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Abstract-b-Cyano-L-alanine synthase was purified ca 470-fold to homogeneity from the aerial parts of Lathyrus 
latifolzus. The purified enzyme has an apparent M, of 56 000 and can be dissociated mto Identical subunits of M, 28 000, 
each containing one molecule of pyridoxal S-phosphate The K, value is 1 6 mM for L-cysteme and 0.51 mM for 
cyanide. The purified enzyme also catalysed the formatlon of some heterocyclic p-substituted alanines and S- 
substituted L-cysteines as additional catalytic actlvltles. Sigmficant differences were found between this enzyme and /l- 
cyano-L-alanme synthases from other sources. Several properties, including the amino acid composition of the purified 
enzyme, are also described 

INTRODUCTION 

In the preceding paper [l], we described the purification 
and properties of /?-cyano+alanme (BCA) synthase from 
Spinacia oleracea leaves and we presented evidence that 
BCA synthase could also catalyse the formation of some 
heterocyclic p-substituted alanines and S-substituted L- 
cystemes m the presence of L-cysteine or O-acetyl+serine 
and suitable precursors We recently also purified cyst- 
eme synthases from several plant species [2-61. These 
results suggest that naturally occurring heterocyclic b- 
substituted alanines such as /3-(pyrazol-1-yl)-L-alanine 
and L-qulsquahc acid are synthesized by a reaction 
mechanism comparable to the one that results m the 
formation of BCA or L-cysteine. 

Some leguminous plants belonging to the genera 
Lathyrus and Vlcia contain toxic amino acids and ammes 
which are the cause of different forms of lathyrism in man 
and animals [7-91. In the seeds of the perennial sweet pea 
(Lathyrus latijblius) small amounts of BCA were detected 
[lo] together with the lathyrotoxlc compounds a,y- 
dlammobutyric acid and b-aminoproplomtrile [l l-133. 
These lathyrotoxins can be regarded as the products of 
the reduction and the decarboxylatlon of BCA, respect- 
ively, although no unequivocal proof for such metabolic 
relationships has been gven yet. From the work on the 
biosynthesis in vitro of BCA, using either L-cysteme or O- 
acetyl+serine as ammo-substrates, it was concluded that 
BCA is the first intermediate in the process of cyanide 
assimilation in higher plants [ 141 Since cyanide is formed 
naturally from the ethylene pathway m higher plants [15, 
163, BCA synthase is essential for the detoxification of 
this endogenous toxin and at the same time may form the 
potential precursor for the lathyrotoxms cr,y- 

*Parts of this work were reported at the 3 1st Annual Meeting 
of Kanto Branch of the Pharmaceutxal Society of Japan at 
Tokyo, 7 November 1987 (Abstracts p. 90) 

diaminobutync acid and /&aminoproplomtrile in L. lati- 
folius 

Dunng our continuing study on the biosynthesis of this 
group of uncommon ammo acids, we have now at- 
tempted the punfication of BCA synthase from the aerial 
parts of L. latifolius, which contains a highly active 
enzyme for the formation of BCA, in order to make a 
detailed comparison with BCA synthases described be- 
fore [l, 17-221, and also to provide information for the 
further study of the biosynthesis of the lathyrogens. 

In this paper we describe the purification and the 
properties of BCA synthase from L. lmfolius and com- 
pare these properties with those of BCA synthases and 
cysteine synthases from other sources 

RESULTS 

Pmjication 

The methods described in our previous paper [l] were 
used for the extraction and purification of BCA synthase 
from 7 5 kg fresh weight of the aerial parts of L. latijdius. 
The enzyme was prepared simultaneously with the cyst- 
eme synthase activity by a procedure including aceton- 
ized preparation of mitochondria, ammonium sulphate 
fractionation, gel filtration on Sephadex G-100 or Ul- 
trogel AcA 44, ion-exchange chromatography on DEAE- 
Sephadex A-50, hydrophobic chromatography on AH- 
Sepharose 4B and preparative polyacrylamide gel elec- 
trophoresis (PAGE) as summarized in Table 1. 

The protein demonstrating BCA synthase activity was 
completely separated from cysteine synthase activity after 
the first DEAE-Sephadex A-50 column and the AH- 
Sepharose 4B column were eluted with a concentration 
gradient of K-Pi buffer, respectively. BCA synthase eluted 
at 105-130 mM on the DEAE-Sephadex A-50 column 
and eluted at 110-140 mM on the AH-Sepharose 4B 
column as shown in Fig. 1. 
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Table 1 Summary of the purlficatlon of P-cyano-L-alamne synthase from Lathyrus lat@us 

Specific 

Total Total actrvity 

activity protein (units!mg Yield 

Purification step (units) (mg) protein) (%) Fold 

1. Acetomzed preparation of mltochondria* 3750 13300 0282 100 1 

2. Ammomum sulphate preclpltatet 2220 3420 0 649 593 23 

3. Sephadex G-100 (peak fractions) 1520 1350 113 406 40 

4 1st DEAE-Sephadex A-SO (105~130 mM) 1130 243 4 65 300 16 

5 Ultrogel AcA 44 (peak fractions) 998 48 20 8 266 74 

6 AH-Sepharose 4B (110-140 mM) 378 44 85 9 10 1 305 

I Polyacrylamlde-gel electrophoresls 86 067 128 23 454 

8 2nd DEAE-Sephadex A-50 (75-85 mM) 74 0.56 132 20 468 

*The acetontzed preparation of mltochondrla was produced from 7 5 kg of the aerial parts of Lathyus 
larlfobus with the specific actlvlty 0 040 umts/mg protem and with the total actlvlty 5580 units 

t40-60% saturation and desalted on Sephadex G-25 

/ I i 

50 100 150 

Fraction number 

Fig 1 Elutlon patterns of fi-cyano-L-alanme synthase and cysteme synthase after the AH-Sepharose 4B column 

chromatography fi-Cyano-L-alamne synthase actlvlty (A-A), cysteme synthase actlvlty (0-e) and protein 

(A 2R0, ---) were momtored as shown m the ExperImental 

The complete procedure as shown in Table 1 afforded 
an apparent purification of ca 470-fold for BCA synthase 
with the specific activity of 132 U/mg protem and the 
yield of 2%, as compared to the specific actlvlty of the 
extract of acetonized preparation of mitochondna. 

Properties of the purified BCA synthase 

The M, of the purified enzyme from L. lat$olius was 
estimated by gel filtration using Sephadex G-100 (1.5 
x 115 cm) according to the method of ref [23]. BCA 

synthase activity was found invariably as a single peak, 
corresponding to an M, of 56000 The purified enzyme 
was subjected to SDS-PAGE on 12% gels to determme 
Its subunit structure, followmg the method of ref. [24]. A 
single band with an M, of 28 000 mdlcated two identical 
subunits, and that it has been purified to apparent 
homogeneity 

The purified enzyme had absorbance peaks at 280 nm 
and 410 nm that revealed a typlcal pyrldoxal S-phos- 
phate (PLP)-enzyme. The identification of bound PLP m 
the purified enzyme was demonstrated by direct spectro- 
photometric measurements [25] Assuming an M, of 
56 000, this gave 1.9 mol of PLP indicating BCA synthase 
m L latifohus has one molecule of PLP bound to each 
subunit 

The pH opttmum was found to be pH 9.1 with 
Trls-HCl buffer Lmeweaver-Burk plots gave K, values 
of 1 6 mM for L-cysteme and 0 51 mM for cyanide The 
K, value for L-cysteme was less than that determined for 
BCA synthases from both spinach [I] and blue lupin 
[18], while It was higher than that of the enzyme from 
white lupm [ZO]. The K, value for CN- was also less 
than the one determmed for BCA synthase from spinach 
[ 11, while it was almost the same value as the one for the 
enzyme from blue lupm [18]. 
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The addition of PLP had an accelerating effect on the 
activity of this enzyme, the increase being about 20% at a 
concentration of lo-’ mM, but was inhibitory at higher 
concentration, 1 mM causing 15% inhibition. An acti- 
vation of 20% by 1 mM PLP has been reported for BCA 
synthase from spinach Cl]. The enzyme was sensitive to 
the PLP-enzyme inhibitors. Sodium borohydride at con- 
centrations of 10e4, 10m3 and 1 mM caused 35, 70 and 
100% inhibition, respectively, while hydroxylamine had a 
less inhibitory effect, the decrease bemg 20% at 0.1 mM. 

Substrate specificity 

Under standard assay conditions, BCA synthase in L. 
latifolrus clearly appears to be specific for L-cysteme as a 
donor for the amino-substrate. Under identical condit- 
ions the activity was 123,20.4 and 7.3% in the presence of 
/I-chloro+alanme, 0-sulpho-L-serine and L-cystine as 
compared to L-cysteine at 10 mM, respectively The 
purified enzyme showed 10.5% activity m the presence of 
0-acetyl+serine. No detectable activity was found with 
0-phospho-L-serme or with L-serine. D-Cysteine or O- 
aCCtyl-D-Serhe also did not act as substrates. 

The purified enzyme also showed distmct substrate 
specificity when a variety of thiol compounds or N- 
heterocyclic compounds were used as acceptors for the 
amino-substrates. The relative activities of the purified 
enzyme with different substrates are shown in Table 2. 
BCA synthase in L. latifolius could synthesize S-substitu- 
ted L-cysteines from both L-cysteine and O-acetyl-t- 
serme. The enzyme could also synthesize b-(pyrazol-l-yl)- 
L-alanine, /I-(3-amino-1,2,4-triazol-1-yl)-L-alanme, L- 
quisqualic acid and 0-ureido-L-serine in low activities, 
while this enzyme could not synthesize L-mimosine, L- 
willardiine or L-isowillardiine. Thus, the specific activities 
of the purified BCA synthase towards a variety of sub- 
strates are different from those of BCA synthase from 
spinach [l] and from other sources [17-221, and also 
from those of cysteine synthases from other sources 
[2-6]. The different acceptors were tested at pH 9.0 with 

L-cysteine or at pH 8.0 with 0-acetyl+serine, the optimal 
pH for the formation of BCA and L-cysteine, respectively. 

Amino aczd composition 

The amino acid composition of the purified enzyme is 
given m Table 3. The data presented show that BCA 
synthase m L. latifolrus, like the BCA synthase in spinach 
[l], does not contain tryptophan, while BCA synthase 
purified from blue lupin does contam tryptophan [19]. 
The results obtained in this study also indicate that the 
enzyme consists of 526 residues and contains a large 
amount of glutamic acid (58 residues) and glycine (58 
residues) like BCA synthase in spinach. The ammo acid 
composition of BCA synthase obtained in this study is 
similar to the one purified from spinach [ 11, but it is very 
different from the BCA synthase enzymes purified from 
blue lupin [19] or white lupm [20]. 

The M, of BCA synthase, calculated on the basis of the 
amino acid composition, is 55 900, which corresponds to 
the value found by gel filtration on Sephadex G-100 
(56 000). 

DISCUSSION 

In previous work we demonstrated that BCA synthase 
from spinach can dissociate into two identical subunits, 
each with an M, about one-half that of the intact enzyme, 
and that PLP is tightly bound to the enzyme Cl]. In this 
study we have purified an analogous enzyme from the 
perenmal sweet pea Lathyrus latifolius. When the physi- 
cochemical properties of these two enzymes are com- 
pared, they are found to be almost the same, even the 
ammo acid compositions are similar in several aspects. 
However, the BCA synthases from blue lupin, white lupin 
and barley are different from the above two enzymes, 
having no subunits and only one molecule of PLP per 
enzyme molecule [17-211. At this point we may consider 
two separate classes of BCA synthases in higher plants, 
the lupin and barley enzymes belonging to one class, and 

Table 2 Relative synthetic rates of Ssubst1tuted L-cystemes and B-subsmuted alanines from L-cysteme or 
0-acetyk-senne by B-cyano-L-alanine synthase purified from L. latifolius 

Relative velocity of synthesis (%) 

Substrate Amino acid synthesized L-Cystelne 0-Acetyksenne 

NaCN /I-Cyano-L-alanine 100 10.5 

H,S L-Cysteine 3.4 
MeSH S-Methyl-L-cysteine 1.26 0.07 
CH,=CHCH,-SH S-Allyl-L-cystelne 0.02 0.08 
HOOCCH,-SH S-Carboxymethyl-L-cystelne 05 0.2 
Pyrazole B-(Pyrazol-1-yl)-L-alanine 0.03 017 

3-Ammo-1,2,4-tnazole jG(3-Am1no-l,2,4-tnazol-l-yl)-~- 
alanine 0.1 0.07 

3,5-D10~0-1,2,4-oxad1azolldlne L-Qu1squahc acid 0 0.1 
3,4-Dlhydroxypyndine L-Mlmosine 0 0 
Uracil L-Wlllardune 0 0 

tJsow1llardune 0 0 
Hydroxyurea 0-Ureldo-L-ser1ne 0.01 0.03 

The relative rates of synthesis were compared with that of b-cyano+alanme from L-cysteme and NaCN. 
The reaction condltlons are gven 1n the Expenmental and are as described before [lL6]. 
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Table 3 Ammo acid composltlon of p- 

cyano-L-alamne synthase purdied from 

L km~ohs 

Numbers of reslduesi 

Ammo acids 560008* 

Asp 40 

Thr 36 

Ser 38 

GlU 58 

Pro 30 

GUY 58 

Ala 44 

Vdi 40 

Cys 4 

Met 22 

Ile 28 

Leu 44 

TY~ 14 

Phe 14 

Trp 0 

Lys 32 

HIS 6 

Arg 18 

Total 526 

*Results are expressed as residues 
/mol and are based on an M, of 56 000 
Values for Thr and Ser are extrapolated 

to zero-time hydrolysis 

The numbers of residues of ammo 

acids were calculated based on the re- 

sults of analyses after 24, 48 and 72 hr 

acid hydrolysis of native enzyme 

Means of duphcate analyses are given 

Determmation of tryptophan was 

made by alkahne hydrolysis and meth- 

anesulphonate hydrolysis r2, 301 

the enzymes from spinach and L. lattfolms belongmg to a 
second class that may also contam the structurally slmdar 
BCA synthase from Chromobacterium uzolnceum [22]. 
This second class of enzyme also has some structural 
similarity with cysteme synthases m higher plants, re- 
sponsible for the formatlon of some heterocyclic jj’- 
substituted alanmes [2-61 Also m bacteria the physlco- 
chemical properties of cysteine synthases are described as 
“remarkably slmllar” to the BCA synthase of C. ulolaceum 

L-221. 
In L. lati$o~~ollus BCA synthase and cysteme synthase can 

be completely separated by gradient elutlons with K-P1 
buffers from DEAE-Sephadex A-50 and from AH-Sep- 
harose 4B columns 

Among the substrates studled so far (Table 2), BCA 
synthase from L. lntifohus could catalyse the formatlon of 
S-substituted L-cystemes from either L-cysteme or O- 
acetyl-L-serme as ammo-substrates and correspondmg 
co-substrates. The purified enzyme can also catalyse the 
synthesis of some heterocychc /3-substituted alanmes such 
as L-qmsquahc aad, /?-(pyrazol- 1 -yl)-L-alanme and b-(3- 
amino-1,2,4-triazol-l-yl)-L-alanine in low activities, as 
well as 0-ureldo-L-serme, while the spinach enzyme could 
not synthesize 0-ureldo-L-serme [ 11 BCA synthase from 

L latlfoltus, hke the one from spinach, can thus play a role 
m the detoxification of endogenous- or eventually exo- 
genous-toxic molecules such as cyanide, hydrogen sul- 
phlde, pyrazole or 3-ammo-1,2,4-trlazole This observa- 
tion IS m lme with our previous tindmgs on BCA syn- 
thases and cysteme synthases m higher plants [l-6] Both 
BCA synthases and cysteme synthases may play a slmdar 
role as multlfunctlonal enzymes m the blosynthesls of 
non-protein ammo acids as secondary metabolites m 
higher plants. 

The ammo acid composltlons of BCA synthases from 
L latrfi,l~~ and from spinach are very slmllar both 
enzymes contam small amounts of cysteme (both 4 
residues) and hlstldme (6 and 4 residues), and slmdar 
amounts of prohne (30 and 32 residues), lysme (both 32 
residues) and argmme (both 18 residues), and rather large 
amounts of methlonme (22 and 26 residues), glutamlc 
acid (58 and 64 residues) and glycme (58 and 64 residues) 
Neither enzyme contains tryptophan The slmdarltles 
between these two enzymes are much greater than be- 
tween the BCA synthases from blue lupm [ 191 and white 
lupm [20] When the known ammo acid composltlons of 
the purified enzymes are compared by a mathematical 
method [26], It IS suggested that the BCA synthases from 
L latrfolrus and from spinach are closely related, and also 
that they both are related to cysteme synthases from other 
plant sources, except the lsoenzyme B from pea seedlmgs 
[4] All these findings concerning plant BCA synthases 
and cysteme synthases suggest that all these enzymes may 
have a common ancestor and perhaps RCA synthase may 
have arisen by duphcatlon of the gene for cysteme 
synthase during the course of evolution 

The absence of unequivocal mformatlon on the blo- 
synthesis of the lathyrotoxms a,;-dlammobutyrlc acid 
and b-ammoproplomtrlle, which are both present m L. 
latfol~us [ 131, and the absence of BCA m the seedlings 
and aerial parts of this same plant while BCA synthase IS 
highly active, leads to the assumption that BCA may be a 
short lived intermediate m the blosynthesls of those 
lathyrotoxms The decarboxylatlon of BCA can lead to fl- 
ammoproplomtrlle, while a reduction of the cyano group 
mto an ammo group would lead to r,;-dlammobutyrlc 
acid. 

EXPERIMENT4L 

Materrals The aerlai parts of Lalhyrus larcjiihs L were used 

in this work Seeds were supphed by Sakata Seed Corporation 

(Japan) and they were grown m the medlcmal plant gardens of 

our umverslty After harvest, young aerial parts were collected 

and then cooled for 1 hr at O-4” before extraction Sephadex G- 

25 and G-100, DEAE-Sephadex A-50 and AH-Sepharose 4B 

were purchased from Pharmdcia Ultrogel AcA 44 was obtamed 

from LKB All other chenucais used were of the highest com- 
merclal grade avadable 

Actlozry ussay This was performed as described previously 

Cl] The formatlon of I.-cysteme was measured spectrophotome- 

tncally accordmg to the method of ref 1271 The unit of enzyme 

activity was eqmvalent to 1 pmol of BCA or L-cysteme produced 

per mm at 30” m 50mM Trls-HCI buffer, pH 9 Protem was 

determmed by the method of ref [ZS] 

Punjicatton (>_I BCA spnthuse from the aenal parts of L 

latlfohus All operahons were carried out at &I” BCA synthase 
was prepared from 7 5 kg of fresh aerldl parts PortIons (100 g) of 

the aerial parts were repeatedly homogemzed m 02 M K-PI 
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buffer, pH 8, contammg 10 mM 2-mercaptoethanol and 0 5 mM 

EDTA The homogenate obtamed was centnfuged at 15 000 g 

for 20 mm, and the supernatant was discarded and then the ppt 

was completely suspended m a mmimum vol. of 30 mM K-Pi 

buffer, pH 8, contammg 10 mM 2-mercaptoethanol and 0.5 mM 

EDTA (buffer A). To the suspension obtamed, a 5 x vol. of 

acetone at -20” was added and homogemzed for 30 set m a 

Warmg blendor, followed by centrrfugation at So00 g for 10 mm. 

Acetomzed preparation of mttochondrta was prepared accord- 

mg to a modtfied method of refs [17, 191 After discardmg the 

acetone, buffer A was added to an acetomzed preparation for the 

solubihzation of the enzyme and then homogenized for 10 mm m 

the same buffer. After standmg for 2 hr, the ppt which had 

formed was removed by centrifugation at 150009 for 20mm. 

The supernatant was subJected to (NH,),SO, fractionation, and 

a 4&60% satd (NH&SO, fraction was resuspended m bulIer A 

The resultmg soln was apphed to a column (8 x 25 cm) of 
Sephadex G-25 (fine) pre-eqmhbrated with buffer A. The protem 

fraction was coned by (NH,),SO, pptn and then applied to a 

column (4.6 x 90 cm) of Sephadex G-100 pre-eqmhbrated wtth 

the same buffer The active fractions were pooled and then 
applied to the first DEAE-Sephadex A-50 column (4 6 x 6 cm) 
pre-eqmhbrated with buffer A and the enzymes eluted with a 

linear gradtent of K-Pi (30-300 mM) m the same buffer. BCA 

synthase activity was eluted at 105-130 mM and two cysteme 

synthase activities were eluted at 14&170 mM and 220-250 mM 

K-Pi buffer, respecttvely, and the first BCA synthase active 

fractions (105-130mM K-PI fractions) were coned by 

(NH&SO, pptn The active fractton was apphed to a column (3 
x 100 cm) of Ultrogel AcA 44 pre-equihbrated with buffer A The 

eluates wbre collected and active fractions were concentrated by 

Immerstble CX-IO (Mtlhpore) The resultmg soln was apphed to 

a column (1.2 x 8 5 cm) of AH-Sepharose 4B pre-eqmhbrated with 
buffer A and the enzyme eluted with a hnear gradtent of K-Pi (30- 

300mM) in the same buffer. BCA synthase was eluted at 

ll(r140 mM and concentrated by Immersible CX-10. The re- 

sultmg soln was subJected to prep. PAGE on 7 5% gel at pH 8.3 

(Trrs-glycme buffer). BCA synthase fraction obtamed from gel 

shces was finally apphed to a column (1.2 x 2 cm) of DEAE- 

Sephadex A-50 pre-eqmhbrated m buffer A The highly purified 

enzyme fraction (75-85 mM K-PI fractions) was a pale yellow 

soln and was stable for at least one month at 0”. This enzyme 

preparation m 50 mM Trts-HCl buffer, pH 9, was used m all 

further expts 

Propertzes of BCA synthase were studied by the methods of 

ref. [29]. 

Identzjcatzon of heterocyclzc S-substztuted alanznes and S- 

substztuted L-cysteznes as reactzon products was performed as 
described prevtously [2] 

Uetermznatzon ofamzno aczd~composztzon was aiso performedas 
described prevtously [2]. This was also achieved by the method 

of ref [30] 
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