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Effect of genome shuffling on g-poly-L-lysine synthesis and
metabolic flux
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Abstract: [Objective] To explain the reason of the improvement of e-poly-L-lysine (e-PL) in
Streptomyces by genome shuffling (GS) through the analysis of &-PL metabolic flux distribution
between the parent strains and the high yield strain. [Methods] Glucose tolerant Streptomyces sp.
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AS32 and &-PL tolerant Streptomyces albulus F15 were selected as parent strains for GS. Three
rounds of GS were carried out and a higher &-PL producing shuffled strain Streptomyces sp. AF3-44
was obtained. The &-PL synthetic network was constructed by metabolic flux analysis method and the
metabolic fluxes among the above strains were compared. [Results] Shuffled strain, AF3-44, had a
flask yield of 3.1 g/L which was increased by 34% and 29% compared with those of parent strains
AS32 and F15 respectively. The fluxes to the tricarboxylic acid cycle (TCA) were highest in AS32,
whereas and the fluxes to the pentose phosphate pathway (PPP) are highest in F15. AF3-44 had
highest fluxes from oxaloacetic acid to aspartic acid and &-PL synthesis, while it had moderate TCA
and PPP fluxes, where the flux to isocitrate in TCA was 77% and 116% of those in AS32 and F15
respectively, and the flux to ribulose-5-phosphate was 149% and 92% of those in AS32 and F15
respectively. [Conclusion] Genome shuffling led to increase of flux to the precursor lysine and ¢-PL,
and the redistribution of metabolic fluxes in PPP and TCA which contributed to the improvement of
€-PL in the shuffled strain.

Keywords: Genome shuffling, Metabolic flux, Metabolic network, e-poly-L-lysine
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Figure 1 The flow chart of genome shuffling
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F*1 3% GS FEKIFIE
Table 1 Strains screened during three rounds of genome shuffling

Rounds of Concentration of Frequency of shuffled strains with Mean production The highest productivity
shuffling e-PL (/L) higher &-PL productivity (%)* (g/L)® (g/L)
1st round 1 7.27 (8/110) 2.47+0.08 2.56+0.05
2nd round 3 15.45 (19/123) 2.67+0.12 2.84+0.02
3rd round 5 27.69 (18/65) 2.94+0.09 3.4240.03
A FI5 GS / ? FI5  GS e-PL
+

Note: *: Numbers in parentheses mean the number of shuffled strains producing more &-PL than the highest starting strain F15 and the
number of colonies screened, respectively; ®: Mean production shows the mean value of yield of shuffled strains, which can produce more
¢-PL than that of F15; Data represent the mean + standard deviations.

T2 AF3-44 pitERIaEM

Table 2 The stability of shuffled strain AF3-44

P T s ePL (/L) 20% Streptomyces lividans
1 3.10+0.05 [15] [16]
2 3.07+0.02
3 2.95+0.02
4 3.00+0.02 11
5 3.03+0.03
22 RiB=ESH Y-
2.2.1 Streptomyces sp.fX it /48 BIFIIE : e-PL
[17]
[16]
[13-14] . e T e 7m
2.2.2  Streptomyces sp. it LERETEHIE:
(2
(EMP) (PPP) (18]
(TCA) 0
(DAP) AX e d1=0
(1) Xmet
2) NADPH ATP
@) S mxn m
n r
(5) PL (
[19]
)
| Lys+1 ATP=1 &-PL EMP
(6) rl: 1 Gle— 1G6P
11 r8: 1 G6P — 1F6P
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Figure 2 Metabolic network of &-PL synthesis by Streptomyces sp.

(1)G6P  6- (2) RibusP  5- (3)R5P  5- (4)X5P 5- (5)E4P 4-
(6)S7TP 7- (7)F6P  6- (8) GAP 3- (9)3PG  3- (10) Ser (11) PEP
(12) Pyr (13) Leu (14) Ala (15) AcCoA A (16) Ici (17) 0-KG
a- (18) OAA (19) Asp (20) Thr (21) Lys (22)e-PL & (23) NADPH
X

Note: (1) G6P: Glucose-6-phosphate; (2) Ribu5P: Ribulose-5-phosphate; (3) R5P: Ribose-5-phosphate; (4) X5P: Xylulose-5-phosphate; (5)
EA4P: Erythrose-4-phosphate; (6) S7P: Sedoheptulose-7-phosphate; (7) F6P: Fructose-6-phosphate; (8) GAP: Glyceraldehyde-3-phosphate; (9)
3PG: 3-phosphoglycerate; (10) Ser: Serine; (11) PEP: phosphoenol pyruvate; (12) Pyr: Pyruvate; (13) Leu: Leucine; (14) Ala: Alanine; (15)
AcCoA: Acetyl coenzyme A; (16) Ici: Isocitrate; (17) a-KG: a-ketoglutarate; (18) OAA: Oxaloacetate; (19) Asp: Aspartate; (20) Thr:
Threonine; (21) Lys: Lysine; (22) e-PL: e-poly-L-lysine; (23) NADPH: Nicotinamide adenine dinucleotide phosphate; Black arrows
represent carbon fluxes within the central metabolism of Streptomyces sp.; Grey arrows represent carbon fluxes of amino acid synthesis;
Hollow arrows represent carbon fluxes of biomass synthesis; Extracellular substances are included in boxes with solid lines; The subscript ex
indicates extracellular pools of products.
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T4 TEFEAS32, F15 1 AF3-44 (S F=45K B 25 L & K 1§t 7R

Table 4 Variation rate of metabolites and metabolic flux of AS32, F15 and AF3-44

AS32 F15 AF3-44
Extracellular (Mid-log phase 28—36 h) (Mid-log phase 40—48 h) (Mid-log phase 28—36 h)
substance Change in the Metabolic Change in the Metabolic Change in the Metabolic
concentration (g/L) flux concentration (g/L) flux concentration (g/L) flux
Glucose 11.38 100 6.61 100 16.52 100
Serey 2.55x10°° 0.09 0.59x10°° 0.015 0.06x10° 0.00
Leey 8.11x107° 0.29 9.38x10"° 0.194 4.47x10°° 0.04
Ala, 2.03%10° 0.07 18.57x10°° 0.567 1.90x10° 0.02
Thre 2.90x10° 0.11 2.36x10° 0.054 2.64x10° 0.02
LySex 9.12x10°° 0.33 11.58x10° 0215 8.73%x10°° 0.06
e-PL 0.46 4.97 0.31 5.81 1.17 8.71
Biomass 2.60 411 257 6.99 5.55 6.05

X

Note: The subscript ex indicates extracellular pools of products.

xS HFHkAS32, F1570 AF3-44 RifimH 7 (x21) AS32  Fl15
Table 5 Metabolic flux distribution in AS32, F15 and 162% 145% ePL L—Lys
AF3-44
Metabolic Reaction AS32 FI5 AF3-44 TCA
pathway No.
EMP rl 100 100 100 TCA
8 60.94 36.65 41.71 TCA
19 83.12 72.31 74.89
rl0 176.28 160.68  164.84 e-PL ATP TCA
rl2 170.62 151.19 156.66
r13 161.15 132.07 143.09 TCA PPP
PPP 12 38.43 62.27 57.36 NADPH 4B
13 15.47 25.28 23.03
4 22.96 36.99 3433 OAA AS32 (r18)
5 12.11 19.57 18.09 F15 GS AF3-44
r6 12.11 19.57 18.09
17 10.85 17.42 16.23 AS32 F15 T7% 116%
S;EE;Z;"“C 117 6.55 14.15 9.27 3 &
TCA rl6 142.60 103.67 115.72
rl8 133.54 88.56 102.79 GS
r19 133.54 88.56 102.79
120 140.30 93.94 113.95 e-PL
Amino acid rll 0.09 0.01 0 GS GS
synthesis rl4 0.30 0.19 0.04
rl5 0.07 0.57 0.02 AF3-44 F15 PPP
121 5.40 6.08 8.80
122 0.10 0.05 0.02 AS32 TCA
23 5.30 6.02 8.77 «PL «PL
24 0.33 0.21 0.06 GS
ePL 125 4.96 5.81 8.71
synthesis
Biomass 126 4.11 6.99 6.05
synthesis
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Figure 4 Flux distribution of parent strains and shuffled strain at key nodes G6P (A) node and OAA (B)

Note: Hollow arrows represent carbon fluxes of biomass synthesis; Flux values in the central metabolism are included in boxes with solid lines.
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