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chemical binding between these peptides and RNA is not yet clear. KONINGSBERGER, 

VAN DER GRINTEN AND OVERBEEK reported the presence of carboxyl-activated 
peptides in yeast microsomal ribonucleoprotein particles TM. In our experiments there 
is evidently no question of RNA-bound carboxyl-activated peptides, as after 
hydroxylamine treatment  we could find only very small amounts of hydroxamic acids. 

The presence of peptides in RNA is not conditioned by only a certain method of 
preparation of the RNA. KEIL AND HRUBE~OVA who stressed the peptide contamina- 
tion in pancreatic RNA prepared by the thermal denaturation of corresponding 
nucleoproteins obtained similar results 13. The presence of amino acids and compounds 
of protein (peptide) character in RNA prepared by various methods and carefully 
freed from contaminations has also been found in other laboratoriesl°,11,14. The 
finding of nucleotides associated with peptides in extracts from yeast TM and rat liver 15 
is very interesting. There is a possibility that  these nucleotide-bound peptides have 
certain relations to RNA-bound peptides. 

The peptide ingredient found in our laboratory may be an intermediary factor 
in the biosynthesis of proteins occurring on the surface of RNA, but it appears to be 
important  also in the structure of the macromolecular RNA. 
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New peptide-nucleotide compounds obtained from Chlorella and yeasts 

Previous publications z,~,3 reported that  Chlordla cells contain a certain sulfur- 
containing substance(s) whose amount increases considerably when the cells enter the 
stage of nuclear division. This substance which is extractable with IO % TCA was 
found to contain a peptide-like substance(s) and nucleotide(s) as its components. 
Subsequent studies showed that  an almost identical substance was obtainable from 
other organisms such as Saccharomyces /ormosensis and S. cerevisiae. In this paper, 
data  will be presented which give more information as to the chemical nature of this 
substance. 

Abbrev ia t ions :  TCA, t r ichloroacet ic  acid;  A, aden ine ;  G, guan ine ;  U, uracil .  
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Fresh s~S-labeled cells of Chlorella or of yeast were directly extracted with cold 
IO % TCA, and after the pH of the extract was adjusted to 7, an excess of ethanol 
(final conc., 90 %) was added. The precipitates were centrifuged, dried in vacuo, and 
after being dissolved in distilled water, subjected to zone electrophoresis and anion- 
exchange chromatography. Zone electrophoresis with starch as the medium showed 
that the substance in question did not move even at pH 1.2-2.3. In Fig. I are 
reproduced the results of anion-exchange chromatography (using Dowex-I-chloride) 
which were obtained with the materials from Chlorella and Saccharomyces/ormosensis. 

While Fractions II  and I I I  were ninhydrin negative before hydrolysis, Fraction I 
showed a positive ninhydrin reaction even before hydrolysis, although the reaction 
increased considerably after hydrolysis. 

By paper-chromatographic and spectrophotometric analyses of the hydrolysate 
(I N HC1, IOO °, I h; or trifluoroacetic acid, 155 °, 80 min 4) it was found that all 
fractions contained A, either free or combined to U, to U and G or to an unknown 
substance (X). The orcin-HC1 and diphenylamine tests of the samples showed that all 
fractions contained a ribose-type sugar as a constituent. The similarity of the sub- 
stances obtained from the two organisms was also notable in the composition of acid 
hydrolysates which were analysed by paper chromatography followed by autoradiog- 
raphy (see Table I). In both cases, Fraction I contained cyst(e)ine, glutamic acid, 
glycine, aspartic acid, serine and two unidentified S-compounds. Fraction II from 
yeast contained no arginine, but contained glycine, aspartic acid and an unidentified 
S-compound, which were lacking in Fraction II from Chlorella. 
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Fig. I. Anion-exchange chromatograms of the TCA extract of C. ellipsoidea and of S. /ormosensis, 
as traced by  the  absorbance  a t  260 m~u. Exchanger :  Dowex-I-chloride,  200-400 mesh, 
1 3 c m  × I cm 2. E luan ts :  o.oi N, o.i  N and I . O N  HC1 as indicated. Let ters  A, U, G and X 
signify t h a t  the  fract ions were found to contain  these  substances,  when their  hydrolysates  were 
subjected to pape r  ch rom a t og raphy  followed by  spect rophotometr ic  analyses.  Shaded port ions of 
polygons indicate t h a t  the  eluates contained, besides u .v . -absorbing substances,  ~S and the 
subs tances  which gave posit ive or increased n inhydr in  reaction after  hydrolysis  with 6 N HC1 at 
IOO ° for 14 h. The three  main  shaded polygons are referred to as Fract ions  I, I I  and I I I  in the text.  
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TABLE I 

AMINO ekCIDS IN THE FRACTIONS SEPARATED BY ANION-I~XCHANG3~ CHROMATOGRAPHY 
FROM THE TCA EXTRACTS OF Chlorella AND YEAST 

The fractions were hydrolysed with acid and subjected to paper chromatography for identification 
of amino acids. 

Fraction I II III 
(eluant) (o.or N HCI) (o.z N HCI) (z N HCI) 

Cyst(e)ine Cyst(e) ine Cyst(e) ine 
Two unidentified Arginine Glutamic acid 

Chlorella S-compounds* Glutamic acid Aspartic acid 
(C. ellipsoidea) Glutamic acid Alanine Serine 

Glycine An identified 
Aspartic acid substance 
Serine 

Yeast 
(S. /ormosensis) 

Cyst (e) ine Cyst (e) ine 
Two unidentified An unidentified 

S-compounds * S-compound * * 
Glutamic acid Glutamie acid 
Glycine Glycine 
Aspartic acid Aspartic acid 
Serine Alanine 

* These S-containing substances appear  to be the same in Chlorella and the yeast, judging 
from the data  of paper chromatography.  

* * This substance seems to be identical with one of the  two S-containing substances appearing 
in Fraction I. 

F u r t h e r  z o n e - e l e c t r o p h o r e t i c  a n d  p a p e r - c h r o m a t o g r a p h i c  e x p e r i m e n t s  led  us  to  

t h e  i n f e r e n c e  t h a t  in  e a c h  f r a c t i o n  s t u d i e d  t h e  a m i n o  ac ids  a n d  t h e  u n i d e n t i f i e d  

s u b s t a n c e ( s )  l i s t e d  in  T a b l e  I c o n s t i t u t e  a p e p t i d e  or  p e p t i d e s  w h i c h  a re  b o u n d  t o  

n u c l e o t i d e s  or  p o l y n u c l e o t i d e s .  T h e s e  c o m p o u n d s  m i g h t ,  a t  l eas t  p a r t l y ,  b e  i d e n t i c a l  

w i t h  t h e  c o m p o u n d s  r e p o r t e d  r e c e n t l y  b y  KONINGSBERGER el al. 5 w h o  f o u n d  c e r t a i n  

p e p t i d e - n u c l e o t i d e  c o m p o u n d s  in  t h e  w a t e r  e x t r a c t s  of b a k e r ' s  y e a s t  f rozen  w i t h  

e t h e r  a n d  CO 2. T h e  p e p t i d e - n u c l e o t i d e  c o m p o u n d  f o u n d  in o u r  e x p e r i m e n t  m i g h t  h a v e  

o r i g i n a l l y  b e e n  a s ing le  c o m p l e x  c o m p o u n d ,  w h i c h  w o u l d  h a v e  b e e n  sp l i t  in  s m a l l e r  

u n i t s  in  t h e  p roce s s  of c h r o m a t o g r a p h y .  C la r i f i c a t i on  of t h i s  p o i n t  as  wel l  as  e l u c i d a t i o n  

of t h e  n a t u r e  of t h e  u n i d e n t i f i e d  S - c o m p o u n d s  a n d  of s u b s t a n c e  X d e s c r i b e d  a b o v e  is a 

m a t t e r  for  f u r t h e r  i n v e s t i g a t i o n .  
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