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SUMMARY

Amino acid analysis by precolumn derivatization with phenyl isothiocyanate
and subsequent characterization of the phenylthiocarbamyl derivatives by high-per-
formance liquid chromatography on an inexpensive Supersphere Cg column is de-
scribed. The phenylthiocarbamyl derivatives of common amino acids from protein
hydrolysates are separated within 15 min. Suggestions for optimization of the system
with respect to the separation of closely eluting derivatives are given. The character-
ization of side-chain-derivatized, e.g., phosphorylated and sulphated amino acids and
of a series of biologically active amino acid analogues is described.

INTRODUCTION

Amino acid analysis by precolumn derivatization with phenyl isothiocyanate
(PITC) and subsequent reversed-phase high-performance liquid chromatography
(HPLC) was introduced in a classical paper by Heinrikson and Meredith'. The paper
was dedicated to the memory of William Stein and Stanford Moore whose ion-ex-
change chromatographic method using post column derivatization with ninhydrin
remains the most commonly used method for amino acid analysis almost 30 years
after its introduction?. Precolumn derivatization with other reagents, e.g., o-phthal-
aldehyde, dansyl chloride or 4'-dimethylaminoazobenzene-4-sulphonyl chloride, had
previously been suggested but had not generally been accepted®~7. The uniform and
quantitative reaction of all commonly occurring amino and imino acids with PITC,
the stability of the resulting phenylthiocarbamyl (PTC) derivatives and their relative
case of separation by HPLC indicated that this method may gain wide acceptance?.

In their original paper on the use of PITC for precolumn derivatization, Hein-
rikson and Meredith showed that both C,g and Cy columns could separate the PTC
derivatives of the common proteinous amino acids using acetonitrile, methanol or a
mixture of both as solvent “B”!. It is therefore not surprising that several subsequent
papers have described comparable reversed-phase HPLC protocols for separation of
these PTC derivatives® 1%, Table I. It has been substantiated that amino acid analysis

)021-9673/87:$03.50 1987 Elsevier Science Publishers B.V.



M. T. O'HARE et al.

M.

380

“QATIBALISP D)1 d 15®] 941 JO uonn{d oy uopdalur woyj swiy, .
*(S[re19p I0J $20UA10JRI [BMPIAIPUL 395) uwn[od Tefnanied ayl uo Surpuadsp A1ea Aew s1usIpeId renplatpar ayy jo Junun oy, ,

(uwnjod wa-¢'g| JUSUIDIOUL
Apms B )M SSI)) 1edulf | +

Juasaid al JIJBID0S] 01 0s
SJUDTURIOUT

0! 13 Jedul] ¢ 80 0s
SIUAIDUL

6 IT Teaul| T 80 Ly

8 [1  2AIND X2AUOD) 01 !
JU2W2I0U]

1 [43 Ieaul] | I s
$1UaWa.IouUl

[ St Ieaul] ¢ I8 43
S1UAUIIOUL

1 33 Teaulf ¢ 2 Ts
STUSWIRIOUL

! 43 Tedul 7 3 [
wo [ UIWL) 20T )

Aydpas LA () (D) o4mp

oy -01DH04Y") UAPDLY  IIDA-MOL] ~daduia |

(W, urgs

01 dn pd yum sures ayy 10)
(05:06)

V,,—Q[HIIU0J0Y

(0g:0L)
« V5, —9[HIIU0130Y

(0v:09)
191EM - J[LITU0DY

(0r:09)
101BM—D[LIE0]30Y

(0s:05)
S[IITU0)0B-I91BM I 89 Hd
218108 WNUOWWY 4 1)

(bp-01:9%) 9fnIuoIOE
-JouryoN—Ia1eM UL §°9 Hd
91B190E WNUowWwy W [°0

(08:00)
[ourydw-Ia1EM Ul §'9 Hd
21B120P UINIMIOIIY wio

:ié, .:§<
(06:05) a[tntu
-03308-131eMm Ul §'9 Hd
911008 WNIUOWWY ¥ ]°Q

(1°¢ o1 umop Hd I10)

y's Hd proe

spoydsoyd o,50'¢ +
J1RIAOE WNIUOWWY 4 [0

69 Hd a1eydsoyd
waisse1od 4 100

9 HA ojnIu030e %9
+ VAL %500 +
21BIG0T WnIPOS I £0°0

PIOR 21308 1M

§€'9 Hd VAL %S0 +
elR0E WNIPOS W +1°0

(proe ouoydsoyd yum) g9 Hd
311008 WRINOWWY Jy $O'0

(proe suoydsoyd yum) g9 Hd
9181308 WnUoWwWy W 500

1) 89 Hd

TOUITIT TAT CN'N
LRSS FY YU v

(pwe duorydsoyd y
unu

s
18I0 Wit

(prow suoydsoyd yiw) ¢°9 [d
91PI2OR WINHOWWY W 00

g 1aajog

p 1U2410S

(P
87 ataydsradng
wo p) X wo gy

(W)
81~ araydsoiyHry
U 9p'p x WdG7

wr! ¢ (D Wosny))
817y qlosuaydg
wo 9p"(0 X o ¢

(s112 M)
WiSEL-001d
um 60 X WO G

wirf ¢
(araydsenn
X31Y) 8D
W9y x Wd g7

wrl ¢ (NG #'D
wo cv.o X W ¢7

(gD **
0 x wosg

wi ¢
> oY

111

wr ¢ (NFT) 87D
D ov Q x un (Y4

Uwnjo)

SAIDV ONINYVY 40 SFAILVAIEAA D1d 40 NOILLVIVJES 404 SWALSAS D1dH

1974vVL



HPLC OF AMINO ACID DERIVATIVES 381

of peptides with PITC precolumn derivatization after hydrolysis is a reliable method
comparable to the traditional procedure?!-8719.

In the present paper we present a separation system for PTC amino acids and
PTC derivatives of assorted side-chain-derivatized amino acids using a Merck Su-
persphere Cg column, chosen initially because it had proven to be satisfactory for
separation of phenylthiohydantoin derivatives of amino acids even in an isocratic
system!1.12,

MATERIALS AND METHODS

Reagents and solvents

Water was doubly distilled and stored in glass bottles. Ethanol, Art. 11727
(Merck, Darmstadt, F.R.G.), was used directly or after distillation from ninhydrin.
Triethylamine (TEA) was Sequanal grade (Pierce, Rockford, IL, U.S.A.) and was
further purified by distillation from ninhydrin. PITC was Sequanal grade (Pierce)
and was stored in a 1-ml glass container at —20°C. Ammonium acetate (Merck, Art.
1116) was stored at 4°C. Phosphoric acid and glacial acetic acid were both analytical
grade from Merck. Acetonitrile was chromatographic grade (Merck, Art. 30). A
standard mixture of amino acids was obtained from LKB Biochrom (Cambridge,
U.K.). Individual standard amino acids were taken from the Pierce kit (Cat. No.
20063). With the exception of g-hydroxyleucine (U.S. Biochemicals, Cleveland, OH,
U.S.A.) all other amino acids were obtained from Sigma (St. Louis, MO, U.S.A)).

Coupling of amino acids with PITC

Amino acids, 0.1 mol, were dissolved in 1 ml of 50% methanol in water (a
couple of droplets of TEA were added to bring certain amino acids into solution)
and 25 nmol of each were transferred to reaction vials, 50 mm x 6 mm borosilicate
tubes (Kimbel, IL, U.S.A.) and dried under vacuum in a small vial which holds
twelve tubes and can be sealed with a simple PTFE valve (Waters, Milford, MA,
U.S.A)). Pretreatment and coupling was performed according to Bidlingmeyer et al.8
using water—ethanol-TEA (2:2:1) and ethanol-water-TEA-PITC (7:1:1:1) respec-
tively.

Liguid chromatography of PTC amino acids

The separation system is presented in Table I in addition to other published
systems. A Hewlett-Packard 1090A chromatograph was equipped with a filter-photo-
detector using the filter for 254-nm light. The columns were Merck Supersphere Cg
with 5-um particles packed in either 25 cm x 0.4 cm or 12.5 cm x 0.4 cm cartridges
(Hibar LiChroCART®, 250-4 and 125-4, LiChrospher 60 CH-8 SUPER; Cat. Nos.
16010 and 16052 respectively). Solvent “A” was 0.10 M ammonium acetate to which
0.05% phosphoric acid was added and the pH brought to the desired value, usually
5.40, with glacial acetic acid. Solvent B was a 1:1 mixture of acetonitrile and solvent
A, or a similar mixture where the pH was higher, e.g., 5.8. Solvent C was 70%
acetonitrile in water. The column temperature was 50°C and a flowrate of 1 ml/min
giving a back pressure of 175-220 bar for the 25-cm column was employed. The
gradient elution consisted of an initial period of 2-5 min of isocratic elution with
between 13 and 17% *“B” (6.5 and 8.5% acetonitrile), depending on the specific
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column and column length, followed by a linear increase in “‘B” to 60% over 10-15
min, again depending on the specific column. The chromatography was completed
by a wash with 100% C for 2-3 min, followed by a re-equilibration period of 3-5
min giving a total time between injections of 19-27 min. While the system was in use
the pumps were never stopped; the flow-rate remained at 0.1 ml/min in between
periods of use in order to prevent precipitation of salts in the system. When the
chromatograph was to be used for other purposes, the column was washed exten
sively in water and then in a methanol-water mixture (70:30), in which the column
was stored.

RESULTS AND DISCUSSION

As shown in Table I the different chromatographic protocols published for the
separation of PTC amino acids use rather similar solvents and columns, i.e., state-
of-the-art C;5 or Cg columns {although the material in the so-called “application
specified Pico-Tag™” column from Waters is not specified). The chromatograms are
also rather similar, including those presented in the present paper using a lower pH
in the elution buffer than in other systems (Table I and Fig. 1). However, the elution
times are quite different. In chromatography, speed is often considered a virtue. In
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Fig. 1. Elution profile of phenylthiocarbamyl derivatives of standard amino acids occurring in protein
hydrolysates (a) and of assorted amino acids which can be obtained by oxidation or derivatization of
proteins or by other methods of hydrolysis (b); 500 pmol standard. Column: Merck Supersphere Cg, 25
x 0.4 ¢cm. Solvents: A = 0.1 M ammonium acetate + 0.05% phosphoric acid brought to pH 5.1 with
glacial acetic acid; B = 50% A pH 5.8 and 50% acetonitrile. For further details see the text. Amino acids:
D= Asp; E = Gly; S = Ser; G = Gly; H = His; R = arg; T = Thr; A = Ala; P = Pro; Y = Tyr;
V =Va; M = Met; I = lle; L = Leu; F = Phe; K = Lys: X is possibly the PTC derivative of Cys,
however this was not confirmed; Cya = cysteic acid; CMC = carboxymethylcysteine; Met(O) = meth-
ionine sulphoxide. (b) comprises two independent experiments,
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Fig. 2. The effect of pH on the elution profile of the early eluting PTC amino acids. A Merck Supersphere
column (25 em x 0.4 cm) was eluted with pH 5.1 or 6.0 in both solvent A and B. Solvent B was a mixture
of solvent A, acetonitrile, and methanol (50:30:20).

certain systems the analysis can be completed after 10-15 min® (Fig. 1). Whether one
chooses to use a more expensive column, where the manufacturer guarantees its
application for the specific purpose of separating PTC amino acids?, or, e.g., a col-
umn known to exhibit good overall performance, like the one in the present study,
depends on the resources and time available. The time to adjust a new column was
usually a few hours; we used seven different Merck Supersphere columns.

The groups of amino acids that have shown to be most difficult to separate
are described below; the term “amino acids™ is used for brevity although it is the
PTC derivatives that are meant. We found that changes in pH were particularly
important in order to obtain the optimum separation of all amino acids. At high pH,
amino acids Asp and Glu were eluted both close to each other and to the injection
artefact (which does not appear to be a problem in most other systems). A better
separation both from each other and from the start of the chromatogram can be
obtained by decreasing the pH, Fig. 2. Through changes in the pH and depending
on the column, Arg can be caused to elute in any position from before Thr to all the
way down to the Pro peak, Fig. 2. The elution position of His will change more or
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less in parallel with that of Arg. At low pH, Val and Met have a tendency to be
eluted close together. We have often chosen the compromise of pH 5.8 in the buffer
which is mixed with acetonitrile to form “B” and to adjust the pH to, e.g., 5.1 with
glacial acetic acid in solvent ““A”. In one case where the pH compromise did not give
an acceptable separation, this was obtained by adding 20% methanol to solvent B.

In the characterization of protein hydrolysates, the identification and quanti-
fication of derivatives of Cys is often important. Cys itself is probably eluted just
after Met (as x in Fig. 1a). Cysteic acid and carboxymethylcysteine are both eluted
before Asp, the cysteic acid often too close or-in the injection artefact (Fig. 1b).
Oxidation products of Met can occur in protein hydrolysates. The methionine sulph-
oxide is eluted as two peaks just before Thr. Possibly two isomeric forms are
generated during the oxidation process and separated on the column (Fig. 1b). Asn
and Gln, which are converted into Asp and Glu by acid hydrolysis, can be released
from peptides during sequence determination using carboxypeptidase digestion.
These two amino acids are eluted around Ser and Gly, usually in the order
Asn/Ser/Gln/Gly. On most long columns, a good separation of these four amino acids
can be obtained; in Fig. 1 no attempt was made to optimize this separation.

Ser(P)

1.19

Thr{P}
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TyriP) Thr(P)
2.19 ” 1,94

Ty (P)
3.18

Azsa Ty %CH,CN
c 3
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Fig. 3. Elution profile of PTC derivatives of phosphorylated and sulphated amino acids. (a) O-phospho-
L-serine, Ser(P), O-phospho-i-threonine, Thr(P), and O-phospho-pL-tyrosine, Tyr(P), with the column
and elution system in Fig. 1; 500 pmol of each amino acid were injected. (b) As (a) but using an isocratic
elution with 9% B (4.5% acetonitrile). (c) PTC derivative of O-sulphated L-tyrosine together with normal
Tyr in the system used in Fig. 1.
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Fig. 4. Elution profile of PTC derivatives of basic amino acid analogues. Approximately 500 pmol of each
derivative were injected. The column and elution system were as in Fig. 1. Can = L-Canavanine; HO-Lys
= 3-hydroxylysine (mixture of b/L and DjL-allo); NH,-Et-Cys = S-2-aminoethyl-L-cysteine; X and Z
= contaminants of Can and Arg respectively.

Phosphorylation of Ser, Thr, and Tyr and sulphation of Tyr are post-trans-
lational modifications important for cell function. Systems to identify phosphorylated
amino acids by precolumn derivatization with 4’-dimethylaminoazobenzene-4-sul-
phony! chloride or o-phthalaldehyde have been reported!3-'*. The phosphorylated
and the sulphated amino acids can also be identified and quantitated by the present
pre-column derivatization method using PITC. The phospho-Ser and phospho-Thr
are separated from each other and from the normal acidic amino acids, whereas
phospho-Tyr is eluted very close to Asp, as shown in Fig. 3a. In order to get a better
separation for collection of peaks for quantitation in labelling experiments with 32P,
the initial isocratic elution can be done with, e.g., 4.5% acetonitrile (Fig. 3b) or even
less. The time required for chromatography of the phosphorylated amino acids is
still as short as, or less than that for the o-phthalaldehyde derivatives!#. Cold stan-
dard amino acids are added to the sample for calibration during the collection of
radioactive amino acids. The elution profile of sulphated Tyr and normal Tyr is
shown in Fig. 3c. Sulpho-Tyr is eluted close to Ala, but this is not important since
sulphorylated Tyr is generally identified and quantitated in **S labelling experiments
after enzymatic or basic hydrolysis.

Certain amino acid analogues can be used to study co- and post-translational
modifications of proteins!®, In experiments with such analogues it is important to
determine their purity and to identify and quantitate them in fluids when they are
added, usually in millimolar concentrations. The chromatography of some of these
analogues will now be described.

Basic amino acid analogues

Canavanine (Arg with the CH; in the d position replaced by O), S-2-amino-
ethylcysteine (Lys with the CH, in the y position replaced by S and 8-hydroxylysine
are analogues which have been used to stop cellular processing at basic residues?s:1¢.
S-2-Aminoethylcysteine is also the identification product for cysteines after alkylation
with, e.g., f-bromoethyamine!”. The basic amino acid analogues are all eluted earlier
than their normal, more apolar counterparts, Fig. 4. The system is capable of dif-
ferentiating between the two stereoisomeric forms of hydroxylysine.
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Fig. 5. Elution profile of PTC derivatives of analogues of aliphatic amino acids and related amino acids.
Approximately 500 pmol of each amino acid derivative were injected. The column and the elution system
were as in Fig. 1. OH-NorVal = bprL-$-Hydroxynorvaline (DL-3-hydroxy-2-aminopentanoic acid);
Thr(OMe) = O-methyl-L-threonine; OH-Leu = f-hydroxy-pir-leucine; NorLeu = r-norleucine.

Analogues for aliphatic amino acids

Norleucine, which has often been used as an internal standard in, e.g., sequence
determination with carboxypeptidases, is well separated from its isomeric counter-
parts (Fig. 5b). On most columns, norleucine is also separated from Phe. The polar
Leu analogue, B-hydroxyleucine, in accordance with theory, is eluted earlier than
Leu and again the system differentiates between the two stereoisomeric forms (Fig.
5b). B-Hydroxynorvaline is actually not a valine analogue; in cells it functions as a
Thr analogue which can inhibit glycosylation of proteins in Asn residues when it is
built into the recognition sequence, Asn-X-Thr!%. In Fig. 5a the elution of the iso-
meric O-methylated Thr analogue is shown.

Analogues for aromatic amino acids

Trp, which is normally destroyed during acid hydrolysis, is well separated in
the PTC system between Phe and Lys. The elution profile of a mixture of different
Trp analogues is shown in Fig. 6a. The system is capable of separating three ana-
logues fluorinated in position 4, 5 and 6 respectively. The separation of the mono-
and di-iodinated Tyr derivatives shown in Fig. 6b is useful in the characterization of
iodinated tracers of peptides used in radioimmunoassays and receptor-binding stud-
ies. After the tracer has been cleaved to separate the possible iodinated tyrosyl resi-
dues, the fragments are hydrolysed by enzymatic digestion. It is then determined
whether the radioactivity is found in mono- or di-iodinated Tyr, in the same way as
described above for the 35S- and 32P-labelled peptides. The fluoro-substituted Phe



HPLC OF AMINO ACID DERIVATIVES 387

b Tyr(F)

Tyr(3-1)

Tyr{3,5-15)

A OH-Pro Azetidine b
2sa| o AL % CH,CN
0.1 30
Pro
20
0.05- ~ @
s H10
[ JL ]
) T T 1 T T 17 T T T T T T T
[+ 5 10 15

RETENTION TIME(min)

Fig. 6. Elution profile of PTC derivatives of analogues of aromatic amino acids and analogues of proline.
Approximately 500 pmol of each amino acid derivative were injected. The column and elution system
were as in Fig. 1. OH-Trp = 5-Hydroxy-pL-tryptophan; 7-AzaTrp = DL-7-azatryptophan; 4/5/6-F-Trp
= 4-fluoro, S-fluoro and 6-fluoro-pL-tryptophan respectively; Tyr(F)-3-fluoro-DL-tyrosine; Tyr(3-1) =
3-iodo-L-tyrosine; Tyr(3,5-1,) = 3,5-diiodo-L-tyrosine; Phe(F) = 4-fluoro-pL-phenylalanine; OH-Pro =
t-hydroxyproline; azetidine 2-COOH = p-azetidine-2-carboxylic acid.

shown in Fig. 6¢c can be used as an internal standard in enzymatic sequence deter-
minations and also functions as a Phe analogue in cellular experiments.

Proline analogues

In the presented system, hydroxyproline is eluted together with Asp; as regu-
latory peptides usually do not contain hydroxyproline, no attempt was made to sep-
arate the two coeluting amino acids. The four-carbon-ring analogue of proline, aze-
tidine-2-carboxlic acid, is used in cellular experiments!® and in this laboratory has
also been used as an internal standard in enzymatic sequence determination of pep-
tides. It is eluted at a good position in the chromatogram which is free from inter-
fering peaks when biological samples are analysed. Usually the analogue is also to-
tally separated from proline, however we present data for different analogues ob-
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tained on one column and with one solvent system, with no special optimization
applied for any particular amino acid analogue.
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