
15. 2. 1978 Specialia 177 

b o t h  by  changing  the  concen t ra t ions  of lead and  sub- 
s t r a t e  x7,19 and  by  app ly ing  th is  m e t h o d  to  unf ixed 
sect ions  2~ Thus,  a t  p r e sen t  t he  h is tochemica l  va l id i ty  
of t he  ATPase  reac t ion  has been  recovered.  Therefore  
our  resul ts  provide  evidence for the  presence  of ATPase  
ac t iv i ty  in t he  exposed  surface of the  vesicular  m e m b r a n e  
of C. cellulosae. This is in keeping wi th  d a t a  ob ta ined  
by  L u m s d e n  in the  ou te r  surface of t a p e w o r m  t e g u m e n t  21. 
Since all pos t embryon i c  s tages of these  paras i tes  lack 
a digest ive t rac t ,  the  ass imila t ion of mater ia l  f rom the  
e n v i r o n m e n t  m u s t  t ake  place across the  t egumen t .  In  
th is  case, those  enzyme sys t ems  which  are concerned  
wi th  the  t r a n s p o r t  of subs tances ,  or w i th  the  modi f ica t ion  
of solutes to which paras i tes  are otherwise  impermeable ,  
m a y  be qui te  i m p o r t a n t  to the  survival  or specific 
d i s t r ibu t ion  of the  paras i te  in the  hos t  tissues. The 
demons t ra t ion ,  therefore,  of ATPase  in C. cellulosae m a y  

be indica t ive  of the  paras i te  unzyma t i c  dependance  for 
its nu t r i t i on  and  selective t issue dwelling. If  i t  is so, 
the  inhib i t ion  of ATPase  ac t iv i ty  would  h a m p e r  the  
survival  of t he  paras i te .  Recen t  obse rva t ion  by  Sengup ta  
on the  presence  of a mobi l i ty - inh ib i to ry  factor  which  
acts  as a p o t e n t  A T Pas e  inhib i tor  opens  the  poss ib i l i ty  
of a search for th is  factor  in var ious  t issue fluids ~. 
Theore t ica l ly  the  physiological  neu t ra l i za t ion  or absence  
of this  fac tor  in skeletal  muscle  and  bra in  t issue fluids 
would explain  such preferen t ia l  d i s t r ibu t ion  of C. cellulosae. 
F u r t h e r  s tudies  are needed  to s u p p o r t  th is  theory .  

19 J .H .  Abel, J. Histochem. Cytochem. 17, 570 (1969). 
20 S.H. Hori, Acta histochim, eytoehim. 1, 136 (1968). 
21 R.D. Lumsden Expl Parasit. 37, 267 (1975). 
22 B.P. Sengupta, L. N. Singh and J. S. Rawat. Curr. Sci. 45, 258 

(1976). 
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Summary. A compara t ive  s t u d y  of e lec t rophore t ic  pro te in  p a t t e rn s  f rom ova ry  and h a e m o l y m p h  was under t aken .  The 
syn the t i c  ac t iv i ty  of the  ovaries was also s tudied  by  measur ing  pro te in  precursors  incorporat ion.  Based on these  
analysis,  the  origin of vi tel logenic pro te ins  is considered.  

Vitellogenic pro te ins  have  been ex tens ive ly  s tudied  in 
m a n y  insects  wi th  respec t  to the i r  ident i f ica t ion and 
isolation 2, sites of synthes is  3, 4, and ho rmona l  regulat ion ~. 
There seems to  be 2 mechan i sms  involved in yolk forma- 
t ion:  the  synthes is  by  the  ovary  itself and the  incorpo- 
ra t ion  of proteins ,  syn thes ized  in o ther  tissues, f rom the  
haemolymph .  
A s t u d y  was unde r t aken  on the  syn the t i c  ac t iv i ty  of the  
ovaries of Rhynchosciara americana, during pupa l  and 
adu l t  stages, when  yolk depos i t ion  occurs. Ovary  follicles 
of R. angelae (R. americana) 8 have  1 oocyte  and  only 
1 nurse  cell, enveloped by  a layer  of follicular cells 7. The 
ova ry  grows rap id ly  f rom the  middle  s tage of pupa,  when 
typica l  po ly tene  chromosomes  develop in nurse  cells. 
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Fig. 1. Determinations of protein content in the ovaries of R. a m e r i -  

c a n a  during pupal and adult stages, using crystalline bovine serum 
albumin as standard. Each point represents an average of 3 deter- 
minations. D O corresponds to the newly ecdysed pupae. Arrow indi- 
cates adult eelosion. 

F r o m  this  s tage up to the  adul t ,  a large n u m b e r  of yolk 
granules can be seen in the  oocyte  cy top la sm 7. A fert i l ized 
female lays a group of eggs which develop synchronous ly ,  
p roduc ing  individuals  of the  same sex 8. 
Quan t i t a t ive  de t e rmina t i ons  of p ro te ins  have  been made  
ill order  to ver i fy the  corre la t ion be tween  pro te in  accu- 
mulat ion and ovar ian  growth.  Fol lowing dissect ion,  the  
ovaries were t r ans fe r r ed  to  1 ml of a N a O H  1 N solution,  
a t  45~ for 1 h, and  a sample  of 0.2 ml  f rom this  solut ion 
was used for the  dosage of soluble prote ins ,  according to 
Lowry  et  a12. The s p ec t ro p h o t o me t r i c  analysis  showed 
an increase of p ro te in  concen t ra t ion  at  abou t  the  5th 
day  of the  pupa l  stage,  which  intesifies t owards  the  end 
of the  adu l t  life (figure 1). The ovar ian  g rowth  observed  
f rom mid pupa  to adul t  s tage 7 mus t ,  therefore ,  involve a 
r emarkab le  accumula t ion  of prote ins ,  p ro b ab l y  re la ted  
to vitel logenesis.  
The compara t i ve  analysis  of p ro te in  pa t t e rns ,  revealed  
by  po lyacry lamide  gel e lectrophoresis  1~ showed a re- 

1 Supported by Fundaqfio de Amparo ~t Pesquisa do Estado de 
S~o Panlo (FAPESP) and Conselho Naeional de Pesquisas 
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for his eontinuons support and interest in the work, and to Dr 
L. C. G. Sim6es for critical reading of the manuscript. 
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m a r k a b l e  co r respondence  in m a n y  p ro t e in  f rac t ions  f rom 
fer t i l ized eggs and  f rom o v a r y  a n d  h a e m o l y m p h  of a d u l t  
females  ( f igure  2). A p o l y m o r p h i c  v a r i a t i o n  invo lv ing  
f rac t ions  A a n d  B was de t ec t ed  wh ich  m a y  be  p r e s en t  or  
n o t  in d i f fe ren t  females  a n d  groups  of eggs. Cons ider ing  
these  f ract ions ,  g roups  of fer t i l ized eggs (a t o t a l  of 14) 
r ecen t l y  la id  b y  s is ters  of those  flies w h i c h  h a d  been  
p rev ious ly  ana lyzed  (60 i n d i v i d u a l  m a t u r e  ovaries) ,  
p r e s e n t e d  p ro t e in  p a t t e r n s  p r o b a b l y  co r re spond ing  to  

Fig. 2. Gel electrophoresis of fertilized eggs (E), ovary (O), and 
haemolymph (H) from: a) adult female presenting only fraction A; 
b) 2 different groups of eggs, one of them having only fraction A, 
and the other, fractions A and B; c) newly ecdysed, untanned adult, 
presenting fraction A in both ovary and haemolymph, and fraction 
B' in the ovary; d) newly ecdysed, untanned adult, having fractions 
A and B in both ovary and haemolymph. 

:=... 

o 

C )  
• 

E= 
o 

12 

1o i 8 

6 

4 �9 i i  

o T ,  �9 , , ' , "  . . . . . .  
Do D;t D4 D6 DsI 

Days 

:! 

i L I 

D10 D12 

Fig. 3. Incorporation of amino acids at pupal and adult stages. 
Ovaries were incubated for 75 min in tritiated L-amino acid mixture 
[NEN] (50 [xCiIml). Each point represents an average of 2 ovaries 
from different females. D O corresponds to the newly ecdysed pupae. 
Arrow indicates adult eelosion. 

those  of the  mo the r s .  Th i s  i nd ica t ion  suggests  t h a t  
fer t i l ized eggs consis t ,  basical ly ,  of v i te l l in ic  p ro te ins  
d e t e r m i n e d  b y  m a t e r n a l  geno type .  
A g rea t  co r re spondence  h a v e  also been  found  be tween  
p ro t e i n  f r ac t ions  f rom o v a r y  a n d  h a e m o l y m p h  of newly  
ecdysed,  u n t a n n e d  adu l t s  (figure 2, c -d) .  Females  
p r e s e n t i n g  f rac t ions  A an d  B in t h e  h a e m o l y m p h ,  also 
p re sen ted  b o t h  f rac t ions  in t h e  ovary .  Females ,  of t h a t  
specific stage,  h a v i n g  on ly  f r ac t ion  A in the  h a e m o l y m p h ,  
p r e sen t ed  also a n  o v a r i a n  p ro t e i n  f rac t ion,  B ' ,  w i t h  t he  
same  m o b i l i t y  of f r ac t ion  13. F r a c t i o n  B '  shou ld  n o t  be 
t a k e n  b y  f r ac t ion  B, since i t  h a s  n o t  been  de t ec t ed  in 
ovar ies  of o lder  flies, as well as in fer t i l ized eggs h a v i n g  
on ly  f r ac t ion  A (figure 2, a -b ) .  This  f r ac t ion  (B') would 
p r o b a b l y  be  obscured  b y  f r ac t ion  B, in  those  samples  
showing  A B  p a t t e r n .  
T h e  occurrence,  in  fer t i l ized eggs, of p ro te ins  de tec ted  in 
m a t u r e  ovar ies  a n d  in the  h a e m o l y m p h  of R.  americana 
could sugges t  t i le i n c o r p o r a t i o n  of v i te l logenic  p ro te ins  
f rom t h e  h a e m o l y m p h .  This  k ind  of m e c h a n i s m  has  been  
descr ibed in o t h e r  insects,  in which  vi te l logenesis  g rea t ly  
d ep en d s  u p o n  p ro t e in s  syn thes ized  outs ide  t h e  follicles 
an d  i n co rp o ra t ed  f rom the  h a e m o l y m p h  11, 12. 
P r o t e i n  syn thes i s  h a s  been  q u a n t i t a t i v e l y  d e t e r m i n e d  
b y  in v i t ro  i n c o r p o r a t i o n  of H3-amino acids,  in order  to  
ver i fy  t h e  s y n t h e t i c  a c t i v i t y  of the  o v a r y  i tself  du r ing  
vi te l logenesis .  I n d i v i d u a l  pa i rs  of ovar ies  were i n c u b a t e d  
a t  room t e m p e r a t u r e  in 200 [zl of 0.02 M p h o s p h a t e  buffer  
(pH 7.0) w i t h  4 .5% sucrose, c o n t a i n i n g  t h e  isotopes.  The  
amino  acid i nco rpo ra t i on  was d e t e r m i n e d  as descr ibed  b y  
Clever  e t  al. 1~. 
The  resu l t s  h a v e  shown  a r e m a r k a b l e  s y n t h e t i c  ac t iv i ty  
in a d u l t  females.  The  m a x i m u m  level  of a m i n o  acids 
i n c o r p o r a t i o n  was de t ec t ed  4 days  a f t e r  t h e  a d u l t  
emergence  (figure 3). Dur ing  t h i s  period,  therefore ,  t he re  
is a cons iderab le  c o n t r i b u t i o n  f rom t h e  follicles t hemse lves  
for the  p r o d u c t i o n  of p ro t e in s  p r o b a b l y  invo lved  in 
vi tel logenesis .  
In  p r e l i m i n a r y  expe r imen t s ,  an  in tense  amino  acid 
i nco rpo ra t i on  d u r i n g  adu l t  eclosion h a d  been  de tec ted .  
This  i nco rpo ra t i on  was n o t  obse rved  in the  e x p e r i m e n t  
p r e sen t ed  in f igure 3. Therefore ,  a more  de ta i l ed  analys is  
was done  d u r i n g  t h a t  per iod ;  i t  was  d iv ided  in sho r t e r  
i n t e rva l s  a n d  p ro t e i n  syn thes i s  was  m e a s u r e d  in each  one 
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Fig. 4. Incorporation of amino acids during adult moult. Ovaries were 
incubated in tritiated L-amino acid mixture [NEN] (50 [.tCi/ml), for 
75 rain. O - - -  O and O---Q represent experiments using 2 different 
groups of pupae. Each point is an average of 2 ovaries from different 
females. D s corresponds to pharate adults (9 days after larval-pupal 
ecdysis); 1 pharate adults with the movements of eclosion; 2 newly 
ecdysed, untanned adults; 3, Z and 5 adults respectively 2, 4 and 6 h 
after eclosion. 
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of t h e m  (figure 4). Ovaries  of pha ra t e  adul ts  which  could 
be charac te r ized  b y  the  m o v e m e n t s  of eclosion, and  
adul t s  dur ing the  1st 2 h a f te r  eclosion, exh ib i t ed  an 
in tense  incorpora t ion  of pro te in  precursors .  This out -  
s t and ing  syn the t i c  ac t iv i ty  does no t  seem to be re la ted  to  
any  visible cytological  a l te ra t ion  in the  ovaries.  A l though  
we have  no da t a  on pro te in  synthes is  in o ther  t issues, the  
syn the t i c  ac t iv i ty  observed a t  th is  s tage should no t  be 
specifically re la ted  to vitel logenesis  itself. I t  could, 
however ,  be p a r t  of a more  general ized metabol ic  process,  
a t  t h a t  specific deve lopmen ta l  s tage of the  organism,  as 
discussed by  P a n  ~a. Considering these observat ions ,  yolk  
depos i t ion  in Rhynchosciara seems to involve 2 k inds  of 

mechan i sm:  the  incorpora t ion  of p ro te ins  f rom haemo-  
lymph,  as sugges ted  by  the  cor responding  e lec t rophore t ic  
p a t t e r n s  de tec ted  for fert i l ized eggs, ova ry  and  haemo-  
lymph,  and the  syn thes i s  b y  the  ova ry  itself, ma in ly  
dur ing  the  adul t  s tage,  as ind ica ted  by  its in tense  incor- 
pora t ion  of p ro te in  precursors .  

11 W.H. Telfer, Biol. Bull., Woods Hole 118, 338 (1960). 
12 D.J.  Nielsen and R. R. Mills, J. Insect Physiol. 14, 163 (1968). 
13 U. Clever, I. Storbeck and C. G. Romball, Exp. Cell Res. 55, 

306 (1969). 
14 M.L. Pan, J. Insect Physiol. 17, 677 (1971). 

. ! ~ �9 

b y , a o r t  ,' e l l s  i n  c u l t u r e  * Effec t  o f / l o w d e n s l t y ~ l p o p r o t e l n  o n ' p r o t e o g l y c a n ~ s ~ y n t h e s i s  / , 

K. Ehr l i ch  and M. Murray  

Department o/Cytology and Applied Biochemistry, Gul[ South Research Institute, P. O. Box 26518, New Orleans 
(Louisiana 70786, USA), 8 July 7977 

Summary. Increas ing the  con t en t  of h u m a n  serum low dens i ty  l ipoprotein  in the  g rowth  med ium led to grea ter  in- 
corpora t ion  of asS-sulfate into pro teoglycan  (most ty into d e r m a t a n  sulfate) by p r i ma ry  aor ta  cells bu t  did no t  affect  
similar incorpora t ion  by f ibroblas t  cells. These results  suggest  a mechan i sm which can explain  the  increased deposi t ion 
of lipid in aor ta  due to hyper l ip idemia.  

Several  recent  s tudies  suggest  t h a t  lipid deposi t ion in 
a therosclerot ic  lesions m a y  be due, in part ,  to fo rmat ion  
of insoluble complexes  of serum l ipoproteins  with de rma-  
tan  sulfate  p ro teog lycans  secreted by  aor ta  s mo o t h  
muscle ceils 2 4. I t  has  been shown t h a t  of all g lycosamino-  
glycans d e r m a t a n  sulfate  has the  grea tes t  aff ini ty  :for low 
dens i ty  l ipoprotein (LDI,) 5 at  physiological  pH and  
ionic s t reng th  and is p resen t  in high concen t ra t ion  in 
ar ter ial  f a t t y  lesions 6. Bovine aor ta  conta ins  a d e r m a t a n  
su l fa te -chondroi t in  sulfate hybr id  pro teoglycan  molecule 
as the  major  p ro teoglycan  in the  tissue 7, s. Changes in the  
pro teoglycan  composi t ion of aor ta  t issue can be corre ia ted 
wi th  the  ex t en t  of a therosclerot ic  i nvo lvemen t  of the  
t issue 9,*0. Al though aor ta  smoo th  muscle cells in t issue 
and organ cul ture grow more rapidly  in the  presence of 
hyper l ipemic  serum ~', such increased g rowth  alone canno t  
expla in  the  lipid accumula t ion  which leads to a theroscler-  
osis. We presen t  evidence t h a t  serum l ipoprote ins  can s t im-  
ulate p ro teoglycan  synthes is  by  aor ta  cells in cul ture and 
hypo thes ize  t h a t  such increased secret ion by  aor ta  cells 
in vivo leads to the  increase in lipid depos i t ion  observed  
in the  format ion  of f a t t y  s t reaks  and f ibrous lesions in the  
aorta .  

Materials and methods. L D L  was p repared  fresh for each 
expe r imen t  f rom pooled normal  h u m a n  serum ob ta ined  
f rom fas t ing people.  Separa t ion  f rom o the r  serum com- 
ponen t s  was achieved by  the  me t h o d  Ewing  et  alYL In 
this  method ,  2 volumes  of serum overlaid wi th  1 volume 
of a 1.006 g/ml NaC1 solut ion are cent r i fuged for 20 h a t  
40,000 rpm in a Spinco Ti60 ro tor  a t  16-20~ to remove  
very  low dens i ty  l ipoprote in  (VLDL). The b o t t o m  layers 
conta in ing  L D L  are t rans fe r red  to a clean centr i fuge 
tube  (2 volumes) and overlaid wi th  1 volume of a 
1.1.82 g/ml NaC1-NaBr solution. After  cen t r i fuga t ion  at  
40,000 rpm in the  above ro tor  for 24 h, the  f loat ing L D L  
is removed.  The mater ia l  f rom the  b o t t o m  half  of the  
tube  is collected and saved as serum minus  V L D L  and 
I,DI,.  The var ious  f ract ions  wexe dialyzed agains t  0.15 M 
NaCI with 0.001 M EDTA,  sterile fi l tered under  pressure  
t h ro u g h  a 0.22 gm membrane ,  and s tored for less t han  
2 weeks in plast ic  tubes  a t  8 ~ before use. 
The h u m a n  foreskin f ibroblas t  (passage 11) cells were 
ob ta ined  from Dr C. Sanders  a t  the  L S U  Medical School, 
New Orleans. R a b b i t  and mo n k ey  aor ta  cells were 
ob ta ined  by  p r i m a r y  exp lan t  f rom aor tas  of 6 2-week-old 
rabb i t s  and an adul t  male rhesus monkey.  The aor tas  
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Fig. 1. Bio-Gel P-10 cohlmn chromatography of asS-sulfate-labeled 
proteoglycans from rabbit aorta cell culture medium (extracellular 
proteoglycans) after hyaluronidase digestion. The sample was from 
the experiment in which medium contained 3 times the normal 
amount of LDL. The sample, 0.2 ml, was applied to a 1.0x 27 cm 
column and eluted at a flow rate of 3.3 ml/h. 
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