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Protein Secretion in Gram-negative Bacteria

Cytosol
U S Inner membrane
y Y o Periplasmic space
(/ﬂ Y. Outer membrane
e Extracellular space (secretion)
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TP Desvaux (2004) Trends Microbiol



The Haemolysin A Machinery

Medium Ca?* dependent
re-folding
10 mM Ca?*
Outer membrane ? Outer membrane
protein
Periplasm HIyD HlyD . Membrane fusion
Secretion :
protein
Inner membrane I I ABC transporter
300 nM Ca?*
Cytosol Substrate
Y HIyA (RTX toxin)

(1023 amino acids)



What we think happens ...

HIyA
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Bacteriocine ABC Transporters

NukT
CvaB
ClyB
LagD
LtnT
ComA
HlyB
LktB
PaxB
RtxB
ApxIIIB
AgxB

NukT
CvaB
ClyB
LagD
LtnT
ComA
HlyB
LktB
PaxB
RtxB
ApxIIIB
AgxB

ACYSMILSYFGKNVSINSLYKREM-IPPDGLSISYLKELNIKYELNMKVY
ACLAMICGHFGKNIDLIYLRRKFN-LSARGATL--AGINGIAEQLGMATR
ACITMLLNYYGNQSTLVELREKYG-VPKGGLTIKN--IRTVFDEYGFDVS
ACIAMILKHYGTEITIQRLRELSG-TDLDGTSA--FGIKKTFEKLGFDAP
CCVRTILDYFGYETTVTKLRILKE-PGRDGSSF--NDIRKLLERFGVDSK
ASLAMVFGYYGSYYFLAHLRELAK-TTMDGTTA--LGLVKVAEEIGFETR
YALEILAQYHNVSVNPEEIKHRFD-TDGTGLGL--TSWLLAAKSLELKVK
OALEVLAQYHNISINPEEIKHKFD-IDGHGLNQ--TKWLLAAKSLGLKVR
HALVILAQYHNIAVSPEEIKHKFD-PEGKGIDL--VAWLLAAKSFELKAK
SALITLAHYHGIAANPADISHHFSGSLNNDLSE--TEWLLAAKKLELKAK
HALVILAQYHNVAVNPEEVKHKFD-LDGKGLDL--VAWLLAAKSLELKMK
YALTILAQYHNIAVNPEELKHKFD-LEGKGLDL--TAWLLAAKSLELKAK

RIKDKEKTFR--VISKIKKPITI —-W-DLNHRVIVKN---VKKKHIEIYNHEI—-GKV..
ALSL---ELD--ELRVLKTPCI --W-DFFHRVVLVSV---KRNRYVLHDHAR—-GIR..
TFKS---SFS--NYLDLPTPVI —-W-NNDHYVVIEK---IKKKKVLILDHAS--NKR..

AFKA---GDETWQEKDIPLPLITAHIISEQKYPD
LYKV---KDNR-IFSTLQLPIT
AIKA---DMTLFDLPDLTFPFV
QVKK---TID--RLNFISLPAL
TANK---TVD--RLPFLHLPAL
KVKK---SID--RLPFIHLPAL
VVKQ---PIS--RLPMASLPAL
RVKK---SIE--RLPFIHLPAL
QVKK---SID--RLEFIALPAL

VVVYK---VKGDEIWIRDHAK--GKI..
JVCVER---ISKKTVIIMDRSV--GRT..
YVVTG---ODKDSIHIRDHDPGVKLT...
JILTKVS—--KEANRYLIFDIFEQ-RNPR...
HILLKID--QETDRYLIFDYIQ-KNPI...
HILTKID--TQTNRYLIFDIEE-RNPK...
HLLAKIDGTGEATQYLIHDSE-SRPT...
ILMKID--TQTNRYLIFDIEE-RNPK..
JILTKID--SKAQKYLIFDIET-RNPR...
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Dawson & Locher (2006) Nature



C39 Peptidases

C39 peptidases are cysteine proteases
Specific for ABC transporters
Cleavage occurs after a GG motif

Catalytic dyad/triade (Cys-His-Asp)

Consensus sequence — LSXXELXXIXGG (Substrate)

The C39-domain of HIyB:

Consensus sequence — GGXGXLC
Tyr instead of Cys

C39-like domain (CLD)

UX (RTX)



A Potential Role of the CLD

E. coll
BL21/HlyB-C39+HIyD

E. coli
SE 5000

E. coli
BL21/HlyB+HIyD




Interaction Partner(s)

Protein—Protein Interaction
“Interaction Assay Ni-NTA Magnetic Beads”

Binding l
‘ NTA-NiZ* & )

Interaction
Potential Binding Partner
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Controls ....
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The unfolded state without the SecSeq is recognized



The NMR Structure of the CLD

5('SN) [ppm]

108

110

112

114

116

124

128

130

132

4159 %81
H83“ °G10 .G133
@ 4162
o538
. . T39 °F84 ‘059
105 10.0 1g° 19 @
v !144 30111'?019‘ ool
S112. 4 N N94™2 A 68
Py sy s % ;
$12], NO 68
T36, 105
208°H21 F69R95
G4g, 018 5280 °R o121
v23 219 bw A116
EN §$ o HB%
198, Eo2q 0137 A w«m Lag30 L
mpio‘M 2 b $52 Lsug's ;
187y E"Qb'%% . “;‘(ge 3
- Rk a° o 45'50 31
° R12ﬁ73 Dzoos 9° o Lszb ALK
L4l Qi 108 v!- 82
F9% 122, 6‘ °D°L72 Q19
W46 23 89,4
o 59 3“263’ &M ki
d* &132
wag" LQL UZme
° L10% V76 100 NTT
% o
L8g, 26
R78
o | 1 1 1 1 1 1 1 1
105 10.0 95 9.0 8.0 75 7.0 6.5

8(*H) [ppm]




The Overall Fold




The Active Site




CLD - C39: A Comparison

ComA-PEP*/ CLD

*Ishii et al. (2010) JBC 285 10777- 10885



Mechanistic Implications
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No thiolate (Tyr®°)

His®3 — Trp’’ interaction

Tyr°Cys is still inactive



Interactions by NMR

Titration of HIyAc* (no SecSeq) / CLD
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Interactions by NMR

Titration of HIyAc* (no SecSeq) / CLD
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CLD harbors a 'continous' binding site



Mutations — CLD versus ComA




Phylogenetic Consequences

"Trp’"™" — 'His®3' as an indicator
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A Model of the Early Steps

TolC
Recruitment of TolC

Substrate transport in
the unfolded state HIyD
_____ HlyB

Receptor ‘===
\ C39 / NBD
S &> Engine
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