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Application of Paper Chromatography 
to the Study of the Transaminase System 
TRANSAMINASE reactions are known to occur in 

practically all animal tissues, especially in heart 
muscle , brain, kidney, liver and testes. Reactions 
of this type were first suggested by Needhamt, who 
noted that when glutamio acid was added to minced 
pigeon-breast muscle it disappeared without a parallel 
formation of ammonia. Four or five different trans
aminase systems have so far been thoroughly in
vestigated by various workers2 ; but the m ethods 
employed for the study of these reactions have 
required manometric equipment• and intensive 
analytical procedures•. 'l'he present communication 
deals with the application of paper chromatography 
technique to the separation of 2 : 4 dinitrophenyl
hydrazones of the keto-aoids in the reaction mixture, 
since it has proved in our hands a satisfactory tool 
for the study of transaminase reactions. The reaction 
studied was : 

L-Aspartate + cc-Ketoglutarate = 
Oxalaoetate + L-Glutamate. 

This reaction was allowed to proceed for different 
intervals in a series of small centrifuge tubes in 
the presence of liver enzyme, ooenzyme from muscle 
(boiled muscle extract) and excess aspartate. 
cc-Ketoglutarate was added in known a~ounts. 
Oxalacetio acid formed by the enzyme aot10n was 
converted chemically to pyruvic acid by m eans of 
aniline citrate as described by Tonhazy, White and 
Umbreit5 • Unreacted cc-ketoglutarate and the result
ing pyruvate were converted into their 2 : 4 dinitro
phenylhydrazones. For further separa tion of these 
two compounds, partition chromatography on filter 
paper, as described by Cavallini, Frontali and T osohi•, 
was used. A typical experiment is described below. 

A normal adult rat from the stock colony was 
killed by stunning ; liver and muscle were dissected 
out and a 2 per cent liver homogenate (w/v) was 
prepared immediately in ice-cold phosphate . buffer 
of pH 7 ·4. Boiled muscle extract ( 1 ml. equivalent 
to 100 mgm. of fresh muscle) was prepared in physio
logical saline solution. The fol~owing solutions "'.ere 
added to each of the six centrifuge (5-ml. capacity) 
tubes : 0·5 ml. buffered M aspartate, 0·5 ml. phos
phate buffer pH 7 · 4, 0 · 2 ml. of boiled muscle extract 
and O· l ml. of cc-ketoglutarate solution (400 µ.gm. /ml.). 
The reaction mixture was brought to 37° C. in a 
water-bath· 0·2 ml. of liver homogena te was then 
added to e~oh tube with mixing, and the reaction 
allowed to proceed at 37° C. At definite intervals, 
the contents of one tube were treated with 0·2 ml. 
of 100 per cent (w/v ) solution of trichloroacetic acid 
in order to precipitate proteins. Oxalacetate formed 
in the react ion mixture was converted to pyruvate by 
adding 0·2 o.c. of aniline citrate to each tube. Thus, 
the ket o-acids in the tube consisted of excess un
changed cc-ketoglutario acid and pyruvic acid der ived 
from the oxalaoetio acid formed during the trans
aminase reaction. 

The two keto acids were converted into their 
respective dinitrophenylhydrazones by the ad~iti~n 
of 1 ml. of 0·2 per cent 2: 4 dinitrop~e1;1ylhydrazme_ m 
2 N hydrochloric acid. The precipitated protems 
were removed by centrifugation, and the e_xce~s of 
hydrazine and hydrazones formed were quant1tativ~ly 
extracted with ethyl acetate by the method of Buedmg 
and W ortis7 • The ethyl aceta te portions were then 
extracted three time£ with 2 ml. of 10 per cent 

sodium carbonate solution. The combined carbonate 
extracts were freed from dinitrophenylhydrazine by 
a further extraction with 2 ml. ethyl acetate, and 
were acidified with concentrated hydrochloric acid 
to obtain free hydrazones of pyruvic and cc-keto
glutario acids. They were then transferred into 2 ml. 
toluene by shaking. 0·5 ml. of this material was dis
posed on a filter paper strip (Whatman No. 4 filter 
paper) and an ascending chromatogram was run 
for 24 hr. at 25° C. using butanol-ethanol-water 
(50: 10: 40 v/v respectively) as solvent. The strip 
was dried and the portions of filter paper around the 
spots, previously identified by their Rp values (Rp 
va lues of dinitrophenylhydrazones of pyruvic and 
cc-ketogluta ric acids were 0·55 and 0·37 respectively), 
were out into small bits and the yellow-coloured 
hydrazones were extracted thrice with 2 ml. of 
10 per cent sodium carbonate. The red colour de
veloped after addition of 4 ml. of 2 N sodium 
hydroxide was compared in a photoelectric colori
meter with filter 530 mµ. in position. Standard curves 
obtained with pure samples of the dinitrophenyl
hydrazones of the two acids were used for reference. 

The average results obtained in four experim~nts 
with norma l rat liver preparations are swnmarized 
in the accompanying table. 

RATE OF TRANSA)[INASE R EACTION 
--·· 

1 2 3 4 5 6 7 
a-Keto- a-Ketoglut-

a-Keto- glutar- Pyruv- arate equi- (3) Recovery 
Time glutar- ate un- ate re- valent of + per cent 
(min.) ate reacted covered pyruvate (5 ) (6) 

added recov· (µgm.) formed (µgm .) (2) X 100 
(pgrn . ) ered (µ gm.) 

; (µ gm.) 
- --

4 40 32·4 6·1 10·2 42·6 106 
8 40 26·3 7·4 12·3 38·6 97 

]6 40 17·6 12·9 21 ·4 39·0 98 
20 40 9·6 19·0 31 ·5 41 ·1 103 
24 40 4·9 18·8 31 ·2 36 ·1 90 

It can be seen from these results that, under the 
conditions specified here, the velocity of the ~rans
aminase reaction in question could be oonvemently 
followed. In 24 min., 88 per cent of cc-ketoglutario 
acid present in the reaction mixture ~as oonverte_d 
to oxalacetio acid. Also, good recoveries of pyruvic 
and cc-ketoglutario acids were obtained by adopt~ngthis 
procedure, and the proportionality betw:een different 
quantities was very close. The teohmque, th?ugh 
somewhat time-consuming, is simple and oonvement, 
and will be found useful in laboratories where the 
expensive Warburg manometric outfit is not avail
able. 
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