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Abstract

Assemblies of contractile proteins such as actin, myosin and myosin light chain kinase
(MLCK) are found on the posterior surface of the lens fibre cells. The mechanical properties
of chicken lenses, as well as their focal lengths, were found to be affected by the disruption
of the network using inhibitors such as 1-(5-ITodonaphthalene-1sulfonyl)-1H-hexahydro-1,4-
diazepine hydrochloride (ML-7). The purpose of this study is to determine if ML-7, a
MLCK inhibitor influences actomyosin organization in the chicken lens, which may have
lead to the reported changes in stiffness and focal lengths. The Nearest Neighbour Distance
(NND) values will be used to test the following hypotheses: ML-7-treated lenses have
further NNDs compared to their vehicle counterparts, and that the NNDs of the 100pM-
treated lenses would be lower than the lenses treated with lower concentrations (1pM and

10pM) of ML-7.

Eyes of 7-day old white leghorn chickens (gallus gallus domesticus) were obtained. The
anterior segment of one eye is treated with 1nM, 10pM, or 100pM of ML-7, and the other,
with vehicle. The lenses were stained for actin and myosin. The NNDs for actin-actin,
actin-myosin, myosin-actin and myosin-myosin were determined from confocal images of

the networks to quantify the network distribution.

Myosin-myosin NNDs of 10pM-treated lenses showed significantly lower values com-



pared to 100pM-treated lenses. However, it is uncertain whether the significant change
observed was indeed due to ML-7 activity or due to variation between birds. Additionally,
only myosin-actin NNDs showed a significant reduction in treated lenses. These results
suggest that actomyosin interactions affected by ML-7 may have been too subtle to detect,
or compensation by other kinases occurred. Thus, this study was unable to determine if
the stiffness and focal length changes in ML-7-treated lenses observed in previous studies

were related to changes that ML-7 imparts on the actomyosin networks.
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Chapter 1

Introduction

Human lenses undergo a steepening of curvature to bring near objects into focus through
a process called accommodation [1]. The change in the lens’ shape is attributed to the
contraction of a smooth muscle ring attached to the lens known as the ciliary muscle [1].
However, whether the lens itself plays an active role in changing its shape is currently
uncertain. With age, gradual loss of accommodative ability occurs, eventually leading to
the inability to focus on nearby objects, a condition known as presbyopia [2]. It has been
suggested that increased lens rigidity and lifelong lens growth are contributors to presbyopia
[2]. Chickens also experience age-related loss of accommodative amplitude [3]. While there
are differences in the accommodative mechanism of human and chickens, they both deform

their lenses to accommodate, making them an appropriate model for presbyopia studies



14].

Contractile proteins such as actin and non-muscle myosin II (NMII) are found in many
eukaryotic cells, sometimes contributing to cell mechanical properties [5, 6]. For example,
actin-NMII interactions contribute to the shape and deformability of mammalian red blood
cells [6]. This is also the case for endothelial and epithelial cells of other animals [7, §].
Within the lens, actin assembly and disassembly seemingly affects the mouse lens mechanics
[9]. In the chicken lens fibre cells, these proteins are found arranged in hexagonal arrays
on the posterior face [10]. While the actomyosin network may interact with other proteins
on the posterior face of the lens fibre cells to attach to lens capsule and assist with cell
migration, they may also play a role in lenticular biomechanics, similar to red blood cells,
endothelial and other epithelial cells [6-8, 10-12]. After all, fibre cells arise from the
lens’ anterior epithelium. Decreases in the focal lengths of chicken lenses were observed
when treated with a low concentration of a myosin light chain kinase (MLCK) inhibitor
called ML-7 [12]. Moreover, the pharmacological disruption of the network with the same
inhibitor decreased overall lens stiffness at low concentrations, which may have possible

consequences on accommodative amplitudes [11].

The purpose of this study is to determine if ML-7 affects the distribution of the acto-
myosin networks. The 2015 study by Won et al. also showed that there is a relationship

between the distribution of the actomyosin networks and lens stiffness by examining the net-



work’s uniformity [11]. However, some changes in distances between actin and myosin may
not alter the uniformity of the network, which is why this study will compare the nearest
neighbour distances (NNDs) of actin-actin, actin-myosin, myosin-actin and myosin-myosin
in vehicle and ML-7-treated lenses. These distance measurements will be used to test the
hypothesis that ML-7-treated lenses would have higher NNDs compared to their vehicle
counterparts, as ML-7 should hinder actin-myosin interactions. As contractions generated
by the actomyosin systems are associated with tension, and possibly rounding of the lens,
the second hypothesis tested in this study is that the NNDs of lenses treated with 100pM
of ML-7 would be lower than lenses treated with the lower concentrations (1 pM and 10

pM) of ML-7.






Chapter 2

Literature Review

2.1 The Chicken Eye

Animals with anatomical and physiological similarities to humans have provided insight to
numerous research questions in vision science. The chicken is a model often used in ocular
research for some similarities to the human eye, in addition to its availability, low cost and
ease of handling [4, 13]. Chickens are diurnal, visual organisms like humans [13]. Their
use of vision is reflected by the large size of their eyes — a characteristic shared by aves
in comparison to other vertebrate eyes [13, 14]. Similar to other vertebrates, the chicken
eye is a sphere composed of three layers of tissue (also called tunics) and three chambers

[14-16]. The three tunics are as follows:



1. The outer fibrous tunic consisting of the sclera and cornea.

2. The middle vascular tunic (also called the uvea), is composed of the iris, ciliary body

and the choroid.

3. The internal sensory tunic is the retina [1, 15].

The anatomy and function of the structures within the chicken eye have similarities
to the human eye [1, 13, 15]. First, the sclera encloses all but the anterior portion of the
eye, where the transparent cornea allows light into the eye [1, 15]. The amount of light
that passes through to the retina is controlled by the muscular iris that adjusts the size
of the pupil [1, 15]. The iris separates the two chambers that exist between the cornea
and the lens: the anterior and posterior chambers - their names describing their location
relative to the iris [1, 15]. The chambers are filled with aqueous humour, which maintains
intraocular pressure and provides metabolic support for avascular portions of the eye such
as the lens and cornea [1, 15]. The aqueous humor is produced by the ciliary body, which
also plays a role in changing the shape of the lens in both chickens and humans [1, 15]. The
transparent lens is flexible so that its curvature can be changed to refract light at varying
powers to focus onto the retina in a process called accommodation [1]. Posterior to the lens
is the vitreous chamber, filled with the gel-like vitreous humour that the lens depends on

for metabolic support and waste removal [17]. The posterior wall of the vitreous chamber



is mostly covered by the sensory retina, where photoreceptors convert the light into neural
signals for processing by the brain [17]. The main nutrient supply for the retina is provided
by the highly vascularized tissue layer, the choroid [1, 18]. There is a difference, however,
in the source of nourishment for the retina between the humans and chickens, among other

differences which will be discussed next.

As with any animal models, there are differences that distinguish the chicken eye from
those of humans. The chicken sclera has a hyaline cartilage layer in addition to the fibrous
layer also found in primates [19, 20]. Additionally, scleral ossicles surround the chicken
cornea provides structural support during corneal accommodation, which is absent in hu-
mans [21]. In chickens, changes in the corneal curvature assist with accommodation and
is brought about by the ciliary muscle, which has attachment points on the ossicles [13,
18, 21]. Striated ciliary muscles result in stronger and faster accommodation in chickens
compared to smooth ciliary muscle fibres in humans [1, 22|. While the ciliary body is in-
volved with lenticular accommodation in both humans and chickens, it differs in the way it
associates with the lens. The ciliary body makes direct contact with the chicken lens at the
annular pad, a specialized, thickened region of epithelial cells at the equator of the chicken
lens (Figure 2.1) [23]. Humans lack an annular pad; instead, the ciliary body, which is
not in contact with the lens, induces shape changes in the human lens by modifying the

tension in the zonules suspending the lens [1].



ant. suture organelle-free zone

primary fiber cells

nuclei

nuclear debris

Figure 2.1: Cross-section diagram of the chicken crystalline lens. Republished with per-
mission of Journal of Cell Biology, from Chromatin degradation in differentiating fiber
cells of the eye lens, Bassnett, S.; Mataic, D., 137 (1), 1997; permission conveyed through
Copyright Clearance Center, Inc.

Like the ciliary muscle, the iris muscles are striated in chickens and smooth in humans,
though they both also play the role of controlling the amount of light that goes into the
retina [13]. There are quite a few differences between the chicken and human retina, one of
them being the absence of a foveal pit in the chicken retina. Instead, there is a thickened
part of the retina with higher cone density called the afoveate area centralis, which is

considered analogous to the human foveal pit [13, 24]. Six types of photoreceptors are



present in the chicken retina, including double cones for motion perception compared to
the four photoreceptors in humans [13]. Vasculature in the retina also differs, as the chicken
retina is avascular. Instead of the central retinal artery, the vascular pecten oculi, which
arises from the optic nerve head, is thought to provide nutritional support for the retina

in addition to the choriocapillaris [13, 18, 25].

2.2 The Vertebrate Crystalline Lens

The vertebrate lens is a biconvex, transparent structure within the eye [15]. It is composed
of tightly packed fibre cells with an anterior monolayer of epithelium, contained in a acel-
lular, transparent basement membrane called the lens capsule [16, 26]. The lens serves to
focus light onto the retina with minimal scatter, a task that requires transparency and a
high refractive index. Programmed organelle loss, highly regular, and tightly packed lens

fibre cells are some adaptations that contribute to the proper functioning of the lens [27].

2.2.1 Lens Embryology

The lens is derived from surface ectodermal cells. The formation of the rudimentary lens
begins with the thickening of these cells to form the lens placode [28]. The lens placode then

invaginates to form a lens pit. The lens pit closes to develop into the lens vesicle, which



pinches off the surface ectoderm. At this point, the lens vesicle is a spherical monolayer
of epithelial cells with a hollow lumen surrounded by their basement membrane, which
becomes the lens capsule [28, 29]. The posterior cuboidal epithelial cells of the lens vesicle
elongate to become the primary lens fibre cells as they begin filling the lumen of the
vesicle, forming the embryonic nucleus [28]. The secondary fibre cells arise from cells that
migrated from the anterior epithelium to the lens equator, where they elongate, eventually
wrap around the embryonic nucleus [28]. The fibre cells also eventually lose their organelles;
this process is observed by the 12th day of development (E12) in chicks [30]. The ends
of the secondary fibre cells meet anteriorly and posteriorly, resulting in areas of disarray

called sutures.

Among vertebrates, different suture types exist due to the variation in the ends of the
fibre cells such as how much their end widths taper off, which affects where they meet
[31, 32]. The only type of suture that has the cells’ ends meeting at a single point on the
anterior and posterior pole is the umbilical suture, found in aves and reptiles [31-33]. In
other animals, most of the lens fibre cells do not extend all the way to the anterior and
posterior poles, and their meeting points result in the line (in rabbits and amphibians) or
Y-shaped sutures (in many mammals, including humans) [31]. While suture arrangement
influences optical quality and are different in humans compared to chickens, they both

experience an age-related decline of their lens’ optical function and focusing capability [3,

10



34, 35]. This decline is partially attributed to the continuous addition of concentric layers

of fibre cells by elongation and differentiation of the epithelial cells [2, 36].

2.3 Accommodation

Vertebrates change their lenses’ refractive power through a process called accommodation,
which is achieved through the displacement or the deformation of the crystalline lens [37].
Human (Figure 2.2) and chicken (Figure 2.3) lenses belong in the latter group, and increase
their refractive power by steepening the curvature of their lenses. There are, however, some

differences between their accommodative apparatus, which has been outlined in section 2.1.

All zonular
fibres relax

All zonular
fibres taut

Unaccommodated state Accommodated state

Helmholtz’s theory

Figure 2.2: Diagram depicting the human eye in its unaccommodated (left) and the accom-
modated state (right), according to the Helmholtz theory. Republished with permission
of Progress in Retinal and Eye Research, from Biomechanics of the human lens and ac-
commodative system: Functional relevance to physiological states, Wang, K.; Pierscionek,
B.K., 71, 2019; permission conveyed through Copyright Clearance Center, Inc.

11



Figure 2.3: Ultrasound biomicrograph of the chicken eye showing the lens in its unaccom-
modated (left) and the accommodated state (right). Arrows show movement of the lens
surfaces. Scale bar = 0.5mm. Republished with permission of Ophthalmic and Physio-
logical Optics, from Ultrasound biomicroscopy of the anterior segment of the enucleated
chicken eye during accommodation, Choh et al., 22, 2002; permission conveyed through
Copyright Clearance Center, Inc.

2.3.1 Accommodation Theories

The full mechanism remains to be elucidated, however, the crystalline lens’ involvement
in accommodation has been speculated as early as the 17th century by Descartes, who
proposed that focusing on nearby objects is made possible by an increase in lenticular

curvature [38]. Using Purkinje images, Cramer (1853) provided the demonstration for this

12



increase in curvature, at least on the anterior surface of the lens [39]. He theorized that

the ciliary muscle acts on the choroid to push the vitreous against the lens [39].

Like Cramer, Helmholtz (1855) also examined Purkinje images to form his theory,
which is currently the most accepted theory for the mechanism of accommodation [2, 40,
41]. Helmholtz incorporated the zonules into his theory, which hold the lens taut in its
unaccommodated state. During accommodation, the ciliary muscle contracts and zonules
relax, which allows the lens to increase in thickness, curvature, and decrease in equatorial

diameter (Figure 2.2) [40].

Although the Helmholtz theory is the most widespread, there were others who opposed
it. Among the challengers is Tscherning, who argued that ciliary muscle contraction causes
zonular fibres to increase, rather than decrease in tension to flatten the softer lens cortex,
while the rigid nucleus forms a bulge to result in an ”anterior lenticonus” [2, 41, 42].
In agreement with parts of the two opposing theories is Fincham’s capsular theory [43].
Fincham noted that the monkey lens takes on an unaccommodated shape when the lens
capsule is removed, and that the capsule was thicker at the periphery than the central area
[43, 44]. From these observations, he gathered that accommodation involves the zonules
relaxing as Helmholtz has proposed, but suggested that the passive lens was moulded by
the capsule [43-45]. Fincham also thought that the uneven thickness of the capsule would

shape the lens into a conoidal shape as described by Tscherning [43, 44, 46]. However,

13



it was later shown that both the lens and capsule have their own elastic properties, and
that the capsule’s role in accommodation is to distribute forces evenly onto the lens, unlike

what has been suggested by Fincham [47-49].

There is also Coleman’s theory, which highlights the role of the vitreous in modifying the
anterior lens curvature. He theorized that ciliary muscle contraction produces a pressure
gradient, resulting an increase in vitreous chamber pressure and a decrease in anterior
chamber pressure [50]. Since the vitreous pressure supports the back of the lens, the lens is
pushed forward during accommodation, resulting in the steepening of the centre of anterior
lens curvature, and limited posterior curvature change [50]. However, Fisher showed that
there was no significant difference in accommodative amplitude and anterior lens movement
between a normal eye and an eye that has undergone vitrectomy [45]. Additionally, Martin
and colleagues used mathematical models to simulate the change in power that can be
obtained using Helmholtz’ mechanism compared to Coleman’s [51]. The study found that
the simulation using Helmholtz” mechanism resulted in changes in refractive power that

match physiological values, unlike the use of Coleman’s mechanism [51].

More recently, Schachar also proposed a theory opposing Helmholtz’. Similar to Tsch-
erning, he proposes an increase in zonular tension with ciliary muscle contraction [52]. He
specifies that there are groups of zonular fibres which have differing roles; the equatorial

fibres would cause the middle of the lens to deform the lens, while the non-equatorial

14



zonules would provide stability [41, 52, 53]. Schachar also outlined that there would be
an increase in lens diameter during accommodation [52, 53]. Evidence against Schachar’s
theory include studies by Glasser (1994) and Wilson (1997), who showed that the lens
diameter decreased during accommodation as proposed in Helmholtz’s theory [21, 54].
Additionally, the mathematical assumptions made by Schachar to support his theory has
been questioned by Burd (1999), who showed a mathematical model that also supported

Helmholtz’s theory [41, 55].

2.3.2 Presbyopia

The capacity for accommodation inevitably diminishes in humans as they age, leading to
difficulties focusing on nearby objects - a condition known as presbyopia [2, 56]. Presbyopia
affected about 1.04 billion people worldwide in 2005 [57]. Although there are differences in
the accommodative apparatus of humans and chickens (outlined in section 2.1), the age-
related reduction in accommodative amplitude was also observed in chickens by Choh and
colleagues [3]. Despite its ubiquity, the pathophysiology of presbyopia is still uncertain
[2, 13, 58]. Several theories offer explanations for presbyopia which include age-related

changes within the lens and/or the surrounding accommodative apparatus [41, 46].

The Hess-Gullstrand and Duane-Fincham theories are considered to be the two main
theories explaining the mechanism of presbyopia [41, 46]. The Hess-Gullstrand theory as-

15



sumes that the amount of force required from the ciliary muscle to achieve a dioptre change
does not change with age [41]. These authors suggest that age-related changes within the
lens render the contraction of ciliary muscle to be less effective in deforming the lens [41,
59]. Saladin and Stark’s muscle impedance measurements supported this theory, the au-
thors showed that ciliary muscle contraction is proportional to accommodative amplitude
changes and that ciliary muscle force increased, even when maximum accommodation has
been reached, leading to no changes in accommodative amplitude [59, 60]. Opposing the
Hess-Gullstrand theory, the Duane-Fincham theory suggests that the onset of presbyopia
arises from the ciliary muscle not producing enough force to focus on nearby objects, how-
ever, Duane and Fincham disagree as to what causes this problem [41]. Duane [61] believes
that the ciliary muscle weakens with age, but Fincham [43] believes that changes in the
lens and capsule properties result in a higher force demand to achieve a change in power.
Fincham’s proposal was supported by an experiment by Fisher, who showed that the force
generated by the ciliary muscle at the onset of presbyopia is greater compared to those

generated at younger ages [62].

Koretz and Handelman consider the relationship of age-related changes in the lens with
several structures surrounding it in their Geometric Theory [63]. This theory states that as
the anterior lens curvature and thickness increases with age, zonule insertion becomes more

parallel to capsule surface, resulting in increased zonular tension, reducing the efficacy of

16



the ciliary muscle contraction [63]. Strenk and colleagues [2] added to and modified the
Geometric Theory to consider lens growth’s effects on the uvea as a whole. Their Modified
Geometric Theory proposes that lifelong growth and thickening of the lens increases forces
it transmits on the iris; this force, coupled with scleral rigidity, causes anterior and inward
movement of the uveal structures [63]. This movement results in an age-related decrease
in circumlental space, which has been proposed to contribute to the decrease in zonular
tension [64]. This decrease in zonular tension, similar to original Geometric Theory, results

in some of the force generated by the ciliary muscle to be ineffective [2, 64].

While the main theories are focused on the mechanical aspect of presbyopia, the Ge-
ometric Theories considers more elements in explaining the onset of presbyopia. This
theory moves closer to Weale’s suggestion of multiple factors contributing to presbyopia
[65]. Weale’s suggestion comes from his observation that age-related changes occur in sev-
eral structures involved in accommodation, such as, but not limited to the lens itself, the
capsule, ciliary muscle and zonules [65]. He also pointed out that there are also biochemical
and biophysical aspects to consider that may be the cause of certain observed age-related

changes [65].
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2.4 Proteins in the Crystalline Lens

The crystalline lens has about twice the protein content of most tissues [66]. Based on
their solubility in water, two types of protein can be found in the lens, the majority
being the water-soluble crystallins [66]. The water-insoluble proteins consist of membrane
and cytoskeletal proteins [66]. Insoluble proteins include, but are not limited to adhesion
proteins such as N-cadherin, and cytoskeletal proteins such as actin and myosin. The

interaction of three proteins may be relevant for the biomechanical changes in the lens.

2.4.1 Crystallins

Transparency, and a high refractive index are key requirements for the lens to serve its
purpose. To achieve this characteristic, the lens requires a high concentration of stable,
water-soluble proteins such as the crystallins [67, 68]. The crystallins consititute over 90%
of the protein content within the lens, and are resistant to aggregation [66, 67]. The high
concentrations of crystallins and their ”short-range, liquid-like or glass-like order” [68] is
central to the lens’ transparency and high refractive index [66, 69]. The concentration of
crystallins, however, varies throughout the lens; it gradually increases from the lens cortex
toward the nucleus, which results in a refractive index gradient, as protein concentration

is related to refractive index. In spherical lenses such as those in fish, this gradient offsets
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spherical aberration [70, 71]. The gradient arises from a combination of events. Protein
synthesis increases in differentiating fibres [72]. Synthesis continues, slows down and even-
tually stops as the fibre cells mature [72]. Although production stops, there is no protein
turnover in the lens. This lack of turnover increases the protein concentration in the older

fibre cells in the nucleus [71, 72].

Previously thought to be exclusive to the lens, crystallins originated from already ex-
isting heat, stress proteins and enzymes expressed in various tissues. Through evolution,
their genes were recruited into the lens to also serve their lenticular function [73]. There
are three main superfamilies found in vertebrate lenses «, fv and d-crystallins [74]. All

vertebrates possess a and [-crystallins.

Chicken lenses contain crystallins from the «, § and § superfamilies. The J-crystallins
are structural proteins found in avian and reptilian lenses, but not in mammals, teleosts
and amphibians [75]. In embryonic chicken lenses, the d-crystallin is the first and domi-
nant crystallin to be expressed, but its synthesis stops between 3-5 months after hatching
[76]. Initially thought to be completely missing from birds, low levels of y-crystallins were
found in chicken lens tissue, however, their role within the lens is uncertain [77]. Like all
vertebrates, chicken lenses also possess a and [-crystallins. Alpha-crystallins are derived
from a family of heat shock proteins which function as molecular chaperones [67, 73]; mu-

tations of the a-crystallin genes have been related to cataracts [78, 79]. Alpha-crystallins
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are described to be highly polydisperse, existing in different sizes which makes it resistant
to aggregation [67]. The chaperone function, along with its high polydispersity are believed
to be the reasons for its recruitment into the lens [67, 79]. Alpha-crystallin peptides were
also observed to inhibit apoptosis [80]. With no protein or cell turnover, the chaperone
function of a-crystallins is thought to be important in preventing the aggregation and mis-
folding of other proteins [69, 80]. Although the 5 and 7-crystallins are also widespread,
not much is known other than their relation to stress protein superfamilies found in other
tissues [67, 81]. They are, however, speculated to play a role in regulating the packing of

cytoplasmic components within the lens [67].

2.4.2 Actin

Known as the most abundant protein in eukaryotes, it is no surprise that the cytoskele-
tal protein actin is found within the crystalline lens of various organisms [82-85]. Actin
is abundant due to its various roles, including maintaining the cell’s structural integrity.
Without actin, cells would not have a shape, let alone carry out essential biological pro-
cesses such as cell migration, adhesion, division, shape changes and vesicle movement [86,
87]. The dynamics of actin reorganization is important in many of its roles as it has effects
on cytoskeletal and therefore cellular mechanics. Actin crosslinking and its interactions
with other proteins contribute to cellular shape and mechanical integrity, [88] and the dis-
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ruption of actin networks has been shown to affect the stiffness of various cells [89-93] and

chick lens [11].

Actin monomers, or globular actin (G-actin) reversibly polymerizes into filamentous
actin (f-actin or microfilaments), depending on several factors including the ionic strength
of their surroundings and concentration of free g-actin monomers [82, 83]. G-actin monomers
have an adenosine triphosphate (ATP)-binding site on one end and a site that associates
with another G-actin monomer on the opposite end [82, 83]. Consequently, additional
actin monomers are only added to one end during polymerization, which creates a polar
microfilament. The growing end is called the plus (+) end, and the other end is designated
the minus (-) end [82, 83]. This polarity is important in its interactions with myosins, a
motor protein important in many of actin’s functions, which will be discussed later in this

review.

In the crystalline lens, microfilaments are found in the epithelium and the fibre cell
basal membrane complex (BMC) [10, 94]. Rafferty’s group examined the organization of
microfilaments in the apical ends of the lens epithelium and found three types of arrange-
ments: sequestered actin bundles (SABs), stress fibres and polygonal arrays [5, 85, 94—
96]. First observed in mouse lens epithelial cells, then rabbits, a SAB is a single bundle
of actin, often curved, stained brightly in each epithelial cell [5, 85]. Stress fibres consist

of crosslinked microfilaments in a parallel arrangement, sometimes with myosin, bound
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together by various contractile proteins [97]. Among the animals they studied, most of
those that accommodate by lens deformation had actin organized into polygonal arrays
[85]. Following these findings, Rafferty and Scholz also found myosins adjacent to actin
filaments and at the vertices of said polygonal arrays, at least in squirrel and rabbit lenses
[94]. They proposed that these actomyosin polygons may contract the epithelium as a
whole, but suggested that its role is more likely to provide tensile strength to maintain
the integrity of the lens when deformed during accommodation [94]. A similar polygonal
arrangement was later discovered on the posterior face of the lens fibre cells by Bassnett
and his colleagues, in the BMC [10]. Cheng et al. (2018) showed actin’s possible role
in the mechanical integrity of the murine lens through tropomyosin knockout studies [9].
Tropomyosin 3.5 protects f-actin disassembly, and its knockout leads to a change in the

lens’ actin networks, which appeared to soften the lens [9].

2.4.3 Myosin

The protein most commonly associated with actin is myosin [84]. Although there are
many classes of myosins, all members of the myosin superfamily can be described as motor
proteins that convert chemical energy in the form of ATP into mechanical energy via the
enzyme ATPase [83]. This ability gives myosins many functions, the most well-known
one being the generation of contractions in muscles. However, they interact with actin
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in nonmuscle cells as well, driving movement and force generation in processes such as
cell adhesion, migration, stiffness, and shape changes [83, 98, 99]. Myosins have one or
two larger subunits, or heavy chains that are stabilized and/or regulated by one or more
smaller subunits, also referred to as light chains [83, 98]. The heavy chains consist of three
domains: the head, neck and tail, which have variations in the different myosin types [83].
The head region is highly conserved, as it contains the binding sites for actin and ATP and
allows for myosin’s main function as a motor protein [83]. Interaction of the heavy chains
with the light chains happens in the neck domain, which varies between myosin types and
contributes to movements along actin filaments [83, 98]. The least conserved domain, the
tail also moderates binding in the heavy chain, and has a binding site, which determines

its specialized function(s) and location [83, 98].

Found in all but plant eukaryotic cells, the most ubiquitous and well-studied myosin
class is myosin II, or conventional myosin [98, 100]. Non-muscle myosin II interacts with
actin, and has three isoforms: ITA, IIB and IIC, which vary in tissue and cell distribution
[100, 101]. Myosin ITA and IIB are both found within the mouse lens, with IIA widespread
in the developing lens epithelial and fibre cells, while I1B is mostly found in the epithelium
and posterior portion of the fibre cells [10, 102, 103]. Myosin IIB antibody successfully
labels myosin in the chick lens BMC, suggesting that myosin IIB distribution may be

similar in vertebrate lenses (see section 3.3).
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2.4.4 N-cadherin

A superfamily of cell-cell adhesion proteins, cadherins have key roles in tissue morphogen-
esis such as cell recognition, sorting and movement [104, 105]. The adhesive function of
cadherins are attributed to extracellular homophilic interactions and intracellular interac-
tions with the actin cytoskeleton [105]. Several subtypes of cadherins exist with varying
structures and tissue distribution, some tissues expressing more than one subtype [105,
106]. Found in the embryonic chicken lens, subtypes N-cadherin (neural cadherin) and
B-cadherin (brain cadherin) are involved in lens development and morphogenesis [107].
Between the two subtypes, N-cadherin is more widespread in the cell, expressed by both
undifferentiated epithelial cells and differentiated fibre cells at cell-cell junctions [10, 107,
108]. In the BMC, N-cadherins are found midway between cell vertices, where actin bundles
are concentrated [10]. Its position relative to actin and myosin leads to the possibility of
its role in stabilization and transmission of contractile forces generated by the actin-myosin

system [10].

2.5 Actin-myosin Interactions

Interactions between actin and myosin are ubiquitous. Most nonmuscle actomyosin systems

are “small-scale versions” of those found in muscles that also generate contractions when
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myosin II slides the actin filaments in opposite directions [82]. A well-known example of
nonmuscle actomyosin contraction is the contractile ring that forms to separate the two
new cells at the end of cell division [82]. Of interest to this project is their contribution
to mechanical properties of cells; for example, they govern the shape and deformability of
red blood cells, endothelial and epithelial cells [6-8]. The most extensively studied actin-
myosin II systems, however, are those found in muscle cells (also called muscle fibres),
where they are responsible for generating contractions in all three types of muscle fibres:
smooth, cardiac and skeletal [82]. In these muscle fibres, actin and myosin II interact with
other proteins to form thin and thick filaments, respectively. The two types of filaments
are aligned parallel to each other, and the polarity of f-actin is shown by the position of
myosin heads, which all point to the same direction along the thin filaments. The f-actin
polarity and organization of the myosin heads create the appearance of barbed (+) and
pointed (-) ends of the thin filaments, and gives muscle contraction its directionality [82,
83, 109]. During contraction, the myosin heads swivel and pull the thin filaments, as it

moves towards the (4) end of the thin filament [109].

2.5.1 Skeletal Muscle Contraction

Skeletal muscles are attached to bones by connective tissue [56]. Controlled by the somatic
nervous system, these muscles are responsible for voluntary movements, aside from shiv-
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ering to increase body temperature [56]. The thick and thin filaments are arranged in a
parallel order, sometimes overlapping, creating the striations seen under the microscope.
The fundamental contractile unit for the skeletal muscle is called a sarcomere [56]. A sar-
comere has two boundaries, where the (-) ends of microfilaments are aligned and anchored.
The thin filaments do not overlap with the thick filaments near the ends; the interaction
of myosin heads with the thin filaments occur closer to the centre of the sarcomere. This
overlap stops in the middle of the sarcomere, where the myosin tails are bundled. The sar-
comere is the foundation for the sliding filament theory, which is the most widely accepted

model for muscle contraction [56].

The steps of the sliding filament theory are described next, beginning with the rigor
state, where myosin is strongly bound to actin and no nucleotides (ATP or ADP). It should
be noted, however, that in living muscle tissue, the rigor state is transient, as the levels of
ATP in living muscles allow most of the myosin heads to bind ATP almost immediately
after the products of ATP hydrolysis are released. When ATP binds to myosin, myosin
detaches from actin. Myosin breaks down the ATP into adenosine diphosphate (ADP)
and a phosphate group, moving myosin heads move into a cocked position and weakly
bind to actin to form a ”cross-bridge”. Calcium ions (Ca?") initiate a contraction by
unblocking myosin sites, increasing the strength of the actin-myosin bond. The myosin

head swings as it releases the phosphate group from ATP hydrolysis. The myosin head
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pulls the actin filament with it, creating the ”power stroke” and the filaments slide past
each other. Myosin then returns to its original position, and ADP is released, returning to

the rigor state [56].

2.5.2 Cardiac Muscle Contraction

Involuntary contractions propagated by cardiac muscle tissue allows the heart to pump
blood. While they are found only within the heart, the myofilaments in cardiac fibres are
also arranged in sarcomeres, thus sharing their striated appearance and contraction mech-
anism with skeletal muscles [56]. There are, however, differences in contraction regulation
and the isoforms of the contractile proteins involved [110, 111]. Additionally, compared to
multinucleate skeletal muscles, cardiac muscle fibres are uninucleate, shorter and are linked
together via gap junctions like some smooth muscles [56]. The linkage between the muscle
fibres allow the pacemaker cells of the heart to regulate the muscle fibres to contract as a

unit [56].

2.5.3 Smooth Muscle Contraction

Smooth muscles are found in organs and vasculature. They are the most variable group of

muscle fibres, as they require specializations based on their location and function. They
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are also under the control of the autonomic nervous system like the cardiac muscles, but
there are differences in the number of thick and thin filaments and how they are arranged.
Smooth muscle fibres are characterized by a greater actin to myosin ratio compared to
cardiac or skeletal muscles, and the absence of sarcomeres [56]. Instead, the myofilaments
are organized diagonally, resembling a net that wraps around the cell [56]. This arrange-
ment causes the cell to become rounder when the filaments contract [56]. The mechanism
of contraction is quite similar to the skeletal and cardiac muscles, with some differences.
Instead of troponin, Ca?" binds calmodulin to uncover the myosin binding site on the
actin filament. The Ca?*-bound calmodulin then activates MLCK, which phosphorylates
the regulatory light chains of myosin heads to increase ATPase activity, generating a con-
traction [56]. The power stroke and the release of ADP and phosphate group is the same

in smooth muscle systems as the skeletal and cardiac muscle fibres.

2.5.4 Nonmuscle Contraction

Two main types of contractile actomyosin systems exist outside of muscles: stress fibres
and adhesion belts, both of which are found adjacent to cell membranes [82]. Stress fi-
bres are commonly found in the basal membrane in many epithelial cells, including some
lens epithelia, while adhesion belts are commonly found in the apical membrane of many
epithelial cells [82]. Nonmuscle contractile arrangements of actin-myosin resemble sarcom-
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eres of skeletal and cardiac muscles, and functions similarly, where myosin heads pull actin
filaments to slide past them [82, 83]. The mechanism and regulation of nonmuscle contrac-
tion, however, are similar to smooth muscles. The regulation of nonmuscle contraction is
dependent on the phosphorylation of the myosin regulatory light chain by MLCK, which

is activated by Ca?T-bound calmodulin [82, 112].

2.6 Fibre Cell Basal Membrane Complex (BMC)

Lens fibre cells are hexagon-shaped epithelial cells that have undergone differentiation and
elongation. Like other epithelial cells, regions of their plasma membrane have varying
biochemical compositions, allowing the membranes to be distinguished into apical, lateral
and basal domains [113, 114]. The apical membranes of the fibre cells meet each other at
the anterior suture. Actin networks also exist in the apical domain of fibre cells, arranged
in a less regular fashion than those at the BMC [94, 114]. Although scarce, some gap
junctions exist between the anterior epithelium and the fibre cells, suggesting some molec-
ular transport between the anterior epithelial and fibre cells [28, 114]. Additionally, gap
junctions within the lateral domain are responsible for metabolic support and communica-
tion between the fibre cells in the avascular lens [28]. Tight junctions separate the apical

domain of the fibre cells from the lateral domain, which are characterized by the numerous
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interdigitations and desmosomes that join the fibre cells together [28]. This interlocking
contributes to the regular packing of the fibre cells to minimize light scatter, and keeps
them in place during accommodation-related shape changes [28, 114]. While there are no
junctions that distinguish the lateral and basal domains of the fibre cells, the biochemical
composition of the basal membrane is distinct. The posterior face of the fibre cells and
its associated cytoskeletal components is called the basal membrane complex (BMC) [10].
This domain contains specializations for interactions with the lens capsule at the BMC

10].

As is common in many cells, proteins capable of generating and regulating contractions,
such as actin and myosin II, caldesmon and myosin light chain kinase (MLCK) are present
in the BMC [10]. In the BMC, actin is colocalized with N-cadherin (neural cadherin),
forming hexagons with myosin II at its centre to “[resemble] a two-dimensional muscle”

(Figure 2.4) [10].

It is possible that the contractile tone generated by this network could contribute to
altering the shape of the posterior lens during accommodation, while N-cadherin stabilizes
and transmits said contractile forces [10]. Previous studies have suggested the networks’
influence on lenticular biomechanics [11, 12]. First, Luck and Choh showed that treatment
with a low concentration of ML-7, an MLCK inhibitor decreases the focal lengths of chick

lenses [12]. Furthermore, Won et al. showed that pharmacological manipulation of the
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network and the same MLCK inhibitor decreases overall lens stiffness at low concentrations,

which could have consequences on accommodative amplitudes [11].

(o
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actin

. myosin

@® N-cadherin

Figure 2.4: Diagram representing the muscle-like arrangement of actin, myosin and N-
cadherin on the posterior face of the lens. The black arrows show the possible direction
of contractile force transmission. Republished with permission of Journal of Cell Science,
from Molecular architecture of the lens fiber cell basal membrane complex, Bassnett et al.,
112(13), 1999; permission conveyed through Copyright Clearance Center, Inc.
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Chapter 3

Methods

3.1 Animals

This study was conducted in agreement with the Guidelines of the Canadian Council on
Animal Care and was approved by the University of Waterloo Animal Care Committee.
White leghorn (Gallus gallus domesticus) hatchlings were procured from a hatchery (Maple
Leaf Foods, New Hamburg, ON) and raised to 6-8 days prior to euthanasia by decapitation.
Previous studies which reported the effects of ML-7 on chick lenses also used 6-8-day old
chick lenses [11, 12]. Chicks were housed in stainless steel brooders with a heat source,

kept on a 14:10-hour light:dark cycle, and provided with food and water ad libitum.
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3.2 ML-7

Hexahydro-1-[(5-iodo-1-naphthalenyl)sulfonyl]-1H-1,4-diazepine hydrochloride (ML-7), is a
competitive, reversible inhibitor that targets the ATP binding site of MLCK [115, 116].
Inhibiting MLCK prevents the phosphorylation of the MLC, thereby preventing actin and

myosin from generating contractions.

3.3 Lens Dissections and Treatments

Following decapitation, the eyes of the chicks were enucleated and placed in Tyrode’s
solution (TS). The posterior segment was removed, and the anterior segment was exposed
to the appropriate solution. For each bird, one eye was treated with ML-7, the other treated
with vehicle for 15 minutes. The treatment solutions were: 1 pM ML-7 in 0.001% (v/v)
ethanol (EtOH) in TS, 10 pM ML-7 in 0.01% (v/v) EtOH in TS or 100 ptM ML-7 in 0.1%
(v/v) EtOH. The vehicle solutions contained: 0.001% (v/v) EtOH in TS, 0.01% (v/v)
EtOH in TS or 0.1% (v/v) EtOH TS. Following treatment, the anterior segments were
briefly dipped in TS and fixed with 4% paraformaldehyde (PFA) solution in phosphate
buffered saline (PBS) for 10 minutes. After fixation, the anterior segments were rinsed
with TS (3 x 5 minutes) and lenses were isolated from the surrounding structures for
immunostaining.
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3.4 Immunohistochemistry and Confocal Microscopy

Extracted lenses were rinsed with TS (3 x 5 minutes), then permeabilized in 0.1% Triton-X
in PBS for 30 minutes. They were rinsed with PBS (3 x 5 minutes) prior to incubation in
a mouse anti-myosin antibody (Developmental Studies Hybridoma Bank CMII 23, 1:100
dilution in PBS, 2 hours at 37°C). Three more washes with PBS preceded the addition of
goat anti-mouse secondary antibody conjugated with Texas Red (ab6787, Abcam, 1:200
dilution in PBS overnight at room temperature). Three final PBS rinses preceded counter-
staining with Phalloidin-iFluor 488 Reagent (ab176753, 1:1000 dilution in PBS, 15 minutes
at room temperature). Whole lenses were mounted onto slides using 5% (w/v) agar solu-
tion in water. The posterior pole was topped with a coverslip coated with Prolong Gold
(P36934, Life Technologies). Images were captured using a Zeiss LSM510 Meta confocal

microscope and the Zen 2009 software.

3.5 Centroid Detection Validation

Two available methods of analyzing and quantifying myosin distributions were compared
to a custom MATLAB software coded by Dr. Alexander Wong. Lenses from 7-day old
white leghorn (Gallus gallus domesticus) chickens were labelled for myosin as outlined
above. Nearest neighbour distances (NNDs) for myosin centroids at the posterior surface
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were determined using the following methods on the same image (Figure 3.1):

1. ImageJ: manual using the Elliptical tool

2. ImageJ: automatic using the Analyze Particle tool

3. MATLAB: automatic using custom-coded software

Figure 3.1: Myosin centroid detection using ImageJ Analyze Particles (A), ImageJ Ellip-
tical tool (B), custom-coded software on MATLAB (C) Regions of interest are outlined in
yellow in (A) and (B), and centroids are denoted by the green dots in (C).

For both methods on ImageJ, the NND plugin was used, following the centroid detection
using the methods outlined above. First, the Elliptical tool (manual) on ImageJ was used to
determine XY centres of ellipses superimposed on the image by the user. Three ellipses were
superimposed on each centroid to account for user error, and these results were averaged.
For the automated ImageJ method, the image was converted to a binary format using the

program’s "Make Binary” function. The ”Fill Holes” and ”Eraser” tools in ImageJ were
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used to correct centroids altered by the thresholding process before determining the myosin
centres using the Analyze Particles tool. For analysis in MATLAB, the image was opened
and the custom-coded script was run to obtain the myosin centres and NNDs. Corrections
were made using MATLAB’s "Brush Tool”. This allowed the user to select and remove
erroneously detected centroids, such as those on the edges of the image, shown by arrows
in Figure 3.1C). The three methods of calculating NNDs from the same 135 centroids were

analyzed using repeated measures ANOVA.

The Analyze Particles tool detected the fewest centroids (135) compared to the Ellip-
tical (166) and MATLAB methods (163). Ranges and mean NNDs (+standard deviation
(SD)) for the same 135 centroids are listed in Table 3.1. There were no significant differ-

ences found between the three methods (P=0.2754).

Parameter Analyze particles | Elliptical tool | MATLAB
Range 7.98-10.31 8.13-9.87 8.07-10.03
Mean NND + SD (pm) 9.02+0.47 8.97+0.35 8.96+0.38

Table 3.1: Ranges and means for the NNDs of the same 135 myosin centroids using three
methods of centroid detection

Although the elliptical tool allowed for the detection of more centroids, the ellipses do
not always fit properly (asterisks, Figure 3.1B), possibly leading to inaccurate NND values.
The MATLAB program uses adaptive thresholding to consider variations in illumination,

allowing it to detect more centroids with fewer detection errors than the Analyze Particles
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tool (arrows, Figure 3.1A, 3.1C).

The custom MATLAB program was chosen for determining the distances between the
proteins in the actomyosin network. In the event that centroids were missed by the MAT-
LAB software, the Elliptical tool from ImageJ was used to manually determine the coor-
dinates of these centroids. The coordinates of the missing centroids were then added onto

the variables table on MATLAB, and the code was run again to obtain the NNDs.

3.6 Actomyosin Network Analysis and Quantification

Confocal images of the actomyosin networks were taken 0.5mm away from the suture in the
direction of the four cardinal points. Due to the curvatures of the lens, images at different
depths were taken to fill the whole frame. These stacks were combined into a single image

using the "7 Project” tool on imageJ using the ”Max Intensity” setting prior to analysis.

The custom MATLAB software coded by Dr. Alexander Wong was chosen from the
comparison outlined in section 3.4. The code uses adaptive thresholding, which is able
to handle images with uneven illumination [117]. The centroids were then detected. The
MATLAB software was then further developed to detect actin and compute four types of

NND measurements to determine the effects of ML-7 on network distribution:

1. actin-actin
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2. actin-myosin
3. myosin-actin

4. myosin-myosin

The distances are computed in pixels, which was converted to micrometres (um). By
measuring scale bars thrice in 10 different images using ImageJ, it was determined that 1

pm was equal to 3.3875 pixels.

3.7 Statistical Analysis

For each image, the nearest neighbour distances of actin and myosin centroids were com-
puted by the MATLAB code, then these values were averaged. Four images of the acto-
myosin networks were collected from each eye, and the mean nearest actin-actin, actin-
myosin, myosin-myosin and myosin-actin distances from the four images were averaged.
To determine if there were significant changes in the network distributions, a two-way re-
peated measures analysis of variance (RM ANOVA) was used (GraphPad Software Inc.,
San Diego, CA). Values were matched by subjects to determine how much variation was
due to the different birds. Tukey’s and Bonferroni’s multiple comparisons test was also

used to detect any differences arising from the different concentrations of ML-7 (Jamovi).
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To determine if there are any differences in effects between concentrations, distances
were presented as relative NNDs (percent of the vehicle-treated lenses) to account for
variability between birds. The Kruskal-Wallis and Dunn’s Multiple Comparisons tests were
used to assess if any differences in relative NNDs between concentrations were statistically
significant (GraphPad Software Inc., San Diego, CA). For all experiments, differences were

considered significant if P<0.05.
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Chapter 4

Results

4.1 Analysis of NND Measurements

Confocal images of the actomyosin networks show no obvious deviations in the ML-7-
treated lenses from the vehicle-treated lenses (Figure 4.1). The minimal effect was also re-
flected by the similar mean NNDs of the treated and vehicle lenses, except for myosin-actin.
Myosin-myosin had the furthest mean NNDs(£+SD) (9.30pm=0.39 treated; 9.45pm=0.37
vehicle), followed by actin-myosin (6.17pm=+0.26 treated; 6.25pm=0.26 vehicle), myosin-
actin (4.86pm=+0.21 treated; 4.94pm=0.22 vehicle) and actin-actin(4.67pm=+0.16 treated;

4.72pnm=0.17 vehicle)
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The distributions of the distances for all NND measurements in the 1, 10 and 100 pM
groups were different, but the ranges between the eyes for each group were relatively similar
(Figure 4.2). When mean NND measurements for the treated lenses were compared to the
vehicle lenses, there were no significant differences in the actin-actin, actin-myosin, myosin-
myosin NNDs (P>0.1994). Mean myosin-actin distances, however, were lower in the treated
(4.86pm=0.21) lenses versus the vehicle lenses (4.94um+0.022; P=0.0454) across the three

concentrations (Figure 4.3).

4.2 Effects of Different ML-7 Concentrations

No difference in mean NNDs was found at the various concentrations (P>0.0973), nor
was there any interaction between concentration and treatment (P>0.2010), except for the
myosin-myosin NND measurements (Figure 4.2). For this comparison, the NND values for
the 10 pM-treated eyes (mean+SD 9.01 nm=+0.32) were shorter than those for the 100 pM-
treated eyes (9.66 1m=+0.33)(P=0.034). No differences were observed between vehicle eyes
at the various concentrations. However, when NNDs for treated eyes were expressed as a
percent of their vehicle counterparts (Figure 4.4), no significant differences were observed
between the concentration groups for the myosin-actin group (P 0.3112), nor the myosin-

myosin group (P 0.1066); mean relative NNDs from highest to lowest were: 99.7%+1.9
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(100pM), 99.2%=+1.9 (1pM) 97.2%=+3.1 (10pM). The same relative order was observed for
the other NND measurements except for actin-myosin, which showed the highest relative

means in the 100pM (100.6%=+1.7), followed by 10puM (99.3%=+5.4) and 1pM (96.7%=+4.3).
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10 pM

100 pM

Figure 4.1: Confocal images of actin (green) and myosin (red) networks of 7-day old chicks.
Treated and vehicle pairs are eyes from the same bird. Scale bar = 10pm.
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Figure 4.2: Mean NNDs (£SD) in pm for actin-actin (A), actin-myosin (B), myosin-
myosin (C), myosin-actin (D) for lenses treated with vehicle, 1pM (n=6), 10pM (n=7)
or 100p(n=>5) of ML-7. The asterisk in (C) denotes a significant difference in myosin-
myosin NNDs between 10pM and 100pM-treated lenses (P=0.034)
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Figure 4.3: Mean NNDs (£SD) in pm for actin-actin (A), actin-myosin (B), myosin-
myosin (C), myosin-actin (D) for lenses treated with vehicle, IpM (n=6), 10pM (n=7)
or 100p(n=5) of ML-7. The asterisk in (D) denotes a significant difference in myosin-actin
NNDs between vehicle and treated lenses across all three concentrations (P=0.0454)
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Figure 4.4: Mean Relative NNDs (£SD) as % of vehicle for actin-actin (A), actin-myosin
(B), myosin-myosin (C), myosin-actin (D) for lenses treated with 1pM (n=6), 10pM (n=7)
or 100p(n=>5) of ML-7.
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Chapter 5

Discussion

5.1 ML-7 and the Actomyosin Network Distribution

MLCK is involved in the phosphorylation of the myosin light chain (MLC), which results
in myosin’s interaction with actin, and contraction of the actomyosin network (Figure 5.1)
[56]. The contractile tone generated by this system increases the stiffness of various muscle
and nonmuscle cells [82, 98, 99]. Given that ML-7 inhibits MLCK, which has a key role
in actomyosin network contractions, treated lenses were expected to have decreased actin-
myosin interactions, resulting in larger NNDs. However, a significant reduction was found
when comparing mean myosin-actin NNDs of the treated and vehicle lenses (Figure 4.3).
This finding does not support the idea that ML-7 treatment would result in further NNDs

49



< O\

in light Phosphorviat d@ Contraction:
myosin lig osphorylate ) :
chain (MLC) MLC (MLC-P) actin-myosin

interaction

Myosin light
chain kinase

(MLCK)

Figure 5.1: Diagram depicting the mechanism of MLC phosphorylation by MLCK, and
inhibition of MLCK by ML-7. Redrawn with modifications under Creative Commons At-
tribution 4.0 (http://creativecommons.org/licenses/by/4.0/), from Polycystin-1 Regulates
Actomyosin Contraction and the Cellular Response to Extracellular Stiffness, Nigro et al.,
Scientific Reports 9, 2019.

between actin and myosin by preventing their interactions. ML-7 treatment also did not
have significant effects on the other NND values. The presence of other kinases may explain
why there was a decrease in myosin-actin NND values, and why it did not have a significant
effect on the other NND values. ML-7 is specific to MLCK, and MLCK is not the only
kinase which phosphorylates the MLC [118]. Another major family of kinases within the
lens and many other cells is the Rho-associated protein kinase (ROCK) family of kinases or
Rho-kinases [102]. These kinases regulate actin-myosin interactions in lens epithelial cell

proliferation and migration [102]. Similar to MLCK, Rho-kinases are also involved in the
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phosphorylation of the myosin light chain [102, 118]. It is possible that the effect of ML-7
was diminished by the Rho-kinase activity, which may have compensated for the inhibited
MLCK. Additionally, experiments performed in fibroblasts involving Rho-kinase may also
explain why a reduction or no changes in NND would be found in concentrations that
were previously reported to cause softening of the lens. Studies from the Radmacher group
found that fibroblasts were softer when treated with ML-7, but not when a Rho-kinase
inhibitor Y27632 was used [99, 119]. Taken together, the results of these fibroblast studies
seem to suggest that ML-7-associated softening of tissues may not be related to its effects

on the actomyosin networks.

Lenses treated with 100 ptM ML-7 were shown to be stiffer and have shorter focal
lengths, and these characteristics are associated with higher tension in the actomyosin
networks [11, 12]. Therefore, shorter NNDs were expected to accompany lenses treated
with 100pM ML-7, and greater NNDs to accompany the lower concentrations. If the
results were consistent with this hypothesis, it would support the idea that stiffening and
softening of the lens by ML-7 is a result of its effects on the actomyosin network. In
this study, significant changes between 10pM and 100pM-treated lenses were only found
in myosin-myosin NNDs. These changes were accompanied by some spread in the data
(Figure 4.2), possibly due to variation between birds, which can be seen qualitatively by

comparing the confocal images of the networks of the vehicle-treated lenses in Figure 4.1.
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A possible cause for these differences may lie in the experimental procedure. Adjustments
to the experimental protocol had to be made due to COVID safety restrictions. These
changes included having to transport samples across campus prior to processing tissues.
This results in extended time between sacrifice and tissue processing, and possibly, exposure
to variations in outdoor temperatures, including freezing temperatures. A consequence of
this lengthened time after sacrifice was a limit on the number of chicks that was able to
be processed in one study repetition, as dissections take some time before staining. In
the interest of maintaining tissue integrity, the number of chicks that was studied in one
experiment was limited to 2-3. Thus, data was collected from separate batches of chicks,
possibly resulting in the variation observed. The smaller batches also resulted in the
experiments being conducted through different seasons, therefore, circannual rhythms may
have contributed to variations as well. To account for the between-bird variation, relative
NND values were calculated (percentage of the vehicle eye NNDs). The lack of significance
when the mean relative myosin-myosin NNDs at different concentrations were compared
seems to support the idea that the significant difference in myosin-myosin NND values
between the 10 and 100 pM ML-7 treatments may be due to the variation between birds.
Consequently, these findings cannot be used to conclude if various ML-7 concentrations

affect the actomyosin networks differently.
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5.2 Future Work

It is possible that the effects of ML-7 were dampened by the presence of other kinases
that phosphorylate MLC such as ROCK. Matsui and Deguchi (2019) found that inhi-
bition of ROCK in vascular smooth muscle cells had a greater effect than inhibition of
MLCK via ML-7 [118]. They also suggested the rebound of phosphorylation activity may
be due to compensation by other kinases [118]; this may also explain the lens stiffening
previously reported in higher ML-7 concentrations [11, 12]. Investigating the actomyosin
networks in lenses treated with MLCK only, Y27632 only, and both inhibitors would help
rule out ROCK’s possible role in compensation. Additionally, comparing the stiffness in
lenses treated with ML-7 to Y27632, both inhibitors, and vehicle, may also help determine

whether the softening of the lens is due to the effects of ML-7 on the actomyosin networks.

5.3 Conclusion

This study was able to quantify distributions and recognize changes in the actomyosin net-
work, detecting lower myosin-myosin NNDs of 10pM-treated lenses compared to 100pM-
treated lenses. However, it is uncertain whether or not the difference between concen-
trations was due to variation between birds. Therefore, these results cannot be used to
conclude whether or not various ML-7 concentrations affect networks differently. A signifi-
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cant reduction was also found in the myosin-actin NNDs of ML-7-treated lenses compared
to their vehicle counterparts, which is inconsistent with the role of ML-7 preventing ac-
tomyosin interactions. Additionally, there were no changes observed between treated and
vehicle lenses in the other types of NND measurements, including actin-myosin. The results
suggest that ML-7 has little to no effect on the networks. Additionally, while the changes
seen in the network could be due to ML-7 activity, it could have also been influenced
by the small sample and/or other kinases. Therefore, it is uncertain if the stiffness and
focal length changes in ML-7-treated lenses observed in previous studies were related to
the influence of ML-7 on the actomyosin networks. Future experiments with other kinase

inhibitors would determine if ML-7 changes the actomyosin network distribution.

o4



Letters of Copyright Permission

95



3/4/22,3:06 PM

CCC Marketplace”

This is a License Agreement between Adeline Suko / University of Waterloo ("User") and Copyright Clearance
Center, Inc. ("CCC") on behalf of the Rightsholder identified in the order details below. The license consists of the
order details, the CCC Terms and Conditions below, and any Rightsholder Terms and Conditions which are

included below.

https://marketplace.copyright.com/rs-ui-web/mp/license/13e7223b-ad2a-423b-86e9-821da8 1ba0b4/07de2f54-287b-43{8-b277-8333c56ce003

All payments must be made in full to CCC in accordance with the CCC Terms and Conditions below.

Order Date
Order License ID
ISSN

LICENSED CONTENT

Publication Title

Article Title

Author/Editor

Date
Language

Country

REQUEST DETAILS

Portion Type

Number of images /
photos / illustrations

Format (select all that
apply)

Who will republish the
content?

Duration of Use

Lifetime Unit Quantity
Rights Requested

NEW WORK DETAILS

Title

Instructor name

22-Feb-2022
1192058-1
0021-9533

Journal of cell science

Molecular architecture of
the lens fiber cell basal
membrane complex.

COMPANY OF
BIOLOGISTS.

01/01/1966
English

United Kingdom of Great
Britain and Northern
Ireland

Image/photo/illustration
1

Print, Electronic

Academic institution

Life of current and all
future editions

Up to 499
Main product

Effect of ML-7 on
Actomyosin Networks of
the Avian Crystalline Lens

Adeline Suko

ADDITIONAL DETAILS

56

Type of Use

Publisher
Portion

Rightsholder

Publication Type
Start Page

End Page

Issue

Volume

Distribution

Translation

Copies for the disabled?
Minor editing privileges?

Incidental promotional
use?

Currency

Institution name

Expected presentation
date

Republish in a
thesis/dissertation
Company of Biologists Ltd.
Image/photo/illustration

The Company of Biologists
Ltd.

Journal
2155

2165

13

112 (Pt 13)

Worldwide

Original language of
publication

No
Yes
No

CAD

University of Waterloo
2022-04-20

https://marketplace.copyright.com/rs-ui-web/mp/license/13e7223b-ad2a-423b-86e9-821da8 1 baOb4/07de2f54-287b-43f8-b277-8333c56ce003

1/5



3/4/22,3:06 PM https://marketplace.copyright.com/rs-ui-web/mp/license/13e7223b-ad2a-423b-86e9-821da8 1ba0b4/07de2f54-287b-43{8-b277-8333c56ce003

Order reference number N/A The requesting person / Adeline Suko / University
organization to appear of Waterloo
on the license

REUSE CONTENT DETAILS

Title, description or Figure 14 Title of the Molecular architecture of

numeric reference of the article/chapter the the lens fiber cell basal

portion(s) portion is from membrane complex.

Editor of portion(s) Bassnett, S; Missey, H; Author of portion(s) Bassnett, S; Missey, H;
Vucemilo, | Vucemilo, |

Volume of serial or 112 (Pt13) Issue, if republishing an 13

monograph article from a serial

Page or page range of 2155-2165 Publication date of 1999-07-01

portion portion

RIGHTSHOLDER TERMS AND CONDITIONS

The acknowledgement should state "Reproduced / adapted with permission" and give the source journal name. The
acknowledgement should either provide full citation details or refer to the relevant citation in the article reference list.
The full citation details should include authors, journal, year, volume, issue and page citation. Where appearing online or
in other electronic media, a link should be provided to the original article (e.g. via DOI): Development: dev.biologists.org
Disease Models & Mechanisms: dmm.biologists.org Journal of Cell Science: jcs.biologists.org The Journal of Experimental
Biology: jeb.biologists.org

CCC Terms and Conditions

1. Description of Service; Defined Terms. This Republication License enables the User to obtain licenses for
republication of one or more copyrighted works as described in detail on the relevant Order Confirmation (the
"Work(s)"). Copyright Clearance Center, Inc. ("CCC") grants licenses through the Service on behalf of the
rightsholder identified on the Order Confirmation (the "Rightsholder"). "Republication", as used herein, generally
means the inclusion of a Work, in whole or in part, in a new work or works, also as described on the Order
Confirmation. "User", as used herein, means the person or entity making such republication.

2. The terms set forth in the relevant Order Confirmation, and any terms set by the Rightsholder with respect to a
particular Work, govern the terms of use of Works in connection with the Service. By using the Service, the person
transacting for a republication license on behalf of the User represents and warrants that he/she/it (a) has been
duly authorized by the User to accept, and hereby does accept, all such terms and conditions on behalf of User,
and (b) shall inform User of all such terms and conditions. In the event such person is a "freelancer" or other third
party independent of User and CCC, such party shall be deemed jointly a "User" for purposes of these terms and
conditions. In any event, User shall be deemed to have accepted and agreed to all such terms and conditions if
User republishes the Work in any fashion.

3. Scope of License; Limitations and Obligations.

3.1. All Works and all rights therein, including copyright rights, remain the sole and exclusive property of the
Rightsholder. The license created by the exchange of an Order Confirmation (and/or any invoice) and
payment by User of the full amount set forth on that document includes only those rights expressly set
forth in the Order Confirmation and in these terms and conditions, and conveys no other rights in the
Work(s) to User. All rights not expressly granted are hereby reserved.

3.2.
General Payment Terms: You may pay by credit card or through an account with us payable at the end of

the month. If you and we agree that you may establish a standing account with CCC, then the following
terms apply: Remit Payment to: Copyright Clearance Center, 29118 Network Place, Chicago, IL 60673-1291.
Payments Due: Invoices are payable upon their delivery to you (or upon our notice to you that they are

https://marketplace.copyright.com/rs-ui-web/mp/license/13e7223b-ad2a-423b-86e9-821da8 1 baOb4/07de2f54-287b-43f8-b277-8333c56ce003

o7

2/5



3/4/22,3:06 PM https://marketplace.copyright.com/rs-ui-web/mp/license/13e7223b-ad2a-423b-86e9-821da8 1ba0b4/07de2f54-287b-43{8-b277-8333c56ce003

available to you for downloading). After 30 days, outstanding amounts will be subject to a service charge of
1-1/2% per month or, if less, the maximum rate allowed by applicable law. Unless otherwise specifically set
forth in the Order Confirmation or in a separate written agreement signed by CCC, invoices are due and
payable on "net 30" terms. While User may exercise the rights licensed immediately upon issuance of the
Order Confirmation, the license is automatically revoked and is null and void, as if it had never been
issued, if complete payment for the license is not received on a timely basis either from User directly or
through a payment agent, such as a credit card company.

3.3. Unless otherwise provided in the Order Confirmation, any grant of rights to User (i) is "one-time" (including
the editions and product family specified in the license), (ii) is non-exclusive and non-transferable and (iii)
is subject to any and all limitations and restrictions (such as, but not limited to, limitations on duration of
use or circulation) included in the Order Confirmation or invoice and/or in these terms and conditions.
Upon completion of the licensed use, User shall either secure a new permission for further use of the
Work(s) or immediately cease any new use of the Work(s) and shall render inaccessible (such as by
deleting or by removing or severing links or other locators) any further copies of the Work (except for
copies printed on paper in accordance with this license and still in User's stock at the end of such period).

3.4. In the event that the material for which a republication license is sought includes third party materials
(such as photographs, illustrations, graphs, inserts and similar materials) which are identified in such
material as having been used by permission, User is responsible for identifying, and seeking separate
licenses (under this Service or otherwise) for, any of such third party materials; without a separate license,
such third party materials may not be used.

3.5. Use of proper copyright notice for a Work is required as a condition of any license granted under the
Service. Unless otherwise provided in the Order Confirmation, a proper copyright notice will read
substantially as follows: "Republished with permission of [Rightsholder's name], from [Work's title, author,
volume, edition number and year of copyright]; permission conveyed through Copyright Clearance Center,
Inc. " Such notice must be provided in a reasonably legible font size and must be placed either
immediately adjacent to the Work as used (for example, as part of a by-line or footnote but not as a
separate electronic link) or in the place where substantially all other credits or notices for the new work
containing the republished Work are located. Failure to include the required notice results in loss to the
Rightsholder and CCC, and the User shall be liable to pay liquidated damages for each such failure equal
to twice the use fee specified in the Order Confirmation, in addition to the use fee itself and any other fees
and charges specified.

3.6. User may only make alterations to the Work if and as expressly set forth in the Order Confirmation. No
Work may be used in any way that is defamatory, violates the rights of third parties (including such third
parties' rights of copyright, privacy, publicity, or other tangible or intangible property), or is otherwise
illegal, sexually explicit or obscene. In addition, User may not conjoin a Work with any other material that
may result in damage to the reputation of the Rightsholder. User agrees to inform CCC if it becomes aware
of any infringement of any rights in a Work and to cooperate with any reasonable request of CCC or the
Rightsholder in connection therewith.

4. Indemnity. User hereby indemnifies and agrees to defend the Rightsholder and CCC, and their respective
employees and directors, against all claims, liability, damages, costs and expenses, including legal fees and
expenses, arising out of any use of a Work beyond the scope of the rights granted herein, or any use of a Work
which has been altered in any unauthorized way by User, including claims of defamation or infringement of rights
of copyright, publicity, privacy or other tangible or intangible property.

Limitation of Liability. UNDER NO CIRCUMSTANCES WILL CCC OR THE RIGHTSHOLDER BE LIABLE FOR ANY DIRECT,
INDIRECT, CONSEQUENTIAL OR INCIDENTAL DAMAGES (INCLUDING WITHOUT LIMITATION DAMAGES FOR LOSS OF
BUSINESS PROFITS OR INFORMATION, OR FOR BUSINESS INTERRUPTION) ARISING OUT OF THE USE OR INABILITY
TO USE A WORK, EVEN IF ONE OF THEM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In any event,
the total liability of the Rightsholder and CCC (including their respective employees and directors) shall not exceed
the total amount actually paid by User for this license. User assumes full liability for the actions and omissions of its
principals, employees, agents, affiliates, successors and assigns.
https://marketplace.copyright.com/rs-ui-web/mp/license/13e7223b-ad2a-423b-86e9-821da8 1 baOb4/07de2f54-287b-43f8-b277-8333c56ce003

o8

3/5



3/4/22,3:06 PM https://marketplace.copyright.com/rs-ui-web/mp/license/13e7223b-ad2a-423b-86e9-821da8 1ba0b4/07de2f54-287b-43{8-b277-8333c56ce003

6. Limited Warranties. THE WORK(S) AND RIGHT(S) ARE PROVIDED "AS IS". CCC HAS THE RIGHT TO GRANT TO USER
THE RIGHTS GRANTED IN THE ORDER CONFIRMATION DOCUMENT. CCC AND THE RIGHTSHOLDER DISCLAIM ALL
OTHER WARRANTIES RELATING TO THE WORK(S) AND RIGHT(S), EITHER EXPRESS OR IMPLIED, INCLUDING
WITHOUT LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
ADDITIONAL RIGHTS MAY BE REQUIRED TO USE ILLUSTRATIONS, GRAPHS, PHOTOGRAPHS, ABSTRACTS, INSERTS
OR OTHER PORTIONS OF THE WORK (AS OPPOSED TO THE ENTIRE WORK) IN A MANNER CONTEMPLATED BY USER;
USER UNDERSTANDS AND AGREES THAT NEITHER CCC NOR THE RIGHTSHOLDER MAY HAVE SUCH ADDITIONAL
RIGHTS TO GRANT.

7. Effect of Breach. Any failure by User to pay any amount when due, or any use by User of a Work beyond the scope
of the license set forth in the Order Confirmation and/or these terms and conditions, shall be a material breach of
the license created by the Order Confirmation and these terms and conditions. Any breach not cured within 30
days of written notice thereof shall result in immediate termination of such license without further notice. Any
unauthorized (but licensable) use of a Work that is terminated immediately upon notice thereof may be liquidated
by payment of the Rightsholder's ordinary license price therefor; any unauthorized (and unlicensable) use that is
not terminated immediately for any reason (including, for example, because materials containing the Work cannot
reasonably be recalled) will be subject to all remedies available at law or in equity, but in no event to a payment of
less than three times the Rightsholder's ordinary license price for the most closely analogous licensable use plus
Rightsholder's and/or CCC's costs and expenses incurred in collecting such payment.

8. Miscellaneous.

8.1. User acknowledges that CCC may, from time to time, make changes or additions to the Service or to these
terms and conditions, and CCC reserves the right to send notice to the User by electronic mail or
otherwise for the purposes of notifying User of such changes or additions; provided that any such changes
or additions shall not apply to permissions already secured and paid for.

8.2. Use of User-related information collected through the Service is governed by CCC's privacy policy, available
online here:https://marketplace.copyright.com/rs-ui-web/mp/privacy-policy

8.3. The licensing transaction described in the Order Confirmation is personal to User. Therefore, User may
not assign or transfer to any other person (whether a natural person or an organization of any kind) the
license created by the Order Confirmation and these terms and conditions or any rights granted
hereunder; provided, however, that User may assign such license in its entirety on written notice to CCC in
the event of a transfer of all or substantially all of User's rights in the new material which includes the
Work(s) licensed under this Service.

8.4. No amendment or waiver of any terms is binding unless set forth in writing and signed by the parties. The
Rightsholder and CCC hereby object to any terms contained in any writing prepared by the User or its
principals, employees, agents or affiliates and purporting to govern or otherwise relate to the licensing
transaction described in the Order Confirmation, which terms are in any way inconsistent with any terms
set forth in the Order Confirmation and/or in these terms and conditions or CCC's standard operating
procedures, whether such writing is prepared prior to, simultaneously with or subsequent to the Order
Confirmation, and whether such writing appears on a copy of the Order Confirmation or in a separate
instrument.

8.5.
The licensing transaction described in the Order Confirmation document shall be governed by and

construed under the law of the State of New York, USA, without regard to the principles thereof of conflicts
of law. Any case, controversy, suit, action, or proceeding arising out of, in connection with, or related to
such licensing transaction shall be brought, at CCC's sole discretion, in any federal or state court located in
the County of New York, State of New York, USA, or in any federal or state court whose geographical
jurisdiction covers the location of the Rightsholder set forth in the Order Confirmation. The parties
expressly submit to the personal jurisdiction and venue of each such federal or state court.If you have any
comments or questions about the Service or Copyright Clearance Center, please contact us at 978-750-
8400 or send an e-mail to support@copyright.com.

https://marketplace.copyright.com/rs-ui-web/mp/license/13e7223b-ad2a-423b-86e9-821da8 1 baOb4/07de2f54-287b-43f8-b277-8333c56ce003

29



3/4/22,3:06 PM https://marketplace.copyright.com/rs-ui-web/mp/license/13e7223b-ad2a-423b-86e¢9-821da8 1ba0b4/07de2{54-287b-43£8-b277-8333c56ce003

v1.1

https://marketplace.copyright.com/rs-ui-web/mp/license/13¢7223b-ad2a-423b-86e9-821da8 1ba0b4/07de2f54-287b-43f8-b277-8333¢56ce003

60

5/5



4/22/22,12:45 PM

CCC Marketplace”

This is a License Agreement between Adeline Suko / University of Waterloo ("User") and Copyright Clearance
Center, Inc. ("CCC") on behalf of the Rightsholder identified in the order details below. The license consists of the
order details, the CCC Terms and Conditions below, and any Rightsholder Terms and Conditions which are

included below.

https://marketplace .copyright.com/rs-ui-web/mp/license/a387fabd-c804-445a-a906-112ad93bab24/dcb68988-f448-4166-a1b8-a68947 1 c4aad

All payments must be made in full to CCC in accordance with the CCC Terms and Conditions below.

Order Date
Order License ID
ISSN

LICENSED CONTENT

Publication Title
Article Title

Date
Language
Country
Rightsholder

REQUEST DETAILS

Portion Type

Number of images /
photos / illustrations

Format (select all that
apply)

Who will republish the
content?

Duration of Use
Lifetime Unit Quantity
Rights Requested

NEW WORK DETAILS

Title

Instructor name

19-Apr-2022
1212659-1
1540-8140

journal of cell biology

Chromatin degradation in
differentiating fiber cells
of the eye lens.

01/01/1962
English
United States of America

Rockefeller University
Press

Image/photo/illustration
1

Print, Electronic
Academic institution

Life of current edition
Up to 499
Main product

Effects of ML-7 on the
Actomyosin Networks of
the Avian Crystalline Lens

Adeline Suko

ADDITIONAL DETAILS

Order reference number

N/A

Type of Use
Publisher

Portion

Publication Type
Start Page

End Page

Issue

Volume

URL

Distribution

Translation

Copies for the disabled?
Minor editing privileges?

Incidental promotional
use?

Currency

Institution name

Expected presentation
date

https://marketplace.copyright.com/rs-ui-web/mp/license/a387fabd-c804-445a-a906-112ad93bab24/dcb68988-f448-4166-a1b8-a68947 | c4daad

61

Republish in a
thesis/dissertation
ROCKEFELLER UNIVERSITY
PRESS
Image/photo/illustration

e-Journal

37

49

1

137
http://www.jcb.org/

Worldwide

Original language of
publication

No
No
No

CAD

University of Waterloo
2022-04-25

1/4



4/22/22,12:45 PM

The requesting person /
organization to appear
on the license

Adeline Suko / University

of Waterloo

REUSE CONTENT DETAILS

Title, description or
numeric reference of the
portion(s)

Editor of portion(s)

Volume of serial or

Figure 1

Bassnett, S; Mataic, D
137

Title of the
article/chapter the
portion is from

Author of portion(s)

Issue, if republishing an

Chromatin degradation in
differentiating fiber cells
of the eye lens.

Bassnett, S; Mataic, D
1

https://marketplace .copyright.com/rs-ui-web/mp/license/a387fabd-c804-445a-a906-112ad93bab24/dcb68988-f448-4166-a1b8-a68947 1 c4aad

monograph article from a serial
Page or page range of 37-49 Publication date of 1997-04-07
portion portion

CCC Terms and Conditions

1. Description of Service; Defined Terms. This Republication License enables the User to obtain licenses for
republication of one or more copyrighted works as described in detail on the relevant Order Confirmation (the
"Work(s)"). Copyright Clearance Center, Inc. ("CCC") grants licenses through the Service on behalf of the
rightsholder identified on the Order Confirmation (the "Rightsholder"). "Republication", as used herein, generally
means the inclusion of a Work, in whole or in part, in a new work or works, also as described on the Order
Confirmation. "User", as used herein, means the person or entity making such republication.

2. The terms set forth in the relevant Order Confirmation, and any terms set by the Rightsholder with respect to a
particular Work, govern the terms of use of Works in connection with the Service. By using the Service, the person
transacting for a republication license on behalf of the User represents and warrants that he/she/it (a) has been
duly authorized by the User to accept, and hereby does accept, all such terms and conditions on behalf of User,
and (b) shall inform User of all such terms and conditions. In the event such person is a "freelancer" or other third
party independent of User and CCC, such party shall be deemed jointly a "User" for purposes of these terms and
conditions. In any event, User shall be deemed to have accepted and agreed to all such terms and conditions if
User republishes the Work in any fashion.

3. Scope of License; Limitations and Obligations.

3.1. All Works and all rights therein, including copyright rights, remain the sole and exclusive property of the
Rightsholder. The license created by the exchange of an Order Confirmation (and/or any invoice) and
payment by User of the full amount set forth on that document includes only those rights expressly set
forth in the Order Confirmation and in these terms and conditions, and conveys no other rights in the
Work(s) to User. All rights not expressly granted are hereby reserved.

3.2. General Payment Terms: You may pay by credit card or through an account with us payable at the end of
the month. If you and we agree that you may establish a standing account with CCC, then the following
terms apply: Remit Payment to: Copyright Clearance Center, 29118 Network Place, Chicago, IL 60673-1291.
Payments Due: Invoices are payable upon their delivery to you (or upon our notice to you that they are
available to you for downloading). After 30 days, outstanding amounts will be subject to a service charge of
1-1/2% per month or, if less, the maximum rate allowed by applicable law. Unless otherwise specifically set
forth in the Order Confirmation or in a separate written agreement signed by CCC, invoices are due and
payable on "net 30" terms. While User may exercise the rights licensed immediately upon issuance of the
Order Confirmation, the license is automatically revoked and is null and void, as if it had never been
issued, if complete payment for the license is not received on a timely basis either from User directly or
through a payment agent, such as a credit card company.

3.3.
Unless otherwise provided in the Order Confirmation, any grant of rights to User (i) is "one-time" (including
the editions and product family specified in the license), (ii) is non-exclusive and non-transferable and (iii)
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is subject to any and all limitations and restrictions (such as, but not limited to, limitations on duration of
use or circulation) included in the Order Confirmation or invoice and/or in these terms and conditions.
Upon completion of the licensed use, User shall either secure a new permission for further use of the
Work(s) or immediately cease any new use of the Work(s) and shall render inaccessible (such as by
deleting or by removing or severing links or other locators) any further copies of the Work (except for
copies printed on paper in accordance with this license and still in User's stock at the end of such period).

3.4. In the event that the material for which a republication license is sought includes third party materials
(such as photographs, illustrations, graphs, inserts and similar materials) which are identified in such
material as having been used by permission, User is responsible for identifying, and seeking separate
licenses (under this Service or otherwise) for, any of such third party materials; without a separate license,
such third party materials may not be used.

3.5. Use of proper copyright notice for a Work is required as a condition of any license granted under the
Service. Unless otherwise provided in the Order Confirmation, a proper copyright notice will read
substantially as follows: "Republished with permission of [Rightsholder's name], from [Work's title, author,
volume, edition number and year of copyright]; permission conveyed through Copyright Clearance Center,
Inc. " Such notice must be provided in a reasonably legible font size and must be placed either
immediately adjacent to the Work as used (for example, as part of a by-line or footnote but not as a
separate electronic link) or in the place where substantially all other credits or notices for the new work
containing the republished Work are located. Failure to include the required notice results in loss to the
Rightsholder and CCC, and the User shall be liable to pay liquidated damages for each such failure equal
to twice the use fee specified in the Order Confirmation, in addition to the use fee itself and any other fees
and charges specified.

3.6. User may only make alterations to the Work if and as expressly set forth in the Order Confirmation. No
Work may be used in any way that is defamatory, violates the rights of third parties (including such third
parties' rights of copyright, privacy, publicity, or other tangible or intangible property), or is otherwise
illegal, sexually explicit or obscene. In addition, User may not conjoin a Work with any other material that
may result in damage to the reputation of the Rightsholder. User agrees to inform CCC if it becomes aware
of any infringement of any rights in a Work and to cooperate with any reasonable request of CCC or the
Rightsholder in connection therewith.

4. Indemnity. User hereby indemnifies and agrees to defend the Rightsholder and CCC, and their respective
employees and directors, against all claims, liability, damages, costs and expenses, including legal fees and
expenses, arising out of any use of a Work beyond the scope of the rights granted herein, or any use of a Work
which has been altered in any unauthorized way by User, including claims of defamation or infringement of rights
of copyright, publicity, privacy or other tangible or intangible property.

5. Limitation of Liability. UNDER NO CIRCUMSTANCES WILL CCC OR THE RIGHTSHOLDER BE LIABLE FOR ANY DIRECT,
INDIRECT, CONSEQUENTIAL OR INCIDENTAL DAMAGES (INCLUDING WITHOUT LIMITATION DAMAGES FOR LOSS OF
BUSINESS PROFITS OR INFORMATION, OR FOR BUSINESS INTERRUPTION) ARISING OUT OF THE USE OR INABILITY
TO USE A WORK, EVEN IF ONE OF THEM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In any event,
the total liability of the Rightsholder and CCC (including their respective employees and directors) shall not exceed
the total amount actually paid by User for this license. User assumes full liability for the actions and omissions of its
principals, employees, agents, affiliates, successors and assigns.

6. Limited Warranties. THE WORK(S) AND RIGHT(S) ARE PROVIDED "AS IS". CCC HAS THE RIGHT TO GRANT TO USER
THE RIGHTS GRANTED IN THE ORDER CONFIRMATION DOCUMENT. CCC AND THE RIGHTSHOLDER DISCLAIM ALL
OTHER WARRANTIES RELATING TO THE WORK(S) AND RIGHT(S), EITHER EXPRESS OR IMPLIED, INCLUDING
WITHOUT LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
ADDITIONAL RIGHTS MAY BE REQUIRED TO USE ILLUSTRATIONS, GRAPHS, PHOTOGRAPHS, ABSTRACTS, INSERTS
OR OTHER PORTIONS OF THE WORK (AS OPPOSED TO THE ENTIRE WORK) IN A MANNER CONTEMPLATED BY USER;
USER UNDERSTANDS AND AGREES THAT NEITHER CCC NOR THE RIGHTSHOLDER MAY HAVE SUCH ADDITIONAL
RIGHTS TO GRANT.
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7. Effect of Breach. Any failure by User to pay any amount when due, or any use by User of a Work beyond the scope
of the license set forth in the Order Confirmation and/or these terms and conditions, shall be a material breach of
the license created by the Order Confirmation and these terms and conditions. Any breach not cured within 30
days of written notice thereof shall result in immediate termination of such license without further notice. Any
unauthorized (but licensable) use of a Work that is terminated immediately upon notice thereof may be liquidated
by payment of the Rightsholder's ordinary license price therefor; any unauthorized (and unlicensable) use that is
not terminated immediately for any reason (including, for example, because materials containing the Work cannot
reasonably be recalled) will be subject to all remedies available at law or in equity, but in no event to a payment of
less than three times the Rightsholder's ordinary license price for the most closely analogous licensable use plus
Rightsholder's and/or CCC's costs and expenses incurred in collecting such payment.

8. Miscellaneous.

v 1.1

8.1. User acknowledges that CCC may, from time to time, make changes or additions to the Service or to these
terms and conditions, and CCC reserves the right to send notice to the User by electronic mail or
otherwise for the purposes of notifying User of such changes or additions; provided that any such changes
or additions shall not apply to permissions already secured and paid for.

8.2. Use of User-related information collected through the Service is governed by CCC's privacy policy, available
online here:https://marketplace.copyright.com/rs-ui-web/mp/privacy-policy

8.3. The licensing transaction described in the Order Confirmation is personal to User. Therefore, User may
not assign or transfer to any other person (whether a natural person or an organization of any kind) the
license created by the Order Confirmation and these terms and conditions or any rights granted
hereunder; provided, however, that User may assign such license in its entirety on written notice to CCC in
the event of a transfer of all or substantially all of User's rights in the new material which includes the
Work(s) licensed under this Service.

8.4. No amendment or waiver of any terms is binding unless set forth in writing and signed by the parties. The
Rightsholder and CCC hereby object to any terms contained in any writing prepared by the User or its
principals, employees, agents or affiliates and purporting to govern or otherwise relate to the licensing
transaction described in the Order Confirmation, which terms are in any way inconsistent with any terms
set forth in the Order Confirmation and/or in these terms and conditions or CCC's standard operating
procedures, whether such writing is prepared prior to, simultaneously with or subsequent to the Order
Confirmation, and whether such writing appears on a copy of the Order Confirmation or in a separate
instrument.

8.5. The licensing transaction described in the Order Confirmation document shall be governed by and

construed under the law of the State of New York, USA, without regard to the principles thereof of conflicts

of law. Any case, controversy, suit, action, or proceeding arising out of, in connection with, or related to
such licensing transaction shall be brought, at CCC's sole discretion, in any federal or state court located in
the County of New York, State of New York, USA, or in any federal or state court whose geographical
jurisdiction covers the location of the Rightsholder set forth in the Order Confirmation. The parties
expressly submit to the personal jurisdiction and venue of each such federal or state court.If you have any
comments or questions about the Service or Copyright Clearance Center, please contact us at 978-750-
8400 or send an e-mail to support@copyright.com.
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This is a License Agreement between Adeline Suko ("User") and Copyright Clearance Center, Inc. ("CCC") on behalf
of the Rightsholder identified in the order details below. The license consists of the order details, the CCC Terms
and Conditions below, and any Rightsholder Terms and Conditions which are included below.
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All payments must be made in full to CCC in accordance with the CCC Terms and Conditions below.

Order Date
Order License ID
ISSN

LICENSED CONTENT

Publication Title

Article Title

Date
Language

Country

REQUEST DETAILS

Portion Type

Number of images /
photos / illustrations

Format (select all that
apply)

Who will republish the
content?

Duration of Use
Lifetime Unit Quantity
Rights Requested

NEW WORK DETAILS

Title

Instructor name

19-Apr-2022
1212659-3
1350-9462

PROGRESS IN RETINAL
AND EYE RESEARCH

Biomechanics of the
human lens and
accommodative system:
Functional relevance to
physiological states.

01/01/1994
English

United Kingdom of Great
Britain and Northern
Ireland

Image/photo/illustration
1

Print, Electronic

Academic institution

Life of current edition
Up to 499

Main product

Effects of ML-7 on the
Actomyosin Networks of
the Avian Crystalline Lens

Adeline Suko

ADDITIONAL DETAILS

Order reference number

N/A

Type of Use

Publisher
Portion

Rightsholder

Publication Type
Start Page
End Page

Volume

Distribution

Translation

Copies for the disabled?
Minor editing privileges?

Incidental promotional
use?

Currency

Institution name

Expected presentation
date

65

Republish in a
thesis/dissertation
PERGAMON
Image/photo/illustration

Elsevier Science &
Technology Journals

Monographic Series
114

131

71

Worldwide

Original language of
publication

No
Yes
No

CAD

University of Waterloo
2022-04-25
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The requesting person / Adeline Suko
organization to appear

on the license

REUSE CONTENT DETAILS

Title, description or
numeric reference of the

Figure 2

portion(s)

Editor of portion(s) Wang, Kehao; Pierscionek
Barbara K.

Volume of serial or 71

monograph

Page or page range of 114-131

portion

,

Title of the
article/chapter the
portion is from

Author of portion(s)

Issue, if republishing an
article from a serial

Publication date of
portion

RIGHTSHOLDER TERMS AND CONDITIONS

Elsevier publishes Open Access articles in both its Open Access journals and via its Open Access articles option in
subscription journals, for which an author selects a user license permitting certain types of reuse without permission.
Before proceeding please check if the article is Open Access on http://www.sciencedirect.com and refer to the user license
for the individual article. Any reuse not included in the user license terms will require permission. You must always fully
and appropriately credit the author and source. If any part of the material to be used (for example, figures) has appeared
in the Elsevier publication for which you are seeking permission, with credit or acknowledgement to another source it is
the responsibility of the user to ensure their reuse complies with the terms and conditions determined by the rights
holder. Please contact permissions@elsevier.com with any queries.

CCC Terms and Conditions
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Biomechanics of the
human lens and
accommodative system:
Functional relevance to
physiological states.

Wang, Kehao; Pierscionek,
Barbara K.

N/A

2019-07-01

1. Description of Service; Defined Terms. This Republication License enables the User to obtain licenses for
republication of one or more copyrighted works as described in detail on the relevant Order Confirmation (the
"Work(s)"). Copyright Clearance Center, Inc. ("CCC") grants licenses through the Service on behalf of the
rightsholder identified on the Order Confirmation (the "Rightsholder"). "Republication", as used herein, generally
means the inclusion of a Work, in whole or in part, in a new work or works, also as described on the Order
Confirmation. "User", as used herein, means the person or entity making such republication.

2. The terms set forth in the relevant Order Confirmation, and any terms set by the Rightsholder with respect to a

particular Work, govern the terms of use of Works in connection with the Service. By using the Service, the person
transacting for a republication license on behalf of the User represents and warrants that he/she/it (a) has been
duly authorized by the User to accept, and hereby does accept, all such terms and conditions on behalf of User,
and (b) shall inform User of all such terms and conditions. In the event such person is a "freelancer" or other third
party independent of User and CCC, such party shall be deemed jointly a "User" for purposes of these terms and
conditions. In any event, User shall be deemed to have accepted and agreed to all such terms and conditions if
User republishes the Work in any fashion.

3. Scope of License; Limitations and Obligations.

3.1. All Works and all rights therein, including copyright rights, remain the sole and exclusive property of the
Rightsholder. The license created by the exchange of an Order Confirmation (and/or any invoice) and
payment by User of the full amount set forth on that document includes only those rights expressly set
forth in the Order Confirmation and in these terms and conditions, and conveys no other rights in the
Work(s) to User. All rights not expressly granted are hereby reserved.

3.2
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General Payment Terms: You may pay by credit card or through an account with us payable at the end of
the month. If you and we agree that you may establish a standing account with CCC, then the following
terms apply: Remit Payment to: Copyright Clearance Center, 29118 Network Place, Chicago, IL 60673-1291.
Payments Due: Invoices are payable upon their delivery to you (or upon our notice to you that they are
available to you for downloading). After 30 days, outstanding amounts will be subject to a service charge of
1-1/2% per month or, if less, the maximum rate allowed by applicable law. Unless otherwise specifically set
forth in the Order Confirmation or in a separate written agreement signed by CCC, invoices are due and
payable on "net 30" terms. While User may exercise the rights licensed immediately upon issuance of the
Order Confirmation, the license is automatically revoked and is null and void, as if it had never been
issued, if complete payment for the license is not received on a timely basis either from User directly or
through a payment agent, such as a credit card company.

3.3. Unless otherwise provided in the Order Confirmation, any grant of rights to User (i) is "one-time" (including
the editions and product family specified in the license), (ii) is non-exclusive and non-transferable and (iii)
is subject to any and all limitations and restrictions (such as, but not limited to, limitations on duration of
use or circulation) included in the Order Confirmation or invoice and/or in these terms and conditions.
Upon completion of the licensed use, User shall either secure a new permission for further use of the
Work(s) or immediately cease any new use of the Work(s) and shall render inaccessible (such as by
deleting or by removing or severing links or other locators) any further copies of the Work (except for
copies printed on paper in accordance with this license and still in User's stock at the end of such period).

3.4. In the event that the material for which a republication license is sought includes third party materials
(such as photographs, illustrations, graphs, inserts and similar materials) which are identified in such
material as having been used by permission, User is responsible for identifying, and seeking separate
licenses (under this Service or otherwise) for, any of such third party materials; without a separate license,
such third party materials may not be used.

3.5. Use of proper copyright notice for a Work is required as a condition of any license granted under the
Service. Unless otherwise provided in the Order Confirmation, a proper copyright notice will read
substantially as follows: "Republished with permission of [Rightsholder's name], from [Work's title, author,
volume, edition number and year of copyright]; permission conveyed through Copyright Clearance Center,
Inc. " Such notice must be provided in a reasonably legible font size and must be placed either
immediately adjacent to the Work as used (for example, as part of a by-line or footnote but not as a
separate electronic link) or in the place where substantially all other credits or notices for the new work
containing the republished Work are located. Failure to include the required notice results in loss to the
Rightsholder and CCC, and the User shall be liable to pay liquidated damages for each such failure equal
to twice the use fee specified in the Order Confirmation, in addition to the use fee itself and any other fees
and charges specified.

3.6. User may only make alterations to the Work if and as expressly set forth in the Order Confirmation. No
Work may be used in any way that is defamatory, violates the rights of third parties (including such third
parties' rights of copyright, privacy, publicity, or other tangible or intangible property), or is otherwise
illegal, sexually explicit or obscene. In addition, User may not conjoin a Work with any other material that
may result in damage to the reputation of the Rightsholder. User agrees to inform CCC if it becomes aware
of any infringement of any rights in a Work and to cooperate with any reasonable request of CCC or the
Rightsholder in connection therewith.

4. Indemnity. User hereby indemnifies and agrees to defend the Rightsholder and CCC, and their respective
employees and directors, against all claims, liability, damages, costs and expenses, including legal fees and
expenses, arising out of any use of a Work beyond the scope of the rights granted herein, or any use of a Work
which has been altered in any unauthorized way by User, including claims of defamation or infringement of rights
of copyright, publicity, privacy or other tangible or intangible property.

Limitation of Liability. UNDER NO CIRCUMSTANCES WILL CCC OR THE RIGHTSHOLDER BE LIABLE FOR ANY DIRECT,

INDIRECT, CONSEQUENTIAL OR INCIDENTAL DAMAGES (INCLUDING WITHOUT LIMITATION DAMAGES FOR LOSS OF

BUSINESS PROFITS OR INFORMATION, OR FOR BUSINESS INTERRUPTION) ARISING OUT OF THE USE OR INABILITY
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TO USE A WORK, EVEN IF ONE OF THEM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In any event,
the total liability of the Rightsholder and CCC (including their respective employees and directors) shall not exceed
the total amount actually paid by User for this license. User assumes full liability for the actions and omissions of its
principals, employees, agents, affiliates, successors and assigns.

6. Limited Warranties. THE WORK(S) AND RIGHT(S) ARE PROVIDED "AS IS". CCC HAS THE RIGHT TO GRANT TO USER
THE RIGHTS GRANTED IN THE ORDER CONFIRMATION DOCUMENT. CCC AND THE RIGHTSHOLDER DISCLAIM ALL
OTHER WARRANTIES RELATING TO THE WORK(S) AND RIGHT(S), EITHER EXPRESS OR IMPLIED, INCLUDING
WITHOUT LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
ADDITIONAL RIGHTS MAY BE REQUIRED TO USE ILLUSTRATIONS, GRAPHS, PHOTOGRAPHS, ABSTRACTS, INSERTS
OR OTHER PORTIONS OF THE WORK (AS OPPOSED TO THE ENTIRE WORK) IN A MANNER CONTEMPLATED BY USER;
USER UNDERSTANDS AND AGREES THAT NEITHER CCC NOR THE RIGHTSHOLDER MAY HAVE SUCH ADDITIONAL
RIGHTS TO GRANT.

7. Effect of Breach. Any failure by User to pay any amount when due, or any use by User of a Work beyond the scope
of the license set forth in the Order Confirmation and/or these terms and conditions, shall be a material breach of
the license created by the Order Confirmation and these terms and conditions. Any breach not cured within 30
days of written notice thereof shall result in immediate termination of such license without further notice. Any
unauthorized (but licensable) use of a Work that is terminated immediately upon notice thereof may be liquidated
by payment of the Rightsholder's ordinary license price therefor; any unauthorized (and unlicensable) use that is
not terminated immediately for any reason (including, for example, because materials containing the Work cannot
reasonably be recalled) will be subject to all remedies available at law or in equity, but in no event to a payment of
less than three times the Rightsholder's ordinary license price for the most closely analogous licensable use plus
Rightsholder's and/or CCC's costs and expenses incurred in collecting such payment.

8. Miscellaneous.

8.1. User acknowledges that CCC may, from time to time, make changes or additions to the Service or to these
terms and conditions, and CCC reserves the right to send notice to the User by electronic mail or
otherwise for the purposes of notifying User of such changes or additions; provided that any such changes
or additions shall not apply to permissions already secured and paid for.

8.2. Use of User-related information collected through the Service is governed by CCC's privacy policy, available
online here:https://marketplace.copyright.com/rs-ui-web/mp/privacy-policy

8.3. The licensing transaction described in the Order Confirmation is personal to User. Therefore, User may
not assign or transfer to any other person (whether a natural person or an organization of any kind) the
license created by the Order Confirmation and these terms and conditions or any rights granted
hereunder; provided, however, that User may assign such license in its entirety on written notice to CCC in
the event of a transfer of all or substantially all of User's rights in the new material which includes the
Work(s) licensed under this Service.

8.4. No amendment or waiver of any terms is binding unless set forth in writing and signed by the parties. The
Rightsholder and CCC hereby object to any terms contained in any writing prepared by the User or its
principals, employees, agents or affiliates and purporting to govern or otherwise relate to the licensing
transaction described in the Order Confirmation, which terms are in any way inconsistent with any terms
set forth in the Order Confirmation and/or in these terms and conditions or CCC's standard operating
procedures, whether such writing is prepared prior to, simultaneously with or subsequent to the Order
Confirmation, and whether such writing appears on a copy of the Order Confirmation or in a separate
instrument.

8.5.
The licensing transaction described in the Order Confirmation document shall be governed by and

construed under the law of the State of New York, USA, without regard to the principles thereof of conflicts
of law. Any case, controversy, suit, action, or proceeding arising out of, in connection with, or related to
such licensing transaction shall be brought, at CCC's sole discretion, in any federal or state court located in
the County of New York, State of New York, USA, or in any federal or state court whose geographical
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jurisdiction covers the location of the Rightsholder set forth in the Order Confirmation. The parties
expressly submit to the personal jurisdiction and venue of each such federal or state court.If you have any
comments or questions about the Service or Copyright Clearance Center, please contact us at 978-750-
8400 or send an e-mail to support@copyright.com.

v 1.1
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This is a License Agreement between Adeline Suko ("User") and Copyright Clearance Center, Inc. ("CCC") on behalf
of the Rightsholder identified in the order details below. The license consists of the order details, the CCC Terms
and Conditions below, and any Rightsholder Terms and Conditions which are included below.

All payments must be made in full to CCC in accordance with the CCC Terms and Conditions below.

Order Date 19-Apr-2022
Order License ID 1212659-2
ISSN 1475-1313

LICENSED CONTENT
Publication Title Ophthalmic and
physiological optics

Article Title Ultrasound biomicroscopy
of the anterior segment of
the enucleated chicken
eye during
accommodation.

Author/Editor College of Optometrists

(Great Britain)

Date 01/01/1981

Language English

Country United Kingdom of Great
Britain and Northern
Ireland

Rightsholder John Wiley & Sons - Books

REQUEST DETAILS

Portion Type Image/photo/illustration

Number of images / 1
photos / illustrations

Format (select all that Print, Electronic
apply)

Who will republish the
content?

Academic institution

Life of current and all
future editions

Up to 499

Duration of Use

Lifetime Unit Quantity

Rights Requested Main product

NEW WORK DETAILS
Title Effects of ML-7 on the
Actomyosin Networks of
the Avian Crystalline Lens

Instructor name Adeline Suko
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Type of Use

Publisher
Portion

Publication Type
Start Page

End Page

Issue

Volume

URL

Distribution

Translation

Copies for the disabled?
Minor editing privileges?

Incidental promotional
use?

Currency

Institution name

Expected presentation
date

Republishin a
thesis/dissertation
BLACKWELL PUBLISHING
Image/photo/illustration

e-Journal
401

408

5

22

http://www.sciencedirect.c
om/science/journal/02755
408

Worldwide

Original language of
publication

No
Yes
No

CAD

University of Waterloo
2022-04-25
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ADDITIONAL DETAILS

The requesting person / Adeline Suko
organization to appear
on the license

REUSE CONTENT DETAILS

Title, description or Figure 2 Title of the Ultrasound biomicroscopy
numeric reference of the article/chapter the of the anterior segment of
portion(s) portion is from the enucleated chicken
Editor of portion(s) Chobh, Vivian; Sivak, Jacob eye olurméfj '

G.; Irving, Elizabeth L.; accommodation.

Wong, Winnie Author of portion(s) Choh, Vivian; Sivak, Jacob
Volume of serial or 22 5'\/ |WIF\1/%f Elizabeth L;
monograph ong, Winnie
Page or page range of 401-408 Publ‘lcatlon date of 2002-09-04
portion portion

RIGHTSHOLDER TERMS AND CONDITIONS

No right, license or interest to any trademark, trade name, service mark or other branding ("Marks") of WILEY or its
licensors is granted hereunder, and you agree that you shall not assert any such right, license or interest with respect
thereto. You may not alter, remove or suppress in any manner any copyright, trademark or other notices displayed by the
Wiley material. This Agreement will be void if the Type of Use, Format, Circulation, or Requestor Type was misrepresented
during the licensing process. In no instance may the total amount of Wiley Materials used in any Main Product,
Compilation or Collective work comprise more than 5% (if figures/tables) or 15% (if full articles/chapters) of the (entirety of
the) Main Product, Compilation or Collective Work. Some titles may be available under an Open Access license. It is the
Licensors' responsibility to identify the type of Open Access license on which the requested material was published, and
comply fully with the terms of that license for the type of use specified Further details can be found on Wiley Online
Library http://olabout.wiley.com/WileyCDA/Section/id-410895.html.

CCC Terms and Conditions

1. Description of Service; Defined Terms. This Republication License enables the User to obtain licenses for
republication of one or more copyrighted works as described in detail on the relevant Order Confirmation (the
"Work(s)"). Copyright Clearance Center, Inc. ("CCC") grants licenses through the Service on behalf of the
rightsholder identified on the Order Confirmation (the "Rightsholder"). "Republication”, as used herein, generally
means the inclusion of a Work, in whole or in part, in a new work or works, also as described on the Order
Confirmation. "User", as used herein, means the person or entity making such republication.

2. The terms set forth in the relevant Order Confirmation, and any terms set by the Rightsholder with respect to a
particular Work, govern the terms of use of Works in connection with the Service. By using the Service, the person
transacting for a republication license on behalf of the User represents and warrants that he/she/it (a) has been
duly authorized by the User to accept, and hereby does accept, all such terms and conditions on behalf of User,
and (b) shall inform User of all such terms and conditions. In the event such person is a "freelancer" or other third
party independent of User and CCC, such party shall be deemed jointly a "User" for purposes of these terms and
conditions. In any event, User shall be deemed to have accepted and agreed to all such terms and conditions if
User republishes the Work in any fashion.

3. Scope of License; Limitations and Obligations.
AR
All Works and all rights therein, including copyright rights, remain the sole and exclusive property of the

Rightsholder. The license created by the exchange of an Order Confirmation (and/or any invoice) and
payment by User of the full amount set forth on that document includes only those rights expressly set
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forth in the Order Confirmation and in these terms and conditions, and conveys no other rights in the
Work(s) to User. All rights not expressly granted are hereby reserved.

3.2. General Payment Terms: You may pay by credit card or through an account with us payable at the end of
the month. If you and we agree that you may establish a standing account with CCC, then the following
terms apply: Remit Payment to: Copyright Clearance Center, 29118 Network Place, Chicago, IL 60673-1291.
Payments Due: Invoices are payable upon their delivery to you (or upon our notice to you that they are
available to you for downloading). After 30 days, outstanding amounts will be subject to a service charge of
1-1/2% per month or, if less, the maximum rate allowed by applicable law. Unless otherwise specifically set
forth in the Order Confirmation or in a separate written agreement signed by CCC, invoices are due and
payable on "net 30" terms. While User may exercise the rights licensed immediately upon issuance of the
Order Confirmation, the license is automatically revoked and is null and void, as if it had never been
issued, if complete payment for the license is not received on a timely basis either from User directly or
through a payment agent, such as a credit card company.

3.3. Unless otherwise provided in the Order Confirmation, any grant of rights to User (i) is "one-time" (including
the editions and product family specified in the license), (ii) is non-exclusive and non-transferable and (iii)
is subject to any and all limitations and restrictions (such as, but not limited to, limitations on duration of
use or circulation) included in the Order Confirmation or invoice and/or in these terms and conditions.
Upon completion of the licensed use, User shall either secure a new permission for further use of the
Work(s) or immediately cease any new use of the Work(s) and shall render inaccessible (such as by
deleting or by removing or severing links or other locators) any further copies of the Work (except for
copies printed on paper in accordance with this license and still in User's stock at the end of such period).

3.4. In the event that the material for which a republication license is sought includes third party materials
(such as photographs, illustrations, graphs, inserts and similar materials) which are identified in such
material as having been used by permission, User is responsible for identifying, and seeking separate
licenses (under this Service or otherwise) for, any of such third party materials; without a separate license,
such third party materials may not be used.

3.5. Use of proper copyright notice for a Work is required as a condition of any license granted under the
Service. Unless otherwise provided in the Order Confirmation, a proper copyright notice will read
substantially as follows: "Republished with permission of [Rightsholder's name], from [Work's title, author,
volume, edition number and year of copyright]; permission conveyed through Copyright Clearance Center,
Inc. " Such notice must be provided in a reasonably legible font size and must be placed either
immediately adjacent to the Work as used (for example, as part of a by-line or footnote but not as a
separate electronic link) or in the place where substantially all other credits or notices for the new work
containing the republished Work are located. Failure to include the required notice results in loss to the
Rightsholder and CCC, and the User shall be liable to pay liquidated damages for each such failure equal
to twice the use fee specified in the Order Confirmation, in addition to the use fee itself and any other fees
and charges specified.

3.6. User may only make alterations to the Work if and as expressly set forth in the Order Confirmation. No
Work may be used in any way that is defamatory, violates the rights of third parties (including such third
parties' rights of copyright, privacy, publicity, or other tangible or intangible property), or is otherwise
illegal, sexually explicit or obscene. In addition, User may not conjoin a Work with any other material that
may result in damage to the reputation of the Rightsholder. User agrees to inform CCC if it becomes aware
of any infringement of any rights in a Work and to cooperate with any reasonable request of CCC or the
Rightsholder in connection therewith.

4. Indemnity. User hereby indemnifies and agrees to defend the Rightsholder and CCC, and their respective
employees and directors, against all claims, liability, damages, costs and expenses, including legal fees and
expenses, arising out of any use of a Work beyond the scope of the rights granted herein, or any use of a Work
which has been altered in any unauthorized way by User, including claims of defamation or infringement of rights
of copyright, publicity, privacy or other tangible or intangible property.
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5. Limitation of Liability. UNDER NO CIRCUMSTANCES WILL CCC OR THE RIGHTSHOLDER BE LIABLE FOR ANY DIRECT,
INDIRECT, CONSEQUENTIAL OR INCIDENTAL DAMAGES (INCLUDING WITHOUT LIMITATION DAMAGES FOR LOSS OF
BUSINESS PROFITS OR INFORMATION, OR FOR BUSINESS INTERRUPTION) ARISING OUT OF THE USE OR INABILITY
TO USE A WORK, EVEN IF ONE OF THEM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In any event,
the total liability of the Rightsholder and CCC (including their respective employees and directors) shall not exceed
the total amount actually paid by User for this license. User assumes full liability for the actions and omissions of its
principals, employees, agents, affiliates, successors and assigns.

6. Limited Warranties. THE WORK(S) AND RIGHT(S) ARE PROVIDED "AS IS". CCC HAS THE RIGHT TO GRANT TO USER
THE RIGHTS GRANTED IN THE ORDER CONFIRMATION DOCUMENT. CCC AND THE RIGHTSHOLDER DISCLAIM ALL
OTHER WARRANTIES RELATING TO THE WORK(S) AND RIGHT(S), EITHER EXPRESS OR IMPLIED, INCLUDING
WITHOUT LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
ADDITIONAL RIGHTS MAY BE REQUIRED TO USE ILLUSTRATIONS, GRAPHS, PHOTOGRAPHS, ABSTRACTS, INSERTS
OR OTHER PORTIONS OF THE WORK (AS OPPOSED TO THE ENTIRE WORK) IN A MANNER CONTEMPLATED BY USER;
USER UNDERSTANDS AND AGREES THAT NEITHER CCC NOR THE RIGHTSHOLDER MAY HAVE SUCH ADDITIONAL
RIGHTS TO GRANT.

7. Effect of Breach. Any failure by User to pay any amount when due, or any use by User of a Work beyond the scope
of the license set forth in the Order Confirmation and/or these terms and conditions, shall be a material breach of
the license created by the Order Confirmation and these terms and conditions. Any breach not cured within 30
days of written notice thereof shall result in immediate termination of such license without further notice. Any
unauthorized (but licensable) use of a Work that is terminated immediately upon notice thereof may be liquidated
by payment of the Rightsholder's ordinary license price therefor; any unauthorized (and unlicensable) use that is
not terminated immediately for any reason (including, for example, because materials containing the Work cannot
reasonably be recalled) will be subject to all remedies available at law or in equity, but in no event to a payment of
less than three times the Rightsholder's ordinary license price for the most closely analogous licensable use plus
Rightsholder's and/or CCC's costs and expenses incurred in collecting such payment.

8. Miscellaneous.

8.1. User acknowledges that CCC may, from time to time, make changes or additions to the Service or to these
terms and conditions, and CCC reserves the right to send notice to the User by electronic mail or
otherwise for the purposes of notifying User of such changes or additions; provided that any such changes
or additions shall not apply to permissions already secured and paid for.

8.2. Use of User-related information collected through the Service is governed by CCC's privacy policy, available
online here:https://marketplace.copyright.com/rs-ui-web/mp/privacy-policy

8.3. The licensing transaction described in the Order Confirmation is personal to User. Therefore, User may
not assign or transfer to any other person (whether a natural person or an organization of any kind) the
license created by the Order Confirmation and these terms and conditions or any rights granted
hereunder; provided, however, that User may assign such license in its entirety on written notice to CCC in
the event of a transfer of all or substantially all of User's rights in the new material which includes the
Work(s) licensed under this Service.

8.4. No amendment or waiver of any terms is binding unless set forth in writing and signed by the parties. The
Rightsholder and CCC hereby object to any terms contained in any writing prepared by the User or its
principals, employees, agents or affiliates and purporting to govern or otherwise relate to the licensing
transaction described in the Order Confirmation, which terms are in any way inconsistent with any terms
set forth in the Order Confirmation and/or in these terms and conditions or CCC's standard operating
procedures, whether such writing is prepared prior to, simultaneously with or subsequent to the Order
Confirmation, and whether such writing appears on a copy of the Order Confirmation or in a separate
instrument.

8.5.
The licensing transaction described in the Order Confirmation document shall be governed by and

construed under the law of the State of New York, USA, without regard to the principles thereof of conflicts
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of law. Any case, controversy, suit, action, or proceeding arising out of, in connection with, or related to
such licensing transaction shall be brought, at CCC's sole discretion, in any federal or state court located in
the County of New York, State of New York, USA, or in any federal or state court whose geographical
jurisdiction covers the location of the Rightsholder set forth in the Order Confirmation. The parties
expressly submit to the personal jurisdiction and venue of each such federal or state court.If you have any
comments or questions about the Service or Copyright Clearance Center, please contact us at 978-750-
8400 or send an e-mail to support@copyright.com.

v 1.1
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Creative Commons Legal Code

Attribution 4.0 International

Official translations of this license are available in other languages.

Creative Commons Corporation (“Creative Commons”) is not a law firm and does not provide legal services
or legal advice. Distribution of Creative Commons public licenses does not create a lawyer-client or other
relationship. Creative Commons makes its licenses and related information available on an “as-is” basis.
Creative Commons gives no warranties regarding its licenses, any material licensed under their terms and
conditions, or any related information. Creative Commons disclaims all liability for damages resulting from

their use to the fullest extent possible.

Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and conditions that creators and other
rights holders may use to share original works of authorship and other material subject to copyright and
certain other rights specified in the public license below. The following considerations are for informational
purposes only, are not exhaustive, and do not form part of our licenses.

Considerations for licensors: Our public licenses are intended for use by those authorized to give the
public permission to use material in ways otherwise restricted by copyright and certain other rights. Our
licenses are irrevocable. Licensors should read and understand the terms and conditions of the license they
choose before applying it. Licensors should also secure all rights necessary before applying our licenses so
that the public can reuse the material as expected. Licensors should clearly mark any material not subject to
the license. This includes other CC-licensed material, or material used under an exception or limitation to
copyright.

Considerations for the public: By using one of our public licenses, a licensor grants the public permission
to use the licensed material under specified terms and conditions. If the licensor’s permission is not
necessary for any reason—for example, because of any applicable exception or limitation to copyright—then
that use is not regulated by the license. Our licenses grant only permissions under copyright and certain
other rights that a licensor has authority to grant. Use of the licensed material may still be restricted for other
reasons, including because others have copyright or other rights in the material. A licensor may make special
requests, such as asking that all changes be marked or described. Although not required by our licenses, you

are encouraged to respect those requests where reasonable.

https://creativecommons.org/licenses/by/4 .0/legalcode
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Creative Commons Attribution 4.0 International Public License

By exercising the Licensed Rights (defined below), You accept and agree to be bound by the terms and

conditions of this Creative Commons Attribution 4.0 International Public License ("Public License"). To the

extent this Public License may be interpreted as a contract, You are granted the Licensed Rights in

consideration of Your acceptance of these terms and conditions, and the Licensor grants You such rights in

consideration of benefits the Licensor receives from making the Licensed Material available under these

terms and conditions.

Section 1 — Definitions.

—h

. Adapted Material means material subject to Copyright and Similar Rights that is derived from or based

upon the Licensed Material and in which the Licensed Material is translated, altered, arranged,
transformed, or otherwise modified in a manner requiring permission under the Copyright and Similar
Rights held by the Licensor. For purposes of this Public License, where the Licensed Material is a musical
work, performance, or sound recording, Adapted Material is always produced where the Licensed Material
is synched in timed relation with a moving image.

. Adapter's License means the license You apply to Your Copyright and Similar Rights in Your

contributions to Adapted Material in accordance with the terms and conditions of this Public License.

. Copyright and Similar Rights means copyright and/or similar rights closely related to copyright

including, without limitation, performance, broadcast, sound recording, and Sui Generis Database Rights,
without regard to how the rights are labeled or categorized. For purposes of this Public License, the rights
specified in Section 2(b)(1)-(2) are not Copyright and Similar Rights.

. Effective Technological Measures means those measures that, in the absence of proper authority, may

not be circumvented under laws fulfilling obligations under Article 11 of the WIPO Copyright Treaty
adopted on December 20, 1996, and/or similar international agreements.

. Exceptions and Limitations means fair use, fair dealing, and/or any other exception or limitation to

Copyright and Similar Rights that applies to Your use of the Licensed Material.

. Licensed Material means the artistic or literary work, database, or other material to which the Licensor

applied this Public License.

. Licensed Rights means the rights granted to You subject to the terms and conditions of this Public

License, which are limited to all Copyright and Similar Rights that apply to Your use of the Licensed
Material and that the Licensor has authority to license.

. Licensor means the individual(s) or entity(ies) granting rights under this Public License.
. Share means to provide material to the public by any means or process that requires permission under

the Licensed Rights, such as reproduction, public display, public performance, distribution, dissemination,
communication, or importation, and to make material available to the public including in ways that
members of the public may access the material from a place and at a time individually chosen by them.

. Sui Generis Database Rights means rights other than copyright resulting from Directive 96/9/EC of the

European Parliament and of the Council of 11 March 1996 on the legal protection of databases, as
amended and/or succeeded, as well as other essentially equivalent rights anywhere in the world.
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k. You means the individual or entity exercising the Licensed Rights under this Public License. Your has a
corresponding meaning.

Section 2 — Scope.

a. License grant.

1. Subject to the terms and conditions of this Public License, the Licensor hereby grants You a
worldwide, royalty-free, non-sublicensable, non-exclusive, irrevocable license to exercise the Licensed
Rights in the Licensed Material to:

A. reproduce and Share the Licensed Material, in whole or in part; and

B. produce, reproduce, and Share Adapted Material.

2. Exceptions and Limitations. For the avoidance of doubt, where Exceptions and Limitations apply to
Your use, this Public License does not apply, and You do not need to comply with its terms and
conditions.

3. Term. The term of this Public License is specified in Section 6(a).

4. Media and formats; technical modifications allowed. The Licensor authorizes You to exercise the
Licensed Rights in all media and formats whether now known or hereafter created, and to make
technical modifications necessary to do so. The Licensor waives and/or agrees not to assert any right
or authority to forbid You from making technical modifications necessary to exercise the Licensed
Rights, including technical modifications necessary to circumvent Effective Technological Measures.
For purposes of this Public License, simply making modifications authorized by this Section 2(a)(4)
never produces Adapted Material.

5. Downstream recipients.

A. Offer from the Licensor — Licensed Material. Every recipient of the Licensed Material automatically
receives an offer from the Licensor to exercise the Licensed Rights under the terms and conditions
of this Public License.

B. No downstream restrictions. You may not offer or impose any additional or different terms or
conditions on, or apply any Effective Technological Measures to, the Licensed Material if doing so
restricts exercise of the Licensed Rights by any recipient of the Licensed Material.

6. No endorsement. Nothing in this Public License constitutes or may be construed as permission to
assert or imply that You are, or that Your use of the Licensed Material is, connected with, or
sponsored, endorsed, or granted official status by, the Licensor or others designated to receive
attribution as provided in Section 3(a)(1)(A)(i).

b. Other rights.

1. Moral rights, such as the right of integrity, are not licensed under this Public License, nor are publicity,
privacy, and/or other similar personality rights; however, to the extent possible, the Licensor waives
and/or agrees not to assert any such rights held by the Licensor to the limited extent necessary to
allow You to exercise the Licensed Rights, but not otherwise.

2. Patent and trademark rights are not licensed under this Public License.
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3. To the extent possible, the Licensor waives any right to collect royalties from You for the exercise of
the Licensed Rights, whether directly or through a collecting society under any voluntary or waivable
statutory or compulsory licensing scheme. In all other cases the Licensor expressly reserves any right
to collect such royalties.

Section 3 - License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the following conditions.

a. Attribution.

1. If You Share the Licensed Material (including in modified form), You must:

A. retain the following if it is supplied by the Licensor with the Licensed Material:
i. identification of the creator(s) of the Licensed Material and any others designated to receive
attribution, in any reasonable manner requested by the Licensor (including by pseudonym if
designated);

. a copyright notice;
ii. a notice that refers to this Public License;

iv. a notice that refers to the disclaimer of warranties;
v. a URI or hyperlink to the Licensed Material to the extent reasonably practicable;
B. indicate if You modified the Licensed Material and retain an indication of any previous
modifications; and
C. indicate the Licensed Material is licensed under this Public License, and include the text of, or the
URI or hyperlink to, this Public License.

. You may satisfy the conditions in Section 3(a)(1) in any reasonable manner based on the medium,
means, and context in which You Share the Licensed Material. For example, it may be reasonable to
satisfy the conditions by providing a URI or hyperlink to a resource that includes the required
information.

. If requested by the Licensor, You must remove any of the information required by Section 3(a)(1)(A) to
the extent reasonably practicable.

. If You Share Adapted Material You produce, the Adapter's License You apply must not prevent
recipients of the Adapted Material from complying with this Public License.

Section 4 — Sui Generis Database Rights.

Where the Licensed Rights include Sui Generis Database Rights that apply to Your use of the Licensed
Material:
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a. for the avoidance of doubt, Section 2(a)(1) grants You the right to extract, reuse, reproduce, and Share all
or a substantial portion of the contents of the database;

b. if You include all or a substantial portion of the database contents in a database in which You have Sui
Generis Database Rights, then the database in which You have Sui Generis Database Rights (but not its
individual contents) is Adapted Material; and

c. You must comply with the conditions in Section 3(a) if You Share all or a substantial portion of the
contents of the database.

For the avoidance of doubt, this Section 4 supplements and does not replace Your obligations under this
Public License where the Licensed Rights include other Copyright and Similar Rights.
Section 5 — Disclaimer of Warranties and Limitation of Liability.

a. Unless otherwise separately undertaken by the Licensor, to the extent possible, the Licensor
offers the Licensed Material as-is and as-available, and makes no representations or warranties of
any kind concerning the Licensed Material, whether express, implied, statutory, or other. This
includes, without limitation, warranties of title, merchantability, fitness for a particular purpose,
non-infringement, absence of latent or other defects, accuracy, or the presence or absence of
errors, whether or not known or discoverable. Where disclaimers of warranties are not allowed in
full or in part, this disclaimer may not apply to You.

b. To the extent possible, in no event will the Licensor be liable to You on any legal theory (including,
without limitation, negligence) or otherwise for any direct, special, indirect, incidental,
consequential, punitive, exemplary, or other losses, costs, expenses, or damages arising out of
this Public License or use of the Licensed Material, even if the Licensor has been advised of the
possibility of such losses, costs, expenses, or damages. Where a limitation of liability is not

allowed in full or in part, this limitation may not apply to You.

c. The disclaimer of warranties and limitation of liability provided above shall be interpreted in a manner that,
to the extent possible, most closely approximates an absolute disclaimer and waiver of all liability.

Section 6 — Term and Termination.

a. This Public License applies for the term of the Copyright and Similar Rights licensed here. However, if
You fail to comply with this Public License, then Your rights under this Public License terminate
automatically.

b. Where Your right to use the Licensed Material has terminated under Section 6(a), it reinstates:

1. automatically as of the date the violation is cured, provided it is cured within 30 days of Your discovery
of the violation; or
2. upon express reinstatement by the Licensor.
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For the avoidance of doubt, this Section 6(b) does not affect any right the Licensor may have to seek
remedies for Your violations of this Public License.

c. For the avoidance of doubt, the Licensor may also offer the Licensed Material under separate terms or
conditions or stop distributing the Licensed Material at any time; however, doing so will not terminate this
Public License.

d. Sections 1, 5, 6, 7, and 8 survive termination of this Public License.

Section 7 — Other Terms and Conditions.

a. The Licensor shall not be bound by any additional or different terms or conditions communicated by You
unless expressly agreed.

b. Any arrangements, understandings, or agreements regarding the Licensed Material not stated herein are
separate from and independent of the terms and conditions of this Public License.

Section 8 - Interpretation.

a. For the avoidance of doubt, this Public License does not, and shall not be interpreted to, reduce, limit,
restrict, or impose conditions on any use of the Licensed Material that could lawfully be made without
permission under this Public License.

b. To the extent possible, if any provision of this Public License is deemed unenforceable, it shall be
automatically reformed to the minimum extent necessary to make it enforceable. If the provision cannot
be reformed, it shall be severed from this Public License without affecting the enforceability of the
remaining terms and conditions.

c. No term or condition of this Public License will be waived and no failure to comply consented to unless
expressly agreed to by the Licensor.

d. Nothing in this Public License constitutes or may be interpreted as a limitation upon, or waiver of, any
privileges and immunities that apply to the Licensor or You, including from the legal processes of any
jurisdiction or authority.

Creative Commons is not a party to its public licenses. Notwithstanding, Creative Commons may elect to
apply one of its public licenses to material it publishes and in those instances will be considered the
“Licensor.” The text of the Creative Commons public licenses is dedicated to the public domain under the
CCO Public Domain Dedication. Except for the limited purpose of indicating that material is shared under a
Creative Commons public license or as otherwise permitted by the Creative Commons policies published at
creativecommons.org/policies, Creative Commons does not authorize the use of the trademark “Creative
Commons” or any other trademark or logo of Creative Commons without its prior written consent including,
without limitation, in connection with any unauthorized modifications to any of its public licenses or any other
arrangements, understandings, or agreements concerning use of licensed material. For the avoidance of
doubt, this paragraph does not form part of the public licenses.
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Creative Commons may be contacted at creativecommons.org.

Additional languages available: <z »l, ¢estina, Deutsch, EAAnvikd, Espafiol, euskara, suomeksi, frangais,
hrvatski, Bahasa Indonesia, italiano, &g, $=0, Lietuviy, latviski, te reo Maori, Nederlands, norsk, polski,

portugués, romana, pycckuii, Slovenscina, svenska, Turkge, ykpaiHcbka, 13, #:E. Please read the FAQ for
more information about official translations.
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