
Molecular simulations of ion channels: a
quantum chemist’s perspective. Bucher D,
Rothlisberger U. J Gen Physiol 135: 549–
554, 2010.

Exploring atomic resolution physiology on
a femtosecond to millisecond timescale
using molecular dynamics simulations.
Dror OR, Jensen MO, Borhani DW, Shaw
DE. J Gen Physiol 135: 555–562, 2010.

On the functional significance of soft
modes predicted by coarse-grained mod-
els for membrane proteins. Bahar I. J Gen
Physiol. 135: 562–573, 2010.

Multi-scale electrophysiology modeling:
from atom to organ. Silva JR, Rudy Y. J
Gen Physiol 135: 575–581, 2010.

Nominated by Olaf S. Andersen

Editor, Journal of General Physiology

Weill Medical College of Cornell University

sparre@med.cornell.edu

Question: What levels of spatiotemporal
resolution can computer simulations pro-
vide concerning complex physiological
functions?
Background: Molecular dynamics (MD)
are deterministic computer simulations
that model the microscopic, dynamic inter-
actions of proteins (and other molecules) to
understand their physiological functions.
Thus a view of the particle motions that
take place during a physiological process is
generated. These simulations are done var-
ious levels of representation that depend
on the descriptions of the interparticle in-
teractions. The “Perspective” series on Mo-
lecular Dynamics and Computational
Methods in the June issue of the Journal of
General Physiology offers a look into the
current state, limitations, and future direc-
tions of four different levels of representation.
Observations: At the highest level of rep-
resentation are Ab initio (first principles)
MD (AIMD) simulations. AIMD simulations
take into account all of the interactions be-
tween atoms and molecules in a system at
the quantum chemical level and integrate
them into Newton’s laws of motion to ap-
proximate their trajectories and compute
interatomic interactions. By explicitly treat-
ing the degrees of freedom from the nuclei
and electrons, AIMD produces exquisite
resolution of the fundamental events that
occur between ions and proteins at the
atomic level over a broad range of time

scales. Bucher and Rothlisberger describe
the use of AIMD to provide novel insights
into ion channel conduction and ion spec-
ificity. Although AIMD simulations are useful
for exploring the fundamental mechanisms
of molecular physiology they are computa-
tionally very demanding because they de-
scribe the interatomic interactions at the
quantum level. To overcome these limita-
tions, it becomes useful to reduce the com-
putational requirements of an MD
simulation by introducing an empirical
force field, which approximates the inter-
atomic interactions with empirically de-
rived potential energy functions. Dror et al.
discuss how these MD simulations explic-
itly treat all the atomic degrees of freedom
of a protein, membrane, ions, and solvent
to generate multi-microsecond trajectories
of the fundamental mechanisms underly-
ing membrane protein functions. Although
this allows a description of larger bio-
molecular systems than AIMD simulations
over longer periods of time, the spatial res-
olution, and, in some cases, the accuracy
may be reduced. Simulations of dense
macromolecular systems are virtually im-
possible if all degrees of freedom and inter-
particle interactions are taken into account.
It is possible to reduce this complexity by
using course-grained (CG) models to repre-
sent only the most relevant variables. This
further reduces the computational over-
head while allowing large-scale calcula-
tions to be performed on large biological
assemblies. The perspective from Bahar
discusses the use of CG models to elucidate
key mechanical functions of membrane
proteins such as the rearrangements that oc-
cur during gating and pore opening. Finally,
a semi-macroscopic approach simplifies
even further how a complex system is rep-
resented by describing the fundamental el-
ements as stochastic steps from one
discrete state to the next. Silva and Rudy
present an example that simulates the
atomic structure, gating properties, kinet-
ics, and resulting action potential of an ion
channel at different times and spatial scales
to predict the role of the ion channel in
cardiac electrophysiology.
Significance: Since their inception in the
late 1950s, MD simulations have evolved
from studying the interactions of hard
spheres to elucidating the complex molec-
ular dynamics of proteins embedded in a
realistic environment, whether it be an

electrolyte solution or a lipid bilayer. In-
deed, the MD simulations of today provide
detailed information on the fluctuations
and conformational changes of proteins
and nucleic acids that are difficult or oth-
erwise impossible to approach empirically.
As more accurate algorithms and software
become available, MD simulations should
become increasingly capable of providing a
complete and seamless multi-scale view of
physiological processes.

Propensity to high-fat diet-induced obe-
sity in rats is associated with changes in
the gut microbiota and gut inflammation.
de La Serre CB, Ellis CL, Lee J, Hartman
AL, Rutledge JC, Raybould HE. Am J
Physiol Gastrointest Liver Physiol 299:
G440–G448, 2010.

Nominated by Hannah Carey

University of Wisconsin School of Veterinary
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Question: What underlies the increased
susceptibility to diet-induced obesity in
rats: gut microbiota or inflammation?
Background: Eating a high-fat, high-calorie
diet (HFD) can induce hyperphagia and ul-
timately result in obesity and associated
metabolic disorders. Recently, alterations
in intestinal microbiota have been impli-
cated in the gut inflammation associated
with obesity and in regulating adiposity.
However, accumulating evidence suggests
that the plasma endotoxin lipopolysaccha-
ride (LPS) may have a key role in the down-
stream inflammatory processes associated
with obesity. Thus the present study was
designed to determine whether alterations
in the gut microbiota or gut inflammation
underlie the appearance of hyperphagia
and an obese phenotype.
Observations: de La Serre et al. fed rats a
HFD for 12 wk to differentiate between
obesity-prone (DIO-P) and obesity-
resistant (DIO-R) phenotypes. Importantly,
only DIO-P rats become hyperphagic and
displayed an increase in body weight and
adiposity. Subsequently, they found that
the DIO-P rats exhibited increased activa-
tion of toll-like receptors (TLR4), which was
associated with ileal inflammation. Addi-
tionally, there was a decrease in a luminal
enzyme responsible for the detoxification
of LPS. Finally, total bacterial density was
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decreased by the HFD in both DIO-P and
DIO-R rats.
Significance: These important studies are
the first to simultaneously delineate the re-
lationship between a HFD, obesity, gut in-
flammation, and changes in the gut
microbiota. Interestingly, because the HFD
affected total bacterial density regardless of
phenotype, whereas it selectively increased
TLR4 activation and gut inflammation in
DIO-P rats, inflammation and not micro-
biota is implicated as the link between a
HFD and obesity. Perhaps compounds that
target the intestinal LPS inflammatory
pathways could be used to mitigate obesity
in susceptible individuals.

Molecular basis of infrared detection by
snakes. Gracheva EO, Ingolia NT, Kelly
YM, Cordero-Morales JF, Hollopeter G,
Chesler AT, Sánchez EE, Perez JC,
Weissman JS, Julius D. Nature 464: 1006–
1011, 2010.
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Medicine
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Question: How do some snakes detect in-
frared radiation?
Background: Any species of snake with a
heat-sensitive pit organ between each eye
and nostril is known as a pit viper. The pit
organ senses infrared radiation, which
helps the snakes detect warm-blooded
prey. However, it is not clear how these
reptiles detect and convert infrared signals
into nerve impulses; i.e., whether the pit
organ membrane contains the infrared sen-
sor or the sensor is expressed by apposed
nerve fibers. Similarly, the molecular iden-
tity of the sensor is unknown.
Observations: Gracheva et al. employed
transcriptional profiling to indirectly mea-
sure the expression levels of all the genes in
the western diamondback rattlesnake,
which has an unrivalled ability to detect
infrared radiation, and two snakes that are
not pit vipers. Subsequently, by comparing
the activity levels of the genes in different
tissues, they determined that the transient
receptor potential cation channel, subfam-
ily A, member 1 (TRPA1) was enriched 400-
fold in the rattlesnake.
Significance: These findings suggest that
infrared radiation warms up a membrane

inside the hollow space of the pit organ,
which activates TRPA1 on the sensory
nerves of the pit organ. Interestingly, mam-
malian TRPA1 is primarily involved in tem-
perature sensation and pain pathways but,
in contrast to snakes, is not activated by heat.
Thus, not only is this report an excellent
example of how comparative physiology
can elucidate the molecular basis of an im-
portant class of ion channels, it is also a
prime example of how evolution shapes
functions based on local environmental
conditions by altering the expression of a
small number of gene products.

Hsp 70/Hsp 90 organizing protein as a
nitrosylation target in cystic fibrosis
therapy. Marozkina NV, Yemen S,
Borowitz M, Liu L, Plapp M, Sun F, Islam R,
Erdmann-Gilmore P, Townsend RR, Lichti
CF, Mantri S, Clapp PW, Randell SH,
Gaston B, Zaman K. Proc Natl Acad Sci
USA 107: 11393–11398, 2010.

Nominated by Hsiao Chang Chan

Chinese University of Hong Kong

hsiaocchan@cuhk.edu.hk

Question: What is the molecular mecha-
nism that underlies the ability of S-nitrosy-
lating agents to correct trafficking of the
cystic fibrosis (CF) transmembrane con-
ductance regulator (CFTR)?
Background: The most common mutation
associated with CF results in a loss of phe-
nylalanine at the 508th position (�F508) in
the CFTR apical membrane chloride chan-
nel. �F508 causes misfolding and retention
of the CFTR protein in the endoplasmic
reticulum (ER), which results in its degra-
dation before it can reach the cell surface.
Another common feature of CF is low levels
of the endogenous bronchodilator and sig-
naling molecule S-nitrosoglutathione
(GSNO). This report extends the previous
findings from the Zaman consortium that
demonstrated GSNO can upregulate the ex-
pression, maturation, and function of �F508
and wild-type CFTR in different cell lines.
Observations: The goal of these studies
was to elucidate the molecular mecha-
nisms by which GSNO causes the abnormal
gene product �F508 CFTR to fully mature.
Marozkina et al. determined that the mo-
lecular heat shock protein (HSP) Hsp70/
Hsp90 organizing protein (Hop), a
functionally defined set of proteins that

assist in the structural formation of other
proteins, is a critical target of GSNO. In-
deed, GSNO-induced S-nitrosylation re-
sults in �F508 CFTR maturation and cell
surface expression by inhibiting the associ-
ation of Hop with CFTR in the ER. They also
found that a decrease in temperature aug-
mented the effect of GNSO through a Hop-
independent mechanism.
Significance: These findings suggest that
the beneficial effects of GSNO on �F508
CFTR trafficking are mediated by inhibiting
the association of Hop with CFTR. This
opens up the intriguing possibility of using
S-nitrosylating agents as novel therapeutic
approaches to treat CF associated with
�F508. In fact, the ability of decreased tem-
perature to independently affect �F508
CFTR maturation suggests that elucidating
and targeting these temperature-sensitive
proteins could be used in tandem to syner-
gistically correct trafficking.

Effects of exercise training on airway re-
sponsiveness and airway cells in healthy
subjects. Scichilone N, Morici G, Zangla D,
Chimenti L, Davì E, Reitano S, Paternò A,
Santagata R, Togias A, Bellia V,
Bonsignore MR. J Appl Physiol 109: 288–
294, 2010.

Nominated by Jerome Dempsey

Editor, Journal of Applied Physiology

University of Wisconsin
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Question: Does long-term exercise training
reduce the response of airways to parasym-
pathetic stimulation?
Background: Methacholine (Mch), which
is known to stimulate muscarinic receptors
on airway smooth muscle, is used to deter-
mine whether an individual has asthma be-
cause of the known airway narrowing
response that can occur. Interestingly,
when the Bonsignore laboratory used Mch
provocations (in the absence of deep inspi-
rations, which can alter the response to
Mch), they found significant differences
among healthy subjects. In the absence of
deep inspirations, sedentary but otherwise
healthy people had higher responsiveness
to methacholine compared with trained
athletes. Notably, this group had also pre-
viously determined that well trained ath-
letes develop neutrophilia in airway fluids,
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which they speculated may influence the
differential response to Mch.
Observations: In sedentary but otherwise
healthy subjects, Scichilone et al. deter-
mined Mch-induced bronchoconstriction
at baseline, after 5 wk on an exercise pro-
gram, at the end of the exercise program
(10 wk), and 4 – 6 wk after the exercise
program was completed. The response to
Mch was reduced by exercise at week 5 and
further reduced at week 10, effects that per-
sisted 4–6 wk after the program ended.
This prophylactic effect of exercise resulted
from reductions in airway closure and air-
way narrowing. In contrast, the advanta-
geous effects of exercise on airway
responsiveness were not the result of in-
flammatory changes in airways.
Significance: Although the present study
selectively investigated responses to Mch in
the absence of deep inspirations, the clear
and concise design ultimately provides an
important step toward elucidating the
mechanisms of airway hyperresponsive-
ness (AHR). In addition, these results sug-
gest that exercised-induced airway
inflammation does not interfere with the
reduction in the Mch-induced response.
Asthma is a condition characterized by in-
creased bronchial smooth muscle tone and
variable amounts of inflammation of the
bronchial mucosa, which collectively cause
AHR. Thus these findings may have impli-
cations for the development of novel ther-
apeutics to treat asthma.

Cellular depletion of atypical PKC� is as-
sociated with enhanced insulin-sensitivity
and glucose uptake in L6 rat skeletal mus-
cle cells. Stretton C, Evans A, Hundal HS.
Am J Physiol Endocrinol Metab. First
published June 8, 2010; doi:10.1152/
ajpendo.00171.2010.

Nominated by Amira Klip
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Question: Do members of the atypical pro-
tein kinase C (aPKC) family affect insulin
sensitivity?
Background: Insulin stimulates glucose
uptake by first binding to the tyrosine ki-
nase insulin receptor (IR). Subsequently,
the activated IR transduces its signal via

phosphorylation of insulin receptor sub-
strate (IRS) proteins, which activate adapter
proteins including phosphoinositide 3-ki-
nase (PI3K). PI3K, in turn, activates 3-phos-
phoinositide-dependent protein kinase 1
(PDK1), which phosphorylates PKB/Akt and
ultimately leads to the translocation of
GLUT-4 vesicles to the plasma membrane.
Although PDK1 also phosphorylates/acti-
vates members of the aPKC family, which is
comprised of two isoforms, PKC� and
PKC�/�, the role of these isoforms in insulin
signaling is unknown.
Observations: Stretton et al. utilized RNAi-
mediated knockdown of PKC� and overex-
pression of a dominant negative mutant
PKC� in the L6 myoblast cell line to deter-
mine their potential contribution to insulin
signaling. Depletion of PKC� did not affect
the expression of proteins involved in insulin
signaling or glucose transport. However, de-
pletion of PKC� did result in enhanced
PKB/Akt activation, even in the basal
state, with associated effects on down-
stream targets and glucose transport.
Similarly, overexpression of the domi-
nant negative mutant PKC� resulted in
enhanced insulin-induced signaling.
Significance: The role of aPKC isoforms in
insulin signaling has been controversial,
but the present evidence from the Hundal
laboratory convincingly demonstrates that
aPKC isoforms are involved in moderating
insulin signaling through PI3K and PKB/
Akt. Hence, in the context of rat myotubes,
aPKC appears to enhance insulin sensitivity
by affecting downstream signaling. These
findings may have implications for treating
defects associated with insulin resistance and
metabolic diseases such as Type 2 diabetes.

Development of a drug screening plat-
form based on engineered heart tissue.
Hansen A, Eder A, Bönstrup M, Flato M,
Mewe M, Schaaf S, Aksehirlioglu B,
Schwörer A, Uebeler J, Eschenhagen T.
Circ Res 107: 35–44, 2010.

Nominated by Litsa Kranias

University of Wisconsin School of Veterinary
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Question: What modification(s) are neces-
sary to optimize tissue engineering for drug
screening purposes?

Background: Tissue engineering uses cells
within an artificially created support sys-
tem either to create medical devices that
replace or enhance the function of dam-
aged tissues or to establish in vitro tech-
niques for drug development. Working
toward the latter, the Eschenhagen labora-
tory recently used neonatal rat heart cells to
generate engineered heart tissue (EHT),
which develops a high degree of cellular dif-
ferentiation, orientation, intracellular cou-
pling, and force generation. Although the
recent coupling of tissue engineering with re-
generative medicine, which uses stem cells to
produce tissues, has generated the exciting
possibility of using these techniques to screen
drugs, there are several drawbacks that limit
their usefulness.
Observations: Hansen et al. sought to opti-
mize the production of EHT and develop a
miniaturized and automated drug screening
platform. They determined that replacing the
collagen scaffolds traditionally used to gener-
ate EHT with fibrin resulted in faster solidifi-
cation and required 4.2-fold less cells.
Importantly, the resulting scaffolding was ca-
pable of coupling growth-promoting and an-
giogenic factors. In addition, the novel
adaptation of casting molds and automated
evaluation of contractile activity via video
monitoring allowed miniaturization of the
experimental preparation and simplification
of handling.
Significance: These findings suggest that
the generation of fibrin-based EHT was ele-
mentary for this achievement since it allowed
fast solidification and good cellular distribu-
tion of the construct and is readily available
from different species. This alteration was
prerequisite to change the format and minia-
turize the size of EHTs. Albeit rodent cardio-
myocytes are poor surrogates for the human
heart, and a test platform in 96-well plates is
desired for high throughput testing, the pre-
sented testing format in 24-well plates com-
bined with the automated analysis represents
a substantial improvement compared with
previously published protocols for in vitro
testing of engineered cardiac constructs.

Mechanosensitive gating of CFTR. Zhang
WK, Wang D, Duan Y, Loy MM, Chan HC,
Huang P. Nat Cell Biol 12: 507–512, 2010.
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Stanford University
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Question: Is the cystic fibrosis transmem-
brane conductance regulator (CFTR) sensi-
tive to mechanical stress?
Background: Cystic fibrosis (CF) is an au-
tosomal recessive disease caused by a mu-
tation in the CFTR gene. Activation of CFTR
by cyclic adenosine monophosphate (cAMP)
increases the transport of chloride ions
across epithelial cell membranes. Thus the
loss of CFTR function is characterized by
abnormal movements of ions/water across
plasma membranes causing the develop-
ment of abnormally thick and viscous mu-
cus in airways. The present studies were
designed to determine whether CFTR is
also activated by membrane stretch.
Observations: Zhang et al. found that
membrane stretch increased the open
probability and unitary conductance of a
channel at a positive potential, which was
comparable to cAMP-induced kinetic
changes of CFTR channels. Additionally,
stretch-induced activation of the channel was
attenuated in the presence of cAMP, which
suggests the two were acting on the same
channel. Moreover, compounds that inhib-
ited cAMP-induced currents of CFTR also
blocked stretch-induced currents. Finally, de-
letion of the CFTR gene significantly reduced
stretch-induced currents, although it did not
totally eliminate the currents.
Significance: These novel findings suggest
that, in addition to an anion and intracel-
lular ligand-gated channel, the CFTR is also
a mechanosensitive channel. However, the
inability of membrane stretch to totally elim-
inate currents like cAMP suggests that other
stretch-sensitive ion channels contributed to
the stretch-induced changes in currents.
Nonetheless, the high levels of CFTR expres-
sion in the epithelial cells of organs exposed
to a mechanically dynamic environment,
such as the lungs, suggest that the mechano-
sensitivity of CFTR will have important
implications for understanding the patho-
physiological conditions associated with CF.

Ectopic expression of eIF2B� in rat skele-
tal muscle rescues the sepsis-induced re-
duction in guanine nucleotide exchange
activity and protein synthesis. Tuckow AP,
Vary TC, Kimball SR, Jefferson LS. Am J
Physiol Endocrinol Metab 299: E241–E248,
2010.

Nominated by André Marette

Associate Editor, The American Journal of
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Question: Is selective overexpression of a
holoenzyme’s catalytic subunit sufficient to
restore function?
Background: Acute changes in protein
synthesis are mediated primarily through
the regulation of the initiation phase of
mRNA translation. This rate-limiting step
of translation is dependent on the holoen-
zyme eukaryotic initiation factor (eIF) 2B
(eIF2B), which functions as a guanine nucle-
otide exchange factor (GEF) for another initi-
ation factor. The eIF2B GEF is a complex
made up of �-, �-, �-, �, and ε- subunits.
The ε subunit (eIF2Bε) possesses the cata-
lytic GEF activity and can function without
the other four subunits, although not as
efficiently.
Observations: Tuckow et al. hypothesized
that manipulating the expression of only
eIF2Bε would increase GEF activity and
protein synthesis in vivo. Indeed, the ec-
topic expression of eIF2Bε in one leg of a rat
increased GEF activity in control animals.
In addition, they determined that eIF2Bε
expression restored GEF activity and mus-
cle protein synthesis in an established
model of chronic sepsis that is character-
ized by impaired eIF2B activity.
Significance: These data demonstrate that
overexpression of the ε subunit of eIF2B
alone is sufficient to enhance GEF activity
and ultimately increase protein synthesis in
skeletal muscle. These findings have clear
implications for understanding a key con-
trol site for sepsis-induced disruptions of
muscle protein synthesis, as well as poten-
tial therapeutic targets for this process. In
fact, these findings may also enhance our
understanding of the regulatory processes
that control gene expression in general.

Sex differences in mechanisms of cardiac
excitation-contraction coupling in rat ven-
tricular myocytes. Farrell SR, Ross JL,
Howlett SE. Am J Physiol Heart Circ
Physiol 299: H36–H45, 2010.

Nominated by Alberto Nasjletti, Editor-in-Chief, The

American Journal of Physiology–Heart and

Circulatory Physiology

New York Medical College

alberto_nasjletti@nymc.edu

Question: What accounts for the sex differ-
ences in excitation-contraction (E-C) cou-
pling in rat ventricular myocytes?
Background: E-C coupling in cardiac myo-
cytes is the phenomenon whereby action
potentials, induced by pacemaker cells,
trigger L-type Ca2	 channels to release
Ca2	 (Ca2	 transients). Subsequently, this
influx of Ca2	 into the cardiac myocytes
causes Ca2	-induced Ca2	 release (CICR)
from the sarcoplasmic reticulum (SR) (Ca2	

sparks) via activation of ryanodine recep-
tors, which triggers contraction. Interest-
ingly, there are specific differences in normal
cardiac physiology, including E-C coupling,
between the sexes in humans and animals.
These studies were designed to determine
why Ca2	 transients and contractions are
smaller in females even though L-type Ca2	

channel function is similar in both sexes.
Observations: Farrell et al. compared spe-
cific components of cardiac E-C coupling
in male and female myocytes from rats and
found that cardiac action potentials, peak
Ca2	 current, and SR Ca2	 stores were sim-
ilar. In contrast, cell contractions and the
rate of rise of the Ca2	 transients were
smaller and slower in myocytes from fe-
male hearts. The key finding was made
when they compared E-C coupling gain
(the rate of SR Ca2	 release/Ca2	 current),
which revealed the gain of E-C coupling for
female myocytes was only 60% of male
myocytes. The reduction in E-C coupling
gain was associated with smaller mean am-
plitudes and shorter durations of Ca2	

sparks in female myocytes.
Significance: These findings reveal that
E-C coupling gain is dramatically different
between male and female rat myocytes and
that the differences in contractile function
results from differential SR Ca2	 release.
These findings have particular importance
for future studies since pooling data from
male and female rats could affect findings
and lead to erroneous conclusions. Finally,
elucidating how sex hormones may poten-
tially regulate SR Ca2	 stores may provide
new therapeutic avenues to pursue treat-
ments for cardiovascular dysfunction. �
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