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Abstract: Mycobacterial infection and mortality rates remain high; globally, an estimated 10 million cases of tuber-
culosis emerge each year caused by Mycobacterium tuberculosis (TB). However, the less studied species of nontu-
berculous mycobacteria (NTM) are becoming a growing concern. Over the last 30 years, NTM pulmonary disease 
cases have increased to outnumber TB in many regions. The “gold standard” for NTM diagnosis involves a weeks-
to-month long microbiological culture-based method. We are developing a novel electrochemical biosensor to de-
tect NTM that may ultimately be used as a more efficient diagnostic tool than the current, time-intensive methods. 
The molecular target of this biosensor is a complex lipoglycan, mannosylated lipoarabinomannan (ManLAM), abun-
dantly found on the cell envelope of NTM and TB. The biosensor contains an electrode-bound DNA aptamer that 
changes conformational shape when bound to ManLAM. This conformational change is measured by voltammetric 
analysis, where a significant difference in electrochemical current upon binding of the ManLAM is observed. Future 
directions include optimizing this NTM biosensor to more robustly and sensitively detect ManLAM, as well as de-
veloping novel biosensors to target NTM-specific glycopeptidolipids (GPLs) to more directly target NTM. The ulti-
mate expected outcome of this project is to improve rapid, point-of-care diagnostics that eliminate invasive sam-
pling and lengthy culturing requirements and hence improve outcomes of patients with NTM infection.  
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1. Introduction

The diverse genus of Mycobacterium consists of 
nearly 200 distinct species that are environmentally 
ubiquitous1. Many species of Mycobacterium are 
nonpathogenic organisms with others being obligate 
or opportunistic pathogens 1. While, Mycobacterium 
tuberculosis (TB) is one of the world’s pervasive 
causes of pulmonary infection and mortality2,3,  less 
known are the species of nontuberculous mycobacte-
ria (NTM). Due partly to the “End TB Strategy” devel-
oped by the World Health Organization4, TB infec-
tions have been reduced to approximately 3 cases per 
100,000 individuals within the United States (U.S.) be-
tween 2013-20155. However, NTM is a rapidly grow-
ing concern with the prevalence of NTM-related 

pulmonary disease growing at 8.2% annually (1997-
2007)6.  

NTM, which are opportunistic lung pathogens 
found ubiquitously throughout the environment, are 
a growing public health concern. In the U.S. alone, 
there were nearly 100,000 NTM pulmonary infections 
and 2,990 deaths between 1999-2010 attributed to 
NTM7,8. Those with NTM pulmonary disease (NTM-
PD) have an approximated 4.31-fold increased risk of 
respiratory failure and a five-year mortality rate > 
25%9,10. Immunocompromised patients, such as indi-
viduals with HIV, are at heightened risk for dissemi-
nated infection and having the disease spread to 
other parts of the body such as the skin, joints, and 
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bones, among other organs; this often results in 
greatly increased mortality rates11–13. Furthermore, 
NTM is becoming an increasing financial burden; 
nearly $1.7 billion is spent annually in NTM-related 
expenses in the U.S14. 

While it depends on the species, common envi-
ronmental niches to which NTM are well adapted in-
clude soils, lakes, and rivers, among other bodies of 
water15. Additionally, NTM are frequently found in 
water-distribution centers, swimming pools, shower-
heads, hospital ice machines, and heater coolers, 
along with many other man-made niches15,16. Inhala-
tion of pathogenic aerosolized NTM is a common 
form of transmission which can result in NTM-PD16. 
Therefore, it is important to be able to efficiently re-
search common sources of NTM and have the ability 
to rapidly identify NTM contaminated samples in such 
environments to mitigate the chance of transmission. 

A rise in taxonomic classification and molecular 
methods has allowed for the identification of nearly 
200 different NTM species, although only a handful of 
NTM species cause the majority of NTM-PD cases1,17. 
The Mycobacterium avium complex (MAC), which in-
cludes M. avium and M. intracellulare, is the most 
prevalent cause of NTM-related disease within the 
U.S.18 MAC is also known to cause a majority of dis-
seminated infections in immune-compromised indi-
viduals19. M. abscessus is another NTM species of 
concern, as it causes 65-80% of NTM-PD cases pro-
duced by rapid-growing NTM and shows increasing 
resistance to many established antibiotics. In some 
circumstances, NTM species have demonstrated a 
less efficacious response to commonly used an-
titubercular agents20,21. M. kansasii is a virulent NTM 
species and is within the top six most isolated NTM 
species from pulmonary samples globally22–24. Other 
etiologically important species include M. chimaera, 
M. fortuitum,  M. chelonae, and M. marinum25–27 

Despite the rising public health issues related to 
NTM infections, the current clinical diagnostic tech-
niques used to detect such infections are non-ideal, 
primarily due to their lengthy time requirements. Cur-
rently, the “Gold Standard” for diagnosing NTM is cul-
turing several microbiological samples from infected 
sputum or bronchoalveolar lavage before assigning 
an official diagnosis28.  Depending on the NTM spe-
cies, the time between collecting samples and making 
a diagnosis can take 6-8 weeks or longer28.  

With advances in diagnostic technology, recent 
strides have been made to reduce this diagnostic bur-
den. This includes reducing the need for molecular ex-
pertise associated with the commonly utilized Poly-
merase Chain Reaction (PCR) and MALDI-TOF mass 
spectroscopy methods, among lesser-used tech-
niques of NTM identification such as Raman Spectros-
copy and luciferase reporter mycobacteriophages for 
MGIT cultures 29–32. However, all of these techniques 
require sophisticated instrumentation and molecular 
expertise that may not be readily available in a clinical 
laboratory. 

To alleviate this diagnostic dilemma and shorten 
the window of time to successful patient interven-
tion, we propose a biosensor-based strategy for NTM 
detection. Biosensors are devices that detect molec-
ular targets using a biological-based sensing mecha-
nism33–35. Specifically, a molecular target from a sam-
ple (e.g., components of a bacterial cell wall or other 
identifying markers) will be bound by a biological 
component in the biosensor (e.g., DNA, RNA, antibod-
ies, enzymes, etc.). This binding event triggers a 
change in the biosensor that leads to a measurable 
readout indicating the presence or absence of the 
molecular target in the sample tested. Biosensors 
have rapidly integrated into a wide variety of fields in-
cluding forensics, food industry, agriculture, and most 
notably, medical diagnostics34,36–39. While there are 
many diverse architectural designs of biosensing de-
vices, some of the more common designs include 
electrochemical, optical, magnetic, and immune/en-
zymatic-based sensors 40,41. Biosensors have already 
been applied toward the detection of bacteria in bio-
logical specimens including sputum, feces, and 
whole-cell detection41–43. 

 Electrochemical DNA-based biosensors (E-DNA 
biosensors) have previously shown reliable detection 
at extremely low concentrations (picomolar concen-
trations)34 of target proteins and drugs. E-DNA bio-
sensors have been used in the detection of antibod-
ies, cancer biomarkers, chemotherapeutics such as 
doxorubicin, as well as IP-10 (an immune rejection 
marker for surgical tissue transplants), among many 
other targets 35,44–48. Our lab previously developed E-
DNA biosensors capable of rapidly and reliably de-
tecting the presence of both ricin and botulinum tox-
ins in serum49.  Since E-DNA biosensors are sensitive, 
robust, and rapid devices capable of detecting a myr-
iad of complex biological molecules, they hold great 
promise in efficient point-of-care (POC) clinical 
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diagnostics. This would significantly reduce the time 
between the onset of symptoms and appropriate 
treatment regimes. However, these E-DNA biosen-
sors have not been applied to detect the presence of 
NTM-specific targets in clinical or environmental sam-
ples. 

In this study, we have designed an E-DNA biosen-
sor for the detection of NTM. E-DNA biosensors often 
employ a single-stranded DNA (ss-DNA) sequence to 
selectively recognize and bind to a specific ana-
lyte50,51. The ss-DNA, employed as an aptamer, is 
linked to a redox indicator moiety such as methylene 
blue (MB) or ferrocene51. The aptamer probe is first 
immobilized onto a gold electrode to serve as a trans-
ducer which will convert physical changes (e.g., bond-
ing, shape, or flexibility) of the probe into a redox cur-
rent that can be quantified and analyzed51,52.  This 
physical change is caused by a DNA binding event (the 
analyte binds to the ssDNA probe), resulting in a 
change in proximity or availability of the redox label 
to the electrode52. This change in output is propor-
tional to the concentration of the analyte and can 
thus be analyzed to determine the concentration of 
the analyte in a sample. 

A mycobacterial-specific glycolipid, mannosyl-
ated lipoarabinomannan (ManLAM), was used as the 
initial molecular target for detecting NTM. Found on 
the cell wall of many pathogenic species of NTM (Fig. 
1, a), ManLAM consists of an arabinan polymer with 
both branched and linear arabinofuranosides that in-
clude distal mannosylated caps, as well as fatty acyl 
tails anchoring the structure onto the cell membrane 
(Fig. 1, b) 7,53. ManLAM was chosen due to both the 
pre-existing availability of an aptamer sequence that 
binds to ManLAM as well as the prevalence of this tar-
get, specifically the lipoarabinomannan backbone, in 
most pathogenic mycobacteria 7,54,55.y This POC ap-
proach may improve patient outcomes and reduce 
the morbidity and mortality rates by providing an al-
ternative to the lengthy diagnostics that currently 
surround NTM infection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Methods 

2.1. Aptamer Sequence & Biosensor Design 

The original ManLAM-specific aptamer sequence (Fig. 
2) was previously identified using systematic evolu-
tion of ligands by exponential enrichment (SELEX) 
methodology 55. This aptamer sequence, called BM2, 
had the following nucleotide sequence: 

5’- GCG GAA TTC TAA TAC GAC TCA CTA TAG GGA 
ACA GTC CGA GCC CCC CAT GAA CTA GGC TCC ACA 
ATG AGT TTG GGG GTC AAT GCG TCA TAG GAT CCC 
GC -3’ 

 

 

Fig.1. (a) Typical extracellular matrix of a mycobacterial cell 
wall. Of note, LAM molecules are shown as orange circles, 
and GPL is shown as blue rectangles. (b) Molecular structure 
of LAM.  Used with permission7.  
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The N31 region (denoting the region randomized 

during the SELEX procedure) of the BM2 aptamer (Fig. 
2, red box) was reported to have a high affinity for 
ManLAM, due to its low dissociation constant (KD) 
(see Results 3.2). To evaluate multiple sequence vari-
ants of the N31 region within the BM2 aptamer, a pre-
dictive software program, Quikfold, was utilized for 
the structure of single-stranded nucleic acids 56. Using 
Quickfold, the N31 region was altered to allow the ap-
tamer to support two isoenergetic conformational 
states in response to ManLAM binding (Fig. 3).  

Our initial design was synthesized via standard 
oligonucleotide synthesis (Biosearch Technologies, 
Hoddesdon, UK). However, initial experiments with 
this construct using square-wave voltammetry (SWV) 
interrogation indicated that this initial biosensor ver-
sion was inadequate at generating a signal indicative 
of a binding interaction. To address this, we investi-
gated a series of partial truncations of the original 
BM2 aptamer sequences. A final version of our ap-
tamer biosensor (Fig. 4) has the following nucleotide 
sequence: 

5’- CTC ACT ATA GGG AAC AGT CCG AGC CCC CCA 
TGA ACT AGG CTC CAC AAT GAG TTT GGG GGT TTC 
T(Methylene Blue)CA TCT GGT TTG ACT G -3’ 

 

After determining the appropriate aptamer se-
quence, an E-DNA biosensor was generated to detect 
ManLAM. The aptamer probe was synthesized with 
the following two modifications to effectively func-
tion as an electrochemical biosensing element.  First, 
a redox moiety of MB was covalently linked to a thy-
mine base at position T64. Second, a 5’ thiol was in-
troduced to facilitate attachment of the oligonucleo-
tide to a gold electrode via thiol-gold coupling. 

 

Fig.4. Final truncated BM2 aptamer sequence 
that yielded an observed KD of 15 ± 10 nM in flu-
orescence anisotropy evaluation. Image depicts 
predicted binding state. 

 

Fig.2. Schematic of the original BM2 aptamer se-
quence previously identified55. The N31 region (red 
outline) was where selective binding to ManLAM 
was predicted to have the greatest affinity. 
  

 

Fig.3. First version of biosensor based on mini-
mally modified N31 region of BM2 aptamer. a. 
functional “On” conformational state when the 
aptamer binds to the ManLAM target. b. alterna-
tive “Off” conformation when unbound. 
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2.2. Anisotropic Analysis 

Fluorescence anisotropy was used to determine the 
binding affinity of the final ManLAM truncated 
aptamer sequence (Fig. 4). The parameters utilized 
for anisotropy trials were: excitation wavelength = 
480 nm - 500 nm, with a 1 nm slit; emission wave-
length = 520 nm, with a 1 nm slit; integration time was 
set to 1 second. A 50 µL, 10 mm sub-micro quartz flu-
orometer cell (Starna Cells, Atascadero, CA) was filled 
with 200 µL binding buffer (49.45 mM NaCl, 20 mM 
TRIS (tris (hydroxymethyl) amino-methane), 66.7 mM 
CaCl2, and 12.6 mM MgCl2 in 900 mL of nanopore 
H2O, pH-adjusted to 7.10) along with 1 µL of our DNA 
aptamer. Target ManLAM was sequentially added in 
five-minute increments. The ManLAM (1 mg/mL) was 
harvested from TB H37Rv.  

2.3. Electrode Preparation and Biosensor Attach-
ment 

Ceramic screen-printed gold electrodes (Pine Re-
search Instrumentation, Durham, North Carolina) 
with a 1 mm2 working electrode surface area and an 
Ag/AgCl pseudo-reference electrode were used.  Be-
fore electrochemically testing the biosensor, the elec-
trodes were thoroughly cleaned with the following 
protocol: a solution of 0.5 M NaOH was added drop-
wise to the electrode followed by cyclic voltammetry 
(CV) cleaning. (initial potential= -0.4 V, final poten-
tial= -0.4 V,  upper potential= -0.4 V, lower potential 
= -1.35 V, segments = 100, sweep rates = 2 V/s.)  

Next, the NaOH was removed and 0.5 M H2SO4 
was added before CV cleaning was conducted (first 
run: period= 0 mV—3 s, electrolysis period = 2 V—3 S, 
relaxation period= 0 mV—1 S; second run: induction 
period= 0 mV—3 s, electrolysis period = -0.35 V—10 
s, relaxation period= 0 mV—1 s; third run: initial po-
tential= -0.35 V, final potential= -0.35 V, upper poten-
tial= 1.5 V, lower potential= -0.35 V, segments= 20, 
sweep rates= 4 V/s; fourth run: initial potential= -0.35 
V, final potential= -0.35 V, upper potential= 1.5 V, 
lower potential= 0.35 V, segments= 4, sweep rates= 
0.1 V/s.)  

The H2SO4 was replaced with 0.1 M H2SO4/0.01 M 
KCl and cycled using (first run: initial potential= 0.2 V, 
final potential= 0.2 V, upper potential= 0.75 V, lower 
potential= 0.2 V, segments= 10, sweep rates= 0.1 V/s; 
second run: initial potential= 0.2 V, final potential= 
0.2 V, upper potential= 1 V, lower potential= 0.2 V, 

segments= 10, sweep rates= 0.1 V/s; third run: initial 
potential= 0.2 V, final potential= 0.2 V, upper poten-
tial= 1.25 V, lower potential= 0.2 V, segments=10, 
sweep rates= 0.1 V/s; fourth run: initial potential= 0.2 
V, final potential= 0.2 V, upper potential= 1.5 V, lower 
potential= 0.2 V, segments= 10, sweep rates= 0.1 
V/s.)  

Finally, the 0.1 M H2SO4/0.01 M KCl solution was 
replaced with 0.05 M H2SO4 and a final CV cleaning 
was conducted (initial potential= -0.35 V, final poten-
tial= -0.35 V, upper potential= 1.5 V, lower potential= 
-0.35 V, segments= 4, sweep rates= 0.1 V/s.) 

A sample of 1 µL tris(2-carboxyethyl) phosphine 
hydrochloride (TCEP) and 3 µL DNA biosensor was al-
lowed to equilibrate on ice for > 20 minutes to acti-
vate the thiol for attachment. The 0.05 M H2SO4 was 
removed from the electrode. Then 96 µL of the bind-
ing buffer was added to the TCEP/DNA solution and 
applied to the electrode to equilibrate for > 45 
minutes. Next, the DNA-containing solution was re-
moved, and the electrode was covered with 300 µL of 
2 mM 1-mercapto-6-hexanol to chemically passivate 
the surface to avoid biosensor fouling for > 35 
minutes. Finally, the electrode was submerged in 
binding buffer and 200 µL of the same binding buffer 
was added to the electrode surface. 

2.4. Electrochemical Parameters and Analytical 
Methods  

After the electrode was cleaned and the biosensor 
was attached, sensor behavior was analyzed using a 
WaveNano potentiostat and its software control pro-
gram, Aftermath (both from Pine Research Instru-
mentation). The potentiostat allowed the change in 
current to be measured using the voltammetric elec-
trochemical technique of SWV. This technique is sim-
ilar to cyclic voltammetry (CV) but has an increased 
limit of detection (LOD), faster measurement rates, 
and additional parameters to optimize signal re-
sponse57.  

For SWV trials the following parameters were 
used: initial potential of -0.5 V, final potential of 0 V, 
amplitude of 50 mV, period 0.004 s (subject to 
change, see Results 3.3), increment of 0.5 mV, sam-
pling width of 0.001 s, duration of 1 s, initial range of 
50 μA, and induction potential of -400 mV.  The blank 
sensor response was measured at 0 minutes, 15 
minutes, and 30 minutes. Serial dilutions of purified 
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ManLAM were then added to the electrode. Purified 
ManLAM was obtained from Dr. Jennifer R. Honda in 
the Department of Biomedical Research and the Cen-
ter for Genes, Environment, and Health, National Jew-
ish Health, Denver, CO, USA. Solutions were equili-
brated for five minutes before SWV interrogation and 
addition of the next concentration. Differences in 
SWV peak height were analyzed using custom peak 
fitting software SWV AnyPeakFinder: 
https://github.com/Paradoxdruid/SWVAnyPeak-
Finder)58. For more detailed information on electro-
chemical E-DNA biosensor preparation, cleaning, and 
parameters, see previous work by Rowe et al59. 

3. Results & Discussion 

3.1. Truncated Aptamer Biosensor 

The final truncated N31 aptamer sequence (Fig. 4) 
was designed to allow for two isoenergetic conforma-
tional states. These isoenergetic conformations allow 
the nucleotide probe to share a ManLAM binding-ca-
pable (On) and a non-binding alternative (Off) state. 
The functional (binding) state has a high affinity to 
bind ManLAM. This binding causes changes in the 
folding dynamics which allows the methylene blue 
moiety to more efficiently interact with the gold elec-
trode due to closer proximity (Fig. 5).  

 

 

 

 

 

 

 

 

 

 

 

 

The increased interaction efficiency results in a 
greater redox current. However, the alternative non-
binding state is unable to bind to the target, resulting 
in a diminished electrical current. When ManLAM is 
present, the binding-capable conformational state 
will predominate, generating a measurable change in 
redox output. Therefore, the redox current generated 
by the conformational change of the aptamer is di-
rectly related to the concentration of the molecular 
target. At 25 °C, these two conformational states 
were designed to be isoenergetic (having the same 
folding energy) with the predicted ratio of both states 
being 1:1 to allow a balance of the detection limit and 
measurability of change in electrical current upon 
binding60.  

3.2. Aptamer Anisotropy 

Fluorescence anisotropy precisely measures the 
change in fluorescent emission when a vertically po-
larized ray of light strikes the fluorophore61,62, produc-
ing horizontal and vertical polarized emissions that 
share a ratio. This ratio will be dependent upon the 
rotational rate of the molecular target being ana-
lyzed61. When the aptamer binds to ManLAM, the ro-
tation speed decreases due to the increase in mass, 
which leads to changes in the anisotropy value. 

The results from the six anisotropy experiments 
(Methods 2.2) were used to construct a binding curve 
(Fig. 6). That binding was calculated using a standard 
Langmuir isotherm, allowing determination of an ap-
parent KD of 15 ± 10 nM. Other methods (electropho-
retic mobility shift assays (EMSA), UV/Vis spectros-
copy, and thermo cyclic melt curve analysis) were 
used to verify binding; however, results were incon-
sistent and considered insignificant. We believe that 
these inconsistencies stem both from the lipidated 
nature of ManLAM and unwanted indicator fluoro-
phore binding to ManLAM. 

 

 

 

 

 

Fig.5. Schematic of the final version biosensor with 
5’-thiol linkage to the gold electrode and meth-
ylene blue moiety (blue star) attached to internal 
thymidine. (left) non-binding state and (right) bind-
ing-capable state with green ManLAM predicted 
binding site. 
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3.3. Electrochemical Analysis 

At present, we are still actively gathering SWV data 
and, therefore, are unable to draw any definitive con-
clusions relating to our biosensor’s electrochemical 
performance. Currently, the data obtained from pre-
liminary trials infer a direct change in electrochemical 
current with increased concentrations of added Man-
LAM (Fig. 7). This is due to the functional conforma-
tional state moving the redox moiety (methylene 
blue) closer to the electrode. We expect that this will 
allow us to extrapolate the concentration of ManLAM 
relative to the solution. 

While the aptamer has strong evidence of bind-
ing (Fig. 6) and a preliminary direct change in current 
when exposed to increased relative concentrations of 
ManLAM (Fig. 7), the changes in current have been 
inconclusive in regards to generating a consistent in-
creased (signal-On) versus decreased (signal-Off) cur-
rent. These issues are currently being addressed 
through varying the frequency of interrogation, which 
has previously been an identified factor when it 
comes to E-DNA biosensors switching between gain-
of-signal vs loss-of-signal63. Furthermore, the concen-
tration of DNA aptamer density on the gold surface 
electrode has been shown to be a factor in optimizing 
consistent signal responses in E-DNA biosensors (i.e., 
having a signal-On vs signal-Off response)64. There-
fore, the concentration of the DNA aptamer will be 

adjusted to improve the efficacy and reproducibility 
of the biosensor. Finally, the predictive software pro-
gram Quickfold56 indicates that temperature may play 
an integral role in the binding affinity of our target by 
changing the molecular structure of the aptamer at 
varying temperatures. Further research is needed to 
determine if a change in temperature may result in 
alteration of binding affinity for this target.  

3.4. Future Directions 

In addition to the aforementioned efforts to obtain 
more consistent biosensor evidence, the next step in-
cludes expanding the scope of the project to include 
other targets for NTM detection. One potential target 
is the glycopeptidolipid (GPL). As ManLAM is found on 
both TB and NTM, it is not specific enough to be clas-
sified as a biosensor specific to NTM. GPLs, in con-
trast, are found within the cell walls of many of the 
major NTM species of interest (including M. avium,  
M. intracellulare, M. abscessus, and M. chelonae), 
while being absent from TB7,65. However, to detect 
GPL, a new aptamer sequence would need to be gen-
erated. We plan to undertake this process using 
SELEX66. Overall, creating a GPL-specific E-DNA bio-
sensor would increase sensor specificity. 

After discovering and validating binding with a 
suitable aptamer for GPL, the new aptamer sequence 

  

Fig.6. ManLAM was titrated from concentrations 
between 10-11 to 10-7M. Nonlinear regression to a 
Langmuir isotherm binding model shows a direct 
correlation between increase in ManLAM concen-
tration with increased anisotropy values. Apparent 
KD of 15 ± 10 nM. 

 

Fig.7.  Normalized signal data obtained from several 
SWV trials resulted in a direct gain-of-signal. How-
ever, the biosensor has also demonstrated direct 
change with the occasional loss-of-signal during 
other SWV trials. This issue of reproducibility is cur-
rently under investigation. 
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will be subjected to voltammetric interrogation as 
previously discussed in Methods 2.3 & 2.4. The elec-
trochemical redox current output will be measured 
allowing the extrapolation of the concentration of 
GPL relative to the solution. The anticipated outcome 
is to create a biosensor capable of rapid GPL identifi-
cation for the detection of NTM in both medical and 
environmental samples. 

Finally, in our ambition to develop a medically 
relevant biosensor, we intend to expand the scope of 
this project by starting trials involving patient sam-
ples. This will be accomplished by SWV interrogation 
using total lipid extracts from respiratory isolates of 
NTM including M. avium, M. intracellulare, M. chi-
maera, M. abscessus, and TB (H37Rv) total lipid ex-
tracts (BEI Resources, Manassas, VA: NR-14837). We 
are currently working to improve the robustness and 
sensitivity of the sensor to allow detection of Man-
LAM in complex media including these lipid extracts. 
Additionally, we plan to investigate the change in the 
biosensor’s specificity and intensity in response to 
isolated LAM variants of different species of Myco-
bacteria such as M. leprae and M. smegmatis. Ulti-
mately, we aim to test the robustness of our biosen-
sor in other forms of complex media, such as blood or 
sputum. 

Overall, this project illustrates a work-in-progress 
on the creation of a sensitive E-DNA biosensor that 
can detect the presence of NTM using the molecular 
target, ManLAM. Although the project is currently in-
complete (that is, the signal patterns are inconsistent 
and only tested in buffer solutions), we are continu-
ously adopting strategies to resolve these inconsist-
encies and are expanding the scope of the project to 
reduce such restrictions. The use of such a biosensor 
could have great benefits to medical and environ-
mental sensing. Such a biosensor would be able to 
drastically reduce the time required for NTM identifi-
cation and assessment and bolster appropriate treat-
ment interventions. In turn, this could greatly in-
crease patient outcomes by reducing morbidity and 
mortality rates that are currently associated with 
NTM infections worldwide. 
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