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Effects of Phosphate-limitation on Glycerol Biosynthesis
and Intracellular Phosphorus Accumulation of
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Abstract: Effects of phosphate limitation on glycerol biosynthesis and intracellular phosphorus accumula-
tion of Candida glycerinogenes were studied by recycling yeast cells. The results demonstrated that,
throughout the fermentation of yeast cells recycled, intracellular phosphorus accumulation gradually de-
creased when yeast cells were re-inoculated from the suitable phosphate or rich phosphate medium to the
low phosphate medium; while intracellular polyPhosphate accumulation rapidly increased after yeast cells
were re-inoculated from the low phosphate medium to the suitable phosphate or rich phosphate medium.
When yeast cells were re-inoculated from the suitable phosphate medium to the low phosphate medium at
the fourteenth or thirty-eighth hour, glycerol yields on glucose of 60.9% or 61.4% could be achieved with a
productivity of 2.03 g/(L-h) or 2.23 g/(L-h). These phenomena proved that it is necessary for glycerol over-
production by C. glycerinogenes to limit phosphorus concentration in fermentative medium, which provides
an important basis for its glycerol production by repeated fed-batch fermentation.
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Table 1 Extracellular glycerol production and intracellular glycerol, free Pi, and polyP accumulation
by re-inoculating from low phosphate medium to suitable phosphate medium

BRI [R] Fermentation  Glycerol concen-  Glycerol yields on Intracellular  Intracellular free Intracellular
Re-inoculation time time tration glucose glycerol Pi polyP
(h) (/L) (9/9) (mg/g DCW)  (mg/g DCW) (mg/g DCW)
0 20.3 0.092 47.8 2.13 0.64
1 14 24 525 0.230 57.3 1.76 1.63

The fourteenth hour of

first batch fermentation 50 80.8 0.351 74.4 133 1.35

82 115.8 0.504 70.5 1.00 1.59

0 29.2 0.133 70.0 1.50 0.97

1 38 26 65.7 0.299 64.5 1.72 1.69
The thirty-eighth hour of

first batch fermentation 42 89.3 0.406 75.7 1.54 1.87

70 114.8 0.522 78.5 1.40 2.19

2

Table 2 Extracellular glycerol production and intracellular glycerol, free Pi, and polyP accumulation
by re-inoculating from low phosphate medium to rich phosphate medium

Fermentation Glycerol con-  Glycerol yields Intracellular Intracellular Intracellular
Re-inoculation time time centration on glucose glycerol free Pi polyP
(h) (9/L) (9/9) (mg/g DCW)~  (mg/g DCW) (mg/g DCW)
0 28.3 0.126 47.4 1.83 0.98
1 14 24 48.1 0.214 48.8 3.70 2.14
The fourteenth hour of
first batch fermentation 58 84.2 0.374 67.6 3.03 3.28
74 95.6 0.425 70.8 2.89 4.52
1 38 0 42.8 0.190 62.3 1.38 1.84
The thirty-eighth hour of 18 62.6 0.278 75.8 3.07 2.48
first batch fermentation 58 97.0 0.431 838 2.75 3.50

2.4 C. glycerinogenes HIEHsIEFEMNERIE 2.6 C. glycerinogenes H = #its 7 &t NiEE

FELE FEAE
C. glycerinogenes C. glycerinogenes
) 4 4 , , 6 6 , 14
14 38 , , 38 ;
, , , C. glycerinogenes
50%
EMP ,
L [7] y,
. i v 3
2.5 C. glycerinogenes FH &= s 77 EiE N RS
FEAE :
C. glycerinogenes Button [® ,
5 C. glycerinogenes (Torulopsis magnoliae), 6
14 , 38 , 240 h
, 38 170 g/L, .

, , 40.6% 0.71 g/(L-h) Vijaikishore [
(Pichia farinosa)
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Table 3 Extracellular glycerol production and intracellular glycerol, free Pi, and polyP accumulation
by re-inoculating from suitable phosphate medium to low phosphate medium

Fermentation  Glycerol con- Glycerol yields Intracellular Intracellular Intracellular
Re-inoculation time time centration on glucose glycerol free Pi polyP
(h) (g/L) (9/9) (mg/g DCW) ~ (mg/g DCW)  (mg/g DCW)
0 22.3 0.093 60.0 2.04 1.74
Ti . ) h14 . 24 64.4 0.269 57.1 0.96 1.24
e fourteenth hour o
first batch fermentation & 102.0 0.425 88.3 e 1.03
66 146.2 0.609 115.3 0.80 0.82
0 61.4 0.256 57.8 1.46 1.99
1 38 10 53.2 0.222 51.8 1.22 0.79
The thirty-eighth hour of
first batch fermentation = E2I e ez ot e
66 147.3 0.614 129.3 0.63 0.68

x4 HEBBEANSHAERIMHBSENHRAER. HEHRSRERANSE

Table 4 Extracellular glycerol production and intracellular glycerol, free Pi, and polyP accumulation by
re-inoculating from suitable phosphate medium to rich phosphate medium

Fermentation Glycerol con- Glycerol yields Intracellular Intracellular Intracellular
Re-inoculation time time centration on glucose glycerol free Pi polyP
(h) (g/L) (9/9) (mg/g DCW)  (mg/g DCW)  (mg/g DCW)
1 14 0 14.2 0.069 55.9 2.56 1.28
The fourteenth hour of 24 48.0 0.229 101.3 3.05 2.46
first batch fermentation 42 70.2 0.334 53.3 3.19 3.48
1 38 0 49.7 0.243 60.5 3.07 1.75
The thirty-eighth hour of 10 334 0.159 145.6 3.68 2.86
first batch fermentation 34 60.9 0.300 38.4 3.74 2.97

®x5 HEBEANRBAERNMEH-SMRAEH. HEHSRBBRENSE

Table 5 Extracellular glycerol production and intracellular glycerol, free Pi, and polyP accumulation
by re-inoculating from rich phosphate medium to low phosphate medium

Fermentation Glycerol con- Glycerol yields Intracellular Intracellular Intracellular
Re-inoculation time time centration on glucose glycerol free Pi polyP

(h) (g/L) (9/9) (mg/g DCW)  (mg/g DCW) (mg/g DCW)
1 14 0 18.1 0.076 69.1 4.10 2.34
The fourteenth hour of first 24 61.9 0.269 95.6 1.82 1.33
batch fermentation 66 123.8 0.538 107.3 1.26 0.94
1 38 0 53.3 0.222 50.6 3.81 2.46
The thirty-eighth hour of 22 72.3 0.314 81.2 1.91 1.18
first batch fermentation 42 77.7 0.338 89.6 1.17 0.96

R6 HEMENESHMAEBNHBSEMRAER. HFEBRSRBRANSE

Table 6 Extracellular glycerol production and intracellular glycerol, free Pi, and polyPhosphate accumulation
by re-inoculating from rich phosphate medium to suitable phosphate medium

Fermentation Glycerol con- Glycerol yields Intracellular Intracellular Intracellular
Re-inoculation time time centration on glucose glycerol free Pi polyP

(h) (9/L) (9/9) (mg/g DCW) (mg/g DCW) (mg/g DCW)
1 14 0 17.6 0.088 63.1 4.38 0.97
The fourteenth hour of first 10 36.3 0.182 775 4.20 1.87
batch fermentation 42 65.5 0.327 96.9 3.40 2.86
1 38 0 53.4 0.267 54.9 3.27 2.53
The thirty-eighth hour of 10 35.9 0.179 61.9 4.56 2.26
first batch fermentation 34 6516 0.328 75.0 3.12 3.63
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