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ABSTRACT.

| A rececsivenlethal'mutatioq P (prematurc death), which
arreéts development at stage 37 in the Mexican axolotl, ﬁas
gtudied through the use of embryologlcal manlpulations. These
consisted of parabiosis, telobiosis, ectopic and r901procal

gill tranSplants'and ectopic l;mb and eye transplants. Both
carabiosic and telobiosis failed to reécue the mutant.embryo.
‘Mutant gill transplaﬁts also failed to develop on normal eﬁbryosl
However, mutant 1limbs and eyes can develop on normal embfyos.
This indicates'that the p mutation is not an autonomous'Celi'
1ethal_mutation; as previo&ély reported but an organ or tissue _

specific mutation. y

L
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INTRODUCTION

The Mexican axolotl (Ambiatom; mexicanum} has proven to
be an excellent experimental animal for the purpose of genetic
studies. The ease with which eggs can De obtaiﬁed, and their
large size, facilitates embryological manipulations. There are
over 30 known mutant genes which affect development f?om 6ogé-
nesis to maturity (Humphrey, 19?5). These genes have been grou-

ped in filve categories according to the manner in which they
are expressed (Briggs, 1973, Malancinski & Brothers. 1974) .,

The first group are known as the maternal effect genes.
Theée produce defécts in the egg cytoplasm, ahd.are powerful
tools for the study of 1nteractions. during development, be-
tween the egg cytoplasm and the nuclei, The best studied of
this group is-the ova deflclent mutant (¢). Female axolotls
" homozygous for the o gene produce eggs that are arregted at
" gagtrulation (Humphrey, 1966), These eggs.can be corrected by
injecting plasm from ncrmal bocytes or ‘eggs (Briges & Cassens,
1966), The presence of the ot substance. produced durlng
Bogenesis in the egg cytoplasm, is essential for normal acti-
vation, during blastula, of the nuclear genes requiyed for
gasfrulationiand organogenesis (Brothers, 1976).

The second group of genes involved with early develop-
ment are the nucleolar mutants. All three genes in this group
act to reduce the size of the nucleolus. The molecular basis

for the smaller size is unknown, but thls group may prove use-

ful for the study of nucleolar function (Carroll, 1972).

)



. The third group involves'organogenesis and produces de-

' fects affecting a specific organ or tissue. Two of these genes,
@ for eyeless and ¢ for cardiac nonfunction, are particularly
Zuseful in studying induction (Briggs, 1973). The ¢ mutation
exerts its effect on the anterior endoderm, which induces heart
formation (Jacobson, 1960) and not on the mesoderm itself
‘kHumphfey, 1972)., This provides Qﬁ excellent system to inves-
tigqtéﬁthe molecular basis of the spebific inductive interac-
tions. The e mutant on the other hand, shows its effect on the
ihduced tissue, the ectoderm which forms the eye, and not on the
‘inducing component, %he chorda mescderm (Van Deusen, 1971).
Therefore, the competence of the ectﬁderm is in question here.

- Many génes in this group show a wide génge of abnormalities
which often makes it difficult to pinpoint their exact action.
In the case of+the ¢ lethal the most obvicus abnormality is the
pear shape of the body. This sh?pe is dwg to.the'aceumulation
of fluids resulting from renal nonfunction, which in ﬁurn is
linked to the lack of circulatiop_caused by the non-functioning
heart {Humphrey, 1972).

The fourth- -group are the genes affecting pigment cell .
;gifferentiati , and/or pattern formed by pigment cells. Wild-
type axolotls have threé types of pigment cells which give them
their mottled dark green color, These pigment cells are mela—
nophores, which produce biack pigment xanthophgfesy.which
produce yellow pigment and iridiophores, which produce iri— \
discent white pigmenfé. The fqyf genes in this category are
white (d), albino (a), melanocid (m) and axanthic (ax)x" The

‘ ) ' i
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‘white axolotl hae reduced numbers of both melanophores and
- xanthophores., The mutation affects the skin and prevents mi-
graticﬁ cr'differentiatlon of the prepigment ‘cells (Dalton,
.1949). The veivefy black appeefaﬁce of the melanoid™is caused
by an increase in melenophores and a decrease 1n.the numcer of
| xanthophpree.' The albino axolotl has a yelfcw appearanc;}and

is defective in melanogenesis. This gene was introduced into

the exolotl from the tiger salamander (Ambystoma tigrinum)’

through a brilliant geries of experlmencs performed by Dr. R.
Humphrey (1967). The axanthic animals lack xanthophores and
iridiophores.. Not only are these mutations benefiéial to the
gtudy of pigmentation_but they also serve as genetic markers.
The last and lar;zsk group of genes control cell Ecnctlon
ehd are known as the autonomous cell lethals, The cell lethals
are defined 'as genes whose lethal effects cannot be corrected
by ﬁerabiosis of mutant embryos to normal ones, or'by'grafting
of mutant tissue to normal embryos (Chuné)& Briggs1;19?5).
The effect of these genes are intrinsic to tﬁe cell in'the '
'sense that they cannot be corrected by being placed in a healthy
.environment. These genes show their ‘effect as early as pre-
hatching or as late as feeding larval stages. The ablllty of
these mutants to differentiate functional cells of many types '
and to develop to advanced embryonic gtages suggests that sub-
stances stored 1n the ege become limiting factors in later de-
'velopment when additional 1nput of these substa es are ;equired
for further growth. An example'of this is the gill letﬁal. ~

~ o S h
recognized by abnormal gills and-slow yolk metabolism, whose
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‘rentiated in the mutant embryos. Only the nervous sysﬁem is

A LT - e S
. - o _

cell membranes show a reduted quacity for binding enzymes
(Tompkizg. 1970). L . ' | ‘ : N4

_*This thesis;@onperné-i%sei} w?th the earliest autono- ‘
mous ceil lethal, the premature dg?th mutéﬁt (p), desqribed'
by Trottler and Armstrong (1977). Morpholpgicélly the‘mu—.
tants cease to grow at stage 3?-anﬁ arelrecognizable by their ‘
lateral curvature and th;{‘ s;mple branched gill rudiments .. o
which frequently develop ;rgﬁall buld at the‘diétai‘end; The
heart beats feebly but there is no eirculation. The blood l
islands remain distincf unt;l death., The mutants can be stimu-
lated t6 move their'tgils féebly, but exhibit no }}ghting re- -
flex or swimmihg movements Mutants can survivé fonyabbut a
week without growth after which time disiniegrationzof the su- ”' N
perficial tissues begins. | _ ’

Histologically, the mgtants show a complex group of ab- .T

normali%ﬁes.- Although the heart appears normal, the cephalic
portions invariably contain a plug of uqdifferentiatedfcells.
The:major veing remain as thin-walled uﬁdifferentiatéd'sinuses
and the blood cells remain in the blood islands., The pharyn-
gea} endoderm only forms closed fingerlike prﬁjections instead
of the normal c;utpocketing which iead to norn'mal gill pouch

formation. The liver remains in a primitive state, the midgut

does not develop and the myotome structure remains less diffe-

free of abnormalities at the light microscopic level.
Many of the observed abnormalities can be attributed to

the lack of circulation, which could be caused by the plug in

-
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the heart, :The other abnormalities are.all gndodé;mally de;
rived (gut, liver and gill pouches) or else endodermally in-
duced (héart and muscles). .Thése observations are the baseé ,
for the hypothesis:that the mutant has a defective endod erm,

If this.hyﬁothesis is, correct, then the mutant phenotypé -
should be éorreéted by either parabiosis or organ transplapts.

Then the p mutant €ould no longer be classified as an autono- -

mous cell lethal and would have to be placed in the tissue

specific category where it would then be useful in the study

of the role of the endoderm in the developﬁent of the embryo.
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Mature females were injected 1ntramuscularly with 86 I. U.‘
' of follicle stimulating hormone and 1ntraper1toneally with 50
I.U. luteinizing hormone +twelve hours prior to mg;ing. Just
beforé mating, males were placeﬁiin an ice bath for 30 minutes,
after which males and females were placed together, ° The resul-
ting_eggf were kept in 100% Holtfreter's saline and incubated
at 10°C untiifthey reached the desired stage. This procedure.’
facilitated the timing of stages and agsured that all embryos
were étrthe same stage.

Operations on the embryos were carried out in sterile
giﬁstlc petri plates, lined with 2% agar (DIFCO), which con-
tained sultable depressions for the embryos. The operations
were performed in calc1um—free gterile 100% Holtfreter's sa-
line and embryos were allowed to dévelop inh sferile 109%
Holtfreter's saline Canaining 400 mg/l.streptomycin and 400
mg/1 Penicillin G, , . &

Parabiosis and.telobiosis were performed according to
the method descfibed by Rugh‘(1962) on- embryos at stages 23-
éh of the Séreckenberg and Jacobson (1975) series, after being
dejellied m@nually using watchmaker's forceps.

G111 transplants were performed on embryos at stages 30-

13 both ectoplc and reciprocal tran3p1ants were done by the
method of Rugh (1962). ' |

Ectopic limb transplants were performed at stages 33-34
as previously described by Slack (1977). Eye transplants were

also performed at this stage.
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Materials: ) . S

Follicle-stimulating hormone was obtained from Burns
Veterinary Supply (Hamilton, Ont. ) Luteinizing hormone was
‘purchased from Schwartz/Mann.(Orangeburg. N.Y.). Penicillin G,
. streptomycin gnd MS 222 were from the Sigma Chemical Co.

(St. Louis, Mo.). |

-y
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RESULTS

Parabiosis as reported by Trottier and Armstrong (1977)
had proven unsuccessful and the mutant invariably caused the
death of the normal twin. Howevef. the number of parabiosis
of the desired combination was limited (four) so more operé-
tions were ﬁerf;rméd. All of the parabictic combinations of
normal to mutant that were obtaine@ showed the same characte-
rlstlcs as previously described, The normal half of the pair
developed well until they lost their red blood cells to the
mutant and thus both animals died. A common circulation was
never established and it appeared as though the cells were
trapped in the mutant's blood islands which remained distinct.
Dr. R. Humphrey suggested that the proximity of the mutant
blood -islands caused the red blood cells of the normal twin.
to be trapped. Teloblosis were performed in the hope of over-
coming this problem, but all combinations of normal to mutant
exhibited-the same characteristics as the parabibtic twins.

.Table I ahqws thé total ﬁumber.of operations performed
and the number of normal and mutant combinations. The percen-
tage of normal to mutant for these experiments, is 21 which is
within the range predicted for a Mendelian recessive trait
(p-= .25). This rules out the possib%lity that some of the
mutants were phenotypically normal as a result of fusion with

a normal embryo.
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Gill transplants:

The gill transplants included the endodefm of the pharyhxh
as well aé the overlying ectoderm and mesoderm., Both donor
and recipient animals were maintained in the same petri plate
and exgmined daily to note the progress of the transplants. An
ectopic trgnsplant of normal gill tissue to a mutant recipient
gave the startling résﬁlt of the normal gill developing to a
further stage than the mutant gill (Fig. 1), The normal gill

—

—_—

almost reached hatching stage while the mutant embryo was still
at stage 36, There was no circulation in the gill and the

animal soon disintegrated after this photo was taken., To

',show that the site of the normal gill was not the contributiné

factor to the gill's success, reciprocal transplants were
performed on non-sibs. Again the normal gill develops better
on the mutant embryo than.does the mutant's own-gill (Fig. 2b),
The mutant gill on the other hand does not develop on the nor-
mal embryo (Fig. 2a); the normal embryo has reached stage ko
while the mutant gill is still at stage 36 and retains the

characteristic bulb at the distal end. A circulation was never -

established in the mutant gill. The mutant gill was absorbed
with time until the normal embryo only had one remaining gill
(Fig- 3) .

Limb and eye transplants)

ince homozygous p mutants die before limb development,

rec¥procal transPlantS'would be futile. Instead the presump-

¥
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Figure 1_. Ectopic gill transplant of normal gill tissue
to the belly region of a p mutant axolotl.
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Figure 2. Ventral view of wild-type (A) and p mutant (B)

axolotls. The left gills were reciprocally transplanted; that
is the left gill of embryo A was placed in the left gill area
of embryo B and the left gill of embryo B was placed in the
left gill area of embryo A.
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Figure 3. Dorsal view of a normal melanoid axolotl approxi-
mately 3 months old whose left gill, which is now absorbed, was

taken from a p mutant.

A
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tive limb. area from a stage 33 embryo from a heterozygoua +/p

mating was ectoplcally transplanted into the flank regioneof

an embryo resulting from a normal mating. The area consisted
of ectoderm and underlying mesoderm. Donor and recipient were
 maintained in the same petri plate and carefully examined., :The
wound resulting from the removal of the tissue healed before
stage 37 at which time donors could be classed as p mutants,
When donord’reached this stage, they were preserved in formalin

and carefully cross-labelled with the recipient, These embryos

~1 -

were indapendantly sconed as to their phenotype.
Grafted limbs of p/p mutants can develop normally on a
nofmal recipient (Fig..ka). Figure 4b shows the mutant who
donated the limb area, %o the embryo in 4a; this embryo shows
all the characteristias of a p mutant and also the bulbs at
the distal- end of the gills. Ectodermal flank tissue fram a
p mutant was also gsuccessfully transplanted onto a normal white
embryo resulting in a white animal with a dark patch of skin
due to the heavily pigmented flank tissue of the g_mutant —~
(Pig. 5). . 5 ' .
Using the same procedure as for limb transplants we have
had success with eye transplants. In this instance the entire
optic vesicle and overlying ectoderm was carefully-reﬁbved
u31ng iridectomy sclssors. A region of ectoderm and mesoderm )
was removed next to the splne ‘and the eye material was careful-}/
1y placed in this depression., The ahimal's recovery was close-

ly monltoéed and a transplanted eye from a p mutant was success-

fully implanted in a melanoid animal. There is no photo of
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‘Figure 4, Ventral view of a wild-type axolotl (A) with™&n
extra'limb on its left side which was donated by the p mutant

in B. ' . ' /
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Figure 5. Normal white embryo sﬁowing'a ;ark patch of skin

behind the left forelimb. This patch of skin originated from'

the flank tissue of a‘heavily pigmented p mutant.
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» thig animal since the darkly pigmented eye is barely visible
against the black background of the melanoid animal.
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DISCUSSION

»

The parabiosis and .feloblosis exﬁeriments confirm the

AN

observations of Trottier and Armastrong (1977), that fusion of
the p mutant to a normal embryo does not alter the p mutant
development. Parablosis, however, does not‘prpvide conclusive
evidence that a mutant is an autonomous cell lethal., In this
instance, parabiosis could have failed for a nﬁmber of réﬁsons,
the most obvious being the lack of circulation in the mutant.
The disappearance of the red blood cells from the normal embryo
is puzzliné. One explanation is that these cells get trapped
by the mutant at the site of joining; dnother is that the
mutant produces a substaﬁce that immobilizes or destroys the red
blood cells. J
- We can éafely.rulé out a toxicwsubstanée as the cause
of death of the mutant, since gill transplants of normal gills
to mutant embryos develop to a furfher gstage than do the mutant
gills, The'fact that the mutant g;lls will not develop in a
normal environment could indieate that the gill itself is
defective., A point to remember here is that the gill pattern
15 not 1aid down in the ectoderm but in the endoderm and that
gills fail to develop after removal of the endoderm (Severinghaus,
i930). In our transplants, endodermal tissue was also trans-
planted, and thus the failurg_gg the mutant gills in the nor-

mal embryo may be related to the incompetence of the ahterior

endoderm, as previously suggested (Trottier & Armstrong, 1977).
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The limb and eye transplants certainly place thig mutant
in the organ or tissue specific eategory. The 1limb is\depen-
dent on the lateral mesoderm and the overlying ectoderm\for

its proper development (Balinsky, 1975). The endoderm hag some

role to play since in endodermless embryo two pair of forel s N
frequently develop (Nieuwkoop, 1946). 1In our case the fore-
limﬁs were normal presumably because of the normal endoderm
present'in'tﬁe recipient embryo.

The eye is induced early in development, by the roof of
the archenteron which acts on the neural plate and.subsequen-
tly on the eye cup rudiment. This structure along with the head
mesoderm induces lens formation. The fact that both the 1limb
anq'the eye are relatively independent of endoderm for normal
differentiation further supports the hypothesis that the ante-
rior endoderm is not functioning properly in p/p embryos. |

A method to further test thls hypothesis would be to
perform reciprocal endoderm traﬁsplants between embryos from
a normal mating and embryos from a mating between two hetero-
zygote adults cérrying p. If the embfyos from the heterozy-
gous mating all develop normally and some of the embryos from
the normal mating develop p characteristics then this would be
conclugive evidence that the endoderm is.at fau}j.

Any ﬁatiﬁg that will produce g/g‘embryos muét be between
heterozyg;;es and only % of the embryos are of the desired
p/p genotype. These do not reveal themselves_until sfage 36

whiéh is at a later stage than most embryological manipulations.

This means that the transplants are performed with normal ani-
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mals in the hope that some will be of the desired,xyfgi that
is normal/mutant combinations, To onrcode this difficulty
one could, by gonadal'transplantation, produce normal axolotls
whose germ cells would be of the p/p genotype. This way all
the embryos from a mating between such animals would be of the
p/p genotype thus facilitating embryological experiments, Such
a mating would also permit biochemical studies to be-‘ started
on this mutant; Various regions of the endoderm could also be
tested in the hopes of pinpointing the Iocatipn of the defect.
The possibility also exists that the syndrome may be corrected
through injections of tissue extracts as in the ‘o' mutant
(Briges & Justus, 1968), This would then permit the charac-
terisation of the chemical substahce involved,

The discovery'that the p mutant is not an autonomous
cell lethal but a tissue specific defect opens the field to
future research that will undoubtedly expand our knowledge sf

the mechanisms involved in develbpment and differenti

ation
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ABSTRACT

»

Xenopus laevis embryos were analyzed for their lipid

content and composition from fertilization to feeding stages.
Neither the total 1lipld dontent, nor the relative amounts of
the major lipids changed until after hatching. By feeding
gtages the amounts.of phosphatidylcholine (PC), phosphatidyl-
ethanolamine (PE) and sterol ester (SE) had increased twofold,
but the amount of triglyceride per tadpole remained constant,

Prior to hatching, 1k

C-acetate label was incorporated primarily
into the fatty acids of PE.g After hatching, increasing amounts
of label were found in other lipids. The most marked changes
occurred just before the onset of feeding, and pulse-chase
experiments spggest that non-1lipid reserves are mobilized at
this stage for de novo lipid synthesis. We believe that mem-

- brane biogenesis durlng early embryogenesis involves mobiliza-
tion of 1lipid reserves accompanied by some transac&lation of
PE at the inner surface of cell membranes. Synthesis of sterols
and glyceride backbones may begin about hatching, butlthe onset
of most de novo biosynthéais occurs abruptly about 24 hr prior

to the onset of feeding,
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Ligt of common abbreviations:

TLC -

MG
DG
St
TG
SE

Sph

PC
PI
PS
PE

Thin-layer chromatography
Monoglycerides;‘
Diglycerides

Sterol

Triglycerides ¥
Sterol esters
Sphingémyelin
Phosphatidyl_choline
Phosphatidyl inositol
Phosphatidyl serine

Phosphatidyl ethanolamine
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INTRODUGTION -

‘The amphibian egg is characterized by a self-sufficiency‘
with respecfkto metabolic interactions with its environment.
Development in this 'closed system' must depend on rearrange-
ment of stored materials from maternal origins (Cohen, 195%),
The'energf required for development ié supplied by carbohydra-
tes, which are the first engrgy-rich component to be used by
thé dividing egg (Williams, 1965).4§f3pids also constitute an
important energy depot (Wallace, 1963), Beth of tﬁeég{subs-.
tances are found inﬂyoik-platelets, whose ma jor components are
protein (78%), carbohydrate ({Zgiﬁahqllipid (2%). Lipids are f
also present iﬁ fatty yolk, or lipochondria (Holtfreter, 1946),
These are irregularly shaped bodies whose homogenous material is
bounded by a thin protein coat, which is not a trae membrane
(Wischhitier, 1964}.' Lipochondria as such are difficult. struc-
tures to study biochemlcally since thy& remain scattered after
centrifugation and adhere to the heavier yolk platelets.

Studies on the ultra structural changes in the devgloping
‘,egg have shown that the yélk platelets are resorbed in a défi-
‘nite pattern, witb the most actively differentiating regions
losing their yolk platelets first (Karasaki. 1963, Follettsa
Redshaw, 1974). Long structural units become detached from the
crystalline main, body of the yolk.and prodﬁce;fine particles
which subsequently appear to change into a variety.of membra-
nous components, The‘appearahces of these membranous components
coincides\wifh a greatly increased demand for plasma membranes

required for rapid cellular multiplication.

o«
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'Morrill and ‘Kostellow (1964) have studied the lipid gra-
dients which exist at blastula stage in thg amphibian embryo.
They separated the ectodernm, en@oderm, and mesoderm and measu-
red the amount of lipid and phospholipid in each germ layer,
They found that there exists a phospholipid gradient going from
ectodefm. to mesoderm, to doderm, and a concurrent nagaf&ve
gradient for the neutréijiipids. Therefore, the cells with the
highest metabolic activity have the lowest phospholipid content
and the hlghest amount of neutral lipid. The phosphollpld gra-
dient lelows thé same pattern as the yolk platelet gradient.«

Studies on the lipid content in amphifian embryos (Bufo
arenarum$¥ensel) reveal that there is no change in the lipid
content as embryos develop (Kutsky, 1950). There is also no
change in the phospholipid content, or the individual fatty
acids associated with them, from oocyte.to neurula (Barassi &
Bazan, 1974 a). The two phospholipids studied, phosphatidyl
choline and ethanolamine, remain unaltered from oocyte to gill
clrculatlon (Barassi & Bazan, 1974 b). This is a surpr131ng
result, since, from ooGyte to later stages, phospholipids are .-
in great demand for mémbrane formation.

When oocytes are prelabelled with pI2 (by injecting P32'
into females along gith pituitary extracts) there ié an ihcrease
in the gpecific acfivity of- the P32 in phospholipids and a
decreasé in the acid soluble pool.(Crupkin et al, 1973; Pechen
& Barassi, 1974), This increase could indicate de ggggfsy;-

. thesis of phospholipids, or inoreased turnover of the phospho-

rylated moiety. Since the phospholipid content of the embryo

I
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does not change, ég novo b;osynthesis seems unlikely. The -
turnover theory sees the phospholipids arriviﬂg at the.nascent
membrane site, being dephosphorylated to facilitate entry infq .
the membrane and then being rephosphorylated from fhe labelled
pool, This line of reéearch uses the embryonic development
period as a model for fhe study of membrane biogenesis, |

Amphibian-embryos also incorporate et acetate into 1lipids,
with the greatest iabelling,into t;iglycerides, phosphatidyl -
choline and ethanolamine (Miceii & Brenner, 1976). Tﬁe incor-
porétipn }ntb lipids is very small (2% of the total uptake) and
one can dispute whether this truly reflects de rovo synthesis
of lipids. It was alsd shown that_piu-glycerol is not.incor-
porated‘;gmgixg or in vitro in developing embryos..and that.pre-
labelied oocytes show no change in specific activity.of the. -
Ciu-glycéroi_in lipids during developmentv(Eecﬁéﬂf& Bézan, 1977).
This seems to rule out de novo biosynthesis of lipidé{at least
;ntil the gill circulation stage and further supporté\the hypo-
thesis that lipid biosynthesis occurs duriﬁg oogenesié,_and
that these lipidé are stored in yolk and are tranSporte& to-
membrané sites when needed.

| The constanéy of phpsphoLipid composition and conteﬁt

duriné develoﬁment may be easiep to understand if one views
phospholipids, not as macromolecules themselves, but as consi
tituents of macromolecules, as are amino aéids} nucleotides or
sugars. Therefore, the phospholipids thémselves do not change
but they are utilized as 'bulldlng blocks' for multlmolecular

structures and it is these that change as yolk is utilized to.
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make embryonic membranes (Pasternak, 19%?).

The radioisotope studies mentioned above have either dealt
wifh prelabelled embryos, cell-free homogenates or else very
short radioactive puléé period. All of these approaches have
inherent drawbacks; Prelabelling embryos is akin to running
ﬁdlse-chase experiments wher§§the pul;e period .is restricted to
the oocyte: the’preﬁarﬁtion of a cell-free homogenate is an
extremely disruptive process and the short radioactive pulses
invariably incorporate too little radioactivity into lipids to
be of much use. To overcome these drawbacks we'decided on a
longer pulse of twe%ve hoﬁrs, hoping‘that this would'permit
gsufficient label to enter the embryo and to be iﬁcorporated into
~ lipids so tﬁat individual lipids could be examined., By using
sequential twelve hour pulses, a more complete picture could
_be formulated of the lipids at various stages. RBecause little
was: known about the lipid composition-ang content of Xenopus
laevis from oocyfé to hatching, preliqinafy studies:qsre neces-

sary to measure these parameters. - .

\

\ Y,
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©.  MATERTALS
Animals:

Mature Xenopus were dptained from C.W. Fletcher (Hamps-
tead, Maryland) and The Amphibian Facility, University of Mi;
chigan (Ann Arbor) and maintained in accordance with the .prin-
éipieé of Care of Experimental Animals - A Guide for Canada
Epublished by the Canadian Council on Animal Care).

Spawning‘was indﬁced, iqrmature Xenopusg, by injec@ing both
males and females with 150 I.U, 6horionic gonadotropin %n the
dokggl lymph sac 24 hours priorto mating. Just before being
placed fogether. the females were reinjected with 500 I.U. cho-
. rionic gonadotropin., The females:began to lay egegs 12-18 hours
after being placed together with males. The eggs wer® staged
according to staging tables of Nfewkoop-and Faber (1956), A
brief description_of'stages referred to in the text is given in
Appendix IITI.

Jelly layers were removed chemically with a solution of
1.75 gr. Cysteine and 0.6'gr. TRIS in 50 mls water, pH adjusted’
to 7.8. Eggs were then rinsed in 10% modified Holtfreters.
saline (Trottier & Armstrong, 1975).

Lig;d extraction and'identification:

Liplds were extracted froﬁ:a known number of embryos
(usually 50) according to the procedure descrgbed by Kateg
(1972) for cell fractions, biood‘cells and pla;ma. Dry weight,
for totq; lipids, was determined as described by Kates (1972):

-]
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dry weight for individual ;ipid classes was determined using a !
dichromate oxidation procedure—(Dittmer & Wells, 1969).' Total .
phosphorous was measufed by the modified pigroprocedure (Katp?,
1972), Lipids were separatefi by TLC on silica gel H (Merck)
éndlon silica gel-0 prepared platgs'(Ahalabs). TLC plates were
sprayed with 50% sulfufic acid or exposed to iodine vapours for
nonspecific visualization. Dittmer-Lester reégent (Dittmer &
Lester; 1964) was used to detect phosphate, pinhydrin (Skipéﬁl
ét al, 1962)}-was useé to indicate presence of a free amino
group, and Dragendorff reagent (Wagner et al.‘196i) was used to
deteét choline. j
Various solvent s&ségms were employed with the view of
finding a suitable system for routine work (c.f, Appendix 1
and 2). For routine separation of polar iipids, the solvent
system containing chloroform - methanol - acetic acid - water
(75145:1214) was found to be most suitable. Prior to running
the samples in this solvent, the plates were prewashed with ace-
tone - petroleum ether (75%125) to run the neutral lipids to the
top of the plate and this also provides better geparation of
the polar lipids. The neutral liplds were separated by the
method of Freeman and:West (1966) which employs two solvent
systems, The first contains éthyl ether - benzene - ethanol -
acetic aéid (403501210.2) and the\EFcond contains ethyl ether -
hexane (6194). . |
Tdentification of the phospholipids involved chromato~

graphy with standards. Identification was also based on cochro-
matography on paper of the déacylated products of standards

/\

\‘ | A . -
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and unknown phospholipids. After preparation (Kates, 1972),
the_deacylated products were run in phenol-water, 100:38 (v/v).

Spots were detected by treatment with the glycol spray of White

_and Freeman (1967}, asmologens of PE, PC and PI were detected

as minor components using mild acid hydrolysis (Dittmer &

Wells, 1969).

Tdentification of fatty acids:

Fatty acid methyl esters were prepared according to Kates
(1964). Samples were analysed in a Hewlett Packard model 402
gas- 1iqu1d chromatograph equipped with a flame ionization detec-
tor, The fatty acids were identified by comparison of reten-
tion-times relative to palmitate with thoé; obtained for stan-
dards, as well as published values (Kates, 1972), Most analy-
ses were done on columns packed wlth t0% butanediol succinate
on Chromosorb W (Chromatographic Specialtles, Brockville, Onta-
rio) and run at 180°C. As an aid to the identification of the
E;;ty acids, many of the samples, were also run on 10% Apieion L
on Chromosorb W at 190°C. wé}ght percentages were computated

according to the peak height times retention time method.

Radiocactive labelling:

The embryos were 1abelled with élu—acetate. Fifty-five

embryos were incubated for-12 hours at room temperéture in 10

' mle media D (Hampel et al, 1975) adjusted to pH 7.2 and 10uC

clusodium acetate. After incubation, the embryos were rinsed

in cold water. Five embryos were digested'using 1 ml tissue éﬁ

-
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solubilizer (NCS). Lipids were -extracted from the remaining
embryos, Radioactivity was ‘counted in a Beckman liquid scin-
- ¢illation countef using Biofluor'as the cocktail for the lipid
samples, and Econofluor for the digested samples, All values
were correc%ed for backgroﬁnd and counting efficiency. Known:
aliquots of lipid extract were applied to TLC plates and run
in neutral and polar solvents. Each lipid spot was identified
using iodine vapour and then scraped into vials and counted.
Any radioactivity not associated with 1lipid spots was checked
by autdradiography. The recovery.of activityphhing this pro-
cedure was greater than 80%. g |

Chemicals:
) ' ¢

Chorionic gonadotropin and lipid standards were obtained
from the Sigma Ch%pical Co., (St-Louis, Mo.). Silica gel-0
' 14

plates, Biofluor, Econofluor and G -acetic acid sodium
salt (56 mCi/mmol) were purchased from New England Nuclear
(Boston, Mass.).
: . e . .

Tachnical grade chloroform was redistilled before use.
Methanol was spectro analysed grade from Can-Lab, All other
chemlcals use@ were reagent grade,

Autoradiograms were done using Kodak Medical Blue-Brand
film and developed with Kodak Developper and Fixer puréhased

from Pickq; Nuclear (Ottawa, Ont.).
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Lipid content:

Total dry-weight determinations of the embryos at various
stages are reported in Table I. Variation in the lipid content
of eggs from different females was glight and there was no sig-
nificant change in the total amount of lipid from fertilization
to hatching. The total lipid samples were also analysed for
phosphorous content; Values ranged from 1,0 to 1.5‘pg/egg
(average 1.27 ¥ o.29 pg) and again no trend was apparent. The
amount of individual lipids was determined by the dichromate
oxidation procedure of Freeman and'Wegt (1966) using separate
standard curves for polar and neutral lipids. This procedure
was used to_quantitate the major lipid components, that is, PC,
PE, SE, TG, but lacked the _‘nec.ess‘ary sensitivity for the minor
lipids. ®he results showed no change in fhe amount of PC, PE,
TGg» SE up to hatching. However, just priqr to feeding, at
gtages 40-41, there is a marked increase in the amount of PC,
PE.and sterol esters with no change in the triglyceride levels
(Table II}). . Analysis of the fattf.acid compogition of the total
lipids also revealed no change during development (Table III).
The most common long-chain fatty acids were found to be the

polyunsaturéted linoleic (18:2) and arachidonic (20:4) acids,

Clh

-acetate labelling:

A preliminary experiment wae done to see if cold acetate

would increase the efficlency of uptake of labelled acetate.
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The results indicate (Table IV) that the addition of cold car-
rier decreases the uptake of labelled acetate. Autoradiograms
of the separated lipids on TLC plates also verified this trend.

SequeTQ}al labelling of the embryos from early cleavage
to stage 41 consisted of 12 hour pulses, The total incorpora-
tion into embryos, lipids afid fatty acids was measured; from >
these percent incorporation of label into lipid as compared to kﬁ
total uptake.by embryos was baléﬁlated. In the ééme manner per- ,
cent incorporation into fatty acids as compared to total uptake
by lipids was also calculated} The data is presented-in Figure
1. Percent incorporation 1nto lipids ranges from 3.9 to 12,1, .

- Thespercent incorporation of the fatty acids shows a decline
from 88 to 48 percent as development proceeds.
The incorporation into differerit 1ipid qfasses was also
meaéured by separating the lipids on TLC pla- s and then coun-
“ting-the radiocactivity in each 1%pid spot. The lipld profiles
are presented in Table V in the form of percent incorpdfation
inte individual 1lipld classes as compared to the to£a1 lipid.
The neutral lipids show a steady rise from 7.4 percent to 23.3
percgnt up to hatching after which there is a sudden drop down
to 10,8 perc;nt followed by a steady rise up to 25,6 percent.
Most of ﬁhe radiocactivity (72.2 percent in early stages) is ;
found in the PE fraction, This value drops to 18,7 percent by
stage 41 having taken a.sudden drop at stage 40, The other
phospholipids show a sfeady increase.

| The incorporation of labelled material has been reported
to be stimulated by the presence of intact jelly coats (Hampel

-
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TABLE IV .
Effect of cold acetate on the_uf)take of Clu-
acetate by X. laevis embryos. Embryos were
pulsed for 12 hours with 1 uC/50 embryos,
Cold acetate (M) D.P.M, (50 embryos)
0 T, 52,599
1072 - 50,287 ;
10~% 25,155
10™3 9,577
1072 | 108
\ 0
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, Figure 1. Labelling of intact X. laevis embryos.
Incorporation into lipid& and fatty ‘acids following a

12 ‘hour Ci_l"-acetate p’ulsé. The results are presented as per-

cent incorporation into the lipid fraction as compared to the .

total uptake and the percent incorporation ‘into the fatty aclds

of these lipids, The stages méntic.)ned' repr_'esent 'ﬁhe stage at

the end of, the pulse period.

® fatty acids
o 1lipids

I - standard error

L IX - range
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et al, 1975).. The previous experiments were performed w;th
intact jelly coats which remained on the embryos during the
homogeoization procedure. Sevepal experiments were performed
to test.for possible uptake by “the jelly coat, and the stimula- -
tion of uptake provided by the jelly coat. When embrﬁos are
- pulsed for 12 hours without the protective jelly coat, they in-
corporate an order f magnitude less label than the intact
emﬁ%yos. The pr /119 of uptake is presented in Table VI and is
not much different from the profile with intact jelly coats,
except for the sudden rise, during the.stage 16-26,interval, of
iocorporation into lipid. This.rise could have been masked Dby
the jelly in the brevious experiment., ‘To test the action of the

jelly, Jelly coats alone were incubated with Clu

-acetate.
Though there was some incorporation of rad:oactiv1ty into 1lipid
associated with the jelly, when these 1lipids were separat

a TLC plate the pattern of labelllng was not that of the pre-
vious'experimenxs with intact embryos. Most of the ¥abel was

found at the origin (34%) or at the solvent front (57%).

.Pulse-chase experiments: - ' v

ulse-chaae experlments consis&ﬁﬂ of a 12 hour pulse for

all ‘embryos in a given rum, then these were rinsed and 55

embryos were taken for sampling every 12 hours (c.f., Methods)}.

qu?e loss of activity as compared to the\original pulsg-(time 0)
was measured for stages from gastruia to hatching, since the

* pulse period’was from'earlﬁ cleavage stages xo‘gastrula. Post-

hatching -stages were not measured since once.the smbryos hatched



47

" SUOT4BUTWLIS}OD OM] JO SUBBY

sgprdrT £q @ye3dn TeBjO03} JO uotjBIcdIOOUT 3JUDAIJ

.mohnDEm.hp ayeydn -T8303 JO :oa#w&onﬁoocﬂ_vamohom

spotasd asTnd ﬁmw 3O pus 3yj3 3B 9%

*

Blg ayj J0JF 9a8 pejfroded senTeA

4

-

c8se10 pTdT

uo§38I0dIOOUT %

ga381 g

- 9°62 1°8 0'61 £°'#1 1°02 149 0°9 He - 92
g€ 0'€ 14 8'¢t g2l 8" 04 0*9¢ ©9¥T- 9T
2'98 401 0°*¢ T4 0'4 2°%9 0°11 81 - 0T

1 9°0€ €€ 1S 4°9 8" 071 25§ 5 84 0T = #

qJd Sd+I1d od oL Texgnsy mvﬁom A3384 wanﬁq ﬁomﬁmm sutanp

— %

8983808~ _0H Y3Th sanoy 2T J07F pesnd

41

mohppsm patTrefep Jo e1tyox

~
)
1

/

|

IA HIEVL

-

d vanﬂﬁ pue uxessed :oaPmaoghoocH



“hL8-
from their jelly coats, the'radioac#ivity of post-hatching em-
bryos increased over the level of pre-hatching embryos; this
could be due to the ingestion of radicactive label associated
wifh the jelly coat, which gets released upon hatching. The
results show (Figgre‘z) that little radiocactivity is lost until
the time of hatching at which time a drastic drop occurs. The
fatty acidé show an increase until.hatéhing when the level of
radiocactivity drops. The lipid profile, given in Table VIIi,
shows an increase in the PI and PS fraction at stages 33 to 36
and a decrease in PE at these stages. k\\\

A similar experiment was run on embryos without their pro-
tective jelly coats and these were followed to post-ﬁatching
stages. The results in Figure 3 show a sudden drop in label as
soon as the chase period begins and then the label remains stéa-
dy until stage'ho at which time the lipid fraction contains more
label %han during the pulse period. The level of  incorporation
was too low to pefhl lipid profile to be done. '

‘ wygn embryoé are pulsed for 12 hours at the time of hat-
ching, and then allowed to develop without label for 4 days,
the label in the lipid fraction shows a significant increase
at atage 41 (Figure 4) followed by a decline to stage 46 and
then a gradualkéise until stage 48, The lipid profile remains
steady except for a high percentage of label (274) in the ste-
épl fraction of stage 46 embryos (Table VIII).

«When the embryos are pulsed and fed slmultaneously and
then allowed to develop without label for 48 hours, the radio-
act1v1tg\in the embryos remgine¢ gtable after tbe initial 1039

——— | - /’]-
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F’il;__:;ure 2. Pulse-chase of &tact x.‘ laevis embryos,

Twelve hour 014-acetate pulse at gastrula fé)llowed by
36 hours chase (until hateching). Results are shown as percent
activity of the embryos, lipids and fatty acid fractions, “iaking
time 0 to be 100%. '

FA 4 a‘t\ty acids
O 1lipids 3
O embryos |
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Figure 3. Pulse-chase of dejellied X, laevis embryos.
Twelve hour c¥_acetate pulse at gastrula followed by

60 hours chase. Results are shown as percent actiwity taking

time 0 to be 100%.

gelts
A fatty aclds
O 1lipids
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Figure L, Pulse-chagse of hatched X. laevis embryos.
pwelve hour Gl Y-acetate pulse at,hatching followed by
96 hours chase period. The results are presented as percent

activity taking time 0 to be 100%. .

A fatty acids
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'while that in the 1ipid fraction steadily declined.. The lipid

profile remamed esaentially the same throughout the experiment

(Table Ix). I o

-
N _

o
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DISCUSSION

Our results fof the quantitative analysis agree with other'
authors (Kutsky 1950, Baragsi & Bazan, 1974 a, b, Micell &
Brenner. 1976) in that there ie no change in.the lipid content
or profile from fertilization to hatching, The first evidence
of increases in the amount of certain lipids -is at stage ho-hl,‘
which is just prior to feeding. PC increases from 30 pé/egg to
63‘pé/egg.‘PE from 14 pg/egg to 28 pg/egg and sterol esters from
13‘pg/egg to 25‘pg/egg. There was no change in the amount of
triglycerides. The lack of ‘biosynthesis of phosphollpids before
hatching is puzzling since there is a great need, at this time,
fbn phospholipids for membrane formation., This would indicate
that the egg already posgesses all the lipids for development.
YolKk has been lmpllcated as. the major storage site of phospho-
lipids (Karasaki, *1963, Follett&Redshaw 19?4) for membrano-
genesis. ‘

However, Miceli and Brenner (19?6) have shown in an in
vifro experiment, that paimiticracid is elongated to stearic
acid 4in embryo homogendtes. In vivo, they havelalso shown that_
both de novo synthesis of fatty acids and desaturafion to form i
myristoleic , palmltolelc and oleic acids occurs in Bufo arena-
rum Hensel embryos, In oocytes they found that 26 9% of the
1ebe1 was incorporated into unsaturated fatty acids, whereas
at gastrulation' 52.6% of the label was found in the unsaturated
fatty acids., Thus in the early.stages of embryogenesis there
ig inereased labelling of unse’EFated fatty acidsx Further
work by Pechen D' Angelo(é§f215(197?) hag shown that PE is the
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most highly unsaturated lipid, at ~60% unsaturation, as com-
pared to 55% for PC and 25% for both PI and PS.
- When the embryo is labelled with Clu-acetate. it is presu-
‘med that the acetate goes to acetyl~CoA and is incorporated into
fatty acids. The de novo synthesis of saturated fatty acids
occurs in the soluble fraction of the cytoplasm b§ a'group of:
-seyen‘enzymes. the fatty acid synthetase complex. Acetyl CocA
gerves as a primer for the successive additions of acetyl resi-
dues from malonyl CoA. The normal end-préduct of these reac-

tions is the saturated palmitic acld/wh’éh can be elongated and

unsé%urated in the mltochondrla or in the endoplasmlc reticulum

(iitLehn?nger. 19?2}. ’ - : \ .&mf: : -~

-
These fatty 301ds can then be 1ncorporated into phosphatlc

r

~acid which is flrst conVerted into 1,2-diacylglycerocl, and then
‘. o

*in tgrn itilized in the formatioh of phospho;ipids; Acetyl CoA
is. involvé:d ’in many other pafhﬁays including the tricarboxylic
acid‘cycle, ketone synthesis and cholesterol synthesis: thus |
oW acetate is a fairly non-specific label.

Bréwn (1967) has -suggested that the enhanéement of label-
ling seen when embryos remain intact,  with their jelly coats,
is due to bacterial contamination which readily picks up the
label, However, Hampel et al (1975) has shown that this is
not the case since ribosome profiles with intact labelled em- _
bryos shows that the ribosomal proteins are eukaryotic and not
prokaryotic, Other ﬁorkers have also shown that the intact
X. laevis embryos are capable of taking up and incorporating

amino acids and nucleoslides and that the uptake and retention

-

4
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is dependent upon the presence of the jelly coat (Knutson &

Y

Prahlad, 1971, Robinson et al, 1972). The present work shows

a similar enhancement of uptake with jelly coats. Rowever, if
eggs are labelled intact and dejellied just prior to snalyses,
then the level of labelling is gimilar to embryos which have
been labelled withqut their jelly coats. Thig suggests that
ths jelly itself incopporates 1abel. Tests show that this is
true:buf.that the'profile of uptake of the lipids ‘is not that

of intact embryos. A clue.to the role of the jelly has been

provided by recent work in our lab (Mieke Mes, personnal com-

munication) which shows that when embryos are labelled intact

"and ‘then dejellied either manually or chemically, and the

lipids anafysed. there is twice as much label in the manually
dejellied eggs as in the chemically dejellied eggs. Cﬁemicsl
dejellying is quite a drastic procedure that .exposes the egg
gurface to harsh treatment as opposed to manual dejellying.

Thus it appears that the jellg\may gomehow help to retain the

{ncorporated label. If thls is true then the jelly has a far

more important role than one of -a physical barrier to disease
and injury{// ‘ | -

Our results with a Clu-acetéte pulse labelling shows that
iﬁcorporation int jds was steady at about 10%. The most
notable feature of pulse labelling experiment 15 that PE,

which is not the jor phospholipid has Yhe hlghest label

. associated with-it. Does this incorporatioR of C u-acetate

reflect de novo synthesis or chain elongation'of fatty acids?

- If the acetyl-ciu-CoA supplies all the carbon atoms, then the
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label will be alternately distributed throughout the fatty
acid chain of the product formed by the de novo synthesis,

whereas if elongation is eccurjng then the label would be asym-

”

—

metrically distributed in the fatty acid chain with the label
concentrated at the carboxyl end. This would provide a means
of verifying whether we are incorporating label by de novo syn-
thesis or by elongation. '

The percentage of label,in'fatty acids is 80-90 up to
hatching and declines after this time to 44, The distributibn
of label within.the fatty acid chain has not been determined,
The decline in fatty acid labelling after hatching could be
due to an increase in synthesis of non-saponifiables, Evidence
for this is the increase in labelliné of sterols from 2% before
hatching to 4-5% after hatching., Although sterols cannot total-
ly explain the decrease in fatty acid labelling probably other
lipids in the same class as sterols are being synthesized.

The high level of unsaturation reported for PE (Pechen
D'Angelo et al, 1977) could explain why it is so highly labelled
in our case. The highest level of PE laﬁelling corfasppnds to
the same stage as the high labelling of unsaturates reported
by Miceli and Brenner (1976). Thus the high labelling of PE
may reflect transacylation necessary to achieve the correcf
degree of unsaturation required for the physico-chemiqgl.attri-
butes of the membranes., If this is the case then one has to
explain’the lack of labelling in PC, which is also highly un-.
saturated, Data obtained by a varlety of methods show that in -
eukaryotic cells the‘choline containing lipids are preferehti-
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ally localized in the outer leaflet of the bilayer and that

PE is also asymetrically distributed with about 70‘to 80% in -
the inner leaflet (Bretcher, 1973, Van Deenaﬁ et al, 1976},
When membrane biogenesig wag studied with ;sotopic lipids, la-
belled fatty acids from fhe cytoplasmic pool were incorporated
mainly into the inner ieaflet (Renobij et al, 1976), It seems
likely that PE, which is in the inner leaflet, is more acces-
‘sible to ?rahqgszlation. and this could partly explain the high
amount of label in PE. -

In the pulse-chase ?xperiment (Fig 3-4) the label in lipid
and fatty acids shows a dramatic increase at stage 40. It may -
seem unusual that the label goes up in a pulse-chase expefiment.
but this is probably due to mobilization of stored material and

-

a shunting of the acetyl CoA towards fatty acids biosynthesis.

The decrease in labelling once feeding begins (Fig. L) probably

N

/

v

reflects}the ingestion of unlabelled precursors which go direc-
tly to 1ipid biosynthesis. The inerease in the next 48 hours
of the chase isidifficult‘to explain but could only reflect
more reserved Qgétate being mobilized,

. The evidence seems fairly strong in support of the;ﬁ}po-
’thesis-that de novo lipid s&nthesis begins just prior to fee- |
“ding at stage 41, The rise in the pulse-chase‘experiments

gsupport this, as do the results of the dichromate e;periment
where there is a marked rise in the amount_of PC, PE and SE.
The lipid profile (Table V) of th? pulse experiment also sup-
ports the fact that some major event is occuring gt,this time,

gince the profile changes drastically at this stage. The pro-
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file at stage 40 and 41 is similar, although not identical, to

the profile on Table IX, which should reflect de novo synthesis
since T//Fyos were labelled and fed simultaneously. Thus de
novo synthesis only begins to an appreciable extent some 12- -24
hours'before feeding, The lack of appreciable 1ipid biosynthe-
gis during embryonic development iz eagier to understand if one
views phospholipids not as ﬁ;bromolecules_but as ﬁuilding blocks
for membranogenesis (Pasternak, 1977). As such the lack of

change in these building blocks 1s due to the ample storage
of these in yolk.

L



~-62=

APPENDIX 1

Rp values of polar lipids. in various solvént systems on TLC.

Li}éﬁ\class

Rp values in solvent

2 3 b 5 6 * 7 8
J
Sphingomyelin .17 - .09 - .23 .19 .23 -
Phosphatidyl .
choline .30 - .23 Lok .38 35 .34 .13
Phosphatidyl .
ethanslamine 72 Wb .69 .22 .57 L4646 49
Phosphatidyl
inOSitOl .51 - -54 - .26 .16 - -
Phosphatidyl
serine .51 - - - - - - -
Lysophosphatidyl
choline .11 - - - - - - -
Lysophosphatidyl W22~
ethanolamine - - - - .30 .25 .23 -
Solvent 1 chlproform—methanol-acetic acid-water (75145:112:4)
2 chloroform-methanol-acetic acid-water (80:1318:0,3)
3 chloroform-methanol-acetic acid-wate 65:143:143)
" L echloroform-methanol-acetic acid-water (80%W26:14:0.3)
5 chloroform-methanol-water (65125:4) :
6 chloroform-methanol-ammonia (70:3015)
7 chloroform-methanol-ammonia (65:2515)
8 chloroform-methanol-ammonia (60315012,5)

.



-63-

APPENDIX 2

Rp values of neutral lipid classes
in various solvent systems on TLC

.

Rp value in solvent

Lipid class 1 2 3 k 5 6
Monoglycerides . ‘ ' .16
Diglycerides 31 .10,.21 ' 5 52 *
Triglycerides .6? l.5? A7 27 W7k .70
Sterols a5 .20 A5, .09 - Ao 41
Sterol esters .84 - 7 .90 .80 .81

'Solvent 1 Petroleum ether-diethyl ether-ammonium (75125:1)
Heptane-isopfopyl ether-acetic acid (60:140:k)
F I Hexané-diethyl ether-acetic acid (80:20:1)

Petroleum ehter-ethyl ether-acetic acid (90:10:11)

L TR = U% B

Isopropyl efher-acetic acid (96i14#) then .
.Petroleum ether-ethyl ether-acetic acid (90:10:1)

6 Ethyl ether-benzene-ethanol-acetic acid (40:501210.2)
then ethyl ether-hexane (6:94)

L

et . o i e o
P -
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APPENDIX 3

Brief description of stages commonly refer;;Ehza\;n the text
(drawn from the staging tables of Niewkoop and Faber (1956)).,

Stage number Length (mm) . _ External Criteria
L 1.4’¢ 1.5 four-cell egg ‘
~ 10 1.4 - 1.5 early yolk-plug
15 1.5 - 1,6 early neural fold
17 1.5 = 1.6 late neural fold
25 ‘2.8 - 3,0 ‘ beginnipg of fin fofmation
27 | 3.4 - 3,7 - fin translucent except for re-
gion behind anus
33/34 h,7 - 5;3 beginning of heartbeat
35/36 5.3 - 6,0 hatching
37/38 5.6 = 6.2 gill_;udiments nipple shaped
39 5,9 = 6.5 outliﬁe of proctodeum and ta&l
myotome forming angle at 135
4o : 6,3 - 6,8 mouth Psoksn through
1 6.7 = 7.5 gills brogd gnd flat
L2 ' 7.0 = 7.7 beginning of opercular folds
46 -9 - 12 hindlimb bud visible
7 12 - 15 hindlimb bud distinct .
48 14 - 17 forelimb bud visible, gold-

coloured abdomen
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