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Background

Colorectal Cancer (CRC) and Endometriosis (EM)
Diagnosis

e Colorectal cancer (CRC) is the third-most common
cancer' and is characterized by abnormal growth of
polyps on the inner lining of colon.?

e Endometriosis (EM) is a disease affecting ~10% of
women & girls worldwide that causes uterine tissue
(endometrioma) growth outside of the uterine cavity.?

e EM and CRC diagnosis methods, laparoscopic surgery?
and colonoscopy, are invasive and deter at-risk
individuals from seeking treatment.

CRC and EM Biomarkers

e Cancer antigen 125 A B
(CA-125) is a glycoprotein '
EM biomarker found in the
blood and female pelvic
masses.*

e |n CRC patient blood Figure 1. (A) Polyps on the
plasma, miR-29a, a short inner lining of colon. (B)
non-coding RNA sequence, Endometrioma growth
is upregulated.® outside of the uterine cavity.

Cell-Free Biosensors (CFBs)

e RNA based fluorescent biosensors can be designed to
control expression of green fluorescent protein in the
presence of the target.

e These biosensors can be evaluated and utilized in E. coli
based cell-free protein expression systems.

e CFBs offer low-cost and portable detection for a wide
range of biomarkers.®

Figure 2. (A) Toehold switch: miRNA target binds to the
complementary site, unraveling the hairpin loop containing a
ribosome binding site allowing for the translation of the
reporter region, producing a fluorescent signal. (B)
Riboswitch: Nucleic acid target binds to aptamer domain,
causing riboswitch to flip conformation and enable expression
of downstream GFP reporter, showing fluorescence.’
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Intent and Motivation

Objective:
To develop two fluorescent cell-free biosensors: a riboswitch reporter
biosensor to detect EM using CA-125 and a toehold switch reporter
biosensor to detect CRC using miRNA-29a.

Significance:

To offer less invasive, accessible, and cost-effective CRC and EM early
screening methods, enabling patients to seek diagnosis and treatment
sooner. This will increase survivability and reduce the severity of the
diseases.

Methods

Assembly & Cell Free Expression System (CFES) Testing of
Riboswitch and Toehold Switch Reporter Plasmid

A B
AQQQ 4000
‘90

S
Plasmid Miniprep

Figure 3. (A) Plasmid maps of riboswitch GFP reporter targeting CA-125
(left) and toehold switch GFP reporter targeting miR-29a (right). (B)
Plasmid assembly. The two reporter plasmids were constructed using
Gibson assembly® and success was confirmed by Sanger sequencing.

Figure 4. Cell-free expression (CFE) reactions were prepared using an
iIn-house E. coli cell-free lysate supplemented with the Panox energy mix.
Plasmid DNA encoding the riboswitch or toehold switch GFP reporter was
added to the reaction alongside the miRNA trigger PCR product controlled
by a T7 promoter or recombinant CA-125 from Sino Biological, cat:
30081-HO8H. Reactions were incubated overnight at 37°C. Following
iIncubation, fluorescence was measured using a fluorescent plate reader.
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Results & Discussion
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Figure 6. (A) Time series of fluorescine expression in samples with
and without target trigger (miR-29a) with 1.5, 3, 4.5, 6 hours and
overnight incubation. (B) 4hr and overnight incubation comparison

of fluorescence with target (miR-29a) and with non-target (miR-21)
trigger. A: low molecular weight ladder
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Figure 5. Fluorescence levels
(fluorescein equivalent) of testing
with negative control (without
CA-125), and riboswitch reporter
with 80, 150, & 320 nM of CA-125.
All reactions performed at 37°C
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B: 131 nM PCR product encoding for miRNA-29a

= C: CFE rxn with 25 nM PCR product pre-cleanup
(MiRNA-21)

D: CFE rxn with 25 nM PCR product post-cleanup

E: CFE rxn with 25 nM PCR product post-cleanup no
RNAse inhibitor

F: spiked 1uM miRNA-21

G: spiked miRNA-21 post cleanup

Figure 7. Gel electrophoresis of miRNA-21

and miRNA-29a trigger expression.

Excess PCR product encoding miRNA in toehold switch reaction
appeared to inhibit GFP expression.

Reporter GFP expression displayed low variance across time
points (3 hr. vs. overnight).

Riboswitch testing has not shown significant differences between
varying CA-125 concentrations & negative controls.

Future Work

Testing with optimized miRNA trigger.®

More replication testing for both biosensors.

Optimizing the performance of the reporters.

Developing accessible point-of-care devices for practical use.



https://docs.google.com/document/d/17m_AZdiFB_RPvZmeiJZREuDfZs8kZGUYC-ufW7RUoH8/edit?usp=drivesdk
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Abstract

Endometriosis and colorectal cancer are debilitating diseases lacking affordable, minimally invasive
screening methods. Gold-standard diagnostics—Ilaparoscopic surgery for endometriosis and colonoscopy
for colorectal cancer—are 1nvasive, expensive, and discourage early testing. We selected biomarkers
CA-125, an elevated protein in endometriosis, and miRNA-29a, which 1s upregulated 1n colorectal
cancer, to be the targets of our two biosensors: a riboswitch reporter to detect CA-125 and a toehold
switch reporter based biosensor to detect miIRNA-29a, with GFP expression as the output signal. We
assembled plasmids containing our biosensors using Gibson assembly, transformed them 1nto £. coli,
and confirmed successful plasmid assembly via Sanger sequencing. Endometriosis biosensor testing in a
cell-free expression system (CFES) showed inconsistent fluorescence: 41 nM CA-125 showed little
difference from the negative control with no protein, while 410 nM CA-125 produced the lowest
fluorescence, suggesting inhibition at high concentrations; however, this was only one test & more
replication 1s needed. In colorectal cancer biosensing, positive and negative reactions showed
fluctuating, inconsistent fluorescence, showing no significant difference between the two conditions. To
address this, we are also attempting to confirm miRNA 1is being expressed 1n the system or revise the
biosensor design to increase GFP expression when miRNA-29 1s present. In the future, we plan to
optimize the performance of the reporters and develop them into portable & accessible point-of-care

devices for practical use.




Abstract

Endometriosis and colorectal cancer are debilitating diseases lacking affordable, minimally invasive
screening methods. Gold-standard diagnostics—Ilaparoscopic surgery for endometriosis and colonoscopy
for colorectal cancer—are 1nvasive, expensive, and discourage early testing. We selected biomarkers
CA-125, an elevated protein in endometriosis, and miRNA-29a, which 1s upregulated 1n colorectal
cancer, to be the targets of our two biosensors: a riboswitch reporter to detect CA-125 and a toehold
switch reporter based biosensor to detect miIRNA-29a, with GFP expression as the output signal. We
assembled plasmids containing our biosensors using Gibson assembly, transformed them 1nto E. col,
and confirmed successful plasmid assembly via Sanger sequencing. Endometriosis biosensor testing in a
cell-free expression system (CFES) showed inconsistent fluorescence where negative control reactions
matched or exceeded the fluorescence of positive reactions regardless of biomarker concentration. In
colorectal cancer biosensing, positive and negative reactions showed fluctuating, inconsistent
fluorescence, showing no significant difference between the two conditions. To address this, we are also
attempting to confirm miRNA 1s being expressed 1n the system or revise the biosensor design to increase
GFP expression when miRNA-29 i1s present, as well as to confirm the binding of CA-125 to 1ts
attempted aptamer. In the future, we plan to optimize the performance of the reporters and develop them

into portable & accessible point-of-care devices for practical use.
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Background

Colorectal Cancer (CRC) and Endometriosis (EM) Diagnosis

e Colorectal cancer (CRC) is the third-most common cancer
and is characterized by abnormal growth of polyps on the
inner lining of colon

Endometriosis (EM) is a disease affecting ~10% of women &
girls worldwide that causes uterine tissue (endometrioma)
growth outside of the uterine cavity ’

EM and CRC diagnosis methods, laparoscopic surgery © and
colonoscopy, are invasive and deter at-risk individuals from
seeking treatment

CRC and EM Biomarkers

e (Cancer antigen 125

(CA-125) is a
glycoprotein EM
biomarker found in the
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blood and female pelvic B8 BL? P
masses.®
e In CRC patient blood Figure 1. Figure 2. Growth

of endometriomas
outside of the
uterine cavity.

Polyps on the
inner lining of
colon.

plasma, miR-29a, a short
non-coding RNA

sequence, is upregulated
3

Cell-Free Biosensors (CFBs)

e Use cellular components to bind to and detect specific
biomarkers, offering a low cost and portable screening method

e In fluorescence based CFBs, binding of the biomarker triggers
green fluorescent protein (GFP) expression
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Figure 4. In a
riboswitch-based CFB,
target binds to aptamer
domain, causing riboswitch
to flip conformation and
enable expression of a

downstream reporter gene.
10

miRNA-29a (blue)

binds to switch
Hairpin unfolds, exposing
ribosome binding site (yellow)

—» and start sequence (pink)
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Figure 3. In a toehold switch-based
CFB, target binds to the
complementary site, unraveling the
hairpin loop containing a ribosome
binding site allowing for the
translation of the reporter region,
producing a fluorescent signal.

TTT T

FTrrrrrrrrrnl

~ INNOVATION & RESEARCH

Cell-Free Biosensors for Colorectal Cancer &

Endometriosis Screening
Shu Leong, Ziyi Li, Victoria Xia, Bridget Evinger

Intent and Motivation Results & Discussion

Objective: Detection of CA-125 with Riboswitch Reporter
To develop two fluorescent cell-free biosensors: a riboswitch reporter Figure 7. A graph showing

biosensor to detect EM using biomarker CA-125 and a toehold switch reporter fluorescence levels (UM eq.) of four
biosensor to detect CRC using biomarker miRNA-29a. samples of the biosensor: positive
Significance: control conducted with water and

To offer less invasive, accessible, and cost-effective CRC and EM early T7P14 plasmid DNA. Negative control
screening methods, enabling patients to seek diagnosis and treatment sooner. conducted with riboswitch reporter
This will increase survivability and reduce the debilitating effects of the and water. Riboswitch reporter with 41

diseases. & 410 nM of CA-125.

Methods

Assembly & CFES Testing of Riboswitch and Toehold Switch Reporter

Fluorescence of Biosensor Samples Given Different
Concentrations of CA-125
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Toehold Switch Testings; Concentration and Quality Comparison

Time Series of miR-29a vs. miR-21 Fluorescence
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l O N the miRNA trigger overloaded the (miR-21) DNA with trigger and
—3 < reaction and inhibited it, leading to target trigger DNA (miR-29a) with
il ( | T % reduced fluorescein expression in trigger to compare fluorescence to
— = — samples containing the trigger compared help control the effects and quality
/) i \// to those without. of testings.

Discussion

Fluorescein Standard Curve Samples Reading Plate with Fluorescein Overnight Incubation Cell Components

: . . . . ° The riboswitch sample with 410 nM CA-125 displayed possible
Figure 5. Cell-free reaction testing. To isolate, confirm, and accurately inhibitory effects on the sensor, exhibiting lower fluorescence than an
measure the engineered DNA elements prior to insertion in the cell-free other sample ’
biosensor, a cycle of plasmid miniprep, DNA cleanup, PCR, agarose gel ° mMiR-21 expressed less compared to miR-29a due to different optimal

electrophoresis, and Nanodrop measurement is conducted multiple times
across different parts of the sensor. Gibson assembly ° is then used to combine
the vector backbone and riboswitch/toehold switch sequence ° into a plasmid.

binding temperatures

Future Work

Figure 6. Riboswitch CA125

GFP plasmid map (right) ° Optimizing the performance of the reporters and develop them into
Toehold MiR-29a GEP plésmid portable & accessible point-of-care devices for practical use.
map (left). o More replication testing is needed for both the riboswitch and

toehold switch
Sequence new plasmids to observe for mutations

toehold miR29a GFP
4175 bp
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Objective:
Colorectal Cancer (CRC) and To develop two fluorescent cell-free biosensors: a riboswitch reporter
Endometriosis (EM) Diagnosis

_ biosensor to detect EM using biomarker CA-125 and a toehold switch
Colorectal cancer (CRC) is the reporter biosensor to detect CRC using biomarker miRNA-29a.
third-most common cancer and is Significance:
characterized by abnormal growth of To offer less invasive, accessible, and cost-effective CRC and EM early
polyps on the inner lining of colon. screening methods, enabling patients to seek diagnosis and treatment
Endometriosis (EM) is a disease ‘ sooner. This will increase survivability and reduce the debilitating effects of
affecting ~10% of women & girls _

® 0 O~

the diseases.
worldwide that causes uterine tissue

(endometrioma) growth outside of the
Methods

uterine cavity.
EM and CRC diagnosis methods,

Assembly & Preparation of Riboswitch and Toehold Switch Reporter
Plasmids

laparoscopic procedure and
-gibson assembly

colonoscopy, are invasive and deter
at risk individuals from seeking
treatment.

CRC & EM Biomarkers
Cancer antigen 125 (CA-125)
Is a glycoprotein EM

biomarker found in the blood Figure 2. Polyps on
and female pelvic masses. 2 the inner lining of

In CRC patient blood plasma, colon (top). Growth of
miR-29a, a short non-coding endometriomas

RNA sequence, is outside of the uterine
upregulated ° cavity (bottom).

Cell-Free Biosensors (CFBs):

e Use cellular components to bind to and detect specific
biomarkers, offering a low cost and portable screening
method

e |n fluorescence based CFBs, binding of the biomarker
triggers green fluorescent protein (GFP) expression

Testing Riboswitch & Toehold Switch Reporter in Cell-Free Future Work
Expression System
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Figure 2. In a toehold switch-based CFB (left), target binds to U : § References & ACknOWledgementS

the complementary site, unraveling the hairpin loop containing a
ribosome binding site allowing for the translation of the reporter
region, producing a fluorescent signal. In a riboswitch-based
CFB, target binds, causing a riboswitch to flip conformation and
expresses a downstream reporter gene to indicate its presence *

(right).
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Objective:
To develop two fluorescent cell-free biosensors: a riboswitch reporter
biosensor to detect EM using biomarker CA-125 and a toehold switch

Colorectal Cancer (CRC) and

Endometriosis (EM) Diagnosis S — =— reporter biosensor to detect CRC using biomarker miRNA-29a.
Colorectal cancer (CRC) is the ) | | Significance:
third-most common cancer and is a0~ To offer less invasive, accessible, and cost-effective CRC and EM early

screening methods, enabling patients to seek diagnosis and treatment
sooner. This will increase survivability and reduce the debilitating effects of
the diseases.

Methods

Assembly & Preparation of Riboswitch and Toehold Switch Reporter
Plasmids
-gibson assembly

characterized by abnormal growth of
polyps on the inner lining of colon.
Endometriosis (EM) is a disease
affecting ~10% of women & girls
worldwide that causes uterine tissue
(endometrioma) growth outside of the
uterine cavity.

EM and CRC diagnosis methods,
laparoscopic procedure and
colonoscopy, are invasive and deter
at risk individuals from seeking
treatment.

Figure 1. Polyps on the
inner lining of colon.

CRC & EM Biomarkers
Cancer antigen 125 (CA-125) is a
glycoprotein EM biomarker found in

Figure 2. Growth of

the blood and female pelvic masses. ~ éndometriomas
2 outside of the uterine
In CRC patient blood plasma, cavity (bottom).

miR-29a, a short non-coding RNA
sequence, is upregulated °

Cell-Free Biosensors (CFBs):

e Use cellular components to bind to and detect specific
biomarkers, offering a low cost and portable screening
method

e |n fluorescence based CFBs, binding of the biomarker
triggers green fluorescent protein (GFP) expression

Testing Riboswitch & Toehold Switch Reporter in Cell-Free Future Work
Expression System

miRNA-29a (blue)
binds to switch
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CFB, target binds to the riboswitch-based CFB,
complementary site, unraveling the  target binds, causing a

hairpin loop containing a ribosome ~ fiboswitch to flip
binding site allowing for the conformation and expresses

translation of the reporter region, a d_ovynstregm reporter gene
producing a fluorescent signal. to indicate its presence. *
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s EXPERIENCE :
MOLECULAR DIAGNOSTICS to Detect CA-125 in Blood
Angi Cai, Maya VanAlstine, Mia Rosenblum-Solis, Victoria Xia

Background Intent & Motivation Results & Discussion

Objective: e Both vector backbone & riboswitch insert were isolated, amplified,
To develop a cell-free fluorescent (later colorimetric) riboswitch-based biosensor purified, and quantified properly, showing adequate fluorescence in

for the detection of CA-125 in blood as a point-of-care diagnostic for gel electrophoresis

endometriosis. e Via sequencing, the plasmid matched perfectly to the reference

Significance: “CA125-deGFP,” confirming successful assembly including functional
e A cell-free method of screening for endometriosis would be cheaper, less games & deGFP reporter gene

Invasive, and more accessible than previous techniques, making it a
necessary development.
e The significant delays to endometriosis diagnosis are due to the
iInaccessibility of the current effective diagnostic methods, which has lead to
Increased severity and debilitating effects on many patients.

e Endometriosis is a disease in which tissue forms and grows
outside of the uterine cavity, causing painful side effects.

e The current method used to diagnose endometriosis is an
Invasive and expensive laparoscopic procedure, a more
accessible tool would aid many women. '

e Cancer antigen 125 (CA-125) is a glycoprotein found in the
blood and female pelvic masses. 2

e CA-125 is a biomarker for endometriosis, seeing far higher
serum levels in women with endometriosis than without. 2

Fluorescence of Biosensor Samples Given Different
Concentrations of CA-125

0.60
0.55 -
0.50 -
0.45 -

Methods e

o 0.30 -
Assembly & Preparation of Riboswitch Reporter Plasmid -
e Riboswitch reporter design was based off of Harbaugh et al.>; the aptamer * 020 4

| . sequence used was sourced from Lamberti et al.® 0.15 4
Mild Endometriosis Severe Endometriosis . 010 -
e Create & prepare E. coli cells.
. . . . 0.05 +
Figure 1. Mild (left) and severe (right) cases of endometriosis: e |solate, amplify via PCR, purify, & quantify vector backbone with GFP from ]
endometriomas grow with severity. CA-125 sits on endometrial plasmid and riboswitch insert linear gBlock from IDT. - Positive control Riboswitch (no  Riboswitch (41 nM  Riboswitch (410 nM

protein) protein) protein)

tissue cells and releases more when irritated. e Insert riboswitch upstream of GFP with Gibson assembly & NEB’s HiFi DNA

Assembly mastermix.

. , _ _ Figure 5. A graph showing quorescence IeveIs pM eq. ) of four
e Biosensors bind to and detect for biomarkers, a biomolecule

I C t
that correlates with the presence of a certain human condition e Transform into E. coli & plate to select for transformants. ¢ Ifﬁ%”ﬂﬂ& egéé%?ég X ?8%‘&%?8'( & ? \iol 8 nﬁn
and can be used as a diagnostic tool. ° e Overnight culture, plasmid miniprep and send for sequencing. QW S 8?3"%‘!?'5 E/Q ur

e Cell-free biosensors are cheaper and less hazardous than __ ¢ e HBOSW e with dlsplayed suspected

“W

' B ‘ &P
Figure 3. To isolate, confirm, and accurately measure the engineered DNA
elements prior to insertion in the cell-free biosensor, a cycle of plasmid

miniprep, DNA cleanup, PCR, agarose gel electrophoresis, and Nanodrop
measurement is conducted multiple times across different parts of the sensor.

Testing Riboswitch Reporter in Cell-Free Expression System
e Test biosensor in cell-free expression system with E. coli cell-free lysate, Future Work
Panox energy mix, riboswitch reporter plasmid DNA, & CA-125 (41 & 410 nM

samples) after 16-hour overnight incubation at 29°C.
e Analyze fluorescence across reactions with different concentrations of
CA-125 with plate reader.

iInhibitory effects on the sensor, exhlbltlng lower fluorescence than any
other sample

e GamsS protein was mistakenly included in all samples despite the lack
of PCR product (linear DNA), but any adverse effects are likely
nonexistent or minimal

whole cell variants. *

e Test again in a cell-free system and eventually use colorimetric enzyme
LacZ/CPRG to detect results.

e Second round of testing without unnecessary GamsS protein and with 41
nM CA-125 and with concentrations below 41 nM.

e Potentially shift from using fluorescent enzymes to colorimetric
enzymes depending on successful or unsuccessful outcomes.

e Use different tools like dextran aggregation of red blood cells or specific
and refined filters to separate blood components in order to
successfully view color changes when testing with whole blood.

This research was supported by
the First-Year Innovation and
Research Experience (FIRE)
program at the University of
Maryland and conducted under the
guidance of Dr. Catherine Spirito
with support from sister cell-free
biosensor team ZEBRAS. Figures
1-3 were made in BioRender.

Figure 4. CA-125 riboswitch deGFP.
Plasmid map showing the elements such
as the origin of replication and inserted
sensor components intended to be built into
biosensor..

E .-""" .lﬂ

Scan for References




s FIRE: THE FIRST-YEAR

- INNOVATION & RESEARCH - -
W S PERIENCE Toehold Switch Sensor for miRNA

MOLECULAR DIAGNOSTICS Cancer Biomarker
Esme Liao, Shu Leong, Ziyi Li, Bridget Evinger

Background Intent & Motivation Results & Discussion

e Objective: To develop an early screening tool for CRC using a toehold
switch sensor that expresses fluorescence (GFP) in the presence of

MiRNA-29a.
e Significance: To offer a less invasive, accessible, and cost-effective CRC

A: Purple Low MW DNA Ladder

B: PCR Toehold Switch Insert “F” (66 °C)
C: PCR Toehold Switch Insert “E” (66.9 °C)
D: PCR Toehold Switch Insert “D” (68 °C)

Figure 6.

Gel of toehold switch insert PCR products at
varying annealing temperatures (66 °C, 66.9
°C, 68 °C). 25 cycles of PCR were performed
of toehold switch insert (using DreamTaq
Mastermix) to prepare for Gibson Assembly.
A 2% gel stained with SYBR safe dye was
then ran for 30 minutes at 135V of the PCR

nrodiircte tn eanfirm niiritvy and ize

Figure 1. Colon with
e | POlYPS. ColOnoscopy shows
| the abnormal tissue growth.
The structure of the right
colon delays symptom
onset and reduces test
detection accuracy.

Colorectal Cancer (CRC) Diagnostics

e Characterized by abnormal growths in the inner lining of the
colon or rectum (polyps)’

e 3rd most common cancer in the U.S?

e Current diagnostics are invasive deterring people from seeking
treatment?

25bp

250bp

766bp

Figure 7.

mIRN A BI om arker mIR-29 3 PCR of plasmids Transform plasmids Plasmid Miniprep Nanodrop Consf':er(r;?J grl]isemid _ -
e MicroRNAs (miRNAs) are short, non-coding RNA sequences : . 9 . . f Iu;)relgcbe.nce readllng g 05
. H at ¢ e Figure 3. Gibson Assembly® combines vector backbone and toehold switch oenaola biosensorina 4
that contribute to the regulation of gene expression sequence®, into a plasmid. This plasmid is transformed into NEB 5-a Competent cell-free system 03
¢ In CRC patient blood plasma, miR-29a levels are upregulated® que ! prasinid. PIasty . P L 0.2
’ E. coli cells for replication. The plasmids are then isolated from the bacterial cell (containing in-house W . .
. . using plasmid miniprep. Nanodrop checks plasmid purity and plasmid is CellEx Lysate, PANOx o - = m -
Cell Free Reaction with Toehold and GamS) with and oo D @ @ e N B
e Uses cellular com s 1 1 Stion/t at sequenced to check for correct structure. | _ & & & ¢ F
ponents to carry out transcription/translation, without miRNA £ & & ¢ E S LS
ko : ST L . _ £ &S & S ¢ &
which is usefu.l for portable screening applications™, such as T O W biomarker after & & < ({_\\@v o é@v \«0“”@ & &
—— . . @ . - & O
MIRNA detection S incubating for hrsand ~ © F & & & 8 ¢ @
1) Cell components oyRYdgRLion: & s N

Read plate with . e Toehold insert was successfully amplified and of the correct size
combined samples placed in 96 well plate

fluorescence plate (~280bp) and pure (concentrated bands)

Figure 1. Target
MiRNA binds to

the reader e Sequencing using Oxford Nanopore long-read confirmed sequence
complementary e Successful assembly of plasmid
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Figure 4. Cell-Free Reaction Testing. Toehold switch plasmid, target
MiRNA-29a (encoded in a linear PCR product controlled by T7 promoter),
ribosomes, and Panox Energy Mix are combined in a microcentrifuge tube and
incubated overnight at 29°C. Preparation of the 96-well plate involves creating
a fluorescence standard curve and diluting overnight reactions in PBS buffer.
The plate is then read by a fluorescence plate reader.

Future Work

e Re-test cell-free reactions with more controls (non-trigger miRNA and
trigger in positive control)

region, producing e Assemble the TRAP System.
| C ;ﬁ% a fluorescent e Determine miRNA detection threshold, and ranges for negative and
Fig . 7SWM =) cinnal Figure 5. Toehold miR-29a GFP positive tests
° arates reactions in @fesome bi plasmid map. e Test with human plasma samples and check the performance of the

tube using wax layers (bluésqg?’(
increasing melting points®

e Plasma in first layer containing
magnetic beads coated with
DNA probes bind to the
miRNA

e As layers are heated to their
melting points, a magnet pulls
the beads through layers for
washing before the final layer,

where the toehold switch
initiates the One-Pot Ligation

e T/ promoter toehold structure
unfolds when target miRNA-29a
present (refer to Figure 1 for
mechanism) allowing deGFP
synthesis toehold miR29a GFP

e AmpR is for ampicillin resistance
selection

e ColE1 origin is for replication

e LacO/LacZa is for inducible
expression, cloning, and standard
sequencing primer site (M13-fwd)

References & Acknowledgements

Ligation

Isolation

This research was supported by the First-Year
Innovation & Research Experience (FIRE) program at
the University of Maryland and conducted under the
guidance of Dr. Spirito, Jonathon Meyer, and Amma
Amankwah. Figures were made in BioRender.

Amplification

References



