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Nuclear pore flow rates for ribosomal and transfer RNAs per average hepatocyte of 160-190 g albino rats (Wistar) as calculated from the 
steady state assumption N P F R  = synthetic rate per average hepatocyte/mean number  of pores per nucleus and synthetic rate = In  2 × 
(cytoplasmic concentration of product) × (tl] 2 × rain) -1 

Electron microscopic Mean Mean Total No. NPFRN-+C NPFRN~C NPFRN-+C NPFRN--~C 
method used for determining pore nuclear of nuclear (10-1211g (rRNA (molecules (molecules tRNA/ 
nuclear pore frequencies frequency diameter pores/average rRNA/  equivalent rRNA] pore/rain) 

per [zm 2 ([zm) nucleus pore/rain) to 1 ribo- pore/min) a 
nuclear some/pore/ 
surface min) 

Negative staining of isolated 35.8 8.02 • 7.3 × 103 0.45 0.113 0.23 1.5 
nuclear envelope pieces 
Glutaraldehyde-OsO4-fixation, 16.3 8.04 b 3.3 × 10 a 1.00 0.250 0.51 3.3 
ethanol dehydration, epoxy resin 
embedding, thin sectioning 
Freeze-etching of aldehyde- 14.1 8.10~ 2.9 × 10 s 1.t4 0.286 0.57 3.8 
prestabilized tissue 

Average DNA content of the nuclei was 9.1 × 10 -12 g. The number  of ribosomes per average cell was calculated as 7.6 × i0 e from RNA]DNA 
ratios and the assumption tha t  90% of the cellular RNA is consti tuted by rRNA (compareT-9). A half-life of rRNA of 106 h was assumed 1°-1~. 
The corresponding data  for tRNA were taken fronl the work of WILSON and QUINCEVg, TM (see there for further references), rRNA equivalent 
to one ribosome means the sum of 28s + 18s + 5s RNA present in a ribosome. Index N(ucleus)--~C(ytoplasm) gives direction of the flow 
considered. ~ Values obtained from nuclei isolated with the procedure described elsewhere. ~ Values obtained from 1 [~m thick sections 
through the same blocks as used for EM work. o Values obtained from 10 [zm freeze-sections (WKF cryotome) of fixed tissue as used for 
the EM freeze-etch work. a Assuming a mean molecular weight of 1.2 × 105 D. 

t h e  s t r u c t u r a l  d a t a  of  t h e  n u c l e a r  e n v e l o p e s  in  t h i s  t i s s u e  
y i e l d e d  t h e  N P F R  v a l u e s  fo r  t R N A  a n d  r R N A  as  l i s t e d  
in  t h e  T a b l e .  S i n c e  t h e  d i f f e r e n t  e l e c t r o n  m i c r o s c o p i c  
p r e p a r a t i o n  t e c h n i q u e s  r e s u l t  in  m o r e  o r  l ess  d i v e r g e n t  
p o r e  f r e q u e n c y  v a l u e s  (FRANKE3'*;  for  d e t a i l e d  d i s c u s -  
s i o n  of  t h i s  p r o b l e m  see  KARTENBECK e t  el.  5) a n d  
s i n c e  n o  d e c i s i o n  o n  t h e  in  v i v o  s t a t e  c a n  be  
m a d e  a t  t h e  m o m e n t ,  a l l  t h e  3 b a s i c  t e c h n i q u e s  h a v e  
b e e n  c o n s i d e r e d  in  p a r a l l e l .  A s  a c o n s e q u e n c e  o f  t h e  f a c t  
t h a t  t h e  m a t u r e  r a t  l i v e r  r e p r e s e n t s  a m o s a i c  o f  b i n u c l e a t e  
a n d  m o n o n u c l e a t e  cel ls ,  a s  w e l l  a s  d i f f e r e n t  s t e p s  in  
p o l y p l o i d y ,  a l l  v a l u e s  l i s t e d  r e f e r  t o  t h e  a b s t r a c t  b u t  
u s e f u l  t e r m  of  t h e  ' a v e r a g e  h e p a t o c y t e ' .  T h i s  d e s c r i b e s  
t h e  c e l l u l a r  p o r t i o n  b e l o n g i n g  t o  a n  a v e r a g e  n u c l e u s  
w h i c h  w a s  c h a r a c t e r i z e d  in  o u r  m a t e r i a l  ( r a t s  of  1 6 0 - 1 9 0  g 
b o d y  w e i g h t )  b y  a m e a n  D N A  c o n t e n t  o f  9.1 p i c o g r a m s .  
T h e  v a l u e s  for  r R N A  g i v e n  in  t h e  T a b l e  a l so  r e f l e c t  t h e  
t o t a l  c e l l u l a r  R N A  s i n c e  r R N A  c o n s t i t u t e s  8 0 - 9 0 %  of  
t o t a l  R N A  in  r a t  l ive r .  

I t  is  a p p a r e n t  f r o m  t h e s e  d a t a  t h a t  t h e  h e p a t o c y t e  
n u c l e a r  p o r e s  s h o w  a R N A  t r a n s p o r t  r a t e  w h i c h  is  
s l i g h t l y  less  t h a n  t h a t  o f  l a m p b r u s h  s t a g e  Xenopus 
laevis o o c y t e s  x,*. I t  is  a l s o  b e l o w  t h a t  o f  H e L a  ce l l s  b y  
a f a c t o r  of  a b o u t  4 ( w h e n  c o m p a r i n g  w i t h  v a l u e s  ca l -  
c u l a t e d  w i t h  d a t a  f r o m  n e g a t i v e  s t a i n  p r e p a r a t i o n s  o f  
i s o l a t e d  e n v e l o p e  p ieces )  o r  7 ( w h e n  u s i n g  t h e  s t r u c t u r a l  
d a t a  o b t a i n e d  f r o m  f r e e z e - e t c h  w o r k ) .  T h e  N P F R  v a l u e s  
in  a l l  t h e s e  ce l l  t y p e s  m e n t i o n e d ,  h o w e v e r ,  a r e  m u c h  
lower ,  fo r  i n s t a n c e ,  t h a n  t h a t  o f  t h e  m a c r o n u c l e u s  o f  
t h e  c i l i a t e  Tetrahymena pyri/ormis G L  d u r i n g  e x p o n e n t i a l  
g r o w t h .  I n  t h i s  cell ,  t h e  a v e r a g e  m a c r o n u c l e a r  p o r e  c o n -  
v e y s  45 .8  × 10 -12 v g  a s  c a l c u l a t e d  o n  t h e  b a s i s  o f  d a t a  
o b t a i n e d  f r o m  n e g a t i v e l y  s t a i n e d  i s o l a t e d  m e m b r a n e s ,  
a n d  n e a r l y  200 × 10 - n  ~g  as  c a l c u l a t e d  u s i n g  f r e e z e - e t c h  

d a t a  g i v e n  b y  SPETH a n d  WUNDERLICH 6. T h u s ,  t h e  
R N A  t r a n s p o r t  c a p a c i t y  o f  a n u c l e a r  p o r e  a p p e a r s  t o  be  
m o r e  t h a n  h u n d r e d f o l d  h i g h e r  in  Tetrahymena t h a n  in  a 
h e p a t o c y t e .  

Zusammen/assung. A u s  d e n  F l i e s s g l e i c h g e w i c h t s - W e r t e n  
( m i t t l e r e  K e r n p o r e n z a h l  u n d  R N A - S y n t h e s e g e s c h w i n d i g -  
k e i t e n )  d e r  a u s d i f f e r e n z i e r t e n  R a t t e n l e b e r z e l l e  w u r d e  d ie  
K e r n p o r e n - D u r c h f l u s s r a t e  ( N P F R )  f t i r  r i b o s o m a l e  u n d  
t r a n s f e r  R N A  b e r e c h n e t .  D i e s e  H e p a t o c y t e n w e r t e  w e r d e n  
m i t  d e n  e n t s p r e c h e n d e n  R N A - T r a n s p o r t l e i s t u n g e n  d e r  
K e r n p o r e n k o m p l e x e  a n d e r e r  Z e l l t y p e n  v e r g l i c h e n .  
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T h e  Inf luence  of Severa l  S t e r o l s  on  the  C o n v e r s i o n  of f l - S i t o s t e r o l  into  C h o l e s t e r o l  in the  C o c k r o a c h  

A l t h o u g h  s t e r o l s  a r e  i m p o r t a n t  for  t h e m ,  i n s e c t s  do  v o r o u s  i n s e c t s  o b t a i n  c h o l e s t e r o l  f r o m  t h e i r  food  a n d  
n o t  p o s s e s s  t h e  e n z y m i c  s y s t e m  n e c e s s a r y  for  t h e  s y n t h e s i s  t h e y  a r e  a b l e  t o  c o n v e r t  i t  i n t o  t h e  m o u l t i n g  h o r m o n e s  
of  s t e r o l s  f r o m  a c e t a t e  o r  m e v a l o n a t e .  T h e r e f o r e ,  s t e r o l s  c¢- a n d  f l - e c d y s o n e .  P l a n t - e a t i n g  i n s e c t s  o b t a i n  f i - s i to s t e ro l  
a r e  i n d i s p e n s a b l e  c o m p o n e n t s  in  t h e  i n s e c t s '  f ood .  C a r n i -  f r o m  t h e i r  f ood  a n d  t h e y  c a n  c o n v e r t  i t  i n t o  c h o l e s t e r o l ,  
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which  impl ies  a deal l ryla t ion of t he  e thy l  group con- 
t a in ing  C-28 and  C-29. 

For  s t r i c t ly  p h y t o p h a g o u s  insects,  whose  na tu ra l  source 
of nu t r i t i on  does n o t  con ta in  cholesterol ,  th i s  ab i l i ty  to  
dea lky la te  is of v i ta l  impor tance .  Inh ib i t i on  of th is  reac- 
t ion,  resul t ing  in a dep le t ion  of cholesterol ,  will d i s tu rb  
the i r  d e v e l o p m e n t  l-z. Since knowledge  in th is  field m a y  
he lp  in deve loping  select ive ways  of insect  control ,  we 
decided to  t ry  to  learn more  a b o u t  th i s  dea lky la t ion  4. 

We  admin i s t e r ed  fl-sitosterol-3-x~CS, a d d e d  to  a s terol-  
free d ie t  ~, 7, to  3 species of asept ic  s cockroaches ,  viz. Btat- 
tella germanica L., Periplaneta americana L. and  Eurycotis 
/loridana Walker .  A l though  t h e  cockroach  is no t  a s t r ic t ly  
p h y t o p h a g o u s  insect ,  t he  said dea lky la t ion  can also be 
s tudied  in th is  omnivorous  t e s t  animal .  Besides  cholesterol ,  
several  rad ioac t ive  minor  me tabo l i t e s  were  found.  One 
of these  h a d  the  same gas - ch roma tog raph i c  behav iou r  
as A ~4 (~S)-sitosterol. However ,  the  a m o u n t s  of t he  me t a b o -  
l i tes were  too  smal l  for e luc ida t ion  of t he i r  s t ruc tures .  

The  p r e s e n t  p a p e r  r epor t s  on t h e  inf luence of a va r i e ty  
of s terols  w i t h  u n n a t u r a l  s ide-chains  on the  convers ion  
of s i tos terol  in to  cholesterol:  10 mg  of s terol-free d ie t  6, 7, 
to  which  10 E±g of fl-sitosterol-3-~4C (0.12 ~Ci; spec. act.  
5 m C i / m M )  ~ and  1, 10 or 100 btg of the  po ten t i a l  ant i -  
me tabo l i t e  g h a d  been  added ,  was  admin i s t e red  to  6 
n y m p h s  of Blattella germanica per  test ,  a f te r  they  had  
been  s t a r v e d  for  3 days .  This  r ad ioac t ive  d ie t  was ea t en  
wi th in  1 or 2 days .  Next ,  t h e  insects  ob t a ined  200 mg  
of s terol-free diet,  were killed a f te r  2 days  and  e x t r a c t e d  
wi th  h o t  e thano l  and  acetone.  The e x t r a c t  was  saponif ied  
w i t h  10% (w/v) K O H  in 80% (v/v) e thano l  a t  r o o m  
t e m p e r a t u r e  overnight .  The reac t ion  m i x t u r e  was sepa- 
r a t ed  by  means  of cent r i fugal  co lumn c h r o m a t o g r a p h y  ~o 
Sorben t :  AlcOa H (for t h in - l aye r  c h r o m a t o g r a p h y ,  Merck) ; 
speed :  1900g; f rac t ion  1:25 ml  benzene,  f rac t ion  2:25 ml  
e thy l  ace t a t e -benzene  (10-t-90) and  f rac t ion  3: e t h y l  
ace t a t e -benzene  (30 + 70). 

Rad ioac t i v i t y  m e a s u r e m e n t s  were  carr ied ou t  by  means  
of a Packa rd  Tr i -Carb l iquid sc int i l la t ion spec t romete r ,  
mode l  3380. F rac t ions  2 which  con ta ined  the  free sterols,  
were  ana lyzed  by  means  of radio g a s c h r o m a t o g r a p h y  ~ 
w i t h  a f low reac tor  RGC 170 (Labora to ry  Prof .  Dr.  
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Ber thold ,  Wi ldbad ,  Germany ,  and  g o d e n s e e w e r k  Perk in-  
E l m e r  & Co. G m b H ,  Uber l ingen,  Germany) .  S t a t i ona ry  
phase  3°,/o OV-17 on Chromosorb  G .AW.DMCS;  a rgon  
ionizat ion de t ec t ion ;  co lumn t e m p e r a t u r e  250 °C; r eac to r  
fi l l ing CuO; reac tor  t e m p e r a t u r e  680°C; f low-propor-  
t iona l  coun te r  80 ml. In  some cases also 5% D E G S  on 
Chromosorb  W . A W  was used wi th  d i scont inuous  radio-  
ac t iv i ty  m e a s u r e m e n t s  of m e t h y l  e the r  der iva t ives  lz. 

Relative composition of the sterols in the cockroaches, to which 
fl-sitosteroi-3-14C plus several sterols with unnatural side-chains in 
different concentrations were administered 

C S A B 

t3-SiTosTeroI-SA~C 

94 6 

10:1 
1:1 
1:10 

H0 

97 3 
96 4 
84 16 

~ H~ 

HzCHzGOOH 

O ~ S C - 7 9 S 7  

10:1 95 5 
1:1 92 8 
1:10 93 7 

- - -  --  l o : 1  90  lO 

t I : I  93 7 
I : I 0  75 17 

SC-I~75 

" ~ N . / ' ~ ' ~ / ~  N / 10:1  
I ] 1 :1  
R 2 HGt i : lO 

$C-1~37 

91 9 
91 9 
91 9 

1:1  
! j -  1:10 

8C-13107, 

90 I0 
86 14 
83 17 

/ ~ /  10:1 96 4 
R ~ 1:1 68 23 9 

G-1997 1:10 64 31 5 

i 
~ . ~ ~ N ~ . .  10:1 94 6 

t 1:1 76 16 8 
1:10 85 9 6 

SG-13BI7 

~.N~N/C~Hs 
10:I 

I I 1:1 
R CzHs 7.HG~. I : IO 

93 7 
90 10 
92 8 
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The  resul ts  are s u m m a r i z e d  in t he  Table .  The sum of 
these  values  was  p u t  a t  100. Values  of rad ioac t ive  
me tabo l i t e s  of less t h a n  3% were no t  t a k e n  in to  account .  
The f igures in t he  second co lumn  show the  ra t io  of 
r ad ioac t ive  s i tos terol  to  s terol  unde r  inves t iga t ion ,  as 
admin i s te red .  

A d m i n i s t r a t i o n  of s i tos terol  alone gave an average  
ra t io  of 94 to  6 for choles terol  to s i tos terol  in t he  insects.  

C S A B 

~ ~  "/CzIt5 10:1 89 11 
R GzH 5 1 : 1 83 14 3 

HC[ 1 : 10 71 22 7 

-ZOO5 

~ ' ~  ''~2H$ 10:1 95 5 
I:1 96 4 R p w  

~Z"5 HC[ 1:10 94 6 

-19ss 

I - - 1  
I0:1 94 6 

1:1 84 16 
1:10 79 21 

R 
G-195Z 

0 
! " ) " Y  lO:1 92 8 

/CzH5 1 : 1 92 8 
1 : 10 90 10 

R GtHs G-19BQ 

0 

10:I 93 7 
1:1 96 4 

R 1:10 85 15 

G-IBX7 

0 
-.~./~N/. 10:1 90 I0 

i:I 84 16 
R ] 1:10 75 15 

G-199@ 
10 

100:1 95 5 
10:1 96 4 

COOH 1:1 92 8 
R 1:10 95 5 

1:100 93 7 

100:1 95 5 
--..,~C00H lO: 1 90 lO 

1:1 95 5 
R 1:10 97 3 

1:100 93 7 

CHGI 10:1 89 11 
1:1 91 9 
1:10 67 26 

R 

R = cholesterol nucleus. C, S, A and B are respectively: radioactive 
cholesterol, sitostcrol and 2 conversion products of fl-sitosterol-3J4C, 
as Iound in the insects. The figures in the second column show the 
ratio of radioactive sitosterol to sterol under investigation, as 
administered. 

SC-7957 and  ergosterol  were used as a sor t  of b lank  in 
the  same concen t r a t ions  as those  of t he  po t en t i a l  ant i -  
metabol i tes ,  and  only  ergosterol  w i th  the  h ighes t  con- 
cen t r a t i on  gave  a s l ight  decrease  of choles terol  and  a 
s l ight  increase of s i tosterol .  "With use of SC-13775, t he  
cholesterol  over  s i tos tero l  ra t io  was  no t  only  s o m e w h a t  
smaller ,  but ,  moreover ,  8% of a rad ioac t ive  compound ,  
A, was found. SC-12937 had  no influence,  b u t  when,  as 
in G-1997, ca rbon  a t o m  20 was  no t  replaced by  a n i t rogen  
a tom,  the re  was an  e v i d e n t  inf luence:  a decrease  of 
cholesterol ,  an increase of s i tos te ro l  and  t h e  presence  of 
rad ioac t ive  A, also wi th  t he  midd le  concen t ra t ion .  Also 
SC-13817, w i th  a s ide-chain wh ich  is one C-a tom longer  
t h a n  those  of the  previous  sterols ,  did have  an e v i d e n t  
influence.  W i t h  SC-13058 in the  h ighes t  concen t r a t ion  
a t race  of A was  found.  Again,  when  c a r b o n  a t o m  20 
was  n o t  replaced by  ni t rogen (G-2005), an  accumula t ion  
of A occurred.  The  same resul ts  were  o b t a i n e d  wi th  t h e  
free n i t rogen  compound .  Of the  3 a n t i - m e t a b o l i t e s  w i th  
a ke to  func t ion  in the  side-chain,  only  G-1996 caused  
accumula t i on  of A in the  cockroaches.  

The  gas c h r o m a t o g r a p h i c  behav iour  of c o m p o u n d  A 
is t h e  s a m e  as t h a t  of desmosterol .  SVOBODA et  al.~, 1~ 
found  desmos te ro l  as an in t e rmed ia te  of t h e  convers ion  
of f l-si tosterol  in to  choles terol  in the  tobacco  h o r n w o r m  
unde r  inf luence of t r ipa rano l  and  22, 25-diazacholesterol .  
Desmos te ro l  was also found  by  SVOBODA et  al. a as a 
convers ion  p r o d u c t  of several  phy tos t e ro l s  in t h e  tobacco  
h o r n w o r m  unde r  inf luence of 20, 25-diazacholesterol  and  
as convers ion  p r o d u c t  of s i tosterol  unde r  inf luence of 
3f l -hydroxy-24-norchol-5-en-23-oic  acid and  3fl-hy- 
droxy-23,  24-dinorchol-5-en-22-oic acid z4. We  also t e s t ed  
these  2 c o m p o u n d s  wi th  t he  cockroaches,  but ,  pe r fo rming  
the  usual  tes ts ,  did no t  f ind o the r  convers ion  p r o d u c t s  
of s i tos terol  t h a n  cholesterol .  Only  w h e n  we worked  w i t h  
some h u n d r e d s  of cockroaches,  a b o u t  2 or 3% of com-  
p o u n d  A could be de tec ted .  

Admin i s t r a t i on  of 28-ehloro-A 5, 24 (28)-ergostadienol in 
the  h ighes t  c o n c e n t r a t i o n  resu l t ed  n o t  only  in a change  
of t h e  choles terol  over  s i tos tero l  rat io,  b u t  also in t he  
presence  of 7% of r ad ioac t ive  me tabo l i t e  B, which  has  
a n o t h e r  ga s - ch roma tog raph i c  behav iou r  on OV-17 and 
D E G S  t h a n  m e t a b o l i t e  A. This  v¢ould suggest  a poss ibi l i ty  
to  inhib i t ,  in a more  select ive way,  the  dealkyla t ion .  
I nh ib i t i on  of t h e  dea lky la t ion  b y  a m e t h o d  which  involves  
an  inh ib i t ion  of t he  convers ion  of desmos te ro l  in to  cho- 
lesterol  is no t  selective,  since th is  convers ion is also 
i m p o r t a n t  in ve r t ebra tes .  However ,  con t inuous  admin i s -  
t r a t i o n  of t he  chloro c o m p o u n d  in long- term e x p e r i m e n t s  
d id  no t  cause a n y  d i s t u rbance  in the  d e v e l o p m e n t  of the  
cockroaches  is. 

Zusammen[assung. Die U m w a n d l u n g  von  f l -Si tosterol  
in Cholesterol  in der  Schabe Blattella germanica L. wird  
durch  b e s t i m m t e  Ster ine  mi t  unnat f i r l ichen  S e i t e n k e t t e n  
g e h e m m t .  Anh/~ufung yon zwei versch iedenen  Metabo l i t en  
wurde  f e s t g e s t e l l t  
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