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SUMMARY: Vitellogenin derived from the blood of estrogen- 
treated Xenopus laevis is comprised of at least 3 different 
polypeptides, designated (z-, ~3-, and K-vitellogcnin. The 
molecular weights of the three polypeptides are 197,000, 
188,000 and 182,000, respectively, and the ratio of their 
relative amounts is approximately 2c~: 2~3: I g. 

Vitellogenin is the yolk precursor protein found in the blood of oviparous vertebrates 

(i). Estrogens can readily induce a pronounced synthesis and secretion of vitellogenin 

by the liver of Xenopus laevis either in vivo (2) or in.vitr__oo (3), so that transcriptional, 

translational and post-translational events associated with vitellogenin synthesis are 

now being studied extensively in this amphibian as a model system for steroid-induced 

protein synthesis (4). Vitellogenin can be readily isolated from the serum of females 

or estrogen-treated males (5) and has been found to migrate on sodium dodecyl sulfate 

(SDS) polyacrylamide gels as a single band having a molecular weight of 200,000 (6). 

Thus, the product of the vitellogenin gene is thought to consist of a single polypeptide 

(4). In the ovary, vitellogenin is incorporated by growing oocytes within which it is 

proteolytically cleaved into phosvitin (35,000 daltons) and the heavy (LI, 120,000 daltons) 

and light (L2, 31,000 daltons) subunits of lipovitellin (6). Recently, Ohlendorf et el. (7) 
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have provided evidence that L 2 consists  of at least  3 peptides having molecular  weights 

of 35, 500, 32,000, and 31,600. The origin of this heterogeneity in the vitellogenin 

cleavage-product  remains  uncertain. 

We have recently begun a study on the s t ructure  of vitellogenin using a high resolution 

SDS-gel e lect rophores is  system (8). As an ini t ial  resul t ,  we have found that vitellogenin 

is  comprised of at leas t  3 polypeptides having different molecular  weights. Since this r e -  

suit has important implications for studies on both vitellogenin synthesis and processing,  

we here provide documentation of our finding. 

MATERIALS AND METHODS 

All chemicals were obtained from the Sigma Chemical Company. Acrylamide and 
N, N ' -methylene-bi . s -acrylamide  (C) were r ec rys ta l l i zed  three t imes from acetone 
p r io r  to use (9). 2-Amino-2-methyl-1,  3-propanediol was rec rys ta l l i zed  from ethanol 
and r insed  with acetone; SDS was reprec ip i ta ted  from ethanol. All isotopes were ob- 
tained from Amersham. 

The care  of animals together with the injection of hormones and isotopes (10) and 
the bleeding and collection of plasma (6) were performed as previously described.  
Vitellogenln was labeled by injecting an animal with 1 mCi each of ~3H31eucine 
(1.0 Ci /mmol ,  1.0 mCi/ml)  and [32p~orthophosphate ( c a r r i e r - f r e e ,  8 mCi/ml)  8 days 
after estrogen t reatment  and 24 hr pr ior  to bleeding (11). Viteliogenin was isolated 
from plasma either by Mg-H--precipitation or by DEAE-cellulose chromatography (12). 

SDS gel e lect rophores is  was performed as descr ibed by Wyckoff et al. (8) with the 
substitution of potassium persulfate (100 rag/100 ml) as the catalyst  solution. Protein 
was either reduced or reduced and carboxyaminomethylated (13) pr ior  to e lec t ro-  
phoresis.  Caxboxyaminomethylation did not change the electrophoret ic  pattern, but 
did sharpen the bands (13). All gels (0.6 x 13 cm) contained 2~o C (w/v) and were run 
at 1.5 mA/gel  until the t racking dye reached the bottom of the gels (approximately 3 hr) 
In order  to improve the resolution of the vitellogenin bands, some gels were run for an 
additional 3 hr after the tracking dye had reached the bottom of tubes. The gels were 
fixed and stained with Coomassie blue as descr ibed by Wyckoff et al. (8). 

Bands containing labeled vitellogenin were cut out and dissolved in 0.4 ml 30% 
H20 2 at 50°C. Aquasol (10 ml) was then added and the vials  were each counted three 
t imes  for 20 rain in a Beckman scinti l lation counter. 

RESULTS 

When preparat ions of vitellogenin were electrophoresed on 10~o (w/v) SDS-POly- 

acrylamide gels, only a single, sharp band was seen (Fig. 1A). However, when we 
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F ig .  1. E lec txophores i s  of  5 pg  reduced  and ca rboxyaminomethy la ted  v i te l logenin  on 
SDS-po lyac ry lamide  ge ls .  (A) 10% gel.  (B) 5% gel.  (C) Same as  (B) but  run  twice  
as  long. 

e l ec txophoresed  smal l  amounts  of vi te l logenin (S ~g /ge l )  on 5% (w/v)  ge l s ,  we not iced 

a l a m e l l a r  s t r uc tu r e  in the vi te l logenin  band (F ig .  1B). The  l a m e l l a r  s t r u c t u r e  of the 

band was r e s o l v e d  fur ther  by running the gels  for  twice the length of t ime  n e c e s s a r y  

for  the t r a c k i n g  dye to r e a c h  the bottom of the gel .  We p r e f e r r e d  this approach  over  

running  ge ls  with an even lower  pe rcen tage  a c r y l a m i d e  because  of  the i r  f r ag i l i ty .  

When vi te l logenin  was run  this  e x t r a  d i s t ance  on the 5% gels ,  the l a m e l l a r  s t r u c t u r e  

r e s o l v e d  into 3 d is t inc t  bands,  des igna ted  as  c~-, ~-, and l&vitellogenin in the o r d e r  

of  the i r  i n c r e a s i n g  mobi l i ty  (F ig .  1C). 
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A B C °: 

Fig .  2. E l e c t r o p h o r e s i s  of r educed  and ca rboxyaminomethy la ted  vi te l logenin  on 5~o 
SDS-polyacry lamide  gels .  The v i te l logenin  s amp le s  were  de r ived  from 3 d i f -  
ferent  an imals  and were  p r e p a r e d  by e i ther  (A) D E A E - c e l l u l o s e  ch romatography  
or  (B) Mg-H--precipitat ion.  Al te rna t ive ly ,  (C) p l a s m a  containing vi te l logenin was 
applied d i r ec t l y  to the gel.  

In o r d e r  to a sce r t a in  whether the 3 bands of vi te l logenin a r e  a p repa ra t ion  a r t i -  

fact ,  we r a n  and c o m p a r e d  SDS-po lyac ry lamide  gels  of p l a sma  samples  obtained f rom 

-H- 
e s t r o g e n - t r e a t e d  an imals  as  weI1 as  v i te l logenin  i so l a t ed  by e i ther  Mg -p rec ip i t a t ion  

o r  DEAE-ce l l u lo se  ch romatography  (12). As can be seen in F ig .  2, the same pa t t e rn  

of 3 bands was obtained in al l  c a s e s .  We have Mso run  the v i te l logenins  obtained from 

4 addit ional  an imals  and have obtained in a l l  c a s e s  the identicaI  banding pat tern .  As a 
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fu r the r  check on the or ig in  of the 3 vi te l logenin  bands,  we have e s t ab l i shed  that  r e -  

duced vi te l logenin,  ca rboxymethy la ted  v i te l logenin  (6), and ca rboxyaminomethy la ted  

vi te l logenin a l l  show the iden t ica l  pa t te rn .  P repa ra t ion  of v i te l logenin  in the p r e s e n c e  

o r  absence  of the p r o t e a s e  inhibi tor ,  phenylmethyl  sulfonyl  f luor ide  (6) l ikewise  had no 

effect  on the 3 bands.  F ina l ly ,  e l e c t r o p h o r e s i s  of  s m a l l  amounts  of v i te l logenin  (5 ~tg/ 

gel) in the SDS-po lyac ry lamide  gel  sys t em of L a e m m l i  (14) a lso  r e s u l t e d  in a s i m i l a r  

banding pa t te rn .  We thus conclude that the 3 bands on SDS-po lyac ry lamide  gels  r e -  

f lec t  the p r e s e n c e  of  at  l e a s t  3 different  chain lengths of  v i te l logenin  p r e se n t  in the blood 

of  the an ima l s .  

When the mig ra t ion  d i s t ances  of the 3 v i te l logenin  bands were  compared  with m o l e -  

cu la r  weight m a r k e r s  accord ing  to p rocedu re s  p rev ious ly  d e s c r i b e d  (6), s i ze s  of 

197, 000, 188,000 and 182,000 daltons were  obtained for  c~-, ~3-, and ¥-v i te l logenin ,  

r e spec t i ve ly .  This  a g r e e s  well with the mo lecu l a r  weight of approx ima te ly  200,000 

r e p o r t e d  p rev ious ly  for unreso lved  vi te l logenin  polypept ide (6). 

F r o m  a v i sua l  inspec t ion  of the 3 v i te l logenin  bands,  a -  and f3-vitellogenin seem 

to be p r e s e n t  in equal amounts  while l¢-vitel logenin a ppe a r s  to be p r e s e n t  in a l e s s e r  

amount.  In o r d e r  to quant i ta te  the r a t io s  of the  3 polypept ides ,  we doubly l abe led  

v i te l logenin  with CH~leucine and ¢2p~or thophosphate .  The l a t t e r  i s  a spec i f ic  m a r k e r  

for  de l ip ida ted  vi te l logenin in the blood (S). The l abe led  v i te l logenin  was e l e c t r o -  

pho re sed  on ge ls ,  the bands containing each  of the 3 v i te l logenin  polypept ides  exc i sed ,  

and the r ad ioac t iv i ty  m e a s u r e d .  The r e s u l t s  (Table  1) ind ica ted  that  a - ,  B-, and 

¥-v i te l logen in  were  p r e s e n t  in an approx ima te ly  2:2:1 r a t io .  This  was the ca se  for  

both the 3H and 32p l abe l s ,  the r e l a t i v e  r a t i o s  of which were  about the s a m e  for the  3 

bands .  The p r e s e n c e  of  32p in al l  3 de l ip ida ted  bands fu r the r  conf i rms  the i r  iden t i ty  

a s  v i te l logenin  polypept ides .  
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TABLE l 

RELATIVE LABELING IN THE 3 VITELLOGENIN BANDS 

Band 

(~ 

3 H clam 32p cpm 3H/32p 

182+17 75_+7 2.4_+0.4 

180 +6 85+4 2.1 +0.2 

98 -+ 13 44 + 6 2.2 + 0.5 

The r e s u l t s  a r e  e x p r e s s e d  as  the a ve r a ge  + S.D.  

DISCUSSION 

Native vi te l logenin  has p rev ious ly  been thought to y ie ld  a s ingle  component when r e  

duced under denatur ing  condit ions (6). We have fu r the r  r e s o l v e d  this  component into 3 

high molecu la r  weight polypept ides .  In the blood, nat ive  v i te l logenin  i s  a l ipoprote in  

with an approx imate  mo lecu l a r  weight of 460,000, of which 12~o (55,000 daltons) i s  

l ipid .  Thus,  nat ive v i te l logenin  can only contain 2 polypept ide chains .  How the 3 chain 

d e s c r i b e d  he re  a s s o c i a t e  to form the native d i m e r  molecu le  i s  not known, but the impl i  

ca t ion i s  that  anywhere  from 3 to 6 di f ferent  nat ive v i te l logenin  molecu les  may  exis t ,  

depending on whether  the 3 d i f ferent  vi te l logenin polypept ides  form homologous or  

he te ro logous  p a i r s .  E l e c t r o p h o r e s i s  of nat ive v i te l logenin  has  not been able to r e so lve  

th i s  i s sue  thus far  because  of the poore r  r e so lu t ion  obtained by this  p rocedure  (data  

not shown). 

Of p r i m a r y  i n t e r e s t  i s  the cause  of the he te rogene i ty  in the vi te l logenin  polypeptidc 

The  or ig in  may  r e s u l t  e i ther  f rom mul t ip le  gene copies  for v i te l logenin  or from hetero  

geneous p o s t - t r a n s l a t i o n a l  p r o c e s s i n g  of a common gone product .  If  the la t te r  i s  the 

case ,  then such p r o c e s s i n g  probably  occur s  in the l i ve r  s ince  ~ - ,  f3-, and Y-vitelloger 

a r e  always found in the p l a sma ,  even when co l lec ted  in the p re sence  of phenylmethyl  
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sulfonyl fluoride. The observations of Ohlendorf et al. (7) regarding at least  3 L 2 pep- 

tides can be interpreted as showing that the heterogeneity is partially maintained even 

after vitellogenin processing within the oocyte. The L 2 and phosvitin peptides appear 

to be contiguous in the vitellogenin polypeptide (6), but it is not known Which peptide 

product is derived from the end of the vitellogenin polypeptide. If L 2 is at the end, 

then the observations made to date can be explained by differential post-translational 

clipping of the end of the viteilogenin polypeptide in the liver.  On the other hand, if  

pho svitin resides  at the end of the vitellogenin polypeptide, the known resul ts  can only 

b*e explained by invoking multiple gene copies for vitellogenin. 
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