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EFFECT OF Fe (I1II) IONS

ON HYDROGENASE ACTIVITY AND GROWTH
OF THE CUPRIAVIDUS NECATOR H16 STRAIN
IN DIVERSE GROWTH MEDIA

Cupriavidus necator H16 possesses oxygen-tolerant [NiFe] hydrogenases, which can oxidize H , in the presence of oxygen
(O,), easily adapts between autotrophic and heterotrophic lifestyles, and has significant biotechnological potential. Aim.
To investigate the growth characteristics of C. necator H16 using different nutrient media and heavy metal, particularly
iron ions, for determination of optimal conditions maximizing Hyd activity. Methods. C. necator H16 was cultivated
heterotrophically using Nutrient Broth (NB) and Fructose-Nitrogen (FN) minimal growth media, pH 7.0. The effects of
iron (Fe(III)) ions on the activity of the bacterial H ,-oxidizing Hyds (hydrogenases) and its growth properties were inves-
tigated Bacterial growth was monitored by determining the optical density, OD.,,, under 570 nm. The total H ,-oxidizing
Hyd activity of whole cells of C. necator H16 was measured over a 72-hour growth period. Results. In the control samples
without adding Fe ions, the activity was observed in the range of 0.5—0.2 U mg~—! cell dry weight (CDW) in both NB
and FN media for up to 48 hours of bacterial growth. However, when 54 uM Fe ions were added to the media, the H ,-0x-
idizing Hyd activity increased approximately 2—3 fold after 24 and 48 hours in both FN and NB media, compared to
the control samples. Additionally, in the samples supplemented with Fe ions, a shift in the ORP from positive to negative
values was observed, primarily starting from the exponential growth phase. After 24 hours, the NB medium showed
stimulated biomass formation and Hyd activity compared to the FN medium. Conclusions. These findings suggest that
certain conditions, such as the presence of higher amounts of iron ions and specific growth media, can enhance the Hyd
activity during bacterial heterotrophic growth.
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Effect of Fe (IIT) Ions on Hydrogenase Activity and Growth of the Cupriavidus necator H16 Strain

Cupriavidus necator H16, formerly known as
Ralstonia eutropha, Alcaligenes eutrophus, and
Wautersia eutropha, can easily adapt between the
autotrophic and heterotrophic lifestyles and has
significant biotechnological potential. It possess-
es four different O,-tolerant [NiFe]-hydrogenas-
es (Hyds) (Shafaat et al., 2013; Lenz et al., 2018)
and holds promise for future H,-based biotech-
nology applications, including the production of
commercially, environmentally, and medically
valuable compounds (Davis et al., 2023; Fan et
al., 2022; Jang et al, 2024). Hyds are considered
promising candidates as anodic biocatalysts in
enzymatic biofuel cells (EFC) or microbial fuel
cells (MFC) (Wait et al., 2010; Greening et al.,
2023). They exhibit long-lasting catalytic activity
and utilize water-derived protons to synthesize
hydrogen at turnover frequencies of up to 10* s~}
(Shafaat et al., 2013). EFCs and MFCs play a cru-
cial role in the physiological coupling of H, oxi-
dation and O, reduction. They can be effectively
used not only for electricity generation but also
for addressing various environmental problems
such as pathogen detection, soil corrosion, and
COD/BOD measurement (Simoska et al., 2021).
Many microbes possess Hyd enzymes that ei-
ther produce or utilize hydrogen gas (H,) as part
of their metabolic processes. Some of these mi-
crobes can reduce toxic metals to less harmful
forms through various mechanisms, including
Hyd activity (Lloyd & Lovley, 2001; Lloyd et al.,
2003). For example, the nickel-iron Hyd of Des-
ulfovibrio fructosovorans has been attributed to
the reduction of the problematic radionuclide
99Tc(VII) to insoluble 99Tc(IV) (Woolfolk &
Whiteley, 1962). Additionally, Hyds have been in-
volved in the reduction and recovery of precious
metals from waste materials at the expense of H,
(Yankeatal., 1995; De Lucaetal.,2001; Lloyd etal.,
1998). Studies using mutants of D. fructosovorans
deficient in one or more of the three major Hyds
have conclusively identified the participation of
Hyds in these metal reductase activities (Yong et
al., 2002). The genus Alcaligenes, also known as
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Ralstonia, has been found in sediments or soils
with high concentrations of heavy metals such as
zing, cobalt, copper, and cadmium. Samples from
such environments may contain up to 5—10% of
these metals while still harboring viable bacterial
populations (Yong et al., 2003). Most C. necator
strains share common characteristics, including
the growth on various organic substrates except
sugars, oxidative metabolism, facultative chem-
olithotrophy, and the presence of megaplasmids
carrying genes for heavy metal resistance (Mik-
heenko et al., 2008). Cupriavidus metallidurans
strain CH34 is a well-studied model organism for
heavy metal resistance. It can tolerate millimolar
concentrations of heavy metals and has been uti-
lized for bioremediation, recovery, and reduction
of heavy metals (Mikheenko et al., 2008; Mahvi
& Diels, 2004; Collard et al., 1993). Cupriavidus
necator H16 and N9A strains, along with de-
rivatives of strain CH34 lacking one or more of
its natural metal resistance plasmids, have been
used as recipients in various studies. The metal
resistance plasmids pTOMS8 and pTOMOY, found
in strain 31A, convey resistance features that are
expressed except in C. necator H16 (Mergeay et
al., 1985). C. necator H16 possesses four differ-
ent O,-tolerant [NiFe]-hydrogenases: the mem-
brane-bound Hyd (MBH), the soluble NAD"-re-
ducing Hyd (SH), the actinobacterial-like Hyd
(AH), and the regulatory Hyd (RH) (Janssen et
al., 2010). The specific requirement for nickel was
first demonstrated in autotrophically growing
cells of C. necator H1 and H16 and subsequently
confirmed in these strains by Repaske (1976) and
Gruzinskii et al. (1977) (Lenz et al., 2015; Bar-
tha & Ordal, 1965). Nickel and iron are essential
components of the active sites of these Hyds. Iron
metabolism not only influences Hyd activity by
determining the availability of cofactors but also
affects the transcription of the Hyd structural
operons (Repaske, R. & Repaske, A., 1976). Fur-
thermore, a new lipopeptide siderophore called
cupriachelin has been isolated from C. necator
H16 and structurally characterized. The bacteri-

65



S.H. Nikolyan, A.A. Margaryan, A.A. Poladyan

um reduces Fe(III) using cupriachelin, leading to
the release of ferrous iron (Goris et al., 2011).

C. necator H16 is a chemolithoautotrophic
B-proteobacterium that can grow under both
autotrophic and heterotrophic conditions using
various organic substrates. However, the optimal
conditions and mechanisms for Hyd enzyme
synthesis, as well as its relation to metal avail-
ability during heterotrophic growth, have not
been fully identified yet. It has been established
that energy limitation, such as starvation and
low O, levels, promotes the catabolic de-repres-
sion of Hyd gene expression (Gruzinskii et al.,
1997; Poladyan et al., 2019).

Therefore, our research aims to investigate the
growth characteristics of C. necator H16 using
different nutrient media and heavy metal con-
ditions, particularly iron ions, to determine the
optimal conditions for maximizing Hyd activity.
ORP is an important physicochemical parame-
ter that influences microbial growth and is also
connected to the activity of Hyd enzymes, there-
fore, the changes in ORP during bacterial growth
were investigated as well. Additionally, we aim to
explore the link between H,-oxidizing and met-
al-reducing activities for further applications in
biotechnology.

Materials and Methods. Media and inoculum
preparation for the experiments in liquid medi-
um. C. necator H16 (DSM 428) was kindly pro-
vided by Dr. Oliver Lenz (Technical University of
Berlin, Germany). C. necator was grown under
heterotrophic conditions, using FN (Fructose-Ni-
trogen) minimal mineral (Lenz et al., 2018; Pola-
dyan et al,, 2019) and NB (Nutrient broth) solu-
tions. The FN solution contains 10 x H16 buffer
(100mL), 850mL H,O, as well as 20% w/v of 10mL
NH,CI, 20% w/v of ImL MgSO, x 7H,0, 1% w/v
of ImL CaCl, x 2H,0, 0.001% w/v of 1 mL NiCl,,
0.5% w/v of 1 mL FeCl, x 6H,0, and 40% w/v of
10 mL fructose. The 10 x H16 buffer was com-
posed of 15g KH,PO,, 90g Na,HPO, x 12 H,0,
and 1 L H,O, pH 7.0. The NB solution contains
5.0 g L~! peptone, 5.0 g L' NaCl, 1.50 g L™! beef
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extract, and 1.50 g L™! yeast extract, and 1 L H,O,
pH 7.0. Bacterial aerobic growth was performed
on a shaker at 130 rpm at 33 °C. Aerobic con-
ditions for cultivation experiments were attained
by using 250 mL baffled flasks with 100 mL FN
and NB media. 1.5% of a bacterial pre-culture
(starter) was used to inoculate cultures, and cul-
tivation was accomplished at 33 °C for 72 h. For
inoculation (starter culture), bacteria were grown
under the conditions described above, 37 °C (Po-
ladyan et al., 2019).

Bacterial growth was followed using a Cary
60 UV—vis spectrophotometer (Agilent, USA).
The specific growth rate, y, was calculated as OD’s
In2/doubling time (logarithmic growth phase)
and expressed as d~!(Gabrielyan et al., 2010).
The bacterial cell dry weight (CDW), g L1, was
determined and applied to evaluate the yield of
bacteria. The medium’s pH was measured with a
Hanna Basic pH/ORP Benchtop Meter HI2211-
02 (Hanna, USA) meter: medium pH was poised
with solutions of HCI (0.1 N) and NaOH (0.1 M).

Determination of the maximum tolerable
concentration (MTC). The MTC of C. necator
H16 grown on media with heavy metals was de-
termined by gradually increasing the concentra-
tion of the heavy metal: 1 pL/20 mL (0.5 mM)
each time on the nutrient agar plate until the
strains failed to give colonies on the plate (Has-
sen et al., 1988). The starting concentration was
1 uL/20 mL (0.5 mM) in solid agar plates. Bacte-
rial precultures were cultivated in 5 mL LB broth
at pH 7.0, under aerobic conditions, and incu-
bated at 33 °C for 24 h, a period that corresponds
to the exponential phase. The research conduct-
ed by Hassen et al. (1988) demonstrates that
the maximum tolerable concentrations (MTC)
of heavy metals in liquid media are 10 to 1,000
times lower than those found in solid media.
Hence, in our study, we selected initial concen-
trations of heavy metals in the liquid media that
were 100 times lower than the levels observed
in solid media, falling within the range of 10 to
1,000 times lower.
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The following salts of analytical purity were
used as sources of the heavy metals: cadmi-
um sulfate octahydrate (CdSO, x 8H,0), pen-
tahydrate copper sulfate (CuSO, x 5H,0), co-
baltous sulfate hexahydrate (CoSO, x 6H,0),
nickel chloride hexahydrate (NiCl, x 6H,0),
iron chloride hexahydrate (FeCl, x 6H,0), and
heptahydrate zinc sulfate (ZnSO, x 7H,O).
Solutions with a concentration of 1 M of the
mentioned heavy metals, besides iron, served
as a stock solution, which was sterilized via
microporous filtrations. As a stock solution of
iron, 0.5% w/v of 1 mL FeCl, x 6H,0 served
(see the composition of the FN media men-
tioned above). MTCs were determined at 33 °C
for 7 days.

Oxidation and reduction potential measure-
ment. The medium’s oxidation and reduction
potential (ORP) was measured by using a Han-
na Basic pH/ORP Benchtop Meter HI2211-02
(Hanna, USA) meter. The electrode was checked
in a solution with a composition of 0.049 M
K,[Fe(CN),] and 0.05M K,[Fe(CN)] x 3H,0,
pH 6.86: the readings for the redox electrode at
25 °C was + 250 + 5 Mv (Poladyan et al, 2019).

Monitoring of the total Hyd activity. Bacte-
rial growth was monitored by determining the
optical density, OD,, under 570 nm. Cells were
harvested after 72 h by centrifugation at 6500
rpm, 20 °C, and 20 min centrifugation. Collect-
ed bacteria were washed with 50 mM potassium
phosphate buffer, pH 7.0.

The whole cells’ H,-oxidizing total activity was
monitored by methylene blue (MB) reduction,
570 nm, 33 °C, using a spectrophotometer, Cary
60 UV—uvis, Agilent Technologies, USA. 15 to
20 mL of bacterial whole cells were supplement-
ed into a 1.9 mL reaction mixture of 2.5 mL of
50mM potassium phosphate buffer, pH 7.0, and
H,-saturated. MB was provided as an acceptor
of artificial electrons (Lenz et al., 2018) One unit
(U) of Hyd enzyme activity corresponds to 1uM
H, oxidized per min and 1mg protein (Lenz et
al., 2018) or 1g CDW.
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Data evaluation and reagents used in the re-
search. Microsoft Excel 2016 was used for data
processing. The data show values determined
from 3 independent measurements; the standard
average of the mean data with standard errors
was determined using the corresponding Micro-
soft Excel 2016 function, and Student’s criteria
(P) were considered to approve the difference in
average data among different series of measure-
ments. The difference was valid when P<0.05.

Cadmium sulfate octahydrate, pentahydrate
copper sulfate, cobaltous sulfate hexahydrate, ni-
ckel chloride hexahydrate, iron chloride hexahyd-
rate, heptahydrate zinc sulfate (Sigma-Aldrich (St.
Louis, MO, USA)), and all other reagents used in
the study were of analytical grade.

Results. Determination of maximum tolerable
concentrations of heavy metals against C. neca-
tor H16. C. necator H16 (DSM 428) was assessed
for its metal resistance capability using nutri-
ent agar media containing metal concentrations
ranging from 0.1 to 3.5 mM for Cd, Zn, Co, Ni,
Fe, and Cu ions. The results of the maximum tol-
erable concentrations (MTC:s) test for each heavy
metal with the C. necator H16 strain demonstrat-
ed varying levels of tolerance on solid agar plates.
The highest resistance was observed against Fe>*
at a concentration of 3.0 mM (3000 puM). This
was followed by Ni** and Cu®* at 2.5 mM, and
Co?*, Cd?*', and Zn** at 2.0 mM. Fe’* and Ni?*
were chosen for further observation due to their
higher resistance levels. According to Hassen et
al. (1998), C. necator H16 was cultivated in liquid
media (NB and FN) supplemented with Fe** and
Ni?* ions at concentrations 100 times lower than
those used in solid media. This was done to as-
sess the growth characteristics and Hyd activity of
bacteria in the presence of those metal ions. The
liquid media test proved to be sensitive, detecting
toxicity at concentrations 10 to 1000 times low-
er than those observed in solid media. Despite its
aforementioned limitations, the liquid media test
provided a reliable means of evaluating metal tox-
icity in polluted environments, such as industrial
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Fig. 1. C. necator H16 growth in FN and NB media in the presence of Fe’*. Bacteria were grown aerobically at pH
7.0 for 72 h: (A) Growth kinetics measuring OD (570 nm) with the addition of Fe**; and (B) pH is shown for media
studied; The average data of three independent measurements are presented (p<0.05)

effluents, incinerator residues, landfill municipal
refuse, and sewage sludge leachates.

Growth characteristics and Hyd activity of C.
necator H16 in EN and NB media in the pres-
ence and absence of Fe** ions. C. necator H16
was cultivated under heterotrophic conditions
using FN minimal mineral and NB media, as
described in the Materials and Methods section.
Bacterial growth was conducted aerobically on
a shaker at 130 rpm and 30 °C. Throughout the
study, various growth properties including opti-
cal density (OD), specific growth rate (u), pH,
and oxidation-reduction potential (ORP) ki-
netics were monitored. Additionally, the total
H,-oxidizing Hyd activity of C. necator H16 bac-
teria was investigated in both FN and NB media
in the presence and absence of Fe ions. The FN
minimal and NB media without Fe ions served as
control samples. To examine the impact of Fe**
ions on the bacterial growth, 300 uL of FeCl, was
added at a final concentration of 54 uM, which
was 100 times lower than the maximum toler-
able concentration (MTC) determined in solid
media. Fig. 1 demonstrates that after 24 hours,
bacterial growth was observed in both FN and
NB media. Furthermore, the highest optical
density (OD 1.13 £ 0.10) was observed in the NB
control media after 24 hours compared to FN.
A similar biomass formation (OD of 1.06 + 0.03)
was observed in FN upon supplementation with
Fe ions. Compared to FN, the specific growth
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rate (W) of bacteria in NB medium was increased
~ 1.4-fold. However, after 48 hours, the OD de-
creased by approximately 1.5 times in both NB
and NB + Fe’* media. In contrast, the OD re-
mained unchanged in FN + Fe**-supplemented
medium after 72 hours, while it continued to de-
cline in both NB and NB + Fe** media.

The pH kinetics during bacterial growth was
monitored and shown in Figure 1B. Bacteria
were initially grown at pH 7.0. After 24 hours,
the pH decreased to 6.7 + 0.13 in the FN control
and 6.0 + 0.17 in FN + Fe’" medium, while it
increased to 7.8 + 0.25 in NB and 7.64 £+ 0.19 in
the NB + Fe*" media. There was little difference
observed after 48 and 72 hours.

Fig. 2 A shows the changes in oxidation-re-
duction potential (ORP) during growth in
FN, FN + Fe’*, NB, and NB + Fe’" media. Af-
ter 24 hours, a decrease in ORP was observed
in both FN and FN + Fe** media (40 + 10 mV,
-10 £ 5 mV, respectively) as well as in NB and
NB + Fe** media (-75+10mV and -100 £ 10 mV;,
respectively). Notably, negative ORP values were
observed in FN + Fe** and NB + Fe’* media.

The total H,-oxidizing activity of C. necator
H16 whole cells was assessed using the methylene
blue (MB) reduction assay. Approximately 15 to
20 mL of bacterial whole cells were added toa 1.9
mL reaction mixture, pH 7.0, and saturated with
H,. MB was used as an electron acceptor (Pola-
dyan et al., 2019). The H,-oxidizing activity of C.
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Fig. 2. Fe’* impact on the kinetics of ORP of C. necator H16 (A). Bacteria were grown aerobically, at pH 7.0, for 72 h,
n=3, p<0.05. (B) H,-oxidizing total Hyd activity of whole cells of C. necator H16 is shown. Fe’* (54uM) was added
to both FN and NB media. CDW is cell dry weight. For the other details, see the section «Materials and Methods»

and the legend to Fig. 1 (72 h, n=3, p<0.05)
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Fig. 3. Hypothesis for possible mechanisms by which iron ions stimulate Hyd activity. Cup — cupriachelin, MFRb —
membrane ferric reductase, ROS — reactive oxygen species, Low ORP — low oxidation-reduction potential, EL —
energy limitations, SR — stress response, ETC — electron transport chain, MBH — a membrane-bound hydrogenase,
PPS — periplasmic space

Fe3+

necator H16 whole cells was measured at differ- | h and 48 h of bacterial growth. However, the ad-
ent time points during bacterial growth (24 h, 48 | dition of Fe ions increased the H,-oxidizing ac-
h, and 72 h). Without the addition of Fe ions, the | tivity by approximately 2 to 3-fold after 24 h and
activity ranged from 0.5 to 0.2 U mg™! cell dry | 48 h in both FN and NB media. Interestingly, af-
weight (CDW) in both NB and FN media for 24 | ter 72 h (late stationary growth phase), no H,-ox-
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idizing activity was detected in the NB medium,
while minimal activity (0.1—0.2 U mg™! CDW)
was observed in the FN medium.

Discussion. Bacterial hydrogenases (Hyds)
have been utilized in the removal of heavy met-
als from solutions through their reduction to less
soluble metal species (Yanke et al., 1995; De Luca
et al., 2001; Lloyd et al., 1998; Yong et al., 2002).
Thus, Hyds play a crucial role in biotechnologi-
cal applications, including the Hyd-mediated
bioreduction of heavy metals. C. necator, along
with its O,-tolerant Hyds, is a promising candi-
date for bioremediation purposes. Additionally,
as mentioned earlier, the O,-tolerant Hyds of C.
necator can be employed as suitable biocatalysts
in enzymatic fuel cells (Lenz et al., 2018). There-
fore, optimizing the growth of C. necator and the
production of Hyds in the presence of various
heavy metals becomes an appealing strategy for
biotechnology (Logan et al., 2006).

In our study, the C. necator H16 strain exhib-
ited varying levels of tolerance, with the highest
resistance observed against Fe** at a concentra-
tion of 3.0 mM. According to the maximal toler-
able concentrations (MTCs, Fe3* and Ni%* were
selected for further investigation due to their
higher resistance. However, it is worth noting
that the bacteria showed negligible growth in
liquid media containing 0.1—0.5 mM Ni?*. This
observation suggests that high Ni** concentra-
tions may be more detrimental in liquid media
compared to Fe3* (Sai et al., 2000).

After 24 hours, growth was observed in both
NB and FN media. Additionally, maximum
growth was noticed in the NB control at 48 hours,
and biomass (OD) increased by approximate-
ly 1.6 times in both the FN control and in the
presence of Fe**, likely due to the utilization of
fructose by C. necator H16 with the long-lasting
stationary growth phase. In contrast to FN, bac-
teria exhibit faster and more stimulated growth
in NB, with a shorter stationary growth phase.

The presence of ferric salts may influence
pH during the process. The dissociation of fer-
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ric chloride releases H ions into the FN + Fe3*
medium, leading to a decrease in pH compared
to the control (Daoud & Karamanev, 2006). On
the other hand, there is no significant difference
in pH between NB and NB + Fe’" media. The
higher pH values observed in NB and NB + Fe3*
media can be attributed to the generation of
NH,* from amino acid degradation (Mohiuddin
& Khattar, 2023).

A decrease in ORP was observed in both FN
and FN + Fe** media and NB and NB + Fe** me-
dia after 24 hours, which is consistent with pre-
vious studies (Lenz et al., 2018; Iskandaryan et
al., 2023). Previous studies have demonstrated
that the ORP of the medium determined Hyd
catalytic as well as its activation properties (Pet-
rov et al., 1989), and in most cases, Hyd activities
are higher at low ORP values, taking into consid-
eration few exceptions (Zorin et al., 1984; Zorin,
1986). It is noteworthy that more negative ORP
values were observed in media supplemented
with Fe ions. Previous studies have identified
that the initial redox potential values depend on
the concentration of Fe?* ions (Sand & Gehrke,
2006; Cain & Smith, 2021), as this parameter is
directly related to the Fe**/Fe?* jon exchange ra-
tio (Cain & Smith, 2021). Considering the acti-
vated oxidation processes, a correlation between
the presence of Fe** ions and changes in ORP
over time was assumed. As bacterial activity is
the main controller of the Fe**/Fe?" ratio for 48
hours and 72 hours, the ORP in the four samples
fluctuated over time.

H,-oxidizing Hyd activity was stated in both
FN and NB, as well as in the presence of Fe3*. It
is worth mentioning that, for the first time, we
demonstrate that the addition of Fe ions at a con-
centration 3 times higher than 18 pM (Lenz et
al., 2018) increased H,-oxidizing Hyd activity by
approximately 2- to 3-fold after 24 hours and 48
hours in both FN and NB media.

The proposed effect of iron ions on the Hyd
activity and growth of C. necator H16 is illustrat-
ed in Fig. 3.
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C. necator H16 is known to secrete cupriachelin
(siderophore) (Cup), which can acquire Fe** from
the environment (Kreutzer et al., 2012). Although
cupriachelin secretion is typically triggered by
iron limitation, our observations indicate that this
secretion can continue even in conditions of high
iron abundance. This persistence may be due to
the limited availability of free Fe** ions, specific
intracellular iron-sensing thresholds, or as part of
a stress response to oxidative conditions caused
by excess iron. Additionally, the production of si-
derophores in the presence of excess iron helps se-
quester the surplus iron. This mechanism protects
the cells from damage caused by reactive oxygen
species and aids in maintaining cellular iron ho-
meostasis (Andrews et al., 2003).

The coordinated Fe* is then liberated from
cupriachelin via membrane-ferric reductases
(MFR), resulting in the release of ferrous (Fe?*)
iron (Ohyashiki et al., 2002). The Fe ions might
also stimulate Hyd maturation and enzyme ac-
tivity. However, an excess amount of intracel-
lular reduced iron might potentially generate
reactive oxygen species (ROS) through lipid per-
oxidation, forming trivalent iron-oxygen com-
plexes (Cain & Smith, 2021; Ohyashiki et al,,
2002), or by inducing low redox potential (ORP)
(low ORP mimics energetic limitation), which
can trigger a stress response leading to Hyd in-
duction. These stress responses can stimulate
the activity of membrane-bound hydrogenases
(MBH). Thus, hydrogenase enzymes (Hyd) have
various applications due to their ability to cata-
lyze the oxidation of hydrogen gas (H,) at high
turnover frequencies. They can be used in bio-
electricity generation in fuel cells and can also
mediate reductive reactions for metal detoxifica-
tion. The results of this study indicate that the
presence of high concentrations of iron ions in
different growth media can significantly affect
the Hyd activity of C. necator H16, most likely
through the modulation of the mediums ORP.

ISSN 1028-0987. Microbiological Journal. 2025. (5)

These findings may have practical applications in
H-based technologies, as they provide insights
into promoting faster and stimulated biomass
production and improving Hyd enzyme obtain-
ing processes.

Conclusions. C. necator H16 produces high-
ly active hydrogenase (Hyd) enzymes that cata-
lyze the oxidation of hydrogen gas. In addition
to their biotechnological applications in energy
production and metal reduction, these enzymes
may also act as sensitive indicators of heavy met-
al pollution. This study demonstrates that elevat-
ed concentrations of iron ions in various growth
media significantly affect Hyd enzyme activity,
likely by altering the oxidation-reduction poten-
tial (ORP) of the environment. Since heavy met-
als can disrupt redox balance and interfere with
the metalloenzyme function, changes in Hyd
activity may reflect alterations in environmen-
tal metal stress. These findings suggest that C.
necator H16, through its hydrogenase response,
could be developed as a biological sensor for
detecting and monitoring heavy metal contam-
ination in environmental settings. Optimizing
growth conditions to enhance this sensitivity
may facilitate its use in ecotoxicology and biore-
mediation monitoring.
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! Kagenpa 6ioximii, mikpo6ionorii Ta 6ioTexHOMOri, EpeBaHCHKNUIL IEPKABHUIT YHIBEPCUTET,
Byn. A. ManyksHa, 1, Epesan, 0025, Bipmenia
2 HaykoBo-procignuiit inctutyT Giosorii, 6iomoriaamii Gpaxynbret, EpeBaHCHKIIT TepXKaBHUI YHIBEPCUTET

BIUJIVIB IOHIB Fe (I1I) HA AKTUMBHICTD I'TJPOTEHA3M TA PICT
IITAMY CUPRIAVIDUS NECATOR H16 YV PISHUX KVYJIBTYPAJTIbHMX CEPEHOBMITAX

Cupriavidus necator H16 mae xucneso-Tonepantsi [NiFe] rigporenasnu, axi MoxyTb oxucmobary H, B mpucytrocTi
KICHIO, JIETKO TIPVYICTOCOBYIOTHCS JO aBTOTPOGHOrO Ta reTepoTPOGHOro Crrocoldy >KUTTS i MAIOTh 3HAYHMIT 6i0TexX-
HOJIOriyHMit toTeHian. Mera. Jocmigutu xapakrepuctuku pocty C. necator H16, BUKOPMCTOBYIOUN Pi3Hi OKXUBHI
cepefoBMIIA Ta BaXKKi MeTasIu, 30KpeMa iOHM 3as1i3a, /I BUSHAYEHHA ONTMMA/IbHUX YMOB /I MaKCUMi3allil aKTUB-
Hocti Hyd. Metopu. 3aransuy Hyd aktuBHicTs ninux knitus C. necator H16 BuMipioBay BIpOJOBK 72-TOFUHHOTO
nepiony pocty. C. necator H16 KynpTuByBamy reTepoTpodHO, BUKOPUCTOBYIOUN TIePeBaYKHO IO>KUBHMIT OY/IbIIOH
(NB) ta minimanbHe ppykroso-asotHe (FN) cepenosuine g pocry, pH 7.0. JocmimkyBanu BiuB ioHIB 3asisa
Fe(III) na aktuBHicTh 6axrepianbunx H,-okucmorounx rifporenas (Hyd) ra ixui Bmactusocti pocty. Pesymbrari.
Y KOHTpONbHUX 3paskax 6e3 mofjaBanus ioHiB Fe akTuBHICTD criocTepiramy B giamasoni 0.5—0.2 U mr—! cyxoi macu
KITVH fAK y cepenouii NB, Tak i B cepenosnmui FN Bnpomosx 48 rogua pocry 6akrepiit. OgHak Ipy JofaBaHHi
54 MxM iouis Fe go cepenosui, aktusHicTs Hyds s6inbiunmacs npnbmmusuo B 2—3 pasu depes 24 i 48 roguH B 060x
cepefloBMIIIAX IIOPIBHAHO 3 KOHTPOMbHMMU 3paskaMut. Kpim Toro, y 3paskax, fonosHeHux ionamu Fe, criocrepiranm
3Mill[eHHsT OKVCTIOBA/IbHO-BifHOBHOTO moTeHLiany cepenouina (ORP) Bif MO3UTHBHNUX JO HETATUBHUX 3HAYEHD,
nounHa4y 3 pasy eKCroHeHLiaIbHOTO 3pocTaHHsL. Yepes 24 roguuu cepenosuiie NB mpogeMoHCTpyBano cTumy-
JIbOBaHe YTBOpeHHs 6ioMacy Ta Bty aktuBHicTh Hyd y nopisusnHi 3 cepenosuiem FN. BucHoBku. L1i pesynbsraru
CBifYaTh IIPO Te, 1J0 IIeBHi YMOBY, TaKi K HaABHICTb 6ibII0I KiIbKOCTI i0HIB 3ai3a Ta cienngivHi cepeoBuIa A
POCTY MOXYTb HocumoBaTy akTyBHicTh Hyd mif yac rereporpodHnoro pocry 6akrepiit.

Knwouosi cnosa: Cupriavidus necator, ionu 3anisa, picm 6akmepiti, pepmenmu ei0pozeHasu, OKUCHO-6i0HOBHUL
nomeruyia, niue 8axKux memarniie.
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