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1 Introduction and aim 

Actinobacillus succinogenes and Basfia succiniciproducens

A. succinogenes and B. 
succiniciproducens





2 Background 

2.1 Succinic acid 

2.1.1 The molecule 

Figure 2.1. Chemical structure of succinic acid. 

2.1.2 Commercial use 



Figure 2.2. Overview of what succinic acid can be used for (Song & Lee 2006).

2.1.3 Industrial production 



B.succiniciproducens .

2.1.4 Purification 

et al

Figure 2.3. Some purification options from fermentation to purified succinic acid.  



Precipitation.

Electrodialysis.

Liquid-liquid extraction.

Distillation.

Crystallization.
A.succinogenes 

In situ separation.



Table 2.1. Summary of advantages and disadvantages for the presented purification methods. 

Method Advantages Disadvantages
Precipitation

Electrodialysis

Extraction

Distillation

Direct 
Crystallization

In situ
separation

2.2 Actinobacillus succinogenes 
Actinobacillus succinogenes

A. succinogenes



Figure 2.4. Metabolic map for A.succinogenes (McKinlay, Vieille, et al. 2007).

A.succinogenes

A.succinogenes



A.succinogenes

2.3 Basfia succiniciproducens 
Basfia succiniciproducens

A.succinogenes

B.succiniciproducens A.succinogenes

B.succiniciproducens

B.succiniciproducens

2.4 Other organisms 

Escherichia coli Saccharomyces cerevisiae

E.coli



Figure 2.5. The tricarboxylic acid cycle.  

Lactobacillus plantarum



3 Material and methods 

A.succinogenes
B.succiniciproducens 

Pre-culture.

Sampling.

Shake Flask cultivation.

B.succiniciproducens A.succinogenes

Batch cultivation. 



Figure 3.1. Set up of the batch bioreactor. 

Chemostat cultivation. A.succinogenes

Figure 3.2. Set up of the chemostat. 



Microscopy. 

Optical density (OD). 

HPLC analysis. 

Dry Weight determination. 

B. Succiniciproducens A. succinogenes A.succinogenes
B.succiniciproducens

Free amino acid analysis.



Flow cytometry.



4 Results

4.1 Questions at issue 
A.succinogenes

Figure 4.1. A. succinogenes forming biofilm, after 72 hours of batch cultivation. 



4.2 Shake flask  

A.succinogenes 
B.succiniciproducens 

Figure 4.2. Shake flask cultivation of A.succinogenes (left) and B.succiniciproducens (right) 
on 20 g/l xylose and 5 g/l yeast extract                 

A.succinogenes 



Figure 4.3. Compilation of the result from the cultivation of A.succinogenes with 12.5 g/l 
yeast extract and 0, 5 and 10 g/l xylose. 

A. succinogenes
B.succinicproducens

A.succinogenes

B.succiniciproducens



Figure 4.4. Result for varying the yeast extract concentration for A.succinogenes at a 
constant concentration of carbon source. 

Figure 4.5. Result for varying the yeast extract concentration for B.succiniciproducens at a 
constant concentration of carbon source. 



A.succinogenes

Figure 4.6.  Shakeflask cultivation with addition of ammonium chloride. 

4.3 Batch mode cultivation in bioreactors  

A. succinogenes 

A. succinogenes 

B.succiniciproducens

B.succiniciproducens



Table 4.1. The conditions and result from the batch experiments with 50 g/l xylose. 

Batch 1 Batch 2* Batch 3 Batch 4
Organism A.succinogenes A.succinogenes B.succinici-

producens
B.succinici-
producens

YE(g/l)

Yss
(g/g)
Ysf

(g/g)
Ysa

(g/g)
Ysl

(g/g)
Ysx

(g/g)
qs

(g/l·h)
qsuc

(g/l·h)
Xyloseend 

(g/l)
C-balance 

(%)
The carbon balances are calculated based on c-moles and the general biomass formula CH1.2O0.5N0.2 was used 
for the biomass. The carbon source contribution from carbon dioxide is not included. 
* This experiment was not performed in duplicate 

4.4 Chemostat 

A.succinogenes
A.succinogenes 



Table 4.2. Results from the chemostat cultivation. 

Dilution rate 
(h-1)

0.05 0.10 0.15

Yss
(g/g)
Ysf

(g/g)
Ysa

(g/g)
Ysl

(g/g)
Ysx

(g/g)
qs

(g/l·h)
qsuc

(g/l·h)
Xyloseend (g/l)

C-balance
(%)

Figure 4.7. Chemostat after 245 hours cultivation. 



Figure 4.8. An attempt of wash out.  

6.5 Free amino acid analysis  

Figure 4.9. Concentration of biomass and free amino acids for batch cultivations of 
A.succinogenes. As seen, there are big standard deviations for batch 1. The most likely reason 

for these are uncontrolled biofilm formation. 



Table 4.3. Concentration of free amino acids in the chemostat.

Dilution rate 
(h-1)

Batch 0.05 0.10 0.15

Concentration
(mmol/l)

6.6 Flow cytometry  

Figure 4.10. Difference in FL1. Dead cells (black) and the TSB sample (green) are 
shown to the left while the different dilution rates are shown to the right. 0.10-
purple, 0.05-pink, 0.15-green, 0.20- blue.



Figure 4.12. FL3 (TO) plotted against FL1 (PI). 

Figure 4.11. Difference in FL3. Dead cells (black) and the TSB sample (green) are 
shown to the left while the different dilution rates are shown to the right. 0.10-purple,
0.05-pink, 0.15-green, 0.20- blue.



4.7 Visual inspection of morphology 

Figure 4.13 Difference when a batch sample is dissolved in HCl (left) and water (right).  

A.succinogenes

A.succinogenes 



Figure 4.14. A.succinogenes in TSB medium (left) and when it has formed biofilm (right). 
Magnification 40 respectively 100. 

A.succinogenes
B.succiniciproducens

Figure 4.15. Beginning of the cultivation to the left and towards the end of the cultivation to 
the right. 

B.succiniciproducens



Figure 4.16. B.succiniciproducens from white cell pellet (left) and from red cell pellet (right). 
Magnification 100.                    

B.succiniciproducens





5 Discussion 

Shake flask 

B.succiniciproducens 

A.succinogenes

Batch bioreactor 
B.succiniciproducen

B.succiniciproducens
A.succinogenes

A.succinogenes
B.succiniciproducens 

A.succinogenes

A.succinogenes



Chemostat 

A.succinogenes

A.succinogenes

Biofilm formation 



Carbon balances 

B.succiniciproducens A.succinogenes
B.succiniciproducens

A.succinogenes

Free amino acid analysis 

Flow cytometry 



Visual changes in morphology 

A.succinogenes 

B.succiniciproducens

A.succinogenes
B.succiniciproducens

A.succinogenes



6 Conclusions 

A.succinogenes
B.succiniciproducens





7 Future work 

A.succinogenes

B.succiniciproducens
B.succiniciproducens   

in situ
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9 Table of abbreviations  





10 Appendices 

Appendix A: Medium
Tryptone soy broth (TSB) 

Succinate growth medium 



Appendix B: HPLC standard 



Appendix C: Free amino acid analysis  
Color reagent 

Dilution reagent 

Figure 10.1. Calibration curve with glycine, R2=0.9876.



Appendix D: Experimental plan

A. succinogenes 
B. succiniciproducens

Table 10.1. Overview of when which experiment will take place. 

Week Experiment (Duplicate) Number of tries
3

4-5
6

7

8
9

10
11
12

13
14

15-16
17-18

19
20-22

Actinobacillus succinogenes Basfia Succiniciproducens



Appendix E: Dry weight determination 

A.succinogenes B.succiniciproducens

Figure 10.2. Dry weight determination for A.succinogenes. R2=0.9999. 

Figure 10.3. Dry weight determination for B.succiniciproducens. R2=0.9899. 



Appendix F: Populärvetenskaplig sammanfattning 

Bärnstenssyra är en kemisk förening med många användningsområden. Bland annat 
kan den användas för tillverkning av bioplaster. Jag har i mitt exjobb undersökt hur 
bärnstenssyra kan produceras med bakterier som finns naturligt i komagar. 
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