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Abstract The flavonoid, isokaempferide, has various biological
activities such as hepatoprotective, antimicrobial and antiproliferative
effect and is extracted from Amburana cearensis and Cirsium
rivulare (Jacq.). Biotransformation is an alternative tool for the
synthesis of value-added flavonoids with inexpensive substrates.
Here, to synthesize isokaempferide from naringenin, two genes,
PFLS and Rice O-mthyltransferae-9 were introduced in Escherichia
coli. Although isokaempferide was successfully synthesized, the
amount of biosynthesis was no high. In order to increase the yields
of isokaempferide, S-adenosylmethionine (SAM) used as a methyl
donor was increased by deleting MetJ, which is a transcriptional
regulator related to SAM biosynthetic pathway. Next we optimized
the cell concentration and substrate feed concentration with the
engineered E. coli strain. Through these strategies, the biosynthesis
of isokaempferide was increased up to 87 mg/L.

Keywords Biotransformation - Flavonoids - Flavonol synthase
- Metabolic engineering - O-methyltransferase

Bong-Gyu Kim (P<)
E-mail: dkimbk@gntech.ac.kr

'Department of Forest Resources, Gyeongnam National University of
Science and Technology, 33 Dongjin-ro, Jinju-si, Gyeongsangman-do,
Jinju 52725, Republic of Korea

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

A B

Azo]l AT st dE=ols, HEdelE, s 34
A oS 715 8AE, SPEE, o 52 hEst
9 Fa7 2AoltH1-3]. 53] ZEjslEel Sele TR

l=e 7P 2 4Ezl oA lEFe shtEA dlst
o, Aot A+t FE S Al A dEE okt A
4 71N opde} wiElgol, 8ol vlelEs, % Sl
olg] oP|xE= AEA Wl tigt W EdE ZEshs FoR
deA ATH45]. SehReol=e] tFt o3k f8AdE B
TR diEe] EetHico|E=s AEERE FEIl] ARRH
7] W& F-88 FefRmol=g Y Ao|3 IS FFI
= Zlo] olHt}6,7]. S HORE Fetico|=E A &
T UARE, SR o= MINRSe| SAEZHC] HasAY
2 o S wREEAE FAE 3= 97 A8l
webs olEgh oH s FESIAL thkE A - ooF AR A}
&37] S8 SEtEol=E SRR Fgeh] 3 W
2 A Y, hairy root S, TS, V8= wl

H S olggh A NEEe] AEEHZ J9-11]. ©
HAES o83 St ot AN 2" e AL 37
of vl wigke] i, FAHSe] ThsatH, Al &

T 28450 YRR trkxdo] Thedhr] wiEdl H2

SR eole A FAASES JidslE e A7 B
A AEE T ATH11,12].

EHolEE AEoA FAdEagbeols AYHRE F
A A e EgEo|== ARl ¢F 9,0005 olde] of
g A=sdlld B AT10]. AEellr Sehieol= A
] phenylalanine ammonia lyase (PAL)? <J3l] #dgehde
cinnamic acid2 Hgsl= Ao ZHE AJZkslt}, Cinnamic acid
= cinnamic acid 4-hydroxylasedl] 2|3 p-coumaric acidZ %
352 2922 4-Coumarate-CoA ligase, Chalcone synthase,
chalcone isomerase®| ]l naringenin®] AJFAIE L o]= TFY

4 N

il

—_

i
ro E ofN o2

i

o2

—


http://orcid.org/0000-0003-2139-2296
http://crossmark.crossref.org/dialog/?doi=10.3839/jabc.2019.001&domain=pdf&date_stamp=2019-03-31

1 Appl Biol Chem (2019) 62(1), 1-6

= ‘ OH = | OH
HO. O HO 0.~
~ | F3H
PFLS OH
OH O OH O
S
Naringenin Q\) S Aromadendrin
)
g
HO O
|
OH
OH O
Kaempferol Isokaempferide

Fig. 1 Biosynthesis pathway of isokaempferide from naringenin. F3H,
flavanone 3-hydroxylase; FLS, flavonol synthase; PFLS, poplar flavonol
synthase; ROMTO9, rice O-methyltransferase
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Fig. 2 HPLC and UV spectra of reaction product from B-PR. (A) HPLC chromatogram of standard naringenin, kaempferide, and isokaempfefide; (B)
HPLC chromatogram of reaction product. P1 was estimated to be aromadendrin by comparing with UV spectra. P2 and P3 were identified be to
kaempferol and isokaempferide by comparing with authentic kaempferol and isokaempferide. (C) UV spectra of authentic naringenin, kaempferol, and

isokaempferide. (D) UV spectra of reaction products, P1, P2, and P3
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Fig. 3 Optimization of cell concentration for production of
isokaempferide from naringenin. A total of 300 uM of naringenin was
added. The reaction mixture was collected after 12 h of incubation at 30
°C and analyzed by HPLC. Error bar indicates mean values +SD from
the independent experiments
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Fig. 4 Optimization of substrate feed concentration for production of
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added. The reaction mixture was collected after 12 h of incubation at 30
°C and analyzed by HPLC. Error bar indicates mean values + SD from
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Fig. 5 Production of isokaempferide by Escherichia coli strain B-Met]-
PR. A total of 300 uM of naringenin was added. The reaction mixture
was collected periodically and the production of isokaempferide was
monitored. Error bar indicates mean values + SD from the independent
experiments
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