Enzymology- An overview-4



Reqgulation of enzyme activity

Several ways to regulate enzyme activity:

1. Modulation of enzyme activity:

A- Covalent modification.
B- Allosteric modulation.
2. Proteolytic cleavage of proenzymes.
3. Compartmentation.
4. Enzyme production.
5. Feedback inhibition
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is a phosphate group binding to hydroxl group of 1 amino acid at the active site for the regulation of the enzymatic activity, positive or negative 

contains serene amino acid in the active site, and a phosphate group binds to this serene causing an improvement in the enzyme making it active 

-D-phospho is the inactive form of phosphate 

-another enzyme that already has a phosphate group binded to it will be in the active form, but when this phosphate group is removed it will switch to the inactive form 

phospholation is not for all enzymes, the regulation the activity and the inhibition of these enzymes will be controlled by 1 phosphate group, so adding a phosphate group may convert the enzyme from inactive to active form and vice versa 

enzymes that have inverse reactions (تفعلات عكسية) such as the 2 enzymes that works on glycogen, 1 of them produces glycogen and the other breaks it, they are the glycogenesis and the glycogenphosphorylase. these 2 processes cant occur at the same time cuz the requirements or the circumstances for them are different, in the case of producing glycogen is when there is extra glucose while the case of breaking them down is when the cells are glucose short 
meaning that when 1 pathway is ON the other pathway should be OFF 
other words; when the cell is undergoing glycogenesis then one of the 2 enzymes that is responsible for the activity of glycogensis and glycophosporylase will be ON (glycogen synthase) and the other is OFF(glycophosporelase ) 
How does it shifts from ON to OFF at the same time with a phosphate group?
if the glycogen synthase enzyme does not contain a phosphate group in the active site then it is in the active form. for glycophosporylase enzyme, if it does not contain a phosphate group it will be in the inactive form  
so when the cell is producing glycogen, there will be one enzyme that will remove the phosphate group from the 2 enzymes at the same time, this enzyme is phospatase enzyme
and is responsible for switching the glycogen sythase at was inactive phosphorylated form to the active D-phosphorylated form to switch it OFF / and will switch the glycophosporylase enzyme that was active phosphorylated form to inactive D-phosphorylated form 


the 2 enzymes responsible for adding and removing the phospate group is the kinease (for addition) and phosphatase (removal)
and this whole process takes place under hormonal effect 

the process is initiated when a hydrophilic hormone binds to the a hormone receptor at the cell membrane of the cell forming a hormone-receptor complex, this complex will cause the activation of an integral membrane protein in the cell called G-protein, this protein is composed of 3 subunits: alpha, beta, and gamma (the active portion of the G proteins are the alpha and the inhibiting are the beta and gamma)
as long as these 3 subunits are binded together then the G protein is inactive but when the hormone-receptor complex form, the alpha unit will break down making the G protein active that will cause the activation of adenylate cyclase enzyme that is responsible for converting a portion of ATP to second messenger (cyclic AMP), then this cyclic AMP will cause the activation of protein kinase enzyme that are composed of 4 subunits (2 R's and 2 C's) these subunits are inactive because C means catalytic and R means regulatory so the 2 R is inhibiting C so here comes the work of cyclic AMP by removing the 2 R to convert it from inactive to active 
the remaining 2 C in the protein kinase enzyme will catalyze phosphorylation reaction 

in short when the cell wants to break glycogen then:
-a hormone binds to a receptor 
-the G protein will be activated by the removal of alpha from the beta and gamma bond 
-adenylate cyclase enzyme will be activated 
-activates the protein kinase enzyme by the removal of the 2 regulatory subunits from C subunits 
-this will result in phosphorylation of glycogen sythase and glycogen phosphorylase at the same time 
- glycogen sythase will be switched from active to inactive form stopping the production of glycogen and gylcogen phosphorylase will be switched from inactive to active form by adding a phosphate group that will result in initiating the breaking of glycogen 
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- Usually by the addition of or lysis of phosphate (PO4)
groups to and from enzymes.

- Some enzymes are active when phosphorylated, while,
others are inactive when phosphorylated.
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the process is initiated when a hydrophilic hormone binds to the a hormone receptor at the cell membrane of the cell forming a hormone-receptor complex, this complex will cause the activation of an integral membrane protein in the cell called G-protein, this protein is composed of 3 subunits: alpha, beta, and gamma (the active portion of the G proteins are the alpha and the inhibiting are the beta and gamma)
as long as these 3 subunits are binded together then the G protein is inactive but when the hormone-receptor complex form, the alpha unit will break down making the G protein active that will cause the activation of adenylate cyclase enzyme that is responsible for converting a portion of ATP to second messenger (cyclic AMP), then this cyclic AMP will cause the activation of protein kinase enzyme that are composed of 4 subunits (2 R's and 2 C's) these subunits are inactive because C means catalytic and R means regulatory so the 2 R is inhibiting C so here comes the work of cyclic AMP by removing the 2 R to convert it from inactive to active 
the remaining 2 C in the protein kinase enzyme will catalyze phosphorylation reaction 

in short when the cell wants to break glycogen then:
-a hormone binds to a receptor 
-the G protein will be activated by the removal of alpha from the beta and gamma bond 
-adenylate cyclase enzyme will be activated 
-activates the protein kinase enzyme by the removal of the 2 regulatory subunits from C subunits 
-this will result in phosphorylation of glycogen sythase and glycogen phosphorylase at the same time 
- glycogen sythase will be switched from active to inactive form stopping the production of glycogen and gylcogen phosphorylase will be switched from inactive to active form by adding a phosphate group that will result in initiating the breaking of glycogen 
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-a hormone binds to a receptor 
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-the G protein will be activated by the removal of alpha from the beta and gamma bond 
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-adenylate cyclase enzyme will be activated 
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-adenylate cyclase enzyme will be activated 
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-activates the protein kinase enzyme by the removal of the 2 regulatory subunits from C subunits 
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-this will result in phosphorylation of glycogen sythase and glycogen phosphorylase at the same time 



B- Allosteric regulation:

- Allosteric regulation is the term used to describe cases where
an enzyme Is functioning at one site, then, affected by
binding of a regulatory molecule at another site.

- Allosteric regulation may either inhibit or stimulate an
enzyme activity by changing the enzyme either to its active
or inactive forms.

-The binding of an allosteric activator stabilizes its active
form, while binding the allosteric inhibitor stabilizes the
Inactive form of the enzyme.

- End products are often inhibitors.

- Often allosteric modulators do not resemble the substrate or
the product of the enzyme catalyzing the reaction.

- Allosteric modulators bind non-covalently to the enzyme at a
site rather than the substrate binding site.




- Allosteric enzymes usually have quaternary structure
- Allosteric enzymes do not exhibit typical Michaelis- Menton
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this enzyme has a catalytic site and a regulator 
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a modifier either positive (activator) or negative (inhibitor) will bind to catalytic site and a regulator 
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when a positive modifier binds to the site, the active site at the catalytic will form a more suitable site for the substrate to bind 

but in the case of negative modifier the catalytic/ active site will become unsuitable causing the substrate not to bind 
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2 types 
- affect Vmax but doesnt affect Km 
- Affect Km but does not affect Vmax 
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the graph is S shaped not hyperbolic 
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activators shift the curve to the left 
meaning that the Km will decrease 

this type of allosteric modifiers belong to Km series not Vmax series 

Vmax is not changed 
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the normal Km without activators or inhibitors 
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km with activator 
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km is less when an activator is added 
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this inhibitors is a Km series inhibitor so Vmax will not change, only Km 

inhibitors shift the curve to the right 
the Vmax is the same and km is affected 

km increases 
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Km increased 
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because the inhibitor is a Km series the Vmax will not change even though the curve is not drawn fully but still it will reach the same Vmax 
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2- Proteolytic cleavage of proenzyme:
- Zymogens activation: certain proteins are synthesized and secreted as
Inactive precursor proteins known as proproteins.

- The proproteins of enzymes are termed proenzymes or zymogens.

- Selective proteolysis converts a proprotein by one or more successive
proteolytic "clips" to a form that exhibits the characteristic activity of
the mature protein, such as, its enzymatic activity.

- The digestive enzymes pepsin, trypsin, and chymotrypsin (proproteins
= pepsinogen, trypsinogen, and chymotrypsinogen, respectively),
several factors of the blood clotting and blood clot dissolution
cascades, are examples of Zymogen activation.
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pepsin is an enzyme found in the intestines 

when pepsin is first produced the name will be pepsinogen not pepsin 

imp rule
-any enzyme that ends with (-gen) or starts with (pro-) is the inactive form of the enzyme 
meaning that there are extra portions that should be removed for the enzyme to be activated,by a process called clips 
that converts proenzymes to zymogens 
this whole process is called proteolytic cleavage 
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Proteolytic cleavage of
proenzyme(zymogen)
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Figure 15.4

| =

Cleavage al Arg"'
by Liypsin
Y

x-Chymotrypsin (active cnzyme )

2
ﬁg,}rl |

v ana A

w-chymotrypsin
~ "~ [
Thr Asn
— 3rd polypeptldechalr

1stpolypeptidechair 2nd polypeptldechalr Saunders College Publishing

thesechainsarelinked by disulfide bridge:


Note
Highlight
in this example 
chymotrypsinogen is an enzyme that is secreted from the pancreas and then travels to the intestine keeping in mind that this enzyme is still in the inactive form 
for chymotrypsinogen to be activated, there is 4 amino acids in this enzyme that is the main reason of the inactivation of the enzyme, these amino acids are 14 & 15 & 147 & 148 , so for activation to occur these amino acids should be removed 
they are removed by proteolyticing the enzyme in a process called proteolysis (cutting parts of an enzyme)

trypsin is another enzyme that is secreted by the pancreas, this enzyme will cut argnine 15 that is connected to amino acid 16 
trypsin is the one that will initiate the activation of chymotrypsinogen 

then self digestion with an activated enzyme meaning :
a portion of the chymotrypsinogen that was activated will be converted to chymotrypsin that will continue the process of activation 

the chymotrypsin that is activated will start removing amino 14, 15, 147, and 148 
by breaking leucine 13 peptide bond that is bonded to amino 14 
then breaks the tyrosine bond between 146 and 147

this will result in 2 dipeptides 
one with 14 & 15
one with 147 & 148 

so the chymotrypsin active form will be 3 polypeptide chains 
the 1st will end with leucine 
the 2nd will start with isoleucine and end with tyrosine 
the 3rd will start with alanine 

these 3 polypeptides will be linked together by diff types of bonds including disulfide bridges to result in the active chymotrypsin 
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activated portion of chymotrypsinogen 
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trypsin bond between 146 and 147 
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leucine bond between 13 and 14
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the 1st will end with leucine 
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start with isoleucine
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end with tyrosine 
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start with alanine
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dipeptide bond of 14 & 15
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dipeptide bond of 147 & 148
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these chains are linked by disulfide bridges 


Enzyme/substrate Compartmentation:
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means that not all biochemical reactions takes place at the same site of the cell 
because membranes are separated from each other by a biological membrane 

this membrane limits the enzymatic activity in one site 

example 
the pyruvic acid that is produced by glycolysis, to produce more energy this pyruvic acid must penetrate the mitochondria through the mitiochondrial membrane, so it is up to the mitochondria to approve the entrance of the pyruvic acid or disapprove it and it depends whether the cell needs more energy or not 
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4- Enzyme production (hormonal requlation):

- Enzyme synthesis (transcription and translation of enzymes
genes) can be induced or decreased by hormonal activity that
controls the genes.

-This mechanism of enzyme regulation is slower than other
mechanisms (long-term regulation), i.e. covalent and
allosteric modulation of enzyme activity.

- Causes changes in the concentration of certain “finducible
ENZymes> (are adaptive, I.e. synthesized as needed by the
cell). (Constitutive'enzymes synthesis Is at a constant rate).

- Induction occurs usually by the action of hormones, (e.g.
steroid and thyroxine) and Is exerted by changes in the
expression of gene encoding the enzymes.

- More or less enzyme can be synthesized by hormonal
activation or inhibition of the genes.
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genetic level 

not all genes that produce enzymes are ON 

genes that produce enzymes are divided into 2 types:
-inducible enzymes 
-constitutive enzymes 

constitutive enzymes are active all the time and producing products all the time but in little amounts 

inducible enzymes are enzymes that require inducible genes (جينات محفزة) to be switched ON 
and this is taken place under hormonal regulation 
example is the insulin & glucagon 
insulin decrease the glucose in the blood  by increasing the reactions that will use the glucose, so insulin will induce all enzymes that will consume great amount of glucose like PFK-1 
but glucagon is opposite to insulin cuz it increases the glucose in the blood when there is a decrease, so glucagon will activate reactions responsible for producing glucose like gluconeogenesis 
which means the production of glucose from non carbohydrate source 
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Example:

- Insulin induces increased synthesis of enzymes: glucokinase,
glycogen synthase and PFK-1

- Insulin decreases the synthesis of several key gluconeogenic
enzymes (amino acid glucose).

5- Feed back inhibition v/s feed back regulation:

- It 1s the regulation of a metabolic pathway by using end
product as an inhibitor within the pathway to keep cells from
synthesizing more product than necessary.

- Dietary cholesterol decreases hepatic synthesis of
cholesterol, (feedback regulation not feedback inhibition).

- HMG-CoA reductase, the rate-limiting enzyme of cholesterol
synthesis, Is affected, but cholesterol does not feedback-
Inhibit its activity.



Note
Underline

Note
Highlight

Note
Underline

Note
Highlight

Note
Underline

Note
Highlight
feed back inhibition means that the enzyme exists but its activity is inhibited by the end product 
there is a diff between feed back inhibition and feed back regulation 

feed back regulation means that at a genetic level regulation a specific compound (protein) enters the nucleus and bind to a portion of the DNA called Hormone response element that will command the DNA not to produce the enzyme aslaaan  
meaning that the enzyme will not exist  
example: the primary enzyme for cholesterol synthesis the HMG-CoA reductase enzyme 

this enzyme can be inhibited by statin drugs but inside the cell drugs are not sufficient cuz not all people take drugs to stop cholesterol sythesis 
the cell itself tries to maintain good status by not producing to much cholesterol by this protein cuz it may inhibit or reduce the rate of transcription for the gene encoding for HMG-coA reductase enzyme that is the key regulatory enzyme for cholesterol synthesis is inhibit by feed back regulation through a compound called steron regulatory element binding protein 

steron is a protein in the cell when the cell contain insufficent amount of cholesterol the steron regulatory element protein will enter the nucleus to bind to a portion of the DNA called steron regulatory element that will increase the production of HMG-CoA reductase 
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controls rate of transcription the steron regulatory binding protein 
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this is to show that genetic level regulation is on many levels 

it show the level of regulation on genetic level regulation 

Note
Pencil

Note
Typewritten Text
حكا اهتمو فيها 

Note
Highlight
level of regulation: during replication 

during DNA replication the gene structure will change 
meaning that when the cell wants to stop producing a specific enzyme it will change the gene without replication or transcription 
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translation is how will the modified protein be controlled 

it tells us what will be modified  
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it tells us when was it modified and what is the type of modification and where did the regulation take place 




