
Ribosome Display

Background
DARPins are synthetic molecules that are mimicking antibodies. Their ability to bind tightly to
target molecules makes them useful as therapeutic tools. Due to the high variance of
DARPins by changing the amino acids in their loops they show different affinity to different
targets. Therefore, a ribosome display is needed to select the DARPin with the highest
affinity towards the AIP target chosen in this project. Another target includes GFP, which is
functioning as the positive control. We knew the sequence of the GFP targeting DARPin,
since it has been previously identified.
Ribosome Display is an affinity selection of the DARPin towards the target AIP or GFP for
the positive control. It functions by expressing in vitro transcribing and translating DARPins
to a DARPin-ribosome-mRNA complex. The mRNA continues to be attached to the
ribosome, because it does not present a stop codon. The affinity selection is performed and
after washing the complexes and most importantly the mRNA is eluted, which is reverse
transcribed and amplified for sequencing (Figure 1).

Figure 1. Schematic Depiction of ribosome display.

—------------------------------------------------------------------------------------------------------------------------
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In vitro transcription and translation
26.07.2022

Aim
The DARPins are present in DNA form ordered from IDT. For the ribosome display they are
needed in a mRNA-ribosome-protein complex. For this in vitro transcription and translation
needs to be performed.

Procedure
In vitro transcription and translation was performed according to the eponymous lab protocol.
All solutions were thawne and 5 μL of solution A, 3.75 μL of solution B, 0.3 μL of the RNase
inhibitor, 0.75 μL of anti-ssrA v1, 12.5 μL of nuclease free-water and 2.7 μL of the DARPin
DNA. Both 10 random DARPins from IDT and the GFP-targeting DARPin BBa_K4159005
were transcribed and transformed and stored at - 80 °C.

—------------------------------------------------------------------------------------------------------------------------

Buffer Preparation for Ribosome Display
12.08.2022

Aim
Ribosome Display is based on the affinity selection of an mRNA-ribosome-protein complex
towards a peptide target. The mRNA will then be eluted in order to sequence and identify the
protein (i.e. DARPin) that successfully bound to the target. These steps require several
buffers both for the affinity selection, washing and elution.

Procedure
The buffers that needed to be prepared include TBS, TBS-T, WBT and EB. They were
prepared according to the “buffer protocols” (Table 1).

Table 1. Including buffer recipe, volume, amount and pH for buffer TBS, TBS-T, WBT and EB needed for
the ribosome display.

Buffer Recipe Volume Amount pH

TBS 50 mM Tris-HCl
150 mM NaCl (after pH
adjustment)

1 L 6.1 g Tris-HCl
8.8 g NaCl

7.4 at 4 °C

TBS-T TBS
5 % Tween-20

400 mL 380 mL
20 mL

N/A

WBT TBS-T
50 mM MgAc

200 mL 190 mL TBS-T
10 mL MgAc

7.5 at 4 °C

EB 50 mM Tris-Hcl
0.05 M EDTA

200 mL 180 mL Tris-HCl
20 mL EDTA

7.5 at 4 °C
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The TBS-T was supposed to contain 0.05 % of TBS-T; however, 5 % of Tween-20 were
added.

—------------------------------------------------------------------------------------------------------------------------

Target Immobilisation
14.08.2022

Aim
Ribosome Display is based on the affinity selection of an mRNA-ribosome-protein complex
towards a peptide target. The mRNA will then be eluted in order to sequence and identify the
protein (i.e. DARPin) that successfully bound to the target. The target is immobilised in a
96-well plate to give a surface to the reaction. The first target used is GFP, which is used as
a positive control with the known GFP targeting DARPin.

Procedure
The 96-well plate (not flat-bottom due to a mix-up) was washed 3 times with TBS, air-dried
and 100 μL of 66 nM GFP. The dilution of GFP was done with 4.53 µl in 9.99 mL of TBS. The
96-well plate was incubated overnight at 4 °C on a shaker.

—------------------------------------------------------------------------------------------------------------------------

Affinity selection and mRNA extraction
15.08.2022

Aim
Ribosome Display is based on the affinity selection of an mRNA-ribosome-protein complex
towards a peptide target. The mRNA will then be eluted in order to sequence and identify the
protein (i.e. DARPin) that successfully bound to the target. The GFP targeting DARPin is the
positive control and GFP is immobilised in a 96-well plate as target.

Procedure
The target was further immobilised according to the previous protocol and the incubated
96-well plate was washed thrice with TBS and then incubated with TBS containing 0.5 %
BSA for 1 hour at 4 °C on a shaker. We were given BSA there from a colleague of Anja
Paatero, which was contained in a HEPES-buffer. It was decided that the HEPES-buffer
would not interfere, because it buffered at 7.5 and therefore a similar pH as the TBS and
87.5 µL of BSA were added to 262.5 µL of TBS. The wells were then washed thrice with
both TBS-T and WBT. After that the “Selection of Binders” protocol was followed and the 25
µL of the stopped translation reaction of the GFP-targeting DARPin and 2 µL of DARPin-12
were diluted in 73 µL of TBS. The dilution was performed, because the 96-well plate could
maximally contain 300 µL leading to a decreased amount of volume used. The plate was
incubated for 1 hour at 4 °C and washed 5 times with WBT. The next protocol that followed
was “RNA Elution”. 100 µL of ice-cold elution buffer containing 50 μg/mL S. cerevisiae RNA
were added to the well. The S. cerevisiae RNA was provided by Juha Saarikangas
(Assistant professor at the University of Helsinki). The RNA received from Juha had a
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concentration of 730 ng/μL and 15.07 μL of RNA were added to a volume of 204.93 μL. The
plate was incubated for 10 minutes at 4 °C on a shaker and the elution step was repeated
once more before the eluted mRNA was transferred in a 1.5 mL tube and stored at - 20 °C.

—------------------------------------------------------------------------------------------------------------------------

Synthesis of DARPin DNA
23.08.2022

Aim
It is aimed to affinity select DARPins binding AIP with the help of ribosome display. For this
the DNA of the DARPin, which needs to be expressed, is needed. 32 of the potentially AIP
targeting DARPins were synthesised via the BioXpTM 3250 by Codex DNA.

Procedure
The machine was assembled according to the manual and with the help of professionals
from Codex DNA and Immuno Diagnostics Oy. The assembly itself took less than an hour
and the run took approximately 16 hours finishing during the night. The synthesised
fragments were collected the next morning and stored in the fridge before analysing the
success with an agarose gel.

—------------------------------------------------------------------------------------------------------------------------

Synthesis of DARPin DNA
30.08.2022

Aim
It is aimed to affinity select DARPins binding AIP with the help of ribosome display. For this
the DNA of the DARPin, which needs to be expressed, is needed. 32 of the potentially AIP
targeting DARPins were synthesised via the BioXPTM by Codex DNA. In order to ensure that
no random dimers or fragments are present in the synthesised DARPins they needed to be
purified via gel extraction.

Procedure
The DARPins were loaded onto a 2 % agarose gel, which was stained with ethidium bromide
and run according to the “Agarose gel electrophoresis” protocol. The DARPins were gel
extracted according to the “gel extraction” protocol. The bands were cut out from the
agarose gel and 700 μL of NT1 were added. The sample was heated at 50 °C and vortexed
until the gel piece dissolved. The dissolved gel pieces were loaded onto the column and
centrifuged for 30 seconds at 11,000 x g. 700 μL of NT3 were added to the column and
centrifuged for 1 minute. Another dry centrifugation step was performed before 30 μL of NE
were added onto the column in a new eppendorf tube. The samples were incubated for
3 minutes at 37 °C and centrifuged. The DNA concentration and purity of DARPin 1 and 16
was assessed with the nanodrop before the samples were stored at - 20 °C.

Results
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The correct sized band (815bp) shows on all samples (Figure 2). A very vague band at
about 1.4kb was also present in most of the samples, which indicates that there might be
some dimers there.

a)                                           b)                                     c)

Figure 2. Synthesised DNA of DARPins with the BioXPTM machine run on a 2 % agarose gel. The marker
[M] includes the GeneRulerTM ladder mix, ready-to-use with the base pairs [bp] indicated on the left side.

DARPin 1 had a DNA concentration of 24.90 ± 1.41 ng/µL with a purity of 0.50 ± 0.03 and
1.85 ± 0.01 for the A260 and A260/A280 value, respectively. DARPin 16 had a DNA
concentration of 29.65 ± 0.35 ng/µL with a purity of 0.59 ± 0.01 and 1.81 ± 0.001 for the
A260 and A260/A280 value, respectively.

—------------------------------------------------------------------------------------------------------------------------

Target Immobilisation
05.09.2022

Aim
Ribosome Display is based on the affinity selection of an mRNA-ribosome-protein complex
towards a peptide target. The mRNA will then be eluted in order to sequence and identify the
protein (i.e. DARPin) that successfully bound to the target. The target is immobilised in a
96-well plate to give a surface to the reaction. The first target used is AIP1.

Procedure
Three wells of the 96-well plate (not flat-bottom due to a mix-up) was washed 3 times with
TBS, air-dried and 100 μL of 66 nM avidin. The 96-well plate was incubated overnight at
4 °C on a shaker.
Additionally, a new TBS-T buffer was prepared with differing amounts of Tween20 including
0.05 %, 0.1 % and 0.2 % making selection criteria harsher (Table 1).

—------------------------------------------------------------------------------------------------------------------------
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AIP Dissolution and Target Immobilisation
06.09.2022

Aim
Ribosome Display is based on the affinity selection of an mRNA-ribosome-protein complex
towards a peptide target. The mRNA will then be eluted in order to sequence and identify the
protein (i.e. DARPin) that successfully bound to the target. The target is immobilised in a
96-well plate to give a surface to the reaction. The first target used is AIP1. The AIP1 was
ordered biotinylated from genscript.

Procedure
The biotinylated AIP was dissolved sterile water and DMSO. Due to the high hydrophobicity
the AIP could not be fully dissolved and more DMSO needed to be added. However, it was
assumed that too much DMSO would interfere with the ribosome display. For this reason the
already dissolved AIP was used for the ribosome display and the additional undissolved AIP
was dissolved in more DMSO for future experiments after retrieving advice from Alexander
Frey.
Because the AIP dissolution took longer than expected the target immobilisation was started
again to start the actual ribosome display the day after. Two wells of the 96-well plate (not
flat-bottom due to a mix-up) was washed 3 times with TBS, air-dried and 100 μL of 66 nM
avidin. The 96-well plate was incubated overnight at 4 °C on a shaker.

—------------------------------------------------------------------------------------------------------------------------

Ribosome Display
07.09.2022

Aim
Ribosome Display is based on the affinity selection of an mRNA-ribosome-protein complex
towards a peptide target. The mRNA will then be eluted in order to sequence and identify the
protein (i.e. DARPin) that successfully bound to the target AIP1.

Procedure
The target was further immobilised according to the previous protocol and the incubated
96-well plate was washed thrice with TBS and then incubated with TBS containing 0.5 %
BSA for 1 hour at 4 °C on a shaker. After 194 µL of biotinylated AIP1 were added, it was
diluted in 426 µL of TBS containing 0.5 % BSA. The final concentration was less than the
required 0.5 % required in the protocol due to the improper dissolution of the AIP, but we did
not regard it as too important. The plate was incubated another hour on a shaker at 4 °C.
The wells were washed thrice with TBS-T. The Tween20 concentration for one well was set
to 0.1 % and 0.05 % for the other. The wells were then washed thrice with both WBT. After
that the “Selection of Binders” protocol was followed and the 25 µL of the stopped translation
reaction of the GFP-targeting DARPin and 2 µL of DARPin-12 were diluted in 73 µL of TBS.
The dilution was performed, because the 96-well plate could maximally contain 300 µL
leading to a decreased amount of volume used. The plate was incubated for 1 hour at 4 °C
and washed 5 times with WBT. The next protocol that followed was “RNA Elution”. 100 µL of
ice-cold elution buffer containing 50 μg/mL S. cerevisiae RNA were added to the well. The
plate was incubated for 10 minutes at 4 °C on a shaker and the elution step was repeated
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once more before the eluted mRNA was transferred in a 1.5 mL tube and it was proceeded
with the RNA purification according to the eponymous protocol. In addition to purifying the
mRNA of the current ribosome display, the mRNA of the previous ribosome display targeting
GFP was purified as well. The reaction was divided into two aliquots and 300 µL of lysis
buffer were added and the reaction mixed by pipetting up-and-down. 180 µL of 96 % ethanol
were added and the reaction mixed by pipetting up-and-down before the reaction was added
to the GeneJET RNA purification column, which was centrifuged for 1 minute at 12,000 x g.
A new collection tube was added and 700 µL of wash buffer 1 added and the reaction
centrifuged. Another 600 µL of wash buffer 2 were added and the column was centrifuged.
The column was then transferred to a new 1.5 mL RNase-free collection tube, 30 µL of
RNase-free water were added and the reaction was centrifuged. Then the purified mRNA
was denatured for 10 minutes at 70 °C before being applied to the reverse transcript master
mix. Because the reverse transcription needed some time to be set up. Therefore, the
reaction was added after cooling down for a little bit already. The reverse transcription was
set up according to the protocol, however, two different kinds of primers were used. One
used the reverse primer that was designed by us and can be found in the primer table, while
the other used the kit provided reverse primers. The reverse reaction was run for 10 minutes
at 25 °C, 2 hours at 37 °C, 5 minutes at 85 °C and was put on hold at 4 °C. The reverse
reaction was then added to the master mix with the primers containing the sequencing
overhang as listed in the primer table. The reaction was prepared according to the “PCR
amplification” protocol and the PCR reaction was run on a 1 % agarose gel according to the
“agarose gel electrophoresis” protocol. All reverse transcribed and amplified samples were
stored at -20 °C until further use.

Results
Bands were observed for all reactions both with the kit and the reverse primers (Figure 3).
The bands were expected to be around 696 - 724 bp amplifying the DARPins and adding the
overhangs for sequencing. The main bands were observed at a slightly higher, but still
acceptable height, while some bands especially for the ribosome display with AIP as a target
even have longer fragments.
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Figure 3. Amplified reverse transcribed DARPins after the ribosome display. The reverse transcription
occurred both with the self-designed reverse primer and the kit primers. The ribosome display had
different Tween20 concentrations including 0.1 % and 0.05 %, while another target of the ribosome
display was GFP instead of AIP. X indicates an empty well. The marker [M] includes the GeneRulerTM

ladder mix, ready-to-use with the base pairs [bp] indicated on the left side.

Conclusion
The ribosome display was deemed as successful and it was decided to submit three
samples for sequencing referred internally to as 1R, 4R and 6D.

—------------------------------------------------------------------------------------------------------------------------

Sequencing of the final DARPins
08.09.2022

Aim
Ribosome Display is based on the affinity selection of an mRNA-ribosome-protein complex
towards a peptide target. The mRNA will then be eluted in order to sequence and identify the
protein (i.e. DARPin) that successfully bound to the target AIP1.

Procedure
The samples 1R, 4R and 6D were submitted for sequencing at the DNA Sequencing and
Genomics Laboratory, Institute of Biotechnology, University of Helsinki.
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