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P o l y r i b o s o m e s  in Rat  L iver  S l i ce s  D u r i n g  I n c u b a t i o n  in v i t ro  

Most of the  s tudies  on pro te in  syn thes i s  are now carr ied 
out  w i th  cell-free prepara t ions ,  b u t  t issue slices are still  
useful research tools, par t i cu la r ly  in the  field of cellular 
pa thology.  I t  is known  t h a t  t issue slices can sus ta in  a good 
pro te in  syn thes i s  for a long t ime  and respond to changes  in 
the  e n v i r o n m e n t  w i th  di rect  or med ia t ed  a l te ra t ions  in 
the i r  metabol ic  ac t iv i ty ,  b u t  l i t t le  a t t en t i on  has been  paid  
to t he  s t a t e  of aggregat ion  of the  r ibosomes in t issue slices 
engaged in p ro te in  synthesis .  Therefore  we have  a t t e m p t e d  
to  isolate and charac ter i se  the  r ibosomal  popu la t ion  of ra t  
l iver slices incuba ted  at  37 ~ and t r ied  to  u n d e r s t a n d  how 
polysomes  b reak  down dur ing  incubat ion .  

The ra ts  were s t a rved  ove rn igh t  and killed by  decapi-  
ta t ion .  The l iver was quickly  r emoved  and  sliced by  h a n d  
wi th  a razor.  Slicing was done at  room t e m p e r a t u r e ;  the  
slices were collected in Krebs -Hense le i t  saline under  con- 
s t a n t  bubb l ing  of O 2 + CO s (95:5)1. The same med i u m 
was used for the  incuba t ion  a t  37~ At  t he  specified 
t imes,  t he  m e d i u m  was r emoved  by  suct ion and the  slices 
were quickly  b lo t ted  and t rans fe r red  to a P o t t e r  t ube  con- 
ta in ing  ice-cold 0.25M sucrose in 50 m M  Tris-HC1 
(pH 7.8), 25 m M  KC1 and  5 m M  MgSO 4 (TKM), 50 slices 
(approx. 600-700 m g w e t  tissue) were homogenized  in 3 ml 
of medium,  wi th  a Teflon pest le  and 10 s trokes a t  500 rpm.  
The Pos t -mi tochondr i a l  s u p e r n a t a n t  (PMS) was ob ta ined  
by  cent r i fuging  the  h o m o g e n a t e  a t  12,000 g for 20 min;  
PMS was t h e n  t r ea t ed  wi th  deoxycho la te  (1.3% final  con- 
centra t ion)  and 1 ml  samples  were layered over  14-ml l inear 
gradients  15-50% (w/v) sucrose-TKM. Cent r i fuga t ion  was 
pe r fo rmed  a t  40,000 g for 3 h in the  SB-283 ro tor  of the  
In t e rna t i ona l  B-60 centr ifuge.  The p a t t e r n  of t he  gra- 
d ients  was recorded a t  260 n m  in a Gilford 2400 spectro-  
pho tome te r ,  wi th  the  flow cell a t t a c h m e n t ,  In  t he  experi-  
men t s  wi th  amino  acids, the  m e d i u m  con ta ined  the  mix-  
ture  descr ibed by  CLEMENS and  KORNER 2, at  10 t imes  the  
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Fig. 1. Size-distribution patterns of rat liver ribosomes; post-mito- 
ehondrial supernatants from liver slices : a) at the start of the incuba- 
tion, b) after 30 inin at 37~ c) after 30 rain at 37~ in the presence 
of amino acids. 

concen t ra t ion  found in r a t  serum. Cycloheximide,  dissolv- 
ed in isotonic NaC1, was in jec ted  in to  the  femoral  vein  a t  
the  dose of 5 mg/100 g b o d y  wt.,  5 min  before killing the  
animals ;  cyc loheximide  (1 mg/ml) was also p resen t  in the  
m e d i u m  where  the  slices were collected and  incubated .  
Po ly -U di rec ted  po lypheny la lan ine  syn thes i s  was s tudied 
wi th  monosomes  recovered f rom the  gradien ts ;  incuba-  
t ions and de t e rmina t i on  of the  r ad ioac t iv i ty  were carried 
out  as prev ious ly  described3, 4. 

The r ibosomal  s ize-dis t r ibut ion  p a t t e rn s  f rom liver 
slices before the  s t a r t  of incuba t ion  a t  37~ have  lost  mos t  
of the  heavier  forms found  in normal  ra t  liver, b u t  still re- 
ta in  a fair ly good a m o u n t  of po lysomes  (Figure la).  After  
30 min  of incuba t ion  a t  37~ the  po lysomes  d isappear  and 
the  m o n o m e r  and  dinaer peaks  become very  p rominen t  
(Figure lb) .  We consider  b o t h  these  peaks  as monosomes ,  
since it is known t h a t  monomer ic  r ibosomes  f rom ra t  l iver 
t end  to d imer ize  dur ing  isolat ion 5. In  the  p re sence  of a 
full c o m p l e m e n t  of amino  acids, l iver slices increase the i r  
ra te  of p ro te in  synthesis2;  concurrent ly ,  a f ter  30 min  of 
incuba t ion  in the  presence  of amino  acids, the  r ibosomal  
s ize-dis t r ibut ion p a t t e r n  still  conta ins  a cer ta in  a m o u n t  of 
polysomes,  while the  monosomes  are much  less t h a n  in the  
cor responding  slices incuba ted  in the  absence of amino 
acids (Figure lc). Thus,  the  presence of a h igh consent ra-  
t ion  of amino acids p r ev en t s  the  shi f t  t owards  the  mono-  
somes, poss ib ly  by  s t imula t ing  the  r ibosomes to become 
and  (or) to r emain  a t t a ch ed  to messenger  RNA,  as has 
a l ready  been shown to o c c u r -  more  mark ed l y  - in vivo s, in 
the  per fused  l iver 7 and  in a cell-flee sys t em s. In  fu r ther  
expe r imen t s  we have  seen t h a t  the  process  of polysomal  
d isaggregat ion occurs fair ly p r o m p t l y  in incuba ted  liver 
slices; p a t t e rn s  ident ica l  wi th  Figure l b  are ob ta ined  as 
shor t ly  as af ter  10 min  a t  37~ Of the  possible mechan i sms  
of po lysome b reakdown  occurr ing in liver slices dur ing 
incubat ion ,  2 in par t i cu la r  should be considered:  1, Meta- 
bolic release of the  r ibosomes f rom the  messenger,  wi th  
concur ren t  s lowing down ot the  recycl ing process. 2. En-  
zymic  degrada t ion  of t he  messenger  RNA,  l inking the  
r ibosomes together .  The metabol ic  release of r ibosomes,  
which run off f rom the  messenger  s t rand ,  should be pre- 
ven ted  by  agencies t h a t  inhibi t  t he  r eadou t  process and  
should yield monomers  responsive to  poly-U s t imulat ion.  
On the  contrary ,  monosome  fo rmat ion  caused by  en zy mic  
(i.e. ribonucIease) ac t ion will no t  be af fec ted  by  inhibi t ion 
of the  flow of r ibosomes along the  messenger ;  the  resul t ing 
monomers ,  car ry ing  a piece of a t t a ch ed  m - R N A  should 
no t  r e spond  to poly-U.  The pa t t e rns  of Figure 2 show t h a t  
the  t r e a t m e n t  wi th  cyc loheximide  p ro tec t s  the  polysomes  
of the  incuba ted  liver slices f rom degrada t ion .  Moreover, 
monosomes  isolated f rom incuba ted  slices respond to 
po ly-U wi th  an incorpora t ion  of labelled phenyla lan ine  
ve ry  s imilar  to t h a t  d isp layed  by  monosomes  isolated f rom 
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Fig. 2. Size-distribution patterns of rat liver ribosomes in the presence 
of eycloheximide. Post-mitochondrial supernatants from liver slices: 
a) at the start of the incubation, b) after 30 nfin at 37~ 
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the  cor responding  l iver (Table) 2 These resul ts  suggest  t h a t  
the  p r o m p t  degrada t ion  of polysomes  in incuba ted  l iver 
slices is the  ou tcome  of a metabol ic  release f rom the  
messenger ,  r a the r  t h a n  the  consequence  of enzymat i c  
b reakdown.  The  ac t ion  of amino  acids in t he  p rese rva t ion  
of p a r t  of the  po lysomes  can be sa t is factor i ly  expla ined  in 
th is  context .  The reason w h y  liver slices, wi th  a r ibosomal  
popu la t ion  a lmos t  ent i re ly  reduced to monosomes ,  can 
stil l  sus ta in  a good and  l inear ra te  of pro te in  syn thes i s  for a 
fairly long t ime  is no t  clear and will need fu r ther  invest i -  
gat ion.  

Riassunto. D u r a n t e  l ' incubaz ione  a 37~ i pol i r ibosomi  
delle sezioni di  legato di r a t t o  subiscono un processo di 
monomerizzazione .  I1 processo viene ra l len ta to  dalla pre-  
senza di fort i  concent raz ioni  di  aminoac id i  ed ~ inibi to dal  
t r a t t a m e n t o  con cicloheximide.  I mo n o mer i  che si fo rmano  
du ran te  l ' incubazione  in v i t ro  r i spondono  al poly-U come 
i monosomi  isolati  d i r e t t a m e n t e  dal  fegato.  Si r i t iene 
quindi  che la degradaz ione  dei pol isomi  sia il r i sul ta to  di 
un distacco metabol ico  dal  messaggero con un ra l lenta-  
mento  del  riciclo dei mo n o mer i  p iu t tos to  c h e l a  conse- 
guenza di una  azione enzimat ica .  

Polyphenylalanine synthesis by monosomes isolated from a) liver 
or b) liver slices after 30 min incubation in vitro 

Time (min) 
5 10 15 

a) Liver 429,700 666,570 790,360 
b) Liver slices 491.,150 695,200 814,680 

Results of a typical experiment: cpm/mg RNA. 
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T h e  A c t i v e  F o r m  of  L o c a l  A n e s t h e t i c  D r u g s  

Most local anes the t ics  are secondary  or t e r t i a ry  amines  
and  can therefore  exis t  e i ther  as uncharged  molecules or as 
a m m o n i u m  ions, depend ing  on the  pKa of the  molecule and  
on the  p H  of the  solution.  The ques t ion  whe the r  the  ac- 
t ive  form of the  drug  is the  cat ionic or t he  undissoc ia ted  
one received considerable  a t t en t ion ,  b u t  t he  expe r imen ta l  
resul ts  are conflicting~-~4, because of t he  va r i e ty  of me- 
thods  employed  and  of the  large n u m b e r  of p a r a m e t e r s  
which  are involved.  Therefore  the  p rob iem remains  to  be 
clarified ; we therefore  looked for a d i f ferent  expe r imen ta l  
app roach  and  carr ied out  expe r imen t s  on the  act ion of 
t e t r aca ine  on the  t r ans fe r  of ions across a model  of mem-  
brane,  a t  d i f fe rent  p H  values. 

Methods. The  th ree-phases  pa r t i t ion  model  sys tem de- 
scribed by  RosANo and  SCHULMAN 1~, 16 has  been  used be- 
cause i t  behaves  like a physiological  m e m b r a n e  as to the  
d i f fe rent  ra te  of t r ans fe r  of various inorganic cat ions  ~7-~9 
and because the  2 interfacies  are equiva len t  to  mono-  
molecular  phosphol ip id ic  layers ~5, ~6, 20. The model  sys tem 

allowed us to  s t u d y  the  faci l i ta ted diffusion of ions f rom 
one wa te r  c o m p a r t m e n t  to  t he  o ther  one, across a phos-  
phol ipidic  layer  ~1. For  th is  purpose  we ad o p t ed  a 3.5 mg/  
ml solut ion of bra in  cephal ine  (Koch and  Light,  Bucks.) 
in a diffusion blocking solvent ,  name ly  1-pentanol  + p e t r o l  
e ther  4:1. Salt  solut ions of KC1 and  MgCI~ (both • 0,17M) 
were al lowed to  exchange  aga ins t  NaC1 and CaC12 
(0,17M), which  were placed in t he  opposi te  water  com- 
p a r t m e n t .  The effect  of local anes the t ics  has  been s tudied  
by  using 3 m M  te t raca ine  in b o t h  wa te r  co mp a r t men t s .  
The p H  value has been set  a t  5.0-7.3-9.3 wi th  0 .01M pi- 
peraz ine  buffer  ; in these  condi t ions ,  t e t raca ine  is dissociat-  
ed > 9 9 % - 9 0 % - 1 0 % ,  respect ive ly .  

The ion concen t ra t ion  has been  measured  at  d i f ferent  
t ime in terva ls  by  a tomic  absorp t ion  (Atomspec,  Hilger 
and Wat t s ) .  The Figures  are t he  average of 4 to  6 deter-  
minat ions .  

Results. In  the  above -men t ioned  exper imenta l  condi-  
t ions, a negligible passage of ions occurs by  simple diffu- 
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Fig. 1. Effect of cephaline (3,5 mg/ml) on the 
passage of Na +, K +, Ca ++ , Mg ++ accross 
pentanol-petrol ether 4:1. Water solutions: 
pH 5,0. 


