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THE USE OF LARGE VOLUME INJECTIONS FOR THE 
ISOCRATIC SEPARATION OF PHENYLTHIOHYDANTOIN AMINO 

ACIDS BY MICROBORE LIQUID CHROMATOGRAPHY 

M.R.  Si'lver, T.D. Trosper, M . R .  Gould, J.E. Dickinson 
and G.A.  Desotelle 

EN SCIENCE 
A Division of EM Industries, Inc. 

480 Democrat Road 
Gibbstown, New Jersey 08027 

ABSTRACT 

The use of microbore columns in high performance liquid 
chromatography (HPLC) has remained 1 imi ted primarily due t o  di f f i  - 
cul t ies  in adapting conventional HPLC analysis to  the smaller volumes 
and lower flow rates of microbore chromatography while maintaining 
high quality chromatographic resul ts .  

Although conventional HPLC techniques are the method of choice 
for  PTH-amino acid analysis, these techniques are rapidly approach- 
ing t h e i r  useful limits in the f i e l d  of microsequencing. A su i t -  
able method for the isocrat ic  room temperature separation of PTH- 
amino acids employing microbore liquid chromatography i s  discussed 
herein. 
makes i t  readily adaptable to  the f ie ld  o f  protein sequencing. A 
comparison of a large volume mobile phase injection and a large 
volume "non-eluting" solvent injection with microbore columns i s  
also presented. 

As described, the system employed for  th i s  type of analysis 

INTRODUCTION 

The general appl i cabi 1 i t y  o f  mi crobore col umns in 1 i qui d 
chromatography i s  by no means unique and has, in fac t ,  been dis- 
cussed quite extensively be several investigators (1-5). More 
specifically, the use of s ta inless  steel microbore columns for  the 
separation and  identification o f  phenylthiohydantoin (PTH)  amino 
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5 60 SILVER ET AL. 

ac ids  has been discussed t o  some ex ten t  as  e a r l y  as  1980 (5) .  
However, in t he  l a s t  several  years ,  numerous technological 
advances r e l a t ed  t o  microbore HPLC allow f o r  refinements of t h i s  
s p e c i f i c  appl ica t ion .  

The advantages of microbore columns, r e l a t i v e  t o  t h e i r  c l a s s -  
i cal ana ly t i ca l  counterpar t s ,  include extremely h i g h  e f f i c i e n c i e s ,  
low sol vent consumption under normal opera t ing  condi t ions ,  and the 
capab i l i t y  of ob ta in ing  h i g h  l i n e a r  ve loc i t i e s  a t  very low flow 
r a t e s .  Moreover, t he  most d i s t i n c t  advantage of microbore columns 
i s  the increase  i n  r e l a t i v e  mass s e n s i t i v i t y  which can be achieved 
when sample concentrations a r e  l imi ted .  This increase  in  r e l a t i v e  
mass s e n s i t i v i t y  has been examined and discussed i n  de t a i l  by 
Scot t  and Kucera ( 3 ) .  

In the pas t ,  t he  use of microbore columns f o r  rout ine  analy- 
s i s  was somewhat l imi ted .  This was due t o  the small sample 
in jec t ion  volumes required (0.5 1-11 t o  5.0 1-11) and a lack of 
readi ly  ava i l ab le  instrumentation which did not requi re  expensive 
modification. 
t h e  introduction of commercially ava i l ab le  microbore chromatographic 
systems. 

As w i t h  any attempt to  develop an ana ly t i ca l  methodology which 
has a d i r e c t  appl ica t ion  f o r  rout ine  use i n  the laboratory,  carefu l  
consideration must be given t o  both the  advantages and disadvantages 
of the system employed. This becomes qu i t e  apparent when attempting 
t o  adapt an ana lys i s  system from conventional high performance l i q u i d  
chromatography t o  microbore l i q u i d  chromatography. 

f o r  the  ana lys i s  of PTH-amino ac ids ,  These conventional methods a r e  
rap id ly  approaching t h e i r  useful l i m i t s  as  research trends advance 
towards sequencing "microquantit ies" of pro te in ,  i .e. l e s s  than 0.5 
nanomoles. However, t he  use of microbore columns with t h e i r  inherent 
increase in  r e l a t i v e  mass s e n s i t i v i t y  wi l l  extend the  usefulness of 
l i qu id  chromatography i n t o  the  f i e l d  o f  microsequencing; provided t h a t  
r e l a t i v e l y  simple ana lys i s  systems can be devised. 

The bas ic  procedure f o r  the  i d e n t i f i c a t i o n  of PTH-amino ac ids  i s  
predicated on the comparison of the re ten t ion  times of the sample PTH- 
amino ac id  and the  same PTH-amino ac id  in a standard mixture. There- 
fo re ,  any microbore chromatographic procedure employed f o r  this type of 
ana lys i s  must  provide s u f f i c i e n t  reso lu t ion  o f  a l l  standard components 
t o  make sample i d e n t i f i c a t i o n  r e l i a b l e .  

This l a t t e r  point has been gradually r e c t i f i e d  with 

Although modern HPLC techniques have met w i t h  considerable success 

Furthermore, ana lys i s  time must 
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be o f  s u f f i c i e n t  l e n g t h  ( i . e .  

i d e n t i f i c a t i o n  process t o  handle t h e  volume o f  samples generated by 

automated sequencing equipment. 

F i n a l l y ,  sample work ing  volumes must be l a r g e  enough ( i . e .  50-100 

m i c r o l i t e r s )  t o  o b t a i n  complete and r e p r o d u c i b l e  d i s s o l u t i o n  o f  t h e  
sequencing f r a c t i o n s ,  T h i s  f i n a l  c o n d i t i o n  d i c t a t e s  t h e  use o f  l a r g e r  

i n j e c t i o n  volumes than  a r e  t y p i c a l l y  used w i t h  m ic robore  columns i n  
o r d e r  t o  o b t a i n  an accu ra te  r e p r e s e n t a t i o n  o f  t h e  sample PTH-amino a c i d  
a t  a reasonable d e t e c t o r  a t t e n u a t i o n .  Thus, t h e  s i z e  o f  t h e  i n j e c t i o n  
volume can be a d i f f i c u l t  problem t o  overcome. 

i s o c r a t i c  s e p a r a t i o n  o f  twen ty  PTH-amino a c i d s  a t  room temperature i s  

r e p o r t e d  here.  A comparison i s  p resen ted  between t h e  use o f  a 20 v l  
mob i l e  phase i n j e c t i o n  and a 20 1-11 sample volume i n j e c t i o n  employ ing 
a "non -e lu t i ng "  s o l v e n t  t echn ique  s i m i l a r  t o  t h a t  desc r ibed  by B roqua i re  
and Gu inebau l t  (6). 

t h i r t y  minutes o r  less) i n  o r d e r  f o r  t h e  

The use o f  l a r g e  volume i n j e c t i o n s  w i t h  m ic robore  columns f o r  t h e  

EXPERIMENTAL 

Equipment, So lven ts  and Standards 

The m ic robore  chromatographic  system used f o r  t h i s  a n a l y s i s  was 

composed o f  a MAGtm 100 s i n g l e  p i s t o n  pump, a MACS 700 v a r i a b l e  

wavelength U.V. d e t e c t o r  equipped w i t h  0.5 u l  f l o w  c e l l s  (1.0 mm 
p a t h l e n g t h ) ,  o b t a i n e d  f rom EM SCIENCE a D i v i s i o n  o f  EM I n d u s t r i e s ,  Inc. ,  

A Kipp  and Zonen model BD 40 c h a r t  reco rde r ,  A H e w l i t t  Packard 3390A 
i n t e g r a t o r ,  a Rheodyne model 7125 manual i n j e c t i o n  v a l v e  (volume o f  

sample l o o p  20 p l ) .  

a 1.0 mm i n t e r n a l  d iameter .  T h i s  p a r t i c u l a r  column was packed i n  t h e  

l a b o r a t o r y  w i t h  L iChroso rb  RP-18, 7 m ic ron  so rben t  (E. Merck, Darmstadt, 

West Germany). Column e f f i c i e n c y ,  under op t ima l  c o n d i t i o n s  determined 

The m ic robore  column used i n  t h i s  s t u d y  was 500 mm i n  l e n g t h  w i t h  

as p l a t e s  p e r  meter  (P /M)  was 

where N p l a t e s  p e r  
e thy lbenzene ( k '  = 

N = 5.54 

c o l  umn, tr 

1.52), and 

c a l c u l a t e d  f rom t h e  f o l l o w i n g  formula;  

( tw:r5h 

i s  t h e  r e t e n t i o n  t i m e  i n  seconds o f  
i s  t h e  w i d t h  a t  h a l f  h e i g h t  o f  
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i 
FIGURE 1 Separation of a standard mixture o f  phenol, ethylphenol, 

toluene and ethyl benzene. 
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PHENYLTHIOHYDANTOIN AMINO ACIDS 56 3 

ethylbenzene expressed in seconds. 
r a t ion  of a standard mixture (Figure l )  of phenol (1.0 g / l ,  peak #1) 
ehtylphenol (2.0 g / l ,  peak #2)  toluene (4.0 g / l ,  peak #3)  and e thy l -  
benzene (4.0 g / l ,  peak #4) u s i n g  a methanol/water (80:20) so lvent  
system, flow r a t e  30 ul/minute, 0.5 ul  sample in j ec t ion  volume, U.V. 
detec t ion  a t  254 nm, a t  a s e n s i t i v i t y  of 0.5 Absorbance Units Full 
Scale (AUFS), and a char t  speed o f  5 mm/minute. 

a c e t o n i t r i l e  and OmniSolv water used f o r  the  mobile phase were obtained 
from EM SCIENCE, a Division of EM Indus t r ies ,  Inc. (Gibbstown, New Jersey). 
All PTH-amino ac id  standards were purchased from Pierce Chemical Co. 
(Rockford, I l l i n o i s )  w i t h  the exception of PTH-glutamic ac id  methyl 
e s t e r  (EoMe) and PTH-aspartic ac id  methyl e s t e r  (DoMe) which were syn- 
thes ized  in the laboratory.  

All values a re  based on the sepa- 

Low-absorbance grade sodium ace ta t e  (AcONa) , OmniSol vo HPLC grade 

Chromatographic Conditions 

The chromatographic conditions employed f o r  the ana lys i s  of t he  PTH- 
amino ac id  standards were a s  follows: 
Sample: 
In jec t ion  Volume: 20 1.11 
Mobile phase: 
Flow ra t e :  75 pl/min, (2200 psi)  
U.V. detec t ion :  269 nm 
Detector s e n s i t i v i t y :  0.2 AUFS 
Chart speed: l.Ocm/min. 
Temperature: Ambient 
The "non-eluting" so lvent  used f o r  sample in j ec t ions  was composed of 25% 
mobile phase and 75% water. 

1.0 nanomole of each of 20 PTH-amino ac id  standards 

Acetonitrile/AcONa 0/01M pH 4.5 (42/58 v / v )  

RESULTS AND DISCUSSION 

The separation of the  standard mixture used f o r  the ca lcu la t ion  of 
column e f f i c i ency  i s  shown i n  Figure 1. T h e  value of N a s  ca lcu la ted  
from the  ethylbenzene peak (#4) was 37,250 p l a t e s  (74,500 P/M). 

The chromatogram shown in Figure 2 demonstrates t he  e f f e c t s  of a 
20 1.11 mobile phase in j ec t ion  containing 1.0 nanomole of each standard 
PTH-amino ac id .  
peak iden t i f i ca t ion .  
i n  t h i s  chromatogram i s  u l t imate ly  a t t r i b u t a b l e  t o  e lu t ion  of the 
sample before the  in j ec t ion  i s  complete. 

The standard s ing le  let ter abbreviations a r e  used f o r  
The lack of reso lu t ion  and peak t a i l i n g  observed 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



564 SILVER ET AL. 

.I- 

E 5 

I e 

N 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PHENYLTHIOHYDANTOIN AMINO ACIDS 

0.2- 
Q 

565 

DoMe 
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FIGURE 3 Separation of twenty PTH-amino acids using a 20 pl "non-  
eluting" sol vent injection. 

I n  contrast, the chromatogram shown in Figure 3 demonstrates the 
effects  of a 20 p1 "non-eluting" solvent injection containing an iden- 
t ical  quantity of each standard. In  th i s  chromatogram, resolution of 
a l l  components i s  greatly increased over the mobile phase injection 
making identification of the individual standards rel iable .  This 
dramatic increase in resolution i s  due t o  a concentrating effect  
whereby the sample remains a t  the head o f  the column until the injection 
i s  complete and thus maintaining column efficiency. 

A comparison of the two injection techniques reveals n o t  only a loss 
of efficiency with the mobile phase injection b u t  also an increase in 
overall analysis time resulting from a s h i f t  in retention times of the 
individual components. Furthermore, There i s  a measurable decrease in 
sensi t ivi ty  of the early eluting peaks due primarily t o  peak broadening. 
These resul ts  are  expected in accordance with the data reported for  large 
bore columns by Broquaire and Guinebault ( 6 ) .  
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TABLE I 
R e p r o d u c i b i l i t y  O f  The "Non-e lut ing"  I n j e c t i o n  Technique 

Mean Standard PTH- t, Mean Standard PTH- t r 
Amino A c i d  (m inu tes )  tr D e v i a t i o n  Amino A c i d  (m inu tes )  tr D e v i a t i o n  

N 

9 
S 

T 

G 

A 

Y 
DoMe 

H 

EoMe 

5 . 8 8  
6 .12  

6 .36  
6 .75  
7.69 
9.32 
9.70 
9 .90  

10.17 
11.06 

5.87 0.017 
6 , 1 2  0.021 
6 .36  0.021 
6 .74  0.022 
7.67 0.024 
9 .30  0.027 
9 .73  0.025 
9 .88  0.026 

10.15 0.027 
11.04 0.026 

M 

v 
P 

R 
W 

K 

F 
I 
L 

NL 

14.67 
14 .93  
15.85 

16.24 
18.25 
20.68 
21.11 
21.87 
23.71 
24.88 

14.67 
14.94 
15.86 

16.22 
18.23 
20.68 
21.10 
21.86 
23.70 
24.87 

0.025 
0.029 

0.013 
0.026 
0.026 
0.057 
0.069 
0.074 
0.082 
0.086 

PTH conc. in nanomoles 

FIGURE 4 L i n e a r i t y  o f  t h e  i s o c r a t i c  m i c r o b o r e  system r e p r e s e n t e d  by 
Asparagine (e), P r o l i n e  (@),  and Leuc ine  (0). Peak 
h e i g h t s  o b t a i n e d  f o r  a 0.5 nanomole sample a r e  r e p r e s e n t e d  
by x. 
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Tab le  I demonstrates t h e  r e p r o d u c i b i l i t y  o f  t h e  "non-el u t i n g "  i n j e c t i o n  

techn ique  i n  c o n j u n c t i o n  w i t h  t h e  i s o c r a t i c  system. The mean r e t e n t i o n  t imes  

were c a l c u l a t e d  f rom f o u r  r e p l i c a t e s  o f  1.0 nanomole i n j e c t i o n s .  The max i -  

mum t i m e  between r e p l i c a t e s  was 5.0 minutes.  

l i n e a r i t y  o f  t h e  system based on peak h e i g h t  i n  m i l l i m e t e r s .  

t a t i v e  PTH-amino a c i d s  were chosen f rom t h e  beg inn ing  (N), m i d d l e  ( P ) ,  and end 

( L f  o f  chromatograms generated f rom 0.1, 0.25 and 1.0 nanomole samples. The 

peak h e i g h t s  o b t a i n e d  f o r  t h e  same t h r e e  PTH-amino a c i d s  f rom a 0.5 nanomole 

sample were found  t o  be i n  good agreement w i t h  t h e  va lues  determined g r a p h i -  

c a l l y .  

F i g u r e  4 demonstrates t h e  

Three represen-  

The techniques desc r ibed  h e r e i n  demonstrate t h a t  t h e  use o f  

l a r g e  volume i n j e c t i o n s  i n  c o n j u n c t i o n  w i t h  microbore l i q u i d  

chromatography i s  a v i a b l e  a l t e r n a t i v e  t o  conven t iona l  HPLC. The 

system employed f o r  t h e  a n a l y s i s  shown i n  F i g u r e  3 p rov ides  a 

r a p i d  and r e l a t i v e l y  s imp le  techn ique  f o r  t h e  s e p a r a t i o n  o f  PTH- 

amino a c i d s  which meets t h e  c r i t e r i a  necessary f o r  d i r e c t  a p p l i -  

c a t i o n  t o  p r o t e i n  sequence a n a l y s i s .  Furthermore, s e r i o u s  c o n s i -  

d e r a t i o n  shou ld  be g i ven  t o  t h e  advantage o f  i nc reased  mass 

s e n s i t i v i t y  which w i l l  be addressed i n  a f u t u r e  s tudy .  
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