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Amino Acids — Structure, Chemistry

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

Agilent Technologies



Separation Considerations

Zwitterions - poor solubility near iso-
electric point

Most have poor UV absorbance
 Derivatization — OPA, FMOC

*Reduce polarity — increases retention in reversed-phase
chromatography

Improve sensitivity — UV, Fluorescence

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

OPA e SR’

R’SH _
" +RNH, . MR

Room Temperature

© Fluorescence: Ex 340nm, Em 450nm
Non-fluorescent DAD: 338, 10nm; Ref. 390, 20nm

Does not absorb at 338nm

FMOC

RR’NH - HCI O
‘.O +4 or > ‘.
RNH, Room Temperature 0 [NRR,

Q or
)l d  |NHR
© Fluorescence: Ex 260nm, Em 325nm

Fluorescent DAD: 262, 16nm; Ref. 324,8nm

Absorbs at 262nm and
Fluorescences at 324nm
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Names and Order of Elution for OPA and FMOC
Derivatives of Amino Acids

Peak # AA Name AA Abbreviation Derivative Type
1 Aspartic Acid ASFP OPA
2 Glutamic Acid GLU OPA
3 Asparagine ASN OPA
4 Serine SER OPA
5 Glutamine GLN OPA
4] Histidine HIS OPA
7 Glycine GLY OPA
a Threcnine THR OPA
9 Arginine ARG OPA
10 Alanine ALA OPA
11 Tyrosine YR OPA
12 Cystine CYS-CYS OPA
13 WValine WAL OPA
14 Methionine MET OPA
15 MNorvaline” NWVA OPA
16 Tryptophan TRF OPA
17 Phenylalanine FHE OPA
18 |soleucine ILE OPA
19 Leucine LEU OPA
20 Lysine LYS OPA
21 Hydroxyproline HYF FMOC
22 Sarcosine” SAR FMOC
23 Proline PRO FMOC

* Internal Standard
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Agilent AAA Methods - They’ve Evolved

« Automated Amino Acid Analysis — AminoQuant | & Il (1987)

*1090
*1100, Pub. No. 5968-5658E

« Eclipse AAA

* Columns
* 993400-902, 4.6x150mm, S5um
* 963400-902, 4.6x150mm, 3.5um
* 966400-902, 3.0x150mm, 3.5um

* Pub. No. 5980-1193E

» Eclipse Plus
» Column Options
* Application Notes
*5989-6279EN
*5990-4547EN
*5989-6297EN
*5990-3283EN
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Agilent’s Solutions for Amino Acid Analysis
A Closer Look

Agilent has one basic type of chemistry for amino acid analysis
— OPA/FMOC derivatization.

We have 3 columns and methods that can be used to achieve
separations of amino acids.

« AminoQuant — this is our oldest methodology
— It will go out of support due to supply inconsistencies

« Eclipse AAA — this method uses a specially tested Eclipse XDB-C18
column and modified mobile phase for improved resolution

— This method is not set-up for anything other than 4.6mm ID columns
— Guard columns are needed for maximum lifetime

» Eclipse Plus AAA
— Has solutions for all column dimensions and works on multiple LC’s
— Kits have not been created yet
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AminoQuant Amino Acid Method

Based on Hypersil ODS material that is specially
treated.

Currently we have to adjust the mobile phase and
provide directions to customers with each batch.

This is not good for regulated methods.

These columns will be made obsolete in the future.




" Sample:
Ami noQuant Method Amino acid standard [part no. 5061-3330]
name abbr.
L-Aspartaic acid ASP
AminoQuant L-Glgtamic acid GLU
serial no.: USOE007668 Serne SR
part no.: 79916AA-572 Glveine GLY
batch no.: 51205964 L_¥hreonine THR
L xi.d.=200x 2.1 mm;dp =5 pum | Arginine ARG
Eluent:A: 500 ml 20 mM Sodium acetate + 2 mg EDTA -Alanine ALA
+ 0.018% Triethylamine(v/v) adjusted to pH 7.2 with -Tyrosine TYR
Acetic acid + 0.3% Tetrahydrofuran -Cystine CY2
B:100 ml 20 mM Sodiumacetate adjusted to pH7.2 with L-Valine VAL
Acetic acid + 200 ml Methanol + 200 ml Acetonitrile L-Methionine MET
Gradient: L-Phenylalanine PHE
L-Isoleucine ILE
% A % B flow L-Leucine LEU
Time (min) I-Lysine LYS
0 100 0 0.45 L-Proline PRO
17.0 40 60
18.0 0 100 0.45 Flow: 0.45 ml/min
18.1 0 100 0.8 Temperature: 40 °C
23.9 0 100 Injection:  injection program, including derivatisation
24.0 0 100 0.8 steps with OPA and FMOC.
25.0 100 0 0.45 injected mixture contains 1 pyl AA sample.
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Example of Amino Acid Separation on AminoQuant

DAD1 A, Sig=338,10 Ref=390,16, TT (C:\HPCHEM\1\DATA\030818\011-0103.D)

mAU

400-

300—

200

100

1.274 - aspartic acid

These 3 amino acid pairs are difficult to separate.

*sAspartic acid/glutamic acid separation can be improved with

Eclipse AAA or Eclipse Plus AAA method.
“*Histidine/glycine can also be improved.
“*Alanine/Arginine is sensitive to ionic strength of
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mobile phase.

14.739 - lysine

14.057 - leucine

14 16 mir|
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Eclipse AAA Method

Primary goal of Eclipse AAA method was to provide better resolution of the
critical pairs in the AminoQuant method.

Secondary goal was to provide options for a faster separation.

An application/technical note and detailed instructions

are available.
The method has been in place for a number of years and is reliable.

It was originally written for an 1100 and the autosampler derivatization
protocol has been rewritten for the 1200.

Assumes a binary instrument for optimum results.
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Eclipse AAA Method

Column: ZORBAX Eclipse-AAA; 3.5um; L xi.d.=150 x 4.6 mm [USXH001289]

Eluent: A: 40 mM Phosphate buffer B: Methanol /Acetonitrile/\Water = 45/45/10
Gradient:

Time (min) %B

0 0

1.9 0

18.1 57

18.6 100

22.3 100

23.2 0

26 0

Flow: 2.0 ml/min
Temperature: 40 °C

Injection: injection program, including derivatisation steps with OPA and FMOC, injected mixture
contains 0.5 pl AA sample.

Detection: DAD
signal A: A = 338 nm, bw = 10 nm; reference = 390 nm, bw = 20 nm (for OPA-amino acids)
signal B: A = 262 nm, bw = 16 nm; reference = 324 nm, bw = 8 nm(for FMOC-amino acids)
FLD time = 0 min: ExX/Em = 340/450 nm, gain = 10

time = 15 min: EXEm = 266/305 nm, gain =9
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Amino Acids in Eclipse AAA Method

Amino acid standard [part no. 5061-3331] + supplement amino acid kit [part no. 5062-2478]

name abbr. Concentration (nmol/ul)
Aspartate ASP 0.9
Glutamate GLU 0.9
Asparagine ASN 1.8
Serine SER 0.9
Glutamine GLN 1.8
Histidine HIS 0.9
Glycine GLY 0.9
Threonine THR 0.9
Arginine ARG 0.9
Alanine ALA 0.9
Tyrosine TYR 0.9
Cystine CY2 0.9
Valine VAL 0.9
Methionine MET 0.9
Norvaline NVA 0.5
Tryptophan TRP 1.8
Phenylalanine PHE 0.9
Isoleusine ILE 0.9
Leusine LEU 0.9
Lysine LYS 0.9
Hydroxiproline HYP 1.8
Sarcosine SAR 0.5
Proline PRO 0.9
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ipse AAA Method Chromatograms (UV and FLD)
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Eclipse AAA Method

The same 3 pairs of amino acids that are poorly separated or
have problems due to mobile phase ionic strength on the
AminoQuant column are better separated by the Eclipse AAA
method.

The pH of the mobile phase is higher for this separation.

Therefore a guard column is strongly recommended for
maximum lifetime with this method.

It should be changed every 100 injections and a total expected
lifetime will be about 500 injections.
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Eclipse Plus AAA Method

Goal of the Eclipse Plus AAA method is to offer
more column options.

This includes sub 2um column choices.

Gives more options to choose between resolution
and speed.

This is more critical with more complex samples
(possibly more amino acids) and matrices.
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Amino Acid Analysis on Eclipse Plus-C18, 2.1, 3.0 or 4.6 x
50mm, 1.8y Column: Experimental Conditions

AAA on production 1200SL using Eclipse Plus-C18, 2.1 or 4.6 x 50mm, 1.8u

Mobile phase A: 10mM Na,HPO, — 10mM Na,B,O,, pH 8.2

5.6gm anhydrous Na,HPO, + 15.2gm Na,B,0O,- 10H,0 in 4L water + 32mg NaN,

Adjust to ~pH 9 with 6ml concentrated HCI and then small drops until pH 8.2. Be cautious with strong acids!

Filter through 0.45uregenerated cellulose membranes (Agilent P/N 3150-0576)

Stable for ~ 2 weeks at room temperature

Mobile phase B: ACN: MeOH: H,O 45:45:10 by volume

Injection diluent: 1ml Mobile phase A + 15ul concentrated H;PO, 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 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
8.6 2.0
Stop time 8.7

DAD: PW 0.01min; slit 4nm; Stop time 7min (adjust as needed) Cell = 5ul, 6mm flow path (Agilent P/N G1315-60025
338, 10nm; Ref 390, 20nm
262, 16nm; Ref 324, 8nm
338, 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)
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)
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Amino Acid Analysis on Eclipse Plus-C18, 2.1, 3.0
or 4.6 x 50mm, 1.8y 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:

1) Draw 2.5ul from Borate vial 1(Agilent P/N 5061-3339)
2) Draw 0.5ul from Sample vial

3) Mix 3plin washport 5X

4) Wait 0.2min

5) Draw 0.5ul from OPA vial 2 (Agilent P/N 5061-3335)
6) Mix 3.5yl in washport 6X

7) Draw 0.4pul from FMOC vial 3 (Agilent P/N 5061-3337)
8) Mix in 3.9ul in washport 10X

9) Draw 32ul from Diluent vial 4

10) Mix 20yl 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 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, 1.8y Column: DAD 125pMole on column

mAU
20

10

1 ASP
2GLU
3 ASN
4 SER
5 GLN
6 HIS
7 GLY
8 THR
9 ARG
10 ALA
11 TYR
12 CYS-CYS
13 VAL
14 MET
15 NVA
16 TRP
17 PHE
18 ILE

19 LEU 3

20LYS
21 HYP

22 SAR
23 PRO

10

Degradation peaks from old reagents

13 15
14

161718 19 20

23
22

Agilent Technologies
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Amino Acid Analysis on Eclipse Plus-C18, 4.6 x
50mm, 1.8y Column: FLD 125pMole on column

LU 22

1 ASP
2 GLU
3 ASN 21
4 SER
5 GLN
6 HIS

7 GLY

300 1

250 1

8 THR
1 9 ARG
10 ALA 9 13 15
200 1 11 TYR 1 14 A8 19
2 12 CYS-CYS 10 1
13 VAL
14 MET
150 - 15 NVA
16 TRP
17 PHE
18 ILE
100 1 19 LEU
20LYS

21 HYP l

22 SAR

: |
20
50 A 23 PRO

— — T T T T
0 1 2 3 4 5 6 min
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Amino Acid Analysis on Eclipse Plus-C18, 2.1 x
50mm, 1.8y Column: DAD 50pMole on column

mAU
20

15

10

1 ASP
2GLU
3ASN
4 SER
5GLN
6 HIS
7 GLY
8 THR
9 ARG
10 ALA
11 TYR
12 CYS-CYS
13 VAL
14 MET
15 NVA
16 TRP_
17 PHE
18 ILE
19 LEU
20LYS
21 HYP

22 SAR
23 PRO

Degradation peaks from old reagents

23

22
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Amino Acid Analysis on Eclipse Plus-C18, 2.1 x

200 1
175 ]
150 ]
125 ]
100 ]
75
50

25 1

1ASP
2GLU
3 ASN
4 SER
5 GLN
6 HIS
7 GLY
8 THR
9 ARG
10 ALA
11 TYR

12 CYS-CYS

13 VAL
14 MET
15 NVA
16 TRP
17 PHE
18 ILE

19 LEU
20LYS
21 HYP

22 SAR
23 PRO

II

14

10 11

15

18

17

19

20

50mm, 1.8y Column: FLD 50pMole on column

21

22

23
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Amino Acid Analysis on Eclipse Plus-C18, 2.1 x
50mm, 1.8y Column: FLD S5pMole on column

LU ]

14 1

12 4

10 1

1 2

1 ASP
2GLU
3 ASN
4 SER
5 GLN
6 HIS
7 GLY
8 THR
9 ARG
10 ALA
11 TYR
12 CYS-CYS
13 VAL
14 MET
15 NVA
16 TRP
17 PHE
18 ILE
19 LEU
20LYS
21 HYP

22 SAR
23 PRO

| | | )

| “ I
[

LLJ\BJ ULLJ\P
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Many Column and Instrument Options

n__ Analysis Time w/re- | Typical Minimum | Approximate mL Agilent HPLC
Method Categor Column/Method Name equilibration Resolution Factor | Solvent/ Analysis* Instrument

1  Traditional 4.6 x 250, 5 um 40 min 2.4 64 1200 or 1200 SL
2 3.0x 250, 5 um 40 min 24 28 1200 or 1200 SL
3 Rapid Resolution 4.6x 150, 3.5 pm 25 min 2 42 1200 or 1200 SL
4 3.0x 150, 3.5 um 25 min 2 18 1200 or 1200 SL
5 2.1x 150, 3.5 um 25 min 2 12 1200 or 1200 SL
6 Rapid Res HT 4.6 x 100, 1.8 um 16 min 24 28 1200SL
7 2.1x100, 1.8 um 16 min 24 8 1200SL
8 4.6 x50, 1.8 pm 9 min 1.5 23 1200SL
9 3.0 x50, 1.8 pm 9 min 1.5 10 1200SL
10 2.1x50,1.8 pm 9 min 1.5 5 1200SL

* includes injector program and pre-run DAD autobalancing (2.42 min), and re-equilibration time.
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Instrument Options

Online automated derivatization will change depending on your
autosampler

* G1376C well plate automatic liquid sampler (WPALS), with injection program:
1) Draw 2.5 pL from Borate vial (Agilent P/N 5061-3339)
2) Draw 1.0 pL from Sample vial
3) Mix 3.5 uL in washport 5X
4) Wait 0.2 min
5) Draw 0.5 pL from OPA vial (Agilent P/N 5061-3335)
6) Mix 4.0 L in washport 10X max speed
7) Draw 0.4 pL from FMOC vial (Agilent P/N 5061-3337)
8) Mix 4.4 uL in washport 10X max speed
9) Draw 32 pL from Injection Diluent vial

10) Mix 20 yL in washport 8X
11) Inject

12) Wait 0.1 min

13) Valve bypass

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

10) Mix 20 pL in air, max speed 8X
11) Inject

12) Wait 0.1 min

13) Valve bypass
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Linear Gradients

Traditional high resolution method gradients, 5 um
4.6 x 250, 5 um 3.0x 250, 5 pm
PN 959990-902 PN custom

time (min.) %B %B
0 2 2
0.84 2 2
334 57 57
335 100 100
39.3 100 100
39.4 2 2
40 end end
flow (mL/min.) 1.5 0.64

Rapid Resolution High Throughput method gradients,
1.8 um, 100 mm

4.6x100, 1.8 pm 2.1x100, 1.8 um
PN959964-902 PN959764-902

Rapid Resolution method gradients, 3.5 um
4.6x150, 3.5 um 3.0x 150, 3.5 um
PN959963-902 PN959963-302

time (min.) %B %B
0 2 2
0.5 2 2
20 57 57
20.1 100 100
235 100 100
23.6 2 2
25 end end
flow (mL/min.) 1.5 0.64

Rapid Resolution High Throughput method gradients
1.8 um, 50 mm

4.6x50, 1.8 um  3.0x50, 1.8 pm

2.1x 150, 3.5 pm
PN959763-902
%B
2
2
57
100
100

end
0.42

2.1x50, 1.8 pm

time (min.) %B %B PN959941-902 PN959941-302 PN959741-902
0 2 2 time (min.) %B %B %B
0.35 2 2 0 2 2 2
13.4 57 57 0.2 2 2 2
13.5 100 100 7.67 57 57 57
15.7 100 100 1.77 100 100 100
158 2 2 8.3 100 100 100
16 end end 8.4 2 2 2
flow (mL/min.) 1.5 0.42 9 end end end
flow (mL/min.) 2.0 0.85 0.42

- Agilent Technologies
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Agilent LC Flow Paths

Method name

LC Model

Pump

Dampener/static mixer
Purge valve to ALS

ALS

Needle seat

ALS to heat exchanger
Heat exchanger

Heat exch. to column orguard
Optional guard cartridge
Column

Post column to union
ZDV union to flow cell
Detector

Flow cell

Method name

LC Model

Pump
Dampener/static mixer
Purge valve to ALS

ALS

Needle seat

ALS to heat exchanger
Heat exchanger
Optional guard cartridge
Column PN

Column to flow cell
Detector

Flow cell

Traditional (5 pm)
High Resolution
Methods

4.6 x250,5um
1100
G1312A

yes

G1328-87600 (green 500 mm)?

G1367A
G1367-87101 (green)

G1313-87305 (green 180 mm)

G1316 A3 L

5021-1817 (green 150 mm)

820950-936-4 pk, 4.6id
959990-902

5065-9931 (200 mm green)

5022-2184
G13158B
2 ul G1315-60024

RRHT 1.8 pm Methods (100
mm)

4.6x100,1.8 um
1200SL
G13128B
yes
5021-1823 (red 400 mm)
G1367C
G1367-87201 (red)

01090-87611 (red 105 mm)

G1316-80003 1.6 L
none
959964-902
directlyconnected
G1315C
2 L G1315-60024

3.0x250,5 um
1200
G1311Aquat

n/a

G1328-87600 (green 500 mm)?

G1329A
G1313-87201 (green)
01090-87611 (red 105 mm)
G1316 A3 pL
5021-1816 (green105 mm)
821125-936-4pk, 2.1 id
custom
5065-9931 (200 mm green)
5022-2185
G1315D
2 pl G1315-60024

2.1x100,1.8 pm
1200SL
G13128B
bypassed
5021-1823 (red 400 mm)
G1367C
G1367-87201 (red)
01090-87611 (red 105 mm)
G1316-800031.6 puL
none
959764-902
directlyconnected
G1315C
2 ul G1315-60024

Rapid Resolution (3.5 um)
Methods

4.6x150,3.5um
1200SL
G1312B
yes
5021-1823(red 400 mm)
G1367C
G1367-87201 (red)
01090-87611 (red 105 mm)
G1316-800031.6 puL
5021-1820 (red 105 mm)
820950-936-4 pk, 4.6id
959963-902
n/a
n/a
G1315C
2 ul G1315-60024

RRHT 1.8 pum Methods
(50 mm)

4.6x50,1.8um
1200SL
G13128B
yes
5021-1823 (red 400 mm)
G1367C
G1367-87201 (red)
01090-87611 (red 105 mm)
G1316-800031.6 uL
none
959941-902
directlyconnected
G1315C
2 ul G1315-60024

3.0x150,3.5um
1200 SL
G13128B
yes
5021-1823 (red 400 mm)
G1367C
G1367-87201 (red)
01090-87611 (red 105 mm)
G1316-80003 1.6 uL
5021-1820 (red 105mm)
821125-936-4pk, 2.1 id
959963-302
n/a
n/a
G1315C
2 L G1315-60024

3.0x50,1.8um
1200SL
G13128B
bypassed
5021-1823 (red 400 mm)

G1367C

G1367-87201 (red)

01090-87611 (red 105 mm)
G1316-800031.6 uL
none
959941-302

directlyconnected
G1315C

2 ul G1315-60024

2.1x150,3.5um
1200 SL
G13128B
bypassed
5021-1823 (red 400 mm)
G1367C
G1367-87201 (red)
01090-87611 (red 105 mm)
G1316-80003 1.6 uL
5021-1820 (red 105mm)
821125-936-4pk, 2.1 id
959763-902
n/a
n/a
G1315C
2 ul G1315-60024

2.1x50,1.8um
1200SL
G13128B
bypassed
5021-1823 (red 400 mm)

G1367C

G1367-87201 (red)

01090-87611 (red 105 mm)
G1316-800031.6 uL
none
959741-902

directlyconnected
G1315C

2 ul G1315-60024
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Increase Sensitivity
Sensitivity increases when a longer flow cell path is used

3 mm flow cell G1315-60024
4.6 x 100 mm, 1.8 um
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2 4 6 8 10 12

» 6 mm flow cell G1315-60011
“ 4.6 x100 mm, 1.8 um

0= JU \. \ o W AN el Nmrrmmone U | S RSP N NSV NSRBI W SRt SES G N S A O N AN SR N

Group/Presentation Title

4.3 Agilent Technologies Agilent Restricted
g Month ##, 200X




ZORBAX Eclipse Plus C18 250 mm, 5 pm
Traditional High Resolution Options

1. Aspartic acid
2. Glutamic acid " 4.6 x250 mm, 5 MM
3.  Asparagine “ PN 959990-902
4. Serine 20 12 Rs= 2.4
o Histdne ’ 12 34 7 9 11 13 14 19
' . 5. g 10 | 17,4~ 20
7.  Glycine 10 | -6 | | 18
8. Threonine i ] I 1516 21 22 54
9.  Arginine IR ,
10.  Alanine o e =Y
1 1 . Tyrosine 10 15 20 25 30 m
12 Cystine w 3.0x250 mm, 5 pum
13.  Valine »  PNcustom
14.  Methionine | Rs=2.3
15.  Norvaline . | | ¥ ‘ : — {—A—\ O
16.  Tryptophan 5 ‘;
17.  Phenylalanine . | “ (i | X |
18.  Isoleucine ‘; /A |
19. Leucine I | |
20. Lysine ol U _ JUJUNY Jl Je AL JUlL JUL_
21 - Hyd roxyprOIine 5 10 15 20 25 30 min
22.  Sarcosine
23.  Proline
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ZORBAX Eclipse Plus C18 150 mm, 3.5 ym
Rapid Resolution (RR) Options

1. Aspaticacid = 4.6 x 150 mm, 3.5 um
2. Glutamic acid PN 959963-902 12
3. Asparagine 30 2 3 9 | Rs=2.6 9
4. Serine 1 ‘ 4 7 10 M 14
. 20 | 5 6 8 . 13 151q—k—\ 19
5. Glutamine 0 o Lo ‘ 21
6.  Histidine £V L | L 22 23
7' GIyCIne 25 5 75 10 12.5 15 175 min
8.  Threonine 3.0 x 150 mm, 3.5 ym Rz 2.0 20
9. Arginine © PN 959963-302 | {_A_\
10.  Alanine © ‘ ‘
11.  Tyrosine " |
12.  Cystine 0
13.  Valine . b _ Ul Jul
14' Methlonlne 25 5 7.5 10 12.5 15 17.5 min
15.  Norvaline . 20
16.  Tryptophan « 2.1%x150 mm, 3.5 um
17.  Phenylalanine .,  pN 959763-902 Rs= 2.0
18. Isoleucine 0 ; ‘ {_A_\
19. Leucine o
20. Lysine I ) \ U \ JUVUL Ji L N ) ,
21 ' Hyd roxyprOIine 25 5 75 10 125 15 17.5 m
22.  Sarcosine 20
23.  Proline
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ZORBAX Eclipse Plus C18 100 mm, 1.8 ym
Rapid Resolution High Throughput (RRHT) Options

1. Aspartic acid Ay 12 20

2. Glutamic acid 4.6 x 100 mm, 1.8 MM

3. Asparagine © PN 959964-902 3

4, Serine 2 | 4 7 10 14 Rs=26

5. Glutamine * 1 | 6 | 8 M 13 1?_1_\ 19

6. Histidine 2 “ | ‘ ‘ N ‘

7. Glycine ‘ ‘ ‘ 15 21

8. Threonine 1 ‘ | I 22 23

9. Arginine J | L ‘ | ‘

10.  Alinine I ; . . . - Ve
11.  Tyrosine )

12, Cystine » 2.1x100 mm, 1.8 um

13.  Valine . PN 959764-902 Rs= 2.4

14.  Methionine ‘ | |

15.  Norvaline ao | | | | e

16.  Tryptophan | | R | | 2 03
17. Phenylalanine ” o | | “ N

18. Isoleucine o ‘ ‘

19.  Leucine | | 1/ | L LI 22
20. Lysine o | ' | U | Vo / JI

21.  Hydroxyproline 2 4 6 8 10 2 14"
22.  Sarcosine

23.  Proline
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ZORBAX Eclipse Plus C18 50 mm, 1.8 pm
Rapid Resolution High Throughput (RRHT) Options

1. Aspartic acid N

2. Glutamicacd , 4.6 Xx 50 mm, 1.8um Rs= 1.9

3. Asparagine . PN 959941-902 12Rs= 1.9 20

4. Serlne_ N 1 2 3 4 678 940 11 ‘ 16 |

5. Glutamine -5 ‘ A5 19

6.  Histidine NI, (I | | NRE, 22 23

7. Glycine : ; 4 5 6 .
8. Threonine . 3.0 x 50 mm, 18|Jm Rs= 1.6 7

9. Arginine ., PN 959941-302 | ""Rs=1.6

10.  Alinine © | -

11.  Tyrosine “ KR | ‘ ‘ | ‘

12.  Cystine . | | il | L

13.  Valine SN ‘ ; R | | i |

14.  Methionine I I . : : -
15.  Norvaline N 2.1 x50 mm, 18pm Rs= 1.5 7

16.  Tryptophan » PN959741-902 Rs= 1.5 ' Rs=1.5p.- 15

17.  Phenylalanine o | | /_L\

18.  Isoleucine “ | 1 | |

19. Leucine

20. Lysine ol i | ‘ VARV , ; _J

21.  Hydroxyproline . 2 s . ! : "
22. Sarcosine 7

23.  Proline
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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

0 2
035 2
134 57
S RRHT Eclipse Plus C18
mAU 15.8 2 3.0x100 1.8 um
16 end
50 ‘ | Pmax=474 bar
0 'F=0.86 mL/min
0 2 4 6 8 10 12 min
Original 1200 SL injection program Original 1290 Infinity injection program
100 uL sample loop 20 uL sample loop (40 uL available)
1) Draw 2.5 uL from Borate vial (Agilent P/N 5061-3339) 1) Draw 1.3 pL from Borate vial (Agilent P/N 5061-3339)
2) Draw 1.0 pL from Sample vial 2) Draw 0.5 plL from Sample vial
3) Mix 3.5 uL in washport 5X 3) Mix 1.8 pLin location P1C1 5X default speed, offset
4) Draw 0.5 L from OPA vial (Agilent P/N 5061-3335) 4) Draw 0.5 pL from OPA vial (Agilent P/N 5061-3335)
5) Mix 4.0 uL in washport 10X max speed 5) Mix 2.3 pLin location P1C1 5X default speed, offset
6) Draw 0.4 pL from FMOC vial (Agilent P/N 5061-3337) 6) Draw 0.2 pL from FMOC vial (Agilent P/N 5061-3337)
7) Mix 4.4 uL in washport 10X max speed 7) Mix 2.5 pyLin in location P1C1 5X default speed, offset
8) Draw 32 pL from Injection Diluent vial 8) Draw 7.4 pL from Injection Diluent vial
9) Mix 20 pL in washport 8X 9) Mix 9.9 pLin location P1C1 5X default speed, offset
10) Inject 10) Inject
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Double Flow Rate and Halve Gradient Time to

Double Throughput

mAU
50
0 time (mQ.) %B 4 6 8
0 2
0.35 2
134 57 RSes=2.90  y, , =0.036 min.
mAU 13.5 100 Rs,413=2.34
15.7 100
50 15.8 2
0 16 end
0 , _ 4 6 8
) time (min.) %B
| o 2
.18
67 57 RSes=2.77 RSy, 11=2.06
| 6.8 100 Wy, ¢ =0.023 min. Rs14,13=2.12
7.8 100 ‘
79 2
8 end
0 1 2 3 4 5

Agilent Technologies

RRHT Eclipse Plus C18
3.0x 100

Pmax=474 bar

' _F=0.86 mLI_min

10 12 min

RRHD Eclipse Plus C18
3.0x 100

Pmax=528 bar
F=0.86 mL/min

10 12 min

RRHD Eclipse Plus C18
3.0x100

Pmax=1000bar
F=1.72 mL/min

min
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Summary of Method

« Use a programmable autosampler to do on-line derivatization
- OPA reacts with 1° amino acids
- FMOC reacts with 2° amino acids

« Use a gradient to separate the derivatized amino acids

« Use UV and FLD to detect derivatized amino acids

Amino Acid Analysis - Agilent Restricted

Agilent Technologies

June 24, 2010




Examples

« Samples from AOAC methods using SampliQ
QuEChERS kits

* Fruits & Vegetables
* Apple
e Spinach
* Beverages

* Protein Hydrolysates

Agilent Technologies



Amino acids in Apple
from QUEChERS tube (AOAC Method 2007.01)

mAU RRHD Ecli Plus C18 e .
S w0 o Acetonitrile Fraction

25

20 F=0.42
15
b Organic

0 o 2 4 6 8 10 12

2
mAU ! .
;gg 7 Aqueous Fraction Pulp
<

w S 3
60 5 ‘ < 59
- @ 3 Aq. layer
20 © n O f q. lay
o , \ . - , . o

0 2 4 < 6 <>t8 10 12 14 ' Salt

) s 27 AA'Standard
< z
23 % Nawy ak 2
v -3 wOp T AILE > £2 L F5 B- 225 pmol/ul
30 0] T B é a 7% gaT o o
1 R > g o

20 I | I (/2] 14
10 oo
0 WA

0 2 4 6 8 10 12 14 min

Includes: GABA, B-alanine, taurine, theanine, norvaline, hydroxyproline, sarcosine
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Amino acids in Spinach leaf
from QUEChERS tube (AOAC Method 2007.01)

RRHD Eclipse Plus C18

mAU 21 x100 iy .
20,42 mLimin Acetonitrile Fraction

‘ Organic
0 ) — B S AN - : I_ayer

0 2 4 6 8 10 12
o z 3
mAU 2 2 o .
= ‘) Aqueous Fraction Pulp
= O
150 | | x <
(O] ‘ 14 < < o w w ) *
14 I - 14 I 1]
122 el F < 5 - =4 Aq. layer
0 .
0 2 4 < 6 8 10 12 14
0Z
mAU z g
. < w 27 AA Standard
40 - E| ml—
30 |<£ g |
20 I ‘ ( |
10
0
0 2 4 6 8 10 12 14 m
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Amino Acid Profile Comparison

APPLE fr High in aspartic acid, High in aspartic acid,

*SPINACH Leaf

mAU | z asparagine, alanine, GABA  glutamic acid, asparagine,
3 © arginine, GABA
2
- Low in glutamine, arginine  High in glutamine, arginine
others others
200 _ Poor in 8 of 8 essentialaa  Rich in 6 of 8 essential aa
o
Apple | Spinach_
O« a
¢ <% w,” ¢ ASP 99 195
\ M - ol ASN 77 220
ol ‘ : ALA 31 46
0 | GABA 43 22
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Comparison of the Amino Acid Content of a
Variety of Bottled Beers

Amino Acid Typical American Beer American Beer brewed to German Beer brewed for| English Beer brewed for
German purity laws US market US market
HMoles /ml HMoles iml HMoles Imil BMoles /ml
ASP 1.06 0.73 0.26 1.15
GLU 1.07 0.93 0.80 1.98
ASN 1.19 0.98 0.14 0.54
SER 0.45 0.40 0.12 0.26
GLN 0.67 0.76 0.38 0.33
HIS 0.68 1.00 1.07 0.89
GLY 1.54 2.00 1.61 1.57
THR 0.30 0.34 0.74 0.20
ARG 0.48 0.94 1.29 1.83
ALA 4.28 514 4.56 4.60
TYR 1.36 2.86 1.65 1.77
CYS-CYS 0.08 0.10 0.08 0.05
VAL 1.92 3.35 1.93 2.83
MET 017 0.27 0.11 0.16
NV A 1S IS IS s
TRP 0.58 1.07 0.80 0.67
PHE 1.33 2.21 1.23 2.07
ILE 0.54 097 0.34 0.94
LEU 1.02 1.71 0.55 1.75
LYS 0.30 0.32 0.08 0.90
HYP 0.20 1.74 1.17 1.26
SAR 1S IS IS Is
PRO 8.65 34.84 15.88 10.29
Total = 27.9 62.7 34.8 36.0

Agilent Technologies
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Underivatized AAs

* Reversed-Phase

 lon Exchange

* lon pair reversed-phase LC
* Detectors

« ELSD
« MS

« CLND
« UV-Vis
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Underivatized Amino Acids on Bonus-RP

Method

LC Conditions

Column: ZORBAX Bonus-RP, narrow-bore
(100 mm = 2.1 mm, 3.5 pm)

Flow rate: 0.2 mL/min

Mabile phase: 0.01 mM acetic acid in 0.2% agueous
solution of formic acid

Injection: 20 pL out of 1000 pL

MS Conditions

lonization mode: Positve APC

Mebulizer pressure: K5 psi

Drying gas flow: 4 L/min

Drying gas temperature: 320 °C

Vaporizer temperature: 425 °C

skimmer: 20V

Capillary voltage: 3 kW

Fragmentor voltage: RSV

Dweell time: 27 ms

Pub. No. 5989-5838EN
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D

Alanine (ala
Arginine {arg)
Asparagine (asn)
Aspartic acid (asp)
Cysteine [cys)
Cystine(cys-cys)
Glutamic acid (glu)
Glutamine (gln)
Glycine (gly)
Histidine (his)
Hydroxyproline (hyp)
Leucine-isoleucine (leu-ile)
Lysine {lys)
Methionine (met)
Phenylalanine {phe)
Proline {pro)

Serine |ser)
Threonine (thr)
Tyrosine (tyr)
Tryptophan (trp)
Valine (val)

Fragment
ions m./z

90,73

175,129
133,116, 87, 74
134, 116, 88
122,105, 87, 73
241,122

148, 130, 102
147,130, 101
76. 59

156, 110, 96, 73, 53
132, 86

132, 86

147, 130, 84
150, 133, 104
166, 149, 120
116, 70
106, 58, 60
120,102, 74
182, 165, 136, 123
205, 188, 130
118,72

Selected
ion m/z

a0

175
133
134
122
241
148
147
16

156
132
132
147
150
166
116
106
120
182
188
118

Agilent Technologies

Characteristic Fragments of 22 AAs and lons Used
in SIM Mode for Quantification
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Determination of Underivatized Free Amino Acids
using LC/APCI-MS

35000
30000
25000
20000
15000
10000

5000

1400
1200
oo
800
600
400
200

20000
15000
10000

5000

MS signals for specific m/z of 22 amino acids in green peas using a single injection

Lysine Glutamine
T
] min
Histidine
T
b min
Arginine

|

b min

8000
6000
4000
2000

Alanine

] min

Threonine

] min

Leucine-isoleucine

Hydraxyproline

1600
1400
1200
1000
800
600
400
200

12000
10000
8000
6000
4000
2000

2000
1750
1500
1250
1000
750
500
250

Cystine

o

Valine

{°

Methionine

/

1000
800
600
400
200

10000
8000
6000
4000
2000

4000
3000
2000
1000

Glysine

/

Serine
g min
Aspartic acid
o
5 min

900
800
700
600
500
400
300
200

7000
6000
5000
4000
3000
2000
1000

0

10000
8ooo
6000
4000
2000

Cysteine

/

Glutamic acid

/
_

T
5 min

Proline

5000
4000
3000
2000
1000

6000
5000
4000
3000
2000
1000

1400
1200
1000
800
600
400
200

Tyrosine

Tryptophan
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22 Free Amino Acids in Various Foods*

Foad Types Ala Arg Asn Bsp Cys Cys-Cys  Glu Gln Gly His Hyp
Baby food 359 125 .07 asn 017 77 037 1.08 052 0.30 1.42
Toarmato 10.07 1w 1.02 B8 1.3 1.52 8594 49.64 203 0 073
Pea G0.84 e 11210 a2z 6.5 382 1578 57.49 7.42 37 1.17
Pear = L0O0 1.81 4507 17.m 0.60 1358 818 B5.33 1.14 < LOD < LOD
Apple paste = L0o0 1.40 380 358 0.30 16.04 218 23.48 < LOD < LOD < LOD
Apple juice 2.03 179 12.80 1058 0.8 1252 482 .89 < L00 013 043
Sour cherry juice 153 1.62 2410 730 038 10.95 n 52.45 = L0O0 1.1 niz
Orange juice 385 B30 g8 15.15 070 9.99 10 336 138 1.1 0s3
Pomegranate juice 15.66 1.98 1358 17.33 0.3 16.53 17.23 4235 = L0O0 017 o044
Peach juice 338 1.64 T8 2152 0.84 12.26 338 10.05 1.44 014 03s
W hite grape juice BS54 218 1050 16.08 050 16.08 83 4150 1.26 AN] 043
Red grape juice B8 .60 532 554 074 17.60 7.98 .17 152 1.45 nsz
Beer 4.00 0.8 2.08 115 = L0o0 533 1.80 154 1.48 028 859
Milk 7.02 16.50 8499 4.00 0.36 1612 Q06 485 138 075 036
Wine 4.49 1.3 094 0355 0.66 0.4z 073 0.42 1.69 0.45 o4
Honey 12.23 < LOD 416 843 = L0O0 203.22 7.93 18.90 283 1.26 076
Green coffee 41.06 L3 .38 70.28 4319 14.82 5718 389 343 a7 < LOD
Haz elnut 12.98 1.28 2.21 13106 = L0O0 .02 21.m 051 57 < LOD < LOD
Walnut B5E 271 a7l 742 = L0o0 490 4680 355 172 0.3 074
Almond 11.39 114 57.51 44,492 073 450 300 6.31 376 0 046
Pistachio 2515 7.58 1445 27.40 136 5.82 A564 28 288 < LOD T.28
Food Types Lew-ile  Lys Mat Phe Fro Ser Thr Tr Trp Val

Baby food 0.0 < LOD ozo 0.26 nre 0.40 1.66 0s0 01z 1.21

Tornato 0.96 < LOD Q&3 3.25 630 38 2.70 25 074 2.43

Pea 26.84 1741 444 1352 2150 55.52 0ol 15.45 | 38.60

Pear 138 < LOD = L0D 0.44 17.92 386 1.23 0.58 .48 525

Apple pasts < L0 < LoD « LoD «< LoD < L0 0.57 « LoD < LoD « LOD < LoD

Apple juice 0.3z < LOD < L0D < LOD 448 n7a 033 < LOD S Kili] 170

Sour cherry juice 0.23 < L0D 452 014 B52 1.29 053 0.5 < L00 262

Orange juice 0.7 178 472 0.89 3055 B.O7 1.13 0.99 058 R
Pomegranate juice 1.3 < LoD 053 0.04 Ba2 a0 1.94 1.76 0.64 462

Peach juice < LOD < LOD = L00 0.45 12.89 248 117 033 < LOD 218

W hite grape juice 154 1.21 el 0.81 B.04 280 1.75 1.80 064 510

Red grape juice 1.80 1.3 e 1.88 14.05 4.30 533 3.0 07s 5.03

Beer = L0O0 117 030 0.15 0.84 < LOD 03z 0.3 < LOD R

Milk 204 1.43 1.80 0.61 1161 314 ER 233 065 5.40

Wine 0.23 1.28 0zs 025 3050 0.3 03l 23 1.86 0.ga

Honey 2.08 4180 < L0D 1118 g1.32 6.31 B8 8.63 S Kili] e

Green coffee B3 435 1.66 1431 3230 20,48 363 1358 T.66 8.61

Haz elnut M 206 = L00 2.4 538 3 2.38 369 218 408

Walnut 1.81 1.64 nsz 1.08 550 1.44 1.12 171 175 am *
Almond 7.1 4493 1.493 6.08 3365 7.82 334 .07 228 10.33 aS mg/1 Oog FW
Pistachio 275 38 1.43 381 55.08 3.80 | .00 151 573
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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
optimized

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

« Amino acids can be analyzed without derivatization

* Instrumentation plays a key role in successful amino acid
analysis
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