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In view of i ts  proposed key role in the acrosome reaction, phospholipase 
A 2 has been isolated and pur i f ied from human spermatozoa. Following 
SDS-PAGE, a single major band was obtained with an estimated molecular mass 
of 16.7 kDa. Sequence analysis of the N-terminal portion of the molecule 
revealed the ident i ty  of the f i r s t  19 amino acids to be YNYQFGLMIVITKGHFAMV. 
From th is  part ia l  analysis i t  is evident that the phospholipase A 2 of human 
spermatozoa represents a new sequence. Of interest  is the location of 
glutamine-4, phenylalanine-5, methionine-8 and isoleucine-9; th is sequence 
appears to be highly conserved throughout evolut ion, o~992Acad~icp ..... Znc. 

The pur i f i ca t ion  and characterizat ion of phospholipase A 2 (PLA 2) from a 

variety of mammalian sources has been the subject of several reports ( for  

review, 1). In a recent report, Davidson and Dennis (2) have compared the 

known sequences of some for ty  forms of PLA 2. Approximately 120 amino acids 

form a single peptide chain that includes 10-14 cysteine residues in 

d isu l f ide pairs. Up to the present, only two human PLA2's have been 

completely sequenced. One from the pancreas, which shows a high homology to 

the PLA2's of old-world cobra venom while the second, obtained from 

p la te le ts  and synovial f l u id  (3) bears a high s im i la r i t y  to the enzyme 

isolated from the venoms of new- and old- world serpents such as the 
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diamondback ratt lesnake. In addit ion, the c rys ta l l i ne  structure and the 

mechanism of action of bee venom PLA 2 have also been reported (4-6).  A 

general review ar t i c le  of th is  class of enzyme has also been published 

recently (7).  

Our in terest  in th is  enzyme arises from i t s  postulated role in 

reproduction via the act ivat ion of the acrosome reaction of mammalian 

spermatozoa, an exocytotic event, Previous reports have shown that PLA 2 

ac t i v i t y  regulates exocytic events in neutrophils, p la te le ts ,  mast ce l l s ,  

adrenocortical cel ls (8) macrophages (9) and pancreatic cel ls ( I0 ) .  The 

association of PLA 2 ac t i v i t y  with the acrosome reaction of the sea urchin 

spermatozoa was o r ig ina l l y  reported by Conway and Metz ( I I ) .  In the same 

organism, the cort ical  granule reaction, another exocytotic event, is also 

reported to be regulated by PLA 2 a c t i v i t y  (12). F ina l ly ,  the association of 

PLA 2 ac t i v i t y  with the acrosome reaction of mammalian spermatozoa has also 

been demonstrated (13-16). 

PLA 2 is also secreted by the seminal vesicles and prostate gland and is 

found in the seminal plasma of several animal species with the highest 

ac t i v i t y  being found in human seminal plasma (17). The probable function of 

th is  f ract ion of PLA 2 is to provide precursor for the biosynthesis of 

seminal f lu id  prostaglandins (18,19). Using the radiat ion inact ivat ion 

technique, our laboratory has reported the presence of two forms of PLA 2 in 

human semen (20) where a heat-sensit ive form was found to be associated with 

spermatozoa. We have also reported the act ivat ion of the PLA 2 of human 

spermatozoa by proteases, including acrosin (21). While the existence of an 

inact ive precursor form of the enzyme (proPLA2) has been reported in a 

var iety of tissues and f lu ids (22-25) i t s  presence in human spermatozoa has 

only recently been demonstrated by Antaki et al (26). 

Very recently, Takayama et al (27) have reported the part ia l  sequence 

of a PLA 2 of 14 kDa obtained from human seminal plasma. The amino acid 

sequence of the F i rs t  20 residues of the N-terminal portion was found to be 

identical to the human synovial f l u id  enzyme (28). 
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PLA 2 is believed to play a key role in the acrosome reaction via the 

enzymatic hydrolysis of unsaturated fatty acids linked to membrane phospho- 

l ip ids overlying the acrosome of mammalian spermatozoa. Moreover, certain 

studies have shown that PLA 2 inhibitors are capable of inhibit ing the 

acrosome reaction in v i t ro.  The products generated by PLA 2 act iv i ty ,  namely 

the lysolipids and unsaturated fatty acids, can either stimulate or induce 

the acrosome reaction of mammalian spermatozoa (13,29-33). Furthermore, the 

accumulation of lysophospholipids has been reported to occur following the 

in vi t ro incubation of human (34) rat (35) and guinea pig spermatozoa 

(36,37). 

The key role proposed for PLA 2 in the acrosome reaction has prompted 

us to purify and characterize this enzyme from human spermatozoa. An 

obvious follow-up to this purif ication wil l  be the production of specific 

antibodies as well as the determination of the complete amino acid sequence 

of sperm PLA 2. 

~TERIALS AND METHODS 
Purification procedure 

A pool of human semen, obtained from the f e r t i l i t y  c l in ic and stored 
at -80°C was used as starting material. After thawing at 4°C, the sample 
was diluted in an equal volume of 0.05 M Tris buffer, pH 7.8 and 0.9% NaCl 
and 100 mM benzamidine HCI. The diluted mixture was centrifuged for 60 
minutes at 1300 g at 4:C. The pellet was retained and washed twice with 
the di lut ion medium and recentrifuged at 1300 g for 10 minutes at 4°C. The 
pellet of spermatozRa was resuspended and an aliquot was counted to yield a 
total of 36.5 X 10 ~ spermatozoa. The medium was again removed by centr i-  
fugation at 1300 g for 10 minutes at 4°C. The spermatozoa were then 
extracted with 1% tr i f luoroacet ic  acid (TFA) in 40% isopropanol; 250 X 106 
spermatozoa/ml of extraction medium. This mixture was subjected to 
ultrasound treatment 4 X 30 sec bursts at 60 W at 4°C. The sample was then 
centrifuged at 20,000 g at 4°C for 20 minutes. The isopropanol was 
evaporated and the sample was then lyophilized. The residue was 
redissolved in a minimum volume of 1% TFA and applied to 3 X 6 ml hydro- 
phobic columns; SEP-PAK-WP Butyl C 4 (Baker). The columns were eluted with 
an increasing gradient of isopropanol. The following fractions were 
collected; 1) 9 ml 20% isopropanol: 1% TFA; 2) 18 ml 30% isopropanol: 1% 
TFA; 3) 18 ml 35% isopropanol: I% TFA; 4) 9 ml 40% isopropanol: 1% TFA and 
f ina l l y  5) 9 ml 100% isopropanol. The major peak of PLA 2 act iv i ty  was 
eluted in fraction 3. Enzyme act iv i ty was assayed according to the method 
of Guerette (21) using 3H-phosphatidylethanolamine as substrate.The 
isopropanol was evaporated and the extract was then lyophilized.The residue 
was redissolved in 0.02 M ammonium acetate buffer, pH 5.0, and applied to a 
2 gm cation exchange column (Waters Accell-CM). The column was developed 
with an increasing molarity of ammonium acetate buffer, pH 5.6 at room 
temperature.Two fractions of 10 ml each were collected; 0.02, 0.1, 0.2, 
0.4, 0.6, 0.8, 1.0 H ammonium acetate. The enzyme was eluted in the 0.8 - 
1.0 M fractions which were applied to a preparative 15% SDS-PAGE according 
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to the method of Laemmli (38). The gel was developed using the copper- 
sta in ing method of Lee et al (39). The stained gel along with the 
molecular weight standards of Bio-Rad are shown in Figure I .  The single 
band was e lect roe lu ted using the Bio-Rad system (model 422 E lec t ro -E lu te r ) ;  
25 mM Tris buf fer  containing 192 mM glyc ine.  A membrane with a 3500 
molecular weight cu t -o f f  was used overnight at I0 mA per tube. The protein 
was eluted and dialyzed twice using a membrane of 5000 molecular weight 
cu t -o f f  in 2 l i t e r s  of 0.05% ammonium carbonate. Following l yoph i l i sa t i on ,  
an a l iquot  of the pur i f ied  f rac t ion  was forwarded for sequence analysis,  
Approximately 300 pmoles of protein was subjected to N-terminal sequencing 
on an Applied Biosystems 477A/120 A pulsed- l iqu id  sequenator. 

RESULTS AND DISCUSSION 

Table I l is ts the various purification procedures including the 

specific activity of the enzyme following each step. A purification of 

116-fold, prior to SDS-PAGE, was achieved starting from the in i t ia l  crude 

acid extract. The purified enzyme was also located using polyclonal 

antibodies obtained from rabbits immunized with the purified PLA 2 followed 

by the addition of a second antibody (anti-lgG) coupled to horse radish 

peroxidase. 

Figure I illustrates the protein pattern obtained with the Bio-Rad 

standard proteins along with the band obtained with the enzyme preparation. 

An average molecular mass of 16,7 kDa was estimated following the electro- 

phoresis of four samples of the purified enzyme. Of the many PLA2's that 

have been purified, their molecular masses have ranged from 12 to 18 kDa. 

Figure 2 il lustrates the N-terminal sequence of the f i rs t  19 amino acids 

along with a comparison of this sequence with several of those PLA2's that 

have been characterized from a variety of biological sources. The 

following sequence was obtained; YNYQFGLMIVITKGHFAMV. Of the large number 

of PLA2's that have been sequenced to date from a wide variety of mammalian 

Table I 

Purif ication of PLA 2 of Human Spermatozoa 

Purif ication pmol substrate pg protein Specific Purif ication 
step deacylated/hour /lOOpL act iv i ty factor 

Crude extract 57.6 434 133 1 

Butyl C 4 Column 191.6 549 349 2.6 

Accell CM column 206.4 13.4 15,402 116 
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Figure 1. Electrophoretic Patterns of Standard Proteins and Sperm 
Proteins. 

STD: SDS-PAGE pattern of Bio-Rad standard proteins of low 
molecular weight. 
Phosphorylase B, 92.5; Bovine Serum Albumin, 66.2; 
Ovalbumin, 45.0; Carbonic Anhydrase, 31.0; Soya bean 
t ryps in  i nh ib i t o r ,  21.5; and lactalbumin 14.4 kDa, 
respect ively.  

Lane I :  Crude extract 
Lane 2: Protein Pattern fol lowing Butyl C 4 Colum 
Lane 3: Protein pattern fo l lowing Accell CM column 
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Figure 2. Comparison of Amino Acid Sequence of Various PhospholipasesA2. 

I .  Human spermatozoa; 2. Bungarus mult ic inctus;  3. Hemachatus 
hemachatus; 4. Naja melanoleuca; 5. Naja mosambica; 6. Naja 
n i g r i c o l l i s ;  7. Naja naja oxiana; 8. Na ja  naja kaouthia; 9. 
Porcine pancreas; i0.  Human pancreas; 11. Human seminal plasma, 
p late lets and synovial f l u i d .  
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and rept i lean sources (1), the PLA 2 of human spermatozoa represents a new 

sequence. Of in terest  is the location of glutamine-4, phenylalamine-5, 

methionine-8 and isoleucine-9;  th is  sequence appears to be highly conserved 

throughout evolut ion. 

The part ia l  sequence of the 14 kDa secreted form of the PLA 2 present 

in seminal plasma as reported by Takayama et al (27) is quite d i f ferent  

from the PLA 2 associated with the spermatozoa as reported here. Those 

posit ions that are common however, are phenylalanine-5, methionine-8, 

isoleucine-9,  threonine-12, glycine-14, and alanine-17. Although the f i r s t  

19 amino acid sequence of the sperm enzyme shares homology with several 

Group I PLA2's , i t  d i f fers  by the absence of a hal f -cyst ine at p o s i t i o n - l l ,  

a common feature of the Group I enzymes. 
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