Supplementary Information

Intratumoral Generation of Photothermal Gold Nanoparticles through a Vectorized

Biomineralization of lonic Gold

Aaron S. Schwartz-Duval*?3, Christian J. Konopka'~, Parikshit Moitra*>®, Enrique A. Daza'?3,
Indrajit Srivastava'?3, Elyse V. Johnson’, Taylor L. Kampert’?3, Stanley Fayn'?, Anand

Haran'2, Lawrence W. Dobruckil2, and Dipanjan Pan:2:3.4.5.6:
]

1 Department of Bioengineering, University of lllinois, Urbana-Champaign, Urbana, 61801, USA
2 Beckman Institute, University of lllinois, Urbana-Champaign, Urbana, 61801, USA

3 Biomedical Research Center, Carle Foundation Hospital, Urbana, IL, USA

4 Department of Diagnostic Radiology and Nuclear Medicine, University of Maryland Baltimore
School of Medicine, Baltimore, Maryland, 21201, United States

5> Department of Pediatrics, Center for Blood Oxygen Transport and Hemostasis, University of
Maryland Baltimore School of Medicine, Health Sciences Research Facility 111, 670 W Baltimore
St., Baltimore, Maryland 21201, United States

6 Department of Chemical, Biochemical and Environmental Engineering, University of Maryland
Baltimore County, Interdisciplinary Health Sciences Facility, 1000 Hilltop Circle Baltimore,
Baltimore, Maryland 21250, United States

’ Cytoviva inc., Auburn, 36830, USA

*To whom correspondence should be addressed: Prof. Dipanjan Pan; E-mail:

dipanjan@som.umaryland.edu



mailto:dipanjan@som.umaryland.edu

—PEG
—Au3+
—Au-PEG

Supplementary Figure 1. Characterization of ionic Au-PEG cluster: (A) UV-Vis absorbance

spectra of ionic Au-PEG clusters (200-800 nm) as well as it’s individual components at identical



concentrations. TEM images from the extracted solution of ionic Au-PEG treatments to cell
culture plates with a magnification of Au-PEG cluster (B), and fresh cell culture media incubated
with Au-PEG clusters (C). Additional TEM images of Au-PEG treated MCF-7 cells at various
magnifications (D). Enhanced hyperspectral darkfield image of untreated MCF-7 cells used for

negative filtering for Figure 2A and 2B (E).
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Supplementary Figure 2. Raman spectra of cellular fractions (all from MCF-7 cells): Nucleus
and large organelles, 15,000 g (Red); mitochondria, lysosomes, and other medium sized
organelles, 100,000 g (Green); membrane fragments, 300,000 g (Blue); and highly
soluble/cytosolic molecules (Violet), >300,000 g; and the glass slide without cell fractions

(Black).
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Supplementary Figure 3. Confirmation of intracellular reduction by SDS-PAGE: SDS-PAGE

stained with Coomassie Blue of cellular fractions including (A) nuclear, 15,000 g; (B) medium

organelle, 100,000 g; (C) membrane fragments, 300,000 g; and (D) cytosolic, >300,000 g

regions of MCF-7 cells untreated, treated with Na-PEG, or Au-PEG with either standard SDS-

PAGE conditions [(+) BME], or without B-mercaptoethanol [(e) BME]. Arrows indicate direction

of protein migration due to electrophoresis.
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Supplementary Figure 4. Schematic for separation of Au bound proteins from the non-bounded
ones: The process describing the separation of Au-bound proteins from non-bound ones

through gel electrophoresis, followed by separation of portions of the gel for LC-MS analysis.
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Supplementary Table 1. Proteins identified from the LC-MS analysis and the subcellular

regions in which they are located, as annotated on UniProt.org through COMPARTMENTS.?!
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Supplementary Table 2. Proteins identified from the LC-MS analysis and the molecular
processes in which they are involved, as annotated on UniProt.org through phylogenetic-

based propagation of functional gene ontology (GO) annotations.?



GO Term

establishme extracelllar Fo-epsilon G protein- N Y GO genaration

o i
molproten . mei | receprar  focdl  coupled SIS0l gunglonde i precusor glomendss  SHO03n | ghcogen
locskzation ! organizatio signaling  adhesion  receptor etal inhibror | metsbaltes  filustion Y

Protein Name I " . process  process process | process

wathw ay sianaiing astivity  and eneray ooess viaplasma  mprecess

sheogen | gheogen | IY0TEHNG homephilic | hydragen
clip

d  helioase sl peioside i‘::::' p':]‘sgfﬂ M
mewbolo  solily  adhesion | cabele Pt PPV
T ——

malogB

Secreteglobin family 10member 2

Immunaglobubn |smbda-like |

polypeptide 5|

Alpha-amylass 28

Immunoglobulin he awy constant .

slpha 1|

14-alpha-gluzan-branching

enay:

Cadheiin-23

SPIC kinase signalinginlbiter 1 || ||

Integrin beta-1-binding protein 1

Percusedournd — — —

INKUMAPK-associated
membrane protein|

Gangloside GMZ ciivator — I
Catmockin-1 I |
Titin
Protein FAG1|

Probable ATP-dependent RNA
baiosss

GO Term

innerear  inositol | inositol integrin-  intracelllar e e " " ol
'"‘"‘:‘”‘ receptor  phosphate  14,5- imegiin  integrin  maediated = mgnal  ionchannel  kinage  leamingar leukacyte l'* o kst . "'I lecomotary ﬁej:‘“a MAPK  metabalic  chr
. system cell metsholic tisphospha actvation  bindng  signaling  transductio  binding aciwity  memory  migration | orecolc PG Storage UANSPOMET bl ior VERPME  asosde  process
Protein Name | eecer o Tecees e oekimase pathysy n Frocess aclhy " cor]
Zymogen aranule protein 6,
homolog B
Secretoglobin famiy Dmember 2
Immunaglobubn lambda-lke
pobpeptide 5
Alpha-amylase 28 I

Immunoglobuin h«vyaonsum- -
slphs

h
1 d-slpha-glucan-branching

SRCkinase signaling inkibitor 1
imegeinbeta- - bncingproein I
Percwsedonined —

JHNEIMARKE-associated
membrane protein

Ganglioside GMZ activator | I
Cakmodin-1 I __ I

Titiny

ProteinFRGT
Prabable ATP-dependent ANA
helicage

GO Term
mitotic: mANA muscle massche NeWOmuUIE ritric-ouide N-terrminal chigosacch
chiomosom moleculsr  MANA  sphoing.via  alpha- IT::: ogan  myoblast "!‘;':;: laiprocess. m:";“m myristoylatio rucleic acid  aride
f o function  processng spliceosom  actinin developme  migration canroling rogulator ndomain  bindng  catsbobe
Protein Name ..o ©°" tndna | dna Y process | nca | S0dno pub | ea

actwity
2Zymogen granule protein 16
hemolag B

Secretogiobinfamily 1D member 2

Immunoglobulinlambda-like

polypeptide 5

Alpha-amylase 28

Immuneglobulin heauy canstant

alphal

14-alpha-ghuoan-branching

enzyme

Cadherin-23

SRC kinase signaling inhibior |
Integrinbeta~1-binding protein 1 | |
Petcuiredarn-d | -
INKVMAPKE-assacisted
membrane protein

Gangloside GHZ sctivaer e — —
Calmadulin-1 | |
i [ ||
Protein FRG1
Probable ATP-dependent RNA -
helicase

widati peptidyl-
"’!il‘;l:: ondoreduct  wresine | pen
Hrosass | 3eaciiy phosphonl 3
process ation

nitric=ouide

GO Term

phosphatid phospholp photorecep pratein N protein i protein protein protein - Ras|
petcsidase petouitedor yinosiol3-  sse  phosphonl  torcell | protease  homodimer PO | matuation Dnﬁ::: phosphatas h‘:;:;:‘ | proten seli- sanalihces  protein "apr:"'?;' twosine c&?;““hm -
Protein Name acivig  nactiity  kinsse | actwator stion  mantenanc  binding wation L bypratein | LR @ activator Froemn” assoclation ninekinase  transport a;!:my linase e\lr\k\::;e e
| bindng  aciity e ctlviy foldina sctivty sctivster sctivity [
Zymogengranule protein 6

homalog B

Secretoglobin family TDmember 2

Imnunaglobubn lambda-tike|
polypeptide 5|
Alpha-amylase 26

Immunaglobulin heavy constant
alphall|

1.4-alpha-glucan-branching
enzyme
Cadnenin=23| _—

SAC kinase signalinginkibitor 1|

Inte giin beta-1-binding protein 1 | ]
Perariedorin-+ [ | |
JNKNMAPKS-associated
membrane protein|

Banglioside GM2 activstor
Caimodn1| —— m
T — —— — ———
Pratein FRG1|
Probable ATP-dependent RHA

helicase|

Supplementary Table 2 contd. Proteins identified from the LC-MS analysis and the molecular
processes in which they are involved, as annotated on UniProt.org through phylogenetic-based

propagation of functional gene ontology (GO) annotations.?
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Supplementary Table 2 contd. Proteins identified from the LC-MS analysis and the molecular

processes in which they are involved, as annotated on UniProt.org through phylogenetic-based
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Supplementary Figure 5. Microarray based analysis for apoptosis related KEGG pathways

for ionic gold treatment: Log-Fold-Change of gene regulation represented through apoptosis

related KEGG pathways quantified through microarray analysis comparing Au-PEG treatments

against untreated MCF-7 cells.
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Supplementary Figure 6. Investigation of gold internalization pathway: Percentage of gold
internalization in MCF-7 cells via application of ionic Au-PEG clusters at 0.24 mM Au3*(control),
or ionic Au-PEG clusters in presence of several endocytic inhibitors is shown. Different
endocytic inhibitors employed in this study were sodium azide (NaNs), 2-deoxyglucose, nystatin
(Nys), chlorpromazine (CPM), and dynasore. Error bars are standard deviations of the mean

(n=3 biologically independent samples).
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Supplementary Figure 7. Microarray based analysis for endocytosis related KEGG pathways
for ionic gold treatment: Log-Fold-Change of gene regulation represented through endocytosis
related KEGG pathways quantified through microarray analysis comparing Au-PEG treatments

against untreated MCF-7 cells.






Supplementary Figure 8. Schematic set up for the photothermal ablation therapy: Computer-
aided design (CAD) image of laser mount for photothermal ablative therapy (to scale with
RTLMRL-635-500-5 Roithner Lasertechnik cw laser), with top, side, and front views (A). Image

of complete setup (B). Image of laser setup with positioned mouse (C).
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Supplementary Figure 9. Schematic diagram of nanopatrticle formation: Artistic representation
of how applications of ionic Au-PEG clusters will induce nanoparticle formation through

successful intratumoral or intradermal applications with and without photothermal ablation.
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Supplementary Figure 10. In vivo efficacy of the intratumorally generated gold nanoparticles:
(A) Fluorescence contrast afforded via IVIS imaging (430ex 840em) between on-site and off-site
across one week period of treatments for Au-PEG with no photothermal treatment with
intratumoral injections (Yellow), Au-PEG with intradermal injections (Orange), or Na-PEG
(Blue). Error bars are standard deviation of the mean (n = 3 biologically independent animals).
*The 1 day Au-PEG (-Laser) / Off site (Intradermal Injection) sample represents 2 biologically
independent animals. Bright field (B) and fluorescence images (C) representitive of mice with
Au-PEG with intradermal injection (three days post injection) with arrows indicating injection
sites for either Na-PEG (Blue) or Au-PEG (Red). Temperature maximums averaged across laser
treatments (D) as determined through FLIR IR thermal imaging with representitive thermal
image of laser treatments made to mice with Au-PEG with intradermal injection (E). Error bars

in for D are standard deviations of the mean (n = 5 laser treatments).
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Supplementary Figure 11. Raman mapping of gold nanoparticles: Illustration of how peak
intensities for regions 1250-1350, 1446-1477, and 2849-2969 cm™! (A) were used for generating
Blue, Green, and Red color maps (B) and were then combined for Raman mapping of unstained

histological sections (C).
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Supplementary Figure 12. Evaluating in vivo toxicity: Representitive H&E stained tissue
sections after microtomy from animals having received Au-PEG * and/or laser treatments + with

Au-PEG. Scale bars are 100 pm.
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