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1.

Crystal Structure of the Dynein Motor Domain
Carter,Andrew P.; et al.
Science 331 6021 1159-1165 4 March 2011
Dyneins are microtubule-based motor proteins that power ciliary beating, transport
intracellular cargos, and help to construct the mitotic spindle. Evolved from ring-shaped
hexameric AAA-family adenosine triphosphatases (ATPases), dynein’s large size and
complexity have posed challenges for understanding its structure and mechanism. Here, we
present a 6 angstrom crystal structure of a functional dimer of two ~300-kilodalton motor
domains of yeast cytoplasmic dynein. The structure reveals an unusual asymmetric
arrangement of ATPase domains in the ring-shaped motor domain, the manner in which the
mechanical element interacts with the ATPase ring, and an unexpected interaction between
two coiled coils that create a base for the microtubule binding domain. The arrangement of
these elements provides clues as to how adenosine triphosphate—driven conformational

changes might be transmitted across the motor domain.

2. sax

Pseudomonas sax Genes Overcome Aliphatic Isothiocyanate—Mediated Non-Host

Resistance in Arabidopsis
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Fan, Jun; et al.
Science 331 6021 1185-1188 4 March 2011
Most plant-microbe interactions do not result in disease; natural products restrict
non-host pathogens. We found that sulforaphane (4-methylsulfinylbutyl isothiocyanate), a
natural product derived from aliphatic glucosinolates, inhibits growth in Arabidopsis of
non-host Pseudomonas bacteria in planta. Multiple sax genes (saxCAB/F/D/G) were
identified in Pseudomonas species virulent on Arabidopsis. These sax genes are required to
overwhelm isothiocyanate-based defenses and facilitate a disease outcome, especially in the
young leaves critical for plant survival. Introduction of saxCAB genes into non-host strains
enabled them to overcome these Arabidopsis defenses. Our study shows that aliphatic
isothiocyanates, previously shown to limit damage by herbivores, are also crucial, robust, and
developmentally regulated defenses that wunderpin non-host resistance in the

Arabidopsis-Pseudomonas pathosystem.

3. 11

A Sorting Platform Determines the Order of Protein Secretion in Bacterial Type IlI
Systems
Lara-Tejero,Maria; et al.
Science 331 6021 1188-1191 4 March 2011
Bacterial type Ill protein secretion systems deliver effector proteins into
eukaryotic cells in order to modulate cellular processes. Central to the function of these
protein-delivery machines is their ability to recognize and secrete substrates in a defined order.
Here, we describe a mechanism by which a type Il secretion system from the bacterial
enteropathogen Salmonella enterica serovar Typhimurium can sort its substrates before
secretion. This mechanism involves a cytoplasmic sorting platform that is sequentially loaded
with the appropriate secreted proteins. The sequential loading of this platform, facilitated by
customized chaperones, ensures the hierarchy in type 111 protein secretion. Given the presence
of these machines in many important pathogens, these findings can serve as the bases for the

development of novel antimicrobial strategies.

4.

Three-Dimensional Model of Salmonella’s Needle Complex at Subnanometer
Resolution
Schraidt,Oliver; Marlovits, Thomas C.
Science 331 6021 1192-1195 4 March 2011
Type 111 secretion systems (T3SSs) are essential virulence factors used by many
Gram-negative bacteria to inject proteins that make eukaryotic host cells accessible to
invasion. The T3SS core structure, the needle complex (NC), is a ~3.5 megadalton-sized,

oligomeric, membrane-embedded complex. Analyzing cryo—electron microscopy images of
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top views of NCs or NC substructures from Salmonella typhimurium revealed a 24-fold
symmetry for the inner rings and a 15-fold symmetry for the outer rings, giving an overall C3
symmetry. Local refinement and averaging showed the organization of the central core and
allowed us to reconstruct a subnanometer composite structure of the NC, which together with
confident docking of atomic structures reveal insights into its overall organization and

structural requirements during assembly.

5. SAS 6

Structures of SAS-6 Suggest Its Organization in Centrioles
Breugel,Mark van; et al.
Science 331 6021 1196-1199 4 March 2011
Centrioles are cylindrical, ninefold symmetrical structures with peripheral triplet
microtubules strictly required to template cilia and flagella. The highly conserved protein
SAS-6 constitutes the center of the cartwheel assembly that scaffolds centrioles early in their
biogenesis. We determined the x-ray structure of the amino-terminal domain of SAS-6 from
zebrafish, and we show that recombinant SAS-6 self-associates in vitro into assemblies that
resemble cartwheel centers. Point mutations are consistent with the notion that centriole
formation in vivo depends on the interactions that define the self-assemblies observed here.
Thus, these interactions are probably essential to the structural organization of cartwheel

centers.

6. Daxx / ATRX. MENL mIR

DAXX/ATRX, MEN1, and mTOR Pathway Genes Are Frequently Altered in
Pancreatic Neuroendocrine Tumors

Jiao, Yuchen; et al.

Science 331 6021 1199-1203 4 March 2011

Pancreatic neuroendocrine tumors (PanNETS) are a rare but clinically important
form of pancreatic neoplasia. To explore the genetic basis of PanNETs, we determined the
exomic sequences of 10 nonfamilial PanNETSs and then screened the most commonly mutated
genes in 58 additional PanNETs. The most frequently mutated genes specify proteins
implicated in chromatin remodeling: 44% of the tumors had somatic inactivating mutations in
MEN1, which encodes menin, a component of a histone methyltransferase complex, and 43%
had mutations in genes encoding either of the two subunits of a transcription/chromatin
remodeling complex consisting of DAXX (death-domain—associated protein) and ATRX (!A
thalassemia/mental retardation syndrome X-linked). Clinically, mutations in the MEN1 and
DAXX/ATRX genes were associated with better prognosis. We also found mutations in genes

in the mTOR (mammalian target of rapamycin) pathway in 14% of the tumors, a finding that
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could potentially be used to stratify patients for treatment with mTOR inhibitors.

1. B

Different B Cell Populations Mediate Early and Late Memory During an
Endogenous Immune Response
Pape,Kathryn A.; et al.
Science 331 6021 1203-1207 4 March 2011
Memory B cells formed in response to microbial antigens provide immunity to
later infections; however, the inability to detect rare endogenous antigen-specific cells limits
current understanding of this process. Using an antigen-based technique to enrich these cells,
we found that immunization with a model protein generated B memory cells that expressed
isotype-switched immunoglobulins (swlg) or retained IgM. The more numerous IgM+ cells
were longer lived than the swig+ cells. However, swig+ memory cells dominated the
secondary response because of the capacity to become activated in the presence of
neutralizing serum immunoglobulin. Thus, we propose that memory relies on swig+ cells
until they disappear and serum immunoglobulin falls to a low level, in which case memory

resides with durable IgM+ reserves.
8. M

Enhancement of Consolidated Long-Term Memory by Overexpression of Protein
Kinase M|Ah the Neocortex

Shema,Reut; et al.

Science 331 6021 1207-1210 4 March 2011

Memories are more easily disrupted than improved. Many agents can impair
memories during encoding and consolidation. In contrast, the armamentarium of potential
memory enhancers is so far rather modest. Moreover, the effect of the latter appears to be
limited to enhancing new memories during encoding and the initial period of cellular
consolidation, which can last from a few minutes to hours after learning. Here, we report that
overexpression in the rat neocortex of the protein kinase C isozyme protein kinase M;APKM |
enhances long-term memory, whereas a dominant negative PKM,Aisrupts memory, even long

after memory has been formed.
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A Circadian Rhythm Orchestrated by Histone Deacetylase 3 Controls Hepatic

Lipid Metabolism

Feng,Dan; et al.

Science 331 6022 1315-1319 11 March 2011
Disruption of the circadian clock exacerbates metabolic diseases, including obesity
and diabetes. We show that histone deacetylase 3 (HDACS3) recruitment to the genome
displays a circadian rhythm in mouse liver. Histone acetylation is inversely related to HDAC3
binding, and this rhythm is lost when HDAC3 is absent. Although amounts of HDAC3 are
constant, its genomic recruitment in liver corresponds to the expression pattern of the
circadian nuclear receptor Rev-erb!/A Rev-erb!A colocalizes with HDACS3 near genes
regulating lipid metabolism, and deletion of HDAC3 or Rev-erb!/Ain mouse liver causes
hepatic steatosis. Thus, genomic recruitment of HDAC3 by Rev-erb!Adirects a circadian

rhythm of histone acetylation and gene expression required for normal hepatic lipid
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homeostasis.
2. BAHOL 11

A Bacterial Protein Targets the BAHD1 Chromatin Complex to Stimulate Type |11
Interferon Response
Lebreton,Alice; et al.
Science 331 6022 1319-1321 11 March 2011
Intracellular pathogens such as Listeria monocytogenes subvert cellular functions
through the interaction of bacterial effectors with host components. Here we found that a
secreted listerial virulence factor, LntA, could target the chromatin repressor BAHDL1 in the
host cell nucleus to activate interferon (IFN)-stimulated genes (ISGs). IFN-/Eexpression was
induced in response to infection of epithelial cells with bacteria lacking LntA; however, the
BAHD1-chromatin associated complex repressed downstream ISGs. In contrast, in cells
infected with IntA-expressing bacteria, LntA prevented BAHD1 recruitment to 1SGs and
stimulated their expression. Murine listeriosis decreased in BAHD1+/— mice or when IntA
was constitutively expressed. Thus, the LntA-BAHD1 interplay may modulate

IFN-'E mediated immune response to control bacterial colonization of the host.
3. CNA Il

Positive Supercoiling of Mitotic DNA Drives Decatenation by Topoisomerase Il in
Eukaryotes

Baxter,J.; et al.

Science 331 6022 1328-1332 11 March 2011

DNA topoisomerase Il completely removes DNA intertwining, or catenation,

between sister chromatids before they are segregated during cell division. How this occurs

throughout the genome is poorly understood. We demonstrate that in yeast, centromeric

plasmids undergo a dramatic change in their topology as the cells pass through mitosis. This

change is characterized by positive supercoiling of the DNA and requires mitotic spindles and

the condensin factor Smc2. When mitotic positive supercoiling occurs on decatenated DNA,

it is rapidly relaxed by topoisomerase 1l. However, when positive supercoiling takes place in

catenated plasmid, topoisomerase 1l activity is directed toward decatenation of the molecules

before relaxation. Thus, a topological change on DNA drives topoisomerase 1l to decatenate

molecules during mitosis, potentially driving the full decatenation of the genome.
4,

A Polarized Epithelium Organized by 'A and !ACatenin Predates Cadherin and
Metazoan Origins
Dickinson,Daniel J.; et al.
Science 331 6022 1336-1339 11 March 2011
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A fundamental characteristic of metazoans is the formation of a simple, polarized
epithelium. In higher animals, the structural integrity and functional polarization of simple
epithelia require a cell-cell adhesion complex that contains a classical cadherin, the
Wht-signaling protein 'Acatenin and the actin-binding protein !Acatenin. We show that the
non-metazoan Dictyostelium discoideum forms a polarized epithelium that is essential for
multicellular development. Although D. discoideum lacks a cadherin homolog, we identify an
'Acatenin ortholog that binds a !Acatenin-related protein. Both proteins are essential for
formation of the epithelium, polarized protein secretion, and proper multicellular
morphogenesis. Thus, the organizational principles of metazoan multicellularity may be more
ancient than previously recognized, and the role of the catenins in cell polarity predates the

evolution of Wnt signaling and classical cadherins.
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5. RNA I

Second-Order Selection for Evolvability in a Large Escherichia coli Population
Woods,Robert J.; et al.
Science 331 6023 1433-1436 18 March 2011
In theory, competition between asexual lineages can lead to second-order selection
for greater evolutionary potential. To test this hypothesis, we revived a frozen population of

Escherichia coli from a long-term evolution experiment and compared the fitness and ultimate
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fates of four genetically distinct clones. Surprisingly, two clones with beneficial mutations
that would eventually take over the population had significantly lower competitive fitness
than two clones with mutations that later went extinct. By replaying evolution many times
from these clones, we showed that the eventual winners likely prevailed because they had
greater potential for further adaptation. Genetic interactions that reduce the benefit of certain
regulatory mutations in the eventual losers appear to explain, at least in part, why they were

outcompeted.
2.

Cardiac Myosin Activation: A Potential Therapeutic Approach for Systolic Heart
Failure

Malik,Fady I.; et al.

Science 331 6023 1439-1443 18 March 2011

Decreased cardiac contractility is a central feature of systolic heart failure.
Existing drugs increase cardiac contractility indirectly through signaling cascades but are
limited by their mechanism-related adverse effects. To avoid these limitations, we previously
developed omecamtiv mecarbil, a small-molecule, direct activator of cardiac myosin. Here,
we show that it binds to the myosin catalytic domain and operates by an allosteric mechanism
to increase the transition rate of myosin into the strongly actin-bound force-generating state.
Paradoxically, it inhibits adenosine 5idriphosphate turnover in the absence of actin, which
suggests that it stabilizes an actin-bound conformation of myosin. In animal models,
omecamtiv mecarbil increases cardiac function by increasing the duration of ejection without
changing the rates of contraction. Cardiac myosin activation may provide a new therapeutic
approach for systolic heart failure.
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3. RNA I

Direct Interaction of RNA Polymerase Il and Mediator Required for Transcription
in Vivo
Soutourina,Julie; et al.
Science 331 6023 1451-1454 18 March 2011
Gene transcription is highly regulated. Altered transcription can lead to cancer or
developmental diseases. Mediator, a multisubunit complex conserved among eukaryotes, is
generally required for RNA polymerase Il (Pol Il) transcription. An interaction between the
two complexes is known, but its molecular nature and physiological role are unclear. We
identify a direct physical interaction between the Rpb3 Pol Il subunit of Saccharomyces
cerevisiae and the essential Mediator subunit, Med17. Furthermore, we demonstrate a
functional element in the Mediator—Pol Il interface that is important for genome-wide Pol Il
recruitment in vivo. Our findings suggest that a direct interaction between Mediator and Pol |1

is generally required for transcription of class 11 genes in eukaryotes.
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1. RNA TDRD/

Mutations in the RNA Granule Compor|SR R ,_-;,'-I._‘;m #ﬁm and Glaucoma
Lachke,Salil A.; et al.

Science 331 602 5 March 2011

The precise transcriptional regulation of gene expression is essential for vertebrate
development, but the role of posttranscriptional regulatory mechanisms is less clear.
Cytoplasmic RNA granules (RGs) function in the posttranscriptional control of gene
expression, but the extent of RG involvement in organogenesis is unknown. We describe two
human cases of pediatric cataract with loss-of-function mutations in TDRD7 and demonstrate
that Tdrd7 nullizygosity in mouse causes cataracts, as well as glaucoma and an arrest in
spermatogenesis. TDRD7 is a Tudor domain RNA binding protein that is expressed in lens
fiber cells in distinct TDRD7-RGs that interact with STAUL-ribonucleoproteins (RNPs).
TDRD7 coimmunoprecipitates with specific lens messenger RNAs (MRNAS) and is required
for the posttranscriptional control of MRNAS that are critical to normal lens development and

to RG function. These findings demonstrate a role for RGs in vertebrate organogenesis.
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2. a0

CD40 Agonists Alter Tumor Stroma and Show Efficacy Against Pancreatic
Carcinoma in Mice and Humans
Beatty,Gregory L.; et al.
Science 331 6024 1612-1616 25 March 2011
Immunosuppressive tumor microenvironments can restrain antitumor immunity,
particularly in pancreatic ductal adenocarcinoma (PDA). Because CD40 activation can
reverse immune suppression and drive antitumor T cell responses, we tested the combination
of an agonist CD40 antibody with gemcitabine chemotherapy in a small cohort of patients
with surgically incurable PDA and observed tumor regressions in some patients. We
reproduced this treatment effect in a genetically engineered mouse model of PDA and found
unexpectedly that tumor regression required macrophages but not T cells or gemcitabine.
CDA40-activated macrophages rapidly infiltrated tumors, became tumoricidal, and facilitated
the depletion of tumor stroma. Thus, cancer immune surveillance does not necessarily depend
on therapy-induced T cells; rather, our findings demonstrate a CD40-dependent mechanism

for targeting tumor stroma in the treatment of cancer.
3. F&19

FGF19 as a Postprandial, Insulin-Independent Activator of Hepatic Protein and
Glycogen Synthesis
Kir,Serkan; et al.
Science 331 6024 1621-1624 25 March 2011
Fibroblast growth factor (FGF) 19 is an enterokine synthesized and released when
bile acids are taken up into the ileum. We show that FGF19 stimulates hepatic protein and
glycogen synthesis but does not induce lipogenesis. The effects of FGF19 are independent of
the activity of either insulin or the protein kinase Akt and, instead, are mediated through a
mitogen-activated protein kinase signaling pathway that activates components of the protein
translation machinery and stimulates glycogen synthase activity. Mice lacking FGF15 (the
mouse FGF19 ortholog) fail to properly maintain blood concentrations of glucose and normal
postprandial amounts of liver glycogen. FGF19 treatment restored the loss of glycogen in
diabetic animals lacking insulin. Thus, FGF19 activates a physiologically important,

insulin-independent endocrine pathway that regulates hepatic protein and glycogen

metabolism.
4. drd/Sw39 R\WA Trigger RNA
RN\NA

Clr4/Suv39 and RNA Quality Control Factors Cooperate to Trigger RNAI and
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Suppress Antisense RNA
Zhang,Ke; et al.
Science 331 6024 1624-1627 25 March 2011
Pervasive transcription of eukaryotic genomes generates a plethora of noncoding
RNAs. In fission yeast, the heterochromatin factor Clr4/Suv39 methyltransferase facilitates
RNA interference (RNAi)-mediated processing of centromeric transcripts into small
interfering RNAs (SiRNAs). ClIr4 also mediates degradation of antisense RNAs at
euchromatic loci, but the underlying mechanism has remained elusive. We show that Clr4 and
the RNAI effector RITS (RNA-induced transcriptional silencing) interact with Mlo3, a
protein related to mRNA quality control and export factors. Loss of Clr4 impairs RITS
interaction with Mlo3, which is required for centromeric siRNA production and antisense
suppression. Mlo3 also interacts with the RNA surveillance factor TRAMP, which suppresses
antisense RNAs targeted by Clr4 and RNAI. These findings link Clr4 to RNA quality control
machinery and suggest a pathway for processing potentially deleterious RNAs through the

coordinated actions of RNAI and other RNA processing activities.
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