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Amino Acids – Structure, Chemistry

CH3

Alanine (Ala) Glutamic Acid (Glu)
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Amino Acids – Zwitterionic

“Inner salt” - Poor solubility in water 
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Separation Considerations

• Zwitterions - poor solubility near iso-
electric point…electric point

• Most have poor UV absorbance
• Derivatization OPA FMOC• Derivatization – OPA, FMOC

•Reduce polarity – increases retention in  reversed-phase 
chromatographyg p y
•Improve sensitivity – UV, Fluorescence

• Detector; DAD, FLD, MS, ELSD
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Ortho Phthalaldehyde (OPA) and Fluorenylmethoxy 
chloroformate (FMOC) Reactions with Amines

R’SH
H

O SROPA ’

+RNH2
Room Temperature

Fluorescence: Ex 340nm, Em 450nm
DAD: 338 10nm; Ref 390 20nm

H

H

O

NR

Non fluorescent

HCl

DAD: 338, 10nm;  Ref. 390, 20nmNon-fluorescent
Does not absorb at 338nm

FMOC
RR’NH

+   or
RNH2

- HCl

Room Temperature NRR’
or

NHR

Fluorescence: Ex 260nm, Em 325nm
DAD: 262, 16nm;  Ref. 324,8nmFluorescent

Absorbs at 262nm and 
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Names and Order of Elution for OPA and FMOC 
Derivatives of Amino Acids

Peak # AA Name AA Abbreviation       Derivative Type

Peak # AA Name AA Abbreviation       Derivative Type
Derivatives of Amino Acids
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Agilent AAA Methods - They’ve Evolved

• Automated Amino Acid Analysis – AminoQuant I & II (1987)
•1090
•1100, Pub. No. 5968-5658E,

• Eclipse AAA
• Columns

• 993400-902 4 6x150mm 5um993400 902, 4.6x150mm, 5um
• 963400-902, 4.6x150mm, 3.5um
• 966400-902, 3.0x150mm, 3.5um

• Pub. No. 5980-1193E
• Eclipse Plus

• Column Options
• Application Notespp

•5989-6279EN
•5990-4547EN
•5989-6297EN
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Amino Acid Analysis on Eclipse Plus-C18, 2.1, 3.0 or 4.6 x 
50mm, 1.8µ Column: Experimental Conditions

AAA on production 1200SL using Eclipse Plus-C18, 2.1 or 4.6 x 50mm, 1.8u
Mobile phase A: 10mM Na2HPO4 – 10mM Na2B4O7, pH 8.2
5.6gm anhydrous Na2HPO4 + 15.2gm Na2B4O7· 10H2O in 4L water + 32mg NaN3
Adjust to ~pH 9 with 6ml concentrated HCl and then small drops until pH 8.2. Be cautious with strong acids!
Filter through 0.45µregenerated cellulose membranes (Agilent P/N 3150-0576)g µ g ( g )
Stable for ~ 2 weeks at room temperature
Mobile phase B: ACN: MeOH: H2O  45:45:10  by volume
Injection diluent: 1ml Mobile phase A + 15µl concentrated H3PO4 in a 1 ml vial. Make this in 100ml batches.
Instrument config:
Pump: no mixer, no pulse dampener, bypass used (at 0.1min after inject command), compressibility settings used: A= 35, B= 80

Flow rate: 0.420ml/min for 2.1mm ID; 0.85ml/min for 3.0mmID; 2.00ml/min for 4.6mm IDFlow rate: 0.420ml/min for 2.1mm ID; 0.85ml/min for 3.0mmID; 2.00ml/min for 4.6mm ID
Gradient Timetable: Time (min) %B

0.0 2.0
1.0 2.0
7.0 57.0
7.1 100.0
8 4 100 0

.

.

.
8.4 100.0
8.6 2.0
Stop time 8.7

DAD: PW 0.01min; slit 4nm; Stop time 7min (adjust as needed) Cell =  5µl, 6mm flow path (Agilent P/N G1315-60025
338, 10nm; Ref 390, 20nm
262, 16nm; Ref 324, 8nm
338 10nm; Ref 390 20nm338, 10nm; Ref 390, 20nm
230, 16nm; Ref 360,100nm
Timetable Signal C): 0.00 min  338, 10nm; Ref 390, 20nm

5.53 min  262, 16nm; Ref 324, 8nm (adjust as needed; 4.6mm ID transition at ~5.4min)
FLD: PW 0.01min, Stop time 7 min (adjust as needed), never use this detector before another due to fragility of flow cell
Ex 340nm; Em 450nm; Filter 390nm (Default filter)
Ti t bl Si l 0 00 i E 340 E 450 PMT G i 10 ( d d)
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Timetable Signal: 0.00 min  Ex 340nm, Em 450nm; PMT Gain 10 (as needed)
5.53 min  Ex 260nm, Em 325nm; PMT Gain 10 (as needed; 4.6mm ID transition at ~5.4min)        



Amino Acid Analysis on Eclipse Plus-C18, 2.1, 3.0 
or 4.6 x 50mm, 1.8µ Column: Conditions cont’dor 4.6 x 50mm, 1.8µ Column: Conditions cont d

TCC: used with low dispersion kit installed; T = 40°C for column side, 35°C for exit side. Low dispersion kit 
used on both sides.
WPS: Def. vol set to 0.5ul, def speed used throughout injector program is 200ul/min

Injector program:Injector program:
1)   Draw 2.5µl from Borate vial 1(Agilent P/N 5061-3339)
2)   Draw 0.5µl from Sample vial
3)   Mix 3µl in washport 5X
4)   Wait 0.2min
5)   Draw 0.5µl from OPA vial 2 (Agilent P/N 5061-3335)5) a 0 5µ o O a ( g e / 506 3335)
6)   Mix 3.5µl in washport 6X
7)   Draw 0.4µl from FMOC vial 3 (Agilent P/N 5061-3337)
8)   Mix in 3.9µl in washport 10X
9)   Draw 32µl from Diluent vial 4
10) Mix 20µl in seat 8X
11) Inject
12) Wait 0.10 min
13) Valve bypass

Tubing is 0.12mm ID throughout. Maximum sensitivity is obtained with 2.1mm columns.  To 
properly integrate the first peak set the integrator to detect negative peaks If you wish to minimizeproperly integrate the first peak, set the integrator to detect negative peaks. If you wish to minimize 
the degradants in the DAD chromatogram use new reagents and mobile phase. OPA and FMOC are 
not stable left open to the atmosphere at room temperature. All modules are 1200SL where 
available; the autosampler is a standard 1200 SL WPS.
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Amino Acid Analysis on Eclipse Plus-C18, 4.6 x 
50mm, 1.8µ Column: DAD 125pMole on column
mAU

20

50mm, 1.8µ Column: DAD 125pMole on column

SER4
ASN3
GLU2
ASP1  

Degradation peaks from old reagents
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Amino Acid Analysis on Eclipse Plus-C18, 4.6 x 
50mm, 1.8µ Column: FLD 125pMole on column50mm, 1.8µ Column: FLD 125pMole on column

LU    22

ASP1  

250

300
21

THR8
GLY7
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GLN5
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ASN3
GLU2

150

200

1
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25
Amino Acid Analysis on Eclipse Plus-C18, 2.1 x 
50mm, 1.8µ Column: DAD 50pMole on column
mAU

20

50mm, 1.8µ Column: DAD 50pMole on column

Degradation peaks from old reagentsASN3
GLU2
ASP1  

15

1 2

g p g
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Amino Acid Analysis on Eclipse Plus-C18, 2.1 x 
50mm, 1.8µ Column: FLD 50pMole on column50mm, 1.8µ Column: FLD 50pMole on column

LU    

200
21

22

ASP1  

150

175

THR8
GLY7
HIS6
GLN5
SER4
ASN3
GLU2

100

125 1

7
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10 11
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14
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0
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20PRO23
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Amino Acid Analysis on Eclipse Plus-C18, 2.1 x 
50mm, 1.8µ Column: FLD 5pMole on column50mm, 1.8µ Column: FLD 5pMole on column

LU    
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Many Column and Instrument Options

# Method Category Column/Method Name
Analysis Time w/re‐

equilibration
Typical Minimum 
Resolution Factor

Approximate mL
Solvent/ Analysis*

Agilent HPLC 
Instrument

1 Traditional 4.6 x 250, 5 µm 40 min 2.4 64 1200 or 1200 SL

2 3.0x 250, 5 µm 40 min 2.4 28 1200 or 1200 SL

3 Rapid Resolution 4.6x 150, 3.5 µm 25 min 2 42 1200 or 1200 SL

4 3 0 150 3 5 25 i 2 18 1200 1200 SL4 3.0x 150, 3.5 µm 25 min 2 18 1200 or 1200 SL

5 2.1x 150, 3.5 µm 25 min 2 12 1200 or 1200 SL

6 Rapid Res HT 4.6 x 100, 1.8 µm 16 min 2.4 28 1200SL 

7 2.1 x 100, 1.8 µm 16 min 2.4 8 1200SL 

8 4.6 x 50, 1.8 µm 9 min 1.5 23 1200SL 

9 3.0 x 50, 1.8 µm 9 min 1.5 10 1200SL 

10 2.1 x 50, 1.8 µm 9 min 1.5 5 1200SL 
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* includes injector program and pre‐run DAD autobalancing (2.42 min), and re‐equilibration time. 



Instrument Options
Online automated derivatization will change depending on your

• G1376C well plate automatic liquid sampler (WPALS), with injection program:
1)   Draw 2.5 µL from Borate vial (Agilent P/N 5061-3339)
2) D 1 0 L f S l i l

Online automated derivatization will change depending on your 
autosampler

2)   Draw 1.0 µL from Sample vial
3)   Mix 3.5 µL in washport 5X
4)   Wait 0.2 min
5)   Draw 0.5 µL from OPA vial (Agilent P/N 5061-3335)
6)   Mix 4.0 µL in washport 10X max speed
7)   Draw 0.4 µL from FMOC vial (Agilent P/N 5061-3337) 
8) Mix 4.4 µL in washport 10X max speed8)   Mix 4.4 µL in washport 10X max speed
9)   Draw 32 µL from Injection Diluent vial 

10)   Mix 20 µL in washport 8X
11)   Inject
12)   Wait 0.1 min
13)   Valve bypass

G1329A t ti li id l (ALS) ith i j ti• G1329A  automatic liquid sampler (ALS), with injection program:
1)   Draw 2.5 µL from Borate vial (Agilent P/N 5061-3339)
2)   Draw 1.0 µL from Sample vial
3)   Mix 3.5 µL in air, max speed  5X
4)   Wait 0.2 min
5)   Draw 0.5 µL from OPA vial (Agilent P/N 5061-3335)
6) Mix 4.0 µL in air, max speed 10X max speed6)   Mix 4.0 µL in air, max speed 10X max speed
7)   Draw 0.4 µL from FMOC vial (Agilent P/N 5061-3337)
8)   Mix 4.4 µL in air, max speed, 10X max speed
9)   Draw 32 µL from Injection Diluent vial 

10)   Mix 20 µL in air, max speed 8X
11)   Inject
12)   Wait 0.1 min
13) V l b
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13)   Valve bypass



Linear Gradients
Traditional high resolution method gradients, 5 µm

4.6 x 250, 5 µm 3.0 x 250, 5 µm
PN 959990‐902 PN custom

time (min.) %B %B
0 2 2

Rapid Resolution method gradients, 3.5 µm
4.6 x 150, 3.5 µm 3.0 x 150, 3.5 µm 2.1x 150, 3.5 µm
PN959963‐902  PN959963‐302 PN959763‐902

time (min.) %B %B %B
0 2 2 2

0.84 2 2
33.4 57 57
33.5 100 100
39.3 100 100
39.4 2 2
40 d d

0.5 2 2 2
20 57 57 57
20.1 100 100 100
23.5 100 100 100
23.6 2 2 2
25 end end end40 end end

flow (mL/min.) 1.5 0.64
Rapid Resolution High Throughput  method gradients, 
1.8 µm, 100 mm

4.6 x 100, 1.8 µm 2.1 x 100, 1.8 µm
PN959964 902 PN959764 902

Rapid Resolution High Throughput method gradients 
1.8 µm, 50 mm

4.6x50, 1.8 µm 3.0x50, 1.8 µm 2.1x50, 1.8 µm

25 end end end
flow (mL/min.) 1.5 0.64 0.42

PN959964‐902  PN959764‐902

time (min.) %B %B
0 2 2

0.35 2 2
13.4 57 57
13 5 100 100

µ µ µ
PN959941‐902 PN959941‐302 PN959741‐902

time (min.) %B %B %B
0 2 2 2

0.2 2 2 2
7 67 57 57 5713.5 100 100

15.7 100 100
15.8 2 2
16 end end

flow (mL/min.) 1.5 0.42

7.67 57 57 57
7.77 100 100 100
8.3 100 100 100
8.4 2 2 2
9 end end end

fl ( L/ i ) 2 0 0 85 0 42
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flow (mL/min.) 2.0 0.85 0.42



Agilent LC Flow Paths
Traditional (5 µm)
Hi h R l ti R id R l ti (3 5 )High Resolution 
Methods

Rapid Resolution  (3.5 µm)
Methods

Method name 4.6 x 250, 5 µm 3.0x 250, 5 µm 4.6x 150, 3.5 µm 3.0x 150, 3.5 µm 2.1x 150, 3.5 µm

LC Model 1100 1200 1200 SL  1200 SL 1200 SL

Pump G1312A G1311A quat G1312B G1312B G1312B

Dampener/static mixer yes n/a yes yes bypassed

Purge valve to ALS G1328‐87600 (green 500 mm)? G1328‐87600 (green 500 mm)? 5021‐1823 (red 400 mm) 5021‐1823 (red 400 mm) 5021‐1823 (red 400 mm)

ALS  G1367A G1329A G1367C G1367C G1367C

Needle seat G1367‐87101 (green) G1313‐87201 (green) G1367‐87201 (red) G1367‐87201 (red) G1367‐87201 (red)

ALS to heat exchanger G1313‐87305 (green 180 mm) 01090‐87611 (red 105 mm) 01090‐87611 (red 105 mm) 01090‐87611 (red 105 mm) 01090‐87611 (red 105 mm)

Heat exchanger G1316 A 3 µL G1316 A 3 µL G1316‐80003 1.6 µL G1316‐80003 1.6 µL G1316‐80003 1.6 µL

Heat exch. to  column or guard 5021‐1817 (green 150 mm) 5021‐1816 (green 105 mm) 5021‐1820 (red 105 mm)  5021‐1820 (red 105 mm)  5021‐1820 (red 105 mm) 

Optional guard cartridge 820950‐936 ‐4 pk, 4.6 id 821125‐936‐4pk, 2.1 id  820950‐936 ‐4 pk, 4.6 id 821125‐936‐4pk, 2.1 id  821125‐936‐4pk, 2.1 id 

Column 959990‐902 custom 959963‐902 959963‐302 959763‐902Column 959990 902 custom 959963 902 959963 302 959763 902

Post column to union 5065‐9931 (200 mm green) 5065‐9931 (200 mm green) n/a n/a n/a

ZDV union to flow cell 5022‐2184 5022‐2185 n/a n/a n/a

Detector G1315B G1315D G1315C G1315C G1315C

Flow cell 2 µL G1315‐60024 2 µL G1315‐60024 2 µL G1315‐60024 2 µL G1315‐60024 2 µL G1315‐60024

RRHT 1.8 µm Methods (100 
mm)

RRHT 1.8 µm  Methods 
(50 mm)

Method name 4 6 x 100 1 8 µm 2 1 x 100 1 8 µm 4 6 x 50 1 8µm 3 0 x 50 1 8µm 2 1 x 50 1 8µmMethod name 4.6 x 100, 1.8 µm 2.1 x 100, 1.8 µm 4.6 x 50, 1.8 µm 3.0 x 50, 1.8 µm 2.1 x 50, 1.8 µm

LC Model 1200 SL 1200 SL 1200 SL 1200 SL 1200 SL

Pump G1312 B G1312 B G1312 B G1312 B G1312 B

Dampener/static mixer yes bypassed yes bypassed bypassed

Purge valve to ALS 5021‐1823 (red 400 mm)  5021‐1823 (red 400 mm)  5021‐1823 (red 400 mm)  5021‐1823 (red 400 mm)  5021‐1823 (red 400 mm) 

ALS G1367C G1367C G1367C G1367C G1367C

Needle seat G1367‐87201 (red) G1367‐87201 (red) G1367‐87201 (red) G1367‐87201 (red) G1367‐87201 (red)

ALS to heat exchanger 01090‐87611 (red 105 mm) 01090‐87611 (red 105 mm) 01090‐87611 (red 105 mm) 01090‐87611 (red 105 mm) 01090‐87611 (red 105 mm)

Heat exchanger G1316‐80003 1.6 µL G1316‐80003 1.6 µL G1316‐80003 1.6 µL G1316‐80003 1.6 µL G1316‐80003 1.6 µL

Optional guard cartridge none none none none none

Column PN 959964‐902 959764‐902 959941‐902 959941‐302 959741‐902

Column to flow cell directly connected directly connected directly connected directly connected directly connected

Detector G1315C G1315C G1315C G1315C G1315C

l ll
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Flow cell 2 µL G1315‐60024 2 µL G1315‐60024 2 µL G1315‐60024 2 µL G1315‐60024 2 µL G1315‐60024



Increase Sensitivity

mAU

30

3 mm flow cell G1315-60024

Sensitivity increases when a longer flow cell path is used

5

10

15

20

25

4.6 x 100 mm, 1.8 µm

min2 4 6 8 10 12

0

5

mAU

25

30 6 mm flow cell G1315-60011
4 6 100 mm 1 8 m

5

10

15

20

25 4.6 x 100 mm, 1.8 µm

min2 4 6 8 10 12

0
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ZORBAX Eclipse Plus C18 250 mm, 5 µm
Traditional High Resolution Options g p

1. Aspartic acid
2. Glutamic acid
3 Asparagine

mAU

25
4.6 x 250 mm, 5 µm
PN 959990 9023. Asparagine

4. Serine
5. Glutamine
6. Histidine
7. Glycine
8. Threonine

5

10

15

20 Rs= 2.4
PN 959990-902

1 2 3 4 56
7

8
9

12

10 11 13 14

15 16
17 19

18
20

21 22 239. Arginine
10. Alanine
11. Tyrosine
12. Cystine
13. Valine
14 M thi i

min5 10 15 20 25 30

0

5

mAU

25

3.0 x 250 mm, 5 µm
PN custom

Rs= 2 3

23

14. Methionine
15. Norvaline
16. Tryptophan
17. Phenylalanine
18. Isoleucine
19 Leucine 5

10

15

20

Rs= 2.3

19. Leucine
20. Lysine
21. Hydroxyproline
22. Sarcosine
23. Proline

min5 10 15 20 25 30

0
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ZORBAX Eclipse Plus C18 150 mm, 3.5 µm
Rapid Resolution (RR) Options 

1. Aspartic acid
2. Glutamic acid
3 Asparagine

mAU

40

Rs= 2.6

4.6 x 150 mm, 3.5 µm
PN 959963-902 12

203. Asparagine
4. Serine
5. Glutamine
6. Histidine
7. Glycine
8. Threonine 20

AU 3.0 x 150 mm, 3.5 µm R 2 0
min2.5 5 7.5 10 12.5 15 17.5

0

10

20

30
Rs  2.6

1 2 4 6
7

8
9 10 11 13 14

1516 19
20

21 22 23

3
5

9. Arginine
10. Alanine
11. Tyrosine
12. Cystine
13. Valine
14 M thi i

mAU

0

10

20

30

40

3.0 x 150 mm, 3.5 µm
PN 959963-302

Rs= 2.0

14. Methionine
15. Norvaline
16. Tryptophan
17. Phenylalanine
18. Isoleucine
19 Leucine

min2.5 5 7.5 10 12.5 15 17.5 20
mAU

20

30

40 2.1 x 150 mm, 3.5 µm
PN 959763-902 Rs= 2.0

19. Leucine
20. Lysine
21. Hydroxyproline
22. Sarcosine
23. Proline

min2.5 5 7.5 10 12.5 15 17.5 20
0

10
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ZORBAX Eclipse Plus C18 100 mm, 1.8 µm
Rapid Resolution High Throughput (RRHT) OptionsRapid Resolution High Throughput (RRHT) Options 

1. Aspartic acid
2. Glutamic acid
3 Asparagine

mAU

40

50 4.6 x 100 mm, 1.8 µm
PN 959964 902 9

12 20

3. Asparagine
4. Serine
5. Glutamine
6. Histidine
7. Glycine
8. Threonine 10

20

30

40

Rs= 2.6
PN 959964-902

1
2 3 4

6
7

8 10 11 1314

15

16 19

21
22 23

mAU

40

50 2.1 x 100 mm, 1.8 µm
PN 959764-902

Rs= 2.4

9. Arginine
10. Alinine
11. Tyrosine
12. Cystine
13. Valine
14 M thi i

)
min2 4 6 8 10 12 14

0

22

10

20

30

14. Methionine
15. Norvaline
16. Tryptophan
17. Phenylalanine
18. Isoleucine
19 Leucine

21

22

23

min2 4 6 8 10 12 14

0

19. Leucine
20. Lysine
21. Hydroxyproline
22. Sarcosine
23. Proline
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ZORBAX Eclipse Plus C18 50 mm, 1.8 µm
Rapid Resolution High Throughput (RRHT) Options p g g p ( ) p

1. Aspartic acid
2. Glutamic acid
3 Asparagine

mAU

80

Rs= 1.9Rs= 1.94.6 x 50 mm, 1.8µm
PN 959941 9023. Asparagine

4. Serine
5. Glutamine
6. Histidine
7. Glycine
8. Threonine

min1 2 3 4 5 6 7
0

20

40

60

AU

Rs  1.9PN 959941-902

3.0 x 50 mm, 1.8µm Rs= 1 6R 1 6

1 2 3 4 6 7 8 9 12
10 11

15
16 19

20

21 22 23
5

9. Arginine
10. Alinine
11. Tyrosine
12. Cystine
13. Valine
14 M thi i

mAU

0

20

40

60

80
PN 959941-302

Rs= 1.6Rs= 1.6

14. Methionine
15. Norvaline
16. Tryptophan
17. Phenylalanine
18. Isoleucine
19 Leucine

min1 2 3 4 5 6 7
mAU

40

60

80

2.1 x 50 mm, 1.8µm
PN959741-902 Rs= 1.5

Rs= 1.5 Rs= 1.5Rs= 1.5

19. Leucine
20. Lysine
21. Hydroxyproline
22. Sarcosine
23. Proline

min1 2 3 4 5 6 7
0

20
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Amino Acid Analysis on 1290 Infinity UHPLC

1200SL 1290 Infinity
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17 Amino Acid Analysis on 1290 Infinity 
time (min.) %B

mAU

RRHT Eclipse Plus C18
3 0 x 100 1 8 um

0 2
0.35 2
13.4 57
13.5 100
15.7 100
15 8 2

i0 2 4 6 8 10 12

mAU

0

50

3.0 x 100 1.8 um

Pmax=474 bar
F=0.86 mL/min

15.8 2
16 end

min0 2 4 6 8 10 12

Original 1200 SL  injection program
100 uL sample loop

Original 1290 Infinity injection program
20 uL sample loop (40 uL available)

1)   Draw 1.3 µL from Borate vial (Agilent P/N 5061-3339)
2)   Draw 0.5 µL from Sample vial
3)   Mix 1.8 µL in location P1C1  5X default speed, offset
4)   Draw 0.5 µL from OPA vial (Agilent P/N 5061-3335)
5)   Mix 2.3 µL in location P1C1  5X default speed, offset

1)   Draw 2.5 µL from Borate vial (Agilent P/N 5061-3339)
2)   Draw 1.0 µL from Sample vial
3)   Mix 3.5 µL in washport  5X
4)   Draw 0.5 µL from OPA vial (Agilent P/N 5061-3335)
5) Mix 4 0 µL in washport 10X max speed ) µ p ,

6)   Draw 0.2 µL from FMOC vial (Agilent P/N 5061-3337)
7)   Mix 2.5 µL in in location P1C1  5X default speed, offset
8)   Draw 7.4 µL from Injection Diluent vial 
9)   Mix 9.9 µL in location P1C1  5X default speed, offset
10)  Inject

5)   Mix 4.0 µL in washport 10X max speed
6)   Draw 0.4 µL from FMOC vial (Agilent P/N 5061-3337)
7)   Mix 4.4 µL in washport 10X max speed
8)   Draw 32 µL from Injection Diluent vial 
9)   Mix 20 µL in washport 8X
10)  Inject
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Double Flow Rate and Halve Gradient Time to 
Double Throughput RRHT Eclipse Plus C18Double Throughput

mAU

0

50

RRHT Eclipse Plus C18
3.0 x 100

Pmax=474 bar
F=0.86 mL/min

mAU

RRHD Eclipse Plus C18
3.0 x 100Rs6,5=2.90

Rs =2 34
w½ 9 =0.036 min.

min0 2 4 6 8 10 12
0

time (min.) %B
0 2

0.35 2
13.4 57
13 5 100

min0 2 4 6 8 10 12

mAU

0

50 Pmax=528 bar
F=0.86 mL/min

Rs14,13=2.3413.5 100
15.7 100
15.8 2
16 end

min0 2 4 6 8 10 12
)

RRHD Eclipse Plus C18
3.0 x 100

Pmax=1000bar

mAU

80

100

Rs14 13=2 12w½ 9 =0.023 min.
Rs6,5=2.77 Rs12,11=2.06

time (min.) %B
0 2

.18 2
6.7 57
6.8 100

Pmax=1000bar
F=1.72 mL/min

0

20

40

60
Rs14,13 2.12

7.8 100
7.9 2
8 end
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Summary of Method 

• Use a programmable autosampler to do on-line derivatization
- OPA reacts with 1° amino acids

FMOC t ith 2° i id- FMOC reacts with 2° amino acids

• Use a gradient to separate the derivatized amino acids

• Use UV and FLD to detect derivatized amino acids
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Examples

• Samples from AOAC methods using SampliQ
..QuEChERS kits

• Fruits & Vegetables 
• Applepp
• Spinach

• Beverages

• Protein Hydrolysates
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Amino acids in Apple 
from QuEChERS tube (AOAC Method 2007.01)( )

mAU

30
35 Acetonitrile FractionRRHD Eclipse Plus C18

2 1 x 100

min0 2 4 6 8 10 12 14

0
5

10
15
20
25
30

Organic
Layer

Acetonitrile Fraction

P

2.1 x 100
F=0.42

min0 2 4 6 8 10 12 14

mAU

40
60
80

100
120 Pulp 

A l

Aqueous Fraction

A
SP

LU

A
SN

A
LA

G
A

B
A

NR

min0 2 4 6 8 10 12 14

0
20
40

mAU

40

50

Salt
solids

Aq. layer

27 AA Standard
225 pmol/uL

G
L

SE
R

G
L

B
A H
E

β-
A

LA
A

R
G

A
LAU

A
SP

U A
SN

SE

SG
LN G

LY
H

R

YR

C
Y2

A
L ET

N
VA

E E U LY
S

min0 2 4 6 8 10 12 14

0

10

20

30
225 pmol/uLS

G
A

B THA
TA

U

G
LU

H
ISG TH TY VA M PHTR
P IL LE

U L

H
YP

SA
R

PR
O
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Amino acids in Spinach leaf
from QuEChERS tube (AOAC Method 2007.01)( )

mAU

30 Acetonitrile Fraction
RRHD Eclipse Plus C18
2.1 x 100
F=0.42 mL/min

min0 2 4 6 8 10 12 14

-10

0

10

20

Organic
Layer

Acetonitrile FractionF 0.42 mL/min

min0 2 4 6 8 10 12 14

mAU

100

150

200

250 A
SP

G
LU

A
SN

ER

A
R

G

A
B

A
A

LA

G
LN

YR PH
E

LE LE
U

YS

Pulp 

A l

Aqueous Fraction

TH
R

min0 2 4 6 8 10 12 14

0

50

mAU

40

50

SE G
A

B
A H
E

LA
β-

A
LA

A
R

G
A TY P I L LY

Salt
solids

Aq. layer

27 AA Standard

T

min0 2 4 6 8 10 12 14

0

10

20

30

40

G
A

B THA
L

TA
U
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Amino Acid Profile Comparison
Apple SpinachApple Spinach

High in aspartic acid, 
asparagine, alanine, GABA

High in aspartic acid, 
glutamic acid, asparagine, mAU

*APPLE fruit
*SPINACH Leaf

LN p g , , g , p g ,
arginine, GABA

Low in glutamine, arginine High in glutamine, arginine
250

300

A
SP

A
SN

G
L

others others
Poor in 8 of 8 essential aa Rich in 6 of 8 essential aa

ug/mL Apple Spinach150

200

G
LU

ug/mL Apple Spinach
ASP 99 195
ASN 77 220

100

150

SE
R A

R
G

A
LA

G
A

B
A

TY
R LY

SLE
U

PH
E

IL
E

TH
R

TR
P

ALA 31 46
GABA 43 22

min0 2 4 6 8 10 12 14

0

50

T

Group/Presentation Title
Agilent Restricted

Month ##, 200X



Comparison of the Amino Acid Content of a 
Variety of Bottled BeersVariety of Bottled Beers
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Acidic Protein hydrolysates on 1200SL
mAU

35

10

15

20

25

30

Draw 2.5 µL from Borate vial

min1 2 3 4 5 6 7

0

5

AOAC 994.12
0 5 ll d i l f d 100 L 6N HCl h l0.5 g well ground animal feed +100 mL 6N HCl + phenol
Boil 24 h
Filter and dilute to 250 mL with water

Transfer to autosampler vial and press start
1)   Draw 2.5 µL from Borate vial (Agilent P/N 5061-3339)
2)   Draw 1.0 µL from Sample vial
3)   Mix 3.5 µL in washport  5X
4) Draw 0 5 µL from OPA vial (Agilent P/N 5061-3335)4)   Draw 0.5 µL from OPA vial (Agilent P/N 5061-3335)
5)   Mix 4.0 µL in washport 10X max speed
6)   Draw 0.4 µL from FMOC vial (Agilent P/N 5061-3337)
7)   Mix 4.4 µL in washport 10X max speed
8)   Draw 32 µL from Injection Diluent vial 
9) Mix 20 µL in washport 8X
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Acidic Protein hydrolysate
mAU

35

10

15

20

25

30

Draw 2.5 µL from Borate vial

min1 2 3 4 5 6 7

0

5

mAU

30

35

D 10 L f B t i l

5

10

15

20

25

30 Draw 10 µL from Borate vial

Better result

min1 2 3 4 5 6 7

0

5

1)   Draw 10 µL from Borate vial (Agilent P/N 5061-3339)
2)   Draw 1.0 µL from Sample vial
3)   Mix 11 µL in washport  5X) µ p
4)   Draw 0.5 µL from OPA vial (Agilent P/N 5061-3335)
5)   Mix 11.5 µL in washport 10X max speed
6)   Draw 0.4 µL from FMOC vial (Agilent P/N 5061-3337)
7)   Mix 11.9 µL in washport 10X max speed
8)   Draw 32 µL from Injection Diluent vial 
9) Mi 20 L i h t 8X
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9) Mix 20 µL in washport 8X
10)  Inject



Acidic Protein hydrolysate
mAU

35

10

15

20

25

30

Draw 2.5 µL from Borate vial

min1 2 3 4 5 6 7

0

5

mAU

30

35

D 10 L f B t i l

5

10

15

20

25

30 Draw 10 µL from Borate vial

min1 2 3 4 5 6 7

0

5

mAU

30

35

Pretreat: 0.5mL sample + 0.5 mL 8N NaOH
Draw 2 5 µL from Borate vial

5

10

15

20

25 Draw 2.5 µL from Borate vial

Better result- (>95% recovery)
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Underivatized AAs

• Reversed-Phase 

Ion Exchange• Ion Exchange

• Ion pair reversed-phase LC  

• Detectors

• ELSD
• MS
• CLND
• UV-Vis
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Underivatized Amino Acids on Bonus-RP
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Characteristic Fragments of 22 AAs and Ions Used 
in SIM Mode for Quantificationin SIM Mode for Quantification
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Determination of Underivatized Free Amino Acids 
using LC/APCI-MSusing LC/APCI MS

MS signals for specific m/z of 22 amino acids in green peas using a single injection
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22 Free Amino Acids in Various Foods*
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*as mg/100g FW



Conclusions

•There are a number of separation challenges when analyzing 
amino acids

• A flexible, automated online derivatization method for amino 
acids using ZORBAX Eclipse Plus C18 can be customized and 
optimizedp

• The variety of column choices with Eclipse Plus lets you 
choose between high resolution, high speed, reduced solvent g , g p ,
consumption, or a combination that bests suits your needs

• Amino acids can be analyzed without derivatizationy

• Instrumentation plays a key role in successful amino acid 
analysis
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