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Medium optimization and biosynthetic gene cluster doubling
enhance xiamenmycin yield
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Abstract: [Objective] To improve xiamenmycin yield from Streptomyces xiamenensis 318 we
optimized fermentation medium and doubled biosynthetic gene cluster. [Methods] Glucose-yeast
extract-maltose medium (GYM) was optimized by a series of single-factor experiments with variation
of carbon source (rhamnose and gluconic acid), nitrogen source (KNQO;), trace element (ScClz) and
A-Factor analogous (y-butyrolactone). Subsequently, the biosynthetic gene cluster xim was doubled by
site-specific integration to obtain a genetic engineering strain S. xiamenensis 318PIs1 and orthogonal

Foundation item: National Natural Science Foundation of China (No. 81473105)

*Corresponding author: Tel: 86-21-34207208; E-mail: xujunn@sjtu.edu.cn

Received: March 11, 2016; Accepted: May 23, 2016; Published online (www.cnki.net): July 19, 2016
=P (No. 81473105)

*BWAEE: Tel 86-21-34207208 E-mail xujunn@sjtu.edu.cn
iEBHA: 2016-03-11; #ZEZHHEI: 2016-05-23; HEEFH AR B #(www.cnkinet): 2016-07-19



681

experiment was applied to optimize the medium. [Results] The single-factor experiments improved
xiamenmycin yield in wild-type strain 318 from 15 mg/L to 20 mg/L. The yield in biosynthetic gene
doubling strain 318PIs] attained to 35 mg/L in GYM and was increased to 76.15 mg/L in the
optimized medium 9# by orthogonal experiment. [Conclusion] This study shows that the medium
optimization combined with biosynthetic gene cluster doubling enhanced xiamenmycin yield and
provides an opportunity for further improvement of high productivity strain.

Keywords: Xiamenmycin, Biosynthesis, Mediums optimization, Gene cluster doubling
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1.5 M (S. xiamenensis 318)
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x1 KARFAAEK. BHIR

Table 1 Strains and plasmids used in this study
/ /

Strains and plasmids Characterization/Applications Source/Reference
S. xiamenensis 318 Xiamenmycin producing strain [6]
E. coli ET12567 (pUZ8002) Apr, Cm, Kana, Donor strain for conjugation [7]
318Plsl xim gene doubling mutant of strain 318 This work
318::pSET152 pSET152 inserting mutant of strain 318 This work
pSET152 Apr, Cloning vector [7]
pLMO09404 Apr, Plasmid for xim gene heterologous expression [5]
Apr Cm Kana

Note: Apr: Apramycin resistance; Cm: Chloramphenicol resistance; Kana: Kanamycin resistance.
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F2 AWMIRFTASIYIIR 1 10 20 mmol/L (2)
Table 2 Primers used in this study 4 8 12 24h 10 mmol/L

Primers Primer sequence (5'—3") A-Factor
Apr-F ATGTCATCAGCGGTGGAGT GYM 4
Apr-R CGGCATCGCATTCTTCGCA Lo(3% 4 3
Pls-att-F GTAAAACGACGGCCAGTGCCAAG ( 3 318PIsl
Pls-att-R ATTTGCCGTTGCCGTTGCGG
Pls-MI3A-F  GTAAAACGACGGCCAGTGCCAA 3
PIs-MI3A-R  GCCTGACGGACGTTACCCAGTA Excel 2007  SPSS 17.0
PIs-MI13E-F  CAGGAAACAGCTATGACATGAT
PIs-MI3E-R  AAGCCGTCAAGGGCGAAAT 1.4 EREFEMEEK 318PIs1 K& X BE K
318::pSET152 By#iE
1.2 FERXFIFLEE pSET152 xim
pLMO09404 E. coli ET12567 (pUZ8002)
OMEGA A-Factor (4- 318
) Pfu
pMDI18-T ( ) (71 2
(Apr) (Cm) Pls-att-F/R ~ Pls-M13A-F/R Pls-M13E-F/R
(Kana) PCR
318::pSET152 318PIsl
EYELA 1.5 ESHREBENAZ
100 mL
3
1.3 EFEMEFEEML 6 mL 3
SFM TSB 10 uL (HPLC)
GYM ol Cig (Agilent Extend-C
318 46 mmx150 mm 5 pm)
(30 (20%—80% ) 1 mL/min 40 °C
37 °C) (180 220 300 r/min) 254 nm
(24 36 48 h) 2% 5% 10%)
7 d &3 318PIsl ikik R BEIE 32 KU E KT
Table 3 Different levels of factors on the liquid-state
G ) 318 fermentation of 318Pls1
KNO;  ScCls Level G(hgl/c]i))se Yeaitg;e]i()tract Mal(t:g ?E;ract 15583
1x10° Pa 20 min 1 4 2 10 1
A-Factor 0.22 um 2 10 4 15 2
) 12h 3 20 10 20 3
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2 ZRE5HM
2.1 EFFHERHKL

500 mL 100 mL
30°C 220r/min 48h
5% ( )
100 mL 30 °C 220 r/min
7d
318 1

22 ihn C RRENE. BEERELIL N R
KNO; X /=& &M

500 mL

GYM C
0.1%—0.4% 3d
7d
2A 2B
C
0.2% 0.4%
1.35 1.29

GYM 0.2%—-1.5%
KNO; N 3d
KNO;
1.5%
2C KNO;
KNOs3 0.2%
1.26 KNO;

2.3 RN B &EITE ScCly K A-Factor {4
(v-T MIER) X = 2= B 5200

Sc® A-Factor (v-
-1
ScCl;  A-Factor
GYM ScCls
1.15-1.26 ScCly
( 3A) A-Factor

( 3B) (12 h)

A-Factor (1 10 20 mmol/L)
4 8 12 24h) 10 mmol/L A-Factor

12h 10 mmol/L
19 mg/L 1.3

E1 318 #FELEREPELAERKT
Figure 1 The growth state of the mycelium in 318 seed culture
40x10.

Note: A—D: The growth state of the mycelium in 12—48 h seed cultivation; Microscope magnification: 40x10.

A-D 12-48h
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Figure 2 The effect of xiamenmycin yield after adding C 5 %
source (L-rhamnose and gluconic acid) and N source (KNOj3) g % 10
to the fermentation medium > 2
8 5¢
> 0
GYM 0.2% Q)\Q,&%’ '\q:o \;&0 \)&;0 ’0“0 QP:Q ’0:0
y &S MW
0.4% 0.2% KNO; 10-100 pmol/L ScCl; & & & & &S
AR SR SRS NN
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A Factor
1.15-1.35
ot i bt 3 /0 ScClL #1 A-Factor MBI 1E &2/
24 EREMEE 318PIs1 BHE Figure 3 The effect of xiamenmycin yield after adding
xim ScCl; and A-Factor to the fermentation medium
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ximE ximD ximC ximB  ximA attB ¢C31

R — - AARARAR

ximA  ximB ximCximD ximE

attP¢C31int #C31

pLMO09404 .
Ace(3)IV
-
P-atff P-attR  P-MI3EF P-MI3ER
ximA-E P-MI3AF P-MI3AR

aunl, —> < #C31 oriT altR¢C31

int?C3L ximd-E Ace3)IV

4 xim EEFEINEER 318PIs1 BIFTE T2
Figure 4 Construction of xim gene cluster doubling mutant 318Pls1

A bp M 1 2 3 B bp M 1 2 3 C bp M 1 2 3
12 000 12 000
10 000 10 000

8 000 8 000
6 000 6 000
5000 5000

4000
3000 4009
2500 2500
2 000 2000
1 500 1500
1000 1 000
750 750

500
500

250
250

5 xim EFEFEINFEE 318PIs1 &9 PCR 11
Figure 5 PCR confirmation analysis of xim gene doubling strain 318Pls1
A attl.  PCR B pLMO09404  xim PCR C pLMO09404  xim
PCR .M 1kbDNAmarker 1 318:pSETI152 PCR 2 318PIsl PCR 3 3I18WT

Note: A: PCR confirmation analysis of integration site attL; B and C: PCR confirmation analysis of the xim gene cluster introduced by
pLMO09404 integration. M: 1 kb DNA marker; 1: The PCR product of mutant 318::pSET152; 2: The PCR product of mutant 318PIsl1; 3:
Negative control of 318 WT.

2.5 EFEMEF 318PIs1 MEIIEEZMTE 318PlIs1 35 mg/L
xim 318PIsl 318 2.4
318::pSET152 GYM Lo(3%) GYM
7d ( 4 5)
6 GYM 318PIsl
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i [] GYM Medium = B mA y
~70r [] 9# Medium
_S 60} 700 |- 318WT
5 —— et = m
8 E 50 600
EE 4!l
g B 500 |- 318::pSET152
EZ30} I W
% 8 400 f
£ 20+
3 300 |
10 -
0 200 | 318PIsl
PP 100 |
NN
"3\% ’5\00 %{O& “§§ ’5\03 ’5\03 M
\00'19\00".‘9 0 1 1 1 T I L
™7 ™7 Strains 125 150 175 200 225 250 min
6 xim BEFEFEMEE K 318PIs1 MEIBE"E
Figure 6 Xiamenmycin yield in xim gene doubling strain 318Pls1
A 318Plsl  GYM 9 B 318Plsl GYM HPLC  (

).
Note: A: Xiamenmycin yield of 318PIsl in GYM medium and 9% medium; B: HPLC profiling of 318PIs1 in GYM medium (The arrow
marked xiamenmycin).

4 LGBHEXRLEBIERESHT

Table 4 Range analysis for orthogonal array design Lo(3%

A B C D
No. Glucose Yeast extract Malt extract KNO; Xiamenmycin concentration (mg/L)
1 1 1 1 3 10.15
2 1 2 2 2 19.35
3 1 3 3 1 18.95
4 2 1 2 3 23.45
5 2 2 1 1 40.48
6 2 3 3 2 35.02
7 3 1 3 2 42.13
8 3 2 1 3 38.90
9 3 3 2 1 76.15
K 48.452 75.723 84.074 135.583
K 98.951 98.740 118.949 96.506
K 157.184 130.123 101.563 72.497
ki 16.151 25.241 28.025 45.194
5 32.984 32913 39.650 32.169
ks 52.395 43.374 33.854 24.166
R 36.244 18.133 11.625 21.029
Primary and secondary factors: A>D>B>C
Optimization levels: A;D;B3C,
K 1 K 2 K; 3 R

Note: K;: The sum of test index which is corresponding to the level one; K>: The sum of test index which is corresponding to the level two;
Kj: The sum of test index which is corresponding to the level three; R: Rang, it can be used to judge the primary and secondary influence of
various factors on the test index.
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K5 LGBHEXRLBBIEAEDH

Table 5 Variance analysis for orthogonal array design Lo(3*)

F P
Source of variation SS DF MS F value Prob>F

Model 9093.481 8 1 136.685 86.925 <0.000 1**
Glucose (g/L) 5921.807 2 2 960.904 226.427 <0.000 1**
Yeast extract (g/L) 145.379 2 72.689 5.559 0.013 0*
Malt extract (g/L) 995.223 2 497.611 38.054 <0.000 1**
KNO; (g/L) 1072.251 2 536.126 40.999 <0.000 1**
Error 235.379 18 13.077
Corrected total 9 328.861 26

* (P<0.05) ** (P<0.01).

Note: *: Statistically significant level variance (P<0.05); **: Statistically extremely significant level variance (P<0.01).

(A)>KNO; (D)> (B)>
©
A3DB;C, 9 (g/L 20 KNOs1
10 15)
( 6 318PIsl
76.15 mg/L (15 mg/L)
5.2
3 Wi
318
(6]
(5.96 Mb)
xim 61.39 kb
[12]
xim 318
pSET152
318 318::pSET152

[5]

[13] 318
318
[14]
5 Gym
KNO3 SCC13
A-Factor 318 318::pSET152  318PlIsl
318PIsl GYM
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