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0O 0 0 o cH
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Figure 17-4 The nucleophilic attack of the C6—OH group of glucose on the y

phosphate of an Mg2*~ATP complex.
\oet Biochemistry 3e
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Reaction Enzyme AG® (kJ - mol™ ) AG (kJ - mol™)

1 HK —20.9 —27.2

2 PGI +2.2 —-14

3 PFK —17:2 —259

- Aldolase +22.8 —5.9
5 TIM +7.9 Negative

6 +7 GAPDH + PGK —16:7 =11
8 PGM +4.7 —0.6

9 Enolase —3.2 —2.4

10 PK —23.0 —13.9

“Calculated from data in Newsholme, E.A. and Start, C., Regulation in Metabolism, p. 97, Wiley (1973).

Table 17-1

the Reactions of Glycolysis?.

Standard Free Energy Changes (AG®'), and
Physiological Free Energy Changes (AG) in Heart Muscle, of



Reaccion global de la via Glucoll’tica|

Glucosa + 2ADP + 2P, + 2NAD* —— 2Piruvato + 2ATP + 2NADH + 4H* + 2H,0 I




DESTINOS DEL Glucose
PIRUVATO o

(10 successive

reactions)
anaerobic anaerobic
conditions 2 Pyruvate ~ conditions
/ aerobic \
diti
2 Ethanol + 2CO, conarons 2 Lactate
. 2C0, Fermentation to
Fermentation to alcohol o
in yeast lactate in vigorously
2 Acetyl-CoA contracting muscle,
erythrocytes, some
o other cells, and in
Gt some microorganisms
acid
cycle
4CO, + 4H,0

Animal, plant, and
many microbial cells
under aerobic conditions



Stoichiometry of Coenzyme Reduction and ATP Formation in the Aerobic Oxidation
of Glucose via Glycolysis, the Pyruvate Dehydrogenase Reaction, the Citric Acid Cycle,

and Oxidative Phosphorylation

Number of ATP

or reduced Number of

coenzymes directly ATP
Reaction formed ultimately formed*
Glucose —— glucose 6-phosphate —1 ATP =]
Fructose 6-phosphate —— fructose 1,6-bisphosphate —1 ATP =1
2 Glyceraldehyde 3-phosphate —— 2 1,3-bisphosphoglycerate 2 NADH 3-5
2 1,3-Bisphosphoglycerate —— 2 3-phosphoglycerate 2 ATP 2
2 Phosphoenolpyruvate —— 2 pyruvate 2 ATP 2
2 Pyruvate —— 2 acetyl-CoA 2 NADH 5
2 Isocitrate —— 2 «-ketoglutarate 2 NADH 5
2 «-Ketoglutarate —— 2 succinyl-CoA 2 NADH 5
2 Succinyl-CoA —— 2 succinate 2 ATP (or 2 GTP) 2
2 Succinate — 2 fumarate 2 FADH, 3
2 Malate —— 2 oxaloacetate 2 NADH 5

Total 30-32

*This is calculated as 2.5 ATP per NADH and 1.5 ATP per FADH,. A negative value indicates
consumption.



DESTINOS DEL PIRUVATO

Aerobio

Anaerobio

Piruvato

\ \ Levaduras

CO,+H,0 L actato Etanol



DESTINO ANAEROBIO DEL PIRUVATO:

FERMENTACION LACTICA

Lactato deshidrogenasa

Piruvato / \ >~ Lactato

NADH NAD”

1,3-Bisfosfoglicerato « v Gliceraldehido-3-fosfato

Gliceraldehido-3-fosfato
deshidrogenasa




DESTINO ANAEROBIO 0. O

DEL PIRUVATO: 4
FERMEN'I:ACIC')N (if;o Fyravate
ALCOHOLICA I .
decarboxylase ,\> co,
O\C/H Acetaldehyde

alcohol

dehydrogenase
T \> NAD"

(|3H2 Ethanol
CHs



Balance energético de la via Glucoll'tica|

Aerobiosis

Glucosa + 32ADP+ 32P;+60, —— 6CO,+ 32ATP + 44 H,0

Anaerobiosis

Glucosa + 2ADP+ 2P;  ——  2lactato+ 2 ATP + 2 H,0 AG® =-135 KJ/mol

Glucosa + 2ADP + 2P, »  2etanol + 2CO, + 2ATP + 2H,0




DESTINO AEROBICO DEL PIRUVATO:
DESCARBOXILACION OXIDATIVA

_I.
CoA-SH NAD TPP. 11poate NADH O\ /S-CO A
\ \ / > C
pyruvate dehydrogenase |
complex (E, + E, + E,) CHj;
Pyruvate Acetyl-CoA

AG'° = —33.4 kdJ/mol



Complejo Piruvato deshidrogenasa de E.coli

E1l. piruvato deshidrogenasa. 24 copias, contiene unido TPP

E2. dihidrolipoil transcetilasa. 24 copias, cada una con 3 moleculas de lipoato

E3. dihidrolipoil deshidrogenasa. 12 copias, contiene unido FAD
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Lipoic
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Lys
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of E,

Oxidized
form

X
| CH,

H l

Reduced Acetylated
form ?l) form
HS—CH, CH;—C—S—CH,
N N
/CH2 /CH2
HS—C{-I HS—C{I
CH, /CH2
Polypeptide chain of LI poato
E, (dihydrolipoyl

transacetylase)



Pyruvate

(0)
I A
CH3f’C—vC\0:_ oxidized

lipoyllysine

oxidized
lipoyllysine

reduced
lipoyllysine

“ CoA-SH

(6}

1
CHy—C—S-CoA

Acetyl-CoA



RUTAS ALIMENTADORAS DE LA GLUCOLISIS

Trehalose Lactose Ho /4 0 o
trehalase lactase
‘ OH H
OH
CHOH G H
u i (0} - Glycogen; starch D-Calactosa
e
OH H i\ phosphorylase o
Sucrose UDP-galactose
v
- Glucose <— UDP-glucose
D-Glucose 1-phosphate CH,0H
hexokmase 0
phosphogluco- H H H
HOCH, CH,OH mutase
2 - OH HO -
Glucose
H HO
6-phosphate
H -phosp i
H O EH ATP D-Mannose
D-Fructose hexokinase A%exokinase
ATP| fructokinase Fructose Mannose 6-phosphate
v 6-phosphate
Fructose 1-phosphate phosphomannose
fructose 1- W —
phosphate
aldolase
7S Fructose 1,6-
( 1 bisphosphate
Glyceraldehyde + Dihydroxyacetone
phosphate
ATP

triose triose phosphate
kinase isomerase
Glyceraldehyde

3-phosphate




Nonreducing end

CH,OH CH,OH

Rl e

OH Glycogen chain

(glucose),,
glycogen
phosphorylase
Nonreducing end
CH,OH CH,OH
Q) O
H H H H H
OH H OH H
Q)
H OH H OH
Glucose 1-phosphate Glycogen shortened

by one residue
(glucose),, 1



Nonreducing

ends
(0t1—6)

linkage

Glycogen

glycogen
phosphorylase

S e
@ e & =
Glucose 1l-phlosphate

transferase
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enzyme

C%C%QO@—O&‘OO--

(0.1-6)
glucosidase
activity of
debranching ) Glucose
enzyme

O-0-0-0- 000000
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DISACARIDOS DE LA DIETA

Dextrina + nH,O

. » N D-glucosa
dextrinasa g

Maltosa + H,O > 2 D-glucosa

maltasa

Lactosa + H,O > D-galactosa + D-glucosa

lactasa

Sacarosa + H,O > D-fructosa + D-glucosa

SacCalaSa

+ > -
Trehalosa + H,0 rehalasa 2 D-glucosa



RUTA DE LAS PENTOSAS FOSFATO

» Proveedor de NADPH para la biosintesis

» Productora de Ribosa 5 fosfato

» Consta de 2 procesos oxidativos seguidos de 5 etapas
no oxidativos

» Tiene lugar mayormente en citoplasma de hepatocitos y
adipocitos

» EI NADPH es usado para la biosintesis de acidos grasos
que ocurre en el citoplasma



Nonoxidative Oxidative

phase phase
I 1 I
Glucose 6-phosphate

| NADP* 2 GSH
glutathione

reductase

NADPH GSSG

transketolase, v Fatty acids,

transaldolase 6-Phosphogluconate sterols, etc.

NADP* _
reductive
CO, ~ : NADPH biosynthesis

v

Ribulose 5-phosphate

l

Ribose 5-phosphate

Precursors

Nucleotides, coenzymes,
DNA, RNA

Figure 14-20
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Etapa no oxidativa

4 tipos de reaccion
Fosfopentosa Isomerasa
convierte cetosa a aldosa
Fosfopentosa Epimerasa
epimeriza a C-3
Transcetolasa (TPP-dependiente)
transferencia de unidades de 2 atomos de carbono
Transaldolasa

transferencia de una unidad de 3 atomos de
carbono



Garrett & Grisham: Biochemistry, 2/e
Figure 23.30

CH,OH HC — OH
cC—o n|t|: — OH
HCOH  _ ~ HéﬂH
HCOH HéDH
CH,OPOj~ (l:HEDPﬂg—
p-Ribulose-5-P (ketose) - Enediol -

H(|1 —0
HCOH

~  HCOH

|
HCOH

CH,OPO3~

Ribose-5-P (aldose)

Saunders College Publishing



Garrett & Grisham
Figure 23.32

(|3HEGH
(|: — (8]
HOCH

HCOH

|
CH,OPO3~

Xylulose-5-P

: Biochemistry, 2/e

CHO

|
HCOH

|
+ HCOH

|
HCOH

Transketolase

CHO
|

S

CH,OPO3~

Ribose-5-P

H(|3'DH +

CH,OPOZ~

Glyceraldehyde-3-P

(|:H20H
oy,
|

HOCH

|
HCOH

|
HCOH

|
HCOH

|
CH,OPO3~

Sedoheptulose-7-P

Saunders College Publishing



Garrett & Grisham: Biochemistry, 2/e
Figure 23.35

CH,OH
(|3 —0 CHO CH,OH
Ha {|3H CHO H{JJ{)H {|] —

Heon +  HooH — Hcon + Hoem
H;';gH (|:H2+DPD§‘ (|3HED PO3~ H(|;DH
H(|3'DH H(|]'DH

JJHEDPCI%' (LHEDPGE‘

Sedoheptulose-7-P  Glyceraldehyde-3-P Erythrose-4-P Fructose-6-P

Saunders College Publishing



RUTA DE LAS PENTOSAS FOSFATO:

VARIACIONES DE LA VIA

Caso gue se necesite tanto ribosa como NADPH

Glucose-6-F " vl . 6-Phosphogluconate \‘—E/ = Ribulose-5-phosphate 4 = Ribose-5-phosphate

Saunders College Publishing



RUTA DE LAS PENTOSAS FOSFATO:

VARIACIONES DE LA VIA

Caso que se necesite mas ribosa que NADPH

3-Epimerase {
)™\
Ribulose-5-1" Kylulos Ribose-5-P

wstiomeme {11}



RUTA DE LAS PENTOSAS FOSFATO:

VARIACIONES DE LA VIA

Caso que se necesite mas NADPH que ribosa

mwsmw
6-Phosp ghm

B




Glycolysis

Glucose
GEYOC — 9/
/ \ Cytoplasm
Pyruvate
molecules

Transformation of pyruvate
into acetyl CoA

Pyruvate e
=== Mitochondrial

co, \ ‘ matrix

/S.utorontoeit.com/ene ‘_.
sm/carbohydrate- xeeseve

' CO,
=== Mitochondrial
D — matrix

Oxidative phosphorylation

e N i
900 N Electrons
S r >

S— a 4
'opentextbc.ca/anatomyandp. ... .

gy/chapter/24-2-
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removed

from glucose,

pyruvate, and Mitochondrial

acetyl CoA inner
membrane

Redox
reactions



Three fates of pyruvate produced by glycolysis

Anaerobic Aerobic Oxidation Anaerobic
(lactic acid fermentation) (alcoholic fermentation)

o%clo Pyruvate °§c/°— Pyruvate o%clo- Pyruvate
| | |
?-O ?-O ?:O
CHs CH4 CH4
CoA-SH
P €Oz
NaDH + (NAD o+ t =&
+69 Y L
NADH) + (H*) Acetaldehyde
N @f C—O
S-CoA ~ |
Y

i CHy
I Acetylcon A

- C=0 + @)
0 0
N/ | »
? Lactate CHs 1‘ N&

HO—C—H Y Y Ethanol
(|:H Citric acid cycle and H=C=0H
3 Oxidative phosphorylation |

CHs



Summary of pathways

@) Galactokinase (mild galactosemia)

@ Galactose-1-phosphate
uridyltransferase
(severe galactosemia)

&) Hexokinase/glucokinase

@ Glucose-6-phosphatase
(von Gierke disease)

© Glucose-6-phosphate
dehydrogenase

O Transketolase

€2 Phosphofructokinase-1

©) Fructose-1 6-bisphosphatase

© Fructokinase (essental fructostria)
Q) Aldolase B ffructose intolerance)
(D Aldolase B liver), A (muscle)

& Pyruvate kinase

B Pyruvate dehydrogenase
&) HMG-CoA reductase

(B Pyruvate carbaxylase

16)353 carboxykinase

{2 Citrate synthase

(D) Isocitrate dehydrogenase

(D o-ketoglutarate dehydrogenase
¢ Ornithine transcarbamylase

¢3) Propiony!-CoA carboxylase

NH3+ C02

Carbamoyl phosphate

Galactose metabolism
Galactose ‘B Requires biotin cofactor
l (1) €D Requires thiamine cofactor (TPP)
Glycolysis @ ireversible, important point of regulati
Galactose-1-phosphate Glucose NI ponkaEgRaion
Glycogen
I \ (2] olle HMP shunt
UDP-glucose «— Glucose-1-phosphate =— Glucose-6-phosphate — 6-phosphogluconolactone
Glycogenesis / glycogenolysis (6) )
Ffuctose-G-phosphateTRibulose-S-phosphate
Gluconeogenesis 0“9
Fructose-1 6-bisphosphate Fructose metabolism
o @ o
Glyceraldehyde-3-P =—5 DHAP «— Fructose-1-phosphate «<—— Fructose
lS—bisphosphoglyceN Glyceraldehyde
3-phospholglycerate Glycf'd Lipid metabolism
2- ycerate Triglycerides
PhOSphOG\dDIWVZte {PEP) Fauy acids
——
Pyruvate Lactate Malonyl-CoA Cholesterol
(i6) *|® > ]
Acetyl-CoA Mevalonate
Acetoacetyl-CoA — HMG-CoA —<
Acetoacetate
Aspartate Oxaloacetate
Cltrullm / Isocutrate B-hydroxybutyrate
Ketogenesis
Argininosuccinate
@ 9 Malate TCA cycle )0
Ornithine Odd-chain fatty acids,
a-ketoglutarate branched-chain amino acids,

Urea cycle led- :
Fumarate T methionine, and threonine
Arginine \ -/®
Succinate
P a—

Succinyi-CoA o= Methyimalonyl-CoA %— Propionyl-CoA

Protein metabolism
5]



