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PR, Y Z RV R I SR AR TR, X
RN E T K R G R T ZFERIR R R Al gE2s
AR e R S R R AR Y ) R . 2020
A, L % R AL G 2 A1 HOEL07 B P9 5 1R
A R S R R A Ok IS 2 TR ) 2 R R
ik B R AR R A R R . Wil &k
P 1) S P TR FERE TG PR R 7 W 110 B X 2H 47 4
A2 S, H H T CHGE AR H AR .

i A i 26 A B TC KL R TR (Amycolatopsis sp.)
TNS106 J& — b Ik B AE 2 I B 68 2 (ristomycin)
A7 AL T, BT 9 A L A% 2~3 d B AT A3~ R
e g W R AT AR5 B AR T & TNS106
VERIK G £, AT RBEFIEAEY S B H T, LA
o HAT AR R E R TE R, A T EA T
R AT 5 AT A e 32, TR R C31 AN

OBT1 4l B B 2 07 5 aneB s et T FE 8 2 AR A
PR A A A JIK B BTG T rps A, FEAE 2878 Bk vp S R
Feahok [ AR A IR B Z ROk A B 2 i JE 1Y
ZARWE , BTERIT IR R MR R IR AR R U5 5 R R Y
T
1 MEBERE
1.1 BB 5519

K W ¥ B DHIOB., ETI12567., ET12567/
pUB307 $UTCA R 1 TNS106 | [ (048 25 14 11074 738
B BERE A TK24 K8 (585 87 1 M 145 21 (bl 21l
B LJ161/pJTU2554 #1 LI161/pMM1 M kk ¥ b i
238 R AR P A ] 58 B A S0 3 R . AR ST
B BORE DL ZR 1, BT FH 5 1 A st R A MR A R
N G(E2),

R1 ARERAEERB R
Table I Plasmids used in this study

JAL FRIEA 4 ESls
Plasmids Description Source
pYH7 ori (ColE1),rep (p1J101), 0ri T (RK2),aac(3)IV ,bla,tsr [18]
XHS pYHT7 5 A rpsA FEF TR (2 kb) A5
P pYH?7 with the upstream and downstream homologous arms (2 kb) of gene 7psA This study
A RBLAAA , auP— it aac(3)TV
JTU2554 19
P v Integrative cosmid vector,attP—int®, aac(3)1V [19]
MM1 R TORE, 5 AT I H R (RS T IR SR LT R L R, aeP— int® " aac(3)TV/ 120]
P Integrative plasmid containing the intact actinorhodin BGC from Streptomyces coelicolor ,attP—int** , aac(3)IV/
YT AT Y G artP—int® ™ aac(3)1V
pHLozl VAN LRI aub =™ aacSIV [21]
Bacterial artificial chromosome vector, aztP—int®* ,aac(3)IV
sprspe  BACHTLRE. FATRIBEZ AU EDIIRAY 2 T R A R LatP—int™  aac(3)IV [16]
P BAC clone containing the intact spinosad BGC from Saccharopolyspora spinosa NRR1.18395, attP—int®* , aac(3)IV/
HLIS11 TAT A BRAEREFIAR SR M A 2 6 ICRE A gt epi  gdh Fil ke [16]
pH Plasmid containing four genes (g#z, epi, gdh,and kre) for forosamine and rhamnose biosynthesis
IWISH? pSPISH2 WG| A bla— git—epi—gdh—kre 3R £ EN e
P pSPI3H2 with a bla— gtt—epi— gdh— kre cassette This study

1.2 EHxEE

W58 h B 35 3R 560 LB A LA CR W FF 18 55
FrHL) MS (L TR [R5 F2 5 )\ TSBY W AAK: 5%
B SAM WA R; 752 RS AR 7R GMC |
K3 IR  CTFAWARE 375 . TSBY .SAM .. R5 F
CTFA R FREETF 115 “Cy R 2875 K B 30 min, HAr ks
FRIETF 121 °Crm FEZETR K 30 mins
1.3 TLHEFEE TNS106 4 Z& N E

W5 F0 A B2 i TNS106 B 5 7% $E /b = & 4 50
mL TSBY 5532309 = M B A, 30 °C. 220 r/min
Kig% 48 ¥ 5 mL P RN 25 F 50 mL SAM #5

FRIER = MHE B, 30 °C 220 r/mind%5FE 7 d 5 W]
BERE 24 h U1 mL % BEWCE T UG AR B9 1.5 mL
B0, 12 000 r/min B0 5 min, /N0 FE L I
WSO 1 TR R T R A T 2 o T, P UROPR I A
JEITE S5 B0 2 E, i A e % 1~7d
YAl il R Hh 4k
1.4 FRAHAEE

DpXH8 (g, 55| 4y (1 45 7] 5 5 48 Fr
BrZ [ DL KAy 4t = ) 5 2 M AL AR 2 0] 454 36 bp
(1) A i 6 B e 91) , I3 8 e 1T )i (] 058 o 41 R e B
LA R AR . DNA JC 4% v b SR FH 345 i e 28 R 1)
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Table 2 Primers used in this study

519 JF51(5—>3)

Primers Sequences (5—>3')
pXH8 F TGCCTGTTCAGGACGATCTC
pXH8 R GACCAGATCCTCGTGATCGA
rpsA-Up _F AGGGCACGCCCTGGCACCCCAGGTTTTTGACGAAAGTGATCCAGATGATCCAGCCGTCATCCTCCGTAGACCAC
rpsA-Up_R GTCGAGAACGACGACGTCCCCACGCCGGCTCGCGATCACTCGTGGACATCGACACG
psA-Down F GCGCGTCCACCGGGACTGATCAAGGCGAATACTTCACACCAAGACCTCGTACAACG
psA-Down_ R CTTTCGTCAAAAACCTGGGGTGCCAGGGCGTGCCCTTGGGCTCCCCGGGCGCGACACTTCGACGACAACTTCT
psA_F TTCAGGACGATCTCCCAGG
psA_R CATGTCCGGTGGGGAGAAG

T o TR R W T A AT R R 67 0 ae B R aae BPPT R A0 263605 36 bp [RIVRE F31 . Note : Bacterial attachment site azzB**! and

attB*P™! are bold ,and the 36-bp homologous arm sequences are underlined.

ClonExpress® Ultra One Step Cloning Kit, ft il 10 pl.
F WA F s A A L 200 ng; b I [R] 6 8 4 B
40 ng; T Ui A1 J5 55 41 B, 40 ng; 2 X ClonExpress
Mix, 5 pL; %M ddH,O % 20 pL. ¥k R & T 50 °C
KV 30 min, i 2k 5 HLF AL, X B s B AT R IE

2)pJWI3H2 (R . DL pHLI811 A AR 47 14 il
AR SR B I A BRI, LA p Y H7 A 1
HRERPUHIEN R )5 R ES T PCR AT bla—
gtt—epi—gdh—rkre & N & . i iF PCR-targeting 4%
AL LR £ 8 pSPISH2, 3515 pJWI3H2,,
1.5 Z=EXEEHD

5 T A ORI AR B bR ET 12567 FlS A
R A RSB B TURLIY R A ET 12567 /pUB307
O3 N HE Rl A A AR N BT AE W S mL LB iR 5,
37 °C 220 r/min 5% & ODgo, 2 K 0.6 B 5 mL % 55
24 h 1 H7 ff TNS106 B 22 (& F1 iR KIGAT RIR &
4°C 4000 r/min B> 3 min, $C&E A ; HIJCH K DR
20, B A °C 4 000 r/min B U 3 min s W e B AR
1 mL JCRKE BT RS SR A 2 e
A 20 mmol/L. MgCl, i MS A4, A B4 500 pl B
W, I T #5148 45~60 min, 30 “Cf8) & 1% 3% 8~
10 by B0 A= 28 8 VRO R 1) TRV BE (20 P Al rh 15 5%
S IRBUTE) J5 W S SR A AR R R R
LT HRE T 30 CHRZE R B R 77 3~5 d, MK H 1)
AT
1.6 HETREEZRNEZBESKN

F TNS106 By A= 80 A I P& 4 B bk HXR1 7
MS 553258 3G FRE AL, BB 5 o i R 25
50 mL TSBY K549 250 mL = M2 B, 30 °C.
220 r/min ¥ 77 48 hy ¥ 5 mL Fp T W Fh & 5 4 50
ml SAM K5 7 5 /) = M HE B, 30 °C L 220 r/min

K8 2 d; BU ] mL & B 12 000 r/min B 0> 5 min,
iEH 0.22 pm JE AR B8, X g T HPLC 250 #7 o
TBIAH A K (A AH) AT B (B AH) , AT 0.05%
R . 5 3% A 5 ZORBAX SB-C18 (4.6 mm X250
mm, 5 pm) , % % & 0.6 mL/min, & M % K N 220
nm, Y B 55 74 0~23 min, 5%~25% B #H ; 23~30
min, 25%~100% B #f ; 30~35 min, 100% B #H ;
35.1~45 min,5% B,
1.7 MEZEAZHNEBESKN

W PMIMLL (9 FUL A 2 A1 R 257 263 A X R ) T
FEMS 85373 B IE AL, PRICR B V5 4 A 2 R5F
i AR & %, 30 “CREF% 8 d s 1] 5P 24 h A 1 mL &
8 S A bt B[] 45 /N B T 1.5 mL B0 A,
A 1mL 1 mol/L KOH % , 242 1 h; 12 000 r/min
B0 5 min, B FE IR ODygy, I HBR A 422 Flois 572 3
BRI
1.8 ZREEMAEBESKN

& pIWIBH2 9 481 TG K 2 TR A % T Ak 7E
MS #5555 i Ak, Pk TR 3% 430 #E R 2 5 50
ml TSBY 1% 3% 3 /49 250 mL = M¥FEHE 30 °C,
220 r/min 1% 5% 48 h; ¥ 5 mL F F IR 254 50
ml. CTF4 #5575 0 = M B, 30 °C,L, 220 r/min
WENG AT 10 d s BT mL 2 BRI A SRR i, s
A3 30 min, #HOEEFE 12 h; 12 000 r/min B> 5 min,
5 0.22 pm P8R 08, X 38 W 21T HPLC 4
Mo WRBIH NIRFRIL  47.5: 47.5 : 5.0 I/ 2
E/0.05% LRI (AR MG (BAH) o st
3 ZORBAX SB-C18(4.6 mm <250 mm, 5 pm) , i
R 1 mL/min, K KA 250 nm, P 4544 0~
15 min, 0% B#H;15.1~20 min, 100% B4 ;20.1~30
min,0% BAH.
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2 HERESWH
2.1 W EEE TNS106 &4 1T,

e A K 2 (B 1A) , TNS106 7 SAM
Wife i, 1~3 d A KB, A R Bk, Ry 5
AR 3~5dB R EN, 2 F#H AT, 18
TSBY .R5 .SAM F1 GMC 4 Fl & 1A 15 37 3 v WL 2%
L ICASG R B TNS106 4P 52 B H B 22 1A 34 50 43 10 00
AIE T A 3 b UL A4 2 T i 3 1 B B R 1A 1074
AR T A AR TR TR 24 AR i (0 55 75 7R M145 3 1 ik
U 5 0 ORI e, HLBE 5 TR (1 1B) o T 24244

20 -
15+

10

HHrE/(g/L) Biomass

0 | | | 1 |

P59 43 O A AT R T DA AR AR SR E 3R T 4
FH W F RS & i B2 oA EE A N AN (B .
K, TNS106 7 MS -4z b 3557 1 d B a] W4 2] E 5
000 0 SR TR 2248 B 95 25 I 22 AR ik
s T A 3 FhAE 1 g A KA KT B8 B 22 iRt
A R R AORLRE (81 1C) o ek, i T4 A R 1
TNS106 /= /b, R FH B 22 (R0 7 AT e A 7%
B, A8 At e g5 vk i O A 6L BAGROR T B 7
LR A ERAE I Ak . 25 I, TNS106 4= K4
PEOL R s AG AR 5, B T & UK 818 £ 1)
Pt

TNS106 J1074 TK24 MI145

1 2 3 4 5 6
fTH)/d - Time

/- TNS106
TK24 ‘y
4

M145

C

A:TNS106 75 SAM $5 37 3 P i) A= I M2k 5 B TNS 106 il 3 i DL AE 2% 141 i 32 7845 Pl i A 5 3k v (9 23 H0 A IR 5 € TNS 106 il 3 Fl
W UL B TR AR MS T A TR IR B A ROIR DL . AR ARIR T 3R AL . A Growth curve of TNS106 in SAM medium; B: Dis-
persed growth characteristic of TNS106 and three Streptomyces hosts in various liquid media; C: Surface growth phenotype of TNS106 and

three Streptomyces hosts on MS agar medium.Data are from three biological replicates.
1 UEHESE TNS106 By K451
Fig.1 Growth characteristics of Amycolatopsis sp. TNS106

2.2 rpsAEREEMRRA pXH8 K19

N T AHUTCR R T TNS106 3 U f6 8 £ B W)
B B R R AR AR IR G BB SE R rps A R4 T R
B LU BRSSO B T E S R M T rpsA S
PRIE A R . DABICACR T8 TNS106 Y JE K 2 DNA

S BB, AT S rpsA-Up _F/R I rpsA-

Down_F/R 4514 B3R5 rpsA L FiE45 2 kb 9 [R] 5
WA R B T 1 [E S 0 51 9 bk dsm 7
attB* ' Flan BRI E A o W4 R pYHT HIFR
il P Y BE Nd el F1 EcoRV BV £ 28 1 Ak 3044
FH— 20 v B a0 G0 ] U5 5 48 B 5 etk A gk ik
WATEA . B H o0 B A OV R IR R L
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gk L K

B41%

Ak = KA DHLO0B 765 A Bia P s R it
PEVHR R FRARAS B 514 pXHS_F/R X
SRV PCREGUE (K 2B ) , I 7 #5921 10 1 rpsA
JE R E e TR pXHS, H 2 AN A IR R & A
attB* VR an BT R, TEREBR rps A JE DR [ B
LA B s, R T 5 22 BAC Bk M Al T
JEORE Y A8CEE
2.3 rsAEEEHREKHXRINHERE LB
i

B = SRR A R rpsA B R B e BTk
pXH8# A TNS106 Hr, PhHE & F 2 &% A Bl i s
F I MSPUMT-HR, 5 E AR A5 (R B AS B R b o PR

SCH TR RN RSP AR R IW TSBY WK KE 52
B SR 2 d, FEER) TSBY FiRATB G 3R 2d, AR5,
BUS S ER LR EAEGYAE R MS FAR I, 55575k
FRPARHTE . B BB VR —— WP 3 S Bl 2= A B
AN BT R R 1 MS AR5 5%, 0 e R A5 BT hir
B R WURTE R, A BCS ik (B 2A) o i, $RH
XUAE 4 B iR P 24 DNAE MBI, L TNS106 3[4
24 DNA R XF B8 rpsA_F/R K51 ¥ £ 47 PCR %I
i b, TNS106 7 A= B 14 7 Py KNk 6 772
bp, Bl 5k rpsA FEH FF 51 A 24> auB A 1 5 B 3G 7=
YR/ K 660 bp, PCR K IESE S -5 il 58 4= — 3%
(K 2C) , W LN 345 rpsA FEN B HH B, v 4 N

- »

A
QC(J") iy pXH8

rpsA_ F rpsA_R
6772 bp N
rpsA >| rpsB >ﬁ//;
6183 bp
2 kb
ol il
PUGE S

Double crossover

J

HXRI1

o >|]+ >~

atth§C3I attB¢BTI

< 470 bp

71 bp

HXRI1

bp
<« 6772

LN ] <— 660

i 3ok [7) 95 20 45 TNS106 H rpsA (7R B R o B T2 R 45 19 Dok pXHS 19 PCR ¥ IE . C: 5878 Bk HXR1 1Y PCR ¥ UE, BEAIZH

DNA #E #4351k A TNS106 (WT) 158 28 #k (HXR1) o

A': Schematic diagram of the replacement of 7psA by homologous recombination in

Amycolatopsis sp. TNS106.B: PCR verification of the gene replacement plasmid pXHS8. C: PCR verification of the mutant HXR1. Genomic

DNA from wild-type Amycolatopsis sp. TNS106 (WT) or the mutant strain (HXR1) was used as template.

B2 rpsARREEBBRR

TR HXR1 Bt E

Fig.2 Construction of the rpsA gene replacement mutant HXR1
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HXR1. FfiJ5 , B HXR1 FIEF A= G i o 551 42 Fh =
SAM W AR F= b R B 2 d, I % & I AT HPLC
SAT . AN 3 FR , HXR1 F) % B A B R E 7
FER R, BA TIN5 =2 iy = .

FEFEEE R Ristomycin A

A M A M A ~— HXR1

10 20 30 40

{55 i) /min Retention time
3 EEEBBREKRHXRIEF 4R L BRI HPLC 547
Fig.3 HPLC profile analysis of ristomycin A
in WT and HXR1
24 PHXR1ABERBREMEELIER
T2k 22 41 & (actinorhodin) & K W €0 5% 75 14 77 F

O OH
HO_~..
YOS
o L3S
O OH )J\OH
OH O

TR % Actinorhodin

HXRI carrying
pJTU2554 pMMI1

T "' VA

Wy

HXR1

AR BRI

Wi B RIS R RS ii??%J:Zi@%?Z h i (O @ AR

(RS (R PrA: R (AN TEmU A5 op S P
o, R IR SR 5 Tl R T 2 RS e A RIS — RS A
LA W, AP HXR1 k5 L R A EE 77,
WAL & R R R L R AW A U R Y R
pMM Ll i v s ff S P g 3 & &= g fk | bt
PEG EARTF R Mk HXR1/pMM1. 76 RS 1574 |
3% 3 dik , HXR1/pMM1 0] LABA W55 % (0, (0 5
M7= A (KI4AB) o o T 5 Z i E R A TR e £
LI 2 A LI161 & & LB R S a0 Z = A
W, ¥ HXR1/pMM1 F1 LI161/pMM1 % B 724 53 5]
1 mol/I. KOH ¥ iz #t (K 4C) , H-0 % 7E 640 nm
ARFDEEEE . S5 R  HXR1/pMM1 78 4 26

FEUR = LR R LT R 5 3~6 Rl fL R 746
AFRLAE]1LI161/pMMI & B2 Y fi K 1 —'3LJ161/
pMMI1 kL, HXR1/pMM1 Hilt £k 2841 Z 4277 1 d 7
AL PR RRE T 135 (K 4D) .

HXR1/pMM

B
HXR1/pJTU2554
1.0
-o- HXR1/pJ TU2554
0.8 -e-HXRI1/pMMI
-a-LJ161/pJTU2554
. 0.6
b 83 -a-LI161/pMMI1

1 2 3 4 5 6 1 8
Hf1E)/d  Time

C: K9 1 mol/L KOH #RiE#2 .

16 EAGA RO OEE, DR Z 4 HXR1 AL OB 014 1L.J161 dh SR IEFA B P 5 i, BT 3 Y Fde .,

A': Chemical structure of actinorhodin. B: Heterologous production of the blue pigment actinorhodin on R5™ agar medium. The top of the cul-
ture plate after 72 h fermentation is shown.C: Crude extract of the culture by 1 mol/I. KOH. The host itself produces a small amount of red pig-
ment.D: Quantification of actinorhodin production by HXR1 and Saccharopolyspora erythraea 1.J161 carrying pMM1 on R5 medium. The opti-
cal density (OD) was determined at 640 nm.Data are from three biological replicates.

B4 HXRIABERBERIENELEIR
Fig.4 Heterologous expression of actinorhodin by HXR1 carrying the S. coelicolor actinorhodin BGC on pMM1

25 HHXR1ABERBEREZSRER EZARWR AMZARRD MRS (ESA), FAE

W VR A Z AR R OREIE HXRT SR b —FhEsiag @k i), i 1 BURER A B 67 586 %
LR IR A FE R L M IE BeME . 2 R 2K (spinosad) 22 8 B 2 JRL UG 72 A 1 R I BE 2 0 56, 5 LR IR T
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LS N AN S o ¢

S

[ R 00 R IR R AR & . BAC FRL pJWI3H2
TR AWEAEY A IR Z R AR E
JIT LT 0 A A R AE 6 R R e =R AR
& ¥ B % pJWISH2 % A HXR1 3k 44 HXR1/
pIWI3H2, %% , ¥ HXR1/pJWISH2 M & T 25 4%
1A (0 %5 B B bk HXR1/pHL921 43 Bl 3 # 2= CTF4 W
TRKG IR LB 10 d, IEX R B EA T HPLC 437 o
WK 5B B, 5 A e, HXR1/pIWI3H2 £ 8.592

min F19.819 min H LAY 24~ 2 706 5 LR R i
st () PR B IF ] — 250, E DAy 5 oh 2 R R AFZ
AW R Do & 4 B 5% 3 B (UHPLC/Q-TOF-
MS) &5 SRR B RE & 24 BB G 2 A X 4+
i i 5 Z AW R AMEZREZE D WX 5T
Jia— B (E 5C) . £& I, HXR1/pIWI3H2 i o) 5+
BRIRZ AW R A G AR, P EZRHRA
MEZRERD.

ZARHFEA
Spinosyn A
PROYES & xpi#D
A : Spinosyn D
i HXR1/pJWJI3H2
A 1 1
2 B \:\
N I HXR1/pHL921
o \_\_}LJ\ v
1 % AW FE IR
L L L L Spinosad standard
Spinosyn A R=H 6 8 10 12 14
% %D Spinosyn D R=CH, {84 Bk E) /min - Retention time
732.46848 R —
10x 10T EZREFA 15 x 10° ZREHD
B Spinosyn A ox W Spinosyn D
«
o
£ 75x 10t [M+H] = [M+H] *
o = -
Cc Calc. é’ 10x 10° Calc.
D'E'( 5|
i 5.0x 107 732.468 67 733.470 01 il 746.484 32
® = ] - 747.486 80
¥ s5x 10T
2.5x 107 "
734.475 67
544.363 63 558.381 10 |- 748.49158
0 L L 1 L 1 J G 1 1 1 L J
200 400 600 800 1000 200 400 600 800 1000

Sttt miz

SRRt miz

A ZRBREL . B: IR RO BAR HPLC I . C R ™15 43 BT /AT . BRI T 3 A% 852 . A: Chemical
structure of spinosad. B: HPLC profile analysis of spinosad standard and extraction from fermentation broth of HXR1/pJWJ3H2 cultured in
CTF4 medium for 10 days.C: UHPLC/Q-TOF-MS analysis (positive ion model) of sample collected from the extract of HXR1/pJWI3H2 fer-

mentation.Data are from three biological replicates.

E5 MHXRIABERBEREZRER
Fig.> Heterologous expression of spinosad by HXR1

3 i

SR IR B 2N Bk i DR X A Qs =
P9 25 8 0 R 8 7 00 A 0 ISR T S B8 BT 0
T A TR R 2 R R R TR R R RGO
0 BT P A A A TR 4 i 0 T AT 3 B R AT 7
SR A o SR AT 2 (o A TR 4
FEHERE TR A TS A ER T IS G Mgt A i [
M, SEAT BT e i IR AR i E HE

BT HE TR A AR R R A R
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Construction of an Amycolatopsis sp.TNS106 derived host and
heterologous expression of secondary metabolic gene clusters

HU Xinrui, HE Weijun, LU Jin, WANG Yemin, TAO Meifeng

State Key Laboratory of Microbial Metabolism ,Shanghai Jiao Tong University ,Shanghai 200030, China

Abstract Heterologous expression is an efficient approach to activate silent gene clusters of bioactive
natural products. The rare actinomycetes strain Amycolatopsis sp. TNS106 is a producer of ristomycin A,
which exhibits fast growth, short fermentation time and convenient genetic manipulation system.In order to
develop this strain into a heterologous expression host for biosynthetic gene clusters (BGCs) , the non-ribo-
somal peptide synthetase gene (7psA) essential for the ristomycin A biosynthesis was replaced with a cas-
sette containing the bacterial attachment sites azzB*“'" and azzB*""" via homologous recombination to con-
struct a host with a clean background of secondary metabolism and two integrative sites. To test the ob-
tained strain HXR1, integrative plasmids containing actinorhodin BGC from Streptomyces coelicolor or spi-
nosad BGC from Saccharopolyspora spinosa were conjugated into HXR1. The results of fermentation and
product analyses showed that actinorhodin and spinosad were successfully produced in HXR1. Compared
with the Sac. erythraea-derived host 1.J161 belonging to the non-Streptomyces actinomycete host, the acti-
norhodin production from HXR1 was approximately 1 day earlier and 1.3-fold higher.The Amycolatopsis sp.
TNS106-derived host HXR1 will provide a useful platform for accelerating the discovery of novel second-
ary metabolites from Strepromyces and rare actinomycetes.

Keywords drug discovery; rare actinomycetes; Amycolatopsis sp. ; heterologous expression; acti-

norhodin ; spinosad ; antibiotic ; secondary metabolites
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