
Phytochemrstry, Vol 27, No 11, pp 3379-3383, 1988 
Pnnted m Great Bntarn 

0031-9422/88 $3 OOtOOO 
0 1988 Pergamon Press plc 

PURIFICATION AND CHARACTERIZATION OF CYSTEINE SYNTHASE 
FROM BRASSICA JUNCEA* 

FUMIO IKEGAMI, MASAKAZU KANEKO, MASUKO KOBORI and ISAMU MURAKOSHI 

Faculty of Pharmaceutical Sciences, Chiba Untversity, Yayoi-cho l-33, Chiba 260, Japan 

(Recerued 10 February 1988) 

Key Word Index-Rrusstca juncea; Cructferae, cysteme synthase; enzyme punfication; btosynthesq substrate 
specificity; ammo acid composition; heterocychc /?-substituted alanmes; L-cysteme; 0-acetyl+serme. 

Abstract-Purification of cysteine synthase from the leaves of Brassicajuncea reveals that this enzyme has an apparent 
M, of 52000 and can be dissociated into identical subunits of M, 26000, each of which contains one molecule of 
pyridoxal S-phosphate. The K, value is 2.5 mM for 0-acetyl+serine and 43 PM for sulphtde. The synthase catalysed 
the formation of S-substituted L-cysteines and also heterocychc p-substituted alanmes, such as p-(pyrazol-l-yl)-L- 
alanine and /I?-(3-amino-1,2,4-triazol-1-yl)-L-alanine. Other stgmficant differences were found between this enzyme and 
cysteine synthases from other sources. Several properties, including the amino acid composition of the punfied cysteine 
synthase, are also described. 

INTRODUCTION 

Recently we have presented evidence that cysteine syn- 
thases purified from Spinncuz oleracen [l], Quisqualis 
indica var. villosa [2], Pisum sativum [3] and Citrullus 
vulgaris [4] can catalyse the formation of some hetero- 
cyclic &substituted alanines such as /I-(pyrazol-l-yl)-L- 
alanine and L-quisqualic acid in the presence of O-acetyl- 
L-serine (OAS) and suitable precursors. We also demon- 
strated that some heterocyclic b-substituted alanine syn- 
thases could be regarded as isoenzymes of cysteine syn- 
thase [2, 41, while B-(pyrazol-1-yl)-L-alanine synthase 
from C. vulgarls [5] and L-mimosine synthase from 
Leucaena leucocephala [6] were found to have physico- 
chemical propertres similar to the above enzymes. These 
results suggest that naturally occurring heterocyclic /?- 
substituted alanines are synthesized by a reaction mech- 
anism comparable to the biosynthesrs of cysteine, and 
that the enzymes catalysmg these reactions form a group 
of physicochemically similar proteins that may be phylo- 
genetically related. 

During our continuing study of this group of enzymes, 
and of the btosynthesis of heterocychc /?-substituted 
alanines, we have now attempted the purification of 
cysteine synthase from B. juncea leaves, which do not 
contain heterocyclic /I-substituted alanines, in order to 
make a detailed comparison with the enzymes previously 
described [l-6]. 

RESULTS 

Purijication 

The initial extraction and purification of cysteine syn- 
thase from 7 kg fresh weight of B. juncea leaves was 

*Parts of this work were reported at the 107th Annual 
Meetmg of the Pharmaceutical Society of Japan m Kyoto, 
4 April 1987 (Abstracts, p. 359) and were also reported at the 
Symposium on Amines m Plants of the Phytochemtcal Society of 
Europe m London, 21 December 1987 (Poster Session). 

according to the previously described method [4]. The 
enzyme was prepared simultaneously with the /?-(pyrazol- 
I-yl)-L-alanine synthase activity by a procedure including 
heat treatment, ammomum sulphate fractionation, gel 
filtration on Sephadex G-100 or Ultrogel AcA 44, ion- 
exchange chromatography on DEAE-Sephadex A-50, 
affinity chromatography on L-methionine-Sepharose 4B 
and preparative PAGE (Table 1). 

The purified cysteine synthase activity was eluted at 
70-80 mM K-Pi buffer on L-methionine-Sepharose 4B 
affinity chromatography (step 8), and the enzyme activity 
for /?-(pyrazol-1-yl)-L-alanme synthase was completely 
overlapped with the peak of cysteine synthase. 

The procedure outlined in Table 1 afforded ca 1300- 
fold purtfication of cysteine synthase with a specific 
acttvtty of 410 U/mg protein and a yield of 5.8%, com- 
pared to the total cysteme synthase actrvtty of the crude 
extract. 

Properties of cysterne synthase 

Some properties of the cysteine synthase are shown in 
Table 2. The M, of the purdied enzyme was estimated by 
analytical gel filtration using Sephadex G-100 (1.5 
x 115 cm) according to the method of ref. [7]. Cysteine 
synthase activtty was found invariably as a single peak, 
corresponding to an M, of 52000. The purified enzyme 
was subjected to SDS-PAGE on 12% gels to determine 
its subumt structure, following the method of ref. [S]. A 
single band with an M, of 26000 indicated that the 
enzyme was composed of two identical subunits and that 
it had been purified to apparent homogeneity. 

The identification of bound pyridoxal 5’-phosphate 
(PLP) in the purified enzyme was demonstrated by direct 
spectrophotometric measurements [9]. The synthase has 
one molecule of PLP bound to each subunit, the same as 
the cysteine synthases from other sources [l, 4, lo]. 

The enzyme exhibited a single pH optimum at pH 8.0, 
although there was a rapid acetyl shift from 0 to N atoms 
in OAS above ca pH 8.0. 
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Table 1 Summary of the purlficatlon of cysteme synthase from B. ~uncen 

Purlficatlon step 

Total actwty Specllic actlwty Yield Purlficatlon 

(umts*) (units/mg protein) (%) (fold) 

1 

2 

3 

4 
5 
6 

7 

8. 

9 

10 

Crude extract? 

60”-heated supernatantf 

Ammomum sulphate preapltate$ 

1st DEAE-Sephadex A-50 (115-l 50 mM) 

Sephadex G-100 (peak fractions) 
2nd DEAE-Sephadex A-50 (5@60 mM) 

Ultrogel AcA 44 (peak fractions) 

Methlomne-Sepharose 4B (70-80 mM) 

Polyacrylamlde-gel electrophoresls 

3rd DEAE-Sephadex A-50 (60-70mM) 

31400 031 100 

31390 0 54 99 9 

31230 098 994 

19050 212 60 7 

14290 98 5 45 5 

9140 155 29 1 
8110 213 25 8 

6853 292 21 8 

2296 401 7.31 

1830 410 5 83 

1 14 

3 16 
87 7 

318 
500 
687 

942 

1294 

1323 

*A umt ofenzyme actlwty represents 1 pmol of product formed per mm at 30”, m 50 mM K-PI buffer. pH 8 0 
tStartmg from 7 kg of the fresh leaves of B ~uncea 

$60”, 1 mm. 

43G70% saturation and desalted on Sephadex G-25 

Table 2 Summary of the physicochemlcal propertles and kmetlcs of B 

,uncea cysteme synthase 

Property 

Absorption maxlma (pH 8 0) 

A,,,IAzw, (PH 8 0) 
Ax,,OIAZB~ (PH 8 0) 
M, (Sephadex G-100 filtration) 

M, of subumt (SDS-PAGE) 

Number of subumts 

Pyrldoxal 5’-phosphate bound to the enzyme 
K, for O-acetyl-L-serme* 

K, for H,S* 

280. 410 nm 

0 33 

066 
52OOQ 

26000 

i 
2 mol/mol enzyme 

25mM 

0043 mM 

*K, values were determmed from LIneweaver-Burk plots 

Cysteme synthase from B pncea has a K, value of 
LSmMt^or O.&S, but it shows no mdicatlon ofmhlb~tion 
by OAS at concentrations up to 25 mM The K, value for 
OAS 1s almost the same as the one determined for both 
isoenzyme A of cysteine synthase [4] and /I-(pyrazol-l-yl)- 
t-alamne synthase [S] from C uulgarls, and 1s also very 
close to the values determined for cysteme synthase from 
spinach [l] and Raphanus satwus [i 11, and for lsoenzyme 
B of cysteme synthase from pea [3] and Phaseolus 
uulgaris [12], while It 1s less than that determined for 
isoenzyme B of cysteme synthase from Q zndlca var. 
vdlosa [Z], cysteme synthase from Brassrca chrnensls var 
Komatsuna [lo] and for L-mlmosme synthase from L 
leucocephala [6] 

The response of the purified enzyme to sulphide con- 
centrations below 0.2 mM was examined and a K, value 
of 43 FM was found. This value IS higher than the one 
determined for cysteine synthase from spmach [l], P 
satwum [3] and C uulgaris [4], and for lsoenzyme B of 
cysteme synthase from P. uulgarls [ 121, but it is less than 

that determined for lsoenzyme A of cysteme synthase 
ffom Q dica var txilosa [ZJ. 

The addltlon of PLP had no effect on the primary 
actlvtty of this enzyme like the cysteine synthase isoen- 
zymes from C uulgarls [4]. The PLP-enzyme mhlbltors, 
hydroxylamme and potassmm cyanide both at a concen- 
tration of 1 mM caused 5- 15”/0 tnhlbltlon 

Substrate speclficlty 

Under standard assay conditions, cysteme synthase 
from B pncea clearly appears to be specific for OAS as a 
donor of the alanyl moiety. No detectable actlvlty was 
found when OAS IS replaced by 0-phospho-L-serme or L- 

serme, an observation m lme with previous findings 
[l-6], while the actlvlty was 5 8% m the presence of /?- 
chloro+alamne under identical conditions The purified 
enzyme showed no activity m the presence of O-acetyl-D- 

serine. 

The enzyme also showed a distinct substrate speclficlty 
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Table 3 Relattve synthetic rates of S-substttuted L-cystemes and b-substituted alanmes by cysteme synthase 

purified from B. luncea 

Thlol compound and 

N-heterocychc compound Ammo acrd synthestzed 

Relative rate 

of syntheses (%) 

KS 
MeSH 

CH, =CH-CH,-SH 
HOOCCH,-SH 

Pyrazole (0-acetyl-L-senne) 

(Lcysteine) 
3-Amino-1,2,4-triazole 

3,5-Dloxo-1,2,4-oxadiazohdme 

3,CDthydroxypynd1ne 
Uracil 

Zeatm 

6-Benzylam1nopurme 

Hydroxyurea 

NaCN (0-acetyl-L-senne) 

(L-cysteme) 

L-Cysteme 

S-Methyl-L-cysteine 

S-Allyl-t-cyste1ne 

S-Carboxymethyl-L-cysteme 

fi-(pyrazol-l-yl)-L-Alanine 

B-(3-ammo-1,2,4-tnazol-l-yl)-L-Alamne 
r_-Qmsquahc actd 

L-Mtmosine 

L-Wtllardnne 

L-Isow1llardime 

L-Lupmtc actd 

/?-(6-benzylam1nopunn9-yl)-t-Alanme 

0-Ureldo-t-serme 

/GCyano-L-alanme 

100 

0.52 

18.2 

6.1 

131 

1.0 

1 12 

0 

0 

0 

0 

0 

0 

0.04 

12 3 

0 

The relattve rates of synthesis were compared wtth that of L-cysteine. The reaction condttions are gtven m the 

ExperImental and are as descrtbed before [l, 23 

when a variety of thiol compounds or N-heterocyclic 
compounds were used as an acceptor for the alanyl 
moiety. The relattve acttvtttes of the purtfied enzyme with 
different substrates are shown m Table 3 Cysteine syn- 
thase from B. juncea could synthesize S-substituted L- 

cystemes and also some heterocyclic P-substituted ala- 
nines such as b-(pyrazol-1-yl)-L-alamne and /?-(3-amino- 
1,2,4-triazol-1-yl)-L-alanine, but could not catalyse the 
production of L-quisqualic actd, L-willardime, L-isowil- 
lardime, L-mimosme, L-lupinic acid or p-(6- 
benzylaminopurin-9-yl)-L-alanine, when suttable sub- 
strates were provtded. The purtfied enzyme could syn- 
thesize B-cyano-L-alanme from OAS (not L-cysteine) and 
CN- at 12.3% of the cysteine synthase activtty, and also 
synthesize 0-ureido-L-set-me with low yield. When OAS 
is replaced by L-cysteine, the enzyme could synthesize /I- 
(pyrazol-1-yl)-L-alamne at 1% of the primary activity. 
Thus, the specific acttvittes of cysteme synthase in B. 
juncea towards a vartety of substrates are also different 
from those of cysteme synthases previously purified from 
other sources [la]. The different substrates were tested 
under the same conditions as described previously [l], 

Table 4 Ammo actd composrt1on 

ofcysteme synthase punfied from B 
Juncea 

Ammo acids R,s1dues/mol* 

Asp 26 

Thr 28 

Ser 30 
Glu 62 
Pro 26 

CRY 58 

Ala 54 

Val 32 

CYS 6 

Met 14 

Be 42 
LW 42 

Tyr 10 

Phe 14 

Trp 0 

LYS 32 

HIS 4 

Arg 16 

Amino acrd composrtion 
Total 496 

The amino acid composition of the purified enzyme is 
given m Table 4. The data presented show that the 
enzyme consists of 496 residues and contains a large 
amount of glutamic acid (62 residues), glycme (58 re- 
sidues) and alanine (54 restdues). The enzyme contains the 
same number of cysteme and methionine restdues as 
cysteine synthase from spmach [l]. The plant cysteine 
synthases contain 18 to 22 S-containmg ammo actds 
except isoenzyme B from pea [3,4], whtle the number of 
cysteine and methtonine restdues is invanably 1 and 5 
respectively for the enzymes from microorganisms [13, 
143. 

The M,, calculated from the ammo acid composition, is 

*Results are expressed as resr- 

dues/mol and are based on an M, of 

52 000 Values for Thr and Ser are 

extrapolated to zero-ttme hydroly- 

SIS 
The numbers of restdues of 

ammo actds were calculated based 

on the results of analyses after 24,48 

and 72 hr acid hydrolyses of native 

enzyme as described before [l, 31. 

Means of duplicate analyses are 

given Determmatlon of tryptophan 

was made by alkaline hydrolysis. 
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52 000, which corresponds to the value estimated by gel 
filtration on Sephadex G-100 (52000) 

DISCUSSION 

In this work, we have purified cysteme synthase from B 
Juncea leaves to apparent homogeneity and a comparison 
has been made of its propertles and substrate speclficltles 
with &use of the pre~ously prrrrfied enzymes [l&6] from 
the vlewpomt ofthe blosynthesls ofheterocychc [j-substl- 
tuted alamnes m higher plants 

The M, of the purlfied enzyme from B. pncea was 
52 000 conslstmg of two ldentlcal subumts of M, 26 000, 
while cysteme synthase from B. chrnensfs var Komatsuna 
has an M, of 62000 and consists of subunits of M, 31000 
[lo] The physlcochemlcal properties of the enzyme we 
have purified from B pncea leaves are almost the same as 
those of cysteme synthases from other plant sources- the 
M,s for plant cysteme synthases have been reported to be 
m the range 5200@-70000, they can be dissociated mto 
two identical subunits of M,s approximately half that of 
the mtact enzyme, they contam 2 mol of PLP and they 
have almost the same pH optimum of 8 0 [l-S, l&12] 
The K, value for OAS of this enzyme (2 5 mM) 1s aIso 
wlthm the range of 1.5-7 1 mM reported for plant cys- 
teme synthases 

Among the substrates studEd thus far (Table 3)$ cys- 
teine synthase from B Juncea could catalyse the forma- 
tion of S-substituted L-cysteines from OAS and the 
corresponding thlol compounds This enzyme shows a 
higher affinity for thlogIycoIhc acid than other cysteme 
synthases and this may be related to the presence of S- 
substituted L-cystemes such as S-carboxymethyl-L-cys- 
teine m some cruclferous plants [15]. The purified en- 
zyme could catalyse the formation of heterocychc fi- 
substituted alamnes such as p-(pyrazol-I-yl)-L-alanrne 
and /Y-(3-ammo-1,2,4-trlazol-l-yl)-L-alamne m low yields, 
but could not catalyse the formation ofL-qulsquahc acid, 
L-wlllardnne, L-isowlllardnne or L-mlmosme These 
observations are m hne with our previous findings [l-4] 
The enzyme from B pncra was unable to catalyse the 
formation of L-Iupmlc acid and p-(6-benzyIammopurm- 
9-yl)-L-alamne, which are the metabohtes of the cytokm- 
ms zeatm and 6-benzylammopurme m higher plants 
[ 163 Moreover, the purified enzyme catalysed the forma- 
tion of fi-cyano-L-alanme from OAS and CN- as an 
addItional catalytic activity, this actlvlty 1s different from 
the biosynthesis of [I-cyano-L-alamne from L-cysteme and 
CN- as catalysed by the ‘true’ /&cyano-L-alamne syn- 
thases from mlcroorgamsms and some higher plants [4. 
17, IS] 

All our findings concerning plant cysteme synthases 
suggest that this group of enzymes can play a role in the 
detoxlficatlon of endogenous- or eventually exogenous- 
toxic molecules such as cyanide, hydrogen sulphlde or 
pyrazole, thereby forming secondary metabohtes like the 
B-substituted alamnes, which may have an ecologIca role 
as allelochemlcals This 1s m agreement with earlier 
statements by Fowden and Bell, proposing that some 
non-protein ammo acids may have arisen by a mod& 
cation of common pathways for the blosynthesls of the 
protein amino acids [l9,20] This modlficatlon can thus 
be effected by a change m substrate specificity of the 
enzymes mvolved 

When the known ammo aad composrtions of cysteme 
synthases are compared by a mathematical method [21], 

it IS suggested that cysteme synthase from B pntea seems 
to be close to cysteme synthases from other plant sources. 
except the lsoenzyme B from pea seedlings [3] This 
makes It likely that a phylogenetlc relatmnshlp exIst9 
among those enzymes 

EXPERIME\TAl, 

MuM-ds Leaves of Brcnw L7pfcc w C.x:rrr et Ccr?~:, were ubed 

III this work Seeds were supplmi by the Sakata Seed (‘or- 
poratlon (Japan) and ihey *me grown m our medlcmdl plant 

gardens After harvest, leaves were collected and then cooled for 

1 hr at O-4’ before enzyme extractwn Sephadex G-25 and G- 

100, DEAE-Sephadex A-SO and Sepharose 48 were purchased 

from Pharmacla Ultrogel ALA 44 wa\ ohtnlncd from LKB I_- 

Methlonme-Sepharoqe 48 L+d\ prepared 111 our lahordtork ac- 

cording to d modified method of ref 1221 All other &emlc,rl\ 
used were of the highest ~omme1~1~11 grade avdrlahfe 

Acflurt~ astr~yv The routine assay ofcystcme synthase actlvlty 

wds based on that descrlhed previously [I], clccordmg to the 

method of ref [23] The formatmn of /I-(pyra7oLI-yl)-I -&mne 

w-as determrncd by- rrsrng 617 dcrtunrairc .mlrmT dcrd dndtyhcr 

(Hltachl 835-10) as described before [I] The umt of enzyme 

actlvtty used m this paper 1s equivalent to 1 itmof of I.-cqstelne 

produced per mm Protem was determlned by the method of ref 

1241 
Pr&-&0L&rt Q LS_ itrrrrr \Jr&WV. +I??~ 3 JUrrcca ircrr tl\ .A8 

operations were carrted out at 0~4 Cysteme synthase was 

prepared from 7 kg of fresh leaves essentially aq before [lLS] 

The 30-70% saturated (NH&SO, fraction wa\ collected and 

dissolved m 30mM K-PI buffer, pH 8, contammg 10mM 2- 

mercaptoethanol and 0 5 mM EDTA (buffer A) The resultmg 

solns were repeatedly apphed to a column (8 0 x 40 cm) of 

Sephadex G-25 (fine) pre-equihbrated with buffer A The protem 

fraction obtamed was apphed to the first DEAE-Sephadex A-50 

column (4 r 16 cm) pre-equlhbrated filth buffel A. The column 

was washed extenslvelq with buffer A and the cnLyme_ eluted 

with a hnear gradient of K-PI (30 .W mM) m the same buKer 

Cysteme synthase actlkrty was eluted dt II5 IS0 mM K-PI 

buffer and was concentrated by (NH,),SO, preL]pitatmn The 

resultmg Poln was apphed to a column (4 6 x 90 cm) of Sephadex 
G-100 pre-equlhbrdted with bu@er A The active frnctlon wds 

collected and concentrated by Immcr\lble CX-IO (Mllhpore! dnd 

again apphed to the second DEAE-Scphddex A-51) column (I 5 
x 3 cm) pre-equlhbrated with buffer A The column H ds washed 

extensively with buffer A and the enzymes eluted with ‘I hnear 

gradlent of K-PI (3U 2OOmM) m the same butter Cystelne 

synthase activity was eluted at SO-60 mM K-PI buffer. dnd was 
concentrated by Immerqlhle <‘X-IO The .ILtl\e Irdctlon wd$ 

applied to a column (3 x IO0 cm\ of Ultrogel AcA 44 prc- 

equlhbrated with buffer A, and was comcntmtcd by Immersible 

CX-10 The resultmg ~ln wa\ apphcd to cl column (I 2 x 3 cm) of 

L-methlonme-Sephalose 4B pre-cqulilbrdted m 10 mM K-PI 

buffer, pH 8, contammg 4 mM 2-mercdptoethanol and 0 2 mM 
EDTA and the enzymes eluted with a hnear gradlent of K-PI 

(10-150 mM) m the same buffer Cysteme synthase actlvlty wds 
eluted at 70-80 mM K-PI and wds concentrated by lmmerslble 

CX-10 The resultmg soln was then \ublectcd to preparative 

PAGE on 7 5% gels at pH 8 3 (Trls~ glycme buffer) C’ysteme 

synthase activity obtamed from gel slices \cds finally ,Ipphed to a 

column (1 2 x 3 cm) of DEAE-Sephadex A 50 pre equlhhrated m 

buffer A and then elutcd with a lmcar prddlent of K-PI 

(30-200 mM) m buffer A The highly purdied enr>me fmctmn 
(60-70 mM K-PI fractmna) ~a\ a yello\r \trln and wc1s \table for 

at kart 3 months&O 7 hrs cnryrrre picpdrailon m WmM K-PI 

buffer, pH 8, was used In d11 lurther cxpt\ 



Cysteine synthase from Brassrca juncea 3383 

Propertres of cysteme synthase were studted by the methods of 

refs [l. 51 

ldenttjcation of heterocyclic /I-substrtuted alantnes and S- 
substrtuted L-cystemes as reactton products was performed as 

described previously [l, 21. Identificatton of L-lupimc actd and B- 

(6-benzylammopurm-9-yl)-L-alanme was estabhshed by HPLC 

as described before [16] 

Determrnatton of ammo acrd composltlon was also performed as 

described prevtously [l], usmg 005-0.1 mg of the purified 

enzyme 
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