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Optimizition of synthetic medium for erythromycin A production by high-
throughput screening technology

Liao Jian-guo, Hong Ming and Chu Ju
(The State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai 200237)

Abstract Objective To design and optimize a synthetic medium for the production of erythromycin A.
Methods Single factor deletion experiments were employed to reduce the components of the medium, then
Plackett-Burman experiment was carried out to optimize the concentration of each component. All experiments
were carried out by a high throughput method. Results  The initial medium consists of 38 component related to
cell growth and secondary metabolism. Two sequential single factor deletion experiments were conducted, and the
number of component was reduced to 19. At last the Plackett-Burman experiment was carried out to optimize the
final concentration of these components. The titer was 13.6 times higher using this optimized recipe than that of using
original medium formula. Conclusion High through-put method is very efficient for synthetic medium optimization.
In this study, we have a deeper understanding of the metabolism of the cell and the process of erythromycin
production, thus it will help us promote the erythromycin A production and lower the costs.
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Saccharopolyspora erythraea E3W L, T 4%
RAKM . W LB RAFH IS ORI B MR AAAE A
SEIG = . K5 /NSEAT E Bacillus pumilus CMCC(B)
632020 1) R AU EMI R A IR AR . H T il
I E 418 R A S0 B
12 ®EHHt
121 PARESHE

TER10g/L, TKFI13g/L, SN/, WREREE
3g/L, Bifl20g/L, mkIRES3g/L, pH=7.0.
122 FFRERAE

TR 40g/L, EEME20g/L, EAbi4g/L, Bk
20g/L, TR A H0.2¢/L, BiFREE0.25¢/L, BRIRES
3g/L, pH=7.0,
123 ad & pl g 208

i PE10g/L, BRERESg/L, WERRE 4M3g/L,
WEIR — S 42g/L, WiREE0.4g/L, FHERTg/L, Mk
£%0.0024g/L, & Ab%50.003g/L, HRlLE70.0024g/L,
W W 260.00036g/L, HHIRHY0.00024g/L, AL
0.0012g/L, fiF&%70.00012g/L .
1.2.4 e B s Rk

EAM0.5%, FHE03%, MRE _410.3%,
HEHE1%, F4890.5%, BE2%, pH=7.0.
125 #mlExRE

FEAM0.5%, FHE03%, WA 810.3%,
HIE 1%, FA850.5%, pH=7.0.
1.3 57
131 FHER

V43 AR T ] (1~ B s 7R (RO AR R, B
R TS0uL, Yo Am e PR . %5
TE34°C oA N i FR4~6d.
132 AT R

ME A KAF T2 — KN N Tem?
(1) 77 BB P 2 2 S0mLAh 1 4% 75 £ 1 500m L% il
i1, fE34°C, 220r/minZkf T 55 5548h.
133 483Uk B 5

N T B A RO TR () T R, AR TR
ARFLBCHAT FE R B e, P ALK dem, B K%E
WENSmL. KR IR I BRI A T 4% A SmL B
O, E4000r/minZk N &0 5min, FEBR 2 HIE
o 35 H30mL 0.9%NaC A W e A3k 15k
SEHE, FHSOmLEB F/KESE M. BUH A K77
££0.9mL I A 2480, FEHHFAEIRELO. ImLFh -1
BB Z . SRIGE34°C, 220r/mindkfF R 1597
120h.
1.3.4 SLEEXER

FH0.9% 1) 70 B A0 BNV T A P B R B R U
FERROY e Pl B b o 7 I I R o i A 5 A el
R FE R IR S AEA0% LA, TR A R 4 AT AR
B SRR AT R B pHAE 7.0 4, RIBERE34°C.



R EH A e 201841 H 435511

.53.

14 FHRENZALERZAKREL

N T RS, AL R —FE s R
BRAG I B RANKE . HAFEHAEFHALERA
P I B A K BRI SR S 21 R R AR Y, ey
HIE A B RARER LW ENFTR.

(1) BB HE Vo 5 ER A RO RS DU 7 (/N 2 AT 1R )
FH AT 28 P 281 20 A ko U g I 4 355 7% 6 1) 6 - i
1E37C 5 A T R 755~6d.

Q) BIE S FH0.9% S AL VA UK 46 /N 2
FEBE M PR YE N o & Wk, 3 B B VR AES80nm
PR T IO CEAE L0 A o TR 5% e Pl B A6 I 7

R B AR VR N BRI B RS B SRR R B A R A
MIHEIFRIE N4, B E225uL .

()R d st H2SULAG—E B R RE HORE s, T8I
BRI G AR SRR, £E37°C, 1500/ minZk fF T
BATHR . A AR $10.6 /£ 41(5.5~6.5h), B
HH 48P B (SR 25 it 0.4 3 1

DU FAERARE: LA NN, L
log (4155 2 AR ) AR AR RO b vpE 2 o AR A
(R A o B RBR HE B 26 1155 203 B AR L, AR HAE i
2 Y=-0.5694X+0.3666, R*=0.9934(}hyiik4,, 1
B, XACFR LU0 IR 55 3 L X S »

W R f
lzspLﬁn“niJu)\sz}Lffﬁ

I3 BT R 48 LR

l RHREEAM |IE|'1A580:0.6

il 28 S 0 T AU T B SRR 5 7
N I
1
oo — ] 1
e :

Wb A,

|
ﬁ/

log(Fry)
MR b I 28 T AL B R AWRSE

W% B 200 L AG I 75 25 WA AR

B il E s RIRAR R S
Fig.1 The high through-put determiantion method for erythromycin A
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MR 2 U0 B[R 2R R O S0, B A E T R R A
WEIINE TRV, 435X 19 M i 4T PB L 36 %
ih, BOE R KK 191,254, BHSREES

W, BEANFEMIE3R. B E. wmIGAZK TR ZE L
#1. Plackett-Burman 3246 ¥ tH iR 2w, Hp

&1 Plackett-Burmani& it K 17K F A 4wt

Tab.1 Levels of each component in Plackett-Burman design

Bl SN mKFA(gL)  ARIKFA(g/L)
F1 % 21.875 17.5
F2 R 8.75 7
F3 TR — 4 3.75 3
F4 KRR 1.9219 1.5375
F5 HEIR 0.5 0.4
F6 KRR 0.5 0.4
F7 REHR 0.5 0.4
F8 AR 0.5 0.4
F9 AR 0.5 0.4

F10 Fru AR 0.5 0.4

F11 22 7R 0.5 0.4

F12 IR 0.5 0.4

F13 FrRR IR =0 1.25 1

F14 s 0.0094 0.0075

F15 DU TR N 0.0004 0.0003

F16 =&k 0.0075 0.006

F17 A 0.000375 0.0003

FI8 FHmR % 0.000375 0.0003

F19 BRIRES 11.3636 9.0909

%2 Plackett-BurmanS26 %13
Tab.2 Plackett-Burman design

Run  Fl F2 F3 F4 F5 F6 F7 F8 F9

F10 F1l F12 F13 Fl14 FI5 Fl6 F17 FI8 FI9

1 -1 1 -1 -1 -1 -1 1 1 -1
2 1 -1 1 -1 -1 -1 -1 1 1
3 1 -1 1 -1 1 -1 -1 -1 -1
4 1 -1 1 1 -1 -1 1 1 1
5 -1 -1 -1 -1 1 1 -1 1 1
6 -1 1 -1 1 -1 -1 -1 -1 1
7 1 1 -1 -1 1 1 1 1 -1
8 -1 1 1 -1 -1 1 1 1 1
9 1 -1 -1 -1 -1 1 1 -1 1
10 -1 -1 1 1 1 1 -1 1 1
11 -1 -1 1 1 -1 1 1 -1 -1
12 1 -1 -1 1 1 1 1 -1 1
13 1 -1 -1 -1 -1 -1 -1 -1 -1
14 1 1 1 -1 1 -1 1 -1 -1
15 1 1 -1 1 -1 1 -1 -1 -1
16 1 1 1 1 -1 1 -1 1 -1
17 1 1 -1 1 1 1 -1 1 1
18 1 1 1 1 1 1 1 1 1
19 -1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 -101
-1 1 1 1 -1 1 1 1 1 -1
1 1 -1 1 1 1 1 1 1 1
1 -1 1 -1 1 -1 1 -1 -101
-1 -1 1 1 1 1 -1 1 -101
1 -1 1 1 -1 -1 1 1 1 1
1 -1 1 -1 -1 -1 -1 1 1 -1
-1 1 -1 1 -1 -1 -1 -1 1 1
1 -1 -1 1 1 1 1 -1 1 -1
1 1 1 1 1 1 1 -1 1 1
1 1 1 1 1 1 1 1 -1 -1
-1 1 1 1 -1 1 1 1 1 1
-1 1 1 1 1 -1 1 -1 -1 -1
-1 1 1 1 -1 1 1 1 1 1
-1 1 1 1 1 1 1 1 1 1
-1 -1 -1 1 1 1 1 1 1 -1
1 1 -1 1 -1 1 -1 1 1 -1
1 1 1 -1 1 -1 1 -1 -1 -1
1 -1 -1 -1 1 1 -1 1 1 1
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BRI AL B L, AT IRE SR
RASCKH T mnd s M7 T R BN A R R AL
Mo BB TR =R S IR 45 R LER3, F 124000
HIC/C>1, IR L) BT I AT T 2L 8 R AR
Hie HIRBRELR G, BR26MYT. NT
BB B SRR I i, ARSCOUHAT T 2B
2R RS S0, HATUR S TR AR A N 56 1 IR
DRl 2% B 2 07 3k 5 R 2L 4% o BB 2 IR IR F B O sk
I K45 BANRAFT R . B2 IR &R S5 b A 74
HirC/C>1, ZKRUIXLEHPWAN T UAERAN
B, I e o g MR TR R iR 25 &l
R RERR LI G, AR FREF WA IER19
Fhi(FRAHC/C <1 Y.
2.2 Plackett-Burman £ 3 45 &
Plackett-Burman=2i 45 B2~ . i@ iT
Design expert® fF #EAT %45 70, Hai RSP
s FeHistandardized effectsE B 1 48 SHE K /MMLER
A %s Nt AL PNV DN i NS €
TN FE Nz AR, BRI o R FE N 1%
N, WMAFERERKWEHRE M, REH
R, BEER A, REBRMEAE, XA Rk E
BHTHUCORE . RS A GE R, BER,
REER, FMER, AR, IrER=m, i
By, VUBNEREY, SALBRABRERES: IRPE PRI A R
AH, BEER M, LAKERE, AR, FR
HMR, 2%, HAR, TUWFMHEHRE. k&R
FREE A FRIE )y A E22g/L, HAIR0.2g/L,
FEEBR0.8g/L, KXEIR0.8g/L, FMEFR0.6g/L,
SLARMR0.8g/L, FILAMO0.2g/L, “HIR0.2g/L, J5
AIR0.2g/L, WERA —#4g/L, BER & 42g/L,
LK BE1g/L, FrEMR—=41.4g/L, /N/KEIE
0.009g/L, VPUHHERE10.0006g/L, =5 4L8:0.0068g/L,
AL H70.00027g/L, £HEZ#20.00027g/L, pH=7.0.
23 LA REREL RGN ERIERE
FEAH R TR PRE3 AU [R] i L2056 1, AR SCHE
SLGE FR O 7 18 G s IR R O s AR A L 4
% F TR AR TR G s 7R R0 S AR AL & B 7
R B RAT T TS A il
B IEFRIEAE 1200 B R 7 EIA B 1113mg/L, T
WG IREE B R A 81.9mg/L. A AL & K

B IR A B Ll G i TR T B 13,61 .
T34k, AESLREERER B RE T, RIS
By IR T DU 2B s (R (B4 FII, AL IR
SLAE R AR P IR B — ELRR, RR BRI
BV S RERUARAFER T BEA K. KELRES
EX I SE NS v

Tab. 3 The first round of single factor deletion experiments

R 2H 5y WHE(QL) KR C/C,

1 1.00+0.01
FEA 20 2 1.076+0.02
12 17.5 3 0.97+0.03
T 16.262 4 1.18+0.02
R 7 5 0.17+0.04
IR — &4 3 6 0.170.02
Bk R B 1.5375 7 0.17+0.01
R 0.25 8 1.08+0.02
S 2 9 1.01£0.03
WER 0.4 10 0.16+0.04
FE &R 0.4 11 0.86+0.02
REAEHR 0.4 12 0.99::0.04
PR 0.4 13 0.960.02
BEIK 0.4 14 0.74+0.03
HER 0.4 15 0.49+0.02
HER 0.4 16 1.0120.04
TR 0.4 17 0.86+0.03
oo 0.4 18 0.84+0.02
R 0.4 19 0.80+0.03
IR 0.4 20 1.08+0.04
RNEANR 0.4 21 0.1940.02
22 0.4 22 0.79+0.04
2R 0.4 23 0.98+0.02
AR 0.4 24 0.96+0.03
T 2 0.4 25 1.05+0.02
TN 0.4 26 0.85+0.04
FrEgmmm 1 27 0.84+0.02
IR 4 28 0.99+0.03
BEHARR 1 29 1.01=0.04
EDTA 12 30 1.04+0.02
SFALES 0.0075 31 0.14+0.05
S 0.0012 32 1.03+0.02
DU R A 0.0003 33 0.38+0.04
=&k 0.006 34 0.70+0.03
S 0.0003 35 0.80+0.02
FHIR B 0.0003 36 0.99:0.03
R 0.0003 37 1.01£0.04
S 0.003 38 1.01£0.03
BRIRES 9.0909 39 0.96+0.02
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Flores!"S57E & s TR 5L 6 NI ARA B R G
B 72 o SRR 5 B 1 2 B R4EDEBS1. DEBS2A
DEBS3fHFIE, SAMH L &#= =& A A 10pg/mL,
DA 2 F 70 45 Rt Tl Ak OS2I . Caffrey 50 IE &

4 BRFEFHATR

Tab. 4 The second round of single factor deletion experiments

BRI 5 W /(g/L) Rhordt C,/C,

1 1.00+0.02
CiEari 17.5 2 0.26+0.03
A 7 3 0.97+0.02
TR A 3 4 0.91:£0.04
LK IRIR B 1.5375 5 0.370.02
HER 0.4 6 0.93:0.04
KR 0.4 7 0.66+0.03
REAR 0.4 8 0.99+0.04
PR 0.4 9 0.94+0.02
BEIE 0.4 10 1.04+£0.03
HER 0.4 11 1.01£0.03
SEEIR 0.4 12 0.92+0.02
LR 0.4 13 0.77+0.04
W R 0.4 14 1.0240.02
ENER 0.4 15 1.06+0.04
i &R 0.4 16 1.02+0.02
25 R 0.4 17 0.97+0.03
TREIR 0.4 18 0.92:£0.02
SR 0.4 19 1.01£0.03
FrEE R 0.4 20 0.87+0.04
IR 4 21 1.15£0.02
ALk 0.0075 22 0.790.03
DB IR 0.0003 23 0.78+0.02
=&k 0.006 24 0.48+0.03
SR 0.0003 25 0.99+0.04
FHIER 0.0003 26 0.94+0.02
BRI 9.0909 27 0.92+0.03

500

400

300

200

Y1 RAWRE /(ng/mL)

100

0 2 4 6 8 10 12 14 16 18 20
Run

B2 Plackett-BurmansZi 4 5
Fig.2 Results of Plackett-Burman design

25 Plackett-BurmanS25e 45 54 Hfr
Tab. 5 Statistics analysis of Plackett-Burman results

Moy Standardized effects P-value
A bR 21.3102 0.0179
BEERA 4T -83.1703 0.0012
R — A4 -63.9793 0.002
LK IR BE -26.3424 0.0118
AR 33.4905 0.0074
KA 69.4452 0.0017
SRR 43.8033 0.0043
SRR -12.1685 0.0521
27 R -23.1386 0.0153
IR TR -7.0929 0.1336
FrEETR =4 22.8232 0.0157
X&) 37.2465 0.006
IO 17.4922 0.0262
=&k 20.1044 0.0201
S -19.678 0.0209
PR -40.8629 0.005
TRERES 28.1158 0.0104
1200 | . fif .
—_~ + ;I_{Lj% L
2 1000 H
B s
2 s00f -
Ed .
< 600
z .
& 400t "
oy
& 200 .
L} aty 0 i -
0 = N 1 L il i
20 40 60 80 100 120
t/h

B3 Wl G R IR S U A B TR N 2L R R AT BT H
Fig.3 Comparison of normal synthetic medium and optimized
synthetic medium
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