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Citric fermentation. Only citric a.c1d was identified although oxalic acid fr cqucntly
appears during the process. These two acids, the Ry values of which are very similar,
can. be distinguished by elution with pyridine and. acetic anhydride according to

Furt AND HERMANN®, a'red colour being obtained for citric acid and gas evolution
for oxalic acid. |
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Chromatography of neutral amino acids
on columns of cellulose powder

In a previous paper?® we described the fractionation of peptides in columns of cellulose

powder using a. volatile solvent, »iz., a mixture of cthyl alcohol and water. In spite of
the great number of existing methods for the separation of amino acids we thought
it would be interesting to apply this system to the fractionation of these acids,
Two sizes of columns were used in this work, smaller ones of 31 X 0.9 cm and
1a.1'ger ones of 100 X 0.9 cm. The columns were prepared by pouring into a glass tube
a slurry obtained by suspending 1 part of cellulose powder. (Whatman standard
grade) in 3 parts of a mixture of ethyl alcohol and water of the appropriate concentra-
tion. After the cellulose powder had sedimented a pressure of 15 Ibs. per sq. in. was
applied. The columns were then washed under pressure with about 2 1 of the ethyl

" alcohol-water mixture. These columns can be used many times, provided they are

washed between runs with about 1 1 of absolute ethyl alcohol and then equilibrated

with the solvent to be used for the chr omatography.

The columns were mounted on an automatic fraction collector :md the flow was
adjusted to ~.5 ml/h; o.75 ml fractions were collected. Alternate fractions were
analysed by a'modification of the nmhvchln method of T'r ROLL AND CANNANZ and by
one-dlmcnsmlml paper. chromatography.
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- The mixture of amino acids to be separated was dissolved in 1 ml of the 1ppro;
priate solvent, apphed to the top of the columns and washed down with two 1 ml
portions of the same solvent. ‘
One of the mixtures used in these separations contained phenylalanine, glycme

leucine, proline, threonine, alanine, methionine, serine and valine. A simple mixture
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TFFig. 1. Chromatographic separation of a mix- IFig. 2. Chromatographic separation of a mix-.

ture containing 1 gemole of each of the following
amino acids: pr-leucine (1), pL-phenylalanine
(2), L-proline (3), pL-threonine (4) and glycine
(5). Eluant: mixture of ethyl alcohol (85%) and
water. Column dimensions: 30 % 0.9 cm. Flow
rate: 2.5 ml/h. FFractions of o.75 ml each,
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'Fig. 3. Chromatographic separation of a mix-

ture containing 1 pmole of cach of the following

amino acids: pL-leucine (1), L*-uhenvhlauine

(z), L-proline (3), pL-threonine (4) and glycine.

Gradient elution. Column dimensions: 30 X .5

cm. Tlow rate: 2.5 ml/h, Fractions of 0,75 ml
each.
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ture containing 1 pgrmole of each of the following
amino acids: pr-leucine (1), pDL-phenylalanine
(2), L-proline (3), DL-threonine (4) and glycine
(5). Eluant: mixture of ethyl alecohol (95%) and
water. Column dimensions: 30 X 0.9 cm. Flow
rate: 2,5 mi/h, Fractions of o.75 ml each.
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Fig. 4. Chromatographic separation of a mix-_
ture containing 0.7 sumole ol each of the follow-:
ing amino acids: pL-leucine (1), pL-valine (2),
pL-zhenylalanine (3), prL-methionine (4), L-pro-.
|me(5) DL-alanme(G) pL-threonine (7), br-phe-
nylalanine (3), pL-methionine (4), pL-serinc (8)
and glycine (9). Eluant: mixture of ethylalcohol
(75%,) and water, Column dimensions: 100 X 0.0
cm. Flow rate: 2.5 ml/h, Fractions ol o.ys mleach.
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containing only phenylalanine, glycine, leucine, proline and threonine was also used.
'~ When a concentration gradient was used, this was obtained by the automatic

addition of a 40% ethyl alcohol to 325 ml of 95%, ethyl alcohol.
In Figs. 1 and 2z the fractionation of the mixture containing five amino acids,

using 85 and 95% ethyl alcohol, is shown. In the first case all the fractions came out

sharply, but the separation of the leucine and phenylalanine peaks is not complete.
Using 95%, alcohol all the five amino acids are separated with pronounced loss of
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Tig. 5. Chromatographic separation of a mixture containing o.7 yumole of cach of the following

amino acids: pr-leucine (1), prL-valine (2), pL-phenylalanine (3), pL-methionine (4), L-proline (5),

nr-alanine (0), pL-threonine (7), pL-serine (8) and glycine (9). Gradient elution. Column dimensions:
100 ¢ 0.0 cm, Flow rate: 3 ml/h, Fractions of o.75 ml each.

‘sharpness for the peaks of threconine and glycine. Complete separation and sharpness
- of all peaks can, however, be obtained by using gradient elution as shown in Fig, 3.

With the mixture of nine amino acids good separation could not be achieved by
employing a single concentration of alcohol. The bhest results were observed in this

. case when the solvent was 759, alcohol (Fig. 4), but this is still much inferior to the

separation obtained when gracdient elution was used (Fig. s).
The method presented in this paper may prove valuable for preparative work
where the volatility of the solvent is-an advantage.
A, IacHAN?

National Technological Institute, Rio de Janeiro (Brazil) ~J. C. PErroNE"

e

1 J.C. PerroNg, L. V, Distrzer aND D, M. PrixoTo, Aunais acad, brasil, cicne., 28 (1956) 501.
2W. TrRoLL AND R, K, Cannan, [ B3iol. Chem,, 200 (1953) 803,

Reccived October 13th, 1958

2 Fellows of the Conselho Nacional de Pesquisas,



