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ABSTRACT

Development of recombinant protein-based materials with ability to bind to cells and to the

extracellular matrix

Tissue engineering is a growing area that primarily targets the creation of functional constructs for tissue
repair, using what is known as the triad of tissue engineering: scaffold, cells and signaling molecules.
Silk-elastin-like proteins (SELPs) have been gaining interest to be used as scaffolds due to its remarkable
properties of biocompatibility, biodegradability and mechanical properties. These genetically engineered
biopolymers are composed of tandem repeats of alternated silk- and elastin-like amino acid blocks,
combining in the same molecule the tensile strength of silk fibroin with the resilience and water solubility
of elastin. In this work, SELP-59-A was genetically engineered to incorporate cell-binding motifs for the
formulation of materials with improved cell adhesion ability. Two cell-binding motifs were chosen for the
functionalization of SELP-59-A: RGD and C3. The functionalized polymers were used for the production
of films by mixing non-functionalized SELP-59-A with different percentages of the functionalized variant.
The ability of the films to promote cell adhesion was assessed by culturing cells of the mammalian cell
lines HaCaT and SH-SY5Y, for 24 h, on the surface of the materials. The results indicate that adhesion
of cells to the films is influenced by factors such as the cell line, adhesion sequence, and concentration
of the cell-binding motif. HaCaT adhesion to C3-functionalized films increased with the concentration of
cell-binding motif adhesion. On the other hand, the adhesion of HaCaT cells to SELP-59-A_cRGD films
showed to increase with adhesion sequence concentration, reaching a maximum at a concentration of
50% of SELP-59-A_cRGD, and remaining stable at higher concentrations. Similarly to HaCaT cells, when
incubated on SELP-59-A_nC3 films, the number of SH-SY5Y cells adhered to the films increased with the
concentration of cell-binding motif. However, when incubated onto SELP-59-A_cC3 and SELP-59-A_cRGD
films, no relation was found between the concentration of adhesion sequence and the number of SH-
SYBY cells adhered to the films. As a whole, the results point to the potential of using SELP-59-A

functionalized with cell-binding motifs as biomaterials with improved cell adhesion ability.

Keywords: C3, cell adhesion, recombinant polymer, RGD, SELP



RESumMoO

Desenvolvimento de materiais de base proteica com capacidade de ligar a células e a

matriz extracelular

A engenharia de tecidos ¢ uma area em crescimento que visa principalmente a criacdo de construcoes
funcionais para a reparacao de tecidos, utilizando aquilo que é conhecido como a triade da engenharia
de tecidos: scaffold, células e moléculas sinalizadoras. Os polimeros de seda e elastina (sik-elastin-like
proteins, SELPs) tém despertado interesse para serem usados como scaffo/d devido as suas
propriedades notaveis tais como a biocompatibilidade, biodegradabilidade e propriedades mecanicas.
Estes polimeros geneticamente desenhados séao compostos por repeticdes em tandem de blocos de
aminoacidos semelhantes a seda e a elastina, combinando na mesma molécula a forca ténsil da fibroina
da seda com a resiliéncia e solubilidade em agua da elastina. Neste trabalho, o SELP-59-A foi alterado
geneticamente para incorporar motivos de adesao celular para a formulacdo de materiais com maior
capacidade de adesao celular. Foram escolhidos dois motivos de adesao para funcionalizar o SELP-59-
A: RGD e C3. Os polimeros funcionalizados foram utilizados para a producédo de filmes misturando
diferentes percentagens de SELP-59-A nado funcionalizado com a sua variante funcionalizada. A
capacidade dos filmes para promover a adesao celular foi avaliada cultivando células das linhas celulares
de mamifero HaCaT e SH-SY5Y, durante 24 h, na superficie dos materiais. Os resultados indicam que a
adesao das células aos filmes ¢ influenciada por fatores como a linha celular, a sequéncia de adesao, e
a concentracéo de motivo de adesao celular. A adesao das HaCaT aos filmes funcionalizados com C3
aumentou com a concentracao de motivo de adesdo. Por outro lado, a adesao das células HaCaT aos
filmes SELP-59-A_cRGD aumentou com a concentracdo de sequéncia de adesao, atingindo o valor
maximo com a concentracao de 50% de SELP-59-A_cRGD, e permanecendo estavel em concentracoes
superiores. Analogamente as células HaCaT, quando incubadas em filmes SELP-59-A_nC3, o numero
de células SH-SY5Y aderidas aos filmes aumenta com a concentracdo de motivo de adesdo. No entanto,
qguando incubadas em filmes SELP-59-A_cC3 e SELP-59-A_cRGD, nao foi encontrada uma relacdo entre
a concentracao de sequéncia de adesdo e o numero de células SH-SY5Y aderidas aos filmes. De modo
geral, os resultados apontam para o potencial da utilizacdo de SELP-59-A funcionalizado com motivos de

adesao celular como biomaterial com maior capacidade de adesao celular.

Palavras-chave: adesao celular, C3, polimero recombinante, RGD, SELP
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1. Introduction




1. INTRODUCTION

Tissue Engineering is thought to be born more than 30 years ago at the Massachusetts Institute of
Technology (MIT) when a group of scientists began researching in the area of living skin equivalents,
driven by the lack of organ donorst. Currently, tissue engineering is applied to the creation of functional
constructs for tissue repair, to the study of stem cell behavior and provides models for studying numerous
diseases. It makes use of what is known as the triad of tissue engineering: scaffold, cells and signaling
molecules®. Tissue engineering combines principles from different areas including bioengineering,
materials engineering and cell transplantation, integrating biological and artificial components to recreate
the conditions present in the native body tissue' (Figure 1). Using these principles it is possible to
successfully regenerate several tissues including skin*¢, bone’s, cartilage®v, fatty tissues'2, nerve®, liver

and cardiac tissue®,
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1.1. SCAFFOLDS

Some tissues and organs can be regenerated by cell injection to a target site. This is used in the case of
diseases of the hematopoietic system, of capillary or small blood vessels like arterioles or even diseases
related with cardiovascular system malfunction”. Nevertheless, these cases are relatively rare. The
majority of large-sized tissues and organs with a defined three-dimensional structure require the existence
of a support to sustain cell growth. This support is often termed as scaffold, template or artificial
extracellular matrixv.

Scaffolds are engineered, preferable biodegradable, materials that provide a template for initial cell
attachment and subsequent tissue ingrowth while (i) promote cell survival, proliferation and differentiation
with minimum inflammation and toxicity to the host in its original and biodegraded forms; (ii) promote
cell interaction, viability and extracellular matrix (ECM) deposition; (iii) allow the transport or delivery of
gases, body liquids, nutrients and growth factors; and (iv) continue to offer structural support while being
degradable at appropriate rates for tissue regeneration=2,

Although scaffolds are relatively successful at providing a structure for initial cell adherence, the lack of
physical and chemical characteristics that are usually found in the ECM limits the capacity of the cells to
regenerate or create a tissuev. In order to increase cell response to scaffolds, researchers began
developing dynamic structures that do not only provide a mechanical support but also act on cells, actively
stimulating and guiding tissue regeneration? since they mimic the molecular environment of tissues, thus
providing the ideal conditions for tissue regeneration:. Currently, scaffolds are functional biomimetic
structures with nanostructured surfaces incorporating bioactive agents that allow a finer control over
cellular positioning, organization and interactionz.

Biomaterials play a central role in tissue engineering as base materials for the development of scaffolds=.
The most accepted definition of a biomaterial is the one employed by the American National Institute of
Health (NIH) that describes a biomaterial as “any substance or combination of substances, other than
drugs, synthetic or natural in origin, which can be used for any period of time, which augments or replaces
partially or totally any tissue, organ or function of the body, in order to maintain or improve the quality of
life of the individual”>.

Usually, three groups of biomaterials are used in the fabrication of scaffolds: ceramics, synthetic polymers
and natural polymers, each one with its own specific advantages and disadvantages® (Table 1).

Due to their mechanical properties, ceramics are mainly used in dental and orthopedic surgery. Their
main application comprises the filling of bone defects and the coating of metallic implant surfaces to

improve implant integration with the host bone®. For bone regeneration applications, scaffolds composed



of ceramics such as hydroxyapatite (HA)* and tri-calcium phosphate (TCP)? are widely used. Ceramic
scaffolds are characterized by high mechanical stiffness, very low elasticity and hard brittle surface®. They
display excellent biocompatibility and enhance bone regeneration, but their application for tissue
engineering has been limited because of their brittleness, difficulty of shaping for implantation and low

control in their degradation rate>.

Table 1. Advantages and disadvantages of each group of biomaterials. Adapted from zz-x,

Biomaterials Advantages Disadvantages

e Potential undesired inflammatory response

High initial mechanical strength
g gl e Significant reduction on their mechanical

o Excellent biocompatibility to bone . i
. . properties over time
implantation Difficulty of shapi
o Difficulty of shapin
e Enhance osteoblast differentiation and ) ping
o Brittleness

e Difficulty to control degradation rate

Ceramics

proliferation

o Fasily tailored

o o o Easily processable e Risk of rejection due to reduced bioactivity
-"_a:> E e Easily sterilizable o Mostly hydrophobic

E —:‘ e Surface modifiable o Potential toxic degraded form

@ e e Controlled degradation rate e Potential immunological reaction

e |Low production costs

e Biologically active

% o Usually promote excellent cell o Difficulty to obtain homogeneous and
_E- adhesion and growth reproducible structures
_g- o Biodegradability e High production costs
g o Allow host cells to produce their own e |Inadequate mechanical properties
‘; ECM and replace the degraded e Risk of contamination

scaffold

Numerous synthetic polymers have been used to produce scaffolds, including poly-L-lactic acid (PLLA)==,
polystyrene=+- polyethylene glycol (PEG)¥, polyglycolic acid (PGA)®** and poly-DL-lactic-co-glycolic acid
(PLGA)». The success of these materials relies on the possibility of tailoring their architecture and
controlling their degradation rate. However, they display reduced bioactivity and are mostly
hydrophobic»#=. Moreover, the degradation process by non-enzymatic hydrolysis of some synthetic
polymers such as PLLA and PGA originates intermediate degradation products as lactic acid and/or
glycolic acid, which reduces the local pH and induces an inflammatory reaction that can result in the

acceleration of the polymer’s degradation rate and cell and tissue necrosis«.



Natural polymers are a third group of commonly used biomaterials. In nature, macromolecules such as
polysaccharides and proteins are involved in tissue structural support, cell adhesion and migration, and
chemokine storage and release®. This makes them appealing to be used as materials for scaffolds, as
they should provide similar functions for engineered tissues®. Natural polymers such as collagen®,
proteoglycans®, alginate-based substrates* and chitosan®## have been used for the production of
scaffolds directed for tissue engineering. Natural polymers are biologically active and typically promote
excellent cell adhesion and growth##, In most cases, they are biocompatible, biodegradable and allow
host cells to produce their own ECM over time and replace the degraded scaffold=. However, it is a
challenge to produce scaffolds from biological materials with homogeneous and reproducible structuresz.
Furthermore, extraction of these polymers from the natural sources is laborious, in some cases expensive,

and results in low yields and ethical issues®.

1.1.1. Protein-based polymers

In nature, structural materials are assembled from several classes of biological macromolecules such as
nucleotides, polysaccharides and proteins. Among these molecules, structural proteins arise as a versatile
and functional class.

The examination of the structure of natural structural fibrillar proteins and the elucidation of structure-
property relationship disclosed the presence of short repeating amino acid sequences that form specific
higher-order structures by intermolecular or intramolecular interactions, largely responsible for the unique
physical properties of the natural proteins®- (Table 2). These oligopeptide sequences encode a basic
structural property that allows specific interactions to occur between similar oligopeptides. The repetition
of the amino acid sequence propagates the structural property over the polypeptide chain®=. The
assembly of similar structural chains creates a macromolecular polymeric material, in which the physical
and mechanical properties are determined by the repeating amino acid sequence. As example, collagen
triple-helix formation requires the repeating sequence -Gly-Xaa-Yaa (Xaa and Yaa can be any amino acid
however, Xaa is often proline and Yaa hydroxyproline). The formation of hydrogen bonds between the
backbone NH-group of glycine and the backbone CO of the residue in X-position of a neighboring chain
is the major source of stability that results in mechanical properties such as stiffness®=. Silk fibroin
repeating amino acid sequences form antiparallel B-sheet structures stabilized by hydrogen bonding,

which results in a crystalline and mechanical strong material®.



Table 2. Examples of amino acid repeating blocks found in natural structural proteins. Adapted from s-szs,

Protein family Repeat sequences/building block Secondary Structure
Elastin VPGVG, GVGVP, VPGG, APGVGV [B-spirals

Resilin GGRPSDSYGAPGGGN, GYSGGRPGGQDLG B-turns

Silk fibroin GAGAGS [B-sheets

Dragline silk polyalanine, GA / GGX / GPGXX [B-sheets / helices / B-turns
Collagen GXaaYaa Triple-helices

Keratin MKQLEDK, VEELLSK, NYHLENE, VARKLKKL  Twisted-helices

Note: X, Xaa and Yaa can be any amino acid. The amino acids in the Xaa and Yaa positions of collagen are often proline and
hydroxyproline, respectively.

Protein-based polymers (PBPs) are created by inspiration of these repetitive amino acidic
sequences/building blocks found in fibrous proteins, offering an abundance of different mechanical
properties that, together with its intrinsic biocompatibility, minimal cytotoxicity and controllable
degradation, makes them potential materials for several uses=¢. Consequently, PBPs have been
intensively explored for biomedical applications and are expected to substitute synthetic polymers in many
applications®.

Through the years, materials scientists investigated the possibility of obtaining higher levels of control in
polymer synthesis®. Advances in protein engineering and recombinant DNA technology allow the design
and production of recombinant protein-based polymers (rPBPs) with absolute control of their molecular
weight and stereochemistry, which allows the control of their propertiess=. rPBPs are usually inspired by
naturally occurring fibrous proteins such as silks, elastin®” and collagen>* and make use of the
repetitive amino acid sequence motifs responsible for the physical and mechanical properties of the

polymeric materials,

1.1.1.1. Silk-elastin-like proteins
Silk-elastin-like proteins (SELPs) are a family of rPBPs composed of repetitive GAGAGS (G: glycine, A: L-
alanine, S: L-serine) amino acid sequences found in silk fibroin and mammalian elastin conserved motif
VPGVG (V: Lvaline, P: L-proline). The silk fibroin repetitive block is found in the silkworm Bombyx mori
and spontaneously self-assembles into packed antiparallel -sheet structures, stabilized by hydrogen
bonding, providing crystallinity and mechanical strengths¢. The elastin-like block is inspired by
mammalian tropoelastin and consists of the pentapeptide VPGXG, where X, termed the guest residue, is
any natural amino acid except proline®. SELPs are designed to combine the crystallinity and mechanical

strength of silk with the high resilience and water solubility of elastin in a single structure®s. The



macromolecular properties of the polymer are controlled by the proportions, number and sequence of
these repeated motifs®=7.

The elastin-based pentapeptide is a flexible component that has been reported to form B-turns, conferring
elasticity”. In the poly-pentapeptide, the B-turns are repeated regularly and act as spacers between the
turns of the spiral, suspending chain segments in a relatively kinetically free state™. The periodic
introduction of elastin-like units in SELP sequence reduces the overall crystallinity of the system by
disrupting the silk-like blocks and consequently increasing its flexibility and water solubility=<. The
formulation of these copolymers is usually represented by the nomenclature [(S)x(E)y]n, where S
represents the silk block, x: the number of silk blocks; E represents the elastin-like block, y: the number
of elastin-like blocks, and n is the number of repetitions of the overall copolymersos,

SELP-59-A is a copolymer with formulation (S,E,),, consisting of nine tandem repetitions of five silk- and
nine elastin-like blocks with sequences GAGAGS and VPAVG, respectively (Figure 2). The substitution of
the central glycine (G) in the elastin sequence by L-alanine (A) demonstrated to significantly alter the
mechanical properties and the thermoresponsive behavior of elastin-like polypeptides, resulting in unique
properties. Elastin-like polypeptides (ELPs), also termed elastin-like recombinamers (ELRs), are
composed of multiple repetitions of elastin-like blocks (typically with sequence VPGXG) and display a
reversible inverse temperature transition (ITT) behavior in aqueous solutions, /e. at temperatures above
a specific threshold, the transition temperature (T)), the polypeptide chain folds and self-assembles into a
more ordered structure®=. This simple substitution showed to significantly alter the thermoresponsive
behavior and the mechanical properties of poly(VPAVG) when compared with poly(VPGVG): while still
displaying a reversible phase transition behavior (as do all other ELPs), poly(VPAVG) is characterized by
an acute thermal hysteresis, self-assembling at temperatures above its T, but only resolubilizing when
the temperature is strongly cooled downe#, The matrix resulting from the cross-linking of poly(VPAVG)
exhibited similar properties to synthetic thermoplastic elastomers®#, with an Young's modulus two orders
of magnitude higher than that for poly(VPGVG)#, and has also demonstrated to be biocompatible both /n

vitro and in vive®,

o (Y oo

Figure 2. Representation of SELP-59-A construct. The polymer contains 9 repeats of a monomeric unit with 5 repeats

of the silk consensus sequence GAGAGS (S5, green) and 9 repeats of the elastin-like sequence VPAVG (E9, pink).



Due to the remarkable mechanical properties, biocompatibility and versatility of processing, SELPs have
been used for biomedical applications such as in targeted drug deliverys and controlled gene release®#,
scaffolds for tissue engineering®, biodegradable plastics®, wound dressings for skin regeneration® and
ophthalmic applications*. Among SELPs, SELP-59-A has been easily expressed and purified with high
volumetric productivities*#, and processed into different types of materials such as fibers, transparent

films®, hydrogels and even multifunctional biocompositeses,

1.2. SIGNALING MOLECULES

Animal cells do not survive without communication. They receive and respond to a variety of signaling
molecules that are secreted or expressed on the surface of other cells®. Structurally, the signaling
molecules used by animals have a great range of complexity, from simple gases to proteins that can bind
to intracellular receptors in the cytoplasm or nucleus, or to receptors expressed on the target cell surface®.
The binding between most signaling molecules and the receptor initiates signal transduction pathways
that virtually regulate all cell functions including proliferation, survival, metabolism, movement,

differentiation and adhesionssss,

1.2.1. Cell adhesion
From the signaling processes discussed above, cell adhesion regulation is of special interest for tissue
engineering researchers. Cell adhesion is the ability of a single cell to stick to another cell or to the
extracellular matrix (ECM)” through reversible interactions, such as hydrogen bonds, electrostatic
interactions, van der Waals forces, and dipole-dipole interactions between two macromolecules®. It is
mediated by cell-surface proteins named cell adhesion molecules (CAMs)* that can be divided into four
main classes comprising immunoglobulin super family CAMs, adhesins, mucin-like CAMs and
integrins=2®, Immunoglobulin super family CAMs, mucin-like CAMs and adhesins are involved in cell-to-
cell adhesion, while integrins are essentially involved in cell-to-matrix adhesion®. The crosstalk between
cell-cell and cell-ECM adhesions plays an important role in tissue morphogenesis, being critical for the
regulation of cell behavior. Cells sense the mechanical stimuli such as force, stress, strain, substrate
rigidity, topology and adhesiveness, and respond by converting them to biochemical signals which elicit
specific cellular responses that regulate cell differentiation, cell cycle, migration, survival, and the

development and maintenance of tissues®<.



In vitro, cell adhesion is a passive process that occurs in static culture conditions, usually in cell culture
flasks®. Cells undergo morphological changes due to passive deformation and active reorganization of
the cytoskeleton that leads to cell-matrix attachment and spreading. The process of /7 vitro cell adhesion
is defined by three stages (Figure 3): i) an initial stage, where the cell body attach to its substrate, ii)
flattening and spreading of the cell body and, iii) organization of the actin skeleton with the formation of
focal adhesions between the cell and its substrate’.

In the initial stage, cells attach onto the substrate through interaction between CAMs and the matrix
(phase |). Posteriorly, the number of interactions increases over time and cells continue flattening and
spreading, resulting in the increment of contact area with the matrix (phase Il). In the last stage (phase
1), cells completely spread over the surface and there is a reorganization and distribution of the actin
skeleton around the cell's body edge. The strength of adhesion increases with the length of time a cell is

allowed to adhere to the substrate?.

Cell adhesion phase Phase | Phase Il Phase lll

Schematic diagram of
cell adhesion

Transformation of

cell shape
Cell adhesion intervension Electrostatic interaction Integrin bonding Focal adhesion
Adhesion stages Sedimentation Cell attachment Cell spreading and stable

adhesion

Figure 3. /n vitro cell adhesion stages. Adapted from o7z,

1.2.1.1. Cell-cell adhesion
Cell-cell adhesion can be temporary, such as the interactions between immune system cells®, or stable
cell-cell junctions that play a role in the formation and maintenance of tissues, as it allows cells in tissues
to work in an integrated manners, Cell-cell adhesion is generally initiated by one or more CAMs such
as immunoglobulin super family CAMs, mucin-like CAMs and adhesins®. These CAMs cluster and form
three major structures: tight junctions, adherens junctions and desmossomes®s. Tight junctions - a type

of cell-cell adhesion in epithelial and endothelial cellular sheets — form a barrier impermeable to the



majority of soluble molecules between the two sides of the epithelium'. Adherens junctions are cadherin-
based adhesive structures formed from the association of cadherins on adjacent cells, associated with
actin-binding/regulatory proteins®. Finally, desmosomes are multiprotein complexes composed by
proteins of the cadherin superfamily which recruit a variety of intracellular proteins that anchor
intermediate filaments to the plasma membrane*°, Besides mediating cell adhesion, these specialized

junctions provide mechanisms for rapid communication between cells®.

1.2.1.2. Cell-ECM adhesion

The majority of animal cells is surrounded by an ECM, that fills the spaces between cells and binds cells
and tissues together®. It is a dynamic structure that acts as physical scaffold supporting cells, providing
strength and elasticity, interacting with cell-surface receptors and controlling the availability of growth
factorsm.

The ECM consists of a complex mixture of secreted proteins with both structural and functional roles®
embedded in a gel-like polysaccharide substance arranged in a unique, tissue-specific three-dimensional
architecture®ss12, The main constituents of ECM are collagen, which represents about 90% of the dry
weight of most tissues' ECM; elastin, which is an essential protein that provides resilience and elasticity
to tissues and organs'z glycoproteins such as fibronectin, laminin, vitronectin, thrombospondin and
tenascin, which play an important role in many cell surface interactions; glycosaminoglycans e.g. heparin
and hyaluronic acid that promote water retention and contribute to the gel properties of the matrix; and
growth factors such as vascular endothelial cell growth factor (VEGF), fibroblast growth factor (FGF), and
epithelial cell growth factor (EGF) that, even though they represent a small portion of the ECM, play an
important role as modulators of cell behavior:1,

Multiadhesive matrix proteins, such as glycoproteins, link components of the matrix both to one another
and to attached cells®. The continuous crosstalk between cells and molecules of the ECM mediated by
membrane receptors leads to the development of patterns, morphogenesis, differentiation and
maintenance of the differentiated phenotype®«. Cell adhesion to the extracellular matrix is mainly
mediated by integrins®, heterodimers of non-covalently associated o and 3 subunits that can act as a
bridge between surface adsorbed ECM proteins and interacting cells*»=. Different types of a- and (-
subunits and different combinations of them allow the existence of a large variety of integrins with the

ability to bind to different types of ligands (Table 3)z:s,
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Table 3. Integrin types and their respective ligands. Adapted from .

Subunits Ligands

al Collagens, laminins

a2 Collagens, laminins

a3 Laminins, fibronectin, thrombospondin

ad Fibronectin, vascular cell adhesion molecule (VCAM)

ob Fibronectin

ob Laminins

Pl o/ Laminins
a8 Fibronectin, tenascin
a9 Tenascin
al0 | Collagens
all | Collagens
ov Fibronectin, vitronectin
ol Intracellular adhesion molecules (ICAMs)
aM Fibrinogen, ICAMs
b2 aX Fibrinogen
aD VCAM, ICAMs
83 allb | Collagens, fibronectin, vitronectin, fibrinogen, thrombospondin

ov Fibronectin, vitronectin, fibrinogen, thrombospondin, osteopontin, tenascin

f4 | ab Laminins

B5 | av Vitronectin

6 ov Fibronectin, tenascin

ol Fibronectin, VCAM, Mucosal addressin cell adhesion molecule (MAdCAM)

B7

ok E-cadherin

38 ov Collagens, laminins, fibronectin

Both subunits contain a large extracellular domain, a transmembrane domain and a short cytoplasmic
domain (Figure 4)=1e17 The extracellular domain of integrins binds to the extracellular matrix while the
cytoplasmatic domain interacts with components of cytoskeleton and with signaling molecules,
responsible for the transduction of the signaling process:, The matrix is linked to the cytoskeleton in a
stable way by cell-matrix junctions - focal adhesions and hemidesmosomes - through the interaction of
integrins with extracellular matrix molecules and with the cytoskeleton (Figure 4)=us, Focal adhesions
attach a variety of cells to the extracellular matrix using integrins that mediate the attachment of actin
fibers of the cytoskeleton to ECM molecules, such as fibronectint, Hemidesmosomes mediate epithelial
cells attachment to the basal laminae, using one specific integrin (a6p4) that anchors laminin to

intermediate filaments, instead of binding to actin.
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Figure 4. Cell-matrix junctions mediated by integrins. In focal adhesion, cytoplasmatic domain of the subunit 3 binds to actin
filaments by association with proteins such as o-actin, vinculin and talin. In hemidesmosomes, a6B4 integrin mediates

anchorage of basal lamina layer to intermediate filaments via plectin. Reproduced froms.

1.2.1.3. Adhesion sequences

The interaction between integrins and ECM (celllECM adhesion) occurs through the recognition, by
integrins, of amino acid sequences present in ECM proteins termed cell adhesion sequences (Table 4),
while the interaction between two CAMs (cell-cell adhesion) occurs through the recognition of sequences
present in other CAMs.

Due to the role of CAM-mediated interactions on the subsequent cellular events of cellular recognition,
these motifs are promising targets for manipulating cellular responses to biomaterials®. To date, several
biomaterials have been engineered with adhesion sequences in order to improve cell interaction. Two
main methods are used to include adhesion sequences in a biomaterial: chemical immobilization of whole
ECM proteinst*= or short peptide sequences (cell adhesion motifs) on the surface of a scaffold2:'z, or,
in the case of recombinant proteins (typically rPBPs), by genetic manipulation of their structure=-2, The
use of whole ECM proteins can result in their instability during the different modification processes and
have the tendency to randomly fold, impairing the availability of CAMs to interact with cells. Due to these
constraints, the use of short peptide sequences is preferable=. Adhesion sequences are usually small but
sufficient to promote cell adhesion with results often comparable to those obtained using entire

proteins 212,
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Table 4. Integrins and prototypic ligands/cell adhesion sequences. Adapted from -2,

Integrin | Prototypic ligands/cell adhesion sequences

a5pl RGD; KQAGDV; LDV/IDS; IDA(PS); REDV

a8pl | RGD
P avpl RGD
5 ap3 | RGD
5 ap5 | RGD
avB6 | RGD, DLXXL
avp8 RGD
allbB3 | RGD, KQAGDV, KGD, HHLGGAKQAGDY
3 alpl | GFOGER® GLOGER® GLQGER; GFKGER
) a2pl | GFOGER®; GROGER; GFKGER; DGEA; YGYYGDALR; FYFDLR; RGD
5 @10l | GFOGER"
3 allpl | GFOGER* GLQGER; GFKGER
° a3pl | LN-511; LN-332; LN-211; RGD
§ a6pl | LN511; LN-332; LN-111; LN-411
:é a6B4 | LN-332; LN-511
5 a7Bl | LN-111; LN-211; LN-411; LN-511; RGD

o4pl RGD; LDV/IDS; QIDS; IDAPS; CS-1 peptide; CS-5 peptide
o4p7 LDV, LDT, CS-1 peptide

a9B1 AEIDGIEL; tenascin-c

oEp7 HAV

oalp2 L/IET; GPR

aMp2 KRLDGS; P1 peptide; P2 peptide; GPR;
oXp2 GPR

aDp2 GPR

Note: sequences are given in single-letter amino acid code, where X is any amino acid. 0, hydroxyproline.

Leukocyte-specific receptors

The prototypic adhesion signal sequence that is most commonly used to promote cell adhesion is the
RGD (R: arginine, G: Glycine, D: aspartic-acid) tripeptide sequencewsisu-usizan - that was originally
identified in fibronectin and binds to the fibronectin receptor, a5B1 integrin. It is now known that
numerous integrins recognize this sequence (Table 4)=01, RGD is present in a variety of adhesion proteins

including fibronectin, vitronectin, fibrinogen, von Willebrand factor, thrombospondin, laminin, entactin,
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tenascin, osteopontin, bone sialoprotein, and, upon denaturation or proteolytic cleavage, collagenszs:122,
There are several variations of this adhesion motif, such as NGD, KGD and RHD, capable of binding to
several RGD-directed integrins, although with lower affinity:.

While some adhesion sequences such as RGD are generic and promote the adhesion of almost all cell
types, other sequences such as REDV (R: arginine, E: glutamic acid, D: aspartic acid, V: valine) have a
more restrained activity. REDV is a sequence naturally present in the CS5 domain of fibronectin that have
specific activity for endothelial cells®#, It was previously used to functionalize material surfacess and
rPBPs=1-153 and it is appealing for small-diameter vascular grafts.,

Not all sequences are unspecific and recognized by several different integrins: some sequences such as
HHLGGAKQAGDYV are recognized only by one integrin. Other integrins mediate cell-cell adhesion, binding
to intercellular adhesion proteins such as ICAM, VCAM and MadCAM (Table 3). Some of these integrins,
like 4P 1, have dual specificity and can bind to VCAM-1, but can also bind to fibronectin®.

The interaction between two CAMs in cell-cell adhesion events occurs through the recognition of
sequences present in other CAMs, which have been identified mainly by structural analysis or by
screening combinatory librariess, Examples of these motifs are FGL (EVYVVAENQQGKSKA), C3
(ASKKPKRNIKA), and NBP10 (AKKMWKKTW). These sequences are not frequently used for the
functionalization of materials as they often compete with CAM-CAM interaction thus inhibiting cell-cell
adhesion. Even so, there is one report on the use of C3 sequence for the functionalization of polymers to

promote cell adhesion®s, demonstrating enhanced cell adhesion ability.

1.3. CELLS

The use of cells in tissue engineering targets the repopulation and repair of a damaged tissue@. The ideal
scenario would be the isolation of patient's cells by means of a small biopsy, expansion the cell number
in the culture, seeding the cells onto a scaffold and implantation to the same patient”. However, for
several reasons, this is not viable and a common procedure, and it is necessary the existence of
alternative approaches.

The source of the cells to be used has a huge influence on the success of tissue engineering approaches
and can be categorized based on their origin: autologous, when they belong to the patient; allogenic,
when they have human origin but not belong to the patient; and xenogeneic, when they have a different

animal originv.
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From an immunologic point-of-view, autologous cells are the most appropriate for tissue engineering due
to the fact that they are not immunogenic and therefore immunosuppressive therapy is not required after
implantation?. Although a preferred option, there are several limitations regarding this approach because
of the invasive nature of cell collection and the potential for cells to be in a diseased state . Also, in
many cases, a relatively low number of cells is available for harvesting and can result in some degree of
donor-site morbidity whereas, cells from diseased or aged patients may not be appropriate for
transplantation. In such cases, a common alternative is to use cells from different human or non-human
donors®. Allogenic cells are mostly used for skin regeneration®, providing essential growth factors and
cytokines for wound healing®. However, there is the risk of transmission of viral infections (e.g., hepatitis
B and C or HIV) between the donor and the receptor, besides the need of immunosuppressive therapies:.
In the ongoing search for a reliable source of cells to replace lost cells, tissues and organs, research in
the area of xenotransplantation has grown tremendously over the past four decadess*=. During several
years, the ability to genetically modify species, such as the pig, through transgenesis and nuclear transfer,
to express human genes and to mutate detrimental genes expressed in pig cells, held a promise for
engineered tissues'®. However, the publication of reports that revealed the presence of porcine
endogenous retrovirus in pigs® dramatically reduced the frequency of this animal's use as cell source
due to the problem of cross-species pathogen infectivity, i.e. xenozoonosis®, The transmission of
infectious agents combined with the ethical, moral and social consequences, have reduced the
enthusiasm for this approach.

The extent of cell differentiation also has influence on the success of tissue engineering” as the presence
of proliferative capacity to populate the scaffold and replace the damaged tissue is crucial. One option is
the use human embryonic stem cells (ESCs)71=, ESCs can be derived from the blastocyst - a
preimplantation stage embryo — or from primordial germ cells — cells of the early embryo that eventually
differentiate into sperm and oocytes'=:s, ESCs are appealing as source for tissue engineering due to their
virtual limitless expansion capacity and differentiation ability (capable to differentiate into potentially all
body cells)= =15, The use of these pluripotent stem cells have, however, some constrains: if ESCs are
obtained from fertilized eggs that were not used after the infertile therapy of couples, these cells are
allogenic to the patient who will receive them, which will trigger an immunologic responser. Although it
is possible to overcome this problem by transferring the nuclear somatic cell to an enucleated egg, this
technique raises ethical questions””. Some studies have shown that ESCs transplantation into immune-

deficient mice elicits the formation of teratomas's, tumor-like formations containing tissues belonging to
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all three germ layers'. Due to this, the complete differentiation and purification of the cells modified from
ESCs is imperative for the clinical application in tissue engineering?.

Another promising possibility are multipotent stem cell populations, also known as adult stem cells, that
are found mainly in the bone marrow and have the ability to differentiate into many lineages under
appropriate conditions’18, The most extensively studied adult stem cell lines are hematopoietic stem cells
(HSCs) and mesenchymal stem cells (MSCs)”. HSCs are able to differentiate into eosinophils,
erythrocytes, megakaryocytes, osteoclasts and B and T cells. MSCs can differentiate into osteocytes,
chondrocytes, adipocytes, tenocytes, myocytes and bone marrow stromal cells=s, The use of MSCs
for tissue engineering purposes is considered safe when compared with ESCs, as no tumorigenesis has
been reportedv.

Several years ago it was reported the existence of additional tissue-resident adult stem cell populations
that proliferate and differentiate to provide organ-specific cell typest -7, The number of tissue-resident
stem cells is variable among tissues. Some tissues are highly regenerative, as is the case of the skin -
where it is possible to find proliferative keratinocytes, the liver — where hepatocytes respond to liver
damage, and intestinal crypt that replenish the absorptive epithelium®, while the majority of the organs
in a human body respond poorly to regenerative pressure (e.g., heart), possibly due to the low stem cell
numbers, Even so, the application of adult stem cells in tissue engineering has limitations. In many
cases, the number of cells collected from a patient is not sufficient for clinical application and it is
necessary to multiply cells in /n vitro cultures?. This process represents a challenge: when grown on a
two-dimensional cell culture dish, the proliferative capacity of these cells is reasonably maintained, but
eventually the de-differentiation occurs. When grown on three-dimensional substrates, the de-

differentiation does not occur, but the rate of proliferation is drastically reduced®.
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2. Aims

The overall aim of this work is the development of functionalized genetically engineered SELP materials
using SELP-59-A as the base protein polymer, via the inclusion of cell-binding motifs.
Interest in tissue engineering resulted in an increasing number of biomaterials available. However, many
of these materials are non-bioactive and have none or little influence on cellular behavior as they fail to
comply with the complex number of requisites such as cell adhesion, growth, differentiation, etc.
Designing scaffolds that are favorable to cellular adhesion and growth is imperative to make advances in
the reparation and regeneration of the functions of damaged tissues, as well as in the study of stem cell
behavior and to provide models for the study of several diseases.
In order to provide a contribution towards such purpose, this work focused on the creation of novel
materials with improved cell adhesion functions. The main objective was then divided in the following
tasks:

- Creation of recombinant protein-based polymers based on silk and elastin integrating different

cell binding motifs;

- Production and purification of the created materials;

- Evaluation of the cell and ECM-binding activity using mammalian cell cultures.
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3. MATERIALS AND MEETHODS

3.1. BIOLOGICAL MATERIALS
3.1.1. Microorganisms

During this work, five strains of Escherichia coli were used, with genotypic characteristics described in
Table 5. All bacterial strains were made competent (Annex I) and transformed with different variations of
the plasmids shown in Table 6 and presented in Annex Il. £. coli XL1-Blue (Stratagene) was used for the
cloning steps and plasmid storage, whereas £. co/i BL21(DE3) (Novagen), £. coli CA3(DE3) and £. coli

Origami B were used for protein production.

Table 5. Strains used for cloning steps and protein production and its genotype.

E. colistrain Genotype
XL 1-Blue recAl endAl gyrA96 thi-1 hsdR17 supE44 relAl lac [FproAB* lac
L:ZAM15 Tni10 (Tet)]
BL21(DE3) F- ompT gal dem lon hsdSb(r,- m,-) A(DE3 [lacl lacUV5-T7 gene 1 ind1
Sam/ nin5j)
F- ompT gal dem lon hsdSb(r,- m,-) A(DE3 [lacl lacUV5-T7 gene 1 ind1
BL21(DES) pLysE Sam7 nin5jjplysE (Canr)
F ompT hsdSRB (r.- mb-) gal dcm A (DE3 [lacl lacUV5-T7 gene 1 ind1
CA3(DE3) pRARE Sam? nin5]) pRARE (Canr)

F ompT hsdSs(r; my) gal dem lacY1 ahpC A (DE3 [lacl lacUV5-T7 gene 1

Origami B (DE3) ind1 Sam7 nin5j) gor522::Tn10 twB (Karr, Tet)

Table 6. Plasmids used for gene cloning and expression.

Plasmids Selective marker Application
pDrive::SELP-59-A Ampf, Kan® Cloning vector
pCM13::SELP-59-A Amp* Expression vector
pET25b(+) Amp* Expression vector

Ampr - ampicillin resistance; Kan - kanamycin resistance.

Cells were stored at -80 °C in glycerol 30% (v/v) until used. When needed, cells were inoculated in

Lysogeny Broth (LB) (see Annex Ill) solid or liquid, supplemented with antibiotics as selective markers.
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For protein production, cells were inoculated in Terrific Broth (TB) (see Annex Ill), using a-lactose (lac) or
its synthetic analogous molecule Isopropyl (3-D-1-thiogalactopyranoside (IPTG) as inducers of protein

expression.

3.1.2. Mammalian cell lines

Evaluation of biomaterials cell adhesion was performed using mammalian cell cultures, namely the bone
marrow cell line SH-SY5Y, a subline of the neuroblastoma parental line SK-N-SH derived from a metastatic
bone tumor biopsy”+s, and HaCaT, an immortalized human keratinocyte line'.

SH-SY5Y cells were cultured according to American Type Culture Collection (ATCC) recommendations in
a mixture (1:1) of Dulbecco's minimal essential medium (DMEM) and Ham's F12 nutrient Mixture,
supplemented with 10% (v/v) fetal bovine serum (FBS), 1% (v/v) penicillin/streptomycin, 10 pg/mL
hygromycin B and 1% (v/v) L-glutamine. HaCaT were cultured in DMEM medium supplemented with 10%
(v/v) FBS, 1% penicillin/streptomycin, 10 ug/mL hygromycin B and 1% (v/v) L-glutamine.

Both cell lines were maintained in 25 cm2 tissue culture flasks (T25) and 75 cm2 tissue culture flasks

(T75) in an incubator with 5% CO, at 37 °C.

3.2. CLONING STRATEGY

Genetic constructions were prepared by standard genetic engineering technigues using DNA sequences
optimized for £. coli B codon usage. All DNA agarose gel electrophoresis were performed using 1%
agarose gels and using Tris-acetate-EDTA (TAE) (see Annex Ill) as running buffer unless stated otherwise,
and were stained using Midori Green Advance (NIPPON Genetics). GSR ladder 1kb (Grisp) was used as

molecular weight marker (MWM).

3.2.1. pET25hb(+) digestion

The pET25b(+) (Novagen) (see Annex Il) expression plasmid was extracted from £. coli XL1-Blue using
the GenElute™ Plasmid Miniprep Kit (Sigma-Aldrich) following the manufacturer’s instructions. pDNA
quantification was accessed by spectrophotometry with NanoDrop® ND-1000 UV-Vis Spectrophotometer
(Thermo Fisher Scientific).

The plasmid was then digested using Ndel and Hindll Fast Digest restriction enzymes (Thermo Fisher

Scientific) for 4 h at 37 °C. To avoid vector recircularization, dephosphorylation was performed using
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Antarctic Phosphatase (New England BiolLabs) for 30 min at 37 °C, followed by inactivation at 80 °C for
2 min. Accomplishment of full digestion reaction was confirmed by DNA agarose gel electrophoresis. The
DNA band of the digested product was extracted from agarose gel and purified with NucleoSpin® Gel and
PCR Clean-up (Macherey-Nagel) according to the manufacturer's instructions and quantified as described

before. The digested plasmid was stored at -20 °C until further use.

3.2.2. Design and digestion of adapter sequence

A cloning adapter was designed to enable the cloning steps needed for this work in the pET25b(+).
The adapter sequence was obtained by polymerase chain reaction (PCR) (LifeECO Thermal Cycler) using
two primers that partially overlay (Table 7). The reaction was performed using the reagents depicted in

Table 8 to a final volume of 50 uL, according to the conditions described in Table 9.

Table 7. Primers used to obtain the adapter and adhesion motifs DNA sequences. Primers overlay on highlighted nucleotides.

Forward 5 AAAACATATGGGTACCCACGTGACTAGTGAA 3'
0PI | peverse 5 GGGGAAGCTTTTAGAATTCACTAGTCACGTG 3
Forward 5 GGGGCATATGGCGAGCAAAAAACCGAAACGCAATA 3
s Reverse 5 GGGGGGTACCCGCTTTAATATTGCGTTTCGGTTT 3
3 Forward 5 GGGGACTAGTGCGAGCAAAAAACCGAAACGCAATA 3
Reverse 5 GGGGGAATTCCGCTTTAATATTGCGTTTCGGTTT 3'
. Forward 5 AAAACATATGTGCACCGGCCGCGGCGATAGCCC 3'
Reverse  5' AMAGGTACCGCACGCCGGGCTATCGCCGCGRC 3
Forward 5 AAAAACTAGTTGCACCGGCCGCGGCGATAGCCC 3
oRGD Reverse  5' AMMAGAATTCGCACGCCGGGCTATCGCCGCGAE 3'

Table 8. Reagents used to perform PCR.

Reagent Volume (pL)
Accuzyme Mix 2X (Bioline) 25

Forward primer 10 pM 2

Reverse primer 10 pM 2

upH.0 21
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After PCR, the success of the reaction and band size were verified by DNA agarose gel electrophoresis
and the remaining volume was purified using NucleoSpin® Gel and PCR Clean-up (Macherey-Nagel)

according to the manufacturer's instructions. DNA quantification was performed as previously described.

Table 9. PCR conditions used to perform PCR to produce agapter sequence.

Step Temperature (2C) | Time Cycles
Initial denaturation 95 3 min 1
Denaturation 95 15 s

Annealing 47 15 s 30
Extension 72 1.5 min

Final extension 72 1 min 1

The purified PCR product was digested with Mael and Hindlll Fast Digest (Thermo Fisher Scientific) at 37
°C for 4 h. The digested DNA was then purified using NucleoSpin® Gel and PCR Clean-up (Macherey-
Nagel) according to the manufacturer's instructions and quantified. The digested adapter sequence was

stored at -20 °C until used.

3.2.3. Ligation of the adapter and pET25b(+)

Ligation of pET25b(+) and the adapferwas performed overnight at room temperature using T4 DNA ligase
(Thermo Fisher Scientific). The quantity of vector and insert to be used were calculated by the following

formula, using the molar ratio of 5:1:

ng of vector x size of insert (kb) molar ratio of insert
- X -
size of vector (kb) molar ratio of vector

= ng of insert

The resulting plasmid will be termed pET25::adapter from this point onwards.
Afterwards, 10 pL of the reaction were used for cell transformation using competent £. co/iXL1-Blue (see

Annex |), following the heat shock transformation method present in Annex IV. To confirm if the ligation
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was successful, a screening protocol by DNA agarose gel electrophoresis was performed. The pDNA from
6 £. coli XL1-Blue transformants was extracted using GenElute™ Plasmid Miniprep Kit (Sigma-Aldrich)
following the manufacturer’s instructions and digested using Pou211 (Thermo Fisher Scientific) for 4 h at
37 °C and analysed by electrophoresis. Positive results were also confirmed by DNA sequencing using

cycle sequencing technology (dideoxy chain termination/cycle sequencing) (Eurofins Genomics).

3.2.4. Digestion of pET25::adapter

PET25::adapterwas extracted from £. co/iXL1-Blue using NZYMiniprep kit (NZYTech — Genes & Enzymes)
and was digested with £co72| (Thermo Fisher Scientific) for 5 h at 37 °C. Accomplishment of full digestion
reaction was confirmed by DNA agarose gel electrophoresis. The DNA band of the digested product was
extracted from agarose gel and purified with NucleoSpin® Gel and PCR Clean-up (Macherey-Nagel)
according to the manufacturer's instructions.

To avoid recircularization, the digested plasmid was dephosphorylated by Antarctic Phosphatase (New
England BioLabs), according to the manufacturer’s instructions. Dephosphorylated sequence was purified
using NucleoSpin® Gel and PCR Clean-up (Macherey-Nagel) according to the manufacturer's instructions

and quantified.

3.2.5. SELP extraction from pDrive:: SELP-59-A plasmid

pDrive::SELP-59-A plasmid (see Annex Il) was extracted from £. coli XL1-Blue using NZYMiniprep kit
(NZYTech — Genes & Enzymes) following the supplier’s instructions and quantified. The SELP-59-A
sequence was then extracted from the plasmid by restriction digestion with £a/m11041 (Thermo Fisher
Scientific) for 5 h at 37 °C.

Full digestion reaction and separation of the DNA bands were confirmed by DNA agarose gel
electrophoresis. The DNA band with the molecular weight corresponding to SELP-59-A DNA coding
sequence was extracted from agarose gel, purified with NucleoSpin® Gel and PCR Clean-up (Macherey-

Nagel) according to the manufacturer's instructions and quantified.

3.2.6. SELP-59-Asequence extension

Since the excision of SELP-59-Awith £am1 104l restriction enzyme produces sticky ends and the digestion
of pET25::adapter with Eco7?2l restriction enzyme produces blunt ends, it was necessary to fill in the

sticky ends of the SELP-59-A sequence to make the ligation compatible. This reaction was performed
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using 23 pL of Accuzyme Mix 2x (Bioline) and 23 uL of SELP-59-A sequence, to a final volume of 46 L.
The mixture was incubated at 72 °C for 45 min using a thermocycler (T100 Thermal Cycler, Bio-Rad).
Extended SELP-59-A sequence was purified using NucleoSpin® Gel and PCR Clean-up (Macherey-Nagel)

according to the manufacturer's instructions and quantified.

3.2.7. Ligation of pET25::adapter and SELP-59-A

The ligation of pET25::adapfer and the SELP-59-A sequences was performed at room temperature for 1
h using T4 DNA ligase (Thermo Fisher Scientific) and transformed into £ co/i XL1-Blue. The quantity of
vector and insert to be used was calculated using the formula in section 3.2.3, using the molar ratio of
5:1.The resulting plasmid was named pET25::SELP-59-A.

Confirmation of gene insertion and right orientation was achieved by DNA extraction and digestion using
Ppu211 and Hindll of several transformants. Positive results were confirmed by DNA sequencing (Eurofins

Genomics).

3.2.8. pET25::SELP-59-A digestion

pET25::S£1 P-59-A was extracted from £. coli XL1-Blue using NZYMiniprep kit (NZYTech - Genes &
Enzymes) following the supplier's instructions and quantified using NanoDrop® ND-1000 UV-Vis
Spectrophotometer (Thermo Fisher Scientific).

To posteriorly insert the adhesion sequences, pET25::SELP-59-A was digested at N- and C-terminus of
the SELP-59-Asequence. N-terminus digestion was performed for 4 h at 37 °C using Ndel (Thermo Fisher
Scientific) and Aprl (Thermo Fisher Scientific). C-terminus digestion was performed in two steps, since
the two restriction enzymes used have different optimal concentrations of enzyme reaction buffer. The
first step was executed for 2 h at 37 °C, by mixing 20 uL of pET25_SELP 101.3 ng/uL, 1 pL of Bcu
(Thermo Fisher Scientific), 2.5 pL of Tango Buffer (Thermo Fisher Scientific) and 1.5 uL of upH,0. When
the first digestion was complete, 1 uL of £coA (Thermo Fisher Scientific) and 3.25 pL of Tango Buffer
(Thermo Fisher Scientific) were added to the reaction. The volume of Tango Buffer necessary to add was
calculated according to the following formula: V=A/8, where V is the volume of buffer to be applied and
A is the starting volume of the reaction mixture.

The optimal reaction conditions for the two double digest reactions were determined using the online
tool DoubleDigest Calculator — Thermo Scientific

(https://www.thermofisher.com/pt/en/home/brands/thermo-scientific/ molecular-biology/thermo-
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scientific-restriction-modifying-enzymes/restriction-enzymes-thermo-scientific/ double-digest-calculator-

thermo-scientific.html, Thermo Fisher Scientific).

3.2.9. Adhesion sequences design and insertion into pET25::SELP-59-A

The adhesion sequences were obtained by polymerase chain reaction (PCR) (T100 Thermal Cycler, Bio-
Rad) using two primers that partially overlay (Table 7). The reaction was performed using the reagents
present in Table 8 to a final volume of 50 pL, according to the conditions described from Table 10 to
Table 13.

After PCR, the success of the reactions and the size of the bands were verified by DNA agarose gel
electrophoresis, the DNA purified and quantified. 770G and nC3 sequences were digested for 4 h at 37
°C using Ndel and Aprl (Thermo Fisher Scientific), whereas cRGD and cC3 sequences were digested

with Bcud and £coRl (Thermo Fisher Scientific).

Table 10. PCR conditions to obtain 7C3 adhesion sequence.

Step Temperature (2C) | Time Cycles

Initial denaturation 95 3 min 1

Denaturation 95 155

Annealing 50 15s 30

Extension 72 1.5 min

Final extension 72 1 min 1
Table 11. PCR conditions to obtain cC3adhesion sequence.

Step Temperature (2C) | Time Cycles

Initial denaturation 95 3 min 1

Denaturation 95 155

Annealing 50.5 155 30

Extension 72 1.5 min

Final extension 72 1 min 1
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Table 12. PCR conditions to obtain 7RGD adhesion sequence.

Step Temperature (2C) | Time Cycles
Initial denaturation 95 3 min 1
Denaturation 95 155

Annealing 62 15s 30
Extension 72 1.5 min

Final extension 72 1 min 1

Table 13. PCR conditions to obtain c¢RGD adhesion sequence.

Step Temperature (2C) | Time Cycles
Initial denaturation 95 3 min 1
Denaturation 95 155

Annealing 65 15s 30
Extension 72 1.5 min

Final extension 72 1 min 1

Ligation occurred with the digested sequences and pre-digested and dephosphorylated pET25:: SELP-59-
Awith the respective enzymes for N or C-terminal insertion for 1 h at room temperature. Ligation products
were then used to transform £. coli XL1-Blue cells.

Successful insertion was confirmed by digestion of extracted pDNA from different transformants with the
enzymes used before the ligation steps and verified by DNA agarose gel electrophoresis using SGTB
(GRISP Research Solutions) as running buffer. Positive results were sent for sequencing (Eurofins
Genomics).

The resultant plasmids from the ligation between pET25::SELP-59-Aand nC3, ¢C3, nRGD and cRGD will
be named PpET25::SELP-59-A nC3,  pET25:SELP-59-A cC3,  pET25::SELP-59-A nRGD  and
PET25::SELP-59-A cRGD, respectively, from this point onwards.

3.3. EVALUATION OF PROTEIN PRODUCING LEVELS

The confirmed constructions were transformed into £ co/i BL21 (DE3) using the heat shock
transformation protocol described in Annex IV. A production screening protocol was applied to 6 different

transformants of each construction to evaluate each construction production levels and determine the
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best producing colony. 10 ml of TBlac medium (see Annex Ill) supplemented with 100 pg/mL of
ampicillin was inoculated with a single colony and grown for 20 h, at 37 °C, 200 rpm. As positive control
it was used £. coli BL21(DE3) transformed with pCM13::SELP-59-A and as negative control it was used
E. coliBL21(DE3) with no plasmid.

From each sample, 1 ml of cell culture was collected and centrifuged for 1 min at 14000 x g, resuspended
in 100 pL of TE buffer (50 mM Tris, 1 mM EDTA at pH 8.0) and 25 pL of sample loading buffer (10%
w/v SDS, 10 mM beta-mercapto-ethanol, 20% v/v glycerol, 0.2 M Tris-HCI pH 6.8, 0.05% w/v
bromophenol blue) and centrifuged for 20 min at 16000 x g.

Production levels were analysed, comparing samples from crude extracts by sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE) with a 10% SDS-PAGE gel (Table 14). To allow direct
comparison between transformants, the OD,,.. of each culture was determined and samples were
normalized for the same cell density (ODgy., = 0.1) using the formula: OD.x V, = OD, x V,, where OD; is the
ODqyn Of the cell culture, V., is the volume (uL) of supernatant to apply in each lane, OD, is 0.1, and V; is
125 (100 uL TE + 25 pl loading buffer). Protein marker Il (NZYTech) was used as molecular weight

marker.

Table 14. Reagents used for the elaboration of one 10% SDS-PAGE gel.

Reagent Resolving gel | Stacking gel
30% Acrylamide/ 0.4% Bis 1565 uL 415 uL
1.875 M Tris pH 8.8 1875 uL

1.875 M Tris pH 6.8 - 630 pL
ddH,0 1105 pL 1355 uL

10% SDS 47 uL 25 uL

10% APS 75 uL 25 uL
TEMED 7.5 uL 5puL

Each SDS gel was run at a constant current flow of 15 mA (PowerPac™ Basic and Mini-PROTEAN® Tetra
Cell, BioRad), for approximately 2 h. Gels were stained with 50 mL of fresh prepared aqueous copper
chloride (CuCl,) 0.3 M solution. Images were captured using ChemiDoc® XRS+ system and relative levels
of protein expression were estimated using ImageJe software (https://imagej.net/Welcome) to compare
band intensity. The transformants with the highest expression levels were chosen to continue the work

and stored frozen at -80 °C in glycerol 30% (v/v) until further use.
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3.3.1. SELP-59-A_nRGD production optimization

In order to optimize the production of SELP-59-A_nRGD (pET25::SELP-59-A nRGD expression product),
pET25::SELP-59-A nRGD was also transformed into £. co/i BL21(DE3) pLysE, £. coli CA3(DE3) pRARE
and £. coliOrigami B (DE3) for protein expression. All £. coli strains were transformed using the adapted
TSS transformation protocol'” (see Annex V). Protein expression levels in £. coli C43(DE3) pRARE and
E. coli Origami B (DE3) transformants were evaluated by a production screening protocol, as previous
described. To evaluate the production levels on £. coli BL21(DE3) pLysE, 4 transformants were chosen
for a production screening protocol using TB medium, induced at an OD,,,,=0.8, with IPTG to a final
concentration of 1mM. Samples were taken 2 and 4 h after induction.

All samples were processed as mentioned in section 3.3. As positive and negative controls £. coli

BL21(DE3) transformed with pET25::SELP-59-A nRGD and E. coli BL21(DE3) were used, respectively.

3.4. PROTEIN PRODUCTION

E. coli BL21(DE3) cells containing the final constructions were grown in TBlac supplemented with 100
pg/mL for protein expression using the following conditions: 22 h of elapsed fermentation time; at 37
°C; 200 rpm of agitation, 250 mL in 1 L Erlenmeyer flasks sealed with cotton plugs (1:4 volume of
medium to volume of flask ratio). After fermentation, cells were harvested by centrifugation at 10375 x g

for 10 min, at 4°C and the pellets were frozen at -20 °C until purification.

3.5. PROTEIN PURIFICATION

Cells were resuspended in TE buffer (60 mL per liter of production) at 4 °C with agitation for 30 min and
lysed by ultrasonic disruption (sonication) (750W, Vibra cell 75043, Fisher S. Bioblock Scientific).
Sonication was performed with a probe of 25 mm diameter with 60% of amplitude, 3 s pulse on, 9 s
pulse off, and a total active sonication time of 10 min.

In order to precipitate £. col/i native proteins and to increase cell lysis, pH was adjusted to 3.5 with
hydrochloric acid (HCI) 1.6 M, under agitation for 30 min, at 4 °C and centrifuged at 10695 x g, 20 min,
4 °C, for insoluble debris removal. The soluble polymers were then precipitated by the salting out
technique using 25% of ammonium sulphate saturation (see section 3.6 for concentration optimization)
by slowly adding ammonium sulphate to the supernatant under agitation at 4 °C. The resulting mixture

was maintained on ice for 30 min followed by centrifugation at 10695 x g for 20 min at 4 °C. After
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centrifugation, the precipitated polymer was resolubilized with upH,0 at 4 °C overnight and the resulting
solution was dialyzed in a 10000-12000 Da membrane (Medicell Membranes, Ltd) against water at 4 °C.
The dialyzed solution was centrifuged at 10695 x g, 20 min at 4 °C followed by filtration with a
polyethersulfone (PES) 0.45 um filter. The resulting solution was frozen at -80 °C and lyophilized (Christ
Alpha 2-4 LD Plus, Bioblock Scientific) for water removal.

3.6. PROTEIN PURIFICATION OPTIMIZATION

To assess the optimal concentration of ammonium sulphate saturation for purification of each polymer,
10 mL supernatant of a production of 1 L were precipitated with 15, 20, 25, 30 and 35% ammonium
sulphate saturation. Ammonium sulphate quantities were calculated using the online tool ammonium
sulphate calculator (http://www.encorbio.com/protocols/AM-SO4.htm, Encor Biotechnology, Inc.).
Ammonium sulphate was slowly added to the supernatants under agitation at 4 °C and the mixture was
incubated on ice for 30 min, followed by centrifugation at 10695 x g for 20 min at 4 °C. After
centrifugation, the precipitated polymer was resolubilized in half of the initial volume with 4 °C upH,0
overnight.

Polymer precipitation was assessed by SDS-PAGE, by comparation of the quantity of protein present in
the resuspended pellet and supernatant for each saturation. Samples of 100 uL from both the
supernatant and the resuspended pellet were collected, and 25 pL of sample loading buffer were added.
Gels were run and stained as stated in section 3.3.

The optimal concentration of ammonium sulphate to precipitate each polymer was the lowest saturation
that led to total polymer precipitation. This saturation is the one in which it is no longer possible to observe

a band in the sample of the supernatant in SDS-PAGE gels.

3.7. SOLVENT CASTING AND POST-PROCESSING TREATMENT OF FILMS

SELP-59-A and SELP-59-A_CAMs films were prepared by solvent casting using formic acid as solvent by
dissolution of the pure lyophilized protein to a final concentration of 3% (w/v). Different films were
produced by combining SELP-59-A with different percentages of functionalized polymer (0, 25, 50 75
and 100 wt%) (Table 15). Then, 130 pL of each protein solution was cast into a 10 mm (diameter)
polytetrafluoroethylene (PTFE, Teflon®) mold and allowed to dry at room temperature until complete

solvent evaporation (Figure 5).
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Since SELP films are water soluble and the application involves contact with agueous solutions,
insolubility was induced by treatment with methanol-saturated air at room temperature for 48 h in a

desiccator.

Table 15. Different films produced by combination of SELP-59-A and functionalized polymers.

Film SELP-59-A_CAM (wt%) SELP-59-A (wt%)
SELP-59-A_CAM 25% 25 75
SELP-59-A_CAM 50% 50 50
SELP-59-A_CAM 75% 75 25
SELP-59-A_CAM 100% 100 0

SELP-59-A 3% (w/v) SELP-59-A_CAM 3% (w/v)

97.5 uL 32.5uL
i
— 130 puL s
SELP-59-A_CAM 25% (wt%) ETD =S
e Y <

Figure 5. Schematic representation of film preparation process.

3.8. FILM CHARACTERIZATION

Treated and untreated films were characterized using attenuated total reflectance-Fourier transform
infrared (ATR-FTIR) spectroscopy. Spectra were acquired from 4000cm?* to 400cmat room

temperature with a Spectrum Two spectrometer (Perkin EImer) coupled with an UATR (single reflection
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diamond, Perkin Elmer) accessory. Spectra were collected after 64 scans with a resolution of 4 cm with

automatic correction of atmospheric CO,/H,0.

3.9. MAMMALIAN CELL LINES STAINING OPTIMIZATION

300 uL of a suspension of HaCaT cells at a density of 2.0 x 10 cells/mL were seeded per well into a
surface treated sterile 24-well plate (TPP®) and incubated for 24 h at 37 °C with 5% CO, in a humidified
environment. Following incubation, cells were washed with sterile phosphate-buffered saline solution
(PBS) 1x (see Annex Ill) at 37 °C and incubated with Hoechst 34580 (Sigma-Aldrich) 5 uM for 15, 30
and 40 min or 4',6-diamidino-2-phenylindole (DAPI) (Invitrogen) 5 uM for 15 min, DAPI 2.5 uM for 30
min and DAPI 0.5 uM for 60 min (Figure 6). One well without probe was used as negative control. After
the stipulated incubation time for each probe, cells were washed with 200 pL of sterile PBS 1x at 37 °C.

Afterwards, PSB was replaced by 200 pL of sterile PBS 1x at 37 °C.

A @@ o uM

Figure 6. 24-well plate scheme used for cell staining optimization.

SH-SY5Y cells were seeded using 500 pL of cell suspension per well at a density of 2 x 10¢ cells/mL into
a sterile surface treated 24-well plate (TPP®) and incubated for 24 h at 37 °C with 5% CO, in a humidified
environment. Following incubation, cells were washed with sterile PBS 1x at 37 °C and incubated with
the same probes as mentioned above to HaCaT cell line. For both cell lines, fluorescence was observed
using a fluorescence microscope (Olympus IX71 inverted microscope) with micrographs from random

locations being recorded and compared.
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3.10. EVALUATION OF THE EFFECT OF THE CELL’S FIXATION PROCESS ON FILM STRUCTURE

AND STAINING.

Films were washed with 300 pl of sterile PBS 1x and incubated for 24 h with 300 ul of DMEM + 10%
FBS medium using an untreated sterile 24-well plate (Sarstedt).

The films subjected to the fixation process had the culture medium aspirated and were washed with 300
pl of PBS Ix. Then, 300 pl of formaldehyde 3.7% were added and incubated for 10 min at room
temperature. Films were washed 2 times with 300 pl of PBS 1x. PBS was replaced by 300 ul of 0.1%
TritonX-100, which was allowed to incubate 5 min at room temperature. Films were washed 2 times with
300 pl of PBS 1x. The staining was only performed on SELP-59-A 100%, SELP-59-A_nC3 100% and SELP-
59-A_cRGD films, by incubation with 100 ul of Rhodamine Phalloidin (Abcam) in each well at 37 ° C in
the dark for 20 min. The wells were washed 2 times with PBS 1x and 100 pL of Hoechst 34580 (Sigma-
Aldrich) 5 uM were placed in each well and allowed to incubate at 37 ° C for 15 min followed by
observation under a microscope (Olympus IX71 inverted microscope).

In the films not subjected to the fixation process, the culture medium was aspirated, and films were
washed with 300 pl of PBS 1x. 100 pl of Rhodamine Phalloidin were placed in in each well and incubated
at 37 © C in the dark for 20 min. The films were washed 2 times with PBS 1x and posteriorly incubated
at 37 © C for 15 min with 100 pL of Hoechst 34580 (Sigma-Aldrich) 5 uM. The wells were then washed

with 300 pl of PBS 1x and observed under a microscope (Olympus IX71 inverted microscope).

3.11. CELL ADHESION ASSAYS

Films were washed with 300 pL of sterile PBS 1x and incubated at room temperature for 30 min with
complete culture medium for hydration and sterilization. 50 pL of HaCaT and SH-SY5Y cell suspension
were seeded on top of each film at a density of 5.4 x 10¢ and 2.0 x 10¢, respectively, using an untreated
sterile 24-well plate (Sarstedt) and incubated for 2 h at 37 °C with 5% CO, in a humidified environment.
After incubation, 250 uL of culture medium were added to each well and the plate incubated for 24 h at
37 °C with 5% CO,. As viability control, 50 uL of cell suspension at the same densities mentioned above
were incubated into a sterile surface treated 24-well plate (TPP®) for 2 h at 37 °C with 5% CO, in a
humidified environment. After incubation, 250 pL of culture medium were added to each well and the
plate incubated for 24 h at 37 °C with 5% CO,. In order to maintain moisture inside the plates and prevent

the loss of culture medium volume, 300 ul of sterile PBS 1x were added in unused wells.
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After the incubation period, the culture medium was aspirated and films washed with 300 pl of PBS 1x.
Then, 300 pl of formaldehyde 3.7% were added in each well and incubated for 10 min at room
temperature. Films were washed 2 times with 300 ul of PBS 1x. Afterwards, PBS was replaced by 300
pl of 0.1% TritonX-100, which was allowed to incubate 5 min at room temperature. Films were washed
2 times with 300 ul of PBS 1x. 100 ul of Rhodamine Phalloidin were added and incubated in each well
at 37 © C in the dark for 20 min. The films were washed 2 times with PBS 1x and 100 uL of Hoechst
34580 (Sigma-Aldrich) 5 uM were incubated in each well at 37 °C for 15 min followed by observation

under a microscope (Olympus IX71 inverted microscope).
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4. RESULTS AND DISCUSSION

4.1 CREATION OF RECOMBINANT PROTEIN-BASED POLYMERS BASED ON SILK AND ELASTIN

INTEGRATING DIFFERENT CELL BINDING MOTIFS
4.1.1 Adhesion sequences selection

With the objective to produce SELP-59-A polymers that promote cell adhesion, it was necessary to select
adhesion sequences in order to functionalize the polymer. The chosen strategy includes the selection of
a sequence that has activity in a broad spectrum of cell lines, and another sequence that was specific to
a limited number of cell lines.

The RGD sequence was chosen as the sequence that promote the adhesion of a large number of cell
lines, due to its well-studied behavior in numerous cell lines and it is recognized by several integrins.
Since the integrin-ligand specificity and affinity depends not only on the adhesion sequence itself but also
on the adjacent amino acids:s and the stereochemical conformation of the peptide chain, research
was made to select the sequence of amino acids that promotes higher cell adhesion (Table 16).
Previous studies have reported that cyclic RGD peptides increase cell adhesion and spreading up to 100
times when compared to linear analogues, However, cyclic RGD was not considered to be applied in
the functionalization of SELP-59-A due to the fact that the circularization of the RGD sequence involves
chemical processes that could potentially lead to the modification of the structure of the SELP-59-A and
the loss of its desirable physical, mechanical and biological properties.

The RGD sequence chosen to functionalize SELP-59-A was the one studied by Widhe and collaborators*
(CTGRGDSPAC), in which two amino acids flanking the original fibronectin sequence (VTGRGDSPAS) were
substituted for cysteines. This modification leads to the formation of a disulfide bridge, which exposes the
RGD sequence steadily. The authors were inspired by the natural position of the RGD sequence in the
fibronectin molecule at the edge of a hairpin turn loop, which exposes the sequence and allows the
recognition by integrins®. Recombinant spider silk functionalized with this sequence obtained significantly
better results than recombinant spider silk not functionalized with adhesion sequences (P <0.01 for
human dermal microvascular endothelial cells (EC), P <0.05 for human MSC and P <0.0001 for normal

human epidermal keratinocytes from adult skin (KC).
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Table 16. Adhesion sequences containing RGD motif used to functionalize recombinant polymers. Highlighted sequence was the amino
acid sequence chosen to functionalize SELP-59-A. Approximated efficiency values compared with non-functionalized polymer. (*) median
value, since the mean it was not available. MAP: mussel adhesion protein; SLP: silk-like polymer; Hel.a: human epithelioid cervix carcinoma
cells; HEK293T: human embryonic kidney cells mutated in SV40 large T antigen; CHO: Chinese hamster ovary cells; BALB/3T3: mouse

embryonic fibroblasts; Saos-2: human osteosarcoma cells.

Sequence Polymer Position Cell line Incflbatlon Efficiency | Reference
period
Hela +12.5%
GRGDSP MAP (fp-151) C-terminus HEK293T | 18 h +10.8% Hwang, D. S. et al, (2007)=
CHO +20%
GRGDSPG SLP (eADF4(C16)) C-terminus BALB/3T3 | 1.5h +67.1% Wohlrab, S. et al,, (2012)=
EC +280%*
CTGRGDSPAC SLP (4RepCT) N-terminus MSC 1h +700%* Widhe, M. et a/,(2016)
KC +2350%*
VTGRGDSPAS SLP (4RepCT) N-terminus KC lh +1300%* Widhe, M. et al.,(2016)
STGRGDSPAS SLP (4RepCT) N-terminus KC lh +1100%* Widhe, M. et al.,(2016)
EC +65%*
RGD SLP (4RepCT) N-terminus MSC lh +200%* Widhe, M. et a/,(2016)*
KC +500%*
24 h +42.6%
AVTGRGDSPASS | ELP (ELP-RGD-ELP), | Saos-2 4d +36.7% Costa, R. R. et al,, (2009)=
7d +168.8%

Note: sequences are given in single-letter amino acid code.

The adhesion sequence that promote the adhesion of a limited number of cell lines was chosen after
target cells/tissue were selected.

Nervous system injuries, particularly on the nerves, caused by contusion, stretch or laceration usually
lead to total or partial loss of function due to the loss of axonal continuity, which causes nerve
degeneration=. While nerves can regenerate on their own and recover total or partial function when
injuries are small, larger injuries must be surgically treated to promote coaptation, i.e. the joining or
adjustment of the truncated axonal extremities to one another=#s, When coaptation is not possible, the
most common method of treatment is the use of autografts to promote the reinnervation=-#", However,
drawbacks such as the requirement of two surgeries and the removal of tissue from the patient fuel the
search for better alternatives:® .

An alternative to the nerve graft is to use a scaffold, providing structural support for neural cell growth
and guiding nerve regenerations, Several scaffolds have already been used for this purpose, using mainly
aligned electrospun fibers of synthetic biomaterials==-* and composite fibers containing whole proteins
or peptides sequences®#2 to guide both developing and regenerating neurons /n vitro and in vivo=:.

To stimulate nerve tissue regeneration, the adhesion sequence chosen to functionalize SELP-59-A should

promote cell adhesion, as well as neuritogenesis (the formation of new neurites, which develop into axons
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and dendrites)* and synaptogenesis (the process of synapse formation, synapse maintenance and
activity-dependent synapse refinement and elimination)s¢, Several sequences were considered for this

purpose (Table 17).

Table 17. Sequences involved in cell adhesion specific for cells of the nervous system. The highlighted sequence corresponds to selected
amino acid sequence to functionalize SELP-59-A. NCAM: neural cell adhesion molecule; FGFR: fibroblast growth factor receptor; HSPG:

heparan sulfate proteoglycan.

Peptide name/sequence Identity/localization Receptor/module Effects

NBP10/AKKMWKKTW

Artificial peptide

NCAM/Ig|

Induction of neurite outgrowth
Inhibition of NCAM-mediated cell
adhesion

C3/ASKKPKRNIKA

Artificial peptide

NCAM/Ig|
FGFR/Igll-Iglll

Induction of neurite outgrowthre:=»
Enhancement of presynaptic function at
low concentration>

Inhibition of NCAM-mediated adhesion=°
Neuroprotection against apoptosis**
Promotion of synapse formation
Protection against teratogen-induced
embryotoxicity»*

Promotion of phenotypic neuronal
differentiationze=s

HBP/KGRDVILKKDVRFI

NCAM/Igll

Heparin/HSPG

Induction of neurite outgrowth=

FGL/EVYVWAENQQGKSKA

NCAM/FN3, I

FGFR/Igll-Iglll

Induction of neurite outgrowthzs
Neuroprotection against apoptosis®
Promotion of phenotypic neuronal
differentiation=:

Modulation of synaptic plasticityzs=
Anti-neuroinflammation=s

ENFIN2/AFYRTIQWTME
ENFIN11/ARWSKGFDQWM

Artificial peptides

NCAM/FN3,1-2

Induction of neurite outgrowthze

Induction of neurite outgrowthz:

P2/ GRILARGEINFK NCAM/Igll NCAM/Igl Neuroprotection against apoptosis2:
Inhibition of NCAM-mediated adhesion==
Induction of neurite outgrowthz=
Neuroprotection against apoptosis*
Plannexin/DVRRGIKKTD NCAM/Igll NCAM/Iglll Promotion of phenotypic neuronal
differentiation=:
Modulation of synaptic plasticity2+
BCL/NLIKQDDGGSPIRHY NCAM/FN3, I FGFR/Igll-Iglll Induction of neurite outgrowthzs
EncaminA/SIDRVEPYSSTAQVQFD NCAM/FN3,I FGFR/Igll-Iglll Induction of neurite outgrowthzs
Inducti f it tgrowthzs
EncaminC/KAEWKSLGEEAWHSK nduction of neurite outgron
NCAM/FN3,I FGFR/Igll-Iglll Promotion of neuronal survivalz

EncaminE/TIMGLKPETRYAVR

Enhancement of presynaptic functionze

Note: sequences are given in single-letter amino acid code.
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Although these sequences are not often used to promote cell adhesion to materials, they have potential
to be used to stimulate nerve tissue regeneration, considering that the majority of them were identified in
a molecule involved in cell-cell adhesion (NCAM), which is abundantly expressed in the nervous system:,
NCAM plays a crucial role in neuronal development, regeneration and synaptic plasticity, by functioning
as signaling receptor, initiating a complex network of signaling transduction cascades®27, All these
functions are triggered by the homophilic interaction between NCAMs of adjacent cells, or by the
heterophilic bond of NCAM molecules to different molecules, such as ECM molecules like heparin, or
membrane receptors such as FGFR72,

Considering the effects of each of the sequences, C3 was chosen as it fulfills all the requirements

mentioned above and should promote neuron adhesion and survival.

4.1.2 Design of genetic constructions

Studies show that the initial codons of a DNA sequence are directly related to the transcription and
translation rates of a gene?*2# as well as the solubility» and the half-life time of a proteins#’, Furthermore,
the biological activity of functionalized polymers depends on the contact of adhesion sequences with cells.
Since it is not possible to predict the conformation of the adhesion sequence on the functionalized
polymer, each of the chosen sequences was placed at the N- and C-terminal of the SELP-59-A sequence

(Figure 7) to increase the probability of success.

SELP-59-A ' RGD | SELP-59-A_cRGD
" RGD SELP-59-A SELP-59-A_nRGD

SELP-59-A [ €3 | SELP-59-A_cC3
(] SELP-59-A SELP-59-A_nC3

Figure 7. Schematic representation of the constructions designed.
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pET25b(+) plasmid was chosen to design the genetic constructs, since the SELP-59-A polymer was
previously produced with high productivity (500 mg/L)® using the pET system’, through a modified
pET25b(+) plasmid (pCM13::SELP-59-A).

Since pET25b(+) plasmid does not have the appropriate restriction sites to design the desired sequences,
an adapter with the characteristics described in Figure 8 was designed. For this, two primers that partially
overlap were used (Table 7), which is able to form the complete sequence through PCR, as described in

the section 3.2.2. The success of the PCR and the size of the band were confirmed by DNA agarose gel

electrophoresis (Figure 9).

N-terminus insertion of CAM C-terminus insertion of CAM STOP codon
2 4 6
SELP CAM
Eco72| Bcul EcoRI STOP Hindill
CAM

3 5
Insertion in pET25b(+) Insertion of SELP (blunt) C-terminus insertion of CAM Insertion in pET25b(+)
N-terminus insertion of CAM Enables Ppu21| for polymer
Start codon orientation confirmation

Figure 8. Schematic representation of the adapter designed, depicting recognition sequences for restriction enzymes.

The adapter sequence was digested with Mdel and Hindlll and ligated to linearized pET25b(+), previously
digested with the same enzymes. The ligation was confirmed by digestion with Ppou21l (Figure 10),
showing the expected molecular weight DNA bands, and further confirmed by DNA sequencing (see Annex
V, Figure 55). The resulting plasmid was named pET25::adapfer.

The DNA sample present in lane 2 of Figure 10B was chosen due to the amount of DNA extracted and

to the absorption graph obtained in the NanoDrop®, which indicated a solution with DNA at an higher
purity.
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Figure 9. Adapter sequence in a 1% agarose gel. A - /n silico simulation (SnapGene®). B - Electrophoretic analysis showing
the PCR product, in a 1% agarose gel stained with Midori Green Advance. MWM corresponds to the molecular weight marker

(GSR ladder 1kb - Grisp). No modifications other than cropping, resizing and contrast adjustment were applied to the images.

A B
mwwv 1 2 3 4 MWM 1 2 3 4

Figure 10. pET25::adapter digested with Pou21l. A - /n silico simulation (SnapGenee) of the digestion of pET25b(+) vector

kb

(lane 1), used as negative control, and pET25::adapter (lane 2) in a 1% agarose gel stained with Midori Green Advance. B -
Electrophoretic analysis showing the digestion product of DNA from different transformants after restriction digestion, in a 1%
agarose gel stained with Midori Green Advance. MWM corresponds to the molecular weight marker (GSR ladder 1kb - Grisp).

No modifications other than cropping, resizing and contrast adjustment were applied to the images.

To insert the SELP-59A sequence, pET25::adapter was digested with £co72l. The success of full

digestion reaction was confirmed by DNA agarose gel electrophoresis (Figure 11).
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MWM 1 2 3 4

Figure 11. pET25::adapter plasmid digested with £co721. A - /n silico simulation (SnapGene®). B - Electrophoretic analysis
showing the PCR product, in a 1% agarose gel stained with Midori Green Advance. MWM corresponds to the molecular weight
marker (GSR ladder 1kb - Grisp). No modifications other than cropping, resizing and contrast adjustment were applied to the

images.

SELP-59-A was extracted from pDrive:: SELP-59-A by digestion using £am11041 (not shown). Since this
restriction enzyme produces sticky ends, and the digestion of pET25::adapferwith £co7 2] produces blunt
ends, it was necessary to fill in the sticky ends of the SELP-59-A to make the ligation compatible. The
ligation and the orientation of the SELP-59-A sequence was initially evaluated by digestion with Pou21I
and Hindll restriction enzymes as depicted in Figure 12. None of the band profiles exactly matched the
one predicted (lane 2 of Figure 12A), although the profile of lanes 2 and 5 of Figure 12B resembled the
expected profile. Thus, the DNA of the transformants 2 and 5 was digested with Adel for plasmid
linearization and insertion confirmation (Figure 13B), followed by DNA sequencing of the DNA from the
transformant corresponding to lane 5 of Figure 13B (see Annex V, Figure 56-57). The plasmid resultant
from the ligation was named pET25::SELP-59-A.

In the lane 6 of Figure 12B it was verified a double insertion of SELP-59-A. As this construct may be
interesting for future applications, the insertion and correct orientation of both SELP-59-A sequences was
confirmed by sequencing (see Annex V, Figure 58-59). Since none of the other transformants presented

a positive or interesting result for possible future applications, these were not considered to proceed.
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A B
Mwvwm 1 2 3 456 7 8 wMw 1 2 3 4 5 6 7 8

Figure 12. pET25::SELP-59-A digested with Pou21l and Hindlll. A — In silico simulation (SnapGenee) of the digestion of
pET25::adapter (lane 1); pET25::SELP-59A vector (lane 2); pET25::SELP59-A with SELP-59-A inserted in the reverse
orientation (lane 3); pET25:: SELP-59-A+SELP-59-A (lane 4); pET25::SELP-59-A+ SELP-59-Ainserted in the reverse orientation
(lane 5); B — Electrophoretic analysis showing the digestion product of DNA from different transformants after restriction
digestion, in a 1% agarose gel stained with Midori Green Advance. MWM corresponds to the molecular weight marker (GSR

ladder 1kb - Grisp). No modifications other than cropping, resizing and contrast adjustment were applied to the images.

Figure 13. pET25::SELP-59-A plasmid digested with Ndél. A- /n silico simulation (SnapGene®). B —Electrophoretic analysis
showing the digestion product of DNA from transformant 2 (lane 1) and 5 (lane 2) after restriction digestion, in a 1% agarose
gel stained with Midori Green Advance. MWM corresponds to the molecular weight marker (GSR ladder 1kb - Grisp). No

modifications other than cropping, resizing and contrast adjustment were applied to the images.
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As for the adapter sequence cloning, the adhesion sequences were designed using two primers that
partially overlap, which formed the complete sequence by PCR. The success of the PCR and the size of

the band were confirmed by DNA agarose gel electrophoresis (Figure 14).

A B E F
MWM 1 2 MWM MWM 1 MwM 1

Figure 14. Adhesion sequences in a 1% agarose gel. A - /n silico simulation (SnapGene®) of 7C3 (lane 1) and nRGD (lane
2) adhesion sequences in a 1% agarose gel. B — Electrophoretic analysis showing the PCR product of nC3and nRGD (lane 1
and 2, respectively) in a 1% agarose gel stained with Midori Green Advance. C - /n sifico simulation (SnapGene®) of cRGD
sequence in a 1% agarose gel. D — Electrophoretic analysis showing the PCR product of ¢cRGD sequence in a 1% agarose gel
stained with Midori Green Advance. E - /n silico simulation (SnapGene®) of ¢C3 sequence in a 1% agarose gel. F -
Electrophoretic analysis showing the PCR product of cC3 sequence in a 1% agarose gel stained with Midori Green Advance.
MWM corresponds to the molecular weight marker (GSR ladder 1kb - Grisp). No modifications other than cropping, resizing

and contrast adjustment were applied to the images.

nC3 and nRGD were digested with Ndel and Aprl, and ¢C3 and cRGD were digested with Beud EcoRl.
Each adhesion sequence was ligated to linearized pET25::SELP-59-4, previously digested with the same
enzymes. The ligation was verified by digestion with the enzymes used to insert the adhesion sequences.
The electrophoretic analysis did not show the expected molecular weight DNA band profile (Figure 15),
as the DNA bands corresponding to the excised adhesion sequences and to the digested plasmid appears
to have higher molecular weight than expected. In the case of construction resulting from the ligation
between pET25::SELP-59-A and nRGD, the amount of DNA used for the screening was below the probe
detection limit, and therefore it was not possible to observe a band corresponding to the excised adhesion

sequence (not shown).
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All the ligations were later confirmed by DNA sequencing. The resulting plasmids were named

PET25::SELP-59-A nC3, pET25:.SELP-59-A cC3, pET25::SELP-59-A nRGD and pET25:.SELP-59-

A_cRGD (see Annex V, Figure 60-64 for DNA sequencing results).

Figure 15. Ligation confirmation of the adhesion sequences. A - /n1 silico simulation (SnapGene®) of pET25::SELP-59-A_nC3
digested with Mdel and April. B - Electrophoretic analysis showing the digestion products of DNA from different pET25:: SELP-
59A_nC3 transformants after digestion with Mdel and Aprl in a 1% agarose gel stained with Midori Green Advance. C — /n
silico simulation (SnapGene®) of pET25:: SELP-59-A cC3 digested with Bcud and £coAl. D - Electrophoretic analysis showing
the digestion products of DNA from different pET25:: SELP-59-A_cC3 transformants after digestion with Bcud and £EcoRl in a
1% agarose gel stained with Midori Green Advance. E - /n silico simulation (SnapGene®) of pET25:: SELP-59-A cRGD digested
with Bcud and £coRl. F - Electrophoretic analysis showing the digestion products of DNA from different pET25:: SELP-59-
A_cRGD transformants after digestion with Bcid and £coRl in a 1% agarose gel stained with Midori Green Advance. White
arrows point to the band corresponding to the excised adhesion sequence. MWM corresponds to the molecular weight marker

(GSR ladder 1kb - Grisp). No modifications other than cropping, resizing and contrast adjustment were applied to the images.
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4.2 PRODUCTION AND PURIFICATION OF THE CREATED MATERIALS
4.2.1 Production of recombinant polymers

All confirmed constructions were transformed into £. co/iBL21 (DE3). Previous experience with SELP-59-
A production using both the pET system’ and this strain resulted in high productivities, being the first
choice for this work.

To evaluate the production levels of SELP-59-A by BL21 (DE3) transformed with pET25::SELP-59-A,
pCM13::SELP-59-A and pET25::adapter were used as positive and negative control, respectively (Figure
16). The SDS-PAGE analysis did not show the expected molecular weight bands as SELP-59-A have an
expected molecular weight of 55 kDa, but the bands of interest, pointed by the arrows, seem to have a
molecular weight of approximately 75 kDa. This abnormal gel mobility that is believed to be due to the
high hydrophabicity of the polymer” was verified throughout all the SDS-PAGE analysis and was previously
reported by several authors=2s21 For a precise determination of the molecular weight of polymers a

qualitative method such as mass spectrometry should be used.

pET25:: pET25::SELP-59-A
adapter MWM pCM13 1 2 3 4 5 6 7

Figure 16. SDS-PAGE analysis of SELP-59-A production in £. co/iBL21 (DE3) pET25:: SELP-59-A transformants after 22 h at
200 rpm and 37 °C in TBlac medium. pET25::adapter and pCM13, used as negative and positive controls, correspond to £.
coliBL21 (DE3) transformed with pET25::adapter and pCM13::SELP-59-A, respectively. Arrows point to the bands of interest;
black arrow indicates SELP-59-A polymer band of the chosen transformant. Loaded samples were normalized to the same cell
density (OD,,,,=0.1). Gel was stained with CuCl, 0.3 M. MWM corresponds to the molecular weight marker (Protein marker I,

NZYTech). No modifications other than cropping and resizing were applied to the image.
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The production level of SELP-59-A of all pET25::SELP-59-A transformants was lower than the one
observed on the pCM13::SELP-59-A transformants (Figure 16). The pET25::SELP-59-A transformant
pointed by the black arrow was chosen to be used as control in future production screenings.

A production screening was performed to evaluate the expression levels of the functionalized polymers,
with an expected molecular weight of 56.06 kDa in case of SELP-59-A_cC3 and SELP-59-A_nC3, and
55.79 kDa in case of SELP-59-A_cRGD and SELP-59-A_nRGD. Relative levels of protein expression were
estimated comparing band intensity, aiming to the determination of the best producing colony. As
observed in Figure 17, the production levels of SELP-59-A_cC3 were lower than SELP-59-A production
using pCM13::SELP-59-A plasmid and very similar to SELP-59-A production using pET25::SELP-59-A
plasmid. Based on the SDS-PAGE analysis, the transformant number 5 (black arrow) was chosen to

proceed.

PET25:: pe PET25::SELP-59-A_cC3
MWM adapter PCM13  59.A 1 2 3 4 5 6
-

Figure 17. SDS-PAGE analysis of SELP-59-A_cC3 production in £. coli BL21 (DE3) pET25::SELP-59-A cC3 transformants
after 22 h at 200 rpm and 37 °C in TBlac medium. pET25::adapter and pCM13, used as negative and positive controls,
correspond to £. coliBL21 (DE3) transformed with pET25::adapter and pCM13::SELP-59-A, respectively. Arrow points to the
band corresponding to SELP-59-A_cC3 polymer of the chosen transformant. Loaded samples were normalized to the same
cell density (OD,,,,=0.1). Gel was stained with CuCl, 0.3 M. MWM corresponds to the molecular weight marker (Protein marker

I, NZYTech). No modifications other than cropping and resizing were applied to the image.
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The production levels of SELP-59-A_nC3 were similar to SELP-59-A production using pCM13::SELP-59-A
plasmid, and higher than SELP-59-A production using pET25:: SELP-59-A plasmid (Figure 18). Based on

the results, the transformant number 4 (black arrow) was chosen to proceed.

pET25:: i PET25::SELP-59-A_nC3

MWM qadapter PCM13  59.A 2 3 4 5 6

Figure 18. Screening of SELP-59-A_nC3 production in several colonies of £. co/iBL21 (DE3) after 22 h at 200 rpm and 37
°C in TBlac medium. pET25::adapter and pCM13, used as negative and positive controls, correspond to £. co/i BL21 (DE3)
transformed with pET25::adapfer and pCM13::SELP-59-A, respectively. Arrow points to the band corresponding to SELP-59-
A_nC3 polymer of the chosen transformant. Loaded samples were normalized to the same cell density (OD,,,,=0.1). Gel was
stained with CuCl, 0.3 M. MWM corresponds to the molecular weight marker (Protein marker Il, NZYTech). No modifications

other than cropping and resizing were applied to the image.

As observed in Figure 19, the production levels of SELP-59-A_cRGD were lower than SELP-59-A
production using pCM13::SELP-59-A plasmid and comparable to SELP-59-A production using
pET25::S£LP-59-A plasmid. The BL21 (DE3) pET25::SE£LP-59-A cRGD transformant 3 produced a
truncated polymer. The truncation is possibly caused by a nonsense mutation that results in the
introduction of a premature stop codon in the DNA sequence that leads to the production of an incomplete
proteinz2, Based on the SDS-PAGE results, the transformant number 5 (black arrow) was chosen to

proceed.

48



PET25:: peTaa PET25::SELP-59-A_cRGD

SELP
adapter MWM pCM13 s5g.5 1 2 3 4 5 6

Figure 19. Production screening of SELP-59-A_cRGD in £. co/iBL21 (DE3) pET25::SELP-59-A cRGDtransformants after 22
h at 200 rpm and 37 °C in TBlac medium. pET25::adapter and pCM13, used as negative and positive controls, correspond
to £ coli BL21 (DE3) transformed with pET25::adapter and pCM13::SELP-59-A, respectively. Arrow points to the band
corresponding to SELP-59-A_cRGD polymer of the chosen transformant. Loaded samples were normalized to the same cell
density (OD,,,,=0.1). Gel was stained with CuCl, 0.3 M. MWM corresponds to the molecular weight marker (Protein marker I,

NZYTech). No modifications other than cropping and resizing were applied to the image.

A production screening was also performed to evaluate the production levels of SELP-59-A_nRGD. As
observed in Figure 20, the levels of SELP-59-A_nRGD production were undetectable.

The expression of pET25::SELP-59-A_nRGD was also performed in £. co/iC43 (DE3) pRARE (Figure 21),
E. coli Origami B (DE3) (Figure 22) and £. co/iBL21 (DE3) pLysE (Figure 23).

E. coli C43 (DE3) strain generally overcomes the toxicity associated with recombinant proteins
overexpression using the bacteriophage T7 RNA polymerase expression system, transformed with
PRARE plasmid, that carry genes of tRNA which are rare in £. co/#*.

To overcome the possible insolubility of the protein caused by the existence of cysteines in the RGD
sequence, the £. coliOrigami B (DE3) strain was used to enable disulfide bond formation, which improves
protein solubilityz=.,

BL21(DE3) has the T7 RNA polymerase gene under the control of lacUV5 promoter inducible by IPTG=,
The gene of interest can, however, be expressed without induction, which might be toxic to the cells®,

when the produced protein is toxic. £. co/iBL21 (DE3) pLysE is transformed with a plasmid which encodes
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T7 lysozyme that is expressed at high level, that inhibits the transcriptional activity of T/ RNA polymerase
through direct complex formationzsz,

The expression of SELP-59-A_nRGD in these strains revealed no improvement over the BL21(DE3) strain
(Figure 20).

Due to the extremely low production levels of SELP-59-A_nRGD, the remaining work was continued with

the other three functionalized polymers.

DET25:: i PET25::SELP-59-A_nRGD

adapter pCM13  59-A

Figure 20. SDS-PAGE analysis of SELP-59-A_nRGD production in £. co/iBL21 (DE3) pET25::SELP-59-A_nRGD transformants
after 22 h at 200 rpm and 37 °C in TBlac medium. pET25::adapter and pCM13, used as negative and positive controls,
correspond to £. coli BL21 (DE3) transformed with pET25::adapter and pCM13::SELP-59-A, respectively. Loaded samples
were normalized to the same cell density (OD,,,.=0.1). Gel was stained with CuCl, 0.3 M. MWM corresponds to the molecular

weight marker (Protein marker Il, NZYTech). No modifications other than cropping and resizing were applied to the image.
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SELP-59-
A_cRGD

in BL21 pET25::SELP-59-A_nRGD in E. coli C43 (DE3) pRARE
(DE3)  MWM BL21(DE3) 1 2 3 4 5 6

Figure 21. Production screening of SELP-59-A_nRGD in £. co/iC43 (DE3) pRARE pET25::SELP-59-A_ cRGD transformants
after 22 h at 200 rpm and 37 °C in TBlac medium. £. co/iBL21 (DE3) transformed with pET25:: SELP-59-A_ cRGD was used
as control (BL21 (DE3) lane). The production screening result of the chosen BL21 (DE3) SELP-59-A_cRGD producer is
presented for demonstration of expected band size (lane SELP-59-A_cRGD in BL21 (DE3)). Loaded samples were normalized
to the same cell density (OD,,,,=0.1). Gels were stained with CuCl, 0.3 M. MWM corresponds to the molecular weight marker

(Protein marker I, NZYTech). No modifications other than cropping and resizing were applied to the images.

The difference in production levels of the different polymers can be a consequence of the amino acids
upstream of the SELP-59-A sequence, since as previously stated, the initial codons are directly related to
the transcription and translation rates of a gene and the half-life time of a protein.

Previously results obtained by the group (unpublished) show that the presence of lysines at the N-terminal
of the SELP polymer increases the production of the polymer, while the presence of cysteines at the N-
terminal inhibits its production.

The results obtained suggest that the amino acids of the adapter sequence that are located upstream of
the SELP-59-A sequence decrease the yield of the polymer, since the production of SELP-59-A by
PET25::SELP-59-A s considerably lower than the production of the same polymer by pCM13:: SELP-59-A
(Figure 16), but is very similar to SELP-59-A_cC3 polymer production (Figure 17).

When the C3 sequence is inserted in the N-terminal of SELP-59-A, the yield of the polymer production is
higher. This increase may be due not only to the loss of the adapter's initial amino acid sequence, but

also to the fact that it is a lysine-rich sequence.
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SELP-59-

A_cRGD
in BL21 pET25::SELP-59-A_nRGDin E. coli Origami B (DE3)
MWM (DE3)  BL21(DE3) MWM 1 2 3 4 5

Figure 22. Production screening of SELP-59-A_nRGD in £. coli Origami B (DE3) pET25::SELP-59-A cRGD transformants
after 22 h at 200 rpm and 37 °C in TBlac medium. £. co/iBL21 (DE3) transformed with pET25:: SELP-59-A_ cRGD was used
as control (BL21 (DE3) lane). The production screening result of the chosen BL21 (DE3) SELP-59-A_cRGD producer is
presented for demonstration of expected band size (lane SELP-59-A_cRGD in BL21 (DE3)). Loaded samples were normalized
to the same cell density (OD,,,,=0.1). Gels were stained with CuCl, 0.3 M. MWM corresponds to the molecular weight marker

(Protein marker Il, NZYTech). No modifications other than cropping and resizing were applied to the images.

However, inexplicably, when the RGD sequence is inserted in the C-terminal, the production of polymer
increases when compared to the production of SELP-59-A with pET25::SELP-59-A, being still lower than
the production of SELP-59-A_nC3 and the production of SELP-59-A by pCM13::SELP-59-A.

The production of SELP-59-A_nRGD was not achieved, possibly due to the presence of cysteines at the
polymer N-terminus, since cysteine is one of the referenced amino acids that exerts a major influence on
the transcription and translation rates of a DNA sequence as well as on the solubility of a proteinzs-2z2-
27 Even though efforts have been made to solve a possible insolubility of the SELP-59-A_nRGD polymer
through transformation into £. co/iOrigami B, it is still possible that the protein is insoluble and therefore
has not been detected in the analysis, since it only analyzes the soluble fraction of the cell lysate. In the
future, a production screening of the insoluble fraction of the cells could potentially reveal the existence

of polymer production.
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SELP-59- : :
A cRGD pET25::SELP-59-A_nRGD in E. coli BL21 (DE3) pLysE

in BL21 Colony 1 Colony 2 Colony 3 Colony 4
MWM (DE3)

MWM BL21(DE3) 21 4h 2h 4h 2h 4h 2h  4h

Figure 23. Production screening of SELP-59-A_nRGD in £. co/iBL21 (DE3) pLysE pET25::SELP-59-A_ cRGD transformants
after 22 h at 200 rpm and 37 °C in TBlac medium. £. co/iBL21 (DE3) transformed with pET25:: SELP-59-A_ cRGD was used
as control (BL21 (DE3) lane). The production screening result of the chosen BL21 (DE3) SELP-59-A_cRGD producer is
presented for demonstration of expected band size (lane SELP-59-A_cRGD in BL21 (DE3)). Loaded samples were normalized
to the same cell density (OD,,,,=0.1). Gels were stained with CuCl, 0.3 M. MWM corresponds to the molecular weight marker

(Protein marker II, NZYTech). No modifications other than cropping, copy, paste and resizing were applied to the images.

Although theoretically better SELP-53-A_nRGD production could be achieved using £. co/i BL21 (DE3)
pLysE instead of £. co/iBL21 (DE3) pLysS, since it expresses more T7 lysozyme than pLysS, it has been
verified by several authors that some proteins that are expressed at low level/not expressed with pLysE
can achieve protein expression using pLysS#ze, It could be interesting in the future to transform
PET25::SELP-59-A nRGD into BL21 (DE3) pLysS as it could potentially lead to the production of SELP-
59-A_nRGD in the soluble fraction.

4.2.2. Polymer purification

The purification of the polymers was achieved using a protocol optimized by our group. Sonication was
performed to disrupt £. coli cells and release the cytoplasmatic content, followed by pH adjustment to
3.5 for £. coli native proteins precipitation and help in unaccomplished cell lysis. The soluble polymers
were then precipitated by salting out, using different ammonium sulphate saturations to assess the

optimal concentration for each polymer (Figure 24 - Figure 26).
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Pellet Supernatant
% of saturation % of saturation
25 30 MWM 15 20 25 30 35

Figure 24. Purification of the SELP-59-A_cC3 polymer by ammonium sulphate precipitation. The cell crude extract (CE lane)
was subjected to a pH decrease for precipitation of endogenous proteins. The soluble acid-treated lysate (pH 3.5 lane) was
saturated with increasing concentrations of ammonium sulphate (indicated above each lane). Depending on the concentration
used, the polymer either precipitated or stayed in the supernatant. Increased purity was obtained by dissolving the precipitated
polymer in upH,0 and let overnight at 4 °C, followed by dialysis, centrifugation and filtration (filtered solution (FS) lane). Gels
were stained with CuCl, 0.3 M. MWM corresponds to the molecular weight marker (Protein marker Il, NZYTech). No

modifications other than cropping, copy, paste and resizing were applied to the images.

Pellet Supernatant

% of saturation % of saturation

Figure 25. Purification of the SELP-59-A_cRGD polymer by ammonium sulphate precipitation. The cell crude extract (CE
lane) was subjected to a pH decrease for precipitation of endogenous proteins. The soluble acid-treated lysate (pH 3.5 lane)
was saturated with increasing concentrations of ammonium sulphate (indicated above each lane). Depending on the
concentration used, the polymer either precipitated or stayed in the supernatant. Gels were stained with CuCl, 0.3 M. MWM
corresponds to the molecular weight marker (Protein marker Il, NZYTech). No modifications other than cropping, copy, paste

and resizing were applied to the images.
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Figure 26. Purification of the SELP-59-A_nC3 polymer by ammonium sulphate precipitation. The cell crude extract (CE lane)
was subjected to a pH decrease for precipitation of endogenous proteins. The soluble acid-treated lysate (pH 3.5 lane) was
saturated with increasing concentrations of ammonium sulphate (indicated above each lane). Depending on the concentration
used, the polymer either precipitated or stayed in the supernatant. Gels were stained with CuCl, 0.3 M. MWM corresponds to
the molecular weight marker (Protein marker 1l, NZYTech). No modifications other than cropping, copy, paste and resizing

were applied to the images.

The optimal concentration of ammonium sulphate to precipitate each polymer was the lowest saturation
that led to total polymer precipitation, in which it is no longer possible to observe a band in the sample
of the supernatant in SDS-PAGE gels. For all polymers the optimal concentration of ammonium sulphate
to precipitate the polymers was 25%.

The protein band on the supernatant of 30% ammonium sulphate saturation (Figure 26) can be explained
by lower agitation of the sample or by a possible error in the quantity of ammonium sulfate added to the
sample, which led to the non-precipitation of the polymer.

After centrifugation, the precipitated polymer was resolubilized with upH,O and dialyzed against water.
The dialysis membrane allows the flow of proteins with a molecular weight lower than 10000-12000 Da,
which eliminate small contaminant proteins. The dialyzed solution was centrifuged to remove the

remaining contaminant proteins and was finally filtered to increase purity (FS lane from Figure 24).
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4.2.3. Processing of the polymers

SELP-59-A and SELP-59-A_CAMs polymers were processed into films, prepared by solvent casting using
formic acid as solvent to fully dissolve the lyophilized protein. Different films were produced by combining
SELP-59-A with different percentages of the functionalized polymers (0, 25, 50 75 and 100 wt%) (Table
15). Then, each protein solution was cast into a PTFE mold and allowed to dry until complete solvent
evaporation. An overnight evaporation was sufficient to have completely dry films for all samples made.
Since SELP films are water soluble®* and the application involves contact with aqueous solutions, film
insolubility was induced by treatment with methanol-saturated air (see visual aspect of the produced films
in Figure 27). This process was previously adopted by several authors to promote structural stability with
an induced physical cross-linking process by dehydration that results in an increase of the B-sheet
contentssessszeo,

To assess the secondary structural changes, treated and untreated films were characterized by ATR-FTIR
spectroscopy. ATR-FTIR spectra results from the energy absorption by vibrating chemical bonds*:. Two
bands are mainly used to study protein structure: amide | (C=0 stretch vibration, N-H bending and C-N
stretching) and amide Il (mainly N-H bend and C-N stretch vibrations)2. The amide | vibration, absorbing
near 1650 cm?, is most commonly used for secondary structure analysis*?, since C=0 stretching
vibrations of the peptide bonds are modulated by the secondary structure>:.

Before methanol treatment, the absorption spectra of the amide | display a broad band centered at 1626
cm? (Figure 28A-G). The broadness of the band indicates the existence of numerous secondary structures,
while the center of the peak suggests that the secondary structure is dominated by -sheets®®2024_The
pronounced shoulder centered at 1650 cm® is usually associated to random coil formations+. After
methanol treatment, the amide | peak shifts to lower wavenumbers and the band becomes more
narrowed, reflecting a conversion from a more unordered, random coil structure to an ordered, 3-sheet
conformation®=** (See Appendix |, Figure 64 for the absorbance spectra of the remaining films). The -
sheet structures are stabilized by hydrogen bonding, which cause more robust physical cross-links,
providing crystallinity to the material, which ultimately results in water insolubilitye,

The analysis of the amide | bands of Figure 28H allows the identification of differences between SELP-
59-A 100% and SELP-59-A_CAM 100% films. The peak centered at 1650 cm* in SELP-59-A_CAM 100%
films spectra can be explained by the increase of random coils content, due to the modification, by the

adhesion sequences, of the conditions that allow the formation of beta-sheets by SELP-59-A polymer.
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SELP-59-A_cRGD 100% SELP-59-A_cRGD 75% SELP-59-A_cRGD 50% SELP-59-A_cRGD 25%

SELP-59-A_cC3 100% SELP-59-A_cC3 75 SELP-59-A_cC3 50% SELP-59-A_cC3 25%

SELP-59-A_nC3 100% SELP-59-A_nC3 75% SELP-539-A_nC3 50% SELP-59-A_nC3 25%

SELP-59-A 1007

Figure 27. Visual aspect of methanol-treated films.
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Figure 28. Experimentally determined amide | region ATR-FTIR absorbance spectra for the non-treated and methanol
saturated air-treated films. (A-G) — SELP-59-A_CAM 100%, SELP-59-A_CAM 50% and SELP-59-A 100% films; H — Amide |
region ATR-FTIR absorbance spectra for the SELP-59-A 100% and SELP-59-A_CAM 100% methanol air-treated films.
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4.3 EVALUATION OF CELL AND ECM-BINDING ACTIVITY OF SELP-59-A_CAM FILMS USING

MAMMALIAN CELL CULTURES

The evaluation of films ability to promote cell adhesion was performed using two cell lines: HaCaT and
SH-SY5Y. The choice of the SH-SY5Y cell line is due to the fact that it expresses NCAM2s, which will
interact with the C3 adhesion sequence and promote cell adhesion to films. HaCaT cell line was selected

since the chosen RGD sequence promoted better adhesion on keratinocytes (Table 16).

4.3.1 Mammalian cell lines staining optimization

Due to the disparity of values found in the literature for concentration and incubation time for nuclear-
specific dyes, an optimization of these parameters was performed for each of the cell lines. HaCaT and
SH-SY5Y cells were seeded into surface treated wells and incubated for 24 h, followed by incubation with
Hoechst 34580, from now on designated as Hoechst, or DAPI (Figure 6), as mentioned in Section 3.9.
As observed in Figure 29, 15 min of incubation time using Hoechst was sufficient for HaCaT nuclear
staining. Longer incubations times resulted in similar results. Furthermore, DAPI (Figure 30) showed very
similar nuclear staining ability when compared to Hoechst (Figure 29), especially when comparing the
results of cell staining with DAPI 5 uM 15 min to those obtained using Hoechst 5 uM 15 min. However,
DAPI appeared to be forming clusters (yellow spots) that are visible in brightfield micrographs.

In Figure 31 it is possible to verify that, for SH-SY5Y cell line, 15 min of incubation time with Hoechst is
sufficient to stain the cell population uniformly. Longer incubation times lead to the loss of uniformity in
cell staining and signal saturation. DAPI did not stain the population evenly, (Figure 32) and formed visible
clusters. Both dyes appear to have some selectivity. The staining selectivity observed using SH-SH5Y
could be explained by the yeast contamination or by the morphology of the cell line, as the cells grow as
a mixture of floating and adherent cells, which can lead to a dirtier profile.

Due to a yeast contamination in SH-SY5Y cells, this optimization assay will be repeated for validation of

the results in future experiments.
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Brightfield Hoechst 5 uM Overlay

30 min 15 min Negative control

40 min

Figure 29. Brightfield and fluorescent micrographs of HaCaT cells stained with Hoechst 34580 for different time points,

visualized with 100x amplification. Scale bar represents 200 pm.
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Brightfield DAPI Overlay

Negative control

5 uM 15 min

2.5 uM 30 min

0.5 uM 60 min

Figure 30. Brightfield and fluorescent micrographs of HaCaT cells stained with DAPI for different concentrations and time

points, visualized with 100x amplification. Scale bar represents 200 pum.
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Brightfield Hoechst 5 uM Overlay

30 min 15 min Negative control

40 min

Figure 31. Brightfield and fluorescent micrographs of SH-SY5Y cells stained with Hoechst 34580 for different time points,

visualized with 200x amplification. Scale bar represents 100 pm.
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Brightfield DAPI Overlay

2.5 uM 30 min 5 uM 15 min Negative control

0.5 uM 60 min

Figure 32. Brightfield and fluorescent micrographs of SH-SY5Y cells stained with DAPI for different concentrations and time

points, visualized with 200x amplification. Scale bar represents 100 pum.

4.3.2 Assessment of the effect of the cell’s fixation process on film structure and

staining

Since the cell membrane is not permeable to Rhodamine Phalloidin, from now on designated as
Phalloidin, which is necessary for the observation of the cell's cytoskeleton, it is necessary the fixation
and permeabilization of cells. The fixation process requires the use of a fixative agent — formaldehyde
was chosen for this assay — that reacts with groups on amino acids such as lysine, arginine, threonine,
cysteine, tyrosine, serine and glutamine, and forms methylene bridges (cross-links) between themz2».
Since the produced films are composed of protein, it is important to evaluate any significant visual

changes in their structure, which may hinder the observation of cells, when exposed to the fixative agent.
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The exposure of the films to the fixation process (Figure 33 - Figure 36) does not cause significant visible
changes in the morphology of the films. The morphological variation observed among the films is not
necessarily caused by exposure to the reagents in the fixation process. As can be seen in Figure 27, there
is inherent morphological variability in films.

The staining of the cells with fluorescent dyes involves the direct contact between the dyes and the films.
To evaluate a possible affinity between the films and the dyes, the SELP-59-A 100% (Figure 33), SELP-
59-A_nC3 100% (Figure 35) and SELP-59-A_cRGD 100% (Figure 36) films were incubated with the
fluorescent dyes.

Although the micrographs show the staining by Hoechst in some samples, these results were not
consistent throughout the assays. Hoechst is a nuclear-specific dye, and this unspecific staining could be
related to a DNA contamination; residues that were not removed during the film washing steps;
microscope illumination, since the fluorescence is visible only in the left corner of the images; or even a
problem in the image acquisition software, since in addition to the non-consistent results, all films had
initial fluorescence in the 3 channels - blue, red and green - (not shown), even with films that were not

incubated with any probe.

Non-treated Treated

.-
04

SELP-59-A 100%

Figure 33. Fluorescence overlay micrographs of SELP-59-A 100% films treated and non-treated with the reagents used for
cell fixation and staining with Hoechst 34580 and Phalloidin, after incubation for 24 h with DMEM at 37 °C, visualized with

100x amplification. Scale bar represents 200 pum.

64



Non-treated Treated

SELP-59-A_cC3 100%

SELP-59-A_cC3 75%

SELP-59-A_cC3 50%

SELP-59-A_cC3 25%

Figure 34. Fluorescence overlay micrographs of SELP-59-A_cC3 films treated and non-treated with the reagents used for

cell fixation, after incubation for 24 h with DMEM at 37 °C, visualized with 100x amplification. Scale bar represents 200 pm.
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Non-treated Treated

SELP-59-A_nC3 100%

SELP-59-A_nC3 75%

SELP-59-A_nC3 50%

SELP-59-A_nC3 25%

Figure 35. Fluorescence overlay micrographs of SELP-59-A_nC3 films treated and non-treated with the reagents used for
cell fixation, after incubation for 24 h with DMEM at 37 °C, visualized with 100x amplification. SELP-59-A_nC3 100% films
were stained with Hoechst 34580 and Phalloidin. Scale bar represents 200 pm.
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Non-treated Treated

SELP-59-A_cRGD 100%

SELP-59-A_cRGD 75%

SELP-59-A_cRGD 50%

SELP-59-A_cRGD 25%

Figure 36. Fluorescence overlay micrographs of SELP-59-A_cRGD films treated and non-treated with the reagents used for
cell fixation, after incubation for 24 h with DMEM at 37 °C, visualized with 100x amplification. SELP-59-A_cRGD 100% films
were stained with Hoechst 34580 and Phalloidin. Scale bar represents 200 pm.
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4.3.3 Cell adhesion assays

To evaluate the ability of the films to promote cell adhesion, HaCaT and SH-SY5Y cells were cultured on
the surface of the methanol-treated films for 24 h, as mentioned in Section 3.11. As viability control, cells
were cultured on surface treated wells. Following the incubation, cells were fixated and incubated with
Hoechst and Phalloidin and observed under a fluorescence microscope. Micrographs of representative
locations were recorded.

The cultured HaCaT cells from the viability control had the expected confluence and morphology (Figure
37).

When compared to the remaining SELP-59-A_cRGD films, SELP-59-A_cRGD 25% led to the adhesion of
less HaCaT cells, which appear to be in an early stage of spreading (Figure 37). The small spreading area
and the increasing of cell circularity are already described in the literature as a consequence of low
concentration of RGD adhesion motifis2s2,

There is an increment in cellular adhesion of HaCaT cells to SELP-59-A_cRGD films from the films made
of SELP-59-A_cRGD 25% to SELP-59-A_cRGD 50%, remaining constant in the films with higher percentage
of the functionalized polymer. SELP-59-A_cRGD 100%, SELP-59-A_cRGD 75% and SELP-59-A_cRGD 50%
films have similar number of adhered cells and cell morphology, which appear to be in an intermediate
stage of adhesion, as the cells seem more spread over the film surface, when compared to SELP-59-
A_cRGD 25% films. Several authors have already reported this phenomenon, in which cell adhesion and
spreading increase until a certain concentration of adhesion motif is reached, a value from which these
parameters remain stable=#!, Previous assays also report another type of cell response using polymers
functionalized with the RGD sequence, in which there is an increase in the number of cells adhered to
the films until a determined sequence concentration is reached. However, contrary to what was observed
in this work, from that concentration value, the number of adhered cells decreases®.

Based on the literature, there is a critical RGD density (interligand spacing of <70 nm) that is crucial for
the establishment of stable integrin-mediated adhesionz2z2 whereas cells adhere poorly when adhesion
motifs are spaced farther apartz=:2=, |t is possible that the spacing <70 nm between RGD motifs is reached
somewhere between the concentration 25% and 50% of functionalized polymer. This hypothesis could be
tested in future experiments using immunofluorescence, not only to assess the distance between the
adhesion motifs, but also to evaluate the homogeneity of their distribution on the surface of the films,
since it is believed that not only the concentration but also the distribution of the adhesion domains affect

cell adhesionzezozes:,
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Brightfield Hoechst Phalloidin Overlay

% SELP-59-A_cRGD 100% SELP-59-A 100% Viability control

SELP-59-A_cRGD 75%

SELP-59-A_cRGD 50%

SELP-59-A_cRGD 25%

Figure 37. Brightfield and fluorescence micrographs of HaCaT cells seeded and cultured on surface SELP-59-A_cRGD films
for 24 h, stained with Hoechst 34580 and Phalloidin, visualized with 100x amplification. Cells seeded and cultured on surface
SELP-59-A 100% films and on surface of a surface treated well for 24 h stained with Hoechst 34580 and Phalloidin were used

as controls. Scale bar represents 200 pum.



There is a limiting factor restraining cell adhesion to the SELP-59-A_cRGD films. Contrary to what is
reported by other authors®, in this work the limiting factor is not the surface crowding, considering that
there is still free surface are in all films. It is possible that the cell adhesion is limited by the insufficient
number of RGD motifs. It could be interesting to functionalize the SELP-59-A in the N- and C-terminal with
the RGD sequence to increase the concentration of adhesion sequence in the films, in order to promote
a possible increase in cell adhesion. Another factor that possibly could be limiting the adhesion of cells
is the availability of CAMs on the surface of the film. It is possible that not all adhesion motifs are arranged
on the surface of the film and available to interact with the cells. This hypothesis could be tested in the
future, using immunofluorescence to access the presence of adhesion motifs on the surface of the films.
When incubated on SELP-59-A_nC3 films, the number of HaCaT cells adhered to the films increases with
increasing concentrations of adhesion sequence in the films (Figure 38). The cells on SELP-59-A_nC3
75% and 100% films appear to be in an advanced state of adhesion, as the cells seem completely spread
over the film surface. The use of fluorescent dyes was particularly useful in these films, in which the
confluence of cells is higher, in order to get a better sense of the number of cells adhered to the films.
The cell adhesion obtained using HaCaT cells and the C3 adhesion sequence was unexpected. Although
the association between NCAM and FGFR has been reported in several non-neuronal cell typeszez=27, the
level of response obtained was not predictable, since the biological significance of FGFR activation by
NCAM remains elusive in non-neuronal cell types®.

As seen on Figure 39, the HaCaT cells incubated on SELP-59-A_cC3 films appear to behave similarly to
those incubated in SELP-59-A_nC3 films, as they adhere more to the films with higher concentrations of
adhesion sequence. The films functionalized with C3 sequence, both on N- and C-terminal, promoted cell
adhesion of a higher number of HaCaT cells which are in a more advanced state of adhesion than the

cells of the positive control.
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Brightfield Hoechst Phalloidin Overlay

SELP-59-A 100% Viability control

SELP-59-A_nC3 100%

SELP-59-A_nC3 75%

SELP-59-A_nC3 50%

SELP-59-A_nC3 25%

Figure 38. Brightfield and fluorescence micrographs of HaCaT cells seeded and cultured on surface SELP-59-A_nC3 films
for 24 h, stained with Hoechst 34580 and Phalloidin, visualized with 100x amplification. Cells seeded and cultured on surface
SELP-59-A 100% films and on surface of a surface treated well for 24 h stained with Hoechst 34580 and Phalloidin were used

as controls. Scale bar represents 200 pum.
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Brightfield Hoechst Phalloidin Overlay

| SELP-59-A_cC3 100% SELP-59-A 100% Viability control

SELP-59-A_cC3 75%

SELP-59-A_cC3 50%

SELP-59-A_cC3 25%

Figure 39. Brightfield and fluorescence micrographs of HaCaT cells seeded and cultured on surface SELP-59-A_cC3 films
for 24 h, stained with Hoechst 34580 and Phalloidin, visualized with 100x amplification. Cells seeded and cultured on surface
SELP-59-A 100% films and on surface of a surface treated well for 24 h stained with Hoechst 34580 and Phalloidin were used

as controls. Scale bar represents 200 pum.
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There were complications with fluorescence observation using SH-SY5Y cells, although SHSY5Y cells were
fixed and stained with Hoechst and Phalloidin.

When incubated on SELP-59-A_nC3 films, the number of SH-SY5Y cells adhered to the films increases
with increasing concentrations of adhesion sequence (Figure 40). SELP-59-A_nC3 100%, 75% and 50%
films promoted greater cell adhesion than the viability control (Figure 40). However, contrary to what was
observed with HaCaT cells (Figure 38), SH-SY5Y appear to be in an early stage of cell adhesion, as the

cells have circular morphology.

Viability control SELP-59-A_nC3 100% SELP-59-A_nC3 75%

o Tl

-

SELP-59-A 100% SELP-59-A_nC3 50% SELP-59-A_nC3 25%

Figure 40. Brightfield micrographs of SH-SY5Y cells seeded and cultured on surface SELP-59-A_nC3 films for 24 h, visualized
with 200x amplification. Cells seeded and cultured on surface SELP-59-A 100% films and on surface of a surface treated well

for 24 h were used as controls. Scale bar represents 100 pum.

When compared to the remaining SELP-59-A_cC3 films, SELP-59-A_cC3 75% seem to promote the
adhesion of more cells (Figure 41). However, there does not appear to exist a correlation between the
amount of adhesion sequence and the number of cells adhered to the films.

There was an increased difficulty in the observation of the cells, as the surface morphology of some films
was modified throughout the assays, which became more irregular. This phenomenon was frequently
verified in SELP-59-A_cC3 films incubated with HaCaT (Figure 39), but was also observed in SELP-59-
A_cC3 and SELP-59-A_cRGD films using SH-SY5Y cells, as seen in Figure 41 and Figure 42, respectively.
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This alteration appears to be caused by the cells, since it was not verified in the control assays after

incubation of the films for 24 h with culture medium at 37 °C (Figure 33 - Figure 36).

Viability control SELP-59-A_cC3 100% SELP-59-A_cC3 75%

SELP-59-A 100% SELP-59-A_cC3 50% SELP-59-A_cC3 25%

Figure 41. Brightfield micrographs of SH-SY5Y cells seeded and cultured on surface SELP-59-A_cC3 films for 24 h, visualized
with 200x amplification. Cells seeded and cultured on surface SELP-59-A 100% films and on surface of a surface treated well

for 24 h were used as controls. Scale bar represents 100 pum.

As observed in SELP-59-A_cC3 films, the number of cells adhered to SELP-59-A_cRGD also does not
appear to be related with the amount of adhesion sequence (Figure 42). SELP-59-A_cRGD 25% film
promoted the adhesion of a higher number of cells, while the SELP-59-A_cRGD 75% stimulated a more
advanced stage of cell adhesion, as the cells seem more spread over the film surface.

Due to several problems in the maintenance of the cell line, the cells were not in the ideal state of viability
as can be seen in the viability control. In addition, there were complications with fluorescence observation,
although SHSY5Y cells were fixed and stained with Hoechst and Phalloidin. These results will be repeated

and validated thoroughly in future experiments.
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Viability control SELP-59-A_cRGD 100%
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SELP-59-A_cRGD 75%

By

SELP-59-A 100% SELP-59-A_cRGD 50% SELP-59-A_cRGD 25%

Figure 42. Brightfield micrographs of SH-SY5Y cells seeded and cultured on surface SELP-59-A_cRGD films for 24 h,
visualized with 200x amplification. Cells seeded and cultured on surface SELP-59-A 100% films and on surface of a surface

treated well for 24 h were used as controls. Scale bar represents 100 um.
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5. CONCLUSIONS AND FUTURE PERSPECTIVES

Tissue engineering is a growing area that primarily targets the creation of functional constructs for tissue
repair, using what is known as the triad of tissue engineering: scaffold, cells and signaling molecules. A
considerable number of materials have appeared that have appealing characteristics to be used as a
scaffold. However, most of them are non-bioactive and have none or little influence on cellular behavior
as they fail to comply with the complex number of requisites such as cell adhesion, growth, differentiation,
etc.

Silk-elastin-like proteins, SELPs, are a family of rPBPs composed of tandem repeats of alternated silk- and
elastin-like amino acid sequences/blocks, resembling the minimal consensus repeats found in natural
silk fibroin and mammalian elastin. These genetically engineered protein polymers combine in the same
structure the crystallinity and mechanical strength of silk with the high resilience and water solubility of
elastin. Due to its remarkable properties such as biocompatibility, biodegradability and mechanical
properties, SELPs are appealing to be used as scaffolds.

The present work targeted the functionalization of a recombinant SELP, namely SELP-59-A, via the
introduction of cell-binding motifs by genetically manipulating its structure, in order to obtain a material
with improved cell adhesion ability. To achieve this, the main objective was divided in three tasks: i)
functionalization with different cell binding motifs by genetic engineering; ii) production and purification
of the functionalized materials; iii) evaluation of the biological performance using mammalian cell
cultures.

For the first task, two cell-binding motifs were chosen: RGD, which has activity in a broad spectrum of
cell lines, and C3, that is specific to cell lines that express NCAM. To increase the probability of success,
each of the adhesion sequences was placed at the N- and C-terminus of the SELP-59-A sequence.

In the second task, three of the four designed polymers were successfully produced in £. co/iBL21 (DE3)
by means of auto-induction using TBlac. The purification of the polymers was efficiently achieved using
an inexpensive methodology that allowed the recovery of virtually pure protein. The purified polymers
were successfully processed into blended formulations by combining SELP-59-A with different
percentages of the functionalized polymer (0, 25, 50, 75 and 100 wit%).

Finally, in the third task, for the evaluation of the ability of films to promote cell adhesion, HaCaT and SH-
SY5Y cells were cultured on the surface of the methanol-treated films for 24 h. The results show that cell
adhesion was dependent not only of the adhesion sequence, but also of the cell line and the

content/concentration of the cell-binding motif. The adhesion of HaCaT cells to the films demonstrated
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to be influenced by the content of SELP-59-A_cRGD. While cells only marginally adhered to the pristine
SELP-59-A films, the incorporation of functionalized SELP-59-A_cRGD demonstrated to have a positive
effect in cell adhesion, showing to increase up to a concentration of 50% with no noticeable improvements
at higher concentrations. On the other hand, when HaCaT cells were incubated on films functionalized
with the C3 sequence (SELP-59-A_nC3 and SELP-59-A_cC3 films), the number of adhered cells showed
to increase with increasing concentrations of the cell-binding motif. Similarly, when incubated on SELP-
59-A_nC3 films, the number of SH-SY5Y cells adhered to the films demonstrated to increase with
increasing concentration of the cell-binding motif. However, when incubated on SELP-59-A_cC3 and
SELP-59-A_cRGD films there were no apparent relation between the content of cell-binding motif and the
number of adhered cells.

Taken together, the results suggest that the functional SELP-based films have potential to be used as
materials for biomedical applications, but further work is needed. For instance, there is the need to
increase the number of cell adhesion assays to reach a proper conclusion, and to extend these assays to
other cell lines. Also, the evaluation of cell viability through MTT or resazurin reduction assays would be
complementary and would provide additional important information. An unexpected and interesting result
of the present work is related with the remarkable adhesion of HaCaT cells to the SELP-59-A_nC3 and
SELP-59-A_cC3 films. Therefore, it would be interesting to study in more detail the adhesion processes
of non-neuronal cells to the C3 cell-binding motif, since there is a lack of knowledge on the possible effects
triggered by C3-mediated cell adhesion in these cell lines. A further step would be to evaluate cell
adhesion/migration/ proliferation in 3D structures by, for instance, inducing the gelation of SELP into

hydrogels, as this spatial conformation allow for a better cell infiltration.
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Annex | - Competent cells

Protocol for £. coli XL1-Blue

From an overnight culture (10 mL), inoculate 400 puL in 10 plL of LB medium. Incubate at 37
°C, 180 rpm until an OD,, = 0.3;

Inoculate 4 ml from previous culture into 10 ml LB medium. Incubate at 37 °C, 180 rpm until
reach OD,, = 0.3;

Incubate on ice for 5 min;

Discard the supernatant and gently resuspend the pellet in 20 ml cold TFBI;

Centrifuge at 2500 rpm for 5 min at 4 °C;

Discard supernatant and gently resuspend pellet in 20 mL cold TFBI;

Incubate on ice for 5 min;

Store cells in 100 pL aliquots in previously cooled microtubes;

Freeze cells in liquid nitrogen and store at -80 °C.

TFBI (50 mL)

0.147 g KOAc

0.495 g MnCl,

0.06 g RbCl

0.735 g CaCl,

7.5 g glycerol

Optimize the pH to 5.8 with CH,COOH
Adjust volume to 50 mL with dH,0

TFBII (50 mL)

0.105 g NaMOPS

0.551 g CaCl,

0.060 g RbCl

7.5 g glycerol

Optimize the pH to 6.5 with NaOH
Adjust volume to 50 mL with dH,0
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Protocol for £. co/iBL21 (DE3)

Grow 5 mL of desired £. coli strain overnight at 37 °C in LB medium (supplemented with
antibiotics if necessary) to stationary phase;

Dilute the overnight culture 1:100 in fresh LB and grow with vigorous shacking at 37 °C until
OD40n=0.6;

Incubate on ice for 10 min;

Spin down cells at 15000 x g for 10 min at 4 °C;

Resuspend the pellet gently in 32 mL of ice-cold TB buffer (considering 100 mL of culture volume)
and incubate for 10 min on ice;

Spin down cells at 15000 x g for 10 min at 4 °C;

Resuspend the pellet gently in 8 mL of ice-cold TB buffer and add DMSO to final concentration
of 7 % with gently swirling;

Incubate on ice for 10 min;

Dispense cell suspension in 200 plL aliquots and immediately flash-freeze in liquid N.,.

TB buffer (50 mL)

0.119 g HEPES

0.110 g CaCl,

0.932 g KCl

0.544 g MnCl,

Optimize the pH to 6.7 with KOH
Adjust volume to 50 mL with dH,0
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Annex Il - Plasmids

pET25b(+) plasmid

6xHis
(80) Bpu1102I
T7 terminator
(2) Kpn2l
(5445) Mboll
1 ori
(5305) BsaAl - Ppu21l

(5254) Hinfl
(5232) Hinfl

(5118) Acsl
(5107) Acsl
(5097) Sspl

/AmpR promoter!

(4997) Pagl

(4966) Sspl
(4957) Eam1104I
(4944) Mboll

(4835) Mboll*
(4761) Asp700I

(4757) Mboll

(4739) Dral

(4642) Afal - Scal
(4407) Pstl
(4282) Bgll

(4162) Eam1105I
(4157) Hinfl

(4047) Dral

(4028) Dral

(4002) Mboll*
(3989) Pagl
(3931) MbolI*

(3640) Hinfl

(3431) Mval
(3418) Mval

(3297) Mval
(3244) HinfI - Tfil
(3169) Hinfl
(3153) Eam1104I - Lgul
(3140) Mboll
(3075) Afal

‘bom
(3021) BsaAl - Ppu21I

(2910) Esp3I
(2827) Asp700I
(2823) HinfI - Tfil

(2523) Aor51HI
(2458) Kpn2l

Figure 43. Schematic representation of pET25b(+) plasmid.
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MbolI (166)

Nhel (197)
Xhol (212)
Eco52I - Notl (220)
HindIII (227)
Sall (233)

Sacl (244)

Acsl - EcoRI (246)

BamHI (252)
Asp700I (262)
EcoRV (271)
Bsp19I - Ncol (274)
Bgll (291)

pelB signal sequence

BspMI (322)
Ndel (342)

Xbal (380)

Hinfl (421)
T7 promoter
BglII (446)

MbolI* (553)
Pagl (566)
Aor51HI (573)

Hinfl (709)

(lacl promoter!
Eam1104I (786)
Hinfl (796)
Mboll (803)
Mval (893)

Mboll (1148)
Miul (1168)
Mval (1208)

Afal (1315)
MboII (1319)

Acsl (1443)

Hinfl (1592)
EcoRV (1618)
Mboll (1658)
Mval (1748)
Esp3I (1783)
Mval (1805)
Hinfl - Tfil (1847)

Mboll (2027)
Aor51HI (2074)
HinfI - TFAI (2149)
Bgll (2232)
HinfI - TfI (2319)
Bpul0I (2375)
Mboll (2387)



pCM13:: SELP-59-A plasmid

(7414) Bpu1102I
(7294) Afal \

(7162) Eco521I
(7159) Afal

(6931) Eco521
(6928) Afal

(6700) EcoS52I
(6697) Afal ~

(6469) Eco52I .

(6466) Afal

(6238) Eco52I
(6235) Afal .

(6007) Eco521—
(6004) Afal N

(5776) Eco521 - —.
(5773) Afal —

(5545) Eco521-
(5542) Afal —

(5314) EcoS521
(5311) Afal —

N

\

—~
wv
N
-
w

=
g

'
]
©
c
N
-
=
|
|
|
|
|

(5163) Xbal —
(5123) Hinfl
(5097) Bgll ~—
(4977) Pagl~ _—
(4974) AorS1IHI

e £
(4835) Hinfl~_—
(4758) Eam11041 ~
(4748) Hinfl

(4653) Mval

=
-~
(4375) Miul

(4338) Mval
(4232) Afal

(4100) ACSI/ //

(3952) Hinfl
(3929) EcoRV

(3798) Mval

\ \
X \\
\\
\\'\ \\\

\ \\\‘\

Kpn2l (7491)

\
\
\
\l

\

(3760) Esp3l

Figure 44. Schematic representation of pCM13:: SELP-59-A plasmid.
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BsaAl - Ppu21l (242)
/" Hinfl (290)
/ /  Hinfl (312)
/ Acsl (425)

/Acsl (436)

Sspl (450)

e 7 Pagl fsga)l)

§ _—_-ssp
//////, Eam11041 (587)
" Asp700I (786)

— —Dral (808)
. Afal - Scal (905)

——Pstl (1144)
\ —  __—— BglI (1268)
S __———Eam1105I (1386)
Hinfl (1387)
—————————— Dral (1500)
" Dral (1519)

" Pagl (1554)

—— Hinfl (1904)

—— Mval (2115)
T Mval (2128)
~ Mval (2249)
~ " HinfI - TRl (2300)
— T Hinfl (2375)

T Afal (2472)
S~ BsaAl - Ppu21l (2526)
. Esp3I (2633)
T Asp700I (2720)
. Hinfl- TAL (2721)

. Kpn2I (3085)
Bpul0I (3169)
HinfI - Tfil (3225)
Bgll (3318)
\ Hinfl - TAI (3395)
Aor51HI (3473)

Hinfl - Tfil (3697)
Mval (3741)

~__ Eam1104I - Lgul (2391)



pLysE plasmid

(4713) Mval
(4663) Esp3I
(4657) Mval
(4632) Dral
(4617) Mboll
(4586) Bsp19I - Ncol

(4579) Sspl

(5) Kpn2I
(1) Acsl - EcoRI

Dral (85)
Afal (126)

BpulOI (229)

|
|
|

/

/
/ / BsaAl - Ppu21l (312)
/ // Esp3I (330)

Mval (350)
/ / Mval (378)
/ /MboII‘ (396)
(4538) Hinfl - Tfil Aor51HI (582)
(4474) Afal - Scal / Nhel (583)
(4409) Mval — Asp7001 (639)
(4361) Acsl
(4349) Acsl \& / me(?yzﬁ)
(4220) Bpuldl — =\ Mval (801)
(4144) AOrSIHI — AR — Mboll (805)
(4079) Kpn2l — ' e
(3960) Mboll —__ Pron,
(3851) Hinfl—
(3850) Eam1105] ————— —————_

(3785) BsaAl - Ppu2ll

—

~—_— Mboll (816)

—

——— Kspl (835)
. Mval (936)
B ~Mval (948)
/ [ l'l
— S \ - ___———Hinfl (1140)
(3729) Mboll — — | LySE k! |
(3717) BputOl — o s ] ‘ Mboll* (1405)
(3661) Hinfr-TAL— | % 2 | _———Sspl (1420)
e \ g | Xbal (1424)
(3579) Mval T = Mboll (1439)
' L e === Eam1104I (1452)
(3440) HinfI - Tfil e Q Nsoﬂ@ T Clal (1518)
(3305) Bgll e T7 , ® <
(3196) Mval — — %
/ ”
(3190) BspMI ~
(3142) Hinfl - TAL

(3137) Mboll

(3075) Eco521

(3071) Bgll /
P
(2988) HinfI - Tfil
(2913) Aor51HI
(2866) Mboll
(2787) Sall
(2768) Hinfl

(2632) Aor51HI

(2625) Pagl
(2612) Mboll*

Vi

(2511) BamHI

HindIII (1523)

Mval (1625)
T Afal (1659)
EcoRV (1681)
Nhel (1723)
AorS1HI (1728)

BamHI (1869)
Afal (1928)
Dral (1935)
HinfI - Tfil (1945)
HinfI - TAil (2013)
Esp3I (2069)

\ \
\ Afal (2082)

\ Bpul0I (2126)

Afal (2260)

(2352) Mboll

Figure 45. Schematic representation of pLysE plasmid.
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Mboll (2266)
Pagl (2286)
AfIII (2323)



pRARE plasmid

metT leuW

‘ mL

Figure 46. Schematic representation of pRARE plasmid. Reproduced from =,
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pDrive:: SELP-59-A plasmid

(268) Afal
T7 promoter.

(M13 rev|

(137) Mval

CAP g sit
6xHis
(5890) Mboll
(5852) Afal
(5720) Eco521
(5717) Afal
(5489) Eco521
(5486) Afal
(5258) Eco521I
(5255) Afal

(5027) Eco52I
(5024) Afal

(4800) Eco521
(4797) Afal

(4569) Eco52I
(4566) Afal
(4342) Eco521 2 (
(4339) Afal — |
(4234) Eco521

|
(4231) Afal
(4184) Mboll

AmpR promoter
(4167) Eam11041
(3997) Eco521

(3994) Afal
(3896) BsaAl - Ppu21l

pelB signal sequence

(3886) Ndel
(3865) Mboll
(3706) Mval

(3585) Mval
(3572) Mval

(3074) Mboll*
(3011) Pagl
(3007) Asp700I
(2865) Mval

(2635) Bpul0I
(2634) Esp3I
(2543) Sspl
(2529) Mboll

Figure 47. Schematic representation of pDrive:: SELP-59-A plasmid
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KpnI (270)
Pstl (283)
Miul (285)
BsaAl - Ppu21l - SnaBI (293)
BamHI (299)
Acsl - EcoRI (306)
EcoRV (316)
Eam1104I (320)
AmpR promoter!
Sall (333)
Mboll (337)
HindIII (339)
Xhol (345)
Nhel (356)
Xbal (362)

BsaAl - Eco72I - Ppu21l (373)
Sacl (390)
|

Eco52I - NotI (393)

Mval (475)
N // \Eamuﬁﬂ (532)

N MbolI (549)

\ Bgll (583)
Sspl (610)
Acsl (620)
Acsl (631)

BsaAl - Ppu21l (818)
| MbolI (958)

Pagl (1128)
Sspl (1163)
Eam1104I (1169)

Mboll (1186)

MbolI* (1295)
Asp7001 (1368)
Mboll (1373)
Dral (1390)
Afal - Scal (1487)
Bgll (1850)
Eam1105I (1968)
Dral (2082)
Dral (2101)
Mboll* (2128)
Pagl (2136)
Acsl (2231)
Clal (2309)

Acsl (2415)
Mboll (2418)
Eam11041 (2431)

Afal (2453)
Smal (2492)
Mval (2508)



pET25::adapter plasmid

(80) Bpu1102I

(2) Kpn2I
(5364) Mboll
(5224) BsaAl - Ppu21ll
(5173) Hinfl
(5151) Hinfl
(5037) Acsl
(5026) Acsl
(5016) Sspl
(4916) Pagl
(4885) Sspl
(4876) Eam1104I —

(4863) Mboll —Q_M\
(4754) Mboll* —— \
(4680) Asp700I

(4676) Mboll —
(4658) Dral

(4561) Afal - Scal —

—
s
——

(4326) Psti— /

Mboll (166)
Nhel (197)
Xhol (212)
Eco52I - NotlI (220)
HindIII (227)
Acsl - EcoRI (236)
Bcul (242)
BsaAl - Eco72I - Ppu21l (250)
Afal (256)
Kpnl (258)
Ndel (261)
T Xbal (299)
—  —  ———Hinfl (340)
—— —— BglII (365)

/
[

i—:— Mboll* (472)

S tPagI (485)
\ °I'51Hl (492)

Hinfl (628)
Eam11041 (705)
\ Hinfl (715)
\ Mboll (722)
R ‘ \ Mval (812)
(4201) Bgll - \‘ pET25::adapter __
(4081) Eam11051—— —— | 5466 bp
(4076) Hinfl — \

(3966) Dral
(3947) Dral
(3921) Mboll*
(3908) Pagl
(3850) Mboll*

(3559) Hinfl

(3350) Mval
(3337) Mval
(3216) Mval
(3163) HinfI - Tfil
(3088) Hinfl
(3072) Eam1104I - Lgul
(3059) Mboll

(2994) Afal
(2940) BsaAl - Ppu21l

(2829) Esp3I

(2746) Asp700I
(2742) HinfI - Tfil

Figure 48. Schematic representation of pET25::adapter plasmid.
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Mboll (1067)
Miul (1087)
Mval (1127)

|
Afal (1234)
Mboll (1238)
AcsI (1362)
Hinfl (1511)
EcoRV (1537)

Mboll (1577)
Mval (1667)

Esp31 (1702)
\ Mval (1724)
‘. Hinfl - TFI (1766)
\\ Mboll (1946)

AorS1HI (1993)
HinfI - TAI (2068)
Bgll (2151)
HinfI - TfAI (2238)
BpulOI (2294)
\ Mboll (2306)
| Kpn2I (2377)
AorS1HI (2442)



pET25:: SELP-59-A plasmid

(80) Bpu1102I
(2) Kpn2l

(7306) BsaAl - Ppu21l

(7255) Hinfl \

(7233) Hinfl
(7119) Acsl
(7108) Acsl
(7098) Sspl \
(6998) Pagl

(6967) Sspl _ P \

(6958) Eam11041 \

(6762) Asp700I T
(6740) Dral\\
(6643) Afal - Scal
(6408) PstI — \
o

(6283) Bgll —
(6163) Eam110SI—
(6158) Hinfl — —
(6048) Dral — k&c

(6029) Dral ————
(5990) Pagl —

(5641) Hinfl - |
\
(5432) Mval
(5419) Mval ;’/"jy/
(5298) Mval =
(5245) Hinfl - T~ __ /’//

(5170) Hinfl

(5154) Eam11041 - Lgul N\
(5076) Afal’ s
(5022) BsaAl - Ppu2ll T—
(4911) Esp3l

(4828) Asp7001
(4824) HinfI - Tfil

(4524) Aor51HI /
(4459) Kpn2I /
(4376) BpulOI
(4320) Hinfl- TRl /
/
(3848) HinfI - Tfil

(4233) Bgll

(4150) HinfI - TAI / /
(3806) Mval /

(3784) Esp3I

(4075) AorS51HI

(3749) Mval

NheI (197)
Xhol (212)
Eco521 - Notl (220)

/ HindIIl (227)
Acsl - ECoRI (236)
/ Beul (242)
[ Eco521 (379)
[ " _Afal (386)
|/ e EcoS21 (610)
[ Afal (617)
/ Eco521 (841)
//Afal (848)

- Eco52I (1072)

/
/ ~_— Afal (1079)
_ Eco521 (1303)
/ —— Afal (1310)

__ Eco521 (1534)
—_— Afal (1541)

—Eco52I (1765)
————— —Afal (1772)

| _————— Eco52I (1996)
———— Afal (2003)
_—————— Eco521 (2227)

= —— Afal (2234)
— — BsaAl - Ppu21l (2332)
“Afal (2338)

\ KpnI (2340)
Ndel (2343)
Xbal (2381)
Hinfl (2422)
Bglll (2447)
Pagl (2567)
AorS1HI (2574)
Hinfl (2710)
Eam11041 (2787)
Hinfl (2797)
Mval (2894)

Miul (3169)

\ Mval (3209)
Afal (3316)

.AGI (3444)

Hinfl (3593)
EcoRV (3619)

Figure 49. Schematic representation of pET25:: SELP-59-A plasmid.
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PET25:: SELP-59-A+SELP-59-A plasmid

Acsl (9201)

\

(9190) Acsl
(9180) SspI | Hinfl (9315)
(9080) Pagl | | Hinfl (9337)
(9049) Sspl BsaAl - Ppu21l (9388)
(9040) Eam11041 \ Mboll (9528)
(9027) Mboll \\ \ Kpn2I (2)
(8918) Mboll* \ | Bpu1102I (80)
(8844) Asp700I Mboll (166)
(8840) Mboll Nhel (197)
(8822) Dral Xhol (212)
(8725) Scal \ P NotI (220)
HindIII (227)
(8(38:59)0)8;’;“ \ Acsl - EcoRI (236)
(8245) Eam11051 \ \ é/ Beul (242)
(8240) Hinfl
(8130) Dral

(8111) Dral
(8085) Mboll*

(8072) PagI
(8014) Mboll~ \E\\ >

(7723) Hinﬂ\
(7514) Mval ~
(7501) Mval \u;\
(7380) Mval — [l
(7327) Hinfl-TAl—o— i

(7252) Hinfl
|

(7236) Eam1104I - Lgul ;-..-/‘
(7223) Mboll — \
(7104) BsaAl - Ppu21I / \

(6993) Esp3l
(6910) Asp7001
(6906) Hinfl - THil S
(6606) AorSIHI
(6541) Kpn2l
(6470) Mboll _
(6458) Bpu10l
(6402) Hinfl - TAI
(6315) Bgll
(6232) Hinfl - Tfil

(6157) Aor51HI
(6110) Mboll

(5930) HinfI - TFil
(5888) Mval
(5866) Esp3I
(5831) Mval
(5741) Mboll

T BsaAl - Ppu21l (4414)
Kpnl (4422)

U Ndel (4425)
" Xbal (4463)
Hinfl (4504)
| BglIl (4529)
Mboll* (4636)
Pagl (4649)
Aor51HI (4656)
Hinfl (4792)
| Eam11041 (4869)
\' Hinfl (4879)

(5701) EcoRV
(5675) Hinfl | / {
5526) Acsl
((540;) r?bon [ | \ Mboll (4886)
(5291) Mval || Mval (4976)
Mboll (5231)

(5251) Miul

Figure 50. Schematic representation of pET25:: SELP-59-A+SELP-59-A plasmid.
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PET25::SELP-59-A nC3 plasmid

(80) Bpu1102I

Nhel (197)

(2) Kpn2I | Xhol (212)

! -
(7339) BsaAl - Ppu21l \ [ / Emaf;dl;:o:lz 2(7220)
(7288) Hinfl \ / )
(7266) Hinfl \ Acsl - EcoRI (236)

(7152) AcsI \

(7141) Acsl

(7131) Sspl
(7031) Pagl
(7000) Sspl
(6991) Eam11041

(6795) Asp700I

(6441) Pstl
(6316) Bgll
(6196) Eam11051
(6191) Hinfl —
(6081) Dral — —
(6062) Dral ——
(6023) Pagl ———

——

|
(5674) Hinfl ——————

(5465) Mval —
(5452) Mval~

(5331) Mval
(5278) Hinfl- TAI~ _— -

(5203) Hinfl

/

/

/

(5187) Eam1104I - Lgul
(4557) AorS1HI
(4492) Kpn2l
(4183) Hinfl - TAI
(4108) AorS1HI

,///
(5100) Afal
(5055) BsaAl - Ppu21l
(4944) Esp3l -
(4409) Bpu10I
(3881) HinfI - Tfil

(4861) Asp7001
e
(4353) HinfI - Tl
(3839) Mval

(4857) Hinfl - Tfil
(4266) Bgll
(3817) Esp3l

(3782) Mval

.
(6773) Dral - \\\
(6676) Afal - Scal - :

/]

/
/

Becul (242)
Eco521 (379)

Afal (386)
/ Eco521 (610)

Afal (617)
_ Eco52I (841)
/ Afal (848)
" Eco521 (1072)
= = = ~__—Afal (1079)
=5
G Eco52I (1303)
= _—Afal (1310)
—

__— Eco521 (1534)
__— _—Afal (1541)

pET25::SELP-59-A_nC3

__——— Eco521 (1765)
7581 bp

——— Afal (1772)

_—— EcoS52I (1996)
| Afal (2003)

_————Ec0S52I (2227)
T Afal (2234)
— BsaAl - Ppu21l (2332)

—__Afal (2338)
\ Kpnl (2340)
_Sspl (2350)
% Ndel (2376)
S Xbal (2414)
Hinfl (2455)

BglIl (2480)

Pagl (2600)
Aor51HI (2607)

Hinfl (2743)

. Eam1104I (2820)
Hinfl (2830)

Mval (2927)

. Miul (3202)

Mval (3242)
Afal (3349)

e ——

7

/

\

Acsl (3477)

Hinfl (3626)
EcoRV (3652)

\

Figure 51. Schematic representation of pET25::SELP-59-A nC3 plasmid.
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pET25::SELP-59-A c¢C3 plasmid

(80) Bpul102I

Nhel (197)
@ Kpnzx | xhol (12)
(7339) BsaAl - Ppuzu | | FeoS2I-Notl (220)
(7288) Hinfl [
(7266) Hinfl
(7152) Acsl

I/

(7141) Acsl
(7131) Sspl
(7031) Pagl

(7000) Sspl
(6991) Eam11041

HindIII (227)

Acsl - EcoRI (236)
Sspl (250)
Bcul (275)

W

Eco521 (412)
Afal (419)
Eco521 (643)
Afal (650)
(67(:;;3?5823 ' / Eco521 (874)
\
(6676) Afal - Scal - Afal (881)
(6441) Pstl i s __Eco521 (1105)
\\ R —
(6316) Bgll /
(6196) Eam1105I \\\ P
(6191) Hinfl—
(6081) Dral \\\*x\\n
(6062) Dral — S

(6023) Pagl ————

(5674) Hinfl

(5465) Mval —
(5452) Mval —

(5331) Mval
(5278) HinfI - Tfil

(5203) Hlnfl
(5187) Eam1104I - Lgul

(5109) Afal

(5055) BsaAl - Ppu2ll

(4944) Esp3I
(4861) Asp7001
(4857) HinfI - Tfil
(4557) Aor51HI
(4492) Kpn2I
(4409) BpulOI
(4353) HinfI - Tfil
(4266) Bgll
(4183) HinfI - Tfil
(4108) Aor51HI

(3881) Hinfl

// y

__Afal (1112)
_ EcoS21 (1336)
" Afal (1343)

_— Eco521 (1567)
——— Afal (1574)

—— Eco521 (1798)
—————— Afal (1805)

Eco52I (2029)
~ Afal (2036)

~ Eco521 (2260)
T Afal (2267)
:‘ BsaAl - Ppu21l (2365)
Afal (2371)
\Kpnl (2373)
Ndel (2376)
Xbal (2414)
Hinfl (2455)
BglIl (2480)
Pagl (2600)
Aor51HI (2607)
Hinfl (2743)
Eam11041 (2820)

Hinfl (2830)
Mval (2927)

/

\

Miul (3202)
\ \ Mval (3242)
\ \ Afal (3349)
- Tfil \ \
(3839) Mval | |\ Acsl (3477)
(3817) Esp3I \

Figure 52. Schematic representation of pET25::SELP-59-A_cC3 plasmid

Hinfl (3626)
(3782) Mval

ECORV (3652)
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PET25::SELP-59-A nRGD plasmid

(80) Bpul1021
(2) Kpn2l
(7336) BsaAl - Ppu21l

Nhel (197)
| | Xhol (212)
\ / /  Eco52I - Notl (220)
\ / HindIII (227)
(7149) Acsl \ AcsI - EcoRI (236)
(7138) AcsI \ \\ / / _Beul (242)
(7120) 8ol -~ _Ecos21 (379
(7028) Pagl \ \ / 0521 (379)
R \E\ N\ / //, Afal (386)
(6988) Eam11041 -~ . N " _Ecos2l (610)
(6792) Asp7001 N8l (81T
(6770) Dral — T~ =5 ___~Eco52I (841)
(6673) Afal - Scal —__ o —__— Afal (848)
(6438) Pstl —_
(6313) Bgll —
(6193) Eam11051
(6078) Dral —
(6059) Dral —
(6020) Pagl —

__—Eco521 (1072)
———— Afal (1079)

. Eco52I (1303)
———— Afal (1310)

———— Ec0o52I (1534)
— Afal (1541)

(5462) Mval —
(5449) Mval
(5328) Mval

(5275) Tfil
(5184) Eam1104I - Lgul —

pET25::SELP-59-A_nRGD
7578 bp

1

—_— Eco521 (1765)

— Afal (1772)
———_ Eco52I (1996)
T Afal (2003)
geos = < 3 : - \.\-.
(5106) Afal ~ _— _
(5052) BsaAl - Ppu21l~ _— _
(4941) Esp3I ;///
(4858) Asp7001

— Eco52I (2227)

" Afal (2234)
\a BsaAl - Ppu21l (2332)
. Afal (2338)
_~_ KpnI (2340)
. Eco52I - KspI (2361)
“_ Ndel (2373)

Xbal (2411)

Bglll (2477)

Pagl (2597)
Aor51HI (2604)

(4854) Tfil

///
(4554) AorS1HI ‘
(4489) Kpn2l //// /
(a406) Bputol
@3so) AL
(a263) Bgll
@180y TAL
(4105) Aor51HI

/ .\'
s o

/
o

Eam11041 (2817)
] ! \ Mval (2924)
/71 VAN
A / \ \ MIuI (3199)
/ / \ \ Mval (3239)
(3878) Tfil / \ \ Afal (3346)
(3836) Mval / \
(3814) Esp3I \
(3779) Mval

Acsl (3474)
EcoRV (3649)

Figure 53. Schematic representation of pET25:: SELP-59-A_nRGD plasmid.
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PET25::SELP-59-A cRGD plasmid

(7336) BsaAl - Ppu21l \
(7149) Acsl \ \
(7138) Acsl
(7028) Pagl \\
(6997) Sspl \
(6988) Eam11041 \\\ \\
(6792) Asp700I

(7128) Sspl

N
\\
(6770) Dral —__ \\
(6673) Afal-Scal —
(6438) Pstl

(6313) Bgll —__
(6193) Eam1105I —_

(6078) Dral —
(6059) Dral —
(6020) Pagl ——

(5449) Mval
(5328) Mval

(5275) TAl

(5184) Eam1104I - Lgul —

(5106) Afal ~_
(5052) BsaAl - Ppu21l ~
(4941) Esp3l

(4858) Asp7001

(4854) Tl

7578

(4554) AorS1HI
(4489) Kpn2I
(4406) Bpu10I

//
(4350) THI // /
(4263) Bgll
(4180) Tl

(4105) Aor51HI

(3878) Tfil
(3836) Mval

\
(3814) Esp3l

(3779) Mval

Figure 54. Schematic representation of pET25::SELP-59-A_ cRGD plasmid.
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pET25::SELP-59-A_cRGD

(80) Bpul1021I
(2) Kpn2l

Nhel (197)
[ Xhol (212)
/

/ /

Eco52I - NotI (220)
HindIII (227)
Acsl - EcoRI (236)
Eco52I - Kspl (261)
__Beul (272)
_ Eco521 (409)
- Afal (416)
-
_
//f ~_— Afal (647)
e — —

- Eco521 (640)
,//

_—Eco52I (871)
—— Afal (878)

_—— Eco52I (1102)
——————— Afal (1109)

——— Eco52I (1333)
T Afal (1340)

Eco521 (1564)
~ Afal (1571)

————__—Eco52I (1795)
=: T Afal (1802)
" Eco52I (2026)

bp

e T Afal (2033)

S Eco52I (2257)

i\\\\\\ Afal (2264)
e

. BsaAl - Ppu21I (2362)
. Afal (2368)
\\ Kpnl (2370)
Ndel (2373)
Xbal (2411)
Bglll (2477)
Pagl (2597)
AorS1HI (2604)

Eam1104I (2817)
Mval (2924)

Miul (3199)
\ Mval (3239)

\ \ Afal (3346)
\

Acsl (3474)
EcoRV (3649)



Annex lll = Culture media and solutions

LB medium

10 g tryptone

5 g yeast extract

5 g NaCl

Adjust volume to 1 L with dH,0

TB medium

12 g tryptone

24 g yeast extract

8 g glycerol

50 mL phosphate solution 20x
Adjust volume to 950 mL dH.,O

Phosphate solution 20x (500 mL)

23.14 g KH,PO,
125.41 g K,HPO,
Adjust volume to 500 mL with dH,0

TBlac medium

12 g tryptone

24 g yeast extract

8 g glycerol

50 mL phosphate solution 20x
50 mL lactose solution 20x

900 mL dH,0
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Phosphate solution 20x (500 mL)

- 23.14 gKH,PO,

- 125.41 g K,HPO,

- Adjust volume to 500 mL with dH,0

Lactose solution 20x (500 mL)
- 20 glactose
- Adjust volume to 500 mL with dH,0

TAE 50x (1L

- 242 gTris

- 57.1 mL Glacial acetic acid

- 18.6 gEDTA

- Adjust volume to 1 L with dH,0

PBS 10x (1 L)
- 12.0 g Na,HPO,

- 2.4 gKH,PO,

- 80gNaCl

- 2 gKCl

- Adjust volume to 1 L with dH,0
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Annex IV - Cell transformation protocols

TSS method (adapted from )

Pre-inoculum of bacterium at 37 °C 200 rpm, overnight;

In the next day, read the optical density (ODy...) and optimize the OD to 0.1 in tubes of 50 mL
containing 10 mL of LB medium;

Put the tubes at 37 °C, 200 rpm until achieve the OD,,..= 0.3-0.4. Here, put the tubes on ice for
5 min;

Transfer culture for a 2 mL microtube;

Centrifuge the cultures at 1100 x g, 10 min at 4 °C. Reject the supernatant and resuspend the
pelletin 1 mL of 4 °C TSS 1x;

Add 1 pL of plasmid (1-10 ng). Wait 1 h on ice;

Give a heat shock at 42 °C for 2 min;

Stop heat shock by immersion on ice for 2 min;

After, 1 mL of warm LB is added, and the suspension is incubated 1 h at 37 °C at 200 rpm;
50-200 pL of the transformation mix is plated in LB agar plus the antibiotic (see table 6);
Incubate for 16-20 h at 37 °C.

TSS Ix (20 mL)

2 g PEG MW 3350;

1 mL DMSO pure for molecular biology;
95 mg MgCl,;

19 mL LB medium;

Optimize the pH to 6.5

Sterilize by filtration.
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Heat shock protocol

- Defrost competent cells on ice;

- Add 100 ng of DNA to the competent cells and left for 30 min at 4 °C;

- Give a heat shock at 42 °C for 1 min;

- Take off samples from bath and place them into ice for 10 min;

- Then, using flame to create a sterile atmosphere, add 800 uL of LB medium into each microtube;
- After that, microtubes incubate at 37 °C, 200 rpm, for 1 h;

- Centrifuge samples for 1 min at 14000 x g;

- Discard 900 pL of supernatant. Resuspend the volume left using up-down pipette move;

- Pipette 100 pL of final sample and spread into plates. Incubate for an overnight period at 37 °C.
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Annex V — DNA sequencing

pET25::adapter sequencing

Ndel Kprl Eco7A Beud EcaRl
A

Stop Hindll
A A

AGGAGATATACATATG GG TACCCACG TG ACTAG TGAATTCTAAAAGCTTGCG

) v'p.\ 1/ N N A 1{\ i AN
\ ‘ Y\/ /‘Af \v/\f \/ \/ \ ‘/\ / Y / ‘\ / \ / V \ | U‘, \\/ \V \
50 . 60 70 80 90

Figure 55. pET25::adapter sequencing chromatogram using T7 promoter primer.
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pET25:: SELP-59-A sequencing

TAGCGGCGCTGGTGCAGGC TCCGG6TGCGE6G6GCGEG6CTGEGGTTCTGGCGTACCGGC

Figure 56. pET25:: SELP-59-A sequencing chromatogram using T7 promoter primer.
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Hindll Stop EcoRl Bed SELP-59-A
A A

TTGATCTCGAGTGCGGCCGCAAGCTTTTAGAATTCACTAGTCACTACGCCCACTG

CCGGAACACCCACGGCAGGAACGCCCACCGCCGGAACACCCACAGCCGGAACGCC

170 180 190 200 210 220

CACCGCCGGAACACCCACCGCCGGAACGCCCACAGCCGGAACACCCACTGCTGGAAC

230 240 250 260 270

GCCCACGGCCGGTACGCCAGAACCAGCGCCCGCACCGGAGCCTGCACCAGCGCCGC

280 290 300 310 320 330

TACCCGCGCCTGCACCAGAGCCGGCACCAGCGCCGGAACCCGCGCCTG CACCTACG

Figure 57. pET25::SELP-59-A sequencing chromatogram using T7 terminator primer.
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SELP-59A double insertion (pET25:: SELP-59-A+SELP-59-4) sequencing

Ndel Korl Pou2l SELP-59-A
A A A

GT TTAACTTTAAGAAG GAGATATACATAT GGGTACCCACGTAGGTGCAGGC GI

Figure 58. pET25:: SELP-59-A+SELP-59-A (double insertion) sequencing chromatogram using T7 promotor primer.
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Hindil Stop EcoR Beud SELP-59-A
A

GTGCGGCCGCAAGCTTTTAGAATTCACTAGTCACTACGCCCACTGCCGG AAC

120 130 140 150 160 170

ACCCACGGCAGGAACGCCCACCGCCGG AACACCCACAGCCGG AACGCCCACCEG

A , A

180 190 200 210 220

CCGGAACACCCACCGCCGGAACGCCCACAGCCGGAACACCCACTGCTGGAACG

A / A

230 240 250 260 270

CCCACGGCCGGTACGCCAGAACCAGCGCCCGCACCGGAGCCTGCACCAGCGCCG

280 290 300 310 320 330

CTACCCGCGCCTGCACCAGAGCCGGCACCAGCGCCGG AACCCGCGCCTGCACCT

AV A A

340 350 360 370 380

ACGCCCACTG CCGGAACACCCACGGCAGGAACGCCCACCGCCGGAACACCCACA

l

390 400 410 420 430 4

GCCGGAACGCCCACCGCCGGAACACCCACCGCCGGAACGCCCACAGCCGGAAC.,

A A

440 @50 460 470 480 490

Figure 59. pET25:: SELP-59-A+SELP-59-A (double insertion) sequencing chromatogram using T7 terminator primer.
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pET25::SELP-59-A nC3 sequencing

Ndel c3 Kol SELP-59-A
A L A

ACATAT G GC GAGCAAAAAACCGAAACGCAATATTAAAGCGGGTACCCACGTAG

MMMMWWWMMMMWWM

GTGCAGGCGC GG GTTCCGGEGCGECTGEGGE6TGCCGEGGCTCTGGEGTGCAGGCGCGGGTAGC

Figure 60. pET25::SELP-59-A nC3 sequencing chromatogram using T7 promotor primer.
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pET25::SELP-59A ¢C3sequencing

EcaRl
1

Figure 61. pET25::SELP-59-A cC3 sequencing chromatogram using T7 terminator primer.
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pET25::SELP-59-A nRGD sequencing

SELP-59-A

CATATGTGCACCGGCCGCGGCGATAGCCCGGCGTGCGGTACCCACGTAGGTG

Figure 62. pET25::SELP-59-A nRGD sequencing chromatogram using T7 promotor primer.
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pET25::SELP-59-A cRGD sequencing

Hindll Stop EcaRI RGD Beu
A A 1 L A

iICAAGCTTTTAGAATTC GCACGCCGGGCTATCGCCGCGGCCGGTGCAACTAGTC,

|SELP—59-A
-—
ACTACGCCCACTGCCGGAACACCCACGGCAGGAACGCCCACCGCCGGAACAC

Figure 63. pET25::SELP-59-A cRGD sequencing chromatogram using T7 terminator primer.
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Absorbance (a.u)

Absorbance (a.u)

Appendix | — ATR-FTIR absorbance spectra

SELP-59-A_cC3 25%

——SELP-59-A_cC3 25% MetOH

1600

1700 1650

Wavenumber (cm!)

SELP-59-A_cC3 75%

~——SELP-59-A_cC3 75% MetOH

1700 1650 1600

Wavenumber (cm’)

SELP-59-A_nC3 25%

~——SELP-59-A_nC3 25% MetOH

1650

1700 1600

Wavenumber (cm’)

SELP-53-A_nC3 75%

~——SELP-59-A_nC3 75% MetOH

1650

1700 1600

Wavenumber (cm)

——SELP-59-A_cRGD 25%

——SELP-59-A_cRGD 25% MetOH

1700 1600

1650

Wavenumber (cm!)

SELP-59-A_cRGD 75%

~——SELP-59-A_cRGD 75% MetOH

1700 1600

1650

Wavenumber (cm)

Figure 64. Experimentally determined ATR-FTIR absorbance spectra for amide | region for the non-treated and methanol

saturated air-treated SELP-59-A_CAM 75%, SELP-59-A_CAM 25% films.
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