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Eduard Buchner (1860 — 1917), left
- 1907 Nobel Prize in Chemistry
Biochemical researches and discovery of cell-free fermentation
James Sumner (1887 — 1955), right
- 1946 Nobel Prize in Chemistry
Discovery that enzymes can be crystallized

- ¥
e ERFBEFAER N FIRwE L 2R R
dFAndn o 2 e @R F P
dERES
d “Life is a system of cooperating
enzyme reactions” st ¥ 5 NifE R chE & |4




2. pER A - LA BRT]
LAMEHEF FTF L AP &L F - PR T A
St P o b E L L SRR R
EReRY LB LER
- FE R R F R LT MR Y Y[ Rk R
Fe R PpE A
-BEBREREZFDEHEILA > LRI REPTHRE

3. @ gﬁﬁﬁ@'&&ﬂiﬂq\g@#ﬂ A240 38 RFL L
PRFF I ER R R

4. F ERmARE §F RmASEE LR LT REERF
BLMP DB WO F WA Fn % Beng & B
By E i HE)

A REOTRAFEL > BERLIT Y DR HID R ISR




FE g pr

R

TR R
@;@W%w& :g‘;"m@w&ﬂd—‘ﬂg

3 ‘bq, Pal}
lﬁﬂﬁiﬁia
I

ok
A

FEA RO L TR G R0 Feh- it
ﬁﬁﬁ‘iﬁ fﬁ%ﬂ*i:’l"gbs %}»} ARk

‘ 3«“"9‘:

—\

A
—
[

rﬁ’ﬂ ¢ BAER - L FER pHE ER

Al B T A A R B enii 18 32 3

e E
BRI AR e d e F Ak T w3 B
F Ren ik
PR
Ilﬁ;[ Fh Transition state
(uncatalyzed)
O "\GL*H'IL. gt N
= Transition state
2 (catalyzed)
@«
=
4]
4]
o
LI- -----
Reactants
&P
~ s
Products

Progress of reaction —»

i el o




iﬁ}i@ﬁ? Transition state
------------ k- (2) H M

Activation
energy

(6) *01” Fe™ OB 21

(ORA JLIHE}@(CataIase)
H,0

Energy

0,

Reaction: 2H,0; =— 2H,0 + O,

Reaction coordinate

20,53 SR 1 B0 [~ 17

il SRR L R ﬁi’?gﬁgﬁhﬁli}%ﬁﬂﬁ%* ﬁt}é‘_?‘rﬁ
EE A FEE F o S AURLE

SR T ﬁ%‘p,\

- F BB BT B kR SR S
-'*a‘" R(FER)E - B F R DT P
(-wcfmg 1083

S
Ly

I
bl-r‘-ﬁ B
E- 143
o2 g e

SR T
BT R fﬁ%aﬂ i

\

i dm
5.




FE | ek (I [ T B

Example
Class (reaction type) Reaction Catalyzed
1. Oxidored Alcohol dehd, Nag HADH > HT o
(EC L1.L1) cHoron ——— = o oy
(oxidation with NAD ™) ‘ i H
Ethano! Acelaldehyde
2. Transferases Hexokinase CHOH CHOPO2"
(EC27.1.2) ',J—u_l OH Ll Pl J—0c_on
{phosphorylation}  oH 5 B o ™
H HO
OH OH
o-Glucose oGlucose-b-phosphate
3. Hydrol Carboxypeptidase A By 9 R, e fiaa
{EC 3.4.17.1) ! L e [ s
(peptide bond cleavage) | L| oo : — B =
H H H H H H H
Cterminue of Shortened Cterminal
polypaptide polypeptide rosidus
4. Lyases Pyruvate decarboxylase 'lil‘r TII
{EC 4.1.L.1} DU . . .
(R C—CHy + H = L0, + H—C—CH,
Pyruvate Acataldehyde
5. lsomerases Maleate isomerase DOG X DO, A
{EC 5.2.1.1} o=0 _ o=
(15— traang isomerization) H/ H H ~
Maleate Fumarate
&. Ligases Pyruvate carboxylase ("\ are ADP + F, rl\l)
{EC 6.4.1.1) S y ad ~00C —C— CH, — CO0"
{carboxylation) 00C—C—CH, + €O, ———=——+® “0OC—C—CH,—
Pyruvate Oxaloacetate
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(b)
©) ﬁ kBT (catalase)
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Lowering of the Activation Energy of Hydrogen
Peroxide Decomposition by Catalysts

Activation Free Energy

Reaction Conditions kJ mol ! kcal mol ! Relative Rate
No catalyst 75.2 18.0 1

Platinum surface 48.9 117 2,77 x 104
Catalase 23.0 5.5 6.51 = 108
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(a) Lock-and-key model
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Maximum velocity, W, ﬁbﬁ@ﬁlfﬁﬁjﬁ

o SR
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saturated: far more
substrate than it can
deal with

%, initial reaction rate (mol L7 g1

¥

[5], concentration of substrate (mol L7

PR S PRI (sucrase) & sk po sy e

Leonor Michaelis (1875~1949, left)

- Famous for his work with Maud Menten (1879~1960,right) 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
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Michaelis-Menten- fz;¢
- Vo = Vmax[So]/(Km + [So])v Km = (K—l + KZ)/Kl
’# [SO] Z Km! VO — Vmax (?“&F %)
# [So] - Km’ Vo = 1/2\/max
% [So] = Km' Vo = Vmax([So]/Km) (- &F &)
Michaelis-Menten= fg;' g & 4
- K,
% K—l g K21 Km = (K—l + KZ)/Kl
= K.1/K, = Ky (ESHjzag ¥ #)
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Vo (4m/min)

-
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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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-1
Enzyme Substrate k(s
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
 REpER?
?q)* Kcat/Km LL i'; %%ﬂf’é fé-ih )}Ii‘:"?‘:
- 4R

[S]/Kmlﬁ'ﬂ-L #42*0.01—-1.0

V= (Vmax/Km) [So] = (Kcat/Km) [Etotal] [S]
B¢ K/ Ky = (KIK)Z(K; + Ky) = Ky

£ R FiE F (108 — 10° M1sect)
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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 2.0x10° 2x10°% 1% 108

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

30 40 50 60 70
Temperature (“C)

ocity —

Vel

temperature
fa x b}

Temperature —p

80

Relative activity

pH

PHETE (B2 |FURYF

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)
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Slope = k [5], concentration of ACh (mol L)

Velocity, v
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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

IR 20 T SRR T A

A IFRUSJE | ypsin Step 1

[t 15] [is
| |

Arg lle chymotrypsin

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

HRES" B IER CRFTH)
; Chymotrypsinogen

(inactive)

NG| n-Chymotrypsin

(active)

RS S T (E Jiﬁrf_k)

| 1 I3| |]6 W o-Chymotrypsin
| | (active)
Leu Ile Tyr Ala

A chain B chain C chain

) (P B g R [
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Intrinsic pathway
Damaged tissue surface

!

Kininogen
Kallikrein

R e

Extrinsic pathway
Trauma

Y TR YT

n — = o

(Prothrombin) (Thror;bin)

common

pathway

1~ T lf.

(Fibrinogen) (i )
TESERTE R lxma

Crosslinked
fibrin clot

SENT |

Connecting
peptide

10

50

LTEN D
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Chemodrug
e.g. 5-FU PN . H
) AL oRe ¢ FHLES =R ﬁ'itt (apoptosis)
= - Plasma DNA damage,

Membrane nuclear signal

via
FADD
Death Receptor-independent
Casp 8 E cytoplasmic signal

13kDa tBid 7,
13kDa tBid ?

¢ 1 5kDa tBid
L l
%gjﬂbé

.1’
i Mitoch

_. J'c,.mm e

Casp 9

Procaspases — Caspases

Casp 8

Execution of Apoptosis
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Ser'® oH OH Ser'®

side | | side
chain CH2 CH2  chain
Phosphorylase b

(less active)

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

S T A2

B
GRS =W TCEN)

Active

v
adenylyl cyclase adenylyl cyclase ’Jﬁ'«ﬁ pﬁm

ATP mfﬁ”f
Inactive Active
cAMP-dependent cAMP-dependent
protein kinase protein kinase w
— ATP ADP .
S ITTHIC < R
Inactive Active
phosphorylase phosphorylase
kinase kinase - ()
2 ATP l 2 ADP
Inactive Active

ﬁ?ﬁ F%élﬁ‘l"c %{[‘E{i]?—ﬁ P:? glycogen glycogen

phosphorylase b phosphorylase a— @

PRI
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(L)
pares CYe) = @

cAMP CAMP
R.C,
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ATP ADP
Protein 0
kinase I
Enzyme — OH >  Enzyme —O—P—0~
Pmlnm (I)—
hosphatase
Catalytically phosphatase Catalytically inactive,
active form ® ‘ covalently modified form
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Transaminase
Phenylalanine —» Phenylpyruvate

J

(Phenylketone) e&e—=
Phenylalanine | Deficient in \
Hydroxylase | Phenylketonuria

]
5

Tyrosine —» —» Melanins

&

g

Multiple ¥ RlET i,
Reactions ¢ Y __th
s

Fumarate + Acetoacetate
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BIF A

Elspar® is a brand name of 250u/g
Asparginase. 15§
Also avaitable in 30 §
Collagenase Santyl®
Ointment
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| |
HiC—C—CH; H3C—C—CH;
| |
7 ?
:llf_-'-'—'_'v‘"i“b""‘ group ACE—CH;OH + F—P=0 — ACE—CH:—O——Il’=O + HF
c=0 Thiazolidine (active enzyme) 0 0
| ring | |
HN
| y_ S/ CHy H;C—(lf—CH_\ H.aC—(.lf—CHg\
HC—C G
Ll Do . "
i H ~COo0™ DIFP (inactive enzyme)
o
Reactive peptide bond e . . .
of Blactam ring ?J%&E%F[fj f‘EEIJ%. ”
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R - 4 Vi)
o ; I Pl Y=L
1 c=0
; |
.‘“I.‘r S CH
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RIA: W ads itk ELISA:  [RIf 7
Enzyme-Linked

Radioimmunoassay Immunosorbent Assay

dis pla e d radi oactive
standard ﬁr

antlgen

TR
wash Y
1. Antigen- X >
coated wel gl A
2, Block > 5. Add
antibody non-specific wazh 4. Add enzyme- subsirate

FIITILFFF7777 77 binding sites conjugated and measure

antibody color

3. Add patient's
serum (antibody)

coloured
poduct

Eenzyme

su betrate

second
Ak

first Ab

anigen
LA
dizh

Glucose isomerase | Sweetzyme®

."

BB P B

5 & ready [
which comens Dughecose W DOuclose. Enmobilisid
ghscose (somerase (s used On A masshe scabe
the world in the

ST for
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Household and
commercial

detergents
- 37%

Biotechnological/
environmental/
other

26 %

Agricultural
feed
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Baking /

8% - Textiles

Starch 12%
biochemistry
11%
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1. ##p+ (ribozyme, catalytic RNA)
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2. @iv 4l (abzyme, catalytic antibody)
PE R SRS £ il AT 0
3. 4 1 %% (synzyme, artificial enzyme)
e
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Hydroxy Cyeclic transition S-Lactone
ester state
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Cyclic phosphonate ester f— ! l\_ﬂ‘: i HE EﬂIFL
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Hydrophobic Primary
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