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Optimization and application of chemically defined medium
for *C metabolic flux analysis of Streptomyces rimosus M4018

Long Wang, Hongtu Zhao, Lan Yu, Meijin Guo, Ju Chu, and Siliang Zhang
State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai 200237, China

Abstract: The aim of this study is to develop a synthetic medium suitable for *C metabolic flux analysis (*C-MFA) of
Streptomyces rimosus. The cell growth rate and oxytetracycline production by S. rimosus M4018 were compared when M4018 cells
were growth on the optimized chemically defined media with organic nitrogen sources or inorganic nitrogen sources. First, a
synthetic medium contained KNO; as the main nitrogen source was screened, then optimized by a response surface method. Using
this new medium, the oxytetracycline yield was increased from 75.2 to 145.6 mg/L. Furthermore, based on the '*C-MFA, we
identified that Entner-Doudoroff pathway does not exist in S. rimosus cells cultured in a chemically defined medium with feed of
100% 1-"3C labeled glucose. This study is helpful for subsequent *C-MFA application of S. rimosus.
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WA G IR 5L MR 1%, BERRE K
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0.002%, FRFREE 0.001%, pH 7.1-7.2,
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PR 2 1 A
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B RS 1 A HURDI AT AR S Bk [14], fiTAs
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Fig. 1  Effect of different nitrogen sources on OTC
production and cell growth of S. rimosus M4018. 1:
HCOONH,; 2: CH3;COONHy; 3: NH4CI; 4: (NH4),SOy; 5:
NH4NO;; 6: Ca(NOs),; 7: NH4H,POy; 8: NaNOj; 9: KNO;;
10: tyrosine; 11: threonine; 12: histidine; 13: arginine; 14:
asparagine; 15: urea; 16: proline; 17: alanine; 18: lysine; 19:
glycine; 20: glutamate; 21: aspartate.
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Table 1 Factor levels and efficiency evaluation in
Plackett-Burman design

Factors Level Estimated P

=l 1 value (Prob>F)

X1  Glucose 5.0 15.0 27.543 0.001
X2 KNOs 50 15.0 -11.337 0.012
X3  K;HPO4 1.0 4.0 3.838 0.163
X4  NaCl 4.0 6.0 -8.133 0.030
X5  MgSO4 0.5 2.0 —6.550 0.052
X6 CaCl 0.1 0.5 —2.374 0.338
X7 NH4HPO, 0.1 0.4 0.649 0.776
X8  Trace x4 x1 —2.587 0.304

Trace: 0.04 g/L FeSO47H,0+0.02 g/L ZnSO4 7H,0; xn means
the dilution ratio.
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Table 2 Design and result of Central Composite Design
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Table 3 ANOVA of quadratic polynomial model $CH,0H
P

Source el (Prob>F) [Evp PPP Jep

Model 414145 9 460.16 9593  <0.000 1 ‘cOOH *COOH, [ coon ‘COOH 'COOH]

Lack of fit 35.61 5 712 288 01351 o L COucof [0 + %0 |1

AB 126.61 1 126.61 26.39 0.000 4 Pyru]ate Pyruate Pyrusate Pyruétc )

AC 34.68 1 34.68 7.23 0.022 7 50%(3-""C)pyruate 0% labeled Pyruvate 50% pyruate

e 12598 1 12598  26.26 0.000 4 2 1-°C EAE¥EAE EMP. PPP #1 ED 22 i /E T &Y

Residual 4797 10 4.80 KigiEETE

Pure error 12.36 5 2.47 Fig.2 Metabolism of the carbon atoms of 1-'>C glucose via

Total 418942 19 the EMP, PPP and ED pathways.
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SEL {HAHNAH3, Pyri= Pyrio3—Pyras. MF 4 it
453 Pyr, (9 SFL {50 1.23%, S5PNERRR 19K IR[F]
MREFEE 1L1%IERF BT, BRI A PR AR A — Rk
JEAREE T RIC . BB ARICSL R as BRI, fEfad
BEFE T M4018 HNIEAE ED iB1%.

Fz 4 AIRERIEIRAM SFLE

Table 4  Summed fractional labellings (SFLs) of

pyruvate-derived amino acid fragments
Amino iz Carbon SFL value

acid atoms (%)

Alanine M-15(302) 1,2,3 31.8
Alanine M-57(260) 1,2,3 333
Alanine M-85(232) 2,3 30.5
Alanine M-159(158) 2,3 31.4
Valine M-15(330) 1,2,2,3,3 63.2
Valine M-57(288) 1,2,2,3,3 64.9
Valine M-85(260) 2,2,3,3 62.4
Valine M-159(186) 2,2,3,3 64.0
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