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1. INTRODUCTION

Amino acids labeled with N are useful in
investigating protein balance in human medicine
because the patients are not exposed to the hazards
associated with the administration of radioactive
tracers [1,2]. The technical precision and sensitivity
achieved by mass spectrometers coupled to gas
chromatographs makes possible the study of I°N
distribution from different amino acids in newly
synthesized proteins and nucleic acids.

Here we report a simple enzymatic procedure for
the preparation of L-['’Nlalanine, one of the
metabolically most active amino acids in all types of
cells [3,4]. The procedure is based on the coupling of
two reactions, one catalyzed by bacterial alanine
dehydrogenase, the second catalyzed by yeast alco-
hol dehydrogenase:

Pyruvic acid + NADH + PNH; AlaDH

L-{"*Njalanine + NAD* + H,0 (H
Ethanol + NAD+ ADH
acetaldehyde + NADH + HY )

Pyruvicacid + ethanol + '>NH; AlaDH, ADH, NAD+
L-['SN]alanine + acetaldehyde + H,O  (sum)

An impediment in the use of this procedure could
be the high cost of commercial AlaDH. However,
the enzyme is widespread in the Bacillus species [5]

Abbreviations: AlaDH, L-alanine dehydrogenase (EC
14.1.1); ADH, alcohol dehydrogenase (EC 1.1.1.1);
blue—Sepharose, Cibacron blue 3G-A—Sepharose
4B-CL.
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and vpartially purified samples, adequate pre-
parative purposes, could be obtained relatively
easily by chromatography on blue—Sepharose [6].

2. MATERIALS AND METHODS

2.1. Chemicals

All commercial nucleotides, substrates and
enzymes were products of Boehringer Mannheim
(a generous gift of Professor H.F. Schmidt). Sephar-
ose 4B obtained from Pharmacia (Uppsala) was
crosslinked according to [7], omitting NaBH,4 from
the reaction medium. Cibacron blue 3G-A, a
product of Ciba-Geigy (Basel) was coupled to the
crosslinked Sepharose as in [8]. "NH4Cl (98.2%
isotopic enrichment) was prepared from H 5NOj; at
the Institute of Isotopic and Molecular Technology
(Cluj-Napoca).

2.2. Partial purification of AlaDH from Bacillus
cereus

The bacteria (strain 11 548 from the Institute ‘Dr.
Cantacuzino’, Bucharest), were grown at 37°C on
broth with bactopeptone Difco and meat extract
(pH 7.2) up to the late logarithmic phase. The cell-
ular mass (5 g wet wt from 21 nutritive medium)
was harvested by centrifugation then suspended in
50 ml 50 mM phosphate buffer (pH 7.2) and dis-
rupted by sonication. The unbroken cells (5%),
membrane fragments and ribosomes were removed
by centrifugation at 100000 X g for 30 min. The
clear yellow extract containing 10—12 mg pro-
tein/ml and 1 unit AlaDH/mg protein (with L-ala-
nine as substrate at pH 10.5 and 25°C) was adjusted
to pH 6.0 and loaded on a blue—Sepharose column
(1.2 X 25 cm), at 2 ml/min and +4°C. The column
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was washed with 50 m]l 50 mM phosphate buffer
(pH 6.0), then AlaDH was specifically eluted with
40ml 1 mM NADH in the same buffer. The
enzyme contained in —20 ml had spec. act. 30—50
units/mg protein with 70—80% yield. The partial
purification of AlaDH lasted for 2 h and the proce-
dure was performed just before the enzymatic syn-
thesis of alanine.

2.3. Analytical procedures

The activity of AlaDH was determined in both
senses as in [9]. The isotope content of L-[ISN]ala-
nine was measured with an Atlas M86 mass spec-
trometer with molecular inlet system for gases. The
sample was converted to nitrogen gas by micro-
combustion with CuO in the presence of Cu and
CaO, after achieving a vacuum of 10~* Torr [10].
The molecular mass spectrum of L-[lSN]alanine
was obtained after derivatization of the amino acid
as N(O)-trifluoroacetyl n-butyl ester [11]. The mass
spectrum was recorded on a Varian MAT 311
double-focussing mass spectrometer under electron
impact ionization at 70 eV.

3. RESULTS

3.1. Theoretical premises

Since the formation of L-['*NJalanine involves
two reactions it would be interesting to know the
equilibrium concentration of all intermediates.
From the equilibrium concentrations it should be
possible to estimate the excess reagent necessary for
the most favourable use of 'NH ¥, representing the
most expensive ingredient. Furthermore, the
knowledge of the kinetic parameters of the enzymes
should enable us to choice the optimal
AlaDH/ADH ratio as well as the optimum pH.
From the equilibrium constants of the reactions (1)
and (2) taken in the sense of NADH formation (3.1
x 104 and 1.15 x 10~ respectively)[12,13] and
the initial concentration of pyruvic acid (120 mM),
ethanol (300 mM), PNH4CI (100 mM), and NAD *
(0.25 mM), a 95% conversion of the ammonium ion
to L-alanine is calculated at all pH-values (fig.1).
However, the concentrations of NADH and NAD +
are strongly pH dependent: at pH 9 which is close
to the optimal pH of both AlaDH and ADH, the
ratio NADH/NAD* at equilibrium is - 1/40; pH
> 9, although favouring higher equilibrium and
stationary concentrations of NADH (which would
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Fig.1. Equilibrium concentrations of L-alanine, ethanol,
NH3; and NADH resulted from the coupled alanine de-
hydrogenase and alcohol dehydrogenase reactions.

increase the rate of L-alanine formation) would
nevertheless result in a faster denaturation of the
enzymes involved in the synthesis.

3.2. Synthesis 0fL-[15N]alam'ne

In a typical experiment the following reagents
were mixed in 450 ml bidistilled water: 2.73 g
(50 mmol) 15NH4C1, 6.6 g (60 mmol) sodium pyru-
vate, 10 ml (- 150 mmol) 95% ethanol and 100 mg
(—0.15 mmol) NAD * . Having adjusted the pH to 9
with 1 N KOH, the freshly obtained AlaDH pre-
paration containing 300—350 units was added. The
reaction was started with 1000 units ADH and was
allowed to procede for several hours at 30°C while
sampling the pH, and the rates of disappearance of
ISNH4CI and pyruvate, respectively. When [NH{]
in the reaction medium dropped by > 85% (5 h), the
pH was brought to 6.0 with 2 N HCI, the mixture
was boiled for 5 min and the precipitated proteins
removed by filtration.

3.3. Purification and properties ofL—[”N]alanine
The deproteinized solution was passed through a
column (2.5 X 30cm) of Amberlite IR-120 ion-
exchange resin (H* form) at a rate of 25-30
ml/h. The absorbed L-{'°Njalanine was then eluted
with 400 ml 2 N NH4OH. The solution was cleared
by 5 min contact with active charcoal powder follow-
ed by filtration. It was then concentrated to dryness
at low pressure (18 Torr) and 50°C. The solid residue
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was dissolved in 15 ml hot bidistilled water (80°C)
after which 40 ml cold methanol were added. Crys-
talline L{!*NJalanine was obtained after 24 h at
+4°C, which was recovered by filtration, then
washed 3 times with 10 ml methanol. The final
yield was 3.1 g pure product (34.4 mmol), that is
69% as compared to the starting ISNH4CL. The
compound has a melting temperature of
298—-300°C (with decomposition) and showed a
single band by thin-layer chromatography, which
corresponded to the pure commercial L-alanine
(Merck, Darmstadt). No inorganic ions were traced
in the preparation. The rotation of polarized light
for a 1% amino acid solution in 6 N HCI (a33s =
+ 17.0) corresponded to a purity >99%. The iso-
tope content of L-{"N)alanine was found to be
97.76 + 0.05 atom % '*N. The mass spectrum also
showed a high degree of '°N labeling, as deduced
from the intensities of the fragment ions 140 and
141 (fig.2). There was a good agreement among the
relative intensities when compared to the mass
spectrum of the unlabeled compound. All heavy
fragment ions showed a mass shift of 1 mass unit
corresponding to the substitution MN_ BN,
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4. DISCUSSION

The enzymatic synthesis of amino acids labeled
with 1N starting from ammonium salts has several
advantages over the chemical methods of synthesis,
mainly a higher yield in the use of ISNH{ accom-
panied by the formation of naturally occuring iso-
mers [14—18]. However, these advantages could be
seriously limited by the high cost of some enzymes
required for large scale preparative purposes, as
well as by the formation of secondary products. In
[16] L-[1 NJalanine was made by a linked-enzyme
system involving glutamate dehydrogenase, gluta-
mate—pyruvate transaminase and glucose 6-phos-
phate dehydrogenase. In addition, glutamate de-
carboxylase was required to remove the glutamic
acid, a by-product. The procedure described here
offers the following advantages over other enzy-
matic or fermentative methods [16,19]:

(i) The enzymes required in the synthesis are
easily obtained either commercially (ADH) or
by partial purification from bacteria of the
Bacillus species (AlaDH). Even a spec. act.
of 10 U/mg protein (which corresponds to
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Fig.2. Mass spectrum of the N(O)-trifluoracetyl n-butyl ester of L-['*N]alanine.
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30 U/mg protein in the amination reaction) is
sufficient for preparative purposes;
(i)) The regeneration of NADH by the conversion

of ethanol to acetaldehvde (a highly volatile
O1 €inanoi (o acetaiden YA a nigmy voidiud

compound, b.p. 21°C) can displace the equili-
brium (1) + (2) quasi-completely to the right by
removing the acetaldehyde;

(iii) The purification and crystallization of
L- l“N]alamne as the single amino group con-
taining compound, are stralghtforward Unhke

with the synthesis of LT3N elutami 171
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it is essential that the unreacted ketoacid be
eliminated from the reaction medium by
ion-exchange chromatography;

(iv) The experimental yield of conversion of NH;
to L-alanine is high;

(v) The procedure can be easily adapted for large-

ala atl ohilizats
o\,au, Pl\rl.lalall\}ll lJull)USbo U] lllllllUUlllLQIlUll

of AlaDH on a solid matrix (in preparation).

We thank Drs Doina Vancea, Letitja Muresan
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partial purification of alanine dehydrogenase.
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