. CREATINKINAZA

Creatinkinaza sau creatinfosfokinaza cu EC 2.7.3.2 catalizeaza reactia reversibila:
NH, — C(= NH) — N(CH;) — CH, — COOH(creatina) + ATP <

& NH(~PO3H,) — C(= NH) — N(CH3;) — CH, — COOH(creatinfosfatul) + ADP

|i| cI;H3 o) ATP ADP Ii' (i':Hs o)
©
_N N\)I\ o —" So_ N N\)I\ o
H (0] — P, (o)
: AP
H/@\H creatine kinase (S)] H/@\H
creatine phosphocreatine

La concentratii mari de ATP, in muschi, are loc fosforilarea creatinei, creatinfosfatul format
fiind singurul compus cu legaturi macroergice care poate fi depozitat.

O
Activitatea creatinfosfokinazei serice creste H(|)_|o\ H IL \)L
o . . g ~h
mult in infarctul miocardic. ||:I’ \[r OH
Creatinina este un produs de metabolism al 0 NH
creatinei si mdsurarea concentratiei acesteia CREATINFOSFAT

este importanta in evaluarea functiei renale.

NH, N
N o] 0 N N
L od od ¢ fN HO—F—0—P—0 (Nf\/)
HO—H—0—P—0—F—0 N N/) o on \@ N
OH OH OH o)
OH OH
OH OH ADP
ATP
0]
H
N
HN
\n/ OH |
CH
NH ) 3
CREATINA X
CREATINKINAZA CREATININA
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2.ENOLAZA

Enolaza necesita prezenta ionilor de magneziu si catalizeaza reactia:

Acid 2 — fosfogliceric & Acid fosfoenolpiruvic + H,0

2-Phosphoglvycerate Phosphosnolpyruvate
o o
t=
]é—DE Enclase ¢=O
L E = ﬁ—DE + HOH
HC—OH Hﬁ (water)

ENOLAZA
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. FRUCTOKINAZA

Fructokinaza EC 2.7.1.4 catalizeaza reactia de fosforilare a fructozei:

CH,OH CH,0(P)
I
=0 C=0
HOéH HOllJH
+: ATP — !: + ADP

H l OH HI OH
HCOH HCOH

H,OH éH,OH
fructose fructose 1-phosphate

Fructoza + ATP - Fructozo — 1 — fosfat + ADP

NH; NHz
0 0 N x 0 0 N =
I I I </ | N Il [ </ | N
HO—P—0—F—0—P—0 . HO—P—0—P—0 Py
OH OH OH o N OH OH o\ °N
OH OH OH OH
ATP ADP

Fructokinaza are afinitate mare pentru
fructozd si nu este controlata de
insulina.

Lipsa fructozokinazei  determina
acumulare de fructozd 1in sange,
urmatd de eliminare (fructozuria
esentiala — o tulburare recesiva
inofensiva).

FRUCTOZOKINAZA
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4.GLICEROLKINAZA

Glicerolkinaza catalizeaza reactia de fosforilare a glicerolului, intr — 0 maniera asimetrica cu
formare de L — a —glicerofosfat ( nu a unui amestec racemic).

ADP
C|H20H ATP + H cluon
HO—C—H ;-L» HO—C—H
| Glycerol
CH,OH kinase CH,0P0;2-
Glycerol Glycerol

phosphate

glicerol + ATP + H,0 - L — a — glicerofosfat + ADP

NH; NH,
N SN 0 /N =N
HO—P—0—P—0—P—0 ] )N HO_P_O_lﬁI’_O A P
| I N N OH OH o) N
OH OH o
OH OH
OH OH
ATP ADP

GLICEROLKINAZA
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5. GLICOGEN SINTETAZA

Glicogen sintetaza, EC 2.4.1.11, in forma ei fosforilatd, deci activa, participa la cresterea

catenei glicogenului, realizand legéturile 1,4 glicozidice din molecula acestuia:
. Lo Glicogen sintaza .
UDP — glucoza + glicogen initiator ———  UDP + glicogen

Deficienta de glicogen sintetaza determina aparitia starilor de hipoglicemie si depunerea
grasimilor in ficat sau Tnapoiere mintala.

AT Ot
HO
o N"To
SE (e SRR VS OH OH
ey ot URIDINA
GLICOGEN SINTETAZA
OH O
0 o]
HoHO ﬁ (R | NH
oHl § % | /It HO—P—0—P—0 A
o—lT—o—lT—o N X0 | | o N 0
OH OH 0 OH OH
OH OH OH OH
UDP — glucoza (Uridin — difosfat — glucoza ) UDP (Uridin — difosfat)
CH,-OH CH,-OH CH,-OH CH,-OH
o O 0
0]
e 1 fOH j OH OH
OH OH OH OH
GLICOGEN
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6. GLIOXILAZA

Glioxilaza EC 4.4.1.5 catalizeaza reactia de de transport a hidrogenului in cazul reducerii
metilglioxalului la acid lactic.
CH; — CO — CHO —» CH; — CHOH — COOH

CH; — CO — CHO

METILGLIOXAL

CH; — CHOH — COOH

ACIDUL LACTIC

GLIOXILAZA

Glutationul constituie coenzima glioxilazei.
Metilglioxalul este un produs toxic, rezultat din metabolism, deci glioxilaza are rol in
detoxifiere.

NHz—(llH-CHZ-CHz-CO-NH(|3H-CO-NH-CH2-COOH
COOCH c|:H2
SH
GLUTATION REDUS  sau G-SH.
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7. GLUCOZO - 6 - FOSFATAZA

Glucozo — 6 — fosfataza , enzima cu inalta specificitate, catalizeaza reactia:

glucozo—-6—-fosfataza

glucozo — 6 — fosfat + H,0 glucoza + acid fosforic

Cantitati insuficiente ale acestei enzime determind acumularea glicogenului in ficat si
hipoglicemie.

_ CH,OH
Q o
o” P\O O
e OWH OH
OH H -
HO OH OH OH
H OH
OH
GLUCOZO - 6 — FOSFAT GLUCOZA
GLUCOZO - 6 — FOSFATAZA
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8 .GLUCOZO - 6 FOSFAT DEHIDROGENAZA

Glucozo - 6 — fosfat dehidrogenaza EC 1.1.1.49 catalizeaza reactia:
glucozo — 6 — fosfat + NADP* + H,0 — acid — 6 — fosfogluconic + H* + NADPH

Deficitul de glucozo — 6 — fosfat dehidrogenaza poate duce la anemie hemolitica si reprezinta
si un risc pentru dezvoltarea altor afectiuni cum ar fi diabetul zaharat.

?OOH
H— <‘3 — OH
2 O Ho —C——H
P, |
@) o H —C—‘ OH
H OH H——C——OH
H y |
OH H i cH20——P
HO OH
H OH
GLUCOZO — 6 — FOSFAT
ACID — 6 FOSFOGLUCONIC

p N N 1
- °
9 OH OH  wy, = 4§ > ? OH OH  wu,
‘ /Nf\N 2 e p) XN
0=P—0. <N l N/) 0=P—0 < N/)
NADP* NADPH
OH ; OH ;
0=P—0 0=P—0
o o
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9. GLUCOZOXIDAZA

Glucozoxidaza EC 1.1.3.4 este o oxidoreductaza care catalizeaza procesul de oxidare a
glucozei la gluconolactona si apd oxigenata.

glucozoxidaza

Glucoza (CgH1,04) + 0, — > Gluconolactona (C4H,(0g) + H,0,

Gluconolactona hidrolizeaza spontan la acid gluconic
Gluconolactona (C4H190¢) + H,0 — Acid gluconic (CoHq,07)

Reactia catalizata de glucozoxidaza are loc cu eliberarea a 50 kcal/mol
Enzima este folositd pentru dozarea glucozei

Glucose Oxidase
okt OH
OH
OH © + 0O, —_— K?%_O(\:O + H,0,

HO HO

OH OH

p-D-Glucose D-Glucono-1,5-lactone OFLA st
GLUCOZOXIDAZA
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10.GLUTAMAT DECARBOXILAZA

Glutamat decarboxilaza catalizeaza reactia:
Glutamat decarboxilaza

Acid glutamic Acid y — aminobutiric + CO,

NH,— CH — COOH
| NH, — CH, — CH, — CH, — COOH

THz Acidul y-aminobutiric (GABA)
CH, Acidul y-aminobutiric (GABA) este un
| neurotransmitator.

COOH

ACID GLUTAMIC

GLUTAMAT DECARBOXILAZA

Dozarea anticorpilor anti — glutamat decarboxilaza este importantd in determinarea tipului de
diabet, testul fiind pozitiv pentru persoanele cu diabet de tip 1.
Prezenta acestor anticorpi este asociatd si cu alte tulburari endocrine: tiroidita, boala Grave.
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11. GLUTAMAT DEHIDROGENAZA

Glutamat dehidrogenaza EC 1.4.1.2 catalizeaza reactia:

Glutamat dehidrogenaza

Acid glutamic + H,0 + NAD* (sau NADP™)

- Acid a — cetoglutaric + NH; + NADH (sau NADPH) + H*

o
o | = NH,
0=P—0 N
o
o
OH OH NH,
N =
N
_ < 1
0=P—0 N =
I N
[e) O
OH ©
o:Flr—o‘
&
NADP*

NH,— CH — COOH

| NAD* b i
‘ N le) N
CH2 N7 “‘,‘ i : - 1 3
“\ /“ i A \‘\// \7/ A -
‘ " b ¥ L
>* \ ; oﬁ BH
CH2 oH  OH

COOH
ACID GLUTAMIC




NADH NADPH
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| | HO. OH

ety O

Il
0
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“0—P=0 OH OH

[
0
|
(I) NH, (|) T '/ﬂ\
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ey | | e
) 0 NN\ 2
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12.GLUTAMAT OXALOACETAT TRANSAMINAZA ( GOT)

Glutamat oxaloacetat transaminaza (GOT) EC 2.6.1.1 sau aspartat aminotransferaza

catalizeaza reactia:

,0
CH, — C_ ,0

//O I 2 \O- /O CHZ - C\O-
CH,— C_ CH, CH,— C_ '
I o | GOT | o} CH,
?=O + CH-NH;* G  CH-NH é_o

I I

e(0]0) CoO COo0 CoO-
oxaloacetate glutamate aspartate a-ketoglutarate

Determinarea GOT are importanta in principal, in evaluarea functiei ficatului. Cresterea
concentratiei acestei enzime se constata si in infarct, pancreatita, anemie, arsuri, boli renale.

O—C —COOH

J;HZ—COOH
OXALOACETAT

NH,— CH — COOH

CH,

CH,

COOH
ACID GLUTAMIC

H,N —CH —COOH

CH,

COOH
ACID ASPARTIC

alpha-Ketoglutaric acid

\C/CHz\CH{C\c/OH

I Il
0 0

5




GLUTAMAT OXALOACETAT TRANSAMINAZA (GOT)
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13. GLUTAMAT PIRUVAT TRANSAMINAZA (GPT)

Glutamat piruvat transaminaza (GPT) cu codul EC2.6.1.2 catalizeaza reactia:

alanina + acid x —cetoglutaric < piruvat + acid glutamic
Determinarea GPT este necesard, 1n evaluarea functiei ficatului.

alpha-Ketoglutaric acid
NH,— CH — COOH

HO. OH

\ﬁ/CHx\CH(C\ﬁ/
CHS 0 0
ALANINA

0 230094074 1 Lilya6z3

NH,— CH — COO

CH,
CH; — CO — COOH |
ACID PIRUVIC CH,
COOH

ACID GLUTAMIC

GLUTAMAT PIRUVAT TRANSAMINAZA (GPT)
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14. GLUTAMINAZA

Glutaminaza catalizeaza reactia:

. Glutaminaza . .
glutamina + H,0 —— acid glutamic + NH3

Hidroliza glutaminei la nivelul rinichiului produce amoniac.

NH, — CH —COOH NH,— C‘JH — COOH
CH, CH,
CH, CH,
|
CONH, COOH
GLUTAMINA ACID GLUTAMIC

pH — ul optim de actiune al glutaminazei este
7,9 -8,1.

Concentratia mare de glutamina din sange,
comparativ cu alti aminoacizi este justificatd
de rolul acesteia in transportul amoniacului.

GLUTAMINAZA
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15 GLUTAMINSINTETAZA

Glutaminsintetaza catalizeaza reactia:
Glutaminsintetaza

Acid glutamic + NH3 + ATP Glutamina + ADP + Pi
Enzima are o structurd cuaternara.
NH,— CH — COOH NH, — CH —COOH
CH, CH,
| b
CH, L
C|)OOH ONMa
GLUTAMINA
ACID GLUTAMIC
NH; NH,
0 0 o} N XN 0 0 N XN
4
HO—P—0—P—0—P—0 ] P HO—P—0—B—0 ¢ ] g
| | | NT SN | I NN
OH OH OH O OH OH
OH OH OH OH

GLUTAMINSINTETAZA
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16.GLUTATION — INSULIN TRANSHIDROGENAZA

Glutation — insulin transhidrogenaza catalizeaza reactia:

4GSH + insulina - 2GSSG + lant B + lant A

Glutationul este o tripeptida formata din condensarea urmatorilor aminoacizi : acid glutamic,
cisteind si glicocol. De remarcat ca 1n acest caz, la condensare, acidul glutamic participa cu
gruparea carboxil din pozitia 6.

NHz—CllH—CHz-CHz-CO-NH(|)H-CO—NH—CHZ-COOH

COOH C|:H2
SH
GSH (Glutation redus)
H2N—C|)H-COOH H2N—(|3H-COOH
cH, ?Hg H,N-CH,-COOH
CH, " GLICOCOL
COOH CISTEINA
ACID GLUTAMIC

NH;-CH-CH,-CH,-CO- NH— CH-CO-NH-CH,-COOH
COOH H

NH;-CH-CH,-CH,-CO- NH—CH-CO-NH-CH,-COOH
COOH

GSSG (glutation oxidat)

INSULINA
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17.GLUTATION PEROXIDAZA

Glutation peroxidaza catalizeaza reactia:
glutation peroxidaza

2GSH + H,0, GSSG + 2H,0

NHz—C|3H-CH2-CH2-CO-NH(|3H-CO-NH—CH2-COOH

H,N—CH-COOH

COOH CH, CH,
| cH,
SH COOH
GSH (Glutation redus) ACID GLUTAMIC
NH;-CH-CH,-CH,-CO- NH— CH-CO-NH-CH,-COOH HN—CH-COOH
CH
COOH -H, | 2
S sH o
g CISTEINA
I

NH;-CH-CH,-CH,-CO- NH—CH-CO-NH-CH,-COOH

COOH
GSSG (glutation oxidat)

H,N-CH,-COOH
GLICOCOL
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18.GLUTATION REDUCTAZA

Glutation reductaza catalizeaza reactia:

G—S—-S5S—G+NADPH+H

" glutation reductaza

2G —SH + NADP*

NHz—CH-CH,-CH,-CO-NHCH-CO-NH-CH,-COCH HN—GH-COOH
COOH CH, CHe
| cH,
SH COOH
GSH (Glutation redus) ACID GLUTAMIC
NH;-CH-CH,-CH,-CO- NH— CH-CO-NH-CH,-COOH H,N—CH-COOH
COOH H, (|:H2
S sH
é CISTEINA
I
CH

2

NH;-CH-CH,-CH,-CO- NH—CH-CO-NH-CH,-COOH H,N-CH,-COOH

GLICOCOL
COOH
GSSG (glutation oxidat)
(e}
3 = NH
NH, 0 CI) | N :
Oo=pP—0 N
I Y °
N
N N
Q ? Q OH OH
o | |_ - 0 NH2
CH,—0—P—0—P—0—=CH,
3 o /N \N
o o | _ Z ] )
OH OH OH O—P=0 o=p—0 N NT
| o ©
o
Nicotinamide Adenine Dincleotide Phosphate
(NADPH) OH (lj)
O:FT’—O'
&
NADP?
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19.GLUTATION SINTETAZA

Glutation sintetaza EC 6.3.2.3 catalizeaza reactia:

glutation sintetaza

y — glutamil — cisteina + NH, — CH, — COOH +ATP glutation + ADP + P;

Lipsa enzimei sau functionarea ei defectuoasa se manifesta prin acidoza metabolica, tulburari

neurologice.
GLUTATION SINTETAZA
NH2-CH - COOH
CH2
| NH, — CH, — COOH
fHZ
CO-NH-?H-COOH GLICOCOL
’CH2 NH,
SH 0O N XN
HO—P—0—P—0—P—0 ] P
| | o N N
OH OH OH
OH OH
¥ — GLUTAMIL — CISTEINA ATP
1 NHz—CliH—CHz-CHZ-CO-NH(ltH-CO—NH—CHz—COOH
e} o} N Y
Ho—P—0—P—0 ¢ ] P COOH CH,
\ ! N"N
OH OH 0 |
SH
e GLUTATION
ADP
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20.GLUCOZO 6 - FOSFAT IZOMERAZA

Glucozo - 6 — fosfat izomeraza catalizeaza reactia reversibila:
glucozo — 6 — fosfat < fructozo — 6 — fosfat

Este necesard prezenta ionilor de Mg?* sauMn?*

O\' o
2
i @]
H O H
H
OH H \{ :
HO OH ®-o—~| OH H
H OH = fructose 6-phosphate
GLUCOZO — 6 - FOSFAT FRUCTOZO - 6 — FOSFAT
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21.f - GLUCURONIDAZA

P — glucuronidaza asigura hidroliza resturilor de acid glucuronic de la capatul nereducator al
mucopolizaharidelor. Substrate pot fi: dermatan sulfatul, heparan sulfatul, condroitin sulfatii si
acidul hialuronic. Deficienta duce la acumularea de mucopolizaharide, situatie incompatibila
cu viata.

Reactia catalizata de 8 — glucuronidaza este:

i COOH CH,OH
B-Glucuronidase . L } g
o i:'/H 0 f
OH H o
0 Oi 0. OH H HO H
O—R OH H OH H  NHCOCHs
OH © + HO OH S + R—OH
HO HO n
Oh OH
f3-D-Glucuronide p-D-Glucuronic acid Alcohol l.]yc1 | uronic aci d

Dermatan sulfate

* Contains repeating units of L-iduronic acid and N-
acetyl glucosamine 4 sulfate.

; )
| o,
H/ coor 3
‘ 0. i

OH W w A

|

L H OH H

L-lduronic acid

% S
NH—CO—CH, Jn

N-Acetylglucosamine
4-sulfate

Dermatan sulfate

B — GLUCURONIDAZA
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