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Abstract : The universality of low molecular weight metabolites (i.e. amino acids, steroid hormones)
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allows rapid and straightforward investigation of biochemistry of genetically un-characterized species.
Thus in vivo metabolic profiling of amino acid in combination with multivariate data analysis
(metabolomics) offers great potential in comparative biology. In this paper, amino acid profiles in
biological fluid (media) were studied by using HPLC/FLD. HPLC procedure for amino acids require the
formation of derivatives due to the low absorption of the free compounds. o-Phthalaldehyde (OPA) used
in association with a thiol, such as 3-mercaptopropionic acid (3-MPA), is one of the most popular and

sensitive reagents, which yield quickly fluorescent iso-indoles at room temperature. To improve
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unstability of OPA/3-MPA derivatization, we optimized injector programs for fixed injection times.

Linear regressions for the standard curves were linear in the range 0.5 - 100.0 ppb, giving correlation
coefficents above 0.99. The detection limit were 1.70 pmol(GLU) - 23.81 pmol(SER). It is practically

useful when the amount of sample is very low on single cells.
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(metabolomics)©] 7}F&3HA ATt

(metabolite)= 32 (phenotype)= 7HF 2 Yell=
AEAE ujdtt T3 O AGAES dRrHAFE

(metabolome)©] 2} 3}, ©]= A|E F--E (cell suspension)
Z& ZE AAY (biological fluid) Stoll EAe}= 212 &
A (100 - 1000) zh= AES ovlgi
ol2]gt AMAITESY Al ZZH (metabolic profile)
19 39 A AA F 7P71E ol &% AP 4
3 oA, 1A Wl 54 thAlel BAste tiat
3t g AFHQ doleks ousta, o
metabolomics®] %7] AT

o]

7129 94t 3}8H4 A1F (clinical chemical test)E©)
5

oln] & L2 ‘3‘1 Ao AETE HAEE 5 A
A Aol e, =2 4 (profile analysis) A
o2 32 EAAHoE #Ho] glv vy EHAES T
Ao AE 4 1T 5 Utk o] Qlste] oA F
A A28 E4E5 Fopd § 3lon, oY JEET A
44 F= H&9 Wl 55 HEY F Jonz JA
”Eﬂ 9 gja} o) del FER dAAIE (dE W ol
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OH ];H 3) mo 75] = }bl'oﬂf\i
9] HFEZ (metabolites of precursors) A4 =2
(metabolites of products) 7+e] B o2 HE T a4
o] NI EZ oalel 4= 9} Ll 5T sle] W)
o watx 54 thatel] thste] AL WolE AlA Ank

o ABE Bt Z2BE Hlmste] YA H7H
2o FHsE ATE FP5EA B9
A7 Fee) tiAHAl ke ol

AR Q1A W

BE oA 2 AW Tl o] #EEn, 53] F540
AANA ARAGED £E O ATEAEA 283}
© ZoZ gHA Jdok dE £, glutamic acid9}
aspartic acide A 74&F4 E4 =, glycine, y-aminobutyric
acid (GABA), taurine 5 AAAAHGEAZ, glycine,
serine> W@ dohg-o] WM37] (transducer)Z, tyrosine,
tryptophan ¥ histidine> AAAGELS] AFELARZ ¢
24 ok gurE o g Al A% e T A ofv)e
2ol tiatell FEFS wAE AME 22 FA Aol
Wl e HAAAR FFo R st A BiE &
BE A F9 opuieit FEIL H
o} weba] ofn At thARAS] 22 ¥ske thet
Yot 27 Wyt gl disk kst AR
F e

webA o]9} B Z4E A% ©
AL A AREAM AT Ff

mt o= X2 rlo

AAEZAAM ] fre] ofu]iile

e B4A Afgoln). o9 e A} 2B 9
S AR 54 AA Edolgt YR =2 HAUS
AlE S kHoz A

AR Fizel g WMol 4
5422 3 A 019101] A2 BE ¥

Qo opledtel Eop
H (ion- exchange chromatography). 2.2 2|3}l
mnhydrm fluorescamine, S o-phthalaldehydel <]3F
post-column FrEASHHS ARG EA3) St ol s
WHES op|=A4ke] Ee27t & HAT 447 0] 1A

O]iﬂ:d a=zn}

7t o)d Aela HESAV =om, B glutamine
asparagine> J#3}7] o]Hth FHo| o-phthalaldehyde

(OPA), dancyl chloride,
chloride (FMOC), phenylisothio cyanate (PITC) &

9-fluorenyl methoxy carbonyl
°=Z
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2.1. EF A

£ Aol AHEE 19 F9 oA EEFE, WRES
£ (norvaline), o-phthalaldehyde (OPA), 3-mercaptopropionic
acid (3-MPA) 52 SigmaA} (St. Louis, MO, US.A) #|&°]
™, methanol, acetonitrile 52 HPLC -£-& Whatman (Kent,
UK)A}2] membrane filter (pore size 02 m)E o7}t ARE-
ST, ZIek Al 13 e 53 Aloke AHEIT
THE Milli-Q 2 Milli-RO systeme §73 33} SHGE
WhatmanA}2] membrane filter (pore size 0.2 ym)Z & =}3k
A& AHESHATH

2.1.1. ZEAE MZE

19 59 opr et FEFH WHHEFZEZ (norvaline)
717} 0.1IM HCI &-9ol] 0] 1000 g7} H =5 ZA5}
o] 20 Coll Basta Haof wel F5jA4 AHE3IT
2~ " A= NaCl, MgSOs, NaH,PO4, KClI, CaCl,, D-glucose,
HEPES (N-(2-Hydroxyethyl)piperazine-N’-(2-ethanesulfonic
acid)®] A wigto g Al xstqict.

2.1.2. 0|32 M=

A+ potassium dihydrogen phosphate 5.5 g&
Al 75 1 29 %9 F IN KOHE H7}8te] pH
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782 2T o]F4 BE methanol/acetonitrile/5 7=
£ 45:45:10 (vivjv) 9] BIER 4l0] AZ3ISch
2.1.3. OPA/3-MPA A Al M=
o-Phthalaldehyde (OPA) 10 mg methanol 500 plol =
o], 04 M borate buffer (pH:10) 3 m{2} 3-mercaptopr-
opionic acid (3MPA) 20 p(E Eale] A3 F 4 ol
A g el 3vich A2 Azsel AHgsi

2.2. EAE HE Y A= HAN2

2.2.1. FEAE B

FEAS WL dIHE N FEd AgHE
= o-phthalaldehyde (OPA)$} 3-mercaptopropionic acid
(-MPA)S BT H&S AT, T see] w
Aot A azviEIde] 0@e WA 93
A AEet gEEAIRREe] RHIE 2001 (viv)ol HEH
TEE At E3tatth

2.2.2. N=9| AMxz| ¢y

SAL (70 Tl ZAFHJD Ha wjA] 500 wE

At T WEEFEZQ norvaline 10 ng/ulE 5 wl ¥

o 7)o dulds AAS7] A3l acetonitrile 2 ml

A7kske] 940 B2 (3000 rpm, 10%) kgith v o]

I EHste] A4 FRVNE AHEst A

Azd AFEDE 200 w0 FHFE =
I A

D)E THMNA ANEE £4

F

bl
ZAI A
% syringe filter(0.2 fm
ATk (Fig. D).

Collecting media (500 10)

<+—— ISTD ( Norvaline 10 ppm 5 uf)
<+— Deproteinating (Acetonitrile 2 ml)

«—— Centrifuse (3000 rpm, 10 min)

Supernatant
l «—— Dry(Ny
Residue

<+—— Make up (water 200 yuf)
<+— Filter(0.2 ymI.D. syringe filter)

HPLC/FLD

Fig. 1. Sample preparation procedure.
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2.3.1. 4717
B ATelM AME 7P7e fEAgE 2FEEAS
B 11717 Y35l Agilent Technologies A} (Palo alto,
CA, US.A)9 HPLC 1100 Series (DRS solvent delivery
system, variable volumn

autoinjector,  temperature

controlled column compartment)E AHE-3ITE HAE7]|=

L

= Agilent Technologies 1046A fluorescence detector
FLD)E AFE3IY AL, AH89] A7lol= HP Vectra 5000
73FE9} HP 870K Deskjet ZHEE ARt e
4 ZAYPL Agilent Technologies AF(Palo alto, CA,
US.A)2] Zorbax Extended-Ciz (4.6 mm ID.x150 mm, 5
mE ARSI, AlEe HAEE 98 Thermolyne
A} (Spark, NV, US.A)Y 16500 Dry bath®} Zymark
(Hopkinton, MA, U.S.A) AF2] Turbo Vap LV evaporator
2 HeeacusAl2] Varifuge-F YAEE 715 AFHE3FS T

2.3.2. HPLC 24 =#

HPLC 24 272 WA 46 mol Zo] 150 m<)

Zorbax Extended-Cjz3 AHE AM&3lon, o]sAozs=
50 mM phosphate buffer (pH 7.8)9} ACN:MeOH:H,O
(45:45:10, viv/v)9] £ &4E 4 1.0 myminZ 7]=
7] €9 (gradient elution)Z ZHFAH (Fig. 2). 19 &
oppliedt fFEAlE S99 Weh WYl Wil ofrl
2 A E2E s Table 13 2] 7]€7] 42
£ A3 it I% el ofElit =
A9] 5422 excitation (340 nm)¥} emission (450 nm)
A HESGTh ke B APS AFH] Y3 10
E34e post times T Algo] Gdol it &
=S Eolal & HEE FAAAA AY 9
°

25 40 T2 1A

= O
Za

.3.3. Injector program

A& F9& HPLCS] FY7] WellA OPA/3-MPA A
o 02 wE FF}L FHFE needleS HHT F A&
4 W F3he BAES 5 HHEStY, F AIEEF 20 ul
9} OPA/3-MPA =438} Al2F 1 ulE injection port &
F&o] = 100 il loopoll X EFsle] F=A3) 3 &
o FUsIATH (Table 1).

0 5 10 15 20 25 30 min

1-19: peak number ; *: Internal Standard (norvaline)

Time (min) Solvent A (%) Solvent B (%)
0 100 0
90 10
10 90 10
20 70 30
25 70 30
30 20 80

Fig. 2. HPLC Chromatogram of OPA
derivatized amino acids by gradient elution.

of mixture

Table 1. HPLC/FLD operating parameters

Column : Zorbax Extended-Cis (4.6 pm x 150 mm , 5 /m )

Mobile phase A: Phosphate Buffer (pH 7.8)
B: ACN: MeOH: water (45:45:10, v/v/v)
Gradient elution ; (Fig. 6)

Flow : 1 m{/min

40 C
Run time: 35 min; Post time: 10 min
Detector: (FLD) Ex.: 340 nm  Em.: 450 nm

Column oven temperature :

Injector program

Step  Operation Details Substance

1 Draw 02 0 From vial 1 OPA/3-MPA reagents
2 Draw 4 pl From sample Amino acid (sample)
3 Draw 0 0 From vial 2 Water for needle wash
4-15 Repeat 4 times (1-3 step)

16 Mix in Air' Derivatisation

5 times 50 w1l
17 Inject Derivatives

Analytical Science & Technology
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3. & ¢ nE
3.1 REAE B3| 2& =A
2 AddAe Ha WX
OPA/3-MPAZ f=A|glsld ##3S YERE isoindole
A (ex: 340 nm, em: 450 nm)S FAPAA BAEgch
OPA f=Alsle 712402 OPAY alkyl-thiols X3
A7l FEE 3-MPA A$E 71EA7]7F OPAS SHAA|
7025 THE OPA-thiol X|BAHT} Aoz Fo
3 (10-55%) 7 A APL 1AL OPA/3-MPA f&
AgHE A8 vk Azke] #al, AolA Yot
H, 39 productell Wiety] & £&8& Holw, B
W-g3kA] e Aol St} (Fig. 3). WHH OPA/3-MPA
FEA} 9 B AT wWE ¢
A, FE=AZ} A7t Z A3 HHA

HA] opr]eakg

roor

= A p
o] itk
Q
CH
C{ + HSCH ,CH ,COOH
g“ (3-MPA)
(OPA) l
$CH 2CH,COOH H, (SCH ,CH,COOH
CH-OH S
oo O
CH
H OH
6
R'NH,
“H,0

SCH ,CH ,COOH
CH-OH

@CH:NR'
i H+

SCH ,CH ,COOH
CH-OH,
e

CH=NR'

l H,0

H, (SCH ,CH,COOH

N v
R
l >H+
CH ,CH ,COOH
=,
NR'
=SS

Fig. 3. Formation of isoindole derivative of amino acid.
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OPA/3-MPA A8} AleF AXAIY pH 2L =
eI FL AR} FYEE 2 gtk w3
pHO A& isoindole %7} 7}FRaEo] AgntED

]

W 2 impurity7} UEREAT pHE 1002 248
o oAt $EHE wSo] o8t PwE ST
o = }

= L. =] & T

= 18
Aeke] we] e Wtk durEal
o
()

o A = 8 ¥
FE Yol fF=Ag S Atk 28y %2 OPA
ETEx isoindole FrEAY F2 EQMAS FEAIT)VI
] &, side product peak?] S FHe TAA|T7

7

T 4 13
AZ ME FHZ F JUEE OPAS} 3-MPA 719
ETEE 23 FEAS AS Az

Fig. 4= OPA/3-MPA A]¢follA 3-MPA2] &%= H]
&o] ©E AZrtEIRS Blag Aotk OPA:3-MPA
o 5= weol 1:309 A9k 1:3Y AFE Pl
A7} OPA:3-MPA=1:3¢1 7% side product®] A/de] 7
43te] LC Z2utEI#A] base lineo] oH3}Eo]
=S AEE I F AUTh OPA/3Z-MPA
ZAY Af £ AEE YEhiE l-alkylthio-2-alkyl
substituted isoindoleS FAJSA|T, ©]9} & impurity
peak®] UEhE olfre o] 3-MPA Aefo] 7t
7% 1,3-dithio-substituted-2-alkyl substituted isoindole<
Ay Rz &R Yok’

25 30 min

Fig. 4. Effect of OPA vs. 3-MPA concentration ratio on

chromatograms. (up; OPA:3-MPA=1:30, down;

OPA:3-MPA=1:3)

3.2. EAISEC| AlZtof M2 oHEN
OPA/3-MPA fE=A|3HHHE-2 OPAS} 3-MPA7} &%t
HAE W 7FS wkgo] wig- wEA dojdth o]e} 7
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A2 3} Wkg-9] AAJEQ] isoindole A
gAdo] Aol ARREIRY oA Azte] A
5 o4t FEA|SHES] peak area®] degradation
o] Yo}y wEolk o= & AlFdl tis) A=}
Ea#e] Wy 9 side product peakES F7HA1713L, AHF
#e] AERES FAaAh
TS glycine, GABA, lysine 59 fXAsk=
multi-derivatisation Fo] 12| 7§ peakS AAAIZ]
Multi-derivatisation® o}H]:=2F A$-E= T2 FE2H3E
o Hlg] Aoz A P FEAdel FAHIL
fluorescence quenching®l| 2J&|A W& Fxo] HAZo]
Aok U Fig. 59} Table 2= F=A3} H AEE
5504 &<F 121 T8 B9 peak area HIES] W)
Yepd Aot} A8t 5 & <F 10A17F 3ol serine
(SER)Z} lysine(LYS)2] 79 3243, 38.81% 7HA] 74g)
om, HHHOZ o 11%9] peak area®] W37} Uk
weba giA Z283) o] b g EAE B¢
o SAlol HAE] g F auto-samplerE ©]-&3l A RE
Aeolle dF ofrite] A HEge Ad
/go] ZrastA ok

=

o =
TFTE*

e o rlo
_ﬂ.m r‘_“l ol
o

rlo

=

i ope @

N
248

110

——SER
B —o—GLY,GLN
—=—THR
—*_ | |——ALA
—a— GABA
—e—MET
—a—TRP
—&—LYS

Valiability (%)

50

0 1 2 3 4 5 6 7 8 9 10
Time (hour)

Fig. 5. Decrease tendency in peak area ratio to time.

3.3. Injector program®@l =&z}

et 2o FEAS 2o BAAAS MAE] St
o A48 4 = W] injector programo|th. AH

o M

-

He FEAgEe] B¢
=tk °olE RSl ¢80  injector
AAZs A A]EE AOLS (Automatic
on-line system)E ©]-83}] HPLCol| F£3}7] Aol 5
¢ freAlst AT BH0E FEAS AT F, AEE
EAste] FEASMES A QLS NSk

5 12
54 FHL

3

=5

] 2
851 * - o)

Table 2. Variability of peak area for 12 times injection

Amino Variability of
Peak No. K
Acid peak area(%)
1 ASP 2.44
2 GLU 0.49
3 ASN 1.88
4 SER 32.43
5 HIS 7.87
6,7 GLY,GLN 18.33
8 THR 16.78
9 ARG 2.69
10 ALA 12.74
11 TAU 432
12 GABA 18.69
13 TYR 2.06
14 VAL 5.56
15 MET 11.15
16 TRP 16.30
17 PHE 4.08
18 LEU 223
19 LYS 38.81

OPA%} 3MPA 123 olvliite] 5rwst Ame) 3
=]

so A4 W e & ARe P37 FEAS W
gAloke) 239l 20 WY W FEAS AHoZ of

FoRA=E 25t th o] injector program®l] &3}
W AE FUF] 20 pd W FEAS} ¥ Aok 1
w7} loopell Al EtE|ofof St} Fig. 62 Al 20 pl9}
F=A A 1 s Ded] TS A5 (general) S},
22 S 5 HE (separate control)dl] TS uf
£ Hw3 Aolth Injectoroll Al mixing step= 100 0<]
loopdl|A] o]FofA = RO E Rkt AlFZte] &3t
o] oH7] wjidl], 2 ¢S 5 BIsl] EFPFoZ
A AZrlEIYXM mixingd] HIEEE Fuk A7
UER= hydrophobic3t side product peaks 7FAA]7]aL

Hh S S o SUSiT

3.4. ®Az2| Weo| 8+ Hlm
A Aol AAYE BAG B
7] Sl HEs wa
Azol weh v, A, S
PelE AR Aeee AES AAkE Bl o

ShEth. OPA/3-MPA

Analytical Science & Technology



%F

20 ‘ Side product

LP. (general)

20

D 5 10 15 20 25 30 35 40 min
%F
LP. (separated 5 times)
) MLJMJJ
0 ; ; ; ; T 7 : T
0 5 10 15 20 25 30 35 40 min

LP. (=Injector Program)

Fig. 6. Comparison of modified injection program in
HPLC/FLD chromatograms.

AN ES] 7S Aetol=} T Ao) Neterminuse} ¥
3] wjiel w24 wgo] BrHoE avH
ot dutgos AlgelA wude AAse AP
g olgal] AANTAL §7] BulE Abgdle @
WA B ST Holw AASHE Bl Bel A

= Rl
Ak QU goz wud AASKE 3% el
o] ghlde] FAslo] WolAwWA 3580l P

W, tryptophan} cystine< cysteic acidZ ®Fo| H i,
E op|iite] Ae' ZE4 Rajdte Ao] g
A Ak
s Fig. 72 W} mEEXAQ
acetonitrile ¥ ZAAAF2N)SE GlES AAYS 4
9] peak area S BIWENLL acetonitriled] A
Table 39|49} Zo] FAR] 3|5&o] ¥ F2 495
a5 T AUTh

W Acetonitrile(%) O 2N-PCA(%)

120.00
100.00 [

80.00

60.00 A
40.00 H
20.00 H
0.00 p

Amino Acid

Recovery (%)

Fig. 7. Difference in HPLC/FLD
deproteinating procedures.

chromatograms by
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Table 3. Recovery of deproteinating procedures (ACN

vs. PCA)

Peak Amino Recovery (%)

No. Acid ACN 2N-Perchloric acid
1 ASP 100.3 86.4
2 GLU 102.6 97.3
3 ASN 93.5 94.4
4 SER 75.4 354
5 HIS 100.9 63.6
6 GLY 109.6 47.8
7 GLN 59.6 15.5
8 THR 97.4 48.7
9 ARG 93.3 86.3
10 ALA 96.0 79.0
11 TAU 54.3 9.2
12 GABA 67.7 13.6
13 TYR 98.8 98.9
14 VAL 103.9 91.5
15 MET 97.0 88.1
16 TRP 85.7 61.1
17 PHE 94.8 101.8
18 LEU 93.6 96.0
19 LYS 100.6 38.0

(n=3) concentration: 100 ppb

5. M
7} ou)iske] OPA/ 3-MPA frAlol thate] Wi
vRE A7 e A

S
R
L
[0
el
lo
o
}O‘l
L

=
&7 (SN=3)E 170 pmol (05 ppb; GLU)SIA 2381
pmol (5 ppb; SER) = ZHHUc

3.6. MAA=02 S22t

AA Az HE&S st 919 4 FHo=
AA HAEE Wit giA} Z2HS SIS Al
}517-9] suprachiasmatic nucleusZh= A XS viFSH 3
NES] AEAgA ALHoT &Fe o4k 3
I13F A0 2 60 AIZE FQF 19 F ob|mAte] WEkE
lo]

Hg s

o,

- W

d
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Table 4. Relative retention times of amino acid
derivatives

Peak Amino Retention RR.T

No. acid time(min) Mean R.S.D.(%)
1 ASP 2.98 0.13 2.24
2 GLU 4.46 0.20 3.70
3 ASN 6.53 0.29 0.87
4 SER 6.89 0.31 0.28
5 HIS 7.99 0.36 0.18
6 GLY 8.87 0.40 0.13
7 GLN 9.08 041 0.26
8 THR 10.37 0.47 0.27
9 ARG 12.09 0.54 0.27
10 ALA 13.97 0.63 0.20
11 TAU 14.59 0.65 0.17
12 GABA 15.35 0.69 0.04
13 TYR 17.77 0.80 0.61
14 VAL 21.21 0.95 0.08
15 MET 21.69 0.97 0.68
16 TRP 23.81 1.07 0.04
17 PHE 24.81 1.11 1.83
18 LEU 27.78 1.25 0.12
19 LYS 29.51 1.32 0.06

(n=5) “*Internal Standard: norvaline (22.305 min)

Table 5. Standard calibration data for amino acid

derivatives
Peak Amino Concentration y = ax b D.L.(S/N=3)
No. Acid range (ppb) a b 2 ppb pmol
1 ASP 05-100 0401 0020 0997 05 1.88
2 GLU 05-100 0583 0017 0999 05 170
3 ASN 05-100 0699 0010 0999 05 1.89
4  SER 50-100 1349 0.123 0994 50 2381
5 HIS 1.0-100  0.181 0006 0999 10 322
6 GLY 1.0-100 0651 0003 0994 10 667
7 GLN 1.0-100 2908 0.184 0999 10 342
8 THR 05100 0899 0081 0999 05 210
9 ARG 1.0-100 0812 0012 0999 10 287
10 ALA 1.0-100 1318 0062 0998 10 562
11  TAU 05100 2336 0015 0999 05 200
12 GABA 20100 0859 0002 1.000 20 971
13 TYR 1.0-100 0624 0014 0999 10 276
14 VAL 1.0-100 0448 0019 0998 10 427
15 MET 1.0-100 0825 0012 0999 10 336
16  TRP 50-100 0567 0030 1.000 50 1225
17 PHE 50-100 0851 0012 099 50 1515
18 LEU 1.0-100 0849 0020 0999 10 382
19 LYS 20-100 0218 0015 1000 20 685

(n=5) *Internal Standard: norvaline (100 ppb)
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Table 6. Maximum release amounts of 19 amino acid
in suprachiasmtic nucleus

Maximum release amounts. Amino Acid
> 1000 pmol Ser, His
> 100 pmol Trp, Lys, Gln, Val
Ala, Met, Arg, Tyr, Gly, L
> 20 pmol Vel Arg, yn B, Led,
Thr, Tau, Asp, Phe
< 20 pmol Asn, Glu, GABA
(n=5)
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19 & olvrlxAke] BF A F4LE 05 - 100.0 ppb

9 ‘iﬂ%ﬂw =099 ool A4S vepon, 1%

A= 170 pmol(GLU) - 23.81 pmol(SER) W= =
AHA o5 53 tEF AXE giez s U
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