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SUMMARY 

A simple and accurate method has been devised for the quantitative analysis 
of protein hydrolysates using thin-layer chromatography. Ninhydrin-cadmium 
acetate is the staining reagent and, using reflectance densitometry, calibration graphs 
have been drawn for t\venty-two naturally occurring amino acids, The equationof 
the line for each amino acid has been calculated and used for the determination of 
the amount of amino acid present in protein hydrolysates. The results obtained agree 
well with those obtained by the ‘Technicon’ Automatic Amino Acid Analyzer and 
with those given in the literature. 

lNTRODUCTIOS ” 

Several methods are available for the quantitative evaluation of thin-layer 
chromatograms. Methods involving direct, igz sitfc, determination of the compounds 
on the TLC plate are simpler and less tedious to carry out than determination after 
elution from the adsorbent. The most simple direct methods are those relying on 
minimum spot visibility1 and measurement of spot area2-4, which do not require 
an cspensive instrument in order to obtain favourable results. However, a method 
which depends on both the area and on the intensity of colour is preferable to a 
method depending on only one of these parameters, as is the use of an instrumental 
method of determination which does not depend on subjective measurement, 

Because of its simplicity, densitometry has recently been employed by several 
authors5-’ for the quantitative determination of substances resolved by TLC. The 
results obtained by the above authors have shown the method to be both efficacious 
and reproducible. 

In Part I (ref. 5) of this series of papers we described an improved method for 
the separation, on thin layers of cellulose, of forty amino acids and related compounds. 
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The present paper describes a method for the quantitative determination of amino 
acids in protein hydrolysates by direct reflectance densitometry, after their separation 
using a modification of the solvent system used in Part I. In order to give stable and 
reproducible colours tile detection reagents are supplemented with a salt of the 
complex-forming cation, Cd 2+. A total of twenty-two compounds have been examined 
and standard calibration curves have been prepared. The standards have been used 
to determine the amount of each amino acid present in samples of hydrolysed protein. 
The results obtained coppare favourably with those obtained from ion-exchange 
analysis and also with the values given in the literature. 

ESPERIM ENTAL 

The thin-layer equipment used throughout this work was supplied by Shandon’. 
The solutions were applied to the thin layers by means of capillary pipettes (Micro- 
caps) l l of I ,ccl capacity. The automatic recording and integrati.ng double-beam 
reflectance densitometer, “Chromoscan”, with thin-layer attachment was used for 
the quantitative evaluation of thin-layer chron~atogran~s”‘. The results obtained by 
densitometry following chromatographic separation were compared with those ob- 
tained by ion-exchange chromatography using the Technicon§ automatic amino acid 
analyser. 

Materials alzci? methods 
Adsorbent, Cellulose powder MN300 (witllout binder)55 washed by the procedure 

given in Part I (ref. 8) was used. 
SoLvents. The solvents@5 used throughout this work were of Analar grade with 

the exception of z-methyl-2-butanol (G.P.R.) and butanone and propanone (M.F.C.). 
Awzino acids. The amino acid9 used were the natural L-forms with the ex- 

ception of or_-threonine and Dr_-serine. 
Proteins. The casein was supplied by British Drug Houses, Laboratory Chemi- 

cals Division, Poole, Eng’land (Package No, 01s)7143). The ash and moisture contents 
were found to be r,c~O/;‘, and 4.8%, respectively. The gelatin was a good grade, acid- 
processed gelatin of high viscosity kindly supplied by Messrs. B. Young and Co. Ltd., 
Bermondsey, London. The ash and moisture contents were determined by analysis 
to be 1.20/O and I~.o%, respectively. 

Prefiaration of celldose tlzi9a layers. Plgtes (20 x 20 cm) were spread with 
washed cellulose using the equipment supplied by Shandon and the procedure 
described in Part I (ref. 8) of this series of papers. 

Standard sohctiom. Stock solutions of amino acids (0.025 M) were made up in 
aqueous 2-propanol (10%) as directed by SMITH I). These stock solutions were diluted 
stepwise to o.ooo5 M as required; when not in use, they were kept in the refrigerator. 

l Shanclon Scientific Co. IAtcl., G5 Pouncl Lane, London, NIV-IO, Great Britain. 
l * I>rummoncl Scientific Co., Philadelphia, Pa., U.S.A. 

l *’ Joyce Locbl and Co. Ltd., Gc7tcshcad-oll-Ty!ic, Great 13ritain. 
5 Tcchnicon Instrumimts Co. Ltd., Hanworth Lane, Clwrtscy, Surrey, Great 13ritain. 
111 Rlachcrcy Nagcl and Co. Ltd., Agents Csmlnb (Glass) Ltcl., Cambridge. 

190 Hoplcin and Williame Ltcl., l+eshwatcr Roacl, Chnclwcll Heath, Esscs. 
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Afij?b!icatiou of solzctiom to the t,‘zi?z layers. The starting point, I.5 cm from the 
edges of the layer at the bottom left-hand corner, was positioned by marking the 
edges with a soft pencil. Care was taken not to disturb the surface of the layer in 
order to prevent distortion of the spots during chromatography. The limit of the 
solvent front (13 cm from the origin) in each dimension was marked in the same 
manner. To keep the area of the initial spot constant, the whole of the volume (I ,ul) 
of solution was applied at once. This was accomplished by lightly touching the layer 
with the tip of the capillary tube. When it was necessary to apply volumes greater 
than I ,ul, the solution was applied successively in I ,x1 portions. Between each appli- 
cation, the spot was dried in a stream of warm air. 

DeveZo,$mem?. In Part I of tl$s series of papers, after much esperimentation, a 
solvent system was chosen which was capable of resolving large numbers of amino 
acids. However, in quantitative work it is not always necessary to make this factor 
the most important one since, in any particular protein hydrolysate for esample, 
one can expect there to be fewer than twenty of the common amino acids present. 

For the quantitative work, which will now be described, it was necessary to 
aim at producing the most concise spots as well as achieving adequate separation. 
The solvent system finally cliosen in Part I was used as a basis for this work and 
indeed the solvent for development in the first dimension could not be improved upon. 

The solvent systems used were: z-propanol-butanone-1 N hydrochloric acid 

h?p X 100 VALUES 012 PRO*rISlS AMINO ACIDS ON ThIN LAYERS 012 CELLULOSE 

Solvent systems : 1st clin~cnsion : 2-propnnol-b~itarlo~~~- t iV l~yclrocliloric acid (60 : 15 : 25). Zlltl 

clinicnsion : 2-rncthyl-2-butaxiol-butrr~~onc-propanonc-~~~~tl~anol-watcr-a~nn~onia (0.88) (50: 20: 
10:5:‘15:5)* 

1 .4laninc 57 KY 
2 Argininc 19 s 
3 Aspartic acid 4s 2 
4 Glutnmic acid 56 2 
5 Scrine 39 2 3 
0 Clycinc 37 14 

z 
l’hi2oninc 51 4s 
Valinc 79 3.5 

9 Isolcucinc 90 51 
IO Lcuciric 90 5s 
11 Histiclinc II 21 

I ‘2 Lysino lb *3 
13 Phcnylalaninc 52 55 
14 Tyrosinc 72 27 
1s Tryptophan 70 49 
rG . Prolinc 58 3. -4 
17 Hyclroxyprclinc 48 12 

I8 Cysteinc 12 5 
19 Cystixlc 6 
20 Cysteic acid 53 : 
21 Methionine 78 41 
22 Ilyclroxylysinc IO =4 

. 
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(60 :'I5 : 25) for development in the first dimension, and z-methyl-z-butanol-buta- 
none-propanone-methanol-water-ammonia (0.88) (50:20 : IO :5 : 15 :5) for develop- 
ment in the second dimension, 

Development in both dimensions was carried out in a saturated atmosphere 
e.xactly as described in Part I. The RI,? values for the protein amino acids are given in 
Table I. 

Clz~omo~e~zic reag’e&s. The ninhydrin-cadmium acetate reagent is similar to the 
one used by HEATHCOTE AND WASHINGTON l”, for the determination of amino acids 
on paper chromatograms. For consistent results it was desirable to raise the concen- 
tration of acetic acid in the reagent .above that employed by the above authors as 
this gave the comples greater stab&y. KRAUS+* employed 5% acetic acid in the 
reagent but we found that 4% acetic acid was sufficient to give reproducible results. 

The reagent was prepared by dissolving 0.5 g of cadmium acetate in 50 ml of 
water to which 20 ml of glacial acetic acid had been adclecl. Propanone was then 
added to bring the total volume to 500 ml. Portions of this solution were taken before 
use and sufficient solid ninhydrin was added until the final concentration was 0.2~~~ 
(w/v). The colour was developed by heating the plates, after spraying with reagent, 
at 60” for 15 min. Consistent results were obtained by allowing the heated plates to 
stand in the dark for 4 h prior to scanning. 

Isatin-cadmium acetate was used for the detection of proline and hydroxy- 
proline since these amino acids give yellow colours with the above reagent. It was 
prepared by adding 0.2 g of isatin to IOO ml of the above stock cadmium acetate 
solution. The colours were developed by heating the sprayed plates at go0 for IO min. 
The plates were then stored in the dark at room temperature for I 11 before being 
scanned. 

’ The above spray reagents were applied to the thin-lay& plate using a Shanclon 
atomiser at a distance of 30 cm until the plates just appeared translucent, e.scess of 
reagent being avoided to preclude any diffusion of the amino acid spots. 

A separate plate was used for the determination of proline ancl hydrosy- 
prolinc as this led to more consistent results than did overspraqing the ninhyclrin 
reagent with the isatin reagent. 

Hydrolysis OS jhroteins. The protein (IO mg) was hydrolysed at IIO’ with G N 
hydrochloric acid (2 ml) for 24 h in a sealed tube under an atmosphere of nitrogen. 
After this time the hydrolysate was evaporated i~t vawo to dryness. A few milliliters 
of water were added and the solution was again taken to dryness. The process was 
repeated twice in order to remove most of the hydrochloric acid. 

Dcnsitometry. The characteristics of the Joyce Loebl “Chromoscan” densito- 
meter have been discussed by DALLAS’ and by SHELLARD AND ALLA&P. 

Throughout this work the conditions of operation of the instrument were 
standardised in order to make the procedure as simple as possible. Thus, since the 
ninhydrin-cadmium acetate reagent gave a red colour with most amino acids, a 
light filter of 490 nm was used to give maximum absorbance. Likewise for the blue 
complex produced by proline and hydroxyproline with the isatin-cadmium acetate 
reagent, a filter of wavelength 620 nm was used. The aperture used throughout was 
1005 (IO mm x 0.5 mm) slit, and the gear ratio was I :2. In all cases the direction 
of scan was opposite to the direction of development in the second dimension. The 
recommendation by DALLAS’ to place two thicknesses of Whatman No. 3MM filter 
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paper immediately behind the plates was adopted throughout the work. The inte- 

grator on the instrument was not used because we could not obtain consistent results 

even when scanning the same spot. Instead, the area under the densitometric curve 

was obtained from the product of the altitude and the width of the curve at half 

the maximum height. 

RESULTS AND DISCUSSION 

Pre$aration of stamzdard cwves 
After separating mixtures of amino acids by the above procedure, each plate 

was stained with reagent and the developed spots were scanned with the densito- 

meter. The area under the response curve was measured for each amino acid at twelve 

different concentrations over the range of 5 x 10-4 ,umole to 5 x IO-2,umole; five 

separate replicas on five separate plates were made. When the mean response area 

was plotted against the concentration of amino acid, a curve was obtained in each 

case. The most useful form of the data, however, was obtained by plotting response 

area against the square root of the concentration of amino acid, as described by 

SHELLARD AND ALLAM~ for alkaloids. Fig. I shows the results obtained for a typical 

selection of the amino acids. The graphs were found to be linear over the concen- 

tration range of analytical interest (0.05-s ,ug) but the gradient was found to be 

different for each amino acid. This was largely to be expected in view of the results 

of HEILMANN et aL12, who showed that the colour yields of the ninhydrin-cadmium 

acetate reagent for each amino acid were ‘different. 

From the standard graph of each ammo acid, the equation of the line was 

determined (see Table II for data). ., 

-/concentration (pg) 

lTi& I. Typical colour yields of amino acids with ninhyclrin-cacln1lutll acctatc. 
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LINE CONSTANTS FOR AMINO ACIDS DETECTED WITH-,WINHYDRIN-CADMIUM ACETATE RISAGENT- 

Aclsorbcnt: Cellulose powclcr. Solvent systems as in Table I. 

A &no acid SlOpI rntcvcept A rniuo acid 

Alanine 
Argininc 
Aspartic acicl 
Glutamic acid 
Scrinc 
Glycinc 
Thrconinc 
Valinc 
lsolcucinc 
Lcucinc 
I-listidinc 
Lysinc 
l’hcnylalaninc 

1600 -240 
1333 - 67 
y75 - 200 

1375 -17.5 
1083 -150 
1125 - 75 
1600 -.@o 
1430 - 240 
1457 - 307 
1000 - 200 

833 - 100 

142s - 171 
875 - 200 

Tyrosinc 
l’ryptophan 
Prolinc~ 
Iiyclrox~~proli~~c~~ 
Cystcinc 
Cystinc 
Cystcic acid 
Mcthioninc 
Mydroxylysinc 

1000 

542 
I sgo 

273 
875 
7% 

IL25 

IO00 

IS I 8 

- 2oi) 

-142 

-334 
- 50 
-175 
- 128 

-125 
,- 75 
- 172 

n 1%9.cctccl with isatin-cnclnliun~ acetate rcagcnt. TvIcthocl of scanning: rcflcctancc; apcr- 
turc (slit): 1005; Gear: 1:2. 

a, If A = vndc + b is the equation of a straight line then (A -a ZI)/~N = dc, 
where A is the area under the densitometric curve in mm2, 21 is the intercept of the 
line on the ordinate in mm2, wz is the gradient of the line in mm2/dpg, and c is the 
amount of amino acid in ,~g. 

Deternzivaatiov~ of the amino acid ..I 

The equation of the line was used to determine the amount of a particular 
amino acid present in acid hydrolysates of gelatin and casein which had been chro- 
matographed using the above solvent systems. Figs. z and 3 show the resolution of 
amino acids obtained in Is;;ug samples of gelatin and casein hydrolysates, respec- 
tively. 

I 

econd dimension - 

“00’” 

80~21 o13 
014. 

Second dimension - 

Pig. 2. Separation of amino acids prcscnt in a cascin hydrolysatc. For key see Table I. 

Fig. 3. Separation of amino acid9 prcsfmt in a gelatin hyclrolysatc. For key see Table I. 
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THE AMINO ACID COMPOSITIOS OF A GELATIN HYDROLYSATE I3Y THIN-LAYER AND ION-ESCHANGE 

CHROMATOGRAPHY 

A mi?zo acid Grams of amino mid t)ev IOO g of gclatiu 
on CL moisllim- arzd ash-free basis 

Alaninc 1O.G 

Rrgiiline EL0 
Aspartic acicl 6.X 
Glutarnic acid 13~0 
Glycinc 2&G 
Histidine 003 
Hydroxylysinc I.5 
Hydroxyprolinc 1405 
Isolcucinc I,0 
Lcucinc 302 
Lysine 4.4 
1Methionine 0.7 
Proline IS.3 
IJlicnylalaIiinc 2,3 
Swine 3.2 
‘~lIrconiIie “1.S 
Tyrosine 0,2 
Valinc 3.5 

10.3 
7.6 
6.4 

12.6 
31.1 

0.3 
I.4 

x4.0 
0.S 
3.9 
4.5 
0.S 

t5.0 

;:: 
2.2 
014 
.3.5 

9.3 
S.55 
6.7 

II.2 

20.9 

0.73 
I.2 

14.5 
1.s 

$2 

0.9 
14.5 
2. 5 
3.1s 
2.2 

1.0 

3.3 

TABLE l’V 

THE AMINO ACID COMPOSITION OF A CASEIN HYDROLYSATE DY THIN-LAYER AND ION-ESCHANGE 

CHROMATOGRAPHY 34 

A r~tist.o acid Grams of amino acid per IOO g of casei+z 
OH a moisture and ash-free basis 

TLC 

Alaninc 
Argininc 
Aspartic acid 
Glutntnic acid 
Glycinc 
Histidinc 
Isoleucinc 
Lcucinc 
Lysinc 
Methioninc 
Phcnylalanine 
Prolinc 
Scrine 
‘IXreoninc 
‘Syrosinc 
ViLliIlC 

Cy$.inc 

300 3-3 3.2 
30s 3*9 4.1 
706 7.3 7-I 

22,q 20,s 22.4 
204 2,2 2.0 

3.1 312 
8.: 2:: 

2:: 
9.2 

7:s S.1 8.2 
209 3.r 2.S 
41s 510 5.0 

10.1 IO,5 IO.0 
604 603 4.3 
545 Ge9 
5,s 
6.5 2; 

2:; 
7 .3 

014 114 0.4 
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TABLE v 

RECOV33RY 017 THE INDIVIDUAL AMINO AClDS PROM GELATIN AFTER 24-HOUR HYDROLYSIS 

Alaninc 9s.5 
Argininc 99.2 
Aspartic acid X01.4 

Glutanlic mid 97.0 
Glycinc 97.0 
Histiclinc 100.7 
Hyclrosylysinc 97.6 
.Hydroxyproline 98.1 

Isolcucinc’ 96.3 
Lcucine 95.0 
Lysine 99.2 
Mcthioninc 9S.5 
Prolinc 96.9 
Plmiylnlaninc 102.1 

Scrine gs.1 

Thrconine 101.1 

Tyrosinc 96.9 
Valinc 98.7 

99.1 
95.4 
97.6 

X01.4 
98.2 
94.2 
95.x 

Z3y:T 
99.dl 
96.3 

101.4 
100.3 
95.8 
96.4 
92.8 

95.8 
99.9 I _ 

The results obtained by the densitometric procedure were compared with those 
obtained by the ion-exchange technique of PIEZ AND MORRISON using the Technicon 
automatic amino acid analyser and also with the values quoted in the literature. 
Table III shows the results obtained for a 24-h acid-hydrolysed sample of gelatin and 
Table IV shows the corresponding results for casein. The results of experiments on 
the recovery of added known amounts of amino acids from the gelatin hydrolysate 
are given for both TLC and ion-exchange chromatography (Technicon) in Table V. 

It can be seen from Tables III and IV that the figures for both methods of 
analysis agree, in the main, to within & IO%, a variation similar to that obtained 
by HEATHCOTE AND WASHINCTON~~ and by ATFIELD AND MORRI+ using paper 
chromatography and electrophoresis, respectively. The largest percentage differences 
occurred with those amino acids which were present only in small amounts. This may 
be due to the difference in sample size, 15 ,ug for densitometry and 500 ,ug for the 
auto analyser. However, the overall agreement between the values obtained by 
densitometry and ion-exchange is remarkably good. Considering that the proteins 
analysed by other workersl4Jj were not the same preparations as those analysed by 
ourselves, the agreement with literature values is also good. 

It is perhaps worthwhile to compare the relative attributes of the two methods. 
The main disadvantage of TLC is that the operation is essentially manual and certain 
skills must be acquired by the operator. For the occasional lone sample the automatic 
ion-exchange method is t.he quicker (24 11) compared with TLC, which requires z days 
for one sample. However, during this time an operator can analyse at least thirty 
samples on plates. Perhaps the main advantage of TLC with regard to biological 
peptides and proteins is that much sn&ler amounts are required, TLC being at least 
ten times, and often one hundred times, more sensitive. The usual prectiutions to be 
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observed for TLC are concerned chiefly with achieving a constant thickness of the 
layer and constant initial spot size. However, the conditions for the generation of the 
colour produced by the staining reagent are of even greater importance in quanti- 
tative work and tile suitability of tile ninhydrin-cad&m 
connection has been demonstrated. 
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