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INTRODUCTION 

Gas-liquid chromatographic (GLC) methods have proved t o  be 

u s e f u l  f o r  t h e  a n a l y s i s  of amino a c i d s  i n  b i o l o g i c a l  subs tances  

because of t h e i r  speed and s e n s i t i v i t y .  S ince  t h e  l o w  v o l a t i l i t y  

of t h e  amino a c i d s  has  prevented t h e i r  d i rect  a n a l y s i s  by GLC, 

s u i t a b l e  d e r i v a t i v e s  of t h e  amino acids must be prepared.  

Zomzely e t  _.- a l .  (1) i n v e s t i g a t e d  t h e  N- t r i f l uo roace ty l  (N-TFA) 

n-butyl  - esters as a p o s s i b l e  d e r i v a t i v e .  Lamkin and Gehrke (2) 

r epor t ed  t h a t  t h e  m o s t  s u i t a b l e  d e r i v a t i v e  wi th  r e s p e c t  t o  

v o l a t i l i t y  and chromatography f o r  t h e  gas - l iqu id  chromatographic 

a n a l y s i s  of t h e  n a t u r a l  p r o t e i n  amino a c i d s  i s  t h e  N-TFA 

n-butyl - ester.  Gehrke and S t a l l i n g  ( 3 )  r epor t ed  d e t a i l e d  

experimental  cond i t ions  f o r  q u a n t i t a t i v e  d e r i v a t i z a t i o n  and 
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chromatographic sepa ra t ion ,  and i n  1 9 6 8  Gehrke -- e t  a l .  ( 4 )  wrote 

a monograph cover ing  macro, semimicro, and micro methods, r eagen t s ,  

sample p r e p a r a t i o n ,  i n s t rumen ta l  and chromatographic requirements  

and sample ion-exchange cleanup f o r  t h e  q u a n t i t a t i v e  gas- l iqu id  

chromtographic a n a l y s i s  of t h e  2 0  p r o t e i n  amino a c i d s  i n  

b i o l o g i c a l  subs tances .  Roach and Gehrke (5 )  have r e p o r t e d  on 

t h e  use of a c i d  washed Chromosorb W i n  p l a c e  of t h e  h e a t  t r e a t e d  

H . P .  Chromosorb G used i n  t h e  e a r l i e r  work. Also, Roach and 

Gehrke ( 6 )  r e p o r t e d  an e s t e r i f i c a t i o n  procedure wi th  n-butanol-3N - H C 1  

with h e a t i n g  a t  100°C (15 t o  30 minutes) which a l lows  one t o  

form t h e  b u t y l  ester d e r i v a t i v e s  by " d i r e c t  e s t e r i f i c a t i o n "  

r a t h e r  t han  by i n t e r e s t e r i f i c a t i o n  from t h e  methyl ester.  These 

r e p o r t s  cons iderably  s i m p l i f i e d  t h e  chromatography and d e r i v a t i z a t i o n  

of t h e  amino a c i d s .  

I n  t h e  a n a l y s i s  of amino a c i d s  i n  sea w a t e r ,  s o i l ,  and 

some b i o l o g i c a l  samples by GLC, one i s  aware of t h e  presence of 

c a t i o n s  and an ions  wi thout  knowledge of t h e i r  e f f e c t  on t h e  

a n a l y s i s .  This  s tudy  w a s  undertaken t o  i n v e s t i g a t e  t h e  e f f e c t s  

of c a t i o n s  and anions on t h e  d e r i v a t i z a t i o n  and chromatography 

of 1 7  p r o t e i n  amino acids as the  N-TFA n-butyl  esters.  - 

EXPERIMENTAL 

Apparatus 

A Micro-Tek MT 220  gas chromatograph wi th  a four-column 

oven ba th ,  fou r  flame i o n i z a t i o n  d e t e c t o r s ,  two d u a l  d i f f e r e n t i a l  

electometers, and equipped wi th  a Varian Model 30 d u a l  pen 
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r eco rde r  was used fo r  t h i s  s tudy .  A d i g i t a l  readout  i n t e g r a t o r  

(Hewlett-Packard Model 3370A) w a s  used f o r  determining peak 

areas. 

Pyrex 1 6  x 75 mm g l a s s  screw t o p  c u l t u r e  tubes  wi th  t e f l o n  

l i n e d  caps (Corning N o .  9826)  w e r e  used as t h e  r e a c t i o n  v e s s e l  

f o r  t h e  a c y l a t i o n  r e a c t i o n .  A 1/32 inch ho le  w a s  d r i l l e d  i n  

t h e  c e n t e r  of t h e  caps.  This  ho le  w a s  covered wi th  a s i l i c o n e  

septum and a t e f l o n  l i n e r  f o r  e n t e r i n g  wi th  a syr inge  wi thout  

opening and exposure of t h e  sample t o  t h e  moisture  and a i r .  

A CaLab r o t a r y  evapora to r ,  " co ld  f i n g e r "  condenser, and 

a Welch Duo-Seal vacuum pump was used fo r  t h e  removal of 

s o l v e n t s  i n  t h e  p repa ra t ion  of column packing. 

Reacrents 

All amino a c i d s  used i n  t h i s  s tudy  w e r e  ob ta ined  from Mann 

Research Labora to r i e s ,  Inc . ,  N e w  York, N e w  York and w e r e  

chromatographical ly  pure .  

n-Butanol - was "Baker Analyzed" r eagen t .  The trif l u o r o a c e t i c  

anhydride w a s  ob ta ined  from D i s t i l l a t i o n  Products  I n d u s t r i e s ,  

Rochester,  N e w  York, 14603, and w a s  an "Eastman Grade" chemical. 

A c e t o n i t r i l e ,  a "Baker Analyzed" r eagen t  of h igh  p u r i t y ,  was 

s t o r e d  over  d r i e r i t e  i n  a b o t t l e  w i t h  a ground g l a s s  s toppe r .  

Anhydrous H C 1  w a s  genera ted  by t h e  slow a d d i t i o n  of 250 m l  of 

r eagen t  grade H C 1  t o  500  m l  of concent ra ted  H2S04. The HCL 

gas  w a s  passed through t w o  H2SO4 dry ing  towers and then bubbled 

i n t o  t h e  n-butanol.  - 
The  n-butanol and methylene c h l o r i d e  w e r e  r e d i s t i l l e d  from - 
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an a l l  g l a s s  system and s t o r e d  i n  an a11 g l a s s  i n v e r t e d  top  b o t t l e  

t o  p r o t e c t  from atmospheric moisture.  The methylene ch lo r ide  and 

n-butanol - w e r e  r e f luxed  over calcium c h l o r i d e  before  d i s t i l l a t i o n .  

Chromatographic Column 

S t a b i l i z e d  grade e thylene  g l y c o l  ad ipa te  (EGA) was obtained 

from Analabs, Inc . ,  Hamden, Connecticut,  06518, and coated on 

80/100 mesh a c i d  washed (a.w.) Chromosorb W which had n o t  been heated 

a t  1 4 O o C  f o r  1 2  hours ,  The EGA column m a t e r i a l  was packed i n  

a 1 .5  m x 4 mm I . D .  g l a s s  column. 

The column packing was prepared by f i rs t  adding 30 .00  g 

of 80/100 mesh a c i d  washed Chromosorb W t o  a 500 m l  r ibbed  

round bottom f l a s k .  A c e t o n i t r i l e  was added u n t i l  t h e  l i q u i d  

l e v e l  was about  1 / 4  inch above t h e  support  m a t e r i a l .  0 .20  g of 

EGA w a s  weighed i n t o  a small  Erlenmeyer f l a s k ,  d i s so lved  i n  

20  m l  a c e t o n i t r i l e ,  and t r a n s f e r r e d  t o  the  f l a s k  conta in ing  

the  support .  The f l a s k  conta in ing  the  suppor t  and s u b s t r a t e  

w a s  p laced  i n  a 60 '  water  ba th ,  and t h e  s o l v e n t  slowly removed 

with a r o t a r y  evapora tor  over a per iod  of 1 hour under a p a r t i a l  

vacuum. 

D e r  i v a  ti z a t ion 

Two ml of a s tock  s o l u t i o n  of t h e  1 7  amino ac ids  conta in ing  

0 . 1  mg/ml of each amino a c i d  i n  0 . 1  N hydrochlor ic  ac id  w e r e  

p i p e t t e d  i n t o  a 1 6  x 75 mm c u l t u r e  tube.  The water  was evaporated 

under a s t ream of f i l t e r e d  dry n i t rogen  a t  70'C. 

so lu t ion  of 0 . 1  mg/ml of s t e a r i c  a c i d  ( i n t e r n a l  s tandard ,  I.S.) 

Two m l  of a 
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i n  n-butanol - 3 M  i n  H C 1  w e r e  added t o  the  tube .  F ive  m l  of 

bu tanol  3 M  i n  H C 1  w e r e  added f o r  each 1 . 0  mg of t o t a l  amino 

a c i d s .  The s o l u t i o n  w a s  heated a t  100°C fo r  45 minutes t o  e s t e r i f y  

, the amino ac ids ,  then t h e  bu tano l  w a s  removed w i t h  a stream of 

f i l t e red  n i t r o g e n  a t  7OoC.  One m l  of a 1:l s o l u t i o n  of chloroform 

t o  t r i f l u o r o a c e t i c  anhydride (TFAA) s o l u t i o n  w a s  added, then 

acy la t ed  a t  1 5 O o C  f o r  5 minutes.  

I n  d e r i v a t i z a t i o n  of samples con ta in ing  added s a l t ,  t he  

s a l t  w a s  weighed i n t o  t h e  r e a c t i o n  tube be fo re  t h e  a d d i t i o n  

of t he  amino ac id  s o l u t i o n  and t h e  above procedure followed. 

Chromatography 

For t h e  chromatography and q u a n t i t a t i v e  a n a l y s i s  of the  samples, 

5 .0  microl i ters  of t he  d e r i v a t i z e d  sample w e r e  i n j e c t e d .  The 

f i r s t  i n j e c t i o n  on each day w a s  a s t anda rd  followed by a s a l t  

con ta in ing  sample, t hen  the  s t anda rd  w a s  r e i n j e c t e d .  I f  t he  response 

va lues  f o r  t he  second s t anda rd  f a i l e d  t o  ag ree  wi th  those f o r  t h e  

f irst  s t anda rd ,  the g l a s s  wool and t o p  one-half i nch  of column 

packing w e r e  r ep laced  and t h e  above i n j e c t i o n s  repea ted .  I t  w a s  

necessary  t o  precede and fo l low each s a l t  con ta in ing  sample w i t h  

chromatography of s t anda rds  t o  prove t h a t  t h e  chromatographic 

column would s t i l l  give t h e  r e q u i r e d  s e p a r a t i o n  and q u a n t i t a t i o n .  

T h e  same concen t r a t ion  of each amino acid and i n t e r n a l  

s tandard  w a s  used i n  a l l  experiments,  and t h e  s a m e  known volume 

w a s  i n j e c t e d  each t i m e  i n t o  t h e  chromatography column. Thus, 

f o r  t he  s t anda rd , the  peak area w a s  ob ta ined  i n  such a manner 

t h a t  t he  same area should be obta ined  f o r  each amino acid 

d e r i v a t i v e  i n  the sample con ta in ing  s a l t .  By doing t h e  experiments 
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i n  t h i s  way, one was ab le  t o  note  whether the  experimental  a r e a s  

f o r  the  amino a c i d s ,  o r  i n t e r n a l  s tandard  was enhanced o r  reduced 

by the  added s a l t ,  

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

The  da t a  f o r  s a l t s  which a r e  c l a s s i f i e d  a s  non- in t e r f e r ing  

a r e  l i s t e d  i n  Table I .  A s a l t  was c l a s s i f i e d  a s  non- in t e r f e r ing  

i f  the  r e l a t i v e  weight response,  RWR a .a . / I .S .  d i d  n o t  d e v i a t e  

from t h e  value of t h e  s tandards  by more than 210%. The fol lowing 

ions  w e r e  found t o  be non- in te r fe r ing:  potassium, capper ( I ) ,  

s i l v e r ,  magnesium, calcium, barium, sodium, mercury (11), and 

aluminium a s  ca t ions ;  and c h l o r i d e s ,  bromides, n i t r a t e s ,  s u l f a t e s ,  

and phosphates a s  anions.  

A s a l t  was l i s t e d  a s  i n t e r f e r i n g  i f  t h e  r e l a t i v e  weight 

response,  RWR a .a . / I .S . ,  devia ted  from t h e  value of t h e  s tandards  

by more than +lo%. The ions  c l a s s i f i e d  a s  i n t e r f e r i n g  a r e  

l i s t e d  i n  Table I1 and w e r e  manganese (11), c o b a l t  (11), n i c k e l ,  

z inc,  t i n  ( I I ) ,  l ead  ( I I ) ,  chromium (III) ,  and i r o n  (III), a s  

c a t i o n s ,  and o x a l a t e  a s  an anion. 

Three explana t ions  can be o f f e r e d  f o r  the  observed r e s u l t s  

given i n  Table 11. These a r e  (1) reduced v o l a t i l i z a t i o n  of t he  

i n t e r n a l  s tandard ,  ( 2 )  reduced v o l a t i l i z a t i o n  of t he  amino a c i d s ,  

and ( 3 )  reduced response due t o  che la t ion  of t he  amino acid by t h e  

ca t ion  a 

A reduced v o l t a i l i z a t i o n  of t h e  I . S .  r e s u l t s  i n  a reduced 

response f o r  t h e  i n t e r n a l  s tandard  and t h u s  an apparent  i nc rease  

i n  the RWR a .a . / I .S.  f o r  t he  amino ac ids .  I t  should be noted t h a t  
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no enhancement of response f o r  any amino a c i d s  was observed a s  

the  r e s u l t  of t h e  presence of a s a l t .  All r e l a t i v e  weight response 

values  l a r g e r  than those f o r  t he  s tandards  occurred a s  the r e s u l t  

of a reduced response f o r  the i n t e r n a l  s tandard ,  n o t  a s  a r e s u l t  

of an enhancement of t he  response f o r  an amino ac id .  The second 

explanat ion r e s u l t s  i n  a reduced response of t h e  amino a c i d .  T h i s  

would be expected t o  have a g r e a t e r  e f fec t  on the  less v o l a t i l e  

amino ac ids  and indeed t h i s  t r e n d  was observed. The t h i r d  

explanat ion,  again,  would r e s u l t  i n  a reduced response f o r  t h e  

amino a c i d s .  

A reasonable  explana t ion  of a l l  the  experimental  observa t ions  

and d a t a  i n  the t a b l e s  i s  t h a t  t h e  changed RWR values  i s  a r e s u l t  of 

reduced v o l a t i l i z a t i o n  of i n t e r n a l  s tandard ,  amino a c i d ,  and perhaps 

che la t ion  of t he  amino a c i d s .  

I n  t h i s  s tudy ,  it w a s  o f t e n  noted t h a t  a decrease i n  the 

response of t h e  long r e t e n t i o n  t i m e  amino a c i d s  occurred and l i t t l e  

change was observed i n  the  response f o r  t h e  s h o r t  r e t e n t i o n  t i m e  

amino a c i d s ,  I n  many cases t h i s  problem was obviated on replacement 

of the  glass wool plug and top  ane-half  inch of column packing. 

T h i s  observat ion r e s u l t e d  i n  a s tudy of t h e  e f fec t  of sodium 

ch lo r ide  a t  a 20/1 w/w, l e v e l  t o  each amino a c i d  i n  a sample upon 

repeated i n j e c t i o n  i n t o  a chromatographic column. T h e  r e s u l t s  

of t h i s  experiment a r e  given i n  Table 111. A s  a bui ld-up occurred 

of sodium ch lo r ide  depos i t s  i n  the  i n j e c t i o n  p o r t  t h e  v o l a t i l i z a t i o n  

of t he  less v o l a t i l e  amino ac ids  decreased. When t h e  g l a s s  wool plug 

was rep laced  and t h e  f irst  one-half inch of column packing was 

removed response va lues  w e r e  again obtained comparable t o  t h e  
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o r i g i n a l  va lues .  This  proves t h a t  t h e r e  has  n o t  been a d e s t r u c t i o n  

of t he  column packing, b u t  an i n t e r f e r e n c e  i n  t h e  v o l a t i l i z a t i o n  

of t he  I . S .  and amino a c i d s  due t o  d e p o s i t s  of  sodium c h l o r i d e .  

SUMMARY AND CONCLUSIONS 

This s tudy  w a s  made t o  determine t h e  e f f e c t s  of  i no rgan ic  

s a l t s  on t h e  d e r i v a t i z a t i o n  and chromatography of  t h e  N-TFA 

- n-butyl  esters of t h e  amino acids .  I n  gene ra l ,  t h e  presence of 

an e q u a l  weight of ino rgan ic  s a l t s  t o  t o t a l  weight of amino acids 

( o r  W s a l t /  W of each amino acid, r a t i o  of 2 0 )  on t h e  d e r i v a t i z a t i o n  

and chromatography i s  n o t  s e r i o u s  f o r  q u a l i t a t i v e  work, b u t  

i n  c e r t a i n  cases can be s i g n i f i c a n t  i n  q u a n t i t a t i v e  work. The 

fol lowing ions  cause problems: o x a l a t e ,  manganese (11) , c o b a l t  (11) , 
n i c k e l ,  z inc ,  t i n  (11), lead (11), chromium ( I I I ) ,  and i r o n  (111). 

When t h e s e  ions  are i n  t h e  sample a t  a W salt/W a.a. r a t i o  of one 

t o  t o t a l  amino a c i d s ,  it i s  suggested t h a t  they  be removed by t h e  

use of ion-exchange chromatography. H o w e v e r ,  t h e  fol lowing ions  

a t  a W salt/W a n a .  r a t i o  of about 2 0  i s  n o t  considered of s i g -  

n i f i cance :  sodiuml pot&ssium, copper (I), s i l v e r ,  magnesium, 

calcium, barium, mercury (11) I aluminum c h l o r i d e ,  bromide, 

acetate, n i t r a t e ,  s u l f a t e ,  and phosphate,  The r epea ted  i n j e c t i o n  

of a sample con ta in ing  s a l t ,  such as sodium c h l o r i d e ,  r e s u l t s  i n  

reduced response f o r  a l l  long r e t e n t i o n  t i m e  amino acids and f o r  

t h e  i n t e r n a l  s t anda rd ,  b u t y l  s tearate .  However, t h e  column i s  

n o t  harmed by t h e  repea ted  i n j e c t i o n s ,  f o r  when t h e  i n j e c t i o n  

p o r t  end of t h e  column i s  cleaned,  good q u a n t i t a t i v e  r e s u l t s  are 

again obta ined ,  
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THE EFFECT OF NaCI ON THE 

N-TFA - n-BUTYL ESTER AMINO ACID DERIVATIVES 

Amino RWR a. a. /stearic acid and inject ion number a 

Acid I 4 7 IO 

A la ni ne  1. 131 I. 136 1. 149 1.224 1.362 
G I yci n e 1.044 1.043 1.059 I. 137 1.271 
Leucine 1. 116 1. 124 1. 176 1. 258 I. 361 
Threonine 0.941 0.946 0.957 I. 036 1,147 
Cysteine 0.562 0. 566 0. 573 0. 611 0.742 

Aspartic Acid I. 138 1. 142 I. 127 I. 068 0.987 
Tyrosine 0.941 0.947 0.910 0. 763 0. 646 
Lysine 1.002 1.001 0.968 0. 641 0.463 
Tryptophan 0.457 0.452 0.396 0.246 0.216 

Hydroxyproline 0.981 0.987 0.994 1. 107 1. 112 

1.139 
1.046 
I .  109 
0.946 
0.568 
0.991 
1. 144 
0.946 
I. 005 
0.459 

a. a. A /grams 
RWR a. a. /stearic acid ( 1. S.) = a- a* a 

s. /grams 1 .  s. 
Glass wool and top 1/2" of column packing were replaced, then CQI- b 

umn was inserted in to the same inject ion port. 

Experiments performed with 20 mg NaCI and IO mg of total amino acid 
mixture. 2011 wlw for each amino acid. WaJWsalt of 20 for each amino 
a ci d. 


