Impact of proteins on the cellular uptake of carbon nanodots
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Supporting Procedures

Labeling of HSA with Cy7 (HSA-Cy)

Human serum albumin (HSA) was labeled with the fluorescent dye sulfo-cyanine7 NHS ester
(Cy7, maximum absorption/emission wavelengths Aaps/Aem = 750 nm / 773 nm, molar extinction
coefficient £¢y7(750 nm) = 2.40 x 10° Mt-cm™). The labeling procedure was carried out following
the protocol recommended by the supplier (Lumiprobe, Sulfo-Cyanin7 NHS-Ester, cat: #25320).
The dye dissolved in dimethylformamide (DMF) at 10 mg-mL? was added to the HSA protein
previously dissolved in sodium bicarbonate buffer (100 mM, pH = 8.50) at 10 mg-mL™?, and the
mixture was incubated at 25 °C under gentle stirring for 5 h. After that, unreacted Cy7 dye was
separated from labeled HSA by size exclusion chromatography on a PD-10 column using HEPES
buffer (100 mM, pH = 8.5) for the elution of the HSA-Cy fraction. This fraction was then washed
with HEPES buffer by using AMICON filters (30 kDa cut-off) to remove remaining free Cy7
molecules, until no free Cy7 was found in the filtrates. Finally, the purified HSA-Cy solution was
stored at 4 °C until use. By UV-vis absorption spectroscopy, that is the average number of

fluorophore molecules linked to a protein molecule, was determined to be ca. 1.20.

The ®po, value and the molar concentration (cusa (M)) and mass concentration (Cusa (mg-mL?))
of the conjugates were calculated according to the following equations, following the protol of

the supplier (https://www.lumiprobe.com/protocols/nhs-ester-labeling):

(A(750 nm)-egs4(280 nm))

Ppor = (A(280 nm)—A(750 nm)1cr)-£cy7 (750 nm)) >
__ (A(280 nm)— A(750 nm)1cF) S2

CHsA-cy = ers4 (280 nm)
CHSA—Cy = Cgsa-cy’ Mpysa 3

where A(280 nm) is the absorbance of the conjugate solution measured at 280 nm where
predominantly HSA absorbs, A(750 nm) is the absorbance of the conjugate solution measured
at Aexe = 750 nM where predominantly Cy7 absorbs. €¢,7(750 nm) and ncr (correction factor) are
the intrinsic properties of the dye; ensa(280 nm)*= 35700 M-cm™ and Musa = 66500 g-mol™? are

the molar extinction coefficient and the molar mass of HSA and are intrinsic properties of HSA.

The mild labeling procedure and the low dye-to-protein ratio (ca. 1.2 dyes per HSA molecule)
are expected to preserve the native conformation and binding capacity of HSA. Therefore,
potential alterations induced by dye conjugation are considered negligible compared with the

supramolecular interaction effects studied here.??



Supporting Figures
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Figure S1. Plots of CD concentration Ccp versus the fluorescence emission intensity Icp of a CD
solution under different excitation wavelengths a) Aexc = 300 NmM, Aem = 310 NM, b) Aexe = 320 nm,
Aem = 330 NM, €) Aexc = 340 NM, Aem = 350 nm, and d) Aexc = 380 Nnm, Aem = 390 nm, as measured
with a fluorescence spectrometer (Fluorolog-3, Horiba Jobin Yvon, USA) by diluting a stock
solution (5 mg mL™) in PBS medium . In (d) the double logarithmic curve has been fitted by linear

regression analysis with log(Cep/(ng-mL?)) = -4.8 + 1.2 -log(lep) (coefficient of determination R?=

0.99301).
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Figure S2. Plot of CD fluorescence emission intensity lcp, under excitation wavelength 300 nm,
versus the CD concentration Ccp in a solution of CDs dispersed in PBS, as measured with a
fluorescence spectrometer (Fluorolog-3, Horiba Jobin Yvon, USA) by diluting a stock solution (5
mg-mL?). The data points shown here correspond to the data from Figure S1 which are inside
the red boarder line. The data were fitted by linear regression analysis with Icp = (1.09-10° +

2.55:10° mL-pug™ - Cep).
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Figure S3. Absorption (a,b) and fluorescence (c,d) emission characterization of naked CDs and
CDs-HSA-Cy as recorded in PBS. UV-vis absorption spectra of CDs (a) and CDs-HSA-Cy (b).
Fluorescence emission spectra of CDs (c) and CDs-HSA-Cy (d) at different excitation wavelengths
Aexc. Photostability of the fluorescence emission of CDs, and both emissions (i.e. CD and dye)
from CDs-HSA-Cy, under continuous irradiation at 350 nm or 700 nm for the time t (e).
Photograph of an Eppendorf tube containing a 1 mg-mL™ aqueous solution of CDs under UV

lamp irradiation (f).
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Figure S4. UV-vis absorption spectrum A(A) of a Cusa = 300 pg-mL™ solution of HSA in phosphate
buffered saline (PBS) buffer.
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Figure S5. Size characterization of CDs and modified with an artificial fluorescence-labeled
protein corona (CDs-HSA-Cy). (a) Tapping mode AFM topography image of CDs on a mica

substrate, and the corresponding height-profile h(x) analysis along the line in x-direction. Note



that the height of a nanoparticle in an AFM image is related to its diameter; (b) Negative staining
TEM image of CDs; (c) AFM topography image of CDs-HSA-Cy on a mica substrate, and the
corresponding height-profile analysis along the line; (d) Hydrodynamic diameter dn given as
number distribution N(dn) as determined by DLS; (e) Height distribution histogram of the CDs
N(darm), based on AFM data with over imposed distribution curve (black line), from which from
the height profile the diameter darvm of the CDs has been evaluated; (f) CDs-HSA-Cy height
distribution histogram N(darv) based on AFM data with over imposed distribution curve (black

line).
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Figure S6. Three times repeated elution experiments of CD solution (mcp = 1 mg, Cep = 1000 pg-mL?L, V = 1 mL; mep = Cep+V) in 22,5 mL PD-10 columns using PBS buffer as

9



eluent. The CDs in the eluted fractions (1 mL each) were detected using fluorescence emission spectroscopy I(A) exciting at Aexc = 300 nm (black line), 340 nm (red line), 380
nm (blue line), and 420 nm (purple line). The highest content of CDs was found in fractions #3 - #16. The four excitation wavelengths (300, 340, 380, 420 nm) were used to
confirm the excitation-dependent fluorescence of CDs. The spectra demonstrate the consistent emission profile of CDs under varying excitation conditions. The graphs are

enlarged to fit two pages for better readability.
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Figure S7. Three times repeated elution tests of HSA (mpsa = 10 mg; Cusa = 10000 pg-mL?%; V = 1 mL; musa = Cusa'V) in 22,5 mL PD-10 columns using PBS buffer as eluent. The

HSA content in the eluted fractions (1 mL each) was detected using UV-vis absorbance spectroscopy A(A). The highest content of HSA was found in fractions #2 - #3.
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Figure S8. Three times repeated elution tests of CDs-HSA (1:10 w/w; CDs were incubated with HSA for 1 hour to form pre-coated CDs) in 22,5 mL PD-10 columns using PBS
buffer as eluent. The content of nanoparticles (may comprise CDs-HSA, CDs, and HSA) in the eluted fractions (1 mL each) were detected using fluorescence spectroscopy I(A)

(this graph) and the Bradford assay for HSA quantification (see Table S1).
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Figure S9. Confocal laser scanning microscopy (CLSM) images of Hela cells which had been
incubated for 6 h with CDs and CDs-HSA in the presence of 10% FBS supplemented medium.
Scale bar: 20 um. The laser excitation wavelength and experimental details are available in

experimental section of the main article.
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Figure $10. CLSM images of Hela cells which had been incubated for 6 h with CDs and CDs-HSA
in serum-free medium. Scale bar: 20 um. The laser excitation wavelength and experimental

details are available in Experimental section of the main text.
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Figure S11. CLSM images of Hela cells which had been incubated for 24 h with CDs and CDs-HSA
in serum-supplemented medium. Scale bar: 20 um. The laser excitation wavelength and

experimental details are available in Experimental section of the main text.
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Figure $12. CLSM images of Hela cells which had been incubated for 24 h with CDs and CDs-HSA
in serum-free medium. Scale bar: 20 um. The laser excitation wavelength and experimental

details are available in Experimental section of the main text.
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Figure S13. CLSM images of Hela cells which had been incubated for 48 h with CDs and CDs-HSA
in serum-supplemented medium. Scale bar: 20 um. The laser excitation wavelength and

experimental details are available in Experimental section of the main text.
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Figure S14. CLSM images of Hela cells which had been incubated for 24 h with CDs and CDs-

HSA-Cy in serum-supplemented medium. Scale bar: 20 um. To detect the CDs and the HSA-Cy
laser excitation wavelengths of Aexc = 405 nm and Aexc = 641 nm were used, respectively. Note,
that there is fluorescence saturation in some of the images, i.e. overexposure of fluorescence at

some pixels, leading to saturated intensities.
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Figure S15. Concentration dependent uptake study of CDs-HSA assemblies (CD/HSA pre-
incubation mass ratio 1:100) and CDs after purification by size exclusions chromatography
(leading to fraction A and fraction B) by Hela cells using confocal fluorescence microscopy. Icp
refers to the CD fluorescence. This graph contains the data also shown in Figure 2 and additional

data.
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Supporting Tables

Collected . CDs HSA CDs-HSA
. Fraction . . .
fractions (Figure S6) (Figure S7) (Figure S8)
leo (A =300 nm leco (A =300 nm
# @ (Ag, ) A (A = 280 nm) @ (Aqye ) A (A = 595 nm)
(a.u) (a.u)
1 (1+4)X106 0.008 £ 0.007 (6+3)X10° 0.53+0.04
A 2 (2 £0.6)X 108 2.10%0.09 (7.5 £0.9) X 106 1.9+0.3
3 (1+0.2)X 107 0.19+0.03 (7.7 £1.0) X 106 1.1+06
4 (1.42 £0.03) X 107 0.02 £0.02 (1.27 £0.06) X 107 0.53+0.03
B 5 (1.06 £ 0.09) X 107 0.01£0.02 (1.1 +£0.3) X107 0.52+£0.03
16 (1.6 £ 0.4) X 108 0t0 (9 +4)X 105 0.47 £ 0.02

Table S1. Summarized results of detected CDs and HSA in the PD-10 elution experiments shown
in Figures S6, S7 and S8. For the CDs the average emission intensity lcp = I(Aexe = 300 nm) was
taken from Figure S6 (CDs) and from the fractions used in Figure S8 (CDs-HSA). The mass
concentration Ccp of the CDs was then determined by using the calibration curve shown in Figure
S2. The mass concentration Ccp was then converted into a molar concentration ccp by using an
assume molar mass of the CDs* of Mcp = 1000 g-mol™: ccp = Ccp-Mcp ™. The molar concentration
as HSA was determined with the Bradford assay, by measuring the absorption A (A = 595 nm) at
A =595 nm resulting from the assay. The molar HSA concentration cusa Wwas then calculated as +
<A (A =595 nm)> = 0.54 pg-mL?! - cusa 7.87 pug-mL?L, whereby the offset and scaling factor have

been determined from a previously recorded calibration curve.

. CDs (Figure S6)  HSA (Figure S7) CDs-HSA (Figure S8)
Fraction 1 1
cco(pmolmL ) cusa (umol mL )
# cco (umol mL?) chsa (umol mL?Y)
A 1-3 0.15+0.04 0.069 £ 0.007 0.51 £0.06 0.005 £ 0.002
B 4-16 0.85 +0.08 0.083 £ 0.005 0.49 £0.09 0.15+0.03

Table S2. Calculated concentrations of CDs and HSA after collecting fractions A and B (cf. Figure
S8) in 1 mL of buffer solution. For the CD-HSA conjugates the number of CDs per HSA molecule
was estimated as ccp/chsa and is 0.51/0.005 = 100 for fraction A, and 0.49/0.15 = 3 for fraction
B.
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