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Use of Orla technology to
generate surfaces that promote
cell attachment for use in cell
culture

* Highly defined surface

* Correctly oriented monolayer

* TFunctional protein surface

* Produced by animal free methods
* DPatterned protein surface

Summary

This application note describes the
application of Orla Protein Technologies’
unique ‘surface biology’ platform to
generate functional protein monolayers
for use in cell culture. The cell
attachment-promoting motif RGDS was
engineered into a ‘scaffold’ protein with
inherent self assembly properties. The
engineered protein was produced using
animal-free methods. Significantly greater
numbers of cells attached to an RGDS
surface compared to a control surface. In
addition, the ability to localise the protein
on specific regions on the surface allowed
the patterning of cell attachment.

Introduction

Protein coatings are required for many
cell culture applications. However,
current methods of adsorbing bulk
proteins onto cell culture surfaces have
many limitations: the protein is usually
from animal sources, there is no control
of orientation or concentration on the
surface and it is difficult to control
relative quantities and display of two or
more types of protein on the surface.
Orla Protein Technologies provides
unique expertise for addressing these
problems.

The Otla self-assembly technology has
the potential to revolutionise the use of
immobilised proteins in cell culture and
extend their application into other
technologies (Table 1).
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Application Note

Existing Surface
Chemistries
Poor Otientation

High Background
Poor reproducibility

Reliant on Physical
adsorption or
complex Chemistry
Surface density low
Scale up problematic
Limited Control

Reduced
Functionality
Lacking Quality

Assurance methods

Table 1
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Orla Platform

Protein orientation is
controllable

Non specific interactions
are minimal

Self assembly is highly
reproducible

Simple assembly from
aqueous solution

High density/controllable
Easily scaled

Exquisite control of
surface assembly

Proteins retain
functionality

All surfaces and proteins
fully characterised and
quality controlled

The basic technology involves the fusion
of the peptide motif or protein of interest
with a proprietary, inherently self-
assembling scaffold protein. The purified
fusion protein in is applied in aqueous
buffer to the surface where the scaffold
attaches covalently in the correct
orientation. A simple wash step is used to
remove non-covalently attached protein,
leaving behind a precisely oriented
monolayer. The spaces between the
proteins in the monolayer are then
covered with a ‘filler” molecule that is also
covalently attached and oriented (Figure
1). The filler molecule stabilises the
scaffold protein and masks it so that only
the protein of interest is exposed at the

surface.

This simple principle can be used to
produce surfaces with exquisitely
controlled properties. Any protein
molecule or peptide may be fused to the
scaffold e.g. motifs that promote cell



' | Orla Protein Technologies Ltd

}‘ www.orlaproteins.com

adhesion or differentiation, single chain
antibody fragments targeted to certain cell
types, effector proteins that bind to the
cell surface etc. Since the protein is
presented correctly oriented as a
monolayer, the density of the functional
protein on the surface can be controlled
by applying it at higher or lower
concentration. The upper limit of density
is dependent upon the width of the
fusion protein.

Mixtures of proteins can be applied to
give multi-functional surfaces and
proteins may be laid down in patterns to
produce surfaces with regional
functionality, protein arrays and even
gradients. The properties of the surface
not covered by protein can also be
controlled by choice of head-group on
the filler molecules e.g the surface can be
made more or less hydrophilic. The
advantages of this approach in a large
variety of applications are self-evident.

In this study, we describe in detail how
Orla technology is applied in practice.
The attachment of certain cells to
standard polystyrene or glass surfaces can
be problematic forcing many users to
coat surfaces with crude animal sourced
extracts such as fibronectin or collagen.
Such coatings are poorly defined and are
attached to the surface in a poorly
controlled manner. Although many of the
coating compounds used are large
complex proteins selected properties can
be reproduced using smaller domains or
motifs. For example, much of the cell
attachment promoting properties of
fibronectin can be reproduced using small
motifs. The well known RGDS cell
attachment motif from fibronectin was
used as a model.
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Methods & Results

Construction of RGDS modified scaffold protein.
The RGDS motif was introduced into the
scaffold protein by primer directed PCR
insertion. The insertion was designed
such that the motif would be displayed in
a loop of the scaffold protein similarly to
its display in fibronectin, as shown in

tigure 2 (RGDS highlight in red).

B. ORLA1

A. Fibronectin

Figure 2.

A. The 3D Structure of the tenth type III module
of fibronectin. B. The 3D structure of the Orla
scaffold protein modelled with RGDS on Loopl.

The sequence of the construct (ORLAT)
was verified by DNA sequencing.
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Protein expression and purification

The protein was expressed as insoluble
inclusion bodies in E. ¢o/i. The inclusions
were purified and solubilised in 8M urea.
ORLA1 protein was purified by Ni-
affinity chromatography utilising a 6xHis
tag on the scaffold protein. A polishing
step using ion-exchange chromatography
was carried out to yield protein purified to
>98% homogeneity. This protein was
refolded by 1/100 dilution into a urea-
free detergent buffer. Correct refolding
was confirmed by circular dichroism
spectroscopy (data not shown).
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Self assembly of monolayers on cell culture
surfaces

Gold-coated coverslips that may be easily
inserted into the wells of 6-well plates
were used. The formation of the ORLA1
monolayer on these surfaces was carried
out in two stages:

Stage 1. Protein monolayer formation

1. Surface passivation of gold coated
coverslips by B—mercaptoethanol.

2. Protein application followed by SDS
wash to remove non-covalently
bound, incorrectly oriented ptotein.

Stage 2. Filling-in the gaps

1. Application of filler molecule.
SDS wash to remove non-specifically
bound material that is not part of the
monolayer.

In the first experiment, two sets of
coverslips were manufactured: Set 1 was
modified with the ORLA1 protein and
filler molecule and Set 2 was modified
with filler molecule only. In the second
experiment, instead of coating the entire
coverslip surface with RGDS protein, 1ul
drops of ORLA1 were applied to the
prepared surface. Afterwards the surface
was washed with SDS and the filler
molecule was assembled over the rest of
the surface. The modified coverslips
were placed into 6 well plates and soaked
in 70% ethanol for 30 minutes prior to
use.
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Attachment of NIH/ 3T3 cells to RGDS
surfaces

NIH/3T3 mouse fibroblasts (ATCC)
were cultured in Dulbecco’s Modified
Eagle’s Medium including; 4.5¢ 1"
Glucose, 4mM L-glut, 1.5¢ L' sodium
bicarbonate, 10% FBS, penicillin and
streptomycin (all sourced from Sigma-
Aldrich). Cells were kept in a 5% CO,
incubator at 37°C. The cells were
harvested from a 75cm? flask using
trypsin/ EDTA (Sigma-Aldrich), pelleted
by centrifugation then resuspended in
DMEM at 1x10° cells per ml. 3ml of cells
were placed onto each coverslip. After 16
hours incubation the media was removed
and unattached cells were removed with a
gentle wash with Dulbecco’s phosphate
buffered saline. The cells were fixed with
paraformaldhyde and the surfaces were
examined by microscopy. Three randomly
selected fields per coverslip were
photographed and analysed. The data are

illustrated in Figure 4.
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The surfaces treated with the RGDS
modified ORLAT1 protein had
significantly more cells attached to them
compared to the surfaces coated with
filler alone.
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Attachment of cells to patterned RGDS surfaces
Cells were prepared and placed on the
surface as before. After 16 hours of
culture the cells attached to the surface
were examined by microscopy (Figure 4).

The cells were attached as a near circular
‘colony’ only in the spots where the
RGDS protein was applied. There was a
clear preference for the cells to attach to
the region with immobilised protein.

Conclusions

The protein surface greatly enhances cell
attachment compared to a control
surface. In addition the protein can be
patterned on the surface to give patterns
of bound cells. Such patterned surfaces
may have applications in the production
of cell arrays. Using the RGDS motif as a
simple model system we have highlighted
a number of advantages offered by the
Orla protein immobilisation technology.
However, we have a variety of protein
surfaces available (See Table 2).

Table 2
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Protein

ORLA1

ORLA34
ORLA35
ORLAG2

ORLA11
ORLA36
ORLA37
ORLA31

ORLA32
ORLA30
ORLA51
ORLA18

Description of Motifs
(source sequence)
RGDS (Fibronectin)
PHSRN (Fibronectin)
RGD+PHSRN
FHRRIKA (Fibronectin,
Heparin binding domain)
IKVAV (Laminin)
YIGSR (Laminin)
IKVAV+YIGSR
GTPGPQGIAGQRGVV
(Collagen)

MNYYSNS (Collagen)
VEDNFVKL (Tenascin C)
Nogo66 NOGO)

IgG binding domains
(Protein A)

* Fillers available:

HDT - Hydrophobic surface
MUDOL — Hydrophilic surface
OEG — Ethylene glycol
Surfaces with combinations of two or

more of the above can be prepared,

however only one type of filler may be
applied per surface.
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