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(57) Abstract: The present invention relates to a wild-type CYP102A1 mutant for producing 3-hy-
droxy phloretin among metabolites of phloretin, and can mass-produce 3-hydroxy phloretin by oxidiz-
ing phloretin by using, as catalysts, a point mutant of wild-type CYP102A1 which is a bacterial cy-
tochrome P450 enzyme, CYP102A1 chimera obtained by fusing a heme domain of the point mutant of
the wild-type CYP102A1 with a reductase of a natural variant of the wild-type CYP102A1, and a point
mutant of the CYP102A1 chimera.
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54N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/L188Q/E267V/Y334C/A335V/D369G/A474V/E558D/T664
A/P675L/A678E/E687A/A741G/K813E/R825S/R836H/ES70N/IS81V/E887G/P894S/
S954N/M9I67V/Q981R/A1008D/H1021Y/Q1022E,
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R47L/F811/F87V/E143G/L188Q/Q206R/E267A/V297 A/K336E/A474V/E558D/T664
A/P675L/A678E/E687A/AT41G/K813E/R825S/R836H/E870N/I88 1 V/E887G/P894S/
S954N/M967V/Q9I81R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/T152A/L188Q/E267V/Q403R/V413A/A474V/E558D/T664
A/P675L/A678E/E687A/AT41G/K813E/R825S/R836H/E870N/I88 1 V/E887G/P894S/
S954N/M967V/Q9I81R/A1008D/H1021Y/Q1022E,
I39V/R47L/F811/F87V/E143G/L188Q/N213D/1259T/E267V/A474V/E558D/T664A/P
675L/A678E/E687A/A741G/K813E/R825S/R836H/E870N/I881V/E887G/P894S/S95
4N/M967V/Q981R/A1008D/H1021Y/Q1022E= -4 ¥ ol A A 8l ¥ = sl
ol 4 st

[32] B dbrg o A oA E CYPI02A1, ©FA) & CYP102A19] A &1 o] A

71 2FCYP102A1 2 71w & CYP102A19] % B¢ ¥ o] 4)3= B iy

Wopol| A B | WhH O 2 AT =l A& Eo] fdEEtE v

a1 A4} 7] % (solid-phase technique)S AF-88F= 1 E] = &4 W H (Merrifield, J. Am.
Chem. Soc., 85 : 2149-2154(1963) FZ) = B-whyg o] &
WEthol A 2 Aot w0 WHO = A= = 2

[33] B algox gAT A Gl A 2 A A x2T °1ﬂ okAl3 CYP102A1,
oFA ] CYP102A19] A &AW ol A, 71 W 2} CYP102A1 2 71 ¥ 2} CYP102A19]
A HAWol A& U536 DNAR & A ASA 7] A £ & vl Fslo] 3] 4=6F=

Az ol e A2 5 vt T AA R, EdEe a4 E
3ot AL HAE A A e W R AFQsha Hd HEHE 43S

H

(P

il
a2
ofl
o

2 a2

Az ddsto] v J2 AAA S WG F A ASA ol ola) ddd
G4 AAT RN Ly 48 ANE 5 At

[34] Bk o) 4 W] = & gh A1) E(plasmid), 2221 Z(cosmid), BFo] 2] 2 ¢4}
1= 9 A (phage) FEIL <= ok W E W 2] DNAS S 2571 23 A7]7]
A SFAEE QAANFE, B8, TEAANFEE F33 5 ATk A, L5,
pH G o] vl oF 27& ¥ o] oz Hopel| A gk A3 glo] 435
AEek 5= Q) o B 5ol Al E e A S A= shy] 19 e,
TRED HAY o TAE BEE AT 9

[35] 2 bgo A dd 2 ZFEY W= URbA O ' mRNA §4 S Fashe

oFAld CYP102A1, °FA & CYP102A12] A ol A, 71 w2} CYP102A1 &
712} CYP102A19] A Ed ¥ ol A S 33l A o)) 2% 758 a s

AdE TR2REE X3S Tt s e o F] Q12 B = vk
ZRFHE 3AE Yok A= 7ol AFgetrdd Aghe TR RHE
B-=tEtviAl X FEA L2 R A AH A4y AR IA, EQES LR FE
Al 28l stol BB IR WEH, o & 50 tac ZEEEH 7L AT Al Vﬂj ol A
AR R W E 232 SISP-1¢ 39 3HE DNAC 2Hg7hsstA (14 ¢
ARRI-E7H(S.D) MBS £8T = vk A X S50l ARgstr] el 4% ;}
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[36]

[37]

[38]

[39]

[40]

IRPH ANEREEEAE YA E JvolA B U E @ WEl] S4AE]
=

J%ﬂl
>
il
HU
&
_Yl
o
o
>,
o
L
i o
Y
o
i
‘b/ rE
%o,
o

—“5: dhg & OVB%’ CYP102A19] =olWMol A &2 A ol A AEly = Hojn

-’MJ, lﬂ T2 ofA 3 CYP102A14 R47L/F87V/L188Q,
R47L/F811/F87V/E143G/L188Q/E267V,
R47L/F811/F87V/E143G/L188Q/E267V/A474V/E558D/T664A/P675L/A6T8E/E68TA
/A741G/K813E/R825S/R836H/ES70N/I881V/E887G/P894S/S954N/MI67V/QI81R/
A1008D/H1021Y/Q1022E,
R47L/K59N/F811/F87V/E143G/L188Q/G240E/E267V/S383R/A474V/ES58D/T664A/
P675L/A678E/E687A/A741G/K813E/R825S/R836H/E870N/1881V/E887G/P894S/S9
54N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/L188Q/E267V/Y334C/A335V/D369G/A474V/E558D/T664
A/P675L/AG6T8E/E687A/AT41G/K813E/R825S/R836H/ES70N/I881V/E887G/P894S/
S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/L188Q/Q206R/E267A/V297 A/K336E/A474V/E558D/T664
A/P675L/AG6T8E/E687A/AT41G/K813E/R825S/R836H/ES70N/I881V/E887G/P894S/
S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/T152A/L188Q/E267V/Q403R/V413A/A474V/E558D/T664
A/P675L/AG6T8E/E687A/AT41G/K813E/R825S/R836H/ES70N/I881V/E887G/P894S/
S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
139V/R47L/F811/F87V/E143G/L188Q/N213D/1259T/E267V/A474V/E558D/T664A/P
675L/A678E/E687A/AT41G/K813E/R825S/R836H/E870N/I881V/E887G/P894S/S95
4AN/M967V/Q981R/A1008D/H1021Y/Q1022EE -4 ¥l 7S] 3-8} o] =& A
2] A S AT 5 v

ol A 3-sto]| EEAl FE I E o AL S NADPH-A A A 2812 U

E 38 2= 9]
o =N I 9§

B dbrg o] A NADPH-AA] Al 2812 B wbrg o] 4:815= H-ofol| A 3w
Al 2~Eg- AEEE = Q1T v A SHA| =, & F 22 6- 3 227 o] E(glucose

6-phosphate), NADP- 2 G % & F 32 6-EAF0|E
t]slo] = 2 Al Yo Al (glucose 6-phosphate dehydrogenase) & AF&-3F = 3] o1
ol o] A&y = Z12 ot}
oy & oYpl02A] 7 W Eke] Soldol 2 TAE 2 CYPIO2A1 7] W &
= Ho] & &t o] o] &4 @ NADPH-AA Al =8-S ¥ 8bali= 3-8l 0] =& A]
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[41]

[42]

[49]

[50]

=}
[l

&L oo > R

=

= 8
i ol

rle

2
)
o & xn

rle

A ERUE AEE 2A4E, 7 E R A

T HE E2dde] rmiEQl 3-ste| E5A] RS
58 AR 5 olof Aok /fEtnt ofu e} vhak g
143 &= At} Z12] AL, CYPI02A1 E91¥0| A7} &4 o=
BHE 3-atolEHA ZRHE ARIE S YA 3
thAkrbE 2 ol 7] 5 A vhol Al B of & of Zd g ol A 3-8Fo] =5 A
ERUY 8%, 54, FE5H 3 & Htshr] A6t

715 A gl shgtE ol d 5 ' dAMEE R E vEE

A
AL-gE 4= 9l

i
ot
i
©
(r

ol
i

O o oH X oH I
(2

2 g

Bl oox

o

e rQ oonl b
- 2 %
do
oo
ot
o
X
(e

i

o |o

ol stoll A 3wy & A A 8] 919
WS AN ] AT stkel o Aol etz Aow
R EEERE TS

[EA]el 1]

A Sl futo] o] g P450 BMI(CYP102A1) EA RO A o] %

ofAlE CYP102A19] A &1 HH o] #|(site-directed mutants) 2 <&+ 5 Kim 5 ©]

A 23 9 3 & Wb (Kim DH, Ahn T, Jung HC, Pan JG, Yun CH.(2008)
Generation of Human Metabolites of 7-Ethoxycoumarin by Bacterial Cytochrome
P450 BM3. Drug Metabolism and Disposition 36(11):2166-2170. ¥=xt-2] FH #| page
(page 2167) Materials and Methods £] construction of BM3 Mutants by Site-directed
Mutagenesis 7). 2 A 2 &4aL, 22 M10(A DH 3 13) 2 MIG(AEHE

14 o= g stiohe (3 2] F2).

BanHI/Sacl 1 2] % 9] (restriction sites) S %= Q57| Y 8lo] AL &¥ Zafol L
=Rl 5 A o7]7] 918 PCR Zefo| W (A = ¥)(XENOTECH), $H)%= [ 113
At opn| mAl A ghg A3 A= oldlE A H WE 2 F A5 CYP102A1
AWl A & T ot 7 A4S E A ¥ E pCWori(Dr. F.W. Dahlquist, University
of California, Santa Barbara, CA) B=+= pSE420(Invitrogen) 2 ¢] £24-& 713 4=
NEF A Zefo] W E ALE-3to] PCR W & 2 pCWBM3E-E
%2 A Z tH(Kang JY, Ryu SH, Park SH, Cha GS, Kim DH, Kim KH, Hong AW, Ahn
T, Pan JG, Joung YH, Kang HS, Yun CH. (2014) Chimeric cytochromes P450

engineered by domain swapping and random mutagenesis for producing human

metabolites of drugs. Biotechnology and Bioengineering 111(7):1313-1322. Page 1315
=) }_)
fu .

10l 714 2ol & ARE St el Ed LEE oA EYE
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AN FZ2E F-A RS pCWBM BamHI/Sacl ¥ E] 2] BamHI/Sacl
oAl el g Z 7l 9t} o]l ¢ gk S8t ~v| == Escherichia coli DH5a.
F-IQ(Invitrogen) & & A &A[ 7] 01, o] = CYPIO2A1 o] @l &
LA 7] 7] Sl 5 AR AT Bl o] £ F, H A st Elwlol )
Ao uti=A] o] -5 DNA Al A7 & 9] 5] &} o] (A = € (XENOTECH), $H=)
glsti .

[51] CYP102A1 =AW oA o] 758 8l AHE-H oFAl 3 CYP102A1 o} =4k
MEAEHME 1) &= 83 Zar, o upe} AWM A ofn| 14t W E] . d(M)<
obu| Ak e Aol £ A Fom, EY ()= AHA ofv|=Ate g

AL kg,
[52]
[53]  [3&1]
EAROIA & A xst7] Y8l AHE-gF Zefo &
Ztol (I E) A4
BamHI forward(] @ & |5-AGC GGA TCC ATG ACAATT AAA GAA ATG
2) CCT C-3'
Sacl reverse(A @H % 3) |5-ATC GAG CTC GTA GTT TGT AT-3'
R4TL(A LW T 4) 5'-GCG CCT GGT CTG GTA ACG CG-3'
F8II(A LW 5) 5'-GTA CGT GAT ATT GCA GGA GAC-3'
F87V(A W 3 6) 5-GAC GGG TTA GTG ACA AGC TGG-3'
E143G(A 2% 7) 5-GAA GTA CCG GGC GAC ATG ACA'3'
L188Q(A @ % 8) 5-ATG AAC AAG CAG CAG CGA GCA A-3'
E267V(A 2 % 9) 5'-T GCG GGA CAC GTG ACA ACA AGT-3'
[54]
[551  [3%2]
o3 CYP102A19] 4 &A™ o] A
oF ¥ CYP102A19] | °FA ¥ CYPIOR2AL(A ™S 1)9] IS
A =ddol A ofpH] =4k 2] g -9
M10 R47L/F87V/L188Q van
Vugt-Lussenburg
BM et al., 2007
M16 R47L/F811/F87V/E143G/L188Q/E267V |Kim DH et al.,
2008

[56]
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[57]
[58]

[59]

[64]

[65]

[66]
[67]

« R

: van Vugt-Lussenburg BM, Stjernschantz E, Lastdrager J, Oostenbrink C,
Vermeulen NP, Commandeur JN. Identification of critical residues in novel drug
metabolizing mutants of cytochrome P450 BM3 using random mutagenesis. J] Med
Chem 50:455-461, 2007

: Kim DH, Kim KH, Kim DH, Liu KH, Jung HC, Pan JG, Yun CH. Generation of
human metabolites of 7-ethoxycoumarin by bacterial cytochrome P450 BM3. Drug

Metab Dispos 36:2166-2170, 2008

[E A4l 2]

71 2 CYP102A19] 7%

oFE CYP102A19] 4 &AW ol A 9] &l & < (heme domain) ¥} oFAY
CYP102A19] A1 4 ¥ 3 Al (natural variant V3)2] 3+ 8.4 < 9 (reductase
domain)S §&3Fe] A 141 71w gl CYP102A1 182 (chimeric protein)$!
MI16V3(A DT 13, [ 4] F2)S 7-Fak3lth oFA & CYP102A19] #
EAH A = MI6([ 1 2] FF)E AFE3HS AL, A 4] ¥ & A= Bacillus
megaterium <& 2] A} 4 WHol A3 3])S AH&sSl T

&l o A (heme domam)JJr A8 A 9 (reductase domain)S ¢ 5Fe] BamHI/Sacl
4 Sacl/Xhol & A&t FHE 01 71 71 W2} CYP102A1 M16V3S & ¥ E pCW
vector® E 2SI TH[IE 4]). o] & A =AW o] A A 5& 9] 7| v EF
CYP102A19] A & 9] iﬂ C7, D8, F7, G1, HI-& A &3 th( 3% 5])(Kang JY,
Ryu SH, Park SH, Cha GS, Kim DH, Kim KH, Hong AW, Ahn T, Pan JG, Joung YH,
Kang HS, Yun CH. (2014) Chimeric cytochromes P450 engineered by domain
swapping and random mutagenesis for producing human metabolites of drugs.
Biotechnology and Bioengineering 111(7):1313-1322. Page 1315 3=).

712t CYP102A1 ol o] A =AW o)A E 2 8= A AHE L d i E
pCWori(Dr. F.W. Dahlquist, University of California, Santa Barbara, CA) %=+
pSE420(Invitrogen) = 9] 2 & £33 Y5 AAH Zdfo] W E ALE-51o]
PCR "'} S & pCWBM3ETH FE A Zlth [ 1]0] 7[AlE Zefo|n &
AL g5te] 28] 12 QE = o] ME 2 A AT 22 SAE
pCWBM BamHI/Sacl ¥ €] 9] BamHI/Sacl 21291 & S & 3}5ic}. o] & &t
S22V =2 Escherichia coli DH5a F-1Q(Invitrogen)S &2 A 3FA]F] 01, o] =
R4 E CYP102A19] E AR ol A Wi 2 2 A 7] 7] A sl A 1 ARG5S T
ZdWol fik F, A ks EA o7 dolyli=A] o5 DNA AU =
] & 8} (A ;= Bl (XENOTECH), =) 221831,

1:&:
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[68]
[69]

33
=]

—

12

PCT/KR2018/011350

|
Hoalbg o] ALgE oF A3 CYP102A19] AF1 %) &1 W o] A

Accession Number

Strain Variant Name Genomic 16S rRNA 16S-23S
DNA intergenic

KCCM 11745 102A1.1 (J04832) ¢ FJ917385 FJ969781
IFO 12108 102A1.1 (JO4832) ¢ FJ969756 FJ969774
ATCC 14581 102A1.1 (JO4832) ¢ FJ969751 FJ969767
KCCM 41415 102A1.1 (J04832) ¢ FJ969762 FJ969792
KCTC 3712 102A1.2 FJ899078 FJ969764 FJ969795
KCCM 12503 102A1.3 FJ899082 FJ969761 FJ969787
ATCC 15451 102A1.4 FJ899085 FJ969753 FJ969768
ATCC 10778 102A1.5 FJ899078 FJ969746 FJ969765
KCCM 11938 102A1.5 FJ899078 FJ969760 FJ969786
KCCM 11761 102A1.5 FJ899078 FJ969757 FJ969783
KCCM 11776 102A1.6 FJ899081 FJ969758 FJ969784
KCCM 11934 102A1.6 FJ899081 FJ969759 FJ969785
ATCC 14945 102A1.7 FJ899084 FJ969749 FJ969766
ATCC 21916 102A1.8 FJ899092 FJ969755 FJ969772
KCTC 2194 102A1.8 FJ859036 FJ969763 FJ969794
ATCC 19213 102A1.9 FJ899091 FJ969754 FJ969769
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[70]
[71]

[72]
[73]

71w 2} CYP102A1

71 2} CYP102A1 oA E CYPI02A1(A D3 1) 253
ofu] Ak 2| 3 ¢

M16V3 R47L/F811/F87V/E143G/L188Q/E267V |Kang et al., 2014
/
A474V/ES58D/T664A/P675L/A678E/E
687A/AT41G/K813E/R8255/R836H/
E870N/I881V/EZ87G/P8I4S/SO54N/M
967V/Q981R/A1008D/H1021Y/Q1022
E

“ G-
: Kang JY, Ryu SH, Park SH, Cha GS, Kim DH, Kim KH, Hong AW, Ahn T, Pan
JG, Joung YH, Kang HS, Yun CH (2014) Chimeric cytochromes P450 engineered by
domain swapping and random mutagenesis for producing human metabolites of drugs.

Biotechnol Bioeng. 111:1313-1322, 2014.
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71wl 2} CYP102A19] % E¢lW o] A

op 4
CYP102A12]

=
=d ol A

oFA & CYPI02A1(A EHE 1)9] ofn| =ik X 3t

35

C7

R47L/KS59N/F81I/F87V/E143G/L188Q/G240E/E267V/
S383R/
A474V/ESS8D/T664A/P6T51/A6T8SE/E68TA/ATA1G/K
813E/R825S/R836H/
E870N/I881V/EZ87G/P8I4S/SO54N/MIGTV/QI81R/AL

008D/HI1021Y/Q1022E

Kang et
al., 2014

D8

R47L/F81I/F87V/E143G/L188Q/E267V/Y334C/A335V
/D369G/
A474V/ESS8D/T664A/P6TS1/A6TSE/EG68TA/ATA1G/K
813E/R825S/R836H/
E870N/I881V/EZ8TG/P8I4S/SOS4N/MIGTV/QIS1R/AL

008D/H1021Y/Q1022E

Kang et
al., 2014

F7

R47L/F81I/F87V/E143G/L188Q/Q206R/E267A/V29TA
/K336E/
A474V/ESS8D/T664A/P6TST/AG6TSE/EC8TA/ATA1G/K
S813E/R825S/R836H/
E870N/I881V/EZ87G/P894S/S954N/MI6TV/QI81R/

A1008D/H1021Y/Q1022E

Kang et
al., 2014

Gl

R47L/F81I/F87V/E143G/T152A/L188Q/E267V/Q403R
IV413A/
A474V/ESS8D/T664A/P6T51/A6T8SE/E68TA/ATA1G/K
813E/R825S/R836H/
E870N/I881V/EZ87G/P894S/S954N/MI6TV/QI81R/

A1008D/H1021Y/Q1022E

Kang et
al., 2014

H1

I39V/R4TL/FS11/F8TV/E143G/L188Q/N213D/259T/E2
67V/
A474V/ESS8D/T664A/P6TST/AG6TSE/EC8TA/ATA1G/K
813E/R825S/R836H/
E870N/I881V/EZ87G/P894S/S954N/MI6TV/QI81R/

A1008D/H1021Y/Q1022E

Kang et
al., 2014




15

WO 2019/066446 PCT/KR2018/011350

[74]
[75]

[80]

[81]
[82]
[83]

“ A
: Kang JY, Ryu SH, Park SH, Cha GS, Kim DH, Kim KH, Hong AW, Ahn T, Pan
JG, Joung YH, Kang HS, Yun CH (2014) Chimeric cytochromes P450 engineered by
domain swapping and random mutagenesis for producing human metabolites of drugs.

Biotechnol Bioeng. 111:1313-1322, 2014.

[E A<l 3]

oFE CYP102A1 R kA ¥ CYP102A19] =¥ o[ A

oFA13 CYP102A17} ok 3 CYPI02A1 &1 o] A 9 £
20 =2 Escherichia coli DHSa F-IQS & UH(Kim et al., Protein
Expr Purif. 57:188-200., 2008). stt}-o] F2 U 25 g A =k& w4 (100
ug/ml)©] 5=7}¥ 5 ml Luria-Bertani medium 1] 7] <&3}Fo] 37°Coll A nl| ¢Fs}aL, o]

Al 25 Fu] A (100 ug/ml)©] F7FE 250 ml Terrific Broth mediumell 7 &3}
37°Co A 250 rpm &2 EE0] 521 OD 0l A1 0.8 5 2 | 7} x| i 3}z,
isopropyl-B-D-thiogalactopyranoside & | & 55 0.5 mMo| ¥ =5 3 7}alo]

A A 93 S R 538 T} 8-Aminolevulinic acid(0.1 mM)<S- A 7Fal 1 o} 23 o]
¥ 5, 30°Col A F7HE 3641 B a Fahar | A2l (154, 5000 g, 4°C)3t ]
A ZE T3ttt A X 28 TES €5 9 (100mM Tris-HCL, pH7.6, 500mM
sucrose, 0.5 mM EDTA)ol A A EA| 7] 3L S0t H-&l| 2 A EE

8-3l] A] 7 Th(sonicator; Misonix, Inc., Farmingdale, NY). A| 383 &2 100,000 g,
90+, 4°Coll A w2l gk 3, 7F8-A Al EZ 7 9 (soluble cytosolic fraction)-S-
ol A& SA3th A/ EE #4850 mM potassium phosphate $+3 4 (pH
7.4)0 A F-A]5ko] -80°Coll A Hastal o, Az 2 1704 o] o] A& A3
AR&-stl .

CYP102A19] 5 %3= CO-difference ~H E ¢ 0 2 2 E AA3g o1, ol uj
AL£-3F e3= 91 mM/cm ©] 2 TH(Omura et al. J Biol Chem 239:2379-2385, 1964).
obAld] Y HlW oA X5 544 2= 300-700 nM P450S ¥ & 5= it
o3 CYP102A1 2 oFA1 3 CYP102A19] &AW ol A o W& G ¥3= 1.0~2.0
nmol P450/mg cytosolic protein®] W ¥ ST Al =% oFAl S CYP102A14]
=AWl AE Foll A Akl glofA o] WY 7] A (substrates)l] gk Sl 24 o]
F M16V3 2 0] 9] A ol A ¢l €7, D8, F7, G1, H1-& A #1319 th(Kang TY,
Ryu SH, Park SH, Cha GS, Kim DH, Kim KH, Hong AW, Ahn T, Pan JG, Joung YH,
Kang HS, Yun CH. (2014) Chimeric cytochromes P450 engineered by domain
swapping and random mutagenesis for producing human metabolites of drugs.
Biotechnology and Bioengineering 111(7):1313-1322).

fo,
I
rﬁ
i
O,
)

L
A7

R

[ A] o] 4]
oL A 3 CYP102A1 2 oFA 3 CYP102A18] EW ol Ao ol s T2 el A3




WO 2019/066446 PCT/KR2018/011350

[84] oF8 ¥ CYP102A1(BM3 wt) R ©] 9] & W o] A &(M10, M16, M16V3, C7, D8,
F7,Gl, HD)o] Zx2#¥ 2 Aste o ol =4] g<lsiginh

[85] 100mM potassium phosphate ¢+ 2 (pH 7.4) 0.25me°ll CYP102A1 100pmol #
EZ2YE(HFTF 5 200 uM)E W ol A A< steady-state BF-g--& A 2T

[86] W3- Al 2Fet7] 91ste] NADPH-A /] Al 2~ 8l(H & 55 1md F 10mM glucose
6-phosphate, 0.5mM NADP+ 21U yeast glucose 6—phosphate)% A 7Vsks .
dimethylsulfoxide = 2= 2| ¥l 50mM & & A|£s8ka1, 54 §hg-o 0 2 3] A 3} of
HE F718v 557  1%(viv) ©18h7F ¥ =5 AT 1).

[87] HE-g- o & 37°Coll A 601t Wh-&- A1 7151, & 0 =2 23 A|
of| €l o} M| E]] o] E (ethyl acetate) 0.6m{ = W52 FA A F T}

[88]

[89] HPLC 4

[90] W EeE S AR 5, FU18 ) F 1802 Hsho] AA&TE slol A
A 7] 31 HPLC & #2448}l ). Al 7.(30140)E Gemini C18 Z & (4.6mm x
150mm, 5um, Phenomenex, Torrance, CA)°ll =A3FA ). o] 54 A= 0.1% 7N v Ak,
0.5% W EF2-2 353l &, o] 54 Bi= 100% ot EY EE & AL-&-515 o
o573 A/B(60/40, v/v)E 1 Y] 1 E 3 3 (LC-20AD, Shimadzu, Kyoto, Japan)&
AFE8te] Imlmin-19] £ 52 S8 73l 8598 285nme] UVE 543813l

[91] CYP102A10] £ ¥ 2 418 e o7 A=A ZALSH] 9sto, ofA S
CYPI02A1(BM3 wt) ¥ o] 9] &AW o] A 5(M10, M16, M16V3, C7, D8, F7, G,
H1)& o] 83to] E2dE 9 4858 7|2 9] 55 200uM=E 314 Al 7] a1
A8kl

[92] A& CYPIA2, BHeElE] ol of A3 CYP102A1 'R ©] 9] E-I W o] A Eof o] 3}
AR 22 W] AMFE-S HPLC A2 v E 13285 nmel| A1 9] UV FH =5
Sy ol &kl APl

[93] CYP102A19] ol &) stv}e] =8 tiAtE o] A E St} T4 A=A 9
3}eh4 25 LC-MS2H NMR -4 831 a1, 3-8Fo] =5 A] S22 ¥ (3-OH
phloretin)g AJ4ksh= 218 g213 5= Itk 2).

[94]

[95] LC-MS &4 2 NMR +4

[96] oF ¥ CYP102A19] =AW ol A 248 A F=2HH Y thAE <=
EZst7] fate, 229 2 A= o] LC 220 3
32 7| 219 ] o] A (fragmentation) 3] §1-& H] 1L3Fo] LC-MS 4] &} 31t}

[97] CYP102A1 EA ol A M10-< 200uM2] == U ¥l 7} NADPH- A4 A 2= 5l 9]

E Aokl 37°Co) A 20587E WA AT A0 A 20 o] o oAl El o] £ &
Phatel whg-2 FAA AT DUV T, 4718752 delste] 2
P zsahol Az T) 122 20049 o FAbo) Bl 0w

A3 A171 a1 2023 27 ol A ekl v Al 2 G-ehe] AT (10ul)& LC
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[98]

[99]

[100]

[101]

[102]
[103]

Ad el <438kt

LC-MS #4-& LCMS &2 E 9o} & 43¢ Hnl22 LCMS-2010 EV A] 2= 8]
(Shimadzu, Kyoto, Japan)E A}8-3}¢] electro spray ionization(positive) mode | 4]
2 A] 5} t}. Shim-pack VP-ODS Z & (250mm x 2.0mm i.d.; Shimadzu co.,
Japan)oll A 0.1% E 2] &F L 2ol EALS $hf-3t= &3 ol Al EY E 2 (70:30,
vIV)E 0.2 mé/min®] &2 2 2|55l ok tARMEE & 2Flst7] 9138te], mass
23 Eg}E electro spray ionization(positive) mode 2 SIM mode®l| A 7] &} T}
AE o] 2o} tJHE EE= 747 4.4kV 2 1.5kV oA ch vl Egol A o] A 7}
£ 5 = 1.5m/min . 2 A A3} 01, Q1 E | o] &, curve desolvation line(CDL) %
B ELS 255 717F 250,230 H 200°CE 83Tt

71 A3}, 9§ A1 E 2] mass spectra<> 39.7 min(3-3Fo] = EHA] E 2 H), 42.2
min(Z 2@ ¥l A 7 25 YeRRth ok 3 CYP102A1 &1 o] A (M10)°]]
ol A E AA L 714 Q1 &2 9 ¥ 2] mass spectrum-< [M+H[+Z
AAEeEE o 747 2019 2752 HFE| ATHE 3).

Hh-3- 32 2 LC-MS A o]l 2l ste] 7] vl 2k CYP102A19Y €] 3 3-3fo] = 5A]
Z=2Y ¥ Aibo] Flygint

oF g CYP102A1 = o] Al M10°] 2l ato] A4 & thAtat= 9] st &
gelsh A A H AFE S NMRVEA] 7| Foto] w418k A 3-5fo] =5 A
=2 ER1 A& &R135F3 th(Huang AC, Wilde A, Ebmeyer J, Skouroumounis GK,
Taylor DK. Examination of the Phenolic Profile and Antioxidant Activity of the
Leaves of the Australian Native Plant Smilax glyciphylla. J. Nat. Prod. 76: 19301936,
2013. Supporting Information p.13)(5% 4, &= 5, 3% 6).
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[3£6]
T2 YA} 2HE (3-OH phloretin)2] 'H 2 BC NMR # 7| Z A] 3 E (chemical shift)
*Position 0 <BC(0), ppm 0 w'H(d), ppm
1 134.9
2 116.7 6.666 (1H, d, J=2.0Hz,
partially overlapped with a
wing of 5'-H proton
doublet)
3 146.3
4 144.5
5 116.4 6.662 (1H, d, J=8.0Hz)
6 120.8 6.541 (1H, dd, J =2.0Hz,
8.0 Hz)
I' 105.4
2,6 166.0
3.5 95.9 5.807 (2H, s)
4 166.3
[104] *Position= 1Al YEFN g4 2] Ho <l
[105]
[106] 2} = vl & A (turnover number)8] A A
[107]  °FA¥ CYP102A12] & o] A 5 (M10, M16, M16V3, C7, D8, F7, G1, H1)°

ot FRUY A=Y AAELEE Yol B 7] A5t 2000M ] EE2HE S
AFE-3E HE-2-of| A H-2}E:u] @A (turnover number) S A 4 81 T S 2 Bl 2]
&5 9ol 7] Al gk vkl o] HPLC=E 24 5t T

[108] Z=2d o] ks (akE o] AAD) el Tl gk 8& 2] &AW el A(M10, M16, M16V3,
C7,D8, F7, Gl, HI)Q] %x}%uﬂ %}/HQ Ho H%_(Hoﬂ}q Q_Okg}oﬂq_ H]—Uﬂ] o]:/\gﬁi
CYP102A12] & 841 S H o] x| 9kgkt}. of Al d CYP102A19] E=dA WMol A =
M16,C7, Gl 2 @48 Hl o 47| 8F e AW A5 M102 U &
Aol A o vl af 2~31] =& &S HEF ATHE 6).

[109] CYP102A1 &1 o] A 35/ (M10, M16, M16V3)2] &4 & A€
AR & Ak 282 254 w7/l FE o] &5t vluLsts
Ei)}

[110]

[111]
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[112]

[113
[114
[115
[116
[117
[118
[119
[120
[121
[122
[123
[124
[125
[126
[127
[128

e e e e e e e e e b b e b b e

[%7]
oFA ¥ CYP102A1 = Aol A o] £ 24 v 7|l 4
Formation of 3-OH phloretin
CYP102A1 ke (min 1) K. (uM) kea | K (min 1-uM 1)
MI10 20+1 598 0.34 +£0.13
M16 6.5+0.38 65+ 16 0.10+0.05
M16V3 69+04 386 0.18 £ 0.07

X € &-F Free Text
MAEFS IS o] B HEeginh
XD 5 12 wild type CYP102A1 amino acid sequence©] T}
X9 & 2= BamH I forward primer©| t}.
XD 5 3-2 Sac I reverse primer©] T},
XD & 4= R4TL primer©] T},
XD F 53= F81I primer©| T},
X DHZ 6-= F87V primer©] t.
XD 5 7-& E143G primer©] T}
A T 8- L188Q primer®] T}
XD F 9= E267V primer©] T},
AT 102 wild type CYP102A1 DNA sequence©] T}
XD S 112 wild type CYP102A1 mutant M16 DNA sequence©| T}-.
A% 125 wild type CYP102A1 mutant M16V3 DNA sequence©] T},
XD 5 13- wild type CYP102A1 mutant M 10 amino acid sequence ©] T},
XD 5 147 wild type CYP102A1 mutant M 16 amino acid sequence ©] T}-.
XD 5 155 wild type CYP102A1 mutant M16V3 amino acid sequence©| T},
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AT

371 CYPI02A19] EAROIA L TAE el A Hof = it o]

EﬁﬁhL%iﬂL#ETH3&ﬂﬁiﬂaiﬂbgﬂ
3-Bto|EEA ZEHH A2 24EE,
A7 CYP102A19] EdHol A2 A E & o8 d CYPL02A19]
R47L/F87V/L188Q, R47L/F811/F87V/E143G/L188Q/E267V,
R47L/F811/F87V/E143G/L188Q/E267V/A474V/E558D/T664A/P675L/A6TSE
/E687A/AT41G/K813E/R825S/R836H/ESTON/I881V/E887G/P894S/S954N/M
967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/K59N/F811/F87V/E143G/L188Q/G240E/E267V/S383R/A474V/E558D/
T664A/P675L/A678E/E687A/AT41G/K813E/R825S/R836H/E870N/I881V/ES
87G/P894S/S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/L188Q/E267V/Y334C/A335V/D369G/A474V/E558
D/T664A/P675L/A678E/E687A/A741G/K813E/R825S/R836H/E870N/IS81V/
E887G/P894S/S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/L188Q/Q206R/E267A/V297 A/K336E/A47T4V/ES58
D/T664A/P675L/A678E/E687A/A741G/K813E/R825S/R836H/E870N/IS81V/
E887G/P894S/S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/T152A/L188Q/E267V/Q403R/V413A/A474V/E558
D/T664A/P675L/A678E/E687A/A741G/K813E/R825S/R836H/E870N/IS81V/
E887G/P894S/S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
139V/R47L/F811/F87V/E143G/L188Q/N213D/1259T/E267V/A474V/E558D/T
664A/P675L/A678E/E687A/AT41G/K813E/R825S/R836H/E870N/I881V/ESS
7G/P894S/S954N/M9I67V/Q981R/A1008D/H1021Y/Q1022EE -4 ¥ <]
3-StolEEA] ZRYY A xg 2=

773 2] Al18ke] 9ho] A,

NADPH-A Al A| 2818 ©] ¥33}=3-3fo| =&EA Z2dE A 2§

ZAE.
(713} 3] CYP102A19] Ed oA &2 A FH oA Hoj sl o] 4o 45
¥slela, 22 S 7| AR sk HEEAl 7| = 9 A E Eget=

3-sto| ES A SR Ao g,
71 CYP102A19] AR AZ AR 772 oFA & CYP102A1]
R47L/F87V/L188Q, R47TL/F81I/F87V/E143G/L188Q/E267V,
R47L/F81I/F87V/E143G/L188Q/E267V/A4T4V/E558D/T664A/P675L/A678E
/E687A/AT741G/K813E/R825S/R836H/E870N/I88 1 V/ESSTG/P894S/S954N/M
967V/QI981R/A1008D/H1021Y/Q1022E,
R47L/KS59N/F81I/F87V/E143G/L188Q/G240E/E267V/S383R/A474V/ES558D/
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T664A/P675L/A678E/E687A/AT41G/K813E/R825S/R836H/ES70ON/I88 1 V/ES
87G/P894S/S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/L188Q/E267V/Y334C/A335V/D369G/A474V/E558
D/T664A/P675L/A678E/E687A/A741G/K813E/R825S/R836H/E870N/I881V/
E887G/P894S/S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/L188Q/Q206R/E267A/V297A/K336E/A474V/E558
D/T664A/P675L/A678E/E687A/A741G/K813E/R825S/R836H/E870N/I881V/
E887G/P894S/S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
R47L/F811/F87V/E143G/T152A/L188Q/E267V/Q403R/V413A/A4T4V/ES5S
D/T664A/P675L/A678E/E687A/A741G/K813E/R825S/R836H/E870N/I881V/
E887G/P894S/S954N/M967V/Q981R/A1008D/H1021Y/Q1022E,
139V/R4TL/F811/F87V/E143G/L188Q/N213D/1259T/E267V/A474V/E558D/T
664A/P675L/A678E/E687A/AT41G/K813E/R825S/R836H/E870N/I881V/ESS
7G/P894S/S954N/M967V/QI8 1R/A1008D/H1021Y/QL022EE. -4 <l
3-sto|=EA Z2eE sk,

%473 4] A3kl 3 of A,

NADPH-AJA A 4~ B1-S U] E8H8}= 3-3fo| =5 A] Z 2 e ¥ Ay,
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[5=1]
(A} Chemical struciure of phlaretin
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Phloretin 3-hydroxylation
{rimol product/ min/ nmol P450)

CYP10Z2AT mutant
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