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The hypothesis of a relationship between ribonucleic acid (RNA) concentration and 
the rate of protein synthesis (BRACI~ET, CASPm~SSON) has been frequently drawn upon 
to explain the variations in RNA content of the cells of various microorganisms as a 
function of the stage of growth of the culture in which they are studied 1, 2, 3, 4, 5. 

Recently CALDWELL, MACKOR, AND HINSHELWOOD 8 have shown, from a comparison 
of mutants ot a yeast with different rates of growth or of cells from the same strain 
cultivated under different conditions, that  there existed a linear relationship between 
the RNA content per mg organic nitrogen and the reciprocal of the mean generation 
time. 

As will be pointed out below, the very elegant result obtained by these authors 
from a study of cultures which were most likely in the exponential phase of growth, 
is by no means verified if one compares the cells of a single culture of the colourless 
flagellate, Polytomdla coeca, collected during different stages of its development. The 
complex nature of the relationship observed under these conditions appeared to depend, 
most likely, on the fact that the RNA is tied to lipido-protein particles of various sizes 
and with varying RNA contents, the relative proportions of which may differ according 
to the stage of evolution of the culture. These particles play different physiological roles 
as is proved by their markedly heterogeneous enzymatic constitution and their varying 
turnover rate of RNA~,8, 9,10,11,1~; and it would therefore not be at all surprising that 
their relative concentrations be markedly different during the latent phase, the ex- 
ponential phase of growth, and at the point where the medium has been exhausted of 
certain of its constituents. BRACHET AND CHANTRENNE 15,14 have already shown that  
modifications of this type are produced during the embryonic development of the chick. 
Finally, a s tudy on baker's yeast, unfortunately interrupted by the war S, had provided 
some evidence in favour of the same idea. However, the quantitative extraction and 
fractionation of yeast cytoplasm, like that  of bacteria, is made practically impossible 
by the mechanical resistance of their membranes. In order, therefore, to continue our 
studies, we have made use of a much more suitable material, the Polytomella coeca, a 
colourless flagellate of the group Volvocales, which possesses a very fine and fragile 
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membrane and which can be cultivated as easily as the most common bacteria and 
yeasts 15. 

The first part of our work, devoted to the study of various nucleoprotein fractions 
of Polytomdla and their behaviour during the evolution of a culture, as well as the 
parallel modifications in the rate of synthesis of proteins, is outlined in this report. 

MATERIAL AND METHODS 

The  s t r a in  Polf lomella coeca ut i l ized was p rov ided  by  Dr  A. LWOFF. The  cu l tures  were grown 
in flasks of  4 to  20 l i t res  in t he  following m e d i u m ,  a d j u s t e d  to PH 5: e thano l  3 ml ;  s o d i u m  acetate ,  
I g;  m a g n e s i u m  su lpha t e  o. i  g; a m m o n i u m  su l pha t e  I g;  aneur ine  io  -4 M,  i ml ;  Fe  +++ in the  form 
of c i t ra te  1.82 mg/ l i t re  of bi-dist i l led wate r  is. The  g rowth  is fol lowed b y  m e a s u r e m e n t s  of " e x t i n c t i o n "  
wi th  a Coleman 14 sp~c t rophotometer ,  t he  n u m b e r  of cells per  un i t  vo lume  being de t e rmined  by  
m e a n s  of a ca l ibra t ion  curve.  Direc t  cell coun t  was ob ta ined  by  sp read ing  a known vo lume  of cul ture ,  
f ixed wi th  ZENKER liquid,  on a gra t icule  and  coun t ing  t he  to ta l  n u m b e r  of cells con ta ined  in the  
volume.  

The  cells are col lected q u a n t i t a t i v e l y  by  m e a n s  of a Sharpless  cent r i fuge  a t  15,00o r .p .m. ,  which  
leaves  t h e m  per fec t ly  in tac t .  T h e y  are washed  in t he  same  cent r i fuge  by  t he  rap id  passage  of severa l  
l i t res  of l iquid.  

The  de t e rmina t i on  of p ro te in  N was  carr ied ou t  by  m e a n s  of the  MARKHAM a p p a r a t u s  16 following 
minera l i za t ion  of t he  cells, wh ich  had  been p rev ious ly  t r ea t ed  wi th  IoTo t r ichloracet ic  acid and  
del ip ida ted  by  the  m e t h o d  of SCHNEIDER 1~'. 

The  e s t ima t i on  of R N A  was  carr ied  ou t  b y  t he  orcinol m e t h o d  of BARRENSCHEEN AND PEHAM TM 

on a 5 %  perchloric  acid ex t r ac t  19. I t  is i m p o r t a n t  t h a t  t he  perchloric  acid ex t r ac t ion  be carr ied ou t  
on ly  af ter  comple te  e l iminat ion ,  by  repea ted  wash ings  wi th  t r ichloracet ic  acid and  alcohol,  of sub-  
s t ances  wh ich  react  wi th  orcinol  to g ive  a b n o r m a l  colorat ion.  The  resu l t s  ob ta ined  b y  th i s  m e t h o d  
were control led on t he  ent i re  cells as well  as on the  va r ious  cy top lasmic  f ract ions  by  a s t u d y  of t h e  
abso rp t ion  spec t ra  of t he  perchlor ic  ex t r ac t s  in  t he  B e c k m a n  spec t ropho tomete r .  The  absorp t ion  
spec t ra  observed  cor responded  exac t ly  wi th  those  g iven  b y  purif ied RNA.  

The  f rac t iona t ions  of t h e  cy top l a smic  ex t r ac t s  were carr ied  ou t  in  re f r igera ted  centr i fuges .  
D u r i n g  cen t r i fuga t ions  a t  4o,ooo r .p .m,  for wh ich  an  a i r  cen t r i fuge  was  used,  t h e  t e m p e r a t u r e  d id  
no t  exceed t h a t  of  t he  l a bo ra t o ry  b y  more  t h a n  2 or 3 ° C. 

The  l ipid-soluble P was e s t i m a t e d  b y  t he  m e t h o d  of SCHNEIDER 17, cy toch rome  ox idase  b y  t he  
m e t h o d  of UMBREIT 20 in  t he  presence  of a suff icient  concen t ra t ion  of cy toch rome  as to m a k e  t he  
reac t ion  ra te  i n d e p e n d e n t  of it. 

RESULTS 

A. Notes on the cytochemistry o/ the Polytomdla cells 
Mammalian tissue, and in particular hepatic tissue, has constituted the essential 

material of modern cytochemical research. In order to make use of the information 
furnished by the study of the Polytomella, which synthesize starch in abundance and 
are closely related to chlorophyll organisms, it is necessary that we be able to compare 
them with what we know of mammalian tissues. We shall therefore list at the beginning 
of this study the few observations made on Polytomella cells which may be utilized for 
such a comparison. Unless specified, our description concerns cells in the exponential 
phase of growth. 

The cells divide every 5 to 7 hours; protein synthesis is thus rapid and it is found, 
as one would expect, that the proportion of RNA to protein is as high as 6 to IO To. 

To this high RNA content there is a corresponding high basophilia. On smears 
obtained after fixation with Zenker liquid, toluidine blue in particular is fixed in large 
quantities throughout the cytoplasm, but more than anywhere else, in the half of the 
cell bearing the flagellae. 

Since the ceils of Polytomella contain large quantities of metaphosphate (J. WlAME, 
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private communication), part of the basophilia observed could be due to this substance. 
As is shown in Table I, the proportion of metaphosphate "tied to the proteins ''21 and 
which the acid fixative utilized probably does not extract, is however small. The major 
portion of toluidine blue fixed is therefore indicative of the presence of RNA and not 
of metaphosphate. It  may be added that  at the stage of evolution of the cultures 
considered here, the metachromatic reaction characteristic of metaphosphate does not 
appear in the cells fixed with ZENKER liquid and colored with toluidine blue. 

T A B L E  I 

DISTRIBUTION OF P IN VARIOUS FRACTIONS SEPARATED FROM CELLS 
IN EXPONENTIAL PHASE OF GROWTH 

Total P 
Inorganic P (orthophosphate) 
Free metaphosphate 

(soluble in xo~/o TCA) 
Protein bound metaphosphate 
Ribonucleic acid 

P in mg % of total P 

207.7 
4.6 

46.4 
1.9 

39-4 

IOO 
2.2 

22. 4 
0.9 

I9.O 

The nucleus, which is quite small, does not fix toluidine blue except at the small 
central nucleolus. It  can therefore be concluded that the quanti ty of RNA contained 
in the nucleus is insignificant in comparison to that present in the cytoplasm. 

We at tempted without success to show the presence of desoxyribonucleic acid in 
the nucleus, even during division, by the method of FEULGEN. Despite the fact that 
wide variations in hydrolysis periods were utilized, we were unable to detect any 
convincing reaction, aside from a vague pink coloration in the nucleolus or at its peri- 
phery. It  is therefore considered in what follows that the concentration of desoxy- 
ribonucleic acid in the cell is also negligible. 

The Polytomella cells are suspended in a volume of liquid equal to about IO times 
the volume of the cells. Their contents are then homogenized by simply passing the 
suspension through the orifice of a syringe applied tightly against the bottom of a 
lusteroid tube. Microscopic examination is employed to control the efficiency of homo- 
genization, which can be carried far enough so that  all cell fragments have disappeared. 
At this point, the very fine cell membranes are no longer visible. Centrifugation of the 
suspension for IO minutes at 2,300 r.p.m, results in the appearance at the bottom of 
the tubes of a pellet of grains ot starch on top of which is a thick layer of large granules. 
The supernatant liquid has the appearance of a suspension of very fine particles. 

After their separation from the starch grains, the large granules are readily re- 
suspended in the rest of the homogenate. The resulting suspension is submitted to a 
series of successive centrifugations* of increasing speeds. The supernatant liquid from 
the last centrifugation is saved. The various fractions obtained represerit thus all the 
material present in the treated cells, a result which cannot be obtained with cells, like 
those of the liver, the mechanical dispersion of which is always incomplete. 

Numerous authors have reported that  the results of this type of fractionation differ 

* The  precise cond i t ions  unde r  which  t he  cen t r i fuga t ions  were car r ied  o u t  wi l l  be ou t l i ned  in  
the  second p a r t  of t h i s  work. 
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according to the nature of the suspension liquid utilized. The ideal case appears to be 
that  in which the dispersion of the cells modifies as little as possible the conditions under 
which the cytoplasmic particles are located in the normal cell from the point of view 
of PH, concentration of various cations, etc. We have therefore chosen as the dispersion 
liquid the physiological solution of CHAMBERS 22 (KC1 o.52%, NaCI o.I75%, sodium 
citrate 0.25%) which, when injected into the interior of protist cells, apparently does 
not modify the physical properties of cytoplasm. The only modification made in this 
solution consisted of buffering it at PH 7 with M/2oo phosphate buffer. 

RNA, protein N, liposoluble P and cytochrome oxidase of the various fractions 
were analyzed (c[. Tables U and III). The results obtained are markedly similar to 
those furnished by  the fractionation of cytoplasmic particles of the liver (c/. especially 
Referenceg). As in the case of the liver, the RNA content of the granules incleases from 
the largest to the smallest, the highest content (34% of the protein content in the smal- 
lest granules separated out) being however considerably higher in the case of Polytomella. 
The liposoluble P content of the granules is strikingly similar to that  obtained in the 
case of the liver and, as in this organ, is highest in the granules of intermediate size. 
Finally, 80 % of the cytochrome oxidase of the Polytomella extract  is found in the pellet 
obtained by centrifugation at IO,OOO r.p.m, for IO minutes. Only the largest particles 
therefore contain this characteristic enzyme, as in the case of mammalian tissue. 

TABLE II 
R E S U L T S  OF A F R A C T I O N A T I O N  OF C E L L S  C O L L E C T E D  D U R I N G  T H E  E X P O N E N T I A L  

P H A S E  OF G R O W T H  A N D  D I S P E R S E D  I N  T H E  C H A M B E R S  S O L U T I O N  

Fractions 

Pellet io min 
2.300 r.p.m. 

Pellet io rain 
IO,OOO r.p.m. 

Pellet 1o min 
40,00o r.p.m. 

Pellet 6o min 
40,0oo r.p.m. 

Sqpernatant 60 min 
4o,ooo r.p.m. 

7RNA y protein N 
in I lof in I lof 
culture culture 

83 411 

262 634 

141 192 

433 203 

45 ° 1128 

RNA 
per IOO 
proteins 

3.24 

6.60 

11.7 

34.1 

6.4 

I t  may  be added that  the phosphorylase found by LwoFF in Polytomella is present, 
according to this author, in granules which are visible in the microscope. 

A fact which merits some attention is the quanti tat ive importance of the protein N 
contained in the granules. According to the time at which the Polytomella cells are 
collected, the protein N sedimented at 40,000 r.p.m, in I hour represents 55 to 80% of 
the total  protein N. The nuclei and membranes represent only a t iny portion of the pellet 
obtained. I t  appears therefore somewhat difficult to neglect the existence of this fraction, 
of rather complex chemical constitution, in whatever s tudy one may  undertake on the 
growth of the Polytomella cells. 

A second particularity of Polytomella shared, it is true, by all cells in very active 
division studied up to the present, is the high proportion of RNA remaining in the 
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TABLE I I I  

RESULTS OF A FRACTIONATION OF CELLS COLLECTED DURING T H E  E X P O N E N T I A L  PHASE 

OF GROWTH AND DISPERSED IN" M / 2 o o  PHOSPHATE BUFFER,  PH 7.3 

Fract ions  

Pellet io  min 
1o,ooo r .p.m. 

Pellet i o min 
4o, ooo r.p.m. 

Pellet 6o min  
40,000 r .p.m. 

Superna tan t  6o min 
40,000 r.p.m. 

l liposoluble P 
in I 1 of 
culture 

P 

81 

13.5 

8.75 

6.25 

y protein  N 
in i 1 ot 
culture 

I865 

1o 4 

129 

469 

liposoluble 
P per I mg 
protein N 

43.5 

13o 

67.8 

13.3 

129 

supernatant fluid following centrifugation for 6o minutes at 4o,ooo r.p.m. As SZAFARZ 28 
has recently shown in our laboratory by an electrophoretic study of Polytomella extracts 
centrifuged at 40,000 r.p.m, for I hour, all the RNA present in the supernatant liquid 
is combined with other substances, most likely proteins, with which it forms compounds 
of mobility considerably inferior to that of nucleic acid itself. I t  is therefore quite 
possible that  it may be included in "nucleoproteins" with sedimentation speeds smaller 
than that of the granules, but  which may nevertheless show a similar chemical compo- 
sition, and be in particular associated with phospholipids. 

We shall not discuss this question which will be dealt with in the succeeding study. 
I t  should be noted however that  the liposoluble P content of the supernatant liquid 
(e]. Table III)  corresponds exactly to what we would expect to find if we were to admit 
that  this fraction of liposoluble P is entirely part  of granules having the same com- 
position as the smallest which we have been able to isolate (at 40,000 r.p.m, for I hour). 

There remain two additional points worth mentioning. In most cases, we homo- 
genized the Polytomella cells in a M/2oo phosphate buffer solution at Pti 7.2. The frac- 
tionation results obtained under these conditions did not turn out to be different from 
those obtained by fractionation in the CHAMBERS solution described above. On the 
other hand, we did not succeed in locating the Polytomella nuclei after homogenizing 
the cells. Whether they remain whole or are dispersed in fragments, the RNA which 
they contain should not constitute more than a very small part of one of the cytoplasmic 
fractions studied. 

B. Study o/the evolution undergone by Polytomella cells during culture growth 
From the very start of our observations on Polytomella, it became evident that  

their RNA content could vary considerably according to the physiological conditions 
under which they were placed, and does not show a constant and simple relationship 
either with the quanti ty of protein present or with the rate of synthesis of the latter. 

If, e.g., we compare the quanti ty of RNA per unit volume of culture and the number 
of cells roughly measured by the "extinction", in two cultures, one of which is aerated 
by means of a strong current of air bubbles and the other by a slow current, it is found 
that  for the same number of cells, the quanti ty of RNA is twice as great in the feebly 
aerated culture where the growth is slowest. 
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Similar results are obtained by comparison of a culture in a Roux bottle and one 
in a vigorously aerated flask, studied at maximal growth, at equal times following 
seeding, and at neighbouring extinction coefficients. The vigorously aerated culture 
contains, per unit volume, 6 times as much protein as the Roux bottle culture; but, 
for the same weight of protein, 2.5 times less RNA. 

It also appeared that the different physiological conditions under which the cells 
may have been placed had very different effects on the various nucleoprotein fractions 
of cytoplasm. If, by centrifugation for IO minutes at 4o,ooo r.p.m., we separate the 
cytoplasmic nucleoproteins of two samples of cells, the first taken at the point at which 
growth slows down in a completely nutritive medium, the other during slow growth 
in a medium poor in Fe ÷++, we find that the ratio of the RNA of the supernatant liquid 
to the RNA of the pellet may attain in the first case the value of 8, while in the second 
case it may drop to as low as o.12 34 . 

Thus the RNA content of the cells and its distribution between the fractions varies 
greatly according to the physiological conditions under which the cells are placed. It  
is then to be expected that  similar modifications will appear during the evolution of 
a culture, since the various stages of this evolution reflect the transformations undergone 
by the medium as a result of the metabolic activity of the cells. 

When a Polytomella culture in a complete medium is seeded under the conditions 
indicated above, the speed with which the number of cells increases begins to rise 
slowly. During this first stage, the protein content of the cells increases more rapidly 
than their number. We were unable to study sufficiently accurately the behaviour of 
the RNA at this point, the quantities available for analysis being too small. No sooner 
does the logarithmic phase of growth commence than the number of cells (determined 
photometrically) increases at the same rate as the quanti ty of protein present per unit 
volume of culture. When growth slows down, this parallelism between the quanti ty of 
protein present and the number of cells is maintained, so long as all the cells retain their 
mobility and none are lysed. As soon as lysis begins, quantitative examination becomes 
impossible and measurements are discontinued. This stage of the culture evolution, so 
difficult to determine in cultures of yeast or bacteria, is very noticeable in the case of 
Polytomella. As soon as motility ceases, the cell membrane breaks, and grains of starch 
appear in the culture medium. 

Fig. I shows the evolution of the rate of protein synthesis (k) during the exponential 
phase of growth and during its slowing down phase. If Q is the protein content of IOO ml 
of culture and T the "mean generation time" of the proteins: 

I dQ d log10 Q i 
k -- -- 2.3026 -- In 2 

Q dt dt T 

CALDWELL, MACKOR, AND HINSHELWOOD 6 having recently established, in the case 
of yeast, the existence of a linear relationship between the reciprocal of the "mean 
generation time" and the quanti ty of RNA per mg of N, we could expect that in our 
experiments, the rate of protein synthesis k might be proportional at any given time 
to this same quantity. 

However the quanti ty of RNA per mg protein N incleases during the exponential 
phase where k is constant and continues to increase when the value of k diminishes. 
The quanti ty of RNA per mg N subsequently decreases and finally approaches its 
initial value, when the value of k is practically zero. 
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Thus, in our case, there is no relation between the rate of increase of proteins at 
the various stages of growth and the quantity of RNA per mg protein N (Fig. I). 

A more complete analysis of the behav- 
iour of the RNA would enable us to clarify 
the nature of this disagreement. If, at the 
various stages of evolution of the culture, 
we homogenize the cells in phosphate buffer 
and separate the nucleoproteins into two 
fractions (pellet and supernatant liquid) by 
centrifugation for IO minutes at 40,0o0 
r.p.m., we find (Fig. 2) that the RNA content 
of the two fractions rises exponentially 
during the exponential increase ot the protein 
N. It continues to increase with the same 
speed for 6 or 7 hours after the probable 
moment of cessation of exponential increase 

RNA p~ 
ote/n 

tog~o 7 RNA 
per t00 ml o/ cuffure 

- I  i 

Y 
/ 

I , f  

I 

f 

logro 9'protein N 
per 100 culfure 

° ° .~ I  

3.0 

2.5 

2~0 I 
I 

0 10 20 30 40 50 60 70 80 90hours 

Fig. 2. Quant i t ies  of R N A  of the  super-  
n a t a n t  l iquid and  the  pellet  separa ted  by  
centr i fugat ion for io  minu tes  a t  40,ooo 
r .p.m.,  a t  various stages of the  evolut ion of 
a cul ture (quanti t ies per  IOO ml of culture) 

Curve I :  logz0 R N A  of supe rna t an t  
Curve II  : logzo R N A  of pel le t  
Curve I I I  : logxo prote in  N 
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Fig. z. Ra te  of increase of prote in  ni t rogen and  of 
r ibonucleic acid per  mg prote in  ni t rogen dur ing  

the  evolut ion of a cul ture 

- - e  e - -  : logzo Q (7 prote in  N per  zoo ml  
of culture) 

- - o  o - -  : 7 R N A  per  mg prote in  N 
Do t t ed  curve:  ra te  of increase of p ro te in  N 

of plotein N. After this, the behaviour of 
the two fractions becomes quite different. 
While the quantity of RNA of the super- 
natant liquid decreases rapidly, the RNA 
content of the pellet continues to increase 
slowly up to the beginning of autolysis of 
the culture. In addition, the rate ot increase of 
the RNA of the supernatant liquid during 
its exponential phase is slightly higher than 
that of protein N during the same phase. 
The prolongation of the phase of exponential 
increase of RNA beyond the end of the phase 
of exponential increase of protein N and the 
fact that the RNA of the supernatant liquid 
increases slightly more rapidly than the 
protein N during the exponential phase of 
growth lead to the same result, viz., the in- 
crease of the quantity of RNA per mg of 
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Ratio RNA of supernatont/ RNA of pellet 

51 / '/~//.-' ,,I ~ v*'" 

! 

I ! 2.0 

I 15 
0 10 20 .30 40 50 60 70 80 90houN 

protein N up to a maximum (Fig. I) where this quanti ty is triple that  which it was at 
the beginning of the exponential phase of increase of the protein N. 

In addition, the growth of the RNA of the 
Iog~o 7 protein N 

per tOOm/otcu/~resupernatant being more rapid than that  of the  
RNA at the pellet during the exponential phase 

~.5 of this growth, and the RNA of the supernatant 
subsequently decreasing while the RNA of the 
pellet continues to increase, the ratio existing at 
each instant between the RNA of the two frac- 

a0 tions (Fig. 3) necessarily undergoes large varia- 
tions, its maximum value being attained several 
hours after the end of the exponential phase of 
increase of the protein N. 

Fig. 3. Ratio of RNA of the supernatant 
to RNA of the pellet, separated by cen- 
trifugation for I o minutes at 4 o, ooo r.p.m., 
at various stages of the evolution of a 

culture 
- -e  e - - :  loglI protein N 
---E]------E:]~: ratio RNA of supernaLunt 

to RNA of pellet 

DISCUSSION 

A complete discussion of these results will 
not be at tempted here. This cannot properly be 
done prior to their comparison with the results 
obtained by a study of the rate of synthesis of 
RNA by means of 32p labelled phosphate, to.be 
presented in the second part of this work. 

The various results presented in the graphs 
are expressed as quantities of substance per unit 
volume of culture. To make them clearer, it is 
necessary to picture what happens in the in- 
dividual cell. This can be done without difficulty 
since, under our experimental conditions, the 
number of cells per unit volume of culture is ap- 
proximately proportional to the quanti ty of 

protein N found. Out representation of the evolution of the cells will be even more 
precise if we consider that  the RNA measured is, in fact, part  of lipidoprotein granu- 
les. We can therefore interpret our results in the following manner: 

I. During the exponential phase of growth, the increase in the number of the 
smallest particles is slightly faster than cellular multiplication; that  of the larger 
particles takes place with the same speed. 

2. During a period of several hours following the exponential phase of growth, the 
increase in the number of particles of all sizes continues to take place with the same rate 
as previously, while the rate of cellular multiplication decreases appreciably. 

3. Following this short period, there takes place a rapid degradation of the smaller 
particles, while the number of the larger ones continues to increase at a rate superior 
to that  of cell multiplication. 

In our case, the factor that  stops the exponential growth of the culture appears 
to be the decrease of oxygen concentration in the medium, as is shown by the fact that  
an increase in the rate of air bubbling when the rate of cell multiplication diminishes 
causes a noticeable increase in the latter. Whatever may be the nature of this limiting 
factor, we may in any event record the fact that  it exerts a rather unequal influence 
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on the various constituents of the cell, and that, in particular, the smaller ribonucleo- 
protein particles have, during the slowing down phase of growth, a remarkable inde- 
pendence with respect to the cells of which they form a part. 

SUMMARY 
1. The chemical composition of the cytoplasmic ribonucleoprotein particles of the flagellate, 

Polytomella coeca, varies according totheir speed of sedimentation and resembles tha t  of the ribo- 
nucleoprotein particles of mammalian liver. 

2. A comparison of the Polytomella cells during the various stages of growth of a culture shows 
tha t  there is no linear relationship between the quanti ty of ribonucleic acid per mg protein nitrogen 
and the rate of protein synthesis. 

3- The increase in ribonucleic acid content of the various nucleoprotein fractions takes place 
at a rate which may differ (I) from the rate of multiplication of the cells, (2) from one fraction to 
another. 

R]~SUM]~ 

z. Les particules ribonucl6oprot~iques du cy~coplasme d'un flagellate, Polytomella coeca, ont une 
constitution chimique variable suivant leur vitesse de s~dimentation et rappellant celle des particules 
ribonucl~oprot6iques du foie de mammif~re. 

2. Aucune relation lin6aire n 'apparatt  entre la quantit6 d'acide ribonucl6ique par mg d'azote 
prot6ique et la vitesse de synth~se des prot6ines si l 'on compare des cellules de Polytomella aux 
diverses 6tapes de la croissance d'une culture. 

3- L'augmentatiou de la teneur en acide ribonucl6ique des diverses fractions nucl6oprot6iques 
s'effectue g une vitesse qui peut 6tre diff~rente de la vitesse de multiplication des cellules et diff~rente 
d'une fraction ~ l'autre. 

ZUSAMMENFASSUNG 
I. Die chemische Zusammensetzung der Ribonukleoproteinteilchen des Cytoplasmas des 

C, eisseltierchens, Polylomdla coeca, ~.ndert sich nach ihrer Sedimentationsgeschwilidigkeit und ist der 
der Ribonukleoproteinteilchen der Siiugetierleber iihnlich. 

2. Ein Vergleich der Polytomdla-Zellen w~.hrend verschiedener Wachstumsperioden einer Kultur 
zeigt, dass kein lineares VerhMtnis zwischen der Ribonukleinsiiuremenge pro mg Proteinstickstoff 
und der Geschwindigkeit der Proteinsynthese besteht. 

3. Die Zunahme des Ribonukleinsiiuregehaltes der verschiedenen Nukleoproteinfraktionen ge- 
schieht mit einer Geschwindigkeit, die i yon der Vermehrungsgeschwindigkeit der Zellen, und 2 yon 
einer Fraktion zur anderen verschieden sein kann. 
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