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This study investigates the roles of specific subunits in Hyd-1 and Hyd-2 and
their impact on proton and potassium fluxes during fermentation of glucose in
Escherichia coli (E. coli). By examining conditions of varying glucose availability,
we aimed to uncover how these subunits influence the metabolic adaptability of
E. coli under fermentative conditions by altering ion fluxes, indicative of their roles
in hydrogenase activity and cellular energy metabolism. Notably, hyaD and hyaF
mutants exhibited a 50% increase in DCCD (N, N'-dicyclohexylcarbodiimide)-
sensitive proton flux, underlining their critical roles in Hyd-1 activity. Exclusively,
the hybF mutant demonstrated an increase in DCCD-sensitive flux, suggesting
cross-regulation between hydrogenases, particularly underscoring the role of HybF
in Hyd-1 activity, resembling the observations with hyaB data. Thus, in the presence
of low glucose, HybF is presumably less involved in the maturation of Hyd-2.
The data for hybE and hybF strongly imply that under conditions of low glucose
growth supplemented with high glucose are crucial for Hyd-2 activity. HyaD and
hyaF mutants exhibited a 50% increase in DCCD-sensitive proton flux, indicating
their essential roles in Hyd-1 activity. Taken together, our results suggest that
depending on glucose concentration specific subunits may have altered and cross-
regulated roles in maturation of Hyd enzymes.
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Introduction. The hydrogenase (Hyd) enzymes, specifically Hyd-1 and
Hyd-2, are of significant interest within the realm of bacterial energy metabolism.
These enzymes play a key role in the reversible conversion of molecular hydrogen
into protons and electrons [1-3].

Hyd-1 is produced in E. coli under anaerobic conditions and mainly works to
oxidize hydrogen. It is oxygen-tolerant and works alongside a cytochrome oxidase,
suggesting its role is crucial when E. coli shifts from anaerobic to aerobic
environments [4, 5]. On the other hand, Hyd-2 is sensitive to oxygen and operates
under anaerobic conditions to help produce energy by oxidizing hydrogen [6, 7].
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The activity and efficiency of these Hyd enzymes are dependent upon a highly
regulated maturational process, involving several subunits crucial for their proper
assembly, activation, and integration into the cellular metabolic framework.

Six Hyp proteins (HypABCDEF) play central roles in the maturation, they
coordinate the synthesis of ligands, insertion of the nickel ion, assembly of the NiFe
cofactor, proteolytic processing, and, in some cases, enzyme translocation, ensuring
the activation and proper functioning of [NiFe]-hydrogenases and may act in the
maturation of more than one Hyd in the cell [3, 8]. Among these stages, only the
proteolytic modification is comprehensively understood at a molecular level [9].

Typically, the genes for the core maturation proteins, known for inserting the
nickel-iron center, are expressed separately from the Hyd structural genes. However,
there exists a second set of maturation genes that are co-expressed alongside the
structural genes within the same transcriptional unit. This arrangement is because
their protein products are directly involved in the maturation of the specific
isoenzyme they accompany, ensuring each Hyd variant is correctly assembled and
functional [3, 10].

Thus, the first three genes in the hya operon (hyaABC) and the first four genes
of the hyb operon (hybOABC) are responsible for encoding the elements of the
membrane-bound catalytic complexes. The subsequent seven genes — HyaD, HyaE,
HyaF, HybD, HybE, HybF, and HybG — though not well understood, seem to
contribute to the biosynthesis of Hyd rather than directly participating in the
hydrogen activation process itself [11]. Based on their function, two classes can be
differentiated presently. The first one encompasses endopeptidases like HyaD and
HybD, which proteolytically process the precursors of the large subunit from 1 and
2, respectively, after metal incorporation. The second family comprises chaperone-
like proteins, which coordinate the assembly and export of periplasmic Hyds via the
TAT (the twin-arginine protein)-export system. Representatives in E. coli are the
hyaE and hybE gene products that are required for the export of the cofactor-
containing heterodimeric Hyd-1 and Hyd-2 [12]. On the other hand, a critical yet
often overlooked factor in understanding the functionality of these Hyds is the
impact of glucose concentration.

Glucose, as a primary substrate for energy production in E. coli, significantly
influences the metabolic state of the cell, affecting not just the central metabolic
pathways, but also the operation of membrane-bound enzymes and transport systems
[1, 13, 14]. The availability of glucose alters the cellular demand for energy and the
mechanisms, through which it is produced, thereby directly affecting the activity of
Hyd enzymes and associated processes [15-17].

This study focuses on understanding how specific subunits involved in the
maturation of Hyd-1 and Hyd-2 influence proton and potassium fluxes during
glucose fermentation in E. coli. By examining the variations in ion fluxes across
membrane during utilization of different glucose concentrations, the research aims
to uncover, if and how glucose levels affect the Hyd maturation process. Through
this approach, we intend to deepen our understanding of the intricate balance
between energy metabolism and ion homeostasis in bacteria, contributing to the
broader knowledge of microbial physiology and offering insights into potential
biotechnological applications for enhanced energy production.
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Materials and Methods.

Bacterial Strains and Growth Conditions. For this study, E. coli strains
outlined in Table were grown in a peptone-rich buffered medium (pH 7.5) containing
20 g-L! peptone, 15 g-L ! K;HPOq, 1.08 g-Lt KH,PO4, 5 g-L* NaCl) at 37°C.
The growth medium was supplemented with glucose at either low (2 g-L) or high
(8 g-LY) concentrations. Cultivation was done in 1000 mL Duran bottles, from
which oxygen was removed through autoclaving. Subsequently, these bottles were
sealed with press-caps and underwent gas exchange, following the protocols as
before [17, 18]

Characteristics of E. coli wild type and mutant strains used

Strain Genetic description Absent or defective Reference
gene product
lacl9rrnBrisAlacZwiie
BW25113 hsdR514AaraBADaH33 wild type [19]
Arha BADLp7s
JW0957 BW25113 AhyaD putative hydrogenase 1 [20]
maturation protease HyaD
JW0958 BW25113 AhyaE putative Hl_yli':EChapem”e [20]
JW0959 BW25113 AhyaF protein HyaF [20]
hydrogenase 2 maturation
JW2961 BW25113 AhybD protease HybD [20]
IW2958 BW25113 AhybG hydrogenaseHrr;ztct;ratlon factor [20]
hydrogenase 2 specific
JW2960 BW25113 AhybE chaperone HybE [20]
hydrogenase maturation
JW5493 BW25113 AhybF protein HybF [20]

Measurement of H* and K* Fluxes. To assess proton and potassium fluxes,

cells were harvested during the late stationary phase. H™ and K* ion fluxes (Ju+, Jk+)
were evaluated in cells at the late stationary growth phase, which were subsequently
cleansed with distilled water. These fluxes were measured in a 4.5 mL Tris-
phosphate buffer solution buffer (150 mM Tris-phosphate pH 7.5, containing 0.4 mM
MgSQO,, 1 mM NaCl, 1 mM KCI), employing a pH-selective electrode or a Potassium
Combination lon-Selective Electrode (ISE) for precise potentiometric analysis
(HI1131 and HI4114 Hanna Instruments, Portugal). To begin the flux assessment,
glucose was introduced into the assays at either a lower or higher concentration, and
flux alterations were meticulously documented every minute. Calibration of
electrode readings was achieved through the careful titration of the assay medium
with either 0.01 M HCI or 0.1 M KCl solutions [17, 19, 21].

Ju+ and Jk+, expressed in millimoles per minute for every 10° cells, were
determined without the addition of N, N'-dicyclohexylcarbodiimide (DCCD). For
the measurement of DCCD-sensitive ion fluxes, cells were treated with 0.2 mM
DCCD for a duration of 5-7 min. The differential between the total ion flux of
untreated cells and those treated with DCCD provided the basis for calculating
DCCD-sensitive ion fluxes. The ratio of DCCD-sensitive H* to K* fluxes was
determined by dividing the respective DCCD-sensitive flux values [19, 22, 23].
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Statistical Analysis. Each data point shown was averaged from independent
triplicate cultures presented as mean +SD. A p-value of less than 0.05 was considered
significant. Data were visualized using GraphPad Prism 8.0.2 software (“GraphPad
Software”, USA) [24]. Signifcance (p<0.05) was determined by two-way ANOVA
and Tukey’s multiple comparison test for all data as described before [25].

Results and Discussion.

H*/K* Fluxes in E. coli Wild Type, Hyd-1 and Hyd-2 Mutants When
Cells Were Grown on Low Concentration (2 g-L™) of Glucose. When the bacteria
were grown at 2 g-L* glucose medium and during assays low and high glucose was

supplemented total proton flux (Ju+) at rates of 1.5 mmol-min-* and 2.26 mmol-min*

per 10° cells were observed, respectively (Fig. 1, a). In hyaD and hybG total Jy+
increased by 20%, only in hybF increased by 30% and in other mutants remained
similar compared to wild type. When cells were treated with DCCD no significant
changes were observed in Hyd-1 deletion mutants, meanwhile in hybD, hybG, hybE
Ju+ increased by 20%, 35% and 17%, respectively. Interestingly most significant
changes observed when considering DCCD-sensitive fluxes. Particularly, in hyaD
and hyaF DCCD-sensitive Ju+ increased by 50%, in hyaE — by 20% (Fig. 1, b).
It was shown previously that under aerobic conditions HyaE functions as a
chaperone protein that is non-essential for the cell’s survival or function but plays a
role in assisting the  subunit (HyaA) of the hydrogenase isoenzyme 1 in E. coli [26].

Moreover, under aerobic conditions, a hyaE mutant does not show a serious
defect in fumarate-dependent hydrogen oxidation, and Hyd-1 appears to be localized
to the membrane correctly [11]. In this study, conducted under fermentative condi-
tions with low glucose levels, it was found that HyaE is not critical for the activity
of Hyd-1 or the maturation of HyaA. This conclusion is based on the significant
differences observed in the behavior of a hyaA deletion mutant, which notably affects
proton fluxes, compared to the effects seen with hyaE (data not shown).

HyaD is similar to HybD, which is required for the maturation for Hyd-2
[9, 27]. It is therefore likely that HyaD is an endopeptidase required for maturation
of Hyd-1. Thus, above-mentioned DCCD-sensitive Ju+ increase in hyaD are in good
confirmation with data observed in hyaB deletion mutant (data not shown), where

again significant increase in DCCD-sensitive Ju+ was observed, suggesting that
under implemented conditions hyaD and hyaF genes are important for Hyd-1 activity
and specifically for the functioning of HyaB catalytic subunit. Totally, different
DCCD-sensitivity was observed in hyb deletion mutants, in hybD DCCD-sensitive
Ju+ decreased by ~30%, in hybG and hybE decreased by ~50%, meanwhile in hybF
it increased by ~60% (Fig. 1, b).

Data show that HybD an endopeptidase involved in the maturation of the
HybC [6], particularly is required for assembly of the catalytically active
HybC-HybO heterodimer [28] is not as essential as hybG and hybE, where the
contribution of FoF1-ATPase was stronglysuppressed. Data for hybE and hybF were
similar to hybC (data not shown) strongly suggesting that in these conditions this
two proteins are important for the Hyd-2 activity. Moreover, this data are in good
confirmation with previous research of Sargent’s group showing that hybE deletion
resulted in a very low hydrogenase 2 activity [29]. Interestingly only in hybF DCCD-
sensitive flux increased, which states the cross-regulation between hydrogenases,



58 THE STUDY OF THE INTERACTION BETWEEN GOLD (lll)...

particularly the role of hybF for the activity of Hyd-1 as obtained difference had
more similarity with hyaB data. HybF has homology with hypA, and it was shown
that during growth in TGYEP medium in a presence of 0.8% glycerol it is involved
in the maturation of Hyd-1 and Hyd-2 [30]. Thus, in a presence of 0.2% glucose
most possible it is not involved in a maturation of Hyd-2. The introduction of high
glucose concentrations significantly affects the Ju+ transport in specific mutants,
particularly observed in hyaD and hyaF, where there is a notable decrease of

approximately 30% in total Ju+ compared to the wild type, which, indeed differ from
data obtained during addition of low glucose.
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Fig. 1. Total (a) and DCCD-sensitive (b) Ju* by whole cells of E. coli BW25113 wild type, single

deletion hya, and hyb mutant strains under fermentative conditions at pH 7.5 and 37°C in the presence

of 2 g-L! glucose. The assay pH (7.5) matched the growth pH. During the assay, either 2 g-L* or

8 g-L ! glucose was supplemented. DCCD (0.2 mM) was added to the assay medium to selectively
inhibit FoF1—ATPase activity when indicated.
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Interestingly, despite the essential roles of hyaD and hybD as specialized
proteases in the processing of hydrogenase subunits and the similar crucial functions
of hybF and hybG in nickel processing and chaperoning, respectively, hybD and

hybG subunits exhibited no significant differences in Jy+ transport under high
glucose conditions. This resilience contrasts with the decrease observed in hyaD,
hyaF, hybE, and hybF, suggesting that the roles these proteins play in hydrogenase
assembly and maturation do not uniformly influence their sensitivity to glucose
concentration changes.

The observed increase in DCCD-sensitive proton flux in hybG and hybE by
approximately 50%, and even more so in hybD and hybF by 60% might reflect a
compensatory mechanism aimed at maintaining energy transduction efficiency
under conditions that otherwise impair specific hydrogenase activities. Definitely,
these proteins have impact on both Hyd-1 and Hyd-2 membrane subunits, as in all
of them similar to membrane-subunit absent mutants when grown in a presence of
low glucose concentration and supplemented with high glucose DCCD-sensitive
fluxes and contribution of FoF1—ATPase were strongly increased (data not shown).
Given the identified and hypothesized roles of these gene products in cofactor
processing and chaperoning, the data suggest a regulatory mechanism that balances
hydrogenase assembly and function with the metabolic state of the cell, as indicated
by glucose availability.
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Fig. 2. Total Jk+ by whole cells of E. coli BW25113 wild type, single deletion hya, and hyb mutant

strains under fermentative conditions at pH 7.5 and 37°C in the presence of 2 g-L™! glucose. The assay

pH (7.5) matched the growth pH. During the assay, either 2 g-L* or 8 g-L* glucose was supplemented.

DCCD (0.2 mM) was added to the assay medium to selectively inhibit FoF1i—ATPase activity when
indicated. A positive value indicates efflux and a negative value indicates influx.

Total J«+ were 0.23 mmol-min~* and 0.35 mmol-min-* when during assays
separately low and high glucose was supplemented (Fig. 2). Upon adding low
glucose, hyaE and hyaF mutants did not show notable changes. However, a 20%
increase in Jk+ was observed in the hyaD mutant, a finding paralleled in the hyaC
mutant under the same conditions. This increase in the hyaC mutant was significantly
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reliant on FoF1—ATPase activity. Unlike hyaD, no variation in DCCD-sensitive Jk+
compared to the wild type was detected. Conversely, a reduction of approximately
25% in DCCD-sensitive Jx+was noted in both hyaE and hyaF mutants, aligning with
findings in hyaB mutant (unreported data). In hyb deletion mutants, a notable
reduction of about 30% in total Jk+ was seen, particularly in hybF. Siginificant
differences were observed in DCCD-sensitive fluxes, namely in hybD DCCD-
sensitive Jk+ increased by ~30%, while in hybE and hybF it decreased by 30%.
Moreover, observation for hybF was conditioned by FoF1—ATPase.

Data differ when high glucose was supplemented: in hyaD total and DCCD-

sensitive Jk+ decreased by ~20%, simply suggesting that absence of this protein

affects the flux conditioned by FoF1—ATPase. In hyaE and hyaF total J«+ decreased
by 20% and 40%, respectively, meanwhile, DCCD-sensitive fluxes decreased by
60%. Interestingly from hyb deletion only total Jk+ was decreased by 25%,
meanwhile DCCD-sensitive flux increased to the same extent.

H*/K* Fluxes in E. coli Wild Type, Hyd-1 and Hyd-2 Mutants when Cells
were Grown on Low Concentration (8 g-L™") of Glucose. When wild type cells were
grown at 8 g-L* glucose medium and during assays low and high glucose was
supplemented total proton flux (Ju+) was 1.95 mmol-min~* per 10° cells (Fig. 3, a).
When low glucose was supplemented during assays in all tested mutants minor
changes up to 15% were observed in total Ju+, and only in hyaF it was decreased by
25%. When high glucose was supplemented again minor differences were observed,
excepting hyaD with 27% increase in total Ju+.

Under low glucose conditions, the mutants demonstrated varied DCCD-
sensitivity to the decreased availability of glucose. The hyaD mutant showed a

substantial decrease in DCCD-sensitive Jy+, with a 65% reduction compared to the
wild type (Fig. 3, b). Similarly, hyaE experienced a 30% reduction in DCCD-sensitive

Ju+. HyaD and HyaE proteins appear to be involved in the processing of Hyd-1
structural subunits, HyaB and HyaA, respectively, potentially acting together as a
processing complex. This suggests that HyaD and HyaE are crucial for preparing the
Hyd-1 enzyme's structural components for proper assembly and function [27].
Given significant decreases underscores its either the critical dependency on glucose
for proper hydrogenase maturation or multi-component cross-regulation is operating
specifically when cells were grown in a presence of high glucose, which still need a
further research.

In hyaF, proton flux decreased by 70%. This severe reduction highlights HyaF
susceptibility to glucose levels, likely due to its integral role in nickel integration and
activation of the Hyd-1 enzyme [27].

In contrast, the hyb mutants presented a different pattern of response.
When cells were grown in presence of high glucose concentration and during assays
low glucose was supplemented in all hyb mutants total Ju+ did not significantly
change. In hybD DCCD-sensitive Ju+ remained unchanged, indicating its function in
the maturation of the HybC subunit, as both in low glucose and high glucose assays
data for both hybD and hybC were similar (data not shown). hybE also showed no
significant change, aligning with hybD, which may reflect a similar resilience or an
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alternative pathway ensuring its participation in hydrogenase activity remains
unaffected. However, hybF exhibited an increase in DCCD-sensitive Ju+ by 38%,
unique among the mutants. HybF is believed to fulfil a role similar to that of HypA,
focusing on nickel processing within the hydrogenase enzymes [30, 31]. Thus, hybF
in depending on applied glucose concentration is most probably is responsible for
Hyd-1, rather than for Hyd-2, as in all discussed conditions data from hybF were
more similar to hya membrane-subunit deletion mutants (data not shown).
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Fig. 3. Total (a) and DCCD-sensitive (b) Ju* by whole cells of E. coli BW25113 wild type, single

deletion hya, and hyb mutant strains under fermentative conditions at pH 7.5 and 37°C in the presence

of 8 g-L! glucose. The assay pH (7.5) matched the growth pH. During the assay, either 2 g-L* or

8 g-L ! glucose was supplemented. DCCD (0.2 mM) was added to the assay medium to selectively
inhibit FoF1—ATPase activity when indicated.
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When high glucose was applied in hyaD, with a 24% increase in total and

DCCD-sensitive Ju+, contrasts its response under low glucose, suggesting a complex
glucose-sensing mechanism that modulates its proteolytic function. HybD displayed

a notable 40% increase in DCCD-sensitive Ju+, indicating that glucose might activate
or enhance its role in assembling the active HybC-HybO heterodimer. In hybE
DCCD-sensitive Ju+ increase by 50% under high glucose conditions implies that
elevated glucose concentrations could enhance its stability or activity, optimizing
Hyd-2 assembly in nutrient-rich environments. Interestingly, hybF did not show
significant change, suggesting a threshold effect where low glucose activates the
mutant, but high glucose does not further influence it (Fig. 3, b).

The alterations in potassium uptake observed in E. coli mutants, each lacking
different maturational subunits for the hydrogenases Hyd-1 and Hyd-2, reveal a
tightly regulated metabolic adaptation to varying glucose concentrations, a reflection
of their roles beyond mere hydrogenase maturation. When cells were grown in the
presence of high glucose concentration and during assays low and high glucose was
supplemented total Jx+ was 0.2 mmol-min~* per 10° cells (Fig. 4).
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Fig. 4. Total Jk+ by whole cells of E. coli BW25113 wild type, single deletion hya and hyb mutant

strains under fermentative conditions at pH 7.5 and 37°C in the presence of 8 g-L™! glucose. The assay

pH (7.5) matched the growth pH. During the assay, either 2 g-L™* or 8 g-L* glucose was supplemented.

DCCD (0.2 mM) was added to the assay medium to selectively inhibit FoFi—ATPase activity when
indicated. A positive value indicates efflux and a negative value indicates influx.

Under low glucose conditions, the trend across most mutants is an increase in
potassium uptake. HyaD, with an 14% decrease, hyaE and hyaF, with a 23% decrease,
and the hyb subunits, with no significant differences, except hybF with 25% decrease,
suggest an upregulation of potassium uptake as a compensatory mechanism during
energy limitation. It is worth mentioning when similar experiments were conducted
with membrane-bound subunits; no significant differences in total fluxes were
observed. The potassium flux was totally FoF1-dependent. The slight decrease in total
Jk+ shown in hyaE, however, indicates that not all maturational subunits react to low
glucose by increasing potassium uptake, which could point to specific roles that these
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proteins play in the cell’s metabolism, which might be less affected by energy
limitations or, perhaps, compensated by other metabolic pathways.

When exposed to high glucose concentrations, all mutants show an increase
in Jk+: the minor increases in Jk+ for hyaD (23%), hyaE (34%), and particularly the
hyb mutants, with hybD and hybG both at 25%. Meanwhile in hybE and hybF no
significant changes were observed. This and previously obtained data suggest that
when high glucose is applied the role of Hyd-2 and consequently the role of
maturational subunits do not have a primary role at least in proton-potassium
transport. High glucose availability could enhance processes that demand higher
potassium levels for optimal function, such as enzyme activation, osmoregulation,
or ion balance to cope with the increased metabolic activity.

These observations underline the intricate balance between glucose availability,
hydrogenase maturation, and bacterial energy metabolism. The distinct responses of
the hya and hyb mutants to glucose conditions reflect their specialized roles in hydro-
genase enzyme maturation and activity, emphasizing the complex regulatory mecha-
nisms that adapt bacterial energetics to environmental changes. There are additional,
yet unidentified, factors critical for converting the hydrogenase precursors into their
active form, or mechanisms that regulate the enzyme’s activity after it’s produced.

Conclusion. The results reveal the crucial roles of specific maturation proteins
in influencing hydrogenase activity, showing that mutations in these proteins
significantly affect ion fluxes in a glucose presence. Specifically, alterations in hyaD
and hyaF led to a notable increase in proton flux, underlining their essential roles in
Hyd-1 activity. The study also suggests a cross-regulation between hydrogenases,
with the hybF mutant displaying changes in proton flux indicative of its involvement
in the maturation or activity of both Hyd-1 and Hyd-2 under certain conditions.

An important finding is the observation that in the hyaF mutant, Ju+ was
decreased by 70% suggesting that HyaF function is significantly influenced by the
glucose concentration.

Furthermore, the study underscores the influence of glucose concentration on
E. coli metabolic pathways, with marked effects on the functionality of hydrogenase
enzymes and associated ion fluxes. Gene products that process cofactors and assist
in protein folding for hydrogenase enzymes seem to affect the assembly and function
of these enzymes, varying with glucose availability.

In conclusion, the research enhances our comprehension of the intricate
interrelations between hydrogenase maturation. It highlights the complex regulatory
mechanisms that allow bacteria to adjust their energy production strategies according
to environmental changes. These insights could inform biotechnological applications
aiming to optimize energy generation through microbial processes, considering the
critical role of specific maturational subunits in enzyme activity and the overarching
influence of glucose on microbial energetics.
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Juihnidh hnuptiph ypw Escherichia coli-nid qyniyngh padinpdwb phpugpniy:
Niunidwmupptinyg gpniyngh mwupptip hwuwbtijhnpgubt qupdwbbbpp® dtbp
thnpatightip wupgt), ph htsytu G wyu Ghpudhwynpbtpt wgnnid E. coli-h
tnjrpuhnptwujuyhtt. hwpdwpynnuijuimipgui ypu udnpdwd wyuydwbbk-
nnid” thnpubiny hnwyhtt hnupbipp, npb £ pny; juw pugwhuwynt) npubg ntipp
hhnpnghugh wymhynipyjub b peoht Eitinghwljubt  yniputhnjuwbwynipyub
dtig: Wju wnnyniipbbipp yquunmnid Gb dwbpktdiph $hghninghuyh dbp pdpnb-
dwibp’ plingotny Litipgtnhly yniputhnpuwbwynipyub, hntuwghtt hndtnunwgh
U oppwljur dhowjuyph yuydwtilitinh thnpawgntignipyniin: <unmfjuiipujub k,
np hyaD U hyaF dninmwinttipnid 4:84U%-qquynit (N, N’-nhghlynhtpupijuppn-
nhhdhn) wpnunbughtt hnupp wybkjugt;) £ 50%-ny pingdting tpubg Juplinp
ntipp <hn-1 winhynipjub dhke: Pugunwwbu, hybF dninwbumnid nhnyty
28U%-gquynih wpnntuyght hnuph wytjugnid, npp pthun dwb £ tntp hyaB-
md nphujud nfubphtt hunwly gnyg wwny hhngpnghmqitiph dhele
thnfuwnuipd-fuwswal. Jupguynpnidp” hwnjuwbtu pngotnyg HybF-h ntipp
<hn-1-h wmhynipyub dbe: Wjuuhuny, guodn qyniyngh wnuynipjub ntivypnid
HybF-t kipunpupwp wytyh phs Edwubwygnid <hn-2-h hwuni twgdwbp: hybE-
h W hybF-h dnimwbnmbtiph wyubtipp humwy gnyg G mwghu, np Ytipphttitipu
uhum Juplinp Gt <pn-2-h hwuniwgdwt hwdwp tpp dwbpkotpt wokgyt) G
phy qunilngh wnyuwynipyudp, huly thnpdbph phpwugpnd wtjugyb £ qynilngh
pwpdp Ynbghbwmpughw: hyaD W hyaF dninwbwnbtpnid phudl B 84S
qauynih wpnnntuyhtt hnuph 50% wé, hosp gnyg L wnwhu tpubg uplinp nbpp
<hn-1 gnponibtinipjub dbke: Wuwyhuny, unwugyuwd wpnynibpbtipp gnyg th
wmuwhu, np Juhijud qyniingh Ynighiimpughwyhg” hwuniwgdwap dwubuy-
gnn hwwnniy Ghpwdhwynpiitpp  upnn GO Ghnnpujuws bt pouwswale
Lupgquynpynn ntiptip nibitituy <phn $tipdtitnttiph hwuntwgdw b gnponid:

JI. M. BAHSIH

[NIOTOKU TTPOTOHOB U KAJIUA YV MYTAHTOB
ESCHERICHIA COLI C JE®EKTAMU CYBBEJWHL, OTBETCTBEHHBIX
3A CO3PEBAHUE T'MJ-1 U T'JA-2 TIPM BPOXKEHUU T'TFOKO3bI

B sToM nccrnenoBaHny nM3ydaercs poib KOHKPETHbIX cyObeamuun [una-1 u
I'ma-2 v ux BIMSHHE HA MMOTOKM NMPOTOHOB W KalMs MPU OPOIKEHUH TIFOKO3BI B
Escherichia coli (E. coli). Mccnenys ycinoBus pa3in4HON TOCTYIHOCTH TIIFOKO3BI,
MbI CTPEMUIIUCh BBISICHHTB, KaK 3TH CYOBCIHHHUIIBI BIUSIOT HA METa0OIHIECKYIO
amanraruio E. coli B ycroBusix OposkeHUs yTeM M3MEHEHHsI TTOTOKOB MOHOB, YTO
yKa3bIBaeT Ha MX POJIb B aKTMBHOCTH T'MPOTCHA3bl U KIETOYHOM SHEPreTHYECKOM
merabonm3me. [IpumeuarensHo, uto MmyTanTsl hyaD u hyaF nponemoncTpupoBaiu
50% ysemuuenne LK (N,N'-gunuknorekcunkapOoaMuMu)-4yBCTBUTEILHOTO
HOTOKA MPOTOHOB, YTO MOAYEPKUBACT UX PEIIAIONIYIO POJb B aKTWBHOCTU [mnu-1.
Mytaut hybF npoaemoncrpupoBan 3HauutenbHoe yBennueHne DCCD-uyBcTBH-
TEJIBHOTO TOTOKA, YTO HANOMHHAET AaHHbIE MO HaOmoneHwsM 3a hyaB, srto
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yKa3bIBaeT Ha MEPEKPECTHYIO PETYIISAIMIO MEX/TY THAPOTECHA3aMH | ITO4EPKUBAET
posis HybF B aktuBHOCTH ['Ma-1. Takum 06pa3oM, B IPHCYTCTBUU HU3KOTO YPOBHS
rimoko3bl HybF, mo-BuauMoMy, MeHbIIIe yuacTBYeT B co3peBanuu [ un-2. JlaHHbIE
nutst hybE u hybF yoeanTenbHO CBUAETEIBCTBYIOT O TOM, YTO B YCIOBHSIX POCTa MPH
HHM3KON KOHIEHTPAIUU TJIOKO3bI JOMOJHEHHUE TJIFOKO3bI BBHICOKON KOHIIEHTpAIUH
UMeeT pellaroliee 3HaueHue s akTWBHOCTH I'ua-2. Myrantel hyaD u hyaF
POJICMOHCTPHPOBAIH YBEINYEHHE TIOTOKA MPOTOHOB, uyBcTBUTEIbHOTO K JILIK/I,
Ha 50%, 4TO yKa3bIBaeT Ha X Ba)KHYIO POJIb B akTUBHOCTU [ 'na-1. B coBokynmHOCTH
Haly pe3yJibTaThbl IMOKA3bIBAIOT, YTO B 3aBUCHMMOCTHU OT KOHHUCHTPAIUU TJIFOKO3bI
omnpeJie/ieHHble  CYOBbEAMHUIBI MOTYT HMMETh W3MEHEHHYI0 M IEPEKPECTHO-
pEryaupyeMyro poiib B cO3peBaHuu hepmMeHTOB [ Hj.



