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Eduard Buchner (1860 ~ 1917), =
- 1907%%‘,;1%“%%2%
Biochemical researches and discovery of cell-free fermentation
James Sumner (1887 ~ 1955), AF'
- 1946 S EIM “SRE8

Discovery that enzymes can be crystallized

(BAoER)

LEmd o~ Emedn 5 pE o T s poory
ERF e TR RN Flwrechd BE R 24 4
it 2 A @Ry Flpd - o R
%32 f2%chd £ 47 d “Life is a system of

5

cooperating enzyme reactions” engcit 5 )

2 R R - BARORTF] e I BAHEF R FAFL
WP L5 - AR orildean, AIBERHRAVBRETS
REZEPWHIE  HF ER A ELNTHRE
PR R o FIRLELNBER S F R
FaFRERYHAENRBTEER A FRRJRELF
RIRSA L PR T ¥ G B OVRER N S FRORER SORE R




3R PR PHRARSE P 2 g 4R
AFPLEF T T EREFEMRY PEZ BN 4oy B8
R B | g]"?"&ﬁ‘ﬁéﬁ@%- "’L,frg}‘ﬂk’i‘rviv;;ég

LHRAFF § T RWFAOEA h o R RN EER

Lo
FRIMP P F ¥ Rk T RET
#ﬂmﬁ@%%mbé BV EY R § o FOE

FEEER DT AR B R IR

<<Fa’— % i)

.~ ¥R cfE v B FIRE G R Fen- R
ﬂﬁ%ﬁ‘ﬁ&‘@ﬁ T4 Fehty 357 i R A
FARE Bk RGN EREE RS A

A T TS B ARA C £ FER pHE -
. “5: Koo 3 1& "b’lﬁ,)i'-’r"’?:ff Iﬂ""i“;,
P CICRURI N S OF % BT

R eI R B KE RATE hE LA A b id FORAR
ST SEEE 2 Ty CEt S F S LI
Wi RPN R Rod 4 BT A A S
A RIS S e X




A f% Witk ety EF 0 B F Bensgul v ir: » A
0 FLER R E RIS B R
1o ] xh;ﬁlﬁﬁﬁﬁgﬁ_lbg CBRFR > BHEFELE A
b ¥ X)) A ’J\ﬁiﬁﬁfﬁil“ }\)'@F B B faps i 44
-"7",%97);}% ﬁ’f#l"ﬁ ﬁ’f#l"};}% ﬁ:}’%-ﬁﬁf“i
B hE

5. 4 % i L%](ﬁé{-%)p’%__j;wgfald 17 I A
FERoRF B (F 4k F pd10°8) 0 Fl e g £
A2 %- 13
el R R A L
FER SRR LR T L R RO

BB

Transition state
(uncatalyzed)

S

o]
= Transition state
g (catalyzed)
L]
=
4]
4]
s
LI- HHHHH

Reactants

> AGT@ [ ¥
Products

Progress of reaction —»

(595 SRV TPoeFe 5 o B o




;ﬁﬁ% Transition state |
(2) FIF PR

Activation
energy

(b) p* Fe3“lﬁﬂﬁ§i SBE

©) ?.f:‘lpﬁifi(catalase)
H,0

0,

Energy

Reaction: 2H,0; =— 2H,0 + O,

Reaction coordinate

H,0, 5% RESEPRFI 5 31 0 [ 1%
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Example

Class (reaction type) Reaction Catalyzed
1. Oxidored Alcohol dehd, Hag HADH > HT o
> - s :
{EC 1.1.1.1} GH,CHOH ——————————— CH,— (|
(oxidation with NAD ™) ‘ i H
2. Transferases Hexokinase 2
{EC 27.1.2) ) OH
{phosphorylation} K ont \{
OH OH
o-Glucose oGlucose-b-phosphate
3. Hydrol Carboxypeptidase A By © W e Fa-t
{EC 3.0.17.1) _N_-l-_,”\_--. C—CO0- —S —I-J—"l'—<'<1f)' + M
{peptide bond cleavage) | L| T : R i
H H H H H H H
C-terminue of Shortened Cterminal
polypaptide polypeptide rosidus
4. Lyases Pyruvate decarboxylase 'l'l‘ TII
{EC 4.L.1.1} b . , .
(R C—CHy + H = L0, + H—C—CH,
Pyruvate Acataldehyde
5. lsomerases Maleate isomerase DOG DO, A
{EC 5.2.1.1} =r —_— C=C
{cts-trans isomerization) H H g
Maleate Fumarate
&. Ligases Pyruvate carboxylase ("\ are DR + 8 rl\l)
{EC 6.4.1.1} e e -00C —C—CH, —
{carboxylation) 00C—C—CH, + €O, ———=——+® “0OC—C—CH,—

Pyruvate

Oxaloacetate




6. 14 g5 5
79 8% .1 H,0, — H,0 + %0,:1F
E A3 fgEE TR A0CHIER T » X T AfR
44,000 H,0,4 3 » Fpb © & R chif s v i
H,O,enA f3F 3 = § (424 7 Wit dp e enk
oo A Feetp LA BT 5 F CBABEG
Wi H,0eA f2% > ¥V RMET S FF R EfiEe

7N

haier PIE§ & - 4

#3% Hzozﬂﬁﬁi‘ﬁﬂkﬁmﬂwc
a) %i‘f’ﬂf& !

(b) ™ FeSPOERUEES (M 8]
©) fjﬁ"lppﬁ*k BT (catalase)

(£ {h) {c)

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 11.7 2,77 x 104

Catalase 23.0 5.5 6.51 =% 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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2. 5 Jperde 4 BT AV fEL A

K R R RSt RS K R F

CRBEKBERSF RE S AR RREB(ENE L

G foR %

3. Michaelis-Menten = #g ;%

FHE-SPn - Apamirhin

-S()- F)—P(&+)

4.4

A
Maximum velacity,

F 3

BPHEE
EJ B[R %@EET

%, initial reaction rate (mol L7 g1

@, YR

saturated: far more
substrate than it can
deal with

-
L

[5], concentration of substrate (mol L7

BLOMRIRS S5 PE -5 (sucrase) & e AR
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D/

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

e B gt E
. K, K,
E+S<«<—ES—E+P
K4

K, = ES (B4 2 £ 8 & )7 % i 5
K, = ESA faerug & ¥ #
Ko= A3 2 S0 @0 amg 5 F I

T R
- EST & trig & § ¥ ESA j3 g & (d[ES]/dt = 0)
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Michaelis-Menten= #& ;%

- Vozvmax[so]/(Km + [So])’ Km = (K-l + KZ)/Kl
- % [So] = Km’ Vo :Vmax  FBE T

- % [So] - Km’ Vo = 1/ZVmax

- % [So] = K Vo= Vmax([So]/Km) - BF

4. Michaelis-Menten= #2;\ ed & |+
Kn s BREXFTERS adgii™ § K, 2 K,
K, = (K;+K)/IK, =K, /K, =K, (ESehjz 3 ¥ #k)
Vinax 5 B LI 25 iy 482

Vo (4m/min)

~ o K

[S] (mm)
R S TR R

12



Enzyme Substrate K., (mm)
Hexokinase (brain) ATP 0.4
p-Glucose 0.05
p-Fructose 15
Carbonic anhydrase HCO; 26
Chymotrypsin Glycyltyrosinylglycine 108
N-Benzoyltyrosinamide 25
B-Galactosidase p-Lactose 4.0
Threonine dehydratase L-Threonine 5.0
LT Tumover Numbers, £y, of Some Enzymes |
Enzyme Substrate ke (77
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

g

1 Ko Ky v ¥ 8™ 6 a4 ehiit o

4 3BT 5 [S]/K, #t & 4 220.01 ~ 10 :

RV = (Vmax/ Km) [S ] = (Kcat/ Km)[Etotal] [S] s Kcat/ K
= (KIK)(K +K) =K, » FF B E }Ega‘r Fn
FiciE F (108 ~ 10° M-1sec?)

=

=

(£
AUl

dm¥e T R 23
PR R R
-FEERET T A
- 7 Bihd &

L
= »
oo

N

P
W =

N
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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.

2. NPHEM A & F RS GRS iR
Y e
PEBZFFENFF 3 ERY -pHE - X FER> -
WFFAAERNER R
Elen Pt S 1D BRE  iandy BT b L
AEEY > TR G BAEY ZHRPBHR
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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

15
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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

TARR EPER (BR VYR
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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

Chemodrug
} e.g. 5-FU . .
) it ) WYYy (apoptosis)
DD mesma e
.8
Casp 8 E Death Receptor-independent

cytoplasmic signal

13kDa tBid 7,
13kDa tBid ?
¢ 1 5kDa tBid
ik l I

L
M'L.;3

_1
& Mitoch
] J'c,,.,c..,.,m LT W

Casp 9

Procaspases — Caspases

Casp 8

Execution of Apoptosis

4.
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K 22
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lActive Allosteric| |nactive

site site Enzyme

Substrate
(KRT | M crfecto
Active " @ () substrate

|
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FIPER VR e

5 ¥

#enk 134 T

R BPFRE IFRBRE RS T B § k|3 0 MR
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W E AR R R L AT (BT
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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 e ‘T?JFI Fu

S8
ad — o0 @

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

S RO [ 5

(FER ™ )

LR F A o AR S P o R SRR L
B STRAFE 1 EE L H P

2.f % LTRAFHE Y T
GRUES -3 Xk S C AN S eN - Doy N i 318 T
UEEE L RAEFLBAEABE EFRK L
dof Fms gy gL Y 2 };’J'(:‘ S FRE
?'N)* F’%‘? A ;@'&?ﬁ)}?ﬁﬁ’lﬁgél B R sk HTER
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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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FURER S ieRARDER o 4o P4 ppiRph vk R
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Transaminase

Phenylalanine —» Phenylpyruvate |
(Phenylketone) e&e—=

Phenylalanine | Deficient in \

Hydroxylase | Phenylketonuria 4

UFE exTensiON”

Tyrosine —* —» Melanins ‘.}g,’s"""" E

o (=0 S - o
Multiple 4 RlErsk %G:D il TR MT R
Reactiuns¢ '\f Phshlz !
——1

Fumarate + Acetoacetate

g,

@ L e

T S ICT )

Elspar® is a brand name of
Asparginase.
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E+S5S+—— ES — E+P

inhibitor

+ ® Substrate Product
] Asr;Eﬁ‘ GO0 COo™
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Suecinate Fumarate

ﬁf WJ gf‘,lgff‘

[0 0
|

CH,

|
Coo™

Malonate

Bodl

i i
H_:C—ﬁT—CH_\ H_aC—ff—CH_x
; ?
'll?_-d—_'"‘"i“b"-‘l‘m“l’ ACE—CH,;0H + F—-Fl"=0 — ACE—CH:—O—Il’=0 + HF
c=o0 Thiszolidine (aclive enzyme) 0 0
| 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

et Rk I
il - FI < Pushpe 32

OH

C=0
| I
Ser HN
| |
Glycopeptid H(:—(/\'/
transpeptidase | l‘ | G,
Active enzyme U_(l" H ||“‘t 200"
0
|
Ser
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RIA: Wrafaddsifng ELISA: P55
Radioimmunoassay Enzyme-Linked
Immunosorbent Assay
dis pla e d radi oactive
standard
ﬁr antigen

TYO¥ N

7 ‘I
b o/
i _ 2 .,--"'. —— ——
_ 2. Block = 5. Add
antib o dy non-specific Wl A e substrate

T T F TSI TS 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®

P BORRPRAVETR
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5 & ready [
which comens Dl Tructose. enmobilisie
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(A %xB%)

1. +% ¥ g& (ribozyme, catalytic RNA)
RNAZF ¥R @ L > 4 7R E B g i
PRELR # a0

2. 1.1+ 4 $a (abzyme, catalytic antibody)*
MU h R RiBALY % T IR AT 04 B HOR STl o
FRE 0 £ 3 B F RengFd

3. A 1 f%% (synzyme, artificial enzyme)

BB H SR ETH 0 2AFD FEL 0 BFO T
WRE - EE - ERS L ERPER R R R
W& endk Bl

i : S

I i

_—— . #E>§J 32k
Cyclic phosphonate ester fg [ tg: F Q)P




o HO.
Ho " HO.
) HO' HO &
! oH
oLow HO
[+]
Ho 4 M B-Cyclodextrin uﬂ
[+] ﬁﬁ‘k”ﬂ
%\\' " ﬁm
0.
o HO:
0- (4]
-OH

Q oH
o A
[+]

Hydrophobic Primary
Interior Face

| \

S

> P

AIDS# 7 456 B3 135 5
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