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consumption and energy production, particular-
ly in pinkl®® mutants.

Our data predict that vitamin K, may also
alleviate the defects in other conditions that
impair mitochondrial function. We thus placed
flies that express RNAI to different complex I
components, sho mutants that produce less
ubiquinone, and rotenone-treated animals on
control medium or on MK-4 medium and as-
sessed W, and ATP levels. MK-4 rescued the
mitochondrial defects in all of these flies (fig.
S11, A and B). These results thus support a role
for vitamin K, in the transport of electrons in
eukaryotic mitochondria to produce ATP, similar
to its role in prokaryotic membranes (/6), sug-
gesting that vitamin K, serves a conserved func-
tion in prokaryotes and mitochondria. Because
mitochondria are involved in aging (27), we
reared aged flies on MK-4 or overexpressed
Heix but did not observe a significant rescue
in mobility (fig. S11C). We surmise that long-
lasting compensatory changes may be more im-
portant in these situations.

Human UBIADI mutations may also affect
mitochondrial function. Electron microscopic
analyses of corneal samples from Schnyder’s
crystalline corneal dystrophy patients who harbor
mutations in the UBIADI gene (22-24) indicate
cystic swelling of mitochondria, but the nature
for this defect is unknown (25). Heix/UBIADI
produces vitamin K,, and in our studies vitamin
K, rescued mitochondrial defects in numerous
conditions that affect mitochondrial function.

Vitamin K, was even effective at improving sys-
temic locomotion defects in fully developed adult
pinkl and parkin mutant flies. Vitamin K, did
not affect mitochondrial remodeling directly,
but, by increasing ETC efficiency, it contributed
to the proton motif force that facilitates ATP
production, similar to ubiquinone (26). Vitamin
K, may thus constitute a promising compound
to treat mitochondrial pathology, also in PD pa-
tients suffering from Pink1 or Parkin deficiency.
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Actin Network Architecture Can
Determine Myosin Motor Activity

Anne-Cécile Reymann,* Rajaa Boujemaa-Paterski,* Jean-Louis Martiel,* Christophe Guérin,*
Wenxiang Cao,? Harvey F. Chin,* Enrique M. De La Cruz,® Manuel Théry,'t Laurent Blanchoint

The organization of actin filaments into higher-ordered structures governs eukaryotic cell shape
and movement. Global actin network size and architecture are maintained in a dynamic steady
state through regulated assembly and disassembly. Here, we used experimentally defined actin
structures in vitro to investigate how the activity of myosin motors depends on network
architecture. Direct visualization of filaments revealed myosin-induced actin network deformation.
During this reorganization, myosins selectively contracted and disassembled antiparallel actin
structures, while parallel actin bundles remained unaffected. The local distribution of nucleation
sites and the resulting orientation of actin filaments appeared to regulate the scalability of

the contraction process. This “orientation selection” mechanism for selective contraction and
disassembly suggests how the dynamics of the cellular actin cytoskeleton can be spatially

controlled by actomyosin contractility.

ctin filament networks comprise a large
variety of different structures. Their spa-
tial organization supports complex cell-
shape regulation. The dynamics and mechanical
properties of these structures result from the
assembly of polarized actin filaments. Filopodia,
retraction fibers, and centripetal fibers are built
of parallel filaments (/, 2). Stress fibers and trans-
verse arcs have filaments arranged in antiparallel

orientations (3, 4). The lamellipodium is a dense
array of branched filaments (35).

The global architecture of the actin cytoskel-
eton is maintained through coordinated actions
of a large number of regulatory proteins that mod-
ulate filament assembly and disassembly (6), as
well as through contractility driven by myosin
motor proteins (7). Myosin motor proteins can
also promote filament disassembly (8). Collect-

ively, these observations have supported a mech-
anism in which the coupling between myosin
contractility and filament disassembly ensures a
temporal synchrony between actin retrograde
flow at the front and filament disassembly at the
rear of (ISTANNEICEIS (9).

Central to this coupling mechanism is that
filaments are selected for contraction or disas-
sembly, but it is not known what factors deter-
mine the response to myosin contractile forces
(10). Here, we used micropatterning methods to
assemble geometrically/controlled and polarized
actin filament networks (//) to evaluate how the
overall polarity of actin filament architectures de-
termines their response—reorganization and/or
disassembly—to myosin contractile forces.

Actin filament growth on bar-shaped (ictoD
(BAMEHS) covered with the Wiskott-Aldrich syn-
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Glossary
Highlight
occurring at the same time; a simultaneous occurrence

Glossary
Highlight
Long, chain-like structures made up of many individual actin monomers that generate the cellular architecture and control the cell shape.

Glossary
Highlight
A type of cell that contains a nucleus and whose organelles are bound by a membrane.

Glossary
Highlight
An arrangement of many actin filaments connected to each other.

Glossary
Highlight
The process of coating a microscopic (small) surface with a specific chemical, protein, or material that causes a specific reaction. In this case, the actin-nucleation promoting factor, pWA, is micropatterned on a glass surface to induce actin to assemble in specific geometric locations.

Author's Experiments
Highlight

Author's Experiments
Highlight

Author's Experiments
Highlight

Author's Experiments
Highlight
The authors controlled the location where actin filaments form to test how thier shape determines thier response to  interaction with myosin motors.

Glossary
Highlight
The process by which individual actin monomers join together (assembly) or detach from each other (disassembly). Actin filaments inside cells continuously assemble and disassemble throughout the cell life cycle, which allows the cell to adapt to its structure and shape to its surrounding environment.

Glossary
Highlight
A Latin term often used in scientific studies that indicates experiments were performed outside of normal biological conditions. For example, a study of biological cells in a petri dish is considered in vitro.

Glossary
Highlight
A group of proteins that move along structural cellular filaments (such as actin filaments) and generate force upon addition of ATP. One of the most common types of myosin, myosin II, generates muscle contraction.

Glossary
Highlight
Any disruption to the orientation or arrangement of actin filaments. Motor proteins, such as myosin, can cause actin network deformation by applying forces to the filaments, causing them to change shape or reorganize.

Glossary
Highlight
Actin filaments with opposite directionality. This is similar to arranging two arrows so that the head of one arrow is aligned with the tail of an adjacent arrow. 

Glossary
Highlight
Locations inside the cell where the assembly of individual actin proteins into actin filaments takes place.

Glossary
Highlight
Actin filaments with the same directionality. This is similar to arranging two arrows such that the head of one arrow is aligned with the head of an adjacent arrow.

Glossary
Highlight
A family of proteins that send signals from the cell surface to the actin cytoskeleton.  Mutations in the pWA protein domain cause Wiskott-Aldrich syndrome, an immune deficiency disease.

Glossary
Highlight
Support structure for cells that facilitates transport of nutrients and organelles inside the cell and helps the cell itself move in its environment. The actin cytoskeleton is a network of fiberlike proteins that make up the "skeleton" of a cell. Important filaments that make up the actin cytoskeleton are (1) actin, (2) microtubules, and (3) intermediate filaments.

Glossary
Highlight
The contraction force produced by myosin motors move along actin filaments.

Glossary
Highlight
Referring to the overall structural support framework organized by the actin cytoskeleton

Glossary
Highlight
Characteristics of a material that are quantitatively measured and describe how the material reacts to an applied force. Some examples of mechanical properties include hardness, yield strength, and Young's modulus. It is common for mechanical properties to change depending on the orientation of the material with respect to the applied applied force.

Previous Work
Highlight
Various types of myosin motors have been shown to travel at different velocities and in different locations within a single cell.  This regioselectivity of myosin motors suggests that they play an active role in selecting actin filaments for contraction and disassembly.

Previous Work
Highlight
The lamellipodium is a region of the cytoskeleton defined by tightly packed  actin filaments near the edges of a cell. It has been shown to play a major role in cell motility and migration.

News and Policy Links
Highlight
Migrating cells are problematic in disease, especially in the metastasis of cancer. Researchers have recently discovered a way to block the movement of migrating cells to prevent the spread of cancer.

http://www.biosciencetechnology.com/news/2014/07/blocking-cells%E2%80%99-movement-stop-spread-cancer

News and Policy Links
Highlight
Micropatterning is an important technique for studying extremely small phenomena in biology. It was recently used in the development of a new type of protein test that can detect the presence of disease more quickly and accurately than existing technologies.

http://www.hngn.com/articles/36067/20140714/new-technology-can-improve-diagnostic-testing-through-protein-biomarker.htm

Previous Work
Highlight
Wiskott-Aldrich syndrome is a disease that arises from a group of similar proteins. The proteins have a pWA domain, which is known to facilitate the growth actin. When the protein pWA domain is placed on a surface in a specific shape or pattern (in this case it is a bar-shape), actin will only grow in that shape, with its barbed ends pointed away from the spot it originated.

Previous Work
Highlight

Connect to Learning Standards
Highlight


Connect to Learning Standards
Highlight
Connects to English Language Arts Standards, Science and Technical Subjects Standard CCSS.ELA-LITERACY.RST.11-12.9.

http://www.corestandards.org/ELA-Literacy/RST/11-12/#CCSS.ELA-Literacy.RST.11-12.9

Authors combine information from five sources in this introductory paragraph. It is common to synthesize information from previous works at the beginning of scientific articles to introduce the reader to the subject area.


drome protein pWA domain, ‘an actin-promoting
factor, leads to the formation of a dense mesh-
work on the micropatterned region and parallel
array of filaments with barbed ends oriented
away from the nucleation site out of this re-
gion (/) (movie S1). Addition of myosins to the
polymerization mix—including Arp2/3 complex,
profilin, and actin monomers—allowed us to in-
vestigate the contraction of this network (fig.
S1).(We used double-headed (HMM) myosin
VI (12), a processive pointed end-directed mo-
tor that could sustain continuous force and mo-
tility without the need for self-assembly into
minifilaments.

Green fluorescent protein (GFP)-tagged myo-
sins and Alexa 568-labeled actin monomers
allowed real-time tracking of actin growth and
myosin-induced reorganization (Fig. 1). Myosins
associated with the network and induced a clear
two-phase process constituted by the deformation
of actin networks followed by a massive filament
disassembly of the condensed central meshwork
(Fig. 1A and movie S2, short bars). Depending on
the geometry of the pattern, this two-phase process
could lead to the formation of a disassembly wave
(fig. S2, long bars).'We then tested if a barbed end—
directed myosin had a similar effect on network
reorganization. Muscle myosin II bipolar filaments
induced a two-phase deformation-disassembly of
the network similar to that caused by myosin VI,
although the extent of deformation before disas-

sembly was local and less pronounced (Fig. 1B
and movie S3), presumably because of resistance
from filament cross-linking (/3). Consistent with
this interpretation, the actin filament cross-linker,
o-actinin, also minimized myosin VI-induced mac-
roscopic deformation before network disassembly
(Fig. 1C, fig. S3, and movie S4). Varying myosin
concentration revealed that deformation and dis-
assembly occurred above different concentration
thresholds depending on the reticulated actin net-
work (fig. S3).

(Parallel and polarized filaments emerging)
(from the micropatterned regions with their barbed:
lends oriented outward (/1) did not contract and
(disassemble with either myosin VIor Il

A and B, and movies S2 and S3). Perhaps net-
works composed of randomly oriented filaments
can contract and disassemble, whereas parallel
filament arrays cannot. To understand the contri-
bution of actin filaments’ polarity during acto-
myosin contraction, we used evanescent wave
microscopy to follow in real time the effect of
myosin on a growing branched network (fig.
S4 and movie S5).

(mained as individual patches of branched and)
G ' 1cn individual subnetworks

interacted in antiparallel orientation, myosin rap-
idly induced a deformation of the network by
its alignment into antiparallel bundles (fig. S4
and movie S5).
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Fig. 1. Myosin-induced actin meshwork contraction and disassembly. (A) Time series of myosin VI—
induced network contraction on a bar-shaped micropattern. Actin filaments were visualized with

fluorescent monomers.

“Fire” look-up table color-coding reveals variations in actin network den-

sities, quantified with a line scan along the bar at different time points. Actin density peaks because
of network deformation after 48 min then falls off because of network disassembly. (B) Same as (A)
with muscle myosin ll—induced contraction. (C) Same as (A) with 100 nM o-actinin in the polym-

erization mix.

REPORTS I

This “orientation selection” for selective con-
traction and disassembly of antiparallel fila-
ments by myosin was further tested on networks
of controlled polarity and architecture. Fila-
ments nucleated on an eight-branch radial ar-
ray lead to the formation of all the diversity in
actin organization found in a cell, a meshwork
of branched and randomly oriented actin fila-
ments on the micropattern, bundles of aligned
antiparallel filaments in the most central part
of the array, and bundles of aligned parallel fila-
ments in the distal part of the array (/) (Fig. 2A).
This defined distinction between zones contain-
ing parallel, antiparallel, or branched filament
organizations (Fig. 2G) enabled us to character-
ize the region-selectivity of myosin-induced re-
organization. Myosin VI was chosen to induce
contraction forces on these actin architectures
because it is a pointed end—oriented motor and
can pull on filaments with their barbed ends
pointing out of the micropatterns (fig. S5 and
movie S6). The addition of myosin VI in solu-
tion led to the rapid contraction of the antipar-
allel bundles and branched meshwork, followed
by their disassembly (Fig. 2B, central black
hole after 1640 s; Fig. 2, C and D; and movies
S7 and S8). The parallel bundles remained un-
perturbed and continued to elongate until the
monomers freshly released by central disas-
sembly were consumed (Fig. 2, D and E, and
movie S8), although myosins were present on
these bundles (Fig. 2F) on which they could
move (fig. S6). These processes could also be
monitored on larger structures in which antipar-
allel networks were easier to visualize (fig. S7).

(Fig. 2G).

Next, we further characterized the contrac-
tion properties of bundles of antiparallel fila-
ments and branched meshwork. We compared
the effect of myosins on actin rings in which the
proportion of antiparallel filaments zones were
finely controlled (Fig. 3A). Filaments assemble
into branched meshwork on full rings (Fig. 3A).
On dotted rings, filaments formed branched
meshwork on the dots but specifically formed
bundles of antiparallel filaments between the
dots (Fig. 3A). The proportion of bundles of
antiparallel filaments thus scales inversely with
the number of dots in constant-sized rings. We
monitored actin network contraction and defor-
mation upon the addition of myosin (Fig. 3B
and movie S9). We measured the fluorescence
intensity of actin and myosin in all angular sec-
tors of the rings during contraction (Fig. 3, C
and D). Myosins first accumulated on the actin
network without generating global deformation
(Fig. 3D, green curve before time 0). Above a
critical accumulation of myosins, deformation
started (Fig. 3D, blue curve time 0). Network de-
formation was coupled to network disassembly

www.sciencemag.org SCIENCE VOL 336 8 JUNE 2012


Author's Experiments
Highlight
The amount of myosin with respect to the amount of actin was changed to determine the effect of myosin concentration on dissasembly and deformation of the actin network.

Author's Experiments
Highlight
Authors created patterns where actin filaments form in either a parallel or randomly oriented arrangement. They captured images using a high-resolution  microscope to observe the formation of microfilaments on the patterns over time.

Author's Experiments
Highlight
Fluorescence intensity of GFP (attached to myosin) and Alexa 568 dye (attached to actin) was used to measure how much mysoin and actin was present.

Conclusions
Highlight
Authors identified that parallel and polarized actin filaments did not reorganize or disassemble after myosin was introduced to the system. To test this preliminary conclusion, the authors repeated the experiment while observing the actin filaments under a microscope in real time. 

Conclusions
Highlight
Isolated branched-actin networks and parallel actin do not contract or disassemble when myosin VI is introduced. However, antiparallel actin networks do contract and disassemble into antiparallel  actin bundles when exposed to myosin VI. The authors summarize these conclusions by the term "orientation selection".

Conclusions
Highlight
Myosin-induced contraction and disassembly of antiparallel actin filaments generates free, actin monomers. Simultaneously, parallel actin filaments incorporate these free monomers to grow (which is evident by their increase in length). Therefore, myosin VI induces disassembly of antiparallel actin filaments, and growth of parallel actin filament bundles.

Glossary
Highlight

Glossary
Highlight

Glossary
Highlight
A protein structure made up of seven protein subunits that induces nucleation of actin. Actin that forms as a result of this protein structure grows on the sides of existing actin filaments, and grows in a direction angled 70 degrees from the existing filament. Branched networks of overlapping and linked actin filaments form as a result of actin nucleation caused by the Arp2/3 complex.

Author's Experiments
Highlight
Myosins were added to a group of proteins containing the Arp2/3 complex, profilin, and actin. This caused the actin network to contract. Following this contraction, the actin network reorganized in various ways. The authors used this experiment to understand the effect of myosin on the organization of the actin network.

Author's Experiments
Highlight

Glossary
Highlight
A type of myosin motor with two heads that plays a role in transporting vesicles into the cell, cell migration, and mitosis. Different than most other types of myosin, myosin VI moves toward the minus end of actin filaments.

Glossary
Highlight
Term for the directional end of an actin filament that is shaped like the tip of an arrow. Also known as the "minus" end.

Glossary
Highlight
A mechanism that controls the stepwise movement of a molecular motor along a filamentous structure.

Glossary
Highlight
away from the center; far from the central-most region

Glossary
Highlight
Linked to a protein that fluoresces in a yellow-green wavelength of light. This allows one to visualize and identify a specific molecule to which the fluorescent protein is linked.

Glossary
Highlight
Colored with a fluorescent dye that emits orange light upon exposure to fluorescent light of wavelength 568 nm. This allows one to visualize and identify a specific molecule that is fluorescently dyed. Alexa 568 belongs to a family of fluorescent dyes called Alexa Fluor that are used to label organelles inside cells  in biology.

Author's Experiments
Highlight
Colored with a fluorescent dye that emits orange light upon exposure to fluorescent light of wavelength 568 nm. This allows one to visualize and identify a specific molecule that is fluorescently dyed. Alexa 568 belongs to a family of fluorescent dyes called Alexa Fluor that are used to label organelles inside cells  in biology.

Glossary
Highlight

Author's Experiments
Highlight
The authors repeated the experiment with a different type of myosin -- muscle myosin II.

Glossary
Highlight
Circles made up of many equidistant actin nucleation sites

Glossary
Highlight
A measured quantity that describes the brightness of a fluorescent light source. The quantity of intensity is relative to the measurement system (i.e. the microscope, data acquisition system, and software), and is often reported in arbitrary units.

Glossary
Highlight
linked; dependent

Previous Work
Highlight

Previous Work
Highlight
In force-producing myosins, such as myosin II, single mysoin motors join together and form minifilaments. Using a myosin motor that does not assemble into filaments, such as myosin VI, is important for this study in order to understand the effect of individual force-producing myosins.

Previous Work
Highlight

Connect to Learning Standards
Highlight
Connects to Next Generation Science Standard Practice 2: Analyzing and interpreting data

http://www.nap.edu/openbook.php?record_id=13165&page=42

Here, the authors analyze their data by creating figures (see Figure 2) and drawing conclusions. They correlated the length of time over which the parallel bundles elongate with the time over which the central meshwork disassembles and releases actin monomers. From this analysis, authors interpret that myosin-induced disassembly of the central meshwork provides monomers that the parallel filaments incorporate into their bundles to elongate.
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(Fig. 3D, red curve). In addition, the total amounts
of actin and myosin decreased following a de-
cay pattern similar to that of the radius of both
full and dotted rings (Fig. 3D). As a conse-
quence, the density of actin was constant during
contraction (fig. S8). Each sector of the rings
followed three distinct phases during remodel-
ing (Fig. 3E): first, a delay phase during which fil-
aments were aligned; second, a fast-contraction
phase with a constant rate; and finally, a third
phase during which the network was highly com-
pacted at the ring center and the contraction
slowed down. We measured the rate of the fast-
contraction phase, because it reflects the main
amplitude of change in sector size. We compared
the contraction rates of rings with continuous
or dotted nucleating regions. Dot number and
spacing were chosen to vary the ratio » between
the total length of branched meshwork, Ppanched
(Py or Pb on figures), and the ring’s perimeter,
P. The contraction rate increased significantly
as the ratio » decreased (Fig. 3F and movie

~ (Thus, for a given actin structure, the con-)
(traction rate is determined by the relative pro-|

The contraction rate of an in vivo structure,
such as the cytokinetic ring, increases in pro-
portion to its size, a process termed (SCalability)
although no molecular determinants of the under-
lying mechanism have been established (/4, 15).
To evaluate the respective contributions of ring
size and composition to the contraction rate,
we varied the ring perimeter P and the por-
tion of this perimeter that nucleates a branched
meshwork P, independently (Fig. 4A and movie
S11). When P and P, increased equally, the con-
traction rate was unaffected, although the ring
size increased (see black and blue rings in Fig.
4A). Thus, no scalability is observed when the
proportion of antiparallel bundles and branched
meshwork is maintained constant during size
increase. When P was increased and P, kept
constant, the contraction rate increased (see
the pairs: black, red rings and green, blue rings

| (Scalability is thus only observed
\when the size increase of the actin structure is)
(coupled to an increase of the proportion of
‘antiparallel bundles|

These results demonstrate that contraction
rate variations result from the proportion of
antiparallel filament bundles, which is con-
trolled by the size of and distance between nu-
cleation regions. In all conditions tested, the
velocity, ¥, was proportional to the ratio P/P,,
(fig. S9). These observations could be captured
by a simple physical model in which the con-
traction force was proportional to the amount
of myosins per unit length of filament, and the
friction drag was proportional to the length of
branched meshwork (Fig. 4B). In this model,
network disassembly by myosins plays a pas-
sive role because it simply prevents the elastic
reaction, which could arise from network com-
paction during contraction, but a more active
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Fig. 2. Regioselective action of myosins. (A) Time series of network assembly on an eight-branch
actin-nucleating radial array. (B) Time series of myosin Vi—induced architecture selective con-
traction and disassembly (actin, myosin, and an overlay are shown). (C) Kymograph of actin fluo-
rescence along a parallel bundle [blue dashed line in (B) 5180 s] and central region of actin
filaments [dashed green circle in (B) 5180 s], showing the different localization of elongation and
contraction and of disassembly. (D) Fluorescence intensity of a central zone [dashed green circle in

(B)] and a parallel bundle [blue dashed line in

(B)] over time. (E) Length variations of parallel

bundles over time in the absence or presence of myosins. (F) Line scan of fluorescence intensity
along a parallel bundle confirming myosin presence all along. (G) Schematic representation of the
final architecture on an eight-branch actin-nucleating radial array in the absence or presence of

myosins in solution.

role of network disassembly during contraction
remains possible.

Parallel filaments align and elongate, whereas
antiparallel filaments contract and disassemble.

We term such rules in myosin selectivity an “ori-
entation selection” mechanism that should not
induce a global cell collapse but should instead
support the overall spatial coordination of dif-
ferent actin structures by regulating their specific
reorientation, deformation, and disassembly.
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Conclusions
Highlight
Increasing the amount of antiparallel actin bundles while keeping the amount of branched actin filaments the same results in an increase in velocity of the contraction of actin rings.

Conclusions
Highlight
When both the quantity of branched actin network and the quantity of antiparallel actin bundles were increased by the same amount, the velocity of actin contraction does not change. The contraction rate of actin only increases with the ratio of branched actin network with respect to antiparallel bundles.

Conclusions
Highlight
The way actin filaments are arranged determines the result of myosin interacting with actin. 

Glossary
Highlight
Visual trend in the disappearance or diminishing of something. In this case, the decay patterns for actin and myosin are similar because the time scale and rate at which the dissociate and disassemble is similar.

Glossary
Highlight
The amount of actin present. Density of actin can be quantified using fluorescence intensity.

Glossary
Highlight
The preference of forming or breaking of a chemical bond in one direction rather than any other direction.

Glossary
Highlight
A visual copy of a real-world object, process, or system used to understand new information about the object. The model may be similar in size to its real-world version, or it may be scaled to a smaller or larger size depending on what information the model aims to represent.

Glossary
Highlight
not producing an active response; not the main contributing factor

Glossary
Highlight
The ability of a material to return to its original shape after deformation.

News and Policy Links
Highlight
Scalability, a system's ability to grow in order to accommodate the growth of its contents, is important in the study of biology due to its inherent complexity.  The National Institute of Health (NIH) has recently established a program called the "Big Data to Knowledge Initiative", in which it plans to connect researchers, doctors, data scientists, common citizens, and publishers in order to streamline use of the large biomedical data sets that are unique to each group. A current challenge in biomedical research is that it encompasses a wide variety of professionals, all with different knowledge and expertise. The Big Data to Knowledge Initiative aims to consolidate the data of a variety of professionals. 

NIH has identified scalability as one of two key components to address in order for this initiative to be effective in the future.

http://www.ihealthbeat.org/articles/2014/7/17/nih-moving-forward-with-big-data-initiative-officials-say

Previous Work
Highlight
When a cell divides into two cells, the two daughter cells are smaller in size than the original parent cell. Previous studies have demonstrated that the process of cytokinesis takes the same amount of time regardless of reduction in cell size during division.  This is due to a proportional relationship between the size of the cytokinetic ring and the  contraction rate of the ring.  

Previous Work
Highlight

Connect to Learning Standards
Highlight
The model the authors created here is similar to the mathematical models described by the AP Biology Quantitative Skills Guide. Mathematical models are used to describe biological phenomena, and help understand how different factors affect that particular phenomena. 

Here, the authors develop a model to demonstrate their experimental observation that the contraction rate is proportional to the amount of branched meshwork relative to the amount of antiparallel bundles (P/Pb). By taking the ratio of total contraction force to the resisting (drag) force,
and substituting both force equations, the authors verify that the velocity (contraction rate) is indeed dependent on the relative amount of antiparallel bundles and branched meshwork. 

The most valuable part of mathematical models in biology is the ability to substitute numerical  values into individual variables and see what happens to the result. For example, here, authors could change the number of antiparallel bundles and see what happens to the contraction rate (i.e. does it get larger or smaller?). The ability to use models in this way is extremely useful in biology, as you can predict behaviors that you may not see experimentally.

http://media.collegeboard.com/digitalServices/pdf/ap/AP_Bio_Quantitative_Skills_Guide-2ndPrinting_lkd.pdf
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Glossary
Highlight
Referring to the forces acting in the opposite direction of the relative motion of an object in fluid moving with respect to the surrounding fluid.

References and Notes
Highlight
1. This study explored the role of myosin motors in Potoroo tridactylis kidney cells.  They treated the cells with a drug called butanedione monoxime (BDM) that is known to disrupt the function of muscle myosin II, and showed that it also disrupts nonmuscle myosin II and myosin V adenosine triphosphatases.  Myosin is an actin-dependent protein, so by studying myosin, one can learn about actin structures. After treatment with BDM, the cell spreading rate decreased, which suggests myosin plays a role in cell spreading. Authors visualized actin filaments by staining the cells with a fluorescent protein. This process of visualizing internal cell structures with fluorescence is known as immunofluorescence. Then, images of the cells were captured with a microscope over several minutes. Examination of the spatial organization of actin filaments after cells undergo mitosis showed actin filaments to be randomly oriented near the spreading edge of the cell, and oriented in perpendicular bundles, near the retracting edge.

References and Notes
Highlight
2. Here, a small number of elements that form filapodia-like actin bundles were identified. These elements include beads coated with the Wiskott-Aldrich syndrome protien (WASP), actin, the Arp2/3 complex, and fascin (a protein that cross-links actin). Authors show, in vitro (outside the natural biological context), that actin bundles form similar to how they form in the filapodia. Small beads coated with the WASP were introduced into extracted portions of rat brain. A fluorescent protein that is known to bind to actin, rhodamine-actin, was also introduced into the extract.
Authors observed the formation of actin in a star-like shape. Images of the formation of the star-like shape of actin were captured over time. After several minutes, long parallel unbranched filaments emerged from the WASP-coated beads, and gradually merged into bundles similar to the structure of filapodia.

References and Notes
Highlight
3. This study investigated the structure of actin filament bundles in
the lamella, cell body, and tail of locomoting heart fibroblasts. Authors use rhodamine-phalloidin to stain actin in the fibroblasts. Authors observed three different
types of actin filament organization: regions of uniform polarity in the lamellipodium, graded polarity actin bundles, and disorganized alternating polarity actin bundles in the cell body, lamella, and tail. Graded polarity refers to the filament alternating between parallel and antirparallel orientation. It is reported here, that the polarity of longitudinal actin filament bundles in locomoting fibroblasts is primarily graded in the lamella, cell body, and tail.

References and Notes
Highlight
4. Here, rat embryonic fibroblast cells were injected with tetramethylrhodamine-myosin (fluorescent probe targeted to myosin) to study the formation of actin filaments during periods of protrusion and retraction of the cell edge. An electron microscope was used to visualize the cytoskeleton.  Images show individual mysoins form near the edge during retraction. Over time, these fluorescent 'spots' of individual myosins elongate into longer, thinner 'ribbon'-like structures. Collections of several myosins, or "mini-filaments", meet at a head and arrange into an open, zig-zag formation or a closed, linear stack. This study suggests that myosin mini-filaments oriented in zig-zag formations pull on the actin network, leading to the formation of actin filaments.

References and Notes
Highlight
5. Cell motility is known to depend on actin and myosin, and reorganization of the cytoskeleton as a whole. Here, authors investigate the organization of actin and myosin in fish epidermal keratocytes during translocation of the cell body. Authors divided the cell into three different regions in which to characterize the actin and myosin organization: the lamellipodium (near cell edge), the lamellipodia-cell body transition zone (between cell edge and cell center), and the cell body proper (central cell region). Fluorescent staining of actin and myosin showed a dense meshwork of actin in the lamellipodium with increasing proximity to the cell edge. Myosin density increased inward from the lamellipodium, which is the opposite the trend of actin density. This opposite correlation between myosin and actin suggests the assemble and disassemble independently from one another in the lamellipodium region.

References and Notes
Highlight
6. This work is a "review article”. A review article is a general overview of the findings in specific field typically written by an accomplished researcher(s) in the chosen field. Actin cellular structures are a dynamic systems that governed by their associated properties. The actin cytoskeleton achieves its dynamic nature through assembly and disassembly of actin filaments. This review paper summarizes recent findings on actin associated protein and processes such as leading edge dynamics, growth, termination, and actin recycling. This article proposes a quantitative hypothesis to explain the properties of the leading edge of cells in motion.   

References and Notes
Highlight
7. This work is a "review article”.  A review article is a general overview of the findings in specific field typically written by an accomplished researcher(s) in the chosen field. The field of force generation within cells has seen great strides in the last decade. Techniques such as atomic force microscopy, single molecule fluorescence microscopy, and optical tweezers have helped us understand power stokes, step functions and force generation. Key biological functions such as mitosis, locomotion, transport, and mechanical sensing all require force generation, but have not specifically been described in a single molecule context. This paper provides a detailed overview of all process that include myosin contraction.

References and Notes
Highlight
8. This is a "Communication" article. This type of article is typically short in length and reports a specific, well-documented point. Here, authors image actin and myosin II in vitro using high resolution cryo-transmission electron microscopy.  In this type of microscopy, a sample is examined at extremely cold (cryogenic) temperatures which allows microstructures to be observed without chemical additives or fluorescent staining which can alter the natural response of the sample. Authors showed that the concentration of myosin II motors influences the assembly and disassembly of actin bundles. Without myosin II motors, straight, thick actin bundles formed. Upon addition of myosin II motors, thinner actin bundles formed and the density of existing actin bundles decreased. This study suggests that increasing concentration of myosin II motors promotes depolymerization of actin bundles. Traditionally, myosin and actin have been known to work together within the cytoskeleton to produce contractile cell forces. This study presents a new type of interplay between actin and myosin by reporting myosin II motors to play a role in actin disassembly.

References and Notes
Highlight
9. The article is a "Letter" report. This type of scientific article is a short report containing original research work. It is focused on an outstanding finding of such high importance that it will be of interest to scientists in many fields. Authors in this report investigate the spatial organization of actin network polymerization and depolymerization in motile fish epidermal keratocytes. Fluorescence speckle microscopy (incorporation of low concentrations of fluorescently tagged components into the cell) was used to visualize actin dynamics in a motile cell. Flow patterns of actin showed net actin network assembly in the front of the cell and net disassembly in the rear, similar to a "treadmilling" motion. Visualization of myosin II showed  regions high densities of myosin II localized near regions of actin disassembly. This finding suggests a connection between myosin II activity and actin network disassembly that may play a role in fish keratocyte motility.
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Interactions Between Commensal
Fungi and the C-Type Lectin Receptor
Dectin-1 Influence Colitis

Iliyan D. Iliev, Vincent A. Funari,>® Kent D. Taylor,? Quoclinh Nguyen,? Christopher N. Reyes,*
Samuel P. Strom,? Jordan Brown,? Courtney A. Becker,” Phillip R. Fleshner,* Marla Dubinsky,**®
Jerome I. Rotter,? Hanlin L. Wang,® Dermot P. B. McGovern,*?

Gordon D. Brown,” David M. Underhill**#*

The intestinal microflora, typically equated with bacteria, influences diseases such as obesity and inflammatory
bowel disease. Here, we show that the mammalian gut contains a rich fungal community that interacts
with the immune system through the innate immune receptor Dectin-1. Mice lacking Dectin-1 exhibited
increased susceptibility to chemically induced colitis, which was the result of altered responses to
indigenous fungi. In humans, we identified a polymorphism in the gene for Dectin-1 (CLEC7A) that is
strongly linked to a severe form of ulcerative colitis. Together, our findings reveal a eukaryotic fungal
community in the gut (the “mycobiome”) that coexists with bacteria and substantially expands the
repertoire of organisms interacting with the intestinal immune system to influence health and disease.

flora and the gut immune system are critical

for establishing a balance between immunity
and tissue health. Changes in gut bacteria de-
scribed as “dysbiosis’ have been associated with
intestinal inflammation (/—3) and metabolic syn-
drome (4-6). The vast majority of studies on com-
mensal microbiota have focused on gut bacteria,
and the terms “intestinal microbiota” and “intes-
tinal bacteria” are often used interchangeably.
Recent studies have begun to note, however, that
a fraction of gut microorganisms are not bacterial
(7). Although a few studies have suggested the
presence of commensal fungi in the gut (8, 9),
whether they interact with the mucosal immune
system or influence diseases is unknown.

Interactions between the commensal micro-
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Fungi are recognized by a number of immune
receptors among which Dectin-1 has emerged as
key for phagocytosis and killing by myeloid
phagocytes. Dectin-1 is a C-type lectin receptor
that recognizes B-1,3-glucans found in the cell
walls of nearly all fungi. Dectin-1 activates intra-
cellular signals through caspase recruitment
domain—containing protein 9 (CARD9Y), which
leads to inflammatory cytokine production and
induction of T helper 17 (Ty17) immune responses
(10-13). Deficiencies in either Dectin-1 or CARD9
result in enhanced susceptibility to pathogenic
fungal infections in humans and mice (/4-16).
Polymorphic variants in the gene for CARD9 are
strongly associated with Crohn’s disease and
ulcerative colitis in humans (/7, 18). Further-
more, anti-Saccharomyces cerevisiae antibodies
(ASCA) against yeast mannan have been strong-
ly associated with Crohn’s disease (19, 20). Togeth-
er, these last-named findings suggest a possible
link between immune responses to commensal
fungi and intestinal disease.

We examined fungal distribution and detected
fungal ribosomal DNA (rDNA) throughout the
murine gastrointestinal tract with highest den-
sities in the terminal colon of C57BL/6 (Fig. 1A)
and 129S2/Sv (fig. S1A) mice. We stained co-
lonic tissue sections and observed that fungi are
abundant and in close proximity with commensal
bacteria (Fig. 1B and figs. S1B and S2 to S4).
Furthermore, we found that a soluble Dectin-1

probe (21) binds to 5 to 7% of the fecal ma-
terial, consisting of fungal cells with various
morphologies (Fig. 1C and fig. S5). Fungi were
also present in rat, guinea pig, rabbit, pig, dog, and
human feces (fig. S1C). Together, the data dem-
onstrate that commensal fungi contribute to the
intestinal microbial community in many species.

We next examined whether gut fungi can be
detected by the immune system upon intestinal
insult. We utilized a mouse model of dextran
sodium sulfate (DSS)-induced colitis extended
to allow antibody responses to develop. We found
that DSS-induced intestinal inflammation led to
the development of circulating immunoglobulin G
(IgG) and IgM antibodies against fungi (ASCA)
(Fig. 1D), which suggested that fungal antigens
indigenous to the gut might be responsible for the
induction of ASCA during colitis.

Because gut commensal fungi are recognized
by Dectin-1, we tested whether Dectin-1-deficient
mice (Clec7a™”") are susceptible to DSS-induced
colitis. Clec7a " mice experienced increased
weight loss (Fig. 2A) and displayed altered his-
tology characterized by increased mucosal erosion,
crypt destruction, inflammatory cell infiltration, and
tumor necrosis factor-o (TNF-0)) production in the
colon (Fig. 2, B to D) as compared with their wild-
type (WT) littermate controls. We further detected
augmented production of interferon-y (IFN-y) and
interleukin-17 (IL-17) in intestines from Clec7a
mice (fig. S6). Similar results were obtained com-
paring cohoused animals (fig. S7). These results
indicate that Dectin-1 deficiency leads to increased
susceptibility to colitis.

Many studies have documented the impor-
tance of bacteria in intestinal inflammation, so
we examined whether bacteria could contribute
to the susceptible phenotype. We observed no
significant differences in major phyla of com-
mensal bacteria between WT and Clec7a
mice (fig. S8). To directly determine whether
microflora can transfer disease, we depleted in-
testinal bacteria and fungi with antibiotics, trans-
planted fecal microflora from WT or Clec7a
mice, and exposed mice to DSS. Microflora from
Clec7a" mice did not transfer susceptibility to
disease (Fig. 2, E and F, and figs. S9 and S10).
The data demonstrate that the disease pheno-
type in the Clec7a " mice is affected by the
genotype of the mouse, not by initial differences
in microflora.

We know very little about what commensal
fungi populate the murine gut or how they con-
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References and Notes
Highlight
10. Here, authors study the activity of unconventional myosins (myosin types other than myosin II) in three different cell types. Some previous studies have shown different types of myosin to walk preferentially on specific types of actin. This study further explored this idea by (1) removing the plasma membrane from cells, (2) fluorescently staining actin with rhodamine-phalloidin, and (3) infusing mysoin motors into the cell. Then authors tracked the motility of myosin types V, VI, and X because they are known to show preferential motion on actin. The three different cell types were chosen because they each exhibit a unique actin organization. When motors moved in a straight direction, myosin V commonly moved toward the cell periphery (barbed end of actin) and myosin VI commonly moved toward the cell interior (pointed end of actin). Three categories of directionality of myosin X were shown: (1) radially outward along filopodia, (2) along the cell circumference at the edge of the lamella, and (3) in clusters that lack dominant directionality. This study demonstrates preferential activity of different types of myosin in different regions of the cell. Additionally, each cell type exhibited different regulation of myosin movement.

References and Notes
Highlight
11. This "letter" article is a short report written by the same lead author as the paper we have discussed here.  The authors introduce the technique they developed for micropatterning actin nucleation sites in this previous letter article. They report that shape, orientation, and distance between nucleation regions determine the length and orientation of actin filaments. Authors expanded upon these findings by utilizing their technique to study myosin motor activity on actin filaments in the present study.

References and Notes
Highlight
13. This study creates a "reconstituted system", which is a collection of synthetic components that mimic a real-life process, to investigate cross-linking of actin filaments. Authors purified actin monomers from rabbit skeletal muscle, and combined it with myosin II purified from chicken skeletal muscle and ATP to form a reconstituted acto-myosin system. Cross-linked actin filaments are known to become stiffer with increasing strain. This means, if a force is applied to cross-linked actin, the stiffness of the actin network increases.  This is most likely due to relative sliding of actin filaments caused by myosin motors, which causes tension to accumulate in the actin network. Authors observe that myosin causes actin filaments to contract and reorganize using actin staining and fluorescence microscopy. Addition of myosin to unbundled, homogeneous, filamentous actin does not cause the actin network to reorganize. However, when both myosin and actin crosslinkers (filamin-A) were introduced to the system, small regions of the actin network dispersed into entangled filaments. This suggests that local acto-myosin contractility depends on the presence of cross-linked actin.  Cross-linked actin can resist some applied force by contracting, limiting the amount of actin deformation prior to filament disassembly.

References and Notes
Highlight
14. The goal of this study was to determine how the rate of cytokinesis (the process by which the cytoplasm of a single eukaryotic cell is divided to form two daughter cells) changes with respect to cell size. Authors monitored C.Elegans (a type of worm) during the first five divisions of their embryo. The plasma membrane and myosin motors were labeled with fluorescent probes, which allowed authors to visualize these components with a fluorescent microscope. 

Authors show that constriction of the cytokinetic ring occurs in two distinct phases: (1) an "initial" phase at a constant rate, and then (2) a second phase in which the constriction rate decreases proportionally to the perimeter of the cytokinetic ring. This shows that the same amount of time is required for cytokinesis to occur, even though the individual cell size is decreasing during the splitting of one cell into two. This suggests that there is proportionality between the initial size of the cytokinetic ring and the constant rate at which the ring constricts.  In the paper we have commented here, this is described with the term "scalability".

References and Notes
Highlight
15. This study is based on the work of Reference 14. Here, authors expand on the study of cytokinetic ring constriction in eukaryotic cells by exploring the constriction of the actomyosin ring in fungi. Authors examined septum formation in filamentous fungi, N.crassa. They monitored the formation of an actin-ring, which precedes septum formation, and the presence of myosin by labeling actin and myosin with fluorescent probes and imaging the fungi in real time. The results show that the rate and total duration of cytokinesis increase as cell size increases. Additionally, the amount of myosin incorporated into the forming cytokinetic ring also increases as the ring size increases. This suggests that myosin plays a role in the scalability of the ring during cytokinesis.




