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Objective

Breast cancer, one of the leading causes of death in Japan, has been a significant issue of rising prevalence
in previous years. Additional factors such as cultural stigmatization, inconvenient and uncomfortable
testing, and the SARS-COV-2 pandemic have exacerbated the situation. While the number of breast
cancer patients continues to rise, the number of people seeking and receiving proper treatment has been
very low. Given this highly noteworthy situation, ASIJ_Tokyo has decided to focus on the early detection
of breast cancer via aptamers.

With the introduction of two-year projects and the composition of the ASIJ_Tokyo team, we have decided
to work towards a two year project, with the first year focusing on theoretical experiments that involve the
interaction between aptamer and biomarker and the second year focusing on designing a physical test kit
that can be marketed.

Overview of Two-Year Project

First Year Goals
● Using E.Coli as our model system, produce E.Coli that is capable of generating our biomarker

sequences via information from iGEM registry.
● With the produced biomarkers from our model system, explore the interactions between multiple

aptamers and the biomarker.
● Document research between three common biomarkers and their respective efficiencies of

aptamer-based detection.
● Develop an aptamer-based detection mechanism that is efficient towards detecting the biomarker.

Second Year Goals
● Using the information from the first year, optimize lab procedures such that minimal equipment is

required (ex. Lateral Flow Test).
● Develop a test kit that is accessible and convenient for breast cancer patients.
● Decide on one final biomarker to use for our non-invasive test kit.
● Other goals for the second year will be decided based on progress made from the first year.

Lab Progress

April-May
Preliminary Research
We first researched which biomarkers we wanted to use by performing an extensive literature review. In
our research, we aimed to select biomarkers that can be detected using a non-invasive approach. Based on
what we found, we selected two biomarkers: Mucin 1 and Mammaglobin B, which are present in sweat
and tears, along with Her-2 (an established breast cancer biomarker) as a positive control.



We then selected the aptamer sequences for these biomarkers by performing another literature review. The
various aptamer sequences will be modeled and the interaction between aptamer and biomarker will be
observed via NP Dock software to compare with wet lab experiments.

A detailed summary of our research can be found here:
Professor Ikebukuro, our primary contact for modeling, has suggested when modeling aptamers, it is
optimal to use aptamers with less than 40bp sequences. Aptamers with more than 40 nucleotides often
fold into several different structures, which sometimes causes the low reproducibility of binding assay
results. Based on his recommendations, we selected the following aptamers for study.

MUCIN
MUC1 S1.1:
TAAGAACAGGGCGTCGTGTTACGAG
MUC1 S1.2:
GTGGCTTACTGCGAGGACGGGCCCA
MUC1 S1.3
GCAGTTGATCCTTTGGATACCCTGG
MUC1 S1.4
AACCCTATCCACTTTTCGGCTCGGG
MUC1 S1.5
CGAATGGGCCCGTCCTCGCTGTAAG
MUC1 S1.6
GCAACAGGGTATCCAAAGGATCAAA

HER-2
HeA2_1:
ATTAAGAACCATCACTCTTCCAAATGGATATACGACTGGG
HeA2_3:
TCTAAAAGGATTCTTCCCAAGGGGATCCAATTCAAACAGC
HeA2_4:
CAAACAGAAAATTGCCTATTTAGCTGTCTCTGAGATTCGA
HeA2_5:
AGTCAGTAGTTCGGCTTATGATTTTATACATCTTACCCCT
HeA2_6:
TCGCATCAGTGTTTTAATAGTCAACCGGTAAATGTTTCCC

Mammaglobin-B
Aptamer 1:
CATGCTTACCTATAGTGAACCCAACGTCGAACTGAATCCCGTGTCCTTTGAGAACTGACTCATA
C
Aptamer 2:
CATGCTTACCTATAGTGAACCCGGGACAGAACGTGCGCTTTGAGCTTTGAGAACTGACTCATA
C

https://docs.google.com/document/d/1cE7pckDvWKqZ4pg9T4KXYeJOtt5ueon_Ej4o9vEbU6M/edit


It is noted that while the sequences for Mammaglobin-B are more than 40-bp, they were the only possible
existing aptamers after performing extensive literature review. It was observed that from the original
paper, the aptamer sequences contain two primer regions for SELEX, which will benefit PCR detection.
The core regions seem to fold to also fold a small hairpin loop based on Professor Ikebukuro’s
observations.

June
Designing a biomarker producing E.Coli System
In June, when reviewing the medal criteria for iGEM, we came across difficulty regarding Silver Medal
Criteria #1 and potentially Gold Medal Criteria #2, which both involve using synthetic biology to
positively benefit our project.

In order to test the efficiency of aptamer and biomarker, most detection protocols are cell-free, in that they
don’t involve the use of E.Coli or Yeast. Therefore, we decided to add the following in vitro component to
our project: a biomarker producing E.Coli System.

Since we do not have permission to work with cancer cell lines and our first year focuses on theoretical
experiments, we decided to treat E.Coli as our model system (the human body) and have it produce our
biomarkers of interest. Then, with our synthesized biomarkers from E.Coli, we will use our aptamer based
detection method to detect these biomarkers, forming a theoretical model for our constructed lab kit
(during the following year).

Here are some areas of interest (questions) we have that Korea_HS may be able to help or assist us in!
● How does the amount of biomarker produced in the human body by cancer patients compare to

the synthesized amount from E.Coli?
● Since these biomarkers are present in normal human patients, what is the threshold needed to test

positive vs test negative? Can we use math modeling to help use this?
● Since we are not testing on real patients nor real cells, how can we use proof of concept to verify

our findings with the research we have performed using E.Coli? Can we do some further
experiments to strengthen our findings?

● Are there any differences between biomarkers synthesized by humans vs biomarkers synthesized
by E.Coli?

In order to produce our biomarker, we first found the forward and reverse primer sequences of the
biomarker. Then, combing through literature and the iGEM registry, we selected three promoters (T7,
optimized TA repeat, Anderson) and three terminators (T7, T1, Lux). Since there are three promoters and
three terminators, using simple probability, we had 9 constructs for each biomarker. We tested all 9
combinations for each biomarker (27 constructs in total) and performed PCR, Gibson Assembly,
Transformation, and protein purification in order to produce the biomarker. Using a 96-well plate, we then
quantified the amount of protein (biomarker) produced in order to characterize the efficiency of the
various parts we used and fulfill the Bronze Medal Criteria of contribution.

We have the following questions regarding the experiments we have done so far:
● What are your opinions regarding the design of our experiment?



● When performing data analysis, how should we make sure to yield the most accurate results?
● With the various data on the promoter-terminator combinations, how do we transfer that to the

iGEM registry as characterization of parts?
● If we have a certain promoter-terminator combination that is highly successful and want to

improve this, do you have any recommendations on how to improve the part/the combination?
If you want to read about our lab progress please see the following document.

July
Designing an aptamer-based detection system

Simply put, the aptamer binds to its respective biomarkers and forms a complex structure.
In order for this to happen efficiently, the aptamer and its complementary strand compete with each other
and when the biomarker is introduced, the complementary strand is released and the aptamer-biomarker
complex is formed.

Then, we will develop a method for distinguishing whether that detection was successful.
In July, after wrapping up the initial experiments from June, we decided to spend the rest of the summer
researching and planning out the aptamer-based detection system. The experiments depicted here will be
conducted in the fall when summer break ends as we do not have access to the lab right now. Our current
plans for experiments/labs are listed below of this document.

With regards to the aptamer-based detection system we would like to adopt, we want to improve and
adopt methods developed by previous iGEM teams. Therefore, we have looked specifically into the
ABCD detection system by 2018 XMU-China and the sandwich detection system by 2016 Insa-Lyon.
Due to the limitation in experimental skill and equipment, we plan to use PCR detection of aptamer in the
supernatant of the detection of the sensing system. We decided to pick this approach based on
recommendations by Dr Ikebukuro but also because by selecting PCR, next year’s team can easily
engineer a portable test kit by focusing on experiments like lateral flow assay or qPCR.

The most basic detection assay we will first focus on is strand displacement assay.

https://docs.google.com/document/d/19mLs5g15uRSihzJDoWYMBUmoB93Lk2eyrtdGftL4qtQ/edit?usp=sharing


The following diagram shows how we plan on utilizing the strand displacement assay to approach
detection.



As of now, we have decided to use magnetic beads as the support system and the target protein will be our
biomarker of interest.

The protocols for the experiment we have planned out so far are shown below. Since we are unfamiliar
with this area, we would appreciate it if you can give any suggestions regarding simpler protocols or
appropriate protocols (or offer ways to help).We are currently waiting back from former members of
XMU-China to see if they give us any advice regarding their aptamer sensor system.

Part 1

1. Make distributions in 1.5 mL centrifuge tubes according to the following:
Tube 1 (Blank Control): 100 μL incubation Buffer.
Tube 2 (Negative Control): 25 μL diluted aptamer + 25 μL 1×B&W Buffer.
Tube 3 (Competition Group): 25 μL diluted aptamer + 25 μL diluted complementary sequence.
Tube 4 (Competition Group without biomarker): 25 μL diluted  aptamer 25 μL diluted complementary
sequence.
Tube 5 (Positive Control): 0.6 μL 100 μM complementary sequence+ 100 μL incubation Buffer.
2. Denature, anneal and renature:
The Tube 2, 3, and 4 are denatured at 95°C for 5 minutes, then anneal to room temperature.

3. Wash magnetic beads:
1) Resuspend the beads and vortex for 10 seconds to make them even.
2) Transfer 75 μL of 10 mg / mL beads to 3 200 μL centrifuge tubes (ie 25 μL per tube).
3) Add 25 μL of 2×B&W Buffer to each tube.
4) Vortex for 5 seconds to resuspend.
5) Place the tubes in a magnetic field for 1 minute, then aspirate the supernatant.
6) Remove the tubes from the magnetic field and add 50 μL of 1×B&W Buffer to each tube.
7) Repeat steps 4) to 5).
8) Add 50 μL of 1×B&W Buffer to each tube.

4. Bind to magnetic beads:
1) Add 50 μL of solution of Tube 2,3 and 4 from step 2 to 50 μL of washed beads, respectively.
2) Vortex for 5 seconds to resuspend.
3) Incubate at room temperature for 30 minutes in the dark.
4) Vortex for 5 seconds to resuspend.
5) Place the tubes in a magnetic field for 2 minute, then aspirate the supernatant.
6) Remove the tubes from the magnetic field and add 100 μL of 1×B&W Buffer to each tube.
7) Repeat steps 4) to 5).
8) Add 100 μL of incubation Buffer to Tube2, 3 and 4, respectively.

5. Compete:
1) Add 17 μL of diluted biomarkers to Tube 2 and 3. And add 17 μL of incubation Buffer to all other
tubes.
2) Incubate at room temperature for 40 minutes in the dark.



3) Place the tubes in a magnetic field for 2~3 minutes, then pipette 100 μL of the supernatant into a new
200 μL centrifuge tube and mark it.
4) Measure the fluorescence intensity of Tube 1, 5 and the supernatant from the remaining tubes.

Note: Before measuring, the solution of each tube will be further diluted by adding 3, 000 μL of
incubation Buffer into it. The excitation wavelength is 495 nm, and the range of emission wavelength is
from 500 nm to 600 nm.

Areas of Concern(where Korea_HS can help us):
● Our aptamers need a TEG-Biotin-3' modification and we need to make sure we are able to order

it.
● Our complementary sequences(that function as capture DNA) have to be selected but they are

rarely found in literature which means we have to design. We have received advice that
“complementary sequence should correspond to the contact region of aptamer to its target
molecule” but are not sure how to interpret this.

● The only complementary sequence we have found is for Mucin aptamer
5'-TTTTTTCGCTTGCGCATG-3’.(MUC S1.3)

● If the experiments work well, then the fluorescence intensity of the competition group should be
highest compared to the other but how can we use this as an example of successful lab data?

● Dr Ikebukuro suggested that we use PCR/qPCR detection of aptamer in the supernatant of the
sensing system. If we would like to do this, how should we modify our protocols to suit this
purpose? (LATERAL FLOW ASSAY)

● The second diagram requires the use of the two primer regions for the aptamer but how do we
integrate this into the protocol.

● Would we want to have experimental procedures such as ELONA, dot blot, or gel shift to verify
the binding of the aptamer to the biomarker. (EXPERIMENT TO DO WHEN WE GET BACK 2
SCHOOL IN FALL) + competitive magnetic beads assay

● What are some additional experiments we should do to verify that the aptamer binds to
biomarkers and can be used to make a physical testing device. Is it possible to do some FITC
assay to see fluorescence?

● https://2020.igem.org/Team:GreatBay_SCIE/Hardware(Good reference)

If Part 1 works well, we will integrate the Cas 12a protein and GFP reporter system for better indication
of success of our system.
The protocols of this will be largely the same as above but we will include the additional step:
1) Prepare a 200 μL tube. Add 1 μL of 63 μM Cas12a and 1 μL of diluted crRNA (75 μM) into the tube.
2) Incubate Cas12a with crRNA at room temperature for 30 minutes to form the RNP complex. 7. Detect
using DNaseAlertTM:
1) Add reagent into a DNaseAlertTM Substrate single-use tube according to the following instruction.
Avoiding light is necessary during the whole process.
5 μL Nuclease-Free Water + 5 μL 10×DNaseAlert Buffer + 40 μL supernatant （from the tube in step 5 &
the RNP complex） + 40 μL Nuclease-Free Water.
2) Incubate the reaction system at 37℃ for 30 minutes in the dark.
3) Measure fluorescence intensity:

https://2020.igem.org/Team:GreatBay_SCIE/Hardware


① Turn on the instrument for 30 minutes before measuring.
② Choose “Emission Mode''. The excitation wavelength is 536 nm, and the range of emission wavelength
is from 540 nm to 580 nm.
③ Before measuring, dilute the reaction liquid to about 3 mL with TE buffer in the fluorescence cuvette.

August to Onwards
Future labs and research outlook

1. Research: In order to develop our aptamer-biomarker assay, we need to find the specific
complementary strands for each aptamers for our three biomarkers. So far, we’ve only found one
complementary strand for MUC1. Despite some research, this step has been a challenge for our
team, as not many papers in literature have been published on complementary strands. This is one
potential step in our lab progress which we would like some help from other teams.

2. Binding Efficiency: We plan to apply three possible tests (Dot Blot, ELONA, and Gel Shift from
XMU-China) to check the efficiency of binding between each biomarker and its respective
aptamer. **Complementary strands are not required for this process.

3. Competitive Magnetic Beads Assay:
4. Optimization of Step #3: Three possible protocols (amplification by Cas12a with reporter system

(XMU-China), RPA amplification (Great Bay), sandwich-based assay (INSA-Lyon)) will be
utilized to improve upon the optimization of the competitive magnetic beads assay.

5. Lateral Flow Test: This step will help us substantiate the proof of concept. Depending on the
time, this test will most likely be of main focus in our second year of project, when we actually
begin designing the strip/design kit.


