GLIKOLIZA, GLUKONEOGENEZA IN
FOSFOGLUKONATNA POT
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FIGURE 14-2 The two phases of glycolysis. For each molecule of glu-
cose that passes through the preparatory phase (a), two molecules of
glyceraldehyde 3-phosphate are formed; both pass through the payoff
phase (b). Pyruvate is the end product of the second phase of glycol-
ysis. For each glucose molecule, two ATP are consumed in the prepara-
tory phase and four ATP are produced in the payoff phase, giving a
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Reakeije glikolize 7 imeni obicajnih encimov in wrsto reakeij




Obracun Stevila nastalih oziroma porabljenin molekul ATP in NADH pri glikolizi
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Vstop drugih ogljikovih hidratov v glikelizo
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Razgradnja glikogena
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FIGURE 14-10 Glycogen breakdown by glycogen phosphorylase.
The enzyme catalyzes attack by inorganic phosphate (pink) on the ter-
minal glucosyl residue (blue) at the nonreducing end of a glycogen
molecule, releasing glucose 1-phosphate and generating a glycogen
molecule shortened by one glucose residue. The reaction is a phos-
phorolysis (not hydrolysis).
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14-11 Conversion of galactose to glucose 1-phosphate. The
ersion proceeds through a sugar-nucleotide derivative, UDP-
ose, which is formed when galactose T-phosphate displaces glu-
1-phosphate from UDP-glucose. UDP-galactose is then converted
DP-glucose 4-epimerase to UDP-glucose, in a reaction that in-
oxidation of C-4 (pink) by NAD™, then reduction of C-4 by
DH; the result is inversion of the configuration at C-4. The UDP-
cose is recycled through another round of the same reaction. The
effect of this cycle is the conversion of galactose 1-phosphate to
cose 1-phosphate; there is no net production or consumption of
~galactose or UDP-glucose.
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MlieCnokislinska fermentacija
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Mewo reakcifa pri mlecnokislinski fermentaciji (glukoza— 2 laktata ) je

glukoza + ZADP + 2P — 2 laktata + 2ATP + ZH,O
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Alkoholna fermentacija in metabolizem etanola
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Aerobni metabolizem etanola

Pri ljudeh, ima pitje alkoholnih pija¢ pomembne biokemijske, KHinidne in
socialne poslkedice. Zauzit etanol se najprej v jetrih oksidira s citosolno alkohol
dehidrogenazo:

CH,CH,OH + NAD' = CH,CHO +NADH + H'

etanol acetaldehid
Dirugo oksidacijsko stopnjo katalizira aldehid dehidrogenaza

CH,CHO + NAD" == CH,COO" + NADH + H’

acetaldehid ACerar
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Sinteza ogljikovih hidratov
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FIGURE 14-15 Carbohydrate synthesis from simple precursors. The
pathway from phosphoenolpyruvate to glucose 6-phosphate is com-
mon to the biosynthetic conversion of many different precursors of

carbohydrates in animals and plants. Plants and photosynthetic bac-

teria are uniquely able to convert CO, to carbohydrates.
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Ireverzibilne reakcije glikolize, ki jih v glukoneogenezi nadomescajo druge reakcije

Stevika® reakcija encim AG” (kJ/mol)
1 glukoza+ATP — glukoza-6-fosfat+ADP heksokinaza -16,7
fruktoza-6-fosfat+ATP — fruktoza-1,6-hisfosfat+ADP fosfofruktokinaza -14,2
10 PEP+ADP — piruvat+ATP piruvat-kinaza -31,4

* Stevilka se nanasa na Stevilke reakcij v tabeli 15.1.

Reakcije glukoneogeneze z zacetkom pri piruvatu

stevilka

reakcija

W 00 = O N &= I ka3 —

R R —
-

piruvat+C02+ATP —> oksaloacetat+ADP+Pi

oksaloacetat+GTP == fosfoenolpiruvat+C0,+GDP
fosfoenolpiruvat+H,0 == 2-fosfoglicerat

2-fosfoglicerat == 3-fosfoglicerat

3-fosfoglicerat+ATP == 1,3-bisfosfoglicerat
1,3-bisfosfoglicerat+NADH+H+ == gliceraldehid-3-fosfat+NAD +Pi
gliceraldehid-3-fosfat == dihidroksiacetonfosfat
gliceraldehid-3-fosfat+dihidroksiacetonfosfat == fruktoza-1,6-bisfosfat
fruktoza-1,6-bisfosfat+H,0 — fruktoza-6-fosfat+Pi
fruktoza-6-fosfat == glukoza-6-fosfat

glukoza-6-fosfat+H,0 == glukoza+Pi



TABLE 14-2 Free-Energy Changes of Glycolytic Reactions in Erythrocytes

Biycolytic reaction step AG" (kJ/mol) AG (kJ/mol)
,‘}@Glucose + ATP — glucose 6-phosphate + ADP —16.7 —33:4
(2)Glucose 6-phosphate === fructose 6-phosphate 17 0 to 25
:@Fructose 6-phosphate + ATP — fructose 1,6-bisphosphate + ADP —34.2 —22.2
() Fructose 1,6-bisphosphate === dihydroxyacetone phosphate +

glyceraldehyde 3-phosphate 23.8 Oto —6
@ Dihydroxyacetone phosphate == glyceraldehyde 3-phosphate 7.5 Oto 4
i@GlyceraIdehyde 3-phosphate + P; + NAD* == 1,3-bisphosphoglycerate +

NADH + H™ 6.3 —21t0 2
@1,3-Bisphosphoglycerate + ADP == 3-phosphoglycerate + ATP —18.8 Oto2
'3-Phosphoglycerate == 2-phosphoglycerate 4.4 0t00.8
@2-Phosphoglycerate === phosphoenolpyruvate + H,0 7.5 0to 3.3
10 Phosphoenolpyruvate + ADP —> pyruvate + ATP —31.4 —16.7

1z AG" s the standard free-energy change, as defined in Chapter 13 (p. 491). AG is the free-energy change calculated from the actual

"ﬁentraﬁons of glycolytic intermediates present under physiological conditions in erythrocytes, at pH 7. The glycolytic reactions bypassed
?ﬁﬂumneogenesis are shown in red. Biochemical equations are not necessarily balanced for H or charge (p. 506).
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|. obvoz piruvat+ATP+GTP = fosfoenolpiruvat+ ADP+GDP+P,
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TABLE 14-3 Sequential Reactions in Gluconeogenesis Starting from Pyruvate

Pyruvate + HCO; + ATP —— oxaloacetate + ADP + P,

Oxaloacetate + GTP == phosphoenolpyruvate + CO, + GDP

Phosphoenolpyruvate + H,0 == 2-phosphoglycerate

2-Phosphoglycerate == 3-phosphoglycerate

3-Phosphoglycerate + ATP == 1,3-bisphosphoglycerate + ADP

1,3-Bisphosphoglycerate + NADH + H" == glyceraldehyde 3-phosphate + NAD" + P,
Glyceraldehyde 3-phosphate == dihydroxyacetone phosphate

Glyceraldehyde 3-phosphate + dihydroxyacetone phosphate === fructose 1,6-bisphosphate
Fructose 1,6-bisphosphate —— fructose 6-phosphate + P,

Fructose 6-phosphate == glucose 6-phosphate

Glucose 6-phosphate + H,0 —— glucose + P;

Sum: 2 Pyruvate + 4ATP + 2GTP + 2NADH + 2H" + 4H,0 — glucose + 4ADP + 2GDP + 6P; + 2NAD "




|. obvoz

piruvat+ATP+GTP = fosfoenolpiruvat+ ADP+GDP+P,

1. obvoz

fruktoza-1,6-bisfosfat+H,O = fruktoza-6-fosfat+P,

[11. obvoz
elukoza-6-fosfat+H,O = glukoza+P,

Povzetek glukoneogeneze:

2 piruvat+4ATP+2GTP+2NADH+2H +6H, 0=
glukoza+2NAD +4ADP+2GDP+G6P,



Aktivacija glukoze in galaktoze za biosintezo

Nastanek NDP-glukoze
Nastanek NDP-glukoze lahko zapisemo s splosno reakcijo;

NTP+glukoza-1-fostat - NDP-glukoza+ PP,
NTP = nukleozidirifosfac, ATP ali UTP ali GTP

NDP-glukoza = nukleoziddifosfa-glukoza, ADP-glukoza ali UDP-glukoza ali
GDP-glukoza
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Nastanek UDP-galaktoze
Sinteza UDP-galakioze poieka po dveh moZnih poteh:

1. Izomerizacija UDP-glukoze
UDP-glukoza == UDP-galaktoza
Encim = UDP-glukoza-4-epimeraza
2. [zmenjava UDP
galaktoza-1-fosfac+ UDP-glukoza == UDP-galakioza+glukoza-1-fosfat

Encim = galakioza-1-fosfat-uridiliransferaza



Sinteza polisaharidov

Glikogen
Presezek glukoze se pri Zivalih skladisci kot polisaharid glikogen

UDP-glukoza+({glukoza), == UDP+{glukoza),.,
obstojedi podaljsani
glikogen glikogen

Delovanje glikogen-sintaze. Glukozna enota, aktivirana z vezavo UDP, s¢ dodaja na nere-
ducirajodem konon obstojedega glikogena. Glukozne enote se lahko dodajajo na vse nere-
ducirajode glikogenske molekule.

glukoza-Grfosfat+UTP+{glukoza), +HO = glukoza ), + UDP+2P,
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Skrob
shranjevanje glukore pri rasdinah poteka podobno kot pri Zivalih, le da se glukoza,
preden se varadi v skrob (glukoza,), akivira 2 ADP in ne z UDP,

ADP-glukoza+(glukoza), == ADP+(glukoza),.,
obstojedi podaljsani
skrob skrob

Skrob-sintaza kacalizira dodatek nove glukozne enote na nereducirajoci del obsio-
jece skrobne molekule z nastankom af 1=4) glikozidne vezi

Celuloza

Celuloza, glavni scrukourni polisaharid v celicnih stenah rasdin in nekaterih baker-
ij, je sestavljena iz glukozmh enod ki so povezane z f1—=4) glikozidno vezjo (gle)
poglavie 8.4 ). sinteza potece podobno kot pri skrobu. Akavirana oblika glukoze je
pri nekacerih organizmih UDP-glukoza, pri nekaterih pa GDP-glukoza,

UDP-glukoza ali GDP-glukoza+(glukoza), == UDP ali GDP+{glukoza),.,
obsiojeca podaljsana
celuloza celuloza



Sinteza disaharidov

Laktoza
Disaharid laktoza (mlecni sladkor) se po porodu aktivioo sintetizira v mlecni zlezi
sesalcev. Lakioza nastane s povezavo akavirane galakioze z glukozo:

UDP-galakoza+glukoza == UDP+lakioza

Encimski sistem lakoozasiniaza kacalizira nastanek pll=s4) ghkozidne vezi med
dvema monosaharidoma (glej Okno v biokemijo 15.1).

Saharoza

Disaharid saharoza je glavni sladkor pri vecini vrst sadja in zelenjave, zlast veliko
pa ga vsebujeia sladkorni ors in sladkorna repa Saharoza, transporona oblika mono-
saharidov, potrebnih za pridobivanje energije in biosintetske procese, s¢ prenasa
po rasdini preko floema (sekundarnega #ilnega sistema rasdin). Disaharid se sinte-
tizira v dveh stopnjah iz glukoze, akdvirane z UDP, in iz frukoze, akivirane s fos

fatom: siharoza-6-fostai-
_ simiaza _
UDP-glukoza+rukioza-G-fosfal — saharoza-G-fosfac+UDP

fosfataza
Saharoza-o-fosfatc =  saharoza+P,
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Regulatorni encimi v metabolizmu ogljikovih hidratov




GLIKOGEN SINTAZA IN GLIKOGEN FOSFORILAZA

UDP-glukoza :
HPO} ™ H,0
» |
\ .
glikogen __ () G glikogen-  ()poy;
PP Dot NG
(bolj aktivna) 4 N (manj aktivna)
(a) / | (b)
ATP ADP
y
glikogen
ADP AlP
» /,'
gulnogcn- _OPO? proteinkinmga glikogen o1
fostorilaza fosfataza fosforilaza
(bolj akiwma) v (manj aktivna)
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Fruktoza-1,6-bisfosfataza

FFE
ATP+frubkaozaé-fosfar = ADP+ifrukioza 1, &-bistosfat

FEP
frukiora | & hisfosfar+H. O = frukioza-c-fostat+P,

(+1 AMP
i+ fruktoza-2 &-hisfosfat
(- cicrat
(-1 ATP
fosfofruktokinaza e
- —ie stnikiura fmikooza-2 &-hisfosfa-
/‘!f’_ --\_‘__\ i1, aloseriCnega madulaiarja,
fruktoza-é-fosiat fruktoza-1 & hisfostar ki stimulira deldvanje fos

\,,\\__ __’j/ Tofmkiokinaze

fruiktora | Sbisfosfataza
CHa

(+) citrat
(-3 fruktora-2 & hisfostat H HO
i-1 AMP
[ H,(H
Reciprodno uraynavanje fos fruktonza 2 & hisfostar

fofrukiokinase in rrokiosa-1.6
hisfosrara=e.



Piruvat-kinaza in piruvat-karboksilaza

Piruvat-kinaza { PK) je tetrameren protein, ki za svojo aktivnost potrebuje Na' ali K
prne. ATP inhibira pirovatkinazo in tako vpocasni nastanek piruovata
Piruvar-karboksilaza (PC) je pomemben regulatorni encim glhikoneogenere. PC
katalizira nastanek oksaloacetata z veravo CO, na pirvvat. PC je aktivna samo, kadar
ima na mzpolago intermediat acetilk CoA. Metabolicne logike te stopnje ne bos
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FIGURE 14-20 General scheme of the pentose phosphate pathway.
NADPH formed in the oxidative phase is used to reduce glutathione,
GSSG (see Box 14-3) and to support reductive biosynthesis. The other
product of the oxidative phase is ribose 5-phosphate, which serves as
precursor for nucleotides, coenzymes, and nucleic acids. In cells that
are not using ribose 5-phosphate for biosynthesis, the nonoxidative
phase recycles six molecules of the pentose into five molecules of the
hexose glucose 6-phosphate, allowing continued production of
NADPH and converting glucose 6-phosphate (in six cycles) to CO.,.
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FIGURE 14-21 Oxidative reactions of the pentose phospha
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NADPH +H"

Glucose
6-phosphate

6-Phospho-
glucono-d-lactone

6-Phospho-
gluconate

p-Ribulose
5-phosphate

p-Ribose
5-phosphate




