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OF A M I N O  A C I D S  I N  CLINICAL SAMPLES 
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F r e d e r i c k  Cancer Research Center  

F r e d e r i c k ,  MO 21701 

and 

T i  b o r  0 6 v h y i  
I n s t i t u t e  o f  Enzymology 

B i o l o g i c a l  Center  
Hungarian Academy o f  Sc iences 

Budapest, Hungary 

ABSTRACT 

An i o n  exchange t h i n  l a y e r  chromatography method f o r  t h e  s e p a r a t i o n  o f  16 

amino a c i d s  i s  desc r ibed .  The e f f e c t  o f  t h e  pH o f  b u f f e r  on t h e  r e s o l u t i o n  o f  

t h e  amino a c i d s  i s  d iscussed.  Development i n  pH 3.3 b u f f e r  a t  45OC r e s o l v e d  

a l l  t h e  amino ac ids .  The method i s  p a r t i c u l a r l y  w e l l  adapted t o  s c r e e n i n g  

m e t a b o l i c  d i s o r d e r s  i n  neonata l  c h i l d r e n .  

I N TRODU C T I  0 N 

A number o f  m e t a b o l i c  d iseases a r e  c h a r a c t e r i z e d  by t h e  presence o f  amino 

a c i d s  i n  t h e  b lood  and u r i n e ,  e.g. p h e n y l k e t o n u r i a  (PKU), i n  which t h e  concen- 

t r a t i o n  o f  p h e n y l a l a n i n e  i s  e leva ted .  The s e m i - q u a n t i t a t i v e  Gu th r ie -Sus i  t e s t  

( 1 )  n o r m a l l y  used t o  d e t e c t  t h i s  c o n d i t i o n  i s  based on b a c t e r i a l  growth, and 

t h e  r e s u l t s  r e q u i r e  c o n f i r m a t i o n  by ano the r  method. The amino a c i d  a n a l y z e r  

One o f  us ( H J I )  was suppor ted by C o n t r a c t  No. N01-CO-75380, w i t h  t h e  N a t i o n a l  

Cancer I n s t i t u t e ,  NIH, Bethesda. Mary land 20205. 
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2234 ISSAQ AND DEVENYI 

( 2 )  c o u l d  be used b u t  t h i s  i s  an expensive approach which can s t i l l  handle o n l y  

one sample a t  a t ime .  The same i s  t r u e  o f  h i g h  per formance l i q u i d  chromato- 

graphy. 

( 3 , 4 )  phenyl  t h i o h y d a n t o i n  ( 5 )  o r  o-phthalaldehyde/Z-mercaptoethanol (6-8) 

because t h e y  a r e  n o t  r e a d i l y  measured by HPLC due t o  t h e i r  l ow  response t o  b o t h  

UV and f l uo rescence  d e t e c t i o n .  A r e c e n t  method (9) was d e s c r i b e d  f o r  t h e  

d e t e r m i n a t i o n  ( i n  6 hou rs )  o f  p h e n y l a l a n i n e  u s i n g  immob i l i zed  b a c t e r i a  and 

a l a c t a t e  e l e c t r o d e .  

one sample a t  a t i m e  and i s  s p e c i f i c  f o r  pheny la lan ine .  

The amino a c i d s  a r e  analyzed a f t e r  d e r i v a t i z a t i o n  w i t h  dansy l  c h l o r i d e  

Al though ' t h i s  method i s  s e n s i t i v e  i t  can ana lyze  o n l y  

I r e l a n d  and Read (10 )  desc r ibed  a t h i n  l a y e r  chromatography (TLC) method 

f o r  use i n  neona ta l  sc reen ing  t o  d e t e c t  excess aminoacidaemia. I n  t h i s  method 

t h e  e x t r a c t e d  b lood  i s  spo t ted  on c e l l u l o s e  p l a t e s  which a r e  t h e n  developed i n  

two s o l v e n t  systems. The p l a t e  i s  t h r o r o u g h l y  d r i e d  and then  developed ove r -  

n i g h t  i n  an ammonia-free atmosphere (a chromatography tank  c o n t a i n i n g  a 

d i s h  o f  s u l f u r i c  a c i d )  i n  t h e  dark.  

u s i n g  impregnated reve rse  phase p l a t e s .  However, t h e  r e s o l u t i o n  o f  p h e n y l a l a n i n e  

was poor  on a l l  r e v e r s e  phase p l a t e s  (C2, c8 and c18 )  used. 

L e p r i  $.t (11) d e s c r i b e d  a TLC method 

When ion-exchange t h i n  l a y e r  chromatography was i n t r o d u c e d  ( 1 2 ) ,  b a s i c  and 

a romat i c  amino a c i d s  c o u l d  be separa ted  on one p l a t e .  

a p p l i e d  t o  t h e  d e t e c t i o n  o f  m e t a b o l i c  d i s o r d e r s  (13-15) .  

s imple and r a p i d  adapa t ion  of t h i s  techn ique  which can be used t o  analyze 

amino a c i d s  i n  whole b lood ,  serum, o r  even a b l o o d  sample d r i e d  on a p i e c e  

o f  f i l t e r  paper. 

The t e c h n i q u e  was soon 

We have developed a 

EXPERIMENTAL 

M a t e r i a l s :  S t r o n g l y  a c i d i c  cat ion-exchange r e s i n - c o a t e d  TLC p l a t e s ,  

F i x i o n  50 x 8, sodium form, were o b t a i n e d  f rom Chromatronix  (Mounta in View, C A ) .  

A l l  chemicals  used were reagent  grade. B u f f e r s  were prepared i n  d i s t i l l e d  

d e i o n i z e d  water. 

e t h a n o l / K l  (95:5). Stock s o l u t i o n s  were s t o r e d  i n  t h e  f r e e z e r .  Small q u a n t i -  

Standard amino a c i d  s o l u t i o n s  ( t a b l e  1 )  were p repared  i n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF AMINO ACIDS 2235 

TABLE 1 
Concen t ra t i on  o f  s tandard amino a c i d s  

i n  e thano1 :hyd roch lo r i c  a c i d  (95:5)  s o l u t i o n .  

Amino a c i d  mg/ m l  Amino Acid mg/ m l  

A s p a r t i c  a c i d  1.5 Is01 e u c i  ne 6 

Threoni ne 28 Leuci  ne 12 

Ser ine 21 Tyros i  ne 15 

Pro1 i ne 25 Pheny la lan ine  15 

Glutamic a c i d  12 L y s i n e  36 

G lyc ine  

A lan ine  

V a l i n e  

Cyst i ne 

Met h i o n i  ne 

31 Orn i t h i  ne 15 

34 H i  s t i d i  ne 14 

20 A r g i n i n e  12 

9 Tryptophan 10 

5.5 

t i e s  o f  samples d i l u t e d  4 - f o l d  w i l l  keep f o r  seve ra l  days i n  a r e f r i g e r a t o r  

a t  4°C. Regular  TLC tanks and d i sposab le  m i c r o p i p e t t e s  were used. 

E l u t i n g  S o l u t i o n :  The b u f f e r  pH 4.2 i n  which t h e  amino a c i d s  were separ- 

a ted  was prepared by d i s s o l v i n g  14.4 g c i t r i c  a c i d  monohydrate, 8 g NaOH, 11.7 g 

NaCl and 7.7 m l  concen t ra ted  HC1 (37%) i n  1L d i s t i l l e d  d e i o n i z e d  water. 

Spray Reagent: S o l u t i o n  A - 1 g n i n h y d r i n  i n  100 m l  80% acetone. 

S o l u t i o n  B - 1 g cadmium a c e t a t e  i n  150 m l  33% a c e t i c  a c i d  

The reagent  i s  prepared by m i x i n g  100 m l  o f  A w i t h  20 m l  B t o  which 1 m l  

o f  p y r i d i n e  has been added. For maximum c o l o r  development use a f r e s h l y  prepared 

s o l u t i o n .  P y r i d i n e  and cadmium a c e t a t e  a r e  added t o  enhance t h e  c o l o r  o f  t h e  

spots ,  and t o  e x e r t  a s l i g h t  b u f f e r  e f f e c t  which coun te rac ts  t h e  a c i d i t y  o f  t h e  

p l a t e .  

E x t r a c t i o n  o f  amino a c i d s  from f r e s h  b lood  o r  serum. 50 p1 whole b lood  o r  

serum a r e  p i p e t t e d  i n t o  a 1 m l  v i a l  c o n t a i n i n g  1 0  ,,1 e thano l  and 5 p l  t r i f l u o r o -  
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2236 ISSAQ AND DEVENYI 

a c e t i c  a c i d .  Mix v i g o r o u s l y ,  p r e f e r a b l y  w i t h  a s o n i c a t o r  f o r  5 min, and t h e n  

c e n t r i f u g e  f o r  5 min. Spot 10 111 o f  t h e  superna tan t  on t h e  p l a t e ,  a l l o w  t o  d r y  

and t h e n  develop f o r  a d i s t a n c e  o f  10  cm i n  t h e  b u f f e r  desc r ibed  above. The 

p l a t e  i s  aga in  d r i e d ,  t hen  sprayed w i t h  t h e  n i n h y d r i n  reagen t  and d r i e d  once 

aga in  w i t h  a h a i r  d r y e r  on t h e  h o t  s e t t i n g .  The amino a c i d s  w i l l  appear as p i n k  

spo ts  which can e a s i l y  be seen i n  w h i t e  l i g h t .  

E x t r a c t i o n  o f  amino a c i d s  f rom d r i e d  b l o o d :  

b lood  sample (50 p l )  has d r i e d  i s  c u t  i n t o  sma l l  p i e c e s  which a r e  p laced  i n  a 

t e s t  tube.  100 ~1 ethano1:HCl (95:5)  and 10  111 TFA a re  added and t h e  tube  i s  

a l l owed  t o  s tand f o r  10  min and t h e n  c e n t r i f u g e d .  10  ~1 o f  t h e  superna tan t  i s  

s p o t t e d  on t h e  p l a t e  and t h e  procedure desc r ibed  above then  f o l l o w e d .  

The f i l t e r  paper  on which t h e  

RESULTS AND D I S C U S S I O N  

E f f e c t  o f  pH on t h e  Separat ion o f  Amino Acids.  When p l a t e s  a r e  r u n  i n  

aqueous b u f f e r  i t  i s  p o s s i b l e  t o  change t h e  chromatographic  c o n d i t i o n s  r a p i d l y  

so t h a t  t h e  necessary s e p a r a t i o n  can be achieved.  

t h e  i o n i c  s t r e n g t h  o f  t h e  b u f f e r ,  o r  both,  as needed. I n  F i g  1 t h e  s e p a r a t i o n  

o f  16 amino a c i d s  on a p l a t e  developed i n  c i t r a t e  b u f f e r ,  pH 3.3 a t  45°C i s  

shown. Note t h a t  a l l  t h e  amino a c i d s  a r e  w e l l  r e s o l v e d  and can c l e a r l y  be 

i dent i f i ed. 

The a n a l y s t  can change t h e  pH, 

When t h e  p l a t e  was developed i n  c i t r a t e  b u f f e r  pH 4.2 a t  room temperature,  

( F i g  2B) t h e  amino a c i d s  a r g i n i n e ,  h i s t i d i n e ,  l y s i n e ,  o r n i t h i n e ,  pheny la lan ine ,  

and t y r o s i n e  were r e s o l v e d  f rom each o t h e r  f o l l o w e d  by l e u c i n e  + i s o l e u c i n e  t 

meth ion ine  as one spo t ,  and then  v a l i n e .  The remainder  o f  t h e  amino a c i d s  

appeared as one spo t  a t  a h i g h  R f .  Note t h a t  l y s i n e  and h i s t i d i n e  have changed 

t h e i r  o r d e r  o f  e l u t i o n  w i t h  t h e  change i n  pH f rom 3.3 ( F i g  2A) t o  4.2 ( F i g  28) .  

A t  a pH o f  5.1 ( F i g  2C) l y s i n e  and o r n i t h i n e  a r e  n o t  resolved.  A t  h i g h e r  

pH's, such as 6.0 ( F i g  2D) i t  i s  p o s s i b l e  t o  separa te  t r y p t o p h a n  f rom o t h e r  

amino ac id .  We conclude t h a t ,  f o r  t h e  r e s o l u t i o n  o f  a l l  16  amino a c i d s  t h e  

bes t  c o n d i t i o n s  a re  pH 3.3 c i t r a t e  b u f f e r  a t  45OC ( F i g  1). 
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2238 ISSAQ AND DEVENYI 

D 

F igu re  2. Comparison o f  t h e  separa t i on  o f  amino a c i d s  i n  a c i t r a t e  bu f fe r  

hav ing  a pH of  3.3 ( A ) ,  4.2 (B), 5.1 ( C )  and 6.0 (D). 

de te rm ina t ion  o f  more than  one amino a c i d  i n  more than  one sample on t h e  same 

p l a t e .  This i s  impor tan t  because i t  was found by Haltzman 

f a l s e  PKU p o s i t i v e s  can be reduced i f  a t y r o s i n e  d e t e r m i n a t i o n  i s  performed 

t o g e t h e r  w i t h  phenyla lan ine.  

n a t i o n  ( F i g  2C). I n  a recen t  rev iew a r t i c l e  o f  sc reen ing  fo r  i n b o r n  e r r o r s  o f  

(16) t h a t  

The use of pH 5.1 b u f f e r  a l l o w s  such a determi-  
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2240 ISSAQ AND DEVENYI 

F i g u r e  4. Separat ion o f  amino a c i d s  i n  serum u s i n g  a c i t r a t e  b u f f e r ,  

pH 4.2 a t  room temperature.  See F i g u r e  2 ( B )  f o r  o rde r  o f  

el u t i  on. 
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SEPARATION OF AMINO ACIDS 2241  

CONCLUSION 

I o n  exchange t h i n  l a y e r  chromatography u s i n g  s t r o n g l y  a c i d i c  res in -coa ted  

p l a t e s  a f f o r d s  a s imp le  and s t r a i g h t  f o rward  method f o r  t h e  separa t i on  i n  a 

s i n g l e  one-dimensional run  i n  aqueous b u f f e r  o f  t h e  b a s i c  and a romat i c  amino 

ac ids.  The techn ique  i s  i d e a l  f o r  use i n  sc reen ing  amino a c i d  d i s o r d e r s  i n  t h e  

b lood  and o t h e r  b i o l o g i c a l  samples. It can be opera ted  w i t h  as l i t t l e  as one 

drop o f , b l o o d  d r i e d  on a p iece  o f  f i l t e r  paper. 
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