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Slides posted after 11am

Slide 1: Halloween and Biochemistry
o Skeleton made of collagen

= 3lefthanded helicestwisted abouteach otherinrighthanded
= 3.3residuesperturn(notalphahelix)
= Highamountof glycine
Proleohydroxylase- enzyme involved in collagen
0 NeedvitaminC(asorbicacid)

Halloween and Biochemistry

Slide 2: Recall Catalytic Mechanisms

o

O O O O O

Acid-base catalysis

Covalent catalysis

Metal ion catalysis

Electrostatic catalysis

Catalysis through proximity and orientation effects
Catalysis by preferentialtransition state binding
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Recall Catalytic Mechanisms

+ Acid-base cat.

» Covalent cat.

* Metal ion cat.

» Electrostatic cat.

« Catalysis through proximity and
orientation effects

« Catalysis by preferential transition state
binding

¢ Slide 3: Catalytic Teamwork
o Enzymes are catalytically efficient becausethey employ many catalytic mechanisms at the same
time

Catalytic Teamwork

« Enzymes are catalytically efficient
because they employ many catalytic
mechanisms at the same time

¢ Slide 4: Recall (keto enol tautonomerization)
o KetoEnol Tautonomerizationis eitheracid orbase catalyized
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Recall

Keto Transition state Enol
R R R
A
c=0 - c=0% - C—O0—H
CH, CH3 CH,
H B
R R R
| v (%
(‘7 O+ H—A = | c— 0% H¥™ A ~—= C—O0—H + A~
'S 5 ] o HZO
(‘,n, CHS oA CH, !
i e H A+ OH™
~
e
8 R R R
< . .
c=0 - G=0* - C O H
( CH, CHY The CH,,
o+ o
"+' ¥ H H*
. Bi--f -+
B B* B

¢ Slide 5: concerted general acid-base catalyzed reaction

Concerted general acid-base
catalyzed rxn

¢ Slide 6: Enzyme catalyzed mutarotation. Concerted general acid -base catalyzed reaction
© Mutarotation-changinganomericcarbon between alphaand beta.
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= Happensinagueoussolution

Leftside -alphaD glucose

Rightside - beta D glucose

Betais more prevalentatequilibrium

Mutarotation occurs slowlyin aqueous solution but enzymes speed up
= Whattype of enzyme expected to catalyze mutarotation:isomerase
= Mutarotase (foundinkidney) -importantin carbohydrate catalysis

O O O O

Enzyme catalyzed mutarotation:
Concerted general acid-base catalyzed rxn

¢ Slide 7: Aldose 1-epimerase (aka mutarotase)
o Namedbecause sugarisaldose, occursatcarbon 1
o Steps:
= Enzyme hasbase in active site that can abstract proton off hydroxyl of glucose
=  Glucose will abstract proton off of hydrogen donor
= Ringopensup
= 180° degree rotation
= Enzyme abstracts proton back, and glucose (carbonyl group) abstracts proton back
o Specificfor6ringsugars... can work with some otherthan glucose
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Aldose 1-epimerase (a.k.a. mutarotase)
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¢ Slide 8: Kinetics of Aldose 1-epimerase (aka mutarotase)
o Expectsomethinglikethisonexam
o Twographsof kineticdata
= Varyconcentration of substrate and keep enzyme concentration constant. Measured
velocity of reaction
= GraphA
O Substrate: galactose
O Vmaxapprox 10,000s!
O Kmapprox25mM
= GraphB
O Substrate: glucose
O Vmaxapprox4,500s
o Kmapprox 50mM
o Whichisbettersubstrate...whichis mutarotase more specificfor?
= Galactose (graph A)...lowerKn
= LowerKmmeansenzyme does notrequire as much substrate to hit 1/2 Vmax(very general
statement...enzymes are more complicated)
o Whichis more catalytically efficient?
= Catalyticefficiency =Kcat/Km
= Wedon'thave Kcat
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Kinetics of Aldose 1-epimerase (a.k.a. mutarotase)
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¢ Slide 9: Kinetics of Aldose 1-epimerase (aka mutarotase)
o ComputervaluesformgraphsAandB
o Whichis more catalyitcally efficient?
" Keat/Km
= A
O Km/mM=37
[} K(:at/S_1 =12000
0 Keat/Km=340000

0o Km/mM=54
O Keat/s1=4900
O Ket/Km=90000
= Catalytically perfect: 108 or 10°
O Lactoseisclosest
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Kinetics of Aldose 1-epimerase (a.k.a.

mutarotase)
Sugar
Galactose Glucose
Ko/mM 37 +10 54 +11
kewls 12000 <1400 4900 +370

(kea/K)Amol™! s~ 34000056000 9000012000

Timson and Reece, 2003 0

¢ Slide 10: Concerted acid-base catalysis

o Certainresiduesare best foracid base catalysis
= D,EH,CY,K
O Becausetheyare acidicorbasicaminoacids

Concerted acid-base catalysis

« Common enzymatic mech.

= *D,E,H,C,Y,K

10

¢ Slide 11: Covalent Catalysis
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Slide 12: Fig. 15-4 Covalent Catalysis

Covalent Catalysis

o Topisuncatalyzedreaction
o Bottomisreactionin presence of enzyme
Nucleophilicand electrophilicstages

Fig. 15-4. Covalent Catalysis
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Acetoncetate

OH <«

Schiff base
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Enolate
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12

Slide 13: Nucleophilicreaction between catalyst and the substrate to form covalentbond

o Primary amine within active site
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Nucleophilic reaction between catalyst and the
substrate to form covalent bond

O

Acetoacetate

RNH
OH =

Schiff base
(imine)

Slide 14: Withdrawn of electrons from the reaction center by the now electrophilic catalyst

Withdrawl of electrons from the reaction center
by the now electrophilic catalyst

Schiff base
(imine)

L, - = CH3—C—CH,

Slide 15: Elimination of catalyst

o Catalystisrecycled.
o Reverse of 1streaction
o Base eliminatesamine
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Elimination of the catalyst

O

CH;—C—CHj

Acetone

A

RNH, -«
OH

HY

¢ Slide 16: Good covalent catalysts
o Imidazole
o Thiol
o Good because ithas nucleophilicand electrophilic parts. Have high polarizability

Good covalent catalysts

+ Imidazole 0
« Thiol </N | OH
HN NH,
0
HS OH
NH,

¢ Slide 17: Metal lon Catalysis
o Metalloenzymes
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= Tightlybound
» Fe?t, Fe¥, Cu®
n an", an", C03+

o Metal-activated enzymes

= Looselybound
™ Na+, K+, Mg2+, Ca2+

Metal lon Catalysis

*Metalloenzymes
—~Tightly bound

—Fe?*, Fe3*, Cu?,

- Zn?*, Mn?*, Co3*

*Metal-activated enzymes

—Loosely bound
—Na*, K*, Mg?*, Ca?*

Slide 18: Metal lon Catalysis

o

@)
O
o

Bind substrates for properreaction orientation
Mediate oxidation-reduction reactions
Stabilize orshield charges (electrostaticinteraction)
Advantages of metal ion (say as opposed to proton)
= Metalionsare not sensitive to pH
= Sometimeshas more than+1charge
= Referredtoassuperacids
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Metal lon Catalysis

« Bind substrates for proper rxn
orientation

 Mediate oxidation-reduction rxns

« Stabilize or shield charges
(electrostatic)

Slide 19: Figure 15-5A

o Lookingatactive sitein picture

o 3 Hisfor metal ion catalysis

o Zn?*
= Lligandedto 3 Hisand HCOz
= Makesboundwatermore acidicthusa source of OH
= Works below neutral pH

o HCOs%interacts with protein
= VanderWaals
=  H-bonding(Thr, Glu)
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\ Figure 15-5a

« Zn*2
— liganded to 3 His
and HCO;

— Makes bound water
more acidic thus a
source of OH-

— Works below
neutral pH
* HCOj interacts
with protein
— Van der Waals
— H-bonding (Thr,
Glu)

¢ Slide 20: Charge stabilization
o Metalionsare chargedto stabilize charges
o Hexokinase
= UsesATPto transferphosphoryl group
o Mg stabilizes charges
*  Without Mg?*the phosphate groups might repel each other
o E.C.Commision#
= Hexokinase is of the transferaseclass, (not technically ligase)
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More metal ion catalysis...

20

Charge stabilization

Mg2+ H
A \
':‘ ‘«‘ —CH2
o} o O
Adenosine—Q—p—0—P—0-<P—0 /oH
Il I 1
o} o} o 5
OH
L}
Hexokinase
E.C. Commision:
CH,0PO5™ Hexokinase is of the

oOH transferase class,
OH
ADP + H* ) (not technically ligase)
OH

¢ Slide 22: Hexokinase classification
o Clas:transferase
o Subclass: kinase
o Kinase =enzyme thattransfers phosphoryl group between ATP and...
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Hexokinase classification

« Class: transferase
« Subclass: kinase

» Kinase = enzyme that transfers
phosphoryl groups between ATP and
metabolite

¢ Slide 23: Remaining Catalytic Mechanisms
o Electrostaticcatalysis
o Proximity and orientation effects
o Preferential transition state binding

Remaining Catalytic
Mechanisms
» Electrostatic cat.

» Proximity and orientation effects

» Preferential transition state binding

¢ Slide 24: Remaining Catalytic Mechanisms
o Electrostaticcatalsysis
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= Bindingsite microenvironment excludes
= Resultsinlowerlocal dielectricconstant
o Coulomb's Law: F=kq1g2/Dr?
¢ Dielecticconstantis higherthan say forexample hexane
¢ Tellsushow wellitwill dissolve substrate
o Proximity and orientation effects
= Reactants come togetherwiththe correct spatial relationship
= Lowersentropy
o Preferential transition state binding
= Rational behind drugdesign (inhibitors)
* |ngeneral prefertransition state

Remaining Catalytic
Mechanisms

+ Electrostatic cat.

— Binding site microenvironment excludes
water

— Lower local dielectric constant
« Proximity and orientation effects

— Reactants come together with the correct
spatial relationship

— lowers entropy
» Preferential transition state binding
— Rational behind drug design (inhibitors) .,

¢ Slide 25: Mechanisms of well characterized enzymes
o Serine proteases
= Proteolyticenzymes
0 Function: cleaves peptidebonds
= Reactive Serresidue
=  Chymotrypsin, trypsin, elestase
o Lysozyme
= Destroys bacterial cell walls
o Cellwalls made of peptodoglycan
= Hydroylzes beta(10>4) glycosidiclinkages of NAM-NAG
= Hydrolyzes poly(NAG) (chiten)
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Mechanisms of well
characterized enzymes

+ Serine proteases
— Proteolytic enzymes
— Reactive Ser residue
— Chymotrypsin, trypsin, elastase

* Lysozyme
— Destroys bacterial cell walls
— Hydrolyzes beta(1-->4) glycosidic linkages of
NAM-NAG
— Hydrolyzes poly(NAG) (chitin)

Slide 26: Serine Proteases
o Diversegroup
o Digestive team
= Chymotrypsin
O Prefersbulky hydrophobicresidues
¢ ExPhenolalinine, Tryptophan, Tryrosine
= Trypsin
o Positively chargedresidues
¢ Ex.Arginine, Lysine, Histidine
= Elastase
O Smallneutral residues
¢ Ex.Glycine, alanine, valine
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Serine Proteases

» Diverse group

 Digestive team
— Chymotrypsin

gy R S v 1 » Bulky hydrophobic
residues

H,0 — Trypsin
+ Positively charged

residues

—=i=f-OH + Hon—i—is — Elastase
« Small neutral residues
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