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Kinetics of biomass (x), substrate (Glol) and citric acid (CA)  

in repeated batch cultures of Y. lipoltytica.  
Culture conditions: initial glycerol concentration 27.8 g/L; dissolved oxygen concentration 30 %of  

saturation; pH 6 ± 0.03; T=28 oC 

agitation rate at 250 rpm 

aeration rate at 0 – 1.5 vvm 
agitation  rate 200 - 250 rpm 

aeration rate at 0 – 1.5 vvm 
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Kinetics of biomass (x), substrate (Glol) and citric acid (CA)  

in repeated batch cultures of Y. lipoltytica.  

Culture conditions: initial glycerol concentration 104.9 g/L; dissolved oxygen concentration 30 % 

of saturation; pH 6 ± 0.03; T=28 oC 

agitation rate at 250 rpm 

aeration rate at 0 – 1.5 vvm 
agitation  rate 200 - 250 rpm 

aeration rate at 0 – 3 vvm 
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So  (g/L) Growth phase 
Time  

(h) 

S    

(g/L) 

x  

(g/L) 

L/x  

(%) 

CA 

(g/L) 

Biomass 

Production 
30 

23.09 

±1.06 

4.37 

±0.17 

13.90 

±0.10 

0.53 

±0.21 

0.97 

±0.18 

0.13 

±0.03 

0.11 

± 0.02 

27.8 Lipogenic 50 
14.07 

±1.90 

4.68 

±0.68 

22.30 

±0.39 

3.87 

±1.19 

0.36 

±0.10 

  0.08 

±0.02 

0.28 

± 0.05 

CA Production 130 
0.44 

±0.36 

3.18 

±0.27 

11.83 

±0.66 

13.95 

±1.47 

0.17 

±0.10 

0.01 

±0.01 

0.51 

± 0.05 

Biomass 

Production 
30 

94.86 

±0.43 

4.57 

±0.17 

12.13 

±0.03 

6.63 

±0.51 

0.46 

±0.04 

0.06 

±0.01 

0.66 

±0.08 

104.9 Lipogenic 50 
78.29 

±2.56 

6.71 

±0.52 

20.41 

±1.31 

13.83 

±2.27 

0.25 

±0.01 

0.05 

±0.01 

0.53 

±0.09 

CA Production 240 
41.22 

±9.37 

5.92 

±0.49 

13.40 

±0.33 

33.55 

±8.26 

0.10 

±0.02 

0.01 

±0.01 

0.52 

±0.05 

SxY / SLY / SCAY /

Growth of Y. lipolytica in repeated batch culture and conversion  

yields in different initial glycerol concentration.  

Culture conditions: dissolved oxygen concentration 30 % of saturation; pH 6 ± 0.03; T=28 oC; agitation rate  

200 – 250 rpm; aeration rate 0 – 1.5 and 0 – 3.0 vvm for initial glycerol concentration  27.8 and 104.9 g/L,  

respectively. Abbreviations: initial substrate (So); remaining substrate (S); biomass produced (x); lipid  

content (L/x, %); citric acid produced (CA); and conversion yields ( Y) in the various growth phases.  
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       Enzymatic activities in Y. lipolytica grown on glycerol in repeated 

batch culture. 
          Culture conditions: initial glycerol concentration 27.8 g/L; dissolved oxygen concentration 30 % of saturation;  

           pH 6 ± 0.03; T=28 oC; agitation rate 200 – 250 rpm; aeration rate 0 – 1.5 vvm. 

Abbreviations: NADP+-ICDH – NADP+ dependent isocitric dehydrogenase; NAD+-ICDH – NAD+ dependent 

isocitric dehydrogenase; GK – glycerol kinase; NAD+-G-3-P DH – glycerol -3- phosphate dehydrogenase;  

Mit. – mitochondial; Cyt. – cytoplasmic; Units/mg dry weight – U/mg DW. 

Growth 

phase 

Fermentation 

Period  (h) 

NADP+-ICDH 

(U/mg DW) 

NAD+-ICDH 

(U/mg DW) 

GK 

(U/mg DW) 

NAD+-G-3-P DH 

(U/mg DW) 

Biomass 

Production 
0 - 24 192.55 ± 4.61 45.53±0.89 39.40±6.23 14.93±8.68 

Mit./Cyt.         

10 %/ 90 % 

Lipogenic 30 - 52 187.82±13.68 13.66±0.94 49.48±6.99 17.67±6.48 

Mit./Cyt.          

0 %/ 100 % 

CA 

Production 
55-130 208.05±0.15 0.39±0.01 18.00±0.10 18.00±0.07 

Mit./Cyt.          

0 %/ 100 % 
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D (h-1) 

GK  

(U/mg DW) 

NAD+-G-3-P DH  

(U/mg DW) 

NAD+-ICDH 

(U/mg DW) 

ATP:CL 

(U/mg DW) 

ME 

(U/mg DW) 

0.017±0.001 101.84 3.42 15.95 218.33 142.93 

0.104±0.003 161.55 33.07 26.93 18.84 648.95 

Abbreviations: NAD+-ICDH – NAD+ dependent isocitric dehydrogenase; GK – glycerol kinase;  

NAD+-G-3-P DH – glycerol -3- phosphate dehydrogenase; ATP:CL- ATP citrate lyase; ME- malic enzyme 

Units/mg dry weight – U/mg DW. 



Glycerol EXTRA-CELLULAR MEDIUM 

CYTOSOL 
Glycerol 

GK 

3-P-Glycerol 

Hexose 

ADP 

NAD+ 

NADH 

ATP 

3-P-Dihydroxyacetone 

Gluconeogenesis 

NAD+- G-3-P DH 
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Malate 

Pyruvate 

Pyruvate 

Ac-CoA Oxaloacetate 

CS 

PD 

NADPH NADP 

EMP 

NADH2 NAD 

MITOCHONDRION 

ATP ADP 

Iso-citrate 

PC 

NADH NAD 

Malate 

Citrate 

a- ketoglutarate ICDH Krebs cycle 

AMP 

Nitrogen depletion 

TAG Citrate 

Oxaloacetate 

ACL 
Ac-CoA 

Citrate 

TRSP 

β - oxidation 

Lipid Turnover Phase 
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Lipid Fractions 

[% in total lipids] 

Lipid Fractions 

[% in x] 

P  classes 

 [% (w/w) in P] 

Time 

(h)  NL  G+S P  NL G+S P PS PI  PA PE PC others 

28 82.81 12.20 4.99 11.51 1.70 0.69 2.38 24.35 1.10 11.66 29.38 31.11 

48 92.45 4.35 3.20 20.61 0.97 0.71 0.22 20.45 5.88 15.57 30.11 27.76 

130 60.96 24.48 14.55 7.21 2.90 1.72 n.d.* n.d. n.d. n.d. n.d. n.d. 

Lipid fractions and individual phospholipid classes during growth  

of Y.   lipolytica on glycerol in repeated batch culture.  
 

 

 

Analyses were performed in duplicate.  

Culture conditions: initial glycerol concetration  27.8 g/L; dissolved oxygen concetration 30 per cent of  

saturation; pH 6 ± 0.03; T=28 oC; agitation rate 200 – 250 rpm; aeration rate 0 – 1.5 vvm. 
Abbreviations : NL – Neutral lipids; G+S – glycolipids plus sphingolipids; P – phospholipids; PC – phosphatidylcholine; 

PE – phosphatidylethanolamine; PI – phosphatidylinositol; PA - phosphatidic acid; others - unidentified phospholipids.  

*n.d.: not determined 
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Fatty acid composition of lipids fractions of Y. lipolytica grown on  
27.8 g/L glycerol in repeated batch culture.  
 
Analyses were performed in duplicate.  
Culture conditions: initial glycerol concetration  27.8 g/L; dissolved oxygen concetration 30 per cent of  
saturation; pH 6 ± 0.03; T=28 oC; agitation rate 200 – 250 rpm; aeration rate 0 – 1.5 vvm. 

 
Time (h) C16:0 C16:1 C18:0 C18:1 C18:2 others 

NL 28 14.71 14.05 6.96 55.65 7.96 0.67 

48 13.07 16.97 5.96 55.88 7.06 1.05 

130 17.06 14.13 7.70 43.50 16.94 0.67 

G+S 28 16.52 13.30 2.95 50.80 13.29 3.14 

48 13.65 17.28 4.66 53.24 9.62 1.55 

P 28 8.38 17.00 0.73 50.14 21.64 2.10 

48 7.31 23.00 1.45 48.93 15.87 3.45 

130 10.62 19.92 1.07 34.47 30.66 3.25 
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•Three distinct phases 

 

• NL 
• P  

Lipids  
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