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THE INPLUENCE 01; PEPTIDES ON THE ANALYSIS OF AMINO ACIDS 

BY THIN-LAYER AND ION-EXCHANGE CHROMATOGRAPHY 

J, G. HIZATI-ICOTE, B. J, ICEOGI-I AND R. J. WASI-IINGTON 

Dcjxa~dwmrrl of Biochemislry. Univcvsity of Snlfovd, Salfovd (Gvoal BvPlain) 

Tile dcgrce of sensitivity arid of resolution of amino acids tliat is possible on 
cellu1osc powder makes thin-layer chromatograpl~y an ideal system for the analysis 
of protein hydrolysatcs. Its application to biological fluids 1s frequently unsatis- 
factory, even wllcn salts have Becky removed, owing to the prescncc of peptides. The 
latter may also give rise to ambiguities between amino acids and peptidcs in the ion- 
escllangc analy& of such fluids, This paper describes llotv some of tllese difficulties 
can be minimised by tllc USC of both tcclmiqucs concurrently, 

INTRODUCTION 

The analysis of amino acids is one of the most important fields of biochemistrv 
because of their widespread occurrence in all proteins and biological fluids. U&l 
a few years aw, there was no satisfactory mctliocl for the analysis of amino acids 
on paper, let alone on thin layers, On the qualitative side, tllere was no satisfactory 
pair of solvent systems available for separating all tile amino acids, including 
leucine and isolcucine, on the same sheet of paper in less than about 4 days. 

Pllenolic systems, first used by MARTIN AX’D SYNGE, arc still probably the most 
effective for the separation of amino acids. However, tlleir corrosive nature, the slow 
rate of development, the difficulty of removing all tile pllenol from the paper after- 
wards, and even the actual destruction of certain amino acids when heated with the 
phenol, all militate against its use. (Systems based mainly on the lower alcohols, 
methanol and ethanol, which have been used to overconic these difliculties, have al- 
most invariably resulted in more diffuse spots being formed.) Development with the 
covalent phase of such diphasic solvent systems as water-saturated pllenol or watcr- 
saturated butanol Ilave, furthermore, in-built instability and alter in composition 
with change of temperature. Monopllasic systems have always been found, in out 
espericnce, to be the most satisfactory in paper clironiatograpl~y. The use of such 
solvent systems cannot, of course, be described as simple partition chromatography. 
The solid phase plays its part and this becomes cvcn more evident when thin layers 
of cellulose are used. 

In order to utilize to the full tile property of differing ionic charges between 
the amino acids as well as that of differing solubility, we have always adhered to 
the principle of using an acidic solvent in one dimension and a basic solvent in the 
other -a fundamental principle first esploited most effectively by MARTIN AND 
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sssGls, but often forgotten 1,~’ later workers in their searcll for better systems. 
In the method whicll WC developcdl in q67 for the determination on paper 

of the free amino acids present in gastric juice, the separation was carried out in 
the first dimension by means of a prol’an-z-ol-water-anlrllollia system and in the 
second dimension with a butanol-acetic acid-water mixture. Later we used the im- 
proved solvent systems devised for thin-layer cllromatograpl~y (TIX)2*“. 
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Also, for quantitative work, there was no satisfactory staining technique 
that could he appliccl to the paper. Ninhydrin alone gave very poor results, wllich 
at best could bc used only as a semi-quantitatit?e estimate. 

However, the cadmium acetate-ninhydrin reagent of H@II.XIAX, ~AROLLIIXI 
ANI> ~VATZKEJ gave pink-colourcd compleses, which could be elutcd with methanol 
in an apparatus such as that shown in Pig. I. 

The great advantage of the paper tcclmiclue is thnt a very small amount of 
protein (about 250 ,q) can be analysed to a fairly high degree of reproducibility with 
the simplest of apparatus -a a littlc glassware and a colorimctcr, or even a pair 
of Nessler tubes, if a spectrophotonletcr is not available. Hence it is even possible 
for the analysis of a small peptide to be carriecl out wit11 reasonable accuracy at 
the senior lcvcl.. in a secondary scl~c~ol by this tcclmiclue, +vhich was fully reported 
earlie+. 

THIN-LASER CHROhIATOGRAI'H\' OF ARIINO ACIDS 

The success achieved in the analysis of amino acids on paper encouraged us 
to see if a similar separation and staining technicluc could be applied to thin layers 
of cellulose. 

\Vhcn we commenced this work in about I$+ some attempts had been made 
to separate amino acids on silica gel but had provecl to be unsatisfactory, Work 
had been carried out with cellulose powder by VON ARS AND NI’:HT:R~, by TISICHERT 
et nl.", WOLLENWEBER~ ancl others, but, despite elaborate multi-development, only 
the partial separation of some dillticult pairs of amino acids had been achieved. 

As a starting point, we set ourselves the task of developing a pair of solvent 
systems that would separate the most ditlicult pair of amino acids, leucine-isoleucine, 
on one two-dimensional plate. If this provecl to be successful, our further aim was 
to modify these systems in order to separate all the other amino acids that are likely 
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to be present in a protein hydrolysnte. Both aims were linally achievedS, and the work 
resulted in the separation of all the common amino acids, including cystinc, cysteine 
and cysteic acid, on one plate after a total development time of about 5-G 11. 

A typical separation is shown in Fig. 2, The method proved to be very useful 
and because of the greater sensitivity of TLC (10-100 times), we were e.utrernely 
anxious to make the method quantitative but WC realized that, for several reasons, 
considerable modilication would be required. One minor defect in the solvent system 
was that it relied on a slightly unsaturated atmosphere in the development tank 

OOriain 

2nd dlmcnsion b 

Fig, 2. Aniino acicl scprations on thin layers of ccllttlosc powdera. I = Lcucinc; 2 = isolcucinc; 
3 =t phcn~lalaninc: 4 = vnlinc; 3 = mcthionino; G = tryptophnn; 7 = z-amino-wbutyric acid; 
8 =f tproslnc: g = a-nlnninc: JO = proline; I I = &utomic acid; 12 = nspnrtic acid: 13 = hydro- 
syprolinc: 14 = tbrconine; x3, = filycinc: 10 = sorinc; 17 = ~liitnminc; 18 = w&nine: xg = 
tnurine* 20 = Ivsinc* 21 = ornlthinc; ‘22 = histicline: a3 = cvsteic ncicl ; 24 = cystcinc. Solvents : 
first cli*;lcnsion,‘;,rop;m-2-ol-forrllic acid-wntcr (40: a: IO); second dimension, levl.-buttlnol-methyl 
ethyl Itetonc-0.8s NH,-wstcr (30 : 30 : IO: IO). 

2nd, dinwnsion ,_. 
solvent Ho,2 

Fig. 3, Rfnp of G3 amino acids and related co~npounds scparatccl by TLCY (for key, see Tnblc 1). 
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Rfiv X 100 VALUBS OP AMINO ACIDS AND RELI\T&D COMPOUNDS ON THIN L,\YERS OF CELLUI.OSB 
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TABLE I (conlinucd) 

NO. A~uzino ncid IZV x I00 vnltce 

Solvclll Solvent 
No. I NO. 2 

:Js 
Ornithino 
lJil~ccolic acid :E 3: 

56 .Citrullinc I2 

;s Djcnltolic Pcnicillnminc ~~clcl 

33: 

9 15 5 
2: z,G-Dinminopimclic acid 16 

l?ormiminoglycinc 45 
IO I 

61 z,4-Dinminobutyric acid IO 
62 Clucoanmino 20 3: 
63 Epincphrina 51 52 

to achieve good separation (presumably slight cllanges towards a less volatile com- 
position improved the later separation of the more covalent amino acids), 

This rendered the solvent system slightly vulnerable to the effects of temper- 
ature fluctuations. 

A more serious drawback was the fact that, following removal_of the second 
solvent, a slight but variable pink background remained on the plate after staining 
with the quantitative reagent. This was traced to residual ammonia being left on 
the plate, presumably due to being trapped by trace amounts of strongly adsorbed 
formic acid, Reversal of the order of developing solvents so that this could not happen, 
however, resulted in much poorer separation, particularly of the leucines. When 
inorganic acids such as HCl were used instead of formic acid, this effect did not occur. 

Accordingly, a further study was initiated with the espress purpose of improving 
the JOXES AND HEATIICOTE~ system in respect of rendering the second solvent mono- 
phasic over a larger temperature range and therefore capable of operating in a closed 
system (saturated tank) .Additions of acetone and methanol, these compounds being 
completely miscible with water, were useful for this purpose. After many experiments 
in which one parameter was varied at a time, a qualitative system was finally cle- 
viseclfl that resolved 63 amino acids or related N-containing metabolites (see Fig. 3 and 
Table I), Of these 63 compouncls, only hydroxylysine and ornithine could not be 
separately identified by position alone. 

The range of compounds that can be identified on one plate has since been 
extended to 76 by making use of selective staining”. 

QUABTITATIVB ANALYSIS OP AMINO ACIDS 

In order to obtain accurate results in the analysis of proteins, it was necessary 
to obtain the masimum concentration of colour density and to adjust the positions 
of the more common amino acids so as to allow maximum separation. Further alter- 
ations in the composition of the second solvent were made, therefore, in order to 
produce a good system for quantitative analysis. 

The composition of the new solvent (No. z) was z-metl~ylbutan-z-ol-butanone- 
propanone-methanol-water-ammonia (sp. gr. 0.8s) (jo : 20 : zo : j : I j : 5). 



J. G, HEATHCOTE, B. J. XEOGH, R. J. WASHINGTON 

2nd dimension solvent NC?+ 

I:&. 4, Separation of a.lnino acids prcscnt in a gclntin h?;drolysatc. Kay: I-20 ixs in Trcblc I : 2 I =I 
nwtliionino; 22 = Iiyclr’osylplnc. 

Fig. 4 and Table II illustrate the results obtained with n gelatin hydrolysate. 
Consistently good recoveries were obtainedlm. 

Nowaclnys thcrc is a. tendency to inlagine that, provided that the worker has 
an automated ion-csclmngc column, the analysis of amino acids is no longer a problen~. 
This may be true of most prc~tcin h~drolysntcs, but in biologicnl fluids many am- 
biguities arise, and it is always useful to llavc an alternative, independent: method 
availnl3le. 

THIS ,\MINO ,\CID COIIPOSITION OF A GELATIN IIYDROLYSATE UY THIN-LAYER AND ION-B.XCIIANGI 

CtIROblATOGRADI-IY 
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003 0.3 0.73 
1x5 I.4 I.2 J 
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34 
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0.9 
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243 2.0 2.5 

342 3.6 3.1s 
1,s 2.2 2.2 

,“:z 
o-4 
3.5 5:; 
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INFLUENCE OIZ I’IWI’IDES ON THE ANALYSIS OF AMINO ACIDS IN BIOLOGICAL FLUIDS 

One of the main dit?iculties in nnalysing amino acids in biological fluids by 
paper, and thin-layer, chromatography has been the distortion of the pattern of 
separation which has rendered quantitative determinations unsatisfactory. This 
has generally been regarded as being due to the presence of salts, but a more serious 
interference is usually caused by the presence of peptides in biological fluids. Some 
of these difficulties, aud a method for removing the interference, are described in 
more d&ail in the follokng paper. This has bccen cscmplilied by a study on the 
protein-free filtrate of gastric juice*“. 

However, some of the ambiguities in the analysis of biological fluids for amino 
acids by ion-exchange chromatograpl~y may also arise from tllc prescncc of unknown 
(and often unrccognizcd) peptidcs in such preparations. In order to obtain some 
information on this problem, we recently initiated a stuclg of the bellaviour of some 
small (chiefly di-) peptides in both thin-layer and ion-eschangc chromatography. 
A preliminary report has already been publislled13 arid the results show some very 
interesting conclusions. Uricfly, the main Gnclings are as follows. 

The RI** values for any series of dipeptides of constant N-terminal residue were 
influenced by the nature of the C-terminal (amino acid) residue (Kg. 5), For a con- 
stant C-terminal residue, the RP values tended to increase as the N-terminal amino 
acid increasccl in molecular size. TIE efkct, which is observed also with simple 
amino acids, is probably due to the increase in solubility in the mobile organic phase, 
which is brought about by the increasingly covalent character of the N-terminal 
amino acid residue. 

The N-terminal amino acicl appears to exert an appreciable influence on the 
observed colour of the cadmium-ninhydrin comples formed by a peptide. For esample, 

I , 
0 lb 20 30 do 50 60 70 80 go w, 

2nd dimension solvent No.2 
1 

Fig, 5, Map of modal pcptidcs aftor chromntography on thin layors of cellulose (for Itcy, sco 
Tnblo IV) I 
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all the peptides with a glycyl N-terminal residue were found to give a yellow colour 
similar to proline with the detection reagent, Again. when the positions of tllo N- 
terminal and C-terminal rcsiducs are rcvcrsed in a dipeptide, the observed colour 
is determined by the nature of the new N-terminal amino acid residue. (The peptides 
that contain proline seem to be an csception, see Table III.) 

TABLE II1 

INFLUENCE OF N-‘JXRhlINAL AMINO ACID RRSIDUB ON ‘I’IIE COLOUR OF TIIl% CnDLlIUM-NIN~IYDl(IN 

conIri,mz 
- 

Peptide Colorrr~ PLptiilc Colorer 

Gly-Ala (l’xo) Scllo\\ 
Gly-Val (Pm) Yellow 
Gl y-Lcu (PI 5) \‘CllOW 

Gly-Sor (PI 5) S’cllO\\ 
Gly-Pro (PI 7) scllow 

.-Un-Gly (1’4) 
Val-Gly (1’27) 
Lcu-Gly (Pzz) 
Scr-Gly (Pas) 
Pro-Glp (Pz.1) 

l2ccl 
I2ccl 
IZCCI 
Orange 
hInuvc 

The magnitude of tlw colour yield also seems to \IC influenced by the N-terminal 
residue. In the case of the N-tcrminnl valyl pcptides, the colour yields are so low that 
such peptidcs would not easily be detected in the routine TLC analysis of biological 
fluids. 

Table IV sl~ows tlw retention factor, R,IN, and colour yield for each peptide 
at the standard (Teclinicon) wavelengths of 440 and 570 nm, The corresponding values 
for many common amino acids are included for comparison ancl a diagram showing 
the relative positions of some of the eluted peaks is given in Fig. 6. 

The orcler of elution of the dipeptides from the column was almost invariably 
governecl by the C-terminal residue. Thus for the series of dipcptides with N-terminal 
glvcine, the order of clution is the same as that for the C-terminal amino acids aspartic 
a&d, glycine, alanine, vnline, tyrosine and lysine. The peptidcs glycylserine and 
glycylproline occupy unespectecl positions. 

All the peptic& csamined were retained on tllc column much longer than the 
amino acid corresponding to the C-terminal amino acid, and increasing retention 
occurrccl with increasing complesity of the molecule and especially of the N-terminal 
residue. 

The colour yields of the valyl peptides are very low and column loadings in 
escess of 0.5 ,/lmole were needed in order to obtain satisfactory peaks. Such peptides 
would not be readily detcctcd in the routine analysis of a biological fluid, The di- 
pepticles prolylglycine and alanylproline do not have any detectable absorption at 
wavelengths of 440 and 570 nm and consequentlv no position of elution can be re- 
corded. In contrast with alanylproline, valylprol~ne has an appreciable colour, 

It can bc seen from Table IV and also Fig, 6 that many peptides have elution 
positions that coincide with the more common amino acids and these coulcl readily 
be mistaken for the latter without the corrective acljunct of TLC examination, 

The dominant role of the N-terminal amino acid in determining the colour, 
nature and intensity of the cadmium-ninhydrin comples on TLC is not so evident 
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TABLE IV 

ELUTION PATTERN OF ,wINo ACIDS AND PEI’TIDES ON ION-EXCIUNGE RBSIN (TIQXINI~ON) 

Peptide or 
amino acid 

RMI x Co1~rwr.n Peal6 ayeab CoIow yield 
IO0 toadigy 

(~CmO1es) 440 nm 570 nm (tlea pev 16mole) AYea at 570 mn 

440 nm 570 nm Area at 44onm 
-- 

Aspartic acicl 
Thrconinc 
Scrina 
Glutamic ncicl 
Prolinc 
Glycinc 
Gly-Scr 
~Alaninc 
t\ln-Asp 
Gly-Asp 
Ala-Scr 
Gly-Gly 
Scr-Gly 
Glu-Ala 
Ah-Gly-Gly 
Vnlina 
Ala-Glu 
AbGly 
Cystina 
Vnl-Scr 
Mcthionino 
Aln-Aln 
Gly-Gly-Gly 
Gly-Aln 
Vnl-Glv 
Isolcuc’inc 
Vsl-Aln 
Vnl-Gly-Gly 
Laucinc 
Gly-Vnl 
Lcu-Ala 
Gly-Pro 
Pro-Glyn 
Ala-Prolb 
Tyrosinc 
V&Pro 
Plianylnlanine 
Lcu-Vnl 
Vnl-Vnl 
Lcu-Gly 
Gly-Ila 
Gly-Lau 
Val-MaL 
Vnl-Lcu 
Gly-Tyr 
Vnl-Tyr-Vnl 
Val-Tyr 
Aln-Pha 
Vnl-Phe 
Lysinc 
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Gly-Lys 
Vnl-TI’p 
Arginlnc 
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1% 
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PI2 
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2 
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Pa I 
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in ion-eschange cllrolnatoffrapll~, in whicll ninhydrin nlone is used. It is not known 
which factors otlwr than the metal ion play id part in the peculiar colour fornintions 
observed on TLC but, undoubtedly, tllc variations in colour given by peptides 
could lx useful guides to sequence structure in simple peptides. RI.* values alone are 
insuilicient to cltarnctcrize peptides, and formulae designed to predict molecular 
structure by determining smnll incremental cl~angcs in these values are notoriously 
unrelial~lc. However, XI.* values could lx valuable guides to structure if taken in 
conjunction with the colour of comples mcl the retention factor Rrlll in a well tried 
ion-csrllnngc s)tstem. The resolution achieved by the amino acid AutoAnalyzcr was 
probably better for the \*alyl and lcucyl peptides than that given by TLC, in which 
the pcptides have high RI.- values in both solvent systenls. It is concluded that c?. 
ccmbinntion of TLC and ion-csclmnge analysis is cstrerncly useful for the detection 
wd detcnnination of small unknown peptides. 

Thcrc is WI undoubted advantage in TLC work when only a. small amount 
of protein is a.vnilablc for nnal\*sis. A sample of 15 ,q of protein hyclrolysate should 
be ndcqmte l>y clcnsitomctry with tllc Jovce-Loebl Chromoscan, where at least 
500 ,~g would lx required in the standarcl ‘ion-csclwngc column technique, WICII 
an automatic column method is avnilable, the TLC method provides a useful rapid 
cl~ccls of the concentration of sample to be loadccl on to the column, Numerous samples 
of biological fluids cm be analysed by the TLC xmtlmcl at my given time. Frequently, 
as with scrccniiig tests for ~mthfJhgiCd Grilles, OIlly ii Snldl pmX?nt~gC Of S~n@S 

is required for quantitative analysis. 
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DISCUSSION 

MAIS: I>!‘. I-IEATHCOTE ~p~k! abOUt a cast ill WhiCll solllc sohtes (]qItidCS) 

carry along other solutes (free amino acids) to positions different from those in pure 
solutions. It may be of interest, in this connection, to recall an idea espressed by 
the originator of cliromatcgraphy, the centenary of whose birth we have been 
celebrating recently. In his I~IO monograph, “Chromophylls in the Plant and 
Animal World”, when discussing the resolving power of his method, M. S. TSWTT 
considered the possibility of the formation of complescs AA, Bl3 and Al3 from the 
components (A and U) of a misture. He admitted that such a phenomenon (similar 
to the case of eutectics in distillation), if it actually took place, would greatly com- 
plicate the separation ; various separation methods should therefore be cross-checked’. 
It is remarkable that TSWIZTT did not refrain from waging such an important ob- 
jection against his own cherished method, which, if found to be of general validity 
and importance, would greatly limit the applicability of the teclmiquc. Fortunately, 
this is not the case, as shown by the present spread of chromatography, Never- 
theless, as shown in Dr. HDATHCOI'E'S paper, there2are instances in which mutual 
interaction of the solutes may cause complications, thus justifying TSWETT'S 

caution. 


