Celi¢éni metabolizem

Metabolizem so procesi pridobivanja, shranjevanja, pretvorbe in uporabe energije.

Metabolne reakcije v celici potekajo po razlicnih metabolnih poteh = zaporedjih reakcij, ki
potekajo z nekim namenom.
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Celi¢éni metabolizem

Metabolizem so procesi pridobivanja, shranjevanja, pretvorbe in uporabe energije.
Metabolne reakcije v celici potekajo po razlicnih metabolnih poteh.

Osnovna dela metabolizma sta:

Katabolizem

Je razgradnja bioloskih molekul.Kemijski proces kot celota je oksidacija, pri kateri nastanejo reducirani koencimi,
kot so NADH, NADPH, FADH,.Sproscanje kemijske energije [eksergonski proces] in nastanek ATP iz
ADP.Konvergentne poti.

Anabolizem
Je sinteza bioloskih molekul.Kemijski proces kot celota je redukcija, pri kateri nastanejo oksidirani koencimi NAD',
NADP’, FAD.Poraba energije (endergonski proces) in poraba ATP.Divergentne poti.



Koencimi

VecCino koencimov ljudje sintetiziramo iz prekurzorjev, ki jih moramo zauziti s hrano —
vitaminov. Nekaj primerov pogostejsih koencimov ter njihovih prekurzorjev:
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Sodelujeta v redoks reakcijah — NAD* pretezno v katabolnih, NADP* N NH
pretezno v anabolnih. Sintetizirata se iz niacina (nikotinamid). g
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Koencimi

VecCino koencimov ljudje sintetiziramo iz prekurzorjev, ki jih moramo zauziti s hrano —
vitaminov. Nekaj primerov pogostejsih koencimov ter njihovih prekurzorjev:
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(flavin mononukleotid)

FAD
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(flavin adenine dinukleotid) CH3IIN*fI\NH
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Sodelujeta v reakcijah oksidacije. Sintetizirata se iz riboflavina (vitamin B,).
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Koencimi

NAD sodeluje v katabolnih reakcijah oksidacije:
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& + NAD* G + NADH + H*
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H
FAD sodeluje v reakcijah eliminacije/adicije:
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\/ , R R’
s
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H H H H
NADP sodeluje v reduktivnih biosinteznih reakcijah :
H2 H2
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Celi¢éni metabolizem

Cell | Energy-
macromolecules containing
Proteins nutrients
Polysaccharides Carbohydrates
Lipids Fats
Nucleic acids Proteins

AN
ADP+HPOZ"
~ NAD*
\\ NADP+ A i
Anabolism ’ ATP Catabolism
NADH
NADPH
FADH,
Chemical
energy
Precursor Energy-
molecules depleted
Amino acids end products
Sugars co,
Fatty acids H,0
Nitrogenous bases NH;

Part Il figure 3
Lehninger Principles of Biochemistry, Fifth Edition
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Cytosol:
Glycolysis
Pentose phosphate pathway
Fatty acid synthesis

Mitochondrial matrix
Citric acid cycle
Oxidative phosphorylation
B-Oxidation of fatty acids
Ketone-body formation

Interplay of both

compartments:
Gluconeogenesis
Urea synthesis

V evkariontih je metabolizem
kompartmentaliziran.



Celi¢éni metabolizem

Glede na oskrbo z energijo razdelimo organizme na dva velika razreda — avtotrofe in
heterotrofe. Skupini uporabljata razlicne vire energije, procesi razgradnje biopolimerov pa so
pri obojih podobni. Heterotrofe dalje razdelimo na aerobne in anaerobne.

svetlobna energija
(le fotosintetski
organizmi)

* biopolimer hrana
sinteza celicna razgradnja
(anabolizem) aktivnost (katabolizem)
3 heterotrofi
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Krozenje snovi v naravi

KroZenje CO, in O,

Krozenje dusika

. . N, Denitrifying

Nitrogen-fixing Atmosphere bacteria, archaea,

::‘CCI::;: and and fungi

NHj NO3
Ammonia Anammox Nitrate
P bacteria
*Q'b“ Nitrifying
(o) bacteria
Photosynthetic Nitrifying bacteria
autotrophs Heterotrophs arvd archass NO3
-y Nitrite

Animals

Part Il figure 1 Part Il figure 2
Lehninger Principles of Biochemistry, Fifth Edition Lehnii Principles of Bioch

Amino
acids

© 2008 W.H.Freeman and Company

istry, Fifth Edition
© 2008 W.H. Freeman and Company

Plants



Celi¢éni metabolizem

Metabolicni procesi v celicah heterotrofov

jedro

pot B
organske spojine, ki jih
organizem ne more
sintetizirati (vitamini,
esencialne aminokisline
in esencialne mascobne
kisline)

razlicne organske
spojine, ki so prisle v
celico iz okolice
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CO, + H,0
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Energijski cikel ATP

Katabolizem in anabolizem sta povezana preko energijskega cikla ATP, ki je odvisen od tega ali
poteka aerobnih ali anaerobnih pogojih.

ATP no— g
laktat sinteza (anabolizem)
ali aktivni transport snovi v nasprotni
: smeri koncentracijskega gradienta
ctanol + CO, clektricno delo
substrat, ki s¢ —— mchansko dclo

oksidira ADP 4

(a) anacrobni metabolizem

ATP i ‘.
COy | H,0 —» sinteza (anabolizem)

aktivni transport snovi v nasprotni
( smeri koncentracijskega gradienta

~= clektricno delo

S S S
ubstrat, kisc. - = mchansko dclo
oksidira

ADP + P

(b) acrobni mectabolizem



ATP

Pri oksidaciji organskih molekul se sproééa energija.

SRR L
“O—P—0— P—O—P—D—CH}
7] B |
O_ 0_ O_
H H
OH OH
“*— adenozin-5-monofosftat
(a) AMP
- adenozin-5"-difosfat
(b) ADP
> . adenozin-5-trifosfat
(c)ATP

ATP + H,0 > ADP +P,

AG® = -30.5 kJ/mol (-7.3 kcal/mol)

fosfoanhidridna vez

fosforilna skupina fosfatna skupina

ATP + H,0 -> AMP + PP,

AG® = -45.6 kJ/mol (-10.9 kcal/mol)
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ATP

Fosfatna skupina se lahko nahaja v vec resonancnih oblikah s priblizno enako energijo.
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Vv oligofosfatih, povezanih S
fosfoanhidridno vezjo, se Sstevilo
ugodnih resonancnih oblik zmanjsa,
ker strukture z dvema sosednjima
pozitivnima nabojema niso stabilne.
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Hidroliza ATP
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(") 9 hydrolysis,
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o (o) ADP3~
Figure 13-11

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

Trije faktorji, ki vplivajo na AG:
1. Elektrostatski odboj
2. Resonancna stabilizacija

3. Hidratacija

ATP* + H,0 — ADP 3 +P? +H"
AG’° = —30.5 kJ/mol



Prenos energije z molekule ATP

Energija iz molekule ATP se lahko izkoristi na dva nacina:
- Zdirektno hidrolizo fosfoanhidridne vezi (poleg ATP tudi GTP):
- Mehansko gibanje — premikanje ribosoma, kréenje misic, encimi, ki razvijajo DNA

- Konformacijske spremembe nekaterih regulatornih proteinov

- S prenosom fosforilne skupine na substrat (trajen/prehoden).

0 0
_O—FI’—O—Fl‘—O—II’—O— Rib (— Adenine
0‘\ /0‘ o MgATP?~
Vecina ATP in ADP v citosolu celic, torej Mg3*
tisti, ki vstopa v reakcije, je v obliki
2+ 0 0
kompleksa z Mg**. I I
_O—I'i'—O—I'i'—O— Rib (— Adenine
o, 0 MgADP

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv



ATP

Pri encimsko kataliziranih kemijskih
reakcijah, ki za potek reakcije
potrebujejo hidrolizo ATP, sledniji
deluje tako, da prehodno prenese
fosfatno skupino na substrat (in ga s
tem aktivira).

(a) Written as a one-step reaction

C|OO" C|00"
+ +
|-|3N—(I:|-| ATP ADP + P; H3N-—C|H
CH \ j CH
| > + NH; . [
CIHZ CIHZ
C C
/7 \ /7 \
O/ (o] O/ NH,
Glutamate Glutamine
ATP NH,
ADP CoO0™
+
H;N—CH
® l @ “p
i |
i
C
O/ \O (0]
\P/
L AN
(o) 0

Enzyme-bound
glutamyl phosphate

(b) Actual two-step reaction

Figure 13-18
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



ATP

Mehansko gibanje (konformacijske spremembe) se lahko vrsi tudi preko prenosa fosfatne
skupine:

ZUNAJCELICNA
TEKOCINA

CITOPLAZMADO
>

3Na™

R

5 + vl z (4
na citoplazemski i sunaec e

strani prenasalne- strani prenasalne-
ga proteina ga proteina.

Encimsko katalizirana (4. stopnja ‘Encimsko katalizirana
hidrolitiCna odcepitev

fosforilacija sprozi

konformacijsko spre- fosfatne skupine vrne
membo, ki precrpa prenasSalni protein v
tri Na’ na zunanjo njegovo prvotno kon-
stran celice. formacijo in precrpa

dva K v celico.
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Shema celicnega katabolizma

FATS POLYSACCHARIDES PROTEINS

‘ ‘ Stage |

Fatty acids and  Glucose and Amino acids
glycerol other sugars

‘!‘i/. + Stage I

CoA

2 CO,

Stage Il

Oxidative
phosphorylation

ATP




Shema celicnega metabolizma

mascobe  — polisaharidi | —{ proteini |

I. stopnja

mascobne heksoze, S ~
kisline, pentoze aminokisline
glicerol
gliceraldehid-
3-fosfat
—N]
IL. stopnja I 1L
fosfoenolpiruvat

y

pi TRIVAL S =

|

acetil-CoA

Y

citratni
} citrat \ ciklus
- oksaloacetat izocitrat
malat a-ketoglutarat

o

fumarat -— sukcinat

III. stopnja

(NADH: FADH,) CO;,

C

ADP + P, ATP

N oo

oksidativna fosforilacija
ali dihanje

— 0




Acetil-CoA

Koencim A deluje kot prenasSalec vmesnih produktov v razgradnji mascobnih kislin in
glukoze. Za njegovo biosintezo je potreben pantotenat (vitamin B5).

Reactive group

N
OH 00 ( N\
H H H: | | / N
N N X i e ool SR N
T Y o %\0 j g e 0 K==
0 G EH; O

4 /
1 I | ~“05PO OH
B-Mercapto- Pantothenate unit

ethylamine unit
O
CoA )j\ CoA
R S/ HzC S/

Acyl CoA Acetyl CoA

O



Acetil-CoA

/\o

CH;—C Acetyl-CoA

S-CoA
H,O0 <] hydrolysis
CoASH

7J_

Acetic acid

/\o

CH 3—C
OH

ionization
|

08
4/

Acetate
N\
o

CH3_C

resonance
stabilization

Acetyl-CoA + H,0 — acetate” + CoA + H™
AG'° = —31.4 kJ/mol

Figure 13-16
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Tioestri

Thioester Extra stabilization of
fo) ( oxygen ester by resonance
V 4
CH;—C &
\S —R Oxygen
v ester 5-
" o resonance 0
? Y 4 stabilization Ve
g AGfor CH3_C\ ¢ » CH3—C<\
.- thioester O—R %__R
g hydrolysis
A AG for oxygen
ester hydrolysis
o) o)
J J
CH;—C + R—SH CH;—C + R—OH
AN AN
OH OH
Figure 13-17

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Oksidacija substratov

Pri oksidaciji organskih molekul se sprosca energija.

most energy
*.* I
H/C\H\H H™ C\H\H
Methane Methanol
AG® oxidation —820 -703

(k) mol™)

0)

|
C
H™ OH

Formaldehyde

-125

-523

i

C
P
H™  SoH

Formic acid
-68

—-285

least energy

O

|
C
!

(0]
Carbon dioxide



Energijsko bogate molekule

ATP ni edina energijsko bogata fosforilirana molekula v celici. Tudi vecina ostalih deluje po
principu prenosa fosfatne skupine. Glede na koli¢ino energije, ki se sprosti ob hidrolizi,
govorimo o ustrezno visokem potencialu za prenos fosforilne skupine.

AGO!
fosforilirane spojine (kJ/mol)a potencial prenosa fosforilne skupine
fosfoenolpiruvat - 61,9 najvisji
1,3-bisfosfoglicerat -493
fosfokreatin - 43,0
ATP - 30,5
ADP - 30,5
glukoza-1-fosfat -209
glukoza-6-fosfat -13,8  /

glicerol-1-fosfat - 972 najnizji



Energijsko bogate molekule

0 (0]
Vi
/ >"< Hz A - A
“0—C o) o~ \ ~0—C oH tautomerization -, - o
\C/ hydrolysis \C/ = \c/
I Pi I |
CH, CH, CH3
PEP Pyruvate Pyruvate
(enol form) (keto form)

PEP3- + H,0 —— pyruvate™ + P?
AG'°=-61.9 kJ)/mol

Figure 13-13
Lehni Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

-0 (0]
\P/
7N 6- &

o (o} o~ o OH 0. .o Fesonance
N\ / \_/ N-7 " stabilization
1C C C
2CHOH ' CHOH CHOH

I ] | ] I
3CH> CH> ~ CH>
| H,0 | |
1 ? jonizati |
hvdrolysi ionization
-0—P—0 ydrolysis 'O—Ii=0 O_T=°
o~ (o (o}
1,3-Bisphosphoglycerate 3-Phosphoglyceric acid 3-Phosphoglycerate

1,3-Bisphosphoglycerate* + H,0 —> 3-phosphoglycerate® + P?” + H*
AG'° = -49.3 kJ/mol

Figure 13-14
Lehninger Principles of Biochemistry, Fifth Edition
) 2008 W.H. Freeman and Company



Energijsko bogate molekule

(IZOO' CIOO_ (IZOO'
+
(o) H o
I w§2 o A0 Il N
~0—P—N—C—N—CH3 > HoN—C—N—CH3 < P C=N—CH3
| I hydrolysis\ I resonance H N'/ 5t
0O~ TNH, P, *NH, stabilization "2+
Phosphocreatine Creatine

Phosphocreatine®” + H,0 —— creatine + P35
AG'® = -43.0 kJ/mol

Figure 13-15
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company



Energijsko bogate molekule

—70 CI 00~
C—O—@ Phosphoenolpyruvate
—60 & LIH
2
O\ /O—-(: )
]
=4 CHOH @-— Creatine

I
CH2—0—® Phosphocreatine
—40 |- 1,3-Bisphosphoglycerate

v

AG'° of hydrolysis (kJ/mol)

Adenine — Rib 1
—30 ATP High-energy
compounds
Low-energy
—20 compounds

Glucose 6- ® Glycerol- ®

0'- Pi

Figure 13-19
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company



Poraba energije v misicni celici

/ATP Aerobic metabolism
(Chapters 17 and 18)

V misici:

Creatine phosphate

Anaerobic [ATP] =4 mM
[ADP] = 0.013 mM

metabolism .
[kreatinP] = 25 mM
(Chapter ]4) [kreatin] = 13 mM

Energy —

|
Seconds — Minutes — Hours —

ATP-ja je za manj kot 1 s intenzivhega delovanja misic, kreatin-fosfata za nekaj sekund (4 s
teka na 100 m).

Fosforilna skupina se s kreatinfosfata prenese na ADP.



Bioluminiscenca kresnick

o-

Q V¢ T"—o—ll—o Rib |-{ Adenine
|

AMP

Lucnferyl adenylate

PP;

luciferase
ATP

T
HO S S
H
Luciferin
N T

ti
regene.ra ing \ (__/ Oxyluaferln

reactions

CO, + AMP

Box 13-1 figure 1b
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Metabolizem ogljikovih hidratov

glikogen, skrob

katabolizem anabolizem
Pentozafosfatna pot
. riboza- tosfoglukonatna
Sinteza NADPH za S-fosfat pot glukoza | " - disaharidi

anabolne reakcije - 8
NADPH + H

NADH + H*

glukoncogencza

glikoliza t
ATP
anacrobni piruvat anaerobni

metabolizem
(misice zivali)

mectabolizem
(kvasovke itd.)

acrobni
metabolizem

laktat ctanol
acctil-CoA
citrami
ciklus
CO, _0,
+ NADH o oksidativna :
+ FADH, osforilacija N
i ~H,0

! 4
ADP + P, ATP



Metabolizem ogljikovih hidratov v E. coli

J1VIVINNS

SLUGORE extracellular
¥ -

( e = - PEP s intracellular
n Y 2 NADPH } NAD?
a <@urgp - : NADPH
_>-\ L W ketolase |ketolase P Pt h I ;
O atnwa 1
&) : p yNADH
> trans- N AB p+
—‘ T3P aldolase E4P k,s7p
(D 2 t\, Ve ' )

" Y>NADH
<:PGA NAD(PH  paiic
‘8P£ enzyme MAL 4%‘ /
Pe-——
PTS system lv \ g BER 25 NADH FU
pyruvate 9 it 2 NAD
kinase
<~ PYR"\16 PEP — o QO AAS- TCA
o l \c'arbo.\'ylusv cyc Ie
Vv
«ACAN’H N
/ -
. | Y,
y Y Y
ACETATE PYRUVATE OXOGLUTARATE



Glikoliza

Glikoliza je metaboli¢na pot pretvorbe glukoze v piruvat. Je najbolj univerzalen metabolicen
proces, ki poteka v skoraj vseh celicah na enak nacin.

Neto reakcija glikolize:

glukoza + 2 P, + 2 ADP + 2 NAD"™ — 2 piruvat + 2 ATP + 2 NADH + 2 H* + 2 H,0

CH,OH

OH

HO OH
OH

Glucose

Pyruvate



Glikoliza

Glucose
first
priming ATP
reaction ADP

Glucose 6-phosphate

©)

Fructose 6-phosphate

second ATP
priming @O
reaction ADP

Fructose 1,6-bisphosphate

cleavage

of 6-carbon
sugar phosphate
to the 3-carbon
sugar
phosphates

@

Glyceraldehyde 3-phosphate
+
Dihydroxyacetone phosphate

6
HO—SCHz Preparatory phase
o,
H /4 H  Phosphorylation of glucose
4N oH H ' and its conversion to
HO / OH glyceraldehyde 3-phosphate
3
H OH
®—o—¢H;
(o) .
H /L H @ Hexokinase
OH H
HO OH @ Phosphohexose
H OH isomerase
(P)—0—CH, O CH,—OH
H HO @ Phospho-
H OH fructokinase-1
OH H

@®—0—cH; o_ CH—o—@ (@) Aldolase

H HO .
H OH @ Triose
OH H Phosphate
isomerase
(o]
®—o—cuz—cu—c'<
I H
OH
®—o—cuz—ﬁ—cnzou
o

Figure 14-2a
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Glikoliza

0
4
Glyceraldehyde 3-phosphate ®-°—CH2—<|3H—C\
+ on H
Dihydroxyacetone phosphate ®—O—CHz—ﬁ—CH20H
' o
Payoff phase
O Oxidative conversion of
Glyceraldehyde 3-phosphate (2) ®)—o—cH, _CIH_C\ glyceraldehyde 3-phosphate
oH H topyruvate and the coupled
Sidntion and formation of ATP and NADH
phosphorylation
P @ Glyceraldehyde
1,3-Bisphosphoglycerate (2) ®—O—CH2—CH—C\ 3-phosphate
first ATP- 2 ADP (I)H o—® dehydrogenase
forming reaction @ a P
(substrate-lev.el Ns 2(A‘|'P @ Phospho-
phosphorylation) J > IO glycera i
3-Phosphog|ycerate (2) ®—O—CH2—?H—C\O_ s
OH
/o Phospho-
2-Phosphoglycerate (2) CH—CH—C glycerate
- [~ No- mutase
\’ OH o
2H,0
@ € d:) 5 @ Enolase
Vs
Phosphoenolpyruvate (2) CHy=C—C_
second ATP- ~ 2ADP (I) 0" Il:iy'::::te
forming reaction o
(substrate-level \> 204 é)
phosphorylation) v N /O
Pyruvate (2) CH3_ﬁ_c\ y
o ©
Figure 14-2b

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Reakeije glikolize z imeni obicajnih encimov in vrsto reakeij




Glikoliza

Drugi monosaharidi in oligo/polisaharidi vstopajo v glikolizo na nacin, da se predhodno
pretvorijo v enega od intermediatov glikolize.

Disaharidi se v Crevesju hidrolizirajo v monosaharide, ki se nato prenesejo v kri:
maltoza + H,0 = 2 glukoza
saharoza + H,0 = glukoza + fruktoza

laktoza + H,0 = glukoza + galaktoza

Najpomembnejsa prehranska polisaharida sta glikogen in Skrob.



Glikoliza

celi¢ni glikogen

glikogen
foslorilaza

glikogen
sintaa

glikogen in Skrob iz hrane

| 2 miliza

glukoiza

glukoza-1-fosfat =

= glukoza

fruktoza

fruktokinaz [l vjetrih

fruktoza1-fosfat

fruktoza-
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Napake v metabolizmu ogljikovih hidratov

Koncentracija laktaze pri otrocih je visoka, z odras¢anjem pa se zniza na okoli 5 do 10% tiste
ob rojstvu. Pri dolo¢enem delezu populacije se koncentracija zniza do te mere, da se laktoza
v Crevesju vec ne prebavi (cepi) dovolj ucinkovito. Presezna laktoza je hrana za bakterije, ki jo
prebavijo do mlecne kisline, ob tem pa generirajo metan in vodik, ki povzroCata prebavne
motnje. Stanju pravimo laktozna intoleranca.

CH,OH CH,OH CH,OH CH,OH
i Q o Lactase "0 . T =
KOH Ou<OH > - E OH , /OH
j OH HO OH
OH OH OH OH

Lactose Galactose Glucose



Napake v metabolizmu ogljikovih hidratov

Redkejsa bolezen, povezana z metabolizmom galaktoze je galaktozemija, ki je najpogosteje
posledica dednega pomanjkanja encima galaktoza-1-fosfat uridiltransferaze. Pri teh pacientih
se kljub opuscanju galaktoze iz hrane pojavijo okvare Zivénega sistema in katarakta (siva
mrena). Do katarakte pride zaradi nabiranja osmotsko aktivnega galaktitola v leci, ki pritegne

veliko vode.

O%C/H
H—C—OH
HO—C—H
HO—C—H
H—C—OH
CH,OH
Galactose

http:/Ivision.ucsf.edu/hortonlab/ResearchProgram%20Pics/kid%
20with%20cataract.jpg

NADPH
+ H* NADP*

HO H
\C//H

H—C—OH

\/ HO—C—H

Aldose
reductase

HO—C—H
H—C—OH
CH,OH
Galactitol



Sproscanje glukoze iz glikogena

Struktura glikogena:

Q reducirajoci konec
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Sproscanje glukoze iz glikogena

Glikogen se shranjuje v jetrih in po potrebi sprosca v kri. Nekaj lastne zaloge glikogena imajo
tudi misSi¢ne celice. Shema sproscanja glukoze iz glikogena v jetrih:

Glycogen
Glycogen ,_; " Glycogen phosphorylase
Glucose 1-phosphate

v

[ Glucose 6-phosphate J

Phophoglucomutase

PENTOSE
i PHOSPHATE
GLYCOLYSIS Muscle, Liver
Y brain - W PATHWAY
I 6-phosphatase
Pyruvate 1 Ribose + NADPH
Lactate CO, + H,0 Glucose

\

Blood for use by
other tissues



Sproscanje glukoze iz glikogena

Za razgradnjo molekul glikogena je potrebno koordinirano delovanje treh encimov.

_-o-1,6 linkage
%cw

o-1,4 linkage
8 P, 5
Phosphorylase
8 .—@ Glucose 1-phosphate

A S NN

Transferasel
.—.—.—O—O—O—%Q}O—O—O—C%CORE

H,O
o-1,6-Glucosidase

@00 CO-C-CO-O- OO0 —Core



Usoda piruvata

L Pyruvate j

NADH
“} NAD*
[Acetaldehydej [ Lactate ]
NADH + H™
‘» NAD*
[ Ethanol ]
alkoholna fermentacija mle€nokislinska

fermentacija

hipoksi¢ni ali anaerobni
pogoji anaerobni pogoji

kvasovke misice

$ Co,

[ Acetyl CoA ]

v

Further
oxidation




Mlecnokislinska fermentacija

Poteka v miSicah pri intenzivnem delu, ko nastanejo anaerobni pogoji. Neto reakcija je
glukoza + 2 ADP + 2 P, — 2 laktat + 2 ATP + 2 H,0

Nastali laktat se prenese v jetra, kjer se iz njega sintetizira glukoza v procesu
glukoneogeneze. Temu procesu pravimo Corijev ciklus.

1ct1'1 skeletne misice
kri
gluko7a ‘—‘—" ;—’ glukoza ] ey
ADP 4 " “ADP
0| oL 0| Lo ) ~+

P;

e ) g];xkén;_cogcnc'za \ glikoliza :

,ATP+GTP e, e L . ATP —y
& 1akiat<—‘ ~———— faktar




Mlecnokislinska fermentacija




Glukoneogeneza

Glukoneogeneza je univerzalna metaboli¢na pot biosinteze glukoze iz manjSih prekurzorjev.
Pri ¢loveku so glavho mesto glukoneogeneze jetra. Proces poteka kooperativno z glikolizo.
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\

4 ¥
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Glucose 6-phosphate
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Glycerol
Amino acids

-
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Glukoneogeneza

Glycolysis Gluconeogenesis
ATP Glucose . P
GIU koneogeneza ni Ie Obratna hexokinase glucose 6-phosphatase
. . v . Glucose
pot glikolize, temvec uporablja ADP 6-phosphate H,0
nekatere druge encime (tiste, ki "
katalizirajo enosmerne reakcije). ATP Fructose P
phospho- 6-phosphate fructose
fructokinase-1 Ediciosa 1,6-bisphosphatase-1
AR 1,6-bisphosphate H:0
Dihydroxyacetone / \\ Dihydroxyacetone
phosphate phosphate
N\ 7

(2) Glyceraldehyde 3-phosphate
(2) Pi~{}~> (2) P
(2) NAD* || > (2) NAD™
(2) NADH + (2) H*D N~ (2) NADH + H*

(2) 1,3-Bisph;sphoglycerate
(2) ADP (2) ADP
(2) ATP (2) ATP
(2) 3-Phosphoglycerate

(2) 2-Phosphoglycerate

J[ (2) GDP

(2)

(2) ADP Phosphoenolpyruvate™\ PEP carboxykinase
pyruvate kinase (2) GTP
(2) Oxaloacetate
(VAT (2) ADP
(2) Pyruvate pyruvate carboxylase
(2) ATP

Figure 14-16

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company



Glukoneogeneza

V glukozo se preko glukoneogeneze lahko pretvarjajo tudi nekatere aminokisline. Imenujemo
jih glukogene aminokisline. V proces vstopajo na razlicnih mestih.

TABLE 14-4

Pyruvate Succinyl-CoA
Alanine Isoleucine*
Cysteine Methionine
Glycine Threonine
Serine Valine
Threonine Fumarate
Tryptophan* Phenylalanine*
a-Ketoglutarate Tyrosine*
Arginine Oxaloacetate
Glutam?te Asparagine
Glutamine Aspartate
Histidine

Proline

Note: All these amino acids are precursors of blood glucose or liver
glycogen, because they can be converted to pyruvate or citric acid cycle
intermediates. Of the 20 common amino acids, only leucine and lysine
are unable to furnish carbon for net glucose

synthesis.

*These amino acids are also ketogenic (see Fig. 18-21).

Table 14-4
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Regulacija glikolize in glukoneogeneze

[ Glucose j

L |
|

Fructose 6-phosphate

GLYCOLYSIS GLUCONEOGENESIS
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F-2,6-BP (9
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1 l Several steps

Phosphoenolpyruvate

ey

& ADP

Phosphoenol-
pyruvate
carboxykinase

F-1,6-BP (+)
ATP (5
Alanine &)

Pyruvate
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Pyruvate
carboxylase

Pyruvate

(*) Acetyl CoA
(= ADP




Sinteza glikogena

Sinteza glikogena poteka po drugacni metaboli¢ni poti kot njena razgradnja. Glukoza se v
glikogen dodaja v aktivirani obliki UDP-glukoze.

CH,OH CH20H
0)
H - 220 Q970 070
"o O~ /20 §L ‘\“F;/ P I \ / e Hyiding + pr
P ¥ . _-uridine ~—— ~uridine
oH 07 o g o
0 9 o o §_0
Glucose 1-phosphate uTpP UDP-glucose

UDP-glukoza pirofosforilaza



Sinteza glikogena

Sinteza glikogena poteka po drugacni metaboli¢ni poti kot njena razgradnja. Glukoza se v
glikogen dodaja v aktivirani obliki UDP-glukoze.

CH,OH CH,OH CH,OH
0 0 o
OH + OH OH
HO o\P /O\P /o\uricline HO 0 OR
OH /N /\ OH OH
0O_0 0-0
UDP-glucose Glycogen

(n residues)

glikogen sintazal

CH,OH CH,OH CH,OH
0y _O 0 . ° .
NN uridine + OH OH OH
o/’\‘\\o O/"_XO HO 0 0O OR
OH OH OH
UTP Glycogen

(n + 1 residues)



Sinteza glikogena

Sinteza glikogena poteka po drugacni metaboli¢ni poti kot njena razgradnja. Glukoza se v
glikogen dodaja v aktivirani obliki UDP-glukoze.

CH,OH CH,OH CH,OH
0 0 o
OH + OH OH
HO o\P /O\P /o\uricline HO 0 OR
OH /N /\ OH OH
0O_0 0-0
UDP-glucose Glycogen

(n residues)

glikogen sintazal

CH,OH CH,OH CH,OH
0y _O 0 . ° .
NN uridine + OH OH OH
o/’\‘\\o O/"_XO HO 0 0O OR
OH OH OH
UTP Glycogen

(n + 1 residues)



Regulacija sinteze in razgradnje glikogena

Razmerje med hitrostjo sinteze in razgradnje glikogena je v celicah regulirano preko
regulacije klju¢nih encimov v obeh procesih — glikogen sintaze in glikogen fosforilaze.

UDP-glukoza

HPO;™ H,O
t.',likogcn- _OI—I fosfataza glik()gcn' — OP( )?i_
sintaza protein-Kinaza sintaza ’
(bolj aktivna) (manj aktivna)
(a) (b)
ATP ADP
l,k' Protein kinazo aktivira
glikogen L
zunanji signal (hormon).
ADP ATP
glikogcn- —()]’()‘2"— protein-Kinaza glikogen- o
fosforilaza i fosfataza fosforilaza
(bolj aktivna) (manj aktivna)
(a) (b)
H,0 HPO;™
v
glukoza-

I-fosfat



Pentozafosfatna pot

Pentozafosfatna (fosfoglukonatna) pot je pot oksidacije glukoze, pri kateri nastane NADPH.

TABLE 20.2 Pathways requiring
NADPH

Synthesis

Fatty acid biosynthesis
Cholesterol biosynthesis
Neurotransmitter biosynthesis
Nucleotide biosynthesis

Detoxification
Reduction of oxidized glutathione

Cytochrome P450 monooxygenases




Pentozafosfatna pot

Pentozafosfatna (fosfoglukonatna) pot je pot oksidacije glukoze, pri kateri nastane NADPH.

PHASE 1 Glucose 6-phosphate
(oxidative)
2 NADP*
l\} 2 NADPH

Ribulose 5-phosphate

Ribose Xylulose
5-phosphate (Cs) 5-phosphate (Cs)

/

GAP ( Sedoheptulose

7-phosphate (C,)

Fructose E those Xylulose
6-phosphate (Cg) hosphate (Cs) 5-phosphate (Cs)

PHASE 2 [ Fructose ] \

(nonoxidative) 6-phosphate (Cy) GAP (C3)

Faza 1 — tvorba NADPH

Faza 2 — pretvorba C5 sladkorja v C6
in C3 intermediate, ki se lahko
vrnejo v glikolizo.



Pentozafosfatna pot

V oksidativni fazi nastaneta 2 molekuli NADPH.

O\‘C/ A0
CH,0PO32" " CH,0PO3* CH,OH
. H—C—OH O\C/ 2
H O H NADP* NADPH H 0 H,0  H* NADP* NADPH |
(i Glucose 6-phosphate Lactonase = H—C—OH 6-Phosphogluconate y__ gy
HO OH  dehydrogenase HO ‘ dehydrogenase
H—C—OH 2-
H OH H OH CH,0PO5
CH,0P0O<%~
Glucose 6-Phosphoglucono- 6-Phospho- Ribulose
6-phosphate d-lactone gluconate 5-phosphate

V neoksidativni fazi encimi transketolaze in transaldolaze katalizirajo pretvorbo C5 sladkorja
v C6 in C3 sladkorje z neto reakcijo:

3C; 52Cs+ Cq



