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Eduard Buchner (1860 ~ 1917), =
- 1907% EEIE U Jhe oo
Blochemlcal researches and dlscovery of cell-free fermentation
James Sumner (1887 — 1955), T Fi
- 1946 S FI 90
Discovery that enzymes can be crystallized
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Example
Class (reaction type) Reaction Catalyzed
1. Oxidored Alcohol dehd, Hag HADH > HT o
> - . :
{EC 1.1.1.1} GH,CHOH ——————————— CH,— (|
(oxidation with NAD ™) i H
Ethano! Acelaldehyde
2. Transferases Hexokinase CHOH CHOPO2"
(EC 27.1.2) A—o_on AP S J—0c_on
{phosphorylaton) Lo b —_— e " " oM 2
HO HO
OH OH
o-Glucose oGlucose-b-phosphate
3. Hydrol Carboxypeptidase A By 9 R, e fiaa
{EC 3.4.17.1) U G (i e e
{peptide bond cleavage) | ] T : " i
H H | H H H
C-terminue of Shortened Cterminal
polypaptide polypeptide rosidus
4. Lyases Pyruvate decarboxylase 'l'l‘ TII
{EC 4.1.1.1} DU N . e
(R C—CHy + H = L0, + H—C—CH,
Pyruvate Acataldehyde
5. lsomerases Maleate isomerase DOG OG,
(EC 5.2.1.1} T=0 —_
{cts-trans isomerization) H H H
Maleate Fumarate
&. Ligases Pyruvate carboxylase Q P DR + 8 (o]
{EC 6.4.1.1) I “ ’ peall
{carbaxylation) L e ¢ =
Oxaloacetate
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() ¥ Pk T (catalase)

{c)

Lowering of the Activation Energy of Hydrogen
Peroxide Decomposition by Catalysts

Reaction Conditions

Activation Free Energy

kJ mol !

kcal mol ! Relative Rate

No catalyst
Platinum surface

Catalase

75.2
48.9
23.0

18.0 1
11.7 297 % 101
5.5 6.51 X 107
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(a) Lock-and-key model

Active site_Substrates
g 7 gl g,
. f " y
@%&gj |, (: — L{ 1 — I". +
- 7 1 - )

-
Enzyme Enzyme-substrate Enzyme Product
complex (unchanged)

(b} Induced-fit model
Substrates

>

AP < " 7 _ )
2 * J o o) —mp é E 3 v ) —> (Bl +
- 4 L < _/_J
i L L
Enzyme Enzyme-substrate Enzyme Product
complex

FEREVE[- 2 3)

Substrate

Enzyme | Step 1 i

p— I
I8 AR URE]
AR

ES complex
(transition state)

Enzyme
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FHE-F HE-AF 0
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R PR
Maximum velocity, W, Fbg@ﬁlfﬁ%ﬁ

@, YR

F 3

saturated: far more
substrate than it can
deal with

%, initial reaction rate (mol L7 g1

-
L

[5], concentration of substrate (mol L7
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Leonor Michaelis (1875—~1949, =)

- Famous for his work with Maud Menten (1879~1960, ‘F,) in enzyme
kinetics and Michaelis-Menten kinetics

- Besides his role in the formulation of Michaelis-Menten equation (1913),
he found that thioglycolic acid could dissolve keratin, making him the
father of the permanent wave

% F i
- K, K,
E+S<—>ES—E+P
Ky

Ky = ES (B 2 £ 14 & 1)
K.y = ESA fashud & ¥ #
Ky= A4 4 380 5 ¥ i

(NN
P
g\

(=+

Ly
e

v

TR B
- ESA% & thig & £ 3 ESA f2ihig & (d[ES]/at = 0)
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Michaelis-Menten— #g;\
- Vo:Vmax[So]/(Km + [So])a Km = (K—l + KZ)/Kl

- % [Sol = Ky Vo = Vinax
FaF

- # [So] = Kms VO — 1/2Vmax

- # [So] = Km’ Vo = Vmax([So]/Km)
- BF R

Vo (4m/min)

~me K,

[S] (mm)
R S TR R
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Michaelis-Menten= #2;\ € & (&
-KEpEEE R %?Fe"*%gufri z’fv:fﬁ*,f:—*
3K = Ky, K= (K +Ky)/K =K /Ky
= Kq (ES#i3 ¥ %)
- Vmax
f¥ % LI e ?

Enzyme Substrate K. (mm)
Hexokinase (brain) ATP 0.4
p-Glucose 0.05
D-Fructose 1.5
Carbonic anhydrase HCO; 26
Chymotrypsin Glycyltyrosinylglycine 108
N-Benzoyltyrosinamide 2.5
B-Galactosidase p-Lactose 4.0
Threonine dehydratase L-Threonine 5.0
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LI oo b g fsomeknmes

Enzyme Substrate ket (51
Catalase H,0, 40,000,000
Carbonic anhydrase HCO; 400,000
Acetylcholinesterase Acetylcholine 14,000
B-Lactamase Benzylpenicillin 2,000
Fumarase Fumarate 800
RecA protein (an ATPase) ATP 0.5
-%%ﬁ%7

‘H? cat LL ¥ gtﬂ: ﬁ?% e ﬁ’t"?

- 4 3k ,z:—r » [S1/K, et & 4 %70.01 — 1.0
V= (Vmax/Km) [So] = (Kcat/Km)[Etotal] [S]
B¢ KKy = (KIK)/(K,+Ky) =K > FE g
R AN PHATE 5 (108 ~ 10° M-1sec?)

s i
?x 15}'* %o apE R
ST IR Y

- v Bihd &
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ko K, kK,

Enzyme Substrate (s (W) M1~
Acetylcholinesterase Acetylcholine 1.4 x 10* 9x10°% 1.6 X 10°
Carbonic anhydrase co, 1% 108 1.2x1072 8.3 x 107
HCO; 4x10° 26X1072 15X 107

Catalase H,0, 4 %107 1.1 X 10° 4 %107
Crotonase Crotonyl-CoA 5.7 % 10° 2x10°% 2.8 X 108
Fumarase Fumarate 8 x 102 5% 107 1.6 X 108
Malate 9 X 102 25X%X10°% 3.6 X 107

B-Lactamase Benzylpenicillin 2.0 x10° 2x10°° 1% 108

Source: Fersht, A.(1999) Structure and Mechanism in Protein Science, p. 166, W. H. Freeman and Company, New York.

(EE 2wl &)

1. e RFF A S e cnd SR ER

2. NPEAA A ¥ LS E R BT R
=y e
i
-EARTpHE> £ FRRT - FS A B M
kR E
- FEB R
Zﬂﬁm“f‘fiw f£% > Fgehl B & 1T
Fifehh § B EF > Hw g

\14

16



T

183 STk (B PRy

Vi

L 1 1 L L

30 40 50 60 70 30
Temperature (“C)

temperature
fa x b}

Temperature —p

pH

PHETEE: (=8 PRy

Relative activity

Papain Cholinesterase

Optimum pH of Some Enzymes
Enzyme Optimum pH
Pepsin 1.5
Catalase 7.6
Trypsin 7.7
Fumarase 7.8
Ribonuclease 7.8
Arginase 9.7
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Mearly zeroeth arder

Mixed order

Mearly first order

*, initial reaction rate (mal L7 1)

v

\\Slnpr =k [2], concentration of ACh {mol L™}

Velocity, v

.
Maximum velocity,

r'y

Reactant concentration, [A]

R P 8- 45 TRy € & s

(% substrate than it can

deal with

W, initial reaction rate (mol L1 &7

[], concentration of substrate (mol L1
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Pancreatic and Gastric Zymogens

Origin Zymogen Active Protease
Pancreas Trypsinogen Trypsin
Pancreas Chymotrypsinogen Chymotrypsin
Pancreas Procarboxypeptidase Carboxypeptidase
Pancreas Proelastase Elastase
Stomach Pepsinogen Pepsin
“w ~ 4 2,
il AR NUTT RS e
PR 5 R 1)

[ I Choypsiogen

ﬁﬁf 'm”li‘? trypsin Step |

(inactive)

[ llsj Illﬁ ] mChymotrypsin

Arg lle chymotrypsin
\ Step 2
Ser-Arg and Thr-Asn
14 15 147 148

(active)

ITE [16 14 o-Chymotrypsin
| I (active)

Leu Ile Tyr Ala

A chain B chain C chain

] PR BRSSO RS

PR B (I )
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Intrinsic pathway
Damaged tissue surface

!

Kininogen
Kallikrein

TR SEEY

(Prothrombin) (Thror;bin)

Final

common

pathway

g

Extrinsic pathway
Trauma

n — = o

1 — = 1, f"%—ﬁ"lf"

(Fibrinogen) (Fibrin)
SRR VR lxma

Crosslinked
fibrin clot

Connecting

peptide

10

50

BRI
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TRAIL

TRAIL-R1 (DR4)
TRAIL-R2 (DRS5)
-

DD Plasma
Membrane

Chemodrug
e.g. 5-FU

FuFE"5=d (apoptosis)

DNA damage,
nuclear signal

via
FADD

Death Receptor-independent
Casp 8 E cytoplasmic signal

13kDa tBid 7,

13kDa tBid ?
¢ 1 5kDa tBid
rl.

tlfb%
¢ cytachrome ¢ :{-‘lq&] ".“I*C

Casp 9

.1’
i Mitoch

Procaspases — Caspases

Casp 8

Execution of Apoptosis
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Ser'® oH OH Ser'®

side | | side
chain CH2 2 chain
Phosphorylase b

(less active)

2P; 2ATP
phosphorylase phosphorylase
phosphatase kinase
2H,0 2ADP
4 5
~ Pd
CH, CH,
Phosphorylase a
(more active)

PR (A 2

¥k
(F 5%, HM%)
Hormone
Inactive Active

adenylyl cyclase adenylyl cyclase !F’Eﬂ £ U3

ATP ’_—“CAMI’
Inactive Active
cAMP-dependent cAMP-dependent
protein kinase protein kinase w
ATP ADP
3 IERHTEC < RS

Inactive Active

phosphorylase phosphorylase
kinase kinase - ()

2 ATP l 2 ADP

. Inacti Acti
Bk B 2 ghcogen ghcogen

phosphorylase b phosphorylase a— @

A
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cAMP cAMP [g f‘j"gﬁ"“

e
D -— 0D -9

cAMP cAMP
R,
inactive R,~(cAMP),
(g s Y
ErF PR TRCHIS (
ATP ADP
Protein 0
kinase I
Enzyme — OH > Enzyme —0—P—0~
PmleN (!J_
hosphatase
Catalytically phosphatase Caalytically inactive,
active form ® ‘ covalently modified form
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Biotechnological/ Household and

environmental/ commercial
thar —— detergents
37%

26 %

Agricultural

feed ——
6%
Baking
8% / - Textiles
Starch 12%

biochemistry

11% F‘ﬂa}f _FF[%)E*EEI |

ERRLE T ]
FOTHEE -~ AST - SBERS~40U/L - FEMAESELE - FRAEHER - RKILE
BEEMmMERTIE -
BPTHEE « ALT - 2FEES~4U/L - HEESERE - BB SEEFSIE -

SEREAZEASRECTE  ERECFSEERO~04me/dL - FEINEFEMERIT
BEERESIE - - HERaRSBERE0.2~0.8me/dL - 598 05 17 11 1% 575 20 AL I EREY
AT A -

FlersmEesER - BRAAGTHREMERIE  AEHEFITIELSLFEHEETRER
% B

SR
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Transaminase
Phenylalanine —» Phenylpyruvate |

(Phenylketone) [ o

-
PhenylalaninelDeﬁcientin - \

Hydroxylase | Phenylketonuria

Tyrosine —» —p I'glg}r%ls %*;% fovs) ?fi’hﬁ‘"ﬁTFﬂiL

Multiple + L |
Reactmns¢ '\f mmﬁ |
T S |

Fumarate + Acetoacetate

IR Ry
@ par wEE
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e

Elspar® is a brand name of
Asparginase.
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| ring | |
HN
| H_S./ CHy H3C—C—CH;, HiC—C—CH;4
HC—C G | |
Ll Den H H
NGt _
i fi—coo DIFP (inactive enzyme)
o

Reactive peptide boned
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OH

C=0
| I
Ser HN
| |
Glycopeptid H(:—(/\'/
transpeptidase | l‘ | G,
Active enzyme U_(l" H ||“‘t 200"
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Radioimmunoassay Enzyme-Linked
Immunosorbent Assay
dis pla e d radi oactive
standard

ﬁr antigen
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il Qg3 87 =L
: 2. Block = 5. Add
antibody nan-specific b enzyme- substrate

FAITITTFITTFFTSF binding sites conjugated and measure
dish antibody color

$.97 3 Add patient's
serum (antibody)

coloured
poduct

Eenzyme

second
Ak

first Ab

anigen
LA
dizh
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Glucose isomerase | Sweetzyme®
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(A %xB%)

1. ¥ #p#(ribozyme, catalytic RNA)
RNAF #F 3 @ad » 7Bt F
- R AHBIREL F R
2. ik 4 Fikl (abzyme, catalytic antibody)*
1% B E F RiERY 2 PRGNS R il
3. X 1 %% (synzyme, artificial enzyme)
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-0 AL
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Hydroxy Cyclic transition G-Lactone
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Cyclic phosphonate ester
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