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Internal hydration of a metal-transporting ATPase is controlled by membrane lateral 
pressure 
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The active transport of ions across biological mem-
branes requires their hydration shell to interact with 
the interior of membrane proteins. However, the in-
fluence of the external lipid phase on internal dielec-
tric dynamics is hard to access by experiment. Using 
the octahelical transmembrane architecture of the 
copper-transporting P1B-type ATPase from Legionella 
pneumophila (LpCopA) as a model structure, we have 
established the site-specific labeling of internal cyste-
ines with a polarity-sensitive fluorophore. This ena-
bled dipolar relaxation studies in a solubilized form of 
the protein and in its lipid-embedded state in nano-
discs (NDs). Time-dependent fluorescence shifts re-
vealed the site-specific hydration and dipole mobility 
around the conserved ion-binding motif. The spatial 
distribution of both features is shaped significantly 
and independently of each other by membrane lateral 
pressure.

[1]
 

EXPERIMENTAL. The plasmid pMSP1E3D1 was from 
Addgene and expressed and purified as described.[2] The 
LpCopA gene lpg_1024 from Legionella pneumophila was 
synthesized by GeneArt (Life Technologies) cloned in the 
pProExHTa vector and expressed with an N-terminal 6His-
tag in C43(DE3)pLysS or BL21(DE3) Rosetta cells. Cyste-
ines were replaced by serine except for either of the ion-
binding Cys382 or Cys384. After cell lysis, membrane pro-
teins were solubilized with n-dodecyl-β-D-maltoside 
(DDM) at 0.63 % w/v and purified 1 mL Ni-NTA HiTrap 
column on which the protein was also labeled specifically at 
Cys382 or Cys384 with the solvatochromic fluorophore 
6-bromoacetyl-2-dimethylaminonaphthalene (BADAN). 
BADAN-labeled LpCopA was assembled into NDs at molar 
ratios of LpCopA : MSP1E3D1(monomer) : asolectin of 
1 : 5 : 200 at 3 to 8 µM LpCopA. The detergent was removed 
with Bio-Beads SM-2 (BioRad) and LpCopA-NDs purified 
with His SpinTrap columns (GE-HealthCare). Time-
resolved emission was studied by single photon counting.[3] 
 
RESULTS. Figure 1 shows the time-dependent fluores-
cence shift (TDFS) of the peak emission frequency of 
BADAN linked to the native copper-binding cysteine C382 
in the transmembrane domain of LpCopA when the protein 
was solubilized in detergent micelles. The dipolar relaxation 
in the environment of the label lowered the excited state en-
ergy at later emission times leading to a decrease in emis-
sion frequency. The amount and kinetics of the dipolar re-
laxation correlate with the amplitude ∆νtotal and the average 

realxation time τR, respectively. Both parameters were 
strongly affected by the reconstitution of the membrane pro-
tein into NDs: the relaxation time became longer and the 
total frequency shift reduced (Fig. 2). This can be explained 
by a lower degree of intramembrane protein hydration and 
restricted dipole mobility. Correspondingly, the lateral pres-
sure exerted by the lipid bilayer on the transmembrane heli-
ces lead to tighter helical packing and dehydration at the 
metal-binding site. The effects are large enough to be seen 
as fluorescence shifts also in the static emission spectra 
(Fig. 2 insets). The peak emission was translated into appar-
ent dielectric constants using BADAN emission measured 
in solvents of different polarity. Figure 3 summarizes the 
lipid-induced alterations which show that the hydration of 
the active site of ion transporters can be regulated by the 
membrane environment without requiring direct contact be-
tween the lipidic phase and the ion-coordinating site. 
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Fig. 1: TDFS of BADAN bound to 
C382. The calculated fre-
quency ν(0) is displayed as 
a dot. The total TDFS,  
∆νtotal, covers the shift from 
ν(0) to ν(∞), accounting for 
the fast TDFS (less than 
30 ps, ∆νf), and the slower 
experimentally resolved 
TDFS (∆νs). The overall 
TDFS kinetics is derived 
from the average time con-
stant τR. 

Fig. 3: Putative structure of LpCopA in NDs (A) and sketch of the ion-
binding site with the lipid-regulated physical properties (B). 

Fig. 2: TDFS of BADAN bound to C382 (A) or C384 (B) of the 
CM-mutant. The ν(0) frequencies are displayed as filled circles. 
Samples were measured in detergent solution (red) and in nano-
discs (black). Insets show the static emission spectra of the two 
states. The molecular graphics show the putative structure of 
LpCopA in the MSP1E3D1-bounded bilayer of lipids from soy 
bean (asolectin). 
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