Universiteit

U Leiden
The Netherlands

Developing systems for high-throughput screening of infectious diseases

using zebrafish
Veneman, W.].

Citation
Veneman, W. ]J. (2015, May 12). Developing systems for high-throughput screening of
infectious diseases using zebrafish. Retrieved from https://hdl.handle.net/1887/32962

Version: Not Applicable (or Unknown)

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/32962

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/32962

Cover Page

The handle http://hdl.handle.net/1887/32962 holds various files of this Leiden University

dissertation.

Author: Veneman, Wouter Jurjen

Title: Developing systems for high-throughput screening of infectious diseases using
zebrafish
Issue Date: 2015-05-12


https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/32962
https://openaccess.leidenuniv.nl/handle/1887/1�

Chapter 6

Distribution of micro and nano range
sized biomaterials after yolk injection into
zebrafish larvae

Wouter J. Veneman'?, Martina G. Vijver?,
Annemarie H. Meijer?, Herman P. Spaink’

!Institute of Biology Leiden, Leiden University
2Institute of Environmental Sciences, Leiden University

Manuscript in preparation

117



Abstract

Biomaterial-associated infection is a major problem in modern medicine. The
presence of foreign body materials such as artificial hips or intravenous needles can in
combination with the normally innocent skin bacterium, Staphylococcus epidermidis
cause infections that are difficult to treat. To test and develop new compositions that
could be used as biomaterials we developed a screening method. Here we report the
outcome of a variety of nanometer and micrometer sized biomaterials injected into the
zebrafish embryos. We found a size depended outcome of the polystyrene biomaterial
distribution throughout the embryo. These results could hopefully contribute to the
early stage of development of biocompatible materials for modern medicine.

Introduction

Thanks to modern medicine, the past decades people have a longer life expectation
and their physical condition can be improved up to old age, since it is easier to replace
body parts such bones or cartilage. However, the risk of the accompanying surgical
treatments lead to a great chance of infection due to the implantation of the used
biomaterial/biomedical devices such as an artificial hips, intravenous needles or
catheters. These biomaterial-associated infections (BAl) are mainly caused by the skin
bacterium Staphylococcus epidermidis [1-4]. This means that there is a great demand
for biomaterials and medical devices that are biocompatible in such a way that it does
not get rejected by the human body but also does not induce infections.

In previous studies we already showed that the zebrafish embryo is a versatile model
to study the pathogenesis of S. epidermidis [5, 6]. The use of zebrafish larvae as whole
vertebrate animal model in modern research has been well established. The larvae
have great in vivo imaging potential due to their transparency and the large amount
of transgenic strains expressing fluorescent proteins [7-9]. Secondly they are very well
suited for high-throughput screening since zebrafish are relatively cheap to house, the
eggs can be obtained in large amounts in a single time, and solutions containing DNA,
RNA, morpholinos and pathogens can be introduced robotically [10, 11]. Furthermore,
the analysis of these injected embryos can be followed over time using automated
screening methods [5]. All these advantages have led to the fact that many human
diseases such as tuberculosis, cancer, and cardiovascular defects have been modelled
using zebrafish larvae [12-20].

In order to develop a screening model for BAI using zebrafish we report in this paper
the outcome of distribution of biomaterials after injection. For this we used a set of
fluorescently labelled polystyrene particles with a diameter ranging from 15 micrometer
to 70 nanometer. Our first strategy was to inject particles as large as possible, so that
these would not get phagocytized, but still be small enough to be injected easily using
glass micro capillaries. The second strategy was to inject nanometer sized particles,
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since these will probably spread easier due to their phagocytosis by motile immune
cells, and could therefore provide more details about the distribution pattern of how
injected agents would behave. We mainly chose the yolk of eggs between the 16 and
256 cell stage as injection site, so results would be comparable with earlier reports of
injection of S. epidermidis into the yolk. Secondly this method can easily be automated
for future experiments or large high-throughput screens.

Material and methods
Zebrafish husbandry

Zebrafish were handled in compliance with animal welfare regulations and maintained
according to standard protocols (http://ZFIN.org). Embryos were grown at 28°C in egg
water (60 pg/ml Instant ocean sea salt, Sera Marin). The egg water was refreshed every
day.

Experimental design

Injections were performed using mixed egg clutches from the Tg(bactin:Hras-EGFP
VU119)[21] strain. Foryolkinjections: eggs were staged between 16 and 128 cell stage by
morphological criteria, and injected into the yolk with 1 nl of 4% polyvinylpyrrolidone,
(PVP,,) containing 5 mg/ml nanometer or micrometer particles (see table 1). For tail
muscle injection: 2 and 3 day old larvae were staged by morphological criteria and
anaesthetized (0.02% buffered 3-aminobenzoic acid ethyl ester (Tricaine, Sigma) in
egg water). Larvae were injected into the tail muscle [22] with approximately 1-10 nl
containing one particle. Injections were controlled using a Leica M50 stereomicroscope
together with a FemtoJet micro-injector (Eppendorf) and a micromanipulator with
pulled and bevelled micro capillary needles.

Table 1: commercial available nanometer and micrometer sized particles as used in the experiments. nm=
nanometer, pum= micrometer

Size Composition Fluorescence dye Manufacture Reference number
70 nm Polystyrene Nile red Corpuscular inc. (USA) 103125-05
250 nm Polystyrene Nile red Corpuscular inc. (USA) 103127-05
2.2 um Polystyrene Nile red Corpuscular inc. (USA) 103235-05
4.2 um Polystyrene Nile red Corpuscular inc. (USA) 103129-05
9.9 um Polystyrene Nile red Corpuscular inc. (USA) 103245-05
15 um Polystyrene Nile red Corpuscular inc. (USA) 103251-05
Microscopy

Embryos were examined and imaged daily using a fluorescence stereo microscope (MZ
205 FA, Leica). Embryos were kept under anaesthesia (0.02% buffered 3-aminobenzoic
acid ethyl ester (Tricaine, Sigma) in egg water) during imaging. The image processing
package Fiji [23] was used for processing and analysis of the images.
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Results and discussion

We used a set of polystyrene particles as proof of principle for studying the distribution
of injected biomaterials into embryos. These polystyrene particles are chosen as
they are commercially available in a monodispersed form in many different sizes.
Earlier biomaterial injection experiments with materials that are more related to
medical devices such as titanium, poly(lactic-co-glycolic acid) or polycaprolactone
led to difficulties. These particles are irregular in shape as well size, with as result
clogging of the glass micro capillaries and inconsistent outcomes. However, with the
monodispersed polystyrene particles these problems did not occur. Using a 4% PVP,
solution as a carrier made it possible to inject polystyrene particles into the embryonic
yolk because the viscosity of the solvent prevented the particles from flowing out after
injection. The visualization of the distribution of particles was facilitated by the use
of the Tg(bactin:Hras-EGFP VVU119) strain which expresses membrane-targeted GFP as
shown in Figure 1 and 2. Following injection into the yolk of 16-128 cell stage embryos,
we observed a difference in the distribution of biomaterials of various sizes throughout
the body of the embryo (Figure 3). The nanometer sized biomaterials spread more
compared to the micrometer sized biomaterials. One possible explanation could be that
the concentration of particles per nanoliter of the small particles was higher since all
suspensions were diluted to a 5 mg/ml concentration and the same volume of materials
was injected. Another explanation could be that there is indeed a size dependent factor,
which makes that the smaller beads spread easier than larger sized beads. This is in
line with earlier findings of Desai et al. (1996 & 1997) [24, 25], who also found that
nanometer sized particles had a higher uptake in rat tissue and in vitro compared to
the micrometer sized particles. We did find that the smaller sized particles (70 & 250
nm) accumulate around the heart region at 3 to 4 days post injection (dpi) (Figure 2)
from where they probably distribute throughout the body. In a few experiments we
found a very small number of embryos with larger sized beads (2 9.9 um) throughout
the body. Since the embryos did not show any signs of distributed particles yet at 1 day
post fertilization (dpf), we can rule out the possibility that the yolk-injected particles
were spread as a result of uptake by cells during the first hours of development, as in
the case with early RNA or DNA injections before the 16 cell stage. It is also unlikely that
these large particles were distributed at later developmental stages via the vasculature,
since the maximum diameter of the vasculature is also around 10 um in diameter. We
performed a whole mount L-plastin immunohistochemistry [26] on larvae injected
with the larger sized particles (2 9.9 um) to check for possible uptake by leukocytes at
later stages from 2 until 5 dpi, but we could not colocalize the particles with leukocytes
throughout the body (data not shown).

Even though the percentage of embryos showing a distribution of particles through
the body is low, it indicates that it is possible for such materials being taken up into the
body of the embryo after injection into the yolk. This has implications for the results
of earlier reports [5, 6, 10, 11] on spreading of bacteria and human cancer cells after
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Figure 1: Representative bright field /fluorescence overlay images showing migration of Nile red
fluorescence particles throughout the Tg(bactin:Hras-EGFP VU119) embryos over a 5 day period. The x
axis shows the different sizes of particles injected and the y axis shows the time period from 1 until 5 dpi.
being injected into the early embryonic yolk since it indicates that distribution could
be driven by unknown aspecific processes from the host. We are hoping to unravel the
mechanism(s) of such aspecific transport from yolk to body in future research.

All previously described experiments were based on the yolk injection method. We also
performed injections of beads in the tail muscle of 2 and 3 day old larvae, which mimics
the implantation of an artificial implant in human chirurgical applications, since the
implantation is performed directly into tissue. However, when using the 9.9 um sized
particles these injections proved to be very labour intensive, and did not result in the
biomaterial to remain in the same place after injection (data not shown). In almost all
cases the particles were pushed out of the tissue while injecting. Even when the particle
would stay at the implantation side, a considerable amount of tissue damage occurred.
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70 nm 250 nm 2.2 um 4.2 um 9.9 um

Figure 2: Detailed images of Tg(bactin:Hras-EGFP VU119) larvae injected with particles. The yellow boxes
show the particles close to the heart region or already migrated away from the yolk injection side.
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Figure 3: Quantification of distributed particles. The graph shows the percentage of embryos with nano or
micrometer sized beads that were spread away from the yolk injection side at subsequent dpi.
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Conclusions

We found that there was a difference based on size in distribution of biomaterials. The
preferable larger sized biomaterials (> 9.9 um) migrated less than the smaller sized
biomaterials (< 2.2 um). The location where they accumulate still remains unknown,
however if they spread, such as the smaller particles (= 2.2 um), it probably starts at
the heart region from where they distribute out inside the body. The mechanism of
how particles spread also remains unknown, however we think that the larger (> 9.9
pum) particles do not get taken up by leucocytes and there is no evidence for spreading
via the vasculature. Nevertheless we hope to find the mechanisms/processes that are
involved during the migration of these particles in the future.
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