Chapter 8 - Enzymes

. Enzymes are biologica catalysts
- Most are proteins (Ribozymes = RNA cad ysts)
- May have multiple subunits

- Often requi re additi ond components for adivity
(cofad ors, coenzymes)

. Enzymeshind the substrate within an active dte
- Fomsthe Enzyme-subst rate (ES) complex

- Transition from reactant to product | imited by energy
barrier

. Enzymesincrease reaction r ates by lower ing
activatiaon energy barriers

- Binding energy, derived from numerous wesk
interadions between enzyme & substrate

. Binding erergy allows an enzyme to discriminate
between substrate & competing molecules

. Reaction eq uilibrium dependent on the difference
in free eneragy of ground states o reactantdproducts

- Equilibrium position not influenced by enzyme

- Kineticshelp usto undergand the mechanigns of
enzyme catalysis
E+S =— ES=— E+P
E=ezyme S=substrae P = Product
ES = enzyme-substrate mmplex
Can be manipu laed to give the Mi chaelis-Menten egn.
Vo :Vmax[S]
Ko +[S]
- M-M eqgn describes rdati onship among initial velocity
(Vo and themaximal velocity (V) ViatheMichaeli s
Constant (K )

- K = turnov e no. = num ber of substrate molecules

converted to product when enzymeat V oy 3

« Koy Vi @0d K /K, all useful parameters for
comparing enzyme activites

. Enzyme activity can be altered:
- pH, tempeature
- Reversibleinhibitors (compeitive, uncompeti tive,
mi xed)
- Irreversible inhibitors (“suicide” substrates)

. Certain enzymes used to illustrate key concepts
- Chymotrypsin - transition state stabil izati on
- Hexokinase - induced fit
- Enolase - metal ion catalysi s

- Regulatory enzymes contro overall rates of
metabolic pathways

- 2mgor activation or inhibition mechanisms

(1) Revasible, noncovalent d losteric interadions

(2) Revasible, covd ent modifications (phosyphorylati on)

- lrreversible acti vation also occurs (proteolytic cleavage)

Enzymes

Biological Catalysts
~ Canincresse reactions rates by 1 05 to 1017 X
- Often greater than syntheti c or inorgani ccatd ysts
- High specificity for substrae

- Funcdtion under very mild conditions

Much of the histary of biochemidry is the study of
enzymes
- Digesti on of mea by stomach secreions (1700's)
- Convesi on of starch to sugar (1800's)
- Convesi on of sugar to alcohol (1800's)




Some enzymes reguire additional factors

8-1
Some Inorganic Elements That Serve as Cofactors for Enzymes
Cu?* Cytochrome oxidase
Fe** or Fe*' Cytochrome oxidase, catalase, peroxidase
K* Pyruvate kinase
Mg?! Hexokinase, glucose 6-phosphatase, pyruvate kinase
Mn2* Arginase, ribonucleotide reductase
Mo Dinitrogenase
Ni2! Urease
Se Glutathione peroxidase
Zn?t Carbonic anhydrase, alcohal dehydrogenase,

carboxypeptidases A and B

Cofactors=ions

Coenzymes = organic or metalloor ganic molecules
8-2

Some Coenzymes That Serve as Transient Carriers of Specific Atoms
or Functional Groups*

Examples of chemical  Dietary precursor in
Coenzyme groups transferred mammals
Biogytin €0, Biotin
Coenzyme A Acyl groups. Pantothenic acid and
other compounds
5'-Deoxyadenosylcobalamin H atoms and Vitamin By,
(coenzyme By,) alkyl groups
Flavin adenine dinucleotide Electrons. Riboflavin (vitamin B;)
Lipoate Electrons and Not required in diet
acyl groups
Nicotinamide adenine Hydride ion (:H") Nicotinic acid (niacin)
dinucleotide
Pyridoxal phosphate Amino groups Pyridoxine (vitamin Bg)
Tetrahydrofolate One-carbon groups Folate
Thiamine pyrophosphate Aldehydes Thiamine (vitamin B,)

“The structure and mode of action of these coenzymes are described in Part 11l of this book.

Coenzymes act as carriers of fu nctional groups

Some enzymes require both a cofactor
& coenzyme

Complete, catalytically activeenzymes &
cofactor/coenzyme= “holoenzyme”

Protein part of such enzymes =
“apoenzyme” or “apagprotein”

Enzymes classfied by reaction catalyzed

8-3

International Classification of Enzymes*

No. Class Type of reaction catalyzed

1 Oxidoreductases Transfer of electrons (hydride ions or H atoms)

2 Transferases Group-transfer reactions

3 Hydrolases Hydrolysis reactions (transfer of functional
groups to water)

4 Lyases Addition of groups to double bonds, or formation
of double bonds by removal of groups

5 Isomerases Transfer of groups within molecules to yield
isomeric forms

6 Ligases Formation of C—C, C—S, C—0, and C—N

bonds by condensation reactions coupled to
ATP cleavage

*Most enzymes catalyze the transfer of electrons, atoms, or functional groups. They are therefore
classified, given code numbers, and assigned names according to the type of transfer reaction,
the group donor, and the group acceptor.

6 major classes w/subclases o

How enzymeswork

Under biological conditians (37°C, pH 7.0)
uncatalyzed reactiorstend to be dow

Enzymes circumvent these problems by providing
an environment which makes the reaction more
favorable - the active site
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Surface of active site lined with aa residues-
bind substrate & catalyze reaction
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Enzymes affect reaction rates, not equilibria

E+S «eES«EP—E+P

E = enzyme
S = substrate
P = product

ES, EP = transient complexes
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To describe free energy changes, we need
to define astandard state (G°)

. Temperature=298K (25° C)
. Each gas @ partial pressure = 1 atm
. Each sdute @ corncentration = 1 molar (M)

Biochemists require an additional condition
-pH=7.0
Referred to as” Biochemical standard state” (G'°)
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Enzymes accel erateinter conversion between S& P

Transition state (f)

Free energy, G

Fig8.3 Reaction coordinate

Overal rate determined by step with highest
activation energy = rate limiting step 17

Any reaction (S=P) can be described by a
reaction coordinate diagram

Transition state ()

Free energy, G

Fig8.2 Reaction coordinate

Plot of free energy (G) vs progress of
reaction (reaction coord inate) 1

Eq. BetweenS & Preflects differencein free
energies of ground states
P<S, so AG'°<0, EqfavorsP
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Doean't mean S= P will accur at a detectable rate 4

Relationship b/w Eq constants & Free Energy

Reaction equilibria linked to  AG® (sd. G change)
Reaction rateslinked to  AGt (activation energy)

For S —P
Keqz[P]
[S]

From thermodynamics AG'°= -RTInK’,
R=gas constant (8.315 Jmol K)
T=Abs. Temp (298K = 25°C)

18




A positive Ko ([P >[9Y) reflectsa
favorable (-) AG™®
8-4

Relationship between K, and AG™
(see Eqn 8-3)

Ky AG' (kJ/mol)
10°¢ 34.2
1078 285
10 22.8
107 17.1
102 11.4
10 5.7
1 0.0
10! -5.7
10% -11.4
10° -17.1

Larger K’ ., more equilibriumfavorsproducts ,,

Therateof areaction isdetermined by the
concentration of reactant(9 and arate constant (k)

forS« P
Velocity (rate) of reaction=V =k[]

1st order reaction (only [S])
unitsof k =s?
>
for 2 order reaction: S, +S, P

V =K[S][S)]

unitsof k = M-1s1 2

Expression derived from transition state theory
which relates activationenergy ( AG?)
to the rate constant (k)

k = KT eAGHRT

“h
k =Bodtzmann congdant
h = Plank' s constant

Important point: relationship between k and AG*
in inverse and exponential

Lower AGT means higher k, vice verse
21

Catalytic Power & Specificity of Enzymes

8-5
Some Rate Enhancements Produced
by Enzymes
Cyclophilin 10%
Carbonic anhydrase 107
Triose phosphate isomerase 107
Carboxypeptidase A 10t
Phosphoglucomutase 101
Succinyl-CoA transferase 101
Urease 104
Orotidine monophosphate decarboxylase 10Y

Rate enhancements of enzymes 5-17 orders

of magnitude over non-catalyzed reactiors
22,

Where does energy come from to lower
activation energy?
(1) Rearrangement of covalent bords
- Transient bonds b/w catdytic groups & substrate
- Activates substrate for reaction

(2) Binding energy
- Weak, noncovalent i nteractions

- Eadch bond formaion accompani ed by release of free
energy
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Weak interactions optimized in fransition state

Fig8.4

Substrates & hinding dte are imper fectly

complementary "




“Stickase” analagy - enzymeftransition state
complementarity

(¢) Enzyme complementary to transition state

]

&

e e o g
. — — g
AR LA r/ \\ g
5 ’ X s . P ot

Increase in free energy required for conversion
“paid for” by binding energy in transition state
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Binding energy trandlatesinto lower net
activation energy & fager reaction rates

Ma sl qumirdin sils
Requirement for multi ple weak interactions
one reason enzymes are large praeins

Binding energy contributesto reaction
specificity & catalysis

. AG* needsto be lowered ~ 5.7 kJmal to accelerate
a rxn 10-fold

- Energy available from the formation of a weak
bond ~ 4-30 kImol

. Multiple interactions may lower activation energies
by 60-100 k¥ mol
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Thermodynamic factors contributingto  AG*
- Chengeinentropy (freedom of motion)
- Solvation shd | around mol ecule
- Distortion during reaction
- Proper alignment for reecti on

Binding erergy can overcome all these barriers
- Holding substratesin place
- Wesk interadions replad ng solvation shell
- Precise dignment for reaction
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Rate enhancement by entropy (S) reduction

Reaction Rate enhancement
[0}
pps e s ¢
H;—C—OR OR CH,—C
@ + o 1
ks b
[0}
|| o
CH;—C—0~ 0
Reaction Rate enhancement

(e} (0]

Q 0
I o |
(© C—OrR _2 _, C\ 108m
(‘) kD 0
c—0 ol

Fig8.7 o
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Specific groups contribute to catalysis

. Aid bord cleavage & formation
. Variety of mechanisms

- Acid-bassecatdysis

- Covdent catalysi s

- Metd ion catalysi s

. Distinct from binding erergy - gererally form
trandent covalent interactions, or grou p transfer

30




IVIOSt common mechanism = acld-base caalysls

catalysis invdving H ,0 = gecific acid-base catalysis;

If proton transfer mediated by other acids/bases
(oo side chaing) = general acid-basecatalysis

32

Amino acidsin general acid-base catalysis

Amino acid General acid form General base form
residues (proton donor) (proton acceptor)
Glu, Asp R—COOH R—COO~
H o
Lys, Arg R—*EH R—NH,
Cys R—SH R—S
R—C=CH R—C=CH
) ;L I
His HN\ /NH HN\ /NA
C C
H H
Ser R—OH R—0~
Tyr R—< S—on r~ S0
—/ /

Covaent Catalyss

ex: Nuclegphilic attack by “X” (R-COO, R-NH,,
cofactor s, coenzymes, etc.) breaksbond:

AB <5 A +B

A-B+X: +— A-X+B €% A+X:+B

Metal ion catalysis

. Metals can form weak ionic interactions
w/substrate (Ca*, Zn?", etc.)

. Mediate oxidation-reduction reactions
(Cu2*,Fe?)

Nearly 1/3"dof all enzymesrequire metal ions for
activity

Most enzymes use a combination of catalytic

strategies =

Enzyme kinetics help usto undergand mechanians

- What isthe rate of areaction?

- How does the rate change in response to changesin

[substr ate] , temperature, pH, [activators],
[inhibitorg], etc?

36




Some terms

- V= Initial velocity = Reaction r ate on erzyme
catalysis

- Ve = maximal vel ocity

- [§] = substrate concentration

. K., = micheelis constant

37

One key factor that affectstherate (V) = [

L}
Fig8.11

@ low [S)], V, increasesin a linear fashion with [S]
@ high [S], a plateau in velocity isreached (Va) -

Theory of enzyme action

kl
E+S - ES

ka
ES — E+P
Ko

Because breakdown of ESto E& P is slower,
overall reaction rate is proportional to [ES)]

39

@ low [S], most enzyme unbound (E vs. ES).
Any increasein SpushesE+S — EStoES
(linear increase)
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Fig8.11 Substrate concentration, [S] (md) 40

@ high [S],virtually all E already existsasES-
enzyme is saturated and any increasein[ § has

little effect (plateau regon)
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K
Fig8.11 Substrate concentration, [S] (mm) 2

Michagelis-Menten equation describes
relationship between[§ and V
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Fig8.11 Substrate concentration, [S] (md)
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Michaelis-Menten equation is a statement of the
relationship betweenV , V. and [§], all related
viaK_ (Michaglis constant)

Important derivation relatesK ,, and Velocity (V)

K, =[9] velceity is half-maximal
(iewhenV, =12V )

Therefore, a more general rate constant = k

k4 describesthe limiting rate of any
enzyme-catalyzed reaction

kq, Ky, K3, efc.

k k k
E+S==ES=EP=E+P

1 2 3
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Kinetic parameter s used to compare enzyme
activities
K, can become complex, depending on which
step israte-limiting

kK, ky Ky
E+S=ES= EP=E+P
1 ks 3
For our purposesdefined asK , =k, + k ;
kl
Depending on enzyme, could also be k, etc.

K isa@socalled thetur nover number

S

Turnover Numbers (k) of Some Enzymes

Enzyme Substrate e (571
Catalase H;0, 40,000,000
Carbonic anhydrase HCO; 400,000
Acetylchelinesterase Acetylcholine 14,000
B-Lactamase Benzylpenicillin 2,000
Fumarase Fumarate 800
RecA protein (an ATPase) ATP 0.4

Turnover number = number of substrate molecules
converted to product in agiven unit of time per.

K, & k., alow us to evaluate the kinetic
efficiency of different enzymes

either aloneis insufficient

€.g. 2 enzymes can have samek_,, but uncatalyzed
rates can be different - need termto compare

Kool K = Specificity constant

Upper limitof k /K, imposed by rate of
diffusion of enzyme & substrate (~10° M-1s1)
4

7
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y enzy calKm
“ H H (il
range - “ catalytic perfection
Enzymes for Which k../K, Is Close to the Diffusion-Controlled Limit (10° to 10° m~'s™")

ear el Ky

Enzyme Substrate (s71) [] (=151
Acetylchalinesterase Acetylcholine 14 % 10° 9x107° 1.6 x 10°
Carbenic anhydrase [ 1x10° 12x10°% 83x 107
HCO; 4% 10° 26 %1077 15 x 10
Gatalase Halp 4% 107 11 4 %107
Crotonase CrotonylCon 57 % 10° 2%10° 28x 10°
Fumarase Fumarate 8x 107 5x10° 1.6 x 10*
Malate 9 x 10° 25x%10° 36x 10
Benzylp in 2.0 % 10° 2% 1078 1% 108
fe 3-phosphate 43 % 10" 47 %10 24 x10°

cience, p. 168, W.H. Freeman and Company, New York.

Note - different values of k ; & K, can prodiuce
the maximum ratio of “ catalytic perfection”




Multiple substrate enzyme reactions

Many enzymes have2 or more substrates

ATP + Glucose «» ADP + Glucose-6-P

Characterigic K for each substrate
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Multi- substrate reactions proceed by different paths
R B sa@as ey seeamiing b s issipdis FigB.13
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ihi Frorer s in wia b os s veapien b Seesd

r i
4 B, = EP E R
(1) Random or ordered: Ernzyme & subgtrates form a
ternary complex ES;S,

(2) Double displacement or *“ping-pong”: NO ternary
complex formation - firg substrate converted to
product & relessed befare 2 substrate bound 50

Kinetics helps distinguish between these
mechanisms

Tnynaww

Fig8.14 o E Fig8.14 - L

(8 intersecting lines indicate ternary complex
(b) parallél lines indicate “ ping-pong” me chanism o

Enzyme I nhibitors
Moleculesthat interfere with catalysis- slowing
or halting enzymatic reactions
(powerful drugs)

Study of inhibitor action also providesindght
into enzymatic mechanisms
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2 Broad classes of | nhibition:
(1) reversible (2) irreversible

Reverside inhibition:
- Competitive
- Uncompetitive
- Mixed

. Compstitive inhibitor competes w/subdrate for active

. Preventsbinding of substrate
. Structure resenbles substrate

. FormsEl (vs ES) complex, but w/o leading to cataysis,,

Competitive inhibition

E+S —— ES —> E+P

? =
I« ¢

" T

(a) Competitive inhibition

ste




Competitive inhibition canbe analyzed
guantitatively

In presence of inhibitor, M-M eqn. Becomes
L
V,=
oK, +[3]

wherea =1+ [1]
|

and K, = [E][l] ; E+1—EI
[El]
aK,, ="apparert K,"= Ky, in presence of inhibitor

55

When [S]>>[I], probahility of | binding E low, readion
exhibits normal Ve but apparent K ,, increases by a

Vmza

Apra———

y &= o =fa—— +inhibita

Normal V ., combined with changed K, in presence
of inhibitar is diagnostic of competitive irhikition s

Reversible inhibition: Uncompetitive

L R T PR 1 e T

. Enzymeswith 2 o more substrates

. Uncompetitve inhibitors bind at sites distinct from
substrate active site

. Bind only to ES complex; lowers K » & V max 57

Reversible inhibition: Mixed

K% 5 = m= - g

o Moy minhiis=n

- Inhibitor also binds at site distinct from active site
. Inhibitor bindsto either E or ES
- Uaudlly affectsbah K, and V

58

Kinetic tests used to determine Inhibition

Box8-2fig1l
Compeitive inhibition
- Different slopes (0K f Vina)
- Samey-intercept (1/V ,,,) & each [I] - V,, urchanged

- Different xintercepts (-VK,,) = different K|'s
59

Uncompetitive inhibition

. Different y-intercepts (1V,,,) = different V
. Different x-intercepts (-1K,,) = different K,’s
. Paralld slopes (K {Vs) = begt diagnostic 6

10



Mixed Inhibition

1 (eKa)1 | w
Vo = Va1 * Vo

Bl

)

T[I]

1

M/min,

(;

1
Vol

4

. Different dopes
. Different x-intercepts = different K,,'s
. Different y-intercepts = different V,»'S

61

Enzyme Irhibition: Irreversible

q FH ner i i
]'I|w17CH270H+F7]‘3707C{J —2 Jm/fCHszf%’fOfC{-[
(Ser) C‘) CH, (l) CH,
C C
o Hem, H,¢ Hcn,

DIFP

- Inhibitors combine with or destroy functional group

essertial far activity

. Formation of covalent links common
. Specia class = “suicide inhbitor s’

- Unreactive until bound to active site

- Enzyme may cary out fi rst few cetd ytic steps

- Inhibitor converted to readive compound

__Compound combinesirreversibl y with active site 62

Enzyme activity is af fected by pH

. &1 ) .II
Pag=t1 Uy lira ey Bonst rmat Danliney
Fig8.17 Fig8.17 i
. Critical aa dde chairs act as acid Ybass

- Dependent on maintenanceof cetain stateof i onization
- lonizaion sta edependent on pH 63

Examples of enzymatic reactions

Complete mechanign includes
- ID of dl substrates, cofactors, produds, regul aors
- Temporal sequence in whi ch i ntermediates form
- Structure of each intermediate & t rans tion state
- Rates of interconversion b/w intermediates
- Structural relations hip of enzyme w/ each intermediate
- Energy of dl inteemediate mmplexes & transi tion states

Example Mx’s Chymotrypsin, Hexokinase, Enolase

Chymotrypsn
- Protease; cadyzes hydrol ytic d eavage of peptide bonds

- Specific for deavageof peptid ebonds adjagent to
aromatic resi dues (Tyr, Phe, Tmp)

- Incresses hydrolysi s by factor of 109

- Good example of transiti on state stabil ization, general
aci d-base caalysis & covalent catalysis

65

2 major phases: Acylation & De-acylation
(1) Acylation - trandent covalent acyl-enzyme
intermediate formed
- Peptide bond cleared

- Ester linkage formed b/w pepti de carbonyl carbon and
enzyme

(2) De-acylation
- Ester linkage hydroly zed
- Nonagyl aed enzyme regeneraed

66

11



(2) binding of substrate & nucleophilic attack

0
¢
Asp™ = o
o pC
"\ S
Substrate (a polypeptide)
HO—{Ser™ AR I%Ln;\iﬂim\
] ‘
U
- //
Oxyanion hole /N\
Ser'™
n drotbic g} o
)}[l‘,
Chymotrypsin H\ |

(free enzyme) b T
Nucleophilic attack of e ¥ B
Ser-OH on carbonyl sy

Formation of enzyme-
substrate intermed iate
(acylation): e
- () Chageformsin o
“oxyanion hol &
- Charge stabili zed by H- T
bonds Covdent

intermediate
- Example of binding energy " /

£
-

=

Fig 8,19 s 68

carbonof peptide backbone
Fig8.19 Enzyme-substrate complex 67
B .-
Abstradion of %
Acyl-enzyme broton from M __ s

. . N b CH N
intermediate formed  Tobresk peptide {0 ﬂ@ &
bond A

o
Gy

peptide cleaved

Shacelived intermediate

Product 1
A—C—CH-NHH

Acylenzyme intermediate 69

Short-lived intermediate

> formed:
H-bonding—, - () charge on carbonyl
carbon
Shortlved intermediate _ Stabilized by H-
e bondi ng in “oxyanion
g . hole”

Fig8.19

71

Water attacks carbonyl of acyl-enzyme
ester linkage

Acyl-enzyme intermediate

Fig8.19 Acyl-enzyme intermediate

Abstraction of proton (H) from H,O by His activates
water for attack on carbony! group

70

| & Nﬁ
Deacylation ik
_ Hisdonatespraton to Se ma
- Generd acid-base catalysis @ &
- New C-terminus on peptide oy roee
- Product 2leaves Jo
- Enzyme regenerated b
'\‘lm. _
H@u.
Syt e ”




Hexokinase - I nduced Fit

CH,OH CH0PO3~

H % u H A n
M S ATE 4 H hexckinase |y ane H
8 OH H — Mg OH H
HO OH HO OH
H OH H OH

Glucose Glucose 6-phosphate

Glucose -OH group similar in reactivity toH,0,
yet Hexokinasediscriminates by a f actor of 106
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When glucose absent, enzyme inactive
- Active Ste aa side chains out of position

Fig8.21 @  inactive w active

When glucose (not H,O) binds, binding energy
induces conformational change to active form 4,

Enolase: Metal ion catalysis

(@) /O . o O\ /0 -

H7C7071E707 070—1!—07 + Hz0
HO—CH, O~ (HjH2 ‘07
2-Phosphoglycerate

enolase |

Phosphoenolpyruvate

75

HOH

2-Phosphoglycerate Enolic inte ediate raat
bound to enolase

(a)

(1) carboxylate group (2PG) coar dinated to Mg?* ion

(2) Lys acts as gerera base to abstract praon from
2PG

(3) Glu acts as ageneral acid - donates proton o
2PG-OH leaving gouptorelease H,O and PEP 4

Regulatory enzymes

grou ps of enzymes often w ork together to catalyze
sequentia reactions

Glucose —Glc-6-P =~ Fru-6-P =~ Fru-1,6-P —etc.

At leagt one enzyme in pathway will set rate for
overall sequence - it catalyzes the dowed or rate-
limiting reaction

77

Regulatory enzymes exhibit increased or
decreased activity in response to signals

allow cellsto meet changing needsfor energy &
biomaecules

78
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In mog multienzyme pathways, the first
enzyme s aregulatory enzyme

® :

enzyme 1
B—C—D—E—F

Threonine Isoleucine

Prevents wading energy & resaurces
in catalyzing first few reactions

79

2 major classesof regulatory enzymes

(1) Allosteric enzymes
- Reversible, noncovalent binding of allosteric
modulators

(2) Reversble covalent modification

Both types tend to be multi-subunit prateins

- Active sites and regulatory si tes someti mes on
different subunits

81

Activitiesof regulatory enzymes modulated in a
variety of ways
(1) reversble, noncovalent binding of regulatory
compounds
- Often end products of pathways

(2) Reverdble, covalent maodification
- Phosphorylati on, acetylati on, etc.

(3) Binding of separate regulatory praeins
- RNA polymerase, gene expressi on, etc.

(4) Activation via proteolytic cleavage

- Removad of peptide segments

__irreversibl e 80

Allosteric enzymes undergo conformational
changes in response to modulator binding

. Modulators convert less active to more active, vice

verse

. Allogeric modulators can be either inhibitary or

stimulatory

- When modulator = substrate - “ homotragpic”
- When modulator is different - “ heterotragpic”

82

Allosteric enzymes generally have one or more
regulatory (allosteric) sites for binding the
modulator

Allosteric enzymes generally larger, more complex

83

coo

Hﬂ}‘qié\:iﬂ L-Th
o L onine
Feedback inhibition bn,
(- ®|r i
A
Regulatory enzyme {3
inhikited by end product L
of a pathway i ]’
1 E,
Lo
| lﬂ:
: co0
! Haﬂz—c‘—H
\CH—C—CH, r-Isoleucine
CHz
CHy 84
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Kinetic properties of allosteric enzymes
diverge from M-M behavior

.-_.-""" ':,.-"f i _.-"'":-_ e
L o e

Sigmoid saturation curves ref lect
cooperative interactions

85

Some regulatory enzymes undergoreversible
covalent modification

Amino acid residues known
Covalant modifieation o accopt covalent modifieation

ATP ADP
» BP0 Tyr, Ser, Thr, His
Phosphorylation o

E

Adenylylation o

uTe PP,

i
L

[
IS
T
g

Uridylslation o

nf By
on o
NAD nicotinamide o 0
a3 i
. i CH—0—P—0—p—0—CH, Adenine.
o | 50,
ADPriboslation o 0
GH g pH OHy
oH OH oH OH
S-adenosyl- S-adenosyl-
Methylation B ine

- > Bz CHy Giu 86,

Phasphoryl groups affect the structure & catalytic
activity of proteins

often attatched to Ser-OH, Thr-OH, Try-OH
groups

Introduces a bulky, charged groupinto aregion
that wasonly moderately polar

Protein Kinases - attach phogpharyl groups
Protein phosphaases - remove phophoryl groups

87

Example: glycogen phosphorylase

Ser®  OH OH Ser™
side | side
chain CH, CH, chain
Phosphorylase b
(less active)
N

r \
J'/,) 2P, ATP -~ .‘

phosphorylase { | phosphorylase
phosphatase Kinase
[

| ~em0 2a0p<

\

a

Yy 7/
/ / / Phosphorylase

/ / (more active)
/

a& bformsdiffer in2°,3°and 4 °

Phosphorylation consenaus signals

semems mmE e e eera

Multiple
for subtle

potertial
ff” switch g
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Some types of regulation require proteolytic
cleavage of an enzyme precursor
Chymotrypsinogen Trypsinogen
(inactive) (inactive)
1 245 Al 6 7
Val-(Asp);—Lys-Ile—
p enteropeptidase
J{ S t\\'alfmspy,‘ Lys
7-Chymotrypsin Trypsin
(active) (active)
115 16 245 0 245
algie e
chymotrypsin
} Serl4-Argl5
+ Thri47-Asn14®
a-Chymotrypsin
113 16 146 149 245
LelullL 1‘;'r Ala
A B C
Cleavage causes conformational change which
exposes active site 9%
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Chapter 8 Summary

. Virtually every céllular reaction is catalyzed by an
enzyme - with few exceptions, enzymes are proteins

. Enzymes enhance reaction r ates 10° to 10+ X

. Some enzymes require chemical cofactors (metal
ions) or coenzymes (organic molecules)

. Enzymesare classified according to the reaction
they catalyze (oxidation-reduction, etc.)
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. Energy for enzymatic rate enhancement derived

from weak interactions w /substrate (binding energy

- Binding erergy

- Lowers substrate entropy (positions substrates)
- Strains substrate for readtion
- Inducel fit (conformati ond change)

. Common catalytic mechanisms:

- Specific add-base ctalysis (H,0)
- Gengal ad d-base caalysis (R-groups)
- Meta ion catalysi s

- Covdent catalysi s 0

Kinetics

As[9 1, catalytic activity 1 to approach a
maximum rate(V.), where al E inESform

K, =[S] whereV =V /2

Michaelis-Menten equation relates velocity (V) to
[S] and V,, through K

V,=V, IS

Kot 3

- ka/K,, provides a good measure of catalytic

. Enzymes can be inactivated by reversible or
irreversible modification (binding or covalent

Both K, and V.« can be measured experimentally
93

activity
- keg =tumover number

modification)

- Competitive inhibi tors (compete w/ substrate)

- Uncompetitive inhibitors (bind ES, separge site)

- Mixed inhibitors (bind either E or ES, sepaate site)

o)

. Feedback inhibition: end product of a pathway
inhikbits first enzyme in pathway
- Reduces wastad energy and resources

. Allogeric enzymes activity adju ged by reverside
binding of activators (+) or irhikitors (-)

. Other enzymes can be m odulated by covalent
modification (phosphorylation adenylation, etc.)

. Many protedytic enzymes activated by peptide
cleavage.
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