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Identification of sulfurtransferase enzymes in Azotobacter vinelandi
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Rhodanese and ¥ mereuptopyrivate sulphuttiansierase have been wdentified 10 A vmelamdn Pwo distinet ag s e Fractions of the twa sulphurtans
ferases were ubtamed after TRIC 100 exchange chromatogiaphy of matehal pirtually purificd from crude extracts Rhodanese has been punfied
to homaogenaity, and it consists of one polypepiide chiun of 3, «a 25000 A pattial punfication of ¥ mercaptopyruvate sulphurtransferase wis
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1 INTRODUCTION 2 MATERIALS AND METHODS

The sulphurtransferase rhodanese (Rd) (thiosul-
phate-cyamide sulphurtransferase EC 2.8.1.1) and
J-mercaptopyruvate sulphurtransferase (3-MST) (EC
2,8.1.2) catalyse the transfer of a sulphane sulphur
atom from a donor molecule to a thiophilic acceptor
substrate [1-4]  Although widely distributed, the
physiological role of these cnecymes has not been
established [1,5] Previous work demonstrated that
mammalian Rd 1s effective 1n the in vitro synthesis of
heterometallic clusters [6-9]. In addition, 1nactive Fe-
protein of the nitrogenase from Klebstella pneumoniae,
lacking the full complement of iron and sulphide, could
be reactivated for acetylene reduction after incubation
with Rd and its substraies {10].

Low levels of Rd and 3-MST were detected 1n cultures
of K pneumoniae [11]. In prehminary experiments, ac-
tivities in Azotobacter vinelandi, another mtrogen fix-
1ng organisin, were more stable and ten times higher for
Rd The aim of the work presented here was to verify
whether the sulphurtransferase activities detected in 4
vinelandu extracts corresponded to specific endogenous
enzymes. Sulphurtransferase enzymes generally show
low substrate specificity [S], and recently Aird et al.
purified from the prokaryote Acinerobacter calco-
aceticus lwoffi a sulphurtransferase which utihzed a
wide range of acceptor substrates [12]. We report here
the identification and purification of Rd and 3-MST
from cultures of A, vinelandn
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Azotobarter vinefuncn strain UW136 (from NEL collection) was
grawn in Burk’s sucrose medium {13} m a 200 hitre New Brunswich
stamless steel fermentor Acration rate was 501 nun ' Cells were
harvested i a Westphalia centnfuge when the culture reached
ODAW =20

Extracts were produced by thawing 50 g of frozen cellsin 75 ml of
50 mM phosphate buffer containing 3 5 mM thiosulphate (pH 7 0)
The suspension was passedd twise through a Cell 'racvionator at 28 pa
ot aigon Cell debris was removed by centrifugation at 13 000 x g for
60 mun, the supernatant was wsed for the purification of sulphur-
transferases

Proteins were estimated aither by the biuret method [14) or i the
wase of partally purified matenial, trom the absorbance at 280 nm by
using the extinction coefficient of 1 50 for a solution containing 1 0
mg/ml

Rhodanese activity was determined by the colorimetric assay based
on theabsorption at 460 nm of the ferric thiocyanate complex formed
from the reaction product thiocyanate and ferric nitrate {15] The ac
tivity tigures were corrected for the absorbance at 460 nm of a parallel
assay in which the sample was adeled afier the addition of HCHO in
the cubation miuxture The 3-mercaptopyruvate sulphurtransferase
assay 1s based on the detection of the product pyruvate [4,16] Theab
sorbance figures were corrected by subtracting the value oblained
when the ensyme preparation was added after CdD]; One unit of Rd
and 3 MST acuvity 1s defined as the amount of enzyme that produce
1 umol of thiocyanate or pyruvate per min at 37°C

2 1 Purificanion of the sulphurtransferases

211 Step | Ammonum sulphate precipitation

The extract was made 65% saturated with ammonium suiphate
After centritugation at 13 000x g for 30 mun, the precipitate was
rechssolved in 50 mM phosphate buffer, pH 7 0, containing 3 5 mM
thiosulphate (buffer A) Unless otherwise stated, all procedures were
carried out at 4°C

212 Step 2 Sephadex G50 fractionation and 1on-exchange
chromatography

The recissolved proteins trom Siep 1 (50 mly were fractionated on

a column of Sephadex G50 Fine (Pharmacia, 7 5 x 40 cm), equil-

vrated with buffer A, .1 a flow rate of 200 ml/h The fractions with

high sulphuriransferase activities were pooled and passed through a
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column ol DEAL Sephacel (W hatman, § = 7 am) equilibrated i but
ter A Sulphurir isferdse detivities sere revovered in the non boaund
fractiion  The active matenal cluted trom the DE AL Sephacel column
was pooled and concentrated Dy precpitabion with ammamiiim
sulph ate (65%0) at ptl 7 O Atrer centnifugation the prevutate was
redinsalved in S miof 10 mM phiosphate butfer pH 7 0, contaimimg 3 8
mM thiosuiphate (dafter )

2013 Step 3 Desaluing and TRPIC 1on exchange chromatographs

1he material trany Step 2 was desalted on Sephaden G258 wquili
brated with butter B The eluate was divided in aliuars of 2-2 5 my
protemn wineh were sepirately toaded on o TOR-DEAL SPW column
(LRB, 08 » 75um) equibibrated in butfer B a1 B PHC apparatus
(L KBY at room wmperature Llution of bound proteins w.s achieved
by o hnear gradient of butter B to butter A m 25 nun (big 1) This
step essennalls separated Rd mmd 3 MST activaties

214 Stepd God hiltration by FRLC
The combimed muatenad with Rd activats from three | PLC-DLAL
clutions (peak B ot Fig 1) was coneenti wed about S0-told by using
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Fig 1 Chromatographi separation of Rd and 3-MST A typical

chromatogram obtained with aliquots of material from Sephadex G25

passed through the TSK-DEAE 5PW FPLC column is shown A and
B are peaks of 3-MST and Rd activities, respectively
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aCentrvon 10 (Amon) device, and loaded onacolumn of Superose
1210 WHR (O RBE = 30 ey egualibrated i SOm\ pliosphate buf
tor vontaiang O F N NaCL(pHE 7 Sy §FPLC appnatus R ws
cluted with the sane bufter at a How rate of 0 8 ml min 1 he same
pocedure was tollowed tor the porh Vol Big beontimmg essentidly
LIRYLY

3, RITSULTS AND DISCUSSION

Rhoduniese  and  3-mercaptopyiuvate  sulphui-
transterase acuvities were found in crude exiracts ot A
vinelancu grown with cither 15 mM ammonium acetate
(spec act ot 0 142 and 0,183, 1espectively, tor Rd and
3-MST) o1 dinitogen (spec act, of 0 300 and 0,410,
tespectively) as mtrogen soutce The activities were only
shghtly mgher n the duntiogen-grown cells, suggesting
that neither was o product of ¢ nitrogen tination-
specttic gene, Singe sulphurtransterase activities m the
presence of ditterent donor molecules are not necessari-
ly specthic tor the identitication of two separate en-
/ymes [5,12], we attempted the punitication ot the Rd
and 3-MST activities

31 Punficanion of the ensymes from Na-grown cells

The scheme for purification 1s shiown in Table I Dur-
ing the carlv stages, both acuvities were recovered 1n the
same fractions Inorder to achieve separation on FPLC
ion-exchange chromatography, we tound it necessary to
first remove bulky contaminating proteins on a
Sephadex G50 column, although this led to significant
loss of matenal. Aftes FPLC chromatography, two
distinct peahs were recovered (Fig 1) The fraction cor-
responding to 3-MST contamed 3.3% of residual Rd
activity The peak containing Rd acuivity eluted just
behind that of 3-MST, in the Rd fraction the con-
taminaung 3-MST accounted for 5% of the total
sulphurtransferase acuwvities. Further punfication of
the two enzymes was achieved by FPLC gel
chromatography on Superose 12HR (Table I). Both en-
zymes were, at this final stage, punfied more than
1000-fold compared to the crude extract specific ac-
tivities and no cross-contaminating acuvities were
found (Table ).

3.2. Homogeneury and molecular weight of the purtfied
enzymes

When the 3-MST fraction from FPLC-DEAE was
chromatographed on Superose, iwo major and several
minor peaks were obtained (not shown). The 3-MST ac-
tivity was found only 1n one peak which eluted at a posi-
tion corresponding to an apparent M; or 25-26 kDa.
This peak gave two major polypeptide bands (Fig 2)
when analyzed by SDS-PAGE that accounted for 61%
and 33% of the total proteins loaded. Their apparent
Ms correspond to 38 and 29 kDa., respectively Since we
did not succeed 1n the purification of 3-MST to
homogeneity, the definition of its molecular weight re-
quires further investigation
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Table |

Putitication of sulphuttt insterases flom 1 veelunedu
siep ) Total Rd LIRSS

protein - . .

(ing) 1ot Speutfic  Punifi Yickd Total Spevific  Punih- Yicld

unis Al wition (o) units ael vation (%)
o\ told) (x Fold)

er:::u.n.( 274 750 U 3430 ] 100 643 0 280 | 100
Sephades GSOTme 858 310 0 560 16 e 47 0 350 16 3R
DLAL Sephaed 61 250 1978 I a 32 200 1170 12 kb
1 PLC diromatography DE AL puak A 01 22 7 800 - (UK 68 215 770 10
[3MST nom Superose] 02 00 00 - e 51 1010 9 4]
DEAL peak B (s 11y 244 714 14 61 124 - a2l
(Rd tram Superosd] 27 1o 150 1030 14] 00 -

Atter chiomatogiaphy on Superose ot the Rd trac-
tion tiom FPLC-DEAE one single peakh with an ap-
patent M; of 24 KkDa was tound (not shown) SDS-
PAGE ot the Rd cluted trom Superose further
demonstrated the presence of a single polypeptide
spectes (Fig, 2) with an appaient M. of 29 kDa.

Molecular weights ot the same oider of magnitude as
that of mammahan Rd (33 kDa) [17} and also of less
than 20 kDa have been repoited for Rd's 1solated from
prokaryotic organisms. Thiosulphate-utilising bactena

Mr
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94—

87 =

~

= 1IRERE

43—

g

30—~ ey
L
BN
20—~

147

e

a < d e

Fig 2 Electrophoretic analysis of the final enzyme preparation SDS-
PAGE was performed according to Laemmli [25] Samples were
denatured in the presence of 1 25% 2-mercaptoethanol and 2% SDS
(Lane a) Rd acuve peah trom the TSK-DEAE 5PW column (15 pg),
(lane b) protemn markers (15 ug total of a muxture contamming
phosphorylase b, bovine serum albumin, egg albumin, carbonic
anhydrase, trypsin inhihitor, a-lacialbumin, and apronnin) (Lane ¢}
Rd from the Superose 12HR column (10 ug), (lane d) 3-MST acuve
peak trom the TSK-DEAE 5PW column (20 ug). (lane €) 3-MST ac-
tive peak from the Superose 12HR column (10 ug)

contain Rd's with sizes ranging trom 34 to 39 kDa
[18,19}. Rd t1om Escherichia volt, on the other hand,
had an M, close to 14 KDa [20] Rd trom the soil
bacterium Actnetobacter calcoaceticus showed a M, of
around 35 kDa [21]; also recently Awrd et al. [12)
purified trom the same bacterium a sulphane sulphur-
transferase with an apparent M, of 17 kDa, Thus the
rhodanese purified here trom A, vinelondn falls
somewhat midway 1 size between the two estremes of
molecular sizes reported for this enzyme.

Enzymes belonging to the «class of sulphur
transferases utilize or produce sulphane compounds
[1,5,22] The physiological funcuon of sulphane
sulphur, however, has not been well defined [23]. It
could be the source of the 1norganic sulphur used for
synthesis of 1ron-sulphur centres, Though the enzymic
systemn based on rhodanese has been extensively utilized
1in the 1n vitro synthesis of metal-sulphur structures
[6-9], 1t remains unclear whether this enzyme can be
regarded as the 1n vivo catalyst of reactions involved in
the synthesis of metal-sulphur structures [24]. The 1den-
uiftication of two different sulphurtransferases in A
vinelandu, as well as the purification of rhodanese to
homogeneiiy, represent an important first step to n-
vestigate the role of these enzymes by combined
biochemical-genetic approaches
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