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@ 5 A m, 200 MEE AHge 49, AE 4 BAe mdet W % proBl EE o) ol

y g 3% & do

AE FZGshs A Abololl G3SGsTG;SGs = A
7}

"5 bsal AR e W Bds ddE 2AAA(d): 22wy
T AL Aelel A5 MY A SAvisiel, ol of3) 3] zEALE 3]
& =48 A,

2 (eE 9, dAF @43 dwld) e 24 AE(E)ol 43d o Aike 2dSs JhsstA st A

z e W, AL (pre-sequence) Fi= 1] 2] (leader )l

5 & b oSkl 257t

B9 ZYALel Zs7bsst Al AA

A5 ZY Mol As7lssiA AAEAY; e
=)

)
o
fr
B
oft
N
)
of
ol

AZE 'S AA" ik AMdo] HE ek, w3k &y g A
ulstcy, ey, Q1@A (enhancer)© HE5T FQ7) /\T;}- °©
grol Aol d(AA) el 9l e, s F7F S48 g F
dLE= oJHE (oligonucleotide adaptor) =& H# (linker)E AM&-
SHAl AAdu o], Y=gt dde] gHe] Hgitstaio A1
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U
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O
2
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o
& to (m

T
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e

£y

O

(pmoB1, pmoB2
29 golAolds T }04
2 Y
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fol

BN e
X
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>
N
e,
o

v

)

i
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%t

of

rlr

2

N e
ok

e

o

offt

o
2
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it}
4

30
2og

2
n

Axke] IPEe 9stol A}ﬂﬂh e
DNA ¥

2 O
>
At
il
2

1 bl =
)

>0
g
o
Mot
i
_O‘L
rlr
2
BN
jured)

E

0 W= sFAE} FY
Wt W (Invitrogen), pE
A8 A= st o] A wiAE 23E £ vk A7) mrle
U 5A4S e W AdR, FAASE AxE HEAE

£, Z}ulo]4l (Kanamycin), G418, =4
(hygromycin), Z=Z#¥|YF (chloramphenicol)¥} 22 AYA] U4 @ikl glort, olo] == 21 oy,

;_]
_& et
22
[}
<
o
0Q
D
2
|
o
5!
ot
i}
4
30,
o
+
:1
gL
)
rlr
pocy
fo
2
j:
L

A7) WHE Z2RHE X3S 4 Qo "ITI2RH"E FF Ao R HE DNA JAERH J9s oulFiy

AALE AAISH7] $18ke] RNA EE]HfolAl7E Ajtsts DNA #4H8 Edith, B 2y nE Y2REE &3

5 B9, E. coliolA HALE A &= e 3 EDHE FuUol A gd BWES ¢ lac, trp, tac, APL,
=

S x3e F o, ol AgkEE A oyt
7] Hake e 2/EE AAE A% Ha =5 7] HaE dEstele A Ay Add = Y. 4 o
2, 7] "date His B2, Flag ®lz, S Bl 53 S 2 Felol= ez, GST (Glutathione S-
transferase) BJ7Z, MBP (Maltose binding protein) EJ7L SO =2 o]Fo]zl oA AA3 A A= ¢ glor},
olof Aty A e
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[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]
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[0067]

[0068]
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A7) AzxF mABE] sFAze wEbA gwAe] wd®I 54 o] vEA JeEhdER | BAd 7Y A ek
STAEE Muste] A8 ¢ vt sFANERE AT (Escherichia coli), vHdel2~ B EE] 2~ (Bacillus
subtilis), ZEZERLO|M2  (Streptomyces), XY (Pseudomonas), Z 2|92~ wgblE]~(Proteus
mirabilis) Bt 2EFHR AT (Staphylococcus)®t 2 A3 &5 AE7F oy o2 AFEHE AL
ofuth, T3, (oS 5o, olxd 2AY(Aspergillus)), BE(AE 5o, IXo} sd2EE~(Pichia
pastoris), AMFEupolAl2 A ZN|A|o (Saccharomyces cerevisiae), FZFAVFYEvMA2~(Schizosaccharomyces),
E2¥es Atk (Neurospora crassa))sd 22 b ¥ Ax, FF AE, HE AX, I{Ee & X
e s JAIAE Fo AEXE SFAEE AT 5 9Tt

STAE W2 =9ste BHe 2t

g U AAHTH, A, uAFA, BEY, HE2F, g &
= A A AZA, vlol7l= DNA, 1 mlel& H seteEd 3 DNA fr9s 2RI an
£ £9] Sonitron 2000 A]Z=®l(Rich-Mar)< ©] &3 WHE it Ao AL 4 glow, o
A Ae A|2~®le Amaxa Biosystems(Cologne, Germany), Maxcyte, Inc.(Rockville, Maryland) % BTX
sular Syetem(Holliston, MA)<] ¥}HS 33 slc}.

=
o
(¢
o

Houbgo] w2 H ¥ C-terminalol] wWEALS g A9 A1 521 (pmoBl, pmoB2)E 2
Qab WA A K9 fHF8A 0" Yz (genetic reassembly) B F AE= A

=
H
2 e Fol B4 7 B thed R gFgire] sl shaln.

O

e Ax JegAE Beed 349 B3 solmmAd nAsse] 2L
gom, shol=A o] FE - A Ea vhegate] @4ol B §47 Hv ol
FAH AN, ey selmzae] e

2
%0,
|
=,
fil
Mo

ol fu
B
T,
olo
>
[>
)
[o
=
e
ol
38
s
o
S
[
fil
i
N
=
=
i oo fol

A2 5 Qe W ke, stol=z el Hof
2 WERAoE ANE Fede melFan,

whebA, o B oohE dgelA, a4 Uy

Y= d 27t ariEate] &8k (encapsulated) o], 1 U 7

a B
d 145t g4 et B3 A

AV

T3 524 YAl n2AE dbeA7)E GAS 23, 54 UedATT @Al @A o2 5o izt
of MEstEo], T Wi ddetA BExd nAs 54 Vgt Alzdyel B3 Aoltt.

A7) GAle NEAN, Agd, 2, Z2g-L-gdelil, Z8-L-3&Ed, ZE-L-ol2rd, LFEN, 287t
uFFERE, AAYo|E | strEAYygdERz ez FY I, ojdrox duxrE Zgoladal, Zgolmd
olmlol= | Z@|WElo}m AL, Z@tol=EAdErEl g Y ols Z2&, HEFZEZE, X2EFX, =Sl dA
2802 FEEAMYAER = Zu|duEgE, Zu|dYRETEEA, ZedddEdE, Zgud
or=  Eglujyol o] E,

g Eof, Fie] AAY nEA &
v A4 gAY, 1A e
of Ea egAE BASAY, BE &

’ = L
FAlol A EE,  TAAZE, SAMZRE,  WZiRE, BNRE, HEEERE,  D4LE,
247, duZradelsd, dunznsed it AsdEdEdoyd 4 gout, old Auu:s
& ol



[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

ZIHS3d 10-2020-0114723

2 ogwel] me shupel WG, T el 37 Rk vhedAst wgsel, FUsl RER w¥R A
sel=z g ARSAT. FALOR, Bk vhedd Bl J1571% AF ol wd], okaY], EE B
WA 30, oE Bl BaF 1WA 69 AR ABHAL MR o}AR/NE wAse] Hh s

1=
1
ko] ol @ J)5v)R A8 4 QS v

oled 7577k At a4 UnAe neA 9RA dE B0 ndA dRAE oA, ofadotrtel=
stol gAY WElTHYols, dEdZFeE, N N-ddolu o d HEILYE, UYFEN E= 7| EALT
FENEE F A, AdE 5—; 24 Y9 mdHe XERE ofWlVIZE N-AMilojudela gy olE
(Nsuccinimidylacrylate, NSA)®} Whg-3to] F3uh-go] 7hsgh HDVE 7H2 &4 U=YgAE AT = Q.
Eisul % =99 PAELS 54 YeAE S3) Hek shaer whgATl A, G4 whge] o3 wgke] b3}
ARERQ WEkEe] BAAES Esglon, BiES St 74 ANFT AB}FE E 5dA ek o] FRls)
k.

ERE

oot AR Folel ¢ uge 0% BAs ddaad da. o G e a4 4

@ JomA, ¥ URel WS} ol AAd Sfd ARAE Ao HUEAL BE e FUAN B4
O

[AA1dl 1] pMMO-mimics &E& Y=dzre] AFAES 9 dd HE Ax

st7] 3 19 71A1E WE 2A T wial PCRE E3te] pmoBl2, ferritin-pmoBl, pMMO-mimics (pMMO-ml ~ pMMO-
m4), site-A mutant of pMMO-m3, site-B mutant of pMMO-m3, pmoB-free hulF particles with Hiss, pmoB-free
hulF particles without HisgZ A& sttt AFE RE Zgizn= @y dEgE o722 Ao AA|TH
e kA E DNA Al A S B8] IS gttt

A PCR AHE-S A8 o2 pT7-7, pET28a (Novagen, U.S.A.) #Hd-& wlE o] 4F3te] Zhzbe] ora
FAY 5 wd AEE e

Z¥zro] whilA in-9atse] WER eSS pT7-pmoB12, pT7-hulHF-pmoBl, pT7-pMMO-ml, pET28a-pMMO-m2-B1,
pT7-pMMO-m2-B2, pET28a-pMMO-m3-B1, pT7-pMMO-m3-B2, pET28a-Mut-A-m3-B1l, pT7-Mut-A-m3-B2, pET28a-Mut-B-
m3-B1, pT7-Mut-B-m3-B2, pET28apMMO-m4-B1(R), pT7-pMMO-m4-B2, pT7-huFH 2 pT7-DK-hullF= R 3staA ). (

1
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[0079]

[0080]
[0081]

[0082]
[0083]

[0084]
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[ 1]

=% 293 23 99

NH> Ndel-Hs-pmoBI (H33-T172)-5:(GRLGGG)-pmoB2(0265-M414)-

B12
. HindllI-COOH

ferritin-pmoB1 NH-Ndel-He-fmHF-BamHI-pmoB - Hind[lI-COOH

phO-m1 NH>-Ndel-Hg-hmHF-BamHI-pmoB1-5-pmoB2-HindllI-COOH
1. NH-Ndel-imHF-BamHI-pmoB1-Hind[I-COOH
PMMO-m?
2. NHx-Ndel-Hs-imHF-BamHI-pmoB2-HindllI-COOH
e 1. NH-Ndel-lntHF-5;(G35G3TG35G3 )-BamHI-pmoB I-HindII-COOH
. 2. NH-Ndel-Hs-HHF-BamHI-pmoB2-HindlII-COOH
) 1 NH>-Ndel-mHF-5;-BamHl-pmoB1(H33N, HI1374, HI394)-HindIll-
sife-A nmtant of
CO0OH
pMVMO-m3

2. NH-Ndel-Hs-hmHF-BamH-pmoB2-HindII-COOH

site-B mutant of 1. NH-Ndel-wHF-5-BamH-pmo 81 (FH4SN H7 2N}-HindIII-COOH

pMMO-m3 2. NHy-Ndel-Hs-hmHF-BamHI-pmoB 2-Hind[I[I-COOH
1. NH-Ndel-hmHF-BamHT-pmoB1{R)-HindlI-COOH

pMMO-m4
2. NH-Ndel-Hs-imHF-BamHI-pmoB2-Hind[II-COOH

pmoB-free

huHF particles with | NH-Ndel-He-nHF-HindllI-COOH
Hiss
pmoB-free
IuHF particles NH:-Ndel-He-D4 K-huHF-Himd[II-CO0OH
without Hiss
(& 2]
Name Sequence No.

TSQVRONYHQDSEAAINRQINLET YASYVYLSMSYYFDRDDVAILENE
fermitin AKYFLHQSHEEREHAEKT MEKTQNQRGGRIFLQDIQEPDCDDWESGLN
AMECATHI EKNVNQSLLELHKT ATDEKNDFHLCDFIETHYLNEQVEAI
KELGDHVTNLEEMGAPESGLAEYLFDKHTLG
pmoB1 HGEKSQAAF ME.?IF‘.TH—I“TDI_SWSK_EK\-"KH\IET\.’EDCGK_FHVFEG‘J.’PE
3170 TVDEPDVAFINVGMPGPVFIRKESYIGGQLVPRSVRLEIGKTYDERVY | 2
( 2 LEARRPGDWHVHTMMNVQGGGPIGPGEWITVEGSMSEFRNPVTT
QAGTMERGMEPLEL PAPTVSVEVEDATYRVPGRAMEMEL TITNHGNS
pmoB2 PIRLGEFYTASVRFIDSDVYEDTTGYPEDLT AEDGLSVSDNSPLAPGET
(265-414) RTVDVTASDAAWEVYRI SDIIYDPDSRFAGLI FFFDATGNRQVVQIDA
PLIPSEM
pmoBl{H33N, | NGEKSQAAFMRMR TIHWYDLSWSKEKVKINETVEIKGKFHVFEGWFE
HI374, TVDEPDVAFILNVGMPGPVFIRKESYIGGQLVPRSVRLEIGKTYDFRVV | 4
HI3g4) LEARRPGDWAVATMMNVQGGGPIGPGEWITVEGSMSEFRNPVTT
pmoB1(H48N, HGEK.5Q&-‘-&PMP\_‘T«-ETN“-'YDLSWSKEKVKBH"ETVE]KGKPN\-’FEG\ET}E "
HIIN) TVDEPDVAFLNVGMPGPVEIRKESYIGGQLVPRSVRLEIGKTYDFRVV 5
™ LEARRPGDWHVHTMMNVQGGGPIGPGE WITVEGSMSEFENPVTT

[AAe] 2] pMMO-mimicsE XZ3HatE Ax3 grld o]l A3A (pmoBl2 A¢)) 2 AA

4t @5 BL21(DE3)[F ompThsdSs(rBmB )& 7] Axg &8 wez 27k g4 ddsiedct. 53], plio-m2,

pMMO-m3, site-A mutant of pMMO-m3, site-B mutant of pMMO-m3, pMMO-m4+= th&++ o BL21o] F 7l &4
MES B0l A Ansidon, WA Fhbelel el AgAe] = A AVAE A, A A

g% S 50 mLe] Luria-Bertani (LB) BA] (100 mg L' dxAdA7 100 mg L' Zhwto] Al 0.2 mM CuSO,

455 dfste Z823(250 nL Erlenmeyer flasks, 37°C, 150 rpm)ollAl Hl¥3tit}. o]& A|9)d vwx|
kil b2k (ferritin—pmoBl, pMMO-ml, pmoB-free huHF particles with Hiss, pmoB-free huHF particles
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[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

S3IES 10-2020-0114723
without Hisg)v U A™e] A&Ao] U= A AFAE Adadvt. 4 s od++S 50 mLe] Luria-
Bertani (LB) ®1%](100mg L A5]2€, 0.2 mil CuS, )8 &Fal Zeh-27(250 nl Erlenmeyer flasks,
37C, 150 rpm)el A wjeksldct (= 2). ®iA] B%(0.D.go)”F 9F 0.60] =&& uw), IPTG(Isopropyl-fB-D-

thiogalactopyranosid) (1 mM)<& H7}sle] FAAe] WS GETt. 20CAA 14 A7 vk &, wjekst o
A3tE 5,000 rpmo 2 587 YAl RElste] #A HAES 5 T 5 ale) ) SH(50 mM NaHPOs, 300 mM

NaCl, 10 mM imidazole, 0.2 mM CuSO., pH 8.0)o] &E3}e] %3} }37](Branson Ultrasonics Corp.,

Danbury, CT, USA)E o|&ate] mpafiatqich. =3k £ 13,000 rpme & 1087 AR E 5 A5
SHAE ey, HEE AedS WA AxF add &3 dw sxEldy YA Ad

::‘4

NiTNTA affinity A2REadYE 98 F, A2 NS FEsa v wde s AW Axy
A 98 4 ATk 7 e S A A obdlg 2o

D) Ni -NTA affinity Z&vkE e

Az GuAS A etel 7] BAE FAR WHoR WP AP HNFstel T AL DAL 5l
dh2] &-H(50 mM NaHPOs, 300 mM NaCl, 10 mM imidazole, 0.2 mM CuSO,;, pH 8.0)el AIFf3laL Z53} 347]
g o] g3l AXE st vAE AEAS 13,000 rpmel A 1083 AR s T A5 ARt 2Ed &
7t Azg @A Ni-NTA A% (Quiagen, Hilden, Germany)& AR&ate] 77k ®alstdet. (A1 Bl¥: 50 ml
NaH,PO,, 300 mM NaCl, 10 mM imidazole, pH 8.0 / €% ¥ : 50 mM NaH,PO,, 300 mM NaCl, 250 mM imidazole,
pH 8.0).

2) EE3 g

Ni“NTA affinity A=rEad9E Ad €29 2 ale A2F @MES ultracentrifugal filter (Amicon

KR
Ultra 100K, Millipore, Billerica, MA)o| Ho} A= 2ol Imle &No] P& wf7}A] 5,000 rpmo2 YA #g
=2 Akt 1 Fo Tris ¥ H (20 mM Tris-HCl, 250 mM NaCl, pH 8.0)& w3 u3+S sjFUct.

[AAe] 3] A=3 @94 pmoB129] A3, A 2 2 &Y
A 7 BL21(DE3) [F omplhsdSs(rBmB )1E A7 Alzxy @& WEz 27 g4 dstelgion, Hujado

A AEsr. ¥4 A%® WAFS 50 nlol Luria-Bertani (LB) ¥)%](100mg L
= = Z223(250 mL Erlenmeyer flasks, 37C, 150 rpm)olAl ®iFsFSith. wix] %
s00)7F SF 0.69] =& w, IPTG(Isopropyl-B-D-thiogalactopyranosid) (1 mM)S H7}sle] f-4x}e wt

& FEskh. 37TColA 6 AIZE vl =, vkt diAd+S 5,000 rpm 2 5E3F 94 st 4A HHE
S 343 5 mLe o} &M (50 mM NaH,PO,, 300 mM NaCl, 10 mM imidazole, 0.2 mM CuSOs, pH 8.0)el &¥

3

k3
slo] &9} 3}4)7)(Branson Ultrasonics Corp., Danbury, CT, USA)E o]&3te] mpafstaict. a3 & 13,000
rpme 2 1087 AR F ATy Eg4 SAES Bsdt. Eed EEA $HAS dA Az o

e g3 wdE S|aEdy YA AZS o& S Ni“'-NTA affinity A2ufE#9E AP3k 5 %3
i o

H =
Ae Ba 9E9e APedon, AEY W AxF BNAL SESe] 4AH Ax DAL
H A 71 A= olale} B,

1) Ni“-NTA affinity J=ebE 12}

Az A pnoB12E A7) $18ke] 7] WAlE U oz wgE S FFate] o AE A
S 5l 3 &N(50 mM NaH,PO,, 300 mM NaCl, 10 mM imidazole, 0.2 mM CuSO., pH 8.0)°l] AF-F3F Z&H
7S olgste] AEZ Fstgt. sE AEAS 13,000 rpmol A 1087 HAEZ skl 1 B84 S

v BEE 55 opl HA A9(50 mM NaH,PO,, 300 mM NaCl, 6 M Gdn-HC1, pH 8.0)ell 1A1Z&<¢F ARH3haL
13,000 rpmoll A 2083 QA el 1 FEolnk Bas F A% @A pnoBl2E Ni -NTA 7 (Quiagen,
Hilden, Germany)< AF&3te] 27k B&8kdtt. (A1 w3 : 50 mM Nal,P0,, 300 mM NaCl, 6 M Gdn-HCI, pH 6.3
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[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

SIHS31 10-2020-0114723

4% Wy A 50 mM NaH,PO,, 300 mM NaCl, 6 M Gdn-HCl, pH 5.9 / &% W B: 50 mM NaH,P0,, 300 mM
NaCl, 6 M Gdn-HCI1, pH 4.5).

2) ¥4 3}74E& 53 pmoB129] B EY

Ni “-NTA affinity AEREIHIES A €59 4 nle AXF dwd fdoja] wwizgo W
Gdn-HCl1S AA3] AASH] $8] @AY T4 dAE Q&3te] pmoBl29] &4 skt &, &5 £4(20 mM
Tris-HCl, 250 mM NaCl, 1 mM CuSO., 6 M Gdn-HCl, pH 8.0)o] =3 ©@il=zS 3AI7F H<F 4CoA T4

2 APty , F 63 ¢ GAEE Gdn-HClY 55 IM® S5, HFE @A+ Gdn-HClo] §l= 9=

M (20 mM Tris- HCl 250 mM NaCl, 1 mM CuSO,, pH 8.0)<& Al&3sle] 33 F4 #}AHE &S] Gdn-HCIS €3

3] AASIATE. v e 2 | 2]E Y pmoBl2E YAl #2](13,000 rpm, 204, 4TC)el 93] @A A
sl AA o 3|7l

FA A4S EI dojzr gEY 9@ pmoBl12E ultracentrifugal filter (Amicon Ultra 100K, Millipore,
Billerica, MA)Ol ol ZH¥ o] Inle] &Ho] @& wi7tA] 5,000 rpmo = U4 F2]& HPstdrt.

[AAld 4] AzxH pMO-mimicsE XEale A3 ool Bdg 3 Axd &35 &4

A7 FAE A F AGAE A od ety 2ds 9 Mxd 35 SDS-PAGER #4318l
DMMO mimicsE EFSH= AT Tl dfE AE #2 gMd(lysate), FHE AEAS AAEESI I
A5 N (soluble fraction, sol)¥ =84 34 (insoluble fraction, insol), AA =& #&Y H AxF
WS 12 % Tris—glycine precast gel(Invitrogen, California, U.S.A.)S A}&3te] SDS-PAGES
ottt a8z AL FrAIER G4 gdow dAsty, G4 @ ofd W=E densitometer (GS-800
alibrated Densitometer, Bio-Rad, California, U.S.A.)E B3 ZF A= wilzde] da g 9 A¥xd S3=
g #4380, (= 3)

Fﬁ AV o

Q

A7 Bge AR F AAE A2 d¥E Yedxte] 2 B4 fste] i } "7 (TEM) #4885 39
o gl Yegzie] AAE olmxE 9] Y&, Ad Ax S Xgete A dnd aEEE 2 %
w/v) 4 S-2d olAlElolE §d7} g 1AF FoF Ao AFHlold sk, whild Y=g} oju A E
200 kVollA] &&= Tecnai 20(FEI, Hillsboro, Oreon,U.S.A.) AAAW AL o]&slo] B2 Az} 13 Y
Ax7F dAd AL gelsitt. Z#]al DLS(dynamic light scattering) #241S %3e] pMMO-ml< 26.343.1
nm, pMMO-m2+= 20.8%3.3 nm, pMMO-m3+ 23.9%£3.3 nm, pMMO-m4+= 21.9%£3.3 nm, pmoB-free hullF particle

with Hisg2 12.8+2.1 nmm¢ A7IE AYe 79 U=9xE dATHS Fosdu. F7H4 o2, HiloadIM

|

16/600 superdexnI 200 pg column (GE Healthcare, Illinois, U.S.A.)o] AF&Eo] 9= SEC(size-exclusion
chromatography) H41& Z3alo] pMMO-m37} F 12 mme] &4 S 7FA = huFfH YRR oHE 33 oF 32 o A4S
zb= HBVC 4Atel] Hlstol= 22 A7]5 zke AE Fsilth. pM0-m39] 22 729 s=31S #4387] 93
Circular dichroism(CD) spectrometer(Jasco, Tokyo, Japan)E AFE3SFSIth. (D ~FEZH-2 200 ~ 250 nm(1lnm
WS E, 100nm/min 270EE)oll A SR om, 20Tl S48 (D 2HEHS 7|£o2 po-m32] 22 7=
E A8t pM0-m3e] HE (Tm)& ohE &%(30, 40, 50, 60, 70, 80, 90C)olA =A% (D ~HAEHS
a3l AMENT (= 4).

[HAle] 6] AZH pMMO-mimicsE X33}

i

2 %

o

Pl g vhs s 84 59

AAE Ay did Yz wg rpx 4l 48 AS537] Y8l 20 nle] septa-sealed vial(catalogue
no. 5182-0837, Agilent)ol]l 3FJ Al duroquinol(0.35 mM)S ¥3Fsl= 1 mLe AZRS @z g8 F=A5HS
o}, FU¥E pmoB12(4.8 uM), ferritin-pmoB1(0.2 pM), pMMO-m1(0.2 pM), pMMO-m2(0.4 pM), pMMO-m3(0.4
uM), site-A mutant of pMMO-m3(0.4 uM), site-B mutant of pMMO-m3(0.4 uM),pMMO-m4(0.4 uM)T =F &
g3t 249 Zu] F4JH Y (pnoBl, pmoB2)E X &8 QUrt. AFREF GgwAS =k we At 9k2S 93 19
mL9] headspace®] &71& FAZIE Sl AAsIAL 15 mLeo] W 7kAa9 4 mlo] F7]E FATFORM AFE QL
Lo

W, 3 F 24 vialg 4509 AFelEelA Hol 204744 Ea wes Adetgrh. 2 Ga s
ofal A4 B A AAERQ WEge] R shs AmehEd (78908 GC, Agilent)E Ed F SHs]
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2 At A 8= (turnover number)E AAMEFATH. (= 5)

[AAlel 7] Sl 715 2]

s

T2 (CuS0;, 0.0~0.3mM) Z/HE= HA (FeS04, 0.2mM)S HZ3F g wjFE FodA AAd 68 =3 &
H HHe vek 2ket EA48 YElY= pMO-m3E SR, ZF 8l ZAoNA A E pMMO-m3ol 2] 3k o)
Ak 2o piMo-m3 5 el 2 d S SASch. el 2 A e 542 ICP - MSE F3le] F3s)
(%= 6b~c).

;R rﬂ

r;}

I A3, pMMo-m3 5 T &% 2 pMMO-m3ell <t 7A wleE A2 0.2mM CuSO.olA FHuld =dskar

pMMO-m3e] wigk 8] H7FFS pMO-m3<9] (pmoBl ¥ pmoB2) Fw] ZwWQldd FFES A 4 ATk (X 6a).

mek, FE F9 o199 w4 ZF F9 (dE 9 hulF diiron %)% pMMO-m39] vl 750l #oIstx] &

kS-S Felstt. tSo], pMM0-m39F H-9 A- EdWo] (HISSN, H292A, H294A) 2 H-9 B- = Ho] (H203N,
ol

H227N) (&= 6b)9] 8] &3 AL pmoBl 5 78 F9 A¢} B Z+Ztol A dinuclear 78] YA 2 mononuclear
T8 YA AEE S BoFr).

[AA]d] 8] A2 pMMO-mimicsE ¥E3el= Z|ofaHolulo]=(polyacrylamide) 3to]=2 A 7|uko] wh-S-A]~H)
S B EA vg Jbx s 24 FH9

A7) AAd 65 SEl ElE HAY dg Abst 48 UEhE pMM0-m3E &-83le] 3xYd b3 Shol==
Aol 117g3tete] A2 FFAEES FHEG e, stol=2A Yo £ FHE I3 a4 Y=gt &4
o] A7t A7 Hu ol& WHEAH o2 ALE JhEehA] oo} T2 HA¥E T FHIST.

1) pMMO-m37} 1A 3}E slole=A 3HA

10 mg® pMMO-m3E A Tris W (20 mM Tris-HCl, 250 mM NaCl, pH 8.0)o] =0°}]+=N-succinimidy!l
acrylate(NSA, 0.01 mg)9} 1A]ZF &<t 37TColA ¥FS3}e] vinylated pMMO-m3E Lo, HbSo Froshx] ¢F
3l Folgli= NSA+ ultracentrifilteration A12=%) (Amicon Ultra 100K, Millipore, Billerica, MA)S &3l A
AstAtt. oo 709 ule vinylated pMMO-m3(1.69 upM)S 150 ule 30% acrylamide(29:1 w/w
acrylamde:bis—acrylamide, BioRad, U.S.A.), 130 ul® 1 M Tris-HCl (pH 6.5), 10 nle 10 % (w/v)
ammonium persulfate (APS), 1 pl12] 0.8 M tetramethylethylenediamine (TEMED)®} &%t & w2 11 Z3H&E
< Fwgl 384-well platee] 25 LJL‘Q o]l E@htth, A o]E 25TelA 16 AlbEE Fol EAFT
(copolymerization) ¥=% F , o1& &3 pMM0-m37} A stE ol Holulo]= y]uto] FlolEm2AS e
o}, pMMO-m37} A 3ste O}O]Ciﬁ]% Pt Z®WS AX 3 FE-SEM (Quanta 250 FEG, FEI, Oregon, U.S.A.)S
a e v % stol=EA ol A pM0-m3e] FEE RIEgit. stol=EA o4 pMMO-m3e] W3
= 7 Y=dArh gy @ 3] 2~Eld A (anti-H6 antibody, Santa Cruz, Texas, U.S.A.)E 2A17F 59F Ag
SkaL, Silver Enhancement Kit(Sigma Aldrich)& AR&&te]l 5 Ww=Sizke] A718 7M1 § Pt a9 8ho] FE-
SEMO. 2 ¥k,

uoimizm

i)
oX,
of\
ol

2) pMMO-m37} a7gshd Sfol=2AL 283 whnA wek 4ks) 2

7] $85 Fal wEoIX pMO-m37t g stE stel=2Al] wWek kst @48 1537 98l duroquinol S 3
A= AR T, 20709 pMMO-m37F A 3tE Slo]=2A(F 6 x 10-4 pmoles of pMMO-m3)S ¥3Hél+= 2mL
9] Tris WH(20 mM Tris-HCI, 250 mM NaCl, pH 8.0)¢} duroquinol(0.35 mM)= 20 mLe] septa-sealed
vial(catalogue no. 5182-0837, Agilent)o] Fdslsich. wgt 4ksl wH-$-S 93] 18 mLe] headspace? 3715
FANE &3 AASL 14.5 nLe] mEF 7h2=9k 4.5 nlo] TVE FAFEN AFEIeH, I F FA] vial
£ 45 CY AstHlolH oA 20A17F &9t &4 wgS ldstar, a4 gl o3 4 | Abs AEE] HE®
=9 & 7t ARAEIHI(7890B GC, Agilent)% Fal ds SAst A ANFS A5l vHEH
g 2bsh Rk3-& HSEtr] 98 204170 Wk $, vial®] FAE Dol ZAE A ¥ 20719 pMMO-m37F 1A
H stol=2As 7o Tris ¥ 31 AIHsHTE. AlE = 20709 pMO-m37F LA stel slel=24L v
Al 20 mL9] septa-sealed vialol ¥ Fd3 Wo=z wek A3 uke-S A3, o] T oF 1204 F
QF oF 63]¢] WA ALgo] FhEdhe gelet

[0 o

[¢]

> o 2

oo ¥ gl Mg A YRS A Esgt, FYA Bl A4 A AAA el
el TAY A WA vigHAF LA Wolrd, olo] ofs) & wrel W AFHE o] okl He
W golh. webd, B uwel A4de Wt AYE IFFER 1AE) S/HE oJstel geldrim
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s .
o 0.4 =
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SDS-PAGE of cell lysates of recombinant pMMO-mimics

PMMO-m1 o PMMO-m2
| = 70 =
s — —— 53] - hUHF pmoB2 huHF-pmoB2
- i = (B. 38.55 kDa) — | (B, 38 55 kDa)
41 e - | - — — A1 [ -‘ —
-—— _§= [™ nutHF-pmoat --! ™ huHF-pmoB1
0l Y 30| - {a, 37.19 kOa) 30 [i {0, 3814 kD&)
22| 2|w 22 |-
18 fom 18 |- 18 [w
M TCLTCL S 1B purmiea M TCLTCL S IS Punfied MTCLTCL S Purified
BL21 PMMO-m1 BL21  pMMO-m2 BL21 PMMQ-m3
Site-A mutant of pMMO-m3 Site-B mutant of pMMO-m3 pMMO-m4
0. KA
70 | = 70
Gl huHE-pmoB2 53" huHF-pmoB2
¥ {5, 30 55 Da) i AR i§. 38.55 kDa)
|- —t # (B, 38.55 kDa) —]
_! - G Pa— _—le.

- huHF-pmoB1 ==l 1 huHF-pmoB1 huHF-pmoB1
30| e (a 38,14 hDa) 0 o {a. 37 19 kDa)
2| 2|ew 22 |-
6| 18 P

M TCLTCL S IS Purified M TCLTCL § IS Purified M TCLTCL S IS Purified
BL21 Site-A mutant of BL21 Site-B mutant of BL21 PMMO-m4
PMMO-m3 PMMO-m3
pmoB-free huHF particle pmoB-fr_:: "”::_IF particle
itin. pmoB12 i i without Hisg
erritin-pmoB1 kDa — D3 with Hisg "0
= n[= I 53
53 = a1
4| -
- wle B 30
s= -= oM
2
2
22| - 2 |- = -
— 18 [ 18| .- A |
18] =
MTCLTCL S IS Puritied M TCLTCL S IS Refolded M TCLTCL S IS Purified W TCLTCE 8. IS Parified £ et
BL21  Feritin- pmoB1 BL21 pmoB12 BL21  huHF with His, 8121 Hisq-free huHF

Expression level and cytoplasmic solubility of recombinant pMMO-mimics

% of recombinant protein in Ratio of scluble to insoluble
total E. coli proteins fraction of recombinant protein

»-( 3% Soluble fraction pMMO-m4

H39% pMMO-m3
[38% pMMO-m2
{25% pMMO-m1

H{42%
—{41%

50 40 30 20 10 0 100 80 60 40 20 o

Ferritin-pmoB1

pmoB12

Heterologous expression and cytoplasmic solubility of pMMO-m3

N Soluble fraction

25 3 Insoluble fract
25 58 nsoluble fraction
— Post-induction time - =240
z : g’
=) . 53 .-
s 20 3 5,
H £ 1] - — 2%
3§ - . w = 28w
w® Sy
.gg 1.0 Gell harvest 0|4 % < 40
i “— PTG (1 mM ) S 50
05 -
=] induction MS IS S5 IS 5 IS5 § IS : g
gir e 0
[ ==
) 5 10 15 20 25 6h 1.[] h .14 h. 18 h 2= 6 ) 10 - 14- 18
Time (h) Post-induction time a Post-induction time (h)
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=85

“ Cumulative production of methanol v Cumulative production ofmethanol
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SEM image of Pt-coated polyacrylamide hydrogel

10 ym 10 pm
—_— e

10 pm

Hydrogel without immobilized pMMMO-m3

Hydrogel with immobilized pMM

10 pm

MO-m3

Methanol production from a multi-cyclic or single operation

2500

0 Time (h) Total cumulative amount of
g 1 2 3 4 5 6 (last cycle methanol (mole methanol /
= 2000 no.) mole pMMO-m3)
E 20 (1) 1772
2
g 1500 40 (2) 3578
3 60 (3) 5386
§ 1000
£ 80 (4) 7187
©
E 500 100 (5) 8973
2
E 120 (6) 10600
0

Time (h)

EEE

<110> Korea University Research and Business Foundation

<120> Novel Enzyme Nanoparticle Having Methane Oxidation Activity

<130> 088
<160> 5

<170> KopatentIn 2.0

<210> 1
<211> 172
<212> PRT

<213> Artificial Sequence

<220><223> Synthetic Sequence

<400> 1

Thr Ser Gln Val Arg Gln Asn Tyr His Gln Asp Ser Glu Ala Ala Ile
1 5 10 15

Asn Arg Gln Ile Asn Leu Glu Leu Tyr Ala Ser Tyr Val Tyr Leu Ser

20 25 30

Met Ser Tyr Tyr Phe Asp Arg Asp Asp Val Ala Leu Lys Asn Phe Ala
35 40 45

Lys Tyr Phe Leu His Gln Ser His Glu Glu Arg Glu His Ala Glu Lys
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50 55

60

Leu Met Lys Leu Gln Asn Gln Arg Gly Gly Arg Ile Phe Leu Gln Asp

65 70
Ile Gln Lys Pro Asp Cys Asp Asp Trp
85

Glu Cys Ala Leu His Leu Glu Lys Asn

100 105

Leu His Lys Leu Ala Thr Asp Lys Asn
115 120
[le Glu Thr His Tyr Leu Asn Glu Gln
130 135

Gly Asp His Val Thr Asn Leu Arg Lys
145 150
Leu Ala Glu Tyr Leu Phe Asp Lys His

165

<210> 2
<211> 140
<212> PRT

<213> Artificial Sequence
<220><223> Synthetic Sequence
<400> 2
His Gly Glu Lys Ser Gln Ala Ala Phe
1 5
Trp Tyr Asp Leu Ser Trp Ser Lys Glu
20 25
Val Glu Ile Lys Gly Lys Phe His Val
35 40

Val Asp Glu Pro Asp Val Ala Phe Leu

50 55
Val Phe Ile Arg Lys Glu Ser Tyr Ile
65 70

Ser Val Arg Leu Glu Ile Gly Lys Thr

75
Glu Ser Gly Leu Asn
90

Val Asn Gln Ser Leu

110
Asp Pro His Leu Cys
125

Val Lys Ala Ile Lys
140

Met Gly Ala Pro Glu

155

Thr Leu Gly

170

Met Arg Met Arg Thr
10
Lys Val Lys Ile Asn
30
Phe Glu Gly Trp Pro
45

Asn Val Gly Met Pro

60
Gly Gly Gln Leu Val
75

Tyr Asp Phe Arg Val

_23_
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Ala Met
95

Leu Glu

Asp Phe

Glu Leu

Ser Gly

160

Ile His
15

Glu Thr

Glu Thr

Gly Pro

Pro Arg
80

Val Leu
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85 90

Lys Ala Arg Arg Pro Gly Asp Trp His Val His

100 105

Gln Gly Gly Gly Pro Ile Ile Gly Pro Gly Lys

115

120

Gly Ser Met Ser Glu Phe Arg Asn Pro Val Thr

135

Artificial Sequence

Synthetic Sequence

130
<210> 3
<211> 150
<212> PRT
<213>
<220><223>
<400> 3

Gln Ala Gly Thr Met Arg Gly Met Lys Pro Leu

1

Thr Val

Ala Met

Ser

Arg

35

5 10
Val Lys Val Glu Asp Ala Thr Tyr
20 25

Met Lys Leu Thr Ile Thr Asn His

40

Arg Leu Gly Glu Phe Tyr Thr Ala Ser Val Arg

50
Val Tyr
65

Gly Leu

Thr Val

Ser Asp

Phe Phe
130

Leu Ile

Lys

Ser

Asp

115

Asp

Pro

95
Asp Thr Thr Gly Tyr Pro Glu Asp
70 75
Val Ser Asp Asn Ser Pro Leu Ala
85 90
Val Thr Ala Ser Asp Ala Ala Trp

100 105

Ile Tyr Asp Pro Asp Ser Arg Phe
120
Ala Thr Gly Asn Arg Gln Val Val
135

Ser Phe Met

95
Thr Met Met Asn Val
110
Trp Ile Thr Val Glu

125

Thr

140

Glu Leu Pro Ala Pro
15
Arg Val Pro Gly Arg
30

Gly Asn Ser Pro Ile

45
Phe Leu Asp Ser Asp
60

Leu Leu Ala Glu Asp

80
Pro Gly Glu Thr Arg

95

Glu Val Tyr Arg Leu

110

Ala Gly Leu Leu Phe
125
Gln Ile Asp Ala Pro

140
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145 150

<210> 4

<211> 140

<212> PRT

<213> Artificial Sequence
<220><223> Synthetic Sequence
<400> 4

Asn Gly Glu Lys
1

Trp Tyr Asp Leu

20
Val Glu Ile Lys

35
Val Asp Glu Pro
50
Val Phe Ile Arg
65

Ser Val Arg Leu

Lys Ala Arg Arg

100

Gln Gly Gly Gly
115

Gly Ser Met Ser

130
<210> 5
<211> 140
<212> PRT
<213>
<220><223>
<400> 5

Ser GIn Ala Ala Phe

5

Ser Trp Ser Lys Glu

Gly Lys Phe His Val

Asp Val Ala Phe Leu

Lys Glu Ser Tyr Ile

70

Glu Ile Gly Lys Thr

85

Pro Gly Asp Trp Ala

Pro Ile Ile Gly Pro

55

40

120

10

25

60

75

90

105

Glu Phe Arg Asn Pro Val Thr Thr

135

Artificial Sequence

Synthetic Sequence

140

30

45

110

125

15

95

Met Arg Met Arg Thr Ile His

Lys Val Lys Ile Asn Glu Thr

Phe Glu Gly Trp Pro Glu Thr

Asn Val Gly Met Pro Gly Pro

Gly Gly Gln Leu Val Pro Arg

80

Tyr Asp Phe Arg Val Val Leu

Val Ala Thr Met Met Asn Val

Gly Lys Trp Ile Thr Val Glu

His Gly Glu Lys Ser Gln Ala Ala Phe Met Arg Met Arg Thr Ile Asn
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1
Trp Tyr Asp Leu
20
Val Glu Ile Lys
35
Val Asp Glu Pro
50

Val Phe Ile Arg

65

Ser Val Arg Leu

Lys Ala Arg Arg

100

Gln Gly Gly Gly
115

Gly Ser Met Ser

130

5

10

15

Ser Trp Ser Lys Glu Lys Val Lys Ile Asn Glu Thr

25
Gly Lys Phe Asn Val
40
Asp Val Ala Phe Leu
55

Lys Glu Ser Tyr Ile

70
Glu Ile Gly Lys Thr
85

Pro Gly Asp Trp His

105
Pro Ile Ile Gly Pro

120

Glu Phe Arg Asn Pro

135

30

Phe Glu Gly Trp Pro Glu Thr

45

Asn Val Gly Met Pro Gly Pro

60

Gly Gly Gln Leu Val Pro Arg

75

80

Tyr Asp Phe Arg Val Val Leu

90

95

Val His Thr Met Met Asn Val

110

Gly Lys Trp Ile Thr Val Glu

Val Thr Thr

140

125
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