














Fig. 5. Schematic working modeI of
mH+ i HyfD and HvfE subunits of Hyd-4 during

OUT zK+ nH+ 2K+ glucose fermentation at pH 7.5. Dashed
arrows depicts the possibility of
translocation via directly HyfD or
through FoFi to HyfD and/or to HvfE via

Membrane thiol groups to HyfE. Under energy
limited conditions HyfD and HyfF work
towards conserving energy via
interacting with Fofl for efficient proton

DP+I transfer in membrane or translocation
zK+ across the membrane for balancing

mH+ nH*
proton gradient and thus proton motive
force.

Н+ and K+ fluxes in Е. coli wild type, hya and hyb mutants grown on low (2
or high (8gL-1) concentration of glucose. The results of our study reveal intriguing
findings regarding the impact of specific gene mutations in Hyd-1 and Hyd-2 on Jн+ in
Е. coli under different conditions.
When bacteria were grown at 2 g լ-1 glucose medium and during assays low and high
glucose was supplemented total )н+ at rates of 1.5 mmol min-1 per 109 cells were
observed, respectively. Interestingly, in mutants lacking hyaA-hyaC genes

+ increased significantly by 30 % compared to the wild type. Significant changes
were determined in DCCD-sensitive JH+. Particularly, in the wild type, DCCD-sensitive

Jн + constituted 30 % of the total flow, with a rate of 0.45 mmol min-1 (Fig. 6a]. In
contrast to Hyd-1 single mutants, the DCCD-sensitive Jн + increased by 40-50 %
in hyaA and hyaC mutants and more than 60 % in hyaB mutant. lon fluxes were
investigated in mutants with defects on membrane-bound subunits of Hyd-2 as well.
When low glucose was supplemented DCCD-sensitive fluxes decreased
in hybC and hyb0 mutants by 70 % and 30 %, respectively, compared to wild type
[Fig. 6a]. Thereby, in the absence of HybC, the contribution of FoF1-ATPase was strictly
declined. It is possible that HybC as a catalytic subunit may supply protons received
from На oxidation to FoF1. When bacteria were grown at 2 g լ-1 glucose medium and
during assays high glucose was supplemented total proton flux (Iн+) at rates of
2.26 mmol min -1.Here, Jн+ was similar in all hya mutants compared to the wild type,
but DCCD-sensitive fluxes were equally increased 160%% and the contribution of FoF1-
ATPase remained constant at 50 % (Fig. ба), thus the addition of high glucose in all
the three mutants cause similar contribution of proton-ATPase, which highlights the
glucose-dependent operational features of the enzyme . In hybA and hyb0 DCCD-
sensitive fluxes remain similar to wild type. At the same time in hybB and hybC DCCD-
sensitive fluxes increased by 35 % (Fig. 6a).
DCCD-sensitive K+ uptake in wild type and hya mutants was 70 % of the total Ik+, which
interestingly is lower compared to low glucose, this means that upon addition of high
glucose the contribution of FoF1-ATPase is declined, which is not depending on
subunits of Hyd-1.
When high glucose was supplemented significant changes were not observed in DCCD-
sensitive in all hyb deletion mutants [Fig. 6b].
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Fig 6. DCCD-sensitive Jн+ flux (a) and Jк+ flux (b) by whole cells of Е. coli wild type

and hyf mutants. Bacteria were grown under fermentative conditions at рН 7.5 in the
presence of2gli glucose at 37*C. During assays either2gL'(low)or8811 (high) glucose
was supplemented. DCCD (0.2 mM) was added to the assay medium when indicated.
DCCD-sensitive fluxes were calculated as a difference between total and DCCD-inhibited
fluxes. Positive value indicates efflux and negative value indicates influx.
When cells were grown on high glucose concentration (8 g L-1) and in the assays low
glucose was added (2 g L-1) in wild type )н+ was mmol min-1 per 109 cells.
Significant increase only observed in hyaA and hyaC mutants, and no differences in

were observed both in rest hya and hyb single deletion mutants upon addition of
low glucose. Only in hyaC mutant DCCD-sensitive. + decrease... was observed
constituting 35 % and the contribution of FoF1-ATPase reduced as well, meanwhile in
mutants lacking other subunits similar increase occurred compared to wild type
[Fig. 7а]. Interestingly, in all hyb single mutants, no significant differences in total and
DCCD-sensitive fluxes were observed. Only in hyaA DCCD-sensitive Jк + decreased by
almost 50 %. In the hyb0 mutant DCCD-sensitive potassium uptake constituted of
0.24 mmol min-1, which decreased by 30-40 % in hybA, hybB, hyb0 mutants
[Fig. 7b]. Generally, it can be also highlighted the fact that in the presence of a high
glucose, FoF1-dependent Jк + decreases.
During addition of high glucose in the assays in wild type )н+ was z2 mmol min-1 per
109 cells [Fig. 7а] similar to low glucose assays. Here, only in hyaA total Jн+ increased
by 20 %, and in hyaB and hyaC no significant differences were observed.
In hybB and hybC mutants total Jн + decreased by 30 %. When considering DCCD
sensitive fluxes only in hybA and hyb0 significant increased by 30-40 %.
Total Jк+ was approximately at 0.27 mmol min-1 [Fig. 7b]. In all Hyd-1 single deletion
mutants similar increase in )к+ by 20 % was observed. When high glucose was
supplemented DCCD-sensitive potassium uptake was 0.2 mmol min-1 with no
significant differences between hyb single mutants, except hybC.
The observation with low glucose concentration (2 g L1) that in mutants lacking the
hyaA-hyaC genes, the total increase is attracting attention to this phenomenon.
However, this increase was absent when high glucose was supplemented, suggesting a
complex interplay between hydrogenases and glucose availability. This indicates that
the absence of these genes has a more pronounced impact on Jн+ when glucose is
limited, potentially to enhance energy conservation and metabolic efficiency.
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Fig. 7. DCCD-sensitive Jн+ flux (a) and Jк+ flux (b) by whole cells of Е. coli wild type and
hyfmutants. Bacteria were grown under fermentative conditions at pH 7.5 in the presence
of 8 gLI glucose at 37*C. During assays either 2 g (low) or 8 g (high) glucose was
supplemented. DCCD (0.2 mM) was added to the assay medium when indicated. DCCD-
sensitive fluxes were calculated as a difference between total and DCCD-inhibited fluxes.
Positive value indicates efflux and negative value indicates influx.
Moreover, it was shown that when the whole operon of Hyd-1 was deleted the
intracellular NADH concentration increased significantly while in the mutant where
Hyd-2 operon was deleted NADH was 5 times lower compared to wild type (Shekhar
et al., 2022). These alterations in intracellular NADH concentration showing
antagonistic effects in Hyd-1 and Hyd-2 deleted Е. coli cells might also affect the proton
fluxes and generally proton cycling in the cell in the context of pmf generation and
cellular bioenergetics. This effect might suggest that protons from NADH in hya
(encoding for Hyd-1 operon) deleted cells might be transported out e.g. via FoF1, and
thus the involvement of FoFi in hyaA-hyaC single mutants is higher (Vanyan and
Trchounian, 2024). On the contrary, the amount of intracellular NADH and ATP in hyb
(encoding for Hyd-2 operon) deleted cells is significantly low and our results show that
DCCD-sensitive proton flux in hybC mutant is almost zero suggesting that FoFi is not
involved in this process and which might be due to low amount of intracellular NADH
and ATP.
The extensive exploration of ion fluxes in mutants with defects in membrane-bound
subunits of Hyd-2 reveals new possible interplay between hydrogenases, FoF1-ATPase
and TrkA system. The observation that low glucose supplementation during the assay
did not significantly alter total Н+ flux in mutants suggests that certain fundamental ion
transport mechanisms remain relatively constant under different glucose conditions.
However, the notable reduction in DCCD-sensitive fluxes in hybC and hyb0 mutants
indicates that these specific subunits play a significant role in regulating )++. Notably,
in the absence of HybC, the contribution of FoF1-ATPase declined, suggesting that
HybC might be involved in catalyzing oxidation and supplying protons to FoFi as
recently suggested for HyfF (Vanyan and Trchounian, 2022). Alternatively, as
suggested above, it might be related to intracellular NADH and ATP concentration.
Moreover, cells sense the glucose concentration even when grown in other
concentrations. Possibly Hyd-1 can receive protons from Hyd-2 via the quinone cycle
and be responsible for proton transport along the membrane, thus when any subunit

of Hyd-1 is absent contribution of FoF1-ATPase increases as one direction from Hyd-2
to Hyd-1 is not working (Fig. 8) (Vanyan and Trchounian, 2024).
In this background, we may state that low glucose is an energy-limited condition, under
which complete hydrogenases or their several subunits interact with each other or with
FoF1-ATPase, ITKA system to transport ions and thus contribute to the generation of
the proton motive force. Moreover, the function and interaction mechanisms may be
changed depending on glucose concentration. It can be predicted that Hyd-1 and Hyd-
2 besides complementarity may interact with Hyd-3 or Hyd-4 generating
supercomplexes (Trchounian and Trchounian, 2019). Hyd-1 and Hyd-2 may have
compensatory oxidizing and proton transporting functions for maintain overall Ap.

Fig. 8. Schematic working modeI of Myd-1 and
Hyd-2 in the presence of 2 в glucose at рн
7.5. Hyd-2 is primarily responsible for На
oxidation. Generated protons may be directed
in one of several ways: for NAD+ reduction,
through Fof, for ATP hydrolysis, or via Hyd-i for
membrane translocation. Therefore, in the
absence of Hyd-1, the excess protons are
compensated by which increases proton.
flux, or by enhancing NAD* reduction, which
result in intracellular NADH concentration

ADH increase. Conversely, when Hyd-2 is absent,
protons are not produced for these pathways,
resulting in по proton leakage through FoFi and
a significant reduction in intracellular NADH
levels.

GLUCOSE

H+/K+ fluxes in Е. coli mutants with defects in accessory and maturational
subunits of Hyd-1 and Hyd-2 when cells were grown low (2 gl-1) or high (8 gL-
1) concentration of glucose. In hyaD and hyaFDDCD-sensitive Jн+ increased by 50%,
in hyaE - by 20% (Fig. 9а). It was shown previously that under aerobic conditions НуаЕ

functions as a chaperone protein that is non-essential for the cell's survival or function
but plays a role in assisting the B subunit (HyaA) of the Hyd-1. In this study, conducted
under fermentative conditions with low glucose levels, it was found that НуаЕ is not
critical for the activity of Hyd-1 or the maturation of НуаА. 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.

Significant increase in DCCD-sensitive Jн+ was observed in hyaD and hyaFmutants,
suggesting that under implemented conditions these 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 Jн+
decreased by -30%, in hybG and hybE decreased by -50%, meanwhile in hybF it
increased by 760% (Fig. 9 a).

Data show that HybD can be involved in the maturation of the HybC, but is not as
essential as hybG and hybE, where the contribution of FoF1-ATPase was strongly
suppressed (Fig. 9а). Data for hybE and hybFwere similar to hybCstrongly suggesting
that in these conditions this two proteins are important for the Hyd-2 activity.
Interestingly only in hybF DCCD-sensitive flux increased, which states the cross-
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regulation between hydrogenases, particularly the role of hybFffrthe activity of Hyd-
1 as obtained difference had more similarity with hyaB data. However no significant
changes were observed in potassium fluxes.

When cells were grown at 8 g L-1 glucose medium and during assays low and high
glucose was supplemented the mutants demonstrated varied DCCD-sensitivity to the
decreased availability of glucose. The hyaD mutant showed a substantial decrease in
DCCD-sensitive Jн+, with a 65% reduction compared to the wild type (Fig. 9a).
Similarly, hyaE experienced a 30% reduction in DCCD-sensitive Jн+.

In contrast, the hyb mutants presented a different pattern of response. In hybD
DCCD-sensitive |н+ 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 (Fig 9а and Fig.6a]. hybE also showed no significant change,
aligning with hybD, which may reflect a similar resilience or an alternative pathway
ensuring its participation in hydrogenase activity remains unaffected. However, hybF
exhibited an increase in DCCD-sensitive Jн+ by 38%, unique among the mutants. HybF
is believed to fulfil a role similar to that of НурА, focusing on nickeI processing within
the hydrogenase enzymes (Menon et al, 1994). 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 hybFwere more similar to hya membrane-
subunit deletion mutants. 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 hyaFled 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 (Vanyan,
2024).
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grounds (SCG) and coffee silverskin (CS), as alternative sugar sources for the growth
of Escherichia coli and the activity of hydrogenase enzymes were investigated. Building
upon previous research that examined the effects of glucose. concentration on these
processes, this study explores the potential of SCG and to substitute glucose in
microbial cultures:
The experimental approach involves assessing the impact of varying concentrations of
SCG and CS on Е. coligrowth and hydrogenase activity. The use of SCG hydrolysates,
which are rich in fermentable sugars, has shown potential in supporting Е. coli growth
and enhancing hydrogen production, offering a sustainable alternative to traditional
sugar substrates. Similarly, CS, as another by-product of coffee.. processing, is
evaluated for its effectiveness as a carbon source in microbial growth and enzyme
activity.

The results obtained have shown that SCGs hydrolyzed with H2SO4 for 45min and
with 2 times dilution were optimal conditions for Е. coli to grow and produce with
yield of 731 mL На (g sugar)- or 2.75 (kg SCG)-I (Table 1). Hyd-3 and Hyd-4 had
influenced specific growth rate during utilization ofSSG, which might be due to change
of bioenergetic properties. Escherichia coli Hyd-3 was responsible for production,
where deletion of Hyd-1 and Hyd-2 had no significant difference. Н2 production yield
and rate were enhanced by z2-fold in septuple mutant reaching 172 mL (g sugar)
- or 5.5 На (kg SCG)- (Petrosyan et al., 2020).

Table1. H2 production yield from coffee waste
Waste type На production in На production На production

mL yield mL per rate mL per day.

gram of waste
(small-scale)

Wt mutant Wt mutant Wt mutant

Initially 65
containing 2 fold

diluted 54 80 1.66 2.46 27 26.6

low glucose high glucose low glucose high glucose

Fig. 9. DCCD-sensitive Jн+ flux (a) and )к+ flux (b by whole cells of E. coli wild type, hya
and hyb mutants. Bacteria were grown under fermentative conditions at рН 7.5 in the
presence of (a) 2 gLI and (b) 8 gLI glucose at 37*C. During assays either 2gL1(low) or8 gLI (high) glucose was supplemented. DCCD (0.2 mM) was added to the assay medium
when indicated. DCCD-sensitive fluxes were calculated as a difference between total and
DCCD-inhibited fluxes. Positive value indicates efflux and negative value indicates influx.

На production in Е. coli during dark fermentation of coffee waste. For the next
stage of the research the utilization of coffee by-products, specifically spent coffee

16

Initially 40 g
containing 2 fold

diluted SCG

In case of a combination of operating procedures, such as short hydrolyzing
duration and higher waste concentration, is optimal for biomass generation. Е. coli
wild-type SGR in a medium of 200 g L-1 containing medium hydrolyzed for 25 min
and twice diluted was 0.64 + 0.02 հ-1 yielding 0.495 + 0.015 g 11 biomass. Longer
hydrolysis is efficient for degradation of, Cs lignocellulosic structures, thus, resulting
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in a higher yield for biohydrogen (Mirzoyan et al., 2022). The usage of longer
hydrolyzed and twice diluted 65 gLI was the most efficient medium for highest На

yield where in septuple mutant grown in this medium, reaching up 2.15 mL (g CS)-I
(Table 1).

CONCLUSIONS

The following conclusions were made based on experimentally obtained results:
1. In the presence of2gli glucose, Hyd-4 is partially responsible for H2 production

at рН 5.5 and works in H2-oxidizing conditions at рН 7.5, while at рН 6.5 Hyd-4-
activity was demonstrated in the presence of 8 glucose.

2. Hyd-3 is the main enzyme responsible for На production, but HycG, Нусн and
HycI subunits exhibit dual function depending on external conditions (рН, glucose
concentration).

3. HyfB, HyfD, and HyfF subunits of hydrogenase-4 are critical in total and FoF1-
ATPase-mediated proton/potassium fluxes at pH 7.5. Under energy-limited conditions,
in hyff, the DCCD-sensitive proton flux was absent, and in hyfD, the DCCD inhibited
the flux by 60%.

4. In the presence of low glucose, the total proton flux in hyaA-hyaC mutants
increased by 130% compared to the wild type, whereas high glucose resulted in
increased flux equally in the wild type and mutants. Absence of the НуаВ subunit
resulted in a 73-fold increase in DCCD-sensitive proton flux, whereas in the HybC
mutant it was reduced 13.5-fold, indicating that HybC is essential for FoF1-ATPase
activity.

5. Glucose concentration affects the activity of the subunits involved in the
maturation process of Hyd-1 and Hyd-2, in particular cross-regulation between the
maturation proteins of hydrogenases was shown, as evidenced by the effect of the hybF
mutant on both Hyd-1, and on Hyd-2.

6. Hydrolysis of SCG with H2S04 for 45 min at a 2-fold dilution was optimal for Е.
coli growth and На production: -31 mL На (g carbohydrate)1 or 2.75 L (kg SCG). Hyd-
3 and Hyd-4 affected the specific growth rate in the hydrolyzate. Hyd-3 was responsible
for На production, while Hyd-1 and Hyd-2 had no significant role. The yield and rate
of production increased z2-fold in the septuple mutant to 172 mL На (g
carbohydrate)1 or 5.5 На (kg SCG)".

7. The specific growth rate of Е. coli wild type in 200 hydrolyzed for 25
min and twice diluted medium was 0.64 0.02 producing 0.495 + 0.015 g LI
biomass. In 65 g cs hydrolyzed for 45 min and twice diluted, H2 yield was the
highest, reaching 2.15 mI (g CS)-I in the septuple mutant.
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ՎԱՆՅԱՆ ԼԻԱՆԱ ՄԱՆՎԵԼԻ

ESCHERICHIA COLI-IՒՄ ՋՐԱԾՆԻ ՆՅՈՒԹԱՓՈԽԱՆԱԿՈՒԹՅՈ և
ՊՐՈՏՈՆԱՅԻՆ ՑԻԿԼԸ ԳԼՅՈՒԿՈԶԻ ՏԱՐԲԵՐ ԿՈՆՑԵՆՏՐԱՑԻԱՆԵՐԻ

ԽՄՈՐՄԱՆ ՊԱՅՄԱՆՆԵՐՈՒՄ
Ամփոփագիր

Բանալի բառեր՝ E.coli, հիդրոենազներ, գլյուկոզի կոնցենտրացիա,
պրոտոն/կալիումական տեղափոխություն, FoF1-ԱեՖազ, ԴՑԿԴ-զգայուն իոնային
հոսքեր:

Հետազոտության նպատակն է ուսումնասիրել E.coli հիդրոգենազ
ֆերմենտների առանձին ենթամիավորների դերը և դրանց ազդեցությունը
պրոտոն/կալիումական հոսքերի, թաղանթակապ ֆերմենտների ակտիվության և
այլ փոխազդեցությունների վրա գլյուկոզի տարբեր կոնցենտրացիաների
խմորման ընթացքում: Ուսումնասիրելով գլյուկոզի տարբեր հասանելիության
պայմանները՝ մենք փորձեցինք պարզել, թե ինչպես են այս ենթամիավորներն
ազդում Е. coli-ի նյութափոխանակային հարմարվողականության վրա խմորման
պայմաններում՝ փոխելով իոնային հոսքերը, որն էլ թույլ կտա բացահայտել դրանց
դերը հիդրոգենազի ակտիվության և բջջին էներգիական

>

նյութափոխանակության մեջ: Բացահայտվել է, որ рН 7,5-ում -հիմնական Н2-
արտադրող ֆերմենտը Հիդ-3-ն է, մինչդեռ Հիդ-4-ը հիմնականում ներգրավված է
Н2-ի օքսիդացման և պրոտոնի տեղափոխման մեջ դեպի Հիդ-3 НусВ կամ HycG
ենթամիավորներին: Այս рН-ում առաջարկվում է, որ Հիդ-3-ը Հիդ-4-ը կազմում են
Н2-արտադրող Հիդ համալիր: рН 5,5-ում ևս ՄՋL-+ և ՄՋL-2 համալիրները
միավորվում են՝ ձևավորելով H2-արտադրող գերհամալիր: Գիտակրելով Հիդ-4-ի
կարևոր գործառույթը рН -7,5-ում պրոտոնաշարժ -ուժի առաջացման
գործընթացում, ուսումնասիրվել է մասնավորապես HyfB, HyfD և Hyff
ենթամիավորների դերը պրոտոն/ կալիումական տեղափոխությունում: Ցույց է
տրվել, որ գլյուկոզի սահմանափակ քանակության պայմաններում HyfD-ն և HyfF-
ն աշխատում են էներգիայի պահպանման ուղղությամբ՝ փոխազդելով FoF1-ի հետ՝
թաղանթի երկայնքով կամ միջով պրոտոնի արդյունավետ փոխանցման և
տեղափոխման համար պրոտոնի գրադիենտը և, հետևաբար, պրոտոնածշարժ
ուժը հավասարակշռելու համար: Դեռ ավելին H+-ները կարող է փոխանցվել FoF1-
ի միջոցով HyfD-ին կամ HyfF-ին թիոլ խմբերի միջոցով (FoF1-HyfF-TrkA) համալիրի ...

միջոցով պրոտոնային գրադիենտը և պրոտոնաշարժ ուժը հավասարակշռելու_
համար:

Նման օրինաչափությունները ուսումնասիրվել են նաև Հիդ-1-ի և Հիդ-2-ի
առանձին թաղանթակապ, ինչպես նաև լրացուցիչ հասունացմանը նպաստող
ենթամիավորների դեպքում: Մասնավորապես ցույց է տրվել, -որ կախված
գլյուկոզի կոնցենտրացիայից Հիդ ֆերմենտների տարբեր ենթամիավորները
պատասխանատու են և ունեն տարբեր ներգրավվածություն տարբեր
գործընթացներին: Էներգիայի սահմանափակ պայմաններում Հիդ-1-ը և Հիդ-2-ը
աշխատում են էներգիայի պահպանման ուղղությամբ՝ փոխազդելով FoF1-ի հետ՝
թաղանթի միջով պրոտոնի արդյունավետ փոխանցման կամ թաղանթի վրայով
տեղափոխման համար՝ պրոտոնոնային գրադիենտը և, հետևաբար,
պրոտոնաշարժի ուժը հավասարակշռելու համար: Հիդ-2-ը պատասխանատու է
FoF1-ԱԵՖազի միջոցով պրոտոնների տեղափոխման համար, այն ապահովում է
պրոտոններ ջրածնի օքսիդացումից անմիջապես դեպի FoF1-ԱեՖազ կամ թիոլ
խմբերի կամ Հիդ-4-ի միջոցով: Ստացված օրինաչափությունները դիտարկվել են
նաև սուրճի արտադրության և օգտագործման արդյունքում առաջացած տարբեր
թափոնների կիրառությամբ: Ցույց է տրվել, որ սուրճի նստվածքը և թաղանթը
խոստումնալից լիգնոցելյուլոզային թափոնն են, որոնց արդյունավետ մշակման,
երկարատև ֆիզիկաքիմիական հիդրոլիզի և մուտանտների կիրառության
արդյունքում հնարավոր է ստանալ արդյունավետ բարձր կենսազանգվածի և
կենսաջրածնի ելք:

ВАНЯН ЛИАНА МАНВЕЛОВНА

ВОДОРОДНЫЙ ОБМЕН и ПРОТОННЫЙ ЦИКЛУ ESCHERICHIA coLI в
УСЛОВИЯХ БРОЖЕНИЯ ПРИ РАЗЛИЧНОЙ КОНЦЕНТРАЦИИ глюкозы

РЕЗЮМЕ

Ключевые слова: E.coli, гидрогеназы, концентрация глюкозы, транспорт
протонов/калия, FoF1-АТФаза, ДЦКД -чувствительные ионные токи.
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Цель исследования - изучить роль отдельных субъединиц ферментов
гидрогеназы E.coli и их влияние на потоки протонов/калия, активность
мембраносвязанных ферментов и другие взаимодействия при брожении глюкозы
различных концентраций. Исследуя условия различной доступности глюкозы, мы
стремились выяснить, как эти субъединицы влияют на метаболическую
адаптацию Е. coli в условиях брожения, путем изменения потоков ионов, что
указывает на их роль в активности гидрогеназы и клеточном энергетическом
метаболизме. Было обнаружено, что Гид-3 является основным ферментом,
продуцирующим Н2, при рН 7,5, тогда как Гид -4 в основном участвует в
окислении и переносе протонов к субъединицам НусВ или HycG Гид-3.
Предполагается, что при этом рН Гид-3 и Гид-4 образуют комплекс Гид,
продуцирующий Н2. При рН 5,5 Гид-3 и Гид-4 выполняют контркомпенсаторную
функцию по производству Н2, и снова предполагается, что при рН 5,5 комплексы
FHL-1 и FHL-2. Наблюдая за важной функцией Гид-4 в процессе генерации
протонной движущей силы при рН 7,5, в частности, была изучена функция
субъединиц HyfB, HyfD и Hyff в транспорте протонов/калия. Было показано, что
в условиях ограниченного содержания глюкозы HyfD и HyfF способствуют

сохранению энергии путем взаимодействия с FoFi для эффективного переноса и
транслокации протонов через мембрану или через нее, чтобы сбалансировать
градиент протонов и, следовательно, движущую силу протонов. Еще больше Н+
может быть перенесено через FoFi в HyfD или HyfF через комплекс тиоловых групп
(FoF1-HyfF-TrkA), чтобы сбалансировать протонный градиент и движущую силу
протонов. Подобные закономерности были также изучены для отдельно
связанных с мембраной Гид-1 и Гид-2, a также для дополнительных субъединиц,
способствующих созреванию. частности, было показано, что в зависимости от
концентрации глюкозы разные субъединицы Гид -ферментов несут
ответственность и по-разному участвуют в разных процессах. условиях
ограниченной энергии Гид-1 и Гид-2 работают над сохранением энергии,
взаимодействуя с FoF1 для эффективного переноса протонов через мембрану или
транспорта через мембрану, чтобы сбалансировать градиент протонирования и,
следовательно, движущую силу протонов. Гид-2 отвечает за транспорт протонов
через FoF1-AТФаз, он доставляет протоны в результате окисления водорода
непосредственно в FoF1-AТФаз либо через тиоловые группы, либо через Гид-4.
Полученные закономерности также наблюдались при использовании различных
отходов, образующихся в результате производства и потребления кофе. Было
показано, что кофейная гуща и пленка являются перспективными
лигноцеллюлозными отходами, которые можно эффективно перерабатывать с
высоким выходом биомассы и биоводорода посредством длительного физико-
химического гидролиза и применения мутантов.
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