e ,  and induces a blue s h i f t  of the 
membrane tryptophan i n t r i n s i c  f luorescence. Cyclic-AMP is 2 x as ac t i ve  as 
ATP, but induces an increase in the p o l a r i t y  of the membrane. AMP is consi-  
derably ]ess e f f e c t i v e  than the other two nucleot ides.  

Although the fac t  that  mammalian spermatozoa acquire f e r t i l i z i n g  capaci ty 

through a process ca l led capac i ta t ion  has been recognized for  more than 20 

years ( I ,  2),  l i t t l e  is known about the i n t r i n s i c  mechanisms of th is  process, 

and even less about the agent (s) that  may p a r t i c i p a t e .  However, the recent 

development of technics for  i a  vx~tA0 induction of sperm capac i ta t ion in several 

mammalian species, including man, o f fe rs  a good oppor tun i ty  to inves t iga te  the 

s t ruc tura l  and biochemical cha rac te r i s t i c s  of th i s  important process (3, 4, 5). 

Adeny]-cyclase a c t i v i t y  has recent ly  been found in the spermatozoa of  se- 

veral  mammalian species (6, 7, 8). Furthermore, the possib le p a r t i c i p a t i o n  of 

t h i s  enzyme in the process of  capac i ta t ion has been stressed (8, 9).  These 

data are in accord wi th our own f ind ings which point toward cyclic-AMP (c-AMP) 

as one of the pa r t i c i pan ts  in human (10, 11) and rabb i t  spermatozoa capac i ta t ion 

(~). 

Since modi f i ca t ion  by capac i ta t ion  of the spermatozoa plasma membrane has 

been repeatedly demonstrated (3) and since the b io log i ca l  a c t i v i t y  of  adenyl-  
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cyclase and/or c-AMP are a lso re la ted to t h i s  o rgane l le ,  we decided to study 

the i n t e rac t i on  of  c-AMP wi th  the spermatozoa membrane by observing the quench- 

ing of  the i n t r i n s i c  f luorescence and the b ind ing of  1 -an i l i no -8 -naph ta lene  su l -  

fonate (ANS) to the membrane of normal and t reated human sperm c e l l s .  

METHODS 

Freshly prepared suspensions of  human spermatozoa - -  prepared as prev ious-  

l y  described (12) - -  were adjusted to about 108 ce l l s /m1,  as determined w i th  a 

hemocytometer, and the numbers were checked again af terwards by absorbance 

measurements at 230 nm (13). 

Fluorescence determinat ions were made in a Perkin-Elmer MPF-2A recording 

spec t rophoto f luor imeter  in the r a t i o  mode at  25°C. S l i t  widths of e x c i t a t i o n  

and emission were 6 nm, unless stated otherwise.  The i n t r i n s i c  f luorescence 

spectrum of human spermatozoa was measured between 300 and 450 nm, 288 nm being 

the wavelength of e x c i t a t i o n .  The number of  spermatozoa was kept as low as 

possib le to minimize quenching by s e l f  absorp t ion .  A l l  f l uo rescen t  t i t r a t i o n s  

were car r ied  out 30s a f t e r  the add i t i on  of the reagents to the c e l l .  The ob- 

served f luorescence i n t e n s i t i e s ,  when requ i red  were corrected fo r  the emission 

of the spermatozoa and/or of  f ree  ANS. In a l l  t i t r a t i o n  the t o t a l  d i l u t i o n  was 

maintained below 10% and was usua l l y  5%. Unless stated o therwise,  a l l  exper i -  

ments were performed in 0.20 M t r i s - b u f f e r  pH 7.38 prepared in 0.14 M NaCI. A l l  

reagents used, inc lud ing  ANS, were always prepared in t h i s  same bu f f e r .  

The magnesium s a l t  of  ANS was obtained from Eastman Organic Chemical (Cat. 

No.10990) and used w i thou t  f u r t h e r  p u r i f i c a t i o n .  ANS concent ra t ion  was ca lcu-  

la ted as p rev ious ly  described (12). Cyclic-AMP, (N6, O2 ' -d i bu t y r y l  cyc l ic -AMP),  

ATP and AMP were obtained from Sigma Chemical Co. A l l  o ther  reagents used were 

of the best q u a l i t y  ava i l ab l e .  

RESULTS 

Human spermatozoa suspensions produce a specific fluorescence spectrum, 

when excited at 288 nm, which is almost identical to that obtained by the ex- 

citation of biological membrane (Fig.la). when the area under the spectrum 
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Fig.! (a) Fluorescence emission spectra of human spermatozoa. 
The numbers indicate the wavelengths of the maximal 
fluorescence in the absence and presence of the in- 
dicated nucleotides at saturation concentrations 
(12 umoles per 106 spermatozoa) (b) fluorescence 
quenching and stoiehiometrie points obtained by the 
addition of increasing amounts of the indicated nu- 
cleotides in the manner proposed by Velick (i~). The 
wavelength of excitation was always 288 nm, all the 
values presented have been corrected by non-specific 
quenching due to absorbance of the nucleotides at this 
wavelength. 

is integrated by p lan imetry  the r e l a t i o n  between f luorescence and number of  

spermatozoa is l i nea r  between 0.5 and 20 x 106 cel ls /m1.  The Fluorescence 

emission spectrum of the suspensions of  human spermatozoa is a l te red  when a- 

denine nucleot ides are added to the medium (Fig.1 and Table I ) .  The f l uo res -  

cence i n t ens i t y  drops as the nuc leot ide concentrat ion is raised. A l l  the 

traces tend to show an asymptot ic decrease to a minimum that  was lower for  c-AMP 

than fo r  ATP and for  non cyc l i c  AMP. The end point  is c l e a r l y  d i sce rn ib le  by 

ex t rapo la t i on  of  the l i nea r  i n i t i a l  por t ion  of the curve to the terminal  base 

l i n e .  From several t i t r a t [ o n s  o£ th is  type the equ iva len t  combining weight of 

each nuc leo t ide  can be ca lcu la ted in the manner suggested by Vel ick  et al (14), 

(Table I ) .  In add i t i on  a small but reproducib le  blue s h i f t  in the wavelength 

of maximum f luorescence was produced by ATP, wh i le  the add i t i on  of c-AMP in- 

duces, on the cont rary ,  a red s h i f t  (Table I ) .  

The binding of ANS to in tac t  human spermatozoa resu l ts  in a considerable 
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TABLE I 
EFFECT OF NUCLEOTIDES ON ANS FLUORESCENCE IN THE PRESENCE OF HUMAN 

SPERMATOZOA 
The data represent the mean ± S.D. obtained from 5 determinations 

Additions 
% maximal f l u o -  7 
rescence per 10 n (nmoles per ~ x 10 5 

spermatozoa 10 6 spermatozoa) (M) 

None 100 
AMP (0.33 x I0-3~M) 128" 
ATP (0.015 x 10 -3 M) 163" 
c-AMP (0.015 x 10-3 M) 75 *t 

÷ ÷ 
2.67 ~ 0.09 2.16 ~ 0.12 
3.18 ~ 0.12. 2.01 ~ 0.08 
3.37 ~ 0.14. 1.76 ~ 0.11. 
2.78 - 0.08 t 2.54 - 0.09 * t  

P < 0.01 when compared wi th the group wi th no add i t i ons .  

P < 0.061 when compared wi th the group wi th ATP. 

P values obtained by the use of the Student 's non paired t tes t .  

enhancement of f luorescence, 48 times greater  than the f luorescence of ANS 

alone, and in a blue s h i f t  of  the f luorescence maximum from 520 to 470 nm (12). 

When increasing concentrat ions of dye are added to a f i xed  concentrat ion of  

spermatozoa, f luorescence increases to a l i m i t i n g  value.  That is,  i t  appears 

to be possib le to saturate a l l  the binding s i tes on the spermatozoal surface 

wi th excess dye (F ig .3a) .  S ign i f i can t  increases and decreases in f luorescence 

were observed wi th the add i t i on  of ATP and c-AMP respec t i ve ly  to a mixture con- 

ta in ing  spermatozoa almost saturated wi th dye (F ig .2 ) .  These mod i f i ca t ions  in 

f luorescence were not accompanied by any s i g n i f i c a n t  change in the blue s h i f t .  

When f i xed  amounts of spermatozoa were t i t r a t e d  wi th increasing amounts of  ANS 

in the presence of 0.015 mM ATP or c-AHP or 0.33 mM AMP, the resul ts  obtained 

(F ig .3a) ,  p lo t ted  as the rec iproca ls  of the obtained values (Fig.3b) and then 

analyzed by Scatchard method (15), ind ica te  that  the act ion of ATP upon the 

spermatozoal membrane produces new binding s i tes  and an increase in the quantum 

y ie ld  per s i t e  and in the apparent d i ssoc ia t i on  constant (Table I I ) .  On the 

cont rary ,  c-AHP, wi thout  changing the number of  b inding s i tes ,  induces a decrease 

in the quantum y i e l d  and in the apparent d i ssoc ia t i on  constant (Table I I ) .  
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Fig.2 Effect of the addition of increasing amounts of 
adenine nucleotides upon the fluorescence of 
ANS-saturated human spePmatozoa. In all the 
cases 10 7 human spermatozoa were saturated with 
ANS until no further increase in fluorescence 
was observed and then the indicated concentra- 
tions of adenine nucleotides were added. The 
points indicate the means of 4 to 5 determina- 
tions. All the differences are statist~eally 
significant. 

DISCUSSION 

M o t i l i t y  can be increased and prolonged in the spermatozoa of  several mam- 

malian species, including man, by c y c l i c  nucleot ides (10, 11, 13). The regula- 

t ion  of  spermatozoan m o t i l i t y  and metabolism (11) by these compounds must be 

considered as p o t e n t i a l l y  important to understanding the process of sperm capa- 

c i t a t i o n ,  ovum penetrat ion,  and eventual f e r t i l i z a t i o n .  

Since the membrane of l i v e  human spermatozoa is apparent ly  not permeable 

to ANS (12), the modi f ica t ion  in f luorescence of t h i s  probe must r e f l e c t  changes 

in the s t ruc tu re  of  the sperm ce l l  membrane. In the same way, quenching of the 

i n t r i n s i c  f luorescence of the spermatozoa must a lso r e f l e c t  the in te rac t ion  and/ 

or the s t ruc tu ra l  changes induced in th is  organel le  by the added nucleot ides.  

That exogenous ATP inf luences t ranspor t  phenomena (16) and modif ies the membrane 

s t ruc tu re  of human spermatozoa (17) has been pointed out p rev ious ly .  The resu l t s  
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Fig.] (a) Effect of the presence of 0.015 x 10 -3 M ATP 
(o o) and c-AMP (A A) on the fluores- 
cence produced by adding AN$ to a suspension 
of intact human spermatozoa, as compared with 
no added nucleotide (e~ ,) (b) Double- 
reciprocal plot of the data presented in (a). 
In both cases the effect produced by AMP has 
been omitted for the sake of clarity. 

presented herein seem to emphasize that exogenous ATP is important in unfolding 

the membrane (increase in the number of binding sites for ANS) and in decreasing 

the polar i ty of these binding sites (increase in fluorescence of bound ANS (18), 

and blue sh i f t  of the tryptophan induced in t r ins ic  fluorescence of human sperma- 

tozoa (19 ) ) .  On the contrary binding of c-AMP to the spermatozoa membrane in- 

duces a structural change that seems to expose some of the membrane functlonal 

groups to the polar environment (decrease in the fluorescence of bound ANS, red 

shi f t  of the tryptophan induced in t r ins ic  fluorescence of human sperm cel ls) .  

This conformational chang e may be a factor in the increased transport of subs- 
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TABLE II 
CHANGES IN THE INTRINSIC FLUORESCENCE EMISSION SPECTRUM OF HUMAN 

S~ERMATOZOA 
The data represent the mean - S.D. of 5 different observations 

A d d i t i o n s  

Quenching at Maximum 
stoichiometric Quenching 

point observed 
(~) (~) 

Maximum fluo- Equivalent 
rescence emis- combining 
sion at satu- weight6nmoles 

ration per 10 cells 

None + + - 338 + 
AMP 38 ~ 3.2 47 ~ 4.3 336 6.06 ~ 0.43 
ATP 47 ~ 2.9* 66 ~ 7.2* 331 5.06 ~ 0.23* 

c-AMP 64 - 5.3 *t 91 - 4.0 *t 345 2.3 - 0.21 *t 

t 
P < 0.05 when compared w i th  the experiments w i th  AMP. 
P < 0.01 or less when compared e i t he r  w i t h  the experiments w i th  

ATP or w i th  the experiments w i th  AMP. 
P Values obtained by the use of  the Student 's  non paired t t es t .  

t ra tes  (9) tha t  accompanies the metabol ic a c t i v a t i o n  induced by t h i s  nuc leo t ide  

(11). 

The observat ions tha t  p a r t i a l  i n  Ux~C_~O capac l ta t i on  of  rabb i t  spermatozoa 

may be accomplished by c-AHP (4) and that  t h i s  compound induces changes in the 

human spermatozoa tha t  may be re la ted to capac i ta t i on  (10) seem to support the 

hypothesis tha t  c-AMP acts ,  in par t ,  by i n t e rac t i ng  w i th  the spermatozoa plasma 

membrane. In view of  t h i s  remarkable i n t e rac t i on  of  c-AMP w i th  the sperm ce l l  

membrane i t  seems possib le to pos tu la te  tha t  some of  the reported metabol lc  

changes induced by t h i s  reagent are due, at ]east  in par t ,  to i t s  ac t ion  upon 

the membrane of  the sperm c e l l .  I t  may a lso be reca l led  that  profound mod i f i -  

ca t ion  of the spermatozoa membrane seems to be necessary in order f o r  capac i ta-  

t i on  to occur (3).  
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