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Lecture - 21
Course summary

Welcome to this summary lecture for the course on bioreactors, the NPTEL online
certification course. This summary lecture would provide an overview of the things that
we looked at in this course, and hopefully it will improve the understanding and
appreciation of the material here. We first began with an introductory module; there were
totally five modules, the first was introductory module, the second one looked at two
major outcomes from a bioreactor; the cells themselves or what is known as biomass or
the products made by the cells or through enzymatic reactions. The third module looked
at analysis of a few common operating modes of the bioreactor, and inherent advantages

in operating them, in those various modes over the other modes.

The fourth module looked at the bioreactor environment parameters. The variables that
are usually measured and controlled, to make the bioreactor operate optimally, without
understanding the actual factories that are inside the bioreactor to a great extent. Some
surface level understanding is there, but to a great extent it is not understood, and the
bioreactor environment parameter operation level, is limited to that. Then in the last
module, module five we looked at some means by which we can understand, the cells
themselves; what is going on inside the cells, hopefully to manipulate them towards
better production of substances of interest to us; that is the overall a scheme for this

course. Let us summarize some details from these various modules.
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Bioreactors

Introduction
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We all know that cancer is an important disease
What is cancer? Simplistically, it is the uncontrolled growth of cells.
The cell has lost its ability to die, when its job is done.

A lot of such cells can threaten life itself as they interfere with the crucial functions
of organs and tissues.

To treat cancer, the cancerous cells need to be killed.

Drugs (chemotherapy), radiation (radiotherapy), etc., are used

to kill cancer cells. But, they kill normal cells too. To target the
killing agents to the cancerous cells, monoclonal antibodies (MAbs)
are used, for some cancers.
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* Rituximab

* Trastuzumab

* Bevacizumab

* Cetuximab

* Panitumumab
* |pilimumab

http://www.cancerresearchuk.org/about-cancer/cancers-in-general/treatment/biological/types/about-monoclonal-antibodies
http://www.nature.com/nrc/journal/v12/nd/full/nrc3236.html

Relevant question here: how are MAbs made in the
large quantities needed for therapy?

Answer: through a bioprocess

The introductory module we first saw what cancer was, and the drugs that are used to
treat cancer, the monoclonal antibodies. And we saw that MAbs are made through

bioreactors, through a bioprocess of which bioreactor is the important part.
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Alternative liquid fuels - bio-ethanol, bio-diesel

Ethanol making - animation: https://www.youtube.com/watch?v=-700VfUgYX0

Ethanol from corn:  https://www.youtube.com/watch?v=poTGr8ONgI0

Algae to fuels: https://www.youtube,com/watch?v=lxyWkeW7Nk

Through bioprocesses
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Insulin

* Was discovered in the 1920s
* Was obtained from pig pancreas until about 1980s

- 800-1000 Kg of pancreas needed to produce 100 g of insulin
- Pancreas is one of the organs in the body

A bioprocess for insulin reduced the cost by 24-fold

https://www.youtube.com/watch?v=iMosKBs-vOE

Similarly, this is another example, alternative liquid fuels such as bioethanol, biodiesel,
also bioreactors play major role in them. Insulin which is a drug to treat diabetes is made
through bioreactors, and even yogurt is made through bioreactors; a simple bioreactor at
home.

(Refer Slide Time: 02:45)

How is curd (yoghurt) made?

https://www.youtube.com/watch?v=70elTesTdXk

Curd making is also a bioprocess
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Bioreactor
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Product
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A bioreactor is at
the heart of a bioprocess

This course will focus on bioreactors




Stirred tank bioreactor

pH =
Aeration

Agitation

Medium — = Cells in
' : Culture
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Air-lift bioreactor

N

T “air

Then we looked at the bio process, the bioreactor. The common bioreactor types that are
used; Such as stirred tank bioreactor, the air lift bioreactor, the packed bed bioreactor,
solid state bioreactor, where there is no liquid usually, single use bioreactors such as
disposable plastic vessels, and wave bioreactors which are good for certain operational
reasons in the industry.
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Packed bed bioreactor

https://www.youtube.com/watch?v=KkT1gvxtbY0
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Fluidized bed bioreactor

Solid state bioreactors

https://www.youtube.com/watch?v=6U8eKdGWE_A
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Single use bioreactors

Disposable plastic vessels

Wave bi%reactors

https://www.youtube.com/watch?v=OweV5mfhK20&list=PL448xWt6djLpz1u63Ik9ZFigSPNZLS72U&index=1
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Photobioreactor

https://www.youtube.com/watch?v=EnOSnJISP5c
And many other kinds ...

(Refer Slide Time: 03:36)




Batch operation

o | o © - Dump everything in
WH, | e - Wait
Ll fo b 3
. . - Dumpeveryvthlng out
o o and proceed with further
° °.° processing

And photo bioreactor which is used for, cultivating photo synthetic organisms. These all
we saw, and we said there are many other kinds of bioreactors also, these are some of the
common once. Then we said that the bioreactor could be operated in a few operation
modes. The batch, the where we dump everything in, let the process happen, and dump
everything out and proceed with processing.
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Continuous operation

v
v

]

- Continuous input, continuous output
- Growth, product formation, flow of nutrients all happen simultaneously




Continuous operation where there is a continuous input and a continuous output. We are
usually interested in the steady state operation, which occurs for most of the time. The
initial path could be at unsteady state, and the startup and the shutdown paths could be at
unsteady state, which we are not normally interested in.
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Fed-batch operation

- In between batch and continuous operations
- Intermittent input or output or both
b
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Need for a clean slate

How to achieve a clean slate?

- high temperature

@ - chemicals (liquids/vapours)

- radiation (UV, gamma, ...)

‘ll{‘



And then the fed batch operation which is somewhere in between a batch and a
continuous operation may be, intermittent input or intermittent output or both. Then we
looked at the need for a clean slate; first we kill all the microorganisms in the bioreactor.
Then introduce a microorganisms of interest. So, that they can grow well and produce the
product of interest to us. Some of the, means of achieving a clean slate is high

temperature, chemicals, and radiation.
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Thermal sterilization

Response of viable cells to high temperature

N
% viable cell 100 %y
GGG K ey Applicable for a suspension of single cells
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S
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70°C
time

Logarithm of the viable cell concentration percentage (fraction) is directly proportional to
the time of exposure at the (high) temperature
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Such a relationship results when the rate of decrease in
viable cell concentration is directly proportional to the viable
cell concentration present at any time. Let us see how that.

happens
rate of decrease in concentration « x,

Tqg = kdxv Concentration basis

Let us write a balance on cells taking the bioreactor broth
as the system,

d (m,)
dt

Let us review the basis for this equation

'j—Tot+ Ty —T=
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Let us say that we are filling a water tank of
volume, V=12,000L

mass, m = ? 12,000 Kg

How long would it take, t, to fill a tank?
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d (x)
dt

== kaxy
In (i—“) = Kyt

down to x, starting from x,q is

2303 X0
t = T logyo |-~

v
[

If we solve this first order differential equation, we get

Or, the time needed for the viable cell concentration to go

We looked at some kinetics, corresponding to the high temperature sterilization or

thermal sterilization. The concept of decimal reduction time the basis of that. | will not

get into that details in the summery. We looked at the material balance basics and so, on.

Yes, this was, this was the time that it takes for the cell concentration the time taken for

the cell concentration, to go from a viable cell concentration initially x,, to a final viable

cell concentration x,,. Itis given as

2.303 Xy
- ()

14

And then we saw the concept of a decimal reduction time, which is the time taken for a

tenfold reduction in the viable cell concentration at a given temperature. These can be

used for design purposes. And that is where we finished up module one, with a practice

problem and a solution to that.
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The time taken for a 10-fold reduction in viable cell
concentration at a given temperature is an important
parameter for design of thermal sterilization. It s called
the decimal reduction time, D

A 10-fold reduction in viable cell concentration means

B
xU

Substituting this in the expression for time, we get
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Practice problem 1.1

A bioreactor needs to be sterilized before use. The solution in the
bioreactor consists of single cells with similar thermal response
characteristics. At 70 °C, it takes 5 min for the viable cell concentration
to reduce to 20% of its original value.

a) Determine the decimal reduction time

b) How long would it take for the viable cell concentration to reduce
to 0.1% of its original value under the same conditions?
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Module 2

Biomass (cells) and bio-products:
Two important outcomes of a bioprocess
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Sometimes the cells themselves are the product
Bioreactors that produce artificial organs - cells, liver, etc., or stem cells

video

Bioreactors for spirulina, yeast, etc.,

Often, substances other than the cells are products, as we have
already seen in the Introduction.

Then the module two looked at the two major outcomes of from a bioreactor or
bioprocess, which are cells and the bioproducts and we saw examples where cells

themselves could be important bioproducts.
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We have seen in an earlier lecture the need to use rates
while considering dynamic systems, and the importance
of rates in making relevant decisions

The rates of cell multiplication (culture growth or just, ‘growth’)
and product formation are important for us. Let us consider them.

Growth rate of single cells, r, the simplest representation (model)
e = [X

NOTE: p may or may not be a constant, depending on the
situation. Also, this model is not useful with molds for which
the mass increases, not the number

And otherwise there are many other molecules that come out of the cell. The models for
growth when cells themselves are the bio-products, or you know each cell is going to
produce a product. So, it makes sense to have more of cells, more concentration of cells;
and therefore, in any case growth is important for us, or in either case growth is

important for us. This is the simplest model

e = UX

the first order representation, u may or may not be a constant. It is a constant in certain

situations, it is not a constant in other situations.
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Other models

Logistic equation

. = kx(l-§x) x=x, a t=0

X

where, fp and k are model parameters

In an advanced course, one can consider

Structured models (cell compartments - actual or conceptual)
e.g. compartmental, metabolic, cybernetic

Segregated models (age distribution)

Then we looked at one other model the logistic equation, and then we said there are more
complex models that are available, for people who are interested in advanced level

learning of this aspect.
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Substrates are converted to cells (cell multiplication) and
bio-products (that are produced by each cell through various
metabolic reactions or genetic processes - transcription

and translation) in a bioreactor

What are substrates?

by
Raw materials that are food for the cells, typically glucose

Why glucose?

(Refer Slide Time: 07:21)



Glucose is the starting point glucose
of an important metabolic

pathway, glycolysis, which is
energetically important too.

glucose~6»[7hosphate

Common substrate - we will
look at this.

|

pyhvate

There are many other
substrates that get utilized
through other metabolic
pathways.
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However, glucose is expensive.
A less expensive substrate would reduce the cost of
a bioprocess

Starch, cellulose and ligno-cellulosic materials (from plant
sources) are alternative sources of glucose

Starch and cellulose are polymers of glucose

OO0 000

This is starch. Cellulose has a different branching

The bonds between the glucose units are broken to get glucose for cells

(Refer Slide Time: 07:28)




In general, a medium (complex or defined) contains

* acarbon source (e.g. glucose)

* an energy source (could be the same as C source or different)
* anitrogen source
* salts

* trace nutrients (vitamins, minerals, etc.,)

(Refer Slide Time: 07:31)

The limiting substrate is similar to the limiting reactant
(the concentration of which limits the extent of reaction
or one that gets consumed first in a batch)

Stoichiometry 2A+3B —— P

Suppose the input stream into the reactor contains 10 M conc. of A and 10 M conc. of B,
then the reaction will be limited by B. That is because 10 M conc. of A will need
15 M conc. of B to get completely consumed.

Here, A will be left over, and thus B is the limiting reactant.

Similarly the substrate in the medium that limits growth is the limiting substrate

(Refer Slide Time: 07:34)




If Sis the limiting substrate,

Mathematically, this can be
represented as

fm S

E= Eas

5 Monod model
Now, when K¢ =S, what happens?

PnS _ FmS _FmS _

B= %+s S+5 28 2 :

There are many other types of effects of the substrates on growth rate - represented by
other models

Then we said substrates are converted to products. And then we looked at some
important concepts; such as a limiting substrate, a limiting and its relationship to specific
growth rate, or the dependence of specific growth rate on the substrate concentration,
which is given by the monod model, and then we said there are other models available
also, such as the Moser model, the Andrews and Noack model.
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Other models for the effect of S, P on u
S n
= e Moser model and others...
K, +8§"
B = b, Sl Sl when two substrates are limiting,
K. +8K,+8, simultaneously
po= U § KI when substrate inhibits growth
i Ks +.8 KI 108 Andrews and Noack model
b
o= U, S KP when product inhibits growth
Ks + 8 KP +P Jerusalimsky and Neronova
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A simple, but useful model for the product formation rate
in a bioreactor is the Luedeking-Piret model

n=an+ px
[
,+ rate of product formation
« growth rate
cell concentration
. growth dependent parameter
. growth independent parameter

r

-

- R X
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Yield coefficients

Yield coefficients are useful parameters. There are many
yield coefficients that can be defined as needed. For example,

amount of cells produced
amount of substrate consumed

Yx/S =

amount of product formed
PIS " amount of substrate consumed

amount of cells produced
amount of product formed

Yep =

Assumed constant - usually a good assumption

(Refer Slide Time: 08:14)




They can be used to estimate relevant rates from related rates.
For example, the rate of substrate consumption can be found
from the growth rate

_ 1 _ 1
5o Yx/S L Yx/S H

In the next module we will use the above parameters - rates of growth,
product formation, and yield coefficients

Or the model that gives the limitation of two substrate simultaneously or Jerusalimsky
and Neronova, which looks at the product inhibition. Then we looked at a model for
product formation Kinetics in the bioreactor; the luedeking piret model. Then we looked
at what yield coefficients where, and how they can be used to inter convert; one rate to

another rate, inter convert rates.
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Maintenance

. cell multiplication (culture growth)
v o
substrate <

* cell maintenance (metabolism, etc.,)

When the substrate level is low, it goes completely toward cell maintenance activities.
No growth is apparent (observed),

= apparent (observed)specific growth rate

= utx =" "=t ific growth rat
e = utx —(H - ke)x ' = true specific growth rate

ke = endogenous metabolism constant

1 ;
s = ) HA X+ mx m = specific maintenance rate

x/S




Then we looked at the concept of maintenance, the substrate we said needs to go towards
cell multiplication, as well as towards cell maintenance of metabolism, transport, genetic
processes and so on. So, that is taken into account, especially when the substrate

concentrations are low, and some ways of taking them into account have be given here.

(Refer Slide Time: 08:46)
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Enzymes
Enzymes (usually proteins), produced by micro-organismsin
bioreactors are extensively used in the industry; e.g.

| Industry Enzymes used
Detergent proteases, amylases
Baking amylases
Brewing amylases, glucanases, proteases
Dairy rennin, lipases, lactases
Starch amylases, glucose isomerase
Textile amylase
Leather trypsin, proteases, cocktails
Pharmaceuticals trypsin
 p—— Y
L n 2
L~ :
S i
0l s | Clickto add notes
P 26l EY
B 5ide 160142 | “Offce Theme' | Engish india) BEDT 6% - +3

Then we looked at enzymes, we looked at enzyme Kinetics, the Michaelis Menten

enzyme Kinetics. You can go through it in detail. The final derivation is

S
vV o=V,
K,+S
Where
Vm = k3 Etotal
K - K, +K,
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Michaelis-Menten kinetics

Using material balances on a well-mixed vessel we got the kinetics of the simple
enzyme catalyzed reaction as (let us drop [ ] for concentrations):

§

y — Vv ——— 1
" Km +S where, Vi = /‘3

k, +k,
Elolul K, =-= =

v

V.2 [T

The same form as the Monod equation form, but of course this is entirely different.
These correspond to the rate constants of individual steps in the mechanism, enzyme plus
substrate giving you enzyme substrate complex, which further gives you enzyme and
enzyme back and the product of interest. So, above is the representation in a graph.
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Model parameters

The model parameters, v,, and K, of the Michaelis-Menten mode, can be determined from
Sversus t, data as follows:

The Michaelis-Menten equation v=

If we invert the equation, we get 1 =

Therefore, if we plot 1/v vs. 1/S (Lineweaver-Burke plot) we can get
K./Vv,, as slope and 1/v,, as the intercept (slope/intercept concepts)




And then we found out a way to find out the model parameters v m and k m by the

Lineweaver-Burk plot, and the basis for that.
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From Svs t data, calculate v using two successive data points of S and t for plotting.

Other types of plots. 4
can also be used N

_-14‘ j
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Other kinetics
Competitive inhibition
Inhibitor binds to the enzyme.

B K
S+E «- (E#S) —h5 E+P
k.

k,
E+1 > (E#I)
k,

dP S

y = d_ = v, —— where,Kl:_i
! g |1+ L]4s s
"5

=

V,, remains the same, K, changes

Click to add notes
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And we also did some practice problems 2.1, then we looked at different kinetics, other
kinetics, especially the competition kinetics. We said that there could be three kinds of



common inhibitions; competitive inhibition, non-competitive inhibition, and un-
competitive inhibition. In the competitive inhibition, the inhibitor binds the enzyme, and

thereby inhibits the rate of the reaction.

(Refer Slide Time: 10:15)

res.2 - Micosch Powerbint o x

Other kinetics - contd.

Non-competitive inhibition

Inhibitor binds to the enzyme as well as the enzyme-substrate complex.

k
S+E > (E#S) —h5 E+P
K

K
E+1 > (E#])
K

E#S+1 > (E#SHI)
K,

Yy = — =

pres. 2 - Microsoft PowerPoint

Other kinetics - contd.

Uncompetitive inhibition

Inhibitor binds only to the enzyme-substrate complex.

k
S+E > (E#S) —B5 E+P
K,

; k
E#SRI o (E#SHI)
ks

v §

v -
(h{—J
\ K

Other types

V,, changes, K, changes i




In the non-competitive inhibition, the inhibitor binds to the enzyme, as well as the
enzyme substrate complex, and inhibits the reaction. In the uncompetitive inhibition it
binds only to the enzyme substrate complex and inhibits. And in these three cases the v
ms and k ms change. Only v m changes for competitive, only k m changes for non-

competitive, and v m and k m change for uncompetitive.
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Enzyme immobilization

Place enzymes on a porous matrix (beads, gels, bed), and use the
matrix in bioreactors for carrying out enzymatic reactions

Immobilized on gels, nanoparticles, small surfaces: used in various biosensors
for detection (pesticides, heavy metals, etc.) and analysis (glucose, etc.,)

Pharma: Penicillin acylase for 6-amino penicillanic acid (6 APA) production
from penicilln G

Food: Glucose isomerase to produce more sweet invert sugar

Energy: Lipases to produce bio-diesel from bio-oil

5565 -575
Cells can also be immobilized ;

Click to add notes

Then we looked at enzyme immobilization, whereby we can minimize the damage to the
enzyme, but it comes at a cost. We also said that cells could be immobilized. These have
been used in industrially in an immobilization mode. That is what we essentially saw in
module two, and we also worked out a couple of problems. Hopefully the problem
solutions would have been useful. The methodologies would have been useful. And then

in module three.
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Module 3

Analysis of common
bioreactor operating modes

Let us recall the common bioreactor operating modes

il Batch

| _ Fed-batch

Continuous

We looked at the analysis of common bioreactor operating modes; the batch mode, the
continuous mode, and the fed batch mode. These two we looked at in great detail. Fed
batch 1 just introduced you, because it is complex. | just introduced you a way of
approaching that. So, in the batch mode, we did balances, and we got expressions, for the

time of a batch, for the time to reach a certain desired cell concentration.
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If we solve this equation with the initial condition that at time, t,, the beginning
of the log phase, the cell concentration is x,, we get

dx dx
= =pdt J’T= J“'dt Inx = pt +¢

To evaluate c, we use the initial condition Inxg = ptg=c

Thus, the solution becomes:
¥ Thatis whyit is called the
In (_) =p(t -ty or x=rxperlt-t logarithmic/exponential
o growth phase

This equation can be used to find the time needed to reach a desired cell concentration
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Thus, if the parameters i, t, (lag phase time), and x, are known, we can predict the
total time from the start of the batch, t, to reach x:

1 (x)
“In|=|+to=t
r\Xp

Practice problem 3.1.

Ina batch bioreactor, the concentration after inoculation was 0.5 g I, The lag phase
usually lasts 20 min under these conditions. Assuming that the cell concentration at the
start of log phase was not significantly different from that immediately after inoculation,
(a) estimate the time needed for it to reach 4 g I'X. The specific growth rate for this
organism under these conditions is 0.5 h'.

(b) what is the time needed for the cell concentration to double in the log phase?

Starting from a certain initial concentration, and that is



X, 1S the initial cell concentration, t, is a lag time, the sum of these is the a batch time.
We worked on a problem to illustrate that.
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The above did not consider the effect of substrate on the specific growth rate, . We

tacitly assumed that enough substrate was present, so that it = .. This need not
always be the case. We have seen that

My
u
_ UmS
B= K+s
s Monod model

And then we brought in the effect of substrate concentration on the specific growth rate,
and saw how things could change.
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If we incorporate the effect of the substrate, for the log phase,
dx tm S
— ”
dt  \Ks+S§

Let us consider two cases:  § » K S =K

&

FnS _#nS _

if S »Ks k1S s [y Which is the same case as earlier
s

We cannot use the above approximation. This case is uncommon, and can
I § ~ K happen when some crucial but unusual substrate becomes limiting. Otherwise,
the culture would have reached stationary phase when this happen.

We have two quantities, x and S that vary with time in the same differential equation.

It would be preferable to have only one dependent variable. We need to express $ in terms
of x. How do we do that?




When that has been brought in, it could be relevant in some situations, but it is more
important for the continuous bioreactor situation. So, when we went and analyzed the
continuous bioreactors, we got some very insightful, good insights into the operation,
and we said at steady state.
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Objectives of our analysis:

+ To obtain conditions for steady state (SS) operation

+ To obtain the critical dilution rate (the maximum operable
dilution rate)

+ To obtain an expression for cell productivity ina chemostat
and compare it with batch bioreactor productivity

We obtain conditions for steady state operation. We obtained the critical dilution rate,
which is the maximum operable dilution rate, before washout occurs, and we also
obtained an expression for cell productivity in a chemostat and compared it with the
batch bio reactor productivity. We said that this specific growth rate equals the dilution
rate at steady state operation. Therefore, an operational parameter such a flow rate, and
dilution rate is flow rate by the volume. So, the flow rate can be used to control a
biological parameter which is the growth rate; that is the significance here. And then we
obtained a critical dilution rate, beyond which there is actually no cell production by the
cell. And then we said that a chemostat is inherently three to four times more productive,
then a batch bioreactor. Although it is a lot more difficult to operate a chemostat. It is a
lot more intensive to operative a chemostat. Then we looked at means of analysis. We

have of course, worked out some problems.
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Fed-batch operation

= "
We have already seen that a fed-batch operation is preferred ¥nder some conditions
such as minimizing the deleterious effect of a metabolite formed during the

cultivation, or when feed strategies need to be implemented.
Let us analyze with an aim to obtain the cell concentration at any time, t, when there
is only input (no output)
Fi(t) isthe volumetric feed rate of the entering stream
F o A |
x((t) isthe cell concentration in the entering stream - |
1, isthe cell growth rate on a volumetric basis |
A material balance on cells, with the bioreactor contents as our system yields
0 =0d d(x)
(m) - B
n ‘/o/;"g '/‘: x5 R + 1V = ==
*
3
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Ftx(t) + nV = x 7+V T
d(v) . i
Except = we can handle the restin the above equation

Let us try a total mass balance on the bioreactor contents (broth) to handle

0 0
- //, //_ /l 4) %0 o)
[ 2
d EOx(®) + 1V = (0 +V %) |

d(v)
dt

d(p¥)
fie = =g~ OGO -9 +ry = v 5D
Usually, p;= p = constant & ) )
av) dv) 'T(n(!) X)) tr = 1 E
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Then we looked at a brief method of analysis, or analysis in brief of a fed batch
operation, where there is only input. Very briefly if we know the functions of the
variation of the flow rate, input flow rate with time, and the variation of the input cell
concentration with time, then we can use this equation to design appropriate aspects, is
what we said. So, that was module three.
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Module 4

Cultivation parameters that affect
bioreactor performance
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Many cultivation (environment) parameters affect the bioreactor
performance. The common ones (there are some others) that are
measured and controlled are:

* Temperature

. pH

+ Medium composition (we have seen some of this)

* Aeration/Agitation

+ Dissolved Oxygen (DO) level
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In module four we looked at cultivation parameters that affect bioreactor performance.
The cultivation parameters, were temperature pH medium composition aeration and
agitation, and dissolved oxygen level. Dissolved oxygen level we looked at in great
detail, including k | a measurement methodology, the dynamic response method. We also




worked out a problem by which we got a better appreciation of the k | a determination.
Then we looked at some aspects of scale up and scale down.
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Scale-up

Processes and strategies are first developed on a small scale (say 1 L) - cost, etc.,

Then, how can one make them work at large scale, when many crucial aspects
could be different from the small scale, where they were made to work?

This is done by keeping certain parameters at the large scale the same as the
ones that were effective at the small scale - scale up criteria

£
e of

e
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P

Example; stirred tank

=
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We said that we need to maintain the equivalence of geometric parameters, and the
equivalence of operational parameters during scale up, only then can we expect, at least

that whatever result we got at a lower scale, would be applicable at a higher scale.
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Scale-down
To study potential strategies to improve an existing process

Changesin
*  Mediumcomposition (even a new batch of the same ingredients)
+ New/modified production strains

*+ Operatingconditions—inoculum levels, antifoam, DO, etc.,

lidation of new operating procedures for cell culture products without
taking time off on the production bioreactor

Faster screening of multiple strategiesin many miniature bioreactors at the same time

2 papers

The scale down is important, because it gives us a means by which potential strategies to
improve the existing process, such as changes in medium composition, new or modified
production strains used, or operating conditions, different operating conditions can be
tested and the validation of new operation operating procedures for cell culture products,
can be tested without taking time off the production bioreactor, and without too much
cost. So, that is the advantage of scale up scale down. | have given you a lot of references
which include videos, websites, and papers, to provide a lot of background which would
be interesting to people who want to know more about those aspects.
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The cell-view of a bioreactor
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Cells are the actual factories in a bioreactor

Any significantimprovement needs to happen
atthe cell level

In this module, let us look at some approaches that target
the cells in the bioreactor

* Cell as a black box (stoichiometry)

+ Open awindow (indicators of status)

+ Look inside (metabolic flux analysis)

+ Try to modify thingginside according to our needs (rONA)
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Then finally, we looked at the cell view of the bioreactor, because cells are the actual
factories that are producing the product. We said that we would look at the cell as a black
box initially, get some insights using bioreaction stoichiometry. Then open a window
through cellular indicators; such as redox state energy state, and probably intracellular
pH. and we can use those as control variable also; that is what we saw. And then we
looked inside, we spent a lot of time looking inside through one technique called
metabolic flex analysis. And we saw how it provided us directions to appropriately

genetically modify the organism, and actually achieve threefold increase in yields; this



was the paper by Vallino and Stephanopoulos. And then | very briefly mentioned how the
r DNA technology can be used to change what is inside itself, or probably we can look at
techniques by which the entire cell is changed such as the hybridoma technology right.
So, hopefully you had the course that would be helpful to you. Hopefully you had fun

during the course and you enjoyed the course.

Wish you the very best and all success.



