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Pentosfosfatvagen
— forelasningsupplagg

« Pentosfosfatvagens huvudsakliga uppgift

* Vad anvands pentosfosfatvagens produkter till?

« Pentosfosfatvagens tva faser och ingaende reaktioner
* Glukos-6-fosfatdehydrogenasbrist; en mycket vanlig

defekt | pentosfosfatvagen som kan ge upphov till
hemolytisk anemi
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Metabolism of glucose 6-phosphate

Glycogen

Glycogen ,,_; /‘ Glycogen phosphorylase

Glucose Glucose 1-phosphate
Hexokinase ‘phophogummumse 1. fuel for anaero bic or aerobic
Gluc:Izinose \ me'[abO ||Sm

_ Glucose 6-phosphate | 2. converted to glucose and
PENTOSE :
cuvcouvsis g Musce, | Liver  PHOSPHATE released into the blood
/ A g_';ggi;,masc\ 3. processed into NADPH
Pyruvate NADPH and/or ribose 5-phosphate
+
/ ‘ Ribose 5-phosphate
Lactate ~ CO, + H,0 Glucose

Adapted from Figure 21.4
Biochemistry, 8th ed, Berg et al. Blood for use by
2015 W.H. Freeman and Company OthEI' tissues
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Pentosfosfatvagen

Figure 20-24 part 2
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

2 NADP* 2 NADPH

Glucose - z : Ribulose

6-phosphate \ 5-phosphate
co, ‘
Alternativa namn: Rib
» Hexosmonofosfat (HMP)-shunten IDose
» Fosfoglukonatvagen 5-phosphate

Huvudsaklig uppgift
bilda NADPH och ribos-5-fosfat

Sahlgrenska akademln _— GOTEBORGSA';.J"I\;IVERSITET



NADPH

(nikotinamid-adenin-dinukleotidfosfat)
NADPH I"”P"‘I oxidized form m reduced form

H (o]
V4
HH o nicot'iinamide C\
NH, ng + NH,
|
N\ oS
O=F|"O' H™
—L—.
cl) HO OH NH,
N
O=P\-O' </ | SN
@) N N
HO OPO,2"

Figure 13.4 in Biochemistry 5th ed. / Harvey and Ferrier é\ this phosphate group is / d,)

Lippincott Williams & Wilkins, 2011 missing in NAD+ and NADH

Figure 2-60 in Molecular Biology of the Cell.
4th ed. Alberts B, Johnson A, Lewis J, et al.
New York: Garland Science; 2002.
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Vad anvands NADPH till?

— nagra exempel

Reduktiv biosyntes

t ex fettsyror, kolesterol, steroider
O

/\WOH

Palmitinsyra

Kolesterol Testosteron

&
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Vad anvands NADPH till?

— nagra exempel
Skydd mot reaktiva syreféreningar

Reaktiva syreforeningar (ROS; reactive oxygen species)

EX:

Superoxid Vateperoxid Hydroxylradikal
Mycket reaktiva molekyler som kan skada proteiner, lipider, DNA mm
Bildas som biprodukter i andningskedjan

Vissa lakemedel, tobaksrok mm genererar ROS
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Vad anvands NADPH till?

— nagra exempel
Skydd mot reaktiva syreféreningar

8 | 1
0, e 0,° — H,0, - OH* — HO
Oxygen Superoxide Hydrogen peroxide Hydroxyl radical Water
t ] } Glutathione peroxidase %
2 G-SH G-S-S-G

Figure 13.5 in Biochemistry 5th ed. / Harvey and Ferrier
Lippincott Williams & Wilkins, 2011

Glutation — en antioxidant som skyddar mot ROS

v-Glu—Cys—CGly

; NADPH + H* 2 H,0
l Glutathione
S reductase 2 y-Glu—Cys—Gly .
R —— + Glutathione lutathione

| +NADPH +H" ~—— | + NADP reductase peroxidase
S SH

. o NADP* H;0,

v-Glu—Cys—Gly (reducod)
Oxidized glutathione (GSSG) Reduced glmathio“e (GSH) Figure 13.6 in Biochemistry 5th ed. / Harvey and Ferrier

Lippincott Williams & Wilkins, 2011

Biochemistry, 8th ed, Berg et al.
2015 W.H. Freeman and Company

NADPH kravs for att den reducerade formen av glutation skall aterbildas
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" = NADPH + H+ NADP+
Vad anvands NADPH till? U
-
- nég ra exempel Cytochrome P450
SubstrateA H
Cytokrom P450 (CYP450) systemet
Stor grupp av enzymer uttyckta framst i levern /
P450-Fe3+ P 450 Fe2+
R-H + O, + NADPH + H* — R-OH + H,0O + NADP* H,0 }02
Mitokondriella systemet i
« Steroidbiosyntes ~___ kao,
« Syntes av gallsalter \
* Vitamin D3 syntes
: R
Mikrosomala systemet oM FAD. FAIN
* Metabolism av en stor mangd [e\
kroppsframmande (t ex lakemedel)
NADP+ NADPH + H+

och kroppsegna substanser

Figure 13.17 in Biochemistry 5th ed. / Harvey and Ferrier
Lippincott Williams & Wilkins, 2011
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2‘03PO

[ [ O
Vad anvands ribos-5-fosfat till? 1,
— nagra exempel OH OH
Ribos-5-fosfat
NH,
(@]
HsC N N XN
:I::I::If%l: HO—P—0—P—0—P—0 ] P I
HaC NSNS0 N™ N _ AN NH
| o] | 2
CH, B .
H——OH O=P—=0 N
H——CH ATP OH OH O
H——OH
ik o)
OchF_O NH, (I? BASE OH OH NH,
o N XN N X
oo ¢ | P HO—I?—O L ¢ j
0] 0 O_ O 6— O N N
OH OH
FAD OHOH OH OH

Ribonukleotider

NADH

&
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Var ar pentosfosfatvagen framst aktiv?

TABLE 20.4 Tissues with active pentose phosphate pathways

Tissue Function

Adrenal gland Steroid synthesis

Liver Fatty acid and cholesterol synthesis
Testes Steroid synthesis

Adipose tissue Fatty acid synthesis

Ovary Steroid synthesis

Mammary gland Fatty acid synthesis

Red blood cells Maintenance of reduced glutathione

Table 20.4
Biochemistry, 8th ed, Berg et al.
2015 W.H. Freeman and Company
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Pentosfosfatvagens tva faser

Oxidativa fasen (irreversibla reaktioner)
Genererar NADPH och 5-kolssockret ribulos-5-fosfat
fran glukos-6-fosfat

Icke-oxidativa fasen (reversibla reaktioner)
Omvandlar 5-kolssocker sinsemellan och till
glykolysintermediarer

CH,0P032~

PHASE 1
(oxidative)

Glucose
6-phosphate

2 NADP*

Sker | CytOSOIen b‘zmwpmcoz

CH,0H
O\C/ 2

H—C—O0H
H—C—0H

CH 20P032-
Ribulose
5-phosphate

Figure 20.18
Biochemistry, 8th ed, Berg et al.

Sahlgrenska akademin

2015 W.H. Freeman and Company

Ribulose

5-phosphate
O M 1
= o\c __CH0H
H—C—OH HO—C—H
H—C—OH H—C—OH
CH,0PO+> CH,0PO32
Ribose Xylulose
5-phosphate (Cs)  5-phosphate (Cs) \{f\
o} CH,OH
N2
O \T
[ HO—C—H
H—C—OH
H—C—OH
CH,0P032
GAP (C3) H—C—OH
H—T—OH
CH,0P05%~
Sedoheptulose
7-phosphate (C;)
o\c _CH0H
| Os _H CH,0H
HO—C—H \f/ O\c/ ’
H—(|:—OH H—C—OH HO—C—H
H—C—OH H—C—OH H—C—OH
CH,0P032" CH,0P032 CH,0P032
Fructose Erythrose Xylulose
6-phosphate (Cs) 4-phosphate (C;) 5-phosphate (Cs)
CH,0H
™ 2
o O M
HO—C—H
H—C—OH  +
g CH,0PO52-
PHASE 2 focte?
= H—C—OH
(nonoxidative) GAP (G5)
CH,0P032"

Fructose
6-phosphate (Cg)



Den oxidativa fasens reaktioner
— genererar NADPH och ribulos-5-fosfat

0\‘C'7O
CH,0PO3%~ CH,0PO3%~ | CH-OH
H—C—OH Re? °
O  H '\JADF NADPH H 0 Ho  HY e NADP* NADPH |
VN TS e S s T
Glucose 6- phosphare Lactonase H—C—OH 6-Phosphogluconate H—C—OH
H dehydrogenase H l dehydrogenase
H—C—OH 2-
i OH CH,0PO3
CH,0P05%"
Glucose 6-Phosphoglucono- 6-Phospho- Ribulose
6-phosphate d-lactone gluconate 5-phosphate
Figure 20.19
= e Biochemistry, 8th ed, Berg et al.
Kontrollpunkt i pentosfosfatvagen 2015 W.H. Freeman and Company

Nivaerna av NADP*/NADPH styr
Hoga NADP* -nivaer gor att glukos-6-fosfat slussas
In | den oxidativa fasen for att bilda mer NADPH
Hoga NADPH-nivaer hammar enzymet
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Den icke-oxidativa fasens reaktioner
— reversibla reaktioner som omvandlar sockermolekyler

Adapted from
Biochemistry, 8th ed, Berg et al.
2015 W.H. Freeman and Company

Sahlgrenska akademin

5-kolssocker (5C)
Reversibla reaktioner

CH,0PO52~
Ribulose 5-phosphate

CH,OH
¢—o
HO—C¢—H
H—C—0H

CH,0PO32-
Xylulose 5-phosphate

o\C M

H—C—OH

H—C—OH

H—C—OH
CH,0P0%2~

Ribose 5-phosphate

De tva enzymerna omvandlar tre olika 5-kolssocker sinsemellan

Reaktionerna ar reversibla och cellens behov styr vilken produkt som bildas

&
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Den icke-oxidativa fasens reaktioner

— reversibla reaktioner som omvandlar sockermolekyler

Ribose Sedoheptulose Fructose
5-phosphate 7-phosphate 6-phosphate

Transketolase Transaldolase
Xylulose Glyceraldehyde Erythrose Fructose
5-phosphate 3-phosphate 4-phosphate 6-phosphate

Transketolase

Xylulose Glyceraldehyde
5-phosphate 3-phosphate

Transketolas och transaldolas samverkar for att omvandla 5-kolssocker till glykolysintermediarerna
fruktos-6-fosfat och glyceraldehyd-3-fosfat

Reaktionerna ar reversibla och cellens behov styr samspelet med glykolysen

Sahlgr enska akademin GOTEBORGS":J“NIVERSITET



Transketolaset flyttar ’2-kols enheter”

(|3H20H
c=0
|

HOCH +

HCOH

CH,0PO4%~
Xylulose-5-P

(|]H20H
10

HOCH
|

HCOH

CH,OPO,2~

Xylulose-5-P

Sahlgrenska akademin

CH,OH
="
(llHO HO(llH
HCOH CHO HCOH
| Transketolase | |
HCOH < H(llOH ™ HCOH
I : |
HCOH CH,OPO3*~ HCOH
I I
CH,OPO4*~ CH,0PO4%~
Ribose-5-P Glyceraldehyde-3-P Sedoheptulose-7-P
(|:H2OH
="
CHO CHO HOCH
| Transketolase - | |
HCOH < H(|]OH + HCOH
| |
HCOH CHyOPO3*~ HCOH
| |
CH,OPO42~ CH,OPO4*~
Erythrose-4-P Glyceraldehyde-3-P Fructose-6-P

Figure 22.28 and 22.29 in "Biochemistry, 4th ed”,
Garrett and Grisham, Brooks/Cole, 2010
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Transaldolaset flyttar ”’3-kols enheter”

CH,OH
c=o
HO™ (|:H ?HO Transaldolase

HCOH + HCOH <

H(|JOH (llH:zOPOsQ'

H(|]OH
C|JH20P032—

Sedoheptulose-7-P  Glyceraldehyde-3-P

Sahlgrenska akademin

CHO CH,OH
i
HCOH + HO(|]H

(|]H20P032' H(l;()H

H(|]OH
C|JH20P032—
Erythrose-4-P Fructose-6-P

Figure 22.31 in "Biochemistry, 4th ed”,
Garrett and Grisham, Brooks/Cole, 2010
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Pentosfosfatvagen

— produkter gemensamma med glykolysen

Glucose

N

Glucose
6-phosphate

Fructose
6-phosphate

ty
ty

Glyceraldehyde
3-phosphate

NADH

t—» ATP
!

Pyruvate
I L

Reaktionerna sker i cytosolen
Utbyte mellan vagarna kan ske

2 NADP*

» Fatty acid synthesis

2 NADPH -EE:- ---- + Glutathione reduction

~

& Other reactions. such
co as detoxification
2

Oxidative
irreversible

Ribulose
5-phosphate

b

Xylulose
5-phosphate

Non-oxidative

reversible Ribose

5-phosphate

Nucleotide
biosynthesis

T
Glycolysis/
Gluconeogenesis

Pentose phosphate pathway

Cellens behov av NADPH / ribos-5-fosfat / ATP avgdr hur sockermolekylerna slussas mellan

Sahlgrenska akademin

pentosfosfatvagen och glykolysen
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Cellens behov av NADPH, ribos-5-fosfat och ATP avgor hur metaboliter slussas
mellan pentosfosfatvadgen och glykolysen

— exempel pa situationer att tanka kring

Om ett balanserat behov av NADPH

Om betydligt mer ribos-5-fosfat d@n och ribos-5-fosfat foreligger

NADPH behovs
o Shucoee
|

Fructose Ribose Glucose __A' Ribulose
5-phosphate

2 NADP* 2 NADPH

6-phosphate 6-phosphate \ 5-phosphate
4 co
Fructose . ‘
1,6-bisphosphate
ure 20-24 part 1 :Z::"m‘;;?‘“" 5' hOS hate
Dihydroxyacetone A Glyceraldehyde %ﬁ;’?ﬂmmmw crem——Gnn P P
phosphate w3 phosphate
Om betydligt mer NADPH &n ribos-5-fosfat behovs Om bade NADPH och ATP behovs

— glukos-6-fosfat tillbakabildas fréan glykolysintermedidrerna

2NADP* 2NADPH
+
2 NADP 2NADPH Glucose z Ribulose

Glucose 9 Z Ribulose 6-phosphate \ 5-phosphate

6-phosphate \ 5-phosphate co, ‘
co. Fructose Ribose
* ‘ 6-phosphate 5-phosphate
Fructose Ribose
6-phospl - 5-phosphate ‘
1 Fructose
1,6-bisphosphate
Fructose
1,6-bisphosphate Dihydroxyacetone /\ Glyceraldehyde
phosphate =P 3.phosphate
Dihydroxyacetone Glyceraldehyde
yascyncetons: o New Glyceraidainy o W S,
L 'y L) 22007 W. H.Freeman and Company Biochemistry, Sixth Edition
-P “Q © 2007 W.H.Freeman and Company
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Andra syntesvagar som genererar NADPH
kraver mitokondrier.

Erytrocyter saknar mitokondrier och ar darfor
kansliga for defekter i pentosfosfatvagen.

Malic enzyme

(00~ NADP' . fH' 000"
CHOH \ / C=0

| I + CO,
CH2 malic enzyme 3

COO~

Malate Pyruvate

Part of Figure 21-9 in “Lehninger principles of biochemistry,
4th ed”, Nelson and Cox, W.H. Freeman, 2005

)
=
H—C—CZ

HO—(|3—H
//C\
0o O

Isocitrate

Sahlgrenska akademin

Isocitratdehydrogenas

Glutamatdehydrogenas

(|300_
Hsﬁ—ﬁ}—H

i

CH;

| NAD(P)"

COO~

Glutamate NAD(P)H
CO0~
|
HoN :(l‘,
i
i
CO0~
H,0
NHy

(|JOO’

i

CH,

|

(|3H2 Figure 18-7 in “Lehninger principles of

COoO~ biochemistry, 4™ ed”, Nelson and Cox,

«-Ketoglutarate W.H. Freeman, 2005

(|JOO_ (|JOO_ (llOO_
NAD(P)" NAD(P)H + H* CH, CH, CHy
0 COz | + |
7 H—C+Ch | —=2—— |H—C H—C—H
isocitrate |()m \K(-)\— @ I @ |
dehyc&gﬁ,’enase C :O\ C —{\0\’ C=0
| MnZ* [ ‘
C n ¢ Mn C
O// \07 ! 0// \ O// \O
Oxalosuccinate ) )

a-Ketoglutarate

Figure 16-11 in “Lehninger principles of biochemistry, 4
ed”, Nelson and Cox, W.H. Freeman, 2005
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Glukos-6-fosfatdehydrogenas-brist

Vanligaste medfodda enzymdefekten hos manniska (ca 400 miljoner individer)
Defekter i G6PD genen (>140 olika mutationer identifierade)

Vanligare i malariaendemiska omraden; antyder att G6PD-brist sannolikt
verkar skyddande mot malaria

X-kromosomal, recessiv nedarvning (framst man drabbas)

[ <0-5%
] 0-5-2:9%
] 3-6.9%
7-9-9%
M 10-11.9%
B 15-26%

Cappellini and Florelli (2008), Lancet, 371:64-74
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Glukos-6-fosfatdehydrogenas-brist

Erytrocyter kan endast bilda NADPH via pentosfosfatvagen (saknar mitokondrier)

Erytrocyterna blir extra kansliga for ROS (glutation-systemets skyddande funktion
nedsatt pga brist pa NADPH)

Okad bildning av ROS (oxidativ stress) kan leda till att erytrocyterna skadas
(Hb aggregerar; membranlipider peroxideras) och spricker (hemolys)

Hemolys kan utlésas av t ex bondbonor (vicin), lakemedel; bl a vissa antibiotika (t ex
sulfapreparat) och antimalariamedel (t ex primakin). Hemolytisk anemi kan uppsta.

Glucose 6-phosphate dehydrogenase deficiency impairs the ability [T

ERYTH ROCYTE | of an erythrocyte to form NADPH, resulting in hemolysis. Certain drugs
< Infections
Glucose Fava beans
2 GSH v
H,0,

Glucose 6-phosphate -
(_ g
Glucose 6-phosphate Glutathione

dehydrogenase reductase

Glutathione

peroxidase

Figure 13.10 in Biochemistry 5th ed. / Harvey and Ferrier
Lippincott Williams & Wilkins, 2011
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Metabolic characteristics
of pentose phosphate pathway and NADPH

Role of glucose 6-phosphate

dehydrogenase

Pentose phosphate

pathway _>[ Rate-limiting step ]
cata.’ylzed by
i ¥
occurs in
[ Cytosol Jetemti— Ribulose 5-phosphate Glucose 6-phosphate
+ dehydrogenase (G6PD)
e 6P Gluconate W '
Ribose for DNA, | Produces | pioce 575 : - ® Erataly
RNA synthesis HABE /
Xylulose 5-P ('_iluc.';osfT 6-P
ructose 6 Mutations in
:I'issues qctive Sedoheptulose T-grylhmse p F 2‘5 6-P { gene for GEPD
in reductive Fructose 1,6-bis-P Iea;j to
. - DHAP
blosynlhe5|s Glyceraldehyde 3-P Glyceraldehyde 3-P
® Liver ___oceurs —
@ Adipose primarily in EI‘IZymeI activity ]
@ Adrenal cortex leads to
(R NADP*-dependent
also in malate dehydrogenase Production of NADPH ]

(except for erythrocyte)

Iead's o

[ ® Erythrocytes |

produces

H

Reduced glutathione ]

ieaclls to
 ® Fatty acid synthesis | __consumed by Reactive oxvaen
( @ Steroid synthesis |- consumejiy ?:ﬁer‘lﬁegi;gz ’
=  consumed by
| ® Drug metabolism | N A D P H inhibits leads fo
[ ® Glutathione reduction | Cosnadiy
R [iemeesas aieors
by NADPH oxidase | leads to
Hemolysis ]
leaclfs o

[ Hemolytic anemia ]

Figure 13.14 in Biochemistry 5th ed. / Harvey and Ferrier
Lippincott Williams & Wilkins, 2011
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Sammanfattning av pentosfosfatvagen

 Huvudsakliga uppgift; bilda NADPH och ribos-5-fosfat
 NADPH; reduktiv biosyntes, skydd mot ROS, CYP450 mm
* Ribos-5-fosfat; RNA, DNA, NADH, FAD mm

« Vagen har tva faser; oxidativ fas bildar NADPH och ribulos-5-fosfat;
icke-oxidativ fas omvandlar 5-kolssocker sinsemellan och till

glykolysintermediarer (eller tvartom)

* Intermediarer kan slussas mellan pentosfosfatvagen och

glykolysen (cellens behov av NADPH/ribos-5-fosfat/ATP avgor)

* Glukos-6-fosfatdehydrogenas-brist ar den vanligaste medfodda

enzymdefekten hos méanniska; oxidativ stress kan leda till hemolys
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Pentosfosfatvagen

Lasanvisningar

Kapitel 20 (sidorna 624-639) i Biochemistry, 10th ed, Berg et al.
2023 W.H. Freeman, Macmillian Learning

Instuderingsfragor

Finns upplagt pa Canvas

Har ni nagra fragor?

HOr garna av er till mig med ett meddelande pa Canvas
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