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Streptomyces albus DSM 41398 J&:£h 8 K (R ik
KP4 Z)REFER AT, AT, FRATTER
3 TIZEMRARS R AL 205 B, i@l antiSMASH
M RT-PCR 43#7 R, BR T &R 1 BGC 4b, %
ARG AR FIRAFE A Ho 1 BUREEAL G )
) BGCs, HHA 74~ 1 BUREIZRILA P BGCs
W FIEIRF R MPRAE . I TR RAEY S
FIRTIARSR, FRATXT Bk 7 NIRRT RSk
K5, 35— 240 1 RUREIZAL 59 BGCs By
Mk R S AB B R, 43 9 W APKS-1. APKS-2 .
APKS-3. APKS-4, APKS-5. APKS-6 FIAPKS-9',

TEMEZ b AT LT R G A A R b
1 PKS oS kA n 2E 7, I S. albus
DSM 41398 (&R W, I T HAPUMRE ST
1) 1 BURERZEAL S P Snki lFl(A ctinopyranone) F1
TR P & (Elaiophylin). SRJ5, MRS HAEY G R
FEDR 05 2 S O AR ) B R AR A T T 4y
MrSfes . AREGIRE/R T S. albus DSM 41398
HA A Z R T RUREZ R A A~ v 0
I H T R HGE TR MR BGC, i T AT
R AW A s, 8 TR G A& ik
BB . Ak, IR R BGC RS 4
B BT, A A TR A R Sl el 4R
BT BT RIS LA

AR

1.1 K

111 BEkR: BPAAY Streptomyces albus DSM 41398,
RSN FS) GenBank 54 NZ_CP010519,
%8 75 Bk APKS-1. APKS-2 . APKS-3 . APKS-4 .

APKS-5. APKS-6 FIAPKS-9, A Sz 3 {17
112 FEAMEHI AR : CROBE . Aimbk,
PR =R R A E 255 1A 2 R %
MAHRAF, CNEW ALHERA A, ACH R
H SIGMA A Hl; #k¥AH#IK(ZQZY-70BS) K LAl
BAERA R A A A, & E0 HL(SORVALL
RC6+)Ky Thermo SCIENTIFIC /A FIA:y=, Wi
4= #F (HFsafe-1200) 7 1 7 B Bl 2225 A R
7 SR Agilent 1262 series HPLC #7654
M, tEEPIEIRER T 7E Agilent G6530
Q-TOF #4710 %E , #ZrE %P 1E Bruker Avance 111
600 MHz #Z % 4R 17 R 2
1.1.3  EFREE: (1) 7 fussgRst: ISP4 B (W A
BD-Difco A l). (2) MTHi3R3k(g/L): %N 40,
WYY 30, BERRRS 10, BRIRSS 2, pH 7.2, 3) &
P S 3 (g/L) : IR 30.0., KRMEE 10.0, &
b8 2.0, SEALHH 2.0, BifREL 5.0 BERR A 4 0.2,
LKRREREE 0.1, SAk4S 0.1, BRERES 5.0, pH 7.2,
1.2 FEBREE

FEPRAELE 20% H i B 1 A 7o 8 = f b 2 ik
ISP4 $557 56 TG Ak LA 5 L K 19
1.3 BEBREY K BER R L G AL 3

RIETTI s 43 B IE AT A T R R 21 5 A
25 mL A FR5FEHLAY 250 mL = ff SR 1 & B
H1, 30 °C. 220 r/min #& K557 36 h J5, & 10%
FR Bl R e B R e 3R kb, T 220 r/min,
30 °C K577 7 do BEAMANFR k. REESEUT
KRS RN IR OTRAEI 3 K. GFF LR
CBRZEMOR , PEATI0E T, PR 1 mL H ERRR
SRR TR, 20 0.22 um A HUAR L I B 5 g
J&, HE HPLC 1 LC-MS 73 #rfli o Rid & B 7
B REEFP T4 L, K EERHEH 500 mL 1) =
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F SO, RIS 100 mL B9 RS FR AL, KRR
AT 5 L, F 220 t/min, 30 °C 3% 7 d. k%
SERUE, SR OB O R A 3 Ik, W
T, FERLEEYZ 10 g0
1.4 HPLC &4

fE ] HPLC 6 I 25 B bk & I 7 0 Wk A AR 7
PR 2ZE RGO, AFTRSIAER : CIE-K Q2%
R), Jiik : 0.6 mL/min, ¥R 4 K35, HPLC
Ve 4 F . 040 min: 10%—50% Z Ji§ #6 )& ,
40-50 min: 50%-75% & fEHEE, 50-60 min:
75%-100%ZHEREE, 60-68 min: £l ZHEVEM,
70-90 min: 10%Z 5t @iy s
ok Agilent 5 TC-C(2) 250 mmx4.6 mm, SN:
588925-902, PN: 509550, #EAEIAFIHR 10 pL,
1.5 Btrb Y aEsii

FIF 10 g 19 60-100 H JZHre 5 il 25 b Aokl
TR TRRE . SV, (T 60 g #Y 200-300 HIZHT
RS T ket , JZMTHE A RIAS A : 4 cmx60 cm,
o PAESERUE R U - R A R B R 2R T
BEREVRI . 1 2e A 500 mL A ST IEF TR,
RS TR ) R R E ], AR R S
HTEERY L 20 < 1 I (EBARERN 1.5 L), FIH]
HPLC Filliz#isy, KT —MbA9 5APKS-3
R TR it o BT Bk 2 8 A1 00 %) 8 B B[] R I
WK —3, Z e 4 o SF1. 2 UE ]
A5 LR LL R 10 ¢ 1 BFQEBATN 1.2 1),
W VeI TR 4H 4> MR HPLC &0, EB&H
APKS-9 LG, ZA RS 44 SF2.

Rk, oA BG4
fdi ]l Sephadex LH-20 iEF75EM i 8 (i 4lifk
(L FEAE AR A 1.8 cmx 160 cm), 15 M 57 Sy FF
Wl 6-8 d/min, KI5, oHl¥EAR RS
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YR AE i BEAT I TR IS, dkgiaresalifh . H
Hr, SF1 4145 ) FH IE AR Ak e A )23 B (€0 i A A A
M 1.5 emx50 cm), BEAERERY 18.5 g, BEFIY
AT NER=85: 15, JralWCER BRI 7y, B
A BAALE YR o A TR T8, A5 3L
44 SF1 H94L5H 2 100 mg. SF2 2143 FA FH EAH
REIRAE JZ A (TS AT REAR 1.5 emx50 em), AT
B 15.0 g, FHED: FEE=10: 1 #1850,
B 5 A B2 HARE G WA 3 AT T8, I
L1555 SF2 4l A 20 mg.
1.6 AYEEFEHN

antiSMASH 7EZ& Fitil] o saf FT PR 28 ik A
5 AL K] (http:/antismash.secondarymetabolites.
org/), i1 Frameplot 4.0 Beta T3 K 7% (1) FF ik
2] 332 HE (http://biosyn.nih.go.jp/2ndfind/), 3 [ [E 7
AIEARSE B0 NCBL S 4245 BLAST #if:
(http://blast.ncbi.nlm.nih.gov/) 4 78 A FHIM . 181
NRPS-PKS 7EZR 3BT 814 (http://www.nii.res.in/nrps-
pks.html)% PKS 4%-MEH K D2t ik 1 a7

2 ERAAMN

2.1 EPAERIBHR S PKS BT RARRR IR A AR
Yot

Oy BPEHEF R T B R S, albus DSM 41398 il 7 4
S8 A5 #R (APKS-1. APKS-2. APKS-3. APKS-4.
APKS-5. APKS-6 FIAPKS-9)7E & Fr b 77 5 55 97
7 d JEHORE, e KRR YIRS . R0, R
HPLC A A A4, A B A5 AU RN S8 AL R A T )
2250 . MK N 280 nm i, HPLC Kl
e T HY L5 RU TR PR RN 58 B BRAPKS-3 1) & 7 W 7
62 min ZbAT —> BB Y 22 S0 (& 1) ISR KAy
ST IR, 2SRRIy 226 nm,
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1. FEBREKMRTHRRERS T8 HPLC 9
H7(A=280 nm) K B #RUE #9451 IR 45 1%
HPLC analysis (A=280 nm) of the secondary
metabolites of wild type and mutant strains, together with

Figure 1.

the UV spectrum of the target compound. Wild type strain:

S. albus DSM 41398; mutant strains: APKS-1, APKS-2,
APKS-3, APKS-4, APKS-5, APKS-6 and APKS-9.

FRHENR TG AR I A 276 nm, 244631% KA 254 nm
i, HPLC Kl &R BI2ZE#RAPKS-9 15 B AE RIG bk
FIAEPITE 53 min 08 ZE A — BB Ry 22 50,
FAR R Wi K AR E M e A B 120 254 nm
(B 2)o ASWFFE I LAY AR Y B PR 5 2 A8 TR AR
WY 2E S, PREENL T 2 DS EARZE I,
N A B B i BEE T AR
22 EAREHIORKERESBeWros
4tk

DL iR 2 A~ HPLC [l 9 22 S0k Rl
THEX 2 MEE Yo B alifl Mg i 5 e 5T
e, MEAERIEKEIET S L MRIEARRE, K%
ST, PR OERAE, AR YIRE i
B S A5 HE) 60-100 BRI TRERE , R
FEA A IE A RE S (200-300  H)AE Z M vE 45 40) 4 4l
b, BRI A S 05 - R EE Ve, JFRA] HPLC
ST B E Y, B IEEA BAREE R e

mAU 254 nm
800
400 ffi
o
'300400500600 nm
A, A A APKS-? P} * Z A L_
DSM41398 1
A A, A A A A A A
- L APKS-;} Al
APKS-6
a A ke . A
M A APKS_; AN A ‘_
APKS-4
A A a A A A
EUVON ) APKS-2 o A AlL
WAPKS L b L
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t/min

2. FFABEHKRMETHRRER T ~=E HPLC 4
#1(A=254 nm) X B FRUE 845 IE IR Y5 1%

Figure 2. HPLC analysis (A=254 nm) of the secondary
metabolites of wild type and mutant strains, together with
the UV spectrum of the target compound. Wild type strain:
S. albus DSM 41398; mutant strains: APKS-1, APKS-2,
APKS-3, APKS-4, APKS-5, APKS-6 and APKS-9.

W, TR T, #45, {1 Sephadex LH-20
oy ¥ 2T AR, BRI R E AR R AR R A AT
LR, HEAPH EMMMEE Y. m&AG
LAY SF1 A4 A2 100 mg, 1b&%) SF2 4l
ik 20 mg.
2.3 BipbaYInsnEE

IR 2k MU T ] P 5 /) S . AR RIS )
SF1 FHEMKR, S THEE . FRHCS mg 45K
ARG T, A 0.5 mL 5t B A 54, A
FH Bruker Avance 111 600 MHz 4% 4RO 42
REBIE (R 1), 24 "H-F1 BC-NMR B HR5Hr, %
A& W B9 45 ¥4 -5 T30 26 M G 1 (A ctinopyranone) 1 4
KEHRE N —3. B, 2 AW P
(HR-ESI-MS) it 15 2| i it faf Ltk m/z & 401.2732
(IM+HT") (K 3), TR F3h CosHir04%,
L, BIEAY) SF1 (S5 F4 % 5 A 2 nik iR 1
g5ty aniE 4.
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Table 1.

= 1.

L &1 SF1 9 'H-f "C- £ RES VIR

'H- and *C-NMR of compound SF1 (CD;0D, 600 and 150 MHz)

No. oy, muti. (J in Hz) oc No. oy, muti. (J in Hz) oc
1 6.40 (d, 6.4) 117.6 (d) 14 1.64 (s) 9.8 (q)
2 6.49 (dd, 15.6/7.2) 143.7 (d) 15 0.71 (d, 7.2) 16.8 (q)
3 2.45 (m) 37.4 (d) 16 1.72 (5) 11.7 (q)
4 2.15 (m) 39.7 (t) 17 1.05 (d, 6.6) 18.5(q)
5 5.48 (ddd, 15.0, 7.2/7.2) 124.2 (d) 1’ / 153.0 (s)
6 6.03 (d, 15.2) 137.1 (d) 2 / 116.8 (s)
7 / 133.3 (s) 3 / 181.8 (s)
8 5.21 (d, 9.0) 134.5 (d) 4 / 98.6 (s)
9 2.58 (m) 36.2 (d) 5 / 162.8 (s)
10 3.60 (d, 7.8) 83.2 (d) 6' 1.88 (s) 8.2(q)
11 / 136.7 (s) 7 1.72 (s) 5.7(q)
12 5.34 (m) 121.3 (d) 8 4.00 (s) 55.2(q)
13 1.64 (s) 11.7 (q)
x10*| +ESI Sean Frag=100.0 V *401.2732 < [M+H]*
WorklistDatal.d f
9 L
8t
7t
z of
5 5|
k=
41
3 274.2714 383.2535
21
1L
0 [ L l L
200220240260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620
Counts vs. Mass-to-Charge (m/z)
B 3. MM S 2 PRSI SR
Figure 3. The result of HR-ESI-MS analysis of actinopyranone.
b, TR WG IL PR AL b HE AT A W B i M R
(% 2). BB TRM VLA m/z
1047.5012 ([M+Na]") (K& 5), #5345+
4. FEEA IR ER EY 1L F L5 Cs4HgsO1sNa ot i B A% w I IR EcH 5 Sk e

Figure 4. The chemical structure of actinopyranone.
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x2. L&Y SF2 89 'H-F PC-ZHEEIRIES VAR
Table 2. 'H- and "*C-NMR of compound SF2 (CDCl;, 600 and 150 MHz)

No. Oy, muti. (J in Hz) oc No. Oy, muti. (J in Hz) dc
1 / 167.1 (s) 1 / 167.1 (s)
2 5.68 (1H, d, 15.6) 121.3 (d) 2! 5.68 (1H, d, 15.6) 121.3 (d)
3 6.84 (1H, dd, 15.6/11.4) 144.8 (d) 3 6.84 (1H, dd, 15.6/11.4) 144.8 (d)
4 6.11 (1H, dd, 15.0/11.4) 130.6 (d) 4 6.11 (1H, dd, 15.0/11.4) 130.6 (d)
5 5.63 (1H, dd, 15.0/10.2) 144.9 (d) 5! 5.63 (1H, dd, 15.0/10.2) 144.9 (d)
6 2.51 (1H, m) 41.2 (d) 6' 2.51 (1H, m) 41.2 (d)
7 5.09 (1H, d, 10.8) 75.8 (d) 7 5.09 (1H, d, 10.8) 75.8 (d)
8 1.82 (1H, m) 36.2 (d) 8 1.82 (1H, m) 36.2 (d)
9 3.81 (1H, m) 68.3 (d) 9’ 3.81 (1H, m) 68.3 (d)
10 1.62 (1H, m) 42.9 (d) 10’ 1.62 (1H, m) 42.9 (d)
11 / 99.2 (d) 1 / 99.2 (d)
12 1.04 (1H, m) 36.6 (1) 12’ 1.04 (1H, m) 36.6 (1)
13 2.28 (1H, m) 69.4 (d) 13’ 2.28 (1H, m) 69.4 (d)
14 1.07 (1H, m) 47.9 (d) 14’ 1.07 (1H, m) 47.9 (d)
15 3.79 (1H, m) 66.4 (d) 15 3.79 (1H, m) 66.4 (d)
16 0.98 (3H, d, 6.6) 18.8 (q) 16 0.98 (3H, d, 6.6) 18.8 (q)
17 1.05 (3H, d, 6.0) 15.5(q) 17 1.05 (3H, d, 6.0) 15.5(q)
18 0.85(3H, d, 7.2) 9.6 (q) 18’ 0.85(3H, d, 7.2) 9.6 (q)
19 1.06 (3H, d, 6.6) 7.0 (q) 19’ 1.06 (3H, d, 6.6) 7.0 (q)
1.41 (1H, m) , 1.41 (1H, m)
20 1.62 (1H, m) 192 (@ 20 1.62 (1H, m) 192 (@)
21 0.80 (3H, d, 6.0) 8.8 (q) 21 0.80 (3H, d, 6.0) 8.8 (q)
22 4.92 (1H, d, 3.6) 92.5 (d) 22’ 4.92 (1H, d, 3.6) 92.5(d)
23 1.78 (2H, m) 32.7 () 23’ 1.78 (2H, m) 32.7 (t)
24 3.81 (1H, m) 64.9 (d) 24 3.81 (1H, m) 64.9 (d)
25 3.73 (1H, m) 70.3 (d) 25’ 3.73 (1H, m) 70.3 (d)
26 4.27 (1H, m) 65.8 (d) 26’ 4.27 (1H, m) 65.8 (d)
27 1.24 (3H, d, 6.8) 17.1 (q) 27 1.24 (3H, d, 6.8) 17.1 (q)
«10+ | tESI Sean (28.218 min) Frag=100.0 V WorklistDatal.d
9 1047.5012
[M+Na]/
8
7
2 6
Zs
R=
4
3
2
1
0 LI.“ '

1005 1010 1015 1020 1025 1030 1035 1040 1045 1050 1055 1060 1065 1070 1075 1080 1085 1090
Counts vs. Mass-to-Charge (m/z)

5. FEHIE RS PERIEEINLE
Figure 5. The result of HR-ESI-MS analysis of elaiophylin.
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6. FHMARMULFEN

Figure 6. The chemical structure of elaiophylin.

2.4 JREMTEERAERRERWEY S BRER
T

T MEk R ) 11 2 0 L A e A i SR ]
antiSMASH il {4471 BGC, 7 ] Frameplot
4.0 Beta T A 4 B JF 50 324E , NCBI 935
Y Blast B/ TR A DD BB 3R 3). iK%k
LR BGC K 104 kb, HAEY) 45 120 2%
T E 7-Ao e ML) BGC &4 5 A4
R AR A, WS T S NRWAEEN,
ATPN1 A REIARERISE 1. 2 AN EMPBi, AT
WU R 2050 N Tl AL LN ko
i AL FIEN BEREE A 55 1 IR S
A KR . DH #EL DI BE, S ALl 5Ly C=C;
o5 2 ANEMEH S A KR EALIhREE, A&k
fi A AL . ATPN2 A5 3. 4 It
AT WU 20900 B S el A 9 Bk
A 55 3. 4 DIEPEOCE S A KR DH fitfk
TReI, RAMEL 2 ANEIEEAS R 2 4> C=C .,
ATPN3 S A 5 M EMBHe, AT IRBIR R0
FEN ZTREETE A5 5 M EMPEUL 54 KR \DH .,
ER AL T AR , e 2 AL 345 Oy C-C . ATPN4
TAHY 6. 7 MNEMEY, AT AR YI 5350
TS AL FSEN B A 25 6 NIt
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BHUA & A KR, DH b DRl 5 2 Ak 5
A5y C=C §#; 5 7 MEMPEIHUL A KR by
REJ, H AN K #2420 SR 52 R A I R o
ATPNS E A% 8 M T, AT $HI B Iy
FEN A A 25 8 MIEMBIHUA & KR
TR RESR, (HIHA R A TR B AR S F B T fE
Brib 2 ANE A 248 T HxIR (orfl) . LuxR (orf2,
orf36)5¥, IcIR (orfINZF I HITETE 3L LK ABC #%
iz 5 H TS IEE (orf6 . orf7. orf8. orf9).

BT L BT REIL AU 3B, X ik iRg
il (9 A2 0 BGR AR AT T (K] 7-B). WA
B GEARAT LI 1 1 23 e ) B 1
ST CTRAE A 2 2 TR Bl A F16 4)
T LT RRE T A, JCE N el SR ) % 15 i
A JEWRRBEE(TE)YN ACP  FIKfiR 3, Zad3f
R RE B IRAR , ST Lk M G i

TERIONE TR 2R AR & A o AR Sk
LN BGC AHIRI Y43 B e ms , XA =
BGC H A IIRREE AT o0 A, Zr A Rk
4 R, Hr, WHIER R BGC 2K 4 70 kb,
DIRESER 4125 an el 8-A. M E A BGC H
TA S ARG, S 5 ANRWAMEN,
ELPY5 &4 3 Mk, f4h T RIABHRME 1, 2
ANFEMFREE , AT S B P 53 51 N I 1 A L
CHENZERERG AL N BRI A; A, 551
ANGEREERR A KR, DH (b Dh g, {2 H: DH
HEALEE A R AR, S AR S AR S 0
55 2 MIEMPREE A KR LR, &k
37 ¥R 3k . ELPY4 A 55 3 ANEMBLE, AT
PRI N B L el mE A 5 3 NI
PUd & A7 KR A Igell, (HHR & #4410 5
AR FERIEAIE T . ELPY3 &4 55 4 AN EfffiHe,
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3. MM RERE S AR F AR T RS Th R & B Fam o 4R

Table 3. Deduced functions of orfs in actinopyranone biosynthetic gene cluster
Gene aa Proposed function Similar protein (acc. number) Identity/%
orfl 147 HxIR family transcriptional regulator WP_040246795 99
orf2 910 LuxR family transcriptional regulator WP_040406901 35
orf3 273 Trypsin WP_009943017.1 44
orf4 244 Flavodoxin WP_062990802.1 84
orf5 276 Amidohydrolase WP_070198137.1 77
orf6 337 ABC transporter substrate-binding protein WP _003935721.1 41
orf7 270 ABC transporter permease WP_078564501.1 79
orf8 403 ABC transporter WP_051431375.1 71
orf9 215 ABC transporter permease WP_049570957.1 85
orfl0 310 Alpha/beta hydrolase WP_051307766.1 80
orfll 255 IcIR family transcriptional regulator WP_042189077 45
orfl2 275 Hypothetical protein WP_023530568.1 78
orfl3 495 MES transporter WP _078617773.1 62
orfl4 120 DNA translocase FtsK WP_066735376.1 52
atpnl 4575 Polyketide synthase WP_009946797.1 51
atpn?2 3746 Type I polyketide synthase WP_052718869.1 52
atpn3 2225 Polyketide synthase BAHO02268.1 56
atpn4 3438 Type I polyketide synthase WP_040256246.1 57
atpn$ 1894 Type I polyketide synthase WP_027745028.1 58
orfl5 206 Threonylcarbamoyl-AMP synthase WP_005321163.1 92
orfl6 695 Regulator 044366483 47
orfl7 171 Hypothetical protein WP_028430832.1 75
orfl8 144 MEFS transporter WP_054228783.1 78
orfl9 300 Transporter WP_043498359 75
orf20 477 3-carboxy-cis,cis-muconate cycloisomerase WP_078076776.1 80
orf21 660 FAD-binding protein WP_078076775.1 77
orf22 421 UDP-N-acetyl-D-glucosamine dehydrogenase WP_078076774.1 88
orf23 385 Aminotransferase DegT WP_078076773.1 80
orf24 408 Aminotransferase DegT WP _069627421.1 84
orf25 315 4-hydroxy-3-methylbut-2-enyl diphosphate reductase WP_078079697.1 84
orf26 355 Polyprenyl synthetase WP_078076771.1 78
orf27 360 Oxidoreductase WP_033439990 45
orf28 289 Xylose isomerase WP _031231149.1 81
orf29 442 Peptidase M20 WP_079128120.1 78
orf30 381 Lactate dehydrogenase WP_078076768.1 86
orf31 305 Oxidoreductase WP_078076767.1 85
orf32 160 Hypothetical protein WP_069627431.1 83
orf33 607 1-deoxy-D-xylulose-5-phosphate synthase WP_078076766.1 83
orf34 384 4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase =~ WP_067371241.1 95
orf35 279 Streptogrisin A SCE17834.1 90
orf36 815 LuxR family transcriptional regulator AGKS80163 38
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Figure 7. Biosynthetic gene cluster (A) and deduction of biosynthetic pathway (B) of actinopyranone.
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Table 4. Deduced functions of orfs in elaiophylin biosynthetic gene cluster

Gene aa Proposed function Similar protein (acc. number) Identity/%
orfl 761 Membrane protein WP_029181812.1 56
orf2 52 Reguatory protein, luxR family SCL73296.1 71
orf3 486 NDP-hexose 2,3-dehydratase AGP52909.1 63
orf4 328 Aldo/keto reductase WP _078647113.1 79
orf5 341 NAD-dependent dehydratase EXU62919.1 60
orf6 216 LuxR family transcriptional regulator AGP52912.1 85
orf7 458 Signal transduction histidine kinase SED09057.1 62
orf8 245 MULTISPECIES: ABC transporter WP_014056964.1 84
orf9 302 Multidrug ABC transporter ATP-binding protein WP_059148435.1 88
orfl0 209 dTDP-4-dehydrorhamnose 3,5-epimerase WP_079259966.1 78
orfll 417 Glycosyltransferase ADP68587.2 81
orfl2 261 Oleoyl-ACP hydrolase AGP52918.1 74
elpyl 2086 Polyketide synthase WP_059148431.1 75
elpy2 3407 Polyketide synthase AGP52920.1 76
elpy3 1631 Polyketide synthase WP_079259961.1 77
elpy4 1622 Polyketide synthase WP_078639065.1 71
elpy5 4391 Polyketide synthase WP_009946797.1 53
orfl3 324 dTDP-glucose 4,6-dehydratase WP_059145979.1 84
orfl4 306 Glucose-1-phosphate thymidylyltransferase AEMS83455.1 85
orfl5 1125 LuxR family transcriptional regulator AQW47948.1 63

W2 AME S 2 & F LuxR RIGM TSR
M TN R R o N ER R S50, i
BECAL TR RRER , B 602 1 A SR 4 1 52 1k Y
S FEEGTE TE SIS AL b, K5, FF
TR AR U, TE S5tk
2 AR EE R AT R CE R N, B ZE N
T (1 25 4y 1O

BT LR REFE A B 43 b, XN T
RENAEYA BOR T T #E (K 8-B). MILAEY)
BRI LU 1 0 IO R G i
2 AT CBEREE AL 6 4> TN BEATE AL 6
I3 B AR A 2 T RO 23RN
WA A, T RIS TR 2R IR B 2 2B 5 N IS R
M(TE) ACP FIKfE Tk, il MG Bk
17, WL R

3 WkmEZE

FIAT, DAFEDR AL 21 S ) 0058 45 4 ol A= 1 2
Y R BEAR E 258 Tz N Ak,
ZHTEE LTSRN Y . EER .
TEY: . SREYEEEY AR, KETZ
FEAL IR I PR R S H e 13 el i
Wi PEACE ™ My A e B IR RS, kAT
TIRZH T . — ik, %t B2
SE MR, MR XA WA IINEETT, 5%
AR BRI A T 4 A A Q™ b A7 H AR, AT
AR S, HEA TS5 S A SR AT
AN B B AME B i ik 2 —B), AR BE5E
A IR ARG T BA s R T it
W ) R RO P 28 A 2 R SRS R IR 7 ) o

http://journals.im.ac.cn/actamicrocn



486 Shoufeng Xie et al. | Acta Microbiologica Sinica, 2018, 58(3)

(A) 1 2 3 4 5 6 7 8 9 10 11 12
—mE KT < (e <‘,:|<):|<}m<]:|—1
elpy? elpy3 elpy4 elpy5 3 A 14 15
-PKS genes @Transponer genes  [TMI»Regulatory genes 3 "_> Post-modification Other genes
genes
ELPYS5 ELPY4 ELPY3 ELPY2 ELPY1

(B) L module modulel module?2

. OH
! \_,
2

ATa substrate: malonyl-CoA
ATp substrate: methylmalonyl-CoA
ATe substrate: ethylmalonyl-CoA

HO
O
o HO ~~O
O OHO O OHO
NG
O oi (0]

8. FHMEREMSHEERKRARENESHEZHESB)
Figure 8. Biosynthetic gene cluster (A) and deduction of biosynthetic pathway (B) of elaiophylin.
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Exploration and biosynthetic mechanism analysis of elaiophylin
and actinopyranone from Streptomyces albus DSM 41398

Shoufeng Xie, Chenyang Lu, Xiaojing Hu, Chengkai Jiang, Qianjin Kang , Linquan Bai,
Zixin Deng

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200030, China

Abstract: [Objective] The targeted type I polyketide-derived compounds was explored to discover diverse
compounds with good biological activity from Streptomyces albus DSM 41398. The biosynthetic pathways of the
isolates were further elucidated based on the structure determination and bioinformatics analysis. [Methods] The
target compounds were discovered based on comparative HPLC analysis of the fermented broths of wild type and
type I PKS gene cluster inactivated mutants. Their chemical structures were elucidated based on 'H-, *C-NMR and
HR-ESI-MS. Additionally, their biosynthetic pathways were illuminated by bioinformatics analysis. [Results] Two
type I polyketide-originated compounds with antitumor activity, elaiophilin and actinopyranone, were isolated from
5 L fermented broth of S. albus DSM 41398. Their gene clusters were located, and the biosynthetic pathways were
proposed, respectively. Notably, the biosynthesis gene cluster of actinopyranone was reported for the first time in
this study. [Conclusion] The investigation of elaiophilin and actinopyranone not only offered a strategy to discover
type I polyketide compounds through genome mining, but also paved ways for further compound structural

modifications.

Keywords: Streptomyces albus DSM 41398, polyketides, actinopyranone, elaiophylin, structure determination,
biosynthetic pathway analysis
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