
Group/Presentation Title
Agilent Restricted

Month ##, 200X

Amino Acid Analysis of 
Spinach and Apple by 

UHPLC Maureen Joseph
Joan Stevens
Judy Berry
John W Henderson Jr
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• Background of AAA on Eclipse Plus C18

• Transfer to UHPLC

• Chromatograms of Spinach and Apple

• Recent protein hydrolysate work
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Automated Online Precolumn Derivatization
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The primary amino groups react with ortho-phthalaldehyde (OPA) in the presence of 3-
mercaptopropionic acid (3-MPA) at about pH 10 to form an isoindole derivative. Secondary amino 
groups do not react. The OPA derivatized amino acid is then detected by UV at 338 nm.

The secondary amino groups react with 9-fluorenylmethyl chloroformate (FMOC) at pH 10 to form a 
secondary amide. The FMOC derivatized amino acid is then detected by UV at 262 nm.



Amino Acid Analysis on Agilent 1200SL
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An Eclipse Plus C18 5µm Option (40 min with re-equilibration)

A Rapid Resolution 3.5µm Option (24 min with re-equilibration)
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1. Aspartic acid
2. Glutamic acid
3. Asparagine
4. Serine
5. Glutamine
6. Histidine
7. Glycine
8. Threonine
9. Arginine
10. Alinine
11. Tyrosine
12. Cystine
13. Valine
14. Methionine
15. Norvaline
16. Tryptophan
17. Phenylalanine
18. Isoleucine
19. Leucine
20. Lysine
21. Hydroxyproline
22. Sarcosine
23. Proline

Presenter
Presentation Notes
Here are results of two existing methods…Scalability between different particle sizes and different lengths,  3/5 of timeNote analysis times (long)Smaller particles have higher efficiency, therefore more Rs, maintain N in smaller length, shorter analysis timeWe can continue this method scaling with sub two micron columns
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What is Different About Columns for UHPLC?

Only Two Things:

1. Column Particle Size
Smaller particle sizes are used (<2um)

2. Column Operating Pressure Limits
Pressure limits for the column and LC instrument are > 400 bar, for 
UHPLC instruments, 600 – 1200 bar is typical (8700-17400 psi)

Everything else about the column remains the same

Presenter
Presentation Notes
UHPLC – Ultra High Performance LC or for some ultra high pressure LC includes are variety of LC choices with a range of maximum pressure limits, flow rate ranges or other options in performance.  The UHPLC instruments include those designed for high throughput or fast LCThe instruments generally fall into the category of those that operate above 400 bar or 6000 psi.  .With these instrument the desire is to have small particle size columns because they deliver higher efficiency, more resolution and greater productivity when combined with higher pressure instruments.  The typical particle sizes for these columns ranges from sub two micron to some of those in the 2-3um particle size range.  The sub two micron columns are one of the highest efficiency choices available in the marketplace.Not every column or application requires going over 400 bar, but having the flexibility to operate at the higher pressures for many applications can provide more speed or greater resolution especially when using longer 1.8um columns.The new Agilent 1290 LC can operate up to 1200 bar and to take advantage of this pressure range columns need to be available for this expanded pressure range – these are the new Rapid Resolution High Definition (RRHD) columns.



Amino Acid Analysis on 1290 Infinity UHPLC
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1200SL 1290 Infinity

Presenter
Presentation Notes
AA is a complicated method: automated derivatization, gradient, twenty closely eluting peaks…Different dwell volume, Different pump,  heavy duty drive motors, new pistons, microfluidic heat exchangers, ALS- 20 ul loop, detector, flow cell, DIFFERENT COLUMN (diam. Length, RRHT v RRHD) how much modification will be needed or easy method transfer?
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17 Amino Acid Analysis on 1290 Infinity 

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
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

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
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

original 1200 SL  injection program
100 uL sample loop

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

time (min.) %B
0 2

0.35 2
13.4 57
13.5 100
15.7 100
15.8 2
16 end

Presenter
Presentation Notes
Easy transfer! Straightforward, scaled gradient and flow for column dimensions, and changed injector program because of  smaller loop, benefits are shorter analysis time, less solvent.  RRHT col designed for 600 barDelay volume, different pump other differeces between i200 and 1290 did not have detrimental effect on analysisDAD1 C, Sig=338,10 Ref=390,20, TT (010127_JWH\AAADEVELOP00045.D) DAD1 C, Sig=338,10 Ref=390,20, TT (100121_JWH\AAADEVELOP00031.D) DAD1 C, Sig=338,10 Ref=390,20, TT (100121_JWH\AAADEVELOP00032.D)
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Transferability between RRHT and RRHD columns
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Presenter
Presentation Notes
Nexted triied RRHD col, easy transferability, Scalability  RRHD col designed for 1200 bar, packed with same particle therefore has same selectivity, resolution, still lotsa room for increased pressure so…Notice the faster analysis times, 0.86 is equivelent to 2 mL/min10% pressure increase w RRHDDAD1 C, Sig=338,10 Ref=390,20, TT (010127_JWH\AAADEVELOP00045.D) DAD1 C, Sig=338,10 Ref=390,20, TT (100121_JWH\AAADEVELOP00031.D) DAD1 C, Sig=338,10 Ref=390,20, TT (100121_JWH\AAADEVELOP00032.D)
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Double Flow Rate and Halve Gradient Time to 
Double Throughput
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Presenter
Presentation Notes
Scalability  RRHD col designed for 1200 barChromatography triangle, increasae speed, gain sensitivity, but lose ResolutionOriginal 20- 30 min HPLC analyses to 7.5 min including reequilibration  and still maintain RsDAD1 C, Sig=338,10 Ref=390,20, TT (010127_JWH\AAADEVELOP00045.D) DAD1 C, Sig=338,10 Ref=390,20, TT (100121_JWH\AAADEVELOP00031.D) DAD1 C, Sig=338,10 Ref=390,20, TT (100121_JWH\AAADEVELOP00032.D) DAD1 C, Sig=338,10 Ref=390,20, TT (G:\LC_APPS 1290#2\100121_JWH\AAADEVELOP00039.D



The QuEChERS Technique
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Weigh 15 g comminuted sample (±0.1g) in 50 mL centrifuge tube

Add 100 µL of IS (TPP) solution, and QC spike solution if  necessary, vortex 1min 

Centrifuge @ 4000rpm for 5min

Vortex 1min, centrifuge @ 13,000 rpm for 
2 min for 2 mL tubes

Or @ 4000 rpm for 5 min for 15 mL tubes

Add 15mL of ACN containing 1% HAc 

Cap and shake vigorously for 1min

Transfer 500 µL extract to autosampler 
vial 

Analyze by GC/MS

Add SampliQ AOAC QuEChERS Extraction salt packet PN 5982-5058

Transfer 1 mL of upper ACN layer to 
SampliQ AOAC Dispersive-SPE 2 mL tube, 
or 8mL to SampliQ AOAC  Dispersive-SPE 

15 mL tube

Filter 2 mL of lower aqueous layer 
through a “2 in 1 regenerated 

cellulose/polypropylene 0.45 um 
syringe filter, PN 5042-1392” into an 

autosampler vial 

Analyze by UHPLC/ UV or 
fluorescence

Presenter
Presentation Notes
Flow chart of the Agilent SampliQ QuEChERS AOAC extraction procedure for pesticides is in the gray boxes.First introduced by USDA scirentists in 2003, modified to address problematic pesticides including a buffered extraction system, full validation for more than 200 pesticides, became an official AOAC method  Single step extraction while simultaneaously salting out water from the sample using anhydrous magnesium sulfate to induce liquid-liquid partitioning.  Then dSPE with PSA (primary secondary amine) to remove fatty acids and other components See it’s a GC methodthat uses the top organic layer The aqueous layer contains amino acids and is not used in the AOAC Method 2007.01  or EN Method 15662, but was analyzed with the Eclipse Plus C18  AAA LC methodQuechers clean up sample matrix  to remove chromatographic  interferences, retain analytes of interest.Salt packet = 80% magnesium sulfate, 20% sodium acetate



Amino acids in Apple 
from Quechers tube (AOAC Method 2007.01)
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RRHD Eclipse Plus C18
2.1 x 100
F=0.42

Presenter
Presentation Notes
Added sevearal other aa common in energy drinksCgrams not to same scaleAmino acid Profile differ from cultivar to cultivar, also even location to location,  makes possible the detection of mixtures or aduteration of fruit juicesAlso want to point out GABADAD1 C, Sig=338,10 Ref=390,20, TT (F:\AAASPINACH 2010-02-05 12-07-58\APPLESPIN000006.D) DAD1 C, Sig=338,10 Ref=390,20, TT (F:\AAASPINACH 2010-02-05 12-07-58\APPLESPIN000004.D DAD1 C, Sig=338,10 Ref=390,20, TT (F:\AAASPINACH 2010-02-05 12-07-58\AAEXSTDS000007.D



GABA: It’s a valuable component of free amino acid pool 
in most prokaryotic and eukaryotic organisms

In  vertebrates:

GABA is the major neurotransmitter 
inhibitor in the central nervous 
system that prevents anxiety and 
stress related messages from 
reaching the motor centers of the 
brain

Inhibits the migration of colon 
carcinoma cells- paving the way to 
develop  drugs to delay or inhibit 
cancer

In plants GABA might have a role in:

pH regulation

Nitrogen storage

Plant development 

Plant defenses
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Amino Acid and GABA content in different cultivars of Momordica charantia L.
S. Park, Y. Kim, H. Xu, H. Boo, S. Lee, 
Journal of Medicinal Plants Research Vol. 3(11), pp.897-900 November 2009

Presenter
Presentation Notes
GABA is a non protein amino acid synthesized from the decarboxyllation of L-glutamateBitter melon



Amino acids in Spinach leaf
from Quechers tube (AOAC Method 2007.01)
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Presenter
Presentation Notes
DAD1 C, Sig=338,10 Ref=390,20, TT (F:\AAASPINACH 2010-02-05 12-07-58\APPLESPIN000007.D) DAD1 C, Sig=338,10 Ref=390,20, TT (F:\AAASPINACH 2010-02-05 12-07-58\APPLESPIN000005.D) DAD1 C, Sig=338,10 Ref=390,20, TT (F:\AAASPINACH 2010-02-05 12-07-58\AAEXSTDS000007.D)



Comparing Amino Acid Profiles
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Apple Spinach

High in aspartic acid, 
asparagine, alanine, GABA

High in aspartic acid, 
glutamic acid, asparagine, 
arginine, GABA

Low in glutamine, arginine
others

High in glutamine, arginine
others

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

ug/mL Apple Spinach
ASP 99 195
ASN 77 220
ALA 31 46
GABA 43 22
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Presenter
Presentation Notes
wavelenght swith to detect secondary aas



Linearity (9-900 pmol/uL) of Early, Middle and Late 
Eluting Amino Acids
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Quantitative Limit 
UV detection with 10 mm Maxlight flow cell, 4nm slit
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S/N 9 pmol/uL LOQ S/N 10:1
glutamic acid 21:1 4 pmol/ul
tyrosine 32:1 3
lysine 21:1 4
proline 9:1 10

9 pmol/uL std
27 amino acids
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Presenter
Presentation Notes
Increase sensitivity by 60 mm flow cell or FLD or larger slit widthVolume of max light flow cell=1 uL, the 1200SL 10 mm cell=13 uL also a 3mm, 2uLOriginal uV method 100-1000 pmol /uL and high sensitivity method (FLD was 10-100 pmol)  with 1290  UV were able to increase sensitivity.



Repeatability on 1290 Infinity
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Group/Presentation Title
Agilent Restricted

Peak Area
amino acid Injection 1 Injection 2 Injection 3 Injection 4 Injection 5 Injection 6 Injection 7 Injection 8 Injection 9 StDEV Mean %RSD

glu 90.7 93.7 92.4 93.1 93.8 94.7 92.5 95.7 93.2 1.43 93.3 1.5
ala 109.9 113.2 111.8 112.1 113.3 114 111.6 116 113.3 1.72 112.8 1.5
cy2 153.2 157 155 157 157.8 159 154.4 162.6 158 2.79 157.1 1.8
lys 142.3 142.5 137.1 144.4 141.9 143.5 137.9 140.7 138.9 2.55 141.0 1.8
pro 60.8 62.9 61.8 65.8 60.9 63.2 61.2 70.2 61 3.11 63.1 4.9

Eclipse Plus C18 2.1 x 150, 3.5 um

RRHD Eclipse Plus C18 2.1 x 100, 1.8 um



Acidic Protein hydrolysates on 1200SL
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AOAC 994.12
0.5 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)
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

Draw 2.5 µL from Borate vial

Presenter
Presentation Notes
0.4N Borate pH 10.2, First impression was low aa concentration so I switched to FLD, but found out standard had much higher signal compared to samples, so something was different with sample: strong acidity DAD1 A, Sig=338,10 Ref=390,20 (G:\NEWKRUSTY (QUAT)\100204_JWH\BORATE000003.D



Acidic Protein hydrolysate
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Draw 2.5 µL from Borate vial

Draw 10 µL from Borate vial

Better result

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
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) Mix 20 µL in washport 8X
10)  Inject

Presenter
Presentation Notes
Increased borate in injector program and gained sensitivity DAD1 A DAD1 A, Sig=338,10 Ref=390,20 (G:\NEWKRUSTY (QUAT)\100204_JWH\BORATE000004.D, Sig=338,10 Ref=390,20 (G:\NEWKRUSTY (QUAT)\100204_JWH\BORATE000003.D DAD1 A, Sig=338,10 Ref=390,20 (G:\NEWKRUSTY (QUAT)\100204_JWH\BORATE000008.D



Acidic Protein hydrolysate
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Draw 2.5 µL from Borate vial

Draw 10 µL from Borate vial

Pretreat: 0.5mL sample + 0.5 mL 8N NaOH
Draw 2.5 µL from Borate vial

Better result- (95-110% recovery)

Presenter
Presentation Notes
 pretreating the hydrolysates with base brings pH up to 10 for derivitzation to occur properly, and led to 95-110% recovery of animal feed hydrolysatesDAD1 A DAD1 A, Sig=338,10 Ref=390,20 (G:\NEWKRUSTY (QUAT)\100204_JWH\BORATE000004.D, Sig=338,10 Ref=390,20 (G:\NEWKRUSTY (QUAT)\100204_JWH\BORATE000003.D DAD1 A, Sig=338,10 Ref=390,20 (G:\NEWKRUSTY (QUAT)\100204_JWH\BORATE000008.D



Conclusions
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• An automated online derivatization method for amino acids 
using ZORBAX Eclipse Plus C18 was easily transferred from 
a 1200SL to a 1290 Infinity UHPLC

• Chromatographic performance improved over previous1200 
SL method (repeatability, linearity, and LOQ).

• QuEChERS  extraction techniques may be a useful for 
analyzing fruit or vegetable for amino acids. 

• If recovery is  low for very acidic protein hydrolysates, 
neutralize to improve derivatization/recovery.

• Flexibility for optimization and customization: column choices, 
flow rates, injector programming
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