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Question 1:  Material Balances and Microbial Stoichiometry



[20 marks + 3 bonus]

a. Four product classes exist based on the relationship between product formation and the growth phase.  Describe two of these.  Define the relationship between product formation and growth phase (preferably giving a generalized equation) and show this diagrammatically.  Give at least one product example per class.

(4)

b. What is YX/S? Why is the measured value of YX/S not necessarily constant across the growth phase of a yeast process?

(2)

c.
Candida utilis is a yeast used in the manufacture of food products.  Its growth on molasses can be approximated through the stoichiometrical equation based on glucose:


0.283 C6H12O6 + 0.57 O2 + 0.20 NH3   (   CH1.84N0.2O0.56 + 0.66 CO2 + 1.04 H2O + 295 kJ


Its maximum specific growth rate at 37(C is 0.45 h-1.  The yeast is to be grown in continuous culture to produce a biomass concentration of 
50 kg m-3.  The reactor is sparged with air under atmospheric pressure.  Previously, the volumetric mass transfer coefficient kLa for the bioreactor under its current operating conditions was determined as 100 h-1.  

i.
Calculate the biomass yield coefficient for the yeast growth on a mass basis.  

(3)

ii.
To produce 50 g biomass, calculate the mass of glucose and NH3 consumed.  
Calculate the rate at which glucose and NH3 must be fed to this continuous steady state process.

(8)

iii.
The process is oxygen limited. Indicate what changes in operating conditions could be made to enable the oxygen mass transfer requirements to be improved.  Explain why these will improve the oxygen transfer rate.

(4)

iv.
Calculate (Ho, the heat produced per mole of oxygen required.  Discuss this in terms of the general literature value.
(2)

Question 2:  Bioreactors and bioreactor operation
[16 marks]

a.
Give a diagram of the stirred tank bioreactor in which all components are labeled and their function given.

(6)

c.
Give 3 ways of measuring biomass concentration present in the bioreactor.  Are these assay methods equivalent (i.e. measure the same thing) or related (i.e. measure similar things)?  Discuss this.
(4)

d.
The necessity to: 

· maintain aseptic conditions, 

· prevent foaming, 

· ensure homogeneity through adequate mixing, and 

· provide sufficient heat transfer 


in an aerobic stirred tank bioreactor have been discussed.  Choose 2 of these 4 topics and write short notes discussing why these are important and how they can be achieved.

(6)

Question 3:  a.  Bioprocess Applications

[10 marks]

During this course, you have been exposed to a number of bioprocess applications through laboratory and plant visits.  Use your experience of these to answer the following:

i.
Provide a process train (list of steps in the process) to describe either the beer making process at SABMiller, or the extraction and purification of one of the enzyme products at Seravac.  Please note that the major components of the process are expected to be included, but excessive detail is not essential.

(6)

ii.
In the laboratories, you were introduced to the following bioprocesses:  mineral bioleaching, biological sulphate reduction, use of algae for the production of carotenoid products, biocatalysis and production of diagnostic enzymes.  Choose any one of these and write short notes on what you learned about the process.

(4)

Question 3:  b.  Sterilisation Processes

[10 marks]

i. Describe 3 ways in which aseptic conditions may be achieved in a liquid medium stream i.e. the liquid stream may be sterilised.  Give the operating principle of each of these.

(3)

ii. You are operating a 100 000 litre bioreactor with a working volume of 
80 000 litres to produce a diagnostic enzyme.  Your product is produced by a recombinant Gram-positive spore-forming bacterial species, Bacillus subtilis. Hence, it is necessary to meet the specification that the maximum probability of release of the recombinant organism into the environment through the spent medium is 0.001.  The final bacterial concentration at the end of the production process is 6.5 x 109  cells per ml.  The culture is passed through a continuous sterilizer at 135 (C prior to downstream processing.  Calculate the retention time required at 
135 (C in the sterilizer to meet the required specifications. 
(7)

Data:

Universal gas constant:        R = 1.9878 cal K-1 mol-1 

Typical values of sterilisation constants:
	Micro-organism
	“Activation energy” E
	Sterilisation constant A

	
	(kcal/mol)
	(min-1)

	B.subtilis
	68.7
	9.50 x 1037

	vegetative cells
	< 20
	1.20 x 1021


Question 4:  Product Recovery in Microbial Bioprocesses
[25 marks]

a.
Describe 5 typical categories of unit operations required in the recovery and purification of an intracellular protein product from a bacterial source, downstream of the bioreactor.  Propose two possible unit operations for each category.

(10)

b.
Consider that the liberation, recovery and purification of an intracellular protein product requires 11 individual unit operations or process steps to be performed.  If the yield of each step is 92%, what is the overall yield of the downstream process and how could this be altered?
(4)

c. The yeast Phaffia rhodozyma produces the carotenoid pigment astaxanthin.  At the end of the cell growth and product formation stage, the yeast in the stream leaving the reactor is present at a biomass concentration of 40 grams dry mass per kg yeast suspension and contains 450 (g astaxanthin per gram biomass.  This stream is passed on to a disc-stack centrifuge where the pigment-containing yeast is concentrated to 500 g dry mass per kg suspension, while the dilute spent media stream leaving the centrifuge contains a residual 2 g dry mass of yeast per kg suspension.  Calculate the following:
i.
the astaxanthin concentration in the stream leaving the reactor in mg astaxanthin per kg suspension

(2)

ii.
the astaxanthin concentration in the concentrated product stream leaving the centrifuge in mg astaxanthin per kg suspension
(2)

iii.
the percentage recovery of yeast biomass and astaxanthin (Use a basis of 100 kg of yeast suspension entering the centrifuge).
(7)

Question 5: Microbial Kinetics

[20 marks + 2 bonus]

The following data were obtained at steady state in a continuous culture of Pseudomonas fluorescens on ethanol under aerobic conditions.  The growth limiting substrate is glucose fed at a concentration of 75 g l-1.
	D (h-1)
	S (g l-1)
	X (g l-1)

	0.05
	0.4
	33.9

	0.10
	0.8
	32.9

	0.15
	1.5
	33.1

	0.20
	2.4
	32.8

	0.30
	6.1
	30.9

	0.35
	10.7
	28.3

	0.40
	24.5
	22.6

	0.43
	65.9
	3.9


a. Determine the Monod kinetic constants (max and Ks from this data.
(12)
b. Calculate YX/S.

(2)
c. Provide the biomass and substrate material balance equations to describe this continuous process, assuming that endogeneous respiration is negligible and no extracellular product is formed.  Use these equations to derive expressions for the specific growth rate (, the biomass concentration X and the residual limiting substrate concentration, S.

(8)
USEFUL EQUATIONS:

Microbial kinetics:

Malthus equation:
dX/dt = ( X

Monod equation:
(  =  (max S / (Ks + S)

Logistic equation:
dX/dt = k X (1 – X/Xmax)


where
X
=
biomass concentration



t
=
time



(
=
specific growth rate



S
=
residual substrate concentration


Thermal death kinetics:
dN/dt
=  -kN




ln (N/N0)  =  -k t




k  =  A exp(-E/RT)




where
N
=
  the number of viable micro-organisms remaining




N0
=
  the initial number of viable micro-organisms




k
=  thermal death rate constant




A
=  constant




E
=  “activation energy” of sterilisation




T
=   absolute temperature

Oxygen transfer rate:
OTR  =  kLa (Csat – Cl)



where
OTR
=  oxygen transfer rate




kLa
=  volumetric oxygen transfer coefficient




Csat
=  dissolved oxygen conc. at saturation




Cl
=  dissolved oxygen conc. in bulk liquid

