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Metabolismo

<+ Soma de todas as reacoes

guimicas na célula:

1 Obter energia
O Converter moléculas
d Polimerizacao de

macromoléculas

FIGURE 3 Energy relationships between catabolic and anabolic
pathways. Catabolic pathways deliver chemical energy in the form
of ATP, NADH, NADPH, and FADH,. These energy carriers are used
in anabolic pathways to convert small precursor molecules into cell
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Fatos da Vida

A célula:

%+ Sistema isotérmico

‘s Trocam matéria e energia com o ambiente

¢ Moléculas mais organizadas

*» Necessitam de fonte de energia livre

Termodinamica

Equacao de Gibbs

Af} =AlH - TAS

Variagdo da
Energia de Gibbs

Variacido da
Entropia associada
com a temperatura

op

(IC Pro,
-\
O’Q

Photosynthetic
autotrophs

Heterotrophs

AN

FIGURE 1 Cycling of carbon dioxide and oxygen between the auto-
trophic (photosynthetic) and heterotrophic domains in the biosphere.




Estado Padrao:
Todos os reagentes

e produtos a 1M!

AG < 0 Exergonica

AG = 0 Equillibrio

AG > O Endergodnica

Reacoes Acopladas

—_—

A~——B+C AG? = + 5 kcal/mol
—

B ~ D AG? = - 8 kcal/mol
—

A < C+D AG? = - 3 kcal/mol

TABLE 13-4 Standard Free-Energy Changes of Some Chemical Reactions

at pH 7.0 and 25 °C (298 K)

Reaction type

Hydrolysis reactions
Acid anhydrides

Acetic anhydride + H,0 —— 2 acetate
ATP + H,0 — ADP + P;

ATP + H,0 — AMP + PP;

PP, + H,0 — 2P,

UDP-glucose + H,O — UMP + glucose 1-phosphate

Esters

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

Amides and peptides

Glutamine + H,0 — glutamate + NH,
Glycylglycine + H>0 — 2 glycine

Glycosides

Maltose + H,0 — 2 glucose
Lactose + H,O0 — glucose + galactose

Rearrangements

Glucose 1-phosphate — glucose 6-phosphate
Fructose 6-phosphate — glucose 6-phosphate

Elimination of water
Malate — fumarate + H,0
Oxidations with molecular oxygen

Glucose + 60, — 6C0, + 6H,0
Palmitate + 230, — 16C0, + 16H,0

(kJ/mol)

=91.1
—30.5
—456
—19.2
—43.0

-19.6
—13.8

—14.2
-9.2

=15.8
—-15.9

—1.3
=17

3.1

—2,840
—9,770

A Gl‘ (s}
(kcal/mol)

—21.8
—1.3
—-109
—4.6
—=10.3

—4.7
-33

—-3.4
—2.2

—3.7
—3.8

=17
—0.4

0.8

—686
—2,338



Vias metabodlicas

“*Biossintese e degradacao quase sempre em vias distintas!

* Podem ser compartimentalizadas!

Rubber

Carotenoid Steroid
pigments hormones
Phospholipids Isopentenyl- Bile
‘ pyrophosphate > Cholesterol -aci ds
Triacylglycerols > Fatty acids ’ \ \
y Mevalonate Vitamin K Cholesteryl
Starch Alanine Elienyl- esters
o i 2 I alanine
Glycogen ’GIUCOSG ’Py ruvate - Acetoacetyl-CoA  Eicosanoids
Sucrose Serine Leucine
Isoleucine Fatty acids » Triacylglycerols
(a) Converging catabolism ’ \ \
Citrate CDP-diacylglycerol » Phospholipids
Oxaloacetate ‘ (b) Diverging anabolism

’ CO,

CO,

€

(c) Cyclic pathway



Moléculas carreadoras ativadas

\/

*%* Carregam energia Quimica na Célula

(s

anergatically anargabically

favorabla unfavorabla
reaction reaction
oxidized food ) activated carrier molecule molecule
molecule available in cell

CATABOLISM ANABOLISM



Moléculas Carreadoras Ativadas

¢ Adenosina trifosfato (ATP): Principal moeda energética das
células

< ATP -> ADP + Pi

Ligacoes fosfato

O~ ?l’—( »=P=O=P-O-(H,

O

Energia da luz ATE

ou dos alimentos

(l)
O-P-0O" +

!

O

Energia

Fosfato
inorgéanico (Pi)




Hidrolise de ATP

v’ Trés posicdes de possivel hidrélise do ATP

NH, NH;
N, ) N
-9 -0 -0 e o 0 P\
| g e v w | \ J
P P N— P P N—
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i [ '] N— a4 1 N_
o 0 0 o o
H OH H
Adenosine triphosphate (ATP) Adenosine diphosphate (ADP)
NH;
"*N M, '.' ° L L) - - °
- 0 & - A hidrédlise de ATP é Exergdnica
H ! .":"l -\.'!\J
D";;jfph‘“n — KN_:_J‘,
0 A L]
ATP + H,O —  ADP +Pi AG? = - 7,3 kcal/mol

Adenosine monophosphate (mpy A1 F T HZ0 — ~AMP+PPi AG? =- 10,9 kcal/mol



Porque o Fosfato e nao os outros?

v’ Estabilidade: Velocidade de reacdo lenta

v' Maior reserva de energia: Energia nas ligaces

Candidatos k de hidrolise (do ion)
Fosfato 0,000000004 (1/5s)

Arsenato 0,0004 (1/s)
Sulfonato 0,00025 (1/s)
O (ﬁ o)
|
O=P-0 As,,”” _ R S o)
- O

O O o)



NAD+/NADH - Nicotinamida adenina

** NAD+/ NADH (Carrega de um proton e dois elétrons ricos em
energia)

OXIDADO
H / 0
7 C 4
Anel \
nicotinamida ~+ NH2

PO
Adenosina

fosfato
OH

NAD*



NAD+/NADH - Nicotinamida adenina

** NAD+/ NADH (Carrega de um proton e dois elétrons ricos em
energia)

OXIDADO REDUZIDO
H
0 Ho _H 0
e %
Anel L ¢
nicotinamida N N AN
xt NH, NH,
N N
O (P)o
awose st
H+*+ 2e
———

P)-0 ®r-o
Adenosina

fosfato
OH OH

NAD* NADH



Principais Rea¢oes do Metabolismo
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Principais vias de Utilizacao da Glicose

° edcas
oo woedl; l}
Matriz extracelular ,.-""-.,...:%. ‘.}-\
e polissacarideos Glicogénio, e, J.’:..m Y s
da parede celular amido, sacarose '..3-3. .-:"’:"'
" "% ®o00®'e o®

il b

sintese de

polimeros armazenamento
estruturais Glicose
Glicose
oxidacéo pela via oxidacio
da pentose-fosfato 20 |
por glicélise
ATP
Ribose-5-fosfato Piruvato

Energia




Glicose na Célula

** S. cerevisae

** Anaerdbio facultativo

Copyright © 2004 Dennis Kunkel Microscopy, Inc.

tnvenase H —
]<H HO™S K \{ + 'i / Glu |__ e
OH H

Sacarose Glucose Frutose

Fru


https://pt.wikipedia.org/wiki/Saccharomyces_cerevisiae

Reacao da Glicolise

** Hidrdlise do Acucar

¢ Para algumas células, Unica fonte de

energial

+*»* Total de 10 reacdes

No citoplasma

1 Glicose => 2 Piruvato

one molecule

of glucose OH
HO

OH

—i STEP 1

1 STEP2

—i STEP3

OH,C CH,O
@onc o Ho®

fructose 1,6- b, 4
bisphosphate HO
OH
(OH
STEP 4
STEPS
CHO CHO

two molecules of
glyceraldehyde CHOH CHOH

3-phosphate

(lzt 1,0(P) (Ifl 1,0(P)
.| fswesl |
mm-—| s | o

STEPS
[ ] ]

STEP O
] ]

STEP 10
GQ-— —6a
COO™ COO™

of pyruvate | |

CH, CH,


https://pt.wikipedia.org/wiki/Saccharomyces_cerevisiae

Glicolise — Fase preparatdria

¢ Investimento Energético:

+* Glicose => Gliceraldeido 3 Fosfato e Dihidrocicetona fosfato

(a) Glicose HO—CH, Fase preparatéria
% 0
o H H Fosforilagdo da glicose e
primeira D A ATP 4 1 sua conversdo a
p‘mmpmmm 2/ 9 HO OH gliceraldeido-3-fosfato
> ADP
Glicose-6-fosfato (P}—0—CH,
O
H 4 H B
) OH H |11;:‘. Hexocinase
\&/ HO OH -
o ® Fostoborose
Frutose-6-fosfato (P)—0—CH, 0. CH,—OH B
. 1 A ATP i H HO - @:. Fosfofrutocinase-1
reagio  (3) D)
preparativa "> ADP OH H (4) Aldolase
Frutose-1,6-bifosfato (®—0—CH, 0. CH,—0—P) (@; Triose-
1 fosfato-
ivagem H HO
:hr;;mﬁ;-:to I-W)H isomerase
com 6 ~
earbonos em -;:4\\ OH H
2 agicares- -
fosfato com
3 carbonos
o
. &
Gliceraldeido-3-fosfato ®—0—cH,—H—c{ Perda de 2 ATP
+ ou H

Diidroxiacetona-fosfato

@—D—CHg—lﬁJ—CHEOH
0




Enzima Alosérica Fosfofrutocinase

(c)
Low [ATP]

=z

% High (ATP)

-9

(@) [Fructose 6-phosphate)
ATP AMP, ADP
\@ ‘\

Fructose 6- + ATP > Fructose 1,6- + ADP
phosphate bisphosphate



Glicolise — Fase preparatdria

+* Hidrodlise

*** Frutose 1,6 Bifosfato => Gliceraldeido 3 Fosfato e Dihidrocicetona

fosfato
Fructose 1,6-bisphosphate
'CH,—0—P)
2('3 =0
H0—3(|3—H
H—4C|— OH
H—SCI— OH
Derived 6(|3H2— O—@ Derived
from from
glucose aldolase glucose
calibon CH,—0 _® He 0 cazbon
2 (|3=O H—Cll —OH 5
3 (|:H2 OH CIIHQ— 0—P) 6

Dihydroxyacetone  Glyceraldehyde
phosphate 3-phosphate

A

triose phosphate isomerase

(a)



Glicolise — Fase Compensatoria

** Geragao de energia.

+¢* Gliceraldeido 3 Fosfato => 2 Piruvato

Fase de compensacio
JD Conversio oxidativa do
Gliceraldeido-3-fosfato (2) ®—0—CHE—CH—C\ gliceraldeido-3-fosfato em
9p. (l,H H  piruvato e formacéo
- ONAD* acoplada de ATP e NADH
oxidagio e @ s
fosforilagdo N
»2 NADH +H"
O
. : F
I,S'blfosfoghcemtn (2) ®—0—CH2—CH—C\ @ Gliceraldeido-
primeira reacéio 9ADP u 0-® 3-fosfato-
formadora de desidrogenase
ATP (fosforilagéio @
no nivel do 2 ATP i~ .
substrato) 0 \’_F) Fosfoglicerato-
/ .
3-fosfoglicerato (2) B-0—CH,~CH—C] cinase
H o0 @ Fosfoglicerato-
@ mutase
0
# Enol
2-fosfoglicerato (2) |:|:Hg—c|:H—c< (®) Enolase
OH 0O 0 @ Piruvato-cinase
(9) [|™> 2H0
/O
Fosfoenolpiruvato (2) CH2=(|!—C

o 2ADP é;) 0 Ganho de 4 ATP +2

ATP (fosforilagéo @

e '@ 0 NADH

Piruvato (2) CHa—?—C



** Reacdo Geral da Glicdlise:
Glicose + 2NAD* + 2ADP + 2Pi ——> 2 Piruvato + 2NADH + 2H*
+ 2ATP +2H,0

Rendimento Liquido: 2 ATP +2 NADH
(-32,1 kcal mol de glicose consumida)




Vias Alimentadoras da Glicolise

+* Polissacarideos e dissacarideos: convertidos em intermediarios

CH,OH
Trehalose Lactose HO a 0 H
trehalase lactase
OH H
H OH
CH,0H H:0 ,
’ o « " Glycogen; starch i (O Dextrin + nHy0 ————> n D-glucose
H H a-amylase n-Galactose dextrinase
H v
OH H By =\ phosphorylase e Maltose + HoO ———— 2 bD-glucose
Sucrose HO OH UDP-galactose maltase
e
H OH Glucose =~ <—— UDP-glucose Lactose + HaO m) D-galactose + D-glucose
D-Glucose ATP 1-phosphate CH,0H
hexokinase R - 0] - Sucrose + HyO ——— D-fructose + D-glucose
phosphogluco-
HOCH2 C] mutase H s
0 OH HO
HO og  Trehalose + HoO ———— 2 D-glucose
H HO Glucose trehalase
H OH 6-phosphate H H
OH H ATP p-Mannose
ATP o
p-Fructose hexokinase
ATPJ’ﬁ'uctnklnaso Fructose Mannose 6-phOSphate
6-phosphate phosphomannose
Fructose 1-phosphate isomerase
fructose 1-
phosphate
aldolase
Fructose 1,6-
bisphosphate
Glyceraldehyde + Dihydroxyacetone
S
triose
ATP kinase 1Isomerase . .
Glyceraldehyde FIGURE 14-9 Entry of glycogen, st WOy

3-phosphate and hexoses into the preparatory st:




Degradacao de Glicogénio

**Enzimas desramificadora: clivaa 1,4 e

*»*Glicogénio fosforilase: Cliva ligacdes B 1,4

CH,OH CH,OH
0 0)
H H H H H H H
OH H OH H
HO 0 0
H OH H OH

Glycogen (starch)
n glucose units

Glicogénio

(l),
0 :llD —0 glycogen (starch)
hosphoryl z ’
OH PR Figado e Musculo
CH,OH CH;OH
O 0)
H H H H H H H
OH H C”) - OH H
HO o—p—o HO 0
H OH (|)’ H OH
Glucose Glycogen (starch)
1-phosphate (n—1) glucose units

FIGURE 14-10 Glycogen breakdown by glycogen phosphorylase.



Oxidacao da Glicose: Vias Principais

Glucose
H OH glycolysis
P (10 successive
reactions)
hypoxic or
anaerobic

condiﬁy 2 Pyruvate *ditions

aerobic
conditions

2 Ethanol + 2CO,

2C0,

2 Acetyl-CoA

citric
Copyright © 2004 Dennis Kunkel Microscopy, Inc. acid
cycle
Leveduras
Anaerobio facultativo
4C0O, + 4H,0

anaerobic

2 Lactate

¢y

v

AEROBICOS

®O




Fermentacgao Latica

Piruvato + NADH + H¥* ——> Lactato + NAD*

O\ /O NADH + H™ O\ /O
C N C
| NAD |
(|3=O N . HO—(|]—H
lactate
CH3 dehydrogenase CH3
Pyruvate L-Lactate

Glucose

2NAD™

2NADH >
2 Pyruvate S » 2 Lactate




Fermentacgao Alcdlica

Piruvato + NADH + H¥* ——> Etanol + NAD*

0) O CO
N 2
C TPP, O H
b—o M N
| pyruvate |
CH3 decarboxylase CH3 Copyright © 2004 Dennis Kunkel Microscopy, Inc.

Pyruvate Acetaldehyde




Intolerancia a Lactose

% Auséncia da Lactase Intestinal Lactase
“* Processo fermentativos no intestino

HO /| T ‘ u:{ A u

i); ‘;" i Iu % B o N |ou S

A 1 B { |lactose ’}'1 é;li S ‘H gH
" ") Galactose Glicose
Lactose :
Intestino delgado o "c- o
Galactose %u::‘x A‘éua
o

poms e Intestino grosso Ferm%n“t:a(,‘éo bactelriana

Lactase 1\
Glicose -
Intestino grosso
ﬁ N = o o

_—
o

oy
oY

-}, \\\\\ S8
f
\

b

-

0211g] Op!

0911898 0P

Fezes moles, mcha
ﬂatulencla
dores abdominais

Imagem A Imagem B
A lactase hidrolisa a lactose. Nao ha A lactose nao absorvida no intestino grosso

sintomas de intolerancia a lactose provoca os sintomas de intolerancia a lactose.



Fermentacao

*** Reacdo — Fermentacao Latica

Glicose + 2ADP + 2Pi ———> 2 Lactato + 2ATP +2H,0

¢ Reacdo — Fermentacao Alcodlica:

Glicose + 2ADP + 2Pi —> 2 Etanol + 2CO2 + 2ATP +2H,0

Rendimento Liquido: 2 ATP




Fermentacao

** Exemplo: Processo completo de Fermentacao Alcodlica em levedura

— Glucose
Hxk1/2
Gkl l" ol
Glucose-é6-phosphate
Pgil !
Fructose-6-phosphate
Pfk1/2 k— ATP
Fructose 1,6-diphosphate
Fabl

Dihydroxyacetone “+—=" Glyceraldehyde 3-phosphate

phosphate T:;I/\Dﬂ Tdn1
1,3-diphosphoglycerate

NADH,
Ethanol
H* Pgkl I» ATP

| Glucose——

2 Ethanol

Copyright © 2004 Dennis Kunkel Microscopy, Inc.

S} 3- phosphoglycerate
Acetaldehyde qur
2- phosphoglycerate

Eno]
Phosphoenol pyruvate

2 CO,
Pyruva(e




Fabricas Quimicas

** Fermentagdo no processo Industrial

Produtos de Fermentacgao

Acido Férmico

Acido Acético

Alcoois Glicerol

Metanol

Isopropanol




Gliconeogénese

“* Nova formacgao de Agucar

ATP Glucose P

hexokinase Xﬂuune 6-phosphatase
’ V4 . .
** Queda nos niveis de Glicose 800X NS Glucose 6 shosphate” > Hi

I

** Queda nos niveis de carboidrato de reserva

phospho-
fructokinase-1

p;

fructose
1,6-bisphosphatase

\J ° — H ADP Fructose 1,6-bisphosphate H,0
** 2 Piruvato => Glicose
Dihydroxyacetone Dihydroxyacetone
phosphate phosphate
\/” 7

(2) Glyceraldehyde 3-phosphate

Glicose

(2) P 2)P;
1 Ani (2) NAD* (2) NAD*
Glicogénio
(2) NADH + (2) H* (2) NADH + H™

(2) 1,3-Bisphosphoglycerate
(2) ADP D C (2) ADP
(2) ATP (2) ATP

Glucose (2) 3-Phosphoglycerate

(2) 2-Phosphoglycerate

(2) GDP
(2) ADP (2) Phosphoenolpyruvate PED carbors ki
pyruvate kinase (2) GTP
(2) Oxaloacetate
@ ATP (2) ADP
(2) Pyruvate pyruvate carboxylase

(2) ATP



Regulacao da Glicolise/Gliconeogénese

Glycolysis

ATP Glucose
hexokinase
Glucose
s-phosphate

Gluconoogomsis

glucou G6-phosphatase

lru:loso

.&blsphospha!ase—‘l
Fructose

chwu
phos
fmaoldnase-l

6-phosphate
Dihydroxyacaone Dihydroxyacetone
phosphate /phosphm
N 7
GI. ,I. (2) Glyceraldehyde 3-phosphate
IColise @P, 2P,

— (2) NAD™ (2) NAD™
(2) NADH + (2)H* (2) NADH + H*
{2) 1,3-Bisphosphoglycerate
(2) ADP (2) ADP
(2) ATP (2) ATP
(2) 3-Phosphoglycerate

(2) 2-Phosphoglycerate

(2)GDP

PEP carboxykinase

(2) GTP
(2) Oxaloacetate

(2) ADP
(2) Pyruvate pyruvate carboxylase
21 ATP

2

(2) ADP Phosphoenolpyruvate

pyruvate kinase

(2) ATP

*» 7 reacoes reversiveis com a Glicdlise

Processos Irreversiveis!

Gliconeogénese



Gliconeogénese

*** Processo Ubiquo Blood Other

glucose Glycoproteins  monosaccharides Sucrose

LGlycogen tlsaccharldeij Starch

Glucose 6—phosphate

Animals Energy Plants
Phosphoenol-
pyruvate
Citric
a01d
cycle A
Pyruvate Glucogenic Glycerol 3-Phospho-
A amino A glycerate
acids
Lactate Triacyl- CO,

glycerols fixation



Gliconeogénese

+* Exemplos no Metabolismo

Cori cycle /
Gluconeo- \

GJuc/o,se genesis

Glucose

2 ADP)

+2‘|

2 1ATP;

Pyruvate




Regulag¢ao Glicolise / Gliconeogénese

¢ Regulacdo nas reacoes irreversiveis @ nd
nauz

Exemplo : Segunda reagao da Glicdlise ® Reprime

Gluconeogenesis

Fructose 6- phosphate
Glicdlise é———— ATP
= @) «---- ADP
Fosfofrutocinase * @& <—--- AMP -~ - 1,6 - bifosfatase
® €«———— citrate GIiconeogénese

Fructose 1,6- blsphosphate

Glycoly51s



Principais Vias de Utilizacao da Glicose

Glycogen,
starch, sucrose

Armazenamento

Nucleotideo e
Energia

Ribose 5-phosphate




Via das pentoses fosfato

+* Via atlernativa a Glicdlise

*¢* Produto Principal: Acucares de 5 Carbono e NADPH

|Glucose VI 3 d as
ﬂ 22| [NapPH Pentoses
G6P Fosfatos
i Ru5P

Xu5P R5P -

()
D
\8 v
= [FeP
LD ﬁ
GAP
NADH
ATP

Pyruvate

Figure 14-35 Fundamentals of Biochemistry, 2/e




Via das pentoses fosfato

+* Fase Oxidativa: Glicose 6 fosfato — Ribose 5 fosfato

¢ Produto principal: Pentoses fosfato e NADPH

Nonoxidative Oxidative
phase phase
| || I

Glucose 6-phosphate

l NADP* 2 GSH
glutathione
reductase

NADPH GSSG

transketolase, Fatty acids, (W OO
transaldolase 6-Phosphogluconate sterols, ete. ‘ ey |

NADP™
reductive
biosynthesis
COy; NADPH
Precursors

Ribulose 5-phosphate

Ribose 5-phosphate

Nucleotides, coenzymes,
DNA, RNA



Via das pentoses fosfato

+»* Fase Nao Oxidativa
**Vdrias reacoes envolvem a transferéncia de trés e dois carbonos
+** Converte Pentose fosfato a Hexose fosfato. Reciclagem da Glicose

6P

Ribose Sedoeptulose- Frutose Glicose
H-fosfato T-fosfato 6-fosfato 6-fosfato

iS0Imera Re1lr .
tosfo-hexose-
E|:nix11erarf|;~1lr isomerase
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Via das pentoses fosfato

+¢* Fase N3o Oxidativa

5C 7C 6C
5C 3C 4C 6C

>< ”
5C 3C 7/

5C 3C

Da¥al

5C 7C 6C

(b)



Diabetes e o Metabolismo de Carboidratos
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Diabetes tipo | Insulina Receptor de Glucosa
insulina ® © o

Diabetes tipo Il Insulina Receptor de Glucosa
insulina ® o )
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¢ Privacao de Glicose dentro da célula

) Principal .
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}
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CO, A transferéncia de CO,
elétrons nas mitocéndriais
direciona a sintese de ATP
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