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Fig. I. Peptides form6s pendant  
l 'act ivat ion " lente"  de ce zy- 
mog6ne (b). (a): ChTg: 4.4'  IO-a 
.ll; ChT-cc : o.45. IO -a M;  
Temp. :  o°; p H  = 7.6; Dur6e 
<tu t ra i tement  : 46 h. (b) : ChTg : 
4.4' IO-3 M;  Trypsine : 4.8. IO -7 
3I ;  S O l A m 2 : 0 . 3  M; Temp.:  
6°; pH:  7.6; Dur6e du traite- 
nlent:  4 6 h. Apr6s t ra i tement  
des hydrolysats  par  le diiso- 
propylf luorophosphate,  les pep- 
tides qu'ils renfernlent sont 
d6barrass6s des prot6ines et 
6ventuellement des ions SO 4 par  
adsorpt ion sur  Dowex-5o × i2 
forme H + et 61ution avec 
NH35N. Colonne de 8 7 cm. 
Chambre  de m61ange: 33 ° m l .  
D6bit: 8 ml/h. Frac t ionnement  
par ml. Dessalage des pics (en 
r u e  de l '6tude ult6rieure sur  

l ' a t taque chynlotrypsique du chymotrypsinog6ne (a) et pendan t  
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papier  de leurs hydrolysats) :  par  6change de leurs ions avec ceux de l 'ac6tate d ' ammonium.  

Nos exp6riences ne sont  pas encore assez avanc6es pour  permet t re  d ' interpr6ter  de fa¢on 
ddfinitive le ph6nom6ne de l 'activation "lente".  Nous ignorons en particulier si certains peptides 
ne sont  pas perdus pendan t  le t ra i tement  pr6alable des hydrolysats  par  le Dowex-5 o × 12 et si 
une  61ution plus compl6te des colonnes de Dowex-5o × 4 ne ferait pas sortir  d 'au t res  pics. Mais 
i l e s t  utile de signaler d6s main tenan t  que cette act ivation engendre au moins trois peptides.  
Deux  d 'entre  eux sont  form6s par  des processus d 'ores et d6j& connus. Nous cherchons actuelle- 
men t  l'origine du troisi6me. 

Les r6sultats du Tableau I sugg6rent enfin que la thr6onine N-terminale apparue  pendant  
l 'act ivation appar t ien t  bien & une prot6ine active, et  non & une impuret6 peptidique comme 
on le pense quelquefois 8-6. Si tel est le cas, il faudrai t  pr6voir l 'existence d 'un  nouvel enzyme 
de l 'activation "lente",  la chymotryps ine-a  1 poss6dant tous les r6sidus t e rminaux  de l 'enzyme-a, 
saul  l 'alanine qui serait remplac6e par  la thr6onine. 
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The incorporation of labeled amino acids into the 
cytoplasmic particles of rat muscle* 

Results f rom a num ber  of laborator ies  have provided evidence tha t  of the various cell part i-  
culates isolated by the SCHNEIDER AND t-IoGEBOOM 1 technique, the microsomal fraction plays a 
leading role in the incorporation of labeled amino acids into protein. The high rate of incorporation 

* This investigation was suppor ted  in par t  by  a grant  from the Medical Fluid Research Fund,  
of the  Yale Univers i ty  School of Medicine to one of us (J. R. Me.) and in par t  by  a research grant  
(A-428-C) from the National  I n s t i t u t e  of Arthrit is  and Metabolic Diseases of the National  Inst i-  
tu tes  of Health, Public Health Service to one of us (M.V.S.). 
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into the t m ~ t e i n o l  this  f rmt ion  has been denmns t r a t ed  i;~ ri~,o in l iver using a numl~er ~,i amim,  
acids and var ious  species~, l 'animals2,a .L (In the~, ther  hand, mi tochondr ia  have  appeared to pl;ly 
a q u a n t i t a t i v e l y  less l int)errant  role in this  process, since th is  fraction showed :t much l~,wer ral~' 
c,{ incorpora t ion  than  tilt, i/]i(l-tlS()ll)e fraction. There is reas~m to believe tha t  the l / l i t ' l ' t lS{)l l / ; t]  
fraction is also of impor tance  in pancreas  and kidne@._ 

These resul ts  have  r (ce ixed stron~ supt)ort  from i .  ~, i tr .  exper i tuen ts  t,~;, usm~ labele~l 
amino  acids, in which l iver  pa r t i cu la te  fract ions have  been incuba ted  sepa ra t e ly  and tc)gether 
The mi tochondr i a l  prote ins  showed ex t ren le lv  low incorpora t ion  as compared  wi th  the  inicrl)sonles, 
a l though  phosphory l a t i ng  mit(~chondria exer ted  a large s t i n m l a t o r y  effect on incorpora t ion  Jim, 
nl icrosolnal  prote in  when the two fract ions  were incuba ted  together .  This increased ilacorporati(,n 
filto the  microsomes could l)c elfected ill the absence of n l i tochondr ia  pr~)vided tha i  ano thc I  
adenosine  t r i phospha t e  genera t ing  sys t em is supplied.  

These inves t iga t ions ,  toRether wi th  recent obse rva t ions  o n  t h e  role e l  the soluble fra¢ lion r, 
have  lent  suppor t  t(~ the concept  t h a t  the luitrosonaes are responsible  for lUoSt of t i le  syn thes i s  
of p ro te in  in the cell, t h a t  the p r i m a r y  role of the mi tochondr i a  is to furnish energy  for tilt. process, 
and  t h a t  t i le  soluble  f rac t ion  funct ions in the " a c t i v a t i o n "  of the amino  acids. 

The resul t s  (~f the i,e r ive e x p e r i m e n t s  descr ibed here indica te  t h a t  tile p ic ture  in muscle 
is s o m e w h a t  different.  In  th is  t issue, the prote in  of the mi tochondr i a l  fraction incorporates  alnitl,, 
acids  a t  a p p r o x i m a t e l y  the  same ra te  as the microsomal  protein.  

Male  Sprague-Dawley  ra ts  weighing a p p r o x i m a t e l y  _,oo g were given in t r avenous  inje(ti~,l> 
of 3.o m g  of DL- leuc ine- i JW.  After  var ious  in tervals  (-,, 3, 5, io, 3 ° , 0o, l So minutes) ,  the  an ima l s  
were sacrificed and samples  ~,f skeletal  muscle and liver were rap id ly  removed and chil led in 
o.2 5 3I  sucrose so lu t ion  at  o . The t ime  between tile sacrifice of the an imal  and the  chi l l ing ~)l 
the  t i ssues  a m o u n t e d  to a p p r o x i m a t e l y  ()o seomds .  The nmscle  was f rac t iona ted  us ing a procedure  
based on the  different ial  cen t r i fuga t ion  me thod  descr ibed by KITI','AKARA AND ItARMON s with 
the  fol lowing modif icat ions.  The nmscle  was homogenized using a th ick-wai led ,  na r row-d iamete r ,  
glass  homogenizer  wi th  a loose f i t t ing pestle. After tim f rac t ion  sed imen t ing  at  2oo .: g and the  
myof lbr i l  f ract ion were removed,  a n l i tochondr ia - r ich  fracti(m was ob ta ined  by cen t r i fuga t ion  
for 1 hour  a t  44oo . g. I t  appears  t h a t  in add i t ion  to mi tochondr ia ,  this  fract ion also eon ta in s  
an opaque  par t ic le  pecul iar  to muscleS, 'q. The microsomes were ob ta ined  by fur ther  cen t r i fuga t ion  
for ~ hour  a t  78,ooo . g. All pa r t i cu l a t e  fractions were washed once. The myofibril ,  mi toch(mdria l .  
and  mic rosomal  f ract ions were e x a m i n e d  fr(ml t ime  to t i m e  by da rk  fiehl and phase con t ras t  
microscopy.  In add i t ion ,  the  l a t t e r  two fract ions were subjected to e lectron microscopy,  l'7,xcept 
for the  presence of a smal l  a m o u n t  of microsomes in the n~itochon(trial fraction,  no apprec iab le  
c o n t a m i n a t i o n  of one f rac t ion  by ano the r  could be detected.  

The pa r t i cu l a t e s  of the  l iver were ob ta ined  by  the me thod  of SCHNEU~'R ANt) ltOGEBOOM I . 
The pro te ins  of the l iver  and muscle f ract ions  were prec ip i ta ted ,  washed,  and hea ted  with 5 °i, 
t r ich loroace t ic  acid TM, washed  twice wi th  alcohol and ether,  and thei r  specific r ad ioac t iv i t i e s  
were de te rmined .  

Since the  specific a c t i v i t y  of the  to ta l  pro te in  r a the r  than  of the pro te in-bound  leucine 
i tself  was  measured,  i t  was necessary to correct  for the leucine conten t  of tile prote in  of each 
fract ion.  This  was de te rmined  by microbio logica l  assay using a leucine requi r ing  1,2. ce l l  m u t a n t .  
The leucine con ten t  of each f ract ion was found to be at)out Io % of the weight  of prote in  (mito- 
chondr ia  9-4; microsomes,  9.0; myofibri ls ,  9.7; coo ,< g, 8.4; s u p e r n a t a n t  11.3). 

In  accord wi th  the  resul ts  ob ta ined  by  previous  workers  4, when the  incorpora t ion  c~f labeled 
leucine in to  l iver  pa r t i cu l a t e s  was  measured ,  the  microsomal  f ract ion was the most  ac t ive  and 
the  m i t o c h o n d r i a l  f ract ion the  least  act ive,  the  l a t t e r  hav ing  less than  2 5 '~i~ of t i le  u p t a k e  of 
the  mic rosomal  fraction. This  difference was most  m a r k e d  a t  shor t  t ime  in tervals .  In muscle  
(Fig. l), however ,  the  ra te  of incorpora t ion  into the  mi tochondr i a l  fract ion was not  appree ia ld  3 
lower  t h a n  t h a t  into the  microsomes.  Indeed,  a t  shor t  t ime  in te rva l s  (5 minu tes  or less), t he  
incorpora t ion  into the  mi toehondr i a l  f ract ion of muscle was a c t u a l l y  s o m e w h a t  higher  t h a n  into 
the  mic rosomal  fract ion.  Es sen t i a l l y  the same resul t s  were ob ta ined  when phenylahmine-3-14C 
w a s  s u b s t i t u t e d  for leucine-lA4(' .  

E x p e r i m e n t s  are in progress  en ta i l ing  fu r the r  f r ac t iona t ion  of the  microsomal  and mi to-  
chondr ia l  p repara t ions ,  w i th  pa r t i cu l a r  a t t e n t i o n  given to the  opaque  par t i c les  associa ted  wi th  
the  l a t t e r  fract ion.  I t  is hoped t h a t  these  s tudies  in con junc t ion  wi th  proposed i~ v i t r o  expe r i men t s  
will  fu r the r  c lar i fy  the  role of these cel lular  componen t s  in the incorpora t ion  of amino  acids 
into muscle  protein.  

We wish to  t h a n k  Dr. SOFIA SIMMONDS for a gift  of a leucine requ i r ing  K .  coil  m u t a n t  and  
for her advice  on per forming  the  microbiological  analyses .  We are also indeb ted  t,~ Mr. CHAI,'LI~S 
I,ANE and Mr. PARKER TOVfLE for t echn ica l  a s s i s t a n c e .  

We are p a r t i c u l a r l y  gra tefu l  to Dr. SANFORD PALEY and to Mr. STrW~:N kVrssm for t he i r  
t ime  and effort  in per forming  the  l igh t  anti  e lec t ron microscopy.  
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Fig. I. The rate of uptake  of Dz-leucine-i-14C . . . . . . . . . . . . . . . . . . . . .  
by  the part iculate fractions of rat  skeletal MICROSOMES ] 
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Some new solvent systems for the paper chromatography of 
nucleic acid degradation products 

Paper  chromatographic  methods  have proved indispensable for the investigation of the com- 
ponents  of nucleic acids 1. Among the many  solvent systems suggested the most  generally useful 
have been the tertbutanol and isopropanol-hydrochloric acid mixtures  of MARHAM AND SMITI~2 
and of WYATT ~. These solvent systems have the disadvantage of being somewhat  slow in develop- 
ment  and it has been found tha t  equally satisfactory results can be achieved with mixtures  of 
nlethanol, ethanol and hydrochloric acid. 

Chromatography  has been carried out by  upward development on paper  strips 16. 5 cm × 
47 cm. Two holes were punched in each paper  and five papers  were hung  on an all-glass frame 
which was placed in a glass tank sealed with a plate glass lid. 

A mixture  of methanol :  concentrated HCI: water  (7 ° : 20 : IO) (all par t s  by  volume) (Solvent 
sys tem I) was found to separate the principal bases liberated by  complete hydrolysis of deoxy- 
ribonucleic acid (DNA) or ribonucleic acid (RNA). This solvent system would also separate 
guanine, adenine, cytidylic and uridylic acids which were liberated when ribonucleic acids were 
hydrolysed with N HC1 at IOO ° C. The chromatograms obtained have been used for quant i ta t ive  
estimations. The solvent rose about  4 ° cm on W h a t m a n  No. 4 paper  in 16 hours and \Vha tman  
No. i gave equally good results. 

This solvent system was ra ther  slow in drying and much less hydrochloric acid was needed 
to separate  the products  of the hydrolysis of RNA with N HC1 at ioo °. The most  suitable system 
of those tried was a mixture  of methanol:  ethanol : concentrated HC1 : water  (50 : 25 : 6 : 19) (Solvent 
system II) .  This solvent system moved about  the same distance overnight  as solvent sys tem I 
and was the most  suitable for quant i ta t ive  determination.  I t  dried very quickly and gave repro- 
ducible and very low blank values. Guanine was eluted with o. 5 N HC1, adenine with o.i N HC1 
and cytidylic and nridylic acids were eluted with o.2 M sodium acetate. Absorpt ion values were 
measured at 249, 26o, 269.5 and 261 m#  for the four components  respectively. The e values of 
~VYAT'r a were used for guanine (I i,ooo) and adenine (13,ooo) and values of 9o5o and lO,2OO were 
found for cytidylic and uridylic acids at the above wavelengths in 0.2 M sodium acetate. 

A fur ther  series of solvent systems has been investigated and it was found tha t  very little 
HC1 was  necessary if a large proport ion of acetic acid was present.  A mixture  of methyl  ethyl 


