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Abstract-Pyruvate IS formed on mcubatlon of L-cysteme with acetone powder preparations of Acacra 
georgrnae but m the presence of cyanide, j&cyanoalanme 1s produced and pyruvate production is 
highly depressed The pH optimum for pyruvate production IS 8 5 In the presence of fluoride (15 mM), 
the pH profile 1s unchanged and m the presence of cyanide (1 5 mM), mmlmal pyruvate production 
occurs at pH 8 5 Although addition of pyndoxal phosphate had no Influence on pyruvate or /?-cyano- 
alanme production, these processes wefe prevented by sodmm borohydnde, an mhlbltor of pyndoxal 
enzymes Neither L-senne nor O-acetyl-L-serme serve as alternative substrates for pyruvate production. 
j-Fluoroalanme was not detected on incubating fluoride with an enzyme preparation from A georgmae 
acetone powders 

INTRODUCTION 

IN RECENT years, numerous reports have described the occurrence of novel ammo acids of 
the /I-substituted alanme type. lez The blosynthesls of many of these has been shown to 
mvolve a pyndoxal phosphate-dependent a-p ehmmatlon of hydrogen sulphlde, water, or 
acetlc acid from the substrates cysteme, serme, or O-acetyl serme respectively and the mcor- 
poratlon of a different nucleophlle by addltlon or exchange reactions 3-6 The present com- 
mumcatlon reports on the blosynthesls of /3-cyanoalanme m Acuczu georgznue, F M Bailey 
from cysteme and cyanide by such processes 

It has been proposed’ that the formation of fluoroacetlc acid m A georgznae uutlally 
involves a slmllar a-p ehmmatlon and mcorporatlon of the nucleophlhc fluoride ion to 
produce &fluoroalanme The ability of the plant preparations to mcorporate the fluoride 
ion by such a process was also investigated In the presence or absence of fluoride, cysteme 
was converted to pyruvate Replacement of fluoride by cyanide almost abolished pyruvate 
formation and led to the production of /3-cyanoalanme 

RESULTS 

The a-p ehmmase m A georgznae catalyzes the conversion of cysteme to pyruvate with a 
mean stolchlometry of 96% for cysteme added. Seven determmatlons up to 1 pmol were 
made. 
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Pyrldoxal phosphate (PALP), at concentrations ranging from 0 to 2 mM, falled to en- 
hance the enzyme activity The addition of a trace of sodium borohydnde, which mhlblts 
pyrldoxal enzymes, abolished pyruvate production No pyruvate was produced when L- 

cysteme was replaced by either U-acetyl-L-serme (OAS) or L-serme m acetone powder mcu- 
batlons m the pH range 7 4-9 7 
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PRODUCTION 0~ PYRUVATE FROM CYSTEINE FIG 2 HYDROGEN SULPHIDE ELIIvI~~AJIoN IN 
PRESENCE AND ABSENCE OF FLUORIDE AND PRESENCE AND ABSENCE OFFLUORIDE ANDCyANmr 

CYANIDE AT pH 85 ~~pH85 

As the 2,4-dmltrophenyihydrazone (DNP) assay IS not specific for pyruvate, the Incubation 
mixtures were extracted with toluene after DNP formation (see Experimental) This results 
in the selective extraction of the less polar DNP denvatlves, mcludrng py~uvate Subsequent 
chromatography allows isolation of the syn-and- an&forms of pyruvate DNP PyrLvdtc 
production was also confirmed uqmg iactlc dehydrogenase (LDH) as an assay 

The relatlonshlp between pH and pyruvate productton In the presence or absence of 
fluoride was almost Identical, with an optimum at pH 8 5 There was a marked depression 
in pyruvate production m the presence of cyanide to 10% of the actl\iity at pH 8 5 m Its 
absence No clear pH optimum was observed The time course of pyruvate productIon 
from cysteme was also investigated m the presence and absence of fluoride and cyamde, and 
the results are presented in Fig 1 

In the presence of authentic pyruvate, cyanide had no Influence on the formatlon of pyru- 
vate DNP and the depresslon m pyruvate productlon in the presence of cyanide was con- 
firmed using LDH 

In order to further investigate the ehmmase reaction attempts were mdde to measure 
hydrogen sulphlde by a technique m which methylene blue IS synthesized m Its presence,3 
but these estlmatlons did not correlate wrth those obtained on calibration of the method 
with standard amounts of sodium sulphlde For this reason, the H,S formed m the stolchlo- 
metric conversion of cysteme to pyruvate was used In estabhshmg a standard curve 
Exammatlon of hydrogen sulphlde ehmrnatlon in the presence and absence of cyamde and 
fluoride mdlcated that the a-/3 ehminatlon reactlon was mrtmlly almost twtce as fast In the 
presence of cyamde (Fig 2) 



FormatIon of /3-cyanoalanlne and pyruvate by Acacia georgmae 1979 

The /3-cyanoalanme synthase actlvlty of blue lupm, sorghum and (common vetch, has 
been measured by assay of hydrogen sulphlde ehmmatlon using cysteme as substrate 3 
In the present study with A georgmae, cyanide was shown to be converted to p-cyanoalanme 
by use of an automated ammo acid analyzer with reference to authentic /?-cyanoalamne 
/?-Cyanoalanme produces a characterlstlc green colouratlon with nmhydrm The same colour 
reaction was observed with the ammo acid product derived enzymatlcally In mcubatlons 
conducted both m the presence and absence of cyanide the lmtlal cysteme concentrations 
were reduced by approximately 90% when compared to an enzyme-Inactivated blank 

Although it has been reported that numerous species convert /?-cyanoalanme to aspdra- 
glne, 3*8 there was no evidence that this process occurred m A gcorgmae lncubatlons as 
assessed by ammo acid analysis 

There was no evidence for the production of fi-fluoroalanme m mcubatlons contammg 
fluoride Ion under condltlons favourmg the formation of j3-cyanoalamne, and the fluoride 
ion concentrations remamed essentially unchanged over time-course experiments (Fig 1) 
and pH studies and m experiments where OAS and serme replaced cysteme as substrate 
Fluoropyruvate DNP IS toluene-soluble and IS also slmllar In its chromatographlc propertles 
to pyruvate DNP Moreover fluoropyruvate IS an acceptable substrate to LDH 9 To further 
confirm that fluoride had not been Incorporated, the DNP lsoldted from an incubation 
carried out m the presence of fluoride was examined by MS The mass spectrum was devoid 
of a hydrogen fluoride slgnal at nl/e = 20, which proved to be a strong slgnal m the mass 
spectrum of authentic fluoropyruvate DNP 

DISCUSSION 

The production of pyruvate from ammo acid substrates m plant preparations has pre- 
v~ously been reported l”*‘l A recent communlcatlon,‘O describes the production of pyruvate 
from 0-acetyl+serme by Brawca species, by an a-p ellmmatlon process Cyanide was found 
to produce an 85 “/, mhlbltlon of pyruvate production but the nature of the mhlbltlon and 
the posslblhty of fi-cyanoalamne formation was not discussed 

In the present study the conversion of cysteme (I) to pyruvate (II) m the absence of cyanide 
and the formation of fl-cyanoalanme (III) Instead of pyruvate In the presence of cyanide, 
suggests that the a-/3 ehmmatton reaction and nucleophlle substitution may be associated 
through the common Intermediates (IV) and (V) 

The alternative pathways described above are analogous to those described in Leucaena 
seedlings where mlmosme (/?- N-(3-hydroxy-4-pyndonyl) alanme) 1s degraded to pyruvate, 
with the ehmmatlon of 3,4-dlhydroxypyndme l1 However, m the presence of the nucleo- 
phlle methylmercaptan, Smethylcysteme IS formed instead of pyruvate lz 

Several /3-substituted alanmes have been isolated from A georgrnae I3 These include 
p-acetylammoalanme, alblzune (fl-ureldoalanme), and djenkohc acid (3,3’-(methylenedlthlo) 
dlalanme) The blosynthesls of these substances m A georgrnae has not been reported 
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From a conslderatlon of the hterature it would appear that /3-cyanoalanme has not been 
described as a metabohte of Acacia species and Indeed it may not normally be produced The 
m vitro production of /3-cyanoalanme may therefore reflect the relative ldck of specifictty of 
enzymes responsible for elaboratmg the ,%substltuted alanmes m Acacra species Such a 
hypothesis has been suggested m a proposed brosynthetlc pathway for fluoroacetlc acid m 
A georgmae, via the IntermedIate #Lfluoroalamne 7 However, the failure to Incorporate 
fluoride m these experiments may reflect d hmlted speclficlty governed by genettc factors, 
smce the A georglnae seed was denled from plants devoid of fluoroacetate 
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Formation of ,%cyanoalanme and pyruvate by Acacra ,qeeorgmae 1981 

EXPERIMENTAL 
Enzyjne preparatron Seeds of Acacia georgrnae were obtamed from the Northern Territory of Austraha 

and germmated m the dark at 25-28” for 14 days The seedlings were homogemzed m 10 vol cold acetone 
(-15 ) and the resultmg protem ppt was filtered under vacuum, washed with acetone, and drred m a 
vacuum de\tccator at 4” The drted acetone-powder was gently strrred for 2 hr at 4” with Trrs-HCI buffer 
(0 I M, pH 8 9) uzmg 25 ml buffer per g powder After centrlfugatlon the supernatant was dtalyzed against 
3 changes of 0 1 M Trrs-HCI buffer pH 8 5 for 36 hr at 4” The resulting solution was used as the enzyme 
source 

Anoy procedures The complete mcubatton mixture contamed the followmg components at the given 
final concentrattons 0 1 M Trts-HCI pH 8 5.0 5 mM L-cysteme, or O-acetyl-r-serrne, or t_-serme, 0 10 mM 
PALP and 0 8 mg protem, m a total vol of 2 ml The mcubatlon mixtures contammg fluoride or cyanide 
were I 5 mM with respect to these substances The enzyme preparation was added to start the reaction and 
tubes were incubated dt 30” for various times For pyruvate esttmattons the reaction was stopped wtth 0 2 
ml 50% trtchloroacetrc acid and 0 5 ml 0 1 ‘A 2,4-dmltrophenylhydrazme m 0 2 N HCI was added After 
10 mm at 30” each tube was vtgorously extracted wrth 1 ml toluene, centrtfuged to separate the phases and 
100 pl of the toluene cupernatant contammg the pyruvate-DNP was spotted on Whatman No I chromato- 
graphy paper and developed overmght by the descendmg method, usmg n-BuOH-HOAc-HZ0 (4 1 5. 
upper), as solvent The syn- and-anti-forms of pyruvate-DNP (RI, 0 38 and 0 55) derived from each spotted 
ahquot were cut out, combmed, and eluted by maceratton m 2 ml 1 N NaOH and centrifuged The absor- 
bance of the supernatants was read at 430 nm A standard curve was prepared In Identical fashion from 
authenttc sodium pyruvate and was linear over the range used (to 1 pmol) In some experiments pyruvate was 
determined by the use of LDH rn which NADH consumptron was determmed spectrophotometrtcally 

Sulphlde esflmatmns were carrted out m Thunberg tubes, by the method of Blumenthal et al 3 The reaction 
was stopped and methylene blue was produced by mlxmg the mcubatron mtxture wtth a solution of N,N- 
dimethyl-p-phenylenedtamme-FeC13 reagent, contained m the side-arm 

Inorganrc fbrrde was determined with the atd of a fluoride electrode. 
Ammo acrd anuly~ by autoanalyzer was carried out on deprotemtzed mcubatlons mixtures m which 20 % 

(w/v) sulphosahcyhc acid was used as protein precipitant 
Protern was determined by the method of Lowry et al ‘* 
Chemrcalr L-Cysteme hydrochloride was purchased from AJax Chemtcals Ltd , Sydney-Melbourne, 

Austraha, O-acetyl+serme from Calbmchem. San Dtego, Cahfomla, sodium pyruvate from Sigma Chemt- 
cals Ltd , St LOUIS, Missouri, N.N-dimethyl-p-phenylenedramme was purchased from BDH Chemtcals 
Ltd. Poole, England Authentrc fl-cyanoalanme was kindly supplted by Dr F Nartey 
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