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INTRODUCTION 

The separation of the z,+dinitrophenyl (DNI?) derivatives of the naturally occurring 
amino acids has been reviewed by FRAENKEL-CONRAT, HARRIS AND LEVYI, BISERTE, 
HOLLEMAN, HOLLER;IAN-DEHO~E AND SAUTII?RE~ and by MONIER~. In the course of 
the studies of the incorporation of the radioactive amino acids into proteins a simple 
method was required for the quantitative separation of the DNPiglutamic and DNP- 
aspartic acids at the 0.5 ‘to 5 ,umole level. Column chromatographic methods of 
various kinds have been used for the separation of DNP-amino acids. SANGER* 
introduced chromatography on silica gel. BLACKBURNS used buffered columns of the 
same type. MILLSO has used specially treated Celite with chloroform-methyl ethyl 
ketone mixtures. PERRONE’ introduced ether and chloroform-butanol solvents with 
buffered columns of Celite 545. BELL et aZ.* mention the use of buffered columns of 
Hyflo Super Gel with ethyl acetate as solvent. MATHESONQ-11, has shown ethyl 
acetate to be an estremely useful solvent for the chromatography of the DNP-amino 
acids on buffered columns and had when this work was begun obtained separations 
of most of the commonly occurring amino acids with the exceptions of DNP-aspartic 
and DNP-glutamic acids and DNP-glycine and DNP-proline. More recently he has 
e&ended his methods to include the separation of these amino acidslo. WOOLLEY~~ 
lists some results of the counter current distribution of some DNP-amino acids between 
ethyl acetate.and acetate buffers and ethyl acetate and phosphate buffer. 1<HOKHLOV 
AND CH’IH~~~~* have used butyl acetate-phosphate buffer with counter current dis- 
tribution to separate and estimate several amino acids. 

Of the methods described only the method of PERRONE~ seemed rapid enough for 
routine use in isolating DNP-glutamic and DNP-aspartic acids. Some difficulty was 
experienced in packing the columns using ether as a solvent and complete separation 
of DNP-aspartic acid, DNP-glutamic acid and DNP-serine on a single column was 
difficult. CALLOW AND WOR@ esperienced similar difficulties in separation with 
PERRONE’S system and used modified systems for each of the amino acids in which 
they were interested. 

The method to- be described is essentially similar to those described by MA- 
TWESON~-~~. The method gives a clear separation between DNP-glutamic and DNP- 
aspartic acids and removes the derivatives of the other commonly occurring amino 
acids in a single buffered column of Hyflo Super Cel with a mobile phase of ethyl 
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acetate-isoamyl alcohol. The method is readily adapted to the estimation of the free 
amino acids in protein hydrolysates and conditions of quantitative dinitrophenylation 
are described. 

DNP-glutamic and DNP-aspartic acids generally run on paper with very 
similar RF values in a variety of solvents 293 but can be resolved using phosphate 
buffer at pH G (LEvY~~) or isoamyl alcohol with acetic acid (BISERTE AND OSTEUX~~), 
Conditions are described for the use on paper of the solvent system devised for column 
chromatography as a useful supplement to the methods of LEVY and BISERTE AND 
OSTEUX for identification when DNP-hydroxyproline or DNP-nzeso-diaminopimelic 
acid are present. 

CoZatnt9z cltronzatograj?dzy 
1lETRODS 

Hyflo Super Cel (Johns-Manville and Company) was passed through a sieve of IOO 
mesh/in., treated with 3 N hydrochloric acid for several hours and washed successively 
with water and ethanol before drying for 24 h at 120-140~. 

The solvent mixture was ethyl acetate-isoamyl alcohol-buffer (IO:Z :5, by vol.). 
The buffer was 0.1 M sodium acetate of pH 4.8 to which was added 3 % (w/v) of 
sodium chloride. All operations were carried out in a room thermostatically controlled 
at zoo art: IO in subdued lighting, 4.0 g of the treated Hyflo Super Gel was suspended 
in 50 ml of the equilibrated organic phase and shaken for 5 min before the gradual 
addition of 2.5 ml of the aqueous phase and a further period of shaking for IO min. 
The columns of I cm internal diameter were packed using a stainless steel rod with a 
perforated disc I*. The mixture of DNP-amino acid (10-20 pmoles total, up to 3 pmoles 
each of DNP-glutarnic and DNP-aspartic acids) was applied to the column in o.G ml 
of organic phase. The flow of eluant was 0.4/0.5 ml/n&. 

Dinitrophenyl derivatives of alanine, cysteine, cystine, glycine, leucine, iso- 
leucine, lysine, hydroxylysine, ornithine, phenylalanine, tryptophan and tyrosine 
were rapidly eluted followed by those of threonine, serine and hydroxyproline with 
X values of 1.0, 0.9 and 0.7 respectively. Chromatography of DNP-derivatives of 
meso- and LL-diaminopimelic acid gave R values of 0.7 and 1.2 respectively. DNP- 
glutamic and DNP-aspartic acids were last to be eluted with R values of 0.50 and 0.2s 
respectively. 

The bands of DNP-glutamic and DNP-aspartic acids were completely separated 
and could be collected as single fractions. The solvent was removed under reduced 
pressure at 40” and the DNP-glutamic and DNP-aspartic acids dissolved in 0.01 M 
sodium phosphate buffer of pH II for a spectrophotometric estimation at 360 rnp 
using the molecular extinction coefficients given by LEVY~~. 

Reaction of the dicarbosylic amino acids with I-fluoro-2,4_dinitrobenzene (FDNB) is 
slow in the presence of other amino acids (cj’. MILL+) but the following method gave 
satisfactory recoveries. To the misture of amino acids (about 15 ,umoles total) in 1.0 ml 
of water were added successively 1.5 ml of ethanol containing x50 pmoles of FDNB 
and 0.2 ml of IO o/0 (w/v) sodium bicarbonate; the solution being gently shaken on a 
water bath at 40” for 6 h. After 4 h a further addition of 0.x ml of IO o/0 (w/v) sodium 
bicarbonate was made, The ethanol was removed under reduced pressure and the 
excess FDNB and some of the z,4-dinitrophenol formed were extracted in ether 
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,(3 x 4 ml] and rejecited_ The DNP-aminno aciik wiere extracted in etier (4 x 3 ml) 
after acidikatisn witlin 0.5 mll of 5 kV hy&mMotic acid_ The ether was renimoved by 
evaporation IMore cUxromatograpEny_ If an escesdve amount ad z,+d.CtrophenoI 
had been formed it was readiily removed by adding a RW.Ee wakr to the sample in! a 
50 ml beaker and kavi.ng ~IU a &r-g Apple for zig kn. 

Sheets of Whatman No. P paper ($3 x PI an) were wetted with the buffer solution 
by descendin:g chromatography and drkd at room temperahrmre [zo’)J. The samples 
were applkd Sn acetone and the papers eqtib~ttedl overnig$nt with the aqueous 
phase before descentig chroma@g-aPhy in the organic phase. The RF vdiues were 
somewhat dependent on the degree of dryness of the paper. so reference compounds 
were run. A chromato,gram k s!hc~wm ti Fig I. 

The elution pattern of the DNP-gllnntamk and DNP-asptiic acids from the buffered 
columns w,as ~determined by collllecrt~g 0.8 nndn ~&actions of the eIuahe_ The results, are 
shown in Fig. 2, A series of !f~nnr es~tinnnents were ctied aunt kn which known arnonnts 
of glutamic and aspastic acids were treated w&h EDSB ‘anad thek detivatives chro- 
matographed on the bnntiered collpnmrns ~4th spectrophotomettic estkation of the 
eluate. Recoveries were IOO -& 1.0 $_E_BP_ aaad 9 * 0-7 SEX. ~QY aspartic and 
glutamic acids resgecltiveIy_ 
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Fig. 2. Plot of 
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absorption at 360 m/A ve?‘sus volume of effluent for a chromatogram fof DNP- 
aspwtic and DNP-glutamic acids. 

The effect of changes of the y5N of the bzcfler 
* 

A series of 0.1 M sodium acetate buffers of range 4.4-5.4 were used with the columns 
to find the optimum pH for the standard method (Table I). Effective separation Iwas 
obtained at all pH values used with an optimum combination ,of rapidity Iof &~5on 
with degree of separation at pH 4.8 (before equilibration). The change ,in R ,value over 
I pH unit as theoretically expected was close to IO times. 

As acetic acid is appreciably soluble in the organic phase the :pH of the iaqueous 
phase is considerably altered after equilibration. The change in pH *of the :aqueous 
dhase is given by: 

pI3 = log (I + a V/V) 

where V is the volume of organic phase, V the volume of the aqueous .phase :and ‘a &he 
partition coefficient of the acetic acid in favour of the organic phase. ‘The ibuffer :acts 
effectively if its pK were raised 0.5 units (Table I). Citrate, phosphate and @hthaJate 
buffers were used in the same effective range as the acetate. With .phosp’hate iand 
phthalate buffers of the same molarity there was evidence of tailing probably (due 

TABLE I 

RELATIONSHIP OF THE R VALUES OF DNP-GLUTAMIC AND DNP-ASPARTIC ACIDS WITH THE @+I 
OFTHL STATIONARY PHASE 

Column: Hyflo Super Cel; solvent system : ethyl acetate-isoamyl alcohol-o. I M sodium .accta;te 
(ro:z:g, by vol.). 

4.4 4.24 4.98 
4.6 

o-75 0.50 
4.44 5.18 0.63 

4.8 
0.39 

4.65 5.39 0.51 0.2s 

5.0 4.83 5.57 0.25 0.17 
5.2 5.04 

% 
5.78 0.12 0.07 

5.4 5.24 5.98 0.0s 0.04 
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JIENIP~M aa&l I0INlP?~u; a&k (IZUU be sepaxatedi ini the presence of other 
lIIXNlP& arri& (PI.U uu&nnns (off lB_yf&~ Superr Cell wWi\ 0) E it% sodium acetate (pH 5.4 
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after equilibration) using ethyl acetate-isoamyl ;alcoWl. Some (of Ithe fauctt~~n~ iim~$Uuneun- 
cing the separation have been examined. The solvent :s,ystiexrn uuna~ lbe &ptimd &CD 
paper chromatography. . 
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