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Abstract-/I?-Cyano-L-alanine synthase was purified ca lOOO-fold to homogeneity from the immature seeds of Vicia 
angustifolia. The purified enzyme has an apparent M, of 54000 consisting of two identical subunits. The subunits 
contain one molecule of pyridoxal S-phosphate each. The K,,, value is 3.6 mM for L-cysteine and 0.5 mM for cyanide. 
/?-Cyano-L-alanine synthase from V. angustifolia also catalyses the formation of some S-substituted L-cysteines and 
some heterocyclic B-substituted alanines from L-cysteine or O-acetyl+serine as an additional catalytic activity. 
Significant differences were found between this enzyme and &cyano-L-alanine synthases from other sources. The 
amino acid composition of the purified enzyme, and also the occurrence and distribution of @-cyano-L-alanine 
synthase and cysteine synthase activities in some higher plants are given. 

INTRODUCTION 

In our recent studies [ 1,2], we described the purification 
and the properties of B-cyano+alanine (BCA) synthase 
from Spinacia oleracea and Lathyrus latifolius and we 
presented evidence that BCA synthase, as an additional 
catalytic activity, could also catalyse the formation of 
some p-substituted alanines and S-substituted L-cysteines 
in the presence of L-cysteine or O-acetyl-L-serine (OAS) 
and suitable precursors. We could also demonstrate that 
some cysteine synthases purified from plants [3-73 could 
catalyse the formation of j?-substituted alanines, includ- 
ing BCA, in the presence of OAS and suitable precursors. 
These results suggested that both enzymes could play a 
similar role in the detoxification of endogenous molecules 
such as cyanide, hydrogen sulphide or pyrazole, thereby 
forming both primary and secondary metabolites like 
BCA, L-cysteine and the B-substituted alanines. 

In the course of our continuing study of this group of 
pyridoxal S-phosphate (PLP)-containing enzymes, and 
of the biosynthesis of heterocyclic B-substituted alanines 
and BCA, we have now attempted the purification of 
BCA synthase from Vicia angustifolia, which contains 
BCA and vicianin as cyano compounds, in order to make 
a detailed comparison with the enzymes previously de- 
scribed [l, 2,8-13). We have also studied the occurrence 
and distribution of BCA synthase and cysteine synthase 
activities in both cyanogenic and non-cyanogenic plants 
in order to obtain some information about the metabolic 
detoxification of cyanide or sulphide, and the physio- 
logical role of these enzymes in a variety of higher plants. 

*Parts of this work were reported at the 105th and 108th 
Annual Meetings of the Pharmaceutical Society of Japan at 
Kanazawa, 5 April 1985 (Abstracts p. 452) and at Hiroshima, 5 
April 1988 (Abstracts p. 308), respectively. 

The intracellular distribhtion of both enzyme activities in 
some higher plants is also given. 

RESULTS 

Purification of BCA synthase 

The methods described in our previous paper [l] were 
used for the extraction and purification of BCA synthase 
from 2.5 kg fresh weight of the immature seeds of V. 
angustifolia. The enzyme was prepared simultaneously 
with the cysteine synthase activity by a procedure includ- 
ing heat treatment, ammonium sulphate fractionation, 
gel filtration on Sephadex G-100 or Ultrogel AcA 44, ion- 
exchange chromatography on DEAE-Sephadex A-SO, 
hydrophobic chromatography on AH-Sepharose 4B, 
preparative PAGE and hydroxylapatite chromatography 
on HP-40 as summarized in Table 1. 

The protein demonstrating BCA synthase activity was 
separated from cysteine synthase activity after the AH- 
Sepharose 4B column was eluted with a concentration 
gradient of K-Pi buffer. The enzyme activity for BCA 
synthase was eluted at 80-105 mM and cysteine syn- 
thases eluted at 50-70 mM and 125-140 mM as shown in 
Fig. 1. 

The complete procedure (Table 1) afforded an apparent 
purification of ca lOOO-fold for BCA synthase with a 
&ecific activity of 120 U/mg protein and a yield of OS%, 
as compared to the total BCA synthase activity of the 
crude extract. 

Properties of the purified BCA synthase 

The M, of the purified enzyme was estimated by 
analytical gel filtration using Sephadex G-100 (1.5 
x 115 cm) according to the method of ref. [14]. BCA 
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Table 1. Summary of the purification of /Lcyano-L-alanine synthase from Vicia angustifolia 

Purification step 
Total activity Total protein SpeciFic activity Yield 
(units*) bwd (units/mg .protein) (%) Fold 

1. Crude extract? 4450 36800 0.121 100 1 
2. W-heated supernatantz 4200 31400 0.134 94.4 1.1 
3. Ammonium sulphate precipitat4 2680 IIFIOO 0.244 60.2 2.0 
4. DEAE-Sephadex A-50 (W-220 mM) 2110 2300 0.92 47.4 7.6 
5. Sephadex G-100 (peak fractions) 1520 430 3.50 34.2 28.9 
6. AH-Sepharose 4B (SO-105 mM) 580 48.5 12.0 13.0 99.2 
7. Ultrogel AcA 44 (peak fractions) 360 20.5 17.5 8.1 145 
8. Preparative PAGE 82 2.1 39.0 1.8 322 
9. 2nd DEAE-Sephadex A-50 (100-130 mM) 70 1.5 46.7 1.6 386 

10. Hydroxylapatite HP-40 (peak fractions) 24 0.2 120 0.5 992 

*A unit of enzyme activity represents 1 pmol of product formed per mm at 30”, in 50 mM Tris-HCl buffer, pH 9. 
tstarting from 2.5 kg of the immature seeds of Vicio angustifolia. 
$Sy, 1 min. 
83560% saturation and desalted on Sephadex G-25. 

Fraction number 

Fig. 1. Elution patterns of g-cyano-L-alanine synthase and cysteine synthase after the AH-Sepharose 4B column 
chromatography. /3Xyano+alanine synthase activity (-A--), cysteine synthase activity (-•-) and 

protein (A,,, ---). 

synthase activity was found invariably as a single peak, 
corresponding to an Mr of 54000. The purified enzyme 
was subjected to SDS-PAGE on 4-20% gradient gels to 
determine its subunit structure, following the method of 
ref. [ 1 S]. A single band with an M, about one-half that of 
the intact enzyme indicated two identical subunits, and 
that it has been purified to apparent homogeneity. 

The purified enzyme had absorbance peaks 280 and 
410 nm, typical for a PLPenxyme. Direct spectrophoto- 
metric measurements [16] indicated that BCA synthase 
in V. aragustifolia had one molecule of PLP bound to each 
subunit. 

The pH optimum was found to be pH 9.4-9.5 with 
Tris-HCl buffer. Lineweaver-Burk plots gave K, values 
of 3.6 mM for L-cysteine and 0.5 mM for cyanide. The K, 
value for L-cysteine was higher than that determined for 
BCA synthases from other plants fl, 2, 9-111, but less 
than that of the enzyme from Asparagus oficinalis [17J. 
The K, value for CN- was almost the same value as 

those for BCA synthases from both L. latifolius [2] and 
blue lupin [9], but again less than those of enzymes from 
spinach [l] and A. ojicinalis [ 17. 

The addition of PLP had an accelerating effect on the 
activity of this enzyme, the increase being CLI 15% at a 
concentration of lOpM, but was inhibitory at higher 
concentration, 1 mM causing 30% inhibition. An activ- 
ation of 20% by the addition of PLP has been reported 
for BCA synthases from spinach [l] and L. latifo4us [2]. 
The enzyme was sensitive to PLP-enxyme inhibitors: 
sodium borohydride at concentrations of 10 PM and 
1 mM caused 10 and 95% inhibition, respectively, while 
hydroxylamine had a less inhibitory effect, the decrease 
being 10 and 30% at 10 PM and 1 mM, respectively. 

Substrate spec$city 

Under standard assay conditions, BCA synthase in V. 
angustifolia clearly appears to be specific for L-cysteine as 
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Table 2. Relative synthetic rates of &substituted alanines and S-substituted cysteinea from L-cysteine or 0-acetyl-L-serine by 
j?-cyano-r.-alanine synthase purified from V. angusrijblia 

Relative velocity of synthesis (%) 

Substrate 

NaCN 
Pyraxole 
3-Amino-1,2,4-triaxole 
Uracil 

3,5-Dioxo-1,2&oxadiaxolidine 
3,dDihydroxypyridine 
Hydroxyurea 

HsS 
MeSH 
CHs = CH-CH,-SH 
HOOC-CHs-SH 

Amino acid synthesized L-Cysteine 0-Acetyl-L-serine 

jl-Cyano-r-alanine 100 4.2 
j?-(pyrazol-1-yl)-L-Alanine 0.49 0.13 
j-(3-amino-1,2,4-triaxol-I-yl)-L-Alanine 3.1 0.07 
r-Willardiine 0 0 
L-Isowillardiine 0 0 
L-Quisqualic acid 0 0 
L-Mimosine 0 0 
0-Ureido-L-serine 0 0 
L-Cysteine n.d. 7.2 
S-Methyl-L-cysteine 12.6 6.5 
S-Allyl-L-cysteine 11.8 3.1 
S-Carboxymethyl-L-cysteine 0 0 

The relative rates of synthesis were compared with that of j-cyano+alanine from L-cysteine and sodium cyanide. 

a donor for the amino-substrate, an observation in line 
with previous findings [ 1,2]. In the presence of /L?-chloro- 
L-alanine, OAS and L-cystine the activity was respectively 
142,4.2 and 4.7% under identical conditions. No detect- 
able activity was found with 0-phospho+serine, O- 

Table 3. Amino acid composition of /f-cyano+ 
alanine synthase purified from V. ungustijblia 

Amino acids Numbers of residues/S4 000 g* 

Asp 36 
Thr 26 
Ser 48 
GlU 48 
pro 28 

GUY 66 
Ala 42 
Val 40 

CYS 18 
Met 12 
Ile 26 
IAl 44 

Tyr 4 
Phe 16 

Trp 0 

LYs 28 
His 8 

Arg 24 
Total 514 

“‘Results are expressed as residues/mol and are 
based on an M, of 54000. Values for Thr and 8er 
are extrapolated to zero-time hydrolysis. The 
numbers of residues of amino acids were calcu- 
lated based on the results of analyses after 24,48 
and 72 hr acid hydrolysis of native enxyme. Means 
of duplicate analyses are given. Demrmination of 
tryptophan was made by alkaline hydrolysis and 
methaneaulphonate hydrolysis [3,28]. 

sulpho-L-serine or with L-serine. D-Cysteine or O-acetyl- 
D-serine also did not act as substrates. 

The purified enzyme also showed distinct 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 V. angustifolia could synthesize S- 
substituted L-cysteines from both L-cysteine and GAS, 
except S-carboxymethyl-L-cysteine. The enzyme could 
also synthesize /I-(pyrazol-l-yl)-L-alanine and p-(3- 
amino-1,2,4-triazol-1-yl)-L-alanine in low activities, while 
this enzyme could not synthesize L-mimosine, L-quis- 
qualic acid, L-willardiine, L-isowillardiine or 0-ureido+ 
serine. Thus, the specific activities of the purified BCA 
synthase towards a variety of substrates are different from 
those of BCA synthases from spinach [ 11, L. kztijblius [2] 
and from other sources [8-13-J, and also from those of 
cysteine synthases from other sources [3-7-J. The different 
substrates were tested under the same conditions as 
described previously [l, 23. 

Amino acid composition 

The amino acid composition of the purhied enzyme is 
given in Table 3. The data presented show that BCA 
synthase in V. angustifoliu, like BCA synthases in spinach 
[1] and L. latijidius [2], does not contain tryptophan, 
while BCA synthase purified from blue lupin does contain 
tryptophan [lo]. The results obtained in this study also 
indicate that the enzyme consists of 514 residues and 
contains large amounts of glycine (66 residues), serine (48 
residues) and glutamic acid (48 residues). The amino acid 
composition of BCA synthase obtained is similar to those 
of BCA synthases purified from spinach and L. latifolius, 
but it differs in its content of cysteine and methionine 
residues; its composition is very different from the BCA 
synthase enzymes purified from blue lupin [lo] or white 
lupin [ll]. The M, of BCA synthase, calculated on the 
basis of the amino acid composition, is 54500, which 
corresponds to the value found by gel filtration on 
Sephadex G-100 (54000). 
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Occurrence and distribution of BCA synthase and 
cysteine synthase activities 

BCA synthase activity was determined in the crude 
cell-free extracts of 20 species, belonging to six plant 
families. Among the cyanogenic plants examined, only 
Eriobotrya japonica had no detectable activity of BCA 
synthase, while Prunus persica, Lathyrus sylvestris and V. 
angustifolia had the highest activity on a per mg protein 
basis (Table 4). The Vicia and Lathyrus species, which 
contain BCA as a normal constituent, have a relatively 
high activity of BCA synthase. The non-cyanogenic 
plants in general have a lower activity of BCA synthase, 
averaging less than half of the mean value of the BCA 
synthase activity in the cyanogenic plants. When the 
activity is calculated on a fresh weight basis, the difference 
in the mean value is much higher. However, no clear 
separation between cyanogenic and non-cyanogenic 
plants can be made on the basis of the BCA synthase 
activity, because the non-cyanogenic plants Luthyrus 
japonicus, Lathyrus pratensis and Spinacia oleracea have a 
higher BCA synthase activity (Table 5) than some cyano- 
genie plants (Table 4). 

Cysteine synthase activity was detected in ali the higher 
plants examined. Relatively high activities were found in 
the cyanogenic plant L. sylvestris (Table 4) and in the 
non-cyanogenic plant 15. pratensis (Table 5). No signifi- 
cant difference in cysteine synthase activities was found 
between the two groups of higher plants. 

The intracellular distribution of both enzyme activities 
was studied in several plants. The data obtained show 
that more than 60% of the BCA synthase activity is 
consistently present in the mitochondria fraction and 
more than 90% of the cysteine synthase activity is present 
in the cytosol fraction. 

DISCUSSION 

In this study we have purified BCA synthase from 
immature seeds of V. angus@-ofolia to apparent homogen- 
eity and a comparison has been made of its properties and 
substrate specificities with those of previously purified 
enzymes [l-7]. 

In order to assess these findings from the viewpoint of 
the cyanide and sulphide metabolism and from the 
viewpoint of the biosynthesis of /l-substituted alanines in 
higher plants, we have studied the occurrence of BCA 
synthase and cysteine synthase activities in both cyano- 
genie and non-cyanogenic plants tested. As cyanogenic 
plants we consider those plants producing BCA in detect- 
able amounts, apparently from CN- and L-cysteine or 
OAS, in addition to the cyanophoric plants producing 
HCN when their tissues are crushed [18]. 

When the physicochemical properties of the purified 
enzyme from V. angustifolia and BCA synthases from 
spinach [l] and L. latifolius [2] are compared, they are 
found to be almost the same, even the amino acid 
compositions are similar in several aspects. This enzyme 
may belong to a second class which may contain the 
enzymes from spinach and L. latifolius and may also 
contain the structurally similar BCA synthase from Chro- 
mobacterium violaceum [13] as previously described [Z]. 
This second class of enzyme also has some structural 
similarity with cysteine synthases in higher plants, re- 
sponsible for the formation of some heterocyclic /3- 
substituted alanines [3-73. 

In V. angustifolia BCA synthase and cysteine synthases 
can be completely separated by the gradient elution with 
K-Pi buffer from the AH-Sepharose 4B column (Fig. 1). 

Among the substrates studied so far (Table 2). BCA 
synthase from V. angustifolia could catalyse the forma- 
tion of S-substituted L-cysteines from either L-cysteine or 
OAS as amino-substrates and corresponding co-sub- 
strates. The purified enzyme can also catalyse the syn- 
thesis of some heterocyclic /&substituted alanines such as 
/?-(pyrazol-1-yl)-L-alanine and B-(3-amino-1,2,4-triazol- 
l-yl)-L-alanine in low activities, but could not catalyse the 
formation of L-mimosine, L-quisqualic acid, L-willardiine, 
L-isowillardiine or 0-ureido-L-serine, while the L. lati$ol- 
ius enzyme could synthesize L-quisqualic acid and O- 
ureido-L-serine. These observations are in line with our 
previous findings on BCA synthases and cysteine syn- 
thases in higher plants [l-7]. 

The amino acid compositions of BCA synthases from 
V. angustifolia, L. latijblius and from spinach are similar: 
these three enzymes contain similar amounts of proline 
(28-32 residues), alanine (42-44 residues), valine (4042 
residues) and lysine (28-32 residues), and rather large 
amounts of glutamic acid (48-64 residues) and glycine 
(58-66 residues). Greater differences are found in the 
numbers of cysteine, methionine and tyrosine residues, 
but the similarities among these enzymes are much 
greater than between the BCA synthases from blue lupin 
[lo] and white lupin [l 11. When the known amino acid 
compositions of the purified enzymes are compared by a 
mathematical method [19], it is suggested that the BCA 
synthases from V. angust@lia, L. latifolius and from 
spinach are closely related, and also that they are related 
to cysteine synthases from other plant sources, except the 
isoenzyme B from pea seedlings [S]. All these findings 
concerning plant BCA synthases and cysteine synthases 
suggest that all these enzymes may have a common 
ancestor and perhaps BCA synthase may have arisen by 
mutation within the gene for cysteine synthase during the 
course of evolution. 

The. observations in this study together with our 
previous findings Cl-73 make it desirable to obtain more 
information regarding an important detoxification func- 
tion for BCA synthase and cysteine synthase, and suggest 
that both enzymes may play a similar role as multi- 
functional enzymes in the detoxification of endogenous- 
or eventually exogenous-toxic molecules such as cyanide, 
hydrogen sulphide or pyrazole, thereby forming second- 
ary metabolites like the /?-substituted ahtnines in higher 
plants. A similar metabolic detoxification by alanyl- 
substitution of unnatural heterocyclic chemicals has been 
described before in plants [20, 213. 

BCA synthase activities were observed to be present in 
both cyanogeitic and non-cyanogenic plants tested, ex- 
cept in the leaves of E. japonica (Tables 4,5). Because of 
the differences in the protein content among the species, 
the data are presented on the basis of protein and fresh 
weight. The BCA synthase activity found in cyanogenic 
plants was higher than the activities found in non- 
cyanogenic plants. This enzyme activity was relatively 
high in P. persica, which contains cyanogenic glucosides 
prunasin and amygdalin, while the concentration of BCA 
is negligible in this plant. Moreover, no detectable activ- 
ity of BCA synthase was found in E. japonica belonging to 
the same family. High activities of this enzyme were also 
detected in Luthyrus and Vicia species, in which BCA or 
its y-glutamyl derivative were found. In Luthyrus plants 
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Table 5. /?-Cyano-L-alanine synthase and cysteine synthase activities in non-cyanogenic plants 

b-Cyano-L-alanine synthase Cysteine synthase 
activity* activity* 

Plants Part used U/mg protein U/g fresh wt U/mg protein U/g fresh wt 

Leguminosae 
Vicia hirsuta aerial parts 0.018 0.76 0.33 13.8 
Lathyrus japonicus greenish seedlings 0.082 0.78 0.40 3.79 
Lathyrus odoratus greenish seedlings 0.012 0.13 0.15 1.59 
Lathyrus pratensis aerial parts 0.064 0.54 1.0 8.65 
Vigna radiata greenish seedlings 0.009 0.09 0.24 2.50 
Medicago sativa greenish seedlings 0.017 0.20 0.36 4.46 
Trijblium pratense aerial parts 0.024 0.74 0.58 17.7 
Leucaena leucocephala aerial parts 0.012 0.15 0.12 1.46 

etiolated seedlings 0.019 0.20 0.78 8.22 
Chenopodiaceae 

Spinacia oleracea aerial parts 0.042 0.57 0.13 1.77 
Cucurbitaceae 

Citrullus vulgaris greenish seedlings 0.032 0.52 0.68 6.96 
Rosaceae 

Fragaria ananassa aerial parts 0.020 0.23 0.32 3.77 
Umbelliferae 

Conium maculatum greenish seedlings 0.015 0.38 0.23 6.06 

*The enzyme activity was determined at least twice for each plant, and the mean values are given. A unit of enzyme activity used (U) 
is equivalent to 1 pm01 of I-cyano-L-alanine or L-cysteine produced per min, respectively. 

examined, L. japonicus and L. pratensis contain relatively 
high enzyme activities of BCA synthase, while these two 
species do not belong to cyanogenic plants among the 
genus Lathyrus. Cysteine synthase activity, on the other 
hand, was found to occur commonly in all the higher 
plants examined. Since some cysteine synthases catalysed 
the formation of BCA from OAS and CN- as an ad- 
ditional catalytic activity [3-71, it seems likely that 
cysteine synthase in some plants containing little or no 
BCA synthase activity might have the function of cyanide 
detoxification like the BCA synthase. 

When the intracellular distribution of both enzyme 
activities are studied in several plants (results not given) it 
was found that BCA synthase is mainly a mitochondrial 
enzyme, while cysteine synthase is mainly a cytosol 
enzyme. However, other results suggest that BCA syn- 
thase activities in plants might be present in both mito- 
chondrial and cytosol fractions, because it has been 
reported that BCA synthase from A. oficinalis [lfl and 
Elodeu canudensis [22] were present in the cytosol frac- 
tion. The presence of BCA synthase activity in the cytosol 
fraction may also be due to an additional activity of 
cysteine synthase enzymes in the cytosol, or alternatively 
from chloroplast enzymes released from broken chloro- 
plasts during the experiments. Further work is needed to 
have a better understanding of the intracellular locahz- 
ation of the enzymes. 

The higher BCA synthase activity in some cyanogenic 
plants can be explained by the turnover of the cyanogenic 
glucosides present [18]. The released HCN is then prob- 
ably detoxified by BCA synthase. 

EXPERIMENTAL 

Materials. All plants examined were grown in the medicinal 
plant gardens of our University and the seedlings were grown in 

moistened vermiculite in the dark or in the light for 6-8 days at 
2628”. The aerial parts and seedlings were cooled for 30 min at 
O-4” before enzyme extraction, After harvest, immature seeds 
were collected and also cooled for 1 hr at W” before extraction. 
Sephadex G-25 and G-100, DEAE-Sephadex A-50, AH-Sep- 
harose 4B and Ultrogel AcA 44 were purchased from Pharma- 
cia-LKB. Hydroxylapatite HP-40 was obtained from Pentax. 
SDS-PAGE Plate 4/20 was obtained from Daiichi Pure Chemi- 
cals. All other chemicals used were of the highest commercial 
grade available. 

Activity assays. This was performed as described previously 
[l]. The formation of L-cysteine was measured spectrophoto- 
metrically according to the method of ref. [23]. The unit of 
enzyme activity was equivalent to 1 -01 of BCA or L-cysteine 
produced per min at 30” in 50 mM Tris-HCl buffer, pH 9. 
Protein was determined by the method of ref. [24]. 

Enzyme preparations for BCA synthase and cysteine synthase 
actioities assays. This was carried out at W. K-Pi (200 mM, pH 
8) containing 0.5 mM EDTA, 10 mM 2-mercaptoethanol and 
0.25 M sucrose was used as the extracting buffer, 2 ml of the 
buffer was used per 1 g of fresh wt of plant materials. The crude 
enzyme preparations were obtained after centrifugation (1000 g, 
10 min) and passing through a Sephadex G-25 (fine) column pre- 
equilibrated with 30 mM K-Pi buffer, pH 8, containing 0.5 mM 
EDTA and 10 mM 2-mercaptoethanol (buffer A) as described 
before [25]. Preparation of the intracellular fractions was carried 
out by a modified method of ref. [26]. 

Purification of BCA synthase from the immahtre seeds of V. 
angustifolia. All operations were carried out at &I”. BCA 
synthase was prepared from 2.5 kg of fresh immature seeds, 
essentially as before [l-7]. The 3560% saturated (NH,)*SO, 
fraction was collected and dissolved in 30 mM K-Pi buffer, pH 8, 
containing 0.5 mM EDTA, 10 mM 2-mercaptoethanol, 30 mM 
KCI and 10pM PLP (buffer B). The resulting solns were 
repeatedly applied to a column (8 x 25 cm) of Sephadex G-25 
(fine) pre-equilibrated with buffer B. The protein fraction ob- 
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tained was applied to the first DEAE-Sephadex A-50 column (3 
x 15 cm) pre-equilibrated with bu6er B. The column was washed 

extensively with buffer B and the enzymes eluted with a linear 
gradient of KCl(30-500 mM) in the same buffer. BCA synthase 
activity was eluted at 160-220mM KC1 and was coned by 
(NH&SO, pptn. The resulting soln was applied to a column (4.6 
x 90 cm) of Sephadex G-100 pre-equilibrated with buffer B. The 
active fraction was collected and dialysed against buffer A and 
then applied to a column (1 x 8 cm) of AH-Sepharose 4B pre.- 
equilibrated with buffer A. The column was washed with buffer A 
and the enzymes eluted with a linear gradient of K-Pi 
(30-300mM) in the same buffer. BCA synthase activity was 
eluted at 80-105 mM and two cysteine synthase activities were 
eluted at 50-70 mM and 125-140 mM K-Pi buffer, respectively, 
and BCA synthase active fraction (SO-105 mM K-Pi fractions) 
was coned by (NH3,SO, pptn. The active fraction was applied 
to a column (3 x 1OOcm) of Ultrogel AcA 44 pre-equilibrated 
with buffer B. The eluates were collected and active fractions 
were coned by Immersible CX-10 (Millipore). The resulting soln 
was subjected to prep. PAGE on 7.5% gel at pH 8.3 (Tris-glycine 
buffer). BCA synthase fraction obtained from gel slices was 
applied to a column (1 x 1.5 cm) of DEAE-Sephadex A-50 pre- 
equilibrated with buffer A and then eluted with a linear gradient 
of KCl (O-300 mM) in buffer A. The active fraction (100-130 mM 
KC1 fractions) was coned by Immersible CX-10 and then equilib- 
rated in 10mM K-Pi buffer, pH 8, containing 10mM 2- 
mercaptoethanol and 30 mM KCI. The resulting soln was finally 
applied to a column (1.0 x 1.0 cm) of hydroxylapatite HP-40 pre- 
equilibrated with the same buffer. The highly purified enzyme 
fraction was concentrated by Immersible CX-10 and this enzyme 
preparation in 50 mM Tris-HCl buffer, pH 9, was used in all 
further expts. 

Properties ofSCA synthase were studied by the methods of ref. 

c271. 
Identification of heterocyclic @ubstituted alanines and S- 

substituted L-cysteines as reaction products was performed as 
described in ref. [3]. 

Determination of amino acid composition was also performed as 
described in ref. [3]. This was also achieved by the method of ref. 
CW. 
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