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Polymeric gel nanoparticle pH sensors for intracellular

measurements

Knstoffer Almdal, Thomas L. And , Rikke V. B Nyune M. Christensen. Jonas B. Hennksen, and
Honghao Sun

DTU Nanotech, Department of Micro- and N ol Technical Uni
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ity of Denmark, Orsteds Plads, Building

Pmlsv.- measurements of pH in cellf- ':nd u:rracelllllﬂr compartments are of

to both the fund lism and to the g
de\elopmenl of drugs that are released from the endosomal -lysomal pathway. %

We ha\-: :ILH'IUpL‘(I po]ymcr gel nanoparticles as carriers of covalently bound
for of pH. One or more pH sensitive
I'.Iuompholes serve to give rhe desired pH dependerlce of the ontput. With one
pH sensitive fluorophore a dynamic range of ~2 pH umts is achieved. The
physiologically interesting pH range is approximately 4 pH units and thus a

nanoparticle sensor with two pH sensitive ﬂuowphmes is appropriate. fictiona)
Suitable choice of fl b 15 e.g. Rhod. B as refi and Oregon l“;w -“
green (OG) and l'lum:cm (FA) as pH sensitive fluorophores. The
fluorophores are derivatized to allow for covalent bonding to the gel A
nanoparticle. The synthesis also allows for mtroduction of charged groups. .'. ‘{.

2 .

Particle charge influences the cell uptake heavily.

Sensor calibration

o Green diamonds are Oregon Green (OG)Rhodanune B (RhB) labeled particles
o Blue circles are Fluorescein (FA)Rhodamine B (RhB) labeled particles
o Violet squares are OG/'FA/RIB labeled particles

Sensor calibration curves

» The mtensity ratio of fluorescence at A=580 mm and A=520 nm, [, ‘.-.w"f; =330 15 generated for each pH

« For single pH sensitive fluorophore sensors the curve follows R = -m=s0 _ Fmar Fmin | p

lijame=szo  10PKa~PH4y hi
» Following a fit of R the data is rescaled as (h"——’m R,,“-")W
FT— max—Fimin

» The double pH sensitive fluorophore (OGFA/RIB) curve are fitted with

= Djnm-s80 _ Rimax — Rz — Rinin Ry
" Djnmeszo  10PKaPH 4] 10PKaa—pH ]

+ Rin

and rescaled sinlar to the smgle pH sensitive fluorophore curves

Conclusions

eNanoparticle fluorescent ratiometric sensors covering the physiologically
relevant pH range have been obtained.

o The relation between micro- and miniemulsion in the synthesis step is not
fully understood.

o The sensors can be used to follow cellular processes.

o The availability of the broad ph range is important in characterizing the

cellular processes.

This work is part of the Danish R h Council for Technology and Production (Grant 274-07-0172) sponsored
project LiMeS - Ti lved boli

fications in living cells using optical nanosensors.
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Nanoparticle sensor synthesis

» Microemulsion synthesis allows for control of particle size.
» microemnlsions are sensitive systems:
ounclear whether a true microemulsion exist throughout the course of the synthesis. In other published work often
bimodal particles size distributions arise.’

o ly the

* changes to a i ton’ or duning the course of the reaction, Thus the
stimng rate becomes important.
* DLS and microscopy analysis indicate monomodal particle size distribution with 77 nm particles,

# Fluorophores can alternatively be cn\nlcnlly bonded to the particles at the polymenzation step through acrylate

prior to pol
# The amine conjugation method allows for a higher flucrophore loading of the particles.

» The choice of non-tonic surfactants for forming the microemulsion is deliberate. Use of anionic surfactants (such as

AOT) lead to particles with a negative C ial. It is i ible to letely wash out the anionie surfactant.
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Kinetics of acidification of acidification in the
endosomal-lysosomal system

» Hep(2 cells. Nanoparticle sensor treatment for
1.5,20and 24 h

# Differential interference contrast (DIC) images,
fluorescence images and overlay.

# Particle colours according to the pH as
determined by a calibration curve.

* After 1.5 hours unspecific endocytosis (no
receplor targeting).
pH= 51406

» After 2 hours shift of the pH distribution toward
lower pH
pH=49+06

» After 24 hours most particles have reached the

acidic compartments
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