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Diversity of bacterial translocation pathways
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Wickner, William, and Randy Schekman. "Protein translocation across biological
membranes.” science 310.5753 (2005): 1452-1456.



Tat exists In Chloroplast but not in human cells
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I. Periplasmic proteins binding iron-sulfur clusters

The finding of Tat

A, MauM family ferredoxing

P, denitrificans  MauM MERRMT GHREVTRRDAMADAA RAVGVACLGG S LARLVRTASEVIA VH
E. coli Nap MSREAKPOHNGRRARFLALVVRTAGGLARVGVALGLOROTARA VH
B. "16Fe’ ferredoxin superfamily

E. cold Nrfc MTWSRRIFLIGVGVLAAVSGTAGRVVA VH
. vulgaris Hme2 MORRRFLTLLGSAGLTATVATAGTAER VH
C. High potential iron protein (HiPIP)

T. ferrsoxidans Ire MSERDFMITRRIALRN IAVVVGSVATT THMGVGVADA EX

D. Periplasmicallyocated [Fe] hydrogenase small subunits

L. vulgaris HydB MO TVHLTRRGFLEAAC WV TGCGALISIFMTGEAVA VH
P rof B en B e rk S E. Periplasmically-located [NiFe] hydrogenase small sub
E. coll Hyan MMNEETFYQAMRRQGVTRRSFLEY CELAAT S LELGAGHAFE LAWA ExX
+M. mazei VheG  MSTGTTNLVETLDSMDFLKMDRRTFMKAVSALGATAFLGTYQTEIVNA EX
D. gigas HynBE MECYIGRGKNQVEERLERRGVERRLFMEFCTAVAVAMGMGPAFAFEVAER hir 4
Protein transport across bacterial cell membranes o . - o "
p F. Membrane-anchored Rieske proteins
We study the molecular machines involved in forming the bacteria cell envelope, with a special emphasis on £, denitrificans FboF MSHADEHAGDHGATRACFLY YATAGAGT VARGARAWT LVNCHNE
+Synechooystis Petl MTQISGESPIVPLLGRROFMLLTFGT ITGVAAGALYPAVEILIF
those machines that transport macromolecules across the cell membranes. These nanomachines have +5. acidocaldarius  SexF¥ MOBRTFLELYLLVGAALAVAFVIKFALLYVGY

crucial roles in pathogenesis, motility, and antibiotic resistance, and are amongst the most mechanistically

interesting proteinz in the cell. The most established systems under study in our laboratory are; Il.Periplasmic proteins binding the molybdopterin cofactor

A, Molybdopterin g

The Tat (twin-arginine translocation) protein transport system which exports folded proteins across the

tide-binding proteins, some of which also bind an iron-sulfur cluster

R. sphaercides Cmsk, MTELSGELHAEL SRRAFLEYTAAVGALGLOGTSLLAQGARR EX
bacterial inner membrane. The Tat system is involved in a wide range of fundamental cellular processes in ’g: ;ﬁtcnwd E;;i ET%?IHSGIR?MM%;% g
bacteria and is essential for the virulence of bacterial pathogens. The mechanism of Tat transport is radically . z‘;_’ffi“f’?'-‘"es gg-;‘i m&’iﬁiﬁmfﬁﬁﬂf%mmm B
different from that employed by other protein transporters, enabling it to translocate folded proteins g: :—.gﬁ:ﬂf—;:m 31;::: mﬂ?f’gimv?g\srg?m%gm }:;ﬂ

without compromising the ion permeability barrier of the membrane.

The Type IX secretion system (T9SS) which is involved in severe dental disease and in bacterial gliding B. Molybdopterin cytosine dinucleotide-binding proteins

We take a multi-diseiplinary approach to B . . . . _ P
. [_ . [_'l maotility. This multi-component system exports proteins through a huge pore in the outer membrane using P. diminuta IorE METVLPSVPETVRELERRGFLVCAGT ITCSVRFGSVER VH
understanding bacterial protein transport . i ) A. polyoxcgenes Ald MGRLNRFRLGKDGRREQASLSRRGFLVT SLGRGVIMEGFARPSSA EX
the energy of the inner membrane proton electrochemical gradient.
ll.Periplasmic enzy with polynuclear copper sites

Ourwork is grounded in protein biochemistry and bacterial cell biology to which we add a full range of
A. Nitrous oxide reductases

cutting edge molecular technigues. In particular, we collaborate with local colleagues on the structural

P. stutzeri NesZ MEDEDSKNTPQVPERLGLERRGFLGASAVTGAAVAAT ALGGAVMT RESWA EX

ystallography, and other approaches, and we

analysis of the transporter complexes by cryoEM, X-ray cry

. . . . . . . B. Multicopper oxidase superfamily
dissect the transport processes using live cell single molecule fluorescence imaging.
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MESRTSRRTFVEGLAAAGVLGCLGLWRSFSWA
MELSRROFIQASGIALCAGAVFLEASA

P. syringas
E. gold

2

IV.Methylamine dehydrogenase small subunits {tryptophan tryptophylquinone cofactor)
Mauh MLGEKESQFLDLFERMSREVAGHT SRRGFIGRVGTAVAGVALVPLLPVDRRGRVERANA

https://www.bioch.ox.ac.uk/research/berks

M. sxtorguens

V.Periplasmic proteins binding flavin adenine dinucleotide

FooB
ChoB

LHRROF IKTSGARVARVGILGFPHLAFG EX

C. winosum MT
MTDARANRADATRGVASYVERRFFLAGARGLTAGRTALSSMSTEREM EX

+B. sterolicum

Periplasmic proteins

Berks, B.C. (1996), A common export pathway for proteins binding complex redox cofactors?
Molecular Microbiology, 22: 393-404.
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TORZ_ECOLI i_"rl

MBHS_ECOLI

NAPG_ECOLI iﬂri Ferredoxin-type protein NapG
N .
NRFC_ECOLI 1_"] Protein NrfC
HYBA_ECOLI ‘Hri Hydrogenase-2 operon protein HybA
DMSA_ECOLI iﬂri Dimethyl sulfoxide reductase DmsA

N B .
1Hr. Hydrogenase-1 small chain

CLUSTAL multiple sequence alignment by NUSCLE (3. 8)
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sp |P46923 | TORZ_FCOLI

_____________ NTWSRRAFLT--GV--GVLAAVSGT --—----—--—-AGRVVAE---

LGLAAD

—-METEIPDAVLAAEVERRGLVETTAI --GGLANASSALTLFFSRIAHAVDSAIPTESDE

_____________ NTLTRREFIEHSG T AAGALVVT SAL-—-PLPAWARFEGGEILTAGR-
#* 1 *

EVIWSACTVNCGSRCPLENHVVDGEIKYVETDNTGDDNY DGLHOVRACLRGRSNEREVTN
-—-WGAMNVEVEDG ---KIVEETGALAKTIPNSLOSTAADOVHT TART --OHPNVRESY -

VVWIHGLE CTCCTESF
-3
TLNINGVR
TARASGVR
PDRLEYFNERVGARGEGEFERI SWEEATDI TATNMORLIKEYGHNESIYLNYGTGTLGGTH

---LDNPLOPAKGRGEDTYVOVSWEQALEL THEQHDRI REANGP SATF -——-AGSTGWRS

https://www.ebi.ac.uk/Tools/msa/muscle/

Trimethylamine-N-oxide reductase 2

torZ bisZ, b1872, IW1861 Escherichia coli (strain K12)

hyaA b0972, JW0954 372 Escherichia coli (strain K12)
napG yojA, yojB, b2205, JW2193 231 Escherichia coli (strain K12)
nrfC yjcl, b4072, IW4033 223 Escherichia coli (strain K12)
hybA b2996, IW2964 328 Escherichia coli (strain K12)
dmsA b0894, JW5118 814 Escherichia coli (strain K12)

m;;g S/T-R-R-x-F-L-K motif

e IR LT H T H T

http://weblogo.threeplusone.com/create.cqi



https://www.ebi.ac.uk/Tools/msa/muscle/
http://weblogo.threeplusone.com/create.cgi

The difference between Tat and Sec signal peptide

Signal peptide
cleavage site

nregion h region C region l
fat signal SRRXFLK (+)AXA
peptide

Sufl MSLSEROFIQASGIAT.CAGAV-=-—==-PLEKASA
TorA MNNNDLFQASERRFLAQLGGLTVAGMLG-———- PSLLTPRRATA
Hyaﬁ MNNEETFYQAMRROGVTRESFLEYCSLAATSLGLGAGMAPETAWA
Sec signal peptide - AXA
Chﬂpﬁ MEKTATATAVALAGFATVAQA
Malk MEIETGARILATLSALTTMMFSASALA

DacD MERRLITAASLFVFNL--55GFA



Tat components
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C43(DE3) complete genome

4,501,450 bp

tatA mttAl, yigT, b3836, JW3813

tatC mttB, yigV, yigV, b3839, JW3815

tatB mttA2, ysgB, b3838, JW5580

tatE ybeC, b0627, JW0622

NCBI Reference Sequence: NZ_CP011938.1
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Escherichia coli (strain K12)
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tatA sequence alignment

E.coli (strain K12)
Escherichia coli O157:H7
Escherichia coli O6:H1
Pseudomonas aeruginosa

Mycobacterium tuberculosis
Bacillus subtilis

Haloferax volcanii
Arabidopsis thaliana

Pisum sativum
Zea mays

tatA
tatA
tatA
tatA

te
TaTa_ECOLI

TATA ARATH
T: -

TTATA_ECOLI
TaTL _ARATH

T

T, TATA_ECOLI
TTATA_ARATH

P69430| TatA OS Escherichia col O157 H7

01 P69429| TatA OS Escherichia coli O6:H1

291 |P6942s| TatA OS Escherichia col (strain K12)

74

——— Q9HUBS5| TatA OS Pseudomonas aeruginosa
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http://www.timetree.org/

Haloferax volcanii
Pseudomonas aeruginosa
Escherichia coli

Bacillus subtilis
Mycobacterium tuberculosis
Zea mays

Arabidopsis thaliana

Pisum sativum


http://www.timetree.org/

Periplasm
GIn8
TMH TMH Glu165
1
Phe39
J C
Cytoplasm
ytop APH N
TatA TatB TatC

Solution NMR structures of the Escherichia coli TatA and TatB proteins and the highest resolution
X-ray structure of Aquifex aeolicus TatC

TATE_BECOLI MFDIGFSELLLYFIIGLYVLGPURLEVAVETVAGY
TLTAT_HALVD NFETITFLFPGLPGGPELLYVLLIVVLLEGANEIPELARSEGOL
TATA_PSEAR MG IFDWEHWIVILIVYYLVFGTERLENLGSDYVGEA
TaTa BECOLI MG IWOLLITAYIVYLLFGTEELGSIGEDLGA S
TATL_ECO3Y MGGISIWQLLITAVIVVLLFGTEELGSIGEDLGAS
TATA_BECOLG MGl IWOLLI TAY IVYLLFGTEELGSIGEDLGA S
TATE_ECOLI NGEISITELLYWAALVVLLFGTEELRTLGGDLGAL
TATA_NYCTTO ML EPWHW AT LAVYY IVLFGAKKLPDALR SLGE S
TATAD E&CST NFSNIGIPGLILIFVIALTIRGPSELFEIGRAAGET
TATL_MATZE AV EVALEPRRAGEGGGLGALGUECLFGLGVPELAVIAGYAAL VRGPEULFEIGESIGKT
TLTA_FEL LEEARTIETETT-EG————— FTCHAFFCLGYVPELYYIAGYALALVFCPEELPEVCRSIGOT

TATA_ARATH ATGERIRQEFTREF—————— LTCNALFGLGVFELAVIAGYAALLFGPEELPEIGESIGET
N T



HELICAL WHEEL

TKKLGSIGS DLGASIKGFK K SIWQLL IAVIVVLLF

aliphatic residues are marked with squares

http://www.bioinformatics.nl/cqi-bin/emboss/pepwheel

Score

ProtScale output for user_sequence

" Hphob. / Kyte & Doolittle

10 20 30 40 50 &80 70 80
Pasition

https://web.expasy.org/protscale/



http://www.bioinformatics.nl/cgi-bin/emboss/pepwheel
https://web.expasy.org/protscale/

Tat complex

C D
TatA oligomer TatBC-
PDB: 2LZS CueOy, structure




Translocation model
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Palmer T, Stansfeld PJ. Targeting of proteins to the twin-arginine translocation pathway. Mol Microbiol. 2020 May;113(5):861-871.
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