O (19) it =53] % (KR) (11) FANE  10-2024-0116377

(12) TM=53]3H(A) (43) BALA 20249078299
(51) =ASs&F(Int. Cl.) (71) =44
C12P 7/40 (2006.01) CI2N 15/70 (2006.01) A7t g e
CI2N 15/74 (2006.01) CI2N 9/02 (2006.01) NLEWA nlET MW 35 (A% A4gs
CI2N 9/04 (2006.01) )
(52) CPCE3 &+ (72) 2=}
CI2P 7/40 (2022.01) X
CI2N 15/70 (2013.01) ASERA upE T 22972 3, 106% 15063
(21) =93 10-2024-0003744 o)A
(22) s49x 20243019099 AEEHA ST AR 1218, (Rl F, 23
AR TEA 2024301909 W 57| 2L HE) 201% 16015
(30) +HAF% (Fvle) A2
1020230008870 20231101920 1= (KR) (74) gael
L NIE B )
AA A7+ F 10 F
(54) Wrge] WA dilstets: AEHE AEuE 0] &F 1&o R AiAseALE AFAIE WA 2" ' T
3

g Zlo= 5
solvent) ® &S X3t &9 A7 &4 Ud FHHE gastebs; 2 A7 89 Yo FY5= d-Ax A
2 Zvl(whole-cell biocatalyst)E XE&3sIH, 7] distets &% diA &= 2 ofAlH o] E(butyl
acetate), E(heptane), =& (octane), Ato]ZFZ 3N AH(cyclohexane), EF<M(toluene), oE oFAE| o] E (ethyl
acetate), tlFE R (dichloroethane) 2 Tlo|edE|Z(diethyl ether)® o]Fo|x T O RZKFE AHEEE= of
L oaht B olE T 2 ol EFE A, dAsEA ngHE AL ulE o8 nkow UsgsE
AZA 7= HH-gAI~E 9wl @3k Aol

; Carbon monoxide
_ -~ Biocatalysts

-

\

Carbon monoxide dehydrogenase Formate dehydrogenase
(CODH) (FDH)

e e @&@
@ @ i
i Y

CO + EV* CO,+EV HCOOH + EV"

High-CO soluble
non-conventional media

Water

High-volumetric formic acid production



(52) CPCESEF
CI2N 15/74 (2013.01)
CI12N 9/0006 (2013.01)
CI2N 9/0008 (2013.01)
CI12Y 101/05006 (2013.01)
C12y 102/07004 (2013.01)
(72) gzt

A A7

vA4d

AEEHA vl MR 28, AMZHA2EY 7025

z£9

7% AYA] GFT AR 340, 707%F 3043
o] W& X Ygt FItATINEALY

HA LFHE 1711153913

A A S 202332004

T2 I8t & B EA R

A B (L) 7188 AT AS

ﬂ?%ﬁ% C17t=g golH gAY

A 2HA Cl1 7t A& 7le &%

A3 7] A7 ) gkl

A7k 2023.01.01 ~ 2023.12.31
o] W& X Ygt FItATINEALY

A LFAE 1415180675

AR E 202343001

v A AL

A B () 7188 el 7|37

AFAFG of| 4 2] 15 S A (RCMS)

AFIA Y S-S 9138 CCUS A

A 4=3Y 7] g A7 ) gkl

AF717E 2023.01.01 ~ 2023.12.31
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A

ASEMA oHT 26 17, 1=
'| ;g-/vl
MEEEA whE g R 35,
SA 7= A gkAF BE 12533

Q%5 Aet
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7] & o] Ty dAkstEA; W
A7 g Yo Fdu+= A-AE AE Zvf(whole-cell biocatalyst)S X331,

A7) garsleb s afSE A&l BE olAlH o] E(butyl acetate), 3 EF(heptane), = Eh(octane), AbolZ
=1

2382 (cyclohexane), EFM(toluene), g olAlE|o]E(ethyl acetate), TlFZ=ZEo|¥H(dichloroethane) =
o doH 2(diethyl ether)2 o]Fox o BHEH AEUHE ox sy EE ol F 2 oy E£FEQ
AQ, ditstes: &S E AL UE o] &3 aHoR Ui EALE HEAT]| = HESA|H,

A7 2

A7) A, A7 Atk agen tiAle ) 2 Y] =ol EHE] F4E olHd(emulsion) FEY
g = PN

»
—
2
e,
>
oty
(i
[
K
oo
:Oé
i
fu)
__>I‘_'44
oo
2
=
[oje]
=
[aw}
)
wm
<3
=
<
D
o
=
D
=
=
o
—t
=
D
wm
<3
<
D
]
=4
)
i
o
o=}
%t
ol
ol
ls
oo
12
o
z
olo
N,

of A-A¥E AE Zvf(whole-cell biocatalyst)ES FY3t= wHAl; 2
o ditsletAE FUSIHA, V] §dE wRkA= GAE Xesia

471 dakste s agel= AE = 2 obAlH o] E(butyl acetate), ¥ (heptane), =T(octane), AlOlE

28 2F(cyclohexane), EF(toluene), g olAlE|o]E(ethyl acetate), TIZFZ=ZEo|¥H(dichloroethane) =
o doH 2 (diethyl ether)2 o]Fod FOo2HEH MU= ou sy EE ol& F 2 oy E£FEQ
AQ, ditster s &S AL E o] &g u&o R UASELE HEAT|= U,

AT 6

471 (S30) ©AIe] 7] &AL, 7] darstea gl diAlSv
)5

(emulsion) eIl A, Uiteersr 183 %

A3 7
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A7) (S30) @A, mWFEE7E 200 RPM WA] 400 RPMQI A2, UAbslels 1 &alx thA&mE o] &3 udko
2 daslE RS A 7])E

47 Aarstebs wgSe oAgu) R A7) Be] Fululi, 1:99 X 99:181 AQl, AAEEA ngsw oA
LS o] &3 NHoT AABEAS HIA I E WY

3TE9

A58kl Q) o] A

A7) A-AL AE S, CDHE 3 AR S0E 2@dshe 219, dasus wgAm A E o8
g n&ow Aitsieas AEAIIE W,

373 10

A5 gleiA,

(540) swre] ghai®l §olo] Aisighs nEAE ASNEY BEoR Reuy, 47 BEo A5 LE
A FESE W O EFEE A9, dAHEL D NASNE 088 IEow ANFVLE A%

7l & & oF
Bogge Qusits ngdE dASINE o8 nE0R UNATLT ARAE WSAZY D Yol ¥
AL, % A wEE ddsieg s 5

A &

=<
2Hf“iﬂ%iE%%Eimﬂoﬂmgmwsmmm
= biocatalyst)E ©o]&3}e] &0 F

o ABFANA ANAZ AR2ot AGEE S, FHEE A7 BESY AR ASE] ag Qo]

7] Lfﬂﬂ*Oﬂ(Carbon—limited condition), 7}=-NA EAAG &7} FHo ANEEE AASE H$7F Bt

(534 1]

dC
T kz.a(clt:»mm“d - C(gl)
E Gas dissolution rate
(37] A 1604, (Fha-oA) BARY &%),

k;a = Mass — transfer coefficient = Gas — liquid interface area (volumetric mass transfer coefficient),

cgaturated — Gas concentration saturated in liquid -
o T (ge=)
Cg) = Gas concentration in liquid o])
=

SHA | 7€ AETAY E4AY £5E5 SUMA7]7] s AFEolA =, stirred tank reactor(STR), bubble

column reactor(BCR), airlift reactor(ALR) &2 AEWS] /MAS T3] EAAY Ao(ka)E S7HAA 7F=

- BAAY S8 EolEe Alk=Eol o] $tuh.
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a8y, oleh ge Wby o JlA-dA BAAY & o [{3] Bo| i3 54 kA5 (C0, CHy, Hy) 9
2 gAER &) AA AAE & ge F=2H IAE A Q.

L dHY 2%, 7la-9A B d5Eg el AAE =Y, AE FAHAAN 2xE dFEFHoE AkE

N3, dEe Fo] fIEE Folv AL HE Fyo] I wkE fulo] wE} sfa-dA) BA 4E5FES oy

s Aol 7P AAH/AAHo A A7 AL gl B3], (0 7tAE 7HEE she] E£EA

i

(formic acid)<
2 &£l &5 dAdY, veksk ke gnjs

Arbels AEFA doAA =, 07 Boll e 7H=-94 44 3
AgotdFole =etal, 7ta-dA =ddE 28 NS Atdls /o
VY7l edd

B 5528
(M]E3] 53 0001) Stone, Kyle A., et al. "A mini review on bioreactor configurations and gas transfer
enhancements for biochemical methane conversion." Biochemical engineering journal 128 (2017): 83-92.

(H]E3 &3 0002) Hettiaratchi, Patrick, et al. "Recent advances of biomass waste to gas using
landfill bioreactor technology-a review." Current Organic Chemistry 19.5 (2015): 413-422.

(M E3] 53 0003) Kraakman, Norbertus JR, Jose Rocha—Rios, and Mark CM van Loosdrecht. "Review of

mass transfer aspects for biological gas treatment." Applied microbiology and biotechnology 91.4

(2011): 873-886.

(B E3&3 0004) Krishna, R., and J. M. Van Baten. "Mass transfer in bubble columns." Catalysis
today 79 (2003): 67-75.

A (B &3]3 0005) Ivarez, E., et al. "Mass transfer and influence of physical properties of

solutions in a bubble column." Chemical Engineering Research and Design 78.6 (2000): 889-893.

(B &3 &3 0006) Shimizu, K., et al. "Phenomenological model for bubble column reactors: prediction
of gas hold-ups and volumetric mass transfer coefficients." Chemical engineering journal 78.1 (2000):

21-28.

(ME3]E3 0007) Ma, Zhen. "Solvent effect on CO oxidation as a novel diagnosing tool to pin down
low-coverage CO at the liquid-solid interface: An in situ infrared study." Journal of colloid and
interface science 304.2 (2006): 419-430.

(H]E3E3 0008) Xian-Liang Song, et al. "Effects of bmim[PF6] treatments with different
concentrations on microbial activity of Saccharomyces cerevisiae." Korean Journal of Chemical
Engineering 28 (2011): 1902-1907.

(ME3F3 0009) S.G. Cull, et al. "Room-temperature ionic liquids as replacements for organic
solvents in multiphase bioprocess operations." Biotechnology and bioengineering 69 (2000): 227-233.

ggo] g

s EdstE = A

 dtdo] sjAdstaa) e BAlE, (0 72E & Hd F lowA, AE FHCd 48 7Hed daksieis a8
= A& (High-CO soluble alternatlve solvent)d] FAF @ o] A& el F2a-ol A

EAAY £ e s ¥EA(formic acid) T 3 S =
o] &3 m&oR AAIHAE EEAM(formic acid) 59 AAHER ASAI)E A2 2 Wy
2} sk Aoltt.

Bowbdo] a5tz st FAle o)A AFE FAo] ATEA gkor AFHA &S T UE FJAES
o] 7|MB2HEE FAe] Z|Extol Al HEstA olsd & Ao|rt.

¢
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HA 9] djd T

2 gl o Sdo]| wEw, vk 71

solvent) ¥ & X¥3te= &; A7l &4 U FYHE
A& Fu(whole—cell biocatalyst)E 2&3st™, 7] ditsted 183 E diA&uie F4d ofAlE o] E(butyl
acetate), &H(heptane), =E(octane), Alo]ZFZ3F(cyclohexane), EF M (toluene), ©oIE olME|o]E
(ethyl acetate), HZFEZ&d|ek(dichloroethane) ¥ tloEoE]Z(diethy]l ether)® o]Fojx FOoZRE Ad
HE o= sl e olF F 2 oo E£3ES] A, ditsted a&dE AL uE o] &3 a&HoR o)At

stebas AeA7)= WA gl Ale .

AAslelA 783 % A& v (High-CO soluble alternative
dibsteba; 2 A7) &9 Yo FYEE A-Ax

o714, 7] a4, BV datstes agE oiAS H A7) Eo] £l FA4E olEd (emulsion) &
Bl AL = Ao

71 datstea agei= oiAS ) 2 AV = Fuhle, 1099 WA 99:191 AL 4 gl

o

)

e

i)

o od
)
ot O

2l = Y

cell biocatalyst)S FdstE WA 2 (S30) A7) &9 o] dx3esLE FAsAA, A7) §A4S wHkA] 7]
= 9AE e, Av] datgers 18 A= FE olAlElo] E(butyl acetate), ¥ E(heptane),
S EH(octane), AFOlEFZ & A (cyclohexane), EF<M(toluene), old olMElo]E(ethyl acetate), T]EFZZo|&
(dichloroethane) 2 TllEeEH 2 (diethyl ether)® o]Fojx] Fo2HEH MEHE o] 3l e o5 F 2
o] e E3HEQl AQl, diksterd FEIE dALHE o] &3 n&HoE AASEHLE HABATIE W] AT
.

A71A, 7] (S30) ©HAle] 7] &9, dr] dAkstea ngE=E diASu] 2 gr] Bo] E3tE FAE ol
U (emulsion) AFERS]

X,
o

aelan, A7) (S30) WHAIE, wHHERE7E 200 RPM WA 400 RPMSI AL 4= Qlt},

ERE, 7] (S30) @A o] Fel AW, (S40) npto] ghE §ofo] AASEa
3L

a
o= FHHH, A7 E5 EAske TEAS FEste WAE U Edete Ad

gyl g4
2 g wai, (0 M3 vlole FAHS 7o R &8 Jhedt (0 7l St dgE A2 diksieks
th A& (High-CO soluble alternative solvent)E ©]-&3l= ¥F-A]2E]l 2 WIS Eg) ugkHo=

T
.
s TEN 5O YHEE 28D F 9

Eo2v 2 e A Al :
Al71E WS BolFs Aol
32 el o AAjefel mE CSTR whe-7] wolA o] mnksid §oo] HEs HojFs Apxlolrt

50,
o
Foil
[
-
-
o
D
D
D
o]
N
<
8

= 5 dAkstea agei= oiAS el Eo] 1119 FaHlE Al S, aAEx
3 T

I E o)},

Agrfet Zo] 1:19 Fauz 4]l §oelM, d-Ax A= Fvie 5 I
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rr

HE RoFE agzelr),

% 8& (STROIA], %9 obdlHlolEsh Bo] 1:19] Rujulw A9l 88 Agali A%, 2ol Wa] 8ol A
sl A Ae el ey,

B5g A3 A8 79 U

, 5& Fxste] £ dygo] &3l V& FobidlA TAY AAS TH At §olstA AAIE
NEH & %}“39] Ao st FAs] ettt a2y B dHe oy 71X Adoldt ez FddE 4 9l
om o7|o|A ArstE AA ?ﬂ'xéE]X] RETh. ESH, B gAA A 583 FYHA & fojE] U3
A B dygo] &3y Ve BoklA] BAAHCRE AMEEHE oHE Zte Hod ol Fojof & Flo|tt
2 GAA A ALSE ol B AAAE AWy fete] ARgEW, 2 UHS Agslr] g o] ofyr
2 GAA oA AFEEE @5 FEHY o= EY T2 A5 £938] AYste Ao] oiygd, HE42 FHE
2 g F Aok, =3, B Aol AFEEE "E83 T (comprise)” R/EE "¥3EH=(comprising) o]}
v goje due 34, 9A, =4, 32, A, 84 Y/EE ol 1w EAE SAsE 3o, gy o
Ao o2 ¥4, ©A A4, T2, FAl, 84 H/EE ol IFY EA e FUHE aiAISkE 3o oyt

= fole o FAlEe] Agdex dds AL ouE Erk of

s

)=}
— a
g AAE EHor AAY A7A EIEE Jhdolt).

}_
I o) WA7E T wAl el xska vk @, o] of® RA7E e Pl
3 ® AN AHEE &

Aol ol AS® ok F Rl Afelo] E the At EAlsE AE e,

of a/EEe Y AAY G F ol sht W st ol¥e] BE 2P EFAT. EF, B G
AgEE ep, nadH o Fol AR folt nid A% L BA g oA goslel, 1 FAL A
o W S ol BT AR Agen, 24 oS ) Aol ATA AL AN S A5G

|
F
i

05 CO,= &3} w28 wi7l3l= carbon monoxide dehydrogenase(CODH) Ad Az E.coli BL21

E.
#+59 €05 EEAHformic acid) o2 A35E WSS w7l formate dehydrogenase(FDH) EAE AW A

%3t methylobacterium extorquens AM1 %5 ©]&3le] CO 7t22HE EE4H(formic acid)& A2HgHl]
A, Cooll el o fIAEE zt= gAakslelAh w8sE A8 (High-CO soluble alternative solvent)& 2
SA A 7ta-dA) BAAY S2E NAAL 5 XN, uAES B 7uk A Holrbr] wliEe] A
&3] mAEol oust JEgFs X = nX| gl

wEt | EA w7} E.coli BL21 ©5$} methylobacterium extorquens Al 5ol AEsH oz o] 715314
ARE sl (0 7tA2HEH XEAS 1502 Akl A 483 4 b

CO 7k2=9 & oA ] galE(solubility)el gk ZAME 7|Wro R o8] FRHo ditsiebs o
|-wjjoll EH@ AAH/AAEA HrME Ay dart Y, oHe f‘éﬂ% ZIdto 2 AAE ditster
A g ufjoll A o] AEFA tigh wkgAd /ol e HUME A Zavt 9

o83 HIIE Eolo], A-AE YE Zvu(whole—cell biocatalyst)d AL 7FeAS IGdE 4 9
A (solvent toxicity)oll W&} A-A3E 1143k (whole-cell immobilization)ol] W3l AET} o] Fof
|9 YA €09 g3lxmel BAste, & digt 849 & rE EAF FE 28 (nolecular interaction)o.
2 AAE3, BAZ AsAEoA g A =

H=7d gelfell A 0] &alert 2 AtelEoe]l BN, 7IEHos v=4d a5 WolA 09 &s=7t =
) EaSiNe) =

A QR whet o 2k 7 €1 (long-chain alkane)E
o] 749- AN E] (cavity) ol C07} g9Z9ES 5 9

M, HFAS 7 SAES e E RIS AAsta, H-AE(vhole-cell)dl et 54 H7ME Pt
T 3l

37 & 18 0 &k 2Abe Aol gl 56709 SviEs ot
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Category

solvent

[CO] mM (Solubility)

Condition

water

0.921

1 atm
303.15 K

Salt Solution
(aqueous)

water

153.181

1 atm
303.15 K

Copper (I) ammonium
carbonate

water

1.718 / 2.989 / 4.051/
4.953

(62 / 141 / 239 / 369
mmHg)

293.15 K

Copper (1) ammonium
formate

Salt Solution
(non-aqueous)

benzene

1.745 / 1.535

1 atm
303 K
CuAlCly (100 / 1000 M)

toluene

2631.229

1 atm
293.15 K

CUA1C14

toluene

0.0866 / 0.875

303 K
CuAlCly (100 / 1000 M)

1,2 -Dimethylbenzene 0.741 303 K
CuAlCl, (1000 M)
Organic Solvents methanol 417.264 5.06 Mpa
and water 298 K
acetic acid 148.245 5.06 Mpa
298 K
methyl acetate 466.273 5.06 Mpa
298 K
N-Ethylethanamine, (diethylamine)
N,N-Diethylethanamine,
(triethylamine)
Saturated and pentane 16.255 1 atm, 298K
Unsaturated
Hydrocarbons
n-alkane hexane 13.592
Heptane 11.752
octane 9.165
nonane 8.915
decane 7.82
Cyclohexane 9.094
methylcyclohexane / H] = 1 atm 298 K
cis(and H]$=
trans)-1,2-Dimethylcyclohexane
cyclooctane 6.326 1 atm 298 K
Aromatic Benzene 7.002 1 atm 298 K
hydrocarbons Toluene 7.504 1 atm 298 K
Trimethylbenzene 6.419 1 atm 298 K
Methanol 8.10377 1 atm 298 K
benzene 7.601 1 atm 298 K
Acetic acid H]Z= 1 atm 298 K
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Alcohol Methanol 9.347 1 atm 303 K
Ethanol 8.379 1 atm 303 K
1-propanol 7.354 1 atm 303 K
1-butanol 6.8 1 atm 303 K
2-Methyl-1-propanol 7.07 1 atm 298 K
2-propanol 7.917 1 atm 293 K
2-butanol 6.888 1 atm 298 K
1-pentanol 7 1 atm 298 K
1-Hexanol 1 atm 298 K
1-Heptanol 4.87 1 atm 298 K
1-Octanol 4.8 1 atm 298 K
1-Nonanol 4.55 1 atm 298 K
1-Decanol 4.47 1 atm 298 K
cyclohexanol 36.34 1 atm 298 K
1-decanol and 1-dodecanol 5.8 1 atm 293 K
(equimolar)
Ketones, Acids, acetone 9.077 1 atm 298 K
Esters, Ethers acetic acid 7.07 1 atm 298 K
cyclohexanone 308 50 atm 313 K
Methyl acetate 465.7 50 atm 298 K
Oxybisethane nd 1 atm 283 K
1,4-Dioxane 5.68 1 atm 296 K
Organic compounds aniline 2.2 1 atm 298 K
containing Ni trobenzene 3.8 1 atm 298 K
nitrogen pyridine 4.8 1 atm 298 K
1,1-Dimethylhydrazine 7.7 1 atm 298 K
Propanenitrile 9 1 atm 298 K
Benzeneacetonitrile 3.1 1 atm 298 K
Other fluids Octamethylcyclotetrasiloxane 10.5 1 atm 298 K
[0037] 7] F 19 vk 9lE 0 &=t 2AME A ol 5670e] & Fold mEdide] HE 1879 fAES &)
& 20 YERA ST,
#£ 2
[0038] Solvent 0 solubility (mM) |EHS(Environmental, health and safety)
alcohol cyclohexanol [36.34 2.976812548
n-alkane pentane 16.255 4.075734191
hexane 13.592 4.078301188
Heptane 11.752 3.800457482
Ketones, Acids, Ethyl acetate |[10.36 2.89
Esters, Ethers
Aromatic hydrocarbon |Benzene 7.002 4.234963509
Toluene 7.504 3.303634283
n-alkane Cyclohexane 9.094 3.973359459
Alcohol Methanol 9.347 2.658903575
Ethanol 8.379 2.56
1-propanol 7.354 2.904567149
1-butanol 6.8 3.03990716
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Ketones, Acids, cyclohexanone |6.16 3.265413892
Esters, Ethers Methyl acetate |9.314 2.441849921
butyl acetate |9.7 2.546483243
isopropyl 9.873 2.764615511
acetate
1,4-Dioxane 5.68 4.973142336
acetone 9.077 3.114155134

Faz, A7) 3 2914, cyclohexanol, pentane, hexane, Heptane, Ethyl acetate®] 7A%-, &3} H|ndte], (0
o] gal=7F 10 WA 50 vl Ax=E =rlE AyE HolFa, A<l Benzene, Toluene, Cyclohexane,
Methanol, Ethanol, 1-propanol, 1-butanol, cyclohexanone, Methyl acetate, butyl acetate, isopropyl
acetate, 1,4-Dioxane, acetone?] Z-$-ol%, &3 v|watod, C0Y {3=7F 4 YA 100 AR Z71E A9

HoEo),

o]-gato] AABEAE X EACRE ASATE WA LES HoFE JiEfeelal, k2% i o o A4
of w&, ditsleth nESE gAGUE o] g3t YAslEAE EEAICE A Y= WHE HoFE A
TZolt},

1% %28 Fxsd, Uy A S o2 diseth ugdE dAEmE o83 oz ikl
BAs A= HESA|AES wke o ©@7 dAks ek 18 thA| & (High-CO0 soluble alternative
solvent) B E& 38t & A7) & e FHHE dAkstea; 2 A7 &9 ol FdEE dA-AE
AE Zvl(whole-cell biocatalyst)E 23gtat, 7] ditsiebsh 183= diA&ule FE ofAlEH o] E(butyl

=
acetate), #E(heptane), <<E(octane), AFo]ZFZ3A(cyclohexane), EF<M(toluene), o€ oA HOE
(ethyl acetate), TEFZ2E(dichloroethane) @ tlo€oH 2 (diethyl ether)® o]Fo|x FozRE M

= o= sy = olF T 2 o) EEER] AS SHeR .

ofwl, 7] tAguE 4] 8F) gulz BAHE AL ok aE:, Y] dAsuE, 0% FAHeR:
$e opdElelE, AR, ¥, AlolERaid 4 k.
g

oA7IA, 7] datsteba m8sE Al C0dl dldh 837t molA], HhSAIZE YolA m&o g Uiks)
BAE X5 59 AAERE HAEAZ 4 = FH-o] A

Hhg-o] dojur] HelE A7) ditsletr 3 &SE dixlSuie E3 4ol ¥ FEEHo FAdEH dS F 3
o}, RESA|=Elo] ZEstHA] wybo] AFET AJr] §de A diksteA mgdE diAew 2 gy go
E3tEo] el AAH EASE FHE HolxF: PAH oHH(emulsion) AEIZF € 4 Y. & 204 £
ol &A= 452 LE4S Yy, dAsletAh s ¥ 5o R HEAT|= HEgo] mE S22 Aoy
7] M datseh 18 giAgve}l B8 wHAA Y] S9E &S dEd AEE s Zov)
ATh. o] F, HESA|xHS] ZFo] WEH | oAl B3 AAseks 383 ALt BEET, oju, EEA
2 Bol v mol A HW, =% A 7t 7S

shE ) 7] daksieba ngEls diAE 2 ] 89 FIulE, 1:99 X 99:10 AY & o, oldnt
A EE H2 ol

aga, A7) A-ME AE Fus, diksEs [A3S 93 CODHE Egsts AE FHud 4 A3, ol#d
CODHE ¥ 33l= AE =ul:e E.coli BL21 o5 2 Methylobacterium extorquens MMl w55 E3tsl= Ad S

oL}, oldnt A= R ofytt,

2 Sdo uE disletr 38 giAEvE o] &3t YAsle s A TE WHE,
A3 Er A T8 = A &9 (High-CO soluble alternative solvent) % &5 ¥335l= £HS w37
(520) 2471 €9 ol H-M3E AE ZFul(whole-cell biocata

ps)

, ly =
(S30) 7471 &9 dlol| datsterAE FYstdA, 7] &94E wvA7= dAE 23k, Y] dAksiets 1
fel=  tAEulE BY ofAlH|lo|E(butyl acetate), FEr(heptane), ZE(octane), Alo]EEIAE
(cyclohexane), EFdl(toluene), o€ o}A|Ho]E (ethyl acetate), TlFZZo|E(dichloroethane) % t]odg
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[0055]

[0056]
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ol 2 (diethyl ether)® o]Fojx O RFEH MYEE o= 3l e olE 5 2 o9 £F=9l A
o7 3},

=)
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n

o714, &7 tAS = 7] 8% BriE A= AL ofdn. adal, A7) tiAE s, U AR
./_":

& L oox N oo i
o
P )
s
_OL
X
ﬁ
£

o L
o &

EEIERT

Working buffer water:solvent = 1:1 solution
Electron mediator ethyl viologen 10 mM

Whole-cell E.coli BL21: 2.4 mg/mL (CODH 2.4 U/mL)
M. extorquens AM1: 8 mg/mL (FDH 1.2 U/mL)
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ﬁﬁ froee
-
— dz ol oy
=

>
EY
i

)

o tgAe] e A st

1:19] U] 41Q) oo A,

62 Fx3H, ofd) & 4o lAE A
:: AW,

sk
BN
)

R
lo
=
olo
¢
ol
oX
[o
ot
N
[«0
ol
rl
11
o
o

X 4

43 =4

Working volume 20 mL in 125 mL serum vial

buf fer water:solvent = 5:5 solution (1) Control: (200 mM bis—
tris propane buffer)

(2) Toluene

(3) Ethyl acetate
(4) Butyl acetate
(5) Heptane

(6) Octane

(7) Cyclohexane
(8) Dichloroethane
(9) Diethyl ether
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5

=

=

H

e
=)

E.coli BL21: 0.24 mg/mL (CODH 0.24 U/mL) M.extorquens

AM1: 8 mg/mL (FDH 1.2 U/mL)

ethyl viologen 30 mM
Syngas 2.0 bar

i tigo® 3 ARk

=

=

Electron mediator

Whole—cell
Substrate

A-AE Y=

[0057]

2) Water:Butyl acetate = 1:1 solution
_12_

300 mL _in 2.5 L CSTR

ethyl viologen 20 mM
Syngas (C0:C0,:N,=50:15:35) 2 vvm

CODH 15 U/mL FDH 80 U/mL
30

1) Water (200 mM BTP)

Electron mediator
Enzyme loading

Reaction buffer
Substrate

Working volume
Temperature
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[0064]

[0066]
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# 8

Reaction media . Cco*(mM) k.a (hr_l) Theoretical NCO*(mM/hr)

(solvent :water = 1:1 solution) (=)

Control (water) 0.98 73.1 (1.6) 36

Butyl acetate 5.33 80.5 (1.3) 222
X708 FEei, 7] Adxdelre ol2AQl 0 AEEREs 222 mi/hr 2 ANEH, AA 5t
2l A (volumetric productivity) Z7F= o]¢f B]AEE 211 mM/hrE SAH, w37 E9xAdA%E CO
S TS B AxtEY FI iAol FTUMES #EdE 4 Qduk. s, ¥ 59 ¥ 79 AY =S vu
Sto] A EW | F 59 Ay A= vEA|2EH Ao EAAYE A (ka)7t B serum vialolAd, X 79

=

A e ddAoR o e BEE4dY FF(ka)E 7 CSIROA A3e] APgHJT. = 7 % &= 8

7HA= CSTROlA diA vl E ARESIS wf, 2540 9

BomANe e B g wiaAd AAde date] Ao, W 54 gojge] AHgHYoY, ol
EH 2w s Es 4 Awstal @] olslE w1 % AnkAQl ojuelM AR Flolx], & T
Hel Welg dAIA s AL ok, of7]d] AAE A6 Slelm B wel J)EH Abgel wEE &
T Wy sol AA Jhseithe AL B W] &alt v BololA Bae A4S 7 AdA ARE A
ofch. wheprl, el Mel= AWE AAldel st Asteld Aol ofrar ARielel ZAE 1A Al
o3 ga)Aok gt

=9

=91

: Carbon monoxide
_—~ Biocatalysts

\
\

Carbon moenoxide dehydrogenase Formate dehvdrogenase
(CODH) (FDH)

High-CO soluble
non-conventional media

‘ 7 ’. Water

High-volumetric formic acid production
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k1
g
[\

Product isolation scheme (Fed-batch, immiscible solvent)

Mix by

Before reaction mechanical force Product isolation
(production)

100 RPM 300 RPM
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k1
N2

Formate (mM)

Formate (mM)

30+

25+

20 4

154

10 1

—l— control (water)
—®— methanol
—h— ethanol

—— butanol

—@— cyclohexanol
—ll— acctone

—— cyelohexanone
—@— toluene

—— cthyl acetate
~@— butyl acetate
~— heptane

—1— octane

—><— cyclohexane

—— dichlorocthane

diethyl ether

—ll— control (water)
—@— methanol
—dh— ethanol

—%— hutanol

—— cyclohexanol
—a— acelone

—P— cyclohexanone
—@— toluene

—k— ethyl acelate
—@— butyl acetate
—@— heptane

—+— octane

—>— cyclohexane
—#—dichlorocthane
diethyl ether

Time (hr)

A @

Time (hr)
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k1
N2
()Y

30+ —il— control
—@— toluene
95 —A— ethyl acetate
—W— butyl acetate
—<— heptane

204 —P—octane

—4&— cyclohexane
—®&— dichloroethane
154 —@— diethyl ether

Formate (mM)

Time (day)

1
g
3

1207 = Control (water)

® Ethyl acetate : a
A Butyl acetate ’
—w— Toluene

Formate (mM)

= (@) 0 o
o o o o
1 1 | |

N
o
1

]

l"‘ ‘\\

ZIHSd 10-2024-0116377

o
*

0.5 1.0

Time (hour)

e
o
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