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Fig. 1. (color online) 3D-structure of Ca-bound A4-A6
domain of adseverin (PDBID: 3FG6). Ca?t ions
are shown as black spheres; the amaranthine part in
A5 (orange) depicts the actin binding and nucleating
module and the purple part corresponds to the un-
folding segment in intermediate state of A6 (red); the
N-terminus of A4-A6 is shown in brown; while the

C-terminus is shown in blue.
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Fig. 2. (color online) Mechanical properties of A6 probed by single-molecule AFM: (a) A schematic of polyprotein

(GB1-A6)4 used for single-molecule force spectroscopy experiment, red squares and blue circles represent GB1 and

A6 domains, respectively; (b) typical unfolding trace for Ca-free (GB1-A6)4, worm-like chain fitting curves for A6

and GB1 are shown in blue and red, respectively; (c¢) unfolding force histogram of Ca-free A6; (d) typical unfolding
trace for Ca-bound (1 mmol Ca2*) (GB1-A6)4; (e) unfolding force histogram for Ca-bound A6.
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Fig. 3. (color online) The unfolding intermediate state of Ca-bound A6: (a) The unfolding trace for (GB1-A6)4 with
intermediate states appeared, blue and brown curves are the worm-like chain fitting for two steps of A6 unfolding,
respectively; (b)—(d) details of unfolding intermediate states of A6 in Fig. (a); (e) structure of A6, the proposed
unfolded segment (residues 614-643) in intermediate state is shown in purple, and the Ca?T binding sites (Asp644

and Glu666) are shown in blue, N-terminus of A6 is shown in light blue (Pro614) and C-terminus is shown in orange

(Trp715).
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Fig. 4. (color online) The lifetime-force plot and un-
folding free-energy landscape for A6 under Ca-free and
Ca-bound conditions: (a) Blue, red and purple mark-
ers represent the lifetime-force relationships for Ca-
free, Ca-bound and second step for unfolding interme-
diate state of A6, and the corresponding colour curves
represent the Krammers-analysis; (b) blue, red and
purple curves represent the free-energy landscape for
Ca-free, Ca-bound and condition of unfolding with in-
termediate state of A6.
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regulated mechanical unfolding of the A6 domain of
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Abstract

Adseverin is a member of calcium-regulated gelsolin superfamily existing in secretory cells, which functions as an
actin severing and capping protein. Adseverin is comprised of six independently folded domains (A1-A6), sharing high
sequence identity (60%) with that of gelsolin (G1-G6). Calcium binding can convert both adserverin and gelsolin from
a globular structure into a necklace structure and expose the actin binding sites. However, compared with gelsolin,
adseverin lacks a C-terminal extension. Our previous single molecule force spectroscopy studies indicated that the C-
terminal helix is critical to the force regulated calcium activation of gelsolin. It remains largely unexplored how the
calcium binding to adseverin is regulated by force.

Here, using atomic force microscopy based single molecule force spectroscopy, we demonstrate that the mechanical
unfolding of the sixth domain of adseverin (A6) can be significantly affected by calcium binding. In order to identify the
unfolding events of A6 unambiguously, we construct a hetero-polyprotein (GB1-A6)4, in which A6 is spliced alternatively
with well-characterized protein domain GB1. Therefore, in the force-extension traces, GB1 unfolding events can serve
as a fingerprint to identify the unfolding signature of A6.

In the absence of calcium, the unfolding traces for (GB1-A6) 4 show two distinct categories of events. The higher
force events with unfolding forces of ~180 pN and contour length increments of ~ 18 nm correspond to the unfolding of
GB1. The other category of events with lower unfolding forces of ~ 25 pN and contour length increments of ~35 nm are
attributed to the mechanical unfolding of A6. The unfolding force for A6 is similar to that for the structural homological
protein, G6.

However, in the presence of calcium ion, the unfolding force of A6 is dramatically increased to ~45 pN, indicating
that the structure of A6 can be mechanically stabilized by calcium ion-binding. Moreover, we observe a clear mechanical
unfolding intermediate state for the unfolding of calcium bound A6 (holo A6). Upon stretching, holo A6 is first partially
unfolded to an intermediate state with a contour length increment of ~7.2 nm. Then, the intermediate state is unfolded
to release a contour length of ~27.8 nm. The total contour length change is the same as that for the calcium free A6

(apo A6). Because each amino acid in the unfolded structure corresponds to a contour length increment of 0.365 nm,
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11334004) and the National Basic Research Program of China (Grant No. 2013CB834100).
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according to the contour length change, we infer that in the unfolding intermediate state of A6, its N-terminal regions is
partially unfolded. This leads to the exposure of the cryptic actin binding site on A5, which is otherwise buried in the
folded structure of A6. The force regulated activation mechanism for A6 is similar to that for G6, except that they use
different sequences from those in the force-sensitive region. In G6 the C-terminal helix serves as the force-responsive tail
to regulate actin binding, while in A6 the N-terminal sequences are unstructured upon stretching to promote the actin
binding for adseverin.

Therefore, we infer that force may be an important regulator for the actin-binding of all members in the gelsolin
family proteins, including adseverin and gelsolin. Our study represents an important step towards the understanding of

the function of adseverin at a molecular level.
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