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EF%HE1K % BK Surugamides & Y& B & E 55 $E 83 T\ S M BO R
WEE ', WE°, 28, TR, Bi°, ke’ Mg’ AXE?, wEX

PYLPETREZ R, VIS B E 330004
2 WSS KR B M B AT E R 2R, B 200127
RERRAEERE, R M 510632

WE: [ B ] ZWMEY) Surugamides (sgm)EY) G MIEFFEMAE 4 DNERZIHIAZ IKGEENRPS)EE A
surd-D, 115t 2 1> NRPS W& Migit. B AMEMIN swrd FEH5 Surugamide A F2¥IHHE, T surB
FEHE sgm F WA, ABX) surC Fl surD SEPI DI RE I & 5 1A SC IR o A TAERIAE Z B o2 0
filh E3E—IN surd Fl surD 5% Surugamide A P14 Y)E /L, FEHE TREEGE Surugamides 491G il
WAL T L NRPS & A Z [ AR LS R LBk ds . [ ik ] i o B i B a2t 16S
rRNA B P8 LR oM A28 BT . il FEL A antiSMASH St 5L R 731, R BRAR WA=
Y4 A% . 183 UPLC-Q-TOF-MS il °C NMR % Efb S Ya5HE . ATk 58 ik i ] 5 5 20 RS2 46 o
B ARG RS EE R R SR SO R Ak, [ 458 ] NE WA RIGEE G S, albidoflavus
LHW3101 JEHHH A T Surugamides A& L%, #IN 7X@ & B =Y LS9 sgm A Fl
sgm F M T surB 1 surC FEH [R BT HIC 19288 #E RI9, K I RI9 AP sgm F 145985 Surugamide A,
FEBRKIEAE surB T surC SR B FRBE surD JERFTGIA T HBB RS 31T ermEp”, 258 &P RI9 7
Surugamide A KV ZEPARIBEHRIZ 2 £5. [ 458 ] B8N T swrB F surC B2 5 sgm A 77#)EK. 18
surD FEFFTG| A G sh 75 B3R5 T Surugamide A A7, 28 surD FEH 5 sgm A J2¥tHK, 45
G EME surd B 5 Surugamide A PHIAHICHYIENE , 20N T surd T surD B 171 5F Surugamide
A Y RS

KEEIA: YRR, AR Z G, LY RN

T A= 0 R DR AR A% B 1 22 IR (nonribosomal i 4 H AT I PR 1 FH A9 S 5 A 4 5R) BF A A R
peptide, NRP)RALGYEEEN Y LIk, (cyclosporin) . PiE % J77h % % (vancomycin) , ik
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FL%5 2 (daptomycin) I %% % (penecillin) LA &z 2015
A BRI BT 4 R 60, 2 BR TR NS5 A% 03 ST
SR BB BT AE &R teixobactin 2@ FiRUEYIR
A NRP 2465912 BUEYIRIE NRP 264045
Yy 8 1 AR OB IR Ik A B Pl(nonribosomal
peptide synthetase, NRPS)/™SA:=#)4 Myl 18
NRPS A= W)65 ped A Ho it 6 Ak ) B 19 485 He A6 A
BB LR HES B0 o575 % TR A s Fn H A ™
Yy p ok Al BEMY . NRPS & A 1Y £ 4k { A b
(module) e B e A A AU A% 326 SEE it v 1) R
MBS A BEA Y D BRI T ARBE B, RS
B 19 4 -5 2 BE 38 (condensation) . T AL I N Z%
S LR 1 IR £k T BB 3 (adenylation) DL & K T
LK% H (peptide carrier protein/thiolation), 7E
NRPS %5 M 2 A st i 75 A 17 57 IR BE Rk 1) Bt 15
) 1AM S ST I ] BB AE AR — B T 1Y
BRI ReI, QN 53 s S ER A R HE Ak 1Y) 22 ] S A
fif} (epimerase) I RE I FI7E 2 3 b 5[ A (1) (-
FEFEFL [ (N-methyltransferase) J G4k . A Fb T4k 2%
B 2 IRALG W) 75 B 53 1 ik AT OR300 A 5
VI, SR A 0 2 IR S B 1) A I 15
Frhk, AU AR P BRI PR R IS By, Rt
KIMFFWFE A DIRIE NRPS A Y6 g 2%
R I Z IR A S W R S 2B,

AT G B4 (Dactylospongia elegans)
Y ESHRAE THERTE S, albidoflavus LHW3101, I
K=Y A T IR NIKIL &Y Surugamide A
(sgm A)FIEER 1 K154 Surugamide F (sgm F),
BENH M A B T2 A& IR WA NRPS ZRAIAE
Y& RN . 2B NS 4 > NRPS JEA
A-D, FPIATFEIE TR RAE A A B JE 4R,
HEM A F1 D FEH 157 sgm A A B, AL T A Fl
D JLHZ A B Al C 3L H 715 sgm F 1947,
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An5EiE L e B F C JE R A B AR kR LA K Ry
D LRG| AEE B, HE—LE T sgm A AW
BT IER, NIERE TR E sgm AW 5 L
ARV S AGEHE NRPS 25 11 22 [a] B U AL il £ 1
TR AL

L AR A %
1.1 #ek

111 FERFF{ES:  EIRE DNA REHN
High-Fidelity PCR Master Mix(NEB Phusion®),
il DNA 48 A 2xfast Tag PCR Master Mix (I
MR AEYD), BB RO & B ISR )
TREARAA],PCR A B IR £ Zymoclean
Gel DNA Recovery Kit, PRiil¥: N UIEY A NEB
77, U-Clone Master Mix for DNA Cloning iz
& B A REHL BOA R, A R B
ATAY TR R ARA A, BIER G
PP e DAy 88 ) R v 28wl 7, o B il iR £ R g
B B E A2 R A PR A A o B R
(LC-MS)>}y Waters HPLC-ACQUITY QDa, 545
JFi 1%k Waters UPLC-QTOE-MS/MS, % %
Gl H =B CE DA RA A IR EK
(ZQZY-70BS) Ny I FAEAL A A B wl A7
1.1.2 ¥5FREE: ISP2(g/L): MEBHEIRY) 5, L4
Wy 2, Hi%HE 2, B 18, M1(g/L): ¥EM 10,
FERHIR Y 4, A 2, TIEH 18, Wik — S
2, R 18, 25 pg/mL ZIREMIRR, 50 pg/mL ik
A, LB (g/L): FREMR 10, MFEEHZEY) 5, &
bl 5, #i%i0E 2. SEM (g/L): {RIE® S 6H6 20,
H &R 20, FHIEHK 20, pH 7.2, MgCl, 10 mmol/L.
TSBY (g/L): KEBEMAM 30, MR 5,
FERE 103, ¥EL 18, pH 7.2,
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1.1.3 B ¥ # R k. Streptomyces albidoflavus
LHW3101 HASSZIG = 43 B3R5, Streptomyces albus
J1074 Ryl ARCEBE, RI9 A S, albidoflavus
LHW3101 RJEA L R IEEM . E. coli DH10B
T Bkt , E. coli ET12567/pUZ8002 J T X%
GEAHERS , TR pRI26 N TAEME, F T35t
Rl 2k 28 A8 bk RI9 iUk pYHT7 #5747 apramycin(apr)
Pt (Apr)IEH , SRR - T ZE ik,
FAY IR BRI AT, kL pIB139 FF PCR
bR, ¥ AR E T ermEp™),

1.1.4 PCR 5|¥FEAR : 11T PCR ¢ $§ a5 M
THRERIGH A . L-surBC-S (5-GACTGATCAAG
GCGAATACTTCAGAGGCTGGCGTACGTCCTG
TCC-3'), L-surBC-A (5'-ACACTCGCATGCATACT

AGAGAATCCCCCTGGGGCTGGTACCTG-3"), R-

surBC-S (5'-TGCCGGTTGGTAGGATCCACATAT
GACCACGCCCTCGTCGCGGGA-3"), ermP-sur-S

(5'-AGGGGGATTCTCTAGTATGCATGCGAGTGT
C-3")H1 ermP-sur-A (5'-TGGTCATATGTGGATCCT

ACCAACCGGCAC-3"), B ik =48Rk RI9 B9k

surBC-2S (5'-ATGTGGTGCATCGACAGCAGCAG-3')
1 surBC-2A (5'-TCAACTCCAACGGCAAGGTG

AC-3")) K ermP-sur-S 5 ermP-sur-A, F F R Ff 4
7E 16S rRNA FLH4 3414548 27F (5'-AGAGTT
TGATCCTGGCTCAG-3"),1492R (5'-GGTTACCTT
GTTACGACTT-3") . FH T 1 1%k 58 A8 #k () 5 [ 41
DNA PR 0 . A% TRV EHRIOA
21T PCR 4, LA 20 uL 10% Chelex® 100 Resin
(Bio-Rad), 100 °C Jii#4 20 min, B B 1 uL /R
PCR 4R

1.2 BAEIMA R ML

B HAE 1 emx1 ecm 78, FH 1.2%CH
KRV 3 WG RS R I 10 mL JCHH &

TKASFNARE TR, R 10711072 711 1073 A6 3 s %
B 200 pL 25004 T M1 53R I, 28 °C
FiR 14 d, IEBURE A RK RN ETETE 1SP2 °F
M bR ARAT TR, TR IR 22 1A 4R
FEKIZH DNA 1E AR, H1514) 27F A1 1492R 4
4 16S rRNA FE[A], 38 3o BB W H Kk 43 25 R el i
1.6 kb ) PCR Fr BOIFilE Tl 7, J 84 A fE 23k
P 2 Ezbiocloud 43 #7 K5 T & BB R AR LI
1.3 TifEtE

DL LHW3101 FFEFEH4] DNA MR PCR
18 R A, 5140 L-surA-S 1 L-surA-A §”
HAFRAS 1657 bp £, F5 (%) R-surA-S Fll R-surA-A
P HG3RAT 1638 bp £ o LUBURL pIB139 At ,
PCR 4" 34 4 5 4L R 3 31 F ermEp 4 212 bp J7
B, 51%°8 ermP-sur-S 1 ermP-sur-A., [ EcoR 1
A1 Hind 11 XYUEFY Bk pYHT Ji, 38 32 B AR e e
HLPk [El& 7086 bp A Bt i Gibson DNA
assembly AL | 4 DR BE OB A
4: 5 uL U-Clone Master Mix., 5 uL DNA F Bt (12
F8529 50 pg #k v B, MG A BE 100-200 pg)
50 °C JZJvi 60 min, W E5HFHL S pL b i
1R EE N E. coli DH10B, J# 14 7% PCR 5|
¥ surBC-2S Fl surBC-2A fifi sk H bRk pRI26 [
8
1.4 FEFEBR ARG E

ek kL pRI26 ML EE AL S A E. coli
ET12567/pUZ8002 k4% FRCEIE AR IR
FR RIS G TR A% 1/100 (Vv
LB HiFe%E, 3% 34 h J5H 1.5 mL HRE.O
(6000 r/min, 30 s)CHE A, ) FHEIEAE LR
T LB SR BR R IR A 3 I, RS R A R
T 150 pL LB 35373 . AP AR P RS 25 70

http://journals.im.ac.cn/actamicrocn
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LHW3101 FJFREVERD TSBY #59RdE, 30 °C.
220 r/min 5% 36 h JFEL 1 mL LD
(10000 r/min, 1 min)CEERMA, F LB 3R 50E%K
PR 2 R HEFMAGEIFE T 150 L LB K533
ORI T B A2 DR A RRTR RS UR AT AE. SFM -
#2(10 mmol/L Mg*), 30 °C }5% 12 h J5 1 mL #t
A FIRIB W T AR, CRUEKIR T 5 PR AE 2k
J£°4 10 pg/mL apramycin Fl 25 pg/mL Z3WERRRR . 78
T AR T 30 °C 1555 4 d ST UL Apr® HAERTE
PREL Apr® PATE 45 SFM “F-4(10 ug/mL apramycin)
PETPLPER IR, BT IR B PR YA AE SFM AR
R 3K, SRS IR R R R RS TR
ATE SFM ~F-Az, 30 °C 555 3 d JE BRI TR 75 i vk
Apr® Fitk, $REULNZ DNA /58 PCR Kz, 5l
¥ surBC-2S 1 surBC-2A i Ao ARk LA K 5|
Y%t ermP-sur-S Fl ermP-sur-A TiiiE A 225 bk,
I PCR A TIPS 28 bk
1.5 BT KBRS YR

AN I S A S A A SEM -k
AR VAR E] 10 mL TSBY #53:5L, 1 100 mL
P =AM, 30°C, 220 r/min 577 36 h, B 1 mL
FRVRAE AT RIS R B 2 do B 0.6 mL & B
F 1.5 mL B4, A 0.6 mL ZFRZBE, finit
40 °C 3f 1000 r/min #%3% 30 min, ZXHUK 14000 r/min
B0 2 min, WEEAHUMTF 1.5 mL B0, FLRL
eS¢, A 400 pL FRES AT, 48 14000 r/min
B0 5 min J5 LC-MS Z3#7, AR 20 ul.

KRR S T S A G R /N AR
TR Fd% 10% (V)% 150 mL TSBY 1%
55, 1 500 mL 53 = MR AR A] 254 T 35 9% 28 h
JEAF B R, P[RR RS 2 L sRak
=S, A 500 mL TSBY K595, [RIRESAT:

actamicro@im.ac.cn

RWES do KRBT SFIATN C R CRAEH 3 K,
U i 28 A6 IO e W B R B o
1.6 4LE% Surugamides {434 B Flifk

16 g 2B LB 15+ Sephadex LH-20
PEATRIE IR, VR I R . LC-MS J3 b iR
B HARER 3, X HARER 73 Bk AT o FRVOR fa3 4
%, ODS {ikE(15 um, 100 A, 20 g), HIEERREE
VEWL 4. 0-30 min (60%—80%), 30-60 min
(80%), 60—90 min (80%—100%), i## 10 mL/min.
LC-MS ZrHrif s HArti s, Xk B AR o i
£ A4 HPLC e 2 4tk , BRI 7 206 : 7K (0.1%
FHR)=43 .57, taii41 >} Phenomenex Venus Prep Cig

(5 um, 250 mmx10 mm), ¥## 3 mL/min,
1.7 LC-MS K NMR 45t

WM HPLC #5518 A #H7K(0.1%H
i2), B HINZE(MeCN); MeCN BEMGEREE N 0-
17 min (30%—69.7%), 17.0-17.1 min (69.7%—
100%), 17.1-21.0 min (100%), 21.0-21.1 min (100%—
30%), 21.1-26.0 min (30%); ¥k 0.7 mL/min; £
MK 190 nm—400 nm; A 25 °C, RGN
Waters Xbridge Cjs (5 um, 250 mmx4.6 mm), {43
TS N Waters ACQUITY QDa, 1F 8 1.
UPLC ¥ 2148 MeCN F1 0.1%FF B/K I8, e
B 9 0-0.2 min (5% MeCN), 0.2-5.0 min (100%
MeCN), 5-7 min (100% MeCN), 7.0-7.1 min (5%
MeCN), 7.1-9.0 min (5% MeCN), % : Ny
Acquity UPLC BEH C5 (1.7 pm, 2.1 mmx50 mm).
ESI-Q-TOF & 23 #EBi Ak HIE 88X, #%
B PR 7E Bruker Avance 11 600 MHz #% tf H4RAY
FoREE, ERERE AL ) DMSO-d6.

1.8 EEAW P RAEYE B 2=

WIS DNA SRR & (R4
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BURAEALFEAS DNA, FI HTH A oK AR A DNA B
LTI, @t R i Rk, 8 200
350 bp ) DNA SC/E F Bz, i Aglient 2100 R%¢
XFSCPEHEAT R, ARJE EALINE . MEE&
llumina Hiseq Xten, W3 77 72 Wil /¥, e ¢
PR R T 4G [ JF IR FASTQ $id% . il ad FASTQC
AT BE i #%, Trimmomatic 2% BR 4%k i it 22
BRI , P R 1 BE K F 40 bp (9741, 1 Fl SPAdes
3.6 AT IEIN AL de novo PHE, #K1F scaffold
Fr BURER T 200 kb FI#F Prokka AT 5E [N 13
A ORE . ) FE 26 Ik 55 A% Ezbiocloud
(https://www. ezbiocloud.net/dashboard)Z;#1 16S
rRNA FF41, il ik A ™ ) A 06 LBk A
i wio Mouh antiSMASH  (http://antismash.
secondarymetabolites.org/) il & & 2H vk 4= A 15 7
WA R R A% L 8 2t NRPS-PKS 7E£k 43-#7
vl (http://www.nii.res. in/nrps-pks.html)73#T NRPS
KE ML EEIRM AL . Surugamides A&
JHER % DNA JF 41 2 $248 GenBank ¥ /%, ¢
51 45 MH070261 .

2 ERFAM

2.1 MNEHEDLSEIRES. albidoflavus LHW3101
¥RATEEEBKYXSHE B IES

surk

orfl

(Dactylospongia elegans) ¥y A 2 IR BS B 6 B 5
URARRE IR 10-30 d, FLFRATFIHL B A K R A
W 32 A i ELR 5 4% Ezbiocloud X 16S
rRNA PP AEAT i, KRB — PR S
S. albidoflavus DSM 40455T AL EE A3 100%1,
4% RN S, albidoflavus LHW3101, LC-MS
SrHT LHW3101 BRAR & 171 i & BRI A A
PPN EE B DR T T S AR
S 20 91 22 R WA 8.2 o0 M A RS R T R O e R
T 5/~ NRPS 2 RIBLH %
2.2 JAERBEIAZRL Surugamides A¥) & REREE
vagiil

¥ LHW3101 5:[K 2074134 58 AntiSMASH ¥4
JEHEATHEXE AT, RI—A 7 18 KBSk
BEHR R A NRPS JE[AI%E, LK% 5ok T
S. albus 11074 1 Surugamides(sgm):E 4] & B A %
JUTSEAAER], 2 ANJEEFRES AL /N oE A
6], 447 2 4~ NRPS SEEAELERUINZE R (99% AR
FOE 1, 3R D)o AT R sgm 5L N A4
2 4~ NRPS W& iagkts, #EMG 3R/ Kb &9
sem A AEYIE AR surd F surD, TERATE
iX 2 AL Z A surB F surC S K AT RE 6 STHER
IS sgm F 944G, B NRPS 4
Y65 Bk BRI B B A AN FE G Lh BE 3K

orf3
orf2

surk
OW surAd >| surB >|

surC > surD ><n

1. $ZEHE LHW3101 #0 J1074 5k AY Surugamides 4 44 p & E & 4 1E [

Figure 1.
albidoflavus LHW3101 and S. albus J1074.

The same gene organizations are found for the Surugamides gene clusters derived respectively from S.

http://journals.im.ac.cn/actamicrocn
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# 1. $5EE LHW3101 1 J1074 KR Surugamides B F 7% & F 5 LR 247
Table 1. The protein similarity analysis of Surugamides biosynthetic gene clusters derived respectively from S.
albidoflavus LHW3101 and S. albus J1074

ORF name aa (LHW3101 or J1074) Identity/% Predicted function

SurR 138 100 Gent family DNA-binging transcriptional regulator

ORF1 368 100 Membrane protein

SurE 451 100 Beta-lactmase

SurA 5726 99 NRPS (A-T, C-A-T-E, C-A-T-E, C-A-T)

SurB 4256 100 NRPS (A-T, C-A-T-E, C-A-T, C-A-T)

SurC 7691 100 NRPS (C-A-T, C-A-T-E, C-A-T, C-A-T-E, C-A-T, C-A-T-E)
SurD 4114 99 NRPS (C-A-T, C-A-T-E, C-A-T-E)

ORF2 452 99 Drug resistance transporter

ORF3 203 100 TetR family transporter regulator

Al et T sgm F A4 00 NRPS 511 SurB 3 MR CE — S F/NEPELE) 1 MR ARCE
A1 SurC N4 10 DMEILFR(F 2-A), 55 1 M0 =) 2 NNRARRCGH-LALIE ) L K
RAIRGEIA Y 2 M ERRCE— ML MRSy . T8 4 DM p-E IR 3-amino-2

(A)

1 E— TR BT D

H 0 H
Surugamide F NHZO

2. Surugamide F(A)#A Surugamide AB)EH SR EREREEMERIREHS
Figure 2. The gene clusters and proposed biosynthetic pathways for surugamide F (A) and surugamide A (B).

actamicro@im.ac.cn
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(B)

[T 5 )

SurA

s T

SurD

3{2909,0000,

o 0 H,N
VO :3— V O\

HN

V :3— HNZS_O@N ?H@g& H:&Y :

—>_2:

NH, HN

O
\/go O

;N\Hii "ty

(R)-methylpropionic acid(AMPA). % NRPS %&fif £k
T 4 > 2Z 0] AL B (epimerase,  E)ZREI 37l
BT —. T, CRJUEMEE, 75k LAY
FIEIR N D-FUE IR . M ARAE sgm JE R 753 FAb
R F| T HE 15T AMPA A= 415 RASE A

AEfTT sgm A A5 Y NRPS 21 SurA
A1 SurD Nk 8 NEKLFR(K 2-B), SurA 35—~
EARTTHRAN 4 D EEApRIER, ZHEH A %Hﬁﬁﬁﬁﬂﬁﬂﬁ
FIPRUK N IR . R . R iR 7
IR . WL ; SurD 7 3 AME(hREe, A Hfigik
SIHIMESF AR . RN AR F—. =
PN SE AT A B 1) 25 1) SR B DT RN 122 1
Tt sgm A FRRRSFXE0 2R Y D RURAAH A A= L

.El

O H,N 0
‘>_2;H H=$_<7(HC)4‘2=
O -

(H,C), NH

NH HN (O :
picl Vel
N HN :

o 0% e
D S S

NH, HN L
o

NH,

Surugamide A

[ 2.

HTLLEXT S, albidoflavus LHW3101 SEEAE
AR Z K Surugamides A= 16 L R 37 ) A= 015 L
FNT, FORIZE EA A" sgm A Fil sgm F AT,
2.3 LAY Surugamides {4325 A b g5 M) K €

X S. albidoflavus LHW3101 1 S. albus 11074
() R B 7 W) TR O TR 2 B AT T 1 43 PR o
UPLC-ESI-QTOF 74Xy ko, KP4 1%4*%
sgm A Fl sgm F X435 25U
[M+H]"=912.6277(15.MH 912.6281, RZEMH
0.4 mg/L); [M+H]'=1056.6486(11 .14
1056.6452, #2:(H 3.2 mg/L)(E 3, K 4)., Nik—
AHAIE LHW3101 K EE WY sgm A A6E I

g5k, XFIHEATT 36 LA KEE. H MR OERZE

sgm A,

sgm F,

http://journals.im.ac.cn/actamicrocn
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(A) sgmA
miz: 912.62 _ 912.6277

100 913.6304
] (914.6346
LHW3101 L LIWs1o1
910 915 920
mlz
100 - 912.6298
913.6323
J1074 i |914.6351 11074
* |

%

(=}

%

200 250 3.00 350 400 450 0 PSP ——
t/min mlz
(B) sgmF
m/z: 1056.64 ) 1056.6486
P 1090 100 1057.6505
<f 1058.6526
o LT Cawsiol
LHW3101 1050 1055 1060 1065

1056.6482, "
JL\A\N 100p 10566482y 57 6503
11074 o 10358.6543
|l 11074

ob—u .
2.00 2.50 3.00 3.50 4.00 4.50 1050 1055 1060 1065

t/min mlz

3. BEERE-THRAT-%ITR E R (UPLC-Q-TOF-MS) £ H i A S B & LHW3101 £ J1074 & BERERY R AY
&4 sgm A(A)F1 sgm F(B)

Figure 3. UPLC-Q-TOF-MS analysis of the sgm A (A) and sgm F (B) in the fermentation extract of strain
LHW3101 and J1074. The left part is the extracted molecular ion peak and the right one is the mass signal of target
molecular ion.

H,N

sgm F

4. sgm A F1 sgm F B Z L E

Figure 4. The chemical structure of sgm A and sgm F.
WORBEW G 3T 16 ¢ B, S8R A% HPLC 7 BikMH sgm A LG 9.7 mg. XHEEY)
Sephadex HP-20 4} Bif38] A-E 5 M4y, A sgm A#ATT "C NMR G347, @i xd o SChkaiE
AR &Y B i85 FAEh O ODS il &4, B fb =i 7 A i T IGR 2). i
it LC-MS R4S HbRiE 7y, il &8 F sgm F 7 ARG AR IR A5 2 08 1) 1k & Wy kA7

actamicro@im.ac.cn
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NMR W32, {H S 7 B i A AU 2 2455
2.4 TN sgm A fll sgm F A Y6 AR A

R T HINEE R T sgm LR TR surB
surC FERLGA T sgm F A4 A0 sgm A TG
X, WET HTEEIENE surB M surC 1R E
AL M ZRAAR pRI26, [ B 7RI [ P A H i v i) 2hé
BT HBAGRIE ST ermEp”, (HA3HL% surB il
surC W [RIHPE surD 5 R ) ERE T TE 5 | SRS 3+
ermEp" (I 5-A). 381 WOEHE ARSI pRI26 A
i T LHW3101 Ji5 i 156 [7] 9 52 20 DU S Ak

514 surBC-2S il surBC-2A Wik & AF R EF T
PCR #fi Bk , ;ASHe 2825 #k PCR HAR=# 4 1122 bp
(Kl 5-B 75), AR PCR H bR =W 3he K
39 kb FrRATCERY R Y, WA A S
ermp-sur-A Fl ermp-sur-S JE—H K E ermEp £ 5]
A surD FEHTFT, HE=¥0 212 bp (K 5-B F),

Zob i AfIA B X 5 [ R E 2 B VR PCR 774,

RAHAF TR RI9,LC-MS 4387 RI9 WA K22
R L BRZE B K B &) sgm F ANFE=4:, T sgm
A B R B A R 24 2 AR OKF (B 5-C)

* 2. S3CHEREITHIA sgm A B9 NMR #1538 (£ DMSO-d6 A7 )
Table 2. NMR assignments for sgm A analyzed in DMSO-d6 by comparing with the published data
Experiment!'"! Experiment!'"!
Residue Position 5 5 Residue Position 5 5
Tlel 1 ND 172.1 Phe 22 171.3 171.5
2 57.8 57.8 23 54.8 55.0
3 34.8 353 24 36.4 36.8
3 14.7 14.8 25 138.1 138.0
4 24.5 24.7 26, 30 129.0 129.3
5 11.5 11.9 27,29 128.1 128.4
Ile2 6 171.0 ND 28 126.3 126.6
7 57.0 57.0 Leu 31 172.9 172.9
8 359 36.3 32 52.7 52.7
8’ 14.5 14.8 33 ND 40.4
9 25.7 26.0 34 24.4 24.6
10 11.4 11.9 35 21.3 21.7
Lys 11 35’ 23.2 23.5
12 51.7 52.1 le4 36 169.8 169.8
13 314 31.7 37 57.6 57.7
14 22.1 223 38 35.8 36.1
15 29.1 28.2 38’ 15.2 15.4
16 38.8 39.7 39 23.9 24.2
Tle3 17 171.1 ND 40 10.6 ND
18 58.2 58.2 Ala 41 172.6 172.8
19 354 359 42 48.1 48.2
19’ 15.0 15.0 43 18.9 19.2
20 25.0 25.1

21 11.1 11.4
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Figure 5.

Construction and LC-MS analysis of the surB-C replacement mutant RJ9. A: Replacement of surB-surC

genes fragment with a constitutive strong promter ermEp* just before the open reading frame of surD by
homologous recombination; B: PCR confirmation of mutant RJ9. The PCR product of either positive control (PC)
or RJ9 is 1122 bp for primer surBC-2S and surBC-2A (left gel) and 212 bp for primer ermP-sur-S and ermP-sur-A
(right gel); C: LC-MS analysis of the fermentation extract of RJ9 and LHW3101. The ion peaks corresponding to

sgmF and sgm A are labeled.
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Elucidation of an intercalation structure of the gene cluster for
nonribosomal peptide Surugamides biosynthesis
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* Department of Pharmacy, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai 200127, China
* College of Pharmacy, Jinan University, Guangzhou 510632, Guangdong Province, China

Abstract: [Objective] The Surugamides (sgm) biosynthetic gene cluster has been reported to contain four NRPS
genes surA—D which give two unrelated NRPS pathways. It was experimentally confirmed that sur4 and surB were
essential for Surugamide A and Surugamide F production respectively. However, the functions of surC and surD
genes are not verified with experimental evidence. This work is designed to confirm if sur4 and surD genes are
responsible for Surugamide A biosynthesis so as to pave the way to either genetically engineering of Surugamides
biosynthetic pathways or study the recognition mechanism of their NRPS proteins. [Methods] The Actinomycetes
isolated from marine sponge were identified by analyzing their 16S rRNA gene sequences. The natural product
biosynthetic gene clusters were analyzed by submitting genomic sequences to the online database antiSMASH. The
chemical structures of isolated compounds were elucidated by UPLC-Q-TOF-MS and *C NMR. To generate the
mutation of gene deletion and replacement, a plasmid was constructed with two fragments used for target
homologous recombination. The plasmid was then transformed into the target strain for screening of
double-crossover mutants. [Results] We discovered Surugamides gene cluster from the genome of Streptomyces
albidoflavus LHW3101 isolated from marine sponge Dactylospongia elegans. The compound Surugamide A and
Surugamide F were then identified from the fermentation extract of the strain. The surB and surC gene in
Surugamides gene cluster were replaced with a constitutive and strong promoter ermEp”, which was located just
before the transcription frame of surD gene. The resulted mutant RJ9 lost the production of Surugamide F but kept
on producing Surugamide A with around two-fold yield of the wide type strain. [Conclusion] Gene surB and surC
are verified to be not related to sgm A production. It is reported that sur4 is essential for Surugamide A production.
And a remarkable yield improvement for Surugamide A was achieved after introducing a strong promoter before
the open reading frame of surD in this work. Therefore we concluded that surdA and surD take charge of the

biosynthesis of Surugamide A.

Keywords: microbial natural products, nonribosomal peptide synthase, biosynthetic gene cluster

(KXot éh: FKREET)

Supported by the National Natural Science Foundation of China (31670096, 31628001, 31600014)
"Corresponding author. Tel/Fax: +86-21-68383339; E-mail: franklin67@126.com
Received: 23 January 2018; Revised: 1 April 2018; Published online: 20 April 2018

actamicro@im.ac.cn



