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o n e :  (V)was  prepared  f rom 16m-methyl Reichs te in ' s  Sub- 
s tance $8, 9 by  reduc t ion  ~0 of the  21-tosylate  of the  lat ter .  
Compound  V was also prepared  in a seven-s tage  synthesis  
f rom 16c¢-methylpregnenotone ace ta te  ~ via the  inter-  
med ia te  5c¢, 6~¢-epoxy- 17c¢-hydroxy- 16c¢-methylpregnan- 
olone benzoate  Em.p. 22s-230 °, [~]D = - 4 9 °  (CHC13)]. 
Ace ty la t ion  of the  17¢¢-hydroxyl group provided  the  17c~- 
ace ta te  (VI). B romina t ion  11 of the  enol  e ther  of the  l a t t e r  
wi th  subsequen t  dehydrobromina t ion  wi th  ca lc ium 
carbona te  in d ime thy l fo rmamide  11 gave  16c¢-methyl-6- 
dehydro-17a-acetoxyprogesterone (VII). Dehydrogen-  
a t ion of VI  and V I I  wi th  2, 3-dichloro-5, 6-dicyanobenzo-  
qu inone  12 gave  16c¢-methyl-l-dehydro-17ct-acetoxypr0- 
gesterone (VltI)X and 16u-methyl-l ,6-bisdehydro-17o~- 
ace toxyproges te rone  (IX), respect ively .  

Whereas  a large increase in a n t i i n f l a m m a t o r y  ac t i v i t y  
has  been associated wi th  the in t roduc t ion  of a C16-methyl  
group in t he  cort icoid series 13, in no ins tance  h a v e  we ob-  
served a pronounced  increase in oral or  subcutaneous  
proges ta t ional  a c t i v i t y  of the  me thy l a t ed  proges terone  
over  the  corresponding desme thy l  compound.  

Zusammen /as sung .  Mehrere De r iva t e  des 160~-Methyl- 
progesteron wurden  synthe t i s ie r t  und biologisch geprtift .  
Die  Einf i ih rung  einer  C16~-Methylgruppe ergab keine ge- 
s te iger te  Proges te ronakt iv i t / i t  in d e n  ge tes te ten  Verbin-  
dungen.  
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S t r u c t u r a l  B a s i s  o f  N u c l e o l a r  F u n c t i o n  

Due to  t he  lack of a def ini te  concep t  as to  whe the r  
s t ruc tu re  or  funct ion  is basic to the  s t udy  of biological  
organiza t ion  of cellsl ,L an  in tegra ted  approach  is the  
accepted  opera t iona l  choice of biologists  to-day.  Accord-  
ingly,  s tudies on s t ruc tu re  and  funct ion  are expec ted  to  
proceed concur ren t ly  in a balanced sequence.  Recent ly ,  
some va luab le  cont r ibut ions  h a v e  been made  on the  
(he tero)chromat in-  nucleolus-  pro te in  synthesis  re la t ion-  
shipsa-% Curiously,  however ,  the  exquis i te  detai ls  of t he  
fine s t ruc tu re  of nucleolus are still lacking.  

In  the  present  s t udy  s, some s t ruc tu ra l  facets have  been 
described by  mak ing  a su rvey  of ex tens ive  cytological  
changes t h a t  t ake  place in t he  ophid ian  oocytes  dur ing  
the i r  fo rmat ion  and deve lopment .  The  ophid ian  o v a r y  was 
selected as being cytologica l ly  the  least  explored ovary .  
Moreover ,  the  s t ruc tura l  d i f ferent ia t ion  of the  oocyte  is 
perhaps  the  simplest .  Yet ,  t he  biocytological  processes 
cover  a wide range of ac t iv i t ies  i l lus t ra t ive  of ce l lu lar  
g rowth  ~a°. The  s t udy  has  revea led  some arch i tec tura l  
pa t t e rns  pecul iar  to nucleolar  funct ion.  

Nucleolar  behaviour. A recount ing  of the  chain  of even ts  
dur ing  the  fo rmat ion  and m a t u r a t i o n  of the  oocytes  would  
revea l  some in te res t ing  features  of nucleolar  organizat ion.  
The  ear ly  oocytes  m a y  be dis t inguished by  the  possession 
of a p rominen t  coiled spireme wi th in  the  nucleus dur ing 
the  prophase  stages. At  these stages, there  is no indicat ion 
of the  presence of nucleolus.  Later ,  a single nucleolus 
makes  i ts  appearance  enXmeshed in a loose re t i cu lum of 

. . ¢. 
achromat ic  s t rands  m close associat ion wi th  the  suspended 
ch romat in  mater ia l  (Figur~ 1) .Thus ,  i n t h e  ear ly  s tages of 
its format ion,  the  nucleolus appears  homogeneous .  I t  is 
nega t ive  to  the  Feulgen reac t ion  and has, therefore,  no 
indicat ions  of D N A  const i tuents .  I n  advanced  oocytes,  
commensu ra t e  wi th  the  growth  of the  oocyte,  the  nucleolus 
grows to a considerable  size and soon begins to bud off 
several  smal ler  bodies. The  budd ing  process of the  nu- 
cleolus is shown in F igures  2 and  3. This  process of ac tua l  
budd ing  has  rare ly  been described. The  nucleotar  der iva-  

f ives  are  more or  less of the  same size. B u t  except ions  to 
this  m a y  be found.  The  daugh te r  nucleolar  bodies  come  
to lie near  the  nuc lear  m e m b r a n e  and are  even tua l l y  ex-  
t ruded  into the cytoplasm.  In  F igure  3, t he  much  enlarged 
nucleolus is shown to be d i f ferent ia l ly  stained.  The  cent ra l  
p a r t  is deeply  s ta ined whi le  t he  ou te r  pa r t  is l ighter.  This  
difference can  be in te rp re ted  as due to  var iab le  concen-  
t ra t ions  of its cons t i tuen t  substances  or to its dup lex  
nature .  F igures  2 and 3 also show in a clear  m a n n e r  the  
fdrmat ion  of d a u g h t e r n u c l e o l a r  bodies f rom the  pr incipal  
nucleolus,  ind ica t ing  t h a t  these daugh te r  nucleolar  bodies 
are  no t  formed f rom any  o the r  source. The  nucleolar  
organizers,  which in earl ier  phases migh t  be i m p o r t a n t l y  
concerned in the  or ig inat ion of nucleolus, do no t  seem 
vis ib ly  to  par t ic ipa te  in the  fo rmat ion  of these  nucleolar  
der iva t ives .  There  is no increase in the  size of  the  nucleolar  
bodies a f te r  t h e y  reach the  cy toplasm,  ne i ther  do t h e y  
mul t ip ly .  They  appear  to be comple te ly  dissolved in t he  
ooplasm wi thou t  hav ing  d i rec t ly  t rans formed  into any  
k ind  of yolk  mater ia l .  The  ex t ruded  nucleolar  bodies  
provide  the  cyto logica l  mechan i sm for the  exchange  of  
cer ta in  chemical  substances  f rom the  nucleus to  the  cyto-  
p lasm (Figure 4). P resumably ,  these  ac t iva t ing  chemical  
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s u b s t a n c e s  are  essent ia l  for the  e l a b o r a t i o n  of yo lk  m a t e r i a l  
a n d  in p r o t e i n  syn thes i s .  

Functional signi/icance. The  m a i n  ques t i ons  in con-  
nec t ion  w i th  nuc leo la r  func t ion  a re :  (1) t he  inf luence  a n d  
role of ' nuc leo la r  o rgan ize r ' ;  (2) t he  f u n c t i o n  of nucleolus  
as a s to re -house  or  as a n  a c t i v e  s ea t  of R N A  s y n t h e s i s ;  
(3) t he  c y t o c h e m i c a l  h e t e r o g e n e i t y  of t he  nuc leo lus ;  a n d  
(4) t he  mode  a n d  s igni f icance  of nuc l eo -cy top l a smic  ex- 
changes  of nuc leo la r  p roduc t s .  The  s t r u c t u r a l  ev idences  
p r o v i d e d  here  are  s o m e w h a t  he lpfu l  in  e luc ida t ion  of 
some of these  p rob lems .  

(1) Nucleolar organizer. The  absence  of nuc leolus  in  
ea r ly  oocy tes  m a y ,  pe rhaps ,  p rov ide  a n  i nc ip i en t  ev idence  
t h a t  in in i t i a l  s tages  a t  leas t  t he  o r i g ina t i on  a n d  func t ion  
of nuc leolus  is in f luenced  b y  t h e  closely assoc ia ted  
c h r o m a t i n .  I n  l a t e r  phases ,  however ,  i n d e p e n d e n t  cen t r e s  
of p ro t e in  a n d  R N A  s y n t h e s i s  are es tab l i shed .  

(2) Active role. The  nucleolus  undergoes  ac t ive  changes  
in form, size, a n d  s t a i n i n g  capaci t ies .  The  a c t u a l  process  
of nuc leo la r  b u d d i n g  is s h o w n  in F igures  2 a n d  3, t h e r e b y  
i n d i c a t i n g  t h a t  t he  nuc leo lus  is no t  mere ly  a s to re -house  
of R N A  b u t  ac t s  as a n  ac t ive  sea t  of R N A  a n d  p r o t e i n  
syn thes i s .  The  s e c o n d a r y  nucleol i  are e x t r u d e d  i n to  t h e  
egg c y t o p l a s m  a n d  p rov ide  t he  a g e n c y  b y  w h i c h  R N A  
f rom the  nuc leus  is la id  d o w n  in to  t he  cy top l a sm.  I n  t h e  

Fig. I. Cocyte showing early nucleolus inside the nucleus ( Thamnophis 
ordinatus ordinatus). Bouin, Mann's methyl blue eosin. × 140. Fig. 2. 
An advanced oo2yte showing budding of the nucle01us inside the 
nucleus to form daughter nueleolar bodies (Thamnophis ordinatus 
ordinatus). Bouin, Harris alum hematoxylin. × 280. Fig. 3. The 
duplex principal nueleolus in the process of budding inside the nucleus 
of an advanced ooeyte. Several nucleolar bodies are formed in the 
process (Thamnophis ordinatus ordinatus). Bouin, methylene blue 
eosin. × 630. Fig. 4. An advanced oocyte showing extrusion of the 
secondary nucleolar bodies from the nucleus into the cytoplasm 
(Natrix piscator piscator). Bouin, Mann's methyl blue eosin. × 140. 

s lug oocy te  n also the  s e c o n d a r y  nucleol i  r e p r e s e n t  in- 
d e p e n d e n t  cen t r e s  of p ro t e in  a n d  R N A  s y n t h e s i s  p r o d u c e d  
d u r i n g  t h e  course  of oocy te  g rowth .  

(3) Heterogeneity. The  d u p l e x  s t r u c t u r e  of t h e  p r inc ipa l  
nuc leolus  is s h o w n  in F igure  3. T h e  h e t e r o g e n e i t y  m a y  be  
due  to  t h e  n o n - h o m o g e n e o u s  d i s t r i b u t i o n  of R N A .  T h e  
less i n t e n s e l y  s t a ined  o u t e r  p o r t i o n  i n d i c a t i n g  a lower  
c o n c e n t r a t i o n  of RNA.  A n o t h e r  poss ib i l i ty  could be  t h e  
d i f ferences  in t h e  m e c h a n i s m  b y  wh ich  t h e  d y e  a t t a c h e s  
to  two  poss ible  t ypes  of RNA.  LOGAN a n d  DAVIDSON 12 
h a v e  d e s i g n a t e d  a n u c l ea r  R N A  1 a n d  R N A  z based  on  
d i f fe ren t i a l  so lubi l i ty .  

Recen t ly ,  t h e  g r o w t h  of t h e  s lug oocy te  h a s  b e e n  
s t u d i ed  cy t o ch emi ca l l y  n w i t h  respec t  to  DNA,  RNA,  
h i s tones ,  bas ic  pro te ins ,  mucopo lysaccha r ides ,  a n d  phos-  
phol ip ids .  I t  h a s  been  found  t h a t  t h e  two  classes of nucleol i  
f ound  in t h e  oocy te  nucle i  are  of d i f f e ren t  chemica l  compo-  
si t ion.  

(4) Nucleo-cytoplasmic interchanges. I t  seems t h a t  t h e  
e x t r u s i o n  of nuc leo ta r  bod ies  r ich  in R N A  p rov ides  a 
m e a n s  for t h e  t r a n s f e r  of the  nucleic  acids f rom t h e  nuc leus  
in to  t h e  c y t o p l a s m  for p r o t e i n  syn thes i s .  I f  t h i s  be t rue ,  
t h e  e x t r u s i o n  of t h e  d a u g h t e r  nucleol i  is a v e r y  s ign i f i can t  
process  because ,  t h r o u g h  these  nuc leo la r  bodies ,  p r o t e i n  
or  p r o t e i n  p recursors  are d i scha rged  in to  t h e  cy top l a sm.  
T h e  p r e s e n t  work  p rov ides  d i r ec t  s t r u c t u r a l  ev idence  to  
show t h a t  t h e r e  is a n  e x c h a n g e  of m a t e r i a l s  b e t w e e n  t h e  
nuc leus  a n d  t h e  c y t o p l a s m ,  b u t  t h e  n a t u r e  a n d  role of t h e  
e x t r u d e d  ma te r i a l s  need  to be  f u r t h e r  i nves t iga t ed .  T h e  
passage  of R N A  f rom t h e  nuc leus  to  t h e  c y t o p l a s m  in 
a m o e b a  13 h a s  also been  r epor t ed ,  I t  is r e a s o n a b l y  c e r t a i n  
t h a t  t h e  m i c r o s o m a l  R N A - p r o t e i n  par t ic les  are  m a j o r  
s i tes  of p r o t e i n  synthes is% B u t  t he re  is as  ye t  no  ex- 
p l a n a t i o n  of h o w  t h i s  f u n c t i o n  is gea red  to  nuc l ea r  a n d  
c y t o p l a s m i c  phys io logy.  

T h e  h i g h l y  specific effects  exe r t ed  b y  t h e  nuc leus  on  t h e  
c y t o p l a s m  are  genera l ly  t h o u g h t  to  be  m e d i a t e d  b y  m e a n s  
of t h e  R N A .  T h e r e  is c lear ly  a r e q u i r e m e n t  for R N A  in t h e  
c y t o p l a s m i c  syn thes i s  of p ro te in .  R N A  is syn thes i zed  
m o s t  ac t ive ly  in t h e  nucleolus ,  a n d  can  pass  to  t h e  cy to-  
p lasm.  However ,  i t  r e m a i n s  u n c e r t a i n  w h e t h e r  some  R N A  
is s y n t h e s i zed  in t h e  c y t o p l a s m  also. R e c e n t  e x p e r i m e n t s  
w i t h  nuc l ea r  t r a n s p l a n t a t i o n  in a m o e b a  24 sugges t  t h a t  
specific p r o t e i n  s y n t h e s i s  occurs  in  t h e  nucleus .  These  
i n t e r e s t i n g  resu l t s  d e m o n s t r a t e  t h a t  some p ro t e i n  of t h e  
nuc leus  is t r a n s f e r r e d  to  t h e  c y t o p l a s m  a n d  t h e n  b a c k  to  
t h e  nucleus .  Ea r l i e r  s tud ies  on  e n u c l e a t e d  cells h a v e  s h o w n  
t h a t  p r o t e i n  syn thes i s  is r ed u ced  in  t h e  absence  of t h e  
nucleus ,  i n d i c a t i n g  t h a t  a t  leas t  some p r o t e i n  s y n t h e s i z i n g  
ab i l i t y  is i m m e d i a t e l y  d e p e n d e n t  u p o n  t h e  p resence  of t h e  
nucleus .  T h e  consensus  of r e c e n t  l i t e r a t u r e  15 is t h a t  b o t h  
t h e  nuc leus  a n d  c y t o p l a s m  c a r r y  on  p ro t e i n  syn thes i s .  

Zusammen[assung. Es  sche in t  ein f u n d a m e n t a l e r  Zu- 
s a m m e n h a n g  zwischen S t r u k t u r  u n d  F u n k t i o n  des  Nu-  
kleolus  v o r h a n d e n  zu sein.  Die Sp~itphase des  H a u p t -  
nuk leo lus  h a t  eine D o p p e l s t r u k t u r .  Die b e o b a c h t e t e  
N u k l e o l u s v e r m e h r u n g  zeigt,  dass  de r  Nukleo lus  e in  ak t i v e s  
G e b i e t  fiir R N S  u n d  P r o t e i n s y n t h e s e  ist. Die t~Tbertragung 
de r  Nukleo luss to f fe  v o m  K e r n  ins C y t o p l a s m a  wird  dis- 
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