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Furthermore, theparticles were successfully loaded with various cargo molecules and possess
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pHresponsive release behavior. Both nuclei staining with Hoechst 33342 dye as cargo and
effective cell killing with doxorubicin as cargo was demonstrated ircieexperimentsThis
nanocarrier system is a promising platform for the development of novel adaptable and highly

biocompatible theranostic systems.
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Confocafluorescence microscog¥Figure 2.4is intended to increase the optical resolution in

all three spatial dimensions compared to a standard light microscope. It was invented by
Minsky making use of a combination of a lamp, a lens, and a piAhblght from the light
source is pssing through the excitation aperture before being focused on the sample by the
objective. The light reflected or emitted as fluorescence by the sample passes through the
objective and a dichroic mirror before reaching a pinhole. The pinhole eliminaesdiging

from image planes other than the focus plane. As such only the current focal point is recorded
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by a point detector and the entire image range has to be scanned over to acquire the image.
To speed up image acquisitiomodern confocal microscopesften use a spinning disc
featuring multiple concentrically arranged pinhaleghich allowfor scanning multiple spots

of the sample simultaneously drastically speeding up image gener&tion.

DETECTOR
— CONFOCAL PINHOLE
e
LASER
DICHROIC BEAMSPLITTER
COLLIMATOR
| | X-Y SCANNING MIRRORS
< OBJECTIVE
\/
SPECIMEN \" FOCAL PLANE
CAIWaNB { OKSYI GAO 2F GKS fAIKG LIGK 2F | O2yF20Ft YAOI

The fluorescence microscopy images in this work we performed with a confocal fluorescence
microscope based on the Zeiss Cell Observer SD utilizing a Yokogawa spinning disk unit CSU
X1. Additional spheroid and singe cell imaging was datieaaNikon Eclipse T2 microscope.

High throughput imaging was performed on an ImageXPress Micro XLS from Molecular

Devices.
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Norlocal density functional theory (NLDFT) was successfully used for pore calculations in
zeolites and other silica materigds NLDFT makes the assumption of homogenous pore
structures, but still delivers mostly accurate results for mienad mesoporous materials. An

updated method is the quenchesblid density functional theory (QSDFT) which ant®ior

surface roughness and heterogeneilyThe BET theory was used for surface area calculations

and the QSDFT method was used to calculate pore volume and size. Nitrogen sorption analysis

was perforned on a Quantachrome Instrument Nova 4000e at 77 K. All samples were

degassed prior to the measurements for 12 h at 120 °C.
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electron beam

Auger Electrons (AE) Secondary Electrons (SE)

surface atomic composition topographical information (SEM)

Backscattered Electrons (SE)
atomic number and phase differences

Characteristic X-ray (EDX)
thickness atomic composition

Continuum X-ray

Cathodoluminescence (CL) (Bremsstrahlung)

electronic states information

SAMPLE

Inelastic Scattering
composition and bond states (EELS) Elastic Scattering

. r ral analysis and HR imaging (diffraction
Incoherent Elastic structural analysis and imaging (diffraction)

Scattering

Transmitted Electrons
morphological information (TEM)
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Figure 3.2: Proliferation and localization after optoYAP actimadipProliferatiorof cells with optoYAP in FBS
depleted medium is strongly enhanced by pheatctivation of optoYAP compared to controls without optoYAP.
Scale bar: 20Am b) Higher magnification images of cells in f@Pleted medium show no changes in
morphology after photeactivation. Scale bar: 20m c) Quantitative analysis of proliferation reveals a strong
increase in the growth rate of photactivated cells (light gray) compared to controls without optoYAP (dark gray)
during the first day. This diffence is amplified in the following days albeit at similar growth rates compared to
the control. Note that growth rates on day 1 with activated optoYAP reach levels as known for proliferation under
commonly used cell culture conditions (stiff substrate dinen supplemented with FBS), which generally exhibit
activated YAP.d) Antibody staining of optoYAP transfected HelLa cells on matrigel before and after-photo
activation. YAP is mainly cytosolic before activation, 4h after activation it is located mainéyriucleus, and at

later time points, it returns to mainly cytosolic localization. For comparison, the nuclear localization of YAP in
cells on a stiff matrix is shown. Scale baru@
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Figure 33: YAP triggers directed growth in spheroids a) HeLa spheroids in collagen gels transfected with optoYAP
three days after photeactivation show increased invasion leading to a larger sizkeo$pheroid compared to
non-activated controls, which barely invade at all. Scale barsub®®) Quantification of the average spheroid

size change over three days. Activated samples (light gray) atfourfold increase in their size (measured as
areaof the central plane) over three days while naativated samples (dark gray) grew only by a factor of 1.2.

¢) Spatieselective photeactivation of spheroids with optoYAP in collagen gels on the right side of the spheroid
induces directed invasion on thatde, while controls, which were not phottivated, do not show directed
growth. Scale bars: 1Q@m. d) High resolution and fluorescence imaging of activated YAP in a cell in a spheroid.
Scale bars: 5 um.
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All cell experiments were prepared inHeraSafecell culture unit fromHeraeus The cells
were incubated irHera Cell incubatoralso fromHeraeus The cells were cultured in DMEM

with 10% FBS and 1% Penicillinéptomycin at 37°C/5% GO

Experiments in which cells were not embedded in collagen gels or seeded on matrigel were

performed in FB&ee DMEM to keep YAP in the cytosol prior to the phattivation.

Experiments with cells in collagen gel or on matrigetevperformed in the presence of FBS
as the gels were sufficiently soft to prevent a nuclear localization of YAP even in the presence
of FBS.

Cells were either seeded intbidi 8-well, 6well plates, oICorningd6-well plates.

Standard cell numbers for pgriments were 5000 cells per well unless noted otherwise.
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For nondirected photeactivation of optoYAP &pectroline EeriesUV lamp (365 1m,
0.6mW/mm2) was used to illuminate the sample forR0or directed phot@activation a laser
(405nm,integrated in aZeiss Observer Spinning disk confocal microscope) or LED (8865
integrated in aNikon Eclipse B) regulated to the same output as the UV lamp was used to

illuminate the sample for 26.
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Figure 3.6a) Timedependence of optoYAP activity. The observed luciferase count, and thus optoYAP activity, is
time-dependent. Measurements taken at different time points after illumination show a clear maximum in
activity at 4 to 6 h after photactivation with a steady decline afterwarld) Dependence of optoYAP activity on
illumination time. To gauge the effect of variations in illumination time on optoYAP activity, transfected HelLa
cells were illuminated for different time periods to pheéztivae optoYAP. Subsequently, the corresponding
luciferase activity was recorded. The results show a clear peak in luciferase count and thus YAP activity at an
illumination time of 20secondsc) Distance dependence of the phedgtivation: The distance betweelight

source and sample during phetxtivation and thus the power needed to activate optoYAP was investigated.
Photo-activation was performed at the indicated distances between light source and sample and the subsequent
luciferase activitv was recoredetlvhile there was a slight deviation in recorded luminescence in case of full
contact of the UV light to the sample ¢tn distance), no significant differences could be observed for larger
distances. The luciferase activity shows thus little sensitivitetoations in light intensity of the UV light source.
Mean values and standard deviations represent the average of triplicates.
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Figure 3.10: Cell proliferation of aétvated (light grey) and noactivated (dark grey) optoYAP transfected HelLa
cells on matrigel in presence of FBS. The overall growth rate on matrigel is about a factor of two smaller in
comparison to cell proliferation on a plastic substrate without FBE.lKewise, the activated samples show a
strongly increased proliferation compared to the naativated samplesMean values and standard deviations
represent the average of triplicates.
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HeLa cells were seeded on matrigel to prevent the nudtezalization of YAP and transfected
with optoYAP 24h after seeding. 24 hours after transfection, cells were illuminated with UV
light (365nm) for 20s. After another &4 h cells were washed with PBS (pH 7.4) before being
fixed with 4% PFA for TQin. Aterwards, cells were washed three times with PBS forid
each. Cells were then permeabilized with triton 20F0.15% in PBS) for d&in and washed

with PBS for 5 min an additional three times. Cells were blocked with 1% BSA containing
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glycine for 3dmin before primary antibodies were applied diluted in PBS with 1% BSd\ (1
antibody per well). After h of incubation, at room temperature (or overnight at 4°C) the cells
were washed 3nin with PBS three times. Next, the secondary antibodies were appligddl

in 1% BSA. After one hour of incubation the sample was washed again and Hoechst was

applied before imaging.

o5 !yiAo2Re {GFrAyAyS3

HelLa spheroids embedded into collagen were fixed with 4% PFA for 40 minutes and washed
with PBS twice for 20 minuteshd cells were permeabilized for 20 minutes with 0.5% Triton
X100 in PBS and subsequently washed with PBS for 30 minutes. The cells were blocked with
1% BSA in PBS overnight. Primary antibodies were diluted 1:100 with 1% BSA in PBS and cells
were incubatedor 72 hours. Prior to incubation with secondary antibodies (1:200 in 1% BSA),
the cells were washed twice with PBS for 30 minutes. The cells were incubated with secondary
antibodies for 48 hours. Afterwards, the cells were washed with PBS for 30 wmiaote

| 2SO0KAaG ooonH o6ndp >3IkYE0 F2NInn YAydziSao t
PBS for 30 minutes. Finally, the PBS was renewed and kept in the reservoirs during confocal

microscopy.
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i Particle size distribution
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