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HPLC-ANALYSIS O F  PTH-AMINO ACIDS 

Tyge Greibrokk, Einar  Jensen,  G e i r  Bstvold 

Department o f  Chemistry, U n i v e r s i t y  o f  Oslo, 

Blindern,  Oslo 3 , Norway 

ABSTRACT 

Some of  t h e  problems t h a t  a f f e c t  t h e  u s e f u l n e s s  o f  HPLC- 
a n a l y s i s  o f  PTH-amino a c i d s  have been examined. Four 
d i f f e r e n t  C - reversed phase packings have been t e s t e d ,  
t o g e t h e r  w i i i  d i f  fere1.t mobile phases .  The s e p a r a t i o n  
problems of t h e  Met/Val-group, t h e  Phe/Leu/Ile/Lys- 
group and of  t h e  b a s i c  amino a c i d s  H i s  and Arg on t h e  
reversed  phase packings have been examined and s o l u t i o n s  
t o  some of t h e  problems have been demonstrated.  The 
s e n s i t i v i t y  of  t h e  q u a n t i t a t i v e  a n a l y s i s  of amino a c i d s  
from a hydro lysa te  was determined. 

INTRODUCTION 

Phenylthiohydantoin (PTH) d e r i v a t i v e s  o f  amino a c i d s  
have found e x t e n s i v e  use i n  sequencing procedures  of 
p e p t i d e s  and p r o t e i n s  a f t e r  t h e  development of  t h e  
Edman degrada t ion  method (I). The use o f  PTH-deriva- 
t i v e s  f o r  t o t a l  amino a c i d  composition a n a l y s i s  % f  
hydro lysa tes  have n o t  gained an equal  acceptance ,  
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1278 GREIBROKK, JENSEN, AND 0STVOLD 

probably due t o  t h e  r e l a t i v e l y  time-consuming d e r i v a -  
t i v i z a t i o n  p rocedures ,  compared t o  t h e  post-column 
procedures  o f  r e g u l a r  amino a c i d  a n a l y z e r s .  During 
r e c e n t  years t h e  development o f  r e v e r s e d  phase pack ings  
€or high performance l i q u i d  chromatography (HPLC) have 
r e s u l t e d  i n  s e v e r a l  pape r s  on t h e  use o f  HPLC f o r  PTH- 

amino a c i d  a n a l y s i s .  By coup l ing  o f  two Zorbax-ODS 
columns, Bronzert  and B r e w e r  ( 2 )  demonstrated t h e  
s e p a r a t i o n  o f  1 7  PTH-amino a c i d s  by g r a d i e n t  e l u t i o n  
w i t h  acetonitril-water-sodium acetate a t  6OoC. A 

s imi la r  g r a d i e n t  system, b u t  a t  ambient t empera tu re ,  
w a s  used  by Margol ies  and Brauer ( 3 )  i n  an a t t e m p t  t o  
s e p a r a t e  2 2  PTH-amino a c i d s .  The unresolved p a i r s  o f  
Pro/Met and Trp/Phe had t o  be r e so lved  by d i f f e r e n t  
programs. A s e p a r a t e  program w a s  used f o r  H i s ,  Arg 
and C y s t e i c  a c i d  (Cys-OH) from t h e  aqueous phase a f t e r  
e x t r a c t i n g  t h e  Edman degrada t ion  mix tu re  w i t h  e t h y l  
a c e t a t e .  A t  t h e  h i g h e s t  s e n s i t i v i t y ,  1 0  pmols o f  t h e  
PTH-amino acids cou ld  be d e t e c t e d .  An a l t e r n a t i v e  
method, with methanol-water-acet ic  a c i d - s o d i m  a c e t a t e p  
a l s o  a t  ambient t empera tu re ,  w a s  r e p o r t e d  by B r o w n  et 
a l .  ( 4 ) .  Met and V a l  d i d  n o t  s e p a r a t e ,  t h e  group of  
Leu/Ile/Phe w a s  poor ly  r e so lved  and Arg and H i s  were 
run s e p a r a t e l y .  Also  w i t h  a methanol ic  mobile phase ,  
w e  l a t e r  demonstrated ( 5 )  t h e  s e p a r a t i o n  of  24 amino 
a c i d s ,  bu t  t h e  Met/Val p a i r  and t h e  Phe/Ile/Lys/Leu 
q u a r t e t  was poor ly  r e so lved .  

e t  a l .  ( 6 )  on Zorbax-ODs, w i t h  a c e t o n i t r i l  a t  62OC. 

2 0  PTH-amino acids were s e p a r a t e d  w i t h i n  2 0  min. 
C y s t e i c  a c i d  and c y s t i n e  were n o t  i nc luded .  The r e so -  
l u t i o n  w a s  r e p o r t e d  t o  be s i g n i f i c a n t l y  lower a t  5OoC. 
Thus, t h e r e  i s  no reason t o  doubt  t h a t  t h e  maximum 

A very good r e s o l u t i o n  w a s  o b t a i n e d  by Zimmermann 
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PTH-AMINO ACIDS 1279 

r e so lu t ion  and minimum t i m e  o f  a n a l y s i s  can be obtained 
only by e leva ted  temperatures.  The ques t ion  t h a t  can be 
r a i s e d  i s  what e f f e c t s  t h e  h igher  temperature w i l l  have 
on the  columns l i f e t i m e ,  cons ider ing  t h e  rather l imi t ed  
l i f e t i m e  of  columns used a t  room temperature.  

t he  reversed phase HPLC methods w i l l  be d iscussed ,  
e s p e c i a l l y  with regard t o  t h e  d i f f e rences  i n  p r o p e r t i e s  
of column packings of t h e  same type,  b u t  of  d i f f e r e n t  
manufacture. In  add i t ion  t h e  p o t e n t i a l  usefu lness  of  
PTH-derivativization o f  hydro lysa tes  w i l l  be d iscussed .  

In  t h i s  paper some of  t h e  sepa ra t ion  problems of 

EXPERIMENTAL 

Apparatus. 

The HPLC equipment cons is ted  of two Waters 6000 A 

pumps, a Waters 660 Solvent Flow Programmer, a Waters 
U6K valveloop i n j e c t o r ,  a Waters 4 4 0  UV-detector and a 
Perkin-Elmer LC-55 var i ab le  wavelength W-detector .  The 
440 d e t e c t o r  was equipped w i t h  t h e  dual  channel acces- 
sory w i t h  f i l t e r s  €or 254 and 280 nm. 

Columns . 
The columns were packed w i t h  four  d i f f e r e n t  C18(0DS) 

ma te r i a l s .  4,6x230 mm columns were s lurrypacked i n  m e -  
thanol  w i t h  Spherisorb S 5 W-ODS (5p) from Phase Sepa- 
r a t i o n s  L t d .  3 columns w i t h  t h e  same packing were 
t e s t e d .  

Two 4,6x230 mm columns were s lurrypacked i n  metha- 
nol w i t h  ODS-Hypersil ( 5 ~ )  from Shandon Southern Pro- 
duc ts  L t d .  

A 3,9x300 mm column with p-Bondapak-C18 ( 1 0 ~ )  w a s  
obtained,  packed by the  m ~ u f a c t u r e r ,  from Waters 
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1280 GREIBROKK, JENSEN, AND 0snroLD 

Associates. A 4,6x190 nun column f i l l e d  with the  same 
packing w a s  p a r t i a l l y  used f o r  c o n t r o l  purposes.  

Spherosi l  XOA 600 Normatom 5~ C18 from Prolab,  %one 
Poulenc. T h i s  column w a s  obtained a t  t h e  end o f  t h i s  
p r o j e c t  and w a s  no t  as thoroughly t e s t e d  as the o t h e r  
packings . 

After  2-4 weeks of d a i l y  use a l l  t h e  columns had 
t h e i r  e f f i c i e n c y  reduced t o  3-5000 t h e o r e t i c a l  p l a t e s .  
The columns were washed wi th  methanol a f t e r  use and 
s to red  i n  methanol when no t  i n  use .  

A 4,6x190 mm column w a s  s lurrypacked as above w i t h  

Chemicals. 

The water was d i s t i l l e d  twice.  Methanol and ace toni -  
t r i l e  o f  HPLC grade S w a s  obtained from Rathburn C h e m i -  

cals (Peeblessh i re ,  Scot land) .  Ethanol ( 9 6 % )  was ob- 
ta ined  from A/S Vinmonopolet, Oslo. Sodium a c e t a t e  and 
ammonium a c e t a t e  of pro a n a l y s i  q u a l i t y  came from 
Merck (Darmstadt) and a c e t i c  ac id  p.a.  from Riedel  de 

Hfien (Hannover). Amino a c i d s f  pept ides  and PTH-amino 
ac ids  came from Sigma (St. Louis, Mis sour i ) ,  the  
t r ie thylamine  w a s  Fluka p.a . ,  t h e  acetone w a s  Baker 
p.a. ,  t h e  pyr id ine  w a s  P ie rce  ( sequen t i a l  g rade)  and 
t he  phenylisothiocyanate w a s  Fluka (zur  sequenzana- 
l y s e  nach Edman). 

1 M s tock so lu t ions  of the s a l t s  were f i l t e r e d  
through O f 4 5 u  Mill ipore so lvent  f i l t e r s  and s t o r e d  a t  
+4OC. The 1 0  rnM so lu t ions  w e r e  made by d i l u t i n g  t h e  
s tock so lu t ions .  P r io r  t o  use a l l  the  HPLC so lven t s  
were degassed by 2 hours o f  ult rasound t rea tment .  
Stock so lu t ions  of  PTH-amino ac ids  were prepared by 
d isso lv ing  2-3 m g  i n  1 0  m l  methanol, and s t o r e d  a t  
-2OOC. 
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PTH-AMINO ACIDS 1281 

Synthes is  of  PTH-Amino Acids 

The s y n t h e s i s  of  PTH-amino a c i d s  from commercial amino 
a c i d s  o r  from h y d r o l y s a t e s  of  p e p t i d e s  were performed 
i n  micro v i a l s ,  accord ing  t o  Rosmus and Deyl (7). The 
b u f f e r  s o l u t i o n  (pH 9) w a s  made from water ( 5  m l )  , 
p y r i d i n e  ( 5  m l )  and t r i e t h y l a m i n e  (0,2 m l )  . To t h e  d r y  
amino a c i d s  ( o r  h y d r o l y s a t e )  the b u f f e r  s o l u t i o n  
(10-30 ul) was added f i r s t ,  t h e n  a 2-30 t i m e s  excess 
of phenyl i so th iocyanate  (P ITC)  d i s s o l v e d  i n  ace tone  
(10-30 p1). The r e a c t i o n  mixture  was bubbled w i t h  
n i t r o g e n  f o r  15-20 seconds,  capped and p laced  i n  a 
h e a t i n g  block a t  4OoC f o r  2 hours .  Excess r e a g e n t  and 
b u f f e r  w a s  then  removed by 2 hours  s t o r a g e  i n  vacuum- 
d e s i c c a t o r  over  phosphorus pentoxide ( s t a r t i n g  a t  
1 5  t o r r ) .  For more e f f e c i e n t  removal o f  excess  r e a g e n t  
and i n t e r f e r i n g  byproducts  an e x t r a  1 0  min d r y i n g  a t  
1 t o r r  was added. The phenylthiocarbamyl (PTC) amino 
a c i d s  synthes ized  so f a r  were rear ranged  t o  PTH-amino 
a c i d s  by adding 1 5  p1 o f  water and 30 ul of  acetic 
a c i d  s a t u r a t e d  w i t h  HC1,  and l e f t  a t  room tempera ture  
f o r  1 2 - 1 4  hours .  The excess  H C 1  was then  removed i n  a 
vacuumdesiccator wi th  KOH o v e r n i g h t ,  s t a r t i n g  a t  about 
1 5  t o r r .  P r i o r  t o  use t h e  r e s i d u e  w a s  d i s s o l v e d  i n  
20-100 ul of  methanol. 

The t e s t  samples of  mixtures  of amino a c i d s  con- 
t a i n e d  e i t h e r  5 nmol, 1 nmol o r  0 ,2  nmol of  each amino 
a c i d .  The t e s t  samples of  h y d r o l y s a t e s  from a c i d i c  
h y d r o l y s i s  of  a few t r i p e p t i d e s ,  had t h e  same concen- 
t r a t i o n s .  

Chromatographic Procedures .  

The chromatographic system was washed with water ,  then  
with methanol, a t  t h e  end of each day. When t h e  columns 
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1282 GREIBROKK, JENSEN, AND 0STVOLD 

had been used f o r  a few weeks, and t h e  e f f i c i e n c y  w a s  
d e c l i n i n g ,  t h e  i n l e t  was opened a t  i n t e r v a l s  and t h e  
f i r s t  2-3 m of packing r e p l a c e d  by f r e s h  m a t e r i a l  i f  a 
miscolouring w a s  a p p a r e n t .  

A l l  t h e  chromatographic d a t a  o b t a i n e d  were based 
on a t  l ea s t  3 d i f f e r e n t  i n j e c t i o n s  from t h e  same 
sample . 

I f  t h e  t w o  d e t e c t o r s  were coupled i n  s e r i e s ,  t h e  
4 4 0  d e t e c t o r ,  w i t h  t h e  l e a s t  band. s p r e a d i n g ,  always was 
put  i n  f r o n t .  

5 u1 o r  less .  
The i n j e c t i o n  volumes of methanol ic  s o l u t i o n s  were 

All chromatograms were run a t  ambient t empera tu re .  
For each packing t h e  g r a d i e n t  c o n d i t i o n s  were v a r i e d  
u n t i l  maximum r e s o l u t i o n  w a s  o b t a i n e d .  Thus, t h e  f i n a l  

g r a d i e n t  programs f o r  t h e  d i f f e r e n t  packings became 
s l i g h t l y  d i f f e r e n t .  

The f i v e  no t  n a t u r a l l y  o c c u r r i n g  amino acids 
methionine s u l f o n e  '(Met-S02) a-aminoisobutyr ic  a c i d  
( i s o b )  , r-aminobutyric a c i d  ( b u t ) ,  n o r v a l i n e  !??or.ial! 
and no r l euc ine  (Norleu)  were inc luded  i n  t h e  t e s t  
mixtures  i n  o r d e r  t o  o b t a i n  chromatograms from which 
one o r  two s u i t a b l e  s t a n d a r d s  l a t e r  could be s e l e c t e d .  

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

Solvent  E f f e c t s  a t  t h e  I n j e c t i o n .  

Due t o  t h e  l i m i t e d  s o l u b i l i t y  of PTH-amino a c i d s  i n  
aqueous s o l u t i o n s ,  methanol ( o r  a n o t h e r  o r g a n i c  compo- 
nent  of  t h e  mobile phase)  is  o f t e n  used a s  s o l v e n t ,  

e s p e c i a l l y  i f  r e l a t i v e l y  c o n c e n t r a t e d  s t o c k  s o l u t i o n s  
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. FIGURE 1. Peak h e i g h t  v s .  i n j e c t i o n  volume of  2 4 0  ng 
PTH-Gly, d i s s o l v e d  i n  1 0 0 %  methanol ( 0 )  and i n  35% 
methanol (A). Mobile phase:  35% methanol.  

are made. When t h i s  w a s  done, t h e  i n j e c t i o n  volume 
had t o  be r e s t r i c t e d  t o  5 u1 o r  less, i f  s e r i o u s  
peakbroadening should be avoided ( f i g .  1 ) .  G e n e r a l l y  
it must  be recommended t h a t  t h e  s t o c k  s o l u t i o n s  should 

be d i l u t e d  wi th  t h e  s o l v e n t  o f  t h e  s t a r t i n g  c o n d i t i o n s ,  
when a g r a d i e n t  i s  used. 
P u r i t y  and S t a b i l i t y  of t h e  PTH-Amino Acids. 

The m a j o r i t y  of  t h e  commercial PTH-amino a c i d s  w e r e  
s u f f i c i e n t l y  pu re  t o  be used as s t a n d a r d s  f o r  q u a n t i -  
t a t i v e  a n a l y s i s ,  with t h e  n o t a b l e  excep t ion  of PTH-Cys 
and PTH-Cys-Cys. The c y s t e i n e  con ta ined  c y s t i n e  and 
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1284 GREIBROKK, JENSFN, AND 0STVOI.D 

v i c e  v e r s a ,  as w e l l  as o t h e r  i m p u r i t i e s .  A p r e p a r a t i v e  

p u r i f i c a t i o n  o f  bo th  could be o b t a i n e d  by u s i n g  one o f  
t h e  packings d e s c r i b e d  i n  t h i s  pape r  i n  a semiprepara-  
t i v e  column w i t h  a methanol ic  mobile phase c o n t a i n i n g  
a t  l eas t  50% methanol. With acet ic  a c i d  i n  t h e  mobile 
phase,  t h e  ( a i r )  oxydat ion o f  PTH-Cys t o  PTH-Cys-Cys 
was more e f f e c t i v e l y  p reven ted .  

Apart  from PTH-Cys, PTH-Thr w a s  t h e  o n l y  amino 
a c i d  t h a t  appeared t o  g ive  decomposition p r o d u c t s  o f  
any measureable q u a n t i t y ,  by 8 weeks s t o r a g e  o f  t h e  
s t o c k  s o l u t i o n s  ( i n  me thano l ) .  The commercial p roduc t  
con ta ined  less t h a n  1 0 %  of PTH-dehydro-Thr, b u t  t h i s  
amount i nc reased  even a f t e r  2 hours  s t o r a g e  a t  room 
temperature .  By s t o r a g e  a t  -2OOC the decomposition 
p rocess  w a s  delayed.  S o l u t i o n s  t h a t  had been s t o r e d  a t  
room temperature  a c t u a l l y  con ta ined  a t  l e a s t  4 conpc- 
n e n t s ,  two s e p a r a b l e  d i a s t e r e o m e r s  o f  PTH-Thr and a 
c i s / t r ans - i somer  mixture  o f  PTH dehydro-Thr. The f o u r  
peaks were s e p a r a t e d  by 0 . 0 1  M ammonium acetate i n  4 5 %  
methanol on Sphe r l so rb  ODS a t  2 5 4  nm. A t  3 1 3  nm t h e  
conjugated double  bond o f  PTH-dehydro-Thr gave a 
s t r o n g  absorbance n o t  found i n  PTH-Thr. 

PTH-Serf which a l s o  may decompose by loss o f  
water, showed no measurable decomposition i n  any o f  t h e  
s o l u t i o n s  used. 

PTH-Ile, which i s  ano the r  amino a c i d ,  i n  a d d i t i o n  
t o  PTH-Thr, t h a t  may g ive  ch romatograph ica l ly  separable 
d ias t e reomers  by r acemiza t ion ,  d i d  so t o o ,  b u t  mainly 
by s t o r a g e  i n  aqeous s o l u t i o n s  (see t h e  comments i n  t h e  
c h a p t e r  o f  t h e  Phe/Leu/Ile/Lys group)  . 
The PH of t h e  Mobile Phase. 

The pH of t h e  mobile phase w a s  c o n t r o l l e d  by u s i n g  
0 . 0 1  M s o l u t i o n s  of ammonium acetate ,  sodium a c e t a t e  
o r  acet ic  a c i d .  The 0,Ol M c o n c e n t r a t i o n s  were chosen 
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t o  be a b l e  t o  handle picomol-nanomol amounts of amino 
ac ids .  The b e s t  r e s o l u t i o n  of t h e  a c i d i c  PTH-amino 
ac ids ,  a s p a r t i c  a c i d  (Asp),  glutamic ac id  (Glu) and 
Cysteic  ac id  ( C y s - O H ) ,  w a s  obtained with a c e t i c  ac id .  
On Spherisorb and Spheros i l ,  with ammonium a c e t a t e  o r  
sodium a c e t a t e ,  Asp and Cys-OH would no t  s epa ra t e  
( f i g .  2 ) ,  unless  a very long Fyadient was introduced.  
Apart from t h i s ,  t h e  a c e t i c  ac id  s o l u t i o n s  had a ten- 
dency t o  cause i n f e r i o r  s epa ra t ion  of many o t h e r  
PTH-amino ac ids .  Solu t ions  wi th  ammonium acetate and 
sodium a c e t a t e  showed n e g l i g i b l e  d i f f e r e n c e s  i n  t h e  
chromatograms. On Spherisorb t h e  separa t ion  of t h e  

0 5 I0 15 20 ?5  30 2 5  A0 m l  

FIGURE 2 .  Separat ion of PTH-AA on Spherisorb ODs. 
43 min. l i n e a r  grad ien t  with 0,Ol M ammonium a c e t a t e  
i n  30-70% methanol a t  1 ml/min. UV de tec t ion  a t  267 nm. 
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1286 GREIBROKK, JENSEN, AND 0STVOLD 

pheny la l an ine  (Phe)  and i s o l e u c i n e  ( I l e )  w a s  s l i g h t l y  
b e t t e r  with sodium acetate.  S ince  t h e  l a b i l i t y  of  
ammonium acetate w a s  more l i k e l y  t o  c a u s e  v a r i a t i o n  i n  
t h e  i o n s t r e n g t h  by t h e  s o l v e n t  f i l t e r i n g  p r o c e d u r e s ,  
sodium a c e t a t e  w a s  chosen f o r  most purposes .  

The Organic Component of  t h e  Mobile Phase 

I n  t h e  l i t e r a t u r e  t h e  c h o i c e  between methanol and ace- 
t o n i n t r i l e  i n  r e v e r s e d  phase e l u t i o n  o f t e n  seem t o  be 

a matter of  c o i n s i d e n c e  o r  t r a d i t i o n .  Relevant  a rgu -  
ments do, however, e x i s t  f o r  u s ing  t h e  one o r  t h e  o t h e r  
s o l v e n t .  With c o n s t a n t - p r e s s u r e  pumps t h e  g r e a t e r  v a r i -  
a t i o n  of t h e  v i s c o s i t y  of t h e  aqueous m i x t u r e s  of 
methanol as  a f u n c t i o n  of p e r c e n t  o r g a n i c  s o l v e n t ,  would 
f avor  t h e  u s e  of a c e t o n i t r i l e  i n  g r a d i e n t s .  Because of 

t h e  lower v i s c o s i t y  of a c e t o n i t r i l e  i n  g r a d i e n t s ,  t h e  
p r e s s u r e  d rop  over  t h e  column also w i l l  be lower.  

The e l u t i o n  s t r e n g t h  o f  t h e  s o l v e n t  a l s o  i s  d i f -  
f e r e n t .  As seen i n  Fig.  3 ,  t h e  s u r f a c e  t e n s i o n  of 
methanol mix tu res ,  compared t o  a c e t o n i t r i l e  m i x t u r e s ,  
dec reases  more r a p i d l y  when t h e  amount o f  o r g a n i c  
s o l v e n t  i s  i n c r e a s e d  from 30% and up. By a c c e p t i n g  t h e  
r e l a t i o n s h i p  between r e t e n t i o n  and s u r f a c e  t e n s i o n  ( 8 1 ,  

t h i s  means t h a t  w i t h  a g r a d i e n t  o f  30% - 7 0 %  of t h e  
o r g a n i c  compound, t h e  s e l e c t i v i t y  cou ld  be expec ted  t o  
be b e t t e r  with methanol t han  with a c e t o n t r i l e .  This 
a l s o  means t h a t  t h e  s o l v e n t  s t r e n g t h  o f  a c e t o n i t r i l e  
is expected t o  be h i g h e r  i n  mixtures up t o  70%,  b u t  
lower i n  8 0 %  - 1 0 0 %  mix tu res ,  compared t o  methanol.  
With g r a d i e n t  e l u t i o n  t h e  s t a b i l i t y  o f  t h e  b a s e l i n e  
a l so  must be cons ide red  a n  impor t an t  f a c t o r ,  e s p e c i a l l y  
f o r  q u a n t i t a t i v e  measurements. Of t h e  HPLC-grade 
s o l v e n t s  used, methanol had a lower background a t  
280  nm ( f i g .  4 1 ,  w h i l e  a c e t o n i t r i l e  performed b e t t e r  
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70 

60 

12 29 :; 4; 51: C C  70 80 90 100 i( B 

FIGURE 3 .  Sur face  t e n s i o n  of  aqueous mixtures  of metha- 
nol ( - 1 ,  a c e t o n i t r i l e  ( - - I  and e t h a n o l  ( .  . . )  . Based on 
d a t a  from Timnermans (12). 

a t  2 5 4  nm ( f i g .  4 ) .  The wavelength of  h i g h e s t  s e n s i -  
t i v i t y  of t h e  PTH-amino a c i d s  was determined t o  267 nm 
i n  methanol. Bu u s i n g  t h e  f i l t e r p h o t o m e t r i c  d e t e c t o r ,  
approximately t h e  same s e n s i t i v i t y  w a s  however o b t a i n e d  
a t  both 254 nm and 2 8 0  run a s  w i t h  t h e  spec t ropho tomete r  
a t  267  nm. 

Thus, f o r  PTH-amino a c i d  a n a l y s i s  w i t h  ou r  equip-  
ment t h e r e  w a s  found no r e a s o n  t o  s u b s t i t u t e  t h e  
cheaper  and less  t o x i c  methanol w i t h  a c e t o n i t r i l e .  

As seen i f i g .  3 ,  e t h a n o l  may be cons ide red  a p o t e n t i a l  
s u b s t i t u t e  i f  s u f f i c i e n t  r e s o l u t i o n  cannot  be o b t a i n e d  
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A U  

0.001 

0.00 

FIGURE 4 .  Solven t  absorbance o f  l i n e a r  aqueous g r a d i e n t  
of  0 t o  1 0 0 %  methanol a t  2 5 4  nm ( - 1  and 280 nrn ( - - )  a r d  

of  a c e t o n i t r i l e  at 2 5 4  nm ( -  . - 1  and 2 8 0  nm ( . . . ) .  

a t  h i g h e r  pe rcen tages  o f  t h e  o r g a n i c  component. T h i s ,  
i n  f a c t ,  t u r n e d  o u t  t o  be one way t o  s o l v e  t h e  N e t / V a l  

s e p a r a t i o n  problem. The h i g h e r  v i s c o s i t y  o f  ethanol 
d i d ,  however, create a problem w i t h  long  columns packed. 
w i t h  5u p a r t i c l e s .  Thus, t h e  p r e s s u r e  d rop  o v e r  t h e  
2 3  c m  Sphe r i so rb  column became too h i g h  t o  be u s e f u l  
f o r  a l l  p r a c t i c a l  purposes .  The Hyper s i l  column cou ld  
be used,  and the Bondapak column performed very w e l l  
w i t h  e t h a n o l  mixtures .  The i n t r o d u c t i o n  o f  e t h a n o l ,  
however, gave l i t t l e  r e s o l u t i o n  o f  S e r  and Thr ,  of P r o  
and dehydro-Thr and o f  the Lys/Ile/Phe group i n  a 
r e g u l a r  g r a d i e n t  ( f i g .  5 ) . 
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-~ ~~ 

5 10 15 20 25 30 35 40 43 50 

FIGURE 5. S e p a r a t i o n  of PTH-AA on Bondapak-C18. 
4 3  min. l i n e a r  g r a d i e n t  w i t h  0,Ol M sodium acetate 
i n  10-48% e t h a n o l  a t  1 ml/min. UV-detection a t  280 nm. 

The Basic PTH-Amino Acids 

In  t h e  Edman degrada t ion  procedures  t h e  b a s i c  amino 
a c i d s  s t a y  i n  t h e  aqeuos phase a f t e r  e x t r a c t i o n  w i t h  
e t h y l  a c e t a t e  from an a c i d i c  s o l u t i o n .  If  t h e  t o t a l  
amino a c i d  composi t ion,  and n o t  t h e  sequence, i s  t o  be 
determined,  a s imi l a r  e x t r a c t i o n  s t e p  cou ld  be i n c l u -  
ded. The easiest  procedure would, however, be t c  
determine a l l  t h e  PTH-derivatives d i r e c t l y  a f t e r  hydro- 
l y s i s .  When PTH-Lys, H i s  and Arg were inc luded  i n  t h e  
t e s t  mix tu res ,  PTH-Lys showed a chromatographic be- 
hav iour  s imi l a r  t o  t h e  n e u t r a l  amino a c i d s .  PTH-His an2 
Arg, on t h e  o t h e r  hand, gave broad peak shapes on 
Sphe r i so rb ,  mediocre peaks on Hyper s i l  and s a t i s f a c t o r y  
peak shapes on Bondapak and S p h e r o s i l .  The peak shape 
w a s  no t  c o n s i s t e n t ,  b u t  dependent on t h e  column age. 
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1290 GREIBROKK, JENSEN, AND 0STVOL.D 

A f t e r  one month o f  d a i l y  use i n  t h e  pH-area between 2 
and 7, t h e  Bondapak column showed a bump i n s t e a d  o f  a 
peak f o r  PTH-His. 

I n  a d d i t i o n  t o  t h e  ag ing  problem, assumed t o  be 
caused by appearance o f  more s i l a n o l  groups i n  t h e  

d e t e c t e d  wi th  PTH-His. With n e u t r a l  mobile phases  
(ammonium acetate and sodium a c e t a t e )  t h e  f i r s t  i n j e c -  
t i o n s  on a p r e v i o u s l y  c l eaned  column could be p a r t i a l l y  
o r  even f u l l y  adsorbed ( f i g .  6 ) .  An i n i t i a l  i n j e c t i o n  
of a t  l ea s t  3 ug o f  PTH-His w a s  found s u f f i c i e n t  t o  
s a tu ra t e  t h e  column. With acet ic  a c i d  i n  t h e  mobile 
phase,  no such a d s o r p t i o n  w a s  e v i d e n t .  

, packing,  an a d s o r p t i o n - s a t u r a t i o n  phenomenon a l s o  was 

109. 

5C 

0 

A 

1 5. 

I 

1 5  j 4 5 i 5 ? ‘ C  

:‘;;ECT:OF: VCY9ER 

FIGURE 6 .  Adsorption t o  c l eaned  columns demonstrated by 

t h e  peak h e i g h t  o f  r e p e a t e d  i n j e c t i o n s  of PTH-His 
(320 ng) on ODs-Hypersil ( m ) ,  Spherisorb-ODS ( A )  and 
Bondapak-C18 ( 8 ) .  Mobile phase: 0,Ol M sodium acetate 
i n  50% methanol. 
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TABLE 1 

Retentionvolume (ml) of  PTH-His w i t h  Two D i f f e r e n t  
Mobile Phases on 3 ODs-Columns 

Column 0,Ol M NaOAc 0 , O l  M HOAc 

i n  50% MeOH i n  50% MeOH 

Hyper s i l  
S p h e r i  s o r b  
Bondapak 

37 
n o t  e l u t e d  

5 1 3  

With acetic a c i d  i n  t h e  mobile phase,  t h e  r e t e n t i o n  o f  
PTH-His changed remarkably ( t a b l e  1) .  On H y p e r s i l  and 
Sphe r i so rb  t h e  r e t e n t i o n  w a s  s t r o n g l y  i n c r e a s e d ,  wh i l e  
on Bondapak it dec reased .  This  a p p a r e n t l y  i n c o n s i s t e n t  
behaviour  i s  d i f f i c u l t  t o  e x p l a i n .  The d i f f e r e n t  pack- 
i n g s  may c o n t a i n  f r e e  s i l a n o l  groups i n  d i f f e r e n t  
amounts as w e l l  as o f  d i f f e r e n t  k ind  and a c i d i t y .  In- 
f r a r e d  s p e c t r a  o f  t h e  t h r e e  pack ings ,  i n  K B r  t a b l e t s ,  
showed a s t r o n g e r  band a t  1 6 5 0  cm'l o f  t h e  S p h e r i s o r b  
packing,  compared t o  Hyper s i l  and Bondapak, i n d i c a t i n g  
t h e  p re sence  o f  more f r e e  s i l a n o l  groups ( 9 ) .  The 
i n f r a r e d  s p e c t r a  d i d  n o t  g i v e  any in fo rma t ion  on pos- 
s i b l e  d i f f e r e n c e s  i n  t h e  bonding s t r u c t u r e  of  t h e  
s i l a n o l  groups.  S ince  such d i f f e r e n c e s  a r e  known t o  
e x i s t  (10) and s ince  some s i l a n o l  groups o f  porous 
s i l i c a  a re  known n o t  t o  be f u l l y  p r o t o n i z e d  b e f o r e  
pH 2 ,  t h e  e x i s t e n c e  of  i o n i c  i n t e r a c t i o n s  (even i n  
acet ic  ac id)  as w e l l  as conce r t ed  bonding and sample 
l o c a l i z a t i o n  (11) cannot  be excluded.  A f u l l  explana-  
t i o n  o f  t h e  s t range behaviour  o f  PTH-His seems impos- 
s i b l e  u n t i l  a d e t a i l e d  s t u d y  of t h e  s u r f a c e  s t r u c t u r e  
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1292 GREIBROKX, JENSEN. AND 0STVOLD 

of t h e  packings has  been performed. PTH-Arg showed a 
similar behaviour ,  w i t h  even more peakbroadening t h a n  
PTH-His. 

The  S p h e r o s i l  column w i t h  i t s  20% carbon c o n t e n t ,  
compared t o  7-10% C f o r  t h e  o t h e r  pack ings ,  w a s  assumed 
t o  c o n t a i n  less f r e e  s i l a n o l  g roups .  P r e l i m i n a r y  re- 
s u l t s  a l s o  i n d i c a t e d  s h a r p e r  peaks and better s t a b i l i t y  
v e r s u s  H i s  and A r g ,  b u t  t h e  column w a s  o b t a i n e d  t o o  
r e c e n t l y  t o  be comple t e ly  tested. Of t h e  three o t h e r  
packings,  t h e  combinat ion of Bondapak and a n  acet ic  
a c i d  c o n t a i n i n g  s o l v e n t  seemed t o  produce t h e  b e s t  
r e s u l t s ,  e s p e c i a l l y  i n  r e g a r d  t o  s e n s i t i v i t y ,  s i n c e  
sha rpe r  peaks w e r e  o b t a i n e d  i n  t h e  a c i d i c  s o l v e n t .  The 
combination of Hyper s i l  and sodium a c e t a t e  a l s o  could 
be used, by c o n d i t i o n s  such a s  i s o c r a t i c  e l u t i o n  w i t h  

t h e  f i n a l  m i x t u r e  of t h e  g r a d i e n t - p r o g r a m .  S i n c e  t h e  

column a g e  cou ld  a f f e c t  t h e  peak shape as well as the 
r e t e n t i o n  of PTH-His and Arg, a one - s t ep  program for 
a n a l y s i s  of t h e s e  two t o g e t h e r  w i t h  t h e  o t h e r  amino 
a c i d s  canno t  be recommended u n l e s s  a s t r i c t  c o n t r o l  
with ageing e f f e c t s  is implemented. 

The M e t / V a l  S e p a r a t i o n  Problem 

I n  t h e  m a j o r i t y  of pub l i shed  pape r s  on r e v e r s e d  phase 
e l u t i o n  of PTH-amino acids,  the  s e p a r a t i o n  of !let and 
Val is  regarded a r a t h e r  s e r i o u s  problem. Thus it. could  

h a r d l y  be cons ide red  a b i g  s u r p r i s e  t h a t  n e i t h e r  
Sphe r i so rb  ( w i t h  methanol ic  mobile  p h a s e ) ,  Bondapak 
( w i t h  methanol ic  mobile phase)  nor S p h e r o s i l  ( w i t h  

a c e t o n i t r i l e )  gave any r e s o l u t i o n  o f  t h e  two PTH-amino 
a c i d s .  On Hyper s i l  ( f i g .  7 )  a poor r e s o l u t i o n  was ob- 
t a i n e d ,  bu t  a f t e r  2 weeks t h e  column e f f i c i e n c y  was 

s u f f i c i e n t l y  reduced t o  d e s t r o y  s e p a r a t i o n .  The problem 
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PTH-AMINO ACIDS 1293 

FIGURE 7 .  S e p a r a t i o n  of  PTH-AA on ODs-HyperSil. 
50 min. g r a d i e n t  w i t h  0,Ol $1 sodium acetate  i n  2 7 - 6 5 %  
methanol a t  1 ml/min. W - d e t e c t i o n  a t  254 nm. 

could,  however, be handled by u s i n g  e t h a n o l i c  mobile  
phases.  On Bondapak ( f i g .  5 )  as  w e l l  a s  on H y p e r s i l  a 
r e a s o n a b l e  r e s o l u t i o n  was o b t a i n e d .  An even b e t t e r  
s e p a r a t i o n  could be  ob ta ined  by us ing  a less s t e e p  
g r a d i e n t  from 3 7  t o  4 8 %  e t h a n o l  ( f i g .  8 ) .  

The Phe/Leu/Ile/Lys Groue 

I n  a d d i t i o n  t o  t h e  Met/Val problem, t h e r e  is also a 
g e n e r a l  problem of  poor r e s o l u t i o n  of t h e  f o u r  PTH-amino 
acids  Phe, Leu, I l e  and Lys, when g r a d i e n t s  f o r  s epa ra -  
t i n g  2 0  o r  more amino ac id -mix tu res  are used. I f  one of 
t h e  f o u r  amino a c i d s  was excluded from a tes t  m i x t u r e ,  a 
s a t i s f a c t o r y  r e s o l u t i o n  u s u a l l y  cou ld  be o b t a i n e d  rela- 
t i v e l y  easy .  A l s o ,  t h e  group of f o u r  amino acids cou ld  be 

r e so lved  i f  t h e  o t h e r  amino a c i d s  were of no conce rn ,  
w e n  on mediocre columns, as shown i n  f i g .  9 .  The 
c o n d i t i o n s  i n  f i g .  9 were found t o  g i v e  no i n t e r f e r -  
ences  from any of t h e  o t h e r  amino a c i d s  inc luded  i n  
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1294 GREIBROKX, JENSEN, AND & W J O U ,  

FIGURE 8. S e p a r a t i o n  of t h e  PTH-amino ac ids  M e t / V a l  a n d  
P h e / L e u / I l e / L y s  on ODs-Hypers i l .  30 rnin. g r a d i e n t  w i t h  

0 , O l  M sodium acetate  i n  37-48% e t h a n o l  a t  1 ml/min.  
UV-detec t ion  a t  254 m.. 

5- -Leu 
6- -Norleu 

I , 
10 12 14 16 18 20 22 zin 

b 

FIGURE 9. Isocratic s e p a r a t i o n  of PTH-Lys/Phe/Ile/Leu 
on ODs-Hypers i l  w i t h  0,Ol M ace t ic  acid i n  6 0 %  metha-  
nol at 0 , 4  m l / m i n .  
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t h e  t e s t  programs. An a c c e p t a b l e  r e s o l u t i o n  a lso was 
o b t a i n e d  by t h e  e t h a n o l  g r a d i e n t  used f o r  s e p a r a t i n g  
M e t  and V a l  ( f i g .  8 ) .  

Another compl i ca t ion ,  e s p e c i a l l y  from a q u a n t i -  
t a t i v e  p o i n t  of view, w a s  t h e  o c c a s i o n a l  appearance of  
a second peak from PTH-Ile. T h i s  amino a c i d  i s  o n e  of 
t h e  few t h a t  c o n t a i n  two assymetric centers and t h e r e -  
f o r e  have t h e  a b i l i t y  of g i v i n g  d i a s t e r e o m e r s  which 
are  ch romatograph ica l ly  s e p a r a b l e .  The p r o d u c t i o n  of 

d i a s t e r e o m e r s  as  a f u n c t i o n  o f  t h e  ra te  of  r a c e m i z a t i o n  
n a t u r a l l y  w i l l  depend on t r e a t m e n t  and s t o r a g e  condi-  
t i o n s .  S ince  t h e  r e s o l u t i o n  of  t h e  f o u r  amino acids 
a l r e a d y  is p rob lema t i c ,  t h e  i n t r o d u c t i o n  of a f i f t h  i n  
t h e  same group does n o t  improve t h e  t o t a l  r e s o l u t i o n .  
Thus, t h e  second PTH-Ile peak was o n l y  o c c a s i o n l y  seen 
i n  t h e  g r a d i e n t  programs, a s  i n  f i g .  7 on H y p e r s i l .  
With o p t i c a l l y  pure amino a c i d s  and f r e s h  s o l u t i o n s  of 
PTH s t a n d a r d s ,  q u a l i t a t i v e  d e t e r m i n a t i o n s  should n o t  be 

s i g n i f i c a n t l y  d i s t u r b e d .  With quan t i t a t ive  measurknents ,  
performed a f t e r  c o n d i t i o n s  which may enhance racemiza- 
t i o n ,  a n  open eye should be kep t  f o r  t h e  p o s s i b l e  
appearance of new peaks,  and c o n c l u s i o n s  t h e n  be c a r e -  
f u l l y  drawn. 

With t h e  r e g u l a r  g r a d i e n t s  none o f  t h e  f o u r  pack- 
i n g s  t e s t e d  gave a s a t i s f a c t o r y  r e s o l u t i o n  o f  t h e  
components o f  t h i s  group (see f i g u r e s  2 , 5  and 7). An 
a d d i t i o n a l  run, such as i n  f i g .  8 o r  f i g .  9 ,  must 
t h e r e f o r e  be recommended. 

I n t e r f e r e n c e s  a f t e r  D e r i v a t i v i z a t i o n .  

The chromatograms p resen ted  so f a r  have been based on 
commercial s t a n d a r d s  of  r easonab le  p u r i t y  (wi th  t h e  
excep t ion  o f  PTH-cysteine and c y s t i n e )  Another 
q u e s t i o n  i s  whether t h e  d e r i v a t i v i z a t i o n  procedure 
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cou ld  produce byproducts  i n t e r f e r i n g  i n  t h e  chromato- 
grams. 

The s y n t h e t i c  y i e l d s  of  PTH-amino a c i d s  are gener-  
a l l y  known t o  be good, and t h e  same o b s e r v a t i o n  w a s  
made by us!  The q u e s t i o n  o f  i n t e r f e r i n g  byproducts  w a s  
examined by running b l anks  wi thou t  amino a c i d s ,  b l anks  
t o  which PTH-amino acids l a t e r  w a s  added, t e s t  mix tu res  
Of amino a c i d s  r e a c t e d  w i t h  p h e n y l i s o t h i o c y a n a t e  i n  
2-30 f o l d  excess and h y d r o l y s a t e s  of  p e p t i d e s  w i t h  2 - 3 0  
f o l d  excess o f  PITC. 

When t h e  b l a n k s ,  a f t e r  d r y i n g ,  were chromato- 
graphed, 9 d i f f e r e n t  peaks cou ld  be seen .  One w a s  un- 
r e a c t e d  PITC,  and two came from p y r i d i n e  i n  t h e  b u f f e r  
and d i sappea red  when t h e  s e q u e n t i a l  g rade  of  p y r i d i n e  
w a s  used. The 6 o t h e r  peaks were n o t  i d e n t i f i e d .  When 
t h e  excess  o f  t h e  PITC r eagen t  w a s  i n c r e a s e d ,  t h e  

amount 9f tile byproducts  a l s o  i n c r e a s e d .  With 1 rLanomle  
of amino a c i d e s  and a 5 - fo ld  excess of  PITC,  the  i n t e r -  
f e r e n c e s  bf t h e  byproducts  w i th  t h e  PTH-amino acids 

gave s e r i o u s  problems e s p e c i a l l y  i n  q u a n t i t a t i v e  ana- 
l y s i s .  The problem w a s  s t r o n g l y  reduced when a 1 0  n i n .  
d r y i n g  pe r iod  a t  1 t o r r  o f  t h e  phenyl thiocarbamyl (PTC) 
i n t e r m e d i a t e s  w a s  i n t roduced ,  a f t e r  t h e  i n i t i a l  d r y i n g  
i n  vacuumdesiccator a t  abou t  15  t o r r .  When 2 0 0  picomole 
of two d i f f e r e n t  t r i p e p t i d e s  were hydrolyzed,  d e r i v a -  
t i z e d  and 309 of t h e  t o t a l  amount i n j e c t e d  on a colilmn 
of medium e f f i c i e n c y ,  peaks of 5-10 t imes t h e  noise 
l e v e l  were o b t a i n e d  and could be de t e rmined ,  q u a l i t a -  
t i v e l y  as w e l l  a s  q u a n t i t a t i v e l y .  De tec t ion  a t  2 8 0  

gave less n o i s e  than  d e t e c t i o n  a t  254 nm. With amounts 
of amino a c i d s  much less  t h a n  t h e  6p picomole above, 
t h e  i n t e r f e r e n c e s  cou ld  g i v e  s e r i o u s  problems. Another 
a d d i t i o n a l  problem t h e n  is t h e  dange r  of l o s s e s  by 
a d s o r p t i o n  t o  g l a s s  w a l l s .  When amino acids a s  w e l l  a s  
PTH-amino a c i d s  i n  t h e  l o w  picomole r ange  w a s  added t o  
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and t r a n s f e r r e d  from t h e  micro v i a l s ,  n e i t h e r  a c i d  
washing nor s i l a n i z a t i o n  of t h e  g l a s s e s  could p r e v e n t  
l a r g e  i n c o n s i s t e n c i e s  t o  appear .  

CONCLUSION 

BY r eve r sed  phase chromatography on ODS packings more 
t h a n  20  amino a c i d s  could be i d e n t i f i e d .  The m a j o r i t y  
of t h e  amino a c i d s  could be determined q u a l i t a t i v e l y  a s  
w e l l  a s  q u a n t i t a t i v e l y  by one g r a d i e n t  run .  With 
Spherisorb-ODs, a d s o r p t i o n  of  t h e  basic amino a c i d s  
became a problem. The b e s t  combination f o r  s o l v i n g  t h e  
M e t / V a l  and t h e  Phe/Leu/Ile/Lys s e p a r a t i o n  problems 
was a a-Bondapak-C18 column with i s o c r a t i c  o r  g r a d i e n t  
e l u t i o n  with e t h a n o l  i n  t h e  mobile phase.  A d e f i n i t i v e  
d e t e r m i n a t i o n  of each amino a c i d  t h u s  would r e q u i r e  
one a d d i t i o n a l  i s o c r a t i c  o r  g r a d i e n t  run .  

r e g u l a r  g r a d i e n t  r u n s .  Depending on t h e  column used 
and t h e  mobile phase chosen,  one or two of  t h e s e  
s t a n d a r d s  could be s e l e c t e d  and used i n  q u a l i t a t i v e  
and q u a n t i t a t i v e  a n a l y s i s .  Approximately 50 picomole 
of each amino a c i d  w a s  cons ide red  a realist ic detec- 
t i o n  l i m i t ,  even i f  smaller amounts cou ld  be d e t e c t e d ,  
by UV-detection a t  280  rn o r  ( less  p r e f e r a b l y )  a t  
2 5 4  rm. Thus, t h e  speed and t h e  s e n s i t i v i t y  of t h e  
method could f avourab ly  compete with t h e  post-column 
n inhydr in  t echn iques  of r e g u l a r  amino acid a n a l y z e r s .  

F i v e  i n t e rna l  standards were inc luded  i n  t h e  

The main o b s t a c l e  i n  u s i n g  t h i s  method for r o u t i n e  
amino a c i d  a n a l y s i s  of h y d r o l y s a t e s  i s  t h e  time-consum- 
ing p r e p a r a t i o n  of t h e  d e r i v a t i v e s .  I n  our  o p i n i o n  t h e  

PTH-method would p r i m a r i l y  be of i n t e r e s t  t o  i n s t i t u -  
t i o n s  o r  groups who do no t  a l r e a d y  p o s s e s s  a s e n s i t i v e  
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amino acid a n a l y z e r ,  b u t  do  p o s s e s s  HPLC-equipment, a n d  
who o c c a s i o n a l l y  see t h e  need  f o r  amino  acid a n a l y s i s  

as w e l l  as  p e p t i d e / p r o t e i n  s e q u e n c i n g  and t h e n  c o u l d  
u s e  t h e  same a n a l y t i c a l  p r o c e d u r e .  
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