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Instrumental details:

UV-vis and fluorescence spectra

Steady-state UV—Vis and fluorescence spectra were recorded with a Shimadzu UV-
2600 spectrophotometer and Horiba Fluorolog-3 spectrofluorometer, respectively. For
spectroscopic measurements, freshly prepared nanoGUMBOS solution (mostly 20 pg/mL) was
used. The vertical line with caps on the data points in any plot represents error bar.
Time-resolved photoluminescence

The time-resolved photoluminescence lifetime decays are measured by a time-
correlated single photon counting (TCSPC) picosecond spectrophotometer (LifeSpec II,
Edinburgh Instruments, U.K.) with the help of different excitation laser sources indicated
accordingly. The emissions were collected by using a Micro Channel Plate PMT detector
(Hammamatsu MCP PMT Air cooled, Model-3809U-50). For the determination of instrument

response function (IRF), we have used colloidal Ludox solution.
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FTIR and DLS.

Fourier transform infrared spectroscopic measurements were done with Perkin- Elmer
FTIR spectrophotometer, Model: Spectrum Two.
The size distribution of particles is measured by dynamic light scattering (DLS; Malvern Nano
ZS instrument) using a 4 mW He—Ne laser (A= 632.8 nm). The zeta potential ({) of
nanoparticles is also obtained by this instrument using a capillary C-cell.
CD measurement:

CD spectra were recorded on a Jasco-1500 automatic recording spectropolarimeter at
298 K at a scan speed of 50 nm/min by averaging three successive scans over a wavelength
range of 250-450 nm. A quartz cell was used having a path length of 1 cm and for baseline
correction Millipore water used.

Differential scanning calorimetry (DSC):

Differential scanning calorimetric (DSC) study was performed by Thermal Analysis
(DSC Q20) instrument using a Tzero aluminium pan with a scan rate of 10 °C min™! in the range

of -50 °C to 250 °C under a nitrogen atmosphere.

FESEM and TEM:

FE-SEM images were collected using a ZESSI instrument working at SKV. The film
samples were drop casted on a glass slide and gold coated for imaging. Transmission electron
microscopy (JEOL TEM-2010) is used for determining the morphology of the nanoparticles
with an operating voltage of 200 kV. The average particle size has been obtained by measuring
the size of more than 100 particles. Energy dispersive X-ray spectroscopy (EDX) measurement
is carried out for elemental analysis. For TEM study, a small aliquot of aqueous solution of

nPBIL and nPBTOP (20 pg/mL) has been drop casted on carbon coated copper grids.



Docking Studies

The available crystal structures of Heparin (PDB ID: 1hpn) in the protein data bank
were used for docking studies. To evaluate the possible binding modes, we use the Auto Dock
Vina and Auto Dock Tools, using the 3-D crystal structure of Heparin. AutoDock-1.5.7 uses
the Lamarckian genetic algorithm to find out the different conformations of small molecules in
the biomolecule. The most favourable docking conformation was chosen based on their lowest
binding energy. The docking of pyrene butyrate (PB) (ligand) was done on the structure of
heparin(receptor) (1:1). An additional PB molecule was docked onto the structure of PB-
Heparin upon selection of the energetically best-docked configuration from the system to
further obtain the best-docked configuration of PB/heparin (2:1) system. The docking was
performed with the center grid maintained at -8.1, -8.7, -1.8 concerning the heparin axis, 0.5 A
grid spacing, and X, y, and z coordinates of 40.8, 40.3, and 24.8, respectively. The docked

conformation was visualized by using BIOVIA Discovery Studio.

Preparation of solution:

Preparation of GUMBOS solution:

Initially, stock solution of GUMBOS was prepared by dissolving the sticky solid in
spectroscopic grade tetrahydro furan (THF). Then prepared 20 pg/mL nanoGUMBOS solution
in aqueous media using the stock solution of THF. Solutions of GUMBOS in aqueous medium

were equilibrated for 10 mins before each experiment.

Preparation of serum albumin solution:

The stock solution of human serum albumin was diluted to 20 % with phosphate buffer solution
(10 mM, pH 7.4) and then introduced into it a 20 pg/mL nanoGUMBOS solution. Then various

concentration of heparin stock solution was added to the diluted serum albumin solution, and
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then the total volume of the test solution was adjusted to 2 mL by using the diluted serum
solution. After incubation for 10 min at room temperature, the test solution was subjected to

fluorescence determination under 350 nm excitation.
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Scheme. S1 Synthetic route for the preparation of PBIL
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Figure. S1'H NMR spectrum (CDCls, 400 MHz) of PBIL

H NMR (400 MHz, CDCL): & (ppm) 8.33 (d, J = 9.2 Hz, 1H), 8.10 (t, J = 8.2 Hz, 2H), 8.06
— 8.02 (m, 2H), 7.97 — 7.92 (m, 3H), 7.85 (d, J = 7.8 Hz, 1H), 3.39 — 3.35 (m, 2H), 2.52 (¢, J
= 7.2 Hz, 2H), 2.38 — 2.35 (m, 8H), 2.21 — 2.24 (m, 2H), 1.57 — 1.39 (m, 16H), 1.28 — 1.22 (m,

32H), 0.88 — 0.86 (m, 12H).
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Figure. S2 1°C NMR spectrum (CDCls, 100 MHz) of PBIL.

13C NMR (100 MHz, CDCl3): 8 (ppm) 176.9, 136.7, 131.5, 131.0, 129.9, 128.8, 127.6, 127.4,

127.3,126.6, 125.8,125.1, 125.1, 124.9, 124.8, 124.7, 123.8, 35.3, 33.2, 32.0, 31.2, 30.9, 30.8,

n

30.6, 30.5, 29.8, 29.7,29.7, 29.6, 29.4, 29.4,29.1, 27.6, 22.8, 22.4,22.0, 19.5, 19.0, 14.2, 14.0.
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Figure. S3 *'P NMR spectrum (CDCl3, 202 MHz) of PBIL.

31p NMR (202 MHz, CDCls): § (ppm) 50.75.
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Scheme. S2 Synthetic route for the preparation of PBTBA
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Figure. S4 "H NMR spectrum (CDCl3, 500 MHz) of PBTBA

TH NMR (500 MHz, Chloroform-d) & 8.38 (d, J=9.2 Hz, 1H), 8.09 (dd, J= 7.4, 6.1 Hz, 2H),
8.03 (t,J=28.7 Hz, 2H), 7.96 (d, J= 2.5 Hz, 2H), 7.92 (d, /= 7.6 Hz, 1H), 7.88 (d, /= 7.8 Hz,
1H), 3.41 — 3.33 (m, 2H), 3.27 — 3.22 (m, 8H), 2.46 (t, /= 7.4 Hz, 2H), 2.18 (tt, J=10.1, 6.6

Hz, 2H), 1.57 (qd, J=8.1, 7.7, 4.7 Hz, 8H), 1.36 (q, J = 7.4 Hz, 8H), 0.93 (t, /= 7.4 Hz, 12H).
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Figure. S5 °C NMR spectrum (CDCls, 500 MHz) of PBTBA

13C NMR (126 MHz, CDCl3) & 178.46, 137.77, 131.56, 131.16, 129.71, 128.91, 127.69,
127.58, 127.05, 126.41, 125.73, 125.19, 125.14, 124.88, 124.65, 124.61, 124.20, 59.02, 37.73,

33.77, 28.84, 24.19, 19.86, 13.77.
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Scheme. S3 Synthetic route for the preparation of PBTBP
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Figure. S6 '"H NMR spectrum (CDCl3, 500 MHz) of PBTBP

IH NMR (500 MHz, Chloroform-d) 5 8.38 (d, J= 9.2 Hz, 1H), 8.09 (dd, J= 7.4, 6.1 Hz, 2H),
8.03 (t, J= 8.7 Hz, 2H), 7.96 (d, J = 2.5 Hz, 2H), 7.92 (d, J = 7.6 Hz, 1H), 7.88 (d, J= 7.8 Hz,
1H), 3.41 — 3.33 (m, 2H), 3.27 — 3.22 (m, 8H), 2.46 (t, J = 7.4 Hz, 2H), 2.18 (tt, J = 10.1, 6.6

Hz, 2H), 1.57 (qd, J=8.1, 7.7, 4.7 Hz, 8H), 1.36 (q, J = 7.4 Hz, 8H), 0.93 (t, /= 7.4 Hz, 12H).
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Figure. S7 *C NMR spectrum (CDCls, 500 MHz) of PBTBP

I3C NMR (126 MHz, CDCl3) & 178.57, 137.53, 131.42, 131.01, 129.60, 128.76, 127.55,

127.45, 126.94, 126.30, 125.62, 125.04, 125.00, 124.75, 124.54, 124.48, 124.02, 37.49, 33.57,

28.64,27.91,27.40,24.33,24.22,24.02, 23.99, 23.87,23.77, 23.74, 18.92, 18.54, 13.60, 13.42

11



COOH

COONa
CH3OH/RT
O‘ + NaOH (1 i

HSC(HZC)7\(F3H2>7CH3
oP—(CH,);CH;

CH,Cl,/Water o
272 (CH3)7CH3
(1:1)

o
COO

H3C(HzC)7 (CH2)7CH3
O —(CHCHs & oudoust

| (agueous Phase)
(CH2C|2 Phase) Q (CH2)7CH3

Scheme. S4 Synthetic route for the preparation of PBTOP
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Figure. S8 'H NMR spectrum (CDCls, 500 MHz) of PBTOP
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H NMR (500 MHz, Chloroform-d) & 8.38 (d, J= 9.2 Hz, 1H), 8.09 (dd, J=7.4, 6.1 Hz, 2H),
8.03 (t,J= 8.7 Hz, 2H), 7.96 (d, J= 2.5 Hz, 2H), 7.92 (d, J= 7.6 Hz, 1H), 7.88 (d, J= 7.8 Hz,
1H), 3.41 — 3.33 (m, 2H), 3.27 — 3.22 (m, 8H), 2.46 (t, J = 7.4 Hz, 2H), 2.18 (tt, J = 10.1, 6.6

Hz, 2H), 1.57 (qd, J=8.1, 7.7, 4.7 Hz, 8H), 1.36 (q, J= 7.4 Hz, 8H), 0.93 (t, /= 7.4 Hz, 12H).;
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Figure. S9 1°C NMR spectrum (CDCls, 500 MHz) of PBTOP

13C NMR (126 MHz, CDCls) & 178.34, 137.58, 131.43, 131.01, 129.59, 128.77, 127.54,
127.40, 126.92, 126.27, 125.57, 125.06, 125.01, 124.73, 124.51, 124.45, 124.04, 37.67, 33.67,

31.67, 30.78 (d, J = 14.5 Hz), 28.92, 28.72, 22.55, 21.89 (d, J = 4.9 Hz), 19.27, 18.90, 14.01.
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Figure. S12 LCMS data of (A). PBTBA; (B). PBTBP; (C). PBTOP; (D). PBIL
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Figure. S13 DSC thermogram under nitrogen atmosphere: (A). PBIL; (B). PBTOP; (C).

PBTBA; (D). PBTBP; (E, F). Thermogravimetric analysis of the PBIL and PBTOP
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Figure. S14 (A). TEM image of nanoparticles of PBTOP; (B). FESEM image of nanoparticles

of PBTOP; (C). DLS spectrum of nanoparticles of PBTOP
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Heparin; (E). Hydrodynamic size of nPBTBA and nPBTBP
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Figure. S16 (A). EDX and (B). SEAD pattern of nPBIL

22




Table. S1 Absorption maxima, emission maxima*, and quantum yield of nanoGUMBOS in

aqueous medium.

*Excited at the absorption maxima

nanoGUMBOS | Aabs Aem (nm) | Aem (nm) | ® (%) CIE
(nm) (monomer) (excimer) coordinate
nPBIL 351 377 480 21.8 £10 | (0.164,0.301)
nPBTOP 351 377 480 21.5£10 | (0.167,0.296)
nPBTBP 344 377 NA 1.5+10 (0.169,0.045)
nPBTBA 344 377 NA 1.6 £10 (0.17,0.048)
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Figure. S17 (A, B, C). Fluorescence spectra of nPBIL (20 pg/mL), nPBTOP, nPBTBA,
nPBTBP; (D). Time-Dependent Fluorescence Intensity Change: Assessing the Photostability

of nanoGUMBOS (Inset: Plot of intensity at the emission maximum as a function of time); (E).

CIE plot of different nanoGUMBOS
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Figure. S18 Fluorescence Excitation spectra of (A). nPBIL and (B). nPBTOP

24



1.2 QY (B)
nPBIL 20 pg/mL — —s— Excimer at 480 nm
104 ——HP 5 pg/mL S —e— Monomer at 377 nm
' —— HP 20 pg/mL S
)
8 08 s
c @
s g
£ 064 + 9,0x10°
S c
2 =
S o4 8
< 041 c
8
0.2 a
- 3]
1.
o
0.0 x T : =
200 300 400 500 600 WL ools . . . r
Wavelength (nm) 0 5 10 15 20
[Heparin](ug/mL)
V nPBIL
5
5x10 (C) —— nPBTOP 40 ug/mL « nPBIL HP

—— nPBTOP 40 ug/mL HP 1 pg/mL.
= nPBTOP 40 ug/mLHP 2 pg/mL.
—— nPBTOP 40 pg/mL HP 3 pg/mL
T —— nPBTOP 40 pg/mL HP 4 pg/mL

4x10°

NPBTOP 40 ug/mLHP 5 pg/mL
——— nPBTOP 40 pug/mLHP 7 ug/mL
3><105 J = nPBTOP 40 ug/mL HP 9 ng/mL

—— nPBTOP 40 ug/mL HP 12 ug/mL
——— nPBTOP 40 pg/mL HP 15 ug/mL
—— nPBTOP 40 ug/mL HP 18 ug/mL

2x10° —— nPBTOP 40 pg/mL HP 20 ug/mL

g

Fluorescence Intensity (a.u.)
g
5

o
L

4(')0 4%0 5(')0 5%0 6(30 6%0
Wavelength (nm)

X

Figure. S19 (A). Absorbance spectra of nPBIL in presence of heparin; (B). Fluorescence

intensity change of nPBIL (monomer and excimer region) with the addition of heparin; (C).
Fluorescence spectra of nPBTOP with the addition of heparin; (D). CIE plot of nanoGUMBOS

in presence of heparin

—~ MIHIIII Trlg3as
3

S 5x10°

8

2

2 —s— nPBIL
gmog_ —e— nPBIL +HP
[«5)

o

c

[«5)

(5]

8 3

D 3x10°

o

=

[

0 100 200 300 400 500 600 700
Time (Sec)

Figure. S20. Time response of nPBIL to heparin in aqueous medium: Change of fluorescence

intensity of nPBIL after addition of heparin

25



B
—~ ® ~1.8x10° 4 ®)
g g nPBTA 20 pg/mL
~ ——nPBTP 20 pg/mL ~ nPBTA 20 pg/mL_HP 20 pg/mL
2 . —— NnPBTP 20 pg/mL_HP 20 pg/mL 2
" 9.0x10° 1 B
c c
3 ]
c Cg 0x10°
- —09.0x10°
(5] [«5)
(&} [&)
c c
[} [«5)
(&] [8)
[72] (%]
(5] [
5 5
= =
[T ) . L 00

400 550 550

40 Waveleﬁath (nm) o0

Wavelésﬁ)gth (nm)500

Figure. S21 Fluorescence spectra of (A). nPBTBP and (B). nPBTBA in presence of heparin;

(C, D). FESEM image of nPBTBP+ HP and nPBTBA+ HP

26



6
1.8x10 A) ——nPBIL 20 pgimL. (B)
—— nPBIL 20 pg/mL_NaCl 20 pg/mL.

——nPBIL 20 g/mL_KCl 20 pg/mL.
—— nPBIL 20 ug/mL_CaCl, 20 pgimL. 84
—— nPBIL 20 pg/mL_Na,CO, 20 pgimL
—— PBIL 20 ug/mL_Na,HPO,CI 20 pg/m |
—— nPBIL 20 pg/mL_KI 20 pg/mL

—— nPBIL 20 ug/mL_Cys 20 pg/mL.

—— nPBIL 20 ug/mL_Glu 20 pg/mL.

—— nPBIL 20 pg/mL_HP 20 pg/mL

S —— nPBIL 20 pg/mL_BSA 20 pgimL
9.0x10°1 —— nPBIL 20 pg/mL_HSA 20 ug/mL.

Fluorescence Intensity(a.u.)
Excimer/Monomer

0.0

400 450 500 550 600 650 04
Wavelength(nm) nPBIL  HP HA XA CH

C (D)
©) 104
54
8 4
44
64
44
2- .
14 21
0_
0 DS HP

nPBTOP  HP HA XA CH nPBIL HA cs

Excimer/Monomer
@
Excimer/Monomer

Figure. S22 (A). Fluorescence spectra of nPBIL in the presence of various anions in aqueous
medium; (B, C). Bar diagram comparing Ig/Im values of nPBIL and PBTOP in aqueous solution
upon addition of heparin (20 pg/mL), hyaluronic acid (20 pg/mL) (HA), xanthan (20 pg/mL)
(XA), and chitosan (20 ng/mL) (CH); (D). Bar diagram comparing Ig/Im values of nPBIL in
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(CS), dextran sulfate (DS)

27



- . F 3 Y
2 | « B [ T 9 |
2- 3-

nPBIL HP HSA K+ ,Na+ CO3 PO4 Il §

i
L : & 2 1 o sl -
Seed® B 1S \—.—-sJ

1

-~

16

©

R’: 0.99894

Slope-0.03019
1.4

nPBTOP

4

1.0 {-

Figure. S23 (A). Picture of nPBIL with the addition various anion and biomolecule including
heparin under UV lamp at 365 nm; (B). Picture of nPBIL solution with the addition heparin,
hyaluronic acid, xanthan, chitosan under 365 nm UV lamp; (C). Ratio of fluorescence intensity
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a UV lamp at 365 nm; (B). The colorimetric changes of paper kit in the presence of different

concentrations of heparin under UV lamp
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Figure. S25 (A). Fluorescence spectra of nPBIL/Heparin ((20 pg/mL) / (20 pg/mL)) with the
addition of protamine sulfate; (B). Fluorescence intensity change of nPBIL-heparin with the
addition of protamine sulfate; (C). Ratiometric change fluorescence intensity of
nPBIL/Heparin as a function of protamine sulfate; (D). CIE plot of nPBIL, nPBIL+ HP,
nPBIL+ HP+ PS; (E). The colorimetric changes of nPBIL in presence of heparin and protamine
under UV lamp; (F). Ratiometric response of nPBIL/heparin system in presence of various

analytes
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Figure. S26 (A, B). Emission spectral changes of nPBIL and nPBTOP upon addition of heparin
in aqueous medium containing 100 mM NaCl; (C, D). Comparative bar diagram of
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31



= Monomer/Excimer

Intercept- 0.91095
Slope- 0.24112
R’- 0.99306
LOD-2.048 ng/mL

Fluorescence Intensity(a.u.)

5 10 15 20
[Heparine](ug/mL)

Figure S27. Ratiometric change of fluorescence intensity of nPBIL as a function of heparin in
concentration in serum albumin solution

96
80
® nPBIL + HP nPBTOP + HP (B)
60 72
40 4 4.8 4
204 >\2_4.
2 =
2, |l 2, Ll
2 04— $00
£s4 nPBIL = nPBTOP
- 274
36
184
18 o
0 1 I 0 |||| ||
' ' 9 ial (mV 200
-100 0 . 100 200
Zetd potential (V) Zeta'potential (mV)
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Figure. S29 (A). Lifetime decay of nPBIL in presence of heparin at excitation 295 nm
excitation and emission collected 377 nm; (B). Lifetime decay of nPBIL in presence of heparin

at excitation 375 nm excitation and emission collected at 480 nm; (C). Lifetime decay of
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nPBTOP in presence of heparin at 295 nm excitation and emission collected at 377 nm; (D).
Lifetime decay of nPBTOP in presence of heparin at 375 nm excitation and emission collected
at 480 nm; (E, G). Lifetime decay of (nPBIL+HP) in presence of protamine, at 295 nm
excitation, emission collected at 377 nm; (F, H). Lifetime decay of (nPBIL + HP) with the

addition of protamine, at 375 nm excitation, emission collected at 480 nm.
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Figure. S30 (A). TRANES spectra of nPBTOP (20 pg/mL), (B) TRANES spectra of nPBTOP
(20 pg/mL) in presence of heparin; (C). TRANES spectra of nPBIL, (D). TRANES spectra of
nPBIL in presence of heparin (Aex-295 nm); (E). TRES spectra of PBTBA; (F). TRES spectra
of PBTBP; (G). Change of TRANES emission intensity of nanoGUMBOS at the monomer and
exciaggremer wavelengths at different times; (H) Change of TRANES emission intensity of

nanoGUMBOS in presence of heparin at the monomer wavelength at different times.
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Figure. S31 (A). Hydrodynamic size (diameter) of nPBTOP (20 pug/mL) and nPBTOP + HP,
nPBTOP +HP + PS; (B). Representative TEM images of nPBTOP and (C) nPBTOP + HP
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Figure. S32 (A). FTIR spectra of PBIL and nPBIL in the absence and presence of heparin; (B).
CD spectra of nPBIL (20 pg/mL) in presence of heparin in aqueous medium; (C). CD spectra

of nPBTOP (20 pg/mL) in presence of heparin in aqueous medium.
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Figure. S33 '"H NMR of aromatic proton of PBIL and nPBIL in the absence and presence of

heparin (in DMSO-d6)

(A)

Figure. S34 Energy-optimized docking configuration of heparin and pyrene butyric acid,

(A).1:1, (B).1:2, heparin/pyrene butyric acid

Results and discussion:
Detection Mechanism:
Steady-state emission and anisotropy of DPH:

We have analyzed steady-state emission and anisotropy measurements using DPH as a
probe to understand the nature of the nanoGUMBOS microenvironments. The results show a
significant increase in intensity and a spectral shift when DPH occupies the hydrophobic
domains of the nanoGUMBOS. As illustrated in Fig. S35A, the emission intensity increases
remarkably with a blue shift in the presence of nanoGUMBOS. With the addition of heparin,
the emission intensity continues to grow with a blue shift; however, addition of protamine does
not affect the fluorescence intensity. This phenomenon suggests that DPH is situated in a more
hydrophobic medium.*** The steady-state anisotropy of DPH in nanoGUMBOS increases

with heparin, but the anisotropy slightly decreases with the addition of protamine (Fig. S36C).
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Effect of SDBS and SDS on nanoGUMBOS:

To further understand the impact of SDBS on nanoGUMBOS, we investigated the
steady-state emission and anisotropy of DCM and DPH in nanoGUMBOS in the presence of
SDBS and CTAB. The fluorescence intensity of DCM in nanoGUMBOS is found to increase,
but with SDBS addition, intensity decreases with a blue shift; with further addition of CTAB
results in no significant change (Fig. S36B) in fluorescence. The anisotropy value of DCM in
nanoGUMBOS gradually increases with the addition of SDBS and CTAB (Fig. S36C). The
fluorescence intensity changes for DPH are challenging to interpret due to the same excitation
wavelength. Still, the anisotropy study shows an increase with SDBS and a subsequent decrease
with CTAB, which matches the anisotropy values observed in nanoGUMBOS (Fig. S36F). In

DLS studies, the size of nanoGUMBOS decreases in the presence of SDBS and CTAB (Fig.
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Fluorescence Intensity

Fig. S35 (A). Fluorescence spectra of DCM (5uM) (Aex:480 nm) in presence of nanoGUMBOS,
heparin, protamine; (B). Anisotropy of DCM in presence of nanoGUMBOS, heparin,
protamine; (C). Fluorescence spectra of DCM in presence of heparin and protamine; (D).
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Figure. S36 (A). Fluorescence spectra of DPH in nPBIL in presence of heparin and protamine;
(B). Fluorescence spectra of DCM in nPBIL in presence of SDBS and CTAB; (C). Anisotropy
of DCM in nPBIL in presence of SDBS and CTAB; (D). Ii/15 ratio change of nPBIL in presence
of SDBS and CTAB; (E). Fluorescence spectra of DPH in nPBIL in presence of SDBS and
CTAB; (F). Anisotropy of DPH in nPBIL in presence of SDBS and CTAB; (G). 1i/I5 ratio

change of nanoGUMBOS with the addition of SDS; (H). Anisotropy of DPH in presence of
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nanoGUMBOS, heparin, protamine; (I). DLS spectra of nanoGUMBOS in presence of SDBS

and CTAB.

Table: S2 Fluorescence decay parameters of nPBIL (20 pg/mL) in presence heparin (Aex:295

nm, Aem:377 nm)

Sample | w a2 a3 T1 T2 T3 <t> i
(ns)*
nPBIL | 0.56 0.41 0.03 0.37 2.39 33.07 2.04 1.17
HP 21]0.52 0.31 0.17 0.47 3.24 36.93 7.56 1.14

pug/mL
HP 5047 0.30 0.23 0.47 3.29 38.12 10.09 1.15
pug/mL
HP 10|0.43 0.27 0.30 0.29 2.96 39.03 12.63 1.15
pg/mL

HP 15 0.44 0.23 0.33 0.20 2.99 40.39 14.09 1.13
pg/mL
HP 20| 0.44 0.21 0.35 0.19 2.99 40.37 15.04 1.14

pug/mL
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Table: S3 Fluorescence decay parameters of nPBIL (20 pg/mL) in the presence of heparin
(Aex:375 nm, Aem:480 nm)

Sample | o1 o a3 T1 T T3 <t>(ns)* | %
nPBIL | -0.31 0.36 0.95 0.89 7.88 35.43 36.22 1.06
HP 1]0.22 0.12 0.65 1.89 9.04 39.03 27.03 1.10

ug/mL
HP 30.29 0.21 0.50 0.72 4.21 39.45 20.90 1.14
pug/mL
HP 50.28 0.32 0.40 0.31 2.62 39.77 16.54 1.14
pg/mL
HP 80.29 0.39 0.32 0.35 2.59 40.62 14.02 1.07
pug/mL
HP 10 | 031 0.41 0.28 0.35 2.54 41.31 12.79 1.05
pug/mL
HP 13 |0.34 0.41 0.25 0.35 243 42.12 11.71 1.13
pg/mL
HP 16| 0.35 0.42 0.23 0.34 2.47 4291 10.96 1.12
pg/mL
HP 18] 0.36 0.42 0.22 0.33 245 43.33 10.47 1.08
pg/mL
HP 20 |0.42 0.40 0.18 0.22 2.38 43.34 9.17 1.11
pg/mL

a (% of error): + 5%, y*> — Goodness of fitting
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Table: S4 Lifetime value of nPBIL-heparin (HP) in the presence of different added

concentration protamine sulfate (PS) (Aex:295 nm, Aem:377 nm)

o (V5] o3 T1 T2 T3 <t>? 2

Sample

nPBIL 0.56 0.41 0.03 0.37 2.39 33.06 2.04 1.11
HP 20 pg/mL 0.45 0.20 0.35 0.68 4.82 66.54 24.66 1.05
PS 1 pg/mL 0.42 0.21 0.37 0.80 5.89 70.11 27.63 1.07
PS 3 ng/mL 0.45 0.24 0.31 0.61 5.06 59.69 20.32 1.08
PS 5 ng/mL 0.44 0.26 0.30 0.68 5.41 60.81 19.77 1.06
PS 8 ng/mL 0.46 0.29 0.25 0.67 5.56 57.68 16.23 1.04
PS 12 pg/mL 0.49 0.32 0.19 0.56 5.21 47.48 10.58 1.10
PS 16 pg/mL 0.63 0.33 0.04 0.93 4.68 41.56 3.86 1.06
PS 20 pg/mL 0.68 0.29 0.03 1.28 4.92 36.62 3.46 1.07
PS 22 pg/mL 0.66 0.31 0.03 1.08 4.38 29.98 3.16 1.07
PS 25 pg/mL 0.73 0.24 0.03 1.05 4.05 37.17 2.82 1.09
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Table: S5 Lifetime value of nPBIL-heparin system in the presence of different added

concentration of protamine sulfate (PS) (Aex :375 nm, Aem :480 nm)

Sample a1 a2 a3 T1 T2 T3 <> |22

nPBIL -0.06 0.39 0.67 0.94 8.23 | 33.34|25.53 | 1.11
Hep 20 ug/mL 0.47 0.24 0.29 1.26 6.80 | 36.39 | 12.70 | 1.12
PS 1 pg/mL 0.47 0.22 0.31 1.61 6.02 | 33.31|12.53 | 1.05
PS 3 pg/mL 0.55 0.15 0.30 2.16 9.86 | 36.12 | 13.43 | 1.00
PS 5 nug/mL 0.34 0.31 0.35 1.79 8.30 | 32.15 | 14.32 | 1.08
PS 8 ug/mL 0.40 0.26 0.34 1.27 7.37 | 37.24 | 15.14 | 1.13
PS 12 pg/mL 0.38 0.24 0.38 1.33 7.28 | 37.03 | 16.28 | 1.10
PS 16 pg/mL 0.36 0.24 0.40 1.20 7.62 |37.53117.39 | 1.10
PS 20 pg/mL 0.22 0.24 0.54 1.31 9.94 | 3559 | 21.75 | 1.09
PS 22 pg/mL 0.14 0.31 0.55 1.61 9.97 | 34.29 | 22.13 | 1.09
PS 25 pg/mL 0.14 0.29 0.57 3.32 10.5 | 36.84 | 24.54 | 1.12

a (% of error): = 5%, > — Goodness of fitting

Table.S6 Detection of heparin in 20 pg/mL normal human serum albumin with nanoGUMBOS

[ Recovery (%) = (added/found) % 100%]

SL.No. Added (pg/mL) Found (ng/mL) Recovery (%)
1 0.55 0.58 94.82
2 1.57 1.49 104.73
3 2.85 2.9 98.28
4 3.73 3.69 101.08
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5 5.34 5.26 101.52
6 6.89 6.85 100.58
7 8.85 8.75 101.14
8 10.6 10.45 101.43
9 14.7 14.65 100.34
10 17.65 17.45 101.14
11 18.95 18.85 100.53
Table. S7 Summary of typical heparin sensors reported in literature
Mechanism Response LOD Evaluation in | Ref.
range human serum
albumin
matrix (%)
1.Ratiometric 0.048—0.42 6 mU/mL (50 1
fluorescence U/mL (0.4-3.5 | nM)
nM)
2. Turn-off | 0.05-1.4 U/mL | 0.021 U/mL 2
phosphorescence
3. Turn-on | 0.09-0.9 U/mL | 0.00132 U/mL 3
fluorescence
4. Turn-on | 0.001-0.15 50 x 104 4
scattering, UmL (83 x|U/mL 4.2 x
fluorescence and | 10-3 —1.25 uM) | 10—3 uM)

absorption
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5. Aggregation | 0—28 000 nM NA 5
induced
emission
6. Turn-off | 10—-1000 nM 4 nM 6
fluorescence
7. Turn-off | 0.004—1.6 0.0013 pg/mL 7
fluorescence pug/mL 0.08 nM

(0.24-96.96

nM)
8. Aggregation | 40—80 000 nM | 40 nM 8
induced
emission
9. Aggregation | 0—700 nM 30 nM 9
induced
emission
10. Turn-off gold | 0.02—0.28 5 ng/mL (0.303 10
nanorod pg/mL nM)

(0.012-16.97

nM)
11. Turn-on | 1000—4000 nM | 50 nM 11
Phosphorescence
12. Turn-on | 0—1.76 U/mL 0.046 U/mL 12
fluorescence
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13. Aggregation | 1000—10 000 | 23 nM Yes 13
induced nM

emission

14. AlEgen turn- | 0.08—-8 pg/mL 37 ng/mL Yes (1%) 14
off fluorescence

15.Turn-off 0-49 ng/mL 2.4 ng/mL Yes (1%) 15
fluorescence

16.Turn-off 14.8 -148 nM 15 nM Yes (1%) 16
fluorescence

17.Ratiometric 10-100 nM 8.5nM Yes (10%) 17
fluorescence

18.Turn-on 0-15 pg/mL 7.56 ng/mL Yes (0.02) 18
fluorescence

19.Turn-on 0-4.0 uyM 4 nM Yes (1%) 19
fluorescence

20.Turn-on 0-10 uM 0.08 uM Yes (1%) 20
fluorescence

21.Turn-on 36-180 ng/mL 1.53 ng/mL Yes (1%) 21
fluorescence

22.Turn on | 0-2 pg/mL 35.89 ng/mL NO 22
fluorescence

23.Turn on | 0-1200 ng/mL 30 ng/mL Yes (5%) 23
fluorescence

24.Turn on | 0-13 uM 34 nM Yes (1%) 24
fluorescence
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26.Turn on | 0-6 pg/mL 5.9 ng/mL Yes (10%) 25
fluorescence
27.Ratiometric 0-20 pg/mL 2.01+ 10% | Yes (20%) This work
fluorescence ng/mL
(nanoGUMBOS)
Table. S8 Summary of Typical protamine sensors reported in literature
Mechanism Ratiometric LOD Evaluation in | Ref.
human
serum matrix
1. HPLC - 0.015 mg | No 26
/mL
2.Electrochemistry - 2.0 ug/mL | No 27
3. Fluorimetry NO 2.2ng/mL | No 28
4. Colorimetry and | NO 0.1 pg/mL | No 29
fluorimetry
5. Fluorimetry NO 1 ng/mL Yes 30
6. Fluorimetry NO 23.4 ng /mL | Yes 31
7.Fluorimetry NO 0.4 mg/ mL | Yes 32
8. Fluorimetry NO 0.13 pg /mL | Yes 33
9. Fluorimetry and | Yes 315 £ 4.1 | Yes 34
colorimetry ng/ mL
10.Fluorimetry NO 54.9 nM Yes 35
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11. Yes 4.6 = 10% | Yes (20%) This work

Fluorimetry(nanoGUMBOS) ng/mL
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