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Table S1. List of DNA sequences used in the study

Strand Name

Sequence

DNA25 HS-AAAAAAAAAACCTATCGACCATGCT

DNA35 HS-AAAAAAAAAACCTATCGACCATGCTCGAGCCTACA

DNA45 HS-AAAAAAAAAACCTATCGACCATGCTCGAGCCTACAATCTCCAAGT

DNAS5S5 HS-AAAAAAAAAACCTATCGACCATGCTCGAGCCTACAATCTCCAAGTACTTACTCCG
cDNA25 AGCATGGTCGATAGG

cDNA35 TGTAGGCTCGAGCATGGTCGATAGG

cDNA45 ACTTGGAGATTGTAGGCTCGAGCATGGTCGATAGG

cDNAS55 CGGAGTAAGTACTTGGAGATTGTAGGCTCGAGCATGGTCGATAGG

DNA45-invT HS-AAAAAAAAAACCTATCGACCATGCTCGAGCCTACAATCTCCAAGT (invT)
DNA45-HP * HS-AAAAAAAAAACCTATCGACCATGCTCGAGCCTACAATCTCCAAGGGGTTACCCCG
DNA25-invT HS-AAAAAAAAAACCTATCGACCATGCT (invT)

DNA25-5"** TAACAACGATCCCTCAAAAAAAAAA-SH

DNA45-5"*** CCTATGGACCATGCTCGAGCCTACAATCTCCAAGTAAAAAAAAAA-SH

DNAZ25-(diThiol) ****

(diThiol)-AAAAAAAAAACCTATCGACCATGCT

DNA45-5’(diThiol)

CCTATGGACCATGCTCGAGCCTACAATCTCCAAGTAAAAAAAAAA-(diThiol)

Assembled Structures
Core-1 Same as DNA25
Core-1-invT Same as DNA25-invT
Core-2 HS-AAAAAAAAAACGAGTGAGTGCGACG
Sat-1 Same as DNA25-3’SH

Sat-1(FAM) *x¥#x

(FAM)TAACAACGATCCCTCAAAAAAAAAA-SH

Sat-2

GGTGGCTTACAGTCAAAAAAAAAAA-SH

Sat-3 HS-AAAAAAAAAACACTGCCTGAACTGT
Sat-3(Cy5) *xxkx HS-AAAAAAAAAAT(Cy5)CACTGCCTGAACTGT

Linker-1 GAGGGATCGTTGTTATACAGTTCAGGCAGTGTAGCATGGTCGATAGG
Linker-1-invT GAGGGATCGTTGTTATACAGTTCAGGCAGTGTAGCATGGTCGATAGG (invT)
Linker-2 GCTCACTCACGCTGCCCACCGAATGTCAGT

* Underlined bases form the stem of the hairpin
** DNA25-5’ is the same length as DNA25, but it’s base sequence is different
*** Underlined base that was ‘C’ in the DNA45 sequence was replaced with ‘G’ to avoid strong hairpin

formation

*#x% diThiol attachment achieved through a terminal dithiol phosphoramidite
*kxk The dye is conjugated to the underlined base




Discussion S1. Aggregation of nanoparticles in serum
When GNP-DNA constructs were added to serum they rapidly aggregated, forming large
macromolecular clumps at the bottom of the tubes as early as 30 minutes into incubation
(Suppl. Fig. S1). This resulted in the decrease in the 520 nm plasmon peak (characteristic of
dispersed 15 nm gold nanoparticles (1)) and increased absorbance at longer wavelengths.
The aggregation was reversible and could be dispersed by addition of protein degrading
enzyme proteinase K (2) and sodium dodecyl sulfate (SDS). Addition of proteinase K alone
resulted in almost complete recovery of non-aggregated absorbance profile, which
indicated that the aggregation was largely mediated by serum proteins (Suppl. Fig. S1B). A
similar serum-induced clustering of DNA functionalized nanoparticles was reported
recently (3). To confirm whether small molecules played a role in aggregation we used
10kDa membrane to separate serum into its proteins and small molecular weight
components (4). Aggregation was only observed in the case of complete serum (Suppl. Fig.
S1C). This indicated that aggregation is caused by the combined interaction of proteins and
small molecules with GNP-DNA surface and each other (Suppl. Fig. S1D, upper pathway).
Since DNA buried within a large nanoparticle cluster is inaccessible and therefore
appears highly resistant to degradation, aggregation can introduce artefacts into the study
of serum stability of GNP-DNAs. A common method to block protein adsorption onto
nanoparticle is to saturate the surface with a thick layer of polyethylene glycol (PEG) (5-9).
To check if passivation of nanoparticle surface with PEG could prevent aggregation, we
backfilled the surface of GNP-DNA45 by PEG with molecular weights of 1, 2, 5, or 10 kDa at
grafting density of 16000 PEG per nanoparticle (Suppl. Fig. S1D, lower pathway).

Incubation of these nanoparticles in serum indicated that at least 5 kDa PEG was required



to prevent the formation of aggregates (Suppl. Fig. S1A,E). Shorter PEG molecules did not
provide such protection, and backfilling with 1 kDa PEG actually enhanced the aggregation.
The degree of aggregation could be quantified by collecting the clumped nanoparticles by
mild centrifugation and washing them to remove non-aggregated nanoparticles.
Aggregates were then re-suspended by proteinase K/SDS treatment and plasmon peak
absorbance of re-dispersed nanoparticles measured (Supp. Fig. S1F). No plasmon
absorption was observed for 5 and 10 kDa PEG even after 8 hours of incubation, confirming
that none of the nanoparticles were present in the aggregated state in these samples. 1 kDa
PEG backfill increased aggregation by around a factor of 2. This data suggests that if chosen

incorrectly PEG can enhance rather than decrease serum-mediated aggregation.



Discussion S2. Experimental measurement of relative length of DNA and PEG layer thickness
Longer DNA is expected to require a corresponding longer PEG to maintain its steric
protection against nuclease access. To further investigate this, we compared serum
degradation of GNP-DNA45 backfilled with 5, 10, or 20 kDa PEG (Fig. 2C in the paper and
Suppl. Fig. S4B). As the PEG size was increased from 5 to 10 kDa, degradation rate dropped
from 0.55 hr! to around 0.1 hr-1, which was the same as the rate observed for GNP-DNA25
and GNP-DNA35 backfilled with 5 kDa PEG (Fig. 2B). Switching to a larger 20 kDa PEG did
not have any noticeable effect. We hypothesized that when the DNA strand is shorter than
the thickness of the PEG layer, it is fully submersed within the PEG molecules and therefore
strongly protected from protein binding. This is expected to be the case for DNA25 and
DNA35 with 5 kDa PEG backfill and for DNA45 with 10 kDa and 20 kDa PEG. In contrast,
the DNA that extends beyond the layer of PEG is exposed for degradation, which is
predicted for DNA45 and DNAS55 with the 5 kDa PEG layer. This hypothesis is also
supported by the observation that whole lane densitometry of samples in Fig. 2 in the
paper, which takes into account the total amount of DNA remaining on the nanoparticle
instead of just the amount of full-length strand, DNA25 and DNA35 show similar
degradation profiles, both of which are distinctly different from DNA45 and DNA55 (Suppl.
Fig. S5A).

To determine the relative lengths of DNA strands and thicknesses of protective PEG
layers, we first measured the hydrodynamic diameter (HD) of the gold nanoparticles
grafted with PEG with and without DNA. Addition of DNA that was longer than the PEG
layer thickness was expected to increase particle HD, while shorter DNA would have no

effect. Contrary to expectations, DNA adsorption disrupted the formation of the PEG layer



and resulted in reduction in HD of the nanoparticles (Suppl. Fig. S5A). This made it
impossible to directly determine the relative lengths of DNA and PEG, since observed HD
decrease would mask any potential increase due to longer DNA. However, we noted that
HD of DNA-only nanoparticles was larger in water, where strong repulsion between highly
negatively charged DNA strands forced them into highly extended configuration, compared
to PBS, where salt charge screening allowed for a more relaxed confirmation. If salts were
removed (2X centrifugation at 16,000g, 35min each, using ultrapure water for
resuspension) and then re-added to the original concentration (by addition of appropriate
amount of 10X PBS), HD diameter remained unchanged, indicating the inter-strand
repulsion was not strong enough to cause DNA desorption (Suppl. Fig. S5B). Since PEG is
not a charged molecule (10), HD of PEG-only nanoparticles was not affected by addition of
salts (Suppl. Fig. S5C). Therefore, an alternative method to compare DNA length and PEG
layer thickness was to measure HD of these nanoparticles in water and PBS. The
conformational changes of DNA strand that extend beyond the PEG layer would be
expected to affect the HD of the nanoparticle (Suppl. Fig. S5D), while salt induced extension
of a strand fully submerged within the PEG layer would not (Suppl. Fig. S5E). In agreement
with the observations of DNA degradation, HD of DNA25 nanoparticles with 5 kDa PEG
backfill and DNA45 with 10 kDa and 20 kDa PEG were not affected by addition of salts
(Suppl. Fig. S5F), identifying DNA strand to be shorter than PEG layer thickness. HD was
clearly affected by salts for DNA45 and DNAS5 nanoparticles with 5 kDa PEG backfill,
indicating extension of DNA strand beyond the protective layer of PEG. As a further
confirmation, similar results were obtained when pH of the solution was lowered to 3

(Suppl. Fig. S5G). In acidic conditions protonation of the DNA backbone removes the



negative charge from DNA backbone, allowing the strands to settle into more compact
configuration with decreased HD. In this case DNA35 was marginally affected by salt

addition, suggesting comparable length of this DNA to the thickness of 5 kDa PEG backfill.
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Figure S1. Aggregation of DNA-functionalized nanoparticles in serum. A - Absorbance spectra of
nanoparticles incubated in serum at 37°C indicated rapid aggregation. Aggregation could be prevented by
grafting protective layer of PEG of 5 kDa or larger. B - Aggregates could be re-dispersed by proteinase K and
SDS treatment. C - Serum was separated into its protein and small molecule fractions by passing it through
10 kDa membrane. Aggregate formation (indicated by the arrow) only occurred in complete serum. D -
Schematics of GNP-DNA aggregation in serum. Unprotected particles interact with proteins and small
molecules to form large aggregate structures, which can be re-dispersed by proteinase K and SDS treatment.
Protection by PEG backfill blocks this interaction and prevents aggregation. E - Visual tracking of serum
aggregation of nanoparticles with different size PEG backfills. Aggregation occurs below PEG 5 kDa. The
arrows indicate aggregate formation. F - Same as part E, but aggregation was tracked by purifying the
aggregate by centrifugation, re-dispersing it with proteinase K and SDS, and measuring absorbance at 520
nm. Error bars are standard deviations based on 3 experimental replicates.
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Figure S2. A - Quantification of DNA loading at different DNA to nanoparticle grafting ratios with and without
5 kDa PEG backfill. B - Linear fit performed for data from Part A to determine the DNA loading relationship
for nanoparticles with and without PEG 5K backfill. Each data point represents particular DNA grafting ratio.
C - Agarose gel electrophoresis of nanoparticles with 5 kDa PEG backfill and different DNA to nanoparticle
grafting ratios. D - Band densitometry curves for Fig. 2A in the paper. Error bars are standard deviations
based on 3 experimental replicates.
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Figure S3. PAGE gel visualization of serum degradation of DNA strands free in solution. A - Degradation of 25
ntlong DNA25. Much faster degradation is observed compared to the GNP-adsorbed DNA25 in Fig. 2B in the
manuscript. B - Degradation of exonuclease inhibited DNA25-invT.
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Figure S4. A - Band densitometry curves for Fig. 2B in the paper. B - Band densitometry curves for Fig. 2C in
the paper. Error bars are standard deviations based on 3 experimental replicates.
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Figure S5. Investigation of relative length of DNA strands and thickness of protective PEG layer. A -
Hydrodynamic diameter (HD) of nanoparticles as a function of DNA length and PEG size. Only DNA45 was
used with 5 kDa and 10 kDa PEG. B - Effect of salts on HD of nanoparticles with different lengths of DNA but
no PEG backfill. HD was first measured in PBS, then nanoparticles were centrifuged and HD measured after
resuspension in water. 10X PBS was then used to bring salt concentration back to 1X PBS levels, and HD
measured again. C - Effect of salts on HD of nanoparticles grafted with PEG, but not DNA. D and E - Schematic
representation of the effect of salts on HD of nanoparticles functionalized with DNA and backfilled with PEG.
When DNA that extends beyond the thickness of the PEG layer (D) is placed in water, strong repulsion
between highly negatively charged DNA strands forces them to maximally extend away from the particle.
When salts are added, they screen the negative charge allowing the DNA to fold onto the nanoparticle, which
reduces HD. In contrast, when DNA strand is shorter than PEG layer (E), HD is determined by the size of the
PEG layer rather than DNA extension, and therefore is not affected by the presence of salts. Lowering solution
pH is expected to yield similar results, since DNA is protonated in acidic conditions, removing its negative
charge. F - Comparison of HD of the nanoparticles with different DNA length and PEG sizes in PBS and water.
G - Comparison of HD of the nanoparticles with different DNA length and PEG sizes in solution with pH 3 and
pH 7. Error bars are standard deviations of the HD mean based on three measurements. Statistical
significance was determined by and unpaired t-test.
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Figure S6. A - PAGE gel data and band densitometry curves for serum degradation of nanoparticles with
DNAA4S5 and 5 kDa PEG grafted at different PEG-to-nanoparticle ratios. B - Degradation rates calculated from
the densitometry curves in Part A. No statistical significance was observed between the different grafting
ratios based on an unpaired t-test. C - Quantification of PEG surface density as a function of grafting ratio. For
parts A and C error bars are standard deviations; for part B error bars represent 95% confidence interval
associated with the degradation rate curve fitting; all data based on three experimental replicates,

representative PAGE gel data is shown.
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Figure S7. Band densitometry curves for Fig. 3A in the paper. Error bars are standard deviations based on 3
experimental replicates.

A)

Z

ssDNA ssDNA

—_ ® 25 bases

2 1.5- #® 35 bases - 1.09 4 Band Densitometry

; 1o : gg g:::: % -‘7: 4 Lane Densitometry

= 1.0- E

£ o5 Feg 1T 25

E i‘ tos] o x

§ O.G T T T —> 0.0 T T T T -
0 2 4 6 8 25 35 45 55
Serum Incubation (hr) DNA Length (bases)

Figure S8. A - PAGE gel lane densitometry for serum incubation of nanoparticles with single-stranded
DNA25, DNA35, DNA45 and DNASS (gel images are presented in Fig. 2B in the paper). B - Degradation rates
calculated based on lane densitometry are compared to those determined from band densitometry (Fig. 2B).
Band densitometry only considers the signal from the band associated with the full-length DNA strand. In
contrast, lane densitometry includes the total signal coming from the whole gel lane, which contains both the
bands associates with the full size strand and all of its shorter degradation products (e.g., the smear plus any
discreet bands). As exonucleases or endonucleases degrade the DNA, they produce shortened degradation
products, while desorption removes the whole strand. From band densitometry perspective the two
processes are similar, since reduction in the signal from the band associated with full-length oligonucleotide
is the same whether the strand is shortened or removed. However, from lane densitometry perspective any
cleaved or partially degraded DNA strand still retains a portion of its signal when visualized on the gel. In
contrast, a desorbed strand looses 100% of its signal. Therefore, the lane signal decreases slower than full-
size band signal in the case of strand degradation, while for desorption the rate of change associated with the
two measurements is the same. Error bars are standard deviations based on 3 experimental replicates.
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Figure S9. Comparison of serum degradation of 25 bases long DNA with 3’ or 5’ terminal ends. Error bars for
densitometry curves are standard deviations based on three experimental replicates. The rates are obtained
from the single-phase decay fits of the densitometry curves, error bars are 95% confidence intervals
associated with the fit. No statistically significant difference was observed based on an unpaired t-test.
Representative PAGE gel data is shown.
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Figure S10. Band densitometry curves for Fig. 3B in the paper. Error bars are standard deviations based on 3
experimental replicates.
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Figure S11. Determining DNase I concentration required to observe detectable DNA45-5" degradation on
gold nanoparticle surface.
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Figure S12. DNA adsorbed through di-thiol linker makes gold nanoparticles resistant to DTT treatment.
Nanoparticles with DNA45 adsorbed through mono-thiol or di-thiol linkers were incubated for 120 minutes
at37°Cin 10 mM DTT. Aggregation was indicated by the shift of the 520 nm plasmon absorbance peak to
longer wavelengths.
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Figure S13. Band densitometry curves for Fig. 3C in the paper. Error bars are standard deviations based on 3
experimental replicates.

DNA: 25 bases

0 2 4 6 8
Serum Incubation (hr)

Figure S14. Comparison of degradation of DNA25 adsorbed onto nanoparticle surface through mono-thiol or
di-thiol linker.
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Figure S15. Serum concentrations of free thiol-containing small molecules are not sufficient to eject DNA
strands from gold nanoparticle surface. Nanoparticles with DNA45-5"adsorbed through mono-thiol linker
were incubated in PBS supplemented with 20 uM Cysteine (mimics combined contribution of cysteine and
homo-cysteine, each present in serum at ~10 uM (11) ) and 1 uM GSH at 37°C for 8 hours.
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Figure S16. A - Incubation of nanoparticles with DNA45 and 5 kDa PEG back(ill in small molecule fraction of
undiluted serum is identical to PBS treatment, indicating that small molecules are not involved in DNA
degradation. B - Incubation of nanoparticles with 3’ exonuclease resistant DNA45-5"and 5 kDa PEG backfill
in 10 times diluted serum and its protein or small molecule fractions at 37°C for 96 hours. One concern when
using 10 kDa membrane was that concentrated serum was a highly dense liquid which could clog the
membrane and trap small molecules, leading to reduced concentration of small molecules in the filtrate. To
address this we diluted serum 10 times before filtration and no clogging was observed. Diluted serum
fractions were then incubated with DNA45-5’ nanoparticles to specifically look at desorption rather than
enzymatic degradation. To account for serum dilution incubation was performed for up to 96 hours. Protein
fraction yielded similar results to complete serum and no desorption was observed for the small molecule
fraction or in PBS, confirming that desorption process is carried out by proteins.
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Figure S17. Incubation of nanoparticles with DNA45 or DNA45-5" and 5 kDa PEG backfill in fetal bovine
serum (FBS) or human serum. Error bars for the densitometry curves are standard deviations. Fits for the
degradation rates are based on three experimental replicates, error bars are 95% confidence intervals
associated with the fit. Representative PAGE gel data is shown. Statistical significance was determined by an
unpaired t-test.
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Figure S18. Molecular details of the five core-satellite structures used in the study. ‘Basic Assembly’ and
‘Reduced Satellites’ contained identical DNA sequences, but differed in ratio of satellites to the core. ‘Exo-
inhibited’ structures were protected from DNase I degradation by blocking all free 3’ ends with inverted T
base. In the case of 2-Layer structure DNA was only labeled with the fluorescent dye (at bases indicated in the
figure) for the experiments described in Fig. 5 in the paper. Strands adsorbed onto 2-Layer structures used
for experiments shown in Fig. 5 were not labeled. Sat-1, Sat-2 and Sat-3 strands were isotropically distributed
around the satellite nanoparticles, and only 1 or 2 of these were expected to participate in the core-satellite
linkage, the rest would remain non-hybridized (demonstrated in the case of the 2-Layer structure). Therefore,
FAM dyes conjugated to Sat-1 strands would be spherically spread out around the outer satellite layer, and
Cy5 dyes would surround the inner layer. All single-layer structures were synthesized with 5 kDa PEG
backfill. 2-Layer structures were synthesized either with 5 kDa PEG (structure used in Fig. 4 and Fig. 5) or 10
kDa PEG backfill (structure used in Suppl. Fig. S21)
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Figure $19. Quantification of serum breakdown of assembled structures for the experiment described in Fig.
4 in the paper. A - Number of satellites per core nanoparticle remaining after indicated serum incubation
time were quantified by TEM. Data fitted with the single-phase decay curves. B - For 2-Layer structures the
number of outer layer 5 nm diameter satellites were quantified separately from the inner layer 3 nm
satellites. TEM images and associated degradation rates are presented in Fig. 4. The results were averaged
over 50 or more assemblies, normalized to core-to-satellite ratios of the intact structures at time 0 hr and
fitted with single-phase decay curves. Error bars are standard deviations.
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Figure S20. Serum degradation of Basic Assembly structures with and without actin as DNase I inhibitor. A -
representative TEM data of structure breakdown. B - Number of satellites per core nanoparticle remaining
after indicated serum incubation time, averaged over 50 particles. Satellite-to-core ratio was quantified by
direct counting of nanoparticles in TEM images, normalized to the ratio of intact structures at 0 hr. Error bars
are standard deviations. C - The data from Part B was fitted with a single-phase decay curve to obtain
degradation rates. Error bars represent 95% confidence intervals associated with the fits. Statistical
significance was determined by an unpaired t-test. Actin treatment does not show any significant effect on
degradation.
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Figure S21. FAM and Cy5 serum release from 2-Layer assemblies identical to those presented in Fig. 5 in the
paper, but backfilled with larger 10 kDa PEG. The release profiles are similar to those of 5 kDa PEG structures
(A), but the respective degradation rates are slower for both dyes (B). Therefore, the size of protective PEG
layer can be used to tune cargo release rates. Error bars represent 95% confidence interval associated with
the one-phase decay fit of the degradation rate. Statistical significance determined by an unpaired t-test.
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Figure S22. Lower magnification images for serum degradation of ‘Basic Assembly’ in Fig. 4 in the paper.
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Figure S23. Lower magnification images for serum degradation of ‘Reduced Satellites’ in Fig. 4 in the paper.
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Figure S24. Lower magnification images for serum degradation of ‘Exo-Inhibited’ in Fig. 4 in the paper.
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Figure S25. Lower magnification images for serum degradation of ‘Short DNA Linker’ in Fig. 4 in the paper.
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Figure S26. Lower magnification images for serum degradation of ‘2-Layer System’ in Fig. 5 in the paper.
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Figure S27. Lower magnification images for serum degradation of ‘2-Layer System’ in Fig. 6 in the paper.
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Figure $28. TEM and size distribution of 15nm GNPs.
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MATERIALS AND METHODS

Chemicals and Materials. General chemicals were purchased from Sigma-Aldrich, BioShop (Burlington, ON),
and Caledon Laboratories (Georgetown, ON). Polyethylene glycol was purchased from Laysan BIO (Arab, AL)
and NOF Corporation (Tokyo, Japan). PAGE gels were purchased from Invitrogen. All DNA was purchased
from Bio Basics (Markham, ON) as lyophilized pellets purified by HPLC or PAGE. See SI for more detailed
information.

HAuCls4, sodium citrate tribasic, sodium phosphate monobasic, sodium phosphate dibasic, sodium dodecyl
sulphate, magnesium chloride, potassium chloride, tris(2-carboxyethyl)phosphine (TCEP), glutathione (GSH),
cysteine and Ellman’s reagent were purchased from Sigma-Aldrich. Sodium chloride, Tween-20, Tris,
proteinase K, and dithiothreitol (DTT) were purchased from BioShop (Burlington, ON, Canada). Hydrochloric
acid and nitric acid were purchased from Caledon Laboratories (Georgetown, ON, Canada). Thiolated
methoxyl polyethylene glycol MW=1 kDa was purchased from Laysan BIO (Arab, AL). Quant-iT OliGreen
ssDNA assay kit and PAGE gels were acquired from Invitrogen. mPEG-SH with molecular weights of 2, 5, 10
and 20 kDa were purchased from NOF Corporation (Tokyo, Japan). Serum was purchased from Sigma-Aldrich
(M5905-500ML). All DNA sequences were purchased from Bio Basic (Markham, ON, Canada) purified (thiol-
functionalized sequences were purified by HPLC and non-functionalized ones by PAGE purification) and
lyophilized by the company. All lyophilized DNA sequences were re-suspended in ultrapure distilled water to
100 uM concentration and stored at -20°C. DNA sequences used in the study are outlined in Table S1.

Nanoparticle Synthesis. Gold nanoparticles (GNPs) were synthesized by citrate reduction methods
described previously. To make 15nm GNPs, 1mL of 1% (w/v) HAuCls solution was added to 98 mL of
ultrapure water in 250 mL Erlenmeyer flask and the mixture brought to rapid boil on stir plate set to 300°C.
1mL of 3% (w/v) trisodium citrate was then quickly injected under intense stirring and mixture kept on
heated stir plate for 10 min, then cooled on ice. TEM images with calculated size distribution are shown in
Suppl. Fig. S28.

To make 3nm and 5nm gold nanoparticles 1mL of 1% (w/v) HAuCl4 was added to 80mL of ultrapure
water in a 250 mL Erlenmeyer flask and heated on stir plate set to 60°C. In parallel, a reducing solution was
prepared by mixing the reagents in the amounts listed in the table:

Nanoparticle size (nm) 3 5

Water (mL) 12.7 | 16.0
1% Trisodium citrate 4.0 4.0
1% Tannic acid 2.7 1.0
3.46mg/mL Potassium carbonate (mL) 2.7 1.0

Reducing solution was incubated for 50 min at 60°C in water bath and then quickly added to the HAuCl4
containing 250 mL flask under intense stirring while keeping stir plate set to 60°C. Stirred solution was kept
at this temperature for 30 min, followed by 10 min at 90°C, then cooled to r.t while stirring with heat turned
off for 1 hour. 1 mL of 80mg/mL Bis(p-sulfonatophenyl) was then added and solution stirred overnight at r.t
to improve particle stability. The size of all particles was confirmed by dynamic light scattering and
transmission electron microscopy. The extinction coefficient for gold was calculated using plasmon
absorption at 520 nm and the formula from (12). There was a small error in the published version; the
corrected formula is as follows:

Extinction coefficient = 10(1.0643*L0G[3/2*3.141592654*(diameter)"3]+4.0935)

Synthesis of DNA and PEG functionalized GNPs. pH assisted method described previously was used (13).
15nm GNPs were concentrated in 1.5 mL Eppendorf tubes to 63nM in 0.01% (v/v) Tween-20 using 12,000g
centrifugation for 35min. Concentration was quantified by measuring plasmon absorbance peak at 520 nm.
For particles functionalized with ssDNA, 100uL of 63nM GNPs were mixed with 40uL of 0.1% (v/v) Twen-20,
60uL of ultrapure water, 100pL of 15uM of appropriate thiolated DNA and incubated for 5 min at r.t. 100puL of
100mM trisodium citrate pH 3 buffer was then added to neutralize negative charge of DNA backbone, and
solution incubated at r.t. for 30 min allowing thiols on DNA strands to form bonds with gold nanoparticle
surface. Gold surface was not efficient at reducing the 6-member diThiol containing ring of DNA25-(diThiol)
and DNA45-5°(diThiol) strands, so this nucleotide was reduced with tris(2-carboxyethyl)phosphine (TCEP;
90uL of 100uM diThiol DNA incubated with 10uL of 100mM TCEP for 1hr atr.t.), purified by NAP-5 column
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(GE Healthcare, Little Chalfont, UK), its concentration determined by measuring OD at 260 nm and adjusted to
15uM before adding it to nanoparticles. For the nanoparticles requiring PEG backfill, 50puL of 2mM of
appropriate molecular weight mPEG-SH (terminated with methoxy on one end and a thiol on the other end)
was added, and mixture incubated at 60°C for 30 min. Nanoparticles were then washed by 3 rounds of
centrifugation (16,000g, 45 min each) in PBS supplemented with 0.01% (v/v) Tween-20 (PBST), and final
concentration adjusted to 225nM.

For the experiments involving dsDNA, 150uL of 63nM GNPs were mixed with 40uL of 0.1% (v/v) Twen-
20, 60uL of ultrapure water, 100uL of 15uM of appropriate thiolated DNA and incubated for 5 min at r.t.
150uL of 100mM trisodium citrate pH 3 buffer was then added and solution incubated at r.t. for 30 min.
Nanoparticles were then washed by 2X centrifugation (16,000g, 35 min each) in PBST and their
concentration adjusted to 25nM. 325pL of 25nm GNPs were then mixed with 130uL of appropriate 15uM
cDNA for dsDNA particles, or 130pL of water for ssDNA particles. To this 375uL of 10X PBS, 125uL of 50mM
MgClz, 125uL of 0.1% (v/v) Tween-20, and 170uL of ultrapure water were added, and the solution incubated
at 60°C for 10min, followed by 1hr incubation at 37°C to facilitate cDNA hybridization. 65uL of appropriate
weight 2mM mPEG-SH was then added and solution further incubated for 1hr at 37°C. Nanoparticles were
finally washed by 3X centrifugation (16,000g, 45 min each) and concentration adjusted to 225nM in PBST.

5nm and 3nm nanoparticles DNA adsorption was performed similarly, but using higher centrifugation
speeds for particle concentration and washing (150,000g, 25min for 5nm and 250,000g, 35min for 3nm), and
different reagent amounts (1.4mL of 500nM GNPs, 280uL of 0.1% (v/v) Tween-20, 234uL ultrapure water,
186yL of 15uM appropriate DNA, and 700pL of 100mM trisodium citrate pH3 buffer). 5nm and 3nm GNPs
were not backfilled with PEG.

Quantification of DNA and PEG loading. Both nucleic acid and PEG loading were quantified by depletion.
Following the incubation to adsorb these molecules onto nanoparticle surface (described in previous section),
nanoparticles were pelleted by centrifugation (21,000g, 35min), and excess DNA and PEG molecules
remaining in the supernatant collected. Concentration of nucleotides was quantified using the Quant-iT
OliGreen ssDNA Detection Kit (Invitrogen). A standard curve was created by serial dilutions of known
concentration of the DNA strand being quantified. Working solution of OliGreen was prepared by mixing 5uL
of 200X OliGreen reagent concentrate with 50uL of 20X TE buffer (100mM Tris-HCl, 10mM EDTA, pH 7.5) and
945uL ultrapure water. 50uL of working solution was then mixed with 50puL of each sample in black 96-well
plate and incubated for 10min in the dark atr.t. Sample fluorescence was then measured with fluorescence
plate reader with 480nm excitation and 520nm emission.

PEG concentration was quantified using standard Ellman’s assay for measuring thiols in solution.
Standard curve was generated by serial dilutions of known concentration of PEG with the same molecular
mass. Working solution was prepared by mixing 60uL of Ellman’s reagent with 3mL of ultrapure water.
100pL of working solution was mixed with 50uL of each samples in clear 96-well plates and incubated for
15min at r.t. Plate reader was then used to measure absorbance at 412nm. In parallel, absorbance of the
unprocessed sample was quantified at 260nm to quantify concentration of DNA. Contribution of thiols
corresponding to the DNA was then subtracted from the total thiol concentration, yielding amount of PEG-
specific thiols.

Visualization and quantification of serum-induced aggregate formation. Aggregate formation at the end
of serum incubation could be measured by absorbance spectrum scan from 450nm to 900nm wavelength
using UV-Vis Spectrometer. More quantitative results for serum-induced aggregation were obtained by
collection of the aggregate pellet (500g centrifugation, 5min), re-dispersing nanoparticles by 60min 37°C
incubation with 310pL of PBST, 3.9uL of 20mg/mL Proteinase K, and (when indicated) 47pL of 5% SDS.
Nanoparticle concentration was quantified by absorbance measurement at 520 nm.

Synthesis of single-layer assembled structures. In the first step 15nm GNPs functionalized with Core-1
DNA were hybridized to Linker-1 DNA at grafting ratio of 100 strands per nanoparticle (see Suppl. Fig. S18 for
molecular details). 200uL of 25nM 15nm GNPs functionalized with Core-1 DNA were mixed with 64uL of 8uM
Linker-1, 216uL of 10X PBS, 70uL of 50mM MgClz, 70uL of 0.1% (v/v) Tween-20, and 80puL ultrapure water.
In the case of ‘Reduced Satellites’ structures, 4uM Linker-1 was used instead to reduce Linker to core GNP
grafting ratio to 50. The mixture was incubated for 10min at 60°C, then for 60min at 37°C, purified by 2X
centrifugation (16,000g, 35 min each) in PBST, and concentrated to 40nM. In the second step, the satellites
were hybridized to the opposite end of Linker-1 DNA with loading ratios of 160 satellites per core
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nanoparticle. 50uL of 25nM Linker-hybridized 15nm GNPs were mixed with 400uL of 500nM 5nm GNP
satellites functionalized with Sat-1 strand, 300uL of 10X PBS, 100uL of 50mM MgClz, 100pL of 0.1% (v/v)
Tween-20, and 50pL of ultrapure water, and solution incubate for 60min at 37°C. 150pL of 2ZmM 10 kDa
mPEG-SH was then added as backfill (2400 PEG per satellite nanoparticle) and structures incubated for
another 60min at 37°C, then purified by 3X centrifugation (11,000g, 35min each) and re-suspended in 25uL
of PBST (final concentration ~50 nM). In the case of ‘Short Linker’ structures, Core-2, Linker-2 and Sat-2
strands were used instead.

Synthesis of 2-layer assembled structures. Linker-1 strand was hybridized to Core-1 functionalized
nanoparticles as described for single-layer assemblies. In the next step a second internal layer of satellites
was hybridized before loading of the outer layer satellites. 50uL. of 25nM Linker-hybridized 15nm GNPs were
mixed with 400uL of 500nM 5nm GNP satellites functionalized with Sat-3 strand, 300uL of 10X PBS, 100puL of
50mM MgClz, 100puL of 0.1% (v/v) Tween-20, and 50uL of ultrapure water. The solution was incubated for
60min at 37°C, then further mixed with 400uL of 500nM 5nm GNP satellites functionalized with Sat-1 DNA,
300uL of 10X PBS, 100pL of 50mM MgClz, 100puL of 0.1% (v/v) Tween-20, and 50uL of ultrapure water. The
solution was incubated for 30min at 37°C to hybridize the outer satellite layer. 300uL of 2mM 5 kDa or 10
kDa mPEG-SH was then added as backfill (2400 PEG per satellite nanoparticle) and structures incubated for
another 60min at 37°C then purified by 3X centrifugation (8,000g, 45min each) and re-suspended in 25uL of
PBST (final concentration ~50 nM). Cargo loaded structures were generated in a similar manner, but FAM
labeled Sat-1 and Cy5 labeled Sat-3 strands were used.

Serum incubation of DNA-functionalized GNPs

4uL of 350nM GNP-DNA were added to 96uL of undiluted mouse serum (96uL PBS used as untreated
control). Serum incubation with actin: 4L of 350nM GNP-DNA, 91uL Serum, 5uL of 1mg/mL actin (or 5pL of
1X PBS as control). DNase I incubation: 4uL of 350nM GNP-DNA, 5puL of 1U/pL DNase I, 10uL of 10X DNase I
reaction buffer (100mM Tris-HCl, 25mM MgClz, 1mM CaClz, pH 7.5), 71uL of PBS, 10uL of 1mg/mL actin (or
10puL ultrapure water as control). Incubation with serum fractions: 96uL of each serum fraction was used
instead of serum. ‘Protein’ and ‘small molecule’ fractions were generated by passing 500uL of undiluted or
10X diluted (in PBS) serum through 10kDa Amicon Ultra 0.5 mL centrifugation filter. The pass-through
fraction containing small molecules was used directly. The filtrate protein fraction was adjusted back to
500uL using PBS supplemented with calcium and magnesium. [ncubation with DTT: 4pL of 350nM GNP-DNA,
10pL of 10X PBS, 10uL of 100mM DTT, 76uL of ultrapure water. Incubation with GSH/Cysteine: 4uL of 350nM
GNP-DNA, 10uL of 10X PBS, 10pL of 200uM L-Cysteine, 10puL of 210uM GSH, 66uL of ultrapure water. Serum
incubation of free DNA: 4uL of 100uM of stock DNA were added to 96uL of undiluted mouse serum. In each
case multiple tubes were set up and each incubated for 0.5, 1, 2, 4, 6, or 8 hours at 37°C. PAGE Gel visualization
and quantification of degradation: At the end of incubation, 3.9uL of 20mg/mL Proteinase K, 47uL of 5% SDS,
and 310uL of PBST were added and solution incubated for 60min at 37°C to inactivate the proteins.
Nanoparticles were washed by 2X centrifugation (16,000g, 35min each), and re-suspended in 100uL of TBE
(89mM Tris, 89mM boric acid, 2mM EDTA, pH 8.3) supplemented with 0.01% Tween-20 (TBET). 10uL of 1M
DTT was added to each tube and solution incubated at 60°C for 35min to release any remaining DNA strands
into solution. The samples were centrifuged at 21,000g for 35 min and 60uL of supernatant collected. 10ul of
each sample were mixed with 2pl of gel loading dye, and 10pl of this mixture loaded into 20% TBE PAGE gel.
10pL of ladder mixture (1ul single-stranded molecular standard (IDT), 9ul TBET, 2uL gel loading dye) was
included in one of the wells. The gel was run for 70min at 200V, stained for 30min at r.t. with 7mL of 10X
Sybr GOLD solution, and band migration visualized with Kodak fluorescence in vivo imager. Obtained image
was processed with Image ] software (background subtraction, noise removal, contrast and saturation
adjustment).

Serum incubation of assembled structures

4L of ~80nM of assembled structures was added to 96uL of undiluted mouse serum in multiple tubes and
each tube incubated for 2, 4, 6, or 8 hours (and 12 and 16 hours for the 2-layer assemblies) at 37°C. TEM
visualization and quantification of degradation: After incubation the particles were washed by 2X
centrifugation (12,000g, 35 min each) and re-suspended in 10pL of PBS. 3L of this solution was loaded onto
a plasma treated TEM grid and imaged by FEI Tecnai 20 electron microscope (Advanced Bioimaging Centre,
Mount Sinai Hospital, Toronto, Canada). Tracking degradation and cargo release from 2-layer structures: At
the end of serum incubation particles were washed by 2X centrifugation (12,000g, 35min each) and re-
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suspended in 100puL of PBS. 10uL were used for TEM measurements. 10uL of 1M DTT were added to
remaining 90puL and mixture incubated for 30min at 60°C to release all remaining DNA conjugated dyes into
solution. Nanoparticles were removed by centrifugation (21,000g, 30 min) and 60pL of supernatant collected.
Amount of dye in solution was measured by Shimadzu UV-Visible spectrophotometer UV-1601PC. FAM was
excited at 488nm and peak emission measured at 512nm. Cy5 was excited at 640nm and emission measured
at 670nm. Degradation rates for TEM and fluorescent measurements were obtained by fitting the data with a
single-phase decay curve.
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