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Systems Biology e

Medicina Personalizada

BIOLOGIA

Cultura interdisciplinar
“Team Science”

COMPUTACAO TECNOLOGIA

“Systems biology is a
comprehensive gquantitative
analysis of the manner in which
all the components of a
biological system interact

functionally over time.”

Alan Aderem, PhD
Ehireior

Institute for Svstems Biology

INFORMACAO BIOLOGICA

“Svstems biology 15 the science of
discovering, modaling,
understanding and ultimately
engmeenng a1 the molecwlar level
the dyvnanuc relatonships befween
the biological molecules that

define UIving orgamsms. -~

Lerov Hood., Ph.D, MDY
President
Institute for Svstams Biology
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LIPIDMAPS
nature lipidomicsgateway

thE| lipidomics update resnur[:95| about LIPID MAPS abnutl‘hissite! search .

out the consortium key people core labs and bridges

About the consortium

LIPID Metabolites And Pathways Strategy (LIPID MAPS) is a multi-institutional effort created in 2003 to
identify and quantitate, using a/systems biology approach and sophisticated mass spectrometers, all of the
major — and many minor — lipid species in mammalian cells, as well as to guantitate the changes in these

species in response to perturbation. Health Care in the
215t Century:
The ultimate goal of our research is to better understand lipid metabolism and the active role lipids play in P4 Medicine™:
diabetes, stroke. cancer, arthritis, Alzheimer's and other lipid-based diseases in order to facilitate = e
| P Predictive,
development of more effective treatments. .
Preventive,
Since our inception, we have made great strides toward defining the "lipidome” {an inventory of the thousands Personalized, and
of individual lipid maolecular species) in the mouse macrophage. We have also worked to malke lipid analysis Participatory

easier and more accessible for the broader scientific community and to advance a robust research
infrastructure for the international research community. We share new lipidomics findings and methods, hold
annual meetings open to all interested investigators, and are exploring joint efforts to extend the use of these
powerful new methods to new applications. Resources available include:

o LIPID MAPS publications. including peer reviewed journal articles and book chapters
e LIPID MAPS presentations available for download
e detailed biochemical pathways elucidated

o mproved protocols for lipid separation and guantification

o analytical tools for determining lipid quantitation
o structure drawing tools for autematically drawing lipid molecular structures in stereochemical detail

e some 500 mass spectrometric standards

o Experimental data {e.g., Kdo2-Lipid A stimulation time-course and compactin inhibition studies in
RAW cells)
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Acidos graxos na dieta

* 30-60% da ingestao caldrica na
dieta ocidental

* Triacilglicerodis (90%), ésteres de
colesterol e fosfolipideos



Armazenamento

* Triacilglicerodis (TAG)

 84% da energia armazenada
* Proteina - 15%

* Carboidrato (glicose ou glicogénio) -
<1%



Rendimento da oxidacao de acidos graxos é ~9kcal/g
Rendimento da oxidacao de carboidratos e proteinas ~4kcal/g.

Nutrientes
ricos em
energia

Carboidratos
Proteinas
Lipidios

Macromoléculas

Proteinas
Polissacarideos
Lipidios

Acidos Nucleicos

Catabolismo

k4
PO ATP _
ﬁ”iﬁﬁlﬁl NADH  energia
NADP* NADPH  quimica
&

Anabolismo

Produtos
pobres em
energia

co,
H,0
NH,

Moléculas
precursoras

Aminoacidos
Acucares

Acidos graxos
Bases nitrogenadas

Homem 70kg - TAG ~11kg
se a mesma energia fosse armazenada como glicogénio - +

64kg
glicogénio é hidratado - 1g glicogenio - 2g agua
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Os triacilglicerodis sao reservas altamente
concentradas de energia metabolica porque sao
redu2|dos e anidros.

Micrografia eletronica de
uma adipocito

* As células adiposas sao
especializadas para sintese e
armazenamento de
triacilglicerdis.

* Os triacilglicerdis sao
apolares e por isto sao
armazenados em forma quase
anidra (sem agua).

* As reservas de triacilglicerdis
podem sustentar
energeticamente as funcoes
biologicas por varias semanas.




Os acidos graxos sao armazenados como triacilglicerois

triacilglicerol

PaIas.
o 1CH, 3CH, O
HO CH OH \ / Vi
| \c—o/ }CH \o—c/
OH I
Glicerol CI)
(o C

1-estearoil, 2-linoleil, 3-palmitoil- glicerol



, Acidos carboxilicos com cadeia carbénica longa
Acidos graxos (em geral, 14 a 24 carbonos) sem

(AG): ramificagbes, contendo ou nao insaturacgdes.
Grupo 0O O
carboxila \C/’
(
Cadeia

carbonica <

—

Estearato ~ Oleato _
forma ionizada do acido forma ionizada do acido oleico
estearico (18 carbonos) (18 carbonos, 1 insaturacao em

configuracao cis)



Digestao dos Lipideos da
dieta

 Estomago: lipase lingual e lipase
gastrica

TAG com AGs de cadeia curta ou
meédia (<12C)

 Duodeno: lipases pancreaticas

Facilitado por
* Sais biliares (emulsificacao)
e peristaltismo



Depois da ingestao,
os triacilgliceradis
(TAG) sao
emulsificados pelos
sais biliares
(incorporados em
micelas que facilitam
a acao das lipases).

Acidos biliares
como o glicolato
atuam como
detergentes.

Figure 19-3a Fundamentals of Biochemistry, 2/e
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As gorduras da dieta sao digeridas no
estomago e intestino delgado por lipases
gastrica e pancreatica

Os principais produtos da acao das lipases sao

2-monoacilglicerdis e acidos graxos livres que sao
absorvidos pelas células epiteliais que revestem

o intestino delgado
0 0

PERSAGAD U sh WAD W

O—C—H o——c—-H 0"—C"'H
)0]\ Lipase Lipase
R CHZOH CHzOH
2C\0 "
triacilglicerol diacilglicerol monoacilglicerol

|
(CHz)

el %/% Llpases gastricas e pancreaticas:
A ?_ Bi*oqueadas por Orlistat (“Fat Blocker”) - Xenical/Allj



LUMEN Célula da mucosa epitelial

Outros
lipidios,
proteinas

Triacilglicerois

H,0 -\

\ %
Acidos graxos

Lipases

> Sistema
linfatico

’ Triacilglicerois Sangue

l

>— Quilomicrons

o
Monoacilglicerois
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DI

D91

* Tecido adiposo
* Musculo

Os 2-monoacilglicerdis e acidos graxos livres sao
absorvidos pelas células epiteliais que revestem o
intestino delgado e sao reconvertidos em TAG que sao
empacotados com proteinas especificas e colesterol da
dieta em quilomicrons.
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Quilomicrons

Apolipoproteins

Cholesterol Phospholipids

Triacylglveerols and
cholesteryl esters

Lipoproteina de
*francnorfre
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Destino do glicerol

ATP ADP

(|:H20H \hj (|:H20H
HO—C—H > HO—C—H

Glycerol ’
CH,OH kinase CH,0P05?-

Glycerol L-Glycerol
3-phosphate

+ +
NAD NADH + H O\

H
CH,OH s
/ |
> O0—=C H—C—OH

—
Glycerol

phosphate CH,0PO;* CH,OP0;*-
dehydrogenase

Dihydroxyacetone p-Glyceraldehyde
phosphate 3-phosphate

Unnumbered figure pg 622a
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



LIVER CELL

. )
Glycolysis
== Pyruvate
FAT CELL ad Gluconeogenesis
N\ _» Glycerol 5 wmsd Glucose g
Triacylglycerol |

/" Fatty acids e OTHER TISSUES

4 Fatty acid oxidation h
wmmms Acetyl COA
.
Figure 22-7

Biochemistry, Sixth Edition
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Degradacao dos acidos graxos

1.Ativacao:

Acil-coA sintetases

2. Transporte para a

mitocondria:
carnitina

3. Oxidacao:

Beta oxidacao



Ativacao dos acidos graxos

AMP + PP;

i \_/
‘.. + HS—CoA = J-L/COA

acil-CoA sintetase

O AG é convertido em acil-CoA em reacao de 2 passos pela acil-
CoA sintetase.

Os acil-CoA sao compostos ricos em energia.

A ligacao tioéster é formada as custas da quebra de uma
ligacao anidrido fosforico ATP - AMP +PPi

O pirofosfato é hidrolisado a 2 Pi numa reacao irreversivel,
que torna o processo todo irreversivel



O acido graxo é convertido em acil-CoA em reacao de 2 passos

pela acil-CoA sintetase

o o O

I A

I
"O—P—O—P—O—I:I’—O—Adenosine

ATP

I I
o o (0'

rd
R—Cy\ acido graxo
o
acil-CoA
sintetase
I
(") (ﬁ O0—P—0—Adenosine
"0—P—0—P—0~  + R—C - . .
| I 7 N O acil-adenilato
o) 0 .y (ligado a enzima)
pirofosfato ®
] acil-CoA f,AMp
pirofosfata sintetas
se e?0
2P, K—C acil-CoA

\ J L

S-CoA

AG'® = =15 kJ/mol
(for the two-step process)

AG'° = =19 kJ/mol

/ Ligacao tioéster entre
a carboxila do acido
graxo e o grupo SH da
CoA
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Tranporte de acidos graxos ativados:

Acyl CoA

acyltransferase |

H3C

Carnitine

H3C

Acyl carnitine

carnitina
Outer mitochondrial Inner mitochondrial
membrane membrane
g Cytosol '~ Intermembrane —— Matrix
m :_ Bl Carnitine
/0 : ,_acyltransferase ll 5
=6 -- rR—c”
3 ' N
+Lon : \ Carnitine S-CoA
To— (0]
Carnitine — R—Cf CoA-SH
N CoA-SH Carnitine
Carnitine Transporter

Carnitina é
sintetizada a
partir de
aminoacidos



Reacao de -
oxidacao:

na matriz
mitocondrial acil-
CoA é oxidada a
acetil-CoA
produzindo NADH
e FADH,

CHy
CHy | .
"ICH:J: BOxidation

CH, | 8 acetil-CoA
"¢, Cie

CHa
“CH

“Hg 'i......II
..,CHg
.
CHa
CH,
CHa
..CH,

¢ CH, A (l
. CHg 6de

C=0

Ciclo do
acido
citrico

.IIH.F"

.,_\ “

NATH, FADH:

£

2H + 50
Cadeia de ; ki
transporte de \‘
elétrons Hy0

ADP + P; ATP



p-oxidacao | (), , — Acetyl -CoA

Cio — Acetyl -CoA
C1o —— Acetyl -CoA
Cg — Acetyl -CoA
Ce —— Acetyl -CoA
Cy — Acetyl -CoA

Acetyl -CoA
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C
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X
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Acyl CoA

FAD
Oxidation
FADH,
[0}

o
NN
Hy )

trans-A%-Enoyl CoA

H
o {Hydration

HO_..‘ H ﬁ
s
R oA
\c/"'\c/’c\s/c
i

1-3-Hydroxyacyl Col

NAD*
Oxidation
H* + NADH
0

3-Ketoacyl CoA

HS—CoA
& {miolysis

0
R\ /‘|:| CoA ﬁ
— e C oA
R, ° + HC ~
Acyl Colt Acetyl CoA
(shortened by

two carbon atoms)

Acil-coA desidrogenase
Enoil co-A hidratase
g-oxidacao

p-hidroxiacil coA desidrogenase

Tiolase



0
Hz Hz ||

HsC
H, H, Hj Hy

(CHy); _C__CoA
s 3

H3C
3 H,

H,
B N T .

Primeiras trés
rodadas na
degradacao do
palmitato (16C)



Palmitoil-CoA (16 C) + 7CoA + 7FAD+ 7NAD* + 7
H,O

v
8 Acetil CoA + 7 FADH, + 7 NADH + 7H*



Rendimento de ATP durante a oxidacao de
uma molécula de palmitoil-CoA a CO, e H,O

Enzima: etapa de Numero de NADH ou ATP formado*
oxidacao FADH, formado
Acyl-CoA dehydrogenase 7 FADH, 10.5
B-Hydroxyacyl-CoA dehydrogenase 7 NADH 17.5
|socitrate dehydrogenase 8 NADH 20
a-Ketoglutarate dehydrogenase 8 NADH 20
Succinyl-CoA synthetase g
succinate dehydrogenase 8 FADH. 12
Malate dehydrogenase g NADH ﬂ

Total 108

* Estes calculos assumem que a fosforilacao oxidativa mitocondrial
produz 1,5 ATP por FADH, oxidado e 2,5 ATP por NADH oxidado.

t+ O GTP produzido nesta etapa rende 1 ATP em uma reacao catalisada
pela nucleosideo difosfato quinase.

- ATP da ativacao do palmitato (2 ligacoes ricas em energia) =
-2 ATP = 106
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Hy "
B T
H; H,
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FAD
Oxidation
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0

g
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2 H
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H
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1-3-Hydroxyacyl CoA
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Oxidation
H* + NADH
0
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0
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~ N C A
C S 0
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A oxidacao de acidos graxos insaturados

requer enzimas adicionais

H H Q
HsC( W CoA
(CH2)s \(CH2)7 s
Palmitoleoyl CoA
3 ciclos H
de - l
oxidacao I

H
oy =
. HsC\CH / S ] _CoA
insaturados (CH»)s <
sao comuns em L B & s
tecidos animais cis-A%Enoyl Col
e vegetais e el

cis-A°-Enoyl Co
suas_ ~ ] isomerase
configuracoes
sao quase H )J\
sempre cis ML I T
H, b
4 3 2 1

trans-A2-Enoyl CoA



Os AG poliinsaturados requerem outras
isomelgases e redutases

(CH,) /?2\ )-I\ oA

H, H,

cis-A3-Enoyl CoA

isomerase
o]
(CH>) c2 p J‘\ CoA
2/4 (o]
5 i Hy H
H H
- FAD FADH,
H
(CH2)4 CoA \/
HC& N\ e - s
C—C¢C H, Acyl CoA
H H dehydrogenase

\ /c\ )k A

H
54321

trans-A2-Enoyl CoA

|

(CH )4
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isomerase
0
H3C_ ¥ J\ A
3 = o
(CH2)4/ \$/c\ﬁ S/c
H 2

5 4 3 2 1
trans-A3-Enoyl CoA

NADP*
2,4-Dienoyl CoA

r
eductase NADPH + H*

H
(CH2)4 AN )I\ _ oA

H: O Ne—c ¢
A
2

! \
H H
5 4 3 1
2,4-Dienoyl CoA



Acidos graxos com niumero impar de carbonos

Lipideos de plantas e organismos marinhos
oxidados do mesmo modo que os de cadeia de niumero par,
exceto no ultimo ciclo da p-oxidacao: producao de propionil CoA e

acetil CoA
HCO;™ P, metilmalonil CoA mutase - cobalamina (vitamina B12)
+ +
” ATP ADP C:T ” I "
:’t C CoA -‘,.:C C CoA
B o O \._/ 07 NN G s Sa
H ropionil CoA carboxilase | $
2 prop HyC H " \
propionil CoA D-metilmalonil CoA L-metilmalonil CoA
(o]
Ciclo de Krebs I - H, || R
R / \ ~C N /
H2
0

Succinil CoA



Deficiéncia de Acil-coA
desidrogenase

Acil-coA desidrogenases:
Especificas para AG de
cadeia curta, média, longa,
muito longa

Cadeia média (6 a 12C): erro
inato mais comum na
oxidacao de AG

Hy "
R C oA

H, H;
Acyl CoA
FAD
Oxidation :

ADH, Acil-coA

. 1 desidrogenase

|

Bl g it 0

H, &

trans-A2-Enoyl CoA

H,0 ;
%HM”““ Enoil co-A hidratas

HO |, ﬁ
i )
R b oA
Nxc,/cwxc,/c\xsffc
gk

1-3-Hydroxyacyl CoA
NAD*
, Oxidation  3-hidroxiacil COA
H" + NADH .
desidrogenase

ﬁ ﬁ
R C A
\C/C\C‘/ \S/co
"

3-Ketoacyl CoA

o ar qmiolvsis Tiolase
(o]

C 5 C oA
Hy + Hie” e

Acyl CoA Acetyl CoA
(shortened by
two carbon atoms)



A p-oxidacao também ocorre nos

Sindrome de
Zellweger:
peroxisome
biogenesis
disorders (PBD)

encurtar acidos graxos de cadeia
longa (>20C)
Para em octanoil Co-A

0, H, 0, — H,0 + 1/20‘2
Catalase

CoA\ CoA

S S

: Acyl CoA Acyl CoA

o dehydrogenase dehydrogenase 0 oi‘ijc:::i‘:::’n

H,C v H—C

)cuz),, ) )CHz)n

H3C H3C

Figure 22-19
Biochemistry, Sixth Edition
& 2007 W.H. Freeman and Company



Mitochondrion Peroxisome/glyoxysome




Triacylglycerols

L

Membrane lipids <:I Fatty acids
AN

fatty acid synthesis B oxidation

JABRH] — | | | N [FABHZ
atp " “— |[NADH'

Hv4

Cholesterol <:I Acetyl-CoA [ Ketone bodies

oxidative phosphorylation

FaDH,
GTP

Figure 19-31 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons



— Formacao de corpos
@®  cetonicos

/ Pyruvate .
Fatty Acids Jejum

Pyruvate Diabetes

carboxylase /
Acetyl CoA‘ @

><\ Active pathways
Oxa etate Citrate @ Glycolysis, Ch.16

@ Citric acid cycle, Ch. 17
@ Oxidative phosphorylation,Ch.18

A i @ Fatty acid oxidation, Ch. 22
'«“ 74 BN .
a-Ketoglutarate Lipideos queimam
Succinyl
Cop Cmmmm na chama dos
I ® glicideos”



Corpos Cetonicos

o) o o)
| Vi I
H3C—C—CH,—C H3C—C—CH3

N _

o)

Acetouacetate Acetone
OH
o)
| V4
H3C—C—CH,—C

| No-

H
D-3-Hydroxyhutyrate



Formacao de corpos
cetonicos

Hidroxi butirato
desidrogenase

OH
CoA / oA S \c
s/ < + H,0 _ S/c X\ F
\ A /c — s/ o 0"\ Hzc\
P o c=
g /c ch CoA \ i H3c\ ¥ $=0
CH; ol \ / / “ =0 ® g =
—é /c=o \ —4 HZC/ p-3-Hydroxy-
/CoA ©) HZC\ @ /C\OH ® >t;:0 \ butyrate
¢=—0 HaC : e
\ tiolase / Hidroximetil e Enzima de o e
=, HC . c=—o0 clivagem Acetoacetato > c=—0
/ glutaril coA 2 d boxil
&, sintase & escarboxilase HyC
Acetoacetyl CoA 3-Hydroxy-3-methyl- Acetoacetate Acetone
glutaryl CoA
(HMG-coA sintase) (HMG-coA liase)

Fontes hidrossoluvel e
transportavel de unidades de
acetila



Y I
Lipid droplets- —~ H\x,h /f*

Hepatocyte

Apptoacetate,
B-hydroxybutyrate,
acetone —— oA eetat e ad

A-hydroxybutyrate
CoA™ frmut n“i:' s -, exported as energy

gouree for heart,
Ifff "' “ skeletal muscle,
. A kidney, and brain
Fatty I”w.. o Citrie 1
acids " Acetyl-CoA =M .5 o0.
B oxidation i r
’ ’

gluconeogenesis

Glucose sl (| ucose exported
- as [uel for brain
\ and other tissues

2
_."'"l
I

P 4



Os corpos cetdnicos
produzidos no figado caem
na corrente sanguinea.

. . _ p-3-Hydroxyhutyrate Acetoucetate
Nas mitocondrias do
musculo cardiaco, cortéx A
renal e outros tecidos, os cetoacetate
corpos cetonicos sao Succinyl CoA
convertidos em acetoacetato CoA
que e utilizado como fonte T w—
de energia Succinate
Durante o jejum prolongado Acetoacetyl CoA
e no diabetes, o cérebro se
adapta a utilizacao de CoA
corpos cetonicos com fonte Thiolase
de energia.
p-cetoacil
transferase
2 Acetyl CoA

ausente no figado




FASTING or DIABETES BLOOD FAT CELL

/-—-—‘-m
Glycerol %= Triacyl-
. I I

é Fatty acids 4" SYES

LIVER CELL Glycerol

|
é (—-\—"' Fatty acids
e
Glycerol wd Glucose —
Fatty acids
@ @ HEART-MUSCLE CELL
RENAL-CORTEX CELL
Fatty = Acetyl~ Ketone
acide i ﬁoA ﬂ bodies ?MIN CELL DURING STARVATI&H
- P \\_ )
~——+> Ketone bodies
—
Active pathways: v'@
1. Fatty acid oxidation, Chapter 22 Acetyl CoA —
2. Formation of ketone bodies, Chapter 22 —
3. Gluconeogenesis, Chapter 16 —
4. Ketone bodies — acetyl CoA, Chapter 22 @
5. Citric acid cycle, Chapter 17
6. Oxidative phosphorylation, Chapter 18 @
CO, +H,0

Figure 22-21
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



Cetose diabeéetica: auséencia de
insulina

Ketone Body Accumulation
in Diabetic Ketosis

Urinary Blood
excretion concentration
(mg/24 h) (mg/100 mL)
Normal =125 <3
Extreme ketosis 5,000 S0
(untreated
diabetes)

Cetose= elevada concentracao de

corpos cetonicos no plasma (cetonemia) e na
urina (cetonuria)

Cetonemia resulta em acidose



Cetose diabética: auseéncia de
insulina

Glucose
\ .
Glucose x\‘ o\
/ . g \

/

released.

. 4 ..'.:'." - i Fron .
3.Free fatty acids are 4/(— \ -

h & g
- N S

4. Ketone bodies form. ADIPOSE TISSUE

|

5.Blood pH drops.

|

6.Coma and death result.

Figure 22-23
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



FATTY ACID DEGRADATION

Wy |
e T N T
H, H,
Activated acyl group

l Oxidation

Hydration

4—::—

HO H

R\c/?\c/c\s/“’
H, H
leidation

11

B s g,

Hz Hz

l Cleavage

Activated acyl group Activated acetyl group

(shortened by
two carbon atoms)

FATTY ACID SYNTHESIS

“\C/C\C/C\S/“"
H> H>

Activated acyl group
(lengthened by
two carbon atoms)

IReduction

0
g

/c\\q/c\s/""

I Dehydration

IReduction

(8] (0]
[
S e

H; H;

I Condensation

Activated acyl group Activated malonyl group



Sintese de acidos graxos

Se carboidratos, gorduras e proteinas sao consumidos em
quantidades que excedam as necessidades energéticas, o
excesso sera armazenado na forma de triacilgliceradis.

A sintese de acidos graxos ocorre no CITOSSOL das células,
preferencialmente no:

* Figado
* Tecido adiposo
* Glandulas mamarias (na lactacao)

A sintese de acidos graxos esta sujeita a diversos mecanismos
de controle, mas ocorre invariavelmente, quando a carga
energética celular é alta (ATP/ADP alta)



B Oxidation

Occurs in mitochondrion

/—'Fattv acyl-CoA (Cp 4+2) CoAis acyl

group carrier
FADD
FADH>

Y

FAD is electron
acceptor

Enoyl-CoA
Hzo \‘

Y

3-L.-Hydroxyacyl-CoA i Hydronysey!

group
+
NI\D+ NAD?Y is electron
NADH +H acceptor

Y

B-Ketoacyl-CoA

CoA D
Acetyl-CoA

Y

~— Fatty acyl-CoA (Cp)

C> unit product
is acetyl-CoA

Figure 19-23 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons

Biosynthesis

Occurs in cytoplasm

ACPis acyl Fatty acyl-ACP (Cp 42) ——

group carrier "

NADPH is NADP”

electron donor NADPH + H™
Enoyl-ACP

}/* H,0

p-B-Hydroxyacyl 3-D-Hydroxyacyl-ACP
group 4

L 3
NADPH is C NADP .
electron donor NADPH + H

B-Ketoacyl-ACP

r 3

_—~ CoA +CO;
N— Malonyl-CoA

Fatty acyl-ACP (Cp) ~———

C2 unit donor
is malonyl-CoA




*A sintese de acidos graxos tem acetil-
CoA e malonil-CoA como doadores de
carbonos e NADPH como agente redutor.

*As atividades enzimaticas para sintese
de acidos graxos nos eucariotos estao
presentes em uma Unica cadeia
polipeptidica da acido graxo sintase.

* Os intermediarios na sintese de acidos
graxos sao ligados a sufidrila terminal da
fosfopanteteina ligada a proteina
carreadora de acilas (ACP)



Acetil-CoA para sintese de acidos graxos
provém da mitocondria e é formado a
partir de:

- Piruvato (da glicose)
- Acidos graxos (das gorduras)

- Alguns aminoacidos (das proteinas)

Acetil-CoA NAO sai da mitocondria
diretamente.

Os atomos de carbonos do Acetil-CoA sao
transportados para o citossol sob forma de
CITRATO.




t”} ATP/ADP alta
H;C —C =S Inibicao
acetyl CoA . .
2C iIsocitrato
desidrogenase
oxaloacetate 6C _citrate Sa_ I da,\ :
iC 1 > mitocéndria

NADH &
+H* 3 . n—_—

CO,
\

5C

A
W . 6 ‘
5= 4C [NADH By

GTP
C Cfo
o H,0 CoA-SH H—C -
/ N 0

GHB—C\ + D=(|]—COID —= > HO—(lj—COD

S-CoA - Cjtrato B -

CH;—COO sintase CH,—COO

Acetil-CoA Oxaloacetato

Citrato



Sintese de acidos graxos :
cooperacao de diferentes vias

Glucose MITOCHONDRION
Glycolysis /. s
) Pyruvate === =— == =3 Pyruvate |
Glucose [Fatty Aad] y y
t —_
Pentose ' NADHH = l
phosphate *‘/ \ | 1 —
pathway HALGRE Malate Oxaloacetate /<ot
* : COA
L] :
5 ELI:)l;I:I:: te Acetyl CoA  Oxaloacetate e
) w\ — I
::gcl:lfn‘lzlszl;iiixth Edition Transporte do grupo acetlla

© 2007 W.H.Freeman and Company

sob a forma de citrato



Piruvato \Acetyl-CoA 4
desidrogenase/”” ~ sintase

Membrana Membrana mitocondrial
mitocondrial externa
interna —— Citossol

Transportador -
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=
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- e Fatty acid

S synthesis
Citrato ADP + Pj }
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I
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II&I

s
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i
I

0
i

I
I
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i

[
Il

i

NADT

pyruvate
carboxylase
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enzyme

B + HT
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Transporte de carbonos
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de piruvato | ATP e formacao de
NADPH citossdlico




COO~ NADP" +H” (ljoo—

CHOH \ / C=0
- - | + COE

CH, Enzima malica CHj;

COO~

Malate Pyruvate
- @ @

Glucose v v Ribulose

6-phosphate

> >
pentose phosphate pathway
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Formacao de malonil-CoA a
partir de acetil-CoA:
etapa limitante da sintese de acidos graxos

o)
)I\ _CoA + ATP + I}eagao de ativacao
H.C S as custas de gasto

de 1 ATP

Acetil CoA

(o)
_ )-I\/COA+ADP+Pi+H"'
Acetil-CoA El S
carboxilase 2

Malonil CoA

ATP ADP

@ @ Citrato
AMP-activated
protein kinase
Active Inactive Inactive N &

TR—
ca rbOXYIase carboxylase ca rboxylase
Protein

phosphatase 2A

P, H,0

Partly
active
carboxylase




A acetil-CoA carboxilase tem como grupo
prostético a biotina

1
O 0

HN ““H—c‘f

ATP  ADP + P

Carboxilase
da biotina

=
“WH

LY
gide arm §

HCO, N N o

18] 0, 0
cﬂa_{ (;c_cﬂg—-::'ﬁp
S-Cad i S-Cod
Acetil-CoA Malonil-CoA
e +
Carboxilase T
da acetil- L .
CoA
5
b



Inactive
carboxylase

Figure 22-30
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

Citrate

Partly
active

carboxylase



Durante a sintese de acidos graxos,
os intermediarios estao acoplados a ACP

Acetil CoA + ACP
Malonil CoA + ACP

transacilase
» acetil-ACP + CoA

> malonil-ACP + CoA

Acyl carrier protein

Phosphopantetheine
group
\ L —

Coenzyme A



o]

I
C ACP
H}{:x" "H..s./"
+
0 0
- Il

Acetil ACP

Malonil ACP

d}ﬁc\‘-\.cfc“‘\..sfhcp
Hz

SEP 0 /{Condensagao

1
AN Acetoacetil ACP
3 Hy

MADPH
j Reducao

NADP*
Hﬂ\H {i . . N
PN AN D-3-hidroxi butiril ACP

/‘ Desitratacao
I

C ACP
H_j{f’ *\N?f “\-\5/
H

MNADPH
j Reducao

NADPY

=

Crotonil ACP

o]
Hs ”

C ACP
HsC ¢ “‘xsf“'

M Butiril ACP q Malonil-ACP

Os acidos graxos sao
sintetizados pela
repeticao de reacoes de
condensacao,

reducao,

desidratacao e

reducao.

Os intermediarios estao
sempre ligados a ACP.

Segunda
volta da
sintese



A e Acetil ACP

H;C 5
+
I
| AP Malonil ACP
H3
. A liberacao de CO,
od i e Condencacie
T =
MO W S Acetoacetil ACP
H;
NADPH .
Reducao
NADP*
H O
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Y D-3-hidroxi butiril ACP

/ Desitratagao
H,0

L

O
oo _
W N Crotonil ACP
H
NADPH
) Redugao
NADP*

__,,Eih f!:'“x _~AcP Butiril ACP + Malonil-ACP

H3C e 5

Segunda rodada da
sintese



Acetil-CoA-ACP-transacilase Malonil-CoA-ACP transacilas

%

&
‘/C_EHQ_'E
"'\..\_‘.
0 s-cua_hh‘““\\_’
Malonyl-CoA ! CoA-SH
0
L
0

acido graxo
sintase
carregada com
grupos acetil e
malonil




Malonyl-CoA
0 'ﬁ* p-cetoacil-ACP sintase (Enzima de

acido graxo
sintase
carregada com
grupos acetil e
malonil

Condensacao
e 00y

CHy

Acetoacetil-ACP



Reducao do -
ceto grupo

p-hidroxibutiril-ACP



p-hidroxibutiril-

Trans-A2-butenoil-
ACP

50
®

Desitratacao

H

A‘CP\

B-hidroxiacil desidratase



CHy

Translocacao do
grupo butiril para
cisteina da B-
cetoacil-ACP
sintase

NADPH + H' Reddgéo da
| . duplaligagao  rqnqan

antibacteriano

_—— noil-ACP redutase
Trans-A2-butenoil-ACP

T —

Segunda
rodada



Inicio da segunda rodada
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Estequiometria da sintese de acidos graxos:
1- formacao de 7 malonil-CoA

7 acetil-CoA + 7CO, + 7ATP —» 7malonil-CoA + 7ADP + 7Pi + 14H~*

2- Sete ciclos de condensacao e reducao

acetil-CoA + 7malonil-CoA + 14 NADPH + 14H+ — palmitato (C16) +
7C0O,+ 8 CoA+ 14 NADP++ 6H,0

8 acetil-CoA + 7 ATP + 14 NADPH + 14H* — palmitato (C16) + 14
NADP+ + 8CoA + 6H,0 + 7ADP + 7Pi

1 NADPH é gerado para cada acetil CoA transferida da mitocéndria para
o citossol, portanto 8 NADPH vem desta etapa. Os demais 6 NADPH para
sintese provém da via das pentose-fosfato.




Acido graxo sintase:

as atividades enzimaticas para sintese de acidos graxos nos eucariotos estao
presentes em uma unica cadeia polipeptidica

A unidade flexivel de fosfopanteteina da ACP transporta os substratos para
os centros ativos da enzima

Entrada do substrato

Condensacao Reducéao Libe;agéo
o
Cys palmitato
HS ACP= Proteina carreadora de acila SH

AT= Acetil-CoA-ACP-transacilase Translocacao
MT= Malonil-CoA-ACP transacilase i o

CE =p-cetoacil-ACP sintase (Condensacao)

KR= pg-cetoacil-ACP redutase

DH= pB-hidroxiacil desidratase

ER = enoil-ACP redutase

TE = Tioesterase



Regulacao da sintese de acidos graxos

_———- Citrate ‘

{
Controle | Citrato @ &——
alostérico + : liase
pelo citrato |
L Acetyl-CoA

@

Insulina — — — 5 Acetil- CoA . ®'th -
causa carboxilase

ativacao ——
: LR
Malonyl-CoA

{
Controle :
alostérico - :
pelo |
palmitoil- |
CoA |

\ W

"=~ Palmitoyl-CoA

Inibe a fosfofrutoquinase

(glicolise)

insulina

Glucagon, adrenalina causam
inativacao da Acetil-CoA
carboxilase (AMP 1), inativam
a fosfatase, mantendo a ACC
fosforilada, inativa.

Malonil-CoA inibe a
carnitina aciltransferase |
(inibe transporte de
acidos graxos para
mitocondria prevenindo
sua degradacao)



Acido graxo sintase:

as atividades enzimaticas para sintese de acidos graxos nos eucariotos estao
presentes em uma unica cadeia polipeptidica

A unidade flexivel de fosfopanteteina da ACP transporta os substratos para
os centros ativos da enzima

Entrada do substrato
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o
Cys palmitato
HS ACP= Proteina carreadora de acila SH

AT= Acetil-CoA-ACP-transacilase Translocacao
MT= Malonil-CoA-ACP transacilase i o

CE =p-cetoacil-ACP sintase (Condensacao)

KR= pg-cetoacil-ACP redutase

DH= pB-hidroxiacil desidratase

ER = enoil-ACP redutase

TE = Tioesterase



Alongamento e insaturacao de acidos graxos

Alongamento:
reticulo
endoplasmatico,
mitocondria
Adicdes sucessivas
de 2C

Mamiferos:
Insaturacoes nas
posicoes 4, 5,6 e 9
Nao introduz
insaturacoes apds C9

EPA
DHA

Sistema nervoso <

central e retina

Palmitate

16:0)

elongation

Stearate

18:0)

desaturation

Oleate

::I':':-i.:l'. LIaLion

Palmitoleate
16:1(A%)

\'I::n;::gl 101

Longer saturated
fatty acids

18:1( A%

|.|l.':.‘--i ICUAraciomn ™
iin plants
only)

Linoleate
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desaturation
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only) /

/

a-Linalenate

™3 18:3(A9.12,15)

Other polyunsaturated
fatty acids

12, Wb
desaturation

+-Linolenate
18:3(A6.9,12

elongation

Eicosatrienoate
20):3( A8, 11,14
desaturation
Arachidonate

204 A5,5,11,14)

Precursor de
eicosanoides -
lipideos com funcao
regulatéria
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Eicosanoides

OH OH

PN - Leukotrienes
S I.oulmf:one By f %
Lipoxygenases
PLA, DG lipase
Phospholipids _I_‘ Arachidonate | € Diacylglycerols
corticosteroid Prostaglandin COX [— Aspirina
es ‘ synthase «—— ibuprofen
. peroxidase
Prostaglandin H,
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Sintese de TAG e fosfolipideos

Glucose =» DHAP

A

4 ADIPOSE TISSUE OR DIET
Glycerol Pi
Triacylglycerol @
"N\ Free
\_ fatty acids )

Active pathways:

1. Glycolysis, Chapter 16

2. Triacylglycerol breakdown, Chapter 22
3. Triacylglycerol synthesis, Chapter 26
4. Phospholipid synthesis, Chapter 26

Glycerol
*B—phosphate

(Endoplasmic reticulum

== Phosphatidate*
Alcohol*

Tnacylglycerol) Phospholipid
C 3
*For phospholipid synthesis, either
phosphatidate or the alcohol must

be activated by reaction with an
NTP 3@




Triacylglycerols

L

Membrane lipids <:I Fatty acids
AN

fatty acid synthesis B oxidation

Hv4

Cholesterol <:| Acetyl-CoA [ Ketone bodies

oxidative phosphorylation

FaDH,
GTP

Figure 19-31 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons



@ Activation Fatty acid biosynthesis

Fatty acid oxidation

@ Inhibition Hepatocyte (liver cell)
— Under long-term
regulation

' Inhibited by AMP- and Citrate ™ ™~
cAMP-dependent i)
phosphorylation Acetyl-CoA

7/ | Acetyl-CoA ®
Activated by carboxylase ®
insulin-dependent — Y
dephosphorylation Malonyl-CoA —
fatty acid ‘
synthase
Palmitate

Palmitate
Smooth

ER Stearate

e Oleate

W
Triacylglycerol

Triacylglycerol

transport Very low density

lipoprotein (VLDL)

Mitochondrion

Ketone
bodies

Acetyl-CoA

Fatty acyl-CoA

Fatty acyl-CoA

Fatty acid
transport

Fatty acid
albumi‘n complex

Fat storage

Adipocyte

Triacylglycerols

Fatty acid release
from adipocytes
into bloodstream

"hormone-
sensitive™

lipase
Activated by

cAMP-dependent
phosphorylation



Suponha que, por alguma razao bizarra, vocé
decidiu viver com uma dieta EXCLUSIVA de
gordura de baleia e foca

1. Como a auséncia de glicideos poderia
afetar a sua capacidade de utilizar lipideos?

2. Como deveria ser o odor de sua
respiracao?

3.Um de seus melhores amigos, apos tentar
sem sucesso convencé-lo a abandonar esta
dieta, fé-lo prometer consumir uma dose
saudavel de acidos graxos de cadeia impar.
Seu amigo tem seus melhores interesses no
coracao? Explique



“O colesterol é a pequena molécula mais
condecorada na biologia. Treze prémios Nobel foram
conferidos a cientistas que devotaram a maior parte
de suas carreiras ao colesterol.

Desde que foi isolado de calculos biliares em 1784,
tem exercido uma fascinacao quase hipnotica sobre
cientistas das mais diversas areas da ciéncia e da
medicina... O colesterol é uma molécula com face de
Janus. A mesma propriedade que o torna util nas
membranas celulares, que é sua absoluta
insolubilidade em agua, também o torna letal.”

-Michael Brown & Joseph Goldstein
Nobel Lecturers (1985)



http://nobelprize.org/

% c c CH
H3C ""’ / \ / \ / 3

i |

c/c\!/c\ CH;
)

C
C C e /

C C C
oo ¢ \c/

W Modera fluidez das membranas
Precursor de hormonios esterdides,
vitamina D
27C = todos derivados da acetil-coA



Figado e a homeostase do colesterol

Intestine

Dietary fat +
)€ cholesterol

> Chylomicrons < >C|:::::::;::n_
FFA
Adipose |
tISSlle ( ) A’ N
Bile acids V' Peripheral 0 —>HDL
tissues g
Mwuh LDL A
FEA receptors)
LIVER Z > IDL > LDL
|

Figure 26-16
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



Sintese do Colesterol

Individuo saudavel, baixo teor de colesterol:
sintese de ~600-800mg/dia - 70% colesterol total

Praticamente todos os tecidos
Principais: figado, intestino, cértex renal e
tecidos reprodutivos

H 3C’~.,,"l,c /c\c /c\c /CH3

CH;
NADPH é o doador de c/C\!:/c,\ lu3
equivalentes redutores iH3| | /c

C C C
. ) NN \ o

Citossol e reticulo | | | I
endoplasmatico e N e PN

Figure 26-6
Biochemistry, Sixth Edition

M eca n i S m OS d e ©2007 W, H.Freeman and Company
regulacao:

sintese

enddgena/excrecao



Sintese do Colesterol Llgada 20
RE
HMG coa | Etapa
redutase | limitante
CYTOPLASM

o o “oh HiC OH OH
M o 2H" 2NADP*  -50c ¢
3C S H,0 CoA 2 NADPH i
Acelou:eiyl CoA U Hi ¢ OH o evalonate
> -00C CoA
\)\)J\S/ °

0
)K ccA HMG coA 3-Hydroxy- \ C)I\
/ sintase 3-methylglutaryl CoA Hy S/COA
Atelyl CoA (HMG-CoA) A

+
CH;

-ooc\/K
o

MITOCHONDRIA Acetoacetate

Figure 26-7
Biochemistry, Sixth Edition
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CH;

Multiplos de
CH, unidades
H,C = isoprendides:
VItA,E, K,
Isoprene carotendides,
S clorofila
P;
+
0. H,C
H
e, . _L) H3
L OPO,%-
CHZO\P /O\P . = cHzo\P /o\P . 2-
o 0 0 0_0 0 ©
Mevalonate 5-Phospho- 5-Pyrophospho- 3-Isopentenyl
mevalonate mevalonate pyrophosphate

Figure 26-8
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

Sintese de unidade isoprenodide
ativada - bloco de construcao
do colesterol



Isoprenodides
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t Vitamin D

Cholesterol
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Vitamin I = N of chlorophyll
Vitamin K T Dolichol
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A G CHy
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CH; CH3
)\/\ S— )\/.\omzom3
H,C OPO5;PO;*~ ~ Dimethylallyl pyrophosphnlo

Isopentenyl pyrophosphate

C5

H, opo,opof'
i Isopentenyl pyrophosphate

/T\)/k/\z PO,0PO;*"

Geranyl pyrophosphate

CI-l3
6 unidades
0P020P033"
P:' Isopenlenyl pyrophosphate
3
KJ/U/L/\OP‘JzOPOB
HsC
Farnesyl pyrophosphate
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intermediario
linear

Squalene CSO



H-I-
+
NADPH NADP*

+ +
0, H,0
N A

Squalene Squalene epoxide
C30
Ciclizacao do
Gasto: esqualeno
18ATP ©
H3C w
Dezenas CH, 8
NADPH T _ @
CH !:'I:'\ : % ;l
Cc27 ’ 5 H;C  CH;
= Lanosterol
N
(m)
HO 9

Cholesterol



Destino do Colesterol

HO
Cholesterol

acyl-CoA—cholesterol . Fatty acyl-CoA

acyl transferase

(ACAT) > CoA-SH

Cholesteryl ester



Destino do Colesterol

Cholesterol

0]
H (aolon
_,-n‘“ %a..‘ ."“
HO’ H "OH HO"
Glycocholate Taurocholate
Figure 26-22
Biochemistry, Sixth Edition = mgm
© 2007 W.H.Freeman and Company Sals blllares

Aumento da excrecao de colesterol para
bile = calculos biliares

Emulsificacao e solubilizacao lipideos



Destino do Colesterol

Chaolesterol
v "
HO .., c=0
Cholesterol
Pregnenolone ng
\ 4 0
Progesterone Progestero cHy OH
¥ N
Cortisol , ‘ T\ . cHy P
Cortisol { lucocorticoid) . eatosterone
glucocortico Corticosterone Testosterone
Affects protein {mineralocorticoid} \
and carbohydrate
metabolism; ‘ \ "
SUppresses immune Ratradiol Estradiol
response, inflammation, "'
and allergic responses. Male and female gex
Aldosterone hormones. Influence
{mineralocorticoid} secondary sexual char-
y acteristics; regulate
Regulate reabsorption female reproductive
of Na®, Cl', HCOg in evele.
the kidney.

Aldosterone



Destino do Colestero

CH3 H3c‘-_" CH3
CH;
Ultraviolet
light
_—
HO
7-Dehydrocholesterol Previtamin D3

|

HiC..,
CH,

o

Calcitriol Vitamin D3
(1,25-Dihydroxycholecalciferol) (Cholecalciferol)



Regulacao da Sintese do Colesterol

Taxa de formacao de colesterol responde bastante ao seu
nivel celular

HMG-coA redutase
1.Velocidade de sintese do mRNA

1.Taxa de traducao do mRNA

1.Degradacao
1.Fosforilacao
CYTOPLASM
0 0 Soh H;G OH OH HMG coA
M o 2H* 2 NADP* mc\)g‘\) redutase
o I ; H9 &8 ANBEL Mevalonate
Acetoucetyl CoA HiC OH o
+ A.L) -oocM CoA
0 s 0
CoA HMG 3-Hydroxy-
o CoA
H3C B COA 3-methylglutaryl CoA Hy o
Acetyl CoA sintase (HMG-CoA) Acetyl CoA
+

CH3

-ooc\/g
0

MITOCHONDRIA Acetoacetate



Regulacao da Sintese do Colesterol

1. Velocidade
de sintese do
MRNA

SCAP
SREBP Cleavage
Activating Protein

Sensor do
colesterol

SCAP ~ SREBP SREBP
ER WD Reg bHLH sterol
- Cytosol Regulatory
i ﬁﬁia sza L Element
| umen Binding
Protein
Nucleus
Cholesterol—] SRE ——
XXX
bHLH
Golgi WBReg bHI.H ~—— bHLH
apparatus @ )
L s
E§§§§§§§§ £

S1P J‘

Serine protease Metalloprotease



Regulacao da Sintese do Colesterol

2. Taxa de traducao do mRNA HMG-coA
redutase

Inibida por metabdlitos nao esterdides
derivados do mevalonato e do colesterol da
alimentacao



Regulacao da Sintese do Colesterol

3. Degradacao da HMG-coA redutase

Enzima Bipartida

Dominio citoplasmatico : catalise

Dominio transmembrana : capta sinais que levam a
degradacao

Alteracoes estruturais em resposta a [colesterol] :
suscetivel a protedlise

Altos niveis colesterol :
redutase se liga a proteinas Insigs = ubiquitinacao >
degradacao

Regulacao da quantidade de enzima ~200x



Regulacao da Sintese do Colesterol

4. Fosforilacao da HMG-coA
redutase

Proteina quinase ativada por AMP
Fosfoproteina fosfatase

Fosforilada = inativa
Desfosforilada = ativa

Sintese para gdo ATP baixo
Regulacao hormonal

Aumenta insulina = aumenta expressao da
HMG coA redutase
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Phospholipid
monoelaver.

ApoB-100

Free (unesterified)
cholesterol

Cholesteryl esters

Triacylglyeerols

(a)
Estrutura do LDL: Low Density Lipoprotein



LML (20-25 nm diameter) HDL (8-11 nm diameter)
()



21-2
Major Classes of Human Plasma Lipoproteins: Some Properties

Composition (wt %)

Lipaprotein Density (Eml) Protein Phosphalipids Free cholesteral Chalbesteryl esters Triacylglyoerals
Chylomicnons = 1 006 2 G 1 3 a5
VLOL 0.95-1.006 10 18 7 12 S
LOL 1.006-1.063 23 20 8 a7 10
HOL 1.063-1.210 b5 24 2 15 4

Source: Modified from Kritchevsky, D, (1986) Atherosclerasis and nutrition, N ok 2, 290 - 297,



tahle 21-3

Apolipoproteins of the Human Plasma Lipoproteins

Molecular  Lipoprotein
Apolipoprotein  weight association Function (if known)
ApohA-I 28,331 HDL Activates LCAT,; interacts
with ABC transporter
ApoA-l| 17,380 HDL
Apoh-1V 44,000  Chylomicrons, HDL
ApoB-48 240,000 Chylomicrons
ApoB-100 513,000 VLDL, LDL Binds to LDL receptor
ApoC-| 7,000 VLDL, HDL
ApaC-1| B8 837 Chylomicrons, Activates lipoprotein lipase
VLDL, HDL
ApoC-111 8,751 Chylomicrons, Inhibits lipoprotein lipase
VLDL, HDL
ApaD 32,500 HDL
ApoE 34,145  Chylomicrons, Triggers clearance of
VLDL, HDL VLOL and chylomicron

remnants

Source: Modified from Vance, D.E. & Vance, J.E, (eds) (1985) Biochemustry of Lipids and
Membranes. The Benjamin/Cummings Fublishing Company, Menlo Park, CA.



TasLe 26.1 Properties of plasma lipoproteins

CoMPOSITION (%)

Plasma lipoproteins  Density (g ml~') Diameter (hnm) Apolipoprotein Physiological role TAG CE C PL P

Chylomicron <0.95 75-1200 B48,C,E Dietary fat transport 86 3 1 8 2

Very low density 0.95-1.006 30-80 B100,C,E Endogenous fat 52 14 18 8
lipoprotein transport

Intermediate-density 1.006-1.019 15-35 B100,E LDL precursor 38 30 8 23 11
lipoprotein

Low-density lipoprotein  1.019-1.063 18-25 B100 Cholesterol transport 10 38 8 22 21

High-density lipoprotein  1.063-1.21 7.5-20 A Reverse cholesterol 5-10 14-21 3-7 19-29 33-57

transport

Abbreviations: TAG, triacylglyerol; CE, cholesterol ester; C, free cholesterol; PL, phospholipid; P, protein.

Table 26-1
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Figure 26-16
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Figure 26-20
Biochemistry, Sixth Edition
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Dietary Biliary
cholesteral chuhslarul

T

Davis Jr & Altmann,
Biochimica et Biophysica acta, 1791(7)
2009
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Ge et al
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Transporte de SCAP/SREBP mediada por Insig

Low
Cholesterol

To Golgi
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Goldstein et al, Cell 2006



Transporte de SCAP/SREBP mediada por Insig

Depletion of

Cholesterol SREEP S:_ap
LUMEN I
CYTDSOL A
Proteasome copll
= Proteins
Ve
9 Golgi
l Proteases
NUCLEUS
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Goldstein et al, Cell 2006
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Goldstein et al, Cell 2006



One of the mottoes of the Goldstein and Brown
laboratory 1s a quote from the famous ice-hockey player
Wayne Gretzky: “You always miss 100% of the shots you do
not take’. Another i1s a quote from the Hollywood producer
Samuel Goldwyn of MGM fame: “The harder I work, the
luckier I get’. These dictums fit well with Mike and Joe’s
own creed that ‘you are only as good as your next
experiment’. With these as guiding principles, we can all
look forward to many more exciting discoveries from the
Brown and Goldstein laboratory.

Trends in Cell Biology Vol.13
No.10 October 2003
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