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A series of recent  investigations has shown that mul-  
t iple  stains may be formed by cer ta in  compounds during 
paper chromatography.  These investigations show that great  
care  is necessary when the method of chromatography is 
used for the ident i f ica t ion of substances in b io logica l  ma-  

terials of complex composi t ion.  
Mult iple stain formation,  which has been described for 

lysine, t ryptophane,  kynurenin and phenyla lanine  [1, 2, 4, 
6], sa l icy l ic  and sulfosal icyl ic  acids [5], cer ta in  glucosides 
and ant ibiot ics  [3] and sulfuric ac id ,  has not yet  been ex-  
p la ined .  Various workers have put forward the hypothesis 
that these compounds may form complexes  with the sol-  

vents, or that a hydrate membrane  is formed around the 
ions, a l ter ing their mobi l i ty ;  no convincing exper imenta l  
proof of these hypotheses has, however,  been forthcoming.  
The most obvious case is that of  dupl icat ion during chro-  
matography of the opt ical  isomers of cer ta in  amino  acids,  

each possessing a different Rf. 

M E T H O D  A N D  R E S U L T S  

We demonstrated dupl icat ion of 15-alanine stains dur- 
ing chromatography by means of the use of a preparat ion of 
this compound in which the carbon of the carboxyl  group 
was labe led  with C 14. 

Tr ich loroace t ic  extracts of minced tissues (muscles,  

l iver  and kidneys),  of which one was incubated at 37 ~ with 
B-a lan ine-C a4 and the others were controls,  were freed from 
t r ichloroacet ic  acid  by repeated extract ion with ether un- 
t i l  a weakly ac id  react ion was given with congo red.  The 
solutions were then evaporated to dryness on a water bath 
in porcela in  dishes and the residue was dissolved in 0.5- 
1.0 ml of water.  Chromatography was carr ied out in a 
mixture of butanol,  ace t i c  acid  and water (5:1:1).  After 
they had been dried,  the amino acids gave the nsual re-  
act ion with ninhydrin (0.2% solution in acetone)  on heat ing.  
A para l le l ,  undeveloped chromatogram strip was cut into 
sections,  each of which was examined with an end- type  
counter .  The distribution of radioact iv i ty  and of the colored 

stains was compared .  
A character is t ic  picture is shown in Fig. 1. It is seen 

quite c lear ly  that two or three stains have developed,sharply  

demarca ted  from each other, and rad ioac t ive .  Radioact iv-  
ity is distributed approximate ly  uniformly between the two 
large stains; the third stain usually is smal ler  and less a c -  
t ive.  The same distribution pat tern of stains was shown by 
both the incubated samples and the controls; the second 
stain could not, therefore,  be a metabo l ic  product of tS- 
a lan ine .  Subsequent experiments  showed that two or three 

stains are also formed during chromatography of control  
solutions of 15 - a l a n i n e -  C 14 in 2.5% t r ichloroacet ic  ac id  and 

in water,  but only when large amounts (over 40 pg)  of B- 
a lanine  were used. When smal ler  amounts of 15-alanine - 
C 14 (5-20 Bg) were appl ied  to the paper ,  chromatography 

of pure solutions of the amino ac id  gave one stain at the 
leve l  of the standard stain of unlabeled 15-alanine. It must 
be pointed out that  the preparat ion of 15 -a l an ine -C  14 which 

we synthesized was in the form of wel l - shaped crystals,  with 

a mel t ing point of 19'/-198". 
The relationship between dupl icat ion of the amino  

ac id  stains and concentrat ion is shown in Fig. 2. In this 
case chromatography was carried out on a solution of 15- 
a lanine  in a phosphate-sal ine  mixture .  Two stains were 

formed, differing sl ightly from the usual shape.  
Since B-a lan ine  has no opt ica l  isomers, it  might  at  

first be thought that the addi t ional  stains are the result of 
contaminants ,  found only with high concentrat ions of the 
amino ac id .  However, the substance responsible for the 
addi t ional  stain was not,  in any case,  a decarboxyla t ion 
product of 15-alanine (the rad ioac t iv i ty  of the carboxyl  
group was preserved),  or a deaminat ion  product (staining 
with ninhydrin).  Furthermore, the chemica l  properties of 

14 the 15 -a l an ine -C  preparat ion described above gave no 
grounds for concluding that any contaminants were present.  
It was further shown that the ~principal" (at the l eve l  of the 
standard solution in a low concentrat ion)  and the large 
"addit ional  n stain could be reduced to a single stain by a 
change in the react ion of the solution appl ied  to the chro- 

matogram.  
In Fig. 3 is shown the chromatogram of 15-a lan ine-  

C 14 solutions of different pH. It can c lear ly  be seen that ,  

as the pH increases,  the size of the ~additional ~ stain de-  
creases,  and f inal ly it disappears a l together ,  while at the 
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Fig. 2. Chromatogram (a) and the corresponding autoradiogram 
(b) on x-ray film (exposure 20 days). 20/~g, 30 ~g. 40/~g,60/~g) 
amounts of /5-a lanine-C 14 applied to the chromatogram. 

Fig. 1. Chromatogram of a 
trichtoroacetic extract of 
rat muscle tissue containing 
/5 -alanine-  C 14. 22) tri- 
chloroacetic extract + B- 
alanine-Ci4; 1,2,3) stand- 
ard solutions of /5-alanine-  
C14; onthe left) chromato- 
gram strip, corresponding to 
22, examined with the counter. 

Fig. 3. Relationship between duplication of 
�9 1 4  

stains of t~-alanme-C and pH of the amino 
acid solution applied. 1-4) trichloroacetic fil- 
trate of tissue + ~-alanine-  CI4; 5-8) trichloro- 
acetic acid + 8-alanine-Cl~; 1,5) pHi3; 2, 6) 
pHil5; 3, 7) pH ~7; 4, 8) pH~l l .  
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same time the intensity of the "principal" stain increases 
sharply. The change in pH was brought about by the addi- 
tion of a solution of NaOH to the weakly acid lS-alanine- 
C 14 solution. 

We cannot yet give an explanation of the duplication 
of the B-alanine stain which we observed. We must point 
out, however, that the results of our research, in conjunc- 
tion with reports in the literature, suggest that uncontrol- 
lable conditions may often arise in the process of chroma- 
tography, which may distort the results of the determina- 
tion of the qualitative composition of the mixture under- 
going anaIysis or of the quantitative content of its individual 
ingredients, 

SUMMARY 

The formation of double and triple B-alanine-C 14 
spots is seen during chromatography in butanol-acetic mix- 

ture; a relationship between this phenomenon and the pI4 
of the B -alanine solution applied on the paper is also ap- 
parent. The author discusses the importance d this phe- 
nomenon for evaluation of the results of qualitative and 
quantitative investigations of the composition of complex 
biological mixtures. 
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