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Culture Regulation to Activate Frontalamides Production by
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Abstract Microorganisms ( especially Streptomyces) are one of the main sources of agricultural antibiotics. Gene
screening in early stage has found that Streptomyces cavourensis NA4 to have the potential to produce a variety of PKS
and NRPS type compounds, however, only bafilomycins of PKS I type against plant pathogenic fungi were isolated. In
order to burrow more antifungal guiding compounds, a genome scanning draft of S. cavourensis NA4 was obtained
using Hiseq2500 high throughput sequencing technology, it was found through bioinformatic analysis and literature re-
trieval , strain NA4 also possessing the potential production of polycyclic tetramate macrolactam (PTM) , alkylresorcin-
ol, and valinomycin type antifungal active matter, except for producing bafilomycins. In order to activate these gene
clusters , through changing the components of carbon and nitrogen sources in the medium, and adding amine acid pre-
cursors and different metal ions, and applying activity tracing as well as HPLC-UV, it was found that using pollard to
replace glycerol in NM2 medium cultural conditions could activate frontalamides synthetic gene cluster of PTM. There
were seven main compounds being PTM type compound, among them three possibly were new compounds. In this

study, the PTM gene cluster was activated adopting culture regulation, and it provided a guidance for further separa-
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tion and identification of novel PTM compounds.

Keywords  Streptomyces cavourensis; polycyclic tetramate macrolactam ( PTM) ; frontalamides; culture regulation;

genome burrowing

MY EERESEYRE PR ENRELZ
— EBRWERLA RELENEYEH
H L, FERAEYKE.NE DRE ERF
HEZHFRETENAETI L, BRE, 23K
A R RS i KR B R 4 7 S B
10% ~15% , & F MR FHA1ET . BRA
SR A R 5 /N2 R B R T /v
FERTATHEAREZRIEF] 50% ~100% , 37 5%
~15% ", EXEMEYEERE, BRisE
MR R BIE BRI R G KB REH
HERH R T KEAEG L R TR AEEE™
B[, [ BB R A B BB o A R 2
RUTHB PR, BF 22 4 A0 AR T B A )
AEHAEBRE, MUEYRENRATYIENY)
RGYERAREFAFRPEEEZMEN, BR
FAHRAEENEEREZ -, BHERME ZER
AR RE R R, MITRABEYERAS (LH
BMAH) EM T & SHHREABE Y E R
FHFE, 40 Salinispora tropica F£F H H % 5T B
RERBF=HMEFEEE 17 4, A RRHE LR
B19.9% 7 24 W R 4 77 4R B Streptomyces
avermitilis A 25 NRBAHBERE, GBI
H4if9 6. 4% " o SRT, B ATACOCA A 2p B 4
T TILR BRI =1, KZE7= Y B H Gl
B Badt” 3 A o & IR, B, B FERAF
3] genome mining FARBET AP . MM TR
Ik GE s E R AR AR R R LR
2R BT R BT S S R B R AR AT
EHATIEMR A RE, AR ERMEMRET &
fE A", X Ff OSMAC (One strain many com-
pounds) BAEYE T T Mg A, 8 R T B
BEFRRLA Ay SEFR AN RN A BURG I & ok B
IS S 0 % 20, AT LUA U IR B Y A
BRI BARBHERE 18 m AR = R SRR, i
SR Btk R s, e
Rl BE e v PERT 5T BT sk KA 4, R RIS SR R
Xt A EE T SCSIO 03032 R AR 7 W1t AT
THRAWESE, N T DAREHFEFG TR

FA5 21 MRERBE T, S 15 DHE Y.
R Y ISP3 SRR HEE IR AE T 3 MR RER
MBS HT 4 & heronamides D-F, 1§ FI o B #)
A1BFe + C $E 3R L0, B W= 4 1 S5 M5 S 4y
B4 A 5| I B B A= 47 B spiroindimicins A-DIFHL
RIS B BRI REB RN RA/RICEEE
NA4 3 5 i 16 & B B 74 PKS \NRPS 64L&
YIS B R4 88 T PKS 1 BYH bafilomycins
BL A C1IPT . O T 2 RANRE B NA4 &
KERBT=H G, Z I E L ER SRR
¥, 3% F Nlumina Hiseq2500 —{{ 5@ & 0 FF 4 R
W, FARERARERARME, #—H4WE
BT 2, KR TR 4EE & A BHY bafilo-
mycins , & B 7= 4 lantipeptide AmfS | alkylresor-
cinol ,valinomyein , desferrioxamine_B | frontalamides
nonactin , isorenieratene . ectoine , rabelomycin 1 las-
sopeptide SRO15-2005 45 % Fh 4 ¥ 2L R4k, &Y
B GSCERVRRT, T R P i R UK BLEY poly-
cyclic tetramate macrolactam ( PTM) 3§4k-& 4 fron-
talamides' '’ \valinomycinm] i alkylresorcinol[m H
ARFMTLEE RN, A TERAZEXERAH
EHEE AR BB, 8 BUR B SR R R
WALy, BB, RIAR &R B 755
FEV R T Bl X 205 T E E TS R Y
“RRME” HH AT BOE, R RE BB A
HPLC-DAD-MS #4743 #r LA & BUBT B RT AL 90,
HE—H AT B AP ML E R IEHE S

1 Mo# 577

1.1 ##

1.1.1 #E#RR FH/ARKREERENAANER
FEREE (E 111°36. 160, N 17°59.928") /K &
1 464 my BRI+

1.1.2 344k OATEKER-SHEFRE A
BPEREH 20.0 g,KNO, 1.0 g,K,HPO, 0.5 g, Mg-
SO, - 7H,0 0.5 g,FeSO, + 7TH,00.01 g, A T.#K
(2.5% #§4E7K)1.0 L,BEAE 20.0 g, pH 7.0 ~7.2;
@ISP2 B Fe s MR H 4.0 ¢, T 10.0 g, WA
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4.0 g, 7MWK 1.0 L, 55 20.0 g,pH 7.0; B
NM?2 $Z5: 3 ( Novel Medium 2) ; #jZ8 1.0 g, 2L
$810.0 g, Hh 20.0 mL, K G E AP S. 0 g, AiSER
B 1.5 g, BERERY 3.0 g, 1 fEHE TTR M (FeSO, -
7H,0 0.1 g, MnCl, - 4H,0 0. 1 g, ZnSO, - 7H,0
0.1 g,%/%7k1.0L) 0.2 mL,#&1%7K 1.0 L,pH
6.0; @TSBY 53 . EAK15.0 g, KEEH
5.0 g,NaCl5.0 g, K,HPO, 2.5 g, %85 2.5 g,
HENE103.0 g, 72818k 1.0 L, pH7.3 ~7.5;®PDA
BEFRse . B i 155 200.0 g, YIR/MER, BN 1.0
L A¥R/KEZLEMK, 8 ROMTEEBIERE,
#HERAKZE 1.0 L INAREKE20.0 g, 3505 20.0
g, B pH,

1.1.3 &AM 5% DHZCHBEK(KETH
LRANBARANF) ; YXQ-LS-50811 7 A J1 %
BREH( BRIV AERARETRE ) ;
BSA2202S L F R (FELFIHT) ;RES2-99 ekt 2
FAL( BT R AEANES) ) 5 Ultimate-3000 53K
WA 1Y ( 3 [H Dionex ) ; Waters 2695. ZQ4000
TR R B A Y (B Waters A H)) . B35
ZHER i HEE(HAERRNARAA) ; Hit
fEZR B B = AR 4

1.2 H#%

1.2.1 @4 NA4 £ B8 DNA #9388 K
£ TSBY WA IE FE SR 2 d,5 000 x g B0 10
min, # F &, IWEE 214, F STE 2 il e ik
2 RIG/ S5 mL iy STE i B, imA
VEEEEE MR AR 1 mg/mL,37 CIRE 45 min, 4§
b 10 min BIEIRS, MAZEOM K 2R KE R
0.5 mg/mL, JE5]; I A 600 pL # 10% SDS, iE
4750 CHEE 2 ~5 h,20 ~30 min HiEES 1 K;
A 2 mL 5 mol/L NaCl #15 mL &4}, ER&E
30 min P L ;4 500 x g B.0> 10 min, BX_L3&, i00.6
BRI R AR, SRS, A KE ISR
& DNA, FH 70% Z.BEPE % DNA JL3E 2 K, /NG FE
LEET BEEADNAG T 1 ~2 mL TE (pH
8.0) 1,8 F -20 CH&H,

1.2.2 #E# NA4 25 Ean s FIRE AN
FiE A illumina 2% 5] Y Hiseq2500 347 NA4 f3E
WA FF AR, EFEATFHIME AR EBR
BAYPEARAE T

1.2.3 B4 NA4 A B AR &5 L B~

¥ NA4 f93E R 20 B 5 31 3 AC IR AR P e
L2 40H7F T L antiSMASH 3. 010 Fiiil] NA4 R AR
WA AR, T AR,
1.2.4 #5858t LU NM2 BEFR3  BLRE 3%
FRE T SUE S R AR A S, BN 4R
BETRAREBRATVE, HiITT 19 M ABEERE
(X1,
1.2.5 ## NA4 4K BRE 5o X BE = 547
BT H) NA4 AR b, BB SRR T
ISP2 $55%%: (250 mL =£#R) ,F 28 °C 180 r/min
ZU TR 3 d &R FIR, % 6% WEME
BT Bk 20 FhRBEREFE A 1,28 C 180 r/min
RIRIEF 8 4,5 000 x g B0 10 min, B EIHEH
SR T EIRERL, R0 3 Wa , 2 BUR Al e
7% R B TR 48 AKX A5 A SR BV RE A, B TEOK
FOR HBC AL 10 me/mL (VR BE R F . R ATE4R A
R EBEHEYHREERE MK ERA
( Fusarium oxysporum f. sp. cucumerinum) | 5T i 2
#% 8 ( Rhizoctonia solani) F13 7h JK % %5 B ( Botrytis
cinerea) BUTR IR R . iR EWEM S| PDA F
WEP s FREELEKZERS om B RAEH
RYEK R RAEVIE ., ERBEREE A 10
mg/mL, B4 HE N 8 mm, b4 20 pL, % B A
TKHBE. R ERASIERY 2 d, B &
RIMIMEB MR/, TEEHURFEEREE R
B T HPLC-UV 4347, HIW 2 & A F ik & AR
W= . HPLC-UV Rl &4 fizhAl A MM
100% & B fE 4 0.05% =R 28, RstE B K
HBaiK, & 0.05% K =RLB; 5+ i #2/%:0 ~ 30
min, A/B({AFALL) S MERRBE M 10 : 90 [ 94 : 6;
30 ~42 min, A/B({EFL) KM BN 94 : 6 B
100 : 0:42 ~47 min, A /B({EFLEL)100 - 0 257,
47 min J5,A /B({&FLL) BIAS 46 Ve vk B 10 -
90, M A 210,238 254 280 nm,
1.2.6 HPLC-DAD-MS iR 38 7% 64 R B AR~ 4
et G AN HPLC-UV 204fr , X 300E IR R A
B YR AR P13 1T HPLC-DAD-MS 43-#7 FIZ5#4
Pl KR G A M 100% &g 28,
TEIHE B AHLEK, F 0.05% M =F LB, ER
B A a0 4 F & 200 ~ 1 600; i
BERRSF :0 ~20 min, A/B({RFRLL) R4 FE M 10
: 90 F[60 : 40;20 ~30 min, A/B({EFREL) 2tk
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60 : 40 3 80 : 20;30 ~40 min, A/B({AF1  nonactin, isorenieratene. ectoine. rabelomycin |

EL) ZR 4% BE A 80 : 20 ) 100:0;40 ~ 50 min, A/
B(RFILL) 100 : 0 %, 50 min J5, A /B ({5
H) B MU E 10 : 90, HEE A 0.53 mL/min, K
ARy A 1

2 EREAH

2.1 EH NAAREREASEMENRERESH

SRR NA4 #E1T Hiseq2500 UIFF, P38l
BREEHT 200 x , %K1 NA4 REEMARA,
EEZRERAFFI KN K 8.02 Mbp, GC% K
72.07% , HEEHKE 59 M1t 1 000 bp 1Y scaf-
folds, Scaffold N50 286 752 bp, BB K/PN
7 767 524 bp,antiSMASH M B R HES TFEE
RGBT Y& ERE, T ETREE R
bafilomycins . lantipeptide AmfS, alkylresorcinol

valinomycin, desferrioxamine _ B frontalamides .

lassopeptide SRO15-2005 Fz Ho At 4 1 45 #4 2 B 9
EY.
2.2 AEMRYOREREERE
HLEEEENE SR ER, YA RRBEYE
RH S, BRR A AR IR Y T E
EE SN, R A A L . HP e
RHMEREREEE ALK, EREEXRE
PR A H TG X BT B I SR BE AT BTk AR,
Mk BN H MG EEE S B ERE, R
HRXFAW TR BB AT(FR D), AR
FABESERKEEARE, REEAFEREM
PARIR Y PR E S (BRI SRR AN, K
T E R IE . M A BR BTN f5
Ala FEiNAESG 3 HAT EL BT ¥, Orn 730 D) R AIG L
MEAEE. YBRNARERENSRBESTE, 1
HHETE MY B ERER.

F1 BHEENHGTREZBARYIHREAENBEDR
Table 1 The design of medium and the inhibitory activities against pathogenic fungi

EFRAEERRE SRS RABmEHERBR Fusarium oxysporum f. sp. cucumerinum Botrytis cinerea  Rhizoctoniasolani

HAERE 1 NM2 10.5 +0.04 12.7 +0.12 12.5 0.3

2 NM2 - Hil + Big 8.00 ( -) 8.00 ( -) 8.00 ( -)

3 NM2 — Hif + s 10.89 +0.13 12.8 20.16 12.67 £0.21

CHEER 4 NM2 - Hith + TKIEH 10.00 +£0.2 10.89 +0.17 12.73 0. 12
5 NM2 - Hil + Bk 14.52 +0.18 13.78 £0. 1 12.17 £0.32

6 NM2 - Hih + E K 12.08 £0. 13 12.68 +0.2 12.71 +0.08

7 NM2 - X GHE Rk + E Kk 8.00 (-) 8.00 (-) 8.00 ( -)

8 NM2 - KRG B + BEF 8.00 (-) 8.00 (-) 8.00 (-)

N JREN 9 NM2 - K OEAK + BE A% 12.52 £0.24 12.7 £0.04 11.28 0.3

10 NM2-KEEAM+ (NH,),S0, 8.00 (-) 8.00 (-) 8.00 (-)

11 NM2-KTEAMK +NH,H,PO, 8.00 ( -) 8.00 (-) 8.00 (-)

12 NM2 + 0.25 mmol/L CaCl, 8.56 £0.24 9.01 £0.12 8.65+0.17

13 NM2 +0.5 mmol/L CaCl, 9.38 +0.24 10.82 £0.3 10.83 +0. 19

4BETFRAE 14 NM2 + 1 mmol/1. CaCl, 9.43 20.15 10.75 +0.23 11.00 0. 19

15 NM2 +0.25 mmol/L MgClL, 8.00 ( -) 8.00 (-) 8.00 ( -)

16 NM2 +0.5 mmol/L MgCl, 8.69 £0.09 8.94 £0. 15 9.21+0.3

17 NM2 +1 mmol/L MgCl, 8.00 ( -) 8.00 ( -) 8.00 ( -)

B E RN 18 NM2 +1 g/L Ala 11.61 +0. 18 13.4 £0.09 12.04 £0.13
19 NM2 +1 g/L Om 9.57 +0.08 10.25 £0.09 10.82 +0.25

ERPEERENEBER (mean £ 5. d, mm) s KERIERBERE R 10 mg/mL B A HRZHR 8 mm; EF 20 pLs™ - "RE“HR";
CTREIEIT (N NM2 - H SR AR NM2 SR R H T A S R M REEAT)

2.3 MEREEFUEMNEZERRY HPLC-UV 434
ST EENEEEEAMRED, CEEDEE

MR AR I, #E4T HPLC-UV 4, 247 U5
Y ARAE S . LB AR R IR A H Tk
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F®2 ETLCMS SHRFBHNM2 - Hilh + RE"EHFREXRARYHPEEMN PTMs LAY

Table 2 The main PTM compounds of the fermentation crude of strain NA4 growing in the NM2

medium replacing glycerol with bran using LC-MS detection

Xof oL U8 B G 5 {3 B8 B [B]/min EETFHER/ (m-27") FEFER (m-27!) SR

1 22.10 [M+H]* 527.2 [M-H]*525.1 526
[M-H,0+H]* 509.2

2 26.20 [M+H]*513.2 [M-H]*510.2 512
[M-H,0+H]" 495.2

3 29.35 [M+H]* 527.1 [M-H]*525.2 526
[M-H,0+H]* 509.1

4 31.55 [M+H]*511.2 [M-HJ]*509.2 510
[(M-H,0+H]* 493.2

5 32.10 [M+H]"*513.2 [M-H]*511.1 512
[M=-H,0+H]* 495.1

6 32.50 [M+H]* 509.1 [M-H]*507.1 508
[M-H,0+H]* 491.1

7 35.13 [M+H]*511.2 [M-H]*509.1 510
[M-H,0+H]*493.2

3 & @ 4 bafilomyecins, 3 1[5 B2 1E B3 28 3 iR A F Tk

FURRERE NA4 ST B B P ERE 1 464
m REGFRILRY), REEFIEE A RNHE
Bo HTHRAIZH NA4 O RS MR IREA
Y, AT R R SRR ) F Bt b
B A Y 80 & L R ST HOE . PR AR B,
BRURBUE X G ACHE = P AR K, H g B
BAEMEBEEEE 2HK, A7k bafilomycins
(% HPLC-UV 704k, B AR B8 ) 5 B ik
BERTE T PIM KBTI EEEEY R, |
TH S B f B RO RITA, B B9 B I F K36
MBS P B . $R4R3H bafilomycins B
BRE RS FE 1 BT I S T TR CoA A
HWOART RGBT . B A IR P
- H A HE ARSI, KA A T bafilomycins #957
T AT 805 HAt AR PKS KR ENR, M
HALBRIRE RN T2 T bafilomycins 7 B K& I A
AR & B AR, EEFENEENRR, X
e 55 B B BUR E R e PR AR
SACHA R ARBI ™ o B o B A B 37 5 v
R S8R R A A AR, R R W IK
BRI, UABE G & T U= 8
ey . REBSRLRRN, BEMFEFREFK
SEABRERE BT BRESFS, HREA R

PR R R AR B R = 4, Om & PTM
FALA Y NRPS BLHUIR T BEAL S50 OR 5 B FF =
PR E R, Ala & valinomycin H 45 ¥4 B8 5T L-Lac
IR, W E R N ERMA, B1E Om,
Ala BENA FF PTM # valinomycin b & #) &
A BRI FR O , (BRI R B 2 BT Y
P, Ca M Mg F e BE FRMAENR
WA Z X EE T, 1125 AT
N 20 M S Y RE BB R LR TR - AL KR
BERIMAFMRE M BTG, K bafilomycins
B/ LA E R, A LR
Wi, U LERER, BA Om Ala IZHr&/R
B PR E NA4 FIR B A R AR, HE
FEAE A AU B R £, FLAS N B0 vk B R 7 R R
B,

PTM ;& PKS-NRPS Z¢ &5 IR A LM S HIK
AABE R EY, HRIARAWX KL EDAH
40 ZFd, O FE frontalamides, alteramide A, ika-
rugamycin %177 PTM A4 & R ERF RS
ZHE, ZRBENLEYEAZHEYEYE, &
EHEE. PURR. HAE. fiihE. EL%
EHPY, HEFS PIM & REREEERTIR
B, LA Sk 2 1 Rl % 58 i BUE TR
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