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NUCLEOSIDES & NUCLEOTIDES, 7(5&6) , 693-697 (1988)  

CLONING AND SEQUENCE A N A L Y S I S  O F  A CDNA FROM SEMINAL 
V E S I C L E  T I S S U E  ENCODING THE PRECURSOR O F  THE MAJOR 
PROTEIN OF BULL SEMEN 

Michael Kemme and Karl Heinz Scheit 
Max-Planck-Institut fur Biophysikalische Chemie, 

Abt.Molekulare Biologie, 3400 Gottingen, W.Germany 

Abstract: A cDNA library derived from poly(A)+RNA of bull seminal 
vesicle tissue was screened with a synthetic DNA hybridisation probe 
specific for the major protein of bull semen. A positive clone pMP17, 
containing a 680 bp insert, was sequenced. In combination with primer 
extension sequencing of poly(A)+RNA, a DNA sequence of 700 bp was 
determined. This DNA encoded a reading frame for 134 amino acids, 
starting with an ATG and terminated by a TAG codon. This comprised 25 
amino acids of a signal peptide followed by 109 amino acids with the 
known sequence of the major protein. 

I N T R O D U C T I O N  

We recently isolated the major protein with an apparent molecular 

weight of Mr 15 kD from seminal plasma as well as from seminal vesicle 

secretion of bull and proved by amino acid analysis and tryptic 

peptide mapping that the two proteins were identical (1). The protein 

chemical analysis indicated that the major protein was identical to 

the protein PDC109 purified from bull seminal plasma and sequenced by 

Esch et al. ( 2 ) .  Imunochemical studies by Aumuller et al. (3) 

revealed the regiospecific binding of the major protein to the fossa 

and the mid-piece of bull spermatozoa. Binding of gold-labeled major 

protein to subplasmalemmal sites at the mid-piece region of 

spermatozoa was demonstrated by electronmicroscopy and two membrane 

proteins which selectively bind the major protein were isolated from 

bull epididymal spermatozoa (3) . Cell-f ree translation of poly (A+)RNA 
from seminal vesicle tissue resulted in formation of a polypeptide of 

M, 18 kD, immunoreactive with anti-major protein antiserum (1). Here 
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694 KEMME AND SCHEIT 

w e  r e p o r t  t h e  sequence  of a c D N A  c l o n e  d e r i v e d  from poly(A)+RNA 

of b u l l  s e m i n a l  v e s i c l e  t i s s u e  e n c o d i n g  t h e  p r e c u r s o r  of t h e  ma jo r  

p r o t e i n .  Fol lowing  a s u g g e s t i o n  of Mbikay e t  a l .  ( 4 )  w e  p r o p o s e  t h a t  

t h i s  b u l l  s emina l  p r o t e i n  b e  r e f e r r e d  t o  a s  s e m i n a l  v e s i c l e  s e c r e t o r y  

p r o t e i n  of 1 0 9  amino a c i d s  (SVSP109). 

RESULTS 

To s c r e e n  poly(A)+RNA from s e m i n a l  v e s i c l e  t i s s u e  f o r  t h e  

p r e s e n c e  of  ma jo r  p r o t e i n - s p e c i f i c  mRNA, a s y n t h e t i c  DNA p r o b e  was 

des igned  and  s y n t h e s i s e d  on t h e  b a s i s  of  t h e  known amino a c i d  sequence  

of t h e  p r o t e i n  ( 2 ) .  The amino a c i d  sequence  e x t e n d i n g  from r e s i d u e  78 

t o  94 was chosen  and a 51  n u c l e o t i d e  l o n g  DNA, complementary t o  t h e  

co r re spond ing  mRNA, s y n t h e s i z e d .  Nor the rn  a n a l y s i s  of  po ly (A)  +RNA from 

s e m i n a l  v e s i c l e  c a r r i e d  o u t  w i t h  t h e  s y n t h e t i c  p r o b e  i n d i c a t e d  t h e  

p r e s e n c e  of  a SVSPiOg-spec i f ic  mRNA species of 750bp. Recombinant 

c l o n e s  (lo3) of  a cDNA l i b r a r y  of b u l l  s e m i n a l  v e s i c l e  poly(A)+RNA 

w e r e  s c r e e n e d  by co lony  h y b r i d i s a t i o n  u s i n g  t h e  r a d i o a c t i v e l y  l a b e l e d  

s y n t h e t i c  p r o b e  y i e l d i n g  1 8  p o s i t i v e  c l o n e s .  A p o s i t i v e  c l o n e  

c o n t a i n i n g  t h e  l o n g e s t  cDNA i n s e r t  (pMP17) was s u b j e c t e d  t o  

sequenc ing .  The o b t a i n e d  sequence  of t h e  cDNA i n s e r t  of pMP17 ( F i g .  1) 

c o n t a i n s  an  open r e a d i n g  f rame e x t e n d i n g  o v e r  405 n u c l e o t i d e s  and  

s t a r t i n g  w i t h  a l e u c i n e  r e s i d u e .  The d e r i v e d  p o l y p e p t i d e  sequence  

i n c l u d e s  i n  t h e  C - t e r m i n a l  p a r t  t h e  1 0 9  amino a c i d  r e s i d u e  l o n g  

sequence  of t h e  p r o t e i n  P D C 1 0 9  a s  p u b l i s h e d  by Esch e t  a l .  ( 2 ) .  The 

N-terminus of t h i s  p o l y p e p t i d e  sequence  i s  e x t e n t e d  by 23  amino a c i d  

r e s i d u e s  of  a s i g n a l  sequence  which was r ega rded  a s  incomple t e  because  

of t h e  m i s s i n g  me th ion ine  s t a r t  codon. Hence, t h e  P s t I - i n s e r t  of t h e  

pMP17 DNA d id  n o t  r e p r e s e n t  t h e  comple t e  mRNA of  t h e  p r e c u r s o r  f o r  

S V S P 1 0 9 .  Sequence  a n a l y s i s  by d i r e c t  mRNA s e q u e n c i n g  employ ing  

r e v e r s e d  t r a n s c r i p t a s e  and  a sequenc ing  p r i m e r  complementary t o  t h e  

r e g i o n  9 9 - 1 1 8  o f  t h e  cDNA-insert e x t e n t e d  t h e  known sequence  of pMP17 

by 20 bp .  The e x t e n s i o n  compr i sed  t h e  m i s s i n g  s t a r t  and  a s h o r t  

u n t r a n s l a t e d  5 ' - r eg ion  of t h e  mRNA. 

The M r  of t h e  134 amino a c i d  r e s i d u e  p r e c u r s o r  p o l y p e p t i d e  of 

SvSP109 is  1 4 .  8 5 0 .  The p r e c u r s o r  sequence  of 25 amino a c i d  r e s i d u e s  

h a s  a hydrophob ic  c h a r a c t e r  and  v e r y  l i k e l y  c o n s t i t u t e s  a s i g n a l  

p e p t i d e ,  d i r e c t i n g  t h e  p r o t e i n  towards  t h e  s e c r e t o r y  pathway (5). The 
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cDNA CLONING AND SEQUENCE ANALYSIS 695 

GAGAGCAAG~ATGGCACTGCAGTTGGGGCTCTTTCTCArTTGGGCTGGCGTGTCTG 60 
M A L Q L G L F L I W A G V S V  

- 2 5  -2 0 -1 0 
TGTTTCTACAACTGGACCCTGTGAATGGAGATCAGGACGAAGGTGTTTCTACTGAACCTA 120 

F L Q L D P V N G D Q D E G V S T E P T  
10 -1 +1 

CCCAAGACGGTCCTGCTGAATTACCTGAAGACGAAGAATGCGTTTTCCCATTCGTCTATA 1 8 0  
Q D G P A E L P E D E E C V F P F V Y R  

2 0  3 0  
GAAACAGAAAGCATTTTGACTGCACAGTGCATGGTTCCTTATTCCCGTGGTGTTCCCTCG 2 4 0  

N R K H F D C T V H G S L F P W C S L D  

4 0  50 
ATGCAGACTATGTAGGAAGATGGAnATACTGTGCTCAGAGAGAGAC~ATGCTAAATGTGTCT 3 0 0  

A D Y V G R W K Y C A Q R D Y A K C V F  

TC C C C T ?' T AT C TAT G G AGGC A AG AA A T A T GAG AC T T G C AC A A A A A T T GG G AG T AT G T GG A 
P F I Y G G K K Y E T C T K I G S M W M  

6 0  7 0  
3 6 0 

8 0  90 
TGTCTTGGTGCTCACTCTCTCCAAACTACGACAAGGACAGAGCTTGGAAGTATTGCTAGC 420 

S W C S L S P N Y D K D R A W K Y C *  
100 

CATAAAAAGAGCTATGTTCAGTCACTGTCCAGTGCATCCACCCTTGGCCATGGATGCAAT 480 
CCAGCCTTTGAAACCTCAGTGAAGAAAATCAAGAACTCTCAAGCATGAAGATGATGCTCT 5 4 0  
GAAAGCCAGAGGTGAAATCCTTTCCCTACATCTCCACCATGTTCCCCCT~TGCGTGGATC 600 

62 1 C A A T C U C C A C T T T C T C A G C A A A A A A A A A A A A  

FIG.l N u c l e o t i d e s  sequence  of pMP17 and  t h e  deduced  amino a c i d  
s e q u e n c e  f o r  t h e  p r e c u r s o r  of S V S P 1 0 9 .  The amino a c i d  s e q u e n c e  
numbering s t a r t s  w i t h  +1 f o r  SVSP109.  The consensus  sequence  ups t ream 
of t h e  ATG s t a r t  codon a s  w e l l  a s  t h e  p o l y a d e n y l a t i o n  s i g n a l  a r e  
u n d e r l i n e d .  The a r row between +1 and -1 p o i n t s  t o  t h e  s i t e  were t h e  
s i g n a l  p e p t i d e  (amino a c i d  r e s i d u e s  -25 t o  -1) is removed f rom t h e  
secreted SVSP109. 

d e d u c e d  amino a c i d  s e q u e n c e  c o n t a i n e d  no  c o n s e n s u s  s e q u e n c e  

i n d i c a t i v e  of N - g l y c o s y l a t i o n  (N-X-S or N-X-T) . The s e q u e n c e  

immedia te ly  ups t ream t h e  i n i t i o n  codon, CTACC, i s  h i g h l y  homologous t o  

t h e  consensus  sequence  CCACC which c o n t r o l s  t r a n s l a t i o n  e f f i c i e n c y  of 

mammalian mRNAs ( 6 ;  7 ;  8). The cDNA-insert of pMP17 p o s s e s s e s  a 

p o l y ( A )  t a i l  and  t h e  p u t a t i v e  p o l y - a d e n y l a t i o n  s i g n a l  AATAAA, 13 

n u c l e o t i d e s  downstream of t h e  poly(A)  t a i l  ( 9 ) .  

N o r t h e r n  a n a l y s i s  of  s e m i n a l  v e s i c l e  p o l y  ( A )  'RNA w i t h  t h e  

P s t l - i n s e r t  of c l o n e  pMP17 f u r n i s h e d  a mRNA species of 750 bp s i m i l a r  

t o  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  s y n t h e t i c  DNA p r o b e .  
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696 KEMME AND SCHEIT 

Genomic DNA from a n  i n d i v i d u a l  an ima l  was a n a l y z e d  by Sou the rn  

b l o t  a f t e r  d i g e s t i o n  w i t h  s e v e r a l  r e s t r i c t i o n  enzymes. D i g e s t i o n  w i t h  

P s t I  and Hind111 y i e l d e d  f o u r  bands .  In EcoRI d i g e s t s ,  e i g h t  f r agmen t s  

were d e t e c t e d  which r e a c t e d  wi th  t h e  P s t I - i n s e r t  o f  pMP17. The r e s u l t s  

o b t a i n e d  by r e s t r i c t i o n  w i t h  P s t I  and  H i n d I I I ,  i n  v iew of t h e  f a c t  

t h a t  t h e  c D N A  p r o b e  i t s e l f  c o n t a i n e d  no  c l e a v a g e  si tes for b o t h  

enzymes, c o u l d  i n d i c a t e  t h e  e x i s t e n c e  of  more t h a n  one  g e n e  f o r  

S V S P 1 0 9 .  The doubled  number of f ragments  o b t a i n e d  by  EcoRI r e s t r i c t i o n  

may r e s u l t  from c l eavage  by t h i s  enzyme w i t h i n  t h e  gene .  

DISCUSSION 

It  was f i r s t l y  r e p o r t e d  by Esch e t  a l .  ( 2 )  t h a t  p r o t e i n  PDC109 

e x i s t e d  a s  a m i x t u r e  of  two p o l y p e p t i d e  c h a i n s  of  i d e n t i c a l  sequence ,  

p o s s i b l y  a s  t h e  r e s u l t  of a p a r t i a l  o x i d a t i o n  of me th ion ine  r e s i d u e s .  

This  o b s e r v a t i o n  was conf i rmed by Kemme e t  al. (l), Seidah  e t  a l .  (10) 

and Manjunath e t  a 1  (11). The amino a c i d  sequence  of a t h i r d  p r o t e i n  

of 115 amino a c i d  r e s i d u e s ,  BSP-A3, r e c e n t l y  p u b l i s h e d  by S e i d a h  e t  

a l .  (lo), d i s p l a y e d  a 6 6 %  i d e n t i t y  t o  t h e  sequence  of S V S P 1 0 9 .  Se idah  

e t  a l .  (10) s p e c u l a t e d  t h a t  t h e s e  two  p r o t e i n s  a r o s e  v i a  

g e n e - d u p l i c a t i o n  from an a n c e s t r a l  gene  and  t h a t  SVSP109 and  BSP-A3 

c o u l d  e i t h e r  o r i g i n a t e  from a common p r o t e i n  p r e c u r s o r  molecu le  or a s  

t h e  t r a n s c r i p t i o n a l  p r o d u c t s  of  two m R N A s .  W e  show i n  t h i s  

c o n t r i b u t i o n  t h a t  i n d e e d  t h e  l a t t e r  c a s e  i s  t r u e ,  b e c a u s e  t h e  

SVSP109-spec i f ic  mRNA d i rec ts  t h e  s y n t h e s i s  of o n l y  one p r e c u r s o r  

p o l y p e p t i d e .  Fu r the rmore ,  w e  e s t a b l i s h e d  t h e  p r o p e r t y  of t h e  major  

p r o t e i n  a s  a s e c r e t o r y  p roduc t  of b u l l  s emina l  v e s i c l e  t i s s u e .  Baker 

( 1 2 )  r e a l i z e d  f i r s t  a h i g h l y  s i g n i f i c a n t  sequence  s i m i l a r i t y  between 

S V S P 1 0 9  and  t h e  c o l l a g e n - b i n d i n g  domain of b o v i n e  f i b r o n e c t i n  ( 1 3 ) .  

Th i s  was v e r i f i e d  a l s o  f o r  p r o t e i n  BSP-A3 ( 1 0 ) .  

I t  r ema ins  t o  be  shown whe the r  t h e  p r o p e r t y  of SVSP109 t o  

s p e c i f i c a l l y  b i n d  t o  b u l l  ep id idymal  spermatozoa  i s  r e l a t e d  t o  t h e  

f i b r o n e c t i n - l i k e  amino a c i d  sequence .  
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