TR A SR IR Jan. 20, 2021, 48(1): 113-122
Microbiology China DOI: 10.13344/j.microbiol.china.200807

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

R AR BB S R R A B R

KEA' FEZ® BE¥ET KL

1 bR Rt b ARkl SaR 0 R RIFITBe WAL A A Y 2R T 5 N SE e %
e % 071002

2 FREBLEB A IV T A Y SRR T & E R BN S E JbET 100101

B OE. I¥F] 2T 530005 E NRRL113TI By R B ), REZHEARARAEL. &£
RIEFAREERAPR, ¥ARREZNATHR., RERTNHPEALEHRERN T EMNTEARE
KO E e mIER, ARG T RKBERY, REHAEHH®R K0 FEREEZLBE > /RIK, 4976
Bt R AR, LB ) AR @ERL T AIEEHEARRECHATE KI0 WA BIZRA
P, RIFEREEZ WA REAR . [F%] RA R E £ L% . Plackett-Burman X3 . & K
S ARK B Faoty BB iR IR AT RAC A O E & K BEIE A A, 128 Design Expert 8.0 4F 52 3 4548 #t A7 o047 [ 45
RY BARAERS TP HMEREEZFENINZEZREZAMNE. BERRYFBEEE, LRERE
SR 2511, 2.20 42 2.00 g/lL. AT, RieFEEFE53) 1530 mg/L, BRI RET TR
BT 21745, [44)] FRAFTEARELZSTETNIRZVALEH TR KI0 L3R Amy, &
RIFEF NG SRR X4,

XH8i7: A4 E %, Plackett-Burman iXE, IR iKIE, »h M @ik

Bl

Medium optimization with the response surface methodology to
iImprove daptomycin production
ZHANG Haoyue! GUO Zhengyan® LYU Zhitang™ CHEN Yihua™

1 College of Life Sciences, Institute of Life Science and Green Development, Key Laboratory of Microbial Diversity
Research and Application of Hebei Province, Hebei University, Baoding, Hebei 071002, China

2 State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences,
Beijing 100101, China

Abstract: [Background] Daptomycin is an important antibiotic isolated from Streptomyces roseospoous
NRRL 11379 and is clinically used to treat infections. The long fermentation period of the daptomycin
producer restricts its productivity. Hence, a daptomycin heterologous expression strain Streptomyces
coelicolor K10 that can significantly shorten the fermentation period, was constructed in our previous
work. Unfortunately, the very low titer of daptomycin in S. coelicolor K10 hampers its use in further
studies. [Objective] The fermentation medium of S. coelicolor K10 was optimized by response surface
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methodology to improve daptomycin production. [Methods] Plackett-Burman experiment, the steepest
ascent method, and response surface methodology were used to optimize the fermentation medium of
S. coelicolor K10; and the experiment data were analyzed using Design Expert 8.0. [Results] The main
influential factors were dextrin, yeast extract, and casein; and their optimal concentrations were 25.11, 2.20,
and 2.00 g/L, respectively. Under the optimal condition, the production of daptomycin could reach
15.30 mg/L, about 2.17 times higher than that in the original medium. [Conclusion] This study increases
the daptomycin titer of S. coelicolor K10 considerably and provides a reliable basis for the follow-up

studies of daptomycin.

Keywords: daptomycin, Plackett-Burman experiment, the steepest ascent method, response surface
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Table 1 Factors and levels of PB design experiment

[HF- K Level (g/L)

Factor =1 1

A 16.0 24.0
B 16.0 24.0
C 5.0 7.5
D 5.0 7.5
E 1.0 15
P 10.0 15.0
G 6.5 7.5
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Figure 1 Determination of daptomycin standard curve
by HPLC
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Carbon sources
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Figure 2 Effects of different carbon sources on the yield
of daptomycin
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Figure 3 Effects of different nitrogen sources on the
yield of daptomycin
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Trace elements
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Figure 4 Effects of different trace elements on the yield
of daptomycin

3 g LR 2R S 3 el ) e 4 R T A R
16 g/L. ZZFME 16 g/L. EELEEEHU 5 g/, &R
F5g/L. L-KR&MEEM 1 g/L. MOPS 10 g/L., PA'F
PRAL SEBGAE IR SR B LA kAT,
2.3 Plackett-Burman i&it

Plackett-Burman {45 R W3k 2, DIiAH6%E:
F R, mo/L)VE R iR, AR E T Rl 53

% 2 Plackett-Burman i&it3288 45 R
Table 2 Results of Plackett-Burman design experiment

Hr 453 2] 5 F m J H 19 £ o0 — W [\l IH Jr #2 .
Ry=+5.55+1.26A—0.03B—1.06C—2.06D+0.96E—0.27F—
0.28G, PeiE ZE R’=0.932 3, Xf 3 2 $Hi AT
2000, BERNE 3. HEMTEH: HE A,
C. D ¥ (Prob>F {H1fi/NT 0.05), KWL H
A. C. D AR FZ T,
2.4 HRBEMKIRIELEER

M P& Plackett-Burman 5515 3] 19 £ ot —IK
LA, NE A ELBRPHRECNIEME, &
A HLAE B op Ry TR KON, e B E 33 3K 56 7 1
HoSzprMeE; HZE C. D PR RECH 7
{6, FE AR P g 51200, o Bk TE B i 50
T Ug A SRV B o BE T M 08 A 13 4 R
W4, mFR AT, S5 MAEER T ER
B, PRIUE DASEBG 5 M RE 3% 3 B V8 hy i B TR
(R O 1
25 Mok it

CCD SEH IR 5K 5, ik
P+ &5 R 3 6, f#i ] Design Expert 8.0 # 4%t
LR EE VAT R A, A5 F A i O (B LA R
7 R1=—358.02+27.36A+22.02B+3.82C—~0.73AB—
0.15AC+0.75BC—0.51A’-1.19B*-0.51C?, & %
¥ R?=0.965 5,

No. A B c D E F G H J K L R (mg/L)
1 16.00 24.00 750 500  15.00 150 750 -1 -1 -1 1 7.3540.11
2 16.00 16.00 500 750  10.00 150 750 -1 1 1 1 2.50+0.09
3 24.00 24.00 750 500  10.00 100 750 -1 1 1 -1 5.91#0.52
4 24.00 16.00 750 750  15.00 100 650 -1 1 -1 1 3.36+0.10
5 24.00 24.00 500 750  15.00 150 650 -1 -1 1 -1 7.11%0.35
6 24.00 16.00 500 500  15.00 100 750 1 -1 1 1 12.24+0.09
7 16.00 24.00 500 750  15.00 100 750 1 1 -1 -1  3.66%0.37
8 16.00 16.00 750 500  15.00 150 650 1 1 1 -1 5.670.52
9 24.00 24.00 500 500  10.00 150 650 1 1 -1 1 8.63+0.73
10 24.00 16.00 750 750  10.00 150 750 1 -1 -1 1 3.66+0.37
11 16.00 24.00 750 750  10.00 150 750 1 -1 1 1 1.01+0.66
12 16.00 16.00 500 500  10.00 100 650 -1 -1 -1 -1 586£0.28
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% 3 Plackett-Burman it A E 9 %6 CCDXWFItRER
Table 3 Analysis of variance (ANOVA) for Plackett- Table 6 Design and results of CCD design experiment
Burman design experiment No. A © D DAP (mg/L)
] NV =n NV
R S SRS N 1 2200 400 400  9.54:0.25
— +
Factor Low level (-=1) High level (+1) 2 24.00 3.00 3.00 12.12+0.31
A 16.00 24.00 7.93 0.0296
3 24.00 3.00 1.32 11.23+0.64
B 16.00 24.00 0.46 0.9885
4 26.00 4.00 2.00 7.54+0.10
C 5.00 7.500 9.63 0.0497
5 26.00 4.00 4.00 7.08+0.77
D 5.00 7.500 8.26 0.0058
6 22.00 2.00 2.00 8.05+0.62
E 10.00 15.00 1.61 0.0656
7 26.00 2.00 4.00 8.73+£1.01
F 1.00 1.50 0.76  0.5247
8 20.64 3.00 3.00 3.94+0.92
G 6.50 7.50 0.29 0.5005
9 24.00 4.68 3.00 7.53+0.37
10 27.36 3.00 3.00 8.24+0.32
= ML ﬁéﬂ:
%%kfl Eilzi”@j;&ufﬁh*l"“% q 11 22.00 2.00 4.00 5.83+£0.57
Table 4 Results of the steepest ascent design experiment
P gn exp 12 2600 200 200  12.64+0.83
No. A © D DAP (mg/L)
13 24.00 1.32 3.00 9.37+£0.99
1 16.00 5.00 5.00 9.40+0.38
14 24.00 3.00 3.00 12.124+0.31
2 18.00 4.50 4.50 11.53+0.47
15 24.00 3.00 3.00 12.12+0.31
3 20.00 4.00 4.00 13.14+0.23
16 24.00 3.00 4.68 9.52+0.11
4 22.00 3.50 3.50 13.44+0.57
17 24.00 3.00 3.00 12.12+0.31
5 24.00 3.00 3.00 14.09+0.29
18 24.00 3.00 3.00 12.12+0.31
6 26.00 2.50 2.50 10.56+1.48
19 24.00 3.00 3.00 12.12+0.31
20 22.00 4.00 2.00 9.24+0.08

#z5 CCDRITEWHEZESKT

Table 5 Factors and levels of CCD design experiment £7 MFEE GBS ZESH
\z N M
HF 7K Level (g/L)

Table 7 Analysis of variance (ANOVA) for response

Factor 1 681 =il 0 1 1.682 surface second-order polynomial equation
A 20.63 22.00 24.00 26.00 27.36 P33 SEJ5 AN Yo7 F P (Prob>F)
C 1.32 2.00 3.00 4.00 4.68 Source Sum of squares Mean square
D 132 200 3.00 400 468 Model 112.29 12.48 31.11 <0.0001
A 8.16 8.16 20.35 0.0011
B 1.79 1.79 4.46  0.0608
\ % ‘#/ I 4y é:b A o
XF# 6 BT 2508, BRI EK T, H c 6.15 6.15 1534 0.0029
F T A, BORAY P {H<0.000 1, KM HAREMMA AB 16.97 16.97 4230 <0.000 1
AR 2 AR R 2, e, i [ FE N AC 0.75 0.75 187 02013
i T AT Bt R . B 2% R°=0.965 5, ce A LA Ll e
e T o e , . A? 59.03 59.03 147.19 <0.000 1
FEUIRERIA A B . PT(5ERS , T LR B :
IS AR 2 P el B 20.38 20.38 50.80 <0.000 1
e vt e
STRES e A L A c? 3.72 3.72 9.28 00123

[ S5 FH 3-D Surface 22 il i )7 T — 2k i £k
WK 5 Fias, AT BRI DR 1 X w7 i 1 2 g &l BA A IEREE B AL T Hi KR 3 g/l B
R T A B R S AR R I B BRE OIS Z RS B, BRI E RN
P, U B R AR A, WTLAEA TR AR RO R R R i e 5 FRAIK. Bl 5B
SRR LA SR A5 i o 1L 5 195 05 SWRE b F KR 24 /L B R 1 R LR

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



120 (DGR ESTE(

Microbiol. China

DAP yield (mg/L)

25.00 ARl
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< 2007555, 230
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DAP yield (mg/L)

4.00
L 3.50
%-e 3.00 75 00 2600
e, > B0 0
v, 2.00 :
@({) 22.00 Dextrin (g/L)

El5 ZRZEMNERABRFEXREHZMAI=4EE
Figure 5  Surface of mutual-influence for different
factors on the yield of daptomycin

e A WIRE RIS SR O 2 (M 32 BP0 ; B IEERAR I IS
HEZIARZZEZN ; C: ERHRIY RN Z 7] Y532 55200
Notes: A: Mutual-influence for dextrin and casein; B: Mutual-

influence for yeast extract and casein; C: Mutual-influence for
yeast extract and dextrin

WY Z B BEAER], RUAIEERMEREN
FNEEBESR YU B A o Se 3 S R . 1 5C hy
P 2R 1A T L K B 3 g/ L P RDRS R B SR B
ZMPLHEAER, SRRV R ICERMEREN
A RE SR I U FE 1 B2 15 S i s R 41K o

I PR 0 o o7 fe AL, AT 4% Rl 3K 4
AOMMIRE 2511 g/L. EEREH 2.20 g/l E&EEE
2.00 g/L, IAFEREZ AU i (B 13.01 mg/L,
2.6 IIEIRIE

R TG UE M O, AT TS R AT DA
T S B0 B A 114 32 DR 28 1 e L 4 6 B ) il o Sk
TR R EE, A 3R, [FIBT AR AR 97 5 Kk e 4
RAENUTIR, G5 R BRI N B E R ™
ik 15.30+1.23 mg/L, HLALALRETAY 4.8241.95 mg/L
BET 217 5.
3 WikE4®

AR LA R 580 . Plackett-Burman i
B . A S i R e 7 T 1 A A R R
R R K10 ik iCRE R AR AL, 1530/
AR TR T WIS 25.10 g/l A2 27H% 16 g/L
FEREEEELY) 2.20 /L. FEEET 2.00 g/L. L-KATH
& 1 g/L. MOPS 10 g/L, fAb/EEEFRELHIRHE
BRI R EFIRR SRR S T 2.17 f5.

T RN —FIIRIBIRE DA R, X
PR AP P TR T 24 B B B VR ARSCR &
7 B R R A PR (AR R RK
() T I L AT ) 7 A A T R PR 1 AE Tl
B R A A 7 AR sz o e S B R T bR
K5 ORERE P K10 Sl i Xk FE 8 A L M iR
AT 18R o i R B A T R A A ) S T TR AR
FOR B R ARG AR T AR . A8 S50 R AT 1
TRV %o R W 00 S B T K10 1Y R RS SR L EAT T &
GivEtifk, BRFREMES TAEHE R &, &
# 15.30 mo/L, 5 J5hn IR BB 7 A L a4
T 217 %,

HET A EE R R B T AT AR,
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HES T ERRAFEE R m C AR RZ 2 g/l 1Y
A i [ PR R K P B 400 mo/L®, (R
TR W AR R K10 A2 Pk B R Y JE
f, TERR SR BERCE L R TR AP TS gL Ay I
B, RN RIS TFB . N
iR PR AR S E A, LR IR 2 = iR FE
BRI H, A, AL RIENEEHETE
A )2 R g T IR R A B SR I AT
T T3

REFERENCES

[1] Miao V, Coéffet-LeGal MF, Brian P, Brost R, Penn J,
Whiting A, Martin S, Ford R, Parr I, Bouchard M, et al.
Daptomycin biosynthesis in Streptomyces roseosporus:
cloning and analysis of the gene cluster and revision of
peptide stereochemistry[J]. Microbiology, 2005, 151(5):
1507-1523

[2] Robbel L, Marahiel MA. Daptomycin, a bacterial
lipopeptide synthesized by a nonribosomal machinery[J].
The Journal of Biological Chemistry, 2010, 285(36):
27501-27508

[3] Peng XX, Wang SS, Fu C, Hu CH, Liao GJ. Current status
and future perspectives of daptomycin development[J]. Acta
Pharmaceutica Sinica, 2018, 53(6): 839-844 (in Chinese)
SA A, EHFE, ATE, 1B, BEE. HRFIEIKT
AR IRATE RO R[] 2455 A4, 2018, 53(6):
839-844

[4] Liu BN, Shi L, Jiang Q. Advance in cyclo-lipopeptide
antibiotics[J]. Chinese Journal of Antibiotics, 2007, 32(9):
520-524 (in Chinese)

XMBET, fidE, Hib. FIsREI A ROt R[], i
itk £ 243k, 2007, 32(9): 520-524

[5] He MR, Jin ZH, Hu S, Zhang LJ. Optimization of
fermentation medium of daptomycin by response surface
methodology[J]. Chemical Industry and Engineering
Progress, 2012, 31(4): 873-877,937 (in Chinese)
ff2Efli, &M, 9T, sk, man ks s R
KR FRIE[]. AL T HERE, 2012, 31(4): 873-877,937

[6] Grinewald J, Sieber SA, Mahlert C, Linne U, Marahiel MA.
Synthesis and  derivatization ~of daptomycin: a
chemoenzymatic route to acidic lipopeptide antibiotics[J].
Journal of the American Chemical Society, 2004, 126(51):
17025-17031

[71 Hill J, Siedlecki J, Parr 1, Morytko M, Yu X, Zhang YZ,
Silverman J, Controneo N, Laganas V, Li TC, et al.
Synthesis and biological activity of N-acylated ornithine
analogues of daptomycin[J]. Bioorganic & Medicinal
Chemistry Letters, 2003, 13(23): 4187-4191

[8] Lohani CR, Taylor R, Palmer M, Taylor SD. Solid-phase
total synthesis of daptomycin and analogs[J]. Organic
Letters, 2015, 17(3): 748-751

[9] Wang L, Zhao Y, Liu Q, Huang Y, Hu C, Liao G.
Improvement of A21978C production in Streptomyces
roseosporus by reporter-guided rpsL mutation selection[J].
Journal of Applied Microbiology, 2012, 112(6): 1095-1101

[10] Wang JP. Study on screening of daptomycin producing
strains and fermentation conditions[D]. Tianjin: Master’s
Thesis of Tianjin University, 2007 (in Chinese)

T BFEE E WA A KR B4R IESE[D]. R
RKER 22085, 2007

[11] Penn J, Li X, Whiting A, Latif M, Gibson T, Silva CJ, Brian
P, Davies J, Miao V, Wrigley SK, et al. Heterologous
production of daptomycin in Streptomyces lividans[J].
Journal of Industrial Microbiology and Biotechnology, 2006,
33(2): 121-128

[12] Jiang WJ, Zhao XJ, Gabrieli T, Lou CB, Ebenstein Y, Zhu
TF. Cas9-Assisted targeting of chromosome segments
CATCH enables one-step targeted cloning of large gene
clusters[J]. Nature Communications, 2015, 6: 8101

[13] Cui YS, Ren HJ, Wang HW, Zhang YH. Method for
preparing daptomycin by fermentation: CN,
201810058477.3[P]. 2018-07-31 (in Chinese)

R, ALEA, E2M, WM. —Fh R EES 5k ite
KWk W, 201810058477.3[P]. 2018-07-31

[14] Wei W, Ge M, Xia X, Jiang MZ, Jin WX, Jin X, Wu WY.
A21978C high-yielding strain and application thereof: CN,
201810856952.1[P]. 2020-02-11 (in Chinese)

B, iy, B2, HRE, &0, Woe, R
A21978C = B Rk S HL W I, 201810856952.1[P].
2020-02-11

[15] Zhang GC, Lei H, He X, Shan YY. Modern mathematical
statistical methods in optimization of fermentation
medium[J]. Food and Fermentation Industries, 2010, 36(5):
110-113 (in Chinese)

SRR, BRAL, TRR, BERSR. Sk RS IR S
BB sk (0], &b 5 & BTl 2010, 36(5):
110-113

[16] Zhu YS, Chen GS, Wu M, Miao XL, Xu J, Wang M.
Optimization of medium for daptomycin fermentation by
response surface methodology[J]. Chinese Journal of
Pharmaceuticals, 2010, 41(3): 183-186 (in Chinese)
BUERS, BrEM:, %2, 2V, i, 2. BIEHER
S T R R A i 7 T AR 0]+ R 25 Tk 243, 2010,
41(3): 183-186

[17] Yu GH, Yin YL, Zhang Y. Optimization of daptomycin
fermentation medium by response surface methodology[J].
Chemistry & Bioengineering, 2012, 29(10): 40-44 (in
Chinese)

SO, T, TREE. LRI IA T R KRR

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



122

(DGR ESTE(

Microbiol. China

[18]

[19]

[20]

[21]

FERIRISEL]. A 5 A4 TR, 2012, 29(10): 40-44

Kieser T, Bibb MJ, Buttner MJ, Chater KF, Hopwood DA.
Practical Streptomyces Genetics[M]. Norwich: John Innes
Foundation, 2000

Ma TM. Streptomyces roseosporus pleiotropic regulatory
gene whiB4 influences morphogenesis and daptomycin
production[D]. Chongging: Master’s Thesis of Southwest
University, 2014 (in Chinese)

My, BOLAEE R W 2 ROA TR whiB4 XA K
KB HGREHRAEY G B M[D]. T VU m K
TAEALE S, 2014

Duan R, Ye CM, Wu YX, Lu YH, Jing KJ. Screening of
sodium caprate resistance strains for daptomycin production
and medium optimization by response surface
methodology[J]. Journal of Xiamen University (Natural
Science), 2013, 52(4): 531-538 (in Chinese)

B, UFIb%, SEREF, YA, BRI, SSMRENHUIE R
PR IB AR R IR S R L T LA 9], ) RAE 2R
HRBF2# R, 2013, 52(4): 531-538

Fan JH. Study on the breeding of high daptomycin
producing strains  and  fermentation conditions
optimization[D]. Tianjin: Master’s Thesis of Tianjin

[22]

[23]

[24]

University, 2007 (in Chinese)

AR, RICE R R WAL § MR BEAHLL[D]. R
e REERA AL S, 2007

Xie XM, Wang F, Chen JY, Zhang YK, Mao XM, Li YQ.
Advances in daptomycin biosynthesis[J]. Microbiology
China, 2013, 40(10): 1754-1764 (in Chinese)

WS, ER BRR T, T, B, k. K4
BREWA B R [I]. MEY %8, 2013, 40(10):
1754-1764

Yang XL. Optimization of fermentation conditions and
breeding of high producing strain for A21978C[D]. Wuhan:

Master’s Thesis of Huazhong University of Science and
Technology, 2013 (in Chinese)

W 5%, A21978C KA S5 7 Rk L F[D]. R
D AP R R AL 2R 3, 2013

Liu X, Zhou SH, Sun K. Study on response surface
methodology for doxymycin fermentation[J]. Journal of
South-Central University for Nationalities (Natural Science
Edition), 2019, 38(1): 76-80 (in Chinese)

XK, FAARIL, IMRL. IRHTE BRI Z S 1 i £ £
WHSE0]. g RG24 BAARIARR, 2019, 38(1):
76-80

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



