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Ultramicrodetection of Amino Acids by GLC*:}

GERHARD ERTINGSHAUSEN,} CHARLES W. GEHRKE,
and WALTER A. AUE '

EXPERIMENT STATION CHEMICAL LABORATORIES
UNIVERSITY OF MISSOURI
COLUMBIA, MISSOURI

Summary

A method has been developed for the separation and qualitative detection
of 11 amino acids at the picogram level, which uses a derivatization new to
the area of gas-chromatographic analysis. Phosphorus-containing deriva-
tives were selected to allow selective and hypersensitive determination
with a modified version of the alkali-flame detector. This method comprises
the formation of the N-diethyl phosphate amino acid methyl esters and
subsequent gas-chromatographic separation and analysis. The minimum
detectable limit for alanine (response-noise, 2:1) was found to be ca. 5 X
102 g injected. The method should be applicable to the investigation of
very small amounts of naturally occurring amino acids and peptides, as was
shown with gramicidin-S. A gas-chromatographic analysis of 250 pg of
gramicidin-S was found to yield clearly discernible peaks for valine, leu-
cine, proline, and phenylalanine.

The increasing demand for the determination of amino acids in
biological samples has led to the development of various chromato-
graphic methods. Generally, these methods require microgram
quantities of substance; however, much greater sensitivities would
be needed to cope with a wide variety of biological problems in
which the available amount of substance is the limiting factor, e.g.,
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studies involving hormones, enzymes, and other biologically im-
portant molecules at the cellular level.

In recent years, gas chromatography has become increasingly im-
portant because of its speed and relative sensitivity, as illustrated
by contributions from this laboratory (1-4). To still significantly
lower the limit of detection (MDL) for amino acids, we have under-
taken studies that employ the hypersensitive, selective response
of the alkali-flame detector (5,6) as modified by Aue and Gehrke
et al. (7,9), toward phosphorus-containing compounds. This re-
sponse has been shown to be four to five orders of magnitude higher
than that afforded by a normal flame ionization detector. Conse-
quently, the objective of this study was to find phosphorus-contain-
ing derivatives of amino acids that would prove sufficiently stable
and sufficiently volatile for gas-chromatographic analysis.

Pilot experiments, in which the methylesters of some simple
amino acids like glycine, alanine, and leucine were reacted with
diethylchlorophosphite in analogy to the method of Anderson (8),
showed that the readily formed reaction products were easily oxi-
dized in air to the corresponding phosphates and thus proved un-
suitable for our purpose.

To eliminate this complication, diethylchlorophosphate was
used as the phosphorylating agent in ether or acetonitrile solution
in the presence of triethylamine as HCI acceptor.

C,H;0 O o C.H;0 o
N/

" N(C,H;) AN /
P +H2N—CIH—C——OCH3—> P

/ N\ He / N\ I
C,H,0 Cl R C,H,O NH—CH—C—OCH;

The use of pyridine, as described for other phosphorylations, re-
sulted in unsatisfactory yields of the desired derivatives.

We have limited this investigation to monophosphorylated de-
rivatives since our experiments have shown that further studies
would be required for the gas chromatography of di- or multi-
phosphorylated compounds (as those derived from serine, cysteine,
tryptophan, arginine, etc.), for which the gas-chromatographic con-
ditions described in this paper proved inadequate.

The work on monophosphorylated derivatives, then, comprised
the following steps:

1. Synthesis of pure derivatives for yield and identity studies.
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2. Comparison of these synthesized reference derivatives with
the collected gas-chromatographic effluents.

3. Response of the alkali-flame detector to submicroamounts of
derivatives and determination of MDL.

4. Derivatization of amino acid mixtures and gas-chromato-
graphic separation.

5. Pilot experiment using a naturally occurring peptide, grami-
cidin-S.

EXPERIMENTAL

Reagents

The methylesters of alanine, leucine, glycine, methionine, and
glutamic acid, as well as proline, valine, phenylalanine, aspartic
acid, and gramicidin-S, were obtained from Mann Research Lab-
oratories; B-alanine was purchased from Nutritional Biochemicals
Corporation. Methanol “Fisher certified reagent” was dried by
refluxing over magnesium turnings prior to distillation. Ninety-
nine per cent pure hydrogen chloride gas was purchased from The
Matheson Co., Inc. Diethylchlorophosphate from Aldrich Chemi-
cal Co., Inc., was used without further purification. Diethyl ether
was A.R. grade, dried over sodium.

Apparatus

A Barber-Colman Model 5000 gas chromatograph with tem-
perature-programming facilities was used in this study. The regular

FIG. 1. Modified alkali source, Rb,SO, bead. Saxonburg Ceramics P-879.
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Barber-Colman flame ionization detector was modified by placing
a ceramic ball-and-socket-type bead on the jet tip (Fig. 1). The con-
cave side of the bead was filled with highly purified rubidium
sulfate (9). The regular single-loop electrode was replaced by a
triple-loop 4-mm-i.d. platinum spiral occupying the area between
3 and 8 mm above the rubidium sulfate surface. The detector
proved sensitive to changes in hydrogen flow and displayed its
optimum performance in continuous operation. Consequently, it
was not turned off overnight. Prepurified nitrogen obtained from
Air Products was used as carrier gas after further purification by
passing through a Linde molecular sieve, 5-A.

IR spectra were obtained either directly from the pure substance
placed between KBr plates or by using a micropellet method with
thallium bromide as the matrix. The latter method was used with
gas-chromatographic effluents employing an Aerograph Model
1520 equipped with hydrogen flame detector, 1:40 splitter, micro-
switch actuated collection facilities, and 1 m X 4 mm i.d. coiled
glass column. The NMR spectra were recorded in CDCI; solution
with a Varian A-60 Spectrometer.

Preparation of Derivatives

The amino acid methylester hydrochlorides were either pur-
chased or prepared according to the method of Curtius and Goebel
(10). The following synthesis of the N-diethylphosphate derivative
of the glycine methylester is representative for the general deriva-
tization procedure.

Glycine methylester hydrochloride, 125.1 mg (1 mmole), was sus-
pended in 5 ml of anhydrous ether, 202.4 mg (2 mmoles) of tri-
ethylamine was added, and the mixture magnetically stirred for 1
hr at room temperature. Then, 172.6 mg (1 mmole) of diethyl-
chlorophosphate in 1 ml of anhydrous ether was added, and after
30 min of stirring, the mixture was filtered through a glass frit,
dried over anhydrous sodium sulfate, and the solvent removed in
vacuum. The residue was distilled using a Kontes Microdistillation
Apparatus at 107 mm Hg and a bath temperature of 65°C. Yield
45%.

The colorless liquid gave the IR spectrum shown in Fig. 2.

|
Characteristic bands (cm™1): 3230 (ITIH); 2960 (CHj,); 2930 (ICH2);
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FIG. 2. Infrared spectrum of N-diethylphosphate derivative of glycine
methylester, neat film, Beckman IR-10.
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The NMR spectrum is shown in Fig. 3.

Analysis: Calculated for C;H;sOsNP: C, 37.34%; H, 7.16%; N,
6.22%:; P, 13.75%

Found for C;H,(O;NP: C, 37.69%; H, 7.33%; N,
6.28%; P, 14.03%

Derivatization of a Gramicidin-S Hydrolyzate

Gramicidin-S (1.5 mg) was hydrolyzed for 48 hr with 6 N HCl at
105°C in a closed tube. The water was evaporated at 60°C under re-
duced pressure and the residue dried by repeatedly adding and
evaporating methanol and benzene. Five milliliters of anhydrous
methanol containing 1.20 = 0.10 meq/m] of anhydrous HCl] was
added and the solution stirred for 30 min at room temperature.
The methanol was completely evaporated and 10 mg of triethyl-
amine in 1 ml of anhydrous ethyl ether was added. The mixture was
ultrasonically stirred for 10 min. After addition of 6 mg of diethyl-
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FIG. 3. NMR spectrum and integral of N-diethylphosphate derivative of
glycine methylester at 60 meps relative to tetramethylsilane in CDCl,.

chlorophosphate, the reaction mixture was allowed to stand at
room temperature for 30 min and then analyzed.

Results and Discussion

The synthesis of the pure reference derivatives did not present
any problem. The IR and NMR spectra, chromatographic behavior,
and elemental analysis of the diethyl phosphate derivative of gly-
cine methylester were in agreement with the assumed structure.
The IR spectrum of the derivative collected from the gas-chroma-
tographic efluent was identical to that of the injected compound.

Several liquid phases were evaluated according to their ability
to separate the amino acid derivatives. Carbowax 20M and OV-17
showed satisfactory performance at the conditions indicated. De-
rivatives were prepared from a- and B-alanine, valine, leucine,
isoleucine, glycine, proline, aspartic acid, glutamic acid, methio-
nine, and phenylalanine. Each of these compounds yielded a
single, symmetrical peak. Compared to the commonly used acyl-
ated and esterified derivatives, the GLC behavior of the phos-
phorylated compounds is predominantly determined by the phos-
phate group. Thus the retention times are quite similar and, while
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separation poses certain probelms, the analysis can be conducted
isothermally. This is especially advantageous since the alkali-flame
detector is difficult to operate at ultrahigh sensitivity with tempera-
ture programming above 200°C. At a somewhat lower sensitivity
level, temperature programming proved useful, as shown by the
separation of 11 derivatized amino acids in Figs. 4 and 5.

10712 mOLES EACH

10" MOLES EACH

t
GLY+PRO 1070 moLES £acH
LEU+ILEU
VAL
ALA
B-ALA A]\SP ME[TV\GLU PHE
t
i L 1 1 A 1
0 5 10 15 20 MIN
1 1 L 1 - J 1
170 180 190 200 210 220 230 ¢

FIG. 4. GLC of N-diethylphosphate amino acid methylester derivatives. The

injected mixture contained 107'2 (top), 107" (middle), and 107'° (bottom)

moles of each amino acid and was determined by a Rb,SO, alkali-flame

detector. Column: 5% Carbowax 20M on Chromosorb W, DMCS treated,

60/80 mesh; Pyrex U-tube 2m X 2.5 mm i.d. N,, 16 ml/min; H,, 40 ml/min;
air, ca. 200 ml/min.
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HG. 5. GLC of N-diethylphosphate amino acid methylester derivatives. The

injected mixture contained 5 X 107" moles of each amino acid and was

determined by a Rb,SO, alkali-flame detector. Column: 6% OV-17 on Chro-

mosorb G, HP, 80/100 mesh; Pyrex U-tube 2 m X 3.5 mm i.d. N,, 19 ml/min;
H,, 40 ml/min; air, ca. 200 ml/min.

Since the response of the alkali-lame detector is determined
almost exclusively by the phosphate group, and, furthermore, since
the amino acids are present in equimolar amounts, the peaks ob-
tained are of similar area. This indicates that the derivatization
procedure is quite efficient and encourages further studies in
quantitation.

The significant IR absorptions of the amino acid derivatives were
similar in all the cases investigated and in accordance with the
assumed structure—as is the NMR spectrum of the glycine deriva-
tive. The two overlapping quadruplets characteristic for the methyl-
ene protons of the ethyl groups occur in phosphorus compounds of
similar structure (11).

GRAMICIDIN-S HYDROLYSATE

LEU
VAL PRO

FIG. 6. Conditions, retention times, and temperatures as given in Fig. 4.
Injected amount represents 2.5 X 107!° g of unhydrolyzed peptide.
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The minimum detectable limit obtainable under the described
conditions was determined using the alanine derivative. At a peak-
to-noise ratio of 2:1 it corresponds to somewhat less than 5 X 1072
g of alanine injected.

To show the applicability of the developed method to a naturally
occurring peptide, gramidicin-S was hydrolyzed and esterified in
the usual way and the resulting mixture of amino acid methylesters
subjected to phosphorylation. Gramicidin-S is a cyclopeptide with
five amino acids in the following order: L-val, L-orn, L-leu, D-phe,
L-pro. The above unit occurs twice in a closed peptide chain.
Clearly discernable peaks were obtained for the monofunctional
amino acid derivatives from an injected amount representative of
250 pg of original peptide. The peaks representing valine, leucine,
proline, and phenylalanine have similar areas, as shown in Fig. 6,
since the amino acids are present in equimolar amounts. A chroma-
tographic peak for ornithine was not obtained.
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