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ABSTRACT

The ûvary and six developmental stages of Èhe zebrafish,

Brachydanio Lerío, namely: Ëhe cleavage, High Blastula, MÍd-gastrula,

Embryonic-shield (11-12 hour), Optic Cup and Hatching sËages were

analysed by iurnunodiffusion and inununoelectrophoresis with unabsorbed

and absorbed rabbit antisera to six developmental stages.

A total of thirËy tr¿o to thirËy four antigens hTas detecLed in

all the stages tested. Twenty three antigens were detected in the

Ovary, twenty four ín Ëhe Cleavage stage, twenty síx in the High

Blastula and Mid-gastrula stages, twenty fíve in the Embryonic-

shield and optic cup stages and twenËy troo in the Hatching stage. Al-

Ëogether, tT¡/enty seven anËigens were deLecËed in the prehatching-

sËages. Of these, fourteen rùere conmon to the Hatching stage.

One antigen r^ras unique to the Ovary stage, four new antigens

appeared at the Cleavage sËage, one transient antigen was detected in

Ëhe High Blastula and Mid-gastrula stages and seven antígens firsË

made Ëheir appearance at the Hatchin6S stage.

Only one prehatching-stage antígen was detected with the absorbed

sera. The presenË investígation did not demonstrate any sËage-specífíc

antígens in Ëhe prehaËching stages.



TNTRODUCTION

It is generally believed that the morphology of the embryo is

determined by bof:h structural and functional macromolecules synthesized

as a result of differential gene function, Consequently, a qualitatÍve

and a quantitative determination of the embryonic chemical compositíon

ís of importance Ín the sËudy of development. I^Iith modern Ëechniques

and equipment the detailed chemíca1 composition of cell-s and subcellular

particles has been elucidated.

Transcríption inEo various RNA types ín the early development of

the amphibian and echinoderm embryos has been reviewed by Davidson

(1968). Kafiani (1970) similarly has discussed the Ëranscription process

for Ëhe teleost embryo (loach).

Protein synthesís as reflecting the differential gene activity

in early cievelopmenL at the translatjonal jeve.l has also hecn sfrrdrlgrì"

TwenËy-three prof:eins have been separaËed and identified by enzS'matic

anal-ysis during the course of development of a mollusc Ilyanassa

(Morrí11, L96L; Morrill and Norrís, 1965).

ElectrophoreLic analysis has been used in the study of hydro-

1-yËíc enz)¡mes in embryos of the moliusc Limnaea palustris (Morrill et al.

L964), and in the sËudy of the electrophoreÈica11y mobile phosphatase

band paf:tern of the embryo of the pulmonate snail, Physa acuta (l"forril1-,

L965). Data on Ëhe distribution of lactaËe dehydrogenase isomers in

the embryo of the prosobranch gastropod Argobuccinum oregonense during

blastulation and subsequent differentiation were obtained by Goldberg

and Cather (1963). Protein synthesis prior to organogenesis has also

been reported for the molluscan embryo by Collier (1961) " ?rotein synthesís

ín the development of Xenopus laevís has also been reviewed by Deuchar (L972)
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Sínce macromolecules generall-y are antigenic, the study of antÍgens

of a particular embrlz6nis stage as compared to another, may reveal stage-

specifíc stable or changing antígenic patterns. Immunochemical analysis,

particularly immunodiffusion and immunoelecËrophoresís, are Er^lo very

sensitive Lechniques used for the detection of the antigeníc patterns.

Antigeníc patterns ín embryonic development have been studied by

a number of investigators. The early rvork on the appearance of antigens

and proteins during development has been reviewed by Cooper (Lg46, 1948)

EberË (L952) and Tyler (1955).

Attempts have been made to demonstraEe organ-specificíËy of

antígens in development. Brain specífic antígens have been sËudied in

the chick by Schalekamp (1961), McCallion and Ïangman (L964), McCallíon

and TrotË (T964, 7965); in the hamster by La Velle and Van AlËen (1969);

ín the rat by Sviridov and Polyakova (1969) and in Ëhe teleost by

Ï,aale and Singh (L972).

Other organ antigens in ontogeny, such as: Lens antígens

(Ten Cate and Van Doorenmaalen, 1950; Langman, L959a, Lgsgb; Maisel

and langman, 1.96L; Barabanov, L966a, I966b, L967; Kirzon e.! a], L969),

skin antigens (Ben-Or and 8e11, 1965), nammary gland antigens

(Shchekolodkin, L967), kidney antigens (Okada and Sato, L963,

Lahti and Saxen, L966, Linder, L969), spleen antigens (Maiskií- and

Shchekolodkin, 1967), liver antigens (Croisi1le, L960; Mutolo et al,

L965; RafËell and Perlmann, 1963) and serum albumin antigens (Zaccheo

and Grossi, L967 1 Afanasteva , Lg66; TaÈarinov and Afanasteva., L965,

Tatarinov et al, L967; Monjour and l.fariage, 1969) have been demonsËrated.



In most of Ëhese studies orgân-specific anÈigens have not been

observed prior to the onset of organogenesís and histogenesis. Some

exceptions however can be cited. Schechtman (1948) and Ebert (1950)

demonstrated the presence of adult chick brain, heart and spleen

antigens in the blastoderm. Immunologically reactive groups specifíc

for cardiac myosin have been reporËed tà ¡e restricted to two bílateral

regions of the chick embryo at the head process stage (Ebert, 1953;

Ebert, et al 1955). Singh and Laale (L972) recenrly discovered a

brain specific antígen in the zebrafísh embryo r¡hich occurs as early as

Ëhe cleavage stage"

Antisera against early stages are needed for the analysís of

early stage-antigenic profiles.. Any early embryonic anËigen would be

dírectly or indirectly related to the early ontogenetic mechanism. Many

investigations have been direcËed Ëoward Ëhe elucidation of the early

entigenÍc p3ttcr:ìs in cinbrroníc devel_opment.

Telfer (1954) reported that an antigen in the adult female blood

of Cecropia silkworm is present ín the yolk of the unfertilízed egg.

This antigen l{as not detected in the larvae and the adult males.

Studying sea urchin hybrid embryos, Harding s! a1, (1954) re-

ported that the trpaternalt' ant.igens appear before the morphological

traiËs can be observed.

Perlmann and Gustafson (1948) found conÍnon antigens Lo be present

from the fertílízed eggs to the 48 hour pluteus stage of the sea urchin,

Absorptíon tests also revealed that some anËigens that are present in the

48 howembryo are not detectable in the early sea urchin sËages tesËed

(unfertilized eggsr 4 hour - l-2 hour embryos). None of the anËigens

detectable in the eggs and early embryos appear to be lost in the

pluËeus Larva. By usÍng the Ouchterlony method, Perlmann (1953) reporËed
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that the.exËracts of different developmental stages of the sea urchin

possessed mostly com-mon antigerrs of similar concentration. SubsequenËly

westin, Perlrp¿nn and Perlmann (L967) combining radioisotope tracing

techníques r^rith immunoelectrophoresís shori¡ed that antigens are

synËhesized aL different early developmental stages.

C1-ayton (1953) and Spar (f953) have demonstrated an increasingly

antigenic complexiÈy ír-r the development of the amphibían embryo.

Schechtman (L947) has studied chíck serum-like-antigens in the

egg yolk and in the exËract of embryos at various developmental stages

using antisera againsÈ the euglobulin, pseudoglobulin, albumin fractions

and r,¡hole serum. He also demonstrated that the antigens from th.e

extracts of the early embryos are common to those of the yolk (vitelloid).

Non-vitelloid antígens are first detected ín ttre blood of 5-day chick

embryos (Nace and Schechtman, 1948).

AlÊhough work has been done on the biochemícal differentiation of

ínverËebrate, amphibian and chick embryos wiËh inrnunologícal methods.,

similar ri-nvestigaÈions on Ëhe early development of Ëhe teleost embryos

are rare. ,'r cotrrparative study of the antÍgenic structure of oocytes

and developing embryos of the Brack sea garfish and the sevruga fish

has been made by Apekin (1964, 1965).

The purpose of this investigat.ion r¡ras to study the antigenic

patterns of the early developmental stages of the zebrafish, Brachydanio

rerio and to determine antigenic changes ín the course of developmenE.



MATERIAL AND I'fETHODS

I. Maintenance of fish stock

Adult male and iemale zebrafísh, Brachydanío- r-erio obtaíned

from the Hudson Bay Co. Ltd., tr{ere kept separately at 24oC in dechlor-

inaËed water" A variety of preserved fish foods rrere used to secure

optimal health. The photoperiod was a L4 : 10 hours alternate light-

dark cycle.

II" Collectíon of developmental stages

Tr¿o female and three male adult fish were placed in each of three

spawníng tanks. Eggs were subsequenËIy removed by siphoning. The

eggs were washed on a screen (rnesh-hole diameter slíghtly less than

that of the egg) wíth dechlorinated T¡/ater and r¡íth phosphate buffer

ô^1..+-: ^- /^ 
^t\t -11 

C C. \ /^--^-^JJ-- Tì -. 1 I . 
^^¡.jíi j-ì-i L].Uii (v. v¿ii, Pií \¿ .ú ) (4PPcrfuf^ r, o !ËËù rÌr r(JLÞ uL JU LU JU We.re

transferred into 'Petri-dishes contaíníng buffer and al1or¿ed to ín-

cubaËe at 26oC . Stages according Ëo Hisaoka and Battle (1958) namely:

Cleavage, High Blastula, Mid-gastrula, Embryonic-shíeld (LL-I? hours

of incubation at Z6oC ), Optic Cup and Hatching sEages were collected.

The Cleavage and Hígh Blastula stages r\rere collected on ice to prevent

furËher developmenË. The eggs were subsequently sËored at -25oC . The

ovary stage was obtained by dissectíon of females under precooled

conditions.

III. Irmnunological Techniques

A,. Preparation of Antigens (stage-extracts)

Stage-specific embryos were homogenízed in phosphate buffer

solution at 4oC with a 5-m1 capaeity glass ?oïteïrs homogenizer.



6

Homogenates were centrifugecl at 3000 x g for 30 minutes aÈ -2oC and

the precÍpitate discarded. The protein concentraEíon of the supernatant

antigens of the different sta-ges was deteriníned by the method of Lowry

et al (1951). Antigens \^rer..e stored aE -25oC in alÍquois of 50-75 mícro-

l-itre quantiÈies 
"

B" Injection of anti€lens

Stage-specific supernatants \..rere diluted with phosphate buffer

to 0"5 ml and mixed with an equal vol-urne of complete Freundrs adjuvant

(Difco Laboratories). A, 0"25 m1 of the resultíng antigen adjuvant,

emulsíon r.ras ínjected subcutaneously at each of four positions dorsally.

Three ma1e, nonimmunized New ZeaLand albino rabbits obtained from Ëhe

Canadian Breeding Laboratoríes, Quebec, ü7ere injected for each stage

specific anËigen extracL" Three injections per anímal ¡vere adminístered

uvct á ¡reriod c¡Í 37 days accorciing Ëo che meciroci of Mcúaiiion anci

Trorr (L964)

C. ProducËion of rabbit antisera to zebrafish embryonic stages

Prei.rmnr:ne serum fr:on each rabbit r¿as obtaineci prior to iurnuni-

zaËLon. Ten days after the last injection the rabbiL was bled by

cuËting the marginal eâr vein. The blood was incubated at 36oC for

1-1| hours, refrigerated overnight and cenËrifuged at 3000 x g for 30

mínutes aË Ooc. The supernaËant anËiserum lüas sËored in aliquots

contaíning a concentratíon of 0.1 per cent methiolate as a preservative

agent. Antísera against the same sËage vrere pooled prí-or to testing.

D. Preparation of agarose ge1 an4 applicatíon to slides

Slides r,^rere ï/ashed with soap and rinsed ín running distílled

waËer" The clean slides r.rere drÍed in an oven aË 66oC. A solution of
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0.3 per cent agarr/as prepared r¿ith distilled \'Iate,r on a boiling rvaLer

bath, The slides þ'erê inrnersed in the hot agar s,slution and removed

for drying. The agar coating serves as a supporti-ng layer for diffusion

and electrophoresis. A 1 per cent agarose solutiou was prepared ín a

1:1 mixture of distílled r{ater and Sy'renson phospLrate buffer (see

Appenclíx[) at p]I 7.0. The agarose solution r,7as hee.ted on a boiling

water bath. T\,¡o ml, of agarose solution T/va.s applied r^¡iËh a 2-m1 blow-

out serological pipetËe to each of the âgar-coated slides on a leveling

board, Antisera troughs and anËigen we1ls were c{ÂË manually by means

of a double-bladed scalpel and a rvell-making pipeËte wíth an internal

pore size diameter of 1 mm(Figure 1).

E. Immunoelectrophoresís

Antigen samples were thawed and applied to Ehe antigen wells

wici: a capiiiary rube. an aciapcacion of Gra-oar:s anci tniiiiíams;

inrnunoelectrophoretic analysis to microscope slides (Scheidegger, 1955)

was used. A Shandon electrophoretic tank (Figure 2) containíng in

each of tr¡¡o buffer compartments 500 mls of S/renson phosphate buffer

solution pH 7.0 was employed.

Electrophoresi.s was carried out wíth a Gehuan poIÁ7er supply at

4'oct ríth fresh precooled buffer. Agarose ge1 hanging strips served

as linkages between the slícles and the phosphate buffer compartments.

VolËage was ma-intained at a constanË leve1 of B0 vslts for a duration

of two hours. Six slídes \^rere run for each experinent. New buffer vlas

ernployed ín each electrophoretic run. An average current flow of 8.5

mi1lÍamperes per sl-íde was obtained. After electrophoresis, the gels

in the anLiserum troughs .T¡rere removed and approxiruately 100 microlÍtres

of antiserum was applied per trough. Sl-ides rvere placed in Petri dishes



Figure 1. rnstruments for making antigen wells and troughs

f,or micro-inrnunoelecErophoresís and in¡nunodiffusio¡..

Figure 2. Electrophoretic tank.





kept in a moist chamber at 26oct for 48 hours for íncubation.

F. Immunodiffusion

The gel used in j-rnmunodíffusion tests r,^las prepared in the same

manner as that for inrnunoelectrophoresis. The gel was cut as índícatd

(Figures3 and 7) with a large center well for lhe absorbed antiserum

surrourrded by eight smaller antigen wel1s each assigned for a parËicular

antigen.

Mo
Hb o" tr-ooL)o

Cl o O oOc o

oro 
. "¡n 

o

\ control well

o
o

Oo
o

o

Figure 3 Inununodiffusion gel paËtern

The control we1ls contain stage-specific antigens

homoiogous io Lire auLiseruru used.

Plastic caps conËaining water were placed w-ithín the PeËri

dishes in order to prevent desiccaEion. The irmnunodiffusion slides

lrere incubated at 26oC+ for 48 hours.

G. Absorption of antisera

"The 
anËisera agaínst tClt, tHbt, tMgt, tEst, rocrand the lHl

stages were absorbed with six lyophilized stage extTacts, namely,

'cl', tHbt, tMgt, 'Est, rocr and rHt (see Appendix rrr). The weíghts

of each of the lyophilized stage extracts used in absorbíng each of

the anÈisera rtere recorded (Appendíx IV). The absorption was done by

placÍng weighed lyophilízed stage-extracË ín a small serological test-

tube to which 1ml of undiluted antí-stage serum r,ras added. After
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dissolving the lyophiLízed stage-extracts the mixture r,{as incubated.

at 37oC for Ëwo hours. The nixture subsequently was kept at 4oC

overníght and then centrifuged at 4,000 x g for 30 minutes. The

supernaLant was removed and used for the second absorption. The same

procedure llas rePeaËed for the second absorptíon. The fu1ly absorbed

anËiserum r¡ras secured from the fínal supernatant (see Appendix rrr
for abreviations ernployed for absorbed and unabsorbed antisera).

H. Washing of gels

Incubated slides from iumunoelectrophoretic and inrnunodiffusion

experimenËs \¡rere transferred to salíne solut,ion (0.85 per cent Nacl

solution) and kepË at ooc for one week. Bxcess non-precipiËated

substances !¡ere removed with saline solution changed three times

daíly over a period of three days. The slides \¡/ere washed with running

distÍllec 'rvater to rcmove excess salt and dried at 37tc.

IV. Recording of the results

All the slides were photographed and drawings made independantly.

rncident white light projected unto the under surface of the sLides

was used to facil-itaËe the identification of bands.

Ao PÀotography

Each sl-ide wíthout gríd (Figure 4) was photographed three Ëimes

vrith different shuËter-speeds and r,rith grid (Figure 5) one time. rn
the latter case, the slide Ëo be photgraphed r,¡as superimposed upon

a mícroscope s1íde with a standard grid. The best of three photo-

graphs taken from one slide was used in the fínal record as the

rePresentative photograph for thaL partícular slide. Al1 photographs were

taken with F ,p, 4 film using a blue filÈer.



Figure 4.

Fígure 5.

Figure 7.

PhoËographic record

r'riËhouË grid.

of a precipitin reaction

Photographic record of a

with grid.

precipitin reaction
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the 2 x scale for the final combinatory

líne drar,rings and the 4 x scale of the pre-

liminary line drar¡ings.

Photographic record

absorpËion test.

of an inununodiffusion



F igure 4 .

Figure 5.

Figure ó.

Figure Z.
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B. Line dravrings

Line drar+irLgs rvere made índependently of Ëhe phoÈographic records

from a direct observation of the band patÈern over a gridded slide.

Preliminary drawíngs of the precipitín bands \7ere recorded at 4 x the

scale of the grid (Figure 6). All- the line drawings were checked

and approved by an independent observer. Since each precipitin reaction

was repeated six times (trvelve t,imes for the control) and since all

of these did not show identical precipitin patterns, a combination

drarving (2 x scale) of these homologous líne patterns was produced as

a representaËive final drar'ring

V. DescripËion and ctassifícation of precipitin bands

A band is said to occupy an anterior position when iË displays a

high electrophoretíc nobility; and a posterior posiËion when ít displays

a lower eiectrophoreiic mobiiity. IË is said Ëo occlipy a rLaterall

position rvhen iËs diffusion rate is high (í.e. when the band occupies

a position near to the antiserum trough); and a rmedial ¡ postion when

its diffusion rate is low (i.e. r¡hen the band occupies a positíon away

from Ëhe antiserum trough). The ranteriorr end of a precipítin band

is the electropositíve end of the precipiËin arch while the rposteriorl

end of Èhe band is the elec¡lsnsgative or anodic end.

All the precipitin bands are named ín alphabeËical order frorn (a)

to (q) corrmencing at Ëhe cathodi-c end near the antiserum Èrough" FainË

bands like (r), (s), and (t) are also named from the cathodic end.

Bands found only ín the hatchíng stage are named in an arbifrary order"

The letters of the alphabet are used to designaËe specífíc bands

arising at particular electrophoretic mobil-itíes.

The arabíc number aË the right lower corner of each letter denotes
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Ëhe partícular antiserum used (Table I) "

The I'prinen s1'rnbol used aL the upper ríght corner of a letter

denotes a close relaÈior:shíp to another band(s) sígnífied wíth Ëhe

same letËer. The relationshj-p tilat nay exíst beLr*'een the bands is

illustraËed as follows: -

l-, Band Continuíty

Bands (c) and (cr) appear in some.instances as a sÍng1e con-

tinuous band roith tr+o humps (Figure 11b). A simÍlar contínuíty is

displayed by the bands (u') , (ut') and (s I t t ) (Fígure Bb) .

2. Band díchotomy

a) Non-Ëermínal dichotomy

Band (bt) is seen v¡ith its posterior arch separated from band

(b) (Figure 9c).

b) Terminal dichotomy

The bands (hr) and (h") are only discernible by their posterior

dichotomy, whereas the bands (1r) and (1") are discerníble only by

Ëheir anterior dichotomy.

The 1:Ëter follor¿ing the arabic nurnber at the lorger right corneÍ

implíes that the band is obtained from an absorption test. For

example, (d2a) represents band (d) obtained with sLage-absorbed Anti-

Hb serum.
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Table I

Symbols used for unabsorbed and absorbed
anti-stage sera

Anti- s tage
sera Anti-Cl AnLi-Hb AnËi-Mg Anti-Es Anti-Oc Anti-H

Precipítin band "1 ^Z o3 u4 
"5 "6detected with

unabsorbed sera

Precipitín band mla ^2" *3, *4" *5, t6.
detected with
absorbed sera
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RESULTS

Zebrafish, Brachydanio rerio anLigens from seven developmental

stages, namely: Ovary (Ov), Cleavage (Ci), High BlasÊula (Hb), Mid-

gastrula (Mg), Embryonic-s'hield (Es)., Opric-Cup (Oc) and Harching (H)

stages were anal),sed against the following specific anti-stage sera:

Anti-C1 serum, pooled Anti-Hb serum, pooled Anti-Mg serum, pooled

Anti-Es serum, pooled Anti-Oc serum and Anti-H serum.

The Ûvary ruas chosen as a representative adult organ as well as

a representative pre-fertilization stage. The ovary contains a wide

specLrum of ova at different maturation stages

Analysis of embryonic and hatching stages with anti-stage sera

I. r¡r¡nunoelectrophoreËíc analysis (rEA) r+ith unabsorbed rabbít anti-

4.. Stages analysed r¡rith Anti-Cl serum

A resuné of the results r¿iËh reference to

analysed r.vith unabsorbed Anti-Cl serum is given

Braplrcally presented ín Figures Ba - Bg.

stage antigens

ín Table IT and

Eighteen bands can be identified with unabsorbed AnËi-C1 serum.

The bands are: (ar) , (br), (cr), ("i), (dt) , (er) , (er), (hi), Gï),
(í1), (kl), (li), (ri), (*r), (nr), (or), (lr), and ("r).

Precípitin ba.nd (ar) pesent in the t0v' and the 'Hr sLages

emerges from Ëhe posterior half of band (cr) and extends íts arch to

the posterior exËremi Ly of the band pattern (Figure Ba). The bands

(ar) and (br) are the only two bands posterior to (.f). Occasionally

only a single band can be observecl in the regíon of the precipitin

bards (ar) and (bf ). This ís true for the tClt, tHbt, tMgt, tEst,
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Figure B" Immunoelectrophoretic .precipitín line

patterns of Ëhe seven developmental stages

of the zebrafish, Brachydanio redo,

analysed wiËh unabsorbed Anti-Cl serum.
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rOc' and rHr stages @igures Bb - Bf).

The (br) band is observed Ëo aríse near the junctíon of band

(cr) and band (ci) and extends its arci"r to the posterior extremity.

It has a higher diffusion rate than any other band in this region

and consequently occupies the most lat.era1 position from the antigen

we11.

Band (cr) arches from the anterior síde of Èhe antigen well

to the posteríor side. Band (cl) having a slorver diffusion rate

than (ir) occurs medially to the latter. Both (ir) and (cl) distlaf

similar anterior electrophoretic mobilitíes. The posterior end of

(.i) in mosË cases can be seen to be continuous rvith the anterior

end of ("f) forming a single band r¡íth two humps. Both (cr) and

(cl) are identífied in all developmental sËages except the tHr stage.

Band (dr) nositioned medially to (c.,) is prominent in the t0vl

stage, less so in the tClt, and almost invisible in the rHbr stage.

The (er) band ís found in the rOvr stage only and is distinquished

from band (dr) bf íts local-ion medial to the laËËer (Figure Ba).

A h¿:lf banC (Sr) i"ittr an electrophoreiic mobility arid diffusion

raËe close to zero is observed as a cresent shaped precípiËin band

near the posterior side of the antigen well. This band is not de-

tected in the r0vr andtllrstages.

Band (h1), lateral Ëo (ir), shows a bifurcation at its posterior

exËremity in the 'fu', 'Cl', 'Hb', 'Mg', rOcr, and rHr sËages. Thus

(hr) consists of tqro closely related precipiti-n bands (hi) and (hi).

This bífurcation is not as clearly eví<lent in the rEsr stage (Figure Be).

Band (ir)rfound in all sËages, displays a rather consistent

electrophoretic mobility. IËs posLerior end arises aË the level of

the antígen wel1.
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A rband complexr originating frorn the (hr) .lrecipitin arch

may be seen to extend anteríorly giving rise by subsequent flaring

to bands (kr), (1i) and (1i) (Figures Ba - Bg). Ttre band (kr) is

distinct from the band (1i) in thetOu', rClt and'Hbrstages

(Figures Ba - 8c). This disEinction is not so evident ín the'Mg',
tEst, toc'and'Hrstages (Figures Sd - Bg) rvhere only one band may

be dÍscerned. Non-specífic precipítation'at the posLerior end of

band (1i) where it joins with band (1i), may explaín rhis loss of

dí s tinc tion.

Band (*r) occurs lateral to Ëhe posteríor margin of the rband

complexr. ft has a slightly higher anterior electrophorei.ic mobílity

than band ("f) ínrnediately following iË (Figure Be).

Band (rf ) shor'¡s an electrophoretic mobility interrnecliate between

that of bands (mr) anct ("r), a-n.l occupi.es e posiËÍ-o;:. l-atcral- io

precipítin lÍne (1i). Bands (1i), (mr) and (nr) are observed in atl

developmental stages with Anti-Cl serum.

Band (of) ís absent from the 'Cl; sËage (Figure Bb). It

appears as a faint band at the rHb'st.age and increases ín íntensity

during the subsequent developmental stages. The electrophoretic mobi-

líÉy of this band is somewhat retarded ín the rHr stage (Figure Bg).

Precipitin band (lr) is nor observed in rhe 'cl' srage (Figure Bb).

subsequent to íËs appearance at thetHbtstage, it remains as a

faint band anteriorly in the band pattern throughout the various

developmental stages (Figures Ba - Bg) 
"

Band (=r) iuunedíarely following band (mr), is idenrified in

the 'ûrt, rMgr and tEst stages. rËs posterior half is usually masked

by a heavy nonspecific precipitatíon.
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when the tH'stage is tested. against Anti-ct serum, the band

patterrÌ is quite different from that of the other stages tested

(Fígure Bg). By cornparison, the (or) and (lr) banas of rhe rHr

stage exhibit soine retardation ín anterior electrophoretic mobilities;

(1i) an increased anterior electrophc¡reLic mobí1ity, and (ir) an

increase in both anteríor as well as posterior erecËrophoretic

mobility. The bands (cr), ("i), (df), (er)., (er) and (kr) are not

observed in the rHr stage analysed with Antí-Cl serum.

B. Stages analysed with pooled Anti-Hb serum

A resu'ré of the resurts with reference to stage antigens

analysed with unabsorbed Antí-Hb serum is given in Table rrr and

graphícally presented in Fígures 9a - 99.

Twenty four bands can be díscerned with pooled Anti-Hb serum.

mL- t--, rrrre uarruä are; \a2) t \oZ), \oà), \cr), ("à), (d2), (er), GZ), (Sr),

(hå), (hä), (íz), (i), (kz), Q;), (1ä), (mr), (nr), (or), (vr), (rr),
(t;), (sr) and (t).

PrecipÍtin band (ar) arising from band (.ì in rhe 'ov' and

tHbr stages is not detectabre in the'clr, tMg', rEsrand ,ocr stages.

Band (br) is present in all stages tested except the rHr stage.

A single diffuse band occupies rhe posirion of (ar) and (br) at the
rHr stage (Figure Bg).

A posLerior dichotomy of band (br) sives rise ro band. (b;).

This new band is detected in the ,0lr,, ,Cl,, ,Hb,, ,I€,, rEsrand

fOct stages (Figures 9a - 9f).

No change is observed in the bands (cr) and (ci) wirh rhe pooled

Anti-Hb serum. These bands occur consistently throughouE Ëhe

early developmenEal sËages and disappear at the rHr stage.
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Figure 9. ftrrnunoelectrophoretic prêcipitín line paEterns

of seven developmental sËages of the zebtafish,

Brachydanio {e49, analysed ¡,rith unabsorbed pooled

Anti-Hb sera.
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Fie,9a

l'ie. 9b

FÍg. 9c

Fig, 9A

Fig. 9e

Fig. 9f.

Fie.9e
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Band (d) is present at all stages except the toctand rHt sLages,

band (er) annears at the rovr stage only.

A new band (f Z) occurs medial to ("ì in the tClt, rHbt, tMgt

and rEst stages (Figures 9b - 9e).

Band (e) is not detected ín ther0vr andtHtsËages (rigures 9a

gÐ. The posteríor branches of therband complexr, i.e. (hj) and (hä),

as well as band (íù occur at all the der¡elbpmental sËages tested.

The anterior arch of a ner¡ band (jr) artses from the anterior

parÈ of Ëhe tband complexr between (ir) and (kz) " rt is found in all

stages lested excepË thetMgrand rHr stages, It is not clearly

visible in the tclr and rEs' sÈages (Figures 9b and 9e). In general,

band (iù ís r,reaker than band (kZ).

The anterior branches of the rband complexr, i.e., (kZ), (lå)

--s /atr\ -- -.-114!ru \L2) t éö werr aö u¿rltu uu2/ occur at all scages. 'rnese bands

exhibít greater anterior electrophoretic mobilities ín the rOvt stage

when compared to the subsequent stages

Precipitin line (nr) ís present in all stages except the r0vl

stage (Figure 9a). Bancl (or) is not observed in the rclr stage. It

appears as a faínË band in the rHbrand tl"lgt sËages, becomes more pro-

nounced in Èhe rEsr and roct stages and is clearly visible in the tovl

and the rHr sËages (Figures 9a, 9c-9g).

A slight decrease ín Èhe elecÈrophoretic mobility of the band

(nr) ac tne rHt stage is observed upon comparison t¡ith Ëhe other stages

tested

Band (rr) anfears as a nelr band medíal Ëo (ir) and lareral ro

(cl) in the tClt, tHbt, rMgr and rEsr stages.. It is noË present ín the

tûvt, tOcr and rHt stages. Another new band (rj) detected ín the rHbl
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sËage and occasionally in the tMgt stage occupies a position between

(rr) and (";). The precipitin band (r) occurs posterio.laterally to

band (r;).

Precípitín line (sr), intermediate betrvee.n (mr) and (Li),

occurs in the tllgt, rEsr and rHt stages. A heavy non-specific

precípitatíon in th.is area rnakes it difficult to determine the presence

of band ("2) in the rOcr stage

Band (tr) allears as a sËrait line medially to band ("2). It

is found ín the tClt, tMgt, lEst and 'Oct stages as a very fainË band,

and-Ís not observed in any other sËages ËesLed.

C. Stages analvsed wíth pooled Anti-Ì"Ig serurn

A resumá of the results w-ith reference to stage antigens analysed

with unabsorbed Anti-Mg serum is given in Table IV and graphically

presented in Figures 10a - 10g. Tr+enty four bands can bc iCentifieC

wiËh pooled Anti-Mg serum. The bands are: (ar), (b3), (cr), ("å),

(d3), (er), (f¡), (sr), (hå), (hä), (i3), (j3), (k3), (1å), (1ä),

(mr), (nr), ("å), (or), (lr), (rr), (rr) and (t¡).
Band (":) is present in thetht, tclr and rHbt stages only.

In the latËer the precipitin line is very faint. Band (b:) is not

observed in the '11r stage.

Bands (cr) and (cj) alnear in all the stages except the 'Hl

stage. Precipitin line (dS) is present ín all stages except Èhe rOcr

and rHrstages. Precipitin line (":) is found in ther0vtstage only.

The (er) band in the rOvr stage ís distinguÍshed frorn the- (fr)

band in the tClt, lHbrr tMgt, rEst and rOct stages by a slightly more

negative electrophoretic mobility. Band (f¡) ís not observed in the

rOvr and rHr stages. An electrophoretic mobilíty and diffusion rate
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Figure 10. In¡nunoelectrophoretic precipíf:in line patterns

of seven developmental stages of the zebrafish

Brachydanio rerio, analysed with unabsorbed

pooled Anti-Mg sera,
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of almost zero is characteristic of the precipitin band (f:). Thís

(fr) band is usually seen as an arch latera]- to the anLigen well.

Band (93) o"cnrs as a faint half-band throughout the early

developniental stages except the tHr stage. It is not founcl in Ëhe rgvr

sËage.

The bands (hj) a'd (hi) atnear close ro rhe anrígen rvell and

posËerio-lateral to (sr) in the rovr and the rocr stages. Beginníng

with the tclt stage, these bands exhibit an íncreasíngry negaËive

electrophoretic mobility throughout the succeeding stages (Figures 10a

- 10f) 
"

Band (i¡) spans from the anrerio-mediar region of the rband

complexr to the antígen well. The anËerior exEremity of the rband-

complexrgÍves rise to the bands (j3), (k3), (1j) and (iä)" Borh (j3)

and (kS) show clear precipitatíon lines between (1r) and (ig) ín rhe 'Ov'

stage. only one banci appears beÈr,reen (1r) and (ir) when the 'c1',
tHbt, tMgt, toct andtHrstages are tested. rt is possíble that this
band is a composite (jS - kr) band. ?recipirin line (jr) allears ín
the tEs I stage to be slightly more elecËronegative than the band (is)
(Figure 1-0e). A síngle composire (k: 1j) band is also observed ar

the 'Esr stage. Bands (rj) and (1!) annear consistanrly ro occupy

the same relaLive positions in all developmentar stages.

Non-specific precipitation between the antibody trough and the

rband complexr makes the ob.servatÍon of the bands (b3), (r3), (sr) and

(mr) dífficulË in most cases.

Band (mr) is found in Ëhe tov' anct the rEsr stages on1y, rnrhereas

band ("¡) located ínrnediately anterí.or to (*r) is found to be present

at all sËages.
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A new band (nj) maf be observed betrveen band (nr) and band

(o:). It appears as a weak band in the rclt sLage and increases in

íntensity during the tHlr' , 'Ifgt , rEsr and rHr stages" It is not

detectable in the IOvt as well as the toct srages

Band (or) is found ín all sf-ages except the 'Mg' sËage. It

ís mosË pronounced ín the tOvt and rHt stages.

The arch of band (lr) in the rOvr stage'exËends posterio-

laterally to cover band (":). In all other stages rshere (lr) is

observed, its posteríor extremity bisects the anterior porÈíon of

band (og).

A ner.¡ band (Or) witfr a marked anterior electrophoretíc mobility

may be observed in the r0vt stage. This band occurs at the anteríor

extremíty of (er). Tt is absent fron all other stages tested.

Band (r^) is identified in the 'Clr stase only (Fíeure lOb).
J

Band. ("S) ís visible posterior to band (mr) in the I I{b r , rMgr and rEs I

stages. trnlhen Ehe rHbt and tMgt sËages are analysed only one band with

an electrophoretic mobility intermediate between (sr) and (mr) aPPears,

making an exact identification of eíther difficult (Figures 10c - 10d).

trrlhen the tEst stage is tested, (t¡) can be discerned very fainEly medially

Ëo and inËermediate betr¿een (nj) and (*g).

D. Stages analysed i¿ith Þooled Anti-Es serum

A res.r*á of the results v¡ith unabsorbed Anti-Es serum is given

in Table V and graphically presented in FÍgures lla - 11g.

Twenty three bands can be ídentified -\.¡ith unabsorbed Anti-Es

serum. The bands are: (^4) , (b+), (cO) , ("¿) , (d4j 
' 

("4) , G.4) , (eO) ,

(h¿) , (hä) , G4) , (ù , (k4), GL) , (1ä), (m4) , (no), ("¿), (oo), (no),

(x4), (so) and (t+).
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Figure 11" rnnounoelectrophoretic precipitin line patterns

of seven developmental stages of the zebrafish,

Brachydanio rerio, analysed with unabsorbed

pooled Anti-Es sej:a.
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Bands (ao) and (bo) are found in all stages tes.ted except the

rHr stage' The former band decreases in intensÍ.ty wittr development,

Bands (co) and (.¿) similarly occur at all stages except the rHr

stage. They are continuous, suggesting a colmnon antigenic determinant.

Precipitin line (d+) is observed in Ëhe tov' stage and faintly

in the tClt, rHb I and 'Es t sËages.

Band luz*) is found in the rovr stage only, whereas (fo) is found

ín Ëhe rest of the stages tested except the tHr stage. The half

band (el shows consistantly ín the ,Clt, ,Hb,, tMg,, rEsrand 1Ocr, but

not in the r0vr stages (Fígure 11a).

The precipitin lines (h[) and (hi) are separare and distincr

in the tOot, tClt, tHbt, ¡Mgrand tHt stages, however, in therEsr

and toct stages only one band can be discerned in the positíon of

(hr1) and (hi) (Figures lle - lIf ).

Band (iO) occurs consisranrly rhroughout all srages. (j4) is

a weak band identified in the tfut, rEsrand toct sËages. rt arises

from the rband complex' intermediate between (ío) and (k+) in the tovt

and toct stages and from the rband complextposteriorly to band (i+)

in the rEst sËage (Fígure t1e). The bands (k4), (1¿), (tä), (mo) and

(nO) are observed in all the stages Eested. In the t0vt stage, as

compared to other stages, these precípitin bands display a greater

anteríor electrophoretic migration (Figure 11a).

Band (nf) occurrÍngbetrveen (oo) and (no) is not seen in the rovr

stage (Fígure 11a). rn Ëhe tocrand rHr stages (n[) is continuous with

(*+) (Figures llf - 11g), suggestíng the presence of connnon antigenic

determinants.
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Bands (o*) and (n4) are present in all the sta&es tested. Band

(oo) nhen compared to the relatively stable band (r*), disnlays some

variation in its electrophoretic behaviour (Figures tla - l1g) " The

band (o+) normally posiÈioned intermedíate between (n[) and (lO) in
the t0vt, tC1t, tHbt, tMgt, rEsr and tHr stages, aríses from the

posterior arch of (lO) in the tOcr srage (Fígure lff).

Band (r+) seen at Ehe 'Clt, tHbt, tMgt and the rEsr stages

appears as a weak band in the rclr stage (Fígure 1fb).

The anterior extrernity of band (sO) is visible in the rEsr

and rHr stages (Figures lle - 11g) " The remaínder of the band is
maslced by the rband complexr. rt is not certain if band ("+) is pre-

sent ín the other stages tested since a heavy non-specífic precipitaËion

frequently obscures this area.

In the t0cr sËage an extremelyfair-rt band (t¿) is observed

intermediate to (ni) and (1[) and mediar ro (no) (Figure 11f).

E. Stages analysed r,iith pool_ed Antí-Oc serum

A resuná of the results with reference to stage antigens

analysed with unabsorbed AnLi-oc serum is given in Table vr and

graphically presented in Figures I2a - 1-Zg.

TwenËy five bands can be identified with unabsorbed AnËi-oc

serum. The bands are: (ar), (bs), (cr), (";), (d5), (er), (f5), (er),

(hÅ), (hi), (is), (js), (ks), (li), (1!), (urr), ("r), (";), (or), (nr),

(cr), (ei), (rr), (sr) and (ts).

Band ("S) is found in the ,Ou,, ,Cl,, rEsrandrOcr stages.

Band (bs) occurs in all stages except the rHr sËage. A fainË band

occupying the position of (ar) and (b5) nay be seen at rhe rHr stage,
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Figure 12. Innuunoelectrophoretic precípitin line patterns

of seven developmental 6tages of the zebrafish,

Brachydanio rerio, analysed iv-íth unabsorbed

pooled AnËi-Oc sera.
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Due Ëo a minor fluctuation in electrophoretic mobility, Ehe positíons

of the posterior extremities of bands (ar) and (br) are occasionally

interchanged (Figures LZa and L2e).

The bands (cr) and ("i) show consistantly in all stages

except the rHf stage. Band (dS) is deËected in the t0rt, tClt, rHbt

and rOc'.stages only. The precipitin líne (uS) only occurs in the

f Ovf stage (Fígure 12a). (fr) first appear.s as a wealc band at

rClt and is present subsequently as a well defined band in the tHbt,

.tMgt, 
rEsrandtOct stages. Band (er) is observed as a faint band

in all stages except the r0vr and rHr stages (Figures L2a - L2Ð.

. A composite (hÅ - hl) nrecipitin line may be seen in the 'Mg'

and tEsr stages (Figures 12d and 12e). In all other stages, Ëhe

bands (hj) and (hi) are observed as separate and distinct bands at

the posteríor extremiËy of the rband complexr. Band (i.) is found

in a1.1 stages. It is seen in close contact with the anterior arch

of Êherband complexrin the r0vtand rHt stages (Figures L2Í. - l2g).

Band (j5) is absent in ther0vr sËage. In the tclt, tHbt, rMgt,

rEsrand tOct stages, a single band, mây be discerned. This band is

possíbly a (jS - kr) conposÍte band. BoËh (jr) and (kr) are indisËinct

in the rHr stage (Figure 1-ze). The bands (1f) and (1!) are seen at

all stages tested. Bands (mr) and (nr) are found in all the develop-

mental stages while band (n!) is only identífied ín the 'tu', tHb',

tMg t , tEst , rOc I and rHr stages (Figures 12a, I2c - Lzg) . The ("i)

band ís barely vísible at the rHbf stage (Figure L2c).

Precípitín band (or) is observable in all stages. It exhibíts

a f luctuaÈing electrophoretic mobilíty l'rhich decreases from the rCll

stage through the tMgt sËage and then increases up to Èhe rHt sËage
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(Fígures I2a - L2ù " Band (or) is found Ëo bisect the posterior

part of precipitin line (nr) i¡r all the prehatching stages tested

(Figures L2a - L2f.) , Only a fáint trace of band (or) inaf be observed

medial to (lr) in the rHr stage (Figure Lze).

Precipítin line (nr) is present in all stages. Tts posterior

region appears to be continuous with an anterior extension of band

(ËS) in the tOut, tMgt, rEsrand tOcr stages (Figures 12a, Lzd - I?f).

Band (er) is present in all stages. In the t0vr and the rHr

stages iL arises aË the anËerior extremity of band (nr), whereas ín

the tHbt, tMBt, tEsr andtOcrsËages iË arises some disLance anterior

to that.

Band (rr) is identified in the 'Orr', 'C1t and 'Mg' stages.

Precipitin band ("S) is detected in Ëhe rOctand rHr stages only

(Figures Lzf - LZe,) 
"

A band occupying the posítion laËeral Ëo (1i) and medíal Ëo

(nl) can be observed in the tHbt, tMgt, rEsr and rocr stages. It

also occurs slightly anterior to the (t) position and ís found to be

continuous with band (lr) in most cases. This ner¿ band is named (tS)

,(Figures l2c - L2î).

F, Stages analysed with AnÈi-H serum
I

A resume of the results v¡ith reference to sLage antigens

analysed with the unabsorbed Anti-H serum is given in Table VII and

graphically presented in Figures 13a - 13g. A toËal of eighteen bands

can be identífied with unabsorbed Anti-H serum. The bands are:

(au), (b6), (e) , (h¿), (hä), (io), (1¿), (1ä), (mu), (ou), (nu), ("¿),

("ä), (tr¿"), (vu), (wu), (xU) and (ru)"
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Figure 13, Inrnunoelecl-rophoretíc precipitin line patterns

of seven developmental stages of the zebrafish,

Brachydanio rerio, analysed w'ith unabsorbed

Anti-H serum.
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A single composite band íntermedíate betr,¡een (au) and (be ) is

found in the rOvr, rClr, .rHbr rluþr, .rOcr and rH' sl-ages. No band

is found in this area at LherEsrstage. In the latter three stages

menËioned this band (ao bu) aPPears rn'eaker than the one found in

the earlíer stages.

Acrescent-slrapedprecipitínband(eu)anlearsinthe'C1',

tHbt, tMg', tEsr a.ncl roct sta.ges inrnediately posterior to the

ant igen l,7e 1 1 .

Bands (hj) and (hf) are seParate and distincË ín the'ov"

rclr andtHbtstages but occurs as a síng1e precipitin line in the

tEs t , tMgt , roc t and the rHr stages.

Bands (ie), (1i) and (1[) are seen at all stages tested'

I{hen comparing the tOvr slage to other developmental stages, band

(11) rnaf'be seen to occupy an anterior position in the tovt stage

and a progressíve1y posterior position in the subsequent stages.

Band (rnu), íf present in the rovr stage, cannot be seen due to the

heavy non-specific precipítation; yet in all oËher stages iË is

clearly iderltifiabie.

The precipirín lines (ou) and (lu) are ídentified in the rovl

stage only (Figure 13a).

A series of new bands are observed when the rHr stage ís

ÈesËed agaínst the unabsorbed Anti-H serum. Tire ídentification

Ëhese bands as being different from the bands already described

confirmed by the absorption tests (see page 69 )'

A band tha.t appears at the relative position of Lhe (fo)

band is ídentified as ("¿). Its anterior extremitY ís continuous

r¿iËh band ("ä). The latter merges with the anteríor part of the

'Band conplext formed by (íu), (1[) and (lä). The anËerior extremity

of

is
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of band (1ä) of the rBand complexr is continuous rvith band ("¿")

r¿hích occupies the relative posítion of band (tr) and Possesses a

díffusion rate and electrophoretic mobility simil-ar to that of the

latter "

The band labelled ("0) forms an arch from the anLerio::

extremity of band (*O) to the band (16) losition. It also occupíes

the position lateral to band ("¿).

The most posteriorly positioned band GoO) ís seen as a

precipiËin line extendíng from Ëhe anterior region of (*e) to the

former band (eU) losition. The posËerior arch of thís band may be

seen laterally to (,t¿") and medially to the band (tO). Anteriorly

¡þs alch is characterized by a very hígh diffusion rate and con-

sequently occupies an exËreme lateral position.

A band (xo) arises from the rBand complext and extends

anteriorly between Ëhe bands (mU) and (1ä).

A precipitin arch may also be seen to arise at the antigen

well and Ëo extend posterio-latera11y to Ehe posterior extremíty of

the band paùtern. This band is ídentified as (fU) 
"

II. Inrnunodiffusion analysís (ID) with anti-stage sera absorbed

respectively with each of Ehe einbryonic stage extracts

Preliminary iunnunodiffusion tests were conducted to detect stage-

-specífic precipitin reactions.
/

A resume of the resulÈs with reference to the stage anËigens

tested against absorbed antí-stage sera with irmnunodiffusion is

given in the Tables Vm - XIII. Only diffusion positÍve tests r¡7ere

subjected to iurnunoelectrophoresis for further analysis of Ëhe bands"
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Table VIII
Innunodiffusion analysis of the zebrafish embryonic

stage extracts wíth Antí-C1 serum absorbed
respectively rvith síx stage-specífj-c

extracts

S tage
Antigens OcEsMgHbC1Ov

Absorbed
antisera
Anti-C1/C1
Anti-C1/Hb
Anti-C1/l'fg
Anti-C1/E s

Anti-C1/0c
AnËí-C1/H

0
0
0
0
+

+

0
0
0
0
+

+

0
0
0
0
+

+

0
0
0
0
+

+

0
0
0
0
t
+

0
0
0
0
0
+

0
0
0
0
0
0

Symbols used: +
0
+

Positive reactíon
NegaËive reaction
Weak reaction

Table IX

Iuurunodiffusion analysís of the zebrafísh embryoníc
stage extracts with Anti-Hb serum absorbed

respectively with six differenË stage-
speeífíc extracts

S tage
AnËigens Ov C1 Hb OcEs¡,Ig

Absorbed
antisera
Antí-Hb/Cl 0
AnÈi-Hb/Hb 0
Anti-Hb/Mg 0
AntÍ-Hb/Es 0
Antí-Hb/Oc I
Anti-Hb/H +

0
0
0
0
!
+

0
0
0
0
+

+

0
0
0
0
I
+

0
0
0
0
t
+

0
0
0
0
0
+

0
0
0
0
0
0

Symbols used: Positive reaction
Negative reactíon
l^Ieak reaction

+
0
+
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Table X

Inmunodiffusion analysis of the zebrafish embryonic
stage extracts with AntÍ-Mg serum absorbed

respectívely with six stage-specific
extracts

S tage
AnËÍgens MgHbC1Ov OcEs

Absorbed
antisera
Antí-Mg/Cl
AnËi-Mg/Hb
Anti-Mg/Mg
AnEi-Mg/Es
Anti-l'fg/Oc
Antí-Mg/H

0
0
0
0
+

0

0
0
0
0
+

+

0
0
0
0
1
+

0
0
0
0
+

+

0
0
0
0
+

+

0
0
0
0
+

+

0
0
0
0
+

+

Symbols used: +
0
+

Positive reactíon
Negative reactíon
Weak reaction

Table XI
Irmrunodíffusion analysis of the zebrafish embryonic

stage extracts with Anti-Es serum absorbed
. respectively with sÍx stage-specific

extracts

Stage
Antigens HOcEsMgHbC1Ov

Absorbed
antisera
Anti-Es/C1
Anti-E s /Hb
Anti-Es/Mg
Anti-Mg/Es
AnËí-Es/0c
AnÈi-Es/H

0
0
0
0
+

+

0
0
0
0
t
+

0
0
0
0
t
+

0
0
0
0
+

;

0
0
0
0
t
+

0
0
0
0
+

+

0
0
0
0
0
0

Symbols used: Positive reaction
NegaËive reactíon
Weak reaction

+
0
+
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Table XII
Immunodíffusion analysis of the zebrafish embryonic

stage extracts rvith Anti-0c serum absorbed
respectívely wÍth six sEage-specifíc

extracts

S tage
Antigens Mgc1Ov Hb 0cEs H

Absorbed
antísera
Anti-Oc/C1
Anti-Oc/I{b
Anti-0c/Itfg
Antí-Oc/Es
AnËi-Oc/Oc
AntÍ-Oc/H

0
0
0
0
+

+

0
0
0
0
t
+

0
0
0
0
t
+

0
0
0
0
t
+

0
0
0
0
t
+

0
0
0
0
0
+

+

t
t
t
0
0

Symbols used: +
0
+

Posítive reaction
NegaËíve reacËion
Weak reactíon

Table XIII
Innnunodiffusion analysis of the zebrafish embryoníc

stage extracts with Anti-H seïum absorbed
respectively with six stage-specific

extracts

S Eage
AnËigens OcEsMgHbc1Ov

Absorbed
ant,ísera

AnËi-H/C1
Anti-H/Hb
Anti-H/Mg
Anti-H/Es
AnÈí-H/0c
Anti-H/H

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

+
+
+
+
+
0

0
0
0
0
0
0

0
0
0
0
0
0

Symbols used: Positive reacËíon
Negative reaction
[üeak reaction

+
0
+
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NegaËíve i*¡munodiffusion results are obtained when tOnt, 'Clt,
tHbt, tMgt, tEs', tOcl and rHr sÈage extracts are analysed wíth Anti-

Cl (Table VIII), Anti-Hb (Table IX), Anri-Mg (Table X), and Anri-

Es (Table XI) sera absorbed respectívely rvith ,C1t, rlfbr, rMgr and

rEsr stage homogenates.

trnlhen rovr , tClt , tHb t , tMg r , lEsr and toct extracts are

analysed with Anti-oc serum (Tab1e xrr) absorbed respectívely wíth

the tCl t , tHb t , rl'fg I and rEst sËage homogenates; as well as with

Anti-H serum (Table XIII) absorbed respectively with 'C1t, tHb',

tMgt, tEst, tOct and rHr stage homogenaLes, negaËive results are

also obËained.

The controls, í.e., antisera absorbed with their homologous

antígens, when tested against ext,racts from Lhe homologous sÈages,

in all instances excepË for the roct stage extract (Table xïr) yield

negatí.ve results ÍndicatÍng Ëhat the absorptíons are compleËe.

Diffusion analysis of antigens againsË antisera to the tc1r.,

tHb t , tMgt , tEst , rOc I and 1ÌII sËages respectively absorbed r,¡iËh the

rOcr anci rHr stage extracts yields posítíve results (Tables VIII - XII).

Positive reacLions are obtaíned for all the stage extracts, excepË

Ëhe tHt sËage extract tesËed against rhe Anti-cl, Anti-Ìlb, Antí-Mg,

AnËi-Es and Anti-oc sera absorbed wíth the 'Hr stage extract (Tables

vrrr - xr).

When the t0ot, tClt, tHbt, rMgrand tEststages are tesËed

against the anti-prehatching stage sera absorbed respectively r,rith

the tOc' stage extract (Tables VIII - XI)overy faÍnt posítive

reactíon ís obtained. I,Ihen the roctand rHr stage extracts are

tested against these absorbed antisera, the Anti-Mg/oc absorbed

serum gives a positíve react.ion to Èhe rocr and rHr sÈages (Table x).
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The Anti-Es/oc absorbed serum arso gives a positive reaction to the
t0ct stage exEract (Table XI).

Positive reactions are also obtained rn'hen the rHr stage

extracts are tested against the Anti-oc sera absorbed rvith rcll

tHbt, rMgt, and tEst st_age honogenates (Table XII); as well as

against the- Anti-H serum absorbed with tClt, tHbr, tMgr, rEsr, and

rOcr homogenates (Table XIII).

IT]. ïmmunoelectrophoretic analysis (rEA) ro-ith rabbít antí-sta

sera absorbed with Hatching stage extract

r¡rrnunodiffusion posiËive tests were subjected to immuno-

electrophoretic analysis. Extracts from six developmental stages,

namely: the tO.rt, tClt, tHbt, ,Mgt, rEsrand thetOcrstages were

tested against antisera to thetC1,, ,Hb,, ,Mg,, rEsr andrOcrstages
-L-^--L^r ---euùvruçu rsÞpsçLrvet.-y 1rTltn Ene 'H. sfage extracts.

/
A resume of the resulËs obtained is given in TablesXIVa - XIVe,

and graphically presenËed in Figures 14 - lB.

A. Stages analysed r.¡j-t!r AnÊi-Cl/H serum (Figures I4a - L4f

and Table XIVa)

Ths rOvr, tClt, tHb,, rMgt, rEsrand rOcr stages were analysed

with AnËi-c1/H serum. A double-humped precipitin line sinilar in
shape and electrophoreric mobilÍry ro rhat of (cr) and ("i) is called

(cr") and (.i").
Band (Uf") is found as

rMgt and tEsr sËages. A half

phoretic mobility comparable

The band named (*to), wirh an

a faint precipiËin line in Lhe tHbt,

band similar to (er), with an elecËro-

to that of (l-ti) or (Sr) is named (er").

electropl-roretic mobílity intermediaËe
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Tables XIVa - XIVe

Immunoelectrophoretic analysis (IEA) of zebraf.isl-r prehatching
stages rn'ith prehatching-stage antisera respectively

absorbed r¿iËh hatching-sEage extract

Absorbed
antísera

S tage
extracts Band patterns in absorptions

tr-. or* bi" "1" "i" dl* "lt f r. 9Lu otlr tru 'io

XIVa Anti-C1/H Ov
C1
Hb
Mg
Es
Oc

+
+
+
+
+
+

r
t

+

+
+
+
+
+
+

+
+
+
+
+
+

+
+'+
+
+
+

XIVb Anti-Hb/H

+

+

Ov
C1
Hb
MC

Es
Oc

^z^ b2^ b).u t2u "àu d2^ ê.r^
LA

f2u 9zu ^2^ '2u ')^
+
+
+
+
+

+
+
+
r

+
+

+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

T

+
+
+
t

+
+
+

+
+
+
+
+
+

+
+
+

a
5̂A

b3" bå" 
"3"

cl d^ e^
3A JA JA

f3" 83u *3" t3^ tå"

XIVc Anti-Mg/H Ov
C1
Hb
Mg
Es
Oc

+
+
+
+
+
J

+
+
+
+
+
+

+
+
+
+
+
+

+
-t-

+
+
+

+
+
+
+

a

+
+
+
+
+

^4^ o4^ oL' "4^ "Lu d4u 
"4^

t4^ 84^ *4" t4^ 'L^
XIVd Anri-Es/H Ov

C1
ITb
Mg

Es
Oc

J
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+

+
+
+
+
+

XIVe Anti-0c/H

a- b- bl c- cl d- e-)a 5a 5a )a 5a )a 5a
fsu 85, *5" t5" tÅ.

0v
C1
Hb
Mg

t
+

+
t
+
+

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

Symbols used: Positive reaction

I,Ieak reaction



Figure 14. Immunoelectrophoretic precipitin line paËterns

of six pre-haLching stages of the zebrafish,

Brachydanio rerio, analysed with Anti-CL/H serum.
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between that of (rnr) and (rf) in the unabsorbed pattern, occurs at

the anterior extremity of ttie absorbed pattern. Its posËerior

exlrenity arises from the junctíon of (cr") and ("i.) except in the

rClr stage (Figure 14b), \./here it runs parallel and lateral to band

("i"). Both (er") ana (*r.) may be seen al- all stages tested. A

faint band, intermediate betv¡een (mr") and (.i"), located at the

anterior extremity of ("tr) close to the .(s) posítion, is observed

in the 'Ov', rHbt and tl'lgr stages. There is no band correspondíng

to Lhis band in the unabsorbed pattern. This band is named (rU).

B. Stages analysed with AnËi-Hb/H serum (Figures 15a - 15f

and Table XIVb)

A greater complexíty is obCained in paËtern when all pre-

hatching stages were analysed rvíth Anti-Hb/H serum. Band (^r^)

a¡-is¿s Írutt (c^r) ¿rrti exleucis posterioriy in cire tfut, tCit, tHb',

fMg I and rEst stages. Band (Or^) is presenË in all stages. It ís

seen as a very long band extending its precipítin arch from Ëhe

anterí-or arch of (")) to the posterior extremity of the patrern.

The tband complexr and the heavy non-specific precipitation usually

found ín the unabsorbed pattern is absent in the absorbed pattern,

unkíng the ídentification of this band somer+hat easier. A band

labelled as (b)^), found in the 'Cl', tHbt, tMgt and toc' stages, is

easily seen to arise as a posterío-medial dichotomy of band (bZ^).

The unabsorbed paÈËerns (Figures L4b - L4d, L4f.) suggest rhar (b)^)

may exist in the rEsrand toct sËages as well. A continuation

between (cr.) and (.å") is observed in the l*t, 
,Cl,, ,Hb', 'Mgt and

fEsrstages; however, (cr.) and (")) occur as Èwo separate bands in

the rOc' stage (Figure 15f). Band ("å*) exhibits a grearer anrerior
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Figure 15. Tnrnunoelectrophoretic precipítin line patterns

of six pre-hatchíng stages of the zebrafish,

Brachydanio rerio, analysed with Anti.-Hb/H serum.
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migration in the'Ov'stage as compared to the other stages. Band

(Uru) occurs in all stages except the tOcr stage. Three half bands

showing the.ir posterior arches only, are identífied as ("2^) in

the '0v' stage only (Figure f5a). Precípitin 1íne (fZ^) occurs only

in the rHbr andtOctstages. Band (er), present in the'Clt, rHbr

rl'fgr and t0ct stages, cannot be discerned in t.he rEsr stage due to

non-specífic precipitation. Precípitin líne (*r^) is observed aË

an anterior position in all the stages tested. Band (rru) is observed

in thetClt, rHbr and tMg'stages, and (r)r) Ín the rHbr andtMgt

stages. The former occurs intermediaËe between bands (cj") and (bZu)

and the latter extends anteriorly to (tr^). Band (t)u) posËeriorly

bisects the anËerior part of (tr_^) (Figures 15c - 15d).

C. Staees analysed with Anli-Mg/H serum (Figures 16a - 16f

and Table XIVc)

Band (bgu) is found lateral to (cr.) and ("å.) in all stages.

Bands (cr") and ("å") in most cases are separaLe, but occasionally

these bands exhibít conËinuity (Figure 1-6c). The band found et the

(dr) and (er) positions of the unabsorbed pattern (Fígure l6a) is

identífied as (.¡*) in the tov' stage. Band (U:r) ís not observed

with thís absorbed serum. Band (f¡*) occurs in the tClt, tHbt, tMgt,

rEs I and r0c I stages and (er") is obse::ved ín the tCl t , 'Hb 
t , tMg t

andrEstsËages. In the tMgt stage its posítion ís partially obscured

by band (t¡") (Figure 16d). The mosË anterior migrating band (*:.)

is found in all stages tested.

Stages analysed wíth Antí-Es/H serum (Figures 17a - 17f

and Tabl.e XIVd)

Band (Orr^) is observed in all sEages except Èhe rovt stage.

D.



Figure 16. Immunoelectrophoretic precipitin line patËerns of

six pre-hatchíng stages of the zebrafish,

Brachydanio rerio, analysed with AnËi'l{gln serum'
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Figure 17. Irnrnunoelectrophoretíc precipitín line patter:ns

of six pre-hatching stages of Ëhe zebrafísh,

Brachydanío rerio, analysed wiËh Anti-Es/H serum.
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In the tclr stage band (O+") is faint; and in the rl{br and tMgt

stages, only the anterior part of the band can be ídentified

(Figures l7c - L7d) " The bau.ds (cO") and ("L) are present in all

stages as separate, non-continuous precipitin 1ines. A band

ideuËified as (u4") is observed in the 'Ovt stage only. A single

band occupying the relatíve position of (eO) and (fA) of Èhe

unabsorbed pattern is known as (t+^). It first appears in the rClr

stage and is present ín all the subsequent stages tested. (eO) is

also found at all stages except the tOvt stage. Only Ëhe r0vt

stage shows the anterior band (*4").

E. Stages analysed r^¡ith Anti-Oc/H serum (Fígures l8a - 1Bd

and Table XIVe)

The precípitin bands (Or"), ("rr), (.i"), (Br") and (*r")

occut: in Ëhe 'ovt, 'Ci', iHb¡, a.nct 'Mg' stages. tsanct (n5") can be

identifíed in the rHbrand 'Mgtstages. Band (uSu) occurs in the

rOvr sËage only and band (tr") in Ëhe tMg'stage only.

Data rvere not obtained for the rEsr and tocr stages Ëested

agaínst Ëhe Anti-Oc/II serum.

IV. ftmnunoelectrophoretic analvsis (IEA) of the hatching stage with

rabbit Anti-H serum absorbed with extracts to various stages

A resu*á of the results obtained when the rHt stage antigens

were tested against the Anti-H serum absorbed with tClt, tHbt, tlfgt,

tEst, rOcr and rHr sËage homogenates, is gíven ín Table XV and

graphically presented in Figures L9a - L9f..

In Ëhis series of tests, the hatching stage r,ras tesËed against

aliquots of its homologous antiserum absorbed with extracts of rCll



Figure 18. Tunnunoelectrophoretí.c precipitin line paLterns of

four pre-hatching stages of the zebrafish,

Brachydanio rerio, analysed r,¡ith Anti-Oc/u serum.
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Table XV

Iurnunoelectrophoretic analysis (IEA) of the zebrafish
hatching-stage rvith anti-Il serum absorbed

respectively wíth six stage extracEs

S tage
AnËígens rå" rä* "'¿å ,6u .06" *6" y6^

Absorbed
anËísera

AnEi-H/Cl + +
AnÈi-H/Hb + +
Anti-H/Mg + +
Anti-H/Es + +
Anti-H/Oc + +
Anti-H/H 0 0

++0++
++t++
++.r++
+0+++
+00++
00000

Symbols used: + Positive reaction
0 NegaËive reaction
t Inleak reaction
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(Anri-H/C1), 'Hb' (Anri-H/Hb) , 'Mg' (Anri-H/Mg) , ¡Esr (AnLi-H/Es) ,

rOct (Anti-H/Oc) and tH' (Antí-H1H)" The Anti-H/H serum served

as a control and díd not shorv any precipitín lines (Figure 19f).

A total of seven bands are observed, namely: ("å*), ("är), ("ååt),

(te"), (rvu") , (xu.) and (vur) . The precipÍtín lines ("år), ('rf"),

("åå'), (xU") ancÌ (VUu) are present .r+hen the hatching stage is

tesËed against Anti-H serurn absorbed with different stage extract.s,

índicaËing that the bands are not cornmon to those in earlÍer stages.

Band (rO") sho\.'s a positive reaction in the tests with Anti-H/Cl

and Antí-H/Hb sera, and a somern'hat rveaker p::ecipitin reaction in

Ëhe test r,zith Anti-H/Mg serum (Figure 19c). Band (rOr) is not

shor^¡n ¡vith AnLi-H/Cl and Antí-H/Oc sera (Figures 19a and 19f),

IË shows faíntly in the tests with Anti-H/Hb and distinctly Ín

tests with Antí-H/Es sera (Fígures 19b and 19d).

The precípitin línes ("å"), (rä"), and ("¿å') exhibit some

contínuity, suggesting that Ëhese bands share cerËain antigenic

det.ernúnant(s). Non-specific precipiÈation ís associated rvith

("å") in a1l- cases (Figure 19a - 19e). Band (t.r) is found lateral

to band ("åå'). Band (rO.) is the most anterior and band (fU") the

mosË posterior band in Ëhe patterns observed. Band (*6r) occurs

lateral to (uf*) and ("ä^).



70

DISCUSSION

Recent studies of the clevelopment of living organisms have been

directed toward the molecular events underlyíng morphogenesis.

Advanees in molecular genetics and biochemical techrrology have con-

Ëributed to our underdtanding of I'differentiation'r as a series of

progranìrned gene-euvíronmental phenomena. An analysis of Ëranslated

proteins and their synthesis, rneEabolism, physío-chenÍcal properËies,

LocaLLzation, concentration levels, kinetics and specific functions

all aíd ín our understanding of Ëhegenetic control mechanisms, and

the progressíve specialization of divergent ce11 lineages in the

individual on{-ogenY.

Proteins possess antigenic determinants of great specificity

and are particularly amenable Èo i¡nmunochemíca1 analysis. In the

present- j-nvesti,gation, an anaiysis of seven <ieveiopmental stages,

namely, the tfut, tClt, tHbt, tMgt, tEst, tOct and rHt stages of the

zebrafish, Brachydanío rerio v¡iLh Ëheir respective homologous anti-

sera \lras carried out by the immunodiffusion (Ouchterlony, 1948) and

iurnunoelectrophoretic methods (Graber and Wi11iansu1953). Iuutuno-

absorption techniques vTere also employed. Inununoelectrophoresis

separates anti-gens according Ëo their net electrostatic charges and

unique molecular weights while the immunodiffusion method distinguishes

antigens according to molecular weight and síze only. IrununoelectÏo-

phoresis rnias used in all analytical tests for the analysís of band

patterns and ininunodiffusion ín the preliminary tests for positíve ard

negative reactions in absorption analysis. ?ositive reactions obtained

by prel-imLnary tests were further analysed by inmunoel-ectrophoresis

with the aim of idenËifying specifíc bands in the antigeníc patterns.
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All the techniques employed are favourable to.qualitative analysis"

They are not used to directly assess Ehe quantity of each antigenic

deËerminant in each stage tested"

I. Problems encountered in thís investigation

A. The antigen-anLib'ody reaction is a function of Ëhe relative

proportional concentration of antigens to antíbodies in the test system.

The rela-tive concentratíons of the heterogeneous antibodies ín a given

serum are fixed while the concentraLions of different antigens in

different sËage extracts are varied. This variabiliËy r¿as eliminated

by adjusËí.ng the extracts from different stages (except the rOvr stage)

to simílar protein concentration levels by dilution vdÈh phosphaËe

buffer adjusted Ëo pH 7.0. The fínal protein concentration for each

stage r¡ras measured by the meÈhod of Lowry et al, (195f) (See Appendix V).

B. According to Spar (1953), the precipÍtation reaction ís usually

positive only within a certain range of antigen and antibody concentratíon.

Prezone (failure to precípitate when the ratio of anËibody to antigen

is too high) and postzone (failure Ëo precipiiate -when the raLio of

antibody Ëo antígen is too low) effects may occur for some anËigens

in a stage extracË which contains a heterogeneous mixture of antígens.

The lack of detection of anEigen of a low concenËration may be due to

the effecÈ of rtinhibitionrr (Boyd , L966) 
"

C. In the process of antibody production, one facEor affecting the

antibody titer'is the animal t s ability to respond to a certain

antigenic determinant. InjecËion of an antígen in Ëhe same concentration

inËo differenË rabbits may result ín differenL antibody titers. This

dÍffículty ís overcome by pooling antisera from differenL rabbits
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injected with identical stage extracts.

D, Due to the heterogeneity and fluctuating concenLrations of antigenic

elemenLs in different developmental stages, a differential absorbing

capacity of the stage extracts used as absorbing materials is expected

(Singh, L97L)

In the present investígation, no band was found ín the t0ot, .rClt,

tHbt, tllgt, tEst, rOcf and tHr stages tesEed againsE Ëhe AnËí-C1,

Anti-Hb, Antí-Mg and Anti-Es sera absorbed respectively rvith

'Clt, tHbt, rMgt and rEsr stage homogenates (Table VIII - XI). ThÍs

implies that the antigeníc patterns of the four developmental stages

tClt, tHbt, rMgr and tEst are qualitatively sirnilar; and that stage-

specifÍc antígens, if present, are either prezone of postzone and

hence not detectable. I^Ihen roct homogenates were used to absorb

anti-sËage sera other than Anti^Cc serun, a faint precipitíD. reaci:ion

was observed (Tables VIII - XI). This implies that certain antigeníc

components in the toct stage are either absent, or present in a

concentration Í-nsufficienË for adequate absorption of homologous

antibodies. I^lhen Ëhe tocr sËage extract was used to absorb its

homologous antíserum, a diffuse precipitation was díscovered in Ëhe

inununodif fusion tesË (Table xrr). This ur,ay be due to incomplete

absorptíon, or to the presence of a masked form of antigenic deËerminant.

Presumably, the masked antigen, subsequent Ëo injection into the

rabbit, is unmasked r,rith a consequent production of its homologous

antíbody. The inasked antigen molecules in the rocr extract used to

absorb the Antí-oc serum is unable to absorb or to precipitate its

homologous antibody molecules, As a result, the serum cannot bê furly
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absorbed, and a precipitaËíon reactíon may be obtained ¡vith other

€tage-extraÈts containing the unmasked form of this antigen.

1I. Discussion of the indivídual antigen bands arising at different

stages rvith the use of anti-stage sera

A. Analysis of bands (a) , (b) and (bt)

The appearance of antigens (a), (b).and (bt) in seven develop-

mental stages tesËed wíth six antÍ-stage sera ís summarized in Tables

)trta - XVIc.

Positive reactions of the precípitin band (a) ín the tests

analysed r^7ith all six anti-stage sera, and Ëhe negaËive resulËs ob-

taíned from the absorption tesrs (Table vrrr - xrv), srrongly imply

that Ëhe anÈígen (a) is present in all Ëhe stages analysed. FlucËu-

atíons in the appearance of (a) at different stages with different anti-
sËage sera ntay be attributed to variaËíons in the Anti- (a) anÈibody

titer in the anti-stage sera used. rnitially it may seem that the

AnÈi- (a) antibodies in the Anti-Es serum aËtain an optinal titer as

indicated by the presence of (aO) in all the sÈages tested excepË iì.e

¡Hr stage. since only one band appears in the posterior extremity of

the band PatËerns in the analysis wíth Anti-Cl serum, it is difficult

Ëo distínguish between the bands (ar) and (br). Thís band rherefore,

may be either band (ur) or (b1), or a composiËe (at br) band.

Precípitin reactíons índicate that the relaËive concentrat.ion of

(a) is highest in Ëhe rovr and declines after fertilization. rn Ëhe

rclr sËage, fainE precipitin lines, as shown by (ar) and (ao) as well

as the lack of detection of (^) substanriate rhat the antigen (a)

concentration is low aË this stage. At the rHbt stage, the antigen

concenËration rises'slightly as evidenced by the occurrence of positive
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precipitations for bands (ar) and (^+). The Anti- (a) antibody titer

in the Anti-H serum may be very lorv since only Ëhe rovt yields a posilive

reactíon. The absence of the bands (tr"), (ar*) , (a4^), (ar") at any

stage in the absorption tesLs when Ehe rHr stage extract ís used as

absorbanË (Table XIV) índícates Èhat Ëhe antigen (a) tnay be present

in the f Ht sta€ie. Thus the single bands formed at the (a, - br)

positions in Ëhe rHr stage would most líkely Pe (ar) and (ar) respect-

ively (Table XVIa, Figures 99 and L2g), and the band (aø bU) in

the t0vr stage vrould be (^ì (Figure 7a), Thus the anti-(a) anËi-

bodíes Ín the AnËi-H serum at,t,ain an antibody titer equal to that of

the Anti-Es serum. The presence of band (^ru) in all the pre-optic

cup sËages may be aËËributed to an incompleÈe absorption of the Antí- (a)

antibodies ín the Antí-Hb serum with the rHr stage extract (Table XIVb,

Fisures l1a - I 5el .

Band (b) exists in all stages rvith the exception of the rH

sËage (Table XVIb). The appearance of bands (brr), (brr) and (br") in

the absorption (IEA) Ëests (Tables XIVb - XIVe) also iroplíes that the

band (aU - bU) in the tovt, tCl', tHbt, tMgt, rocr and tHt stages would

be (ro) (Table xvlb). It ís assumed that the rHr sEage extracË does

noc possess the antigen (b) for the absorption of the Anti- (b)

anËibodíes in Ëhe sera used.

Antigen (br) ís revealed by analysis with AnËi-Hb serum. This

anËigen is of low antigenicity at all stages, except the rHbr sLage"

Only the Anti-Hb serum (Table XVIc) has a suffíciently high Anti-(br)

antibody titer to give a positive reaction. The strong precipitin

l-ines of (bj) in the tClt, tHbt, tMgt and Iocr stagestested againsE

the AnËi-Hb/H a.bsorbed serum (Table XIVb) support Ëhis interpretation.
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The absence of (bår) in the rEs I stage r¡ith thís absorbed serum may

be due to a poor resolution after absorption, The possibility exists

Èhat band (bl) might be caused by antigenic irnpurities"
¿

B. Analysis of antigens (c) and (cr)

The appearance of antigens (c) and (cr) in the seven zebrafish

developmental stages tested ¡vith six anti-stage sera is summari-zed Ln

Tables XVIIa - XVIIb.

The absence of (cr), ("i), @r) , (";) , (cr), ("å), (c4) , GL) ,

(cr), ("i), (cU) and (cf) in the rH' stage, and (cu) and (ci) in all

the stages (Tables XVIIa and XVIIb) suggests that (c) and (c') are

absent in the rHt sËage. This is also supported by the appearance in

the 'fu', 'Cl', 'Hbt, tMg', rEst and rOcr stages, of (cr") and ("i")

analysed with the AnÈi-Cl/H serum; of (crr) and ("i^) rvith the Anti-Hb/H

seruÍÌ; of (cr") and ("å") wiËh tlie Anti-Mg/Ìi serurrr; oi (.4") and cf.)

wiËh the Anti-Es/H serum; and of (cr") and (.å") with the Anti-Oc/H

serum (Tables XIVa - XIVe). Although no datahavebeen obtained to

shor¿ the presence of (cru) and (.ir) in the rEsr and rOcr stages wiËh

the Anti-Oc/H serum, Ëhe presence of Ëhese two antigens may be deduced.

In all the tests shornm, (c) and (cr) are closely related anËígens

possibly sharing a coûtrnon antigenic deËerminant. This is seen by the

contínuity of these tr,ro bands in the electrophoretic paËterns (Fígures

B - 12), The consisËenË, marked appearance of these Ëwo bands indicates

that throughouË the sËages tested they are present in a relaËively

uníform and high concentration. Their stable electrophoretíc mobilities

also poinE to a raÈher rigid molecular strucÈure
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C. Analvsis of antigens (d). (e). (f) and (g)

The appearance of antigens (d), (e), (f) and (g) in the seven

zebrafish developmental stages tested wíth six anti-stage sera ís

sunnnarized in Tables XVIIIa - XVIIId.

- Antígen (d) occurs quite consiste-ntly in the r0vt stage when

tested againsË all prehatching-stage sera (Table XVIIIa). In the rHbl

sËage, ít appears faintly when analysed wi.th Ëhe same antisera. The

occurrence of (dr) and (d¡) in thetMgt and rEst stages and the dis-

tages make the inter-

pretatÍ-on dífficult. The absence of any positive reacÉion in the.

inrnunoabsorption tests with tOvt, tC1,, rI{br, r}1gr and tEs t extracts

tested against prehatching stage sera absorbed with 'Cl', ,Hb', ,Mg,

or rEsr homogenates (Tables VIII - XI) suggesËs thac antigen (d) is

present in Ëhe tfut, tClt, tHbt, rMgt and rEsr stages. The appeá.rance

of (dr) in the tOvt, rClr and rHbr (Tables VI and XVIIIa), indicates

that (d) antíbodies, 
:r" 

present in the anti-Oc serum and i:hat (d)

antigens hence must be present in the rOcr stage. With the excepËion

of (dr) antígen (d) was not detecÈed in therOctstage. This implier

that antigen (d) is sufficiently antigenic to induce anËi- (d) anri-

bodÍes, though present intoolow a concentration í-n the rocr sËage

to be deËected.

Band (d) ís not detected ín the rHr stage when Ëested againsË

the anti-stage sera, nor is iË found in any stage when tested agaínst

thl Anti-H serum, This implies that antigen (d) is absent in Ëhe rHl

stage. hlhen prehatching stages are tested againsË the anti-prehatching

stage sera absorbed with hatching stage extracËs, antigen (d) is deLected
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ín the torrt, tclt, tHbt, rMgr and rEsr stages (Tabre xrva - xrve).
This also confirms that antigen (cl) i-s absent in the rllr stage. The'

appearance of (df.) in the ,Mgt and tEsr stages, a'd (Or") in the ,Mg,

stage (Table XrVe) help to ínterpret the data obËained fron the un-

absorbed rEA rests where their homologuss i.e. (d) and (dr) are not

found in the corresponding stages (Tabl.e xvrrra). The absence of the
.homologues rnay be attributed to masking, or to a subminimal effect.

Antigen (e) is detected onry in Ëhe rovr stage ¡qith arl seïa to
the prehatching stages (Table xvrrrb), Antigen (f) is detected in the
tclt, rHbt, tMgt, tEsr and ¡ocr stages (Table xvrrrc). The difference
between (e) and (f) is a difference ín electrophoretic mobility. Band

(e) is found slightly posterior to (f) which has an elecrrophoreric
nobilíty approxÍmatíng zero. I^lhen rovr is tested against the Anti_
c1'' , Anti-Hb , Anti-Mg and Anti-Es sera absorbed resneçr,i-r¡s!;r

i^ríth the tclt , tI{b r , rMg r and rEs I extracËs, no precipitin lines are

observed suggesting the absorption of al1 anËibodies íncluding anlÍ-
bodies to (e). rr is possible rhar anrigens (e) and (f) mighr acruarry
share a cc:nnò'antigeníc determinant. ïË may also be thaË (e) is a

precursor of (f), and that subsequent to fertiLízatLon, (e) is
changed to (f). The molecure becomes more negàtive, that is, the

molecule acquires the erectrophoretíc behavior of antigen (f). A

lov¡ Ëiter of antibodies to (f) in the Anti-cl serum may explain the

nondetectability of (fr) in any of the developmental stages tested.

This low títer may be due to the weak antigenicity of antigen (f) in
the rclr extracË, or to an insufficient concenËration of (f) to induce

an antibody response. The absence of (fs) ín the 'ovr stage, the

presence of a weak precipitin line for (f) in the rclr stage and the
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presence of clear precipitin lines in the remaining preiratchíng stages,

Írnplies that anËj-gen (f) is accumulatíng throughout tire early develop-

mental stages up to the rEsr sËage, at which time a decrease ín con-

centration begins. This is supported by the absence of (t) in the

toctstage (Figure 9f). Both (e) and (f) are absenr in rhe rHr srage

(Tables xvrrrb and xvrrrc). That (f ) does nor occur in rl-re hatching

stage is furËher supported b5' the observation rhar (f z), (f3a) , (f 
4a)

and (tr") are identífied at various sËages r^rith embryo homogenates

tested against stage anËisera absorbed v¡ith the hatching sËage

extracts (Tab1es XIVb - XIVe)

GZu), (eru), (eOu) and (.rr) are detected when the rovr is tesred

against the Anti-Hb/H, Anri-Mg/H, Anri-Es /H and Anri-Oc/H sera

(Tables XIVb - XIVe, Fígures 15a, L6a, L7a, l8a,19a) however, (eru)

is not detected. This suggests that changes may take place in the

antiserum in some instances as a result of absorption. I,Ihat the changes

are can only be conjectural.

Antigen (g) is detected ín all prehatching sËages analysed with

all antí-stage sera (Tables xvrrrrl). ile existence of (sU) in several

of the prehatching sLages, and the absence of (er), Gr), (er), GO),

(Sr) ana (SU) in tfre tHt stage suggesr rhat rhe (g) antigen is eirher

nasked or present at. a subminimal level aË this stage. rn Ëhe latter

case, the antigenicity of (g) would have Ëo be quite high at the

hatching stage" Antígen (g) is not detected in the rov' stage with

any of the anËi-stage sera. The bands (SO^) and (gr.) trowever are

deËected ín the absorptíon rEA tests at the ovary stage (FÍgures 14a

and l8a). It is possible that (g) exists aË a l-ow concentraËion level

ín the f0vtand starts accumulating after fertiLízation as revealed by the

number of times ít appears in ËhetClt, rHbtand tMgtstages.
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IË decreases to a subminiinal level after the r0c'stage (Tabte XVIIId)"

Since antígen (g) is found almost uniformly in all the embryonic

sËages the absence of (Sr) at tne rEsrstage ís difficult to interpret.

The identification of the bands (Sr") , (eru), (err), (BOr) and

(Srr) in the absorption IEA Eests (Table XIVa - XIVe) also give

support to Èhe inËerpretation that antígen (g) at the rHr stage is

either masked, or ís híghly antigenic but.present at a subminimal

level. In either cases, (S") is expected to be presenÈ in the

absorpËion tests. In the former case the result r,¡ould the the non-

åbsorption of Anti-g antibodies in the anÈi-prehatching sLage

sera whereas in the laËter case, the result would be an íncomplete

absorpËion of the anti-prehatchíng-stage sera.

D. Analysis of Ëhe band complex antigens (hr). (lit'). (j). (k). (1t)

¡n¡:l ¡/1tl\ an¡l a^r. .í oa- /r \

The appearance of antigens (h'), (h"), (j), (k), (1-') and (1"),

and (i) in the seven zebrafish developmental stages tested vríth six

anËÍ-sÈage sera is summarized in Tables XIXa - XIXg.

(hr) and (h") are two closely associated antigens as indicated

in the analysis by all anti-sËage sera. They are identified in all

developmental stages tested (Tables XIXa, XIXb). They are distinguished

from each other on1-y by a posterior flaring of the tband complexl

(Fígure Bc). Their molecular structures probably have similar net

eLectrical charges and molecular weights. The analysis of the rEsr

stage with anti-sËage sera against Lhe tClt, tErt, rOcr and rHt shows

that there is a tendency for (ht) and (h") to courbine into one band

(Tables II, V, VI and VII, Figure 2). In all the tests, (h') and (h")

appear to accumulaËe electropositive charges príor to Ëhe rOcr sEage
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as.evidenced by a progressive posterior migratíon wiËh reference to

band (") (Figure 9e) "

AnËigen (i) remains aË a constant concentration level throughout

developmenË and shorvs a constanË electrophoretic mobil.iEy in the

prehatching stages (Table XIXc). A slight change in the shape of the

precipitin arch of antigen (i) in Lhe rHr stage suggests that Ëhis

molecule has undergone a slight change in.structure subsequent to

the rocr stage. The absence of precipitín band (i) in the experimenËs

with sÈages tested againsË anËi-sËage sera absorbed wiËh the tHt

stage extracË (Tab1-e XIV), supports the interpretaLion that antigen

(i) in the haËching stage, though demonstrating a slightly differenË

electrophoretic behavior, nevertheless shares ant,ígenic determinants

rrith the antígen (i) of the other prehatchíng sËages"

Antigens (j) and (k) as analysed by various antí-stage sera

occasionally exhibit a slight fluctuat,ion ín electrophoretic mobiliÈy.

The failure of detection of (j1) in any of the stages (Tables II and

XIXd) may be attríbuted to the low antigenicity of antigen (j) at

the cLeav3ge sÈage and consequenÉly to an inabilíty to inciuce enough

anËi-(j) antíbodies in Ëhe Anti-Cl- serum. That band (j) is not

detected in the rHr stage with any antí-stage sera (Tables II - VI)

and ín any stage tested against Anti-H serum (Table VI, XIXd) may

impl-y Ëhat (j) is absent, from the rHr stage. However, when the rHl

stage extract is used to absorb anti-stage sera, band (j) is not

detected (Table XIV), An alternative explanation would be that

anËigen (j) is present ín the rHr stage but masked by the rband complext

when the rHr stage is tesËed agaínst anti-prehatching stage sera.

Siuilarly, (j) in the'Mg'stage (Table III) and (j4) in the'C1',
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rHbr and tMg' stages (Table V) may overlap ruíth (lcr) and (lcO) re-

spectively in the unabsorbed Èests. Anti-Mg serum (Table IV) and

AntÍ-Oc serum (Tabfe VI) poorly resolve the band (j) and (k) as

indícated by the appearance of a síngle band at the (j - k) position

in some instances. The precipíËin lines (k), (kr) and (ka) ín rhe

rH¡ stage equally r¿ell could be (j), (jr) and (jO) or a composire

precipitin line made up of the two antÍgens.

Because of Ëhe proximity of these bands to the position of band

(1t), they are identified as (k) rather than (j). The absence of

(kA) (Table XIXe) rnay be attributed to the low anrigeniciry of rhe (k)

anÈigen in the rHf stage. That antigen (k) rnay be present in the tHt

stage ís confirmed by its absence in tests util-izing anËisera absorbed

røi Ëh rHr exËracts (Table XIV) .

Bands (1r) and (1") occur consistantly throughout all develoo-

menËal stages t,ested (Tables xrxf - xlxg). The former shor+s a mínor

electrophoretic flucËuation throughout the early development.al stages,

T.l'iËh the highest positive mobility in the rovr stage and the lowest

rnobility ín the lEsr and rHr stages. This flucËuatíon is prominent

in the analysis idiËh al-l antisera except the AnËi-Hb serum. A

decrease in the posiËive mobility of an antigen may be indicative of

an increase in positive charges.

The cathodic half of the band complex ís made up of (ht) and (h,)

and the anodic half of the complex is made up of (j), (1c), (1t) and

(1i'). The bands (1t') and (hr) constituÈe the Ër,¡o extremes of the band

complex. IË is noË knovrn íf the rails of the bands (j), (k), (1,) or

(Lr') are contínuous with, or identical to the anodÍc tails of (ht)

andfor (ht'), AlËhough the rband complext appears to be composed of
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six identífiable bands, the actual band number might be reduced to

four. On the other hand, the rband complexr is thick and may be

composed of a number of non-ídentifiable bands. The bands (ht)'

(ht'), (k) and (1') display símilar fluctuatíon ín their elecËrophoretic

mobilities and the possibility Ëhat they are actually composecl of two

antigens should not. be ruled out. The presence of ncn-specific

precipitati.on in addition makes an interpre.tation of the rband

complexr diffícult,

E. Analysis of (m), (rna) , (n), (n'), (o), (p) and (q)

The appeaïance of antigens (m), (ma), (n), (n'), (o), (p) and

(q) in the seven zebrafísh development stages tested r,¡ith six anti-

sËage sera ís sumnarized in Tables XXa - )o{g

Analysis of antigen (m) with various anti-stage sera (except

tAnci-l"ig t serum) gives consisuant resuits (Tables II - VII and XX)

I{iLh Anti-Mg serum, (*3) is only observed in the rOvr and the rEsl

sÊages (Tables IV and XXa). A merging of the (mr) and (nr) bands is

possible in the tClt, tHbt, tMBt, r0cr and tHr stages (Figures 10a -

10c, 10e - 1-0f). This mergíng will manifest itself in the form of a

precípitin arch wÍder than each separately. The fai1ure of detection

of (mU) in the t0vr stage (Table VII, )C{a) may be due to masking by

Ëhe rband complexr (Figure L2a). All other sËages tesËed against

Anti-H serum show the presence of the antígen (*)" When the rHt

extracË is used to absorb sera to the prehatching sËages (Tables XIVa -

XIVe), band (m") may be observed in most cases. The irnplication

ís that two antigens wíth identíca1 electrophoretic mobilitíes and

diffusion rates occupy the same relative posítion in the electrophoretic

tests. The antigen observed in the absorptíon test, which is masked by
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(r) in the non-absorbed tests, is referred to as. antigen (*.). This

antigen is absent in the rHr stage since (m") apnears in the tests

with anti-stage sera absorbed with rHr extracts.

Although (tO) is not detected in any of the stages with Anri-H

serum, its exisËence at the rHr stage hor^'ever is indicated by the

presence of bands (nr), (nr), (nr), (nO) and (nr) at the'Hrstage

(Table XXc). The absence of (n) antibodies in the Antí-H serum

uright be a consequence of a change in antigenicity of this particular

molecule at the rHr stage, or to a lack of sensitivity of the rabb:'-t

towards this injecËed anËigen.

Analysis of the tOvt stage wiËh Anti-Hb serum shows an exËenLíon

of the antigen (mr) into the (nr) nosíËíon possibly masking the latter

(Figure 9a).

Antigen (nl) is detected in all stages except r0vt wíth Anti-Es

serum (Tables V and >C(d). Only (n!) is deËecred in the tovt stage

r,t¡iÈh Anti-Oc serum (Figure LZa). : The posirion of (";) in rhe 'Ov¡

pattern (Figure L2a), as compared r^¡ith the position of Íts homologueg

in Ëhe otlrer stage paËterns, is more anterior and becomes lateral to

band (oS). Antigens (m), (n), (nr) and (o) in the t0vrwhen compared

Ëo their homologous anËigens obtaíned with other stage homogenates

tesËed against all antí-stage sera are found to occupy a somewhat. more

anterior position Ín the ge1. What causes this apparent stage-specific

difference- in the electrophoretic mobility of these rOvr antigens is

not kno'"m. A sËrong precipitin line for ("å) in the 'Hr stage (Figure 10g)

and a less well defined precipitín line for (nj) in the tClt, tHbt, tMgt

and the rEsr stages (Table XXd, Figures 10a - 10d) demonstrate that the

concenLration of the (nr) antigen is hÍgher at the rHt sËage. The
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The absence of (nl) and (nj) with Antí-Cl and Antí-Hb sera points to

a comparativel-y lov¡er antibody level for the antigerr (nt) ín the rClt

ancl rlibr stages. The accumulatíon of the (nr) antigen in the tMgt

stage is evídenl by the rveak Anti-(ttt) titer in the Anti-Mg seruin.

The absence of (ni) with Antí-H seruirr may be due Ëo a loiv antigenicity,

or Ëo a lack of response by the animal Lo thís particular antigen.

Precipítin bands (or), (or), (or) are .weaker than bands (oO) and

(oS) " This suggests that Antí-Es and Anti-Oc sera may have a hígher

titer of anti-(o) antibodies than Anti-C1-, Anti-Hb and Antí-Mg sera.

Antigen (o) has an initíally higher concentration in Ëhe tOv'stage

Èhan in the other stages (Table K(e). The absence of ("0) in the post-

f.ertLLi-zatÍon stages ís due to the low AnËi- (o) titer ín the Anti-H

serum. That an extensive change occurs in the molecular strucLure

of antigen (o) duríng development is revealed bv the fluctuation in

the electrophoretic behavior of this antigen. Variations ín anti-(o)

Ëiters in dífferent antísera may account for the degree to which the

antigens (or) and (or) are detectable.

Antigen (p) generally occurs in all developmenËa1 stages tested

hTith all anti-prehatching sËage sera. The Anti-Cl serum may have a

weaker Anti-(p) titer. The absence of (lr) in rcl'may be attributed

to an trinhibitíontt effect. The identificatíon of a weak (16) lrecípiËin

Iíne only in the rûvt sËage, implies Ëhat the Anti-H serum possesses

a v¡eak Antí-(p) titer. A slight fluctuation in the electrophoretic

mobility of antigen (p) is observed ín the analysis with different

anti-stage sera. This fluctuation is neiËher unÍform nor consísLant,

and reflects an external calrse rather than an internal change in the

molecular properties of the antigen (p) 
"
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The antigen (q) is che most anterior band obs.erved r^¡ith the Anti-

Mg and the Anti-Oc sera" The band (Ar) of the ovary ís comparatively

r.¡ealcer than t'and (Or) of the sarne stage. This nray be due to a lornrer

anti- (q) titer ín the Anti-Mg serum than in the Antí-Oc serum. Band

(Sr) is found to be pTesent as a sÈronger precipitin line in the rOvl

stage than ín the other stages tested againsL Anti- Oc serum. During

cleavage, the concentration of antígen (q).appears to decrease slightly

(Figure 12b) only to build up again conrnencing wíth the rHbr sËage.

The failure of deËection of (Or), (lr) , (04) ana (lU) i" any of Ëhe

stages suggests that only at the tOcr sËage ís the appropríate

concenËration level of antigen (q) reached for the production of

antibodies. Band (er) in the rHr stage is continuous with band (er)

showing a different arch pattern from their non-continous homologues

of the oËher stages (Figure L2ù.

F. Analysis of (r). (r'), (s) and (t)

The appearance of anËigens (r), (rt), (s) and (t) in the seven

zebrafish developmenËal stages tested wiËh six anti-stage sera is

su¡mnarízed in Tables XXIa - )O(Id.

Band (r) occurs from the rClr stage Ëo the tEsr stage analysed

with Anti-Hb and Anti-Es sera (Tables III and V). It appears in Ëhe

rClr only when Anti-Mg serum is used. A faint precipitin line at the

(r) position (Figure LZa) is observed in only one instance when Ëhe rOvl

is tested againsË AnLi-Oc serum (Table XXIa). The failure to demonstrate

Ëhís band with'other antisera, and the failure to reproduce Ëhis band

by ËesËing the r0vr stage against Ëhe Àntí-Oc serum in repeated

experíments, may be attributed to a subminÍmal concentraÈion of antigen

(r) in the tOvI sËage.
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Band (r) is not detected ín the tOcr stage with the different

anËi-sÈage sera. This does noE mean that antigen (r) 
.is 

absenË from

the r0cr stage. Since band (rr) is detected in the pre-Oc stages

with the Anti-Oc serum, antigen (r) must be present in the toct stage

eíther in a highly immunogenic state or in a masked form" In the

former case, antígen (r) may exist in a very lov¡ concentratíon, yet

has the abil-íty suffícient to induce anLibodíes. Thus, the Iow (r)

anËigen conc.enÈration at the rOcr stage may not resul-t in visible

precipitation whereas the higher (r) concentratíon, in the pre-opLic

cup stages do. Thê.appearance of (tr^) in the tClt, tHbr and tMgt

stages r^lith the AnËi-Hb serum absorbed w"ith the haËching stage exËract

(Table XIú) indicates that (rU) is absenË from Èhe rHr sËage. This

observaËion is aË conflict r¿ith other observations made. For example,

although (rr), (rO) and (rr) are detected with the unabsorbed sera ín

the rclr stage, yet (t¡r), (rO") and (tru) are noË observed in the

absorption tests (Table )O(Ia). This is also true for the absence of

(tO.) from the tHbt, rl'fgr and rEsf sËages and for the absence of (tSu)

from the 'lfgt stage (Table XIVd) where their honnologous appear in the

corresponding stages in Ëhe non-absorption tests (Tab1e )(Xa) ' The

disappearance of antigen (r) after absorptíon in the instances

mentíoned may be due to an alteraËion in the Anti- (r) titers in the

Anti-Mg/H, AnËi-Es/H and Anti-oc/H sera.

It is not impossible that in absorbing the anti-stage sêra with

the hatching stage extlacts the antibody for (r) o,ny be precipitaËed,

no¡ as a resulE of an interactíon with its homoLogues antigen, buË as

a result of non-specific adsorption onËo other antibody-antigen

complexes which are precípitaËed. If so then Lhis non-specific

adsorpËion reacËion nå,y lower the Antí-(r) antibody titer in the Antí-Mg,
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Anti-Es and Anti-Oc sera resulting in an inabilÍty to precipitate due

to an inhibition effect"

Antigen (rr) only appears ín the unabsorbed pattern r"ith Anti-

Hb serum at Lhe rHbt and 'Mgt stages (Tables rrr and xxrb, Figures 9c -

9d). The absence of any precípitin bands in Ëhe absorption tests

wíth 6ntÍ-Hb serum (Table rx) and Anti-Mg serun (Table x) absorbed

with rclr and tEst extracLs, suggests that the Antí-(r!) antibodies

in these sera may have been removed by the fclt and the tEst extracts,

and that antigen (rr) therefore must be present in the rclr and rEsl

sËage. The appearance of (ràr) ín the rHbr andtMg'stages (Table xrvb)

confirms that anËigen (rt) is noË presenË ín the tHt sËage. From

the above, iÉ appears that antigen (rj) urakes its fírst appearance

aL the rHbr stage. since absorption of the Anti- H,b serum with rclt

extract removed band (r)) it mây be concluded that thís antigen is

already present ín the rclr stage in a subminimal concentratíon. By

the same token, the antigen (r t ) may be said to drop to a subminimal

lever after the tMgt stage. Antigen (rt) therefore may be considered

as a transí-ent antigen occurring at the tlOt anC tMgt stages.

Antigen (s) occurs ín the 'ovt stage r¿ith Anti-cl serum (Table rr,

Figure 8a); in the rHb¡ stage r..¡ith Anti-Mg serum; in the 'Mg' sËage

w'ith Anti-cl, Anti-Hb and Anti-Mg sera; in rhe rEs' stage with Anti-cl,

Anti-Hb, Anti-Mg and Anti-Es sera; in the roc' stage i¿ith Anti-oc

serum and in Ëhe tHt sÊage $7ith Anti-Hb, Anti-Es and Antí-oc sera

(Tables II - VI, XXIc). Since antige-n (s) usually ís closely associated

røith the rband complexr, the resolution of antigen (s) occasionally

may be obscured. This nêy account for the disappearance of (s) in some

Lest,s. The presence of the (sr) banrl points to the existence of the
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antigen (s) in Ëhe rclt sËage, although this antígen has not been

revealed at rClr with any of the Anti-stage sera used. All the results

(Table XXc) suggest that antigen (s) is presenr in all of rhe develop-

mental stages. This suggestion is further supported by Èhe absorption

Ëests (Tables VIII - XII, XIV) where band (s) is noË deLected wirh any

of the absorbed sera.

Antígen (t), in general, appears as an.extremely r,/eak band. 0f

all the anti-sera used Antí-Hb and Antí-Oc are the better antísera

for the testing of Ëhe (L) antigen. SÍnce the position of band (aS)

ís found slighÈly more anterior to the positíon where (tz), (tr) and

(tO) are found it is not known v¡hether (aS) is homologous Ëo these.

In general antigens (r), (rt), (s) and (t), as compared Ëo other

anËígensrare found to give comparaËively weak precipiËin reactions.

G. Airalysis of antígens (ur). (u'r), (u'rr). (v). (w). (x) a.nd (y)

The appearance of antigens (ut), (u"), (u"'), (v), (w), (x) and

(y) in the seven zebrafish developmental stages tested with six anËi-

stage sera is surnmarized in Tables XXIIa - )Õ(IIg.

Antigens (ut), (ut'), (u"'), (v), (w), (x) and (y) are found in

Ëhe hatching stage only (Tables VII and K{IIa - XXIIg). . The failure

to identify these bands in other sËages with AnÈi-H serum (Table vrr),

as well as the ability to identify these bands with hatching stage

extract tested against anti-H serum absorbed respectively with Ëhe

tCl t , tHbt , tMgt , rEs I and tOc r sËage extracts (Table XV) shov¡ that

these bands are not present at.or príor to the t0ct stage. The

absence of a positive reaction for band (rU") r¿íth Anti-H/Cl and

Anti-H/Oc sera, as well as the absence of a posiLíve reacÈion for

band (tOu) wíth Anti-H/Es and Anti-H/Oc sera (Table XV), suggest that
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Ín these instances antibodies for these antigens may be removed by

non-specific adsorption. Sínce the antigen (v) and (v¡) overlap with

the positions where bands (n), (n'), (o), (p) and (q) are usually

found, it ís possible that the former two may mask the latter ones

(Figure 13g). Negati.ve results rviËh Antí-lI/H serum índicate that

the absorption is complete and that the appearance of ("å"), (uf"),

("'åå), (vU.), (wU"), (xU") and (vU") is not due to incomplete

absorption"

1II. Discussion of the stage antígenic patterns

The number of tímes that índividual antígeæ ín the various

embryonic stages are detected r'rith anLi-stage sera is surmnarized in

Table )O(III. Quantitative methods have not been used in rneasuring

the antigen concenËration aË the various developmental stages. The

n¡rmber of ti.mes that indi-¡idual- anÈigens are observed r.¡iËh all- anti-

stage sera, is interpreted to represent Èhe variations in Ëhe con-

cenËraEion levels of the individual antigens aË each developmental

sËage

Irmnunodiffusíon and inmunoelectrophoretic analysis reveal

thirty four bands in Ëhe t&t, ,Cl,, tHbt, tMgt, tEst, roct and tH¡

stages with unabsorbed and absorbed anti-stage sera Ëo six develop-

mental stages. Twenty seven bands are identified ín Ëhe prehatching

stages, fifteen of Ëhese are contrnon to the hatching stage. The

remaining seven are found in the hatching stage only.

TwenËy ihree anLigens are present in the t0vr stage. Of

these, twenËy one are deËected with unabsorbed sera and Ëwo antígens

(er") ana (m.) with absorbed sera. The antigens (b'), (f), (r') and

(t) have not been observed in the r0vr stage.
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Table XXIII (continued)
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TwenEy four antigens are detected in the cleavage stage. Of

theser tv/enty three are revealed wíth unabsorbed sera and one antígen

Q) with absorbed sera. Tr¡o additional antigens (rr) and (s) are

deduced to be pfesent at a subminimal level. Antigen (e) is absent.

at the cleavage sËage and Lhe antigens (bt), (f) and (t) make rheir

first appearance. The number of positive reactions for each of the

ancigens (a), (d), (j), (o) and (q) wirh .anri-srage sera is less aË

cleavage than at Ëhe r'Ovr stage. The contrary is true for the

antígens (n') and (I).

Twenty six antigens are observed aç.the high blastula stage.

TwenËy five of Èhese are revealed with unabsorbed sera and one antígen

Q) with absorbed sera. The band partern is similar to thar of 'c1;.

The concentrations of the (d) and (r) when compared to cleavage are

observed to decrease while those for Ëhe antigens (f), (nt ), (o), (p)

and (s) are observed to increase slightly. The antigens (rr) and

(s) are first detected as positive precipitin línes aE the high

blastula stage" The antigen (rt) tnay be a transienË antigen contrnon

to both Lhe rHbr and Ëhe tMgt st.ages

Twenty six antigens are found in the rMgt sËage. Twenty five

of these r¿ith unabsorbed sera and one antigen (m") wiËh _absorbed

sera, The antigenic pattern of this stage is similar to that of Ëhe

rHb I stage. I^Ihen compared Ëo the I Hb t stage the tMg t anËigens (a) ,

(d), (j), (k) and (r') rend ro decrease while anrigens (e), (n'),

(s) and (t) tend to increase in concentration. The antigens (hr) and

(ht') first tend to combine inËo a singre band exhibiting a gïeater

cathodíc electrophoretic mobility aË this stage,

Twenty five anËigens are ídentified in Ëhe tEsr sËage. TwenËy
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centratíon level-s and electrophoretic mobilities of certain antigens

are observed. The tHgt and the tlulgt stages differ primarily from

the other stages ín the appearance of a transient anËigen (rt).

The pattern of the rOcr stage is slíghtly dífferent v¡hen compared

to the preceeding stages as revealed by the absorption tests

(Tables VIII - XIII) " This difference has not been adequately

explained j.n the present investigation but most likely may be

aËtribuEed to incomplete absorptíon. The disappearance of several

pre-rOct stage antigens and a decrease in Lhe concentration of

others characterizes Ëhis particular stage.

BoËh the unabsorbed and absorbed paËterns indicafe Ëhat the

ovary may possess all Èhe antígens found in the early developmental

prehatching stages excepÈ for the antigens (b'), (f), (S), (r') and

(t). Antíger-r (e) is unique in the r0v' sËage and is believed to have

changed to (f) afËer fertilization. The sËrong precipiËin lines

generally obtained from tesËs with the rOvt ext.ract.s can be attribut.ed

to Ehe higher initial concentration of these anËigens at this stage.

It should be borne in mind thaL prior to spawnÍng, the eggs of Lhe

ovary do not take up TnraËer as do the eggs subsequent. to spar^rning.

FurËhermore, a change in molecular properties in a number of

anÈigens occurs folloving f.ertLLízation as revealed by changes in

electrophoretic mobílities. The anËigens (k), (1t), (1"), (n) and

(o) of Ëhe posL-f.ertíIízation stages have acquired more posterior

posítions (-ve EPI'{) and the antigens (a) and (b) slightly more

anterior posit.ions (+ve E?M) when compared to theír homologous

antÍgens in the rOvr. This fl-uctuatíon in electrophoretic mobility

is also found in the rrgroup onel anËigens in sea urchin development

(llestin er a1, L967).
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four of these are observed r*rith unabsorbed sera. The antigerr (m*)

ís detected wíth the absorbed sera onry. The a'tigen (r) of the rEs r

stage is present at a lor¿er concentratíon than the same band of the
tMg'stage. The anrigens (a), (d), (j), (o), (s) and (r) of the
rEsr siage, r'hen compared to their hornologous bands in Ëhe ,Mg,

stage' are present in a slíghtly higher concenËratíon. An'Ígen (m)

reaches a srightly higher concen'ration at the rEsf sËage than at
any other devel0pmenËa,. stages. The (rr) antigen disappears at this
s Ëage .

Twenty five antigens are present in the rocr stage. Twenty two
of these are detected w'ith unabsorbed sera, one antígen (5) with
absorbed sera' and two anËigens (r) and (s) are deduced to exist at
subminíural levels. The antigens (d), (f) and (n,) when compared to
their homologues in the rEsr stage tend to decre¡se ,..¡hile lhc a;ltigens
(a) and (") increase slightry in concentration. The concentratíon of (r)
and (s) has dropped to an undetectable revel, yet Lhese antígens retain
a hÍgh enough antigenicity to induce antíbody formation.

In the haLcirir.rg stage, a drastÍc cirange in the antigenic
pattern is observed. A total 0f Ëwenty two antigens are idenÈified.
Fourteen of these are detected with unabsorbed sera and one antigen
(g) ís deduced' seven new antigens, not previously identifíed
are observed ar Ëhis stage (u' - y). The anrigens (b), (b,), (c),
(ct), (d), (e), (f), (i), (r), (r,), (r) and (m.) are nor observed.
The antigens (a), (nt) and (s) are slightly stronger in rheir pre-
cipitin reactions than the homorogous antigens of the ,oc, stage.

The antigenic paËterns of thetClr, ,Hb,, rMgrandrEsr stages
are wíthout much change. rn genera', slÍght fluctuaÉions in con-



106

IV" General discussion

Spar (1953) tested blastula, gastrula and neurula extracËs of
Rana pipiens quantitatively against theír homologous antisera and

antisera absorbed with heterogeneous stage extracts in ring and

precípitín tests. six groups of antígens are reported, namery:

antigens specific for gl-astrula (G), antígens specifíc for 'eurura (N),

antigens conmron to both blastula and gastrula (BG), antigens cor'non

Ëo both gastrula and neurula (GN), antígens conmon to both blastura

and neurula (BN), and those conmon Èo alr stages (BGN). No brastura

stage-specific group of antigens is reporËed. spar subsequentry

determined the relative concentrations of Lhese antigen classes and

lísced them in a descending order as forlor,¡s: BNG>N>GN_-BG> BN> G.

I'{iËh Ëhe methods employed, he concluded that new antigen groups are first
detected at the gasËrula sËage.

The antigenic patterns of eggsr neurar plate and early neural

fold stages of Rana pipiens were also analysed with antísera to
neural plate and early neural fold as r¿ell as i¿ith antiserum Lo adult
frog serum (cooper, 1950). Five to seven antigens are descríbed as

being common to the egg, neural plate and adurË frog serum. six to eight
antigens ín the neural plate and neural fold stages rvere idenËified r^riËh

homologous antisera. Differences in antigenic profiles vrere not discerned.

Thís may be due to Ëhe insensitivíty of the immunodiffusion technique used.

The ouchterlony method was employed to show the antígenic

patcerns of nine developmental- stages of Rana temporaria (Romanovsky,

L964a). rn addition to one antígen which is conrnon to all stages,

anLigens could be divided inËo three separate groups, each of v¡hich

characterizes each of the three developmental periods as follo¡as: the
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egg to blastula period, the early to late gastrula period and the

neurula to tail-bud period. In contrast to Sparrs finding, a blastula

stage-specific precipitin band was ídentified, Stage-specifÍc

antigens \^/ere also found in the late gasËrula, neurula, taíI-bud and

Larval stages. Antigens colÌtrnon to two neighbouring stages vJere observed

for Ëhe early and late gastrula, Èhe neurula and Èail-bud, and the tail-

bud and larval stages. Some anËigens in the egg may disappear at

morula or late gastrula. The earl-iest new antigen Lo be synthesízed

after ferLiL|zation was found at the blastula stage. Other new

antigens are firsL detected respectívely at the late gasÈrula and

neurula stages. Romanovsky (1964a) noted ËhaË his ovrn findings do

noË adequately accounL for Ëhe detectíon of qualitatively different

anÈígens. One more antigen shared by boËh Ëhe neurula and tail-bud

stases was subsenrre,nt I v ohserverì r¿í th ri ns tests hv Romanovskv (1 96/+h) .

The onset of rRNA synthesis in Xenopus laevis is reported to .

be at the gastrula stage @avidson, 1968), This is coincident with

the tíme of appearance of new antigens aË and after gasËrulation in

Rana pipiens.

Combining both íunnunoelectrophoresis urrd l4c-radioactive 
amino

acid pulse labelling techniques, Westin eË al, (L967) were able to

detect changes in the early antigenic pattern of the sea urchin embryo,

Paracentrotus lívidus. Radioactive labelled extracts of unfertilized

eggs as well as cleavage, hatching-blastula, gastrula and pluteus

extracËs were tested against antisera to unferËilized eggs, gastrula
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and pluteus stage embryos. The concentration of anLigen-bound radio-

activity in the extracts was found to rise markedly from the fertilized
egg to the pluteus stage. one of Lhese labelled antigens found in
the unfertilized egg disappear:s before the hatching-blastu.la srage

t¡hile the other t\,¡o become unlabelled throughout subsequent develop_

ment. Some antigens becoue labelled after ferEíLLzatÍon and disappear

before gastrulation, Westin suggesËed thàt the same genome governing

Ëhe prefettíIizatíon stage becomes acËive and functíonal again from after
hatching ti11 sometime before gastrulation. In pluËeus three 1abellecl.

antigens are found that are not conrnon to any of the earlier stages.

The hatching stage of this species seems to separate the embryonic

developmenË into two anËigenÍcally different periods governed respect-

ívely by separate genomes. westin (Lg6g) also reported thaË the RNA

templntes needed for g¡struleticn erc cynthcsi.zcC at the hatchirig-

blastula stage.

ProLein patterns for developing embryos have also been studied

by means ofother.techniques. The analysis of the hydrolytic enz)rme

pattern or Ëhe rlyanassa obsoleta embryonic stages r,¡ith sËarch-gel

elecËrophoresis reveals Ëwenty three bands. seven of these are

cormnon to all stages; t,hree are specific to the first four days of

development and Ëhirteen appear afÈer the fourth day (Morrí11, 196r).

Thís also suggests thaË gastrulaËion ín this specíes may dívide the

early development into two periods governecl by different groups of

mRlüA" lulackentosh and Be11 (L969) using ¿crylamíde gel, similarly
reported a change in paËtern at the gastrula stage of the sea urchín.

Exceptions exist, thus the gastrula stage rnay not always represenÉ

the stage that dividesdevelopment into two synthetic periods. For



exauple, with carbox)¡methyl cellulose

acetíc acid soluble protein fraction,

origin, appears at the early blastula

(Silver and Comb, L967).

109

column chromatography, an

believed to be of nuclear

stage ín Lytechinus variegatus

Protein synthesis ímmediately after f.erxiLízation is observed

in the actinomycin treated and "orrtrol eggs of the sea urchín (Gross

eË e-l - Lg64). The assembly of proteins.on templaËes is not bloclcedt-

by acrinomycin D at this stage. This implies that the templates for

protein synthesis at cleavage are not synthesized rde novor at,

cleavage bttt are of prefertLlLzatíon maternal origín. FurËhermore,

these experíments with acEinomycin D have shov¡n Ëhat such synËhesis

is necessary for the viability and mitosis of pregastrula cells as

well as for development to proceed beyond gastrulaËion.

Activation of RNA synthesís after fertLlization has beeu

reported by I,Iilt (1963) who discovered that the sedimentation paËtern

of the RNA specÍes before and after fertíLLzation may be Lhe same.

Three sedimentation patterns of rapidly synthesized RNA in

purple sea urchín, St-rg.4ByÈceltrotus purpuratus, has been reported

by Ne6er (1963). Two peaks are cornmon Ëo both the unfertilized and

the ferLíLízed egg celIs. A new 1-0 S peak appears just before

gastrulatíon. rt is not unlilcely that this peak may account for the

appearance of new antigen(s) or protein(s) arising at the gastrula

sËage. The post-gasLrula sedimentatíon pat.tern is polydisperse

indicating that a variety of proteins may be Ëranslated at this stage.

IË should be borne in mind that new antigens are expected ín the post-

gasËrula sÈages in preparation for organogenesís and histogenesis.

Analysis of Ëhe sea urchin po1-yríbosomes show that two classes
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of polysomes' r-Polysomes and s-polysomes, occur in early deveropment

The s-polysomes are inactive (actinom5rcÍn-D insensÍtive) and accumu_

late in the Pregastrula period. At gastrulatí-on, they become active
(actinomycín-D sensitive) and are referrecl to as r-polysomes (rnfant
and Nemer, L967) " This may also ímp1y that. the remprates for some

antigens that appear during or after gastrulation are actually pre-
synËhesized and maintained at a non_ftrnctional state.

DIìA-RÌ{A hydridizarion experiments show that i, %
purpuratus some of the *RNA molecules present in Èhe unfertÍ Lized,

eggs are synthesízed as late as the prism stage (laËe gastrula),
(trrlhiterey et aI, Lg66). This mây account for the occurrence of the
comnon antigens that are synËhesized consisËently before and after
fertilization up to gastrulation. such templates, if 10ng lived,
nay also account for the synthesis of common antigens occurring sub-
seguent to gastrulation. unique kinds of late gastrula mR¡tra molecules
appear to be both qualitatively and quantitatively dífferent from
that of pre- and post-prísm stages. This agrees r,rith the antigenic
pafterns cbserved ín the development of frog and eehinoderm embryos

(Spar, 1953; Rorlancvsþy, I964a", Wesrin S 31, Lg67). Similar nR,*
species in both the unferÈírized and fertiLízed eggs and in the
blastula sËage *¡ere observed by Gliðln er al , (1966). They

demonsËrated that subsequent to the blastula stage, about 4o% of.

the mR}6 population is replaced by a differenË mRlsA morecular species
detectable at the gastrula stage and the subsequenE stages.

The sÈudy of antigenic patËerns and the study of transcription
behavíour in the earry ontogeny of echinoderms and amphibíans agree

¡,riÈh each other" The hatching-b1asLu1a stage of the echÍnoderms and
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the gastrula of the frogs are the points of onset of embryonic gene

funcË.ion. New antigens are expected to be synthesized at these

stages. The prehatching stage of the echínoderms and the pregastrula

stages of the amphibians are under the control of the maternal

genomes; hence few qualit.ative antigenic differences are expected.

The pregastrula period of the zebrafish seem to conform Ëo

the findings observed for the echinoderms and the amphibians. A

change in the zebrafish antigenic specíes at fertílization as compared

Ëo pre-fettíIízatLon is noticed with the disappearance of antigen (e);

a decrease ín concenËration of the antígens (a), (o), (p), (q) and

to a sma1l exËent antigens (d) and (j); and an increase ín Ëhe con-

centration of certain antigens such as (n), (n') and (r). A similar
change in Ëhe concentration of the antigens or proteins after fert,i-

Lízatior' has also been recorded for the echínoids Hemicent_{qlge

pulcharrinus and Pseudocentrotus depressus, and. the teleost Oryzías

latipes by Ishida and yasumasu (T957)

The inirial appearance of rhe anrigens (bt), (f), (g) and (È)

of the z¿brafish after fertilization is supporËed by Ëhe finding thaÈ

one group of proËeins, i.e. group 6 in the sea urchín, Hemicentrotus

pul-churrínus and two groups of proteins, i.e. groups 3 and 5 in
. oryzías 1atípes make their first appearance after fertí Líæ,tíon

(rsida and Yasumasu., rg57). protein synthesis during clea-¡age is
implíed from the study on the transcriptional 1evel (wilt, Lg63,

Gross and cousineau, L964; Morrill, Lg65 and collíer, 1965)" such

protein synthesis may noË necessarily represent the synthesis of new

rrRNA (Gross eË al , Lg64) .

Stage-specific antigens have not been clemonsËrated in the pre-
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haËching zebrafish developrnent as compared to the stage-specific

antigen ídentified in the amphibían development (spar, 1953;

Romanovsky, L964a). The antígen (rt) in the zebrafish is a weak

transíent antigen at least contrnon Lo the rHbt and the rMgr stages.

'Most other antigens are conrnon to all prehatching stages, though

varíaËions in theír concentratíons at different stages are observed.

Thus the antigens (a) , (d) and (i) of the rMgr stage are presenË

at a lovr level whereas Ëhe antigens (nt), (r), (s) and (t) have

reached a peak at Ëhe rMgr and rEsr stages. In view of the observation

that varíations in Ëhe concentration of proteíns do occur from stage

to stage, it is not unreasonable to suggest that Ëhe sËage-specific

antigens reported for Ëhe amphibian embryo by spar (1953) and

Romanovsky (I964a' L964b) are in fact antigens that reach detectable

levels at parËícular stages. Thus these anÈígens may well be common

Ëo stages ín which ËheÍr concentrations are submínimal. TransienË

antÍgens likewise are ant.igens Ëhat acquire detectable levels at a

specific stage or stages. In the case of the anËígens (a), (d) and

(j) an apparent decrease in Èhe concent.ration may indicate that these

are residual non-functional macromolecules gradually eataboLized ín
the course of development. rn the case of the antigeñ (nr), (r),
(s) and (t) an increasing concentration may indicate that Ëhese are

formed at the exPense of the others. An increase in the concentration

of the antigens (nt), (r), (s) and (t) of the zebrafish is coincident

with the Ëime of onset of rapid rRNA synthesis in the loach gastrula

(Kafiani et aI, L969i Kafiani, L?TO). If these antigens are synrhesized

newly formed rRNA at the time of gastrulation, then the tïanslaËion of

these antigens is controlled by the embryonic genomes responsible for

on
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the synthesis of rRNA. Variations in the concentïaËion of certain

antigens withín an embryo may be considered important in the con-

trol of differentiation. For example, stanísstreet and Deuchar (L972)

have c.onpared the ir¡rnunoelectrophoretic patterns of the neural

ectodermal areas of the late Xenopus gastrula. Älthough no qualitaËíve

differences \47ere noticed, quantitative differencesbetl,/een the dorsal

and ventral areas nevertheless \,r'ere observed. An increase in the

concentration of the antigenic components in the neural ecËoderm

inanediately follor,ring neural induction \¡ras observed. flhether or nor

the increase can be related direcËly to subsequent neural different-

iation ís noË known.

The hatchíng stage in Èhe zebrafish development shows fer,rer

antigens cortrnon to the pre-hatching sËages and seven new antigens

namely: (u') , (u"), (ut ' t), (v), (r¿), (x) and (V) . These new

antígens are possibly controlled by a set of genomes which manifest

themsel-ves after Ëhe conurencement of organogenesis. since organo-

genesis and histogenesis in the zebrafish occurs subsequent Ëo

gasbrulation, a slight varíation in the antigenic paËtern from that of

the pregastruia and gastrula stages is expected by the rocr stage.

The results of Ëhe absorption inrnunodiffusion tesËs suggest that the

rOcr stage represent a transitional period during which a shíft from

gastrula Ëo posE-gastrula genomic control may occur. New antigens

aPPear at the Xenopus tail-bud stage after the onset of organogenesis

(Rouranovskyr.L9€4a). SimíIarly, ner¡z antigens occur after the onset

of organogenesis in theechinoderm ParacentroËus (tr{estin et aI Lg67),

in the moll.q.Ilruggsg (Morrill , L96L) and in rhe reLeosÇ oryzias

latipes (Ishida and Yasumasu, L957).
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rn the srudy of fish lacËate dehydrogenase (rs;H) isozymes,

only one of the five isomers is present ín the prehatching stage, all
other isomers are abruptly synthesized at hatching (Nahano and

I^Ihiteley, 1965).

. Sínce in the present study non-Cechorionated etnbryonic stages

(except the tHr stage) were injected for antibody prroducLion, some

of the contrnon anLigens observed may have been locaLi'zeð. in the

perivitelline fruid. preliminary analysis of the perivitelline
fluid of some developmental stages with anti-stage antisera show that
a number of antigens are present in the perivitell_ine fluid. A

variaËion in the antigenic profile of the pervitetr_line fluid has

also been observed. The disappearance of some prehatching sËage

coflmon antigens aË the hatching stage may be due Ëo the loss of
periviËelline fruid as a result of natural dechorionatíon (La¡nr,

unpublished). similarry, some antigens ín Ëhe zebrafish embryo may

origínate in the yolk. Thomas (1968) has discussed the incorporation

of yolk material into the embryo proper during zebrafish clevelopment.

Further analysis of y'olk and pe-r:ivitelline fluicl roay help to elucídate

the actual antigenic patËerns of the embryo_proper.

since the production of antibodies to stage extracts depends

on the antigenícity and concentration of the antigens injecËed as

well as upon Èhe selective response by the animal Ëo the antigens

injected, a failure to detecË sËage-specific antigens may not impry an

actual absence of such antigens. A 1ow concentration, or an inertness

of certain stage-specífic macromolecules (íf present) uray render such

molecures non-deLectable rvíth Ëhe Ëechniques employed in the presenË

investígation.
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SUMMARY

1. Rabbit antísera were produced to aclult zebrafish developmenÊa1

sLages, n-amely: cleavage, High Blastula, Ifid-gastrula, Eurbryonic

shield, Optic Cup and Hatching by subcutaneous Ínjections with antigen and

' Freundrs adjuvant. Aliquots of each of Ëhese antisera respectively

were absorbed wiËh lyophilized extracËs of the six developmental

stages

2" Antigen preparatíons from seven zebrafish developmenËal stages,

namely: ovary, cleavage, High Blastula, Mid-gastrula, Embryonic

shield, OpÈic Cup and Hatching r,rere analysed by :'-mmunoelectrophoresÍs

with unabsorbed anti-stage sera, and by inrnunodiffusion r"¡ith absorbed

anti-stage sera. Positive immunodiffusion reactions were further

analysed by inrnunoelectrophoresis,

3- Four:teen anti øens (r) , (ht), (h",\, (i), (k), (1t), (1t'), (:n),

(l), (o), (p) and (s) are comrnon Ëo all seven stages rested.

4. The Antigens (b), (c), (c'), (d), (Ð, (i) and (r) are found ín

all the prehatching stages tested including Èhe ovary stage Ì,rith

unabsorbed sera. The anËígens (bt), (f) and (t) are found, in rhe

post-fertilization and prehatching sËages only.

5. one anËígen (e) is found in the ovary only. rt changes to antigen

(f) ín the post-fertLLLzation sËages.

6'. A transient antigen (r') is demonstrated in the High Blastula

and l4id-gastrula srages.

7. One anËigen (mu) is idenrified in arl rhe prehat,ching sËages

tesËed with the absorbed sera.

B. Seven antígens (,r,), (u,,), (u,,,), (v), (w), (x) and (y) are observed

in the Hatching stage onIy.
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9. Slíght alterations in electrophoretíc mobilities vrere observed

for tlie antigens (hn), (h,,), (k), (1') and (o)"

10. Variations ín antígen concentrations during development is reported

for the antigens (a), (d), (j), (n'), (r), (s) and (t).

' L1. The techníques eruployed in this investigation have not demonstrated

any stage-specifíc antigens ín the prehatchirrg development of uhe

zebrafish
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APPENDIX T

?hosphate buffer, pH 6.6 - 6.8 ionícíty 0,02

NaTHPOO. L2H2O L2.78 gm

KHZPO4 12.25 gm

nzo looo ml

Use 1:B parts dístilled vrater to make O.O2Ì"1,

pH 6.6 - 6.8 soluËion.
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APPENDIX II

Sy'rensen-phosphate buffer , pH 7.0, ioiricity 0.05*

NaTHPOO: KTHpOO (Slreusen) pH 5.9-8.04, lBoC

LL.B76 Bm NarHPO4"2H2O per liter

9.078 em KHTPOO per liter

To 6"0 ml of NarHPOr*.2HZO solution, add 4.0 ml

of Èhe KH2PO4 solution.

* Hale, L.J. 1965. Biological låboratory

Data. Science Paperbacks and Methuen and

Co. Ltd., p. 84.
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APPENDIX ITI
Abreviations employed ín this ínvestígation
Abreviations
Ov

c1

Hb

Mg

Bs

Anti-C1

Antí-Hb
AnËi-Mg

AnËi-Es

Anti-Oc

Anti-II

Anti-C1/C1

AnÉi-C1/Hb

AnËi-C1/Mg

Anti -C1lE s

Anti-C1/Oc

Anti-C1/H

Anti-Hb/C1
AnËi-Hb/Hb

Anti-Hb/Iþ
Anti-Hb/Es

Anti-Hb/Oc

Anti-Hb/H

Anti-Mg/c1

Anti-Mg/Hb

AnÈi-Mg/Mg

Á.nti-Mg/Es

Antí-Mg/Oc

Anti-Mg/H

Descriptions
OvarY

Cleavage

I{igh Blastula
Mid-gas trula
Embryonic shÍeld
Optic Cup

Hatching

Ant.iserum produced to Cleavage

Antiserum produced to Hígh Blastula
Antiserum produced to Mid-gastrula
Antiserum produced to Embryonic-shield
Antiserum pro<iuced Ëo Optic Cup

Antiserum produced to Hatchíng

Anti-C1 serum absorbed v¡ith Cleavage extïact
Anti-CL serum absorbed with Fiigh BLastula extract
Anti-Cl serum absorbed with Mid-gastrula
AnËi-Cl serum absorbed wiËh Embryoníc-shield extract
Anti-C1 serum absorbed with Optic Cup extract
AnËi-C1 serum absorbed r,¡ith Hatching exËract

Anti-Hb serum absorbed with Cleavage ext.ract
Anti-Hb serum absorbed with High Blastula extract
Anti-Hb serum absorbed with Mid-gastrula extract
Anti-Hb serum absorbed with Embryonic-shíeld extract
Anti-Hb serum absorbed with Optic Cup extract
Anti-Hb serum absorbed with Hatching exËract.

Anti-Mg serum absorbed ivith Cleavage extract
Anti-Mg serum absorbed with High Blastula extract
Anti-Mg serum absorbed r"rith Mid-gastrula exËracL

Anti-l'fg serum absorbed r,¡ith Embryonic-shield extract
Anti-Mg serum absorbed with Optic Cup ExtracË
Anti-Mg serum absorbed with HaLching extract



Abreviations
Anti-Es/C1

Anti-Es/Hb

Anti-Es/Mg

AnËÍ -E s /E s

Anti-E s /0c
Anti-Es/H

Anti-Oc/C1

Anti-Oc/Hb

Antí-Oc/l'fg

AnËi-Oc/Es

Anti-Oc/Oc

Antí-Oc/l{

AnËi-H/C1

Anti-H/Hb

^ 
.- L -. rr ,a¡-åuLI-fI/ r'rB

AnËi-H/E s

Anti-H/Oc

AnËi-H/H

Anti-Oc

Anti-Oc

AnËi-0c

Anti-Oc

Anti-Oc

Anti-Oc

serum absorbed

serum absorbed

serun absorbed

serum absorbed

serum absorbed

serum absorbed

Appendíx III (continued)

Descriptions
Anti-Es serum absorbed

Anti-Es serum absorbed

Anti-Bs serum absorbed

Anti-Es serum absorbed

Anti-Es serum absorbed

Anl-i-Es serum absorbed

t20

with Cleavage extracL
with llígh Blastula exlract
with Mid-gastrula extract
r^¡ith Embryonic-shield extract
lvith Optíc Cup extracÈ

with Hatcl-ring ext.ract

rvith Cleavage extracË

with High Blastula extract
with Mid-gastrula extract
with Embryonic-shield extract
with Optíc Cup extract
with Hatching extracË

Anti-H serum

Antí-H serum

¿ll.t LI -I1 5CJ. tlu

Anti-H serum

Antí-H serum

AnËi-H serum

absorbed wíth
absorbed with
-1. _ _--r _ _t . t7éLrÞul. uc(l wrLtl

absorbed with
absorbed wiÈh

absorbed r,¡ith

Cleavage extract
High BlasËula extract
ì'íi.i-gas Liui¿ exlråcL

Embryonic- shield exËracË

OpÈic Cup extract
Hatching exÈract
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APPBNDIX IVa

Weights of lyophiLized stage-antigeirs used in the
absorpLion of 6 aliquots of Anti-Cl. serum

(1 ml per aliquor)

Freeze-dr:'-ed rveights of absorbíng materials (mg)

Aliquots of
CL serum

Anti- Absorbíng
I'laterial

lsÈ
absorption

2nd
absorpiton

Total
Inleight

1

2

3

4

5

6

c1

Hb

Mg

Es

Oc

H

25.4mg

40.l_

20.8

L9.7

25.4

L5 "7

10.2 ntg

11, B

8.6

7.0

35.6 rng

40"L

20.8

31.5

34.0

22.7

APPENDIX IVb

I,treights of lyophíLLzed stage-antigens used in the
absorption of 6 aliquots of Anti-Hb serum

(1 ml. per aliquor)

Freeze-dried weighÈs of absorbing materials (mg)

Aliquots of
Hb serum

Anti- Absorbing
MaEerial

1st
absorpËion

Znd
absorption

Total
Weight

1

2

3

4

5

6

C1

Hb

Mg

Es

Oc

H

25.3 mg

4L.s

2L"5

22.8

25.9

15 .3

11.4 ng

,i.,
8.2

7.7

36 "7
4r.5
2L.5

35. 1

34.L

23 "0

mg
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APPENDIX TVc

Weights of lyophi LLzed stage-antígens used in
of 6 alÍquots of Anti-Mg serum (1 ml.

the absorption
per aliquot)

Freeze-dried weíghts of absoring naterial (*g)

Aliquots of
Mg serum

AnËi- Absorbing
Material

lst
absorption

2nd
absorption

Total
hleight

1

2

3

4

5

6

C1

Hb

Mg

Es

Oc

H

25.0 mg

43.5

2L.0

23.0

26.4

16.0

11.6 mg

10.9

8.2

7.5

36.6 rag

43.5

2L.0

33.9

34.6

23.5

APPENDIX IVd

I^Ieíghts of lyophíLízed stage-antigens used in the
absorptÍon of 6 aliquots of Antí-Es serum

(1 rnl per aliquot)

Freeze-dried weights of absorbing material (mg)

Aliquots of
Es serum

Anti- Absorbing
Material

lst
absorption

2nd
absorption

ToËal
Weight

1_

2

3

4

5

6

c1

Hb

Mg

Es

Oc

H

25.5 mg

41,0

t9.7
22.L

26.7

1_5,3

1-0.6 mgm

9.7

9.L

7.5

36 .1 mg

41.0

L9.7

31.8

35. B

22.8
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APPENDIX IVe

hIeíghts of lyophi Lízeð. srage-antigens used in Èhe
absorption of 6 aliquots of Anti-Oc. serum

(1 ml per aliquor)

Freeze-dríed weights of absorbing material (mg)

Aliquots e¡
Oc serum

AnÈí- Absorbing
Material

1sË
absorption

2nd
absorpt.ion

Total
l^Ieight

1

2

3

4

5

6

c1

Hb

Irg

Es

Oc

H

25,9 mg

42.6

20.9

28.B

25.O

L6.6

L2._2*g

LO.4

10.0

7.3

38. I mg

42.6

20.9

39.2

35.0

23.9

Ä.FFEìiÐiX iVÍ

Weights of lyophiLízed stage-antigens used in the
absorpËion of 6 aliquots of Anti-H serum

(1 ml per aliquor)

Freeze-dríeC r.reights of absorbing material (ng)

Aliquots of Anri-
H serum

Absorbing
Material

1st
absorption

2nd
absorption

Total
I^leight

1

2

3

4

5

6

C1

Hb

Mg

Es

Oc

H

26.9mg

42.0

20.4

20.5

28.5

L4,9

11.9 mg

?

8.2

8.7

38 .8

42"O

20.4

20.5

JO./

23"6

mg
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. APPENDIX V

Protein concentratíons of the zebrafish embryonic stages

S tages Initial concentrati.on
of proteíns

Final concentraÈion
of proteins

C1

Hb

Mg

Es

Oc

H

13 rng/ml

14 mg/ml

11 rnglml-

30 mg/ml

13 mglml

L7 ng/mL

13 mg/nl

14 mg/ml

11 mg/ml

15 mg/ml

13 rng/nl

L7 mg/mL

Note : The iniLíal concentrations of the prcteins were
detected without diluËing the oríginal stage
extracts. The final concentrations of the
proteins were obtained by diluting the extracts
with phosphate buffer solurion (Appendix I).
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