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ON T H E  F O R M A T I O N  OF AMINO ACIDS AND P R O T E I N S  IN 

T O R U L A  U T I L I S  ON N I T R A T E  N U T R I T I O N  

by 
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Biochemical Institute, Laboratory 
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In this laboratory it was shown by ROINE 1 that low-nitrogen Torula utilis suspended 
in aerated ammonium sulphate solutions without sugar forms aminodicarboxylic acids, 
in particular glutamic acid, their amides and alanine from ammonium ions taken up 
by it. These nitrogen compounds constitute almost the entire soluble N-fraction. In 
low-nitrogen yeast the fraction of soluble nitrogen vigorously increased during the 
first 15 minutes when the protein synthesis was very weak. After this the protein syn- 
thesis considerably accelerated but still after two hours the soluble fraction contained 
about twice as much of the nitrogen taken up as the protein. These results speak in 
favour of the concept that the aminodicarboxylic acids arise as primary amino acids. 

VIRTANEN AND CS~KY 2 noted that  low-nitrogen Torula suspended in nitrate solution 
is enriched with the same amino acids as in ammonium salt solution. Qualitatively the 
only noted difference between the nitrogen compounds formed is the fact that nitrate 
produces in yeast cells oxime nitrogen which is not produced by ammonium salts. 

In quantitative respect the difference between various nitrogen fractions in low- 
nitrogen Torula is great depending on the nature of nitrogen feeding. For instance, the 
soluble N-fraction increases in nitrate yeast proportionally much less than in ammonium 
yeast, while the protein synthesis in ratio to the uptake of nitrogen is much more 
intensive in nitrate yeast than in ammonium yeast. This observation will be dealt with 
in this paper. 

Torula utilis yeast was used in the experiments. The strain was the same as used 
in the previous experiments ( R o I N E  1, VIRTANEN AND CS,%KY2). The yeast was cultivated 
in the laboratory in wort agar tube and stored in an ice box to avoid frequent inoculation. 

CULTIVATION OF INOCULATION YEAST 

The  inocu la t ion  yea s t  required for the  cu l t iva t ion  of the  ac tua l  yea s t  mas s  was grown unde r  
s ter i le  cond i t ions  in  four  to e igh t  5o0 rnl boi l ing flasks, each  con t a in ing  5 ° ml n u t r i e n t  so lu t ion  of 
the  following compos i t ion  (solution A) : 

5 ° g cane  sugar ,  3 g (NHi)IHPO4, 4 g (NH4)tSO4, x.5 g KiSO4, i g MgSO4.7H~O, 0.5 g CaCI t, 
i 1 t a p  water .  

The  PH of t he  so lu t ion  was a b o u t  6-6.  5. There  was a h e a v y  prec ip i ta te  which,  however ,  d i sap-  
peared wi th  the  a d v a n c e  of the  g rowth  pa r t l y  due  to the  lowering of the  PH, pa r t l y  because  the  yea s t  
c o n s u m e d  n u t r i e n t  sal ts .  

The  flasks were inocula ted  wi th  a loopful  of yea s t  f rom the  aga r  tube.  The  cu l t i va t i on  occurred  
in a s h a k i n g  a p p a r a t u s  in 3 °0 C wa te r  t h e r m o s t a t .  Per iod of g rowth  3-4 days .  

* P r e s e n t  address :  D u k e  Un i ve r s i t y  Medical  School, D e p a r t m e n t  of Biochemis t ry ,  Durh: lm,  
Nor th  Carolina.  
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CULTIVATION OF THE MOTHER YEAST 

This phase as well as the subsequent  ones was carried out  in unsterile conditions. Into a 1.5 1 
Kluyver  flask were placed 8oo-iooo ml of the above solut ion (solution A) and the total  volume of 
the inoculation yeas t  (see above). A powerful s t r eam of air was passed through the flask by means 
of a compressor. The  air was purified by a , l ight  filter of cotton wool. The flask was kept  throughout  
the course of cultivation in 3 °0 C water thermosta t .  The PH of the culture solution was kept  at  
4.5-5.o by adding i N NaOH when needed. The PH was controlled by Lyphan  paper. The growth 
of the yeast  mass  was followed by taking at certain intervals a zo ml sample to a centrifuge tube. After 
to rain centrifugation (25oo rpm) the yeast  was weighed. The cultivation took lO-i2 hours. After 
this  the whole yeast  mass was separated by centrifugation, washed with tap water, weighed in a tared 
centrifuge tube and kept  over night  in an ice box. 

CULTIVATION OF LOW-NITROGEN YEAST 

This was also carried out  in a Kluyver flask into which were measured 1ooo ml of the following 
nut r ien t  solution (solution B) : 

5o g cane sugar, 3 g KHsPO4, z g MgSO¢7HsO, o. 5 g CaCI2, I 1 tap water. 
The PH was about  5, the solution only sl ightly turbid. 
The nitrogen content  of the mother  yeast  obtained in the above manner  was reduced by sus- 

pending it in the solution B and by aerat ing it in 3o°C water thermosta t  for 6 -  7 hours. The PH 
was regulated as above. The yeast  mass  increased during this  procedure with i]3-i/2 of the initial 
fresh weight whereby its N-content s imultaneously decreased. Low-nitrogen yeast  was separated 
by centrifugation, washed with tap water  and weighed. The mass  was stored over night  in a centrifuge 
tube in an ice box. With  a longer storage the yeast  was suspended in mineral  salt  solution, free from 
nitrogen nutr i t ion and carbohydrates of the following composition (solution C): 

3 g KHtPO6, I g MgSO4.7HsO , o. 5 g CaCls, 1 1 tap water. 
The PH was about  5, the solution only slightly turbid. 

PERFORMANCE OF THE ACTUAL EXPERIMENT WITH LOW-NITROGEN YEAST 

Into a IOuyver flask were placed 40o--450 ml of the above solution C and 2oo-250 ml of a heavy 
suspension of low-nitrogen yeast  (30-7 ° g fresh yeast). The flask was aerated as above a t  3 °0 C. 

After io rain a zoo ml sample was taken for analysis (o sample). After I5 rain to the suspension 
was added Ioo ml of a solution which contained either io g (NH4)tSO 4 or z5.3 g KNOt, i.e., in either 
case 2.z2o g N. This momen t  was taken for the s tar t  of the experiment.  At certain intervals ioo ml 
samples were taken from the suspension for analysis. All samples were taken into tared centrifuge 
tubes, the centrifugate was washed with xoo ml of tap water, recentrifuged, and weighed. 

When am m o n iu m sulphate served as N-source the PH of the solution was inclined to fall, and 
theretore I N NaOH was added to the solution to mainta in  its PH at  4.5-5.o. When potassium ni trate  
formed the N-source the PH had a tendency to rise. This was prevented by adding HtSO v 

ANALYSES 

The nitrogen compounds of the yeas t  were separated into soluble and insoluble fractions by 
extract ing the soluble substances a t  a low temperature  with 8% trichloracetic acid (RoxNE1). The 
centrifuged, washed and weighed sample of yeast  was rinsed with 8% trichloracetic acid into a 
measuring cylinder and made up to a definite volume so t ha t  the total  volume corresponded to 3-4 
t imes the fresh weight of yeast.  After shaking the suspension was let to s tand over n ight  in an  ice box. 

Total nitrogen. After s tanding over night  an  aliquot (2 ml) was taken  from the trichloracetic 
acid suspension for determinat ion of total nitrogen according to KJELDAHL using 5-6 hours com- 
bustion and oxidation with hydrogen peroxide. 

Soluble nitTogen. The remaining trichloracetic acid suspension wa~ centrifuged and filtered cell- 
free through a 3 G 4 Jena glass filter. Nitrogen was determined from an aliquot (2 ml) according to 
KJELDAHL using I. 5 hours combustion and oxidation with hydrogen peroxide. 

Protein nitrogen (nitrogen of the insoluble fraction) was calculated as a difference between total  
ni trogen and  soluble nitrogen. 

Results  which represent the amounts  of total, soluble, and protein nitrogen in low-nitrogen 
yeast  fed with ammonia  and nitrate nitrogen are given in Tables I and II. 

Refevenc.es p. zx 4. 
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T A B L E  I 

DIFFERENT NITROGEN FRACTIONS OF "l"orlda YEASTS FFD ~,VITI| NIII-N AND NO3-N (CAI.CUI.A'rI-II} PER 
IOO !~ FRESH YEAST). STRONG AERATION. 

Total nitrog[[1 . . . . . .  [ . . . . . . .  Soluble nitrogen Protein nitrogen 

T i n l e  r a i n  ] i n c r e a s e  i incr , -ase  i nc rease  
m g  [ m g  ! m g  ma. ing  m g  
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61 8 t 8  
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6 i  
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I7 
IO0 
I36  I 

! 

TABI .E  I I  

DIFFERENT NITROGEN FRACTIONS OF Toru la  YEASTS FED "WITH NH4-N AND NO3-N (CALCULATED PER 
IOO g F R E S H  Y E A S T ) .  WEAKER AERATION THAN IN THE EXPERIMENTS IN TABLE I. 

Total  nitrogen Soluble nitrogen Protein nitrogen 

i i n c r e a s e  i n c r e a s e  T i m e  ra in  i n c r e a s e  m g  nag 

m g  I m g  m g  

o 

45 
75 

195 

o 

75 
195 

873 
I I 2 I  
1167 
1279 

879 
949 

IO53 

N H 4 - e x p e r i m e n t  

94 
248 3 o o  

294 3o6 
4 ° 6  32o i 

N O a - e x p e r i m e n t  

95 
7 ° I37  

1 7 4  1 4 9  

2(}6 
212 
226 

779 
82I  
86 t  

95!} 

784 
42 812 
54 ()O4 

42 
82 

i8o  

28 
I20  

The results recorded in Table I are illustrated by graphs in Fig. I. The figure shows 
clearly the essential difference between the increase of soluble nitrogen and protein 
nitrogen in low-nitrogen yeast with ammonia or nitrate feeding. During 75 minutes 
ammonia nitrogen produced nearly three times as much soluble nitrogen as protein 
nitrogen (91 mg or 28.8% protein N of the total uptake 344 mg N) while nitrate nitrogen 
again produced nearly twice as much protein nitrogen as soluble nitrogen (ioo mg or 
62.1% protein N of the total uptake 161 mg N). The protein amount formed was thus 
practically equal in ammonia and in nitrate experiments. The results are quantitatively 
variable in different experiments, often even considerably, but in all of them the same 
difference of principle is noticeable. 

In one nitrate experiment also amino, amido, ammonia, aspartic acid, glutamic 
acid, asparagine, glutamine, and alanine nitrogens were determined in addition to 
soluble and total nitrogen. 
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A mine N was determined by the Cu-method s. 
I t  was ascertained with several determinations, 
that amido nitrogen of glutamine and asparagine 
does not react in this method. 

Arnido N was determined according to 
PUCHER et al. 4 as well as ammonia N. 

Amido N of glutamine was determined ac- 
cording to Sc~IwAB 5. 

Amido N of asparagine was calculated by 
subtracting the amido N of glutamine from total 
amido N. 

Alanine N was determined according to the 
principle of VIRTANEN et alp by the ninhydrin 
oxidation through determining acetaldehyde in 
the bisulphite solution according to ROINE AND 
RAUTANEN 7. 

Aminodicarboxylic acid N was determined 
according to FOREMAN. The precipitate was dis- 
solved in x N acetic acid and the possible nucle- 
otides precipitated with uranyl acetate (RoINEt). 
The nitrogen present in the solution after thiswas 
taken for aminodicaxboxylic acid nitrogen. 

Aspartic acid was determined according to 
ARHIMO $ from the solution above. Glutarnic acid 
was calculated by subtracting aspartic acid N 
from dicarboxylic acid N. 

The experiment was performed as follows: 
x28 g of low-nitrogen yeast were suspended in 
i4oo ml mineral saltsolution (solutionC)free from 
carbohydrate and nitrogen sources, 25 g KNOs 
were added and at certain intervals 25 ° ml 

lY 
-~400 , . • 
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" / i " 

,oo :,:J 

0 15 45 75 120 180 
Time ~ minu~k~ 

Fig. I. Low-nitrogen Tovula suspended in 
ammonia and nitrate solutions. Different 
N-fractions during 18o minutes (of. Table I) 

samples were taken from the solution for analysis. Table I I I  gives the results. 

TABLE II I  

DIFFERENT NITROGEN FRACTIONS IN LOW-NITROGEN YEAST FED WITH NITRATE NITROGEN 

Total Soluble 
Ti.me N N total 
mm mg mg 

mg 

o 714 62.4 39.7 
I5 925 77.3 49.7 
3 ° 947 92.8 58.0 
6o lO55 i23. 5 80.0 

240 i i12  i18.2 82.8 

(CALCULATED PER IOO g FRESH YEAST) 

Amino N 

dicarb- aspartic glutamic ala- total 
oxylic acid, acid, nine 

acid, mg mg mg mg mg 

18.92 5.82 I3.IO 
25.2 6.23 I8.97 
26.1 6.04 20.06 
44.2 6.21 38.0o 
58.3 6.05 52.25 

2.53 
5.63 
8.79 

I5.38 
8.94 

2.35 
8.6 

12. 9 
7.54 
5.08 

Amido N 
Ammo- 

aspara- glut- nia N 
gine amine mg 
mg mg 

i 

1.25 I.IO 0.23 
3.52 5.08 0.58 
4.58 8.32 I.OX 
2.16 5.38 1.8o 
3.22 1.86 o.41 

T h e  resu l t s  r e c o r d e d  in T a b l e  I I I  and  i l l u s t r a t ed  g r a p h i c a l l y  in Figs .  2 a n d  3 show 

t h a t  w h e n  low-n i t rogen  Torula  t a k e s  up  n i t r a t e  n i t r o g e n  t h e  en t i r e  increase  of soluble  

n i t r o g e n  f r ac t ion  d u r i n g  t h e  first  15 m i n u t e s  is p r a c t i c a l l y  c o m p o s e d  of a m i n o d i c a r b -  
oxy l i c  acids,  chief ly  of  g l u t a m i c  acid,  t he i r  amides ,  a lan ine ,  a n d  sma l l  a m o u n t  of a m -  
m o n i a .  Besides ,  s o m e  o x i m e - N  is f o r m e d  which ,  howeve r ,  is ins igni f icant  in q u a n t i t a t i v e  
sense  s . T h e  sma l l  a m o u n t  of  a m m o n i a  in t h e  soluble  f r ac t ion  m a y  p a r t l y  o r ig ina t e  f rom 

a s l igh t  d e c o m p o s i t i o n  of g l u t a m i n e .  D u r i n g  t h e  n e x t  45 m i n u t e s  also o t h e r  n i t r o g e n  

c o m p o u n d s  are  f o r m e d  to  s o m e  e x t e n t ,  for  t he  n i t r o g e n  of t h e  sa id  a m i n o  acids,  a m i d e s  
a n d  a m m o n i a  t h e n  c o n s t i t u t e  o n l y  77% of t h e  soluble  n i t rogen .  These  resu l t s  a re  in 
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good agreement with the findings by ROINE on the uptake of ammonia nitrogen by 
low-nitrogen T o r u l a .  The very low amount of soluble nitrogen compared with protein 
nitrogen in nitrate yeast is illustrated in Fig. 2. 

• ~ mg ! ' '  
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Time m m~nute5 

Fig. 2. Low-nitrogen Torula suspended in 
nitrate solution. Proteii1-N and soluble N 

during 240 rain (of. Table III) 
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Fig. 3. Composition'%f soluble N-fracticm in 
Torula suspended in nitrate solution (cf. Table 

IlI and Fig. 2) 

DISCUSSION 

The observations made on low-nitrogen T o r u l a  indicate that  yeast fed either with 
nitrate or ammonia nitrogen produced the same amino acids and amides which in both 
cases constitute, during the short experimental time, practically the entire increase in the 
soluble nitrogen fraction. The increase of this fraction in yeast suspended in ammonium 
salt solution is much higher than in nitrate solution. Nevertheless, the protein synthesis 
may reach the same level in both cases. This indicates that  i) the synthesis of amino- 
dicarboxylic acids and alanine takes place more rapidly from ammonia nitrogen than 
from nitrate nitrogen and that  2) the ample formation of aminodicarboxylic acids 
and alanine does not as such guarantee an intensive protein synthesis; this depends also 
on other factors, for instance, possibly on the velocity of the formation of the other 
amino acids. This with the proviso that  when protein is formed all its structure compo- 
nents are present. Whether  this holds good, is, however, still unproved. If it does hold 
good, the results reveal that  the synthesis of aminodicarboxylic acids in low-nitrogen 
yeast takes place with superoptimal velocity in ammonium salt solution, exceeding 
noticeably the velocity of protein synthesis. In the nitrate solution, again, the synthesis 
of aminodicarboxylic acids would be approximately optimal corresponding in a high 
degree to the velocity of protein synthesis. If  it is presumed that  the synthesis of amino 
acids occurs according to scheme I the accumulation of aminodicarboxylic acids, their 
amides, and alanine during the short experimental time would be due to the slowness 
of the synthesis of other amino acids which in turn would retard the protein synthesis. 

References p. 214. 



VOL. 3 (1949) N-COMPOUNDS OF Torula Utilis 213 

In the presented scheme besides aminodicarboxylic acids, alanine, too, has been placed to 
the primary position. It may entirely arise from aminodicarboxylic acids through 
transamination (VmTANEN et al. 9, ROINE') but the possibility for its primary formation 
from pyruvic acid and ammonia is very great since transamination may not be suffi- 
ciently rapid to explain alone its formation. Which of the aminodicarboxylic acids, 
aspartic or glutamic acid, is the primary one has not been dealt with in the scheme. 

1.  2 .  

N H +  ~ reduction__ N0s_ __reducti°n + NH,0H 

+ + 

a-keto acids a-keto acids 
(ketodicarboxylic acids (ketodicarboxylic acids 

and pyruvic acid) and pyruvic acid) 

imino acids oxime acids 

' I amino acids ~ 

(aminodicarboxylic acids and alanine) 

other amino acids othe-----~ ] amino acids 
.lIeg'pr°line l .] , ,  I Ieg. serine  

amides - -  ~ PROTEIN ~ - -  other amino acids* 

* Formed from a source other than aminodicarboxylic acids and alanine. 

I n  t h e  a b o v e  t h e  c o m p l e t e  r e d u c t i o n  of n i t r a t e  to  a m m o n i a  has  been  t a k e n  for 

g r a n t e d .  T h e  r a p i d  f o r m a t i o n  of o x i m e  f r o m  n i t r a t e  n i t r o g e n  in Torula ind ica tes ,  how-  

ever ,  t h a t  t h e  h y d r o x y l a m i n e  f o r m e d  in t he  r e d u c t i o n  of n i t r a t e  also r eac t s  w i t h  t he  

> CO group .  T h e  m a x i m u m  a m o u n t  of ox ime  N is f o u n d  acco rd ing  to  VIRTANEN AND 
CS~KY t in Torula y e a s t  a l r e a d y  IO m i n  a f te r  feed ing  w i t h  n i t r a t e  n i t rogen .  T h e  syn thes i s  

of  a m i n o  ac ids  m a y ,  accord ing ly ,  t a k e  p lace  a t  l eas t  p a r t l y  o v e r  ox imes  (scheme 2). 

As  far  as  t h e  syn thes i s  of a m i n o  acids  p roceeds  this  w a y  to  a large  e x t e n t  i ts  d i f fe ren t  

ve loc i ty ,  d e p e n d i n g  on the  n i t r o g e n  source  ( a m m o n i a  or  n i t r a t e )  w o u l d  be  eas i ly  ex-  

p l icable .  T h e  al ike v e l o c i t y  of p ro t e in  syn thes i s  in b o t h  cases w o u l d  e v e n  t h e n  r e m a i n  
obscure .  

SUMMARY 

Low-nitrogen Torula utilis takes rapidly up nitrogen in aerated nitrate solution. Both soluble 
and insoluble nitrogen ("protein nitrogen") are increased in the cells. Soluble nitrogen was extracted 
from the cells with 8% trichloracetic acid. The increase of the soluble N-fraction was much smaller 
than in the corresponding experiment in which Torula was fed with ammonia nitrogen instead of 
nitrate nitrogen. On the other hand, the accumulation of protein in the cells was in many experiments 
equal in either case. This difference between the influence of nitrate and ammonia nitrogen has 
been dealt with at a greater length in the Discussion. 

In the nitrate experiment the increase of the soluble N-fraction during the first 15 rain contained 
aminodicazboxylic acids, in the first place glutamic acid, their amides, alanine, and some ammonia 
as well as a very small quanti ty of oxime nitrogen. These nitrogen compounds correspond roughly 
to the total soluble N. With a prolonged experimental t ime the total soluble N was considerably 
higher than the sum of the nitrogen in the said amino acids and amides. ROINE arrived previously 
in similar results in regard to the amino acids and amides in soluble N-fraction when examining the 
uptake of ammonia nitrogen by Torula yeast. To alike result led the investigations by R.AUTANEN 10 
on green plants. 
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RI~;SUM~: 

Torula utilis pauvre en azote clans une solution de ni trate  a&&~ accumule rap idement  de l 'azote. 
La quant i t6  d'azote soluble ainsi que d'azote insoluble (azote protdique) augmente  dans les cellules. 
L'azote soluble a 6t6 ex t ra i t  des ccllulcs avec l'acide trichlorac6tique "b, 8 %. L ' augmcnta t ion  de la 
fraction en azote soluble a ~16 beaucoup plus faible que dans une expdrience correspondantc  ola Torula 
a 6t6 cultiv6e clans un  milieu contenant  de l 'azote ammoniacal  au lieu d 'azote nitrC Mais pour tan t  
dans plusieurs exp6riences l 'accumulat ion de ht prot6ine clans les cellulcs a 6t~ parcille dans los deux 
cas. Cette diff6rence entre l'influcnce de I'azote nitr6 et de l 'azote ammoniacal  a 6t6 trait6c plus eta 
d&tail dans la Discussion. 

Dans  l 'exp6rience dc ni trate  la fraction augmexlt6e en  azote soluble pendant  les 15 premieres 
minutes  contenai t  des acides anainodicarboxyliques, pr incipalemcnt  de l'acide glutamiqut., des amidcs 
correspondantes,  de l 'alanine et un peu d ' a m m o n i u m  ainsi qu 'une  quant i t6  minime d'azotc d 'oxime.  
Ces compos6s azot6s correspondent  en gros ~ l 'azote totah Dans le cas off la dur6e de l'exp6ri~mcc a 
6t6 prolong6c, la quantit;2 d 'azote soluble totale a 6t6 sensiblement  plus 61ev6e que la quant i t6  totalc 
d 'azote contenue clans tous ces acides amin6s, amides et alaninc. En  examinan t  la r6tention de l 'azote 
ammoniacal  par la levure Zorula ROINE cst ~lrriv~ aclx mfmes  r6sultats en ce qui concerne los acides 
amin6s et les amides darts la fraction d 'azote soluble. Les exp6ricnces effectu6es avec des plantes 
vertes par  RAUTANEN ont  donn6 les m~3mes r6sultats TM. 

ZUSAMMENFASSUNG 

Die stickstoffarme Torula utilis n i m m t  in durchgel/ifteter Ni t ra t l6sung schnell Stickstoff auf. 
Sowoh116slicher als unl6slicher Stickstoff ("Proteinstickstoff")  n i m m t  in den Zellen zu. Die Zunahme 
tier 16slichen N-Frakt ion,  die aus den Zellen mi t  8 %-iger Trichloressigs~.ure ex t rah ie r t  wurde, war  
viel kleiner als in dem entsprechenden Versuch, in welchem Torula in Ammoniumsul fa t l6sung suspen- 
diert  war. Dagegen war  die Akkumula t ion  yon Protein in den Zellen in vielen Versucheu gleich gross 
in beiden Fgllen. Dieser Unterschied zwischen dem Einfluss des Nitrat-  und Ammoniakst ickstofls  
ist in der Diskussion ausfiihrlicher behandel t  worden. 

I n  dem Exper imen t  mi t  Ni t ra t  enthiel t  die Zunahme der 16slichen N-Frak t ion  im Lauf der ersten 
x5 Minuten Aminodicarbonsguren,  an erster  Stelle GlutaminsAure, deren Amide, Alanin und auch 
etwas Ammon iak  sowohl wie eine sehr  kleine Menge von Oximstickstoff. Diese Stickstoffverbindungen 
entsprechen im grossen und ganzen dem totalen 16slichen Stickstoff. I n  einer verl~ingerten Versuchs- 
zeit war der 16sliche Stickstoff bedeutend h6her als die Summe des Stickstoffs in den genannten  
Aminos~.uren, Amiden und Alanin. ROINE ist frfiher zu ~.hnlichen Resul ta ten  rnit Hinsicht  auf  die 
AminosAuren uud Amide in 16slicher N-Frak t ion  gekommen,  wAhrend er die Aufnahme yon Ammo- 
niumstickstoff  bei der Torula-Hefe untersuchte .  Zu diesem Schluss haben desgleichen die Unter-  
suchungen von RAUTANEN 1o mit  griinen Pflanzen gefiihrt. 

R E F E R E N C E S  

I p.  ROINE, Ann. Acad. Sci. Fennicae, Set. A. II .  Chem., No. 26 (1947). 
2 A. I. VIRTANEN AND T. Z. CS.~KY, Nature, 144 (i948) 597. 
"q C. G. PoPE AND M. F. STEVENS, Biochem. J., 33 (1939) lO7O. 
4 G. W. PUCHER, H. B. VXCKERY, AND C. S. LEAVENWORTH, Ind. Eng. Chem., Anal. Ed., 7 (1935) 152. 
5 G. SCHWAB, Planta, 25 (1936) 579. 
6 A. I. VIRTANEN AND T. LAINE, Nature, 142 (1938 ) 754; Skand. Arch. Physiol., 8o (1938 ) 39z; 

A. I. VIRTANEN, T. LAINE, AND T. TOIVONEN, Z. physiol. Chem., 266 (I94 o) I93; A. I. VIRTANEN 
AND N. RAUTANEN, Biochem. J., 41 (1947) lOl. 

7 p. ROlyE AND N. RAUTANEN, Acta. Chem. Scand., I (1947) 854. 
s A. A. ARHIMO, Suomen Kemislilehti, B, 12 (1939) 6. 
9 A. I. VIRTANEN AND T. LAINE, Nature, 141 (i938) 748. 

1o N. RAUTANEN, Acta Chem. Scand., 2 (1948) 127. 

R e c e i v e d  N o v e m b e r  i l t h ,  1948 


