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Synthesis of the proline analogue [2,3-"H]azetidine-2-carboxylic acid

Uptake and incorporation in Arabidopsis thaliana and Escherichia coli

Nathalie Verbruggen. Marc van Montagu and Eric Messens

Labaratorizn veor Genelicy, Universiteir Gent, B-9000 Gonr, Belgiem

Azetidine-2-curboxylic acid, the d.memiered ring nornalogue of praling, is regulurty used in the study of praline metubolism us well us the study

of profein canformatian, We prepated i, L[, 3-"Hlizetidine- 2-curboxylic acid with an aptimized 10% yield from commereially available damino.

[2.3Hbulyrie ueid. Purification was petfomicd by fust-pratein liguid ehromatography. The biologicu] uctivity wus cheeked in both Arabidapsis
dhaliema sod Exeherichian coli, The abiined speeifie setivity of 10 mCimmal wus sufficient for most uptake and incorparation studies.

Amino acid: dsAminobuiyeie acid: Excherichio coli; Synthesis of rudionstive compounds

. INTRODUCTION

L-Azetidine-2-carboxylic acid (2AZ), is the 4-mem-
bered ring norunalogue of proline and occurs naturally
in members of the Liliweene fumily. whera it was first
isolated from Convelfarie majulis L. [1]. 2AZ is of bio-
chemical interest because, on the one hand. it is that
similar to proline that it can be incorporated in its place
into proteins but, and. on the other hand. it causes
alterations in their physicochemical and biologicul be-
havior. 2AZ is toxic. even at low concentriutions (<!
mM} to most plant species except same Liffgcece and
Agavaceae {2], 10 most bucterin with the exception of
e.g the Agrabacierion species [3], und to mammalinn
cells [4]. This toxicity is due to the functionul impair-
ment of proteins containing 2AZ residues instead of
proline [5.,6]. It has also heen reported that 2AZ inhibits
proline synthesis through u fulse end-product feedbuck
mechanism [7] which can alse add to its toxicity. The
toxicity of 2AZ has also heen used in selection studies:
mutants that overcome 2AZ toxicity have been isolated
{4.7-12] und are o useful tool in the study of proline
metabolism {13). Tne importance of proline is well
known in response to stress (salt, drought. cold, eic.)
(14.15]. To characterize these mutants it is importunt to
have radioastive 2AZ available.

Flere, we present an adaptation of Fowden™s method

Abbreviorions: GABA, y-amino-butyric ucid ® damino-bulyric aeid:
ZAZ, arelidines Bcarboxylic ucid: PPO, 2,5.diphenylosazele;, FLPC,
lust-protein liquid ehromitography: TCA, trichlorascetic acid: TLC.
thin-luyer chromatography,
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(1] starting from y-aminobutyric acid. suitable for the
synthesis of rndioactive 2AZ with 2.2 x 10" dpm/mM
in 10% yield. Better yields have been reported starting
from y-butyroluctone (53.5%) [16) or 2-pyrrolidinons
(62.5%5) [16] but none of the starting materials or inter-
mediates is availuble commercially as o rudicactive pre-
curser, Biosynthesis would be possible fram |[i-
“Clmethionine [16.17). but its specific activity is low.

2. MATERIALS AND METHODS

AL Chemvivals

These were purchased as given: dsumino-butyric acid (Junssen,
Beerse, Belgium): S-umino-[2.3- H]bulyricacid. TRK 327 and 1+{2,3-
Miprotine TRKA3E (Amersham, Buckinghamshire, UK): bromine,
red phosphorus. barium hydroxyde [Ba{QH),-8H.O)]. trishloroucatis
acid, und pyronin G (Merck, Darmstadt, Germany); phosphepeniox-
ide Grunusic A (Buker, Deventer, The Netherlands): w-proline and
Leszetidine-2-carboxylic neid (Sigma, 8 Louis, USA) Picofluar 30,
Solulyte, and 2.5-diphenyloxazale (Puckard, Cunberra, USA) TLC
pre-couled cellulose sheets MN300 0.1 mm layer {Macherey-Nagel,
Diren, Germauny), indd perhydrol (308 H.Q.) {resh from the logul
drugstore,

1.3, Goereld Meinudy

An LKB Walliae 1209 Rickbeta Liguid Scintillation Counler and
ReadySafe (Beckman. Fullerton, USA) were used for the nisay of
rudiouclive connpounds,

Ascending thin-layer chromatography wis airried outl on the
MNIOG sheets for § h with butanoVpyridine/acelis asid/waler,
15:12:3:10 {viviviv) as solvent. Autoradiography wis performed with
Koduk-sensitive (X-OMAT) and amplifying sereens on the thin luyver
dipped in |00 mlacctone, 0.5 g PPO. The Ry vialugs of 2AZ und GABA
waere 0,27 and 0,19, respectively, Thindayer slesirophoresis was zun
at 50 Viom for 30 min on the cellulose sheels soaked in HCOOH/
CH,COOHMALG, 2:8:90 (viviv) (pH 1.8) bufTer, The migralion values
ol 2AZ und GABRA were 3.0 em and 7.2 e, respectively, The migea-
tion value of it colored reference (pyronin G) was 1.6 em, Reveuling
ol amige acids was perfornied by dipping dried thin-laver sheets in 100
m! ucetone with 20 mg ninhydrin, 1 ml dcetie acid. 1 w1l pyridine.
followed by § min at 100°C.
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FPLC {Pharmacia, Uppsala, Sweden) équipped with cution-ex-
chunge cotump mana-5 § x 50 mm wus run with HCI gradient 107
M to tu M ia 30 min, L-ml fraction/min. Elution wis monitored #t
214 am,

24, Prepavation of ou-{2.3-" H Jazetidine2-carbaxylic acid

A-Amine-Butyric acid (0.5 mCi + 36 umol. 1.7 mg) was dissolved
in 0.5 ml water, loaded on a4 mone-S cution exchange column, and
sepurted with FPLC ux deseribed abave, Fructions with radioustivity
(between 27 and 29 min) wese dried in o sealed tube 5 mi} in & Syvant
centrifuge specd viueuum coneentrator. A trace of red phosphorus wis
udded and the tube wis put overnight aver PO, in vacuum ut 80°C.
Bromine (4 #1) wus udded. the gluss tube was viicuum scaled in mois»
ture-free conditions. und put in the oven at 80°C far 16 h, After this
resetion time. 0.5 ml sairated Ba(OH), solution wus added and the
husic mixture was refluxed on a boiling water bish for 20 min. Subse-
quently, exeess birium ions were precipitated by udding 0.1 N xulfurie
ucid up to pH 2-1(1.8-2.2 mi). The precipitate was cenlteifuged in the
ariginul sealed tube, wished and distarded. The collected superan-
tunts were loaded an n moapa-S § x 50 mm eolums, wished on the
column with § ml 107 M HCL, and submitted ta FPLC gradient
sepureition ns above: 2AZ wus eluted 4t 10=13 min (B=12% yield) and
4-uminobutyric ieid ut 27-29 min. Pure products were abtained by
Ivophilizition af the respective fractions. Recyeling of 4-aminobutyrie
icid is recommended,

25 Specfic activity
0.5 mCi x 34 {one *H gone ns HBr) for 0.036 mEq was 104 miCy
mmai for the seemic mixtute (2,3 Hlazetidine-2-enrboxylic acid.

2.6, Uptake and incorpurwtion in Arabidupsix tholione end Escherichiy
coli
2.6}, Preparation of plants, Seads of Arabidopsis thaliona race Bens-
heim were surfucc-sterilized by dippiag in 3% enleium hypochiorite for
10 min. followed By tinsing several times in water. Seeds were put on
# modified Murushige and Skoog (MS) medium (K1 medium} [18)
containing MS salts and vitaming, 1% sucrose, und 0.8% agar {Dilco)
in Petri dishes. Growth took place in a culture chamber {16-h photo-
period: 000 Ix [Philips TM Y065), 1§58, 21°C, 50% celutive humidity).
Ten days alter sowing (C+4 stage), samples contiining 10 plantlets
were preparsd for the uplake éxperiment. Groups of 10 plantlets were
tuken aut fram the solid agur medium without wounding und put into
liquid eculture medium for | h,

2.6.2. Assay Tor radiouctivily Iabeled substrates in plosts. The syn-
thetic Lf2.3H)2AZ (rucemic mixture) wus preparcd ot a specific
activity of 10 mCimmol. L{2,3-*H]Proline was diluted to the sume
specitic activity. Each sumple was kept for 1. 2 0r 4 bin an incubation
volume of 0.5 ml K! medium containing 0.5 #Ci of amine acid (proline
ar IAZ). After the incubalion time. each sumple was rinsed wice in
5 ml of waler containing 5 mM amino acid. Afler rinsing, the samples
were briefly druined on Kleenex paper before being weighited.

2.6.). Uptake measurements in plunts. Samples were dipped in 0.5 mi
Solulyte for 2 b at 60°'C, After cooling, 0.5 ml of 2-propancl/perhy-
dral, 30:70 {v/v) was added and the sumples were left to decalorize
avernight. Rudionctivity was measared by adding $ ml RendySale (24
h in the dark at 4*C before counting redussd buckground to a mini-
mum of 30~10 cpm).

2.6.4. Incorporation measurements. After being weighed, the sumples
were ground with 1 ml of trichloroacetic acid (TCA 10%) containing
5 mM preline, then filtered through GF/C Whatman paper, and
washed with 20 ml TCA (5%), containing § mM proline. Filters were
dried under an LR. lump and counted with 5 mi of picofluor,

2.6.5. Uptuke and incorporation assay for bacterin, £. coli K12 was
inoculated {1/50) from a Tully growi preculiuve and grown ta 0,0
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¢.6 in } ml mineral medium [19) supplemented with 1.3 x 10* ¢pm
0,4+{2.3°H]2AZ ar 1{3,23- ) praling 10 mClimmol. After growing. the
bacteris were pelleted (6,000 x £. |5 min) and radioactivity in the
supernatamts wus counted {1710 + 5 ml ReudySale). The decreuse in
radioaativity constitutes the uptuke measurement, Pellets were resus-
pended in | mi water. sonicuted on ice for S min at muximum intensity.
Cell debrix were discarded by centrifugation (15,000 % g, 1§ min). The
supernatant. acidified up to 10% TCA, was filtered through Whatman
GFIC puper und washed with 20 ml TCA (5%) containing § mM
proline. Filters were handled as abova,

3. RESULTS AND DISCUSSION

Azetidine-2-carboxylic acid is formad by a base.cata~
lyzad cyclisation reuaction of 2-bromeo-4-aminobutanoyl
bromide. We adapted Fowden's methad {1] starting
from 4-aminobutyric acid for the synthesis of micro-
amounts of radioactive material, 2-Bromo-4-aminobu-
tanoyl bromide is formed in two steps from GABA over
d-aminobutanoyl bromide as intermediate (Fig. 1).

The optimized reaction conditions, resuiting in 10%
yield, were: 36 umol of cold GABA and 0.5 mCi
[PH]IGABA, a twofold stoichiometric excess of bromine,
and u trace of red phosphorus, heated for 16 b at 80°C.
The reaction wus siopped und brought to basic pH with
barium hydroxide. After a short reflux in a boiling-
walter bath, barium was precipitated as sulfate and col-
lected supernutants were loaded onte an analytical cat-
ion-exchange column. Elution with an HCI gradient
from 010 0.1 M resulted in 2AZ (yield 109%) and GABA
separation (recovery &59%).

The progress of the synthesis could be controlled by
following the radioactivity of the elution pattern of sam-
ples on the cation exchanger, and by analyzing the reac-
tion mixture by thin-layer chromategraphy und electro-
phoresis, The thin layers were autorndiographed and
also developed witlh ninhydrin,

The biological activity of synthesized 2AZ was
checked Dy testing its incorporation into the proteins of
E. calf and A. thaliana. 1t was well taken up by both
systems (Tables [ and [1). Aflter overnight growth, the
uptuke in £, eoli of 2AZ and proline was 45% and 64%,
respectively; after 4 h of incubation, the uptake in
A. thaliana of both 2AZ and proline was 0.3%, 2AZ was
incorporated into the proteins. In E. coli incorporation
vs, uptake of the amino acids was 19% for 2AZ and 2%

Table 1
Uptake and incorporation of 2AZ and proline in E. coli

6,.L232H]2AZ  L{2,37H]Praline

Uptake (cpm) 58,967 £ 2,047 83,665 + 2,762
Uptake (%) 43 G4
Incarporation (epim) 4

594 0 1,539 065
Ingorporation vs. uplake (%) ! 2

Growth until optical density at 660 nm is 0.6 0.D. in 3 ml N9 mineral
medium cenaining 1.3 % 10* cpm smino acid (10 mCi/mmol), Three
replications for each amine acid were done,
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Tuble L
Uptake (A) und insorperation (B) of 2AZ und preling in Arabidopsis
thalicene
Hours 0.-[23H]2AZ 1{2,3/H]Proline
A {cpm} (®) {cpm) (%)
! Slazx 14 0. Sx158 ol
2 234 % 137 0.2 B9 £213 02
4 La4l =216 03 1,459 £ 223 03
1] {cpm) %) (epm) (%)
l &6x 2 1 Bz 7 %
2 %z 5 L] a5 1 5
4 7z 7 3 w: 5 5

Samples were incubated in K1 medium containing § x 10° ¢pm of
nmino acid (proline or 2A2). Values are the means of three replicu-
lions.

‘Perecnlage v, uptake.

for proline, whereas in A. thaliena, this ratio was 3% for
2AZ and 5% for proline. Although uptake of amino
acids is an active process [20], no distinction seemed to
be made in E. coli or A, thafiuna between L. or p-2AZ
uptake. If synthesized 2AZ was less well incorporated
thun proline, it is probably because proline was the

L-proline and the synthesized 2AZ was a racemic mix-

ture.

The method presented can be performed easily on a
laboratory scale and produces p.L-[2.3-*H]2AZ (about
10 mCi/mmel). This specific activity is convenient for
most studies in bacteria or plants. The available radio-
active 2AZ will be of importance for the churacteriza-
tion of mutants resistant to the proline analog since it
makes sereening fer mutations in the uptake or incorpo-
ration of 2AZ very rapid and efficient.
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Fig. |, Reastion scheme.
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