Modulation and Study of Photoblinking Behavior in Dye Doped
Silver-Silica Core-Shell Nanoparticles For Localization Super-

Resolution Microscopy

—IntrOdUCtion . . R, (A) Shell Vari Dry (B) Shell Variance Hydrated ACknOWledgementS

I a-:ﬁ_j-’-x L :; SR S N 1 o, g 2 ol e y ) 565
The ability to contro% the photoblinking behavi(?r of dye doped self—blipking 1 p .h“f ; o Dy NPA et Ny tinosihere - 0 65 ) 1 _ ) j:z 50 | ) { Eg National Institute of
fluorescent nanopaljtlcles.would make them an 1d§al label for localization : = - et 60 - | g i \ o 4 General Medical Sciences
based super resolution microscopy. The nanoparticles are composed of a L 10-60% o | I I | | [ 40 /l | | pu
silver core and a silica shell doped with Rhodamine 110. Because of the S 3 T T :_120 g g rop@ 5 National Institutes of Health — GM 120669
silver core the fluorescence intensity of the nanoparticles is enhanced §> | 100 > j?;; _ 0>
through metal enhanced fluorescence (MEF), which 1s promising for = T~ 2 Zal \ ) o S ¥ - |
increasing dye sensitivity. The nanoparticles are non-toxic, inert to the @ 24 r0 - \ e @ S R
cellular environment and the conjugation of affinity ligands does not impact o ™ 7 e
the optical properties, making them excellent labels for analysis of biological I | | | Ew
samples. Here 1t 1s shown that the photoblinking behavior can be controlled g 2 AT T L S E I A A R .

Reaction Time (h) Reaction Time (h)

through changing the molecular oxygen content, the surrounding matrix, the
core and shell size, and the dye concentration.

National Science Foundation — CBET 1849063

Figure 10: Duty cycle and intensity of the core-shell nanoparticle without dye. The Ref .
Figure 5: Changes in duty cycle under cores were the 10-minute reaction time cores and the shell reaction time was varied Rererences.
nitrogen exposure before and after 5 in order to control the thickness. Chakraborty, C., S. B. Thompson, V. J. Lyons

o TEOS .  Time | Fhlinki = minutes Qflexpﬁsure. Th.e hy;i rated C. Snoeykink and D. Pappas (2019).
Trisodium citrate Figure 4: Time lapse of blinking nanoparticles. nanoparticles show no significant "Modulation and study of photoblinking

Rhodamine 110 : o : :
Ag* s . . The rate and duty cycle are not uniform across a sample. chatnge, 1Ild1Cfltlng thlat .the; Surroundmtg . : behavior in dye doped silver-silica core-shell
Matfix mdy piay a 1ol 1 the anoparticic s Su per Resolution nanoparticles for localization super-resolution

Methods

Silver Cores reaction to molecular oxygen. microscopy.” Nanotechnology
| . (a) (b) y -
gi Sé?f Cir; sgsgrl:anloff{;hcles . m'[""} S. Thompson, D. Pappas (2020). “Core Size
' &  Hydmted Kp & Uydrated N .o .
ped wi ok 5 Frinisdts ol < owrnp T M| AT does not Affect Blinking Behavior of Dye-
Figure 1: Synthesis of dye doped silver-silica core-shell nanoparticles. 0 | ) ~ l Doped Ag@S102 Core-Shell Nanoparticles for
) o} 1 0 J } Super-Resolution Microscopy.” RSC Advances.

15 |

* S S T S S |

Dty Cyele (%)
I
&
|
ey
i ——
-
——
Dty Cyele (%)
[
=1
!
Dy Cyele (25)
5
]

| i Future Work
ok e " ol e —
_ | Power (mW) - Conseunation et ) T ocemmon * Conjugation to affinity ligands and adherence to
Computer High-Power cells
HED Source Figure 6: Distribution of duty cycle with varying (a) power of excitation source (b) concentration of dye solution, « Super resolution imaging of cells using the
and (c) O2 content in the nanoparticles for both dried and hydrated nanoparticles. T-tests were used to determine nanoparticles
| the statistical significance of the data. The dependence studies showed that blinking was independent of these three
i parameters for both dried and hydrated nanoparticles.
sCMOS Figure 11: An image of nanoparticles before STORM localization and the same o
Camera  Patf L Conclusions

nanoparticles after STORM analysis, confirming that they are single
Figure 7: Transmission electron microscopy (TEM) image of the nanoparticles and not clusters, shown as bright white spots on a black

Selector O O

Microscope Base

* Blinking independent of excitation source
nanoparticles studied. The silver core and the silica sol gel shell background. power and dye concentration

are clearly visible and easily distinguishable from one another.
The nanoparticles have a symmetrical core-shell structure with

* Higher duty cycles under no oxygen
atmospheric conditions

Figure 2: Schematic of the instrument set up. the core dlam.eter.of approximately 8.5 nm. The total c.harpeter of 200 - | | N |
the nanoparticle is 100£20 nm, confirmed by Dynamic Light . * High oxygen atmospheric conditions did not
Scattering (DLS).Due to the elapsed time between synthesis and oo . significantly impact duty cycle
i \E ; i’l j ; i analysis (approximately 12 - 14 hours) there are particles shown | AN | + More dramatic change for dry nanoparticles
N clumped together; the more time passes the more they clump. F o irTm | .
= an 2 i | | | — | er | than for hydrated nanoparticles
. ) ( . . .- . ) AN | (AE]['- Dry Nanoparticle Cores Under Green Light (B) Hydrated Nanoparticle Cores Under Green Light - = 160 = |
S - "1 | " - o : | < | | ] « Photoblinking behavior is random
LN Il | g /h\l.// | o I . };; 140 - |  Photoblinking behavior can be controlled
e LA ol o5 4 gof ™3 g, 3 = | through modification of the core and shell
T T LLAY w g [ & 3, 2 i 1111 structures
Frame Number | :g: ;:i 20 / ki _%j {é‘ 20 ~ ‘::-[}i_j__ L= | I | | I | ' || il i
Ew ) " Tt ' [ il _|!'I| ul Ll THILY alihil * Duty cycle for. gompleted nanoparticle under
5 509 B “ B e ' ' hydrated conditions ranges from 2% to 70%
L 404 1 i 5 1 [ 1040 " . " ¥ = oq o . . .
s N A S N I S —p o L 0. EiEE o ., and exhibits rapid photoblinking
%EE Reaction Time (min) Reaction Time (min) Frame Mumber
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