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INTRODUCTION 

I n  t h e  c o u r s e  of i n v e s t i g a t i o n s  i n t o  t h e  ro le  of r i b o s e  nuc l e i c  ac id  ( R N A )  in  t h e  

b i o s y n t h e s i s  of p r o t e i n ,  we h a v e  b e e n  i n t e r e s t e d  in  m e a s u r i n g  t h e  q u a n t i t y  of R N A  a n d  

of p r o t e i n  n i t r o g e n  p r e s e n t  i n  y e a s t  c u l t u r e s  a t  v a r i o u s  t i m e s  d u r i n g  t h e  g r o w t h  cycle ,  

as  a p r e l i m i n a r y  t o  i s o t o p i c  w o r k .  P h o s p h o r u s  d e t e r m i n a t i o n s  h a v e  b e e n  c o m p l i c a t e d ,  

h o w e v e r ,  b y  t h e  a s s o c i a t i o n  w i t h  t h e  R N A  of a n o t h e r  p h o s p h o r u s  c o m p o u n d  ( labi le  

p h o s p h a t e )  w h i c h  w as  r e a d i l y  h y d r o l y s e d  b y  h o t  ac id ,  a n d  was  t h o u g h t  t o  b e  t h e  

m e t a p h o s p h a t e  d e s c r i b e d  b y  WIAME 1. T h i s  n e c e s s i t a t e d  t h e  d e v e l o p m e n t  of a m e t h o d  

for  e s t i m a t i n g  n u c l e i c  ac id  p h o s p h a t e  ( N A P )  i n  t h e  p r e s e n c e  of t h e  l a b i l e  p h o s p h a t e .  

B y  a p p l i c a t i o n  of t h i s  m e t h o d ,  c e r t a i n  a s p e c t s  of t h e  m e t a b o l i s m  of t h e  l a b i l e  p h o s p h a t e  

a n d  of R N A  h a v e  b e e n  o b s e r v e d ,  a n d  t h e  f i n d i n g s  h a v e  s t i m u l a t e d  i n t e r e s t  in  t h e  g e n e r a l  

s t r u c t u r e  of t h e s e  c o m p o u n d s .  

METHODS AND MATERIALS 

Growth experiments were carried out using the yeast Torulopsis utilis (now classified as Ca~Mida 
utilis2). This was grown in shake culture in 250 ml conical flasks at  25 ° C in a "Warburg tank, each 
flask containing ioo ml of culture. The culture medium used was as follows: 

D-Glucose (CsH12Oe) 3 % 
Potassium dihydrogen phosphate (KH2I)O4) o.2 % 
Ammonium sulphate (NH4)2SO 4 0.3 % 
Calcium chloride (CaC12- 2H20 ) 0.05 %, 
Magnesium sulphate (MgSO~. 7H20) 0.07 % 
Sodium chloride (NaC1) 0.05 °o 

i;or the inoculum in growth experiments,  yeast of the required age was centrifuged, and resus- 
pended in fresh medium in concentrat ion sufficient to give a turbidi ty  reading (extinction), at  tenfold 
dilution, of about  o.15 at  42o m/~ in a Unicam absorptiometer  S.I'. 4oo. (This corresponds to about  
i nlg dry weight of yeast in 1 ml of culture.) ~o ml samples of the suspension were then taken at 
intervals during tile growth cycle, and each sample was fractionated using SCm~EIDER'S a technique. 
The nucleic acid fraction was made up to 25 ml, and the absorption of an aliquot measured at 26o m/* 
and 3 lo in/~ in a Beckman spectrophotometer .  Other  aliquots were used to determine orthophosphate 
and total  phosphate by ALLEN'S a method. Protein nitrogen determinations were performed by the 
micro-Kjeldahl procedure of WILLITS AND ()GG s 

Tile condensed phosphates used in hydrolysis experiments,  viz. sodium pyrophosphate,  tripoly- 
phosphate,  t r imetapl losphate and Glass 696 (a polyphosphate of chain length about  3 o) were kindly 
supplied by Albright  and Wilson, Ltd. A highly condensed sodium polyphosphate was provided by 
Dr, P. ALEXANDER. This had been prepared as follows: potassium dihydrogen phosphate was heated 
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t o  64 o'~ C fo r  ~ h o u r ,  a n d  t h e n  c o o l e d .  A n  a q u e o u s  s u s p e n s i o n  ~l t h e  c o n d e n s e d  t ) o t a s s i u m  p l i o s p l i a t e  
t h u s  f o r m e d  w a s  s h a k e n  w i t h  t h e  s o d i u m  f o r m  of  a n  a n i o n i c  r e s in ,  a n d  t h e  r e s u l t i n g  s o l u t i o n  w a s  
f r e e z e - d r i e d  t o  g i v e  a s o l u b l e  w h i t e  p o w d e r .  T h e  p r o d n c t ,  w h i c h  w a s  c o n s i d e r e d  to  be  a l i n e a r  s o d i m n  
p o l y p h o s p h a t e ,  w a s  s t a t e d  t o  h a v e  a m o l e c u l a r  w e i g h t  o f  t h e  o r d e r  of  Jo '5 a s  d e t e r m i n e d  b y  light-- 
s c a t t e r i n g .  

T h e  c o m m e r c i a l  y e a s t  n u c l e i c  a c i d  u s e d  w a s  a s a m p l e  o f  B D H  " N u c l e i c  A c i d  f r o m  Y e a s t .  S o d i u m  
S a l t " .  A p o r t i o n  w a s  r e p r e c i p i t a t e d  t w i c e  w i t h  i o  v o l u m e s  of  g l a c i a l  a c e t i c  a c i d .  

EXPERI1WENTAL ANI) R E S U L T S  

Heterogeneity o~ nucleic acid/raction 

A culture of T. utilis was grown for 36 hours in the synthetic medium described, 
starved of nitrogen by transference for 36 hours to similar medimn devoid of nitrogen, 

and then inoculated into fresh medium. The 
nucleic acid and protein in samples taken 
during the following 24 hours of growth were 
measured, and the results are shown in Fig. I. 

In view of the demonstration by WIAME 1 
I~ of the occurrence of a labile phosphate in 

the nucleic acid fraction of baker 's  yeast, 
it is not surprising that  the phosphorus 
determinations of the nucleic acid fraction 
gave results differing from the UV values. 
As a rough guide to the nature and quan- 
t i ty  of the phosphorus compounds in this 
fraction, the trichloracetic acid (TCA) 
S C H N E I D E R  extracts were allowed to stand 
for a period of about six weeks, and the 
resulting orthophosphate measured. By sub- 
tracting orthophosphate from total phos- 
phate, values were obtained for the strongly 
bound "Fixed Phosphate",  and the figures 

T,~o(ho~) are given in Table I. 
The UV values are roughly proportional 

Fig.  t.  O P r o t e i n  N i t r o g e n  (n lg) ;  (~ t ;V  E x -  to fixed phosphate, giving a ratio of about 
t i n c t i o n  (of n u c l e i c  a c i d  f r a c t i o n )  p e r  mR of  
p r o t e i n  n i t r o g e n ;  • m g  P h o s p h o r u s  (of n u -  I I ,  and it appears probable that the fixed 
c le ic  a c i d  f r a c t i o n )  p e r  m g  of  p r o t e i n  n i t r o g e n ,  phosphate is, in fact, nucleic acid phosphate. 

T A B L I ' ;  1 

Time Total P Labile }' Fir~'d P UV UV 
(h) (rag) (m~) ( r a g )  (extinction) Fi~cd 1' 

o 0 .39  o .2S 0. i ~ 1.o 4 9-5 
4 0 .72  o .27  0 .45  5 .00  I L 2  
.5 :~/~ o .81  0 .28  o .53  5 .9o  i i .  x 
7~'~ 0 .89  0 .39  o .50  .5.80 I1 .0  

r I ~ r .25  0 .62  0 .63 ~ .6o  to. .!  
24 t . 94  1.2~ o.()t) t).~o IO. 3 

The above method, however, is inelegant and long; a speedier and more refined analysis 
was therefore sought. Since the SCHNEn)ER extraction of the nucleic acid involves a 
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z5 minute hydrolysis with 5 % TCA at 9 °0 C, whereby much of the labile phosphate is 
hydrolysed, it seemed that continued hydrolysis under the same conditions, making 
use of the differing rates of hydrolysis of the 
labile phosphate and nucleic acid phosphate 
might be employed. WIAME'S 6 work had indi- 

jO0 
cated that  the labile phosphate was probably ~_ 
a condensed phosphate; in particular the ~90 
kinetics of its hydrolysis by N HC1 were 

80 typical of this class of compound. The hydrol- _ o 
ysis of four different condensed phosphates ~ 70 
was therefore examined, using 5°./o TCA at ~' 
9 o° C; they all gave similar rate curves, and ~-60 
were 94% hydrolysed to orthophosphate after ~0 
75 minutes. 

Since four different condensed phosphates ~ ,0 
were hydrolysed to the same degree by the 
75 min hydrolysis, it seems reasonable to ~3c 
suppose that the hydrolysis under these o~2~ 
conditions is typical of condensed phosphates 
in general, and may be due merely to the 
fission of the P -O-P  bond. Under similar 
conditions, a SCHNEIDER nucleic acid extract 
of baker's yeast, free from labile phosphate, 
and a sample of herring sperm deoxyribose- 
nucleic acid (DNA) were hydrolysed only 
to the extent of 15°:o. It  may be considered 
that  this low degree of hydrolysis is typical of 

J 
J 

0 j • t I t I - -  i { 5 1 0  t 
20 30 40 50 70 80 

Dine (minu fes) 

Fig. 2. Rate of 1D'drolysis of condensed 
phosphates and of bakers yeast nucleic acid. 
X Pyrophosphate; (p TripoIyphosphate; 

O Trimetaphoshate; • Glass 696; 
® Baker 's  yeast nucleic acid. 

fission of the nucleotide C-O-P bond, and that  hydrolysis of such bonds in a similar 
molecular environment would always liberate the same percentage of phosphorus. 

The method of analysis therefore adopted was to continue the SCHNEIDER hydrolysis 
(5% TCA at 9 °° C) on an aliquot of the nucleic acid fraction for a further hour, and the 
orthophosphate produced (I hour P) was determined. Another aliquot was analysed 
for total phosphate. From these data, the nucleic acid phosphate (N) and labile phos- 
phate (M) could be calculated from the simultaneous equations: 

I Hour P = o.94 M + o.15 N. 
Total P - M + N. 

Application o[ hydrolysis method and composition o/yeast nucleic acid 

The differential hydrolysis technique was applied to a growth experiment in order 
to substantiate the constant ratio of UV absorption to nucleic acid phosphorus (NAP) 
found previously in the nucleic acid fraction. For this experiment a two-week-old culture 
was used as inoculum, which was found to have a low content of labile phosphate. 

The growth curve (Fig. 3) shows a long lag in protein synthesis, during which time 
there was a drop in nucleic acid content measured by UV absorption. Table II demon- 
strates an unexpected change in ratio of UV absorption to NAP, and it seems that  the 
magnitude of the ratio may be correlated with synthetic activity. 

Re]erences p. I25/I26. 
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If the  different ial  hydro lys i s  technique is valid,  the  change in ra t io  of the  nucleic 
ac id  f ract ions at  different  t imes  dur ing  the growth  cycle mus t  reflect e i ther  a change in 
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Fig. 3. O Protein Nitrogen (mg) ; (D UV Extinc- 
tion (of nucleic acid fraction) per mg of protein 

nitrogen. 

composi t ion of nucleic acid or a var ia t ion  
in l ab i l i ty  of some of the  phosphorus.  To 
de te rmine  the na ture  and degree of var ia-  
t ion in the  composi t ion  of the  nucleic acid, 
i t  is necessary  to know the composi t ion of 
an au then t ic  sample  of yeas t  nucleic acid, 
about  which there  appears  to be some con- 
t rad ic t ion  in the  l i te ra ture .  Thus WIAME v 
ob ta ined  an ex t inc t ion  of o.6r for a solut ion 
of reprec ip i t a ted  R N A  conta in ing o.57 
m M .  I o -4 of phosphorus  per  ml. Conver t ing  
the  l a t t e r  into mg P per  25 ml solut ion 
(the uni ts  used in this  communica t ion) ,  the  
ra t io  of ex t inc t ion  to phosphorus  is 13.9. 

On the  o ther  hand,  DI CARLO AND 
SCHULTZ 8 have. given a ca l ibra t ion  graph  
for the  UV absorp t ion  of yeas t  nucleic acid  ; 
b y  ex t rapola t ion ,  an ex t inc t ion  value of 
about  i .o  5 may  be der ived  for a solut ion 

conta in ing  I mg nucleic acid in 25 ml of solution. Since the theore t ica l  value for the  
phosphorus  content  of R N A  is considered to be about  o 3 9.5 L , the  UV to phosphorus  
ra t io  is abou t  II.O. 

"['A 131,1~ II 

Time (hours) U V Extinction (A) NAP (13) Ratio A/B 

o t.oo (7.070 14.3 
4!/~ 0"805 0.084 to.3 
0 O.QIO O.OQ2 q-9 
S~ ,~  ~ . 3 7  o .  ~ 2 3  J o . o  

t I 2 . 1 7  O . 2  1 ,~ IO.O 

15 3.78 o.31 J2.o 
20 5-55 0.386 14.4 
36 5.5 o o.42 13. i 

In  view of the  d i sc repancy  in composi t ion  be tween the values given by  the two 
different  sources, i t  seemed advisab le  to analyse  a sample  of yeas t  nucleic acid which 
had  not  been sub jec ted  to  the  usual  harsh  ex t rac t ion  t r ea tmen t s  of the  commercial  
mater ia l .  A piece of commercia l  baker ' s  yeas t  was therefore  f rac t iona ted  by  SCHN~IDE~'S 
technique,  and  labi le  phospha te  was shown to be absent  b y  the fact t ha t  the  nucleic 
ac id  fract ion conta ined  only 3 % of the t o t a l  phospha te  in the  form of o r thophospha te  
a f te r  t i le I5 minu te  TCA hydrolysis .  The UV absorp t ion  and  the to ta l  phospha te  were 
then  measured,  and  the  ra t io  found to be zo.3. This was therefore  t aken  to be the t rue  
value  for yeas t  nucleic acid. The ra t io  was also de t e rmined  for a sample  of B D H  "Nucleic  
Acid from Yeast .  Sodium Sal t " ,  and  for the r ep rec ip i t a t ed  mater ia l .  The figures ob ta ined  
were 13.7 and 13.8 respect ively .  The percentage  of phosphorus  in the  sodium sal t  was 
6.9, which is equiva len t  to  7.4° .  of tile free acid. 

h'~'/Crcnce,~ 16. 12.5/I26.  
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We therefore have two conflicting ratios for yeast nucleic acid, lO.3 for the native 
material and 13.9 for the commercially extracted sample. This difference may possibly 
be explained on the basis of the electrometric titration evidence of FLETCHER 9 et al., 
who showed that  yeast RNA contains three primary and one secondary phosphoryl 
-O H dissociations for every four atoms of phosphorus. They indicated that the secondary 
phosphorus atoms, being only singly bound in nucleotide linkage, would be readily 
labile, and suggested that this lability was the cause of the low content of phosphorus in 
many commercial samples of RNA. Now if all the labile phosphorus atoms are removed 
entirely during the alkaline extraction of commercial nucleic acid, such material will 
contain only 75 % of the requisite amount of phosphorus, and the ratio of UV absorption 
to phosphorus will correspondingly be 331/3% greater than the normal value. Both of 
these effects are observed in the BDH nucleic acid examined. 

It  is thus seen that  two ratios of UV absorption to phosphorus, of about Io and 14 
respectively, may be obtained, depending apparently on whether or not the secondary 
phosphoryl group of the nucleic acid has been removed. I t  will be noted that  the ratios 
obtained during the different stages of the growth cycle fluctuate between these values, 
and it might not be unreasonable to suggest that  the changing ratios do, in fact, demon- 
strate an in vivo variation in the binding of this same phosphate group. 

I t  must be emphasised that  both in the case of the literature values quoted, and in 
all the experimental work described, the nucleic acid fraction was always subjected to 
the SCHNEIDER hydrolysis prior to analysis. In consequence, the state of the nucleic 
acid in all the cases cited should be precisely similar. 

The behaviour o[ labile phosphate during the growth cycle 

Early experiments had been carried out in which only UV measurements and total 
phosphorus determinations had been performed on the nucleic acid fraction. In view of 
the demonstration of the proportionality of UV absorption to nucleic acid phosphorus 
being lO.3, the labile phosphate could be determined by calculating NAP from UV values 
and subtracting the resulting figures from the total phosphate. Data obtained in this 
manner showed a decrease in the total amount of labile phosphate during the early part 
of growth, followed by an increase during the decline of protein synthesis, with continued 
increase after nitrogen assimilation had ceased. As a rough approximation, it may be 
said that the labile phosphate reached a minimum at the time of maximum rate of 
protein synthesis, at which time the nucleic acid extinction per unit protein was at its 
maximum value. An example of this effect is shown in Fig. 4, in which labile phosphate 
has been calculated from the results of the experiment represented by Fig. I. 

The betlaviour of labile phosphate during the growth cycle has also been followed 
by the differential hydrolysis technique, applying the hour's TCA hydrolysis to the 
SCHNEIDER nucleic acid fraction. The results are shown in Fig. 5, and it will be seen that 
they are in accordance with the expected effect. 

Metachromasy 

WIAMElO, 11 has suggested, on the basis of the metachromatic reaction with toluidille 
blue given by the acid-insoluble labile phosphate and the fact that sodium "hexameta- 
phosphate" prepared by the method of JONES 12 also gives the reaction, that  the labile 
phosphate might be a hexametaphosphate, possibly in polymerised form. 

Refere~ces p. I25]I26. 
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The metachromatic reaction with toluidine blue was performed on the following 
sodium phosphates: pyrophosphate, tripolyphosphate, trimetaphosphate, Glass 696, 
and a polyphosphate of molecular weight about zoo,ooo. Both Glass 696 and the high 
molecular weight polyphosphate gave the reaction. It  would therefore appear that the 
metachromatic reaction is given by highly condensed phosphates in general. In addition, 
metaehromasy was obtained using alginic acid, sodium polymethacrylate, and the 
sodium salt of deoxyribosenucleic acid, which indicates that the reaction is a property 
of polyanions. Furthermore, "sodium hexametaphosphate" is a term applied generally 
to Graham's salt, or "Glassy metaphosphate",  the material obtained by rapid cooling of 
a phosphate melt from above 628 ° C - - t h e  term does not imply a view about the degree 
of polymerisation 18,14,15, and, in fact, end-group determinations indicate that "meta- 
phosphate" glasses have a molecular weight of the order of zo,ooo-2o,ooo 1~. Both Glass 
696 and the sodium "hexametaphosphate" prepared by the method of JONES are there- 
fore similar compounds, being polyphosphates of high molecular weight. 

It  seems reasonable, therefore, to suggest that the labile phosphate occurring in the 
SCHNEIDER nucleic acid fraction of yeast is a highly condensed polyphosphate. In this 
respect it is of interest to note that high molecular weight "polymetaphosphate" has 
been isolated from the mould Aspergillus ~iger 17. In addition, EBI~L is has investigated a 
number of micro-organisms containing metachromatic granules, and has shown in all 
cases that the material responsible for the metachromatic reaction is, in fact, a poly- 
phosphate. 

The term "metaphosphate",  although often used as synonymous with polyphos- 

Rc/ercuccs p. x25/I26. 
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phate, may  be considered misleading when applied to such a compound. Thus meta-  
phosphates have the formula (MP03)~, where M is a univalent cation. There are only two 
proven metaphosphates,  the sodium tri- and tetra-metaphosphates,  which have cyclic 
structures and therefore correspond exactly to (NAP03)3 and (NaPO3) 4 respectively. 
The sodium polyphosphates have the formula (Na,H)~ + 2P, Oa~ + 1 and form a series of 
linear molecules. Admittedly, as the chain length of a polyphosphate increases and n 
tends to infinity, the formula tends to [(Na,H)POaln, ,'.e. to the composition required for 
metapttosphates. Such a compound, however, cannot be classed as a true metaphosphate 
since the chain must always start  and terminate with a secondary phosphoryl group. 

DISCUSSION 

SPIEGELMAN AND }{AMEN 19 have shown that  when yeast  is grown in a medium con- 
taining only glucose and phosphate labelled with pa2, the "nucleoprotein" fraction 
builds up a store of labelled phosphate. This flows out of the fraction when ammonium 
salts are added, but the outflow is stopped when agents such as sodium azide and dinitro- 
phenol are added in concentrations which prevent enzyme formation and protein syn- 
thesis without inhibiting fermentation. In later experiments 2°, 21, it was shown that  most 
of the activity of the "nucleoprotein" fraction was due to the acid-insoluble "meta-  
phosphate".  

LINDEGREN 22 suggests that  vohitin, which WIAME 23 has identified with "meta-  
phosphate",  is essential for cell division. He considers that  the loss of vohitin in yeasts 
after division ceases is responsible for the lag period that  often occurs when "dissimilated" 
cells are introduced into fresh medium. 

All these observations are consistent with the view that  the nucleic acid-associated 
polyphosphate of yeast is involved in protein synthesis, and it has often been suggested 
that  the function of this material  is to act as an energy supply by virtue of the high 
standard free energy associated with the hydrolytic fission of the P - O - P  bonds. Our 
observations may  be interpreted in accordance with such a hypothesis. Thus it has been 
shown tha t  the polyphosphate decreases in quanti ty during the early growth phase. 
When tile rate of protein synthesis decreases, polyphosphate is stored, and apparently 
is not utilised again until the yeast is suspended in fresh culture medium. Furthermore, 
it tlas been observed in experiments where there is a low content of labile phosphate 
initially that  there is a correspondingly long lag phase as regards protein synthesis, and 
it may well be that  the length of the lag phase in yeast cultures can be correlated with 
the initial amount  of labile phosphate present. 

A further significant feature in the phosphorus metabolism of the nucleic acid 
fraction is the change in ratio of UV extinction to NAP during the growth cycle. High 
ratios are obtained at the end of the cycle, after the cessation of protein synthesis, the 
low values being reached soon after inoculation. This effect also may be connected with 
energy relationships, since it has been found 2a that  nucleic acid from an actively growing 
culture of T. utilis is capable of supporting luminescence in firefly extracts, whereas 
that  from a dormant culture will not. Since luminescence depends on the expenditure of 
energy, the low-ratio nucleic acid may  be considerd an "energy-rich" form. If analogy 
with adenosine triphosphate (ATP) is permissible, such a compound might be expected 
to act by  transference of phosphate ; i.e. donation of phosphate, followed by replacement 
of the deficiency from a phosphorus store. In this respect, it has been shown that  the 

Re/erences p. 1251126. 
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acid-insoluble polyphosphate becomes depleted during the early growth phase, namely 
during the same period as the low-ratio nucleic acid form is attained. In addition, the 
nucleic acid and polyphosphate occur in the same fraction (acid-insoluble, non-lipid, 
non-protein fraction) possibly as a complex 2'L~, which BI~ACHET 26 has termed "phos- 
phorylated nucleic acid", i t  would therefore not be surprising if there existed a nucleic 
acid phosphate which served as a phosphorylating agent in the same way as ATP, 
yet provided specificity in t)rotein synthesis by aligning the amino acids along the 
polynucleotide chain. This is basically the hypothesis proposed by (;H.~NTI{ENNe 27 (see 
also DOUNCE 28, and KONINGSBERC, ER AND OVERBEEK 29) in which he suggests that  the 
carboxyt groups of the amino acids could be activated by acylphosphate formation 
prior to peptide synthesis. The importance of such phosphorylations in peptide bond 
formation has been stressed by LIP~ANN a°, 31, and referred to by many authors recently a2. 

ACKNOWLEI)GEMENTS 

We wish to thank PROFESSOR J. BRACHET for his kind interest in this work, for his 
advice and for reading the manuscript. We also wish to acknowledge our gratitude to 
Professors H. CHA~ITRENNE, J. N. DAVlDSON, J. M. WIAME, and Mr. C. A. VERNON 
for helpful criticism of the manuscript; to Dr. P. ALEXANDER for helpful discussion in 
connection with metachromasy; and to Mr. J. E. SUCH and Mr. M. G. PEaRl) of Albright 
and Wilson, Ltd., for guidance on the chemistry of polyphosphates and for reading the 
manuscript. We are grateful to Dr. J. CHAYEN of the Wheatstone Physics Laboratory, 
King's College, London, for helpful discussions and advice throughout all phases of the 
work and for reading the manuscript. 

Two of us (R.C. and E.R.R.) wish to acknowledge our gratitude to the British 
Empire Cancer Campaign for a grant which made this work possible. 

SUMMARY 

i. The nucleic acid fraction of yeast  as obtained by  the SCHNEIDER technique contains an addi- 
tional phosphorus  compound  ; it is suggested tha t  it is a linear polyphosphate  of high molecular weight. 

2. This has  necessitated the development  of a modified phosphorus  determinat ion for the Schnei- 
der fraction whereby  the nucleic acid phosphate  and the polyphosphate  arc determined in the presence 
of each other.  The method evolved consists of a differential hydrolysis  in 5 % trichloracetic acid at  
9o ° C for I hour.  The rate of hydrolysis  of the two phospha tes  tlas been determined. 

3. By the applicat ion of the hydrolysis  technique,  the behavionr  of the two phosphorus  coln- 
ponents  of the nucleic acid fraction has been followed th roughou t  the growth cycle. I t  has been stlown 
tha t  tim total  a m o u n t  of polyphosphate  decreases during tke early active growth  phase, then  increases 
rapidly, increasing even after  protein synthesis  has finished. Fluctuat ion in the ratio of UV absorp- 
tion to NAP, as determined by  this method,  has suggested t ha t  the composit ion of the nucleic acid 
itself m a y  vary  during the growth  cycle ; tile highest  values for this ratio were obtained at the termi- 
nat ion of prote in  synthesis,  and the lowest values during early growth.  Tile significance of these ob- 
servat ions  is discussed. 

4- Studies have been made on samples  of yeast  nucleic acid which were free from polyphosphate .  
The evidence regarding the rat io of UV to P in these invest igat ions and in those on T. ulilis is dis- 
cussed wi th  respect  to the s t ruc ture  of the nucleic acid. 

5. I t  has been demons t ra ted  t ha t  the nmtachromat ic  reaction with toluidino blue is given by a 
n u m b e r  of polyanions and is not  restr icted to "hexanletaphosphate".  The s t ructure  and nomen- 
clature of this  substance are discussed. 

RESUME 
I. La  fraction acides nucl6iques obtenue ~t par t i r  de levure par  la m6thode de SCHNEr~ER con- 

t ien t  aussi un  aut re  compos6 phosphor6 ,  les auteurs  pensen t  qne c'est un polyphosphate  it poids 
mol4culaire 61ev~. 

Re/erences p. I25]I26. 
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2. L a  m6 thode  de dosage  du phospho re  dans  ce t te  f rac t ion  a dfi 6tre modifi6e, afin de pouvoi r  
doser  le phospho re  nucl6 ique  e t  celui du p o l y p h o s p h a t e  en  pr4sence l ' u n  de l ' au t re .  L a  m6thode  mise  
au po in t  dans  ce b u t  repose sur  une  hyd ro lyse  diff4rentielle d ' u n e  heure  ~ 9 °°  dans  l 'ac ide t r ichlor-  
ac6t ique 5 %.  La  vi tesse  d ' hyd ro l y se  des  deux  compos6s  phosphords  a 6t~ d6termin6e.  

3, Grace X ce t te  t e chn ique ,  il a 616 possible  de su ivre  le c o m p o r t e m e n t  des deux  compos6s  
phosphor6s  p e n d a n t  rou te  la croissance  de la levure .  Les  r6 su l t a t s  m o n t r e n t  que  la quan t i t 6  to ta le  de 
p o l y p h o s p h a t e s  d4croi t  au  d4bu t  de la phase  de croissance  act ive ,  pu i s  qu 'el le  a u g m e n t e  r a p i d e m e n t  
e t  con t inue  m 8 m e  ~ a u g m e n t e r  apr6s l ' a r r~t  de la syn t h6se  des prot6ines.  L a  va r i a t i on  du r appo r t  de 
l ' abso rp t ion  dans  I 'U.V.  ~ la t e n e u r  en  phosphore  nucl6 ique  sugg6re que la compos i t ion  de l 'ac ide 
nucldique lu i -m4me c h a n g e r a i t  p e n d a n t  le cycle de croissanee;  les va l eu r s  les p lus  41ev6es de ce 
r appo r t  son t  a t t e i n t e s  ~ la fin de la p6riode de syn t h6se  des  prot4ines,  les va l eu r s  les p lus  basses  se 
p l acen t  au  d6but  de la croissance.  Les  a u t e u r s  d i s cu t en t  la  s ignif icat ion possible  de ces observa t ions .  

4. Des 6chant i l lons  d 'ac ide  nucl6ique de levure  e x e m p t  de p o l y p h o s p h a t e s  on t  616 e x a m i n 6 s  
6ga lement .  Les  a u t e u r s  cons id6rent  la s ignif icat ion,  en  ce qui  regarde  la s t ruc tu re  de l 'acide nucl6ique,  
des  va l eu r s  du r a p p o r t  de l ' absorp t ion  dans  I 'U.V.  5. la t e n e u r  en  phosphore  ob t enues  pour  ces acides 
nucl6iques  et  pou r  ceux  de T. utilis. 

5. L a  r6act ion m 6 t a c h r o m a t i q u e  avec  le b leu  de to lu id ine  es t  ob t enue  avec  p lus ieurs  s u b s t a n c e s  
po lyan ion iques ,  elle n ' e s t  pa s  l imit6e au  cas  de l ' h e x a m 6 t a p h o s p h a t e .  

Z U S A M M E N F A S S U N G  

I. Die Nukleins~turefrakt ion aus  Hefe,  wie sie m i t  der  Methode  nach  SCHNEIDER gewonnen  wird, 
enth~ilt ausse r  den  Nukle ins i iu ren  noch  eine andere  phospho rha l t i ge  Ve rb indung .  Es  wird  v e r m u t e t ,  
dass  es sich dabei  u m  ein l ineares  PolyphospIxat  hbhe ren  Moleku la rgewich tes  hande l t .  

2. Die Methode  zur  B e s t i m m u n g  des  P h o s p h a t s  in dieser  F r a k t i o n  m u s s t e  modif iz ier t  werden ,  
u tn  das  P h o s p h a t  der  Nukleins~turen u n d  des  P o l y p h o s p h a t e s  in be ider  G e g e n w a r t  b e s t i m m e n  zu 
k6nnen .  Die en twickel te  Methode  b e s t e h t  in e iner  e ins t f indigen  Dif fe ren t ia lhydro lyse  in 5 % Tri- 
chloressigsi iure bei  9 °0 C. 

3. D u r c h  die A n w e n d u n g  der  I t y d r o l y s e n t e c h n i k  war  es m6gl ich,  das  V e r h a l t e n  der  be iden  
P h o s p h a t k o m p o n e n t e n  wi ihrend des W a c h s t u m s  der Hefe  zu verfolgen.  Es  konn t e  gezeigt  werden ,  das  
die G e s a m t m e n g e  des P o l y p h o s p h a t e s  zu B eg i nn  der  P h a s e  des  a k t i v e n  \ ¥ a c h s t u m s  a b n i m m t  d a n n  
schnel l  z u n i m m t  u n d  se lbs t  n a c h  Absch luss  der  P r o t e i n s y n t h e s e  noch  wei te r  anw~ichst. Die  Schwan-  
k u n g e n  inl VerhMtn i s  der UV Abso rp t ion  z u m  Geha l t  an  Nuk le in sXurephospha t  lassen  v e r m u t e n ,  dass  
sich die Z u s a m m e n s e t z u n g  der  Nukle ins / iu ren  wi~hrend des  W a c h t u m z y k l u s  ~ndern ,  die h 6 c h s t e n  
W e r t e  dieses VerlaXltnisses w u r d e n  a m  E n d e  der  Per iode der  P r o t e i n s y n t h e s e  e rha l t en ,  u n d  die 
n i ed r igs t en  ~Verte zu Beg i nn  des  W a c h s t u m s .  Die B e d e u t u n g  dieser  B e o b a c h t u n g e n  wird d i sku t ie r t .  

4. I n  gleicher  Weise  w u r d e n  P roben  yon  Hefenukle ins~iuren  u n t e r s u c h t ,  die ke ine  P o l y p h o s p h a t e  
en th ie l t en .  Die ]3edeu tung  des  Verh~tltnisses der  UV Abso rp t ion  zu deln  Geha l t  an  P h o s p h o r  bei  
d iesen Nukleinsi~uren u n d  bei  denen  yon T. utilis wird im  Hinb l i ck  au f  die S t r u k t u r  der  Nukle in-  
sXuren d i sku t i e r t .  

5- Es  wird gezeigt ,  dass  die n le tac l l romat i sche  R e a k t i o n  mi t  To lu id in -Blau  bei  e iner  Re ihe  yon  
Po lyan ionen  a u f t r i t t  u n d  n ich t  au f  " H e x a m e t a p h o s p h a t "  b e s c h r ~ n k t  ist. S t r u k t u r  und  N o m e n k l a t u r  
dieser Subs t anz  wird d i sku t ie r t .  
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