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Abstract

A capillary electrophoresis method has been developed for the determinatieseoine in neural samples/L-serine was tagged with
naphthalene-2,3-dicarboxaldehyde (GB1-Ser), and the separation of CBI-p/L-Ser enantiomer was achieved by using a dual chiral selector
system consisting g-cyclodextrin (3-CD) and chiral micelles formed by sodium deoxycholate (SDC). No resolution was observed when
eitherB-CD or SDC was used alone. Moreover, the combined uge®b with achiral micelles of sodium dodecylsulfate (SDS) exhibited
no resolving effect. With laser induced fluorescence detection, the limit of detection wa48.:8M Ser. Under the separation conditions
selected, no other amino acids co-eluted withb-Ser enantiomers. Using the present methe8er level inAplysiaganglia homogenates
was found to vary significantly from animal to animal. InterestinghBer was not detected in single neurons isolated fAmhysiaganglia.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Most of these methods involve precolumn derivatization of
the amino acid with a chiral reagent and subsequent achiral
Recent studies have shown thaserine (p-Ser) is an en-  HPLC separation. O-Phthaldialdehyde (OPA) in conjunction
dogenous ligand for the glycine site of N-methyl-p-aspartate with a chiral thiol compound (e.g. arcysteine derivative)
(NMDA) receptor. It binds in concert with glutamate to stim- was most extensively usg@2—13]. However, when chiral
ulate nerve cells to firfl—4]. Ser racemase involved in pro-  derivatization is involved one must ensure the enantiomeric
ducingp-Ser fromL-Ser has been isolat§s-6]. Itis believed purity of the chiral reagent, identical kinetics towards the
that inhibition of Ser racemase is a potential therapeutic basistwo enantiomers, and no racemization during the derivati-
for intervention in diseases associated with NMDA receptor zation process to avoid false analytical signd&]. In ad-
over-excitation[7—9]. Therefore, researches in these areas dition to HPLC procedures, capillary electrophoresis (CE)-
have promoted the development of novel analytical proce- based separations of Ser enantiomers have also been devel-
dures for the determination ofserine present in biological oped. Amino acid enantiomers including.-Ser tagged with
samples. fluoresceine-5-isothiocyanate (FITp] or dansyl chloride
Since the first detection ofSer inrat braintissuesin 1992  [16] was resolved by chiral CE. However, derivatization of
by using a GC-MJ10] and an HPLJ11] method, several = amino acids with FITC or dansyl chloride tends to produce
improved analytical methods have been developed for the de-various by-products, which complicates the subsequent sep-
termination of this neurobiologically important amino acid. aration[17-19].p/L-Ser tagged with OPA20] was also re-
solved by chiral CE. The method employedaré i.d. sepa-
* Corresponding author. Tel.: +86 773 5849646, ration capillary and UV laser induced fluorescence detection
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applied for the analysis as-serine in larval tiger salaman- C1556-50 DA-type socket assembly, Hamamatsu, Shizuoka,
der retinal homogenates. Recently, another chiral CE methodJapan). The photomultiplier tube was operated-860V
was reported for the separation of-Ser tagged with 3-  provided by a Hamamatsu C1309 regulated high voltage
(4-carboxybenzoyl)-2-quinoline-carboxaldehyde (CBQCA) power supply. The output signal was recorded and processed
and the detection ob-serine in the eye with laser-induced with an IBM compatible computer using home made written
fluorescencg21]. software.

Naphthalene-2,3-dicarboxaldehyde (NDA) is a fluores-
cence tagging reagent developed for primary amines ands 3 precolumn derivatization
peptides, which is superior to OPA in terms of derivative’s
stability and fluorescence optical propertjg2], and has Sample solution (1L) was transferred to a 0.3mL
been used to tag amino acids in single ¢&B] and sin-  yicrocentrifuge vial and dried with a SpeedVac concen-
gle secretory vesiclef24]. NDA tagged amino acids ex-  trator (ThermoSavant, Holbrook, NY). Borate buffer solu-
hibit a fluorescence excitation maximuma450 nm, which  tjon (0.1 M, pH 9.5, 15@L) was added. The derivatizing
is very close to the wavelength of the 457.9nm laser line ygagents, NDA (2 mM in methanol, $0.) and KCN (20 mM
from a popular argon ion laser. In the present work, capillary water, 50uL) were added. The mixture was vortexed and
electrophoretic resolution of Ser enantiomers fluorescently st stand for at least 30 min at room temperature. The deriva-

labeled with naphthalene-2,3-dicarboxaldehyde (NDA) was tjye solution was injected for CE separation without further
studied. Application of the separation coupled with laser in- rification.

duced fluorescence detection to quantify Ser enantiomers in
neural samples including singhgplysianeurons was evalu-

ated. 2.4. Neural sample preparation

2.4.1. Aplysia ganglion homogenates
Specimens ofAplysia californica(120-200 g, obtained
from AplysiaResearch Facility, Miami, FL, USA) were in-
jected with isotonic MgGl solution to anaesthetize the an-
imal. The five major ganglia (i.e. buccal, cerebral, pleural,
R pedal, and abdominal) were dissected out on ice. A gan-
' glion (10-30 mg) was wiped dry, weighed, and then ground in
0.1 M HCl solution (1:3, w/v) with a glass tissue grinder. The
homogenate was sonicated for 5 min &0 Trichloroacetic
acid solution (30%, w/v) was added (8Q per 100uL ho-
mogenate). The mixture was vortexed and let stand for at least
1 h on ice before being centrifuged at 8000 rpm for 10 min.
The supernatant was collected and derivatized as described
above.

2. Experimental
2.1. Chemicals and reagents

NDA was purchased from Molecular Probe (Eugene, O
USA), and its solution was prepared weekly in methanol
and kept at 4C in dark. Other chemicals were obtained
from Sigma-Aldrich (St. Louis, MO, USA). The running
buffer contained 30 mMB-CD, 60 mM SDC, and 100 mM
borate buffer (pH 9.5). Milli-Q water was used through-
out.

2.2. Apparatus

Capillary electrophoresis (CE) was performed using a 2.4.2. Aplysia single neurons
laboratory-built system. A high-voltage supply (0-30KkV, Aplysiaganglion was dissected from an anesthetized an-
Glassman High Voltage, Whitehouse Station, NJ, USA) was imal, and transferred to a small beaker containing 5mL
used to drive the electrophoresis. Fused-silica capillaries ©f protease solution (1%, w/v). The beakers were kept at
with an effective length of 50 cm (Polymicro Technologies, 34°C for about 90 min. The ganglion was transferred to
Phoenix, AZ, USA) were used for the separation. Samples & petri dish containing 4mL artificial seawater (460 mM
were injected into the capillary by hydrodynamic flow at a NaCl, 10mM KCI, 55mM MgC}, 11 mM CaC, 2.5 mM
height differential of 20 cm for 10s. The 457.9 nm line from NaHCG;, pH 7.4). Under a microscope, neurons were iso-
an argon ion laser (|NNOVA 90C FreD, Coherent, Santa lated and moved to another petri dish Containing ImL ar-
Clara, CA, USA) was focused with a 25 mm focal length tificial seawater. After washing, individual neurons were
fused-silica lens onto the detection window of the separation Picked up with a micropipette and placed into 340
capillary. The detection window was made by removing a Vvials. To a vial containing a single neuronub 0.1M
5-mm section of polyimide coating on the capillary. Fluores- HCI was added. The vial was sonicated for 5min. The
cence emission was collected from the detection window at content was dried with a SpeedVac concentrator. The
an angle of 90 relative to the laser beam via a 40X micro- residue was re-dissolved inu2 borate buffer (150 mM, pH
scope objective (Melles Griod, Irvine, CA, USA). The image 9-5), 0.5uL NDA (4 mM in methanol), and 0.pL KCN
of the collected fluorescence was focused on a spatial filter (40 mM). The mixture was vortexed and kept at room tem-
and passed through a GG495 cut-off filter (Melles Griot) be- Perature for at least 30 min before injection into the CE
fore reaching the photomultiplier tube (R374 equipped with a System.
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highly fluorescent 1-cyano-2-substituted benz[flisoindole

3. Results and discussion 44
4.01
3.1. Separation of NDA tagged Ser enantiomers © 53
S 361 a8
NDA reacts with Ser in the presence of cyanide, forming g .
£ 3
>
i

(CBI)-Ser derivatives. The reaction proceeds readily in aque- 281,

ous solutions. CBI-Ser derivatives can be sensitively detected | W%‘”

using the 457.9 nm laser line from an argon ion laser for flu- o 500 1000 1500 2000 2500 3000
orescence excitation. However, the separation of CBI-L/p- (a) Time (Second)

Ser enantiomers had been a challenge. Although a separa- 50

tion was reported by using a MEKC running buffer con- 451

taining 10mM y-CD, 50mM SDS, and 100 mM borate © 401

(pH 9.0) [25], but the baseline separation of CBI-L/pD-Ser % 35

enantiomers cannot be achieved. Other CD chiral selectors § _ |

including «-CD, B-CD, sulfatedB-CD, carboxymehtyl3- u_%_ -

CD (CM-B-CD), heptakis (2,3,5-tri-O-benzoyl)-B-CD, HP-

v-CD, carboxymehtyl-y-CD(CM-y-CD), octakis (2,3,6-tri- 209 -JL-J‘-JL‘
O-acetyl)-y-CD, and sodium taurocholate were also tested 1 50 400 500 800 1000 1200 1400 1600
with little success. Fortunately, it was found that CBI-Ser  (p) Time (Second)

enantiomers could be base line resolved by using a mixed 40

chiral selector system consisting®{CD and chiral micelles

formed by SDC as shown ffig. 1a. It was noted that neither 3.51

B-CD nor SDC used alone exhibited such resolving effects g

(Fig. 1b and c, respectively). Further, It was found that no res- § 304

olution was achieved by the combined us@4dED with achi- £ 251

ral micelles such as those formed by SDS. Other mixed chi- 2

ral selector systems tested include€D/SDC,y-CD/SDC, 207

HP-B-CD/SDC, as well as CM-B-CD/SDC. The most effec- 5

tive medium for CBI-Ser enantiomers WasCD/SDC. After "o 500 1000 1500 2000 2500
(c) Time (Second)

a careful study on the effects of chiral selector concentrations,

the concentration and pH value of the borate buffer, as well asc;{ig. 1. Separation of CBI-Ser enantiomers using different running buffers:

the applied voltage, the separation conditions were selectedy) 199 mm borate (pH 9.5), 30 m-CD, and 60 mM SDC:; (b) 100 mM
as following: 50um i.d. x 50 cm long capillary, 15kV volt- borate (pH 9.5), and 30 m3-CD; (c) 100 mM borate (pH 10.0), 60 mM

age, and a running buffer containing 30 nvCD, 60 mM SDC. Capillary was 5Q.m i.d. x 50 cm effective length. Voltage applied
SDC, and 100 mM borate at pH 9.5. was 15kV. Ser enantiomer concentration wasuM
3.2. Interference studies tive solutions ranged from 0.2 to 2.M. Fluorescence in-

tensities were used for the quantification. The following re-
Many endogenous amino acids and primary amines aregression equation was obtained:

present in nerve tissue samples and react with NDA form-
ing fluorescent derivatives, which may interfere with the de- F = 0.4990X + 0.0025 (;2 = 0.9987)
termination ofi./p-Ser. Therefore, effects fromy, p-amino
acids and aminesincludingArg, Gly,L-GIn,L-His,1-Val, 1-
Leu,L-Met,L-Tyr,L-Thr,L-Trp,L-Phep-lle, L-Asn, L/p-Ala,
L/p-Asp, L/p-Glu, taurine, andy-amino-n-butyric were in-
vestigated. These compounds were tested because they would §

. , . " 40
most likely interfere with the determination. As can be seen §
from Fig. 2, all of them were separated franm-Ser enan- S 351
. . o . =
tiomers under the separation conditions selected, i.e. none of i
them would interfere with the determinationigb-Ser.

2.5 ; « ;
3.3. Analysis of neural samples ° %0 1oo%me (g:é)ond)zooo w00 o
A five-point calibration curve was prepared usingger Fig. 2. Electropherogram obtained from separatingSer enantiomers in

standard solutions. The concentratiome$er in the deriva- the presence of 19 other amino acids. CE conditions wereRigiria.
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Fig. 3. Electropherograms obtained from analyzingAatysiapedal ganglion homogenate (a) and the homogenate sample spikeot8dthat 1.3J.M. CE
conditions were as ifig. 1la.

whereF is the fluorescence intensity, akds the concentra- 36 L-Ser
tion of p-Ser in the derivative solution (wM). The amounts 54
of b-Sere in the samples were calculated from the regression '
equation. From this calibration curve, the limit of detection g, |
(signal/noise = 3) was estimated to be 3.00~8 M p-Ser. §
% 301 M‘J

3.3.1. Analysis of Aplysia ganglia o

Aplysia californica, a sea mollusk, is a widely used neu- 2.8
ronal model. Althougib-Ser has been detected in higher ver-

tebrates such asrats, there is so far no report on the occurrence 2-6O 50 o0 1800 2000 2500 3000
of p-Ser in invertebrates includingplysia. In the present Time (Second)
work, ganglia dissected from five specimeng\plysia cal-
ifornica were analyzedrig. 3a shows an electropherogram Fig. 4. Analysis of a single neuron dissected fronatysiapedal ganglion.
obtained from an analysis of a pedal ganglion homogenate.CE conditions were as ifig. 1a. Nop-Ser was detected in this neuron.
The peaks correspondingiteSer and-Ser can be well iden-
tified. To verify the peak identification, authentieSer was 3.3.2. Analysis of single Aplysia neurons
added to this sample, and then the spiked sample was again wjith the use of laser induced fluorescence detection, the
derivatized and separated. The electropherogram obtained iresent method may be used to analyze siAglysianeu-
shown inFig. 3b. As can be seen by comparifig. 3awith  rons for determine-Ser contentsFig. 4 shows a typical
b, the height ob-Ser peak increased markedly in the elec- electropherogram from the analyses of single neurons dis-
tropherogram. It was noticed that while the levelsLeer sected from arplysiapedal ganglion. As can be seen, no
were similar,p-Ser levels varied substantially from animal ,_Ser was detected. InterestinglySer was not detected in
to animal. For examplep-Ser contents in pedal ganglion 4| of the neurons analyzed-Ser might perhaps not occur in
homogenates ranged from 0 to 32 nmol/g wet tissue. The de-neyrons ofAplysiaor the contents in single neurons too low
termination results are summarizedTiable 1. Recovery of  \yhich can not be detected by the present method. Therefore,
p-serine from a pedal ganglion sample was studie8erine  these results need to be further confirmed.
was spiked to three portions of a pedal ganglion sample at
1.1uM. The recovery was found to be 105:23% (mean
of the three measurements). Similar results were obtained4_ Conclusion
for the other four majoAplysiaganglia, i.e. cerebral, buc-
cal, abdomir_lal, and pleural. More studies are qeeded_before The highly fluorescent/n-Ser enantiomers tagged with
any cgnclugon can be drawn on whySer Igvels iMplysia naphthalene-2,3-dicarboxaldehyde was base line resolved by
ganglia varied so much from animal to animal. employing a dual chiral selector system composef-aD

and SDC. Coupled with laser induced fluorescence detection,

Table 1 ' o _ _ the separation was well suited for sensitive determination
Results ofb-serine determination iAplysiapedal ganglion of L/p-Ser in neural sampledplysiaganglia homogenates,
Sample number  Content ofserine (nmol/g) R.S.Dn=4 (%) and single neurons dissected fréplysiaganglia were ana-

1 R2 3.8 lyzed. For the first time, the occurrencensSer in the central

2 216 4.6 nervous system oplysia californica (sea mollusk, an ex-

i 12'5 4.2 tensively studied neuronal model) was investigate8erine

contents iMAplysiaganglion homogenates were found to vary




216

significantly from animal to animal. AnalysesAplysiasin-
gle neurons revealed thatSer might not occur in neurons.
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