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A brief history of the code…!
•  written and published in 2006 / 2007!
•  some parts are direct ports from Fortran!
•  Rosetta code base has changed drastically since !

=> new frameworks available now!
•  need more flexibility, better code design, use for 

more protocols!



Etotal = Eenv + Epair + Edensity + Eclash!

Relax!

Ab Initio Folding!

Comparative 
Modeling!

Docking!

Current Membrane Framework only 
supports selected protocols!How do We Place the Protein in the 

Defined Membrane?
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shift in the V1/2 for channel activation towards more
positive potentials. Binding to this cleft is also proposed
to be a major factor that contributes to the delay in
channel activation induced by KCNE1. When the
KCNQ1 channel tries to open in response to membrane
depolarization, activation is initially impeded by the
binding of KCNE1 and must wait until KCNE1 micro-
dissociates away from its binding site (Figure 4a). When
KCNQ1 opens, KCNE1 is unlikely to completely dis-

sociate from the channel; rather, the model predicts that
the KCNE1-TMD locally re-associates to a binding site
in the open state channel (Figure 4). Videos showing the
interconversion of the closed and open state Q1/E1-TMD
models have been generated [33!!] and are available on-
line as supplementary information to this review.

KCNE1 also enhances the conductance of the channel
open state, with KCNE1’s TMD appearing to contribute
to this effect. The open state model for the complex
suggests the N-terminal segment of KCNE1 binds to an
interface between the voltage sensor and pore domains that
we have dubbed the ‘gain-of-function’ (GOF) cleft. When
the model for the KCNQ1 open state was developed it was
immediately observed that a majority of the disease-associ-
ated mutations known to result in channel GOF are located
at the voltage sensor/pore domain interface near the extra-
cellular face of the channel [48]. Mutations at this GOF
cleft are found in both the pore and voltage sensor domains.
Interestingly, these mutations result in inappropriate chan-
nel opening (slower deactivation and more negative vol-
tage-dependence of activation when compared to wild-
type IKs) only when KCNE1 is present [56,57]. Restier et al.
[58] proposed that salt bridge formation between residue
E160 in the S2 helix and residue R237 in the S4 helix of
KCNQ1 favors the open state and that KCNQ1 GOF
mutations stabilize this salt bridge when KCNE1 is pre-
sent. Both the open state stabilizing salt bridge and the
docked position of KCNE1 in the open state to the GOF
cleft are recapitulated in our structural models. The fact
that the open state structural model places the N-terminus
of the KCNE1-TMD in the gain-of-function cleft suggest
that the presence of KCNE1 stabilizes this interface in the
mutant channel open state (relative to wild type KCNQ1/
KCNE1), which is consistent with the slower deactivation
rates observed for the GOF mutant IKs channels [58]. It is
also possible that binding of KCNE1 to the open state
GOF cleft may contribute to KCNE1’s enhancement of
single channel conductance by perturbing the ‘turret’ of
the channel, which includes both the pore helix and the
selectivity filter, which are immediately proximal to the
GOF cleft. However, the exact nature of such pertur-
bations cannot be inferred with confidence from the cur-
rent models.

A critical evaluation of the integrative
approach used to construct the current
working model
The KCNQ1/KCNE1-TMD closed and open state
models described above are appealing from several stand-
points. First, they are high resolution in the sense that
that are associated with actual 3-D molecular coordinates,
not cartoons. This provides a level of detail that allows for
very specific testing of these models. Moreover, to the
degree that these models or components thereof are
correct, the models provide site-specific insight into
the structural basis for channel function and dysfunction.
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Structural models of the KCNQ1/KCNE1-TMD open and closed state
complexes. (a) and (b) illustrate representative structures from the data-
allowable ensembles of structures for the closed and open states model
complex where KCNE1 strategically binds to proximal clefts in KCNQ1
[33!!]. According to the structural models, KCNE1 undergoes a modest
micro-dissociation/re-association from one cleft to another that is
accompanied by partial rotation. However, KCNQ1 undergoes a
relatively major conformation change between states. Protein Databank-
format coordinates and videos illustrating the conversion between states
were published by Kang et al. [33!!] and are available in the
supplementary information of this review. (c)–(f) feature shaded residues
in KCNQ1 for which Ca are within 10 Å of a Ca from at least one residue
in the KCNE1-TMD.
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Motivation: We want to know how proteins 
interact within the membrane!

γ-secretase and APP # # # #KCNQ1 and KCNE1!

based on KcsA, but have widely varying structures of the
voltage sensor domain.

Solution NMR methods were used to determine the
structure of KCNE1 in micelles composed of a mild
and functionally validated detergent [33!!,50]. These
studies demonstrated that the TMD of KCNE1 is helical,
but curved and that the extramembrane N-terminal and
C-terminal domains consist of flexibly linked alpha
helices. We have hypothesized that the curved TMD
of KCNE1 is retained within the KCNE1-KCNQ1 chan-
nel complex, but that both the N-terminal and C-terminal
extramembrane domains of KCNE1 are likely subject to
dramatic structural rearrangements upon binding to the
channel. In light of this hypothesis and also because the
TMD of KCNE1 appears to be largely responsible for
delaying KCNQ1 channel activation [51!!] and probably
contributes both to increased single-channel conductance
and shifting of V1/2, we have focused our initial studies on
the interactions of the TMD of KCNE1 with the KCNQ1
channel.

There have been numerous structure–function studies of
KCNQ1 and KCNE1, which typically involve mutagen-
esis followed by electrophysiological measurements, ide-

ally with the support of cell biological/biochemical control
experiments to verify correct trafficking of channel com-
plexes. Other biochemical studies have also identified a
limited number of KCNE1-KCNQ1 inter-residue proxi-
mities. From these studies it was possible to glean a
number of restraints for use in modeling the structures
of the open and closed state KCNE1-KCNQ1 complexes.

With the KCNE1 TMD structure, KCNQ1 open and
closed models, and restraints in hand we then conducted
calculations where the KCNE1-TMD was computation-
ally docked into the open and closed state KCNQ1 struc-
tures. Rather than employing one closed and one open
state model, the top 20 models from Rosetta ensembles
(see above) for each state were used. This approach allows
the complications of segmental flexibility to be partly
factored into docking. Using Rosetta-Dock [52], 80,000
candidate complex structures were generated for both the
open and closed states. These candidate structures were
then filtered using structure–function and biochemically
derived restraints to eliminate all structures of the complex
that were inconsistent with the restraints. Remarkably,
although only a limited number of restraints were available,
most of the candidate structures were ruled out at this
stage, leaving roughly 20 open and 20 closed state KCNQ1/

Working model for the structural basis for KCNE1 modulation of the KCNQ1 potassium channel Van Horn, Vanoye and Sanders 285

Figure 2

(a) (b)

(c) (d)

(e) (f)

KCNQ1 KCNQ1 + KCNE1

KCNQ1 + KCNE4KCNQ1 + KCNE3

500 pA

500 ms
-80 -80

+60

-30

Current Opinion in Structural Biology

Electrophysiology recordings detailing KCNE modulation of KCNQ1. Whole-cell currents elicited from CHO cells transiently expressing KCNQ1 alone
or with KCNE proteins (Vanoye et al., unpublished data). (a) Current profile of KCNQ1 in the absence of any KCNE protein. (b) Effects of KCNE1
modulation of KCNQ1 activity: slower channel activation and increased current density. (c) KCNE3 alters the KCNQ1 properties to make channel
activation nearly instantaneous and voltage-independent, as well as to increase current density. (d) KCNE4 is a strict inhibitor of KCNQ1. (e) and (f)
show the current and time scales for the recorded data and the voltage protocol used, respectively.

www.sciencedirect.com Current Opinion in Structural Biology 2011, 21:283–291
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43.5Å!

Current framework has deficiencies in !
docking proteins in the membrane bilayer!

Native Structure # # # # #Docked Conformation!
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Native Structure # # # # #Docked Conformation!

Current framework has deficiencies in !
docking proteins in the membrane bilayer!
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Native Structure # # # # #Docked Conformation!

Current framework has deficiencies in !
docking proteins in the membrane bilayer!



Why did docking fail? No connection 
between scoring, moves, and geometry!

Membrane Potential!
(main scoring class)!

Membrane Topology!

EnergyFunction!

Span File! Lips File!

Moves!

Conformation!

Fold Tree !
(Kinematics)!

?!

?!

?!



Development of new framework !
needs to fulfill several requirements!

Science


Code 

design


User

Interface




1. Handle topology and embedding of multiple chains"

2. Model large membrane proteins"

3. Build membrane Fold Tree"

4. Accessible in-code interface to membrane framework"

5. Allows easy development of new protocols"

6.  Improve input handling and user friendliness"

New design should integrate !
well into Rosetta structure!

Science


Code 

design


User

Interface




Definitions of basic objects in the !
code are reflected in the input!

TM helix: 15 – 29# # # # # # # # # #center = (5, 12, 2)!
TM helix: 36 – 52# # # # # # # # # #normal = (1, 3, 10)!
!
Input:!
#required# # # # # #optional# # # # # #optional!



Membrane in new framework is fixed!

  Current implementation # #     New implementation!

#membrane is moved # # # #protein is moved!



New framework incorporates conformation, 
kinematics, and energy function!



Single Embedding - One Pose!

Old FoldTree!

N!

M!

C!

N! C!

Single Topology - One Pose!

In current code MP only represented in 
scoring, not in conformation!



COMA!

Embedding + Membrane Residues!

Membrane FoldTree!

N!

EA!M!

C!

N! C!

EB!

New code represents membrane 
topology and embedding by chain!

COMB!

Topology for Each Chain!



New framework: user interface!



Only specify one .span 
and .lips file!

New framework has simplified !
command line options!

# Previous Options File !
-in:file:spanfile example.span !
-in:file:lipofile example.lips4 !
-membrane:no_interpolateMpair !
-membrane:Menv_penalties !
-membrane:fixed_membrane !
-membrane:Membed_init !
-membrane:normal_cycles !
-membrane:normal_mag 15 !
-membrane:center_mag 10 !
-membrane:smooth_move_frac !
-membrane:center_search !
-membrane:normal_search !
-membrane:center_max_delta 10 !
-membrane:normal_max_angle 10 !
-membrane:normal_start_angle 10 !
!
!

Conflicting/undefined 
option combinations!



# Previous Options File !
-in:file:spanfile example.span !
-in:file:lipofile example.lips4 !
-membrane:no_interpolateMpair !
-membrane:Menv_penalties !
-membrane:fixed_membrane !
-membrane:Membed_init !
-membrane:normal_cycles !
-membrane:normal_mag 15 !
-membrane:center_mag 10 !
-membrane:smooth_move_frac !
-membrane:center_search !
-membrane:normal_search !
-membrane:center_max_delta 10 !
-membrane:normal_max_angle 10 !
-membrane:normal_start_angle 10 !
!
!

New framework has simplified !
command line options!

# New Options File !
-in:membrane!
-in:file:membrane_input setup.txt!
-in:file:fullatom!
!
!



Single setup file allows for !
flexibility in user input!

Center!
Normal!

1afo_A spanfile 

1afo_B search 

spanfile!
search!
user normal 0 0 1 center 1 1 1!

setup.txt:!

•  Rosetta looks automatically for input files!
•  Rosetta warns the user when input is not supplied and 

certain defaults are used !



MoveSet can move objects (helices, chains, !
or proteins) for folding, docking, etc!



Visualize membrane application!

•  shows membrane for  
PDB file!

•  user can define 
thickness!

•  also shows MEM and 
EMB residues (not 
shown here)!



Timeline for development!

Atoms! Residues!

Sequence! EnergyFunction!

MonteCarlo !
Assembly!

Abinitio Folding!

…!
!

Protocol layer!
= to do next!
= fall 2014!
!
!
!
Core layer!
= membrane !
framework currently 
being developed!
= summer 2014!
!

1 

2 



Protein-Protein Docking!

Next Steps: Docking and Modeling 
Membrane Proteins!

Peripheral Membrane Proteins!

Half-Inserted !
Helices!

Updating scoring function!
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