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INTRODUCTICON

¢ « o that Nature has in these passages [cells of
cork] , as well as in those of Animal bodies, very
many appropriated Instrumenie and contrivances,
whereby to bring her desipgns znd end to pass, which
Ytis not improbable, but that some dilizent
obscrver, if helped with better MHicroscopes, nay
in time detect &+ + »

Robert Hooke wrote the above words 295 years ago in his memorable

Micropgraphia and though many diligent observers have b ern using much

better microscopes and other elaborate equipment, we have yet to begin
our analysis of noturel contrivances. ZLvery page turncd is only a

new beginning and, indeed, it scems as though we are nearly moviag
backward.

The problem of how cells do their work is one of the most
faseinating froutiers thut is presented to modern man and we approach
the task with no less enthusiasm than did Hooke nearly 300 years ago
with his very meager understanding of cells.

Imnunclogic and, of course, many other types eof investigations,
early lcd to the suspicion that there is a certain tissue individuality
which must be ..escribed in terms of both structure and function. That
there zre different constituents of different tissues in the same
organis: can be easily shoun and has been appreciated for many years
as summarized in several excellent general reviews (2h,4%,63,64,

7y 8)e It remains now to siow what the exact nature of these



differences is and of what their importance may be to the organism
which they comprise.

In a2 sense, this thesis deals only with an attempt to demonstrate
the antigenic structure of sea urchin tissues, and mist be considered
e morphological approach. However, we shall find that the only way to
study and interpret funetion will be to examine the needs of the being
and the processes by which it adjusts to its environment. The needs
of any living thing are, of course, centered arcund certain qualities
of life == one of which is to maintain tissue integrity and reproduge
this integrity for posterity. Therefore, the problem of reproducing
the structure is, perhaps, the sine gua non in the existence of living
things, and the investigation and understanding of structure is of
primary importance,

In this paper are desoribed a few preliminary steps toward the
solution of the problem of antigenie structure of the tissues in a2 sea
urchin, Strongylocentrotus purpuratus. Only & small fraction of the
beginning is presented here and it is hoped that I may contimue the
work in a year or two.

Essentially, this paper concerns an investigation of the saline
soluble antigens of the purple sea urchin. No experiments have yet
been directed toward function of the antigens but, rather, this paper
deals with "immunomorphology"” and will present a few observations on
the antigens of the gametes, gonads, gut, and embryos. It is hoped that
this work may be utilized by those whe may desire to investigate the
function of some of the antigens of this urchin.

When experiments were begun in the summer of 1957, agar gel
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analysis was not actually in common use and it has only recently become
widely employed by investigators all over the world. Several inherent
diffioculties (i.e., turbidity of the agar, interpretation of resulis,
reproducibility, etc.) have been the chief drawbacks which have
retarded its widespread use.

Redent modifications have made gel diffusion a very powerful tool
for the study of precipitin systems. These resent modificstions include
e micro anslysis adaptation first presented by Wadsworth (66) and the
electrophoretic separation of the antigens which should be attributed
to Grabar (16)s These recent developments became practical in our
laboratory only since the summer of 1959 in the sense that reliance
eould be placed on the results. Therefore, all my previous work eonie
ducted on the urchin problem, while not entirely ussless, has been
supplanted by newer methods, better analysis, etc. In effects it has
been necessary to "change horses" in the past six months insofar as
the immunological analysis is concerned.

An effective procedure for the isolation of sufficient antigenic
- material had been adopted which employed a 10% concentration of wet
tissue;, gametes, or embryos in 0.1 molar ;aline. This homogenate prow-
vided apparently good results with the possible exception of the
urchin gute fhang in Janmuery, 1960, I decided to conoentrate the 10%
homogenates to ome half their original volume by dislysis and inject
this concentrated antigen system. The results of the new technigue
demonstrated that twice as many antigens could be obtained from gut
extracts by simply doubling the concentration and that éntigenio

analysis could be much more exact with all tissues. Therefore, the



general teohnigues were again aliered and new data obtained, thms
protracting the original program to take nearly twice the time
originally anticipated. Several procedures that I had hoped to
include in the investigation have had to be eliminated and these will
be discussed later.

The general application of gel diffusion for the study of antigen-
antibody precipitations has hecome so popular in the past decade that '
an extensive discussion scems unnecessary here. A thorough review of
gel diffusion techniques prior to 1958 has been presented by Ouchterlony
(15) and the special adaptation involving eleetrophoresis has been
disoussed recently by Graber (16) and Poulik (56). 4 synopsis of the
many fields of application has been provided by Wedehouse (75).

Briefly, the double diffusion technique (47) involves the simle
taneous diffusion of antigen and antibody toward each other in a gelled
medium (usually agar) snd the formation of specific precipitates where
two reactante are present in eguivalenee ratios. Diffusion of the
reactants depends upon various factors including adsorption to gel
particles, molecular weight and shape, and to some extent, relative
concentration. An adjunct to double diffusion is offered by prelim-
inery separation of the uutigens of a mixture by electrophoresis (in
the gel) folloved by application of antibodies and completion by double
diffusiony interpretation of the precipiates thus formed is termed
immunoelsctrophoretic analysis (IEA).

The original macro methods of Ouchterlony and others have been
modified by Wadsworth (66)s Crowle (5) and Yakulis (77) with several

reported advantages. While older methods have employed shout 0,1 ml of



reagents and a development time of approximstely one week, these miero
techniques can be performed with as little as 0,01 ml of reagents with
development in less than two days.

Scheidegger (59) introduced a micro method for IEA employing
0,001 ml of antigen (and 0.005 ml of antibody) in contrast to the
original INA which regiires 0.1 =« 0.2 ml of antigen. His vesults (with
human serum) are quite comparable to those obtained by the "macro"
methods of Grabar,

The micro IFA technique of Scheidegger (59) has been modified for
thiz work as described below.

The sea urchin has long been a favorite subject for biochemists
and embryologists because of the relatively simple anstomy, ¢ase of
obtaining specimens and disseoting out tissues or procuring gametes, and
because of the remarkable "eontrol® of the development from fertilisation
to the late larval stages (adults ere yery diffioult to rear and only
several are reported in the literature)s Exitensive knowledge is availe
able on the amino soid metabolism (26,27), the chemical nature of the
uitotic apparatus (38936537525568469558970) s the oytoplasmic architecture
[for example (19)], the antigens of eggs and early developmental stages
(52949450951) s the antigens of the sperm (28), the comparative serology
of various species of urchins snd the nature of hybrid crosses (20) and
interordinal crosses with send dollars (43,9 )}y the reproductive eycles
end chemical changes in the gonads throughout the year (14,15), the
nature of the gells in the celomic fludd (2) and of the celomie fluid
itself including protein changes (15434), and various other features of

the chomistry snd experimental embryology [for a review and exeellent



bibliography see (21)]. These are several of the reasons why I have
chosen to work with the sea urchin and my choice of references ahove is
highly selective to inmclude only those which seem most pertinent to the
pragent paper.

The antigenic anatomy of the sea urchin has not yet been inves-
tigated from the comparative standpoint. Several studies referred to
above have undertaken to determine the antigenie properties (in various
species) of eggs and lavval stages up to the pluteus (see above
references), sperm (28), the mitotic apparatus (68,69,70) and the gut
sad the lantern musecle (£9,70). Several other papers have appeared
but these are among the more signifiocant representatives. Since the
various studies are for the most part im differing specles and since
old techniques of gel diffusion (end other analyses) have been employed
in the above work, it is felt that a systematic sccount of the tissue
antigens of one species using modern techniques (especially IEA) is in

order, and a preliminary investigation is here reported.



MATERIAL AND METHODS

All antigenioc material reported here has been obteined from the

comuon purple sea urchin, Sirongylogentrotus purpuratus, which were
collected from the region of Depoe Bay, Oregons

B3¢ {#)

Dissections were performed in the following memner: The
ambulaoral area of the test was broken slightly above the equator so
that celomic fluid eould be poured out into a beaker. The aelomié
fluid is centrifuged lightly to sediment the celomocytes which are then
prepared in a manner similar to other tissues. Then a careful breaking
and picking away of the test was carried in a counter clockwise
direction thus exposing the gonads (Fig. 2). Injury to a mature gonad
initiated spawning at the injured surface as well as by the gonoduets
and the gametes were drawn off with a medicine dropper. Electrical
stimulation and KCl injection (21) have proved far less effective than
the method described above, Breakage of the test was continued along
with careful tearing of the gut mesenteries until the two hemispheres
were separsted, at which point the top was removed and the gonads and
gut dissected free from the test [(23) for a review of urchin
anatomy] .

The tissues were washed 3-4 times in sea water and the gut was cut

b

longitudinally to provide a long flat sheet of tissue, thus allowing



the removal of gut comtents end a peculiar entocommensal turbellarian

worm which inmhabits the large intestine.

Homogenates

Homogenates were prepared by three methods: trituration with fine
sand in a mortar, grinding in a glass tissue homogenizer, or blending
with a blade grinder (& Viretis #23% homogenizer)., Homogenization was
continued until miorosecopic examination revealed nearly complete
destruction of cellular arehitecture. All the homogenates employed
here have been prepared in O.1 molar saline with 107 tissue (wet
weight). Sinoce this method of preparation was followed throughout, it
was not decmed neceseary to do routine protein determinstions but
several were performed by a biuret procedure which was modified from
that of Welchselbaum (€7 )s The homogenates were, in some instances,
dielyzed againet 0.1 melar saline in the cold and a mumber of Preparam
tions were lyophilized and stored in tightly capped bottles under
refrigeration, In all cases the homogenates were clarified by cene
trifugation at 10,000g's for ¥ hour at 5°C. It has been possible to
maintain the antigenic responses by freezing the homogenates, and
preservatives have not been employed (fresh homogenates have been
available nearly throughout the year thus obviating preservatives),
Concentration of the extracts to one-half their original wvolume was
achieved by dialyzing against a heavy solution of pyrogallol
("Carbowax™ 20M of Union Carbide Chemicals Corporation), according to
the method of Kohn (29) until the volume became one-half that of the

original solution,



sabyog

Esbryos have been reared to the prism stage [stage 19 of
Kavansu (27)] by fertilising the egwe in filtsred ses water with 107
sodium periodate following the methods descrided by Kavansm (27 ) and
alloving the eabryos to develop at 11-12°C in flat Pyrex baking dishes
cooled in & comstunt temperature water bath., At intervals of ebout
10 = 15 hours the sea water wvas changed by sllowing the ombryos 0
sediment in & eeparatory funnel, draving them off the bottont, and
adding fresh filteved sea water. Development timen, noted at this
tem erature vere, of coirse, clover than conventionsl times for
17 « 20°C onvizonmente (hatohed blastalse at %0 houss, gastrulation
complete at 48450 hoursy and priems with spioul:s at 7080 hours).
After the proper stage had been reached, the wabryos were ooncentrated
by sentrifugetion out of sos water at 4,000 gts for 10 minutes and then
pooling the pellets and centrifuging at 10,000 g's for 5 minutes,
tranaferring to a blendor or tube grinder and homogenising ae desoribed
chove.

intigens have been of two varieties: 'than with and those vithout
Freund (13) sdjuvant - Complote (Difeo)s If no sdjuvent was enployed,
the antigen wvae injected intravencusly es deseribed below. intigen »
adjuvent esuleions were obtained by sguirting the antiges into an egual
volune of edjuvent and sixing vish a /21 guege needle and ayringe. “hem
the emuleion mainteins e nesrly spherieal shape whon drouped onto water
vithout spreading over the surfeoes the sdxture is roady for injection.
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Antisers

Antisera aleo were of two types depending on the variety of
antigen injected (rabbits being the immnizing animsls), Antigen =
adjuvant mixtures have been the most extengively used preparations,
These were adminietered as subcutaneous injections of 0,25 ml into two
different sites at eazoh injection., The dose was repeated in two other
sltes after two weeks. In the case of intrevenous injections (marginal
ear vein), a schedule such as the following bas been employed:

Ol ml initially, them doubling doses every other day to O.a‘ml
followed by a rest period of 3 weeks, then a challenging dose of O.4 ml
and trial bleeding in 5-8 days.

After one month, the rabbite were trial bled via the ear vein and
agar plate studies performed to evaluate the activity of the serum.
Antibody titrations were performed on several sers which yielded titers
of 1/100 to 1/1000 but titrations were not studied routinely because the
results are not dependent on titer but upon the gualitative differences
in eetivity in the agar plates. Investigators using gel diffusion
almost universslly disregard titers and many feel that low titer anti-
sera (1/100) ave frequently better than high titer sera. Since the
methods employed in this paper depend upen gualitative interpretations
in agar gels, this is the eriterion for assessing the "strength” of
the antisera. After maximam results were obtained by gel analyeis, the
rabbits were bled by cardiac puncture end the sera stored in serum
bottles under refrigeration (usually frosen after preliminary tests).

Table I summarizes the type of preparation, method of homogenizae

tion and injection, and whether or not Gialysis and concentration were
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employed.
Ult t ti

A Spinco Model L preparative ultracentrifuge has been employed to
separate the 3.5 and 7S particles from the 208 particle as described by
Kane and Hereh (25). Since the procedure was followed exactly as oute
lined by these authors, no more mention will be made here (see dis-

cussion of physicochemical properties of egg proteins below).

Agar

Two types of aga.r were required; ome for IEA and one for the macro
and micro methods. A 1% solution of Difco Bacto agar was prepared in
(1) veronal buffer, pH 8.6 M = 0,075 or & = 0.0375 for IEA, or (2) 0.1
molar saline, These two types of agar will be referred to as buffered
agar and saline agar respectively. Buffered agar {for IEA) end saline
agar (for micro and macro plates) was, if necessary, then centrifuged
while hot to remove any particulate materials and remelted for applica-

tion to the plates,

Ereservatives in the Agay

When the remelted agar has cooled to about 45°¢, preservative can
be added to any agar described above., For the material reported in
this paper, streptomycin sulfate (Merck) in 0.0l and 0.1% concentration
in the agar and Merthiolate (Lilly) im a 1:10,000 concentration have

been employed on occasion, but agar without preservatives is superior
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(see disoussion).

Plates

Both the miero and IEA methods employ 2x3 inch miero slides caree
fully washed with detergent; rinsed in distilled water, and labelled om
the underside with a diamond pencil., One ml of the appropriate hot
agar solution was placed on each slide and distributed evenly over the
surface after which the slides were plased in a hot oven (about 100°C)
to dry for 10-15 minutes (this provided s "bottom layer” of agar that
obviates subsequent filling of the wells). The agar-coated slides,
while still hot, were placed flat in a tray so that the remaining hot
agar oould be poured in over them %o & depth of 2 mm == this provided
agar of even thickness and eliminsted meniseus effects along edges of
the plates. A "trough-form" (see below) was placed on top of esch IEA
plate while the agar was still hot and the agar of both types of plates
allowed to harden at room temperature for about J hours After this
timey the trough-forme were removed from the IEA plates, each plate was
cut out and removed from the tray, and a steel tube 5 mm in diameter was
used %o out wells in the agar. See Fig. la for plate dimensions.

The glass box used for the maoro method was conetructed from 3x3
inch clear glass plates, formimg the top and bottom, and four 1x3 inch
micro slides held in plase by vinyl tape for the sides (the top was
attached in such a way that it swung open by & tape hinge on the back
1x3 slide == Fig, le)s A emall sponge attached to the top plate serves
as & humidifier to keep the agar molst. Eight ml of saline agar was

added from a 10 ml pipette and allowed to harden for % hour as a bottom
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layer. Penicylinders (porcelain or steel) which are & mm in diameter
were placed on the boittom layer of agar to serve as well-forms

(Fig. 1l¢) and then eight more ml of hot agar were added and allowed to
harden. Minally; the forms were removed.

Fixed forms may be employed for all three methods but, in our
laboratory; we find thet such a diversity of eisme and spatial relatlon=
ship of wells is required that forms are not practical. The IEA trough=
forms (Fige 1d) are an exception, simce these are so easy to make and
are seldom altered. In this paper, only one size of trough=form has
been employed. This was constructed from a 1x3 inch micro slide which
was cut in half to provide two pileces 1lxl.5 inches; the two halves were
kept 15 mm apart by & block of lucite to which the slides were
attached by tape. The trough-forms should be treated with a silicone

product to lessen capillarity of hot agar on the glass.

Filling and Development of Plates

A syringe end needle were used to deliver the reactants to the
appropriate reservoirs. For purposes of comparison, Flg. 3a and Fig, 3d
are diagrammed in Figs. 4e and 4b respectively and the A, B, and C wells
contain antigens, while the D and E wells (or troughs in IEA) contain
antibodiess The 8 wm wells contain 0.10 ml, the 3 mm wells 0.0l ml, and
the IEA troughe 0.10 ml of solution, After £illing the vells of mioro
end macro plates, they were "developed” in e humid atmosphere at room
temperature for 1l-5 days. When electrophoresis of the antigens in IEA

was completed, the surrent was discontimued end antibodies were plaged
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in the troughs, after which the plates were developed in a humid ate

mosphere for l-3 days.
repls

Veronal buffer pH « 8.6 and «+ = 0,075 or 00,0375 has been most
effective. The choice of mffer depends on the antigen under investi.
gation and is somewhat experimental though the 040375 ionic strength ia
probably best {with higher voltages). Both the agar ond the cell
gontain the same buffer. A standard paper electrophoresis apparatus
can be employed with the method of IEA desoribeds we used the Spinco
Durrum cell and Duostat (provided with the Model R system for serum
proteins) and found the equipment very satisfactory. The Durmum eell
was set up ae for paper eleotrophoresis and the wicks were placed in
their holders (the paper strips and their holders wers, of course,
omitted)s In this cell, there is a distsnce of exastly 3 inches
between negative and positive wicks so that the plate is held in place
on top of the plastic wick holder, and the wick establishes good
elestrical contact when pressed against the agar of the plate (Fig. 1f).
Constant voliage was selected om the Dnostat to provide 70100 wolts
per celly this ylelded a current of about 5-8 ma per plate. Electro-
phoresis vas carried out for sbout 2 hours with the material reported
here and the antiserm was then added to the appropriate trough
immediately afterward to prevent extemsion of the precipitation arce
inte the region of the trough. Voltage, buffer, and electrophoretic

time depend, of course, on the solutioms under investigation and must
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be established by experiment. The most rapidly moving urchin antigen
migrates 9-10 mm toward the anode im 2 hours at 70 volts, 6 ma, and
ionic strength = 0.075.

er horesi

Fleetrophoresis on paper was performed with the veronal buffer
deseribed above (X = 0.075) in a Spinco Durrum type cell containing 8
peper strips run 2t 16 ms constant current and 350 velte for 20 hours.
The strips were then stained with brompherol blue and scanned with an

Analytrol.

fhotography

A light box containing two 100 watt frosted light bulbs in an
aluminumefoll lined wooden box as pietured in Pig. lg is highly satis-
faotory. A pieece of black felt was supported on an asbestos pad above
the light bulbs %o provide a dark background with diffuse bright light
passing through an aperture at the top of the box. The box was
modified from a design of Dr. Sheldon Segal at the Roskefeller Institute.
The agar plate to be recorded was placed over this aperture and a
ploturs was taken with a 35 mm single lens roflex camera having a ¢lose-
up bellows attachment., Pilotures were recorded on Kodsk Microfile £ilm
and developed in Kodsk D-ll. We have confirmed the finding of
HEunter (22) that high contrast film is superior for photographie
records.

Actually, it is often the case with this simpls device that bands

or arce not readily visible to the eye cam be clearly shown on a
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negative. Fnlargements mey be made (as for this paper) but analysis is
best performed from the negative. The actual plate may be used a8 &
"negative™ and an enlargement made directly, but we have not used this
technique. Munter (22) and others have deseribed various lighting
arrangenents for plate observation and photography,

Pictures were taken at least once every day until mo new bands or
eros appeared. It is easily observed by those who follow plate develop=
ment day by day thet there really is no such thing as a "mature” plate
because some precipitates may form early and disappear before the
major mmber of precipitates form. Therefore, o "mature” plate may show
fewer antigens (or antibodies) than are actually present in the solution.
In this paper, the term "mature" refers to a plate which shows no hew

precipitates.

Steining

After development in e humid atmosphere, the plates were washed
for 1 day in saline to remove non-specific materisls not invelved in the
precipitation resctions, Then the plates wers washed in 2% agetic
aeid for 2 hours, rinsed in distilled water 1 day, and dried by placing
a wet filter paper over the agar to aid eveporation, which may be
hastenad by means of a dry-air blower. After the agar was dried, the
precipilates were stained with amido black 10B (amido Schwars or
buffalo black), which is reported as 2 superior stein with rabbit
precipitins, following the method recommended by Grabar (16); or merely

stored, unstained, in a mioro slide box for permament vacords.
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Pehydretion of the gel brings back the precipitate patterns.

RBecords

Records of all antigens, injected animals, antisera, and plate
reactions were kept om heavy eards. TFhotographic negatives were
labelled ns to reaction cerd number and date and then stored in
envelopes attached to the card. Reaction cards have been filled ous
for nearly 200 immmnoelectrophoretic analyses (3 entigens and 2
entisera for emch anslysis), 72 rabbits have becn injected, and over
100 homogenates heve been prepared. Sample cards for record keeping

are provided in the appendix,



RESULTS

The faot that gel diffusion anslysis depends upon many factors
(such as the dematuration of amtigenic properties in homogenates,
sensitivity of the immunigzing animel, diffieulties encountered in
preparing plates; etc.), requires a rather unique way of presenting
results, Many studies have‘been performed on various antigens and
antisers and it would be impossible to include photographs of all
plates (over 200). Various antisera to each antigen homogenate have
been studied as to their reapansebwhan reacted against the homogenate.

Due to the faet that many forms of gel analysis are avallable, it
seems worthwhile {o present a eomgarison of the IEA method with the
ordinary double diffusion methods, both macrc and miero. The macro
method of Ouchterlony was used extensively in the beginning phases of
this investigation and was eventually replaced with IEA and I wish to
demonstrate the ratiomale for dispensing with the double diffusion

techniques,
Lomparison of IiA with the Maoro and Mioro Doudle Diffusion Methods

The results of this separate study are shown in Figure 3a, by o,
ds; and f and Fig. 4. For purposes of comparison (Fig. &), the A, B,
and C welle contain antigens -~ egg, blastula, and ovary respectively «e

while the D and E wells (or troughs in IEA) eontain antisers =-
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anti-egg and anti-ovary respectively.

Sinee a new mioro method of ordinary diffusion (without eleotrow
phoresis) is becoming popular, the following results are presented
largely for the purpose of showing that one muet cempare the warious
techniques with respeet to each antigen-antibody system because, at
least with sea urchin material, the ordinary micre methods should be
mentioned only for condemmation.

In the following comparisons, the designation "A-D" refers to
reactions between well A and well (or trough) D, while "B-D" refers
to the reaction between B and D and so on. Lower case letters have
been assigned to bands and arcs which are thought to correspond ree
gardless of the method of analysis (Fig. 4).

LEA. The IEA photographs shown in Fig. 3a and 3b were recorded
after about 48 hours of development. Figure 3a shows IEA with
buffered agar containing no preservative while 3¢ shows the effects of
streptomyein (0.1%). A summary of IEA with the precipitation arce
labelled is shown in Fig. la. It ocan be seen readily that streptomycin
in this concentration (and to a lesser extent in the 0.01% concentration
employed but not pictured) markedly inhibits diffusion and combination
of the reactants. Merthiolate inhibits precipitations slightly (not
shown) .

In the A-D area, 5 arcs are seen in all 3 plates, but in B-D only
Figs 3a shows 6 arcs while 30 exhibits five, The most striking overall
contrast is seen in the BeE region which shows the 6 arcs of B«D in
Fig. 3a and only & in 3¢ (also note the extreme inhibition in Fig. 3¢).
By reference to Pig. 4 and the IEA photographs, it is seen that only
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the cathode end of the § are splits into 2 separste arcs (d and gn),
Area C-E demonstrates 4 arcs (Fig. 4a) one of which (g) does not appear
in Fig. 3a due to loss of deteil in the photographie process; also,
more inhibition is seen im the presermﬁva«»w of 3. IEA plates are
matare in l-3 days.

Magro. Figure 3b is the same plate as that shown in 34 but taken
24 hours earlier to demonstrate several bands not apparent in the
latter photograph. It is clear that the overall development of bands
is fer inferior to the IEA technique, espeeially in the B~D and B-E
regions. As seen from Fig. 4b there appear to be T possible bands
between A snd Dy however, i% is quite poseible thet band £ may not
represent an actual precipitation bamd but merely a diffuse ares of
extension from nearby bands,

The C=-E and B=E areas show 2 "g" band which is identified by its
time of appearance and diffusion rate in comparison with a similay band
in the A«D and BeD regions.

Effects due to preservatives are not plotured but revesled diffusion
inhibition as moted for IEA, Plates are mature after about 3«5 days.

Miorp. The photograph of Fig. 3f reveals a striking paucity of
band formation (20 hours of development), and preservatives produced
further inhibition. Photographs taken every few hours confirmed the
fact that the micro method failed to show the same mumber of bands as
seen with either the maoro or IEA methods. For example; in the A-D area
of Figs 3f we see only 4 bands (b, ¢s d, and @) while in Fig. 3a we

see at least 55 furthermore, in the B=D region of the micro rlate we

see only 3 bands while we see 4 definite bands in macro and 6 in the IEA
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plates. Plates are mature in 10-36 hours.

Majox Comparative Analyeis of Urohin Antigens

It seems that the most effective way to present the resulte of
studies performed on the tissue and embryonic antigens is to construct
& chart which contains & summary of the reactions between any one
entiserum and the various homogenates (Fig. 5). Antisera are placed
in positions corresponding to the vertiocal limes (troughs), while
antigen homogenates are placed in the cireular wells and the preoipita~
tion lines between indicate the position of the reactions as projected
from negatives by a photographic enlarger., The results, then, may have
been obtained from one or more separste reaction plates. Therefore, it
is necessary to refer to a reaction card number (Table II) and comment
on the buffer, voltage, and electrophoretic time employed to give the
reader some notion of the factors involved in each reaction (several
cards mey be referred to in constructing these results).

Fig. 5 (A to D) is arranged such that the rows (horizontal) show
the reactions of the 6 types of sera to each of 2 alternating
homogenates. The next row shows reactions of the 6 sera with 2 other
alternating antigens, etc. For purposes of simplifying reference to
any particuler reaction, the horizontal rows are lebelled with a
capital letter and each reaction area is referred o with a numbey

(1 to 12)0
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The code employed in labelling the antiserum troughs and antigen

wells is as followss

R = egg

V = ovary

Q = sperm

T = testis

G = gut

EC = prism larvae

C = gelomocytes

CF = celomic fluid (free of cells)

E = esophagus

= gmall intestine

2

L = large intestine
3¢5 = 3,55 particle
T = 75 particle
20 = 208 partiele
In order to attempt some discussion of antigen homologies between

different tissues, it is expedient to study the horiszontal rows A to D
vertically rather than horizontally. Therefore, I have given labels to
all of the precipitation ares formed between an antiserum snd the
homologous antigen system, The reader may make his own interpretation
of antigen homologies by comparing the labelled disgram of the
homologous reaction with the various antigens in the vertical columns.
For instance, row A contains egg and ovary solutioms as antigens and

Al and AE show the resaction between egg and ovary with enti-egg serum.
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iIf it is desired to see the reaotion between anti-egg serum and
gut antigens in en effort to understand which gut antigens might also
be contained in the unfertilized egg, one would look at the reaction in
area 02 and compare this with the precipitates in ares Al' Then, if it
seems necessary to compare the relative eleetrophoretic mobilities of
an antigen-antibody are in the two reasctions, one would refer to
Table II and look under the "A" row (horizontal index) end follow down
to "1" in the vertical index to find the desired information aﬁaut egg
vs enti-egg. Then Table II is investigated for the c, ares to reveal
the nature of the electrophoretic separation employed in that instance.
If two card numbers are referred to in Table II, the first one
mentioned is that employed in making the sketch in Fige Se

Since & detaile& presentation of the results of gel diffusion
analysis follows, it iz now appropriate to mention several precautions
to be taken into comsideration. There are many variables whioh can
heve profound effects on immunologic studies. Since the individual
susceptibility of the rabbits is a possible variable, one cannot rely
sompletely on & detailed analysis of the antisera. Neither can one
fely completely on analysis of the amtigenic solutions because there
are always the poesibilities of protein denaturation, seasonal differ-
ences, individual urchin differences (though pooled tissues were
usually employed), concentration factors, etc,

Therefore, one must realize that reciprocal reactions must be
performed. For example, if one desires to study the entigenic eime

ilarities between gut and egg solutions, he should perform reactions
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with anti-egz merum and gut entigens and glso Qith anti-gut serum and
egg antigens., It is readily appreciated by consulting Fig. 5 that the
reciproeal reactions are not glways similer, and this is not necessarily
due to the investigstor; however, the rabbit gannot be blamed for
fanlty experimental techniques,

Antigen homologies mey be stromgly sugzested by investigation of
Fige 5 with respeet to Table II, but broof of the homologies must swait
the use of speeific absorptions, coalescence of the arcs on plates set
up apprﬂprigtelyp and regular Ouchterlony plates to demonstrate
coalescence or spur formation [see Ouchterlony (48) for a review of
such analytic methodsl.

It can readily be appreciated by inspection of Fig, 5 that 6
antisera have been studied with respect to their reactions with esch
of 8 homogenates. The manner in which the diegram is vepresented, and
the nature of relationships that can be established between the antigen
and antibody solutions in IEA present analytical problems. An
absolute correlation between precipitates in one resction area with
those of another is not possible. However, if am homologous antigen-
antibody pettern can be established, then any homogenate may be
examined for the presence or absence of antigens similar to those for
the desoribed pattern. Thus, if homogenate & reveals 5 antigens with
the homologous amtiserum and homogenate B contains only 3, it is
evident that A snd B have 3 antigens in common.

The results of the comparative tissue analysis are presented

below by considering the reaction between one sntiserum and each of
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the 8 extracts investigated. A speeific designation of an antigen in
an homogenate refers to the corresponding labelled antigem of an
homologous reaction with that particular serum unless otherwise
stated.

Anti-egz Sexum. The minimum number of antigens present in egg
homogenates is evidenced by their reaction with enti-egg serum
{Fig. 54 area Al). These five precipitates are labelled g, b, ¢s ds
and 8. Antigen g migrated strongly toward the anode; while
antigen g migrated toward the cathodej the other antigens mlgrated
very slightly. BEssentially, the same resction was observed with
ovary homogenates (area Az). Sperm extracts showed one are near the
antiserum trough that was single and another are nearest the antigen
pit which was & "humped” diphasic are. 4 diphasic are suggests the
presence of 2 antigens with similar immunologic properties but differe
ent electrophoretic mobilities. Testis homogenates demonstrated &4
antigens which probably correspond to &, by 4, and e of area Ale
An interssting result appeared when the antiserum was remcted with
embryo extract (ares Ql)a Seven precipitates were formed in ares Cyo
& fact which demomstrated that the egg extract must have elisited a
response in the rabbit which eould not be observed unless the
embryonic antigens were amployed for analysis. The significance of
this finding will be diascuassed below, but I wish to point out here
that the gy b, ¢y 4o and g antigens do appear, along with 2 new ones,
in the 01 area. Gut extracts showed 4 aves which probably correspond
%o the by g5 ds and @ antigen of the eggs, Celomooyte extracts con~

tained 1 antigen in comuon with the egg whioh probably eorresponded
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to either the 4 or g egg antigen (ares nl). Celomic fluid was seen
to pessess two antigens (ares Da) which probably corresponded to the
8 and either the d or g antigen of the egg.

Anti-overy Serum, The ovary contains ai least 7 antigens ae
presented in Fig. 5, area A',’s vhich represents the resetion bestween
ovary and entieovary serum. These antigens have been labelled &9 Qo
8y &5 £+ 8y and hy a b antigen is suspected dut has not yet been
observed. Rge homogenates were seen to contain 5 overy antigens whigh
likely represent an absence of the anodie h antigen vhich was present
in thg ovarys. The @, d, and g antigens of egg were easily identified;
however, either the £ or g antigens of ovary may represent a "
antigen which forms next to antigen & ut closer to the antigem pit
and oan be detected easily in area Al. Testls extract anpeared to
possess all the antigens also foumd in ovary solutions. An additione
al antigen is suggested by the presence of a diphasic are in area ‘35.
but this latter antigen could also be prosent in ovary and be masked
by an inadequate eleotrophoresis. No reaction was obzerved between
sperm extracts and anti-overy sera., OCut homogenates demonsirated 3
separate arcs (area c3). at least one of whioh was diphasie, repre-
senting 2 antigens. Therefore, gut appeared to share at least 4
antigens with the ovary, which probably correspond to antigens g
end g and a diphasic £ or g, Embryo extracts demonstrated quite
clearly that the prism larvae share 5 antigens with ovary and these
may correspond to the g, d, ¢y £, and g or g antigens, The ovary
antiserum veacted with 1 antigen in celomic fiuid (ares D) which is
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likely d or @+ Celomocytes share 2 antigens with ovary (ares B,’).

Anti-speym Serums Sperm extract reacted with anti-sperm serum
(Fig. 5, avea B) demonstrated 3 antigens 2y bs and o Only the b
antigen migrated significantly with eleotrophoresis. Egg homogenates
revealed at least two antigens in common (ares AS) and a third was
suggested by the diphasic nature of one arc, Ovary extracts gave
results similar Yo those obtained with egzs (area Aé)‘ Area B,
shows the reaction with testis extracts, and area 05 the reaction with
embryo extracts, both of which again demonstrated 3 antigens, Gut
homogenates contained only 2 antigens present also in sperm which
likely correspond to the & and g antigens (area 0‘6). Celomooytes
(area D5) and celomic fluid (area Dé) both showed the presence of
one essentially non-migrating antigen, but the celomic fluid had the
additionel b antigen scen in sperm extracts.

inti-testis Serums With anti-testis serum, the testis extracts
demonstrated 6 antigens (g4 by 8y ds € and £ in area BT)' A very
gimilar pattern has already been noted in area B3 between testis and
anti-ovary serum. It ie seen in area Aa that the testis antiserum
revealed only 2 or 3 antigens in ovary homogenates; this is not what
one might expeet from the reaction shown in area 135. This antimerum
revealed only 2 definite antigems in common with eggs (ares A.T) but
showed 3 antigens in sperm extracts {ares Ba). Curiously, embryo
extracts appeared to share only 1 antigen with anti-testis serum (ares
6'7) vhile gut demonstrated four common antigens (ares GB). Celomic
fluld contained 2 antigens which likely correspond to the gand 4

or ¢ antigens of testis (compare arvea D? with 3'37). Celomie fiuid
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posseased 2 antigens in common with testis (arves 233)5 neither of which
migrated significently during electrophoresis.

Anti-cut S s An unexpectedly large mumber of antigens was
obgerved in the homologous reaction with gut material (ares ﬁw); the
8 antigens were labelled gy by 8y 4y @5 £9 g and h, The antigenis
complexity of gut extracts makes comparisons with other tissues
diffieult. Egg homogenates shared 3 antigens as seen in ares A9.
and ovary extracts also appeared to share only 3 {area Am). Both
sperm (area 39} and testis (ares Bm) showed only 2 common antigens.
The antiegut serum demonetrated only 1 antigen in the embryo extracts
(area 09). Celomocytes (area 3)9) seemed to share 3 antigens, 2 of
which migrated poorly while 1 migreted rapidly toward the anode.
Celomic fluid contaimed 2 antigens (area Blo)s 1 of which migrated
slightly toward the cathode and 1 aigrated strongly toward the anode.

Anti-embryo Serums FEmbryo extracts econtained at least 10 antie
gens (area 012) which were labelled g through j. These antigens
showed a wide range of electrophoretic mobilities. Egg extracts
(area 112) demonstrated 5 antigens which probably correspond to
antigens gy £, 8 ds and g of the embryo; it is noted that mo
embryonic g antigen was represented in egg extracts. Ovary homogenates
(area An} revealed the g antigen and at least 4 others which were
difficult to identify, but probably included the £y 4y and g antigensy
the g antigen was not seen in the ovary extracts. Testis extrects
produced 3 ares, 1 of which was diphasic, suggesting 4 separate
antigens {area Bll)' Sperm extracts (aree 312) revealed 2 antigens

vhich probably correspond tc the g and i antigens of the embryo. Gut
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homogenates showed 5 antigens (ares cll) which 1likely inelude the g

or by 8, g¢ and g antigens, Celomioc fluid contained a vapid gor h
antigen and = prominent non-migrating antigen (ares Dll)’ vhile the
celomocytes showed the presence of 2 antigens which migrated poorly,

if at all, during the eleotrophoresis., The complex entigenic structure
of the prism embryos had no counterpart in any other homogenates

investigated.

Staining

In my experience, washing the plates in distilled water and fix-
ing the precipitates with 2% agetic acid often helps with visualization
of the ares or bands. Staining appears to offer no special advantage
with this precipitation system; unstained plates show as much dedail
as the same plates after staining, However; I have used only ome
stain and a number of others might be employed (@.g., asocarming,

thiszine red, ete.).

Spegial Analysis of Gut Antigeng

Sinee whole gut extracts contain 7 antigens, it was desired to
determine whether any of the antigems were confined to one of the 3
divisions of the GI tract (esophagus, small intestine, and large
intestine). The results of this study sre presented in Fig. 5B, It
was found that all 3 divieions mentioned above showed the same reactions
indicating that, with the antiserum and gut extracts employed, there
is no regional antigenic difference in the GI traot.
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Different Extraciion Methods

This subject has not been investigated in sufficient detail for
adequate analysis. However, it is desirable to mention that the
procedure used in preparing antigen solutions does effect the results
obtained by IE.., It has been found that, in general, a blendor pro-
vides better homogenization than the other methods employed. The
effects of homogenization and dialysis are currently under investiga-
tion but it is suggested at this poiat that iresh,; blended, non=~
dialyzed preparations are superior for plate analysis,

The original comcentrations of protein in extracts were 2-5 mg/ml
and presumably adequate immunologic response was observed with such
solutions. Then it was observed that concentrating the antipgen
homogenates to twice their original protein concentration greatly
enhanced the response. Therefore, & new series of gxperiments was
begun to study the various homogenates after concentration of the
extracts. Comparative studies are not presented here but the gat
antigen analysie illustrates the efficacy of concentration of the
extracts, Non~concentrated gu%.extracts induced the production of
53 detectable antibodies in the rabbit while concentrated (2x)

homogenates induced the production of 7 detectable antibodies.

Ultracentrifupgal Patterns

Figures 5F and 3e illustrate the comparisom of anti-egs serum
with 3 ultracentrifugal fractions obtained from 0,1M KCl extracts of

the houelogous egg material, These reults demonstrated that the
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preparations were not immmologically pure and that the 78 partiele
(caleium insoluble protein) contains at least 2 antigens which are
probably the d and @ antigens seen in area Al of Fig. 5.

Paper Eleotrophoresis

Ffumerous attempts at paper eleotrophoresis of the various urchin
extracts employing phosphate, borate, and veronal buffers have been
largely unsatisfactory. A lengthy diseussion of these results is
not warranted in view of the poor resolution obtained. Essentially,
concentrated ovary solutions have shown 3 definite peaks on paper
electrophoregrams (Fig, 3g) which correspond grossly to the IEA
patterns (A.’, of Fig. 5) showing 3 major areas of antigen migration
(one strongly anodie, several mildly anodic, and one to several weak
cathodic moieties). Results with egg homogenates are slso showa in

Fig. 3g which suggest a2 gross similarity to the egg IEA (ﬁ of Pigs 5)e
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Techniques

The general effectiveness of various techniques employed im this
work, end several important modifications presented by others, will
be discussed below.

Immunoeleoctrophoresis has become very widely used in the past
several years and a popular account has been presented by Williams
(71). Meny modifications of the original IEA teehniques (16, 71, 72,
73) have evolved which inelude the use of antigen-specific stains
(16, 45), mioro methods (59), different gels (4, 56), and 2 dimensional
electrophoresis with discontimous buffers (61, 56).

Imminoelectrophoretic analysis of new sntigen systems must be
performed with several different voltages and electrophoretic times.
Two antigens may demonstrate the same mobilities in 1 experiment,
vhile under different conditions ‘(i.e. s greater voltage a.nd/or longer
electrophoresis), they may show 2 different mobilitiea. A diphasic
arc such as the g«f are in area 37, of Flg. 5 represents 2 antigens
vhich have different electrophoretic mobilities but induce the
formation of similar antibody populations when injected into a
rabbit. Had the electrophoresis been carried out at a lower voltage

and shorter time, the diphasie are would have been menophasic, thus
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suggesting a single antigen,

Choice of a method of gel analysis must be based on experimenta-
tion to select the most appropriate procedure with greatest resolving
power, The experiments which were employed in the selection of &
procedure for this work are discussed below.

By consulting the acoompanying Plgs. 3 and & and the section on
results, it is evident that the amount of information gained from
the 3 methods (I24, macro, and mioro) is greatest when electro-
phoresis of ths antigens is first performed in the agar gel. This
electrophoresis not only provides a more distinct pattern of bands in
most cases but also supplies information on the migration of the
individual antigens to further distinguish them from each other. The
method described here for IEA was particularly useful in that the
electrophoresis cell may be placed in a refrigerator during the entire
operation if any reactants are heat labile. Drying of the agar during
electrophoresis was minimized since the cell was covered.

Since the miocro method evidenced such poor resolving power with
the urchin antigen-antibody systems, it was discarded in favor of the
maero technique when TEA oould not be performed. In my experience,
the micro technique was useful only for a rapid, easily set up screening
procedure, but has insufficient resolving power for a critical analysis.

The macro technique was quite useful but required large volumes
(0.1 ml) of antigen and required a week or longer to develop to
"maturity.® However, it is obvious by comparison of Figs. 3a and 34

that the b band of region A-D in the macro method was not seenm on the



IEA plate.

The conclusions of Crowle (5) and Yakmlis (77) that the micre
method is equal and often superior to the macro method for resolution
may be true for their antigen-antibody systems. However, it was
elearly showm in the present paper that cuch was not the case with sea
urchin extracts that have so far been investigated. This emphesizes
the faoct that has been suggested by many workers that several different
methods of analysis should be imvestigated and critically compared
before one particular procedure is wholly relied upon. Also, it is
not necessarily true that staining of the precipitates is alwaye
indicated and will always reveal bands not seen before staining.

The use of agar preservatives and thelr possible mode of action
deserves some place im this discuseion.

The mode of action of streptomyoin has been investigated by
many workers and has been suggested by some to invelve & linkage with
nucleic aeids (e.gey 65 35). Kout and Kubickova (30) have resently
established that the drug can react with antibodies to prevent the
agglutination of red blood cellsy we may be dealing with a similar
type of reaction in the precipitation reactions described above.
Merthiolate is extensively used as & preservative and this general
use might be discouraged by results obtained in our laboratory and by
the work of others. Pressman and Grossberg (57) showed that Merthi-
clate can inhibit antibodies which are formed in respomse to antigens
(haptens) related to the subsiituted benzoate group and, though this

is probably a speecific competition,; the role of Merthiolate as a
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general inhibitor must be considered. Sinse Merthiolate is a mer-
ourithiobenzoate (gznsngs-cﬁahumna) quite closely related %o
b-chloromercuribenzoate, it is conceivable that we may be dealing
with the formation of a mereaptide, thus covering otherwise active
sulfhydryl groups. The mode of action of such inhibitions, if real,
mst awalt further study.

Excellent seperation of the antigens cannot alvays be obtained by
electrophoresis in 1 direction with only 1 buffer. Therefore, in
erder to achieve better separations it may be necessary to electro-
phorese the antigens in agar prepared with 1 buffer, out out the agar;
plage it in contact with a fresh ager sheet eontaining & second
buffer, and them run the eleotrophoresis in a direotion perpendioular
to the firet separation. This latter technique has been developed by
Smithies and Poulik (61, 56) who suggest that better resolution may be
obtained if the antigens are initially separated by 1 or 2 dimensional
electrophoresis in etaroh gel, followed by IEA,

Consden and Kohn (4) have developed an inmteresting modification
of gel diffusion snd IEA in which a cellulose acetate film replages
egar. Thelr techniques reduced the quantities of reagents required,
diminished the time of plate development, and eliminated the disad-
vantage of extension of precipitate zones into the region of an anti-
body trough or antigen well,

Agar diffusion techmiques have also been employed in radiobiology.
Perlmenn and Hultin (53) deseribed a method for the incorporation of

1&0 into antigens and the subsequemt production of an “"agar autoradiocgram®
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which looked identical to a homologous double diffusion anslysis.
Such a modification might offer significent advantage to special
studies in radiochemistry.

Fluorescein-labelled antibodies could, theoretically, be employed
in gel diffusion studies to demonstrate otherwise invisible preeip-
itates. To the suthor's kmowledge, this method has not yet been
reported but was firet suggested to him by Bermard Pirofsky of the
Medicine Department of this Medical Schools The use of anti-rabbit
globulin to demonstrate non-precipitating antigen-antibody complexes
has been studied (45) and was found to reveal otherwise undetectable
precipitates, Concentration of the antigens or emtibodies iz of proe
founmd importance to the formation of a precipitate as mentioned previous-
1y in comneotion with gt extracts. Useful adjuncts to antigen oone
centration might be the employment of fluorescein antibodies and antie
rabbit globulin.

lgar =nd starch electrophoresis have, in gemeral, given better
resolution of protein systems than either paper or free boundary
eleotrophoresis. Beaven (1) described a method for spectrwacopie
recording of agar electrophoregrams which might be employed in studies
such a3 those reported here,

The effectiveness of the use of adjuvants has been emphasised by
Freund and many other workers (12, 13). Smeller amounts of antigen
may be employed if oombined with adjuvants, a faoct of distinet advane
tage vhen working with the emall volumes obtained from embryo cultures.

As mentioned previously, the titer of antisers was not routinely
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determined but was generally between 1/100 and 1/1000, suggesting that
the adjuvants employed were effective because only ¥ to 2 mg of sntigen
were injected, Wright (76) described a convenient method for the
datérmination of sntiserum titers by gel diffusion which could be
employed where necessary.

Lyophilization did not appear to affect the homogenates which have
been investigated (Table I). However, it was observed that dialysis
diminished the resolution of preecipitate patterms and alse that a
blendor provided better homogenization than either tube grinding or
triturating with sand.

Hajor Analysis of Tissue Antigens

The various extracts are discussed below from the standpoint of
the maximum number of antigens vhich the extract shared with each of
the other homogenates. Adult tissues (gonads, gut, celomic fluid,
and celomocytes) are considered first and then the gametes and devel-
opmental stages will be discussed. The term "homologous reaction,”
vhich is used several times below; refers to a reaction between an
antigen and am homologous antiserum (e.g.; ovary antigen ys anti-ovary
gerum),

Overy. The reaction between ovary and anti-ovary serum demonstrated
a minimum of B antigens in that tiesue. The egg appeared to share 6
antigens with ovary while sperm shared only 3 entigens. Testis ex-
tracts, curlously, demonstrated 7 antigens in common with the ovarys
This close relationship of ovary and testis waa‘saggested only by use

of anti-ovary serumy therefore, this result must be highly cuestioned
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since anti-testis serum shoved omnly 2 antigens with ovary extracts.
Though several different tests confirmed this finding, the suthor is
yet very dublous of the reaction and it is here stressed that the
relationship deserves further study.

Gut extracts possessed at least 4 antigens in common with ovarys
however, it wes aleo demonstrated that the g antigen of ovary extracts
vas not present in the gut. This will be disoussed below in connection
with gut antigens,

& very interesting and possibly significant finding is demonstrated
with embryo yg ovary studies. Area AS of Fig. 5 veveals a g and h
entigen in ovary ve. anti-ovary serum. This antiserum revesled only 1
cathodle antigen when reacted with prism extracts indicating that 1 of
the antigens (either g or h) was not found in the embryo. It was also
noticed in studies with anti-embryo serum, that the & and h antigzens
of the embryo extracts (area Glz, Figs 5) were entirely missing in
extracts of ovary, egg, aud testis. This suggested that the embryo antie
bodies were directed againet more specific embryonie antigens and #ould
not react with the g and b antigens present in ovary extracts. FHowe
ever,; the ovary antibodies did reect with 1 of the anodia enbryo
antigens. This suggested that the less speeific ovary antibodles were
unable to distinguish between the ovary and embryo antigen.

Alternative interpretations of the apparent discrepency between the
2 antisera should be presented, It is possible that concentration
factors prevent demomstration of the entigems. It is alse possible
that the anti-embryo serum did not react with the anodle antigen of

ovary, tut this is not likely because the sntiserum shoved & strong
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reaction with 2 anodie embryo antigens, PFinally, it is possible that
the anodic embryo antigen shown with aﬁti~ovany gserum is a non-
speeific reaction and represented an artifect. In ¢oﬁaluaisn, it is
the suthor's opinion that the first interpretation was the most likely.,

Ovary shared 2 antigens with celomic fluid and also 2 antigens
vith celomoeytes. Hyman (23) pointed oué that the hemal (vascular)
system extends into the gonads and that the celomic fluid and celomo-
cytes oan therefore be transported into the interior of the gonad.

The gunital (abaral) sinus carries the vessels into the upper pole of
the gonad and is demonstrated clearly in Fig., 2 as a Y-shaped structure
medial to the gonoduct. Therefore, it was not surprising to observe the
celomie flnid snd eelomooyte antigans\in gonad extracts.

Went (69) studied the remction between anti~egg serum and ovary
antigens (S. purpuratus) snd showed 5 antigens in common which is
oconsistent with the work reported here. The mitotic apparatus (dis-
cussed below) contains 2 antig@nég boﬁh of which are located in the
ovary according to Went,

lestis. Six testicular antigens were demonstrated in the homologous
reaction with testis entiserum (ares 37 of Fig. 5). The discrepancy
noted between the homologous reaction and that with teetis ys anti-
ovary serum, which revealed 7 antigens, has already been discussed
above in consideration of ovary antigens. Egzs were seen to share &
antigens with testis while sperm extracts contained only 33 hovever; it
should be pointed out here that sperm extraets exhibit only 3 antigens
in the homologous reaction (see discussion of gperm below), GCut

extrasts were seen to contain 2 antigens in common with the testis,



Celamic finid gave the same pattern thst wes observed with othey
antisera, i.esy 2 antigens, while celomocytes alsc contained 2 antigens
in common with testis.

Testis antisera also demonstrated the very imteresting phenomenon
with embrye extracts that was discussed above for ovary sntigens.

It vas noted (Pig, 5, area C&) that an anedic embryo antigen was
demonstrated with anti-testis sera. However, the anti-embryo serum

did mot resot with an anodic antigen from tesiis extracts (area Bn).
Again, the author suggests thet o possible explanstion for this phew
nomenon might be that the embryo antibndies are more specific; reacting
only with the embryo antigen. Testis antibodies night be less specifie,
thus being ospable of reacting with either the testis or embryo

enodic antigen.

Went (69) demonstrated 2 testicular antigens with anti-egg serum
(S, purpyrstug). He aleo showed that at least 1 mitotic apparatus
protein is present in the testis.

Gags It is evident that the gut exerts strong antigenicity in
concentrated solutioms. Several of the 7 gut antigens were demonstrated
in all homogenates investigated. Four gut antigens were seen in egg
and ovary extragts., OSperm and testis shared 2 slovly migrating sntigzens
with gut. Celomooytes shared 2 non~mlgrating and 1 anodic antigen in
coumon with gut extracts vhich represented the strongest correspondence
betwean the celomocyte entigens and any other extract: this might be
expected asince the gut wall is heavily laden with celomoaytes.

Gut homogenates reacting against antiecmbryo sexum demonstrated

an anodic g antigen common to both extracts, However, testis, ovarys
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and egg antibodies did not deteot this anodie antigen in gut extracts,
nor did anti-gut serum exhibit this antigen with any other extracts.
This suggested that the embryo shares a gut antigen not found in any
other tissue including eggs and sperm. Therefore, the prism larva con-
teins an adult gut antigen not present in either the egg or the sperm.

The nature of these antigens is left to speculation but a few
findings deserve mention here. One of the most interesting features of
the present work is that the esophagus did not appear to be antigeniecal-
ly distinet from the rest of the GI tract (Fig. 5E). This scems
strange if one assumes that the esophagus contains few, if any,
digestive enzymes (food remains im the esophagus only a short time).
Lasker and Giese (34) reported the presence of an amylase and a
protease in the small and large intestinej these segments also showed
several othey carbohydrate ensymes in lesser concentration. It is not
kmown whether or not the gut enzymes are antigenie. However, if the
esophagus conteins no digestive enzymes, the results presented here
suggest that the antigenicity of the gut is not attributable to these
enzymes in view of the antigenic similarity of the % GI iract segments,

The studies of Went and Masia (69, 70) failed to demonstrate any
antigens whateoever with anti-egg serum. The results reported herve
show very clearly (Fig. 5, C,) that enti-egg serum exhibits 4 sntigens
in common with gut extracts.

Celomic Fluid, It is interesting that there were 2 antigens in
the celomic fluid after removal of the clot by centrifugation. These
antigens were also present in egg, ovary, sperm, testis, gat and embryo

extractas. One would not expeet this fluid to share antigens with all
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tissues investigated, especially the gamete extracts.

Giese et al. (15) reported that fresh celomic fluid formed long
fibrous clots soon after removal from the urchin., Treatment of the
clotted fluid with TCA produced no precipitate but did reveal 2 peaks
with paper electrophoresis. Therefore, there is agreement between
the work of Giese et al. and the present paper.

Kohler and Metz (28) studied sperm extracts (see discussion
below) and noted that sperm entisera showed no reaction with celomic
fluid (4. M&ﬁ;}. This was, assuredly, not the case with
8. purpuratus, since there were 2 sperm antigens present in the celomie
fluid of this species.

Why are esperm and egg antigens found in celomic fluid?

It will be of interest to analyze the results of the in,jeetion of
celomic fluid and celomocyte extracts into rabbits. These antisera
will soon be available.

Celomocyteg. Three antigens were found in celomoeyte extracts.
These 3 antigens were demonstrated with anti-gut serum. Other antisera
revealed antigens as follows: egg and spermsl and ovary, testis, amd
enbryo=2.

The naturs of the celomeytes has been investigated by Boolootian
gt al. (2), who desoribed the properties of 7 different types of cells.
Ho attemp$ has been made here to localize the various antigens to a
cell type. The author wishes to point out that the eleccyte cel-
omocytes contain echinochrome pigment whioh is presumably bound to

protein. Possibly the protein moiety is antigenic and could be isolated
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to determine vhether it is a protein also found in other tiseunes.

The possibility existe that the “ocelomooyte™ extracts employed
here did not represent tmae celomoayte antigens, since the fibrous
clot of the crude celomic fluid is included with the extract. This
olot material may represent a specific celomic fluid protein.

Sperm. Sperm extracts were originelly shown to contain 3
antigens in the homologous reaction (Fig. 5, 35), However, experi-
ments performed very recently (after preparation of Fig. 5) elearly
showed that, in reslity, sperm contained % antigens by IEA, Unfore
tunately these results were not available in time for incorporation
in Pig. 5 and preceding sections of this paper.

Egg, ovary, testis, and embryo extracts were seen to share 3
antigens with sperm, and gui demonstrated 2 common antigens., Celomoe
eytes shared only 1 antigen, vhile celomlec {luid demonstrated 2 in
comuon.

Kohler and Metz (28) studied the sperm of A. punctulate and
found by gel emalysis that there were 3 or 4 sperm antigens. They
noted also thet egg and celomlic fluid extracts did pot contain any
spern antigens using tube prescipitation and absorption methods., The
present work on 8. purpuratys identified 5 sperm antigens, 2 of which
vere found in celomic .fluida And three sperm antigens were found im
egg extracts, thus contradicting previous work,

Pernot (55) investigated guinea pig sperm with IEA, He revealed
11 antigens in the semen and T antigens on sperm tails, while the work

of Kahier end Metz on see urchins revealed only 1 antigen on spernm



tails by gel analysis.

The extensive literature concerning antifertilizin, fertilizin,
ete, studises is beyond the scope of this paper [see (65, 50, 51) for
adequate reviews).

Ezg. Eges were seen to contain a meximum of 5 antigens in the
homologous reaction (Fig. 5, ares L_l). Ovary antiserum evidenced 6
antigens present in eggs while the egg antiserum showed only 5 antigens
in ovary extraocts. Since more than a dogen anti-egg sera were employed
in this work, it is likely that the discrepancy was not an artifact of
observation, Possibly a concentration effect, or a poor electro-
phoretic separation,; could account for the observed differences.

Sperm extracts shared 3 egg antigens while gut contained 5 or
possibly even 4 antigens in common. Four egg antigens were noted in
testis extracts. The typleal pattern of 2 antigens was observed with
celomic fluid and 1 antigen common %o eggs was noted in celomogyte ex-
tracts,

Egg extracts reacting with embryo antiserum showed 5 antigens
while embryo yg anti~egg serum demomstrated 7 antigens, The significance
of this finding would seem to be that, after fertilization, egg
antibodiea would demonstrate more antigens in the zygote than were
present in unfertilized eggs. Therefore, the egg extracts must have
contained material which induced the formation of multiple entibody
populations containing at least several antibodies to 1 or more
individual antigens. The egg extracts might not have evidenced all
antigen types present for several reasons: (1) the consentration of

the antigen was too small, {2) the antigen was bound or at least was
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insoluble, or (3) 1 or more antigens were bound together to form a
eonjugated molecule whiah would shov a gingle antigen-antibody pre-
cipitate. The author favors the latter possibility because nesrly
all existing evidence suggests that there is a decrease in solubility
after fertilization (see physicochemical discussion below). Farther-
more, if the coneentration of antigen in the egg was low epough not %o
allow detection, it seems unlikely (though mot impossible) that a
strong antibody could have been elicited.

It is ﬁeqoming nore apyaren§ &s research progresses that there
are catabolic as well as anabolic cycles in the egg which are une
leashed at fertilisation. Proteciytio enzymes become activated to
degrade yolk proteins and intensive anabolic processes are begun %o
build new embi:unic proteins. Kavanau, for example, has presented
detailed analyees of sea ﬁrchin amine escid metaboliem and solubility
changes in yolk and non-yolk proteins (26, 27) which confirm the
latter statement. Therefore, it seems likely that the resulte of
this paper suggest the breakdown of antigenie (yolk?) proteims, thus
giving rise to additional precipitates in gel studies on.eérly
postfertilization stages vs anti-egg serum. Lapresle (535 showed that
human albumin induced the formation of am antiserum whiéh gave g
gingle reaction with purified albumin. However, when the albumin was
engymatically degraded, the same antiserum gave 2 or 3 precipitates
depending on the method of hydrolysis. 1t is certain, thereforey that
antibodies formed against an "antigen" may be mltiple and that
fractionation of the antigen will lead to multiple antigen-antibody

pregipitates.



Went (69) showed an illustration demonstrating a possible 7
antigens in egg with anti-egg serum, and Perlmamn (51) has showed possibly
7 antigens in his work with P. lividus. Both workers, therefore; ob-
tained more antigens from egg extracts than are described in this paper.
It is quite interesting in view of this difference of results, that
Vent and Perlmann have not been sble to show the eclose antigeniec
correspondence between eggs and the severasl adult urchin tissues
they have investigated with anti-egg serum., In my experience, it was
quite simple and véry reproducible to show fairly close tissue
antigenic sinilarity in most cases,

Changes in ezg antigens after fertilisation will be discussed in
more detail in the following section.

Embryos. A majority of the results with embryo extracts and
antiserum have been discussed above, and little more than correlation
need be presented here. It should be pointed out again that the term
embyryo, in veference to homogenates, has been used to describe the
major larval stage investigated -« late prisms. Blastulae and
gustrulae wvere also studied and antisera were prepared to these stages.
Since much more material (3 grams wet weight of packed embryos) was
obtained from prism cultures, and since they represent later stages
of differentiation, it was decided to confine most embryo studies to
prism steges., How that charagteristic findings have been described for
prisms it will be desirable to work “"backwards" and determine the exact
time of appearance of these changes.

The speeificity of anti-embryo serum with regards to the anodie

¢ and h antigens (Fig. 5, area 312) has already been discussed, And it
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vas noted that antiserum to egg, ovary, and testia reveasled one of the
anodic embryo antigens {either g or ) in embryo extracte, However, the
enti-embryo serum vhich showed 2 anodic antigens with embryo homogenstes
failed to show any anodic antigens with the 3 mentioned extracts,s It
did demonstrate 1 snodio gut sntigen (area Gy, of Flg. 5}y thus estabe
lishing » correspondence between gut and embryo not extant in egg,
ovary, and testis.

Ovary and egg antiscra demonstrated a cathodie antigen with each
mim.r and also with embryo. The antiecmbryo serum slso demonstrated
this cathodic (g) antigem in the 3 extracts.

Since both ezg and spexm shared 2 antigens in ocowon with celomie
fluidy it vas not surprising that the embryo slso shared these
antigens, However, egg ond sperm shared only 1 antigen vith gelomooyte
extracte vhile there were 2 in embryo homogenates. It ie not known
wvhether the single antigen in egg yg celomocytes is identical to the
antigen observed in spern: y§ celomosytes, and no positive oconcluaions
oan bo dravn until entisera are obtained to celomisc fluid and
selomooytes,.

further discussion of embryonic antigens is prosented after the
seotion dealing with physicochenioal stndies.

Physioochemisal Analysis of Urchin Proteins

The mitotic apparatus (MA) of first cleavage stages of urchin
embyyos was initially isolated and studied by Masia and Dan (38).
Various modificetions of their original procedures have been presented
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(364 374 70)s It is now established that there are 2 main components
of the isolated MA which are designated as the major and minor come
ponents. The major component whieh migrates slowly during free
boundary electrophoresis (pHs=T.4),; has & moleoular weight of about
315,000, a ribomoleotide content of 5=-6% and an isoelectric pH of
about 4.6. The minor component migrates rapidly during electrophoresis
and appears to be a ribomucleoprotein. Very recently (69), it was
demonstrated that MA extracts possessed at least 2 antigens which
have been named the "precursor-1" and “precursor-2" gomponents. Went
(68, 695 T0) has also shown that the MA precursors-l and 2 are soluble
in the presence of caleium ion at concentrations of 0.05M. This obw
servation is discussed below. All of the above results have been
obtained on MA material from S. purpurstus,

Kane and Hersh (25) separated 3 groups of proteins from unfertil-
iged eggs of 3. purpuratug by use of the ultracentrifuge. They defined
the 3 partiogles as 3w,20‘3‘5' Sw,ae"ﬂ’ and swaaazo. They reported
from their investigation that the 7S particle was & long fibrous proe
tein (axis ratio of 15:1 at pH=7), with a molecular weight of about
350,000, and that it formed am insoluble gel in 0.054 Ca''. The 208
particle was noted to be a nucleoprotein which did not precipitate
out of solution in 0,05H ca™ unless left overnight after which it did
form a gel. The 3.%5 particle would not precipitate in the presence of
0.054 ca™ under any conditions studied. It was suggested by these
authors that the 7S particle might correspond to Mazia's "major protein”
of the MA, However, this nov seems very unlikely in view of the recent

studies of Went and Masia (68, 69, 70) which demonstrated the Ca'™
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Bglubility of MA proteins. The results presented in Figs. 3e and 5F
demonstrated that the author's ultracentrifugal separations were not
single proteins but rather that the 78 fraction contained a non-
migrating and a cathodic migrating antigen.

Electrophoretic studies (free boundary) of unfertilized §.
purpuratus egge by Comnors and Scheer (5) revealed 4 peaks (in Weber's
solution; 0.6M KCL in 0,04} mm% and 0,014 nngcah pH=8,5-8.8), In
the author's experience with paper electrophoresis of the egg
homogenates at least 2 main peaks with possible subdivisions were
chservud, It is likely that Weber's solution extracts different
materials than the 0.1} HaCl,

Monroy and Monroy-Odde (40, 41, 42) have shown 4 electrophoretic
peaks in unfertilized eggs of Arbacis limula and 5 or 6 peaks with the
eggs of Paragentrotug lividus using distilled water for the extractions.
After removing all wa$er»aulubie proteins from A. lizuls eggs, they
then extracted the remaining egg material with 1.0l KCl and obtained
3 additional proteins. From their studies with the KCl extraets these
workers observed that there was a quentitative change represented by
& precipitate of protein material. The insoluble protein appeared
within 5 minutes after fertiligation or upon freezing unfertilized
eggs and thawing them again. In the latter ease, the fraction which
became insoluble after freesing contained much nucleic acid and
migrated eleotrophoretically faster than any other fraction. Monroy et
al. (40, 41, b2) has gathered evidence that following fertilization,
there is (1) a decremse in solubility of at least one or more proe

teins, (2) the appearance of a new protein, and (3) a suggestion that
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this new protein arises from unfertilized egg proteins which are
fractionated during the process of fertilization.

S purpuratus and A. punctulatas eggs were studied before and after
fertilization by Mirsky (39). Ee observed that between 10 mimtes and
2 hours after fertilization there was a loss of 1 KCl solubility of
a long fibrous protein (at a pH=7) which accounted for 12% of the
total egg proteins. It was also noticed that 12% of the 1M KC1
soluble unfertilized egg proteins were insoluble if the eggs were
first frozen and then thawed. Monroy and associates confirmed Mirsky's
original work coneerning a loss of 1M ECl protein solubility upon
fertilization of unfertilized eggs. DBoth Momroy and Mirsky have
pointed out that the main loss of solubility ocourred with a protein
fraction that was salted out by low coﬁeentration of (HHA) 250, (ander
50%) «

The Mireky and Monroy studies were similar exeept for the fact
that Monroy studied s different species, A. lixuls, and employed water
as a solvent in the freeging-thawing experiments., Therefore, it is
not totally surprising that there might be a difference between the
freese-cosgulated proteins of these 2 workers. Such a difference did,
in facty exist. It has been pointed out above that Momroy and
Monroy-Odde {42) observed that the freeze-coagulated protein contained
large amounts of nucleotides., However, Connors and Scheer investigated
purified extracts of the 1M EC1 "Mirsky protein” and found that there
was no appre¢iable mucleotide coﬁtsmt in the freeze-coagulated protein.

Grose (17, 18, 19) has investigated the nature of protein pre-
cipitation in unfertilised_A. punctulata eggs by the addition of Ca' .
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His work is much more extensive than that of Kane and Hersh. Gross
speculated that ca*" increases the acidity of egg extracts and serves
to bring about the sggregation of partisles which contain a high ocon-
centration of mucleoprotein. Ultraviolet absorption analysis and
electron microscopy have led Gross to conclude that the CA+*~agg:u-
gating particles are simply monomers of ribomucleoprotein which upon
aggregation constitute the Palade gramles of the egg. He also
observed that egge before Ca" treatment showed 4 electrophoretic
peaks while after cet” they evidenced S peaks. It is mot yet possible
to equate the work of Cross, Mirsky, Monroy and Monroy~Oddo, Comnmors
and Scheer, Kane and Hersh, and Vent and Maszia, but much might be
gained by such a narr&lation.*

It would be of interest to isolate the g antigen (area Ay of
Meg. 5) which is a rapldly migrating particle to determinme whether it
corresponds to the water soluble RHP of Monwoy and Momroy-Oddo. Also,
one would desire to lmow whether the "20S particle” of Kane and Hersh
might eorrespond to the RNP fraetioms of Gross, and possibly to the g
antigen from unfertilized eggs which has been described im this paper.
The ultrasentrifusal work presented here was inadequate as shown in
Figs. 5P and 3e because the preparations were not immunologically pure,

and better separation is desired.

*Siuea different species of urchins, different experimental oone
ditions and techniques, and different investigators have done the
separate experiments, it is probably impossible te correlate information
and the various procedures should be repeated on a single species by one
1&‘302?&“17!
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Changee in Embryos During Development

lio attempt will be made to disouss the results of this investigation
with reference to the extensive general literature on embryonic
differentiation. The general knowledge of tissue differentiation prior
to 1956 with proposed methods of investigation was presented by
Trinksus (62). He emphasized the importanse of environment and re-
versibility on the differentiation of tissue cells. Other general
reviews on differentiation and immunoembryology have been mentioned in
the introduction.

Changes in urchin gomnads during the year were not investigated in
this paper. Much work has been done on various speeies of urchins
which revealed that the main seasonal changes are gquantitative rather
than qualitative, Giese and associates (14, 15) studied S. purpuratus
and found that nucleic acid content in the gonads increases strikingly
in preparation for spawning, They showed that DNA increased by 31
times in testes and 9 times in ovaries, while RNA incressed by 7 times
in testes and 27 times in ovarles. Protein inoreased by 17 times in
testes and 27 times in overies. These rﬁsnlts suggested that the
testis was devoted toward increasing the DNA; sperm is largely DHA,
Apparently the ovary was largely synthesizing RNA and protein for
storage in the eggs. It is believed that the urchins spewn several
times each season. HNo obvious seasonal antigenic differences appeared
in the gonads during the present investigation, but adequate enalyses
have not been performed.

Now with & full complement of constituents, the gametes are shed
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into the water where fertilization cecurs. lMuch mystery centers about
the exact nature of fertilization which has been reviewed in detail by
Perlmann (50, 51) and Tyler (65). Figure 5 demonstrated no sperm
antigens that were not also seen in eggs, but reecent results not in-
cluded in Fig. 5 may express unique antigens in sperm extracts. It
mist be recalled, however, that sperm is largely DHA and that DHA is
insoluble under the procedures of this investigation.

Fertiligation initiates a breakdown of yolk proteins into amino
acids or peptides that will then be used for constmotion of new
proteins. Not all of the new proteins formed in early embryonic stages
will be present in the adult. The appearance and disappearance of
embryonic proteins is probably best understood in the case of the
optle lens of the chick which has recently been reviewed by Langman
(31, 32).

It has been shown in the present work that prism embryos are,
entigenically, far more complicated than any of the other extracts
investigated here. A change in certain egg (and/or sperm) antigens was
also detected with anti-embryo ~serum by the discrepancy of antigen-
antiserum resctions discussed above. Several snodie antigens in
priems were not observed in egg, ovary, and testisi however, these
latter extracte did contain an antigen that is gquite closely related to
1 of the snodic embryo antigemns. A eathodic gut antigen (g entigen)
apparently not present in egg extracts was observed in the prism
homogenates suggesting the differentiation of an adult gut protein as

early as the prism stage. Many other relationshipe undoubtedly are
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concealed by the lack of resclution obtained with the present method
of investigation.

Perlmann and associates (49, 52, 54) studied the soluble
antigens of E, lividus during development. They showed by gel
diffusion that egg antigens persist at least to the pluteus stage and
that 3 new antigens appear between the gastrula and pluteus stages.
With the use of Oudin gel diffusion amalysis, they discovered (54)
that 2 egg antigens were quantitatively disappearing \during embryonic
development and nearly gone by the pluteus stage.

Amino acid metabolism of urchins studied by Kavansu (26, 27)
with S. purpuratug was discussed above. frhfia changes of DNA and RNA
during larval development to the pluteus stage in /rbagia wezi
reported by Sehmidt et gl. (60). They found that DNA inoreased by
10 #imeﬂ and that RNA did not significantly inerease during develop-
ment to ﬁhe pluteus stage. Therefore, it is possible that the embryo
synthesizes large quantitiesv of genetic material at least during early
stages. This might be expected beamaé of the increase in nueclai
relatﬁe to eytoplasm during cleavage and early development,

Echinochrome pigment has hat been found in egge of 8. purpuratug
(‘3.0, 11) but has been noted to sppear after initiation of gastrulas
tion. i)urizxg the course of this work, the activity of echimophores
end development of pigment in p;-iams was observed. The pigment has
been extracted arid tentatively identified as eghinochrome by
Dr. Jack Fellman of the Biochemistry Department, following a modi-

fication of the methods described by Nishibori (46), The appearance
of echinochrome in embryonic stages of Lytechimug veriegatus has



been studied in great detail by Young (78) and corresponds remarkably
with what has been discussed above for §. purpuratus. Young also
noted that echinochrome €id not appear in completely animalized
{ectodermalized embryos snd that it would develop in exogastrulae.

This suggests that the pigment may be of importance to metabolie events
cceurring in mes~endoderm structures. In fact, collection of echinge
chrome in embryos is always greatest in regions where metabolic
activity is greatest. The function of echinochrome and its symthesis
in the embryo is of concern to many investigators and may be of basie
importance to sea urchin development.

Maternal and paternal contributions te development of urchinesand
dollar crosses have been investigeted by Moore {473) end Flickinger (9).
This application promises to be of much value in assessing the
metabolic influence of sperm ¥s egg in enzyme systems, pigment forma-
tion, etc. Studies will soon be initiated in our leboratory to ine

vestigate these influences in cooperation with Dr. A. R. Moore,

Disadvantaeges of the Imwunological Approsch to thig Froblem

Brief mention must be made about the recognized diffioculties en-
countered during this investigation.

The antigens must be obtained in sufficlent concentration without
denaturation and be injected into an animal which will respond astively
to e2ach antigen injected. These gualifications are seldom, if ever,
realized. Seasonal and individual differencesz must be also anticipated

in the urchin msterials.



Of great importance; oY course, is the choice of a suitable
technique for analyzing the results of the antigen-antibody reaction.
The analysis is inherently limited by antigen or antibody concentra-
tion, specificity of reactions, and reproducibility of results.

In short, many extracte rmust be obtalned by wvarious methods of
extraction. Then these must be injected with several technigues into
many different rabbits. Finally, approﬁriate apalytic technicues must

be carefully selected by repeated trials.

Possibilities for Future Related Investigations

The various tissue antigen homologles suggested above must be
established by appropriate experiments and characterized where possible.
These characterizations should include physicochemical procedures,
specific staining, bioclogical activity, etc.

Mitochondria, microsomes, and specifically, the mucleoproteins
should be studied; possibly with the aid of fluorescent and/or
radiolabelled antibodies.

Culture methods employing animalizing and vegetalizing substances
should be investigated. Dihybridizetion and blastomere isolation
studies would be of great significance. The treatment of cultures
with high concentrations of specific antigens might reveal interesting
effects and suggest an investigation of self-regulation of growth.

Rormally occurring specific differentiating substances will, in
time, be implicated in the Jevelopmwent of many forms, These specific
substances will conirol and possibly even cause morﬁhogenetic change.

The importance of such agents is of paramount interest to man in the
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study, not only of embryoni¢ differentiaticn end growth; but also, and,
perhaps of more importance to the gemeral population; the study and

eventual ocurtailment of neoplastie growth.



SUMMARY

Preliminary antigenic analysis of urchin gonade, gametes, gut,
embryonic stages (to prisms), celomic fluid, and celomocytes was pre=-
sented. DEvery homogenate investigated was found to possess antigens
also shared by seversl other extracis.

The greatest number of antigens was demonstrated in prism extracts
and al) adult tissues studied contained antigens in oommon with the
prisms. It was elso noted that a cathodic adult gut antigen not present
in eggs (or sperm) had appeared by the prism stage. 2 suggestion was
advanced that the prism possesses 2 anodic antigens which are not
found in egg, ovary, or teetis extracts; one of these antigens, however,
was noted in gut homogenates, thus suggesting the presence of amofher
adult gut antigen in prism embryos.

Results of the antigen analysis were discussed and compared with
the work of other imvestigators.

The relative efficany of various metheds of gel analyeis was ine-
vestigated with simultanecus studies on the use of agar preservatives
and precipitate stains. It was coneluded that IEA is the superior
technique, that preservatives are usually detrimental to precipitate

formation, and that staining was not negessary.
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Legend to Table II

A, By Cy and D correspend to horizon-
tal rows in Fig. 5. Card #=reaction
card number; u=ionic strength (a=
0.075, b=0.0375); V=voltage for cells
t=time in hours.
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ILLUSTRATIONS



Figare 1

Dimensions (in millimeters) of micro (g),
1EA (p)y and macro (g) plates. An IEA
trough form 1s shown in (d). A glass~
slide box for macro double diffusion is
shown in (g). Two IEA plates (£) are
shown in place im a Durrum cell (ocover
not included). 4n alumimumefoil lined
photographie box is shown inm (g).
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PFigure 2

Partially dissected female urchin to
demonstrate gut; 3 lobes of ovary,
gonoduct and genital (eboral) simus,
The gonoduot empties through test on
upper surface of animal. Approximate-
iy 2x.






Figure 3

Comparisons between IEA (g and g),
waoro (p and g), and micro (f)
diffusion corresponding to » Yo
Ultracentrifugal analysis in (g)
corrvesponds o Fig. 5F. Scanned
paper electrophoregrans of egg and
ovary are shown in (g); arrow ine
dicates application point (veromal
buffer pli=8.6;4=0,075)s Importance
of taking photographs at least cneoe
every day is demonstrated in (h)end

vhieh represent a difference of

hours development., In all cases
vhere electrophoresis was performed,
anode 1is to left.
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Figare &

Diagrame of IEA (g) and maere (})
pletes summarizing reeults of plate
enalysis. In both dravings, A=egg,
B=blastulay Csovary, De=anti-eggz, and
E=antieovary serum. Lower oazse
letters designate corresponding pre-
cipitates. The anode is to the left
in (.)o



©  Figure 4



Flgure §

Sunmary of INA reactions. Straight
vertiecal lines represent antiserum
troughs, Circles represent antigem
wells. Axos between troughs and
vells indicate observed antigen~
antibody precipitates. Homologous
reaction pregipitates are labelled
with lover case letters. Antisera
are labelled at top of figure over
corresponding trough and each trough
below the labels contains thet antie
serum. Mumerals (together with
capital letters) serve to designate
sach reaction area of pregipitation
AYe8e

Gut separation analysis is presented
in E with gut antiserum. Ultracen=
trifugal separations of egg are pre-
sented in F with egg antiserum,

See p. 22 of text for key to
abbreviastions.






Animal Code Number

IMMUNIZATION CARD Antiserum Code Number

Antigen Code Number

Immunizations performed by

Injections:

Date Antigen (code #, amount injected, Remarks (site of injection,
note if adjuvants used etc.) apparent condition of animal, etc)

TEST bleedings (dates, method of collection, reference to place of write up for
results):

FINAL bleeding (date with pertinent information concerning autopsy, methods,
serum, ete,):

How serum is preserved:

(OVER if this square is marked i l )



Reaction #

ANTIGEN-ANTTBODY REACTION
Date set up

Test set up by Time of Day

Purpose of test:

Type of container

Agar

Thicknoss of Agar layer

Length of run

Voltage/plate

Current/plate

Contents of wells (code numbers, description of reagents, quantities, incidents
oft tillliing) s

(Over if this squarc is marked L__w )








