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Expression and characterization of a novel cytochrome P450
enzyme from Variovorax paradoxus S110
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Abstract: Cytochrome P450 monooxygenases as powerful biocatalysts catalyze a wide range of chemical reactions to
facilitate exogenous substances metabolism and biosynthesis of natural products. In order to explore new catalytic reactions
and increase the number of P450 biocatalysts used in synthetic biology, a new self-sufficient cytochrome P450
monooxygenase (P450ypmo), belongs to CYP116B class, was mined from Variovorax paradoxus S110 genome and expressed
in Escherichia coli. Based on characterization of the enzymatic properties, it shows that the optimal pH and temperature for

Received: November 28, 2019; Accepted: February 4, 2020

Supported by: National Key R&D Program of China (No. 2018YFA0901700).

Corresponding author: Yijian Rao. Tel: +86-510-85912322; E-mail: raoyijian@jiangnan.edu.cn
=% F A &R (No. 2018YFA0901700)



2B ZRRSICAMEE Variovorax paradoxus S110 R4 G E P450 BB RIERIA R ELISHES 1347

P450y,mo reaction activity are 8.0 and 45 °C, respectively. P450y,\o is relatively stable at temperatures below 35 °C. The K,

and kg of P450y,mo toward 4'-Methoxyacetophenone are 0.458 mmol/L and 2.438 min’?, respectively. Importantly, P450y,mo0
was able to catalyze the demethylation reaction for a range of substrates containing methoxy group. Its demethylation
reactivity is reasonably better than other P450s belongs to CYP116B class, particularly, for 4-methoxyacetophenone with a
great conversion efficiency at 91%, showing that P450y,uo could be used as a great biocatalyst candidate for further analysis.
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Fig. 1 The proposed demethylation reaction by
P450ypmo.
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F, 10 o/l BERREEW), 5o/l &b
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A S0 2 ) 45 AT 4-H A SRR 2T (1), 6-
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HEJER T (6). 7-H EUE-1-Z80 00 (7) 1 4-
HEE R H R (8). HAEURIE (9)W & TRk
HARGBRAH]

AKTA pure £ 14U A 26 F GE 2~ H];
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1.3 P450yymo EE BITE

£ UniProt [ ky 2 IF 43R5 K8 T V. paradoxus
S110 4 it 38 PA50 KRB = FEfRJF 5] (UniProt:
C5CTM5) M FEH 751 (GenEMBL: ACS20213 &,
GenBank: WP_012748691). T E. coli %5 11
T BER R A AL L FFAE 5/ A 6xHis-tag 1%
M)y AT R aifth, ZJE b REEEWRHE
() ARAFG M, IFi%E#E % pET-21b Rik#
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& b3k 15 4L AL pET-21b-P450ypme , F A E
E. coli Top10 &=z 75+, S BUTTRLIES T DNA W7
BF . IE#0 pET-21b-P450yym, ¥ 1L E E. coli
BL21 Fik w15 8] 2H I E. coli/P450ypmo.

1.4 4B P450ypmo £ E. coli REYRIZ S5 4k
Pk BU 41 B E. coli/P450veme ¥ % 1 &
100 pg/mL H R K H B R A LB H =5 F 37 C .
200 r/min JRH 535 10 h, LA 2% (VIV) %R
$:22 500 mL 1Y 2xYT 554, 37 °C ., 200 r/min
THiFEE ODegoo fE 0.8-1.0 Fi ALk 5 15N
0.2 mmol/L i IPTG #11 ALA (A IPTG miFE T 5,
ALA Jj P450 G IR I 21 R RiiAY i 5-2 %L
fEN R (5-aminolevulinic acid)) T 16 ‘Cif S
F 16 h Ja, B RE AR, 0 R 2% rhi
(50 mmol/L Tris-HCI , 500 mmol/L NaCl ,
10 mmol/L KM, 10%H 3, pH 8.0) A4
100 mo/mL TR B o 5 AT I ALR B 40 s T
4 °C. 40 000xg &5.0> 30 min, Wk B, iy
TR AL BEAT 44k, F 100 mmol/L K mk 2% ih
W (pH 8) X H i 1 Pk W AR s TR R A
(Histrp™ 5 mL Desalting) i £5, W h 2% vh
(25 mmol/L Tris-HCI, 150 mmol/L NaCl, 10%H
D, WEER S U 4E &= 10 mg/mL, —80 CIRAE,

1.5 FE4H P450ypmo RIJEIEHFIE S 4

K — S AR 7R 28 7 X6 E 4 PA50ypmo HE1 T
kB e, FEEEE L@ I A 150 uL
10 mg/mL P450ypmo 40 il i F1 2.85 mL B R B 5% np
¥ (100 mmol/L, pH 8.0, ¥ 1 mmol/L EDTA, 20%
A 1 pg/mL KL T) IREGHE), RAESNAT
LRV SEEEE T (H 7 U-3900) 7 400-500 nm
PRSI, A5, SIS amfinA
i B AR R S AR AL S PA50vpmo RS, TR
400-500 nm WY KFE RN EH . &5, BA—%
bk 30 s {15 — A AL ik 5 18 J5 A P450ypmo TE53 45
A5, #E 400-500 nm AU Rl N4, ER 3 Ff
ARAS PA50vpmo FEAE IR GAE ARk o DAR R 1 2% v
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DL 4-H A SR 2 B R Y, I A
P450vpmo MO il 36 71 o # & 200 pL Tris-HCI
(50 mmol/L, pH8.0) KA ZR: 2 mmol/L JEY .
5 mmol/L #j%j#%. 0.5 mmol/L %l NADP®,
0.24 mg/mL GDH #il 1.3 mg/mL 9 P450ypmo 2L ,
F 30 CTF N 10 min J5, MIAZEIARFH A |-
FLRE, FESHE R HPLC K0 . BiS 718007 (V) &
SRS R 1 ol YA I e T

HPLC il &1 : %4 XDB-C18 #i
(4.6 mmx250 mm, 5pm); FEEK 30 'C; Kl
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VEWLFLF 7 :0-20 min i 20% A Z& 1254k 2 100%
Ao A-H SR TR T B 3L 77 W 1 s W s ) 43 31 S
13.3 min #1 9.4 min,
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1.7.1  pH SBEXEH P450y,mo BEIE 11 HIR IR
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B pH 55-6.0; WEMR — S HN-BE R S 8 pH
6.0-7.5; Tris-HCI pH 7.5-9.0)., &Mk 1.6,
T PA50ypmo TEANA] pH 2518 T R BEE 7. TEdRiE
pH T, )5k 1.6 ME P450yvpmo FEA IR BT
(20-55 C) MyWEI% J1. Fedd S pH FIRLEE 43 5]
FE SCN T R NG ) (DAAR TS 77 100%3 1)
XY pH B AR
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1.7.3 EH P450y,mo KIZN 1S HE
PIA[R e BE (0.2-3.0 mmol/L) #) 4-H &3
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WOENERIEY), %51 1.6 M5E P450ymmo K]
Ui %, FIFH GraphPad Prism8 $2k [ )7
HATARLR LA, T P450yomo BN 12255k
Kmn 5 Vimax o

1.8 FE2H P450vpmo BYRHDIE 53 #7

TEAE 8 Bl H LI M EA T PA50vpmo IK P T 43
Bro #7200 uL Tris-HCI (50 mmol/L, pH 8.0)
MAKZ: 0.5 mmol/L JEEY, 5 mmol/L %%k,
0.5 mmol/L NADP", 0.24 mg/mL GDH #i
1.3 mg/mL P450ymo i, T 30 'C A1 T 35 h,
TS AR B B¢ 1k S g, B it >R F HPLC Al

HPLC il 264 i) 1-8 BRAGIIE K (1:
280 nm, 2: 232nm, 3: 232nm, 4: 254 nm, 5:
280 nm, 6: 280 nm, 7: 254 nm, 8: 280 nm)Z:
SeAh, HoAMh UAE SR AR A A kA R
XDB-C18 # (4.6 mmx250 mm, 5 pum); F:iEN
30 'C; WA N HIEE (A) FUK (B); BhEEVEDIRE
oM 0-20 min fy 20% A £ 1E2E L E 100% A,
JEE 9 WOIBCAR A 25 1y - €384 O XDB-C18 41
(4.6 mmx250 mm, 5pum); #iEH 30 C; yshAH
R 0.1%ME R K F1 0.1% IR - £ G I s 55 B VI
T A - 88%1 0.1%B5 iR - £ MG 1A 5 12%11 0.1%
PR TR /K T V0456 5 VAR I 15 miiin s 62 98 4K 2 240 nm,,
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P450vpmo HI—ZR A5 43 BRI, % 782 1
FHMR (aa), H PA50 fiEfbZMK (15-439 aa).
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Ml Fe-S FEELE M TE 45K (698-781 aa) 4
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G4 A2 40 M 6 £ P4AS0 [ B Ay 44 Z B 4
(http://drnelson.uthsc.edu/CytochromeP450.html) ,
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CYP116B iV X J P450s i b1 , Hotk Ji Aol ge(E 15
PR EK
2.2 FEHH P450ymo MIRIES 41k
#4H # E. coli/P450y,m, & IPTG 5 &
P450ypmo ik, SDS-PAGE 45N 3A fir,
5 E. coli/P450ypme A< 155 5 4= 4 M AH Lb L 5%,
E. coli/P450ypm MR [ IE AT Ni FE4lifb )5 B4
P450vpmo H1 4 7E 87 kDa b 45 B B i 4571, HL3eW
SRS RS AL, Al iz
vt 5 HO A 2 R il G A g A R SR GDH A e 2 81
o P450 il 5 TR A A0 45 A I 21 R Ok 1R 4L
& (& 3B), FH] P450ypmo 7E E. coli H15EEE T A]
BRIk
2.3 EH P450y,mo Y JEIBHFIE S
T A3 PASO FR A i #8 5 A R 1Y

36

6 CYP116B29 (Thermobispora bispora)

it AR P L R e B — AL 25 ke I
4 PAS0vpmo A& T AT AHOCHENME o Sl , 44l
45 B4 PA50vemo HLEEIEAT G471 20
i, 4] P4A50vemo 1 420 nm Ab A (W AT i
KAnE aA, KI5 % 0B R s L iU H:
TNl 4B Fron, fmil A —f A ki, HIRIk
WRSMmMBE 450 nm 4 (& 4C). X—FEkAY
FETEREE | S — R S5 A 4 i 64,28 P450 HL
U
2.4 pH 5iRE X ELH P450ymo BETE 1 RYEZ N
il 5A Firs, 4 pH i 8.0 B P450ypmo i
W 15 24 pH /N T 8.0 I, RS /72818 T B
M pH KF 8.5 B Syl N5 pH iy 5.5 Al
9.0 i}, XA 15%F1 8% X G . UniEl 5B fF
N, P450vpmo METE 7 BE TR EE RS2 = i, S
FE TR T 45 CHF P450vpmo YT 77 VBRI . FH I
1y 72 F A1 PA50ypmo i S v pH AL EE 439314 8.0

Sequence identity to P450,,,,

86 P4504, (Rhodococcus sp. ECUQQEB) wrewsssressssssrmsmmssssssssssssssass 66.5%

30 P4504,m0 (Rhodococcus pyridinivorans AK3T) weesssssamsssees 66.7%
CYP116B64 (Albidovulum xiamenense) w===++wr=rereresrsermssmsammsssnmmnnannes 56.8%
-CYP116B35 (Acinetobacter radioresisiens S13) swesmressesneeaces 56.1%
P450A¢'M(J (Acf?’letobactel‘ radioresistens SH 1 64) --------------------------------------------------------- 51 2%
---------------------------------------------------- 60-5%

......................................................................... 554%

37

CYP116B63 (Jhaorihella thermophila)
CYP116B256V2/P450,,\ (Variovorax paradoxus S110)

| 94 I—CYPI 16B1 (Cupriavidus metallidurans) s
CYP] ]6846 (Tep.!dlphlhls Ihe."mophl[us) ....................................... 597%
43 ——————CYPI116B2/P450 (Rhodococcus sp. NCIMB 9784)
L CYP116B62/P450-Hall (Halomonas sp.)

69 T CYP116B3 (Rhodococcus ruber DSM 443109 wweererrsreessrsmsssessmmssssrannens

'CYP116B49 (Sphingomonas wittichii)
86 |CYP116B4/P450, 10 (Comamonas testosterome) = ==
1

i

1

75.2%

......................... 66'2%
56.1%
65.9%
.................................................................. 55.0%
57.0%

P4500 (Comamonas testosterone)

2 BiRER CYPL16B WK ik P450s 5 P450y,mo B RSt % B i L1

Fig. 2 Phylogenetic tree of the reported P450s from CYP116B subfamily and P450y,u0. CYP116B1 (Q1LDI2)®™,
CYP116B2 (Q8KU27)™! CYP116B3 (Q52TE7)® CYP116B4 (AOPOF6)?® CYP116B5 (G9BWN9)? CYP116B29
(D6Y814)% CYP116B46 (AOAOK6ITW2)BY CYP116B49 (A5VAX9), CYP116B62 (AOA2PIMAGO)*®?, CYP116B63

(AOALHS5TZKO0)?®, CYP116B64 (AOA1G8Z9C6)™, P450syo (C7SFP5)™, P450g,mo (HOITWIL)PY,

P450armo0

(DOT4J7)?® P450cuo (HIRWRO)? and CYP116B256V2 (C5CTMS5, this study). The UniProt numbers are in

brackets.
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145 C. W% 1 /R, P450ypmo ME IS pH 5
CYP116B ZK i H' PA50Lamo HIARTA] , T 5 i Uit i 44
B CYP116B it P450,avo (40 )2
P450gy0 (30 C)B%,

B

P450VpMD GDH

Bl 3 EH P450yymo TIELE LAY SDS-PAGE S #T A K
SE4LIE P450ypmo 5 GDH B 7 L]

Fig. 3 Characterization of P450y,mo. (A) SDS-PAGE
analysis of the expression and purification of P450yyuo.
M: protein marker, lane 1: the cell-free extract of
E. coli/P450y,n,, without induction; lane 2: the supernatant
of E. coli/P450y,m, With IPTG induction; lane 3: purified
P450ypmo. (B) The special color of P450y,mo in contrast
with GDH.
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<
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0.0 : : : ‘ ;
400 420 440 460 480 500

Wavelength (nm)

Bl 4 E4H P450y,mo HIIR I S i B

Fig. 4 UV/Vis absorption spectra of purified P450ymo.
A: the oxidized enzyme. B: the dithionite-reduced
enzyme was shown. C: the reduced P450,,mo CO-bound
complex.
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Fig. 5 Effects of pH (A) and temperature (B) on the
activity on recombinant P450y,yo.

(B) 3 ER PA50y,mo BEIE 71 89

% 1 CYP116B Rk P450 Bery B F MR L1
Table 1 A comparison of enzymatic characterization
of CYP116B family

P450s pH T (°C) Ts0(°C)
P450y,mo0 8 45 38
P450smo0 7 30 —
P450-Hall 8.5 - 34
P450, amo 8 40 -

—”indicate which was not reported; pH indicates the
optimal pH; T, indicates the optimal temperature; Tso
indicates the half-inactivation temperature.

2.5 BENELH PAS0ymo e E RIS
FETRMEEL P450ypmo TEAN R T &
1 h e HAR ARG 1. W 6A FiR, MEERT
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30 CHY, P450vpmo HYERAXHEETE 1 0] -5 80% LA
1540 "CH1 45 CHFF 1 h, HERAREE J1{UH 40%
0%, HoPERIEREKRA R 38 C, BET
CYP116B62 12 1%k E (34 C)P2. fnf&l 6B Jir
7N, FEHY] P450yvpmo TE 35 C | 40 ‘CH1 45 CHMATF
995 8 AN [ s [0 3000 B A TG 7, LV T 1ty 93001
7 130 min. 40 min #1 4 min (& 6B). 7E{% T 35 C
i, FZ P450vpmo FaiE , WZEHE 30 CHEANH
WA S N R TR S s . e Ak, K E
41 PA50ypmo Y AH G A M o 5 TR S A L g (%
1), J PR i Yk B R~ 2R T U B 44 v T () 2Kl
T RA R RER e, &4 5 BN A
W%,

100
80 r
60

40 |

Relative activity (%)

20 t

20 25 30 35 40 45
Temperature (°C)
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40 |

Relative activity (%)

—=—45°C

——40°C

—+—35°C

20 40 60 80 100 120 140 160
Time (min)

20+

B 6 REITEL PA50y,mo e BRI E M
Fig. 6 Effect of temperature on stability of recombinant
P450ypmo.
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2.6 P450yomo B N ESEN E

H T V. paradoxus H.#& 7] DAREfEIAEE h A
HAR SIS Y i RE 120, g AR S 6 4 L 4
FAJ AR 7 LY 4-HH AR Sl A AR, He iR
7% 1.6 WS AN AE P450yemo BB 158 2. E
&k A 045 R AT S Michaelis-Menten 7 2
(K 7), AT E L PA50vpmo A K FlT Viax 5351
0.458 mmol/L #1 0.028 umol/(mg-min), P4
o 87.072 kDa 1473 keat {7 2.438 min™, fiEfk
BUOF Keat! K “M 5.318 mmol/(L-min).

2.7 EH P450yymo RITERMNIEIRE

Jat ik 1.8, Kl EE4] P450yemo &
o] LI E H AR RE S AN ] CYPL116B FK % P450
HEAL TR F RIS, 239108 4-H1 48 26K 2, B0
(1). 6-F S Lmenk®2) . 7-H &L T %P3).
4-FVE RGO (4) . 6-F 4R - 1- 2506 P (5)
2R -4 - RS 2B 6) . 7-HR AR -1 2R
B2 (7) A0 4-F AR T 2R H R EOY®) . 45 RN 8
iR, UL PA50ypmo X IX £ 15 FE AL 1) I 4 38 L
A B M H JE T RE . A H T CYP116B % HiAih
P450, 4 P450ymo X 4-F S JE K 2 T i % A 2
B F P450-TT (CY116B46, 32%)B%, xf 7-H 423k
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2.8 EH P450ymo X B & IE B9 B AR K

YT PAS0vpmo A BT A SE DN BE , FlJS
0 L RE T R fifp 5 P AR RO B A R TS e A
M, SO0 WZ X A e A — i R AR T (]
9)o SR, N FEMRRCRAE] 5%, HUTE )5 St
FEHR it — X ROV AR AT LA, IR AT
A W)= AR PASOvmo HEATAE [ EAL A 418 iy i il
X FH AR E ) B A 808

3 %%

Tt P450 B B n] ik Z FloR
[ B B Ak 2 RO T 2 5 KRR I A= 900 6 B
PRI, B A A 2 B A T R R 2k B
AR . ABIFIE R A T — ROk IR T4
W ETWE T V. paradoxus S110 Ft 41 ifd (5,25 P450 B
ARGEEIN, IR e RIAAF Pl Rk .

&: 010-64807509

301 Negative control
OCH,

H,CO
>
/ﬁm
’ NH

2

Absorbance

Reaction sample

[\
S
T

Ja—
(e}
T

Absorbance

1 " ]

5 10 15
Retention time (min)

9 P450y,mo EL R R IERY HPLC 423
Fig. 9 Analysis of Trimethoprim degradation catalyzed
by P450y,mo.

o — 255 0 R — SR AR 7R 2575 43 T B P450vemo
o —Fop B H F B A2 P450s, KB TN
CYP116B Wi 5% Ji% ; X axX Fp g Bl vy - B fib 4
P450ypmo F Tl 27 1 Jo T FR 3 T REAE T 400 25 1R
K, RIZMEA MDA EF SR e E A
FH 30 Je X2 il 1) 2 1 2R A s DA R 3 R
S I FH B T A

REFERENCES

[1] Girvan HM, Munro AW. Applications of microbial
cytochrome P450 enzymes in biotechnology and
synthetic biology. Curr Opin Chem Biol, 2016, 31:
136-145.

[2] Nelson DR. Cytochrome P450 diversity in the tree of
life. Biochim Biophys Acta (BBA)-Prot Proteom,
2018, 1866(1): 141-154.

[3] Nelson DR, Koymans L, Kamataki T, et al. P450
superfamily: update on new sequences, gene

mapping, accession numbers and nomenclature.

Pharmacogenetics, 1996, 6(1): 1-42.

. cjb@im.ac.cn



1354 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

[4]

(5]

(6]

[7]

8]

(9]

[10]

[11]

[12]

[13]

[14]

Sono M, Roach MP, Coulter ED, et al. Heme-
containing oxygenases. Chem Rev, 1996, 96(7):
2841-2888.

Bernhardt R. Cytochromes P450 as versatile
biocatalysts. J Biotechnol, 2006, 124(1): 128-145.
Yin YC. Data mining and catalytic performance of a
new self-sufficient monooxygenase in CYP116B
family[D]. Shanghai: East China University of
Science and Technology, 2014.

BREIR. CYPL16B Sk B fin 4 it i) Bk R 42: 418 5 M
fEPEREWFFE[D]. i A/RBET K%, 2014.

Wei YF, Ang EL, Zhao HM. Recent developments in
the application of P450 based biocatalysts. Curr Opin
Chem Biol, 2018, 43: 1-7.

Ciaramella A, Minerdi D, Gilardi G. Catalytically
cytochromes  P450 green
production of fine chemicals. Rend Fis Acc Lincei,
2017, 28: S169-S181.

Zhang XW, Li SY. Expansion of chemical space for
natural products by uncommon P450 reactions. Nat
Prod Rep, 2017, 34(9): 1061-1089.

Jiang YY, Li SY. Catalytic function and application
of cytochrome P450 enzymes in biosynthesis and
organic synthesis. Chin J Org Chem, 2018, 38:
2307-2323 (in Chinese).

FRIRIE, YL @R PAS0 FRLEAYA
A E Ry B S L . A B4R, 2018,
38: 2307-2323.

Sakaki T. Practical application of cytochrome P450.
Biol Pharm Bull, 2012, 35(6): 844-849.

Jennewein S, ParK H, Delong JM, et al
Coexpression in yeast of Taxus cytochrome P450
with P450 oxygenases
involved in Taxol biosynthesis. Biotechnol Bioeng,
2005, 89(5): 588-598.

Luo A, Wu YR, Xu Y, et al. Characterization of a
cytochrome P450 monooxygenase capable of high
molecular  weight PAHs  oxidization  from
Rhodococcus sp. P14. Proc Biochem, 2016, 51(12):
2127-2133.

Jones JP, O’Hare EJ, Wong LL. Oxidation of
polychlorinated benzenes by genetically engineered

self-sufficient for

reductase cytochrome

http://journals.im.ac.cn/cjbcn

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

CYP101(cytochrome P450(cam)). Eur J Biochem,
2001, 268(5): 1460-1467.

Hannemann F, Bichet A, Ewen KM,
Cytochrome P450 systems—biological variations of
electron transport chains. Biochim Biophys Acta
(BBA)-General Subj, 2007, 1770(3): 330-344.
Erdogan H . One small step for cytochrome P450 in

et al.

its catalytic cycle, one giant leap for enzymology. J
Porphyrins Phthalocyanines, 2019, 23: 1-9.

Narhi LO, Fulco AJ.
catalytically self-sufficient 119 000-dalton cytochrome
P-450 monooxygenase induced by barbiturates in
Bacillus megaterium. J Biol Chem, 1986, 261(16):
7160-71609.

Sevrioukova IF, Li H, Zhang H, et al. Structure of a
cytochrome P450-redox partner electron-transfer
complex. PNAS, 1999, 96(5): 1863-1868.

Roberts GA, Celik A, Hunter DJB, et al. A
self-sufficient cytochrome P450 with a primary
sructural organization that includes a flavin domain
and a [2Fe-2S] redox center. J Biol Chem, 2003,
278(49): 48914-48920.

Satola B, Wibbeler JH, Steinblchel A. Metabolic
characteristics of the species Variovorax paradoxus.
Appl Microbiol Biotechnol, 2013, 97(2): 541-560.

Li RJ, Xu JH, Yin YC, et al. Rapid probing of the
reactivity of P450 monooxygenases from the
CYP116B subfamily using a substrate-based method.
New J Chem, 2016, 40(10): 8928-8934.

Han JI, Choi HK, Lee SW, et al. Complete genome
sequence of the
growth-promoting endophyte Variovorax paradoxus
S110. J Bacteriol, 2011, 193(5): 1183-1190.

Yin YC, Yu HL, Luan ZJ, et al. Unusually broad
substrate profile of self-sufficient cytochrome P450
monooxygenase CYP116B4 from Labrenzia aggregata.
ChemBioChem, 2014, 15(16): 2443-2449.

Omura T, Sato R. The carbon monoxide—binding
pigment of liver microsomes. |. Evidence for its
hemoprotein nature. J Biol Chem, 1964, 239: 2370-2378.
Guengerich FP, Martin MV, Sohl CD,
Measurement of cytochrome P450

Characterization of a

metabolically versatile plant

et al.
and



E2E Z/HRBIFICRIEE Variovorax paradoxus S110 B G E P450 BERIRIRRIA R BIS S 1355

[26]

[27]

[28]

[29]

NADPH-cytochrome P450 reductase. Nat Protoc,
2009, 4(9): 1245-1251.

Li RJ, Zhang Y, Xu JH,
characterization

et al.
engineering of
CYP116B monooxygenase. Chin J Bioprocess Eng,
2019, 17(1): 29-35 (in Chinese).

A4k, kB, Yrdbf, 45 CYPL16B FKRHINA
T B . RAE Koy ot s ke, A it
2, 2019, 17(1): 29-35.

Warman AJ, Robinson JW, Luciakova D, et al.
Characterization  of

Discovery,
and molecular

Cupriavidus  metallidurans
CYP116B1-A thiocarbamate herbicide oxygenating
P450-phthalate dioxygenase reductase fusion protein.
FFBS J, 2012, 279(9): 1675-1693.

Liu L, Schmid RD, Urlacher VB. Engineering
cytochrome P450 monooxygenase CYP 116B3 for
high dealkylation activity. Biotechnol Lett, 2010,
32(6): 841-845.

Minerdi D, Sadeghi SJ, Di Nardo G,
CYP116B5: a VIl

self-sufficient cytochrome P450 from Acinetobacter

et al.

new class catalytically

radioresistens that enables growth on alkanes. Mol

&: 010-64807509

[30]

[31]

[32]

[33]

Microbiol, 2015, 95(3): 539-554.

Tavanti M, Porter JL, Sabatini S, et al.
CYP116B
cytochrome P450 monooxygenases that catalyze C-H

Panel of

new  thermostable self-sufficient
activation with a diverse substrate
ChemCatChem, 2018, 10(5): 1042-1051.

Tavanti M, Porter JL, Levy CW, et al. The crystal
structure of P450-TT heme-domain provides the first
structural insights into the versatile class VII P450s.

Biochem Biophys Res Commun, 2018, 501(4):

scope.

846-850.
Porter JL, Sabatini S, Manning J, et al. Cloning,
expression and characterisation of P450-Hall

(CYP116B62) from Halomonas sp. NCIMB 172: A
self-sufficient P450 with high expression and diverse
substrate scope. Enzyme Microb Technol, 2018, 113:
1-8.

Zhang JD, Li AT, Yang Y, et al. Sequence analysis
and heterologous expression of a new cytochrome
P450 monooxygenase from Rhodococcus sp. for
Appl

asymmetric sulfoxidation. Microbiol

Biotechnol, 2010, 85(3): 615-624.

(B35 BRET)

B<: cjb@im.ac.cn



