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Fig. S1. Adsorption isotherms for (a) HbAO and (b) HbAlc aptasensors toward pure HbAO and
HbAlc solutions, respectively. The data is from Figs. 2b and 2c, respectively, and is nonlinearly
fitted using the Langmuir adsorption model. All data is presented as the average value for three
chips of a single type with one standard deviation. The monomeric dissociation constants (Ka)
for isotherms (a) and (b) are calculated to be 79 £ 36 nM and 84 + 43 nM, respectively, using

monomeric molecular weights of HbAO and HbA1c of 15.9 and 18 kDa, respectively.
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Fig. S2 Immunofluorescence analysis for a HbAO-coated HbAO aptasensor. The HbAO
aptasensor was drop-coated with 100 pug/mL HbAO, immunolabeled with primary rabbit anti-
human Hb antibodies and stained with secondary anti-Rabbit IgG antibodies that were
conjugated with Alexa Fluor® 488. The stained HbAO molecules were visualized using an
Olympus IX73 inverted fluorescence microscope. No green spot is present for the aptasensor that

is coated with the blank binding buffer.
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Fig. S3. De-convoluted Raman spectra for ITO electrodes that are fabricated with (a) b-PM, (b)

HbAO aptamers, (c) HbAlc aptamers, (d) HbAO and (e) HbAlc at the top. A PeakFit

deconvolution program was used to identify the bands in each spectrum.
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Table S1. Raman-band (cm™!) assignment for ITO electrodes that are fabricated with different

top layers”

b-PM HbAO aptamer HbAlc aptamer  HbAO HbAlc Band assignment References
221 213 212 221 222 ITO -
332 327 328 335 335 ITO -
440 458 461 447 450 ITO -
550 560 556 559 562 ITO -
650 652 652 652 658 C-S stretches/Tyr [S1,52]
784 759 773 777 Trp [S1-S3]
818 HbAlc [S4]
940 917 954 ITO -
973 960 Hb/HbAlc [S5]
1089 1092 1092 1096 1093 ITO -
1259 1253  Hb/HbAlc [S5]
1280 C-C (C=C) stretching, C-C-H  [S6,S7]
in-plane bends, retinal
1326 1338 DNA bases [S8,59]
1397 1392 Hb/HbAlc [S4]
1528 1542 1542 C=C stretching, heme/retinal [S7]
1604 1599 DNA bases [S8,59]
1676 ~ 1678  Hb/HbAlc [S4]

“ Data is from the de-convoluted Raman spectra in Fig. S3.
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Fig. S4. Cross reactivity between HbA0O and HbA 1c aptasensors. Decrease in photocurrent for (a)
HbAO and (b) HbAIc aptasensors on the detection of 0.1-100 pg/mL pure (black) HbAO and (red)
HbAlc solutions, respectively. All data is presented as the average value for three chips of a
single type with one standard deviation (RSD < 5%). The average decrease in the photocurrent
for the HbAO aptasensor after incubation with different concentrations of HbAlc is 2.66 + 0.77%

and that for the HbAlc aptasensor with different concentrations of HbAO is 1.23 + 0.48%.
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Table S2. Decrease in photocurrent for HbAO and HbA 1¢ aptasensors after incubation with

various substances at the specified concentrations®

Substance Concentration Photocurrent reduction (%)
HbAO aptasensor HbA Ic aptasensor

acetaminophen 80 ug/mL 1.95+1.33 293 +1.35
acetylsalicylic acid 10 pg/mL 3.90 +3.77 1.62 +1.87
ascorbic acid 50 ng/mL 3.04 £2.81 2.49+1.07
bilirubin 0.2 mg/mL 434 +323 0.75+1.63
glyburide 0.24 pg/mL 2.60 + 1.86 2.06 +4.55
HbAO 5 mg/mL - 2.27+1.63
HbAlc 0.5 mg/mL 2.61 £5.45 -
ibuprofen 0.12 mg/mL 2.82+£2.21 0.09 +£3.86
metformin 25 pg/mL 4.12+3.54 2.69+2.93
triglyceride 30 mg/mL 3.90 £4.77 2.28+£5.89

“ Data is presented as the average value for three chips of a single type with one standard

deviation.
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25 nm

Fig. S5. AFM topographic images of the b-PM layer on mica after storage in 10 mM PB

containing 100 mM NaCl at pH 8.0 and 4 °C for (a) 14 and (b) 28 days; scan size: 2 um
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Fig. S6. Relative total photocurrent density for the (a) b-PM chip, (b) HbAO aptasensor and (c)
HbA 1c aptasensor after storage in 10 mM PB containing 100 mM NaCl at pH 8.0 and 4 °C for 0-
28 days. The values for the total photocurrent density generated by fresh chips of each type are
taken as 100%. All data is presented as the average value for three chips of a single type with one

standard deviation (RSD < 5%). The average relative total photocurrent density for the HbAO

and HbA 1c aptasensors on the 28th day are 99.2 + 4.5% and 100.3 + 4.2%, respectively.
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Table S3. Comparison of various aptamer-based HbA1c assay methods.

Assay

BR-based aptasensor?

Electrochemical sensor

Integrated microfluidic
system based on
aptamer-antibody
sandwich assay via
magnetic beads

Microfluidic
amperometric dual-
sensor

On-chip aptamer-based
sandwich assay

Detection method

Photoelectric

Electrochemical

chemiluminescent

Electrochemical

Fluorescent

(electrode: aptamer/ (electrode: (electrodes: TBO/pTBA
b-PM/GO-OA/APPA aptamer/AuNPs/SPCE?) @MWCNT/SPCE and
1TO% aptamer/TBO/pTBA
@MWCNT/SPCE?)
Direct assay yes yes no yes no
Label-free assay yes yes no yes no
Detection limit HbAO: 0.1 pg/mL Total Hb: 0.34 ng/mL Total Hb: 8.8 g/dL Total Hb: 82 nM n.a.
HbAlc: < 0.1 pg/mL HbAlc: 0.20 ng/mL HbAlc: 0.65 g/dL (~5.2 pg/mL)
HbAlc: 3.7 nM

(~0.27 pg/mL)

Dynamic range

Both HbAO and HbAlc:

0.1-100 pg/mL

Both total Hb and
HbAlc: 0.1-100 ng/mL

Total Hb: 3.7-14.9 g/dL
HbAlc: 0.46-1.85 g/dL

Total Hb: 0.1-10 pM
HbAlc: 0.006-0.74 uM

Total Hb:10.8-14.8 g/dL
HbAlc: 0.7-2.1 g/dL

Assay/binding time | 15-min binding 30-min binding 25-min assay 4-min binding 30-min assay
Blood HbAlc level | 4.4-15.7% 6.67-10.47% 4.8-13.2% 5.3-11.8% 4.3-14.0%
Blood amount <1 uL blood,; 1 pL blood; 1 pL blood; 1 pL blood; 1 pL blood;

5x10%-fold dilution for
HbAO and 103-fold
dilution for HbA1c;

5 uL dilute solution for
each sensor

108 to 10*-fold dilution
for total Hb and 102 to
105-fold dilution for
HbAlc;

2 ulL dilute solution for
each sensor

49 pL of magnetic bead
to mix with the blood

400-fold dilution

49 pL of magnetic bead
to mix with the blood

Inaccuracy Average 5.76% (n=19) n.a. Average 4.8% (n=4) t value = 0.16 < 7% for HbAlc less
(95% confidence level, than 10 and < 13% for
n=20) HbA1c higher than 10
Interference < 4.4% with 9 common | low with BSA? n.a.° Low with n.a.
interferents (Table S2) acetaminophen, ascorbic
acid, dopamine, uric
acid, glucose
Stability > 95% activity after 28 | Few weeks n.a. > 95% activity after 50 | n.a.
days days
Reference This work [S 10] [S 1 1] [S 12] [S 13]
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& APPA: aminopropylphosphonic acid; AuNPs: gold nanoparticles; b-PM: biotinylated purple membrane; BR: bacteriorhodopsin;
BSA: bovine serum albumin; GO-OA: graphene oxide-oxidized avidin complex; p TBA@MWCNT: poly(2,2":5",5"-terthiophene-3"-
p-benzoic acid) and a multi-wall carbon nanotube (MWCNT) composite layer; ITO: indium tin oxide; SPCE: screen printed carbon
electrode; TBO: toluidine blue O.

b Not available.
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