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Eduard Buchner (1860 ~ 1917), =~
- 1907~ r%‘, b8 [*225% (biochemical researches and discovery of
cell-free fermentation)

James Sumner (1887 ~ 1955), *F,
- 1946~ r.%‘, b8 [~5°5% (discovery that enzymes can be crystallized)
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Free energy, G

Transition state

(uncatalyzed)

Transition state

(catalyzed)

LX)

Products

Progress of reaction —»
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Example
Class (reaction type) Reaction Caralyzed
1. Oxidoreductases | Alcohol dehydrogemase ”a':‘: - SRR o
{(EC L.1.1L.1} CH,CHOH S e - {'HS-—{“"
(oxidation with NAD™) = H
Ethanol Acetaldehyde
2. Transferases Hexokinase GHOH CH,OP0.2-
(EC 2.7.1.2) J—a _OH ATP ‘azc J—o_on
(phosphoryation) 3 oH 3 b = - d oH k
HZ HZ
OH OH
o-Glucose o-Glucose-6-phosphate
3. Hydroluses Carboxypeptidase A B, O R, e Rpes R,
(EC 3.4.17.1) _H_El, | I . - — —~r~1—-—=‘l'—l“{)¢}- o e .
(peptide bond cleavage) | | 0 . I T A
H H H H H H H
C-terminus of Shortened C-terminal
polypeptide polypeptide residue
4. Lyases Pyruvate decarboxylase "flf ﬁ
(EC 4.1.1.1) N e R " e =
(decasborylation) OOC—C—CHy + H* —> , + H—C—CH,
Pyruvate Acotaidehyde
5. Isomerases Maleate isomerase 00 00 00, H
(EC 5.2.1.1) C=C. —_— o=
(Crs=trans isomerization ) H/ b H e
Maleate Fumarate
6. Ligases Pyruvate carboxylase CIC[: AT ALP P t[:F
{E‘C 6-"'-1-1} NN e S _.-"J' - N ——" — T
(carboxylation ) 0OC—C=CH, + COq, = 00C—C—CH,—COD
Pyruvate Oxaloacetate
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i\ﬁﬁﬁi Transition state
(@), ("

-------------- T (a) i
Activation
energy

(b) Yp™ Fe3*avEugss @ [~
|
(c) ij&‘i[m!@(catalase)

Energy

Reaction: 2H,Op =— 2H,0 + O,

Reaction coordinate

H,0,51 B 3-8 8 [ 17



£,3% H,0, 491k 37°C
(2) 4 1 [
(b) ™ Fe3*+PyERag v (M [
(c) %j?\ﬁpﬁﬁk Bt (catalase)

(a) (b) (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 15.9 18.0 |
Platinum surface 48.9 11.7 9 77 X 104

Catalase 23.0 5.5 6.51 X 10%




6. i i*H,0, - H,0 + 20,5 & «i7jf fi= (catalase)
|

>3 s 00CHIE T B 41T A f2
44,000 H,0,4 + » Fpt B F ficE cjf f= T+ it

H,0, 4 2 F
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Asymmetric
carbon atoms )

FEREOR)- #£(1)

Asymmetric
binding sites




Rk g 1(2)

{a) Lock-and-key model
, Active site ubstratES

i _.-'_'- _.'-.‘r __,-/ e
A 4 I“r'.-""”
‘ III'I I r-llll- ) ; =
) x-"z‘- MJ L o I 1 - J] +
E ;‘“17 R . Il -
" 1:. e 3 = "l,_.:

Enzyme Enzyme-substrate Enzyme Product
complex (unchanged)

FHE 18

(b) Induced-fit model

Substrates
AN,

g

Enzyme Enzym&substrata Enz},rme Product
complex

- - %1
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%, initial reaction rate {rmol L1 51

* faximum welocity, ﬁgﬁ\ﬁ?’%@ﬁﬁ
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Enzyme is

bcnme than o HLHUELR SRR -
deal with (sucrase) | o’ ]mggﬁfjw/#

4

[S], concentration of substrate (mol L-1)

Leonor Michaelis (1875~1949, =)

- Famous for his work with Maud Menten (1879~1960, JF‘,) in enzyme
kinetics and Michaelis-Menten kinetics; besides his role in 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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K, ZES (A2 % & X JT4f € M)7) ~ e 5 %
K, RESA faerd ¥ TRV
K224 24 S @daug 54 &

NS

- ESH) 2 g & % ESA 12 g & (d[ES]/dt = 0)
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4. Michaelis-Menten - #z ;\
vo= vmax[so]/(Km + [So])l Km = (K-1 + Kz)/K1
-5[S. 1> >K., Vo=V, o 2 Z5F R
= % [Sol = Kiy Vo = V2V 0
- F[SI< <K, V, =V ..([S]/K,)5 - &F &

5. Mlchaells-Menten*% N chd B 4
m » ﬁ%‘% = )?ﬁ‘,ﬂ& 'f\?v‘ m&lﬂt}‘i‘_*
-FK > >Ky, Ko = (K, + K)/K =K, /K, = Ky
(Kd » ESenjz i ¥ ¥)
Vinax = f# 7 LI s 5 ehdg %2
- K¢ (221t % 3 > Michaelis-Menten= &5\ ¢ >
Kcat - Kz)



Enzyme

Hexokinase (brain)

Carbonic anhydrase
Chymotrypsin

B-Galactosidase
Threonine dehydratase

Substrate K. (mm)
ATP 0.4
D-Glucose 0.05
D-Fructose 1.5
HCO; 26
Glycyltyrosinylglycine 108
N-Benzoyltyrosinamide 2.5
D-Lactose 4.0
L-Threonine 5.0

Enzyme Substrate ko (s™1)
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




6. = % k3 ?
117 Ko K W ¥ 87 35 ik % chig it sk
44w > [S]/K vt i ¥ 430,01 ~ 1.0 -
E'JV = (vmalem)[So] = (Kcat/Km)[EtotaI][S] ’ ;E" "
K./ K., = (KiK) /(K + K,) = K [K, /(K ; + K5)]
<Ky o TF U0 F b T aupicE (108 ~
10° M-1sec1)*

.@Féﬁﬂf{‘};@ii‘g
-APMEER ARG s S
- APMEE R F A E A A
- 72 B ehd &




k. K k./K,

Enzyme Substrate (s (m) m~1s™7)
Acetylcholinesterase Acetyicholine 1.4 X 104 9X 103 1.6 X 108
Carbonic anhydrase co, 1 X 108 1.2 X 1072 8.3 X 107

HCO; 4 X 10° 2.6 X 102 1.5 X 107
Catalase H,0, 4 X 107 1.1 X 10° 4 X 107
Crotonase Crotonyl-CoA 5.7 X 103 2X 1073 2.8 X 108
Fumarase Fumarate 8 X 102 5X10°° 1.6 X 108

Malate 9 X 102 25X 103 3.6 X 107
B-Lactamase Benzylpenicillin 2.0 X 103 2X10° 1X 108

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

30 40 50 60 70 80
Temperature (°C)

City —f

Velo

termperature
{a x b}

Temperature e



pH

PHEES (B2 |pVRYR

Relative activity

Papain

Chdlinl_esterase

Optimum pH of Some Enzymes

Enzyme Optimum pH
Pepsin L5
Catalase 7.6
Trypsin 7.7
Fumarase 7.8
Ribonuclease 7.8
Arginase 9.7




Slope = k

Velocity, v

Reactant concentration, [A]

o P B S TREVRYAR

%, initial reaction rate {mol L' 1)

Y, initial reaction rate (mol L1 s

BEAER G

Mearly zeroeth arder

Mixed order

Meatrly first order

&

[S], concentration of ACh {mol L)

Maximum velocity, v

-+

Enzyme is
saturated: far more
substrate than it can
deal with

[5], concentration of substrate (mol L)
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Origin

Zymogen Active Protease
Pancreas Trypsinogen Trypsin
Pancreas Chymotrypsinogen Chymotrypsin
Pancreas Procarboxypeptidase Carboxypeptidase
Pancreas Proelastase Elastase
Stomach Pepsinogen Pepsin

TR 1) T LR IR




1 i s
@y{.lm@y J§& | uypsin Step 1
Y
1 15] [ie I |
| |
Arg lle chymotrypsin
Ser-Arg and Thr-Asn
14 15 147 148
Y
1 13 16 _
I |
Leu Ile Ala
A chain B chain C chain

@l&ﬁ‘“ﬁ}‘fr!@ﬁl(ﬁdﬁﬁ)

Chymotrypsinogen
(inactive)

n-Chymotrypsin
(active)

Step 2

o-Chymotrypsin
(active)

BUES 3 (R i)

I PSR B R 1T
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TRAIL

v

i
e.g.
TRAIL-R1 {DR4) SRR i
) a2 0% il N JuFE="3=d (apoptosis)

“ DD Plaama DNA damage,

Membrane nuclear signal
via
FADD
Death Receptor-independent

Casp 8 E cytoplasmic signal

13kDa tBid ?
13kDa tBid ?
¢ Eak

‘JM

.':m

'\ EI'L- '1'
#qﬂu:hmm: ;?ifl’jélc’-’lic

'._. E

Casp 9

Casp 8

v

1 5kDa tBid

Procaspases —~ Caspases

Execution of Apoptosis
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site site Enzyme
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Suhstrate
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Site P&
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Ser'* OH OH Ser'?

side | | side
chain C\l:lz ,CHZ chain
Phosphorylase b

(less active)

2P,  2ATP

phosphorylase phosphorylase
phosphatase kinase

2H,0 2ADP

@\l ‘ ® |JtesEy
/ / / hosphorylase a
(more active)

TR ) Sa e |
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(F - B, )

Hormone

Inactive Active
adenylyl cyclase adenylyl cyclase QFEH = Y

ATP * CAMI'
Inactive Active
cAMP-dependent cAMP-dependent
protein kinase protein kinase

E Ly gi-ie

Bk TRl

Inactive

Active

phosphorylase phosphorylase

kinase

2 ATP

Inactive

glycogen
phosphorylase b

kinase — P

ol

Active
glycogen
phosphorylase a~ (P

AR



AMP cAMP Clngs k2

ke 12k o

cAMP cAMP
R,C,
inactive R,-(cAMP),
i’ LY ‘
=F I@Wpﬁﬁ f
ATP ADP
Protein 0
| kinase I
Enzyme — OH >  Enzyme —O—P—0"
Protein | _
" ) phosphatase - , ! 0
Catalytically r Catalytically inactive,
active form ® ‘ covalently modified form
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Biotechnological/ :
environmental/ commercia
other detergents
37 %
Agricultural
feed
6%
Baking
8% ' Textiles
Starch 12%
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B

97.3

Frhaee s Sk
BLBR(EEDS) - gidl [2340] 34
CLOGRER) gdl |2545| 32
A EEEHES % |0.75-19] 1.03
TRILGREE L) -T2 oL | 009 | 04
ALEPIS P RSEE WL | 23212 T
AST(GOT(EE BrERatE S iE /L | 050 20
ALT(GPTIEES FraEsia = iE) UL | 10-100| 42
GO TR R e ) Ul | 69 2
CHOUREERS & mgidL [110-320] 181
TC{=BH iHhE) mghdl | 10-100] 53
LDH{F BEIR =58

M HA (I & i)

Bile acid (AEHEE




R H

Transaminase
Phenylalanine —» Phenylpyruvate ‘ '
{Phenylketone) -————9
Phenylalanine | Deficientin K \
Hydroxylase | Phenylketonuria : b
UFE EXTENSION'
Tyrosine —* —» Melanins e it
ISEE Y >0 |
Multiple# T Y] Tymsie
Rea[:tiuns¢ Pins Povek? 1
I a6
el |

Fumarate + Acetoacetate \.

EREIS

@ B R

—_— [ SMITH & NEPHEW

Elspariiiz a brand name of
JAsparginase.

Ointment

'Also available In 30°g S o

Collagenase Santyl® :_iﬁ_m_ :flle"

R TPPE-

Jarrew rommus




FI* B & 5 io R B R DB AR

- FRPERT o S

- %P ERIRRLK RERT R s (s )

-EERVFNGFRAGCOXEEHET R

1% A FralenR I 7 B o R ¥

'ﬁ&lﬁ&ﬁ%%’%%%ﬁﬁ%%ﬁﬁﬁﬁ

fl* R Rd L am g

- dexr4d ¥k }'} ,Ljs;]—_ﬁﬁ;:‘ miﬁﬁfﬁ}i*%{'ﬂﬁri
RBE PO g T AR AT R



R e
- Pl rEE
PRI (RS S RTRIR L)
R B 3
- TR e
iU
FA»I Gl 2ES

E+S = ES — E+P -
Competitive
o= Substrate Product inhibitor
| AV‘»T@T‘@) elem eelom elom
RV ) 3
= | | |
I L
K| (lng H(I‘. CcCOO™
2H
El =~ COO™ COO~

Succinate Fumarate Malonate
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H H

|
H3C—(|3—CH3 H3C—C|—CH3
! !
lll Variable group ACE—CH,0H + F—1|>:() _— ACE—CHz—O—lTZO + HF
C=0 Thiazolidine (active enzyme) 0 0
| ring | |
HN
S CH H3C—C—CH3 H3C—C—CH3
| - x==
HC—C C | |
| | | Ncn, H H
C =——=N—C~__ > _ o
I \ B ean DIFP (Inactive enzyme)
O
Reactive peptide bond . .
o e g T R B Y (5 4
Penicillin R - ﬂ] _amw
| il -
(l)H =0
: I
*’T" HN
) S CH.
Glycopeptide N Ll LSS S
transpeptidase o | | | \(:I'lg
Active enzyme 0=(|: ﬁ_FICiHCOO_
O
|
Ser

I

atipeotidase BRI A (B2
Penicilloyl-enzyme complex - ﬂ]ﬁu%%% Iq E’? I: I wpvg%

(enzymatically inactive)
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Pk £ B0
RIA: Waaid i ELISA: Fbllh‘nﬁ#

Radioimmunoassay Immin::sn;\?;i:tk:ﬁdsay

dis plac e d radioactive
standard #

antlgen

=
|_?“ -
1. Antigen- wash § :
coated wall - B
—
antibod ' h 5. Add
i non-spacfic - 4. Add enzyme- substrate

FIITLAIAF7T7777 binding sites conjugaled and measure
antibody color

wash

3, Add patient’s
serum (antibody)

colou red
product

ENIYE

=u befrate
o
;E
second
&b

first &b

aniogen

A
dizh



Glucose isomerase | Sweetzyme®

-

Sweetzyme is-a ready-immobilised giucose iscmerase
which converts D-glucose to D-fructose. Immobilised
‘glucose isomerase is used on a massive scale
throughout the world in the production of high-fructose
syrups for the confectionery and soft drink industries.
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1. % 4&p+ (ribozyme:z: catalytic RNA)
RNAV#FE @l -5 VL F R AR5
WL R F A,

2. @i |+ 48 (abzymest catalytic antibody)*
MEERF RiEARY X PR B Y SR o ]
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Hydroxy Cyclic transition d-Lactone
ester State

Cyclic phosphonate ester
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3. 4 1 %% (synzymez=z artificial enzyme)
By Rt RppETHE BRI
0 FBRE BN LR R B R
2 ) 4 edk gk

4. 37F P DR F > doFv FoRfERE ORI L F R R
AIDS £ 17 %% BRoE ¥ 0 00 Ry



