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I N T R O D U C T I O N  

It is a well-known fact that the mineral nutrition of plants may 
affect the protein and the soluble non-protein nitrogen contents 
of the tissues. Plants amply supplied with nitrogenous nutrients, 
for instance, generally have a considerably higher content of protein 
and in particula r a higher content of non-protein nitrogen than those 
with a poor nitrogen supply, in the case of phosphorus, potassium, 
and magnesium, deficient plants are usually higher in these nitrogen 
fractions than normal plants. 

In plant-nutrition experiments the number of nitrogenous com- 
pounds estimated is often limited; protein and soluble non-protein 
fractions and, in some cases, the amides asparagine and glutamine, 
and the amino-acids tyrosine and arginine, are usually determined. 
Recently developed methods of quantitative chromatography, 
however, enable a more detailed investigation of the nitrogenous 
fractions to be made. 

Potato tubers have been chosen as the test material in the 
present investigation for the following reasons: (a) they can be 
stored for a considerable length of time without much alteration 
in their chemical composition, (b) the protein can be obtained in 

*) Agronomist  of the "Landbouwkundig  Bureau der Nederlandse Stikstofmest-  
stoffenindustrie".  
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a r e l a t i v e l y  p u r e  s t a t e  m u c h  m o r e  e a s i l y  t h a n  in  t h e  c a s e  of  o t h e r  

p l a n t  m a t e r i a l s ,  (c) a c o n s i d e r a b l e  a m o u n t  of  p h y s i o l o g i c a l  a n d  

b i o c h e m i c a l  d a t a  c o n c e r n i n g  t h e s e  m a t e r i a l s  h a s  b e e n  c o l l e c t e d  in 

t h i s  l a b o r a t o r y  d u r i n g  t h e  l a s t  t e n  y e a r s ,  (d) p o t a t o  t u b e r s  a r e  

i m p o r t a n t  f r o m  t h e  p o i n t  of  v i e w  of h u m a n  a n d  a n i m a l  n u t r i t i o n .  

EXPERIMENTAL PROCEDURE 

The po ta to  tubers  used in the  present  s t udy  were obta ined f rom field 
exper iments  in which the  plants  were grown under  widely  differing nu- 
t r i t ional  conditions.  For  this purpose certified seed pota toes  of the variet ies  
Noordeling and Voran  were p lanted  on sandy or pea ty  soils, poor  in nitrogen, 
phosphorus,  potass ium or magnesium. In  some cases the  soils used were 
deficient in more than  one nu t r i en t  element.  The  po ta to  plants  were dressed 
wi th  different  amount s  of the  e lement  in which the  soil was deficient ;  
the  o ther  nu t r i en t  e lements  were most ly  supplied in o p t i m u m  amounts .  
The tubers  were harves ted  and t ranspor ted  careful ly to the  l abora to ry  
where they  were s tored in shallow layers in wooden boxes a t  a t empera tu re  
vary ing  f rom 5 to  10°C. 

Analytical procedure 
P r e p a r a t i o n  o f  t h e  s a m p l e .  

For  each analysis longi tudinal  and t ransverse  slices are cut  f rom 25 tubers  
in order to obta in  a representa t ive  sample. These slices are cu t  up into 
small  pieces and 50 g of the  la t te r  are ground in a mor ta r  af ter  the  addi t ion  
of a t race  of N a H S O  a. The pulp is t ransferred to a Btichner  funnel  and 
washed wi th  water  sufficient to give 500 ml  of solution. This solut ion con- 
tains the  bulk of the  protein and the  soluble non-prote in  N-compounds  
(see Table  I). The solut ion is heated  for 5 minutes  in a boiling wa te r -ba th  
after  the  addi t ion of a few drops of acetic acid and a knife point  of sodium 

TABLE I 

Nitrogen contents of filtrate (divided into proteiu-N 
and soluble non-protein N) and of residue of ground 

potato tubers (rag per 10 mg fresh weight) 

Soluble 
Protein-N Residue-N non-protein N 

32.1 
33.8 
35.1 
29.4 
23.4 
20.2 
19.o 
18.3 

29.1 
34.7 
27.3 
20.9 
23.3 
20.7 
21.1 
23.8 

Zl  
3.1 
1.6 
3.7 
2.7 
3.3 
2.1 
2.3 
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chloride.  The  p r o t e i n  wh ich  is p r ec i p i t a t ed  is t h e n  s e p a r a t e d  b y  cen t r i fuga t ion .  
The  p rec ip i t a t e  is w a s h e d  twice  w i t h  a v e r y  d i lu te  so lu t ion  of acet ic  acid 
a n d  th r ee  t imes  w i t h  95 per  cen t  e thanol .  The  w a s h e d  p r o t e i n  is t r a n s f e r r e d  
to  dishes,  dr ied  a t  37°C a n d  g r o u n d  in a mor ta r .  I t  con ta ins  a p p r o x i m a t e l y  
14.5 pe r  c en t  n i t r ggen  (see Tab le  II) ,  c o r r e s p o n d i n g  to a p u r i t y  of 90%,  
based  on  p ro t e i n  of 16% N. 

TABLE II 

N-content of potato protein 

Manurial Purity 
treatment N % of protein *) 

low N 
high N 
low P 
high P 
lo~v K 
high K 

14.65 
14.8 
14.0 
13.85 
14.8 
14.6 

91.6 
92.5 
87,5 
86,6 
92.5 
91.3 

*) Based on protein of 16% N. 

The  f i l t r a te  w h i c h  con t a in s  the  amino-ac ids ,  t he  amides  a n d  t h e  pep t ides  
is c o n c e n t r a t e d  i n  vacuo a t  a t e m p e r a t u r e  no t  exceeding  40°C, a n d  m a d e  
up  to  25 ml. 

To o b t a i n  a larger  a m o u n t  of p ro t e in  i t  was  found  more  c o n v e n i e n t  to  
use a s e p a r a t e  sample  of  200 g t u b e r  t issue. This  was m a c e r a t e d  in  a W a r i n g  
b l e n d o r  a n d  t r e a t e d  as descr ibed  above.  

E s t i m a t i o n  o f  p r o t e i n  a n d  s o l u b l e  n o n - p r o t e i n  
n i t r o g e n .  

E s t i m a t i o n s  of t he  n i t r ogen  c o n t a i n e d  in these  f rac t ions  are  car r ied  ou t  
on  s epa ra t e  samples  of 10 g t u b e r  t issue. These  are  g r o u n d  a n d  s e p a r a t e d  
f rom s t a r c h  a n d  o t h e r  cell res idues  b y  f i l t r a t i on  on  a Bf ichner  funnel .  The  
p ro t e in  of t h e  f i l t r a te  is p r ec i p i t a t ed  as descr ibed  above .  The  n i t rogen  of 
t h e  l a t t e r  p lus  t h a t  of t he  cell res idues  is ca lcu la ted  as p ro t e in  n i t rogen ,  
t h a t  of t he  f i l t r a t e  f rom t he  h e a t  coagu lum as soluble  n o n - p r o t e i n  n i t rogen .  

H y d r o l y s : i s  o f  t h e  p r o t e i n .  
The  p ro t e in  is h y d r o l y s e d  in 6N HC1 for 16-18 hours  (500 m g  of p r o t e i n  

in  25 ml  redis t i l led  HC1). Af te r  hydro lys i s  t he  hydroch lo r i c  acid is r e m o v e d  
by  r e p e a t e d  d i s t i l l a t ion  i n  vacuo (5-6 t imes) .  The  HC1 should  be r e m o v e d  
as comple t e ly  as possible  to  p r e v e n t  t h e  f o r m a t i o n  of in t e r fe r ing  a m o u n t s  
of NaC1 w h e n  th i s  so lu t ion  is b r o u g h t  up  to p H  6.0 w i t h  N a O H .  Af t e r  the  
a d d i t i o n  of N a O H  t he  so lu t ion  is f i l tered a n d  m a d e  up  to  50 mi.  

The  p ro t e in  hyd r o l y s a t e s  a n d  t he  pro te in- f ree  so lu t ions  were a n a l y s e d  
for amino-ac ids  b y  t he  q u a n t i t a t i v e  p a p e r  c h r o m a t o g r a p h i c  m e t h o d  of 
T h o m p s o n  a n d  S t e w a r d l ' ~ ) 1 3 ) .  This  m e t h o d  will be descr ibed  in 
some detail .  
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Q u a n t i t a t i v e  p a p e r  c h r o m a t o g r a p h y  o f  a m i n o -  
a c i d s .  

The  solut ion to be analysed should contain approx ima te ly  4 mg of amino- 
acid-N per  ml. For  a complete  analysis of t he  amino-acids two different  
dilutions of this solution are used conta ining (a) 50 and (b) 100-200/~g of 
N per 0.05 ml, respect ively.  The  dilute solution (a) is used for those amino- 
acids which, in large concentrat ions,  m a y  over lap (aspartic acid and glu- 
t amic  acid, serine and glycine, alanine and threonine).  Solut ion (b) is used 
for all o ther  amino-acids.  A second a l iquot  of 0.05 ml  of (b) is used for the  
S-containing amino-acids  (see below)~ 0.1 ml  of (b) is used for the  es t imat ion  
of those amino-acids which occur in v e r y  small  amounts  or which give a 
weak colour wi th  n inhydr in  (lysine, tyrosine, proline). 

The sample is applied to a sheet  of fi l ter paper  at  a po in t  8 cm from 
top  and side of the  paper  and is confined to a circle 1-1.5 cm in d iameter  
(drops of 0.01 ml are used). To suppor t  the  paper  a wa tch  glass is placed 
below the  circle dur ing the opera t ion .  To p romote  the  drying of the  drops, 
hea t  f rom an electric lamp is used; this m a y  be done as long as the  spot  is 
moist.  Af ter  drying, mos t ly  for ~ minutes ,  the  paper  is t ransferred to the  
cabinet  in which the  ch roma tog raphy  (descending method)  is carried out. 
A 2-direct ional  procedure was used first wi th  phenol-water  and then  wi th  
col l idine- lut idine-water  as the  m o v i n g  phases. The cabinet  used contains  
three t roughs  (see Fig. 5~b in 15) ; in each t rough  two sheets of fi l ter paper  
m a y  be placed. The papers  are held in the  t roughs  by  a heavy  glass rod 
in such a way  t h a t  the  sample lies approx ima te ly  3.~ cm beyond  the  edge 
of the  t rough.  DiSheS wi th  phenol-water  (2 : 3) are placed a t  the  b o t t o m  
of the  cabinet  to allow the  papers and the  a~mosphere to equi l ibrate  
wi th  this solvent  before adding the  la t te r  to the  t ronghs  (approximate ly  
8 hours). 

80 ml of phenol-water  (3 : 1, p H  5-5.5) are then  added to the t roughs  
through a small  hole in the  top  of the  cabinet  which is closed by  a stopper. 
The phenol  solut ion t ravels  downwards  th rough  the  paper,  carrying the  
different  amino-acids a t  different  rates. W h e n  the  solvent  has moved  for 
app rox ima te ly  45 cm, i.e. when i t  has reached a distance of approx ima te ly  
1-2 cm from the  lower edge (36 hours at  20°C) the  paper  is r emoved  from 
the  cabinet  and al lowed to d ry  a t  room tempera tu re  in an air s t ream for 
about  20 hours. A margin  of 2 cm conta ining the  phenol  f ront  is cu t  f rom 
the  paper.  The  paper  is then  t ransferred to a second cabinet  in which a 
similar  procedure  is carried out  wi th  col l idine- lut idine-water  ( 1 : 3 : 3 ,  
p H  8.0) in a direct ion a t  r ight  angles to the  first. As wi th  the phenol  t rea t -  
men t  the  second cabinet  contains dishes wi th  the  solvent  to ensure equil ib- 
r ium be tween  paper  and atmosphere.  Af ter  equi l ibr ium has been reached 
(4-6 hours) 80 ml  of the  col l idine-lut idine-water  mix tu re  are added to the  
t roughs  and the  second phase of the  ch roma tog raphy  is begun. Af ter  2 0 - 2 4  
h a t  20°C when the  solvent  has moved  for approx ima te ly  35 cm the  pro- 
cedure is s topped and the  paper  is again dried in an  air s t ream (about 16 
hours). 

D e v e l o p m e n t  o f  t h e  c h r o m a t o g r a m :  react ion of the 
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amino-ac ids  on t he  p a p e r  w i t h  n i n h y d r i n .  Fo r  th i s  purpose  t h e  c h r o m a t o -  
g r a m  is s p r a y e d  even ly  w i t h  a so lu t ion  of I°/O n i n h y d r i n  in 9 5 %  e t h a n o l  
c o n t a i n i n g  2 %  of a co l l id ine- lu t id ine  m i x t u r e  (1 : 3) (ca 30-35 ml  pe r  shee t  
of f i l ter  p a p e r  35 b y  45 cm *). A h a n d  sp raye r  a c t i v a t e d  b y  compressed  
CO~ is used. A n  excess of t he  so lven t  m a y  cause  t h e  coloured  spots  to  sp read  
a n d  shou ld  the re fo re  be avoided.  

The  shee ts  are  t h e n  t r a n s f e r r e d  to t he  colour  d e v e l o p m e n t  c a b i n e t  which  
is a mod i f i ca t ion  of t he  a p p a r a t u s  of T h o m p s o n eta,, ~. (see Fig. 3 in  1~-)). 
I t  consis ts  of a t a n k  54 b y  34 b y  60 cm in wh ich  t h e  c h r o m a t o g r a m s  are 
h e a t e d  u n d e r  e t h a n o l - s a t u r a t e d  anae rob i c  condi t ions .  The  b o t t o m  of t h e  
t a n k  con t a in s  a l ayer  of e thanol .  Three  pe r fo ra t ed  pipes connec t ed  to a 
m e t a l  cy l inde r  c o n t a i n i n g  c a r b o n  dioxide  are i m m e r s e d  in th i s  l ayer  so 
t h a t  a flow of e t h a n o l - s a t u r a t e d  COe passes  across the  p a p e r  sheets .  The  
t a n k  has  a c c o m o d a t i o n  for t h r e e  sheets .  A pe r fo ra t ed  shield above  t h e  
surface  of t he  e t h a n o l  p r e v e n t s  sp lash ing  of t h e  papers .  The  pape r s  con-  
t a i n i n g  t h e  amino-ac ids  are  h u n g  ve r t i ca l ly  in  t h e  t a n k  w i t h  t h e  in i t ia l  spo t  
a t  t he  lower  end. I n  o rde r  to  keep  the  a t m o s p h e r e  s a t u r a t e d  w i t h  e t h a n o l  
two f i l ter  pape r s  h a n g  down  a long  t he  walls of t h e  t a n k  f rom shallo~v t r o u g h s  
a t  the  top .  These  f i t ter  paper s  dip  in to  t h e  e t h a n o l  a t  t he  b o t t o m  of t h e  
t a n k ;  t he  t r o u g h s  also c o n t a i n  e thanol .  The  t a n k  is c o n t a i n e d  in an  ou te r  
c a b i n e t  w i t h  a c o n s t a n t - t e m p e r a t u r e  control .  

U n d e r  these  cond i t ions  an  o p t i m u m  colour  d e v e l o p m e n t  was found  to 
t ake  place w i t h i n  20-25 m i n u t e s  a t  60°C. The  shee ts  are t h e n  dr ied for I0 
m i n u t e s  in air. No ox ida t i on  of t h e  coloured c o m p o u n d  was found  to  occur  
d u r i n g  drying.  

The  coloured spo ts  are cu t  ou t  a n d  e x t r a c t e d  w i th  10 ml  50% e t h a n o l  (by 
volume)  for 30 m i n u t e s  a f t e r  be ing  cu t  in to  pieces of 0.5 b y  2 cm. The  i n t e n s i t y  
of t h e  e x t r a c t e d  blue  (or ye l low-brown)  c o m p o u n d  is m e a s u r e d  in a co lo r imete r  
a t  570 m/z (blue compound)  or 330 m #  (yel low-brown compound) .  

F r o m  each  shee t  b l a n k s  of s imi la r  size are cu t  o u t  a n d  also ex t r ac t ed ,  
W h e n  t h e  ex t r ac t i ons  are  m a d e  i m m e d i a t e l y  a f t e r  comple t i on  of t h e  colour  
r eac t ion  t he  b l a n k  va lue  is low;  i t  increases  a f t e r  I - 2  hours.  

] R e m a r k s .  
P a p e r. W h a t m a n  no. 1 f i l ter  paper ,  " for  c h r o m a t o g r a p h y " ,  45 b y  55 cm, 

was used t h r o u g h o u t  t he  inves t iga t ion .  The  p a p e r  ~vas n o t  w a s h e d  before  use. 
P u r i f i c a t i o n  o f  s o l v e n t s .  P h e n o l  as well as col l idine a n d  

lu t id ine  were redis t i l led  before  use. The  l a t t e r  two p r o d u c t s  ~vere p u r c h a s e d  
f rom N.V. U t r e c h t s e  A s p h a l t f a b r i e k  (The Hague)  a n d  dis t i l led a t  163°C 
(collidine) a n d  b e t w e e n  153-157°C (lutidine).  

S t a n d a r d  c u r v e s .  As d i f fe ren t  amino-ac ids  on  p a p e r  r eac t  in  
d i f fe ren t  ways  w i t h  n i n h y d r i n l  s t a n d a r d  curves  for each  amino-ac id  h a v e  to 
be  made.  For  th i s  purpose  20, 30, 40, 50 a n d  60 #g  re spec t ive ly  of each 

*) In addition to the removal of margins of 2 cm containing the phenol and collidine- 
Iutidine fronts, respectively, strips of 8 cm are cut from the opposite sides of the sheets 
before treatment with ninhydrin, 
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amino-ac id  are c h r o m a t o g r a p h e d  a n d  the i r  colour  e s t i m a t e d  as descr ibed  
above.  Two s t a n d a r d  solut ions  are prepared ,  one c o n t a i n i n g  a spa r t i c  acid, 
glycine and  t h r e o n i n e  a n d  t he  o t h e r  g lu t amic  acid, ser ine a n d  alanine.  T h e  
r e m a i n i n g  amino-ac ids  m a y  be  in e i t he r  solut ion.  T h e  p H  of t h e  s t a n d a r d  
so lu t ions  is a d j u s t e d  to p H  6.0. The  s t a n d a r d  so lu t ions  are a n a l y s e d  in 
t h r ee  or four  repl icates .  

I n t e r n a l  s t a n d a r d .  As a check  on  t h e  r ep ro d u c i b i l i t y  of t h e  
values,  a so-cal led i n t e rna l  s t a n d a r d  is inc luded  in each  case. F o r  th i s  pur-  
pose 40 #g  of a l an ine  are p laced  13 cm f rom t h e  t o p  a n d  side of each  shee t  
used. Af te r  c h r o m a t o g r a p h y  i t  t akes  a pos i t ion  wh ich  is n o t  occupied  b y  
o the r  amino-ac ids .  I n  t h e  case of H20~- t r ea t ed  samples  i t  c an  n o t  be  used 
in th i s  pos i t ion  as i t  t h e n  over laps  t he  pos i t ion  of met la ionine su lphone .  

W h e n  t h e  i n t e rna l  s t a n d a r d  dev ia tes  cons ide rab ly  f rom i ts  s t a n d a r d  va lue  
t he  shee t  is discarde~l. Correc t ions  are  no t  made.  

S u l p h u r - c o n t a i n i n g  a m i n o - a c i d s .  T h e  s u l p h u r - c o n t a i n i n g  
amino-ac ids ,  me th ion ine ,  cys t ine  a n d  r e l a t ed  c o m p o u n d s  h a v e  to  be  oxid ized  
to m e t h i o n i n e  su lphone  a n d  cyste ic  acid respec t ive ly  in order  to  o b t a i n  
d i s t inc t  spots  on  t he  c h r o m a t o g r a m .  This  can  be done  b y  a d d i n g  0.02 ml  

Phenol 

l; 
i 

. - -  

- 0 . 5  

- Q  

1,O 0.5 0 

Fig. 1. Two-d imens iona l  c h r o m a t o g r a m ,  showing  s e p a r a t i o n  of t h e  amino-  
acids in  t he  p ro t e in  a n d  t he  n o n - p r o t e i n  f r ac t ion  of t h e  p o t a t o  tuber .  

1. Cystein + cysteine (after oxidation) 12. Histidine 

6 ,  

7. 
8. 
9. 

10. 
11. 

Aspartic acid 13. Metlaionille (after oxidatimi~ 
Glutamic acid 14. y-Aminobutyrie acid 
Serine 15. Methionille sulphoxide 
Glycine 16. Proline 
Asparagine 17. Pipecolie acid 
Lysine 18. Valine 
Threor~ine 19. Leucines 
Alanine 20. Phenylalalline 
Glut amine 21. Tryptophane 
Arginine 22. Tyrosine 
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of 0.02 M a m m o n i u m  m o l y b d a t e  a n d  0.1 ml  of 30% H~O~ to  0.1 ml  of t h e  
a m i n o - a c i d  so lu t ion  in  a ~vatch glass. Af te r  drying,  t h e  res idue  is d issolved 
in  w a t e r  a n d  t r a n s f e r r e d  to  t h e  paper .  

A m m o n i a  a n d  c y a n i d e  were n o t  used in t h e  c a b i n e t  d u r i n g  
t h e  pheno l  t r e a t m e n t .  

P o s i t i o n  o f  a m i n o - a c i d s  o n  t h e  c h r o m a t o g r a m  
(see Fig. 1). T he  fol lowing amino-ac ids  give d i s t i nc t  spots  on  t h e  c h r o m a t o -  
g r a m :  glycine, a lanine ,  serine, cys t ine  (af ter  o x i d a t i o n  to  cysteic  acid),  
t h reon ine ,  val ine,  m e t h i o n i n e  (af ter  ox ida t i on  to m e t h i o n i n e  su lphone) ,  
t he  leucines,  ty ros ine ,  prol ine,  a spa r t i c  acid, g l u t a m i c  acid, arginine ,  lysine,  
~ - a m i n o b u t y r i c  acid, a spa rag ine  a n d  g lu tamine .  An  u n k n o w n  spot  was 
a lways  p r e s e n t  on  t he  c h r o m a t o g r a m  of t he  soluble  f ract ions .  Af te r  m o s t  
ana lyses  h a d  been  p e r f o r m e d  th i s  spo t  was  found  t o  be  b r o u g h t  a b o u t  b y  
pipecolic  acid. Leuc ine  a n d  isoleucine occupy  t he  same  pos i t ion  so t h a t  
t h e y  are d e t e r m i n e d  toge the r .  Glycine  a n d  a spa rag ine  more  or less over lap  
so t h a t  t h e i r  s e p a r a t e  d e t e r m i n a t i o n  is dif f icul t  w h e n  b o t h  occur  in  con- 
s iderable  a m o u n t s .  I n  t he  p r e s en t  i n v e s t i g a t i o n  th i s  p o i n t  was n o t  v e r y  
i m p o r t a n t ,  s ince glycine occurs  on ly  as t r aces  in  the  soluble  n o n - p r o t e i n  
f r ac t ion  in Which a spa rag ine  is a n  i m p o r t a n t  cons t i t uen t ,  whi le  in  t h e  p ro t e in  
h y d r o l y s a t e  a spa rag ine  is absen t .  ~ h e n  glycine a n d  a spa rag ine  occur  in  
t he  same  sample ,  hydro lys i s  of t h e  a spa rag ine  to a spa r t i c  acid m a y  be  used 
to  a l low for t h e  d e t e r m i n a t i o n  of bo th .  I n  th i s  case t he  sample  has  to  be 
c h r o m a t o g r a p h e d  before  a n d  a f t e r  hydrolys is .  The  increase  in  a spa r t i c  
acid u p o n  hydro lys i s  gives t he  va lue  for asparagine .  To decide w h e t h e r  a 
ce r t a in  spo t  on  t he  c h r o m a t o g r a m  rep resen t s  a c e r t a i n  amino  acid, a second 
a l iquo t  of t he  same  sample ,  to  which  a n  a d d i t i o n a l  a m o u n t  of the  expec t ed  
a m i n o  acid has  been  added ,  is c h r o m a t o g r a p h e d .  Pheny l a l an ine ,  t r y p t o -  
p h a n e  a n d  h i s t id ine  c a n n o t  be  d e t e r m i n e d  b y  th i s  c h r o m a t o g r a p h i c  me thod .  
Fo r  t he i r  e s t i m a t i o n  see beloxv. 

A c c u r a c y  o f  t h e  m e t h o d .  The  amino-ac ids  m a y  be  d e t e r m i n e d  
w i t h  a n  accu racy  of 12% or less. Tab le  I I I  gives t he  r ecove ry  values  for 
d i f fe ren t  amino-ac ids  a d d e d  to  a p o t a t o  ex t rac t .  The  amino-ac ids  were 
added  in a m o u n t s  of 40/~g. 

P h e n y l a l a n i n e .  
P h e n y l a l a n i n e  is e s t i m a t e d  accord ing  to t he  m e t h o d  of IK a p e 1 1 e r -  

A d I e r ~). This  is b a s e d  on  t he  ox ida t i on  a n d  n i t r a t i o n  of t he  amino-ac id  
to  3 ,4 -d in i t robenzo ic  acid w h i c h  a f t e r  r educ t i on  w i t h  NH=OH gives a 

TABLE III  

Recovery of amino-acids added to a potato extract 

Amillo-acid Recovery (%) Amino-acid Recovery (%) 

Alanine . . . . . . .  96 Glutamic acid . . . .  106 
Valine . . . . . . .  93 ArginiI~e . . . . . . .  105 
Leucine . . . . . . .  102 ~-aminobutyric a c i d . .  96 
Tyrosine . . . . . .  94 Asparagine . . . . . .  I03 
Aspartic acid . . . .  97 Glutamine . . . . . .  106 
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purple-blue colour wKh ammonia, presumably due to the formation of the 

ammonium salt of o-diaci-dihydro-dinitTobenzoic acid. 
R e a g e n t s. (a) Nitration mixture : 20 g IKNO 3 are dissolved in 100 ml 

concentrated H2SO ~. (b) 30% NH~OH.HCI. (c) 25~o NH4OH. 

M e t h o d. An aliquot of an amino-acid solution is evaporated to dryness. 

2 ml of (a) are added and the nitration is carried out by warming on the 

steam bath for 20 minutes. The residue is transferred with 9 ml of H~O 

to a volumetric flask of 25 ml. The solution is cooled in an ice bath, and 

2.5 ml of (b), also cooled in the ice bath, are added. After I minute the solu- 

tion is diluted to the mark with ice-cooled ammonia (c). The mixture is 

allowed to stand for 45 minutes at room temperature and then the colour 

intensity is read at 560 m#, For each sample a blank value obtained without 

the addition of NH~OH.HCI is measured, 
Tyrosine and histidine give a yellow-brown colour which does not inter- 

fere at 560 m#. The method is sensitive to 100 Itg of phenylalanine. 

Tryptophane. 
Tryptophane is estimated according to the method of 13 r u m m e r Z) 

(see also G r o o t 3)). This is based on the formation of a red-violet coiour 

with vanillin in a strongly acid solution. The method is used for protein 

hydrolysates only, as unknown substances in the potato extract interfere 

with the determination of this amino-acid. 
R e a g e n t s. (a) 1/75 2~// solution of vanillin in H~O. (b) 96% H2SO a 

(pro analyst). (c) 1/450 M Na~S. Prepared  by  dissolving an excess of Na~S 
in H~O; the  solut ion is t i t r a t ed  wi th  iodine and  then  di luted wi th  water  
to give the  desired concentra t ion.  

M e t h o d ,  l m I  of amino-acid solution, 1 ml of (c) and 0.1 of (c~) are 
added to a tes t  tube  and cooled in a NaCl-ice bath,  Then  3 ml  of (b) are 
slowly added;  care is t aken  t h a t  the  solution remains as cold as possible; 
i t  is shaken cont inuous ly  dur ing the  addi t ion  of the  H~SOI. The colour 
is al lowed to develop a t  room tempera tu re  for 4½ h af ter  which the  flask 
is placed on a boiling wate r  b a t h  for 3-4  minutes.  The colour in tens i ty  is 
measured  a t  605 m/~. The  me thod  is sensi t ive to 5/~g of t ryp tophane .  

H i s t i d i n e .  
His t id ine  is de te rmined  by  the  diazo react ion of P a u 1 y :  fo rmat ion  b y  

hist idine of a yellow-red compound  wi th  freshly diazotized sulphanil ic 
acid (B 1 o c k and B o 1 1 i n g 1)). Since tyrosine gives the  same reaction,  
this amino-acid has to be r emoved  before his t idine can be determined.  
Use is made  of the fact  t ha t  tyrosine m a y  be oxidized by  0.1 N KMnO 4 in 
an acid solution, wi thou t  his t idine being affected. The a m o u n t  of KMnO,~ 
required for complete  remova l  of tyrosine f rom a protein-free po ta to  ex- 
t r ac t  was found to be 5 to 6 t imes  higher  t han  was needed for e l iminat ion  
of an  equal  a m o u n t  of tyros ine  in the  absence of o ther  substances.  Upol~ 
neut ra l iza t ion  of the  KMnO~-treated sample  a yel low-brown colour, pre- 
sumably  due to MnO2, is formed which interferes wi th  the  his t idine deter-  
minat ion.  Therefore  the  neut ra l iza t ion  should be s topped when  a fa int  
yellow colour of the  solution is observed. 
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The amount  of diazo reagent required for determination of histidine in 
potato extracts is generally considerably greater than that  needed for 
histidine only. This is presumably due to the fact that  in addition to tyrosine, 
potato extract contains an unknown compound which reacts with the diazo 
reagent. When this unknown compound is present in large amounts, it 
may interfere with the histidine determination.  This may be prevented by 
using a smaller aliquot of t h e  extract.  To check the absence of this inter- 
ference two different amounts of the extract are analysed. In  addition the 
recovery of added histidine has to be checked. 

R e a g e n t s .  (a) 4.5g of sulphanilic acid and 45ml  of 37% HC1 in 
500 ml H20. (b) 25 g NaNO2 in 500 ml H20. (c) 5.5 g anhydrous Na~CO3 
in 500ml H20. (d) Solution of histidine-monohydrochloride 1 : I0000. 
The diazo reagent is prepared by adding 1.5 ml of (a) to 1.5 ml of (b) in a 
50-ml volumetric flask kept in an ice bath. After 5 minutes cooling 6 ml 
of (b) are again added and after a further 5 minutes cooling the solution 
is diluted to 50 ml. The solution may be kept for 1 day wken cooled in ice. 

M e t h o d. To 15 ml of the protein-free amino-acid soiution are added 
1 ml of 30% H2SOa and 3 ml of 0.1 N KMnO a. The mixture is neutralized 
with 10% NaOH until  it takes on a light yellow colour and then filtered 
through a dry filter paper. 0.5 and 1 ml of the filtrate are used for the histidine 
determination which is carried out as follows. 5 ml of (c) are pipetted into 
a 25-ml volumetric flask. To this solution sufficient HeO is added so that  
the total volume of added water and aliquot of histidine solution is 2 ml. 
Subsequently 2 ml of the diazo reagent are added, immediately followed 
by the histidine-containing solution. \Vhen the yellow-orange colour is 
formed a second portion of 2 ml reagent is added. After 6 minutes incubation 
in a water bath at 15°C maximum colour intensity is reached. The latter is 
measured at 604 m#. The method is sensitive to 10 #g of histidine. 

RESULTS 

a) Comparison o[ the amino-acid composition o] the protein and the 
soluble no~-protei~¢ /ractions 

T a b l e s  V to X c o n t a i n  the  a m i n o - a c i d  ana ly se s  of the  p r o t e i n  

a n d  the  so luble  n o n - p r o t e i n  f r ac t ions  of p o t a t o  t u b e r s  g r ow n  u n d e r  

w ide ly  d i f fe r ing  n u t r i t i o n a l  cond i t ions .  I n  each case a c o m p a r i s o n  

was  m a d e  b e t w e e n  t u b e r s  f rom p l a n t s  h i g h l y  def ic ien t  in  one  of 

the  m a j o r  n u t r i e n t  e l e m e n t s  a n d  those  f rom p l a n t s  g r o w n  on  the  

s ame  field w i t h  a n  a m p l e  s u p p l y  of th i s  e l emen t .  

I n  Tab le s  V, V I I ,  V I I I  a n d  I X  the  a m i n o - a c i d  va lues  for b o t h  

p r o t e i n  a n d  so luble  n o n - p r o t e i n  f r ac t ions  h a v e  b e e n  r eco rded ;  

in  Tab le s  VI  a n d  X those  of the  n o n - p r o t e i n  f r ac t ions  o n l y  are 

given.  I n  the  case of p r o t e i n  the  f igures h a v e  b e e n  ca l cu l a t ed  as 

g a m i n o - a c i d  per  100 g of h y d r o l y s e d  p ro te i  n (16 g N) a n d  as 



144 E . G .  MULDER AND K. BAKEMA . 

TABLE IV 

Yield data and protein and soluble non-protein N-contents of the potato tubers 
u s e d  for the anlino-acid anaIyses 

mg N per 10 g dry weight 

Exp., year, variety 

1388, 1952, Noordeling 

1300, 1952, Noordeling 

1472, 1954, Noordeling 

1299, 1952, Noordeling 

1472, 1954, Noordeling 

1220, 1951, Vorau 

1466, I953, Noordeling 
,, ,, Voran 

~anur ia l  
treatment *) 
(kg per ha) 

40 N 
160 N 

0 P~O~ 
300 P~O5 

0 P~O5 
300 P,O~ 

0 KeO 
200 K=O 

0 K~O 
400 K~O 

5 MgO 
160 MgO 

400 K, 150 N 
400 K, 150 N 

Yield, q per ha 
(1 q = 100kg) 

103 
183 
56 

249 
44 

290 
108 
290 

83 
290 
161 
383 
299 
455 

Protein Soluble non- 
fraction protein fraction 

78.7 32.8 
107.4 66.6 
113.6 79.7 
I02.1 73.1 
85.5 8414 
62.5 44.8 

106.4 106.9 
93.4 86.4 
86.3 92.9 
65.6 46.7 
79.8 90.6 
63.6 55.3 
99.8 69.7 
54.7 54.6 

*) N was supplied as ammonium nitrate limestone, P as superphosphate, K as 
potassium sulphate, and 5Ig as magnesium sulphate. 

amino-acid nitrogen as a percentage of the sum of estimated 
amino-acid nitrogen (lst and 2nd column of each sample respec- 
tively). The values for the free amino-acids are similarly given as g 
amino-acid per 16 g animo-acid-N (3rd and 4th column of each 
sample) and as amino-acid nitrogen as a percentage of the total 
estimated amino-acid nitrogen (Sth and 6th column). In the case 
of free amino-acids, values are given both including and excluding 
the amides. 

When a comparison is made between the content of amino- 
acids occurring in the free state and that of amino-acids present 
in the protein, it will be seen that no correlation exists. In the 
soluble non-protein fraction the nitrogen of the amides consti- 
tutes more than 60% and sometimes more than 70% of the total 
amino-acid nitrogen. In the case of protein, at a maximum, 20% 
of the total amino-acid nitrogen could be combined as amides, 
assuming that all the ammonia in the hydrolysate came from these 
compounds. 

When the amino-N of the amides is added to the amino-N of 
aspartic acid and glutamic acid respectively, it will be seen that 
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,T A B L E  V 

Compos i t ion  of the  p ro te in  and  the  soluble non-pro te in  f ract ions  of po ta to  tubers  grown 
at  two n i t rogen  levels,  s tored  ~or 4 m o n t h s  (Exp.  1388, 1952, va~'. Noordeling) 

Low-N po ta toes  H igh -N  po ta toes  

Pro te in  ] Soluble non-pro-  Pro te in  Soluble non-pro-  
f rac t ion *) I te in  f ract ion *) f rac t ion *) rein f rac t ion *) 

N a s  g a m . - a c i d  N a s  % of N a s ] g a m . - a c i d ]  N a s  % o f  
g l%°fl per 16g [sumofest. g %of] per 16g ~sumofest. 

i am,,- s u m  am.-  ~ am.-  am. ' 
acid of acid-N s u m  am.-  am.-  A m i n o  c o m p o u n d  aci( of acid-N per  / - -  ! acid-N acid-N 

, , est  [ 1 0 0 g ,  j ~ d .  ~ c l .  Per am._ i n c l . [ 0 0 ~  e s t . ,  excl. 
] am.-  J incl, I excl. I excl. incl. 

prO-india_! the  the  the  t the  pro- acid-[ ttae the  the  I the  

rein nNc , ~ 2  !~  2 ides ides rein N ! a m -  ides ~ )  (i 1. s s a m - a m - ( 1 6  ( inc l . l ides  am-ides ides a m - a m -  

I IN~)I ] i g ~} NH:~)I 
Glycine . . . . . .  1 5 . 9  7.5 1 tr3 tr tr t r  6.0 7.61 tr t r  t r  tr  
Alanine  . . . . . .  ] 5 . 1  5.4 1.0 2.3 1.0 2.3 5.0 5 . 4  0.6 2.2 0.5 2,2 
Serine . . . . . . .  I 6.8 6.2 1.0 2.3 0.8 2.0 7.2 6.6 0.6 2.2 0.5 1,8 

~ 0.7 1.6 0.4 1,3 !,1 Cvst ine  @ eys te ine  . 1.1 0.7 0.9 0.8 0.3 0.2 0,6 
Threonil~e . . . . .  I 6.5 5.2 2.9 0.9 2.2 6.5 5.2 I 0.6 2.2 0.5 1,6 
Val ise  . . . . . . .  I 6.9 5.7 2.8i  6.3 2.1 5.0 6.5 5 . 4  1.7 6.0 1.3 4.5 

5 le th ionine  + methio-  I 1 
nine su lphox ide  . . 2.8 1.7 1.9 4.3 1.1 2.6 3.1 2.0 1.0 3,3 0.6 2,0 

Leucines  . . . . . .  16.2 1.8 3.3 7.5 2.2 5. I 16.3 11.9! 2.21 7,5 1.4 5.0 
Pheny la l an ine  . . .! 5.0 2.9 . . . .  4.9 2.8 1.3 - -  - -  - -  
Tyros ine  . . . . .  i 4.2 2.2 2.1 4.8 1.0 2.4 4.6 2,4 . 4,5 0.6 2.2 
Proline . . . . .  3.8 3.2 tr t r  tr t r  3.8 3,2 tr t r  t r  t r  

, 

Aspar t ic  acid . . . .  I 10.5 7.5 5.9 13.7 4.0 9.3 10.5 7.5 2.7 9.3 
G l u t a m i c a c i d  . . . .  I 9.9 6 . 4 ,  2:0.6 47.4 12.4 29.3 9.8 6.3 1 6.1 21.1 
Arginine  . . . . . .  I 5.8 12.7 5.4 12.4 11.0 25,9 5.5 12. t 9.6 33.2 
Lysine  . . . . . . .  I 4.2 5.4 tr t r  I tr  tr  4.0 5.2 tr  tr 
I-Iistidine . . . . . .  i 2.5 4.6 1.0 9__7 2 3  1.7! 4,0 2.6 4.8 0.6 1.9! 0.9 3.2 

0.0 0.0 0.0 

Asparag ine  . . . .  i - -  - -  34.6 46.4 - -  - - ,  - -  54.9 - -  
G lu t amine  . . . . . .  , 9. i 1 E l  - -  - - i  - -  15.9 - -  
A m m o n i a  . . . . .  i 1.7 9.3 i - -  - -  1.6 9.0 - -  

*) 91.9% and 76.2% of the  Kje ldah l  n i t rogen  of the  pro te in  and  the  soluble non-pro te in  
f ract ions of the  low-N po ta toes  are accoun ted  for by  the  amino-ac id  analyses  of these  fract ions.  
For the  h igh-N po ta toes  these  va lues  are 91.6% and 81.8%, respect ively.  

aspartic acid occurs even more abundan t ly  than  glutamic acid in 
the non-protein fraction. 

The ratio asparagine-N :g lu tamine -N  varies from 4.5 : 1 to 
2 : 1. This ratio apparently is not only affected by  the mineral 
nutrit ion of the potato plants but  also by  climatic conditions 
and variety.  

Plant  a~d Soil VI I  
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T A B L E  ¥ I  

Composi t ion of the  soluble non-pro te in  f rac t ion  of po t a to  tubers  g rown at  two phosphorus  

levels, s tored  for 6 m o n t h s  (Exp.  1300, 1952, vat .  Noordel ing)  

Low-P  pota toes  H i g h - P  po ta toes  

Amino c o m p o u n d  

Glycine . . . . . . .  

Alanine . . . . . . .  

Serine . . . . . . .  

Cystine q- cyste ine  . . 

Threon ine  . . . . . .  

Valine . . . . . . .  

lgethionine ÷ meth io-  

nine sulphoxide  . . 

Leueines . . . . . .  

Phenyla lan ine  . . . .  

Tyros ine  . . . . . .  

Proline . . . . . . .  

l ' r y p t o p h a n e  . . . .  

Aspar t i c  acid . . . .  

G lu tamic  acid . . . .  

Arginine . . . . . .  

Lysine . . . . . . .  

His t id ine  . . . . . .  

y - A m i n o b u t y r i c  acid . 

Asparag ine  . . . . .  

G lu t amine  . . . . .  

A m m o n i a  . . . . . .  

Soluble non-pro te in  f rac t ion  Soluble non-pro te in  f ract ion 

g am. -ac id  

per  16 g 

am. -ac id -N *) 

incl. excl. 

, the the 

I N a s  % of 

sum of est. 

am. -ae id -N *) 

incl. 

the 

amides  amides  amides  

t r  t r  t r  

0.6 2.1 0.6 

1.3 4.8 1.1 

0.7 2.5 0.4 

1.0 3.8 0.8 

1.5 5.4 1.1 

0.6 2.1 0.3 

1.7 6. t I . I  

1.5 5.6 0.8 

1.7 6.2 0.8 

0.8 2.8 0.6 
_ _  _ _  _ _  

4.0 4.8 2.6 
9.4 ;4.7 5.4 

4.0 4.8 7.2 

tr  t r  t r  

1.6 5.7 2.6 

2.0 7.3 1.7 

44.9 - -  59.6 

1 1 . 1  - -  13.3 
_ _  _ _  _ _  

excI. 

the 

amides  

t r  

2.1 

4.1 

1.4 

2.8 

4.1 

1.3 

4.1 

3.0 

3.0 

2.2 
- -  

9.7 

!0.1 

!6.4 

t r  

9.7 

6.2 
_ _  

_ _  

_ _  

g am.-ac id  N as % of 

per  16 g sum of est. 

am. -ac id -N *) am. -ac id -N *) 

incl. excl. incl. 

the the  the 

a m i d e s ,  amides  amides  

tr  t r  

2.0 0.6 

3.7 0.9 

2.0 0.3 
3.6 0.8 
7.4 1.6 

1 . 8  0.3 

5.3 1.0 

5.3 0.8 
7,5 1.1 

3.4 0.8 
_ _  _ _  

15.0 2.9 

24.1 4.1 

1 1 . 9  6.2 

t r  t r  

6.6 3.3 

18,4 4.6 

- -  51.6 

- -  19.2 
- -  _ _  

tr I 0.6 

1.1 

0.6 

120 

2.2 

0.5 

1.6 

1.6 

2.2 

1.0 

4.4 

7.0 

3.5 
t r  

1.9 

5.4 

38.8 

16,0 
- I  

e x c 1 ,  

, the 

I amides  

tr 

2.0 

3.1 

1.1 

2.7 

5.5 

1.0 

3.6 

~ 2.8 

3.6 

2.6 
! _ 

! 9.9 
13.9 

21.3 

tr  

11.2 

15.6 
- -  

_ _  

- - _  

*) 80.9% of the  Kje ldahl  n i t rogen  of the  soluble non-pro te in  f rac t ion  of the  lo~v-P po ta toes  

xs accounted  for b y  the amino-ac id  analyses  of this fract ion.  For  the h igh-P  po ta toes  this va lue  

is 82.0%. 

When the amides are excluded, gtutamic acid, arginine, and 
7-aminobutyric acid account ~or more than 50% oI the amino-acid 
nitrogen of the soluble non-protein fraction. On a weight basis 
glutamic acid is generally by far the most important amino-acid 
of this fraction followed by 7-aminobutyric acid in the second 
and arginine in the third place. On a nitrogen basis arginine is 
generally the most important amino-acid, owing to its high N- 
content. 

In contrast to the non-protein fraction, 7-aminobutyric acid 
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T A B L E  V I I  

Compos i t ion  of the  p ro t e in  and  the  soluble  non-p ro te in  f rac t ions  of po t a to  tubers  grown 
at  two  phosphorus  ievels ,  s tored  for 1 m o n t h  (Exp.  1472, 1954, vat .  Noordel ing)  

Amino c o m p o u n d  

Low-P  po ta toes  H i g h - P  po ta toes  

P ro t e in  Soluble  non-pro-  P ro te in  Soluble  non-pro-  
f rac t ion  *) rein f rac t ion  *) f rac t ion  *) rein f rac t ion  *) 

g N a s ! g a m . - a c i d l N a s % o f  g N a s l  g a m ' - a c i d  N a s % o f  
am.-  % of per  168  I s u m o f e s t .  am.- % o f l  per  168  s u m o f e s t .  

acid s u m  am.- am.-  acid SUmof acid-Nam'" am.- 
per  of ac id -N acid-N per  ac id-N 

100 g 
pro- 
te in  
(16 
g N) 

e s t .  

am.- 
ac id -  

N 
(incl.  

NH~) 

incl.  ~xcl. 
the  the 
am-  am-  
ides ides 

incl.  excl.  
the  the  
am- am- 
ides ides 

100 g 
pro- 
te in  
(16 

g N) 

est. 

am.- 

acid- 

N 
(incl. 

NH3) 

incl. excI. 
the  the  
a m -  a m -  

i d e s  ides  

incl.  excl.  
the  the 
am-  am- 
ides ides 

Glycine  
Alanine  
Serine 
Cys t ine  + cys te ine  
Threon ine  
Val ine  
Methionine  + methio-  

nine su lphox ide  . 
Leucines  
P h e n y l a l a n i n e  . . 
Tyros ine  
Pro l ine .  
T r y p t o p h a n e  
Aspa r t i c  acid 
G l u t a m i c  a c i d . .  . 
Arg in ine  
Lys ine .  
H i s t id ine .  
y - A m i n o b u t y r i c  ac id .  
Aspa rag ine  
G l u t a m i n e  

. A m m o n i a  . . . . . .  

5.4 
4.1 
5.8 
0.6 
6.0 5.3 
7.3 6.7 

1.9 1.3 

17.0 13.8 
5.0 3.3 
4.5 2.7 
3.6 3.3 
1.8 1.8 
8.0 6.4 
9.5 6.9 
3.2 7.8 
3.7 5.3 
3.1 6.4 
0.0 0.0 

1.7 10.3 

7.6 0,5 1.9 
4.8 0 . 6  2.5 
5.8 0 . 8  3.1 
0.4 0.2 0.7 

0.8i 3.3 
2.2 8.8 

1.2 4.8 
1.7 6.7 
1.9 7.6 

1.2 4.6 
t r  t r  

2.2 8.6 
7.6 30.3 
3.4 I3.4 
t r  t r  
0.8 3.2 
4.1 16.4 

37.3 - -  
18.6 - -  

0.6 
0.6 
0.7 
0.1 
0.6 
1.7 

2.3 
2.4 
2.6 
0.4 
2.4 
6.6 

0.7 2.8 
1.3 4.5 
1.0 4.0 
0,6 2.2 
t r  t r  

1.4 5.6 
4.5 18.0 
6.8 27.0 
tr tr 
1.4 5.4 
3.5 14,0 

52.4 
22.3 

5.8 
4.3 
6.0 
0.7 
5,8 
7.6 

2.0 
17.9 
5.3 
4.6 
3.6 
1.9 
8.1 

10.0 
3.4 
3.9 
3.0 
0.0 

1.6 

8,0 1.0 
0.7 

5.0 1.0 
5.9 1.3 
0.5 0.3 
5.1 
6.7 2.8 

1.4 2.0 
14.1 2.1 
3.3 1 . 8  

2.6 2.7 i 
3.2 t r  
1.9 
6.3 2.7 
7.0 10.9 
8.0 2.9 ~ 
5.5 t r  i 
6.0 1.3 
0.0 8.6 

32.3 I 
18.7 

9.5 - - t  

2.8 
2.1 
3.9 
0.7 
3.0 
8.3 

5.7 
6.2 
5.3 
7.8 1.3 
t r  t r  

7.8 1.8 
31.8 6.5 

8.6 5.9 
tr tr 
3.8 2.2 

25.0 7.3 
- -  43.1 
- -  22.4 

1.1 3.4 
0.7 2.1 
1.1 3.4 
0.1 0.4 
0.8 2.3 
2.1 6.2 

1.2 3.5 
1.4 4.1 
1.0 2.8 

3.7 
t r  

5.1 

19.0 
17.1 
t r  
6.4 

21.2 
- -  

- -  

*) 82.5% and  70,0% of the  Kje ldah l  n i t rogen  of the  p ro te in  and  the  soluble  non-p ro te in  
f rac t ions  of the low-P  po ta toes  are accoun ted  for b y  the  amino-ac id  ana lyses  of these fract ions.  
For  th5 h igh -P  po ta toes  these va lues  are 84.8% and 71 .5%,  respec t ive ly ,  

does not occur in the protein. Arginine accounts for approximately 
10 per cent of the protein-N, glutamic acid for about 6 per cent. 
A number of amino-acids, however, occur much more abundantly 
in the protein than ii~ the free state. These are glycine, alanine, 
serine, threonine, the leucines, proline and lysine. 
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b) Effect o/ the mineral nutrition on the amino-acid composition o~ 
the protein. 

Although the mineral nutrition of the potato plants in this 
investigation had a pronounced effect on the yield and on the 
protein content of the tubers (see Table IV) no effect on the amino- 

T A B L E  V I I I  

C o m p o s i t i o n  of the  p r o t e i n  a n d  the  so luble  n o n - p r o t e i n  f r ac t i ons  of p o t a t o  t u b e r s  g r o w n  

a t  t w o  p o t a s s i u m  levels,  s t o r ed  for  3 m o n t h s .  (Exp .  1299, 1952, w r .  Noorde l ing)  

I L o w - K  p o t a t o e s  H i g h - K  p o t a t o e s  

[ P ro tMn 

f r a c t i o n  *) 

A m i n o  c o m p o u n d  

I P r o t e i n  Soluble  n o n - p r o -  

f r ac t i on  *) rein f r a c t i o n  *) 
. 

N as % of 
sum of est. 
I am.- 
~ acid-N 

1 I g N a s  g a m . - a c i d  

i am.-  % of per  16 g 
i ac id  s u m  am. -  

per  of a c i d - N  

100 8 est .  

p r o - ' a m . -  incl.  excl .  
t 

re in  ! ac id -  I t he  the  

~(16 / ~ ] i  a m - a m -  

I i 

~ N) ides ides 

I 

incl.  excl, 

] the I the 
am- anl 

i " 
ides i ides 

I ~ 

Soluble  n o n - p r o -  

te in  f r a c t i o n  *) 

g N as 

am.-  % of 
ac id  s u m  

per  i of 
' I !100 g est .  

p ro-  am. -  

re in  a c i d -  

g N) 

g a m . - a c i d  [ N as % of 
per 16 g t!sum of est. 

am. ~ ! auk. ~ 

ac id -N  ] a c id -N  
I 

incl.  exct .  incl. excl .  
the  the  the  t h e  

am-  am-  am-  i am-  
ides ides ides ides 

Glyc ine  . . . . . .  

A l an ine  . . . . . .  
Serine . . . . . . .  
Cys t ine  + cys t e ine  

T h r e o n i n e  . . . . .  

Valine . . . . . . .  
, \ t~th]onine + methio-  

n ine  su lphox ide  . . 

Leuc ines  . . . . . .  ~ 
P h z n y l a l a n i n e  . . , 
Ty ros ine  . . . . . .  

Pro l ine  . . . . . . .  
T r y p t o p h a n e  . . . .  

A s p a r t i c  ac id  . . . .  

G l u t a m i c  ac id  . . . .  
Arg in ine  . . . . . .  
Lys ine  . . . . . . .  

H i s t i d ine  . . . . . .  ] 
y - A m i n o b u t y r i c  ac id .  ] 

A s p a r a g i n e  . . . . .  ] 
G l u t a m i n e  . . . . .  
A m m o n i a  ~ 

5.3 

5.9 
6.6 

1.0 
6.7 

5.9 

2 , 5  

15.3 
5.5 
5.2 

4.3 

1.9 

10.3 
9.4 

4.2 
4.6 
2.6 

0.0 
- -  

1,6 

t r  

0.6 

1.3 

0.4 
1.2 

3.0 

1.5 

1.9 
2.3 
5.2 

t r  
_ _  

2.8 

5.8 
4.6 
0.7 

0.6 
6.4 

v 

t r  

1.7 
4.1 

1.3 

3.7 
9.2 

4.5 

5,9 
6.9 

15.9 
t r  

_ _  

8.4 

17.8 
14.0 

2,2 

1.8 
19.5 

- -  

tF 

0.5 
1.1 

0.3 

0.9 
2.3 

0.9 
1.3 
1.2 
2.5 

t r  
_ _  

1.8 

3.5 
9.2 
0.9 
1.0 
5.4 

5 0 . 3  

16.8 
- -  

1.7 
3.4 

110 

6"9 1 

2 . 7  

3.9 

3.7 

7.7 

t r  
_ _  

5.6 
I0.6 

28.0 
2.7 
3.1 
16.6 

_ _  

_ _  

_ _  

5.4 6.9 t r  t r  

6.0 6.6 0.6 1.8 

6.0 5.6 i .5 4.6 
0.7 0.4 0.5 1.6 

6.5 5.3 1.3 3.8 
6.2 5.1 2.6 7.6 l 

2.3 1.4 1.7 4.9 

15.2 11.3 1.7 5.1 
5.4 3 2 1.4 4.2 

5.0 2.7 3.3 9.7 

5.2 4.4 t r  t r  

1 . 8  i . 7  - -  - -  

10.5 7.7 3.9 11.4 

9.9 6.6 I 8.6 25.3 
4.4 9.8 5.2 15.3 

5.0 6.7 0.8 2.4 
2.4 4.6 0.6 1.9 
O.C 0 . 0  5.2 15.5 
- -  3 8 . 6  - -  

0~0 12.3 - -  
1.8 1 - -  

t0~ 6 t r  
1.7 

1.3 3.8 
0.3 0.8 
1 . 0  2.8 
1 . 9  5 . 7  

1 . 0  2.9 
1.1 3.4 

0.8 2.2 

1.6 4.7 

t r  t r  
_ _  _ _  

2.5 7.5 
5.1 15.1 

10.4 30.7 
1 . 0  2.9 
1.1 3.1 

4.5 I3.1 
5112 - -  
14.8 

_ _  

*) 88.2% a n d  87.8% of the  K j e l d a h l  n i t r o g e n  of t he  p r o t e i n  a n d  the  so luble  n o n - p r o t e i n  

f r ac t i ons  of the  I o w - K  p o t a t o e s  a re  a c c o u n t e d  for  b y  the  a m i n o - a c i d  a n a l y s e s  of these  f r ac t ions .  
F o r  t h e  h i g h - K  p o t a t o e s  these  va lues  are 89 .9% a n d  89 .1%,  r e spec t ive iy .  
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acid composition of this protein was observed (see Tables V, VII, 
VIII  and IX). This was found to be true in all three cases, nitrogen, 
potassium and phosphorus. Since the composition of the soluble 
non-protein fraction varied considerably under the influence of the 
mineral nutrition, this result once more demonstrates the lack of 
correlation between the amino-acid composition of the protein 
and that of the soluble non-protein fractions. 

When a comparison is made between the proteins of tubers 
grown on the same field with different manurial treatments and 
those of tubers grown on different fields and in different years, 
it will be seen that the agreement in amino-acid composition in 
the former case is more complete than in the latter. Although 
it is possible that small differences in protein composition of 
potato tubers may  occur under the influence of varying climatic 
conditions, it is also possible that small differences in the ana- 
lytical technique have been responsible for the observed differences. 

c) E/[ect o[ the mineral nutritio~ o~¢ the amino-acid composition, o[ 
the soluble ~or~-protei~¢ [ractior~. 

The amino-acid composition of the non-protein fraction was 
found to be much less constant than that of the protein. Tables V, 
vii ,  v i i i  and IX contain the results for samples in which both 
protein and non-protein fractions had been analysed. In Table VI 
and X the results for a few further samples have been recorded 
in which non-protein nitrogen only was investigated. 

N i t r o g e n. Tubers from nitrogen-deficient potato plants 
were considerably poorer in both protein and soluble non-protein 
nitrogen than those from plants dressed amply with ammonium 
nitrate. The non-protein nitrogen content was more strongly affected 
by the nitrogen dressing than the protein content, the respective 
values for protein and non-protein fractions being 78.7 (N-deficient) 
and 107.4 (high-N), 32.8 and 66.6 mg N per 10 g of dry matter, 
respectively. 

More than 70% of the estimated nitrogen of this fraction was 
accounted for by  amides in the case of fully manured plants. In 
the tubers of nitrogen-deficient plants this value was 57.50/0 . The 
relative content of asparagine was increased by  18 per cent following 
the nitrogen manuring, that of glutamine by  43 per cent. 

When the amides were excluded, arginine contributed 33 per cent 
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TABLE IX 

Composition of the protein and the soluble non-protein fractions of potato tubers grown 
at two potassium levels, stored for 2 months (Exp. 1472, 1954, vat .  Noordcling) 

H i g h -  K p o t a t o e s  

A m i n o  c o m p o u n d  

Glyc ine  . . . . . .  

A l an ine  . . . . .  
Ser ine  . . . . . .  

Cys t ine  + cys t e ine  

T h r e o n i n e  . . . .  

Val ine  . . . . . . .  

Me th ion ine  + methio-  

n ine  s u l p h o x i d e  . 
Leuc ines  . . . . .  

P h e n y l a l a n i n e  . . 

Ty ros ine  . . . . .  
P ro l ine  . . . . . .  

T r y p t o p h a n e  . . . 
A s p a r t i c  ac id  . . . 

G l u t a m i c  a c i d . . .  
Arg in ine  . . . . .  

Lys ine  . . . . . .  
H i s t i d i n e  . . . . .  

y - A m i n o b u t y r i c  acid  

A s p a r a g i u e  . . . .  
G l u t a m i n e  . . . .  

A m m o n i a  . . . .  

I Low-  K p o t a t o e s  

P ro t e in  Soluble  n o n - p r o -  

frac~__tion *) te in  f r a c t i o n  *) 

g ~ a s  g a m . - a c i d  N a s % o f  

am. -  0/0 of pe r  1 6 g  s u m o f e s t .  

/ ac id  s u m  am. -  am. -  

a c i d - N  a c i d - N  p e r  

100 { 
pro-  

te in  
(16 

g N) 

4.8 
4.4 

5.8 

1,0 
5.1 

6.8 

2.2 

17.5 
5.5 
3.4 

3.9 
1.9 
8.7 

9.6 
3.8 

3.7 
2.6 

0.0 
- -  

1.6 

N a s  

% of 

of 

est .  

a m . -  

a c i d .  

N 
(incI 

NH31 
6.8 

5.2 

5.8 
0.6 

4,5 

6.2 

1.8 
14.2 

3.5 
1.9 
3.6 

1.9 
6,9 
6.9 

9.3 

5.3 
5.3 

0.0 
- -  

- -  

10.1 

incl .  

t he  
a m -  

ides 

t r  

0.8 

1.6 
0.2 

0.6 
3.1 

1.2 

1.6 
1.2 

3.0 
tr  
- -  

2.9 

5.2 
2.8 

t r  

3.7 
5.2 
7.7 

1.3 
- -  

excl. incl. excl .  

the  the  I the  
I 

a m -  an l -  a m -  

i d e s  ides ides 

tr ] tr I 
3.2 [ 0.8 
6.4 1.3 

0.7 0.1 

2.6 0.5 
12.8 2.3 

4.9 0.7 

5.0 0.7 
12.2 1.5 

t r  
- -  - -  

11.9 1.9 i 
i 

21.2 3.0 

11.6 5.1 

t r  t r  
2.9 1.2 

21.1 4 .4 i  
I 50. I '  

- -  25.5 
- -  

*) 82 .4% a n d  73 .3% of t he  K j e l d a h l  n i t r o g e n  of the  

P r o t e i n  

f r a c t i o n  *) 

g N as 

a m  - % of 

ac id  

pe r  
100 ~ 

pro-  

te in  
(16 

g N) 

Soluble  n o n - p r 0 -  

te in  f r a c t i o n  *) 

s u m  

of 
est .  

am. -  ] incl .  excl .  incl.  

acid-~ the  I the  I t he  
N l a m -  a m -  a m -  

NHa)"incl' ides ides ides 

g a m . - a c i d  N a s % o f  

pe r  1 6 g  s u m o f e s t ,  

am . -  am. -  

a c i d - N  a c i d - N  

5.8 
4.3 

6.0 
0.7 

5.8 

7.6 

8.0 
5.0 
5.9 

0.5 
5.1 
6.7 

t r  

0.9 
1.3 

0.2 
1.1 

3.1 

2.0 

2.7 
1.7 

2.3 

t r  
- -  

3.0  
11.2 

3.1 
t r  
1.2 

8.4 
32.3 

19.7 

t r  t r  
2.7 0.9 

3.8 1.1 

0.7 0.1 
3.3 0.8 

9.3 2.3 

5.9 1.2J 

8.0 1.8 I 
5.0 0.9 ] 
6.8 1.1 
t r  t r  

- -  - -  

9.0 2.C 
33.6  6.5 

9.3 5.6 
t r  t r  
3.7 2.1 

25.1 7.1 

42.9 
23.7 

excl .  

t he  
a m -  

ides 

t r  

2.6 

3.2 

0.4 
2.4 

6.9 

3.5 

5.4 

2.7 

) ro te in  a n d  the  so lub le  n o n - p r o t e i n  

f r ac t i ons  of the  l o w - K  p o t a t o e s  a re  a c c o u n t e d  for  b y  the  a m i n o - a c i d  a n a l y s e s  of these  f r a c t i o n s  
F o r  t he  h i g h - K  p o t a t o e s  these  va lues  a re  84 .8% a n d  6 9 . 7 % ,  r e spec t i ve ly .  

of the total  es t imated  ni trogen of this fract ion in fully manured  
plants as against 25.9 per cent in N-deficient plants. Since the 
ni trogen of arginine can be easily made available in living plants,  
this amino-acid m a y  funct ion in a similar way  to the amides as 
a t empora ry  storage product  for excess nitrogen. 
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T A B L E  X 

Composi t ion of the soluble non-pro te in  f rac t ion  of p o t a t o  tubers  g rown a t  two  m a g n e s i u m  

levels,  s to red  for 6 m o n t h s  (Exp.  1220, 1951, vas.  Voran)  

Low-Mg po ta toes  High-hfg  po ta toes  

Soluble non-pro te in  f rac t ion  Soluble non- ~rotein f rac t ion  

am. -ac id  ] N as % of g am. -ac id  N as % of g 

Amino  c o m p o u n d  per  16 g s u m  of est. per  16 g sum of est. 
i 

a m . - a c i d - N  *) am. -ac id -N  *) am. -ac id -N *) am. -ac id -N *) 

incl. excl. incl. excl. incl. excl. incl. exel. 

the the  the  the the  the  the the 

amides  amides  amides  amide  amides  t amides  amides  amides  

Glycine . . . . . . .  

Alanine . . . . . . .  

Serine . . . . . . .  

Cystine -- cyste ine  . . 

Threon ine  . . . . . .  

Valine . . . . . . .  

Methionine  -I- meth io-  

nine su lphoxide  . . 

Leucines  . . . . . .  

Pheny la l an ine  . . . .  

Tyros ine  . . . . . .  

Proline . . . . . . .  

T r y p t o p h a n e  . . . .  

Aspar t i e  acid . . . .  

G l u t a m i c  acid . . . .  

Argin ine  . . . . . .  

Lys ine  . . . . . . .  

Histidi~ne . . . . . .  

~ - A m i n o b u t y r i c  acid . 

Aspa rag ine  . . . . .  

t r  l 
0.6 

1.1 

t r  I 
1.7 

3.7 

t r  

2.2 

2.2 

3.3 

1.7 
- -  

4.2 

5.7 

2.5 

1.1 

1.8 

5.7 

42.5 

t r  t r  t r  

2.1 O.6 2.0 

3.4 0.9 2.9 

t r  t r  t r  

5.6 1.3 4.1 

11.9 2.8 8.9 

t r  t r  t r  

7.2 1.5 4.8 

7.0 1.1 3.7 

10.6 1.6 5.1 

5.4 1.3 4.1 
. . . .  

13.7 2.8 9.1 

18.3 3.4 10.9 

8.2 5.1 16.4 

3.4 0.9 2.8 

5.7 3.0 9.7 

18:3 4.8 15.5 

- -  56.3 - -  

12.8 
- -  

t r  

1.I 

1.3 

tr  

1.3 

4.1 

tr  

2.0 

1.4 

4.6 

1.5 
- -  

5.7 

7.7 22.5 

2.4 7.0 

1.0 2.8 

1.0 2.9 

8.4 24.3 

38.7 - -  

11.8 
- -  

Glut  amine  . . . . . .  10.5 

A m m o n i a  . . . . . .  - -  
- -  

*) 86. 1% of the  Kje ldah l  n i t rogen  of the  soluble non-pro te in  f rac t ion  of the low-Mg 

tr  t r  t r  

3.2 1.1 3.1 

3.9 I 1.1 3.2 
/ 

t r  t r  t r  

3.7 0.9 2.7 

12.0 3.2 I 9.0 

t r  t r  t r  

5.7 1,3 3.8 

4.0 0.7 2.1 

13.5 2.2 6.5 

4.3 1,1 3.3 

- -  _ _  _ _  

16.6 3.8 I0.9 

4.6 13.4 

4.8 14.1 

0.8 2.2 

4.9 1.7 

7.1 20.7 

51.5 - -  

14,2 
- -  

~otatoes 
is accoun ted  for b y  the  arnino-aeid analyses  of this  fract ion.  For  the high-l~fg po ta toes  this  
va lue  is 94 .6%.  

Likewise, y-aminobutyric acid occurred more abundantly in 
normal than in the nitrogen-deticient potatoes. 

Although the relative contents of most other amino-acids were 
somewhat higher in nitrogen-deficient tubers, this was particu- 
!arly true of glutamic acid. 

P h o s p h o r u s. P-deficient potatoes were found to be higher 
in protein and particularly higher in soluble non-protein nitrogen 
than those with an ample P-supply (see Table IV). In agreement 
with the nitrogen experiment (Table V) a higher proportion of the, 
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T A B L E  X I  

E f f e c t  of  t h e  n i t r o g e n  n u t r i t i o n  of  p o t a t o  p l a n t s  on  t h e  a m i n o - a c i d  c o n t e n t  of  

t h e  t u b e r s  ( c a l c u l a t e d  as  m g  a m i n o - a c i d  p e r  I0  g of d r y  m a t t e r ,  c/ T a b l e  V) 

p o t a t o e s  p o t a t o e s  L o w - N  H i g h - N  

A m i n o  c o m p o u n d  

G l y c i n e  . . . . . . .  

A t a n i n e  . . . . . . .  

S e r i n e  . . . . . . .  

C y s t i n e  + c y s t e i n e  . . 

T h r e o n i n e  . . . . . .  

V a l i n e  . . . . . . .  

M e t h i o n i n e  + m e t h i o -  

n i n e  s u l p h o x i d e  . . 

L e u c i n e s  . . . . . .  

P h e n y l a l a n i n e  . . . .  

T y r o s i n e  . . . . . .  

P r o l i n e  . . . . . . .  

T r y p t o p h a n e  . . . . .  

A s p a r t i c  a c i d  . . . . .  

G l u t a m i c  a c i d  . . . .  

A r g i n i n e  . . . . . . .  

L y s i n e  . . . . . . .  

H i s t i d i n e  . . . . . .  

y - A m i n o b u t y r i c  a c i d  . 

A s p a r a g i n e  . . . . .  

G l u t a m i n e  . . . . . .  

A m m o n i a  . . . . . .  

I" P r o t e i n  

f r a c t i o n  

29.0  

25.1 

33.5  

5 .4  

32 .0  

So lub l e  n o n -  

p r o t e i n  f r a c t i o n  

t r  

1.6 

1.6 

1.I 

2.0 

4 .4  

0 .0  

8 .4  

3.0 
5.2 

- -  

3.3 

t r  
_ _  

9.5 

32.9  

8.6 

t r  

1,6 

6 .7  

55.3 

14.6 
_ _  

P r o t e i n  

f r a c t i o n  

40.3 

33 .6  

48.3 

8.7 

43.6  

43.6 

20.8 

109.4 

32.9 
30.9  

25.5  

13.4 

70.5 

65.8  35.1 

36 .9  16,3 

26.9  t r  

17.5 1.9 

0 .0  15.6 

- -  1 4 1 . 3  

45.4  

10.7 ---  

S o l u b l e  n o n -  

p r o t e i n  f r a c t i o n  

t r  

2.2 
2.1 
1.1 

2 .2  

5 .9  

3 .3  

7 .4  
_ _  

4.4 

t r  
_ _  

14.0 

nitrogen of the latter fraction occurred as amides. In the second 
sample no difference in relative amide content was found. 

In both cases asparagine occurred much more abundantly in 
the soluble fraction of the P-deficient tubers than in that  of tubers 
supplied amply with phosphorus. In one experiment glutamine 
contributed to the soluble nitrogen of P-deficient and normal tubers 
in equal amounts; in the second its contribution was lower in the 
case of phosphorus deficiency. 

Of the amino-acids, tyrosine was found to occur in somewhat 
higher concentration in the soluble non-protein fraction of P- 
manured tubers than in that  of P-deficient ones, an observation 
which is in agreement which earlier estimations s). Phenylalanine 
which may be considered to be the precursor of tyrosine was lower 
in the normal tubers. 

Glutamic acid was found more abundantly in the non-protein 
_frgcti0n 0~f phosphorus-deficient than in that  of normal tubers. This 
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T A B L E  X I I  

Effect of the phosphorus  nutri t ion of potato  plants on the amino-acid content  
of the tubers (calculated as mg alnino-acid per 10 g o f  dry matter,  c/ Table  V I I )  

. 
I L o w - P  potatoes  

Alnino c o m p o u n d  Protein 

fraction 

Glycine . . . . . . .  

Alanine . . . . . . .  

Serine . . . . . . .  

Cystine + cysteine . . ~ 

Tbreonine . . . . . .  

Valine . . . . . . .  

Methionine + methio-  
nine sulphoxide  . . 

Leucines . . . . . .  

Phenylalanine  . . . .  

Tyrosine  . . . . . .  

Proline . . . . . . .  

Tryptophane  . . . . . .  

Aspart ic  acid . . . .  

Glutamic acid . . . .  

Arginine . . . . . .  

Lysine . . . . . . .  

Histidine . . . . . .  

~-Aminobutyr ic  acid . 

Asparagine  . . . . .  

Glutamine . . . . . .  

A m m o n i a  . . . . . .  

2 8 . 9  

2 1 . 9  

3 1 . 0  

3 . 2  

3 2 . 1  

3 9 . 0  

1 0 . 2  

9 0 . 8  

26.7 

2 4 . 0  

1 9 . 2  

9 . 6  

4 2 . 8  

50.8 

17,1  

1 9 . 7  

1 6 . 6  

0.0 
__ 
__ 

9.1  

H i g h - P  potatoes  

Soluble non- Protein Soluble non- 
protein fraction fraction protein fraction 

i .8 2 2 . 6  1.9 

2 . 3  I 6 . 8  1 .4  

2 . 9  2 3 . 4  2 . 6  

0 . 7  2 . 7  0 . 5  

3.1 22.6 2.0 

8 . 2  2 9 . 7  5 . 5  

4 . 5  7 . 8  6 . 8  

6 . 3  6 9 . 9  4.1 

7.1 20.7 3 , 5  

4 . 3  1 8 . 0  5 . 2  

tr 14.1  tr 
- -  7.4 - -  

8 . 0  ' 31.6 5.2 

28.2 39.1 21.3 

12 .5  1 3 . 3  5 . 7  

tr 15.2 tr 
3 . 0  1 1 . 7  2 . 5  

1 5 . 3  0 , 0  1 6 . 7  

1 3 7 . 8  - -  62.9 

68.7 - -  36.3 

- -  6 . 3  - -  

was true in the sample in which glutamme was lower in the P- 
deficient tubers. This might indicate that in potatoes the formation 
of glutamine from glutamic acid proceeds less readily in the case 
of an inadequate supply of phosphorus. In the second sample, 
in which no differences in glutamine content were observed, the 
glutamic acid content was slightly lower in phosphorus-deficient 
tubers. 

Arginine contributed considerably more to the nitrogen of the 
soluble non-protein fraction in phosphorus-deficient tubers than 
in normal ones. Similar results have been observed in those cases 
in which the nitrogen supply of the plants was high. Arginine is 
apparently used by potato plants in a similar way to amides as a 
storage compound for excess nitrogen. 

F-Aminobutyric acid occurred in much lower amounts in P- 
deficient potatoes than in tubers from plants amply supplied with 
phosphorus; this was true of both samples. Since F-amino.butyric 
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acid was found to be more abundant in plants amply supplied with 
nitrogen (see Table V) and since phosphorus-deficient tubers 
behaved like those amply supplied with nitrogen as far as their 
amide and arginine contents were concerned, it may be concluded 
that the formation of y-aminobutyric acid was specifically inhibited 
in P-deficient potatoes. 

P o t a s s i u m. Potassium-deficient plants are generally con- 
siderably higher in soluble non-protein nitrogen than are those 
amply supplied with potassium. The protein may or may not be 
higher in the K-deficient plants (see Table IV). 

In agreement with the nitrogen and phosphorus experiments, 
the amides were found to contribute more to the amino-acid- 
nitrogen in K-deficient tubers than in normal ones. In one case 
their contribution was 75.6 per cent in the K-deficient sample 
and 66.6 per cent in the K-manured sample; in the second sample 
no differences in the relative amide contents were found. 

T A B L E  X I I I  

Effect of the potassium nutrition of potato plants on the amino-acid content of the 
tubers (calculated as mg amino-acid per 10 g of dry matter,  c/ Table V I I I )  

L o w - K  p o t a t o e s  H i g h - K  potatoes 
Amino compound 

Glycine . . . . . . .  

Alanine . . . . . . .  

Serine . . . . . . .  

Cystine -c cysteine . . 

Threonine . . . . . .  

Valine . . . . . . . .  

3/Iethionine .'-- methio- 
nine sulphoxide . . 

Leucines . . . . . .  

Phenylalanine . . . .  

T y r o s i n e  . . . . . .  

Proline . . . . . . .  

Tryptophane . . . . .  

Aspartic acid . . . .  

Glutamie acid . . . .  

Arginine . . . . . .  

Lysine . . . . . . .  

Histidine . . . . . .  

y-Aminobutyr ic  acid . 

Asparagine . . . . .  

Glutamine . . . . . .  

Ammonia  . . . . . .  

Protein Soluble non- 
fraction protein fraction 

t r  

3 . 3  

7 . 9  

2 . 6  

7 . 2  

1 7 . 9  

8 . 9  

1 1 . 5  

1 3 . 5  

3 0 . 9  

tr 
- -  

1 6 . 4  

3 4 . 7  

2 7 . 2  

4 . 3  

3 . 5  

38.0 
224.8 

83.5 
- -  

Protein 
fraction 

Soluble non- 
protein fraction 

3 5 . 2  

3 9 . 2  

4 3 , 9  

6 . 7  

4 4 . 5  

3 9 . 2  

1 6 . 6  

1 0 1 . 8  

3 6 . 6  

3 4 . 6  

2 8 . 6  

1 2 . 6  

6 8 . 5  

6 2 . 5  

2 7 . 9  

3 0 . 6  

1 7 . 3  

0 . 0  
- -  

_ _  

I 0 . 6  

3 1 . 5  

3 5 . 0  

3 5 . 0  

4 .1  

38.0 
3 6 . 2  

1 3 . 4  

8 8 , 8  

3 1 . 5  

2 9 . 2  

3 0 . 4  

1 0 . 5  

6 1 . 3  

5 7 . 8  ] 
2 5 . 6  

2 9 . 2  

1 4 , 0  

0 . 0  
_ _  

_ _  

, 10.5 

t r  

2 . 7  

6 . 9  

2 . 4  

5 . 8  

1 1 . 5  

7 . 4  

7 . 7  

6 . 4  

1 4 . 6  

tr 
_ _  

1 7 . 2  

3 8 . 2  

23 ,  i 

3 . 7  

2 . 8  

2 3 , 4  

172.0 

5 5 . 0  
_ _  
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When the amides were excluded, valine was found to contribute 
in somewhat greater amounts to the non-protein nitrogen in K- 
deficient tubers than in those with an ample K-supply. Tyrosine 
also occurred more abundantly in the K-deficient potatoes. The 
latter observation is in agreement with earlier investigations in 
which it was found that the content of tyrosine as well as that  of 
o-diphenols is considerably higher in the case of an inadequate 
supply of potassium. 

Glutamic acid occurred in a considerably smaller concentration 
in the non-protein fraction of K-deficient tubers than in that  of 
plants amply supplied with potassium. 

M a g n e s i u m .  Tubers from magnesium-deficient plants were 
also found to be higher in protein and in soluble non-protein 
nitrogen than those from normal plants. Asparagine contributed 
:slightly more to the soluble non-protein nitrogen in the magnesium- 
deficient samples. Alanine, glutamic acid and v-aminobutyric acid 
occurred less. abundantly in Mg-deficient tubers, threonin, the 
leucines, phenylalanine, arginine and histidine occurred in some- 
what  greater amounts. 

E]]ect o i mineral nutritior~ o~¢ ~he ~utritional value o~ potato tubers. 
From a nutritional point of view the amounts of amino-acids 

per unit of dry matter, contained in the protein and occurring in 
the free state, are important data; therefore, in Tables XI  to XIV 
these values have been calculated per 10 g of dry matter. It  will 
be seen that, for a number of amino-acids, the amount occurring 
in the protein is more than 10 times higher than that occurring 
in the free state. In the case of serine, cystine, threonine, valine, 
methionine, tyrosine, aspartic acid, glutamic acid and arginine, 
however, the free amino-acids contribute considerably more to 
the total amount of amino-acids per unit of dry matter. In the case 
of tyrosine, glutamic acid and arginine the free amino-acids may 
constitute 30-50 per cent of the total amount. 

When a comparison is made between samples of varying manurial 
treatment, it will be seen that large differences occur. Tubers from 
plants amply supplied with nitrogen contained from 30 to 40 per 
cent higher amounts of practically every amino,acid. The content 
of ~/-aminobutyric acid, asparagine and glutamine was more than 
doubled. In the case of phosphorus and potassium, the tubers from 
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T A B L E  X I V  

E f f e c t  of t h e  p o t a s s i m n  n u t r i t i o n  of p o t a t o  p l a n t s  on  t he  a m i n o - a c i d  c o n t e n t  of 

t he  t u b e r s  ( c a l c u l a t e d  as m g  a m i n o - a c i d  pe r  10 g of d r y  m a t t e r ,  c /Tab le  I X )  

L o w - K  p o t a t o e s  H i g l a - K  p o t a t o e s  

A m i n o  c o m p o u n d  

G l y c i n e  . . . . . . .  

A l a n i n e  . . . . . . .  

Se r ine  . . . . . . . .  

C y s t i n e  --  c y s t e i n e  . . 

T h r e o n i n e  . . . . . .  

V a l i n e  . . . . . . .  

M e t h i o n i n e  --  m e t h i o -  

n i n e  s u l p h o x i d e  . . 

L e u c i n e s  . . . . . .  

P h e n y l a l a ~ l i n e  . . . .  

T y r o s i n e  . . . . . .  

P r o l i n e  . . . . . . .  

T r y p t o p h a n  e . . . . .  

A s p a r t i c  a c id  . . . . .  

G l u t a m i c  ac id  . . . .  

A r g i n i n e  . . . . . .  

L y s i n e  . . . . . . .  

H i s t i d i n e  . . . . . .  

y - A m i n o b u t y r i c  ac id  . 

A s p a r a g i n e  . . . . .  

G l u t a m i n e  . . . . . .  

A m m o n i a  . . . . . .  

P r o t e i n  

f r a c t i o n  

S o l u b l e  non -  

p r o t e i n  f r a c t i o n  

25.9 

23.7 
31.3 

5.4 

27.5 
36.7 

11.9 

94.3 

29.7 
18.3 

21.0 

10.3 

46.9 

51.7 

20.5 

19.9 

14.0 

0.0 
_ _  

_ _  

8.6 

t r  

3.3 

6.6 

0,7 

2,7 

13,2 

5.0 

6.7 

5.2 

12.6 

t r  
_ _  

12.3 

21.9 

12.0 

t r  

3.0 

21.8 

159.0 

89.7 
_ _  

P r o t e i n  

f r a c t i o n  

23.8 

17.6 

24.6 

2.9 

23.8 

31.2 

8.2 

73.4 

21.7 

18.9 

14.8 

7.8 

33.2 

41.0 

13.9 

16.0 

12.3 

0.0 
_ _  

_ _  

6.6 

S o l u b l e  non -  

p r o t e i n  f r a c t i o n  

t r  

1.8 

2.6 

0.5 

2.2 

6.3 

4.0 

5.4 

3~4 

4.6 

t r  
_ _  

6.1 

22.7 

6.3 

t r  

2.5 

17.0 

65,3 

39.9 
_ _  

T A B L E  X V  

C o n t e n t  of p r o t e i n  a n d  s o l u b l e  n o n - p r o t e i n  n i t r o g e n  of d i f f e r e n t  p o t a t o  v a r i e t i e s  

N as % of d r y  m a t t e r  
V a r i e t y  

N o o r d e l i n g  . . . .  

V o r a n  . . . . . .  

R o d e  S t a r  . . . .  

G l o r i a  . . . . . .  

L i b e r t a s  . . . . .  

E i g e n h e i m e r  . . . 

B i n t j e  . . . . . .  

B e v e l a n d e r  . . . .  

E e r s t e l i n g  . . . .  

I n d u s t r i e  . . . . .  

W i l p o  . . . . . .  

R e c o r d  . . . . . .  

P r o t e i n  

1.02 

0.89 

0,77 
0.80 
0.68 
0.84 

0.65 
0.86 
0.85 
0.75 
0.80 
0.85 

S o l u b l e  n o n - p r o t e i n  

0.85 

0.97 

0.65 

0.65 

0.54 

0.76 

0.82 

0.85 

1.12 

0.64 

0.69 

0.64 

R a t i o ,  prote i r~-N : 

s o l u b l e  n o n - p r o t e i n . N  

1 , 2 0  

0.92 

1.18 

1 . 2 3  

1 . 2 6  

1.I1 

0.79 

1.01 

0,76 

1.17 

1.16 

1 . 3 3  
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deficient plants had considerabiy higher contents of most amino- 
acids. 

Amid, o-acid content o/ di//erer~t potato varieties 
It is a well-known fact that, independently of nutritional con- 

ditions, different potato varieties may have a widely diverging 
nitrogen and protein content. Table XV gives the results of an 
experiment with 12 potato varieties grown on the same field under 
similar conditions. It will be seen that not only the contents of 

T A B L E  X V I  

C o m p o s i t i o n  of  t h e  s o l u b l e  n o n - p r o t e i n  f r a c t i o n s  of  t h e  p o t a t o  v a r i e t i e s  N o o r d e l i n g  a n d  

V o r a n ,  s t o r e d  fo r  4 m o n t h s  ( E x p .  1466, 1953) 

N o o r d e I i n g  V o r a n  

A m i n o  c o m p o n n d  

G l y c i n e  . . . . . . .  

A l a n i n e  . . . . . . .  

S e r i n e  . . . . . . .  

C y s t i n e  + c y s t e i n e  . . 

T h r e o n i n e  . . . . . .  

V a l i n e  . . . . . . .  

M e t h i o n i n e  + m e t h i o -  

n i n e  s u l p h o x i d e  . . 

L e u c i n e s  . . . . . .  

P h e n y ]  a l a n i n e  . . . .  

T y r o s i n e  . . . . . .  

P r o l i n e  . . . . . . .  

T r y p t o p h a n e  . . . . 

A s p a r t i c  a c i d  . . . .  

G l u t a m i c  a c i d  : . . . 

A r g i n i n e  . . . . . .  

L y s i n e  . . . . . . .  

H i s t i d i n e  . . . . . .  

y * A m i n o b u t y r i c  a c i d  . 

A s p a r a g i n e  . . . . .  

G l u t a m i n e  . . . . .  

A m m o n i a  . . . . . .  

S o l u b l e  n o n - p r o t e i n  f r a c t i o n  So lub l e  n o n - p r o t e i n  f r a c t i o n  

g a m . - a c i d  N as  % of  g a m : a c i d  i N as  % of 

p e r  16 g s u m  Of es t .  p e r  16 g s u m  of  e s t .  

a m . - a c i d - N  *) a m . - a c i d - N  *) a m . - a c i d - N  *) a m . - a c i d - N  *) 

incl .  

t h e  

a m i d e s  

t r  

0.7 

0.9 

0.3 

0.5 

2.3 

t r  

1.8 

1.0 

1.9 

t r  
_ _  

4.1 

9 .2  

3 .3  

t r  

1.5 

4.7 

41.8 

14.1 
_ _  

exc l .  

t h e  

a m i d e s  

t r  

2.6 

3 .2  

0.9 

2.0 

8.3 

t r  

6.7 

3 .6  

6.8 

t r  
_ _  

14.8 

33.2 
12.0 

t r  

5.3 

17.2 

incl .  

t h e  

a m i d e s  

t r  

0.7 

0 .7  

@.1 

0.4  

1.7 

t r  

1.2 

0.5 

0.9 

t r  
_ _  

2.7 

5 .4  

6.7 

t r  

2.5 

4 .0  

55.4  

16.9 
_ _  

exc l .  

t h e  

a m i d e s  

t r  

2.6 

2 .6  

0 .5  

1.5 

6 .2  

t r  

4.5 

1.9 

3 .3  

t r  
_ _  

9.8 

19.7 

24 .2  

t r  

8.9 

14.6 
_ _  

inc l .  exc l .  

t h e  t h e  

] a m i d e s  a m i d e s  

incl .  exc l .  

t h e  t h e  

a m i d e s  a m i d e s  

t r  t r  t r  

1.2 3 .5  1.2 

1.0 2.9 0.9 

0 .2  0 .7  0.1 

0 .5  i . 5  0 .4  

3 .0  8.5 2 .2  

t r  t r  t r  

2 .2  6.4 1.5 

1.3 3 .6  0.7 

2 .5  7.1 1.2 

t r  t r  t r  
_ _  _ _  _ _  

6.9 19.6 4.6 

10.6 30 .2  6.3 

4.1 t l . 8  8.3 

t r  t r  t r  

1.4 4 .0  2 .4  

6 .4  18.1 5 .4  

40.1 - -  53.1 

9.8 - -  11.8 
_ _  _ _  

t r  

3.5 

2 .4  

0.4 

1.1 

6.3 

t r  

4.3 

1.9 

3 .4  

t r  
_ _  

12.9 

18.0 
23.7  

t r  

6.8 

15.4 
_ _  

_ _  

_ _  

*) 7 2 . 6 %  of  t h e  K j e l d a h l n i t r o g e n  of  t h e  s o l u b l e  n o n - p r o t e i n  f r a c t i o n  of  t h e  v a r i e t y  N o o r d e l i n g  

is  a c c o u n t e d  fo r  b y  t h e  a m i n o - a c i d  a n a l y s e s  of  t h i s  f r a c t i o n .  F o r  t h e  v a r i e t y  V o r a n  t h i s  v a l u e  
i s  7 4 . 5 % .  
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T A B L E  X V I I  

Compar ison  be tween  the amino-ac id  composi t ion  of the  pro te in  of tubers  f rom 

crosses *) be tween  di f ferent  So lanum species x Solarium tuberosum alld the  ave r age  

va lues  for e ight  different  samples  f rom Sola~¢um tuberosum (var. Noordeling) 

G r a m s  of amino-ac id  per  16 g of N 

Amino  c o m p o u n d  WT'41-7  A T  D T T  9-8 51-155-13 Noorde l ing  

Glycine . . . . . . .  

Alanine . . . . . . .  

Serine . . . . . . .  

Cystine + cys te ine .  . 

Threon ine  . . . . . .  

Valine . . . . . . .  

Methionine + m e t h i o -  

nine su lphoxide  . . 

Leucines . . . . . .  

Pheny la lan ine  . . . .  

Tyros ine  . . . . . .  

Proline . . . . . . .  

T r y p t o p h a n e  . . . .  

Aspar t ic  acid . . . .  

G lu t amic  acid . . . .  

Arginine . . . . . .  

Lysine . . . . . . .  

His t id ine  . . . . . .  

y - A m i n o b u t y r i c  acid . 

Asparag ine  . . . . .  , 
) 

G l u t a m i n e  . . . . .  

A m m o n i a  . . . . . .  

3,9 3,9 

4.1 5.2 

4.3 4.0 

0.8 1.2 

4.3 4.2 

7.9 7.8 

1,8 1.9 

18,2 17.4 
_ _  - -  

4.6 5.7 

5,1 4.0 

10.7 12.0 

10.3 10.7 

3.9 3.6 

3.3 3.4 
_ _  _ _  

0.0 0.0 

_ _  

1.5 1.5 

8.7 

412 

4.2 

0.8 

4.0 

8.9 

1.8 

20.2 

Z 

4.2 

11~5 

10.6 

3.8 

3.9 

0~00 
_ _  

1~5 

4.0 

4.0 

4.6 

0.8 

3.3 

8.4 

1.8 

18.8 
- -  

5.8 

5.5 
_ _  

I1.5 

8.8 

-3 .6  
3.7 

0.0 
- -  

- -  

1.4 

51-42-2 

3.5 

4.4 

4.0 

0.7 

3.7 

8.3 

1.7 

19.1 
_ _  

6.1 

4.0 
_ _  

11.6 

8.6 

4.0 

3.2 
_ _  

0.0 
_ _  

_ _  

1.5 

5.5 

5.0 

6.2 

0.9 

6.2 

6.7 

2.4 

16.5 

5.2 

4.5 

4.0 

1.9 

9.5 

9.7 

4.3 

4.2 

2.7 

0.0 
- -  

_ _  

1.6 

*) Samples  rece ived f rom Dr. I t .  J .  T o x o p e u s, I n s t i t u t e  of Agr icu l tu ra I  P l an t  Breed-  

~ng Wagen ingen .  W T  4 1 - - 7  = S.  ~ d i g e ~ u m  × S.  tuberos~m ; A T  = S.  ~ ¢ d i g e ~ m  (resistant  

to the po t a to  root  eelworm) × S . tuberosum;  D T T - - 9 - - 8  = (S. demi s sum × S.  ~uberosura) 

× S.  tuberosum ; 5I - -  4 1 - - 2 =  (S. ~ndige~cum × S.  demissum)  x S .  ¢uberosum ; 5 1 - - I 5 3 - - 1 3 =  

(S. demi s sum x S.  rybini i )  r epea t ed ly  backcrossed  wi th  S.  ~uberosum. All var ie t ies  of 

S. andige~cum used are v e r y  different  f rom each  other .  

protein and soluble non-protein nitrogen vary considerably but  also 
the ratio, protein nitrogen: soluble non-protein nitrogen. The latter 
is of considerable interest from a nutritional point of view as the 
soluble non-protein fraction consists of more than 50 per cent of 
amides which have a low nutritional value. The variety Noordeling 
which was employed in most of the above-mentioned experiments 
had a ratio, protein n i t rogen:so luble  non-protein nitrogen, of 
1.20 as compared with 0.92 in Voran. 

In a subsequent experiment, in which tubers of the variety 
Noordeling contained 102.7 mg protein-N and 69.7 mg soluble non- 
protein-N and those of the variety Voran 54.7 mg protein-N and 
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54.6 mg soluble non-protein-N per 10 g of dry matter, the non- 
protein fraction was analysed for amino-acids. Table XVI contains 
the results of this investigation. I t  will be seen that  the difference 
between the two varieties in amino-acid composition of this fraction 
was relatively small. Asparagine and particularly glutamine con- 
tributed considerably more to the nitrogen of this fraction in the 
Noordeling than in the Voran varieties. This is in agreement with 
the nutrition experiments described above in which a high con- 
centration of soluble non-protein nitrogen was correlated with a 
high proportion of the nitrogen of this fraction occurring in the 
amide form. 

No data concerning the protein content of the two varieties are 
available. Protein analyses were made on a number of crosses 
between different Solarium species × Solarium tuberosum. For 
comparison the average values for 8 analyses of the variety Noor- 
deling are given (see Table XVII). It will be seen that  small dif- 
ferences occur in the contents of glycine, serine, threonine, valine, 
the leucines and aspartic acid. 

DISCUSSION 

The purpose of the present study was to investigate the effect 
of the mineral nutrition of potato plants on the amino-acid compo- 
sition of the protein and the soluble non-protein fractions of the 
tubers. Such information is not only important from a plant- 
physiological point of view, but is also of interest in the study 
of human and animal nutrition. In many countries the potato 
is one of the main foodstuffs and according to G r o o t a) 10-25% 
of the total amount of protein consumed in human nutrition in 
the Netherlands consists of potatoes. 

The separation between the protein and the soluble non-protein 
fractions was made by heat coagulation after the addition of a 
few drops of acetic acid and a small amount of sodium chloride. 
The amount of precipitated nitrogen compound was found to agree 
well with the amount precipitated by tIichloroacetic acid. The 
latter is generally considered to represent the protein fraction. 

The protein as used in the present investigation was of a satis- 
factory purity (approximately 90%). In contrast to the alcohol- 
insoluble fraction, analysed by T h o m p s o n and S t e w a r d, ~.4) 
it did not contain the peptide~. 
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F r o m  the investigations of K i e s e l  et al. V), G r o o t et al. ~), 

and H o f s t e e ~ )  it has become clear that the protein of the 
potato tuber consists of at least two different fractions, viz. one 
with globulin characters (insoluble in water after dialysis), the 
so-called tuberin, and a second which behaves like an albumin 
(soluble in water after dialysis), the so-called tuberinin. These 
fractions occur in a ratio of 7 : 3; both are coagulated by heat so 
that it may be concluded that the protein analysed in the present 
investigation consists of a mixture of tuberin and tuberinin. 
K i  e s e 1 e t  al .  have analysed both fractions for a number of 
anaino acids; they found no differences between them. 

Although, in the past, a number of analyses have been made 
of the amino-acid composition of potato protein, it was not before 
the development of the quantitative paper-chromatographic 
method by T h o l n p s o n  and S t e w a r d ~ ' ) ~ a )  that the com- 
plete composition of potato protein was given ~4). It must be stressed, 
however, that these authors did not hydrolyse the isolated protein 

T A B L E  X V I I I  

Comparison of tile amino-acid composition of potato-tuber protein as obtained by various 
authors (g amino,acid per 16g p r o t e i n - N )  

Amino-acid 

i Sj o l l e m a  
! and 

R i n k e s  9) 

I (tuberin) 

K i e s e i  I 

et cd, v) S l a c k  
tube- t u b e - i G r ° ° t  a) 

rin r i n i n  i ] 

T h o m p s o n  

i0,  Sto;na% , ! 
Present 
paper 

(average o f  

8 samples) 

Glycine . ! - -  

Alanine : 4 . 9  

Serine -i - -  

Cystine ~ cysteine. 4 , 4  

Threo*line. - -  

Valine t .  1 

Methionine + meth. 
s u l p h o x i d e  . . . 

Leucines 1 2 . 2  

Phenylalanine . . . 3 . 9  

Tyrosine 4 . 3  

Proline 3 . 0  

Tryptophane . . . - -  

Aspartic acid . . . - -  

Glutamic acid . . . 4 . 6  

Argini~e 4 . 2  

Lysine 3 . 3  

Histidine 2 , 3  

, A m m o n i a  . . . . .  1 .8  , 

3 . 6  

3 . 9  
_ _  

_ _  

_ _  

6 . 6  
_ _  

2 . 0  
_ _  

i 3.7 
i 4.2 

6 . 4  

2 . 2  

0 . 9  

6 . 9  

7 . 6  

2 . 6  

1 4 , 6  

5 , 9  
_ _  

_ _  

2 . 3  
_ _  

_ _  

i 4 . 8  
1 i 3.6 
i 2.2 
i -- 

_ _  

2.1 

5 . 9  

6.1 

2 , 3  

1 7 . 5  

6 . 6  
_ _  

_ _  

1,6 
- -  

_ _  

6 . 0  

7 . 7  

2 . 2  
_ _  

5 . 6  

6 . 2  

3 . 7  

3 . 2  

7 . 7  

1.5 

1 7 . 6  

1 2 . 7  

3 . 9  

3 . 5  
_ _  

I 2 . 0  

1 4 . 6  

i 6.0 
I 8.0 
I - 

I -- 

5 . 5  ± 0 . I 6  

5 . 0  ~- 0 , 2 9  

6 , 2  _q_ 0 , 3 0  

0.9 ± 0.il 
6 . 2  ± 0 . 2 1  

6 , 7  i :  0 , 1 8  

2 . 4  ± 0 . 1 9  

1 6 , 5  ~_ 0 . 3 9  

5 , 2  ~ 0 . 1 0  

4 , 5  ~ 0 . 2 2  

4 . 0  - -  0 . 2 I  

1 .9  _2 0 . 0 4  

9 . 5  4- 0 . 4 8  

9 . 7  =:  0 . 0 9  

4 . 3  ~ 0.37 

4 . 2  ~ 0 . 1 8  

2 . 7  ~ 0 . 1 1  

1 .6  ± 0 . 0 3  
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but  the residue which was left after thorough extraction of ground 
potato tissue with hot alcohol. This treatment presumably left 
the peptides in the insoluble fraction. A comparison of the results 
obtained by  various authors is given in Table XVIII .  

It  will be seen that, for a number of amino-acids, the values 
found by  T h o m p s o n  and S t e w a r d l ~ )  agree satisfactorily 
with those found in the present investigation. For alanine, phenyl- 
alanine, aspartic acid, glutamic acid, arginine and lysine, higher 
values were found by  T h o m p s o n  and S t e w a r d 1 4 ) ;  for 
serine, threonine, and methionine, lower values were found by  
these authors. In the case of threonine, methionine, and phenyl- 
alanine the values obtained in the present s tudy are in agreement 
with those of the other authors mentioned The value for phenyl- 
alanine of T h o m p s o n  and S t e w a r d 1 4 )  which was .deter- 
mined chromatographically is presumably too high, due to con, 
tamination with some leucine which produces, weight for weight, 
much more colour than phenylalanine. Phenylalanine should be 
estimated by  a separate method. The values for arginine and 
lysine which are considerably lower in the present s tudy then in the 
work of T h o m p s o n  and S t e w a r d 1 4 )  are similar to those 
of G r o o t  ~) and S j o l l e m a  and R i n k e s g ) ,  while the 
much higher values of T h o m p s o n  and S t e w a r d 1 4 )  agree 
with those of S l a c k l ° ) .  

It must be stressed that G r o o t 3) analysed the same variety 
as used in the present investigation, viz. Noordeling. Although 
it is possible that  the protein of different varieties of potato and 
that of potatoes grown under widely differing climatic conditions 
is different in amino-acid composition, the evidence obtained so far 
for this hypothesis isvery poor. S t e w a r d and T h o m p s o n ~1) 
give the values for two varieties to Show that varietal differences 
in amino-acid composition of tuber protein occur. It  is highly 
probable, however, that the differences recorded by  these authors 
depend on an erroneous calculation. In the protein of their variety 
Sebago 14 per cent amide2N was found, in the case of the variety 
Katadin no value for amide-N is given. On the assumption that 
the amide content of the latter variety would also have amounted 
to 14 per cent, all values for this variety have to be multiplied by  
0.~36 to make them comparable to those for the variety Sebago. 
When this calculation is carried out almost exactly the same amino- 

Plaint and Soil VII  
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acid composition of the tuber protein is found in both varieties. 
The data of Table XVII  of the present paper give some indication 

that the amino-acid composition of the protein from crosses 
between different Solarium species × Sola~um luberosum is slightly 
different from the average value found in Noordeling. The differ- 
ences are small, however, and since the tubers of the crosses and those 
of Noordeling were grown in different years, and on different sites, 
it is highly questionable whether these data may be used as evidence 
for varietal differences in the protein composition of potato tubers. 

The main conclusion of the present investigation is that  the 
amino-acid composition of potato protein is independent of the 
mineral nutrition of the plants. This was found to be true of nitro- 
gen, phosphorus and potassium supply. Although the protein 
content of tubers from plants with pronounced symptoms of N-, 
P-, or K-deficiency may be quite different from that of plants 
with an ample supply of these nutrient elements, the amino-acid 
composition of the protein of these tubers is not affected by  the 
mineral nutrition. 

The composition of the soluble non-protein fraction is much less 
constant than that of the protein fraction. It  is affected by  the 
mineral nutrition, variety, and presumably by  other factors like 
climatic conditions, age, etc. 

Tubers from plants with a liberal nitrogen supply, which gen- 
erally have a considerably higher content of soluble non-protein 
nitrogen, were found to contain a greater proportion of this fraction 
in the form of amides than those from plants with a moderate or 
a poor nitrogen supply (70.8 and 57.5% respectively in the samples 
tested) ; the glutamine content was increased even more than that 
of asparagine. Apparently both amides may be used as storage 
products for nitrogen. This Conclusion is not in agreement with 
previous statements in the literature according to which asparagine 
should have the main function in the storage of ammonia. 

In the case of phosphorus deficiency and potassium deficiency 
the potato tubers were higher in protein and particularly in soluble 
non-protein nitrogen. The contribution of the amides to the latter 
fraction was considerably greater in phosphorus- and potassium~ 
deficient tubers than in those with a normal supply of these nu- 
trients. This rise in relative amide-N was completely accounted 
for by  asparagine in the case of P-deficiency. In one experiment 
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the relative glutamine content was even considerably lower in 
P-deficient tubers. In the case of K-deficiency both asparagine 
and glutamine contributed to the rise in relative amide content. 

Of the free amino-acids, the relative contents of tyrosine, glu- 
tamic acid, arginine and 7-aminobutyric acid were found to be 
affected by the mineral nutrition. 

Tyrosine occurred much more abundantly in K-deficient potatoes 
than in those with a normal K-supply. This is in agreement with 
earlier investigations s) in which the high tyrosine content of K- 
deficient potatoes was found to be related to the high liability of 
such tubers to enzymatic blackening. In phosphorus-deficient 
tubers the tyrosine content was lower than in normal tubers. 

Glutamic acid occurred more abundantly in the non-protein 
fraction of nitrogen-deficient potatoes than in that  of normal 
tubers. Potassium-deficient potatoes which are always rich in 
non-protein nitrogen behaved in a similar way: their relative 
glutamine content was considerably lower than that  of tubers 
with an ample K-supply. Phosphorus-deficient tubers, however, 
although also considerably higher in soluble non-protein nitrogen 
than tubers with a normal P-supply were as high as or higher in 
relative glutamic-acid content than the l~tter. 

Arginine was found in greater amount in the non-protein fraction 
of potatoes with an ample nitrogen supply than in nitrogen- 
deficient tubers; P-deficient and K-deficient potatoes behaved in a 
similar way. This amino acid, like the amides, is apparently assc- 
ciated with ammonium storage. 

7-Aminobutyric acid contributed considerably more to the 
soluble non-protein nitrogen in tubers from plants dressed amply 
with nitrogen than in nitrogen-deficient tubers. This was true to 
some extent also in the K-deficient potatoes as compared with 
the K-manured ones, but the phosphorus-deficient tubers behaved 
quite differently; their relative 7-aminobutyric acid content was 
quite low when compared with normal plants. 

From a nutritional point of view it is important to know that  
the free amino-acids in some cases may contribute considerably 
to the total amount of amino-acids contained in the potato, In the 
case of amino-acids essential to human nutrition (threonine, valine, 
methionine, leucine and iso-leucine, phenylalanine, tryptophane 
and lysine) this is true of valine, methionine, phenylalanine and 
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possibly tryptophane. Lysine, which, from a nutritional point of 
view, may occur in somewhat too low a concentration in potato 
protein, is only present in trace amounts in the soluble non-protein 
fraction. The fact that mineral nutrition may have a pronounced 
effect on the protein content, and as a result of this on the 
amino-acid content of potatoes is also important for the human 
:and animal nutrition specialist. Tubers from plants supplied 
amply with nitrogen may contain 30 per cent more of the essential 
amino-acids than those from N-deficient plants. Tubers from 
P-deficient and K-deficient plants behave in general like those 
from plants manured with ample nitrogen. It  must be stressed 
that this effect of mineral nutrition on amino-acid content works 
mainly through the protein content of the tuber and only to a minor 
extent through the soluble non-protein fraction. The latter fraction 
consists of 50-60 per cent of amides which have only a minor value 
in human nutrition; increased nitrogen supply may raise this 
percentage to 70-75 per cent. 

SUMMARY 

The  p a p e r - c h r o m a t o g r a p h i c  m e t h o d  of T h o m p s o n a n d  S t e- 
w a r d 12) 13) has  been  used for t he  e s t i m a t i o n  of t he  amino-ac id  compos i t i on  
of the  p ro t e in  and  of the  free amino-ac ids  in p o t a t o  t u b e r s  g rown u n d e r  
careful ly  con t ro l led  m a n u r i a l  condi t ions .  A c o m p a r i s o n  has  been  m a d e  
be tween  t u b e r s  f rom p lan t s  def ic ient  in  n i t rogen ,  p h o s p h o r u s  a n d  po ta s s ium,  
respect ively ,  a n d  those  f rom p l a n t s  g rown on t h e  same  field w i t h  a n  o p t i m u m  
s u p p l y  of these  e lements .  

A l t h o u g h  t h e  mine ra l  n u t r i t i o n  of t h e  p o t a t o  p l a n t  m a y  h a v e  a pro- 
nounced  effect  on  the  p r o t e i n  c o n t e n t  of the  tubers ,  t he  amino-ac id  compo-  
s i t ion  of t he  p ro t e in  was found  to be i n d e p e n d e n t  of the  s u p p l y  of n i t rogen ,  
phosphorus  and  po tass ium.  

The  amino-ac id  compos i t i on  of t he  soluble  n o n - p r o t e i n  f r ac t ion  was f o u n d  
to  v a r y  cons ide rab ly  u n d e r  t he  inf luence  of a d i f fe ren t  m ine ra l  nu t r i t i on .  
Condi t ions  w h i c h  increase  t he  n i t rogen  con~ent  of t h e  p o t a t o  (ample  N, 
def ic iency in P or  K) increase  t he  p r o p o r t i o n  of t he  amides  in  t h e  soluble  
non -p ro t e in  f ract ion.  B o t h  a spa rag ine  a n d  g l u t a m i n e  were found  to  be  asso- 
c ia ted  w i t h  n i t rogen  s torage.  

Arg in ine  a n d  in some cases, 7 - a m i n o b u t y r i c  acid, b e h a v e d  like t he  amides ;  
in P-def ic ien t  tubers ,  however ,  t he  re la t ive  c o n t e n t  of 7 - a m i n o b u t y r i c  acid 
was mucl~ lower t h a n  in n o r m a l  tubers ,  a l t h o u g h  t he  t o t a l  n o n - p r o t e i n - N  
was high.  

The  ty ros ine  c o n t e n t  of P-def ic ien t  t ube r s  was lower, t h a t  of K-def ic ien t  
t u b e r s  m u c h  h igher  t h a n  normal .  G l u t a m i c  acid c o n t r i b u t e d  m u c h  less 
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a b u n d a n t l y  t o  t h e  s o l u b l e  n o n - p r o t e i n  f r a c t i o n  ~vhen t h e  n i t r o g e n  s u p p l y  

of t h e  p l a n t s  w a s  h i g h .  

F r o m  t h e  p o i n t  of  vie~v of  h u m a n  a n d  a n i m a l  n u t r i t i o n  i t  is  i m p o r t a n t  

t o  k n o w  t h a t  in  s o m e  c a s e s  t h e  f ree  a m i n o - a c i d s  m a y  c o n t r i b u t e  c o n s i d e r a b l y  

to  t h e  t o t a l  a m i n o - a c i d s  of  t h e  p o t a t o  t u b e r s ,  f u r t h e r m o r e ,  t h a t  t h e  m i n e r a l  

n u t r i t i o n  m a y  h a v e  a p r o n o u n c e d  e f f e c t  o n  t h e  a m i n o - a c i d  c o n t e n t  of  t h e  

p o t a t o ,  m a i n l y  t h r o u g h  i t s  e f f ec t  o n  t h e  p r o t e i n  c o n t e n t .  
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