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Types of Membrane Proteins

: * Membrane proteins can be categorized by their

@,%/"H’, . degree of interaction with the membrane.
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Most transmembrane proteins extend across the lipid bilayer as

1: a single alpha helix, 2: multiple alpha helices,
3: rolled-up beta sheets (beta barrel).

Figure 10-19 Molecular Biology of the Cell (© Garland Science 2008)
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Membrane Proteins Transmembrane Proteins (I)
* Some are only anchored to one side of the * Transmembrane or integral proteins have a part
membrane. See A and B. that is entirely embedded within the lipid
— These follow the general structural rules of proteins. bilayer.
C) bitopic D) polytopic
(Q) bipic (D) polytopic
[ [’ () () |
SN
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Transmembrane Proteins (II) Transmembrane Proteins (III)
bitopi .
+ Knowing a membrane protein’ s topology can _ _(C) lmp:_c, - (D) p OIympfl-c\
be a significant step toward inferring both its =) (=3

structure and function.

(@) bitopic (D) polytopic
. ~ el

Single-Pass Transmembrane Protein | | Multi-Helix Transmembrane Protein
Mainly hydrophobic 15 to 30 residues long
15 to 30 residues long Most are alpha helices
Most are alpha helices
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Single-Pass Single-Pass
Transmembrane Proteins (I) Transmembrane Proteins (II)
C) bitopic Hydrophobicity scall
: _( ) - }llmggliozsgég 5:11:: taore * There are many different hydrophobicity
individual residues. The scales.
values are converted into — They produce different results.
B hybrophobic profiles by — Therefore, one has to use several transmembrane

using a sliding window predictors.
to average the values

ber of * This method works pretty well for single-pass
Single-Pass Transmembrane Protein OVET a nUMOET O

Mainly hydrophobic residues. transmembranes.
15 to 30 residues long
Most are alpha helices

©2014 Sami Khuri ©2014 Sami Khuri

Multi-Helix o Multi-Helix

Transmembrane Proteins (I) Transmembrane Proteins (II)

(D) polytopic Helices contain both (D) polytopic Use of hydrophobic

= hvdroohobi d N\ profiles only will not
EQ ydropho lf: an C suffice to guarantee
charged residues, good predictions.

\ forming a structural \ The hydrophobic
element that has a moment is used.
differe.nt character on It measures the

Multi-Helix Transmembrane Protein each S}de - .aIl . Multi-Helix Transmembrane Protein hybl’Op hOb.iCity ofa
15 to 30 residues long amphlpathlc helix. 15 to 30 residues long peptlde at different
Most are alpha helices Most are alpha helices angles of rotation.
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Functions of Membrane

Proteins The ErbB Signaling Network

=] | amphi- NRG1 NRG:2 .
” ligand ®) e TéF £ pimin Bl v (8l o ]'W“ . Normal cells receive
binding » IW & growth-stimulatory
] % signals from their
surroundings.
m\ These signals are
SRCT CBL PLC PI3K SHP2 P21-GDP. 'SHC NCK VAV GRB7 CRK adaptors.
\ ‘/\ f-‘_-( PM“ | ] processed and
-
o . . g integrated }Jy )
PKCBAD S6K s complex circuits
- § within the cell,
] which decide
AT v o
) e ‘L:" e ‘I'_" K o whether cell growth
kinase 52 and division is
o ] e Nl Mo Wl H :
Receptor Tyrosine Kinases are functionally very appropriate or not.
important as they are the launch sites of many A seve_n-transmembra_ne R ol S Sl S
complex signal transduction pathways in the cell. spanning molecule. Biology of Cancer by R. Weingberg
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Bovine Rhodopsin

Ribbon Diagram of bovine rhodopsin
which is a member of the G-protein-
coupled receptor (GPCR) family.
GPCRs have 7 membrane helices.

g,
Intracellular

coo
Extracellular G-Protein-Coupled Receptors (GPCRs) share a conserved structure
posed of seven tr brane (TM) helices
©2014 Sami Khuri en.wikipedia.org/wiki/G_protein-coupled_receptor ©2014 Sami Khuri

GPCR (II) GPCR (III)

* G-protein-coupled receptors (GPCRs) constitute a * GPCRs transduce extracellular stimuli to give
large and diverse family of proteins whose primary intracellular signals through interaction of their
function is to transduce extracellular stimuli into intracellular domains with heterotrimeric G
intracellular signals. roteins

* GPCRs are among the largest and most diverse P . ) .
protein families in mammalian genomes. * This C_lass of membrane’ proteins can respond

* On the basis of homology with rhodopsin, GPCRs to a wide range of agonists, mChfldmg photon,
are predicted to contain seven membrane-spanning amines, hormones, neurotransmitters and
helices, an extracellular N-terminus and an proteins.
intracellylar C-terminus. + Some agonists bind to the extracellular loops

e This gIves rise to GPCRs other names, the 7-TM of the receptor, others may penetrate into the

receptors or the heptahelical receptors. transmembrane region

www.ibibiobase.com/projects/db-drd4/G_protein.htm ©2014 Sami Khuri www.ibibiobase.com/projects/db-drd4/G_protein.htm ©2014 Sami Khuri
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 Cystic Fibrosis is an autosomal recessive
disorder that affects the respiratory and digestive
systems.

 Cystic Fibrosis is associated with mutations in
the CFTR (Cystic Fibrosis Transmembrane
Regulator) gene.

» Cystic Fibrosis is fatal and treatment is limited
to slowing the progress of the disease.

A vest designed to improve lung function for cystic
fibrosis patients

©2014 Sami Khuri ©2014 Sami Khuri

unction of CFTR Gene (I)

» The CFTR gene provides instructions for
making a protein called the cystic fibrosis
transmembrane conductance regulator. This

* It forms a channel through which chloride ions protein functions as a channel across the
(CI) can pass. membrane of cells that produce mucus, sweat,

saliva, tears, and digestive enzymes.

* The channel transports negatively charged
particles called chloride ions into and out of
cells.

CR Protein

* The CFTR protein is found in the membrane
of epithelial cells.

* The channel can be opened or closed.

* The flow of ions is necessary for water to be
released into secretions such as mucus in the
lungs.

©2014 Sami Khuri. http://ghr.nlm.nih.gov/gene=cftr ©2014 Sami Khuri.

EXTRA-

CELLULAR
 The transport of chloride ions helps control the Srace
movement of water in tissues, which is
necessary for the production of thin, freely PLASMA

. MEMBRANE
flowing mucus.

e Mucus is a slippery substance that lubricates
and protects the lining of the airways, digestive

Nucleotide- '

system, reproductive system, and other organs N b'”d'”?Nfg'F‘g .
. Regulatory
and tissues. domain
Sch ic diag; howing the structure of the CFTR protein
that regulates transport of chloride through cell membranes
http://ghr.nlm.nih.gov/gene=cftr ©2014 Sami Khuri ©2014 Sami Knari.
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Hydrophobic segments
MSD-1 MSD-2 ! Spanning| span membrane Missing or altered
Domain chloride transporter
Extracellular
Insufficient secretion
Plasma of water by epithelial
membrane Plasma cells
membrane
Intracellul
riracelust ATP. Thick lung secretions
bindi i i
< ATP binding lead to lung infections
ADP + P; - .
or Most common - Defective pancreatic
site ‘mutation,
din, c et secretion of digestive
enzymes
Domain (Fold) PRALATP P,::‘:.,, Kinase Y
Amodel of the proposed structure of the cystic fibrosis transmembrane Conual partion Sterility in males
conductance regulator (CFTR)
Expert Reviews in Molecular Medicine ©2001 Cambridge University Press
journals.cambridge.org ©2014 Sami Khuri. ©2014 Sami Khuri

CFTR Protein’ s Fate

MSD1 MSD2 CFTR Sequence:
Nucleotide ~ ATC AT[C TT|T GGT GTT

.
nnﬁIIIIII C,iiilllnnn Amino Acid l:e I Pll\e Gly Vlal
J 506 508| 510
U uu Uu U Deleted in AF508
N AF508 CFTR Sequence:
. . . Nucleotide ~ ATC ATT GGT GTT
Amino Acid e lle Gly Val

oytoplasm c 506

With normal CFTR, once the protein is synthesized, it is transported
to the endoplasmic reticulum (ER) and Golgi apparatus for additional
processing before being integrated into the cell membrane. When a
CFTR protein with the delta F508 mutation reaches the ER, the
quality-control mechanism of this cellular component recognizes that - - -
the protein is folded incorrectly and marks the defective protein for oplasmic nucl inding
degradation. As a result, delta F508 never hes the cell brane. e e

WWW. 1 /sci/ ‘Human_Genome/p html ©2014 Sami Khuri ©2014 Sami Khuri
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. AF508 is the most common CF allele .
Areosis ‘i":w";\ﬁi‘;‘,’,’;‘;?j;",gjgig\ CFTR Gene and Protein (I) mwnies:reauency <0es N CFTR Gene and Protein (II)
AF508
AF508 CFTR gene
CFTR gene Exon 1 3 5 9 11, 13 14b 15 , 19 21 23
Exon 1 3 5 9 " 13 14b 15 19 21 23 MSD 1 NBD1 exons R-domain MSD 2 NBD2 exons
? I 3 8 ) | exons oxon | exons
MSD 1 NBD1 exons  R-domain  MSD 2 NBD2 exons
exons exon  exons
0O _n 2
crTR
0 5 poren DH [ IIUH [ coiocmuse [T
e (@)
voen ([T " cotmenerere =TI il usS
protein /v GIn1412Stop
/ U U Splice mutation ‘R-domain —
N intfor, 4 Gonor she (reo2) nSazee
gt nstabilty
MSD2 GIn1412Stop —_— C the cell surface
Splice mutation _ protein Arg117His
ko & dons o (reo ) (ve02) Class 6 T s __sertdssero
(G—T) Instability at abundance  Defective conduction .
G the coll surface ‘ dueto e s
t protein Arg117His \ i i of G
g AR Ser1255Pr0 :
normal mRNA Class 4 © Elsevier. Nussbaum et al: Thompson and Thompson's Genetics in Medicine 7e - www.studentconsult.com
abundance Defective conduction .
due to alteration ve regulation Selected mutations are shown.
Slass 5 of CI~ channel 8 regula . N .
PO osr s PO ! The exons, introns, and domains of the protein are not drawn to scale.
of transcripts Defective sing MSD: Membrane-Spanning Domain NBD: Nucl de-Bind D i
© Elsevier. Nussbaum et al: Thompson and Thompson's Genetics in Medicine 7e - www.studentconsult.com R-d + R lat ory D
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http://ghr.nlm.nih.gov/gene=cftr

* More than 1,000 mutations in the CFTR gene have
been identified in people with cystic fibrosis.

* Most of these mutations change single protein
building blocks (amino acids) in the CFTR protein
or delete a small amount of DNA from the CFTR
gene.

¢ The most common mutation, called delta F508, is a
deletion of one amino acid at position 508 in the
CFTR protein.

©2014 Sami Khuri

htt;

Cystic Fibrosis (III)

* As aresult, cells that line the passageways
of the lungs, pancreas, and other organs
produce mucus that is abnormally thick and
sticky.

* The abnormal mucus obstructs the airways
and glands, leading to the characteristic
signs and symptoms of cystic fibrosis.

p://ghr.nlm.nih.gov/gene=cftr

©2014 Sami Khuri

Get

Detailed View of exon 11

the summary of a mutation by putting your mouse over that mutation. Click to view the details of that mutation.

465 470 475 480 485
ThrserLeuleubetMet | |eMetGlyGluleuGluProSerGluGlylysiielysHisserGlyarglleserPheCysSerGinPhe

TCCTGGATTATGCCTGGC:

Legend Inframe in/del: =

CTTCACTTCTAAT GATGATTAT GGGAGAACTICGAGCCTT CAGACGGTAAAATTAAGCACA GTGGAAGAATTT CATTCT.GTTCTCAGTTT
1400 1405 1410 1415 1420 1425 1430 1435 1440 1445 1450 1455 1460 1465 1470 1475 1480

T elc e o« T e frcTec o TeTem A occ T ec o
A G A TG
G
500 505 510 515 520
erTrplieMetProGlyThrilelysGluAsnilel|ePheGlWalserTyrAspGluTyrArgTyrArgservalllelysAlaCys

A CCATTAAAGAAAATAT CAT CTTTIGGT GT T T CCTAT GATGAATATAGATACAGAAGCGT CATCARAGCATGC

1485 1490 1495 1500 1505 1510 1515 1520 1525 1530 1535 1540 1545 1550 1555 1560 1565 1570

WlAad  llgc G| Wllle sGGw G| e G Gl |cec 6|6 T ¢C T A
clllm «c|Gc Al

Frameshift: o Missense/Nonsense/Sequence Variation: A/T/C/C Splicing: v

©2014 Sami Khuri
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The resulting abnormal channel breaks down
shortly after it is made, so it never reaches the
cell membrane to transport chloride ions.
Disease-causing mutations in the CFTR gene
alter the production, structure, or stability of
the chloride channel.

All of these changes prevent the channel from
functioning properly, which impairs the
transport of chloride ions and the movement of
water into and out of cells.

©2014 Sami Khuri

Mutation Database

Home  Search CFTRGene History Team  Statistics Links  Submit Help

Legacy Exon # 123 4 5 6a6b 7 8 9 10 1112 13

Exon# 1 3 56 8 10 11 13 14 5 2
Missense 0001 OO O O O OO OO 0000 OO0 000 0 OO0
Nonsense LY IN L N N VR T R Uy eyl
Frameshift [RULRLI LI (NN O O N T T U IR
In frame in/del e N et (A
splicing LU L L U L I I A L L1 L L Y [ L T o
Promoter 1

Seq. Var. R ATy T R T AL AR R AR AR YT (AT
Legend Exon Region W Intron Region (not to scale) — Exon Mutation | Intron/Promoter Mutation |

“Sequence Variation” is sometimes designated as “polymorphism", indicating that it is "non-disease causing". According to the general definition in
human genetics, a “polymorphism" has to reach an allelic frequency of 1%. In addition, when a sequence variation is found in one single individual, it
is not possible to determine if it is "non-disease causing”

©2014 Sami Khuri

http://progenity.com/cystic-fibrosis-cf

Cysic Fibrosis
Carrier Frequency

Ashkenazi Jewish 1in 24
Caucasian 1in 25
Hispanic 1in 46
African-American 1in 65
Asian 1in 94

©2014 Sami Khuri
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Functional Classification
f CFTR Mutations
40 - Class Effect on CFTR Examples of mutations
, 4 1 Defective protein production G542X, R553X, W1282X, R1162X,
= 4 621-1G—T,1717-1G—A
7
5 36 E I Defective protein processing AF508, A1507, N1303K, S549N
s
E P n Defective protein regulation G551D, R560T
3 e v Defective protein conductance R117H, R334W, GBSE, R347P
s P
=0 x v Reduced amounts of functioning 3849+10KbC—T, 2789+5G—A,
a % - CFTR protein A455E
] X
K o
£ % oA ,,%"%’ It is important to know which allele(s) a CF patient carries because
A1 pharmaceutical nies are d loping new drugs that target
specific defects.
5 G542X: Defective Protein: Truncated
86 88 90 92 94 96 98 00 02 04 06 08 AF508: Defective Protein Processing: Folds incorrectly
Year G551D: Defective Protein Conductance: Unable to t t chlorid
Mutation does not affect synthesis or localization [Kalydeco]
Cystic Fibrosis in the 21st Century by N Si ©2014 Sami Khui Cystic Fibrosis in the 21st Century by N. Si ©2014 Sami Khui

Predicting Transmembrane
Proteins

Five Classes of CF Mutations

Predicting programs:
— HMMTOP
— SOSUI
— DAS
- TMHMM
— TMpred
— PHDhtm
- TMAP
are used to predict the structure
of the bovine rhodopsin.

http://cysti i ing-pil ©2014 Sami Khuri " ) T 62014 Sami Knui

Predicting Programs (I) Predicting Programs (II)

— HMMTOP — Prediction of Transmembrane Helices — Tmpred - Prediction of Transmembrane Regions
and Topology of Proteins [www.enzim.hu/hmmtop] and Orientation [www.ch.embnet.org/software/
— SOSUI - Classification and Secondary Structure TMPRED _form.html]
Prediction of Membrane Proteins [bp.nuap.nagoya- _ PHDhtm — ProteinPredict

u.ac.jp/sosui]

— DAS — Transmembrane Prediction Server
[www.sbc.su.se/~miklos/DAS]

— TMHMM - Prediction of Transmembrane Helices in
Proteins [www.cbs.dtu.dk/services/ TMHMM]

[www.predictprotein.org]
— TMAP - Predict and plot transmembrane segments
in protein sequences

[emboss.bioinformatics.nl/cgi-bin/emboss/tmap]

©2014 Sami Khuri ©2014 Sami Khuri
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X=RAY GYFVFGPTGC NLEGFFATLG GEIALWSLVY LALERYVVVC KPM
HANTOP GYFVFGPTGC NLEGFFATLG GEIALWSLVV LATERNVVVC KPMSNFRFGE
SOSUI  GYFVFGPTGC NLEGFFATLG GEIALWSLVY LAIERYVVVC KPMSNFRFGE
DAS gyfvigptge nlegffatlg gelALNSLVY ;Alfntvv.. psnfrige
TAHAN  GYFVFGPTGC NLEGFFATLG GEIALWSLVYY LATER)VVY
THpred GYFVFGPTGC NLEGFFATLG GEIALWSLWY LAHD}VV'-’VC
PHOhtm GYFVFGPTGC NLEGFFATLG GEIALWSLVY LALERNVY

THAP GYFVFGPTGC NLEGEFATLG GEIALWSLVYV LAIERNVVV

 The third (out of 7) membrane (yellow residues) is
shown in the box as predicted by the packages.

» The top row contains the results
obtained from X-Ray
crystallography.

* The transmembrane helices are
highlighted in yellow.

KPRSNFRFGE
» Extracellular loops are in black.
» Cytoplasmic loops are in blue.

« Boxed sequences are predicted * Amino acids that are part of the extracellular loop are

to be transmembrane based on in black.
the consensus results of all  Residues that are part of the cytoplasmic loop are in
blue.

prediction packages.

©2014 Sarni Khuri

HMM for Transmembrne

Methods Protein Prediction (I)
* There are many transmembrane predicting packages

that are based on the following techniques: « HMMs can incorporate:
— Statistical Methods — Hydrophobicity

« Example: TMpred .
— Knowledge-based Methods — Charge bias

- Example: SOSUI —Helix length
— Evolutionary-based Methods — Grammatical constraints

« Example: TMAP
— Neural Networks

« Example: PHDhtm

©2014 Sami Khuri ©2014 Sami Khuri

brane
Protein Prediction (II)

)  Each state has an associated probability
Simple Model: distribution over the 20 amino acids that
— Define a set of states: each residue is then describe the variability of each amino acid in

predicted to be in one of the states. the modeled region.

~ Example: * States are connected to each other in a
biological reasonable manner.

* The HMM is trained to have adequate
emission and transition probabilities.

* A state for inside loops
* A state for outside loops
* A state for transmembrane segments

©2014 Sami Khuri ©2014 Sami Khuri
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Five States of HMMTOP

outside loop

tail
outside
membrane
Transmembrane Helices: 17-25 aa
I inside
tail
Inside and Outside: 1-15 aa
inside loop
Intracellular amino acid sequence MGDVCDTEFGILVA...SVALRPRKHGRWIV. ..FWVDNGTEQ...PEHMTKLHMM. . .
state sequence ©00000000hhhhh. .. hhhhiiiiiiihhh...hhho00oOO. ..0000000RN. . .
tail tail - tail tail - loop - tail
out short loop long loop

©2014 Sami Khuri

> "XLW{G?RL iex
Nk =

TMHMM: Finite State Diagram The TMHMM Package
« TMHHM has seven states: « TMHHM has seven states:

— Core transmembrane helix

— Helical cap

— Helical tail

— Loops on cytoplasmic end
— Short loops outside the cell
— Long loops inside the cell

— Golbular-domain-like structures in the middle of
each loop.

inside the cell

I—»

globular == loop

outside the cell

p—> Slggg <= globular

P +— :ggg <— globular

©2014 Sami Khuri

©20124Sami Khuri

SEESEC

TMHMM: Output (I) TMHMM: Output (II)

TMHMM posteror probatilties forsequence

Sequence outside 1 38

Sequence TMhelix 39 61

Sequence inside 62 73

Sequence TMhelix 74 96 inside the cell outside the cell
Sequence outside 97 110
Sequence TMhelix 111 133
Sequence inside 134 152 o
Sequence TMhelix 153 175 P~ loop +— globular
Sequence outside 176 201

Sequence TMhelix 202 224

Sequence inside 225 253

hort __,.
p— Soort <= globular

globular === loop.

e e inde the el ouside thecel Sequence TMhelix 254 276
Seqene.eutide 3710 — Short == globular Sequence outside 277 285
Sequence Thelic 111133 .

frmma i 34132 globular === loop. Sequence TMhelix 286 308
namne oan 1 10 — 1279 == globular

Sequence inside 309 348

Sequence _imide 225253

28

Sequence _outsde 277285
el

Sequence inside. 309 348

©2014 Sami Khuri

©2014Sami Khuri
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(VKOR).

VKOR ()

Warfarin is the most widely prescribed
anticoagulant drug in North America.

Warfarin decreases blood coagulation by
inhibiting vitamin K epoxide reductase

» Warfarin was approved for use as a medication in
the early 1950s and has remained very popular.

» The gene encoding the catalytic subunit of VKOR
was identified as an integral membrane protein.

©2014 Sarni Khuri

L)
20®

YXPX»}XI?XBXAXR\

cytoplasm

ER lumen 10

- BEEOES

€ terminus ™

Q
(n sos g ?77 G
(Jd’—*v én@@asmcb
soggm@f
9@@@@@@@\
" — 0

n 10-29 (1.0)
n 9-29 (0.65)
n 9-29 0.81)
12-27
11-31 (primary)
n 13-29 (0.76)

™2
85-109 (1.0)

78-98 (0.67)
75-97 0.57)
83-96

75-97 (secondary)
81-97 (0.60)

§>®®®® coon
Vi

101-123 (0.90)
109-129 (1.0)
101-129 (1.0)
102-146

104-124 (1.0)

™4
119-143 (0.87)
127-149 0.93)

116-138 (primary)
131148 (0.68)

©2014 Sami Khuri

Spring 2015

VKOR (II)

* These vitamin K-dependent proteins are
important as coagulation factors, and are
involved in bone metabolism and signal
transduction.

¢ In order to understand structure-function
relationship of these proteins, it is important to
understand the membrane topology.

 Seven transmembrane prediction packages
were used for that purpose.

©2014 Sarni Khuri

programs TMno.
PHD 2
TMHMM 2.0 3
TopPred 2 3
TMpred 3
DAS 3
Sosul 3
MEMSAT 4

terminus

VKOR (IV)

Cterminus ™1

In

10-29(1.0)
9-29(0.65)
9-29(081)

12-21

11-31 (primary)
13-29/(0.76)

™2
85-109(1.0)

™3

101-123(0.90)

78-98(0.67)
75-97(0.57)
83-9%

75-97 (secondary)
8197 (0.60)

109-129(1.0)
101-129(1.0)
102-146

100-124(1)
Two packages predicted the wrong number of helices.

™4
119-143 087)
127-149(093)

116-138 (primary)
131-148 (0.68)

Two packages predicted the wrong location of the C

©2014 Sami Khuri

Experiments were performed and it was determined that
VKOR has three transmembrane helices.

©2014 Sami Khuri

Other Types of
Transmembranes

¢ Some transmembrane structures contain beta
sheets instead of alpha helices.

* Tailored-made predictors were designed to
detect them.

* Sometimes 2 or 3 alpha helices intertwine to
form coiled-coil structures.

* Coiled-coil structures can be found in
transmembrane as well as intracellular proteins.

©2014 Sami Khuri

©2015 Sami Khuri
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B -Barrels
» Located in mitochondria, chloroplasts, bacteria

 Functions include:
— Transport channel
— Receptor

©2014 Sami Khuri

©2012 Sami Khuri

©2015 Sami Khuri
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PRthb for
Beta-Barrel Prediction
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