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PREPARATION OF HIGH A TRANSGENE CONTAINING LacZIS

MOLECULAR WEIGHT
GENOMIC DNA FROM EXPRESSED IN PRIMARY SENSORY

ZEBRAFISH NEURONS IN ZEBRAFISH

By Marie-Andrée Akimenko, Institute of By Thomas A Bayer & José A. Campos-Ortega, Institut fir Entwicklungsbiologie (University

Neuroscience, University of Oregon, Eugene0f Cologne). In presfevelopment

OR, 97403. Modified from Blin and Stanford T for d | tall fi h ld ins duri |
Nucl. Acids Res3, 2303-2308 (1976). 0 screen 1or aevelopmentally active chromosomal domains auring early

zebrafish embryogenesis, we generated transgenic fish by microinjecting a

1. Grind frozen adult zebrafish  |acZ reporter construct. To screen for transgenic fish, we crossed injected fish
to fine powder in liquid nitrogen. (F.) to non-injected fish. Groups of 15 to 20 progeny of each cross were

2. Suspend in 10 ml of digestion tested for transmission of injected sequences using PCR. Injections of a linear
buffer: 10mM Tris-HCI pH 8.0. 1%  reporter construct containing mouse heat shock promoter sequences revealed
SDS, 5mM EDTA, 100 ug/ml of transmission of injected sequences tpegeny in about 6% of the cases (8
proteinase K. of 129 fish).

3. Digest at 3T for 5 hours We found ondacZ-expressing line that showed a spatially and temporally
with shaking. restricted expression patternatZ and, therefore, displays characteristics typical

4. Extract solution once with an of “enhancer trap” lines. The reporter gelaeZ, is expressed exclusively in
equal volume of phenol followed by  primary sensory neurons, including Rohon-Beard neurons in the spinal cord and
two extractions with an equal volume trigeminal ganglion neurons in the heddicZ expression starts at 16 h (hours
of phenol : chloroform : iso-amyl post-fertilization) in trigeminal ganglion cells. At about 2&&Z expression
alcohol (50:48:2). can be detected in trigeminal ganglion neurons and Rohon-Beard neurons. The

5. Adjust the NaCl concentrationreporter gene has integrated as a single copy. The founder fish was mosaic: 199
of the aqueous phase to 0.3 M NaCl of its offspring (3 of 16 tested animals) carried the reporter construct in their
and precipitate with 2.5 volumes of  fins; about 51% (13 of 27 tested animals) of the progeny fi§fFwere -Gal
ethanol. Mix by inversion and positive indicating full hemizygosity. We traced the inheritability up to the 4th
centrifuge immediately for 10 minutesgeneration and showed that the reporter construct is stably integrated and inherite
at 3000 x g. Rinse pellet with 70% jn a Mendelian manner. These results demonstrate that it is possible to generat
ethanol and dry. “enhancer trap” lines in zebrafish, albeit with low efficiency.

6. Resuspend the pelletin 1 ml Our future research interests will focus on cloning the insertion site and
of 10 mM Tris-HCI pH 8.0, 1 MM generating mutants usitecZ as a dominant marker in a deletion mutagenesis
EDTA. Add NaCl to a final concen- screen. To that aim, we already irradiated several thousand homozygous embryo:

tration of 100 mM and incubate with The survivors will be tested for the lacklatZ expression.
100 pg/ml of deoxyribonuclease-free

ribonuclease A at 32 for 3 h.

7. Add SDS to a final concentra- ' \\\
tion of 0.2% and extract the solution £ :
twice with an equal volume of phenol #
: chloroform : iso-amyl alcohol
(50:48:2) followed by precipitation
with ethanol as in step 5.

8. Resuspend the DNA pellet in
1 ml of 20 mM Tris-HCI pH 8.0, 1
mM EDTA. 1-coli 4-cell B-cell
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PHOTOCONVERSION

OF FLUORESCENTLY

LABELLED PROFILES
FOR EM

By Steve Wilson, Division of Biomedical
Sciences, Kings College London, Strand,
London WC2B 5RL.

In recent years, lipophilic

Adjust pH to 6.95 with concentrated
HCI. To this solution add a few

cannot use a crystal if your cells of
interest are not superficial.

5. Allow the dil to label your
cells. For EM, | have labeled growth
cones that were 150 um from the
application sites in about 4 hours at
room temperature. The time will
depend upon the duration of fixation
and the distance that the dil has to

drops of glutaraldehyde to give a finafliffuse.

concentration of about 0.1% (this last

The object of steps 1-5 is to get

step can be omitted if the preparatiorfhe cells as brightly fluorescent in as

is not destined for EM).

Although this is an unusual
preliminary fix for EM, especially
since it contains EGTA, it works
quite well. | expect that PMuffered

neuroanatomical tracer dyes, such adix would also work, although | use

dil (Molecular Probes), have gained the above primarily because it seems

favor for many neuroanatomical

easier to dissect embryos fixed in

applications (Honig and Hume, TINSPipes than in PO

12, 333). One major advantage is

2. Wash in 0.1M PQbuffer

that they can be used on fixed tissue (pH7.4) and dissect as much as . : _ _
allowing much more accurate appli- possible to expose the cells that you inventive slide making to keep DAB
cations of tracer than is often possiblavant to label.

in living animals. A disadvantage to

these lipophilic dyes is that they are

3. Dissolve dil in dimethyl
formamide (DMF) or some other

short a time as possible. Others have
obtained good results using
intracellular tracers, such as lucifer
yellow, and diffusion in living tissue
also works (Simon and O’Leatry,
Devel. Biol.137, 125).

6. Make a slide with a well that
can hold the embryo and can be
coverslipped. An adequate supply of
DAB (which is a carcinogen) is
necessary, so this requires some

on the tissue and off the microscope.
| use a 64 x 48 mm coverslip onto
which two pillars of two or three

fluorescent, making it more difficult  organic solvent and allow to dry on  22x22mm cover slips have been glued
to accurately examine labeled profileglass.
4. Using a sharp tungsten needleolumns.
This problem was overcome when it pick up some of the dil crystals (they

in relation to their environments.

was found that the fluorescence
within labeled profiles could be
converted to a permanent brown
reaction product by excitation of the
labeled profile in the presence of
diamino benzidine (DAB, McConnel
et al.Science245, 978).

Recently we, and others, won-

stick easily to the needle). Put this
needle into the bathing solution close
to your embryo and using a second
needle, pick off a crystal (I use ones
between 5-40, um). The dil is
neutrally buoyant and will float in the
buffer around your embryo. Using
the second needle, move the crystal

dered if this photoconverted reaction onto the cell(s) of interest. The dil

product would be suitable for ultra-
structural examination. Indeed itis,
and given the right conditions, one
can obtain EM pictures as nice as
intracellular fills with HRP. Below

sticks when it touches tissues, so it
requires a bit of practice to position it
without error. Leave the crystal in
place for several minutes before
moving the embryo (with care the

are the methods that we use to get therystal can be removed after the dil

best EM preservation. Nothing in
these methods is particularly novel
but there are a few helpful hints for
getting the best results.

1. Fixation. 2-4 hours in 0.1M
Pipes (disodium salt) buffer, 2mM
EGTA, 1mM MgSQ and 3.5%
paraformaldehyde (or formalin).

has labeled your cells).

| think that there are a few
advantages to using a crystal over
injecting liquid dil. First, it causes
less damage and secondly the DMF i
which dil is dissolved is probably bad
for EM preservation. Obviously you

to form a well which sits between the
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7. Put the embryo and a drop of
DAB (30 mg in 50 ml of P¢) into
the well and place a coverslip on top.
This cover slip is held by surface

tension and the whole slide can be

flirned upside down without spilling
DAB to allow viewing of the embryo
from either side. Moving the top
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coverslip gently allows the tissue to fluorescence). lular matrix. Recently, we made the
be rotated. 7. Photograph and draw the first successful attempt to test a

8. llluminate the labeled cells in preparation, then osmicate it (1% for cloned 2.0 kb upstream region of the
the DAB solution with a compound one hour). After that, use a standardzebrafish ependymin gene for its
microscope using the normal filters EM protocol to get the preparation ~ capacity to direct transient expression
for exciting and viewing dil. The  into plastic (Wilson et alDevelop- ~ Of a reporter gen@acZ). After
fluorescence fades after a few min- ment108, 121). Under a good injection of this ependymin-promoter-
utes and a brown reaction product  stereomicroscope you will be able to lacZgene fusion into recently fertil-
appears. As soon as this happens, see the photoconverted cellsinthe 12€d zebrafish eggs, this regulatory
remove the specimen by addinga  embryo even after it has been embed[€9ion was sufficient to direct the
drop of buffer to one side of the well, ded in plastic. This helps consider- SPeNdymin-specific temporal and
wash it well, and fix it in 3% glutar- ably when you try to find the profiles spatial ec>l<pressb|on pat(;[ern (I)f ﬂla}[ez_d
aldehyde (buffered to pH 7.2) for 2-3during sectioning. Initially, I look for gggﬁi\?encevlﬁ gxc?lirs\?\?el -igr?t;\aec osidase
hours. Do not photoconvert the the reaction product in unstained 1 P Y

: . : L ._meninx starting between day 2 and
profiles too long as this leads to um sections because it is easy to p|cg]ay 3 post-fertilization. These results
spreading of the reaction product  out against the transparent back- 5. full agreement with the devel-
beyond the labeled cell and gives poaground. opmental profile of ependymins and
EM. The reaction product also previousin situ hybridization studies.
intensifies when it is osmicated so For the future, we hope that this
e;/?hn h;_yﬁg can barely see theh pr?;iles FUNCTIONAL TEST OF  assay, which is technically feasible on
at the light microscope, you shou a routine basis, will be suitable for
have no problem finding them with THE EPENDYMIN other genes. Please contact T.A.B.
EM. PROMOTER BY for technical questions of the transient

This photoconversion is the make TRANSIENT assay and W.H for further informa-
g:ig(r;ak step. Two problems tend to EXPRESSION IN tion on ependymins.

a) Nothing photoconverts. Ty ZEBRAFISH EMBRYOS

Ll’:le m:logv;ngc.)slgﬁﬁgl meelkcee!lsjsasno By Thomas A. BaykrHeinz Rindex and A ZEBRAFISH NOTCH
9 #1 poss H ligh h Werner Hoffmant'Institut flr HOMOLOG IS
extra filters are in t e Ight path, use %ntwicklungsbiologie (University of
strong fluorescence light source and cojogne) andMax-Planck-nstitut fiir EXPRESSED
use as_h|g|qh a magnification _(glnd Psychiatrie (Martinsried), FRG. DURING
numerical aperture) as possible.
P Jasp In pressPNA Cell Biol. EMBRYOGENESIS

Allow a longer transport time so that

the profiles get as bright as possible.  Testing cloned promoter regions By C. Bierkamp & J.A. Campos-Ortega;
Try using fresh DAB and increasing for their functionality under in vivo  Institut fir Entwicklungsbiologie, University
the concentration to 50mg/50ml.  conditions is a non-trivial task. Thusf Cologne.

::r:)cnr\?:rss?otge :l(gLe;!gv\\ll\;e;n{oro%r;oto- regulatory regions are normally We have cloned thsotch

. ' wanty _Investigated within vitro systems, for 4154 in zebrafish. It encodes a
tissue to be as superficial as possibleexample, for their responsiveness to . :

- removing skin and muscle etc. various factors. However, informa- putative t_ransmemb_rane protein of
helps. tion concerning the temporaland 2408 amino acids with remarkable
the background is high. Make sure organism cannot be obtained by thes#tracellular domains to théenopus
that the DAB is freshly dissolved (or assays and this normally needs very Drosophila and mammalian

at least not too old). DAB frozen as elaborate generation of transgenic  homologs. Sequence analysis reveals
a concentrated solution eventually animals. . _ ~ the presence and the consistent order
seems to lose its potency. Try . Ependymins are synthesized in = of the typical functionalNotch

lowering the concentration of DAB.  fibroblasts of the (endo)meninx and qtifs ‘such as 36 EGF like repeats,
Try lowering background fluores-  these glycoproteins probably existin 3 | |\_12/Notch repeats, 6 cdc10/
cence by keeping the application site two different forms: as soluble SWI6 repeats and OPA repeats. The

: . - tei domi tinth - - .
out of the field of view, and removing E;g;;{;;ﬂﬁig?flrr}]a;n;r}d:ocsﬁgh 8.5 kb transcript is expressed during

the condenser lens (which reflects ePL1d as constituents of the extracel- €mbryogenesis. (In preparation).
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RAISING ZEBRAFISH BABIES SAFELY 2. Adjust the pH of the medium
AND EASILY to 7.2 at room temperature.

3. Autoclave for 15 minutes in
By W. Driever and C. Boggs; Cardiovascular Research Center, MGH East 4, 13th Street 50 m| aliquots (Some coagulation

Building 149, Charleston MA 02129 L .
may occur, which is ok, but if too
One of the major problems that we face is how to raise baby fish fast, much of the milk precipitates, the
safely, and easily. To this end, we have developed or adapted methods anghramecia will not grow).
devices to reduce the labor necessary to grow babies. First we will discuss 4 Test whether the medium is
protocols for food preparation, and then we will offer some tips and hints f
feeding fish.

Yterile and store in a refrigerator for
up to several months.
Preparation of paramecia culture medium:

The classical hay infusions are often unreliable (and tend to stink!). We>,iture of Paramecia:
have used, instead, a modification of an axenic method for growing paramecia
(Schonefeld et all. Protozool 33, 222) which was pointed out to us by Beth 1. Grow paramecia cultures
Bennett of the Harvard Biolabs Fish Group. During the last half year, this under “cell culture” conditions.
method provided us with a safe supply of paramecia. Make passages in a sterile tissue

culture hood.

Schonefeld’s Medium for growing paramecia:
2. Use 500 ml or 1000 ml media

Component Concentration Source bottles (e.q.. with oranae caps) and
Powdered Skim Milk 8.5 g/l Any grocery store g, . g Ps)

. S . culture at 28C in the dark, for
Ribonucleic acid 1.0 g/l Sigma R-6625 . . . .
MgSO0, 0.5 g/l Sigma M-2643 example in a cabinet in your fish
Phosphatidylcholine 250 mg/1 Sigma P-5638 room.

Stock Solution I 5 ml/l 3. Dilute the starter culture (a
Stock Solution I12.5 ml/I clear suspension of paramecia) 1:1

1. Prepare the solution of primary components. Make sure the dry W'th fresh (mllky) medium and
ingredients are well mixed before adding them with stirring to the water or #igubate with the cap loosened one
ribonucleic acid and the phosphatidylcholine will lump together and not ~ half turn to provide air. After 2-3
dissolve. This solution can be heated slightly to help dissolve small lumps days the culture will clear and you

Then add Stock Solutions | and 1. should be able to observe clouds of
Stock Solution I g/lin dH O Source paramecia. o
Calcium pantothenate 1 Sigma P-2250 4. Expand the culture by diluting
Nicotinamide 1 Sigma N-3376 it 1:1 with fresh medium. If you add
Riboflavin 1 Sigma R-9881 twice the volume of fresh medium, it
Pyridoxamine HCL 1.16 Sigma P-9158 takes about 3 days to clear. Use clear
Folic acid 0.5 Sigma F-7876 cultures for harvesting paramecia or
Thiamine HCL 3 Sigma T-4625 store for 3 to 5 days at about’20
Biotin 0.00125 Sigma B-4639

(make 100xstock) L term storage of paramecia:
(Store at -20 C; the riboflavin is dispersed throughout the solution and w9 9 P '

settle to the bottom. Shake well before using) Use Dryl's solution (1 volume
Stock Solution IT g/l in ETOH Source clear culture to 5 volumes Dryl's) to
Stigmasterol 2 Sigma S-6126 prepare a backup stock in case the
Lipoic acid original culture becomes contami-
(D1-6,8-thioctic acid) 0.02 Sigma T-1395 nated. Paramecia live about 10 days
Palmitic acid 3 Sigma P-5917 in this solution in the dark at 18-20
Stearic acid 2 Sigma S-4751

C. Prepare the solution from auto-

Oleic acid 0.4 Sigma 0-4379
Linoleic acid 0.2 Sigma L-1376 ::Iaved .cor.r:lponept.s and add the GaCl
Linolenic acid 0.06 Sigma L-2376 ast or it will precipitate.

(Note: Blow nitrogen gas over the solution and store at -20 C)
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Long term paramecia storage medium: 4. Exchange the water and aerate
Component Stock Amount (ml) with a Pasteur plpettg in the baby-
NaH PO 0.01M 10 tube attached to an air line. One or

2 4 ° . .
Na,HPO, 0.01M 10 two.allr bubbles every secgnd_ is
Sodium citrate 0.1M 20 sufficient because more air will move
CaCl, 0.1M 15 the water too much and the fish will
dH20 945 have to fight the current.

5. Feed 5-10 ml (for 20-100

Harvesting paramecia from clear cultures: . .
larvae) of paramecium suspension 3

Materials: ;

times per day.
large funnel (Bel-Art) with groves 6. Every second day, change the
cotton handkerchief water with an aspirator, remove dead

24 cm fluted filter paper circles (Fischer 09-790-14G)

i X fish from the baby-tube, and add
24 cm Whatman No. 1 filter paper circles.

about 200 ml of embryo medium.

1. Choose bottles of cleared paramecia cultures for harvest. 7. Beginning on day 15 to 20,
Approximately 40-50 ml of culture will feed up to 100 larval fish per day. feed the fish with brine shrimp three

2. Place the funnel in a flask and filter the paramecia stock through théimes a day. Be sure to remove dead
folded cotton handkerchief to remove precipitates of the Schonefeld’s medigfne shrimp daily.

3. Filter the liquid through fluted circles until the flow decreases to a slow 8. \When about 90% of the fish

drip. eat brine, transfer the baby-tubes into
4. Rinse the paramecia off the filter paper into a flask using embryo  fish tanks (see Figure).
medium (recipe iThe Zebrafish BogkRepeat until all the stock is filtered. 9. Continue feeding the fish 3

5. Refilter the paramecia through fluted circles rinsing with embryo
medium until most of the ye]lo_w color has dlsappea_lred. the small size brine shrimp. In

6. Collect the paramecia in a clean bottle making sure that the yellow addition feed them each evening with
color is gone. Rinse again if necessary. Some paramecia pass through thgbout 10 ml of Spirulina (1 teaspoon
fluted filters. If they are needed for feeding, they can be collected by filteringf Spirulina slurrp or 200 oflc])‘ish
through the Whatman No. 1 circular filter. However, filtering through a p. 'a iUy p
Whatman 1 is very slow. wate_r, Splru!lna from Argent Labo-

7. Adjust the volume with embryo medium to equal ¥z of the original ratories). Itis unnecessary to clean

culture volume. Store in darkness at@0ntil needed for feeding. the tubes as long as the water flow is
adequate. Fish can stay in these

Brine shrimp: tubes until they are about 4-6 weeks
When the baby fish are a couple of weeks old, switch from paramecia to 414 and are large enough to go into

brine shrimp for food, we use Grade 0, platinum label brine shrimp eggs (Argent
: : . . regular tanks.
Laboratories). These are smaller than the San Francisco Bay brine shrimp and .
. ) . We have now raised about 100
from the first day of feeding, 90-100% of the baby fish can eat them. Grow them .
lines (a total of about 7000 fish)

according to Argent’s instructions. ; h ) ]
using this schedule. Survival of wild

Feeding Larvae: types was between 70 and 95% of
1. When the larvae have hatched, transfer them into a new dish or beg¥fhed larvae, and for mutagenized

and completely separate them from their chorions. Itis important to removggcks petween 60 and 90%. The fish
the chorions to reduce the growth of fungus and bacteria. reached sexual maturity before three

2. On day 5, transfer larvae into 1000 ml beakers (up to 100 larvae Pl onths of age (at 3 month, 50-80%
beaker). Fill the beakers with about 200 ml of all crosses within a giver'1 stock

of embryo medium. Feed 5 ml of the paramecium suspension (see ab%vr% uced eggs). Raising fewer fish
three times daily on day 5 and 6, then 10 ml three times daily thereafter. (20)ina beaker.does ot increase

3. Onday 9 or 10, when the larvae have nice “paramecium bellies”, . L
transfer them into “baby-tubes”. Pour the larvae from a 1 | beaker into ea rvival significantly, but we could
babytube. At this age, their belly is big enough so that they will not pass °Ptain sexually mature fish as early
through the mesh. as 9-10 weeks.

times each day for 5 to 10 days with
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Construction of baby tubes: Fish tanks to hold multiple baby-
The design of these tubes is basagibes.
on a simpler version by C. The tanks should have overflows
Nusslein-Volhard from Tubingen.  or standpipes that maintain the water
Use acrylic tubes of about 10 cm  |evel at 10-12 cm. Cover the bottom A dd r‘ess
diameter with 6-7 mm walls and of the tanks with a wide mesh or an

about 15 cm long. Close one end of array of acrylic rods that hold the

the tubes by attaching a 0.5 mm baby-tubes up off the bottom so that

nylon mesh with silicone glue. Let  water and dirt can flow freely through

the glue dry and rinse thoroughly. Onthe mesh in the bottom of the baby- and
the other end of the tube, drill a smalltubes and into the tanks. Attach the

hole which allows you to run a small water line from each baby-tube to the

water line (e.g. 1/4 inch) into the water system pressure line and adjust

tube. The hole should be slightly the water flow to a slow, steady o
smaller than the water line (e.g. 15/64iripping. We put several baby-tubes

inch for a 1/4 inch line) such that the into one tank, and use a manifold (all Pu b I 'Ca -
line can not slide out again. Place a plastic, e.g. Penplax) to distribute the

completed baby tube into a 2000 ml water to the different baby-tubes.
beaker.

tion

updates
are not
included

in this

version



