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Alterations in cell shape drive the drastic changes seen
throughout morphogenesis. During neural tube
development, polarized epithelial cells must constrict the
apical surface to form the tube that becomes an organism’s
brain and spinal cord.

Introduction
Shrm’s binding sites on Rock SBD exist in adjacent positions within a parallel coiled-coil5. Recent structural
data from our lab has revealed that the Shrm SD2 domain adopts an anti-parallel coiled-coil composed of
two identical half-dimers each containing a Rock-binding site6. It is unclear how this arrangement could
allow both sites to contact Rock. We hypothesize that SD2 must undergo a dramatic conformational change, bending or
remodeling at its hinge point to facilitate Rock binding.

What is the Rock-binding conformation of  Shrm?
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Determining the structure of  the SD2-SBD complex

SD2-SBD complex crystals diffracted to 3.6Å, and we successfully
used molecular replacement to estimate phases.

Conserved interactions drive SD2-SBD binding

The structure of the SD2-SBD complex reveals two SD2
monomers bound to one SBD dimer via a conserved interface.
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Actin and myosin form a cytoskeletal network that
controls cell shape. Rho Kinase (Rock) is a key regulator
of this network, and its interaction with the SD2 domain
of the Shroom (Shrm) protein is required for proper
development of the neural tube1, eye2, and gut3 through
the process of apical constriction.

An autoinhibitory
interaction occurs 
between the PH and 
kinase domains of  
Rock. This inhibition 
is relieved upon Rho 
and lipid binding to 
the RBD and PH 
domains. Until now, 
it was unclear if  
Shrm was also 
capable of  activation.

A point mutation within Shrm (R1838C) that disrupts Rock
binding leads to developmental defects that phenocopy a
Shrm-null mutant4. The interaction between these two
domains is critical to proper development.
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We want to determine the molecular
basis for SD2-SBD complex
formation to understand the role
these domains play in development.

Complex purified 
from E. coli was 
>99% pure
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SBD and SD2 were individually purified from E. coli, then mixed in a 2:1 SBD:SD2 molar ratio. The
complex was then concentrated and used for crystallization reactions. Crystals were screened for
diffraction quality, and best crystals diffracted to 3.6Å. Molecular replacement was used for initial
phase estimation.
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Biochemical analysis of  the hSD2-hSBD interface revealed 
residues important for recognition

hRock1 SBD L855, E862, Y851, and F852 and hShrm2 SD2 L1501,
L1548, and K1487 are all important for SD2-SBD binding in vitro.
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The interface observed in our structure is important for
cytoskeletal regulation and cell shape change.

SBD-SD2 interface is important for cell shape change

Rock kinase activity increases in the presence of
wild-type Shrm SD2 domain

Shrm SD2 can activate Rock kinase activity

The structure of the SBD-SD2 complex reveals an arrangement in which two monomers of Shrm
SD2 bind to opposing faces of the Rock SBD. conserved binding interface. The amino acids within
the binding interface are highly conserved across species.

Prior to this study, it was not known if Shrm proteins could directly activate the
catalytic activity of Rock. I tested this by performing kinase assays with purified
components. I used MYPT as a substrate, and evaluated kinase activity via
western blot probing for phospo-MYPT.

Western Blot

After biochemically identifying amino acids seen in our structure that contribute
to binding, we wanted to determine the effect they have on cytoskeletal
regulation. We utilized an apical constriction assay7 to evaluate Shrm function
within a cell.
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Our structure revealed an interface with many interacting amino acids. We wanted to pin-point
the residues that were most important for SD2-SBD binding, so we designed point mutations
in each domain and tested their binding ability by Native PAGE.


