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WE N T W Streptomyces sahachiroi ATCC 33158 Hr [l # B Bl & Wil 55 B or £18 B T fiE 1] JH 6] ¥ AL 52
36 14 v et 2% 35 PR a0 A [ 5 9 SR S 0 32 3K 1 O R AT TR N A TR S A . 3 o v TR € T B YR €
TE-JR 6 4T R IR B or £18 B REEBR 23 B R R AR T ) b R B R AR Y A & [ RN R R BE B TE — R
PR E R PR R or f18 FEJR S E P A T ES SR PRI LY A K.

KEE HEEN; W AREAE; FRASHe; FIHERRR: SR E A 2R iRk

MESES Q9399  XEWARIAM A

BERE PR — PP [ e 2 S A, T
PR K B A IS A T AR PR R BT
i g o 390 A B G B 4 R AR L R T R TR
A RO B 22 35 AR 7 0 A i DR e
BB . MR XTI B A G B I R AT DL X
SR AR Z 0 (S50 4y B 24 1Ak & W 43 Dy SR TR
e AR 2 BRI ARG B B IR 28 A R
TR LA F B R SHE . T SR ER SRR R £ ik
BRI ERRWPEAGY . PR RV EER
YR R FEREY) T R A B (polyketide synthas-
es, PKS) AR IN Ry 2 1 57 5 10 SR T 2 Ak 5 W 1) %
fig) . SR A AR 4% FLAE FALE AT 43y =2, T Y
PKS & — A E R H 1 L2 D) fE 2 K, 1T & iR 3
WERZE 22 BB PUE R OB R FmER
S TERERE Ko LS M b A R B 11 B PKS
JE— K Z G E G R, %A Ty Be 45 H UER H vy
(56 D g i, BLAT LR R, R A5 A S &
WBEALE Y PR R RS A PKS XFRN
AR A FE A TR A 7 DR i h
KI, T A R 2 K ER T Ak A ) 0 2 R )
=B A R L € T L L e R S B R 2 4R b
B, R B A A B A Y BE L FE TR
b BB SR FEE T mEEEERNEMN. 51
RN T2 PKS A [H] L [T PKS A4 45+ A1 X 7 20, i

Y H 47 2014-09-09

NERS
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PP MV 2 2R R R 5 R A R A B B A I
IO B A ) L RS B S AV BRLASE 18 45 B DA K
JFAFARAES, far ) R Gt f7 BRL 1) 45 4G 57 B A 11
A EoR: 2 WS NS i 107 e 2 (e ol e P 0 D B i

[T 24 PKS 76 ) — 6 Ay J2 A8 40 i 9 A3
IR I BB H AR B T TE K (4 HE R T
KT —4 RppA 219 [ B PKS™, it 45 JF T 40
LAY PKS BB 5E 7 % . RppA 28 R B & M 2
HuTiF s 21— 2K A PKS, ZEMAMN R,
AT LA AN 7 S 15 A 8 MR 2 1 A Al B PE T L A AR IS
Yy R A AR GRS RN TR 1.3,6,8-
PUFEREEZE (THND . fH J2 75 40 i P AR /0 B 6% 46 ) 3]
THN M AEFE M THN FE Sy v ) 7= 4 78 40 1l 23
Bl B2 I T A A L G 2 R AL B R 1k SR AL S
M B2 M 2 A 277 1)

B A I R A e Bk B 22 Y T AY PSS ik
TR g R . 2B 3 T e SE 0 3 A fT R 2459
azinomycin B W J= 4 B# Streptomyces sahachiroi
ATCC 33158 iy a2 A M P o brep . KB T — 4
% PKS JEH or£18 %iih RppA Z5 1 K il 5 -
TESE IR K G E N AT FLUR 7 ) THN, {H 75 B 4 8
B RR PN 0% A R I B THN & Hfir 4= ) 1 77 76
RT-PCR Z5 FIE 5% or £18 1 J7 i 3 b2 vl LLIE 3 #%
FKRIEW ., WA ERRSE TR (2 L5 W E
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DLt 5E A5 2 A [)RE R IR SR BT 5T 111 2L SR I 5 WAL ) or £18 AR 75

Yo e 7 A A TR PR XSS e i T ik i T
or (18 1 FE [A i B3k T B B 1] 4 T A 3l 2t g0 A
FH KA 7 W) 9 A8 AR M5 or f18 B IH AT RE Y

1 #RlE7I*®

o
DR BR., KBHFFE (E. coli ) DH5a, X
I FF # (E. coli) S17-1. Streptomyces sahachiroi
ATCC 33158, JFi ki pOJ260 Fl pWS052 125 ¥ Fr 7E
SEIE L, pMD19-T g F TaKaRa /A Al ,
DEEFEKYUER ., KIBFFEEFRA LB 5
IRk BRI 1 B B 5 B ) Modified-1SP4 ;
HHEWE R IR N 10.3% YEME Hl TSB; S. sa-
hachiroi ATCC 33158 il T+ 3 35 3L 5 PS5; S. sa-
hachiroi ATCC 33158 W& & BER: 95 3 i R2YE,
LB RIF &G R AT m WK E R 25 pg/mL, &
x1
Table 1

1.1

W R AR E R 50 pg/mL, 28 0E i iR 24 T
HUE R 25 pg/mL BB R R P L ENEREL
Btk B 25 pg/mlL,

3 FIEESE . AT A0 Y B 4 P9 U0 g
T4 DNA #E KW T Thermo Fisher Scientific
N A) s EBEIR AL R W T Promega 23 A 3 PCR #H 2%
TR M T AR B A R A BR 2 ) 5 B AT s3] &
W S 2 R A W Bk B AT B W) 5 51 e 3 B A
YR A R A A L

4) LI ALES . R OB A5 (HPLCO) 2 Agi-
lent 1260 LC; ¥ 5t Ik H 5t % 1 (LC-MS) : Agilent
1260 LC-Agilent 6540 UHD Accurae- Mass; H il
WAL SE R A A W 3K T Eppendorf 27,
12 54t

ABEFEAR A or 18 Fe K 1Y J3 1) 314 7 4] %
TSR & 5 W, B A 51 W 5 KA
F LR RIZ 75 R B UAL 750D B .

A RETEREIS Y

Primers used in this study

5|4 Primer F51(5'-3") Sequence(5'-3")

3% Function

orfl81.-Xba [
orf18L-Hindlll

orfl8R-Xba |

orfl8R-EcoRT  AAAGAATTCTCGCAAGCCTCGGAAACTACG

orfl8-cl-Xba |

orfl8-cl-EcoR I AAAGAATTCGAGGGAGAACAGGTGGTGGTC
orf18-qc-R ACGACCGGGCCCAGGAACACTCAG

orf18-qc-F GGCCGGTCAGGGACGACGCTCTTGG

152BR GGAAACAGCTATGACATGATTACGAA

JTF GGATGTGCTGCAAGGCGATTA

AAATCTAGACAGCAGAGGCAGCGGCATCTCACC
AAAAAGCTTCAGCTCGGCGTCCAAAGACCCCA

AAATCTAGAGAGGCGTGATGGGCTTCGGCAGAA

AAATCTAGAGGCGACTCCGGACAGCAGAAAC

Y3 or 18 R A2 W] JRE
Amplification of the left one of homologous arms

PH or £18 £ 72 W R

Amplification of the left one of homologous arms

P38 or £18 LA, 4 0] b B Bk

Amplification of the orf18 for the complementary strain

Ui e or £18 Fe PR Y WUAE 46 T Bk

Screening for double exchange strains

G Ve or £18 F IR B ] #b B bk

Screening for complementary strains

1.3 EMIBEA

HERE S DNA Bl 42 W22 SCik[ 105 K
P A DL R ok 32 W2 2% SOk 11 ]
1.4 FAHAFH pYHLOO1 HIE

LI S. sahachiroi ATCC 33158 & DNA M
B RIS % orf18L-Xbal/Hind Il #3 H 2.8 kb
KN 7 TR P58 L 18] i T 51 % orf18R-Xbal/
EcoR T ¥4 2.6 kb R/NEA FPRE . H PCR >
Y5 pMDI19-T 84K 3% #5347 00 )5 43 A, 40 3k 7
HIME B IR 5 43 50 R YRR ) VTR Xba T+
Hindll #1 Xba | +EcoR | X [6] VR orfl8-L #1
orf18-R AT WA VI AL B, IF 5 Hindlll +EcoR 1 Ab
B pOJ260 #Ak AT = I Bt 4% , ¥ 16 K
W DHS5 o, k3842 38 417 B R HUME R 7% 6 D) 56 10E 1F
Ja 4 pYHLOO1,

1.5 EARKHK pYHLO02 HIFg

LI S.sahachiroi ATCC 33158 # DNA Jy
M, % 51 ¥ % orfl8-cl- Xba 1 /EcoR 1 ¥ 3 H
1306 bp Y or f18 3£ K B, PCR /=¥ 5 pMD19-
T # R % 2 Ja #EAT 00 5 434 S0 Uk P 9045 B E 8 )5
FIF Xba 1 +EcoR 1 % PCR = ¥ i 17 XUl Y1) b
F, 5540 [ il Ak B ) 9 204K pWS052 R AT % 4 ek
KIAFEHE DHS5a, PRk 2238 57 8 R P00k W% B U156
WEIE# J5 4 4 2 pYHL002,
1.6 $ B & S.sahachiroi ATCC 33158 B £ &
"R

A4 55 UE IE B Y T A B AL R B AT TR S17-1,
EEEIET T T 5 mL 19 LBOCE A 2% hi 45
ZO 37 Cb R REFR. #1 ¢ 100 AYIRFL K 3
Bt B F 50 mL B fif LB(EH A LW HiE )



76 o Rl R ¥R

% 35 &

T 37 CHRLE 35 2 Do, =0.4~0.6, W2 mL
MR IR, B OB TR, FH SRR B LB s K i kT
AL 2 W5 . TR VE T 100 pL 9 LB, M
1 mL By TSB¥EHBIEFEMN S, sahachiroi 1
F(fFHELAH 104 ¥ BE 3 I, 311 500 pL. TSB
.50 CHIH 10 min J5.37 CHlLHF 2~5 h, BF
JaH 1 mL B LB W% 3 . H 100 pLL By LB &
filF . B 100 pL A HEALFORLA S17-1 F#E A1 100
pL 1RG5 IR G W Modified ISP-4 -
M b .30 CHE SR 16 ~20 h J5 . R %% $i % &K (50
pg/mL) FIZEBER R (25 pg/mL) X424 7 7 7 Ak
T 2 RK KRG .30 CAkEEhE 3%, 3~5d
BIRT PO fE 2 & F TN L% hi % R 1Y PS5
PEPET-AR b RV o B A 3 k. BRIRE T
e bRy HES TR 3 YEME , $il 8 DNA #E17
PCR B,
1.7 BIHREBRTYWERN

1 B A R B AR OSSR B R YHLLOOT il [A] %&b B
Bk YHLO002 /1% 200 mL R2YE #4,28 °C .
180 r/min, ZMWE 5 d. B0 LB SRR
LR OTRHFATHER, FMWAEWEETFE. BT
1 mLH B,
1.8 WM& 4

DHPLC fill 45 . 940 254 nm, gl 1
KNG Ve AU R :0~30 min ZfEH 5% ~
40%,30~40 min ZEH 40% ~90%,40~43 min
ZIEH 90%~95%,43~50 min ZIEH 95% ~5%
o BE VR R, A 0.5 mL/min,

2D LC-MS # il 2. 7ER B F R8T, LC &
M 254 nm, J A K G A 0.1 % H R Al
M VAN :0~15 min &g 5% ~60% ,
15~17 min Z I 60% ~95%.,17~20 min Z J§ 14
FF 9520, i A 0.3 mL/min,

2 ER54HH
21 EHARMNHHBE

DR pYHLOO1 fy# ., il ik PCR B9 77 ik
B IE or £18 R UFRY DNA F By 12 i ok, 43 )
E 2 AR . A [ IR orf18-L 1k F 5 A
or f18 FEMHAE Y 55 81 o Aid I &b . 47 [ Ui B orf18-R
6T or £18 A HE B BRSSO RLOREL AL E . fhE ot
[7) PR32 4k ol I 1 DX 38 3 2 A TR IR e B 22 ) g ]

B X3k, /N A 1074 bp, WKESEA o £18 B G 5
FEYIIN 387 IR R 29 A IR A BEIR
FLRHESR okt e T MRV . B4k K W 4 B8
Mk pOJ260, & A AY 7E 4 5 B P EAT 07 8 19 2 3% L
B R PUVE LA A 4 7 T S 1 R A T A0
Jei F i i R R AL A B g R A RE R T
e R R ZPUME . R 58 E IE A Y 22 )
TR orfl8-L M A7 A V8 B orfl8-R 3 [ 3| 2k 1
pOJ260 H, i 2 4K 15 X3¢ 3 kL pYHLOO01 (&
1A, 23t Hind [l 1 EcoR T XU ) 56 31F Ho A ¢ 1F
(& 1B) .

2) R pYHLO002 MR, b THESE orf18 &
PR 1) i 5k 02 A 5 | R A M 800 A T b o £18 i
TR EH BB, At PCR "3 5 or f18 52 %
1) ORF J 3 F il B AR 45 & AL (RBS) s K/ K
1 306 bp, 5 B 21| 4 55 04 21k pWS052 I L4155 E 41
PEIER B 58 )5 3 F Poe. 09T U7 A3 21 14D 5T KL
pYHLO02(J& 2A) . B R 8K pWS052 7 A K i
TR T IR @C31 A ML are AL
MauP HAEFEE T S3EOK LM auB £ 8
KM RS HEEAmMBES S OK L, RA B L
TR E R, ®E R Xoa | M1 EcoR 1 X E4A
kL BE AT WEE VI 5 IE, 45 R Bk HoM O IE
(K 2B) .
22 VWXHMRETEH YHLOO1 B E

P RUSE H ok pY HLOO T 3 4ok 43 4 %5 B 1 7 1
2 A S.sahachiroi ATCC 33158 th, 3kf5 H A5 %3
PRSP A TH 1 REH M
MR GEAL TARR . SR B LSS R B RR A BN S A Bt
A PS5 P A L HEAT AL A % AR 3 AR L WA 4
T BT AR R ED AT B T 11 R % A A
SR AR . B R E A T BE R AE R — A TR R L
KRS 2 Y ALAT B 0 B AR R AR, A T RE R AE
T AN ARV EAT A 2 YR 4 A5 B Y IS e %
ASRR B 3A) . A T Bk H IE A TR AR TR AT AR T
RO R 19 5. DNA L F 23 5006 T 2 AR 119
1% orf18-qe-R/F #£47 PCR kil (& 3A) , B 4
FRIBE AR IY 2R 1 636 bp, RSB EH M A
DNA F B iy, 438 =%k 562 bp,2 i PCR =
YIRK/NIEGF A 25 1 074 bp. 5 6k 2% X 38k K /N HH 4
(F 3B), BURFEHRPA 5 ¥R NIEER or f18 BT
o [F) HE f B 22 A8 B bR YHILOOL
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Lorir \ bp

pUCIS 10000
aac(3)IV Xhol
Apramycin 5000
Kpnl
pYHL001 3000
8900 bp Spe 1 2000
1500
Xba 1
orf18-L 1000
-Hind Il

500

A B

M:1 kb marker; 1:pYHL001/Hindll +-EcoR L . BU¥ B 2 27 Fe b oW I/ 290 3.5 kb A A R BT R/ o W TR 58 2 0 5.4
kb;2:p0J260/Hindlll +EcoR I i H 3 1 484K 47 . K/NHA 3.5 kb, Two bands were found in the sample of pYHL001 DNA diges-
ted with Hindlll and EcoR I (line 1).One is the vector band (about 3.5 kb) ; the other is the insert band (about 5.4 kb) containing two
homology arms.Only one band (about 3.5 kb) was found in the sample of the vector pOJ260 digested with Hind[ll and EcoR I (line 2).

1 BRI pYHLOO1 B3 (A) #0 W B VI 08 3iF &5 R (B)

Fig.1 The restriction map of pYHL0O1(A)and agarose gel of pYHLOO1 DNA digested by restriction enzymes (B)

Hindlll

bp
10 000
5000

3000
2000
1500

1000

pYHL002

7150 bp

500

M:1 kb marker;1:pWS052/Xba I +EcoR T , FU 8 1 S8 4Ak4, K/NH 5.8 kb; 2:pYHL002/Xba I +EcoR T , i 2 4
A BRSNS 5.8 kb A A M B K/ H 1.3 kb, Two bands were found in the sample of pYHL002 DNA digested with
Xba 1 and EcoR T (line 2).0One is the vector band (about 5.8 kb); the other is the insert band (about 1.3 kb).Only one band (about
5.8 kb) was found in the sample of the vector pWS052 digested with Xba I and EcoR T (line 1).

B 2 AL pYHLOOZ B & (A) I XN EEFN G IE 45 R (B)
Fig.2 The restriction map of pYHL002(A)and agarose gel of pYHLOO2 DNA digested by restriction enzymes (B)

23 [E4MRITEH YHLO02 g 22

P AN TORL pYHLO002 St 5 5B 0 kS
A B WA B A Wbk YHLOO1 w3145 B 4 3% hir
HEPENES T MRS 7198 DNA, i 5]
Y%t 152BR/JTF #E47 PCR K9, 514 152BR Al
JTF 43 347 F 3 4& pYHL002 1 orf18 3 [ f i
Ui, 23 HAk pWS052 ) PCR 72 %) 480 bp., ifij [l b

BRI AT orf18 F M, H PCR =44 1 780 bp.
X AE e 5 738 TR IR RS 5 5 5 1 B 485 5 o A5 T I8 34
Y, Zeat PCR AN & B0 4 MR3ES T3 0 IE Y
A1 Kb 528 T Ak YHL002 (& 4)
24 RTEHREZEFYWHKRNSH

V5 BT A R B AR OO T R Y HLOOT A1 [|] & B
e YHLO002 4281 %] 200 mL R2YE §; 3 3, 28 °C |
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AprR
Jo i
orf18-L orf18-R Plasmid for double exchange
[ 1
B 2 3 s 1
orf18-qe-T = /18 +—orf18-qe-R Chromosome of wild strain )
H47 e b
Singie eﬁchange l orf18-R g 10000
—— 5000
BT G (0 A 3000
Chromosome of single exchange strain % 288
1 000
XLAZ it 500

AprR
Double exchange l
orf18-qc-F— <«—orfl18-qc-R

A

XAL e B £ 4
Chromosome of double exchange strain

B

16 B FE B A BU R BRI PCR 7914 1 636 bp(line S) , B AE #5828 W bk YHLOO1 1) PCR 425 562 bp(line 1-5), The 1 636 bp PCR

product was found using total DNA of the wild type strain as template (line S),while the 562 bp PCR product was found using total

DNA of the in-frame deletion mutant strain YHLOO1 as template (line 1-5).Line M is the 1 kb ladder marker.

& 3

FIABBENZIEAE orf ISEEMREE(A) ENZ#HREEH YHLO0L B PCR I iE (B)

Fig.3 The strategy for in-frame deletion of orf18 by double crossover (A) and agarose gel

of PCR confirmation of the in-frame deletion mutant strain YHL001 (B)

10 000
5000
3000
2000
1500

1000
500

bp
1780

480

KA He 578 T AR YHLOO1 A 3 1943 8] PCR /4 (Y g [§ 4
MO 3k pWS052 [ PCR 747 480 bp(line P) 5 [l #h 5¢ 22 T bk
YHL002 i PCR 7245 1 780 bp(line 1 —4);M:1 kb marker,
No PCR product was found using template DNA of the in-frame
deletion mutant strain YHLOOI as the negative control (line Y).
The 480 bp PCR product was found using template DNA of the
vector pWS052 (line P), while the 1 780 bp PCR product was
found using total DNA of the complementation mutant strain
YHLO002 as template (line 1-4).

B4 [E4REE YHLO02 B PCR I1E
Fig.4 Agarose gel of PCR confirmation of the
complementation mutant strain YHL002
180 ¢/ min, RHE5 d. B0 MO 5 WEWE L PR )
2 2 7T B B O 2 0 R U T
1 mLHEE, HPLC 7381 % 3L A X T 55 A= BY 58 4k
WA B AR YHLOOL 7547 B I ] 28 min I ) 1%
Wi Utk 3 ARG (IR SALBD L T AE 814D B Bk YHL002
b 5 1B A P 5C) . LT LC-MS A

W WA 5 A7 3R — 25 1 23 A o A B AR T AR 4 2R
BRZAE YR IM-H1R 121.029 4, 58048 FE 1t
X AN R RE A o 25 A S R R W) B (& SD) .
A R £ D A v i BE AT AR 9 HPLC Al LC-
MS 73 #r  IESSIR W BN R R . 25 b BRI or 18
AE % B 052 ) i 7 3 op R YRR W B A . A
or (18 IR J5 2R F IR #h i B it B W BEAIC, [l b KR IA
or 18 REMETE — & B B L A2 4 W IR £ 19 7 &=, %
N orf18 WA W RES 5 I g F b K R B
L
3 i
HBITE VI 20 B 5 1 56 D 2 rh A 4R 3] 1 I 2
PKS HE A, {H 52 B8 4% % B H 0 1 g 4838 7 9 36 1R
Mo IR AT EMA O 2R E D A
PKS B:H T 682 S5 7GR G W 7 5 5 8
B S.aculeolatus T Il & PKS 25 T H. 4 & na-
pyradiomycin (& B . /T AR 50 A, FRATT
o B UR R IR SE W G 52 Strepromyces sahachiroi
ATCC 33158 S H A &M By RppA 2L I # PKS
N or f18 J& ] LA AR b E ™ 4 THN 19, [
I RT-PCRIE B H 5 15 3 06 rh o iz 02 BA AR W)
TR Y, LI AR BB Bk v oK A DN 38 A 35 v ) 7
) THN, R T 548 or 18 JIF 2 5 WA & 12 S L
XoF L7 A BIF 5T D A T Rl o f 18 Y XSS Hi

%
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= 3 .
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0

ALB AN C 7353 0 HF A B B BUSS He S8A8 bk YHLOOT il [l b 5

50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

JTfr b m/z

AR H R YHLO02 K™ ¥ i9 HPLC 43145 58 D O 25 5 W i e 11

LC-MS 43#rés . A, B and C are results of HPLC analyses of WT, YHL001 and YHLO002,respectively.D is the result of LC-MS analy-

sis of the absorption peak at 28 min under negative mode.
B 5
Fig.5

RAZE MR LA S mlAb I B . A H] HPLC #1 LC-MS 7y
Br & AL or £18 HE % W] 12 52 e J5 18 3 b 28 1 R
YA B HED 2 5 T 28 BRR 2 o 1) B A &
PR X 7E — 8 B8 B g B T Mo JC ik i 3] THN
Y NERGE or £18 Fk R 7E B AR A8 B b b 1 ) R

E T A . AR AR R BLAE SE N or f18

RIETFEKREZE=YWH HPLC #1 LC-MS 43 %7

HPLC and LC-MS analyses of the fermentation products of different mutation strains

W R b R T R A 1 B R R BRI AR T 2k L R IR
i N EE A or f18 IF A J& ME— — S REWE 5 1R
R ny 3 A, 7F Streptomyces sahachiroi ATCC
33158 P Al & 1y — ARk Bk b AT B A B T 5%
Hh— M2 PKS B, ERBWS5 T ARFREE
BIE R, MAET H 4D or f18 W RE, A FF T i —
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Studying the metabolites catalyzed by the type [l polyketide

synthase gene orf 18 through in-frame deletion
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Abstract

To verify the function of or f18,a type Il polyketide synthase gene isolated from Strepto-

myces sahachiroi ATCC 33158 was used to construct the knockout mutant strain by in-fame deletion of

or f18 and the complementation mutant strain by ectopic expression of or 18 in the knockout strain. The

results of HPLC and LC-MS analyses showed that knockout of orf18 significantly reduced the benzoic

acid production.Complementation of or f 18 recovered the yield of benzoic acid.It is indicated that or f18 is

involved in the biosynthesis of benzoic acid in the original host strain.
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