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Essential Question

 What are enzymes?
Features, Classification, Terms, Definition

* What do they do?
Mechanism, Theory



13.1 — What Characteristic Features Define
Enzymes?

l. Enzymes endow cells with the remarkable capacity to exert kinetic
control over thermodynamic potentiality

Il. Enzymes are the agents of metabolic function

*** Biological catalysts that function in
— dilute,

— aqueous solutions

— under mild conditions (e.g., pH)

— low temperatures to increase reaction rate
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Il. Thermodynamic potentiality of enzyme
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Il. Enzymes are the agent of metabolic
functions
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(1) Catalytic power (1t 7)

*Ratio of catalyzed rate to uncatalyzed rate
*Rate acceleration up to 102 power

(2) Specificity (B —1%)
*The reactant in an enzyme-catalyzed reaction is called
the substrate (E5).
*Substrate specificity (selectivity, 2 FH B 52, B E )
*Active site (B0 F LEBER SNV IREFTB)
* Induced-fit by “dynamic recognition” through conformation

flexibility (#8258 /EBIBEMEHEER)

(3) Regulation (FA&I4)
*Regulate enzyme activity CRERIEW ZRE)
*Inhibition, Activation



Catalytic power (gt )

* Enzymes can accelerate reactions as much as 102°

over uncatalyzed rates!
However, the uppor limit on Kcat/Km (vatalytic efficiency) is about
10°

* Urease is a good example:
I
HQN—C—NHQ # 2 HQO + Ht — 2 NH4+ G HCO%_

— Catalyzed rate: 3x10%/sec
— Uncatalyzed rate: 3x101° /sec
— Ratio is 1x10'4



Enzyme lowers free energy of activation (AG%)
Accelerate rate
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Figure 13.1
Reaction profile showing large AG* for glucose oxidation, free energy change of -2,870
kJ/mol; catalysts lower AG*, thereby accelerating rate.




Figure 13.2

The breakdown of glucose by glycolysis o Mo
provides a prime example of a Glucose-6:P
metabolic pathway. O s
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Nomenclature (A5 24)

* Formally, enzymes are classified by a system of
nomenclature based on the particular reaction
they catalyze, although certain trivial names
for enzymes often enjoy common usage.



Nomenclature (A5 24)

— International Commission on Enzymes

E.C. (enzyme commission numberE[&Ez 2% B 545 15)
* Since 1956
* According to the reaction they catalyzed

* Six classes
— Systematic name (&%544)

— Trivial name or Common names—"ase” urase,
kinase ({&24)
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E.C. Six classes (bl 13.
1. Oxidoreductase (& L& JHiF)

— Oxidation-reduction rxn
2. Transferase (FEFZ )
— Transfer of functional groups

3. Hydrolase (7K fi#fif)

— Hydrolysis rxn
4. Lyase (L& 1)
— Addition of double bonds

5. Isomerase (FFER)

— isomerization

6. Ligase (P& Ti)

— Formation of bonds with ATP cleavage

11
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E.C.2.7.1. fXF{TJER?
* E.C. Enzyme Commission
e Class: 2. Transferase
e Subclass: 7. P-containing group transfer, phosphotransferase
e Sub-subclass: 1. with an alcohol group as an acceptor
* Sub-sub-sub class: 2. ATP:D-g-6-p

XXHXXXXKKXKXXXXXKXKXKKXKXXXXXKXKKKKXKXXXXXXXXKKKKXXXXXXXXKKKIXXRXXXXXXKKKKXXKXXX XXX XKXKXXXXXXXX

e Systematic name: ATP:D-glucose-6-phosphotransferase
e Trivial name: glucokinase (E.C.2.7.1.2.)

TEEETRIN:
glucokinase (E.C.2.7.1.2. ; ATP:D-glucose-6-phosphotransferase)

) e N e B ATP Y PEID-glucose536C_-HJOH

. 0,0,0,0,0,0.0,0,0,0,0,0,9,0,0,0,0,9,0,0,0,0,9,0,0,,0,0,0.0,0,0.9,0,0,9,0.0,0,0,0,0,0,0,0,0,0.0,0,0.0,0,0,0,0.9,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,9,0,0,0,0,9,0,0,0,0,0,0.0,0,0,9,0 0.4

Sub-sub-sub class 151, RERE6CHEfiE ZIEY) SlEm 0 E Bk
Trivial name: hexokinaes (E.C.2.7.1.1.)
Systematic name: kinase: ATP-dependent phosphotransferase)

Y.T.Ko class version 2016
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LI MERE Systematic Classification of Enzymes According to the Enzyme Commission

E.C. Number Systematic Name and Subclasses E.C. Number Systematic Name and Subclasses

l Oxidoreductases (oxidation-reduction reactions) 4 Lyases (bond cleavage by means other than

1.1 Acting on CH—OH group of donors [ hydrolysis or oxidation) .

1.1 With NAD or NADP as acceptor v NN st

1.1.3 With O, as acceptor L S B

...................................................................................................................................... AU Altahyds s

l.'2 """ ACt'an, on the' C O group of dollvc)rs | | “'i:i .............................. 6 :6“];};;;;5‘ ............................................................................

R, VARSI g2 Sydralc

1.3 Acting on the CH—CH group of donors 43 C—N lyases

1.3.1 With NAD or NADP as acceptor 43.1 Ammonia lyases

o e apgeraey (ransterof mnchionalgroupd), o > Lomerases (omerization feachions)

2.1 Transferring C-1 groups 5.1 Racemases and epimerases

E. S AT o SR | 2 T et S L s S

2:1:2 Hydroxymethyltransferases and 5.2 Cis-trans isomerases

........................................ i N | Ligases (formation of bonds with ATP cleavage)

513 Carboxylteansierases.and i Formmgc—obonds .........................................................
Cal‘bamoy]tl’ansfcrﬂses .....................................................................................................................................

............................................................................ 61.1 Amlno aCld RNA ]lgaSCS

2.2 Transfcrrlng aldehydlc or ketonlc I'CSlducs ......................................................................................................................................

.................................................................................................................................. 6'2 FOl‘mll'lg C_S bonds

2_3 Acyltransferases .......................................................................................................................................

...................................................................................................................................... 63 Formmg C_N bOndS

2.4 GlyCOSyltrﬂnSferaSCS .....................................................................................................................................

...................................................... ...‘...................‘.........................................A....‘.......... 6.4 FOl'l'ﬂlllg C_C bonds

2'6 Transfernng N-COI]talnlng grOUpS .......................................................................................................................................

...................................................................................................................................... 6'4.1 Carboxylases

2.6.1 Aminotransferases

2.7 Transferring P-containing groups

2:7:1 With an alcohol group as acceptor Ik -

3 Hydrolases (hydrolysis reactions) l:l/j E E% Eﬁ [FA J}{E}ﬁ:f//_ﬁ\i%"ﬁ-‘[‘i

T Cleavingester likage http://www.expasy.org/cgi-bin/enzyme

3L A——— e S S

313 Phosphoric monoester hydrolases

314 Phosphoric diester hydrolases

-search
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http://www.expasy.org/cgi-bin/enzyme-search-ec
http://www.expasy.org/cgi-bin/enzyme-search-ec
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http://www.expasy.org/cgi-bin/enzyme-search-ec
http://www.expasy.org/cgi-bin/enzyme-search-ec
http://www.expasy.org/cgi-bin/enzyme-search-ec
http://www.expasy.org/cgi-bin/enzyme-search-ec

>
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'g& ENZYME search by EC Mu. . o [="Ta | =
C' O www.expasy.orglogi-binfenzyme-search-ec wl A

) e R | Er - | CEEEREASE T || [ TRE| | JETEEE | BE. o

Search IENZYME 'I far ﬂl Clear |
ExPASY Proteomics Server

=

Swiss Institute of

Bioinformatics Databases Tools Services hirrors Ahout Contact
w
You are here: ExPASY CH = Databases = Enzyme UniProtiB

Around UniProtkB

ENZYME - The Enzyme Data Bank HAMAR

Search by EC number Swissiar

You must fill in at least the first entry field. Please try again. viralZone
FROSITE
Human Plasma
SWISS-MODEL
Repositary
nextFrot

SWISE-2DPAGE

Wiorld-2DPAGE
Repositary

Wiorld-2DPAGE Portal
MIAPEGeIDB

Enzyme
GlycoSuiteDB
LiniPathweay

Other databases

5 Institute of Bioinformatics | Disclaimer | Sitemap | Documentation | Contact Us

e BDAEY, DL ZrEnE i/



73 2o RE e, HEDE R e Bk

/BN~ N

F |
Y i zasy - Enzvme # =[]

€ 29 C O cnexpasyorglenzyme! w oA

&) iEE R EEWIEEENEE? | R

Search |ENZYME 'I for kinase Go | Clear |

: , ExPASy Proteomics Server
Swiss Institute of
Bioinformatics

Databases Tools Services Mirrors About Contact

You are here: ExPASY KR = Databases = Enzyme

ENZYME
Enzyme nomenclature database

swissprot

THE | | AETEMEEY =E .

ENZYME iz a repositary of information relative to the nomenclature of enzymes. tis primarily hased on the recommendations of the Momenclature Committee of the International Union of Biochemistry
and Molecular Biolagy QUBMEB) and it describes each type of characterized enzyme farwhich an EC {Enzyme Commissian) number has been provided [More details f References ! Linking to ENZYME ¥
Disclaimer].

EMZYME noww includes entries with preliminary EC numbers. Preliminary EC numbers include an 'n*as part of the fourth {serial) digit (e.g. EC 3.5.1.n31.

Release of 03-May-2011 (4477 active entries)

Access to ENZYME

¢ by EC number |2 i I 2 search |

* by enzyme class
* by description (official name) or alternative name(s): | Search |

¢ by chemical compound
e by cofactor
* by searchin comments lines

Documents

« ENIYME user manual
¢ How to obtain ENSYME

Services

e Report forms for a new ENZYME entry or for an errorfupdate in an existing entry
o Downloading ENZYME by FTP




_.A_E[‘:/Eﬂéj %REENJI
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'&ENZYMEenhyQ.?.I.Q o F=Ti e
= C | © www.expasy.orglogi-binfenzyme-search-ec w A
W) IEER | £ - | CEERREEAEE Y 52| | TRE | | ETEREEY BE.

Search |ENZYME 'I for ﬂl Clear | =

=

Swiss Institute of
Bioinformatics

You are here: ExPASy CH = Databases = Enzyme

ENZYME entry: EC 2.7.1.2

Glucokinase.

Glucose kinase.

ATP + D-glucose === ADP + D-glucose 6-phosphate

ExPASy Proteomics Server

Databases Tools Services Mirrors About Contact

Accepted Name
Alternative Name(s)
Reaction catalysed

Comment(s)

A group of enzymes found in invertebrates and microorganisms highly specific for glucose.

Biochemical Pathways, map number(s)
FROSITE

EREMDA

EC2FPDE

ExplorEnz

PRIAM enzyme-specific profiles
KEGG Ligand Database for Enzyme MNomenclature
ILUEMEB Enzyme Momenclature

IntEnz

MWMEDLINE

MetaCyc

ey chem gl as nkinbmblenzymeEC2T12 html

Cross-references
B6, CB
FDOCO0370 ; PDOCO0SEE
27132
2712
2712
2712
2712
2712
Find literature relating to 2.7 1.2
2712

Q04408, EMIZ_YEAST, QIGTWY, GLIKT_TRIVA, QIGTWE, GLKZ_TRIVA;
B9JBRE, GLK_AGRRK; QBUNT, GLK_AGRTS, BOJYQS5, GLK_AGRVS,
Q3MEMS, GLIK_AMNANT, Q5FE04, GLK_AROAE; QIKCZ4, GLK_BACHD,

D AANE LS T ] L [ Ea Tt T et I T T A Fa R N T T B o T T
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'QECE.?.I.E ¥ [=lla | x

€« C' O www.chem.qmul.acukfinbmblenzyne/EC27/1/2 himl w A
o) e R CEEEEENES T | MR | TRE | | ETEEREEY

IUBME Enzyme Nomenclature

EC 2.7.1.2

Accepted name: glucolkinase * IUBMB mm‘ﬁ
Reaction: ATP + D-ghcose = ADP + D-ghoose 6-phophate. ¥ CAS N0, (Chemistry Abstracts Registry Number)

Other name(s): ghicokinase (phosphorylating) @%%% ’blolog ICal Catalyst’ ﬁ% E CAS %ﬁﬁ%

Systematic name: ATPD-glucose 6-phosphotransferase

i
1
H

4
LY

Comments: & group of enzymes found in invertebrates and microorganisms that are highly specific for glucose.

Links to other databases: BEEMNDA EXPASY EEGG, PDE, CAS registry number: 2001-36-9

References:

1. Baumann, P. Glucolanase of Dicéyastelim discoideum. Biochemiziry B8 (19697 5011-5015, [PROD: 4312464

2. Bueding, E. and MacKinmon, J.A. Hexolinases of Sekistosoma mansoni. J. Bial, Cherme, 215 (19551 495-506.

3. Porter, EV., Chassy, B and Holmlund, C.E. Purfication and kinetic characterization of a speciic glucolunase from Sireptocaccus mutans OWETD cells, Biockim, Siophys, Acta
T09 (1982) 178-186. [PWID: 7150605]

[EC 2712 created 1941]

Eetum to EC 2.7 1 home page
Eeturn to EC 2.7 home page
Eeturn to EC 2 hotme page

Eeturn to Enzymes home page
Eetum to [ITEME Biochemmical Momenclature home page




H—r

F4EuE http:/lwww.chem.gmul.ac.uk/iubmb/

IUBI\/IB@’] E.C.X.X.X.X.

C | [1 www.chem.gmul.ac.uk/iubmby/

INTERNATIONAL UNION OF BIOCHEMISTRY AND MOLECULAR BIOLOGY

Fecommendations on Biochemical & Organic Nomenclature. Symbols & Terminology etc.

@

http://www.chem.gmul.ac.uk/iubmb/

If the tahle below is urmsable World Wide Web material prepared by G. P. Moss
check this button. School of Biological and Chemical Sciences, Queen Mary, University of London,
for an alternative presentation Mile End Road, London, E1 4NS, UK

g.p.moss(@gmul.ac.uk
To search the database click here

‘ What's Here and What's New ‘ ‘ Changes to Published Documents for World Wide Web Presentation | | Home page for [UBMB ‘

‘ Full text of IUBMB Nomenclature Committes Recommendations

‘ Enzvme Nomenclature ‘ ‘ EC 1 Oxidoreductases ‘ ‘ EC 2 Transferases
‘ EC 3 Hvdrolases ‘ ‘ EC 4 Lvases ‘ ‘ EC 5 Isomerases
. Proposed New Enzvmes

EC 6 Ligases Supplements New March 2016
‘ Enzvme Reaction Diagrams ‘ ‘ Multiple Forms of Enzyvmes (Isoenzymes) ‘ ‘ Multienzvmes
.\umefnclature Nu_cleuc ‘.-\.':ld Sequences Junctions and Branchpoints in Nucleic Acids Enzvmes Kinetics

(incompletely specified bases)

‘ Membrane Transport Proteins ‘ ‘ Electron Transport Proteins Nomenclature ‘ ‘ Peptide Hormone Nomenclature

B @
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***Terms***

— Cofactor (#HF): nonprotein component (metal ions and
organic coenzyme)

— Coenzyme (##fg): Organic compound cofactor
— Prosthetic group (%) tightly bound coenzyme

A < IR H B Sy, B A B < RS 1

— Holoenzyme(£fi%): Protein and prosthetic group
— Apoenzyme (fRifiAL & H'E): Protein lacking prosthetic group

19



i (Coenzyme) RS T, MR FH4EE £ 174
i, LU (prothetic group) 5547 BEZ53 1
1, SR, SUEES)

Vitamin Coenzyme Process
<« Thiamine(B,) TTP decarboxylation
< Niacin NAD(P)* redox
+ Riboflavin(B;) Pyridoxal P amino group
transfer
+ Folic acid THF one-carbon
transfer

< VIt A retinal vision, growth

20



, , Coenzymes (#fiR) & 1E
B S T-5” BT enzymes (1 )
fH 5" metalloenzyme”, FFERT B BEReA A
By K2 TED) e 2

VIR E® A Enzyme Cofactors: Some Metal lons and Coenzymes and the Enzymes with Which They Are Associated

Metal lons and Some Coenzymes Serving as Transient Carriers
Enzymes That Require Them of Specific Atoms or Functional Groups

(%EZ@%E 27 B@Ef%%) Representative Enzymes

Metal lon Enzyme Coenzyme Entity Transferred Using Coenzymes

Fe?* or Cytochrome oxidase Thiamine pyrophosphate (TPP) Aldehydes Pyruvate dehydrogenase

0004400000 00000004000s0000000000000000000000000] [0000000000000000000000000000000000000044000400000000400000400040000000004400004904000000000440004000000000000044000400040000000044008440000000000440080040000004400044400000000084440005090000440

Catalase Flavin adenine dinucleotide (FAD) Hydrogen atoms Succinate dehydrogenase

Cytochrome oxidase

T T TS T T T T T T PPy P PP T T PITR P e e 1 o

DNA polvmerase

Calbonlc anhydrase Pyudoxal phosphate (PLP) Amino groups Aspartate aminotransferase

0000004 e000s0000000040000000000000s00srrtennerttnt] euoertennrtensrieesttoerteenriensrteerrietttionsttotiteetrietsrtensttetiritestetnrietsttotsttetieetsitoniietsiitts ettt nsitetstettiittnsrtttsriiettstettessiitteiieeetstieetsiiitneiiesesrte

Alcohol dehydrogenase

5'-Deoxyadenosylcobalamin H atoms and alkyl groups Methylmalonyl-CoA mutase
(vitamin By,)

BP0 000eter00800000000sse000terroeenterennteros] ereererennirnntienttrenttrenti ettt reetonntIentireetirestlreettentIreetIreetiientieettetterestientIrentIreelletneientirntlrettlreetireetItetetlieeatiieettitreteneienstIsreeeneieeeniiessties

Glucose-6-phosphatase
Arginase Biotin (biocytin) , Propionyl-CoA carboxylase

..... BT T T T T T T [ LT T T T T T T L Ty L L T T P PP DT e PP P PP TP T

K+ Pyruvate kinase Tetrahydrofolate (THF) Other one-carbon groups, Thymidylate synthase
(also requires Mg**) such as formyl and methyl

08000000004 0000000000040000000000000000000000000000000000iit00srttctnsite

Ni*+ Urease groups

004 00000000000044000000000000000000000000004000440000000000008000000004

Nitrate reductase




* Enzymes selectively recognize proper substrates
over other molecules

* Enzymes produce products in very high yields -
often much greater than 95%

* Specificity is controlled by structure in the active
site- the unique fit of substrate with enzyme
controls the selectivity for substrate and the

product vield

22



2§ (Holoenzyme) PUEK &E &G
E coli DNAR-SEEII 4BFA17 protein subunits

DNAZZ SR, 1FVAITIBETEONAIEE, B2 512 T EONATE S,
B RAEEEMRAF40ESEE 2, =58 (0ed)Pryss'yx, F BB EZn+2 288

Subunits of E coli DNA Polymerase Il Holoenzyme
Subunit Mass (kD) Function
o 130 Polymerase
T e
0 8.6 e-subunit stabilization
....... 1-?1DNAtempldtebmdmgLmeenz},mednnenzatmn
,B ............................ Term—— 5]1d111gt.]¢1mp]‘JlﬂLE&‘inlh .........................................................
"""" y 475  Partofthe ycomple* |
B PartoT the ycomplex®
...... e e L MR e
. TS 7. Interaction with S5B and the y-complex = |
i 15 Interaction with y and the y-complex

*Subunits 7, v, 8, 8", x, and  form the so-called y-complex responsible for adding 8-subunits (the sliding
clamp) to DNA and anchoring the sliding clamp to the two core DNA polymerase 1l structures. The y-complex
is referred to as the clamp loader.

Y TKoclass version 2016 23



288 (Holoenzyme) FHtightly bound coenzyme (prothetic group)
- REZIRE Acetyl-CoA Carboxylase {ACC) holoenzyme &
= {Esubunits

Biotin carbaxyl
carrier protein

Biotin carboxylase

Figure 24.3 In the ACC reaction, the Biotin on a flexible tether
biotin nng acquires carboxyl groups from  delivers carboxyl groups from
carbonyl-phosphate on the biotin the carboxylase to the

carboxylase subunit. carboxyltransferase.

24




MR AE F 102 2= 55
FH AT, JEA R, HIH,
= HVERED, [ ERFE
LT, AR ER
#535%

Percent yield

Actually step 1 to step
10 has regulation to

proceed continuously

2 3 4 5 6 7 8 9 10
Reaction step

Figure 13.3 A 90% vield over 10 steps, for example, in a
metabolic pathway, gives an overall yield of 35%. Therefore,
yields in biological reactions must be substantially greater,
otherwise, unwanted by-products would accumulate to
unacceptable levels.




13.2 — Can the Rate of an Enzyme-

Catalyzed Reaction Be Defined
Mathematical Way?

In a

PR T 2 e M B R e 2

1523
=2

t/H
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Enzyme kinetics (2228 J122)

* Kinetics is the branch of science concerned with the
rate of chemical reaction.

* Enzyme kinetics addresses
— the biological roles of enzyme catalysis

— How they accomplish

— Determine maximum velocity (V,.,)

— Binding affinity for substrate and inhibitors (Ko Ki)

— Mechanism of catalytic action

— Essential to understand metabolism

27



Terms to know

rate or velocity (V)

rate constant (k)

rate law (v = -dA/dt = k[A]")
molecularity of an enzyme reaction

Overall stoichiometry ({EELLWIET= ) in nature
< 3 order of a reaction

A>P
A>I>I>P
A+B>P+Q

28



A->P
1st order rxn
v = -dA/dt

Slope of tangent to the
line at any point = d[A] / dt

% A remaining
&1
S

Figure 13.4
Plot of the course of a first-order reaction.

The half-time, t,,,, is the time for one-half of the starting amount of A to disappear.

JRIAE— R V) 7 1Pl als ZE I ]




Chemical kinetics

— Rate law: v = -dA/dt = k[A]"
* k =rate constant

* n = order of reaction,
— n=1, first order [A]
— n=2, second order [A]? or [A][B] (n1for A and n1 for B)

— Molecularity: Number of molecules that must
simultaneously react

(75 [EIF S FERY 77 T8 H )
+  ALL RATE EQUATIONS ARE DETERMINED EXPERIMENTALLY!! (FHEf
BRARE)

30



Reaction rates

— Limited by activation barrier: Free energy needed to reach
transition state

— Relationship between activation energy and the rate constant k

e Arrhenius equation k = AeAG/RT

* Influenced by
— Temperature
— Catalysts

* |f the AG decrease, reaction rate increase

+ RIEREEZIRE(LEE © H e R EH TR,
+ JE{BRECCE (BG) B, S NG I
» JEfbRE = m R B LT

31



The Transition State (%) HE)
&45TAG (B hHEEF)EE AGY 0E(LE rHEEFE)

o —ZMEA > P A, ATy THYER T, BEE eI TR SIERE,
RIAERERS, (R ED) %?Eﬁﬁif“%@ii SATETTRE R, TUi
fE B EHREmIINZR, MR e iR, R BRI HFiH] ) A X

LT

* The overall free energy change (%245 H HHEE (3 )for a
reaction is related to the equilibrium constant (Y275 #7)--45 &

K gAY

* The free energy of activation (}Ei{t@ Eﬂgb) for a reaction is
related to the rate constant (2R 5 8y)-- <7 )5 & B[ e 228

32



HRate lawEdArrhenius equation BE{REH1:

e RIRRSE(LAE © [ A BT
E(LRELE (AG)H, R AR

i bpe s m R EME L &

G
hu)
il

~
(-

7/

~a

Figure 13.5
Energy diagram for a chemical reaction (A-P) and the effects of
(a) raising the temperature from T1 to T2 or (b) adding a catalyst.
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(a) _-Transition state A
2 =

Average free

AGT decrease,

energy of A j(/‘ A(-':,I > A(;;., . .
at 7y AGt | ° reaction rate increase
Ee
e i
o Average free energy
= of Aat T Average free energy /
of Pat 7,

Average free energy
of Pat 7

Progress of reaction

® 2005 Brooks/Cole - Thomson

Raising the temperature raises the average energy of A
molecules, which increases the population of A molecules
having energies equal to the activation energy for the
reaction, thereby increasing the reaction rate.

34




« — — — - Transition state

AG:I: decreasea | (uncatalyzed)
reaction rate increase AG!

uncatalyzed

— — 1 — » — - Transition state

J (catalyzed)
( AG* catalyzed

Average free

energy of A

Free energy, G

DA B

Average free
energy of P

Progress of reaction

In contrast, the average free energy of A molecules remains
the same in uncatalyzed versus catalyzed reactions
(conducted at the same temperature).

The effect of the catalyst Iis to lower the free energy of
activation for the reaction.




R ey

13.3 — What Equations Define the Kinetics of
Enzyme-Catalyzed Reactions?

Enzymes accelerate reactions by lowering the free energy
of activation

Enzymes do this by binding the transition state of the
reaction better than the substrate

M+

R E{LEY B R, 460 S E R EREEE A S B 4T, N2

36



[T

***¥Important terms (B2 ZL 4 E) ¥ **
* Active site

* K. = Michaelis constant

V

* Turnover number, k_,,

max

* Catalytic efficiency (k... /K., )
e katal, Unit

e Specific activity

* Qy

37



T 7 = S R fRA *_F/EJ s HBEREIESR
o PR SR [F 28 (Vmax, Km etc.)

(1) &7 s (R

Bz ait, REEE (FE={C 2 SERIRER)
BrE s, M5 S FER
5 E K R (buffer, pH, cofactors, salt/ionic etc)
2 EEH] CRYE /Dé//[jz;—%i&) TSR EREN

S REREAE IR 2 B, ez IISEGE &~ BLEh S fENIE

—)a

B¢

(2) BE—8E K] 40 A EEEERE, 8I/E Substrate
saturation curve

(3) tHEIE A=A FI SRR T, LR NI
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Active Site (;E{EER)

The place on/in the enzyme where S bind

Comprise only a small portion of the overall enzyme
molecule

The conformation of the active site is structured to
form a special pocket or cleft

Conformation change upon binding (Induced fit)
S recognize E by structural complementary

S bind to E through weak force:
— H bond, ionic bond (salt bridge), van der Waals interactions

39
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Figure 13.6
A plot of v versus [A] for the unimolecular chemical reaction, A—P, yields a straight line having
a slope equal to k. 40




v=YV [ e T T e ey e T T

max

Substrate
molecule

v

Enzyme
molecule

first-order

Substrate concentration, [S]

Figure 13.7 Substrate saturation Curve for an enzyme-catalyzed reaction.

(BB AT <R)
The amount of enzyme is constant, and the velocity of the reaction is

determined at various substrate concentrations.

The H20 molecule provides a rough guide to scale. The substrate is bound
at the active site of the enzyme.



The reaction rate, v, as a functlon of [S] is described by a
rectangular hyperbola (351 i 4R) .

At very high [S] (EgF1) , v = Vmax. That is, the velocity is
limited only by conditions (temperature, pH, ionic
strength) and by the amount of enzyme present; v
becomes independent of [S].

Such a condition is termed zero-order kinetics. Under
zero-order conditions, velocity is directly dependent on

[enzyme]. (B¥Z2%,/); VmaxIg, k).
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Michaelis-Menten Kinetics

BHEE TR IES
* Louis Michaelis and Maud Menten's theory (1913)

* Based on 3 assumptions (M-M&j J7TEEEL A 3[EEE%¢):

(1) It assumes the formation of an enzyme-substrate
complex (ES)

(2) It assumes that the ES complex is in rapid equilibrium
with free enzyme

(3) Breakdown of ES to form products is assumed to be
slower than

e 1) formation of ES and
* 2) breakdown of ES to re-form Eand S

43



Flgure 138 [Substrate ]
Time course for

[Product]

Concentration

the consumption of substrate,

the formation of product, and

the establishment of a steady-state
level of the enzyme-substrate [ES]
complex for a typical enzyme
obeying the Michaelis-Menten,
Briggs-Haldane models for enzyme
Kinetics.

| l)roy

Concentration

Time
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How Michaelis-Menten equation derive?

(FEEE)

K K
* E+S —ES  P3E
K4

Total enzyme [Et] = [E] + [ES]
[E]=free enzyme = [Et |- [ES]
[ES]=bound enzyme

Rate of ES synthesis = k,;[E][S] = k,([Et]-[ES])[S]
Rate of ES decomposition= k, [ES] + k,[ES]

45



Rate of ES synthesis = rate of ES decomposition

kq([E]-[ES])[S]
S)
S]
S|

K [EL
K [EL

K [EX

- ky[ES]

=k, [ES] + k_,[ES]
S| =
IS
IS

ko [ES] + k4 [ES]
+ k, [ES] + K,[ES]

+[ES](K; + k)
Ko + K1+ Ky [S])

46



Ki[EU[S] = K [ES][S] + [ES](K; + K y)
= [ES]

[ES] = ky[E]
= [EM[S

S)
J((

(ky + k4 + K [S])

I(ky + kg + K [S)])

Y

+ k) K1 +[S])

Steady state [ES] = [Et], V=V,

Vo= K, [ES] = Kk, [Et]

=k, ([Et]
S
S

=V

S)((k, + kg ) Ky +[S])
[((ky + kg ) kg +[S])

/(K *+[S])

a7



Michaelis-Menten equation

vV = Vmax [S]
K + [S]

48



The dual nature of the Michaelis-
Menten equation

Combination of 0-order and 1st-order kinetics
* When Sis low, the equation for rate is 1st order in S
* When S is high, the equation for rate is O-order in S

* The Michaelis-Menten equation describes a
rectangular hyperbolic dependence of v on S!

49



Substrate saturation curve: & (E

~

9=V

) BERT H

)bl B e o e e ) e e T R e e o A e e e T R e R T e T B Pt s TR s T e A

_o—= 0-order

Substrate
molecule

__Active site

v

Enzyme
molecule

1st-order

Substrate concentration, [S]
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K

m

tf# B The "kinetic activator constant”
Hf# B The Michaelis constant

Ko is @ constant (EYEGHFI A &)
K., is a constant derived from rate constants

K. is, under true Michaelis-Menten conditions, an
estimate of the dissociation constant of E from S

Km represent the affinity between E and S
— Small K, means tight binding, high affinity
— High K, means weak binding

* Km = (k_,+k,)/ k,

* Km=[S] whenv=V__/2
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LIS BERN K, Values for Some Enzymes

Enzyme Substrate Kp (mM)
Carbonic anhydrase _ CO, _ _ _ 12 . _
Chymotrypsm ...................................... V-Benzoyltyros]ndmlde ........................ 2 s ........................

Acetyl-L-tryptophanamide 5

N-Formyltyrosinamide 12

N-Acetyltyrosinamide 32

Glycyltyrosinamide 122
P e e S e
e OB e b R L P—
sl ... . S
G]utamaté dehydrogeneise NH;+ : 57

Glutamate 0.12

a-Ketoglutarate 2

NAD* 0.025

NADH 0.018
Aspartateammonansfemse ............... Asparmteog ..........................

a-Ketoglutarate 0.1

Oxaloacetate 0.04

Glutamate 4
R ————— e -
Argmy]-tRNAsymhetase ................... Argmme0003 .....................

tRINAA® 0.0004

ATP 0.3
Pyru»atecarboxylase ........................... HCO3— ......................................................... .

Pyruvate 04

ATP 0.06
™ T M
Lysozyme Hexa- V-acetylglucosamine 0.006




Vo (BEARE HEIERE, F 3 {E)

The theoretical maximal velocity
V.., IS @ constant
V__ is the theoretical maximal rate of the

Max
reaCtlon = but it is NEVER achieved in reality

To reach V__ would require that

Mmax
— ALL enzyme molecules are tightly bound with
substrate

V. ., is asymptotically approached as substrate is
increased

53



H

Turnover number (fEHAE])

=~

iy

A measure of catalytic activity

* k.. the turnover number, is the number of substrate
molecules converted to product per enzyme molecule
per unit of time, when E is saturated with substrate.

(' EEASEEA, B RF[RIEHE E 77 i SEs P H )

* If the M-M model fits, k, = k_, =V, . /E,

* Values of k_,, range from less than 1/sec to many
millions per sec
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Values of k. (Turnover
Number) for Some Enzymes
Enzyme Keat (s€C™")
Catalase 40,000,000
"E:';Ii;'&;'{é';;Iﬁ'y'é'{';{;é ........................ i..a(.).(.)..a.(.)..o. ........
.Xcue.:.t;ig}.l.(.)'i.l.r.lne"s.t;;;lus"e. ............................. | 1:666 ........
PenlclllmaseZOOO ........
fég{aﬁgEéﬂ;&i&éﬁégé .......................... 1000 ........
ChymotlypsmlOO ........
"BNX};&;L{QI;{;Qi ........................................ T
LysozymeOS .....

LR




Catalytic efficiency (181 EXER)
Name for k_,./K,

An estimate of "how perfect" the enzyme is
k.../K., is an apparent second-order rate constant

It measures how the enzyme performs when S is low
(EREYERE NAE)

The upper limit for k_.,/K_ is the diffusion limit - the
rate at which E and S diffuse together

Enzyme this efficient have achieved called “catalytic-
perfection”
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Koot/ K BUA AR LRCE LR,
72 B EFIS— eSS & /IR IR RS

VIR RMERE Enzymes Whose k../K,, Approaches the Diffusion-Controlled
Rate of Association with Substrate

Ko K Keat/ Kim

Enzyme Substrate (sec™) M) M1 sec™)
Acetylcholinesterase Acetylcholine 1.4%x104 9Xx 1073 1.6x108
Calbonlcanhydlase ............ Co, .................................... 1 ><1()6 ................ 001283><1()7 .....

HCO;~ 4x10° 0.026 1. 534107
CatalaseHﬁ()z ................................. 4><1()7 ................. 1 1 ........................ 4><107 .........
Cmtonase ............................... C10t0ny1COA57><1()* ............. 2><1()~5 ............... 28><108 .....
FumalaseFumalate ........................ 8005><1()—6 ................ 1 6><1()8 .....

Malate 900 2. 551073 3.6X107
TllosephosphateG]ycelaldehyde ............ 43)(103 .............. 1 8><1()—5 ........... 24><1()8 .....
Isomerase 3-phosphate*
B-LactamaseBenzylpemcﬂ]m ............. 2><10 ................ 2><1()—5 ................ 1 ><1()8 .........
k2=kcat = Vmax/Et

Km=[S] at 1/2 Vmax



N —

Enzyme activity unit (& M:EEA7)

e Unit (U) = pmole/min

— The amount of enzyme that catalyzes the
formation of 1 micromole of product per minute

e katal = mole/sec

— The amount of enzyme that catalyzes the
conversion of 1 mole of substrate to productin 1
second

e 1 katal=6x 10’ U
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L

Specific Activity (ELE M

Enzyme unit per mg protein
U/mg

As extraneous proteins are removed in the
purification process.

S.A. represent the purity of the enzyme

59



Linear Plots of the Michaelis-Menten
Equation

* Michael’s-Menten equation
vV = Vmax [S]
Kn + [S]

(1) Lineweaver-Burk Plot

1/v versus 1/[S]
(2) Hanes-Woolf Plot (=M-m equation FF3EIELL[S])
[S]/v versus [S]

60



Lineweaver-Burk equation

Double
Reciproc V=" Vi lSI
e (] C Kin + [S]

1 =Ky 1+
v Vmax [S] \Y

max

Y = a X + b

61



B EIEE (L/[S], 1iv)

K 1 1
[S]

max

1 1
\ y-intercept =

max

[S]
Flgure ©20053 okleI - Thomso
The Lineweaver-Burk double-reciprocal plot, depicting
extrapolations that allow the determination of the x- and y-

Intercepts and slope. 62




Hanes-Woolf is best - why?

* Rearrangement of Lineweaver-Burk
M-M equation RiEIELL[S]

* [S]/v versus [S]

(i) Not overemphasizing the data obtained at low [S]
(ii) Allow both K and V__ to be accurately estimated
(iii) Smaller and more consistent errors across the plot

63



x-intercept = —K

\ . K
y-intercept = -

[S]
© 2005 Brooks/Cole - Thomson
Figure 13.10

A Hanes-Woolf plot of [S]/v versus [S], another straight-line rearrangement of the
Michalelis-Menten equation. 64
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I 2R A i pHA [F]

Papain Cholinesterase

|

Optimum pH of Some Enzymes

Pepsin [rypsin Enzyme Optimum pH

ot

Pepsin

o~
-~

Catalase

Relative activity

Trypsin

0

Fumarase

it IR N BN
A 5 '\l' 4

oo

Ribonuclease

,‘
Lo
N |

Arginase
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Figure 13.11

The pH activity profiles of four different enzymes. Trypsin, an intestinal protease,
has slightly alkaline pH optimum, whereas pepsin, a gastric protease, acts in the acidic
confines of the stomach and has a pH optimum near 2. Papain, a protease found in papaya,
Is relatively insensitive to pHs between 4 and 8. Cholinesterase activity is pH sensitive below
pH 7 but not between pH 7 and 10. The cholinesterase pH activity profile suggests that an
lonizable group with pK' near 6 is essential to its activity. Might it be a histidine residue within
the active site? 66




H 554 ERES

Figure 13.12
The effect of
temperature on enzyme . 100 4
activity. The relative
activity of an enzymatic
reaction as a function of
temperature. The
decrease Iin the activity
above 50°C is due to
thermal denaturation.
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Qo

* The ration of activities at two temperatures 10
‘Capart

* Most enzymatic rxn double in rate for every 10
C rise in temperature, i.e. q,, =2, as long as the
enzyme is active and fully active

* Above 50°C: Typically enzyme denatures

68



13.4 — What Can Be Learned from the
Inhibition of Enzyme Activity?

* Enzymes may be inhibited reversibly (R] 75 #Y) or
irreversibly (“f~ a7 7Y)

e eReversible inhibitors may bind at the active site or
at some other site (allosteric regulation; EA7 &)

AR o7 Ry v, JEei A, TR ST, ANl
* Enzymes may also be inhibited in an irreversible
manner

— Penicillin is an irreversible suicide inhibitor
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Figure 13.13
Lineweaver-Burk plot of competitive inhibition, showing lines for no I, [I],
and 2[l].

Note that when [S] is infinitely large (1/[S] = 0),
V .. IS the same, whether | is present of not.
In the presence of I, Km increase.




Structural Analog-competitive inhibitor

s (D) Ryt T B T 1

Competitive

Substrate Product inhibitor

CcCOO™ (|]OO_ (ITOO_

CH, SDH CH CH,

> | |
CH, Vv 7 HC COO™
oH |

CcCOO™ COO™

Succinate Fumarate Malonate

© 2005 Brooks/Cole - Thomson

Figure 13.14
Structures of succinate, the substrate of succinate dehydrogenase (SDH), and malonate,

the competitive inhibitor. Fumarate (the product of SDH action on succinate) is also shown.
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F 5 F AL

© 2005 Brooks/Cole - Thomson

Figure 13.15
Lineweaver-Burk plot of pure noncompetitive inhibition.

Note that | does not alter K, but that it decreases V
of I, the y-intercept is equal to (1/V,,,)(1 + I/K)).

In the presence

max.




B 2\ 7 st = 2 1Ll

(b) K< K,

© 2005 Brooks/Cole - Thomson

Figure 13.16
Lineweaver-Burk plot of mixed noncompetitive inhibition.

Note that both intercepts and the slope change in the presence of I. (a)
When K, is less than K'; (b) when K, is greater than K.




A F AL

Figure 13.17
Lineweaver-Burk plot of

uncompetitive inhibition.

Note that | does decreases |
K, and V.. Inthe presence-
of I, the y-intercept is equal to
(1/V, )1 + I/K).

(1]
1 + K,

g L :
- Ky | - [\.m
Km
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Irreversible inhibition
(A m] 2 BT F N 2 5 %)

: Covalent bonding

* Suicide substrate or

* Trojan Horse substrate

e Useful in Site-specific affinity label

75



Figure 13.18

Penicillin is an irreversible inhibitor
of the enzyme glycoprotein
peptidase, which catalyzes an
essential step in bacterial cell wall
synthesis.

Penicillin consists of a thiazolidine ring
fused to a B-lactam ring to which a variable
group R is attached. A reactive peptide
bond in the B-lactam ring covalently

attaches to a Serine residue in the
active site of the glycopeptide
transpeptidase. (The conformation of
penicillin around its reactive peptide bond
resembles the transition state of the normal
glycoprotein peptidase substrate.)

The penicilloyl-enzyme complex is
catalytically inactive. The bond between
the enzyme and penicillin is indefinitely
stable; that is, penicillin binding is
irreversible.

R —— Variable group

Thiazolidine
ring
HN
| H A \ 7

HC—C %
I I |

CH,

CH,
C mmmN—C_
I H ~COO
0]
Reactive peptide bond
of B-lactam ring

Penicillin

OH
|
Ser
|
Glycopeptide
transpeptidase

Active enzyme

Ser

Glycopeptide
transpeptidase

Penicilloyl-enzyme complex
(enzymatically inactive)

© 2005 Brooks/Cole - Thomso

PenicillinfllEM:: Bl4NE > fEE H
i fifactive site [Serd(E4ES
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Substrate saturation curves

(7

LREIER

A EERT H

47)

Initial velocity, v

—
N

—
o

(0]

v versus [S]

Vmax

No Inhibitor

ompetitive

Uncompetitive

wetitive

10 20

30 40

[S]

50 60 70
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S
F—— ES —E+P I%DLS# %%%active site,
e [S] ZEEIV pax

S,

= E ES — E+P
" S Fl $5 & 18R,
Competitive I | R IEPEEE
V,ax NO change
Kin 1 El —— ESI
P S

Non-competitive
Vmaxl S
Km no change EFE— ES——E+P

. GEE,
Uncompetitive | :;%I;Sg%% ;E
Vmax | )

km- | ESI
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*¥*%13.5 - What Is the Kinetic Behavior of
Enzymes Catalyzing Bimolecular Reactions?

eEnzymes often use two (or more) substrates

eReactions may be () sequential or single-
displacement reactions; (ll) Ping-Pong or double-

displacement

eAnd they can be (1) random or (2)ordered
B EA+B->P+Q

81



—h

Bisubstrate Reaction (B£EVE K7 JE)-1

(1) Sequential (single displacement):
E+A+B 2 AEB 2 PEQ 2 E+P+Q

(2) Ping-Pong (double-displacement):

E+A9EA9E’P9I§'9 E;B% EQ2> E+Q
P B

82



** Bisubstrate reactions (£EVE K7 JfE)-2
— Sequential or single displacement (5. & #4)

e Random ({f:): Either substrate binds to enzyme, either
product is released

« Ordered (JIEfF): Leading substrate binds first

— Ping-Pong or double-displacement (E£'& #4) 7/
Holoenzyme’ Coenzymezk Bl
Leading substrate binds: Enzyme modified: Product released:

Second substrate binds: Enzyme unmodified: Second product
released

Ping-pong [z {4l 1~: Table 13-2f141]52, Figs. 13-23, 24-3 acetyl CoA
carboxylase (biotin as coenzyme), Glutamate:aspartate

aminotransferase (pyridoxal phosphate as coenzyme
83
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THE

I

A)

-3

Random, single displacement HN

of creatine kinase

Cr + ATP > Cr-P + ADP

Figure 13.21

The structures of creatine and creatine
phosphate, guanidinium compounds that
are important in muscle energy metabolism

Cr-P 2Bl ATRE S B R

Creatine

0
I % g
(JH‘%
RO N | ‘
| C —N—CH,— COO™
N
H,N

Creatine-P
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Random ( single-displacement) 77 1{E &

—

A+E = AE EP =P + K
\ 7

AEB =— PEQ

Rate-limiti
E+B— EB / IWQ\QE..H_E+Q,

#H+: Cr + ATP = Cr-P + ADP:; Cr Zcreatine kinase
ADP:E = ADP + E

ATP + E =—— ATP:E

A /
AN

E + Cr —— E:Cr E:CrP — FE + CrP
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Figure 13.19

Double-reciprocal form
of the rate equation:

A
L 1_K_m
"y K.

max

Increasing
concentration of B
(second substrate)

3[B]

Slopes are given by

1 A

il [‘s f&f,‘,)
Voo & [B]

max

Ordered, Single-displacement bisubstrate mechanism. Double-reciprocal
plots of the rates observed with different fixed concentrations of one
substrate (B here) are graphed versus a series of concentrations of A. Note
that, in these Lineweaver-Burk plots for single-displacement bisubstrate

mechanisms, the lines intersect to the left of the 1/v axis.

v




2 Z TR

Increasing
concentrations of B

2[B]

Figure 13.20

Random, single-displacement bisubstrate mechanisms where A does not affect
B binding, and vice versa. Note that the lines intersect at the 1/[A] axis. (If [B] were varied in
an experiment with several fixed concentrations of A, the lines would intersect at the 1/[B] axis
in a 1/v versus 1/[B] plot.)
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Vit B6 (pyridoxal)<: Bl
B Hping-pong K7 JE

E holoenzyme

Figure 13.23
Glutamate:aspartate

aminotransferase, an
enzyme conforming to a

double-displacement
bisubstrate mechanism.
Glutamate:aspartate
aminotransferase is a pyridoxal
phosphate-dependent enzyme.
The pyridoxal serves as the -
NH2 acceptor from glutamate
to form pyridoxamine.

Pyridoxamine is then the amino
donor to oxaloacetate to form
asparate and regenerate the
pyridoxal coenzyme form. (The
pyridoxamine: enzyme is the E'
form.)

m |
HsN— C —COO~
|

H

Glutamate
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P

H B,
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O—CHy OH
| +_ 2

T CH;
5]

Enzyme : pyridoxal
coenzyme complex

(E form)

H NH;
1|’ Yo A ‘

()—(:IL_EN?[()I I
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N™  CH;g
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Enzyme : pyridoxamine
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L2

Double-reciprocal form 1
of the rate equation:

Increasing
concentration of B

[B]

2[B]

y-intercepts are

Slope is constant, =

Figure 13.22 )

x-intercepts are =

Double-displacement (ping-pongy (b|§‘Ubstrate mecHénlsms are
characterized by Lineweaver-Burk plots of parallel lines when double-
reciprocal plots of the rates observed with different fixed concentrations of
the second substrate, B, are graphed versus a series of concentrations of

A.




13.6 — How Can Enzymes Be So Specific?

o

 “Lock and key” was the first explanation for
specificity (EHm)

o

* “Induced fit” provides a more accurate description

 |Induced fit favors formation of the transition-state
intermediate (¥ )

* Specificity of E reaction to be reactive, S in the
active site induce conformation change in E,
creating the catalytic site
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Induced fit favor formation of
transition state

 The shape of the enzyme’s active site is actually
modified upon binding S, in a process of dynamic
recognition between E and S.

— The protein and substrate “fit” each other more precisely;
i.e. precise orientation of catalytic residue comprising the
active site is necessary for the reaction to occur.

— Optimally active enzyme:transition state conformation
— Active site—> Catalytic site to perform catalysis
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(a) . (b)

(‘,lu(‘()sc. 206 a2
Active site N PR Solvent-

inaccessible
active site lining

5
Glycerol Qe

Glucose

Water o

Hexokinase molecule
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Figure 13.24
A drawing, roughly to scale, of H,O, glycerol, glucose, and an idealized hexokinase molecule.
Note the tow domains of structure in hexokinase (a), between which the active site is located.

Binding of glucose induces a conformational change in hexokinase. The two domains
close together, creating the catalytic site (b). The shaded area in (b) represents solvent

inaccessible surface area in the active site cleft that results when the enzyme binds
Substrate.




13.7— Are All Enzymes Proteins? No.

* Ribozymes - segments of RNA that display enzyme
activity in the absence of protein

— E.g. RNase P and peptidyl transferase

* Abzymes - antibodies raised to bind the transition
state of a reaction of interest

— E.g. Antigen used to create an abzyme with aminotransferase
activity.
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RNA splicing in Tetrahymena ([t
(a) g B0 (b)

G3LOH Right

5 8*00 !_eft exon}\ ex%r)
e ;‘\ Guanosine ..

' "B R Intron
b Olj/l,u/ /Nj\)kN/H. \.
Ofl'_'a:"ICHQOH N | N)\N—H l

Left exon "Right exon
b | 3’
Spliced exons

-+

~

_ SGqJ

Ky

Cyclized intron

5'GA —OH3’

Frigs) rRNA maturation

Nucleophilic
attack of the 3'-
OH on the
phosphodiester
bond that is 15
nucleotides from
the 5°-GA end of
the spliced-out
intron.

Cyclization frees
a linear 15-mer
with a 5’-GA end.

Fig. 13-25,p. 411 95



13.8 Is it possible to desigh an enzyme to
catalyze any desirable reaction?

* Designer enzymes
* Create a desired enzyme de novo (from scratch)
— Begin with a known enzyme and engineer it

— Computer modeling to design a protein with the
desired structure and activity (in silico)

— Couple natural evolutionary process with rational
design

96



Exercise
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Give at least 2 possible interpretations of these plot?

A7

1 1

S [S] 3
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Match the terms in the first column with the descriptions in
the second column.

* a. AP 1. Km
e b.v 2. Vmax
. d[P]/dt=d[S]/dt 3. First-order reaction
« d. kinv=Kk[A][B] 4. Michaelis constant
* e. k-1/k1 5. Vmax/E,,,
 f (k-1+k2)/kl 6. The velocity or rate of
a reaction.
e g. uat[S]=o0 7. Enzyme:substrate
dissociation constant
* h. [S] when v =Vmax/2 8. 1/Vmax
* . kcat 9. Equilibrium
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4. The following kinetic data were obtained for an enzyme in the absence of inhibitor (1),
and in the presence of two different inhibitors (2] and (3) at 5 mM concentration. Assume
[E1] is the same in each experiment.

[S] (1) (2) (3)
(mI) v (umol/mL-sec v (umol/mL-sec v (umol/mL-sec
1 12 4.3 5.5
2 20 8 9
4 29 14 13
S 35 21 16
12 40 26 18

a. Determine Viaax and Kn for the enzyme.
b. Determine the type of inhibition and the Kj for each inhibitor.
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Answer: The data may be analyzed using double-reciprocal variables. For each [3S] and
corresponding v, we will calculate 1/[S] and 1/v.

[S] 1/[S] v (1) 1/ v (1) v (2) 1/ v (2] v (3) 1/ v (3)
(mM) M-t umol/mlrse mlL-sec/pmol upmol/ml-sec mL-sec/umol pmol/mL-se  mL-sec/umo
c c
1 1000 12 8.33x104 4.3 2.33x10% 0.0 1.82x105
2 200 20 2.00x104 8 1.25x10% 9 1.11x10%
4 220 29 3.45x104 14 714104 13 7.69:<104
5 235 35 2.86x104 21 4. 76104 16 6.25:104
12 83.3 40 2.52x104 26 2.80x104 18 5.56x104
20 > 104 B
10 107 |
A 1nhibitor 3
® inhibitor 2
é O mno inhibitor
L 1 \ I

-400 0 400 800 1200

L/[S]

Plots of 1/v vs. 1/[3] indicate straight lines given by

(1) 1/v=  63.1(1/[S]) + 1.96 x 104
(2) 1/uv= 212.3(1/[S])+ 1.99 x 10¢
(3) 1/u= 137.4(1/[S) +4.38x 10¢
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In general,
Kw 1 1

\fma_\: [S] -Vmax
Thus, the y-intercept is equal to 1 /Vmax and the x-intercept is equal to -1 /K.

L
v

(2)

Condition Vimex (umol/mL-sec) Ka (mM)
No inhibitor 51 3.2
5 mu inhibitor (2) 50.3 10.7
5 mM inhibitor (3) 22.8 3.1

(b) Inhibitor (2) increases the apparent Km of the enzyme without affecting Vmex. This is
characteristic of a competitive inhibitor. In this case Kiis calculated as follows

I
Kmapp = Km[1+%} or

5 mM

I

10.7 mM = 3.2 mM(1+ J

Solving for K; we find

K= —2M 535 mum
10mM
32 mM

Inhibitor (3] decreases Vmax but leaves Km unchanged, an example of noncompetitive inhibition.
In this case Kiis calculated as follows
L = 1 (1+ m Jor
I

Vma_x,app v max

L_a,.m
22.8 51 K
Solving for K; we find

K = —2M 4 04mM
51
(=L g
228
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10. Triose phosphate isomerase catalyzes the conversion of glyceraldehyde-3-phosphate
to dihydroxyacetone phosphate.
Glyceraldehyde-3-P5dihydroxyaceone-P
The K of this enzyme for its substrate glyceraldehyde-3-phosphate is 1.8 x 10 I
When [glyceraldehyde-3-phosphate] = 30 ulM, the rate of the reaction, v, was 82.5 umole
mL1 secl,
a. What is Viax for this enzyme?
b. Assuming 3 nanomoles per mL of enzyme was used in this experiment ([Etotal] = 3
nanomol/mL), what is kcat for this enzyme?
c. What is the catalytic efficiency (keat/Ky) for triose phosphate isomerase?
d. Does the value of kcat/Km reveal whether triose phosphate isomerase approaches
‘catalytic perfection” ?
e. What determines the ultimate speed limit of an enzyme-catalyzed reaction? That
is, what is it that imposes the physical limit on kinetic perfection?
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Answer:
a. We are given Km, v and [S] and are asked to determine Vama.. Starting with the Michaehs-
Menten equation, we solve it for Vmax as follows.

K_, +[5]
Voo x[S]=vx (K +[S])
v (K, +[5])
AT =

Given v=82.5 umol mL 'sec’!, Km=18x10" M = 18 uM, [S]=30 uM
_ 82.5 umol mL lsec x (18+30)uM

V
e 30 uM
A\ 1

max

=132 umol mL 'sec”
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b. The turnover number, keat, 15 given by Vmax/[E1]. Thus,
1{?

k_l — Max
Et&ta.l
Given V.. = 132 umol mL 'sec’? and E,_..; = 3 nanomol/mL

132 x10"® mol mL lsec]
321077 mol/mL

k, =44,000 sec™?

S

c. The catalytic efficiency ig the turnover number divided by Ka, both of which we know.
keat 44,000sec™?

K, 18x107°M
lccat

=244%10° M tgec™?

m
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d. The very fastest we could expect the enzyme to function is gven by the rate constant for
diffusion of a small molecule, which is in the range 108 to 10° M- sect, The catalytic efficiency
of the enzyme actually exceeds this range.

e, The ultimate limit 15 how fast ES forms. More precisely, it 1s the rate at which E encounters

S. Given that enzymes are typically large molecules relative to their substrates, the hmit of the
reaction 1s determined by the rate of diffusion of S,
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