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RESULTS AND DISCUSSION 
 
The automated derivatization for the UPLC AAA Solution was 
evaluated for accuracy, precision and stability and compared to 
the manual derivatization for accuracy. Matching sets of six 
samples were prepared both manually and by an automated 
derivatization completed by the Tecan    Freedom EVO. An 
overlay of the 25 pmole on column standard is shown below.  
 

CHROMATOGRAPHIC CONDITIONS 

 
UPLC® Amino Acid Analysis Solution 

Column: AccQ•TagTM Ultra 2.1 x 100mm, 1.7µm  
Mobile Phases: AccQ•Tag Ultra Eluent A and Eluent B 
Flow Rate: 0.7 mL/min   
Injection Volume: 1.0 µL 
Gradient: AccQ•Tag Ultra Standard Gradient  
Column Temp: 55 oC   
Detection: UV @ 260 nm  
Instrument: ACQUITY UPLC® System with TUV  
 
MassTrak Amino Acid Analysis  Solution 

Column: MassTrak™ AAA 2.1 x 150 mm, 1.7µm 
Mobile Phases: MassTrak™ AAA Eluent A and Eluent B 
Flow Rate: 0.4 mL/min   
Injection Volume: 1.0 µL 
Gradient: MassTrak AAA Standard Gradient  
Column Temp: 43 oC   
Detection: UV @ 260 nm  
Instrument: ACQUITY UPLC System with TUV  
 
 

Figure 1. Reaction of AQC reagent with amino acids. The 6-
aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC) 
reagent reacts with both primary and secondary amines. 
Excess reagent reacts with water to form 6-aminoquinoline 
(AMQ). Subsequently, AMQ can react with excess AQC reagent 
to form a bis urea. Both of these side products do not interfere 
with the identification of any of the  amino acids. The           
derivatives are stable for days, permitting batch-wise process-
ing. Derivatization chemistry is used in both the UPLC® AAA 
Solution and MassTrak AAA Solution. 
 

INTRODUCTION 
Amino acids play an important role in many 
biological and physiological processes. Their 
importance has led to the use of amino acid 
analysis across a wide number of applications 
and research endeavors. These include protein 
structure characterization, determining the 
nutritional value of foods and feeds, monitoring 
cell cultures, and clinical research applications 
involving metabolic pathways. In all cases, the 
measurements must be accurate and precise. The 
analytical process must have the highest 
throughput consistent with reliable results. We 
have developed two robust protocols that include 
both the derivatization of amino acids and 
chromatographic analysis. The Waters UPLC® 

Amino Acid Analysis Solution has been applied 
across the range of applications, including protein 
characterization and the analysis of cell culture 
media. For physiological amino acids, the 
MassTrak™ Amino Acid Solution provides the 
same characterization for research use only. Both 
methods provide faster and more robust analyses 
than traditional methods. The limiting step in the 
analysis process is now in sample handling. A 
robotic sample preparation instrument has been 
optimized for the amino acid derivatization. 
Results are compared to the established manual 
process for reproducibility, accuracy and 
precision. The specific variables requiring 
optimization are described in detail. This 
automation can reduce the possibility of human 
error when preparing large number of samples. 
These results will demonstrate how a robotic 
sample derivatization combined with a robust 
analytical solution can lead to higher throughput 
with accurate and precise amino acid analysis. 
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Figure 1. Tecan Freedom EVO system, as configured for amino 
acid analysis. 

CONCLUSION 

• Automation of the pre-column derivatization steps of  
UPLC AAA and MassTrak AAA Solutions is successfully 
demonstrated using the Tecan Freedom EVO system. 

• Comparison between the Tecan  and manual process 
shows less variability and the reduction of human 
error with the automated solution. 

• Precision in both  the UPLC AAA Solution and the 
MassTrak AAA Solution meets the requirements of 
routine amino acid analysis.   

• Automation allows for 1 - 40 samples to prepared in a  
batch within 90 minutes. 

• The Waters® AAA Solutions combined with the Tecan  
automated system allows for a reliable, time savings 
solution for the high throughput laboratory. 

 
SAMPLE PREPARATION 

 
Depending on the application, sample preparation utilizes 
either the UPLC Amino Acid Analysis Solution Kit or the 
MassTrak Amino Acid Analysis Solution Kit. Each kit includes: 
amino acid standards, Total Recovery Vials, and the respective 
Derivatization Kit consisting of Reagent, Borate Buffer, and 
Reagent Diluent. 
 
For derivatization of standards, 10µL of standard, 70 µL of 
borate buffer, and 20 µL of reagent are mixed. For 
derivatization of  plasma,  20 µL of supernatant, 60 µL of 
borate buffer,  and 20 µL of reagent are mixed.   

 
AUTOMATION  

Instrument:  Tecan Freedom EVO® 
Arms:   Liquid Handling Arm (LiHa) 
   Tube Robotic Arm (PnP) 
Deck Positions:  Tip Wash Station 
   Disposable Tip Stations (3) with Tip Disposal 
   Waste Chute 
   Plate Carrier with 3 - 48 well plates 
   Capping Station  
   Te-Shake/ Heater 
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Derivatized Amino Acids

6-Aminoquinolone (AMQ)

 1o Amino Acid;
t1/2 <<1 s

2o Amino Acid;
t1/2 <<1 s

 bis-aminoquinoline urea (derivatization peak)

N-Hydroxy
Succinimide

+ CO2

+

AMQ
H2O

t1/2 ~ 15 s

Table 1. Comparison of Tecan Freedom EVO and manually   
derivatized UPLC AAA Solution standards. Mean data is for 
matching sets of six. The precision for the Tecan derivatized 
samples is better than those prepared manually.  

Figure 2. Tecan Freedom EVO Deck layout 

Table 2. Precision of Tecan Freedom EVO derivatization for     
UPLC AAA Solution standards. The derivatization of 40 samples 
was completed 90 minutes. Precision over the  complete set at 
better than 2% RSD meets the requirements of amino acid 
analysis. The software permits user selection of 1 - 40      
samples.  
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Figure 4. Overlay Chromatograms of UPLC AAA solution       
Hydrolysate standard. Comparison of manual preparation 
(black) and Tecan Freedom EVO preparation (red). 

The exact sequence of steps is as follows: 
 
1. Robotic arm grabs capped vial. 
2. Robotic arm transports vial to capping station.  
3. Robotic arm removes vial cap. 
4. LiHa selects fresh pipette tip and aspirates Borate Buffer 

from plate 1. LiHa dispenses 70 µl of borate buffer into vial 
on capping station. 

5. LiHa selects fresh pipette tip and aspirates sample from 
plate 2. LiHa dispenses 10 µl of sample into vial on capping 
station. LiHa mixes sample and borate buffer. 

6. LiHa selects fresh pipette tip and aspirates reagent from 
plate 2. LiHa dispenses 20 µl of reagent into vial on capping 
station. LiHa mixes reagent and sample. 

7. Robotic arm caps vial.  
8. Robotic arm transports vial to original position in plate 1. 
9. Steps 1-8  are repeated for each remaining sample. 
10. Robotic arm transports all sample vials to heating block. 
11. After 10 min at 55 °C, robotic arm moves all capped vials 

to ACQUITY UPLC plate. 
 
 
 
 
 
 
 
 

METHODS 
DERIVATIZATION CHEMISTRY   

 
The automated pre-column derivatization is performed using 
the Tecan Freedom EVO system. The derivatization steps are 
identical to those performed in a manual derivatization. The 
configuration of the deck layout is shown above. Up to 40      
individual samples may be set to run in a batch. Each sample 
is derivatized in the capping station. Steps 1—8 are performed 
in sequence for each sample. These steps are repeated for 
each sample before proceeding to Step 8.   

Figure 3. Tecan Freedom EVO sample/reagent layout 
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Figure 5. Measurement of Alanine/Phenylalanine Ratio for UPLC 
AAA Hydrolysate standard prepared using Tecan Freedom EVO. 
Each amino acids is derivatized at a different rate. Therefore, 
the ratio of alanine to phenylalanine is a measure of reagent 
stability and completeness of reaction. The constant ratio over 
40 samples in 90 minutes indicates that the process is consis-
tent over the entire set. 

Table 3. Precision of Tecan Freedom EVO derivatized MassTrak 
AAA Solution standards.  Area precision for all amino acids in 
the 40 replicate derivatized standards is better than achieved 
manually. 
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Figure 6. Overlay of Tecan Freedom EVO derivatized MassTrak 
AAA Solution standard (red) and deproteinized plasma sample 
(black). The same automation procedure is successfully applied 
to both standards and complex samples. 

Amino 
Acid

Area 
%RSD Amino Acid

Area 
%RSD

PSer 2.11 Ala 1.97
HyPro 1.97 GABA 2.00
PEA 1.99 AADA 1.98
His 2.15 Pro 1.98
Asn 1.96 BAIB 2.00
3MH 1.96 Hyl1 1.94
Tau 1.99 Hyl2 1.93
1MH 1.96 AABA 1.97
Ser 1.98 Cyst 1.97
Gln 1.98 Orn 2.33
Carn 1.97 Cys 2.03
Arg 1.98 Lys 1.95
Gly 1.94 Tyr 2.15
Ans 2.02 Met 1.96
EA 2.01 Val 1.98
Asp 1.99 Nva 1.98
Sar 2.16 Ile 1.97
Glu 1.96 aIle 1.98
Cit 1.95 Leu 1.97
B-Ala 1.99 HCys 1.93
Thr 1.98 Phe 1.97

Trp 2.00

MassTrak AAA Standard,                 
40 Replicates, 25 pmole on column
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 Mean Area 
Count  % RSD 

Mean Area 
Count  % RSD

His 96027 3.31 97885 1.70
Ser 95560 3.39 97790 1.67
Arg 89309 3.12 91685 1.64
Gly 93673 3.21 95527 1.67
Asp 94927 3.30 99203 1.76
Glu 94072 3.39 97742 1.74
Thr 98060 3.50 99341 1.63
Ala 98428 3.43 97581 1.69
Pro 96331 3.43 91662 1.70
Cys 80926 2.96 82216 2.00
Lys 158198 3.27 161957 1.63
Tyr 99040 3.31 100481 1.64
Met 97426 3.37 99191 1.57
Val 98756 3.42 99942 1.60
Ile 99261 3.43 101213 1.61

Leu 96887 3.47 98510 1.59
Phe 98534 3.30 99904 1.56

Manual Tecan 

Amino Acid

Amino Acid Mean Area Count % RSD  Area 

His 98906 1.72
Ser 98475 1.73
Arg 92533 1.71
Gly 96233 1.73
Asp 99360 1.83
Glu 96920 1.83
Thr 100105 1.73
Ala 98414 1.7
Pro 92493 1.73
Cys 82470 1.82
Lys 162572 1.64
Tyr 100776 1.64
Met 100413 1.66
Val 101002 1.64
NVa 89062 1.67
Ile 102209 1.65
Leu 99379 1.64
Phe 101365 1.59

UPLC AAA Standard


