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> LbEpwdnLpiniu® Whuwwnwuph bywwunwyp W wpnhwywuncpinLup; pponid pupwgnn
hhduwywl YGuuwphuhwywu gnpdpupwgutinp; UGdwqg/uhupwq W hhnpngtuwq
dLpdtunubn:

» Uhowaqaqwjhl punphpnwiunnih hGn uwwnwnpynn w2fjuwwnwuplutbn

» FoF;-UGdwagh W hhnpngGuwqutph nGpp dwupEwjhu peonid pupwgnn tnwpptn
agnnpoplupwgutpnLd
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LnLupUt Pwnnwuwnyw, YENh hujulnwnjuw, Uuni Pwpwjwl, LhwUuw Vlwgwywlywl, Nhdw UYEnhujwl,
hwjgnnn Unwutip ghinwfuwnnn - Ypwnubip ghnwfuwnnn hGwnwagnunn Ynpwutp ghinw2huwiinnn

LhwUuw Uuhyjwl, NnLqwlliw Upawljwl, Uuwhhwn dwuhywl, Mpnd. Quph Unybipu,

wu wlwn a.p., wdw mwohuwwnn [wt Yhuntuptpgh Uwpunhu-Ljngetph
whp hGwwanunn U.g.le., wjwa ghinwhu n LUl hudwuwnul, SenUwbhu



SGwnwgnunuwlwl opnwagnh hhduwywlu bwywwnwlyu £

E. coli, R. eutropha, Clostridium sp., Saccharomyces cerevisiae, . wjju) dplUwjhu
hudnpdwu YGUuwphdhwlwlu gnpdpupwgutnh punLpwagpnudp/yGpinLdnipyniun
L npwug opuphnwybpwlywugqunnuwlu Ywpqwynpnudp YEuuwquugywdh,
YEuuwkEutnghwh W wj yEpguwujnptph (H,, Epwun|, pnLrpwlun], opgqwluwlywl
prNLuUtp L wjb) npwluywd wpmnmwnpnipjwl hwdwn® opgqwluwlywlu pwihnUutph
jnLpwgdwl nGwpnid:

Escherichia coli LYELUuwkEuEpghw
Clostridium sp. ‘ YEUuwquugywd
Saccharomyces cerevisiae

W ytpguwyniebin

Ralstonia eutropha/Cupriviadus necator
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LGLUuw-EuGpghw

YEUuw-Epwlun/pnLpwlng

Bioethanol Fuel
Production

Biomethane
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Hydrogen Oxidation




Upwnwphu dhgwywjph nhnwpyynn ywpwdbunptp
Opuhnwytpnuwywugqunnuywu’ nknopu ynntughwy (O4M)
E, - E, + (RT/nF) In(Jox]/[red]) + (RT/nF) In[H*] g
P
JdEphwywuquhs - DL-dithiothreitol ("Ma(d)

Opuhnhg - K;[Fe(CN)¢] % ’

» Oudnuwjhu upnbu
» Udhuwduh puwnp wnpjnLpubn

Lo BEl orsaun
SLZ8 oSuLUL
<UlULUUrUL



Upunwphu dhgwywjph nhnwpyynn ywpwdtwnpbp

» [@pYywdluh (ElGYunipnuh wpunwphu wnpnLph)
pwgwyuw)nipintu ud wnuw)nieintu (lndnpnud wd Guswnnie)nil)

[CHC] acetyl-CoA (from transition reaction) —> Cytc r
coh H H
= *
oxaloacetate citrate . \ F 1
[CHENCHE] CHCHEHEHEHE] i
NAD" —= NADH \ Cytxa :
inadats isocitrate ¢ »
CoEE FEEEEE oyte, | A
Jd—co: X
H,0— NADH -=—— NAD alpha- ‘
Citric Acid ketoglutarate .
fumarate Cycle CHEHCHEHE] '
[CHEKTHE] o Succinate id
NADH =— NADY /o C 2 : H H F 'e
FAD — FADH, succnnvlCoA H' H' =—>H;0 0 yer
succmale [ElcHclc] 9
[CHCHCHE] Complex IV: |
Complex | Complex Il Complex|l  Cytochrome Oxidase e
CoA“"  GDP+(F) —= GTP —=ATP Outside '
ab, ! Rotor
Stator T
H+
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96D
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ubd . LUTH >, R
. e<u s’
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P 1 \\\
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! NADH _ 1 S~ o
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LUELUuw-2pwohl

UELuw-Epwln|

Onquwlwlwl penLutp

Wétuwduh mwppbp wnpyniputph jnipugnidp wnhpwjht
gniyhynd Edpnbtu-Utjtiphn$-Nwnuwuh ninhny
(Cintolesi et al., 2012; Trchounian et al., 2017;
(Fngniuyw, 2019):



Escherichia coli

Cupriavidus necator H16

®

Metabolites

Metabolites

Lithoautotrophic metabolism Heterotrophic metabolism

Pusi Pui
r s P S, 1000 bp r -
o e s ] 2

xF

LELuw-ElGunpwlwlnLpendu — ' E

Universitat
Berlin

Enzymes or microbes to replace Pt

Shnpngtuwqltp
2H* +2e- =) H,

®

 asepo
Jjaddooniny

T cathodic
Hydrogen Oxidation Oxygen Reduction

https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/celc.201402249
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Treatment of Wine

grape waste
H,50, 121°C, 45min

pH adjustment

K,HPO, / KOH
Filtration, dilutions

E. coli growth

Positive ORP

.

e  BioFuel Cells e

=)

L onf,
”’iﬁ "l

Anode

Enhanced
H, production

NegativeORP =
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Biophysical
Reports ARTICLE

Escherichia coli FocA/B-dependent H" and K™ fluxes:
Influence of exogenous versus endogenous formate

L. Grigoryan,"*? A. Babayan,'*” A. Vassilian,”** A. Poladyan,'** G. Sawers,” and K. Trchounian'***

'Department of Biochemistry, Microbiology and Biotechnology, Faculty of Biology, Yerevan State University, Yerevan, Armenia; “Research
Institute of Biology, Yerevan State University, Yerevan, Armenia; *Microbial Biotechnologies and Biofuel Innovation Center, Yerevan State
University, Yerevan, Armenia; “Department of Ecology and Nature Protection, Faculty of Biology, Yerevan State University, Yerevan,
Armenia; and ®Institute of Microbiology, Martin-Luther University of Halle-Wittenberg, Halle (Saale), Germany

ABSTRACT Escherichia coli translocates formate/formic acid bidirectionally across the cvtoplasmic membrane by the
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s 4 «FocA- W FocB- uhujwi
wnninnuwjhu i Yuihndwjhu

K* + -
- a " K+ hnuptiph w2luwwnwupwihu
4 UGhuwuhquh upuGdwuwnhly
Periplasm hhnluungnu[»
/ / ™~
Mitibisie FocA ( FocB - C
Cytoplasm : PO T
J ™ }
b
_____ e | H'
v 4 /
HCOO/H*
by
27

LGwnwagdny ujwprlbpp UEpYwjwguncd BU FoF-UESwagh vhongnyd wpnunnuutnh wpunwhnugh hbwpwynp YndwGUuwwnnp nbGpp pH-p
hwwuwpwlntint hwdwp: Pugwnniejwdp wpunwehbhg Jwnwlwpwpywo dpobuwprdh, Gupwnnpynud £, np FocB-U wgnnud E
TrkA-hg Ywhuyw Ywihnwdh inpwluuwnpunh Yuwd wy bWdwbwunhw hwdwwnabph ypw, dhbsnbn dpolwreryh wnlwjniejwlu nGwenud
Unyb wanbgneyntul ntuunwd E FocA-U TrkA-h pw: UpinwehUhg dwnwwpwndwd dpguwereniu wannid E FoF-UB$Swgh
wywhydnipjwl ypw' nudtingutind Upw Ubpnpnudp wypninnUwihb Yud Ywihnwdwhu hnupbph hwjwuwpwy2ndwl Uto:
[wpgwywl Lpwlulbpp gnyg U tnnwhu huwpwynp $hghlwlwl thnpuwgnbgnipiniuutbnp: Iunwyniejwu hwdwn FHL-1 hwdwihpp,
nnpp UpoUwrernil thnfuwlbpwned £ Hy-h W CO,-h, sh gngunnyuwio:



» FoF,-UG%wah W hhnpngbUwqutinh nGpp JwupEwjhu poonud puwgnn
nwnppbp gnpopbupwgbtbnnud
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FoF,-UESwqgh W hhnnngblwq $GpdGunutph ntGpp YGuuwkElGunpwehdhwwu
hwdwlwnanud ElGYunpwELGpghwih wpunwnpniejwl gnpopurwgnud

OP-AMP
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Single-board
mlcrocontroller :
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4
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1.4 -

1.2 ~

0.8 -

A Electrical potential, V

E. coliBW25113 Jwph wnhwh
. (WT), jnegblw)hl,
UcdSwagh W
hhnpngtlUwqltinh
] pwgwlwjnLpjwdp
I UnLinwbiinubnh
ElGUunpwehdhwlwl
I wywunhynrpjnctubbpp pH 7.5-
nwd, gynLyngh pudnpdwl
wwjdwuubpnud wotgywo

0.6 -
0.4 - I
0.2 -
0 -
X
oY

pohoubnnid:
N, Q % > Q O O Q CPRY
@& ,\‘/bx @ (bélx ‘&x ~oc)x &x & X
& O ! ! 5 S
4@, £8 S
5 &
f8
UdGUwpwpén hnuwluph wnwewgnudp nhnyt) £ hyaB W hyfG
dnLinwinutGph dnuin® hwdwwwwnwuppwbwpwn 1.26 114
2\ Y wndtpubpny:
EPEUULDh
2 N5SU4UL
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Mnnunnbw2wnd nLdh wankgnieintun Cupriavidus necator H16-h EuGpghwyh
UnLpwihnpuwuwyniejwl W hhnpngGuwqwihu wywnhynipjwu ypw

A)
A ok ok i * %k %k * % % % %k % ok %k %
0
o FN
o FN+Gly = pHoul
%‘ -100 :: GFN C) pH
;' 150 - 3 GFN+Gly
2 5 - | g I ] oo ApH
200 - B T - ) - I [ T I I T I T I T
-250 : : T — T S
H16 HF380 HF388 HF371 HF210
C. necator strains aw 4
=
* %k %k 2
B) —— k%% * % %k * %k %k %k %k % lll
o e S ) ' il 16 f 1
g FN T T T
§ FN+Gly T T T T T T T T T T T T
- 8 D @ D D D D D D A D A D
-100 8 = GFN Ge‘ C,\"'\. Qﬁ 0\‘\ 6@ O\‘\ 6% c’\"". \Qé C’\“xa Sﬁ‘ 0\"\.
s\ é.x c} %X “ X % éx \ ez( Q Q.X
g : 3 GFN+Gly L FfFfFPFTF & &L
g i | ; ST EETESTEITE s
< 2004 | ] . . & & & & &
-300

T T T T T
H16 HF380 HF388 HF371 HF210

C. necator strains

(A) pwnwupwhu ynntughwih (Ad) W (B) ypnuinnbwjhU 2wndhy nudh (Ap) W ApH - Ubpehlu (pHin) W wpunwehlu
(pHout)) pH-h nwnppbpnientup” uwhuwd wetgdwl Jhowdwyph Ywauhg W Jwjh inhwh (H16) W dnuinnwlwn (HF388,
HF380, HF371, HF210) purnwdJubphg:



C. necator 2cnwuduGph UWGdwquwihu wynhynipeintup wnnwppbn
hGunGpnunpnd wwydwuuGpnud

et B) O K, DCCD
A) ATPase activity ATPase activity R
150 =y i xxx 3 K,DCCD 150~ ke K", DCCD"
- | ] % * kK i [ g —| . .
= ‘ @ - 3 K', DCCD g ’—| ’—\ P K", DCCD
g * Kk K, DCCD' §. 100+ I—I*** i I |*** I r
g 1007 - ¥ + i p -
E} e \ K. DECD P .
= E  s50- - -
.é - t I - T - _ i
E 50 § -
E - - B . 0 T T T T T T
=B E - N \ N D N\ N\
] 0 T T T T %QS\A Q@ ngsé ‘bq,\c’\% @6{\ \Q\C’\A‘
FN FN+Gly GFN GFN+Gly € o 3 "

C. necator H16 C. necator strains

C. necator unwdutph (H16, HF388, HF380, HF371, HF210) punhwuntp b FoF-UGdwagh wywnhynieintup nwpptp
wuwjdwuuGpnwd: FN W Gly JhowdwipGpnud pohoubpnp Jowydtbp Gu 24 dwd 30°C gbpdwuwnhdwunwd® wbpnp
wuwjdwuuGpnwd, huly GFN W GFN+Gly JhpwdwipGpnwd® 168 dwd 30°C gbpdwuwnmhdwunwd® Jhypnwbtpnp
wwjdwuubpnud: DCCD W K* hnuutph wnuwjnipintup wd pwgwyuwinceynitup uoynud £ £ (n=5, p<0.0001)-ny:



Cytoplasm

ADP + P;,— ATP

H2
Fe
2H" Ni
H+
2H,0  O,, 4H*, 4¢

Fe-S

FMN
Fe-S

FMN

NADH

NAD”

X

Periplasm

NADPH

NADP”*

Kinase
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A%

Molasses  Clostridiumspp.  Fermentation 133 mmol L
(4-10% w/v) C. pasteurianum Anaerobic, pH 7.0

C. beljerinckii 168h incubation S /,

C. acetobutylicum

C. intestinale 0 D [I I:I

Carbohydrate & Ethanol O Biomass
degradation production .

decline  ODeoo Tt0 1.6
C?‘_) Molasses valorization — Renewable energy + Microbial biomass —> Circular
bioeconomy




Optimized Biomass and Bioethanol Production from Dairy Waste by Saccharomyces
cerevisiae ATCC 13007 under Aerobic and Microaerophilic Conditions

z
3) Bioethanol production
L

1

Sweet whey(SW) and

acid whey(AW) 1) Treatment with 2) Sacch;r_l?gg/ﬁ:es(s) 0c7erev:s:ae (ADH)
thermostable archaeal

B-galactosidase fermentation

OPR ADH2 activity and t
biomass yield
Microaerophilic

ADH1 activity and
‘ ethanol production

& ..
‘.”

Cost-effective and sustainable substrate for
microbial fermentation

3) Protein-rich biomass
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» UdtUwpwpan ODeoo(2.2) L nGuwwpwn wéh wpwantejnil (0.4+0.01d7") nhunyb GU 2 wuqwd
Unupwgywd Yywrlbwonnh rwhnund wbpnp wwjdwuutnpnud, npp 30-50%-ny wybh pwnan En
JhUpnwbpn$h wwjdwuubph hwdtdwwn:

» Uwhwunwynigh pwbwlyp 2 wugwd wok| E 2 ohbntyubpnud E|f wbpnp wéh purprwgenid:

» Ubpnp wwjdwuubpnud uyhwnwynigh wnwybjwagnyl pwlwyp (~52% punhwuncp opguwliwywl
wohuwoluh) nhindb £ 120-pn dwdhu:

» Erwlnih wnwdbjwagnyu wpwnwnpnueyniup (97.8+2.0 UU) wnknh E nlubgb| 24 dwdjw pupwgenid
Jdhypnwbnpndh| wwydwubbpned:

» Ubpnp wwjdwultpp hwugbgpt GU wiynhn| nEhhnpngbUwqu)hu wynhyniejwl 10 wugwd weh
hwdGdwwnwo Jhypnwbnndh; ywydwulutph hGwun:
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ERC-2025-ADG

ludph nEywywpp nhut E npwdw2unphph®2 500 000 Gypn $huwbuwynpduwil
hwJwp:

Title: Transforming Organic Waste into Bioenergy through Redox-Driven Microbial Pathway
Proposal acronym: BioReWa
Proposal ID: 101267747 (internal reference number: SEP-211198453)
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QnpénLnnLdutn

fudph  wunwdutpp Jwuwlygbp G «UdGppywu  Jwupbwpwuwywu
puytpnrpjwu» (ASM), 19-23, hnluhu, 2025, Lnu Wuebitu, UUL, «Gypnwuwywl
Jdwupbtwpwlwywu puytGpnipjwu» FEMS MICRO, 14-17, hnihu, 2025, Uhjwl,
Pbunnwjhw, WL «YGUuwpwlwlywl ghwnnejntbutpn W plwwwhwwuwywu
InLonudutn® hwundu Yuynlu qupquigdwu bwwwnwyutph»  24-26, uwwnbdpbn,
2025, Gplwu, 33, ghunwdnnnuGphu: [wuntu GU GUG wWwuunwnwhu W

pwlwynnp gtynygutpny:

FEMIS MICRO

.l Vd: i (MILAN

JUNE 19-23, 2025 | LOS ANGELES Soie Exhibition




Qnpdpuytipng wyg’

Qhunwywl punphpnwwnne Qunph UndGpup ungu pdwywuh ubwwnbdpGph 21-hg 27-p
wjgb|b) £ GM3:




21AG-1F043 wy| dSwhuubtp, 2024-25 ppe.

» 840,000 3R npwd dwhuuyt| E uwpetph abnpptpdwl hwdwp (Uotne, opwdlbh gEubpwunnp W wyu):

> 889,000 3} npwd Uniebtph abnppbpdwl hwdwnp (wbnwnlu, Ywihnwh nhhhnpn$nu$wn,
Jwihnwh hhnpn$nu$wun, Gnpinppwgwhiwprny, wdnuhnwdh hhnpopuhn, Yufdwq W wyu):

> 447,000 3R npwd (wpnpwunnp ywpwagwubph abnppbpdwl hwdwp (whwbwubph dwypwyuwiutn,
thnpédwunpUbn, wwywyt YnudGuinubp, Jwgbhuubph hwjwpewoncubp W wyiu):

» 329,000 3} npwd dwpuudbp E hudph Gpbe wlnwdubph «UdGphywl  Jwupbwpwlwywl
puytnnrLejwlu» (ASM) 2025 . hnituhuh 19-23-p Lnu UbobGunwd (UUL) Juwjwgwd Ynudpbpwluh
gnpwlugdwl Jéwph hwdwn:

» 295,000 33 npwd pudph Gpyne wunwdubph «6ypnyuwywl Jwuptwpwlwlwl puybpnipjwl»
FEMS MICRO 2025 . hnijhuh 14-17-pn Uhwunwd  (Puniwihw) Juwjwgwo Ynudbpwluuhl
Jwulbwlygnipjwl yownh hwdwn:

» 332,000 33 npwd dwhuuyb|] £ ghnwywl punphpnwunnih wyhwunnduh W ghoGpwwgh dwhuubiph
hwdwp:
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2024-2025 [wzybwnnt dwdwluwlywhwnywdnid mywgpnjuwd hnnjuwdubn

[woytuinne dwdwuwywhwunydwodnud ghinwijwu pjunphpnwnne Quiph Undtpup (Gary
Sawers) htun hwdwuwntbn nwwanpyt| £ Gpyne dhpwaqqwihu gpwpunuynn hnngwio:

1. Lilit Grigoryan, Babayan Anush, Vassilian Aanait, Poladyan Anna, Gary Sawers and
Karen Trchounian. Escherichia coli FocA/B-dependent H* and K* fluxes: Influence of
exogenous versus endogenous formate. Biophysical Reports 5, 100225, September
10, 2025. https://www.cell.com/biophysreports/fulltext/S2667-0747(25)00030-8 (Q1)

2. Lusine Baghdasaryan, Karen Trchounian, Gary Sawers, Anna Poladyan, Redox
regulation of hydrogen production in Escherichia coli during growth on by-products of
the wine industry. Appl Microbiol Biotechnol, 2025, Jun 14; 109(1):146. doi:
10.1007/s00253-025-13535-w. (Q1)

3. Meri Iskandaryan, Lusine Baghdasaryan, Ela Minasyan, Karen Trchounian, Garabed
Antranikian, Anna Poladyan. A novel, cost-effective approach for the production of
hydrogenase enzymes and molecular hydrogen from recycled whey-based by-
products. International Journal of Hydrogen Energy, 2025,
https://doi.org/10.1016/j.ijhydene.2024.10.256. (Q1)
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1. Poladyan Anna, Iskandaryan Meri. Glycine-Induced Hydrogenase Activation in Cupriavidus necator
H16 under Microaerobic Conditions, ASM Los Angeles, June 19-23, 2025.

2. Avetisyan Rima, Trchounian Karen, Poladyan Anna. Utilization of Spent Coffee Grounds for Growth
and Hydrogen Production by Clostridium Species: Sustainable Bioenergy Approach. ASM Los
Angeles, June 19-23, 2025.

3. Iskandaryan Meri, Mnatsakanian Liana, Poladyan Anna. The Impact of Hydrogenases in Cell
Bioenergetic parameters of Cupriavidus necator under Different Heterotrophic Growth Conditions,
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4. Baghdasaryan Lusine, Karapetyan Ofelya, Asatryan Tatev, Poladyan Anna. Enhanced Hydrogenase
Activity in Cupriavidus necator H16 Through the Utilization of Recycled Whey as a Substrate, FEMS
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5. Karapetyan Ofelya, Poladyan Anna. Enhanced Hydrogenase Activity in Cupriavidus necator H16
Cultivated on a Mixture of Whey and Glycerol under Microaerophilic Conditions, FEMS congress,
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. Anikyan Liana, Trchounian Karen, Poladyan Anna. Biomass and bioethanol production from dairy waste by
Saccharomyces cerevisiae ATCC 13007, FEMS congress, Italy, Milan, July 14-17, 2025.

. Avetisyan Rima, Trchounian Karen, Poladyan Anna. Fermentation of Molasses by Clostridium spp. for
Biohydrogen and Biomass Production: A Step Toward Renewable Energy and Circular Bioeconomy. "Biological
Sciences and Environmental Solutions for the Achievement of Sustainable Development Goals (SDGs)" ,Yerevan,
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