product
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Rate of reaction (V) @a sasnsinauaanmsi/vioaaan
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Product |

V = [P]/min
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Reaction time (min)
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Enzyme activity des aasinsinanaanm wiaslalaslaa/wiwgnaniwuii

Enz activity = umole /min

WbV ﬁﬁmsswaqtau"l,mﬂ USINmanIasdn Nanas %o

a a o eda X ' a
YINTUWNEANTUNNLNAT Y GaUIN

Specific activity = enzyme activity wsireniln unit/ faansuvasliséu

Specific Enz Activity
Activity —

Protein (mg)
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_______________________________

rate of production [ES] = rate of consumption [ES]
So the concentration of [ES] constant.

Juang RH (2004) BCbasics



Michaelis-Menten Hypothesis

Steady state

UONBNIUSIUOD) ep

—> Reaction Time

Juang RH (2004) BCbasics



How to derive equation for Km and Vmax

K1 K2
E+S<ES - E+P
K-1
Rate of rx. Vi = d[ES] Vi = initial velocity

dt
= k1 @[S] — k-1[ES] - k2 [ES]

= k1[S] — k-1[ES] - k2[ES]

= k1 [Et] [S] — K1[ES] [S] - k-1[ES] — k2[ES]



How to derive
equation for

Hypothesis - [ES] constant Km and

Vmax (cont.)

Thus Vi = d[ES] = 0

dt
k1 [Et] [S] — K1[ES] [S] — k-1[ES] — k2[ES] = 0

k1 [Et] [S] = k1[ES] [S] + k-1[ES] + k2[ES]

k1 [Et] [S] =[ES] {k1[S] + k-1 + k2}



k1 [Et] [S] =[ES] {k1[S] + k-1 + k2}

[ES] = k1 [Et] [S]

k1[S] + k-1+ k2

[ES] = [Et] [S]

[S] +
Km




k2 [ES] = Vi

k2 [Et] = Vmax

k2 [ES] = S] s e [ (e e
—> application

[S] + Km

= moxis) RS

Relationship between initial velocity (V)

[S] + Ki and substrate concentration [S]




Vmax: Enzyme activity = 1 Enz unit = ...umol/min

Vmax vannigaudivsunasaw oy o1 VMaXx unn anadndSunosiais ksiun

L - max-.
Vmax : enzyme activity V| = ——

Amount of enzyme = .....[lmol/min = 1 Enzyme unit T yms

zero order S o
1st order 28

[S] = Low — High  [S] = Fixed concentration

Juang RH (2004) BCbasics



K- Affinity with substrate - [S] about 2-5 Km

KM vandsainuraunavadtaw lrinusugiasn KM nususiasnlaiay a1aiiaw i say

TURLATNIH NN

— Mmax :
K — * Km s a constant
m .
2 « Small Km means tight
_ _ binding
Vmax binding
« Useful to compare Km for

different substrates for one
enzyme

Hexokinase :
D-fructose — 1.5 mM

.
o*
.
.
.
o*
12 V-
1 I |
| I |
| Iy |

818253 D-glucose — 0.15 mM

Km Affinity changes

Juang RH (2004) BCbasics
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Direct plot & Lineweaver-Burk plot

Direct plot

aximum velocity, v

Half maximum

velocity, Yy

Michaelis constant k|
15 [S] at Y

[5], concentration of substrate (mal L)

Lineweaver-Burk plot

(Double reciprocal plot)

F
W Slope is
Iy KV
I=
E
=
— Y-intercept
A-intercept s 1
E: —’Ime/
1715] (mol! L)


http://www.steve.gb.com/science/enzymes.html
http://www.steve.gb.com/science/enzymes.html

Turn Over Numbers of Enzymes

Enzymes Substrate Kest (S71)
Catalase H,0, 40,000,000
Carbonic anhydrase HCO, 400,000
Acetylcholinesterase Acetylcholine 140,000
3-Lactamase Benzylpenicillin 2,000
—umarase Fumarate 300
RecA protein (ATPase) ATP 0.4

The number of product transformed from substrate
by one enzyme molecule in one second

Adapted from Nelson & Cox (2000) Lehninger Principles of Biochemistry (3e) p.263



Factors affecting enzyme action

reaction rate =

opH
*Temperature

*Substrate concentration

*Enzyme concentration

N 5 7
£ ' % S # W
¥ B i< i |
i . 3 & F 4 |
—— a 4 CN
£ .
temperature >
.
# . F -f ‘L
oo o
s 4 A7 INVA

reaction rate =

reaction rate =



http://www.blobs.org/science/enzyme/index.shtml

Irreversible inhibition Reversible inhibition
1.Competitive

Involve with formation of N
breaking covalent bond 2.Noncompetitive

3.Uncompetitive
_ o Involve with formation
c ©O0™ of non-covalent bond
Arachidonate H’Cf \ﬂ
:--r - Aspirin

l H Aspirin
§ cyclooxygenas = (Acetyl salicylate)
E Co0~
’ o o
E = Cyclooxygenase HD/F\\ .

Salhicylate



Example of irreversible
inhibition - allopurinol

GMP — » Guanine ~ xanthine

- oxidase -

) {;‘vxammne ——| | Urate -

' AMP — I-_'iypo__xanthihé

OH
| o - Mo=S
C N xanthine
N7 \C/\\\\--, oxidase
HOXN~ \u H,O 3H"2e
+H*
Hypoxanthine Xanthine Xanthine—enzyme
complex
OH . OH -
| H | ‘H
C G xanthine G G
AN ; ~ '
pqu’ h:""' “\\‘n oxidase T 'T#‘ ‘1\‘} .
f’ ] P *’

Alloxanthine

Allopurinol
(oxypurinol)



Reversible inhibition mechanism

Inhibition by [1].

Competitive | @ Non-competitive | @ Uncompetitive
@ Substrate
3| @ ® E n
C \,-b \@ !
S| 1 n-
% . Compete for
O Inhibitor  gctive site Different site
s E+S->ES—E+P E+S—->ES—E+P E+S—>ES—-E+P
s | + + + +
S| |
D
o | | ) 1 )
€ | El E'+S—E'S EIS
_§ [1] binds to free [E] only, ['] binds to free [E] or [ES] [1] binds to [ES] complex
= ?‘”d competes with [S]; complex; Increasing [S] can | only, increasing [S] favors
chT increasing [S] overcomes not overcome ['] inhibition. the inhibition by [I].

Juang RH (2004) BCbasics




Enzyme inhibition plots

O Non-competitive 4@ Uncompetitive

Direct Plots

Vv

»
-~
Ca

K. K.’ [S], mM K, = S, MM | K, K. S], mM
V.., unchanged V. ., decreased
K increased K unchanged Both V. & K, decreased

Double Reciprocal

T\ 1V -

Two parallel |-
lines
AUV, Intersect UV s < AUV
at X axis / max
N o

1K, 1/[S] 1K, 1/[S] 1K, 1/[S]

Intersect
at'Y axis
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Example of reversible inhibition — sulfa drug
Domagk (1939)

Para-aminobenzoic acid (PABA)

Bacteria needs PABA for
H,N COOH the biosynthesis of folic acid

P — =_[§ . _Folic _ Tetrahydro-
recursor A acid folic acid

Sulfa drugs has similar
H,N SONH,  structure with PABA, and
Inhibit bacteria growth.

Sulfanilamide
Sulfa drug (anti-inflammation)

Adapted from Bohinski (1987) Modern Concepts in Biochemistry (5e) p.197



Example of reversible inhibition

Enz = ACE (angiotensin
converting enzyme)

Substrate = angiotensin |

Competitive inhibitor = Captopril
and enalapril (blood pressure )

Angiotensin |

<)

Angiotensin 11

. . s s W oA o LI
( Angictensin I iluansim demuaulaiaming)

Enz = HMG CoA reductase
Substrate = HMG CoA

Competitive inhibitor = lavastatin
and mevilonin

HMG CoA

Cholesterol



Example of reversible inhibition — cancer treatment

FHa

Dihydrofolate
Réductase METHOTREXATE
N

o 1

\O 5,10CH2-FH, 4= 4 ~=—mp. 10CHO-FH,
/ \( l

Synthése
des
Purines

H,N N N
\r RN
.J
Ny Ny Thymidylate l
H Synthétase
——
OH Hmm\\ H
0 07 "o

Tetrahydrofolate

H;N

Methotrexate



http://oregonstate.edu/instruction/bb450/lecturenoteskevin/enzymesoutline.html
http://www.baclesse.fr/.../Chimio-9.htm

Inhibitor Proteolysis

slnhlbltorg

proteonS|s

Feedback regulation Covalent modlflcat|on (Phosophorylation)

> — =8
regulator
effector phosphorylation

Signal transduction

_a or
cAMP or
=T calmodulin

subunit

Juang RH (2004) BCbasics



Allosteric enzyme

Kinetics Models Cooperation

Allosteric site

R = Relax Homotropic
(active) V
@a Concerted

Allosteric site

[S]
U y (+) Heterotropic
N B 4 @
Sequential
[S]
T = Tense -
(inactive) Y - Heterotropic
(-)
Concerted
[S]

Juang RH (2004) BCbasics



Km - affinity for substrate, Vmax—-> enzyme activity

Enzyme inhibition consists of irreversible and reversible
Inhibition. Competitive inhibition is advantage to drug
design.

There are many ways to regulate enzymes. Allosteric
enzyme is one type of enzyme regulation.



