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Dear Author,

This document is divided into a number of sections in which you can add your
comments to the video, voiceover, online text, and .pdf. Please be aware that our
policy is to do a single complementary revision, so it is critical that all participants in
this project offer their comments collectively. In addition, please make sure thatyour
comments are eastly interpreted, transparent, and where appropriate, specifically
reference a time-point in the video or step in the written section.

Have fun!
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Video Comments:

Please fill in any comments you wish to make in the “comment” column and insert
the time-code that references the video at the time of the mistake in the “time-code”
column. Also, please make suggestions to correct the mistake. For example it is
not enough to say that 0.25 mM Fluo-4 is incorrect. You must suggest the correct
concentration. If you need more space to write, please do so below the table. DO
NOT ADD CORRECTIONS TO THE VOICEOVER HERE. PLEASE DO THIS IN THE
NEXT SECTION.

Time-code Comment Suggestlon
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Audio Comments:

This section is used to specify the changes that need to be made to the voiceover.
Please specify time code where each mistake in the voiceover occurs, your
comment, the step in the script that needs to be changed, and the corrected text.
Please include the entire step from the script in last column with the corrected text
in bold. If there is a pronunciation change, please provide a phonetic pronunciation

key.
EX:

Restinosis - (Reese-tin-oh-sis)

no chartges ne eded

Time code Comment

Step in Script
(ex 4.2)

Rewritten Text or Corrected
Pronunciation
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N Therve are

Aol charges
Text Protocol: 2% noted n 9/7 /&Z@a/mm% (aﬁ’achea’)

hch are als e rext
Please use this table to addregs/changes that naeéd td be made to ext. t{ﬂs }%e

step in the text protocol where there is an issue, your comments pertalnmg to that
issue, and how we should resolve it. For drastic changes to the protocol {(major
structural changes or more than 10 spelling or grammatical mistakes), we will
require re-upload of the entire document.

1. | StepinProtocol | Comment Suggestion
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.PDF

Please use this table to address changes that need to be made to the pdf. List the

step in the text protocol where there is an issue, your comments pertaining to that

issue, and how we should resolve it. For drastic changes to the protocol, we will
require re-upload of the entire document.

1.

Step in Protocol

Comment

Suggestion
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Krigte ) 3 b A, mgert1 .
Department of Biological Sciences, " & Evyt 06# @#&/‘

€45

Fnitials

Correspondence to: Rebecca ingert at reingeri@nd.edu m?} 0!0//6

URL: htp/Avany Jove.comivideo/51644
DOI: doi:10.3791/51644

Keywards: zebrafish; kidney; nephron; nephrology; renal; regeneration; proximal tubule; distal tubule: segment; mesonephros; physiclogy; acute
kidney injury (AKI)

Date Published: 4/11/2014

Citation: McCampbell, K.K., Springer, K.N., Wingert, R.A. Analysis of Nephron Compaosition and Function in the Adult Zebrafish Kidney. J. Vis. Exp.
), 51644, dot:10.3781/51644 (2014},

insent < pace between Wads

The zebrafish modei has emerged as a relevant system to study kidney development, regeneration and disease. Both the embryonic and adult
zebrafish kidneys are composed of functional units known as nephrons, which are highly conserved with other vertebrates, including mammals.
Research in zebrafish has recently demonstrated that two distinctive phenomjena franspire after adult nephrons incur damage: first, there is
robust regeneration within existing nephrons that replaces the destroyed tubule epithelial cells; second, entirely new nephrons are produced
from renal progenitors in a process known as neonephrogenesis. In contrast,|humans and cther mammals seem to have only a limited ability

for nephren epithelial regeneration. To date, the mechanisms responsible for these Kidney regeneration phenomena remain poorly understood.
Since adult zebrafish kidneys undergo both nephron epithelial regeneration ahd neonephrogenesis, they provide an outstanding experimental
paradigm to study these events. Further, there is a wide range of genetic and bharmacological tools available in the zebrafish model that can

be used to delineate the cellular and molecular mechanisms that regulate renadl regeneration. One essential aspect of such research is the
evaluation of nephron structure and functicn. This protacol describes a se@ abelingltechniques that can be used to gage renal composition and

test nephron functionality in the adult zebrafish kidney. Thus, these methods are widely applicable to the future phenotypic characterization of
adult zebrafish kidney injury paradigms, which include but are not limited to, nephrotoxicant exposure regimes or genetic methods of targeted
cell death such as the nitroreductase mediated cell ablation technique, Further, these methods could be used to study genetic perturbations in
adult kidney formation and could also be applied to assess renal status during chronic disease modeling.

¥
The video component of this article can be found at htfprwww jove . comivideo/S51644/ be l] ](e ' W-l"h'\ "Sugh at

replae

The kidney is a complex organ that fulfills a multitude of physiclogical functions irf'the body. The foremost function of the kidney is metabolic
waste excretion, and this task is closely intertwined with the maintenance of fluid homeostasis. The kidney performs these jobs by filtering the
blood and forming urine, while concomitantly regulating blood pressure electrglyte levels, and acid-base balance. Highly specialized epithelial
tubules called nephrons serve as the basic functional unit of the kidney ™ 12 | gdult vertebrates, nephrons are typically organized in a tightly
coiled arrangement surrounding a centralized drainage system thus allowm for many tubules to pack into the fairly small organ. For example,
each human kidney can contain over 1 million nephrons QOther mammals §jfe the mouse possess on the order of 8-1Q thousand nephrens per

kldney The degree of renal complexity differs between these mammals ard other vertebrates due to variaticns in §hief nephron number and
their architectural layout within the kidney. Vertebrate species form as many as three successive kidney structures g rlng development, and each
form displays increasing complexity with regard te nephron endowment and arrangement: the pronephros, mesonéphres, and metanephres. The
fast renal structure to be retained serves as the aduit kidney organ—typically & mesonephros or a metanephros? Each kidney form, however,

i
ar l‘
has a nephron-based composition”. Fepiafﬁ ‘:Shf’ﬁruw% ;hrl’a[

The nephran is the workhorse of the kidney and is responsible for blood filtration along with metabolite secrefion and reabsorption. Nephrons

are simple tubular structures comprised of epithelial cells and have a segmental organization, in which discrete, highly specialized domains of
differentiated epithelia perform specific tasks. In the order of filtrate low through the nephron, there are typically three major parts that comprise
each unit: (1) the renal corpuscle, (2) a tubute with proximal, intermediate, and distal segments, and {3} a collecting duct’. The proximal tubule is
respansible for the reabsorptlon of organic solutes, most netably glucose and amino acids'. The intermediate tubule (or loap of Henle) is a major
site of salt and water regulat|on Finally, fine- tunmg of salt and other ions cecurs in the distal tubule and collecting duct and is highly regulated by
the endocrine system From there, the filtrate travels through the ureter and bladder, ultimately exiting the body as a waste product .

The loss of renal function can stem from a multitude of causes that prevent normal nephron activity. These causes can occur during kidney
development, e.g. congenital defects that lead to the malformation of nephronss, or causes from different types of injury (stemming from both
genetic and environmental origins). Acquired injuries are broadly categorized as acute kidney injury (AK1) or chronic kidney injury (CKD). AKI
involves an abrupt loss of renal function, often resulting from ischemia or toxin exposure™’. In mammals, nephron epithalial repair is possible
after such injuries®, and many pecple exhibit fuli restoration of renal function after AKI. However, AKl is also associated with high marbidity
and mortality that have been reported across a broad 30-70% incidence rangea‘T. CKD, in contrast, is associated with progressive loss of renal

Copyright © 2014 Journal of Visualized Experiments April 2014 | | e51644 | Page 1 0f 17
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function that results from years of prolonged damage t%/plcaily associated with fibrosis®® . Further, an interplay exists between AKl and CKD, as
either one can predispose an individual to the other ™, For instance, those who have suffered fram AKI are more susceptible to CKD and even
death™, The incidence of kidney disease, both in the US and worIdW|de has reached epidemic proportions and |s gredacted {o rise as the aged

population expands—thus there is a growing need to identify regeneratwe medicine interventions for the kldney

Despite the knowledge that AKI patients can recover, it has long been thought that the kidney is an organ without innate regenerative powers,
This traditional view has been dramaticaily revised in recent yearss1 Studies |nvestlgat|ng renal damage in mice and rats after AKI have shown
that nephron tubule epithelial cells can proliferate and rebuild functional nephrons Although mammals possess this adaptive ablllt¥ to
regencrate nephrens, there are notable limitations and maladaptive responses can be triggered which lead to renal fibrosis and CKD*'. For
example, a recent siudyemenstrated that repeated epithelial cell ablation in murine nephrons was associated with diminished regeneration

and renal fibrosis—suggesting nephrons have a limited regeneration threshold®. There is no evidence thatt adult mammalian kidney forms
new nephrons to replace lost or damaged ones, thus their destruction leads to a permanent nephron deficit™® nterestingly, some vertebrates

do respond to AKby regenerating nephron epithelia and by also producing new nephrons, a pracess referred to as necnephrogenesis or
nephren neogene 52, Neonephrogenesis occurs in fish after toxin exposure or partial resection, and injury models have historically included the
goldf[5h24 = t||ap|a2 skate27 medaka28 and more recently, the zebrafish™. Of these, zebrafish provide a viable genetic research model to

discoverthe celludar and molecular pathways responsible, foirenai regeneration. R{Mf"e -Qm supwscr ‘ {

In this video article, we demonstrate how to labal nephron segments in adult zebrafish. Knowlledge of nephron anatomy, molecular features,
ahd functional characteristics are essential for successful future rena*tudies using zebrafish.The adult zebrafish Kdne)!s a mesonephros
structure and is inherently less complex in terms of nephren number and organization than the metanephros structure fhund in adult mammals,
avians, and reptiles®’. However, zebrafish neéahron segment organization |%nalogous to mammals, and was firsidocumentedin the embryonic
kidney based on gene expression studies” ™. Zebrafish embryc nephrons tontain linea e segments that include the proximal convoluted
tubule (PCT?l grommal straight tubule (PST), distal early (DE)-%.c'i distal late (DL)31 # / Zebrafish adult nephrons possess similar tubular

segments (Figure 1).The PCT can also be identified bya functional phenotype: epithelial cells in the PCT will incorporate fluorescently
labeled dextran compounds (10-70 kDA in size) present in the circulation, which has been used in both the embryonic and adult zebrafish kidney
to assess measure endocytic uptake by these proximal tubule ceils® e (Figure 1). One difference in nephron segments between zebrafish

and mammals is that zebrafish lack an intermediate tubule, or loop of Henle ™ 37, since this segment functions in mammals to conserve water,
and zebrafish are a freshwater species without an urgency to concentrate their urine, it is not surprising that zebrafish lack this segment32‘

Thus, the overall nephren composition is iargely conserved between the zebrafish and mammalian kidney32‘33. These similarities have enabled
zebrafish to be an effective research tool to investigate the functions of renal-expressed genes during developmental nephrogenesissms' and
to model numerous Kidney diseases“‘“, thereby adding to the substantial list of human conditions that can be investigated using zebrafish*®*,

Today, the adult zebrafish kidney is an attractive mode! for comparative studies of renal regeneration due to its genetic tractability and the
expanding palate of technological resources available to interrogate gene function and signahnggpathways in this species. Several studies

have used the zebrafish mesonephros to investigate the mechanisms of regeneration after AK| . For continued AKI research using the
adult zebrafish kidney, it is essential to have exquisite methods to label different nephron regions and methods to survey nephron functionality.
Several methods for adult kidney analysis have been adapted from embryonic kidney profocals. Intraperitoneal injection of ﬂuorescently labeled
dextran in the adult zebrafish labels the PCT epithelium in mesonephros nephrons via endocytosis30 as in zebrafish embry053 (Figure 1).
This method has been used to wsuallze when proximal tubules regain their reabsorbing property following AKI, which enables one assessment
of restored physmloglcal function™ {Figure 1). Another feature of the nephron proximal tubule is that the eplthe ial cells in this segment possess

._._——?the adult zehrafish kidney ysin Iuorescence-based techrigue known as ELF-(Enzyme-Labeled Fluorescence)- 974

—

M‘
— 3
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a brush border” that shows hagg levels of endogenous alkaline phosphatase activity. Thus, the proximal epithelium can be localized visually in

Here, we describe how to perform fluorescent dextran uptake assaysSU “8in the adult zebrafish kidney, s as to obtain a functional assessment

of the proximal tubule and map the size and contours of this tubule segment. Next, we describe techniques to label the proximal tubule regions
of the adult nephren with the fluarescent label alkaline phosphatase. Third, we show for the first time that the rhodamme-tagged lectin Dofichos
bifforus agglutinin (DBA}, which has been used as a general marker of the collecting ducts in the mammalian k|dney , marks the distal tubules
of the adult zebrafish kidney, As DBA is mutually exclusive to alkaline phosphatase staining, these labels provide a Way to broadly distinguish
pan-proximal versus pan-distal stretches of the adult zebrafish nephron. Throughout the implementation of these fluorescent stains in both whole
mount and cryostat histological sections, we correlate these labels with expression domains of solute transporter genes that uniquely identify
each nephron segment. Therefore this protocol also contains a guide to the modified tissue processing procedures foqult tissue whole mount
in situ hybridization (WISH) analysis based on ou%mbgo WISH protocolm. These procedures can be used in varicusfcombinations (Figure 2)
to document morphological and functional atiributes of adult zebrafish kidhey nephrons. Thus, these protocels can be applied to regeneration
studieslthe phenotypic characterization of other renal disease models, and'\evenﬁsed to study formation of the adult kidney.

A

The procedures for working with zebrafish described in this protocol were approved by the Institutional Animal Care and Use Committee

at the University of Notre Dame. Note; A guide to kidnhey and nephron anatomy in the zebrafish is previded (Figure 1). An overview of the
methodologies described in this protocol is provided as a fiow chart (Figure 2) to illustrate how muitiple labeling procedures can be perfermed on
the same kidney sample. For Part 7 on WISH preparation for adult kidney studies, the steps provided here indicate how to modify the precessing
of zebrafish embryos, as recently published5°, to provide a technical guide for successful WISHknalgsis of the kidney organ.

- Adult zebrafish intraperitoneal injection with dextran of interest.

mi, then store aliquots in microcentrifuge tubes at in the dark. Note: Various fluorescently labeled dextrans are commercially available.
Select the dextran for use Vg based on the combina n\of other labels that are desired, and make sure the appropriate fluorescent filters

remove the Twenf in'” Trsert detrr@e Sumlool “98°¢"

1. Prepare the desired fluorescently labeled dextran @s) by dissolving the dextran powder in distilled water at a concentration of 50 mg/
n

Copyright @ 2014 Journal of Visualized Experiments April 2014 | ] e51644 [Page 2 0f 17
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-\—_.j.are available withthe microscopes that will be utilized. Lysine-fixable dexfrans show ﬂuoreséance without any further labeling steps in living

2

3.

samples, unfixed tissue sample from euthanized specimens, and fixed specimens.
Thaw the desired dextran stock and store on ice in the dark while performing steps 1.3-1 .5.*{\_#;19 the microcentrifuge tube in aluminum foil fo
protect it from light while handling.

Anesthetize an adult zebrafish between 5-7 months in age by placing the fish inte a dish containing either 0,02% tricaine or 0.001% 2-
phenoxyethanal for approximately 1-2 minutes. Note: It is preferable to use adult zebrafish of this age range because younger fish can have
small kidneys that are difficult to dissect, and kidney sampies from old fish can contain masses of scar tissue that cannot be analyzed. When
preperly anesthetized, the adult zebrafish will not exhibit a response to touch stimulation, which can be tested by using a spoon or blunt probe,
to gently touch the caudal fin of the: fish. rep lace "iv_\jedhg et ith'punchori
Using a plastic spoon, [ift the fish from the dish, decant the solution and carefully placefhe animal on a wet spafige mold, ventral side up.
Using a 31 gauge 1.0 cc insulin syringe, inject 20 Yl of thawed dextran stock solution ifito the intraperitoneal space. Orient the needle so that
insertion occurs at a shallow angle at the ventral midline of the abdomen. To avoi organs, insert the needle then slightly raise it
so as to lift the: body wall of the fish and create a space in which to inject the dextraf so ution”®. Note: Alternatively, the dexiran stock can be
dituted, e.g. at a ratio of 1:2 or 2:1 (dextran:distilled water), to reduce background fluorescence in the sample.

Gently return the fish to the tank to allow recovery from anesthesia. Note; Uptake of dextran by the proximal tubule segment occurs

within 8-12 hours and can be detected for at least up to 3 days post-injection {dpi). Analysis at 3 dpi provides strong tubule signal with

low background fiuorescence in the renal stromal populations. Proceed to Part 2 for whole mount examination of dextran uptake alone, if
additional labeling is not desired. For gombinatorial labeling, procaed to Part 3 to prepare the tissue for whole mount examination of dextran

"‘——ﬁ uptake, then Part 4 t ouble-label’mith Jkaline phosphatase and/or Part 5, to perform DB*ouble- or triple-labeling.For research using
e histological sections, proceed to Part 6 for instructions regarding how tomakgﬁne slides of the kidney using a cryostat and how to stain

2. Dissection and flat mount preparation of the aduit zebrafish kidney from an unfixed Y?‘n:}

these with various labels and/or immunohistochemistry with primary and secohdary antibodies.

animal sample to visualize fluorescent dextran labeling of the proximal tubule.

1.

;oo AwN

@~

= {0

12.

Euthanize the dextran-injected adult zebrafish by placing it into a dish with 0.2% Tricaine pH 7.0 for 4-5 minutes. Note: Ensure that the

fish hasageen euthanized before proceeding, by monitoring carefully whether the gills have ceased movement and the heart has stopped
beating™.

Using a plastic spoon, lift the fish from the Tricaine solution, decant the solution and place the animal on a tissue or paper towel.

Use a sharp pair of dissection scisscrs to make a cut behind the gill cperculum and remove the head.

immediately open the body of the fish with the dissection scissors by making a long ventral incision from the head to the base of the caudal
fin.

Remove the internal organs of the fish using a pair of fine forceps.

Use super-fine dissection needles to pin open the body walls so as {o allow visualization of the kidney organ, which is adherent fo the dorsat
wazll of the animal.

Use fine forceps to detach the kidney from the dorsal wall,

Gently place the kidney into a 5 ml glass vial containing 1X Pbs and wash 3 times with 3-5 ml of fresh 1X Pbs for 5 minutes each. Note: The
use of a glass vial for handiing of adult kidney samples facilitates visualization of the tissue and allows for washes with large volumes (relative
to the tissue mass) of approximately 3.5 mb. Alternatively, 2 12-well cell culture dish can be used. While a plastic microcentrifuge tube could
be used, the standard sized tubes (1.5 mi} could restrict the washing.

Remove the kidney with a transfer pipet and place onto a clean glass slide with 1-2 drops of 1X Pbs.

. Use fine forceps to flatten the kidney on the slide, making sure no tissue has curled or otherwise averturned on itself. Note: Alternatively, a

tungsten wire tool can be used to make small incisions in the connective tissue to facilitate flat positioning of the kidney.

. Place small pieces of modeling clay on each corner of an 18 x 18 mm glass coverslip and slowly set the coverslip onto the kidney. Note:

Slightly angle the coverslip during placement to minimize trapping air bubbles in the solution™, The modeling clay divots are approximately 2
mm in diameter (see Figure 2A). Alternatively, divots of vacuum grease can be substifuted in lieu of madeling clay. Add an additional drop of
1X Pbs o fill the space between the coverslip and glass slide if necessary. )
Cbserve and/or image the kidney by placing the glass slide into the field of view on a stereomicrpscope or compound microscope with the
appropriate filter. Note: Refer to Figure 2A for macroscopic appearance of this slide preparati

! remove ‘Pa f@ﬂ‘h’leSCS

3. Fixation, dissection, permeabilization and removal of pigmentation of the adult zebrafish
kidney. :

Ll

Prepare a fresh fixative solution of 4 % paraformaldehyde (PFA)/ 1X Pbs/ 0.1% DMSO or thaw a frozen aliquot of 4 % PFA/1 X Pbs and add
0.1 % DMS30, Caution: PFA is toxic and PFA selutions should be handled at a chemical hood while wearing suitable personzal protective
equipment, including gloves and a lab coat, In addition, PFA powder should be handled with care when making the stock solution.

Fill a dissection tray with enough fixative solution to submerge the entire animal.

Euthanize and mount the selected zebrafish in fixation solution (refer to Steps 2.2-2.6). Nate: The selected fish can be an untreate#ebraﬁsh
kidney specimen, or a kidney isolated from a zebrafish that previously received an intraperitoneal dextran injection (Part 1).

Fix the sample overnight (12-16 hours) at 4 °C.

The foliowing day, use fine forceps to carefully detach the kidney from the dorsal bedy wali and place the organ into a glass vial using a
fransfer pipetMote: Alternatively, a 12-well or 24-well culture dish can be used. While a plastic microcentrifuge tube could be used, the
standard sized tubes (1.5 ml) could restrict the waghing.

Wash the dissected kidney 3 times with 3-5 mls ofEX Pbs with 0.05 % Tween for © minutes each.

Remove the 1X Pbs with 0.05 % Tween and rinse the kigney with 3 mis of a 5% sucrose solution (in 1X Pbs) for 30 minutes.

Replace with 3 mls of 30 % sucrose solufion (in 1X Pbs) and store avernight (12-16 hours) at 4 °C. Note: The sucrose solutions permeabilize
the celiular membranes, subsequently allowing specific labeling of reagents as they penetrate the tissue.

Copyright @ 2014 Journal of Visualized Experiments April 2014 | | e51644 | Page 30f17
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~—-——> 9. The following day, remove the 30 % sucrose solution and wash the kidney 2 times with 5 mls of 1X Pbs with 0.05 % Tweer;lkor 5 minutes
each.

10. Replace the 1X Pbs with 0.05 % Tween with 3-5 mls of bleaching soluticn to remove the melanocyte pigmentation present on the kidney

-7\ organ.

11. Place glass vial on a rotator and watch carefully as pigmentation disaggears.?ote: Depigmentation typically takes approximately 20 minutes
when performed after sucrose freatment, but occasionally can take as long ad 60 minutes, If the bleaching solution is left on the kidney for too
long, disintegration of the organ can occur; it is advised to monitor the sample every 10-15 minutes to check fissue integrity.

12. When the pigmentation has been removed from the kidney, wash twice with 3-5 mls of 1X Pbs with 0,05 % Tween.

; mlﬁj 4

13. Replace the 1X Pbs with 0.05 % Tween with 3-5 % PFA solution for 1 hour at room temperature.

14. Remove the 4% PFA soiution and wash the kidney 3 times with 3-5 mis of 1X Pbs with 0.05 % Tween for 5 minutes each. Note: Once
fixation is complete, the kidney also can be mounted on a glass slide and evaluated for dextran uptake sans the melanocyte pigmentation, by
performing Steps 2.8-2.12.

-—-—-——9‘ 15. Remove the 1X Pbs with 0.05 % Tween and replace with 35 mlﬁkf blocking solution, then incubate the kidney at room temperature in the
block for 2 hours.

16. When blocking is cornplete, proceed directly to the selected staining protocol. Note: The kidrey can now be processed through one or more
ather procedures in order to conduet fabeling studies with different reagents. For whole mount labeling of the proximal tubule with only

alkaline phosphatase, proceed to Section 4. For whole mount labeling of only the distal tubule go to Section 5, Alternatively, Sections 4 and 5
__.____9 can be performed in linear succession for dua&etecﬂon inwhole mount.

4. Labeling the adult kidney proximal tubule segments with alkaline phosphatase detection.

g. Remove the block and wash the kidney 3 imes with 3-5 mis of 1X Pbs with 0.05 % Tyeen for 5 minutes each, and then replace the 1X Pbs

with 0.05 % Tween with 3-5 mis of 1X Pbs. Let the kidney soak for at least 10 minutes\Note: During this time, transfer the kidney to a 12-well
ar 24-well culture dish if the tissue has been kept in a glass vial for previous processin§ steps.

mz. Replace the 1X Pbs with the sufficient working alkaline phosphatase substrate solution (Refer fo detection kit located in the Table of Le’ v t, %
li%“ '

Materials) to cover the sample, then place the sample on a rotator for 30 minutes at room temperature.q., it Kee fme, ’?ﬂ W‘P

3. Stop the reaction by washing the kidney in alkaline phosphatase wash buffer solutjon. . ﬁﬁu- ? YW

.—-‘>4. Rinse the kidney with 3 changes of wash buffer solution over 10-15 minutes. Note Jafter this step, proceed directly to Part 5, Step 5.1 (thus

temporarily omitting Steps 4.5-4.6) if labeling with DBA is also desired. Opfional step: To label and visualize cell nuclei in the organ, soak the
kidney in propidium iodide solution. Prepare a propidium iodide stock by dissolving the powder at a concentration of 1 mg/mL (1.5 mM) in
distilled water. Dilute the stock to 500 nM in 2X SSC and incubate the kidney in this solution for 30 minutes. Rinse with 1X Pbs and proceed
{o Step 4.5,

5. Remove the wash buffer solution and mount the kidney onte a clean glass slide in the phosphatase mouniing medium included in the labeling
kit (Refer to Steps 2.9-2.12). Note: The meunting medium has replaced the 1X Pbs from step 2.9.

6. Visualize the alkaline phosphatase stained kidney using a stereomicroscope ar compound microscope with a Hoechst/DAP! filter set. Note:

Optional step: Visualize the propidium iodide using a tetramethyi-rhodamine (TRITC) or Texas red filter, :

5. Demarcating the adult kidney

gments with rhodamine DBA.
[@(shsvld be 200} o7

N . [
\ Use m;cvolx‘l'efa"
Prepare a 20 arking DBA solution by diluting DBA (2 mg/mlp 1:100 in TX Pbs,
Replace the 1X Pbs with 0.05 % Tween solution with the 20

1.l

2

BA solution. 5‘-’\,mb@l" S€€ s @ L am P]{D‘Ic f"b
Place on rotater for 1 hour at room temperature,

Remove the DBA solution and wash the kidney 3 times with 3-5 mils of 1X Pbs for 5 minutes each. Note: Optional step: To label and visualize
cell nuclei in the organ along with the DBA label, soak the kidney in DAP! solution to detect with a Hoechst/DAPI filter (rhodamine DBA stain
can be detected with a TRITC or Texas red filter). Prepare a DAPI stock by dissolving powder at & concentration of 5 mg/ml (14.3 mM). Dilute
the stock to 300 nM in 2X 38C and incubate the kidney in this solution for 20 minutes. Rinse with 1X Pbs and proceed to step 5.5. If Part 4
processing has been perfermed, keep in mind that DAPI and alkaline phosphatase are both detected with a Hoechst/DAP! filter.

Remove the 1X Pbs and mount the kidney on a clean glass slide (refer to Steps 2.9-2.12).

Visualize the DBA-stained distal segments of the kidney using a standard TRITC or Texas red filter set on an fluorescent stereomicroscope or
compound microscope. Note: Optional step: Visualize the DAPI using a Hoechst/DAP| filter.

PON=

> o

6. Embedding, cryosectioning and staining (vital dyes and immunohistochemistry labeling)
of adult zebrafish kidney tissue.

1. Select fish for analysis, then euthanize, fix, and permeabilize as described (Steps 3.2-3.8). Note: Fix adult fish in 9:1 ethanol:fermaldehyde/
0.1% DMSBO in lieu of 4% paraformaldehyde/1X Phs/ 0.1% DMSO for the cryosection procedure to produce sections for dextran,
alkaline phosphatase, and DBA visualization.l-lowever, keep in mind that paraformaldehyde-based fixations can be compatible for some
immunchistechemistry procedures. Further, bleaching of the adult kidney is not needed for cryosection analysis, because the melanocytes
are syperficial and do not affect visualization of nephron cells that comprise the 'inside’ of the kidngy organ.
ﬂ . The following day, remove the 30% sucrose solution and replace with 1:1 tissue freezing medium:p0% sucrose for 4 hours at room
? temperature, '

]

Remove the 1:1 solution and embed kidney samples in 100% tissue freezing medium in cryomolds and place at -80°C for at least 1 hour.
Transversely cut serial sections, approximately 12 pm thick, through the entire adult kidney.

Mount frozen cryosections onto adhesive microscope slides and allow to air dry for 1 hour at 50°C.

Store slides at -80°C until use,

When cryosections are ready to be labeled, remove the microscope slides from -80°C and place on sfide warmer at 50°C for 45 minutes.
Using a liquid blocker pen, draw a circle araund the cryosections and let dry for 15 minutes on the slide warmer at 50°C,

LHNO G AL
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9. Remove slides from the slide warmer and place flat in a humidity &hamber at room temperature.

___,.__—-}‘EO Rehydrate the cryosections by adding 1X Pbs with 0.05 % e encircled portion of the slides for 20 minutes. Note: Approximately
200-300 pl is needed to cover each engireled portion cn a slide.
————— 11, Replace the 1X Pbs with 0.05 % Twee%olution with: fresh 1X Pbs and incubate for 10 minutes.
12. Remove 1X Phs and incubate cryosections in a blocking solution for 2 hours. Nete: For a 10 mlL blocking solution, combine 8 mL 1X Pbs with
0.05 % Tween, 2 mL fetal calf serum and 150 pl DMSQ.To petform immunchistechemistry after the biocking step, incubate the slide with the
/—9 desired primary antibody diluted in fresh block ovemight at 4 °C, wasgonce using1X Pbs with 0.05 % Tween, incubate for two hours at room
g temperature with secondary antibody solution diluted in 1X Pbs with 0.05 % Tween, wash once using 1X Pbs with 0.05 % Tween, and mount
a coverslip on the slide with mounting medium. The required antibody dilutions will vary and trials should be perfermed to select the optimat
dilutions. Antigen retfrieval can also facilitate immunoclabeling, and is performed before blocking. Immediately after slides are thawed at 50°C
(Step 6.8) incubate the cryosections between 95 °C-100 °C for 40 minutes in preheated 10 mM sodium citrate buifer. Cooi the slides for 30
minutes, then wash twice in 1X Pbs with 0.05 % Tween, and proceed to Step 6.11.
13. Remove the blocking solution and wash cryosections 3 times with 1X Pbs for 5 minutes each.
/714. Replace 1X Pbs with DBA staining solution and incubate for 1 hour. Note: Dilute 1 pi DBA in 99 pl of 1X_Pbdto make a 100 pl staining
solution.
15. Remove the DBA staining solution and wash cryosections 3 times with 1X Pbs for 5 minutes each.
16. Apply alkaline phosphatase label and incubate on eryosections for 10 minutes.
N 17. Wash alkaline phosphatase off the cryosections with a series of 3 washes of wash buffer for 10 minutes each&\_lote For a 100 mL solution
of washing buffer, combine 5 mL of 0.5M EDTA and 120 mg of levamisole into 95 mL of 1X Pbs. To fabel nuglel, incubate the sections with
propidium iodide or DAPI at the dilutions previously noted (Steps 4.4, 5.4, respectively) for 30 minutes at reom temperature. Select a nuclear
stain compatible with the combination of other fluorescent stains that have been chosen.
18. Remove al! liquid from the cryosections and place 2 drops of mounting medium on microscope slide.
19. Carefully place micro cover glass onto the microscope slide. Cryosections are now ready to image with the appropriate filter(s).

7. WISH processing for adult zebrafish kidney samples.

1. Select the desired zebrafish specimen(s), euthanize, fix and dissect the kidney as described (Steps 3,1-3.5). Note: It is essential to use a
fixative solution of 4 % paraformaldehyde {(PFA)Y 1X Pbs with 0.1% DMSO to permeabilize the kidney. Place the kidney into a glass vial for
easy visualization during subsequent processing steps.

2. Remove the fixative and wash the kidney twice with 5 mls of 1X Pbst.

3. Remove the 1X Pbst and wash the kidney fwice with 100 % methanol, then incubate the kidney at -80 °C for at least 20 minutes to
permeabilize. Note: Dissected kidneys can be stored indefinitely -80 °C.

———ﬁ 4. Rehydrate the kidney by performing a series of #inute washes with 3-5 mls of 50 % methanol/1X Pbst, 30 % methanol/1X Pbst, and twice
with 1X Pbst.

5. Bleach the kidney to remove pijgmentation as described (Steps 3.10-3.14),

—— 8. Treat the kidney with 10 pg/mlEroteinase K71X Pbst with 0.1% DMSO for 20 minutes, then rinse twice with 1X Pbst and post-fix in 4% PFA/1X
Pbst for 20 minutes to overnight. Note: Always prepare the proteinase K working solution immediately before sample digestion by combining
/—) 50 pl of freshi%haWed proteinase K stock (10 mg/ml), 50 mis of 1X Pbst, and 50 ul of DMSQO.

7. Process the kidney for single or double WISH following the steps for rlbogprobe synthesis, prehybridization, hybridization, anti-digoxygenin/
anti-fluoroscein antibody incubation and detectionas recently described™, Note: Whole mount i imaging of kidnay stains should be performed
within several days of performing the staining reaction. Nephrori stains tend to fade very quickly, especially red substrate labels. For nephren
photography, flat mount the kidney sample as described above in Steps 2,10 to 2,12, and image using a sterec- or compound microscope.
Differential interference contrast filters can be employed to better visualize the cellular cutlines of nephrons to facilitate sample analysis,

Each of the protocols was performed cn wild type zebrafish. Exarmples of the data obtained document the normal structural composition and
properties of the nephrons within the healthy adult zebrafish kidney. The adult zebrafish possesses a mesonephros, or second kidney form that is
iocated on the dorsal body wall (Figure 1A). The adult kidney is relatively flat and contains a so-called head, trunk, and tail region with supetficial
melanocytes scattered throughout these regions (Figure 1A), The renal tissue contains branched arrays of nephrons that connect and drain

into central collecting ducts (Figure 1A). Each nephron is polarized along its length, with a blood filter {or renal corpuscle) at one end, followed
by a seties of tubule segments, and lastly terminating at a duct that collects the solution that will be excreted (Figure 1Ag Each adult nephron

tub;le contains preximal and distal segments of cells, demarcated by the expression of specific solute transpdr’ters3031 37 , which is conserved

withkhe segmental pattern exhibited by embryonic neghrons -2 {Figure 1B). For exampie, cubilin transcripts mark the prommal tubuie™ (PCT
and PST) and efcnk transcripts mark the distal tubule™ (DE and DL) (Figure 1B). Further, the PCT segment is distinguished by expression of
sle20aia, the PST is dlstmgmshed by expression of sle13a7, the DE is distinguished by expression of sfef2a7, and the DL is distinguished by
expression of sfc 12a3° (F|gu re 1B). Differences between adult nephron tubules compared to embryonic one#re that distal segments display
convolytions (DE, DLg and the DL segment branches extensively in the aduit ; nct from the linear, hon-branched anatomy of these

-’-“ﬁ regiongin the embry 0.91,36,37 {Figure 1A). In hath adul™ and embryomc e PCT epithelium can be distinguished due to its
endoc ic properticgl can be visualized and assessed for reabsorptive fungo 5ed on the ability to uptake fluorescent dextran conjugates

eb as demonstrated in the subsequent figures, the adylt proximai tubule {PCT and PST, or pan-proximal regicn) is labeled by

alkaline phosbhatase, while the distal tubule (DE and DL, or the pan-digtal region) is labeled by DBA.(Figure 1B). The methods used herein to
H label adujtzebrafish nephroregments using dextran uptake, alkaline phosphatase, DBA, immunohistochemistry or WISH can be performed

2-4 ephron fubu\es‘i

naphyron composition is to be assessed (Figure 2).

Tie aduit kidney can be mounted flat on a glass siide for analysis fwith divots of modeling clay (or altematively, vacuum grease) used to
uspend the coverslip over the tissue (Figure 3A). As the fypical Hidney length is approximately 5-7 mm, it has a size conducive to imaging on
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a stereo or compound microscope (Figure 3A}, Under brightfield lighting, a supetficial population of melanocytes with black pigmentation can
be visualized in association with the kidney tissue, and vasculature such as the aorta can be seen because the circulating erythrocytes have &
red hue (Figure 3B). Following intraperitoneal injection of dexiran-FITC, PCT domains located throughout the mesonephros were stilt labeled
3 days later, and imaged using a FITC filter on a fluorescent microscope (Figure 3C), While melanacytes partly obscure the visualization of
{ individual renal tubules (Figure 3C'), the melanocytes do not prevent quantification of nephron number or the evaluation of tubule diameter and
. {\%l’ Leh length. Following intrapetitoneal injection of dextran fluore-ruby, bleaching of the fixed sample eliminated the melanocyte pigmentation, and PCT
it DJ segments were observed with brightfield lighting alone (Figure 3D). Lipid droplets from the abdominal body cavity can sometimes be seen in
S g\!\ association with whole kidney organ preparations (Figure 3D). Individual PCT segments show convalutions, coils (Figure 3D°) but also can be
Q. characterized by relatively linear stretches (Figure 3D").

% Different dextran conjugates provided different levels of overall clarity in proximal tubule labeling. in particutar, dextran—FITQLr dextran fluoro-
\P‘ ruby led to crisp nephron labels with minimal background (Figure 3C-D”). Both the dextran cascade blue and lucifer yellow conjugates showed
proximal tubule uptake in the adult kidney (Figure 44, 4B). Interestingly, kidneys exposed to dextran cascade blue showed relatively specific
PCT fluorescence with some background (Figure 4A, 4A7), while kidneys exposed to dextran lucifer yellow had labeled PCT segments but
showed noticeable background signal, with nen-specific fluorescent staining present throughout in the renal stroma, or the space between the
nephrens (Figure 4B, 4B"). Finally, the use of dextran-fluoro ruby provided superior proximal tubule labeling, with minimal or no background
even when viewed at a range of different magnifications (Figure 4C, 4C"). In all cases, the distinctive tubulargattern of dexiran conjugate uptake
correlated with the WiSH expregsion of transcripts encoding slc20a7a, an established PCT-specific marker™ (Figure 4D). Nephron PCT
— segments stained with sfc20a {gantisense riboprobe displayed S-shaped PCT coils, as well as less sharply coiled PCT segments (Figure 4D°),
/as obsetved duringabeled dextran conjugate assaysfe.g. Figure 3D’, 3D™).

Other kidney preparations, such as detection of the proximal tubule alkaline phosphatase activity (Figure 5A, 58, 5C) were similarly performed
after removail of the melanocyte pigmentation. This allowed for proximal tubule nephron imaging and analysis without any obstruction.
Endogenous alkaline phosphatase reactivity in the nephron is one major halimark of the proximal tubule™™. Alkaline phasphatase staining is
highly specific for proximal nephron regions, as compared to the pan-proximal WISH expression pattern of the gene cubilin™ (Figure 5D, 5D").
Alkaline phosphatase rgacﬁvity was most intense ip the first section of the proximal tubule that corresponds to the PCT (Figure 5B), similar

to the pattern of cubilifexpression (Figure 50, 5D")ywhich also had highest relative transcript levels in the PCT. The PCT was distinguished

by its slightly wider diameter, specific expression of the transcription factor mafba (Figure 5E, 5E’), and specific expression of the solute
transporter gene sicZ0a1a (Figure 4D, 4D’). Alkaline phosphatase reactivity also labeled a strefeh of proximal tubuie with a thinner diameter that
carresponds to the PST segment (Figure 5B} based on comparison to the segment-specific transcript expression of the solute transporter gene
sfc13a1 (Figure 5F, 5F"). The WiSH expression domains of the PCT marker sic20ata and PST marker sic13at are mutually exclusive (Figure
5G), and close examination of single nephrons showed that these respective domains abut, with little if any gap between them, and that together
they recapitulate the expression domain of cubiiin {(black arrowheads in Figure 5G°, 5G", 5G™").

To further confirm the relationship of alkaline phosphatase reactivity with proximal tubule identity, whele mount co-labeling of alkaline
phosphatase staining was performed on kidneys from zebrafish that received an intraperitoneal injection of dextran flucre-ruby 3 days prior
(Figure 6A, 6B, 6C). Dextran flucro-ruby showed overlap with alkaline phosphatase in just the wider-diameter portion of the proximal tubule
domain that corresponds to the PCT (examples in Figure 6D, 8E, 6F, 8G, 8H, 61). The dextran-positive domain abruptly stopped at the
site where the diameter of the proximat tubule thirned, i.e. where the PCT and PST met, (white arrowheads in Figure 8) and only alkaline
phosphatase reactivity was observed in the subsequent PST segment {examples in Figure 6D, 6E, 6F, 6G, 6H, 61). Backgreund fluorescence
from the alkaline phosphatase reaction also dimly outlined the pair of parallel major collecting duct tracks found in the adult kidney29’3°—ducts
which are distinguished by having the widest diameter of any renal-associated tube (asterisks in Figure 8A, 8D, 6E, 6G, 6H). Next, the co-
labeling of nephron tubules with alkaline phosphatase and dextran uptake was observed in eryosection analysis (Figure 6J, tubule perimeters
outlined with white dots). In cross-section, the alkaline phosphatase reactivity was noted in a thick band at the apical surface of the tubular
epithelium, consistent with brush border ultrastructure, while the correspending tubular cell cytosolic space showed dextran fluoro-ruby reactivity
—— {Figure 8J), Notabl E stained tubules were either doubl%gositive for alkaline phosphatase and dextran, leading to their identification as PCT
——-—7& segments, or singlpositive for alkaline phosphatase (Figure 6J, tubule perimeter outlined in yellow dots), leading to an identification as a
PST segment (note: other tubules present were negative for both stains, data not shown) (Figure 8J). Further, alkaline phosphatase staining
{Figure 8K) was successfully combined with a nuclear label, propidium iodide (Figure 6L), facilitating cell counting (overlay in Figure 8M).

The distal tubule of the adult zebrafish nephron was labeled with rhodamine-conjugated DBA (Figure 7). YWhole mount double-labeling with DBA
and alkaline phosphatase was performed on kidneys from wildtype zebrafish (Figure TA, 7B, 7C). DBA and alkaline phosphatase reactivity
showed no overlap in nephron tubules (Figure 7D, 7E, 7F, 7G, 7H), DBA stained tubules showed a marked|ly thinner diameter compared to
alkaline phosphatase positive tubules, and DBA tubules were often branched (white arrowheads, Figure 7G, 7H, 7J), whereas branching was
ever observed in tubule segments stained with alkaline phosphataseﬂ?enal crycsections were collected from wildtype zebrafish that carry a

transgene in which the enpep promoter drives eGFP (Tgrenpep.eGFP)} as GFP labels both the proximal and distal nephron tubuies®’ (Figure
71). Immunochistochemistry was performed to detect GFP, sc as to label all of the renal fubules (green, Figure 71), followed by fluorescent
labeling with alkaline phosphatase and DBA (turquoise and red, respectively, Figure 7I). Analysis of tubule sections revealed that tubules

. were either positive for alkaline phosphatase or DBA, but not both labels (Figure 71). Cnly rare tubules showed reactivity with neither alkaline
phosphatase nor DBA stain, possibly due to the angle of the tubule section {white arrow, Figure 71). Further, DBA staining was successiully
combined in whole mount kidney staining with the nuclear label DAPI (Figure 7J), again emphasizing the characteristic branched nature of the
distal tubule segments {(white arrowheads, Figure 7J).

"—"—> Next, to further compare the patterns of dextran-FITC uptake, alkaline phosphatase, and DBA, triplglabeling was examined by intraperitoneaily
injecting adult zebrafish with dextran-FITC, followed by Kidney isolation 3 days later followed by crydsectioning and staining for alkaline
phosphatase and DBA (examples provided in Figure 8A-E). Renal tubules showed three categories of label combinations: tubules that were
double positive for alkaline phosphatase and dextran denoted PCT segments (white dotted lines), tubules positive for alkaline phosphatase alone
denoted P3T segments (yellow dotted lines), and distal tubules were labeled by just DBA (red dotted outlines) (Figure 8A, 8B, 8¢, 8D, 8E).
Further, only DBA positive tubules exhibited branch peints (Figure 8E). By WISH analysis, this distinctive branching pattern of the distai, DBA
positive tubules correlated with the gene expression pattermns of solute transporter transcripts that are specific for distal tubule segments (Figure
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BF-l). Transcripts encodifig elenk, which marks the entire distal tubule (DE and Di) were thin in diameter, plentiful in the kidney, and contained
branch points (black arrhwhead) (Figure 8F, 8F'). in comparison, tubule segments that showed expression of slc12a7 or slc12a3, which are
markers of the DE and DL, respectively, were less plentiful in kidney samples overall compared to clenk expression (compare Figure 8G and 8H
to 8F). Further, tubule pegments that expressed sic12a{ were rarely, if ever, branched (Figure 8G, 8G"), whereas tubule regions that expressed
sle12a3 were frequently branched in characteristic pinwheel-iike arrangements (Figure 8H, 8H’, 84", 84", black arrowheads). Finally, double
WISH for the PCT magjer s/ic20a1a and the distal marker clenk showed that these stains were not overlapping (Figure 81). Notably, the stretches
of 3lc20a 1a-expressingPCT segments were not attached to cfenk-expressing tubules, which was expected since the PST is situated between
these regicns (Figure 81), Taken together, the assays of labeling renal tubules with dexiran uptake, alkaline phosphatase reactivity, DBA, and
WISH for specific gene transcripts, enables the discernment of proximal versus distal segments.

A )
ZEBERAFISH ADULT KIDNEY ANATOMY
bead frunk

Fofat corpliscie ——i
proxinat tubuieX
distal tabuie ——

coliecting dust—»

B
NEFHRON STHUCTURE & FUNC?’LQN COMPARISON =

TUalULE GENE
EXPRESSION

FUNCTION'

TUBULE GENE
EXPRESSION

FUNCTION

Figure 1: Nephron anatomy in the adult zebrafish kidney. Schematic drawings of the {A) aduit zebrafish kidney and (B) a comparison chart
of segment molecular characteristics exhibited by adult and embryonic zebrafish nephrons. (A) (Top left) The adult kidney is a flat organ located
on the dorsal body wall. (Top right}, When viewed from a ventral perspective, the kidney has a distinctive curved morphology, consisting of
head, trunk and tail regions, and also has a surface population of associated melanocytes. Enlargement (bottom left) shows a schematic of a
typical nephron tree in the adult zebrafish kidney, in which each single nephron possesses a blood fitter (renal corpuscle) on one end, followed
by & proximal tubule, distai tubule, and duct. Colored schematic (bottom right) shows a linear diagram of cne adult nephron tree to compare
segment characteristics with those of embryonic nephrons (B). The zebrafish embryo nephrons contain tubule segments that include the
proximal convoluted tubule (PCT), proximal straight tubule {PST), distal eary (DE), and distal late {DL), with respective gene expression domains
listed below. Nephrons in the adult zebrafish have a similar segmental composition and aralogous molecular signature based on the expression
domains of genes that encode solute transporters, although a notable distinction compared to the embryo is that several nephrons can be united
through a branched DL segment.
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HEPHRON SEGMENT LABELING METHODOLOGY FLOW CHART:
WHOLE MOUNT AND HISTOLOGICAL SECTION PREPARATIONS

Figure 2: Flowchart map indicating the relationship between the methods depicted in this protocol, indicating how the methods can be
performed singly or in assorted combinations. Following intraperitonea injection of labeled lysine-fixable dextran into the adult zebrafish, the
kidney can be visualized in a whole meunt preparation, either alone or in combination with alkaline phosphatase and/or DBA staips. Alternatively,
the selected zebrafish kidney can be examined after histological tissue sectioning with a cryostat. The sections can be stained tg‘label numerous
cembinations of aitributes, using immunohistochemistry, nuclear staining, DBA staining, and/or alkaline phosphatase reactivity. |h addition, renal

-—5.section5 can be visualized directly. foﬁhe presence of lysine-fixable dexfran uptake in PCT segments. Finally, selected kidneys can be processed
for the spatictemporal expressicn of gene expression using WISH. Bracketed numbers refer to correspanding protocol parts.
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flat mounted adult kidney
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Figure 3: Adult zebrafish kidney flat mount preparation and application to visualize conjugated dextran uptake in the PCT segment
of kidney nephrons. (A) Brightfield image of a kidney specimen fiat mount preparation, in which the organ has been positioned flaf on a glass
slide, with a coverslip placed on top of the tissue that is resting on four divots of modeling clay (hot pink color). Here the renal preparation is
“imaged alongside a metric ruler to provide & scaled comparison. The typical adult kidney is approximately 5-7 millimeters (mm) frem head to
-—-.__>.tail. {B) Brightfield image of an unbleached kidney. The black pigmentation corresponds tihe scattered population of melanocytes found in
association with the kidney, and the aorta runs along the midline of the kidney. (C} Visualization of nephron PCT segments 3 days following
intraperitoneal injection of 40 kDa dextran-fluorescein (FITC), without bleaching of the adult kidney. PCT segments are seen througheut the
kidney bu y obscured due fo the melanocytes. (C') Digital zoom of a single nephron, with melanocytes (white arrow). (D) Image of an
adult kidney 3jdays following intraperitoneal injection of 10 kDa dextran fluoro-ruby, fixation of the kidney, and bleaching. The melanocyte
pigmentation Yras removed and the PCT regions were visualized here based on their endocytic uptake of dextran under brightfield lighting. Lipid
droplets (amay) from the abdomen can sometimes be seen in association with renal tissue samples. ([, D") Representative images depict slight
maorphologicalvariations between PCT segments. While many nephron PCTs are fightly coiled (D), other nephrons contain PCT regions that
have minimal §oiling (D™).
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~dextran conjugate uptake assay @ |
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whole mount in situ hybridization-s/c20a1a (PCT)

Figure 4: Adult kidney nephren PCT tubule segment labeling. Wildtype zebrafish were intraperitoneally injected with a single flucrescent

dextran conjugate; then their kidney was examined 3 days after the injection for PCT visualization. (A, A') Dextran cascade blue, 10 kDa (B,

B’} dextran |ucifer yellow, 10 kDA and (C, C') dexiran fluoro-ruby, 10 kDa all preferentially label the PCT segments in renal nephtons. Both
Cofertrn@agrnde bivasinst lupifeniyetorspbavweatse non-specific labeling of stromal cell populations locatethhatwaen peqlggmg;;wi]ﬂpgg.ghdnighw

background aobserved in lucifer yellow treated kidneys. In contrast, dextran fluoro-ruby showed dramatically reduced background with intense

PCT labeling. (D, ') An adult kidney stained by WISH to detect the location of transcripts enceding sfc20a7a, a specific marker of the PCT

transporter cell type. The expression domain of sfc20a1a matches the characteristic pattern of dextran uptake observed in the kidney, with a
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Figure 5: Representative result of staining for alkaline phosphatase, a pan-proximal tubule marker, ifi the adult zebrafish kidney
compared to other proximal tubule markers assessed with WISH. (A-C) Alkaline phosphatase]staining (turguoise) illuminates the nephron
proximal tubule, highlighting both the PCT and PST. (D-F') Single WISH for the listed genes (each'in purple staining). (D, D" The expression
pattern of cubifin, a pan-proximal (PCT-PST) marker, correlates with alkaline phosphatase (D, D'). In comparison, WISH for mafba marks the
PCT (E, E") and sfc13a7 marks the PST (F,F’}. In (G-G™) double WISH for the PCT marker sfc20ata (red) and the PST marker sic13a7 (purplie)
shows that the segments labeled by these markers do not overlap, and rather that their expression damains occupy adjacent positions when
single nephrons are closely examined (G'-G"}. Black arrowheads indicate the junction between PCT and PST segments, which is typically
assocfated with a change in tubule diameter from large to small, respectively.
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Figure 6: Alkaline phosphatase and dextran uptake show overlap in the PCT segment of adult Kidney nephrons, and alkaline
phosphatase staining is compatible with nuclear co-labeling with propidium iodide. (A-) Whole mount preparations of alkaline
phosphatase staining performed on kidneys from zebrafish adults that had previously received an intraperitoneal injection of dextran fluoro-
ruby. Alkaline phosphatase (turquoise) and dextran fluoro-ruby (red) show overlap in the PCT, but not in the PST, which is only positive for
alkaline phesphatase. Background levels of alkaline phosphatase illuminate the pair of major collecting ducts in each kidney (asterisks, *), which
are distinctive due to their wide diameter. (A-C) Merged image and separate images of the saddle region of @ single kidney. (D-F) and (G-l)

Two sets of merged Images and separate images of example nephrons. {1) Cryosection analysis confirms co-labeling of alkaline phosphatase
and dextra:%luorowub! in PCT segments (outlined in white dots), whereas alkaline phosphatase alone labels the PST segment (outlined in
yellow dots}t (K-M) A kidney was labeled with (K) alkaline phospha?ase’(turquoise) and (L) propidium iodide (purple}, enabling the (M) merged
visualizationjof proximal tubuie cells and their nuclei, respectively. | ,Y
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Figure 7: Alkaline phesphatase and DBA are mutually exclusive segment fabels that mark the pan-proximal and pan-distal regions,
respectively, present in aduilt zebrafish kidney nephrons. (8-H) Whole mount preparations of a zebrafish kidney stained with alkaline
phosphatase and thodamine-DBA. Alkaline phosphatase {turquoise) and DBA (red) do not show overlap in the kidney. Background levels of
alkaline phosphatase illuminate the pair of major collecting ducts in each kidney (asterisks, *), which are distinctive due to their wide diameter.
DBA positive tubules are thinner In diameter and characterized frequently by the presence of branch points (white arrowheads). (A-C) Merged
image and separate images of the saddle region of a single kidney. (D-F) One set of merged images and separate images of example nephrons.
(G, H) Additional exampies, with branched DBA tubules alongside alkaline phosphatase positive tubules, merged images. (1) Cryosection
analysis confirms that alkaline phosphatase and DBA label distinct tubule sections, and only rare tubules show neither label (white arrow), likely
due ta the angle of section for that tubule. For this analysis, wildtype transgenic fish, Tg.enpep:eGFP, were used and all of the renal tubules in
this kidneﬁere immunolabeled with a primary antibedy to detect GFP.{J) Whole mount kidney staining for DBA {red) and DAPI (blue) (merged
image), adain showing the branched distal tubule segments of the adult nephrons (white arrowhead).

'\\'\W
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Figure 8: Triple labeling of adult kidney cryosections with dextran uptake, alkaling pffosphatase, and DBA compared to distal segment
WISH analysis{(A-E) Adult kidneys were intrapefiforieally injected with dextran-FITC)green), and the kidneys coliected 3 days later

for embedding 2 ryosecioring. Staining with alkaline phosphatase (turquoise) and DBA (red) revealed three populations of tubules: PCT
segments that were positive for alkaline phosphatase reactivity and dextran (sutlined in white dots), PST segments that were positive only for
alkaline phosphatase reactivity (outlined in yellow dots), and distal fubule segments that were pasitive for DBA only (autlined in red dots) which
also showed characteristic distal branch points. (A-D) Merged image and separate images of one example section. (E) Merged image of another
example section. (F-1}) Comparison of distal tubule gene expression patterns by single (F-H”) and double (I) WISH. The (F-H) Single WISH for
the listed genes (each in purple staining). (F,F") The expression pattern of cfenk, a pan-distal {DE-DL) marker, was detected in thin tubules that
contained branch points (black arrowhead). (G,G") In cemparison, WISH for sfc72af marks the DE with no branch points detected, and (H-H™)
sfe12a3 marks the DL, a segment characterized by numerous branch paints throughout the kidney organ (black arrowheads). (1) Double WISH
for the PCT marker slcZ0ata (red) and the pan-distal efenk (purple). The segments lzbeled by these markers do not overlap, and rather their
expression domains occlpy non-adjacent positions, such that individual PCT cails {(bottom right} do not abut distal tubules, and the latter occupy
discrete locations and possess hallmark branch peints (black arrewhead).

=
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fjzp\‘ﬂuorescent dextran conjugates enables preferential PCT labeling due the endocytic properties of these proximal tubule cells %028 This methed

( .
5?0‘ addition, the use of lygine-fixable dextrans is an especially convenient way to labe] PCT segments, as secondary labeling procedures are not
-&—‘?required. This enable%elativeiy siraightforward signal detection and isgqmg;t@%ﬂm many other flucrescent labels, immunolabeling, and use

o@’o

b

?’Ghas limitations, as ongoing treatment is necessary for survival. Mdreover, patients will eventually require a kidney transplant, which can take

h As regards the process of neonephrogenesis in zebrafish, cellular aggregates have been observed following AK) by gentamicin injection
&

Here, we have described methods that enable the visualization of nephron segment components in the aduit zebrafish. The |nject|cn of

can be performed with great flexibility due to the existence of dextrans that can be abtained with a bevy of different fluorescent conjugates, In

of transgenic reporterlines. Alkafine phosphatase labeling also marks the proximal tubule, with strong reactivity in the PCT and slightly weaker
reactivity in the PST. Finally, the DBA staining enables labeling of distal tubule segments, which display a characteristic branched marpholegy.
Varlous lectin molecules which are sugar-bincing proteins of nonimmune origin, have been used extensively ulef to distinguish mammalian
nephren segrnents It is interesting that DBA in the zebrafish correlates with distal tubule segments, as it is Utiled to mark collecting ducts in

mammalian kldneys” yemee w

Taken together, these metheds can be utilized in various eombinations to document renat eomposition and function. Since all of these methods
can be used in whele kidney preparations, they provide tools to evaluate nephron structure and functien throughout the crgan without entirely
relying on the use of mare time-consuming, tedious methods, e.g. cryosection work and immunolabeling. However, the stains described in

this methods article are viable in cryosection. Cryosecticn analysis generates samples (compared to whole mount) that are befter suited

for immunchistochemistry to detect specific peptides, though of course this type of analysis requires the availability of approoriate primary
antibodies. Unfortunately one major limitation in working with the zebrafish animal model remains the poor availability of antibodies. Thus WISH
remains the most widely used, i.e. ‘go-to,’ procedure for the analysis of gene expression. WiSH using BCIP, NBT, and/or INT substrate reactions
to produce purple or red precipitates is not compatible with flucrescent staining on cryosections. One option would be to invoke the use of
fluoresgent WISH detection, a procedure that has been optimized for zebrafish embryonic samples and could be tailored for use with the adult

qscribed here could be invokedto sqi.t the researcher’s needs for whole mount kidney preparations and analysis. Q
spat

rise worldwide, making these diseases a global public heaith |ssu 1% Treatments such as hemodlazysls are available whereby an external
dialysis machine serves to rid a patient’s blood of metabolic wastgl their kidneys are not able to perform this role. Unfortunately, this intervention

years to receive once a patient is placed on a waitlist. Even after obtaining a kidney transplant, many patients suffer adverse effects as a result

of the procedure and must batile these effects for the rest of their lives. These difficulties demonstrate the serious need for the development of i
novel treatments fo either help prevent kidney disease or to perhaps augment tissue regeneratlonEs 168283 ‘CUf wrﬂr\ I I n e arp{,s ‘h,

pmittlicease
Given the obvious ethical limitations of the usg of human test subjects in biomedical laboratories, anial models are essential for the study
of human disease pathogenesis and for the tdsting of new treatments. As a result of its anatomlcal gimilarity and evolutionary proximity,
the mouse has become the most widely usedjmoedel of human disease™. However, there are certgin limitations with this animal, including
inability to visualize organ development in vivb and practicality of completing large- scale genetic creens. Zebrafish are a relevant and useful
maodel erganism for the study of organ development and modellng of human disease uman disease, functiohal homologs in
zebrafish exist for nearly 70% of all human 4% JRecent work has h|gh||ghted f e utility of zebrafish for many areas of kidney
- Siudies of regeneration and repair in zebrafish after AKI suggest that tubule epithelial regeneration and neonephrogenesis are
two processes that occur and overlap throughout the regeneration timecourse™™ . The use af an amlnog gcomde antibiofic called gentamicin
has been utifized as an injury paradigm through which to study the outcomes of AKI in adult zebrafish®® .Overan apprommate}r two-week
period following injury from gentamicin, the proximal tubules regenerate, and meanwhile new nephrons form throughout the organ I |n
general, the mechanisms that regulate epithelial regeneration remain highly controversial. in one proposed mechanism of the repair process,
there Is the initial acute injury event followed by a sloughing of dead cells into the lumen. Next, there is a series of de-differentiation, proliferation,
and migration events, after which new cells differentiate, repopulating the irjured basement membrane and restoring function to the injured

site. Alternatively, other studies have suggested that replacement cells arise from stem/progenitor cells that reside within nephren tubulegé ”

These aggregates later mature inte new nephrons that plumb inte already existing tubules®™°. The common thread that unites nephron
epitheliai regeneration and neonephrogenesis is their sheer mystery factor: at present there are exponentially more questions about how these
regenerative feats occur than there are available insights.

To date, however, several exciting lines of evidence support the notion that renal regeneratlon research using zebrafish can indeed provide
relevant comparative insights into human AK| that imay alse have direct translational potentlal &% Chemical screening to identify small
malecules that increase the proliferation of renal progenitor cells in the zebrafish embryo recently led to the identification of the histone
deacetylase inhibitor methyl-4-(phenylthio}-butanoate (m4PTB)5E’57 Administration of this comgound to zebrafish larvae with gentamicin-induced
AKl revealed that larval survival increased and that renal tubular proliferation was enhanced®®®, When mice with mederate ischemia-induced
AKl were treated with m4PTB, their recovery was accelerated in association with a reduction in both tubular atrephy and cel! cycle arrest of
proliferating renal tubular celis™. These findings suggest that the pathways responsible for normal zebrafish renal development and/or the
regenerative response to AK! will be conserved with mammals

Thus, while further studies are needed to tease apart the mechanisms of regeneraticn—namely to identify the signaling pathways that are
involved and understand their interactions—the zebrafish provides one promising avenue to pursue this important goal in the nephrology field.
Tools such as the nephron cell labels described in this protocol represent ane group of assays that can be utilized to evaluate renal composition
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and functicnality in AKI models. Further, they can be applied to charactetize transgenic models of kidney disease and may provide ways to
identify chemical therapeutics capable of promoting restoraticn of nephron structure afier renal damage.
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Name Company Catalog Number Comments

1X Pbs Made by diluting 10 X Pbs in
distilled water.

1X Pbst 0.1% Tween-20 detergentin 1 X

. Pbs.

1X Pbs with 0.05 % Tween . 0.05% Tween-20 detergent in 1 X
Phbs.

Tween 20 American Bioanalytical ABD2038

4% PFA/M X Pbs Dissolve 4% PFA {w/v) (Electron

Microscopy Sciences, Cat #
18210) in 1 X Pbs, bring t¢ boil on
& hot plate in a fume hood. Cool
and freeze the aliguots for storage
in the freezer at -20°C. Thaw just
before use and do not refreeze

stocks.

Fine Forceps Roboz RS-1050 Dumant Tweezers Pattern #55

Glass Slide Thermeo-Fisher 4445 White Frost

Glass Coverslip Therme-Fisher 12-540A 18 x 18 mm

Medeling Clay Hasbro Playdoh Other modeling clays can be
substituted and work similarly

Slide Holder Therme-Fisher 12-587 Optional: cardkoard tray te store
slides flat

Bleaching sclution Bleach Mix Formula (fer a 20 mL
solution):

1.6 mL of 10% Potassium
hydroxide solution

0.6 ml of 30% Hydrogen peroxide
solution

100 yi of 20% Tween

Fill to 20 mL with distilled water

Potassium Hydroxide Sigma 221473
Hydrogen Peroxide Sigma H1009
Blocking salution Blocking Solution (for a 1€ mlL
solution):
8 mL of 1X Pbs with 0.05% Tween
2 mL of fetal calf serum
150 pl of DMSO
Alkaline phosphatase activity Invitrogen EB601 We utilize the ELF 97 Endogenous
detection Phosphatase Detection Kit. To
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prepare the working substrate
salution, dilute the substrate
20-fold in the detection buffer,
according to the manufacturer's
instructions.

Alkaline phosphatase wash
solution

Recipe for Wash Buffer Sclution
(for a 100 mL solution):

5 mL of 0.5M ECTA
120 mg of Levamisole

95 mL of 1X PBS

Dextran, fluorescein, 40,000 MW  |Invitrogen D1844 Dilute with distilled water to make a
50 mg/mi stock sclution, and store
aliquots in the freezer at -20°C.

Dextran, cascade biue, 10,000 MW |Invitrogen D1976 Dilute with distilled water to make a
50 mg/ml stock sclution, and store
aliquots in the freezer at -20°C.

Dextran, lucifer yellow, 10,000 MW jinvitrogen 01825 Dilute with distilled water to make a
50 mg/ml stock selution, and store
aliquots in the freezer at -20°C.

Dextran, tetramethylrhodamine Invitrogen C1817 Dilute with distilled water to make a

{fluoro-ruby), 10,000 MW 50 mg/mi stock solution, and store
aliquots in the freezer at -20°C.

Dolichos biflerus agglutinin {DBA)- iVector laboratories RL-10-32 DBA Staining Solutien (fora 100 pl

rhodamine solution):

1 pl of DBA
99 ul of 1X PBS

Propidium iodide Invitrogen £6601

DAP! Invitrogen P1304MP

Veciashield Hard Set Mounting Vector laboratories H-1400

Medium

Micre cover glass VWR 48393081

Dimethyl Sulfoxide, DMSO American Bioanalytical 67-68-5

Sucrose Sigma 80289

EDTA, 0.5M Sclution, pH 8.0 American Bioanalytical ABQOO502

Levamiscle Sigma L-9756

Tissue Freezing Medium Triangle Biomedical Sciences, Inc. |TFM-C

Tissue-Tek Gryomald Biopsy, Sakura Finetek 4565

10x10x5mm

TruBond 38C Adhesive Microscope | Tru Scientific 0380wV

Slides

Liguid Blocker — Super PAP Pen Electron Microscepy Sciences 71312

Immunao stain moisture chamber

Evergreen Scientific

240-9020-Z10

Cryostat

Therm

Microm™ HM 525 Cryostat

Stereomicroscope

Nikon

SMZ645; SMZ1000; 83455 P-Blue
GFP/DAPI; 83457 P-Endow GFP/
FITC; 83457 P-TRITC

Filter set used was as follows:
Hoeechst/DAPI filter was used
for DAPI, propidium iodide,
dextran-cascade blue and alkaline
phosphatase deiection. GFP/FITC
filter was used for dextran-FITC,
dextran lucifer yellow, and anti-
GFP detection. The TRITC filter
was used for dextran-fluoro-ruby,
Pl, and DBA detection.
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Compound microscope Nikon 96310 C-FL UV-2E/C CAPI; 96311 |Filter set used was as follows:
C-FL B-2E/C FITC; 96313 C-FL Haoechst/DAPI filter was used
Y-2E/C Texas Red for DAPI, propidium iodide,

dextran-cascade hlue and alkaline
phosphatase detection. GFP/FITC
filter was used for dextran-FITC,
dextran lucifer yellow, and anti-
GFP detection. The Texas Red
filter was used for dextran-flucro-
ruby, Fl, and DBA detection.
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