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Synthesis and Transport of Cholesterol in Aortic Cells: Radioisotopic Studies in Cell Culture 

The me tabo l i sm  of cholesterol  in aor t ic  cells is of par-  
t icular  in t e res t  in s t u d y i n g  the  na tu r e  of a therosclerosis .  
However ,  t he  de ta i led  cel lular  mechan i sms  invo lved  in t he  
syn thes i s  or t r a n s p o r t  of cholesterol  still r e m a i n  to  be 
clarified. W e  h a v e  dev ised  an  aor t ic  cell cu l tu re  s y s t e m  in 
wh ich  q u a n t i t a t i v e  m e a s u r e m e n t s  of lipid me tabo l i sm  can  
be  m a d e  a t  t he  cel lular  levels using smal l  quan t i t i e s  of 
rad io i so topes  1-~. The  p r e sen t  e x p e r i m e n t s  were  c o n d u c t e d  
w i t h  cu l tu red  endothe l ia l  cells der ived  f rom chick  aor t ic  
t issue to  s t u d y  (1} t h e  incorpora t ion  of Ct4-acetate in to  
s terols  in l ipid fract ions,  and  (2) t h e  t r a n s p o r t  of C 1*- 
choles terol  across  the  cell m e m b r a n e .  F u r t h e r m o r e ,  t h e  
s i te  of t r a n s p o r t  of H3-cholesterol  in aort ic  cells of rhesus  
m o n k e y  was  also e x a m ined  by  au to rad iograph ic  t echnique .  

The  p rocedures  of chick aort ic  cell cu l ture  have  been  
m a d e  as prev ious ly  described1-3:  aor t ic  cells p r epa r e d  
f rom s t r iped  in t ima l  layers  were  r e suspended  as 10 * cel ls /ml 
in Eag le ' s  m i n i m u m  essent ia l  m e d i u m  (MEM)4 plus 10% 
calf s e rum and  p l a n t e d  5 ml or 15 ml  per  flask. In  order  to  
s t u d y  the  choles terol  synthes is ,  aor t ic  cells g rown for 
I week  in mono laye r s  were  i n c u b a t e d  in MEM wi th  sod ium 
CX4-1-acetate 5 for 6 h a t  37 °C. The ex t r ac t ion  and  purif ica-  
t ion  fol lowed by  the  f r ac t iona t ion  of cellular l ipids were  
carr ied  ou t  by  the  same procedure  as r epo r t ed  prev ious ly  ~: 
s terols  were  d e t e r m i n e d  by  t h e  acetic  acid-ferrous  su lpha te  
r e a g e n t  s, and  d ig i tonin  p rec ip i tab le  r ad ioac t iv i ty  was  
c o u n t e d  as s terols  by  a l iquid sc int i l la t ion spec t rome te r .  
TaMe I shows  t h a t  t he  incorpora t ion  ra te  of label led ace- 
t a t e  in to  s terol  f rac t ion  in t h e  aor t ic  cells is m a x i m u m  in 
b o t h  p r i m a r y  and  s econda ry  gene ra t ions  w h e n  t h e  com-  
par i sons  are m a d e  a m o n g  the  l ipid f rac t ions .  

In  t h e  n e x t  expe r imen t ,  t h e  mode  of t he  t r a n s p o r t  of  
choles terol  in to  aor t ic  cells was  inves t iga ted .  Af t e r  t h e  
aor t ic  cells a re  exposed  to  CX4-4-cholesteroP in M E M  
(0.1 vtC/ml) for the  ind ica ted  t ime  a t  37 °C, t he  r ad ioac t iv i ty  
was  d e t e r m i n e d  in the  s ame  w a y  m e n t i o n e d  above.  The  
p r e l im ina ry  e x p e r i m e n t  has  revea led  t h a t  t he  incorpora-  
t ion  ra te  of Ca-choles te ro l  in to  aort ic  cclls paral lels  the  
incuba t ion  t ime  for a t  leas t  6 h. The regression equa t ion  of 
5 day  cu l tu re  of p r i m a r y  cells d e t e r m i n e d  6 samples  a t  
eve ry  2 h is: Y = 1.52x -- 0.571, where  x is i ncuba t ion  
hours  and  Y is ac t iv i t ies  of in t racel lu lar  label led carbon,  
expressed  as d p m / a g  of t o t a l  l ipid weight .  The  resul ts  
p r o m p t e d  us to  make  a succeeding  s t u d y  of t he  effect  of 
h u m a n  l ipemic se rum (HLS) o n t h e  choles terol  u p t a k e  by  
t h e  aor t ic  ceils, since it should  be i m p o r t a n t  to  know 
w h e t h e r  the  incorpora t ion  of choles terol  across t he  cell 
m e m b r a n e  in ter feres  w i th  p re -ex i s t ing  lipids.  The aort ic  
cells were  i n c u b a t e d  wi th  10% H L S  in MEM for 3 days  to  
p r e p a r e  l ipid loaded aor t ic  cells, wh ich  m a y  be c o m p a r a b l e  
t o  l ipoid cells in na tu ra l  a t h e r o m a t o u s  lesions. The  

add i t i on  of H L S  did  no t  show a n y  toxic  ac t ion  of t h e  cells 
of the  i n t a c t  chick  aor ta .  The  d a t a  ob ta ined ,  as shown in 
Table  I I ,  ind ica te  t h a t  t he  t r a n s p o r t  r a t e s  of label led 
choles terol  in to  aor t ic  cells loaded wi th  l ipids are  signifi- 
c a n t l y  less t h a n  the  u n t r e a t e d  cont ro l s :  44 -54% of t he  
con t ro l  va lues  (p < 0.001) for 2, 4 and  6 h. F u r t h e r m o r e ,  
t h e  suppress ing  effect  of p re -ex i s t ing  l ipids was  reversible .  
The  r e p l a c e m e n t  w i th  MEM for t he  succeeding  2 days  
resu l t ed  in t he  r educ t ion  of t he  suppress ing  ef fec t  of lipi- 
dosis :  t h e  r ad ioac t iv i ty  of C 14 is 84-91% of t he  cont ro l  
values.  The f indings seem to be c o n t r a r y  to t he  obse rva t ion  
by  LAZZARINI-ROBERTSON 8 in which  the  cells f rom i n t a c t  
vessels showed  less incorpora t ion  of choles terol  t h a n  the  
a t h e r o m a t o u s  cells. This  m a y  be due  to, in par t ,  t he  
d i f fe ren t  c o n t e n t s  of l ipids in aor t ic  cells or d i f fe ren t  
fashion in cul ture  env i ronmen t .  

To e lucidate  the  site of t r a n s p o r t  of cholesterol ,  an au to-  
r ad iograph ic  s t u d y  was  carr ied ou t  w i th  t he  thorac ic  
aor tae ,  which  were r e m o v e d  f rom 2 sacrificed male  mon-  
keys  (Macaca mulatta), weighing a b o u t  4.2 kg of b o d y  
weight .  The aort ic  s egmen t s  were d issec ted  hor izon ta l ly  
and  p l an t ed  on cover  slides in L e i g h t o n  tubes*.  Af te r  t he  
i ncuba t ion  wi th  Puck ' s  n u t r i e n t  m e d i u m *  w i t h  15 % feta l  
calf s e rum for 72 h a t  37 °C, t h e y  were exposed  to  H3-7~¢ - 

Table II. Suppressing effect of human lipemic serum on CI4-cho - 
lcsterol uptake into chick aortic cells 

Experi- Cl*-cholesterol present (h) 
ment 

1 2 4 

2 b 

% of radioactivity 84 91 88 84 
(control = 100%) 
p value ~ < 0.01 > 0.05 < 0.01 < 0.05 

% of radioactivity - 54 44 48 
(control = 100%) 
p value c - -< 0.001 < 0.001 < 0.001 

Aortic cells were incubated with 10% human lipemic serum (HLS: 
total lipids, 1050 mg%; total cholesterol, 334 rag%) in nfinimum 
essential medium for 3 days, and then replaced with regular media 
for 2 days in experiment 1. In experiment 2, however, the replace- 
ment was omitted. CX4-cholesterol (0.1 ~C/ml in media) was added 
for the indicated hours. ~ Total No. of tests equals 4 using 6 controls 
and 6 HLS treated, b Total No. of tests equals 3 using 4 controls and 
4 HLS treated. * Significance value based on Student t-test. 

Table I. Lipid synthesis in fractions in aortic cells 

Generation No. of 
of cells sample 

Specific activity of synthesized lipids (dpmllxg) 

Total Phospho- Neutral Sterols 
lipids lipids fat 

Primary 8 307 4- 33~ 107 4- 30 425 4- 73 581 ~ 88 
Secondary 8 210 4- 75 67 ~ 15 222 i 32 319 :k 61 

Means 4- standard errors. 1-week-old aortic cells in each generation 
were incubated with the media containing C14-l-acetate (0.44 txc]ml) 
for 6 h. 
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cholesterol  ~ (6 ~C/ml media) for 12 h. The  cu l tured  cells in 
slides were rinsed well and fixed wi th  10% formal in  
solution. F u r t h e r  au torad iographic  procedure  was made  
by the  m e t h o d  repor ted  previous ly  9. The  Figure  i l lustrates  
t h a t  the  high dens i ty  of t r i t i a ted  cholesterol  is incorpora ted  
into  cy top la sm of aort ic  cells. However ,  H3-grains in 
nuclei  are  negligible. The  first  mig ra ted  in tac t  cells f rom 
aort ic  segments  were mos t ly  round or  oval  and seem to be 
referred to as endothel ia l  cells ~°. The same observa t ion  
was made  in f ibroblast ic  aort ic  cells cu l tured  more slowly 

than  endothel ia l  cells. Thus,  evidence is presented  t h a t  
t he  cy top la sm is the  site of the  en t ry  of Ha-cholesterol  in 
monkey  aort ic  cells. 

Species differences appear  to be of impor tance  in under-  
s t and ing  the  metabo l i sm of cholesterol  in aor t ic  cells n. 
However ,  the  da ta  ob ta ined  here  c lear ly  indicate  t h a t  the  
synthesis  and  t r anspor t  of cholesterol  in aor t ic  ceils a re  
ve ry  high in dynamic  cellular levels in cu l tured  envi ron-  
ments .  Analyses  of such high metabol ic  ac t iv i t ies  in cells 
appear  promis ing in s tudy ing  cellular mechan isms  which 
m a y  be masked  in v ivo  envi ronments .  

Incorpora t ion  of t r i t i a t ed  choles terol  i n to  cy top l a sm of m o n k e y  
aor t ic  cells. Note  the absence of HS-grain in the nucieus (N). No 
s ta in ing .  × 960. 

Zusammen]assung. Synthese  und Transpor t  von  Cho- 
lesterin in Hi ihner -Aor taze l len  wurden  un te r such t :  1. 
gr6sste Inkorpora t ions ra t e  von  c la -Ace ta t  in der  Sterin-  
Frakt ion ,  2. ve rminde r t e  Aufnahme  yon  C~*-Cholesterin 
in Aor taze l len  nach ihrer  I nkuba t i on  m i t  l ip~mischem 
Menschenserum.  Der  E i n t r i t t  yon  Ha-Cholester in in das  
Zy top lasma  der  Aortazel len  yon Affen wurde  au toradio-  
graphisch festgestell t .  
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Histone bei dem Phycomyceten Allomyces arbuscula (Butl.) 

Das V o r k o m m e n  yon His tonen in h6heren Organismen 
ist gesichert ,  dagegen ist  fiber ihre Ex i s t enz  und Funk t ion  
bei Mikroorganismen noch wenig bekannt .  Seit  den Un te r -  
suchungen yon ALLFREY 1 und  BONNER 2 se tz t  sick immer  
mehr  die Auffassung durch,  dass die basischen Pro te ine  
der Zellkerne, vor  al lem Histone,  eine wicht ige Rolie  als 
Regu la to ren  der  Genfunkt ion  spielen. Da  auch bei dem 
P h y c o m y c e t e n  A Uomyces arbuscula eine Reihe  interessan-  
ter  genges teuer te r  Differenzierungsprozesse beschr ieben 
wurden 3-6, erschien es lohnend,  das V o r k o m m e n  yon 
His tonen  bei G a m e t o p h y t  und Sporophy t  dieses Pilzes 
zu analysieren.  

Es  war  n icht  m6glich, Kerne  yon  Zy top la sma  und 
H y p h e n w a n d r e s t e n  zu t r ennen ;  wir  ve rwende ten  da rum 
als Ausgangsmater ia l  lyophil is ier tes  Mycel, das homo-  
genisiert  und m i t  A the r  und Aceton  en t f e t t e t  wurde.  
Die E x t r a k t i o n  der basischen Pro te ine  erfolgte m i t  
O,SN HC1 bei 0°C. 

100 mg Mycel ergaben eine Ausbeute  von  ca. 200/~g 
basischen Pro te inen  (Bes t immung  nach LOWRY). Mit  Hilfe 
der  Po lyac ry lamid -E lek t rophorese  nach ORNSTEIN 7 und 
DAvis  8 in der Modif ika t ion  von  SHEPHERD und GURLEY 9 
wurden  Proben  yon 80/~g anfget rennt .  Die F igur  zeigt  
das Ergebnis :  Die Tr/igergele en tha l t en  mindes tens  16 
B/inder. Die B/~ndermuster von Sporophy t  und Gametho-  
p h y t  sind qua l i t a t i v  identisch,  und zwar  sowohl fiir 
undif ferenzier tes  Ms auch differenzier tes  (Hyphen  mi t  
Sporangien bzw. Gametangien)  Mycel. 

Q u an t i t a t i ve  Unterschiede  sind ebenfalls nicht  mi t  
Sicherhei t  zu konstat ieren.  

Zur  Un te r suchung  der  His tone  gingen wir  yon 1000 mg 
tyophi l is ier tem Mycel  aus  und folgten der  fiir pf ianzl iches 
Mater ia l  ausgearbe i te ten  Methode  yon  IWA110. Dabei  
wurde  das  Mycel  homogenis ie r t  und zungchs t  m i t  1 , 5 M  
NaC1 zweimal  bei 0 °C ext rah ier t .  Nach  Pr / tz ipi t ierung 
der  im l~bers tehenden bef indl ichen Desoxynukleopro te ine  
durch Verd i innung  auf  0 , 5 M N a C 1  und Zufi igen von  
2 Vol. ~_thanol (24-48 h) erfolgte aus dem sehr  ger ingen 
Pr~zip i ta t  die E x t r a k t i o n  des His tonante i l s  m i t  0 ,5N 
HC1 bei 0°C. Diesem E x t r a k t  wurden  2 Vol. A thano l  
(pH 10) zugefiigt.  Nach  48 h bei 0 °C war  kein oder  nur  
~usserst  geringes Pr / iz ip i ta t  zu bemerken .  Die Eiweiss-  
b e s t i m m u n g  nach  LowRY im Zent r i fuga t  ergab keine 
messbare  Pro te inmenge .  Nach  Po lyac ry l amid -E lek t ro -  
phorese 9 t r a t en  keine B/inder  auf. Aus diesem Ergebnis  
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