




















Fig. 5. Schematic working model of
HyfD and HyfF subunits of Hyd-4 during

g‘_g_ zK* glucose fermentation at pH 7.5. Dashed
arrows depicts the possibility of H*
translocation via directly HyfD or
through FyF; to HyfD and/or to HyfF via

Membrane HyIF = thiol groups to HyfF. Under energy
Y limited conditions HyfD and HyfF work

I
“INT Trk Fif, TrkA | | towards conserving energy via
1N interacting with F,F, for efficient proton
. transfer in membrane or translocation

ADP+P | App ! v ;
ZK* i\ B¢ K across the membrane for balancing

mH proton gradient and thus proton motive
force.

H* and K* fluxes in E. coli wild type, hya and hyb mutants grown on low (2 g L-1)
or high (8 g L-") 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 Ju. in
E. coli under different conditions.

When bacteria were grown at 2 g L' glucose medium and during assays low and high
glucose was supplemented total Ju. at rates of 1.5 mmol min-' per 10° cells were
observed, respectively. Interestingly, in mutants lacking hyaA-hyaC genes
Ju+ increased significantly by 30 % compared to the wild type. Significant changes
were determined in DCCD-sensitive Ju.. Particularly, in the wild type, DCCD-sensitive
Ju+ constituted 30 % of the total flow, with a rate of 0.45 mmol min™ [Fig. 6a]. In
contrast to Hyd-1 single mutants, the DCCD-sensitive Ju s increased by 40-50 %
in hyoA 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 hybO mutants by 70 % and 30 %, respectively, compared to wild type
[Fig. 6a]. Thereby, in the absence of HybC, the contribution of FoFi-ATPase was strictly
declined. It is possible that HybC as a catalytic subunit may supply protons received
from Ha oxidation to FoFi. When bacteria were grown at 2 g L' glucose medium and
during assays high glucose was supplemented total proton flux (Ju.) at rates of
2.26 mmol min ~'.Here, Ju. was similar in all hya mutants compared to the wild type,
but DCCD-sensitive fluxes were equally increased ~60 % and the contribution of FoFi-
ATPase remained constant at 50 % (Fig. 6a), 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 hybO 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 J., which
interestingly is lower compared to low glucose, this means that upon addition of high
glucose the contribution of FoFi-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 Jk. in all hyb deletion mutants [Fig. 6b].
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Fig 6. DCCD-sensitive Ju+ flux (a) and Jk+ flux (b) by whole cells of E. coli wild type
and hyf mutants. Bacteria were grown under fermentative conditions at pH 7.5 in the
presence of 2 g L' glucose at 37°C. During assays either 2 g L (low) or 8 g L™ (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-') and in the assays low
glucose was added (2g L) in wild type Ju: was ~2 mmol min-' per 10° cells.
Significant increase only observed in hyaA and hyaC mutants, and no differences in
Jn+ were observed both in rest hya and hyb single deletion mutants upon addition of
low glucose. Only in hyaC mutant DCCD-sensitive. Ju . decrease. was observed
constituting 35 % and the contribution of FoFi-ATPase reduced as well, meanwhile in
mutants lacking other subunits similar increase occurred compared to wild type
[Fig. 7a]. Interestingly, in all hyb single mutants, no significant differences in total and
DCCD-sensitive fluxes were observed. Only in hyaA DCCD-sensitive Jx + decreased by
almest 50 %. In the hybO mutant DCCD-sensitive potassium uptake constituted of
0.24 mmol min-', which decreased by 30-40 % in hybA, hybB, hybO mutants
[Fig. 7b]. Generally, it can be also highlighted the fact that in the presence of a high
glucose, FoFi-dependent Jx + decreases.

During addition of high glucose in the assays in wild type Ju. was ~2 mmol min-' per
10° cells [Fig. 7a] similar to low glucose assays. Here, only in hyaA total Ju . increased
by 20%, and in hyaBand hyaC no significant ~differences were observed.
In hybB and hybC mutants total J«. decreased by 30 %. When considering DCCD-
sensitive fluxes only in hybA and hybO significant increased by 30-40 %.

Total Jk+ was approximately at 0.27 mmol min-' [Fig. 7b]. In all Hyd-1 single deletion
mutants similar increase in Jk+ by 20 % was observed. When high glucose was
supplemented DCCD-sensitive potassium uptake was 0.2 mmol min~' with no
significant differences between hyb single mutants, except hybC.

The observation with low glucose concentration (2 g L) that in mutants lacking the
hyaA-hyaC genes, the total Jn. 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 Ju. when glucose is
limited, potentially to enhance energy conservation and metabolic efficiency.
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Fig. 7. DCCD-sensitive Ju+ flux (a) and Jk+ flux (b) by whole cells of E. coli wild type and
hyf mutants. Bacteria were grown under fermentative conditions at pH 7.5 in the presence
of 8 g L glucose at 37°C. During assays either 2 g L (low) or 8 g L" (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 E. 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 FoFi, 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 FoF; 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, FoFi-ATPase
and TrkA system. The observation that low glucose supplementation during the assay
did not significantly alter total H* 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 hybO mutants
indicates that these specific subunits play a significant role in regulating Ju.. Notably,
in the absence of HybC, the contribution of FoFi-ATPase declined, suggesting that
HybC might be involved in catalyzing Hz 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
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of Hyd-1 is absent contribution of FoFi-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
FoFi-ATPase, TrkA 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 Hz oxidizing and proton transporting functions for maintain overall Ap.

Fig. 8. Schematic working model of Hyd-1 and
Hyd-2 in the presence of 2 g L glucose at pH
7.5. Hyd-2 is primarily responsible for H,
oxidation. G dp may be di d
in one of several ways: for NAD* reduction,
through FoF, for ATP hydrolysis, or via Hyd-1 for
membrane translocation. Therefore, in the
absence of Hyd-1, the excess protons are
compensated by FoF,, which increases proton
flux, or by enhancing NAD* reduction, which
result in intracellular NADH concentration
increase. Conversely, when Hyd-2 is absent,

NAD' @‘NAI)II
-

- protons are not produced for these path

resulting in no proton leakage through FoF, and
a significant reduction in intracellular NADH
levals.

GLUCOSE

H+/K+ fluxes in E. coli mutants with defects in accessory and maturational
subunits of Hyd-1 and Hyd-2 when cells were grown low (2 g L-") or high (8 g L-
') concentration of glucose. In hyaD and hyaF DCCD-sensitive Ju+ increased by 50%,
in hyaE - by 20% (Fig. 9a). 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 B subunit (HyaA) of the Hyd-1. In this study, conducted
under fermentative conditions 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.

Significant increase in DCCD-sensitive Ju+ was observed in AiyaD and hyaF mutants,
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 Ju+
decreased by ~30%, in hybG and hybE decreased by ~50%, meanwhile in hybF it
increased by ~60% (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 FoFi-ATPase was strongly
suppressed (Fig. 9a). Data for hybE and hybF were similar to hybC strongly 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 hybF for the 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' 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 Ju+, with a 65% reduction compared to the wild type (Fig. 9a).
Similarly, hyaE experienced a 30% reduction in DCCD-sensitive Ju+.

In contrast, the hyb mutants presented a different pattern of response. 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 [Fig 9a 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 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 (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 hybF were 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 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 (Vanyan,
2024).
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Fig. 9. DCCD-sensitive Ju+ flux (a) and J+ flux (b by whole cells of E. coli wild type, hya
and fiyb mutants. Bacteria were grown under fermentative conditions at pH 7.5 in the
presence of (a) 2 g L and (b) 8 g L" glucose at 37°C. During assays either 2 g L (low) or
8 g L (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.

H2 production in E. coli during dark fermentation of coffee waste. For the next
stage of the research the utilization of coffee by-products, specifically spent coffee
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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 CS to substitute glucose in
microbial cultures. § i

The experimental approach involves assessing the impact of varying concentrations of
SCG and CS on E. coli growth and hydrogenase activity. The use of SCG hydrolysates,
which are rich in fermentable sugars, has shown potential in supporting E. 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 H2S04 for 45min and
with 2 times dilution were optimal conditions for E. colito grow and produce Hz with
yield of ~31 mL Ha (g sugar)™ or 2.75 L (kg SCG)™' (Table 1). Hyd-3 and Hyd-4 had
influenced specific growth rate during utilization of SCG, which might be due to change -
of bioenergetic properties. Escherichia coli Hyd-3 was responsible for Hz production,
where deletion of Hyd-1 and Hyd-2 had no significant difference. H2 production yield
and rate were enhanced by ~2-fold in septuple mutant reaching ~72 mL H; (g sugar)

“or 5.5 L Ha (kg SCG)™ (Petrosyan et ak:, 2020).
Tablel. Hz production yield from coffee waste

Waste type H2 production in | Haz production H2 production
mL yield mL per rate mL per day-
gram of waste
(small-scale)
Wt mutant | Wt | mutant Wt mutant
Initially 65 g L
containing 2 fold
diluted CS 54 80 1.66 | 246 27 26.6
Initially 40 g L
containing 2 fold 56 180 2.75 5.5
diluted SCG

In case of CS a combination of operating procedures, such as short hydrolyzing
duration and higher waste concentration, is optimal for biomass generation. E. coli
wild-type SGR in a medium of 200 g L-' CS containing medium hydrolyzed for 25 min
and twice diluted was 0.64 * 0.02 h1 yielding 0.495 + 0.015 g L1 biomass. Longer
hydrolysis is efficient for degradatidﬁ-_ﬁflts lignaegllulosic 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 g L' CS was the most efficient medium for highest Hz
yield where in septuple mutant grown in this medium, reaching up 2.15 mL (g CS)'
(Table 1).

CONCLUSIONS

The following conclusions were made based on experimentally obtained results:

1. In the presence of 2 g L glucose, Hyd-4 is partially responsible for Hz production
at pH 5.5 and works in Hz-oxidizing conditions at pH 7.5, while at pH 6.5 Hyd-4-
activity was demonstrated in the presence of 8 g L glucose.

2, Hyd-3 is the main enzyme responsible for Hz production, but HycG, HycH and
Hycl subunits exhibit dual function depending on external conditions (pH, glucose
concentration).

3. HyfB, HyfD, and HyfF subunits of hydrogenase-4 are critical in total and FoF:-
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 ~30% compared to the wild type, whereas high glucose resuited in
increased flux equally in the wild type and mutants. Absence of the HyaB subunit
resulted in a ~3-fold increase in DCCD-sensitive proton flux, whereas in the HybC

mutant it was reduced ~3.5-fold, indicating that HybC is essential for FoFi-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 optumal for E.
coli growth and Hz production: ~31 mL Hz (g carbohydrate* or 2.75 L (kg SCG). Hyd-
3 and Hyd-4 affected the specific growth rate in the hydrolyzate. Hyd-3 was responsible
for Hz production, while Hyd-1 and Hyd-2 had no significant role. The yield and rate
of Hz2 production increased ~2-fold in the septuple mutant to ~72 mL Ha (g
carbohydrate! or 5.5 L Ha (kg SCG)".

7. The specific growth rate of E. coli wild type in 200 g L' CS hydrolyzed for 25
min and twice diluted medium was 0.64 + 0.02 h", producing 0.495 * 0.015 g L'
biomass. In 65 g L' CS hydrolyzed for 45 min and twice diluted, H: yield was the
highest, reaching 2.15 ml (g CS)" in the septuple mutant.
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ESCHERICHIA COLINRY RPUDLP L3NAMUPARULUUNMISNRLE L
AMNSALUSKL ShULL 91.3NhuN2h SUrPLP l-lﬂbSbbSl‘llShllbbl‘h
RUNPUUL MUSUULLGrNN

Udthnthwghp

Pwuwih pumbp®  Ecoli hhnpnbuwqubp, qyniingh  Ynugbunpuighu,
wpnuntYwihnwiwlwl nbnuihnfunyejni, FoFi-UbSwq, F84N~qquynis hntuyhty
hnuptip:

<nwgninmipju - Uyunnwlt £ nwndiwuhply  Ecoli hhnpnghiwg
dtpdbintbiph  wnwudht  Gupwidhwynpubiph nbipp U npwig  wqnbigniegnitip
wprunt/Yuipnuwiwlyuwl hnupbiph, punwtpwlwyy phipdbuntbph winhynyawt b
wy  (infuwgnbigniginiitbiph  ypw  qyniingh  nnwppbin  Yntigbtinpwghwtibiph
fudnpiwt plpwgpnui: Nwnuuwuhpbing gyniyngh wwppbip  hwuwbbhnyejwl
wwdwbbbpp' Jeup dinpdbghtp wwnali, pb huswbu bu wy Gupwdhwynpubip
wqnnui E.- coli-h Unipwithnjuwbwlusht hwpdwpdnnuwunpiwy Ypw fudnpdwl
wwidwubbpnul® tinfutiiny hntwght hnupbipp, npb b pny; Yunw pwgwhwjnb npwug
ntpp  hpnpngbuwgh  whwhymput b pgsht Eubpghwlwl
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Unipwihnfuwtwynyeiut dkg: Pwgwhwpnyby £, np pH 7,5-nud -hhduwlwl Hs-
wpuwnpnn $apdbunp <pn-3-u k, dhusntin <pn-4-p hhduwlwunu ubpgpuyyws £
Hx-h opupnuigdwt b wpninnth nbnwithnjudwt dbg nbiwh <pn-3 HyeB Yud HycG
bupwdhwynpubipht: Wu pH-nu wnwgwplymd k, np <pn-3-p <hn-4-p Yugqdnu b
Hrwpwwnpnn <pn hwdwihp: pH 5,5-nui by URLA U USL-2 hwdwihpubpp

* dhwynpynul bU' dbuwynpbiny H-wpuwnpnn giphwdwihp: Shunwypbnyg <hn-4-h

Yuplnp  gnpdwnnyep  pH -7,5-nd  wpnunbwownd  -nidh wnwowgdul
gnpdpupwgnl, nwnwuwuppdly b dwutwynpuwwbu  HyfB, HyD L HyfF
bupwdhwynpubiph abipp wpnnt/ Yuihnwywy nbnuinjuniymunwd: Snyg
wpyby, np guningh vwhdwtwihwl pwbwlnpiut wwydwuubipnul HyfD-u U HyfF-
U wpluwwnnul bu Eubpghwih wwhywudwl ninpnygjuidp’ thnfuwqnbiny FoFi-h hbwn'
pwnwuph bpuwjupny Ywd dhony wpnwntph wpninwdbn  hnfuwugdwt L
unbnuthnfudwt hwdwp' wpninnth gpuinhbiiinp U, hwlwpwp, wpnnntwdwnd
ndp hujwuwpuwlnbint hudwp: Hn wybiht H-ubipp Ywpnn & tinfuwtgyby FoFr-
h dhengny HyfD-hu Ywd HyfF-htu phny fudpbiph dhengny (FoFi-HyfF-TrkA) hwdwihph
dhengny wpnuntwiht gpunhbitiinp b wpninnbwiwnd ndp hwqwuwpwuznh[m
hwdJwp:

Luwu ophtiwswihnyaniiipp nwnuuwuhpyby bl b <hq—1-h L <hq-2h
wnwsht punwupwlyww, huswybu twl pugnighs hwuniiwgdwup Lywuwnng
bupwdhwynpbiph nbwpnul:  Vwubwynpuwbu gnyg £ wpdby, “ap Yuiudws
qyniyngh  Ynugbnpwghwihg <hn $bpdbinubph wnwpplip  bupwdhwynpubipp
wuwuwufuwbwnne B U bt wwpplp  bbpgpuyywdnyenit - wwppbp
gnpdpupwgubipht: Eubnghwih uwhdwuwhwy wuwywiubpad <pn-t-p L <pn-2-p
wotuwinnwi by Eubipghwih wwhywudwl ninpnippudp' thnfuwqnbny FoFi-h htn'

pwnwuph dheny wpnuinth wpynbwdbn dhnfuwtgdwt Ywd pwnwiph Ypugny
nbnwiinfudwy  hwdwp'  wpniantinbwght gpwnhbunp L, hbnluwpun,
wpnuintwowndh nidp hwdwuwnpwipnbint hwdwp: <pn-2-p wwinwuuwbuwnne b
FoFi-UbDwgh dhgngny wpninntitbiph wbnwipnfudwt hwdwp, wb wwwhndnw £
wpnuintubp gpwduh opuhnuignuwihg wudhswwbu nhwh FoFi-UbSwq Yud phng
fudptiph Ywd <hn-4-h dhongny: Unwgywd ophtwswthnyaynitiubpp-nhuinwplyyt bu
twl unipbh wpnwnpnEjwl U oquiwgnpddit wpynipnul wnwgwgws twppbip
pwthnttbph Yhpwnnyajwdp: Snyg & wpyby, np unip6h tundwdpp Ut punwipep
fununnwiuwihg hqungbyninquihts pwtinbiubin bu, npntig wpmniiwbn Jawyiiwd,
tpywpwinlt  $hahwphtdhwlwt  hhnpnihgh U dnunwlntiph  Yhpwnnipjut
wpryniupnud htwpwynp £ unwiiwg wnrymhwqtnn pwnbp uhnqumthqwbh u
ubbuwgpwbhh tp:
BAHAH NIMAHA MAHBEIIOBHA

BOLOPOAHBIi OBMEH U NPOTOHHbIA LK Y ESCHERICHIA COLIB
YCNOBHWAX EPOXEHUA NPY PA3AIMYHOM KOHLWEHTPALUM MIOKO3b!
PE3IOME

KnioueBble CNOBA: E colj, rypporeHasbl, KOHUEHTPAUNA: FAIOKO3b!, TPAHCNOPT
npoToHoB/KaNA, FoFi-AT®asa, quKp -UyBCTBUTENbHBIE NOHHBIE TOKN.
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Uenb uccnepoBaHua - M3yunTb ponb OTAENbHBIX CyGbeauHUU, hepMeHTOB
rupporeHasbl E.coli w wux BAMAHME Ha MOTOKM MPOTOHOB/KANNA, aKTUBHOCTb
MeMBPaHOCBA3aHHbIX (hePMEHTOB U Apyrue B3auMOAEHCTBUA Npu BPOMEHNM FNIOKO3bI
pasanyHbIX KOHUEHTpaumii. Mccneaya ycnosua pasnnyHoli SOCTYMHOCTM FHOKO3bI, Mbl
CTPEMMIUCL  BbIACHWTb, KAk 3TW CyObeAnHMUbI BAMAIOT Ha METabonnueckyio
apantaumnio E. coli B ycnouax GpoMeHWA, NyTeM M3MEHEHMA MOTOKOB WMOHOB, YTO
YKasblBaeT Ha WX POfib B AKTUBHOCTM TMIPOTeHasbl U KIETOYHOM SHEPreTUHECKOM
metabonmsme. Bbino obHapymeno, uto MMA-3 ABNAETCA OCHOBHBIM hepMeHTOM,
npopyuupytowmm Hp, npu pH 7,5, torpa kak mg -4 B OCHOBHOM yuacTByeT B
okucnenun H; u nepeHoce npotoHoB K cybbeauHuuam HycB wwm HycG Mua-3.
lMpeanonaraevca, uto npu stom pH Tua-3 u Tug-4 obpasytor komnnekc Iuga,
npoayuvpytowuii Ha. Mpu pH 5,5 Ma-3 u Ma-4 BLINONHAIOT KOHTPKOMNEHCATOPHYIO
(byHKumIO Mo npoussoacTsy Hz, u cHoBa npepanonaraetca, 4o npu pH 5,5 komnnekcoi
FHL-1 n FHL-2. Habniopaa 3a BamHoli chyHkumeii Mma-4 B npouecce reHepaymm
MpOTOHHOI ABuMyLel cunbl npu pH 7,5, B uacTHocTw, Gbina usyyeHa chyHKUMA
cybveaunny, HyfB, HyfD u HyfF B tpaHcnopte npoToHos/kanua. Bbino nokasaHo, uto
B YCNOBUAX OrpaHuyeHHoro copepianua rmokosel HyfD w HyfF cnocoberayior
coxpaHeHuto aHeprum nytem saaumogelictaua ¢ FoFr ana agbcpextusHOro nepeHoca un
TpaHCnoKaln NPOTOHOB Yepe3 membpaHy wnu yepes Hee, 4Tobbl cbanaHcuposaTth
rPafiueHT NPOTOHOB W, CNEAOBATENbHO, ABMMYLLYIO culy NPoToHOB. Eule Gonbie H*
MoxeT 6biTb nepeteceHo yepes FoFi B HyfD unmn HyfF yepes komnnexc tnonosix rpynn
(FoFi-HyfF-TrkA), utobbl c6anaHcupoBaTb NPOTOHHBIN FPAAMENT 1M ABUMYLLYIO CUMly
npotoHoB. [MogobHble 3aKOHOMEPHOCTWM ObiMM TawMe M3yYeHbl ANA  OTAENbHO
cBA3aHHbIX ¢ MembpaHoii Tua-1 u Mvp-2, a Takke AnA JONONHUTENbHBIX CY6GbEAUHNLL,
crocobeTaytowmx cospeBaHnto. B yactHocTH, 6b1o NOKa3aHO, YTO B 3aBUCUMOCTW OT
KOHLEHTpauum  rnioKo3bl  pasHble  cybbeaunnubl  up  -pepmentoB  HecyT
OTBETCTBEHHOCTb M MO-Pa3HOMY Y4acTBYIOT B pa3HbiX mpoueccax. B ycnosuax
orpaHu4enHoii sHeprun up-l u Tup-2 paGotaloT Haj cOXpaHeHueMm 3Hepruu,
B3aumosieiicTaya ¢ FoFi yna adbdpektusHOro nepeHoca npotoHos yepes mem6paHy i
TpaHcnopTa Yepe3s membpaHy, 4Tobbl cbanaHcMpoBaTb rpagueHT NPOTOHUPOBAHUA W,
CnepoBateNibHo, ABUMYLIYIO CUly NPOTOHOB. [MA-2 oTBeuaeT 3a TPaHCMOPT NPOTOHOB
yepe3 FoFi-AT®a3, oH gocTaenAeT MpoOTOHbI B pesynbTaTe OKUCIEHWA BOAOPOAA
HenocpeacTeeHHo B FoF-AT®a3 nubo 4epes tuonosbie rpynnbl, nubo uyepes Mmp-4.
lMonyyerHble 3aKOHOMEPHOCTU TakMe HabnoaanuCh NPU UCMONBL30BaHUM Pa3IUYHBIX
0TX0f10B, obpasylomxca B pesynbTate NpOM3BOACTBA U noTpebnenna kode. Bbino ,
nokasaHo, 4TO KodpeiiHaa rywa W nneHKa ABNAIOTCA  MEPCMeKTUBHLIMM
NUTHOLE/UTIONO3HBIMU OTXOAaMU, KOTOpble MOMHO 3(hdIeKTUBHO nepepabartbiBaTh C ' .
BBICOKMM BbIXOAOM Ovomacchl u 6MOBOAOPOAA MOCPEACTBOM LIMTENBHOMO (HU3UKO- i T
XUMWYECKOTrO MAPOAM3a U NPUMEHEHNA MYTaHTOB.
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