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Synthesis of Cy5.5-mannose and PEG-ConA

The Cy5.5 labeled mannose molecules were synthesized using a linker molecule and
a three-step procedure. Firstly, the mannose molecules were individually added to the
lowest volume of DMSO:Acetic Acid (7:3 v/v) required for dissolution of 1 molar equiva-
lent mannose, 10 molar equivalents of the linker, 1-(N-Boc-aminomethyl)-4-(aminome-
thyl)benzene, and 10 molar equivalents of NaBH3CN. After 5 days reacting in an oil bath
set at 36°C, the samples were dried via lyophilization, high-performance liquid chroma-
tography (HPLC) purified, and the binding of the mannose molecules to the linker was
confirmed by positive electrospray ionization mass spectrometry (+ESI MS). Next, the
BOC protective group on the linker molecule was removed by dissolving the dried sam-
ples in TFA, TIPS, and water (95%, 2.5%, 2.5% by volume) and shaken vigorously for 2 h.
The product was precipitated by cold diethyl ether and centrifuged, collected, and dried
before confirming via (+)ESI. Lastly, with the BOC protective group now removed, a pri-
mary amine was available for binding to Cy5.5 NHS ester. The reaction occurred in DMF
for 24 h and consisted of 1 molar equivalent of mannose-linker, 2 molar equivalents of
Cy5.5 NHS ester, and 4 molar equivalents of DIPEA. It was HPLC purified and the prod-
uct was confirmed via (+)ESI. The final concentration of each Cy5.5-mannose conjugate
was determined by measuring the peak absorbance at approximately 680 nm with a Cary
300 UV-Visible spectrophotometer from Agilent Technologies (California, US) and using
the extinction coefficient of 198,000 M-1 cm-1.

PEGylation of ConA was conducted through utilization of the primary amines on
ConA. Upon complete dissolution of ConA in 0.1 M pH of 8.5 sodium bicarbonate buffer
(10 mg mL-1), MaM was added to protect the binding sites and mixed slowly for 20 min.
The mPEG-SPA was added at 32 molar equivalents per 1 molar equivalent of ConA and
mixed slowly for 4 h on a rocking platform shaker and then removed and allowed to con-
tinue reacting for at least 24 more hours at room temperature. The sample was washed 7
times with Amicon Ultra-2 Centrifugal Filters (30 kDa MWCO, 2 mL) with TBS (pH 7.6,
50 mM Tris-HCl and 150 mM NaCl) at 3,000 x g for 20 min at 4°C using an Eppendorf
Centrifuge 5810R. PEGylation was confirmed via matrix-assisted laser desorption ioniza-
tion time-of-flight mass spectrometry (MALDI-TOF MS) and potential aggregation was
monitored via dynamic light scattering (DLS). The final concentration of PEG-ConA was
determined by measuring the peak absorbance at 280 nm with a Cary 300 UV-Vis spec-
trophotometer and using the extinction coefficient of 118,560 M-1 cm-1 [1].

Binding Studies of PEG-ConA and Cy5.5-mannose

The 11 serial dilutions of PEG-ConA were made using TBS beginning with 24 uM of
PEG-ConA with a final volume of 1 mL. Within minutes prior to each run, 250 uL of Cy5.5-
mannotetraose (120 nM) was injected into 6 wells with 50 uL of PEG-ConA added to 3
alternating wells and 50 uL of TBS added to the remaining wells to serve as the control.
This would yield a final concentration of 100 nM Cy5.5-mannotetraose for each well. Each
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well was then mixed thoroughly before beginning the fluorescence emission scan and the
process was repeated for each PEG-ConA concentration and again with Cy5.5-mannotri-
ose and Cy5.5-mannobiose.

Characterization of the Effect of Solvents on the Cy5.5-mannose

For comparing the fluorescence intensity of Cy5.5-mannotetraose in varying envi-
ronments, 297 uL of the buffer or solvent mixtures were added to 3 alternating wells and
297 pL of DI water were added to the remaining wells. Then, 3 pL of 10 uM Cy5.5-man-
notetraose was added to each well, yielding a final volume of 300 pL with a final concen-
tration of 100 nM Cy5.5-mannotetraose. The plate reader was then used to conduct a flu-
orescence intensity scan (Aex: 655 nm and Aem: 698 - 714 nm). The peak emission intensi-
ties were then determined and the percent change in the fluorescence intensity was calcu-
lated by comparing the initial condition of Cy5.5-mannotetraose in DI water to that of the
final condition, varying percentages of the buffer or solvent.

Optimization of Glucose Sensing

For determining the best ratio of Cy5.5-mannose to PEG-ConA, in alternating wells,
10 uL of TBS or glucose was added to have a final concentration of glucose equal to 800
mg/dL and minimal dilution of the assay. Each well was then thoroughly mixed before
the fluorescence emission scan was conducted. This experiment was repeated using iden-
tical methods with 0.5 uM and 1 uM Cy5.5-mannotetraose to identify the best concentra-
tion of Cy5.5-mannose needed in the assay.

For measuring the glucose response among the physiological glucose range, solu-
tions of 100 nM Cy5.5 mannotetraose and 0, 25, 100, 200, 300, and 500 nM PEG-ConA were
made at a 35 mL volume and for each glucose concentration measurement, 300 uL of the
assay was added to 6 wells and in alternating wells, either 10 pL of TBS or 10 pL of the
glucose solutions were added. After mixing thoroughly, a fluorescence intensity emission
scan was taken with the previously described settings and the percent change in the fluo-
rescence intensity was calculated. This method was then repeated for 100 nM Cy5.5-man-
notriose with 25, 300, and 500 nM PEG-ConA, 0.5 uM Cy5.5-mannotetraose with 0.5 uM
PEG-ConA, and 1 uM Cy5.5-mannotetraose with 1 uM PEG-ConA using the same glucose
stock solutions. To better analyze its glucose response, the glucose concentrations were
verified via a YSI 2900 Biochemistry Analyzer. A linear fit was found for the plot and used
to predict the glucose concentrations.

Absorbance and Emission of Cy5.5-mannotetraose in water versus TBS

Table S1. Comparison of absorbance and emission maxima for Cy5.5-mannotetraose in water and
TBS.

Solvent Aabs (Nm) Aem (NmM)
Water 677 699
TBS 677 699
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Statistical analysis of glucose response of 100:100 nM Cy5.5-mannotetraose:PEG-
ConA assay

Table S2. Confidence interval values (a = 0.1) for the actual versus predicted glucose concentration
of the glucose response of the 100 nM Cy5.5-mannotetraose and 100 nM PEG-ConA assay composi-
tion shown in Figure 5b.

Predicted [Glucose] (mg/dL)

Actual [Glucose] (mg/dL) Mean 90% CI
[Lower limit, Upper limit]
25 9.2 [-17.7,36.1]
50 30.7 [22.9, 38.4]
100 127.9 [105.4, 150.4]

150 156.2 [138.0, 174.4]
200 198.2 [177.7,218.8]
250 258.7 [232.4, 285.1]
300 313.9 [291.9, 335.8]
350 358.8 [332.2, 385.3]

The effect of the concentration of Cy5.5-mannotetraose

To determine the effect of an increasing concentration of Cy5.5-mannotetraose for the
assay, the glucose responses of the assay using different concentrations of Cy5.5-man-
notetraose (0.5 uM and 1uM) were tested using the plate reader. The results are shown in
Figure S1. The greatest response was determined for 500 nM and 1 uM of Cy5.5 man-
notetraose with varying concentrations of PEG-ConA in the presence of glucose at 800
mg/dL (Figure Sla). It was concluded that the two best combinations of Cy5.5-man-
notetraose:PEG-ConA were 0.5:0.5 pM and 1:1 pM. These combinations were then tested
with the physiological glucose range of 25-400 mg/dL (Figure S1b).
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Figure S1. Determination of the most sensitive ratio of 0.5 uM and 1 uM Cy5.5-mannotetraose and
PEG-ConA in response to 800 mg/dL glucose (a). The best ratios were then chosen and tested across
the physiological glucose range (b).

Statistical analysis of Cy5.5-mannotetraose concentration required for detectable sig-
nal through thinner and thicker rat skin samples
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Table S3. Confidence interval values (a = 0.1) for the percent change in fluorescence intensity at
peak emission when varying concentrations of Cy5.5-mannotetraose were placed beneath the light-
est rat skin tissue of thicknesses ~0.9 and ~1.8 mm.

Percent Change in Fluorescence Intensity at Peak
Emission (%)
0.9 mm Skin Thickness 1.8 mm Skin Thickness

90% CI 90% CI
[Cy5.5-mannotetraose] (M) Mean [Lower limit, Mean [Lower limit,
Upper limit] Upper limit]
10 0.7 [-6.7, 8.0] -- --
20 36.7 [23.9, 49.5] 18.8 [-13.4, 50.9]
40 58.6 [53.0, 64.1] 55.7 [38.4, 72.9]
60 65.4 [48.3, 82.4] 814 [57.7,105.2]
80 -- -- 79.0 [65.7,92.3]

Assay evaluation at higher concentrations using the optical benchtop system

The concentration of Cy5.5-mannotetraose was increased to 20 uM and 40 uM and
was combined with PEG-ConA with concentrations ranging from 5 to 60 M. The percent
change in fluorescence emission of these combinations in the presence of 800 mg/dL glu-
cose was calculated (Figure S2). The assay was excited using the laser diode, and the emis-
sion was detected using the spectrometer. For 20 uM and 40 pM, the PEG-ConA concen-
trations that led to the greatest glucose sensitivity were 15 uM and 30 uM, respectively.
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Figure S2. Determination of most sensitive response to 800 mg/dL glucose for concentration ratio
of Cy5.5-mannotetraose and PEG-ConA. Concentrations of Cy5.5- mannotetraose were chosen at 20
and 40 uM and tested with varying concentrations of PEG-ConA.

Statistical analysis of glucose response at higher assay ratio concentrations within a
physiological glucose concentration range
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Table S4. Confidence interval values (a = 0.1) for the percent change in fluorescence intensity at
peak emission for higher assay ratio concentrations of Cy5.5-mannotetraose and PEG-ConA when
tested at glucose concentration ranges within the physiological range.

Percent Change in Fluorescence Intensity at Peak
Emission (%)

20:15 uM 40:30 uM
Cy5.5-mannotetraose:PEG-  Cy5.5-mannotetraose:PEG-
ConA assay ConA assay
[Glucosel (mg/dL) 90% CI 90% CI
Mean [Lower limit, Mean [Lower limit,
Upper limit] Upper limit]
50 -9.2 [-9.4, -8.9] -9.6 [-10.7, -8.4]
100 -19.6 [-22.6, -16.6] -21.4 [-24.2, -18.6]
150 -25.3 [-26.6, -24.1] -25.5 [-27.6, -23.4]
200 -32.0 [-33.9, -30.1] -31.9 [-37.6, -26.2]
250 -35.1 [-38.0, -32.1] -36.8 [-39.1, -34.5]
300 -37.7 [-41.5, -33.9] -41.4 [-41.8, -41.0]
350 -40.4 [-42.1, -38.7] -43.1 [-43.3, -42.9]
400 -44.2 [-47.0, -41.4] -47.9 [-49.6, -46.3]

Statistical analysis of glucose response of assay beneath thinner rat skin

Table S5. Confidence interval values (a = 0.1) for the percent change in fluorescence intensity at
peak emission of the 20:15 uM Cy5.5-mannotetraose:PEG-ConA assay in response to glucose within
the physiological range.

Percent Change in Fluorescence Intensity at Peak
Emission (%)
Glucose Response of 20:15 uM assay (Cy5.5-mannotetraose:PEG-ConA)

[Glucose] beneath thinner rat skin (~0.9 mm)
(mg/dL) Mean . 9(?% CI o
[Lower limit, Upper limit]
25 -10.3 [-12.6, -8.1]
50 -27.9 [-29.8, -26.0]
100 -33.2 [-37.8, -28.7]
150 -45.3 [-46.1, -44.4]

Fluorescence emission spectra of the assay with glucose beneath rat skin

The assay containing 20 uM Cy5.5-mannotetraose, 15 pM PEG-ConA, and varying
concentrations of glucose were pipetted into plastic tubing and placed under the thinner
rat skin (~0.9 mm). Using the laser diode, the emission spectra was obtained for each con-
centration of glucose using the benchtop system (Figure S3).
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Figure S3. Fluorescence emission spectra of the 20:15 uM Cy5.5-mannotetraose:PEG-ConA assay
demonstrating the response to glucose beneath thinner rat skin.

Fluorescence emission spectra under skin with different pigmentations

The assay containing 40 uM Cy5.5-mannotetraose and 30 pM PEG-ConA was placed
into plastic tubing under thicker rat skin with varying pigmentations to examine the im-
pact of skin pigmentations on the emission intensity (Figure S4). There was almost no
difference between the lightest skin tone and the medium skin tone; however, there was
a decrease in the fluorescence intensity when placed under the darkest skin tone, most
likely due to greater absorption.
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Figure S4. Fluorescence emission spectra comparing the 40:30 uM Cy5.5-man-
notetraose:PEG-ConA assay to a TBS control when placed beneath skin samples of three
different pigmentations (lightest, medium, and darkest) with a thickness of ~2.1 mm.

Statistical analysis of comparison of assay emission intensity under skin with differ-
ent pigmentations

Table S6. Confidence interval values (a0 = 0.1) for the percent change in fluorescence intensity at
peak emission of the 40:30 uM Cy5.5-mannotetraose:PEG-ConA assay without glucose present
when placed beneath thicker skin samples of different pigmentations.

Percent Change in Fluorescence Intensity at Peak
Emission (%)

Skin Pigmentation Mean 90% CI
[Lower limit, Upper limit]
Lightest 72.1 [61.0, 83.2]
Medium 72.1 [53.0, 91.3]

Darkest 69.6 [60.9, 78.3]
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Comparision of different glucose sensors

Table S7. Comparison of different glucose sensors aiming for minimally invasive subcutaneous
glucose detection.

Performance for
Accuracy different skin
pigmentation
Probe signal detection not
significantly different
2023 based on Cy5.5- 25 — 350 mg/dL MARD of when tested with skin
12.72% .
mannotetraose and samples of different
PEG-ConA pigmentations.
Polyacrylamide
hydrogel matrix
. 2-20mM
2] 2022 e_mbedded with (36 — 360
luminescent polymer mg/dL)
dots (Pdots) g

Detection

References Year Probe Design Range

Polarity-sensitive far-

This red fluorescent probe

work

Not

. Not available.
available.

Silica nanoparticles
with IRDye680 and a
boronic acid—viologen
[3] 2020 boronic acid embedded 50 — 600 mg/dL
in poly(2-hydroxyethyl
methacrylate) scaffolds

Not

. Not available.
available.

Enzyme-driven
phosphorescence
lifetime-based glucose-
sensing assay
embedded in a
thermoresponsive
membrane

Not

[4] 2022 available.

50 — 200 mg/dL Not available.

Surfaced enhanced
Raman scattering
(SERS) nanosensor
based on gold 2—20 mM
nanoparticles (36 — 360
functionalized with 4- mg/dL)
mercaptophenylboronic
acid (MPBA)

Not

[5] 2020 available.

Not available.

Fluorophores and
Eversense microfluorometer MARD of
E3 [6] 2022 encapsulated in a 40-400 mg/dL 8.50 No effect

porous membrane
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