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This paper deals with the total ribonucleic acid of Escherichia coll. In considering 
the global distribution of the several nucleotide constituents of the polymer, we leave 
aside the question whether the cell contains many different ribonucleic acids or 
ribonucleoproteins, though we are not unaware of this possibility; nor can we be 
concerned here with changes in nucleotide sequence or in molecular size. We may 
define our title by saying that it refers to the absence of compositional variation, 
i.e., of changes in the internucleotide ratios of the total polymer. In the sense in 
which we use it here, this term must, therefore, be distinguished from the concepts 
of constancy, which we shall take to denote the absence of a change in quantity, 
and of stability, which will stand for resistance to decomposition. 

The purpose of this study was to ascertain whether it is possible to compel a 
change of the normal composition of the ribonucleic acid of E. coli bv displacing the 
proportions of nucleic acid constituents in the presence of an excess of a single 
nucleotide precursor. These experiments were carried out both under conditions of 
simultaneous synthesis of proteins and nucleic acids and of nucleic acid production 
alone. We shall discuss the conclusions to be drawn from our work, together with 
some of what has been done before, later in this paper. 

I-X I'ERIMI-NTAI. 
3latcrial a~d procedures 
Hacterial cultures. The strains used were E. toll, Strain B, and the lvsine-deficient mu ta n t  ot 
E. coli, M 2b 26, obtained through the courtesy of l)r. B. D. DAVIS of New York University. 
The organisms were grown m a glucose-containing synthetic medium t at 37 ° with aeration by 
shaking, in the case of the m u t an t  supplemented with zo nag of l.-lysine per liter. The cells were 
collected in the early logarithmic phase of growth,  washed with fresh medium with the omission 
of glucose, resuspended in the medium containing the desired supplements ,  and again incubated 
at 37 '~ for t to 2 hours depending upon the experiment.  

In some of the initial experiments  the washed bacterial preparat ions  were, before analysis, 
broken by t r ea tmen t  in a sonic oscillator (Raytheon,  io kc, 1o minutes) or by being shaken 
with ballotini (90 minutes);  but  since tmdisrupted cells yielded the same results, they were em- 
ployed in the major i ty  of the experiments.  

Substances. Commercial preparat ions of the rib~)nucleosides were used (Schwarz l .aboratories,  
Mount  Vernon, N.Y.). Of the preparat ions labeled with x~C, adenosine was labeled in the 8 position, 
guanosine and uridine were uniformly labeled. Chloramphenicol (chloromycetin) was obtained 
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through the courtesy of Dr. J. J. PFIFFNER of Parke, Davis & Co., Detroit,  and used in a concen- 
trat ion of 3 ° mg per liter. 

A nalytical procedures. The growth of the cultures was in all cases followed turbidimetricallv 
and in many  by the determinat ion of total ultraviolet absorpt ion and of protein (biuret). The 
latter procedures were also used in the cell preparat ions treated with chloramphenicol.  

The nucleotide composition of the ribonucleic acids was determined as described previously 2, 3. 
Paper electrophoresis, though useful for the separation of pure components,  could not be applied 
for analytical purposes, since the prerequisite depression of the high salt concentrat ion of the 
hydrolysates  led to variable losses of nucleotides 3. in cases in which it was desirable to separate 
guanylic and uridylic acids, which are not separated in the huffered ammonium isobutyrate- 
isobutyric acid solvent 4 usually employed, use was made either of the isopropanol-tt('l solvent "~, 
in which uridylic acid moves as the fastest component  (I8 h), or of isopropanol-ammonia e, in 
which guanylic acid is separated as the slowest zone from the other  nucleotides (4 ° h). 

In the experiments  with radioactive nucleotides, each separated zone containing o.l to 0.2 
/tmole of nucleotide was extracted with 3 ml of dist. water  overnight.  One ml portions of these 
extracts,  as well as of extracts  from corresponding blank segments, were uniformly evaporated 
to dryness under a heating lamp in planchets and counted at infinite thinness with a thin end- 
window counter  tube. All determinations were made at least in duplicate. Other  port ions of the 
same extracts  were llsed for the measurement  of ultraviolet absorption.  

Nature o[ sugar component 
The sugar  of the pentose nucleic acid of E. coli does not appear  to have been identified previously. 
As is customari ly  done in this laboratory, we have performed a tentat ive identification by means 
of paper  chromatography  in several solvents. The nucleotides contained in an alkaline hvdrolvsate 
of the nucleic acid prepared in the usual way z were separated as bands in the NH3~-isobutyric 
acid solvent, the areas containing the purine nucleotides were cut oit, the fractions were concen- 
t rated in the tips of the paper strips by ascending chromatography  with water  and then extracted 
with distilled water. The combined extracts  were frozen and evaporated in vacuo and the residue 
was hydrolyzed with N H,SO 4 at Ioo:: in a sealed tube for one hour. The solution was neutralized 
with solid barium hydroxide and clarified. Port ions containing Io to 2o ltg of sugar  were chro- 
matographed on W h a t m a n  paper No. I in four solvents, viz., (a) n-butanol -e thanol-water  (4 : I :5, 
v/v, upper layer)r; (b) n-butanol  (saturated with water)S; (c) isobutyric acid (saturated with 
water)r; (d) e thylace ta te-pyr id ine-water  (~: 1:2, v/v)L In some cases circular chromatograms  
were also prepared. The adsorption zones were demonstrated by means of an aniline diiodosalicv- 
late spray (0. 5 g diiodosalicylic acid, o. 3 ml aniline in Ioo ml n-butanol  sa tura ted with water), 
developed in this laboratory by Dr. A. ROSENBERG. After the papers are heated at I2o to ~4 o° 
for 5 minutes, pentoses appear  as brick red spots, hexoses are tan colored. 

In all solvents, the preponderant  component  was a pentose coincident in position with tha t  
of authentic D-ribose; its RF relative to arabinose also was tha t  of ribose. A minor slower corn 
ponent, most  probably  a hexose, was also seen. Butanol-water ,  when used, as was done here, 
in long runs (72 h), permits  the separation of arabinose, xylose, lyxose and ribose. One may 
conclude tentatively tha t  ribose is the sugar  const i tuent  of the pentose nucleic acid of E. coll. 

RESULTS A N D  DISCUSSION 

Nucleosides as precursors o/ribonucleic acid 

The experiments presented in Table I deal with the incorporation of labeled nucleo- 
sides into the ribonucleic acid of E. coli cells, either under conditions in which the 
simultaneous synthesis of new ribonucleic acid and protein molecules occurred or in 
a system in which, by the addition of chloramphenicol, the formation of new protein 
was suppressed while that of ribonucleic acid continued~0, n. That nucleosides are 
utilized efficiently for nucleic acid synthesis in E. coli has been shown repeatedly by 
different techniques 12, xa. 

The purpose of the present studies was to compare the relative efficiencies of 
incorporation of a nucleoside in the absence and in the presence of an agent preventing 
protein synthesis. The cells were grown as described above. In Experiments I and 2, 
logarithmically growing cultures of E. coli, Strain B, were divided into equal parts, 
harvested, resuspended in fresh medium (one third of the initial volume) containing 
Re/erences p. 5.54. 
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NUCLEONIDI ' ;S  AS PRI'2CURNORN OF ['.'. COlt R."~ . \  F O R M E I )  IN " r i l e  PRESIZ.N(2E 

ANI)  A B S E N C E  01" S I M U I , T A N E O U N  P R O T E I N  F, Y N T I I E S I S  

.x*'tcrlcoltd('s o] rlbO)luclcic acid 

Proportion o] nucleotide derived 

.\'ucla~fiMe as precursor / t om  praur~or** * 

in c ~ peroncnt  ° * C . m  pom'nt  .specific activity 
t)() o/compo) lent  ° o o/ ¢ompont.nt 

tn total  A'N.4 in n~(' ly ]ormal  R,",'.4 

N < "hl .\" ( "hl .V ( 'h i  

uC- Ui'idinc Adenvlic acid 
',o.o 7 t~mole/ml; Guanylic acid 
specific activity', 6600) Cytidylic acid 

t ' r idylic acill 

IK'-Uridinc .\deny-lie acid 
(0.09 plnole/ml;  ( ;uanvlic acid 
specific act ivi ty,  ()6oo) ( 'vt idvlic acid 

1 :ridvlic acid 

200 -o(, (3) (3) (S) (5) 
3 °0 3 °o (5) 15) (12) (S) 

I I 5 0  14 .5o  I 7 - '2 . t2  3 0  

1 3 5  ° 14=' 5 2 o  22  .I() 3 S  

3oo -'7.5 14) (4) (7) (7) 
20o 12.5 {3) ;2) (5) ',4) 

2<)(~o 1825 3() 2S 47 47 
2150 187.5 32 -',~ 5 ° 48 

G t l a l l o s i n c  

(o.3 Hnl¢fle/ml) 

14(.-..\denosine 
3 (o.o 3 /mlole/nll ; .\delLvlic acid _'.too 2.t.5<) "" "3 -t 7 

specific act ivi ty,  1o,7oo ) ( ;uanylic acid 20oo 2,1oo 25 2- 45 

141.'_( ; l l a l l o s i n e  

4 ( ° ' ° I4  / Im°lc/ml ; A<lcnvlic acid 500 .too (4) i3) (7) 
speci l icact iv i ty ,  11,8oo) Guanvlic acid 135o 17oo i t  t 4 27 

* See the tex t  for experinlental  conditions.  The exper iments  I and 2 were performed with 
E. coli, Strain H; 3 alld 4 made  use of the  1-. cell mll tan t  .Xl 20-.-20. "['he specific act ivi ty  is exprcsscd 
i t s  COIl I l tS  per lllillilte per i n i c r o l l l O l e  o f  S t l | ) s t ~ l . n c e . . \ :  d c s i g n a t c , s  normal  svnthe t ic  condi t ions in 
a complete  medium, Chl signifies the suppression of protein synthesis  by the addit ion of chhw- 
amphen ic . l  (3o 7/ml). 

** I ' r idine (Expts .  I and 2) and guanosine (l ' :xpt. . t)  were uniformly labeled with l.q', adenosine 
(Expt.  3) was labeled in the S position. 

* * * \ a l u e s  based on low radi tmctivi tv  cotmts are placed in parentheses,  hi the calculation of the 
figures contained in the last two columns, the assumpt ion  has been made  tha t  only the RNA 
port ion formed after  the addi t ion of the precurs¢)r took t,p the latter. "I'hc proport ion of lIC 
rect)xered in the total RN. \ ,  as per cent  of ta(" applied as preeners.r, was as fifllows: Expt .  ,, N 25, 
Chl z7; Kxpt.  -,, :\" 27 , ('tll 20; l :xpt.  3, N 35, ( 'hi  34: l{xp t. .I, .V 2o, ( 'hi  3 ° . 

t h e  la t )e led  n u c l e o s i d e  w i t h  o r  w i t h o u t  c h l o r a n q ) h e n i c o l ,  a n d  k e p t  a t  3 7  for  90 

m i n u t e s .  In  E x p e r i m e n t s  3 a n d  4, t im a d d i t i o n s  w e r e  m a d e  d i r e c t l y  t o  p o r t i o n s  o f  

c u l t u r e s  o f  t h e  l y s i n e - r e q u i r i n g  m u t a n t ,  a n d  t h e  e x p e r i m e n t s  w e r e  t e r m i n a t e d  I h 

l a t e r .  T h e  c u l t u r e  v o l u m e s  w e r e  so c h o s e n  as  to  g i v e  f ina l  b a t c h e s  (,f 2o to  5 ° m g  

d r y  w e i g h t  o f  cel ls ,  F o r  a n a l y s i s ,  the. ce l l s  w e r e  c o l l e c t e d  a t  t h e  e n d  of  t h e  e x p e r i m e n t s  

a n d  d r i e d  in a v a c u u m .  
I t  will  be  n o t i c e d :  (a) t h a t  u r i d i n c  is a n  e q u a l l y  e f f i c i en t  p r e c u r s o r  of  b o t h  t h e  

u r i d v l i c  a n d  c y t i d y l i c  a c i d  c o n s t i t u e n t s  o f  t h e  r i b o n u c l e i c  ac id ,  b u t  t h a t  v e r y  l i t t l e  

o f  t h e  r a d i o a c t i v i t y  a p p e a r s  in t h e  p u r i n c  n u c l e o t i d e s ,  i n d i c a t i n g  t h e  i n s i g n i f i c a n t  

p a r t i c i p a t i o n  of  t r a n s r i b o s i d a s e s  ( E x p t s .  x a n d  2); (b) t h a t  a d e n o s i n e  p a r t i c i p a t e s  

to a n  e q u a l  e x t e n t  in t h e  f o r m a t i o n  of  b o t h  a d e n y l i c  a n d  g u a n y l i c  a c i d s  ( E x p t .  3),  
w h e r e a s  g u a n o s i n e  g i v e s  r ise  m a i n l y  to  g u a n y l i c  a c i d  ( E x p t .  4),  b o t h  p u r i n e  n u c l e o s i d e s  

Re/erc l .  CS p. 554. 
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being virtually ineffective as precursors of the pyrimidine nucleotides; (c) that the 
uptake of labeled uridine is not affected by the presence of a large supply of unlabeled 
guanosine, i.e., of the other 6-keto compound 14 found in pentose nucleic acids (Expt. 2) ; 
(d) that  the nucleosides are remarkably efficient as precursors of ribonucleic acid, 
as much as 50% of the newly incorporated constituent being derived from the pre- 
cursor; and, finally, (e) that the suppression of protein synthesis is without effect 
on the incorporation, both in its qualitative and quantitative aspects, of the nucleoside 
employed as nucleic acid precursor. One could speak of the anabolic invariability of 
the ribonucleic acid of E. coli. 

Invariable composition o[ ribonucleic acid 

In the preceding section it was shown that nucleosides are utilized very efficiently 
as precursors of ribonucleic acid under the experimental conditions observed here; 
in the present one we discuss the nucleotide composition of the ribonucleic acid 
synthesized by E. coli in the presence or absence of a single nucleoside and under 
conditions permitting or preventing the simultaneous synthesis of protein. The ex- 
perimental conditions were similar to those described before. The incubation at 37 ° 
of the bacterial cells transferred to fresh medium containing the additions listed in 
Table I I  was permitted to proceed for 30 (Expt. 7), 60 (Expts. I3a and b), or 12o 
minutes (Expts. 5, 6, 8 to 12). In most experiments the quanti ty of ribonucleic acid 
formed during the treatment equaled or surpassed that  initially present in the cells. 

The nucleotide composition of the ribonucleic acid found in the various experi- 
ments is listed in Table II.  The following conclusions emerge. (a) The ribonucleic acid 
of E. coli grown under normal conditions (Expt. 5) appears identical in composition 
with that found in cells exposed to chloramphenicol for 2 hours (Expt. 6), though 
nearly one half of the nucleic acid (44% in the particular experiment) had been 
synthesized after the addition of the drug. A similar observation has been reported 
recently ~s. We have, however, been unable to confirm the nucleotide proportions 
given in that publication for what would appear to be the same strain of E. coli. 
(b) The addition of adenosine, guanosine, cytidine or uridine, which, as has been 
shown in the preceding section, are utilized to a large extent as precursors of the 
nucleotides comprising the ribonucleic acid, is without perceptible effect on the 
composition of the ribonucleic acid thus synthesized, regardless of the condit ions--  
simultaneous synthesis of protein or its suppression--under which the formation of 
new nucleic acid takes place. If a very slight shift in the nucleotide proportions is 
enforced by the unbalancing presence of a single nucleoside, it could be revealed only 
by a statistical t reatment  for which the available data do not suffice. (c) Assuming 
that the ribonucleic acid is indeed invariable, we present in Table I I I  the average 
composition of the ribonucleic acid of E. coli, strain B, derived from all experiments 
summarized in Table II.  The figures do not differ appreciably from those found in 
a previous analysis of the ribonucleic acid of another E. coli strain 14. In accordance 
with prior observations t4, the ratio of 6-amino to 6-keto nucleotides was, in most 
analyses, found near unity. 

General remarks 

In conclusion, we shall briefly discuss the invariability, with respect both to the com- 
position and to the utilization of precursors, of the total ribonucleic acid of the E. coli 

References p..454. 
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Nucleoside as precursor in erperiment 
Experiment l~mole/ml 

No, . . . .  

Adenosine Guanosin¢ Cytidine Uridine 

TA IILF 1i 

CO) , IPOSlTION OF I..'. coli R N A  F O R M E D  IN T H F  P R E S E N C E  A N D  A B S E N C E  OF 

S I M I Y I . T A N E O U S  P R O T E I N  S Y N T H E S I , q *  

Moles per Ioo moles nucleotide ~n R.\'A 

5 ~--  
0 . . . .  

7 O ' 1 5  . . . .  

8a 0.37 - 
8b o.37 - - - 
9a • 0.28 
9 b  - • o . 2 8  - 

toa  - - 0.28 - - 
1 0  l ) -- " I O 1 " 2 8  I - -  

1 l a  - 0 . 2 8  -- 

1 l b  - - 0 . 2 8  

t e a  . . . .  0.33 
I2b . . . .  o.33 
13a 
t3b -. 

__+ 

0 .  t () 

O. t 0  

Chlor- 
amphenicol 

;"ml Adenylic Guanylic ('ytidylic Uridvlic _ _  
azid acid agid acid 

20.8 28.9 24.6 19.7 
25.6 28. 9 25. 3 20.2 
20.9 29.3 24.8 10.o 
26.9 29.3 25.7 18.1 
20.6 28. 7 26.3 I8. 5 
26x) 2o.7 24.9 t '~.5 

3 ° 

3 ° 

3 ° 

3 ° 

3 ° 

3 ° 

30 

3 ° 

2 6 .  4 3 1 . 9  2 4 . 1  t7 .¢ )  

26.~ 3o.7 24. 7 18. 5 
2 5 - 8  3°.7 25.3 lS.t 
25.,) 28.9 25.S I~.5 
2 6 . 2  2 8 .  5 2,5.2 2 0 . 1  

2 3 .  4 2 7 . 6  2 0 . 1  20 . ( )  

2 5 .  4 28 . .  t 20.2  20 .0  

26.7 29.4 24.5 19. t 
25.7 2q.O 24.,) t9.5 

* All e x p e r i m e n t s  were per formed with E. coli, Stra in  B. See the  t ex t  for general  expe r imen ta l  
condi t ions .  In  E x p e r i m e n t s  8 to x 3, por t ions  of the  s ame  cul ture  were t rea ted  with the  nucleoside 
alone (a) or  wi th  the  nucleoside  and  ch lo ramphen ico l  (b). 

** The  tirst c o l u m n  repor t s  the  rat io of the  molar  s u m  of pur ine  nucleot ides  (adenylic  and  
guanyl ic  acids) to t h a t  of the  pyr imid ine  nucleot ides  (cytidylic and  uridylic acids);  the  second 
co lumn  indica tes  the  rat io of the  molar  sum of 6 -amino  nucleot ides  (adenylic  and  cyt idyl ic  acids), 
abb rev i a t ed  6-Am, to t h a t  of the  6-keto nucleot ides  (guanyl ic  and  uridylic acids), abb rev ia t ed  6-K.  

Molar ratios** 

P u r i n e s  6-A m 

Pyrimidines 6-K 

1.2{J . o 6  

I . 2 0  . 0 4  

1.28 .07 
1 . 2 ~  . I 1  

1 . 2 3  . 1 2  

t . 3 o  .07 
1 . 4  ( ) . 0 2  

t .31  .o  3 

1 . 3  ° .o  5 

1 . 2 1  . o  7 

1 . 2 1  . o 6  

I .  13  .oO 

i . t 6  .o 7 
~.,8 .o 5 
1 . 2 5  . 0 2  

TA BI.F. l l I  

E. coli R I B O N U C I . E I C  A C I D :  M E A N  N U C L E O T I D E  P R O P O R T I O N S  A N D  b lOLAR Rt .2LATIONSt I IPS"  

Moh's per too moles nucleotide Molar ratio 

Adenyl ic  acid 263  (2) I ' u /Py  1.27 (5) 
Guanyl ic  acid 29.0 (4) 0 - : \ m / ~ -K  1.o6 (2) 
( 'v t idvl ic  acid 25.I (3) (A b U)/G + (') o.83 (4) 
L(rid3;lic acid 19.o (5) 

* The  vah les  are  based on - i  ana lyses  per formed Oll 15 p repara t ions  listed in Table II as 
E x p e r i m e n t s  5 to 13. The  coefficients of var ia t ion  are  given in paren theses .  Abbrev ia t ions :  A, G, 
C, U s t and  for adenyl ic ,  guanyqic, cy, t idylic,  ur idyl ic  acids. Pu = : \ - b G ;  Pv  = C + U. 6 -Am -.: 
A - k C ;  6-K = G - -  I.'. 

ce l l  o b s e r v e d  u n d e r  o u r  e x p e r i m e n t a l  c o n d i t i o n s ;  a n  i n v a r i a b i l i t y  t h a t  a p p e a r s  to  

a p p l y  a l so  t o  m a n y  o t h e r  c e l l u l a r  s y s t e m s  2,3,11,m. I t  wi l l  b e  u n d e r s t o o d  t h a t  t h e  

c r i t e r i o n  a p p l i e d  b y  u s  h e r e ,  viz . ,  t i l e  a b s e n c e  o f  o b s e r v a b l e  c h a n g e s  in  t h e  p a t t e r n  

o f  t h e  d i s t r i b u t i o n  o f  p o l y m e r - b o u n d  r i b o n u c l e o t i d e s ,  is c r u d e  a n d  o b t u s e :  i t  wi l l  fa i l  

to  r e v e a l  v e r y  s m a l l  c h a n g e s  in  t h e  e n t i r e  p o l y m e r  o r  i m p o r t a n t  m o d i f i c a t i o n s  o f  

a s m a l l  f r a c t i o n ;  it  wi l l  n o t  d e m o n s t r a t e  a l t e r a t i o n s  o f  t h e  n u c l e o t i d e  s e q u e n c e  t h a t  

a r e  n o t  a c c o m p a n i e d  b y  c h a n g e s  in  t h e  n u c l e o t i d e  p r o p o r t i o n s ;  n o r  wi l l  i t  p e r m i t  

t h e  r e c o g n i t i o n  o f  c h a n g e s  in  t i l e  p h y s i c a l  p r o p e r t i e s  o f  t h e  r i b o n u c l e i c  a c i d s  o r  in  

t h e i r  c o n j u g a t i o n  w i t h  p r o t e i n s .  W e  h o p e ,  in  t h i s  c o n n e c t i o n ,  to  d i s c u s s  s o m e  a s p e c t s  

o f  s t a b i l i t y  in  a l a t e r  p u b l i c a t i o n .  

l?eh'remes p..5.5-t. 
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Nevertheless,  i t  can be said tha t  the to ta l  po lymer  of r ibonucleic  acid made b y  
E.  coli in the  course of i ts normal  growth does not  appea r  to differ in composi t ion 
or in anabol ic  his tory,  as regards  the  ut i l izat ion of precursors,  from tha t  produced 
in the  absence of prote in  synthesis ,  even when large amounts  of a single nucleoside 
tha t  can be ut i l ized efficiently are supplied.  If the format ion of normal  r ibonucleic 
acid were a corol lary of prote in  synthesis ,  it could have been conceivable tha t ,  when 
the l a t t e r  is prevented ,  phosphorylases  or s imilar  enzymes,  though normal ly  ac t ing  
only as scavengers  in the  direct ion of the  degrada t ion  of the polymer,  might  come 
into p l ay ;  so tha t  th rough  an oversupp ly  of one precursor  it  would have been possible 
to produce unusual  polymers  and thus  to dr ive the nucleot ide ra t ios  in one direct ion 
or another .  This does not  seem to be the  case. 

One gains the impression tha t  the prevent ion of the format ion  of new protein  
does not  remove  the newly forming r ibonucleic  acid of the cell from the controls  t ha t  
ensure i ts inviola te  reproduct ion.  The search for the na ture  of these controls,  pre- 
sum ab ly  indispensable  if the cell is to main ta in  itself in a s ta te  of specificity, has 
not  been a t t ended  b y  much success; it  has become a field criss-crossed with short  
cuts t ha t  lead nowhere. W e  are faced with a pa radox :  on the one hand,  there must  
exis t  a level of s t r ic t  in tegra t ion  of all macromolecular  cell cons t i tuents  tha t  together  
define the specifici ty of the cell; on the o ther  hand,  there  appea r  to exist  levels of 
a u t o n o m y  permi t t ing  the independent  repl icat ion of these molecules. How these 
cont rad ic t ions  can be reconciled, we do not  know. 

SUMMARY 

This paper discusses the invariability of the total ribonucleic acid of E. coli (Strain B and a lysine 
auxotroph), both with respect to the proportions of constituent nucleotides and to the anabolic 
history of the polymer, synthesized in the presence or absence of a single nucleoside acting as 
precursor and with or without simultaneous protein synthesis. Experiments on the identification 
of the sugar component are included. 
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