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COMBINED COLUMN-PAPkR CHROMATOGRA’PMY’ 

ii. A NEW SYSTEM, OF SdLVENTS 

FOR TJXE CI-IROMATOGRAPHIC SEPAR.4TION OF -4MINO ACIDS 

JX@cultieS in ‘ddt&ning satisfactory separation of all amino acids of biologikal origin 
by nl.etin%’ of p&per chromatography have necessitated the application? of two-dinien- 
sional systems. Nowadays ,this often consists of a combination of ionophore.&s~ and 
chromatography. Recent adaptations of electrochromatography to new systems of 
solvents were jqxribed by BOWMAN AND HIGA~ and, as applied to the analysis of 
peptides, by ~Ic’IlnloN~ AND I.ARTLEY”. 

The use of combined column-paper chromatography gave the d&red separation 
and had, id“ addition;. &r&in other advantages, 1 Prelinii+ry separation of an-&6 
acids on chromatographic.col_qmns and direct placing of the’eluate frdrn the colu&~ns 
on moving paper sheets are the principal characteristics of this method. The paper 
chromatogramsare subsequently developed by the ascending method. 

In our previous work3, an apparatus and procedure were described for serial 
analyses of body fluids. In the present work, we describe further modikations of 
the procedure and the results of analysing amino acids present in blood, urine and 
cerebrospinal fluid. 

(I) Chromatographic columns 0.9 by 45 cm filled with starch. 
(2) Containers IOO ml in volume connected with particular columns directly or by 

means of igelite tubes. 
(3) An automatic device for moving sheets of paper at a rate of 0.75 cm/h (i.e. 

54 cm, the length of a paper sheet, during a 7z-hour period). Columns, from which the 
eluate flows on to single paper sheets bat are moving along, are fastened to this 
device. To evaporate an eluate deposited on the paper, a stream of warm air is blown 
under each column. 

, (4) Bell glasses for ascending chromatography. 

Reagents, sohents and adsorbents 

(I) Ninhydrin reagent consisting of 0.5 g of ninhydrin dissolved in 3~00 ml of absolute 
ethanol with the addition of 0.5 ml of I AT NaOI-I. 
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(2) Alcohol solutions: (a) IO yh (v/v) aqueous solution of ethancjl, (b) IO y. acidic 
solution of ethanol (up to 90 ml of distilled water, 10 ml of ethanol and 1.0 ml of 

1 N, r-IClL (c) 90 74 ( v v a uk’ous solution of ethanol, (d) $3 “/s (y/v) aqueous solbtioq 
of methanol. 

/ I 9 iii”. 
.” , 

(3) +xl (\7/\7) ,a,~ileb;~s.~olution &f ammonia. 
, .I, . 

(4) Potato st?+, thoroughly washed with water, dried in air, ground in a mortar 
and sieved. : ; 

(5) Whatman No. 4 paper. “’ . ” 

(6) Amberlite IR-rrzo, Wofatite ,~G?+Poo, or other sulphonated cation exchangers. 
. ., 

Procedure 

Ethanol (90 yo) is added to starch in such a quantity as to form a thick suspension 
after thorough mixing. This suspension is subsequently poured into the columns up to 
the point w%ere the level of starch reaches- the desired height ($0 cm). A column filled 
jvith starch is washed with an acidified IO o/o solution of ethyl alcohol until the eluate 
flowing out of it begins to show an acidic reaction. 
” The adsorbent in ,? column can be acidified by a previously prepared acidic 

solution of alcohol, I-I&eQer, in o;der to save time, it ii’ better tb apply a more 
strongly acid solution _,(e.g., 0.5, ml of concentrated HCl in IO ml oi IO %' (v/v) 

ethyl ~1~01~01). The ~*~+ess of acia‘& subsequently washed yut of the coly,Fn by 
passing *bo ml’of 10 o/o k ” ‘&yl alcohol $hrough it: \ ..#_ 

The’ solution shou%l flow oui of the column at a rate of 14-1s till per dgy. This 
can be achieved by a$prop&ate tamping of the starch in the column, as weil as by 
placing the solvent, coiltainer at various heights &ove the column. When analysing 
samples containing a large number of amino acids, or biological material in which tb,e 
presence of many other ninhydrin-positive compounds may be expected, the rat+ of 
elution should be adjusted to about rq ml per day. 

I, . 

cj ‘1 

:* 

. . . . 

Fig. I. Diagram showing the apparatus for placing an eluate from the chromatographic columk 
on a moving’paper sheet. (a) sheet of paper; (b) column; (c) tube blowing warm air unclcr the 

column outlet; (cl) trace formed by the eluate.which dropped and dried. .% . 
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Sqbaratiort 

From 0.3 to 3.0 mg of a mixture of amino acids dissolved in a small volume (max. 
1.5 ml) of IO oh ethyl alcohol is placed in the column prepared in the manner described. 
above. Immediately after the solution has soaked in, about 0.5 ml of IO y. ethyl 
alcohol is added to rinse the internal walls of the column and, when this portion has 
flowed down to the adsorbent, the column should be connected to a vessel containing 
IOO ml of IO oh ethanol. In the final stage of the outflow of this solvent (on the sixth 
day), TIO ml of IO y. ethanol with 1 ml of I: N hydrochloric acid solution are added to 
the container. From the moment the amino acid mixture is added until the outflow 
of the acidified ro% ethanol, the lower end of the column should touch a sheet of 
paper moving beneath it (Fig. r). 

The separation on the column lasts 13 days and the eluate is collected on 4 sheets 
of paper. After the column separation is finished, these sheets, on which the fractions 
have been automatically placed in the form of a narrow band, are subjected to as- 
tending chromatography in g8 o/0 methanol. 

Prqbaratiort of bioLogical nzaterial 

Prior to chromatographic analysis, protein, inorganic salts and non-polar compounds 
which interfere with the chromatographic separation of amino acids, should be re- 
moved from the biological material. To this end, ethanol was ad_ded to serum, urine 
or other biological fluid up to a final concentration of 60 O/O (v/v). The protein precipi- 
tated was filtered off and washed twice with small portions of 60 yO ethanol. The 
combined filtrates were diluted with an equal volume of water and desalted by passing 
through on Amberlite IR-xzo ion exchanger, using the generally accepted technique. 
Amino acids bound on the ion exchanger were eluted with 60 ml of 6 iV ammonia, 
the eluate thus formed was evaporated to ,dryness on a water bath, ca. 0.5 ml of 
distilled water was added and the mixture was evaporated once more. The dry residue 
was dissolved in r ml of xo o/o ethanol and transferred to a starch column. 

Stautdard wsixture 
RESULTS 

In using column-paper chromatography, about 
amino acids, dissolved in .T& ml of IO o/o ethanol, 

1.5 mg of a standard mixture of 
were subjected to separation. The 

quantities of the particular amino acids varied in this mixture and fluctuated between 
o.0025 and 0.017 mmoles. After staining with ninhydrin, chromatograms were ob- 
tained on which the amino acids formed distinct, clearly separated spots, except 
cc-aminobutyric acid, which partially overlapped methionine, and ornithine, which 
touched lysine (Fig. 2). The distribution of all spots was characteristic and oc- 
curred repeatedly in several experiments. Slight irregularity was shown only by 
glutamic and aspartic acids, which tended to elute down the column slightly faster 
than other compounds. These minor differences did not, however, cause overlapping 
of spots and did not present difficulties in identification. 

Nine millilitres of human serum were analysed in the protein-free and desalted form. 
The presence of many compounds stained with ninhydrin was observed dn’the chro- 
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matograms (Fig. 3). Amongst them, in addition to the amino acids occurring in large 
quantities in serum (glycine, glutamic acid, glutamine), there were also amino acids 
that are lxesel:t in low concentration (hydrosyproline, asyartic acid, asparagine, CX- 
amino-gz-butyric acid). Besides amino acids, spots were recorded corresponding to 
other chttmical compotinds (in the photographs, they are denoted by the numbers I-g). 

The cbromatogram shown in Fig. 4 was obtained from 3 ml of ‘the urine of a healthy 
adult ‘individual An almost full spectrum of amino acids was recorded here despite 
the fact that they occurred in considerably varying concentrations. In addition,, the 
presence of 17 other ninhydrin-positive compounds, most of them located in places 
distant from !~he spots formed by amino acids, were visible on the chromatogram. 

CerebroS~irzalj?&7? 

Since the concentration of free amino acids is lower in cerebrospinal fluid than in 
blood and urine, 45 ml of a fluid obtained from a lumbar puncture of an individual 
suffering from epilepsy was subjected to a single analysis. Clear and distinctly separat- 
cd spots, of which ‘kg corresponded to common amino. acicls and 8 were formed by 
unidentified compouncls, were recorded on the chromatogram (Fig. 5). 

DISCUSSION 

The two-dimensional chrohlatograms obtainedbycombined column-paper chromatog- 
raphy are similar as those in the coloured photographs shown by FOWDEN~. The differ- 
ence between his method and ours is that, instead of the toilsome work of transferring 
substances collected in numerous fractions on a collector, to the paper, we used an 
apparatus3 which directly places the eluate of several, analyses on the sheets simul- 
taneously. This. method extends the possibilities of u$_ing various adsorbents and 
various solvent systems for developing cllrornatogr~ms.ll.~- ..lj,, 

Chromatograms of the analysis of one mistury only are placed on e-4 sheets of 
paper. FJnder sucl? conditions, particular components are separated into clearly 
defined .spots by the use of a larger quantity of a mixture of amino acids (0.3-3 mg) 
than in two-dimensional paper chromatography. This enables us to detect components 
occurring in a quantity of a few pgS as well as those occurring in excess (> 3oo pg). 
The results depend on the selection of suitable solvents. In the present work, two 
solvents, 10 o/o ethanotand 10 o/o ethanol with I ml of I N hyc2ro’chloric acid, were used 
for separating amino acids on the column; the cluate was collected on 4 sheets of 
paper. The chromatograms were subsequently developed with methanol by the as- 
cending method. Quantitative values’ of’ particular components were determined by 
the method of elution and calorimetry developed by I<Av~~> a&6. 

This m,ethod is easier in practice compared wi$h the procedure previously 
describeds, since it does not require a concentration gr%dient of solvents and gives a 
more accurate separation of neutral amino. acids. In particular, glycine separates 
from serine and phenylalanine from methionine, while ~ proline and hydroxyproline 
appear at 
as there is 

With 

some @stance from the remaining neutral amino acids. This is important, 
only sl_ight staining of imino acids with ninhydrin. 
the intention of separating as many components as possible during a 
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single analysis, we conducted the clcvelopment on a column over a r3-day period, 
collecting the eluate on 4 sheets of paper. This long developing period is, however, 
used simultaneously for making larger numbers of serial analyses. By means of an 
appropriate device, an eluate from 10 or even more columns is simultaneously 
placed on particular paper sheets. 

In addition to amino acids, the spots of new cornpour& denoted by Fig. 3-5 
were discovered on chromatograrns of urine and other biological fluids, this enabled 
us to begin their identification. Preliminary investigations, would indicate that 
some of these spots come from amino alcohols, amino sugars and peptides. 

SUMMARY 

The systems of solvents and the procedure have been elaborated in order to obtain 
two-dimensional chromatograms of amino acids by the combined column-paper 
chromatography method. The eluate from the columns was directly placed on sheets 
of paper by means of appropriate apparatus. Chromatograms were obtained for a 
quantitative determination of amino acids contained in blood, urine. and cerebro- 
spinal fluid. In addition to amino acids, clearly separated spots of other amino deriv- 
atives, such as peptides and amino alcohols, were als:,o obtained on chromatograms. 
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