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Experimental
Computational methods

Poly(N-isopropylacrylamide) (PNIPAAM) is known for its interesting temperature
responsive property that has been utilised in various applications.™? At low temperatures, it
exhibits coil like structure which is stabilised due to intramolecular hydrogen bonding. At a
higher temperature, it takes on a globular structure, which is stabilised due to intermolecular
hydrogen-bonding with solvents.!®* We carried out implicit, followed by explicit solvent
simulation to obtain the low and high-temperature structures of the polymer. For both
calculations, a linear ordered structure of PNIPAAM was used as an input structure (refer to
Figure 5a of the main article). Due to the computational cost associated with the modelling of

long chain polymer we judiciously chose polymer having only 60 monomer units.

The geometry and charges for the monomer unit of PNIPAAM were obtained from density
functional theory (DFT) calculations using the hybrid B3LYP functional* and the 6-31G*
basis set®> as implemented in the Gaussian 09 program.® The geometry for polymer with 60
units has been generated byrepeating units of N-isopropylacramide (NIPAAM) and
bysaturating the terminal units with methyl groups. Partial atomic charges for the whole
polymer unit were then fitted from the restrained electrostatic potential (RESP)’ procedure
with the constraint that the two methyl groups are neutral. The general Amber force field

(GAFF)® was employed to model PNIPAAM.

The actual transition temperature for coil-globular structural transition depends on the
system size and the rate of heating.® Since our aim was not to study the structural transition
itself in detail, we studied the polymer at two different, well-separated temperatures. The
structures at the input geometry and the representative structures for low and high-

temperature PNIPAAM structures are shown in Figure 5a, 5b and 5c of the main article,



respectively. As can be seen, indeed the PNIPAAM polymer exhibits a coil-globular
structural transition with increasing temperature. The final structures of the PNIPAAM
corresponding to low and high temperatures were taken for the further studies on their
interaction with anti-TnT and TnT. Five different molecular docking studies were carried out
using Hex online server to get the structure of the most stable complex, which was then used
for subsequent molecular dynamics and free energy calculations. The complex systems
studied are (i) anti-TnT:TnT, anti-TnT:c-PNIPAAM, anti-TnT:g-PNIPAAM, TnT:c-
PNIPAAM and TnT:g-PNIPAAM. Here, c-PNIPAAM refers to low-temperature PNIPAAM
with coil-like structure. The g-PNIPAAM refers to the high-temperature PNIPAAM with

globular structure.

Computational analysis

Table 1-5: The binding free energy of various complexes namely (i) Anti-TnT:TnT (ii) Anti-
TnT:c-PNIPAAM (iii) Anti-TnT:g-PNIPAAM (iv) TnT:c-PNIPAAM (v) TnT:g-PNIPAAM.

The various abbreviations used in the table are given in the Table footnote.

Table S1. Anti-TnT:TnT

Energies Complex Anti-TnT nT Difference
Elec -35888.2 -33252.2 -2380.5 -249.5 (3.7)
VDW -5162.7 -4919.2 -188.7 -54.7 (0.7)
INT 29081.8 27430.6 1651.2 0.0 (0.0)
GAS -11963.0 -10740.8 -918.0 -304.2 (3.6)
GBsur 524.8 482.5 51.1 -8.8 (0.0)
GBELE -15775.8 -14100.8 -1960.5 285.6 (3.1)
GBsoL -15251.0 -13618.4 -1909.4 276.8 (3.1)



GBror -27214.0 -24359.2 -2827.4 -27.5(0.8)
Table S2. Anti-TnT: c-PNIPAAM
Energies Complex Anti-TnT c-PNIPAAM Difference
Elec -42925.8 -33261.3 -9655.9 -8.6 (0.4)
VDW -4882.9 -4912.2 54.9 -25.6 (0.4)
INT 28979.0 27472.1 1506.9 0.00 (0.0)
GAS -18829.7 -10701.3 -8094.1 -34.2 (0.5)
GBsur 535.7 480.7 58.0 -3.0 (0.0
GBELE -15730.1 -15373.1 -380.2 23.2 (0.4)
GBsoL -15194.4 -14892.4 -322.2 20.2 (0.4)
GBror -34024.1 -25593.8 -8416.3 -14.0 (0.3)
Table S3. Anti-TnT: g-PNIPAAM
Energies Complex Anti-TnT g-PNIPAAM Difference
Elec -43265.2 -33570.2 -9688.2 -6.7 (0.6)
VDW -5034.7 -4965.7 -30.8 -38.2 (0.6)
INT 28999.8 27493.7 1506.2 0.0 (0.0)
GAS -19300.0 -11042.2 -8212.9 -44.9 (0.7)
GBsur 513.8 471.8 473 -5.3(0.1)
GBELe -13956.6 -13703.4 -297.4 44.4(0.7)



GBsoL -13442.8 -13231.7 -250.1 38.9 (0.7)
GBror -32742.8 -24273.9 -8462.9 -6.0 (0.5)
Table S4. TnT: c-PNIPAAM
Energies Complex nT c-PNIPAAM Difference
Elec -12184.4 -2501.6 -9670.9 -11.9 (0.6)
VDW -108.3 -141.2 53.8 -20.9 (0.3)
INT 3149.2 1637.7 1511.6 0.00 (0.0)
GAS -9143.5 -1005.1 -8105.5 -32.9 (0.7)
GBsur 109.0 54.4 57.5 -2.9 (0.4)
GBELE -2173.6 -1869.7 -333.6 29.6 (0.7)
GBsoL -2064.6 -1815.3 -276.0 26.7 (0.7)
GBrot -11208.1 -2820.4 -8381.5 -6.2 (0.3)
Table S5. TnT: g-PNIPAAM.
Energies Complex nT g-PNIPAAM Difference
Elec -12182.5 -2469.3 -9677.2 -35.9 (1.0)
VDW -229.5 -157.8 10.8 -82.5(0.8)
INT 3110.1 1634.5 1476.4 0.0 (0.0)
GAS -9301.9 -992.6 8190.0 -118.4 (1.2)
GBsur 89.5 49.0 51.7 -11.1 (0.1)



GBeLe -2081.7 -1850.6 -319.7 88.7 (1.1)
GBsoL -1992.2 -1801.7 -268.1 77.6 (1.1)

GBror -11293.2 -2794.3 -8458.0 -40.8 (0.6)

Elec=Electrostatic energy calculated from MM force-field, VDW=van der Waals energy,
INT=Internal energy, GAS=Gas phase energy (sum of ELE, VDW, and INT), GBsur = non-
polar contribution to the solvation free energy calculated by an empirical model, GBeLe = the
electrostatic contribution to the solvation free energy calculated by GB, GBso. = sum of non-
polar and polar contributions to solvation, GBTOT = final estimated binding free energy

calculated from the terms above. The values in the parentheses refer to standard error.
Anti-TnT = Anti- Troponin-T
TnT = Troponin-T
c-PNIPAAM = coil-like PNIPAAM (expanded state at low temperature)

g-PNIPAAM = globular PNIPAAM (collapsed state at high temperature)

Effect of temperature on GNR-anti-TnT-PNIPAAM

We have investigated the effect of temperature on the GNRs modified with anti-TnT and
PNIPAAM in absence of TnT at pH 7.4 in MES buffer solution. It is revealed that the
extinction intensity changed with temperature but there was no peak shift, this could be
explained as the PNIPAAM collapsed at higher temperature and provide available bare
surface of GNRs. Hence the cloud environment at the vicinity of GNR decreased, and the
solution became relatively transparent as a result the only the extinction intensity slightly

increased. The Fig. S1 shows the peak intensity change with temperature from 25 to 37 °C. It



is envisaged that the intensity sharply changed at 32 °C which is the lower critical solution

temperature (LCST) of PNIPAAM.
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Fig. S1. Effect of temperature on GNRs-anti-TnT-PNIPAAM, when temperature was regulated
at a rate of 0.2 °C/min.
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