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Last lecture we talked about regulation of enzymes through many ways of regulation like isozymes (making different copies of an enzyme with different parameters ) , inhibition ( competitive & none competitive ) and conformational changes (to change the shape of the protein   ). 
[bookmark: _GoBack]*How can we change the shape of the protein ?
   There are four ways ; one of them is to have allosteric enzymes (  Allosteric proteins /which allosteric enzymes apply it exactly : are those proteins that have the capacity of catalyzing reactions )
· We also mentioned that not all enzymes are simple in their behavior , there is complex enzyme behavior which we called it “ Allosteric behavior “ .
· When you plot the substrate concentration vs. the velocity of enzymes you won’t get a hyperbolic plot “what michaelis-menten proposal produced  “ instead , you will get a sigmoidal plot ( the sigmoidal plot indicates cooperativity between subunits ,and binding something to one subunit affects the activity of the other subunits)  which means that the thing  you are dealing with is :
a- composed of more than subunit (regulatory :binds the activator or inhibitor  & catalytic ones) ; which are the protein and the enzyme ,and those subunits are cooperating with each other and helping each other in either : promoting the reaction ( make it better /positive cooperativity / caused by activators) or ( make it worse /negative cooperativity / caused by inhibitors ).
· This occurs to hemoglobin (when the first subunit of hemoglobin binds to oxygen it makes the binding easier for the second and the third and the forth subunits and so on , and vice versa when you have an inhibitor for hemoglobin like BPG “biphosphoglycerate”  ,CO2 or carbon monoxide it will make worse for the other subunits to bind oxygen . 
· Those effectors / allosteric modifiers which modify those allosteric enzymes action can either be same as the substrate and we call them homotropic effectors  because they are the same type ,                         but it can be a different material and we will call them heterotropic effectors ( if shifting the plot to the left then activation ,and if shifting the plot to the right then it is inhibition )
[image: ]
Also , we talked about the  concerted model :( either substrate concentration or activator concentration must be increased to overcome the effects of the allosteric inhibitor). 
* Two conformations, active R (relaxed), binds substrate tightly, and inactive T (tight), binds substrate less tightly .
* Both subunits change conformation at the same time 
*The equilibrium ratio of the (T/R) is called L and is assumed to be high 
* As L (T/R) increases, the shape becomes more sigmoidal 
[image: ]
· Also we talked about the sequential model 
* Binding of substrate induces conformational change from the T form to the R form (induced-fit theory of substrate binding )
*The sequential model provides the concept of negative cooperativity while the concerted model doesn’t 
*The net result is to favor the R state with activator and the T state with inhibitor 
[image: ]


· There is no clear cut that one of the models is better than the other one or explains all the protein actions or the enzyme actions , and sometimes in proteins both modals explain how the protein /the enzyme work in one tissue or another ,under certain conditions  .

· We explained also what does L (T/R) ratio mean , what do we mean by T and R and how they are changing according to the environment ,according to the binding of the substrate or the activator on one site – the substrate  or the activator  are what promote the reaction- , and on the other site binding of the inhibitor – it will decrease the reaction - .

· As an example on allosteric enzymes we mentioned ATCase ( Aspartate transcarmamoylase ) , the substrate of this enzyme is aspartate , the end product for this enzyme is CTP -and as a precursor  UTP- , and also CTP is an allosteric inhibitor for the enzyme (feedback inhibition ) .
ATP is the allosteric activator for the enzyme , why ?                                                               
For activators or inhibitors to work it is necessary for them to be existed in high concentrations , so when we have them in high concentrations they start activating and inhibiting –respectively- multiple pathways . ( By the way the ATP molecule is not only an energy provider in the pathways ;  it is one of the constituents of  DNA and RNA )  so when the ATP is in high concentrations that means now you have to synthesize DNA and RNA .The other constituents that we need for the synthesis of DNA and RNA are CTP and UTP ; SO because of this ATP is an activator . when it is in high concentrations I have to operate this pathway so as you can get CTP so as story will complement each other . 

· ATCase is composed of 12 subunits : 6 regulatory subunits and 6 catalytic subunits , regulatory subunits are responsible for binding of the activator and the inhibitor so CTP and ATP will bind those subunits and when you bind it reaction is easy . The catalysis occurs in catalytic subunits , they are responsible for binding Aspartate and converting it to CTP .


· An experiment that they have done before , they splitted the catalytic from the regulatory subunit (binding between these subunits in the quaternary structure protein usually are not covalent so that they can move  ) and then they looked at the plot , how the enzyme now is behaving without the effect of the regulatory subunits ?
They found it to be hyperbolic  ; so now it looks like Michaelis –Menten , it is not sigmoidal anymore !why ?? because there is no allosteric regulation on this enzyme now. Also the affinity will be higher.

· Now , the revision is over :p 

· Let's discuss the second way of regulating the conformational changes on enzymes , which is :

PHOSPHORYLATION 

· We know that binding of phosphate group (PO4 3- )can activate proteins / enzymes 

· A VERY VERY VERY IMPORTANT NOTE : phosphorylation  DOESN'T always lead to activation , one example of this is the enzyme ( glycogen synthase )which synthesize the glycogen in our bodies ; here phosphorylation it's  INHIBITION .

· Imagine the factories adverse to each other in the body , for example one factory wants to build carbohydrates the opposite one wants to break carbohydrates and so on … they are opposites, so rationally the phosphorylation that leads to activation of enzymes on this side , the same phosphorylaion will lead to  inhibition on the other side …so as the story will continue .
[image: ]10:00

· What is the source of the phosphate ?
the source of the phosphate usually is ATP (ATP      ADP + pi).

· How do we do phosphorylation all the time ?
Kinases are responsible for phosphorylation (kinases which are enzymes in the first place do the phosphorylation of the enzyme to make it active or inactive ) .

· [image: ]
· Where usually phosphorylation occurs ?
on the oxygen that is in the side chains of the amino acids (Ser , Tyr ,Thr).
· Are the kinases active all the time ?
By logic ,no they are not ; they have to be activated ,and one of the ways to activate kinases is phosphorylation  D:

· Note : this process (phosphorylation of kinases leads to phosphorylation of the enzyme and then it leads to another phosphorylation …) we call it phosphorylation cascade , and in the end you will get the activation /inhibiting of your enzyme .
And an example of this is glycogen phosphorylase –glycogen is a polysaccharide ; it stores carbohydrates – so this enzyme phosphorylates glycogen to break it down (by phosphorylating the last glucose in the molecule you will weaken the bonds (through phosphorylation ) and you will break down the glucose , so it takes the terminal glucose in the glycogen molecule and takes it out) and we need this to happen when  sugar levels decrease  .

· When do the glucose levels get down in our bodies ?
extreme activities ,fasting …
· Glycogen phosphorylase has 2 serine residues on the surface , when phosphorylation occurs to these serine residues the enzyme becomes active , and we do this (phosphorylation of glycogen phosphorylase ) by an enzyme called Glycogen Phosphorylase Kinase ( the substrate of this enzyme is glycogen phosphorylase , and it is doing phosphorylation ).
[image: ]

· How do Glycogen Phosphorylase Kinase get activated ?
also, through phosphorylation .

· Now , let's talk about second messenger system :
Adrenalin is one of hormones in the human body ,  it always increases it's concentration under stressful conditions (wide range of conditions ).

what do we mean when we say that the adrenalin increases the cAMP-which is it's second messenger? The second messenger  will get out on the surface of the cell and the message from the inside of the cell is to increase the concentration of cAMP when the cAMP concentration increases it will get degraded with time (when it get degraded it will become AMP –the cycle will be broken and it will return to AMP-)
*AMP is an activator of glycogen phosphorylase  , cAMP is also an activator for the system (Protein Kinase A-A is related to the second messenger that activated it which is cAMP).

· *There is a lot of hormones in our bodies that carry the message of increasing cAMP concentration .
* the main target of cAMP is the protein kinase A(PKA)  

· Protein Kinase A (PKA)

· PKA is one of the enzymes which changes its shape , conformation and accordingly it changes the activity .

· Protein kinase A (PKA): refers to a family of enzymes whose activity is dependent on cellular levels of cyclic AMP (cAMP) 

· PKA consists of 4 subunits (2 catalytic & 2 regulatory / it's an allosteric enzyme ) :
regulatory subunits has 4 bonding sites for cAMP  , once cAMP  is bound to the 4 regulatory subunits it will split the regulatory subunits from the catalytic subunits when it separated them ;the catalytic subunits become active and they start the phosphorylation process 
[image: ]
[image: ]

[image: ]Adrenaline (epinephrine) → ↑cAMP → activates protein kinase A → phosphorylates & activates glycogen phosphorylase kinase → phosphorylates & activates glycogen phosphorylase  
which in the end will phosphorylate glycogen and accordingly the concentration of glucose will increase in the blood 20:00


This is what we called previously phosphorylation cascade

· How does cAMP  break to AMP ?
it breaks by an enzyme called phosphodiesterase (PDE)
This enzyme get activated and start working when the cAMP  activates the PKA then the PKA phpsphorylates the phosphodiesterase to break the cAMP to AMP  as a feedback mechanism and as a result the concentration of AMP will increase and the concentration of cAMP will decrease 


G-proteins

· Another example on the conformational changes is G-Proteins 
we will consider two types of  them :monomeric G-Proteins and multimeric G-Proteins .

· Monomeric G-Proteins : it consists of One subunit 
an example of this is RAS protein :it does a major role in the differentiating  and maturation of the cell , also , it's related to the cancer .
· These proteins include intrinsic GTPase activity  ; they bind to GTP  and the intrinsic inside them have the ability to break down  the GTP on a slow scale (they break it to GDP ) ,
and these proteins are active when they are binding to the GTP , and they are inactive when they are bound to the GDP 
· We have an inactive protein-G-Protein-(bound to GDP) ,how can we make it active ?
a process of exchange happens NOT PHOSPHORYLATION (the GDP leaves and the GTP comes instead ) .

· Ok on the other hand you have an active protein (G-Protein of course) how can you make it inactive ?
a process of hydrolysis will occur to the GTP that is bound to it (it will break to GDP) .what breaks the GTP ??
the same protein (G-protein) has intrinsic GTPase activity ( it breaks the GTP over time ,slowly ).

*and this one of the regulations ( that it regulates itself with time) .

· Now the active protein which is bound to GTP will bind to other proteins , when it does it makes them active or inactive according to the G-Protein's type .

· Regulation upon monomeric G-Proteins occur through three different loops :
1- GAPs (GTPase- activating proteins)
As their names imply we can expect how do they work ( they are GTPase activating proteins ) which means that they stimulates the GTPase 's work and they make the breaking of the GTP more rapid ; therefore ,they will do inhibition to the enzyme (because they quicken the breakage of the GTP so they convert the enzyme from active to inactive ).

2- GEFs(Guanine nucleotide exchange factors )
it increases the rate of GTP exchange for a bound GDP "kicking out GDP"(it activates G-proteins )
3- GDIs (GDP dissociation inhibitors)
􀂃Inhibit dissociation of GDP, thereby keeping the G protein inactive .(they increase the inhibition )

[image: ]
· Now let's talk about the Multimeric G-Protein that consists of more than subunit " α , β ,  γ"
· How do those subunits work ?
the same concept , one of the three subunits only " α" binds to the GTP ( Assume that the αsubunit  is monomeric G-protein ) , when this α subunit is bound to the GTP it is active and the exchange process must happen , and it has intrinsic GTP-ase activity and it will break the GTP over time and convert it to GDP.
· Once the    αsubunit binds to GTP it will separate from the complex and it will walk out of the membrane  and it will activate  or inhibit a protein. 
· The α subunit in its nature is not always stimulatory , same story with phosphorylation ; phosphorylation does not  always lead to do activation , α subunit does not always need to activate the other proteins ; the G-proteins in their nature their α subunit can be stimulatory(and we will call it αs)  or inhibitory (and we will call it αi) .
[image: ]


Another way of  regulating the enzyme function  is the
PROTEOLOTIC CLEAVAGE
what do we mean by PROTEOLOTIC CLEAVAGE ?
as the name implies , it means to break the protein and we mean by this breaking the peptide bonds in the enzyme / protein . protyo : means protein,  lotic :breaking - But watch out we are not denaturating the enzyme - And this proteolotic cleavage of the enzyme will lead to its ACTIVATION .
· When you synthesize this enzyme you synthesize the inactive form ,and then you break a part of the enzyme to activate it , why do you do this ?
1-because you want it not to work at the time of synthesizing , but you will need it be active  in the future (you will store the inactive form and once you need it, it will act fast) like the pepsin ; you synthesize this enzyme at the stomach  ,but pepsin is not  active all the time .You synthesize it as PEPSINOGEN –the precursor here in this kind of regulation is called ZYMOGEN- but once you put a specific existed enzyme it will start degrading the food .(the precursor of pepsin is pepsinogen ).
[image: ]*note :you can determinate any enzyme that you synthesized it in the inactive form then it became active :look at the name of the precursor ; it should include either a suffix (at the end of the word) –gen , or a prefix (at the beginning of the word) –pro  .30:00

2- To synthesize it in one place , but the site of action is in another place . An example of this is all the intestinal enzymes ; they are synthesized in the pancreas (we took in the previous courses sth called the pancreatic duct) –the pancreas works as endocrine and exocrine – so why do we need the pancreatic duct?-  btw it is combined by something called the hepatic duct and then they gather at the common bile duct and then they pour in the duodenum – .
so as we concluded this duct is necessary  for the carriage of these enzymes from the pancreas to the intestines to break the proteins that get in to the intestines  . for example :kino trypsinogen (the trypsinogen-which is kept in the pancreas- converts to trypsin and  kino trypsin in the intestines ) .

· Another example of this kind of regulation is carboxypeptidases A and B .They are synthesized in the pancreas as procarboxypeptidases A and B respectively .
· The clotting factors of the blood (prothrombin converts to thrombin ) and (FIBRINOGEN –which is soluble- converts to fibrin – which is insoluble-).
* FIBRIN is responsible for the clot of the blood  .
*The fibrinogen converts to FIBRIN through thrombin –it activates the fibrinogen –and this thrombin was prothrombin ;so it is cascades . 
How does the clotting process always work in the blood –when needed of course -?  When an injury happens ,it releases a certain factor , they activate the prothrombin to convert to Thrombin , and the thrombin will activate the fibrinogen to become FIBRIN .      

 [image: ]
· Before we talk about the last way of regulation ,I am going to revise the 4 major ways of regulation :
1-Isozymes 
2-Inhibition
3-Conformational changes 
4-Controlling the amount of the enzyme 
   
· CONTROLLING THE AMOUNT OF THE ENZYME :
We said that this way is different from the other ways ;because it takes time . It adapts the body to the environment where the body is living .
· How do I control the amount of the enzyme ?
by synthesis or degradation .
· How do I control it through degradation ?
For example : during fasting or  infective stress: gluconeogenesis increases -it means to synthesize glucose from non-carbohydrate  sources e.g.from amino acids or lipids , it happens when the requirement  for glucose increases in starvations  and between meals -  & synthesis of antibodies – in cases of infections, the body degrades the proteins to use the amino acids for synthesizing antibodies - that’s why it becomes weak in general - (protein degradation increases) 
*note : the body doesn't store amino acids even if in the form of proteins-because the protein that is synthesized is synthesized for function- but it stores carbohydrates and lipids  .

· How do I control the amount of enzymes through synthesis ?
Regulated by increasing or decreasing the rate of gene transcription (induction –we induce the gene synthesis by activators- & repression).
  *Usually slow in humans (hours to days). 
          *Sometimes through stabilization of the mRNA . 
*a very important difference between DNA and RNA is that DNA is a very stable molecule ,while RNA is an unstable molecule ; we synthesize it then it get degraded ; so one of the ways to increase the amount of synthesis of any protein/enzyme is to stabilize this mRNA by binding it to a protein or to a certain factor so that it won't get degraded and accordingly the process of translation will be continuous . 

· The RNA is a less stable , why ?
when  you reduce the things that will cause a reaction you will get a more stable molecule , the atoms in the bottom of the periodic table (actinide atoms ) are the least favorable for reactions ( they don't  make reactions ) , and this the reason that the DNA is what it is; dioxy ; to make it more stable by reducing the atoms that may make interactions unlike RNA.

ALL THE WAYS THAT WE MENTIONED BEFORE ARE SPECIFIC FOR CERTAIN PROTEINS  ; For example not all the enzymes get phosphorylated , or we can't apply proteolotic cleavage on all enzymes, not all the enzymes get exposed to t inhibition certain manner …

Is there a way to regulate all the enzymes ?
YES , temperature and ph .same way as proteins .
[image: ]40:00

***How temperature controls the reactions of enzymes?
 enzymes bind to substrates ( it is all about the chance of binding) so when the temperature increases the kinetic energy will increase , and therefore successful collusions will increase and the reaction rate will increase , the rate will always increase as long as you are increasing the temperature  till reaching the denaturation point – there is no optimum temperature for proteins ,( temperature(~50 º) denaturation of the protein occurs (inhibition )) .
[image: ]

***What about decreasing the temperature effect on enzymes ?
we do it daily in hospitals – when you have to be subjected to the operation of open heart  , it is easy to make  a machine carry the blood to the Aorta instead of arteries and then it will be distributed from the aorta all over the body  BUT when u want to work on aorta it's a problem  because you will cut the blood supply from all the tissues , what will you do?? 
the only way is to reduce the metabolism  by reducing he temperature of the patient's body by putting him in ice –and the desired goal of this is to stop the enzymes' activity – then they have to finish their work in a short period about 40 minutes and  then increase the temperature again quickly , otherwise , crystallization of the water in the body occurs causing  DEATH !!  
So we conclude that decreasing the temperature will decrease the kinetic energy which will make the enzymes inactive . 

***What about the ph ?
Enzymes have specific optimum  ph,  because when you change the ph of the enzyme (by increasing or decreasing it) you will change the charge of the charged amino acids ( if you increase it you will affect on the acidic amino acids , but if you decrease it you will affect the basic amino acids); and accordingly you are changing the bonds  between these  amino acids , accordingly denaturation and inactivity of the enzyme will happen ;so enzymes has certain ph to work at ,and increasing or decreasing it will cause denaturation . for example the optimal ph for pepsin is (2) and for trypsin is (8) but most enzymes have their maximum  activity in the range (5-9) ph . 
[image: ][image: ]50:00



RIBOZYMES

It is an exception ;all the enzymes are proteins except ribozymes :they are RNA molecules that  have the capacity of catalyzing reactions . 
Examples of ribozymes are telomerase and RNaseP .
What is the difference between these ribozymes and the proteins ?
these enzymes sometimes they control their own self-splicing mechanisms  . 
As enzymes ,they are different from the proteins because the catalytic efficiency of catalytic RNAs (ribozymes)  is less than that of protein enzymes .
(The proteins are the best in quickening reactions ).

The catalytic efficiency of  ribozymes is greatly enhanced by the presence of protein subunits that bind to it and the whole complex is called ribonucleoprotein (RNP) complex (consist of the ribozyme and the protein subunits that bind to it ).

More recently, it has been shown that RNAs can also catalyze reactions involved in protein synthesis.

The regulation of metabolic pathways

All the enzyme regulation major ways that we mentioned before , when I want to make inhibiting or activating or controlling  mechanism , which enzyme should I control ?which enzyme should I hit ?  And how the body is controlling the mechanism of regulation in general ?
We have more than one way :
1- The body has opposing pathways ; each one is existed in someplace in the human body , each one is quickened by a specific enzyme that is not existed in the other pathways to split it (this means that the degradation occurs in a certain place in the body and the synthesis occurs in another place , also on the degradation pathway you will see a different enzyme that is not existed on the synthesis pathway for the reverse reactions  ) therefore , we are controlling the pathways better through splitting the enzymes and the places 
2- . Each one of  isozymes is in one place in a specific tissue ; so we are controlling that this pathway(x) is not going to occur in this tissue because it is very slow but it will occur in another tissue because its isozyme is there. 
 3- Now we will talk about the logical ways that our bodies follow to help in with the regulation  process . The body wants to go through a certain pathway .
            -most reactions in the human body are pathways not single  reaction.
            - on each one of these pathways you will notice that one of the enzymes in each pathway has the best regulation,  which one ? 
             the slowest step ; because it will determine the speed of the whole pathway  and we will call it the RATE LIMITING STEP. 
Pathways are principally regulated at their rate-limiting step .
The cell can make a step the slowest one by raising its enzyme   Km value (because this step needs a high concentration of substrate , it will take  longer time to collect a big intermediate to work )  .

The rate limiting step is the slowest step & is usually not readily reversible . It is also usually the first committed step in a pathway
 (changes in this step can influence flux through the rest of the pathway) . 

**It is always logical to control the rate-limiting step

4-The committed step

What is committed step ?
      A committed step in a metabolic pathway is the first irreversible reaction that is unique to a pathway and that, once occurs, leads to the formation of the final substrate with no point of return. 

For example the glucose enters the cell and converts to glucose 6-phosphate , then this glucose 6-phosphate may continue the glycolysis to give pyruvate but on the other hand it may break to give amino acids or it may break and walk through a lipids pathway …(more than one pathway ) so if it go through a specific pathway it will give nothing but pyruvate  , if another pathway it will give amino acids ,and so on .So the step that determine the final fate of the molecule we call it the committed step .
 [image: ]

Now let's take another example :
[image: ]
Here ,if  B crosses to X , X should give Z  and by no means B will give you E . so in this pathway if you want E you should go through C at the committed step .
For B to produce Z the committed step is B to X .
 
Now if I want to control the production of Z (slow , fast …) what is logical  to control ,which step ?  of course B to C.
 
note : all reactions in nature are reversible .

· It is always logical to control the committed step 
· Also ,it is always logical to control the first step in the pathway ; so that intermediates don't form; because we don't want them .
· In most reactions the committed step is the rate-limiting step  but it is not always the case .  
Note : 
Committed steps are highly exergonic reactions .

         5-FEEDBACK  REGULATION 

· 1 - Negative feedback regulation :one example of this :if I have a high concentration of a molecule it will cause inhibition to the enzyme that produce it so that it won't produce it anymore for now .also known as (feedback inhibition )- the final product inhibits the first enzyme. – 

· 2 - Positive feedback regulation : sometimes you want more and more of that molecule even if you have it in high concentrations . ( the final product activates the first enzyme ).

· 3- Feed-forward regulation : the product of the first step activates  upcoming enzymes " forward enzymes" before the reaction happens.

· We need the positive feedback and the feed-forward for the pathways that contain disposal of toxin compounds , urea production… 

·  for example , if  you  have high concentrations of ammonia in your body it must go through the urea cycle to convert it to urea  (ammonia is very toxic so the reaction should happen quickly)  , and  so the body prepare some enzymes to pick up the intermediates –which are toxic-  so the reaction happens fast.
[image: ][image: ]60:00


Thanks for reading 3:-) 
Forgive us for any mistake , ultimately we are humans :p 

و الحمد لله رب العالمين
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