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First experiment
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Figure 3: Dendrimer engraftment onto amine groups
of microfluidic channel walls. Figure 4: Microfluidic system. Tubes on either

side are injection and waste collection sites on
PAMAM dendrimers are bound to amino either side of MFC.

surface of the microfluidic channel lumen via
carboxyl functional groups.

Aptamers are tethered to carboxyl groups on
dendrimer branches via amine group present
on aptamer tail.

Figure 5: Captured cancer cells in MFC

, o _ _ magnified 10x. The width of one channel is
Microfluidic channel rinsed with PBS buffer. approximately 150um. Small translucent circles are

Solution containing varying concentrations  cancer cells captured by surface-tethered aptamers.
of CCRF-CEM cells (leukemia) is flowed
through MFCs at a rate of 0.05mL/hour. 6. Microfluidic channel is observed

Microfluidic channel is flushed with PBS under a microscope and captured cells

buffer to eliminate non-bound cells. are counted. .
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Analysis of the microfluidic channels after various assays
shows a relatively stable capture efficiency between
target-cell concentrations of 1, 000 — 100, 000 cells/mL,
averaging at 85.9% total cells captured. However this 40.00%
value plummets as the concentration of cells diminishes 30.00%
to 100 cells/mL. This is not ideal as the goal is to

O\

60.00%

50.00%

PTK7 gene

N 20.00%
\ \\\Q\\\\\ ., 2,

.,
.II
1

alalalaYalala

efficiently capture cells at low concentrations in order to 10.00%

AN detect a cancerous presence as early on as possible. The
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- i — cells/mL; 10% being 10, 000 cells/mL and so on and so forth.
In this first experiment, we have determined that it is in fact possible to capture cancerous cells expressing PTK7 in a
microfluidic system using surface-bound dendrimer-aptamer complexes. However, optimisation of this process is required if
it is to be used as an early detection method for cancerous presence in plasma.

Next step

Optimisation
Spacers BIOtIn\N/TT\

In order to allow optimal aptamer binding to a target protein, it Sgcs
must adopt its native folding structure. However, when an Biotin\ /TTTTT\
aptamer is restrained to a surface, the connection that binds said N

aptamer to the surface does not offer enough flexibility for this o H

to occur, thus decreasing the aptamer’s affinity for the target B'Otm\ /
protein. ”
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In order to compensate for this, a spacer will be used to give Biotin TTTTTTTTTTTTTTTTITTTT
more flexibility to the aptamer’s (Sgc8) structure, allowing it to \N/
gt o _- adopt a conformation optimal for protein (PTK7) recognition and H
p— ‘ e Y binding. Based on previous studies (1) (4), it is known that the use
j Ao of oligo-T spacers, thymine chain, with the Sgc8 aptamer have Figure 7: Representation of spacer-aptamer complexes. T
been particularly useful in increasing affinity for PTK7. These Seq”erlf:esl r;:gresegttolégog Sptacers (TZ’tZS’ Tlr?ta”‘jszo
. . . r N mer on r N
studies used free, non-tethered aptamers in solution, though the SEPECUIETY SRR 69 SEES eI e e
_ biotin on the left via amine group.
concept is much the same.
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Aptamer sequence Functional aptamer

The current area of focus in this project is optimal spacer length;
too short and the spacer does not allow maximum flexibility for
aptamer folding, too long and the spacer will bend causing the
aptamer to be flattened back against the surface rather than
branching out, decreasing its ability to capture oncoming cancer
cells.
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In this experiment, the spacer-aptamer complex 53“%, Chip CAP ‘ '
will be bound to a sensor chip surface via biotin
rather than amino group to allow Chlp regeneratiOH 1. Capture Biotin CAPlure reagent 2. Capture ligand on 3. Investigate ligand-

on Sensor Chip CAP Biolin CAPture reagent analyle interaction

to run multiple assays.
Rather than using whole cells, only the AT——

extrace”ular dOmaIn Of PTK7 Wl” be used aS htt. s://www.biacore.com Iifescienc?s hel .ca turing_biotin lated ligands _on_CAP/index.html .
, , . Figure 8: Schematisation of a Biacore assay cycle. Ligand: Sgc8-spacer complex;
analyte in solution to measure specific PTK7-Sgc8

analyte: PTK7 in solution. Surface is activated with biotin CAPture reagent; biotinylated Sgc8-
interaction kinetics. Solution containing PTK7 is aptamer complex is injected into microfluidic system and binds to surface via CAPture reagent;
injected into Biacore microfluidic chip. analyte in solution is flowed through channel and interaction is measured by plasmon
resonance; PBS buffer is then flowed through to regenerate the surface; cycle is repeated.
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