
INTRODUCTION

Gram-negative sulfur-oxidizing γ-proteobacteria of

the genus Thioalkalivibrio are haloalkaliphilic obligate

autotrophs that are found in soda lakes in Africa, Central

Asia, and North America [1-4]. Microbial communities

in these lakes have adapted to extreme conditions such as

extreme alkaline pH levels (up to pH 11) and high salini-

ty (up to 4 M Na+). Oxidation of the reduced sulfur com-

pounds (thiosulfate, sulfide, polysulfide, and sulfur)

serves as the main source of energy for the lithoau-

totrophic microbial communities in soda lakes [1]. Ten

out of 85 Thioalkalivibrio strains isolated from soda lakes

are able to grow on thiocyanate (SCN–) as a sole energy

source [2, 5]. Thioalkalivibrio paradoxus ARh 1, Thio-

alkalivibrio nitratireducens ALEN 2, and Thioalkalivibrio

thiocyanoxidans ARh 2T are the most well-characterized

strains [6-11]. Figure 1 presents main metabolic pathways

of sulfur compounds in the energy cycle of the bacteria of

the Thioalkalivibrio genus based on the analysis of the

genomes and transcriptomes of the Thioalkalivibrio bac-

teria [6].

Flavocytochrome c sulfide dehydrogenase (FCC) is

one of the central enzymes of sulfur metabolism in sulfur-

oxidizing bacteria [12-16]. This enzyme catalyzes oxida-

tion of sulfide and polysulfide ions to molecular sulfur

accompanied by electron transfer to cytochrome c. The

catalytically active form of FCC is a non-covalently

linked heterodimer composed of a flavin-binding subunit

(≈45 kDa) and a monoheme c (≈10 kDa) [13, 14] or

diheme c (≈25 kDa) [12, 15, 16] binding subunit. The

flavin-binding subunit of FCC contains a flavin adenine

dinucleotide (FAD) molecule covalently bound through a

thioether bond.

The genome of one of the thiocyanate-oxidizing

strains, Thioalkalivibrio paradoxus ARh 1 [6], contains

five copies of gene clusters encoding proteins homologous

to FCC. The gene of one of the five potential FCCs

(hereinafter TpFCC) is located adjacent to the operon

responsible for biosynthesis of thiocyanate dehydrogenase

(TcDH), which is a key enzyme of thiocyanate metabo-

lism in bacteria of the Thioalkalivibrio genus [6, 7, 11].
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Comparative analysis of the transcriptomes of the bacteri-

um Thioalkalivibrio thiocyanoxidans ARh 2T grown on

thiosulfate and thiocyanate as an energy source demon-

strated that expression of the TcDH gene and neighboring

genes significantly increased when the cells grew on thio-

cyanate. Maximum increase in the expression levels was

achieved for the genes encoding TcDH (log2 of the gene

expression level ratio during the growth on thiocyanate

and thiosulfate was 7.5) and FCC (the corresponding log-

arithm of the expression level ratio was 6.94 for the flavin

subunit of FCC and 5.82 for the heme-containing subunit

of FCC). Other genes in the TcDH cluster show changes

in the gene expression level in the range from 3.95 to 6.75

[6]. From this it follows that the expression of FCC gene

in the bacterium Tv. thiocyanoxidans increases specifical-

ly and is strongly associated with the TcDH gene expres-

sion level. Presumably, a similar situation occurs with the

closely related bacterium Tv. paradoxus ARh 1.

Therefore, TpFCC is a required component of thio-

cyanate metabolism in the bacterium Tv. paradoxus.

However, the role of TpFCC in the thiocyanate metabo-

lism is unclear because thiocyanate decomposition

(Fig. 1) does not involve formation of sulfide ions. It was

suggested that TpFCC can be involved in the transfer of

electrons generated in the process of thiocyanate oxida-

tion by TcDH [6].

Previously, TpFCC was isolated as a major protein of

the periplasmic fraction of the bacterium Tv. paradoxus

grown on thiocyanate. The three-dimensional structure

of TpFCC was determined by X-ray crystallography [17].

Comparative analysis of the three-dimensional structure

of TpFCC and the structures of FCCs from other organ-

isms confirmed that TpFCC exhibits all characteristic

features of the active sites of sulfide dehydrogenases

[FCC and SQR (sulfide:quinone oxidoreductase)],

including redox-active cysteine residues involved in sul-

fide oxidation followed by electron transfer to FAD.

Moreover, participation of TpFCC in the oxidation of

sulfide ions to sulfur has been further confirmed by the

presence of an additional sulfur atom as a product of the

reaction at one of the catalytic cysteines [17]. Such struc-

tures containing chains of two or eight sulfur atoms in the

active site were determined previously for FCC from

Thermochromatium tepidum [16] and SQR from Aquifex

aeolicus [18, 19]. The electron-transport subunit of

TpFCC contains one domain that binds one heme c

coordinated by His and Met residues. The polypeptide

chain fold of the cytochrome subunit is similar to that of

the N-terminal domains of the two-domain cytochrome

subunits in other FCCs. In the three-dimensional struc-

ture determined in [17], TpFCC exists in complex with

the copper-binding protein CopC, the gene of which is

also characterized by the increased level of transcription

in the cells growing on thiocyanate. It was suggested [17]

that the TpFCC–CopC complex is a component of a

larger periplasmic complex, which also includes TcDH.

Role of the complex is to oxidize thiocyanate and utilize

the resulting sulfur.

To test these assumptions, in the present study we

performed functional characterization of TpFCC. It was

shown that, like the FCCs described previously, TpFCC

has a narrow substrate specificity and only catalyzes oxi-

dation of sulfide ions. This enzyme does not catalyze oxi-

dation of other anions containing sulfur in the reduced

state (thiosulfate, tetrathionate, sulfite) as well as oxida-

tion or reduction of molecular sulfur. Optimal conditions

for the in vitro sulfide oxidation were determined. Kinetic

parameters of the reaction were evaluated.

Fig. 1. Schematic diagram of oxidation steps of the sulfur cycle in thiocyanate-oxidizing bacteria of the Thioalkalivibrio genus [6]. SQR is sul-

fide:quinone oxidoreductase; FCC is flavocytochrome c sulfide dehydrogenase; SoxYZXAB and SoxCD are components of the sulfur-oxidiz-

ing system Sox; TcDH is thiocyanate dehydrogenase; DSR is dissimilatory sulfite reductase; SDH is sulfite dehydrogenase; APR is adenosine

5′-phosphosulfate reductase; SAT is sulfate adenylyltransferase.
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MATERIALS AND METHODS

Isolation and purification of TpFCC. Tv. paradoxus

ARh 1 biomass was grown in flasks using a Na2CO3/

NaHCO3 mineral medium supplemented with 0.6 M

total Na+ at pH 9.75, as described previously [5] in the

presence of sodium thiocyanate (10 mM) as an energy

and nitrogen source. After all thiocyanate was consumed,

another portion of thiocyanate was added to the growth

medium up to concentration of 10 mM. Concentration of

Cu2+ (as citrate) in the growth medium was 30 µg/liter.

After full utilization of thiocyanate, the cells were

precipitated from ten liters of the culture by centrifuga-

tion (Hitachi, USA) and washed with 20 mM MOPS

buffer, pH 7.5, supplemented with 0.6 M NaCl. TpFCC

was isolated from the periplasmic fraction. Isolation pro-

cedure included two consecutive anion-exchange chro-

matography steps and one size exclusion chromatogra-

phy step. Periplasmic fraction was obtained by incuba-

tion of the cells in 42 ml of a lysis buffer (20 mM MOPS,

pH 7.5, 1 mg/ml lysozyme, 500 mM sucrose) for 10 min

at room temperature. Then Milli-Q water (63 ml) and

1 mM PMSF were added, and the mixture was incubat-

ed at 4°C for 15 min. The periplasmic fraction was sepa-

rated from the spheroplasts by centrifugation at 8,000

rpm for 30 min and then loaded onto a MonoQ 10/100

anion-exchange column (GE Healthcare, USA) equili-

brated with 25 mM MOPS, pH 7.5. Proteins were eluted

with a linear gradient of 1 M NaCl in the same buffer

from 0 to 70%. Chromatography was performed on an

ACTA FPLC chromatograph (GE Healthcare). Fractions

with sulfide dehydrogenase activity were collected at the

1 M NaCl content of 30-40%. The combined fractions

were dialyzed against 25 mM MOPS, pH 7.5, and again

applied to a MonoQ 10/100 column equilibrated with

the same buffer. FCC was eluted with a stepwise gradient

of 1 M NaCl in 25 mM MOPS, pH 7.5. The fractions

with sulfide dehydrogenase activity were eluted in the

presence of 42% NaCl. Final purification step involved

size exclusion chromatography on a Superdex 75 10/300

column (GE Healthcare), which was equilibrated with

25 mM MOPS buffer, pH 7.5, supplemented with

150 mM NaCl.

Protein concentration was determined by the

Bradford assay [20]. Purity of the protein was analyzed

with SDS–PAGE [21]. The protein was identified by

MALDI-TOF MS using an Ultraflex III MALDI-

TOF/TOF mass spectrometer (Bruker, Germany).

Activity assay of TpFCC. TpFCC activity was meas-

ured at 30°C using a Cary 100 Bio spectrophotometer

(Thermo Scientific, USA). The reaction mixture (1 ml)

was composed of 50 mM glycine–NaOH buffer, pH 9.5,

10 µM sodium sulfide, and 14 nM enzyme; 20 µM horse

heart cytochrome c (CytC, Sigma-Aldrich, USA) was

used as an electron acceptor. The reaction was initiated

with sodium sulfide. Initial enzyme reaction rates were

calculated from the initial parts of kinetic curves of CytC

reduction recorded at 550 nm (ε550 = 22500 M–1 cm–1).

Correction for non-enzyme reaction was applied. For this

purpose, the rate of CytC reduction with sodium sulfide

was measured in a parallel experiment in the absence of

FCC. All kinetic measurements were performed in tripli-

cate. Sodium sulfide concentration in the solution was

determined using Ellman’s reagent [DTNB, dithiobis(2-

nitrobenzoic acid)]. DTNB reacts with free sulfhydryl

groups to form a mixed disulfide and bright-yellow 2-

nitro-5-thiobenzoic acid (ε412 = 14150 M–1 cm–1).

Kinetic parameters of the sulfide dehydrogenase

reaction were calculated from the plots of the initial reac-

tion rates as a function of the substrate concentration. 

Activity of TpFCC in oxidation of other substrates (1 mM

thiosulftate, sulfite, or tetrathionate) was evaluated under

similar conditions as described in [13]. Activity of TpFCC

in the oxidation of elemental sulfur was evaluated using

sulfur from granules of Tv. paradoxus that were produced

during isolation of TpFCC. Sulfur suspension was pre-

pared according to the procedure described by Rühl et al.

[22] with slight modifications. Sulfur (0.1 g) was suspend-

ed in 5 ml of 50 mM glycine–NaOH buffer, pH 9.5. Then

the 2% suspension was ultrasonicated for 10 min. The

reaction mixture containing 0.2% sulfur suspension,

20 µM CytC, and 52 nM TpFCC in 50 mM

glycine–NaOH buffer, pH 9.5, was incubated in an

Eppendorf ThermoMixer at 30°C. Aliquots were with-

drawn from the reaction mixture at regular intervals and

centrifuged. Absorption spectra of obtained supernatants

were recorded to detect formation of the reduced CytC. A

similar experiment was performed in the absence

of TpFCC.

To evaluate ability of TpFCC to catalyze the reverse

reaction of sulfur reduction to sulfide, a 0.2% sulfur sus-

pension was added to TpFCC, which was pre-reduced

with dithionite, and changes in absorption spectra of

TpFCC were recorded. Oxidation of TpFCC in the pres-

ence of sulfur would be indicative of reduction activity

[23]. This reaction was performed in an anaerobic glove

box (Belle Technology, UK) under N2 atmosphere con-

taining residual oxygen of at most 2 ppm. All solutions

were pre-purged with high-purity argon and stored in the

glove box for several hours.

Determination of the reaction product. To determine

the product of sulfide oxidation, the enzyme reaction was

carried out up to high degrees of conversions. Addition of

sulfide was terminated once sulfur precipitation was visu-

ally observed. Sulfur granules of the bacterium Tv. para-

doxus (standard) and the precipitate obtained in the reac-

tion were dissolved in a chloroform:methanol mixture

(1 : 9). The reaction product was identified by reversed-

phase chromatography on a Nucleosil C18 column

(Sigma-Aldrich) according to a procedure, which was

proposed in [24] and described in detail in our previous

study [11].
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Bioinformatics methods. Search for FCC homo-

logues was performed using the Protein BLAST algorithm

with the NCBI website (http://blast.ncbi.nlm.nih.gov/

Blast.cgi). Alignment of the amino acid sequences of

FCCs from different organisms was carried out with the

BLAST COBALT program (http://www.st-va.ncbi.nlm.

nih.gov/tools/cobalt/re_cobalt.cgi).

RESULTS AND DISCUSSION

FCCs homologs in the genome of Tv. paradoxus. The

genome of the bacterium Tv. paradoxus, like the genome

of the closely related bacterium Tv. nitratireducens, con-

tains five copies of genes encoding homologous FCCs [6].

The percent of amino acid sequence identity between the

flavin-binding subunits encoded by different copies of the

FCC gene from Tv. paradoxus is 40-54% and between the

heme-containing subunits – 35-40% (Table 1).

Only one protein (FCC_5 in Table 1) contains a

diheme subunit; all other proteins are monoheme (the

number of hemes was determined from the number of

heme-binding motifs CXXCH in the amino acid

sequence of the protein).

Different fcc genes were expressed during bacterial

growth in the presence of different electron donors.

According to our unpublished data, the proteins FCC_3

and FCC_5 are expressed in the presence of thiosulfate as

an electron donor. During the growth on thiocyanate in

the presence of Cu2+ ions, the bacterium Tv. paradoxus

ARh 1 showed strong expression of the protein FCC_1

(hereinafter, TpFCC) (Table 1), which is one of the major

proteins of the cell periplasmic fraction, along with the

proteins TcDH and CopC under these conditions

(Fig. 2a). These data are in agreement with the results of

the transcriptome analysis performed in [7] and are

indicative of the potential involvement of TpFCC in the

thiocyanate decomposition. In order to characterize cat-

alytic properties of the enzyme, TpFCC was isolated from

the periplasmic fraction of Tv. paradoxus ARh 1.

Physicochemical properties of TpFCC. According to

the results of size exclusion chromatography on the

Superdex 75 10/300 column, TpFCC has molecular

weight of about 50 kDa. This enzyme consists of two sub-

Table 1. Identity between the flavin- and heme-binding subunits encoded by five FCC copies in the genome of

Tv. paradoxus ARh 1

Flavin-binding subunit
FCC

FCC_1

FCC_2

FCC_3

FCC_4

FCC_5

Protein_ID

WP_006748978

WP_006746610

WP_006746125

WP_006747456

WP_006746847

Identity, %

100

40

54

51

49

Protein_ID

WP_006748977

WP_006746611

WP_006746124

WP_041483707

WP_006746848

Identity, %

100

40

36

40

38

Heme-binding subunit

Table 2. Spectral and molecular properties of FCCs from different microorganisms

Thermochromatium
tepidum [26]

410

416, 523, 552

68

43

25 (2 hemes)

Chromatium
vinosum [12]

450, 480

410

416, 523, 552

77

46

21 (2 hemes)

Thioalkalivibrio
paradoxus ARh 1

450, 479 

409

416, 524, 552

50

42

7.3 (1 heme)

Properties

Absorption peaks of FADox, nm

Absorption peaks of heme cox, nm

Absorption peaks of heme cred, nm

Wild-type protein, MW, kDa

FAD-binding subunit, MW, kDa

Heme-binding subunit, MW, kDa

Thiobacillus
sp. W5 [13]

450, 480

410

416, 523, 552

51

40

11 (1 heme)

Chlorobium
thiosulfatiphilum [25]

410

417, 523, 553

58

47

11 (1 heme)
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units: the FAD-binding subunit with molecular weight of

42 kDa (Fig. 2a) and the heme c-binding subunit with

molecular weight of 8 kDa.

The spectra of oxidized and reduced forms of

TpFCC were recorded using sodium dithionite as a

reducing agent (which can fully reduce FAD and heme c)

and sodium sulfide (which is the main substrate for FCC).

These spectra are very similar to the spectra of FCCs

from other organisms published previously (Table 2). The

spectrum of the oxidized form of TpFCC (Fig. 2b) shows

characteristic absorption peak of the oxidized FAD at

480 nm. Another absorption band of FAD at 450 nm is

less pronounced, like in the spectra of other FCCs

[13, 26] and is, probably, partially overlapped with the

more intense absorption peak of the heme-containing

subunit with maximum at 409 nm. Reduction of TpFCC

with sodium sulfide (1 mM) is accompanied by the partial

reduction of FAD and the virtually complete reduction of

heme c. Further addition of sodium sulfide does not lead

to additional reduction of TpFCC. Apparently, under

these conditions, FAD accepts two electrons from the

sulfide, transfers one electron to the heme c, and remains

in the semiquinone form, resulting in the partial retention

of absorption at 480 nm. The addition of sodium dithion-

ite (redox potential of –560 mV) to the reaction mixture

does not change the degree of reduction of the heme c but

leads to the complete reduction of FAD. The reduced

form of TpFCC is characterized by absorption bands of

the reduced heme c at 416, 524, and 552 nm.

Characterization of the catalytic activity of TpFCC.

The structural data indicate that TpFCC is a typical flav-

ocytochrome c sulfide dehydrogenase. Hence, sulfide

was considered as the main substrate for characterization

of catalytic properties of TpFCC. Horse heart

cytochrome c (CytC) was used as an electron acceptor, as

in most studies on the catalytic properties of FCCs

[12, 13, 25-27].

Optimization of the conditions for evaluation of cat-

alytic activity. TpFCC is located in the periplasm of the

haloalkaliphilic bacterium Tv. paradoxus, where the pH

value is about 9.0 and salinity is up to 1 M [9]. To opti-

mize conditions for evaluation of activity and compare

them with the physiological conditions of TpFCC func-

tioning, the effects of pH, nature of the buffer, and ionic

strength were examined.

The effect of ionic strength was evaluated by addition

of NaCl to the reaction mixture. Activity of the enzyme

was about 50% of the initial value in 0.1 M NaCl

(Fig. 3a). Apparently, increase of ionic strength leads to

the weakening of ionic interactions between sulfide and

the protein or hinders electrostatic interaction of CytC

with the cytochrome subunit of FCC. Therefore, low

ionic strength conditions are optimal for kinetic experi-

ments.

pH-Dependence of the TpFCC activity was deter-

mined in the pH range from 7 to 10.5 using the following

two buffers: 50 mM Tris-HCl, pH from 7.0 to 8.6, and

50 mM glycine–NaOH, pH from 8.6 to 10.5 (Fig. 3b).

TpFCC exhibits highest activity in the pH range from 8.5

to 9.0. These data are consistent with the fact that TpFCC

is the periplasmic protein from the haloalkaliphilic bac-

terium with optimal growth conditions at pH 9-10 [9].

Fig. 2. Characteristics of homogeneity and spectral properties of TpFCC. a) SDS–PAGE of the periplasmic fraction (lane 2) and purified

TpFCC preparation (lane 3). In lanes 2 and 3, the arrows indicate TcDH (I), the FAD-containing subunit of TpFCC with a molecular weight

of 42 kDa (II), and the copper-binding protein CopC (III); the heme-containing subunit of TpFCC migrated with the solvent front. Lane 1,

molecular weight markers. b) Spectra of the oxidized (1) and reduced (2, 3) forms of TpFCC. Reduction was performed with (2) 1 mM Na2S

and (3) 1 mM Na2S2O4. TpFCC concentration was 0.86 µM. Main absorption maxima of the oxidized and reduced forms are indicated in the

spectra. (Colored versions of Figs. 2 and 4 are available in online version of the article and can be accessed at: https://www.springer.com/journal/

10541)



366 TIKHONOVA et al.

BIOCHEMISTRY  (Moscow)   Vol.  86   No.  3   2021

The enzyme exhibited the highest activity in the

glycine buffer. Hence, all kinetic experiments were car-

ried out in 25 mM glycine–NaOH, pH 8.6.

The TpFCC activity with other substrates was evalu-

ated under these conditions. TpFCC did not catalyze oxi-

dation of thiosulfate, sulfite, tetrathionate, and sulfur.

Previously, similar results were obtained for FCCs from

other sources [13]. Since the first step of the respiratory

chain in Tv. paradoxus growing on thiocyanate involves

oxidative degradation of thiocyanate producing elemental

Fig. 3. Factors affecting the catalytic activity of TpFCC. a) Effect of ionic strength (NaCl concentration) on the TpFCC activity. b) pH-

Dependence of the TpFCC activity.

Fig. 4. Determination of kinetic constants of the sulfide oxidation by TpFCC. a) Double reciprocal plot of the initial reaction rate as function

of sulfide concentration at different fixed CytC concentrations. b) Double reciprocal plot of the maximum reaction rate as function of the CytC

concentration. c) Dependence of KM
app/VS

app on the reciprocal CytC concentration.
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sulfur, it was suggested that FCC can catalyze the reverse

reaction of sulfur reduction to form sulfide followed by

the oxidation of the latter, e.g., by the reverse dissimilato-

ry sulfite reductase (DSR in Fig. 1), which catalyzes

interconversion of sulfite to sulfide (or sulfur) and vice

versa. However, our experiment demonstrated that sulfur

did not oxidize the reduced form of TpFCC, i.e., TpFCC

did not transfer electrons to sulfur. It is worth noting that

the surface of the FAD-containing subunit bears a posi-

tive charge at the entrance to the sulfide-binding site [17],

which is unfavorable for binding a hydrophobic

uncharged substrate, such as sulfur. Therefore, TpFCC

does not catalyze the reverse reaction of sulfur reduction

to sulfide and, consequently, it cannot be involved in the

utilization of sulfur that is generated via oxidation of thio-

cyanate. Since we found sulfide as the only substrate for

TpFCC, which is consistent with the data for other FCCs

[12, 13], we characterized kinetic parameters of this reac-

tion.

Determination of kinetic parameters. The kinetics of

oxidation of sodium sulfide and reduction of CytC in the

absence of the reaction products is described by the fol-

lowing equation for a two-substrate reaction with forma-

tion of a ternary complex [28]:

(1)

The apparent Michaelis constants (KM
app) are

1.9 ± 0.4 and 8 ± 3 µM for sulfide and CytC, respectively,

at a fixed concentration of the second substrate. These

data are in good agreement with the Michaelis constants

measured for FCC from Thiobacillus (KM is 1.7 ± 0.4 µM

for sulfide and 3.8 ± 0.8 µM for cytochrome) [13]. The

maximum specific activity at these concentrations was

54 ± 9 µmol (CytC)/min per milligram of the protein.

However, these constants are apparent because they are

functions of the concentration of the second substrate.

Experimental determination of the true kinetic constants

included measurement of the kinetic constants with

respect to sulfide (Vs
app, KM

app) at different fixed concen-

trations of CytC (5, 8, 10, 20 µM):

(2)

(3)

where Ki,S is the dissociation constant of the enzyme–

substrate (ES) complex.

The results are presented as the primary

Lineweaver–Burk plots (Fig. 4a). The straight lines cor-

responding to the fixed CytC concentrations intersect at a

point with coordinates ((1–KM,S/Ki,S)/V; –1/Ki,S). Inter-

section with the X axis corresponds to –1/KM
app; with the

Y axis – to 1/VS
app. This plot is typical for the enzyme

reactions involving formation of a ternary complex.

The values of 1/V were determined from the inter-

section of the Y axis of the secondary plot in the coordi-

nates (1/VS
app; 1/[CytC]) and KM,CytC/V based on the slope

(Fig. 4b):

(4)

The true Michaelis constant with respect to sulfide

was determined from the plot in the coordinates

(KM
app/VS

app; 1/[CytC]). The value of KM,S/V corresponds to

the intersection of the straight line with the Y axis. The

constant can be evaluated from KM,S/V and the known

maximum reaction rate (Fig. 4c).

The following kinetic parameters were obtained

based on the experimental data:

V = 80 ± 40 µmol CytC/min per mg of the protein,

kcat = 0.67 s–1;

KM,CytC = 26 ± 1 µM;

KM,S = 157 ± 9 µM.

Specific properties of the substrates did not allow us

to perform experiments at saturation concentrations

because at high CytC concentrations, the absorbance is

too high, while at high sulfide concentrations, contribu-

tion of the non-enzyme reduction of CytC becomes sig-

nificant. In other studies of FCCs, the kinetic parameters

were also measured at non-saturating concentrations of

the substrates, which makes it impossible to directly com-

pare the measured values. This also accounts for the dif-

ference in the observed and true values of KM and V.

In summary, it can be stated that TpFCC is a typical

sulfide dehydrogenase that catalyzes sulfide oxidation

producing elemental sulfur accompanied by electron

transfer to cytochrome c. The role of this enzyme in thio-

cyanate metabolism remains unknown. Nevertheless,

our preliminary experiments (the results not shown)

demonstrated that the presence of catalytic amounts of

TpFCC in the TcDH-catalyzed thiocyanate oxidation

results in the change of the kinetic curve shape and

increase in the reaction rate. The mechanism of the

observed phenomenon remains unclear and needs fur-

ther research.
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