Course on Industrial Biotechnology
By Prof. Debabrata Das
Department of Biotechnology
Indian Institute of Technology Kharagpur
Lecture 12
Enzymatic Reaction Kinetics (Contd.)

Now in the last lecture class I discuss about the determination of the Kinetic parameters of
enzymatic reaction and now I am going to discuss one important parameters associated with

the enzymatic reaction.
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Lecture 12:

Enzymatic reaction Kinetics (continued)
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That is the inhibition now question comes what do you mean by inhibition?

(Refer Slide Time: 0:45)

Enzyme inhibition

Q An inhibitor that causes on enzyme-catalysed reaction to proceed more
slowly when it is present in the reaction mixture

O Inhibition may result from mteraction between mhibitor and enzyme, or
between inhibitor and substrate, and 1t may be reversible or may not

O Reversible enzyvme hibition can be classified mto three types
~ Competitive
~ Non-competitive
= uncompetitive
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Inhibition means retardation of velocity of reaction is nothing but the tradition of the city of
reaction and inhibitor causes the enzyme catalytic reaction to proceed more slowly when it is
present in the reaction mixture that means that innovation doesn't means of stopping the
reaction is reduced the rate of reaction that is that is inhibition and inhibition may results

from the interaction between the inhibitor.

And enzyme or between inverter and substrate and it may be reversible or may not be
reversible. The reversible enzymatic inhibitor can be classified into 3 types 1 is called
competitive inhibition another is non-competitive inhibition and there is uncompetitive

inhibition.
(Refer Slide Time: 1:33)

Competitive inhibition

O Inhibitors that cause competitive enzyme inhibition have some degree of
molecular similarity with substrate,
E+SoES—E+P

O These properties allow the inhibitor to +
compete with substrate for binding to I
the active reaction sites on the enzyme

O The rate equation of enzyme reaction EJ
with competitive inhibition

Bvmax[S]

Km(1 +N,"+|bl

Where, [ is the inhibitor concentration. K; is the inhibitor coefTicient
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Now let me explain what do you mean by competitive elevations? Competitive elevations
means inhibitors that causes competitive enzyme inhibition has some degree of molecular

similarity with the substance. No what do you mean by that?



(Refer Slide Time: 1:54)
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Suppose this is your enzyme and this is active site this week all considered as a active site
and this is the inactive site ok. Now if you are substrate configuration this is substrate this is
the enzyme. Is like this so substrate will see that the active site and give the product. Now
inhibitor if it has the same configuration as the as as compared to the substrate the

configuration of the inhibitor.

And substrate they are (())(2:39) so that they are not there they have resemblance with each
other so that they both came compete with the same active site you see there competing for

the same active site. This this is called competitive inhibition.
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Competitive inhibition

Q Inhibitors that cause competitive enzyme inhibition have some degree of
molecular similarity with substrate.
E+§—-ES—E+P

O These properties allow the inhibitor to o+
compete with substrate for binding to I
the active reaction sites on the enzyme
O The rate equation of enzyme reaction EJ
with competitive inhibition
Vmax|S]
e e
Kin (1450 +15]

Where, [ is the inhibitor concentration, K; is the inhibitor coefTicient
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So here in this enzymatic reaction you see E plus S give ES and then it produce E plus P and
at the same time plus I produce EI when EI formation is there is no product formation but
when there is a ES formation enzyme substrate complex formation is there there is a product
formation so this is how inhibition takes place that it is part of the enzyme goes inactivated

with the help of inhibitor that is why rate a rate of reaction decreases.

This property is allow the inhibitor to compete with the substrate for binding to active
reaction site on the enzymes and rate equation of the enzyme reaction with competitive
inhibition can be expressed like this now if you if you analyse this reaction this is called KI.

KT is the equilibrium constant of this steps.

Now if we if we analyse this this kinetics of this equation we will get derive this equation
now here 1 interesting thing this is equal to V max S KM 1 plus I plus KI plus S. Now if I put
I equal to 0 then it will be becoming the Michaels menten equation you can see that if we put

I equal to 0 then it will be becoming the Michaels menten equation.
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Competitive inhibition

[Elell]e

TR

J Comparison of rate equation with inhibition and without inhibition yields the
apparent value of K,

]
K‘m = Kn(1 +E)

O The effect of competitive inhibition on the rate of enzyme reaction can be
over come by inereasing the substrate concentration
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So now K K this this show what we have that K incase of Michaels menten equation this is
this is KM now this has been modified as KM into 1 plus I by KI that is exactly what we have
written here this is modified by this. The effect of competitive inhibition on the rate of

reaction can be over come by increasing substrate concentration. I can I can give you very

simple example here.

(Refer Slide Time: 4:58)

Competitive inhibition

_ [ELel!]e
d [El],

O Comparison of rate equation with inhibition and without inhibition yields the
apparent value of Ky,

I
K'm = Kn(1 +E)

O The effect of competitive inhibition on the rate of enzyme reaction can be
over come by inereasing the substrate concentration
b
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Suppose we have V is velocity of reaction and S is the substrate and this is the co relation we
have this is no inhibition. Now in case of competitive inhibition what will happen that you
know your rate of reaction will increase but has the infinite time it will go to the V max. So
this is your V max now so if you if you plot live (())(5:32) plot 1 by V buses 1 by S if you

plot this is no inhibition no inhibition ok.

But in case of inhibition what is the plot will be like this that is this intercept I should you the.
What is this intercept this is equal to minus one by KM so 1 by KM value decreases as this is
inhibition this is inhibition so in case of inhibition competitive inhibition that this is 1 by KM

decreases if 1 by km decreases means what?



When came increases am I right? Came increases the if KM increases now if you have the we
have the Michaels menten equation Vmax is KM plus S now if KM increases velocity of the
reaction will decrease. This is how the velocity of reaction decreases in case of competitive
inhibition.

(Refer Slide Time: 6:52)

Competitive inhibition

[E]e[!]e

= "En,

3 Comparison of rate equation with inhibition and without inhibition yields the
apparent value of K,

]
K’m = Kn(1 +E)

O The effect of competitive inhibition on the rate of enzyme reaction can be
over come by inereasing the substrate concentration
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Non competitive inhibition

O Non-competitive inhibitors have an affinity for binding both the free
enzyme and the ES complex

3 The inhibitor binding site on the enzyme is located away from the active
reaction sile

Q Binding of the inhibitor does not effect the affinity of the substrate for enzyme
binding E + S: ES—E+P
+ +
I I

i T
EI+S —EIS
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Now next le let me discuss about the non competitive inhibition in case of non competitive
inhibition the inhibitor has an affinity for binding both free enzyme and the ES complex now
it is very interesting E plus S produce ES also ES can bind with I that is the inhibitor form
EIS complex.



And E plus I form EI complex and EI can form a bind with S EIS complex and this is called
trimolecular complex. So I can I can I can I can so in case of non competitive inhibition how

it is the how is it take place?

(Refer Slide Time: 7:39)

Suppose this is this is your enzyme and this is your substrate and this is another active sites so
this is inhibitor and this is your substrate the substrate bind here inhibitor (())(7:53) like this
you know that that they form the tri molecular complex so you have IES that is tri molecular
complex formation is there. So in case of non competitive inhibition there is a possibility of

formation of tri molecule Complex now here if you plot V by S.



This will be no inhibition. But in case of com non competitive inhibition the plot will be like
that means you see the Vmax value changes is here the Vmax value and this Vmax value is
changes. Now if you if you have the line of (())(8:53) plot 1by V versus 1 by S if you plot this
will be no inhibition this is no inhibition. Then in case of competi non competitive inhibition

it will be like this. This is non competitive inhibition.

So here what is this intercept we know this is 1 by Vmax am I right? So this is 1 by Vmax
this is also 1 by Vmax. In case of no inhibition 1 by Vmax will be less as compared to when
can there ther the the the non competitive inhibition. So in case of non competitive inhibition
1 by Vmax is increases so we can write Vmax decreases. But Km remain constant Km remain

constant.

So we have seen in case of competitive inhibition Vmax is constant but in case of in non
competitive inhibition Km remain constant this is the this is the thing that we have but Vmax
decreases here. And as the Vmax decreases the rate of volt rate of reaction also decrease. That

is how exactly the inhibition takes place.

(Refer Slide Time: 10:36)

Non competitive inhibition

O Non-competitive inhibitors have an affinity for binding both the free
enzyme and the £8 complex

O The mhibitor binding site on the enzyme is located away from the active
reaction sile

Q Binding of the inhibitor does not effect the affinity of the substrate for enzyme

binding E + S;; ES—-E+PFP
+ +
I I
) 11
Er+S —EIS
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Now inhibitor binds the sited on the enzymeis located away from the active reaction site and
binding inhibitor does not affect effect the affinity of substrate for enzyme binding now here I
want to point to point out that a very interesting thing there is another term is that the partially

non competitive inhibition and partially that competitive inhibition partially.
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Partially competitive inhibition and partially non competitive inhibition. Let us say partially.

The in case of partially competitive inhibition what is happening that I told you that we have
we have this enzyme this is substrate the wa now in case of partially non competitive
inhibition the inhibitor binds other than the active site because this is not the binding the

active site it is inhibited binding hair like non competitive inhibition.

But when he finds it binds it make some conformational change in the active site and that
you're not allowed the substrate to sit in the active site so that is how the rate of reaction

increases that is a further decreases that is the that isvq that is called partially competitive



inhibition that is this is this is not directly competing with the invited not directly competing

with active site it is competing other than active site.

And it binds and then it change the configuration of the active site so that substrate can
receive that the active site (())(12:58) rate of reaction decreases. In case of partially non

competitive inhibition if you look at here that enzyme the the.
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Non competitive inhibition

O Non-competitive inhibitors have an affinity for binding both the free
enzyme and the 8 complex

O The inhibitor binding site on the enzyvme is located away from the active
reaction site

Q Binding of the inhibitor does not effect the affinity of the substrate for enzyme

binding E + S: ESI—r E+P
+ +
I I
i 11
EI+S —EIS
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Product formation take place from ES Complex am I right? that ES equal to E plus P so but
in case of partial non competitive inhibition product formation also take place from tri
molecular Complex that is EIS. That also with this is called partially non competitive

inhibition.

(Refer Slide Time: 13:31)



Non competitive inhibition

O The rate equation of enzyme reaction with competitive inhibition

p = Ymax (5]
() Km+15]) < [Elllle _ [ESL1,
O Comparing with M-M equation ' 1EN.  [EIS].
Vimax
v’mﬂx -
U*'_.‘—:)

O Non-competitive inhibition can not be overcome by increasing the
substrate concentration
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Now equation is like this that can be written like this year also if you if you (())(13:39) 1
equal to zero then this equation will be becoming the Michaels menten equation this is like

this I equal to this.

(Refer Slide Time: 13:56)

Uncompetitive inhibition

Q Inhibitors do not bind to free enzyme but affect enzyme reaction by
binding to the ES complex at location away from the active site

Q) The rate equation of enzyme reaction with E+S—ES—E+P
uncompetitive inhibition -

+
Vinax_ (5] I
V= _R_
(HT:‘JJ (ux—)i—lﬂl lT
! EIS
_ |ES]eli]e %
= EIS),
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Now non competitive inhibition here this is E plus S equal to ES (())(14:04 ) ES plus P
another ES binds with I can the tri molecular Complex and this is if this type of reaction take
place then we call it un competitive inhibition and the equation is like this this can be

expressed like this

(Refer Slide Time: 14:23)



Uncompetitive inhibition

O Comparing with M-M equation

Vmax

T,
(HN_,)

'
VY max

K _ i
max = T
()

O Uncompetitive inhibition cannot be overcome by increasing the substrate
concentration
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And comparing with Michaelis menten equation came value and Vmax does value will be
this and uncompetitive inhibition cannot be cannot be over come by increasing substrate

concentration this cannot be overcome by substrate concentration.
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- [7] binds to free [E] [/] binds to free [E]or [/] binds to [ES]
% ‘"?I}\ and compete [ES] complex. Increasing  complex only,
b= with [S]. Inereasing [S] can not overcome increasing [S]
7 [S] can overcome inhibition favours the
a mhibition inhibition
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Now here the pictorially that I have already shown you that you know competitive inhibition
as substrate and the innovative the complete for the same active site and a non-competitive

ihibition the inhibitor binds other than the active sides.

And and then your substrate they bomb that I molecular complex uncompetitive inhibition
some some cases inhibited binds some cases inhibited binds other than the active site. This is

all how this uncompetitive inhibition takes place.
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Competitive Non-competitive Uncompetitive
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And this is this is how I have shown the reaction here the Vmax it will remain constant came
increases and here Vmax remain constant came increases and and and here both the Vmax

and KM changes in case of uncompetitive inhibition.
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And this is the plot that we have been case of uncompetitive inhibition this is with anhibitor

this is without inhibitor and this is how KM and Vmax value changes.
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Enzymatic reaction in batch operation
O This is an unsteady state operation where composition changes with time
O Substrate (5) balance
Input = output +consumption + aceumulation

=0 (0]
d(sv)

dt

0=(-1)V+
O As volume (V) is constant
d(s)

dt
ds N ”mm‘s

dt  Kp+S
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Now let us talk about we are interested to carry out some reaction in some reactor and if you
want to carry out some reaction in the reactor how we can do the analysis of the reaction so
so this is unsteady state operation when the composition changes with time and this is the
examples of the batch operation we know in the batch system the concentration decreases

with respect to time.

And has the concentration decreases your rate of the reaction also decreases so here we can
write this balanced equation rate of we are doing the substrate balance rate of input of
substrate equal to rate of output of substrate rate of consumption rate of accumulation rate of
because since it is a batch process rate of input and rate of output should this should be equal

to zero rate of consumption of substrate equal to minus RS into V.

And S SV into DT this is the accumulation of the service is the substrate concentration means
the walking volume of the reactor now if you write this this is a V small V is the velocity of
reaction this is one by S buy A DS by DT going to write their we know the Michaels menten

equation Vmax is KM plus S that we have.
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Enzyme reaction in batch operation

Q) If the initial substrate concentration = S,

O Integration of the above differential equation provide an expression for the
batch reaction time

SKp+S§ tb
[ —m‘; Cls=j —VUmaxdt
S0 * 0

] ty

5 K 5
¥
f —.ds+f dS = —=Vpa, | dt
50 S S0

So 0

s
K In (_) + (5 — 5) = —Vmaxtp
S!}

Sa
Vpmaxty = Ky In ? + (So = 5)

tp = — (Km In(32) + (S - 5))

Uinax
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Now now we can we have we can write that this is we can take this side this this side this this
site and we can rearrange this equation like this we can we can we can the slowly slowly we
can derive this because here DS by S DS by S means DLNS DLNS if you integrate S zero to
S then it will be LN S by S zero and DS means S S S minus S zero this is equal to minus

Vmax S is 0 to Tb Tb is the time required for the batch reaction.

So we can here have the have the equation like this Vmax into Tb equal to KM LN is zero by
S Plus S zero minus S so Tb equal to we can write like this this is so here if you look at that
Vmax is constant KM is constant is S zero is constant so only you have variable S so we can
if you change the if you if you if you want to find out that suppose for 20% of the substrate

consumption.

How much time is required I can easily calculate 30% had to have because suppose you want
to confirm 90% of substrate for a particular range enzymatic reaction how much time is
required? We can easily calculate with the help of the equation is very important equation you

can do this equation for calculating or in an another way.

If we want to find out that after 30 minutes how much substrate is conversion substrate is
converted that also we can find out after 15 minutes how much substrate is converted that
also we can find out when either way we can we can never use this equation to find out the

different value of T and different value of S.



(Refer Slide Time: 19:10)

Enzyme reaction in batch operation

O In the above analysis, t;, represents the time required for batch enzyme
conversion, In practice, batch operations involve lengthy unproductive periods
(preparation, harvesting, cleaning) in addition to £;,.

——> Down time (Egown time)

O The total batch reaction time (torar)

trotal = thatch + Ldown time
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Now in a batch process I told you that in the previous lecture I mentioned that they would
require some time down time and this down time is required for for different purpose for the
preparation because you have to fill the vessel with the substrate you request some time then
you have to harvesting harvesting means you have to take the material out from the reactor

then you have to cleaning the vessel.

So all this require some time and this time we considered as they that is no reaction take place
because they know that no reaction take place that is a this time is required no reaction take
place so this considered that is a that is some time we call you the ideal time ideal time means
no reaction take place or is considered as down time so total batch time reaction time actually

T batch plus the down time.

When we consider do any kind of reactor design if you want to find out when the produce I
showed you before that if you want to calculate the how much substrate is how much what
should be the volume of reactor then we shall have to use this T total equal to T batch because

whenever you want to calculate the volume of a batch process you have to find out.

How much product is to be produce part batch not per T per unit time particularly when you
want to calculate 1 to design a battery reactor so this this total total is very important for

designing the batch reactor.
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Enzyme reaction in continuous operation of CSTR

O The vessel is well mixed by means of agitator. Product stream has the
same composition as liquid in the reactor

0 In case of freely suspended enzyme used, the catalyst is continuously
withdrawn from the vessel in the product stream.

0 As enzymes are not produced by the reaction, continuous reactors are used
with free enzyme only if the enzyme is inexpensive and can be added
continuously to maintain the catalyst concentration

O Assumption
= Steady state operation
= Liquid volume (V) in the reactor is kept constant by setting the i
and outlet flow rates equal
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Now next is that an enzyme reaction in a continuous operations CSTR. CSTR we know the
continuous stirred tank reactor. The vessel is well big by means of agitator and product
stream has has the same composition as liquid in the reactant. Now here I want to find out

that that the.

(Refer Slide Time: 21:23)
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How we operate it the enjoyment rect that CSTR how you operate the CSTR? It like this so
initially what you do we put the substrate here we put the enzyme we put the substrate here
okay. Then then what will happen that the enzyme substrate that when I usually go when we
operate the continues first we want to operate in the Batch Mode let the reaction take place

when rate of reaction is maximum.

Then you put your substitute here substrate or enzymes whatever you won't you put it here
and take the product. If you operate the system for maybe you can have some kind of

membrane here so that the your your your enzyme cannot go out.

So that you know your enzyme concentration in the reactor remain constant so if you if you
operate for longer period of time a time will come when this substrate concentration and
product concentration here will be same as the other as the (())(22:40 ) concentrations at the

reactor and then and only then it will obtain the steady state condition.
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Enzyme reaction in continuous operation of CSTR

O The vessel is well mixed by means of agitator. Product stream has the
same composition as liquid in the reactor

0 In case of freely suspended enzyme used, the catalyst is continuously
withdrawn from the vessel in the product stream.

0O As enzymes are not produced by the reaction, continuous reactors are used
with free enzyme only if the enzyme is inexpensive and can be added
continuously to maintain the catalyst concentration

O Assumption
= Steady state operation
= Liquid volume (V) in the reactor is kept constant by setting the inlet
and outlet flow rates equal
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So in the in a particular particular CSTR it is possible to attend the steady state condition at
that the infinite period of time in case of freely suspended the catalyst is continuously
withdrawn from the vessel that is the major problem major drawback of the CSTR is that
continuously your enzyme will be losing that is why I told you that if you use some kind of

membrane.

So that you know you are don't allow your your enzyme to go out then then it is possible to
maintain the that a constant reaction what if you allow you to go it then whatever enzyme that
1s going out same amount of enzyme we have to put in the reactor then and only then you can

attend the steady state condition otherwise it is very difficult to obtain.

The enzymes are not produced by the reaction and continuous reaction out used with the free
enzyme only if the enzyme is in the expensive and can be added continuously to maintain the
catalyst concentration constant. So you know that and that is why we use some kind of

immobilization technique.
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Enzyme reaction in continuous operation of CSTR

O The vessel is well mixed by means of agitator. Product stream has the
same composition as liquid in the reactor

0 In case of freely suspended enzyme used, the catalyst is continuously
withdrawn from the vessel in the product stream.

0O As enzymes are not produced by the reaction, continuous reactors are used
with free enzyme only if the enzyme is inexpensive and can be added
continuously to maintain the catalyst concentration

O Assumption
= Steady state operation
= Liquid volume (V) in the reactor is kept constant by setting the inlet
and outlet flow rates equal
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That is supposed we have a column and in this column if we if we fix the enjoying on a solid
Matrix and pass here substrate here and get the product and then then there is there is no need
of addition of enzyme because the enzymes are there immobilised on the surface of the solid
metric This is a solid Matrix the enzyme surface fix on the solid maybe you have some kind

of port is there inside the port the enzyme are immobilised.

So when you pass your substrate it give the reaction but it will not go out of the system
suppose I told you that collagen membrane we use for putting putting the glucose isomerise
enzyme inside and then this bag we put it in the column and then we pass the glucose inside

the through this column when it pass.



And glucose enter into the membrane and reacts with the glucose isomerise enzyme and
produce fructose fructose then comes out from the membrane and then the ultimately goes
out like this so this is how we can do that then in that case we don't have to add enzymes

outside.
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Enzyme reaction in continuous operation of CSTR

O The vessel is well mixed by means of agitator. Product stream has the
same composition as liquid in the reactor

0 In case of freely suspended enzyme used, the catalyst is continuously
withdrawn from the vessel in the product stream.

0O As enzymes are not produced by the reaction, continuous reactors are used
with free enzyme only if the enzyme is inexpensive and can be added
continuously to maintain the catalyst concentration

O Assumption
= Steady state operation
= Liquid volume (V) in the reactor is kept constant by setting the inlet
and outlet flow rates equal
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Now assumption is the when you do this analysis of the reactor we assume the steady state
operation steady state means when the concentration is constant in different parts of the
reactor and liquid volume of the reactor is kept constant is by setting the inlet and outlet flow

rate equal.
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Enzyme reaction in continuous operation of CSTR

O The actual growth rate depends not only on the volumetric flow rate (/) of the
medium into the reactor, but also on the dilution rate (D)

_F =1
D= v (time™")

Hydraulic retention time (HRT)=%

F ) F
O Material balance % H

Input + generation = output + consumption Pyl I f
+ accumulation

Ligaid Volume =
0O Substrate balance under steady state mud L Warking Vohyma +
FS,+0=FS+ (—rs)V o U
——0
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So inlet and outlet few rate this is this flow rate should be constant then and only then is it
possible to have the steady state condition now the D equal to this is the dilution rate equal to

F by V so dilution rate is directly proportional to the flow rate as to increase the flow rate



dilution rate will be more hydraulic retention time is nothing but 1 by D hydraulic retention

time means the how long the liquid resize in the reactor that is called hydraulic retention time
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Enzyme reaction in continuous operation of CSTR

O The actual growth rate depends not only on the volumetric flow rate (/) of the
medium into the reactor, but also on the dilution rate (D)

_F =1
D= v (time™")

Hydraulic retention time (HRT)=>

F O] F
O Material balance % H

Input + generation = output + consumption Pyl I f
“ + accumulation

g A
Liquad Volums »
0O Substrate balance under steady state rall- Warking Vohyme +
FS;+0=FS+ (—r)V o L
——0
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Enzyme reaction in continuous operation of CSTR

F(Sq—S5)=vV

E == VmaxS
7 So—9)= s

_ Vmax$S
A== Km+5

O This equation can be used to calculate the dilution rate required to achieve a
particular level of substrate conversion [ ]

Substrate

conversion=-"

NPTEL ONLINE

IIT KHARAGPUR CERTIFICATION COURSES

Now for material analysis again the input plus generation equal to output plus consumption
accumulation here under steady state condition it is like this F into S zero no generation is
there because engine doesn't produce in the system F into S and this the reaction and ultimate

this equation is D into S zero minus S Vmax S KM Plus S.

This equation can be used to calculate the dilution rate required to achieve a particular level
of concentration conversion so you know if you want to runa continuous system and 1 2 have

bill supposed 90% conversion of substrate or 80% conversation of the substrate assuming the



enzyme concentration is constant if you keep the enzyme concentration constant then it is not

possible so then only we can we can we can use this delusion rate we can calculate that.
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Enzyme reaction in continuous operation of CSTR

O Practically CSTR can be used with immobilized enzyme. The modified
equation will be

"Tvmnxs
D(Sy—S§) = —==
g Kn+S

Where, ny— total effectiveness factor for mass transfer limitation
3
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Now when practically that is CSTR can be use with immobilized enzyme the cycle discuss in
details after work and this is equal to eeta T that factors is to be eeta T is the effectiveness

factor that what the mass transfer limitation as they discuss discuss this separately.

(Refer Slide Time: 27:31)

Enzyme reaction in continuous operation of Plug
flow reactor
Q Plug flow reactor (PFR) is an alternative to CSTR for continuous operation

Q Liquid entering the reactor passes through as discrete *plug’ and does not
interact with neighbouring fluid element

3 There is no axial mixing, only radial mixing

Q Composition varies along with the flow path
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Now enzymes enzyme reaction in continuous operation of plug flow reactor. Plug flow
reactor is an alternative to CSTR for continuous operation liquid enter into the reactor passes

through as discrete plug and does not interact with the neighbouring fluid element there is no



actual mixing only the radial mixing and composition varies along with the flow path this is

the I told you the plug flow beams (())(28:05 )I told you that.

(Refer Slide Time: 28:07)

Enzyme reaction in continuous operation of Plug
flow reactor

L

F.5, —18 L] [T —s F§
] 5l 5 brvte "
. e
z az'
O Mass balance for substrate in a small section (Az) | 4- Cross-sectional arca of the
reaction
I = 4 - F- Volumetric flow rate
nput =output + consumption + accumulation VmaeS
vE=r=
ST Kp+S

O At steady state operation, accumulation=0

FS |, = FS |pypz + (—75)ADz dV = AAz I
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That is there is a thing that is this can be schematically it can be explained like this this is the
plug with this is a tubular type of reactor and here we are show me a segment where this is
this is length is Z and this is F is flow rate and S is the substrate concentration as Z plus to
when it cost Del Z it is S Z plus del Z so steady sate accommodation we can assume to be
zero here and then rate of input equal to rate of output plus rate of disappearance that you

know that that you can we write this equation like this.

(Refer Slide Time: 28:52)

Enzyme reaction in continuous operation of Plug
flow reactor

O Rearranging the above equation

F(S lvaz =5 ) = VinaxS Superficial velocity
AAz Ky +5 through the column, u = E
U(S Lyaz =S ) — Vinax>
Az T Kp+S

O Taking limitAz = 0

u(lim S byar =S lﬂ)) _ _ VmaxS

Az—0 Az Ky + S

O By definition
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And from that this is equal to this is that you know that this is this is the rate of reaction this
can be replaced by the Michaels menten equation it is Michaels menten equation we can

write an ultimately we come across this this is U DS by DZ though Vmax by S KM plus S.

(Refer Slide Time: 29:22)

Enzyme reaction in continuous operation of Plug
flow reactor

O Integrating the above differential equation with initial condition § = Sy, @z = 0

i [ SKm+ S
o [odz=- [ m2as
uJo* S0 VmaxS

0

%: 1 {Kom in(%q) + (S0 — 5)}

uﬂlﬂx
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Now DZ is the length that is the 0 to now in this rector we have considered dz now you have

to extend from zero to L because the L is this the length of the reactor and then.

(Refer Slide Time: 29:38)

Enzyme reaction in continuous operation of Plug
flow reactor

L

F.5y —— Eiss = B —— F.§
hid SIS ks "
e
z az'
0O Mass balance for substrate in a small section (Az) | - Cross-sectional area of the
reaction
o . - F- Volumetric flow rate
Input =output + consumption + accumulation v,
max
vE=rg=
. . ST Kp+S
O At steady state operation, accumialation=0

FS IZ =F§ Iz+Ax +* (—r‘r,)AAz dV = AAz I
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Enzyme reaction in continuous operation of Plug
flow reactor

O Now,
L

¥
v () 1 5,
Thrr=f == = (K I (32) + (So - )

L
A

O PFR operation is generally impractical for enzyme conversions unless the
enzyme is immobilised and retain inside the vessel

The Kinetics characteristies of PFR are the same as batch reactor,
Epatels = Tprr
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If you if you do this that the 0 to L then it is coming as L by U equal to this this equation and
through tau plug flow reactor can be expressed as V by F then L y U, L is the length of the
reactor U is the velocity of the fluid then this is divided by this is the called the residence
time this is the night in the space time of the plug flow reactor that will be equal to like like

this.

So in a plug flow reactor operation is generally in practical for enzyme conversion unless the
enzyme is immobilised and retain inside the vessel the kinetic characteristics of plug flow
reactor same as the batch reactor. I just showed you that batch reactor the concentration
changes with respect to time in the plug flow reactor concentration changes with respect to
length of the reactor so that is why the expression for the both the tau plug flow reactor and T

batch that is T batch is equal to Tau plug flow reactor. Thank you!



