Ch. 6 Metabolism: Energy and Enzymes

6.1 Energy

energy


- capacity to cause change or to do work





- eg. light, electrical, and heat energy





- kinetic: energy of motion (electrons to muscle 

   contraction)

- potential: stored energy (in chemical bonds of life 

   molecules)

energy changes
- follow the law of thermodynamics (thermo = “heat”; dynamics = 

   “movement”)





- apply to all forms of energy changes

1st law of 

- energy cannot be created or destroyed on changed from 1 form to 

thermodynamics
   another





- law of conservation of energy





- total energy is the same even if it is converted to different 

   forms





- eg. people eat food (chemical) and then exercise (mechanical)

2nd law of

- all energy changes produce heat

 thermodynamics
- heat is the most random, “disorganized” form of energy





- quickly dissipates into space





- cannot be retrieved as usable energy




- 85% of total energy in biological system is lost as heat





- energy cannot be recycled & must continually be supplied




- eg. when people exercise, the heat given off warms their bodies 

   and then is lost to the environment

energy units

- measured in calories (small c)





- 1 cal = heat to raise 1 g of water by 1C





- 1,000 calories = 1 kcal = 1 Calorie (big C)

entrophy

- a measure of randomness of disorder (in contrast to organization 

   or orderliness)

- low entrophy = orderliness


- atoms and energy organized into parts of a living cell or a 

   fuel molecule




- high entrophy = disorder





- atoms and energy released from a dead cell or burned fuel





- heat lost from all things when energy is converted (2nd 

   law)

- all things in the universe move toward a state of disorder or 

   higher entrophy

living systems

- life produces an organized, orderly state (biological substances) 

   from disorder (free atoms)





- appears to contradict the 2nd law (entrophy in the universe 

   increases)




- life is a persisting reversal of entrophy





- organisms need a constant input of usable energy





- chemical reaction of 1 life molecule supplies energy for 

   another in coupled reactions

6.2 Metabolic Reactions

metabolism
- the sum of all chemical reactions in a cell

· chemical reactions are determined by the amount of “free” energy (“available”)


- the energy that is “free” to do work after a chemical reaction

exergonic reactions
- energy is released (for other uses and heat lost)

AB ( C + D + energy

- reaction increases entropy (2nd law)

endergonic 
- products have more energy in bonds than reactants 

reactions
(energy must be added)


energy + C + D ( AB

reversible reaction
AB (( C+D

· cell reactions can be made to proceed in one direction or the other


- products removed to another reaction “pulls” reaction right (

- excess unused product “pushes” reaction in reverse left (

- based on chemical law of mass action

couplet reactions
- exergonic reactions “drive” energy- requiring endergonic reactions: (moore’s picture)

· ATP breakdown, require input of energy


- ATP comes from break down of glucose



- 39% of glucose use for ATP



- rest is lost by heat

structure of ATP
- nucleotide


- base adenine


- sugar ribose



- three phosphate groups

· “high energy” because phosphate easily removed

ATP energy
- energy “currency” for all cell activities 


- chemical work biosynthesis


- transport work membrane pumps


- mechanical work: muscle contraction

· much free energy (7.3 kcal/mo) can be held in a phosphoanhydride bond

· body makes a lot of ATP , however, is constantly being recycled from ADP 

( moore’s picture)

· usable energy obtained by breaking the last phosphoanhydride bond in ATP

(moore’s picture)


ATP ( ADP + P + usable energy

· energy obtained in metabolism is stored by adding a phosphate to ADP

usable energy + P + ADP ( ATP

· body’s entire supply of ATP (-50g) is recycled about once a minute

(figure 6.3)

creatine phosphate
- storage form of high-energy phosphate in muscle cells

CP

- about three times the quantity of ATP 


- phosphoanhydride bond energy (10.3 kcal/mol) greater than in ATP
· a coupled reaction of CP with ADP is a chief pathway for ATP regeneration 


CP +ADP ( creatine + ATP 



  Creative 



  Kinase

· ATP excess during inactivity reacts with creatine to reform creative phosphate and ADP

Creative + ATP ( CP + ADP 


Creative kinase

· ATP and CP provide muscle power for about 10-15 seconds (100-meter dash)



- muscle ATP depletes in about 6 sec

6.3 Metabolic Pathways and Enzymes

metabolic pathways 
- reactions do not occur hapharzardly in cells 

- begin with a reactant and terminate end with a product 

- metabolic energy is captured and utilized more easily if it is released in small increments rather than all at once 

-metabolic pathways can be presented by 
-  E1    E2    E3    E4    E5    E6 
A  –  B  –  C  –  D  –  E  –  F  –  G 
 
 

- enzymes (E1 to E6) catalyze each step (A to G) in the pathway 
- a pathway can branch to serval other metabolic pathways

- an enzyme is a protein molecules that functions as an organic catalyst to speed a chemical reaction 

- an enzyme brings particular molecules together and caused them to react with one another 

- the reactants in an enzymatic reaction are called the substrates for that enzyme 
- a product of one reaction becomes the substrate for the next


- the final product in a pathway can become the substrate beginning another pathway
- process continues until the final product G forms 

- any one of the molecules (A-G) is the linear pathway 

Metabolic Pathways
Enzyme
- every reaction in a cell requires a specific enzyme which speeds the reaction




- lowers the energy of activation Ea 




- allows reactions to occur at normal temperatures


- most are protein, named for their substrates and ending in –ase

Substrate 

Enzyme
- lipid 


lipase 

- urea 


urease 

- maltose 

maltase 

- ribonucleic acid 
ribonuclease 

- lactose 


lactase 

Energy of activation 
- amount of energy needed to cause molecules to react together


- total energy change from reactants to product is typically < 20 kcal/mol



- to get reactions started requires over—100 kcal/mol


- Ea lowered when enzyme binds with its substrate to form an enzyme-substrate complex




Without enzyme




With enzyme 

enzyme substrate 
- one or more substrates fit on an enzyme at an active site (as a keyfits a lock)


- enzyme is unchanged, reused, usually not part of the reaction



- only small amounts needed in a cell


- some enzymes may take part in reaction

- digestive enzyme trypsin with amino acid side groups that interact with peptide bonds of protein

-the following is often used to indicate that an enzyme forms a complex complex with its substrate: 
 E + S---ES---E+P 
-E is enzyme, S is substrate, ES is enzyme-substrate complex and P is product 

Synthetic reaction
Degradative reaction

Induced-fit model
- active sites are now believed capable of changing shape slightly for a better fit
- the enzyme is induced to undergo a slight alteration to achieve optimum fit 

- after reaction, the active site returns to its original shape
-only a small amount of enzyme is actually needed in a cell  because enzymes are not used up 

-every reaction in a cell required its specific enzyme, because enzymes only complex with their substrates, they are named for their substrates, as in the following ex: 

-some enzymes do more than simple complex with their substrate(s) 

-trypsin digest protein by breaking peptide bonds 

-the active site of trypsin contains 3 amino acids with R groups that actually interact with members of the peptide bond
-first to break the bond and then to introduce the components of water 

-this illustrates that the formation of the enzyme-substrate complex is very important in speeding up the reaction 
products
- some reactants may produce more than one type of product
- active enzyme present determines which product is produced





- synthetic reaction combine substrates into larger molecules

- degradation reactions break larger molecules into smaller ones

enzyme productivity
- how rapidly an enzymatic reaction work is affected by certain conditions


- substrate concentration



- enzyme concentration and activity



- temperature and pH



- inhibition by other molecules


- irreversibly changing the shape of a protein is called denaturation

- changing the shape of an enzyme or its active site reduces its activity

enzyme activity
- concentration increases when genes are switched on and decreases when off


- some enzymes are activated by other enzyme 

- kinases activate enzymes by adding phosphate (phosphorytation)

- phosphatases remove phosphate to deactivate (dephosphorlation)

Temperature
- enzyme activity at first increases with temperature (more collisions)


- doubles every loc rise


- activity peaks of node rate temperature 


- at high temperature productivity rapidly delines as the enzyme is ddenatured

- destroys secondary protein structure (hydrogen bonds linking amino acid)



- unable to complex with its substrate

pH
- optimal pH maintains tertiary structure

- all forms of bonding between side groups of amino acids

- with changes in pH produativity rapidly declines as the enzyme is dematured


- affects ionization of side-groups


- destroys tertiary protein structure

- unable to complex with its substrate

activity 
-concentration increases when genes are turned on and  protein (enzyme) production occurs 

-concentration decreases when genes are turned off and protein production does not occur 

- a way to regulative the activity of enzymes is by phosphorylation: 
(pg.104, fig) 

-molecules, received by plasma membrane receptors
-when the genes that code for these kinases mutate, the cell is sometimes converted to a cancerous cell 
-processes in cells that are regulated by phophorylation 
vs. dephosphorylation are cell division activity of motor  molecules, nuclear envelope breakdown and development 
enzyme inhibitors 

-poisons are often enzyme inhibitors 
-penicillin blocks the active site of an enzyme unique to bacteria 

-when penicillin is taken bacteria die but humans are unaffected 

inhibition
-inhibition is a common means by which cells regulate enzyme activity 

-competitive a molecule close in shape to enzyme’s substrate occupies active site 

- blocks (inhibits) the reaction
-noncompetitive: a molecule binds at a site then the active site
- changes the enzyme’s shape so it can no longer bind its substrate
- irreversible: cannot be cancelled or recovered (a fatal poison)


- cyanide poisoning in humans


- penicillin poisoning in bacteria

- reversible: can be can celled and returned to normal 


- antifreeze poisoning is treated with drinking alcohol

- regulation of enzymes and metabolic pathways occurs by feed back inhibition

feedback inhibition 
- reversible competitive
- individual enzyme is inhibited by an excess of its own product occupying active sites






- reversicle noncompetitive

- metabolic pathway shut down by adequate supply of the end product

-in this way, the concentration of the product is always kept within a certain range 

-most enzymatic pathways are also regulated by feedback I inhibition, but the end product of the pathway binds at an allosteric site on the first enzyme of the pathway 
cofactors 
-a necessary molecules or ions are called cofactors 

- some enzymes need an ion or molecule to attach before they can function



- single inorganic ions (Mg, Zn, Cu, Cl)

- small non protein organic molecules called co enzymes
coenzymes
- bind to enzymes and serve as carriers for chemical groups or electrons


- most widely used coenzymes are NAD+ and FAD in cellular respiration


- most vitamins function as coenzymes or form part of other coenzymes
NAD+
- nicotinamide adenine dinucleotide (formed partly of vitamin niacin)

- a coenzyme of dehydrogenase enzymes in cell respiration

FAD
- flavin adenine dinucleotide (formed partly of vitamin riboflavin)



- works like NAD but in low energy reactions in cell respiration

vitamins
-vitamins are relatively small organic molecules that are required in trace amounts in our diet for the synthesis of coenzymes that affect health and physical fitness 

- only 13 and all are essential in trace amount for normal metabolism


- most must be obtained from food

- only 3 are made in the body


- Di in the skin


- R and d biotin: by intestinal bacteria

- classified in two grougs


- fat soluble: absorbed with fats, stored





most( 
- water soluble: little stored, constantly excreted in urine

-a deficiency of any one of these vitamins results in a lack of the coenzyme listed and therefore a lack of certain enzymatic actions 

-in humans, this eventually results in vitamin-deficiency symptoms: 

- niacin deficiency results in a skin disease called pellagra, and riboflavin deficiency results in cracks at the corners of the mouth
