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I.

A=

FAE FAA A E A FA GHLE ETE o= v E AL

A

L ATALe] 25 2 Bay

FOE GAY SO AV ALY B3 AEA U HF AARA 22 2L I
AAE FUA hAS BAFYEA AL o9 WL AT NP HF AT AF

3249

Habe] gFEEL vges N2 Mg AAFAAE ML37) A E 4 flavonoid
o] g AE g A7 EFFQ 2y §7180 FEHY FERAE T JER
HE BEZS AAZFAH HastAY, 7E 3 HlEo] &L @] s

kA £ 7} flavonoid SHES Rk AAFoE FFT F U AMELE 49 AF
Mol ot ol E FHAle F4HE A tAE AT 53 TR ZPRo|z9]
DA E o)F&F ALAI2FHe sl dFANE 5 FAFNELRY ARS ER

3}

i

AT WS R S

B A HF X £4E A dAE A JFAIZREZY LS Ao, =3
(Camellia sinensis L)o)| 98] A== & flavonoid 3FEZF X2 Q naringenin,
pinocembrin, apigenin, galangin, kaempferol ¥ chrysing targeto 2 3t @ 24&E EolF
flavonoid A SEES] AT o|FEF AN A2del ALs @ Hd A2de] AH 3
9 o F57Y AZES 5O ANE T¥ L 448 33

O a5 A2 e 2 ¥
B 2=/ flavanone FFEQ] o]FHF YUAIEE 75

o WA o|F&EFA Y Streptomyces coelicolor A3(2)2] 4-coumarate:CoA ligase (ScCCL)
¢} licorice plant$l Glycyrrhiza echinata®] chlacone synthase (CHS), Pueraria lobata plant
9] chalcone isomerase (CHI) #Axle} A L @& p-coumaric acid ¥ cinnamic

acid9] feedingol <3t flavanone 33E 9 ZFAIA A|2H Y

B 23N EF FHH3E 5 gAbe st o  Ad FE

)

* Integration vector/replication vector 5 & E 9 =¥, copy number ¥ promoter F
o HAsel B ZFABA AR T

« CHSY 7]d<¢ malonyl-CoAe] ME Y F= F7IE 3 acetyl-CoA carboxylase
(ACC)9} pantothenate kinase (PanK)¢] 3}4F&o]| 2]3F naringenin chalconed] A3A &
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@ flavonol 3}3HE 9] o]Z

%39 codon preferenceE
Ly

A=A} (synthetic gene)] 3434

o
L]

He AESY ALY G7NE ANAA ¢

o) B ZFYFA A T3

FTET A" 7F
Citrus plant 2] ¢] flavanone 33-hydroxylae (F3H), flavonoid 3’ hydroxylase (F3'H) 2

=

flavonol synthase (FLS) f#AAle] @A H W&o 93 flavonole] ZFAFA A|2H

24
m e

3l flavone®] Z3A3A Al 2H

# flavone 329 o|F&F
* Petroselinum crispum §-2]€] flavone synthase (FNS I)

&4

B Flavonoid SI&EE9 tF A4 2 B2 A
© 2% PEXE o8P Faxd HHg

o Z )3 WERE o]&3 HFZA scale-up

« 223 A3 ¢ scale-up

BN 2 P

T4 A

B 353 flavonoid 31359 in vitro FHEA A=

- A FH3 Bl

garviegeE 24k

» B AFE FI FH3I flavonoid 3FHE9

concentration; A2 AT L) SHOZ FA}

W oiRl Ud 8358 AY

FagES

AR FY % F7h w) o

=2 model & 5= Aeromonas hydrophila, Edwardsiella tarda, Lactococcus

MIC (minimum inhibitory

r JUXE Ao s AAZAFH AT L B3l FAE AlsAVIAIRY RS 9
V. 4701247
TE ATANEEE ATAEE R
] » "N A o]ZLZF oA flavanone 3}3HE Q]
. AEOSH A 58l E ol u
:fﬂ;ﬂ;/\zaimie ;%:LE"] ] naringenin ¥ pinocembrin®] 4+ AF
e cleaT AT A2Y AW L ug an 2 anzsd 9w 404
e P LA FH P dABEd g7
1Ad = A ALA BEAF K
o e olae waaen 1L 2T LEZE o83 Ha‘:é‘. A HH
" &% WMEZE oled wExd 3} (4.0 mg/L naringenin % 6.0 mg/L
2743} B
pinocembrin 4§ A}




T8 ATALER AN A
~ AT olF=FA flavonol AE 33
E<?l kaempferol ¥ galangin®] A4} A
&
« EHY favonol HiFES ofF o0 Loos JIESE favanone %
sz A sY 2E flavonol 3}3tE¢] waxd HH3 2
_ . _ _ A7 WA AE HdE (44 mg/l
» ZFUd FaRE o83 WEZE
prins i 2 scale-up naringenin, 6.6 mg/L pinocembrin, 0.6
- 989 flavanone HFEO in I;;i/; kaempferol 2 2.0 mg/L. galangin
vitro YT EY AT « 5 %23 o] B model FHo
& flavanone 3}3t=9] T 24 =4
(B3 g8 T Ax9 A4S
{8t S-S AS)
= AT olF&EFUNA flavone AQF 3}
» HEfY flavone FEL ©]F| FE9 chrysin L apigenin®] WA HF
S BAAZHE 75 (45 mglL chrysin % 51 mg/L
3 * Flavonoid 33E&E9 EIFAH F apigenin AJ X}
3} 3 scale-up “ invitro Y ANF R FHAHIFS T
» X 3H flavonoid &3FES] 4| in vitro efficiency ZA}
24 As ¢ 3758 A " 2934 #HH3} 9 scale-up
- FAolgo] U ARFAE AF

AT 2 AAEE AE
g &Ao] oln] AZFH hEF< flavanone 3}3HE (naringenin, pinocembrin) Tk o}
Uz} flavonold] &3} kaempferol ¥ galangin, flavoned] &3} chrysin ¥ apigening-
s olFsFoAA AL AI3FoEMN, AAE ojFKFE ©]|&3 flavonoid =9
W 29 ERo] FUHUS. ol2M Be} T flavonoid B WAE o] FHF A
Abol The s A =
TP 208 WEZE o8P flavonoid BFE A4 wEZA AHE Fo) 2ae
Yol Be AZE AP 4 FAE AATAA Aol s 5 e
FAL2] o]F oA FE EA7} HE bacteria strainol] g in vitro FTEA AFL F
o, AAAY 52 FAE PAAZ AT & Ak e SAGRL.

oE gz I #uglel YAA GEoE AT ¥ ¥, DAY, AE FAEY

Ei=

PAE 2RFHOE HET 4 dE AAEY #4848 D FY BIY B £
F e

% F4 5 EE FPASS ASHA g 1FD 471F GAG BF ANH 5
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SUMMARY
CERDLY

Recently, a number of reports and on-going investigations have raised concerns about the
increasing problems associated with infectious disease in fish and resistance to the
antibiotics used in aquaculture. Flavonoids, including flavanone, flavones and flavonols, are
plant secondary metabolites that fulfill protection from attack by microbes and insects in
plants as well as production of pigmentation in flowers. Thus, Flavonoids might be a good
alternative to antibiotics in treating and preventing the diseases encountered in aquaculture.
However, the availability of these medicinally important plant secondary metabolites is
limited by seasonal and regional variations. In addition, isolation of single compounds from
plants is often difficult because of the complexity of secondary metabolites in the plant
extracts. Furthermore, extreme reaction conditions and toxic chemicals are required for the
chemical synthesis of flavonoids. As a practical alternative, microbial production of
flavonoids may facilitate their large-scale production.

In this study, we developed Streptomyces venezuelae-based heterologous expression system
for production of flavonoids. A plasmid expressing the 4-coumarate/cinnamate:coenzyme A
ligase from Streptomyces coelicolor (ScCCL) and the chalcone synthase from Arabidopsis
thaliana (atCHS) under the control of a single ermE* promoter was constructed and
introduced into S. venezuelae DHS2001 bearing a deletion of native pikromycin polyketide
synthase gene. The resulting strain produced racemic naringenin and pinocembrin from
4-coumaric acid and cinnamic acid, respectively. Placement of an additional ermE* promoter
upstream of the codon-optimized atCHS significantly increased the yield of both flavanones.
Moreover, we expanded the applicability of this system to the production of more diverse
plant polyketides including flavones and flavonols. A recombinant S. venezuelaze mutant
expressing a codon-optimized flavanone 3[3-hydroxylase gene from Citrus siensis and a
flavonol synthase gene from Citrus unshius also successfully produced flavonols (kaempferol
and galangin). A plasmid with the synthetic codon-optimized flavone synthase I gene from
Petroselium crispum was introduced to S. venezuelze DHS2001, leading to the generation of
flavones from exogenously fed flavanones.

The flavonoids produced by microbial heterologous host used in this study showed
promising in vitro antibacterial activities against the model pathogenic strains including
Aeromonas hydrophila, Edwardsiella tarda and Lactococcus garvieae. In addition, the effectiveness

of flavonoids as feed additive was evaluated in the field trials.
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M 1g da7igaHel 7ie
A1d ATRLe B4

@b =32} (Green tea, 8+9: Camellia sinensis L) @ 1 FE2EL ZAEZOE ZHold o F&
£ 713 AQFAEZLE A don, FE AR Qs HZ HEY
N Eoke] Aol oA 7PE 8% AFY o] Hi US. 53] F4F EokollA
FAA Aoz AH7E AFHL JoH 7| A AATAAZ v .

@ Sk FaBHE HFHOE Lt 7vA AF 2 9 AARIHVHAIEAY dAE
dojx FAEH Aol A2 ANEZE Ade JAIAFAAE MLy HEAe F
flavonoid¢] @& A& gt A7t BFHol, 53 T EH 3= flavonoid

2 ¥ flavonoide] A o] 753, A AT AE

A wFHAE &5 AFES] dF FFE AMWe THY HLo] A

@Ho] U @t &5 Z flavonoid FHEES Bt FAHoRZ 7Y F
|

@ Wekn B AAE F48 FAA BAS AT 534 AR BPuwol=e] WMAYE o
For ARAZE ALY FANS BE AIPAEAS AL BE AGL.

A2d d7MEY Ha4
1L aigel He71e8 S0
b g FAA G BAR

@ FYFAAAA FRGPI AT FEFER ) AR E BAF Bl G2 v
BN Bl AL SEE P F& BF 1B 0] & o] 7heT] T0E FA)
= 1H215% (AA) 9] 825%)2 A AF o, FiHE FAAE 2588 (17.5%)2 A=A 3 Aoz
Uebskg. 428 SRS AG 20034 16580 4 20044 2178, x| 1ha) 258802 8 }e} A}
§3o] 2 Zo2 Told ACE WS AL, T} 258E FoIA FI4H] X o] wet AL
PG GAY Fe o 2E(12%) Helo] B thebA delA Fi1E FAAE F]
Ao AZMN B Y 9 BH 02 AT e Y.

@ 200390] FYFAATHC] YES (548 FAA BY 29 7F, A7 Ao P2,
TN F4E-02 g Bol AEH T Yt SAHERR|ZA (B F 7)F T4%)E B
A2 B ASA AHeshe BIE WA E] 80% ool I ACE BT P31 Ug. T3l
o FHF 622 ZAF A3} 50%9] | FAH FTAV AP, SR8 0T S
AFE ALl HEAC 2D T FAA ] 80~90%0] o2& WAEFS Ve g.
425 HRYGEEATE $0] 80%2) WA E S HPS (Table 1),

©@ BRHOZ oAt SAUEGRITAO T AED 5 9= A o] 20%ure] 54 o}
A 2ol T W2 GAAE Aokt o] ARRL. o2 AFE 4 AAkH Go] F7ha
A S DS G B ol FAHE GAA 2 YT BAL S GATE



AL EE FAE G HF AT A A 1739 A <Table 1> F8 FAA | g
BAA AEe = Ao = dAH. U 74089 s
@ E3 WHOE AR UlALS 2t 70 dhg g ole Q-}\} o |Z-FME F2 s o AT
) 93 AEA RS SEAGEAA T GYA Mg x|SR TEARS | FIOM L0
A & AL AL US. SFAHE WAEAE %‘*l]ﬁf-’% ol e EEE T
NE71FHOECD) F7b 7wl 3 £2Q v of sl L ¥
A AZAQ FAA AT ADLE NEeAE G1 Y. oyt TN B
A28 F7F A WA FABHADE AFSRA | 4 asuge (IS | -0
A HI=epA Y S
SFEENE A WA A-E ZINHA A7 & 5 [s=eiez  |oma B0~
k3L, Aok 2 FojRlo Al FAA AHES Eol=F TR - SUNs pxa
e Sapagl 80~
A}\‘E‘ 1‘3‘4’ ?ﬂ”‘gﬂ] '<S‘°ﬂ}"] 7‘]'1—,—0-]%7]%7‘(]7]- U]-?j,ﬂ_ Af2H GG ARSI s (W] a2
FE o AP Egito| 2T LATA F 7hx] Wl At THEASHE 20023 R TIENEH LEY SEREA
3 FAHE A AL FE 28177 02 747 29k SRk o] YE S4HE EYUEH ALY
A AR5 AAR HishA Eglel A=
H &2 o] {9 AAtEo] F433] U1l o u = (Fig. 1), 48 FAA 9] o.-F8o=
A A 87 LAEA 2 AF ¢AEA Y 2£H 32
< fM e A A& AAZAERY] AE o] 4
S35 A FE N WS AT AlIF S A Y.
235l017
. =53 FEE9 AIFAAEAY 55 R FH AR Z50|(et9l:1)
H HE&9 4 48,073
@ ==} (Green tea, 8t9: Camellia sinensis L.) & I FEEL
AFHo= 5101‘4 g ZAEE 7 AP ERR &
HA dew, 53 FAF FopillA FAA HAELE & | oo w0 o1 02 o3

#7} 4zH3n Qe
=218 ANET It HE
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A B g e
A9l $del A, 3
rm e
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<Figure 1> ogw.q olF
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SHAS (=424, 2007-03-19].

t}. Flavonoid AlE 313&9 I EFH

eh =x2to] F8 AEBAAEQ flavonoid i}?}%—‘i 343} (antioxidant), ol ®: (ancer
chemopreventive), &34 (antiasthmatic), &¥E% (anti-inflammatory) 52 A& 2z
A% S3E 71544 4F (health-promoting nutraceutlcal) oz QAEMEA, &
flavonoid®] A3Ao] #HHE HAIAZE B8l 1A 3t A9 old A hAHE S
ojg 28 AE9 flavonoid®] AL FF B A wigtd] g A7 Bds] o] F
o]X}3. )& [Trends in Plant Science, 1999, 4(10), 394-400]. &3], flavonoid A& 3%
B 3H3 784 (antimicrobial activity) 0.2 13te] HZ HAJYEZR /ME Eof
o AT YA PE FLF ATFY tide]l Ha UF [International Journal
Antimicrobial Agents, 225(26), 343-356].

& 2= o7 flavonoid 3HFE 9] mixtured] HA FEE9 JFF Ao} e AF8 of
Yz, £8 ZAE 9% flavonoid SFEEY FFEHAS AFHOE A7t HAF
A ALt e A7 A9 S

® Flavonoid 3}3E-L2 chalcone, flavanone, flavone, flavonol, flavandiol, anthocyanin,

;‘E: r\r

condensed tannin (proanthocyanidins), aurone, isoflavonoid ¢ AZI1&F°%2 UE F
g9lo ™ [Plant Physiology, 2001, 126, 485-493], ©d AHE o=z FF Aol AFHOo=Z
A9 UiFA JFEZA = flavanone 1F| &3} naringenin¥ pinocembrin,
flavonol 1§ &3l= kaempferol, galangin, quercetin, flavone IF°| &3e
apigenin 5©°| %<& [International Journal Antimicrobial Agents, 2005, 225(26), 343-356]
(Fig. 2).

R> R> R>
R R, R
HO\@;O)\\\@ HO O o O HO @) O
|

OH O OH O oH O ©OH
R1=H, R2=H: pinocembin R1=H, R2=H: chrysin R1=H, R2=H: galangin
R1=0OH, R2=H : naringenin R1=0H, R2=H : Apigenin R1=0H, R2=H: kaempferol
R1=0H, R2=0OH : quercetin
<flavanone> <flavone> <flavonol>

<Figure 2> Flavonoid 31g&29] 5 2 %3 3+
flavonoid 3}§}&9] X

. B ST HAAFAA R T H8 A

) 3t YA S HAFHSE LSt 7|TA AF BT O AASHTIAZA Y B
E HolA BRALEH Aol FHL NELR AdY JAIIFAAE My AsiAe &4
flavonoid®] @ A& et A7} o, Ia T X3H & flavonoid
JFEL F2 FIEWE FE39 FAHT S o) F H$ flavonoid SFEE
EFEQ FE2E2HE €5 FH9 Z flavonoid EIE 9eix e ERZT AAFTA )
FIMHoRE a7HE TH| U
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@ ZE3 OgUFe 38 WHOZ geneistein 5 YH  flavonoide] FAo] shEdhy
[Phytochemistry, 2002, 60(3), 205-211], ¥|olA A3 AEA 9] FE2FAY vf7}A
2 ¢4 HREY 9P TES ANNE e Wgo] ¢ B WHo| Ug. U
A 4% 7 flavonoid 3HES BT FAHLEZ T3 F e MEL 389 A7
Ndte] A8

oX,

2 AFpee) AA - A4H F8
Ak FEEY FHojF U FAA UiA 5F g AL T THH ARt ¢
THA2Y, 42 4489 He T Ho AAH I7E AdMe I BHS
o]= flavonoid 3gE9 WAL o2M FFo] 87HY dA A= Sl= 7
flavonoid Stt=E2 - 17} 122 AFHANE oz} FAAFANE ¢ 3
< ol 8% AAATIE A BV’ 4B
g AZF oF9 A, wA FEE AT R AR HVke BAH FEoE <19
T8 A A 2 SAALY EgE Bt FHEASA FHEo] ofHrEER
A71H o2 w2k FAAFEY Hop BAFH] A g8 Ade] 283

bz oy J

lﬂ Hm ﬂJlO

no]

=1
=
O =

3. A7/NE] ALY - Z3HE FaA

@ A AAROR A% ALFoIt Foigol s FFHAoIY AYAR BHOZ ALSE FHA Y
A7 ARG g% A% 54 L 8409 Sol AHHA A 5398 FAO
(A4 F71TF) - OIF (FAFIAFR) - WHO (A BA7 ) E BEFES] FAA88 9
4 A&H oz AT FEEOZ AL PAA FHE TR, FoAe] Ao
wet B 2ol A2V FEFFVL ALESIdoF 32 F2ehn Y. et Skt
F50YNN FEE FAAE ALY FAEH o2 Brhsin o, AtEdE 3R
2 REER AL SN A

P EAES Sﬂﬁﬁ}ﬂ Aot FAHeZ TE YA ARFS it e
o, EAGPANILABEAY, & FBHT Qe HHHE FAE FYA AHgo] AA
o BlA= S HrhstaL AA AN E HA587] A3 A A sFHE7] A8 #E =
A 717+¢1 FAO/WHO/OIE/Codex¢} FFo=2 A 3z FJAAEZ 39 (Joint
FAO/WHO/OIE Expert Consultation on Antimicrobial Use in Aquaculture and
Antimicrobial Resistance)& 7| &3} $4H8 A A AR 2 A Ao B3 K| H 7}
9 SsBel $30¢ A% BRALL FPae 5 AFH o2 Su1E PAA AL FET
FAA WYL ZE A3 A E Sole =8L 5L U+

1% 54 % BAeE 5 SN PAAY BAEL AU FHoFE nEY &
JE V1EH WAOR FE %3 FOERH YVFIE olAUALE FAFYT A
Mol FE3HA AAEHL A+

©)
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A3 A aAe] 8l
1. =9 flavanone 31HE 9 o|F5F YAA|2EH 75

ep WA o|F Lol Streptomyces coelicolor A3(2) 2] 4-coumarate:CoA ligase
(ScCCL)$} licorice plantQl Glycyrrhiza echinata +2)¢] chlacone synthase (CHS),
Pueraria lobata 2] chalcone isomerase (CHI) f-Zx}l9] A = 2HI} p-coumaric
acid ¥ cinnamic acid®] feeding®l] ¢]3} flavanone 3}&E9] ZFAHA Al2H &5

2. BEAIEE FHA3 8 AL Sl o3 A

@b Integration vector/replication vector 5 THHWE S 3§, copy number & promoter &
o HAstol P ZRAGAY AR G4

@ CHS9 7122 malonyl-CoA9] AX U F% F7}E 9% acetyl-CoA carboxylase
(ACC)$} pantothenate kinase (PanK)<e] Z}t& o] 9]3t naringenin chalcone?] &4 &
& b‘]:)x]—oﬂ _,]6‘]- A ALA] BEAF

@ FAHL o]FESF9 codon preferences 1T AEFH FHALY AIIME AEA L
FFHA (synthetic gene)®] 47 T HZH 3o o5 2FAFAHY AL T4

=

v}

3. 21247 flavonol 33 E9] o]FLZ YA AE 7=

¢b Citrus plant 2] flavanone 3B-hydroxylae (F3H), flavonoid 3’ hydroxylase (F3'H)
flavonol synthase (FLS) &Ax}e] ¥4 2 wao] o3t flavonole] ZFAFA A€
&4

4. 259 flavone BHTEY o|F£F YA 2H T2
@b Pertroselinum crispum 2] 2] flavone synthase (FNS I) #FZAte] A4 2 F7} 3o
9]gt flavoneo] ZFAHA A28 44

5. Flavonoid #3HEE¢ iz A4 g B4 349 /N
@ 2% TEXE 0|8 FEXY HHF
@ F Y TaxE o] FaxA
@ £2F78 A3} ¥ scale-up

L ooy f

.

6. 3R H flavonoid 3}3+=9] in vitro I8 AS

@D G4 ST} AHE o] =2 model T2 Aeromonas hydrophila, Edwardsiella tarda, Lactococcus
garvieaes A1t

@ 2 AFE Fs R flavonoid FHES FHFEAHLS MIC (minimum inhibitory

concentration; A A FE) SHOZ A}

7. FHolRol I FFHE A
@ BAE o2 & FFHEANN ARHMAZY 7HeAdE
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(o= k=13
o

M 2% Ul 711 o

A1d FH - BdEE dg VAL ES
1 S71& 5

@ I AIERH ABHEZ AFAE AT 7<= 1908 FHEEH S35 7] A
Fotel @ AN 7o AARFEA UF AT AYHL Yow FAREREA 2
A7h WESI) AR 2 AEE AFE KRS Bush 43P A2 7Y
BT 2A7FC 24E RE ATEAN 2RI 98 AFEZY FEH #+&
ojAhAHFE ] olFwF Airlee] ATl i A= AFI FHolH, BAZHOR
AP §AA 2BE B DR ARANEY FEAS HVT + AE 2T
F4 71edd, FHA £2370] ofEE oM MAETF Ee HEERH d2 AW AR
FRAAA G oFHF THS FF & ClAUARIE S o|FHF iV S

ANE 2 d747 B33 e 169 d471&49.

el

)y
rlo

@ = FAA dAE HIAFA=ZE A B 7= HE FEE T &5 HUH
B3 Q77 F2 o|FojAL o, B Fxe Fo] HE FEE T, ¢Y 24
BEY PIAES ol & FAM BT A= 47t 2l

w8 BAY ol2&FAN 53
AT 7|3 ATAES & ATAEAL ] BEHS
W7 fF2 polyketide AlE Erythromycin 5 macrolide
Kosan stHE 9] olFsF LS AT | A€ FAY FEA MEs
o Streptomyces coelicolor ©]F %3 7)1t & ANF F8A AL,
Bioscience, USA . . .
2 multiple expression vector 7j% A F
(Stanford PSP .
University Myxobacteria -2} polyketide Al <E
et /1 g9 o]2&F AL ¢8| Epothilones] W FAYNL £
aitan Khosla) Myxococcus xanthus ©]|F 45 2 4 A E
Al=H 7
University of . o
Michigan, USA Marine cyanobacteria 2| HFNBE F AASHFE
. AYdgd=de 444 A N 5
(David H. an 283 76k 75
Sherman)
P
Saarland oyketide pelypetide hybrid
University, i]?@-y% o o % __,;7_% AR %}j S Myxochromides S¢] o] & %3
Germany | p. o domonas putida olFgF 2% ;Jﬁi RRKICE R
(Rolf Muller) P e » =%

A= A

1}. Flavonoid 3}3tE9] v E A 53
3 EAEY WE A, Fig. 39 28A GA 9
C4He) Ao " Q3 P-450 reductase’} EA|3}A] X o B2 flavanone] AJilo] Erls



QR

. BF A%

gt a3y dE F73 99 Horinouchi 1&& E. colis P Er@ﬂH
o|FGF2 AHE-3lY yeastQl Rhodotorula rubra®] PAL | oo, HOOC N,

phenylalanine tyrosine

o] tyrosineS 7]2dZ A}&3}Y] coumaric acidE A4k —
@ 4 Ao AuE ogse, o waza e
Streptomyces coelicolor A3(2)2] 4-coumarate:CoA ligase | Com J@,EH
(ScCCL), licorice plant®l Glycyrrhiza echinata®] CHS®] | [oo o e acid
FRAAEHR 23 TP flavonoid 3HE F 7R secoL
b3 FZ 9] flavanone?] naringenineS A% A4S} s '%L

=d AF3Hs (Fig. 3) [Applied Environmental CJ‘/@ ’
Microbiology, 2003, 69(5), 2699-2706]. e camoykCo

% w4 thete) Schmidt-Dannert TE& A3

UH-g AM839 ey, PALS Rhodobacter shpaeroides2) e
tyrosine ammonia lyase (TAL)Z, UYw 32 {fAREL ma':"y"COA
Arabidopsis thaliana 3 2] FAAEZ A TOEZHN " J

e FINE & AR Ead H A+ bkt mosemorin chalcons
[ChemBioChem, 2004, 5(4), 500-507]. Fi=OH saringenin chelcone

o] AHIYATEL AxF HAES o835 ‘

flavonoid 2}3HZ9 A 7Hs4de dFIAFod O H“

HAEE AdAE AHEol ©en, @ flavonoid 3} o

d= T HO 783 TS Hole HHE A RO - narmgorin

el AFEA X3 EAFH] FolddS. <Figure 3> 2] &9 4] flavanone

A3 A= (24)9} E.colidl A
ZgAA 9 93l flavanone )

geb A4 f8H FERA 44 3= @AY

H
s1etE 9 AT A ol 7Hesta, 4t Fo 2 iAol FAAH PAES
o] 8-3t flavonoid 3HE9] ZFVFA Al sdte] Ha g
%, RO g3t 729 I 49 flavonoid 3HEQ] HAE g FAto] AR,
A7fdel HA FAEAE] o] 75T AY.

Lo

A2d AFZEFAE I - 9 Tle/iEE RN AR = HA

@

AAA G2, FaFA QoM e FAA At ALE 74 2R E4 s 2o dg a7 F
A= e AN, M2 A AAFEAE ND e A+ FHAH o2 fleA Z
L3 71=9.

B d7EHY 4723 4= 7 flavonoid 3= PlAE A4 7Ie2 S e S1
491 450l glen], 2o H o2t %A AFF 12 ¥u| 2 thete] Schmidt-Dannert 1§
oy} wl= wWHEE UIgte] Koffas IZFNA o]FJX QL. E. colivy Saccharomyces
cerevisines ©|F&5FE ©|-83tH flavonoidE AJ4Hsl= ol& 153 H|13ty, flavonoid
A el T 23 factorl malonyl-CoA9] <Fo] FR3 StreptomycesE ©|F&HFE AL
S 2 4799 Ve SAHA 3B AL Qo] FORE FEF AL 7
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A Ao Z 4AF.

@ EATAFY TYLLHQ Jle 27 vl astd o Ko 2.

7&A AN&5E9 BA%7
MAES ol&% FAEAY AN AAROE ZJ|DAd Jomz A
29 APA fAR e F2ATSe] t3t 2 Frr|BATLNN A3
g3 9ol ARGl Y. 190d ) 237 Adg FAA AFA /AR

QAAE [ 712QATE oA APRE AHo] HY, oS o]&F AF FAAY

2§71 |(HAE 7ZE4 A8d ALPE FAAS oz AP L850 27
AR % A2 HAFAER A As5AH AP =,
flavonoide} 22 HE FA=H B5 YFLFS @5¢ 5 slem= o
daaied AL e BEF + U

nAE A NAE BolRRE AT T WAE Ade fHA AT ARE

olB&F |FEHT F e VU F FEH glon I FHED AN FF

=9 2 |9 wa @ gd Y A, ATAY FEL HAT F24 2L

dE7e |2

g B ATES WAZA A flavonoid HHEE BF BASLH o

paye BF FH8 =898 Ansde. ol flavonoid HAE WE Y Pz

EUUTE BN B8 1eSE, A79Y $EL AT $Ed 23139
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d 7+ &

A2

A5y
(124 - 483 H24H)

= HERF
Flavanone
g
EREY
oE%F
A
B

75

4-coumarate:CoA
ligase (ScCCL),
chalcone synthase
(CHS), chalcone
isomerase (CHI)
FA7e] 2d W
A% 2 BA A

* 4-coumaric:CoA  ligase (ScCCL), chalcone
synthase (CHS), 3%9] chalcone isomerase
(CHI) fAe] §4 2 @d Wy A%

- Streptomyces coelicolor A3(2) 2 <

4-coumarate:CoA ligase (ScCCL, GenBank accession

no. AL939119), Arabidopsis thaliana 2] 2] chalcone
synthase (CHS, GenBank accession no. AF112086),

Arabidopsis  thaliana 3] 2] chalcone isomerase

(CHI, GenBank accession no. NM_115370) f-HA}&

F4350 Fig 4A%h 2e 72 28 HES A%

R

- A. thalisna CHI o]9jeol| 23F9] Medicago sativa

(GenBank accession no. M91079), Pueraria lobata

(GenBank accession no. D63577) f-2]¢] CHIE &

‘48t Fig. 4B, Co| 2@ HE F7I2 A FeHF.

A emnE*

-ScCCL ) -araCHS — -araCHI J

pYJ930 (replication vector)

bla H oripuc Horipls1o1 tsr

B emE*

-ScCCL ) -araCHS ’medCHs’J

pYJ931 (replication vector)

bla H oripuc Horipl1o1H tsr

C emnE*

-SeCCL P -araCHS P -pueCHI J

pYJa32 (replication vector)

bla_H oripuc Horiply1oq tsr

<Fig. 4> Flavanone A §4
A9 g ¥ H

. 948 28 dEHE o343z Awd
Streptomyces venezuelae DHS2001 [Applied
Microbiology and Biotechnology, 2006, 72, 763-769]
(Fig. 5ol ¥ A&} HS.
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A7

BT ara CEEREEEE TR

- S. venezuelae:= Streptomyces A1E TF = OAF

£ 71 w21 @transformation 59} A} ZF o]

o] -9~ 8ol @FNAGY AR AA L A Fo)

gol3tH @tdS flavonoid SIFES] AP &

2% ATAEL A AT & YE Y= BHo|

AE.

L A > A AL AV AV {D
e )
| |
pik R S. Venezuelae ApikA des cluster pikC
Hya", Aprs o {AV 0.
<Fig. 5> Streptomyces venezuelae DHS2001
2 &5 oL AA
e 4-coumarate:CoA 1355 A%
Flavanone )
=t ligase (ScCCL),
313E 9 = Phenylpropanoic acid (4-coumaric acid FE+&=
e chalcone synthsae o = ]
. . s o © o E=a= X ol =
]afz (CHS), chalcone in:amlc acid) 9] feedm{g;,E =35lo], WA o]
A Al A
. :;TT isomerase (CHI) . ]_,_o!] 1 flavanone 4 ; - .
}\g;:a aaxe wd 0y | FAAZA S. venezuelze =AW o]0 Fig. 604 <}
S . . = .

]—_— =l AF 8 ¥y A 2] 4-coumaric acid T+ cinnamic acidE feeding
T 3, ScCCLo )5 coumaroyl-CoA <}

cinnamoyl-CoAZ &A3}§. o]ojA CHSe| <3 3
789 malonyl-CoA unito] A %<l %i}ﬂ}%—a‘ A
2 Z+ 71dd) ) Z3tE chalcone 33tEo] AAE.

Substrate
H R Ri=H, R2=0H 4 coumaic acid
p R, RI=H, R2=H cinnamic acid

DHS2001 &5

/ - 3X malonyl-C. A@ 1
ennt™ -
-ScCCL P -araCHS — -araCHI

pYJ930 (replication vector) o
bla_ | oripuc Horipis1o1H tsr :

Ra

\ “O\K\/Qi /
Ri=H, R2=0H naringenin
Rl1=H, Ri=H pinocembrin H

<Fig. 6> 4-coumaric acid ¥+ cinnamic acid¢]

,/

genomic
DNA

{(ApikA) 2

feeding& %3l flavanone AL 3 A
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A EH
Flavanone
32
RS
o)E 5T
A2
A2

5

4-coumaric acid
I+ cinnamic
acide] feedingS
E3), flavanone
3}3E2l naringenin
2 pinocembrin®]

A 4F

olZ2 A4 AMAH chalcone 3EL CHI = |7|%4A
(pH 9)3}ollA 33302 flavanone?]l naringenind}
pinocembring A g

- B AFdANE
cinnamic acidE feedingd}s], ScCCL, CHS, CHI¢]
28-S 53| flavanone 3}3E<1 80 ng/L naringenin

—
L

1.2 mM 4-coumaric acid

W 160 pug/lL pinocembrino] AAHE AS

LC/ESI-MS/MSZ 82151%< (Fig. 7, 8).

“m: DSH;Jegf/z\?.%g?] T 4-coumaric acid feeding I
CHI

5.00 10,00 a5.00
AR _REVE cou Smi_2_jun2d2008 MRM o5 Channels E3+
1000 2108 2722 > 1529

32184

8. Venezuelae
.1 DH2001/YJ931

CHI

500 000 15,00 20000 2500 ETT] B 000 4500

JA_TIZI0_RIVE oou_tmi 2 junzda200s MRM a78 Channeis s+

00- 2195 2732 7 1528
35824

5. Venezuelae

-] DH2001/vJ932

Pueraria bbalta CHI

500 10.00 15.00 20000 2500 3000 3500 4000 4500
Smndard(500ng cou_nar) may32007 MRM of & Channels ES+
. Erd Tic|

" 52024
- Naringenin MRM mode
-] " Standard 273.2>152.9
60 o £

Time

4000 as00

<Fig. 7> WA F o|F %3 DHS20010] A

naringenin A& 39l

A YUZ12_R2YE cin_Smi_2_junz42008 MRM 678 Channels ES+
25

00— =29 722 iae
&
3. Venezuelae - N - N
DH2001/YJ930 cinnamic acid feeding
CHI
L) Tom0 7500 2000 2500 2008 3500 4000
AT 1_RZYE_cin_bmi_2_jun242008 MRM 018 Channels ES-
, =as o7z 1520
3. Venezuelae
.1 DH2001/YJ931
CHI
500 Tom0 1500 2000 2500 2008 3500 4000
JA_IZ10_RZYE_cin_bmi_{_jun242008 MRM 018 Channels ES-
. =an SR
5. Venezuslae
«] DH2001/YJ932
Fueraria bbata CHI
500 om0 1500 2000 2500 2000 3500 4000 o
sandard(fua cou_cin_nar_pin)_april 122007 MRM of 4 Channels ES+
oot 233 EERCH
. . =
Pinocembrin
Standard MBM mode
w] = / 257.2>162.9

sho 000 1500 2000 25.00 e 3500 40.00 4500

<Fig. 8> W AF o]F&F DHS20019] A

pinocembrin A} A+ 3<l

Phenylalanine
ammonia-lyase
(PAL)S EA AT}
Phenylalanine (Phe)
X+ tyrosine (Tyr)
feedingS &3}

flavanones A4k

» ScCCL, CHS, CHI ¢]9o] PALS] FA|XHAS 3
WA o]F<4F oA flavanone A4+

- Phenylalanine ammonia-lyase (PAL)$} tyrosine

ammonia-lyase (TAL)®] 7]5& FAld 7HA=
Streptomyces  maritimus 22 PAL (GenBank

accession no. AF254925) #-HAAE A3t ScCCL,
CHS, CHIs} EA12H3do] 7158 Welg o4 (Fig 9)

i o]F &3] WAABHAL.
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o]
2 Ef

Flavanone
31HE 9
A E
3%F
A2
Al
5

Phenylalanine
ammonia-lyase
(PAL)®)

S RECE!
Phenylalanine (Phe)
X+ tyrosine (Tyr)
feedingS 53}

flavanones A4k

emkE*
PaL - scccL 4 aracHs P -aracHt

pYJ932 (replication vector)

bla H oripUc HoriplJ101H tsr

<Fig. 9> PAL, ScCCL, CHS, CHI
FAR] A AL AT Wg

- Fig. 109)*4$} 2] Phenylalanine (Phe) E&
tyrosine (Tyr) o}v]x=4kS feeding 3}, o|FEHF=2
25 10 pg/L naringenin ¥ 20 ng/L pinocembrin<
AAElgS. ScCCL, CHS, CHIY wde %3
flavanone AJAF A|2El3 Hlw 3PS wf Aol 7
23R =

- oA B ATEL flavanoid AP AR FTHA|
Z H7}8|F= amino acid®} phenylpropanoic acid €]
7124 Hadgses. 2 AF  amino  acid$9l
phenylalannine®} tyrosine®] AlF v 7}HLS
phenylpropanoic  acid{l 4-coumaric acid XE&
cinnamic acid¢} Bln st <7t AHeid, tiFgF +H
Al ZEA-A A F Zpol7t YA ek ofel o] F e 4
A& AFo A E 4-coumaric acid®} cinnamic acidES

AFAR AlFste Al2"S AHES7IZ 243

phensialanine tposine
| FAL ] TAL
oH
C4H |
—_— J
HOD Hooc
cirmarmic acid A conmnaric acid

R R
HD\@:T@' CHI Ho\@:j/@/
oH O Sponianeows oy o
R=H : pinocernhin chaleone in alleali T — |
R=CH : naringenin chlacore R=OH}: mﬁ;gen]il

=chalcone=
flavames

<Fig. 10> Phenylalanine T+
tyrosine?] feedingS %3t
flavanone A4l A
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D foh OFO folr ol
n}

Mo O p b
B bNopo N

AR WA S =4

v @FA] 7], Inoculum

size, agitation

350 e

ZALE vl o2
A28 TEZNANY
TE 27 HH3g Y

B Z)

h

= BEuR] =4, WA 71E YA =A}

- TeeE B @TEe PHT  olFEFA
flavanone A2+ A|2®Hl-S HF3sl7] $3], +44F S
2 AMAE ARsds. HAT AdEAE 4
A = "wA F Wl /A F5F (SGGP, ISP2, ISP4,
ROYE)E dA4Hoz ARsgom, 2 WA z4e
Table 29} 2.

R2YE ISP4
Soluble Starch 10g

EUSCEJDSE D]%%g Dipotassium Phosphate 1g
M‘ Cld EH.O 1Ij ]29 Magnesium Suffate SP 1g
G|guc5'se b 1-099 Sodium Chloride 1g

! . Arnrnonium Sulfate 29
Casaminoacids ! Oig Calcium Carbonate 29
Trace elerment solution 2l F St 1
east extract 53 Mear;;iioﬁs?:ﬁloride 1?3
TES buffer 5.73g Zinc Sulfate g
S5GGP ISP2
Bactopeptone 4g
YWeast extract 4g Malt extract 10g
Cazamino acids 4g Bacto-veast extract 4g
Glycing g Glucose dg
MgS0, TH,O 0.5g

<Table 2> Flavonoid A4} w] x| ¢] %A

- AR e SRl oE Ag@v% BN I
ScCCL# CHS #dAte] wd wel7h FIABE S
venezuelae EAWolF YJ178 (Fig. 11)& o] -&3}H =
ol 3}7]9} o] ScCCL-CHS-CHI (Fig. 4A) &2

PAL-ScCCL-CHS-CHI (Fig. 9) -+ MEE W3
ZAFHT ScCCL-CHS f#3A HMEE LHEF Z5d
flavanone®] A4Hdo] €53 =5t7] WEY. AP o
TFIME CHI £& PALE F/iste Zdsides 7
%, ARl ZolE Huyl Y& [Applied

Microbiology Biotechnology, 2005, 68(4), 498-504]. ©]
o] o]F o] AFZANAE ScCCL-CHS FAAE &d
33l (YJ178 A}E), 4-coumaric acid X+ cinnamic
acidg F7lste Al&®lS A3 12 238 %
- <s}7]>
PAL-ScCCL-CHS-CHI #& : 10 ug/L naringenin
% 20 ug/L pinocembrin A4t
ScCCL-CHS-CHI 24
ug/L pinocembrin A4t
ScCCL-CHS g
o/L pinocembrin A4k

: 80 pg/L naringenin ¥ 160

: 100 ug/L naringenin % 200 n
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i

D fol oo fob of
A

HopE O i b
B pNop N

/ S. veneziefae YJ178 \
DHS2001

genomic
DMNA

(AplkAl_. ammE®

-ScCCL araCHS
A. thaliana CHS
bla | oripucHoripl1oH tsr

<Fig. 11> S. venezuelae =AW o] F Y[178

- S. venezuelae YJ178& o}-&3ld 1.2 mM 4-coumaric
acid T+ cinnamic acidE feeding3dt ZA3}, 7]&
AH&St 1 R2YE HjA| oA flavanone] AJ4HA]
o] 71& =%+ (0.1 mg/L naringenin ¥ 0.2 mg/L
pinocembrin AJXH) 1 A3 F A2 flavanone AJ4F
WA 2 RYES A&Hoz Agstrlz AW (Fig
12, 13).

AL v xe] =4, Naringenin®] A4AHS
vl %k A] 7], inoculum as

size, agitation &%} 3
Sol g 2AHS i
ngto g 49 . m o —_—
W Foxe wa o B -
27 H53 2
A 2

<Fig. 12> 42 WA ¢ FFo| Be
naringenin®] QA4 vl

Pinocembrin®| 24-AHA

0.3

0.2
a1
o

RIVE 15F 2 5P & CEF

Froclary gl

msdium

<Fig. 13> A2 WA EFo) we
pinocembrin®] AJAHA H] nL

- S. venezuelae Y]J178 ESdWo]FE o] &-3), R2YE v X
A wlF A7IE AYE AN ZAF, Figo 149
Zo] AT olFHF9 ARl uE flavanone A4}
4 Helgs FERE & A HAew, o
flavanone A4 A|A® & 9% 7|Z7F vtEEHS

[e]

= -
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i

L fob oo fob oft
0

Mo O by
fob PNopol N

A4 v Al o] 24,
vl %Al 7], inoculum
size, agitation &3}
o g 2ALE
HlElO 2 A3
daxoxe] 2a
21 #3434
A S

- O3S0 2 S venezuelae YJ178 S AWHO|FE o] &34

50 ule] ApA wjkod (pre-culture)E 5mLo] AJAHH| x|

0.4 mg/L pinocembrin AJ4}H)

- S. venezuelae YJ178 &AW o|FE o] &3}, R2YE H| X
A wiF A7IE e AR ZF, Figo 149
Zo] WA o|F&HFo A A wE flavanone AJ4F
4 Helgg FRE & JA HIew,
flavanone A4+ A|2®H &8 93 7%V udAEHY
+. Flavonoid 434 FHAE Ld3te AT &
dWolFE, 4847 Hi¥ F acid ¢}
cinnamic acidE feedingslil F7}2 18A17HE o |
Fste W 7P Aol Fsks EHRHeE 01

mg/L naringenin ¥ 0.2 mg/L pinocembrin AJ4F

o].}_;

4-coumaric

8| 0.25
7 B raringerin pecduction
pirocenb zin produstion
—[ cell growrth (fed with 4-commaric arid) F0.20
B b | 0 coll growth (fed with cimanic acid)
| =
5 ® Fo1s
= dsh
(SH £
3 |
E 3l F 0o "é
6] o
2 F
+ 0.05
‘] L
0 — 1 L ooo
u] 24 45 &4 E0 BB 72
Time (h)
. Pt 4
<Fig. 14> AR o|F&F 9] W FA 7)o

u} £ flavanone?] AXFA Ml n

Inoculum size, agitation 63 5 FA}

inoculum sizeo] W& AL ZASIES. 2 2y

WAF TAE RYE WAo)4 24412 ARE et

o] inoculation &39S w (1,100), flavanoneo] 7}%
wo] AAE QS (Fig. 15). (0.2 mg/L naringenin %

03

0z

thllll

1250l 2501 S0ul A00ul 2000l

Inoculumn size

Flavanone 4 Atzr ma/l

<Fig. 15> WA o]F %59 inoculum sized]

£ flavanoneo] A AA H]w
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B A 24,

8] %Al 7], inoculum

- Flavanone®] AJ4tAo| W] X|= agitation &35 A}
7] s oed BY B84 (rpm) sl
S. venezuelae YJ178 & Ho|FE HIY3IHS. 1

3 Fig. 160148} 2o 240rpm ool 714 e
iAol #FHIAE AHHoE 0.2
mg/L naringenin 2 0.4 mg/L pinocembrin AJ 1}

flavanone 2]

23
. size, agitation &3} 045
2= = - = 04
Gem | O W EAE
wrza | | oo% 2% n o o
- - - é 0zs @ naringenin
;Z']i]_ %Eioﬂ}q‘q %E -:El%:j nz Iinocgembrin
K 27 #%3 § zE
a1
B = s
’ 140rpm Z40rpm 300rpm
== & == (pm)
<Fig. 16> Agitation #& 3}o] w2
o] £<&F 9] flavanone QAALA njw
= Flavanone A FAA @& Aj2"e] HA 3]
S % AN FE
- A3 AAG 1L 49 LHE2E 53 daxd A
3} A|&RlS vl o= flavanone AFA FAAe] B
d ANz"e HHgstuA =
- Integration ¥ ¥ (pYJ152)9} replication ¥ ¥ (pY]34,
pYJ618, pYJ702)E ©]&% TAHFES =F, copy
] number (high-copy, low-copy) % promoter (pikA
Integration . = N - .
) w5} /replication promoter, ermE* promoter)s 9 ZHE F3le] Fig.
od an = waage |V RS BEE HE MHE A%a98.
= _ H = E
A3 o . s wu :)"] - Flavanone®] A4HAE vlngk A3, ermE* promoter
I AL-S- 8t : ’ cop}tl n;mol e 7FA = high copy, replication ¥-d7 ZHWEQI
< ! promoters <
Sk < PIOMOETOS vy wMEE AEHI, 4 K84 ROl emEY
A XA 0|83} flavanone o = .1= o o
Al WA S 0 promoterE F7}3 79 (Fig. 17A)0l flavanone&] Aj
F b “T_J}_E S| 2 g F 4L (Table 3).
AESEREEE
A empc* B emEc*
-ScCCL | -araCHS -ScCCL | -araCHS
pYJ34 (high-copy) pYJ702 (low-copy)
oripUC Horipl101H tsr oriscP2H oricolE H tsr

C PiA

-ScCCL J -araCHS ) SecoL } aracHs
pYJ702 (low-copy) pYJ152 (mtegratlon)
oriscP2H oricolE H tsr int { AmR OrIPUCJ

<Fig. 17> t} <3k utgd slg 2 promoter?] 23}
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d
443 3
EREER
o3
B

o

Integration

4 E] /replication
e 5 dauE e
%%}, copy number
4 promoters <
0|85} flavanone
AR FAax 23
Al =" o] A3}

wraidig 2 Naringenin Pinocembrin
il (mg/L) (mg/L)

pYJ34 1.0 2.0
thigh- copy, erm® * promaoter)

p¥JA2 0.24 0.48

(low-copy, ermE * promater)
p¥J618 02 0.4
(low-copy, pik4 promaoter)

pY JI52 0.25 0.5

(integration, K * promater)

<Table 3> & W g9 F5Fo] WE flavanone
AR v

- A7 "o =2 1.0 mg/L naringenin ¥ 2.0 mg/L

pinocembrin A 3+3} 43S

WA e
Skl Al E
malonyl-CoA ¢]

rc=
o 1-=

SR A 24,
ol F&T9
flavanone AJAFA]-&

SHAIA

- OAZRd  AUE Bad  oEETOA
flavanone A ALA] skA}

- Flavonoid A4 ©A 5, naringenin chalcone
(%L pinocembrin chalcone) 4-coumaroyl-CoA
cinnamoyl-CoA)9} 37§2] malonyl-CoA7}
CHSS Zwsol ostel AYHY. old@
malonyl-CoAE At Ae|o] AXY Fxo &3
of B=2, oo FEE ¥ & Ut UAFE A
ZFo] "ot oo E ATEHL malnonyl-CoA]
AE W 5% 712 93, acetyl-CoA carboxylase
(ACC) ¥ pantothenate kinase (PanK) %} 3}
1He 9% WEE AFsta (Fig. 18) flavonoid
A A% A B8 As. T 23 1.5 mg/l

naringenin ¥ 3.0 mg/L pinocembrin A 4}3}% &

(&2

Flavanone biosynthetic genes

emnt* emmE*
=ScCCL- - CHS

pYJ34 (replaciation vector)

bla H oripuc Horipluto1H tsr

Malonyl-CoA supply genes
e

& E*f ™

=AccA2 = AccB — AccE
pYJ152 (integration vector)
atPf int H orT H AmR H oripuc

<Fig. 18> Flavanone ¥ malonyl-CoA

A A 4 W9 o
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codon-optimization

<Table 4> S. venezuelae®] codon preferenceE

¥ < 3}, 1HF 47149
MR I e S
HALES | e Ao wE - B ATEL o|FHSFE AME3IE S, venezuelae®]
B! a8 genome sequenceE 98% A HE oH, o]F FA
A2 mezy  [FARE @1NL AAd T,
A} flavanone AAFe || AEFH FHAQ codon-optimizationS A A}S}HaL,
27147 (Table 4) F7}4° =2 flavanone AJ4F HJA|9l R2YE
[e)
(Table 2)o] AE F sucrosed] ¢S ZH3Y
modified R2YE (25% sucrose 3) MR E A%
tAs. 1 2# HFTZHOZE 4.0 mg/ll naringenin ¥
6.0 mg/L pinocembrin®] At A3 3RS
* AT o]FE T A AAHE flavanoned] 2 317] ¥ Figl99 WS
53 HFHLo=Z 4.0 mg/L naringenin ¥ 6.0 mg/L pinocembrin-g
R
<'5']-7]> / DHS2001 Flavanone b|05ynthet|cgenes \
- pYJ34 (ermE* promoter) :S. genomic .SccCLIi s
COEliCOlOT "IQFEHQ SCCCL [e) ;(_] X]'Q‘]' (ApikA)_'. pYJ34 (replaciation vector)
EPY : bla HonpucHOnle1o1 tsr
O] _’] COdOI'l preference——— MalonyLCoASupplygeﬂes
a8ty ANAEAZ A. thaliana E ootz = foch -AccE
CHS [e) ﬁz _g_ H].—igﬂ—a . pYJ162 (integration vector) I
o . ]- E ‘J‘ \ int H oriT H AmR oripUC /
pYJ152 (integration vector) :
139 Malonyl-CoA A FAA= <Fig. 19> o|F < F o] 4] flavanone
A g9 | FAAF (Fig. 19). 2 malonyl CoA A3 FAA
o A3 - 0]|&4& 2 . S. venezuelae DHS2001 Aoy A=
- 1L &% SaxdA HAsd ¢E =4
HAM UM | modified RZYE : 1L J|=
Sucrose 2509
K,S0, 0.25g
MaCl,. 6H,0 10.12g
Glucose 10g
Casaminoacids 0.1g
Trace element solution 2ml
Yeast extract 10g
TES buffer 5.73g
Ineculum 1:1002| H| 2= AR HH2FSH =D}
size (1L ASYUEE J|F
Agitation 240 pPm (—‘?’— _,_]
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A2d 22pdxe AFAEsd e R 2y

A7 e A7EH A7
* Flavanone 3[3-hydroxylae (F3H), flavonol synthase (FLS)
§AR §4 2 WA My AF
- Citrus plant 2]¢] flavanone 3B-hydroxylae (F3H,
GenBank accession no. AB011795) % flavonol synthase
(FLS, GenBank accession no. AB011795) A A}E o|F&F
Q1  Streptomyces venezuelae®] codon-preference (Table 4)&
n#el FA.
- 7483l promoterQ]l ermE* promoterE 7}A|H, high-copy
E. coli-Streptomyces shuttle vector$l pYJ34¢l] E21J3} Fig.
207} Ze 0 W (pYIS61)E Az WE pYsE 13d
=] flavanoned] AFS $3) A ¢d WHY.
armE
- F3H - AL
pYJ861(replication vector)
Flavanone
. 2B 3B-hydroxylae( bla rjentiGrPriphl101—) tr

flavonol F3H), flavonol <Fig. 20> Flavonol 4} 34

81§29 | synthase(FLS) #7444 9d g

olF&EF | FHAY TH

AN Y AR R - g4E 3E HEE oFEH5FE O NLE S venczuelae

g 1= qA A% DHS2001 (Fig. 5)o & A3 PYe. E3I S. venezuelae

chromosome/} o] A desosamine A g4 FAR A (des)
pikromycin PKS 32} J& (pikA)S 25 AAT o|F &
F YJ028& FUIR A|Fsle E e olFsFER &-8F
T Jde 78S ddstHs (Fig. 21).

S. Venezuelae WT
pik R des cluster pikC

Deletion vector

o
|

pik R pikC S. Venezuelae ApikA Ades

o, aor — NG D

<Fig. 21> S. venezuelae Y]028 o|FE <
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e

flavonol
3HeHE 9
F%F
AR 2=

9 7%

Naringenin
Ee
pinocembrin ]
feeding-&
E£.3), flavonol
shE<l
kaempferol %
galangin ]

A BE

= Flavanone (Naringenin %= Pinocembrin)9] feeding$

T3, WA olFEFAA flavonol B4k
- FAASE S. venezuelse EFWolF (DHS2001/pYJ861)9l| F
ig. 22049} o] naringenin®=& pinocembring feedings}
™, F3Hol| 9]3] dihydrokaempferol¥} pinobanksinZ 43}
g. o]ojA FLSe| 9J3] dihydrokaempferol¥} pinobanksin©]

flavonolQ! kaempferol¥#} galanging A3

n2

"
HO m\\\ 2y, !

DHs2001

6iomic

<Fig. 22> Pinocembrin ¥+ naringenin®]
feeding-2 %31 flavonol A A A

- B dFolA= 05 mM naringenin @ pinocembring- feedi
ng3}te] flavonol 3}3E<¢] kaempferol 0.2 mg/L¥} galangin
o] 1.0 mgL A== AL LC/ESIMS/MSZ #9131 9e.
(Fig. 23, 24)

3 galangin 4 kaempferol
m/A7 m

L

1000 2000 Ta000 4000
Retentiontime (min)
2133

4

16.65
t 2840
" A Fomy

1292
T 5, T T T U T
30.00 4000

1000 2000
Retentiontime (min)

A

g
w
g8

Relative unndanm .

MRM MRM

287>133 271=153
m[ L

007 1000 2000 3000 | 40.00
Retentiontime (min)
2835

Relative allj:undanoe -

O.
-

.00

o
&

=]

8

MRM zz 3 MRM
287=153 271=1533

13.14

29.58

Relative abjundance
Relative abundance
"

J

. el P et e
.00 10.00 2000 3000 40.00
Retentiontime (min)}

o'
-

RiH]

<Fig. 23> WA d o]F < F9 A flavonol A4+ 32l
A and B: HPLC-ESI-MS/MS chromatogram of standard
galangin and kaempferol
C and D: HPLC-ESI-MS/MS chromatogram of galangin

and kaempferol obtained from DHS2001/pY]861
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A2 4
flavonol
g
5T
R

9 75

Naringenin
Es
pinocembrin
9] feedinge
53,
flavonol
53E<
kaempferol
il

galangin 9]

A A

100
2554 B 15238
- 1538

1047

141.9)
&l B39 1580
|\I |

Al || c
BRARARARSD Rakns udny iy ansn) T
100 125 150 175 200 225 250 275 300
miz

Relativeabundance
Relative abundance
%

T T
75 200 225 250 275 0 0 75

<Fig. 24> A and B: MS/MS spectrum of galangin and
kaempferol obtained from DHS2001/pY]861

Phenylpropa
noic acid2]
feeding-&
53,
flavonol
e
kaempferol
=
galangin 9|
A

» Phenylpropanoic acid (4-coumaric acid ¥+ cinnamic
acid)9] feedingS %3}, WA H o]F5F oA flavonol
A2

- o]l AFAE E3 F3HS} FLS FHAI} o|F&FoA

AHE AL FA3FAE. 1xd%0] ZF1R3I flavanone A3}

A {7 AQ S, coelicolor A3(2) e} 4-coumarate:CoA liga

se (ScCCL), Arabidopsis thaliana ++2]2] chalcone synthase

(CHS), A. thaliana 52 ¢] chalcone isomerase (CHI) -f-Z1&}

b 224E 94 Wy (Fig 25A)0] F3HS FLS #8742

F7}8 3 (Fig. 25B), phenylpropanoic acid (4-coumaric aci

d, cinnamic acid)2+4- €| flavonol 3}3Eo0] WAHEXE &

A3t A+

- I3 A. thaliana CHI o]9]e] F712 A3 2529 Medicago

sativa®} Pueraria lobata -§-2)¢] CHI §2A7 E24dd 43

W o] = F3HS} FLS §3742 371384 Fig. 25C ¢} Fig. 25

D} Z& 2auHE I

ermE” ermE”
A SEEEL J6-SHRTHS 16 CHI B PARCHS P RCH-p- F3H P FLS
PYJ931(replication vector) pYJ1101{replication vector)
Bla Hgggu,c H0rip|.|1n1 H tar Bla Hmugkbripl.umH tar

armE” armE”

ERCCL R HS - mad CHI - FIH e FIS D YRR e pue CHI Je F3H e FLS
pYJ1103({replication vector) pYJ1099(replication vector)
bla I.Iggg;mug; |.|0rip|.l1ll1 H sy hla Hg&mu,c|-|()rile1n1H tsy

<Fig. 25> Phenylpropanoic acid feeding& &3
flavonol AZH8 urd wlg

C

de
o
it
M
alt

HEE S. venezuelaze DHS2001 (Fig. 5)o #Z A




phenylpropa

noic acid?]

- YAAEE S. venezuelae EAWMo|Fo| Fig. 2604 9} Zo]
4-coumaric acid =& cinnamic acidE feedingd}®, ScCCL,
CHS, CHI® 341 280 93| flavanone?l naringenin
I} pinocembrino] A=, o]o] F3H<e} FLSo| 93} flav
onol?l kaempferol3} galangine] X2 4 31& (Fig. 26)
- 05 mM phenylpropanoic acid (coumaric acid E+=
cinnamic acid)E feedingdt Z3} 0.2 mg/Le] kaempferol=}
0.8 mg/L®] galangino] A4S AT + UUE.

- OF 7Y CHIE AR 23 A4 2polrt gle
AAZ oo HaZEZ HHIHE YT A2H o= Fig. 25B
9] 'f‘—-_-‘a“—‘]ﬂg— AHE&-SF =

HES feeding& - F3H #3AAe] 4dS 53 quercetin AA4re] -9, F3'H
flavonol =3, Az G ge] HEARA ¥ BAARZ HAIFHA X3
3131 E 9] flavonol -
34 | BEEQ ﬁ@i’*‘ﬂ‘“ .
A AEA] 2 kaempferol - FIZOTLTAH prommaisacd
q 75 ! e &m N\
galangin ©] Q .
e el Vuﬁ T e e
o B e ﬂ
\_
RI-H, Bt-H slongn i |
RIOH, K2-H tmmmrd 0 Vor
<Fig. 26> phenylpropanoic acid feeding& F 3t WA
o|F=F A flavonol B4+ 3473
» WA olF EFolA FHZF 2 Flavonol (Kaempferol T
=203 1L £ Galangin) A4 AJ2¥] 3% (1L &8 28 % 7]F)
HaxE £ A Z |- Flavonol?] A4t Al 2®S #5317] 918, 1Abd=d &4
o] &3t A H 39 3} flavanone (naringenin; pinocembrin) AJ4F FA o] flavono
[l flavonol A4t | 1 A4tell 2 Hggotel thsir A E. 1A R =549
scale-up Al2®] 3= | flavanone (naringenin; pinocembrin) AJ4+8 1§ Z 78 Table

59 Zo] FYd =+ UL
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35 W vz
o &= 1L
A S. venezuelae
e DHS2001
Sucrose 250g/L
K>SO, 0.25g/L
MgCl; * 6H,O 10.12g/L
Modified Glucose 10g/L
B A R2YE H} <] Casamino acids 0.1g/L
Trace element
_ 2ml/L
solution
Yeast extract 10g/L
= 1L TES buffer 5.73g/L
2 8ukF 2o HAdE ZAE
N R2YE 1} =] o] A
A AAe
] 7 9] Inor.iulum 2407
flavonol AJ 4+ size AR ol o2
Al2H &= 1%9 2 HF
Agitation 240 rpm
<Table 5> WA o]F<4F o] Aflavanone A XH2)
A3 =1
- A7) Z7Add A, flavonol 3}3E 91 kaempferole] 0.2 m
g/L, galangin©o] 1.0 mg/L A= 13- 34 parameter?l a
gitation, inoculum size5& A3l F719] HH =1L
gas o o4 £29 AHE NS o ZHE 17
WX £33 FA o] flavanone ¥ 9t o} &} flavonol A
AFHOEE FATS FAE F AU
= 50L @ g% 7|5 Flavonol A2t A|AH] =
- 1REAEY 7EE 1L &% 2EF 27949 flavanone
A2 Table 63 g
E AT AL T (mg/L)
- T U¥ Naringenin 4.0
WE Zo A g Pinocembrin 6.0
flavanone = 48 Al7ZF w%F ¥ 4-coumaric acid®} cinnamic
flavonol <] acidE feedingdlil F7}2 18AI17HE ¢ ) &3}
AR EZA & o flavanone o] WA o] 71 kS
2 <Table 6> 438 wax HF3 xAA

flavanone o] A4+3F
- o]2 u}eto 2 flavanoned] W FAHA FTAHL F2314
o HFBAEAYL S0L gEFA 30L working volu

me© 2 fermentationsS A A]3}HYL.
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scale-up

- 38 parameter2+ inoculum size, agitation, aeration,
2%, pH SHAA ZASIA 5. AF+= Table 73 2

Parameter 3 A %
Inoculum size 2%
Agitation 200 rpm
Aeration 0.5 vwm
25 30°C
pH 7.2

<Table 7> 50L ¥§ Zoj A flavanone
Aol AH3 =3
- o|lu] FH F flavanoned] H= A A+ Table 83} 723k o 1 o]
£ 27 R 2R Aol vl B5 o4,

" R AE A= AX
S ETRE B A% 423 (mpl)
. Naringenin 43
flavanone % Pinocembrin 6.5
flavonol ¢} = 66A17F W E
ATz <Table 8> 3 3}¥ 50L WA Z|A
A% flavanone®] A A+
- Scale-up® ¥ L flavonol thFAHA FAHOEE 2 F3HA]
ZAEIG oH, o]F F3le] Table 99 Z2 flavonol A4+
S 1T F UAS. ZRH JNEE o ZFAL FFo] flav
anone % flavonol®] jZFHA FAHo =2 F8E F YL 3
SECEY
A5 HE AT (mg/l)
Kaempferol 0.5
Galangin 14
% 66A|7F HE
<Table 9> 3 3| 3}9 50L 8 Xl A
flavonol?e] Ay A=k
» g4 g4 95 A4A9L v oZ Flavonoid A4S
AR A7 WA A
- ojolA] AHdA Aol AP AHIE 48 wiAE HAEE
o 17 G o W JEWAZE 1xpdEd /EE modifie
=2 Ala sl e
W 2 o) A d R2YE 8} X] (Table 4)& A}-&314<.
A7F WA G2 g2 d3x FAagdd dEte AAFeH, s
A 7ke] wh A

[e]
ZASAE

creening AL 1L-FRAA HA $P4L. ergoze
molasses, rice bran, wheat bran, saw dust, corn cobs7} 7]
E 8]X)9] sucrose F glucoseE At ZAIHAS.

- w3, AAY02E corn steep liquor, soybean meal, brew

ery yeast, fish meal extract7} ZALEH S
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1L
HkF Z o] A

A7}e] W=

[e]
ZAS AE

- ojd] T} corn meal extract, yellow corn meal extract,
oat meal extract, peanut meal extract, fish meal extract’}
A7t BA/AALOoZ ZAEJL. A AFHE Table 107

zE.

sra EER EEATTON
Naringenin | Pinocembrin
ARES: Y 4 6
2% Molasses 4.2 6.3
2% Rice bran 21 3.2
2% Wheat bran 2.7 4.1
2% Saw dust 1.9 29
2% Corn cobs 2.5 3.7
24 sl e gl
Naringenin | Pinocembrin
718 1] A 4 6
2% Corn-steep liquor 44 6.6
2% Soybean meal 3.2 48
2% Brewery yeast 4.1 6.1
2% Fish meal extract 4.4 6.6
o HF AT (mg/l)
ga/dad Naringenin | Pinocembrin
7121 A 4 6
2% Corn meal extract 43 6.4
2% Oat meal extract 3.7 5.6
2% Peanut meal
43 6.4
extract
2% Fish meal extract 44 6.6

<Table 10> © 47} A4 Hd ¥ & 1L
dl § % o] A] Flavanone?] A AHA

- ol AdE HZF A7} ALY oZE molasseso] Y, H
A ArYo 2= corn-steep liquore} fish meal extract® -
T g3/ 240 FEYOEE corn meal extract® A §Hs}
o™ fish meal extract7} & o}YL.

A7}e] Wi =)

[e]
ZA3E

A" 8} 50L

HAZ A7} A XA 2. Z molasses9} fish meal extract
7} T3}E WiAE AA

- o|Ao] AIE ulglo 2, molasses®} Fish meal extractE
HF gdad 2 Aadoz 744 AAsa oJAEY HH A
Ve zAIE e 1 AdE Table 113 22
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A7}e] W=

o)
Z4e

A’ 8o 50L
g o
A&

(%) HZF AT F (mg/l)
Fish meal
Molasses Naringenin | Pinocembrin
extract

ARSI B 4 6
1 1 42 6.5
2 1 4.3 6.6
3 1 42 6.5
1 1.5 4.3 6.4
2 1.5 44 6.6
3 1.5 44 6.5
1 2 4.3 6.5
2 2 44 6.6
3 2 44 6.5

<Table 11> HF A7} vj A ZA A
A9 A7F A

- A7 AFAA FAT F ARl 98 FEY Aol fl
o] & BA2902E 2% molasses, AP0 2= 1% fish
meal extractZ ZAAIFHL. old wE HF HiR
Table 129} Z3. v|F 949 F7 2 AFe A 7538
Aoy Y5 (raw materials)e] A4 HFo] A& F U o]
o g NEe FP3A It

zAL

by 3
TES buffer 573 g/L
Trace element
. 2 ml/L
solution
K>S0, 0.25 g/L
MgCl; * 6H,O 10.12 g/L
Casamino acids 01 g/L
Molasses 2%
Fish meal extract 1%

<Table 12> HF 3| A7} wjA9 =4

- oje} Zo] 1L TEAAN AAE A7} A& wiAE HFelA
TE3 ZAL 34 FH &3 Bton, 1L HaAqNXS f
AV AFE A& F YRS AEBFHLE AU AHE wiA
£ o] &3t 50L uj<Fr]ol A 30L working volume© 2 fermen
tationS A A FHE Ao = 66A]7F HEE £33} flavanon
e9] ¢ 44 mg/L naringenin¥ 6.6 mg/L pinocembrino]
AAE o™, flavonole] 79 0.6 mg/L kaempferols} 2.0
mg/l. galangin AALAS FH T = UL
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gug
flavanone
3E 9
in vitro
7

24

=
A

G2k g
SEEEEE!
Ao &
model strain
LR
24 54

= 3 FA3 #AHo] =2 model strain AW
- FAYEE S sn wae 15 (s 2
S Hgo g, b 23 #Ho] & Ao F Aeromonas
hydrophila (ATCC 700183), Edwardsiella tarda$} Lactococcus
garvieae (ATCC 49156)2 model strain® 2 A3} 2.
- Aeromonas hydrophila= =7 WHEE 717 gram-negative
bacteriaZ A, WSt 7|5 X HoA F2 WAH. o] AT
F2 GFo], FF, AR FAAA AdZEUY2HE Yo7
= ToE AT AAEH gto, JAAE FEANA B4
A4, HES TY FHS doVE . AU HAE
ZIE o/ ’SU} HAL 2 A Ho] He FolH, I
AL H, A8 Z7ld JALE dodle F oFed 4T3l
Agdolnz +4 FAo] glolq B Bel FAL BrHo
2 qAR.
- Edwardsiella tarda 9 A] gram-negative bacteriaZ, o]{ <] &
37} e g4e 5408 st AFd A o=9
= e AAFY. o7 AP BAK] 4% LA} F
2 feo] A5 A8Hd AAT.
- Lactococcus garviene= A F+HF ( ]——Sr"l)r AR E E3
AdHo] F2 AEFH 71edd 25 thdsts 2H)9 944
TOZA, B F7Y 3 offE TEAA 77t EEH
AW oprbrl FAo] EA ®Ie EAES JEHUE
gram-positive bacteria].
-2 A7 AT FFES BFE 2FIA SHOY A4
o gt FRolM, FAWtE ST
FE ATLRS
» X¥M3FH model strainol] U|$ flavanone 3}3}E-9] St
g4 33 95
- 99} o] AurH bacteria strainE-ol] ) 3+ 1 H flavanone 3}
3& (naringenin, pinocembrin)®] 37 &AJ-S MIC (minimum
inhibitory concentration; A A FE) SHS 5319 FALS}

- MICE &A3te WHozE 2 /A7 B&H1 glon,
b gutdolel & 4 e "AER WS AAHUL
3} stockS- serial d11ut10n6H ] lx%% E

A
ERY 2o FEAX TPHES AANAS Fue F, 2

AEAAM FEF AR At ?éoib‘rE E?}-
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3R H
flavanone
3= 9
in vitro
Kixia

24

=
AF

SRR
o159 A7
#dol Ee
model strain
Ad e

24 53

- AAASIE DA FHE FHE Folde AFH F Ut
e o FAAE TAS AFHBAANY FHA =
£ MIC o=z AASHES [Journal of Antimicrobial
Chemotherapy, 2001, 48, Suppl. S1: 5-16]. 1 A3+ Fig. 27
I 23

MICs (ug/mL)
Strain Flavanone Commet
Pinocembrin Naringenin
Gram Lactococcus garvieae D ® afFaFe
o 8 < 32% < 128% y
positive (ATCC49156) bk
Aeromonas hydrophila o @ EER-ARPN: ]
< © < @
Gram (ATCC700183) 128 128 Lkl
i @ @ EEEEE
negatve Edwardsiella tarda < 128% < 96% A éih_f-‘]

#ug
@

<Fig. 27> MIC assayE 5 3 flavanone 3}3E 2]

in vitro ¥ B4
- 3RBHE Fkz AR 98
assay® 7 AASAE. I AFHE

agar plateo A 2] spot
gen e (Fig 29).

Strain Spot assay result H 3
Lactococcus A &
garvieae Zt {4FE agar
(ATCC platec] =3}
49156) o WgE F 1
Aeromonas 2 20| &=
hydrophila naringening, 3
(ATCC 9 4ol =
700183) pinicembrin&
spotting3d} o
Edwardsiella clear zone 3A
tarda +7g #FE

<Fig. 28> Spot assayE &3 flavanone 3} & 9]
in_vitro g4 A
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AT

2.9

F AN

* Flavonol 3} &9 o]F
Al2d 2
- Flavanone &4 A} (ScCCL, C / am \
HS, CHI)o)} flavonol A FA= e A

(F3H, FLS)Z 2718 wauy Azt |- 2 u;@ m -
2 o]F &9 S. venezuelaeo| FAA i e

1-H, R-]
m OH,R2-H narinepnin chalomme

3T .

R

Bl Substrie
RIsH,R2=H  conmamic acid
\ RI=0H,R2=H p-coumaris acid

YJo2s

Genomic DHA
{(Apk, Ades) 'ﬂ? i

- 0.5mM phenylpropanoic acidql 4-co

umaric acid®} cinnamic acidE 37}

Fish meal extract

1%

HA3E 50L BFE A4 AAE flav

e HFE BAF (mg/l)
Naringenin 44
Pinocembrin 6.6
Kaempferol 0.6

Galangin 2.0

T 66A3 L E

& AR, o|FSFEFH 0.2 mg/Le S T o
kaempferols} 0.8 mg/L9] galangin
2
* 50L graExdA HHsid ¥E =3
Ay +F
TES buffer 5.73 g/L
Trace element
. 2 ml/L
solution
K3SO4 025 g/L
MgCl, * 6H,0 1012 g/L
Casamino acids 0.1 g/L
Molasses 2%

onoid A 3}3E AAF

* Flavanone 335 9] in vitro 3 A4 A3}

MICs (ug/mL)
Strain Flavanone Comment
Pinocembrin | Naringenin
Gram Lactococcus garvieae < 329 < 128° pak sl
positive (ATCC49156) hehikiy
Aeromonas hydrophila < 1289 < 1289 Z R} AH 9
Gram (ATCC700183) Sehikis
- cq 9 15&133 o
negative Edwardsiella tarda < 128° < 96® ] :4 34
SeAikin
* o]|FHFo A AAtE pinocembring A F A S S Lo 7= L. garvieaedl] 3 =
< A4 2 == A ] 5
o FAE Olﬂﬂ] naringenin2 o =9 =1 o] YA Edwardsiella tardaol] 3| B
3 52 S Hs. AHH LR flavanone 3E0] AAYH 8ol FET A
co 3ERE IAD gee FAT 4 ANS.

— :3(3 —



A3 A AR AFAEFd e R 2
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Flavone synthas
e T(FNST)
IREEE
e Az g

* Flavone synthase I (FNSI) fAA 9 A @ a3y
s E A%

- Petroselinum plant 2] ] Flavone synthase I (FNSI,

GenBank accession no. AY230247) #-AAE o]|F55<

Streptomyces venezuelae®] codon-preference (Table 4)E

aHsted e

- High-copyel™, 783 promoterQl ermE* promoterE

7YA& E. coli-Streptomyces et

shuttle vectorQl pYJ34o] e }_]

<Fig. 29> Flavone A {4

4
pYJ858{replication vector)
Zz43ld Fig. 299} g&
bla HmHOﬁmMmH tsr
AdA 43 9H

e WE (pYSSE)E
A= HEH pYJ34E 1
ZPA =) flavanone 2]
B2 o3 e BA .

- 849 4d 9HE 13 R olFsFE Es S
venezuelae DHS2001 (Fig. 5)o 2 A 3375

Naringenin &
pinocembrin 9]
feedingS F3,
flavone
s
apigenin ¥
chrysin®] A4k

2
AE

* Flavanone (Naringenin ¥+ Pinocembrin)<] fe

edingS F3to], A A o]F5F oA flavone A4t

- AAZE S. venezuelae =AWHo|F (DHS2001/pY]858)

o) Fig. 30914¢} #Zo] naringenin®%¥ pinocembring&

feedingd}®, FNS1I o ]3] flavone?l apigenin3} chrysin
= 34

Rz

"
HO \Ej,\('))‘\\x !

Subsiraie

El=H, FI=H pimocembrin
OH O R1-OH, R<H marinzenin

genomic DHs2001
DHA ;‘Lf

m;a;gl?"' ormE”

T UFNS |

14
L pYJ858{replication vector)

bla |'|lx!:mu£|+ripl-l101|'| tsy

b

R1=H,R2=H chrysin
R1-0OH,R2-H apigenin [,

Y

<Fig. 30> Pinocembrin ¥+ naringenin®]
feeding2 %3l flavone AIJA #3F
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2 Ef

flavone

315 &9
Qe
A 25

9 7=

Naringenin &
pinocembrin 2]
feeding S &3,
flavone
3=
apigenin %
chrysin®| A4k

2
AE

- B AF M= 0.5 mM naringenin ¥ pinocembring-
feedingsle], FNSI ¢ Z&S %3] flavone 3}HE<l 5.2
mg/L apigenin 2 4.7mg/L chrysino] AJ3tE= AL L
C/ESI-MS/MSZ. 8elatg]e. (Fig. 31)

1 apigenin 2 chrysin
. 2035 . 2766
A0 yam B w00 yRrm
Q 271=153 § 2552153
m o
b= o
g E
3 3 _
Be= B=
m ]
o o
= H
B B
] T
id x
000 w00 _2.3'-%:- YY) 0.00 W00 2000 W00 4000
Retentiontime (minj Retentiontime {min)
C 1004 208 D o 2839
MRM MRM 2
8 | 271>153 1 8 | 255153
m o
° ]
g g
3 - =
2= ]
m [
o o
= =
% 281 g 3024
id x
0.00 10.00 2000 30.00 4000 0.00 1000 2000 D00 4D.00
Retentiontime (min) Retentiontime (min)
E 1004 1528 w2 F e
&8 1533 8 1532 2561
£ g
m o
° ]
5 5
21 we 118 2% ses
11838 1059
E @7 g
B a7 ® 1209
Z | 2 |
TN N 1 1 TN - I ) R
100 125 150 175 200 225 250 275 30 50 75 100 125 150 175 200 225 250 275 30
miz miz

<Fig. 31> WA @ o]|F T A flavone A4 <l
A and B: HPLC-ESI-MS/MS chromatogram of standard
apigenin and chrysin
C and D: HPLC-ESI-MS/MS chromatogram of apigenin
and chrysin obtained from S. venezuelae

DHS2001/pY]858
E and F: MS/MS spectrum of apigenin and chrysin obt

ained from S. venezuelae DHS2001/pY]858

Phenylpropanoic
acid®] feeding-S-
&3], flavone
=
apigenin %
chrysin®| A4k

= Phenylpropanoic acid (4-coumaric acid ¥+ cinnamic
acid)®] ko], WHF o F&HTA
flavone A2
-olde AFAE 3 FENSIFAATL olFsFolA A8
o] HEHE AL FUL F UME. ol 1Ad=] R
3t flavanone AJFA FZH A S. coelicolor A3(2) &)<
4-coumarate:CoA ligase (ScCCL), Arabidopsis thaliana &}
9] chalcone synthase (CHS), A. thaliana +2]€] chalcone
isomerase (CHI) f@x}7} 2d® 243 ¥¥g (Fig. 32A)
of FNSI ##AAE F713 ¥ (Fig. 32B), phenylpropanoi
¢ acid (4-coumaric acid, cinnamic acid)Z%-¥ flavone 3}
FEo] ANHEAE FUsA .

feeding &
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ST
flavone
L EE
QEEE
A 25

9 73

Phenylpropanoic
acid®] feeding-S-
&3], flavone
=
apigenin %
chrysin®| A4k

- A. thaliana CHI o] &]ol] F712 #A3 259 Medicago sa
tiva®} Pueraria lobata 3¢ CHI 27 E2ddH 4y
HE S FNSIFAAE F718to] Fig. 32C ¢} Fig. 32D
o 22 TEHHE NS BF 1, 220d% A7 42
o] 2 CHIE F7138l9S 745, flavanoned] A4H4
o] #aske BEFol = Hh old CHIZF AAE &¢d ¥
HE 2712 A2s9S. (Fig. 32E)

GG gp-TnGHE - an Gl

- RACHS - AR Y- NS 1

pYJ931(replication ve ctor) pYJ1102(replication vector)

<Fig. 32> phenylpropanoic acid feeding$S-
& flavone A4k &@ WY

. AAHSH S venezuelze =AM )T Fig.
33of| A2} 2] 4-coumaric acid == cinnamic acidZE fee
ding3}¥, ScCCL, CHS, CHI® +xA¢l &4 93 fla
vanone?l naringenin¥ pinocembrino] A A E 31, o]
FNS 1ol 2]3] flavone$l apigenin¥} chrysino] EAE 4
91< (Fig. 33)

R RI=H R2=H cinnamdc acd
R1=0H, R2=H p-coumaric acid
|

HOOC ™ [

-

Ry
T ow - O ™ ‘
——> I
I 3K malom-Coa 0 0 RI-H R2=-H  pimcembrin chaloone
CoAshE R1=OH, E2=H xaxingenin chalcone
DHS2001 ﬂ CHI
Genomic DHA
'ABM,.:Q:P armE” R
Lo ]
7 ESEETAFAAEHR F-arm G FNS T Ho o e
! RI-H, R2=H  pimocenmbsin
pYJ1102 {replication vector) OH O RIZOH, RI=H mazingenin

RI=H, R2=H chrysin I I
RI=0H,R2=H apigenin gy n

<Fig. 33> phenylpropanoic acid feedingS %3t
HAHd o]lZ S F oA flavone A AL 314
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Phenylpropanoic
acid®] feeding-S-
&3], flavone

}gE<

apigenin %
chrysin®| A4k

- 1 A7, 19 Fig. 34 2 350 A8} o], CHIY ZFo
A#Aglo] v %9 flavoneo] AAEE FQlslPe.(5.1
mg/L apigenin % 4.5 mg/L chrysin A%}

vy Sl
O OIh

1: ! 0.5 mM coumaric acid feeding
Apigenin

S. venezuelae S. venezuelae

DHS2001/pYJ1148 DHS2001/pYJ1100

S. venezuelae
DHS2001/pYJ1104
REDID-10 1

S. venczuelae
DHS2001/pYJ1102

00190 S

Full MS Full MS : Full M$ Full MS

: MS scan MS scan :': MS scan MS scan
: i : e . | Apigenin L,
R /Apxga_m;l : Ap1ge13m.z_; : : Apigesiti P S-ae
MRM mode " MRM mode = MRM mode MRM mode
: 271.2>152.9 271.2>1529

271.2>152.9 271.2>1529 :
. Nj\ﬂ thli " !ub VI :M

<Fig. 34> WA ¢ o]F <5 DHS2001/pY]1100,
DHS2001/pYJ1102, DHS2001/pY]1104,
DHS2001/pY]J1148]| A] apigenin A3 4+ 39l

i:
HO. "%/O| ™ |
OH © 0.5 mM cinnamic acid feeding

Chrysin

S. venezuelae S. venezuelae
DHS2001/pYJ1102 DHE2001/pYJ1104

S. venezuelae
DHS2001/pYJ1100

5. venezuelae
DHS$2001/pYJ1148

i

Full Ms Full M8 9 Full MS g Full MS

MS scan i

MS scan

Chr Chrygr<m Chrjalfil;
rysin / h F '/ 1
MRM mode MRM mode ) MRM mode N MRM mode
b 256.2>152.9 255.2>152.9 255.2>152.9 255.2>152.9
TWH“TF"I'TWL'?FWFW - Wrwrrm%*ﬁﬁ UrrreerTer er-m.

<Fig. 35> WAF o] Z<& 2 DHS2001/pY]1100,
DHS2001/pYJ1102, DHS2001/pY]1104,
DHS2001/pY]J11480] 4] chrysin 234} 319l
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Phenylpropa

2= noic acid®
fjafo:e feedimgg4 - B3 HF AAFC 3lojA NS I #f3dxw 2@3a flava
= o 51 1)
a32 0 =38 flavone none$ feeding$h /\-] (50 2 mg/L apigenin % 4.7 mg/L ¢
REPEY sgEol hrysin A4h)e} vlwstgle o, A4kl IA HAasA Fsk
. L. olg B8 F7td fAREo] AT FHFM
A AFA) 2 apigenin % = o o o o T
q s cryeine) | TEIT AEE AFT 5 s,
":q'
PR
* Flavonoid 3&9 £32] 2 A4
- 0% %7l 4AE flavonoid BB w4EAE A3
o, &vl & B chromatographye] Z]%Het £ FA &4
= TEARE
- 71 flavonoidel wh MF Al HE AL Zol7t YA
ok 7|2A o 2 Fig. 367 o] 3 ¢AZ FAE.
[ Ethanol extraction |
(70-90%; 60-80°C; 3-6 hr)
'S * ™
EEA T - Filtration
'S ‘ ™
Ethanol Evaporation
g )
Chromatography
Flavonoid | (AB-8 resin; 90% ethanol elution) |
832 Flavonoid €] 2 { - - 1
n a2 9 AA Concentration
Ry -
e | FRTEHE ) —— ‘
#H3g 8 scale-up Reverse Phase Chromatography
scale-up L (C18)
TFA 3~ 3

4 ™

Concentration (Evaporation)

.

<Fig. 36> Flavonoid ¥2 AA| FH

- 71 A FAHE T HFHEE 0% oY = HP

LC )& zZte &« flavonoidE ¥& & UL 1 23

- A7 BE AAl 3L, & TAHL aUE {FA R chro
matography-& columng ZA AZ3le] &3t S W

h 4

Yoz 50L FEY MFAAAE HE A5HHL. olUT

caleupol 4 BWF A% Aot WAHA WAkE.

_41_



Naringenin Pinocembrin

——" - - - bt 1 —Ed

Kaempferol Galaﬁgin
*= Flavonoid .
. =  Flavonoid 9]
=
= o1 8 A ! !
22 FA 24 722 g
Axsgt g | °° 177
scale-up
scale-up il
Apigenin Chrysin
- ‘ | - ‘
} | }
i I | I |
<Fig. 37> HPLC chromatogram of purified flavonoids
» B dAFox FHF flavonoid IFE9 in vitro JAH
Ad g9
- 22pdxo] JiErE flavonols (galangin® kaempferol) ¥ 33}
dxo] F712 7RdtE flavones (apigenin¥} chrysin)ol] o 3}
o], CLSI (Clinical Laboratory Standards Institute)$} A A
LI == = In vitro WA TEF23] (Culture Collection of Antimicrobial Resistant
Ald gat8 AlY | Microbes)?] protocol (National Committe for Clinical Labor

atory Standard, Methods for dilution antimicrobial suscepti
bility tests for bacterial that grow aerobically-5th edition, 2
000)-& %k=x3}ed WMWY 3l agar spot assay (agar overlay meth
od; overaly spot method)S F3lo] &8 AFS A5
<. 1 Z3+= Fig. 383 £ 5.
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In vitro 49

Strain Spot assay result

Lactococcus garvieae
(ATCC49156)

Aeromonas hydrophila
(ATCC700183)

Edwardsiella tarda

7} #FF agar platec] =Tslo] g F 1€d=
chrysing, 289 galanging 3g 9= kaempferol-g,
4¥ 9= apigenine spottings}] clear zone A
s AT

<Fig. 38> Agar spot assay of flavonoids

- A7) Af= CLSIS AN TFL238 9 protocolS F
Z38to] o]E W3 turbidity reduction assay (liquid cult
ure method)S F3AME AFAHUS (Fig. 39). A7)k
Z+o] liquid culture method®| A= growth inhibitionS &
A% & AL HebA, 243 = ALE galanging} ka
empferol 2 3xpd %o F7} 7f¢E apigenind chrysin®
Lactococcus garvieae, Aeromonas hydrophila, Edwardsiella tar
dadl W8ty FHEAHES MRS FUAT F NS

-1 ggog, MIC ZAH}) olFoAA &3d flavonold}
flavoned] o3} “Determination of minimum inhibitory
concentrations (Journal of Antimicrobial Chemotherapy,
2001; 48, Suppl. S1: 5-16)"S =3}l MIC (minimum in
hibitory concentration, HAA|ETL)E ZAINS. I 2
3} Table 133} S
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MICs (ug/mL)
Strain Flavonol Flavone Comment
Kaempferol Galangin Apigenin Chrysin
G Lactococcus AH =0l
ram - o - | a4s =
- garvieae < 128% < 128 < 128% < 256Y °
positive AN+
(ATCC49156)
Aeromonas 2w
hydrophila < 2569 < 128% <1289 | <1289 e
Gram o
negative (ATCC700183)
Edwardsiell o =Ho
wardsiella < 16° < 64® < 64® < 1087 =49
tarda qA+
SEEE] aaan
@ ®
) - _ 256 ug/ml
SRR ELEEELY SRR
© TEV=1_ @
Baas BAAT FELE
4 <l ad
® ® JUEE
#aaw aaas
®
#aaw aaas
@ @
#AdT #AA7}
® @
<Fig. 39> Turbidity reduction assay of flavonoids
- FFY HA AFsE e HF ZA A=S 2F
F78 | Inoito FFE | 3 7 v B FA B BHAE MIC 2
2k 2k 2 4NSEe. B AFANE AF7A LD RE flay

onoidel] tha}o] HAE} 5
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e MICs (ug/mL)
_ Strain Flavanone Flavonol Flavone
== Naringenin | Pinocembrin | Kaempferol | Galangin | Apigenin | Chrysin
Lactococcus
garvieae < 128 < 32 < 256 < 128 < 256 < 256
197 (ATCC49156)
7521] Aeromonas
e hydrophila < 128 < 128 < 256 < 256 < 256 < 256
“F | (ATCC700183)
Edwardsiella
< 96 < 128 < 64 < 128 < 128 < 256
tarda
Lactococcus
garvieae < 64 < 32 < 128 <128 <128 < 256
264 (ATCC49156)
7;]—21] Aeromonas
AR hydrophila < 64 < 64 < 256 < 128 < 128 < 128
= | (ATCC700183)
Edwardsiella
< 64 < 64 <16 < 64 < 64 < 128
tarda
Lactococcus
garvieae < 64 < 32 < 128 < 128 < 128 < 256
35| (ATCC49156)
;é—;q] Aeromonas
aE hydrophila < 64 < 64 < 256 < 128 < 128 < 128
= | (ATCC700183)
Edwardsiella
< 64 < 64 <16 < 64 < 64 < 128
tarda
<Table 13> MIC assay of flavonoids
- gAE 294 AAE AR JA AEY A, A A
HAEZENE 433 MICE 7138 39 & YA
v Gt » Invitro 7Y |- FIAGeZ, B FAA A JAEHE flavonoidE FAF &
2k ok Ao gutgoz A8HE FAAEH wwstd Table
149} Zg. F4 A AEZLS 13T o G333
FEe MIC g2 Hde 398 5+ 9.
Strain MICs (ug/mL)
Flavonoid
Flavanone Flavonol Flavone
Naringenin | Pinocembrin | Kaempferol Galangin Apigenin Chrysin
Edwardsiella < 64 < 64 < 16 < 64 < 64 < 128
tarda Antibiotics
Ciprofloxacin Sulfamethoxazole Polymyxin B
<01 < 64 < 256

<Table 14> A}8-3} A A ¢} flavonoide] MIC value ¥l w
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= B AFdi FRF flavonoid 3 FE9 FHAHF NI

- AF7A19] &R E flavonoid® &4 (solubility, in vitro 3
o8, As, B8 A5)S 233t naringenin®} kaempfe
rols HZF i flavonoidZ XAt oH o]& A|FEH=R
st g2 (Ro]) Y FAHFAIE 2 7] FH LA
< AAISIES. A¥ Al naringenin¥ kaempferold F% F
Al AL A1E Y U M2 Edwardsiella tardaZ A3
34 (10° cfu/mlo] FA T FF4L Fx Felste W
Ho® FAFFTS ANFeH 1Y 132 F 33 4HA). ¥

AXE wigFd A9 @ FEE L 204 EBA }‘]‘E
o] &3t o]F At vlE] £&T F Folde WAL=

< % 3
FAFZANE S AN € 257 FREH HolE E At
TART | —— FEF0lE AFsFey FAHFTE ALE Fol 3gA N AA
A e e 1 F 109 B¢ HA AEE 2ASGES. AAE A
Ae #d Aol FA AN FA5. AlE AF}= Table 159}
2 (AA ANETe OIS mguE Ao 1 F o
BAS Zte AET 2% AAg
AT HAF AAF/AR AAF
P
2 e T /%0
AR 2 4/50
(2 9A AALNE +AlE &7
<Table 15> FAAFE A|g AF
- 7] 2325 H naringenin¥} kaempferol AlE 718 A
AZAA AAERAZE F&3l0 & 5 Je
= B AFdx 313 flavonoid 3P E 9 AR HE AF
- X E YR udd AAe & FE2E 23 23
A AES o) &dtY FHAAHFTAHAMY FAS AR Fol
Aoz AFE A %A% (Fig 40)94 FZHLAIL A
AlStAE. o, &9 34 JEL FLIA g
ALA & . .
o = A A

<Figure 40> A% A 4247
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- A9l ARE EA= AoeH, ddols A
A, BT AR 8.95¢1.14 cm, A5 8.4+2.74 golg. A
ol 2 300 wie|Hollon 7U EAAZ Gi ARE-S)
A& A¥E AR Alge 94X 8 @R FEE E

£ 2994 2ES WY 5% @ T Azl A
L3l s. ¥4zt /\}E FAqFe oAF 1.0%E 33)/¢¥
THIHEA 165 7+ TSI, F2F £ EIIAFA 4
ES HUISHA] & AIRE 2L WHoE FA3 #&
Q2O Z ¥ W 45F Fo=z AF 2 AFE =
A. AFEAE A 3H L Table 167 25
T,lf'__ A A E
K (%)
o 8.99+1.11 | 15.92+1.74 177 100.0
AlgT 1
(aH ofel + | 893+1.12 | 15.93+1.61 178 100.6
s ]
ARE 2
2 24
891+1.22 | 16.64+1.65 186 105.0
AA A +
Atg &3
BT AF (8) NE gl
T8 398

AR AR FE AR | (%) %)
x| 870+257 | 5045+13.7 | 579 | 100.0

(M FH + | 8.45+2.84 | 49.37+14.47 584 100.8

At2 &3
Al 2
2 94
833253 | 58.47+15.67 | 701 121.0
AAAE +
Alg &3}
T& HALE (%)
NZF 14
Al 1 10
(MY + A5 EF
Alg T 2 5
2 GA AALE + AlE E3D

<Table 16> AF2EA1H A7}
- O]ZR¥ naringenin¥} kaempferol®] AlZHIAZ e
AsAe B9 & UAE
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-

2o

= Flavone 33&E 9] o|F5F A4 Al2" 34

- Flavanone R34 #AA} (ScCCL, C
HS, CHI)9l flavone &4 +Z A+ (F
NS1)& #7189 waue Az 2 o

Subsiraie

[
Ry RIH,R2-H  cinmamis acd
RI=OH, R2=H p-esymaric acid
[

Hooc ™ [
4 9 s
Ry
R
I

\

A o
5T ® -5
3 S 3 mallopy-Cap OH U RIEREH  pimcembin chalome
S. venezuelaeol] 3 ZAZ. - s g
DHS2001 i
B i idol 4- —r ﬂ
0.5mM phenylpropanoic acid{l 4-co M»Dtagm
umaric acid®} cinnamic acidE A7} 0&7’ P —— m@ o
3 Ay, o|2&FEHEYE 5.1 mg]_‘ ap Y102 replication vector) LY ReonmeH m
R 7 * m m ﬂ FHS | /
igenin ¥ 4.5mg/L chrysin A4k \

m%@f@

» Flavonoid 3 §E2] 234 333} 2 scale-up

- Z} flavonoidE 394 AAHOZ HZE 90% o)A 52 &8 AAL & ¢
AL ATHLE THA L, S0L wjFl7tA] & 7453tA scale-up

—

- A Bok 9 WYA Aol g antibacterial activityE in vitro g A
B3to] gRlslgey, A JAA dA] ERAZ Aol 7153
HE &<

I~ 0O
T

= ZIEAAFTANEY
- A¥ ¥ naringenin¥} kaempferolo]

oz e ANEL AFY F U

T Q

h Y

FTARZFAGAA HERTo vty A F
& 3ol

o b R
- g5 Xol2 uAoE 3 1637k ALY A|FE E3ld ZALdAe 27}
a3} HALS A4 EHAE EQ
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ofoflef 70l =

=
AN
g i
W H
n
0x
H
pi
[
I'IJ
|'-||I

o
O F4H8 A dASE Y3 FAFAEA MEE 35td, I3 (Camellia sinensis L.)o] <

3 g4t flavonoid 3}¥EF W3EZA<Q naringenin, pinocembrin, apigenin,
galangin, kaempferol ¥ chrysing target®.2 3o @ 2 E 5|3 flavonoid A 3}3E
o WAF olF=F AN A" g @ TE A2He] HAHE B o|FHFo tii}

:6"5—]'0 E'o‘]- Agzq-/ﬂ aﬂ: h=A /\]—C§§} Zz]

=

2. A= MR 53X

T& ISR AT e
» 2]ERH flavanone 3}3E 2] naringenin
2 pinocembrin®] P E o]F&F At

2 E G Flavonoid 3}31E2] nmAE| Al2H 33

(= o 2] - _
o|F&HT A AlLH Y = 2E HHI R hARE S 9% A
Py
» 29 2axE o&% HaxY HAF
. ’—‘]%%—EH ﬂavonol i}?}% (kaempferol
nAE olFF AL HERF 9 galangin) 9] ©]&%F A 2H
22 A% | Flavonoid 3}3HE9] thA 81 9 ;.:'_
W B - U3 wsze ogd wEzd
scale-up
» A EH flavone 3§E  (apigenin
chrysin)®] o] EF&F AWA 2 TE
Flavonoid 3}3tE 9] t}hokAl S, . zz—%@i—]ﬂ:‘lonwd S$HE9] in vitro 4t

EE | BAWIL R U 9%

Haxz A3 2 _
}ﬂ_ﬁﬁ_ _i'_;‘(l Lalo;g ﬂ‘jg} xSCaleup

= ZAAHZAYAAY g7 57 9
= AFAFAAY FAe 7 2 FAAE
Za &3 89

_49_



Al 2d 7Y

1 1AdE A7 eds

B719 Herd

AraTEL | ATA | L A% 7} ERl
= S, coelicolor ScCCL, A. thaliana CHS, A.
» Flavonoid thaliana CHI F-AXE WA o]FE<F9
A s+A A 9¥sta, 4-coumaric acid o
F A=} cinnamic acidE feedingd}e{ 80 png/L
o NES 40 % OLL%‘QT—O.ZF 2;31;?;[:‘ 2 160 pg/L pinocembrin©] 100%
& S Al =
F;;}f;—ag;e E3}l4 * A. thaliana CHI¥EY}F olUe} F71E 2F9]
oA flavanone CHIE wd3go=zny Ho  gst
o|mLz A A A5 flavanone o]F5F A4 ASFHS FHH
o "1“1‘_ s 'é‘]— 93\ % '
A= S . aoo | ScCCL, CHS, CHI %44 9l PAL #4
acidZ 2 H g  FA 2E3 tyrosine E=
40 % flavanone phenylalanine& feedingd}e, WHAF o] | 100%
A o] n F&xF oA 10 pg/L naringenin 2 20 p
g/L pinocembrino] A42HE S
= WjAZA (R2YE), W &A7] 48217+ wi &
3 4-coumaric acid T+E cinnamic acid
feeding, 18A|7F F7} %), inoculum
o &% » WEFAY size (1:100), agitation (240rpm) &35 =
WEEE |, | FAN AR | A% % R 9E AL ANnIA |,
ol g3 w3 @7 AR | e
z3 HAZAs the] 28] o]4) |= 02 mg/L naringenin ¥ 04 mg/L
pinocembrin AJ2+S Aoz %7]
A HiH] 2 W) o] ALk o] FuiH
A
» ermE* promoterE 7}A|= high copy,
. replication ¥ B A|AHE %313 S
/‘]—}l‘;ﬂ:" » A¥ Y malonyl-CoA % ZF71E2 93
A48 ACCE EE PanK §AAE 3y slo=z
ourd 273 gA} 28 H F7}E 9F 1.5 9] flavanone AYAHAS
W oAz st o S 3 A 2. (1.5 mg/L naringenin 2 3.0
o8 AAA 10 % flavanones] mg/L pinocembrin A4} 100%
Ls—]:/q-‘_ © AR =) o]F&F9 codon preferenceE L3+
&3 TP R4 97149 ARA 2 31EA A4
AT EN L 8 ma aanvezH 20 484 o
ot | o 40 o1gs) 408 ol A

+ (4.0 mg/L naringenin %

6.0 mg/L

pinocembrin A} 4}H).
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2. 24ds A0 2=
- | B7ke Ay .
ARAFER | 7kFA | T L 2 % 7} Eichs
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A) 31 A]
0 MRS fj;b} » Citrus plant 3¢ flavanone 38
ﬂ—|€11‘1 2;311__1 FLS -hydroxylae (F3H)$} flavonol synthase
avono , L
e e | L9 AAGE P2 puw ozsd
= 50 % | - A wdsm, 05mMe] 4-coumaric | 100%
01&1\7- o]&_/\z
p )\}o}\r)\—% . ; jT%%} acid ¥ cinnamic acid& feedingd}s 0.2
‘:_FL;_:— ; - Ef i— mg/L kaempferol 2 0.8 mg/L galangin
aempfero
- o gaI;angin o] ARE Y.
=~
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Flavanone
2 =po
j}iz = 50L HEXE J|Fo=2 flavanone 9
- flavonole] HaZ HH3 FPL A3
. ;q;; “ o] inoculum size (2%), agitation (200rpm),
Fla:'/onol N pH (7.2) 3 & ZAISIA wWjd 2 &5
e z3< FA43% A+
o Z-3 A }\}: * Flavanone % flavonol®] AFgZ AJAS
UEZxE 13;5—‘_7\ - A3 A7 wlx] AHAESE molasses}
o] &3t 30 % ﬂa;;t‘ fish meal extractE HZ €49 9 AL | 100%
BEZD A ReE A% uugse.
scale-up o 2 A B » FHZZAHOo% flavanone?] 79 44 mg/L
A ;;: naringenin3} 6.6 mg/L. pinocembrino]
= o8 A4k, flavonol?] 79 06 mg/lL
;;_EZOE kaempferol ¥ 2.0 mg/L galangino] A}
pa g | CDESE ClE 27 404 g oF 29)
e | oPF ARl 371E A
478 o
» R G Bl w2 doE
o Bug Aeromonas hydrophila, Edwardsiella tarda$}
q T Lactococcus garvieae’Z model strain® 2
avanone
] MIC =& el L.
SgE in | 20 % L EJEU .| 100%
vitro S 5 = o]FHFoA A4HE flavanone 3H3HE
7:; ° (naringenin, pinocembrin)©] 4+ %
e g8 FEF A= T BES AL
Jee ASHIAE
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T= in 2 chrysi A Qe
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_Hi_
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< o 1
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A3 Agst: Ik ANCIEAN P
@ & FAY FA719 Hol Bl IR AE A7 AE 275 H Eady 2 £33y F
H3tol  scale-ups %‘?} m%‘:"g’x‘}:&"@ a7 Fosgen, =3I 3EbE kel VRSA
(Vancomycin-resistant staphylococcus aureus)ol] that E-o] A 7ol dF3te] FAARITEF
2PE T I A%S AU AHoln AFE AUFY Salmonella o] FYAE 7Tt
SRR &S 3 T e T 7€ SA8A HAA AT B 283, S| B2 F
AE B e B AT 2AE AR FF FAE FAAE WA e flavonoid AR 3}
T FALS T AASA ALHeE qFE (T ALY
@ B FA F8E& 5ot S ARHIIARY A8 rbe S s AT Azeid, A
‘3}/\ Mdo] B asttt YZHE £ solubility A| L9k AANY 71 SR E AT F& A+ FAE
g ARISLE 2 A Y.

A4 FAAT, BTl B8 A
) 9d AHRozA FJF Aol oln] AZH WA 3IFE <3E flavanone
(naringenin ¥ pinocembrin) ¥7+ o}luzg} flavonol (kaempferol % galangin), flavone
(apigenin B chrysin)g U] YE o|EHFAN A 4ETFoBH F8& AIBAYL T
€ B Y3 flavonoid A E FHAEY olFsF A4 A7 28 AYY.
@ Jol7t flavonoid ek chlel, D AUBAE ARAE AAR o1FEE AN A2
2 e &8 F e

@ =T 2 FA AN 2A% G A& AF AAEMBE AFS A7E FITE ALY &
3] ArlolHAE AHHQ AF (formulation)®] /NS e AE3E AolmE o]
gk 3 AFE AY Fol U 22 solubility ALE A% F7F AF FFE Al
g3t =

€@ otz & FHA AAZ % Fd AFHr} £E5S AFEAN dF E OE 3R
GFES FUIE HHIY, TFHOE A JEo] EFE ZAHY AF (5 o8 ALY
BE)S MEste A2 “FIFAA FHE 7HsEA & 4 e total solution” S A
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A6 AF/NEIEUM =t ofarst7|sd
1. ¥4 =799 Horinouchi 1%

¢ dE FZAUe Horinouchi I1F& E. colif ©o|F&HTE A8l yeastql Rhodotorula
rubra®] PALo] tyrosineS 7]|&Z AMg-3}4 coumaric acidE A4+ & dge= AHEES
o] &3}le], olE WAFQU Streptomyces coelicolor A3(2)9] 4-coumarate:CoA ligase
(ScCCL), licorice plantQl Glycyrrhiza echinata®] CHS®] FHAEH 23 Hdstdo
flavonoid 3} = T 7FF A3 %9 flavanone$l naringenineg A AJAHSI=H)|
&39S [Appl. Environ. Microbiol. 2003, 69(5), 2699-2706].

@ ol&& CHSY 7124l malonyl-CoA?] olF&F W F=& /M7 Ed AL &
g2 Fotod S A FE AFHLeH, FHEA FHAY 2dEE F39 flavone
AE9 apigenind} flavanol A E<e] kaempferol % galangin®] Ajito] AFE AR
[Applied Microbiology Biotechnology, 2005, 68(4), 498-504; Applied Microbiology
Biotechnology, 2006, 71(1), 53-58].

2. u|= o4 E tte] Schmidt-Dannert 15

@ w2 vlu2e Wete] SchmidtDannert 18& §A8 BHE A8aYo}, PALS
Rhodobacter  shpaeroides®] tyrosine ammonia lyase (TAL)Z, uYHWZA] FAAELS
Arabidopsis thaliana fr2}2] FRAAEZ UiAFoZN AL FAE F AT B
13RS [ChemBioChem, 2004, 5(4), 500-507].

3. = BlZ=E 9] Koffas 1E

b vl=r HZZ &9 Koffas IFL o|F&FE E. coli )4 Saccharomyces cerevisineE A}
83} flavanone-S A4+t 5 [Appl. Environ. Micriobiol. 2005, 71, 5610-5613].

@ ¥ flavonoids} 7 A& F BB o|AHAIES HEAH Y 2 AdEAoF
(anthocyanin) Ay 34 A2} (flavone 3-hydroxylase, dihydroflavonol reductase, flavonol
synthase, anthocyanidin synthase, anthocyanin 3-O-glucosyltransferase)E E. coliol| A &3
3} A 2ol 4353198 [Biotechnology & Bioengineering 2008, 100(1), 126-140].
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