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ENZYMOLOGIE

Katalyza - Berzelius 1838




AGy

E+S

E+ST

E+P

EP

Reaction coordinate




Pozadavky na biokatalvzatory :

A. Reakce musi probihat cilene.

/ konstitutivni
T~ inducibilni




Bio- versus chemokatalyzatory
L

* VySSi reakcni rychlosti

* Mirnejsi podminky




N2 + 3H2 —> 2NH3

Haber-Boschova syntesa Nitrogenasa
Fe 450 °C 20 MPa pH 7 normalni tlak a teplota ATP




Bio- versus chemokatalyzatory
L

Vyssi reakeni rychlosti
Mirngjsi podminky
Vyssi specifita — typ reakce a typ substratu

Schopnost regulace




Bio- versus chemokatalyzatory

Citlivost vuci rade vlivu a mensi stabilita




Biokatalyzatory

* Globularni bilkoviny — enzymy

 RNA —ribozymy Cech Altmann NC1986




Enzymy — molekularni stroje

Rychlostni konstanta :

> Bez katalyzy - 0,23 s

> Pt - 1,3.103s
»Enzym - katalasa - 3,7.107s
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Enzymy — molekularni stroje

Katalasa

)" 4
) 4

islo premeny 40 000 000 )]

1 molekula enzymu premeni
40 000 000 molekul substratu za 1 s




Typy reakci

jednoduché slozité
- Katalasa  DNA polymerasa

triphosphate

| ‘ v V @>® (error)




Historie [!Olll‘ci[li EllZVlllﬁ Pocatky biochemie — fermentace a traveni
1878 - KUHNEN-ENZYM- En Zyme - v kvasuicich
1860 - PASTEUR - vis vitalis - zivotni stla v kvasinkach

LIEBIG - fermenty - chemicke latky
1897 - BUCHNER - extrakt kvasinek katalyzuje kvaseni
196 - SUMNER- bilkovinna povaha enzymu - ureasa




Enzymologie :

o studium struktury enzymu

studium kinetiky enzymovych reakci

studium reakenich mechanismu

studium forem a lokalizace enzymu

studium vztahu enzymu k patologii organismu

prakticke vyuziti enzymu

o piiprava a studium umelych enzymu




Nazvoslovi

1. trivialni - trypsin, pepsin, ptyalin

2. nazev substratu + asa - lipasa, amylasa

reakce + asa - oxidasa, hydrolasa

3. substrat + reakce - alkoholdelydrogenasa

substrat; + substrat, + reakce - alkohol: NAD-oxidoreduktasa

INTRODUCTION

The isocitrate dehydrogenase (ICDH) [isocitrate-NAD(P)™ oxidoreduc-

tase (decarboxylating), EC 1.1.1.42] catalyses the oxidative decarboxylation




- dSd

Nazvoslovi

Jednotné v cele praci !

- aza




Enzvmova nomenklatura

[UB 1961 - nejnovejsi 1984

1. OXIDOREDUKTASY oxidacné redukéni reakce

- alkoholdehydrogenasa

2. TRANSFERASY prenos skupin

- aspartataminotransferasa

3. HYDROLASA hydrolytické stépeni (+ H,0)

proteasy




4. LYASY - nehydrolytické stépeni (bez H,0)

- karbonatanhydrasa

5. [IZOMERASY - presuny atomu a skupin

_ glukosafosfatizomerasa

6. LIGASY - vznik vazby za soucasného

rozkladu ATP

- asparaginsynthetasa




1. Owidoreduktazy

2 Transferazy

3, Hydrolazy

4, Lyazy

. lzomerazy

b, Ligazy

Aedt By —_— Aot By

AR +C = A +B

AB +H0 —= AH +B-OH

H — A===B +HY
XYy X
4 T s
APBTD = AB+ADP+F

Synthasy

Syntethasy




Tahle 5.2
An example of each class of enzyme

1. Oxidoreductases

NADY NADH +H'

CH;—CHCOO™ LZ CH,;CCOO~
OH NAD* NADH +H* o
Lactate Pyruvate

Common name: Lactate dehydrogenase
Official name: L-Lactate:NAD™ oxidoreductase
Official number: 1.1.2.3

2. Transferases

(dNMP), + dNTP = (dNMP), ;| + PP;

(dNMP),, = DNA with » nucleotides

dNTP = deoxynucleoside triphosphate

(dANMP),, . = DNA with n + 1 nucleotides

PP; = Pyrophosphate

Common name: DNA polymerase

Official name: Deoxynucleoside triphosphate:DNA deoxynucleotidyltransferase (DNA-directed)
Official number: 2.7.7.7

3. Hydrolases
O

|| + +
H,C—C—O—CH,—CH,—N(CH,); + H,0 — CH;C—O0~ + (|3H2—CH2—N(CH3}3

OH
Acetylcholine Acetate Choline

Common name: Acetylcholinesterase
Official name: Acetylcholine acetylhydrolase
Official number: 3.1.1.7
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Table 5.2
An example of each class of enzyme

4. Lyases

C02 + HQO : H2C03

Carbonic acid

Common name: Carbonic anhydrase
Official name: Carbonate hydrolyase
Official number: 4.2.1.1

5. Isomerases

(|:H20Po§“ CH,0PO3™

c|:=o — (|:HOH
CH,OH C—=0

&
H
Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate

Common name: Triose phosphate isomerase
Official name: D-Glyceraldehyde-3-phosphate ketoisomerase

Official number: 5.3.1.1

6. Ligases

ATP
CH3(|T“—COO' + 00y —— ‘ooc—CHzﬁcc)o*
o) o)

Pyruvate

Oxaloacetate

Common name: Pyruvate carboxylase
Official name: Pyruvate CO, ligase (ADP-forming)
Official number: 6.4.1.1

Table 5-2 part 2 Concepts in Biochemistry, 3/e
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ECLLLLT
Enzyme Commission
Ttida - oxidoreduktasy ——

Podtida - skupina CHOH

Podpodtrida -koenzym NAD

A

('1slo enzymu




ENZYME
NOMENCLATURE

Recommendalions [1992]
of the Nomenclature Commitiee
of the International Union of Biochemisiry
ond Molecular Biology
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Enzymy — stanoveni koncentrace

Escherichia coli Homo sapiens

3 000 bilkovin 25 000 bilkovin

Koncentrace < Katalyticka aktivita

i
Substrat o Produkt




Stanoveni aktivity enzymu

Bliochemie
Molekularni biologie

Klinicka diagnostika
Farmakologie — vyvoj leclv
Biotechnologické procesy
Bioanalyticka chemie




Metody pouzivané pro

stanoveni aktivity enzymu

Spektrofotometricke
Spektrofluorimetrické
Elektrochemicke
Radiochemickeé
Separacni — HPLC, GC, CE




Enzyme Assays
R.Eisenthal and M.J. Danson

Enzyme Assays




HPLC in Enzymatic Analysis
E.F. Rossomando

Analysis




Vvijadrovani aktivity enzymu :

e smluvené jednotky

¢ [U - International Unit - mezinarodni jednotka (IUB 1961)

- pocet mikromolu preménéného substratu za minutu

mikrokatal (pkat) = 10-¢ kat

¢ hat-hatal (VB 1970 0t 0

- pocet molu preménéného substratu za sekundu

11U =1 pmol/min =1/60 ymol/s = 1/60 pkat = 16,67 nkat
Specificka aktivita - aktivita vztazena na mg bilkoviny

Cislo premény - pocet molu substratu preménénych molem

enzymu za jednu sekundu




STRUKTURA ENZYMU

jednoduche
ENZYMY

slozené 60 %

KOFAKTOR + APOENZYM — HOLOENZYM

prosteticka skupina - kovalentni vazba

ORGANICKA LATKA <

koenzvm - disociabilni




Kofaktor - kovovy ion nebo organicka latka

METALOENZYMY
kovovy ion enzym
Zn™" alkoholdehydrogenasa
alkalicka fosfatasa
karbonatanhydrasa
Mg fosfohydrolasy
fosfotransferasy
Mn®* arginasa
Fe’, Fe'™* cytochromy
peroxidasa
katalasa
Cu”, Cu' tyrosinasa
diaminoxidasa




Table 6.2
Enzymes requiring metal ions as cofactors

Enzyme

Metal Ion

Catalase, peroxidase, aconitase, and cytochrome oxidase

Alcohol dehydrogenase, carboxypeptidase A,
carboxypeptidase B,and DNA polymerase

Cytochrome oxidase, lysyl oxidase, ascorbate oxidase,
and superoxide dismutase

Hexokinase and glucose-6-phosphatase
Arginase

Pyruvate kinase

Urease

Nitrate reductase

Carbonic anhydrase

Table 6-2 Concepts in Biochemistry, 3/e
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Regenerace kofaktoru

1. Prosteticka skupina se regeneruje na téze enzymove hilkovine ;

2. Koenzym se odstépi napoji se na jiny apoenzym a regeneruje se
V jine enzymove reakci :
ADH

alkohol +NAD" — aldehyd + NADH

Dychaci retézec




KOFAKTORY

A VITAMINY

Vitamin

Kofaktor

Funkce

roZpusine ve vode

thiamin - B,

riboflavin - B»

k.nikotinova(nikotinamid)

k.pantothenova
k.listova
pyridoxin - Bg
kobalamin - B;»
k.askorbova - C
biotin - H

k. lipoova

thiamindifosfat TPP
FMN, FAD
NAD", NADP
CoA
k.listova
pyridoxalfosfat
kobalamin
k.askorbova
biotin

k. lipoova

prenos (reakce)
aldehvdicke s.
H
H

acylove s.
C,; skupin
aminoskupiny
izomerace
hyvdroxylace
COOH
H

rozpustne v tucich

karotenoidy - A
kalciferoly - D
tokoferoly - E

maftochinony - A

proces vidéni
metabolismus Ca
antioxidans

srazeni krve




Vitamin C

obratlovci

UDP-D-glukoza

1

UDP-D-glukuronova Kyselina

{

D-glukKuronova Kyselina

Y

[-gulonova Kyselina

Y

I-gulonolakton

rostliny

D-glukoza-6-fosfat

Y

D-fruktdza-1-fosfat

Y

D-mandza-t-fosfat

Y

GDP-D-mand=za

GDP-L-galaktoza

Y

I -galaktoza-1-fosfat

Y

[ -galaktoza

Y

I -galaktonova Kyselina

Y

I -galaktonolakton

absence L-gulonolaktonoxidasové aktivity >\ /

Kyselina L-askorbova




Tahle 6.1
Characteristics of vitamins and coenzymes

Vitaminy rozpustné ve vodé

Name/Structure of Vitamin Related Coenzyme Reaction type (page numbers®) Deficiency Disease
INiacin Kyselina nikotinova B, NAD*, NADP* Oxidation—reduction Pellagra
0 9?51.524; '
| N “Son
N/
Riboflavin (vitamin B2) FAD, FMN Oxidation-reduction Growth retardation
H HH (pp. 485-494, 515-524)

O 0 O
CH,—C—C—C—CH,0H
| H H H
HiC
NH
H,C N E’

Thiamine (vitamin By)

CH;
NH, [

CH, ,C=C—CH,CH,0H

N7 I N\\ |
H, C/L\\ C—S

l
H
F’antothenic acid (vitamin q

0] III CH;

|
HO,C—CH,—CH,—N— —(lj—(lj—CHZOH
OH CH;

Table 6-1 part 1 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

Thiamine pyrophosphate

Decarboxylation

Coenzyme A

T46%; )

Acyl group activation I

and transfer (pp.440-441,
485-494,563-571)

Beriberi

Dermatitis (chickens)




Biotinylated enzymes

Biotin

=0

I
g
H]TI II'QH
HC—CH

H,C C—(CH,),COOH

\S/ \H

Pyridoxal phosphate

Pyridoxine (vitamin BG! I

CH,0H
HO._A\_CH,;0H

+
Hj

Tetrahydrofolate

Folic acid

H,N__ |C¢1~1\C,1~{‘,%(I:H 0
N\C,&Nﬁc—cnz—m—@—c-(cm)ﬂ

bu

Attached to e-NH; group

__ofLysinprotein ___|

Il.ipoic acid (may not be a vitamin)

CH
CH, CH—(CH,)—COH

Table 6-1 part 2 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

tfzz activation and transfer

Amino group transfer
(pp. 605-606)

Transfer of one carbon unit
(pp. 600-601)

Iﬁcyl group activation l
Sag-a93)

Dermatitis (humans)

Dermatitis (rats):
neurological symptoms

Anemias

Growth deficiencies




Table 6.1 (continued)
Characteristics of vitamins and coenzymes

Name/Structure of Vitamin

Related Coenzyme

Reaction type (page numbers®)

Deficiency Disease

Water-Soluble Vitamins (continued)

Cobalamin (vitamin By;)

CH,0H
o. H
H H

H
O OH

N

N CH;
SIS &
ch—(lgH +N CH;

L-Absorbic acid (vitamin C)

OH
o H

I
(o) (lj—CHzOH
—( H

HO OH

5'-Deoxyadenosylcobalamin

1-Absorbic acid

Table 6-1 part 3 Concepts in Biochemistry, 3/e

© 2006 John Wiley & Sons

Methyl group transfer

BN LY A

HEro%lation I
(pp- 105-107, 493)

Pernicious anemia




Vitaminy rozpustné v tucich

Fat-Soluble Vitamins

trans-Retinol (vitamin A) Associated with visual (pp- 123-125,252) Night blindness,
) TH, H CH, pigment other effects
H,C CH, | I I | id&ni
C C (@ CH,O procesy viadeni
H, N\ T W ’
- 1o
2 H H H H
i, CHy
Cholecalciferol (vitamin D3) None (pp. 252, 582-584) Rickets
F;CL CH,UH,CH,CH(CH,), metabolismus Ca a P
H;C kfivice
l CH,
HO
Tocopherol (vitamin E) None (p.252) Reproductive and other
- problems in rats;
i cro L D ‘|3H3 ‘|3H3 uncertain in humans
RJ
(CH,),CH(CH,),CH(CH, ), CHCH;, o
_CH, antioxidant
HO CH,
R
several variants, with R, R", R"=H or CH;)
Phylloquinone (vitamin K;) None (pp- 252, 539-544) Problems in blood clotting
o]
CH; procesy srazeni krve
CH;CH=(I3—(CI-IZCH2CH2(|:H)3CH3
o

CH; CH3;

7 Page numbers listed here refer to page numbers in this book.

Table 6-1 part 4 Concepts in Biochemistry, 3/e
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NIKOTINAMIDOVE KOENZYMY

1906
k. nikotinova nikotinamid
W, .
7N Non g [
| .
\ N




Katalyticka

cast

OH OH

Vazebna
cast

Vazebna
cast




4 1[‘"““\H ("'““ sl
I +2[H] ____, enzymova
Ny N bilkovina

‘| ) H]

CHCHOH + NAD(P) = CHCHO + NAD(PH + H




Warburguv opticky test

260 300 340 il 420 460

A 340 nm




* Primé stanoveni

alkoholdehydrogenasa

+ A340 nm

ethanol + NADY

> acetaldehyd + NADH + H+

- A340nm




Katalyticka
cast

Energeticka role

Vazebna
cast

Biosynteticka role

Vazebna
cast




FLAVINOVE KOENZYMY

riboflavin

0  Katalyticka

~ N cast
H,C N HK’J\O

FMN

Vazebna
cast




Katalyticka
cast

FAD

Vazebna
cast




FAD (FMN) o

0
; 53
H3( T y

N\ 1]

A i

FADH, (FMNH,)

l
Hs(r IN i
HC N N/KO
]




FAD (FMN) FADH, (FMNH.,)

ol e ol

H
|
CH,
III.I'I'!.I‘ / ‘II I'I'Iﬂdr!f
+
H + ¢
H 0
I
CH, H._
. - NH
| |
.
CH, N rwla 0
I
CH, H




Wavelength (nm)




Q6

ubichinon

Q10




ferredoxiny
—Cvs—— “Cys—

| |

S /’SHF /5
Fe Ly

5;/ ~s/ S

—Cys— ~Cys—

hem

HC CH

-

€11
N ¢
HC N C

yy
'H

AW

glutathion
-2 [H

Fe?* — Fe3*

Fe?* — Fe3*




Al

P

R—0—P + (P—(P—Rib—Ade

. +
® +(@—[® +R-S—Rib—Ade

[
s b Ry
OH OH
R—OH R—COOH
4

R—0—P—(® + (P—Rib—Ade

0
|
B—® +R—C—0—P—Rib—Ade




aktivni sulfat NH,




biofn

|
1 (o)
N N 40 +ATP — M

-

Z_.S\“”COOH Z_&N\(OOH

) \




tetrahvdrolistova k.

?ODH

OH i

. A\IN“ (,‘H!-—NH@—(FNH—('?H
A J
HY NN

%| o
HQN@sf C0OH
NH,
methvlentetrahvdrolistova k. methenvltetrahvdrolistova k.
-CH,OH -CHO

‘|1
7 ‘ :\'fzﬂ2 N7 ‘ :\'*ch,
H2$N T Hl}')iy )

H H




thiamin

CH;-~CH,0H

CH-CH-0—B—®




koenzym A - Cod - CoASH

. TR 0 0
| (L LH0-2-0-1-0-CR

(CHCHNE HO (R 0
HS—CH—CH-VH

CoASH + RCOOH = CoAdTC




\

“?‘;-\_ f’*\CHs

/O

@*Hi(Ték,xOH '




cvtidindifosfat

(_"I-_I3

x

(—N—CH;

H,

CH3




Lyasy a ligasy - hez kofaktoru nebo jiz popsanym kofaktorem TPP
Hvdrolasy - bez kofaktoru

[zomerasy - vetsinou bez kofaktoru nebo kobalamin,




Enzymove bilkoviny

' Tonomerl

|lzoenzymy

* olgomern

0 mulfienzymove komplexy




Aktivai misto enzviny

kafalvticke ~ Kataiytioka triada

Aminokyseliny <vazebné
strukturnl







Fischer - 1894 - feorie o zamku a klici

substrat

Koshland - 1959 - feorie indukovaného prizprisobent




,Lock and key" model

Substrate

+ ?

- Active site

ES complex

Enzyme
Figure 5-9 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




JInduced fit* model

Substrate
_|_

ES complex

Enzyme

Figure 5-10 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




,Transition state” model

k= A B

Substrate

Enzyme ’ Step 1 !

ES complex
(transition state)

Products

Enzyme

Figure 5-11 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Aktivni misto

Efekt priblizeni — pfekryv orbitalu

Specifické mikroprostredi — pH, |,
hydrofobita atd

Dehydratace
Koncentracéni efekt - 10°
Vhodna orientace




Proximitni a orientacni

INTRAMOLEKULARNI REAKCE

F 7! o ) = o
SR Il il

, i ] & e f % -ﬂ %
TN M. + MHyO— L\—D—iﬁ. Lhﬂ! — WM. N+ HiO—O—0" + HO —-:l: — My + HY
i S i L 3

(a)

"'=|"-r

M, = A5 M=

{ &

L - ! % %.
! % ;F"ﬁ"«.,ﬁ'-'"':‘ C—Or =+ HOQ —l{f ot "R S

Ropg = B39 min !

INTERMOLEKULARNI REAKCE

Feacton Rate comst. Eatio
(e
L
HOIO
et -
OH | ﬁ- (W] “i
I | iz l |
--:ﬁl“"- i A gf’q"*-n =
|[ S T 1 i
oy gy
0
HCIOH A
e |I;|H \\I##t':H, ﬂd B :IJ W LCHy
L . - . J ., o i
T “r H“‘m, + 6 T HJJAI'II LAl 28x104
o, e
CH,




Aktivacni energie

v

Uvolnéna pri vazbée substratu na enzym




Mechanismus katalyzy

* Acidobazicka — Asp, Glu, His, Lys, Arg,
Cys, Ser, Tyr

Aminokyselina

Kyseld forma
(donor protoni)

Zasadita forma
(akceptor protoni)

. flu, Asp R - COOH R - COO
I Skupina pK Skupina pK Skupina pK
. |aCOOH| 18-25 |[pCOOH| 39 |yCOOH| 41

° I- o NH, 9-10 e NH, 10.8 guanidin 12.5
¢ | imidazol | 6.0 SH 8.3 OH 10.1

Tyr




Acidobazicka
kysele proteazy

H HY TO—H g
I
R—C—N R—CfN\
R’ R’
Step 1 +H,0 Step 2
O—H H
s
R_C|_N
+ R’
O
N
H/ H
|| Step 3
|| N ey M
i
OH é R’
N

Step 4 H

Figure 5-12 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Kovalentni
serinove proteazy

O O

m ” slow

Step 1: E—(Ser)—OH + RN—C—R’ —> E—(Ser)—O—CR’ + RNH,
\_I[I/‘ Covalent intermediate

I I

f.
Step 2: E— (Ser)—OCR’ + H,0 —> E—(Ser)—OH + R'C—OH

Unnumbered figure pg150 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Kovovymi ionty

Enzyme

Figure 5-13a Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Kovovymi ionty

Mn+ Mn+ Mn+
O> O ) '
R
|| | <
R—C—OR' =— R—(|:—OR’ — R—(lj—UO\ — R—C
OH, *+OH, on H

Figure 5-13b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

Cytc Cyta Cytc

.+ L, =
Fez+ Fe3+ Fe3+

Figure 5-13c Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Lysozym
EC 3.2.1.17 peptidoglykan N-acetylmuramoylhydrolase

Mukopeptid N-acetyimuramoylhydrolase,
@@@@‘@@@@@@@@@ Muramidase

@® ®@ 129 ®® g
(o) &9 o) (o
G O8N oo G & i
o5 ¢ . Gc;im-é : OH,OH l g , (;HQOH
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Speciita enzymove reakee
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Regulovatelnost

Studium vlivu ruznych chemickych a
fyzikalnich faktort na enzymové reakce

[EL [SL 1], pH, I, T

» Mechanismus reakce
e Stavba aktivnhiho mista
* Regulaci




Enzymové reakce

» Jednosubstratove A+ H,O—P
y = —M V — k[A]
dt
* Dvousubstratové A+B—->P+S
— d[A] __d[B]] — gl nl”
V=- " (— I v k[A] [B]

* Vicesubstratove A+B+...-P+S+...




ENZYMOVA KINETIKA
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L.eonor Michaelis
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b) zavislost pocatecni rychlosti na koncentraci substratu
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b) zavislost pocatecni rychlosti na koncentraci substratu
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Zdakladni model - Michaelis & Mentenova

k)
- E+P

Michaelis - Menton

Predpoklady:
—Z'Mﬁ'p'mml | [ES]. ¢ I"lif = k. [ES]
3. Koncentrace [S] je mnohem vyssi nez [E] AIES] . ,

4. Zpétnou reakci lze zanedbat?

QzZooC

Time

LE]
. [S] >> [EJT\




Odvozeni rovnice Michaelis Mentenové
k, K,
E + S <===>ES ===>P + E
K

1.Predpoklad — koncentrace [ES] se v ustaleném, stavu nemeéni M =
Vi =Vt Vs dt
ki [E[S] = k4 [ES] + k, [ES:

[El. = [E] + [ES] Ky ([Eliot - [ES][S] = k.4 [ES] + kj [ES]
[E] =|[El - [ES] ([Elw; - [ESNIS] = (k4 + ko k) [ES]
K (kg + kol ko) ([Eliot - [ES]S] = K, [ES]

[Elot [S] - [ES][S] = Ky, [ES]
[Elot [S] = Ky [ES] + [ES][S]
[Elot [S] = [ES] (K, + [S])

[ES] = [Elot [S] /(K + [S])




Odvozeni rovnice Michaelis Mentenoveé
Ky k;
E + S <===>ES ===>P + E
K4
2.Predpoklad — tvorba produktu je pfimo umeérna koncentraci [ES] Vo0 — k2| ES]

[ES] = [Eliot [S /Ky + [S])

[ES] =] vy/k, Vo/Ky = [Elio [S] /(K + [S])

Vo= Kz [Eliet [S] /Ky, + [S])

Vmax= k2 [E]tot VO= Vmax [S] /(Km + [S])

Vi [S]
°  K,+S]

Vv




Rovnice Michaelis Mentenove

LV

Km + [§]
v - pocatecni reakeni rychlost
V - maximalni (limitni) reakeni rychlost

Km - Michaelisova konstanta
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Reakcel radu
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Table 5.3

Ky values for some enzyme—substrate systems

Enzyme Substrate Ky (mM)
Catalase H>O, 0.001
Hexokinase from brain ATP 0.4
D-Glucose 0.05
D-Fructose 1.5
Carbonic anhydrase HCO3 9
Chymotrypsin Glycyltyrosinylglycine 108
N-Benzoyltyrosinamide 2.5
B-Galactosidase Lactose 4.0
Penicillinase Benzylpenicillin 0.050
Pyruvate carboxylase ATP 0.060
Pyruvate 0.40
HCO3 1.0
Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate 0.028
carboxylase (rubisco) CO;, 0.009
Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate 0.028
oxygenase (rubisco) O, 0.535

Table 5-3 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Table 5.4

Turnover numbers, k3, for some enzymes

Enzyme Substrate ks (sec™!)
Catalase H»,0O, 40,000,000
Carbonic anhydrase HCO3 400,000
Acetylcholinesterase Acetylcholine 25,000
Penicillinase Benzylpenicillin 2,000
Lactate dehydrogenase Lactate 1,000
Chymotrypsin Glycyltyrosinylglycine 100
DNA polymerase DNA 15
Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate + CO, 2.3
carboxylase
Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate + O, 2.4
oxygenase

Table 5-4 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Km 7?7

 Takova koncentrace substratu, ze reakce
pobéezi polovinou Vmax

[mol/dm?3]
» Je mirou afinity substratu k enzymu

* Nezavisi na koncentraci enzymu, zavisi na
prostredi T, |, pH, efektory atd.
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regulace

Srovnani enzymu

Stanoveni enzymove aktivity
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b) usporadany
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Pingpongovy
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Viivy pH
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Viiv teploty
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inhibitory
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Inaktivace Ser diisopropylfosfofluoridem (DIPF)
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¢ Reverzibilni inhibice E+§ — BES —> B+ P
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Inhibice SDH malonatem
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Akompetetivni inhibice

GLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE

o
¢ 3., , ofo
NH, . H_g:_ of * HO—H’O = HN | + H_i_OH
CH,OPi CH;OP

glyceraldehyde-3-Pi

**NAD **NADH 1,3-bisphosphoglycerate
(oxidized form) o (reduce d form)
_ |
INHIBITOR: HO—AéS-O ORDERED TRI Bl MECHANISM
H NAD* GAP  Pi 1,3-BPG  NADH
S Sz S3 P1 PZ

LIl 1
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Table 5.5
Kinetic characteristics of reversible inhibition

Effect of Inhibition“
Type of Inhibition Ky V max KV max (slope)
Competitive Higher Same Increase
Uncompetitive Lower Lower Same
Noncompetitive
* Pure Same Lower Increase
** Mixed Higher Lower Increase

“Compared to uninhibited reaction.

Table 5-5 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

*Inhibitor se vaze mimo vazebné misto (Kii = Kis = Ki)

**Inhibitor se vaze ¢astecné na i mimo vazebné misto (Kii#Kis)
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Regulace cinnosti enzymu

* Regulace kinetikou

» Regulace koncentrace enzymu

o Allostericka regulace MONOD 1963
» Regulace zpétnou vazhou

o Regulace kovalentn modifikaci

o Kompartmentace




Regulace kinetikou enzymu
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Regulace koncentraci enzymu
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The /lac Operon and its Control Elements
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Symetricky model
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Vazba O, na Hb

- MO — g cCH




Vazba O, na Hb




Mb + O, == MbO,

Hb versus Mb
Hb + O == Hb(0:)
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Bohruv effekt — vliv H* a CO,

Hb(O-) H, + O. == Hb(0.),., + xH

C(). + HHLO == H" + HCO




Bohruv effekt — vliv H* a CO,
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Bohruv effekt — vliv H* a CO,
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Bohruv effekt — vliv H* a CO,
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Regulace kovalentni modifikaci
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Regulace kovalentni modifikaci
glykogenfosforylasa
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faludek
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Regulace kovalentni modifikaci
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Regulace kovalentni modifikaci
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Regulace zpetnou vazbou
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o Kompartmentace

Regulace cinnosti enzymu




Umélé enzymy
l

Uprava prirodnich enzymu

Rizena evoluce versus Mistné cilena mutageneze

. Chemically produced DNA fragment
with modfied (mutated) DNA

code (T substituted for C)

.\\
.

B

A double-stranded DNA molecule is
g completed with the help of the enzyme
" DNA polymerase

Living cell

with mutated 1010 protein
code word with a d"w
amino acid




RACIONALNIDESIGN RIZENA EVOLUCE

1. Pocitacové modelovéni 1. neni aplikovano
fﬁ = pel
2. Mistné cilena mutageneze - 2. Nahodna mutageneze

0000000
00OT 0000
O 000C000

: : Knihovna mutovanych genu
Samostatny mutovany gen (>10,000 klon( )

3. Transformace 3. Transformace

4. Exprese proteinu 4. Exprese proteinu

5. Purifikace proteinu 5. neni aplikovéna

6. neni aplikovéan VYLE s ENY 6. Screaning a vybér
ENZYM '

Zkonstruovany mutantnienzym 7. Biochemické testovani Vybrané mutantni enzymy




Klotz, Scarpa - 1971
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Abzymy

Schultz, Lerner - 1986

Ab + Ag — AbAg

O

I
OQNOC—OCHg, Lt

H,0

(a)

o-

E+S—>ES —-E+P

Presumed tetrahedral
transition state

|
OQNOO—ﬁ—CH2CH2CH2CHQCOO_

O

Transition-state analog used as antigen
to prepare catalytic antibodies

Figure 6-11 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

(b)




Ribozymy — katalyticka RNA

1989 Nobelova cena

« Altman (Yale University) ribonukleasa P

* Cech (University of Colorado) mRNA




Ribonukleasa P (Altman

vSechny organismy

2T AU
zrani tRNA 5 Ty e
CC GA A
C-G c®®
UG U
U-A A
0+ C
5 end pppG - CAGGCCAGUAAAAAGCAUUACCC(G - C
Portion removed __[___] A
by RNase P G-C
G - Cs0
U-A
G-C
G-C
G-C 70
UG-CCUUCCU A
Ga L
oo AGCC]((,‘)U GAAGGU (; C
& GGG Cu
C A
CAAA G CC GL.IC -
-G Yy ."’¢G
30A-U CAUC
Active G-C 50
RNA AU
C A
Uu._ A
¢ A

Figure 6-12 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Autokatalyticka mRNA (Cech)

Tetrahymena thermophila

5" end gt
o Upstream
splicing o G O 3end
!
Step 1 OH 5" end
HQ—G
Downstream
— exon
3" end ¥ end
Step 2
5" end
5" end
Step 3 (G_ OH
\\ Spliced
+ / exons
G—OH o
3" end
L-191VS 19 nucleotides

RNA 3’ snd

Figure 6-13 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




DNAzymy (1994)

* Ronald R. Breaker (Yale University)

» Sté&peni RNA v pfitomnosti Pb2*




DNAzymy

« Katalyzuji napr. :
— DNA fosforylaci
— DNA adenylaci
— DNA deglykosylaci

— DNA stepeni




10-23 DNAzym

DNAzyme
Step 1
S
= = catalytic domain
g 3
E'Jx f )
Al e . .
mf) [l ] U I 171 [T 77 binding domains
mBANA
DMNAZyme
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mRNA
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Aptamery

Synteticky vytvoreneé :
* RNA oligonukleotidy

* ssDNA oligonukleotidy

* peptidy




Aptamery

Synteticky vytvoreneé molekuly schopné se
vazat na cilové molekuly :

* s vysokou afinitou

* s vysokou specifitou




Struktura aptameru proti hemaglutininu viru
chripky typu H5N1
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Aptamery versus protilatky

Vysoka stabillita
Jednoducha vyroba
Nizka imunogentita

Ruzné cilové molekuly




SELEX

Systematic Evolution of Ligands by EXponential
enrichment

Pocatecni
4 knihovna
[ QERRERERORER | Vybér vhodnych Cilova molekula
| s oligonukleootidu
s
| B
S A SRS

Vazba cilové molekuly

vyhodnoceni \\ CS s oligonukleotidy
\
\

:
\
r

Promyvaci krok

Amplifikace

\ Eluce /




Vyuziti enzymu

o bioanalyticka chemie - stanoveni substratu
- stanoveni inhibitoru
- nepiimé stanoveni
o lekarstvi
o prumyslové vyuziti
o prumyslové vyuziti - praci prostredky
- krmivarstvi
- potravinarstvi
- farmacie

o enzymova katalyza v organicke chemie




Vyuziti enzymu

» Celé bunky
« Extrakty z bunek

 Enzymy volné versus imobilizovanée




Vyuziti enzymu — celé bunky

Nejstarsi metody

Potravinarstvi

— Vyroba syru a jogurtu (Lactobacillus)

— Vyroba piva a vina (Saccharomyces cerevisiae)
— Vyroba octa (Saccharomyces cerevisiae)

Chemické vyroby
— Vyroba kyseliny citronové (Aspergillus niger)
— Vyroba antibiotik (plisné)
— Vyroba vitaminu, steroidu a aminokyselin
Tezke technologie
— Cisténi odpadnich vod
— Zpracovani rud




Rhodanasa (EC 2.8.1.1)
CN- + S,0;# - SCN- + S0O;%

Homo sapiens
Detoxikace kyanidu - otravy
- cigaretovy kour
- glykosinolaty Brassicacceae

Acidithiobacillus ferrooxidans
Biohydrometalurgie

Zivotni prostiedi




Vyuziti enzymu — isolované
enzymy

Sirok& paleta enzymovych preparat(

nvertasa — vyroba invertovaneho cukru
Proteasy, lipasy — praci prostredky

DNA-polymerasy, restrikCni endonukleasy, ligasy —
genove technologie

B-galaktosidasa — odstranovani laktosy z mléka

Dalsi mozna vyuziti:
— chemicke synthesy




+

Organicke syntezy

- specifita (stereospecifita)
- neextrémni podminky (ekonomika, ZP)

- mala stabilita

- nevodna prostredi

- omezena dostupnost (cena)
- regenerace




Volné versus imobilizované
enzymy

| |

( Vazba na nosic ] {Zachyceni (entrapment)}

I_I_| I_I_I

Opouzdieni

sorpci Kovalentni vazbou V matrici gelu :
(encapsulation)




Vyhody imobilizovanych enzymu
\ Stabilita enzymu vzrusta v imobilizovaném stavu

A Imobilizovane enzymy mohou byt pouzivany opakovane -
= = pokles nakladu

p |
\ ~/
~) N
~ 1
. <

Z |
\

]
pa V

Produkt reakce neni kontaminovan enzymem -
odpada potreba purifikace

Imobilizované enzymy mohou byt pouzity v kontinualnich procesech




Nejvyznamnejsi technicke aplikace
enzymu

Proteolyticke enzymy

« Biodetergenty (termostabilni, alkalické bakterialni
proteasy)

« Milékarensky prumysl (chymosin z telecich zaludku -
specificka proteolyza kapa-kaseinu = tvorba syreniny)

« Krmivarsky prumysl - vyroba technickych hydrolyzatu
bilkovin

« Masny prumysl - tenderizace (zmékcéeni) masa
(rostlinna proteasa papain)

« Pivovarnictvi - enzymove stabilizatory piva
(odstranovani chladovych zakalu)




Nejvyznamnejsi technicke aplikace
enzymu

Amylasy

a-amylasy = hydrolyza 1,4-a-glukosidickych
vazeb uvnitr polysacharidove molekuly

« Ztekucovani skrobu (nezbytné pfi nasledne
vyrobé glukosovych syrupu a glukosy)

« Soucast biodetergentu (odstranovani
skroboveho poijidla z textilnich vliaken)




Nejvyznamnejsi technicke aplikace
enzymu (glykosidasy)

B-amylasy - odstépuji maltosové jednotky z
neredukujiciho konce polysacharidoveho retezce

« Glukoamylasa - odstepuje glukosove jednotky od
neredukujiciho konce (zpracovani skrobu na Skrobove
sirupy; odbouravani zbytkovych dextrint v pivu - vysSi
stupen prokvaseni, diabetické pivo)

* |Invertasa = hydrolyza sacharosy na glukosu a fruktosu,
vyroba invertniho cukru

« [3-galaktosidasa - hydrolyza laktosy na glukosu a
galaktosu (vyroba delaktosovaneho miléka, mleko pro
vyrobu zmrzliny (zabraneni krystalizace laktosy)




Nejvyznamnejsi technicke aplikace
enzymu

glukosaisomerasa (xylosaisomerasa)

* Isomerace glukosy na fruktosu

 Vyroba fruktosovych sirupu (42 % - 55 %
fruktosy) z glukosovych sirupu (zejména z
kukuricnych a obilnich skrobu) = vysSSi
sladivost




Sacharidy ze skrobu

Upravy pH
- l

alkalicke

brambory

kukurice

kyselé

NaOH

!
[ékrob ]Q

pH 3.5-4.2 [ztekuceni’ ]

HCI

)

N\

alkalicke

NaOH

pH 6.0-6.2 [sacharifikace ] %

105 °C, 5-8 min

95 °C, 1-2 hod PH 4.2-4.5 [isomerisace} 1
60°C

H7.8 ;
36-48 / 96 hod P 42%
60°C fruktosa
Enzym:  q.amylasa glukoamylasa 0.3-3 hod

+ pullulanasa

glukosaisomerasa




Nejvyznamnejsi technicke aplikace
enzymu

Celulasy

Komplexni enzymovy systém katalyzujici
hydrolyzu celulosy

e Celulasa z Trichoderma viridae - odbourani
nativni celulosy

« Zpracovani celulosové suroviny (drevene
odpady, odpadni papir)

» Vyroba instantnich potravin (kava, ¢aj), digestiva
v kKrmnych smesich, zvyseni ucinnosti extrakce
Stav z rostlinnych materialu




Nejvyznamnejsi technicke aplikace
enzymu
Lipasy

* Biodetergenty

* Ovlivnéni chuti a vuné potravinarskych vyrobku
(syrarstvi !ll)

* Soucast digestivnich pripravku




Priklady lekarskych aplikaci
enzymu

Fibrinolyza (cilené rozpousteni krevnich
srazenin) > plasmin, streptokinasa,
urokinasa (aktivatory plasminogenu)

Cilena tvorba krevnich srazenin -
thrombin

Travici enzymy
Trypsin = Cisteni ran od hnisu
Lysozym > ocni kapky




Enzymy jako analyticka Cidla

» Specifita — reaguji pouze s danym
substratem

* Citlivost

* Analyza neprecistenym vzorku — télni
tekutiny




Analyticka biochemie

e Stanoveni substratu
e Stanoveni inhibitoru

« Stanoveni aktivity enzymu




End-point versus kineticke stanoveni

inkubace
—




-

Absorbance A

Reakce v roztoku

substrat + NAD(P)* — produkt + NAD(P)H + H*
substrat + NAD(P)H + H* — produkt + NAD(P)*

NADH

NAD

240 280 320 360 400

Wavelength

0.600 _
Start with Enzyme
L
A340
0.300 -
Measuring unit: AA
U 2 4 6 B8 10 12

min -

Vypocet latkového mnozstvi

substratu:
V -AA

nm

n =

€ vapm ” /




* Primé stanoveni

alkoholdehydrogenasa

ethanol + NADY

« Pomocna reakce

BP-D-glukosa-6-fosfat + NADP+

GePDH

> acetaldehyd + NADH + H+

H,C—O-P

o
-— o + NADPH + H*

glukonolakton-6-fosftat




|lzoenzymy LHD

HYDRAGEL 1S5S0 CK/LD 15/30 (== e <}

1% 17 1 18 e 21 22 23 & 15 % 7 m™ v a0
— — — — s — . e e — LDH?
~ L e e D e G ——— -t LDHZ2
— — - e— — e - LDH3
e — — - — LDH4
— . — — LDHS

4 C L] 1 4
LD, LD: LDs LD, LDg

Elektroforeticky typ

. . . normalni
@ oo

jaterni

B g i e START




Automaticke analyzatory




Diagnosticke prouzky

zadna I .
slukosa ZivySujici se mnozstvi glukosy mp
. o, on glukosaoxidasa o
H EC 1.1.3.4 o “
HO N— H — T " H@O
H oH 02 H202 H OH
p-D-glukosa < y D-glukono-1,5-lakton

O e O

Amplex Red Re sorufin




Biosenzory

c d

a) Biokatalyzator (pfreména substratu
na produkt)

b) Prevodnik (generovani elektrického
signalu)

c) Zesilovac (zesileni signalu)
d) Procesor (vyhodnoceni signalu)

e) Vystup vysledku

‘'vymeéna tepla

redistribuce iontu a
zmeéna elektrického
potencialu

‘'vyména elektronu
*zména vodivosti

zména optickych
viasthosti

zména hmotnosti




Amperometricke biosenzory

Au (Pt) elektroda
e zatavena ve skle

Leland C. Clark Jr.
1956

__— Ag/AgCl elektroda

/ elektrolyt

i, membrana
propustna pro O,

.
*a

glucose oxidase

D-glucose + O, —® D-glucono-1,5-lactone + H,0,




Biosensor
pro glukosu

Enzym
na jed

W WF

Meric

LRS-

i jednotka




Biosensor na glukosu

R =
o
— e Amplifier mE.Eb
| =
' . o ?_ Transducer
I

Glukosa  Glukosa Glukosa oxidasa Generovany proud je

V Kkrvi oxidasa oxiduje glukosu proporcionalni

za uvolnéni mnozstvi glukosy
elektront — které znazornénému na display

jsou detekovany prevodnikem
A prevedeny na elektricky proud




Konduktometrické biosenzory

kontakty

izolace

=

1 detail elektrod
interdigitated array

enzymova referentni vrstva

NH,CONH, + 3 H,0 — 2 NH,* + HCO, + OH




Potenciometricke biosenzory

NH,CONH, + 3 H,0 — 2 NH,* + HCO, + OH




(A) Indirect ELISA

—

(B) Sandwich ELISA

Antigen-
coated vwell

V"

LY

Maonodonal
antibody-
coated well

Wash

Wash

Wash "'i-ﬂg
. :%‘ﬁ'
i \ Ir:l.'n.'“-.
o ol
Specific antibody Enzyme-linked Substrate is added and
binds to antigen antibody binds to converted by enzyme into
specific antibody colored product; the rate

of color formation is
proportional to the amount
of specific antibody

Wash Wash .

) E . fu‘{;Eqé Ezlg

% “/} 'DJHJ'J' A E\I / LV

., 4 %, ! # - s #
Antigen binds A second monoclonal Substrate is added and
to antibody antibody, linked to converted by enzyme into
enzyme, binds to colored product; the rate
immobilized antigen of color formation is

proportional to the
amount of antigen




ELISA — stanoveni antigenu




ELISA — stanoveni protilatky

negativni pozitivni

) )




- vybaveni

ELISA

ELx800

0w




Piezoelektricky biosenzor

s

-« Piezoelectric Crystal
elektrody na proti-
lehlych stranach

kiemenna
J desticka
\ nosné dratky

kontakty 9,998,876 995 Hz | &

~«— Qscillator

-«— Frequency counter

y 4

-«— Non-Specific Antigen

‘47 Antigen

Antlbody
e ""—Pl'Oteln
-« Gold Electrode

.« Crystal substrate

-« Gold Electrode




7 oligonucleotide

Kantllever

& hybridization




