CHICK DEVELOPMENT

S o

And then, the dawn Is still again—and
another miracle of nature emerges.

The chick embryo is one of the oldest vertebrate modds for studying development. It continues
to be an important developmental mode for severd reasons Firs of dl the morphological
changes that occur during chick embryogeness are very smilar to those of other vertebrates. On
the practica dde, the large size of the embryo and in ovo development makes it accessble to
aurgicd and biochemicd manipulations and it is easy to observe embryos a different stages and
folow them through developmenta changes. Additiondly, it is easy to obtan embryos year
round.



Summary of  schedule for chick experiments (February 5-9)

Monday Basic overview of Vertebrate development
Demo: Window eggs/stain for contrast

Examine normd development at different stages

Tues./ Wed Labding of embryonic cdlswith Dil/DiO
Microsurgeries 2 and 3-day embryos
Demo: Choriodlantoic membrane (CAM) grafts.

Bead Implants

ThugFri. Fix and Image Dil injections
Microsurgeries 2-5 day embryos
Bead implantation at limb bud and somites (RA or FGF)

Optional: CAM grafts (dcian green Saining)



THE BASICS: WORKING WITH CHICK EMBRYOS

You will need to learn how to open eggs without disturbing the embryo, and how to visudize the
embryo once you have access to it. Here are some generd considerations for working with chick
embryos.

1. KEEP IT STERILE. It is very easy to contaminate the eggs. To avoid contamination
of the egg, keep your hands, tools, scope and egg as clean and derile as possble.
Before you dart, wash your hands with antibacterial soap, then swab your hands, egg
holder and stage of scope with 70% ethanol. Keep your tools in container of 70%
ethanol and flame glass rods and needles each before use. Swab the surface of the egg
with 70% ethanol before opening it, and let dry completely before cutting into the
el

2. KEEP IT WARM. All of the eggs should be kept in the incubator when you are not
working on them. Check to see that incubator is at the correct temperature and that
there is water in the bottom to maintain the proper humidity. Try to minimize the time
the incubator is open and avoid dtering the temperature controls. Remove one egg a
atime and when you are finished, return it quickly to the incubator.

3. KEEP IT MOIST. After you have windowed an egg or manipulated it, drop a few
drops of derile Tyrode's with pen/strep (antibiotics) into the shdll, towards the edge,
not directly on top of the embryo. This will dso hep inhibit contamination, but is not
foolproof, so use good derile technique. Be sure tape covers the window to keep it
from drying out.

4. KEEP IT LABELED. If you plan to keep a windowed egg, you must write IN
PENCIL on the egg. Make sure your eggs are clearly labded so that you know
WHAT you did to the egg, WHEN you did it and WHO did it. Make the labels easy
to read without turning the egg. Each time you remove an egg from the incubator to
examine it, double-check to make sure it is YOUR egg. Be VERY CAREFUL with
removing and reuning eggs to the incubators because it is easy to cause the
windowed eggs to roll over and ruin someone else's experiment!

5. DISPOSE OF IT PROPERLY. Please use the egg waste buckets, so we can avoid
rotting eggs in the lab room. Freeze older embryos before disposing of them.

6. BE CAREFUL. Chickens carry pathogens that can infect humans like Salmonella.
The eggs we receive are lot-tested to be free of pathogens, but you should wash your
hands before leaving the lab or eating. Keep dl food and drinks away from the lab
benches!



GETTING TO THE CHICK EMBRYO
|. Candling

Before you open an egg, you need to determine the postion of the embryo and the air space. In
egos that have been gtting in the same pogtion for a least 30' the embryo should float to the
topside. If you are careful not to turn the eggs when you take them from the incubator you can be
reasonably confident that is where the embryo will be. You will need to know the postion of the
ar gpace. Typicdly it is found at the flat end of the egg. To confirm the locaion of the embryo

and air gpace you will " candl€" your eggs by holding them up to a bright light.

1. Useafiber optic arm from your dissecting scope as a light source.

2. Remove an older egg (eg., 3 day) tha you are going to window from the
incubator.

3. Hold the egg over the light. Move the light source around the egg, sarting at
the top of the egg. Firg you will see the yolk as a big blob. Then look more
closdy for the embryo, which should be on top of the yolk (at 24 hrs, it will
be difficult to see the embryo, but when the embryo develops blood vessds it
will be adark shadow on top of the yolk).

4. USING A PENCIL (never write on the shel with anything but a pencil), draw
agmadl circle around the location of the embryo.

5. To locae the ar space, hold the egg obliquely to the light. Move the light
around until you can see a dark circle around the blunt end (air space). Make a
dot with a pencil in the middle of thet circle.

II. Windowing

Now you are ready to open an egg in a process caled wndowing. Not every egg will be viable,
0 we will try to help you spot "duds' as you are windowing. Fertility rates vary from baich to
baich of eggs, 0 keep track of the total number of eggs you window in your notebook. Sterility
is very important for successfully following up experiments. DONT FORGET TO KEEP IT



STERILE. There is an dternaive method that we will demondrate that you may find much
easer and faster (we do).

1. Take one egg from the incubator and swab with ethanol. Let it dry completely.

2. Use a STERILE dissecting needle to CAREFULLY make a smdl hole just barely
through the shdl) a the location of the ar space (your pencil marking on the blunt
end). If anything comes oozing out of the hole you are not in the air space!

3. Placethe egg in an eggeup.

4. To lower the embryo in the shell, put a STERILE 20g needle on a 5cc syringe and
insert the needle into the air space hole. Make sure you keep the needle pointed
downward to avoid damaging the embryo. Withdraw :2 mis of abumen and empty
it into the waste bucket. Don't take out any more than 2mils, if you lower the embryo
too far it will be difficult to image or inject your embryos. Conserve needles by
caefully placing it in a location where it is unlikely to sick someone and where it
will reman gerile. CAUTION: AT THIS POINT YOU ARE USING SHARPS
AND A POTENTIAL SOURCE OF HUMAN PATHOGENS. DO NOT
RECAP NEEDLES. DO DISPOSE OF THEM IN THE SHARPS WASTE. DO
BE EXTREMELY CAREFUL AND REPORT ANY NEEDLE STICKS!

5. Put a piece of scotch tape over the circle you drew to mark the embryo. (The shdl
you cut should gtick to this tape rather than fal down onto the embryo).

6. Usng one point of your STERILE scissors or dissecting needle, make a smadl
opening in the shell within the circle.

7. Vey caefully, insat your scissors into the opening and cut around the perimeter of
the circle (a 2 cm circle is a good sze to gart with). Cut through the shell and shell
membranes, but keep your scissors at a shalow angle at dl times so that you do not
disurb the embryo. Do NOT make complete cuts with the scissors because this
increases the chances you will crack the shell. If you do crack the shell, you may be



able to savage the egg by placing a piece of tape over the crack. After you are done
cutting, lift off the piece of shell.

. The embryo should be ready for viewing under the dissecting microscope. To

enhance the contrast between the embryo and the underlying yolk, we will stain the
embryo usng asmal amount of dye (see staining protocol).

. If thisis an egg you need to keep for injecting or surgery proceed immediately with

the manipulation OR prepare the egg for the incubator. Do so0 by dropping a few
STERILE drops of Tyrodes with pervstrep added in the shell, but not directly on

top of the embryo. Sed the opening with two pieces of scotch tape at right angles to
one another, label your egg, and return it to the incubator.

[11.Visualizing the embryo

1) Staining for contrast

Staining chick embryos with a dye like neutrd red or nile blue will increase the contrast of the
embryo to enable you to see morphologica features better. Note that neutra red is photo-toxic to
your embryos, so use it sparingly and limit light exposure to your embryos. Green tape over the
light source eiminates the toxic effects but makes viewing difficult.

a. Pogtion the windowed egg (Stting in egg cup) under the scope. Use lower light to

b.

C.

illuminate because the Neutral Red dye is photo-toxic to the embryo.

Dip the STERILE glasstool tip 1-2X into the smdl tube of dye. You just want athin
coating of dye on the glass.

To begin gaining, gently stroke the embryo (or areawhere you think the embryo
should be) with the tip containing the dye. Wait 1-2 minutes to see how much
staining has occurred. Thisisimportant, because it takes alittle while to see the
contrast between the dye and the embryo. I f the embryo is still hard to see, re-treet,
but try not to overdo the staining (especidly if you intend to keep the embryo dive).

2) Indiaink injection

Another means of increesing contrast of embryos is to use india ink to provide a black
background. This is done by injecting a smdl pool of ink directly under the embryo. As long as



the ink is gerile, and you do not dragticdly rip the membranes, this method works very wel for
somite stages and earlier and does not have the problems of phototoxicity.

a. Prepare asolution of Pdikan indiaink, 1part to 9 parts with Serile Ringer's. Load into
a3 ml syringe equiped with a 27 guage needle with the tip bent at a 45 degree angle.

b. Approach the embryo at a shalow angle, with the beve of the needle pointed up.
Pierce the membranse just outside the area opaca. When the opening of the needleis
directly under the embryo, inject asmdl amount of ink. Examine the embryo. Seellll
below.

c. After you arefinished and if you want to save the egg, add tyrodes and antibiotic,
tape the egg and place it back into the incubator.

d. Clean toolswith ethanol. Wipe down your bench with ethanol and wash your hands.

Embryo Fixation

Wewill be fixing embryos a gppropriate time intervals in 4% paraformadehyde (PFA) in
phosphate buffered sdine (PBS). So that you will be comfortable with this procedure when it is
time to fix your "experimenta” embryos, you should practice on some spare eggs. We will
demondtrate the filter paper method: older embryos can be pulled out of the egg with forceps by
their membranes

Filter paper method  In order not to damage embryos younger than stages 18 or 19, it isvery
effective to provide a"frame™- filter paper cut in smal discs with the center cut out (donuts). The
membranes gick to the filter paper with the embryo suspended in the middle of the hole.

1. Useforcepsto pick up the donut and placeit over the embryo. The embryo should be
centered in the hole and not covered by filter paper.

2. Useyour scissorsto cut into the membranes immediately surrounding the filter paper
ring -just cut around the perimeter of the filter paper).

3. Useyour forceps to pick up the filter paper, the embryo should gtick to the filter
paper. Since the membranes are cut you should be able to lift out the embryo.

4. Pacethe embryo and filter paper combination into asmal Petri dish containing
Tyrode's or sdine solution for ringng yolk and observation. Then, go to the hood,
remove the sdine solution and replace it with 4% paraformaidehyde. WEAR
GLOVES, s0 you do nat fix your skin.

5. After fixing the embryo carefully move the dish with the fixed embryo into the
refrigerator until the next class.



[11. LOOKING AT NORMAL DEVELOPMENT

Now that you know the basics of handling chick embryos we will look at severd stages of chick
embryogenesis. Some of the experiments we will do in the next few days involve perturbing
norma development. In order to become familiar with norma developmentd events, it is
important that you begin each section looking carefully and recording in your notebook
embryonic stages of development. We can help you identify structures, but we aso expect you to
use the available resources (prepared dides, hand-out figures, books, software, etc.) to do some
exploring on your own. We will have available on the computer the classcad Hamburger and
Hamilton (H H) staging series for chick embryos from J of Morph (1951) 88:49-92.

What do you see?

We have eggs that are at 24, 36, 48, and 72 hours of development. Examine them using the hand-
outs, HH daging, and textbooks as references for the names of sructures. For a photographic
record you can record an image using the Spot camera mounted to a dissecting scope. You may
aso wish to record the same embryo over a period of days to record its development, just keep it
derile, warm and moist. TIP. when collecting images, be sure to keep a log in your notebook so
you will know what you collected and when.

The amplest way to record accessble information is make DRAWINGS in your notebook. Don't
worry if you are not artistic.

Thefollowingisalig of sructurestha you should identify.

blastoderm area pdlucida area opaca
primitive stresk Hensen's node somites
neura tube neurd groove notochord
heed fold heart foregut

limb buds forebrain midbrain
hindbrain optic cup vitdline veins

chorio-dlantoic membrane dlantois



Dil/DiO Labeling of Embryonic Cells

Background and materias:

Embryos are extremely dynamic. Cells move from one place to another, cell henotypes change,
cdls divide, cels organize into new arrangements. How can these dynamic changes be studied?
One way is to use vitd dyes to labe a cdl a a particular time point and postion. By looking at
the dye a a later time in development it is possble to determine where that cell has moved and
to what tissue it is making a contribution. This method, some times refered to as fate mapping, is
important for tracing lineage higories, and it is useful for understanding how the morphology of
the older embryos and adult organisms are derived.

In this lab you will be labding a populations of cdls with the fluorescent dyes, cdled Dil and
DiO (pronounced like dye-eye and dye-oh). Dil/DiO ae members of a large family of
carbocyanine dyes. These are lipophilic and can be used to labd cdl membranes in lineage
tracing experiments. The fluorochrome conssts of a par of conjugated rings that are each
atached to specid dde groups in a specific pogtion (Dil has an isopropyl group, DIO has an
oxygen in this particular location). The two rings are linked together by an odd number of
carbons. The length of the carbon chain connecting the two rings and the specific group attached
to each of the rings determines the dye's excitation and emisson properties. The conugated rings
ae in tun linked to two long akyl chains whose length determines the dyes affinity for the
membrane. For Dil, excitation and emisson gspectra are dmilar to the rhodamine opticd filter
sets. For DiO, use the fluorescein filter sets.

The advantages of these dyes as lineage tracers include brightness and photo-stability. Because
of the lipophilic nature of the compound there is no need to inject directly into cdls. Focd
injections will label smdl numbers of cdls to be detected later in development. Cell morphology
and cel processes can be clearly seen in freshly labeled cdls Dil can dso be used retrograde
label neurons and has been used to labe a variety of cel types and organisms.There are aso
disadvantages. The dye becomes interndized into vescles over time, some forms cannot be fixed
esdly, high concentrations are toxic, and some clam that dyes with shorter akyl chains can
'flipflop’between membranes and transfer to label to neighboring cells.

Before lab you should read about neura tube formation and neural crest migration. Neurd crest
cdls originate from the dorsd region of the neura tube and migrate throughout the embryo to
produce a wide range of differentiated cedls types (such as neurons, pigment cells, endocrine
cdls, cartilage, bone and connective tissue).

We will show you how to inject usng a mouth pipette and cepillay needle. We will adso
demondtrate the micro- manipulator/picospritzer method of injection.

1. Tolabe neural crest cells before they migrate in developing chick embryos, we will use
eggs that have been incubated for about 48 hrs and have approximately 16-22 somites
(HH stage 12-14).

2. To track changes in the pogtion of cdls in the Lateral Plate Mesoderm (LPM), rdative
to the main body axis we will inject smdl foci of dye into the LPM a pre limb bud stages



(12-14). One dye will be used to mark a particular somite, and the other to labd the
adjacent LPM.

Read up on these two cell populations before class.

I njection procedures

Window severa eggs (do one a a time and then return them to the incubator). To insure
that your micro-injected embryo survives, remember to do the following:

a. Use geile technique. Wipe egg with 70% ethanol and terilize tools using
ethanol.

b. Try to window the eggs quickly. Keep the egg out of the incubator for less
than 15 minutes.

c. Only remove asmdl amount of dbumin (<2 ml) usng the syringe. It iseesier
to inject the embryo if it is closer to the surface of the egg.

d. Makeasmdl window. You can enlarge it later if necessary.

e. Stantheembryo LIGHTLY with Neutrd Red or useink injection.

Oncethe embryo is labeled:

f. Place 2 drops of Tyrode's with pen-strep onto the yolk.
g. Labd your egg with pencil. Sed with tape and return it to the incubator.Make
sure that the tape used to cover the window sedlstightly.

Mouth pipette injection: Inject the closed neura tube with Dil. We will demondrate how to use
the mouth-pipette to. fill the ventricular space, and label the pre-migratory neurd crest cels, or
the LPM.

Picospritzer injections. When it is your turn to inject, bring your egg to the injection ation.

Backfill a fine-tipped filament-bearing needle with some of the diluted Dil solution. The needles
will be provided and the method of filling will be demongtrated.

Mount the needle into the micro-manipulator holder. The needle will be connected to
apicogpritzer' (a machine which delivers a smal measured puff of air under a defined pressure).

Bring the needle into postion usng the manipulator. Once the needle is insarted into the embryo,
pump the foot peddie once to deiver the dye. You should see the dye spreading through the
neurd tube if your needle is in the correct location. (It is best if you dont overload the neurd
tube with dye o0 only inject a samdl amount.) If the dye is in the wrong place, withdraw the
needle and try again. Keep in mind repeated injections will reduce the chances of embryo
urvivd.



Embryo Fixation

Approximatdly 24 hours after the Dil injection you will need to remove the injected embryo from
the egg and place it in fixative (4% paraformadehyde (PFA) in phosphate buffered sdine).

Examining your embryos

1. To examine embryo, remove the fixative in the hood and dispose of it in desgnated
waste containers.

2. Replacethefixaive with sdline (PBS).

3. Lift theembryo out of the sdline and place it onto aglass dide - filter paper and 4.

4. Make a footed cover dip to prevent the cover dip from crushing the embryo. To do
this scrape the four corners of a cover dip on modeing clay to make 'feet. Gently
place the cover dip on top of the embryo. Blot excess liquid from the dide.

5. Now examine the embryo using fluorescence microscopy. You may have a farly
"thick mount*, so be careful with higher power objectives You will not need high
megnification to see the labded cdls. What are you looking for? What do you see?
Do the labded neura crest cdls follow a predictable path? Are the labded LPM cdls
at the same somite level as when injected or have they moved?

M anipulating signaling molecules using bead implantation

Tiny beads can be used to apply biologicaly active compounds to the embryo to test the effects
of these compounds on gene expresson and morphogeness in vivo. We will have avalable two
types of beads carying different morphogeneticaly active compunds retinoic acid on ion
exchange beads and fibroblast growth factors on heparin acrylic beads (diameter = 200-250um).

Beow are tried-and true suggestions for experiments, but fed free to research and design your
own.

Effects of retinoic acid on limb devel opment

The pogerior margin of an early limb bud contains a sgndling center known as the Zone of
Polarizing Activity (ZPA). If the ZPA is grafted onto the anterior margin of a host limb bud, a
limb with duplicated digits develops. These duplicated digits are mirror images of the normdly
produced digits. ZPA transplantation experiments suggest that the ZPA is a source of some type
of podtiond dgnding activity that specifies the anterior-podterior axis of the developing limb.
Some of the sgnding molecules originating in the ZPA have now been identified (i.e. sonic
hedgehog). Retinoic acid (RA), a naturally occuring compound, dso has polarizing activity, but
is very difficult to detect in embryos. When beads containing retinoic acid or shh protein are
transplanted to the anterior margin of a host limb bud, the same digit duplications seen with ZPA
trangplantation were created.

We will use beads soaked in RA to ater limb development in 3.5 -5 day embryos.



Effects of fibroblast growth factor on devel opment

Fibroblast growth factors (FGF) form a large family of heparin-binding proteins that stimulate
the proliferation and activation of cells that express FGF receptors. FGFs are probably active in
al aspects of deveopment, and we will experiment with two sysgems, A] somitogeness and B]
limb development.

A] During stages of somitigeness, FGF-8 is expressed in posterior presomitic mesoderm (PMS)
and plays some role in segmentation. We will place FGF 8 soaked beads in the PMSto examine
the effect of this protein on somite formation. For somitogenesis experiments, eggs should be
incubated 2- 3 days and embryos should have 12- 18 somites-

B] FGF-8 (and FGF-2) are expressed in the thickening of the ectoderm at the gpex of the limb
bud known as the apical ectodermal ridge (AER), and appear to be important for the proliferation
of limb bud cdls.. FGF-8 has been shown to induce ectopic limbs. We will attempt to induce
ectopic limbsin the mid flank of chick embryos by implanting FGF-8 soaked beads. For limb
bud experiments, eggs should be incubated 3.5 -5 days.

Bead protocols:

Bead Prep

1. lon exchange beads and RA:

a) rinsein0.5-1 M formic acid in 15 ml tube

b) rinseinH20topH 5.5

c) dry on petri dish at 37°.- store dry

d) soakin 102 (3 mg/ml) RA in 100% EtOH. NO MORE THAN 20 min.
e) rinsein DME media- will turn pink

2. Heparin acrylic beads and FGF:
a) rinsebeadsin PBS

b) place drop of Img/ml FGF in PBS (~20 beads in 2l drop in petri dish)
c) soak at 4° for 1 hr or more (no max)

| mplantation
1.Window an egg of appropriate stage.

a) 2-3day for somitogeness,
b) 3-5day for limb bud



2. Usng ascape or tungsten needle, make asmdl, shdlow dit asfollows:
a) a thelatera edge of the PSM, approximately hafway between the last formed
somite and the tail bud.
b) at the anterior margin of a developing wing bud (opposite somites 16-17).
3. Using fine forceps get a bead soaked in RA or FGF. With the use of forceps and
needle, insert the bead into the dit. Take care to make sure the bead staysin place- this
can be the hardest part.

4. 'Y ou may want to image your surgery, then resed your egg and return it to the
incubator.

What should be used as a control ?
You will need to wait 2-3 days before examining the results of your experiments.

OPTIONAL EXERCISES:

Chorioallantoic membrane (CAM) grafts
Rationde:

This experiment is an example of an embryologicd manipulation where you can ask whether a
tissue a a particular dtage relies upon adjacent tissues for patterning information and whether or
when it is competent to fully pattern itsdf. To do this you have to keep the isolated tissue dive
by organ culture. There are many methods of organ culture used for different developing
organams. In this lab you will use the heavily vascularized choriodlantoic membrane (CAM) of
a "hogt" chick to grow a limb trangplanted from a younger "donor” chick. The CAM provides
nutrients, waste removal and gas exchange for the grafted tissue NOTE: some optiond
exercises are listed at the end of this section-you may wish to try tose in addition to the standard
CAM graft.

Two important points to think about before you come to class. how are you going to record an
image of your graft so you will have a "before and after” image of your experiment? what will be
your control so that you will be able to document normd limb development (or development of
whatever gructure you have grafted?) Before this lab you will want to read in the text about limb
development. It may give you idess for additiond experiments.

1 Host embryos
Figure 121 shows an embryo after 9-1 O days of incubation. The diagran shows the

choriodlantoic membrane. It is a heavily vascularized extra-embryonic membrane that grows as
the embryo grows. Its derivation is a fuson of the dlantois (a derivaive of the primitive urinary



bladder) with the serosa (the origind extraembryonic ectoderm and mesoderm). This
combination provides two extraembryonic epithdid layers (ectoderm on the outsde and
endoderm on the ingde) with mesoderm in between carrying blood vessds that will provide the
vascular bed for the graft. Trace the dlantoic salk back to the embryo and you will see that it
originges in the dte where the umbilicus is derived. In mammads the same choriodlantoic
membrane is absent but the vascular remnants of the choriodlantoic membrane provide the
magor vascular bed in the fetal placenta.

2. Prepar ation of host eggs

After 72 hours of incubation, we windowed several dozen eggs for you to use as transplant hosts.
They should now be 1 O days old. Normdly a this stage the CAM s close to the ingde of the
shell above the embryo. Windowing then threstens to damage the membrane irreversibly, which
iswhy we did the windowing for you at 72 hours.

3. Donor limb buds

Window an embryo that has been incubated for two or three days (three will be easer to start
with). Gently ter away the membranes above the embryo. Avoid puncturing the yolk sac
because this will cause death of the embryo. Find the limb buds on the exposed embryo. (See
Figure 1 1.1 b) If you are careful, a sngle embryo can provide enough limb buds for severd
grafts. You will have the grestest likelihood of success if you peform the surgery as quickly and
cleenly as posshble the longer you muck around with an embryo, the more likey you will kill it
and/or damage the limb bud.

The traditiond method of removing a limb bud uses a glass or tungsten needle that has a sharp
bend near the tip to sever the limb. If you hook the sharp tip of the needle under the limb bud and
very gradudly tear it avay fom the embryo, you will probably be OK. However, it is very easy
to mangle the limb bud to the point that it will not "takeé' when placed on to a host CAM. It is
essentia that the grafted limb bud form a connection with and become vascularized by the CAM
within 24 hours. Another method you can use to remove limb buds is to smply "dip" them off
with a pair of microscissors. This is much quicker and leaves a cleaner edge on the limb bud that
can be grafted onto the host CAM.

Once you have severed a limb bud carefully pick it up with a glass pipette or forceps and transfer
it to the donor egg. If the hogt is not ready you can temporarily transfer the donor limb to a smdl
dish of derile Tyrodes solution. If you have been extremey careful in your surgery and the
chick is ill dive you can keep the donor egg to dso see whether the chick will replace the
removed limb. Alternatively you can remove dl the fore- and hindlimbs from this donor.

4, Preparing the host site (do this just before you are ready to meke the graft)

With your limb reedy, locate the choriodlantoic membrane. It should be just beneath the window
and will be highly vascularized. (See Figure 12.1) To prepare the donor dte on the CAM you
will need to dightly injure the membrane and cause it to ooze a little bit of blood. This can be
done by scratching the surface of the CAM with a sharp tungsten needle. Place the cut side of the



graft over the wounded arealblood, hold it there for a few seconds until it sticks. Then close the
window and return the egg to the incubator.

Your finished graft will now be incubaied for 7 days until the hogt is 14-16 days into
development and the graft is about 1 O days into development. You should take a peek at the
graft during the next lab period to see if it is dive If it did not survive or is contaminated,
DISPOSE OF IT IMMEDIATELY.

5. Recovering the graft (after 7-1 0 days)

After a week open the window over the host embryos and look for the graft. If the host embryo is
dive and you do not immediately see the graft it may have been surrounded by the CAM and
moved below the surface. So, you may need to transfer the embryo out of the egg into a dish in
order to search for the graft.

6. Image the graft.

Cut the graft free of the CAM and wash it in sdine to clean it up. Then place it in a dish of sdine
under the imaging dissecting microscope and record your success. As a comparison, record
images of your control. Do you get a wing from a fordimb and a leg from a hindlimb? Is there
any difference between the experimental and control limb? Are there differences between grafts
from two and three day donors? What do we mean when we say tha the limb develops
autonomoudy?

If you have a successful limb graft, you may want to fix, dear and dan it usng a cartilage-
gpecific sain (dcian blue). Protocol is at the end of this section.

Clearing and Staining to Visualize Skeletal Elements
Rapid Method with Alcian Green

1. Fxembryosin 10 formain or 4% PFA. o/n a 4 degrees, or minimum of 6 hours at
RT.

Rinsein PBS, 2 x 5 minutes

5% trichloroacetic acid- 3hr.s

Wash in dH20

70% EtOH 10 minutes

70% acid EtOH 10 minutes (Iml HCI/100 mls EtOH)
0.1% Alcian Green 2GX in Acid EtOH. 3 hr.s

70% acid EtOH O/N

. 70% EtOH 10 minutes

10. Abs. EtOH 30. min. x 2

11. Methyl Sdicylatein GLASS

WoNOIO~WN



Céll Death and Digit Formation

This lab procedure should dlow you to examine aress of cdl death in developing hind limbs.
Programmed cell death causes the disappearance of the inter-digita tissue (webbing between the
toes) so that each digit becomes separate from the others. Thisis a quick experiment.

1.

2.
3.

oA

Start with 5 day old eggs. Y ou should aso try older embryos (6-7 days) which have more
developed limbs.

Window the egg. Make your window fairly large.

Make alarge hole in the vitdline membrane and a smdler hole in the amnion. Y ou must

do this so that the stain can reach the embryo. Tear these membranes carefully so that you
don't damage the embryo.

Add one drop of thevital dye Trypan Blue (0.4%) to the embryo.

Wait 2-3 min until you can see thet the embryo is taking up the stain.

Continue dowly adding stain, one drop at atime, until descret areas are visable, theser are
the areas of cdll degth.

6.
7.

Record the resultsin your notebook or capture images on video.
Discard the egg and embryo once you are done.

Transplantsand Surgical Ablations:

The following experiments will give you some basc experience with micro-surgery in chicks.
Usng spin-offs of this technique you may want to design other experiments. The following
questions may help give you some idess:

agrwdPE

Are plansfor wings and leg established at the same time?

Arethe limb axes established at the time of grafting?

Can the graft regulate for missing pieces of the limb bud at this early stage?
Can other tissues be grafted?

Can a chick regenerate a limb, somites?

HINTS: (These are even more chalenging surgeries,

Switch afordimb bud and hindlimb bud.
Remove alimb bud, flip it over and greft it back to the same locetion.

Remove aportion of alimb bud being used in a graft.

Graft other tissues like eyes (2 days), posterior portion (2 days), dorsa tissue makes a good skin
graft (5-6 days) for CAMS, bone (3-4 days)



An interegting set of experiments can be done to examine the function of the apical epidermal
ridge (AER).

"The apicd epidermd ridge runs dong the digd margin of the limb bud and will become a
mgor dgnding center for the developing limb. Its roles indude 1) mantaning the mesoderm
benesth it in a pladtic, proliferating phase that enables the linear (proximaldista) growth of the
limb 2) mantaning the expresson of those molecules that generate the anterior-posterior
(thumb-pinky) axis and 3) interacting with the proteins specifying the anterior-posterior and
dorsal-ventrd axes s0 that each cdl is given the indructions on how to differentiate”” -from
Gilbert, Developmentd Biology

It is possble to gently tear the AER off of a limb bud. The use of trypsin makes tissue remova
esser.

What happens to limb development if the AER is removed?

FGFs can rescue the development of limbs after the AER is removed. Try bead implants to
demondrate this.

If you get redly good a removing the AER, try performing the surgery on embryos of different
stages (best to use stages 18-21 or 70-84 hrs). Be sure to perform appropriate controls. As before
with other surgeries, tape, labd and return eggs to the incubators.



