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Abstract

Pre-columnderivatization of amino acids has often become the
method of choice for amino acid analysis due to several key
advantages it offers, including higher sensitivity, faster analysis
times, and the use of more flexible chromatographic equipment.
Despitethese potential improvements,most methods based on such
reactions suffer from one or more deficiencies such as poor
derivative stability, reaction sensitivity to buffer components,
formation of multiple derivatives, low reactivity with selective
components, or a complete lack of reactivity with secondary
amino acids. We have synthesized a series of new, activated
carbamates that exhibit none of these detrimental characteristics
and provide a rapid, one-step,quantitativederivatization procedure
for all amino acids studied. The synthesisroute chosen allows the
tagging group to be chosen from a wide variety of commercially
available amines and yields high purity product with few
components that interfere with analysis. The carbamate analog
with aminoquinoline is the basis for an extremely powerful,
versatile method for amino acid analysis that can provide
quantitative analysis for peptides and proteins that rivals results
form post-column derivatization procedures, yet has significant
advantages such as detection limits in the 100-200 fmol range.
The method requires no removalof the reagent as it is convertedto
a poorly detected component during the reaction, the derivatives
are stable for weeks at room temperature, and low sensitivity to
buffer interference has allowed the analysis of a wide variety of
samples including foods and feeds, biological fluids and salt-
containing protein solutions.This new reagent thus provides the first
complete solution for amino acid analysis based on pre-column
derivatization.
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Chemistry of N-Hydroxysuccinimidyl-6-
Aminoquinoyl Carbamate:

Synthesis: 1. Slowly add 10 mmol of 6-aminoquinoline in acetonitrile
to 10 mmol of disuccinimidyl carbonate in the same solvent.

2. Stir at room temperature for 4 hours.

3. Remove the solvent and recrystallize 2 times from
acetonitrile
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Experimental Procedures:

Derivatization:

1. Mix 1 volumeof reagent (typical concentration
l OmM) with 4 volumesof buffered amino acid-
containing solution.

2. Wait 1 minute,heat @ 50 °C for 10 minutes

3. Inject sample

Detection:

_excitation 250nm
_,emission 395nm

Chromatography:

System: 1 625 LCSystemor 2 x 510 pumps
M470 ScanningFluorescenceDetector
M715 WISP_ Autosampler
TemperatureControlModule

Eluents: 140 mM acetate, 17 mM TEA, pH 5.05
Acetonitrileor 60% acetonitrile

Multistep gradient @37°C, Flow Rate - 1.0 mL/min

Initial= 0% B
0.5 = 2% B
15 -- 7%B
19 = 10%B
32 = 32% B

Protein/Peptide Hydrolysis:

1. Samples(20-10,000ng) were vacuum dried in
6 x 50 mmglass tubes and sealed in larger vials in
vacuo containing 200_L of 6N HCI with -1%
phenol.

2. Hydrolyze at 114°C for 22 hours



Description of Figures

Figure 1: Emissionspectra for AQC-derivatized Ala and the
hydrolysis product 6-aminoquinoline. Excitation was
performed at 245 nm using samples in acetonitrile.
Unique fluorescence emission shift due to amine
carbamylation allows for the selective detection of
derivatized amino acids in the presence of a large
excess of reagent; no extraction or other reagent
removal is required.

Figure 2: Optimization of Reaction Conditions. The reaction of
amino acids with AQC to form the quinolinoyl urea
derivatives exhibits a broad pH optimum for all amino
acids which simplifies sample preparation (A). See
Table 3 for data on salt- and detergent-compatibility.
High reactivity is demonstrated by the data in Figure 2B.
With only a 3-fold molar excess of reagent, >90% of all
amino acids are derivatized. A large excess of the
reagent can be used routinely as there is no reduction in
yield under these conditions, and due to weak
fluorescence at 395nm, the hydrolyzed reagent product
(AMQ) contributes only a small peak, even with a huge
molar excess present (e.g.Figure 6B).

Figure 3: Representative amino acids (acidic, basic, neutrals,
aromatics, aliphatics) show excellent linearity. Samples
analyzed ranged from 2.5-200_M in concentration.

Figure 4: Separations performed in the pH 4.5-6.5 range provided
information for a key chromatographic variable. Note
the change in retention order for key components such
as AMQ, Glu, Cys and Lys in this range. Separations in
Figure 7 illustrate the strong influence of pH. Similar
studies on acetate and triethylamine concentration,
column temperature and gradient slope provided data for
the optimized separation shown in Figure 6.



Figure 5: Chromatograms showing the influence of column
temperature (A) and mobile phase pH (B).

Figure 6: Optimized separation as described in the experimental
section. Separations shown are with 50 (A) and 1 (B)
picomole of each amino acid injected.

Figure 7: Two examples of more complex amino acid mixtures
separated by liquid chromatography containing some
frequently encountered amino acids. In (A), many of
these components are found in samples such as collagen
hydrolyzates, exopeptidase digests, cell culture fluids,
and some foods and beverages. Chromatogram B show
the analysis of an animal feed samples in which the thiol-
containing amino acids, methionine and cyst(e)ine were
oxidized to more hydrolytically stable forms prior to acid
digestion.

Figs 8-10: Chromatograms of peptide and protein hydrolyzates.
Data for some these are shown in Tables II and IV.

Description of Tables

Table 1: A. Quantitative results for derivatized standard amino
acids are excellent. R^2 values in the linearity study
were calculated for series of samples ranging from 2.5
to 200_M in concentration. Detection limits were
estimated from a 1 pmol (Figure 1B)analysis using
S/N = 3 as the detection limit.

B. Typical retention time and area reproducibility.
Replicate samples (n -- 10) of amino acid mixtures (0.1
mM) were derivatized as described in the Experimental
Section and 100 pmol aliquots analyzed (see Figure 1A).



Table 2: Aqueousreactioncompatibility and the broad pH optimum
allows the derivatization to proceed smoothlyeven in the
presenceof a variety of buffer salts and detergents.
Experimentssummarizedin Table 2 usedtriplicate
samplesprepared as in Table 1 except 60% of the buffer
solution was replaced with a 0.1M salt or a 1%
detergent solution. Recoverieswere calculated relative
to a control samplederivatized as in the Table 1
experiments.

Table 3: Bovine serumalbumin was hydrolyzed at three levels
ranging from ~ 30- 1300 ng per sample. Aliquots
ranging from 5-20% of the total were injected.
Compositional errors were calculated as previously
described (Crabb et ah in Current Researchin Protein
Chemistry: Techniques,Structureand Function,J. J.
Villafranca ed., Academic Press,San Diego, 1990, pp
.49-61) by comparing calculated compositionswith
values from protein sequencedata.

Table 4: CompositionalAnalysis of HumanAngiotensin 1.
Sampleswith approximately 21 and 400 pmol were
hydrolyzed and 20 and 5% of the sample injected
respectively.

Table 5: Amino acid analysisusing AQC for pre-column
derivatization has many favorable characteristics
compared to currentlypopular methods,and does not
have any of the common reagent weaknesses.



Conclusions

• AQC is a novel, versatile amino acid derivatizing
reagent

• The simple, one-stepderivatization reaction with
amino acids is quantitative, reproducible and linear

• Unique fluorescenceproperties of the major reagent
by-product and the derivatized amino acids allow
direct sample injection with minimal reagent
interference

• Derivatization is compatible with a wide variety of
buffer matrices

• Sub-picomolesensitivity enables low nanogram
analys_s

• Optimized chromatographic parametersprovide near-
or baseline resolution of all hydrolyzate amino acids.
Separations for a wide variety of amino acids can
be accomplished through optimizations of buffer pH,
ionic strength,column temperatureand gradient
slope.

• Compositional accuracy is equal to or superior to
o!herpre-column techniquesand rivalling post-column
nlnhydrin
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Figure 1

Emission Spectra for AQC-Ala and AMQ

100

Z--
°_

(=:

AMQU

° /u 50- AQC-Ala
m _
0

I I I I

200 300 400 500 600 700

Wavelength, nm



Figure 2 A
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Figure 3

Response Unearity
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rmgure
Effect of pH on Retention Time of
AQC-derivatlzed _mlno Acids
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Figure 5

Effect of Temperature on Resolution
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Figure 6
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Figure 7

Standard for Complex Mixture
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Figure 8

Bovine Serum Albumin
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Figure 9

Analysis of 13- Lactoglobulin
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Figure 10

Peptide Analysis : Human Angiotensin i
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Table I: Reproducibility, Linearity,
and Calculated Detection Limits

Amino Acid r2 Detection Limit (fmol)
Asp 0.9999 311
Ser 0.9996 237
Glu 0.9996 315
Gly 0.9995 293
His 0.9994 188
Arg 0.9995 119
Thr 0.9993 162
Ala 0.9992 155
Pro 0.9998 278
Cys 0.9996 794
Tyr 0.9995 93
Val 0.9996 57
Met 0.9996 74
Lys 0.9997 112
lie 0.9998 47
Leu 0.9994 48
Phe 0.9999 38

Amino Acid Area %CV Retention Time %CV
Asp 0.82 0.56
Ser 0.58 0.48
Glu 1.32 0.50
Giy 1.36 0.42
His 1.60 0.40
Arg 1.17 0.23
Thr 1.05 0.21
Ale 0.76 0.18
Pro 0.47 0.15
Cys 1.34 0.08
Tyr 0.99 0.08

, Val 0.59 0.08
Met 0.79 0.08
Lys 0.54 0.06
lie 0.37 0.06

Leu 0.38 0.07
Phe 0.49 0.07

Average %CV 0.86 0.22



Table II

Buffer Constituents and Derivatization Efficiency (a)

AminoAcid Na Chloride Na Citrate SDS Na Acetate Na Phosphate

Asp 104.6 109.0 105.2 113.0 101.5
Ser 98.8 100.9 98.7 102.1 96.8
Glu 100.8 105.2 101.1 108.2 96.8
Gly 99.8 101.0 99.2 100.3 99.6
His 100.0 102.0 99.1 101.6 98.5
Arg 98.8 101.7 98.5 101.6 97.7
Thr 100.0 102.3 98.2 102.8 103.2
Ala 101.8 103.5 101.2 103.6 99.0
Pro 98.8 100.6 100.4 102.4 97.4
Cys 99.4 103.0 101.7 100.4 100.4
Tyr 98.2 101.6 97.5 103.0 103.7
Val 99.4 101.2 99.4 102.6 98.5
Met 98.8 101.9 99.6 103.4 100.6
Lys 101.8 101.6 101.7 105.4 100.6
lie 99.2 99.9 99.6 103.6 98.6
Leu 98.6 100.4 99.4 103.2 98.6
Phe 98.8 101.0 99.9 103.1 99.3

oYieldsare reportedas a percentageof a control
samplecontaining only boratebuffer.



Table III

Compositional Analysis of Bovine Serum Albumin

AMINO ACID Sample 1 Sample2 Sample 3

Actual %Error %Error %Error
Value

ASP 54 58.22 7.81 59.46 10.12 53.72 0.51
SER 28 24.70 11.80 26.88 4.01 29.55 5.55
GLU 79 83.78 6.05 85.42 8.13 73.65 6.77
GLY 16 15.84 1.01 16.75 4.70 22.91 43.18
HIS 17 16.57 2.54 17.67 3.96 13.75 19.14

ARG 23 23.55 2.39 23.56 2.45 23.02 0.10
THR 34 33.03 2.85 33.51 1.46 31.39 7.69
ALA 46 47.41 3.07 47.86 4.05 56.13 22.02
PRO 28 27.82 0.64 25.41 9.27 28.18 0.64
TYR 19 17.82 6.22 17.67 6.98 16.15 14.99
VAL 36 35.95 0.14 33.87 5.91 34.48 4.23
MET 4 4.06 1.59 4.05 1.25 4.58 14.55
LYS 59 60.75 2.96 61.86 4.84 52.00 11.86
ILE 14 13.75 1.76 13.44 4.01 14.32 2.27

LEU 61 61.48 0.78 57.81 5.24 54.75 10.24
PHE 27 27.61 2.27 26.33 2.50 25.77 4.54

Average % Error 3.37 4.93 10.52
Amount Hydrolyzed (ng) 1305 185 30


