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Chromatographic Detection of Free 
Amino-acids in Normal and Iron-deficient 

Plants of Hibiscus esculentus L. 
IT has been reported that in iron-deficient plants 

there is observed an increase of the soluble forms of 
nitrogen, with a simultaneous decrease of its protein 
forms l - 8 • This observation was confirmed in the 
present work, on Hibiscus esculentus L., using the 
standard methods of chemical analysis. However, 
we have endeavoured to carry out a qualitative 
examination of the soluble fraction of nitrogen in 
normal and iron-deficient plants of this species by 
the application of paper chromatography. 

For that purpose, 3-4 gm. of fresh material tak~n 
from 35-day old plants was carefully broken up m 
80 per cent ethyl alcohol and the crude extract 
centrifuged for 15 min. at 4,000 r.p.m. The super­
natant liquid was then separated by decantation and 
concentrated by evaporation until its volume was 
reduced to 1 c.c. From that concentrated extract 
0·005 c.c. was used for each chromatogram. Two­
dimensional ascending chromatography on Whatman 
No. I paper, 25 cm. X 25 cm. sheets, was adopted, 
with phenol as solvent for one direction and n-butanol/ 
acetic acid/water (4: 1 : 5) for the other. The position 
of amino-acids was located by spraying with nin­
hydrin reagent (0·1 per cent in acetone). The amino­
acids were identified by comparing the spots appear­
ing on the chromatograms with those produced by 
authentic compounds. 

In Fig. 1 are shown two chromatograms: (A) from 
an iron-deficient plant; (B) from a normal plant. 
With regard to the quantity of amino-acids involved, 
the greater concentration of these acids is clearly 
observed in the alcoholic extract of the iron-deficient 
plants, from the size as well as the intensity of the 
colour shown by the spots. The higher concentration 
of asparagine is especially remarkable. From the 
qualitative point of view, the iron-deficient plants 
contain phenylalanine, serine and probably glycine. 
Normal plants do not contain detectable amounts 
of these amino-acids. From the undetermined spots, 
two were common on both chromatograms, but were 
more intense on those prepared from iron-deficient 
plants. One spot appeared only on the chromatogram 
from iron-deficient plants, while three appeared on 
those from normal plants only. The location and 
colour of one of the last three spots coincide with 
those produced by cysteinic acid. 
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Fig. 1. Two-dimensional ascending paper. chromatographs of 
alcoholic extracts of Hibiscus esl'Ulentus L. tlssne. (A) FrOID an 

Iron-deficient plant; (B) from a no,:"al plant. . 
1,2, 3, 4, 12, 13, Unidentified spots; 5, aspartl~ aCId; 6, gl~taml? 
acid' 7 serine' 8 glycine (?); 9 0 asparagme; 10, argmme, 
11, glntamine; '14; a-alanine; 15, {i-alanine; 1!', tyrosine; 

17, valine; 18,lencine(s); 1~, phenylalanme 

From these observations, it becomes evident that 
the difference in the amino-acid content of normal 
and iron-deficient plants is not only quantitative but 
also qualitative. 

Further details of this work will be published 
elsewhere. 
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Chemical Nature of Nucleic Acids in 
Cyanophyceae 

THE available information regarding the chemical 
nature of nucleic acids in Cyanophyceae is very 
meagre, and deoxyrib.onucleic acid. and ribonucle~c 
acid have not been lsolated chemlcally from thIS 
group. As the blue-green cell is pec~iar in its.nucl~ar 
structure, the chemical nature of ltS nucleLC aCIds 
may be different in kind or degree from.that.of other 
sources. With this in view, the nuclelC aCIds were 
isolated from Nostoc muscorum using the conven­
tional method of Schmidt and Thannhauser as 
modified by Heinrich et aU. 

The deoxyribonucleic acid separated from Nostoc 
muscorum gives a positive test with the Dische 
reagent, indicating the presence of deoxypentose­
sugar. Chromatographic analysis of the hydrolysate 
according to the procedure of Wyatt> revealed only 
three spots of bases, corresponding to guanine, 
adenine and cytosine, but thymine could not be 
detected. Magee and BurrisS showed in experiments 
on nitrogen fixation by Nostoc mU8corum that in­
corporation of nitrogen-I5 in thymine is much less 
than that of other nitrogenous compounds. It is 
possible that the thymine in deoxyribonucleic acid is 
present in too small an amount to be detected on 
the chromatogram, and hence application of carbon-
14 as a tracer might help its detection. Carbon-l4 
dioxide was therefore passed through a N ostoc sus­
pension in phosphate buffer at P~ 7 for 6 hr. in 
presence of light. After .the experlment, the sus­
pension was extracted wlth 80 per cent ethanol, 
alcohol-ether (3: 1) and finally with ether only, and 
deoxyribonucleic acid was precipitated by the pro­
cedure referred to above. A: radioautograph revealed 
the spot corresponding to thymine. Added thymine 
co-chromatographed with the thYronine ell':ted ~ro~ 
the radioactive spot. Thus deoxyrlbonuclelC acld m 
Cyanophyceae is similar in kind to ~hat from o~her 
sources which also support the earber observatIOns 
from cyto-chemical wor'k4 and with the ~lect.ron­
microscope (Singh, R. N., personal communlCatlOn). 

Ribonucleic acid which was precipitated from the 
deoxyribonucleic acid filtra:te by al?oh?l ~ave a 
positive reaction in the orcmol test, mdlCatmg the 
presence of pentose sugar. C~romatographic a~alys~s 
following the method of Smlth and M~rkham g~'Ve 
four spots corresponding to guanme,. adenm~, 
cytidylic acid and uridylic acid. Thu~ t~e l'lbon~cl.elC 
acid of Cyanophyceae shows no quahtatlve devlatlOn 
from the normal type. 

Further studies, with carbon-14 and phosphorus-32, 
on the turnover of nucleic acids in Cyanophyceae 
are now in progress. 
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