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(57) Abstract: One aspect relates to a catbon monoxide (CO) dehydro-
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specifically, provides a mutated carbon monoxide dehydrogenase having
increased oxygen resistance and/or enzyme activity by having an amino
acid residue mutation. The carbon monoxide dehydrogenase readily oxi-
dizes toxic carbon monoxide at room temperature and at atmospheric pres-
v sure to convett same into carbon dioxide, and thus is capable of detoxify-
' ing same, and can effectively oxidize carbon monoxide even in a gas con-
taining oxygen and the like. In addition, a large amount of carbon monox-
ide, which is emitted in industries such as the petrochemistry industry and
the steel industry, tobacco burning, household cookware and the combus-
tion of various boilers, can be removed through a tobacco filter, an air pu-
rifier, a suction filter for household cookware, a gas boiler and the like,
and various uses are possible.
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45H o ddd

Z

A2 Bof, TR RE AT e 28 28 = A ALl o] ¥ 5K el
AE o] g}, 7] 28 A D& "2E 7 sHAl A 2 (operatively
linked)"¥ B2 T2 F 2 QB = L] AAl /b= o =8 248 5
o]

AR

M 2A - FE vk AV ERE NE = ZYAeA A, s
A Eoll A 9 o] vl A & uhe Bl o] A8 5 = Bode] A

= =
7] Az e = G A6 FAE TFE e Bal FEHE 5 U
A7) AT E Q8 A E i A8 AEE 552 o] THE 5 o),
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[65]
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ke
fu
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[l
p‘L
rr
ox
o
F

o) & o), ALg 3= WEl 7t ke Welo] o, 213 A
A

l—%xﬂ °J e 1l %xﬂ A3, SV40 E A A3, pMB1 S A 1A, o}l 1= A4l 9 A,
AAV 5493 L BBY A9 & E38, o] ol #A H = A2 of
S AEE AR LR i SRR Fol, v o
xR W) EE EGFE vl 2RV foH 22 R el g o,
ol mufole] 2~ 7] L ® T E, WAL o} vlo] 2] 2 7.5K iiEEi, SV40
Y ZREH, AlolEdZdZ2ulol ¥ a T2 RE D HSV (kX ZEE)7F o] §E
oul, WAl £ ALz ool sl NA e durd o 2zt

A Aol goiA, 4] A e o) 41 Aataes BaEs
S AT A AL HA A2 o] E AR E R
Carboxydothermus hydrogenoformans) -8 GArs}ekA €424 8 4 -2(CODH-2)%!
A9, 7] AR HHE IR E 49 A7) AL E o] Fozl
2= 5 AL, ok E o] FFE A mA
Sho| =2 | & 3 2 9F 2 (Carboxydothermus hydrogenoformans) 2 QAFs}ekA
G2 8 2-4(CODH-4)]! 75, 7] A5 W= Eddz 59 7] M=

o] 7ol FeliFelLE =Y = gk

>,

= q_e ok/\]-g /&5\_ LH é Wi § :{;_!_l/k%o
dehydrogenase) & & 5t 1| &2 A &gt

/\]_7] |v/\]_/\ L‘H/\-]n IYB—/\ g]_/\c-)]n, noOl A ﬂ'E}_jj\_ %Zl:i_vé‘_i" o - vyl " };_S
At el el 5= sl

% u] /‘Eg—— ]HZG]— u] /ﬁ%o]

o>“

)

m& BN

ol :'-TT

o HEE OWHUW < 1}
FAAN TAE AW G 55 A ELE o] 8 o, 3] Aﬂ}:ib 01]%—
E9°1, E. coli IM109, E. coli BL21, E. coli RR1, E. coli LE392, E. coli
1776, E. coli W3110, B}-4 ] 2= A B el 2] ~ ulA ] 2 FA A A =9 %%
vl s & @, el 3 AR A B9 e, AlEE o) nhE A B Tk
SR A 2T 22 AWET 75 Sol 9o, AEl M X A A3 7=
Af-oll = &5 M AEZA, 8% (Saccharomyce cerevisiae), <=5 A 3E, A& Al ¥ ¥
&&= M3, ol & E9], Sp2/0, CHO(Chinese hamster ovary) K1, CHO DG44,
PER.C6, W138 BHK, COS-7, 293, HepG2, Huh7, 3T3, RIN, MDCK Al| 3£ 5]
|85 4= Qa1 FAH OS2 E coli BL21Y 5+

03“:

o

é

H

9

>,

)
% o M

2

w
& 7
&
=

(o]



PCT/KR2020/011468

WO 2022/019372

M

A st

=
=

eF2 42 8 42(CO dehydrogenase)

"

st
=

1] A

" =]n [C1l- n
Elas S

2

2"

;o..a

bahga g

, n:§—_i %}_/\E}n, "(??1_/1\_‘

1_]:—/J\-LH/\C_)]"

H/\

371

[70]

kOl

-

—

0

‘oF
a2
o

i

o}
Hlo

Hiu

kOl

-

~

;OE

23!

wK

—_
fite]

N
ol

st
)

0%

-

~

;OE

_i_l

0%

#
=

ol
JrNO
=
4
;o..a

3

o

[74]

)
fite]
;OD
P

=
=

Al 7= A

==

= x
EZ]:]'—I

2= 8.22(CO dehydrogenase)

E/\c_)] n, "O]ﬂ—ﬂ'

CEA

7] A2 g

[76]

0%

-

—

0

Fn
-
Ao

!

X

[77]

[78]

Sk

==

= x
EZ]:]'—I

2= 8.22(CO dehydrogenase)

, n:§—_i %}_/\E}n, "o

7] A g

[80]

0%

-

—

0

TH
3
Ao

!

X

[81]

= o ol

s

[82]
[83]

= 3z
= -

eF2 42 8 42(CO dehydrogenase)

, n:§—_i %}_/\E}n, "o

QESVEL

H/\

371

[84]

0%

-

—

0

TH
3
Ao

!

X



o] F4eh

[e)

=

PCT/KR2020/011468

1

T

12} 71

A
Z

A

=
=

}

o]
i 7}

[

1
ZH

-
=

[e)

i

T .

(@]
A
=] 11—

],

10
o] &
s

nol A

2~
=

=

=

2

IAA Q37w R A28, 2, 2t

BHE opste A S A A
A2 A

o

1

=
ke

1

ko)
-

A1) 7]

o B A

_(H

Ea

"=
, B
=

&4 5 gom, thobrt
=

+e]

-

& 7t

)

- O

T

e R
prs|
4
Eu

ol A 52 -

5

}

-

H/\
W 72

=

/A B3 E R A 2H, AR, DA
Al

eF2 42 8 42(CO dehydrogenase)

&7 &A

F2 #4)

371

WO 2022/019372
A

[86]
[87]
[89]
[92]

® om N
RGNS
O X
%m&&wﬂ@
- Wr o~
AR
- .
P E YN
Cl B VA R
%o X = o
<A
iﬁﬂ%ﬂ%
_Miﬁwﬂﬂ
N G
W = o
2 8 e
& X2 N o gp
o O KX
RN E
o WA
2o M W o
A,ﬂ‘lo_ﬂwA
T 0 o X
o <
el
K A,Mlo
T E W
N o] W oMo
No o1 5% B% W

&°l

=

=1
T

] 3}

ko)
-

oF

., o}

1

ko)
ko)
T

b}, 2o, of

T

T

[€)
g

A
=

H)

[s)

& A A 7F 7+

)

(s}

S E
=

[e)

2ES

0]

CO dehydrogenase =.

CO dehydrogenase =.
}

O
8

H, 7~ H
9

=

byl
=

=

o]
H

&

=]

e,
o A

D
1

2

#4177

s
X=
L

U

1}

[94]
[95]
[96]
[97]



11

WO 2022/019372 PCT/KR2020/011468

[99]

[100]
[101]
[102]

[103]

[104]
[105]
[106]

[107]

[108]
[109]
[110]

[111]

[112]
[113]

[114]

AN el ¥ g A Mo Aely] S3 Ao B ungel Wik ols
ALl of] §HA ¥ 1= A2 ofH
/\])\lcql

1. i3t eba @542 4 (CODH)Y A% & 34

A A7 &# X CO dehydrogenase] A€ AR E vl o 2 5H7] &= 139 &
AEEE 2 st

o] Foll A 71 g4 o] =2 CO dehydrogenase Carboxydothermus
hydrogenoformans 2] ChCODH-IIZA] AtA4 WAd o] )= Ao & ezl
ChCODH-1Vol| H]&to] g/ o] 100 1| o] .01} 2h4of th 8 W Ad of glof kA
A Sl A= A S - w2 A A= e 2 A A

2. TS AASl et A DA S A(CODH)ES A vl

ChCODH-1I¢} ChCODH-IVE- ¥ 3}3}o] 1%k 3k CO dehydrogenase 5.4 5 2]

M AE gz alaste] Abd WiAd e 2 AT S Ao o A U E
AASATH(E 2).

5% 29} #o] CODHES] A€ H L& F3lo] ChCODH-IIo A 4t4 9F 4 4] <
A7 S AR of ¥ = 7] 24 L82(Leucine82), A559(Alanine559),
V565(Valine565), T578(Threonine578), 1580(Isoleucine580) & A A 8} S t}. o]
ol B BAlo] Aol ¥i= AS597) 27| A Au AT & A4S
Hol $-XH o7 Aol & HESl o, oo t]dle] & 19 E ]3]
F7HA QI Aol A & A 2fste] A ¥ S Xkl

3. 44k gl ek @4 84 (CODH) S S ol A A&
22 8.4~(CO dehydrogenase, CODH) ¥ o] & g -3F= A =3

(1) P8 distetb grigh

A A COo Braamio Ak ¥ol T3 (template) & = o] -§-3517] 93] C.
hydrogenoforman (GenBank no. NC_007503) -2l ChCODH-2 2 ChCODH-4
A S T sk A XA EHE 1 E 2)= GenScriptAH(Piscataway, NJ,
USA)E F3f 192 o= sl

271 A E C. hydrogenoforman 2 ChCODH-2 <& ChCODH-4 A A}+=
Ndel/BamHI =2 Ndel/Xhol2] A| ¢+ & A~ E (New England BioLabs Inc., US)=Z
37°C, 20%-3F A eH8F 3 SolGent™ T4 DNA LigaseZ o] &0 213 -8 o g
pET-28(Novagen, USA, A€ & 3)o] 23U T A7 cCOET4AaA
FHAAE SF5t= AH (A EHE 4 2 5E WA (Escherichia coli) BL219|
A4 (heat chock, 42°C, 13 =91 8to] ofA Y CO gdraa i s &Fste
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[115]
[116]
[117]

[118]

[119]

Az A= Alzstdq o

(2) At YA darste ik gL is

%71 4 € oFA¥ ChCODH-2E 8 2 =
*] 2H(single amino acid substitution)< ¥ &l F+¢-# 4
mutagenesis)S X1 & 5Fo] T}k AbA O
skl ar, ol o Wold CO griastE st = 2
3-(Doll A 2k mpk7EA] & gl gaf BL21o) =3te] Wold COo EFAiaE
Sk A2 A ES Azl

7] Hold Co Eia s oA ARgH Zetoln o] AR =&ty & 14

&k

-

@l 5 H9f ofn 4k
=¥ o] f-1k(site-directed

o) Mol YES

L

)

o,
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[120] [3%1]
EE EERN ss1eel [Aeu
o] 12}
AS59W F-5'gcgeggeggaatggatgeatgagaaggeggtag pET28a 6
R-5'tctcatgeatecattccgecgegetegeaace 7
AS559Y F-5'gcgeggceggaatacatgecatgagaaggeggtgg 8
R-5'tctcatgeatgtattccgecgegetegeaace 9
AS559S F-5'cgcggeggaaageatgcatgagaaggeggtgg 10
R-5'tctcatgeatgetitccgecgegetegeaace 11
AS559H F-5'cgcggeggaacacatgeatgagaaggeggtag 12
R-5'tctcatgeatgtgticcgecgegetcgeaace 13
A559D F-5'cgcggcggaagatatgcatgagaaggeggtgg 14
R-5'tctcatgeatatettccgecgegetegeaacc 15
AS559E F-5'cgcggeggaagagatgeatgagaaggegg 16
R-5'tctcatgceatetettccgecgegetegeaa 17
AS559N F-5'gcgeggeggaaaacatgcatgagaaggeggtgg 18
R-5'tctcatgceatgtittccgecgegetegeaace 19
V610A F-5'gctacttcatcgeggaactggaccecggagace 20
R-5'ggtccagticcgegatgaagtagecacegg 21
V610S F-5'gctacttcatcagegaactggaccecggagace 22
R-5'ggtccagticgctgatgaagtagecacegg 23
A559W/V610 A559W F&R; V610A F&R -
A
A559W/V610 A559W F&R; V610S F&R -
S
A5595/V610 A559S F&R; V610A F&R -
A
A559S/V610S A559S F&R; V610S F&R -
A559H/V610 AS559H F&R; V610A F&R -
A
A559H/V610 A559H F&R; V610S F&R -

13
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[121]
[122]
[123]

[124]

[125]

[126]

[127]
[128]
[129]

[130]

[131]

[132]
[133]

4.2 VA dAste s graga o I A A

A7l AEFE A E AR WA LAsl e AR G AR A D] HElA
pET-28(M @ 35 3) I AW E & o] -&3}o] His-tagd 9]
E]— FARAE al S }t %qﬂ_wgg_ zsL/H O}Oﬂu} 6L/K4%
vF& ¥ B = pRKISC(J. Biochem. 126:917, 1999) & &} 2~ =7} X 3]
BL21 2 & wfsto] HE AT vAES skl oL, ol & 72 vl oFsto
His-tag o] ©hild e 22 73 S §-5310] CO B4 84E A A ST

7] 1 9F-& 50 pg/mL ZHubrtol Al 10 pg/mL B EgFALol 29, 0.02 mM
A} (NICL), 0.1 mM AL A (FeSO,), 2 mM 2 -A] 2| 1 (1-cysteine) ©|
8% o] 1= TB medium (400 mL, 2 L &2~ 21)0)l A, 37°C, 225 rpm 2]
10 2 23 WA+ 5740 = v ekslg ]
o] &, a4 9 ¥4 7% (induction)E ¥ 3l A4 OD(optical density) 6004k°] oF 0.4
~0.60] ¥ F-of A4 X 3H(N,-fluxing) ¥ Al & ¥ (serum bottle)ol| 4] 0.2 mM 5 %= 2]
isopropyl-B-d-thiogalactopyranoside(IPTG)<} 0.5 mM ¢ &} 1 Z(NiCl,), 1 mM
A A H (FeS0,), 50 mM A 2HHF(KNOy)E 2H2 718l o) o, 2 5 &
30°C= 7<'l‘}~}\q

2441 ZE Ml F 2, 12,000 rpmol] A 304 {H4°C Aol LA el E Al A A&7
HATE 5 0} o, & 7] B (anaerobic chamber) o] 4] Ni-NTA #| 2 &
ol-&3st] aaE AA St

Ay
O %
Z7

KX
o] ‘?la—@i@ mL)t 20 mM *&E‘r Oﬂ H}Oﬂiaﬂ 2 Adsbsl kA 23 50 mM
HEPES/NaOH | ¥ (pH 8)2 ¥l HF-3-& § 4 FJ o7 A
SAHAJT A7 CO Eriit DAY | B9 (unit)+= + 5 30°C, pH 80l A 1
mmol 231 o dulo] &2 o Shdnk-Go] Ao g4 Fom Ao}

=
g
o
il
[-‘>~
P>
=8
e
)
kol
P>
=2
o
&
=2
u,
=
©
o
l
2,
o
=
=
=.
=5
@]
[¢)=]
S
usl
S
o
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[134]
[135] 7. AR Erih gL & B9 Ed W ol A (single mutant)e] 84 2
A WAg 54
[136] Carboxydothermus hydrogenoformans 52l ChCODH-112]| oFAY &3}
Ao A 2 E Ak WA S A A= ohr] 129 ZUTE A
WA S aae] ZA4o] 7] 24 tiH| 50%5 Aot At Alk 55
EA BT
[137]
[138] [3%2]
CODH &%  |[A¥9WE | &4 (Umg) |84 S A= AL 55
(mM)
oFAJ <& ChCODH-II 1 1,000 1
o 2 100 25
ChCODH-1V
ChCODH-II 24 3,000 25
AS559W
ChCODH-II A559Y 25 800 20
ChCODH-II A559S 26 1,000 50
ChCODH-II A559T 27 0 0
ChCODH-II A559N 28 200 <5
ChCODH-II A559Q 29 400 <1
ChCODH-1I 30 10,000 50
A559H
ChCODH-II A559D 31 400 <5
ChCODH-II A559E 32 300 <5
[139]
[140] 29 Ax}, 7] 3% 2004 & 4= 91%9], ChCODH-1I A559W <} AS59H7F &4 2
2 WA SHAA S -8 T 544 S UERRITE mhek A o] &
Aol M= ol Fol tiste] F7HA Q] &AW o] XV & =Yg o =M Aha
WAL 77171 A8 X 8sksit
[141]
[142] 8. LAFEL oL ase F 79 59 ¥ ol A (double mutant) 9] 24 3
A WAg 54
[143] Carboxydothermus hydrogenoformans 52l ChCODH-112]| oFAY &3}
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EdRolA o 2 H AMA WA S S48 A= obr] B39 2tk Ak
WA mae] &Aool 7] 24 Y] 50%E FAlsHE AU Al s E
FEA B AT
[144]
[145] [33]
CODH & AEHs | 24 Umg) |84 8BS FA8h= 2
5 (mM)
o} A <& ChCODH-II 1 1,000 1
o} A} & ChCODH-IV 2 100 25
ChCODH-II A559W 24 3,000 25
ChCODH-II 33 100 0
A559W:V565A
ChCODH-II 34 500 <10
A559W:V5658
ChCODH-II 35 1,500 <10
A559Y:V565L
ChCODH-II 36 1,500 <10
A559W:T578S
ChCODH-II A559W:L.82S 37 2,000 <50
ChCODH-II 38 1,000 <50
A559W:L82V
ChCODH-II A559Y:I580L | 39 500 1
ChCODH-II A559H 30 10,000 50
ChCODH-II A559H:1586S 40 2,000 <25
ChCODH-II 41 3,000 <25
A559H:T593S
ChCODH-II 42 3,000 <50
A559H:T597S
ChCODH-II 43 1,000 100
A559H:V610S

[146]
[147] 213 Ax}, T 304 E 4= 95 0], A559H:V610S double mutant2] 725 &4 9]
° =
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Bl A oF 1008 45 F-7Fetlar, o B 7bA] e X 7 Ak Wi Ad o] =2
oF ARl oF Y& ChCODH-IVel Bl s A 5 41 G & -2 214 A& Hol5al

o
k1
ojN o
N
i)

N6, of A <E ChCODH-IVol H| 3|4 = &4 &4 o] oF 101
545 Bol5a v

[148] EgH g9 Aol A 5 7HE Ab A Al o] 947331 ChCODH-II
A559H0l B8 A 5 20 & AkA WA S BT
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T4

(71 AR WA B 54 240 Sk A A A8 A(Co
dehydrogenase).
[ 2] e 1ol ol A, AVl Ak A g g A Y] Aatshe A

S a s 2WA ofu At 559 A o v Ak, 565 A ofw| Ak,
578 H A o} 1] 2k, 580 A o} Ik, 5863 A of ] gt 5931 )
ol =2k, 597H A o} =2k 2 610 A o} 1] 4k 0 B o] Fof T ol A]
AEE = Aokt shuto] ofn| mqlo] W E A1, dAksterA
el an.
773 3] e 20 Qlof A, A7l HE S A, ST 2] %
A E = Aok sl A, dAtg e s g4 R
878 4] AT 20 oA, BV] AakEiebA geA Ao g2 A of v Ak
21 (Leucine)©] 3, 7| LA ebA A 8 A4 2] 559 A o} 1| w2k
el (Alanine)©] a2, 7] LAt A g Ao 565H A o]
2 (Valine)©] 3L, 47| LAatsleba @528 42 578 A o} 2k
E ) & (Threonine)©] 3L, 7| A3 et A €24 8 4 2] 580 A
olu| w2k o] A4l (Isoleucine) @] a1, 47| At EbA EaA g A4 9
586H A o} 1] = Ak o] A4l (Isoleucine)©] AL, A 7] LdAks}gFA
A g A2 5939 A o] A E 9] @ W (Threonine)©] 32, A}7]

A S e A B4 g 4 2] 597H A ofv] = ARS E 9 @ W (Threonine) ©] 3L,

o
2

= o] Fol Xl ol A

2%

Ao

| ELA W

[ D= 1 et D

O

37 DAarsteta @A a4 6108 A o v AR W (Valine)$l,
A3} ErA B g A,

77~ 5] A8 300 oA, A7) A X Fkol
x| 2+¥ o}n] =4k E & & I (Tryptophan), E] 241 (Tyrosine), Al #1(Serine),
3] 2~ E] | (Histidine), o}~ 3} 2 E 2H(Aspartic acid), = B 4H(Glutamic acid),
o} 23k} 71 (Asparagine), ¥ 2} (Alanine), E #] 2.\ (Threonine),
= FEF(Glutamine), 721 (Leucine) 2 ¢l (Valine) 2. & o] 50 7 1o A
A= Ao & shi)e] ofn| =4kl A4Sl e A YAt g a,

73 6] T8k 10 oA, V] dAks A i a st AEH S 24 WA
439 7] ML o] Fo el A A E = st V] Ad=E
ol Fo X He|FEU QL BVt I e Al Ask st e

[ 73 7] J-8) 100 oA, A7) Ak WA oF A 8 (Wild type)ell B3l 1 WA
20001 S7HE AR, dAkstetA g i g A

[%d -3 8] 73 1o ol A, 3] JA 24 oF A ¥ (Wild type)oll Bl &l 1 W A
20001 S7HE AR, dAkstetA g i g A

789l AbAa A B 84 2] Tk kst A g A8 4 (Co
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dehydrogenase)& A9 ol &gl wEH QLE =
F10] AR WA EE 54 g4 o] SR dAs ek A B A8 4(CO
dehydrogenase)E 2 5f = W,

[
= -1
[ T8 11] A A I A FA)o] =
T+

(o]
o 7
dehydrogenase)& W& sh= 1A &

<} 12] A YA B 84 24 o]

[}

[j(‘)] A =0

<
dehydrogenase)E A5t HelywEd LH s ddetE nAAE S
MFahs WS T g ok AT
PR el s g |
g4 8 4 (CO dehydrogenase) E 5 A1 7|
Absheka o] A7 Hh.
A8} eF ol A Al i g4 B4 o] 7R Al s ek
242 F.4(CO dehydrogenase) & F F A1 712 @Al & E3at=
o| A3} EF A o] A& .
[ 15] At A B mh 24 o] S7ke AAks ek A E A | A(COo
dehydrogenase)& E & sh= dAbsleta AlA A

[% :rLz‘sL 16] A2 LHAJ = g4 §1/H ]

(e} [}

[7d -8} 14]

I A (5 ru

_—

T7hd A4Stk @44 8. 4(CO

dehydrogenase)& E &3t T H.

i 01
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51]
0, sensitive RruCODH
o/ R.rubrum
\ /. CheoDHH
oy /an #~ C.hydrogenoformans
N \\ \\\\ l (J/;/ / 92//
\\\\\ Y ! ;/ ) /100
RN L ChCODH-V
“agt ! 100, -
W g9/ Clhydrogenoformans
- 99 98\“99 ,/7 Sl ‘/"/110»0‘1'00" :"ff

g w00 g
o Py %

-
iy 100100 ,
S
o /{
ChCODH-IF
C.hydrogenoformans
100
98
97100
7
N
o
A00 f\
7 R DvCODH
7 |
! /% I\\ \ D.vulgaris

Fast rreactivating

The phylogenetic trees show the orthologous relationships based on amino sequences of the CODH proteins.
The sequences alignments were performed with the ClustalW 1.4 program, and the trees were constructed using
MEGA 6 software with the neighbor=joining me thod (1,000 replicates). Bootstrap values (>30%) are displayed
at the branch points. Abbreviations: ChCODH-1, Carboxydothermus hydrogenoformans (W011344718);
ChCODH-II, C.hydrogenoformans (WP011343033); ChCODH-1V, C.hydrogenoformans (W011343666);
DvCODH, Desulfovibrio vulgaris (WP010939375);RruCODH, Rhodospiriflum rubrum (W011389181).
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“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
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considered novel or cannot be considered to involve an inventive step

“E” earlier application or patent but published on or after the international h
E PP P P when the document is taken alone

filing date
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cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
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in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.
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