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INTRODUCTION

Amino acids and derived metabolites/derivatives are usually difficult to
analyze without derivatization procedure due to poor retention on
conventional reversed-phase columns.

Also it is difficult to use non-volatile ion-pairing reagent for LC-
MS.Therefore, It is important to break-through this difficult separation
ISsue by creating a new stationary phase for underivatized polar
compounds.

We have focued attention on ion-exchange (IEX) mode due to the
compounds structure which has positive charge under acidic
conditions, and we have succeeded to develop a specialized amino
analysis column for LC-MS using normal-phase(NP) and IEX mixed
mode.

Also we found that this mixed-mode column can analyze not only
amino acids but also derived metabolites.

METHOD

We used a NP+IEX column, Intrada Amino Acid (Imtakt Corp.), to
analyze amino acids and metabolites/derivatives using LCMS-2020
(Shimadzu Corp.).



RESULTS AND DISCUSSION

We found that not only amino acids but also polar metabolites and
derivatives were directly analyzed using developed columns with
various column dimensions. We got good results about the following
analytical subjects:

Fig. 5 20 free amino acids Serum amino acids

Fig. 6,7 Trp, Tyr, Glu, Gly Neurotransmitters

Fig. 8 Glu GABA Isomers

Fig. 9 Phe, Tyr, Trp Biogenic Amines

Fig.10 His, Orn, Lys, Arg Biogenic Amines

Fig.11 Tyr Parkinson's Disease

Fig.12 Lys, Met Carnitine Biosynthesis
Fig.13 His Skeletal Muscle Breakdown
Fig.14 Met Hyperhomocysteinemia
Fig.15 Met SAM (S-Adenosyl methionine)
Fig.16 Trp Kynurenine Pathway

CONCLUSION

This novel separation column will be a powerful tool for amino acids,
metabolites and derivatives LC-MS analysis in many biochemistry
applications.
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Amino Acid Analysis Column for LC-MS
'Nimtakt
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LC-MS analysis for 55 Amino Acids

/\__arginine (Arg, m/z 175.1)

ornithine (Orn, m/z 133.1)
hydroxylysine (Hylys, m/z 163.0)
lysine (Lys, m/z 147.0)
carnosine (Car, m/z 227.1)
anserine (Ans, m/z 241.1)

Intrada Amino Acid, 50 Xx 3 mm
A: ACN /THF /25mM HCOONH4 /[HCOOH =9/75/16/0.3
B: 100mM HCOONH4 / ACN =80/ 20

0 %B (0-2.5 min), 0-17 %B (2.5-6.5 min), 100 %B (6.5-12 mln) a) | gg %-mettﬂymi‘srti'gi'ne %_Mews)m/z 170.1)
-me Istidine (s-Menis
0.6 mL/min (10 MPa), 35 deg.C, 5uL (lumol/mL) histidine({{is,mlz 156.0)
2-aminoethanol (EtOHNH2, m/z 62.1)

ESI (S”Vl, Positive) cystathionine (Cysthi, m/z 223.1)

‘ 5-aminolevulinic acid (m/z 132.0)
L _cystine ((Cys)2, m/z 241.0)
¢ d

a) a-aminobutyric acid (o -Abu)
b) B-aminobutyric acid (8 -Abu)
c) B-aminoisobutyric acid (3 -Aiba)
d) r-aminobutyric acid (GABA, m/z 104.0)

o-phosphoethanolamine (m/z 142.0)
5-aminovaleric acid (m/z 118.1)
glycylproline (Gly-Pro, m/z 173.1)
o-phosphoserine (Ser (P), m/z 186.0)
citrulline (Cit, m/z 176.1)
asparagine (Asn, m/z 133.0)
glycine (Gly, m/z 76.4)

lutamine (Gln, m/z 147.0)
~J\___serine (Ser, m/z 106.1)

afib c a) alanine (Ala, m/z 90.0)

b) sarcosine (Sar)

i c) p-alanine (3-Ala)
)/ \__ aspartic acid (Asp, m/z 134.0)
’b\¥threonine (Thr, m/z 120.1)

a} o-methylserine (m/z_120.1)

Intfrada Amino Acid

b) allo-threonine (allo-Thr)
homoserine

hydroxyproline (Hyp, m/z 116.0)
roline (Pro, m/z 116.0)
taurine (Tau, m/z 126.0)

methionine sulfone (m/z 182.0)
glutamic acid (Glu, m/z 148.0)
a-aminoadipic acid («-Aaa, m/z 162.1)
theanine (m/z 175.1)
cysteine (Cys, m/z 122.0)
a

&) norvaline
Lb valine (Val, m/z 118.0)

a-aminopimelic acid (Apm, m/z 162.1)

ap Nb
a) leucine (Leu, m/z 132.0
_J Lb; isoleuci%e (Ile) )

allo-isoleucine (m/z 132.0)

norleucine (m/z 132.0)
methionine (Met, m/z 150.0)
tyrosine (Tyr, m/z 182.0)
phenylalanine (Phe, m/z 166.0)

tryptophan (Trp, m/z 205.0)
thioproline (m/z 134.0)
cysteic acid (Cys(O3H), m/z 170.0)

0 25 5 75 10min




Relative Abundance

Amino Acid Analysis on LC-MS/MS

Thermo Scientific: UltiMate 3000 LC System -

TSQ Endura (Triple-Stage Quadrupole Mass Spectrometer ) A
m/z175 — 70 Arg
m/z 147 —» 84 I \ Lys
m/z156 —» 110 His ||
m/z120 - 74 The/\[. [l - o
m/z133 —+» 74 P \Asn
m/z134 - 74 . Asp o ~ o .
m/z116 —» 70 Pro|
m/z76 =30 ety
_m/z90> 44 \Ala T | R
m/z 147 & 130 lGIn J L (Lys)

m/z148 - 84 A
m/z132—> 86  Leu Mf \Hyp
m/z 106 —» 60 Ser \’w IntradaAr_nmo Acid, 100 x 3 mm
L | A: acetonitrile / formic acid = 100/0.3

m/z118 —» 72 PANG B: acetonitrile / 100mM HCOONH4 = 20 / 80
m/z182 - 136 Tyr 20%B (0-4 min)

. m/z122 = 59 Cys 20-100%B (4-14 min)

i M/z150» 133 | \UMet 100%B (14-16 min)

01 m/z205 > 188 | Trp 0.6 mL/min, 37°C, 5 pL (0.1M HCI)

‘Z‘EE m/z166 = 120 | Phe Triple Quad. MS: ESI (SRM, positive)

o3

0 5 10 15 min

Courtesy of Dr. Kuniko MITAMURA, KINDAI UNIVERSITY, JAPAN 839



5 A Amino acids in human serum (SSA)

Human Serum (commercial reagent)
<4— 5% .5-sulfosalicylic acid Arg (m/z 175.1)

<4 |(‘T:I]-|):i-|’nvg0|) Lys (m/z 147.0)
<4— centrifugation J__His (m/z 156.0)
(>12500 rpm, >5 min) | (Cys)2(m/z 241.0)

¥ Asn (m/z 133.0)
¥ GIn (m/z 147.1)

Ser (m/z 106.0)

Supernatant (Injection Sample)

Gly (m/z 76.0)
V  Asp (m/z 134.0)

Glu (m/z 148.0)

Thr (m/z 120.1)

Ala (m/z 90.0)
Intrada Amino Acid, 100 Xx 3 mm
L L\Va' (m/z118.1) A: ACN / HCOOH = 100/ 0.3
__J k Pro (m/z 116.1) B: ACN/100mM HCOONH4 =20/80
)\ Tyr (m/z 182.1) 20 %B (0-4 min)
i 20-100 %B (4-14 min)

200—: Met (m/z 150.0) 100 %B (14-16 min)
] (m/z 132.1) 0.6 mL/min (SMPa), 3-7°C-, -
100 Trp (miz 205.1) 5.pL (2.5% 5-slufosalicylic aC|d)_ _
§ Single Quad. MS: ESI (SIM, positive)
i . Phe (m/z 166.1)
T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I :

0 2 4 6 8 10 12 14 16 min 812



JA

Phe, Trp, Tyr, Glu, Gly - Neurotransmitters

Intrada Amino Acid , 100 x 3 mm

A: methanol / water / formic acid =80/20/0.3

B: methanol / 100mM ammonium formate =30/ 7
2 20 %B (0-1min), 20-100 %B

0.6 mL/m|n 12 MPa), 37°C, 20 uL (10ug/mL 1% HCOOH)
Single Quad. MS (E 1, posmve negative)
3 [M+H]t m/z 192.0
+
e [M+H]™ m/z 148.0
L‘ I\ [M+H]* m/z 166.0

[M+H]* m/z 221.0

[M+H]* m/z 182.0

[M+H]* m/z 205.0

[M-H]" m/z 196.0

[M+H]* m/z 104.0

[M+H]* m/z 146.0

[M+H]* m/z 184.0

5 pg/mL

[M-H]" m/z 168.0

JL ﬂ [M+H]T m/z 154.0

6]
RN EREE

J [M+H]" m/z 177.1

5 10 15 20 min

1-10min), 100 %B (10 20min)

O
6 WOH
N NH2
H

L-tryptophan

(Trp)
HO
(0]
N NH2
H

5-hydrox8é-ll__|-_|:[9§ptophan

HO

N\ ©

5- hydroxylndole
-3- acetic acid
(5-HIAA)

HO

13 t::
NH2
|
N

H

serotonin
(5-HT)

CH3 CI-

9 [ o)

"
H3C_’\|l\/\o)1\
CH3

acetylcholine
chloride

(0]

3 @/\‘/‘\OH
NH2

L-phenyl alanine
Pﬁe)

(0]
HO NH2

L-tyrosine
(Tyr)

(0]
7 HO:@/\KJ\OH

3,4-dihydroxy-
L-phenylalanine
(L-DOPA) o) o

2 HO)J\/\‘/U\OH
12 H°:©/\
HO NH2

NH2
L-glutamic acid
dopamine

(Glu)

0]
8 HZN\/\)J\OH

4-aminobutyric
acid (GABA

OH
HO !

u JO)
HO NH2
L-noradrenaline
(Norepinephrine)

OH
HO !
0 I
HO N
L-adrenaline

(Epinephrine)

801



7 A LC-MS Analysis for amino acids and catecholamines in rat pituitary

Determination of Neuronal Peptides and Catecholamines and Effects of Diethylstilbestrol on Male Rat Pituitary
Naoyuki Maedal,2, Emi Tanakal, Kanae Masul, Kanako Okumura2 Yuki Ikeda2, Taku Miyasho2, Satoko Haeno2 and Hiroshi Yokota2.
1) Japan Meat Science & Technology Institute

. . . , , 2) Rakuno Gakuen University
The separation was achieved using an Intrada Amino Acid

(100 x 3 mm 3pm particle size, Imtakt) ACMS2013 (61st), Sept 10, 2013, Tsukuba, Japan
(A) CH3CN/THF / 25mM HCOONH4 / HCOOH=10/80/10/0.4
(B) CH3CN/100mM HCOONH4 = 20/80 _— 0 . :
O %B (0'1 mln) ﬁi {A Lyswne(Ly:) ) DlethyDlétsllbeStrOI !. CNS \‘
0'17 %B (1'65 m|n) )E perr Histidine (His) L J
100 %B (6.5-10 min) L \mmnane o Dopamine 1 l Serotonin 24hr 4
100 %B h0|d (10'18 m|n) Dopamine (DP) 24hr =—p
400 pL/min flow rate at 35°C t:?p‘““’ ( | VIR A RAULE S5 MRHE R F (GRF)
5 uL injection ¥ iﬁf:i'n"fi?“:w - Re“pmr-} ‘Hypothalamus | 40 o
e \\— B -’ 1 l Vasoactive intestinal peptide (VIP)
= MEFIIEIBENT F K 2ahr 4
B )\ - :::;.E::T;me (NEPN) [ = | Prolactin#yiiiRn#ah
|\ — ‘ Pituitary Glands ‘ Kulick RS et al. 2005
pr::i:)( ”
Stk (2 l l Prolactin 24hr 4
y Dioxyphenylalanine (L/DOPA) - ) ‘ Testis ‘ TestOStEI'Oﬂe 5
s AMINO acid 100nmol/ml J
e Catecholamine 1umol/ml ’ | S
oo ] 5/hydroxyindoleacetic acid _ 5/HIAA) atecholamine pmo /m othersi

Determination procedure for neuronal peptides and catecholamines were developed by MS analysis.

The regulatory factors for prolactin induction mediated by diethylstilbestrol were analyzed by LC-MS analysis
using the selected reaction monitoring (SRM). Dopamine suppressing prolactin secretion did not decreased,
on the other hand, vasoactive intestinal peptide (VIP) which mediates the acute release of prolactin was
increased in the pituitary glands of the DES- treated rats.

Simultaneous Determination of the Neurotransmitters and Free Amino Acids in Rat Organs by LC-MS Analysis
Naoyuki Maeda, Michiko Sato, Satoko Haeno and Hiroshi Yokota
Science Journal ROH, March, 201

Courtesy of Dr. Maeda, Safety Research Institute for Chemical Compounds Co.,Ltd,, Japan



1A

0
2 H3C/\)I\OH

NH2

(m/z 104.1)

(m/z 148.1)

Glu - GABA Isomers

2-aminobutyric acid
(alpha-aminobutyric acid)

W L

O O
HO)J\/\/U\OH

1 |

NH2
L L-glutamic acid

0.0 2.5

H2N o 150 x 3 mm

3 H3C OH
3-aminobutyric acid
(beta-aminobutyric acid)

@)

4 H2N OH

CH3

3-aminoisobutyric acid
(beta-aminoisobutyric acid)

O
5 H2N
OH
4-aminobutyric acid
(GABA,

gamma-aminobutyric acid)

Intrada Amino Acid, 150 x 3 mm
A: ACN /HCOOH =100/0.3

B: 100mM HCOONH4

30-35 %B (0-12 min)

100 %B (12-15min)

0.5 mL/min (6MPa)

60 deg.C, 5 uL (ImM, 0.1N HCI)

ESI (SIM, positive)
741



9 A Phe, Tyr, Trp - Biogenic Amines

1
O
NH2
1 @/\‘/U\OH > @/\/
2 NH2
L-phenylalanine phenethylamine
L m/z 166.1 o
NH2
3
3 IS
m/z 122.1 HO : HO
L-tyrosine tyramine
4
2 NH
2
L m/z1821 o
| 6 |
5 N NH2 N
H H
L-tryptophan tryptamine
J L m/z 138.1
(%, 100u M) 6
100 —
. Intrada Amino Acid, 100 x 3 mm
i - m/z 205.1 A: acetonitrile / formic acid = 100/ 0.1
50 B: acetonitrile / 100 mM ammonium formate = 20/ 80
] 25-100 %B (0-10min), 100 %B (10-12min)
] 0.4 mL/min (4 MPa), 37°C
] m/z 161.1 5uL (100nmol/mL, 0.1N HCI)
o . Single Quad. MS (ESI, positive)

————
0.0 25 5.0 7.5 10.0 min 782



His, Orn, Lys, Arg - Biogenic Amines

1 (@)
\ o . NH2
3] 280
2 No R N
H
| m/z 156.1 L-histidine histamine
L 0
2 m/z 112.3 3 H2N/\/\HJ\OH 4 HonT S SNH2
... NH2 2 .
4 L-ornithine putresine
A m/z 133.1 o
> L-lysine NH d i
m/z 89.4 2 cadaverine
5 NH 0 NH
7 L-arginine NH2 agmatine
m/z 103.3
VvV
J 8 Intrada Amino Acid, 10 x 3 mm
L m/z175.1 A\ A: methanol / formic acid = 100/ 0.1

B: 180 mM ammonium formate
40-100 %B (0-2min), 100 %B (2-12min)
m/z 131.3 0.4 mL/min (3 MPa), 37°C, 15uL (500nmol/mL, 0.1N HCI)

Single Quad. MS (ESI, positive)

0.0 25 5.0 7.5 10.0 min
783



Tyr - Parkinson's Disease

L-tyrosine (3L4Dd|hydroxy L-phenylalanined dopamine 3-methoxytyramine

HO OH
: 1Y
2 oD O

3,4-dihydroxyphenyl

=

“[M+HCOO]' m/z 227.0 ?Sgtllai%c)ldm
3
[M-H]  m/z 167.0 2o .
4 1 Hom
+
I [M+H] m/z 182.0 homovanillic acidO
5 (HVA)
J [M+H]" m/z 198.1

6

[M"'H] m/z 168.1 Intrada Amino Acid, 150 x 3 mm

A: acetonitrile / formic acid =100/ 0.3
B: 100mM ammonium formate
J L [|V|+H] mM/z 154.1 10-100 %B (0-10min), 100 %B (10-15min)
0.5 mL/min (6 MPa), 37°C

0.0 5.0 10 0 15 0 min 20 pL (10pg/mL, 1% HCOOH)
Single Quad. MS (ESI)

817



Lys, Met - Carnitine Biosynthesis

O O CH2

HBC/ \/\‘)J\OH ‘ | 91 H3C—|\||+\/E\)O]\
3 OH

1 NH2 NH2 |
L-methionine L-lysine CH2
L-carnitine
3
s 2
=
1
100 —
50 —
- e [M+H]+ m/z 147.1 ||
] H [M+H]+ m/z 162.1 -
Intrada Amino Acid, 50 x 3 mm
- A: acetonitrile / formic acid =100/ 0.1
0 J _ [M+H]+ m/z 150.0 B: 100mM ammonium formate
T T T T 15-100 %B (0-6min), 15 %B (6-10min)

0.6 mL/min (3 MPa), 37°C
0.0 1.0 2.0 3.0 4.0 5.0 6.0min 5 (100nmol/mL, 1% HCOOH)
Single Quad. MS (ESI, positive)
814



IRJA - Skeletal Muscle Breakdown

H O CH3  § N 9
3 OH N Z
W Gy Yy ot QT
NH2 N NH2 - NH2
L-histidine 3-methyl-L-histidine  1-methyl-L-histidine
3
(m/z 156.0)
1

Intrada Amino Acid, 100 x 3 mm
A: acetonitrile / water / formic acid =85/15/0.3 H
B: 100mM ammonium formate

55-60 %B (0-10 min), 100 %B (10-12 min)

0.4 mL/min(5MPa), 50°C, 5uL (ImMin 0.1N HCI)
Single Quad.MS (ESI, positive)

J U L (m/z 170.1)

0.0 2.5 5.0 7.5 10.0 min

743



BIA e ypernomocyssnemia

3
(%, 100u M) 1
100 —
4 (200nmol/mL, 0.1N HCI)
50 —

LJE\Z_B&O
_

0 } m/z 150.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 min
(%, 100u M) 2
100 —
50 __ (200nmol/mL,
] 0.1N HCI + 100mM TCEP?*)
} * tris (2-carboxyethyl) phosphine
0 | ) L m/z 136.0

0.0 2.0 4.0

T 1
6.0 8.0 10.0 12.0 min

@)

1
H3C/S\/\‘/U\OH

NH2
L-methionine

2 O
HS\/\)J\OH

|
NH2

L-homocysteine

NH2

3 ] Q
HO\H/\/\S/S\/\‘)J\OH
= NH2

L-homocystine

Intrada Amino Acid, 50 x 3 mm

A: acetonitrile / formic acid =100/ 0.3
B: 100mM ammonium formate

0-60 %B (0-10 min), 100 %B (10-12 min)
0.6 mL/min(3 MPa), 37°C, 5uL (0.1N HCI)

Single Quad. MS (ESI, positive)
776



157

1
M+H]+ m/z 150.1
[M+H] o
3
2

M+H]+ nm/z 385.1
[ ] mz3ssl
[M+H]+ m/z 399.1 |

S N

0 5 10

15 min

‘ . .
NH2 L-methionine

O~_OH

O‘- /\j/
5 +
O Ra
o |
) CH3
NN
/)

L
2 Z N S-(5'-adenosyl)-

NH2 L-methionine (SAM)

H

HOw-

3 Nlj;[,\% S-(5'-adenosyl)-

5 L-homocysteine (SAH)

Intrada Amino Acid , 100 x 3 mm

A: acetonitrile / formic acid =100/ 0.3

B: acetonitrile / 100mM HCOONH4 = 20/ 80
10-100 %B (0-10min), 100 %B (10-15min)
0.4 mL/min (3 MPa), 37°C

10 pL (5ug/mL, 2% HCOOH)

Single Quad. MS (ESI, positive)
816



16 Trp - Kynurenine metabolism pathway

Intrada Amino Acid, 100 x 3 mm 6 o
A: MeOH / water / HCOOH =60/40/0.5
1 B: 100mM HCOONH4 \ I OH
0-100%B (0-10 min) . NH2
0.4 mL/min (9 MPa), 37°C H
10 pL (10pg/mL, 1% formic acid ) L-tryptophan
2 Single Quad. MS (ESI)
2 N3
B [M+H]T m/z 168.0 5 0 \ OH
~
3 HO OH
k N [M+H]+ m/z 190.0 NH2 ©  NHz OH
J ' L-kynurenine kynurenic acid
4
4 NH2
[M+HDm 124.1 ) HO. 2
S OH
[M+H]* m/z 154.1 - 6 3-hydroxyanthranilic acid
_|___Jb‘““l/“ —
E - 0
2 [M+H]* m/z 209.0 k s N ! S g
] w OH L OH
- N N
. [M+H]* m/z 205.0 J L 0 0
— A—dan. picolinic acid guinolinic acid
0.0 2.0 4.0 6.0 8.0 10.0 min

846



A 1min High Throughput Analysis

Intrada Amino Acid, 10 X 2 mm

A: ACN/HCOOH =100/0.1 10 X 2 mm
B: 100mM HCOONH4 ﬂ
15-100 %B (0-0.8 min), 100 %B (0.8-1.0 min)
0.4 mL/min (1.6 MPa), 35deg.C, 1 uL (0.1N HCI)
ESI (SIM, positive)
CH2 o . 0
. o | PN ﬁ~\,/\7/ﬂ\ HzN/A\¢/\j/ﬂ\OH
H3C—NT A H2N" N OH
| ) H NH2 NH2
CH2
m/z 133.1 (240 nmol/mL) J ornithine
m/z 176.1 (170 nmol/mL) || v citrulline
m/z 162.1 (300 pmol/mL) b Kcarnitine

Il
_ S—OH
m/z 126.1 (1.6 umoI/mLJ taurine HZN/\/c")

0 12 24 36 48 60 sec




