[image: C:\Users\Dell\AppData\Local\Microsoft\Windows\INetCache\Content.Word\12.png]
[image: C:\Users\Dell\AppData\Local\Microsoft\Windows\INetCache\Content.Word\12new.png]



	













	
 (
9
)

 (
Lina I. Mansour
)

 (
Sondos al-khateeb
)

 (
Enzymes’ Regulation1
)


 (
Nafith Abu-Tarboush
)


 (
……
)
Enzyme Regulation

Enzymes are important to our life, in every path (reaction) they are involved. Accordingly ,enzymes should be regulated. In fact they are HILGHLY regulated in our bodies .but HOW?


Enzymes are regulated by :
1)Isozymes
2)Inhibition 
3)Conformational Changes
4)Changes In the amount of enzyme 

1)Isozymes
The body expresses different copies of the same enzyme with small amino-acid-change. Why ?
according to the function , these different copies of the enzyme will catalyse the same rxn however with different parameters (Km ,kD,kcat , rate ….).
So the purpose of the rxn that occurs within a certain place in the body defines the suitable copy to use. Accordingly,  Those copies can not be found in the same place (multi-tissue localization )
think of it !
they must be found in different tissues to>> preform different functions .
let us take an example ,,

HexoKinase ,
the enzyme and its copies have the same substrate (Glucose or fructose ), the same product (glucose-6-phosphate or fructose-6-phosphate) , the purpose of this rxn is to trap glucose within cells. Last lecture we talked about the difference between hexokinase I and hexokinase IV (glucokinase) how the function is different in both of these isozymes , how the km affect the function , how the tissue of inhibition is affecting the function >> glucose-6-phosphate is an inhibitor to all hexokinases except those within the Liver and pancreas , why>> we need to keep glucose in both of them because the Liver is the storage place and the pancreas is a mirror image for the blood – 

in fact an inhibition will occur in red blood cells when they take up all their requirement of glucose- .
<<Note>>
the only source of nourishment for red  blood cells is glucose ,  because the km is so low .  even if the glucose level is so low (hypoglycaemia), or even if the person is fasting ..so even if all this happen , red blood cells will always take up the glucose , Why ? the affinity is very high (low Km ). 
the opposite case is the  liver and the pancreas , low affinity (high km ) , so glucose won’t attach to them unless its concentration is so high .


<<remember>>
in the liver we are storing the glucose , so logically the affinity must be low . this storing process  will occur for example , after eating a rich-carbohydrate meal  . but when you  have a shortage in glucose level , u don’t need to STORE it.                                                      ((10:00))

[bookmark: _GoBack][image: ]We’ve previously –also- talked about Alcohol dehydrogenase , and how it has different copies (mitochondrial +cytosolic)

<<Note>>
҉the mitochondrial copy might have mutations , it is  responsible for different responses toward alcohol among different people .
҉lactate dehydrogenase enzyme convert the pyruvate (glucose)  to lactate  in muscles. 
why lactate is produced in muscle tissue even that it cause fatigue>>pain ?
for the sack of you ; to know your limitation ((when to stop use/train the muscle)) , and in a way or another to save your energy , because you need this energy to provide organs that must not stop working ( they have to work all the time ) in order to survive just like heart , lungs , kidneys .so these organs need a basic amount of energy to perform their function and this amount of energy must be always available,, so in training  you can consume just the extra amount of energy that remain above the basic amount that needed for organs .

<<Note within the note :P>>
pyruvate is not allowed to be converted into lactate in heart, even that the same enzyme is in the heart and the muscle ,why ?
the heart’s enzyme is there to prevent the conversion of pyruvate into lactate O.O 
HOW?
the substrate inhibit the rxn ((substrate inhibition)) ,as soon as the pyruvate binds this inhibition occur to the enzyme .
So, 
the forward rxn is inhibited (the conversion), as a result the backward rxnoccur ;the lactate is converted into pyruvate , so that the heart can use it for cellular respiration.

2)Inhibition 

The 2 major groups of inhibitors :
A. reversible
B. Irreversible

Irreversible ones consist of  three categories according to the mechanism interfering the catalytic reaction  , we call them mechanism-based inhibitors :
*Covalent inhibitors 
*Transition state analogs
*heavy metals

#Covelant Inhibitors
*Covalent inhibitors bind covalently to the active site of the enzyme >>inhibiting  it permanently 
<<Note>>
all irreversible inhibitors are not physiological in their  nature, because they make the enzyme forever not functional. Like: Drugs, poison, toxins.
Examples on Covalent inhibitors (DFP, Aspirin)


[DFP] (Diisopropyl fluorophosphates)
<<Note>>
when we are talking about DFP we are talking about it as a father compound for Organophosphorus compounds*. 


* organophosphorus compounds found in insecticides ,  nerve gases… simply , they are organic compounds which have  phosphorus in their structure . 

DFP inhibits the nervous system enzymes, mainly.
Now the active site of a DFP-inhibited enzyme must have serine amino acid .The inhibition Mechanism: 
- the DFP reach the active site.
- it binds covalently to the Serine “O” , how ?
the H from the –OH group of ser is released and the  florin is released from the DFP. Then they attach .

refer to the slides [the mechanism of sarin gas ]

generally, we call organophosphorus compounds Serine protease inhibitors , any enzyme has a ser in its active site is their victim . this is not always fetal . However , when they inhibit a central nervous system enzyme like acetylcholinesterase , this will be fetal , Why ?
the acetylcholine won’t be broken down from its receptors , so it will keep exciting the muscles, the muscles will stay contracted  >>>Fatigue . a fatigue of the diaphragm led to respiration arrest>> death.




[  Aspirin ]
It is an anti-coagulant. 
It is an analgesic (pain killer).
it increases bleeding. 
<< Note>>
aspirin = acetylsalicylic acid 
Mechanism ,
there is a reaction works through cyclooxygenase enzyme that’s gives products like prostaglandin and other mediators of pain and also they are responsible for the coagulation in the blood .so Aspirin come , and binds covalently to the active site of the enzyme which also has serine .how?
- the H of the –OH group of serine is released , the salicylic acid of Aspirin is released .
- the acetate group of aspirin binds covalently and permanently to the ser –O. 
-when this “binding happen the products of cyclooxygenase(which cause pain and coagulation ) won’t form .
so IT IS a pain killer and an anti- coagulant .
**refer to slides  ^^

#Transition-State analogs
they look like transition state , so their affinity is higher to the active site than the substrate .

<<Note>>
we can not synthesis the transition state itself , because it is so unstable . but we can make something close to it , something in between the substrate and the transition-state .

Here’s what happen ?
the transition-state analog has a higher affinity , so 
the enzyme binds to it thinking that it is the substrate , it starts to break the analog bonds ,But immediately the enzyme discovers that :This is NOT my substrate !!! (خداع)  :P
so,
- the reaction won’t precede. However>>
 -the Transition-state analog’s bond with the enzyme  will remain until the enzyme die. So that they call them suicide inhibitors 
[image: C:\Users\Rand\Desktop\sheet\Capture.JPG]- examples (Penicillin, Allopurinol, Abzymes)  :




[Penicillin]
- famous Antibiotic (the most widely use antibiotic )
- Structure:
[image: ]* it has a ring called β-lactam ring .
**it has a bond that looks like the peptide bond  in  proteins : (C=o –N).       ((20:00))

so, in bacteria there is an enzyme responsible for the synthesis of the Cell Wall called transpeptidase (Function : it breaks the peptide bonds).
this enzyme will come to the penicillin , and start to break its (C=o –N) bond  thinking that it is a normal protein peptide bond .and actually the breakage occur , But after this breakage  the enzyme realize :Hey the broken  products are not amino acids , I didn’t break a peptide bond , I’m not dealing with a protein.>>so 
-the penicillin bond to the enzyme will remain .
-the enzyme is inhibited.
-the enzyme will stop functioning .
-no cell wall for the bacteria.
-death of the bacteria .<<penicillin is an Antibiotic remember !

[image: C:\Users\Rand\Desktop\sheet\2.JPG]
[Allopurinol]
*the most common used drug to treat a disease called gout النقرص))
*the problem here is in the nitrogen content>>a nucleotide metabolism problem
*we need an enzyme called xanthine oxidase that convert the hypoxanthine to xanthine  then it covert it into crystals of uric acid (urate) .


<<Note>>
people with gout, has a high uric acid level. The crystals of urate will travel through the blood and accumulate in the joints , the most common complaint  form the gout patients is from their big toe joint  .however, any joint is threaten , the knee , the jaw joint (TMJ)…

<<Notes>>
*1structure of the substrate (hypoxanthine):
- two rings.
-in one of the rings there is a nitrogen  atom binds by a double bond to a carbon atom to the right of it .

*2structure of the designed drug (Allopurinol)
-the same two rings , but 
- now, on the right of “the carbon” there is a nitrogen  . (a flip occurred )

So, since the drug is so similar to the substrate it can bind to the active site of the enzyme .but the rxn won’t proceed.>>The enzyme will get killed because allopurinol will bind to it permanently.  

*3Allopurinol is a suicide inhibitor .
*4In the active site of (xanthine oxidase), there is a very important portion for the activity ,molybdenum-sulfide ((where the substrate/drug binds).


mechanism

the Allopurinol binds to the active site , xanthine oxidase converts it into oxypurinol . then the action won’t proceed . the enzyme is killed . no more uric acid high level .

[Abzymes]

-Also suicides inhibitors.
-they are anti-bodies.
- ab-zymes : ab :antibody +zymes: enzymes
-how they are prepared:
the substrate / transition state analog is injected in an animal, since they are  foreign body to it ,it will start to make antibodies these are the abzymes.

notice that the abzymes are complementary to the transition state analog .
and you can use them as inhibitors now , but how?
whenabzymes are injected in our body , they bind to the substrate or the transition-state analog (it DFPends it has been synthesized from what), now this binding is better than the enzyme binding with them ,why?
the Abzymes are 100% complementary to the substrate or the transition state analog and they are ready to bind  ((key and lock)) , unlike the enzyme that still have to change the shape of the active site before binding ((induced fit theory))

But !
the antibody is not an enzyme , it is just a binding protein , so it won’t  catalyse the reaction (the reaction which the original enzyme catalyse so>> No reaction  >>inhibition.

#Heavy Metals
-heavy metals are bad , their concentration in the body must be low . 
that's why they advise the pregnant woman not to eat a lot of fish because it has a  high mercury level .and sure we do not want a baby full with mercury .
- the highest risk caused by them ; their risk among nervous system formation .
- the heavy metals are the cause of many problems and diseases such as autism . 
-heavy metals as a group are irreversible inhibitors.
-examples:
[Mercury]
they used to use mercury in children vaccines (ampoule needles) as a preservative material  .now they don't , because some researches  think that it has a big role in causing autism . 
mercury affect wide range of enzymes ,
any enzyme that has a sulfhydryl group "thiole group" (-SH)  mercury binds to it permanently >>take the space that should be vacant for the substrate binding 
>>as a result the enzyme won't fit the substrate any more >>Inhibition .
[lead]
-can act reversibly (heme synthesis) ORirreversibly(among wide range of enzymes)
- irreversible inhibition : the replacement of zinc , calcium , ..in the enzyme by lead, which creat a problem.
<<Note>>
[image: ]lead is more common for people than mercury.  Even at the past , lead was in the painting of walls and  It tasted so good (sweet taste)  that little children use to  eat the falling paintings .unfortunately, their little enzymes get inhibited 
                                                                                                                                           ((30:00))
Reversible inhibitors
-may be physiological or not .
-binding to the active site is weaker. The binding is non covalent .
-two main types :
1)competitive
2)non-competitive

(1)competitive Inhibitor :
as the name implies they competes with the substrate on the active site. So , structurally it must look like the substrate (mimic it). Otherwise it wouldn't bind to the active site .the affinity of the inhibitor might equal /lower/higher than the substrate ((it DFPends)) 
remember the main parameters that I deal with in any enzyme are km   and Vmax  .
[image: C:\Users\Rand\Desktop\sheet\3.JPG]
inmechaelis-Menten plot for simple enzymes  (x axis : substrate concentration , Y axis :velocity )
*when I add a competitive inhibitor *
think of that ,if  ten molecules of the substrate bind to the active site and turn into products in 1 second ,then when adding the competitive inhibitor the velocity will decrease , because it will turn less substrate molecule per second into products (less than 10) .

here's a question, When adding a competitive inhibitor can I achieve the maximum velocity ?
yes, because Vmax  is the maximum  no of the substrate molecule which can turn into products per unit of time( when all the enzyme is saturated with the substrate). So if u increase the substrate concentration , the possibility that the inhibitor has to bind to the active site decrease . so I can achieve the max velocity .

*Back to the plot*
when adding a competitive Inhibitor ,the plateau will stay there (there's a Vmax , the start point and the end point are not changed before and after adding a competitive inhibitors)
however before adding the inhibitor you reach theplateau at lower substrate concentration. So the curve is changed when a competitive inhibitor is there  (the path is changed , not the end and the start points)  it will shift to the right . the steepness of the curve will decrease , too>> why ?
[image: ]The enzyme won't give me the same velocity to every concentration point .               ((40:00))

**when you increase the concentration , the curve will shift more to the right

Does Km change ?
Yes, it will be changed .
** remember km is the concentration  of the substrate when the velocity is half its maximum, so It will increase.

look at Lineweaver-Burk linear plot
remember the parameters here are the slope (km/Vmax) , Y intercept (1/Vmax) , X intercept (1/Km ).
so, when adding a competitive inhibitor Vmax does not change>> 1/Vmax does not change too ( so, the y intercept must be the same either there is a competitive inhibition or not )
Km  Increase>> 1/Km decrease >>approaching the zero . so the curve will "rotate " anti-clock wise .(when comparing before and after adding the competitive inhibitors)[image: C:\Users\Rand\Desktop\sheet\4.JPG]


Non-competitive Inhibition 
the inhibitors are not competing with the substrate on the active site .the inhibitor binds to a place rather than the active site >> changing the conformation of the protein >> changing the shape of the active site a little bit>>the efficiency of the active site toward changing the substrate into products is now less .
if you increase the concentration of the substrate , nothing will be affected . ((remember there is no competition ))
Can you achieve the Vmax by increasing the substrate velocity ?
No, because the active site is changed .
so that , when I draw , michaelis-menten plot >>you can notice  a new Vmax  lower than the first one .

does the Km change?
no , to understand this think of that ;  I have 10 molecules bind to active sites and turn into products in 1 second ,, after inhibition >> these 10  molecules bind to the enzyme in 2 second 
so the rate is different , Vmax1= 10 and Vmax2= 5 , we suggested that the Km  does not change ,
and this is right because , the concentration of the substrate at half  Vmax1 =the concentration of substrate at half Vmax2 = 5 molecules √√√
[image: C:\Users\Rand\Desktop\sheet\6.JPG][image: C:\Users\Rand\Desktop\sheet\5.JPG]











3) regulation through conformational changes 
*here you change the activity of the enzyme .

*four main categories:
>Allosteric way
>Phosphorylation
>Protien-Protien interactions between regulatory and catalytic subunit 
>Proteolytic Cleavage

>Allosteric Enzymes
[image: ]we will study the hemoglobin  even though it is not an enzyme .
Hemoglobin      :                                                                                                           ((50:00))                
is consist of four subunits , when the oxygen binds to the first subunit the affinity of the second increase, even that no oxygen binds to the second one its affinity increased.so, the binding of oxygen on the first subunit is controlling the affinity for binding oxygen to the second one and so on ,, ( it increased the affinity ) . It is like a remote control
<<Allosterism>>
Allosteric enzymes should have more than one subunit (4◦ structure) and usually they have regulatory subunit and catalytic subunit .


[image: C:\Users\Rand\Desktop\sheet\7.JPG]


they are not simple enzymes >>their plot does not look like  michaelis-menten plot ( it does not begin with 1st order and end up with zero order rxn),, their plot looks like the plot that describes the cooperative behaviour of hemoglobin >> Sigmoidal  shape, 
in such enzymes , at the beginning you need a high concentration of substrate in order to make a high different on the Y axis , but after a period of time small concentration of substrate makes a high difference on the Y axis ( that means the affinity increases  and consequently the velocity will increase ). 

** remember that allosteric enzymes do not follow michaelis-menten behaviour .
*they have Vmax , but no Km<<remember m= michaelise

they have something like Km called K.5 ,,,

the example we will illustrate about ellosteric enzymes is aspartate trancecarbamoylase the enzyme which produce CTP and UTP  which are important to the synthesis of DNA and RNA .

the binding of a substance on a subunit is changing the activity of the other  subunit , we called this substance ( which bind in a place and changing the activity in another place ) allosteric modified or allosteric effecter  , it is the effecter which works in allosteric way (in a remote way ) .
this allosteric effecter may affect the affinity of the same substance on the other subunit , just like oxygen in hemoglobin to make this more clear :
when oxygen binds to the first subunit of hemoglobin it will increase the affinity of the second subunit to the same substance which is oxygen .
this type of effecter called homotropic effecter .  

but if the effecter when binding to the subunit cause changing in the affinity of different  type of substances (not the same substance of the effecter ) , we called this effecter heterotropic effecter .

when we add an allosteric inhibitor to an allosteric enzyme what will happen to the sigmoidal plot ??
 simply , it will shift to the right , this means that velocity will decrease according to the substrate concentration in the presence of the inhibitor , so we need higher concentration of the substrate to reach the same velocity . 
so ,, the plot will become more sigmoidal   .
but , what about activators ?? what will happen if we add an activator to an allosteric enzyme ? 
the plot will shift to the left ( will be less sigmoidal and more hyperbolic ) , but it will never be hyperbolic , because it is not a simple enzyme .

now ,, how these allosteric enzymes work ?? 
they work just like hemoglobin ,,  hemoglobin consist of 4 subunits , so how these subunits change their affinity towered oxygen ? by changing the bonds between these subunits , so the affinity will change , 

- is it sequential  ( this means that if the first subunit change it will change the second one and the second will change the third and so on ,,) ??
 yes ,, it is .

but  is it possible that if hemoglobin inserted in a special condition , the 4 subunit can change their affinity at the same time ?? 
the scientists put some models to predict the mechanism of allosteric (enzymes and proteins)  ,, this model that the 4 subunits are changing in the same time called concerted model  ,, in this model all subunits are changing their affinity from low affinity state to the high affinity state at the same time ( and visa virsa /changing  from high affinity to low affinity at the same time ).

the second model is the sequential model that we talked about previously , in this model each unit is changing its affinity after the other subunit .

now ,, hemoglobin adapts which one of these models ?? 
hemoglobin  actually adapts the both models in its behaviour , 
when hemoglobin  in the lungs the pressure of oxygen is very high so the affinity of the 4 subunits increases at the same time , as well as , the binding of the first subunit will increase the affinity of the second one .

the allosteric enzymes also adapting these 2 models , some of them adapt the concerted model , and the others adapt the sequential model .
- when the allosteric enzymes are in low affinity state ----------< they are in the T state(tight state) .
- when the allosteric enzymes are in high affinity state ----------< they are in the R state(relaxed state) . 

when we look at a curve of an allosteric enzyme the activity of it is a combination of these 2 states (R and T states ) ,, usually the enzyme is in the T state because we don’t need it to active all the time , but when we need it to be active we covert it from T to R state .
- the T/R ratio called L ,, 
when the  L  ratio increases what will happen to the plot ?? 
when the L ratio increases that means that the affinity is decreased  ,, so the plot will become more sigmoidal ,, will shift to the right . ( and visa virsa ).

the model that explain the induced fit theory is the sequential model , on the other hand the concerted model cant explain the induced fit theory .

example of allosteric enzyms is aspartate trancecarbamoylase which produced CTP and UTP which needed to DNA and RNA synthesis ,, this enzyme consist of 6 catalytic subunits and 6 regulatory subunits .
any allosteric enzyme should have both subunits ( regulatory and catalytic ) ,, the regulatory subunit is the one where the allosteric effecter ( activator or inhibitor ) bind , where as the catalytic subunit catalyse the reaction .

- if we split the regulatory subunits from an allosteric enzyme and let it perform the reaction just with the catalysis subunits ,, what do you expect to happen ??
simply , it will behave as a simple enzyme , perform the reaction throw one mechanism and follow mechalis-menten  kinetics , and the plot will be hyperbolic ,this is because the presence of the regulatory subunits is what make the allosteric enzymes different from the simple enzymes .

now,, the product of the reaction may act as inhibitor for the enzyme ,, example :
the CTP is the product of the reaction of aspartate trancecarbamoylase and it act as inhibitor to this enzyme (feedback inhibitor ).
so,, the CTP act as an allosteric inhibitor ,,, what will happen to the plot when CTP is bind to the regulatory subunit of aspartate trancecarbamoylase ??
it will shift to the right and become more segmoidal .

- CTP works as inhibitor but ATP works as activator,, why ??
when the amount of ATP is high in your body that means that you should synthesis DNA and RNA ,, so you have to start this bathway because you need CTP and ATP and GTP and UTP ,,,
so when ATP is high you need to start this bathway to get the other ingredients you need to the DNA and RNA synthesis .

** please refer to the slides to see the figures 
** sorry for any mistake  
the end  
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