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Condition Optimization for Overexpression of the Aklavinone 11-Hydroxylase Gene from Strepto-
myces peucetius subsp. caesius ATCC 27952 in Escherichia coli. Min, Woo-Keun, Young-Soo
Hong', Yong-Kyung Choe', Jung-Joon Lee', and Soon-Kwang Heng*. Department of Biological
Science, College of Natural Science, Myongji University, Yong-in 449-728, Korea and 'Korea
Research Institute of Bioscience and Biotechnology. KIST, Tagjon 305-600, Korea—The dnrF
gene, responsible for conversion of aklavinone to e-rhodomycinone via C-11 hydroxylation, was mapped
in the daunorubicin gene cluster of Strepfomyces peucetius subsp. caesius ATCC 27952, close to drrAB,
one of the anthracycline resistance genes. To characterize the enzymatic properties of the aklavinone
11-hydroxylase, the dnrF gene was overexpressed in Escherchia coli. The pET-22(+) plasmid which
has the T7 promotor under the control of lacUV5 gene was used for the overexpression of the dnrF
gene, and the recombinant plasmid pET213 that contains the dnrF gene linked to the T7 promotor of
pET-22b(+) was introduced into the E. coli BL21. When the expression of the dnrF gene was induced
by IPTG at the final concentration of 1 mM, the induced protein could be detected in SDS-PAGE
only in insoluble precipitate. The insoluble protein was electroeluted from the gel and used for the pre-
paration of antiserum in mice. Various culture conditions were tested to maximize the expression of
the aklavinone 11-hydroxylase in soluble form. The enzymatic activity was checked by the bioconv-
ersion experiment, and the protein was confirmed by the SDS-PAGE and the Western blot analysis.
From the analysis of the data, it was concluded that the culture induced with IPTG at the final con-

centration of 0.02 mM at 37C yielded the best productivity of active form of enzyme.
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StreptomycesollA] ABAFs= daunorubicin, doxorubicin,
aclacinomycins 3} & 384 = fukel, whsget, leuk-
imia, Hodskins'® Soll dA7t2] 74 de| 2oz &
getAlgl o, AAEA 58 FaRgol qle] FolE H
AHE 7)Zbel| 9l W Aok wkw 9fcH1, 10, 11,
12, 16]. 121§ EAIH &5 37| $18te] A 2% an-
thracycline”] $AlE Aol aal =Hs) gow w3t
712&2] doxorubicin ¥ daunorubicing H3HAA FA
2 oA AR BAAE Eolx, AT FoI7) e Al
g7} Al4E o, A epirubicin® idarubicine] 7H
Hbglo] ALS-¥ 57 gt -

A1 G729 323, doxorubicing AAAFsl= Strep-
tomyces peucetius ATCC 279522 €] doxorubicin WA
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uf, wjekelol] 718t aklavinoned €-rhodomycinone.
2 AFA= ZAde] #l=e], o] 2.3kb el akl-
avinone 1l-hydroxylase A dnrF)7} 3-Hse] )
= o2 ggEd) o] Ale AV|uldERE 4
= oAt wid-S BAq Z flavin type hydro-
xylase®t ¥ TAMS& Edol Wz H3l. 2% FAD
re= NAD(P)EA 5o Nuwba) Cdel] Exsle
A BEE ADP F-49 A% 2e]9} FADY ribityl #-4
o] A3 Atee] F7HA] ofvlieAl wide] DnrFeli =
A=l o] hydroxylaseE2 33t og Fogh
714& 7H4 7122 aklavinone 11-hydroxylase™= FAD
T NAD(P) oj&A e A=93 AA|Z bioconv-
ersion A &4 NADP e|&A o2 &z ch =38 acl-
acinomycing XSk Streptomyces galilaeus ATCC
311330 dwrFiAArs =9)A17) 23} 11-hydroxyakl-
acinomycin®l2H= hybrid antibioticsE “HE H=dl
AF-stgcH 71, Aklavinone 11-hydroxylases Strepto-
myces peucetius ATCC 29050014 1 &Ado] B ¥
v} qicH 2]
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Ao 2 AT A Y38ke] -4 aklavinone
11-hydroxylase f-4x}9] dizpdd& A =3bgich vl
T2 f-3=ke] 7% promotord 7= ¥ codon ARE- ®l
E Fo| dubdql n B {HALY] TR Abelst
o, NAFAY Bacilluseh & S5AE AgH o2 A}
L3lo] dgtds A= do] EVFSIIER dwrF Tt
AALE PCRuMH o2 A& w3e pET-22bel =
al3le] IPTGE L fxsigdct 22y ofdichaal
o] Ity o2 Qs 84 - v]#AY inclusion bodyE
HAEHS gelsla, 4389 aklavinone-11 hydroxyl-
ased @& frx3ly] 913 HAutRAS HES

M= ¥ oy

A8 M=

AR @3 2 vector Aklavinone 11-hydroxylase
Azpe] H-E $lelMd= E coli BL2U(F omp T hsdSP
(rpmp)lgal dem (DE3)]1E& SFAEZ olg3ld=t,
o]= T7 RNA polymerase”} lacUV5 promoterell 172
2 A2 A4 DNA Wl 248l 9l w5l
F4Hkgol AM8-317] $jF 714 Q] aklavinone®| FHl&
o] dnrFsA2}2] 71%5°] block® Streptomyces peucetius
ATCC 279529] ®o]5F pKN8 [9]5 o]&3lsict. A4
Hk-2-oll Hrlslr] Y3 FFE= Streptomyces lividans
TK24E o]-4-3}5det.

HHXI 2 A& T2 E. coli BL21> LB A =]l
mekgl ¥ 20% glycerol stockS.2 RE3FS] 2, 4=}
-8 913 v ok H AR ql M9uiA[13]8 A3+
t}. S. peucetiuse HHAITE vl wiR] F o XhALE AfAE
]2l NDYE 94 w}x][NaNO; 4.3 g, K;:HPO, 0.23 g,
HEPES 4.8 g, MgSO, - 7H,0 0.12 g, yeast extract 5g,
maltose 45.04 g, 10Xtrace element 2 ml/l]ollA] 4~
59 gk wiekal owl, S peucetius ATCC 279522 ulj<F
£ 28 ColA AAsEGE E. coli BL219] plasmidid ¥
50 mg/ml¥] ampicilline] #7}€ WA & 2831930}, S
lividans TK24+ YEME 94 s A[4]5 AR8-31o] wief
3}t

o3 2y

Aklavinone 11-hydroxylase S&AIC| NEISIA 1=

dorFAzEe] 23S 93 i3 A He= T7-
promoterZ® z+3 3} pET-vectord A4} .2m, o]
promoterol|l A3l Ysted 22t EcoRF Xhol 34
QlAl B9 ZE 7= 2709] primer[primer 1; 5'-GGCC
TTGACGAATTCGGATGTCGAT-3', primer 2; 5'-
GCGTCAGTTCTCGACAGGGGGCGGC-5'1E AHE 3

BamHi

dnef T pET-22b(+)
Neo |
Bgtli/8: H, 1
9 amH Sacl
Primer 1 : §' -GGCCTTGACGAATTCGGATGTCGAT-3’
EcoR1
Primer 2 : 5" -GCGTCAGTTCTCGACAGGGGGCGGC-3'
Xhol
i Ncol/Hind [ EcoRV/HindIll
PCR Product
!
EcoRI/Ncol

3-fragments ligation
Transformation into E. coli JM105
Check DNA ‘construction
|

Transformation i.ntn'E, culi BL2) (DE3)

Fig. 1. Construction of expression vector for the aklavinone
11-hydroxylase gene (dnrF) in E. coli.

At

% primer® PCR ¥H-& 59 3445 DNAE Gene
Cleano.& 3|ste] EcoRls} Neolo 2 AE%, pMC
213% Neol/HindlIZ 2] 3t @87}, pET22bE EcoRl/
Hindlll12 A2 <9-& A 334 ligation
©2 ligation A1A, #FAH 2 pET213& A=, 2
TF2% pMC213°l AAH] U™ dnrFRAA] pro-
moter F-875ke] pET vector®] T7-promoter ol 2=
4 9lE 722 vl down stream® A= A
7ro] A7 =] 9le Arefoich(Fig. 1) pET2132] DNA
% PCRiMH o2 ZE X7 EcoRl/HindllIHH2] 160 bp
2] 47 ujd& T7 promoter primerg ©|&3}o] &<l3s}
At} pET2132 2 %€ &= DnrF A2 A<t
periplasmic spaceZ2] Tl o]%-S- $1&F 22712 o}vl
xAko 2 FAE PelB peptidecl®] ol multicloning site
AA el 11709 ofnlpAte® FA¥E  additional
peptide”} DnrFet)ae] N-terminalell ¥7}=7 DnrF
izl o] 7H A aspartic acidZHE] 489 R 9] aspar-
agine7}A 9] 483 a.aZ FAE polypeptide’} AZ=
fusion protein®] THEAAEF wet=E A7 o] fu-
sion protein®] oA} ¥-x}#2 55.9 KDaol3lvh(Fig. 2).
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lac operator Xbal

o
AGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCTCTAGAAATAAT TTTGTTTAACTTT

BspMi
rbs Ndel

Msd Neol

Pel B reader sequence

AAGAAGGAGATATACATATGAAATACCTGCTGCOGACCGCTGCTGCTGGTCTGC TGCTCCTOGC TGCCCAGCCGGOGATGGCCATGGATATCGGA
Met Lys Tyr Len Leu Pro Thr Ala Ala Ala Gly Leu Leu Len Leu Al Ala Gin Pro Ala Met Ala Mat Asp Dle Gy

Eagl Aval
BamHl  EcoRT Hindl Nodl Xhol His - Tag
ATTAATTOGGATCCGAATTCG AAGCTTCGGGCOGCACTCGAGCACCACCACCACCACCACTGA

anrF

De Asn Ser Asp Pro Asn Ser

Lys Lew Ala Ala Ala Leu Gk His His His His His His

Bpull02 1 T7 terminator

GATCCGGCTGTCAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACOGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGT

B T7 PelB DnrF
promoter TD-V-D-« = = = ¢« v o v v v oot P-A-489N
—.—— 22 aa. {1l aa. 483 a.a. —
Additional
armino acid

Fig. 2. Nucleotide sequence of the dnrF inserted region in pET213(A) and construction of expected fusion protein(B).

pET213¥ E. coli BL21 host ol E3]A
AR S FEAZF a4 S 3] depid

o -8 ZASI3c).

Aklavinone 11-hydroxylase REAIC| [HEF 2i6d

IPTGE 4% aklavinone 11-hydroxylase gene®]
e BdE Smith 52 W& WA ste] AAst)
[15]. E. coli BL21S LB A wl=]<l| ampicillin(50
ug/mb3} A AHEsPe] 124]17F wiokgt & 3000 rpmell
A 10487k centrifugedte] #ATE B 3 F3o M
9 A =] &- o] &-3}o] suspensiondtith. 3000 rpmell A
1087 o} 4] centrifuged 3 M9#} x| ol resuspensiond}
o] ampicillin(50 mg/ml) 100 pi2} &4 1 mlE 100
mie] M9AA efA]ell A F3}e] 2A17F vl Fgt ¥, IPTG
£ 1mM$ 3Hrlste 3412 F<t & A7) ohg- 3000
rpmellA] 2087k centrifuge$ WAE Tol -207T ol
X 33)3ict. E. coli BL21-& ©]$-8} aklavinone-11 hy-
droxylase®] 3 FEAHL, L s 37T} 28CR
W3k 7], IPTGE] HEFEE 7 vk xedl4] 0 mM
o4 0.1 mM®} F=2 #3FAIA ARS8 tH(Fig. 3).

Aklavinone 11-hydroxylaseZ O|&
tibody2| Z=H|

FAE AlAtstr] 915, AN aklavinone 11-
hydroxylase& SDS-PAGE % electroelution ¥H§ 22

8t polyclonal an-

AABFATE -207Co BAsdw FAlell 100 mM potas-
sium phosphate buffer 10 ml& 2¢] suspensiond}e]
+# 59 sonication&$ 5000 rpmell A4 1027} centri-
fugedlel AAERHS 2% t}A] 100 mM phosphate
buffer® %23 A7}l resuspensiondr¥E 30 ul¥
eppendorf tubedl] A s}le] SDS-PAGE®| ©]-&3}3ic}.
8% protein sample] 2xSDS sample buffer(gly-
cerol 50 g, mercaptoethanol 25 ml, 1M Tris - Cl(pH 6.8)
125 ml, 10.5 g SDS/500 mD)& 5% A7lsle] 587+ #4l
% 10% SDS-polyacrylamide geloll 1719358 A8k
o} A7]odFol Bt gel staining solution(Coomassie
brilliant blue R 0.05%, MeOH 50%, acetic acid 10%,
HO 40%)ell 2087 343+ 3 destaining solution(MeOH
10%, E90%) N Wrx]3te] chia ] bandE Felsladr).
SDS-polyacrylamide gelZ25E1¢] wzle] 34x=
Horinouchi 5-2] #H& o] 83t =3t} 5]. SDS-
PAGE gel 42 2% ¥ bandg AehHe] dialysis bagol
23 10 mA9] Al7]Z overnight electroelutiondt ¥ =
F4- 1 [ 24 dialysis¥ 5 - 207l B@stgch
8 A Freund s adjuvantE mouse 17H]
o Z47F 100 p¥ E3hsled Fa)ska 10, 17, 2495 o
t}A] boost injectiondt ¥, 15+ F¢l| bleeding3}¢d serum2S-

A2 skt

grel UL =3
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E. coli BL21(pET213) in LB Broth (Ampicilline 50ug/mt)
i
37T, Overnight
!
Washing with M§ Medium
1
Resuspension and Inoculation (1% Inoculum) in M9 Medium
1

37T, 25hrs 37C, 20hrs
! !
1 28T, 0.5hr
} {

Addition of PTG Addition of IPTG
(0, 0.02, 0.04, 0.06, 0.08, 0.1mM) (0, 0.02, 0.04, 0.05, 0.08, 0.lmM)

1 )

37T, 25hrs 28T, 25hrs

i
L |
!
Centrifuge
i
Suspension in Potassium Phosphate Buffer
i
Sonication
1
Centrifuge
1

Supematant Precipitate
1 }
SDS-PAGE

Enzvme assay
Protein assay

SDS-PAGE

Fig. 3. Experimental procedure for the production of aklavi-
none 11-hydroxylase in a soluble form under the conditions
of different IPTG concentration and culture temperature.

Immunoprotein®] A& 3413}7] ¢]3led NuncAl]
immunomodule kitE ]88t ELISA(enzyme-linked
immunosorbent assay)& ~33F¢ic}. Antigens coat-
ing buffer(5.9% Na,COs;, 9.3% NaHCO; 0.02% NaN,/
liter, pH 9.6)3% 5 ug/ml2 Asto] kite] 7 welld 50
pl¥  coatingdlel overnight incubationA]Z] %, 1X
PBS(phosphate-buffered saline) > 2 3% washings} 1,
blocking solution(3% BSA in 1xXPBS)2.2 blockings}
s}t PBSZ o}A] washingdt 3 & serum=- dilution
sted 7+ welld 50 ul¥ E53 F A-LoA] 147 ubs
ok uk-g-A] 7). PBS-T(PBS containing Tween 20) 2.2
washing$ PBS¢} 1:10002.2 dilution¥} secondary an-
tibody(Goat Anti-mouse IgG & Light Chains Human
IgG absorbed peroxidase conjugated).2.2 labeling?t ¥
147 Fot vk3-AF1%F substrate buffer(4 mg ortho-
phenylendiamine, 30% H.0, 10 ml citrate buffer)&

50 ulg 538t 2087 ¥HS-A1%1 ¥, stopping buffer
(2.5 M H,SO)E 50 WY H53 5| ELISA reader® ©]
23} 492 nmellA FREE =43l antiserum?] ¥
& gdslsdch

Aklavinone J|&!9| Z=H|

FAUE 91’ 71AL S peucetius ATCC 279522
dnwrF A& Ho|F(pKN8) 9] wiofd e 2 HE] F&3}o]
sl 78 NDYE 94 wiz|ell4] 4~5 F<tb
uloFgh ok el oxalic acidE 3 g/100 mle] ®]&=2 A
7vsked 55CeA) 45483t k=3 A2 F 10N NaOH
£ AHE3le] pHE 858 AT vkl Fao
Chloroform:MeOH=(9:1)¢ g & &3} A} Al
5 4547 F 3000 rpmellA] 2087 centrifugedte]
S-S 3)pste] AHESF 4= MeOHZ H3ivh
hab AHES] &l TLC9} HPLCE °l-&3}sitHs, 81.
TLC 49 7% plate® silica gel & AH-3lz, /4
vl= aglycone type solventZ hexane:chloroform:
MeOH=5:5:1% °]-§3}3it}. HPLC#4 ¢ 7 ODS-A
columne ©]4-3}31 1 moblie phaseZ+E 42% acetoni-
trile, 0.075% phosphoric acid, 0.16% SDS7} &34
37 S5 ol &3kl

EteiEo| Mgt

Zrzkel wloF 2AA AR FA] @Al s
ZA3}7] ¢|8lA Bradford 448 o]-8-3tcH 14]. »)
oFgl Al 22k 300 W) 10 mM KH,PO,-K,HPO, &
FA(pH 7.5)% ¥l d9A7]|2, 25384712 &4
g % 10000 rpmell A 307 A E-elshe] doizl A
ZE% supernatant® ©]-83ky Z47+2] protein®] %S
Al =, ¢old BSA(bovine serum albumin)& %
FE0 2 o]43}] standard curveE 23 ¥ 243}

et

2 ol

_Ibi: ¢

Akiavinone 11-hydroxylaseQ| S4-HIZ2

Aklavinone 11-hydroxylase®] #&4-®H3-2 Filippini
59 in vitro WS W sle] A At} Aklavinone
(20 mg/ml) 20 pl, 100 mM NADPH 5 pl, enzyme as-
say buffer(1M phosphate buffer, pH 7.5)) 200 pls}
2 £ 100 plE A7l 33 2755 0|43l F
£ 2 mlE 2A¢ t}g, 28T shakerellA] 2417k ¥Hg-3}
At o371 F2F2] chloroform:MeOH=(9:1)% 7}
3led & &8 v 3000 rpmellA] 10E-%F centrifuge
8lo] £wl| =& 3438l rotary evaporator® 53 F
A% MeOHZ ¥ HPLCEA] | o]&3}%ic}t. HPLC
o} B4 9] 734 aklavinone2 ¥4 & we} U3 mob-
ile phase, column-g o|-&-3}¢3r}.




Western blot analysis

pET213& =343 E. coli BL212%E X% pro-
tein oA 52 izl DnrFel 7] vid 2 2] o
e RS HEs] ¥@3]7] 84 SDS-PAGEE ¥
3}oq total proteing #&¥t ¥ PharmaciaAl2] multi-
phore electrophoresis kitE ©]8-3}] electrotransfer
W o] 2] nitrocellulose membranel| 7 c}.

Ponceau S staining® 2 transfer¥ protein bandZ
213k ¥ 1XTBS(Tris-buffered saline:20mM Tris,
500 mM NaCl, pH 7.5)22 washing®t ¥ blocking
solution(3% gelatin in 1X TBS) 100 mlZ go] A2
A 3A17F 5 uEgAIZek 1XTTBS(1XTBS conta-
ining Tween 20)2.% washing¥ blocking solution¥}
1:1,0002-2 3]4 ]} primary antibody S 237 A-2-of 4]
overnight incubationd}ith. 1XTTBSE 10%% 3#
washingdt ¥ blocking solution®l] 1:3,000°.% 3]43%}
secondary antibody(conjugated Horseradish peroxid-
ase) & ¥ 1A%t 53t ukS-A17]3 1 X TTBSE wash-
inggt & HRP color reagent A (4-chloro-1-naphthol
in diethylene glyco)?} HRP color reagent B(hydrogen
peroxide) S %33 HRP color development bufferZ
o] 8-3led 17 AU A A band®] FAH-S A F A%
AlA Bkt

E<ILy

10

k=,

[HEET HUSIHIE{E AKESH Aklavinone 11-Hydroxyl-
ase FAAI| &S

pET213& =& dAHE 1 mM IPTGE 23 H-=
£ AZ 2, 32842 A vepA] dske), 7]
g 28] el A= 55 kDa2 Aol vieke] dhuiAle]
A =1918-& SDS-PAGEE £3le] &lsldict. s
o] z7]2 Btsld PelB leader sequence?} A A=A
o8& Abef i 2| uk, o]9} 22 leader sequencer} o9} &
5 11708 F7} ol Ak EA7F B4 Ao &
FE A= & AR 4= =8 DnrFe
2] N-terminalellX] 6712] eolwlcite] AlA = E=d
ole] A A vlA|= FUE AL §I& o= A4
Hdoh ek o2 E cois 72 3l YRS
ek e 2 W Al7)= 7§ phase contrast microscope
2 £ 4 9l& cytoplasmic granule® AI3tc}, o)o}ztk
< granule t}EFe] ojelvtuiAle] Ao g ciulzl o
foldinge] A|tHZ dojiz] ¢dol whA etz A o2 A=
u], o] 52 3= o insoluble mass®E HFAAE = 7o
Z #do] gl deo]H inclusion bodysh F-23 i)

gHH, pMC2138 =3t Streptomyces lividans 1326<
o] g3t FY FAHAE R A3 514 AL
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ebg out SDS-PAGE ArollA 9] whafd o] ghade] £7}
ek, =g wAe] HAA] Ea FAjo] alEe]
A7} Brls-3tdtH(data not shown). ©]2j%F &4 &
Aol e U2 AlE e ofd AHErtEAe] &4
Ao Fgslr] Wi ez FA%}. Aklavinone
11-hydroxylase A4F o} fFrEA 2 Aol o] 8317
At e B4 AAZ)L LA, B4 AAA 4
£ E3he fractiond AE3b7] ¢1% vy Uz,
o] whlA-g- A& gl AE Axtslr] ¢8| 55
KDa$]x]oll A€ =hillal-g- 3]4-31ed electroelutions
53 AAE AAsta o] 5 SDS-PAGEE #elsisith

Aklavinone 11-Hydroxylase R&XtC| CHRHUS! 2

dnrF A2 E. colis ©]8% #FE X inclusion
bodyHA-S Fxdhs AR gdso], A A &
139l aklavinone 11-hydroxylaseE 7P 554 o8
LAAA ¢ sle SR e ZARAY. ke
ARAETE Z3A) 7] 3t sk E dAEE W
W3, kA IPTGol 93 HAF-E84-8 JAE]
3t IPTGE] 3 =& 24 3= ubd & ARS-sisich

37¢CelA wiFdE el 0.02mM IPTGE A7}
3led LS FEsES o 7P 2 conversionE2-
Hgom 0.04 mM, 0.06 mM IPTGE 37} 1L fj=
50%°]%+2] conversionE-2 Rt 28T wjoke] A
0.02 mM IPTG| 4= conversione| 7] ool }z] ¢k
sem 0.08mM IPTGE #H7H-S W% 50% )4
conversiong&-a B3t} &, 28T wlFe] A% 37°C wiek
8] 749K} IPTG F57}F =olok expressiono] Q&3]
dojiir] 16l u}E conversion rate’s FolRlthe A&
o % slch

ol#|gt A3F uigto 2 AAHEF supertanantd 7+
7} SDS-PAGEE AA3le] 7b w2l et
Al o] ofAkS wlaEled ®ofrHFig. 4,5). 1 A3,
3709 vtz AdA = IPTGE %7} 0.04 mMo]Akdl|
A ot F-2o] thlale] inclusion bodyS 3Ad8}ed su-
pernatantH®] A3 whilalo) ofo] A3 4TS
o4 91 2 (Fig. 4: lane 4-7, Fig. 5: lane 4-7), 28l
A wljokate A Aubd o g A B4 WAHE in-
clusion body®] ok 714~ ¥bd, 0.06 mMeo]A+e] IPTG
FTEAME EAY hiliale] o}2k 2 2 supernatantel] &
NS Fd4 2 oH(Fig. 4: lane 8-11 Fig. 5: lane
8-11). TRl o] of o 2 Re] Ahalol & uff, 28°CollA] ull
¥sti 0.06 mM2o] IPTGE S F=314L o ak-
lavinone 11-hydroxylase E4:9] @h&loko] Huj7} H-&
2hlstgd ], o] HPLCE 58 1484 2499 A3
o} AdXgch(Fig. 6). ¥ A ¥ 27 PelB leader sequ-
ence®} N-terminal®] 671¢] o}v|x4te] A A= DnrFst
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(A) (B)
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SDS-PAGE Western blot
Fig. 4. SDS-PAGE (A) and Western blot analysis (B) of the insoluble cellular protein prepared from E. coli BL21(pET213)
with anti-DnrF polyclonal antibodies.
Lane 1 represents the low molecular weight size marker. E. coli cultures were incubated at 37°C (lane 2~lane 7) or 28T (lane 8~lane
12). The final concentration of IPTG used for induction was 0.02 mM (lane 3 and lane 8), 0.04 mM (lane 4 and lane 9), 0.06 mM (lane 5
and lane 10), 0.08 mM (lane 6 and lane 11), 0.1 mM (lane 7 and lane 12). The band for aklavinone 11-hydroxylase is indicated by arrow.

(A) (B)
1 2 3456 7891112 2 3 5 6 7 8 9101 12

SDS-PAGE Western blot

Fig. 5. SDS-PAGE (A) and Western blot analysis (B) of the soluble cellular protein prepared from E. coli BL21(pET213) with
anti-DnrF polyclonal antibodies.

Lane 1 represents the low molecular weight size marker. E. coli cultures were incubated at 37C (lane 2~lane 7) or 28°C (lane 8~lane
12). The final concentration of IPTG used for induction was 0.02 mM (lane 3 and lane 8), 0.04 mM (lane 4 and lane 9), 0.06 mM (lane 5
and lane 10), 0.08 mM (lane 6 and lane 11), 0.1 mM (lane 7 and lane 12). The band for aklavinone 11-hydroxylase is indicated by arrow.

WA 3le] fusion proteind, A4 Aol & <d3fgle]l & &M @AY AS Aalslr] gt o= 7R

=
Ao chald 2 ik 4= 9l el Z7A-8 zEsldok g} B =FollA]E aklavinone 11-
hydroxylase gene(dnrF)< E. coli BL21el|4] k& A1)
2 <% go] wjefzAL e} IPTG $E9 F7H4 84

S 23] WA= o, S hilzle] A

UAuEA 0 2 Streptomycesii— 33| 2 FX]7F o1 ARS- F 3}l inclusion bodyd] FAIE FHA3)se=
S vk, E ocolie wiokr1Zbe] B SRR 22kE 2B elkR2E AR 2 A, 370 wiekE o
g A o] gl7] W, E. coliF o] 83te] {8 S oﬂh 0.02 mM®| IPTGE #7}+8t%¢ @ inclusion body
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Fig. 6. HPLC analysis of the aklavinone 11-hydroxylase ac-
tivity expressed in E. coli under different cultural conditions.
The cultural temperature and the final concentration of IPTG
used in this experiment are indicated. AKN (retention time, 12.3
min) and &-Rho (retention time, 17.3 min) mean the peak for ak-
lavinone and e-rhodomycinone, respectively. Conversion rate
was calculated from the area of the peak for e-rhodomycinone
and aklavinone, by the formula

of, conversion rate (%)=

area of g-rhodomycinone
area of aklavinone + area of g-rhodomycinone

X 100
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