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LSPR absorption of BSA-stabilized AuNPs and steady-state fluorescence emission of AuNCs

Figure S1 show the appearance of gold conduction band as observed with UV-Visible for both intrinsic and extrinsic
synthesis. The spectrum shows the absorbance of gold nanoparticles at ~520nm for the extrinsic synthesis route.
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Figure S1: LSPR of BSA-stabilized AuNPS

Figure S2 show the Steady-state fluorescence spectra of fluorescent gold nanoclusters (A., =370 nm) prepared via the
extrinsic method. Figure S3 show the integral of the Trp emission (A., =295 nm) as a function of TCAA.
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Figure S2. Spectra in a) show the emission of AuNCs with the contributing emission from BSA. Spectra b), the emission
from BSA has been subtracted from all spectra, to show the contribution of only AuNCs.
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Figure S3: Integral of Trp emission (310-450 nm) as a function of TCAA. The red lines show the extrinsic Trp emission, while
the black line show the intrinsic integral of Trp emission.

X-ray powder diffraction of BSA and BSA AuNPs

Figure S4 show the XRD-patterns for pure BSA (red line) and for BSA-AuNPs (black), and reveal crystalline structures of the
BSA stabilized AuNPs.
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Figure S4: XRD patterns of BSA and BSA stabilized AuNPs
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High-resolution inductive coupled plasma-mass spectrometry (ICP-MS)

Inductive- coupled plasma mass spectroscopy (ICP-MS) is a powerful technique for determining the elemental composition
in a sample. The yield of gold determined by ICP-MS measurements is higher for the samples where nanoparticles are
present, with a yield of 0.5%. The average yield for the intrinsic method is slightly higher than the extrinsic.

Table S1 show the amount of gold associated with samples with low amount of gold (7.5mM TCAA) and high amount of
gold (20mM TCAA).

Table S1: Amount of gold associated with BSA determined by ICP-MS

Added TCAA (mM) Gold intrinsic Gold extrinsic Average yield Average yield
(ug/L) (ug/L) intrinsic (%) extrinsic (%)
2.7 3.3
7.5 5.0 5.0 0.2620.080 0.28+0.055
4.0 4.2
21.3 21.3
20 15.2 18.0 0.53+0.13 0.46+0.075
25.7 15.2

X-ray photoelectron spectroscopy (XPS)

Figure S5 show the X-ray photoelectron (XPS) spectra of two samples of BSA-gold.
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Figure S5: XPS spectra of a) BSA AuNCs and b) BSA AuNPs synthesized via the Intrinsic protocol. The AuNCs were
synthesized with 5mM TCAA, while the AuNPs were synthesized with 20mM TCAA.
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Time Correlated Single Photon Counting (TCSPC)

Time-correlated single-photon counting (TCSPC) measures the intensity decay of fluorophores on a nanosecond timescale.”
Fluorescence lifetime measurements can give information about variation in the local environment of a fluorophore &° and
conformational changes in proteins. %11 TCSPC was performed with a 280 nm LED (A.,=280nm), and measuring the
emission at 360 nm (A.,,=360nm). The fractional contribution of each decay time to the steady-state intensity, f, is
determined from the decay times, T, and B which is the relative population of the components at t = 0, as shown in
equation S1.7
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All samples were best fit by biphasic decay, yielding one short (T;) and one long (T,) lifetime and their relative
populations B; and B,.

Table S2: Lifetimes and Populations

Synthesis TCAA (mM) T1 (ns) B1 (%) T2 (ns) B2 (%)

Intrinsic 0 1.5+0.021 33.20.18 4.9+0.027 8.1+0.0049
5 1.1+0.021 37.5+0.22 4.4+0.030 8.3+0.0048

7,5 0.91+0.015 41.6+0.23 4.3+0.033 7.0+0.0043

10 0.47+0.020 69.6+0.40 3.5+0.047 5.7+0.0041

15 0.38+0.018 91.8+0.48 3.6+0.088 3.1+0.0029

20 0.24+0.0083 160.4+0.85 3.7+0.095 1.8+0.0022
Extrinsic 0 2.0440.031 22.740.13 5.9+0.028 8.68+0.0046
5 1.63+0.027 26.5+0.14 4.7+0.033 6.9+0.0038

7,5 1.45+0.027 27.6+0.15 5.4+0.033 7.03+0.038

10 1.09+0.021 35.0+0.17 5.1+0.047 4.5+0.030

15 0.81+0.017 40.9+0.20 5.5+0.052 3.6+0.023

20 0.43+0.013 68.9+0.37 5.0+0.058 3.74£0.023

From 7.5mM-10mM TCAA, there is a large decrease in T1 and T2 for both the intrinsic and extrinsic synthesis. At 10mM
TCAA, steady-state fluorescence data show an increased growth of large AuNCs, indicating that large AuNCs induce more
prominent conformational changes compared to small AuNCs. From 7.5-10mM, the T1 for the intrinsic synthesis is reduced
by a factor of 2.7, while the extrinsic T1 is reduced by a factor of 2. Since the protein is the sole reducing agent in the
intrinsic synthesis, shorter lifetimes could indicate that there are larger changes in the polypeptide chain when ascorbic
acid is not present.

The lifetime populations for the intrinsic and extrinsic samples show that as the size of gold increases, there is an
increased short lifetime population (B1), and a concerted decreased long lifetime population (B2). The short and long
populations show the relative percentage of fluorophores for the short and long lifetimes, respectively. At concentrations
below 7.5mM TCAA chi-squared values (x2~1) indicated a good fit, while above 7.5mM TCAA chi-squared values (x?>2)
were less ideal. Increasing the exponential fit for samples with concentrations above 7.5mM, would give a better fit, but
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with more contribution from noise. 7 The data above 7.5mM TCAA can therefore not be used quantitatively, but
qualitatively to indicate what happens to the protein when the concentration of TCAA is increased.

The prominent increase in B1 at 10mM could be an effect of the large conformational changes in BSA that takes place
when large AuNCs appear. At 10mM TCAA, steady-state data of Trp emission reveal large changes in protein conformation,
which would greatly affect TCSPC data as well. Because the lifetimes were measured with a 280 nm LED, it could be that as
BSA changes conformation, tyrosine residues are exposed and contribute to the emission, thus increasing the overall
lifetime populations. 712 Overall, the results reveal the same trend of lifetimes and populations for BSA with or without
ascorbic acid. With increased size of BSA-gold, the short (T1) and long (T2) lifetimes decreased, while the short lifetime
populations (B1) increased and the long lifetime populations (B2) decreased. There is a large difference in the short and
long lifetimes of native BSA and BSA with AuNPs (20mM TCAA) indicating that the fluorophore on average spends less time
in the excited state, which is probably caused by an increased exposure to water or energy transfer to BSA-gold, or a
combination of the two. 13 Increased quenching of Trp emission with size of BSA-gold was also observed with steady-state
fluorescence, showing that the protein gradually changes conformation as a result of the gold size.

Toxicity assay on glioblastoma-astrocytoma cells

Misfolded proteins are usually devoid of normal biological activity and can aggregate or interact with cells in an
unwanted manner. 145 For example, in Alzheimer’s disease, neurodegeneration is caused by amyloid plaques formed by
misfolded B-amyloid protein aggregation.1®7 As shown earlier, the tryptophan emission intensity was found to be
inversely proportional to the size of gold, meaning that the folding of BSA is more affected with larger species of gold. If
BSA-AuNCs or BSA-AuNPs either do or do not aggregate or interact with cell membranes, they could be used in different
applications. Biocompatible constructs of BSA-stabilized gold can be used as drug delivery vehicles, while BSA-stabilized
gold that aggregate and interact with cell membranes can be used as a drug in itself.

To this end, we tested the interaction of our BSA stabilized AuNCs and AuNPs with glioblastoma-astrocytoma
cells in vitro and thus assessed their suitability as potential drug delivery vehicles in the therapy of glioblastoma
multiforme. Glioblastoma multiforme is the most common primary brain tumor in adults. 8 It is very aggressive 2° and
exhibit low response to conventional chemotherapeutic drugs.?! Despite advances in therapy, ° the estimated median
survival of affected patients is one year.2° To our knowledge, this is the first reported study on BSA-stabilized gold
interaction performed on brain cancer cells. Previously, we have shown that the protein is important for the stability and
size-tunability of the gold nanoconstructs. 13 Recently, we showed that synthesis of Transferrin-stabilized AuNCs had large
surface affinities towards monolayers, and tended to localize on cell membranes in vitro. 22

Human glioblastoma astrocytoma cells (U-87 MG, Sigma Aldrich) were cultured in Eagle’s Minimal Essential
Medium (EMEM) with 1.25% gentamicin (Sigma) and 10% fetal bovine serum (Autogen Bioclear, Wiltshire, UK). The
cultures were supplemented with 2mM L-Glutamine, 1% non-essential amino acids (NEAA) (Sigma), and 1mM sodium
pyruvate (NaP) (Sigma). Cells were labelled with BSA, BSA-AuNCs and BSA-AuNPs at concentrations of BSA/media volume
of Img/mL, and incubated at 37°C for 24 hours. Unlabelled glioblastoma-astrocytoma cultures, at the same stage of
confluence, were used as controls. After labeling, a LIVE/DEAD® cell viability assay (Invitrogen, Life Technologies) was
performed on glioblastoma-strocytoma cultures. LIVE/DEAD® solution was prepared in 4.5mL PBS with 2.7uL calcein
(InVitrogen), and 12uL ethidium homodimer (Invitrogen), was added to each well at 1:1 (v/v) and left to react for 30
minutes at 37°C. A LIVE/DEAD assay is a method for quickly assessing if there is a substantial cell death in one cell
population compared to another. By taking images of the same magnification in the same area for all samples (i.e in the
centre of the cell plate), it is possible to get information of the overall cell death. In Figure S6, dead cells were counted and
the average amount of dead cells per image was calculated.
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Figure S6: Dead glioblastoma-astrocytoma cells after incubation with BSA-AuNCs and BSA-AuNPs. a) Dead glioblastoma-
astrocytoma cells counted with different concentrations of TCAA. The number of images counted per sample were 5. b)
Glioblastoma astrocytoma cells grow very fast, and can therefore have multinucleate cells. In the example given, cell nuclei
that lay very close to each other is counted as one cell.

No increased cell death was observed for any BSA-stabilized gold when compared to blank samples. This suggests that the
BSA-stabilized gold described here do not aggregate or negatively impact cell membranes, which opens up for drug
delivery applications. Compared to previous work on different proteins, these results indicate that the membrane affinity is
also dependent on the protein. 1322
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Computed Tomography

X-ray computerized tomography is a diagnostic imaging technique based on different tissue absorptions. For improved
diagnostics, organic contrast agents (CAs) containing iodine is commonly used for enhanced attenuation. However, these
CAs have very short circulation times. Because of their surface plasmon resonance, and inherently high attenuation
coefficients (at 100keV gold has an attenuation coefficient of 5.16, while iodine has 1.94) AuNPs below 100nm have
attracted a lot of attention as potential CT CAs. 8 %° Here, three batches of large BSA-stabilized AuNPs were synthesized
and their X-ray attenuation coefficients were measured (Figure S7). The size of the BSA-AuNPs determined the CT
attenuation, with the smallest AuNPs giving the best attenuation. This is most likely caused by an increase in the surface
area with decreasing size®°. The mechanism of BSA-AuNP growth presented here can be used to determine the optimal size
for CT imaging. The attenuation coefficient increase linearly with BSA-AuNP concentration which is comparable to what has
been reported in previous studies with PEG-coated AuNPs for in vivo CT imaging. 5% 52
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Figure S7: X-ray attenuation of BSA-AUNPs. a) With increasing size, the attenuation coefficient decrease. Saline is shown as
a control. b) A slice of the reconstructed attenuation coefficient map of the CT phantom consisting of saline and three BSA-
AuNP solutions (20 mg/ml) with different average sizes (6nm, 26nm, and 36nm). The scale bar is equal to 1 mm. c) Plot of
the mean attenuation coefficient vs. BSA-AUNP concentration for the sample with the highest attenuation coefficient in a),
i.e the sample containing average sized AuNPs of 6nm. Error bars indicate standard deviations. Solid line represents the
linear regression line. d) Reconstructed image slice of the phantom from suspensions plotted in c).

S8



For Computed tomography, sizes of the AUNPs were determined with ImageJ, and size fitting was determined with
OriginPro 9.0 software. For the largest sample, a Gaussian fit was used, while for the two smallest samples a LogNormal fit
was used. Figure S8 show some of the images acquired with STEM, and the calculated average and standard deviations.
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Figure S8: Size-determination of BSA AuNPs for Computed tomography. Images a)-c) show STEM-images of BSA-AuNPs. The
error bar is 100 nm for all images. Graphs d)-f) show the fitted averages and standard deviations for the image a)-c),
respectively.
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Time-resolved steady-state fluorescence spectra of Trp (A.,=295nm) and AuNC emission (A.,=370nm)

Figure S9 displays steady-state fluorescence emission spectra (A.,=370nm) for six samples incubated with different

amounts of TCAA and ascorbic acid (i.e the extrinsic method). Figure S10 show the tryptophan emission (A.,=295nm) from

the same samples. Spectra were recorded over the time span of one week. The blue lines in each specter show the

emission after 24 hours incubation time, while the red lines show the emission after 1 week (169 hours). The emission

from Trp residues in BSA did not change much over the time course of 169 hours.
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Figure S9: Time-dependent growth of gold nanoclusters followed by steady-state fluorescence, Ae,=370nm. The six graphs

show spectra of six different samples incubated with the extrinsic method taken over a time-period of one week. The BSA
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spectra were subtracted for all samples to show only the contribution of the AUNC emission. The arrow indicates a shift in
the shoulder from left to right after 62 hours.
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Figure S10: Changes in tryptophan emission with time and different gold precursor concentrations. Red line is after 24
hours, blue line is after one week. The purple line in graph Native BSA is the emission of tryptophan after 52 hours.
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The integral of the Trp emission as a function of time is given in figure S11.
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Figure S11: Trp emission integral as a function of time and concentration of TCAA.
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