CP504 / Sept-Dec 2011: Simulation-type Assignment 08

- worth a maximum of 25% marks and a bonus of 50% of the marks gained

Important notes on gaining marks:

1. Clarifications on the assignment shall be provided if the need arises.

2. Answer script should be complete with the required plots and programmes. 
3. Answer script should be submitted on or before the deadline agreed upon. 

4. Critical analysis of the results is required to earn maximum marks.

5. Marks earned will be divided by the number of near identical answer scripts submitted (assuming copying has taken place). 

Xylose can be converted to the product 2,3 butanediol (abbreviated to 2,3-BD) by the organism, Klebsiella oxytoca. Modeling of the said bioreaction can be divided into three phases. In all three phases, rate of xylose (substrate) consumption can be modeled as follows: 
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where QSA is the rate at which xylose is assimilated into cell mass [mol xylose/(L.h)],  and QSR is the rate of xylose respiration via the TCA cycle [mol xylose/(L.h)], QSF is the rate of xylose fermentation to 2,3-BD [mol xylose/(L.h)], and MWxylose is the molecular mass of xylose.
Phase 1 (Oxygen-sufficient growth occurs early in the bioreaction): 
When oxygen is sufficient (as is the case at the initial part of the bioreaction), cell mass is formed because the energy for growth and maintenance is derived from full oxidation of xylose to CO2. The equations describing this state are taken as the following: 

Owing to the presence of plenty of xylose, rate of cell growth is modeled by the following exponential growth model:
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where 
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 is the maximum specific growth rate and 
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 is the concentration of cells.
QSA, QSR andQSF of equation (1) are modelled as follows:
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(5)
where YATP,1 is the cells to ATP yield factor during Phase 1 and me,1 is the specific constant in mol ATP / (g cell.h) during phase 1.
Since no product is assumed to have formed during this phase, rate of product formation is given by the following: 
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Phase 2 [A transition to oxygen limitation occurs at low cell concentration (1g/L)]: 
Once the cell mass grows and the concentration of cell mass exceeds a critical value (
[image: image9.wmf]L

X

 g/L), the rate of oxygen dissolving into the fermentation media is less than the rate of oxygen consumption by the growing cells, so the dissolved oxygen level fall sharply. At this point, growth becomes oxygen limited and the following equations apply (instead of the equation given under Phase 1): 
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where kd is the product induced death constant, P is the product concentration and XL is a constant that represents cell concentration (g/L) at the point that dissolved oxygen becomes limiting. 
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(9)
where kLaC* is the oxygen supply rate [moles oxygen / (L.h)], kLa is the oxygen transfer coefficient and C* is the equilibrium oxygen concentration in the broth. 
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(10)
where YATP,2 is the cells to ATP yield factor during Phase 2 and me,2 is the specific constant in mol ATP / (g cell.h) during phase 2.
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(11)
where MW2,3-BD is the molecular mass of 2,3-BD.

Phase 3 (2,3-BD is produced under oxygen limiting conditions): 
Once the substrate xylose is completely depleted, the cells will be present in a constant and large concentration of 2,3-BD and the cells will begin dying according to the rate
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still checking this equation with references [2] and [3]

(12)

The rate of substrate consumption and product formation during this phase are set to zero.
Additional data: 
Molecular weight of xylose and 2,3-BD are 150 and 90, respectively. 

	parameter
	oxygen-sufficient (i = 1)
	Oxygen-limiting (i = 2)

	YATP,i (g cells / mol ATP)
	11.5
	10.4

	μmax (h-1)
	0.6
	0.6

	me,i  [mol ATP / (g cell.h)]
	0.047
	0.017

	kLaC* [mol oxygen / (L.h)]
	
	0.027

	kd (L g-1 h-1)
	
	0.0077

	Cell concentration 
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Additional Information (Optional reading): 
The concentration of cell mass at the transition between oxygen-sufficient and oxygen limiting conditions is given by 


[image: image17.wmf]1

,

max

1

,

/

*

3

14

ATP

e

L

L

Y

m

aC

k

X

m

+

=


which is the solution of the equations for microbial growth under oxygen-limiting conditions, where growth is constant rather than exponential.

The logic behind the above expression is given below: 
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where 
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is the elapsed time after oxygen has become limiting. 

When combined with the expression for 
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It is shown that the condition for oxygen to become limiting is 
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Therefore, 
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and hence the growth rate for oxygen limited growth is



[image: image25.wmf]ú

û

ù

ê

ë

é

+

=

1

,

max

1

,

max

/

*

3

14

ATP

e

L

t

X

Y

m

aC

k

r

L

m

m


References: 
1. 
Chapter 6 of Mosier NS and Ladisch MR. 2009. Modern Biotechnology: Connecting Innovations in Microbiology and Biochemistry to Engineering Fundamentals. John Wiley and Sons.
2.
Jansen NB, Flickinger MC and Tsao GT. Production of 2,3-Butanediol from D-xylose by Klebsiella oxytoca ATCC 8724. Biotechnology and Bioengineering, 1984;26:362-369.
3.
Jansen NB, Flickinger MC and Tsao GT. Application of bioenergitics to modeling of microbial conversion of D-xylose to 2,3-Butanediol. Biotechnology and Bioengineering, 1984;26:573-582.
PAGE  
3

_1379784511.unknown

_1379786033.unknown

_1379786380.unknown

_1379787600.unknown

_1379787618.unknown

_1379787659.unknown

_1379787642.unknown

_1379787612.unknown

_1379787583.unknown

_1379786215.unknown

_1379786243.unknown

_1379786050.unknown

_1379784860.unknown

_1379784867.unknown

_1379784854.unknown

_1378976555.unknown

_1379783903.unknown

_1379783953.unknown

_1378977207.unknown

_1378970734.unknown

_1378974229.unknown

_1378974848.unknown

_1378974556.unknown

_1378972971.unknown

_1378970723.unknown

