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A number  of methods of de termining  amino acids without the use  of amino-ac id  ana lyze r s  exis ts  
[1-4]. The main  disadvantages  of these methods  a re  the length of t ime for pe r fo rming  an analys is  [1-3] or 
a quali tat ive approach [4]. In the p re sen t  paper  we desc r ibe  a method for the quanti tat ive analys is  of a m i -  
no acids in 4-5 h, i .e.  in a t ime s im i l a r  to that of amino-ac id  ana lyze r s .  

The method that we proposed  cons is t s  of the following stages:  hydro lys i s  of the protein;  d e t e r m i n a -  
tion of the concentra t ion of amino ni trogen in the hydrolyzate  by Fo l in ' s  method [5] and deposition of a def-  
inite amount of amino nitrogen at the s tar t ;  two-dimensional  chromatography  on m i c r o p l a t e s  (7 × 7 cm) in 
a thin l ayer  of cel lulose by the modified method of Jones  and Heathcote [6]; quanti tat ive evaluation of the 
c h r o m a t o g r a m  by eluting the spots [3] and m e a s u r i n g  the absorpt ion of light on a MKMF-1 m i c r o c o l o r i m -  
e ter ;  and quanti tat ive determinat ion of the t ryptophan and proline with the aid of specif ic  t e s t - tube  reac t ions .  

The opt imum amount  of hydrolyzate  used for ana lys i s  is 50-70 nmoles  of amino nitrogen, which c o r -  
responds  to about 10-15/~g of amino-ac id  mix ture .  The amino acids were  sepa ra ted  by th in - layer  c h r o m -  
a tography on cel lulose.  Of all  the s y s t e m s  tested,  that  of Jones and Heathcote proved to be the best ,  en-  
sur ing the separa t ion  of all the amino acids with the exception of leucine and isoleucine.  At the same  t ime,  
we changed the s ize  of the pla tes  (7× 7 ins tead of 20× 20 cm), the composi t ion of the solvents  (acetone in-  
s tead of methyl  ethyl ketone, 12% ammonia  ins tead of 34%, ninhydrin added d i rec t ly  to the solvent),  and 
also the o r d e r  of passage  of the solvents ,  s ince the complete  el imination of ammonia  is  n e c e s s a r y  before  
separa t ion in the second solvent.  Even a v e r y  smal l  amount  of ammonia  gives a highly co lored  background 
with ninhydrin which p reven t s  the m e a s u r e m e n t  of the colorat ions of the amino acids.  

The extinctions of each amino acid were  de te rmined  in the analys is  of a synthetic equimolar  mix tu re  
of amino acids and also of hydrolyza tes  of insulin and lysozyme.  Below we give the absorpt ion fac tors  of 
five nmoles  of amino acids a f te r  their  ch romatography  and t r ea tmen t  with ninhydrin: cyste ine  0.09; a s p a r -  
tic acid 0.12; g lutamic acid 0.17; arginine 0.18; histidine 0.13; lysine 0.185; glycine 0.11; se r ine  0.16; 
threonine 0.18; alanine 0.165; t ryos ine  0.11; valine 0.16; methionine 0.16; phenylalanine 0.105; leucine+ 
isoleucine 0.161. 

Special conditions a r e  r equ i red  for two of the amino acids - t ryptophan and prol ine.  Tryptophan is  
de te rmined  before the hydro lys i s  of the prote in  sample  and i ts  amount is  calculated by making  use of a 
cal ibrat ion cu rve  af ter  the c o l o r i m e t r y  of the sample  [7]. The determinat ion of prol ine is  p e r f o r m e d  in a 
separa te  sample  of  the hydrolyzate  by means  of the reac t ion  with isat in  [8]. The values  of the co r r ec t ions  
in the de terminat ion  of prol ine,  which a r e  due to the contribution of the neutral  amino acids a re  given in 
Fig. ld.  On the basis  of the p re sumed  values  of the prol ine content for hydro lyza tes  r ich  in this amino 
acid, about 0.5 /~mole of amino nitrogen m u s t  be analyzed,  and if  the amount  of prol ine is  smal l  about 1 
/~mole of amino nitrogen. 

Table 1 gives the r e su l t s  of quanti tat ive de terminat ions  of the amino acids of insulin,  lysozyme,  and 
anti thyroid phytoprecipi t in .  The accu racy  of the ana lys i s  ave rages  * 10%; for  amino acids  p re sen t  in smal l  
amounts ,  the a c c u r a c y  of the de terminat ion  is  lower.  
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TABLE 1. Amino-Ac idCompos i t i ons  of Hydrolyzates  Determined 
by the P roposed  Method 

Amino acids 

Cysteine 
Aspar tic acid 
Glutamic acid 
Arginine 
Histidine 
~ sine 

xcine 
Setine 
Threonine 
Alanine 
Tyrosine 
Valine 
Methionine 
Phenylalardne 
Leucine + isoleucine 
Proline 
Tryptophan 

Lysozyme 

calc. 
~±~" ~'~ figures 

4.8+-I .0 5.8 
16.7_+1,4 17.0 
5,1+-0,6 4,5~ 

I0,9±1,1 12,0 
1,1~0,2 0,9~ 
3,9_.+0,6 5,4 
5,2+0,4 5,0 
6,2+-0,5 6,1 
5,1_.+0,6 5,0 
7,1+0,4 6,0 
4, I~-0,7 3,4, 
5,4--+0.9 4,2 
2,34-0,2 1,8 
3,7-+0,5 3,1 

10,8_+0,2 10,3 
1,6+-0,3 1,4 
5,6+-0.4 7,9 

Insulin Thyreoprecipitin 

M_+~, N 
calc. 

M_+,,;~ figures 

9.9+-0.3 10,8 
5,6_+0,8 6,0 

15,2+-0.4 13.2 
2.7_+0.7 3.2 
4.5_+0.1 5.7 
2,5±0,5 2,8 
5.3±0.8 4.5 
4,9+0.3 4.7 
1,8+O.l 1,9 
4,2+-0,5 4,0 

10,9 11,2±0,2 0 8,7 8,0±0,4 
0 

8,1+-0,8 7,4 
13,9~1,0 t3,6 
1,9+-0,:3 1,8 

0 

0,0 
12,2 
8,4 + 
2,9 
1,7 
4,7, 
3,8 
7,3 
9,0 
5,4 
5,4 
~ ,1 

5,5 
9,5 
2,6 
2,7 

Limrature 
figures [9] 

0.0 
13.9 
8.39 
2.77 
1,78 
5.63 
3,45 
7.3 

II.5~ 
5.44 
4.58 
7.81 

0 
7.92 
8.81 
2.89 
4,21 

j ~t~ b 
0..08 1 //" .,I / 

/ .  

u, la i 2 J 4 ~/~g 
Conch. of amino nitrogen 4&t ~ M  

Amount of tryptopha.n 
in the sample 

o.# g¢ 

a,! , 
t 2 3 4 5 ~g o~ 4# aJ ~ /J zz/JM 
Amoum of proline Concn. of amino nitrogen 

F ig .  1. Ca l ib r a t i on  curves  for the de te r -  
mination of amino nitrogen (a), tryptophan 
(b), and tlroline (c), and cor rec t ions  in the 
determinat ion of proline (d). 

E X P E R I M E N T A L  

Hydrolysis  of the Protein .  The mixture  of 0.5-1 mg 
of the protein and 0.15 ml of 6 N hydrochlor ic  acid was 
sealed into a tube with a d iameter  of 3 mm and heated at  
105°C for 18-20 h. Then the tube was opened and the hy-  
drolyzate  was dried in a vacuum des icca tor  over  KOH. 

Determinat ion of the Concentration of Amino Nitrogen 
in the Hydrolyzate.  The hydrolyzate  was dissolved in wa- 
ter  to a concentration of about 10-15%, a sample of 0.05- 
0.1 121" was taken and this was added to 0.1 ml of a 1% so-  
lution of bicarbonate in a tes t  tube (7x 100 rnra). Then 0.02 
ml of 0.5?0 sodium naphthoquinonesulfonate was added and 
the mixture was heated on the water  bath for 10 rain. After  
cooling, 0.02 ml of acetate buffer [50% acetic acid and 5% 
sodium acetate (1 : 1)], 0.02 ml of 4% sodium sulfite, and 
0.4 ml of water  were added. The degree of coloration was 
determined on a MKMF-1 mic roco lo r ime te r  at  520 nm in a 
10-ram ceil. The number  of nanomoles of  amino nitrogen 
was found from a cal ibrat ion graph, which was plotted for 
a mixture of amino acids of known molar i ty  imitating the 
protein hydrolyzate  (Fig. la) .  An amount of mater ia l  c o r -  
responding to 50-70 nmoles of amino nitrogen was deposited 
at the s tar t .  

Thin- layer  Chromatography.  Pla tes  (7 x 7 cm) were prepared  on the day before the analysis .  Cell-  
ulose was deposited by the pouring method at the rate  of 0.5 g per plate, and drying was pe r fo rmed  on a 
horizontal  surface at room tempera ture  for 18-24 h. The cellulose powder was prepared  as descr ibed by 
Katrukha et al. [4]. Commerc ia l  prepara t ions  of cellulose can be used after they have been washed with 
hydrochlor ic  acid and par t ic les  not bigger than 5-7 12 have been removed.  

The two-dimensional  separat ion of the amino acids was per formed in the following sys tems :  1) i so -  
b u t a n o l - a c e t o n e -  12% ammonia (15 : 9 : 6, twice) and 2) i s o p r o p a n o l - w a t e r - f o r m i c  acid (20 : 5 : 1) with 
0.2% of ninhydrin. After the f i r s t  sys tem had been run, the plate was heated at 105°C for  5 min and was 
blown with a i r  by a fan for  30 min. After  the separation had been completed, the solvent was eliminated 
by evaporation and the plates were  heated at 105°C for 6 min. The ninhydrin remained in the sorbent  
layer .  

* The pipette for 0.05-1.1 121 consis ts  of a capi l lary  fixed with sealing wax in a glass  tube. The capi l lary 
is cal ibrated with water ,  making use of a 0.25-121 pipette prepared  f rom a the rmomete r  capi l lary  cal i -  
brated with m e r c u r y .  
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Determinat ion  of the Amino Acids.  The spots of the amino acids were  accu ra t e ly  s c r aped  into t e s t  
tubes (5 × 50 ram) not m o r e  than 2 hours  a f te r  the c h r o m a t o g r a m  had been run. An adjacent  section of 
equal a r ea  was s c r aped  off as  control .  The color  was eluted with 0.1 ml  of an ethanolic solution of copper  
sulfate [3]. The suspension was s t i r r e d  and centr ifuged,  and the optical densi ty  was m e a s u r e d  in a m i c r o -  
c o l o r i m e t e r  with a 520-nm f i l te r  in a 3 .5- ram cell .  The differences  in pa ra l l e l  c h r o m a t o g r a m s  did not ex-  
ceed 0.01 unit. The number  of nanomoles  of  each amino acids was calculated by drawing up a propor t ion  
in re la t ion to the extinction for 5 nmole of the appropr ia te  amino acid (see above).  

Determinat ion  of Tryptophan.  The solution under test ,  containing 50-100 pg of protein,  was t r a n s -  
f e r r e d  to a t es t  tube (7× 100 mm) ,  and 0.05 ml  of a 2.5% solution of niahydrin in a mix tu re  of fo rmic  and 
concentra ted  hydrochlor ic  acids (3 : 2) was added. The mix tu re  was heated on the boiling wa te r  bath for  
10 rain, cooled, and t r ea t ed  with 0.3 ml  of ethanol. The light absorpt ion was m e a s u r e d  on a MKMF-1 in-  
s t rumen t  in an 8 - ram cel l  with a 425-mm fi l ter .  After  deducting the blank, the amount  of t ryptophan was 
found f rom a ca l ibra t ion  curve.  

Determinat ion  of Prol ine .  In a t es t  tube (15 x 150 ram), 10-30 ~1 of sample  containing 0.5-1 #mole  
of amino nitrogen was t r ea t ed  with 0.05 ml of a 0.5 M solution of c i t ra te  buffer ,  pH 4.1, and then with 0.1 
ml  of a 0.2% solution of isa t in  in ethanol and 1 ml  of ethanol. The mix tu re  was heated in the boiling water  
bath for  10 rain. After  this t ime,  the solvent  was boiled off, and a d i r ty  g ray  coating r ema ined  on the wal ls .  
The tes t  tube was cooled in a stand pro tec ted  f rom the light, the contents were  dissolved in 3 ml  of a c e t o n e -  
wa te r  (2 : 1), 1 ml  of toluene was added, and the tube was shaken v igorous ly  for  15-20 sec .  After  the emu l -  
sion had separa ted ,  the lower  l aye r  was taken off, and toluene ex t rac t  was washed with 3 ml  of wa te r  to 
r emove  the excess  of unchanged isatin.  The mix ture  was shaken for 15-20 sec and was then centr ifuged 
for  1-2 rain to b reak  the emulsion.  The l ight absorpt ion of the toluene l ayer  was m e a s u r e d  on a m i c r o -  
c o l o r i m e t e r  in a 10-nun cell  with a 570-rim f i l ter .  The value of the extinction due to the reac t ions  of the 
other  amino acids  of the hydrolyzate ,  which was found f rom a graph according  to the amount  of amino ni-  
t rogen taken for  ana lys i s ,  was deducted f rom the figure found. Then the amount  of prol ine in the sample  
was de te rmined  f r o m  a cal ibrat ion curve.  

C O N C L U S I O N S  

A m i c r o  method for  the quanti tat ive determinat ion of amino acids in protein hydro lyza tes  has  been 
proposed  which p e r m i t s  the analys is  of two hydro lyza tes  to be p e r f o r m e d  in 4-5 h. After  the separa t ion  
of the amino acids by TLC in cel lulose,  they a r e  de te rmined  quanti tat ively by the co lo r ime t r i c  method 
using a MK_MF-1 mic ropho toco lo r ime te r .  Pro l ine  and tryptophan a re  de te rmined  s epa ra t e ly  with the aid 
of specif ic  t e s t - tube  reac t ions .  The sens i t iv i ty  of the method pe rmi t s  the ana lys i s  of 10-15 ~g of amino-  
acid mix ture .  
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