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Adenine WH,

e The energy needs of life
Making energy! T T _ ,
S o + Organisms are endergonic systems
— What do we need energy for?

* synthesis
— building biomolecules
* reproduction
* movement
* active transport
* temperature regulation _

]

The point
is o make
ATP/

Where do we get the energy from? Living economy

» Work of life is done by energy coupling * Fueling the body’s economy
- - ! — eat high energy organic molecules
—use w (Cata_bO"C) re_actlons to fuel « food = carbohydrates, lipids, proteins, nucleic acids
endergonic (anabolic) reactions

— break them down

" " « digest = catabolism
diede — capture released energy in a form the cell can use
) . +> energi€
.

Need an energy currency
— away to pass energy around
— need a short term energy
storage molecule
. + . +




ATP

» Adenosine TriPhosphate
— modified nucleotide
* nucleotide = adenine + ribose + P; - AMP
< AMP + P, - ADP
< ADP + P, > ATP
— adding phosphates is endergonic

high energy bonds Adenine "‘“
1 1
o W
| C. H
o o—cH, o W
H H Ribose
Phosphate groups H H
OH OH

How does ATP transfer energy?

[ ][i 0P OF ‘—»‘+< energ

« ATP —» ADP
— releases energy
* AG =-7.3 kcal/mole
» Fuel other reactions
* Phosphorylation
— released P; can transfer to other molecules
« destabilizing the other molecules
— enzyme that phosphorylates = “kinase”
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think

How does ATP store ene/ res a bit

unstable...
o o N
OP OP
o o 4
ATR?

don't you?
+ Each negative PO, more difficult to add

— alot of stored energy in each bond
» most energy stored in 3rd P;
« 3rd P; is hardest group to keep bonded to molecule

» Bonding of negative P;groups is unstable
— spring-loaded
— P, groups “pop” off easily & release energy

Instability of its P bonds makes ATP an excellent energy donor

An example of Phosphorylatiq 43

enzyme

+ Building polymers from monomers
— need to destabilize the monomers-phosphorylate!

H H
OH HO +4.2 kcal/mol
+@

—n-

—n-I

“kinase”
enzvme
73kca|lmo|
I I
C
o HO slkcallmal Yo!
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Examples

= dehydration synthesis (synthesis)

Metabolism & Enzymes @"i“' - O.
@

® hydrolysis (digestion)

- -0 @

Chemical reactions & energy Endergonic vs. exergonic reactions
+ Some chemical reactions release energy EXergonic endergonic
. - energy released - energy invested
- w digesting molecules= - digestion o - synthesis
— digesting polymers WEES bt 2 2
> X lower energy state & g
— hydrolysis = catabolism B H Product
. . . g S CLEREEE
* Some chemical reactions require 3 & 3 Energy
. s 2 must be +AG
input of energy & 3 ; ______ supplied. __
. ilding molecules= >~ gl N cromeomoooopees
— endergonic ﬁéa'e"“l%ﬂ.faiiﬁin: 'E fisee A Energy I8 [AG g o
— building polymers higher energy state = . AR s
< 9
— dehydration synthesis = anabolism s Product &
s &

AG = change in free energy = ability to do work



Energy & life

+ Organisms require energy to live
—where does that energy come from?
« coupling exergonic reactions (releasing energy)
with endergonic reactions (needing energy)

O BO¥ £

Activation energy

+ Breaking down large molecules requires
an initial input of energy

— activation energy
—large biomolecules are stable

—must absorb energy to break bonds

8

cellulose

energy €O, +H,0 + heat

Energy released Energy supplied
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What drives reactions?

* If reactions are “downhill”, why don’t they
just happen spontaneously?
- bgcause covalent bonds are stable bonds

Energy released Energy suppli

o

Reactant

J

[ ]
p ®
L3k Bt 35

“greoge
-3 vnQ"v a“gw

[

Energy is
released.
*)
)
Product

Too much activation energy for life

= Activation energy
= amount of energy needed to destabilize the bonds

of a molecule

Reactant

(a)

es the reaction over an “energy hill”

Not a match/
@ L ceray To expase
o“ @ \_living cells to/
® Py
@ ™) ° o .
J
20
Product

02?. 0.':'
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Reducing Activation energy Catalysts
. Catalvsts + So what's a cell got to do to reduce

activation energy?

—reducing the amount of energy to
9 4 —get help! ... chemical help... ENZYMES

start a reaction

uncatalyzed reaction

2 2
'l A 2 =il | _Uncatalyzed
g 3 | |
5 catalyzed reaction a Activation
SI /. ac-. """QY J Catalyzed
& NEW activation energy - Activation
e e e RS % e e e - energy
g B2 g Reactant [AG Reactant
s ° 0N | ____ e Q
- 9 = S0 Yo
3 e 3 Product Product
‘g’ product 2 (@) ()
w w
Uncatalyzed
Enzymes N Enzymes vocabulary
lmvll
Activation
) . 1< energy
+ Biological catalysts {Reactant substrate
. & RNA ) « reactant which binds to enzyme
- ro.t(.elns - . ‘,’,f“uﬂ « enzyme-substrate complex: temporary association
— facilitate chemical reactions product
- increase rate of reaction without being consumed « end result of reaction
« reduce activation energy active site
« don't change free energy (AG) released or required « enzyme’s catalytic site; substrate fits into active site
— required for most biological reactions
— highly specific —
« thousands o-f different enzymes in cells P it substrate fadwe - / 4 prOdUCts
— control reactions S~ / 4
ofife e NﬂW—--W

u \w enzyme w w



Properties of enzymes

» Reaction specific

— each enzyme works with a specific substrate

» chemical fit between active site & substrate
— H bonds & ionic bonds

* Not consumed in reaction
—single enzyme molecule can catalyze
thousands or more reactions per second
» enzymes unaffected by the reaction
 Affected by cellular conditions

— any condition that affects protein structure
« temperature, pH, salinity

Lock and Key model

Simplistic model of enzyme action

— substrate fits into 3-D structure of enzyme’ active site
* H bonds between substrate & enzyme

— like “key fits into lock” @ s
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Naming conventions

» Enzymes named for reaction they catalyze
— sucrase breaks down sucrose

m::. rg-am*m-
— proteases break down proteiSy.. Somplas
— lipases break “Ts
down lipids - £rme
— DNA polymerase builds DNA
« adds nucleotides -
to DNA strand ".s.;:'é
— pepsin breaks down "

proteins (polypeptides)

Gucose "
S @

Fructose

Induced fit model

More accurate model of enzyme action
— 3-D structure of enzyme fits substrate

— substrate binding cause enzyme to change
shape leading to a tighter fit
» “conformational change”

+ bring chemical groups in pgsition to catalyze

reaction Active lll
N

Substrate



How does it work?

* Variety of mechanisms to lower
activation energy & speed up reaction
— synthesis

« active site orients substrates in correct position
for reaction
— enzyme brings substrate closer together
— digestion
« active site binds substrate & puts stress on

bonds that must be broken, making it easier to
separate molecules

Factors Affecting Enzyme Function

Enzyme concentration
Substrate concentration
Temperature

pH

Salinity

Activators

Inhibitors

catalase

reaction rate

Enzyme concentration
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What's
happening here?/

enzyme concentration

f reactant or

—_—

emERed

f product per unit of time




—_—

reaction rate

—_

reaction rate

Factors affecting enzyme function

» Enzyme concentration

—as T enzyme = 1 reaction rate

* more enzymes = more frequently collide with
substrate

— reaction rate levels off
* substrate becomes limiting factor
« not all enzyme molecules can find substrate

'“O'O‘
® ®
v.® ©%

enzyme concentration —

Factors affecting enzyme function

» Substrate concentration
—as 7T substrate = T reaction rate
» more substrate = more frequently collide with enzyme
— reaction rate levels off
« all enzymes have active site engaged
* enzyme is saturated
* maximum rate of reaction

Vg ©°©
o

_uf'?o“o?

substrate concentration
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Substrate concentration

What's
happening here?/

reaction rate

substrate concentration —_—

http://www.youtube.com/watch?v

=0YGF5R9i53A



http://www.youtube.com/watch?v=0YGF5R9i53A
http://www.youtube.com/watch?v=0YGF5R9i53A
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Temperature Factors affecting enzyme function

What's

happening here?/ Temperature

— Optimum T°
« greatest number of molecular collisions
* human enzymes = 35°- 40°C
— body temp = 37°C
— Heat: increase beyond optimum T°
« increased energy level of molecules disrupts bonds in
enzyme & between enzyme & substrate
— H, ionic = weak bonds
« denaturation = lose 3D shape (3° structure)
— Cold: decrease T°
* molecules move slower
+ decrease collisions between enzyme & substrate

—_—

reaction rate

37°
temperature —_—

Enzymes and temperature pH

What's

« Different enzymes function in different happening here?/

organisms in different environn;n\etnt_s
ot sprin,;
human enzyme bacte‘:ia Enzvme pepsin trypsin

b

/
W4
S
~7-/pepsinj

—_—
—_—

reaction rate

reaction rate

37°C

(158°F)
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Factors affecting enzyme function Salinity

What's
¢ pH i happening here?/
—changes in pH

* adds or remove H*

« disrupts bonds, disrupts 3D shape I
— disrupts attractions between charged amino acids
— affect 2° & 3° structure
— denatures protein

— optimal pH?

* most human enzymes = pH 6-8
— depends on localized conditions
— pepsin (stomach) = pH 2-3
— trypsin (small intestines) = pH 8

reaction rate

salt c

0123456789 1011

Factors affecting enzyme function Compounds which he!p enzymes
 Salt concentration . Activators Ezr'r'n'oglobin
- Changes in Salinity — cofactors
 adds or removes cations (+) & anions (=) * non-protein, small inorganic
« disrupts bonds, disrupts 3D shape compounds & ions

— Mg, K, Ca, Zn, Fe, Cu

— disrupts attractions between charged amino acids — bound within enzyme molecule

— affect 2° & 3° structure

denat o — coenzymes
- dend ur_es protein o * non-protein, organic molecules
—enzymes intolerant of extreme salinity — bind temporarily or permanently to

enzyme near active site
* many vitamins Mgin T
— NAD (niacin; B3) chlorophyll & =
— FAD (riboflavin; B2) ¢
— Coenzyme A

» Dead Sea is called dead for a reason!

10



Compounds which regulate enzymes

* Inhibitors
—molecules that reduce enzyme activity
— competitive inhibition
— noncompetitive inhibition
— irreversible inhibition
— feedback inhibition

e

L~

Non-Competitive Inhibitor
Inhibitor binds to site other than active site
— allosteric inhibitor binds to allosteric site
— causes enzyme to change shape

« conformational change

« active site is no longer functional binding site
— keeps enzyme inactive ‘

— some anti-cancer drugs
inhibit enzymes involved in DNA synthesis
« stop DNA production
« stop division of more cancer cells
— cyanide poisoning
ireversible inhibitor of Cytochrome C, Allosteric inhibitor
an enzyme in cellular respiration changes shape of
. enzyme so it cannot
« stops production of ATP bind to substrate

(b) Noncompetitive inhibition
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Competitive Inhibitor

 Inhibitor & substrate “compete” for active site

- Eenicillin ) )
locks enzyme bacteria use to build cell walls
— disulfiram (Antabuse)

F%rlrg?'e(illve
- . n| lor
treats chronic alcoholism interferes
« blocks enzyme that With Scive
breaks down alcohol enzyme so
« severe hangover & vomiting Samnotbing / Substrate
5-10 minutes after drinking cannot bind g S—
+ Overcome by increasing substrate o~
concentration

— saturate solution with substrate
So it out-competes inhibitor
for active site on enzyme

(a) Competitive inhibition

Irreversible inhibition

+ Inhibitor permanently binds to enzyme
— competitor
» permanently binds to active site
— allosteric
» permanently binds to allosteric site
» permanently changes shape of enzyme

* nerve gas, sarin, many insecticides (malathion,
parathion...)

— cholinesterase inhibitors

» doesn’t breakdown the neurotransmitter,
acetylcholine

11
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Allosteric regulation Metabolic pathways

» Conformational changes by regulatory A A

AT = C e G
molecules YOy

enzyme enzyme enzyg}ﬁy,ﬁgzyme enzyme enzyme

—inhibitors 1 2 3 4
» keeps enzyme in inactive form . . . — —
«ep Y ® Chemical reactions of life F 2 Substrate
—activators are organized in pathways Enayme 1L~
* keeps enzyme in active form g P Y B~
Moo Activator inhibitor + divide chemical reaction into o 2
Aclwesﬂb -
S many small steps Enzyme2
= artifact of evolution Enzyme3 -
- 1 efficiency N
Activeform .,..cmm.... ety Stbiiaaa by + intermediate branching points Enzyme4 ®

an allosteric an llltmmc

SR o = 71 control = regulation =
Conformational changes Allosteric regulation = i’.}; ~

Feedback Inhibition

* Regulation & coordination of production
— product is used by next step in pathway

— final product is inhibitor of earlier step
« allosteric inhibitor of earlier enzyme
« feedback inhibition

— no unnecessary accumulation of product

A—)BT—)C—)D—T)E F—>G

enz/me enzyme enzyme enzyme enzyme enzyme
1 2 3 4 5 6

allosteric inhibitor of enzyme 1
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