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Abstract

Free amino acids (AAs) in human plasma are derivatized with 3-(4-carboxybenzoyl)quinoline-2-carboxal dehyde
(CBQCA) and analyzed by capillary electrophoresis (CE) with laser induced fluorescence (LIF) detection. The labeling
procedure is significantly improved over results reported previously. Derivatization can be completed in 40 min, with
concentrations as low as 4x10°° M successfully labeled in favourable cases. Twenty-nine AAs (including 2 internal
standards) are identified and can be reproducibly separated in 70 min. Migration time RSD values for 23 of these AAs were
calculated and found in the range from 0.5 to 4%. The rapid derivatization procedure and the resolution obtained in the
separation are sufficient for a semi-quantitative, emergency diagnosis of severa inborn errors of metabolism (IEM). Amino
acid profiles for both normal donor plasma samples and plasma samples of patients suffering from phenylketonuria,
tyrosinemia, maple syrup urinary disease, hyperornithinemia, and citrullinemia are studied. 0 2001 Elsevier Science BV.
All rights reserved.
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1. Introduction

Obtaining timely and reliable information on the
amino acid (AA), organic acid (OA) and orotic acid
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(ORA) content of human biological samples (plas-
ma, urine and cerebrospina fluid (CSF)) is essential
in the diagnosis of inborn errors of metabolism
(IEM). Some IEM presenting in the neonatal period
(i.e. neonatal metabolic distresses) are considered
pediatric emergencies and are classified according to
clinical types. More than 65% of neonatal metabolic
distresses afflicting patients are due to one of the
following diseases: maple syrup urinary disease
(MSUD), organic acidurias (methylmalonic, propion-
ic, isovaleric, glutaric type Il, etc), urea cycle
defects, R-oxidation defects, non-ketotic hy-
perglycinemia or tyrosinosis type |I. These diseases
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are best diagnosed by AA, OA, ORA and acylcar-
nitine analysis [1].

At present, the biochemical diagnosis of IEM
involves highly sophisticated methods utilizing tan-
dem mass spectrometry (MS) (for acylcarnitine
analysis), gas chromatography with MS detection
(for OA and AA determination), ion-exchange chro-
matography (IEC) and HPLC (for AA and ORA
analysis). However, simple, timely and reliable anal-
ysis procedures that can cope with the demands of
medically emergent IEM cases are still needed.
Ideally, methods developed to meet these needs
should be designed so that they may be easily carried
out on existing equipment in clinical laboratories to
alow for a faster, more accurate and perhaps more
frequent diagnosis of these pediatric emergencies.

Capillary electrophoresis (CE) is one of the most
powerful separation techniques known to date, be-
cause both (electric) field and chemical equilibria are
used in the separation process [2]. Methods have
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been developed for the determination of some OAs
and ORA in urine using CE [3-6], and assays for
acylcarnitine analysis are currently under investiga-
tion [7,8]. CE has aso been used for the diagnosis of
various metabolic diseases [4-10] and although these
procedures could still be improved upon, they have
the advantages of having short analysis times and the
ability to be performed on standard apparatus (i.e.
CE with UV detection). Although amino acids were
among the first groups of compounds investigated by
CE, this technique has not been widely applied to
AA analysis in biological fluids because of the
problems associated with detection and reproducibil-
ity. Furthermore, up to fifty AAs or AA conjugates
must be routinely monitored in procedures designed
for the diagnosis and follow up treatment of metabol-
ic disorders [11,12]. Currently, only a few CE
protocols have been established for biological AA
analysis and these are limited to the quantification of
particular sets of sulfur containing AAs [13,14]
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Fig. 1. Effect of y-CD on the separation of a standard mix of 14 AAs. Peak identification: (1) Met; (2) GIn; (3) 3-CH,-His; (4) Ser; (5)
Tyr; (6) Lys; (7) Gly; (8) Ala; (9) Val; (10) Ile; (11) Leu; (12) Phe; (13) Glu; (14) Asp. CE parameters: BGE: 160 mM borate, 130 mM
SDS, pH 9.5; Part (8 without y-CD; Part (b) with 7.5 mM ~v-CD. Capillary: 67 cm (60 cm to detector), 50 wm 1.D. 30 kV.
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useful in the assessment of homocysteine as a risk
factor for cardiovascular diseases. To date, no CE
procedures have been published for AA anaysis in
plasma or urine that are feasible for the determi-
nation of any of the IEM emergency cases (which
include such alments as MSUD, urea cycle defects,
non-ketotic hyperglycinemia and tyrosinosis) [15].
In order to detect AAs in the levels that are
present in biological fluids, very sensitive detection
methods such as laser-induced fluorescence (LIF) are
required. A large number of fluorescent labels are
available for use in tagging free AAs [16-19] and a
judicious choice can help minimize complications
associated with excess labeling reagent and slow
reaction rates. 3-(4-Carboxybenzoyl)-2-quinoline-
carboxaldehyde (CBQCA) is a commercially avail-
able fluorogenic reagent, which produces stable
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isoindole derivatives when reacted with primary
amines. CBQCA labeling is advantageous when used
for the analysis of AAs and peptides because of the
short reaction times and the fact that unreacted
CBQCA is non-fluorescent. CBQCA labeled amino
acids (CBQCA-AAS) can be readily excited by either
the 488 nm line of an Ar ion laser [20] or the 442
line of a He/Cd laser [21], with the maximum
excitation of CBQCA-glycine having been found to
be 466 nm [20]. Although CBQCA cannot be used to
label secondary amines, its ability to tag primary
amines makes it extremely well suited to the analysis
of free AAs in biological fluids [20,21] and CE-LIF
analysis of AAs in CSF utilizing a 2-h CBQCA
derivatization process has been reported [22].

In this paper we describe the separation of
CBQCA-labeled AAs in human plasma using CE
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Fig. 2. Separation of 29 AAsin a mix of AAs standards. All AAs are at 100 M except *=30 pM, **=60 pM and *** =200 wM. Peak
identification: (1 and 2): Lys; (3): 1-CH,-His: (4): Cit; (5): GlIn; (6): Ans*; (7): Asn**; (8): 3-CH,-His; (9): Tyr; (10): Orn; (11): B-Ala*;
(12): Car*; (13): (Hcy),; (14): Ser; (15): Gly**; (16): Ala; (17): o-Abu; (18): Tau**; (19): L-Abu; (20): Val; (21): (Hcy),; (22): Met; (23):
Thr; (24): N-Val; (25): lle; (26): Phe; (27): Leu; (28): Aad; (29): N-Leu; (30): Glu***; (31): Arg***; (32): Asp***. CE Parameters:
BGE:160 mM borate, 130 mM SDS, 7.5 mM v-CD and 20 mM NaCl at a pH of 9.5; capillary: 67 cm length (60 cm to detector) and 50 pm
I.D. 30 kV. Current: ca. 150 pA.
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with LIF detection and report on the feasibility of
applying this type of technique to the emergency
diagnosis of inborn errors of metabolism.

2. Experimental
2.1. Chemicals

Borax, sodium dodecyl sulfate (SDS), +y-cyclo-
dextrin (y-CD) and HPLC grade methanol were
purchased from Sigma (Sigma—Aldrich, Oakville
ON, Canada); NaOH and HCl were from BDH
Chemicals (Toronto, ON, Canada); sulfosalicylic
acid (SSA) from Aldrich (Sigma Aldrich, Buchs,
Switzerland); 3-(4-carboxybenzoyl)quinoline-2-car-
boxyaldehyde (CBQCA) and potassium cyanide
(KCN) were obtained from Molecular Probes (Mo-
lecular Probes, Eugene OR, USA).
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1-methylhistidine (1-CH,-His), 3-methylhistidine
(3-CH,-Hig), L-alanine (Ala), B-alanine (B-Ala), L-
aloisoleucine (Aile), L-a-aminoadipic acid (Aad),
pL-B-aminoisobutyric acid (Baib), L-anserine (Ans),
L-arginine (Arg), Argininosuccinate (ASA), L-as-
paragine (Asn), L-aspartic acid (Asp), L-cysteine
((Cy9),), y-aminobutyric acid (GABA), d-
glucosaminic acid (d-gluc), L-glutamic acid (Glu),
L-glutamine (GIn), L-glycine (Gly), L-histidine (His),
L-homoarginine (Har), L-homocarnosine (Hcar), hy-
droxyproline  (OH-Pro), L-isoleucine  (lle),
kynurenine (Kyn), L-leucine (Leu), L-lysine (Lys),
L-methionine (Met), L-norleucine (N-Leu), L-nor-
valine (N-Val), r-ornithine (Orn), L-phenylalanine
(Phe), phosphoethanolamine (Pea), bL-pipecolic acid
(Pip), L-proline (Pro), L-serine (Ser), sarcosine (Sar),
L-serine (Ser), taurine (Tau), L-threonine (Thr), L-
tryptophan (Trp), L-tyrosine (Tyr) and L-valine (Val)
were al purchased from Sigma (Sigma Chemie
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Fig. 3. Separation of CBQCA-AAs in a plasma sample of a child not afflicted with IEM. The sample has been spiked with 200 uM Arg and
400 pM Asp. Peak identification and CE parameters as in Fig. 2. Concentrations (M) in plasma as measured by IEC: Lys: 184; Cit: 18;
Gln: 530; Asn: 155; Tyr: 57; Orn: 97; Ser: 121; Gly: 255; Ala: 513; Tau: 87; L-Abu: 23; Val: 205; Met: 29; Thr: 182; lle: 71; Leu: 123; Glu:

49; Arg: 53; Asp: 7.
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Switzerland) and used without further purification.
L-homocystine ((Hcy),), L-citrulline (Cit), carnosine
(Car) were obtained from Fluka (Sigma Aldrich,
Buchs, Switzerland); pL-a-amino-butyric acid (ABU)
from Aldrich (Sigma Aldrich, Buchs, Switzerland),
L-homoacitrulline (Hci) from ICN Biomedicals (Au-
rora, Ohio, USA).

An agueous background electrolyte (BGE), con-
sisting of 160 mM Borate (40 mM Borax), 130 mM
SDS, 20 mM NaCl, and 7.5 mM v-CD, was used in
the separations. The pH of the BGE was adjusted
before the addition of NaCl and v-CD. The final
solution was then ultrasonicated for 10 min using a
Transsonic bath (model 310, Mandel Scientific Com-
pany, Ltd., Guelph, ON, Canada) and filtered through
a Millex-HV 0.45 um syringe end filter (Millipore,
Bedford, USA) before use.

Standard amino acid solutions were prepared as 10
mM stock solutions in 10 mM borate. The medium
was alkalinized with 5 M NaOH for dissolution of
(Cy9),, (Hcy), and Tyr, while Kyn, Sac and
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Hcy(Ala) were dissolved after acidification with 5 M
HCI. All stock solutions were stored at +4°C except
for Asn and GIn, which were made fresh or stored
for less than 3 weeks at —20°C.

Working solutions of a mixture of AAs were
prepared by mixing defined volumes of the stock
solutions. The final concentrations of the AA mix-
tures were adjusted to the desired values with 10 mM
Borate.

2.2. Apparatus

Separations were performed on a Beckman P/ACE
5000 automated capillary electrophoresis system
equipped with argon ion laser induced fluorescence
detection (Beckman Instruments Inc., Missisauga,
ON, Canada). Uncoated capillaries (Polymicro Tech-
nologies, Phoenix, AZ) 67 cm in length (60 cm to
detector) and 50 pm 1.D. were used. New capillaries
were first rinsed with 0.1 M NaOH (15 min at 20
p.si.), followed by rinsing with the separation BGE
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Fig. 4. Phenylketonuriaz Aminogram of a plasma sample. The levels of Tyr and Phe as measured by |IEC were 1089 and 47 pmol/I,

respectively. Peak identification and CE parameters as in Fig. 2.
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(60 min at 20 p.si.). The capillary was then left to
equilibrate overnight in the separation BGE prior to
use. Each separation was preceded by a 1 min, 20
p.si. rinse with 0.1 M NaOH, followed by a 3 min,
20 p.si. rinse with the separation BGE. Samples
were introduced into the capillary using a 5 second,
0.5 p.si. injection (approximately 6.5-nL volume
injected). Separations were carried out for 30—80
min a 30 kV (norma polarity) a an ambient
temperature of ca. 25°C. Fluorescence was induced
with the 488-nm line of a 4-mW argon ion laser
(Beckman P/ACE system Laser Module 488). Emis-
sion was monitored at 520 nm with a Beckman
fluorescence detector. All data were collected and
processed using System Gold software (GOLDV 810,
Beckman). Migration time RSD values were calcu-
lated from separations performed on a Beckman
P/ACE system MDQ with the accompanying Beck-
man system Laser Module 488 using a 4 ml BGE
volume. All other experimental conditions were
identical to those carried out using the P/ACE
system. Quantitative data of the AA content of
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patient plasma samples were obtained previously
using a Beckman 6300 AA analyzer (Beckman
Instruments, Los Angeles, CA) with ninhydrin de-
tection [12].

2.3 Biological samples

Pools of plasma were obtained, after anonymisa-
tion, both from normal donors and from patients
suffering from various |[EM. The samples were then
centrifuged, and stored a& —20 or —80°C until
shipping on dry ice. Upon receipt, these samples
were stored at —20°C until analysis (no more than 6
weeks). Before analysis, the plasma used was de-
proteinized by adding 25 wl of a 160 g/l sul-
fosalicylic acid solution (containing 200 pmol/l of
N-Val as an internal standard) to 100 pl of sample
[11,12]. After mixing for 30 s, the samples were left
to stand for 10 min and then centrifuged at 13 000 g
for 5 min. Two to 10 wl of 5 M NaOH were then
added to the supernatant obtained after centrifuging
in order to bring the solution to a pH above 9.0, as
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Fig. 5. Tyrosinemia: Aminogram of a plasma sample. The levels of Tyr and Phe as measured by |1EC were 341 and 56 wmol /1, respectively.

Peak identification and CE parameters as in Fig. 2.
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checked with pH paper (Duotest”, pH 1-12, Mach-
ery Nagel, Duren, Germany).

2.4. Fluorescent labeling

Labeling reactions were performed according to
the procedure established by Arriaga et al [21], with
certain modifications. A stock solution of 30 mM
CBQCA was prepared in HPLC grade methanol and
sonicated for 45 min. At the end of the sonication,
the temperature of the sonicating bath was measured
to be ca 41°C. Once prepared, the solution was
stored at —20°C and protected from light. A 0.2 M
cyanide stock solution was prepared by dissolving
KCN in deionized water. A working cyanide solution
was prepared by dilution of the stock to a fina
concentration of 75 mM and was kept in aliquots at
—20°C. Thirty pl of the deproteinized sample super-
natant was transferred to an eppendorf tube con-
taining 30 pl of the 30 mM CBQCA solution. The
amount of CBQCA added to the sample solution was
chosen so that the final concentration of the probe

Fluorescence Signal (arbitrary units)

would be in ca. 10-fold molar excess to the total
plasma AA concentration [23]. After mixing and
being left to stand for 5 min, the derivatization
reaction was initiated by adding 6 pl of the 75 mM
KCN solution. The reaction was allowed to proceed
for 30 min in a 65°C water bath and was subsequent-
ly quenched by dilution with 434 pl of a 10 mM
Borate solution at ambient temperature. Standard AA
solutions were derivatized following the same pro-
cedure.

3. Results and discussion
3.1. Labeling reaction

Single AA standard solutions were derivatized in
order to characterize the labeling reaction for in-
dividual AAs. The labeling procedure was tested on
a number of AAs and was found to be suitable for
1-CH,-His, 3-CH,-His, Aad, Abu, Ala, ASA, Aile,
Ans, Arg, Asn, Asp, B-Ala, Baib, (Cys),, Car, Cit,
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Fig. 6. MSUD: Aminogram of a plasma sample. The AA levels of interest, as measured by |IEC, were 879, 402 and 292 wmol /| for Val, lle,
and Leu, respectively. Aile (157 pwmol/l by IEC) co-migrates with lle. Peak identification and CE parameters as in Fig. 2.
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EA, GABA, Glu, p-Gluc, GIn, Gly, His, (Hcy),, lle,
Kyn, Leu, Lys, N-Leu, N-Val, Met, Orn, Phe, PEA,
Ser, Tau, Thr, Trp, Tyr and Va. As expected,
secondary AAs (Pro, OH-Pro, Sar) gave no peaks.
More than one peak was obtained for some AAs/
conjugates that contained only one primary amine
(derivatization of Met yields 2 peaks, for example),
illustrating the complexity of the derivatization pro-
cess. Additionally, side reactions can further compli-
cate the analysis. It is apparent that much work is
still needed to properly characterize the CBQCA
derivatives of specific AAs, but such an endeavour
was beyond the scope of this investigation.

To determine the optimal reaction time for maxi-
mum fluorescent response, the labeling procedure
was tested on 3 AAs (Gly (neutral), Arg (basic) and
Asp (acidic)). Time curve studies with Arg (5, 10,
20, 30, 60, 120, 180 min) indicated that a plateau
was reached at 30 min when the temperature was set
at 65°C. This cuts the reaction time nearly in half as
when derivatization is carried out at 50°C [21].
Under these conditions, the yield of the reaction was

Fluorescence signal (arbitrary units)
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found to be very low for Asp as compared to the
yield observed for Gly or Arg.

In order to determine the concentration limit of
detection (CLOD) for AAs derivatized using this
method, a sensitivity study was performed in which
the concentration of one AA (Arg) was decreased
while the concentrations of the two others (Gly, Asp)
were maintained at 500 wM. The CLOD for Arg was
calculated to be 4.0x10 ® M based on the method
described by Knoll [24]. Using similar procedures,
the CLOD for Gly and Asp were determined to be
1.0x10"" M and 8.0x10 " M, respectively. At a
concentration of 0.1 wM, Arg was found to give a
signal-to-noise ratio of more than 20. Unfortunately,
detection below 1 wM for Gly and Asp was not
achieved due to the presence of interfering peaks,
which are thought to be fluorescent products from
side reactions between CBQCA and cyanide [21].
However, the ability to detect 1 uM of AA in the
presence of high levels of other components makes
this method suitable for the study of AAs in bio-
logical fluids [25].
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Fig. 7. Hyperornithinemia: Aminogram of a plasma sample. The levels
respectively. Peak identification and CE parameters as in Fig. 2.

as measured by 1EC were 865 and 455 pmol/I for Orn and GIn,
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3.2, Deproteinization

Free AA analysis in plasma requires that all
proteins be removed from the sample to avoid
precipitation inside the capillary and competition for
the fluorescent probe during the labeling reaction
[25]. Precipitation with sulfosalicylic acid (SSA) is
one of the preferred techniques for deproteinization
[11] because it is simple, fast and effective. To
investigate the effects of deproteinization with SSA
on our labeling procedure, 100 pl of standard
solution containing 500 wM each of Gly, Arg and
Asp was treated with 25 pl of an SSA solution (160
g/l) and derivatized by taking 30 pl of the superna-
tant. The yield of the reaction was found to be less
than when performed without the protein precipi-
tation procedure. The ratios of the peak areas for
samples treated with SSA to those without (taking
into account the dilution of the sample that occurs as
a result of the protein precipitation procedure) were
found to be 0.5, 0.18 and 0.02 for Gly, Arg and Asp
respectively.

Fluorescence Signal (arbitrary units)
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3.3 Separation of AAs

The BGE was selected based on experimenting
with various concentrations of borate (50, 80, 100,
120, 160 mM) and SDS (7, 30, 50, 70, 100, 120,
130, 150 mM) at various pH conditions (8.0, 8.5,
9.0, 9.5 and 10.0). It was found that the BGE of 130
mM SDS in 160 mM borate at a pH of 9.5 gives the
best separation. Under these conditions, it was noted
that the migration times of the labeled AAs were
longer than was desirable and certain AA pairs (most
notably Gly and Ala and Cit and 1-CH,-His) till
co-migrate. A series of additives were tested in the
BGE in attempts to reduce the migration times of the
labeled AAs and improve the separation. It was
found that y-CD at a concentration of 7.5 mM was
effective in reducing the overall migration times of
the CBQCA-AAs and this effect can be seen for a
standard mixture of 14 AAsin Fig. 1. At the running
pH of 9.5, the probe moiety of the labeled AAs will
bear a negative charge due to deprotonation of the
benzoic acid substituent. This negative charge will
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Fig. 8. Citrullinemiaz Aminogram of a plasma sample. The levels as measured by |EC were 3940, 1640 and 1750 wmol/I for Cit, Ala and

Glu, respectively. Peak identification and CE parameters as in Fig. 2.
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reduce the forward mobility of the labeled AAs and
thus increase the time required for the analytes to
migrate past the detector. The reduction in negative
charge to size ratio upon complexation with y-CD
through hydrophobic interaction [26] decreases the
analytes' negative mobility and thus shortens the
overall analysis time. Additionally, NaCl at a con-
centration of 20 mM was found to improve res-
olution for the comigrating pairs Gly and Ala and Cit
and 1-CH,-His. Because of these benefits, 7.5 mM
v-CD and 20 mM NaCl were included in the final
BGE used to analyze the patient plasma samples.
During the optimization of the separation con-
ditions, AAs and related compounds were identified
by spiking. The AA spike was added to the sample
prior to the deproteinization and derivatization steps.
Fig. 2 shows the identification of 29 AAs in a
standard solution. His and Trp could not be identified
(athough these AAs are readily detected when
derivatizing individual standard solutions), indicating
that either the deproteinization or SSA neutralization
procedure (or a combination of both) has a deleteri-
ous effect on the production of these labeled AAs.

34. AAs in human plasma

An aminogram of a normal human plasma sample
(spiked with 200 pM Arg and 400 pM Asp) is
shown in Fig. 3. Most AAs were readily identifiable
using the same spiking procedure developed for the
standard mixtures. Asp, though well separated in the
sample, is found to give a very low signal.

The spiking experiments indicate that the labeling
reaction is influenced by the total AA concentration
present in the plasma sample. For example, reduc-
tions in Leu and Phe peak areas were noted in a
plasma sample spiked first with 400 uM Arg and
then with 400 wM of both Arg and Glu. Because of
this and other factors (including co-migration of
certain AA pairs), it was determined that absolute
quantification would be problematic, as it would be
for al labeling reactions that involve more than one
analyte. However, in many cases, analysis of the
plasma samples had been previously performed using
IEC methodologies and the AA concentrations ob-
tained by IEC are indicated in the captions where
appropriate. Although quantitation of the AAs was
not pursued in this study, qualitative and semi-quan-

titative analysis can be accomplished based on the
general migration order and relative peak areas. The
migration profile obtained under fixed conditions is
quite reproducible with migration time RSD values
for 23 AAs ranging from 0.5 to 4.0% as listed in
Table 1. These RSD values are sufficient to allow
identification of most of the AA peaks in plasma on
the basis of their migration times.

3.5. Diagnosis of inborn errors of metabolism

Plasma samples from patients suffering from a
number of inborn metabolic diseases were analyzed
using the method established for normal plasma
samples. In each case, the disease can be identified
by comparing the aminograms to the profile of a
healthy patient, shown in Fig. 3, and noting the
increased levels of the specific amino acid(s) accom-
panying each individual disease.

Phenylketonuria (PKU) is a disorder of phenylaa-
nine metabolism, which is caused primarily by a
deficiency of the hepatic apoenzyme phenylaanine-

Table 1
Migration time RSD values for a standard mixture of 23 CBQCA-
labeled amino acids

Amino Acid Mean (n=6) migration RSD (%)
time (min)
Lys (peak 1) 16.61 05
Lys (peak 2) 17.07 0.5
1-CH,-His 20.59 0.7
Cit 21.15 0.7
GIn 21.51 0.7
Asn 21.67 0.7
3-CH,-His 2331 0.9
Tyr 23.92 0.8
Orn 24.55 0.9
Ser 25.69 1.0
Gly 26.72 1.0
Ala 27.18 11
Tau 28.45 12
Abu 28.72 12
Va 29.38 13
Met 30.26 14
Thr 30.60 14
N-Val 34.66 17
lle 37.37 19
Phe 43.08 2.2
Leu 44.69 24
N-Leu 50.81 2.8
Arg 70.82 4.0
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4-hydroxylase and is characterized by a marked
increase in the free Phe levels present in the plasma
of those afflicted [27]. Hyperphenylalaninemia, as
evidenced by an increase in the area of the Phe peak,
is shown in Fig. 4.

Tyrosinemia is clinically heterogeneous and pre-
sents as either acute or chronic forms both of which
are characterized by a marked increase in the free
Tyr levels present in the plasma of those afflicted
[28]. Fig. 5 shows an aminogram of a well-controlled
type-2 tyrosinemic patient.

Maple syrup urine disease (MSUD), also known
as branched-chain «-ketoacid dehydrogenase com-
plex deficiency, is characterized by an increase of
Leu, Ile and Val in the blood with increased Aile
levels also being observed [29]. A MSUD profile of
a patient under control is shown in Fig. 6 (Un-
fortunately, Aile is not separated from lle).

Citrullinemia, (CITR) and hyperornithinemia—hy-
perammonemia—homocitrullinuria (HHH syndrome)
are two representative entities of inherited hyperam-
monemia disorders [30]. The free AA content of
plasma from a patient with controlled HHH
syndrome and one with CITR are shown (with IEC
quantifications) in Figs. 7 and 8 respectively. In this
sample of citrullinemia, no increase of Gln could be
demonstrated, though a value of 1670 pmol/l was
measured by IEC for Gln in the same sample more
than 10 years ago. In this particular case, the
disappearance of GIn can be attributed to its known
long-term instability. When the Gln concentration of
a different sample from the same patient (stored
under the same conditions) was measured by 1EC,
results indicated a significant decrease in the Gln
concentration, from 2095 to 136 pM after 11 years.

Due to the fact that quantification of the free AAs
in plasma was determined to be problematic, this CE
method still needs to be improved before it can be
used as an alternative to AA analyzers. Specifically,
much more work must be done to characterize the
derivatization procedure for each of the particular
amino acids. However, the real examples presented
in this paper suggest that this CE method may be
useful as a diagnostic tool in cases of emergency
IEM determinations. MSUD, inherited hyperam-
monemias (including the urea cycle defects),
tyrosinemias and hyperphenylaaninemias can all be
easily recognized using this CE method. Further-

more, the times required for both derivatization and
analysis of the sample using this method are well
suited to cases of emergencies [12].

Our results on AA analysis in plasma and those of
others on OA and ORA analysis [3-5,7-10] offer
the potential to identify most emergencies of IEM (as
discussed in the introduction [1]) using common CE
instrumentation with various modes of detection.
Although significant methodological problems re-
main to be resolved, the growing acceptance of CE
in the clinical chemistry laboratories of more medical
centers [15] make it reasonable to believe that CE
will be an alternative for the preliminary identifica-
tion (selective screening) of IEM emergencies in
these centers in the near future a a minimum of
extra cost.

4. Conclusions

The identification of most free AAs in human
plasma by capillary electrophoresis with laser in-
duced fluorescence detection has been demonstrated.
The separation is completed in 70 min following a
40-min labeling procedure for primary amines using
CBQCA. Most of the primary amino acids present in
plasma are identified, and plasma AA profiles of
patients suffering from a variety of |EM
(phenylketonuria, tyrosinemia, MSUD, hyperor-
nithinemia and citrullinemia) are presented. The
number of AAs successfully separated and identified
demonstrates the potential of CE AA analysis of real
patient samples. However, the method suffers from
limitations in quantification and presently is only
suited to pattern recognition of some IEM neonatal
emergencies.
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