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Abstract
Zebra�sh is an ideal model organism to study adult neurogenesis. New neurons are born in various parts
of zebra�sh brain all through its lifespan. Analyzing neuron renewal in adult brain provides a valuable
insight into neurodegenerative diseases. Bromodeoxyuridine \(BrdU) is a thymidine analog and it
incorporates into the DNA only if the cells are at S-phase. BrdU labeling is a reliable method to locate the
cells that are actively dividing. Here we describe the steps required for BrdU labeling in adult zebra�sh
brain starting from BrdU injection to the �nal analysis in the microscope. We utilize a paraformaldehyde
�xation, vibratome slicing, �uorescent labeling of incorporated BrdU and �nally confocal imaging. For a
thorough coverage on the topic zebra�sh neurogenesis, readers are referred to \[1] from which this
protocol is adapted. A protocol on diverse applications of BrdU labeling can be found in protocol series by
Jackson and Cook \[2] \[3] \[4].

Reagents
o 7-AAD nucleus stain \(A1310, Invitrogen) o Agarose o Anti-BrdU antibody, mouse monoclonal \(#5292S,
Cell Signaling Technologies or B8434, Sigma) o Anti-mouse Alexa�uor - 488 secondary antibody, raised in
goat \(A-11029 Invitrogen or #4408 Cell Signaling Technologies) o Bromodeoxyuridine powder, Sigma,
B5002 o Fixation Buffer, FB001, Invitrogen o Goat serum, Sigma o Hydrochloric acid, 2N o Methanol o
Prolong Gold Antifade Reagent, P36934, Invitrogen o Phosphate buffered saline \(PBS), pH=7.4 o Tween
o Borate Buffer RECIPES o PBS-T \(0.5%): to 1 L PBS, add 5 mL Tween o Blocking solution: to 9.7 mL
PBS-T, add 300 uL natural goat serum o 7-AAD working solution: add 787 μL PBS to 1 mg of 7-AAD to
make 1 mM stock solution. Then to 10 uL of stock solution, add 990 μL PBS to make working solution. o
3% Agarose: weigh 3 g agarose into 100 mL PBS o 2N HCl: to 16.8 mL water add 3.2 mL HCl o Borate
Buffer: weigh 1.9 g borax into 50 mL PBS

Equipment
o Confocal microscope \(Zeiss LSM 510) o Dissecting microscope \(Zeiss Stemi 1000) o Syringe, 2 mL,
0.4 mm x 5 mm o Syringe, bent at the tip o 48-well plates o Glass microscope slide o Glass coverslips, 24
x 60 mm o LED light o Paint brush, no:0 and no:2 o Para�lm o Pasteur pipette, glass, 145 mm o Plastic
dish, 10 cm o Rocker-Shaker o Tweezers, dumont #5, item: 14099 o Vibratome \(Leica, VT1200S)

Procedure
INJECTION 1. Prepare 10 mg/mL stock BrdU solution in water. Aliquots can be stored at -20°C and can be
thawed in 37°C water bath before use. 2. Equilibrate the syringe with sterile water. → Care must be taken
not to introduce air into the syringe. 3. Put 0.2 mg BrdU solution for 1 g of body weight onto a para�lm
and slowly take up by the syringe. → Amount of BrdU injected was described in \[5]. 4. Transfer the �sh
from aquarium into an insulator ice bucket �lled with aquarium water to half-length. 5. Start adding ice
cubes that were made from the aquarium water until the temperature drops to 12°C. → At this
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temperature, the �sh ceases its movement but the continues breathing. 6. Cool your �ngertips in the 12°C
water and gently handle the �sh. Inject the BrdU solution into the abdominal cavity. → Fish can be
immobilized onto a sponge which has been soaked in 12°C water. 7. Release the �sh into 25°C system
water and observe for 10 minutes. 8. Leave the �sh in this tank for 4 to 24 hours. FIXATION 9. Prepare ice-
water mixture: In an ice bucket, add 4 parts of ice and 1 part of water Put the �sh into the ice water, �sh
should be in the 4°C water completely. → As suggested by NIH Guidelines \[6]. → Fish can stay in the ice-
water for up to 1h. 10. After 10 minutes, when all the movement ceases, �sh can be killed by cutting the
head with a scalpel. 11. Put the head into the �xation buffer and incubate at 4°C, overnight. DISSECTION
12. Fill a 10 cm dish with PBS and add the �sh or the �sh head into the PBS. Perform the dissection by
using the dumont tweezers under the dissecting microscope. → The brain has to be dissected as a whole
by cleaning all the gills and fat tissue. The pigments on the dorsal side of the brain can be removed by
peeling the thin membrane. 13. Add the dissected brain in PBS into a 2 ml tube. 14. Wash the samples 3
times with PBS-T for 5 min each by carefully aspirating the medium on top and slowly adding the new
medium. Put the tubes on rotator in between washes. 15. Perform dehydration series by incubating the
brains 4 min in each of the following: a) 30% methanol in PBS-T b) 50% methanol in PBS-T c) 70%
methanol in PBS-T d) 90% methanol in PBS-T e) 100% methanol 16. Add 100% methanol and incubate at
-20°C, overnight. → Samples can be left at this stage for long term storage. EMBEDDING AND SLICING
17. Take the brains from -20°C, equilibrate with room temperature methanol by washing once. 18.
Perform rehydration series by incubating the brains 4 min in each of the following: a) 90% methanol in
PBS-T b) 70% methanol in PBS-T c) 50% methanol in PBS-T d) 30% methanol in PBS-T e) PBS-T 19.
Wash with PBS-T again and leave on the rotator for 15 min. 20. Prepare 3% agarose in PBS, allow to cool
down to a temperature which the bottle can be hold in hand but still not solidifed. 21. Transfer agarose
into the moulds. 22. Pick each brain with the tweezers and carefully drop into the agarose. 23. With the
help of bent syringe adjust the orientation of the brains quickly. Brains tend to sink to the bottom, try to
prevent it by again touching the agarose with the syringe. Do not touch the brains. 24. When the agarose
has set, release the agarose from the mould. 25. Cut agarose into a small block in which the brain is at
the center. Brain shouldn’t be close the edges. 26. Attach agarose blocks to vibratome plate by using a
strong, water-based adhesive. 27. Fill the vibratome tank with PBS, mount the plate into the tank. 28. Start
cutting slices of 50μM thickness. 29. Transfer each slice into a 48-well plate �lled with PBS after each
cutting. Two slices can be put into one well. 30. When all slices are obtained, wash twice with PBS-T by
aspirating the medium with a glass pasteur pipette, carefully. Do not touch the slices. 31. Add 180 μL 2N
HCl to each well and incubate at 37°C for 30 min without shaking. 32. Aspirate HCl and wash the wells
with borate buffer, once. 33. Wash 3 times with PBS-T, 5 min each, on a rotator. 34. Incubate in blocking
solution: 3% goat serum in PBS-T for 1 hour, at RT, on the rotator. Add 180μL to each well. 35. Prepare the
anti-BrdU antibody in blocking solution at a 1:500 dilution. Mix well. 36. Add 180μL antibody to each well
except for the no antibody control. To no-primary-antibody control wells, add 180μL of blocking solution.
37. Leave plates at 4°C, on a rotator, for 24 to 72 hours. Cover the plates with para�lm to prevent
evaporation. MOUNTING 38. Take the plates out of fridge and discard the antibodies. 39. Wash 3 times
with PBS-T, 5 min each. 40. Wash 2 times with PBS-T, 15 min each. Put the tubes on rotator in between
washes. 41. Incubate in blocking solution: 3% goat serum in PBS-T, for 30 min on a rotator. 42. Prepare
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the secondary antibody in PBS-T at 1:1000 dilution. Mix well. 43. Incubate at room temperature, for 2
hours, on the rotator. 44. Discard the antibodies. 45. Wash 3 times with PBS-T, 5 min each. 46. Wash 2
times with PBS-T, 15 min each. Put the tubes on rotator in between washes. 47. Add 180μL of 7-AAD
working solution onto the wells. Incubate for 10 min on a rotator. → Applied as recommended in \[7] 48.
Wash with PBS-T, twice. 49. Under a bright light with a black background, �ll a 15 cm dish with PBS. Dip
one microscope slide into it, wash with PBS. 50. Incline the slide to the edge of the plate, one end dipped
in PBS. Take two slices at a time from the experiment plate with the help of a brush and drop into the PBS
in the dish. 51. With a no:0 brush, align the slices onto the microscope slide. Do not allow slices to wrap
or dry. Align up to 8 slices on a slide. 52. Wipe dry excess water, let the slices air dry but do not let them
dry out completely. 53. Drop minute amounts of Prolong antifade reagent to each slice and also to the
bottom of the slide. 54. Touch the coverslip to the edge of the slide and lower slowly onto the slices. 55.
Leave the slides overnight at room temperature, in the dark. 56. Seal the edges with nail polish. → Slides
can now be observed under microscope.

Timing
Injection: 1 hour Fixation: 1 hour Dissection: 1 hour Embedding and Slicing: 4 hours Mounting: 4 hours

Troubleshooting
Problem: Agarose surrounding the slices disappears after HCl treatment. Solution: Use a basic agarose
instead of a low-melting or reducta. Problem: High background staining or non-speci�c staining. Solution:
Increase number of PBS-T washes or the percentage of tween. Increase blocking time before the
secondary antibody. Problem: No nuclear staining. Solution: HCl treatment must be the problem. Prepare
a fresh batch.

Anticipated Results
Advantage of this technique comes from utilization of the vibratome. Vibratome is a versatile equipment
to obtain brain slices eliminating the need of freezing. It can take slices of variable widths \(we tried
20μm to 200μm) without causing a wrap in the tissue. We do not need to freeze the tissue as in cryostat
but instead embed into agarose which makes the handling of the slices easier during the washing steps.
HCl treatment is harsh for the slices and sometimes damages the agarose around the slices but we found
that 2N HCl is compatible with 3% basic agarose. HCl treatment is essential for BrdU staining in order to
separate the DNA strands. Also when we tried permeabilization buffers, we observed that the nuclear dye
was not taken up into the nucleus. For anti-BrdU monoclonal antibody and for the secondary antibody, we
recommend two antibodies from different suppliers. There are certainly many other but these are the
ones that we used in our experiments. As a secondary antibody, we used Alexa�uor-488 tagged
antibodies since it does not overlap with the 7-AAD spectra. In the confocal microscopy we excite with
488 nm Argon laser and collect from BP 505-550 emission �lter for the BrdU staining. In a second
channel, we excite with 543 nm HeNe laser and collect from LP 585 emission �lter to visualize 7-AAD.
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Instead of injecting BrdU, we also tried to add BrdU into the aquarium water. After 24 hours we did not
manage to visualize the labeling.
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Figure 1

Visualization of the BrdU labeled cells in zebra�sh brain cross sections. In a 30 month old male zebra�sh,
4-hour BrdU exposure was detected with BrdU monoclonal antibody and Alexa�uor-488 linked secondary
antibody. Nuclear staining was performed with 7-AAD dye. Cross sections were obtained at 50μm
thickness. A) 63x imaging of an area. B,C) 20x imaging of a cross section from telencephalon. C shows
the merged image. D) 20 x imaging of a negative control slice. Same protocol was applied except
blocking solution was added instead of primary antibody. Z stacks are obtained from 12 (A) or 9 (B,C,D)
sections . Scale bars represent 50μm in A, 100μm in B, C, and D. B’ and C’ are the magni�ed images of the
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yellow rectangles in B and C, representatively. BrdU is shown in white, 7-AAD in red color. Images were
obtained in Zeiss LSM510. Composite images were created in ImageJ.


