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1.1 ##

L1 BFRP ORI ARE 97 55 K AT 18 (Escherichia
coli) DH5a il BL21 (DE3) A 52 46 % (% 47, 4 Tl F
ohy DR e B R D A% 0k A 240 S E. coli BL21
(DE3) /pHSL82 Jy A% Siz 5 v 4 4t 1) Jit A% 3% 38 17 Ak
Jiki pT7Blue il pET28a ( +) X {4 & Novagen 4 7
75 4 AR Sk R DR B B RN DR A% R IR A4 5 pIK340
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S5 DRI T P ot 4 0 B 2E ) RE 4 W e e RO
F M IPTG Iy [ Sigma; 2 Hit ML 6l £ A6 b RBR 27 e
BB BT 58 I

1.2 med-ORF12 HEFE =&

L2.1 519 M4 508 & 5 AW & B g
med-ORF12 ¥ %] (£ GenBank 1 ¥ % 5 %
AB103463) & it L Ui 51 #) Med-2B: 5-GGAAT
TCCATATGAGCGGAACCG GCCGGCCCACCGTGGC
G337, F Wi 3l 4 Medd2C: 5'-CCCAAGCTTCGACG
CGCT CCCGGGCTCGGCTTC3 . b R ol Wi 4> 7l
VSINT Nde 1 «Hind T B P 1 D) 07 20 (I 50 47 1
RN R IR B R 4G A T R AR R R

1.2.2 BEDA 938 DL A ik a2 2 AR W6 Ak I
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Sl AT PCR, ¥ 18 H 19 5L I med-ORF12 (Jz J¥ 4&
{4 :94°C 3 min;94°C 1 min,66°C 45 s,68°C 90 s,
25 MEIR) o [ H 7 B 34T Nde T A1 Hind T
XU D), e B 2 pT7Blue 34k 1, 4 Kl 41 1
DHS oo 28 1 B0 126  JF0RL 4 U~ 14 1) 36 ik 4 Ul
J&i o 1E A JBOR iy 44 O pHSL81 .
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pHSL81 % Nde 1 FI Hind TN XU Y1), A1 H 1 1
B med-ORF12, o [ 1 1K JiURL 8¢ & pET28a ( +)
b A R AT T E. coli DHS o, 312 Y T 41 53 K )i i3k
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ORF12 J§#% % ik 1tk iy %4 BL21 (DE3) /pHSL82.
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T e R A B IR S A w4
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P 2EPURPTiRh —H0, A ELISA 3K I 2 it if
T 1> I Western blot & 36 1) £ 1) 22 41 M35 1)

S
1.8 $¥BE P EXEETN R med-ORF12 %Kik
kol

BT T R IR AN R W T 5 WM e Sc T
Tt 7 B 2 4% W1 10 #5355 3200 mL g |85 55 3,
B IRl B b e i EURE S K W BE (0D, ) » il 4 2E
K2 5 B0 43 1 R TR VR T 2 A L 5 AR 2
s S NWIRFATIDN 7R R P E AN R Y
k") L 3E 4T SDS-PAGE Fil Western blot ( £ $i i 35
BEAT 1: 1000 Fi B) K W 8 75 14 1 med-ORF12 1)

2 iR

2.1 med-ORF12 RIZFHHEMMTEZIFS
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975 bp 1) H 1) 3 K| med-ORF12 fi7 T JE 1k 5 &
A R AR . 28 PCR BB S B ok i B B
e B AR pT7Blue b, M /7 36 0F J5 £ 3 — 20 o e 3
FIE AR pET28a (+) I (4t 5 3K 15 1 kL
pHSL81 #1 pHSL82, & 1-B) . ik i ki pHSL82 %
N FH R DA% 360 1 2 40 M K i AT 18 E. coli BL21
(DE3) 1, 57 T med-ORF12 J5i #% ik & 45 (BL21
(DE3) /pHSLS82) .

BL21 (DE3) /pHSL82 7F IPTG % 5 % 3% (3. J&
H37°C) 45 W5 B H SDSPAGE 73 17 if5 3 Kb 5 %
MW REA (B 2-A) o g5 R 5B kX A
LA, 4> 9148 0.1 —0. 8 mmol/L IPTG i T 5, 4 Jfu
11 35 — 45 kDa 2 [a] #R A7 75 — 4% W] W 2 1 1K) 4 = Pk
HAKH YL HN COEREBHPEA. A
[ IPTG ¥ 5 W &5 s RELAE 37°C 44 1,0.1 -
0.8 mmol /L TPTG ¥ & i [ /N, IPTG ¥ ¥ B % H 1
AWM S RIE LW ZE 7AW WE, (AR
PR R IA R I — 28, HAR WK B IPTG X 4i
FL 5 1 /N 5 R T 28 26 5 TPTG 9 & 240, 1 mmol /L.

I BT His—5 28 1045 5 P B 44 40 i 1) 6L R
HE4T Western blot £ 9. 254 (K 2-B) R A F S
J5 40 e BL21 (DE3) /pHSL82 & [, X AE 35 -
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Fig. 1  Structures of related BIQ compounds and construction of the
expression plasmid. (A) The numbering given is based on the
biosynthetic origin of these compounds; (B) Confirmation of cloning
and expression plasmids by enzyme digestions. M: DNA marker; 1:
pHSL81/Hind Il ; 2: pHSL81/(Hind Il + Nde 1 ) ; 3: pHSL82/
(HindMl + Nde 1) ; 4: pHSL82/HindII .
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PN R I AR R R A K T I ) SR
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SRR G H A 43 38 2 LA R A 1) B AR AR
(Elmg) » M20°C 75 520 hjg, 78 L Ay & | 1 i
1 B R SO 2% (g ) 5 16°C % 5 6 ik 45 3 (dn &

2-D fioR) R H M AR LR e A A
24 h B3E I H & A RS R K.

AR DL B SR A & A e Ll
XiE %M :16°C F,0. 1 mmol/L IPTG i 524 h.{F
iR O N i S vy & Qe o (I R R N
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2.3 HHEEBE Med-ORFI12 B4k B & 55 Y
il &

T K, Fl | His GraviTrap 4l 4k H ) 85 4 »
AT SDS-PAGE LA W 4l £k 2 ¢ (lan [ 3-A Jir
R) o G RAE T AEL N 5% M H I E A
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K 34T Western blot 36:3iF, #fi i\ T 44L& A N H 1Y
= (E) .

24 1K) Med-ORF12 #2581 74 =2 K H 4 AT
K43 T Med-ORFI12 [¥] 2 Hit M5 . A F [a] $ ELISA
WEDE T HUIRLE R A 12 16000 CEIg)

SR JG» Al Western blot 4 W 40 i & 1 45 5 1k
( 3-B) » fE PG 1:3000 B )15 B0 R » Bt 1ML i
e WoR B A, e L Wor H Al .

2.4 FF Med-ORF12 i Z il EHNEIXEER

FAERFELEE G med-ORF12 W RIEFNEZXEEW
0

YARZ R

H T fi# med-ORF12 5 355 8 2 AW G I K
2o 4T ORA 45 1) Med-ORF12 1) 2 Hi ML 35 X 56
kR E AW CEF A AL BE 2 I AMT7161) h med-
ORF12 (1) 33K AT K50 -

TR W AMT161 AN [m] & 1% B[R] ¥ 40 i 2% 1
(W B OD g, e 7R) LA B R B b3 e, K
DUBERE T AM7161 708595 12 h Ja ik A e e 91 Cn
Bl 4-A) K — s AR B (a
WAL TG Z ™) 70 90 Bk N FA E
THG TS, T I )5 3 (60 h 22 47) B 8 5
B2 (K 4-A) , YL IR =9 .

A F TR AF 1 RE e MR 2 B 0 R BE A R
AM7161 2 (1 3E 4T Western blot £ 3 (1& 4-B fir
R) o SRR (1) A5 PR e VR 2 Ui T L
BERE T AM7161 58 (b 35 — 45 kDa [Al ) — 4 7fF
HeAL » Mt — A U WA I % 19 22 HU AL A7 8 0 R e
(2) [A) I 356 W 3 PR med -ORF12 7 85 25 14 AM7161
A LARIE AR A (3) 5 Himed-ORF12 75 4
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Fig.2 Induced expression and western blot of Med-ORF12. (A) 1 -6: Total cell proteins of E. coli BL21 (DE3) /pHSL82 after induction by IPTG

at the concentrations of 0 mmol/L, 0. 1 mmol/L, 0.2 mmol/L, 0.4 mmol/L, 0. 6 mmol/L and 0. 8 mmol/L for 4 h at 37°C respectively; 7: Total cell

proteins of E. coli BL21 (DE3) as negative control; M: Protein marker; (B) M: Protein marker; 1: Total cell proteins of BL21 (DE3) ) /pHSL82

after induction; 2: Total cell proteins of negative control BL21 (DE3) /pET28a( +) ; (C) M: Protein marker; 1:

Total cell proteins of negative

control (BL21/pET28a( +)) ; 2 —4: Supernatant (S) and precipitate (P) of BL21 (DE3) /pHSL82 after induction for 4 h, 8 h and 12 h respectively
at 37°C; (D) M: Protein marker; 1 —4: Supernatant(S) and precipitate (P) of BL21 (DE3) /pHSL82 after induction at 16°C for 16 h, 20 h, 24 h

and 30 h respectively; 5: Total cell proteins of negative control BL21 /pET28a( +) .

(A) M12 3456 7 809
EEEE -
45 kDa—® ‘ .-“i<—4zkna
35kDa— = B '
-
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blue-staining

Western blot

B3 BH#EH Med-ORF12 B4k F1 5 1M 518 F
Fig. 3

polyclonal antiserum.

Purification of Med-ORF12 and confirmation of the resultant
(A) M: Protein marker; 1 - 2: Unpurified
samples; 3: Flow-through sample after loading; 4 —5: Flow-through
samples after first and last washing respectively; 6 —8: Flow-through
samples after first, second and third elution respectively; 9: Total cell
proteins of negative control BL21 (DE3) /pET28a ( +); (B) M:
Protein marker; 1: Purified target protein Med-ORF12; 2: Total cell
proteins of negative control (BL21 (DE3) /pET28a( +)) ; 3: Rabbit

serum before immunization as negative control.
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-15 L s L L '
0 12 24 36 48 60
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(B)

-
45KkDa— -
35kDa— o

B4 EXZxBHEHFLEBRFLEEFIRED Med-ORFI12 #)
REMEZSRHIRE
Fig. 4

during cultivation of the wild type medermycin-producing strain.

Accumulation of medermycin and expression of Med-ORF12
(A)
Cell growth at different cultivation time (below) and color change of
pigmentation indicating medermycin accumulation in AM7161 (upper) ;
(B) Western blot of med-ORF12 expression at different cultivation
time. 1 —4: 12 h, 36 h, 48 h and 60 h respectively.
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B W38 2, R B JE N med-ORF12 J& T4 K J5 W& ik
(3 1
2.5 F|F Med-ORF12 i i EHMMEXTEH
BEFYEE P med-ORF12 HIFRiE
RT3 T fi# med-ORF12 5 ik &H R EY)
ARG AR AR Med-ORF12 [f) 2 Hii ML 4 —
PRE L5 & A W (AM7161-4.M98) 1 () med—
ORF12 (138 HEAT T AL
AM7161-41.M98 J&:HF £ 18 AM7161 [fi7 A H bk A
(A)

75 AM7161 S N G 88 5 3R 08 — A I &0 i 5
(med-ORF10) , AT 3 B0 3¢ 35 57 2 1 7 & W 2 38
(el 5-A g mes ™) G, k2, H
XA 43 56 DR T8 T 4% med -ORF12 (1) 55 S 45
FIR T 7 I A Of e BRATT O A AH O 38t 15 2% 10F 4%)
(R, KRR, B AL TREFERIERE .
WARRE 3 AM7161 fl AM7161-4.M98 4 24 h, $2 H 41
Ji 42 8% 1, 3E 4T Western blot £ 3 (& 5-B) o 1 341
T, 76 B Mk AM71614.M98 w1 H () 55 K| med-ORF12
(1) 20 1 LU B A2 B AM7161 v i 2 42 iy

(B)

45 kDa—
35 kDa—

40 kDa— <«— 38 kDa

35 kDa—

5 XEBHRBEFEEP Med-ORFI12 89107
Fig.5 Detection of Med-ORF12 expression in the medermycin-overproducing strain. (A) Comparison of pigmentation color indicating medermycin

accumulation in AM7161 (1) and AM71614.M98 (2); (B) Western blot of med-ORF12 expression in AM7161 (1) and AM7161-LM98 (2), M:

protein marker.

giGriE 4 RIS [ g 5, T BLAT D A 7, Med -
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XKt HE Med-ORF12 2 5 £ A H £ EW S
DRI AN Y

3 Wik

HT A 1R 2 o A7 25 9 Cln e v 2 3% B
VR RE R AE) T R {EX 2w ] 25 4 i A
bR 2 R DNA, 11 56 34 75 32 ) 6F 22 i i e 2 i 1) £
A 3 BEL WA AT 0 HL AR OR B BT DAAT B
1 g — i B BB 25 A BT R DY

X RIL T R AW G G R BEAT 70 7 K R
T R T AR TR REAT B 2500 R o A I AE I
AR o ARSCAEH A AE I8 5 F i Y1 45 1 18 M
Ji T RETT T S8 5T A b 0B R AL 18 1 BL I
K #a s (B2 30, Rk ) UL R C3 A F b0 1 B
EE%[Q] 3

U i SR ALY €% AR I 4IRS
AL (B 1-A) 5 B 1 2% & i 2E % mederhodin g 2 il
RERE S AR S R R HEAT 41 5 AR BT B, OF
AT “AEEmamR g a" . 5RAER
AN TR 2 o TS 58 20 35 0 DA A 56 42 AL I £ 2 i £F
% (CA ¥ B L) 8 C40 £ & BL C-C A (WL
1) ASCEAT 59 0 PO 2 R A R 2
WIE OR&EEL RN Cd BRI U C4 REST
PTG AL 15 A ISR AL 1y B0 5K 20 352 15 A7 PR %
PEIE ARG IRE) o 1A MIE R S —A BIQ Kk
& ¥ Deoxyfrenolicin ) Cd ¥ h ¥R %, th HfF — %
T i g6 3 2 B U T R e O B A IR AL
R (= FARSN R A CA R C4 R A
KB LR TSI BIQ K AL A W R AL
RbEIF R IRIE R R, LG BA WA 1) C-pl 5
A M S 1T 5 1 O AL O A P R A T A 4 R
X LTI ROR T R AT TTEk, H AT A Bl 4R s
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FIBFFE Y A B R TP K med-ORF12 Tii
Wt S8 B B AR W A R B A i — S G BT
62 5 S8 5 & T R 2R 0 - 3R W BE A% B
BOE A, Med-ORF12 K5 J0 T 11 () — 3 rp W) 44 1) C-
3 (¥ R AL AT I8 B T R R AT TR A R 1 b ] Ak
TP HE DU AE 5] A A ) A BT 5T 3R AT — S8R
W B 0 Sk T 7 2 A B R A BT AT
733 Med-ORF12 2 5 fit W 35 C3 F k¥ i ) — &
IR STE R/ (T AR 7 1 S S E =
B H B30 T v 0 R R R ok 3R A O T 9 A A Ik
WR A I P9 16 T S ) J6 A 2 UE 3

JIT CAAE A SC o, A 25 3t ) 5E ] med-ORF12 34T
T IEAZ Bk R B ) %, 6 8 I8 B R B A A R AR T
Rt b R DR 1) 20K EAT fe % A W, K B Med-ORF12
MRKERIERKEEREMNEY, HEAEEMN
AW KT BB — SO s [ IR IR 4 2 i
TR T AR 55 0k R 28 B AR B Med-ORF12 [
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Expression detection of med-ORF12 encoding a
stereochemical Kketoreductase possibly involved in
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Abstract : Medermycin, an aromatic polyketide antibiotic produced by streptomyces, possesses a stereochemical pyran—ing
lactone critical for its strong anticancer activity. The med-ORF12 located in the biosynthetic gene cluster of medermycin
encodes a stereochemical ketoreductase. Based on many indirect data, we proposed it to be involved in the enantioselective
reduction at C3 in the formation of the pyran ring of medermycin. The direct genetic evidence about the function of med—
ORF12 in the medermycin-producing strain has yet to be obtained. Enzymatic features, expression and regulation pattern
of Med-ORF12 in the medermycin-producer still remain obscure. [Objective and Methods] The present study aimed to
investigate the expression profiles of med-ORF12 and relationship between Med-ORF12 and medermycin accumulation in
medermycin—-producers using prokaryotic expression, protein purification, polyclonal antiserum preparation, western blot.
[Results] First, we established a prokaryotic expression system of med-ORF12 using a pET vector and optimized the
induction conditions to accumulate the soluble Med-ORF12. Subsequently, we acquired the polyclonal antiserum against
Med-ORF12 by immunizing the New Zealand rabbit with the purified protein. Finally, we detected the expression pattern
of med-ORF12 in the medermycin producers with the obtained polyclonal antiserum, and found that med-ORF12 could
express with a fairly high amount during the late stationary phase of the medermycin—producers, consistent with the
accumulation of medermycin as a secondary metabolite. [Conclusion] These data indicated that Med-ORF12 expressing
efficiently in the secondary metabolism could be involved in the biosynthesis of medermycin in the medermycin—producers.

Keywords: streptomycete, secondary metabolism, medermycin, stereochemical ketoreductase
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