0 2024/048837 A 1|0 KO0 0 0 0O

(12) 5 F g x oo o3t FMA

19y Al A A 2 A 4HA 7]

=

TAEd
000 0O

= A A= -
10) 7 A|-F 7 HE
AT WO 2024/048837 A1
20243497 ¥ (07.03.2024) \wipO | PCT
(51) FAEE (72) ¥ 2} 7188 (KIM, Yong Hwan); 44919 2413 A]
CI2M 1/00 (2006.01) CI2P 7/40 (2006.01) 5T AYS FUEEZ 50, Ulsan (KR). AW
CI2M 1/34 (2006.01) CI2N 11/08 (2006.01) (JEON, Byoung Wook); 44919 2413 A] 3T
CI2M 1/40 (2006.01) CI2N 9/04 (2006.01) o okS H*EZJ_ 50, Ulsan (KR). 54 7] (RYU, Jung
- - oA A L FE O] OkS G AEZ
(21 FA=YAE. PCT/KR2022/015180 Ki); 44919 =t | & A¥s iy d 50,
Ulsan (KR).
=90 = 9 7
(22) FAEYY 2022 10 € 7 ¥ (07.10.2022) 74y B9 Eaﬂvgom,;] o1 (THEWAVE IP LAW
(25) 99 Gk FIRM); 06097 A1 &5 A| 7+ A5 2 602 65, Seoul
26) B0 ol (KR).

@1 AR (A& A ¢l @ 7be s BE e

(30) S-HAAR 2 Aele] HEE 95
32 : AE, AG, AL, AM, AO, AT
- q 2 Q) RS, ) 2 s s 2 2 2
10-2022-0109359 2022 11 8 €4 30 ¢ (30.08.2022) KR AU. AZ, BA, BB, BG. BH, BN, BR, BW. BY. BZ, CA. CL
(71) E991: &419187] &9 (UNIST(ULSAN NATIONAL CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM, DO, DZ,

INSTITUTE OF SCIENCE AND TECHNOLOGY))
[KR/KR]: 44919 &4tFHA] &7 %S FUSEZL
50, Ulsan (KR).

EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG, KH,
KN, KP, KW, KZ, 1A, LC, LK, LR, LS, LU, LY, MA, MD,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: APPARATUS AND METHOD FOR CONTINUOUSLY PREPARING FORMIC ACID BY USING IMMOBILIZED

CARBON DIOXIDE REDUCTASE

(54) 2E o] WA st o] S kA F EAE o] &3 A5H QA Ak Al A E Y
GG
+ 7
HCOOH + V2 E 201=1.0mm} CC Bt 6(pH 3
ee'
_____ jy r— Q02 + H + V7
AA | 3 ]
. N [ C0: HH 9
HCOCH + 2EV2 QJ%}%E{? DD : [ a (99.999%) §3 HH
£ ;aj i FF \ I
Sdm) K CHs c lof
: =y o, =
CO2+ 2H' + 2BV : CH; o"‘;‘f e =)
o Ht<
————— - NACE G-
= q JJ KK
@ 74188 h
F2 20=01 mm
cc (82 8001 mm BEEE
AA ... Column filled with carbon dioxide reductase
BB ... Cuvette
CC ... Path length=0.1 mm
DD ... Anion exchange resin
EE ... Pump
FF ... CO2 purging
GG ... 6M KOH for pH maintenance
HH ... Ag/AgCl reference electrode

II'... Platinum wire
JJ ... Cathode part
KK ... Anode part

(57) Abstract: The present invention relates to an apparatus and a method for continuously preparing formic acid by using an immo-
bilized carbon dioxide reductase. Since an electrochemical reactor for producing a reduced electron carrier and an enzyme reactor for
converting carbon dioxide into formic acid are separated from each other, scaling up in the future poses no problem, and thus scaling
up of formic acid production is advantageous. In addition, formic acid produced using an ion exchange resin column is isolated and
recovered so that deterioration in production can be prevented, and thus formic acid can be continuously produced, and separately

adjusting pH is unnecessary.



WO 2024/048837 A | /110000000000 O O

SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TI, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

84 AARF (2xe] AV} gle o, e BE R/
o) Au] e B35E 9314): ARIPO (BW, GH, GM, KE,
LR, LS, MW, MZ, NA, RW, SC, SD, SL, ST, SZ, TZ, UG,
ZM, ZW), 5-EH A o} (AM, AZ, BY, KG, KZ, RU, TJ, TM),
£ (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FL,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, ME,
MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM, TR),
OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, KM,
ML, MR, NE, SN, TD, TG).

0
— A AL A 9} G (Z0F A|213(3))
(57) 894 ¥ ddo nAsty o] italeks 3 =
A AR AL} YakE = @] 8ke ks 19} o] Ab s}k 4
G5 ~AUdPS 6‘}‘t‘tﬂ A 7 01 7\
o] &3k AAtd shw| it tﬂ §1?

F9loem HEe pHE = é% 7}




PCT/KR2022/015180

WO 2024/048837

%49

—

4

2] 5}

b2 1Rt}

[Rag=ns,

3} o

ol ok, whek A o] 2]

ol

P
&t
=

cH

§}E
A

e

A

3] 5, ©]
=AF

Har ot o
°l

T T
X0

(direct formate fuel cell; DFFC)-

Al
=

o) ako 2

=
=

ol A A

e

Aol A

F A o1
ol A A o4 %] %] %]

T

=0

[e]

9 5 o

e
B

AL
00

mr
Hio

O &2 A A= AL 3l

14

5]

wK
=
Mo

4 —
o

e

oy L

&

B

N

F71 o

D

Thg AL

SEREEN

2 7| Rkl A 7] 3}

, B

ol

atol t

B4 o & 9l

]

-

wA

0%

A
Gl
ol

E»
ol

FaL o & 7HA]

D

S T4

/1\1_

bt A8 A

T
« "/



PCT/KR2022/015180

3 A+

©

A7 AR = A 7] 8

o A

7144 A
(=3
(=3

4 A

| I

1
o| b3t E AR FE N AHE

ojat3t AR FH JhvttE

A 32

7/\0
7/\0

WO 2024/048837
&

[7]
[8]
[11]

o

(i) 7| & = (cathode) - 2 °fl == (anode)

4

s

[13]

AN -y

] (electrical power source) o &

[e]
RN

-

4

&
LA

A7 o=

4

7] &

)

Aulatat Atekd A g

AO

|

=
=

1A A

(iii) %371 7N

[15]

=

=

A

A

~

o

—_—

N
X

oA (4) At At

S 914]7] 3L o]

=

=

d

A
H

<}

A

A

A

ARG

]

=
pis

)

-
-

719 Ao A AR

A RA, 7] ARG

[e)

Ca
ol A gk

F

T

j

Sk o
5}

(1) A7 s}
) 71 N4

S A7]

[17]
[18]



s}
o]

PCT/KR2022/015180

71l A 71 #7]5t

re

=]
R

&7 B

=

=

A

A

3 AbstE AxHe

)

T

o= 9l

°
9]

F

T

WO 2024/048837
=]

- Gy 3 :
THTHINE T % x g 9 B
X ooy X ol o = ol D 90 A+ ™ < °
wo— Oz — ) S olo — <]
= N o COE R W OBe m oo wE e ° B = o~ H
= ol P o= B m A X oy -~z U T
= T T 22 X o o X0
= I T~ R H.t]rL 3 o =) olo — = - 52
ﬂW._ ﬂ__/H H‘UI o] ‘_ﬂﬂa7 S @ — o 0 = QD
— = SR W T N T o 9 N T o ny
. ] N e X X frel SON=! g o~ o - W
N S M ts T oy oL S
3 ﬁﬁ__ﬂwu#ﬁ_ﬂn%mquﬂ% TE oW g X ﬂﬂwé iy
e ) olfY . _ = = i ~ B
= o mlms T EIWE o N SE3E® ~ & Fir H
S D@ TR E H B ggxs Tow wfw P
o LW e T e — e X 2 3Nl W M o8
Eo_e 0 =0 ™ o S _ "' o X mmwaﬂu — T4 il ey
- T wm T e o pw®E g8 £ wW2o o< W
o) ~ % L € £ 1 A oo o N gy
B o zn D ok BB X0 we J e ScfEL oy LHER R
N O TR - s TES WRETESw W
Zlﬂ - ‘wa‘li‘wl_/ @mﬂox Flﬂéaﬂﬂ ﬂ| ﬂﬂﬂﬂﬂéeﬂﬁ ﬂ|
W e dm™ ml o o 8 M R A -
= T xR EHE g LR LT w2 Tog Ry e T
A AR ol X K o <7 o) il ool oy e W n-
3 % Sl T TE gy LA WIFW W
E ywmsoe® .z Pz R A . .
aS TrER R T AT Ew o ST Es oo W
o LW P g AR WP SN 8 P Vo R
p < - i) =R T
SRC) R I N SWgn TpXHYXLIX B
7 L I I . e e I N
ol ~N N X o ~ ] ~ <73 2y X AR T o =
o A o oo o ol e T E m W T g SR L
) o TE S LW e AT gy H T HE W
ul ™ ERC G By B K T Rt - R - gt o M S =
dol o gTEGTEC GoyE mE 2oy LT IEE 4
kw2 —_ [ = — : — O O 0 '
= X .Eﬂ;&7iduaa$m_ﬂmai& ﬂuaNoiLdlqannnoEm;oﬁEoﬁdlﬂ
o 2 m ) F R 5 F B oo B I TR T T A TR
~E dnnltewzeleae TLemsdHEeRtTewEy
oo '™ w oy B OITE R T Mo R W B WO R R NN O E N Y
T W ORETTTooNT M T e T M e T T o

[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

ol t}.

Ay

2 & (ethyl viologen: EV)2| 5 %= 5 e 1]
A



PCT/KR2022/015180

HHe FH
ole] 7HA v

T .

}

O
8

g 9

=

o A
ol b, @A AR A of T4

o el A gH

g

=

WO 2024/048837
=)

[34]
[36]
[37]

ey

o}
ol

)

0%

-

~

;OE
;OD
P

(i 7M

[38]
[40]

7], 2

| AR DA

olo
o

4
;o..a
)
fite]
ToH
P
il

;o..a

ol

=

o
1

|
]

T .

7] &

A

)
x

Aulatat Atekd A g

147

A
LS

1
A
=2 A (viologen) 7| &

[e)
A

)\
I
L2
=

=

H}-o|
Hl-o] &= Al (alkyl viologen), ¥ 2 1}-o] & 2 4l (benzyl

-ﬂ o)

A

T .

T

A

A

1

nlol &= Al (viologen) 7|
9] 2 E] = (adenine dinucleotide)”]
z=

| I

1

=

AxpAg

bl Axg

il 7w At Al

[e)

5
7]

T

[

s

A

A

=

(s}
A

=

158} k7)ol At AAALAS LA

|

) U
o

&

LA
S
=

AxpAg

7] AAr At A

=
=

7]
R L=

s

(iii) 71 WA

A

\
\

[e]

_":‘I_

A
EEEEE R

371

r]

[42]
[43]
[44]
[46]



WO 2024/048837 PCT/KR2022/015180

[47]

[48]

[49]

[50]
[51]
[52]

[53]

[54]

[55]

5

viologen), NAD(nicotinamide adeninedi nucleotide) 2 FAD(Flavin adenine
dinucleotide) & o] F-o] %l ol A A e ¥ = Ao & sfvto] AAAGAH A
Ao, A7 &7 vlol £ Z Al (alkyl viologen)- W& H}o] £ 2 4l (methyl
viologen), ol & u}o] 22 A (ethyl viologen), 3= Z 2 H}-o] & 2 Al (propyl viologen)
T2 X3S ¢ lom, o] Y = A ofth

TAA o2, A7 DA DA = v E vlo] £ Z 4 (methyl viologen), o €
Hl-o] &= Al (ethyl viologen), 12 v}-o] £ 2 Al (Benzyl viologen), NAD(nicotinamide
adenine dinucleotide) 2 FAD(Flavin adenine dinucleotide) & ©]Fo] 21 o] A]
AEIEE Aof s ahibel A A A S g, wek A0, vd
ulo] & 2 Al (methyl viologen) & ol & H}-o] & = Al (ethyl viologen) & ©] Fo{ %1
Foll 4 A BE = ol shrpel AR A 4 9Lk

7] OB A s ol HEHRLA S B S 1B B 4

|

[e}
g o] A A ool we} A ol A

= = ZF

iz o B A S XESHE /IS U 5 i PN ekl 583 A @ EA)
opiet.

A7) A2 A 2 A

o) A3 a4 L84 €A A (formate
dehydrogenase) 5= 421, 47| LEFA G428 2 oAt eh a9 H S5 ]
A 5ol FAA R, ERA S F A

ol ALBEL A E A AL
3H7] HE-g-2] 19] vh&-
[ 1]
CO, + 2H* + EM(ZH ¥ 4 H)) -> HCOOH + EM(AF3HE A E)).

A7 REANEBFLARELAE HAoRRE fulE £5 o, &af Folol A
9 ]

8-0] " ¥ (expression)"Z & 2] § ¥ = (polypeptide) 7} 12 - A A} HE
A= R e AR et 47 RS FARED T2 S E )
mRNAR 9] AA}, 9 o] 2§t mRNAS] Ze]FE| (i dy5)Re] i 5S
E

gol "A 2T AL} ol WA HA A, 4]
L= HAE = o]Eo HE| L L o] &

=
A EE A A ek Aol A 23 A= 7] AEY HA FHoll A= Hx



WO 2024/048837 PCT/KR2022/015180

[56]

[57]

[58]

[59]

[60]

[61]

6

oFi= FAR = AR AHE, A2 Ei= e A A dE 5 e R el e
ATH o A 2T A E= A e Al oA B s = fAxE dd st
Ao, 7] FAAE HMEE A2 A 1A Grtel] o5l Al Ul A=
Zloltt,

B EEA SR LT EEA SR L ofv At A D3t 747} ok 70%
o1, °oF 75% ©17, °F 80% ©17, °F 85%°17, °F 90% ©17, °F 92% ©17, °F 95%
o), °F 97% )4}, oF 98% o4, = 9 99% ol el A d HEAlS 2=

&0] "5 (Homology)"& ok & o} =2k A Ashe| fAHG J w5
LHER ] 918 A 02, ol el 9 450 wanis Gl AA de delxd wla
2L ol gotel AT 5 9o, 27 ool AU FF 4L

A7 EEAA ETFAS AT EEN ETASAY T2 aAY AL dE
A+ vl e 2 b 2] 2 (Methylobacterium sp.),

UE:(Candida sp.), #Fo] LB 2] 22 Sx(Thiobacillus sp.), B 2~ E 1 o} 2x(
Ralstonia sp.) 2 2 HYVE] S-(Rhodobacter sp.) Q-2 O] F0] X FHol| A A B =] =
Aok shifo] &9 mAFoll A Fref R 7 Yt

TFAR R AV EEA ErAg AT WE R E R dAEF el
Methylobacterium extorquens), 2t T T} B.0| Y] U(Candida boidini),
Alol @ vkl & 2~ Ex(Thiobacillus sp.) KNK65SMA, &2~ E U o} §- ¥ 2 3N (Ralstonia
eutropha), 2 Z 589 70 & @) o] B] 22(Rhodobacter capsulatus) 2 ©] 50 7 7ol A
A E = Aok shue] mjAlEol A el E 4 ok

A A2, AT EEAL S AR AT HAHS SR8k WE 2ek e P R
AN & 2 Foll ~(Methylobacterium extorquens) AM1 2] FDH1(formate
dehydrogenase 1) 5= ) o, AR A 23t o =2 Alzd AL 5 At
TAA o A vEgZetygs dAr 25 d A AM1-S FDH1 29 (formate
dehydrogenase 1 alpha subunit)E % 3t W A4 /A2 2 FDH1 M ER(formate
dehydrogenase 1 beta subunit)E 9 aH= WA F-AA7F A A = a1,
e 2 ek g g A AEZF A AMI F-2 FDHI 2 3] 2~Eld B4 & I 3=
QI FAA Rl | AT A=Y = Aok

Ho}p AR Y] EEAL G T aaAE MdR2dH YR drE2 s
Methylobacterium extorquens) AMI(ATCC 14718, GenBank accession No.
CP001510.1) 2l ZEA &4 a4 19 4= ook 47| vd 2ube) 2] &
ArE=Z T~ AMI Fdll ZEA 5484 12 MeFDH T €3}
subunit(GenBank accession No. ACS42636.1) 2 MeFDH I H| E} subunit(GenBank
accession No. ACS42635.1)2. 2 o] Fof 2 4= 9l a1 Av] W e 2l 2] &
ArEZFd A f] ZEA €944 8 4 2 fdh1A(GenBank accession,

CP001510.1:5169596-51725635, Methylobacterium extorquens AM1, complete



WO 2024/048837 PCT/KR2022/015180
7

genome) 2 fdh1B(GenBank accession, CP001510.1:5167825-5169543,
Methylobacterium extorquens AM1, complete genome)”} 9 5} = 52| e =

A
T At

[62] 3 BUh U 318hE ok A 7ElE oFe] EA (a7,
), MAE 5ol £l 3
XS B 5at7] Yatol, %
Ro7|I7FATH ] e o Ak A
JtERdy], 227 FuEe
Zeld e A= F(PEGO)Y

EEA BEARAY S FAA 5 i Aol Adelel £3d

-

oX
X

[63] &7 ZEat

[64] 71 B g7 A s ol kst ek A Sl A4S F3tEH, ol AkshE A
=

ol xts} kA el A AE AME o B A o] sl sl kA el a A9 AJARE-o]
Thsatel A% 4ol AL frel sl
PN

[65] TAAoZ AV | AEd BAH EEA YT ARAT
Ni-NTA (nickel-nitrilotriacetic acid)®l] <] &} 114 3}¥ Z 54k
AT B AE Y FAE EEA B4 A8 4 Ni-NTAO 214 315 4
28t E x| ke B AEY HAH EFAL g Aag s Z
Fgo] Wol A A &L Jim| 4t Al 27} 7hs sk, Al ANg o] 7he e Rk ol Y 2,
S& A wE upef A AT A S S AT

[66] %}7] Ni-NTA = Ni-NTA(nickel-nitrilotriacetic acid) & 4], Ni-NTAE ¥ &t}
A BFE %] ¢F o 1} o & 50], Ni-NTA resin(5=#]), Ni-NTA affinity resin, Ni-NTA
column(Z ¥), Ni-NTA affinity column, Ni-NTA agarose, Ni-NTA bead, Ni-NTA
o}7}= 2 H] =, Ni-NTA magnetic bead 5 7 131, 72 4 22, 4} 7] Ni-NTATE
Ni-NTA o} 7} = vl =< 4= gt}

[67] Bk o] A A oo A= B AElS ¥t v d 2k ]S
drgEzZFd A AML 78] ¥4 428478 2EHY A E 7T RS

[e)
ANz A0S AYAEIL 0]  Ni-NTA o} 7F2 2= v 2o A A A He] )
Al BA SR S FH S 5 =S §. o 2t FDHI alpha A BF-%5l
C-Zgto] | A~ Y B E 74 o8 7433l FDHI beta A B4 &
%) Z gl

i

FYsE A FAAT 2lH S8 Av|=E o] 83lo] B AHlS ¥ gEl =
A 2% FDH1 & A Z38}a1, o| 2 A A|Z%¥ FDH1 &4 Ni-NTA o} 7f2 = v =&
o|-&-3}lo] FDHI-His tage} 9] 213} 55 vl¥ 0 & 224 7] Ni-NTA o} 7} &2 2% 1] =9



PCT/KR2022/015180

WO 2024/048837

i = o oA 4

W 9 T B CRY « ) W %a o o ) L2

" < g T W N e e R =

BERN e dTaaEw ®I®Tese ay Pylal Tw
o RN Ty L REH o g g X4ERET T
P o T g e R =T oW . TP B
=< ﬁi__oém__&gwgw_@ do T oo K = B S ol T MR W N
oo dwg _wmoLw AL wCsaw BT oo B
o ﬂﬂo%ﬂfxﬁlﬂﬁ‘lwo#o7ﬂ Ltm_#.oﬂﬁbt ,ATEE P %u Mlﬂoﬁuﬂﬂﬁ <=
o ]Nr,_iégmiwm N o= %0 o Cm ﬂOﬂmMﬂlﬂai o — = ol ~ o o

<20 g ucﬁl@n‘m_o o o I _~ Nl 28X D . H
4 =5 m# p 1ol o R R e B~ ol oo 7! hw S oo o B A= o~ =
Bodg MR SR MR o< o= PP R R
T ORI Ea iy pram o wT BT gty
SRR A N S ﬂﬂuo?ﬁmﬂ Py o ode P ® o
Ho EJMWJ&M@O]EEMUEHQJ_/IOF daaﬁoo_eﬁ]mﬂL Mﬂlw/xMﬂﬂﬁ_]_mﬂ;om e
A BEpXETARET e RO S TwFmg®al o om
7 SelBUR T hmy xR T T LR Thbg Far yw
C TR NCRBIER Ry Ry p e 2o e L
T PO RITN RN gy prwg M EFT XEw e TEP 4w
BT ET T HmNR Fhwg T G i I C R S G iy
Y oxpdrEaRBERy wERyg Fow Pryggs¥eX mw
E oA lTE pRRE . omgr iM% Tl ppin® xow
D Mo o % s T A ) B P TIE SAE - B INv ol (S a

Lf o =) — UT >i ﬂw._ T K — Z..# o t s (il
I o R o ERE R e R ey N WT N W e I B W R AL
H WMLl PRPE T RT oY meXaorPERTimen ™o =7
o U REBEET Ny T 2 BET R g T B oo
A g dT R A TSR ER U Bl arEEww s K W F e o
FToorm bl e Taro®E APl TR R A LT PN 5o
TR PWITEHW R G RDOBWRM T pf T ooy & F K E s
oE e r P EE T gl e R g g W WP oy T R g oo
P = X T .%ﬂﬂﬁﬂ%ﬁmﬁﬂﬂﬁ%ﬂ%%ﬂ%mﬁﬁrﬂ CWOW W U o X
T o o O T D NN B oo Koo F R T ozo oo m OO B RE M| ooy R 90 o WO RW A o AT
B TRERTEBEET WM BT hRTHEE TS R AT P

[68]
[69]
[72]
[73]

7k A

atol gl o s 2]

5

A5l 9



PCT/KR2022/015180

WO 2024/048837

[74]

S 914]7] 3L o]

=
=

d

Z

719 Ao A AR

°
9]

s
A RA, 7] ARG

B} H
o!

(1) A7 s}

S A7]

[76]

d

Z

T
T .

Z

14727 9}

x] %
T—- 1.

ol A $9)

j

2) 71 A

[77]

#9147 31, o]

=
=

I AT o A AAA DA
oluf, 7] AAA LA

gy
=
o
JrD| ‘I_K
o
o _—
o=
x O
oo K
]v_Al
e 3
N )
Ho Wr
min
W EE
~ N
WooE
o 2
_ o
;OD o=
-
W
! ol
_
me >
o —_
2
= )
° =
| a
| =
3
Hqooox
W
CYNTE~
< Ho 20
RS

[80]

ARG A 2 o] Fo 7 ol A

T
T .

7HA
o]

] 2 E] = (adenine dinucleotide)”| &

o2

&

A=

A A= %

AL, 7] <A

d

A 4=
Z

bl Axg

D

EEEEE R

= 1
=R

= vlo] & & Al (viologen) 7]

4 A

&
LA

7] &

[82]

A g lem, A Ao A, 7]

HE =

4

<
-
n

M ]2 A ~E=Fd A~ AMI 52 FDHI Y

d
=

T
T .

o

)

;o..a
<

o
=
i
=)

Ni-NTA(Nickel-Nitrilotriacetic Acid)®l 3L

]

[e)

e AL He

Ni-NTA”

b4
2

Al

uy
%

¢

| AR A 9

2]

Yol A 2

[84]

olo

s

APstE ARG A E V] 2L

71 @A (1) WA (4)3=

J
A 3)ell A Ak A A

23!

=
=

d

Z

7] Al (4=

o 4

o]
AR

9 %

B

2

Bz 0o
= 1=

wl

—_
fite]

!

X

il
ad

™



WO 2024/048837 PCT/KR2022/015180

[86]

[87]

[88]

[89]

[90]

[91]

10

A () WA @S ukEH o @ Faato ga Au e e o At 5

¥ L
£

d

oy
N
e
=,

1 A (@)l A o akal e, AP A S A, A E A n| Al S o]
ofsfl Fd = U 7] «HErE gt vkl g

H A A 22 i ol A 7] @Al (D)3 d A 3)o] A=
o} o] A7 5}8t ¥hg- 3t oISt A S
welatol ash= A, dA71ste) vkg-7] 9
2 A ak A R E 7] 9= A7) 9lo]
o

03

)
ut
rlo
fai)
[
=2,

N

i)
oy

rle
T
z

rx o

=

2 Hr R
=
92

ot g
i
2

o >
09{11‘
(i
i)
o,

o |0 of
g3
)
S
o T
|2 ©

S i
N2 ot
e
ok
|

e
)
=2
2
&

X
=)
2
X,
i
o £

e to
> o
Q‘L
uls

R

o

ox I

g =
=
.2

Sag

o 2 o

ey

A 3ot GAE FUhR 29
[e]

B o
¥2,
)
4
24
)
o
fr
=
=

>
>,
rlo
[-'>~1
of,
iy
=2
>
|
[-'>~1
ol
ol
i
P
N
2
!
=2
lo
©
rfo

N,
ol
=2,
=
=
2
o
ol
L
>
ot
i
ol
R
o
=
fol
Px
&3
olo .
N
=2,
>,

©
ot %0
o & o T
=
| E]lO
©
ro

Sy
0
S

DA au)
=)

ox M

-

o o> 3

rlo g
KON )
:C‘>L_r‘

[l

o)

T
!
BN
e
o *

=
=
[-‘>~
=2
o
o
©

o

B e
b

N
Ty

K-

>,

:(‘>I:

A

i
oo

>

[-‘>~

o

©

ro

92

1o

:(‘>L_r‘

1% ) s N

i Rl ooz El
If po ro N po o> plot

N
N
=2
> T
A
Ir
fol
&
N
N
%0
=
=
o
[-‘>~
o
o
>
o
re
Ipr
a2
o
il
2
BN
)
rlr
po
-

N
—_
'~ O

Ot
i
2

[e)

=

J) ol o] A, (a) Ni-NTA ©o}7} 2 = vl =0 14 315 & ~dl-S ¥ 3)a)=
F FDHIE 8.4 ®hg-7] ) Fx18taL, (b) 71 7]13}8t wh3-7] o] 7 A =0
BAE FA5te] =5 SalA 7] E B, A AT

2

ey

P o
i’
-_>‘4—",
2
=2
um,
T
I
o,
o
i
[.i_‘l
~ O
o
rioh
(o,
>
N
=
°
18
24
0
b

it
)
[
(r
iz
o
©
2
A&
2
[
L
[-'>~1
—|>i
=
e
ﬁ
N
ke
ai)
)
&
oo of
1&
lo
kol
[

oE 2
o [d 2 = BN R

T

T
N
=

> off

o

ey

> O
NE
[-‘>~
A
)
ra
5y
e
st
Y

b 2> orfe 2
Bl X
ol =,

OIOS—LMLAOL
N

)

)

o ofy
)
=

o> 2

X
A

O

P T o ox 1o
(e
>
N om N

N
iz

o —1&

N, 1 oofy
D
§2

L)
L
o
[
iz
ut
A
by

o
ool > 2
o & Momd
Moo (£ 2

rie
i
ol
2
=
I
)
N
%
&3
olo
N
lo
=
[
[
iz
2
o
o
[-‘>~
A&
.
[P
fu

R
X
>,

M2 o
kol
2
[z ra,
oo 2
N L

e
_—>‘~l_lll
fu
r U
0,
>,
2
N
re
b
)
o
il
kol
P>
T
olo
N
=

2
P, 2L
oZ,
2o
(i, o
X
=
[-‘>~
o
©
rfo
Ef
rioh
x
D)
n ©
©
oo
Ot
ok,

ML >

QL
e
S
2
o,
:(‘>L_r‘

%0 R ol oo
bzl

oz
o X
T X
5 M
> ad
O
r
e
NS
2
r{rﬁ
rf'z
>

OQ;HU
=
= X
H oo~
S
Y

—_‘-arl-\j:
Png
O‘>IiOE
2 1o,
= 10
%mz
L
% o
oﬁé
—l*o}.i
01:0_\-(1

X0

S



WO 2024/048837 PCT/KR2022/015180

[92]

[93]
[94]

[95]

[96]
[97]

[98]

[99]

[100]

11

<A Z <> FDH1-His tag A=Y &4 9] A=

pCM1109] HEta-F- 54 e & 2 -&3to] Al 23 MeFDH1 9] & A3
Foo Aloet3lth. MeFDHI ¢ 3/ B} ¢ % 3} f-d 2H(GenBank 78 W%
ACS42636.1(fdhla), ACS42635.1(fdh1b))3= eHa} A B4 o] C-Zetol] His6
Bl 1= FF YT PCR A= HEE2Y Aol E(Spel F Kpnl)E 53
pCM110°] AHFE Ath B Sefan e B sd o] 75+ 87| & 19
Hnﬂgo.] Ohj-

_ﬁ
)

st7] & 12 Bte| glol = E ool e AR IS 8 S A eE
LeRd Aol T}
1]
TF/E AN = d 54
ZT
M. X E =27~ AMI 2] sprfol Al (Rifamycin) A &, ok &
M. I 2 ZF A AMI (Afdhl &7 |Afdhl FIFM. 2 E =20 AMI
M. 92 E 2579~ AMI1 (A Afdhl I/ WEF M. A E Z A
fdh1 2F 7/ H E) AM1
R ey s/ =
pCM184 ] 42 23 A E (AmpR, Tet?, Kan
D
pCM184-Afdhl &5} pCM184 for fdhl &3} =5-o}5-
pCM184-Afdhl H] E} pCM184 for fdhl ¥ EF=-0}-5-
pCM157 Cre |2 a 2 43 HE (TetR)
pCM110 A2 EA WE (TetR), P
3R W E]
pCM110-MeFDH1-His eut A HFH o C- 2 His Bl 1E
3 8F5= MeFDHI A 23 # g

A3 vl kS 918 pCM110-MeFDHI-HisZ -3} o}




WO 2024/048837 PCT/KR2022/015180

[101
[102
[103
[104

— e e

[105]

[106]

12

E A o] A (MecAM LA S 33 & %(0D600)7} 0.5 W] 0.8 =28t w71+
30°Col A 2041 3F B oF A vk Wl ehe-S HE WIS 0.5%2] 55
ANz7 s Fskloh M 4841 Foll Wt A2 E F8etar
AAE-2](7000rpm, 4°C, 15+-)0] 2] &l A& M E A o] B S A2 w71
-70°CoN A Tt 7] v AEES] 7240 miF A= g AT T U S E 16
g/L 2212 2 Z 2~ 9 1) 2] (minimal salt medium) (1.62 g/L NH,CI, 0.2 g/L MgSO,,
2.21 g/L K,HPO,, ¥ 1.25 g/L NaH,PO,2H,0)& ¥ 33t} A 23 v Y =&
AEsk7] 9 g A A A 2= 50 pg/mL & 3] Al (Rif), 50 pg/mL 7Hui] A
(Kan), == 10 pg/mL Bl EZA 2 (Tet) S AL-&31A 0 A7 MAESES 25 |
Lol Ednto]o] o]z Ze} 21 S0l 200 mLe] 3] & o] 26°C, 200 rpmell A
ekt M E 5571 0D600 7| = 2.2 0.591 4 0.8°] 2 ] 0.5% v EH2<
H7tele] B2 6= FDHI-his tag 845 WA T Al = 5 48A1H&
| 9319 2.1, 7,000 rpmol A 1553 D4 8] sk ml g A EE & 53190
o|F o] & A|E 7] & o] &5te] 3 F 4,611 g30E-7F AN Ful st
A5 lS 323k T o] Z Ni-NTA ©}7F& 2 H] = (Bio-Rad, Cat No. 7321010)<
o]-&3}o] FDHI-his tag?h-S A8 A o = A 3} Zith

%19 Ni-NTA o}7F2 2= v o] A3 549 %25 e gdoh

0%
N
)
o
2
N
91_[
ol
T
olo
N
r U ml m
©
ofo
p‘L

=

=

r
>t o

rﬂ

" r

r

=

o

oo & =

oy 32
T

om0 & Fy
o O

kol
P o
o
o
N
s
&3

2
&3
olo
o
N,
o2,
ol
ok
2
5
I
. r
E oo &2
‘:_‘
~J
~
=
=2
>,
4
©
0%
il
>
&2
%9,
R
=
2o
©
El
ﬁ
i,



PCT/KR2022/015180

WO 2024/048837

13

T o
mo o5 R
B
&= e
auau,&%
o o

— N
N
HEMLZ]TMW

5 O
moﬂ«‘._ﬂmoﬂﬂ
@ZT%M
3
TTh
T
oo X T
,UWNE%
G % T
o =2
CRETIIN
oﬁammw/x
\Huﬂ_/ﬂﬂﬁ/ﬂaﬁ
& R
aﬁmﬁmo%
Ao XX
L‘ldd
Mmﬂwé
= 00 o
bwnm &
Mﬂa_ﬂﬁmw
SN X
M\Nroﬂm
=

=~ o0
=S 2

T
N 1
TK ©

e
Eﬁ
< A
ﬁi fite]
iy
B oh
MW ol
A~
;O ‘m
=
"D
ol WH
@%
O
i

i)

SIS

oK A

Nro olm ﬂﬁ

CllcelE

S B o

N~ o

olm o7 on

o) K

wWAR =

sy oW

Gy

o= =

- o

H —_—

= %
=
=

68 mmol 2] 71| 4tko] AAEE] 9 0| o] <}

&

ol A
o] 2 13X (Ambersep 900)

KeN
=

At

70 mmol&] 7} 7]

1. =
1. O

Fol 45 go] &

D

el

olp

olm

A
-

B
ol

0%

-

~

;OE
._Al
.EH

5

7 7] 8}

2=

sH7] &

[110]

%

olm

3£2]

[

[111]

Blel-|e
X
o) <
o R
op 3§
e
=3
= O || o
1_,m_| <+ | — | \O
Tor
=y
N <
TR
A
o
e
=3
=
—~ |
Z | wr
g [ e
= | Ho |
,mﬂr_w;w,
B |E [T E
- | = |= B

[112]
[113]

<A Ao 3> o] & W

3

s Bt

T
b

-

Bl

P & 68 g0l & W EA

233

=
=

ANZtoE SE EVY s E

Al
=

70l YEF AT & 790

i

X

)
4

7ol A 2]

=
=

1 EVY| 55+ &0l
A

X
gy
(o]
T

2ol ek

el &

B
A 5=

At g
o] 4 WA 6 mME

EVY 57} 10 mME T B4 §-% 5] a1 ok

o]%

2 Hol Auko] EVIF &

[e] =
e A7



WO 2024/048837 PCT/KR2022/015180

[117]

[118]

[119]

[120]

[121]

14

Skl FAE = Al o7 A H T
5 9= s Aol el it F i R Aol ol sto] o GE = vt w5 E
1

wH& Jim At F T A E ), o] xbo] b Fo] 2 nlgkaE Aol s m| ko]
Y= Ao® gl

ol WEFATE o] &3k AV 5} A Aujak ik A E 3 Fol
Wk s A& mpa Fglste] vt @3 A 38 skl ol o wte
1 M&] NaOHE ©]-&3} & 1| 7injato] &-2-5 S gkl 3t o), A af 2 o) A ¢
A At HEof S22 of| A -2y Jfujste] F B 423 107.2 mmol 2
FZ¥ P om, Aol o= 7lu kel =97 107.7 mmol & 3 F 99.5% <]
o] &8 2= whg Al 2] S FHES

gole maA el Ao F2 el Auate] FEES ¥ 100w
Jep el

al7] B 3 71518t whgvlol A of At Aakara seldlo] & el
Aot}

[3%3]
& ulat AL g Hl e dle] &
ol 2w gk Al o] Am At AT 72.6
(mmol)
Aefd of 7Hu) At Z&E 5 (mmol) 34.6
= 7 A4k AAHEF (mmol) 107.2
A2 g ol whE o Nt Ak 107.7
(mmol, 100% A3 7| )
e del A& (%) 99.5




WO 2024/048837 PCT/KR2022/015180
15

TS

7473 1] (i) 7 A= (cathode)F ¥ ol == (anode) & X316, HAE W o ===
2714 2 2 7 Y (electrical power source)ol] 12 = o] )= 7] 3}3)
BV ZA, 7] A s AAREAE F ke, ol hsheia i
oAl et A~ 5 E&sli= VA S T eE AR 7] A Aam
TH ¥ o] A=, #1713} et w37,
(i) 278 3h ol ik slha 3hel AT ¥
(i) 71 A==l &8 g ol qtshehA =
BT 2 Ade s, B4 dbE 7oA Askd vl akal Akek g
AAAG A E A7) 8bek vbg-7| 22 ddstr] gk |z
£ X sk, Huiat Al AA

A ARl Yol
A7 AR G A = vlo] & 2 Al (viologen) 71 & ZE= S EE S, A

]
[7d -3} 3] A 18} &= A28}

014,
A7) ol Akster A 39l g4 54 ¥ 94 a8 A (formate
dehydrogenase)? Az A

e 4] A WA AB3E 5 o = 3 &l glofA,
A7 FEN G La AT WY 2eke g e
oll 4~ & 2 F 9l ~~(Methylobacterium extorquens) AM1 -2l FDHI1(formate
dehydrogenase 1)%1, 7|7 A Al 22 #FX].

(713 5] A1 WA A47; T o= gk gkl JlofA,
A7 FEAETAEAT 32U TAH EEAL A a A
Ak Az A

Pdael A WA AsE 5 o = 3 &ol] qlofA,

el 4 8 4 = Ni-NTA(nickel-nitrilotriacetic acid)®ll 227 3} ¥

-

4],
e 71 AE WA A6d 5 ol = & el 9lofA,

| 3832 = A % 3 3 (peristatic pump)?!, 7] 7|4 A 2= AFA].
[7d 73 8] A1E WA A78 T of = gk el 9lof A,
71 A7)kt vkg 7| 9f A AR Y= MR A o E Pl FHo] 9,
] & .
41391 AR WA A8E T o] = 7 7l

g7
78 10] A1 WA Aod T of = 3t gof
er

[%

[e]

3111 () A7 &



WO 2024/048837 PCT/KR2022/015180

[7d -8} 12]

[7d -8 13]

[7d -8} 14]

[7d7-8F 15]

[7d7-8 16]

(7478 17]

[7d7-8F 18]

[7d7-8F 19]

[7d -8} 20]

[7d7-8F 21]

sheba s SN 7] B A, ] AAR DA = A s
Q o

o] AL, 7] oAb st ErA = o] 4B ERA Ha= o] AL S A E

g
e,
A7) A (1) A @7 A 0= s, Apvabe] Al .

A118F = Al128e]] 9lof A,

71 G A (Dol A AR E A = vlo]l & 2417 &5 2hi= 35291,
Au)ake] Az vy,

A1 WA A 138 F o] = 8k goll 9lofA,

A7) @A ()l A o)At e A B Y Bt A e A a
N

2,

0%
N
L
)
x
L
)
&
©
>
il
Biiy
)
a2
o
il
Mz
A
it
s
-
O%
it
f r
=
=
>



PCT/KR2022/015180

WO 2024/048837

17

H

@ 22]

Q_—rL

[

il

Fo

=0

N

A akel Az o

[ R==%
AN -y



PCT/KR2022/015180

WO 2024/048837
1/7

=X

H |
\ 0 MeFDH1 2Tt
| one C-2T Hisg Ef

HCOOH + EV2+ (pH 63)

CO2+H' +EV™

y €02 {3 = R
HCOOH + 28V (99999%) e

32
fc w290/

o
o EV*
o

o © + [ g
o B

[o]

CO2+ 2H + 2BV

A
b

y = UL




PCT/KR2022/015180

WO 2024/048837
2/7
L=3a]
+7HIJI*J(mM)o
A D350 52
¥ HHH0| 2E (%) 120
1 -8
= = &
i o
f_o - 60 S
= =
CHETE ey
Ly =
05 20
0-0 1 1 1 1 1 1 0
0 100 200 300 400 500 600
AlZE(A])
[5=3b]
40 12
~ 30 v o=_
£ =<
T 2 Iz
=0 ) =
0 T T T T 0
0 100 200 300 400 500 600
A7t (N) — HE (mA)
m AN mW/A)



WO 2024/048837

=
=t
=
rs

ol
S
>
=
ofo
eY:

rm

PCT/KR2022/015180
3/7
Z7: pH, HPLC
Ambersep® 9002
MeE Y
cH
N=CH,
CH,
X 24 (g 45
4 2] (ml) 70
A% (IM-HCOOH) 10
TIEE mERy
(mL) Q
28] (IM-NaOH) 35




WO 2024/048837 PCT/KR2022/015180

4/7
[%5]
a b C d . §|—||:|A}-‘=
< 23 1 () el
R R R
14 | A — - 100
140 ml
21 o9 1ev 1000
10 -
L 500
g - =
T L600 e
6 - =
L 400
4_
) ] 200
0 I 1 1 0
0 200 400 600

T8 (ml)

a: K% &I (1¢v)

b: 1T MDA 25 @4 CV)
C:EERLEHE V)
d: 1 M-NaOHZ €2 3 (V)



PCT/KR2022/015180

WO 2024/048837

57

=35l

H#av e

HI

x

+

()

» .H ]

20
sthl O

[}
W %
o

lolpT

g
=

|

(%666'66)
R 10D

Nt H+%00

(w p)
R BN
(7B Bi
Tiaivlo
I
2 z9) _| +2\3 + HOODH
¢t

N+ HE+ 20D

+N¢ + HOODH



225 -

PCT/KR2022/015180

WO 2024/048837
6/7
7]
-30 = A = [o)
I 0|% I"-%"TMEII‘Ol Ae Z:d'r
=0/ 2§78 = 23

300

400

0 100 200
AlZE (A
8]
8
-o— 7418
—a— 742 ED
Huo| EH 1A
6 ]
_____ -
4 JH0] Ak A4k
,,,,, L\
2
0 1 1 1 1 1
0 100 200 300 400

AZHA)



WO 2024/048837

59

Hojgt = ()

E (mM)

Ho
=<

ol

717

PCT/KR2022/015180

25
— HEO ) 0lg=l= Aol

_o HPLCYl oot Aofpt

ool g4

na
05 M

NH

S 74

-
ro
e
(=)
oo
—
[

1400 : : ' : : :
1200
1000
800
600 +
400

200

0 200 400 600 800



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2022/015180

A. CLASSIFICATION OF SUBJECT MATTER

C12M 1/00(2006.01)i; C12M 1/34(2006.01)i; C12M 1/40(2006.01)i; C12P 7/40(2006.01)i; C12N 11/08(2006.01)i;
C12N 9/04(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C12M 1/00(2006.01); C12N 1/20(2006.01); C12P 7/40(2006.01); C25B 13/00(2006.01); C25B 3/00(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: [PC as above
Japanese utility models and applications for utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & keywords: W] Ab(formic acid), 721 7] 3} 8} uk-2-7] (electrochemical reactor), 7 4~ Z (cathode),
A A4 & A (electron carrier), ©] 48} ¥4~ (carbon dioxide), 2.4~ WF-8-7] (enzyme reactor), L7 8} o] AbalER A 319 B A
(immobilized carbon dioxide reductase), 3 * (pump)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2011-0315560 A1 (RABAEY, Korneel P.H.L.A. et al.} 29 December 2011 (2011-12-29)
Y See paragraphs [0063], [0064], [0067] and [0068]; claims 1, 29, 39 and 40; and figures 1
and 3.

1-3,11-13

CO225-B] ¥ 24| % 7] 4 7] 2. KOREA CCS 20204+ & 1 314, 08 October 2020, pp. 1-136,
non-official translation (Technology Development of Formic Acid Production by CO2 Hydrogenation.
Final Report of KOREA CCS 2020 Program.)

Y See pages 122, 123, 128 and 129. 1-3,11-13

HERNANDEZ-IBANEZ, Naiara et al. Fabrication of a biocathode for formic acid production upon the
immobilization of formate dehydrogenase from Candida boidinii on a nanoporous carbon. Chemosphere.
30 November 2021 (Online), vol. 291, 133117, pp. 1-10.

A See entire document. 1-3,11-13

BACCOUR, Mohamed et al. Production of formate from CO2 gas under ambient conditions: towards
flow-through enzymes reactors. Green Chemistry. 2020. DOI: 10.1039/DOGC00952K.

A See entire document. 1-3,11-13

Further documents are listed in the continuation of Box C. See patent family annex.

the priority date claimed

*  Special categories of cited documents: “T” later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combmed.wnh one or more (.)ther.such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than

Date of the actual completion of the international search

17 May 2023

Date of mailing of the international search report

19 May 2023

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
Government Complex-Daejeon Building 4, 189 Cheongsa-
ro, Seo-gu, Daejeon 35208

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

PCT/KR2022/015180
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
KR 10-2016-0033411 A (KWANGWOON UNIVERSITY INDUSTRY-ACADEMIC
COLLABORATION FOUNDATION) 28 March 2016 (2016-03-28)
A See entire document. 1-3,11-13

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2022/015180

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-10,14-22
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Form PCT/ISA/210 (continuation of first sheet) (July 2022)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2022/015180

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
uUs 2011-0315560 A1l 29 December 2011 CN 102282295 A 14 December 2011
EP 2373832 Al 12 October 2011
Jp 2012-512326 A 31 May 2012
WO 2010-068994 Al 24 June 2010
KR 10-2016-0033411 A 28 March 2016 KR 10-1655939  B1 08 September 2016
WO 2016-043383 Al 24 March 2016

Form PCT/ISA/210 (patent family annex) (July 2022)




F A ZALR I A A YW B
PCT/KR2022/015180

A. g o] £31& 7| EF S AEIHEFAPC)

C12M 1/00(2006.01)i; C12M 1/34(2006.01)i; C12M 1/40(2006.01)i; C12P 7/40(2006.01)i; C12N 11/08(2006.01)i;
C12N 9/04(2006.01)i

B. ZALg Hof

AT A R A A S e /1A
C12M 1/00(2006.01); C12N 1/20(2006.01); C12P 7/40(2006.01); C25B 13/00(2006.01); C25B 3/00(2006.01)

ZALE 7w okl fate HAwd o] 9o £
G HAEAMTE B shm T A Ak H: AR HAEE el 7] A ¥ IPC
ABEZ AT B AET N GAGTH: AL H LR gl 7] A pC

T A ZARe] o] &% HAF dlo]H Aol 2(H o] H Hlo] 29 WA A A Mol dal= A9y
eKOMPASS(53] % W& AYA 2" & 7] 9 = 7| ] Ak(formic acid), 21 7] 3}t ¥F-2-7] (electrochemical reactor), 7]~ Z
(cathode), A A} A & 4| (electron carrier), ©] A} 8} A~ (carbon dioxide), 2.4 WFH5-7] (enzyme reactor), 127 3} o] 43}k A &
2 #.4(immobilized carbon dioxide reductase), 8 *(pump)

C. dAEH

G EEE AeFAY B v FAEHFHE F 29l 7)) w47

US 2011-0315560 A1 (RABAEY, KORNEEL P.HL.A. 5)2011.12.29

Y 2} [0063], [0064], [0067], [0068]; 473 1,29, 39,40, @ =™ 1,3 #Z=% 1-3,11-13

“CO2ZY-E % ‘:; 2HAH| 2714 7] 8, KOREA CCS 20204 & F . 14], 2020.10.08, = ¢] %] 1-136

Y H o] 2] 122,123, 128, 129 FZ. 1-3,11-13
HERNANDEZ-IBANEZ, NAIARA 5, “Fabrication of a biocathode for formic acid production upon the
immobilization of formate dehydrogenase from Candida boidinii on a nanoporous carbon”, Chemosphere,
2021.11.30(Online), 2917, 133117, H ©] %] 1-10

A AAEd Az 1-3,11-13
BACCOUR, MOHAMED -5, “Production of formate from CO2 gas under ambient conditions: towards
flow-through enzymes reactors”, Green Chemistry, 2020, DOT: 10.1039/DOGC00952K

A AAEd Az 1-3,11-13
KR 10-2016-0033411 A (332t &t 2F&+-5 = 1th) 2016.03.28

A AAEd Az 1-3,11-13

571 &2l colel 71450l Azt US55 el Bat BAE A2 AL

Qg T Ao &

“A" 53| fhele] A7 &FEe Ao T FAZAY B S0 ol BAE EPoR FA AF)
o Ea X erom g o] 7] 27} B A2} o 24 olaalv] A 2l

DR A E e 49 24

B mAEddig me 2 SRS I FAZEY o =g o) vl oY B9 Shnos A w
o] o] TP HEU e 58 £ AR e R H A o] 9y A 0w B},

LA Fg] GBS A S EE B B A8 B s el e Tt e s
AU EL ThE BUE ol (el §E WADE Wels Aoter ol Y TAL RN AL T A Lol S o] Yol che ¥ ohap
g 2 ASR 2 20| I A AP A A TE R

ce Fe ARl gl A ow B}

HO7 PE AN, AR, HA EE e SR el et gl B ; g

P A o) Fol FAHYO ZAZAY oA AR HR & TALASEATA Sk

SA A ] A ST SAEAE A EED

2023305¥17€(17.05.2023) 2023305419 (19.05.2023)
ISA/KR®] 3 2§54 B
B UE
(35208) A F A AT HALZ 189, 4% (EAE, A H U CEX
ARA

AN H 5 +82-42-481-8578 314 3. +82-42-481-5373

XA PCT/ISA/210 (- A 27y (202213 78)




=AEUHE
PCT/KR2022/015180

A & 2 29] A

o oA ¥
37akel hahe] = A2 AL 7} 2 A ol el gl g e,

o

AAAT AR TS 2T

PCT #| 17Z(2)@)2] 7+ o] whe} v}

=

L O g7
o] FFae £ 7] o] 2V H et gz o] BigyT 5,

-5 o sk A FU ] P2t 3

2 [ z+%:
3 g FA AR AT T elE A

3. A7) 4-10,14-22
o 27 7ol U} PCT ) 6.4()9) 5 WAl 2 Al sl 272) 3 ol uje) a3 so] 9l

4T S EA T

A2 PCT/AISA210 (B WA 8-2] ] Al :(2)) 2022\ 79)



= A EALE 1A TAZANS.
S5 B AR
HEE & PCT/KR2022/015180
x -—‘Z‘/\ ALk X hevd E =] 115 hevd
i F719) R F719)

US 2011-0315560 A1 2011/12/29 CN 102282295 A 2011/12/14
EP 2373832 Al 2011/10/12
JP 2012-512326 A 2012/05/31
WO 2010-068994 Al 2010/06/24
KR 10-2016-0033411 A 2016/03/28 KR 10-1655939 B1 2016/09/08
WO 2016-043383 Al 2016/03/24

A2 PCT/ISA210 (H]-8-5-3] F=7F8-#]) (2022 79)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

