


(%)

AFPHMEIREIACEF Behit 4 > RF RARE
BRETVRREBE P SHF BRFTIT B

AP B R BRF5 R AR fren 2
F R i dr Bkt e ?ﬁﬁm

.;‘ SHFERE T B s Rk NF L HE R
44,.@,:\(&3,3_?337% PHET ¥ () 4r+ ¥
Rf e WL AR G R (L A b



4. A eAfER L R0 F 0 FBER TR LAY T

’ﬁ#“*b(”ﬁf’ﬁ’*‘? A el pE R ) 2 £ B (I F1)
(LBl ] £y L EE

CBEARCEEE - BT I8TTE A HR D s m A dgE e
%m%%mmw,%§4m%gﬁ§§%%$mﬁm
FEIE® > AN PY JRT A L fRE

6. F P 35 AE FINE ETEE S (AR )
AP AT itREZIRSOLT (L BH)
l??]i 2 F pKuhneR|#& M1 F 973 " fz R ”
(enzyme » = Bp % M FIn yeast » wHLpESR B
thg, &) o Kihnein s § i g eniit B e ps 2 me

AP I eh(IB )



7.1897% > g A & RBUChner* i g)f B RiE2 i
TRH#BETALPREFRETY nme B » #F
R E R Sl ek i BUchner.'ﬂt“??);JeJE?g'
1007 % b E L £

. BF MHENILAFTRLUFAY I NEEFEfK
4\:%11, g%?‘ F] L 3F % 45 4 'Lﬁﬂﬁﬁﬁ#% m*)?
i F0F o BLHEE MSumner* & Northrop%
A (19263 1030# ) S 7 3 435 5 i3 B 5 3
HasdFe FiedFum: » Sumnerg Northrop
Flgt ??15%?&3%19463;%& LR



Eduard Buchner (1860 ~ 1917), &
- 190745 H {248 (biochemical researches and discovery of

cell-free fermentation)

James Sumner (1887 ~ 1955), &
- 19464 H {248 (discovery that enzymes can be crystallized)
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Example
Class (reaction type) Reaction Catalyzed
1. Oxidoreductases | Alcohol dehydrogenase il P i o
(EC 1.1.1.1) CH,CH,OH e — > CH,—C’
{oxidation with NAD™) H
Acetaldehyde
2. Transferases Hexokinase CH,OPQ.2-
(EC 27.1.2) AP e J—o_oH
{phosphorylation ) it = >
o-Glucose-6-phosphate
3. Hydrolases Car;t;)xypeptidase A F|¥n 4 -ﬁl IT"' Hzi He Fl: s
{EC 3.4.17.1) ; S— < * e
h —N— o= — 0 = — =i — M= — O
{peptide bond cleavage) p;" I:| v [|' | R T |
H H H H H H H
C-terminus of Shortened C-terminal
polypeptide polypeptide residue
4. Lyases Pyruvate decarboxylase 'ﬁ 'ﬁ'
(EC 4.1.1.1) L . — .
{decarboxylation) (2 ¢—CH, + H* —* CO, + H—C—CH,
Pyruvate Acetaldehyde
5. Isomerases Maleate isomerase ©OC COO ¢, /H
{EC 5.2.1.1) Cc=C, ———— O=C_
{cis—trans isomerization) H/ H H OO0
Maleate Fumarate
6. Ligases Pyruvate carboxylase fllll AT ADP + F, f|3|"
'
fgﬁ;ﬁﬁm \ COC—C—CH, + ©0, S 0CC—C—CH.—G0D"

Pyruvate Oxaloacetate
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ﬁﬁﬁ Transition state
WO o R

Activation

energy
Z (b) MAFes /MMM AL
- (<) FhnkEEs (catalase)

Reaction: 2H,O, — 2H,0 + O,

Reaction coordinate

H, 0,7y iR P RERNIEME R



A3% H,0,MKBEEIR37°C
(@) RARhnfE{ER

(b) hn AFe3*AYERS Ry LA
() ANnEER NG (catalase)

(a) (b) (c)

Lowering of the Activation Energy of Hydrogen
Peroxide Decomposition by Catalysts

Activation Free Energy

Reaction Conditions kJ mol 1 kcal mol 1 Relative Rate
No catalyst 752 18.0 1

Platinum surface 48.9 11.7 2 77 % 10*
Catalase 23.0 5.5 6.51 X 108
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Asymmetric HRNE—#(1)

carbon atoms
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Asymmetric
binding sites
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(a) Lock-and-key model
Active site Substrates

Cq . (M :}( . 9

k. v
\ _17" hk
Enzyme Enzyme-substrate Enzyme Product
complex (unchanged)

LS

(b) Induced-fit model
Substrates
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A 4 h .y N
Enzyme Enzyme-subsitrate Enzyme Product
complex
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%, initial reaction rate (mol L7 1)

&

faximum velocity, % %ﬁ*%%fg%r
SREABRR

-4

b

Enzyme is

turated: f.
gahusrts:*a?e thaarnr?tnn::n:n Kﬂmﬁﬁﬁgﬁ
deal with (sucrase) BRI

[5], concentration of substrate (maol L1

Leonor Michaelis (1875~1949, %)

- Famous for his work with Maud Menten (1879~1960, %) 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



-FER P RDEAR K, K,
F+S<—>ES—E+P
Kl

K EES (B2 82 WA &)%)~ g & ¥ ¥
1{ESA’\ﬁ*'}nL—1 ’#gt
(2{1%.;}7:‘. é’lﬁ»lm&ﬁ:#&

&2 B
- ESA% & tig & R AYESA 3¢k F (d[ES]/dt = 0)

K,[EIS] = K4[ES] + K,[ES] = [ESI(K, + Ky)
(EEMSD/IES] = (Ky+ K/K, = K,

(([Eo] — [ESDISD/IES] = Ky — [ES] = ([EIISD/([S] + Kr)
Vo = K[ES] = Ko[EJ[SI/([S] + Kin) = Vinax[SI([S] + Kip)




Vo (um/min)

[S] (mm)
7 R SRR B 2 B R R R B (A



4. Michaelis-Menten= g3\
Vo: Vmax[So]/(Km + [So])1 Km — (K-l + KZ)/Kl
-%I[S,]>>K,WV, =V, .3 FEF R
B * [So] — Km’ Vo — 1/2\/max
- * [So] << Km’ Vo — Vmax([So]/Km) - BE K

5. I\/Ilchaells Menten= #2;' chE & |4
Kn» BEREXFTRERfS agif™
- FK L, > >K,, K, = (K, + K)/K, = K /K, = Ky
(Kq» ESenjaig ¥ )
Vinax » F# 7 i35 m‘fﬂ 7
Kear (LT ¥ ) » &Michaelis-Menten= #2358 ¢
Keat = Ky



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 ke (s™1)
Catalase H,0, 40,000,000
Carbonic anhydrase HCO; 400,000
Acetylcholinesterase Acetylcholine 14,000
pB-Lactamase Benzylpenicillin 2,000
Fumarase Fumarate 800
RecA protein (an ATPase) ATP 0.5




FI* K K v ¥ 7 365 & anilit s

a4 Ak RT » [S)/K gt gl ¥ 4*0.01 — 1. O ’
RV = (Vmax/ Km) [So] — (Kcat/ Km) [Etotal] [S] -
Keat/ K = (K1K3)/ (K1 + K3) = K [Ky/ (K + Kz)]
<Ky ¥R B U0 F B T eodicid F (910° —
10° M-1sec1)*

‘mie e F R 2 i
_ ,}ngg—é;ﬁfb *EF SRS MR R LTI
%)

B R R R IS P
(7 > #1470
- % Fend & (3] B )



kcat Km kcatjxm

Enzyme Substrate (s (m) m=1s77)
Acetylcholinesterase Acetylcholine 1.4 X 10* 9X10°° 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 1072 1.5 X 107
Catalase H,0, 4 X 107 1.1 X 10° 4 X 107
Crotonase Crotonyl-CoA 5.7 X 103 2X10°3 2.8 X 108
Fumarase Fumarate 8 X 10? 5X10°° 1.6 X 108

Malate 9 X 102 25X 1073 3.6 X 107
B-Lactamase Benzylpenicillin 2.0 X 103 2X 1073 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

| | | I |

— 30 40 50 60 70 80
Temperature (°C)

T

MENHREANEE

Velocity —»

temperature
fa x b}

Temperature =



Papain Cholinesterase

B (E
HYpH - |
4 'g Pepsin Trypsin
=
£
=
o
FIH 2 4 6 8 10
pH
pl'lﬁﬁifﬁ E w% 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




Mearly zeroeth arder

Mixed order

Y, initial reaction rate (mal L1 1)

Mearly first order

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

Velocity, v

Maximum wvelocity, %

-+

@
28
@ @?

Enzyme is
gsaturated: far more

substrate than it can
deal with

Reactant concentration, [A]

RIEPRE N — B A

%, initial reaction rate (mol L1 s 1)

[5], concentration of substrate (maol L)
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Origin Zymogen Active Protease
Pancreas Trypsinogen BEZEE HE§)R Trypsin

Pancreas Chymotrypsinogen [EEEA EEEEE Chymotrypsin
Pancreas Procarboxypeptidase Carboxypeptidase
Pancreas Proelastase Elastase

Stomach Pepsinogen Pepsin

HEBRS A REEN R ATE



BRAEF. B B IR (A5E1)

il Chymotrypsinogen
(inactive)
BREE BRI YRR | vpsin s
1 15 16 n-Chymotrypsin
| | (active)
Arg Ile chymotrypsin
Step 2
Ser-Arg and Thr-Asn
14 15 147 148
1 = 16 o-Chymotrypsin
| | (active)
Leu Ile Tyr Ala
BRBEFLIE OB (5 E)
A chain B chain C chain

H{ERERERAEFLE O BERYTIERE(L



e i | SR RERYIRE
Damaged tissue surface )

Kininogen
Kallikrein

S E§ IR
n — = I

(Prothrombin) (Th ro;:lbin )
Final 1 e i lﬁlmﬁa E
common (Fibrinogen) (Fibrin)
pathway
R £ l"

Crosslinked
fibrin clot
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TRAIL
TRAIL-R1 {DR4)
TRAIL-R2 (DRS)

i o

“ DD Plasma

Membrane
via
FADD

Chemodrug
e.g. 5-FU

{HAREFE T (apoptosis)

DMA damage,
nuclear signal

Death Receptor-inde: dent
casp s & Faric sighan

cytoplasmic signal

13kDa tBid 7
13kDa tBid 7

¢ Eak

.2 B

.:' Mitochondrion

RSy T

'...E

Casp 9

Casp 8

s~ 1 SkDa tBid

Procaspases — Caspases

Execution of Apoptosis
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site site Enzyme

- -~ Substrate
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Ser'® OH OH Ser'

side | | side
chain c{'IZ ,CHZ chain
Phosphorylase b

(less active)

2P,  2ATP

phosphorylase phosphorylase
phosphatase kinase

2H,0 2ADP

@ E SR
/ / / hosphorylase a
(more active)

FriRue RRgRy 3L ORE i fE A
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(% _ERRK, AHX)

Hormone

l

[nactive
adenylyl cyclase

Active
adenylyl cyclase

RRER({ES

T ™AMP

Active
cAMP-dependent
protein kinase

EARNEEC

ATP

Inactive
cAMP-dependent
protein kinase

€ X LI R i

ATP >1<AD"

BB

Inactive Active
phosphor}rlase phosphorylase
kinase kinase - (p)

2 ATP l

Inactive

glycogen
phosphorylase &

2 ADP

L

Active
glycogen
phosphorylase a @)

FriEe aeae



cAMP  cAMP f{b e

] () = G (O

cAMP cAMP
RyCy
inactive R,~(cAMP),
EE R BBECAE(L
ATP ADP
Protein o)
kinase |
Enzyme — OH >  Enzyme —O—P—O0~
Protein | _
i phosphatase . . O
Catalytically Catalytically inactive,
active form P ‘ covalently modified form
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Biotechnological/ Household and

environmental/ commercial
other detergents
26 % 37 %
Agricultural
feed
6%
Baking
8% Textiles
Starch 12%

biochemistry

1% [E Wa:y]. 5 9 Vi
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FrIhREMRE

G E Hiv | 58 | 973
ALB(EEE-IFE gidl |2.34.0]| 34
GLOGREED gl |2.545] 33
AICIEELBEHES R % [0.75-1.9] 103
TEILGGRREFI ) -IFE UL | 009 | 04
ALKP(ESPEERERE) UL | 23212 77
AST(COTEEE A S RERMES 1T U/L | 050 20
ALT(GPT S BN S ) UL | 10-100| 42
CoLTHNEREF ISR UL | 07 z
CHO(EEEE - me/dL [110-320] 181
To(=BEH mg/L | 10-100| 53
LDH(FLEFIR =58

NH3(I &, fE)

Bile acid (iEHEE




Trans aminas e

Phenylalanine — Phenylpyruvate
{Phenylketone)

Phenylalanine | Deficient in
Hydroxylase | Phenylketonuria

Tyrosine —# —» Melanins
Multiple RER

Reactions #

Fumarate + Acetoacetate

B A

[? ' tmp ]

—— X SMITH & NEPHEW

—— -
o —
Elzpar® is a brand name of
Aszparginase.
Also available in 30 & Soentsi , W, T
Collagenase Santyl® ST (T

Ointment -

EIRFURAIHE

Jarrgw rormuLis

L%ﬁtaﬁ?i

nzyme
e . J——

Far
Dairy jntoteranc®
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Competitive
Substrate Prodi inhibitor
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(|:H2 SDH ﬁH CllHE
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Succinate Fumarate Malonate
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R Variable group
|
C=0 Thiazolidine
| ring
HN
| wu S Mt
He oG
| | | e,
C
ia(¢elom

Reactive peptide bond
of B-lactam ring

Penicillin

H
HgC—(L,—CH3
;
ACE—CH,0H + F—1|9=0
.

H3C—(|3—CH3

(active enzyme)

H
DIFP

H

H3C—é—CH3
5
- ACE—CHZ—O—fL:o + HF
$
H,C—C—CH,
h

(inactive enzyme)

AR RN AR

- {01 Z RER WK RS

R
o (lz =0
|
Ser Hl\ll
l | s._ ,CH
2 H E
Glycopeptide ] e o
transpeptidase | | I CH
— 3
Active enzyme 055 (|: IltII Ic_:]“'h COoO-
O
|
Elier
Glycopeptide
ranspeptidase BRIEFEHRAIIE IR
Penicilloyl-enzyme complex

(enzymatically inactive)
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% # ’V\ 4\: i = m Glucose isomerase | Sweetzyme®
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Sweetzyme is a ready-immobilised glucose isomerase
which converts D-glucose to D-fructose. Immobilised

E%ﬁnﬁmﬂﬁ 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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Radioimmunoassay Enzyme-Linked
Immunosorbent Assay
dizplac e d radioactive

standard
# anti g en
Bl Y=
1. Antigen- / 7
coated well Wigil > SN BT
2. Block b & Add
antibody non-specific wash 0 Ripldrac
FIITIA AP 7777777 bincng akod conjugaled and measure
antibody color

wash

Z 4, Add patient’s
serum (antibody)

coloured
Eoduct
=EnNIyTne
= bEfrate
0
;’n
szecond
ab
first &b
anigen
P

di=h
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(A xBZ)

1. ¥x#p# (ribozymez: catalytic RNA)
RNAV#F B @4 >4 PHRLF I AFL 4R
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2. it Rl (abzyme gt catalytic antibody)™
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Hydroxy Cyclic transition d-Lact
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Cyclic phosphonate ester



3. 4 1 g% (synzymegt artificial enzyme)
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Primary

OH Hydrophobic
o ] oH HO Interior Face
0
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