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Metabolic flux regulation of sodium lactate on astaxanthin
synthesis during Phaffia rhodozyma fermentation
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Abstract: [Objective] To interpret the effect of sodium lactate (a carbohydrate metabolite) on cell
growth and astaxanthin accumlation during Phaffia rhodozyma fermentation, based on the metabolic
regulation mechanism of astaxanthin synthesis. [Methods] The astaxanthin producing strain Phaffia
rhodozyma JIMU-VDL668 was cultured in shake flasks and 7 L bioreactor respectively. The effect of
sodium lactate on the synthetic metabolic flow of astaxanthin was studied with the method of metabolic
flux analysis. [Results] It was found that adding sodium lactate into 7 L bioreactor increased
astaxanthin accumulation significantly, and the production of astaxanthin reached 17.70 mg/L, which
was 26% higher than the production of the control group. The regulation mechanism of sodium lactate
on astaxanthin synthesis was studied by means of metabolic flux analysis, and it was shown that

BEWA: &4 0 8 KL T H (No. 2010N5009); 48 & 45 1 8 B2 3 6 I H (No. 2011701224,
2012J01137); #REA £ UZ = AR IT &£ 55 H (No. 201307140002)

*EWAEE: 09 yanggm@jmu.edu.cn

WS HEE: 2014-07-24; $#EZHEA: 2014-10-28; fHEHF LA B#A(www.cnkinet): 2014-11-03



T MeR: FURREN AL UL R IR IR S 2R A A R A T 20 A 635

sodium lactate could adjust metabolic flux distribution at the nodes of pyruvate and acetyl-CoA.
Lactate was catalyzed by dehydrogenase and directly into later half of the metabolic network. Thus the
flux of acetyl-CoA and the flux down to TCA cycle were significantly increased. [Conclusion] Adding
sodium lactate during fermentation could provide more precursors (acetyl-CoA etc.) and energy, and so

improved astaxanthin synthesis.
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Figure 1 The metabolic reaction network of Phaffia
rhodozyma
TE: G6P: 6-BERRMIZIME; RuSP: S-BRRAAXEWNE; FoP: 6B

JHH; G3P: 3-WEERZHVMEE; PEP: BAMIGEENENER; PYR:

IR ; LAC: FLER; AcCoA: ZIStAfME As OAA: LR
a-KetoG: % —H2; Asta: HFHFE.

Note: G6P: Glucose 6-phosphate; RuSP: 5-Phosphate ribulose; F6P:
Fructose 6-phosphate; G3P: Glyceraldehyde 3-phosphate; PEP:
Phosphoric acid enol pyruvic acid; PYR: Pyruvic acid; LAC: Lactic
acid; AcCoA: Acetyl coenzyme A; OAA: Oxaloacetic acid; a-KetoG:
Ketoglutaric acids; Asta: Astaxanthin.
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Figure 2 HPLC spectra of standard pyruvate
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Figure 3 HPLC spectra of standard lactic acid
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Figure 4 HPLC spectra from fermentation without sodium lactate at 36th hour
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Figure 5 HPLC spectra from fermentation with sodium lactate at 36th hour

*x1 EKE KHRIAE KRR
Table 1 Precursor requirement coefficients for Phaffia rhodozyma
Hif& Precursor G6P RusP  G3P PEP PYR AcCoA a-KetoG OAA
TREL 2.490 0.467 0.437 0.248 0.780 5.764 0.597 0.598

Coefficient f; (mmol/g DCW)
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Table 2 The metabolic flux balance equation of Phaffia rhodozyma

HE R Specific rate W=, Equation
7 Glucose=G6P
2 G6P=F6P
3 F6P=2G3P
4 G3P=PEP
rs PEP=PYR
76 PYR=AcCoA+CO,
r7 G6P=Ru5P+CO,
rg Ru5P=(2/3)F6P+(1/3)G3P
79 LAC=PYR
1o PYR=PYR (43)
71 24 AcCoA=Astaxanthin
T2 OAA+AcCoA=a-KetoG+CO,
r3 a-KetoG=0OAA+CO,
ri4 PYR+CO,=0OAA
r1s CO,=CO, (Bl
7 £1GOP+[,RuSP+3G3P+,PEP+S5PYR+SsAcCoA+pr0-KetoG+3OAA=Biomass

®3 AREBESRHBERESGIE

Table 3 Metabolic flux model equation of Phaffia rhodozyma

F5 No. Y Metabolite il A2 Flux equation
1 Glucose x1=r1i=ACGlucose/At/X
2 G6P Xo=(ri=r2)—(rr=Pirx)
3 F6P x3=r3+(2/3)rs—r3
4 G3P x4=2r3+(1/3)rs—rs—farx
J PEP X5=T4—1s—Parx
6 PYR (ifZ4h) X6=T'stro—rs—r14—110—PsTx
7 RusSP X7=r7—T's —farx
8 AcCoA Xg=r6—T11—712 el
9 a-KetoG Xo=112-T13-Brrx
10 OAA X107 1317147127
11 LAC x11=r=ACLAC/At/X
12 PYR (Jfa4}) x12=710=ACPYR/AX
13 Astaxanthin x13=(1/24)r;;I=ACAsta/At/X
14 CO, X14=rrtritris—ria=rs
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Figure 6 The time course of Phaffia rhodozyma in batch
culture

Note: -A-: Contrast; —e—: Add sodium lactate.
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Table 4 Specific rates of Phaffia rhodozyma in batch culture (12—14 h and 72—74 h)

. \ M { Astaxanthin {Glucose {Pyruvate {Lactate qCOz
5 [ s
i .—“j ) X (g/L) (mmol/ (mmol/ (mmol/ (mmol/ (mmol/ (mmol/
Fermentation time (gDCWh)) (gDCW-h)) (g DCW-h)) (g DCW-h)) (gDCWh)) (g DCW-h))
12-14h  Contrast 0.486 4 0.127 6 7.0x10°° 3.950 3 0.026 8 0.000 0 12.482 9
Add sodium lactate ~ 0.458 7 0.1372 1.1x10°* 6.712 4 0.119 6 6.8512 37.450 3
72—74h  Contrast 3.884 7 0.018 0 1.8x10° 0.0198 0.000 0 0.000 0 12.4829
Add sodium lactate  2.943 3 0.006 1 1.3x10°° 0.012 5 0.000 0 0.000 0 17.450 3

TE: X AETHE; g VBN HARKEER
Note: X: Dry cell weight; g: The material specific growth rate.

e Glucose . Glucose
100/100 l //1 ’ 100/100 l //, ’
G6P > RuSP — G6P > Ru5P —
52062 | 3548
40/33 l 42/33 l
_ 51/61 _ 31/44 | —
Biomass F6P < | Biomass Biomass F6P < | Biomass
74/74 ) 62/63 l
G3P G3P
163/167 132/137 i
\ LAC LAC
—————— PEP ————— PEP
162/166 ‘///1Lun 130135 | K///1V0
Y ¥ 0.68/1.78 0/0
PYR > PYR
Co, F______ Co, JF______
55/262¢ 1 4.3x1072/4.0x10~ 12/12 0.21/0.38
AcCoA—™> Asta AcCoA—> Asta
3.912.4 Co, 11/9 Co,
135/250 56/73
L 0AA a-KetoG —— L— 0AA a-KetoG ——
316/558
133/2;3\\::::;’_//////<—————> o, 50/6g\\:::::>’,,////<1§91122 co,
Co, —»3'2/2'0Bi0mass o, 2176 Biomass

7 OMEAEBOKHBESH
Figure 7 Metabolic flux distribution in batch culture
Note: A: 12—14 h; B: 72—75h.
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Figure 8 The time course of Phaffia rhodozyma in
fed-batch culture

Note: -A—: Contrast; —e—: Add sodium lactate.
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x5 OHt&E228-32h. 60—68 h F1 84-92 h H|8] ; R iR E
Table 5 Specific rates of Phaffia rhodozyma in batch culture (28—32 h, 60—68 h and 84—92 h)
. { Astaxanthin {Glucose q Pyruvate {Lactate 1 /
JZ AT [E] Fermentation time X (g/L) (ﬂ]g?jnvzfog)) (mmol/ (mmol/ (mmol/ (mmol/ qC(]); (mml(l)
g (eDCWh)) (gDCWh) (gDCWh) (¢DCW-hy (@PEWH)
28-32h  Contrast 6.9333 0.129 8 5.9x10°° 2.714 8 0.095 7 0.000 0 7.708 6
Add sodium lactate 6.133 3 0.0353 1.8x107° 2.5196 0.065 2 0.216 3 9.826 0
60—68 h Contrast 28.466 7 0.0152 2.5x10°° 249717 —0.018 1 0.000 0 10.039 5
Add sodium lactate 39.9333 0.0253 1.7x10°° 53142 0.004 7 0.251 1 22.157 4
84-92h  Contrast 31.266 7 0.002 4 3.8x10°° 0.708 0 0.008 3 0.000 0 2.8775
Add sodium lactate 39.5333 0.000 0 1.2x10°° 0.223 8 —-0.004 3 02194 1.393 2
W X HIRTE; p: WAERKEE; ¢ SYWHHHAERBR,
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Figure 9 Metabolic flux distribution in fed-batch culture

Note: A: 28-32 h; B: 60-68 h; C: 84-92 h.
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