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Figure S1 Orientation of AqpZ in supported lipid membranes. (a) AFM topograph of a
supported lipid bilayer generated from vesicle fusion of AqpZ containing proteoliposomes. Two
populations containing differently sized protrusions (indicated by yellow and grey lines,
respectively) were observed with almost the same frequency of occurrence. (b) Cross section
analysis along the grey (upper panel, cytoplasmic surface) and yellow (lower panel, periplasmic
surface) dashed lines in (a). Upper panel: The height of the larger protrusions of ~ 2 nm can be
rationalized by considering the N-terminal tails of AqpZ (20aa; 2.4 kDa, including the his-tag
used for purification) located at the cytoplasmic surface® %, Their volume (calculated from their
molecular weight and specific volume of 0.73 c¢m®/g *) corresponds to a protrusion size (when
treated as a sphere) of ~ 2.3 nm. Lower Panel: The smaller sized protrusions of ~ 1 nm reflect
the mean height taken from the periplasmic surface structures shown in Fig. 1c. (¢) HS-AFM

time series the cytoplasmic surface as observed in (a) reveals the weakly ordered protrusions
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originating from the cytoplasmic 20aa N-terminal tail that mask the visualization of the

underlying structure’.

10
3 1"
o9 12

25 13
14
15
— 5 16
E 17
=, ! 18

944 ms 1180 ms IR 0 I BT

-30 20 -10 10 20 30

%]

Figure S2 Orientation of GIpF in supported lipid membranes. (a) AFM topograph of a supported
lipid bilayer generated from vesicle fusion of GlpF containing proteoliposomes. Two populations
containing differently sized protrusions (indicated by yellow and grey lines, respectively) were
observed with almost the same frequency of occurrence. (b) Cross section analysis along the
grey (upper panel, cytoplasmic surface) and yellow (lower panel, periplasmic surface) dashed
lines in (a). Upper panel: The height of the larger protrusions of ~ 2.5 nm can be rationalized by
considering the N-terminal tails of GIpF (40aa; 3.9 kDa, including the his-tag used for
purification) located at the cytoplasmic surface’. Their volume (calculated from their molecular
weight and specific volume of 0.73 cm’/g *) corresponds to a protrusion size (when treated as a
sphere) of ~ 2.8 nm. Lower Panel: The smaller sized protrusions of ~ 1.6 nm reflect the mean

height taken from the periplasmic surface structures shown in Fig. 1b. (¢ HS-AFM time series
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the cytoplasmic surface as observed in (a) reveals the weakly ordered protrusions originating

from the cytoplasmic 40aa N-terminal tail that mask the visualization of the underlying structure.
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Figure S3 Determination of the loop stiffness k. (a) Examples of cross sections (black solid
lines) taken through the energy landscape (GlpF, Figure 2c¢) and fits (red dashed lines) according
to Eq. (3). (b) Examples of cross sections (black solid lines) taken through the energy landscape
(AgpZ, Figure 2f) and fits (red dashed lines) according to Eq. (3).
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Figure S4 Polar contacts stabilizing Glpf and AqpZ loop C as suggested from crystal structure.

(a) Glpfloop C viewed parallel to the membrane. Grey font color: 2 contacts; Black font color: 1

contact. (b) AqpZ loop C viewed parallel to the membrane. Polar contacts (tables) are sorted

starting from the farthermost (with respect to the membrane).

Movie S1 High speed AFM movie of GIpF recorded at 104 ms/frame. Scansize: 7.5 x 7.5 nm?;

Color scale range 0 — 2 nm.

Movie S2 High speed AFM movie of AqpZ recorded at 104 ms/frame. Scansize: 7.5 x 7.5 nm?;

Color scale range 0 — 1.3 nm.
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