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1. INTRODUCTION

Iﬂ spitc of NUNICIOUuS cﬁorts to overcome -the tune-consummg operations in

- sequence analysis, either by automation of current procedures or by outlining new

methods suitable for- computerization, chromatographic methods continue to be the

‘keystone in the mul&-step procedures used for the deiermmatlon of the primary
structure of proteins and peptides.

S Durmg the past 30 years, numerous mcthods have appeared that are suitable
for the determination of the liberated N—termmal amino acid after apply:ng Edman’s
;ciassxcai smg!e-step precedu;:e. About four yearsago, to gether with the Jate Jan Rosmus,
: we. med to summanze the data availabie on chromatoeraphm sgparations of dlﬁ‘erent
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derivatives used in sequence analysis and found that there were about 41 types of
derivative (Rosmus and Deyl'?). At first sight it was obvious that the individual
methods were developed to considerably different degrees and aiso that the separation
techniques used for individual types of derivative differed substantially in respect to
the quality of separations obtained. Some of these techniques were very popular and
necessitated the division of the review into two parts, one of which was devoted solely
to the separation of dinitrophenyl (DNP) derivatives and phenylthiohydantoin (PTH)
derivatives, while the other was devoted io the remaining 39 methods.

Now, four years later, it is, perhaps, reasonable to re-examine this topic. The
above division of the problem into two parts according to the popularity of individual
technigues seems justified even today; in the meantime, however, the inierests of
most research workers have changed. The separation of dinitrophenyl derivatives
appears nowadays to be only of historical interest and these were replaced by
fluorescent derivatives, mainly the 1-dimethylaminonaphthalene-5-sulphonyl (dansyl;
Dns) compounds, which offer much higher sensitivity and are capable of giving very
good separations. Unlike DNP-amino acid derivatives, hydantoins, phenylthio-
hydantoins and other derivatives of this type withstood the fashionable trends over
the years and interest in their use in facilitating separations remains high. This latter
fact is obviously due to the use of Edman’s procedure, which, except for being
automated, has not changed substantially. Currently, progress in chromatographic
techniques in the area of sequence analysis appears to be intensive rather than
extensive. Since the first steps takeh in the chromatography of Dns-amino acids about
10 years ago (Seiler and Wiechman® and Deyl and Rosmus?*}, the technique for their
separation has been highly developed and today offers a wide selection of all types
of separation, including the flat-bed arrangement, classical liquid-column separation
and high-speed, high-resolution chromatography; the same considerations hold for
different organic isocyanates, especially PTH-amino acids.

As mentioned earlier, the newly developed methods are few, and most are
directed towards slight modifications of aromatic sulphonyl chiorides, which would
offer higher yields of fluorescence and thus increase the semsitivity of the method
beyond the level of Dns derivatives. Among the really new procedures, the use of
pivalyl and benzoy! chloride for the gas chromatographic separation and determina-
tion of N-terminal amino acids should be emphasized (Cavadore et al.5).

It is not within the scope of this paper to present an exhaustive review on the
chromatographic separations of N-terminal amino acid derivatives and those readers
who require more detailed information should be directed to previously published
reviews, many of which have lost litile of their value even after the many years that
have elapsed since they appeared (Fox%, Rosmus and Deyl!.?, Meloun’, HoleySovskyS®,
Pataki®, Bailey'®, Seiler'!, Gray?, Deyl and Juficovd3, Deyl!*). It is therefore desirable
to concentrate on the progress that has been made within the lastfour years respecting
the effects of the new progressive chromatographic technigues, which involve not
only the quality of separation but equally the problems of quantitation.

In the formal presentation of this survey, repetition of the mechanisms of the
reactions examined in the two previous reviews (Rosmus and Deyl'?) is avoided.
Thus only the reaction schemes of the newly introduced types of reagents are presented
here. Reaction schemes of analogous reagents, which have generally the same struc-
tural skeleton but differring only in one or two substituents have also been omitted.
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2. DNS DERIVATIVES

(A) Derivatization

In principle, the techniqgue of dansylation has not changed and most workers
recommend that the reaction be carried out in 0.1 & NaHCO;. In addition to the
techniques described in our previous reports, it would perhaps be reasonable to refer
here to the method of Varga and Richards!'S, which, when carefully carried out, allows
the quantitation of Dns-amino acids afier polyamide thin-layer chromatography (TLC)
at the picomole level.

To 3.6 X 10~ mole of the protein to be analysed, contained in a test tube,
S pl of 0.1 M NaHCO, are added and made to cover the base of the tube by vibrating
it on a Voriex mixer; 5 ul (approx. 500 molar excess) of Dns chloride (Dns-Cl) solution
{2 mg/ml) in acetone are then added and, after briefly mixing it, the reaction mixture
is allowed to react for 12 h at 20°. The mixture is hydrolysed with 6 N HCI, the
residue obtained after evaporation dried ir vacuo and the Dns-amino acids and side
products of the reaction are then extracted by vibrating the test tube with 25 gl of
ethyl acetate saturated with water. The extract is spotted on two polyamide layers (2
1 each) such that the spots on the starting line are less than 2 mm in diameter.
Simultaneously, a standard mixture of Dns-amino acids is run in parallel, thus pro-
viding an internal control for accurate quantitation, as it eliminates differences in
TLC plate batch behaviour, humidity, solvents and minor discrepancies in the chro-
matographic process itself.

For hydrolysis under the above conditions, 25 gl of 6 ¥ HCI are used and the
evaporated residue after hydrolysis taken up in pyridine-acetic acid (1:1). Different
amino acid derivatives exhibit different levels of stability towards hydrolysis, as sum-
marized by Casola ef al.1° (Table 1). )

TABLE 1

RECOVERY OF Das-AMINO ACIDS AFTER TREATMENT WITH 6 N HYDROCHLORIC
ACID AT 110° FOR 16 h

Amino acid Recovery (%)

Lys 92
Phe 93
Leu 92
Ile 86
Val 93
Pro 14
Ser 65
Thr 97
Asp 93
Glu 160
Gly 64
Ala 87

(B) Flar-bed separations

As mentioned in many earlier papers, one of the considerable problems in Dns-
amino acid chromatography is that the unreacted Dns-Cl hydrolyses to the corre-
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sponding acid, which interferes with the chromatographic separation if the choice of
the solvent is such that the free acid has a high Ry value. Varga and Richards?® re-
commend overcoming this problem by multiple development with the solvents systems
used by Woods and Wang?’, i.e., benzene-acetic acid (9:1), formic acid—water (1.5:98.5
or 15:100) and later ethyl acetate-methanol-acetic acid (20:1:1). With the first system
the Dns acid remains on the starting line and does not interfere in the subseguent step.

" Most of the Dns-amino acids are resolved by running the sample in parallel
in the first two solvent systems. Dns-arginine (Arg) is separated from Dns-histidine
(His), and Dns-aspartic acid (Asp) from Dns-glutamic acid (Glu), by running the
plate developed previously in benzene-acetic acid (9:1) in the last solvent system, Z.e.

Watear 1 Benzens 9
Formic acid 1] Acetic zcid 1
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Fig. 1. Schematic representation of spots of Dns derivatives of amino acids on polyamide layer

(Woods and Wang?’). These data are used for the first run separation using the technigue of Varga
and Richards'® (for dstails see text).




SEQUENCE ANALYSIS OF PROTEINS AND PEPTIDES 95

ethyl acetate-methanol-acetic acid (20:1:1). In order to separate Dns-Arg, Dns-serine
(Ser) and Pas-threonine (Thr), the ethyl acetate-methanol-acetic acid mobile phase
is run over the plate developed previously in formic acid—water (1.5:98.5 or 15:100).
Positions of individual spots are summarized in Fig. 1. Perhaps the most unique
feature of this procedure lies in the use of polyamide layers that are covered on both
sides with the sorbent. Usually, the reference mixture is spotted on the reverse side
of the layer. This arrangement is necessary for subsequent quantitation, as will be
described later.

The orly disadvantage of the above procedure is that it constantly obscures the
spot of Dns-cysteine (Cys), which is indistingnishable from that of the free acid. It
is therefore recommended that some of the solvent systems that offer almost complete
separation of all Das-amino acids, as evolved by Deyl and Rosmus? and Arnott and
Ward!®, be applied.

Quantitation of the spots can be achieved by direct scanning of emitted fluo-
rescence as reported by Seiler!? for silica gel plates. The fluorescence depends, however,
on the wetness of the plate, and apparently some decomposition or evaporation of
the Dns derivatives occurs even if the plates are stored in a completely dark place.
In the recently reported method of Varga and Richards's, suitable for polyamide
layers, the heating procedure of Boulton ef 2l.'°, which increases the sensitivity of
detection, is omitted. Essentially, the procedure of Varga and Richards's is a more
precise application of the criginal trials of Bruton and Hartley®®, Weiner ef al.** and
Spivak ef al.2 for quantitative microanalysis.

In addition to direct in situ spectrofinorimetry, Varga and Richards'® described
the possibility of quantitation of fiuorescent spots by photocopying densitometry.
This method is somewhat more laborious than direct scanning; however, it offers the
advantage that permanent records can be kept. In principle, a sandwich is made by
using contrast film on one side of a gelatin filter (Kodak Wratten No. 93) and a double-
sided polyamide thin-layer plate on the other, with the layer containing the Dans-aminoc
acid spots on the outside, thus directly facing the ultraviolet (UV) source. The plate
transmits the visible light but prevents penetration by UV radiation. At the concen-
trations used for quantitation, the Dns-amino acids on the inside layer of the double-
sided polyamide plate do not receive enough UV light to interfere with quantitation.
The interference limit of these spots is a 1000-fold excess compared with the quanti-
tatad amount on the outside layer. The sandwich, held firmly together with appro-
priate clamps, is exposed to the UV lamp (UVS-11 minerallight) for 10 sec from a
distance 17.5 cm. The sandwich is then tazken gpart and the film developed and
scanned in an appropriate densitometer. Normally, quantitation is carried out at the
5-20 pmole range; however, the sensitivity extends down to the fentomole fevel. A
further increase in sensitivity can perhaps be achieved by varying the excitation wave-
fength of fluorescence. The corresponding fluorescence intensities are now available,
as indicated in Table 2. )

In sequence analysis, not only guantitation but also identification may cause
considerable problems. To facilitate identification the recent suggestion by Lederer
that layers with different sorbent paths should be used with a single-solvent sysiem
seemed promising and resulted in the data reported by Deyl and Rosmus®. The
spreading device has been divided into three equal parts and silica gel (silica gel.
Waoelm 210, neutral, 67 g per 160 mi of water), aluminium oxide (aluminium oxide
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TABLE 2

FLUORESCENCE EMISSION MAXIMA AND RELATIVE FLUORESCENCE INTENSITY
OF Dns-AMINO ACIDS ON POLYAMIDE PLATES

Amiro acid Maximum (nm) Intensity
(wd) (%)
Ala 470 0.50 100 -
Asn 470 0.59 118
Asp 468 044 88
Arg 468 0.48 96
Gln 466 0.45 90
Glu 469 0.54 108
Gly 470 0.43 86
He 465 0.47 94
Leu 468 0.54 108
Lys (e-Dns) 470 0.42 84
Lys (e-Dns) 469 0.53 106
Lys (bis-Dns) 468 0.70 140
Met 468 0.46 92
Phe 468 0.51 102
Pro 465 0.40 80
Ser 468 045 90
Thr 468 043 86
Tyr (e-Dns) 468 0.46 92
Tyr (bis-Dns) 405 0.33 118
485 0.26
Trp 466 0.47 94
Val 466 G.52 104
Dns-NH, 395 0.40 g0
Dns-OH 426 0.89 178

G, Woelm (113, 67 g per 100 g of water) and polyamide (polyamide, Woelm 410, 11
g per 100 ml of methanol) were used and spread in the individual parts of the device.
The layers of silica gel and alumina were spread together in the first run of the
spreader. The plates were then heated to 105° for 3 h and the second movement of
the spreader was used to prepare the layer of polyamide. After being spread with
polyamide, the layer was allowed to stand at room temperature for at least 15 min
and finally dried again at 60° in a ventilated oven. The layers were appicximately
250 pm thick and were stored in a desiccator over silica gel. Cellulose was not used
for layer preparation as Dns derivatives tend to stick to the starting lipe and tail
‘padly in all of the solvent systems used.

Among the solvent systems tested, the following two proved suitable for the
identification procedure: chloroform-benzyl alcohol-acetic acid (70:3:3) (Fig. 2a);
and n-butanol-pyridine-acstic acid—water (30:20:6:24) (Fig. 2b). As shown in the
figures both systems allow complete identification of eighteen common acids in the
form of their Dns derivatives. The usefulness of this technique becomes clear from
some examples: in the solvent system based on chloroform the application of the
third'sorbent (polyamide) permits the identification of Asp, Arg and His in the presence
of each other, a combination that is otherwise very difficult to separate. Valine {Vzal),
2nd isoleucine (Tle) is another combination in which, without using the third sorbent
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Fig. 2. Identification scheme for eighteen common amino acids as their Dns derivatives. Solvents:
(a) chloroform-benzy!l alcohol-acetic acid (70:30:3) and (b) n-butanol-pyridine-acetic acid-water
(30:20:6:24). Sorbents used: aluminium oxide (hatched squares), silica gel (open squares), and poly-
amide (filled squares).

(aluminium oxide), the components cannot be distinguished. In the aqueous system
(see Fig. 2b), similar combinations are Asp-lysine (Lys), Lys~Arg-proline (Pro) or
glycine {Gly)-alanine (Ala). In order to facilitate identification, a simple system for de-
scribing the three spots relating to a particular amino acid derivative has been used:
assuming that the accuracy of an R determination lies in the range of 0.05 Ry, each
spot on a particular sorbent is characterized by the nearest Ry value endingin O or 5
(0.05, 0.10, 0.15, etc.). These help to make the system handy without using many
layers for record purposes.
An important way to increase the sensitivity of an N-terminal amino acid
.determination is to make use of “C-Dns-Cl. This technique, developed by Casola
et al *6, offers a 50- to 100-fold increase in sensitivity over the conventional procedure.
In combination with the precise separation procedure itself, it is possible to approach
the picomole level. Quantitation is carried out with cuf-out spots and the separation
itself is two-dimensional with two subsequent runs in the second direction carried out
with different solvent systems. A polyamide layer serves assorbent. Aqueous formicacid
(1.5%) has been used in the first dimension while benzene—acetic acid (96:10) served
as the mobile phase for the first run in the second direction. Ethyl acetate—methanol-
aceticacid (20:1:1) was used for re-running the chromatogram in the second dimen-
sion. This last run is sometimes referred to as 2 third dimension run.
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Last, but not least, is the flat-bed procedure, which has been developed
recently in the field of Dns derivatives in the so-called TLC on pre-loaded silica gel
sheets. This technique is based on the original finding of Geiss ef a/.>* that interactions
between the mobile phase and ambient atmosphere may considerably influence final
separation. Reasonably good separations were achieved with a formic acid gradient
used for pre-loading (5—40 %), provided that 109 of methanol was added to the pre-
loading mixture. In some other cases the pre-loading gradient was extended so that
it covered 0409, of formic acid, but the presence of methanol was always necessary
in order to depress tailing. Jinchen®>, who introduced this technigue, stressed its
theoretical value more than the practical application in sequence analysis, so that at
present this procedure indicates only a perspective for structural studies and can
hardly be exploited for routine work.

Although used only for the determination of the N-terminal amino acid in a
single step, the method of Kato ef 4/.%° should be mentioned here, as it ofiers the pos-
sibility of estimating N-terminal amino acids in a mixture of proteins and peptides
and, moreover, makes it possible to check small amounts of a contaminant in an
oligopeptide.

In principle, a2 mixture of peptides labelled with Dns-Cl is separated by electro-
phoresis by using a 12.5% gel in 0.1 M Tris-acetate buffer (pH 8.2) that is 8§ & in
urea. After electrophoresis, gels are removed from the tubes by the usual procedure
and fluorescent zones are cut off, homogenized and extracted with 5 ml of water at
37° for 16 h under stirring. In some instances the removal of the Dns peptides is
incomplete under these conditions, in which event the following procedure is recom-
mended: the gel section, containing labelled peptide is placed on the bottom of a new
casting tube and the electrode buffer is layered on the gel. An eleciric current is then
applied in the direction opposite to that used during separation. Usualiy electropho-
resis for 90 min at 5 mA per gel is sufficient to transfer the sample completiely to the
inner buffer. The extract obtained by either of the two methods is lyophilized and
washed three times with 1 ml of acetone in order to remove urea and sodium dodecyl
sulphate (SDS). Under these conditions the Dns peptide remains precipitated without
much loss. The precipitate is spun off, dried in a stream of nitrogen, dissolved in 0.5-
1.0 ml of 5.7 N HCI and transferred to a hydrolysis tube. Hydrolysis is carried out
at 110° for 4-6 h, the hydrolyzate is dried i vacuo within 30 min and the residue taken
into solution with 0.5 ml of acetone. The exfractis concentrated in a stream of nifrogen,
if necessary, and subjected to TLC in the system adopted by Woods and Wang!?
using polyamide sheets. Dns-Tris occurs as a specific by-product during this proce-
dure, and is characterized by having an R value of 0.95 in 1.5%; agueous formic acid
on polyamide sheet.

(C) Liguid column chromatography and high-speed separations

In the renaissance of liquid column chromatography it would be rather sur-
prising if a series of compounds such as the Das derivatives of amino acids were not
subjected to this type of separation. A procedure, using a polyamide column, was
evolved by Deyl and Rosmus®” and can briefly be characterized as follows. The column
used had dimensions of 100 X 1 cm and was adjusted for constant-temperature opera-
tion (35°); it was filled with Woelm polyamide (15 g). As the degree of separation
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obtained is considerably influenced by the method of column packing used, a special
device developed by Kesner®® for uniform column filling was adopted.

After the column had been filled, benzene was pumped through it for about
1 b in order to pack it. During the packing procedure, the flow-rate was maintained
at 2.5 ml/min and while operating the column the flow-rate was decreased to 0.1
ml/min. Also during the packing procedure, the thermostat was set at 35° and the
column, the mixing chamber and the reservoirs were adjusted to this temperature.
The outlet of the column was connected to an adapted Farrand spectrofluorimeter
cell; as in most instances the fluorescence intensity was much tco high for the recorder
scale, a proporfionating pump was inserted. The excess of outflow from the column
was either discarded or retained in a fraction collector for further investigation by
flat-bed techniques. The fluorescence wavelengths were set to 340 and 3500 nm for
excitation and luminescence, respectively. The Farrand spectrofluorimeter was alter-
natively set for a decreased sensitivity (1.0 position on the sensitivity scale), and the
proportionating pump was by-passed. The outlet flow was diluted with acetone or
methylcellosolve from an additional reservoir. The individual parts used for the
split-stream procedure and all the tubing used were parts of the Technicon amino
acid analyzer. The overall asembly of the apparatus is presented in Fig. 3.

The measuring cuvetie was adapted from a 5-mm round-shaped quartz tube,
and the spectrofiuorimeter gear box adapted to give a lower speed (20 cm/h).

The amount of sample analyzed varied from 50 to 500 zl. As the solvent system
used by Woods and Wang!? in thin-layer chromatography did not result in complete
resolution of all the amino acid peaks, different proportions of benzene and acetic
acid were examined. The most generally applicable mixture was that of benzene—acetic
acid (90:5), in which, however, the fast-moving peaks of leucine (I.eu) and isoleucine
were not separated. In order to improve this situation, elution was started with a
benzene/benzene-acetic acid (9:1) gradient, composed of two 200 ml mixed reservoirs.
Afier 300 min, the inlet was swiiched automatically to the 9:1 benzene-acetic acid
mixture and elution was carried out for the next 800 min without a gradient. In the
fina! stage, this eluent was suddenly changed to a benzene-acetic acid (6:4) mixture,
which made it possible to elute asparagine (Asn), hydroxyproline, arginine, cysteine
and cysteic acid. The bluish band of Dns-amide remained uneluted and was removed
during the regeneration procedure.

Before use, the column was washed with dry acetone (drying for 1.5 h was
satisfactory), the flow-rate of the washing fluid being 1.5 ml/min. Acetone was then
replaced with benzene, whick was passed through the column for an additional 2 h.
After this period, the column was ready for uvse for a fresh separation.

The gradient-elution system exhibits several advantages compared with the
widely used flat-bed techniques. Firstly, it minimizes the possibility of inducing errors,
as the separation is very precise and can easily be completed with an additional flat-
bed check by using the same material, which is therefore not lost, and the demands
on the amount to be analyzed are consequently very reasonable. Another advantage
is based on the fact that the column technique gives a good possibility of recovering
unusual amino acids or hydrolysis-resistant peptides, which may be of considerable
importance in special situations such as in the analysis of complex peptide mixtures.
As indicated in Fig. 4, this technique offers the possibility of separating almost all
common amino acids in one run, and, under standard conditions, the technique can
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Fig. 3. The overall assembly of the chromatographic eqguipment. 1 = Separation column; 2 =
thermostats; 3 = gradient device and reservoirs (benzene-acetic acid gradient); 4 = reservoirs for
benzene-acetic acid {9:1 and 6:4 systems); 5 = fraction collector; § = proportionating pump; 7 =
acetone reservoir; 8 = Farrand spectrofluorimeter (detail A, flow-through cuvette); 9 = programmed
three-way tap.

also be used for quantitative determinations. These advantages are, of course, ob-
tained at the cost of using more complicated equipment and slightly larger samples
for analysis (at least twice as much as in the flat-bed technique).

As in every separation of a complex mixture there are pairs of Dns derivatives
which are difficult to separate, such as phenylalanine (Pke) and a number of others
with high chromatographic mobilities. In order to achieve adeguate separations,
which may be subjected to quantitation by using the technique common in non-
derivatized amino acid analysis, one has to work in the region of ca. 2000 theoretical
plates. An improved separation has been obrained by introducing 2 gradient system
at the beginning of the chromatographic run. The operating times and solvent
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Fig. 4. Typical elution profile of Dns-amino acids on a polyamide column. - —
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TABLE 3

RETENTION VOLUMES AND RELATIVE RETENTION VOLUMES OF Dns-AMINO
ACIDS

Amino acid Benzene—acetic acid  Benzene-acetic acid
(9:1) {(6:2)
ve* Vel Vo™ Ve VelVero

Leu 138 1.53 80 1.02
Val 124 1.35 82.5 1.05
His 143 1.64 — —

Met 152 1.69 81 1.04
Ala 163 181 o2 1.08
Lys 196 2.18 108 1.38
Gly 765 8.39 117 1.50
Trp 500 5.55 134 1.71
Thr 865 92.60 142 1.82
Ser 2540 28.21 485 6.21
Cys — — 980 12.57
Arg — — 384 4.92
Hyp 700 1.76 — —

Pro 90 1 78 —

Phe 155 1.72 85 1.09
Gln 370 4.12 126 1.61
Asn 1350 15.00 370 4.74

* V. = Elution volume.
** V./V.e = Elution volume relative to proline.

systems used are as follows: 0-300 min, gradient of benzene/benzene-acetic acid (9:1),
200 ml of each solvent; 300-1100 min, benzene-acetic acid (9:1); and 1100-2500
min, benzene-acetic acid (6:4). The chromatographic properties of the individual
solvent systems used are summarized in Table 3.

Although no precise rules for predicting chromatographic mobility can be
formulated, there are general features which, for an unknown derivative, may serve
as a guide. An increase in the number of carbon atoms in the amino acid side-chain
decreases the retention time. Compared with a straight chain, the difference due to
a —CH, group in a branched side-chain has a much smaller effect in decreasing the
retention time. Hydroxylation, however, shifts retention times to much higher values
and the differences in 2 homologous series are increased in hydroxylated amino acids.
While the presence of a second amino group causes the amino acid to move with a
low retention time, guanidylation considerably retards the chromatographic mobility.

High-speed liguid column chromatography has been introduced by Engelhardt
et al.?® for the separation of Dns-amino acids. Silica gel particles of size ranging be-
tween 5 and 8 um were packed into a 50 cm X 4.2 mm stainless-steel column. The
sorbent was dynamically equilibrated with water using water-saturated dichloro-
methane. In the final stage, the sorbent contained 0.4 g of stationary liquid per gram
of silica. Separation was run under 255 atp with a flow-rate of 3.2 ml/min. A very
good separation, as exemplified in Fig. 5, was achieved within 22 min with water-
saturated dichloromethane as the mobile phase. However, only less polar amino acid
derivatives were eluted in this step. Therefore, in the next separation step, 2 more
polar mobile phase was used. If the column is eluted with dichloromethane con-
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taining 109 of water, the elution pattern depicted in Fig. 6 is obtained. It appears
that with high-speed liguid column chromatography it is possible to resolve in two
successive steps most of the common Dns-amino acid derivatives. A continuous gra-
dient elution would presumably give even better results; however, the detection
method of choice (not specified clearly in the paper, but presumably with a dif-
ferential refractometer) in the above procedure was difficult to balance with respect
to the baseline shift under gradient elution.

22 8 NRE ) 8 2 o
min B

Fig. 5. High-speed separation of Dus-amino acids. (Engelhardt e¢ 2/.25). Column: 50 cm (4.2 mm
LD., drilled); spherical silica (Professor Unger, Technische Hochschule, Darmstadt, G.F.R.)
dynamically coated with 0.4 g of stationary liquid per gram of silica; particle size 5-8 zzm;
mobile phase, dichloromethane, water saturated (1500 ppm H,0) + 19 acetic acid + 1 % 2-chloro-
ethanol; pressure, 255 atm; linear velocity, 0.6 cm/fsec; fiow-rate, 3.2 ml/min. 1 = Inert (¢ = 0);
2 = unknown (1.4); 3 = Dns-llc (2.9); 4 = Dns-Val (3.25); 5 = Das-Leu (3.9); 6 = Dns-Tyr
(4.7):-7 = Dns-Alz (6.5); 8 = Dns-Trp (8.0); 9 = Dns-Gly (8.8); 10 = Dus-His (10.1); 1i =
Dns-Lys (14.4).

For laboratories that do not possess the complex high-speed chromatographic
equipment, the above technique is still of value as it can also be used with lower pres-
sures according to the size of sorbent particles used.

Very recently another technique, which can be classified as high-speed liguid
column chromatography has been published by Yamabe er a/3°. TSK-gel LS-140, a

Q

as 20 5 1© s

IEy - -
Fig. 6. High-speed separation of Dns-amino acids. (Engelbardt es 2/*%). Conditions as for Fig. 5,
except 109/ 2-chlorethanol in the mobile phase. 1 = Inert; 2 = mixture separated in Fig. 5: 3 =
unknoown; 4 = Das-Thr (¢ = 5.9); 5 = Dns-Ser (8.0); 6 = Dns-Glu (8.5); 7 = Dus-Asp (11.0);
8 = Dns-Cys (15.5). -
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macroreticuiar poly(vinyl acetate) gel (average grain size 10 gm), served as sorbent;
n-hexane-ethanol-acetic acid-triethylamine (90:10:1:1) was used as mobile phase at
a flow-rate of 2.2 ml/min and at 2 pressure of 83 atm. The column size was 50 cm X 3
mm and running time only 60 min; however, no baseline separations were obtained
with a standard mixture of amino acids, as indicated in Fig. 7.

Q@ 20 40 6O min

Fig. 7. Chromatogram of Dns-amino acids using the mobile phase r-hexane-ethanol-acetic acid-
triethylamine (90:10:1:1). Flow-rate, 2.2 ml/min; pressure, 83 kgfcm?.

3. BANSYL DERIVATIVES

The replacement of the dimethylamino group of DPns-Cl with a di-n-butyl-
amino group offers some advantages over Das derivatives, the resulting compounds
being less polar and easily separated in non-polar solvents (Seiler ez 2l3'). The
derivatization is carried out at room temperature in acetone—water (3:1) saturated
with sodinm carbonate, in a similar way to that with Dns-Cl. Thin layers of silica or
polyamide can be used for the separation. With polyamide, benzene—acetic acid (9:1)
may serve as mobile phase. Spot positions are obvious from the scheme shown in
Fig. 8. The sensitivity range is in the order of tenths of a nanomole, which appears
to be another important advantage of these derivatives.

4. DABSYL DERIVATIVES

Recen.tly, a new, coloured type of derivative for the N-terminal labelling, 4-
N,N-dimethylaminoazobenzene-4'-sulphonyl (dabsyl) chloride, has been synthesized
by causing methyl orange to react with phosphorus pentachioride. The sulphonyl
groups react readily with primary and secondary amino groups. According to Chang
and Creaser*?, the intense chromophoric dabsyl amino acids formed permit the
detection of amino acids as coloured spots in the range 107°-107* mole.

The silica gel plates originally suggested for thin-layer separation of these
derivatives suffer from diffusion effects, which in some instances may obscure the
results. Therefore, in later work performed by Chang and Creaser®? polyamide sheets
were used instead. The whole procedureiscarried outon 5 X 5-cmsheets and optimum
detection is observed with 1020 pmole of each amino acid.
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The practical procedure for preparing dabsyl derivatives is as follows. The
requisite amount of each amino acid {50 nmole) is dissolved in 50 nmole of 0.2M
NaHCO; and allowed to react with an equal amount of dabsyl chioride in 50 2l of
acetone at 70° for 5-10 min; 10-15 pmole are then applied to the 5 X 3-cm polyamide
sheet. It has been stressed that the size of the starting spot should not exceed 1.6-1.3
mm. In general, the solvent systems of Woodsand Wang!? originally proposed for Das-
amino acids are recommended. Thus in the first dimension the plate is developed in
water—2-chloromethanol-formic acid (100:60:3.5) while in the second ... - .nsion the
plate, after being carefully dried, is developed in benzene-acetic acid {(6::). A sche-
matic representation of the separation is presented in Fig. 9. The spots can be
intensified by exposure to HCl vapour.

Benzone :
acetic acid 9t
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0.9 =
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3 & cly
0. 5 b
0.4
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Fig. 8. Schematic representation of the separation of bansyl derivatives.
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Fig. 9. Schematic representation of the separation of dabsy! derivatives.

In the above system, several combinations of amino acids are not separated,
thus the spot of cysteic acid is fused with that of dabsyl-OH, methionine (Met) sul-
phogne is indistinguishable from hydroxyproiine (Eyp) and Thr, and a-Lys derivative
and e-His derivative form a combined spot; Arg and Lys are also difficult to separate.
The use of other solvent systeimns that allow the separation of these overlaps was sug-
gested. Thus dabsyl-OH and cysteic acid {corresponding derivative), dabsyl-NH, and
Ala, methionine sulphone, Hyp and Thr, and e-monohistidine, e-monolysine and
Arg, can be separated {always from the last-mentioned amino acid derivative) by
developing the plate in water—pyridine-28 % ammonia-formic acid (100:20:10:2). Arg
can be separated from monosubstituted Lys and His by developing the plate in
water—28 %/, ammonia—ethanol (9:1:10). Very recently Creaser® used the isothiocya-
nate derivative of the dabsyl reagent for direct sequencing work.

5. PIVALYL AND BENZOYL DERIVATIVES
(A) Perivatization

Both pivalyl and benzoyl chloride are reagents that are very reactive towards
the N-terminal amino group. Also, the introduction of a benzoyl or pivalyl group
facilitates the hydrolysis of an N-terminal amino acid; both of these reagents were
used for the first time by Cavadore er al.°. The final identification was achieved by
gas chromatography after converting the liberated benzoyl and pivalyl derivatives into
their corresponding methyl esters. Schematically, both reactions can be represented
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In practice, 10-15 zmole of the peptide to be analysed are dissolved in 100 gl of N-
ethylmorpholine contained in a vial tube and 20 ul of pivalyl chloride or benzoyl
chloride are added. The reaction is allowed to proceed for 30 min at room temperature
and the solvent is then evaporated off in a stream of nitrogen. The residue is dissolved
in 300 u1 of methanol saturated with hydrogen chloride and heated to 70° for 30 min.
The acidic methanol is evaporated off and the residue is dissolved in 200z of 0.1 N
HCI and the solution extracted twice with ethyl acetate to give a total of 600 ui. The
extract is evaporated to dryness, re-dissolved in methanol and treated with an excess
of diazomethane in diethyl ether for several minutes. The reaction mixture is then
taken to dryness, dissolved in 5 gl of dichloromethane containing the corresponding
internal standard and this solution is directly transferred to the gas chromatograph.

If the molecular weight of the peptide or protein is too large, it has been re-
commended that about 100 nmole of the substance to be analysed be suspended in
an acetone-water mixture (1:1) and only then is the N-ecthylmorpholine solution
added.

(B) Gas chromatography

For the chromatographic separation of N-pivalylamino acids in the form of
their corresponding methy! esters, a 35 m X 0.028 cm capillary column, coated with
5% XE-60 and FFAP (0.5%) in dichloromethane was used. Nitrogen served as carrier
gas at a flow-rate of 1 ml/min. Temperature programming and separation of individual
amino acid derivatives can be seen in Fig. 10. Pivalylphenylalanine ethy! ester served
as infernal standard.

An identical column was used by Cavadore ef af® for the separation of
benzovlamino acid methyl esters. The column was coated with 1 % FFAP in dichloro-
methane and nitrogen served as carrier gas at a flow-rate of 1 mi/min. The injector
heater in both instances was heated to 250°. Temperature programming of the column
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Fig. 10. Gas chromatographic separation of an equimolar mixture of N-pivalylamino acid methy
esters {5 nmole) on a glass capillary column (35 m X 0.028 cm 1.D.) coated with XE-69 (3%) and
FFAP (0.5%) in CH,Cl,. Nitrogen carrier gas flow-rate, 1 ml/min.; injector heater at 250°. The
internal standard used was pivalylphenylalznine ethyl ester. Peak ideatification: I = Ala; 2 = Val;
3=IHe;4=Gly;5 =1Leu; 6 =Pro; 7= S-CH;-Cys; 8 = Asp; 9 = Thr; 10 = Ser; 11 = Met;
12 = Glu; 13 = Phe; 14 = internal standard; 15 = S-CM-Cys; 16 = Tyr; 17 = Asn; 18 = Gln;
19 = Lys; 20 = Trp.

and the quality of separation are shown in Fig. 11; good peaks were obtained after
injecting 5 nmole of the derivative into the apparatus.
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Fig. 11. Gas chromatographic separaticn of an equimolar mixture of N-benzoylamino acid methyl
-esters {5 nmole) on a glass capillary column (30m X 0.028 cm 1.D.) coated with FFAP (1%)
CH,Cl,. Nitrogen carrier gas flow-rate I ml/min; injector heater at 250°. Peak identification: 1,
Ser;2 = Ala:3 = Val; 4 =Ile; 5 = Leu; 6 = Gly; 7 = Pro; 8 = Asp; 9 = Thr: 10 = Met; 11
Glu; 12 = Phe; 13 = Tyr; 14 = Asn; 15 = Gln.

-
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6. PHENYLTHIOHYDANTOINS
(A) Flat-bed separations

For many years thin-layer chromatography of phenylthiohydantoins (PTHs)
has been considered a simple and relizble method for the identification of amino acid
residues liberated during the individual steps of Edman’s degradation procedure™,
The trends in this field are, like those with the dansylation procedure, directed to-
wards increased semsitivity, which would compensate for stepwise losses and de-
creased yields recorded during the individual steps of the sequencing process. Re-
cently, chromatography on small-size polyamide sheets has been used for detecting
0.05-0.20 nmole of PTHs. The sheet size used was 5 X 5 cm and detection was carried
out by the conventional quenching of a fluorescent indicator added to the Iayer.
Summers ef @l reported the possibility of detecting as little as 0.3 nmole on 6.3 X
6.3 cm plates using the starch—iodine reaction and Edman® himself reported that it
was possible to quantitate 0.8 nmole on 20 X 20-cm silica gel plates, and the detection
limit in the latter instance was 0.4 nmole.

Generally speaking, small-size plates are currently preferred as the spots,
which move a shorter distance, are more compact and smaller amounts can therefore
be recovered. On the other band, Inglis and Nicholls®’, again using 20 X 20 cm plates,
succeeded in reliably detecting less than 0.2 nmole and surmised that if smaller plates
were used, the sensitivity would accordingly be higher. The method is based on ex-
posing the plate, after careful removal of the mobile phase, to iodine vapour. While
Truter’® does not report this procedure as being particularly suitable for the estimation
of PTHs, our own results obtained by the method of Inglis and Nicholls? indicated
very goaod applicability of the iodine detection.

It should be stressed that the method of Inglis and Nicholls differs from that
involving the iodine-azide reaction, the use of which was not recommended (Feigh®®
and Edman®), although it has been used extensively to increase detection limits; the
main problem here lies in the fact that the intensity of the spot has a poor correlation
with the amount of PTH actually present. This may obviously be a source of serious
errors in sequencing. As stressed by Inglis and Nicholls, detection by flucrescence
quenching suffers similar problems, while in the iodine reaction these problems are
minimized. The reaction with iodine vapour is reversible and non-destructive
(Barrett®) and therefore offers the possibility of subjecting a particular spot to further
investigation.

With regard to other detection methods, that with ninhydrin—collidine mixture
in absolute ethanol is still in use (Roseau and Pantel*'). The chemical reactions in-
volved in this detection were elucidated by Schifer and Bauer®?. It has been proved
that the red colour obtained after spraying the plate is that of hy-drindantin, which
is further supported by the resulis obtained with acetyl-PTHs, as reported by Inglis
and Nicholls®. These derivatives mostly do not give coloured reaction products,
which fact is strongly indicative of the participation of the imino group of the thio-
hydantoin ring in the detection reaction. The reaction with ninhydrin—collidine in
cthanol, although less sensitive by at least by one order of magnitude than the above
described procedures, is of considerable diagnostic value as it results in different
colours being obta‘ned with different amino acid derivatives, as summarized in
Table 4.
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TABLE 4

SPECIFIC COLOUR REACTIONS CFPTH-AMINO ACIDSWITH NINHYDRIN—COLLIDINE
REAGENT

Aming acid Time of heating (min) Colour

Ser 1 Red-violet

Gly 1.5 Intense orange
Ala 1.5 Red-violet
Methionine sulphone 2 Brown

Cystine 3 Intense pink
Cysteic acid 3 Light pink

Asn 4 Light yellow

Glu 4 Greenish brown
Met 4.5 Brown

Clu 4.5 Dark brown with blue halo
His 4.5 Faint yellow
Asp 45 Pink

Arg 4.5 Yery faint yellow
Trp 5 Intense yellow
Tyr 5 Light yellow

Thr 5 Light brown

Lys (e~) 7 Very faint pink
Pro 8 Very faint pink
Phe 9 Very faint yellow
Teu is5 Very faint grey
Ile 15 Very faint grey
Val — Nb colour

With regard to solvent systems used for the TLC separation of PTH-amino
acid derivatives, barely any improvements have been made recently and the systems
presented earlier? may serve to illustrate the older techniques of separation that are
still in use and will obviously survive intc the future.

The recent paper by Walz and Reuterby* reports the use of a flat-bed system
that is suitable for routine identification of PTH derivatives originating from the
automated Edman procedure. In this paper use is made of the solvent systems em-
ployed by Inagami and Murakami*® and by Jeppson and Sjoquist*®, with pre-ccated
silica gel plates as sorbent. Some additicnal information about a particular derivative
can be obtained by blowing ammonia vapour over the ninhydrin/collidine developed
chromatogram and observing the colour change produced (Table 5).

A frequently occurring problem in the chromatographic separation of PTH-
amino acids as well as of methylthiohydanioin(MTH)-amine acids lies in the separa-
tion of the arginine, cysteic acid and histidine derivatives. Recently, Kulbe? published
a thin-layer microseparation procedure for these derivatives; 5 X 5cm polyamide
sheets from two different sources gave satisfactory results when developed with ethyl
acetate—n-butanol-acetic acid (35:10:1) or with ethyl acetate-ferf.-butanol-acetic
acid in the same proportion. The resulis are summarized in Table 6. Running time
for these separations did not exceed 10 min. In order to improve the contrast under
UV light it is recommended that some sheets should bz prs-run in the developing

solvent system.
In the practical procedure recommended by Kulbe*’, the derivatives of polar
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TABLE 5
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COLOUR PROPERTIES OF PTH-AMINO ACIDS AFTER NINHYDRIN DETECTION AND
SUBSEQUENT EXPOSURE TO AMMONIA VAPOUR

GC = Gas chromatography.

Amirno acid Colour properties Colour change with NH, vapour
Val Colourless; use GC -

Pro UV ; colourless Light blue after heating

Ala Purple Deeper color

Gly Orange

Ser UV; purple

Serine breakdown Fzint orange Weak red

Asn Yeliow More intense
8-Carboxymethylcysteine UV; purple

Methionine sulphone Light tan

Leu

Colourless; use GC

Met Faint tan

Lys Very faint pink Woeak blue after heating

Tyr UV; yellow before Intense yellow

Thr Colourless Light tan
spraying

Dehydrothreonine Colourless™

Gin Dark green Dark blue

e Colourless; use GC

Phe UV; colourless Faint yellow

Trp UV; yellow before Deep yellow
spraying

Asp UV; pink Darker

Glu Grey Dark blue

* Characteristic scan at 320 nm.

amino acids, e.g., cysteic acid, histidine and arginine, which remain in the aqueous
phase during extraction of methyl- or phenylthiohydantoins, are recovered by
lyophilizadion and re-dissolved in methanol. After application of 1 i of the solution
on the poiyamide sheet, chromatographic separation is carried out in the solvent
systems mentioned above. The resulis obtained are believed to be betier than those

TABLE 6

SEPARATION OF SOME PTH AND MTH DERIVATIVES ON POLYAMIDE SHEETS WITH
SPECIAL REFERENCE TO THE MOBILITY OF ARGININE

Molile phase Amino acid Schleicher-Schuell Cherg Chin
polyamide polyamide skeets
MTH PTH MTH PTH
Ethyi acetate-n-butanol-acetic acid
35:1G6:1) Arginine 0.50 0.50 0.44 0.44
Cysteic acid 0.50 0.50 0.50 0.50
Histidine 0.85 0.83 . 082 0.82
Ethyl acetate—rert.-butanol-acetic acid ] .
(35:30:1) Arginine 0.25 0.28 030 - 0390
Cysteic acid 9.50 0.5¢ 0.50 Q.50

Histidine 0.76 0.78 0.80 0.79
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achieved by Rabin and Darbre®®. As reported by Silver and Hood*®, the use of
radioactive phenylisothiocyanate in the automated method parmits the N-terminal
seguence analysis of 1.5 nmole of protein. Thin-layer chromatography (wo dimen-
sional} is used for the determination of individual split-off amino acids. Separation
is carried out on polyamide sheets using 459, agucous formic acid in the first run
followed by development with CCl —acetic acid (9:2)-in the second run. A sketch
drawing of the resulting amino acid map can be seen in Fig. 12. The PTH spots were
made visible under UV light, cut out and placed in scintillation vials.

Fig. 12, Separation of PTH-amino acid derivatives by TLC on polyamide sheets. The solvent used
in dimension I was 459 formic acid and in dimension I CCl.—acetic acid (9:2).

(B} Liguid column chromatography and high-speed separations

The application of high-pressure liquid chromatography (HPLC) to PTHs has
been introduced only very recently by Frank and Streubert® and Matthews er al5.
Silica columns are used for this purpose and complete separation and guantitation can
be achieved in less than 40 min. Good results are also obtained with bonded stationary
phases.

In the procedure of Matthews ez 4l.5', 2 DuPont Model 830 liguid chromato-
eraph was used, with a stainless-steel column (250 X 2.1 mm L[.D.} packed with
DuPont Zorbax SIL, and operated at 40°. The sample dissoived in methanol (1-10
) was injected through a perfluorelastomer septum into the high-pressure line of the
column. The system was operated at 1000 p.s.i. which ensured a flow-rate of 0.6
ml/min. Detection was carried out by recording UV absorbance at 254 nm in 2 8-xl
flow-through cell. Sensitivity of the system ranged between 2 and 5 nmole.

Separations achieved are illustrated in Fig. 13. Elution was carried out with a
concave gradient from r-hexane—methanol-propanol (3980:9:11) to methanol-
propanol (9:11). The shape of the gradient can be described by C = K#5, where Cis
the concentration of the second mobile phase in the first, K is a constant and ¢ is the
fraction in time of the completed gradient. As indicated in Fig. 13, the general order
of elution of individual amino acid derivatives is that of the increasing polarity of
the amino acid side-chain. )

The mzin problem with ethyl acetate extractable PTHs in the above separation
is the inability to separate PTH-Gly plus PTH-Thr and PTH-Lys plus PTH-Thr. The
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Fig. 13. Separation of PTH-amino acids by HPLC on Zorbax SIL. Elution performed with a concave
gradient solvent system from hexane-methanol-propanocl (3980:9:11) to methanol-propanol (9:11).
Detection is by UV absorption at 254 nm. The PTH-amino acid peaks are identified by the single
letter notation for the corresponding amino acids. The elution positions of the two peaks obtained
both from lysine (K1 and K2) and from threonine (F) are shown below the main diagram.

authors, however, indicate that in practice this fact should not cause difficulties,
because lysine and threonine give double peaks in actual Edman’s degradations, which
are probably due to the formation of Ne-phenylthiocarbamoyl-N2-PTH-Lys and
dehydro-PTH-Thr, in addition to the expected PTH derivatives.

It should be stressed that the above procedure holds forethyl acetate extractable
PTHs. Thereiore, problems arise when PTH-Arg or PTH-His have to be assayed.
When adjusting the pH of the agueous phase (which remainps after the ethyl acetate
extraction) to about 8.0, PTH-His is susceptible to ethyl acetate extraction and can
be chromatographed in a linear gradient from hexane-propanol (95:5) to pure
propanol. No system was devised by the above authors for the separation of PTH-
Arg.

The procedure described by Frank and Streubert™ involves the use of two
independent liquid column systems for the separation of PTHs, those which are more
and those less polar. It is claimed that the high-resolution liquid column chromato-
graphic separation is superior to both gas and thin-layer chromatography. The less
polar -amino acid derivatives, e.g. the PTH derivatives of Pro, Ie, Val,
Phe, Met, Ala, tryptophan (Trp) and Gly, are eluted with the system dichioromethane—
tert.-butanol-dimethyl sulphexide (560:4:0.4). The more hydrophilic group
consists of the PTH derivatives of Asp, Asn, glutamine (Gln), Glu, Thr and
tyrosine (Tyr) and e-PTH-Lys, for which series of compounds a mixture of dichloro-
methane—dimethyl suiphoxide—water (80:15:2) was successfully applied. The separa-
‘tions illustrated in Figs. 14 and 15 were carried out with 2 Siemens-S 200 chromato-
graph using Merckosorb SI 60 as column packing. Column dimensions were 500 X
3 mm and the column was opérated at ambient temperature with a flow-rate of 1.9
mi/min. - .
. Another high-speed procedure that offers exeellent results in the separation of
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Fig. 14. Separation of PTH-amino acids, “hydrophobic group™; pressure, 250 bar; flow-rate, 1.65
ml/min: mobile phase: CH,Cl.~dimethyl sulphoxide-rers.-butanol (1000:0.8:8); column: 500-mm
tantalum, 3 mm LD.; pressure, 290 bar; flow-rate, 1.9 ml/min: sensitivity, 1 a.f.s.d.: wavelengih,
260 nm; bandwidth, 20 nm; room temperature; sample volume, 10 mm?®; packing: Merckosorb ST
€0 (5 um).

Fig. 15. Separation of PTH-amino acids, “hydro»hilic group™. Pressure, 250 bar; flow-rate, 0.83
ml/min; mobile phase: organic phase of CH,Cl.-dimethyl sulphoxide-H,O (80:15:2); other condi-
tions as for Fig. 14,

PTH-amino acids is that described by Bollet and Caude®: in this instance the separa-
tion was carried ont with a 25cm X 2.1 mm column packed with Micropak CN
(moderately polar alkyl nitrile phase bonded to silica gel of 10-uzm grain size). It is
possible to see (Fig. 16) the stepwise elution of individual peaks due to the change in
mobile phase composition. Optimum loading capacity in this instance was 3 ul of a
sample containing 1-3 mg/ml of the particular amino acid derivative.

Hexane—dichloromethane-isopropanol mixtures of different composition were
employed for the preparation of complex gradients used for elution of the individual
amino acid derivatives, and the flow-rate varied between 50 and 100 mi/h. The resulis
are summarized in Fig. 17.

(C) Gas chromatography

Gas chromatography has been shown to be a potentially suitable method for
the separation of PTHs; however, considerable difficultics are met with when handling
some non-volatile derivatives. Trimethylsilyl (TMS) derivatives (Pisano and Bronzert™?
and Harman et al3*) have proved useful, especially when on-column derivatization
has been used. The main disadvantages of the above silylation procedure, as sum-
marized by Inglis er /.5, are as follows: the inability to handle the arginine darivative;
widely differing responses in the flame ionization detector; and the limited stability
of the derivatives. Recently, Inglis ef ¢/.>° and Brian ef 2/.5 reporied attempots to over-
come these difficulties by acylation. These first indications of the plausibility of the
acylation procedure were further developed by Inglis ef @l.55, who used the acetic
anhydride—pyridine (1:1) mixture to acetylate PTHs; usually 100 «! of the reagent
were sufficient for a 3-mg sample. The reaction was terminated after a suitable period
of time (see Table 7) by shaking the mixture with 1 ml of water.

The actual separation was carried out with a Hewett-Packard Model 7620A
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Fig. 16. (2) Separation of six PTH-amino acids (group I): mobile phase (A) n-hexane and (B) di-
chloromethane-isopropanol (8:20); flow-rate, 160 ml/h; overpressure, 90 bar. (b) Separation of six
PTH-amino acids (group II): mobile phase (A) n-hexane and (B) dichloromethane-isopropanol (1:1);
flow-rate, 100 ml/h; overpressure, 100 bar. (¢) Separation of five PTH-amino acids (group II):
mobile phase (A) r-hexane and (B) isopropanol; flow-rate, 100 mi/h; maximum overpressure, 360
bar.

gas chromatograph equipped with a dual flame ionization detector. The injection
temperature was 270° and the detection temperature was 10° higher. A I m X 2 mm
glass column containing 59 Dexsii 300 GC on Chromosorb W (acid washed and
silanized) was used at 165° for the first 2 min of running time, programmed at 8°/min
to 210° and at 10°/min thereafter up to a final temperature of 290° and maintained at
this temperature for 4 min. Helium served -as carrier gas a2t 2 Sow-rate of 25 ml/min.

Retention times under these conditions are summarized in Table 7.
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Fig. 17. Separation of PTH-amino acids of all three groups: mobile phase (A) n-hexane and (B) di-
chloromethane-isopropanol (1:1); flow-rate, 50 ml/h; overpressure, 45-100 bar.

In addition, comparison was made with TLC, using the solvent system pre-
viously employed by Inglis and Nicholls*” and silica gel layers.

Clearly, the above procedure is not yet suitable for routine work. The main
problems that give rise to obscure results lie not in the separation technique but in
the method of derivatization used. The absence of pyridine in the acetylation mixture,
although omitted by previous weorkers, appears to be detrimental, as the acetyl
derivative of valine is not formed. Many acetyl derivatives can be prepared by the
simultaneous injection of acetic anhydride and the sample directly into the column.
In fact, the acetyl derivatives of PTH-Arg and PTH-His can be prepared exclusively
by this technique. Other PTHs, such as those of Thr, Ser and carboxymethylcysteine,
gave rise to products that moved with retention times that were identical with that of
the corresponding glycine derivative. Another series of problems arises from the fact
that it is difficulf to clute some of the acetylaied PTH derivatives from stainless-steel
columns. It has also to be siressed that some disagreement exists between different
laboratories on this aspect.

Compared with the unacetylated derivatives, the acetyl derivatives exhibit
shorter retention times (by about 6 () and about two- to three-fold better response of
the flame ionization detector. It has to be pointed out that the acetylation method is
obviously not suitable for the separation of acetyl-PTH-Asp, acetyl-PTH-Asn and
acetyl-PTH-GIn, which, aithough acetylaied smoothly as indicated by TLC, do not
give any response with gas chromatography. Also acetyl-PTH-Leu and acetyl-PTH-
Ile do not separate, though this problem had been overcome earlier by Pisano and
Bronzert® (non-acetylated derivatives).

(D) Conversior of PTHs into parent amino acids

Considerable attention has been paid recently to the hydrolysis and liberation
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TABLE '7 :

ACYLATION CONDITIONS ' AND. CHROMATOGRAPHIC PROPERTIES FOR
 ACETYLATED PHENYLTHIOHYDANTOINS (NGLIS AND N{CHOLLS")

Propem&s of unacetylated PTHSs are given-in paremtmes ’

-Amino acid  Reaction - Mass-spectral analysis = GC retentzon time { mm) = TLC Re

" time at 20° _ , » . value
Ala 14h Monoacetylated Y5.04 (5:28) - 1 0.61 -.(0.40)
Ser 1049 min Mono- -+ diacetylated ~ 5.60 Lo 051 (0.11)

. . T . 0.68"
Gly i4h Monoacetylated 5.64 (5.96) ) 0.58  (0.35)
S-CM-Cys*“ 10min—6h Mono- + 5.80 Weak response : ‘0.31  ~ (0.16)
’ diacetylated BE T L0500
Val 14h Monoacetylated 6.08  (6.44) 0.65 (04¢6)
Pro — " Not determined — (7:20) » (055
Ile 14h - Monoacetylated 7.20 52 665  (0.50)
Leu i4h Monoacetylated 7.20 (7.52) - - 0.67 (0.52)
Thr 6h Diacetyiated - 7.00 R 049 (0.18)
: 736" :
Hyp 14h Not determined 9.76 0.54**
10.28 (10.00) 048 (0.28)
Met i4h Monoacetyiated 9.88 (10.29) 063 (0.44)
Giu 6h Mcnoacetylated 1024 . . 036  (0.20)
Phe 14h Monoacetylated 10.40 (11.36) .0.66 (0.45)
Tyr 14h Diacetylated 13.12 (13.96) o062 0.25)
Lys 14h Diacetylated ‘13.16 : 0.63 (0.30)
Trp 6h Monoacetylated 14.88°"* , .
17.28 (17.68) . 052 (0.41)
Asp 6h Not determined : - 0.32 (0.14)
Asn 14h Monoacetylated - 028 (0.08)
Gln i i4h Monoacetylated . 027 (0.09)
His : 3h-6days WNot determined 13.43*""¢ -
. . 1394 (1))
Arg 3h-6days Not determined 12.50% ‘ : )]

* Spot with Ry = 0.51 gradually decreases as second spot increases.
** 8-CM-Cys = S-carboxymethylcysteine.
*** Major of two peaks. - ) ) :
F Must be injected in a fresh ﬂ!quot of acetxc anhyande for “on—column” conversion.

of the free amino acid from the N-terminsl PTH derivative. Mondino ef al.> intro-
duced an open flask system using either a nitrogen or argon atmosphere. In practice,
1 z1 of the PTH-amino acid derivative solution containing 0.5 zmole of the derivative
is placed in a three-necked flask (25 ml), two lateral necks are stoppered and the
contents are evaporated to dryness at 40°. The residue is re-dissolved in 5 ml of 0.1 N
sodinm hydroxide (this solution kad argon or nitrogen: bubbled through it before
use). The flask is then placed on a2 heating mantle and the reaction mixture refiuxed
while bubbling inert gas through itata ﬁow—rate of 0.5 m!/mm (the bubblmg is begun
1 h before applying heat, the mixture being then heatéd gently for 16 h). The alkaline
solution is then necutralized with 2.5 ml of 0.2 N hydrochloric acid, taken to dryness
at 40° and re-dissolved in 0.2 N hydrochloric acid: A 0. 4-maf aliquot of this solu’aon is
loaded on to the top of the column of a convent:onal -amino ac:d analyset. S
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7. METHYLTHIOHYDANTOINS

At present, all types of chromatographic techniques are available for the
separation of methylthiohydantoins as their use for sequencing study has spread
considerably during the last few years. Methyithiohydantoin (MTH) amino acids can
be used in the manual version of the stepwise degradation in the automated procedure
or in solid-phase degradation.

( 4} Flai-bed separations

Stepanov and Lapuk®® reported the possibility of separating MTH-amino
acids by TLC. However, not all of the common amino acids could be resolved by
their technique. Rabin and Darbre*® applied polyamide-coated sheets and used
toluene-n-heptane-acetic acid (60:30:20) and 359 acetic acid as mobile phases. Rg
values obtained are presented in Table 8. If these solvents are used consecutively, in
a two-dimensional arrangement, they provide a complete separation of the 19 common
MTH-amino acids. The spots can be made visible in UV light at 254 nm, in which
they exhibit a purple fiuorescence.

TABLE 8§

R X 100 VALUES FOR 19 MTH-AMINO ACID DERIVATIVES IDENTIFIED BY TLC ON
POLYAMIDE-COATED PLASTIC PLATES

Amino acid Re X 100

Toluene—n-heprane—acetic acid 35% acetic acid
(60:30:20)
Ala 67 70
Arg 2 92
Asn 26 82
Asp 19 70
Cys 45 45
Glu 35 70
Gly 54 74
His 8 93
ile 89 43
Leu 86 43
Lys 22 60
Met 74 52
Phe 20 35
Pro 80 63
Ser 55 61
Thr 57 45
Trp 42 2%
Tyr 18 4
Val 82 57

Very extensive work on the flat-bed separation of MTHSs has been carried out
recently by Kulbe™. Two generally applicable solvent systems were evolved, which
allow the separation of 23 MTH-amino acids. The sensitivity of the method lies within
the range 0.05-0.2 nmole, provided that fluorescence detection and double-sided
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polyamide sheets were used during the separation procedure. Separation was carried
out on small-size polyamide sheeis (5 X 5 cm) in order to obiain condensed spots (the
spot applied should not exceed 1 mm in diameter). Another interesting feature of this
method is that the solvents can be applied consecutively in the same direction of de-
velopment; a conventional two-dimensional arrangement is also possible. Running
time is about 30 min. A review of reported R data is summarized in Table 9. The
most frequently used solvent systems are toluene-n-heptane-acetic acid (109:30:15)
and 259 aqueous acetic acid. The latter solvent had previously been used for similar
purposes {(Kulbe*® and Kulbe and Nogueira-Hattesohl®®t). For some pairs that are
difficult to separate in the ahove two solvent systems, 409/ aqueous pyridine—acetic
acid (9:1) can be used, the separation being carried out on layers that do not contain
the fluorescent indicator. For fluorescence detection the indicator is added instead to
the mobile phase or, if two subsequent developments are applied, to the mobile phase
that is used for the first run; the mobile phase then contains 250 mg of 2-(4-fers.-
butylphenyl)-5-(4""-biphenylyl-1,3,4-oxadiazole) (butyl-PBD).

The practical procedure, as described by Kulbe®®, i$ as follows. The polyamide
sheet is developed first in the system toluene-n-heptane—acetic acid (100:30:15), and
allowed to run for 8 min. The sheet is then dried in a stream of cool nitrogen and run

TABLE 9

Rr X 100 VALUES OF 23 MTH-AMINO ACIDS CHROMATOGRAPHED ON MICRO-
POLYAMIDE LAYERS IN SOLVENTS I AND H (ONE DIMENSIONAL) AND ALSO BY
DOUBLE DEVELOPMENT IN I FOLLOWED BY II IN IDENTICAL DIRECTION

Solvent I: toluene-n-heptane-acetic acid (109:30:15); solvent IL: 257, aqueous acetic acid.

Amino acid Ry x 100
I Ir If after I

Ala 66 66 86
S-Aminoethylcysteine 12 32 38
Arg 4 93 93
Asn 23 80 86
Asp 15 65 69
S-CM-Cys* 18 44/53 62
Cysteic acid™ ] 23 29/65
Gla 28 63 74
Gln 31 79 84
Gly 59 72 88
Eis 6 96 i00
Ile 83 41 90
Leu 82 41 g0
Lys 17 45 57
Met 73 51 85
Methionine sulphone 27 82 81
Phe 77 30 82
Pro 93 60 100
Ser 56 52 74
The® - 68/49 44 80
Trp 44 i5 5t
Tyr i4 29 43
Vai 78 St 88

* More than one spot observed; the first is the main spot.
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in the second direction for 10 min. The spots are made visible by fluorescence quench-
ing and identified according to the position of standards chromatographed on the
reverse side of the sheet. For simultaneous identification of multiple samples, as re-
quired in automated sequence analysis, the same solvents can be applied consecutively
in the same direction. Spot distribution on polyamide sheets resembles that of PTH-
amino acids. _

Some suggestions concerning the quantitation of MTH-amino acids after TLC
separation were reporied by Amirkhanyan and Stepanov®?, but the procedures in-
volved are not yet ready for routine application. It is also worth mentioning that
contrary to the findings of Rabin and Darbre*®, Kulbe was able 1o prepare the MTH
derivative of glutamine, which was clearly separable from the corresponding derivative
of glutamic acid.

(B) Liguid column chromatography and high-speed separations

A glass column, 72 cm X 0.9 cm L.D., packed with Dowex 50-X8 (600 mesh)
was used for this type of separation (Stepanov et al.%%). Prior to application to the
column the resin was washed stepwise with 809 ethanol, water, 2 N NaOH, water
and 2 N HCL. A final wash with water brought it to a neutral condition. After each
run the column could be regenerated by washing it with 250 ml of distilled water and
five or six analyses run withoui repacking the column; 0.02-2.5 umole of each PTH
derivative were applied in order to obiain optimum separation. Elution was carried
out first with water (for 35 min), then with a linear water—ethanoi gradient, which
was prepared by using two 300-ml flasks containing the respective solvents. Separation
was carried out at a flow-rate of 60 ml/h, the eluate being monitored spectrophoto-
metrically at 235, 265 and 315 nm.

Analogous results can be obtained with Hitachi spherical resins (2612 and
3105), when pre-treated in a way similar to that described for Dowex 50-X8. Examples
of these separations are presenfed in Fig. 18. As one would expect, the separation
with spherical resins yield narrower peaks and offer a clearer separation of some
MTH-amino acids, namely Gly, Ala and Gin. With these resins it is also possible o
separate allo and threo forms of Thr and the particular derivative of Ile. Hitachi
spherical resins, however, require a lower flow-rate (30 ml/h) and 2 higher overpres-

Optical dennity
8 R 2

Q

Retention time (min)

Fig. 18. Separation of MTH-amino acids on spherical analyzing resin. Conditions: resin, Hitachi
2612 elution rate, 60 mi/h; column temperature, 20 - 0.5°; sample size, 0.2 umole of each MTH;
eluent, water for 035 min, then linear gradient water-ethanol (300:309) for 35-340 min. Absorption
at 265 nm (- ), and at 315 nm (— — —). Peaks: 1 = Asp, S-CM-Cys; 2 = threo-Thr;3 = Glu,
Ser, allo-Thr; £ = Asn; § = Gly; 6 = Ala; 7 = Gln; 8 = Val; 9 = a/lo-lle; 10 = Leu, Met, Ile;
11 = Thr (};0); 12 = Tyr; 13 = Pro; 14 = Phe; 15 = Trp.
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sure on the column; even so, at the end of the analysis the back-pressure did not
exceed 12 atp. It should be mentioned that in these separations the order of the
eluted amino acid derivatives did not differ from the sequence of parent amino acids
chromatographed under identical conditions.

: In confrast to flat-bed techniques, this hqmd-cohmm chromatographlc sepa-
ration offers an opportunity to quantitate the results provided that the micromolar
coeflicients are known. The data for the most common amino acid derivatives are
sumsnarized in Table 10.

TABLE 10

MICROMOLAR COEFFICIENTS OF MTH-AMINO ACIDS
Amino acid n* ce* +m*""

Asp 5 14.55 0.29 -
Ser 7 i3.27 0.22

allo-Thr (] 15.28 0.35

Asn 9 16.54 0.10

Glu 7 15.56 0.22

Gly 7 13.22 0.18

Ala 9 4.19 0.20

Gln 6 14.70 023

Val 7 15.26 0.34

Met 8 10.98 0.39

Len 6 14.35 0.22

Tyr [ 14.85 0.33

Thr (dehydrated form) 6 1744 0.35

Pro L] 12.33 0.20

Phe 9 16.03 042

Trp g 16.68 0.30

* Number of parallel experiments.
** Micromolar coefficients.
*** Mean square deviation.

(C) Gas chromatography

While paper and thin-layer chromatography have been used as alinost standard
techniques for the separation of MTHs, gas chromatography only recently started o
invade this area of separation. Several methods are, however, now available for the
separation of this category of amino acid derivatives.

Since the work of Waterfield and Haber®*, further improvements in the separa-
tion procedure for MTH-amino acids have been reported by Vance and FeingoldSs,
Pisano et al.%, Eyem and Sjoquist’” and Lamkin ef ¢/.55. In the procedure described
by Vance and Feingold® MTH-amino acids are separated in the form of trimethylsilyl
derivatives, a 6 ft. X 1/8 in. 1.D. glass column packed with 19, OV-17 and another
of the seme size packed with 1.59%; OV-1 being used for the separations. With the OV-
17 column the separation is carried out under the following operating conditions:
oven temperature was initially set to 160° and, 3 min after the solvent peak appeared,
the temperature was programmed to 260° at 2 5°/min gradient and maintained at 260°
for an additional 12 min. When the corresponding derivative of tryptophan has
emerged from the column the analysis is ﬁmshed A typical example of a separation
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Fig. 19. Gas chromatogram of 18 TMS-MTH-amino acids on an OV-17 column. Oven temperature
initially 160°; 3 min after soivent peak appeared, the oven temperature was programmed to 260° for
12 min until TMS-MTH-tryptophan eluted from the column; 2 nmole of each derivative injected,
except for the glutamine and lysine derivatives, when 6 nmole was injected. Range setting 10, attenua-
tion 16, resulting in a full-scale deflection of 3 x 10~ A with a 5-mV recorder. Peaks: 1 = Trp;
2 =Lys; 3 =Tyr; 4 =GIn: 5 = Asn, Phe; 6 = Glu; 7 = Met; 8 = Asp: 9 = Thr, Pro; 10 =
Ser; 11 = Leu; 12 = Tle; 13 = S-CM-Cys; 14 = Gly, Val; 15 = Ala.

is presented in Fig. 19. Derivatives of glycine and valine are not resolved under the
above conditions and therefore a second run on the OV-1 column has to be carried
out. For this purpose, the initial temperature of the oven is 130° and 3 min after the
solvent peak has appeared a gradient of 5°/min is set so as to enable the temperature
to reach 260° in the final stage of the separation. Amounts ranging between 2 and 6
pmole appear to be the optimum for the analysis. The results of the separation on the
OV-1 column is presented in Fig. 20.

The trimethylsilyl derivatives of MTH-amino acids can be prepared by adding
N,Q-bis(trimethylsilylacetamide—acetonitrile mixture (i:3) to the dried MTH deriv-
atives in a small screw-capped vial fitted with a PTFE liner, which is then kept at
room temperature for 5 min. The practical procedure used for cleaving the particular
N-terminal amino acid from a protein or pepfide sample is described by Vance and
Feingold®s, and a further description is given by Waterfield and Haber5*.

9suodsor 103920300

Temperature

Fig. 20. Gas chromatogram of five TMS-MTH-amino acids on an OV-1 column. Oven temperature
initiaily 130°; 3 min after the solvent peak appeared, the oven temperature was programmed to 260°
at 5°/min; 4 nmole of each derivative injected. Range sctting 10, attenuation 16.



~ - The appkcatzon of capillary columns for the. sepatatzon of sdy}ated MTH—
~ amino acids has been described by Eyem and Sjsquist®’. In this instance use has been’
made of a glass column, 4.5 m X 0.13 mm packed with a ‘mixture’ of OV-IOI and'
OV-225 (95:5). Two different: temperature programmes ‘have been developed in the

first, the oven temperature is maintained at 120° for the first 8 min, followed by a

temperature gradient of 2.5%/min up to 250°. In the second programme, the initial

temperature is 180° for the first 4 min, followed by a 4°/min increase up to r.he final
temperature of 260°. Relative retent:ons of MTH-amino acids (silylated) are summa-

rized in Table 11. The second programme, outlined above, 3 was designed for the sepa-

ration of the more labile MTH derivatives, namely the derivatives of Asn, Gin,

- ornithine (Orn), His and Lys, and for the separation of TMS derivatives of MTH-Glu
“and Trp.

TABLE 11 )

REIATIVE RETENTIONS, y,,, OF TMS-MTH-AMINO ACIDS

Amino acid Ist Progranime 2nd Praogramme

7(:7* 6 ’ 7(:‘" é

Ala 0.50 0.007

Gly 1 0.53 0.605 -

Val 0.65 0.008

Pro 0.67 0.005

Ile 1 0.83 0.007

fle 2 0.86 0.001

leu : ' 0.88 0.004

Ser o 1.00

Gly2 1.1} 0.003

Thr 112 0.005

S-Methylcysteine 1.18 0.007

Asp i.39. 0.010

Met - 143 0.008

Phe i.61 0.011

Glu 1.64 0.011

Asn 1.71 0025 0.33 0.005
. Gin 1.98 - -0.020 0.43 0.008

Om 2.03 0.023 0.46 0.605

His : - 0.53 0.007

Tyr 221 - 0023

Lys . - 2.27 00629 - 057 - 0003

Trp "2.80 0.031 0.85 0.003

* Relative to phenanthrene.
. Relatwe to a—cholestane

The advantage of the prooedure descnbed by Eyem and szqmst57 over those
reported previously is that by this method it is possible to separate 20 amino acid
derivatives in a single run, provided that cysteinyl and arginyl residues have been
~ converted into S-methylcyatemyl and ornithyl x:eszdues, respecrwely- The relatlve'

retention in these separations is extremeiy reliable for ldentxﬁcatzon purposes. Some
- TMS-MTH derivatives showed a. typical pattem (double peaks), which is also of
h:gh dxagnostlc value. »"'hus tsoieu"me appears asa doubfe peak wl'nch. is ascnbed to
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the formation of MTH-aflo-lle during the silylation procedure. As the mass spectra
of the corresponding standard and the newly formed peak were identical, this explana-
tion seems very probable; on the other hand, similar racemization of MTH-Thr was
not observed. With the separation of TMS-MTH-Gly, a double peak was also fre-
quently observed, which is reporied to be the result of the formation of th bis-TMS
derivative. .

Precautions have to be taken with the first programme as otherwise the partial
decomposition of MTH-Asn, Gin, Orn and Lys and the complete decomposition of
His may occur. No problems are reported to arise with the identification of any of
the amino acid derivatives except His, because the degree of decomposition is well
reproducible. With the second programme higher responses are obtained and also
histidine can be identified. Phenanthrene and e-cholesiane served as internal stan-
dards in the individual programmes devised.

Further investigation of the gas chromatography of MTH-amino acids was
devoted to the search for 2 method that would not require an additional rua for the
separation of some of the derivatives of commenly occuring amino acids. Although
not completely successful, the procedure described by Lamkin and co-workers®:s?
represents at least a further simplification. For this kind of separation two types of
column were used: firstly, a column made of borosilicate glass, 1650r 179 cm X 4 mm
I.D. in size, packed with 29/ OV-17 on 80-100-mesh Gas-Chrom Q was used. For an
additional check, a column packed with OV-25 on 80-100-mesh Supelcoport, which
served to confirm the presence of asparagine in the mixture, was also used. In the
actual separation procedure, the first column was temperature programmed, starting
with 145° for the first 15 min, followed by a temperature gradient of 4°/min. Up to
230° and maintained at this temperature for an additional 12 min. For the identifica-
tion of arginine the temperature was kept constant at 203° (second column). A typical
separation is presented in Fig. 21. Retention indices on SE-30 and OV-17, as reported

19
145°C —dfe— 2 C¥nin ——eic-230°C -»
Ty
osp
Phie
tHis
o5t
Glu
?—: Proflt,
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g aql !el.ed“‘ezy Asp
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g ool i ﬁ
o
3
L3
[2%s Y s : s P
[>] 10 20 30 490
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Fig. 21. Gas chromatographic separation of trimethylsilylated methylthiohydantoins (Tracor MT
220). Each peak represents 2.5 nmole of trimethylsilylated methylthiohydantoins, except those for
MTH-His and MTH-s-MTC-Lys, which represent S nmole each. Silylation was at 100° for 10.0 min
in bis(trimethylsilyl)acetamide-acetonitrile (1:3). Columa: borosilicate glass, 165cm x 4 mm LD.,
contaiping 2.00% (w/w) OV-17 on 80-1040-mesh Gas-Chrom Q. Flow-rate: N; 2t 50 ml/min; H, at
50 mi/min; and air at 375 mi/min. Temperzture: column programmed as indicated; flash heater,
240°; fiame ionization detector, 270°. Attenuation as shown ; sensitivity, (attenuation) x 10~ A/mV.
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TABLE 12 :
P‘ETENTION, INDICES OF TRIMETHY, LSiLYLATED METHYLTHIOHYDANTOINS®* OF
AMINO ACIDS

Amiro acid Temperature Retention index

¢l SE-30 OVv-i7
Ala 1490 1491 1724
Val 140 1561 1757
S-CM-Cys 140 1546 1773
Ile 1490 1649 1837
Leu 140 1658 1857
4-Thr 1490 1582 1505
Pro™** 140 1543 1905
Gly*© 140 1611, 1743 1764, 1956
Asp 180 1896 2140
Met 180 1912 2203
Glu 180 2016 2246
Phe 180 2005 2307
Asn 180 2016 2307
Gln 180 2154 2447
Tyr 220 2343 2616
His 220 2298 2645
e=MTC-lys 220 2326 2721
Trp 220 2631 2926

* Silylated at 60° for 5.0 min in bis{(trimethylsilyl)acetamide—zcetonitrile (1:3).
** Column temperature at which indices were determined.
*** Not silylated under conditions employed.
< Gave two peaks under the silylation conditions employed.

by Lamkin er al%%, are summarized in Table 12. It is interesting to note the
dzpendence of these indices upon the content of the methylphenylpolysilcxane liquid
phase employed for the chromatographic separation. This dependence varies for
individual amino acid derivatives (as can be seen in Fig. 22), which variation is the
cause of changes in the order of elution of individual peaks of amino acids when

using different stationary phases.
8. HYDANTOINS DERIVED FROM 2-5-ISOTHIOCYANOPHENYLINDONE

These derivatives, the reagent for the preparation of which was synthesized by
Ivanov and Mancheva™, fall into the category of coloured thiohydantoins. For
derivatization, the sample (about 1 mg) was dissolved in 0.4 Af dimethylaliylamine
buffer (15 ml of pyridine, 10 ml of water and 1.18 ml of dimethylallylamine) and the
solution adjusted to pH 9.6 with trifluoroacetic acid. An excess of the reagent (about
4 mg), dissolved in a minimum velume of pyridine, was added and the pH value re-
adjusted to 9.6 with trifiuoroacetic acid. The coupling reaction was carried out at
40° in an atmosphere of nitrogen, and is usually terminated after 1 h. After completing
the reaction, the reaction mixture was extracted four or five times with twice its volume
of benzene. Traces of benzene were removed from. the mixture with a stream of
nitrogen, 0.5 ml of water were added and the aquecus phase taken.to dryness by
Iyophilization. The dry peptide or protein derivative was washed twice with 0.5 mi of
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RETENTION INDEX

Fig. 22. Retention indices of TMS-MTHs as a function of the phenyl content of the methylphenyl-
polysiloxane liguid phase employed for chromatographic separation. Silylation was at 60° for 5.0
min in bis(trimethylsilyl)acetamide—acetonitrile (1:3). SE-30 is 1009, methyl substituted and thus
has a phenyl content of 094; OV-17 is 50%; methyl and 509 phenyl substituted and corresponds to
a phenyl conatent of 509,

ethyl acetate, traces of the extractant were removed in a desiccator and 50 gl of tri-
fluoroacetic acid were added. The cleavage occured within 15 min at 40° in a nitrogen
atmosphere. The resulting thiazolinone was extracted twice, first with 1 ml and then
with 1.5 ml of dichlorcethane. The combined extracts were taken to dryness in a
stream of nitrogen and 100 gl of a mixture of acetic acid-6 ¥ HCI (5:1) were added,
the conversion being carried out at 80° for 10 min in a nitrogen atmosphere. The reac-
tion mixture was then dilited with water to bring the volume to 0.5 m! and the re-
sulting amino acid derivatives were extracted three times with l-ml portions of ethyl
acetate. The extract was taken to dryness in an atmosphere of nitrogen and traces of
solvent were removed in vacuo over potassium hydroxide. The sample was then dis-
solved in 1,2-dichloroethane, acetone or methanol and spotted on the starting line of
a thin-layer plate. The conditions for the reaction have been studied exteunsively by
Ivanov and Mancheva, who, for the separation applied thin-layer chromatography
on silica gel G layers™.

The following mobile phases proved suitable for the separation of these amino
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Fig. 24, Two-dimensional separation of ITH-amino acids, diphenylindonyl isothiocyanate and
mono- and bisdiphenylindonylthiourea. Sorbent: Kieselge! G iayer thickness, C.5 mm. First run:
solvent system B, chloroform-methanol (90:10), up to 65 mm from the starting line, and in solvent
system A, chloroferm-methanol (98:2): second run: solvent system C, n-heptane-1,2-dichloro-
ethane-propionic acid (60:20:20). Spots: 1 = ITH-ysteic acid; 2 = ITH-Arg; 3 = ITH-Asp; 4 =
ITH-Glu; 5 = ITH-His; 6 = ITH-Asn; 7 = ITH-Gln; § = ITH-Ser; 9 = ITH-Thr; 10 = ITH-
Tyr; i1 = ITH-Hyp; 1Z = ITH-Gly; 13 = ITH-Lys; 14 = I'TH-Trp; 15 = monodiphenylindonyl-
thiourea; 16 = ITH-Ala; 17 = ITH-a-aminobutyric acid; 18 = ITH-Met; 19 = ITH-Phe; 20 =
ITH-Val; 21 = ITH-Leu; 22 = ITH-ile; 23 = bisdiphenylindonylthiourea; 24 = ITH-Pro; 25 =
diphenylindonyl isothiocyanate.

none of the mobile phases specified above is capable of completely separating all of
the common amino acid derivatives. Therefore, a special type of two-dimensional
chromatography has been applied: the plate is developed in chloroform-methanol
(80:10) up to 65 mm from the starting line, and the mobile phase is then changed
abruptly to chloroform—methanol (98:2). The development is carried out for an ad-
ditional 120 mm and the plate is then dried, rotated through 90° and developed in the
second dimension with n-heptane-1,2-dichioroethane—propionic acid (60:20:20). The
result of such a separation is presented in Fig. 24. No detection is needed in this
instance because 10~ mole of amino acid derivatives is already visible as a yellow-
orange spot.

9. &N.N-DIMETHYLAMINOAZOBENZENE4-THIOBYDANTOINS (ISOTHIOCYANATE
DERIVATIVE OF THE DABSYL REAGENT)

4-N,N-Dimethylaminoazobenzene-4'-isothiocyanate has been synthetised by
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Creaser™ in order to improve the sensitivity and ease of determination of amino
acids liberated during sequence analysis. Derivatives of all amino acids are readily
prepared with this reagent (except Leu and Ile, which do not react) and are susceptible
to complete two-dimensional separation on thin-layer polyamide sheets. The sensitive
azo group permits the detection of the dabsyl isothiocyanate derivatives down to the
picomole level as red spots directly on the shest. Two to three subsequent amino
acids at the N-end can be identified by this reagent. The colour change of the spots
from purple to blue and red after being exposed to HCI vapour, which corresponds
to the conversion of isothiocyanates into the corresponding thiocarbamyl-amino
acids, is 2n additional feaiure of these derivatives that is of high diagnostic value.

10. CONCLUSIONS

In our opinion the separation techniques presented above characterise the new
trends that have beea applied for the separation and identification of N-ferminal
amino acids during sequence analysis. So far, no basically new concepts have ap-
peared in the available literature, the procedures presented performing, in principle,
only more precise variations of techniques that have been known for at least 5 years
(for a summary, see Table 13). However, interest is such that publication of new
procedures for sequence analysis of proteins and peptides surely cannot long be de-
Iayed. During a recent discussion at the Meeting on Protein Structure and Evolution,
S. W. Fox suggested the possibility of making use of the different rates of splitting of
peptide bonds in which different amino acids participate, and subjecting these data
to computer analysis, which would result in information being obtained on the most
probable sequence of the protein studied. Currently, the techniques are limited to
rather short sequences. Another idea concerning sequence anzlysis relates to mass
spectrometry. If the first of these trends materializes, the chromatographic technigues
will shift towards more precise quantitation of complex peptide mixtures, with high
preference for automated systems. In the second instance, the basic problems will
require the use of gas chromatography for their solution. It may be of interest o re-
view such fechniques scmetime in the future, but at present they lie outside the scope
of the this review.

11. NOTE

Dauring the preparation of this manuscript we became aware of the fact that
a new technique had been developed for the flat-bed separation of mansyl (N-methyl-
2-aniline-6-naphthalenesulphonyl) derivatives of amino acids™.
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13. SUMMARY

New trends in the chromatographic analysis of N-terminal amino acids have
been reviewed. It appears that while attempts have been made to achieve more
precise separations of PTH and Dns derivatives, separations that could be subjected
to quantitative evaluation are preferred. Other trends favour the application of dif-
ferent fluorescent derivatives, such as the dabsyl or bansy! derivatives, which could
be used for sequencing of very small amounts of proteins. Miniaturization of scale
can be discerned as the second major trend in this area of chromatographic techniques.
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