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ABSTRACT
This work describes a method f&?N-isotope-labeled glycine synthesis, as well as details about a recovery
line for nitrogen residues. To that effect, aminationoehaloacids was performed, using carboxylic
chloroacetic acid and labeled aqueous ammokibiiiz). Special care was taken to avoid possibibiH;
losses, since its production cost is high. In that respect, although the purchase cosfhtthieeled com-
pound (radioactive) is lower, the stable tracer produced constitutes an important tool for N cycling studies
in living organisms, also minimizing labor and environmental hazards, as well as time limitation problems
in field studies. The tests were carried out with three replications, and vat®¥ks (aq) volumes in the
reaction were used (50, 100, and 150 mL), in order to calibrate the best operational condition; glycine masses
obtained were 1.7, 2, and 3.2 g, respectively. With the development of a systéfNidg recovery, it
was possible to recover 71, 83, and 87% of the ammonia initially used in the synthesis. With the required
adaptations, the same system was used to recover methanol, and 75% of the methanol initially used in the
amino acid purification process were recovered.

Key words: stable isotope, glycine, amino acid.

INTRODUCTION radioisotope with the longest half-life N, with
only 9.97 minutes (Lide 1997).

Nitrogen cycle studies can be carried out with trac- )
d Y With regard to the purchase cost of these prod-

ers consisting of radioactivd3N) or stable ¥*N/ X .
15 . g EW.) . { . ucts, the price of the labeled compound is lower
N) nitrogen isotopes. Papers involviteN appli- .
. L . ..___for the radioisotope (Hauck and Bremner 1976).
cations in biology have been presented in the litera-

. However, experiments wheréN is used are ex-
ture (Krohn and Mathis 1981, Cooper et al. 1985). Wev ) .xp ! W S U X
tremely difficult to conduct, and the results obtained

However, the main inconvenience of using the ra- . .
. . . . . . may be misleading (Knowles and Blackburn 1993).
dioisotopic technique, especially in biological re- 1501 ; . . .
When—N is used, it is possible to develop studies

searches, is represented by the time factor, since the, . o . .
without time limitations, and the material being ex-

L . perimented is not exposed to radiation, making it
Correspondence to: Claudinéia R. de Oliveira Tavares
E-mail: crolivei@cena.usp.br unnecessary to adopt any safety measures because
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442 CLAUDINEIA R.O. TAVARES et al.

of radioactivity (Trivelin et al. 1979, 2002, Eriksen uate human nutritional status. Dichi et al. (1996),
1996, Maximo et al. 2000). In studies developedMarchinietal. (1993), and Schelp etal. (1995) con-
for the isotopic separation 8fS, Bendassolli etal. ducted metabolism studies }AN-labeled proteins.
(1997) mentioned that the use of stable isotopes i§hese compounds have provided a safe method in
an international current trend, and is especially ensuch studies, eliminating invasive procedures and
couraged in field researches. This trend, togethepatient exposure to radioactivity, which makes their
with the possibility of obtaining refined information application extremely favorable in this area (Klein
on the nitrogen cycle, reinforce the reasons for theand Klein 1987).
continued growth of use of the isotopic technique in Glycine can be synthesized by means of the
applied researches. Strecker, Hoffmann syntheses, and also by a modifi-
Although®N is considered an importanttracer cation of Gabriel's synthesis for amine, using potas-
in biochemical and agronomic studies, and has beesium phthalimide. The latter presents high yield
used for almost 7 decades (Shoenheimer et al. 193785%) and allows easy purification (Morrison and
Vickery et al. 1940), it is correct to make the state-Boyd 1973). Although having lower yields (in the
ment that the use dPN-labeled compounds (espe- order of 40 to 60%), amination ef-haloacids can
cially highly-labeled ones) in applied researches isalso be used. In this reaction, a chlorinated or bro-
still limited, especially because of their high price. mated carboxylic acid ai position is submitted to
Until recently, some nitrogen compounds, direct ammonolysis, with a great excess of concen-
among them®>N amino acids, were not produced trated ammonia solution (Morrison and Boyd 1973).
in South America, due to difficulties of a method- Displacement of the halogen by ammonia forms the
ological nature, and had to be imported from theamine salt (amino acid).
United States of America, Europe, or Asia. The In the present work, we studied labeled-gly-
production of ammonia'®NHz3) is crucial in ob- cine synthesis, using the-haloacid amination
taining a number of nitrogen compounds. The Stamethod. The selection of this method is condi-
ble Isotopes Laboratory of Centro de Energia Nu-tioned to the use of ammonia, the main raw ma-
clear na Agricultura of Universidade de S&o Pauloterial from the synthesis reaction, already produced
(LIE-CENA/USP) dominates the method for ob- at LIE_CENA/USP. Thus, the novelty presented by
taining ammonium](SNHI) ion with enrichmentin  this work is the use of a previously labeled reagent
the range of up to 90%°N atoms (Maximo et al. (1°N-ammonia) in the proposed synthesis, paying
2000). special attention to the recovery of the previously
Several nitrogen compounds can be producedabeled ammonia reagent; this is crucial due to the
from labeled ammonium, among which are: anhy-high added value of the compound (U$ 200 per gram
drous ammonia (Bendassolli et al. 1988a); nitricof the isotope).

acid, from ammonid®N combustion; urea (Ben- Within this context, as this method for obtain-
dassolli et al. 1988b), an@N-uran (Bendassolli et ing 1®N-glycine becomes further developed, it is
al. 1989). now possible to contribute for the advancement of

A highly important nitrogen compound is gly- research in the biological and biomedical fields, and
cine, prominent for being a simple amino acid, andan important tool is offered that could be used in
one of the most soluble in water. In living organ- studies of this nature.
isms, it is frequently added to other molecules to
make them more soluble, so they can be excreted in
urine (Campbell 2000). This trait allows the nitro-
gen cycle to be elucidated in the metabolic mediumin the glycine synthesis reaction described by Vo-
Stack et al. (1989) usetPN amino acids to eval- gel (1980), carboxylic chloroacetic acid, ammonium

MATERIALSAND METHODS
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15N-LABED GLYCINE SYNTHESIS 443

carbonate, and concentrated (23-25% m/v) aqueousovery flask that operates at reduced pressure, at a
ammonia (excess) are used, and the reaction can ltemperature of 6TC. In this second compartment,
represented according to equation 1. ammonia traces were retaineda 6 mol L1 sul-
furic acid solution in the system’s recovery flask.
(1) The nitrogen fraction retained in the compartments
was quantified and designated as recovered nitro-
The proposed method was modified in relationgen (N). After 40 minutes of concentration, new
to that indicated by Vogel (1980), notably for the nitrogen determinations were made. The nitrogen
exclusion of ammonium carbonate from the syn-presentin the form of ammonium chloride (NEl),
thesis process, considering that the use of this conthe main impurity formed during the process, was
pound with natural isotopic abundance (0.366%  quantified in the concentrated solution. In the fi-
atoms) would cause isotopic dilution with the nal step, 100 mL methanol (G&@H) were added
highly enriched aqueous ammonia (50 to 98®4  to the solution to cause glycine crystallization and
atoms), although the reaction yield would be in-thus separate it from the ammonium chloride sol-
creased to up to 62%. uble in methanol. The purification procedure was
The tests were carried out with three replicatesrepeated three times.
in which we varied the amount of ammonia (0.73, The methanol used for purification was recov-
1.46, and 2.20 mols), corresponding to 50, 100, anetred by fractionated distillation, using a rotary evap-
150 mL of 25% m/v aqueous ammonia, in orderorator at reduced pressure at a temperature €30
to obtain the best economic and operational condi-  In order to verify the presence of glycine, the
tion for glycine synthesis. Initially, a chloroacetic synthesized samples were submitted to thin-layer
acid solution (25 g chloroacetic acid dissolved in chromatography (TLC) analysis, by reaction with
25 mL water) was added slowly under agitation intoninhydrin (Vilella 1976) and high performance lig-
an adapted 250 mL volumetric flask (two inlets, with uid chromatography (HPLC).
a Teflon valve attached to one of them) contain- In the TLC analyses, 10 mg from each sample
ing concentrated ammonia. A 1 mL aliquot was were weighed and solubilized in 1 mL water. Next,
taken from the final volume containing ammoniathe samples were applied with a /l0automatic
and chloroacetic acid and the initial N contentN pipettor to the silica plate, which was placed
in the reaction volume was quantified (Malavolta etin a laboratory bowl containing a mobile phase,
al. 1997). The closed flask remained resting for aconsisting of butanol, acetic acid, and water at a
period of 24 hours at room temperature. 4:1:1 rate, and developed in a 0.2% (m/v) ninhy-
After the rest period, an aliquot was again takendrin solution.
to quantify the N present in excess in the solution For HPLC determinations, 10 mg from each
(Ne). During the concentration of the solution, the sample were needed, solubilized in 1 mL purified
excess nitrogen, in the form of aqueous ammoniayater (18 M2.cm); 100uL were taken from the
was recovered in two compartments. The first com4inal solution and added of 9pQ water. Next, the
partment consisted of traps, 9 mm external diamesample was centrifuged and filtered (@r& micro-
ter and 6 mm internal diameter, inserted into threepore filter). A 1L sample was taken for anal-
24/ 40-ground-joint borosilicate tubes 35 cm inysis from the final volume and mixed into 30
height, 36 mm external diameter, and 32 mm inter-o-phthaldehyde (OPA), in order to derivatize the
nal diameter, containing 6 mol} sulfuric acid. amino acid, enabling it to be detected by HPLC.
The first was connected to a second compartmenthe amino acid was determined in a C18 Super-
consisting of a MARCONI model MA-120v vac- pac ODS-2 4x 250 mm reverse phase column,
uum rotary evaporator, with an evaporation and re-0.8 ml.miri* flow (Supelco), at room temperature,

2CH,CICOOH + 215N H3 + 1(NHg)2CO3
— 2CHyNHoCOOH + 2NH4Cl + HyCO3
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444 CLAUDINEIA R.O. TAVARES et al.

having as mobile phase a phosphate buffer (Buffetosses (%) ((NNg).100) were reduced, since about
A) with pH 7.25 corrected with glacial acetic acid, 94 &+ 1% of the excess nitrogen {Npresent at the
consisting of 50 mM NaOAc, 50 mM N&PO;, end of the reaction were recovered. These data
20 mL tetrahydrofuran, 20 mL methanol, and a (Buf- demonstrate the effectiveness of the excess ammo-
fer B) consisting of 65% HPLC-degree methanol nia recovery stage, and confirm that the gredtét
prepared with purified, degassed water, and vacuuniesses are related to the initial stage (handling, reac-
filtered through a Millipore HVPL 047 membrane. tion system, reagent transfers). The reduced-scale
After derivatization of the amino acid, the deriva- (micro scale) amino acid synthesis and the elimina-
tives were detected by fluorescence with a Shimatstion of the nitrogen quantification stagedBind N.)
RF 551 fluorescence detector, adjusted for excitatioms a routine may bring advantages to the process,
(A =250 nm) and emission.(= 480 nm). especially by reducing ammonia losses at the reac-
The isotopic (%4°N atoms) and N content (%) tion stage (handling, and volatile reagent transfers,
determinations in samples with natural isotopicamong others).
abundance and in the enriched amino acid (gly- When glycine masses obtained with 50 and
cine) were performed by mass spectrometry (model00 mL of agueous ammonia are compared, it can
ANCA-SL 20-20 mass spectrometer by PDZ Eu-be observed that the yield increase in amino acid
rope). A solution containing 535.3 mg glycine in synthesis was not proportional to the mass of aque-
10 ml (synthesized and Sigma standard) was preeus ammonia used, since doubling the mass of am-
pared for the isotopic and N content determinationanonia reagent provided an increase of only 17.6%
in glycine. The use of 1L of this solution con- in the glycine mass obtained.
taining 100ug N-glycine was sufficient for good Considering the stoichiometry of the glycine
analytical precision. synthesis reaction (equation 1) and the amino acid
production data presented in Table |, it was possible
to determine that synthesis yield was in the order of
8.7; 10.3; and 16.4% when volumes of 50, 100, and
The nitrogen balance (N recovery inthe process) and50 mL aqueous ammonia were used, respectively.
glycine amino acid production results (gravimetric In a single test utilizing 50 mL ammonia labeled
determination) as a function of 25% (m/v) aqueouswith 1.0%*°N atoms, it was possible to synthesize
ammonia volume (50, 100, or 150 mL) are presented..7 g glycine with the same isotopic labeling (1.0%
in Table I. The table shows data corresponding to Ni-*°N atoms), demonstrating that no isotopic fraction-
trogen recovery (N in the amino acid concentration ation occurs in the proposed process. Thus, the fi-
system from the excess N ¢\ glycine production, nal amino acid labeling is a function of the isotopic
and N mass in the amino acid N The N, was  abundance of the ammonia used initially.
obtained as described in item 2. In tests (three replicates) in which 50 mL am-
Based on the data from Table | it can be deter-monia were used, 1.7g glycine could be obtained,
mined that N losses in the global process (reactioron average, with N losses (global) in the order of
and amino acid concentration line) were in the or-2.9 g (Table I). Under these conditions and using
der of 3.64 0.3 g N (N, — (N + Ng)). Nitrogen ammonia with a 95% abundance #N atoms
losses were in gas form (NHland especially due (50 mL volume), it can be estimated that the
to the reagent handling process, were practically inglycine production costs (fixed and variable) with
dependent from the amount of ammoniacal solutiorthe same degree of enrichment was in the order of
employed. With regard to thed\ecovery system R$ 360.00 (Three hundred and sixty eall US$
(special line at reduced pressure) excess nitrogen, # R$ 3.0) per gram of the amino acid. Ammonia
can be determined, from the data in Table I, that Nlosses in the synthesis system represent about 85%

RESULTS AND DISCUSSIONS
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of amino acid production costs when the methodol- As it can be seen in Figure 1, the synthesized
ogy is used. These data show that, using the prosamples, according to the procedure proposed in
posed method to obtait?N-glycine, the final cost this work, indicated the presence of the amino acid
was about 5% lower than the FOB price in the in-glycine in comparison with the Sigma standard.
ternational market (without taking into account fees In the HPLC determinations, with the objecti-
related to import, transport, storage, and others, irve of detecting possible impurities, it was observed
case the compound is imported). that the chromatogram relative to the synthesized
The synthesis of organic molecules, especiallysample (Figure 2a) presents the same characteristics
in the pharmaceutical, agrochemical, and fine chemas the standard (Figure 2b), with a retention time of
ical industries, among others, many times involvesapproximately 26 minutes for both the sample and
several reaction steps, usually leading to very lowthe standard. According to the chromatograms, no
yields. Many times, depending on the process, ampurity was measured.
10% yield may be considered satisfactory from an The determinations corresponding to the N
economic point of view, but not from an ecolog- content in synthesized samples were carried out by
ical perspective, since byproducts and/or residue&ANCA-SL (Automatic Nitrogen Carbon Analyzer,
are generated. In tH@N-glycine synthesis process Solid and Liquid) mass spectrometry, from PDZ
(high*®N enrichment), the economic aspect is alsoEurope. The mean results (mgLN) for all syn-
relevant (due to thé®N isotope), especially when thesized glycine samples (solutions prepared from
conversion of reagents into the product of interesthe amino acid produced) as well as for the Sigma
is low. For this reason, an effective excess am-standard can be observed in Table Il. These data
monia recovery system becomes important, as welprovide evidence that the N content in the samples
as the ecological aspect given by the generation oare compatible with those in the p.a. Sigma stan-
residues (methanol and ammonium chloride). dard, and the amino acid purity is in the same
The synthesized glycine was submitted toorder of magnitude as the standard utilized. The
TLC, HPLC, and MS analyses, as described inisotopic determinations showed that no fractiona-
item 2, with the objective of verifying its purity. tion occurred in the synthesized samples, consider-
Figure 1 presents the results obtained by TLCing that the isotopic value of the ammonium sul-
for the 3 synthesized glycine samples (A, B, andfate used for aqueous ammonia production may
C) with natural'®N abundance (0.366% atoms), a vary from —10/o (0.363%15N atoms) to Goo
15N-enriched sample (D) (1.09%°N atoms), and (0.366%1°N atoms) (Kreitler et al. 1978, Heaton
two samples (E and F) of the p.a. standard amind986). In order to make the use of synthesized
acid (Sigma). glycine viable in biomedical assays, supplemen-
tary tests should be carried out (pyrogenicity and
toxicity). The 1®N-glycine thus obtained can be
used for the synthesis of other amino acids, as well
-Q; s # . g . as in the synthesis pathway ¥N-glyphosate, one
5 e . B of the most used herbicides worldwide.
With regard to the process aimed at the recov-
A B C s D = F ery of methanol, the data indicate that it was pos-
sible to recover 75% of the solvent used in the as-
Fig. 1-TLC plate developed in ninhydrin for glycine analysis. says, on average. The methanol purity obtained in
A, B, and C are glycine samples synthesized from 50, 100, and¢he process was compatible with the requirements
150 ml ammonia, respectively. Sample D refert-enriched  for the p.a. product employed in the glycine pu-
glycine. E and F correspond to the glycine p.a. standard. rification line. The same recovered methanol can

An Acad Bras Cienc (2006)78 (3)
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TABLEI
Excess nitrogen (Ne) recovery and glycine production as a function of volume
of aqueous ammonia (25% m/v NH3(aq) solution).

NH3(aq) No Ne Nr Ng Recoered Glycine
(mL) ()] (@) (@) (@) Nitrogen (%)* | Production (g)*
50 9.5+ 0.3 8.4+ 0.3 8.1+ 0.2 0.32£0.01 85+ 2 1.714+ 0.02
100 19.94+ 0.2 | 17.3+0.6 | 16.6+0.5 | 0.37+0.03 86+ 2 2.0+ 0.2
150 30.63+ 0.1 27.7+1 26+ 2 0.61+ 0.01 86+ 6 3.2+0.1

No (initial N); Ne (excess N after reaction)NNitrogen recovery), i (N incorporated in Glycine); *Effectiveness
(%) of the recovery process = [{N- Ng)/Ng].100; ** Synthesized glycine mass.

26.9

300

100

27.0

%

150

10.0

0 20 40 60 80 min

Fig. 2 — Chromatogram (HPLC) corresponding to the synthesized sample (top) and
Sigma standard (botton), respectively.
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TABLEII
Nitrogen content (mg L —1) and isotope abundance data
(% 15N atoms) for synthesized glycine samples
and for the p.a. Sigma standard.

Glycine NitrogenContent Isotopic abundance
Sample (mg E1glycineN) | (% 1°N atoms)
T1 0.98+ 0.01 0.363+ 0.002
T2 0.96+ 0.02 0.363+ 0.002
T3 0.98+ 0.01 0.363t 0.001
T4 0.98 1.0
SigmaStandard 0.9& 0.00 0.366+ 0.001

T1, T2, and T3 = mean and standard deviation of the mean for samples
synthesized from 50, 100, and 150 mL g@q) respectively; T4 = single
test with the use of 50 MESNHgaq) enriched with 1.09%°N atoms.

be used in thé>N-urea synthesis line (Bendassolli ACKNOWLEDGMENTS
et al. 1988b) and reused in the glycine purification-l-he authors thank Fundagéo de Amparo & Pesquisa
process. do Estado de S&o Paulo (FAPESP) for the financial

aid (Proceeding 99/09419-5) and a master’s scholar-
ship (Proceeding 99/01178-9) to Claudinéia Raquel
de Oliveira (student).

CONCLUSION
RESUMO

The assays allowed to attest the viability of produc-Este trabalho descreve um método para a sintese de gli-
ing this amino acid, despite the fact that yield for cina marcada no isétog8N, bem como detalhes da linha
the synthesis reaction was low (lower than 20%),de recuperacdo dos residuos nitrogenados. Para isso, foi
regardless of the amount of ammonia used. realizada uma aminacgéo dehaloacidos, empregando-se
The additional use of ammonium carbonateo acido carboxilico cloroacético e aménia aquosa marcada
would not be feasible, since it would produce iso-(*>NHg). Especial cuidado foi tomado para evitar pos-
topic dilution. siveis perdas d®°NH3, uma vez que o custo de producéo
Due to the high effectiveness (94%) observedé elevado. A esse respeito, embora o custo de aquisi¢do
in the recovery system for excess labeled-ammoniao composto marcado efiN (radioativo) seja inferior,
in the reaction, the production cost could be 25%o tracador estavel produzido se configura numa impor-
lower than the foreign FOB price. tante ferramenta em estudos de ciclagem de N em seres
The analyses performed by TLC, HPLC, vivos, minimizando também os riscos ocupacionais e am-
RMN, and IR-MS attested the high degree of pu-bientais, bem como os problemas de limitagéo de tempo
rity of the synthesized glycine. However, additional em estudos de campo. Os testes foram realizados em tri-
assays (pyrogenicity and toxicity) are required if it plicata variando-se o volume d&NHz g utilizado na
is to be used in the biomedical field. Another pos-reacédo (50, 100 e 150 mL), com a finalidade de aferir a
sible use would be as a precursor in the synthesis ahelhor condigdo de trabalho, sendo as massas de glicina
other!®N-labeled amino acids, as well as in the syn-obtidas de 1,7, 2 e 3,2 g, respectivamente. Com o desen-
thesis of'°>N-glyphosate, which is one of the most volvimento do sistema para recuperagao'@sHs, foi
important herbicides used worldwide. possivel recuperar 71, 83 e 87% da amdnia inicialmente
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utilizada na sintese. Com as adaptacdes necessérias, WLEIN PD AND KLEIN ER. 1987. Stable Isotope

mesmo sistema foi utilizado na recuperacdo de metanol Usage in Developing Countries: Safe tracer tools

75% do metanol utilizado inicialmente no processo de to measure human nutritional status. IAEA Bulletin

purificagdo do aminoacido. 4:41-44.

KNOWLES R AND BLACKBURN TH. 1993. Nitrogen
Isotope Techniques. Academic Press, San Diego,
CA, USA, 311 p.

KREITLER CW, RAGONE SE AND KATZ BG. 1978.
15N/14N ratios of ground-water nitrate, long Island,
New York. Groundwater 16: 404—409.

KROHN KA AND MATHIS CA. 1981. The use of isotope
nitrogen as a biochemical tracer. InOBT JW AND

Palavras-chave: isétopo estavel, glicina, aminoacido.
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