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Cerebrospinal fluid (CSF) is a protein rich fluid contained within the brain ventricles. It is present during early vertebrate embryonic development
and persists throughout life. Adult CSF is thought to cushion the brain, remove waste, and carry secreted molecules'?. In the adult and older
embryo, the majority of CSF is made by the choroid plexus, a series of highly vascularized secretory regions located adjacent to the brain
ventrlcles3 In zebrafish, the choroid plexus is fully formed at 144 hours post fertilization (hpf)6 Prior to this, in both zebrafish and other
vertebrate embryos including mouse, a significant amount of embryonic CSF (eCSF) is present . These data and studies in chick suggest that
the neuroepithelium is secretory early in development and may be the major source of eCSF prior to choroid plexus development

eCSF contains about three times more protein than adult CSF, suggesting that it may have an important role during development89 Studies

in chick and mouse demonstrate that secreted factors in the eCSF, fluid pressure or a combination of these, are important for neurogenesis,
gene expression, cell proliferation, and cell survival in the neuroeplthellum %20 proteomic analyses of human, rat, mouse, and chick eCSF
have identified many proteins that may be necessary for CSF function. These |nc|ude extracellular matrix components, apolipoproteins, osmotic
pressure regulating proteins, and proteins involved in cell death and prollferatlon 1-24 . However, the complex functions of the eCSF are largely
unknown.

We have developed a method for removing eCSF from zebrafish brain ventricles, thus allowing for identification of eCSF components and

for analysis of the eCSF requirement during development. Although more eCSF can be collected from other vertebrate systems with larger
embryos, eCSF can be collected from the earliest stages of zebrafish development, and under genetic or environmental conditions that lead to
abnormal brain ventricle volume or morphology. Removal and collection of eCSF allows for mass spectrometric analysis, investigation of eCSF
function, and reintroduction of select factors into the ventricles to assay their function. Thus the accessibility of the early zebrafish embryo allows
for detailed analysis of eCSF function during development.

Video Link

The video component of this article can be found at https://www.jove.com/video/4243/

Protocol

1. Preparing Microinjection Needles and Cell Tram

Fill Eppendorf CellTram oil microinjector apparatus with mineral oil according to manufacturer's instructions.

Prepare microinjection needles by pulling capillary tubes using Sutter instruments needle puller.

Mount needle on micromanipulator connected to Eppendorf CellTram.

Carefully break the tip of the needle. For uniform tip size, measure with a micrometer, or compare to a reference needle.
Fill the length of the needle with oil, using the CellTram to push oil down the length, being careful to avoid any bubbles.
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2. Preparing the Embryos

1. Poke holes in a 1% agarose coated dish with a 1-200 pl pipette tip, and remove agarose plugs. Fill dish with embryo media (made according
to Westerfield? )

2. Using forceps, dechorionate embryos under stereomicroscope.

3. Transfer dechorionated embryos into agarose coated dish.

4. To anesthetize embryos, add Tricaine (0.1 mg/ml) to agarose dish until embryos stop moving (made according to Westerfield? )
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3. Draining the eCSF

1. Orient the embryos with their tails in the holes of the agarose and their posterior sides closest to the micromanipulator, allowing for
visualization of the dorsal side of the brain.

2. Position the needle at the rhombomere 0/1 hinge-point or the widest point of hindbrain ventricle (Figure 1A).

Carefully pierce roof plate of hindbrain ventricle being sure not to go through the depth of the brain into the yolk.

4. Drain the eCSF using the CellTram and collect fluid in microinjection needle. Be careful to avoid any cells.

w

4. Collecting the eCSF for Composition Analysis

Once the eCSF is collected in the needle, carefully stop suction from the CellTram.

Move the dish out from under the needle and carefully position the needle into a tube containing the desired buffer.

Using the CellTram, drain the eCSF out of the needle into the buffer trying to avoid contaminating the solution with oil.

In order to remove cells that you have aspirated along with the eCSF, spin eCSF at 10,000 x g. Collect uncontaminated eCSF (supernatant)
and store at -80 °C until ready for further analysis.

PN

5. Reintroduction of Selected Factors

1. Drain the eCSF every 2 hr during desired time interval, since the fluid is replenished within that time period. Between drainage time-points,
remove the needle and store the embryos at 28.5 °C or desired temperature.

Load second micropipette needle with test factor.

Place needle into micromanipulator attached to microinjector.

Adjust injection volume to 1 nl by measuring the drop size in oil and adjusting injection time and pressure.

Inject 1-2 nl into brain ventricles as described previouslyze.

Representative Results

An example of a drained brain ventricle is shown in Figure 1B-C. Brain ventricles are collapsed as they lack eCSF (Figure 1B vs. C). As seen
in dorsal images (Figure 1B-C, and Figure 2A-D) the hindbrain neuroepithelium does retain its characteristic morphology and seems to be
open despite lack of eCSF likely due to robust hinge-points. However, lateral views (Figure 2A'-D") demonstrate that the hindbrain ventricle
has been drained, consistent with the presence of a thin flexible roof plate epithelium which collapses ventrally. In wild type embryos, eCSF is
continuously produced and refills the brain ventricles 2-3 hr post draining (Figure 2). Therefore, CSF needs to be continually depleted over the
time of interest.

a koD

While removal of the fluid at 24 hpf does not disrupt gross morphology or development, removal of eCSF over a longer period of development
may have adverse effects to whole body development. This should be taken into consideration when determining the efficacy of factors injected
into the brain ventricles. Further, to determine whether developmental defects are a result of loss of eCSF or due to a needle puncturing the
brain, an important control is insertion of a needle into the brain without removing eCSF.

We demonstrated that eCSF has a different protein profile than whole embryo extract, and analysis on a SDS-PAGE protein gel demonstrates
that a detectable amount of protein can be collected from zebrafish eCSF (Figure 3). This demonstrates that neuroepithelial cellular
contaminants are at lower levels than eCSF specific proteins, and further that a substantial amount of protein can be collected that is sufficient
for mass spectrometry analysis.
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Figure 1. Manually drained brain ventricles. (A) Experimental design. Lateral (left) and dorsal (right) views of where to insert microinjection
needle. Needle (black triangle) is inserted into the roof plate of the hindbrain ventricle at the widest point of the hindbrain. The needle is then
further inserted into the midbrain and forebrain ventricles as designated by the red arrows. (B-C) Examples of 24 hpf manually drained embryo.
The same embryo imaged before draining (B) or after drain (C). (B'-C') Tracings of B-C. Grey line indicates morphology present but not visible. F
= forebrain, M = midbrain, H = hindbrain. Scale bars = 50 ym.

Before

Figure 2. eCSF refills the brain ventricles over time. (A) 24 hpf embryo before draining (B) immediately after t=0 (C) 15, (D) 60, (E) 120, (F)
180, (G) 240, and (H) 300 min (m) after draining. (A-H) Dorsal and (A'-H') lateral brightfield images with anterior to the left. F = forebrain, M =
midbrain, H = hindbrain. Scale bars = 50 um.
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Figure 3. Protein profile differs between 24 hpf whole zebrafish embryo (WE) extract (0.5 ug total protein) and 24 hpf eCSF from 50 embryos.
SDS loading buffer added to collected eCSF to denature proteins, sample run on an 8% Tris-HCI PAGE gel, and detected with Sypro Ruby. *
indicate bands unique to eCSF.

Use of this technique to manually drain eCSF from zebrafish brain ventricles will be useful for determining the requirement for eCSF during
development. In addition, this technique will allow description of the eCSF protein profile over the course of embryonic development.
Identification of different proteins during this time will enable further investigation into the function of the CSF and its potential role during
brain development. In amniotes, some factors identified in eCSF (ZIGF2, FGF2, retinoic acid, and apolipoproteins) have a demonstrated role in

neuroepithelial cell survival, proliferation and neurogenesis®'72%2*2"2 However, there appear to be hundreds of uncharacterized proteins

in the eCSF, which was obtained after choroid plexus formation, later than the time-;z)oints demonstrated here. Additionally, our lab and others
have identified zebrafish mutants with abnormal brain ventricle size or brain defects 9'31, and may have abnormalities in eCSF composition and
function. This method readily allows for isolating and testing putative abnormal eCSF from mutants or under different environmental conditions.

A powerful use of the zebrafish system is to replace selected factors via injection into the brain ventricles after removal of eCSF, thereby testing
their function during brain development. Small molecules, proteins, and eCSF obtained after genetic or chemical perturbation can be tested.
Reintroduction of eCSF from other species will allow comparison of factors and functions across species and under different pathological
conditions, such as hydrocephalus, complementing and interfacing with mammalian studies. In summary, use of the zebrafish to remove eCSF,
analyze its composition and reintroduce eCSF or specific factors into the brain ventricles, will significantly increase understanding the role and
regulation of eCSF function and that of the brain ventricular system.
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