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Results: Determination of Ideal Dye Concentration for HaloTag

HaloTag was demonstrated to be effective in zebrafish embryos, being brighter than 
dye alone and HaloTag without dye. HaloTag with dye is almost twice as bright as dye 
alone. NLS-HaloTag is significantly brighter than regular HaloTag, particularly in the nuclei. 
Concentration of Oregon Green dye does not appear to have a significant effect on the 
brightness of images without HaloTag.

There are two primary paths of future research. Refining the dying process is necessary 
to reduce nonspecific binding of the fluorescent ligand without HaloTag. A genetic fusion of 
HaloTag and a protein such as amyloid beta or tau proteins could demonstrate HaloTag’s 
effectiveness with an actual protein of interest and increase understanding of the protein 
clearance issues involved in Alzheimer’s Disease.

Zebrafish (Danio rerio) are a useful model organism for imaging due to their similarities to 
humans, embryo transparency, and external fertilization. HaloTag is a useful self-labeling 
protein tagging system that is used for the imaging of proteins in vivo. The studies 
demonstrating the use of HaloTag in zebrafish embryos focus on earlier stages of 
development. The development of the midbrain and hindbrain, which are useful for the 
study of Alzheimer’s, occurs later, after 24 hours post fertilization (hpf). Studying the 
processing and movement of certain proteins in these regions–such as amyloid beta–helps 
to understand protein clearance and Alzheimer’s. HaloTag has strong potential as a tool 
for fluorescence microscopy in zebrafish to understand disease.

Here we create an expression construct from HaloTag9 using the pCS2+ vector to drive the 
transcription of HaloTag9 mRNA. This mRNA is injected into single-celled embryos in order 
to drive the expression of HaloTag in zebrafish embryos. We imaged zebrafish at least 
24hpf. To determine the ideal concentration of fluorescent ligand (Oregon Green 488 dye), 
four different concentrations of dye are tested in wildtype zebrafish. We found that there is 
no significant difference between the brightness of zebrafish with different concentrations of 
dye. The zebrafish injected with HaloTag and stained with dye were significantly brighter 
than those injected with HaloTag without dye or those with only dye. A Nuclear Localization 
Signal (NLS) version was also tested and was much brighter than regular HaloTag in the 
nuclei. 

Our imaging results indicate HaloTag can be a useful tool for imaging proteins, especially 
those in extracellular space such as the amyloid beta or tau proteins which play a major role 
in Alzheimer’s Disease pathogenesis.
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To test the effectiveness of HaloTag in zebrafish embryos, an expression construct expressing HaloTag was created. The pCS2+ vector 
was used expression of HaloTag. The plasmid was cloned in bacteria, purified, and used to create an mRNA transcript for injection into 
single-cell zebrafish embryos. 100 pg of mRNA was injected into each zebrafish embryo.

Zebrafish were imaged at about 28hpf on an inverted confocal microscope (Zeiss LSM 880). Zebrafish with dye were incubated in 
embryo media (60mg/ml of Instant Ocean and 75mg/ml of CaSO4 in ddH2O) with a certain concentration of Oregon Green 488 dye (the 
fluorescent ligand) and washed before imaging.

HaloTag was tested in zebrafish. The HaloTag with 
dye images were compared to HaloTag alone (to 
demonstrate that HaloTag without the dye does not 
fluoresce) and dye alone (to identify the increased 
fluorescence from binding to HaloTag).

HaloTag with dye is twice as bright than dye 
alone t(3) = 4.63, p = 0.0095. It is also significantly 
brighter than HaloTag without dye t(4) = 10.16, p = 
0.0003. Images of the midbrain/hindbrain region of 
the zebrafish embryo taken with the same laser 
power, pixel dwell time and pinhole size. 

In addition to testing HaloTag without a localization signal, which should be expressed 
throughout the cell, NLS-HaloTag was also tested. NLS-HaloTag localize primarily within the 
nucleus. The mRNA was provided by Falk Schneider. 

NLS-HaloTag is twice as bright than regular HaloTag in the nuclei t(5) = 3.71, p = 
0.0069. Images of the midbrain/hindbrain regions taken with the same laser power and 
dwell.
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Before imaging zebrafish with HaloTag, wildtype 
zebrafish were incubated with different 
concentrations of dye to determine nonspecific 
binding of the ligand in the absence of HaloTag.

There is no significant difference between 1 
µM dye and other concentrations; 1 µM dye 
was used for the HaloTag tests. These images 
are of the inner ear.

Created with BioRender.com.

Inner Ear

Midbrain/Hindbrain

Background: Imaging Zebrafish
Zebrafish are ideal model organisms for 
imaging in developmental biology studies 
due to their transparency and external 
fertilization. The transparency of the embryos 
allows for noninvasive imaging of biological 
processes using fluorescence microscopy.3 

Zebrafish also have great similarity to human 
brain organization and could therefore be 
useful for studying diseases such as 
Alzheimer’s Disease.4

Structure from Kang et al. Chemical Communications. 2017.

HaloTag is a self-labeling 
protein tagging system based 
on a mutant bacterial haloalkane 
dehalogenase enzyme.1 It can be 
genetically fused to a protein of 
interest to label it for fluorescence 
imaging experiments. The 
HaloTag protein binds irreversibly 
to special chloroalkane ligands. 
For imaging, fluorescent ligands 
are used. These ligands bind 
irreversibly to the HaloTag protein. 
The resulting complex is 
fluorescent and may be used to 
image the protein of interest.

HaloTag has multiple advantages which make it a 
good candidate for imaging in zebrafish.

1. HaloTag has many different fluorescent ligands 
available. Each ligand has a different excitation and 
emission wavelength.

2. The timing of fluorescence can be controlled. 
HaloTag only fluoresces when bound to the ligand, 
so timing of fluorescence and tagging can be 
precisely controlled.

3. The tunability of the HaloTag system means there 
are great opportunities for multiplexing. By slightly 
modifying the HaloTag protein, the same ligand can 
result in different fluorescence lifetimes and be used 
for multiplexing of a single channel.2

4. Different proteins can be used as the protein of 
interest, as HaloTag isn’t specific to a given protein. References
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