Chapter 3 Enzyme (82)

Enzymes

O g49 ZFHI(6 groupllt =0Hol= BS99 HEHE=D
A0 gYS F= QUS2S FAWNW

1. ¢d g 4 (holoenzyme)

2. X8 4 (coenzyme)

3. B4 & (prosthetic group)

4. &322 (Active site)

5. @43} oY X|(activation energy)

6. 49 duksd EA(AGH)

7. A HEAE & A (allosteric enzyme)

8. &% & A (isoenzyme)

9. Km value(Km %)

10. ") &l 2] 2~ -l &l 2] (Michaelis—-Menten equation)
Key 11. Lock and key model and Induced-fit model
words (ot A=4] Lt FeAe 2d)

12. Concerted model and Sequential model

(FeLdy) w24 2d)
13. 249 A4 " XE= oA
14. 5o AAAA
15. &4 Ao nA= AafAe A3

16. AFA g4=(turnover number]

pol

17. 49U (zymogen)

18. Enzyme-linked immunosorbent assay(ELISA)

(E2Z0] BESo A HzIe} BEF A I3
20. Ribozyme (2% XI2!) : RNA enzyme

19. The role of cofactors and coenzyme in enzyme catalysis
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1. Introduction to enzymes
1) L. Pasteur (1860%3)
% alcohol fermentation : 24

* starch —»——>——>— ethanol

* living cell Woll AR &40 A&

2) E. Buchner (1897:3)
* yeast cell free extract = 23
* AL S i
3) J. Summer (1926%3)

* urease o AAzlo] Ay, =iy € AA
4) J. B. S. Haldane : enzymes®| 2= #| &9 =85 7<%
2. 240 AU HF
1) 24 AAdeA Fd5 = d3o HMAEM SIIE.
2) AYSIHOZT JhsT IS E FON O, WTO S0IMS v
3) 8A9 HISESTE= pH, 2%, XO0HHl activator, HISMAE 5o oA IS
4) Ghv 732 A9A71, heatingell &JslA Sl A E S AFA(HA)SH
5) Tat oful HISO| KegEEAR) U AGIKIRUNIUXIE W2 + git
6) BEhe WEEEo] JEFs T A5t Aol oA FH-g-Hrt
7) &= activation energy(Ed%t NIUXNE RF0UF=E d&= I
B ot N0 WHNE YS TX S1 WSATO Y Fuh
E+S<oES<E+P
9 B Zas T oY 71de wrEs FHufgich
ex) ATP + glucose — ADP + glucose-6-phosphate
hexokinase

O A3 ol A (activation energy) :
AqUA FHe RHelA S F&

© #Ho] AH (transition state) :
3HA|

O &AZv|uh-g-(enzyme-catalyzed reaction)9]

23R A dofdt.
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Transition state (%)

Free energy, G

Reaction coordinate

Fig. 22 Sviutes WS 9SS Blud ez

3. 249 HH3 EF (Nomenclature and classification of enzyme)
1] 8471 £ ol= HS0 CloiM EFELE
@D substrate + ase (FW|AF) @ urease, proteinase
@ substrate + chemical procedure + ase : alcohol dehydrogenase
@) source + substrate + chemical procedure + ase :
ex) Rabbit muscle alcohol dehydrogenase

2] @AF A9 ERMIE HAIELL
: 71’58 (a systematic name) Zv] 3= WSS <l o
ex) Glucose + ATP ———— glucose-6-phosphate + ADP
[glucose phophotransferase]
i7" % (Classification number) : 2.7.1.1
- first digit (2), denotes the class name (transferase)
- second digit (7), subclass (phosphotransferase)
- third digit (1), phosphotransferases with a hydroxyl group
as acceptor

- fourth digit (1), glucose as the phosphate-group acceptor

O =M Agjst At [|UB, International Union of Biochemistryl
S48 LS gt vHE et 6 class® Ural 7 §4E 159
Ao wat v A2 " 1253 code numberE 7HA =& 3o}

@ Ae-glg Aoxidoreductase) - MXIC|(H atoms) M&
- subclass : dehydrogenase(2xA84), oxidase(4ts} g 4), reductase(3Hd §4)
oxygenase(AH2~ 3} € 42), peroxidase(#4+sl & 42), hydroxylase(5-4Fst & 4)
@ dMggLltransferasel : £2J|(functional group] M2
- ¥4 87| : amino”|, carboxyl”], carbonyl”], methyl”], ¢14+7], acyl”]
- subclass : carboxylase(7} 2523} & 4), transmethylase(W 8 7] A o] & 4)
transaminase(OHO| ‘I | M E& 4 )
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@ IS A(hydrolase) : 9 HIL0| gt gtetEeo| HHE =l 1=
- subclass : esterase, phosphatase(212 20 E A ), peptidase
@ ZogLllvase) : OIZZE0 =719 It HS,
2-g71e] A A g o]FAF FA wE
ex) H.O, CO,, NH3 A A or H7}
- subclass : decarboxylase, dehydratase(&+24), deaminase(&0H0| =2 4)
© Old&ot=zAlisomerase) - 0IFEES HSI| f{ol SXHHOIAMC ZE19] 0|
- subclass : epimerase, mutase(AF&] %7 & 4)
© HB@A(ligase) : & JIEEXL ALOI0 2=tASS =lHol= 24
- synthetase, carboxylase, DNA ligase

TABLE 6-3 International Classification of Enzymes

No. Class Type of reaction catalyzed
1 Oxidoreductases Transfer of electrons (hydride ions or H atoms)
2 Transferases Group transfer reactions
3 Hydrolases Hydrolysis reactions (transfer of functional groups to water)
4 Lyases Addition of groups to double bonds, or formation of double
bonds by removal of groups
5 Isomerases Transfer of groups within molecules to yield isomeric forms
6 Ligases Formation of C—C, C—S, C—O0, and C—N bonds by condensation

reactions coupled to ATP cleavage

Note: Most enzymes catalyze the transfer of electrons, atoms, or functional groups. They are therefore classified, given code numbers,
and assigned names according to the type of transfer reaction, the group donor, and the group acceptor.

4. 2240 MY A
: AI¥93 — salt I A — lon exchange chromatography —
Gel filtration — Affinity chromatography — XMJ|¥S

Break cells

| = centrifuge

pellet supernatant
[Salt precipitation) | < add ammonium sulfate
centrifuge
|
| |
pellet(&.4>) supernatant

l
lon exchange chromatography

|
Gel filtration

l

Affinity chromatography — Purified enzyme (M)|HSOF =t0l])

O Purified enzyme (BHE 24)
. kinetics, cofactor, active site, structure, action mechanism 52 47+



0. @20 B0 S UIXl= 2AX

»71AFE, 2%, pH, A& A, 93 A&, cofactor (coenzyme, metal)
1) Substrate concentration DIZsEl= 84 FHMHWSO S50 JEE2 =0
@ JIEL 84 A9 £ model
- 7142 a4 active sitelll A&t
* Lock-and key model (219} XS4 JHA)
- BAAFEY ARG VEA Aol 1Y FAMS S TEXITh
+ Induced—fit model (REXEIIA) : J|R0] BSOIH 40| AX)} WY

Substrate Substrate m
+ _

Act|ve
site

ES complex ES complex
Enzyme Enzyme
Fig. Lock and key model of Induced-fit model of
enzyme-substrate binding enzyme-substrate binding

©® aAHI2=%(enzyme kKineticsl= XJ| JIAsE0 o=

Initial velocity, V, (um/min)

Km
Substrate concentration, [S] (mm)

Fig. JIZSX0l TSt x| £E9] 9JEY

® JIZSEQ SAUSKT A0 ZSHA AL AL

O 0O|olY el A-HEIAMichalis—-Menten equation) :
- g HE-&- 4 (enzyme kinetics)S A ™ ko)

22 24
v [S] Vmax [S]
= orV= ——
Vmax Km + [S] Km + [S]
\% . velocity of enzyme reaction( & AHF-S-45 %)

Vmax @ maximum velocity (3 < %)

[S] . substrate conc.(mole/L)



Vmax [S]

V =
Km + [S]
© Michaelis -Menten equation (017t 2] A-HIHIA])
[S] > Km ©o|¥ V = Vmax
[S] = Km o]¥ V = 3Vmax
[S] > Km °]¥ Zero order
[S] < Km °]¥ First order

O Km A : ¥rg&%7

O Lineweaver-Burk Plot (g¢lginl-vj=2 2])
(The Double-Reciprocal Plot, 0|5-%% & H)
1 Km + [S]
V  Vmax [S]

1 Km 1 . 1
A% Vmax [S] Vmax

(ST 1 (1
Km [S] \mm

2) 2490 Ed2 pHOjl 2ote Zgs W=l
- Enzyme &4 A7t I& XA pHE 7HXx2 o
- w2 A (protein denaturation) : loss of enzyme activity
- pHE &4, 7|14, 84-7] 453 A (ES-complex)d] FIFS Fo+
- pHE ®49 active site (carboxyl, imidazole, ~-SH”])el| 4&S =t}

=

l
O 2Adstxte el Ade deel 74
@ 'l 71 2%
© A=l et 7129 el #o



log V,
log V,

2 4 6 6 8 10
pH pH
(a) Pepsin (b) Glucose 6-phosphatase

Fig. The pH activity profiles of two enzymes

o
o

= gk (Effect of temp.)
- -z o] AW A (protein thermal denaturation)

o
= 0] Z(collision theory), transition state 5o &2 2>E9} WH3E 99

=
-
aAE AT

4) Effect of cofactor
- coenzyme group - loosely bond to protein
- prothetic group : tightly bond to protein
- metal ion : Na, K, Mg, Mn, Cu, Fe

TABLE 6-2 Some Coenzymes That Serve as Transient Carriers of Specific Atoms or Functional Groups

Coenzyme Examples of chemical groups transferred Dietary precursor in mammals
Biocytin Co, Biotin
Coenzyme A Acyl groups Pantothenic acid and other compounds
5’-Deoxyadenosylcobalamin H atoms and alkyl groups Vitamin B,

(coenzyme B, ,)
Flavin adenine dinucleotide Electrons Riboflavin (vitamin B,)
Lipoate Electrons and acyl groups Not required in diet
Nicotinamide adenine dinucleotide Hydride ion (:H™) Nicotinic acid (niacin)
Pyridoxal phosphate Amino groups Pyridoxine (vitamin By)
Tetrahydrofolate One-carbon groups Folate
Thiamine pyrophosphate Aldehydes Thiamine (vitamin B,)

Note: The structures and modes of action of these coenzymes are described in Part II.

5) Effect of inhibitor(* 3} A & 3})
@D Competitive inhibition (72 # 3l)
- N2 FEHORE FASY &4 Y active sited] 7| A} HA A
Aoz dojuhEs A3
- JIES ¥2 BIIINY HE =5  ex) succinate dehydrogenase
- Km Xl 371, Vmax E4




(a) Competitive inhibition 1_ (% )

E+S = ES >E+P

- 8lo 3

@ Uncompetitive inhibition(F74 &2 A3, &4 A2 #3))

. No inhibitor

L
is1 \mm
- FAAA Asl= A A 7F free enzyme ©]Y free substrateo] = #H&

X3otal ES complexE WE $o I 7} 23 Aelst= I H
- Km X| 24, Vmax Z4

(b) Uncompetitive inhibition

E+S=—ES—E+P

@ mixed inhibition(Zg& A &, v]74 44 A 3l)
- 349 turnover number & 7
- 249 &3t A g 71de] 4 3
- 249 ZAVE BgA g H e Adtets 9=
- Km x| =, Vmax &4

a -,

(c) Mixed inhibition Vlo = (aKm) 51 * 7o

E+S =—ES —E+P
+

. GG 1 / i
feol o 7

No inhibitor
G L

1
* Mixed inhibitor & T2 Ta&EAH ©ol&2 F= enzyme protein®] SH group
S Astsle] duldo] G5 WA o 2 AF|2E-




6. ©H71 A ¥rg 9o wk$<4& % [Biochemistry, Leninger]

1) Ordered & random mechanism :
- A E] FElE7] ol BE 7]-o] Zaef FUhEE WS
- 34 Y both substrate”’} ternary complexE 743
ex) Order mechanism : alcohol dehydrogenase
ex) Random mechanism : glycogen phosphorylase (28] 2417114k Hal g 4)

2) Ping pong mechanism :
- BE 7|do] g4t wkEEty] Mol st ol e AAdEC s4AE FH
e A
D 714 &A)3+= functional groups &40 49 — E’
@ E' Wsld a4
@ 714 (Sy)°ll functional groups A&

@ regenerated &4

(a) Enzyme reaction involving a ternary complex

Random order
ES,

Z N

E ES;S; —— E + P, + P,
‘\ ESZ/

Ordered S,

E+S; — ES; = ES;S, ——> E+P, +P,

(b) Enzyme reaction in which no ternary complex

is formed
P, S,
E+S — ES; — EP, =2 E'==F'S,— > E+P,
Mg - ATP )
CH,OH CH,0PO?%"
(o) Mg - ADP 0.
H /4 OH H /4 OH
OH H N OH H
HO H hexokinase HO H
H OH H OH
B-p-Glucose Glucose 6-phosphate

7. AIGl 84X X3

1) Allosteric £& (OHEXIZ MY XE)

Multienzyme systemo]*] end product”} ©] ¥rg =412l Wi g F& AL
W7k &9 specific inhibition 9 & = A97F o oyl FEH O AdE
feedback inhibition, end product inhibition®]2} 3}l end productel] 2]3fA A 3l
= 54% allosteric enzyme (OHE Xie] UM B Aol st AW thatx
de] F83% 7&Kt




ex) A9 B—-C—D—
Ei o E 4

bSubstrate
}:I C R i @ Positive modulator

Less-active enzyme

-®(-®
4
[>} c / R @
More-active enzyme
[> C R Active
enzyme-substrate
complex

Fig. QMICHEXIR] BAC| ATHY A0 ASISI SMIXIY BAKIC MBS
O In many pathways a regulated step is catalyzed by an allosteric enzymes
(B2 WAIEZOIM TRE= AUODERR A0 ZWASS W=y

@ Concerted model(@s® TH)
« ghlgo] 7| A7 7stA AFe el Rirelaxed) %9k 71 do] A3
o7 oFaA A T(tout) %2 F FHZ 7M1
* BE 299AY FZ27F FA O A3
« J|& B EXPJF et A& M 201 5 B JIEEIDL OE &
AN B80l= AS FLTH. [corporative)

@ Segquential model (=X1d 2H)
x J|&RIABo] THH A RIHE Fx27 W3S Hb
x« 7]do]l gho Agtd w B £ JdE F=

T - 99
4 Y ~— p < <
I [
1 ¥ Jv)
(@)  Ta R e

Fig. &x 7 dALELY =F.
(a) d83EY, (b) cAHEF
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2] Covalent modification (

* Be 2HELSS

a. = O

@ ClXHPhosphorylation) : <14

LD

w2
Covalent modification (target residues)
Phosphorylation
(Tyr, Ser, Thr, His)
ATP ADP (")
Enz Enz—ll’—O'
o
@ adenylation : Tyr
Covalent modification (target residues)
Adenylylation
(Tyr)
ATP PP c">
Enz Enz—l|>—0—CH2
o
H
OH OH
@ methylation (HIE2] : glu
Covalent modification (target residues)
Methylation
(Glu)
S-adenosyl- S-adenosyl-
methionine homocysteine
Enz ™ Enz—CHj;
@ ADP-ribosylation : Arg, Gln, Cys
3) A2 ZH(genetic control)
D T A %=(enzyme induction) :
A A dojubs tARY] Q7o whgste] EATE AAbE =
@ A & (repression reaction)

4) ¥ 3} (compartmentation)
- giAtell A A Zs8 ot

ex) 94 ¢ AEAEHTAE, o5
B3

3 ¢ mEZE=oH(mr]A £3),

organelle(47] %

= ol A dojttt

S

citrate cycle, ®|E}AF3}
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8. @40 HH
* Enzyme : protein 7Fo. 2 A4S 7MA= &4 (42338 h)
+ Holoenzyme(&2MEA) @ @ do] F&Hol2olt} coenzyme?t AF3te] &
of & 7= 2Aa(Gks 3 2 4)
- Protein (inactive) : apoenzyme (apoprotein)
- Cofactor (metal ion : Fe, Mg, Mn, Zn)
- Coenzyme (organic molecule) : 5<% vit B complex (loosely bond)

Toe
4
il

Table. Some enzymes containing or requiring inorganic element
as cofactors
Fe® or Fe * | Cytochrome oxidase, Catalase, Peroxidase
Cu™ Cytochrome oxidase
Zn* Carbonic anhydrase, alcohol dehydrogenase
Ma** Hexokinase, Glucose-6-phosphatase, Pyruvate kinase
Mn?** Arginase, Ribonucleotide reductase
K’ Pyruvate kinase
Ni** Urease
Mo Dinitrogenase
Se Glutathione peroxidase

TABLE 6-2 Some Coenzymes That Serve as Transient Carriers of Specific Atoms or Functional Groups

Coenzyme Examples of chemical groups transferred Dietary precursor in mammals
Biocytin Co, Biotin
Coenzyme A Acyl groups Pantothenic acid and other compounds
5’-Deoxyadenosylcobalamin H atoms and alkyl groups Vitamin B, ,

(coenzyme B,,)
Flavin adenine dinucleotide Electrons Riboflavin (vitamin B,)
Lipoate Electrons and acyl groups Not required in diet
Nicotinamide adenine dinucleotide Hydride ion (:H™) Nicotinic acid (niacin)
Pyridoxal phosphate Amino groups Pyridoxine (vitamin Bg)
Tetrahydrofolate One-carbon groups Folate
Thiamine pyrophosphate Aldehydes Thiamine (vitamin B,)

Note: The structures and modes of action of these coenzymes are described in Part Il.

9. 249 0|8
o] £4Ql Fob @ A $E&Eop o &
DIREERCE
- Glucose, =4 : a-amylase, glucoamylase
- X% AH A . pectinase
- ®%, 7H : protease, amylase
— Cheese : renin
- A} & : cellulase, hemicellulase

,12,



2) 9st4 ol &
- 42 3%}A : amylase, protease, lipase &
- W] g dAFo 54 i A4S S HES A
- 24AE AR A=
ex) Streptokinase(TH¥] & 7}4E3] 3 4)
F A4S #3l(plasminogen—plasmin)
ex) asparaginase : & X &A= A&

2]
Zall 434 =7} : chitinase 5 ©]&

7]

: Enzymes LA AA=Z (7] 22 bead)oll AZAIZ A

21
- AA}E AT HA ??i’%“’”oﬂ*ﬂ ﬂﬂ AAL 7 At

2) Sucrose gradient centrifuge (sucrose ®=H] A &)
* Sucrose 5% 7 - 25%
* AGAF(S) 1 BA A9

=
—
BAe] 7], wof, A P4

3) SHEA (Isoenzyme, isozyme)
e AT EAST RE WEEe Fulsh @ mael 2 ol
ex) Lactic dehydrogenase (LDH : 5ea)
M-form : ¥4, H-form : A%

4) Turnover number (3]
- 834 1 molo] 1 # &t A== A&7+ 7129 mol

- QM= FHMH% IS UEHHLL

5) Enzyme-Linked Immunosorbent Assay (ELISA)
- B3k8 EFEAA nano grame] WA Fe Pe AES AP 5 Ak
- antibody & o] €3le] gwld 59 Akl g

,13,



6) Prosthetic group (B2 &)
- HEAAZE 40 gas] gdws] Zd3Eo] g4 45 Y431A oY
st EEs 4 9le X8A ex) Biotin

O

7] Ribozyme (212 XI2!) : RNA enzyme
- S FA S 7FA 3L 3l= RNA
ex) Ribonuclease p (¢F® 2 subunit, ¥4} %(14,000), RNA(377bp)
71% : B]1EA tRNA — 443k (RNA

8] EAJIEFTHIOl 0IAM(ES-complex)
- 27FA 71 A Aol A A SEAo hEAHQ A = AERY Y 7HA9
AR NsEr= Abs

- 71A-g AAtole] ¢ksl Adlo] PAyH oy 7] AL e &) 3 (desolvation) S

7hA 2

H

9) Zymogen(8A ¥, XI0IT
- oA TR 24 «4 proenzyme 3 Ef
- EEA @iE JhEs] 84 (Zymogen)o] $AES 1 mAY HAA QL
vy gz HEH AXE Bid =u

=

ex) pepsinogen, trypsinogen ‘s

Chymotrypsinogen Trypsinogen
(inactive) (inactive)
1 245 ‘} ? ?
Val-(Asp),-Lys-lle-
. enteropeptidase
trypsin
Val-(Asp)4-Lys
7-Chymotrypsin Trypsin
(active) (active)
1 115 1|6 245 7 245
Arglle lle
m-chymotrypsin
(autolysis)
Ser14-Arg'5

+ Thr147-Asn148

a-Chymotrypsin

(active)
1 1]3 1|6 14Ir6 119 245
Leulle Tyr Ala
A B C

Fig. Activation of zymogens by proteolytic cleavages

(Bad Ao o3 xade] B
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