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Abstract: [Background] Xiamenmycin A, which shows significant anti-fibrotic activity and can serve
as a potential medicinal candidate, is a major secondary metabolite of Streptomyces xiamenensis 318.
However, the yield of xiamenmycin A in the wild-type strain is only 14 mg/L. Thus, it is urgent to
improve the production of this compound in the strain. [Objective] Random mutagenesis and resistance
reporter-based selection was used to develop a high xiamenmycin A-producing strain and further
improve the yield of the compound through medium optimization. [Methods] An antibiotic resistance
gene was fused at the 3’ end of the last gene (ximFE) of xiamenmycin A biosynthesis gene cluster, and thus
the expression of the entire gene cluster could be indicated by antibiotic resistance level. After atmospheric
and room temperature plasma (ARTP) treatment, the high-yielding strain was selected as the mutant with
high antibiotic resistance level. The yield of xiamenmycin A in the mutant was further enhanced by medium
optimization. [Results] A neo-labeled strain MT-XN was constructed as a starting strain. After one round of
ARTP mutagenesis, a mutant MA-8 with resistance to 90 mg/L kanamycin and xiamenmycin A yield of
101.7 mg/L was obtained. Moreover, the yield of xiamenmycin A in MA-8 reached 134.2 mg/L with the
medium optimized by response surface methodology, 845.1% higher than that in the wild-type strain.
[Conclusion] Random mutagenesis combined with reporter-based selection can be used to identify high
xiamenmycin A-yielding strain, which lays a foundation for drug development of this compound.

Keywords: xiamenmycin; reporter-based selection system; random mutagenesis; response surface
methodology; anti-fibrosis
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FLAT ORI R BRAZ S 080 i ) i AR 295 7R B
REENT, HITER A PIAgbiEtE 3, 2
&S P defb 25 e e sk
IR A EYE NI % (ximA—-E)Yf & 54
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SEFY U ) U S RS = U TR XimA
TP TR, WA Ay RHR ) ) 22 2
BRI RN S, RIGHZEER A L™
it sk, A A RGRR RN, A
IV 75 TR ™ A 2R AU I A 9K (decursinol) 1
A B B I A 17 3 (lomatin) S AH ) R AR 7114
SIS R T 318 HA KRR TR LR 4, Hk
PEYL @RI 5.96 MO, XA KR, 5
Tt #elE, HA KRR IF w25
YA RS T .

TEE e m AR 318 Wbk, I8
£ AR RAN 14 mg/L, kRS2
R RH 2. F BB BN L e 3 R R
SRR, MERE BRI Bk A&
B DR 2 SR O T E R GE, T X 7 s bk
AT it N T RS E I TER A
B 75, AMESEE I AE xim YA S R % S
B MPrHEHE LA neo, KRG A THEERICHY
H & R MT-XN FEXF R MT-XN BEAT 8 %
1545 B T 1K (atmospheric and room temperature
plasma, ARTP)IEAS, LU 5o H0 14 07 12 K45 &
N

* 1 KW RAERF AL

WEERE

1.1 SLIGwrHt
1.1.1  H#k

W5 A FH 2 B R S TR L3R 1,
1.1.2 EBHEE

SRR IR AL MS [RRE SR AL, LB 5570
GYM [k BRI GYMT R BERE 7R 3 (g/L):
HIANE 15.0, BERHEEUY 10.0, 22 2R 42U 15.0,
pH 7.2-7.3 J5FRHEAE 1x10° Pa 454 K B 30 min;
PrAEZR M 0.2 pm BT EBR T , SRS ORI
FEAP TSI A BB SR
1.1.3  FERTNIE

FR 4 N VI 5 DNA Marker, Thermo 2y
il; DNA &£ PCR FF ) DNA B4,
TaKaRa 2\ Al 5 BURLEEHGRFN &, KA
HFBRAT; ZORBAX Extend-C18 #(4.6 mmx
250 mm, 5 pum), Agilent 23],

fER S 24, Bl — RS R A
Al FEIRFEIR, IR A AR S A R A A
= R W AH 8 3% {X (high performance liquid
chromatography, HPLC), Shimadzu /A F] ; ARTP
WA T R, OB IR RAR AR A B A A .

Table 1  Strains and plasmids used in this study
Strain/Plasmid Relevant properties Source
E. coli

DH5a Host for general DNA manipulation TaKaRa

ET12567/pUZ8002 Donor strain for conjugation between E. coli and Streptomyces, recF dam dem hsdS/pUZ8002  [18]

Streptomyces

S. xiamenensis 318 Wild-type xiamenmycin-producing strain

Axim Wild-type strain with deletion of xim

MT-XN

MA-8

MA-1/2/3/4/5

MA-6/7/9/10/11
Plasmid

pSET152

Axim containing pSET152-xim-neo

Apr, vector for heterologous expression

pSET152-xim-neo pSET152 derivative for expression of xim and neo

High-yield strain obtained by ARTP mutagenesis and selected with 90 mg/L kanamycin
Mutants obtained by ARTP mutagenesis and selected with 70 mg/L kanamycin
Other mutants obtained by ARTP mutagenesis and selected with 90 mg/L kanamycin

[19]
[14]

This study
This study
This study
This study

[20]
This study
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1.2 EEHRSEANEAEK MT-XN B
32

it PCR P 34Kk 5 189 bp 1Y xim FE [
RN E A 795 bp W neo KA, lik— 20 %%
Dol X A R B e B R pSET152 BRI 55,
Xba VEcoR 1, WA @& 7 NFE xim-neo ) E
0 ki pSET152-xim-neo ¥ A E. coli ET12567
(pUZ8002), ¥ Bk L Y55 AT 5 xim FRER A
W TG e, BRAE IS (RER T ERAE
FA Y B ad BT $ir B £ (apramycin) g
i, A5 check-ximE-F #1 check-neo-R
HEAT PCR B3 0F, 15 3 ORI 8 A 1 H & ik
MT-XN. fir 519 W& 2.
1.3 EHRWIERS LB

W TV BERRE T 318 BHATAE PRI 45Rh
T 100 mL ) TSB #F#5350 1, 30 °C. 220 r/min
PG FE 72 h 22 Ah o WEARRIF LA 10% (I FH
SYBORIIEFRIERI R 100 mL (% & B 55 A
GYM1 1, 30°C, 220 r/min X% 7d, &% & 31
PATEEER A .
1.4 ARTP T

B 10 pL 7R E TR E FicE 7
ARTP i S HOR & - FH %R 100 W,
Sl 10 b5 EFE/ 43 %P (standard liter per
minute, SLM), 555 FRIEH O 585 2Z R 1)
FEERE 2 mm. WEBGIETEICY 15, 30, 45,
60, 90, 120, 150 1 180 s, HUIEHIIS A7 T-5

x2 AMRFAASIY
Table 2 Primers used in this study

VR B — 2 WA B AR, DARIB A A1 Xt
M, SR AE KA, MR EUER,

iz FE SO R e PR B FE R A AR B TE] R 60 s,
HAh S50 5 ik —30, K A0 i #7217 ARTP
WA AS SR 5 A T T MS Ak |, 30 °C
IEEME 36 h, FIARKKINE, HHSH
70 mg/L F1 90 mg/L RAPF R B/KIFW, W15
{5 T30 °CHHIRBE A A K R 5,
PRI AR RS TR R I , U 7 R R e it
17 HPLC & #r, XHETTER A 75,
1.5 R~ HPLC 7747

Pl R A Bk BUE &R B
W, IMAERBIREER ST, #7500 W, 40 Hz)
AhEE 0.5 h, BT 4 °Cid®)E, LA 14 000 r/min
B0 15 min, BB #E T HPLC /e, #FHE
A 20 pLs

i ] HPLC Xt & ML e a4, fr
(VA (8,35 FE A Agilent ZORBAX Extend-C18
F(4.6 mmx250 mm, Kifehy 5 um), RN 40 °C,
A R 2 (B)-7K(A), ¥ 0.5%0 = LR
(trifluoroacetic acid, TFA), B FE i , 0 min 25%
B, 5-30 min 25%-90% B, ¥ii# & 1 mL/min,
K3 K 190—-800 nm. i LC Solution T.
VRl -1 T 80 A B Ao
1.6 IBHREBMKE

X GYM1 KB TR T R R AL . %
BESR U RN R B B B AR AR, R A b

Primers Sequence (5'—3")

pET152-xim-F GCCAAGCTTGGGCTGCAGGTCGACTCTAGACACCGTCCAAGACCAGCGGAAACGG
xim-neo-R TCAGCCCGGCGTACGGGTGTACCGG

xim-neo-F CCGGTACACCCGTACGCCGGGCTGATGATTGAACAAGATGGATTGCACGC
pSET152-neo-R ACAGCTATGACATGATTACGAATTCTCAGAAGAACTCGTCAAGAAGGCGA
check-ximE-F ATGGGCCAGACGACGCACAC

check-neo-R TCAGAAGAACTCGTCAAGAA

e BRI T 2R

Note: Restriction endonuclease sites are underlined.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ZEGRIRAE: PUMESE RS R IIE FEI1ER A &7 Hk 4825

wPEEC 10, 15, 20, 25, 30 fl1 35 g/L; #i%
PERZ 2R U & A, R & =
WHEER 5. 10, 15, 20, 25 F1 30 g/L; HijZ%itE
FEREE B & B, 2R R I & 2l
#7510, 15, 20, 25 F1 30 g/L; 4 BiHc ikl
WREH T R IR0 .

GYMI F5FE A A b ks . DA )25
2 A JREY)AMNAE, DR (4) . #
ZEYR U BE (B) | B RE SR U R B (C) % 55
2, FIF Box-Behnken B&if B> 147 = [
K p A A, I R SOk IR 3.

2 HERE504

2.1 REEETHERGRDE

XHE 8 R A YIS MR R xim 4T
T, AR T Y ximE R 3% 5 — AT
21 neo PUPESLIANIE, RIHTIEILN neo Y

...............

...................

2000

1000
750
500
250
100

1 neo tRICE L MT-XN It E

212 810 bp

%= 3 1EFEML Box-Behnken i E = 5K F
Table 3 Factors and levels of Box-Behnken tests
for medium optimization

Item A Glucose B Malt extract C Yeast extract

(g'h) (g'h) (€49)
-1 15 10 5
0 20 15 10
1 25 20 15

H— DT ATG S00T xim JERFEAR i Y
ximE FER 2B TGA HH—1M3E A
(F 1A), R8T neo R AFRMKE T FUiF
ximE WSS, IS xim JERFERG R
HIFEH neo W] LIME A FEN o neo R rbth BT
BRI, I, S ARG 5L W
1R IABEE RYLIEIKE S BA A6 LR L Y
FIRACFIEM G . W) xim-neo K& [H 15
B RNEER T xim BRI Axim TR PR 1 44 44 |
(& 1B), MMifs 2 & wikk MT-XN.

2961 584 bp

Streptomyces
xiamenensis MT-XN
5.96 Mb

o—— xim location in WT
o—— xim-neo location in MT-XN

A: W xim-neo & FEINFE S B K AL N AR5 bk MT-XN

19 PCR ¥:4F; M. DL2000 DNA Marker; A: Axim; XN: MT-XN. B: xim N xim-neo 3R 8 R 5 &

Figure 1 Construction of a neo-labeled strain MT-XN. A: Schematic diagram of fusion of neo following
ximE and confirmation of the integration of xim-neo gene cluster in strain MT-XN. M: DL2000 DNA Marker;
A: Axim; XN: MT-XN. B: Location of xim gene cluster on the chromosome of S. xiamenensis 318 (WT) and
location of xim-neo gene cluster on the chromosome of strain MT-XN.
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22 FEKREEFNSIAXEBEIIER A&~
=R

PR MT-XN 5 87 A4 R bR (WT) ZEAH 7]
REFRAM TSR S50 IR, WAk MT-XN j7 4=
IR A K5 YA R RR AR LG B 2 2
S 2A). JRZEME AR T Rk R Bt
PEVE AT EARIC, B HCE SEE 28 mibk MT-XN Xt
RHREE R AU . 455 WK 2B s, fER

A

Xiamenmycin A production (mg/L)

WT318

MT-XN

2 MT-XN BB =B FEERRFIBEREY

MEZEWEST 3.5 mg/L BIFHEFHR L,
MT-XN FlAxim BRI A GEA K .
2.3 ARTP MEHIFTEEFHEZRMTHF
kSR T

PEFE ARTP XTREMRIEITHZE M. Bk,
W EPE MT-XN (4 2R A7 A RS 1
ARTP 748, 2 HIBOCRIM& (A 3A). K2
BHEI 60 s BTEOOEARIRT] 99%, HEEIZIGS

3.5 mg/L

5.0 mg/L

A: HEk WT 1 MT-XN W 18R A 47K

5 B: wFRAxim I MT-XN 7655 A A HE R IREE R A GYM A B A A K AR 5L
Figure 2 Production and kanamycin resistance of the strain MT-XN. A: The production of xiamenmycin A
in strain WT and MT-XN; B: The growth of strain Axim and MT-XN on the GYM agar plate containing

different concentration of kanamycin. XN: MT-XN.
A

100 -

80 -

60 -

40 b

Lethality rate (%)

20

0 1 I 1 1 I 1
0 30 60 90 120 150 180

Exposure time (s)

E 3 ARTPIFT RS~ HKIHIE
AR RATWERNEITHER A W&

Xiamenmycin A (mg/L)

Kan: 70 mg/L
Il

Kan: 90 mg/LL
120 |

100 + i[
80
60
40 +

20 - H
OJT:L% L L 1 It n L I

%QQ»\\

& ﬁ“&@w&&&'&&yy

A: EFEMT-XN7E ARTP 548 F AUESERIHZE; B: Hkk MT-XN

Figure 3 ARTP mutagenesis and screening of high-yielding mutants. A: The lethality curve of strain
MT-XN treated by ARTP; B: The production of xiamenmycin A produced by strain MT-XN derivatives. Kan:

Kanamycin.
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A 5 AR B 0] TR R MT-XN )96 -2
£ 60 s MRS BT KR 4T ARTP 15748, MG
FIFF oA T, B8 36 h J5, M 70 mg/L
S 90 mg/L MYRIABEE 2RV IR w5 AR TR AR
L N5 G & &% 835 vivg o | N O/ S 7] e TV
T 3 X 7 BE A B 4 58 A8 PR EA TR R & T R
FEPI) HPLC 408, ZBE 11 BRIEE T 18525 A 4
PR KiESEF, 7 yufh 40-100 mg/L
(K 3B), HH, MRIBEZRWKE R 90 mg/L )
SR R AR AR B MA-8 AR ILE 1 EH R A
e, X% 101.7 mg/L (K 3B),
24 BESEAEMUESEIISER AWNTE
£ GYMI Hi - 5krh, m” Wik MA-8 12
TR A P75 6 5% W A A 318 R AR AH
Pt 7 6 A ik — it m i, Xt
GYMI E5FR5EM 3 Fh R BALSY, B ek AT T
R, WE 4A Fin, ERRRREREEY)
5 PRI VR ARSI, 22 2 A P Tk 3
20 g/L B T8 A 7 ik Bl s REEE
TR I B RAY , T LA AR A PR,
E T AR BRI Bl 10 g/L (K] 4B); ik

>
oe]

150 - 150
> S 120 -
g g
< < ol
£ =%
2 2
g g 607
5 5
E £ 30
S S

O.

Glucose concentration (g/L)

4 Eik MA-8 IEREMUBRRRRE

Yeast extract concentration (g/L)

B e o 7 0 W e B RN R R O MR R,
IR W BB 15 g/L (B 4C). 1
Kl 4C 5 o, TR 2R R A 1 A0 Ak 35
FEPE TR A7 RikE] 125.5 mg/L.
FEF R IR R Z AR S5, LI
BIEA) . F R (B) BRI (O R ik
ER AR, HITER A B (Y mRAE,
3 ek ) 1o TR T R A B . S5 5R LR 4.
{8 FH Design-Expert 11 #{}:X} Box-Behnken
S GEAT M 4B, S BT
Y=130.12+4.414+5.48B+14.89C-5.004B+10.384C+
3.35BC-14.954>-11.42B>-33.50C"

W 5 )5 225 MR, B P <0.000 1
T I AUITAS S 2, 0 B A TR ) P S P 4 v
LA R ] UL E R (R 5 IR L E R
(REAq) KB . 7EIRE P, R=0.981 7 £HI NG
1.83% 1) S5 A8 22 Oy AR A, T IR RS R R AR
T 0.9 (R*Aq=0.958 1), Ui HIBIAIYL & FL B 44T
EHIRER /N, BRI R, —KI C, K HI
AC BRI A*, BPHI CCRHENHER A -
SR R (P<0.01), —IRIH 4 Al B X775

C

150 -
120
90
ol®

30

Xiamenmycin A (mg/L)

0 YA VA

Malt extract concentration (g/L)

A HIARR TR R A 7RI ; B: BERHREUIRS

18R AP RN ; C: A BRI 18R A - i

Figure 4 Single factor experiments on medium optimization of strain MA-8. A: Effect of glucose on the
yield of xiamenmycin A of strain MA-8; B: Effect of yeast extract on the yield of xiamenmycin A of strain
MA-8; C: Effect of malt extract on the yield of xiamenmycin A of strain MA-8.
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Z 4 Box-Behnken R RER
Table 4 Design and results of Box-Behnken tests

Run 4 B C Xiamenmycin A (mg/L) ! Run A B C Xiamenmycin A (mg/L)
1 0 0 0 132.0+7.1 10 0 0 0 129.7+5.9

2 1 0 1 115.1£5.1 b1l 1 0 -1 64.945.6

3 -1 1 0 114.748.3 12 0 1 108.146.3

4 0 1 -1 71.3+£3.4 13 0 0 0 131.445.2

5 1 1 0 105.7+6.4 14 0 -1 -1 69.0425

6 -1 -1 0 91825 15 -1 0 77.7£10.0

7 -1 0 -1 69.0+0.4 bo16 0 0 0 124.4+5.1

8 -1 0 102.8+5.6 17 0 -1 1 92.4+4.0

9 0 0 0 133.124.6 ;

&= 5 Box-Behnken EitHIFESHH

Table 5 ANOVA for Box-Behnken design

Source Sum of squares df Mean square F value P value Significance
Model 9491.38 9 1 054.60 41.65 <0.000 1 *k
A 155.76 1 155.76 6.15 0.042 2 *
B 239.81 1 239.81 9.47 0.0179 *
C 1773.10 1 1773.10 70.03 <0.000 1 ok
AB 100.00 1 100.00 3.95 0.087 2

AC 430.56 1 430.56 17.01 0.004 4 *k
BC 44.89 1 44.89 1.77 0.224 7

A? 940.75 1 940.75 37.16 0.000 5 ok
B? 549.36 1 549.36 21.70 0.002 3 ok
c* 4 724.56 1 4 724.56 186.61 <0.000 1 ok
Residual 177.23 7 25.32

Lack of fit 130.28 3 43.43 3.70 0.1193

Pure error 46.95 4 11.74

Cor total 9 668.60 16

C.V.% 4.94

R? 0.9817

R pgi 0.958 1

Note: *: P<0.05; **: P<0.01.
Wi {2 (P<0.05).

DL EEERY, FimERSEINTER A
=N R T R R . B/ S b
RN T 3 MHERZEMZ BN E TR
A PRI . BRI, R AR A
2 HU) R T B B O Y B A MR BE 43l 212
16.1 F1 11.3 g/L, FEIZBEFRAMHT, HITHE A
B R A F) 133.1 mg/L. RIS
THEATT 3 IR, AR E I ER
A W2 K FRENS A E] 134.2 mg/L, 5T

DB H I, UESE TIZEERIX H Ak MA-8 &
SR IL AL A Rt

3 W54 #®

BEHLTS AR B FhOZ 4 & UE Y KSR 1
WL SR A, T ST i R I AL ] — B 32
A E M RCRI BT AE . ARTP i52E/EN
— MR E AT B, @ IR N
B5) B T IRGRE A TR, Baidiug s
BEEHLE, EH L AR, &%
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vs}
@]

Xiamenmycin A (mg/L) o
Xiamenmycin A (mg/L)
Xiamenmycin A (mg/L)

El5 REZEXREFAMNEHRMASENERZATENEMNMNERSFSE A LRI, &
RPN RS AR B ERHRICY) . MAME N R A2 BAR M C: B RRR B AL 2 32 B0 i (A
RALHAEH]

Figure 5 Response surface plots and contour lines of effects of interaction between two factors on
xiamenmycin A production of strain MA-8. A: Effects of interaction between malt extract and glucose; B:
Effects of interaction between yeast extract and glucose; C: Effects of interaction between yeast extract and

malt extract.

G Pl BERTENIFEFMTFRP), B
2N T 2R = i e AR O
R B R R S H e S R il i AR
SR B DR O e R G, 2 I AR R — il
A R i e T BN O ke o s ok v
Aspergillus terreus # lovastatin J= i (32 Ft, i@
T B 48 78 JE B %5 2K (phleomycin) T M ) ble FEIK
55 lovastatin A=) & LR lovF B3 S FAlE
DAVER J5 TR 25 P 4 FHE/R  lovastatin )™
HRFACY, WE, AT RISE RN neo
FE R A s 1 0 i 75 3 PR i e AR R R e
7 natamycin 1) S. gilvosporeus FkE!",

Ji 1) i 5 TR R R IR B R A IR BT AR T
2mg/L, METERNAED A RIEREROE
5 NEEH L B neo HEPR 5 EE R B T WY ximE
FEREG IS, JE B T A RIS S P I
HeF xim SR R SEE K o TR R TR
T T—% ARTP B2, RIRERPilE
KV E R RERPE RS R AW EA T %
MR T BRI, 5 S D R 01l B i ik
RARE FH T HEBR BEMLIF A8 7 A 1 K JO R 5

AP, A ) Ok S v T R AR B bR . (AR TE R
FE, TEEANH BT B AR R R MA-8 Fl
MA-1 %3515 A T 90 mg/L F1 70 mg/L 1 Ff AR
BRI IE . 5L REE MA-1 f5m it
PEAKCE ] LUK R 85 mg/L; Ak, (5 4 s vk Jir
(90 mg/L)RAREE 2 i 1k ) () B ik Hh g 7=
MRETSA, WEE MA-11, DL EZ5REER, 2%
AR T ARBUME AKF3U shR 7R T A A Bk R
FesgoKoF-, (H BARLSWI 7 a 52 m e f
. BRI S 2 O R AL LR A AR

JET T8 E A WA SR AT HE X R
R . AR 2R, X 3 iR HL
SRR RS . CRMRIG ISR A A
R R UIA G . 5 ik i &5
M A A PR EZE RN R, AT
o, BRI ASARAG I R U Rk MA-8, KR AR
B C HEEA T T B DR 2 R i 7 TR AR, 7RO AR
Brge ik, Witk MA-8 Mt — BRI T
32.0%.

FEFTIAE TAEH, DA 155 55 1 7 A 78 318
AR &, Toie R R SRR Y, ek
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ZRAPEN T AdpAs, iFREP, HITER A
PR R AN 76 mg/L o AT B S I ) R
AR 318 Bk TP FORAATE M E B R A
AR bR, B S RS AU
I xim-neo FEMEE, 4457 AR R AR SL 28 S A]
DL [ i A S D TR I . Tk, (GE e —
% ARTP FEHLIFEAE, 5B THurk e 15 55 K B
TR R, AR TEITER A 7B 6
TR AS TR MR . FTDATIINT, R FHIAH ) R w& A 22
W ZRE R RRETTER A 77 KR T
[k 73
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