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ABSTRACT: Fusion protein tags are widely used to capture and
track proteins in research and industrial bioreactor processes.
Quantifying fusion-tagged proteins normally requires several
purification steps coupled with classical protein assays. Here, we
developed a broadly applicable nanosensor platform that quantifies
glutathione-S-transferase (GST) fusion proteins in real-time. We
synthesized a glutathione-DNA-carbon nanotube system to
investigate glutathione-GST interactions via semiconducting
single-walled carbon nanotube (SWCNT) photoluminescence.
We found that SWCNT fluorescence wavelength and intensity
modulation occurred specifically in response to GST and GST-fusions. The sensor response was dependent on SWCNT structure,
wherein mod(n − m, 3) = 1 nanotube wavelength and intensity responses correlated with nanotube diameter distinctly from mod(n
− m, 3) = 2 SWCNT responses. We also found broad functionality of this sensor to diverse GST-tagged proteins. This work
comprises the first label-free optical sensor for GST and has implications for the assessment of protein expression in situ, including in
imaging and industrial bioreactor settings.
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■ INTRODUCTION

Fusion protein tags are coexpressed proteins or peptides used
to capture and track a recombinant protein of interest in
protein expression systems or in biological investigations.1−3

Common tags include the polyhistidine tag (his tag),4 the
FLAG tag,5 and the glutathione-S-transferase (GST) tag,6

among many others.1−3 Although essential for the purification
and labeling of many proteins, fusion protein tags present
unrealized opportunities for real-time, rapid analysis methods
that function in situ.
Glutathione-S-transferase (GST) refers to a family of

proteins across the phylogenetic spectrum.6,7 These enzymes
function by conjugating the thiol of glutathione to organic
compounds for cell detoxification processes,8,9 giving them a
generality that was developed into a fusion tag, wherein
glutathione is typically conjugated to a substrate, allowing
binding to GST coexpressed proteins. The glutathione-GST
system is a commonly used protein tag6 for bacterial, yeast,
insect, or mammalian expression systems,10 consisting of a 26
kDa/211 amino acid sequence that promotes enhanced
expression and solubility of recombinant proteins due to its
size, tertiary structure, and hydrophilicity.7,11 Expressed fusion
proteins are purified by GST binding to glutathione, which is
preparatively immobilized through a sulfhydryl group in its
reduced form (GSH) to a solid matrix, often in a spin-column
format.3,7 In addition to this affinity tag application, GST tags
are also useful in molecular or cell biology experiments where
in vitro and in vivo protein tracking and visualization are
applicable.12,13

GST-tagged proteins secreted from cells in industrial
expression systems are primarily quantified following steps to
collect and purify them from the production media. These
systems typically produce up to 50 mg/L of the intended
protein.14 Common protein quantification techniques used
include the Bradford assay, the Lowry assay, the bicinchoninic
acid assay, and ultraviolet absorption, along with semi-
quantitative Western blotting.15 These traditional methods
require significant preparatory effort and multiple hours to
yield results. GST was used as the recognition element to
detect captan16 and glutathione17 in prior studies. Others used
non-GSH capture molecules to detect GST protein and its
function.18,19 Electrochemical and aggregate-induction sensor
platforms were used in these studies.17,20 More broadly, optical
biosensors for other enzymes have been demonstrated to
detect renal and hepatic injury, including for caspases,
glucosaminidase, and galactosidase.21−23 We believe that a
rapid, label-free optical sensor for fusion protein tags, which
can access the media of industrial protein expression systems,
would confer a significant benefit to biotechnology and
molecular biology fields.
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Single-walled carbon nanotubes (SWCNT) consist of single
tubes of graphene with diameters typically in the 0.5−1.5 nm
range. Semiconducting SWCNTs emit near-infrared (NIR)
fluorescence/photoluminescence24−30 which exhibits unique
photostability,31 enabling continuous monitoring and quanti-
tative detection. The optical properties of SWCNTs can be
made exquisitely sensitive to their local environment, enabling
modulation for sensing applications.32 They have been applied
to detect small molecules, nucleic acids, and proteins33−35 in
live cells32,36 and in living organisms.29,35,37,38 Nanotube-based
sensors utilizing a variety of biological recognition elements
have been developed, including antibodies,29,30,39 oligonucleo-
tide aptamers,40,41 complementary oligonucleotides,35 and
peptides,42,43 among others including polymer-based molecular
recognition screens.44−46 None, however, have been developed
using small molecule biological recognition elements.
In this work, we designed a label-free optical nanosensor for

GST-tagged proteins wherein analyte recognition occurs via
the small molecule glutathione at the surface of the
transduction element. This sensor, comprised of glutathione-

bound DNA-SWCNT complexes, exhibited a low-nanomolar
limit of detection and strong selectivity for GST-tagged
proteins, as well as generality to multiple classes of GST-
tagged proteins, including cell cycle proteins, RNA-binding
proteins, and ovarian cancer protein biomarkers. We identified
and investigated a SWCNT species/chirality-dependent
mechanistic response to GST chiral species, finding a distinct
relationship to SWCNT structure, wherein mod(n − m, 3) = 1
nanotube responses negatively correlated with nanotube
diameter and strongly correlated with wavelength shifting,
while mod(n − m, 3) = 2 responses positively correlated with
diameter and strongly correlated with intensity responses. We
expect this class of nanosensor to have broad applications for
protein quantification in the protein bioproduction industry
and as research tools in molecular biology processes.

■ RESULTS AND DISCUSSION

We first covalently conjugated single-stranded DNA with the
sequence (TAT)6 and functionalized with 3′ acrydite to
reduced glutathione (GSH) (Figure 1A). The DNA-

Figure 1. Synthesis and characterization of GSH-DNA-SWCNT complexes. (A) Schematic of the synthesis scheme. (B) Absorption spectrum of
the GSH-DNA-SWCNT complexes. (C) Two-dimensional photoluminescence excitation−emission plot of the GSH-DNA-SWCNT complexes.
Scale represents relative fluorescence.
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glutathione conjugate was purified and used to suspend HiPco
single-walled carbon nanotubes via ultrasonication. Single-
stranded DNA is known to separate and homogeneously
disperse single nanotube suspensions in solution, allowing for a
stable hybrid construct and strong photoluminescence.47,48

The glutathione-DNA-nanotube complexes (GSH-DNA-
SWCNTs) were subjected to several purification steps before
stability and optical properties were assessed using UV−vis-
NIR absorbance (Figure 1B) and NIR fluorescence spectros-
copy (Figure 1C).
We sought to assess the sensitivity and selectivity of the

optical behavior of the GSH-DNA-SWCNT complexes in the
presence of GST via NIR fluorescence spectroscopy. Using a
custom-built NIR plate reader, we investigated the dose−
response to GST across 6 orders of magnitude. Near-infrared
photoluminescence spectra (900−1400 nm) were obtained
after 5, 30, and 60 min of incubation, via excitation with either

a 660 or 730 nm laser diode, to allow the visualization of
multiple SWCNT chiralities using a 2 s exposure time. The
change in wavelength and intensity of each discernible
SWCNT band, compared to the complexes in the absence of
GST, was obtained in triplicate for each concentration. From
these measurements, we observed gross differences in
wavelength and intensity for multiple SWCNT chiralities
compared to the control (Figure 2A). These changes occurred
in a dose-dependent manner for the nanotube species observed
upon 730 nm (Figure S1A) or 640 nm (Figure S1B)
illumination.
We found distinct differences in emission behavior among

the SWCNT chiralities in response to GST. The (8,6) chirality
exhibited the most pronounced wavelength-shifting response,
reaching a maximum bathochromic (red) shift of 2.74 ± 0.04
nm at 60 min upon interrogation with 1 μM GST (Figure 2B).
The emission intensity responses of the GSH-DNA-SWCNT

Figure 2. Response of GSH-DNA-SWCNT complexes to GST. (A) Representative photoluminescence spectrum of the GSH-DNA-SWCNT
complexes in the presence of 1000 nM GST upon excitation at 730 nm. (B) Representative normalized intensity spectra (0 = minimum, 1 =
maximum) of the (8,6) nanotube chirality without and with 1000 nM GST upon excitation at 730 nm to illuminate the bathochromic shift. (C)
Representative emission spectra of the (8,6) chirality (top) and (9,1) chirality (bottom) for each concentration of added GST. (D) Change in
emission center wavelength of the (8,6) chirality as a function of GST concentration. Inset (right): Magnified low-concentration regime of (8,6)
response to GST to illuminate the lower range of sensitivity. (E) Temporal response in (8,6) center wavelength in response to maximum (1000
nM) or plateau (100 nM) concentrations of GST. All points in panels D,E represent mean (n = 3 separate samples) ± SD. (F) Photoluminescence
intensity change for the (8,6) and (9,1) chiralities as a function of added GST concentration. (G) Wavelength change for each nanotube chirality as
a function of chiral diameter. (H) Intensity change for each chirality as a function of chiral diameter. Each point is mean (n = 3 separate samples) ±
SD.
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complexes also varied widely. We found that the intensity of
the (8,6) chirality increased most prominently, but the
intensity of the (9,1) chirality decreased with increasing GST
concentration (Figure 2C).
Investigating the concentration-dependence of the response,

the (8,6) wavelength shift appeared to plateau at a
concentration of 100 nM GST (Figure 2D). The limit of
detection was approximately 1 nM GST, compared to controls
(Figure 2D inset). We found that the dynamic range was
between 1 and 100 nM GST after incubation of as little as 5
min (Figure S2A−D) and was consistent at later time points
(Figure 2E). The respective intensity changes, whether
decrease or increase, appeared monotonic in response to
increasing GST concentration (Figure 2F). We also found that
the interaction of GST with the sensor construct yielded highly
consistent photoluminescence emission from 1 to 24 h,
signifying rapid equilibration of the sensor response and a
stable complex formation with no aggregation or quenching
(Figure S2).
We observed differences in the sensitivities, kinetics, and

dynamic ranges of optical response of the complexes among
the nanotube chiralities. As expected, most nanotube species
exhibited a bathrochromic shift beginning 5 min after exposure
to GST, measured under laser excitation at 730 nm (Figure
S3A−D) or 640 nm (Figure S3E−H). Interestingly, the
response of some nanotubes, such as the (8,7), (9,4), and
(10,2) chiralities appeared to reach a maximum shift by 5 min
(Figure S3D), whereas others, such as the (10,3) chirality,
appeared to undergo shifts from the 5 min time point to the 30
min time point (Figure S3H). The temporal changes for all
nanotube chiralities at 100 nM followed a similar pattern
compared to the maximum GST concentration of 1 μM
(Figure S4). While all chiralities plateaued at 100 nM GST
concentrations (Figure S3), detection limits were between 1
and 100 nM (Figure S5). Interestingly, the (8,7) chirality
exhibited a hypsochromic instead of bathochromic shift
(Figures S3A−D and S4A), warranting further investigations
of the SWCNT chirality-dependence of the responses.
We further investigated the SWCNT chirality- and diameter-

dependence of the sensor responses to GST. We first observed
a correspondence in the solvatochromic response as a function
of nanotube diameter of different mod. Semiconducting
SWCNT chiral mods are defined by their (n,m) chiral index
vector, when mod(n − m, 3) = 1 or 2 for mod1 and mod2,
respectively.49,50 We discovered a strong negative correlation
(r = −0.926) of the wavelength shifting response and SWCNT
diameter for mod2 nanotube chiralities and a positive
correlation (r = 0.86) for mod1 nanotube chiralities. We
further investigated the intensity response of the sensor
(Figure 2H). We found a strong positive correlation (r =
0.952) for mod1 nanotubes and a negative correlation for mod2
nanotubes (r = −0.703) with nanotube diameter. It is
established that the differences in nanotube chiral geometry
contribute to mod-dependent photoluminescence re-
sponses.50−52 We therefore conclude that the intrinsic
response of each nanotube to GST is largely defined by the
chirality of SWCNT species.
To account for potential artifacts in measurements of sensor

intensity, such as variabilities in GSH-DNA-SWCNT concen-
tration or stability, we investigated whether ratiometric
intensity changes of two chiralities could improve the
robustness of the response. We found that the ratiometric
response of the (8,6) chirality to the (9,1) chirality was

monotonic, appearing to nearly plateau at 100 nM GST,
similar to the wavelength responses (Figure 3A). This metric

exhibited a 10 nM minimum sensitivity (Figure 3A inset). The
kinetics of this response were slower than the solvatochromic
response, suggesting a different mechanism of sensing (Figure
3B). Investigating other chiralities, we found that the (7,6)
species also exhibited an increasing intensity response relative
to the (9,1) species upon GST addition and illumination at
640 nm (Figure S6A). We found similar characteristics to the
(8,6)/(9,1) response, with slightly greater variation at certain
concentrations (Figure S6B) and dampened maximum
responses at all time points (Figure S7). The (7,6)/(9,1)
metric exhibited a higher limit of detection of 50 nM GST
compared to the (8,6)/(9,1) (Figure S8).

Figure 3. Sensor response evaluation. (A) Ratiometric intensity
change, defined as a change in (8,6) intensity divided by change in
(9,1) intensity, as a function of GST concentration. Inset (right):
Magnified low-concentration regime of (8,6)/(9,1) ratiometric
intensity response to GST to illuminate the lower range of sensitivity.
(B) Temporal response of (8,6)/(9,1) ratiometric intensity change in
response to maximum (1000 nM) or plateau (100 nM) concen-
trations of GST. All points in panels A,B represent mean (n = 3
separate samples) ± SD (C) Three-dimensional representation of the
solvatochromic (seven chiralities) or ratiometric intensity responses
(two sets of chiralities) viewed from smallest to largest maximum
response. Response units are defined as wavelength change or
intensity ratio. Each point represents the mean of three separate
samples. (D) Limit of detection (in nM) of each sensor output
response with darker squares corresponding to lower LOD and lighter
squares corresponding to higher LOD. LOD is determined for the
mean response of three separate samples. (E) Dissociation constant
(in nM) of each sensor output response with darker squares
corresponding to lower Kd and light squares corresponding to higher
Kd. Kd is determined for the mean response of three separate samples.
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Given the possibility of sensing GST through either
solvatochromic shifts or ratiometric intensity changes, we
next compared the overall robustness of each of the sensor
responses we investigated. The largest magnitude of response
appeared to be the (8,6)/(9,1) ratio, followed closely by the
bathochromic shift of the (8,6) chirality alone (Figure 3C).
The limits of detection of the various sensor responses ranged
from 1 to 100 nM GST with both the (9,4) and (8,6)

bathochromic shifts at the 1 nM level (Figure 3D). The (8,6)/
(9,1) ratiometric intensity change, however, was among the
next most sensitive.
For a more straightforward comparison of sensor respon-

sivity to GST, we obtained the dissociation constant of the
GST-glutathione interaction as measured by each type of
sensor output. To do so, we fit each set of responsivity values
to a standard model of noncooperative saturation single-site

Figure 4. Sensor selectivity and response to GST-tagged proteins. (A) Wavelength response of the (8,6) chirality as a function of GST or BSA
concentration. (B) Ratiometric intensity response of the (8,6)/(9,1) chiralities as a function of GST or BSA concentration. (C) Direct comparison
of sensor response to GST or BSA at the plateau concentration (100 nM) for the (8,6) wavelength response (left; *** = p = 7.5 × 10−4) or (8,6)/
(9,1) intensity response (right; ** = p = 4.7 × 10−3); two-sided t test. (D) Sensor selectivity for each solvatochromic (7) nanotube response and
each ratiometric intensity response (2) at each concentration of protein added. Response units are defined as the mean (n = 3 separate samples)
GST change minus mean BSA change in each type of measurement. (E) Ratiometric intensity change of the (8,6)/(9,1) chiralities for four GST-
tagged proteins: Lin28a, p53, MSI2 (note, only extends to 100 nM), and HE4. Inset (right): magnification of the same data displayed to 100 nM.
(F) Bathochromic response of the (8,6) chirality to the same four proteins. Inset (right): magnification of the same data displayed to 100 nM. (G)
Comparative (8,6)/(9,1) ratiometric intensity change at 100 nM protein for the same four proteins as (E) with GST and BSA responses from
above. Two-sided one-way ANOVA with Tukey posthoc analysis; GST:Lin28a-GST NS = p = 0.999; GST:p53GST NS = p = 0.758;
GST:MSI2GST NS = p = 1.00; GST:HE4GST NS = p = 0.936; BSA:Lin28a-GST ** = p = 3.29E−3; BSA:p53GST NS = p = 0.758; BSA:MSI2GST
* = p = 0.0105; BSA:HE4GST * = p = 0.0346. (H) Comparative (8,6) bathochromic change at 100 nM protein for the same proteins as (E) with
GST and BSA responses from above. Two-sided one-way ANOVA with Tukey posthoc analysis; GST:Lin28a-GST NS = p = 0.991; GST:p53GST
NS = p = 0.581; GST:MSI2GST NS = p = 0.790; GST:HE4GST * = p = 0.0293; BSA:Lin28a-GST *** = p = 5.77E−4; BSA:p53GST * = p =
0.0254; BSA:MSI2GST * = p = 0.0147; BSA:HE4GST NS = p = 0.525. All points in A−H represent mean (n = 3 separate samples) ± SD; NS =
not significant.
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specific binding kinetics with the eq (Figure S9 Nonlinear
Curve Fit):30 Y = Bmax * X/(Kd + X), where Bmax is the
maximum specific response unit and Kd is the equilibrium
binding constant in nM GST. Goodness of fit was determined
by R2 values (Figure S9J) with all nonlinear fit GST values
greater than 0.947. For comparison, these data were also fit to
linear equations, though in all cases the goodness of fit was less
than the single-site saturation curve (Figure S9J), strongly
suggesting site-specific binding between the GST and
glutathione molecules instead of nonspecific adsorption. The
lowest dissociation constant measurable was 70.03 ± 23.72
nM, as recorded by the bathochromic shift of the (8,7)
chirality (Figure 4E). The (8,6) bathochromic response
exhibited the next lowest Kd, however, interestingly, the
ratiometric intensity responses exhibited high dissociation
constants of 315−479 nM GST. We therefore conclude that
SWCNT wavelength changes have lower limits of detection
and sharper dynamic ranges, while intensity changes may be
useful over a wider range of protein concentrations.
We sought to investigate the selectivity of the sensor. We

interrogated the sensor with a very high concentration of
powdered milk (Blotto), often used as a protein blocking agent
in protein staining. We added 333 μg/mL powdered milk to
simulate the protein-rich environment possible in certain
applications, compared to the maximum of 26 μg/mL (1 μM)
of GST tested above. We found that the (8,6) nanotube
exhibited a 2 nm hypsochromic shift in response to the milk,
compared to the maximal 2.7 bathochromic shift with GST, a
difference of 4.7 nm (Figure S10). The powdered milk effected
a change in the ratiometric intensity of (8,6)/(9,1) chiralities
of just 0.47, which is 12% of the maximal GST response
(Figure S10).
To more thoroughly evaluate the selectivity of the sensor, we

performed experiments similar to those described above for
GST interrogation, adding globular protein bovine serum
albumin (BSA) as a model of potential interferent proteins in
bioreactor systems. In the same context as with GST, we found
there was indeed some bathochromic wavelength shifting in
response to BSA when observing the (8,6) chirality (Figure
4A). Above 50 nM concentrations, this response was between
2−5-fold less for BSA compared to GST. Below 50 nM
concentrations, the response to GST was up to 100-fold
greater than BSA. The ratiometric sensing mechanism
exhibited between a 5−50-fold greater response to GST than
BSA (Figure 4B). The differences in each sensor response at
the plateau value of 100 nM were functionally and statistically
significant ((8,6) bathochromic p = 7.5 × 10−4; (8,6)/(9,1)
intensity p = 4.7 × 10−3) (Figure 4C). This trend held true
when evaluating all solvatochromic and ratiometric intensity
responses (Figure S11A−C). The responses to BSA at
maximum concentration were higher in solvatochromic
responses than in ratiometric intensity responses (Figure
S11D−J) and were consistent whether measured at the 5, 30,
or 60 min time point (Figure S12). Upon global evaluation of
all sensor response selectivity values, it is clear that in the GST
plateau region (100−1000 nM), ratiometric intensity outputs
were much more selective for GST than BSA, whereas within
the dynamic range of the sensor most outputs were
comparable (Figure 4d; Figure S13). It should be noted,
however, that the bathochromic (8,6) response and the
ratiometric (8,6)/(9,1) intensity response were the most
selective for GST over BSA. We therefore concluded that these

two responses would have the greatest potential in more
complex sensing environments.
To further investigate the specific response of each sensor

output, we tested whether the response to BSA was a
nonspecific interaction. We hypothesized this to be the case,
as prior work has found that hydrophobic regions of BSA
adsorb to hydrophobic surfaces such as the carbon nanotube
sidewall.30,53−55 To test this, we investigated whether the
response to BSA was diffusion-controlled. On measuring
sensor response to a BSA titration, we found that the data was
successfully fit by a linear trendline with all R2 > 0.897 (Figure
S14). The trends were strongly suggestive of a nonspecific,
diffusion-controlled adsorptive linear response.56,57 These data
lead us to conclude that BSA binding is nonspecific adsorption
onto the nanotube, unlike the site-specific kinetics exhibited
upon interrogation with GST.
We investigated the functionality of this sensor in the

context of GST-tagged proteins. We measured the response of
sensor to four different GST fusion proteins: human
epididymis protein 4 (HE4), an FDA-approved serum-based
biomarker for ovarian cancer;58 Lin28 homologue a (Lin28a),
a RNA-binding intracellular translation suppressor;59 p53, a
critical tumor suppressor and DNA damage repair protein;60

and Musashi RNA binding protein 2 (MSI2), an RNA-binding
protein involved in tumorigenesis.61 Each protein was
produced by bacteria and purified and chosen due to their
important functional biological role potentially of interest for
in vitro or in vivo quantification or tracking. The protein
fusions further served as models for sensor function
investigations, as they range widely in structure, function,
molecular weight, from 23 kDa (Lin28a) − 53 kDa (p53), and
isoelectric point, from 4.5 (MSI2) − 8.4 (Lin28A). We found
that the sensor exhibited similar wavelength shifting response
patterns to all four GST-tagged proteins (Figure 4E), although
there were differences in dynamic range. The ratiometric
intensity response of the sensors behaved similarly (Figure
4F). We then compared these sensor outputs to their
responses to either GST or BSA at the concentration plateau
value of 100 nM. On investigating the solvatochromic output,
we found that the values ranged between 78% and 108% of the
response to GST for Lin28a-GST, p53-GST, and MSI2-GST
(Figure 4G). The response to HE4-GST was the only response
significantly different than GST alone, and it was not
significantly different than BSA alone. We found that the
ratiometric intensity output was between 81% and 105% of the
response to GST for Lin28a-GST, MSI2-GST, and HE4-GST.
These values were not statistically different from the response
to GST alone (Figure 4H). All response values, except the p53-
GST, were statistically different from the response to BSA
alone.
From these experiments with various GST-tagged fusion

proteins, we conclude that the sensor is responsive to diverse
GST fusions. However, we do note that each sensor output
exhibited some differences in response to individual proteins.
While the sensor exhibited an appropriate response to each
GST-tagged protein, they were not identical to GST protein
alone. We therefore conclude that the intrinsic properties of
each protein have some effect on the sensor response. Those
controlling intrinsic properties do not appear to include
molecular weight or isoelectric point of each protein, as there is
no clear trend, however it may be affected by protein
hydrophobicity, tertiary structure, or a combination of several
factors. Thus, while we believe this is a widely generalizable
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sensor to most GST-tagged fusion proteins, it may be
necessary, though facile, to establish a standard curve for
each different GST-tagged fusion protein prior to application
and to determine which response (intensity/wavelength) is the
most appropriate benchmark.

■ CONCLUSIONS
Here, we demonstrated the first broad application of a fusion-
tagged protein sensor and the first label-free sensor for GST-
tagged proteins. The sensor designed in this work was
thoroughly evaluated for high sensitivity and specificity, while
we performed experiments to understand the mechanisms of
both specific and nonspecific sensor responses. The sensor
emission exhibited robust and reproducible solvatochromic
and intensity responses, resulting in approximately 40-fold
greater sensitivity than previously described methods to detect
GST.17 Industrial protein expression systems typically produce
maximally 0.18−1.9 μM GST concentrations (10−50 mg/L)
in solution,14 which are well above the detection limit of the
sensor and overlap with the greater part of its dynamic range.
We found interesting patterns between the sensor response
and SWCNT species, in which we found mod(n − m, 3)-
dependent changes that suggest a strong dependence on
nanotube chirality. Additionally, this work demonstrates the
first sensor based on SWCNTs involving protein molecular
recognition using a small molecule recognition element. This
method potentially introduces a large change in the local
environment of the nanotube by decreasing the distance from
the SWCNT surface to a large (protein) analyte. A small
molecule recognition element, such as glutathione, presents
advantages for improved nanosensor devices. A similar strategy
may be applied to detect other fusion proteins such as
polyhistidine (his-tag)4 or FLAG-tag,5 among others. This
method is applicable as a research tool that could include facile
labeling of tagged proteins for live cell or in vivo imaging.
Primarily, however, we envision this class of sensor as allowing
for rapid and transient/real-time quantification of proteins
secreted from cells in industrial bioreactor processes.
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