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INTRODUCTION 

The use of unidimensional chromatography is seldom sufficient to resolve 
complex mixtures of naturally occurring amino acids. Even with two-dimensional 
chromatography it has not hitherto been possible to separate all the common amino 
acids satisfactorily on one chromatogram. 

Over the past few years much work has been carried out on the application of 
thin-layer chromatography to the separation of amino acidsl-7. However, despite the 
superiority of this technique over paper chromatography, great difficulty has been 
encountered in separating adecluately all the natural amino acids on a single chroma- 
togram. In particular, the pair of amino acids leucine/isoleucine have rarely been 
resolved under such conditions. Nevertheless, by the use of a series of different solvent 
pairs and chromatograms, it is possible, by successive partial separations, to analyse 
a complex mixture. This technique. was employed by FARMY, NIEDERWIESER, PATAW 
AND BRENNER~, and also by VON ARX AND NEWER~. The properties of filter paper and 
cellulose powder resemble each other in that chromatograms run on these two solid 
phases may be developed l-111 na.rti+ion chroma.tnrzra.l->hv: Solvent svstems which are -= I __ __ __ _ __. __-_ ---_I__ (3--_1---,’ -r’ - - ----- ----_- 

capable of separating amino acids on paper are also effective for their separation. on 
thin layers of cellulose, the latter separation being usually superior because of the 
inherent advantages of thin-layer chromatography. 

Some success has previously been achieved in separating the amino acids 
leucine and isoleucine by paper chromatography*. Because of this, and the fact that 
TEICWERT et a,?.“, WOLLENWE~ER~, and VON ARX AND NEHER~ have shown that thin 
layers of cellulose may be applied to the separation of amino acids, cellulose powder 
was chosen as the adsorbent in the present work. This paper describes the unambig- 
uous separation of 23 amino acids which are commonly 
preliminary report of the work has already appeared!. 

present in proteins. A brief 

EXPERIMENTAL 

Materials and eqa4ij!waant 
B@@zent. Throughout this work Shandon** equipment was used, the layer- 

spreading equipment being particularly useful because it enables layers of adsorbent 
slurry to be spread on to glass plates of different thickness at the same time. 

* Present address : Research ancl Development Dept., Colgate-‘Palmolive Ltd ,, Manckcstor 5, 
England, 

** Shandon Scientific Co., 65 Pound Lane, London, NW IO. 
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Rdsorbmt powder. The thin layers used in the present investigation were pre- 
pared from Cellulose Powder MN 300 manufactured by Macherey, Nagel & Co.* 

Standard sohtions. Standard amino acid solutions were prepared as suggested 
by SMITHY Sufficient of each amino acid was accurately weighed out to produce a 
r\ I\e n/r er\irq+;mr, ;*, -d -1 nc On..ar\.,C -lAmmm_n_Ai fTn O/ .,I.,\ TLn m.*CIH*:*;a.T .Tc “-:“n “.“a -c** D”IlAbI”IL ALI& YJ AlAL “1. Uy,Ul;i”U3 ~~“ycur-~-“~ \A,” ,o, v, v,. 1. .lLLc L~LLCbll.LAl.l.lF3 “1. CL~LULI” 

acids were dissolved in LO-IS ml of the propan-z-01 solution with the addition, if 
necessary, of the minimum quantity of hydrochloric acid to dissolve those amino 
acids insoluble in water. The final volumes were then made up to 25 ml. 

Ninlzydrin-collidi~ae clzro~qsnic reage&This reagent was similar to that used by 
RRENNER AND NIEDERWIESER~. It consisted of ninhydrin (0.3 g), glacial acetic acid 
(20 ml), and collidine (2,4,6_trimethylpyridine) (5 ml) in sufficient ethanol to produce 
a final volume of zoo ml. 

Solvents jar chromatogra$%ic doveio$meutt. All solvents used in this work were of 
Analar grade* *, with the exception of tert.-butanol, which was GPR grade**. 

PREPARATION OP CELLULOSE THIN LAYERS 

TRUTER~’ states that slurries of cellulose may be obtained by dispersing cellulose 
powder (I g) in acetone (6 ml). However, thin layers produced in,this way were found 
to be thicker than those produced from water slurries of cellulose powder, and they 
also adhered to glass less firmly. They had the further serious disadvantage that when 
samples, in aqueous solution, were applied to the layer, fissure occurred around the 
circumference of the sample spot during drying thus isolating the spot from the rest 
0% the layer. 

The most satisfactory thin layers: .of cellulose powder were produced in a 
manner similar to that employed by VON ARK AND NEWER’. A quantity of cellulose 
powder (IS g) of MN 300 was slurried with a mixture containing 70 ml of water and 
IO ml of ethanol. v--- 2.1_2- 

.rrw111 UllS rlu”IllAliy ul. slurry IlVL 20 x -20 CiiI. glass phtes 
-.___-A2L__ -.c -l--m--, c_.= .*.^I^ 

WC&C 

coated with layers of slurry each 300 ,LJ in thickness. When the surfaces of the thin 
layers became matt (this occurred after about 20 min), the plates were transferred to 
a chromorack and stored overnight at room temperature. 

During this time the cellulose thin layers came to equilibrium with atmospheric 
moisture at room temperature. This is important, since cellulose layers as used, 
constituted partition chromatographic systems, the water adsorbed on the layers 
acting as the liquid phase on a solid cellulose support. RANDERATW~~ correlates paper 
chromatography and cellulose thin-layer chromatography with partition systems. 

The final thickness of a cellulose thin layer (when dry) is much less than the 
initial thickness of the layer, when water is used to form the slurry. Layers initially 
spread to a depth of 300 ,u .produce cellulose layers only IOO ,u thick when dry. 

DEVELOPMENT OI: TWO-DIMENSIONAL CHROMATOGRAMS 

_C;ampl~ q-&s were CQ p&&p_& ~fl, thin_ ]ayer.~ that &v&nmenC r------ - 
dimension was always “along the grain” of the layer, thus maintaining 

’ procedure (see 

* Machcrey, 
*+ Hopkin 19 

of the first 
a standard 

Fig. I). Amino acid solutions, I ~1 or less, were placed on the thin 

Nagel & Co., agents Camlab (Glass) Ltd., Cambridge. 
Williams Ltd., Freshwater Road, Chadwcll Heath, Essex. 
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” Fig. I, Two-dimensional thin-layer chromatography on cellulose thin layers. 
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Fig. 2, Amino acid separations on thin layers of cellulose powder. I = leucine; 2 = isoleucine; 

2 
= plzenylalanine; 4 = valixie; 5 F nietlrionine; G = tryptophan: 7 = z-amino-?z-butyric acid; 
= tyrosine : g = a-alanine : IO = prolinc ; I I = glutamic acid; I 2 = aspartic acid ; s3 = hydro- 

xyprolinc: 14 = threonine; 15 = glycino: I$= serine; 17 = glutamine; 18 = argininc; Ig e= 
taurine ; 20 = lysine; 21 = ornithine; zz = histidine; 23 = cystcic acid; 24 = cysteine. Solvents: 
1st dimensicx I pmpsr?-?-&fn~mic _?r_i&w&er (40: 2 1 TO, v/v) ; 2nd dimension: levl.-butanol- 
methyl ethyl ketone-o,88 NH,-water (50: 30 : IO : IO, v/v). 
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layer, using 1-p1 capillary tubes, at a point 1.5 cm from the two edges of the layer in 
the bottom left-hand corner of the plate. Each spot was dried in a stream of warm air 
after application to the layer. The solvent for development’ in the first dimension 
consisted of propan-z-ol-formic acid-water (40 : z : IO, v/v)‘, The thin layer was placed 
into a tank immedrateiy after the soivent had been added, so that the tank atmosphere 
was not saturated with solvent vapour prior to development, This was found to be 
important with both solvent systems if good separation of the amino acids was to be 
obtained. Ascending development of the chromatogram was allowed to continue at 
room temperature until the solvent front had travelled a distance of 12-13 cm above 
the origin (initial sample spot position). This took place over a period of approx. 3 h. 
The solvent was blown off the layer with warm air until no odour of formic acid could 
be detected. The latter process required 3-4 min. 

It was found that an undulating yellow-coloured band, caused by impurities, 
was formed along the solvent front. This yellow band held back the solvent front, 
during development in the second dimension, along the portion of the thin layer 
which was covered by the band. However, it was possible to isolate the yellow band 
from the portion of the layer carrying amino acids by breaking the layer, with a 
scribe, along a line parallel to the edge of the glass plate, just below the yellow band, 
as illustrated in Fig. I. 

7% R CFIP~~ rl cnlv63nf a. A&” UYYVILU UVI” V’A”, 2 mfdifirat-inn n$ nno nC j-h!: wblx7on1cc ilcwiwwl by BQIs- **&vuIa*YuI*vIL VI VII” _I ..-a . “IIVY YV . AU”_ 

SONNA@, consisted of tevt.-butanol-methyl ethyl ketone-ammonia (o.88)-water 
(so: 30: IO : IO, v/v). Once again the plate was developed by the ascending technique 
until the solvent front was 12-13 cm above the origin, which occurred in this case 
over a period of about 2.5 11. Excess solvent was removed from the layer by warm air 
until no odour of solvent could be detected. 

DETECTION OP AMINO ACIDS ON TWIN-LAYER CHROMATOGRAMS 

After “two-dimensional development, the amino acids on the chromatograms 
were detected by means of the ninhydrin-collidine chromogenic reagent. The reagent 
was sprayed on to the thin layers, which were then held in a stream of warm air. 
I-Ieating &as continued until coloured spots, denoting the 
appeared. As each coloured spot appeared its centre was 
culation of the RF values. 

positions of amino acids, 
marked to facilitate cal- 

PAPER CWROMATOGRAFWY 

Although this paper is mainly devoted to work carried out by thin-layer 
chromatography, it is of interest to mention that the solvent systems used for the 
development of two-dimensional thin-layer chromatograms were also successfully 
applied to amino acid separations by paper chromatography. Using IO-in. sq. of 
Whatman No. I paper, conventional two-dimensional ascending chromatography was 
#.#.“..:,d A..& . ..i&t. IL, “..Srn_ nnl.rr\"C ~~%.Cca-C 2s ,dse6 for Cl*;",lc\T,mr ~Lw-r\moCr\cte.cl~h~7 l;iaLJIt;u. “Ul, WLLll, LI1L 3cL.l,l.!z B”l”GJIL JyJL=&LLJ l.,A1LI 4.ay-A ~Lu"IL+Cl,lr"~~L~~LLy, 

Thd times required were 8 h for the development of the first dimension and 5 h for 
the second dimension. Good separations of the amino acid pairs leucine/isoleucine, 
valine/methionine, and glycine/serine were produced, but the overall separation was 
inferior to that resulting from thin-layer chromatography, 

J. Chromalog., 24 (1966) IO&III 
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TLC OF NATURAL AMINO ACIDS 

RESULTS 

The colours of the amino acids produced by the ninhydrin-collidine chromo- 

III 

genic reagent and their Rp and RI ,eucfne values in both dimensions are given inTable I. 
7’11~ rnlnllrd cnnf aricina frnm +hrr, nrcw.xtstlpa nf Chrennino annnarnil nnl~7 cln~x~ltt QC t-Iii4 . ..a..- VVIVUIVU Yyw" c"..'u'aa~ .x.a."vIII "II" ~&YYY~~"" "I "III""L~*LIY cuyy Vv.G&.dk.& vrary .QlL"""~J) Gba UIU 

those for other amino acids when present in small amounts (less than I ,ug). The 
identification of several amino acids, e.g. proline, histidine, was made easier by the 
fact that they produced characteristically coloured spots, 

The quality of any separation cannot be judged purely from a knowledge of the 
RF values of the spots, because it is the actual size of the spots which determines the 
true effective separation of neighbouring spots. Fig. z shows the actual sizes of the 
spots and the effective separations produced by thin-layer chromatography. 

DISCUSSION 

The results of the presents work show that twenty-three naturally occurring 
amino acids have been unambiguously resolved on a single thin-layer chromatogram. 
It has not been possible in the past to achieve this. Even pairs of amino acids, which 
have previously been troublesome to resolve when present at the same time, such as 
leucine/isoleucine, valinelmethionine, and glycine/serine are among the .twenty-three 
amino acids separated. 

The necessity for the tank atmosphere to be unsaturated with respect to solvent 
vapour before development of cellulose thin-layer chromatograms was stated by 
VON ARX AND NENER~ and has been verified by the present work. Indeed prior satura- 
tion of the tank atmosphere resulted in inferior separations of the amino acids being 
produced. 

The thin-layer technique which has been described has been used satisfactorily 
fnr fhn nnllvciC nf nrirl-hvrlrnlva=d nenfir1e.a nnil A~c~l+erl m-inrJ cnmnlpc ___ “__.e -“L’J-‘- _a I___ “J-‘.s’J . ..v- I-r “..__W -I_- --_sc”..r-- I* ---w -..““-I __I. 

SUMMARY 

Using a two-dimensional thin-layer chromatographic technique, with thin layers 
of cellulose powder, twenty-three naturally occurring,amino acids have been separated 
unambiguously on a single chromatogram. The separation takes only six hours and 
includes a resolution of the amino acids leucine and isoleucine. 
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