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Supplementary Figure S1: AFM and gel electrophoresis images of GO and gDNA.
() AFM image of GO and accompanying height profile (inset in Figure a). (b) AFM
image of gDNA and related size profile (c). Inset of Figure S1(b) shows a simple
representation of the gDNA structure. (d) Gel electrophoresis of gDNA isolated from A.
thaliana plant leaves before and after sonication verified gDNA fragment size. Lanes:
(M) size marker, (1) 500 and (2) 2500 ng sonicated gDNA, and (3) 750 ng unsonicated
and 2500 ng sonicated gDNA.
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Supplementary Figure S2: FTIR analysis. FTIR spectra of (a) GO, (b) gDNA-GO, (c)
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Supplementary Figure S3: Raman analysis. Raman spectra of (a) GO, (b) gDNA-GO,
(c) Pt nanoparticles/GO and (d) Pt,/gDNA-GO.
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Supplementary Figure S4: UV-vis analysis. UV-vis absorption spectrum of (a) gDNA,

(b) GO and (c) gDNA-GO in aqueous solution.
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Supplementary Figure S5: Gel electrophoresis image and EDX analysis. (a) Gel
electrophoresis of DNA size marker, gDNA, Pt/gDNA and Pt,/gDNA-GO. Size of gDNA
shown in kilo base pairs (kbp). (b) SEM images of gDNA, Pt/gDNA and Pt,/gDNA-GO
and their corresponding EDX analysis. For EDX analysis we cut the visible gDNA gel
electrophoresis bands of the samples. In EDX analysis the Si peak appears due to the use
of a Si wafer as a substrate. The observed Br peak is due to ethidium bromide which was
used to detect the gDNA. The migration of the composite material in the electrophoresis
gel is determined by its total negative charge. As the composite material is less negative
than gDNA, due to bond formation between Pt** and the negatively charged DNA, it
migrates a shorter distance in the gel than the gDNA.
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Supplementary Figure S6: Microstructure characterization. SEM images of (a) GO,
(b) gDNA treated GO, (c) Pt nanoparticles/GO and (d) Pt,/gDNA-GO composite.



Supplementary Figure S7: Microstructure characterization. LRTEM images of
gDNA treated GO, (a) Pt nanoparticles/GO, (b) Pt,/gDNA-GO composite and (c) Pt/C

catalyst.
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Supplementary Figure S8: XPS spectrum of the gDNA-GO composite. (a) Full
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Supplementary Figure S9: XPS analysis of GO. XPS spectrum of the C1s core level of
GO.
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Supplementary Figure S14: Hydrogen adsorption/desorption CV scan. Comparison
of the hydrogen adsorption/desorption voltammetric peaks at 50 mV/s in N,-saturated 0.1
M HCIO, for the three catalysts. The current density was normalized in reference to the
geometric area of a rotating-disk electrode. The metal loading was ~11.3 pg/cm? on the
GCE for the Pt,/gDNA-GO, Pt nanoparticles/GO and Pt/C.
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Supplementary Figure S15: CO stripping CV scan. CO stripping CV curves recorded
at room temperature in 0.1 HCIO, in the potential range 0 to 1.4 V vs. RHE with a scan
rate of 20 mV/s for Pt,/gDNA-GO, Pt nanoparticles/GO and Pt/C. The metal loading on
the rotating-disk electrode was ~11.3 pg/cm? for Pt,/gDNA-GO, Pt nanoparticles/GO
and Pt/C.
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Supplementary Figure S16: ORR polarization curves and K-L plots. (a) and (b)
ORR polarization curves of Pt nanoparticles/GO and Pt/C in O,—saturated 0.1 M HCIO,4

solution with a sweep rate of 10 mV/s at the different rotation speeds. (c) and (d)

Corresponding K-L plots at various disk potentials. The linearity of j* vs. w2 displays a

first order reaction with respect to dissolved oxygen in the electrolyte. The metal loading

was ~11.3 pg/cm? on the rotating-disk electrode for the Pt nanoparticles/GO and Pt/C. In

(@ and (b) current density was normalized in reference to the geometric area of a

rotating-disk electrode (0.0707 cm?).
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Supplementary Figure S17: ORR proposed mechanism. Schematic representation of
the proposed mechanism involved in the ORR on the surface of Pt,/gDNA-GO
composite. The molecular oxygen is adsorbed and catalytically converted into atomic
oxygen by the Pt, and Pt nanoparticles. The atomic oxygen combines with 4¢~ and 4 H*
to form a water molecule. The H" and e~ are fed into the system from the electrolyte and

external circuit, respectively.

17



0_
"'E Before ADT e i ?{::Z%? T
S -1{—After ADT B
= <
< 5 E 2
o ©n
=] -
£ 5 4]
g 5
©)
-5 T T T T T a| -5 T T T T T T
0.4 0. 06 0.7 08 09 1.0 04 0. 06 07 08 09 1.0
Potential (V vs. RHE) Potential (V vs. RHE)
0_
— Before ADT
£ -14{—— After ADT
EE
2
2 -3
=
<
= -4-
=)
g
377
6 .

04 05 06 07 08 09 1.0
Potential (V vs. RHE)

Supplementary Figure S18: ORR polarization curves before and after the ADT.
Polarization curves of (a) Pt,/gDNA-GO and (b) Pt nanoparticles/GO with comparison of
Pt/C (c), before (orange color) and after (blue color) the ADT. This test was carried out in
O,—saturated 0.1 M HCIO,4 with a scan rate of 10 mV/s at a rotation speed of 1600 rpm.
The metal loading was ~11.3 pg/cm® on the GCE for the Pt/gDNA-GO, Pt
nanoparticles/GO and Pt/C.
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Supplementary Figure S19: CV stability test. CV curves of the 20 and 10000 cycles
for (a) Pt./gDNA-GO, (b) Pt nanoparticles/GO and (c) Pt/C. (d) Loss of EASA for the

three catalysts as a function of number of cycles in a N, saturated 0.1 M HCIO, solution

at room temperature (0.0-1.4 V vs. RHE, scan rate 50 mV/s). CV curves were used to

determine the Pt surface area of the electrodes by measuring H adsorption before and

after potential cycling. The H adsorption was calculated by integrating the charge
between 0 and 0.37 V.
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Supplementary Table S1: Quantitative Analysis of the Pt,/gDNA-GO composite

using EDX. Fitting Coefficient: 0.8331

Element  (keV) Mass% Counts Error% Atom% K
CK (Ref) 0.277  66.72 384.18 0.01 86.08 1.0000
N K 0.392 10.82 104.82 0.05 11.98 0.5946
OK 0525 0.19 2.52 1.53 0.18 0.4239
PtM 2.048 22.27 144.34 0.07 1.77 0.8886
Total 100.00 100.00

Supplementary Table S2: Quantitative Analysis of the Pt nanoparticles/GO using
EDX. Fitting Coefficient: 0.9936

Element (keV)  Mass% Counts Error% Atom% K
C K* (Ref.) 0.277 85.90 254.30 0.02 95,51  1.0000
N K* 0.392 0.74 3.69 3.03 0.71 0.5946
O K* 0525 3.75 26.19 0.33 3.13 0.4239
Pt M* 2.048 9.61 32.03 0.68 0.66 0.8886
Total 100.00 100.00
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Supplementary Table S3: Comparison of the mass activities of other high

performance Pt based ORR catalysts at 0.9 V vs. reversible hydrogen electrode.

Mass activity

Catalyst Electrolyte Scan rate at 0.9v Reference
(mvs™) (mA.ug™)

Pd-Pt dendrites 0.1 M HCIO,4 10 ~0.204 32

Pt black 0.1 M HCIO4 10 ~0.048 32
Starlike PtNW/C 0.1 M HCIO,4 10 ~0.135 66

Pt dendrites on C 0.1 M HCIO4 10 ~0.045 67
Mesoporous 0.1 M HCIO4 5 ~0.170 68

double gyroid Pt

Au/Pt catalyst 0.1 M HCIO4 10 ~0.223 69
Pt/RGO/CB-1 0.1 M HCIO4 10 ~0.160 70
Pt,/gDNA-GO 0.1 M HCIO4 10 ~0.317 This work
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Supplementary Methods
FTIR spectroscopy analysis

The synthesized products; GO, gDNA-GO, Pt nanoparticles/GO, and Pt,/gDNA-
GO samples were characterized by means of FTIR spectroscopy (Supplementary Fig. S2).
In all samples, a broad absorption peak ranging from 3600 to 3000 cm™* was observed
which corresponds to the stretching of O—H bonds. In the GO sample, the characteristic
absorption peaks at 1730, 1226, 1055 and 1620 cm* correspond to the stretching of C=0,
C-OH, C-O and C=C/O-H bonds, respectively*®. For the gDNA-GO composite the
absorption bands at 1730, 1226 and 1055 cm™ disappear and a single absorption peak at
1632 cm ! is observed. Similarly, for the Pt nanoparticles/GO, only absorption peaks at
1637 cm* are observed. FTIR spectra observed for the composites (JDNA-GO and Pt
nanoparticles/GO,) indicate the successful reduction of the GO using NaBH,4 The FTIR
spectra of the Pt,/gDNA-GO composite, shows two bands centered at 1090 and 1222 cm”
! respectively, which can be attributed to the symmetric and anti-symmetric stretching
vibrations of the phosphate group, while the peak at 1408 cm™ can be assigned to the
deformation peak of the O—H groups “**°. The band at 1566 cm™ correspondeds to the
C=C skeletal vibration of graphene sheets, which shows the GO sheets were successfully
reduced using NaBH,.

UV-vis Analysis

UV-vis spectroscopy confirms the successful synthesis of gDNA and GO, as well
as gDNA-GO, (Supplementary Fig. S4). The UV-vis spectrum of GO exhibits two
characteristic adsorption peaks, at 230 nm and 303 nm corresponding to the 1 — =w*
transitions of aromatic C-C bonds and the n — =* transitions of C=0O bonds,
respectively®>®?. The peak at 230 nm was red shifted to ~254 nm upon chemical
reduction, which suggests restoration of the electronic conjugation within the GO sheets
(Supplementary Fig. S4)*°. The characteristic adsorption peak of gDNA observed at ~256
nm is in agreement with previous reports®. In the case of gDNA-GO composites, the
absorption peak appearing at ~260 nm is red shifted indicating that the gDNA firmly

attaches to the surface of the GO sheets.
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XPS and EDX analysis

The elemental composition and chemical bonding of the gDNA-GO, Pt
nanoparticles/GO, and Pt,/gDNA-GO samples were analyzed using XPS. The XPS
spectrum of the gDNA-GO composite shows a strong P 2s peak at 190 eV, which
correspond to the phosphate backbone of gDNA (Supplementary Fig. S8a)*°. The
gDNA-GO spectrum also shows a C 1s core level peak at 284.6 eV (Supplementary Fig.
S8b), a N 1s core level peak at ~399.1 eV (amide, amine, aromatic nitrogen,
Supplementary Fig. S8c), and an O 1s peak at 531.7 eV (Supplementary Fig. S8d). The
existence of the amide bond is evidence of the binding on the gDNA to the GO sheet,
while the existence of the P and N peaks is strong evidence for the inclusion of the gDNA
into the composite material. In the gDNA-GO sample the C 1s core level XPS spectra
shows the presence of C-C, C=C, C-N and C-OH groups, while the two peaks (284.6 and
286.7 eV) observed in the C 1s spectrum of GO (Supplementary Fig. S9) show the
existence of C-C, C=C, C=0, COOH and C-O%®. In the full survey XPS spectrum of the
Pt nanoparticles/GO (Supplementary Fig. S10a) shows the existence of carbon, oxygen,
platinum and nitrogen. The silicon peak observed in the sample was due to the use of a
silicon wafer as a substrate material. Supplementary Figs. S10b-d shows the core level
spectra XPS spectra for the Pt 4f, C 1s and N 1s core levels. The core level Pt 4f XPS
spectrum (Supplementary Fig. S10b) can be deconvoluted into four peaks with binding
energies centered at 71.4, 74.7, 72.6 and 76.1 eV. The peaks centered at 71.4 (4f7/2) and
74.7 eV (415/2) are attributed to zero-valent metallic Pt, while the peaks at 72.6, and
76.1eV are ascribed to PtO and PtO, species, respectively®”*®. The C 1s core level peak
(Supplementary Fig. S10c) is deconvoluted into two peaks with binding energies of 284.6
and 286.6 eV, corresponding to the C=C/C-C, and C-OH bonds, respectively. The XPS
N 1s spectrum (Supplementary Fig. S8d) corresponds to the C=N bond with a binding
energy of 400.5 eV, which is associated with the C=N bond*°. Supplementary Fig. S11a
shows the full survey XPS spectrum of the Pt,/gDNA-GO composite, with clearly
defined Pt 4f, Pt 4d, C 1s, P 2s, N 1s and O 1s core-levels. As in the gDNA-GO spectra,
the Si peaks are attributed to the analysis substrate. To gain insight into the surface
composition of the Pt,/gDNA-GO composites, we conducted an HRXPS analysis for the
Pt 4f, N 1s and C 1s core levels. The HRXPS spectra of the Pt 4f, C 1s and N 1s core
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levels are shown in Supplementary Figs. S11b-d, respectively. The XPS Pt4f spectrum
can be deconvoluted into two peaks with the binding energies located at 71.4 and 74.7 eV
(Supplementary Fig. S11b) which are assigned to Pt 4f ;, and Pt 4f g, respectively®.
The C 1s core level spectrum (Supplementary Fig. S11c) can be deconvoluted into five
components with binding energies centered at 283.7, 284.6, 285.6, 286.6 and 287.4 eV,
attributed to the C-C, C=C, C-N, C-O and C=0O groups, respectively. The XPS N 1s
spectrum can be deconvoluted into two peaks with binding energies of 399.6 and 400.8
eV (Supplementary Fig. S11d), which can be attributed to amide, amine, aromatic
nitrogen groups and quaternary N. The HRXPS N 1s core level XPS spectrum is similar
to that observed for the gDNA-GO composite (Supplementary Fig. S8c), however an
increased N content in the Pt,/gDNA-GO composites is observed due to the
incorporation of gDNA. The chemical compositions of the Pt,/gDNA-GO and Pt
nanoparticles/GO composites were further characterized by energy dispersive X-ray
(EDX) spectra. The Pt,/gDNA-GO composites and Pt nanoparticels/GO are composed
mainly of carbon, oxygen, nitrogen and Pt atoms (Supplementary Figs. S12, S13,
Supplementary tables S1 and S2), which is in agreement with the XPS data.

Isolation of genomic double stranded deoxyribonucleic acid (JDNA)
Pure genomic double stranded DNA (gDNA) was isolated from fully expanded mature

d®162 with some

leaves of Arabidopsis thaliana (A. thaliana) using the CTAB metho
modifications. Briefly, A. thaliana plants were grown under controlled culture conditions
at 22+2°C with 60% relative humidity with a 16/8 h photoperiod. Approximately 75 g of
the leaf tissue was ground to a fine powder in liquid nitrogen and suspended in CTAB
buffer (2% Cetyl trimethylammonium bromide buffer (CTAB); 100 mM Tris buffer (pH
8); 20 mM Ethylene diamine tetraacetic acid (EDTA); 1.4 M Sodium Chloride (NaCl);
4% Polyvinylpyrrolidone (PVP, M,=8000 gmol™) and 5 mM Sodium ascorbate) in a ratio
of 1:3 (w/v). To eliminate RNA contamination, 100 pl of RNase (10 mg/ml) was added
and the mixture was incubated at 65 °C for 10 min. To remove the protein contaminants
the sample was treated with phenol:chloroform in a ratio of 1:1 (v/v) and centrifuged at
12000 rpm at room temperature for 10 min. The obtained supernatant was treated twice

with an equal volume of chloroform:isoamylalcohol (24:1, v/v) followed by
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centrifugation at 12000 rpm, 10 min at room temperature to remove all phenol traces. The
gDNA was precipitated with 1/10 volume of isopropanol and washed twice with high
grade 80% ethanol to remove any salt traces. The white pellet of gDNA was dried in a
clean bench and then dissolved in 2 ml sterile triple distilled water. The sample was
sonicated using an ULTRASONIC PROCESSOR, SONICS, Vibra Cell™ (SONICS and
MATERIALS Inc., CT, USA) at an amplitude control of 60% while being pulsed for 20
cycles at 10 sec intervals to create uniform size fragments of gDNA of about 300-700
base pairs. The gDNA was then purified again and resuspended to a final concentration
of 6 mg/mL, quantified using an Infinite® 200 NanoQuant (Mannedorf, Switzerland).
The quality of the gDNA was determined by measuring its Azsors0 absorbance ratio, as

well as electrophoresis (see Supplementary Fig. S1).

Preparation of graphene oxide

A detailed description of the synthesis process of graphene oxide (GO) has been
reported elsewhere®. In a typical synthesis 2g of graphite powder was mixed with conc.
H,SO4 (50 ml) and 2g NaNOgsat 0°C. 6g (37.967 mmol) of KMnO4was slowly added to the
flask while maintaining vigorous stirring and the temperature was kept below than 15°C.
The mixture was stirred at 35°C until it became pasty brownish, and it was then diluted
using de-ionized (DI) water. 10 ml H,O, (30 wt. %) solution was slowly poured into the
mixture, after which the color of the mixture changed to bright yellow. The mixture was
centrifuged, wherafter the pellet was resuspended and washed with a 1:10 HCI aqueous
solution in order to remove residual metal ions. The resulting precipitate was washed
repeatedly with DI water until a neutral pH was observed. The GO used in the synthesis

was obtained by drying the precipitate in a vacuum.

Sample preparation for physicochemical characterization

Raman and X-ray photoelectron spectroscopy (XPS) samples were prepared by
coating a thin film of the sample on a silica wafer at room temperature. Fourier transform
infrared (FTIR) samples were prepared by mixing a small amount of sample with
potassium bromide powder, which is transparent to the incident IR radiation, and pressing
into pellets in a die. Ultraviolet-visible (UV-vis) samples were prepared by dissolving
gDNA, GO and gDNA-GO in DI water.
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Electrochemical measurements

Electrochemical measurements were performed using a glassy carbon rotating-
disk electrode (Bio-Logic Science Instruments) connected to a VSP-Modular 2 Channels
Potentiostat/Galvanostat/EIS. A typical three-electrode configuration was employed,
consisting of a modified glassy carbon electrode (3 mm in diameter) as the working
electrode, Ag/AgCl (3 M NaCl) reference electrode and platinum wire as a counter
electrode in 0.1 M HCIO,4. All potentials were converted to values with reference to a
reversible hydrogen electrode. To perform the RHE conversion, the thermodynamic
potential for the hydrogen electrode was needed. This potential was obtained using cyclic
voltammetry. From cyclic sweeps at a sweep rate of 1 mV/s, the average of the two
potentials at which the current crossed zero was taken to be the thermodynamic potential

for the hydrogen electrode reaction.

Preparation of working electrodes

1 mg of catalyst was dispersed in a 1 ml DI water using sonication. 4pl of the dispersed
sample solutions were then transferred onto the glassy carbon rotating-disk electrode with
a geometric area of 0.0707 cm?. After evaporation of the water, the electrode was covered
with 4 ul of 0.05 wt% Nafion solution. Finally, the electrodes were put in a vacuum oven
for two days at 80 °C before measurement.

Loading amount of Pt is calculated by following method:

Concentration of catalysts x loading of catalysts on RDE x wt% of catalysts

In our case: Img x 4 ul x 20/100 x 1000 pl = 0.0008 mg

In respect of area, the amount of Pt = 0.0008/0.0707 = 0.011315 mg/cm? = 11.31 pg/cm?

CV measurements

Cyclic voltammetry (CV) measurements were carried out under nitrogen in 0.1 M
HCIO4aqueous solution at a scan rate of 50 mVs™. CV plots were used to determine the
electrochemically active surface area (EASA) of the electrodes by measuring the charge

associated with under-potentially deposited hydrogen (Huq) adsorption between O and
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0.37 V, assuming 0.21 mC/cm? for deposition of a H monolayer on a Pt surface. The Hupd

adsorption charge (Qn) can be easily calculated using the following equation®:

0.37
I [A] x dE[V]
QulC] = I v[V/s]

0.0 (S1)

where C is charge, | the current, E the potential, v the scan rate, and Q the charge in the
Hupd adsorption/desorption area obtained after double-layer correction. Then, the
specific EASA was calculated based on the following equation®*:
Specific EASA=Qn/ m X gn (S2)
where Qy is the charge for Hupd adsorption, m is the loading amount of metal, and gy is

the charge required for monolayer adsorption of hydrogen on a Pt surface.

CO-stripping cyclic voltammetry
The background electrochemical measurement was performed in a Nj-saturated 0.1 M
HCIO, electrolyte solution over the potential range 0 to 1.4 V (vs. RHE) at a scan rate of
20 mV/s. The CO adsorption on the Pt catalyst was performed by bubbling a 10% CO/N,
gas mixture into the 0.1 M HCIO electrolyte solution at a constant potential of 0.1 V (vs.
RHE) for 2000 s. The EASA was calculated from the integrated charge (after background
correction) under the CO oxidation peak of the first scan obtained from the CO stripping
measurement using the following equation:

ESA= Qco/{Pt} x 0.420 (S3)

Qco = [i dE/2v (S4)

where Qco is the CO stripping charge (mC), [Pt] is the mass loading per unit area of the
Pt catalyst, 0.420 mC/cm? corresponds to a monolayer of adsorbed CO and v is the scan
rate.
Calculation of electron-transfer rate, mass and specific activities

For the rotating-disk electrode experiments, all sample solutions were prepared by
the same method as CV’s. 4 ul solution (containing 1 mg/AmL catalyst) was loaded on a
glassy carbon rotating disk electrode of 3 mm in diameter. The working electrode was
scanned cathodically at a sweep rate of 10 mVs* with different rotating-disk electrode
rotation rates: 400, 625, 900, 1225, and 1600 rpm. Koutecky—Levich (K-L) curves (J™* vs.
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w'?) for the catalyst samples were analyzed at different potentials (Fig. 3b,
Supplementary Figs. S16c, d). The slopes of their best linear fit lines were used to
evaluate the number of electrons transferred (n) on the basis of the K-L equation:
1/j =1ji + 1jg = Uji + 1/BW? (S5)
in which
B=0.62nFAC0,D0,2%m (S6)
where j is the experimentally obtained current, ji is the Kinetic current, jq Is the
diffusion- limiting current, n is the number of electrons transferred, F is Faraday’s
constant (F = 96485.34 C/mol), A is the electrode’s geometric area (A = 0.0707 cm?),
CO, is the O, concentration in the electrolyte (C0,=1.26 x 10° mol/L), Do, is the
diffusion coefficient of O, in the HCIO, solution (Do, = 1.93 x 10 cm?/s), and 1 is the
viscosity of the electrolyte (n = 1.009 x 102 cm?/s) ®.
From supplementary eq. S5, the kinetic current was calculated based on the
following equation®:
Je= (1 xjo)/ (o)) (S7)
For each sample, the kinetic current was normalized to loading amount of metal and

EASA to obtain mass and specific activities, respectively.
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