, Membrane proteins
Porins: FadL

Oriol Sold, Dimitri Ivancic, Daniel Folch, Marc Olivella
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® INTRODUCTION Classification

. Extracellular Fluid
Protein channel

(transport protein) . »
Globular protein jj<%, , Glycoprotein

Phospholipid bilayer

/ Phospholipid
Cholesterol Integral protein )| ' molecule

- [Glabular proteing Surface protein
Glycolipid

Peripherial protein Hydrophobic tails

Filaments of / Alpha-Helix protein
cytoskeleton (Integral protein)

Cytoplasm

J Singer. Science. Vol. 175, pp. 720-731 (1972)



® INTRODUCTION

Classification

Figures exctracted from class slides BE2.3



® INTRODUCTION Classification

© D Patel 2009

Recognition proteins, Enzymes, Transportess, Transportess

Receptors Receptors

D Patel. Creative Biostructure (2006)



® INTRODUCTION

Function




C

® INTRODUCTION: IMPORTANCE OF PREDICTION

) - 30% of the genome encodes for membrane proteins

- Important functions
- Few membrane protein structures solved

¢ proteins

= membrane
proteins
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Bijelic A. et al (2015)




® INTRODUCTION: HIDROPATHY PLOT

- |dentify protein domains
O - Hydrophobic and hydrophilic regions

Hydrophobic
Hydrophilic

|

o]
(oY)
o
=
>
=
-~
«
@
C
-
e
>
w

100 - |150 200 | 256
Residue number
Bacteriorhodopsin
(b)

Nelson & Cox. Lehninger Principles of Biochemistry (2000)




® INTRODUCTION: DIFFICULTIES OF PURIFICATION

J. J Lacapere. Cell. Vol 32, pp 259-270 (2007)



® INTRODUCTION: DIFFICULTIES OF CRYSTALLISATION

- Partially hydrophobic surfaces
- Flexibility
- Lack of stability

- Expressed in low quantity




INTRODUCTION: PORINS

- Beta barrel proteins — 8-22 13 strands
- Alternated polar and nonpolar residues
- Monomers, dimeric and octameric

- “Stopper”
- Homotrimers

Jap BK, Walian PJ. Q. Rev. Biophys. 4. pp 367-403. (1990)



® INTRODUCTION: PORINS Function

© - They act as a pore

- Most of them: Passive diffusion of
hydrophilic molecules

- Avoid toxic accumulation

- Regulate permeability

- Prevent lysis

- Types:
- General — No substrate specificities
- Selective — Specific chemical species




® INTRODUCTION: PORINS Location

o - Outer membrane of:

- Gram-negative bacteria and some
gram-positive bacteria (Mycolata)

- Mitochondria

- Chloroplast

Le T and Bushan V. Microbiology (2016)

Unique to Common to both Unique to
gram-positive gram-negative

“— Flagellum

Lipoteichoic acid —\1 -——— Pilus

Periplasmic space

Cytoplasmic (B-lactamase location)

membrane

Gram-positive Gram-negative



® INTRODUCTION: FADL Classification

-

——

-
[




FADL: OUTER MEMBRANE TRANSPORT
PROTEIN




® FADL - SCOP Classification

Membrane and cell surface proteins and
peptides

Transmembrane beta-barrels

Porins

Outer membrane transport protein

Long-chain fatty acid transport protein
FadL




Current Opinion in Structural Biology

ue 4, August 2005, Pages 401-407

The FadL family: unusual transporters for unusual substrates
Bert van den Berg &

() - Outer membrane (OM)

passive diffusion transport
(3-barrel)
- Xenobiotics biodegradation
- Hydrophobic substrates:
Particular hydrophobic

surface




® INTRODUCTION: HIDROPATHY PLOT

- Not useful for beta-barrel proteins

O - Short transmembrane segments (~10 aa)
- Aminoacids are hydrophobic and hydrophilic
alternately

ProtScale output forf FADL_ECOLI

Hphob. / Kyte & Doolittle

Hydrophobic i l
' \

Hydrophilic | : | l S ” ' [ J ] , ‘ 4 ‘
&! f|| 11 »l ||h| ’] ” \f ‘H 5[ ||| ‘l |
100 150 200 250 ' L w

o
)
]
5
>
=
-
«©
o
=
—
e
>
o

Residue number

Bacteriorhodopsin 756 206 950 506 990

(b) Position
Nelson & Cox. Lehninger Principles of Biochemistry (2000) Created with ExPASyY ProtScale software




FADL STRUCTURE: MAIN CHARACTERISTICS

Sequence: 446aa

Sequence and

structure obtained
with PDB Sum Structure: 427/aa

—_—
B—L 0 0 0= ' 0 0 f — e - — . ————
__"v -’ _\' _.“t — ., __‘v

CATH domain 2.40.160.60: Mainly Beta, Beta Barrel




e MAIN FEATURES OF FADL STRUCTURE




® FADLSTRUCTURE: MAIN DOMAINS




® FADLSTRUCTURE: HATCH

O




® SEQUENCE ALIGNMENTS: HATCH

CLUSTAL 2.1 multiple sequence alignment PJF)/\

zu 30 40
sLGRAYSGEGATIARDAGNVSENPALITMEDRP-TFES
AYSGEGAIADDRGNVSENPALITMEFDRP-TF
RAYSGEGATADDAGNYSENPALITMFDRP-TFES
AYSGEGATADDAGNVIENPALTITMEFDRP-TF
AYAGEAATADNASVY \PaLM"LFKTa—QFﬁTqG
'W AARAEAADASTIFYNPALLTKLDSS-QISVNA

GTAVAHYVGPAS-MMY{NPAI'MDLSDSAGELLLGEF

* . * % %

sp|P10384 I \GFQLNEFS
sp | Q8ZNAS \LTY \GFQLNEF'S
tr |W1AMP4 laM?é_KLEPN =?FQLKEF
tr |AOA236SB94 |AOA236SB94 SHIBO sFQLNEFX
tr |Q9K204 |Q9K2Q4 HAEIF \AFQLAEV
sp|QS%K1M2 | Y088 NEIMB S”Y IFGTQSV
tr |Q8VMIZ |Q8VMIZ PSEPU GLFLEG FqAIS
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50 > 70
sp|P10384 |FADL ECOLI VYIDPDVNISG S SLKADNIAPTAWVE
sp | Q8ZNAS \DL. SALTY VYIDPDVNISG SPS TLDADNIAPTAWVE
tr |W1AMP4 | W1AMP4 _KLEPN VYIDPDVNISG SPS( SLKADNIAPTAWVPN
tr |AOA236SB94 |AOA236SB94 SHIBO VYIDPDV 3 SPSG SLKADNIAPTAWVE
tr|Q9K2Q4 |Q9K204 HAEIF VYVDSRINMNGDVDSSITATTMRTTKYGSASARNVIPGAFVE
sp|Q9K1M2 | Y088 WEIH“ kIvLPSIH!EADSnTDFTGLPWQ GSKSGKITKTTVAP
tr |Q8VMIZ | Q8V /MI2 PSEPU DLITTDIGATN----PETGQHV SSD H’N\?fPV"h?p

* . * .

100 110 120
sp|P10384 |FA COLI TSNYGLATEFNDT-——-——-—————— SVG---GTTDL
sp | Q8ZNAS ADL SALTY TSL;SL\T FDDT ———————————— ”\G?SUC -—-GTTDL
tr |W1IAMP4 W1AMP4 _ KLEPN YAGGSVG---GTTDL
tr |AOA236SB94 |AOA236SB94 SHIBO G YAGGSVG---GTTDL
tr |Q9K204 |Q9K2Q4 HAEIF NV (SKYD YDAGVFG---GKTDL
sp|Q9K1M2 | Y088 NEIMB ND\LT" GSATEYEKD SVLRHNI---NKLGL
tr |Q8VMIZ2|Q8VMIZ2 PSEPU SN-WTFGAG FuQnG"G"ﬂYGNJQF'QRQDTGGKGYARGADTGLENASRL

* . * . *




FADL STRUCTURE: KINK




® FADLSTRUCTURE: KINK (HYDROGEN BONDS)




® SEQUENCE ALIGNMENTS: KINK

CLUSTAL 2.1 multiple sequence alignment

sp|P10384 | FADL ECOLI F3 \EFQLIN
sp | Q8ZNAS | FADL SALTY \GFQLN

tr |W1IAMP4 |W1:? AMP4 KLEPN \EFQLIN

tr |AOA236SB94 anzAABbSB(Jffl_SHIBO \GE QTN
tr |Q9K204 |Q9K2Q4 HAEIF \AFQTLIAEV!
sp|QS%K1M2 | Y088 NEIMB EYHEGTOSVN
tr |Q8VMIZ |Q8VMIZ PSEPU )ELELEG Fq.ﬂ.IS

30 40

|_5 LTADDAGNVSRNPALITMEFDRP-TFES
/IADDAGNVSRNPALITMFDRP-TF
RAYSGEGATADDAGNVSRNPALITMFDRP-TES
RAYSGEGAIADDAGNVSRNPALITMFDRP-TF
AYAGEAATADNASVVATNPALMSLFKTA-QF'S T

\ ;i\En?‘D’«u TIFYNPAGLTKLDSS-QISVNA
SMGG AHYVGPAS-MMVNPATMDLSDSAGELLLGF
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70
sp|P10384 | FADL ECOLI VYIDPDVNISC S SLKADNIAPTAWVE
sp | Q8ZNAS 3 v NISG SPS TLDADNIAPTAWVPN
tr |WLAMPA |WLAMB4 KLEPN VYIDPDVNISG SPS( SLKADNIAPTAWVPNM
tr|AOA236SB94 |AOA236SB94 SHIBO VYIDPDVNISG SPSG SLKADNTAPTAWVPNM
tr|Q9K204 |Q9K204 HAEIF VYVDSRINMNGDVDSSITATTMRT TPGAFVENLYFV
sp|Q9K1M2 | Y088 NEIMB NIVLPSIHYEADSATDFTGLPVQ- G’]OS ITKTTVAPHIYGAYKV
tr|Q8VMI2|Q8VMI2 PSEPU Y TTDIGATN----PETGQHVS NRGPYVAPQFAYIHKV

N101 | - - k

90 100 110 120
sp|P10384 | FADL ECOLI NBQFGWGASIT§NYGLATEPNDT-———————————Y SVG---GTTDL
sp|Q8ZNAS | FADL SALTY NDQFOWGASITEINYGLATAFNDT - ——————————— ”\’?“UT———GTTD
tr |W1IAMP4 hlhﬁ?é_KLLPN NDQEFGWGASI T INYGLHTEFNDT YAGGSVG---GTTDL
tr |AOA236SBS4 |AOA236SB94 SHIBO NDQEFGWGASITYNNGEATEEFNDT SVG—---GTTDL
tr |Q9K204 |Q9K2Q4 HAEIF NDKFALGAGMNYNFGLKSKYDDS-——=—=—=———— YDRGG G---GKTDL
sp|Q9K1M2 | Y088 NEIMB NDNLTVGLGVYYPRGEA D SVLRHNI---NKLGL
tr |Q8VMIZ2|Q8VMIZ2 PSEPU SN-WTFGAGVFAQRGY v~Yuﬂ:SF'QRQD"””<GVALGHDTGLENASRL

HKlnk (T99 - A105) .
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® FrADLSTRUCTURE: GROOVE

Hydrophobicity surface representation




® SEQUENCE ALIGNMENTS:

sp|P10384
sp | Q8ZNAS
tr| W'. ’\E"I——>4
A236
trlQGK2Q4
sp|Q9K1M2
tr|Q8VMIZ2

sp|P10384
sp | Q8ZNAS5
tr |W1AMP4
tr |AOA236SB94 5SB94
tr|Q9K204 |Q9K2Q4 HAEIF
sp|Q9K1M2 | Y088 NEIMB
tr|Q8VMI2|Q8VMI2 PSEPU

=) M oy

(g
.

PN

>}

sp|P10384
sp | Q8ZNAS
tr\W--M”4
tr\u 23

PN
5SB94
_ IF
Sp\g9hlﬂ2 YO8 QEIM
tr|Q8VMIZ2 Q8VM:2 PSEPU

oo

_SHIBO

SHIBO

SHIBO

GROOVE

30 140
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\YRLNEAWSEFGLGFEFDAV
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TAINLNLSGAYRVTEGLSLGLGVNAV
TSIAVEPVAAWKLNDRHSFGAGI
NDRLAIGGSL

FILDIPFAASFEFKV

VERNZ

_“QHTSAELny“‘,f
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L()CH’3

200 210 2
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PSDTKIAHLNGNOQWGEFGWNAGILYELDKNN

230

RYALTYRSEVKIDFKG--NYSSDLNRAFNNYGLPIPT
RYALTYRSEVKIDFKG--NYSSDLPTATNREFNLPIPTAT
RYALTYRSEVKIDFKG--NYSSDLNRAFNNY
RYALTYRSEVKIDFKG--NYSSDLNRAFNNYGI
RIGLAYHSKVDIDFTD--RTATSLEAEVIEAGK
SHTLKGDAEWAAI
NVGVSYMFKSHMNDLK----GKG

RVGVNYRSKV

*

2 ::Ij-'.f'.*‘?‘_Q]:,Ru.»-LJGF
TQAL (JH &-
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® FADLSTRUCTURE: POCKET -

*/




SEQUENCE ALIGNMENTS: POCKET

CLUSTAL 2.1 multiple sequence alignment

20 30 40
GLGRAYSGEGAIADDAGNVSRNPALITME
SSGLGRAYSGEGAIADDAGNVSRNPALITM
SGLGRAYSGEGAIADDAGNVSRNPALITM
-R,Yquu~IuDJuuD"“RLLALITK

AYAGEAATADNASVVATNPALMSL F(TV_QFQTQJ
FwTQS”h~QST“V -AAAAEAADASTIFYNPAGLTKLDSS-QISVNA
FLEGFGAISRSMGGTAVAHYVGPAS-MMVNPATMDLSDSAGELLLGE
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]

PLNEFY
QLNEFS
QLNEF

(,') (J’) o

sp|P10384 | FADL_ECOLI F3
sp|Q8ZNAS | FADL_SALTY

tr |W1AMP4 hluMPé_KL;PN

tr |AOA236SB94 |AOA236SB94 SHIBO
tr |Q9K20Q4 |Q9K2Q4 HAEIF
sp|Q9K1M2 | Y088 NEIMB
tr|Q8VMIZ|Q8VMIZ PSEPU
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ADL ECOLI VYIDPDVNISC SLKADNIAPTAWVPNMHEVA
sp | Q8ZNAS DL_““LT’ VYIDPDVNISG SPS TLDADNIAPTAWVPNVHEVA
tr | W1AMP4 VYIDPDVNISG SPS( SLKADNIAPTAWVPNMHEVAP
tr|AOA236S °L|19'436“B94 SHIBO VYIDPDVNIS( SPSG SLKADNIAPTAWVPNMHEVAP
tr |Q9K2Q4 |Q9K2Q4 HAEIF VYVDSRINMNGDVDSSITATTMRT TFYGSASBRNvI?GhF “hLYF%-
sp|QY9K1M2 YOSB_NEIMB NIVLPSTHYEADSATDEFTGLPVQ
tr |Q8VMIZ2 |Q8VMIZ2 PSEPU DLITTDIGATN--7 “N‘?’PV"’“A““ e

_ L123

1Z0

(GLATEFNDT YAGGSVG---GTTDL

 LATEFNDT-——————————— YAGGSVG---GTTDL
tr |W1AMP4 |W lﬂ.[”l?é__KL:; PN ATEFNDT YAGGSVG---GTTDL
tr |AOA236SB94 |AOA236SB94 SHIBO NDQFG? LATEFNDT-—-—-—-—————— YAGGSVG---GTTDL
tr |Q9K204 |Q9K2Q4 HAEIF NDKFALGAGMNV RFH <SKY D ————————————— YDAGVFG---GKTDL
sp|Q9K1M2 | Y088 NEIMB NDNLTVGLGVYVPF ou-mHNI———NK_u
tr |Q8VMIZ |Q8VMIZ2 PSEPU SN-WTFGAGVFA QufuwigYGB“ FLSRGDVGGKGYAAG

* . * . . E3

sp|P10384
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sp|P10384 | FADL ECOLI
sp|Q8ZNAS | FADL SALTY
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FADL STRUCTURE: POCKET

sp|P10384
sp | Q8ZNAS
tr|Wl "\M"’ll
tr|AOA236
tr | Q9K20Q4 ¥JK4!é_HA:IF
sp|Q9K1M2 | Y088 NEIMB

tr|Q8VMI2 QSVMI“ PSEPU

sp|P10384
SP[QQ7I\T."\5
tr | W1AMP4 | W1AMP < PN

tr|AQ \ZJCQBﬁLlhO 2¥6PB94_SHIBO

tr|Q9K204 |Q9K2Q04 HAEIF
sp|Q9K1M2 |Y088 _NEIMB
tr | Q8VMI2 | Q8VMI 4 PSEPU

sp|P10384

sp | Q8ZNAS

tr |W1AMP4 .
tr|AQA236SBY9%4

tr | Q9K20Q4 | Q9%K2
sp|Q9K1M2|Y088 VE
tr | Q8VMIZ2 “STH:“

AOA236SB94 _SHIBO

30 140 ]
ETMNLI\L SGAYRLNN .“JNFG.'_¥FI\]7~"” ARA] z"xC:—— GQLVAGQIM
ETMNLNLSGAYRLNEAWSFGLGEFDAVYARAK AGD--LGOLVA-—--
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FILDIPFAA
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1 200
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QSPAGQTOQOGOALAATANGIDSNTKIAHLNGNQWGEFGWNAGILYELDKNN
AQNATIKTVNPKDKATD YLTSKDKh”‘uirbR\ING GWNAGVMYQFNEAN
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SGSLMGVIGTLRPDPRGVHI.SVSKNKEMY _‘ VDGWGYSARLGLLYKVAPTT

F235 L255

230 -0 260
RYALTYRSEVKI:FKG——NYSSD GLP ATGGATQSGYLYL
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RYALTYRSEVKIODFKG--NYSSDLNRAFNNYGLPI] Y LT|L
RIGLAYHSKVDINOFTD--RTATSLEAEVIEAG
RVGVNYRSKVSHTLKGDAEWAADGAAAKAMWSTMLAANGY TANEKARVKI
NJ"VSIMFKSHMI K-—---GKGTVTAVDGIAGNVPIEG----EVRHLDF
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FADL STRUCTURE: POCKET

270 280

290
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330 340
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380 390 400

PDODREFWLSAGTTYAFNKDASVDVGV SVMH”QST
PDODREFWLSAGTTYAFNKDASVDVGVSYD
PDODREWLSAGTTYAFNKDASVDVGVS)Y ’MHkﬂgS"KII‘*
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MECHANISM OF TRANSPORT

NanC porin FadL
Sialic acid (acidic
sugars)

Periplasm View



® MECHANISM OF TRANSPORT ‘1

ik

Extracellular

Periplasm




MECHANISM: LATERAL TRANSPORT

1 - @

S3 kink

V| | (W

b

B Van den Berg (2009)






® MeCcHANISM: LATERAL TRANSPORT



https://docs.google.com/file/d/1bnQVRuLNDIxyQsSYuA4OkVyg_d4DwuM8/preview

MECHANISM: LATERAL TRANSPORT




® MECHANISM: LATERAL TRANSPORT

D T

AS3
WT MUTANT
GUALERD)

A77E/S100R
MUTANT




MECHANISM: LATERAL TRANSPORT

e Salt bridge

. »

%G 100.A

A77E/S100R
MUTANT



® MECHANISM: LATERAL TRANSPORT

vl

7

AS3
MUTANT
INESS))
AND-->100SNYG 3

4

A77E/S100R
MUTANT

alanine -> glutamic;
Serine --> arginine



@ MECHANISM: LATERAL TRANSPORT

AS3
WT A77E/S100R
MQTANT MUTANT
(kl n kless) alanine -> glutamic;

Serine --> arginine



MECHANISM: LATERAL TRANSPORT

LDA

e TYR102@N VAL79@CA
e ASN101@N VAL 79@CA

WT

AS3
MUTANT (kinkless)

A77E/S100R
MUTANT




MECHANISM:
® LATERAL TRANSPORT
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Functional assay
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AS3 kink

Hearn, E. M., Patel, D. R, Lepore, B. W., Indic, M., & Van Den
Berg, B. (2009). Transmembrane passage of
hydrophobic compounds through a protein channel
wall. Nature, 458(7236), 367-370.
https://doi.org/10.1038/nature07678

Wild type
A77E/S100R

Empty plasmid




Images extracted from CDC (

® MecHANISM: LATERAL TRANSPORT

®,

Y )
PDB id: 1116 PDB id: 3dwo
Resolution: 2,6 A Resolution: 2,2 A

14 f3-strands 14 f3-strands
Sequence: 446aa Sequence: 463aa

Structure: 444aa

Structure; 427aa



https://www.cdc.gov

® MecHANISM: LATERAL TRANSPORT

CHIMERA ALIGNMENT BETWEEN P. AERUGINOSA AND E. COLI

Kink (T99-A105)

RMSD: ca
1T16, chain A
3DWO, chain X

RMSD: ca
1T16, chain A
3DWO, chain X

RMSD: ca . ,
1T16,chainA 80 MHFVA
3DWO,chainX 98~ T FLVV

151
RMSD: ca '
1T16,chain A 130 |L AYRL
3DWO, chain X 148 | LS FK\

1O, Gliaiil /m~ vo. BD\ArO, chain X:
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FadL is not a straight oppen chanel.

It represents one of the very few
mechanisms of ligand gated passive
diffusion were the ligand is the molecule
itself.

Knowing the structure of this receptor can
give us insights in how to upgrade it and
make bacteria that can have improved
functionality on uptaking xenobiotics.



Van den Berg B. Crystal Structure of the Long-Chain Fatty Acid
Transporter FadL. Science. 2004;304(5676):1506-1509.

Hearn E, Patel D, Lepore B, Indic M, van den Berg B.
Transmembrane passage of hydrophobic compounds
through a protein channel wall. Nature.
2009;458(7236):367-370.

Lepore B, Indic M, Pham H, Hearn E, Patel D, van den Berg B.
Ligand-gated diffusion across the bacterial outer membrane.
Proceedings of the National Academy of Sciences.
2011;108(25):10121-10126.



Thanks!

* ANY QUESTIONS?
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‘ MULTIPLE CHOICE QUESTIONS




1. Interms of structure, what type of membrane protein is a porin?
a. Alpha-helix protein

b. Helical bundle protein
c. Both previous are correct

e. All are correct

2. Which is not a main function of membrane proteins?
a. Receptors

c. Transport
d. Enzymatic activity
e. Cell adhesion

3. Where do we not find porins?
a. Chloroplasts
b. Mitochondria
d. Outer membrane of gram-negative bacteria
e. Outer membrane of gram-positive bacteria (Mycolata)



4. Which is the characteristic transport of porin FadL?
a) Active
b) It requires energy
c) Both previous are correct

e) All of them are correct

5. Which is the structure of FadL involved on the low-affinity
binding to the substrate?

b) Hatch

c) Kink

d) N-terminus
e) Pocket

6. Which is the structure of FadL involved on the high-affinity
binding to the substrate?

a) Groove
b) Hatch
c) Kink

d) N-terminus



7. Which are the most important structures of FadL that allow the lateral
diffusion transport?

a) Hatch

b) Kink

c) Both previous are correct

d) NPA conservated sequence

8. A specific sequence region conservated in a protein between species
shows:

a) The function of that region is important

b) We can ensure that the proteins come from the same ancestor

d) The function of that region is not important
e) All the previous are correct

9. The pocket has high-affinity to the substrate due to:
a) 3 positive-charged amino acids that interact with the negative
group of the fatty acid
b) 12 hydrophobic amino acids that share the same hydrophobic
character of fatty acids

d) 2 negative-charged amino acids that help in the fatty acid
location
e) All of them are correct



10. What does an hydropathy plot show?
a) Hydrophobicity domains of alfa-helix proteins
b) Hydrophobicity domains of helix bundle proteins

d) Hydrophobicity domains of f3-barrel proteins
e) All are correct
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