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There are four established methods for analyzing amino acids: 
prelabeled, post-labeled, ion-pairing reversed-phase, and 
normal-phase, but each of these methods has disadvantages.
The pre-labeled method has problems with derivit ization 
efficiency and cost, while the post-labeled method is usually not 
compatible with LC-MS due to non-volatile mobile phases. The 
ion-pairing reversed-phase method has difficulty separating 
polar amino acids; on the other hand, the normal-phase mode 
has problems separating all the compounds, especially the Leu 
and Ile isomers.
We have developed a novel amino acid separation column for 
LC-MS(/MS) which can separate all 20 amino acids in protein 
using a mixed-mode stationary phase structure. We have also 
estimated separation and detection characteristics using LC-MS 
instruments.

PURPOSE



We used a novel amino acid analysis column for LC-MS. This 
stationary phase consists of 3um silica particles modified with 
ion ligands which provide IEX and normal phase mixed-mode 
separation.

LC-MS instrument:
A mass spectrometer, LCMS-2020 with LC-30A binary pumps 
(Shimadzu Corporation, Kyoto)

Reagents:
All of reagents including standard amino acids and bovine 
serum  were purchased as commercial reagents.

METHOD



CONCLUSION

This novel HPLC method will be a powerful tool for amino acid 
LC-MS(/MS) analysis in many different biochemistry 
applications.

RESULTS

1) Achieved to separate and detect or non-label amino acids
2) High throughput separation with Leu/Ile separation in 5min
3) Simple gradient separation
4) Both single and triple MS system is applicable
5) Applicable to dipeptides analysis
6) Extensibility to various amino acid related compounds
7) Ultra high throughput analysis in one minute
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55 standard amino acids were separated and detected on LC-MS. Leucine 
and Isoleucine isomers were also separated in several minutes.

55 Amino acids (standard)

tryptophan (Trp, m/z 205.0)
phenylalanine (Phe, m/z 166.0)

methionine (Met, m/z 150.0)
tyrosine (Tyr, m/z 182.0)

a) leucine (Leu,  m/z 132.0)
b) isoleucine (Ile)

glutamic acid (Glu, m/z 148.0)

proline (Pro, m/z 116.0)

threonine (Thr, m/z 120.1)

aspartic acid (Asp, m/z 134.0)

serine (Ser, m/z 106.1)
glutamine (Gln, m/z 147.0)

asparagine (Asn, m/z 133.0)

cystine ((Cys)2, m/z 241.0)

histidine (His, m/z 156.0)

lysine (Lys, m/z 147.0)

arginine (Arg, m/z 175.1)

Intrada Amino Acid, 50 x 3 mm
A: acetonitrile /tetrahydrofuran /25mM ammonium formate /formic acid
     = 9 / 75 / 16 / 0.3
B: acetonitrile / 100mM ammonium formate = 20 / 80
0 %B (0-2.5min)
0-17 %B (2.5-6.5 min)
100 %B (6.5-10 min)
0.6 mL/min (6MPa), 35 deg.C, 5 uL (1000nmol/mL)
ESI (SIM, positive)

glycine (Gly, m/z 76.4)

2-aminoethanol (EtOHNH2, m/z 62.1)

hydroxylysine (Hylys,  m/z 163.0) 
ornithine (Orn, m/z 133.1)

a) 1-methylhistidine (1-Mehis, m/z 170.1)
b) 3-methylhistidine (3-Mehis)

anserine (Ans, m/z 241.1)        

carnosine (Car, m/z 227.1)

taurine (Tau, m/z 126.0)

o-phosphoserine (Ser (P), m/z 186.0)

o-phosphoethanolamine (m/z 142.0)

hydroxyproline (Hyp, m/z 116.0)

citrulline (Cit, m/z 176.1)     

      cystathionine (Cysthi,  m/z 223.1)

cysteic acid (Cys(O3H),  m/z 170.0) 

methionine sulfone (m/z 182.0)

a) o-methylserine (m/z 120.1)
b) allo-threonine (allo-Thr)
c) homoserine

theanine (m/z 175.1)

a) norvaline 
b) valine (Val, m/z 118.0)

norleucine (m/z 132.0)
allo-isoleucine (m/z 132.0)

cysteine (Cys, m/z 122.0)

5-aminovaleric acid (m/z 118.1)

-aminoadipic acid (   -Aaa, m/z 162.1)

5-aminolevulinic acid (m/z 132.0 )

-aminopimelic acid (Apm, m/z 162.1)

thioproline (m/z 134.0)

glycylproline (Gly-Pro, m/z 173.1)

0 2.5 5 7.5 10 min

a b

a b

a b
c

a) alanine (Ala, m/z 90.0)
b) sarcosine (Sar)
c)   -alanine (  -Ala)

a b c

a)    -aminobutyric acid (   -Abu)
b)    -aminobutyric acid (   -Abu)
c)    -aminoisobutyric acid (   -Aiba)
d)    -aminobutyric acid (GABA, m/z 104.0)

a b c d

a b

734



Calibration Standard Curve for Various Amino Acids2

Typical standard (aromatic, aliphatic, acidic and basic) amino acids showed good results for 
lnearity and sensitivity. 
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Courtesy of Shimadzu Corporation, Japan

LC-MS/MS (MRM) Analysis3

20 standard amino acids of protein were separated and detected on LC-MS/MS (MRM).

Trp (Q1/Q3 205.1/188.1)
Phe (Q1/Q3 166.1/120.1)

Met (Q1/Q3 150.1/56.1)
Tyr (Q1/Q3 182.1/136.25)

Leu, Ile (Q1/Q3 132.1/86.15)
Val (Q1/Q3 118.1/72.05)

Glu (Q1/Q3 148.1/84.1)
Pro (Q1/Q3 116.1/70.1)

Thr (Q1/Q3 120.1/74.0)

Asp (Q1/Q3 134.1/73.95)

Ala (Q1/Q3 90.1/44.1)
Ser (Q1/Q3 106.1/60.2)

Gln (Q1/Q3 147.1/84.1)

Asn (Q1/Q3 133.1/74.05)
(Cys)2 (Q1/Q3 241.0/151.95)

            

His (Q1/Q3 156.1/110.1)
Lys (Q1/Q3 147.0/84.1)

Arg (Q1/Q3 175.1/70.1)

Intrada Amino Acid, 50 x 3 mm
A: ACN / THF / 25 mM HCOONH4 /HCOOH
     = 9 / 75 / 16 / 0.3
B: ACN / 100 mM HCOONH4 = 20 / 80
0 %B (0-3 min)
0-17 %B (3-6.5 min)
100 %B (6.5-10 min)
0.6 mL/min, 40 deg.C, 1 uL (0.1N HCl)

LCMS-8040, ESI (MRM, positive)

Gly (Q1/Q3 75.8/30.1)

Amino acids standard mixture
100 nmol/mL
MRM (positive)

1 2 4 63 5 7 8 9 10 min
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Simple gradient elution condition was also successful for standard amino acids separation in 
10min with low pressure.

Simple Gradient Conditions

min0

Trp (m/z 205.0)
Phe (m/z 166.0)

Met (m/z 150.0)

Tyr (m/z 182.0)

Leu, Ile (m/z 132.0)

Val (m/z 118.0)

Glu (m/z 148.0)

Pro (m/z 116.0)

Thr (m/z 120.1)

Asp (m/z 134.0)

Ala (m/z 90.4)

Ser (m/z 106.1)

Gln (m/z 147.0)

Asn (m/z 133.0)
(Cys)2 (m/z 241.0)

His (m/z 156.0)
Lys (m/z 147.0)

Arg (m/z 175.1)

Intrada Amino Acid, 50 x 3 mm
A: acetonitrile / formic acid = 100 / 0.1
B: 100 mM ammonium formate
14 %B (0-3min), 14-100 %B (3-10 min), 14 %B (10-12 min)
0.6 mL/min (4MPa), 35 deg.C, 5 uL
ESI (SIM, positive)

Amino acids standard mixture
(100 nmol / mL)

Gly (m/z 76.4)
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High throuput analysis using UHPLC system was achieved in 5min.

5min High Throughput Analysis

Amino acids standard mixture
(100 nmol / mL)

0 1 2 3 4 5 min
Trp (m/z  205.0) 

Phe (m/z  166.0)
Tyr (m/z  182.0)

Met (m/z  150.0)
Leu, Ile (m/z  132.0)

Val (m/z  118.0)

Glu (m/z  148.0)

Pro (m/z  116.0)
Thr (m/z  119.9)

Asp (m/z  133.9)

Ala (m/z  89.9)

Ser (m/z  105.9)

Gln (m/z  147.0)

Gly (m/z  75.8)
Asn (m/z  133.0)

(Cys)2 (m/z  241.0)

His (m/z  156.0)
Lys (m/z  147.0)

Arg (m/z  175.1)

Intrada Amino Acid, 150 x 2 mm
A: tetrahydrofuran / 20 mM ammonium formate / formic acid
     = 75 / 25 / 0.3
B: 200 mM ammonium formate / acetonitrile = 80 / 20
0 %B (0-2.5 min), 100 %B (2.5-5 min)
0.6 mL/min (45 MPa), 37 deg.C, 5 uL  
ESI (SIM, positive)
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The novel amino acid analysis column was applied for amino acids in serum and several amino 
acids were detected.

Application for Amino Acids in Serum

Trp (m/z 205.0)

Phe (m/z 166.0)

Met (m/z 150.0)

Tyr (m/z 182.0)

Leu, Ile (m/z 132.0)

Val (m/z 118.0)
Glu (m/z 148.0)

Pro (m/z 116.0)
Thr (m/z 120.1)

Asp (m/z 134.0)

Ala (m/z 90.4)

Ser (m/z 106.1)
Gln (m/z 147.0)

Asn (m/z 133.0)
(Cys)2 (m/z 241.0)

His (m/z 156.0)
Lys (m/z 147.0)

Arg (m/z 175.1)

Gly (m/z 76.4)

Bovine Serum 
(0.4N HClO4 treatment)

0.0 2.5 5.0 7.5 10.0 min

Intrada Amino Acid, 50 x 3 mm
A: ACN / THF / 25 mM HCOONH4 /HCOOH
     = 9 / 75 / 16 / 0.3
B: ACN / 100 mM HCOONH4 = 20 / 80
0 %B (0-2.5 min)
0-17 %B (2.5-6.5 min)
100 %B (6.5-10 min)
0.6 mL/min(6MPa), 35 deg.C, 1 uL (0.1N HCl)
ESI (SIM, positive)
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The novel amino acid analysis column could be applied for dipeptides.

Dipeptide Analysis

0.0 2.5 5.0 7.5    10.0 min

Intrada Amino Acid, 75 x 2 mm
A: acetonitrile / formic acid = 100 / 0.3
B: 100 mM ammonium formate
20-100 %B (0-10 min), 100 %B(10-12 min)
0.3 mL/min (5 MPa), 35 deg.C
2 uL (0.02-0.32 ug, 0.1N-HCl aq.)
ESI (SIM, positive)
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Not only alpha-amino acids but also beta- and gamma-amino acids isomers were well separated.

Alpha, Beta, Gamma Amino Acid (103Da) Isomers

0 2.5 5 7.5 10 min

Intrada Amino Acid, 100 x 3 mm
A: acetonitrile / formic acid = 100 / 0.3
B: 100mM ammonium formate
25-30 %B (0-12 min), 100 %B (12-15min)
0.4 mL/min (4MPa), 37 deg.C, 5 uL (0.1N HCl)
ESI (positive, m/z 104.1) 

3-aminoisobutyric acid 
(beta-aminoisobutyric acid)

O

OH
CH3

H2N

2-aminobutyric acid 
(alpha-aminobutyric acid)

NH2

O

OHH3C

3-aminobutyric acid 
(beta-aminobutyric acid)

H2N O

OHH3C

H2N
O

OH

4-aminobutyric acid 
(GABA, gamma-aminobutyric acid)
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Leucine isomers were well separated on 150mm length column.

Leucine (131Da) isomers

5 7.5 10 12.5 min

H3C OH

O

NH2H3C

H3C OH

O

NH2

H3C
H3C OH

O

NH2

H3C

allo-L-isoleucine
L-leucine

L-isoleucine

Intrada Amino Acid, 150 x 3 mm
A: methanol / water / formic acid = 85 / 15 / 0.3
B: acetonitrile / 100mM ammonium formate = 20 / 80
12-13 %B (0-12 min)
100 %B (12-15 min)
0.4 mL/min (11 MPa)
35 deg.C, 5 uL (0.1N HCl)
ESI (positive, m/z 132.0)
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Amino acid related compounds were analyzed by one-munite high throuhput separation with 10mm 
length small column.

One-Minute High Throughput Analysis

Intrada Amino Acid, 10 x 2 mm
A: acetonitrile / formic acid = 100 / 0.1
B: 100 mM ammonium formate
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 HCl) 
ESI (SIM, positive) 

0 12 6024 36 48 sec

m/z 126.1 (1.6 umol/mL)

m/z 162.1 (300 pmol/mL)

m/z 176.1 (170 nmol/mL)

m/z 133.1 (240 nmol/mL)

taurine H2N
S
O

O
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CH2
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O

NH2
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H2N

O

OH
NH2

10 x 2 mm



11 Analytical conditions protocol

acetonitrile /HCOOH = 100 / (0.1 - 0.5), v/v
(50-200mM) HCOONH4
Initial - Final %B (Gradient Time)
depends on column I.D.
30-40°C (up to 65°C)
0.1N HCl or 0.1 - 2% HCOOH 
ESI, positive 

Mobile phase A:
Mobile phase B:

Gradient:
Flow rate:

Temperature:
Injection solvent: 

MS detection: 


