Via Glicolitica

Utilizacao da glicose pelas células
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Vias de degradac¢ao da glicose

Usain Bolt sprints to a win in the 200-meter finals at the
Olympics in Rio de Janerio n 2016. Glucose metzbolism
can generate the ATP to power muscle contraction. During
a sprint, when the ATF needs outpace oxygen dellvery, as
would be the case for Bolt, glucose is metabolized to
actate. When oxygen delivery is adequate, glucose is
metabolized more efficiently to carbon dicxide and water.
[Odd Andersen/Getty Images.]
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https://www.youtube.com/watch?v=hDglrhUkV-g

http://www.iubmb-nicholson.org/mp4/glycolysis.mp4

https://www.youtube.com/watch?v=WISpTBUDXol




Importdncia da Glicélise

1 - Principal meio de degradag¢do da glicose.

2 - Obtengdo de Energia mesmo em condigdées anaerdbias.

3 - Principal via de obtengdo de energia nos eritrocitos, medula
renal, cérebro e esperma.




TRANSPORTADORES DE GLICOSE
L
»
A glicose & transpartada para
dentro/tora da célula slravés de

proteinas de membranas, o5 GLUTS
{glucose transporter)

(@ marthreins bilsrin

@LUT

das celulas

TABLE 16.4 Family of glucose transporters

Name
coLUT
GLUT2

GLUT3
GLUT4

GLUTS

Tissue location

All mammalian tissues

Liver and pancreatic p cells

All mammalian tissues

Muscle and fat cells

Small intestine

Kia

1TmM
15-20 mM

1TmM
5 mM

Como a glicose e transportada para dentro

Comments

Basal glucose uptake

In the pancreas, plays a role in the
regulation of insulin

In the liver, removes excess glucose

from the blood
Basal glucose uptake

Amount in muscle plasma membrane
increases with endurance training

Primanly a fructose transporter




1- Ativagdo ou
Fosforilagdo da
Glicose

2- Transformagado

do Gliceraldeido em Piruvato
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Glicose + 2NAD + 2ADP + 2Pi — 2Piruvato + 2NADH + 2H + 2ATP + 2H20
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Fase compensatoria
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Como a glicose e transportada para dentro
das celulas
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TABLE 16.4 Family of glucose transporters

Name
GLUT1
GLUT2

GLUT3
GLUT4

GLUTS

Tissue location

All mammalian tissues

Liver and pancreatic B cells

All mammalian tissues

Muscle and fat cells

Small intestine

HM
1T mM
15-20 mM

1mM
5 mM

Comments

Basal glucose uptake

In the pancreas, plays a role in the
regulation of insulin

In the liver, removes excess glucose
from the blood

Basal glucose uptake

Amount in muscle plasma membrane
increases with endurance training

Primarily a fructose transporter
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Permite a entrada da Glicose no Metabolismo Intracelular

A Glicose-6-P ndo passa pela membrana plasmatica

- Reagdo irreversivel
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Transformagao

do Gliceraldeido em Piruvato

( " oo P

1:3-Binphosphog Q Hi==C =—CH
i .= | Fase compensatoria

oI H=—C=—0H

I
hicsphopiyo: e ] CHy P02
mutase =
] T
g H—C—OR 0.




— P,, NAD"
*phosphate ||

dehydrogenase ~+ NADH 2‘O:,‘PO.\

1.3-Bisphosphoglycerate H_A —OH

Clyceraldehyde

| — ADP
Phosphoglycerate H,0P052-
kinase ‘ 0\. -o

3-Phosphogiycerate H—i OH

Phosphoglycerate | H,0P032-
_ QL0

2% e

2-Phosphoglycerate H—!—OPO;Z‘

H,0H

Phosphoenolpyruvate 22 lc
ADP b2, ]
Pyruvate kinase H H
ATP 0




CHZOH
OH -
o . A VT aon HE e M ﬁ A e £ g HOWL. o DM
B W ! | L
EH: CH; e = T R e Ty N CH
| H H
Vitamin By tHa Vitamin By Vitammin By
(Pantashianate) H—OH [Miacing 1
FIGURE 15.17 Skruchures of same af on
the B witamins, These vitamins ane often —OH
referred bo as water-scluble vitamins CHOH
because of the =sas= with which thzy Wilamin B,
sk in waker (EEbollaving
nNaD* NADH
@}
?_ | - MH ?- | )\NH;
# F # & ® [ D=P_G .'I‘If- G=P_G N
Dinucleotido de nicotinamida e
adenl ﬂa ? OH OH NH2 ? OH OH MHz
”fu N N
8 a8
0=p-0 N N;J 0=p—0 N;:J
O 0O
H OH H




H. 0

Clyceraldehyde 2-OTPO-. .0
Cx 3 -;::*L::e;fﬁai»: M.
dehydrogenase

H—l—OH + NAD* + P, - H—l—OH

H20P032' H20P032"
Glyceraldehyde 1.3-Bisphosphoglycerate
3-phosphate

(GAP)

(1.3-BPG)

+ NADH + H*



Glyceraldehyde ||~

3-phosphate
dehydrogenase || ™~ nADH
1,3-Bisphosphoglycerate

— ADP

Phosphoglycerate | |

kinase I
« ATP

3-Phosphogiycerate

Phosphoglycerate
mutasa

2-Phosphoglycerate

Enolase = H0
Phosphoenolpyruvate
— ADP

Pyruwate kinase
= ATP

Pyruvate

#03P0. .~

0

H —0H
HEDPDE}'

D'\- .- A D
L
\leDPElsZ—

0.~ .0
'\wca_.

H—!—Dm;i—

0. _OPOs;*
N
H—-!—OH
CH,0P0O:*
1.3-Bisphosphoglycerate

+ ADP + H*

Phosphoglycerate
kinase

0.0

L
H—i—OH + ATP

CH,0PO ol
3-Phosphoglycerate



Clyceraldehyde -, — Py, NAD*
3-phosphate ||
dehydrogenase ||~ NADH 2_03‘?0“{ :¢U
1,3-Bisphosphoglycerate H —0H
" | Hy0P052-
Kinase e ATP Oc-\_-,{:n
3-Phosphogiycerate H_E_GH "Mutase”, muda o 6rupo Fosfato de Posigdo dentro da Molécula
Phosphoglycerate Ha0P032-
mutasa | 0. = O
2x ¢ 0'-;‘-.:-0 O"\»—,;-o
2.Phosphoglycerata H—!—DPU;Z_ "€ K 5
| H,OH H—!—OH H—(!—OPO;Z'
E-r!.w-‘ N 10 - Phosphoglycerate
' = o GPD32- H—(— 0P032‘ mutase H —OH
o0/
C
Phosphoenolpyruvate | H
_— ADP Lo 3-Phosphoglycerate 2-Phosphoglycerate
Pyruwate kinase H H
~ ATP _9
o 0
Pynvate 0 c”
s




Stage 2 Clyceraldehyde || P., NAD®
3-phosphate ||
dehydrogenase ’ . NAD 2"03P0\ ’40

1,3-Bisphosphoglycerate H —OH

—~ ADP
Phosphoglycerate [ H,0P032-

kinase

| > ATP

3-Phosphogiycerate H—E—OH DQH,_;_I;IO wo 0
2

.D-_-.'-C -"‘--L
1H20P032— v d_opo.e _‘L_

| ox_. 0 Enolase

! H—C—OH H™ “H
2-Phosphoglycerate H—C—O0PO 32_

Phosphoglycerate
mutase

2x

H
2-Phosphoglycerate Phosphenolpyruvate

Phosphoenolpyruvate : |
— ADP Loy

Pyruvate kinase

H
s ATP 0

: 0
m“ 0_/ \C¢




Stage 2 Clyceraldehyde || ~— Pi, NAD*
T.phosphate :
dehydrogenase ~+ NADH Z-Ospo\c/o
1,3-Bisphosphoglycerate H OH
| - ApP
Phosphoglycerate [ H,0P032- ADP
Kinase | .AT;) 0:3-’/0 _ .':0 + Hf ‘I"lTD ?
' ~C_ _OPO:* " .o
3-Phosphogiycerate H—I OH o - C \ / o~
Phosphoglycerate H20P032- ’f.c\\ ":rrl-::;tp CH;
mutase ‘ o - o H H L 2
2x R
2-Phosphoglycerate ! 2
H OPO3 Phosphenolpyruvate Pyruvate
| H,0H
[_-"l 1ase a Hzo
0;.;('2'\ _OPO5*- » Reacgdo Exorgénica Irreversivel
Phosphoenolpyruvate C
| » Transferencia do Grupo Fosfato do Fosfoenolpiruvato
_ ADP Ao para o ADP
Pyruvate Kinase H H
= ATP IO
/& R~ 0
mm 0 C,/
s




L1 ANRED R Variacio de energia livre das reacies glicoliticas em eritrocitos

Etapa da reacio glicolitica AG" (k)/mol) AG{k)/mol)
® Glicose + ATP — glicose-6-fosfato + ADP —16,7 —33.4
@ (licose-fi-fosfato == frutose-6-fostato 1,7 Da25
® [rutose-G-fostato + ATP + frutose-1 G-hifosfato + ADP 142 222
@ Frutose-1,f-bifosfato == di-hidroxiacetona-fosfato + gliceraldeido-3-fosfato 23,8 —Gal
@ Di-hidroxiacetona-fosfato = gliceraldeido-3-fosfato 75 Oad
@ Gliceraldeido-3-fosfato + P, + NAD™ == | S-bifosfoglicerato + NADH + H™ 6,3 —2aZ2
@ 1 3-Blfoslogliceralo + ADP == 3-losloglicerato + ATP -188 OaZ
B S-Fosloglicerato == 2-[osloglicerato 44 Dalsd
© 2-Fosfoglicerato == fosfoenolpiruvato + H,0 7.5 0ads
@ Fosfoenolpiruvato + ADP —— piruvato + ATP —d1.4 —16,7

Motat AF' & a variagio de energia livre padriio, como definddo no Capitulo 13 (p. B07T-608). AG é a variacio de energia livre caleulada a partir das eoncentragbes reais
dos intermediirios ghcoliticos presentes em condipbes fsicldgicas nos eritrdeitos, em pH 7. As reacies glicoliticas de contorno da gheoneogénese estan mostradas em
vermelho. As equaghes hinquimicas ndo sio necessariaments equilibradas para H ou carga (p, 517)
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(10 reacoes
SUCESS Vas)
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citrico alguns microrganismos
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Animais, vegetais e
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microbilanas sob
condigoes aerdbias




Transformagao

do Gliceraldeido em Piruvato
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Glicose + 2NAD+ + 2ADP + 2Pi — 2Piruvato + 2NADH + 2H+ + 2ATP + 2H20

Glucoze + ATF —» gluccse 6-phosphate + ADP + H'
Clucose -phosphate s=== fructise 6-phosphats
Fructose &-phosphate + ATP — fructose 1,6-bisphosphate + ADP + H?
Fructese 1,6-bisphosphate =
difydroxyacetone phosphate + glyceraldehyde 3-phosphate
Ditydrowyacetone phosphate === glyceraldehyde 3-phosphats
Glyceraldehyde 3-phosphate + B ]
4-bisphosphogipcerate
1,3-Bisphosphoghycerate + ADP == 3-phosphogiycerate + ATP
3-Phosphoglycerats = 2phosphoghpcerats
2-Phaosphogtycerate == phspheenolpyruvate + H,0
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HP.[;:‘] H”
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Glicose + 2NAD+ + 2ADP + 2Pi — 2Piruvato + 2NADH + 2H+ + 2ATP + 2H20

Glucose = ATP —s glucoae &-phoaphate + A0OP + H®

1
2 Clucose é-phosphate = fructose G-phosphate _
3 Fuctose 6-phosphate + &TP —» fructose 1,6-bisphosphate + ADP + H” TT—F NaDt e
4 Fuctose 1,6-bisphosphate = o C
dilydrosyacetone phosphate + glyceraldehyde 3-phosphate - ".:|: 0 \\ / |
5  Difydrogyaceters phosphate === piyceraldebyde 3-phosphate D-.;* e Hﬂ—ll: —H
chate
6 Glyceraldebyde 3-phosphate + P; f MAD -
M 1A-bisphosphaoghyoerate @ H* CHs dehydrogenase CHy
1.3-Bispho erale + ADP == 3-pho cerate + ATP
Bisphnsphogh phasphogly Pyruvate Lactate

3-Phosphogiycerate 2-phosphoghycerate
2-Fhosphoglyoerate === phasphoenolpynvate + HyO
1+ Phosphoenolpyruvate + ADP + HY —= pynneade + ATP

Glucose + 2P, + 2ADP —— 2lactate + 2ATP + 2H,0




TABLE 16.3 Starting and ending
points of various

fermentations
TABLE 16.2 Examples of pathogenic obligate anaerobes Glucose — Lactate
Bacterium Resuft of imfection Lactate — Acetate
Closkridi tefani Teta ockj
—— ——— Glucose —  Ethanol
Clostrigium botulinum  Botulism (an especally severe type of food poisening)
Clostridium perfringens Gaz gangrene (gas is preduced as an end point of the fermen- Ethanﬂl — Acetate
tation, distorting and destroying the tissue)
Bartonella hensela Cat scratch fever (flu-like symptoms) Arglnlne — Carbon Dioxide
Bacteroides fragilis Abdominal, pelvic, pulmonary, and blood infections Pyrlm IdirIES — Carhun Diuxide
Purines — Formate
Ethylene glycol —  Acetate
Threonine —+  Propionate
Leucine —  2-Alkylacetate
Phenylalanine —  Propionate

Note: The products of some fermentations are
the substrates for others.




Controle Da Glicolise

A necessidade glicolitica varia de acordo com os diferentes
estados fisioldgicos

Had uma ativa degradagdo deste aglicar apds uma refeigdo rica
em carboidratos, assim como uma acentuada redugdo durante
o Jejum.

Deste Modo, o grau de conversdo de Glicose para o Piruvato €
regulado, por forma a satisfazer as necessidades celulares
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Controle Da Glicolise ..

- O Controle a Longe Prazo da Glicédlise, particularmente no
figado, € efetuado a partir de alteragdes na quantidade de
enzimas glicoliticas.

- O Controlo a Curte Prazo € feito por alteragdo alostérica
(concentragdo de produtos) reversivel das enzimas e também

pela sua fosforilacdo.




As enzimas mais propensas a serem locais de controle sdo as

que catalisam as reagdes irreversiveis
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Hexoquinase / Glicoquinase
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Fosfofrutoquinase 1

ATP

ADP

AMP +Amp  + Frutose 2,6P
citrato -ATP - citrato
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Fosfofrutoquinase 2
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Alguns tecidos dependem da glicose como unica fonte de energia

Hemaceas utilizam exclusivamente glicose para a
producao de ATP (ndo tem mitocondrias).
Produzem lactate constantemente

Musculo utiliza preferencialmente a glicose/glicogénio
durante exercicio fisico intense.

O cerébro utiliza grandes quantidades de glicose.




Intolerancia a Lactose
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