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Membranas

Por gué as membranas bioldgicas sao
importantes?

* Matriz para diversas moléculas
* Fusao e divisao

* Seletividade

* Flexibilidade
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Composicao da

membrana

Major Components of Plasma Membranes in Various Organisms

Components (% by welght)

Protein Phospholipid Sterol Steral type Other lipids
Human myezlin shealh A0 20 1= Chadesberal Galactolipids, plasmalogens
Mouse liver 45 27 25 Cholesterol —
Maize lead 44 26 ! Sitosterol Galactolipids
Yeast ha ¥ 4 Ergosteral Triacylghvcerls, steryl estars
Pararmecium (cilialed prolist) a1 44 4 Shigmaslberal —
E, cali 75 25 0 — —
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Cada tipo de membrana possui uma combinacao
diferente de lipidios e proteinas (e também de
glicolipidios e glicoproteinas).
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Hydrophilic
"head group”

"Flickering clusters" of HyO
molecules in bulk phase /

Highly ordered Ho0O molecules form
(a) "eages” around the hydrophobic alkyl chains

Profa. Tie Koide - Depto de

05/18/20 Bioquimica e Imunologia - FMRP



Diisparsion of
lipids im Ha
Each lipid

malecile forces
surraunding HeO
maleculas to becone
highly ordered.

Clusters of lipid
malecules

Cmly lipid portions

at the adge of

the cluster force the
ardering of water.
Fewaer HoO molecules
are ordered, and
entropy is ineressed.

Micellas

All hydrephakde
Zroups ara
sequestered from
water: opdered
shell of HeO
melecules is

&,L minimized, and

Jiﬂ-L entropy is further

inereasad.
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Agregados de lipideos anfipaticos
em agua
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Distribuicao assimétrica dos

fosfolipideos
Inner leaflet Outer leaflet
Total
phospholipid
Sphingomyelin
Phosphatidylcholine
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Figure 9-33 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons



Permeabilidade da bicamada

N Tryptophan
K Urea
Na* cr Glucose | Glycerol Indole H,0
| | l v | | | | 1 | | | | |
10714 10712 10710 1078 107° 1074 1072
P(cms™)

Increasing permeability —>

Figure 12-15
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



Difusao dos lipideos na
membrana

(a) (b) (c)

Bleach

recovery

—

Fluorescence o<
intensity <&

Time
Figure 9-28 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons



Difusao dos lipideos na

m ana
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Temperatura de

icao
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Fluidlike

Depende da composicao de
lipideos!

Acidos graxos
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Figure 12-32
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Fatty Acid Composition of E. coli Cells Cultured
at Different Temperatures

Percentage of total fatty acids*®

10 °C 20 °C 30°C 40 °C

Myristic acid (14:0) 4l o 4l 8
FPalmitic acid (16:0) 18 25 29 48
Palmitoleic acid (16:1) 26 24 23 g
Oleic acid (18:1) 38 34 30 12
Hydroxymyristic acid 13 10 10 8

Ratio of unsaturated to saturated’ 2.9 2.0 1.6 0.38



Fluidlike

Cholesterol

Solidlike

Temperature —

Abaixo da temperatura de transicao:

aumenta fluidez - menos sujeita a transicao de fase
Acima da temperatura de transicao:

reduz a fluidez da bicamada

Moderam a fluidez da membrana!!!






Difusao das proteinas de
membrana. o
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(a) Mouse cell Human cell
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Sendai virus
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Proteinas ancoradas a estruturas

internas
Chloride-bicarbonate Outside
exchange proteins

Plasma
membrane

Ankyrin

Spectrin

Junctional complex
(actin)

Inside



Proteinas integrais de membrana
Proteinas periféricas

Figure 12-17
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Peripheral
protein

change in pH;
chelating agent; |

urea: (O3 ~-—

Lipid-linked
protein

L

Protein—glycan

Integral protein
(hydrophobic domain
coated with detergent)
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leerentes tlpos de proteinas de

E possivel prever a
estrutura de uma
proteina de membrana?

Inside Dz - Outside



Indice de hidropatia

TasLe 12.2 Polarity scale for identifying transmembrane helices

Amino Transfer free
acid energy in kJ mol™!
residue (kcal mol™1)
Phe 15.5(3.7)
Met 14.3 (3.4)
lle 13.0 (3.1) Single a helix
in glycophorin
Leu 11.8 (2.8) +168 — giycop
Val 10.9 (2.6) =
Cys 8.4 (2.0) %~ .84 | Criterion level
Trp 8.0 (1.9) e+
Ala 6.7 (1.6) s g_
Thr 5.0(1.2) 5 3 0
Gly 4.2(1.0) e
Ser 2.5(0.6) = 9 .8l
Pro —0.8(—0.2) 5 g
T)fr —2.9(—-0.7) g S -168 }
His —12.6 (—3.0) =
GIn —-17.2(—4.1) - | I I I I
Asn —20.2 (—4.8) 0 20 40 60 80 100
Glu —34.4(—8.2) . . . .
Lys —37.0 (—8.8) First amino acid residue
Asp —38.6 (—9.2) in window

Arg —51.7 (—12.3) —

Biochemistry, Sixth Edition
© 2007 W. H.Freeman and Company



Hydropathy index
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Hydropathy index
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Proteina de membrana
EX: porina
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Figure 12-28

Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Arachidonate

Cyclooxygenase} 20,

- WCOO'

(l)
0. H3
o“‘**OH
Prostaglandin G,
2HY+2¢"
Peroxidase
H,O0

OH
Prostaglandin H,

Figure 12-22
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



Hydrophobic amino
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Figure 12-23
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



Hydrophobic
channel

UUUU

Ser 530

o\[rq-l3

(o)

Aspirin
(Acetylsalicyclic acid)

o CH,3
Ser53o/ \r

Figure 12-25
Biochemistry, Sixth Edition
© 2007 W.H, Freeman and Company Jmpany



Proteinas integrais de membrana:
interacao célula-célula, adesao

Immunoglobulin-like

| -:”} domains
Ligand-binding Adhesive g 3 Lectin domain
region domain ¥ _ﬂflilld ’s/r:arbﬂhyd rates)
)

Plasma
membrane

Inside  Integrin Cadherin N-CAM Selectins



Assimetria estrutural gera
assimetria funcional




Fusao de
membranas

Reconhecimento

2. Proximidade das
superficies - exclusao
de dgua

3. Rompimento local da
bicamada lipidica

4. Fusao = uma Unica

bicamada continua

Budding of vesicles
from Guolgi complex

Exocviozis

Endocytosis

Fusion of endosome
and lysosome

Viral infection

Fusion
of sperm and egg

Fusion of small
vacruoles (plants)

Separation of two
plasma memhbranes
at cell division



Sialic acid .
| Influenza virus

HA protein
-]

ﬂw Viral membrane

Interaction of HA
protein with sialic acid
in host cell membrane
trigpers endoeyvtoais.

Low pH in endosome
causes extension

of HA protein’s fusion
peptide, which
penetrates the

endosome membrane,

Viral and endosomal
membranes fuse,
releasing viral
contents into host eell.



HIV attaches fo host
Iymphneyte by intersction
bestwead gl 20 in HIY
envelope and €4 dn host
anll plassmma membirame,

Cytokine receptor ICCRE in
st coll plasivn membrans:
himd= CO4 and gpi:20,
albwwing amino-terminal
mneimlzane fuaion doimsin
of gpd1 bo lesert inde host
oell membane,

Conformadionel

il gt ] yields hairpin
siructure with eodled-eodl
dimmain, bringing the twa
membranes inko onisc.

Fusios of HIV and host
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Synaptic
vesicles

o
00
Synaptic cleft S Nenro-

O o transmitter
o

o Molecules
O

Postsynaptic membrane

Figure 9-47b Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons



Transporte através de membranas:
transportadores passivos

Hydrated
solute

Simple diffusion
without transporter
L =
G
B2 E
5 Diffusion AGsi_mpit_e
5 with transporter diffusion
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o
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4
(b) » <
L A

Transporter



Transporte ativo: ATPases
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table 12-4
Four Classes of Transport ATPases

Organism or tissue Type of membrans Role of ATPase
P-type ATPazes
Ma K’ Animal tissues Plasma Maintains low [Ma®], high [K7] inside cell; creates
transmembrane electncal polential
HR Acid-secrating (panetaly Plasma Acidifies contents of stomach
cells of mammals
H* Fungi {Meiiros Fl . .
ungi (Neerospom) sefa Create HT gradient to drive secondary transport
" Higher plants Placra of extracellular salutes into call
Car” Animal Lissues Flasma Maintains low [Ca® "] in cylosol
Ca®’ fvocytes of animals Sarcoplasmic reticulum Sequesters intracellular Ca®" | keaping cytosolic
tendoplasmic reticulum) [Ca™*] law
(3 Hg: T Baclera Plasmas Pumps heay rmelal ons oul of cell
V-type ATPases
H* Animals Ly=osomal, endosomal,
sacretory vesicles Create low pH in compartment, activating
H” Higher plants Vacuolar prolesses and olher bydrelylic enzyrmes
H* Furgi Vacuolar
F-type ATPases
H' Eukaryotes Inner mitochondrial
H* Higher plants Thiylakeid Catalyze formation of ATP from ADP + P
H* Prokaryotes Plasma J.
Multidrug transporter
Animal tumaor cells Plasma Removas a wide variaty of hydrophobic natural

produets and synthetic drogs from cylosal,
including vinblastine, dosorubicing actinomycin O
mitomycin, tagel, colchicine, and puromycin



Uniport Symport Antiport
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Transporte através de membranas:
EX.: aquaporina

Outside

) ) e COO- (b)
~5 x 108 moléculas de agua por segundo

RELEE L % ks Kem L=

(a)

Aquaporins

Agquaporin Roles and location

AQP-1 Fluid reabserption in proximal renal tubule;
secretion of aqueous humor in eye and cerebrospinal fluid in
central nervous system; water homeostasis in lung

AQP-2 Water permeability in renal collecting duct
(mutations produce nephrogenic diabetes insipidus)

AQP-3 Water retention in renal collecting duct

AQP-4 Reabsorption of cerebrospinal fluid in central nervous system;
regulation of brain edema

AQP-5 Fluid secretion in salivary glands, lachrymal glands, and alveclar

epithelium of lung
+-TIP Water uptake by plant vacuole, regulating turgor pressure



Transporte através de membranas:
EX.: transportador de glicose

—Ser—Leu—Val—Thr —Asn—Phe—Ile—

O Hydrophobic
© Polar
@ Charged




Transporte através de membranas:
EXx.: transportador de cloreto/bicarbonato

Jarbon dioxide produced Bicarbonate
by catabolism enters dissolves in
erythrocyte blood plasma
CO9 Chloride-bicarbonate . HCO3  Cl

exchange protein

In respiring tissues

In lungs

COxg HCO3  Cl1
Carbon dioxide leaves Bicarbonate enters
erythrocyte and is ervthrocyte from

exhaled blood plasma



Transporte através de membranas:
Ex.: bombas de sdédio-potassio

¢ 3dNa'
ot

Membrane potential =
50-70 mV

+ [K*] = 140 mm
INa*| = 12 mm

+ + + o+ + o+ O+

Extracellular fluid [K*] = 4 mm
or blood plasma INa*| = 145 mm



Transporter hinds 3 Na™

from the inside of the
cell.
+ .
o FPhosphorylation
@ 4 favors P-En.

AD

=R
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b r‘" "y Transporter
-
- releases 3 Na
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<1 . and binds 2 K7
. from the outside
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EX.: Receptor de acetilcolina: canal dependente de ligante

Subunit folds into four
transmembrane « helices

Acetylcholine
binding sites

With receptor sites
Bulky hydrophobic occupied, the M2
Leu side chains of Binding of two acetylcholine helices have smaller,
M2 helices close molecules causes twisting polar residues lining
the channel. of the M2 helices. the channel.

p

2 Acetylcholine

Closed Open



Simple diffusion
imonpolar compounds only,
down concentration

Primary active
transport (against
electrochemical

“1 gradient)

ion transport
{down
electrochemical
gradient) -

Ion channel
lon

{down
electrochemical Est?iﬁdégismn
adient;
gll:;E ;:tld Eaz Q (against electrechemical
ligand or fon) Ion gradient, driven by ion

moving down its gradient)



O que é a Bioquimica?

A Bioquimica estuda, no nivel molecular,
as estruturas, mecanismos e processos
guimicos comuns a todos 0s organismos.

Visto que todos 0s seres vivos sao
constituidos por moléculas "inanimadas", a
vida é no seu nivel mais basico um
fendmeno bioquimico.

Logica molecular da vida !'!!



Monomerie subunits

Lietters of
Englizh
alphabet
(26 dilferent
kinds)
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Protein

Ordered linear sequences

For a ssgment of 8 subunits, the number of
different sequences possible =

265 or
2.1 = 101

4% or
65,536

20¥ or
2,56 = 101

O que ndés estudamos:

Interacoes moleculares
Agua e pH
Aminoacidos e peptideos
Proteinas

Enzimas e regulacao
enzimatica
Carboidratos
Nucleotideos

Acidos Nucleicos
Lipideos

Membranas



BIOQUIMICA

Campo altamente
INTERDISCIPLINAR
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@

Insulin receptor binds

insulin and undergoes
autophosphorylation on its
carboxyl-terminal Tyr residues.

@

Ingulin receptor
phosphorylates IRS-1
on its Tyr residues.

®

SH2 domain of Grb2 binds
to (P)-Tyr of IRS-1. Sos binds
to Grb2, then to Ras,
causing GDP release and

Ins!lin
\

Cytosol GTP binding to Ras.
Activated Ras binds and
activates Raf-1.

Nucleus

®
Raf-1 phosphorylates

MEK on two Ser residues,
[EE{Q (P) activating it. MEK
phosphorylates MAPK
(® @ on a Thr and a Tyr residue,
activating it.
® MAPK moves into
the nucleus and

phosphorylates
DNA nuclear transcription
i i factors such as Elkl1,
New proteins activating them.
@
Phosphorylated Elk1

joins SRF to stimulate
the transcription and
translation of a set of
genes needed for

cell division.

Vias de transducao de

-
ﬂl“ﬁl

Informacao
genética:
Sequéncia
Transmissao
Expressao

Chapter 27 Opener Fundamentals of Biochemistry, 2/e



/inc Fingers

They play a key part in regulating the activity
of genes in many species, from yeast to humans.
Fewer than 10 years ago no one knew they existed

by Daniela Rhodes and Aaron Klug

DIMITRY SCHIDLOVSKY

The Prion Diseases

Prions, once dismissed as an impossibility, have now gained
wide recognition as extraordinary agents that cause |
a number of infectious, genetic and spontaneous disorders

FRED E. COHEN

by Stanley B. Prusiner

SOURCE: Fred E. Cohen



Eighteenth century chemist Antoine Lavoisier investigates whether exhal

ed breath is analogous to the fumes of a combustion engine.

The changing notion of food

The pioneers of nutrition research determined the energy content of food and also helped to

overturn misconceptions about various diseases that plagued humankind.

Ofbeans and genes o,
Several human genes involved in digestion ha%iverged along cultural lines. Research Blg SClence at the table

suggests these adaptations influence the range of foods tolerated and even certain diseases.

Researchers are adopting the tools of bicinformatics and pharmaceuticals to study and
interpret the ever-growing body of data on the interplay between diet and genes.
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The Protein Data Bank: a historical perspective

Helen M. Berman

Rutgers, The State University of New Jersey, USA. Correspondence e-mail:
berman@rcsb.rutgers.edu

The Protein Data Bank began as a grassroots effort in 1971. It has grown from a
small archive containing a dozen structures to a major international resource for
structural biology containing more than 40000 entries. The interplay of science,
technology and attitudes about data sharing have all played a role in the growth

Printed in Singapore — all rights reserved of this resource.

REVIEW Vol. 19 no. 17 2003, pages 2176-2190
DOI: 10.1093/bicinformatics/btg309

Early bioinformatics: the birth of a discipline—

a personal view

Christos A. Ouzounis' * and Alfonso Valencia®

'Computational Genomics Group, The European Bioinformatics Institute, EMBL
Cambridge Outstation, Cambridge CB10 1SD, UK, 2Protein Design Group, National
Center for Biotechnology, CNB-CSIC Campus U. Autonoma Cantoblanco, Madrid
28N4Q Snain

Review Paper

Review

What 1s bioinformatics? An
introduction and overview

THE MAGIC
F MICROARRAYS

Research tools known as BY STEPHEN H. FRIEND
DMA microarrays are & AND ROLAND B. STOUGHTOM

already clarifying the
malecular roots of health
and disease and
speeding drug discovery,
They could also hasten
the day when custom-
tailored treatment plans
replace a one-size-fits-all
approach to health care
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I NUTRIGENOMICS

1 HEOP S L E PHO LIERARY

More than meets Iﬁzther’s milk: A
the mouth rich opportunity

Research on the contents of milk and how breast-feeding
Certain things taste differently to different people. Why is benefitsa growing child issurprising scientists.
this, and does this affect our choice of food ?



WHAT FUELS FAT

The human body's ability to store energy as fat seems haywire in a world full
of food. Understanding how our complex energy-regulating systems can falter
4 and lead to obesity is revealing new ways to fight excess weight

a]{piinil @ NUTRIGENOMICS

nEﬂdible advice

Diet-related illnesses are some of the biggest killers today.
Can we tailor our food intake to prevent these diseases?
Largeinternational projects are underway to find out.




insight overview

Computational systems biology

Hiroaki Kitano

Sony Computer Science Laboratories Inc., 3-14-13 Higashi-gotanda, Shinagwa, Tokyo 141-0022, ERATO Kitano Symbiotic Systems Profect, Japan
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NEWS FEATURE

ZEYE HARD TRUTHS FOR
EYNTHETIC BIQLOGY

Can engineering approaches tame the complexity of living systems? Roberta Kwok explores five
challenges for the field and how they might be resolved.

THE HYPE
A promise of unprecedented power

Nature has portrayed synthetic biologists as wielding
the power to ‘hack’ life (right), and in its Guide to
Synthetic Biology, the civil society organization ETC
Group even likened their activity to playing God. But in
reality, the field has yet to deliver much of practical use.

COMPUTERS TO LIFE

Tapping tha CompuTing power of biolepical moiocuios pvsrise 10
dnymachings that can spaakdiecty m ving calls

By Ehu Shaping and Yazkow Bananson
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