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It is generally believed that the protein present in potatoes is a single substance, 
usually spoken of as"the potato protein" o r "  tuberin". Evidence has been accumulating 
in recent years that this conclusion is incorrect and that actually there are two distinct 
proteins present in potatoes. Our first evidence in this direction was obtained by two of 
the present authors (A.K. and H.K.O.) in 1942 when carrying out experiments in which 
a careful heat coagulation of the proteins present in potato press juice was performed in 
the following way: potato juice was first acidified to PH 2.9 with dilute sulphuric acid, 
then gradually heated on a water-bath to a temperature of 45 ° C. The liquid was stirred 
mechanically and maintained at this temperature for one hour; the protein which 
flocculated during this time was centrifuged off. The clear supernatant fluid was then 
further heated, and when the temperature reached 55-57 ° a new flocculation of protein 
began. Between 45 ° and 55 ° no flocculation occurred. Similar observations of two differ- 
ent ranges of flocculation of protein have also been made at other PH values, for instance 
at 4.0 and 4.9. 

Earlier observations 

OSBORNE and CAMPBELL (1896) performed salting-out experiments with potato 
juice and found that the protein of the potato is mainly a globulin named tuberin, but 
that there is in addition "a very small amount" of a proteose present. Presumably it is 
the latter remark that has formed the basis of the opinion that potato proteins other 
than tuberin may be neglected. The observation of OSBORNE and CAMPBELL is quoted 
for instance in PAROW'S "Handhuch der St~trkefabrikation" (1928). KIESEL and co- 
workers (1924) compared the amino acid analyses of the proteins of the potato leaf with 
the analyses of the pr6teins of the tuber. On isolating protein of the tuber they obtained 
two fractions. One part was soluble in water and the other was not. The amino acid 
analyses of the two fractions showed only insignificant differences. These authors were 
therefore not led to suspect that two different proteins were present. The most obvious 
explanation of these observations is that part of the protein has been denatured during 
the isolation process. While this remains a possibility (native potato protein is rather 
labile in solution), it is remarkable, however, that these investigators isolated from a 
quantity of potato press juice 8 grams of protein soluble in water and 3.3 grams of 
insoluble protein. This proportion (71:29) is almost exactly the same as we have found 
in the experiments described below. 
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EXPERIMENTAL 

The question was fur ther  invest igated by  us in two ways ;  by  means of  electro- 
phoretic analysis and by  means of the so-called invert  soap method.  Al though both  
methods  were carried out  only once, their results agreed so well with the above facts tha t  
our  view was confirmed, and the 15roportions of the two components  could be est imated.  
Moreover, we wish to stress tha t  the electrophoresis and invert  soap experiments  were 
carried out  quite independent ly  of each other,  the former  by  JANSSEN and GROOT in 
Amste rdam and the lat ter  by  TRAP in Hoogezand.  

Electrol~horesis of lhotato press juice 

For  this investigation the TISELIUS appara tus  (1938) was used with a modified 
PHILPOT-SVENSSON optical system (SvENSSON, 1939, 1940 ). Two protein components  

Fig. I. Protein distribution in the negative 
part of the electrophoresis tube. For the sake 
of clearness the centre of the baseline and the 
maximum at the right are indicated by a 
dotted line. The arrow indicates the direction 
of m o v e m e n t . -  The tuberin is clear and 
colourless and transmits the light well, while 
the other component is of a clark colour and 
shows turbidity, so that light is to a great 

extent absorbed 

were clearly indicated (Fig. I) ; the main  fraction showed a slower-moving protein in the 
electric field and therefore mus t  be assumed to possess a smaller negative charge than 
the second protein. The areas of the two surfaces enclosed by  the abscissa and the two 
separate curves were es t imated to be in the ratio of about  71:29,  which indicates the 
approximate  proport ions of the two components .  

The main  fraction was clear and  colourless, as is indicated by  the good transmission 
of light in the left half  of  the pho tograph ;  the second protein was turbid  and carried 
coloured substances,  so tha t  a considerable proport ion of the incident light was absorbed 
(right side of the photograph).  I t  seems reasonable to identify the main  protein (insoluble 
in pure water) with the tuber in  of OSBORNE and  CAMPBELL, while the second fraction 
m a y  correspond with their proteose and  m a y  also be identical with the watersoluble 
protein fraction of KIESEL et al. Our smaller fract ion is, however,  coagulable by  heat,  
like tuberin bu t  unlike the proteoses. I t  is our  opinion tha t  this substance is a t rue 
protein. I t  possesses more hydrophyl ic  properties than  tuberin.  

In order to obtain good photographs in the electrophoretic procedure it is essential for the con- 
centration of protein to be about i % and the liquid to be as clear as possible and only slightly 
coloured. The potato juice was therefore prepared by grating potatoes of the "Triumph" strain into 
a diluted solution of sodium bisulphite to avoid the formation of a red colour (GRooT, I942). In order 
to obtain a sufficiently high concentration of protein the juice was concentrated in a desiccator, and 
it was further stabilised with a little sodium chloride and dialysed against a phosphate buffer con- 
taining sodium bisulphite and sodium chloride. 

2xo grams of potatoes were grated, the grated matter falling immediately into 3o ml of I ~o 
sodium bisulphite solution. The pulp was pressed out and the juice filtered to remove the starch. To 
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zoo ml filtrate, I9 ml o.i M. phosphate  buffer (pit 6.8) were added together  wi th  z7z mg sodium 
chloride and 3.2 ml 0. 5 N NaOH. (The pit of the  mixture was then  6.8). The liquid was concentrated 
in a vacuum desiccator (containing silica gel as a drying agent) unt i l  i ts  volume was reduced to two- 
thirds.  I t  was then  dialysed for ten  hours in a cellophane bag against  a 6e-fold quan t i t y  of a solution 
containing the  salts mentioned above in the  same concentrat ions as in the  concentrated juice. The 
outer  solution was permanent ly  st i rred during dialysis. 

After dialysis the  protein content  was determined reffactometrically and was found to be z.24 %. 
The juice was then  centrifuged for 25 minutes  at  5ooo rpm, yielding a solution which was only 
slightly turbid.  Electrophoresis was carried out  for two hours. 

The potatoes used were ra ther  old and have sprouted a l i t t le  since the  experiment  was carried 
out  in May. 

Fractional precipitation of the proteins of potato press juice with a quaternary ammonium 
salt ("Invert soap") solution 

SCHMIDT (1943) h a s  d e s c r i b e d  t h e  p r o p e r t i e s  of s a l t s  of q u a t e r n a r y  a m m o n i u m  

bases .  T h e y  posses s  t h e  p r o p e r t y  of  p r e c i p i t a t i n g  p r o t e i n s ;  f r a c t i o n s  c a n  b e  o b t a i n e d  b y  

g r a d u a l l y  i n c r e a s i n g  o r  d e c r e a s i n g  t h e  a c i d i t y  of  t h e  s o l u t i o n .  S u c h  e x p e r i m e n t s  m a y  b e  

d e s c r i b e d  b y  p l o t t i n g  t h e  a m o u n t  of a c i d  a d d e d  to  a ser ies  of s o l u t i o n s  a g a i n s t  t h e  

a m o u n t s  of  n i t r o g e n  i n  t h e  p r e c i p i t a t e  f o r m e d  in  e a c h  s a m p l e  of  s o l u t i o n .  I n  o r d e r  to  

r e d u c e  t h e  c o n c e n t r a t i o n  of  e l e c t r o l y t e s  w h i c h ,  a c c o r d i n g  to  SCHMIDT, h a v e  a d i s t u r b i n g  

effect ,  i t  w a s  d e s i r a b l e  to  d i a l y s e  t h e  ju ice ,  t h o u g h  t h e  d i a l y s i s  c o u l d  n o t  b e  c o n t i n u e d  

t oo  l o n g  b e c a u s e  of  t h e  d a n g e r  of  p a r t  of  t h e  p r o t e i n  b e i n g  f l occu l a t ed .  

New potatoes of the  s t ra in  "Noordel ing",  dug in November,  were used. After being grated, t he  
pulp was squeezed out  and the  juice allowed to s tand for five hours, af ter  which i t  was decanted frozn 
a solid residue. The starch-free solution was preserved by covering i t  by  a t h in  layer of toluene a n t  
xylene. Three and a half hours dialysis proved to be a suitable t ime for the  removal  of the  greater  
pa r t  of salts wi thou t  causing flocculation of the  proteins. Dialysis was carried out  in a parchment  
bag ro ta t ing  in flowing water. I t  was next  necessary to determine the  proper proportions of " inve r t  
soap" (salt of the  qua te rnary  ammonium base) and potato juice. The inver t  soap used was "Sapamin-  
KW"  from CIBA, Basle. 

Exper iments  were carried out  wi th  solutions of the  following concentrat ions:  0.5, I.o, x.5 and 
2.o %. To a number  of centrifuge tubes, each containing 5 ml of dialysed potato juice, ware added 
respectively:  

o. 5 ml of 0. 5 % KW-solution and 9.5 ml of water,  
x.o ml of 0. 5 % KW-solution and 9.o ml of water,  
1.5 ml of o. 5 % KW-solution and 8.5 ml of water,  etc. 

Similar ranges of reaction mixtures  were prepared wi th  the  other  KW-concentrations.  After s tanding 
a t  room temperature  for x8 hours, t he  reac- 

rng precipitated nitrogen 
~¢orrecfed) 

CY.--'" / 

t ionmixtures  were centrifuged and nitrogen 
determined in the  supernatant  fluid by the  
Kj ELDAHL method. The results of the  analyses, 
carried out  four t imes and calculated as 
amounts  of nitrogen precipitated, are recorded 
in figure 2. Each point represents the  average 
of the  four determinations.  The maximal  
difference between duplicates was 0.25 mg 
nitrogen. I t  should be noted t h a t  corrections 
were made for the  nitrogen content  of the  
Sapamin itself (2.2 7 %). The curves show t h a t  
complete precipitation is only obtained by 

a d d i n g  2 % Sapamin solution; 5 ml is the  
1 2 3 4 5 o 7 8 9 10 smallest amount  producing this  effect. 

ml $opamin-KW-solution The final experiment was carried out  as 
Fig. 2. Precipitat ion of proteins from 5 ml par t ly  follows : 5 ml starch-free and par t ly  dialysed 
dialysed potato juice by  o.5, z.o, i.  5 and 2.o % potato juice, 5 ml 2 % KW-solution and 5 ml 

Sapamin-KW solutions acetate  buffer (o.2. M., PH 4 .2) were pipetted 
into a number  of centrifuge tubes. Then a ml 
o.z N HC1 and (o.9 - -  a) ml of water  were 

added to each tube. The tubes were closed and allowed to s tand for 24 hours;  then  the  contents  
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were centrifuged and nitrogen est imated in the supernatant  fluids. The maximal difference between 
duplicates was again 0.25 rag. Corrections for the nitrogen of the reagent were made. 

The results are recorded in figure 3, in which the amount of nitrogen precipitated 
is plotted against the added 
amount of o.I NHC1. This figure 
again shows very clearly the pres- 
ence of two proteins, and it even 
seems possible that the main frac- 
tion is composed of two snbfrac- 
tions. As, however, electrophoresis 
did not give any such indication, 
no definite conclusion is possible 
on this point. 

On adding acid to the solution 
obtained from the potato press 
juice, the main protein fraction 
precipitates first and the other 

mg precipitated nitrogen 
0 (corr e c . . _ _ . ~ _ t e d ~ .  . . . . . . . . .  

7 ~c~  --Tuberin 

4 
3 . _~__  _ Tuberinin--x 

2 ~ . . . . .  

o 
0,10 0.20 0.30 0.40 0.50 0 60 

ml 0.I N HCI added 

Fig. 3. Precipitation of the proteins present in 5 ml partly 
dialyzed and starch-free potato juice supplemented wi th  
5 ml 2 % Sapamin-KW solution, on t reat ing with different 

amounts of o.I N HC1 

only after the addition of more acid. The isoelectric point of the latter is therefore 
certainly lower, agreeing with the electrophoresis. We think the main fraction should be 
considered as the globulin tuberin, the second fraction corresponding to the protein of 
higher electrophoretic mobility. 

We propose the name ,,tuberinin" for this new protein, which was suggested to us 
by Prof. JANSEN. Figure 3 shows that the ratio of amounts of tuberin and tuberinin is 
about 67: 33, a result that agrees satisfactorily with the data obtained by electrophoresis. 
The agreement is the more remarkable when it is remembered that in the two kinds of 
experiments different strains of potatoes were used. 

SUMMARY 

Evidence is given for the  presence of two proteins in potatoes. The protein occurring in the 
greater quant i ty  is the well-known globulin tuberin; the  other, for which we propose the name 
tuberinin, is more hydrophylic and its isoelectric point is si tuated at  a lower PH than tha t  of tuberin. 
The ratio of the  amounts present is about 7 : 3. Both tuberinin and tuberin are coagulated by heat. 

R~SUM~ 

D6monstration de la pr6sence de deux prot6ines dans les pommes de terre. La prot6ine la plus 
a b o n d a n t e  est une globuline, la tub6rine; l 'autre, pour laquelle est propos6 le nora de tub6rinine, est 
plus hydrophile et  poss6de un point iso61eetrique situ6 ~ un PH plus basque  celui de la tub6rine. Ces 
deux prot6ines sont pr6sentes dans un rapport  d 'environ 7 : 3. La tub6rinine comme la tub6rine, est 
coagul6e par la chaleur. 

ZUSAMMENFASSUNG 

Beweise ffir die Anwesenheit yon zwei Eiweisstoffen in Kartoffeln werden gegeben. Das Eiweiss, 
das in der gr6sseren Menge vorkommt, ist das wohlbekannte Globulin Tuberin; das andere, ffir wel- 
ches wir den Namen Tuberinin vorschlagen, ist st~.rker hydrophil, und sein isoelektrischer Punkt  
liegt bet einem niedrigeren PH als der yon Tuberin. Das Verh~iltnis der anwesenden Mengen ist un- 
gef/ihr 7 : 3- Sowohl Tuberinin wie Tuberin werden durch Hitze koaguliert. 
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