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AMINO ACID ANALYSIS AND ENZYMATIC SEQUENCE
DETERMINATION OF PEPTIDES BY AN IMPROVED
0o-PHTHALDIALDEHYDE PRECOLUMN LABELING PROCEDURE

Barry N. Jones, Svante P3ddbo and Stanley Stein

Roche Institute of Molecular Biology
Nutley, New Jersey 07110

ABSTRACT

Primary amino acids react with o-phthaldialdehyde in the pre-
sence of mercaptans to form intensely fluorescent derivatives. By
the use of reverse—phase high-performance liquid chromatography, a
mixture containing 26 of these derivatives was efficiently resolved
with an analysis time of less than 35 minutes. The quantitation of
the individual amino acids was reproducible with an average rela-
tive deviation of # 1.4% and had a detection limit of approximately
50 femtomoles. TImprovements in the stability and fluorescence re-
sponse of lysine and hydroxylysine were obtained by the incorpora-
tion of sodium dodecyl sulfate in the derivatizing medium. Appli-
cations of the chromatography system involving the amino acid
analysis of peptides after either acid or enzymatic hydrolysis are
presented. Methods for the sequence analysis of picomole quanti-
ties of peptides by time course hydrolysis with exopeptidases were
also developed, which employed the above separation procedure for
the identification and quantification of the released amino acids.

INTRODUCTION

The ability to separate and quantitate amino acids is essen-
tial for the characterization and structural elucidation of pep~-
tides and proteins. This is usually accomplished by separating
amino acid mixtures using classical ion-exchange chromatography (1)
followed by post-column derivatization with ninhydrin (2,3) or a
fluorogenic reagent (4-7). This technique resolves most amino
acids with good detection limits, especially if either fluoresca-

mine or o-phthaldialdehyde is used as the post-column derivatizing
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reagent. However, this procedure generally requires specialized
equipment and an analysis time greater than an hour.

In order to improve the efficiency and decrease the analysis
time for the resolution of amino acid mixtures, several precolumn
techniques have been developed which utilize reverse-~phase high-
performance liquid chromatography. Two of the most widely em-
ployed methods are the formation of dansyl (8) or phenylthiohy-
dantoin (9,10) derivatives of the amino acids prior to high-
performance liquid chromatographic analysis. Recent studies have
demonstrated that o-phthaldialdehyde can also be used successfully
as a precolumn derivatizing reagent. o-Phthaldialdehyde in the
presence of either 2-mercaptoethanol or ethanethiol reacts rapidly
with primary amino acids to form highly fluorescent, thio-substi~-
tuted isoindoles (11,12). These derivatives are then analyzed
with good selectivity and sensitivity by reverse-phase high-
performance liquid chromatography (13-17). 1In this report, the
use of o-phthaldialdehyde as a precolumn derivatizing reagent for
primary amino acids is evaluated further. 1In addition, its appli-
cability for the amino acid analysis of peptides, as well as for

the determination of their amino acid sequence, is investigated.

MATERIALS AND METHODS

Apparatus

Two separate chromatography systems were employed in the pre-
sent studies. One consisted of a high-pressure Milton Roy mini-
pump (Lab Data Control), an LKB Ultrograd unit for generation of
elution gradients, and a model FS970 Liquid Chromatographic Fluo-
rometer (Schoeffel Instrument Corp.). The following fluorometer
settings and characteristics were used for detection: 5 ul flow
cell, excitation monochrometer at 330 nm, the emission measured
with a 418 nm cut-off filter, time constant of 0.5 sec, and a
sensitivity dial setting at 7.00 units. The other chromatography
system consisted of two Altex Model 110A high-performance liquid

chromatography (HPLC) pumps, an Altex Model 420 microprocessor



18: 40 24 January 2011

Downl oaded At:

AMINO ACID ANALYSIS OF PEPTIDES 567

for generation of elution gradients, and a model FS950 Liquid
Chromatographic Filter Fluorometer (Schoeffel Instrument Corp.).
The following fluorometer settings and characteristics were used:
20 pL flow cell, a FSA 403 excitation filter and a FSA 111 lamp
for excitation in the 330-375 nm range, the emission was measured
with a FSA 426 (418 nm cut-off) filter, time constant of 0.5 sec.,
and a sensitivity dial setting at 8.00 units. The two chromato-
graphy systems gave essentially identical results with respect to
the resolution of amino acid mixtures. The only major difference
between the two systems was in sensitivity. Using the above flu-
orometer settings, the FS970 detection unit was approximately ten
times more sensitive.

All sample injections were performed with a Rheodyne injec-
tion valve (Model 7120) equipped with a 20 uL sample loop. An
Altex Ultrasphere ODS column (250 x 4.6 mm; particle size, 5 u)
fitted with a guard column (80 x 4.6 mm) packed with CO:PELL ODS
sorbent (particle size, 40 p ) (Reeve Angel) was used for chro-
matographic separations. The guard column was packed downwards
at a pressure of 3000 psi with a Haskel pump (DST-150). Chromato-
graphic peaks were integrated by a Spectra-Physics Minigrator and
recorded on a two-channel Linear recorder operated on the 10 mV
and 100 mV scales. Gradients were formed between two degassed
solvent mixtures. Solvent A was tetrahydrofuran:methanol:0.05M
sodium acetate (pH 5.9) 1:19:80 and solvent B was methanol:0.05M
sodium acetate (pH 5.9) 8:2. Further details of the chromato-

graphic procedure are given in the figure legends.

Reagents and Standards

All HPLC solvents were distilled-in-glass grade (Burdick and
Jackson) and used without further treatment. High purity water
was obtained with a system from Hydro Service and Supplies
(Durham, N.C.). Solutions of amino acid standards (2.5 umol/mL),
2-mercaptoethanol, ethanethiol, o-phthaldialdehyde (Fluoropa),
4N methanesulfonic acid (MSA), and sodium dodecyl sulfate (SDS)
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were obtained from Pierce Chemical Co. Individual amino acid
standards were purchased from Sigma Chemical Co. All other chem-
icals were reagent grade. Enzymatic digestion buffers contained

0.01% pentachlorophenol (Pierce) as a preservative.

Peptides and Enzymes

Met-enkephalin-Arg®-Phe” was synthesized by Peninsula Labo-
ratories. Met-enkephalin, porcin€ glucagon, carboxypeptidase B,
and carboxypeptidase Y were products of Boehringer Mannheim Co.
Aminopeptidase M was purchased from Sigma Chemical Co. Oxidized
Met-enkephalin was prepared according to the procedure of Savige

and Fontana (18) and purified by reverse phase HPLC (19).

Preparation of Amino Acid Standards

Amino acid standard solutions were prepared in water in the
following concentrations: 1.25, 6.25, 25, and 50 pmol/pL and
stored at -20°C. The standard solutions were stable for approxi-
mately 3 weeks of continual use. After this time, appreciable
amounts of methionine were lost with a concomitant increase in
the methionine sulfoxide content of the standard. The glutamine
peak in the standard runs also decreased with time, presumably
due to the conversion of glutamine to pyroglutamic acid. TFor the
ammonia standard, a 50 pmol/uL solution in water was prepared

from ammonium acetate.

Preparation of the o-Phthaldialdehyde/2-Mercaptoethanol Deriva-

tizing Solution

Fifty milligrams of o-phthaldialdehyde were dissolved in
1.25 ml. of absolute methanol. 2-Mercaptoethanol (50 uL) and 0.4M
sodium borate {pH 9.5) (11.2 mL) were then added and the solution
mixed. The mixture was flushed with nitrogen and stored in the
dark. The solution was allowed to stand for 24 hours before use.
This was found to reduce the background amino acids which are

contributed by the derivatizing reagent. 2-Mercaptoethanol
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(10 ul) was added every 2 days to help maintain the reagent
strength. Using these precautions, the derivatizing reagent was
usable for approximately two weeks before serious contaminants
appeared in the elution profiles. The o-phthaldialdehyde/ethane-
thiol derivatizing solution was prepared daily by the procedure

of Hill et al. (13).

Derivatization Procedure

The general procedure for derivatization was as follows:
5 uL aliquots of standards or unknown samples were mixed with 5 pL
of a 27 sodium dodecyl sulfate (SDS) solution in 0.4M sodium
borate (pH 9.5) and then 5 uL of the derivatizing solution added.
The resulting solution was mixed thoroughly. After 1 minute,
10 yL of 0.1M potassium phosphate (pH 4.0) was added, the solution

mixed, and 5-20 uL injected onto the reverse phase column.

Acid Hydrolysis of Peptides

For HCl hydrolysis, peptides (50-300 pmol) were dried in a
hydrolysis tube and the tube sealed under vacuum after the addi-
tion of 200 uL of constant boiling HCL containing 0.1% thiogly-
colic acid. VFollowing hydrolysis, the HCl was removed by lyophil-
ization and the resulting residue dissolved in 25-50 uL of 2% SDS
in 0.4M sodium borate (pH 9.5). Analyses were then performed as
above, usually on 5 ulL aliquots. For hydrolysis with methane-
sulfonic acid (MSA), peptides (500 pmol - 1 nmol) were hydrolyzed
with 50 wL of 4N methanesulfonic acid. After hydrolysis, the
acid was neutralized with 50 puL of 4N NaOH. Aliquots (5 uL) were
removed, mixed with 2% SDS in borate, derivatized, and analyzed

by HPLC. All acid hydrolyses were performed at 1109C for 22 hours.

Total Enzymatic Hydrolysis of Peptides

Peptides (200 pmol - 1 nmol) were dissolved in 24 uL of 0.2M
sodium phosphate (pH 7.0) buffer containing 4-aminobutyric acid

(usually 10 pmol/pL) as an internal standard. To this solution,
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1 ug of aminopeptidase M (1 pL) was added and the resulting mix-—
ture incubated at 37°C for 24 hours. Aliquots (5 uL) were removed
and analyzed. A digest blank containing 24 L buffer and 1 uL

aminopeptidase M was also prepared and analyzed.

Hydrolysis of Peptides with Carboxypeptidase B

Peptides (20-200 pmol) were dissolved in 24 uL of 0.2M sodium
phosphate (pH 8.5) buffer containing 4-aminobutyric acid (5 pmol/
pL) as an internal standard. To this solution, 25 ng of carboxy-
peptidase B (1 uL) was added and the resulting mixture incubated
at 379C for 1 hour. Aliquots (5 ylL) were removed and analyzed.

As an added precaution during enzymatic hydrolyses, the peptide
solution was usually analyzed for free amino acids before the
addition of the enzyme. Enzyme blanks were always prepared and

analyzed.

Time Course Hydrolysis with Aminopeptidase M

Peptides (200 pmol - 1 nmol) were dissolved in 49 uL of 0.2M
sodium phosphate (pH 7.0) buffer containing 4—aminobutyric acid
as an internal standard. To this solution, 100 ng of aminopepti-
dase M (1 uL) was added and the resulting mixture incubated at
room temperature. Timed aliquots (5 pL) were removed, mixed with
2% SDS in borate (5 ul), and then frozen in a dry ice/methanol

bath. The aliquots were stored at -20%C until analyzed.

Time Course Hydrolysis with Carboxypeptidase Y

Peptides (200 - 1 nmol) were dissolved in 49 uL of 0.05M
sodium acetate (pH 5.5) buffer containing 4-aminobutyric acid as
an internal standard. To this solution, 1 ug of carboxypeptidase
Y (1 pL) was added and the resulting mixture incubated at room
temperature. Timed aliquots (5 pl) were removed and analyzed.
Carboxypeptidase Y digestions were also performed in the presence

of 5M urea.
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RESULTS AND DISCUSSION

Preliminary separations of the o-phthaldialdehyde/2-mercapto-
ethanol derivatives of primary amino acids were conducted using
mixtures of methanol and sodium or potassium phosphate buffer
as the mobile phase according to the procedures of Lindroth and
Mopper (14). Satisfactory resolution was obtained for all de=-
rivatives tested except for glycine and threonine which co-
eluted even under isocratic conditions. In an attampt to re-
solve these two derivatives, the pH of the mobile phase was
varied between 5.0 and 7.5 and the ionic strength was varied be-
tween 0.05M and 0.2M; however, glycine and threonine did not re-
solve under any of these conditions. Citrate and acetate buffers
were then tested but did not help to resolve these two amino
acids. Following the suggestion of Hodgin (16), tetrahydrofuran
was added to the mobile phase an an organic modifier; this re-
sulted in the immediate resolution of glycine and threconine. The
final conditions chosen for HPLC analysis are given in Figure 1
which illustrates the resolution obtained for a mixture of 26
amino acids plus ammonia. Excellent resolution was obtained for
the components in the mixture. Of a total of 30 amino acids
tested, only two were not resolved by these conditions. Norleu-
cine co-eluted with leucine and methionine sulfone eluted as a
shoulder on the threonine peak.

The stability of the o-phthaldialdehyde/2-mercaptoethancl
derivatives was determined by reacting a mixture of amino acids
(40 pmol each) with the derivatizing reagent for varying time
periods before injection. Only the derivatives of glycine,
lysine, and hydroxylysine showed appreciable decay of fluores-
cence after an eight minute reaction time. In addition, the
lysine and hydroxylysine derivatives gave a very low response
when compared to the other amino acid derivatives. According to
Benson and Hare (6), the addition of the surfactant, Briji 35, to
the o-phthaldialdehyde reagent enhances the fluorescence of

lysine during post-column derivatization procedures. Gardner and
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Figure 1. Elution profile of amino acid standards derivatized by
the reaction with o-~phthaldialdehyde/2-mercaptoethanol. Each peak
represents 5.0 pmoles except for the ammonia peak which represents
20.0 pmoles. Conditions: Solvent A, tetrahydrofuran:methanol:
0.05M sodium acetate (pH 5.9), 1:19:80:; Solvent B, methanol:0.05M
sodium acetate (pH 5.9), 8:2; gradient program, 0%B for 1 min from
the initiation of the program, linear step to 14% B in 5 min, iso-
cratic step at 147 B of 5 min duration, linear step to 507 B in

5 min, isocratic step at 50% B of 4 min duration, linear step to
100Z B in 12 min; flow rate of 1.7 mL/min; Schoeffel FS950 fluores-
cence HPLC detector. Non-standard abbreviations used: CA,
cysteic acid; CMC, carboxymethyl cysteine; MSO, methionine sulfox-
ide; Hse, homoserine; y—ABA, 4—-aminobutyric acid; a-ABA, 2-amino-
butyric acid.

Miller (17) found that the addition of Brij 35 also increased

the fluorescence response of lysine in their precolumn derivatiza-
tion procedure. In the present study, sodium dodecyl sulfate
(SDS) was evaluated for its effect on the fluorescence of o-
phthaldialdehyde-derivatized amino acids (Figure 2). An approxi-
mately 507 increase in the response of lysine was obtained and
approximately a 40% increase for hydroxylysine. The stability of
these two derivatives was also increased by the presence of SDS.

These observations are in agreement with those reported by Chen



18: 40 24 January 2011

Downl oaded At:

AMINO ACID ANALYSIS OF PEPTIDES 573

— e - o Val
- T *Trp
150 /T\sn
yr
%/\\‘A‘u
=
o 100
< His
X
g
w
a
50

0 1 2 3 4 S 6 7 8
REACTION TIME BEFORE INJECTION, min

Figure 2. Influence of reaction time before injection on the flu-
orescent intensity of ten amino acids. Peak areas are given in
arbitrary units. The effect of the presence of sodium dodecyl
sulfate (SDS) on the fluorescent intensity and stability of the
lysine and hydroxylysine derivatives is also shown. Derivatiza-
tions in the presence of SDS are given by the solid lines and in
the absence of SDS by dashed lines.

et al. (20). No observable effect on the retention times and
fluorescence response of the other amino acids tested (see Figure
1) was detected. The large decrease in the fluorescence response
of glycine was minimized by injection of all derivatized samples
after a 1 minute reaction time (see Figure 2),

In order for the present chromatographic system to be of
value for the quantitative analysis of amino acids, the technique
must yield reproducible results, possess high sensitivity, and
give a linear fluorescence response in the general concentration
range required for analyses. The precision of the procedure was
evaluated by injection of a 22-component amino acid standard
using the chromatographic conditions presented in Figure 1. Five

consecutive injections were performed following a reaction time
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of one minute and the resulting retention times, peak heights,
and peak areas of the individual components measured. Analysis
of the data indicated that the average deviation of the retention
times was + 1.1 second. The largest deviation observed was for
methionine sulfoxide (+ 2.6 sec.) and the smallest deviation ob-
tained was for methionine (i 0.2 sec.). The total analysis time
was 34 minutes. The average relative deviation in the measured
peak heights was + 6.4%. However, part of this deviation is due
to pipetting errors that may occur during the derivatization pro-
cedure. When results from all five runs were normalized to an
internal standard (4-~aminobutyric acid) the relative deviation

of the peak heights was calculated to be + 1.4%. The average re-
lative deviation of the normalized peak areas was + 1.7%. The
largest deviation in the normalized peak height values was observ-
ed for cysteic acid (+ 2.8%) whereas the lowest was for arginine
(+ 0.4%Z). TFrom the above results, the incorporation of an inter-
nal standard is recommended for a quantitative analysis of an
amino acid mixture.

The detedtion limits for the chromatography system were de-—
termined by serial dilution of an amino acid standard solution
followed by derivatization and analysis. A detection limit of
approximately 50 fmol was obtained for the Schoeffel FS 970 detec—
tion unit whereas the Schoeffel FS950 unit displayed a detection
limit of approximately 500 fmol for the individual amino acid com-
ponents. The sensitivity of detection can be increased somewhat
by using ethanethiol instead of 2-mercaptoethanol in the deriva-
tizing reagent (12,13). However, in the present study, the added
sensitivity was not required and the use of ethanethiol was aban-
doned because of its unpleasant odor. Additional sensitivity
(approximately a six-fold increase) can be obtained by excita~
tion at 229 nm instead of 330 nm (13), but interference from ex-—
traneous components may be a problem at this lower wavelength when
biological fluids are examined.

The linearity of response was examined in the concentration

range of 5-100 pmol for a number of amino acid derivatives
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Figure 3. Linearity of response for seven amino acid derivatives.
The chromatography conditions were identical to those in Figure 1.

(Figure 3). At concentration levels below 5 pmol, large devia-
tions from linearity were obtained, especially for serine, gly-
cine, and alanine. These deviations from linearity are most
probably due to the background presence of these amino acids.
This can be partially corrected by the subtraction of the back-
ground amino acids which are determined by "blank" runs. Even
this procedure does not completely correct for the presence of
glycine and serine whose presence vary considerably during a
series of analyses. To minimize this effect when quantitative
analysis was desired below the 5 pmol level, all reaction vessels
(1 mL polypropylene centrifuge tubes) and pipet tips were acid
washed before use. Furthermore, plastic surgical gloves had to
be worn to prevent "fingerprint' contamination.

Three different types of HPLC columns were evaluated for
their use in the separation of the o-phthaldialdehyde derivatives
of amino acids. The three were Altex Ultrasphere columns, octa-

decylsilane (ODS), octadecylsilane/ion~pairing (ODS I/P.), and
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cyanopropylsilane (CN). The amino acid derivatives shown in
Figure 1 were resolved on the CN column, but variable peak
heights and retention times were obtained and its use was dis-
continued. The ODS and ODS I.P. columns gave identical results.
The Ultrasphere ODS column was used in all chromatographic sepa-
rations used in this report. Over 600 analyses have been per-
formed on this column without any detectable loss of resolving
power. However, the column is protected with a guard column
since many analyses (see below) require the injection of deriva-
tized amino acid mixtures which contain enzymes and partially
digested peptides. The guard column was replaced after every 200
injections as a precaution.

The applicability of the chromatography system for the deter-
mination of the amino acid composition of peptides was evaluated.
Three different hydrolysis procedures, gcl hydrolysis, methane-
sulfonic acid (MSA) hydrolysis, and total enzymatic hydrolysis
with aminopeptidase M, were used and found to be compatible with
the o-phthaldialdehyde derivatization technique. The results
obtained for the amino acid analysis of porcine glucagon using
each of these hydrolysis procedures is summarized in Table T.
The elution profile of the enzymatic hydrolysate is given in
Figure 4. The resulting compositions are in good agreement with
the reported amino acid sequence of porcine glucagon (21). It
should be noted that the acid/amide content of glucagon was
readily obtained by the enzymatic hydrolysis procedure. Detec-
tion and quantitation of asparagine and glutamine usually re-
quire special buffers (lithium citrate) and modified chromato-
graphy conditions (22) when analysis is performed by classical
ion-exchange methods.

The quantitation of methionine sulfoxide is also a problem
for many amino acid analyzer systems. However, methionine sul-
foxide content of peptides is easily determined by the precolumn
derivatization with o-phthaldialdehyde. This 1s illustrated in
Figure 5 by the elution profile of a MSA hydrolysate of purified

oxidized Met-enkephalin. The methionine sulfoxide elutes as a
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Amino HC1 MSA Enzymatic From
Acid Hydrolysatea Hydrolysate HydrolysateC Sequence
Asp® 4.0 3.8 .2 3
c1ut 3.0 3.1 0
Asn - —— 1
Ser 3.8 3.6 4
His 0.9 0.7 .1 1
Gln —-— —_— .2 3
Gly 1.2 1.1 1.0 1
Thr 2.9 2.5 3.0 3
Arg 2.0 2.1 2.0 2
Ala 1.0 1.2 1.0 1
Tyr 2,0 2.0 1.9 2
Trp 0.3 0.8 0.9 1
Met 0.9 0.9 1.1 1
Val 1.0 1.0 1.0 1
Phe 2.0 2.0 1.9 2
Tle a.0 0.0 0.0 0
Leu 2.0 2.1 2.0 2
Lys 1.3 1.0 0.9 1

4300 pmol of peptide were hydrolyzed by HCI.
age of three analyses.

Results are the aver-

bl nmol of peptide was hydrolyzed with methanesulfonic acid (MSA).

Results are the average of two analyses.

500 pmol of peptide were digested with aminopeptidase M.

are the average of two analyses.

The amino acid sequence used is from Bromer et al. (21).
®Asp + Asn for HCl and MSA hydrolysates.
fGlu + Glu for HC1 and MSA hydrolysates.

Results
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Figure 4. Elution profile of a total enzymatic hydrolysate of
glucagon. Digestion was accomplished by incubating 500 pmoles of
the peptide with 1 ug of aminopeptidase M. A 5 uL aliquot repre-
senting 10% of the hydrolysate was derivatized and 307 of the
resulting derivatization mixture applied to the HPLC column. Con-
ditions: Solvents A and B, same as in Figure 1; gradient program,
linear step to 25% B in 4 min, isocratic step at 25% B of 5 min
duration, linear step to 80%Z B in 9 min, linear step to 100%Z B in
2 min; flow rate of 2.0 mL/min; Schoeffel FS950 fluorescence HPLC
detector. Internal standard (I.S.) was 4-aminobutyric acid. The
single letter code, H, was used for histidine.

characteristic doublet. However, in the elution profile shown in
Figure 1, it elutes as a singlet. The discrepancy appears to re-
sult from the two diastereomeric forms of methionine sulfoxide.
The amino acid standards in Figure 1 were obtained from Pierce
and presumably contained only one of the diastereomeric forms of
methionine sulfoxide. This was further investigated by testing

a methionine sulfoxide standard from Sigma tha- contained a mix-
ture of the two diastereomers. Analysis of this standard yielded
the characteristic doublet. Figure 5 also indicates that some of
the methionine sulfoxide was reduced to methionine during the

hydrolysis procedure.
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In addition to the use of this chromatography system for
amino acid analysis, its applicability in obtaining sequence data
was also evaluated. The methods developed include digestion of
peptides with carboxypeptidase B (CPB) plus aminopeptidase M
{APM) and carboxypeptidase Y (CPY) time course hydrolysis. The
use of CPB digestion is illustrated in Figure 6. In this example,
two tryptic peptides were obtained from enkephalin precursor
molecules that gave identical compositions, Glyj,Met,Tyr,Phe,Arg
(23). However, their elution positions were different as deter-

mined by their chromatography on reverse phase columns. In order
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Figure 5. Elution profile of an acid hydrolysate of oxidized Met-
enkephalin (Tyr-Gly-Gly-Phe-MSO). The peptide (1 nmole) was hydro-
lyzed in 50 uL of 4N methanesulfonic acid and then diluted to a
volume of 100 uL with 4N NaOH. A 5 pL aliquot of the hydrolysate
was derivatized and 20% of the resulting derivatization mixture
applied to the HPLC column. Conditions: Solvents A and B, same
as in Figure 1, gradient program, linear step to 25% B in 7.5

min, isocratic step at 25% B of 9 min duration, linear step to
100% B in 23 min; flow rate of 1.0 mL/min; Schoeffel FS970 flu-
orescence HPLC detector. Methionine sulfoxide (MSO) elutes as a
doublet due to the resolution of its two diastereomeric forms.
Composition was calculated to be MSO, 0.9 residues; Gly, 1.9 resi-
dues; Tyr, 1.1 residues; Met, 0.2 residues; Phe, 0.9 residues.
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Figure 6. Elution profiles of carboxypeptidase B (CPB) digests

of two Met-enkephalin-containing peptides. A, Digest blank: 25 ng
CPB in 25 uL of digestion buffer, 5 uL aliquot derivatized and
applied to HPLC column. B, Digest of Arg-Tyr-Gly-Gly-Phe-Met,

125 pmoles of peptide in 25 uL of digestion buffer containing 25
ng CPB, 5 uL aliquot derivatized and analyzed. C, Digest of Tyr-
Gly-Gly-Phe-Met—-Arg, 150 pmoles of peptide in 25 ul of digestion
buffer containing 25 ng CPB, 5 ulL aliquot derivatized and analyzed.
The digestion buffer contained 4-aminobutyric acid (5 pmol/ul) as
an internal standard (I.S.). Peak "a" is contributed by the deri-
vatizing reagent. Conditions: identical to those in Figure 3.

to determine the structural difference in the two peptides, each
was digested with CPB. For one of the peptides, no detectable
amino acids were released (Figure 6B) after comparison to the
analysis of the enzyme blank (Figure 6A), but CPB did release one
residue of arginine from the other tryptic peptide indicating that
this was the carboxyl-terminal residue. These results were later
confirmed by sequence analysis which determined the amino acid
sequence of each tryptic peptide (23) (see Figure 6).
Amino-terminal sequencing with APM is illustrated in
Figure 7. In this example, Met-enkephalin was digested with APM
and timed aliquots removed for analysis. From Figure 7, it can

be seen what tyrosine 1is the first amino acid to be released
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followed by glycine. Methionine and phenylalanine are released
simultaneously. Thus, the release data are consistent with the
known amino acid sequence of Met-enkephalin, Tyr-Gly-Gly-Phe-Met.

Carboxyl-terminal sequencing with CPY is illustrated in
Figure 8. In this example, Met-enkephalin—Arg6—Phe7 was digested
with the enzyme and the released amino acids identified and quan-
titated. The data obtained from the HPLC analyses are presented
in Figure 9 in the form of a time course release plot and estab-
lished the carboxyl-terminal sequence of the peptide as -Gly-Phe-
Met-Arg-Phe.

This chromatography system has other applications. For exam-
ple, free amino acids released during tryptic digestion of pep-

tides and proteins are readily identified and quantitated. In
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Figure 7. Elution profiles of aminopeptidase M (APM) time course
hydrolysis of Met-enkephalin (Tyr-Gly-Gly-Phe-Met). Peptide (1
nmole) was dissolved in 50 uL of digestion buffer containing 50 ng
APM and 20 pmol/uL 4-aminobutyric acid as internal standard (I.S.).
Timed 5 uL aliquots were derivatized and 10% of the resulting deri-
vatization mixtures applied to the HPLC column. A, 4-min aliquot;
B, 30-min aliquot; C, 180-min aliquot. Conditions: didentical to
those in Figure 3.
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Elution profiles of carbox;peptidase Y (CBY) time course
hydrolysis of Met—enkephalin—Arge—Phe (Tyr-Gly-Gly-Phe-Met~Arg-
Phe}. Peptide (360 pmol) was dissolved in 60 ul of digestion buffer
containing 500 ng CPY and 2 pmol/pL 4-aminobutyric acid as inter-
nal standard (I.S.). Timed 5 pL aliquots were derivatized and
analyzed. A, 2-min aliquot; B, 8-min aliquot; C, 60-min aliquot;

D, 600-min aliquot. Peak "a" is contributed by the derivatizing
reagent. MSO represents methionine sulfoxide. Conditions: iden-
tical to those in Figure 1.

addition, the homoserine content of cyanogen bromide fragments is
readily determined by amino acid analysis using this precolumn
derivatization procedure. The method also has the potential for
many other applications such as the determination of free amino
acids in biological fluids (13,14). A variety of primary amines
of biological importance could conceivably be identified and
quantitated by this method. These include taurine, 4-amino-
butyric acid, ornithine, citrulline, histamine, serotonin, and
epinephrine as well as others. Several reports have already
appeared describing procedures for the analysis of some of these

components (13-15,24,25).
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Figure 9. Time course release plot for the carboxypeptidase Y
digestion of Met—enkephalin—ArgG—Phe7. Carboxyl-terminal sequence
established by release data is -Gly-Phe-Met—-Arg-Phe-COOH.

CONCLUSIONS

The use of precolumn derivatization of amino acids with o-
phthaldialdehyde and their subsequent separation by reverse phase
HPLC provides an excellent method for the amino acid analysis and
sequence determination of peptides. The derivatization procedure
is rapid, is performed in an aqueous medium, requires few trans-
fer steps, and yields strongly fluorescent derivatives. The
separation procedure is highly reproducible and rapid when com-
pared to current amino acid analyzers. The cost per analysis is
considerably less in comparison to post—column procedures in
which the derivatizing reagent is added in a continuous manner.

Three major disadvantages to this procedure are the low

response of cysteine, lysine, and hydroxylysine, the lack of re-
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action with the secondary amino acids, proline and hydroxyproline,
and the decay in fluorescence of the derivatized amino acids.

The response of lysine and hydroxylysine was improved by the
addition of sodium dodecyl sulfate to the derivatizing reagent.
Cysteine can be readily detected as cysteic acid or carboxymethyl
cysteine following performic acid oxidation or carboxymethylation
(26). The problem of the detection of proline and hydroxyproline
requires further investigation. The effect of fluorescence de-
cay can be minimized by strict attention to the reaction time be-

fore injection.
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