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INTRODUCTION

Since SANGER’s pubiication?, fluorodinitrobenzene has been widely used as a
reagent to determine N-terminal groups in peptides and proteins. Numerous techni-
ques for the identification and estimation of dinitrophenylamino acids (DNP-amino
acids) have been reviewed® 4, including chromatography on paper, on columns of
silica gel, kieselguhr, silicic acid-celite and polyamide. Recent advances have been
made in partition chromatography on Hyflo Super-Cel columns®*, adsorption
chromatogizphy on a silica gel-celite column?, chromatography on glass paper
impregnatcd with silica gel®, paper chromatography®’, paper electrophoresis!!
and gas ~hromatography of DNP-amino acid esters'®. Thin-layer chromatographic
separations of DNP-amino acids on silica gel G thin layers have been carried out by
BRENNERI3-17 ¢f. gl, under strict conditions. In addition, their method needs a com-
plicated B-N chamber for continuous development. The purpose of this paper is to
describe a rapid chromatographic method for the analysis of DNP-amino acids on
polyamide layers.

Pelyamide is suitable for the chromatography of many organic compounds';
ExDRESYS, HILLE®2 and ScHWERDTFEGER? have had varied success in isolating
DX P-amino acids on pulvamide columns. Although the unique character of polyamide
as a chromatographic adsorbent in columns is widely recognized, chromatography on
polvamide thin lavers is rare. In 1961 DAVIDEK AND Davipkova® prepared pol yamide
thin layers by spreading polyamide powder without a binder on glass plates and used
it to separate antioxidants and flavonoids (see ref. 18 for review). Recent developments
include the separation of quinones®, plant tanning extractives® and antioxidants®.
The chief difficulty seems to be in the preparation of durable layers.

However, Waxc allowed a polyamide solution in formic acid to evaporate
on a glass plate and obtained a fairly durable layer which was used to separate
phenols?®. Recent developments in the preparation of polyamide layers in our labor-
atory enable it to be used to separate sulfonamides®, chloramphenicol® and estro-
gens®, Its application to the separation of DNP-amino acids showed many advan-
tages over previous methods, .., more rapid analysis, less broadening of the spots
and easier handling.

We found ten solvents systems which were excellent for the separation of
DXNP-amino acids on polyamide layers. They can be classified into three groups

" Some of the preliminary experiments were submitted to Nafure (see ref. 1),
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according to the difference of Rp values. It is possible to combine these systems to
get several combinations of solvent systems for two-dimensional chromatography.

Only seventeen DNP-amino acids are available to us at present. Further data
will be reported when other DNP-amino acids have been obtained.

EXPERIMENTAL

Preparation of polyamide layer

Twenty grams of polyamide (CM 1007s, Toyo Rayon Co.) was dissolved in 100 ml
of 75 % formic acid to give a homogeneous viscous solution. Fifteen ml of this solu-
tion was spread evenly or each of four glass plates (15 X 15 cm) kept horizontal in
the bottom of a stainless steel chromatographic cabinet (50 X 50 X 45 cm) which
was saturated with water vapor. The plates were kept in the cabinet for two days to
allow slow evaporation of formic acid at 26° or at 29°. The layers were then dried in
an oven at 100° for 15 min to eliminate the last traces of formic acid. The dried
plates can be stored for a long period without any noticeable change. The solvent
travels faster on plates prepared thus rather than by the former method?e.

Both Tovo Ravon Co.’s e-polycaprolactam resin CM 1011 and CM 10075 have
been tested. Resin CM 1011 gives a denser layer which gives nearly circular spots
but requires a longer time for development which makes the spots more diffuse.

The evaporation temperature during the preparation of the polyamide layer
has a profound effect on the properties of the resulting layer. A higher tempciature
makes the layver coarser and shortens the time for development, but some soclvent
systems give elongated spots on layers prepared at high temperature.

For one-dimensional chromatography, two kinds of layers were used; a
CM 10075 layer made at 26° and CM 10075 layer made at 29°. All of the two-dimensio-
nal chromatograms were run on layers of CM 1007s prepared at 26°.

Reagents
All of the 19 DNP derivatives available to us were kindly supplied by Prof.
T.B. Lo.

Solvents
The solvents were purified by general methods to meet the chromatographic
requirements.

Chromatography

The ascending method was used. For one-dimensional chromatography, DNP-
amino acids (1 ug in 1 ul of methanol) were spotted 1.5 cm from the bottom edge and
the solvent was allowed to ascend a distance of 10 cm from the origin. For two-
dimensional chromatography, a mixture of the 19 samples (0.5 ug each in 10 ul of
methanol) was spotted on one corner 2z cm from the edges. In all development pro-
cesses, there was no need to saturate the polyamide layer in advance but the chamber
should be lined with filter paper saturated in solvent. Because DNP-amino acids are
photosensitive, the development was run in the dark. For two-dimensional chromato-
graphy, it was necessary to carry out intermediate drving under a current of hot
air for 15 min.
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Detection

DNP-amino acids are visible in transmitted daylight and give dark spots in
transmitted ultraviolet light. Ultraviolet contact photography has a much higher
sensitivity and is the most convenient way of locating the spots and filing the results.
The sensitive side of photographic paper was laid on the polyamide layer and long-
wave ultraviolet light was allowed to pass through the layer on to the photographic
paper for 30 sec (one-dimensional chromatogram) or 18 sec (two-dimensional chro-
matogram). The print was developed in the usual manner to make a chromatogram
of white spots on black background. This print was used as the negative to make a
chromatogram of dark spots on white background. :

RESULTS AND DISCUSSION

One-dimensional cliromatography

A number of solvent systems suitable for the separation of DNP-amino acids
on polyam.ide layer are summarized in Table I together with the time required for
development. They are classified into three groups according to the differences of
Rp values. Table I1 summarizes the Rp values of DNP-amino acids in the above
solvent systems.

TABLE 1
SOLVENT SYSTEMS FOR DNP-AMINO ACIDS ON POLYAMIDE LAYERS

Symibol Group Components vfv Time requirved for devel-
opment (min)
CM ro07s CM 10075
(29°) (26°)
1 A Benzene—~glacial acetic acid 8o:20 30 6o
11 A Carbon tetrachloride-glacial acetic
acid So:20 40 9o
111 A n-Butvl accetate—glacial acetic acid Q010 30 6o
IV A Diethyl ether—glacial acetic acid gu:to 157 bo
v A Methyl ethyl ketone—chloroform--
glacial acetic acid ioiduiio 307 HO
Vi 1 Glacial acetic acid—water 5050 o 200
Vil B 90 9%, Formic acid-water 50:50 30 bo
VIII G n-Butanol-glacial acetic acid go:10 80 200
IX C Dimethylformamide-glacial acetic
acid-g5 %, ethanol-water 5:10:20:20 8o 180
b ¢ c Dimethylformamide-sulfamic acid-
959% cthanol-water 5:0.5:20:20 8o 150

{ml:g:ml:ml)

* Elongated spots.

Solvent IX is similar to that used in polyamide column chromatography of
DNP-amino acids'®:3%:3:, We found the latter equally satisfactory for polyamide
layer chromatography. The only drawback was the slow rate of ascent, so we changed
the solvent ratio to shorten the development time.

Solvents I-IX contain 10-20 %, acetic acid or formic acid, otherwise excessive
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Fig. 1. One-dimensional chromatogram. Solvent: I, 60 min, ro cm; layer: £-polycaprolactam
resin CM 1007s (26°); loading: 1 pg in 1 pl methanol; numbers: ¢f. Table 11.
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Fig. z. One-dimensional chromatogram. Solvent: 11, go min, 10 cm; layer: e-polvcaprolactam
resin CM 100-= (26°) ; loading: 1 ug in - ‘!l methanol; numbers: ¢f. Table I1.
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Fig. 3. One-dimensional chromatogram. Solvent: VI, 75 min, 10.5 cm; laver: #-polvcaprolactam
resin CM 10075 (26°); loading: 1 gg in 1 gl methans!; numbers: ¢f. Table i1

Fig. 4. Two-dimensional chiomatogram. Solvent: 1st dimension: VIII, zoo min, 1o cm; 2nd
dimensien: V11, 60 min, 11 em: laver: s-polycaprolactam resin CM 1007s (20 ): loading: 0.5 #g
each DNT derivative in a total of 10 gl methanol; symbols: ¢f. Table 11
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Fig. 5. Two-dimensional chromatogram. Solvent: st dimension: I, 6o min, 10.5 cm: 2nd dimen-

sion: V111, 200 min, 9.5 cm; layer: e-polycaprolactam resin CM 10075 (267); loading: o.5 pg each
DN derivative in a total of 10 ul methanol; symbols. ¢f. Table 1.

I, o min, 1o cm; 2nd dimension:

Fig. b. Two-dimensional chromatogram. Solvent: 1st dimension:
loading: 0.5 pg cach DNP

V11, 6o min, 10 em: laver: e-polyeaprolactam resin CM 10075 {207);
derivative in a total of 10 ! methanol; symbols: ¢f. Table II.
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tailing results. Higher concentration ot acid gives circular spots and better distribu-
tion of Rp values but at the same time reduces the speed of ascent. In solvent X we
used sulfamic acid instead of the acetic acid as in solvent IX and found that the order
of Ry values was the same as in solvent IX.

We ran one-dimensional chromatograms on CM 10075 (26°) layers and CM
10075 (29°) layers. Both give similar Rr values except in the solvent systems IV and
V, which give elongated spots on the CM 1007s (29°) layer but give circular spots on
the CM 10075 (26°) layer.

We have tried using a basic solvent system, for example pyridine-benzene,
but it did not give a good chromatogram on either CM 10075 (29°) or CM 1007s (26°)
layers.

The notorious difficulty of separating leucine from isoleucine was overcome
with a butanol-acetic acid (9o:10) system. All of the other nine solvent systems
failed to differentiate these two structurally similar compounds.

Figs. 1-3 show typical chromatograms of 19 DNP derivatives in solvent
systems I, IT and VII. Some samples give more than one spot after development due
to the impurities present in the original sample.

In order to show the difference between the solvent systems, we numbered the
DNP derivatives according to their Rp values in solvent system II.

Two-dimensional chromatography

Fig. 4 shows the separation of a mixture containing 0.5 ug of each DNP deriv-
ative using a combination of solvent systems VIII and VII. Of all the possible com-
binations of the above ten solvent systems, this combination gives the best distri-
bution of spots on the chromatogram. DNP-valine, DNP-leucine and DNP-iso-
leucine can be separated satisfactorily. Bis-DNP-lysine and bis-DNP-tyrosine overlap
to an appreciable extent. DNP-threonine and 2,4-dinitrophenol merge into one spot.
The overall time required is about 2 h when the chromatogram is run on a CM 1007s
(29°) layer or about 4 h when it i3 run on a CM 10075 (26°) layer.

Fig. 5 shows the two-dimensional chromatogram in solvent systems I and VIII.
The separations of the bis-DNP-lvsine-bis-DNP-tyrosine pair and the DNP-threonine-
2 4-dinitrophenol pair have been achieved. But DNP-phenylalanine and DNP-
methionine overlap to form an elliptical spot. This problem can be solved by running
simultaneously another chromatogram in solvent systems I and VII (see Fig. 6).
The overall time required is about 2 h for a CM 10075 (29°) layer or 4 h for a CM 10075
(26°) layer for the combination I-VIIIL. For the combination I-VII, the overall time

required is about 1 h and 2z h for CM 10075 (29°) and CM 10075 (26°) layers, respectively.
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SUMMARY

The separation of seventeen DNP derivatives of amino acids, 2,4-dinitroaniline
and 2,4-dinitrophenol by polyamide layer chromatography is investigated. Conve-
nient procedures for the preparation of durable polyamide layers are described. A
table of Rp values in ten solvent systems and ultraviolet contact photographs of
three one-dimensional chromatograms and three two-dimensional chromatograms
are given. The present method is better than paper or thin-layer chromatography in
speed and efficiency.
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