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Introduction:

Nanoparticles are small colloidal particles in the 1-100 nm size range. Polymeric nanoparticles are routinely explored for the development of novel drug delivery systems due to their . Ve

unique and customizable physical and chemical characteristics. O U *‘O’”j
?\:’,f /,;

Upon introduction to protein-containing medium, nanoparticles will spontaneously adsorb proteins onto their surface and form what is known as the ‘protein corona’ (figure 1) The et

protein corona leads to changes in the physical and chemical parameters of nanoparticles, which subsequently alters their biological fate (cellular uptake, biodistribution). With most
nanoparticles intended for intravenous administration, it is crucial to understand the impact of biological shear flow conditions on protein corona formation and how the protein
corona influences their colloidal stability.

Figure 1. Schematic showing protein
corona formation on nanoparticle
surface following injection.

Aims & Objectives:

To characterise the changes in particle parameters following incubation under various shear flow conditions mimicking physiological conditions. We will use a range of particle isolation and analytical techniques to
measure the impact of sample preparation conditions on nanoparticle parameters using model polystyrene latex nanoparticles.

. 4) Thel t of isolati d shear fl ticl t
Method: ) The Impact of isolation and shear flow on nanoparticle parameters
L] [ [ L] [ [ [ L] [
Pipeline for comparison between different surface In situ asymmetric Field Flow Fractionation
° ° ° ° ° *£S
functionalization (FFF) Pipeline Unmodified (0.85 cm/s) Carboxylate (0.85 cm/s)
—s— Baseline carboxylate
—e— Baseline unmodified 3.5%107 - —— 0.85 cm/s in-situ carboxylate
— | L | ti 1 —<— 0.85 cm/s in-situ unmodified ' +— 0.85 cm/s isolated carboxylate
@ | Q O sampie preparanon 1.2x107 -. » 0.85 cm/s isolated unmodified ] antrol sty Tsofafed
(E'/ I 3 = . - I \ Control In-situ Isolated 33'0x10 f/{[)ndLe 5'9538 “ﬁ? 2'111?13
- ., =B B — |3 _— Unmodified Amine Carboxylate ‘ | Incub(zi‘sae; ?gg)oparticles ‘_E' 1 0x107 2 ;l?/{?dl_e 4'5853 2'3?52 9'9‘1% € T B;g 3(1) 1?? 1&1%13
Centruge £ TR T € 2610 1
3 minutes c D90 114 140 159 o)
16000xG  ph.—— == { Remove supernatant. NPs + serum 2 8.0x10° ® 2.0x107
Dilute to obtain desired ‘ g £
. T c [0)
concentration > § 6.0x10° LS) 1.5x107
8 8
. T . o |
separation with inline detection 3 4.0x10° 1 g 1.0x10 :
W — Incubate . 5 & &
4 itati % 2.0x10° 5.0x10°
Disperse polystyrene latex and ; (Gentle agitation)
amine-modified polystyrene latex Mt Anle Light Scafering (MALS) 00 , | , , | 0.0 .
NPs (1 mg/ml) in 10%FBS . RI Detector 0 100 200 300 200
Size (nm) Size (nm)
brotei ! _ Unmodified (8.5 cm/s) Carboxylate (8.5 cm/s)
NPs Analvsi r l!.' P NPs Isolation —e— Baseline unmodified , gasellr}e f:art?oxylatt)e |
S AnalysIS +—— analy5|s —e— 8.5 cm/s in-situ unmodified 3.5%10" -~ 85cmis !n'T'tu carboxy alte
Ult trifuaati . . . . 1.2x107 - »— 8.5 cm/s isolated unmodified 1 * 8.5 cms isolated carboxylate
Protein Facentritugation Baseline and integration/Data analysis : . 3.0%107 c :
. . g - . ontrol In-situ Isolated
Zetasizer tificati To seperate NP-Proteins 1 iy, Control In-situ_Isolated #/mL 5.95E8 5.07E8 2.84E8
(Size and Zeta Potential) quantitication from unbound i e | ;o #mL | 4.58E8. 2.78R8 8.58E7 Mode 9 110 109
660 nm proteins T 1.0x107 ro% Mode % 113 118 D10 81 91 95
Protem Assay | 3 S 25510’ @ omow
| D90 114 167 200 D0 101 127 125

8.0x10°

- N
[¢)] o
X X
- -
o o
~ ~

6.0x108

NTA

(Size, Concentration)

0.00E+0

4.0x10°

-
o
X
-
o

1
—_— 12061
i 1.10E-1
— 2 1.00E-1
= T 9.00E2
2 800E2
5 T.O0E2
& B6.00E2 |
. 3 500E2 |
A o 400E2
3.00E:2 J
200E:2
1.00E-2
34TE-18 A
0 10 20 30
Time [mir

Particle concentration (#/mL)
Particle concentration (#/mL)

2.0x108 5.0x10°

0.0

0.0 +

Results:

1) The impact of incubation time on polystyrene latex nanoparticle parameters Figure 6. Sample preparation techniques influence nanoparticle parameters following treatment with PBS
containing 10% v/v FBS. Unmodified and carboxylate-modified polystyrene latex nanoparticles incubated at (0.85
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and after incubation with Phosphate-buffered saline (PBS) containing 10% v/v fetal Baseline traces are represented by (--), in situ analysis with NTA following 2 hour incubation by (--), and
bovine serum (FBS) for 2 and 24 hours. centrifugation-resuspension isolated particles by (--), n=3 independent replicates.
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Figure 4. Shear flow impacts nanoparticle parameters following incubation with protein containing media. 00z ] 02 . 02 - oz otz o2
Polystyrene latex nanoparticles treated with PBS containing 10% v/v FBS under (0.85 cm/s, 8.5 cm/s) shear flow oo " . g - » o d oo
conditions for (2 hours) and isolated using three cycles of centrifugation wash isolation. P<0.05 deemed as T e T e U aeem T ewem

statistically significant for a paired t-test. Independent replicated (n=3) with (n=5) measurements per replicate.
yol8 P P P (n=3) (n=5) P P Figure 7. AF4 Fractograms for unmodified and carboxylate nanoparticles at baseline and following (2 hr) incubation.

* Unmodified and carboxylate-modified polystyrene latex nanoparticles were incubated for (2 hours) at 0.85 Spacer thickness 350 um, amphiphilic regenerated cellulose 10 kDa membrane and elution buffer 0.1X PBS.
and 8.5 cm/s flow rates, mimicking biological shear flow rates in the median cubital vein and arteries,

respectively.
 NTA analysis following centrifugation-resuspension isolation shows a significant increase in mean particle
size when incubated under increasing shear flow conditions.

* A unimodal peak was observed for carboxylate-modified and unmodified particles at baseline and the size
data (figure 7, right) correlated with NTA and DLS data.
Following incubation within protein-containing medium, a shift in the elution profile for both particle types
was observed along with an increase in particle size from 100 to 131 nm for unmodified, and 100 to 133 nm

3) A comparison of protein composition with SDS-PAGE for carboxylate-modified nanoparticles.

« AF4 is a gentle separation technique for studying the impact of protein corona formation on

Unmodified Carboxylate .
nanoparticle parameters.
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Conclusions & Future Work:
150 1.Kaleidoscope Ladder
2.4 x Lamelli Buffer : : : : : . : : . . : :
o 3 EBS . The centrifugation-wash isolation method is highly invasive and leads to an increase in mean particle size
75 . 4.2 hr unmodified and sample loss, limiting the relevance of this approach in studying the protein corona.
—— |} ™ 5.24 hr unmodified

50 3-2-25 cnlnls unmgﬂi_fizdfhhr) . There is an increase in mean particle size when nanoparticles are incubated under shear flow conditions

37 8. 2 hfr:afbi';r;,zt; ed (2 ) (0.85 and 8.5 cm/s) c.f. static incubations.

9. 24 hr carboxylate . . ) i ) ) i o . )

z 10. 0.85 cm/s carboxylate (2 hr) . Incubation conditions including duration of incubation and flow conditions lead to changes in the protein

s . 11. 8.5 cm/s carboxylate (2 hr) corona composition.

o . . AF4 allows for the gentle separation of nanoparticle-protein samples from protein-containing medium
Figure 5. SDS-PAGE shows different protein composition profile for proteins isolated from unmodified and giving us a more accurate representation of nanoparticle size within the biological system.
carboxylate-modified polystyrene latex nanoparticles treated with media containing protein under shear . . - _ - .
versus static conditions. The total amount of sample loaded was normalized to the sample protein content (20 y Future work will apply AF4 and electric FFF to unmodified, carboxylate and amine-modified nanoparticles.
ug per lane).

 The protein composition profile differed between polystyrene nanoparticles with different surface ReferenceS:

chemistries (~15 kDa band present with carboxylate-modified nanoparticles, but absent with unmodified Jayaram, DT et al. (2018) Biophys J, 115 (2), pp. 209-216., Xiao, Q et al. (2022) Adv Drug Del Rev, 186: 114356.
nanoparticles).
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