A S A IR Mar. 20, 2022, 49(3): 875-887

Microbiology China DOI: 10.13344/j.microbiol.china.210533
http://journals.im.ac.cn/wswxtbcn Copyright ©2022 Microbiology China All Rights Reserved
o3 H
DIk | 4=

_3-

wE ', ERAY, FE kR REd’, TagT

1 HERE2EBEFF A BE, dtat 100081
2 dbatii HAT S E AL, JEaT 100043

SRRRTE, EEEEOE, W, XU, BB, R R R AR IR A B e -3 2 AL I A AL R (D]. AR AEE R, 2022,

49(3): 875-887
Zhang Xinyu, Dong Luna, Cao Hao, Liu Jiading, Zhao Baisuo, Wang Haisheng. Catalytic properties of flavanone-3-hydroxylase
from different plant sources[J]. Microbiology China, 2022, 49(3): 875-887

i E. [% %] % %EA-3-%# 1B (flavanone-3-hydroxylase, F3H)A2 # BR X 1AM KR 2 F 49 %
B —, TEAMRRE FIHBLH BTG EL£7F, I RRENEHGEDNER "L EE
#Feh. LB a9 ) AR AT RRI AR R F3H 0B85 M. FRABLEEAN 27, A5 B EZRENEY
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A (Ginkgo biloba)#= X &.(Glycine max)%) F3H A& B, -5 &L G F FA EH st F3H #AT440, vAth
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Catalytic properties of flavanone-3-hydroxylase from
different plants

ZHANG Xinyu', DONG Luna'?, CAO Hao', LIU Jiading', ZHAO Baisuo',

WANG Haisheng '

1 Graduate School, Chinese Academy of Agricultural Sciences, Beijing 100081, China

2 Beijing Tiancun Road Sub-District Office, Beijing 100043, China

Abstract: [Background] Flavanone-3-hydroxylase (F3H) is one of the key enzymes in the metabolic
pathway of flavonoids. The catalytic properties of F3H from different plants may be different, which has
an important impact on the biosynthesis of flavonoids. [Objective] In order to compare and analyze the
enzymatic properties and catalytic abilities of F3H, providing reference for the selection of F3H in the
metabolic engineering of flavonoids in the future. [Methods] Three genes, CsF3H (Camellia sinensis),
GbF3H (Ginkgo biloba) and GmF3H (Glycine max), were identified by phylogenetic analysis. The three
F3H were purified by affinity chromatography, and the enzymatic properties were characterized by
naringenin as substrate in vitro. Single-factor culture method was used to analyze the activities of F3H
in Escherichia coli and Saccharomyces cerevisiae. |Results] Enzymatic analysis showed that the
optimal temperature of CsF3H, GbF3H and GmF3H was 40, 40 and 35 °C, and the optimal pH was 7.5,
7.0 and 7.5, respectively. The k../K,, of CsF3H was 0.36 L/(mmol-s), which was higher than that of
GbF3H and GmF3H. When substrate naringenin concentration was 500 pmol/L, the conversion rate was
more than 80% of the E. coli contained CsF3H, GmF3H, while the strain contained GbF3H was only
23.8%. As for the S. cerevisiae with different F3H, the conversion efficiency was 40%, with no
significant difference. [Conclusion] There were different catalytic activities of F3H from different
plants. Moreover, one F3H also showed great differences within prokaryotic and eukaryotic chassis
cells. CsF3H has excellent catalytic capacity and showed better development and application potential in

prokaryotic chassis cells.

Keywords: flavanone-3-hydroxylase; enzymatic properties; heterologous expression; dihydrokaempferol;
naringenin

T ¢ I -3- 72 4k i (flavanone-3-hydroxylase ,
F3H)7E W 2R G W 0 AW 6 s e v k5
SR, HERIREsEMI 2R C B3R5 3 1L
F2 B TE i — & 1L 43 B (dihydrokaempferol)!'
M = & 28 Wy e 2K v 30 5 i Ak g
(flavonoid-3'-hydroxylase) . ¥ i -3",5"- % 3t {1k fifg
(flavonoid-3',5"-hydroxylase), & i [ilfl B i i i
(dihydroflavonol-4-reductase) . Jo a1 XU
A [} (leucoanthocyanidin dioxygenase). £ &

& 5 i (anthocyanidin reductase) 2 F 3% 4% % [if
(methyltransferase) 19 /£ H T B B #it B2 %=
1 %% B (kaempferol) . #7 Hf§ &
(myricetin) . JL % & (catechin) F1 5 fl 2% %
(isorhamnetin) %5 — 2 ¥ #E fid 25k & 412, F3H
SRS A ) A B AR R — A R A

XTHLRE T RASK 16-5 HIWF9E KB, F3H BE%
AT RASRAN B R A A A LA
OE, BT T W FR 92 v R e

(quercetin) .
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A BRRRIUNF O EE . BB, R
RIS — R IVAEAE D aE GRAb i . R b
HEE U ik, F3H RIS e E Ay
(AR 8T, FERE O A AR e R e R
TR

ARGttt R, wE2EAE Y6 BUR
Ry F3H RIETALRE S, BARSAYFD
1) F3H HAWRARGE R, HElTmEEmR
FeAHER RSFC, F3H 3 A 2- N BRI
XU 48 [ (2-oxoglutarate-dependent  dioxygenase ,
2-ODD)HZEIE M G R ST Z5 M D REIX A, (HIZ X
I N BE TR Y 0 B B RP 28 T RE A 2E S o X RD
ThRE A A 24 B R 1Y 78 Ak 4 4 B R) 2 4 5
MR HEALVERE . M . BB . WILZLAEAS I
3 fh F3H TEE LR FY) FA 9 M2ERAIA, &
PR AL 2 A a7

AWEFEXT GenBank Fdf FESE TR R, HEHL
18 FE¥RIRR) F3H 211, fi] MEGA-X #X
4K FH 4P % (neighbor-joining) 5 #) 7 & 4t ik 1k
B, R AR A F DA RA I E 3 Atk AL O R AH
SHCHER F3H E 1, RIAHR CsF3H. K&
GmF3H FI4R A GbF3H, AWFFEXF LA E 3 Fl F3H
PEAT T AR SMEE A P B A O A T R IR R IR, L
WA E EMEZE ENRREAEE ), D
B Wt oE sS4 S A TR F3H pE ]
REZ7%

WEERE

1.1 ##
.11 EAFT

GenBank % 4 £ W 3K 15 25 W (Camellia
sinensis) . iR 7y (Ginkgo biloba) Fl K 5.(Glycine
max) F3H 3R (CsF3H {8550 AY641730.1
GbF3H W50 AY742228.1. GmF3H 1%

SE5 0 NM_001249868.2) 1 B 5t 4 7 B A= Wy B

FATBR2 w53 RS KW FTF T (Escherichia coli)
BT B BE (Saccharomyces  cerevisiae) )% i+l
YA ILAL B

1.1.2  EHRFNBhL

E. coli DH5a } E. coli BL21(DE3)& 3 2541
Ll B AT A TR A MR ARAT IR A R], bR S
cerevisiae WAT11 H Z B K5 F =4 H R H
4, pETM6® | pET-32a (TrxA-His6 F5%5)Hl
pESC-URA #4445 th A S0 % fRAT-

1.1.3 HEHFE

LB }i g% £ (g/L): NaCl 10.0, JBEE A
10.0, FEEHRILY 5.0, WIHHRMEATHHER
(ampicillin, Amp) 100 ug/mL. F#ERZ HiW 5%
B (yeast extract peptone dextrose, YPD){AL:
FHe(g/L): BRI 20.0, BEEHEEY) 10.0,
HITE 20.0 [ REBLEA R SC-URA 1557 3 (/L) :
SC-URA Broth 8.0, *FFL¥E 20.0, ] 1.0 mol/L
NaOH ¥ H IRk pH 28 5.8, T HLP &)
FEDR T AR TR B e S R B RG 7% . DA BRI 1
1x10° Pa KT 30 min,

1.1.4  FELFIFLR

MR ZEULRB AR EM, LR REE
FHEARAE; W, ZROER . L (6aiE
7). Taqg DNA REHE . T4 DNA & 52 M R il
NI Spe 1. Ndel, EcoR 1, Thermo/AF];
e Al R ok B OGN & L e R R &
Omega /A F]; ClonExpress Ultra One Step Cloning
Kit, F§tinMEREAMRHA RA R ; BCAEH
W2 IR &, TaKaRa ). 5194 W
W TAE B AR T A TR (i) e A A BR 2 ]
SE.

PCR1Y, Bio-Rad/AF]; BERHIZ T RSE,
Syngene /Al 5 WAHEIEL, Agilent/AH]; #EFS
AR FEHL, Branson/AH]; AKTA Avant 24k
EHMMERS, GE v,
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1.2 A%
1.2.1 F3H RHE LB S

M NCBIE 2 H oA 18 S ANRIFEI) F3H
FEFFS, FClustal XU TIRIE A LEXT, 4R
JE A MEGA-X J:F Kimura A{SE#R ) (Kimura-
2-parameter, K2P)!'UR 4Rk Iy ¢ Z e ik
A, (R 1 000 YREEE AR bootstrap {H!'*5%
TN AT S B AR
1.2.2 F3H RIEBFINEL RS

{# FH ExXPASy ProtParam " ELZEZE il CsF3H
GbF3H 1 GmF3H 173 ¥4 . S5 FaE REL
SRR S B A AR 5T
123 HiRBHE

F3H #lifb Rk FiAnt g . AR R E L
B 51 Bt s, 40 B R Be R AR S
R, I IER 593K 1), LA pET-32a Ny
KR, JH F3H-F 1 F3H-R 954 H 2k i i ek Ak
A B LIS A pUCS7-CsF3H, pUCS57-GbF3H
M pUC57-GmF3H J#siti, ] pET-32a-F #l pET-
32a-R ¥ F3H VbR B, ¥ HM B
MR RN &, P A E. coli DHS5a &%
T, PSRRI A 100 pg/mL Amp (1)
LB V0L F, 37 °C ¥k, mE2H B mok it
A5 DUy S

F1 BTHERERAMNGHY

F3H Ji#% N A SRR A py i . A Ji
MR a AT B 34 F3H BEN(CsF3H . GbF3H.,
GmF3H)Y5 pETM6 535l 1] Nde I #1 Spe I #£47
WY ; A EA B AR, % F3H 53k
pESC-URA 43-5{ii i EcoR 1 Fil Spe 1 #4757 X[k
I 5 6 1] T4 DNA 352l il U) =Wy A 7 ik 4%
B YIHALE] E. coli DH5a Y, PRECEATERE
TRV PCR %878, FFIF 3
124 F3HHIESFRIE54L

BHEIERF IR 1% 5425 100 mL
“A Amp B LB WIA¥EF D, 37 °C,
180 r/min 5% 2 ODgoo 4T 0.6-0.8 Z 8], fIA
5 N K -B-D- i AR 2 FL OB 1 (isopropyl-beta-
D-thiogalactopyranoside , IPTG) £ £ ¥ & N
0.5 mmol/L #4754k, 16 °C. 220 r/min }%
% 16—-18 h, BB)JGEFWITE 4 °C. 5000 r/min &
O 10 min WCAETEAR, PR 40 A 8 BT 2468 22 oh
W (5 mmol/L Na,HPO, 12H,O . 10 mmol/L
NaH,PO,4-2H,0. 500 mmol/L NaCl, 30 mmol/L
DRy Hh TR RS B 4 R AR A (G RS Ry
40W, TAE3s, [HEKSs, FLHEE 30 min)iiiE
4, FfJ5 4 °C. 13 000 r/min 5.0 45 min W4
W E S A LB . (] HisTrap™ HP 4l
A X R B R T Al . TSE S AR Y

Table 1 The primers used for constructing expression plasmids

BIE/ BN 191751

Primer name Primer sequence (5'—3")

CsF3H-F ATCATCATCATTCTTCTGGTATGGCGCCGACCACCAC

CsF3H-R GGAGCTCGAATTCGGATCCTTACGCAAAAATTTCGTCGGTGCTCT
GbF3H-F CATCATCATCATTCTTCTGGTATGGCGCCGGTGCAGAG

GbF3H-R CGGAGCTCGAATTCGGATCCCTATTTGCTTTCATCTTGCTGCAGCT
GmF3H-F TCATCATCATTCTTCTGGTATGGCGCCGACCGCGAAGA

GmF3H-R CGGAGCTCGAATTCGGATCCTTACGCCAGAATCTCTTTCAGCGGCTT
pET-32a-F ACCAGAAGAATGATGATGATGATGGTGC

pET-32a-R GGATCCGAATTCGAGCTCCGTC

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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2R RO Al dr, BRESERRZ R S ff
R 2R IRV 45 1, B 10 F5 IR
() Pk B 2% vh % (5 mmol/L Na,HPO, 12H,0 .
10 mmol/L NaH,PO,-2H,0O. 500 mmol/L NaCl.
500 mmol/L DKM BEME H A 1, AR I (E IS AR
Zfifiig ., ] BCA H vk B2 I i) 6 D 4 g
WS, SDS-PAGE HLIK4rthlg2tifb)s i+ &
FEifbFERE
1.2.5 F3H WM RMR

F3H [t} % I 5 44 1 Owens %5 1Ty 7 ik ik
¥, BERUMAKZR(500 uL): 50 mmol/L (pH 7.5)
Tris-HC1, ZEf§ 10 pg, 0.5 mmol/L &%,
50 pmol/L FeSO4, 10 mmol/L #fi ¥f Ifi iR ,
10 mmol/L 2-Fi % — /R, F 35 °C {H{kHE
10 min J&, A 1 mL LB LBRZAE Y, W
FEMCR O, N, A 1 mL HEE
FHMAES,, I HPLC & s =8, X5
HE 3R, DIAINBGR RNARZR A 4L . F3H
G E R FERE OV AT, SRS
PhEAL A B 1 pmol — (11123 My I JH AE I 1l 122
— S A U

pH X} F3H B IS PERIF2 I . 7E 35 °C [ 4%
R, 1EAE pH 4 Na,HPO,-CA (pH 4.0-6.5),
50 mmol/L Tris-HCl (pH 7.8-8.5), 50 mmol/L
Gly-NaOH (pH 9.0-10.5)Z% shi+h, 4 0.5 H—
ARG, B JrENE F3H WERE ), fem
Mt i% 1908 100%, 35t pH T B A 1l
1. H, ASEgRARRME IR EA, il
HGBEE 3ANEL

X F3H BREEPERZm . 7ERiS pH 4%
W, EARFEEEG. 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60 °C) N ik 5 A
Z A5 AR F3H AOTEME, s S 1]
- 100%, 43 BT 5EA IREE T B AR X il D o
Forp, RIS AR R RTRRAL, A 43k

BI3INER,

F3H WAL S s SR b . DAARTRIHk
JE@2. 5. 10, 20, 50, 100, 200, 500 pmol/L)
IR R R R, MORAERE I E Rl pH 4%
AR W 10 min, 813 Lineweaver-Burk S| %L
Pt K kead Tl kcat/Kino
1.2.6 F3H EARETEEABIENLEEN LR

F3H 7E)J5#%1E E ik LRk
pETM6-CsF3H . pETM6-GbE3H . pETM6-GmF3H
BAL % E. coli BL21I(DE3)H', T 37 °C §i5int
o WHMEAFIEREH 1:100 19 HLEHEF
% 100 mL %A Amp i LB RKR 238, 1555
ZH W ODgoo 4T 0.6-0.8 Z[AIHHMA IPTG &
ZWREE R 500 umol/L #HTiFEFFIA, 30 °C,
180 r/min S 5 h, [ I0A R YA K
RKYH W REENBEHR)ZLRWKIEN
500 pmol/L, #kZERGFE 24 ho HU 1 mL KR
W, ISP, TSR HEH 5 min,
12 000 r/min 25.0> 10 min, @1k HPLC £ F i
AR I 7 A

F3H 7EEZME R o RREAE
pESC-URA-CsF3H . pESC-URA-GbF3H . pESC-
URA-GmF3H HLii#1bE S. cerevisiae WATI1
o, BRI E SC-URA AR -3 |, T
30 °C FH59% 48 h L | mm WIS,
Pk PH I B e P VA P 2 20 mL & A3 FLbE
f) SC-URA WA SRS, 30 °C. 180 r/min 5
7% 24 h VERFI P H5Fh W% 5:100 /Y L1
FRREEF T LRGSR, B3R 2 ODgoo 4bF
0.6-0.8 ZJa], MAMhEZRZELHAE N 500 pmol/L,
30 °C. 220 r/min &R FE 48 ho B 1 mL PR,
FH E3R 5 A UL A i
1.2.7 ZSWLEERBIAEN

W AR 3 254 . B354 Eclipse XDB C138
(4.6 mmx150 mm, 5 pum), PEEER N 5L, Hsh
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MR CRERR AR, BRIV . VERER TS IR
BRI 5k, et 17 min, RN
25°C, Failly £~ 280 nm.

2 BERXR504

F3H RGN o
X 18 AASEISR IR K F3H 64T R Gtk e #r
(1), 475 F3H (Ginkgo biloba Q5XPX2)54H
B F3H (Pinus radiata AOAOSSBGJI0)J&E T#i T
MY, m» &5 . KEF3H (Glcine max
Q53B69) 5 8l f§ JF F3H (Arabidopsis thaliana
Q9S818)H F[a] — A~k 52, KRG KR,

2.1

KXW F3H (Camellia sinensis Q6DV45) 55 P2k
F3H (Prunus avium F2VR47), #4k4: F3H (Prunus
cerasifera AOAOKITPE7)Ab Flal—/4r %, HA
WIEM RS KR, Witk # -, CsF3H.
GbF3H. GmF3H st f& I s A A, 2 B
Hi, %F CsF3H!", GbE3H!"“FI GmF3H""f)
5T FEE RS B e . AL TR S
G, RS M L E CsF3H . GbF3H Hi
GmF3H i 5 LA K A AN [5) IS 25200 B P9 e i Ak
R I =R R A IGE . Fk, AR5k
H CsF3H. GbF3H. GmF3H K HArEHHITT
— 5T

Glycine max (Q53B69)

Arabidopsis thaliana (Q9S818)

Vitis vinifera (P41090)

54

Paeonia lactiflora 11TWYET)
Hibiscus sabdariffa (AOAOM4AYH3)
Morus alba (AOA1D8KVT4)
Dimocarpus longan (A41.ABS)
Prunus cerasifera (AOAOK1TPE7)

99 E
Prunus avium (F2VR47)

Camellia sinensis (Q6DV45)

99

Chrysanthemum morifolium (AOA3Q8VIK2)
Solanum melongena (AOA193AUCH6)
Solanum lycopersicum (G3CKB9)

Narcissus tazetta subsp. chinensis (AOA097P5Z71)
Oryza sativa subsp. japonic (Q7XM21)

S —

0.05

Dioscorea alata (AOAOATD752)

—’— Pinus radiata (AOAO88BGIO0)
99 Ginkgo biloba (Q5XPX2)

1 ETRERFIERE-3-BUERFHLK DR

55 N ARV S 1P A 7E UniProt 8%

T 3 EREUE N ARMER T 50%H045
Figure 1

5 2B 0.05 AL B 7

Phylogenetic analysis of flavanone-3-hydroxylase based on amino acid sequences. The numbers in

parentheses represent the accession numbers in the UniProt for the corresponding protein sequences; Bootstrap
values more than 50% are shown at branching points; Bar, 5 amino acid substitution per 100 amino acids of

protein sequence.
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22 F3H fEBRFIELERS

CsF3H. GbF3H I GmF3H 54351
4146, 40.41 142,67 kDa (3 2), BRESEH S50
561, 5.57 F15.55, 3 FMEEFIAEFIK /)N
F 0, MEERBIIKT 40, BT KA EE
1, b, GbF3H MARE REULm T CsF3H Al
GmF3H, TEMRINASE T AT E . Wl ER
CsF3H H SRR . IRIAPEREE . AN
FaE ZH0EF, T GbF3H Al GmF3H A2
PrBnF e s, i e,
23 MEMRSHN

T ¥EINF3H MRS EYE, K F3H B N-ti 5
TrxA W25 Rl& JG1E E. coli BL21(DE3)H ik,
AR F3H RIE TR, KR TrxA PR 2
TN F3H 2 KR, SRR g k20,
N, ABFFEET F3H BT M40 47 5 2
1t TrxA-F3H fl & &E B RS T #4789,
SDS-PAGE HiJKZE R BoR, TEAN 0 F i & 2
55 kDa b HAREH 5 (B 2), SEME LY
T (4 2 RN — Bl R B o i 2
14 kDa),

2.3.1 pH X} F3H LB MR
3 Ff F3H REMS A FEREIEPER pH YERIAH{L

#F2 3% F3H FHBIBLER S

(l 3). GbF3H & i pH {HM 7.0, T
CsF3H #l GmF3H #xid Y pH B8 7.5, kil
& pH {EHMTHE, WG RAETHREE PR
. 7E pH 6.0-8.0 yE[FEIN, 3 i F3H AR I
80%MIIE 71, pH 5.0-8.0 M, %A 50%LL I
HEES J1 . XFF GbF3H Al GmF3H, 7& pH>8.0
AF il 6 R MR B RRAIG, LAY CsF3H MY BETE 7
IS RELERFAR XS B8 5 B 7KK, 76 pH 9.0 B3R B0
o 60.9% MG J7, FWIHmGIET &, A%
ity 5% 7% pH JE FEIEE R 12
2.3.2 BEX F3H #LEMEMNEE

3 F3H Fr AT 32 1% it B2 300 [ K SORL(1&
4), CsF3H il GbF3H A9 f5 i& 2 b i N
40 °C, 1M GmF3H B9 feid SO0 il B2 35 °Co =
HAE 15-60 °CTEFINBIATEYE, 7E25-45°CZ
[ PR ER 60% LA FRHE J1 . JiREEH 40 °C EJt
F] 50 °C i}, CsF3H 1 GmF3H HyfiE /1JLT 2
HEARFEZE 35%LL T, 7E 50 °C Bf GmF3H {UH
15.1%I0E J1. AHEEZ T, GbF3H XfiX—FrBt
FHREE AR ANEEURR,  7E 50 °C BHIE 72.1%IIHS
F1, TSRS TR S 55 °C B, GbF3H i
TG 1R 2 20.1%, FHET CsF3H Fl GmF3H,
GbF3H ARG 1 R a A 12

Table 2 Analysis of physical and chemical properties of three F3H sequences

Physical and chemical properties CsF3H GbF3H GmF3H
oy fh 41.46 40.41 42.67
Molecular weight (kDa)

S HL 5.61 5.57 5.55
Isoelectric point

EARVIEN =V 47.72 56.88 45.45
Instability index

v FR AL 85.87 82.44 80.08
Aliphatic index

5SS SO/ —0.40 —0.41 —0.55

Grand average of hydropathy

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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kD M A B 110 -
a ¢ —=— CsF3H
972 — IOO__
90 |
66.4 — g %o
z 70 -
.; 60 |
2
o S0+
.z
443 — s 40r
(]
~ 30}
201
10 -
O‘ 1 1 1 1 1 1 1 1 1 1
290 — 5 10 15 20 25 30 35 40 45 50 55 60
Temperature (°C)
B4 BEX FHELKENNZm R N33R
201 — A bR 2

El2 F3HZEBRISDS-PAGE St  M: HEHK
SFEbRfE; A: CsF3H; B: GbF3H; C: GmF3H
Figure 2 SDS-PAGE analysis of F3H protein. M:

Protein molecular weight standard; A: CsF3H; B:
GbF3H; C: GmF3H.

110
100 -
90 r
80 |
70 |
60
50 |
40
30 |
20 |
10 +

—s— CsF3H
—e— GbF3H
—— GmF3H

Relative activity (%)

0 1 1 1 1 1 1 1 1 1 1
4.0455.0556.06.57.07.58.08.59.09510.010.5
pH

3 pH X} F3H fE{LEE N RIS NE

Figure 3 Effects of pH on the catalytic efficiency
of F3H. The results present the mean+SD of three
replicates.

Figure 4 Effects of temperature on the catalytic
efficiency of F3H. The results present the mean+SD
of three replicates.

2.3.3 F3H BIENXSIAZE S
g 3 ffizn, CsF3H. GbF3H A1 GmF3H XK

FCH A K (H20 94 52.75, 28.61. 63.68 umol/L,
RP 3 /N GbF3H X P i 25 19 26 i )1 o
Ko koo Ken [N CsF3H>GmF3H> GbF3H,
FW] CsF3H i Xf il fe R AR T, fifl
AE T IR0
2.4 F3H ERZEEPHENLFED
& pETM6-CsF3H, pETM6-GbF3H Al
pETM6-GmF3H 4 E. coli BL21(DE3)k % 24 h
J&i, it HPLC 60 & Bl b — &0 L2 iy i) =
A, SGEHLR PN 3 Fh F3H BRI RS,
b, CsF3H fefF 500 pmol/L Mz ZEeibh

*3 EHFHEAMNNESH

Table 3 Kinetic parameters of recombinant F3H
Recombinant K, (Wmol/L) ke (s™") kear/Kpn (L/(mmol-s))
F3H

CsF3H 52.75 0.0190 0.360
GbF3H 28.61 0.0025 0.087
GmF3H 63.68 0.0170 0.270
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Figure 5 Catalytic capacities of different F3H in
Escherichia coli BL21(DE3). The data was analyzed
using one-way ANOVA and LSD test, value columns
with different lowercase letters mean significant
difference (P<0.05), the same below.
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Figure 6 Catalytic capacities of different F3H in
Saccharomyces cerevisiae WAT11.
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