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Introduction: Protein export via the twin-arginine translocase (Tat)
TatA

The “twin-arginine translocase” (Tat) has the unique
ability of transporting fully folded proteins across the
membrane using the proton-electrochemical
gradient as its energy source. A minimal Tat-system
found in Gram positive bacteria is composed only of
the two membrane proteins TatA and TatC.

TatC functions as a receptor, recognizing cargo
proteins by their “twin-arginine” containing signal
peptide, while a homooligomeric TatA complex
forms the actual translocation pore.

TatC

substrate signal peptide

Background: Proposed structure and self-assembly of TatA based on electrostatic “charge zippers” periplasm
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Hypothesis: Tat transport mechanism

Our postulated translocation
mechanism is based on a pH-induced
flip of the unusually short TatA
transmembrane segment (TMS, only
14 hydrophobic amino acids), which
IS triggered by protonation of its
N-terminus. We hope to prove this
mechanism using oriented SRCD and MD simulation of the TatC-driven flip of the
solid state NMR-spectroscopy. Flipping of the TatA transmembrane segment by the proton driven flippase TatC  TatA transmembrane segment

Results: Membrane orientation the TatA transmembrane segment (TMS) in different lipid environments

To find evidence of a “flipped” state of the TatA TMS we determined the membrane alignment of the two helical segments of TatA, ,- In different membranes using solid
state NMR and oriented SRCD in oriented samples. We varied the lipid acyl chain-lengths and also combined voluminous phytanoyl chains with small headgroups. In a
complementary approach, we changed the length of the transmembrane segment by using mutants with an extended (TatA, ,cLAL) or a shortened (TatA, ,-ALIL) TMS.

- TatA, 4z - shortenedTatA, ,cALIL 3 extended TatA,_ ;L AL 2 - TatA, ,cALIL
' - _ ' _ DOcPC (8:0)
25 - /\ —— DMPC (14:0) 25 - — DMPC (14:0) 25 - — DMPC (14:0) 15 DEIPC (20:1)
(Y e ——— DPhPC (4 ME 16:0) + mme—— DPhPC (4 ME 16:0) 1T mmm——- DPhPC (4 ME 16:0) _ PR — — DNPC (24:1)
2 - + 5% DPhPE (4ME 16:0) 2 - + 5% DPhPE (4 ME 16:0) 2 - + 5% DPhPE (4 ME 16:0) . II “
1,5 - 1,5 - 1,5 - _ ll \\
R B g1 e g o5, \
= ,I \‘ T I ® / \
= / \ = = £ / \ :
o 05 47 \ : 0,5 o 0,5 S 0 e
2 ™Y \ = = 2 Xy 5
g 0 - g o g o- g W )
E \ E E E-05 - \ /
0,5 T i\ -0,5 0,5 I\\ //
i Py : : N “/
4] Eas 4 1 1 |
LS :
-1,5 ' I ' I ' I| ' I ' I ' I ' I ' I -1,5 _1,5 ' I ' I ' I ' I ' I ' I ' I ' I '1,5 I | I | I !I I | I | I | I | I I
180 190 200 210 220 230 240 250 260 180 190 200 210 220 230 240 250 260 180 190 200 210 220 230 240 250 260 180 190 200 210 220 230 240 250 260
Wavelength [nm] Wavelength [nm] Wavelength [nm] Wavelength [nm]
DOcPC (8:0
DMPC (14:0) DMPC (14:0) DMPC (14:0) (8:0)
31 F8'5)604'020 0 -20-40-60 ppm MMMM 31|I_')80 604020 0 -20-40-60 ppm 31F)80 604020 0 -20-40-60 ppm
15N\ 400 300 200 100 O -100 ppm 15N\ 400 300 200 100 O -100 ppm 15N 400 300 200 100 O -100 ppm
[ DPhPC DPhPC DPhPC
cd T + 5% DPhPE S g S + 5% DPhPE . . + 5% DPhPE
31360 4020 0 -20-40-60 ppm 31P80 604020 0 -20-40-60 ppm 31P80 604020 0 -20-40-60 ppm
LT Influence of the thickness of the Lipid
15N 400 300 200 100 0 -100 ppm 15N 400 300 200 100 0 -100 ppm N 400 300 200 100 0 -100 ppm bi|ayer on the orientations of TatA2_4SAL/L

Conclusions: Consistent with our hypothesis, both solid state NMR as well as SRCD showed a flipping of TatA,_,- upon going from thin DMPC to thick phytanoyl bilayers.
A shortening of the TatA TMS promotes this effect, whereas an extension of the TMS holds this helix inside the lipid bilayer in a transmembrane state. Only In very thin
membranes an inserted state of the shortened TatA, ,-ALIL TMS could be monitored, while increasing membrane thickness leads to a surface orientation of the protein.
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