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Intracellular protein degradation in vitro 

The pro te in  t u rnove r  observed in adu l t  an ima l s  a t  a s t e ady  s t a t e  sugges ts  t h a t  in the  i n t ac t  cell 
a t  leas t  some prote ins  are c o n s t a n t l y  synthes ized  and degraded  and at  comparab le  ra tes  1. The 
syn the t i c  mechan i sm is being ac t ive ly  inves t iga ted  bu t  the  na tu re  of the  equa l ly  r e l evan t  and  
poss ib ly  re la ted  deg rada t ive  mechan i sm has received l i t t le  a t t en t ion .  The only d e m o n s t r a t e d  
mechan i sm for p ro te in  degrada t ion  is t h a t  of hydro lys i s  of pep t ide  bonds by  d iges t ive  enzymes  
and by  t issue ca thepsins .  However ,  the  re la t ionsh ip  of the  ca theps ins  to the "phys io log ica l "  
p ro te in  deg rada t ion  referred to above has not  been es tabl ished.  The obse rva t ions  repor ted  here 
on b r e a k d o w n  of cell pro te ins  in su rv iv ing  t issue slices sugges t  t h a t  th is  process m a y  be more 
complex  t h a n  di rect  ca thep t i c  hydrolysis .  

Sprague-Dawley  ra ts  weighing 2oo 25 ° g and ma in t a ined  on Pu r ina  chow ad  l ib.  up to the 
t ime  of sacrifice were used. Ra t s  used in t racer  expe r imen t s  were in jected i n t r a p e r i t o n e a l l y  wi th  
lOO-15o microcur ies  of labeled amino  acid in o. i  M phospha t e  buffer a t  p H  7.4,  3 days  before 
the  day  of the  exper iment .  The an imals  were de c a p i t a t e d  and the  l iver  and  k idneys  were r ap id ly  
removed  and chilled. 4oo mg a l iquots  of o. 5 m m  t issue slices were incuba ted  under  O= a t  37 ° C 
wi th  5 nil of a Ca ++- and Mg++-free Krebs -Ringer  phospha t e  m e d i u m  a t  pH  7.4. I ncuba t ions  
were s topped  by  add i t ion  of 5 ml  of 2o % t r ichloroacet ic  acid (TCA). The ent i re  flask con ten t s  
- - t i s s u e  plus  m e d i u m - - w e r e  tho rough ly  homogenized.  After cen t r i fuga t ion  the  p rec ip i t a t e  was 
washed  twice  wi th  io  % TCA. One a l iquot  from the  pooled s u p e r n a t a n t  and  washings  was t aken  
for Kje ldah l  n i t rogen (NPN). Anothe r  a l iquo t  was neut ra l ized  and passed over  an 0. 7 x 12 cm 
column of Dowex 5 ° (X8) in the  H + form. The co lumn was washed wi th  H 2 0  and the  f ract ion 
e luted by  io  ml. 2 N  N H I O H  was collected, concen t ra t ed  and p la ted  d i rec t ly  for coun t ing  of 
r ad ioac t ive  "an l ino  acids" .  This " a m i n o  ac id"  f ract ion would inc lude  smal l  pept ides ,  o ther  
ampho ly t e s  and  poss ib ly  o ther  ca t ionic  mate r ia l s  de r ivab le  f rom the  in jec ted  labeled amino  acid. 

The pro te in  p rec ip i t a t e  was t r e a t e d  wi th  hot  TCA, washed  twice wi th  w a r m  a lcohol-e ther  
(I:I) and once wi th  e ther .  The residue was dissolved in I N N a O H  and an a l iquot  was t a k e n  
for Kje ldah l  n i t rogen  de te rmina t ion .  Anothe r  a l iquo t  was r ep rec ip i t a t ed  wi th  TCA, washed  wi th  
alcohol and  e ther  and  p la t ed  for count ing.  

As shown in Table  I, the  release of labeled amino  acid cont inued,  a l though  a t  a decl ining 
rate,  for 4 hours.  The release was inh ib i ted  by anaerobiosis  and  by  d in i t rophenol  (DNP) in con- 
f i rmat ion  of SIMPSON'S ear l ier  observa t ions  2. In  searching for more specific inh ib i to rs  i t  was found 
t h a t  o-f luorophenyla lanine  and p- f luorophenyla lan ine  also inh ib i ted  the  release. At  2. io  2M the 
inh ib i t ion  var ied  from 32 % to 6i  % in 4 e xpe r im e n t s  us ing 3-I4C-phenylalanine as the  tracer .  
Resu l t s  wi th  l iver  and  k idney  slices were comparable .  The inh ib i t ion  of amino  acid release appears  
to be general  since s imi lar  resul ts  were ob ta ined  when the  pro te in  was labeled wi th  a lanine  or 
w i th  lysine. 

T A B L E  I 

INHIBITION OF PROTEIN BREAKDOWN IN PHENYLALANINE-LABELED LIVER SLICES 

Time o/ "Amino acid" "Amino acid" Inhibition 
incubation radioactivity radioactivity ol release 

(hrs) (c.p.m.) released 
(c.p.m.) % 

Zero t ime  control  o i3o  . . . .  

I n c u b a t e d  control  1 44 ° 31o 
4 860 73 ° - -  

2 '  I o - 3 M  D N P  I 270 14o 55 
4 53 ° 4 °0 45 

2. I o - 2 M  o-fluoro- i 360 230 26 
pheny la l an ine  4 63 ° 5 °0 3 i 

N a a tmosphe re  4 630 5 °0 31 

In  these exper iments ,  as in SIMPSON'S exper iments ,  a high concen t ra t ion  of un labe led  amino  
acid (1.2. Io -2M)  in the  m e d i u m  served as a " b a n k "  of carr ier  to t r a p  the  labeled amino  acids 
released. Hence  the  observed inh ib i to ry  effects m i g h t  be due to p reven t ion  of the  pene t r a t i on  
of th i s  carr ier  amino  acid into the  cell, decreas ing the  efficiency of the  t rapp ing .  Fur the rmore ,  
the  isotope resu l t s  m i g h t  reflect an effect on an " e x c h a n g e "  process or on the  d y n a m i c s  of a 
revers ib le  process w i t h o u t  effect on ne t  p ro te in  metabo l i sm.  For  these  reasons ne t  p ro te in  de- 
g r a d a t i o n  of l iver  slices was inves t iga ted .  
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The net increment  in NPN during 4 hours incubation, expressed as per cent of total  slice 
protein, averaged 2. 7 i I 0/o in I i experiments.  \Vith slices from a single rat  liver the variability 
was less marked, averaging 2.9 ± o. 4 % in a typical experiment.  

Amino acid nitrogen, determined on a Dowex 5o-H + eluate as described above, accounted 
for about  one-half the total N P N  increment.  Similar values were derived from 28o/26o ratios 
measured in the unfractionated TCA superna tan ts  3. There was no increase in free ammonia .  The 
remainder of the NPN increment  may  be a t t r ibuted  to urea formation but  the contr ibut ion from 
breakdown of nucleic acid or other TCA-insoluble ni trogenous const i tuents  is not known. 

As shown in Table II ,  net protein breakdown in kidney slices was strongly inhibited by DNP. 
Similar results were obtained with liver slices. On the other  hand, the intrinsic catheptic activity 
of whole liver homogenates  measured at p H  5.0 was inhibited only very slightly or not  at all 
by similar concentrat ions of DNP. o-Fluorophenylalanine also inhibited net protein breakdown 
in slices and again was wi thout  effect on breakdown in homogenates  at pH 5.o. Finally, it was 
observed tha t  incubation under nitrogen inhibited net breakdown in slices by as much as 7 ° %. 

The inhibitory effects of anaerobiosis and of D N P  suggest a paradoxical energy requirement  
for the nominally exergonic process of protein degradation. However,  as pointed out  by SIMPSON 2, 
these effects may  be indirect, secondary results of disruption of cellular organization and function. 
The inhibition by an amino acid analogue is more likely related specifically to protein metabol ism 
per se but  this remains to be established. 

TABLE I I  

INHIBITION OF NET PROTEIN BREAKDO'~VN AND RELEASE OF RADIOACTIVE 
AMINO ACIDS FROM ALANINE-LABELED K I D N E Y  SLICES* 

"Amino acid" Protein 
mg NPN Protein-N radioactivity radioactivity 

released 
mg protein-N % Protein released 

radioactivity % 

Zero t ime control 0.244 - -  o.o12 - -  

Incubated control 0.292 4.8 o.o84 7.2 
2' lO 2M o-fluoro- 

phenylalanine 0.267 2.3 0.039 2-7 
2' I o - 3 M  D N P  0.257 I. 3 0.023 I . I  

* 4 h incubation. 

I t  is no tewor thy  tha t  the several inhibitors of protein degradation described here are likewise 
inhibitors of protein synthesis. Reversibility at one or more stages in protein synthesis  would be 
compatible with these results and with previous results on non-uniform labeling of proteins 4. 
The apparen t  energy requirements  and the inhibition by the amino acid analogue would be com- 
patible with a breakdown process involving a complex acceptor ra ther  than  water.  For this there 
is an analogy in the mechanisms for degradation of other  macromolecules such as glycogen ~ and 
ribonucleic acid 6. 

Taken together  the present  results suggest tha t  there is a continuing, organized process of 
intracellular protein degradation, a concept recently questioned by MONOD and co-workers 7. While 
a considerable par t  of the " tu rnove r "  of proteins is undoubtedly  a reflection of cell renewal and 
replacement of secreted proteins, the present  studies indicate tha t  there probably  is in addition 
a t rue dynamic degradation and resynthesis of protein in mammal ian  cells. 
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