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BERYOLOGY COURSE, 1950
Schedule

Wed. June 1} 7:30 P Introductory Lecture Costello
Thurse Juns 15 9300 A¥ Teleosts Rose
Frie June 16 Teleosts Rose
Sate June 17 Teleosts Rose
Sune.
Xone. June 19 Teleosts Rose
Tues. June 20 Squid Rose
Wede June 21 Squid Rose
Thurse June 22 Fertilization Costello
Fri. June 23 Fertilization Costello
Sate June 2l Cell linsage Costello
Sune
Mon. June 26 Echinoderms Mets
Tues, June 27 Echinoderms Mets
Wede June 28 Echinoderms Mets
Thurs, June 29 Class experiments - echinoderms l}Mets
Fri. June 1 Class experiments - echinoderms \Mets
Sat. July 1 Annelids Miller
Sune
Yone July 3 Ammelids 1iller
Tues. July L Mollusca Colwin
Wede July 5 Mollusca Colwin
Thurs. July 6 Class pienic
Fri. July 7 Coelentexrata Miller
Sate July 8 Coelenterata Miller
Sune
Mone July 10 Tunicates Colwin
Tues, July 11 Tunicates Colwin
Tede  July 12 Chemical embryology Tyler
Thors. July 13 Chemical embryology Tyler
Fri. July 14 Chemical emhryology Tyler
Sate July 15 Experimental period Staff
Sune
Mone July 17 Experimental period Staff
Tues, July 18 Experimental period Staff
Wed. July 19 Experimental period Staff
Thurs. July 20 Experimental period Staff
Fri. July 21 Ireparation of reports
Sate July 22 Presentation of reports on group experiments,




vednesday, June 1l
Thursday, June 15
Friday, June 16

Saturday, June 17

Monday, June 19

Tuesday, June 20
Wednesday, June 21
Thursday, June 22
Friday, June 23
Saturday, June 24
VNonday, June 26
Tuesday, June 27
Wednesday, June 28
Saturday, July 1
‘onday, July 3

Tuesday, July L
Wednesday, July S

Friday, July 7

Saturday, July 8
¥onday, July 10

Tuesday, July 11

Wednesday, July 12
Thursday, July 13
Friday, July 1k
Tuesday, July 18

Monday, June 26

Wednesday, July 12

Wednesday, July 19

2'BRYOLOGY CORSE LECTURES

1950

Introductory remarks, Dre. Costello

Teleosts: Introduction and normal stages. Dre Rose

Teleosts: lLocalization. DIre. Ross

Teleosts: Differentiation and arganization (I). Dr.
Rose

Teleosts: Differentiation amd organization. (II). Dr.
Rose

Squid: Normal development. DIr. Rose

Squid: Specializations, Dre Rose

Pertilizatione I. Nereis limbata, Dr. Costello

Fertilization. II. Dr. Costello

Cell lineage. Dre Costello

Normal echinoderm developmente Dr. Metz

Determination in the sea urchin egge I. Dr. Metz

Determination in the sea urchin egge II. Dr. Metz

Normal development of the annelids, Dr. Miller

Remarks on the early history of the Laboratory. Dr.
Ee. Ge Conklin

Normal development of the molluscse Dre Colwin

Experimental embryology of annelids and molluscs.
Dr. Costello

Factars influencing reconstitution in the coelenterates,
Dre Miller

Patterns of coelenterate development, DIr. Miller

Normal and experimental analysis of development of
the Tunicate egge Dr. Colwin

a) Differential retardation and acceleration in
Tunicate development.

b) Asexual development.
Dre Colwin

Chemical embryology. Part II. Dre. Tyler

Chemical embryologye Part III. DIr, Tyler

Amphibian gastrulation and the "organizer'. Dre J.
Holtfreter

SEMINARS

A study of the metabolism of amphibian neural crest
cells during their migration and differentiation
in vitroe Dre. Reed A. Flickinger, Jre, University
of Permsylvaniae

Studies on the changes occurring in the protein systems

of the sea urchin egg upon fertilization. Dre
A, Monroy, Rockefeller Institute for Medical Research

Embryonic induction in Amphibia, Dr. Johannes Holifreter,

University of Rochester




EBRYOLOCGY COURSE EXTERTMENTAL GROUFS - 1950

1. Developmental capacities of isolated blastomeres of the egg of Tlyanassa,
with special reference to the effect of the polar lobee Dre Colwin

Carpé Volz

¥cKibben

2. Effect of "conditioned" water and Cu on Ascidian tadpole metamorphosise.
Dr. Colwin

Small fepper

3o Development of isolated blastameres of Nereis. Dr. Costello
Cravett Vogel
Gamexro-Reges Fowler

Lo Studies on sperm extracts ~ action of amtifertilizin and basic proteins

on eggs and sperms Dre. Metz
Babbott Neff

S. Effect of chemicals on amimal and vegetal differentiation in the echinoderm
egge Dre etz
Dunnebacke fabel

6o Experiments designed to test whether substances circulating in the coelenteron
are necessary for reconstitution in Tubulariae. Dr. Miller
Feightner Sexton

Te A study of apyrase activity in Tubularian reconstitution. Dr. ¥iller
Anderson Konigsberg

8e Tubularia: Test for circulation factor in dominance of distal over
proximal regenerating regionse. Dre Rose
Magner ¥cCullough

9. Fundulus (if available): Attempt to influence position of shield region
by raising temperature locally just after fertilization and during cleavage.
Dr. Rose

Lansche Bernstein

10, History of polar bodies and chromosames in artificial parthenogenesis of
Chaetopterus, Nereis and Mactra, Dr. Tyler

ILindberg Leavitt
11. Production of dauble embryos by KCl.

Renzi Smithberg

Spiroff Jacobson

12, Action spectrum of photosensitive shedding substance of Hydractinia,
Dr. Miller
Greengard

13, Muscle development in Styela. Dre Colwin
Van Breeman




RTPRYCLOGY CLASS - FIIIAL SE'INAR

9:00 AU, Saturday, July 22, 1950

le The development of isolated blastomeres of Ilyanassa. lestra Carpé

2. Jtudies on the effect of copper aml other factors on ascidian tadpole
metamorphosise. Yax . lepper

3. A study of the technique of isolation of blastomeres in Nereis. Alonso
Ganero—-Reyes

Lo Studies in basic protein and its action on sperm. Elizabeth Babbott

Se Effects of lithium-and sulfate-free sea water on animal and vegetal
differentiation in Ichinarachnius parma eggse. Judith Mabel

6. An attempt to determine whether circulating substances are necessary
for reconstitution in Tubularia, Lawrence Feightner

Te lonophosphoesterases in reconstitution. Irwin R. Konigsberg

8e The circulation factor in dominance of distal over proximal regenerating
regions in Tubularia. Kirk NeCullough

9. Attempt to influence the location of the embryonic shield in the
developing Fundulus egr by the local application of heate James ),
Lansche

10. The suppression of polar bodies and their relation to cleavage in
artificial parthenogenesis of Mactra, lNereis and Chaetopterus. FEarle L.
Leavitt

11. Iroduction of double embryos in KCl. Boris E. N. Spiroff

12, Action spectrum of photo-sensitive substance respnsible for maturation
arnd shedding of the eggs of Hydractinia. Faul Greengard

13. The effect of colchicine and urethane carbamate on the viscosity of the
Echinarachmius egg. Verne Van Breeman




Development of
Non-Felagic (Demerqal) Eggs
Type - Fundulus s

rreeding Season: laterial is test and most abundant during the first
three wecks of June tut small nunbers of fertilizable egrs can
be procured through July 15,

Tivine saterial-Fundulus heteroclitrs and/or Fundulus majclis

Clasavare, ceto, =
seneral Yless lLaguipment- 3 lar~e aquaria
individurl Eguijment - Z clean {inper<towls (4 by 2")
& nmlass plates to cover finger-bowls
£ syrachise dishes
3 or inor - ripottes and bulbs
1l fine-tipped pirette and Luld
payper tovelii or filter pavpor
lens paper
2 svracuse dis™cs

hair loop

culture slldac- 1,7=1,8 rm. doepression
Plain lass slidesg

thin sheet ol mica

sover slips

3eliiont - stock 0.57 Heuvtral Ted solution
Dilute sea o0 (705 sma HoO, 505 fresh water)

23

;Acitional Eeagcnte nced il eggs ara to be ixed for sectioning or
touval proparations:
1- Total preparatiing:

Stosird!s solution: formalin- 5 parts
glacial acetiec - 4 parts
flyecrine - & parts
distillcd water - 85 parts

2= I'or Scctioning:

Rouin's or Zenker'!s Fluids

Graded scrics of Alcohols

anyl- acctate

06-58 degree paraflfin

Technique of Preparing and H andling laterial:
A, Care of Acults
Although fish arc usually broucht to the laboratory in mixed
lots of males and females it 1s advisahle to supregste the soxes to
prevent spawning., Moles cnd females should bo placed in separaté
tan\s until necded nnd after stripping rimoved to a discard tank,
The sexes of hoth specics of Pundulus are casily identifiocd, The
. mature fermalo P, hetoroclitus is palc olive in color and usually
pcesesses no 613t1nct ba:'s or spots, althouzh the young femalos
have indistinct, dorl:y, transverse bars on the sides, The dorsal
fin is nen~pigmentaede The adult male of this spocies is o dull,
derke-groen, tho sides boaring narrow, ill-defincd transverso bars
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corroscd of silvery spots. “he dorsal fin possesses black
pigmont arranged in a mottlud pattern. Tho body markings of
F, majulis are more consplcuous. Tho palo olive female has a
pattern of heavy blsack longitudinql stripos on the sides and a
non-pignented dorsal fin., The sldes of tha slischtly darkor male
bear o dozen broad, dark, transverse bars, The black patch on
the dorscl firn is striking,
spocurins Ganetces

Bot e-gs and sperm are procurcd by strippinges The fish is
held firedy with the left aand while guntle pressure is applioad
to the abdomcn using the thumb and forcefincur of the right
hatrde 48 thrse fingors wre drawn towards the anus the presat e
forces out the gancties. If the fish is held agninst the 11 -0t
while stripoing the ezgs nay be sven passin: throurh the ove
duct viich runs nlong the anal fin,
Proparation of Cultuvces

Striv coes into & cluon fincer bowl which has been moistened
with sca water, Strip 111t into o small cmount of sca water,
mix with ¢emos, and allow to stand in M oof silt woter. Nuoither
cors nor spoerm should be ellowed to stond devere tortiliziag,
After 30-.45 minutos change thwe sca water and leove the cpss In
Te®?, F¥eep bovl covered with a glass plates Do net allow opys
to clwp or ncewmalete in ouce spot, Labil cach lot with the
vxact time of fertilization, Change the water at least twice
a AfYe
vothods of s tudyinn aars

The ecgs should rirst be studicd in the conditlon in which
Sucy are spawned, but for many parposos it is desiredble to
propers them for micrescopic study as fellows: roll the epgs on
a picce of filter papor or paper tewel wntil the jelly #nd the
outer fibres aro rencved lewving the surfoee of the outor mem-
brane smiotih end cleane The ssme procodure shueuld he Tolleowod
for day-old stock cultures in order to provent cluniping of the
CELS o

For exporirntal wourk where absolutely normel devolovment is
osscnticl, cggs are ususlly oxarmined uncovered in shallow de-
pression slides +nd manipulated with hoir loovps. For leboratory
study whero cggs are to bo vbscrved over long perieds of time
and spaocific uricnteation is decired, vither of the following
mctheds 1s suggested: FPlace the ogus in sca water In culture
slides heving a 1,7-1.8 mme deprescicn (sliphtly less than tho
dicmetor of the ogg)e The ofg may now be rotated by moving
the cover slip. If thosce special slides arc not availuble
eges moy be placed in a drop of sco water on an ordinnry glass
slide and covercd with o very thin, flexible sheot of miee,
Woter is then withdérawn with lens paper until copillary attrace
tion ceuses o pressure on the ogg and it mayv bo rotated s in
the previous methoed,
Permanent Total Preparations
“Fix the eggs in Stockard's solution, This turns the proto-
plasm vhitc but luaves the yelk transparont. The fixative may
be vsed o8 o preservotiv., or the matericl may bo trensferred
to 10% formalin after 2 days.
Proparetion of beprs for Scetioning

Lggs must be decrorionatod vefore fixation to allow fluids to
pernetrate the interior, (Ior dotuils of this jrocess scc
Jicholes, '27), The follewing method of ombodding 1s that of
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Earron '34, with some modifications of timing suggcsted by J.

Cppenheirer, ‘

1- Fix in Douin's or Zenker!s soluticn 1l2-24 hours,

2. kun up in ordinary —anner throuch the alcohcls leaving egrs
in each throuch 059 for ovne hour.

%=~ rlace in absclute for 2 hours-rurning through several changes,
4~ Flacoe in equel parts sbsoilute and anmyl-acetate for 2 hours,

5- :lace in anyl-acctate for 24-48 hours,

J= r lace 1in ecual parts of amyl-acetaue and para’fin ~nd Iicvhats

at adout 30 dezrees for at~ut 12 hours,
7- iransfer throush three changes of paraffin (15 riinutes in
each) and erted in 5C=-59 deproa paraffin,

rservetions of llormal Devslopment

I- Tre "mifertiliced bBiorp: ourip the epzs from a fonale inte di-
Tuted ssa water (7C, fresh water, 30% sca vater), feep them
in this solution to rotain the rorphelossicrl clwracteristices
observanle et tihue of e-trucicen. Hote the details of strie-
turcs of the unfertiliz o ripe evuiie These include plave-
luts, o0il drops, protoplas::, rnenbraawcs, uleropvle, ¢ te,
(The micropyle must be ohscerved before renwcvas of chorionte
jellv) . If young ova are i(rocont cinpare with ripe ova,
The Sperm:  Spurm may be stripped into sea water and a drop
of the susipunsicn exemined under a cover slip under high
rower, ote thic coneral structure ond the onornous size
cifference betveon ¢pprs and spPCITle

w
i

3=~ Fertilization: Freperce a culevure ol fertilizoed eepgs according
to the iiethod outiined in part C of tho scetiinm on technique.
Be sure to record cxact tirme of inscmination. Do prepared
to transfer ¢ sgs imicdiately te a sliac for observation,
Record time of fading of platclcts, of the formation of the
the perivitelline space, vhat are your conclusions in regpard
to the rarldity of activation of the epgg? If practicable,
place a nunbsr of newly=-cxtruded unfertillizoed seps in a de-
prossion slide and partially cover the depression with a
cover slip lcaving uncovered a space large cnough to pormit
the introducticn of 2 finc pipctte. Rotate oggs uantil the
micropylc of one cores into view, Intraduce a drop of sperm
suspension inte the depression without disturbing the cover
slip and watch the e¢ntrance ol the sperm and the sprcead of
the fortllization reaction from tho lacus of the micropylo.
Since polar bodics have net been scen in Fundulue it has not
buen dctermined ot what stage of maturation the sperm enters
the ceg.

4- Formetion of the Blastodlsc: Notc the groadual accumuletion
of tht protoplasmic cap., This is the blastodisc or germ disc.
Compare poler and laterel vicws, “hat 18 the rcletion of tho
pole of the ecg te grawity? How docs thls comparc with tho
condition in the frog egg; with the chick aegp? Do any pro-
cusscs teks place in the unfertilized ogeg aimilur to those in
the fertillzed cgp?

5« Cleavage: Viatch for the appcarance of a grecve on the sure-
fece of the blestodisce tho indication of the first cleavage
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plane, <{his usually occurs within 2«3 hours after furtilization.
Note the geormetric relatiin, and time sequence of the subsequent
cleavages. Lo the cleavage planes civide the cntire cvum® The
envire >lastﬁﬂ‘s ? Durine interkinesis the nuclci arc s.metimes
sisible, istintuish between central and margincl cells,
'oilow cledvago carcfully to the 32 cell sTasc. dote irrcgu-
lari*ics, wh.n do horisontal clecavege plan-s first ccecury Does
e ¥lastodisc increase in sizc or clter *n forr1? Yoto thet
nl cvaees continue for a8 considerable yeriod withoutr rnuclh ehongpe
in Tom irorm that of the ericinal blastoadisc, This is ccll od
rid o the high blastule. “ben Jdecvs thoe change of for.

t olsstula occurt  (Sce Jdppeni imer '37 fur chwone-
locical Sarms),

Tire ToMic of Developrent: T rate of doeveloprnient verics with

Teriperaturs ond 2L r axtornal (nviroamoniel e~ndliti-nse The
approxiate devclomienc»l sta-os wiltlch may b c:pocted under

vericus cosAntions of tanpernture cnd saelinisy rayr be sien in
2hiart L, Lo sUogel erc mondered according: to the chronilepy

cetehloshied by G y.ﬂ1< e 137,

preers 18=24 hours .fter fortilization) idhe

The roriy

r wr arcund the oreein of the yroup of hicsto-
meres is collod vhe marainal perihlests thet bencatly tho
vluetodise (caly visIDlo In sections) tie ceniral periblast,

T Sre late Dlestodisc (16«20 heurs) cvsorve porticulorly the
bohavior i "hic margcinal cells and distlﬁful i between circuler
and radlal clcavar ;€6 The 1lrrre pinkish nuvloi c¢f the piriblast
arc cesily VIETOlo. Hote how the avcl i of the mariinel row of
cells decore free of cell cutlines, continue thelir divisioens

and nigrate inrto the merginel periblest, coaverting it into a
nucloatod but nca-cellular structurc, Fello>w the periblast
structurc in loter stopcesa

\
anclecved p

’l

The Germ Ring and the Zytensiorn of the Blastodisce (18-48 heours)

Subsecucnt to the nuclcation of the poriblast noto the changeo

in form end size of the blastodorm. Tho embryo is now referrced

to cs o bastulen, S¢ . the mergin of the disc apoeers relative-
ly thi This thickening is tormed the germ=ring  ond is

cloer,
due bath to an acturl peripvhercl incrsnse in cells rnd to a
thinnin;s ¢f the contral part =f the disc., This germ ring can
best be cbscrved in Fe. nojelis, During th, next few hours the
gorm ring grows complotoly over the surfrce of the yolk mess,
The uncovercd portion cf the yelk is the bhlastopore, The
final covering of the yclk or tho elosing of the blestopore
occurs after the first starcs of the formation of thoe embryonic
axis, Under favorable conditi .o the »oginning of gastrulation
mnay be observed in the appoarecnce of o slifrht indentetion at the
oage of the germ ring ot the time whon *hL volk is esbout 2
cover:sd, Otcining with ncutrel red will oid in identification
of the gorm ring ~nd poriblest. (Add 1 or 2 drops of stock
solution to ¢ syracuse dish of sca wator),

"he Formation of the Embryve (Begins in 24-36 hours)

whiile thc cerr: ring 1s extonding arcuand tho yolk the embryonic
axis is boins ostablished, Its first indicection is a collular
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thickening known as the embryonic shield caused by a more active
moverent of cells in one part of tho germ ring. This formation
is initiated when the blastoderm has covered from one-quarter to
one ~thirdi of the surface of the yolk. By tho time that the
blastoderm has covercd about onc-half of the yolk the cmbryonic
shicld has becomec a bluntly triangular area extending from the
margin of one portion of the blastodcrm to ncar the center of
the hlastoderm, Tne shield can best be identificd in prorfile
vicw, As the blastoderm spreads over the surface of the yvolk
the orbryo grows rapidly in longth,

Qoserve the vhele efg in profile view, so that the embryo i
seoen in saglittal opticsl secction, when the velk is 1/3, 1/2, /5
ard 3/4 covercd. That proportion doos the longth of the cmbryo
pecar to the diamcter of tho blasteodurm and to the longth of thu
germ ring in each of theso succissive staces?

Aftcr the yoli: 1s 7/8 covered, look for s large clcar vesicle
ncar the hind cnd of the cmbryo, (Lo not confusc tais with a
cluster of srell oil drops frequently tound in a similsr position).
Tris is Kupffcr'ls vesicle,

Luring tkhis period the cmbryo bocories segmented, This sog~
mentation is confincd to the musederm which livs on erch side of
the axis of tha cmbrvo forning ncsoblestic somitus, How many
gsomitus arc present at the timo of the closure of the blastopo.:?

Look for the nctochord, Study it in longitudinal and trans-
vers optlcel scections., Where docs it terminate anteriorly and
pcst. .riorly?

?

10. Later Development Obtain scrics of embryos of 2,3,4,5,6 days and
mak. ¢ dotalled comparative study, It 1s suggestcd that drawings
be made at 24 hr, intervals and that o chart bo mado showing
the first appcarcnce ornd later developrmint of the organ systoms,
The following muthod of chart construction may be uscd:

' Davs after fertilization

: 2 | 3 4 } 5 | 6
!
{
b}

Semite Nunbor

—t e w . a

Nervous Svstom I
Brain Divisions ; i
Eye i
Ctocyst !
Olfactory Fit ,
Circulatory Systcm ' ; :

s SR

-+ 1
N = .

.

o

sofve oo

f ;
{ |

cte

—— s g e

If you arc¢ unfamilicr with the form of chronclogical charts good
examplcs may be found in the following texts:

Lillic, F, ity 1940 Thc developmunt of tho chiclt, New York:
Holt, (oppositc page 68)
Arey, L. B. 1940. Dovelepmental anatomy, Philadelphia and London:
Saundurs, (oppositc papge 148)
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It is suggested that embryos be removed from their chorions in

the later stages, for better observation of structural details, Al
though this 1is difficult to perform in early stages and requires
special instruments (See experimental section, pagesss) in later stages
the loose cuorion may be torn off with sharpened forceps, or with the
beasing reedles, Be careful to avoild injury to the yolk sac,

e folloving developmental features should be observed and

jmcoriorcted Into drawings and chart;

e

b.

oor.ites. Jote first arpcearonce and determine numbers formec
or. succecssive days,

Jervous sytem Find in early stages the optic vesicles, lens
ncuroviwres, rid-, fore-, ané hind-train re;ions end trace the

covelopr cnt into cercbrum, op¥ic 100.s, coercbollwn, medulla,cte.
Study the doevelopment of the cyo, olfactory pit snd otocyst.
ilow is the lons of tnc eye formed?

Circulatory system. N ote the cxtra-oribryonic body cavity; form-

1.1.9

ation of the poericardium; first blcod vessuls (and especialiy
their mode of formation from wancdering mesenchyme colls); the
first action of the licart; forma and position of thc hearte Com-
parc the courseo of circulation on the 4th and 6th days, Consulct
chert No. 2 for an outline of the cdovcloprent of the clrculatory
systcm, ‘
I'ecsonchymal cells. Notc wandering mesonchymal cells, espocilally
sbundant becneath the posterior part of the embryo on the 2nd,
and 3rd days, Cesn you distinguish various typcs? DBy successive
obscrvations at tricf intervals, thc change in form, migration,
and dilvision of thcse cells mar be noted.

Note first appcarence of fins; of the urinsry vesiclc or bladder
(a bi-lobud outgrowth of tho hind-gut); the liver posterior to
the left fin bud.

After Hatchinge, The young fishi may be studicd just after hatch-

Ing by anacsthotizing with chlorutone. Consult paper by
Oppoenhcim '37 for further dotalls of dcvulopmental stages.
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Technique of Handling Pclagic Eggs

Type - Tautogolabrus adapersus, the
Amorican cunncr or Chogsct

Yhoncver possiblc, observatlens should be made on pulagic eges
ae well as on the dericrsal eggs of Fundulus., Many structures such as
v -~crmerine, crbryonic shield, and Kupffor'!s wvecsicle will bo casicr
tc scc in the former because thoey havo fewier oll globules tnd a less..
~prlar protoplasm, The formation of polar bodies may also bo scen
5. this trpe of c¢gg. Yelagle cpgs arc far more scnsitive, howover,

D shoir oxygen reguircments, so require cereful handlineg,

Felagic g~s may be obtaincd from thu scup (Stenotomus chrysons
. ==.,) and the mcckercl {Scorber scorbrus, Linn,), but must be striovyed
.4 fertilized as the fish arc teken fresh from the live cer, The
curner will prove far more usceful, particularly for the study of carly
ssegcs, for it may be brought tc th: Laboratery aquaria and stripped

as necded.

C oy

Cunnsre should be caurht the same day as necded; fomales arc coedi-
n~oily obtained cnly after 12 M, The mele bes o somoewhat brighter zroen
cuaor end cen alsce be dlstinguished by its bright rod cloccel lining
coichelium, bilt is stripped iatoe o large finger bowl which contrins
e.7ficicnt sca water to cover the bottom, +<ggs arc stripped inte a
= sgrate bowl containing & small emount of soo water, It will prove
wolpful to usc o cloth towel for holding thoe fish vihile they arc toing
stravped, beceuse they e re cxtreomely slimy ond have sharp spincs in
tio dorsal filn,

As soon as pessible aftor stripping, the sperm-suspension should
be vourcd inte the ogg dish and the tire recorded.s Lot the mixturo
stand for hclf o minute; then dilute with sca viater and decant into
smallcer finger bowls, or peur into o cylindcer or Irlenmeyer flersk and
¢dd sufficient sea water to £ill, Gocd oggs will float t» the top and
ccilecet principelly at the cdge of the meniscus, They should be
pimotted off and placed in ccovercd finger-bowls containing 3" of clean
sea water, and s ot in the sca vater toble where they will keep cool,

Only glass=-clcar cggs ore suiltcble for study; if tho cggs show the
slightest opacity they arc c¢ithor immeturc or dcad, If bits of tissuo
ere clinging tc the cgg, 1t is Inmature and should be discarded. Tho
prrivetclline space appcars immediately after fertilization; tirmo
snould not be weted in observing cggs which do not develop such a
space within a' few minutes. For obscrving the formation of polar bodies,
the blastodisc, and cerly cleavoge, it 1is cdvantagoous to placo the
miscroscope in o horizontal pcsition so thet the blastodisc may be
cbscrved in prefile, It 1s difficult to scc the polar bodies by any
cther moethced. ithey appear 5 to 10 minutes after fertilzation as small
clcer beads on tho surface of the blastodisc. Clevage is rapid, occur-
ing epproximately oncc cvery 20 minutcs at a tempercturo of 16-189¢,
The cleaving eggs cre crystal-clear, thore arc no obscuring oil drop-
lets, and the nuclol appceer as pinkish ohjccts for o short timo
betwecen divisions, If neutral rced 1s uscd for cutlining the cloavago
spindles, 1t should bc oxtrcemely dilutce Too much stain will stop
cloavage or melo the pattecrn irrcgulor,

Cunncr embryos may be kept alivo for several days if caro is
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taxen not to crowd them and the water is changed frequently., It is
suggested that not more than 3 to 6 eggs be placed in each finger- -
bowl, that they be transferred to clean sea water morning and night,
ond thet the bowls be covered and kept in the sea water table,
Craque (dead) eggs should always be removed. The enbryos usually
“:-ech within 4 or 5 days after fertilization,

s
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collecte? at low tide along the sandy beaches oi Nonamessett
Islencs The clumps of strings are found ctilached to submergsd
objects in the shallow water, They can be kept in aquaria
witix runninan sca-vater The egs strinms containing the older
steres are usuelly carxer and mere weathered 1in appreasrance,

Irocorin,, Cametes

0 on male "Wu farele by maling a lomgsitudinel section (use
lavr-e scissors) throurh ‘he mantle from the sijhon to the tLp,
~ulting along the pesterior (funnel) side, Nlureve thoe ink sae,
vio feuale - tear the thin wall of overy with forceps anc

o
K¢ all trens;erent eres into a finger bowl of water, iF
3 ¢ Tully maturce ther separete reedily fro. the ovary

™
C

sh

c(."

and aopear as ezutifully trensperent as class,  Immaturs
o s tre not transrarent and vwill nnt develor.

in the mele - pick up the bunc¢o“ of sporratoyyores at the
opren o tho up‘m: mtct, transfor therr to o uateb glass,
zzptopbo 38 Wil G\plo”e vhen vlaced into sea water; a
reted spoerm susjponsion vill thus e «btodned,

Nota If “uTus are net aveoilable the sperm in the sporn

cle of the femcle way b uscd,.

TTUNEsin ZewcTis s firceted in s ction sLovwe, Place egps 1 r
Ti~ger puwl end acd saverel drceps of sperm o suspension,  aAfter
=0=30 minutes transfcer Zc a 1ar1u Adie’: 111l vith cloan soc
weter and &> ot Aistury for ¥ 172 - 5 Lonrs, Moop in sea
walter teble rnd 2leengs wator ot lecst twice o o dav,

N P - ‘l.'.., ..
r.oparstiom Hf Cultur:s

woroval of Imbryos frow strings
Femeve an ¢og strins Yo a syracuse dish, Using the hceading

~ 2 AP
needlus in the nanner of knives cutting srnafinst cach other, cut

i1t in helf, rleaeco left hend noedle so that tiie presaurve forces
saveral ombryer claear of tiw J@lly at the open ond of once of
the holves, Jeceoing this ncedle in place, puncture the chorion
of one of the efs with the tip 01 the right hand needlc, ‘Yoar
the chorion with a sharp jorlr, 1€ pressure of the onclosod
filuld will pop tho embryo froum the nembrane. vWhen the exposcd
rovw of cmbryos has haon removed, cut off the enpty jelly and
repuat the vrocesa If the cgis ore not first foreesd cleoar

ol the jelly thoey uro dirficult te remove without injary. This
mothod can He uscd on £l smbryes, thowh thoe younger steagos
aro more dilficult to remove,

sthods of Studyires artificiallv Vertiiized Erss
For short obscervetionsl poericeds eges rmay Lo studicd in do-
prcssion slides and asnipulated with che hatir- -lrope To obtain
a pnlar view of the cytoeplasrmic crp which alone vill undergo

cliavapme it i1s nczessary to wount thoe ceppe Ln ~n upricht pogsition,

Place & small oriomint ¢f vasaline Lo a depresgion s2ice, f111
“he latter ith wtoer snd »mount the crge viith ¢ hawr-loop s
thet they stand up,.

Pr(pqr: ;ion of Intect opermetophores {01 ©tudy

L)Transicr some uneXploded spcraatophores quiclily “nto conc.
(40i5) fom n“WdehyJe' fix for 1C inatces, (Thoy vi1ll explode in
a vecker solution).
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Se THhe and cap thread et *the Sﬂalle“ tip end,

£o Wi micdle tunic vhich may Lo slirhtly svollen.

7e¢ & 1 :%{@ “stacs avcmd the srer: mess, linad by micdle
ond v tunics.

e ol three Miewbrases® wmich are furred aro n‘ Lhe
cliacilatory spraretus and ‘nside the 'th‘lkd' che iddls
emTrrone can be ot e:rsily identifiec, It 1” rale tlvely
chiclr ¢ nd cxtends from the coment bedy to the wp, It is
festensd vo the cuiar tunic at the capr end, This fueion
171 mever roak during the process of explosion: bul the
rrtire coatents of tih csysuEe will evearinate av this

cint, (of. diaracs of Droew, 1010),

D, Whoe_oaler mermrone wegsing also at the ecoment bodre LU 1l
0 ClOS6LT ap p;lid to the soner twnic that it is
Ailfficult fo distisi—mgebh ot nothen, Tho cral end of
the inmer tunic en’ Mibop S0 Tl eon ho casily iconti-
fred 25 a thiskiened »iv- arcoo ) e miledle momhrene, at
a sneort dlsteonce iro the cale.

atad inner toanie ool cubor weahrans will Torm oh
1 after the cxplesion,  he splrm regervonl is
¢l Ly ocanmert from Uhoe cemiont body cna open st
amTsr 9, The spem:, mired with a ;olatinous
soZe oun slowily in o \‘:lu\TC; thae will continre for
-

AXY CEher soructures e Jeft bhehind aiter

> cevtilimetion ond Feturaticon, A-tifdicialily feriiliced ve, s aro
wery raverarie Ffor the ctiady of the first, phosus of developrient
thun are those lrid 7 il remely berausc thoy lacl the jelly

cnvelones, rFertilizetion and cloave o cen o readilly cobserved
in this way., Lowover, (hoese crps ere very sonsitive and mus.e be
Yout in & large veolwne of w at{r. Inscrinate & watch slass of
sors and trensior w o eges Lrmediately Into e doprossien slidoe

_‘-1

(sce scetions €, D, and F o Yeelwiquo). Observe the fortilira-
tion under high power, Noto the ponetraiion ¢f ¢ sperm throuon
tiic miosopyle. Aftcer 2 showt tirms, the cytoplasmic cop will
withdrew from the chorion, and o cluar perivitelline space will
appceyr, which indicoates that fertillzation 1s teking place.

"o Tirst polur body appceors avout 20 minutes after fortili-
zetion., Obsurv: né tlme thoe avpearance of the sceond lnlﬂr
bady ¢nd the further divisions o the polar hodios, (S¢c Hoadley,

Ol

44 Gl:aVﬂnn. Hount €-12 epres in cn upright position in ¢ depression
Blick (bec Jbﬂtlbn F of Techinique). Use egpe whiech have both
polar “odlics forrm:d, and otserve them ot shorit intervals,

Obscrv- the firolt olanwaees ond note thoir recletion to the
axes of symmctry qf’iﬂa trne 1The first clowvnee pJuYh celncides
vith the median plea ol tho futurd cer»re,  (Couour L tho [ifs,
of Wotise, 1, 189 17 '.‘h'v cleowr e ig ~wreghlectd | oand not spiral
in contrest ‘nu othuer 1l g2 o i,
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Time after Fertilization Stage
20 min, 1st polar body
1 hour 2nd polar body
3 hours 1st cleavage
12 hours Blastoderm over top of epg
24 hours "Gastrula®, thickened poripherel
ring
2 days Blastoderm half way over the egg
3 days Blastoderm necarly covering the egg
3 1/2 days Appearance of shell gland and cve
stalks
5 1/2 deays Siphonal folds and arms appear, even
rcject
& 1/2 days giphonal folds fuscd into = tube,

eyo stalks prominont
11-12 days Hatching

Spreading of the Blastoderm., ©Study cges about 24 hours after
Tnsemination, Letor blastoderral stagres may he obtained from
erg strings, Note the gradual oxtension of the hlastoderm rsbheuw
the yolk., The "blastoconss" which are supposed to give risce 3
the yolk epithelium are not very distinct in Loligo. Note tlu
thickening of the mergin of thg blastoderm - tho formatlon of
the antomcsodern (gastrul-ation).,.

Lroom Formation. It Is convenient to call the pole whero the
tnoll gland and mantle appear "dorsal" and the yok pole "yontral’
e sipnon side Vposterior" and ine mouth side 'anterior™, -
eglthoush these designations are not correct from ¢ conparativo
anntomical peint of viecw, Study a scaqucence of at least 6 stages
s represonted on churt,.. Study embryos from all sidos, Make
drawings of different stages. Note:d
4) Early Stagus (Clart figs. 1 and 2), cf. also text books of
. MacBride and Xorscholt..
1)Shall Gland at dorsal pole
2) MantXc Primordium, an ectodermal concentric fold boneath
the shell gland. (fipe 2)
On the anterior cside:
3) louth
4) Eve primordia - cctodormal invaginations.
On the postcrior side
5) Anterior and posterior siphonal folds, The formor are
Th¢ primerdia of the siphon; the latter will form its
retractor musclecs,.
€) Statocvsts.
7) G111l primordia
At the boundary of blastoderm and yolk
8) Primordiur of the enus
9) Not: the rhythmical contractions of the yolk epitheliun,
Thuvy serve the purposse of clirculating the liquefiled yolk
matericl In the voke-soc vessclse The meterial is
carricd into the ombryonic tiscsues in this way. (See
Portmann, 192 6).
B) Licdiur 8tases (Chart fiese 3 and 4).. Wote the gradusl
constrintion of thce yolk sac, Tho latter continues Into
the cembryo vhich 18 Lhus formed around & core of yolk-mass,
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1) Observe growth of mentlc and fins. (The shcll gland is
mecnwilile inveginated wnd not visible,)
2) The eve-ctslks aro prorminent.
Or. the posterior side
2) “he formetlon of the siphon by concrescence of the
antcrior sipronal folds. The postcrior siphnonel folds
contiaue as ridges to the asnterior side,

4) he anus, between the p111 primordia.
ste the further growth of other primordiz; contrections of

the yolk scc, cte.

7. Cla Stages, (Bcfore hetching - Chart figs. 5 and 6)

1) hye=stilks arc very prominent, They contain tho Frimor(j:
cf the optic end corobrel econglic, tho so-cilled Mwhite
podies", elso o sCjaruce mnss ol volk.

2) The_lens. “he inner sccter ~hich is formed by the outer
part of the optic vesicle (not 1lilic Vertebrutes( is
cloarly visible as & club-shiuped rod extending into the
7o vesicele,

3) The mantle has overgrsvn the anus cnd gills. It ic <o
tractiic. In the clder stoages it is besct with

4) Unromatophorcse Nute different trpes and colors: chsois o
their contraction end expansion. They are equipped with

mascle and aru inncrvatcde

The statocysts lic close togt ther,

The fuother-like gille con be obscrved throwsh thoe mantlo,

The bronchicl hearte will he found at the basces of tho

=11ls and tho systimic heart between thom, A1l threc

pulsate,

8) The roctum «nd the ink-hag

@) Trecec the vutline of the internal yolk mess and notu the
gredual deervease in size of the cxtorncl yolk sac.

3 Oy
S S

10) Obscrve the loconotion of mm old cmbryo aftor it hes
hatchad,
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—_— 1. Copulation, efg laring and fertilizetion.
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(Complete series of fipures of development of
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Consult particularly plate 7, figse. 4 and 4a
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scribes the Mediterrancan species, L, wvulgaris,
which dovelops more slowly than L, P, )

A, P ortmann 1926 Der embryonale Kreislauf und die Dotterresorp-
tion bei Loligo,
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(good figs,. of yolk sac circulation).

A, ¥ ortmann and Bidder.1928 Yolk absorption in Loligo and the func-
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conspicucus entrance cone, In the course of the next 8 to 10 minutes, the

vitelline membrrne is indented slightly at its puint of contact with the entrance
cone. This tends to obscure the spermm from view to same extent, and at about 20
rinut-~s after fartilizaticn the egg wrinklss, becuming distcrted and quite irregular
in somewhat emueboid fashicn., The entrance cone has alraady flattened considersirly.
but ie still present, rnd althcugh the sperm is particlly obscured from view, the
entronce of its head intc the egg is not completed until some time later (ref.¥1z,
15, 16). The final penetraticn of the sperm head through the membrrne, leaving

the niddle piece and tail cutside, may also be observed. At sbout 30 minutes, the
egz rcunds up agnin, but as the time appronches for lst polar body formation, the
egg slongrtes in a direction verpendicular tc the pcler axis. If nc eges lia s»
that the forming polor body is on the horizon, the dish should be shaken, Ths lst
polar bedy may form at about 36-40 minutes, and it lics in the svace between the

egg and the vitelling membrane, This space is wider in the region of the animal
p.le than elsewhers, The second nclar bcdy often fecrms at nbout 50 minmutes and
comnenly does so immediately under the first polar bedy, which is thus 1lifted into
perivitelline space. At nerhaps 80 minutes ths eggs will tegin to divide into two
unequnl blastcomerss, Observe 2nd and 3rd clenvages alsc, if time permits, Th: Zrd
divisicn, from 4 teo 8 colls, prcducas 4 micromeres by spirnl cleavage (ref. #24 .

Place some very recently fertilized eggs of Nereis in a dror of fresh, thick
chinese ink suspension (made up by rubbing a piece of ink on a Syracuse dish
moistened with sea wnter) in the center of a Syracuse dish, As the jelly is
secreted, the attached sperm csruses a canal to form in the secreted jelly into which
particles of ink will penetrate, This is due to inhibiticn of jelly outflow at

the point of sverm attachment. The ink thus marks the entrane point of the srerr.
After the conal has filled with ink, add sea water snd, if time permits, observ.

and record for a number of egss the relation of the first cleavage plane tc the
polar bodies znd the entrnnce point ¢f the sperm as marked by the ink (ref. #12. 16,
19). (Caution, do nct leave the riece of chinese ink in a dish of sca water; it
will disintegrate).

NEREIS: Exaggeraoted Entrance Cones:

Place scme Nereis eggs insominated 5 to 8 minutes earlier in a Syracuse watch glass
containing alkeline NsCl (pH 10.3-10,5. OQObserve impediately. The vitelline membrane
will elevate ‘dus to a sudden inhibiticn of jelly release through the membrane and a
subsequent accumulation .of the jelly in the porivitelline space (ref. #9).

The vitelline membrane remains permeable to water which enters the perititellins
sp-c2 as the jslly swells. The elevation of the membrnne stretches cut the sperm
en.rsiace cone hetweecn membtrane »nd egg surface, furming a long filament which
fracuently cnuses marked indentation of the membrnne, If the eggs hava been kent in
r¢ ice box they may become pclyspermic upon insemination and show numerous
cxsgperated entrance ccnas unon treatment with nlkaline NaCl, About ten minutes
after treatment the sverm head may be seen moving acrcss the nerivitelline snace to
fuse with the egg surfsce, at which time the membtrane indentation is relaxed; If
these egzs are carefully remcved from the slkaline NaCl to sen weter, nnd washed,
some will develcep normally within the raised membrnnes, If left in alkeline NaCl
the optimm length of time lLefore washing, ani if the alkaline NaCl has been

chanred onee or twice to remove most of the sea water, the eggs may te completely
fraed of their membranes. These "naked" eggs have been used for exnoriments on

the development cf isclated tlastomsres (ref, #8).

Nereis: Centrifuged eggs:

If time nermits, centrifuge some unfertilized Nereis egrs in the Emerscn electric
cenrifuge (cover off) for 60 minutes, A layer of 0,95 molar sucrose (undistilled
wal 1) at the bcttom of the centrifuge tubes prevents injury to the eggs. This is
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again rounds up (16~19 minutes), but it elongates again in the same manner to form
the second polar body at perhaps 23 minmutes. The second polar body often forms
under the first, which is thus pushed away from the surface of the egg. The egg
again rounds up (26-30 minutes); the egg pronucleus may now sometimes be seen
w.grating toward the center of the egg, and occasionally the sperm pronucleus may
a.30 be detected, By 35 minutes, the clear zone has extended from the polar

rroicn toward th» equator of the egg, and at 37-40 minutes a typrical "pear shaped"
¢t-ze 1s reached. The polar bodies 1lie at a position corresponding to where the
st~» atteches to a pear, and the bulge which forms the polar lobe begins quite
saiinly at the anti-polar end of the egg (40-43 minutes), When the polar lobe is
# 1y developed, however, it corresponds to the stem end of the "pear", and thc

- Lo bodies are opposite,

m 3-rve the extrusicn of the poler lobe which contsins ecoarse globular material,

4: /748 minutes the cleavage furruw begins at the animal pole and passes to one
si%.: of the polar lobe, which thus comes to be attached to cne of the two blasto-
mor:s. The resorption of the polar lobe into this blastomere causes it to become
ler cr then its mate, and at ebout 51 minutes twe smocth unequal blastomeres .ie
ag>.nst ench cther, Polyspermic eggs will now often be in an abnormal 3 cell sctage.
Py & minutes the twc blastomeres are quite fused together. At 67-70 minutes Lae
soe nd cleavage takns place. The lerge blastomcre again forms a polar lobe, -ni

+ 4 cell stage results with ons blastomere larger than the other three, By 90
i-nmtes, cr earlier, the clear nuclei in the 4 cells may readily be made out. At
652-77 minutes the third division tnkes place, forming 4 relatively large micromeres,
b nrofile view will reveal the macromeres, micromeres, and pcler bodies. A polar
viecv will show the rotated displacement ¢f the micromeres, resulting from spiral
clarvage, although the displacement is not graat or conspicucus in Chnaetopterue.

CCIVENTRATION AND ACTIVITY OF SPERMATOZOA:
Place a small shallow drop of "dry" spermatczca directly frcm the testis on a siide.
The sperm must not be diluted with any sea water whatsoever. Sea urchin spermatozoa
are good for this because it is especlally easy to c¢btain them "dry" directly from
the testis, Place a drop of sea watar nearby on the slide so that it does not touch
the drop of spermatozoa. With ordinary low power (apprcx. 100X) ex-mine the
spermatozca and n.te the degree of activity especially at the edge of the drop where
they may be seen more readily, Now take a smnll glass rcd, or a match stick, or
cther cbject and drag its tin from the drop of sea water into the drop of sperma-
tomca so that a connecting bridge is est~blished. As the sperm diffuses into the
set vater a gradient of concentration is estasblished., Ncote swimming activity in
relation to concentraticn.

CUJMINGIA:

If Cumingla eggs are avoileble, observe the migrntion and fusicn of the pronuclei,
While_Cumingia eggs are small (about 60 microns in diameter) they are clear and show
the pronuclei in the living state especially well. The. cytoplasmic constituents

of these eggs are very readily stratified into four zones in the centrifuge.

SPECIAL PROJECTS:

During spare time students meoy undertake special prcjects relating to fertilization
or cell-lineage., The following problems are surgested, but students may formulate
their own prcjects subject to the approval of the instructor,

1, _Fertilization of Platygeréis, - Collect Platynerels from the Cayadetta Wha=f

fi.,ting stage at tha right phase c¢f the moon. Ccnsult E, E., Just's papers on

1+—
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B. Rfixation. (Do not usc fixatives or othor rcagents in ony dishes whic h
arc uscd far living notericls, Confinc these rcagents to vials, v ing freed
the cgrs, wash them by a gentlc rotary rinsing vath @ pipettc ond then
concentrate then in the eenter of the dishe Change the sca wtor two or
three times. Then teke up the concentred ed cggs vdth a pipetie, md

(rop them, with o smell amount of sca weter, into a vial threce-quartar s full
of ilcincnberg's picro-sulphuric fixative. The cggs choulcd be fived at

lcast 15 nminutcese

enove the fixotive, using o pipette of small dicncter cquipped
wAith o syringe bulb, ond £ill the visl with 70, alcohol. -Jash in 70,
until the cggs ore vhitee It is ndvisable to aveid ~mshing too long
in 70%, sincc the stain amployed Is best when it docs not pactrote tie
nacromercs. rhese lntier should tiercfore be left slichtly ocid, Thus
the eges arc removed fram 7000 irredintely after the last smsh vhich
rcaitoves no picric acid from tiun, hydrated in SOfJ, 35 and vashed
thoroughly in 2-3 chang.s of ‘rater,

C. Staininn. After voshing vwith woter, £ill the vial srith undiluted ilyoerts
hacmalum, ond stoin for 5-10 minutces. Tor the polor Lody stoges, 5-7
minutes is usually suflicient. iIter stoinding, ~wsh thoroughly in water,
dehydratec,and clecar in xylol. Rcnove tlhic xylol uscd in clenring and
reploce it with 2 smell cmount of thin damar,

D. llounting. Cover glosscs nust be supported. rfar this purposc it has
been conveniant to usc paper squarcs the size of 7/8% cover gloscese A
hole is punchcc in the center of cach squarc -dth ¢ pper punche In
mounting, thc squarcs orc cleared in xylol, and fixed te the centers of
slides by adding three or fomr dreps of thin damer before the cvaporntion
of the xylol, “hen the paper meunts hrve driced, the cgas orc removed
from the vial in whiich they arce stored by the usc of a pipette dravm out
to o long toper and having o smoll ddmceter ot its tipe The ¢pogs are
allowed to setilc tourrd the tip of the pipcttc, ond onc drop of the cg -
damar suspension is pl-cec in the conter deprescion of cech paper mourt .
The donar is allowed to dry to the poimt of formation of o thin film in
ordcr thot the cggs may romein dispersced and vith the mocromerce quertette
adjocent to the slide vhen mounted. Apply thick domor to the edge of the
paver mount, imersce o ;0 cover glnass in xylol and cpply it to the slide
ovcr the poper mount,
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Arbacia punctulata

This crecies 1s ucually ripe from mid-June tc mid-Septermber in
trs WW.o0Cs lole region, ‘Then stored in laboratory aquaria they may
raintain thelr ripe ccerdition even beycnd the breeding season and
surrly aprarently nermal eges andéd sperm. In genaral, however, it is
scfest to use animals within a few deys after they are collected. )

“hile in some syecies cof scih:inoids the sexes may te distincFuished
extirnally (see larx, 1931), no differentiasting characteristics have,
gs yet, dcen descrihed for 4, punctulata. The sexes ere recadily
iédentified efter the enimals are opened br the deep-red or rurple
ovaries and thz yellovish-rrar testes, or, 1f unoprened animals shed
spontaneously, by the red ecrs and the white sperm,

Cbtaining the gametes:i~ Any of the following mecthods may be used. i

a)Cut aroand the peristcme and remove the fLAristotle's lantern. lour
out the bedy rluid aond rlace tix animsl, abcral side down in a dish
containing a small amount of sva water, Thc animals then frequently
shed thra the genopores. After 10 mirnutces remove any egnrs that have
peen shcd to a finger bowl (or other larce flat dish)conteinine« ca.
200 ml of sca weter., Sperm should e kept in concocntrated suspension
or "dry" (ie. as it cxadcs from the testos), L)Cut arouné thic teste
about half way bctwoen the moath and the couator and procecd as in a.
Shcdding 1s more frecoucntly obtaincd by this mcthod, but there is ualso

morc likclihood of cuttings the gonads. c¢)fut as in b, pour out body
fluié and romove gonads (at gonocduct ¢nd) with blunt forccp, spatula
cr specon. Tho overics should be placed in cboul £00 ml of seca water
in a finger bowl and sllowcd to shed. If undistarbed the eggs are
¢xtruded in compact clumps or strings and mey be reacdily removed to

& frcsh dish without cvarian tissuz Ly means of a wide-moith pipette,
If large quantiticvs of cggs arc desircd the ovarics should be allowed
to shed for cbout % hour with occasionel stirring, thun poured gently
thru washced (and sua water soaked) checsecloth or boting sick.
d)Inject about 0.2 ml of C.5 KC1 into the peristomial cavity. Ripc
enimels will vegin to shed within 2 minutess The ergs con be collected
by inverting the animal in a dish of sca water or by washing the eges
guntly from the surfacc of the animal with a pipette. The sporm
shonld be removed "dry" or in concentrated suspension.

Spermatozoa i~ Uron dilution with sca vater the sperm become
tenperarily intonsely active, They losce thcir motility sooncr in
conecntreted than in dllute suspencion, due presumably to the more
rapid accurmlation of CO0,. on the other hand their ability to 4
fertilize cggs is lost m%rc repicdly in dilute than in concontrated §
sustensien, (Sce F, X, Lillic, 1915; Cohn 1910; lavyashi 1245), Vhon
kept in the cold 20C,) "dry" sperm ravy remein rood for sevcral days.
At room termpereturc dllute s;erm susponsions may lose their fertiliz-
ing pewer in on hour or lecs, It iec oévisable, thin, to use froshly
iMited srerm for fertilizaticn.

]

Tr¢ herd of the sperm is conprised of acrosaoric, nucleus and mid-
picce thet are roagshly 0.2 and 1 microns respecilvely in length and
0.3, 1.3 and 1,2 micrcrs in groeatcecst width, Tre toil ts zbout 4656
microns lon; and 0.1 micren in greotest width, Its axiel f1lament
protridecs a chort distunce beyont the ond of tle cheath., Ixenine
uwader oll immersion and sketel a spermatozoon, Lzomine woderatcely

|+_
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Jnfcrtilized Lges i~ Arbacia cgps completc »oth meiotic cdivisicens
-11le still in the ovary cnd the pelar bodics very seldom remain
~ttoch @ whin the cpps ere shed.  Cecasionclly, espeeially from
acletively unripe enimals or aftor macercting oveories, eggs may be
souns tiet arc in the pgorminel vesicle (diakincsis of primqrv oocyfc)
tare recognizadle by the largce clear nucleus (ebout onc-half cgg

so~otor) and micleolus. Such egps may exhibit scme surface resporse
20 SroTM bmt ther do net develop upon inscmirnation. The ripe cgg

(78 wierons ¢icmeter) hes a small clear nuclous. It contains unifcormly
dicyorsced pcles volk grommles and slightly lerger red gronules contein-
inc ~ 1igment callcd . chinochrom which is a substituted naphthoguinono
pclated to the K. vitemins, (821, 1936, Hertmann ¢t al. 1939, Tyler
1729). Tpon cortrifagation w*toc%ond“l? and oil srir rules pr also
Ajstincuishable., The mucleus is generslly lecrtud excontricelly, Since
tte polar boedics arc not usu(lly [resent the pesiticn of the nuecleus
«ith respect to the rolar cxis ie rot recdily determined., Occosionally

sewever, batehes of egrs ere obteined in which the polear bodics arc
sttrzhed o In these, observations (liecdley, 1034) have shown that the
pucicns mey lic in cny part cf the crtepliem boetween the certex rnd the
centere In the transierint oclatinons coct (about 30 micrcrs wide) of
the crg there is o funntl-shnpcd spaece which goncerclly lice in the
polsr axis, The funnel i rendored visible by stoining the jelly with
Jemas grecn or by plocins the epgs in a2 susiension of Chinese inli, For
this purpose the cggs shonld be tuken Immodictely after shedding sinece
the microyrle (funnel) mer disapipear os the jully swells, Txarmine ond
sketeh some unfertilized epoes under high power noting features described
cbove,

Centrifure o semple of unfertilized egos ot shout 10, 000 ¢ for
3 hour and sketch cne in "side vicw® noting the fOIIOWan five layirs of
stretificd matericl:- ¢il cap (econtrijetsl end), hycline zonc, mito=-
ehondria, yollk zone and pigment laver (ckntrliugdl end). Vhere is the
niclers locetod? llave tch pranules in Lhe cortex of the ¢re (scee
seconc porograph below) bien Adisplocced?

Fertilization:-Insemirst- o semple of egpe, nsing one drop of
freshly dilutcad 1% sperm (one drop of "dry" sperm in & ml of sca water)
for cach 10 ml of freshly woshed dilute c¢gp susiension (contrining
sbout £,000 cges por ml)., Stir the dish irmedietely after adding the
sperrt and cbserve the process of membrene elevation. How scon deces it

temin® when is it completely scparated from the surface of th: cgg?
Whon does the perivitelline spoce attain 1ts meaxirmn width'  lleasure
P ¥ oS

the ciameters of on unfertilized eppg and an cgg et 10 to 18 minutes

after fertilization. Is there ony appricishle Aiffurence in volume
apart from thet of the perivitelline space?

The sperrictczoon enters the erg within o fev sccends after attach-

ment. To obscerve the prrcess place & drop of c¢gpr in the conter of a

crelinc-ringcd slicde nnd edd o drcp of cporm of just sufficicnt con-
dntretion to fertilize @11 of the cgrs. Add o coverslip and locate

as cuickly os pessible rn cers that chws only one cpermrtozcon on its
surfeacc . Note tihx chanpses thrt occur upon p'netrkticn of" the spuorn.
where Jdocs membrene elevetion first bepin? In tihv cortex of the un-
iartil‘"lﬂ cgr there 1s £ sinrle loyer of gronules which disappear

(icser, 1239) upon fcrtilizaticn »rd contributce (sccording to Runnstrom,
193244) to the fermoticn of thw fertilizotion mrrbrune. The ¢ are beot
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geen in the hyaline zone of the centrifuged eggs. Inseminate a sample
of centrifuged eggs on a slide, as cdescribed above and observe the
peraviour of the cortical granules. Dark-field illumination shows a
pricht reddish "luminous® layer on the surface of the unfertilized egg.
rhe luminesity diminishes and becomes paler upon fertilization
(Curnstrom, 1928; Ohman, 1945) Using the dark-field stop disc for the
sondenser cf your mierosccope examine a sample of unfertilized and fer-
;1lized egss.

F~ “iminaries to Cleavage: At 10 minutes after fertilization a hyaline
T-7«r {about T micron wide) forms on the surface of the egcg. This Layer
1.~ follows the cleavage furrows and is the material by which the
Lis.iomeres are held together., In calcium-free sea water the hyaline

1+ .r disarpeors,

The sperm cannct he 1‘st*np(Lshcd in the living efr. At about 15
ainutcs after fertilization (ot 20°C) a srerm aster is visible as a
st.ericel region containing clear rays cxtending from a clear centel,
Thiv atteins its maxirmir develep:eont at 20 and 30 mimites., Then o
¢l~rr streak srpears in trc epge slightly above the cquator and at <7 -30
rninites this 1s rerlaced by two clear areas, the asters of the first
cleavage syincdle,

Clesvaget= The followins fioures give the averege time for the first
Thice cleavages (after Fry, 1936).
Clravame b= First Second third

TTHLELG after fertilizotion:-Z2 (25°7; II3(IGCY I07(<0°)  145(200 )

Differunt batches of eggs vary sliphtly (1-24 in average cleavage
time) and, while within a bateh of cggs most vill develop at the aver-
cge rate, some may very by about 10%, For ¢ny temperature betwecn
150 and £5° the average time of dcvelopmint can be caleculated from that
at 200 by mecans of th. following formila:-

log (time at temp.6)& log (time =t 209) - (£=20) 10. log 2.6

Temperaturcs above 30-32% arc lcthal for Arbacia cegs. The first
threc cleaveges divide the egr into cipfht coual sized blastomercs. The
plan.s of the first two clcavegus erc meridional (in the polar axis),
thet of the third i1s bqu“torlpl or horizontal (at right englcs to thc
polar axis). Tollow the progress of the cleavage furrow in dividing
cer3, Yote thet the hyeline laycr forms the surface of the furrow, and
letcr, when the cclls flatten ageinst once znother, thet it forms the
beundery Detween them,

P T
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At the fourth cleevage the upper foar cells divide meridionally
forming cight equal culls celled masomeres, while the lower four cclls
¢ividec uneguslly and horizontally ferminy four lazrge cclls cealled
mecromcres and below them, at the vegetal pole, four small clear cells ;
cellcd microncrecs, Lt the fifth division the eirht mcsomercs divide |
equally end herizont~lly forming two ticrs cf c.lls turmed any and 3ns ;
2211 divide in morc or lcss radial dircctlon while the macromercs :
Civ-.ac horlzentally Torming two tiers tormed veg, and vefo, Vegs is
next to micromeres which have clso divided et this time but which do
not form distinct layers. Iuyers of ce¢lls rrc nct recdily distinpuished
In later cleavoge sta ges nand no special desipgnatleon is cpplicd to the
r6lls after the 64- calW stagc. It hos boen shown (sce lorstadius, 1029) :

B ]
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thet the 8Ny, &Ng, end veg, cells ferm the larvel ecctoderm; the veg

cells form €ndodfrm end pa}t of the mesodcrm (ceoclom cnd 2nd mesoncgymc);
v micrormeres form the mesoderm (primary mesunchyme) which produces the
sitcleton, S'utceh the various stages up to thae sixth cleevage.

Blostula:= At the cight cell stage therc is a very smell centrnl
-ovity whileh enlarsues, as cleavoge continues, to form the blastococl,
£ -teit € honrs ofter fertilizetion e smooth-surtfoced spherlicnl yong
t~rtula is formed, t he wall of which is onc-cell thick. Cilis soo.
oo top on the surfrce and tix blostule is rotated by thelr cction
«i*..xn the fortilizetion membrane, At cbout 10 hours the blastuls
ne oS out of the fertilization membronc, It hes been shewn (Kore .,
o) thet the blostuls releases o "hotchino cnzyme”" at this time ohet
« .ens ond dissolwes the membrene sufficicntly feor the dblastula to

€

o ek thra., L smell taft of lonr ciliac develors at the animel pelo of

tne blastule which 1s the forverd (nd when it is swimmin-, At thc h-sc
of this apiccl tuft the blastule il is thickincd, forming the aplesl

clote. At the vegetel pele the blastula well becomes flottencd an’ oho
roromeres miprete intce the hlastococl, forming the pristry mesens (e

ool mives rise to the skeleten, Slrcetelr cerly cnd late L3lcstulace.

—~

Gastula:= At sbout 20 heurs ofter fertilization the cclls ot thre
verctel pele irvegincte te form a blind tube, the archonteron, This
roocres the oprceite end of the blastococl in ebeut five hours. The
;ratrula contains cbout 1000 cells end its outer wall as well ¢8 the
v. 12 ©of the archenteron has o sinclde layer of cellss The primory
mosenchyme cells ferm ¢ ring arcund the blesteopceral end of the archen-
teron,  Seconcrry mescenchyme end leter, coclom arc budded off from .he
tiv of the archenteron. Draw beginning end comploeted gastrulac,

Prism:- At the complction of gastrulaticn the tip of the archen-
tervr turns te cne side of the gastrule which boecrwes flittencd over an
arec extending from the enimal pole nearly to the blasteperc. This is
the first sign of bilaterael svmmetry, the flattenced ares reprasenting
the ventrel side c¢f the mmbryc., The primary mesenchyme cells aggregete
In two groups, on¢ cn c«ach pestero-ventral side, and cach group scerctes
a trircdiate spiculc, the boecinnings of the skeleten. ' here the tip
of" the archoentercn touchus the cctoederm there is formed a dcpressicen
yhich later ascquircs an crening into thé archenteron to become the
stericdeum,  Yhe archenteron beecmes divided by two constrictions into
ocournorus, stemach and intostine, The cpical tuft édiscjpears, a
71117ctcd band surrauncc the oral ficld, the cmbrye bogins te clonpate
n the dorso-ventrel axis and the dirvction of swimnming chengcs ac that
the. ventrel side is forward. Draw o prism larva.

_Fluteus:=- After abcut 48 hors tho cmbryo c¢nters the plutcus stage
which is fully developud at the end of the third dey. The original
apierl plate grows cut in a vintral dircetion to form the orcl lobe
vhaich includes the stomcdeum cnd antericr part of the ocscprhopfus.  Two
shert cutegrowths, the crel (snturc-loterel) arms ore fermed on the cral
lebe and, at the ancl side, twe lenper onel (cberel or postorel) arms
~rey out in the srmc genersl dirceticon., The oririncl triradiate ~
aycenles Term skelets]l rods which extend inte the cral crms (orel rouds)
the anel erme (ancl rods), corsclly thrwgrh the body (bedy reds) ond
later: 11y (ventrsl tronsversc rods{. The rode ere eech made up of threo
or four parcllel perts juidnoed by crcss bers, Different cpcciles of s-a-
wrehins differ in this ragord, so the structure of the skeletel redr
v r uscful characteristic in hybridizaticn s tudics. The «mbryo con-
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nues tce elonrate in the dorso-ventral cdirecticn and becomes pointed

{a
¢ the rostero-dorcrl end where the body rods meet, The axis running

[P

¢

Lo}

tnru 22corha~us, stomech ard intestires becomes J-srayed. The stomach
sr1eris to form a spherical structure that fills o large part of the
hA
a

(o)

"w of the pluteus and srhincter ruscles connect it with cesorhagus

- intestine., The two ceoslomic sees cxtend postero-laterally froa t*--
weciharcus, That con the left side bescomes larcer esnd later wcquire:
c¢ererl opening celled the pore canal., The right coclom bucs off
¢l1ls to form the madreporic vesicle but otherwise remcins rudimentar
e 1<ft coelom uindergoes extensive later development in the formaticn
of tht structures of the adult sca-urchin., These changes do not occur
until the second veel” when metamorprhosis besins in propcrly fed larvae
and will not be sucdied here. It should be mentioncd, however, that the
adult orgens arc built ur in and arocund a structurc terms the Echinus
rudiment which is formed by the fusion of an invaginaticn (amrictic
Tnragination) of the ectederm on the left side with the mid-portion
(hy?rocoel) of trec lcft coelerm. The left side of the pluteus bhecomes, )
then, the future oral face of the adult., Dravi & 3 day old rlutcus in ]
postero-ventral and side view, 1
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Specific Ineracting Substances of EZggs and Sperm

F, ho Lillie (1912) demonstrated that ripe eggs of Arbacia and of
Nereis give JOff a substance, called fertilizin, which activates
and arglutinates the species sperm, Similar fertilizins have
since becn reported in many species of invertebrates and they, to-
ce2ther with the antifertilizins frern sperm with which they react,
rave been the subject of many investigations, of which most of the
mrre recent are listed below along with some of the older ones.
7”“ present exercise includes riore tests with this material than
cxn be completed in the time allotted. Only the si.pler tests in
iva first part cf each cf the follewing sections should be under-
tuirr during the class period assigned to the work. The additicral
erigl is presented as a guide ts further work for those whe
.ay clect such investigaticns at the end of the course,

Fguipment:- 4 fingcr bowls, 50 syracusc dishes, 1 graduate (100
x1), 1 graduated pipette (5 ﬂl), 4 ordinary pipettes (droyppers),
o large pipette (25-50 ml cap., - 25-50 ml rubver bulvt), 2
centrifuge tules (15 ml).

S5olutions:~ 1 liber filtcred sea water; 10 ml 1N HCl; 10 rl In I8(ld
Yertl 1i21n - Obtain cggs and sperm of Arbacia by one of the usuel
methiods. .‘ash the eggs once and concentratc the suspension te about
259 by s oWume. After about 15 minutcs mix 2 dreprs of tho supoernatant
egz water with 2 drops of a 1% sperm suspension (one drep of "dary"
sperm in 5 ml of sca watcr) and examine vith the microscope. Jote
the agglutination of thc sperm and, & fow minutes latcr, ths ro-
versal of the clumping., Are the sperm still motile aftor reveorsel?
"o 2 drogs of a strong cgg-water (in which eggs have stood several
Tours, or ohtainecd bv acidification-ace bolow) and to 2 dreps of

sza water in a contrel dish add 2 drops of 1% spernm. After rover-
sal of tre agglutination add 2 dreps of cgg-water to each: dish, Do
fFhe recversed sperm rc-agglutinate?

"o 5 ml of a strong cgg~water and to 5 ml of a centrol dish ef

zea water add 1 drop ef 'dry! sperm, Shalie tho dishcs,., “hat differ-
cnce in beheviour of the drops of sperm de you ebscrve and how do
vyu eccount for 1it?

T> 1 ml of a strong egg-water end to 1 wml of & control disi: of

sca water add 2 drops of 1% spcrm. After agglutination has reverscd
add 1,2,4 and 8 drops from each to dishes containing 5 ml ef a
Gilute quspunsion of egess (about 10¢ eggs rer ml). Determine the
perccntage foertilization in each of the 8 dishes, lles the cgg=-
water treatment had any effect on the fertilizing power of the spem
Titration of fertilizin solutions mey bc¢ done by tcsting surial
¢ilutions of the solution with & standard sperm suspension. Yhe
¢ilutions may be preparcd with an ordinary pipette (dropper) as
follows:~Flace 2 dreps of sca weter in cach of & set of dry dishos,
Add 2 drops of cgo-water to the first dish, rinsc the pipette

with sea weater, mix the dreps, draw up most of thc uixturec, expel

2 drops into thi¢ sccond dishr and return romainder te the first dish,
L“DLat tris procedure with the succccdirg dishces. Then add 2 dreps
of 1% sperm to coch dish and exemine vt oncu, thz first dish con-
taing a four-fold dilation of the cgg water, the scecond cight feld,
etc. The fertilizin titcr can be cxprcssod as the ~reatist dilu-
tion of cgg-water that glves & microscepicelly perceptinle
azglutination reaction. Titretc your <ig water usine cight 2-fald
dilutions.
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dence cencerning the scurce of tiae fortilizin may be ohteincd from

fellewing tects., Li"‘Cc ctcut 200 ml o‘ a Ir 11“ greyercd 1095
susj.ncion in twe eou‘l parts and acicdify ont purt tc about (H3 to
(recuires sbcut 1 ml of 17 XC1 per 100 ml). A few minutes later
eff 52 m) =f suvcranatert frem cach dich, nwutralize the acic cog-
“ith 0,81 of 1T Yafll end dcternmine thu fertilizin titors,
ri the acld-trcated cggs with the microescope and notce the abscnce
t-‘ gelatinous ceet,  dcutrilize oné wash the acid-trectcd oogs.
After scversl hcurs determine fertilizin-titer clong with thot of the
ei=ilerly coged contrel Aclai®y the control tc pH 3 to 5.5, drew off
the 11rkrnut .nt, n«utrg ize ~nd compere its fertilizin titer with thot
of the first rcid-orv-'tber. Is u“crc evidence of secrcticn of feor-
tilizin by the ev~:° “hat $s the epparent sorce of the fortilizin®
Te test fer retiveti ine ccticn ¢f furtilizin sllovw a dilute (17)
sperm saspensicn to st nd for 1 hour or until metility hoas decercescd
censidersbly; then cdd £ drops of o strong cgo water to < drops cof
sce vucter,. Lxemine th twe “ishes micrascypleclly and note roughly
the activitr (xhibited by the spermetczoa. Abscrpiion tects may be
made by addine ¢ concentrated cporm susyension (105) cr rrtstrrg to
en ccucl v Iame cf rmecerctely strong ceg~vetor, contrifu~ing aofter 1
neur end tosting the supernatont rce well es ¢ olvilerly diluted sample
cf thc cerwicter for crclutineting ceti-n on 7ilue (1) sperm., Docs
abscnce of ceclantinating action necessorily men binding of Tertilizin
by the sperm? hot cthor tests wonld be nocecsery? Specificitly may
be cxeminced by tcesting Arbacic fertilizin cn cperm cf clescly related
and distantly rclated animels, thet ore acvailadble in the laboratoryl
Yhere reacticns are obtalned cbsord the Lrbacia cor-watcer with the
forcign sypcrm, &s dcscribecd abere, and tecst the supernatant on both
stecics and fereian sperm.
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Antifertilizin:= Thic matericl mry b propared from o cencentretced
(105 cr grcater) sperm suspensicn by (n) freezing end thawing the
suspensicn, (b) hecating te 1000C fer (nc mimate o (c¢) acidifying
to pE3, T“he trcatcd suspensicn is tlon contrifuged or filturcd and
the supcrnetent or filtratc will be found to contein the active
moterial,

To demonstrate the ”ggluf11<t*ng acticn of entifertilizin add 2
dreps of the scluticn prerorcd by methodés o, b, or ¢ to 2 drops of 1%
suspensicn of frcshly washed cggos., Shale™ the dish suvvercl times ond
¢xemine macroscepicelly and microscepleally ofter 1 to 5 minutces,
Ncte the fermoticn of o precipititicn nembronce on the surfoce of the
gclatinous coat of the cgge.

Titretion of the cntifcrtilizin is poerfaimed in the monner described
abeve fer fertilizin., Frerare o sct of 8 twe-fold scricl dAilutions of
drops of the antifertilizin scluticr cnd 22¢d to cach 2 drors of &
tilutc (ca. 100 exps per drep) freshly weshod, egg suspension. Ixemino
mee ond apain aftor 5 heur.  Nete @iffuercnces in width of the
r*in s ccet ond in the precipitation membronee in the differont
iing rnd ot diffcrint times. The cnd point mey be token as that
icn bcycnu vlvich ¢ preceipitaticn momivenc 1s no lenger visible,
2rmire the tiltcr oI your properation. Deoce the ecpgg-agelutinoticen
~stion revers sp.ntence sly®
2o Jormernstrate neutrslizetion of the fﬂrt‘l‘z*n add ¢ dreps of strones
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‘nriCertilizin scelution to 2 drops of ¢ maderately strong epp-vatc.,
rreyore o coentrel of € drops of oy zctcr plus 2 droys ¢f

Al .
sca vcter, Lfter - heur £dd 2 Adrcpes of ¢ 17 sperm cuspension




to noth disiics,
rcecuion. Titrotions
dilations of thc¢ cgg wa
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Specific Substances p. 3

Mote the dcgrece ar? cduration of the agglatincticen
ay b performed witu Guplicoate serinl

cdded

to onc sat of wlhiich is e censtrnt

zimount of the antifertilizin solution while th. other gets an
ccual volwne of sea woter thoa sperm ecdded oft r $ hour; or vith
duplicrtc scricl diluticns of tic mndifcrtilizin plus consteont Cog-
v.t'r to onc st tnd sca winter to the other, then egrs cdded oftor
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Production ¢f CLxogestruliae in Arbtocis end Echinarschnius

Curt IHerbst in 1892 discovered that treatment of cevcloping sca-
hin c¢ogs with sea water contalning lithium salts results in the

arch
fOI”t;OL f excomastrilee and cocther rcleted twpces of abﬂormal embryos.
m1fs has been the subjicet of numerous investigations since that time
(Zre Cmlle, 1940, 1943 ; Lindanhl, 1940 and your expcrimentael ombtryology
torts Tor complete refarencas). The cexogastrulating cction of the
1Y im fe o interireted g & result of o rnucrgl voretalization of the
o~ in which the voegetal, cndedermel and mesonchyaal, natericl in-
cwe.c€s ot the ¢xpense of th: enimal, cctedermal, metirinl, Cth

-+ rvs my dring atout this ¢ffect tat nonc arc, as yot, known to

-, s censistent reonlts os lithium,.

Lonipront:= Sceissors, »lunt Terecps, 6" scuare of cheesceletn, 3
finper Lowls, 12 syrocasc dirhes, 4 stonder Ofches with lids, 3 slides
and coverslips, 1 rreducte (10C ml), 3 ordinary pipcttos, 1 e rr oy
long=tiprcd pipette, 1 finc lpctte,

Scluticns i~

Treatmonti= Obtedin ¢ and sperm of Arurcia or of Icehiroreoe™: us
in the usual vey., Irsominct. ¢ fairly lorce corple of the e In o
finmer bowl, At the time f Jirst cleavege trinslor a sample of con-
c.ortratod cggs (vith not mere than 1 ml of s.ct water) tc o finecr
ool ocentoining cbout $0 ml of the Li-sco-wator and, nt the seme time,
S ooimilar sample to o contrel dich of soea water, Aftir O, 4, £ and
12 hours trensfer ceriples (cr.Cod ml) through three dishes -f 10 ml of
s.oowater and eulture in half-filled, couvercd, stunder dishes,

Dovelernenti- Cbhsurve the eops bt verisus times dnring the l1ith-
iun tTootrmont ¢nd compar thoir rotc end form of cleavooe with tho
contrels,  Eximine the eculturis twice ¢ dry durlng the next three deys,
and sketch vericas types ¢f cxegostrulec, noting irhibitiin of dcvel-
aprent Af crms &nd cetodoermel structur g, tripertite structure of
crorenteren, ete. Tetermine the cpirexinete precportizsn of normel to
abnermal cmbrycs in the four culturces,

Li-trcetment of Isaloted Anime 1l lelves, Lnimel helv. s of sca-
rchiu eres irclated in the d-cr 1o-cull slage fril 1o sastrulate
Rots 71" furmiu, "haucrblastulece', Ven UbiuCh (1929) medc the
t
e

Lrp;tinf disc.vering th:t Jithium trcatmert weuld enable scome of
animel helves te Jovelo p inte normal pluthi. Students whoe erc
skillful in mlcro-diﬁs'cticn mey substitute this eoxperiment in place

of the cbove, after dizcussing cdetrils of preccdure with the Instructor.

Réfcrcnees s -

hild, C. ., 1940 ihysicl, Zc:1. 13: 4-42

chiila, C, 1., 1041, iatterns and Preblems of Development. Univ, Chie,
Lurbst, C. 1892, Zeitsshr, wiss, Zcool [5:1446-018 Frces
Lind“hl I. 1., 1940, lrech Tntv -moch.’, 1£40:168-194
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ould follow the circunference of a circle azbout 1 to 2 em. in
i rmcter) and transfer, with the narrow long-tipped pipctte, a sample
£ *he cops with less than 0.1 ml of sea=-water through three cdishes of
O rl of Ca=free svoewoter, Ixamine, uncer hich pover, a sample of
ne s in the Sa-frec sea water end comrarc thg‘r cctorlasmic

d
of
1
*
1:;’* with thot of the control ccos. After 10 to L0 minutes remove
o
1

crrgle o o dry fincer bevl, f the blostomcres have not sviarcted
rov Y0 s*v;1\ ro} idly ir cnd ocut of the rpipcttec scrvernl times, 17111
Toobow) vith seo vater and transfoer to o sterder dish helf £11lca

'
- .77 frech sco weter cnd cover., This will serve as o mass culture or
. Icted blostom.res clong with some whele cpge Co otwdv pairs o1
croctomeres from the some ezg pick out of the Ca-free sceo watcer d-ab,
noor tro disscet’mg micrescopc, orps in which the blnstorirrs aro

PO

) .

J

~tl21 togethur or crc clocse nncugh torct™er to Te recognized os s 'oter,

cvensfor coch palfr clone vith o vhole o to 2 siporeote embryvolor’ce:l
woteh gliss coerntiining sca woter, I8 th0 blestorwres of the prir
w.re not comyplctely s;'frft(d ot the tir of sclcetion bounece the oof

in th~ dish ¢ few timoc or sciorcte tix blastonmures by meons of ¢
clrss noedle befeore trorsferrin~ to the roo wetere After one or twe
¢lervagcs mount poirs of fsolatod bleostumeres olonc with o viel. ¢
en ¢~zh of twe or threo of the vescline-rinsed slicee, %o dec th' o
loed oosmnll drop contoin inr the ¢res In the conter of the rine, -1
roeeveresltp “nd press it do'n o thet It touches the drer ond o cor-
tiraove sccl is necdc vith tho vesceling, but eveid hevine the drop
tech the veeeline,

3, Iyi.rtonic sco-vat r, With this rthed, the ergs (cne drcv)

¢re ploced In the colaticon (cbeut 10 ml) vihen mo them have juat

cuemuleted the firet cleavaee but Lofore v xirmel soyp ticn of tlu

Hlfstowar ‘s hes occurrcd.  Ixrminc, uncer high pL“'P, & scnmple of

- in the hvl,ftcnic scluticn and nete the offcet on the

;v"*“l s;i leyere Ten mimates letor, tronsfor the eces with 2 mini-
t

N

Sn ameunt o of sclution throurh three diches of normel sca=-weter. The
creacrent, 1f succuesiMil, cruscs the cctoplasmic leyer, by vhich the
tve Dlcsteomeros are joulnod, to beeome thin and cclatincus, ond the
twe blastomeres are often widely scprroted with cnly o thin film be-
tveon thom, Such rpairs may be ”ulturpd ©leng with control whelc
erss, In cmhryolegicel wvatclh glasses and on vesceline~ringed slides
@ dcscribed cbeve., They may be plck(d out at a later stage of de-

velopment sinece the piirs gerernlly remein aitached by € thin hynline
strend until they ere swimming blostuloce. Cnly a fow twin blnastulae

'rc ordinarily <vteined by this method since the great mejority fuse
topethwr duringe corly developmant,

Development, Obscrve ond sketeh the icalrted blrstormcres in
their 4-,8-, ond 18-ccll steges Hew monr mieromeres cre iform-d ot
whet stege? Drue the isrlktgﬁ hlEStC“tPL cleave os thcurh it vicre
still pe Tb of ¢ whele epg? At the Op(lnninﬂ of fFestrulction fix scme
"helf" -cabryes and whelc bmbryvs in 5. f.rmiclin end mersnre thoir re-
spoective ﬂirdktlrﬁ, Vhet cpijreximote ratics srce cobtoined for their
respective volrunes, surfoce crece ond vall-thickness o?  lxemine and
givtch the ambrvc: in the completed p"ctru14, prism cnd plutcas
' o "half'—cmbrres develap ot tl semce rate ns the con-
Arc £ "ﬂlf"—llﬁu« curplete In repcrd te 11 structurces
scen in the vwhele plutcl? Detormine vhetlier or not beth members cf

e

r

s of incleted blostomeres form moimal plutei. (Sce Hearstedius
12390; Tvylcr, 1542, cnd cxperinentsl cmeryolery texts for further

e e tm
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asteriss forbesii (or A. vulgeoris)

zomctos, maturation ondé fertlilization:

The sexes ore separate in Astorics, Ttut it is not possiblo
to ﬁlstln uish them on the besis of externel charccteris-

tics, rly animnles with scfvw, bul, ing crms cre fully
ripc, nnd it ie o wrete ¢l matericrl to open smell, herd-
skinned storfish in nn ~ttompt to obtoin gomotes, Fi11

twe 1750 ceo fingsr btowls wit h clean sca water from a
2~liter flask in whilcr the scdirent hos been pormitted
to settle bv aveut fiftsen mianutis of standings after
witharawal of the scr watcr from the top. Fith lareo
gcigscrs, malke o smell puncturce in orne arr cluse to tho
dlsc, and pipctte o fow drcps of colls frem the conad
to sscertain the sex =f the snimel, If the enimol 1is
a fersle, rciiove this arm cempletely, and slit 1t clong
the mid=dorsal line to cxposc the bulging poir of
V(PJCU, ¢f a typiczl pole sulnon color, Thcn with a
pair of forceps ccrefully detach ooch plume-like ovary
by grasping it near its point of cttachnent at the disc
snd, cleging the poncduct, ond rinsc 1t with es little
injury ce poscikle in the first bowl of sea-water, then
trensfer 1t to the second bowl, The animel from which
theé arm has been sopﬂr“tod ey be roturncd te a scparate
aquariwr of running sea water, and other arms may be
used for gometes later in the days Such ar. injured
fomr1ls will net keep indefinitcly, however, and gaiotos
cre rarcly useblce ot tho tine th? r~nimal begins to show
cutotomy.” Do nnt cut up tu ovaries In the bowl of
sea water, moirely cllow the eggs tc cxude {rom the blunt
sna of the ovorics for ¢ poericd of five minutec.
At the end of this tiric, rerove

23
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Com
wno ocverics to crothor container, or discard them, Tiiz best ¢-gs are
2 087 Tirst shod. Gontly stir the water in the lorgs finger bowl and
-ilow tre 2ars to ssttle, Settling ocecurs very slovlyr, Then ponr off
+re supern~itont sce veter ond carefully replace with on cgual velumo
spor o £=liter flocgk, “hen leove thin eggs undisturbed, witicut shakine
cr stirrin,, for obiut 20 tc 20 minutes. During this time euell serples
7 Do oremoved with o pipotte for exorination under the lercescope,
~r? the stols in rermincl vesicle bruakdoun obscerved, Note the jelly-
.1 ~hiae tis cggs. This oy be dominstroted wore readily in Al
2 ncvion or v adding o trace of Janus Groea to one slide prepara-
ticn. Egss frov o ripe fornele which was kept under proper conditions

¢f cuilness and adequntec oxygen suprly frou. the mement of ccllaecticn,
ard properly manipulotcd in obtrining gamotes, chould show 88 to 96
ger-incl veoeicle briaidsvm at approximstely the saro time. Reteln &
~ccd sample of spps in o small fingor btowl te fellew the maturation
stoges through the sccond poler divisiorn in thoe uninserinctcd cpogse.

o
If the anirnl opcned is o riele, the toestes will be white or ivery.
Since 1t is infportant tou usec ~ fresh zperm suepensicn, this aenimal mer-
bc placcd in 2 dry firngerbowl uantil the eggs ore rendy feor fertilizoe-
tion. Thon o singlo toestis Is randved, rinsed in cleun sea weter, ond
a snmall picco from the blunt end cut off ~nd placed in 200 ce sca weater,
Twc or threc pipettes of thils suspencicn should Le cdded ta o 1750 cc.
finzer bowl of cggs, with nn Irtgdiats btut net viclent rotationel move-
ment to cnsurc scormplete mixing., The coptimw: period £.or fertilizaticn
is after the breckdown of the germinal vesicle end hefore the 1lst
pclar body s beon cxtrudcd. +t is, therefore, crnveniont tc inseni-
nate when the distal ¢nd ¢f the first meturction spindle bhogins te pro-
trudec achove the previously smcoth curfece cf the odeyte, in a fair por-
centage of the cggs shewing germincl vestcle troakdown, Egss insord-
nated in thoe stage c¢f the intact germincl veslcle src nom-fortilizable,
Evcn tho thoy moy elevete a fortilizotlon wmerbrine thoy do not develop
further, The details of spoernm penctretion ray bo roadily studied, if
the observer cxemines the cggs witheut doley, It wes in the egrg of tho
starfish that Tol (1879) first sbserved the actuzl penetration of an

e by o sperm, Chambers (193 ©) has confirrcd thoso ecrly coscrvaticns.,

A microscope wilth clear chbjocctives, cleon glides cnd covers, ond good
iJlwninection are prerequisites for coserving the liner details of this
process in the loberatery, -

It rust be remorbercd that the egy of Asteriss is very delicate os
compared vith mest cggs used for reutine loboratoery work. Satisfoctoery
results are not cohtaincd without teking adoquate precautions, Lnportont
precaustions are: (1) to aveid econtaminating cither type cof prameto with
grivicscercl fluid-1lt ics bectuse «f this that the gonnds arc rinscd;
%2) d¢ nct overinseminate; (8) do not crowd ths cggs: there shouwld be
ne more thoen cne loyor of well-spaced cggs on the bottom of tho dish)
(4) uce only fresh, rmotils sperr.

Clcavagec: R '

The blostoriercs of Ascterins are »ather lucsely connected, becausc tho
perivitelline spoce is wider and the hyalince plesne mewbrrne thinnor

ar.A ucsker thon in the Lrbacic sope Uote the relcotion betveam the first
ar.t second pelar bedies and tho fertilization nerbr-nce, Charbers has
roinged ovut that in the ebscence of fertilization membrene, the blasto-
rnerss tend to scparats complctelr, Becouse of the rolative trons-
parcncy of the yolk c¢f this egg, doteils of living astors may bo seun,




A dotniled study of the cloovage of this Zorr: 13 usuclly not :
undertolior by ctud.onts of tiic coursc urless they have o

speclael inteorest in this wmnterial, but the lcoter strhges aro
cf concidoreble significonrne,

¢ roisd Actorics teo latcomtriyonic stoges, it is nicwsseory
o W s ¢ owalter in the culture distes ot cbout half-
iotervole durdias Lorle clervepe to Jlirincte the (xcess
i foul the culturce, 1lien, vhon tre
ser, ‘the upper helf of th
cp=suirmiac blastuloa, is

<

st

f.orsu sun vins st (tlastul-. ) anp
de . - ~ - - - - L

~ulturce, contr in¢n< tun Sord normcl T

pourcsd of ' inmto - scerics of t<11 botitury jire vhich are sub- |
scau.ntly 73111-.¢ to t™e tou vith fr st s. o vote 1. Coare “mst

ceotohern to ovol? crrviny over dend orbrros of unfiytilized

cgas,  Toll jars arc suporior to shnllow dthc,, since cvapora-

tion in considorchly »ocun 4, i is cosentinl that relatively

few lorvac be placed in ¢ jore worls btipianoris oy be o ohtrinced
vithout spceinl fn.d i cut Yt culitures of Lst riocs lorvoo

must e £o dinosenn | red O Juitis othods) to ohtoin
vrechiiclaric or 1 St T ostogus,

Rcl(r(nnc"'
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sterica s, Fuysiol. Zool. 8 6L-72
Lloge, ¥ 1904 Zleoves. dee lorve s partutnosdnitiouces
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Asterios Morbosii

B Dev.leopnont

Frepare your ovn cultures for crrlv stagos ond usce thoss
preperca by thie cgsistont Jor stagr o fros Llcotule one Do-
velopteett v Le thhe worly Edpinaaric (Silpleurula) cin bo
foliovwed on living t.oterinl, Oidor UZvinnecric, Brachiolaric
larvee and moetoicephosis stoges will be studicd on stoined wholc
mounto . “hole ournts of corly Bipirnarin cre clso aveileble
for cosprrison. dv iu advisable to hegian with carly gastruln
gstnges nnd follow the develoeoprient througb Lo thie Dipleurale

,;—




4 - .
iz\:icn, cleavege cnd blastula latsy con, using,
tures.  Consult the iqustrtL ons 1w Karcfrido,
77) erd Germill (1914) S:c¢ tire tehle in "ppbndix.

Study ferti
Jour ovn cul
Agnsciz (1E

4;_15_5

1. Eexrtilizetico (oce lct directicrns “or "lertilizotion®)
2 Jlcovogo.  The Jirst two clucvives nre sceridiond l, thet
18, ther -0 through cnimel ond verousl poles i are poerp.néic

M

ul~r tc cteh othor.  “he third clcoveeo is rorrizontel, ihc
¢ist colls of tiis stose cre cpproxicct:lv courl in sizo,

I thye 16-0 .21 stroc, no ¢efinste errenua (nt of cells in rcus

trizee ploce, @ eloovege from now o is irrcmilar. Througchout
these carly elumvize stazes the blastorerss hove o tendency to

cesw.e spherierl shirpe, resulting in o roticr loesc arreqapgo-ont
of <clls,

crronce thepselves in en
QCCLl. 41 surfree colls
ccguir. cilis, +nd tho bicstulo ibes ““thﬁ‘ the titelliae

i T two prolar oodiu‘ st1id viegible, oither
attached to th. cniiwel pole, or dcvnchpd fror {he eivbryo. The
crbryo hatencs in the lite Dlastuls stonc,

la. Lveatuclly the cco
wo1) ¢neleosins th. L:

JOLJI—'

11c
t
t
are

4, toply gastrule. ihe vegetol pole aree taickoas and
flettens and invorminction beging. 1he blrcstepore s destincd
to Becone the ormause. The lerva cloagntes ~lounyn the snalmal-

versotal axis.

© 9. _iddle vad late gastrula, The -astrulc “Leones poar-shaved.
The bliad iancr ené of £ orclenteron b.ccmncs thin-vnlled aend
cxpondo. rrom this ond nesenchims cells wander out into tho
blastococle, ln o slightly leter stege, twe outpecketings of

the distul end tecone distinet, the jrinordia of the ooclonic
cocs. At the scme vir o, the “r“rV“tu.ou bcnds towards onc gldc
vihier isg tle futurce ventrel side, 'imis is the firct si'n of

the chnnge of radizl inbtoe bilotor.l s:mwiry. bote the

cilintion in tht arecthrunteron.

6., Trongition to iiplcurulc-l AT The Blind ond of the
erchentiron bends shorply Towirds o ventral bady wall, maices
contact with o cotoderrmel dcpression, the stomcdacun. ond

the reuth brecks through. The two uvglgylc “wesicles Reve boon
constricted off fror the crchentceron. The 1cft one is

largor from csarly stages on., It forms oo tubular outgrowihn

to the dersel body wall which copens te the outsidc, Thic is
the poro-cenel.

7. Fully formed Dipleuruls (corly Sipinnerza) lerva. This
larve ropresents an corly larvel tvpe courmen to Astoroidic,
Lehinoices, Ophiurciden rad llolothurce (sec Yorschelt, vol. 1
p. 499). Studj cerofully o ventrcl, deorscl ond lotercl
{wrolcrabl-- lclft) viow

©

Obscrve thes felloviing:

Shepc of lerve. wmoticy convixity of wontrol side ond

————

aouth opering undeérneath the overhe n»Lnr cral lobe,

L mtobonms., e,

v
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Ciliation, ©wall cilia cover the entire surfacs, The *1icry
i 1s at first cortinuous, a lon-itudinel band with two crose btars,
¢ lon-itudinal tand atove the upper cross vdar loops towerds JG
dline, ®ventually the locps meet in the midline, and a frontial
isla, Lhe Dre-ovPT cilisry bend is separsted 1n the upper ven tral
T ule lar"a, overaansing the orel field, This separete
r>» 21 Tield is characteristic of Asteroid larvae., Cbserve carec-
wo *hc course of trhe entire lonsitudinal band. Observe the veat
£ the cilia in dari: field 1llumination, if availadble,

o

Alimcerntary tract, The three rarts, characteristic of Fehinoderm
larvaes oesornc"us 5 (with constriction ncar entrance into stomach,)

stomacn and intestire., Chserve in latersl vicw the bond of the
intestine Stucy ciliztion in cral field snd different parts of the
tI’Z‘xC Ue

Coelom. Study the two coelomic vesicles from all sides. They
wc carly vigible at the lower cnd o7 the ocsophagus near its

ran\u into the stomachr, A subdivision of the veslcles is not vet
cl arly cerarcated, but the narrow tube connceting the largor left
COLlOu_ vésicle with thoe derssl body wall, the pore canal, and its
openinze the madreporic pors, can be ruadily secen, Loosc mescnchiyme
ce¢lls orc scattersd In the body cavity which is the persisting

blastocoele,

Vitel staining with neutrcl red is helpful; but study unsteincd
specimens firct, Study nlso steinced whole wounts of these stages,

The fcllowing stageus are rarcly fourd ia arcedges of plankton and
difficult to raise from ¢zgs in the laboratory. freparod and stained

whole mounts will b¢ prov vided.,

8. Fully formed Ripinneria. onsult figures in Uemmill, kccBridc,
and Agasslze Thils larva is caaracL rizced by . numboer of prairs of
1ohas or arms which grow: oubt from the uurpan of the cctoderm and
wnich carry the ciliary band along. Mhev are not supported by
skcleton, ~airs of arms Iollpw sach other in succossion. Young
stapes may rot have 211 arms developed,

Arms ldentify unpaired median dorsal, pair:d ,H*‘rior dorscl, pos-
t.rior dorsal, postecrior latercl, <postora1 ané prcoral arms., qC
Gormill, plate 18, fige. 7, and MQCBriJU, D. 465,

Intestinel Tract

Coclom, ‘he coelomic vesicles have grown out into long tubhes and
hnve fused in tre cnterior part of the larva, No further subdivicions
nwave vet occurred.

%. brachlolaria and metemorpghosis stages. Study ventral o
views,. Consnult the excellent fi,ur-s in be“*111 plates 19
The RBipiunarla arms are loma~”, hollow tubes,

The trree Lrachiclaria arms (bracnis) are suort, They contain
diverticula of the coelom. They are not ciliated but their end
discs differcnticte snall papillae and can adherc to the substrats,

-¥——
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-

A suckor, the gland cslls of which sacrets & sticky sunstonce, is
forted hetwecen the brachis, Erachia and sacizer serve feor attechument
of the lzrva to the substrate in leter stages cof metamorrhosis,
(_:%(,v:"”'llll, po 250)0

3

~.Jmy in Giff.rent stag.s of subdivisie

>

~c'r, or dcviloping sterfish, on left side.

at . atezes of metamorrhosis, the cncerior part of the larve in
of Aisk shrirks tc form the stalk which is attached to the
d

(]
.-
9]
bR
~
N2

b suelcr ond brarchio and vhiich errri.s the fstaries an
end. Por detoils of mebeamorphosis conrult Gowmill,
dc, nd Korschuelt

Fchirae Araciinius porma

Obtoining garetcs B
The suXxcs ore sceperate in Zchinarachinus (the s~nd doallar) "ut it s
irposcitvlo to distinguish the male from the fowmal. by superiicinl
creinctions A cut is wads choat ono-cusritsr inch fror the mar.in
arouG the wntir~ snimel thrcug Tothh orel ond aboral‘Calcar\ou“
srclotel pavts. Then o gcalpel is carcfully Inscrted, justc Lonartb
thic orel skelitoan, soporciing the oral srd chornl portio“u. The oral
portion is liftcd away and discarded, teking carc nct to dectroy tho
goneds, which adhoere to tho aboral portion “he croral poriicn is
then placcd (cutside surfoec down) on o clern, dry Syrocuso watch-
gloss, I the animal is ripe, gometsl will ooze from the gonads,
llow the opened male to remein undisturbed vnatil the ey gs are to be
emincted,  The ovarics of the female ars ¢ rodéish purplo color,
tiie ezgs oare usually mixed with an cpaleccent or milky peri-
crel fluiad, Prom the Temalce carefully pipcttc ths cggs to a small
sr hewl of sca water, After «llcwing the eggs to sottle, carcfully
pc ur d1f the supernatant flvid and rupluCL - ith fresh sea woter, If
the frrinlos are not in good condition (if tho cggs do not recdily
stream from the ovarics), the sonrds may bo romovod with a forcops to
a finger bewl of sca water, and tho egg suspension streaincd through
clsan, washed cheesscloth proevicusly socked 1n sca wetcer,

y
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Frrtilizction

The oxgs of Zehinerschinus are larger than these of Arbacia (135
microns as comparced with 75) and surrounded by a much thicker jelly-
hell in Mhlch beautiful red plgment granulous are susprnded. Tho cpp
itself, froc of the jelly, is palc yollow,  Exemine the unfortilized
cpgs under low and high magnificotion. Then insemincte the eggs as
wme donce in Thoe casc of Arbacic, and ox~‘inc the cggs Imucdiately oftor
'cc*ng the diluted sperm svu fp,nuicn. Bceause of tho relatively lergo
size of the egg, the fertilizevion r:occetlen mey be readily follownd,
weraerene Llovetion prococds from the crtrance point of the sperm
around thc cge cortex in o weve, The membranc berins te clevate in
from soven to twenty-two sceuends ¢ fter sporm penctrzailon, and is come
P leted in from ninc to thirty sveunds oftoer it tegins, Since sporm




7= :
rinctration cccurs from fourtecn to forty-five sceonds after insemi-
ration, both prccesscs (i,0,, sperm penetration ond membrene elcvae
ticn) mny te completed within about 40 sccends after ins<rinaticn
(Just, 1319),

-
b)

Sleavage of the ogg of =zehinarcesnivs is not rierkedls differont from
et of Arbacie, ond wnlers this forr iz of socelal intercst to tho
stufent, actaled drevinzs of the clcavage necd not be andoe.  Cne
crtrro fhould be prerarcd nd kept to provide plutel for comparison
- AN o i yo¥al 1~

T05C DA AI‘O-_.C.Lu.

Yy, 2. B 101¢ The frrtilization reachicn in Lehinarachinus porms-,
1. Ei’&l. ?fll]l. 56: 1-10
Just, E. Fo 1923 V1, ticl, Zull, 44: 1=D
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Embryology of .nnelida
Nos. 1, 2 and 3 are required, #4 should be done if time permits,

The three forms to be studied are_Hydroides (Eupomatus) hexagonus, Nereis and
cabellaria.

cultures of advenced stages will be prepared, If you wish to prepare your own

cuw tures proceed as follows: Hydroides both male and females will spawn immediaiely
after being removed from their calcareous tubes, - Remove several and place them in
finger bowls (one worm per dish to keep the sexes separate). Remove the animals
owfrer they have spawned., Let sperm stand for about # hour. Add a few drops of swe~:
susvension to a dish of eggs. (Extrustion of polar bodies and cleavage may be easi.;
s*udled), The blastula stage is reached after 5-6 hours, gastrulation after 8-1.
hours; the trochophore stage lasts from 20 hoursto two weeks. The trochophores r.:u
test for study when 2-5 days old. Snbellarin msy be treated in the same way.
Fertilization of Nereis has been studied in a previous lab period,

1,
The Trochophore of Hydroides.

The Trochophore is a typical Annelid trochophore. . Consult the excellent figs. 1r
Hetschek ('86) and Shoarer ('11),. The larves show positive phototaxis and gathor
at the window side of the dish, Mount trochophores, 3-5 doys old, on a slide on
vwhich a few shreds of lens paper have been placad te entengle them and hold then
quiet. UIMarcctics, e, g.;, n few drops of chlcretene or of MgSO4, are nct very
effcetive but may be tried. - Vitel staining obscures rathar than clerifies the
structures,  The larvae are transvarent, and proper adjustment of the illuminatiin
bv moving the mirror »nd the Abbe condenser will bring out =all structures, Study
animnls in lateral and in pelar views (both frem snimal and from vegetal eole). The
a3ic1l tuft snd the anal visicle are landmarks for the poles, the mcuth is on the
ventrnl side; the eye is on the right side. Observe the locomcticn first,

Qbserve:

1, Shapc of the trochonhore

2._apical tuft (seversl long cilia, prcbably functicning as a sense organ).

3. 4picenl organ, a thickening of ectcderm at the animal pcle; a nerve center
and probably the primordium of the cerebral gnnglia.

4. The Protctroch, an equatorisl band of large cilia.. In older trcchophcres,
two rows of cilia will be found; a row of short cilia anterior to the large
cilia. The prototrcch is the most characteristic structure c¢f the larva,
and gave it its name. It is nlways anterior to the mouth (prooral). It
consists of a few large prototrcch cells which become pigmented in older
stages,

5. The metatroch (parstroch), » circuler band cf cilia in the middle of the
posttrochal hemisphere.

6+ A ciliated grceve on the midventral lire ccnnecting the mouth and anus.
This groccve is interesting in thet it marks the line of elosure ¢f the
blastopore. The mouth is the rsmnant cf the blastopore; the anus is a
secondory opaning ot the lower end of the original blastonore slit,

7. One 2ye on the right side of the pretrcchal hemisphers. Note the red eye
pigment.

8. Twe statccysts on the ventral side.

9. The digestive tract, Censisting of: mouth onening, stcmadagum (= cesoohagus;

evtcdermel), enlarged stumach (entcdermel), narrcw intesting (entcdermnl except
for the end porticn which is invaginated ectoderm = prcetodneum), and the
anus, an cpening behind the vegetal pnle. All ports ore beset with cilia,
JL_A Fead india ink and study the mechanism of f«cd intake,

















































' COELENTERATES
atroduction to ¥ zo8

a) Sensitiveness of the material

yaile working with coelenterates in the laboratory it is essentirl to remember that,
19~ hydroids are very sensitive to environmentnl conditicns. They do not survive
,221 in the laborntory even in aquaria of running water. Do not crowd either the
4.1t stems or the eggs and embryes. In genernl, your procedurs will be to look
orer 0 wod—-elzed colony of hydroids under the lowest power <i' magnificaticn, and -
¢'ip off a few piecer contnining the best embryolczicrl meterial., fasa cn b
ris2d in runnirg sen wrter, and secregzated in plenty of sen water in » dish for
gors dot-iled studyi

v) Tyr2s cof Life History Illustrated

~her . are twe phases cf eabrycligy in the Hydrczon, Characteristicelly, n long
seri e of asexunl reproducticng (by budding nnd cther meth~ds) is interrupted at
tre 2idar intervels by isclnted oxnmpl-s of sexual reprvducticn. This altoernntion
o” shacture, sinco zygote prouducticn is usurlly acecmplished by_modugne and the
a2 ticn of buds by pelyps.

« 12 hydrozoa no medusa~form is kncwn, in cthers nc polyp~form is knowh, end therec
0 ¢ L stages betweon, The hydrozoa availsble nt Woods He'éd illustrate well the
Yowstorel variability £ the medusa-stote, ‘hae best-knuwn example of a complete
w10 Wwith & degensrate oolyp staga is th: idealized jelly-fish Gcnirnemus, but

:v is unfortunately new nonrly extinet ot Wecads Hole.  The genera picked for study
se arreng2d in the crder of diminishing completerness of the meduse form, the first
eving free-swirming medusae and tho last mere spcrosncs., The utter degeneraticn of
sne medusa-ferm is 1llustratad by the familiar Hydra.

=

0

: :der cf Study

Becausa ¢f seascnal variations and unpredictnble fluctusticns in the Coclenterate
fauna, scme cf the material described may nct be aveilable, and the ordaer cf study
will have t¢ be announced,

Laborat. ry Procedure
4, Study of F.rms with Perfect Medusa

Examples: Bougainvillia, Obelia, Podcccryne.

Charncteristic 1life history: 2ygote shad from medusa; Devolcpment tc planula
larva; Metamerphosis tc polyp; Asexunl Multiplierticn cf polyps by budding, which
produces a coleny;  Medusae formed by special buds, in a goncsome (Obelia) or
seprrataly (Bougninvillin); Shedding cf medusse, which mnture slowly as senarate
individuals before forming eggs cr spernm.

30UGAINVILLIA. (June, July, August; not nrlways available in June)

The gunophores are burne singly or in clusters on the mnin stem and branches, and

i, tids genus develop intc complete medusac, . The medusa-buds are scattered
‘rrysularly thruout the eclony, theres being no orderly arrangenent according to

wc. Select buds that shcw varicus stnages of madusa development an? mount thom
wii.s© rover slips, and study their unfclding structura, Draw off water from under
tae ccverslir with absorbsnt paner to produce a slight nressure on thoe buds. Fket:in
hree stnges in medusa develo-ment,

Fen 211 of its perts except the gonads are fully formed, the medusa brenks lcosc <
3#31-> awey. . It lives independently cne or two mcnths, the gonads graodunlly matur
Ful o well-developed specimen that is swimming actively and sketeh its diagramm:-:.

1
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wsULaRla  (June, July)

- Ginosomes of a well-matured specimen form long rncames or clusters of gonophcrss
socwiing and drcoring frem the region between the cirecles of tentacles on a hydranth.
rie voncrhores quite severely reducec medusre which never beccme free-swimming,
1111y have no evident rndial or eircular canals and develope ncthing but buds for
re: .r'les. Male znd fenale gerorhores occur in separate cclonies, Diagnosss of sex
tv »..ht 1s impessible in the immature, but gononhores that ccntein embrycs are

gns ¢ tell from those that snre filled with n cloudy mass of sperm, Early stages

pf ~-v2icrins embryos nre found ty tersin_ with needles, those near the hatching
g.n;. are visitle in situ,

gxarine a rire male gencphore, considering: it as a very desenernts mecusn, Nctice

gn sketch its mofo of sttachment, its shara, the structure .f “ts frse end and the
rcsiticn of the sperm surrcun’ing the dark red menubriun. Crush it on a slide and

insmect the motile spern under hich rower,

gxrmir2 and sketch a ripe femrle gorcrhere, Usurlly the tentecles at its Jistal end
groe~T cnly as fcur short tlunt knote, tut one or nere of them are sometimes slizhtly
glor;ete?s The eggs come from favered cocytes that pregressively swallow uvp their
nei-htors, lyirg in the spaee aroun’ the spa?ix (mnrubrium),

when riie the esr is very large ¢nl sonewhat irre-ular in shape (allan '00, Lowe '26)
aftar fertilizaticn, cleavags is often chactie, anrently sither a cceloblastula

or a m>rula mey te fermal (Lowe '26), nnd gnstrul~ticn of the former has teen de=-
scrite? (Benoit '25), as a mixture of Jeleminnticn an’ multipolar preliferatiomn,

The embrycs are cevelesed u t3 the "dctinuls" stase within the goncphcre., The
asctinule larva is to bte considered es » nrec.cicusly metonorphosing form, part

planula ant part rolyp,

By teasing scme female goncrhores open with neeriles, ccllect and sketch eggs rnd
larvae in various stages. The larvose just t-~king share are flattsne® with blunt
mar>in~l ~rccesses, 4t first these are nct symmetricel in cutline btut redial
symmetry is attained later., When the larva has reachod tha aActinuls stage it has a
mouth an? shoral tentaclas, sand s rounded ahural body that later becomes attached

at its tip,

Study =nd sketch the structure cf s fully formed actinule larva, Look over scme riro
"female" cclonias for Actinulas terinning to escane from the gonorheres., Actinulae
7:11 not devalon further without feeding,

Tohlaria anatcmy and develoment is illustrated in the texts of MacBride '14,
vorschelt '36 and Hyman '40, For cleavaze cf. illen '00, Hnryitt, G, T. '09, Fer
soncphore cevelopment, cf Goette '07.

C. Stuly cf Fcrms with Degenerate Medusae.

Examples with blast.style inside gonctheca: Campanularie, Goncthyrea,

Life Histeries:

a) Cempranularia, Gonothyrea; Zygote develans into plenula larve inside sessile
degenerate mecusa; Planuls escares, lives free awile, metamorphoses into a
rolyp; Asexunl multiplication by btuis; Cclony formaticn; Degenerate meduswe

{ (goncvhores) formed on a Llestcstyle; Gonovhores maoture in situ; Srerm zre
shed, esge fertilized in situ.

L) Hy ractinia, Eudendrium: Zygcte develops into plarulr larvs either insidu
gonoscme (Eudendrium) or nfter being shdd frum goncscme (Hydrnctinia):
Planula metamcrrhoses into pclyp; Asexunl multiplicaticn by buds; Coleny
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formation; Goncsvmes fcrmed from Hydrorhiza (Hydactinia) c¢r by transformation of
sydrsnths (Eudendrium): Gunophores (highly reduced medusae cr sporosacs) Borne on
mnosones; Ezgs ~nd sperm formed in the sporcsacs; Egys fertiligzed in situ
7gudendrium) or during shedding (Hydractinia).

>}

«MPANULARIA  (June, July)

oh

“:

r+. - 2t safe to try to distinzuish this genus from Obelia hy the anatomy of the
fee 12 indivicuels, Even the zcnoscmes are similar ir aprearanco in the two
zen i~ ; 23ch consisting of s transharant gonotheea with the tlastostyle extending
yret v1se to tlp ané zonooheres buiding from it,

7ne €iriking difference is thot Obelin vroduces nesrly perfoct frae—swimming mecusee,
she7-23 Campanularia vrcduces gonermherss s¢ utterly degenerate that their medusa-
3¢ structure cen cnly be mnde cut in secticns, Esasch gonophere on the hlsastostvle
af - "Tcmale" colony contains a vary large irregularly shaned ecg which is fertilized
1n e, cleaves, forms a morula, gastrulates by delsminnticn and ranches the free-
gui-ring plenula stage, still insitu. Camronularia, therefcre, rsleases from its

qant rnzca net medusse but planulnes.

gee-rvsc the gonorhores are so ineonsricucus and the enmtrycs so ¢bvious, the colonies
whz 2t prcdues female gonortheres and l-ter contein embryovs are lousely spcken of as
nfamale” eclonies, althou:h they are asexual,

Sezact from a "female " colony a goncscme showing egos in the basal goncphores,

yount it cp a slide, study with varicus magnifications under the miercscope, and
stawgch it.

Se.31t and sketeh ancther gsoncsume with nlanulae showing near the tip., Squeeze or
cpen the gonitheca with needles and literste the nlanulae. Notlice their ciliated
ectzderm and watch their movements. . If the nlanulne are well matured, they are two
cr three times longer than Lroad, They show maggot-like movements even while within
the gonitheca,.

Canranularia is very favorable fcor the study of planula metemcrphosis. Put a few
mature plenulae aside in sea water (not mcre than 2 or 3 to a watch glnss) and cover
them, They should attach to the glads in abcut 4 to 10 hours., Each shculd then
open a mouth, bud out tentacles, secret hydrotheca and perisarc, and bteccme a full
fermed individual oclyp in twe or three days. When the planulae have attached, the
vater should te changed in the Jdish at least twice a Aday. Sketch seversl stages

«f attechment and metamorphosis.,

The gunoscmes of "male" cclonies are similar in form to the female. The ¢onophores,
vhen meture, are rounded and have s thin milky-gray color. The srerm hecome active
when they are discharged intc contrcet with sea water, as may be seen by crushing a
msle goncphore under a cover slide while watchine it under the microscore,

For illustrations of Campanularia gonorhors develcerment ¢, f. Goetto '07,

GONOTYREA  (July, August)

is in Abelis, the mecusae develop within the soncthecn, When mature, instead cof
swimming away they remsin attached tc the end of the tlastoustyle, prejecting cutside
the gonctheca in grouns of three or fcur, like tuy balocns, Within the Ptalls of the
medusae the eggs of "femnle” colonies are fertilized by the shed sperm from "male"
colonies. The zygctos develop to the planula stags Lefcre being set free, after
vhich the medusae drop off.

Sketch wlanulae in variuus stages of :evelopment in the projecting attached medusae
¢f n ®ipe "female" colony, (Wulfert '02).
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nonothyrea cleavage illustrated in Wulfert '02; Medusa development in Goette '07.
rf, also texts of Hyman '40 and Kcrschelt !'36.

HYLRACTINIA  (June, July, August )

colonies of this form are fairly common on Littorina snail shells inhabited by the
smsll hermit erab, Pagurus. There are three types of individuals in the full
develoved colony: ordinary polyps (feeders), threadlike coiling forms with no mouth
and Aan apical knob of nematocysts (stingers, commonest around the lip of the shell)
and goncsomes. The three tyves all arise from a hydrerhiza network covering a rust-
red spine-studdied crust.

a) Gonosomes and Gonophores:

The goncsomes or repreductive individuals ere usually without tentncles nnd have a
lnrge knob of nematocysts on the prcboscis; each bears s numier of gonophores, which
are medusa-buds reduced to the status of sporusags, Ripe "male" and "female"
colonies can be told spart with the naked eye since the eggs within the spurosscs

are dull green agnins the red hydrorhizn, and the sperm when mature are a white mass.

Remove several "mala" reproductive individuals showing ripe sporosnes, and crush
them slightly under a coverslip on a glass sporosacs, snd crush them slightly under
7 coverslip on a glass slide. This may ba done by drawing off some of the water
vith blotting paper. Thc spores~es fall fnar short of being perfect medusce, Note
stages in thas preducticn of sperm within tham, Burst a mature sporoscc ond study
the sperm under high powsr,

Simularly, crush several "female" reproductive individuals, and observe the eggs
vith their large germinal vesicles, in various stnges of development, Sketch the
"femnle" gonoscme with its femele gonophcres and contrined eggs.

b) Cleavage and Development

If a number of "male" and "female" colonies ¢f Hydractinia are put together in a
large dish ¢f sea water (or a pair of prime colonics in n fingerbcwl) and left over-
night, eggs shculd be shed and fertilized between 7 and 9 a, m, WST, The shedding
¢en be controlled by light, If fertilization and claavage stnpes ore needed lnter
in the day or in the evening, the colcnias may be kept illuminnted during the
preceding night, put in the dark for a couple of hcurs and reilluminated cne hour
before the time when shedding is desired. Eggs aro shed in 55 minutes, sperm in 50
minutes, Cf. Ballard '42.

"aterinls fer the study of the entire develonment ¢f Hydractinia from egg tc pclyp
#i1ll be made aveilable, If possible, observe the shedding of eggs and sperm,
Sketch eggs underzcing first three clenvsges, slongated gastrula, swimming and
attoched planulne, metamorphcsing form snd young polyps.

Eegs are heavily yolky snd usually groen, but oceasiinslly gray, crange or pink,
Meturation takes place during the half hour preceding shedding and polar budins are
wst soon after, a loose jelly being the only covering of the ecrg.

.leavize may be irregular or even chactic, but usunlly the slightly amebeid egg
undergoes three equal tetsl cleavapges, cnch st richt angles to thoe proceeding. The
separ~ting pairs of blastomeres tend to retsin broad protoplrsmie connecticns with
eech cther cn the side opposite to the cleavage furrow, until just before the
succeeding cleavazes begin. It is soon apoerent that there is much varintion in the
time and degree of shifting of positicns ¢f the blnstcmeres, but the extracrdinsry
and chootic cleavage potterns commonly seen in the classrcom are cften the result
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~¢ 2rying up end concentraticn cf ssa water, or other unfavcrable circumstances.

vitotic sychrcnism quickly disarpears., Gastrulstion is said to start even as early
gs the 16 cell stags, by mixed delamination and multipolar proliferation. The
rastrula lcses its svherical form and spends a few hours as an irregularly bumpy
Sblons wnss, then returns to the svherical form and gradunlly lsngthens into the
nl[‘huli form,

st the end of 24 hcurs ths embryo is a "preplanules" (Teissier '27) with an elonuated
ovol? form, reccrmmizable polarity and ciliaticn which enables it tc swim heavily.
puring several dnys it lenzthens, one end becomhng slimmer end slimmer, while it
rolls end crawls alcng the bottom like a planarien, The big end which goes first

in this mcvenment is the end which later priduces the adhesive dise by which it
attrches for metancrphesis, It becomes the abural and of the polyp.

Following attochnent c¢f the attenuats? nlanula, there is a Jdelay of a few hcurs tc
gseveral drys, and then the tancring frae end shrinks down almest to the substrate,
vherae it shertly nreduces s mcuth and o successicn of tentacles, The new polyp
elonz- tes, its attached and meanwhile actively sending out a number of anastimosing
and encrusting hydrcrhiza processes frum which sprout new polyps,

I1lustrations of cleavage in Bunting '94, Beckwith 'l4; of latsr planula dsvelopment
in Teissier '37; of develorinz goncscme in Gootte '07 and 116,

EUDENCRIUM  (July, supust)

The gonoscmes of this genus are degenerate sessile nedusa-forms or gonophores,
strikinely different in the twe sexes, borne at the bases of snmecial hydrenths which
lose their tentacles »n”® degenerate while th~e gononheores are ripening,

tFemnle" coloniss bear lcoose irreguler tufts of snirosaes attached to the stems,
sach rire srorcsec being bright orange in ccler, ™™ale"colonies bear light pink
sperosacs arranzed in groups of twe to four or more in a line, the lines radiating
from a cormon point on the base of the degenerated hydrsnth, The ripest male
snercsacs cccur at the reriphery of the cluster and are white with sperm, Sketch
both male and fennle sworosacs.

Ergs are fertilized within the fem~le gonophore or sporsac, and develope te the
nlanula stage before being liberated., (Hnrgitt, C. W. '04). Tesse cut embryos frcm
different cclonizs ond study all stages found, The ezgs are so rich in yolk thet
they cleave like insect egus. The gastrulaticn is by an extracrdinary syneytial
jelaminstion., Metcmorphosis is simple,

iudendrium cleavage illustrated in Hargitt '04 (zocl, Jahrb,); Goenousome development
in Guatte '07. Cf. also toxts by Korschelt !'36 and Hyman '40.

Development of Scypheczoa

SHRELIA OR CYANEA (April, Junse)

Bcth these jelly fishes have oral loubes extending downward, In mature specimens
crenul~r material will be found entangle on the lobes or contained in small brocd
sace in the lobes. Tease off some ¢f this materisl into » drop of sean water on a
sli‘e, and exemins under the microsccpe., Embryos of different stages can be found,
from spherical cleaving eggs to oval gastrulating forms and fully formed stocky,
sctive planulae. (Hargitt, G. T. '3 ) Hein.'00/ @s cleavage regular? Skatch
the embrycnic stages that are available,

l
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Reconstitution in ‘tuoulsaris

Tne precesscs by vnicn orgsnisms rerlsce lost perts nove
ren 10ints of sirilaritv vitn tnos: thrt teske plece in e: brvonice
evalorrznt. Yus, in tne o:tbgeny ol rost sroci12s taere is ¢
rer:01 of ¢=11 mulviriirstion 1iin lirttle or no celluler 4dirrcr-
212tiz don (clecva-2 stages) follo ed by t¢c persod In w-ich
celiulsr differsutistion eccurs. In regener:tion the first
of these two periods is rervrcesented oy 'ne forration of tne
bl:stere, end tne sccona, b. its difrerenviction.

goclertcretes replece lost parts vith fFraoct focilivy but
the preacaess difigrs from trus regensrution oecuuse no increase
in ce1l division has be:zn de onstret:d end tierz2 1s no olssters
fror ~nicn tre new nydre.on diifercrntictes, Likewise, tnere nre
no specicl r=szrve celis to beco g cetivet:d by thne injury ¢nd
givze risc to tMan. structur.s, Insteid, tiiz cur surTsce is
nsrleg by the 2xpeasion and miagration of cal:icent celis, and,
ithout eny n2w zrowtn, trergformction of ceits of tne sterm into
paerts of tnz2 hydranth tokes plece. nis typa of rerlecei2nt ef
lost rarts is knovn a8 ~gconstiturion instecd of rez:ner:tion.

‘he study of reconsctitutional development nes sore innerent
advaentsses over embryonic develoyrent, cernicl of whnien is that in
reconstitution one cen study cell difrercntiction vwitnout naviug
cell division g3 ¢ scrious cooypiicstin. process. snother rdvantage
i1s tnet of size. Keconstituting ergans erc generelly cmnsidersbly
lerser, snd consequently ec3ler to observe end ranipulete, then
«re these 1n the embryo. Jince th:s snelysis of tnis process hss
been ccrried ferther in rubuleris then in other forms, ws shcll
study recoratitution 1n this genus in tnse lcberatory exercises.

The difierancses in the tubul:—1in steir arg so siicht toet
tocv ar: riidily eltersd or re cr3ed oy slteretions in the
externsl or internsl srvironmert, If tne sten 15 cur into small
pieces cren picces wily form & hydranth st the distoel but none
st th: rroximel end, taus exhiciting polerity. nowever, 1f the
distal e¢nd 1s 1nn151t~d Dy anv means (by oelng covered by sand‘
Moorah03; a zlass tube, Bartn '38; by being llqctured Barth, '38;
or by deoxygenetced see weter, willer '37) the proximel end will
form ¢ nydranth, 1indeed, merely removing s pilece of periscre
from the middle ofthe stem will permit tne cells underlying it
to diffzronticte (gwilling, '39, w~olumura, '39), Obviously,
sny c¢ells of ‘‘ubuleris if exroscd to normsl sea weter will form
& hydrenth if they ers not inhibited from doing so by &n earlier
developing distal hydrinth. ‘his reprossive cctlion is known as
"Dominence" end the ~cgion exerting this influence is known os
the "Dominant Region”

Dormincnce is imrortent encrvolo~icelly ss it allows tne
formetion of ¢ sinalz structurc from ¢ mess of tissue woich is
cspeble of forming wmore tnra one structurce, she rzmion walch
hes tho greeter tandancy to form o structurce ropressszs cdjscent
tissue from forming tiat structure. ‘his misht be =2x1leined on
£ nutritutioncl v:sis with tne remglon of gri.ctest sctivity drewing
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metericls awey from sdjacent ragions. In =& crowded muss of cells
a3 oorring in ths gestrule stoge there must ba ¢ kean compstition
oetwecn various cells for nutriments and a mutuel inhibition by
cells ccuszd by tnelr excrctory products. In both of these phomome
ene the wmore reopidly metebolizing c¢3ll hes tha cdicnutuge cnd is
most l:vsly to diftferaenticte.

The cbovec situstion c¢sn be brought cbout experimentelly by
vritiny . mess of cells end plecing o burrier to frazs diffusion
o one sidc of the mess. +this 1s ususlly tccomplishad by scllowing
tne mess to setvle on the bottom of the contsiner. This hes tho
duel offect of inercasing the concsntration of axcretory products
and dzcrecsing ths oxygen tension.in ths region of contsact.
Diffirentiction is inhibited on this side while tne hydrenth
forns frou the cells of the opposite side. (Goldin and 3srth'4l,
Child '28).

In the casc of rfuoulsric it hes peadn shown tnet the perisarc
nround the c¢lls ccts s & nuturcl barricr to fras diffusion of
oxygen {(miller '40,'42).end thot th: nydranth forms st tha cut
end beceuse these cells oro relecsed from en inhibition ccused
by both exceretory products end low oxygen tension (zZwilling '38,
Goldin '38s, '38b, willer '39).

Collaction and Cere of rubulcris

Theoratically tubulcrie is ¢ solitery form but ccturlly 80
menyindivuals grow together that ¢ dense tangled muss usuclly results
in the older forms. Youns short stems arce the bast for experimaen-
t2l work cnd cen be obteined from flocts ¢nd rocks where the
current is awift, In gencrel it is best to collcet your own
stems. Since the stems necd running weter rnd o low temperature
they do not keep well in thc laboratory. In naturs the hydranths
drop off sbout the ond of July snd the stems remein dormont until
the wcter cools down in the felle. &4t +o0ods Hole the stoms appear
in mid June and ccn ba usacd until August. However, since the
wetars of Capa Cod Bey on the north shore cre much colder,
Tubulcric mey be obtained from the north end of the caenel through-
out Luguste. The b:st method of kesping them in the lebor#tory
is to pleace esch bunch in ¢ 3000ml bsaker on steps which allow
the weter to crscade from one becaker to the next below to insure
vigorous circulcastion,

rhe stems &3 collcected very in length, thiclness and in
gensral physiologiccl condition (some erc crushed, sorme sterved,
others old with lerge gonophares). ‘“Tnerefore, we cut the stems
off end sort them out in e large finger bowl being coreful not to
crush them. For most work stems ebout 10mm in length are suiteble.
These a«re selcected for uniform dicmeteor end cppeerance, ‘fhe
hydranth -is cut off ¢ few mm from its buse, 1t i3 necesscry to
cut off 3-5mm of the sivem with the hydrenth as this pocrt of the
stem does not regencrote oonsistently, especislly in older stems.

Even cftur selection, the stems show some veriesbility in regen-
erction and so it is best to pool «ll the sters for one experimont
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end select ¢t random for tne verious v-rts of tn. exrurimente.

rhus, if you ¢rs tre tin: the stoms in 4 different weys you

srould scepsret: the stoms into § lots &t rendori using ons lot

£s ¢ cont-ols ‘The number In scch lot depends on the neture of

Th: :Xperircnt. meny exparimants ¢re of the sll or nonc n-.turs

«nd 10 stors 1n cecn 1ot erc sufficicnt. In sxpcriments waors

rcte of rexenerstion is compered under different conditions it

is bost to use aoout 25 stums in caen lot., 'This gilves satisfuctory
cccurccy in evereging roctes.

'The stems cr. kKopt in runnling weter enu cooli by plecing tnem
in Syrccusc wetenr glesses which ere first suomarged in 1-<rge
fingor bowls tnrougn wnicn sc¢¢ wetsr 1s running. COsre must bu
teon thet the stems cre not veshed awaye.

The instrumcnts used for cutting cnd hendling «rc o sherp
scelpsl, & pelr of snerp 3cissors, & prir of forceps ¢nd ¢
medicine dropper. 1In using the forcups crre must be tewen thet
only tnc perts wnich ¢re fingclly cut off ¢nd disc:rded ¢re hrendled.
Stems fre most ersily trimmed to size by cutting them on ¢ glass
plets over ¢ blsc vrekground with ¢ rulcr rlong chich the oroper
lengtn mey bo meesursd. aftcr tne stems heve bean cut to size
they rcre trensfcrraed waith o pipette snd must not ba hendlod
viith forcaeps.

~hen the tempurature of running sea woter gets above 25°C
i1t 1s necessery to keey tne stemrs in ¢ refrigerited bath or in
stoppercd flesks with «n ctmosphere of oxyucn.

Exporiments to Perform

1. 1o Demonstrete Dorinenca

Four lots of 10 stums eccn will bec usaed.
Lot 1 long stems (12 mm long c¢fter cutting)
Lot 2 ssort stems (o mm long aftcer cutting)
wot 3 short stewms (6 nm) ligetured in tne middle
Lot 4 very snhort stums (2 to 3 um long after cutting)
In preparing these lots be very ccoreful to rowove 3mm or more
of the steém with the hydrinth,

with reperd to the proximazl hydrinth this is zn =1l or none
type of sxperiment. If teken from heslthy colonies the developing
distal hydrenth either will completely prevent hydrenth reconsti-
tution at the proxiunl end of the pisce or will have littlzs effaet
upon 1t.

Plece the stems in Syreccuss dish:a in ¢ lerge finger bowl
through whieh & current of sice weter is flowing gsntly, or in
finger bowls kept on the scc weter t:ble. 4t 48 hours the '
rcconstituted hydrenths should nuve emerged from the perisarc.
Record the number of distol :nd proximel hydrrarnths in c¢cech lot.
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2 Effects of reducing metebolic sxchonge through one and of ths stem.

Cut 20 10Omm long st=m3 in such ¢ wcy thet the two ¢nds of the
stems c¢n be distinguished. Thnis mey bo sccomplished very simply
by meking tnc distel cut ct en opblique angle snd the proximal cut
<t a right engle to the stom..

Inscrt the distcl ends of 10 of these into some washed send
in a finger bowl filled with sec weter end insert the proximel
ennds of the other 10 into the sand. &sfter 36 to 48 hours remove
end count theé hydranths which have developed &t distel and
proximel ends (Cf. morgen '03).

3. Effects of Oxygcn upon econstitution

Cut 20 or more 6 or 8 mm piecess Flecc helf of them in e
200cc Erlenmeyar flask filled to the top with oxygonatcd soca water
end stopper tightly so thit no uir is trapped in the flask. FPlace
the other hilf of the stems in ¢ similuar flesk filled with sen
wuter through which nitrogen h:s becn bubbled. 4sfter 3o to 48
hours count ths number of hydrunths reconstituted in cach flosk.
If you wish to continue thé experiment, thce stems from the nitro-
genaetad flusk moy now be tronsferred to the oxygoneted flask and
tneir ability to reconstituto con still be elicited (Cf. Berth'38).

4, Effcects of Oxygen yvpon Scale of Orgonizotion and upon
gipolrrity (Cf. Miller "49)

Cut 60 or more vcery short picces (1-13mm long), select 50
which &re most nearly the same size cnd divide into two lots of
25 cach,

Lot 1. rlace thz pieces of this lot in the flesk of oxygcnated
see w:ter you prepered for cexperimsnt 3.. (Since they aro very
smell there 1s no dengoer of confusing these pleces with the 6 or 8
mm picces you clready placed in it).

Lot 2. Pluce these picees in « eovered fingerbowl or Erlen=-
meyecr flask on the water toole.

Count the number of complete hydranths reconstituted and also
the numbers of vcrious pertial hydrenths beginning about 48 hours
cfter the cxperiment wes started. Since the pertiel hydronths are
uncble to emerge from the periserc, it will be nccessary in most
ceses to squirt them out by drewing them up into en eye dropper
and squeczing the bulb repidly.

yote thuat VUxygen incrcescs:
(1) tne poercenteage of pleces thet reconstitute.
(2) tne number of pertisl hydruntas (e result of 1its
effect upon tne sizc¢ of tne primordie when there 18
not cenough tissuc in the picco to form & lerger hydranth)
(3) the percentuge of bipoler types.- Can you suggest an
explanction for the incrc:scd frequeney of bipoler
types in short pieces c£s &« result of oxygenetion,
when it decreeses bipolerity in longer stems?.
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5. Demonstration of the liberstion of inhibitors of reconstitution
by the cut ends of stems.

F111 10 picces of 1lmm gless tubing 15mm long with oxygen.
(“his cen be done very recdily under wetar). affix one ¢nd of
cech to o smell emount of neutrel plesticine attached to the
bottom of the finger bowl cnd inscrt into 5 the distcl end (cut
obliquely) of ¢ 10mm piecc of stcm. Into the other five insert
the proximel ends {cut trensverscly) of similer pieces. «fter
36 hours rcecord the hydrenths reconstituted at the exposcd cnds
end those at the onds inserted in the Oy filled tubes (Cf. Ross
end Ross '41, wmiller '42).

6. o Demonstrecte Effects of scidity upon neconstitution

Tubulsric his bocn found to be very sensitive to scidity.
(Goldin '42z, '42b). An externel pd of 6 will completely prevent
raconstitution. Obscrve stems whicn heve been injected with
pnenol red 30 hours c:rlier end ploced in glcoss tubes which
interfcers with the rclersz of these pd lowering substences.
Comprre thess with stens wnich heve been injoected but hove not
been pleced in long tubes. vrew £nd color one stcm from vach lot.
after the hydronths hive emerged they mey be droavwn cnd colored
agein (Cfe millor '49),

7. Gredients in Reconstitution

There ere guentitative differeunces clong tne stuom wnich ceon
bo demonstrated in ¢ veoricty of wrys, but perheps tne most signife
icant is the differcence in rete rnd sizeée of the products of recon-
stitution et different levels of the stem. If there 13 meterisl
cnd time you mey demonstrcte this gredient by cutting long stoms
into thirds ¢nd rc¢cording the time of wpperrence of the constriction
scperating the futurc hydrenth from the neck region (bzrth '38).,
Since this constriction e¢ppeers fror 24 hours aofter cutting and
the still unconstricted stems should be cxemined every two hours
until it eppecrs, 1t is well to begin this experiment as eorly
in the dcy s proeticel.

Selcct 25mm stems for nomogeneity with regerd to dismeter and
cppcerence end ofter removel of the hydranth cut euch into three
picces of equel length (6mm) cnd discord whet is loft., Plece
them in seperate finger bowls marked Distal, kiddle end Proximel
end keep on £ weter teble until they have been rocorded. (If you
heve an oculer micrometcr thne length of the hydranth cen be
cccuretely mecaured ¢1lso), after they sll heve reconstituted
everege times(and lengths) should be colculeted. whet foctors
can you suggest which might play ¢ role in the difforcenticl
wnich your experiments rceveel?
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TUNIC..TES

A comprehensive survey of devclopmental rrocesses in the tunicates would include
excmination not only of eggs and embryos but also of metamorphosing larvee, various
types of vegetutive reproduction, and regenerating forms. Beceause these develop=-
nent:l forms must te constently related to tho siructure of lervae and adults, it
is necessery that the students should first of all review in a standard text the

~x tory &nd life history of the common tynes of tunicates.

A, SIMPLE ASCIDI.INS
DEVELOPEEIT TC THE TADPOLE STAGE.
5o ° (C1¢ nrme Cynthia)
, . -.a's clussic descrintion of the developnent of Stvela eggs (19C5) provides t -
nes 0 iclogicenl baockground for the expmeriiental work on the organization of Tunicat.

egrt ond embryos. Conklin's figures shoulé certiinly be referred to during the
o Uving stuaicss

I

L ';thOdS

©a7wzh truly hermaphroditie, Styela 1s or.linarily self-sterile like several othe:r
~iians (Morgen, 1938). It sheds the eggs and snerm between 4 sud 7 n.m., aad
fev v lization takes place when ripe gametes from two different individuals get
z2irod. It is easy to have eg,;s shel and flertilized on normal schedule in the
latcretory, bub this entails the disadvantage of having to study the migrations o
yell » nigment within them by artificiel light.

5
o

PPN

The .+assic method of obtsining egzs and embryos from Stycl: has been to mince the
gornids from a number of large individuals together in a dish of sea water. This
127 rctes all stoges in the maturation of egys and sperm, end usually o few egrs
v'li be fertilized, whntever the time of day or night, cnd will commence normal

development.

S. 1I. Rose (1939) has developed a method of controlling the ncturcl spevning in the
laboratory by illuminetion, and this is the best way to get fertilizntion for
experimental material. It workd well except for a few weeks in mid-summer, when the
animcls are snent. By such control, the seme bateh of snimals can be induced to
shed & number of times on successive days. They ure kept darkened in running sea=-
woter until eleven or twelve hours before fertilization is desired, and then cn
artificicl day is sterted by turning on an electric light. A 40 wott bulb 18" from
the enimels is sufficient. Eggs cnd sperm are discherged in clouds vt the desired
tims.

b. I‘cture Unfertilized Egg.

Sketch the maturc, unfertilized ogg (dicmeter g ©.15mm.) which should shww the
followings
(1) Chorion, & tough membrane with perhaps « few follicle cells adhering
to its outer surfuce.
(2) Smzll sphericcl inner follicle c¢olls ("nurse cells") between chorion and
egg itself. They contain yellow granules.
(3) Peripherul loyer of egg, & clear layer contcining minute yellow granules.
(4) Centrel purt, consisting of gray yolk nlrtelets.
(5) Germinal vosicle, u very large eccentrically placed muss..
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¢ce Post-Fertilization Rearrangements

this is & difficult process to observe as most egys have too little pigment, and
few are fertile in "minced" cultures. It is better to omit this section and to
concentrete on cleavege and gastrulation. Then, if time is available and if the
egss this yeer contain sufficient pigment, these rearrangements may be studied.

"I‘( celure
T35 & small cish cortaining some unfertilized pigmented eggs, add a drop of snern,
Taer aulexly transfer some of the eggs to s slide.

Jerel 2Ly wnteh for the retrraugement of egy substences sterting within 2-8 minnutes

sfser fertilizatiosn. The clear vellowish neriphoeral metter strerms to the lover

v uver the jolk, follovwed vy the cleor nrotonlesm from the animal nole. If %i-
" woonigment is not visible, tre A morc trirhtly colored cgg. Use only daylish.

fz+ ~1lumingtion, tnd hive the ditphrag of the microscope wide opoans Roll the cgg

1 213 by moving the cover slin with ¢ necedle. The vellowr inner follicle cells may

al - tc migruting; watch the egg cortex.

T Lrey yolk riscs to occupy the unner nole, ull oxcont the sprce that surrounds

1 wturstion-snindle complexe Soon tho yellow substence eccumule tes on one nort

¢, ..w lovor herisphere, wnere it cssumes crescentic forr. Inmediately obove the
"X part of the yellow croscent is o layer foried Ly the clear cytonlasm,

Th-. 10st reinriauble cheracteristic of Styele is thet now nt the conclusion of thes®
mow - .nte tii: 2osition of the futurc larve is visibly merked on the surfuco of the
uncl .ved opr.  The broudest »urt of the rellow crescent is ut the nosterior pole,
end .ne horne wrap half way around the right end lcft sides. The animal nole,
where the gernminal vesicie lay, becomes the ventral-anterior side of the lerva.

Th: vogetal pole, vwhere the snermatozoon dntered, is the futuro dorsal side. To

av 4 confusion, fix firmly in your mind the rclationshin between epg orientetion.
¢end definitive sxis of embryo.

ds Clenvage

The following approximate time schedule for the embryology of Styelea is from the
great monograph of Conklin (1905). Follow the events of cleavage in as much detail
cs possible. Observe gestrulntion and wetch the tadpole teke shape. CSketch a
succession of clewvege stoges, showing bilnterel symmetry ond locetion of ycllow
cruccent matericl. Sketch 't least 2 stuges of gastraulution and 2 of elongating
pro-tadpoles. (This schedule is Tor normully shed cggse. If eggs are obtrined from
"minced" cultures, clecvege is delayed, the eggs anpnrently mre turing at vericble
intervals efter striking the sea wntcr.)

Tertilization to 2 cells after 40 mlnutbs
2nd clcavage " 4 " " 30

3rd 1" " 8 1] " 30 1"
4th " " 16 1t 1t 20 "
Eth 4] " 32 ] i 20 1
6tn L] 11 64 " n 20 1"
7th " "1 12 " 1] 20 1"
Bth L} 14 2 18 " i 20 "

To ncurel plete stage, 2 more hours
Fully formed tudpole 12 hours vfter fertilizution

(1) First Clcevage. Equul, separating the two horns of the yellow crescent from
euch other, likewise biseoting the cleer pnrotoplesm rnterior to the yollow.
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(2, Szcond Cleuwegce. Nearly equal, vertical, et right engles to the first. tn-
twvo postcrior cells (B3 on the left cnd B3 on the right) contnin little yolk
rnd praeticclly all the yellow crescent substance. The two anterior cells
(A5 on the left and i3 on the rizht) contain much yolk,and orectically none
of the vellow crescent substence. The clear nrotoplasm goes equelly to the
four cells,

(3) Third Clecvege. Horizonmtel, the upper quedrant (cells a4, 84, b4 and bd)
soniewhot smnller then the lawer quadruqt(cclls A4. A4, B4 and B%-) The
yello crescent substance is clmost entircly confined to the two posterior
dorsnl cells (B4, Ei)

(4) Fourth Clcawize. The planes of clenwvnge vary in different quadrants, but the
nev: cells da not overler the segittal nlenc of the embryo. Two of the entero-
dorstl cclls ond two of the nostero=-ventroel cells of the 16-cell cmbryo are
crowded u-wuy fron this sagittel plane, but cll other oells touch ite The
dorssal ant ventrel hemishheres at this stage are nirror inages. The yel low
pizment lies in four nosterior colls: (BS.l(larger cell), BS5.2(smeller coll),
B5.1 and BSQZ).

(5) Fifth Cleavage. Clcavage in the dorsal (vcgetal) henisphere precedes that in
the ventral (enimal )hemisphers, und cleavige in the wnterior part of each
hemisphere nreceder thet in the posterior parte

At the 32 cell stage, the ycellow substance is '.lmost entirely confined to six dorsoe-
sosterior cells, threz on euch side of the midline (B86.2, B6.,3, B6.4, 86.2, BG 3,
36.4). They give risc to nesoderm ¢nd mesenchyme.

Six yolk-filled cells rt the vegetul (definitive dorso~nostcrior) pole vnterior to
the yellow mesadern cells, will give rise to endodermes AG6.1, A6.3, B6.1, A6.1, A6.3,
Bsqlc

Four cells nt the nnterior barder of the ombryo just below the equator (A6.2, A6.4,
4642, AB «4), @nd two just cbove the equator (a6.5 nnd £6,5) will give rise to the
Totocho 5 and neural pleatc.

All the rest of the cclls are ectodemicl.

(6) Later Cleavage, gastrulstion, neuralation. The gnstrula passes through disce
shaped, saucer=shaned and cup-shaped stages staerting with the 7th cleavege.
As it finally becomes cgg=-shaped, the gestrula‘'s blastopore, found at the
small hind erd, becomes T-shened, the stem of the T bordered by the yeollow
mesoderm~mesenchyne cells,

Thecells overhanzing: the crossbar of the T-shaned blastopore eonstifute its
dorsal lin, They overgrow it, finully engulfing the yellow cclls which from
then on are only seen dimly through the translucent ectoderm.

Viatch the graducl elongation of the embryo and the apnearance of definite
tedpole form. (see Berrill, 1929, fic. 10.) Exemine older cultures

showing metomorphosis to eadult. Bketch a 7 day old specimon.

In l-day cultures note especiullys notochord, muscle tuil eclls, cerebral vesicle
with otolith ond c¢y=, endostyle, 3 udhesive penillaec,

In 3-dey cultures mctamorphosis is wecll advanced. lote the well developed 2-4
respiratory rmpullces protostigmata may be oresent vith beating cilia; branchial
and atrial sinhonsy condostyle, dcveloping gut.

In 7-day cultures: the tdult form is well snown and orgens wedl devweloped. The
respirotory cnpullee no longer functionsl. Ilerrt beuting.
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jolgula (eg: dismeter = O.1lmm.)
—

“he egis of Mol ula follow almost exactly the nattern of developrent seen in Styela,
swut they do not have pigment. The snimals are self-fertile. A few fertilized eggs
ey be obtained at any time by mincing the gonads in sea water, although snawning
asually occurs at deybreak.

20se's method for controlling the srawning of !folgula or Ciona is to put a few
jndividuels in a lerge dish of sea water and store them in the dagk, for instance,
ir & desx drawver, until eggs are needed. lolgula will shed 15 minutes or so after
peing brought ocut into the light, Ciona immediately. The snawning of these forms
will be “deminstrated,

start some kolgula eggs developing. If develoning egys are isolated in a watoch
glass, tadpoles &nd young steges of metamorphosis ure obtainable. Tadpoles are fully
formed in 8 hours. (Conklin, 1905).Note ebsence of "eye" but well-developed otolith.
Exemine older cultures showing metamorphosis. Sketch a 3=dity specimen..

In 1-duy cultures note the progress of metemorphosis and the aopearunce of the
p——

resnirrtory amnullae,

In 3-dey cultures note onc very long respiristory smpulla cnd severel cmuller ones

(Berrill, 19256, fig. 18b); other structures as for Styeln.

In 6~dey cultures notc the smergence of the +dult tction system. The ronal vosiolse

mey be s cen close to the becting heart.

B. GOLONTAL 2SCIDIANS

1+ AMARQUCIUM: TADPOLES, | ETAMORPHOSIS, EPIC:RDIAL BUDIITG.
(Usuelly not eveilaeble until July)

(See Pratt, 1935, Fig. 960 for sketch of cdult unc tomy)
) lethods,
The larvae of Styecla end !'olgule cre so smell thut study of their interncl orgunization
is difficult. The compound «scidian Amaroucium is viviparous, and the lrrge tadnoles
are ¢asily obteined from per nt colonies, nrovided the meterial is rire tnd hes been
collected quite recently.

Tedpoles usually leave the parent colony shortly «fter sunrise. These undumaged rnd

fully developed individuels can be collected in the luboretory, mnd they cre the best
nctericl for the study of swimming end of metumorphosis. They collect at the top of

the wuter on tho side of the tenk nearest the light.

If colonies ure kept in « shrouded aquerium the shedding onn be postponecd until a
morc setsonabls hour, Swarms of wctive tadpoles usually cppear within fifteen
minutes of bringing ripe colonics out of the dirk. About e third of the tudnoles

vill emerge within half cng hour, if illumincted first ot nine o'elock in tho morning;
if the colony is kept derk until mid-wfférnoon :bout three . uurters of them will
cmerge within & hclf an hour. DNearly cll of them v i1l commence metumorphosis within
an hour of buing shed.

b) Trdoole structure rnd behcvior,

Vetoh amerouoium trdpoies swerming in e dish of sct witer. VWhet (re the rouctions to
light +nd gr-vity? How do they nropcl tiemselves? fluce o few trdpoles on u slide
dn ¢ small drop of water cnd study their enctomy under tho mioroscome. (Gruve, 1920,

1921; Scott, 1946)

Not ¢ll structures qun be socen in =« liwving tednole.. Note the thick test with
contcined test=oells, the rdhesive —~t.pillae, the atricl siohon (near the tnil), the
orel siphon (usuully larger); a nd the smmsory vesiclc betwecen the two siphons.
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The smcll pigment cup with lens is ¢ lighteperceiving orgen, and there is a smnll
round black strtio orgnn olso within the sensory vesicle. In the tril, note the
auscle cells rnd notocherd.

¢. Metamorphosis,

ol: cc ¢ dozen or so trdpoles in & drop of wrter on & dry watch gless for study of
act.orohosis.  “.hen in the course of the next hour the tadpdles hawve firmly ctt. ched
to the glrss, 1d4d more sen wrter to the dish.e After attichment (sonctimes before
thare is time to cttoch) the tissue of the tcil is destroyed b phegoeytes, thc test
swel:s rnd metimornhosis is under wry. Vithin o couple of hours, movements of the
body m'y be obscrved. The results of the extensive «nd ravid intarnnl reorgenie: tiosn
thr.t is goins on ccn be otserved best two deays to r woek lecter (crave, 1935), M ke
seve:rsl timed sketches of the extornel usneots of rnetimorphosis,

de Lt.ter Stuges.

Ubserve ond skotch metamorhosed Ameroucium individuals vhich hove been growing for
four diys or so cfter cttechment. They ¢ re frstened to woteh glt sses which hove been
stored in frrmes under witcr. Gently flush debris from them ct the sot-water tap,
-nd tvoid tioping of £ thoir cover of water. After mr king your records you will
return the specimens, still living in their watch glesses, to the frames from which
they were tocen,

Ex~mine the sneoimens under low power first, for oricntition, If they cre growing
uworight they ncy be flettened out be pgently lowering o cover gluss on them. At ~no
end of this ctrnirwl nre the ctricl ¢nd orcl sinhous, nt the other is the post-ubdomen,
1rith the heort : t its tine. “nteh tho heert for neriddie reversul of bont. Identify
the enienrdium, o usuclly nignented strin@ of tissue running throughout the post-
cbdomen from ovhurynx to hecart rocgion. It is the :gent in esexual reproduction and
colony formotion,.

Below the sinhons is the pheryax with its thrce rows of numerous stigmatr (viscernl
olefts). It opens into = short esophegus which connects with ¢ round yellow stomach
norked by muscular biands. The intestine turns sherply cfter leaving the stomnch,

end ends necr the oatrial siphon. The cndoustyle is shurply indicrtod og the wall

of the phurynx, delimiting thc two attinl pouches. These poucheguﬁiogﬂg pharynx,

end open to the cxterior at the atrial siphone.

e« Epicardial Buddinge.

Asexutl renroduction of new individunls mey be seen in luborntory oultures about

17 days aofter attechment of the tudples Or, swarms of buds in ell stuges of growth
ond migrution cen usually be found at the ba-ses of the tiniest trensporent finger-
like lobes of & lurge hetlthy colony. Demonstretions will be mede of them, which
should be sketehed at low magnification.

Asexucl reproduction is aceomplished by strobilization, i.e. segmentation of the
post-ebdomen which contcins the epicardirl strind. The buds consist at first of

innor vesicle (from cpicerdium) and outer covering (from purent epidermis). All

internal orgens of the new individucls form from the enicurdium tissue, which wos
¢ pharyngeal derivative, i.e. endoderm.

This method of usexunl reproguction is distinguished from others in Tunicetes by
being otlled Pharyngeel or Eplecardial Budding (Kowrlevsky, '74, Berrill '36). The
enicerdirl buds *While differcnticting into new zoolds nove up nnd teke their ploce
sround the orrent. During the strobilization of the ptrentts postabdomen, the old
her rt is isolnted and degenerates, ond o new heurt is regonertted in the nurent.
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J. DOTRYLELUS: T.DPOLES, ET.NCRPHFISIS, . TRI:.L BUDDIIG

(Sketches will be found in Berrill, 1940, 1941)
3otryllus is cnother compound fiscidian, which is found encrusting on rocks, whi rves
‘rd florts. Certain colonies, trought into the luboratory cnd plrced in dishes of
se. v oter, will 1ilernte noeny tidooles. Trdodles rnd &1l stoges of clecvrnge nnd
e lonent ey 1 1so be obtained hy nincirng the colonies und hunting in the debris.
If the normally-shed tadpoles cre placed in ¢ little sea wnter in & weteh gless, they
.02 Bitoch ©» the dish wund camence their renid netcmorphosis (Hernen, F.C., 1924).

1, Uiracture of Trdpole.

“be irnipdke is mot «5 lrrge ts that of aneroucium, but showe an interesting now

fectur:. Just under the wdhesive pavnillee is r ring of & unipullee which are diverticula
of the body viell, destirad to be nrrts of the ts yet non-functional (nd incomovl-te
cirzuls tory system (Gr:ves rnd Toodbridge, 1924), In netenornhosis they unfHld like
pett.ls of « Tlower, end srrecd ' round the edge of the developing tunichte. Us the
colony grovs these incrcase in nunbter,

In rddition, identify the stetolith, . denscly tlrck curn susvended in the sonsory
vesicle by & slender stalk end clusely cssocicted with light-sensitive elerients
(Grove and Riley, 19385); the two siphons; the nhurynx with severcl stigmate; tho
storin:h and intestine. Sketch the tadpole,

Tadr ies ottrch to ¢ substrete vithin an hour or two efter hatching. The mot:murphosis
is exmrencly ronid (Gr-ve, 1935, Grove 'nd Nichol, 1939). They often metemopbhose
vithout ~tiiching and  ettech & duy or so 1rter.

b. Tvno-d y 0ld Fppm. strirl Budding.
Tedpolcs hive ceen r.llowed to fttrch to wetch glesses and grow for two days. They
cre nov lerger and clearer, cnd usually so oriented thet the observer looks directly
down ipto the €tricl cnd orul sivhons. The lirge pherynx is in the shrpe of o
truncoted cone tnd beurs up the throc rows of stigm tn (viscerul clofts) which let
vater pass out ints the utricl cavities of the twe sides. The endustyle lies on the
under side af the nharynx ind thus copeers ©s « rod under the mouth.

The stomich orginorily urpeurs as & yellow body under the etricl opening. The intestine
efter turning to one sidc from the storxch, returns to ermpty neer the wtrium. The
pulsoting herrt and its vesscls tre of pe rticular interest, esneciully the flow of

blocf uround the routh ocnd phirynx.

4 new bul (First blrstozonid) aopears from the sexurlly developed rnimel (the oognid)
es rn evaginotion of the ctrium at one side. It is furnishcd with o blood supply,

end nresently the differenticting perts cnan be distinguished. Coming from the ctriunm,
the whole bud, enid =11 nrrts af the new individuul, sre lerived from ectoderms This
is the atrial type of budding (Berrill, 1941). Skdch tn ovozooid showing buds.

c. Weeck-old form.

In these aninels, genernl stucture alrecdy studicd may be ecsily socn under low power.
The phervnx of the oozodid hes 2eveloned 4 rows ~f stignote, and the first bleastozooid
mey nlso hove threc or four rows. Blestozooid buds of the sceond unld third order roy
be present.

The first blastozooid bu? ir Botrvllus is single, 11 the luter oneere in
symmetriocul prirs. The same organ structurcs muy be seem in «ll the individucls,
notwithstanding their 2iverse embryology, with the mdénor c¢xcention thet the oognoid
toes not develop gonndse. Through recrrongement of the individuels, the completod
colony shows ¢ cormon satrisl pit in the center, with separate pheryngerl onenings
st the voriphery (sec wcll churt).
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sech bad consists at first of a disc, ther c snhere. The snherc extrudecs sex ocells
.t one or toth sides and becomes partitioned into three wvesiosles, the 1: ternl ones
sorminy atricl chambers, the middle onec the pharynxe (Later steges show differentic-
»ion of thc rest of the orgens from the Pharynxevesicle (Berrill, 1941).

PUUOPE LGy STPTAL 3UDDING

Tor sxotcohes e.e Berrill, 1525)

poro-horr is < 1little srcen=colored ascidiin, which by nefins of stolons forns leowe
s on vhorf pilings, etc. Pieces of the coleny mey be gently stuck te wetoen

1 S
B
-+ s witl wvmscline, wnd stored in rumning sce vatere Afteor o day or vo, stelons
il P sant out over the surface of the pluss - nd nev blastozooids will be forned

P

t lnzcrvalse  Bxemiine the wetchegless culture of Perophora which has been grovin

-
By
P

wv

Jor two veells.

foticec “he Lrenching nrttern of the stolons. Tihe tins show explorstory tendencics
like s 11 ns.udopodia. The outgoing «nd incoming blood strerms in the stolons :rc
sen reted by o nescuchyre scptume All steges ir the fouti tion of now individucls
~111 b2 found, arrenged like punrkirs on ¢ vine, with the youngest newrest the tips.

“he oungost buds consist of en outir vesicle derived from tho eniderm of the colony
«rd “n inacr vesicle frmed by the snlitting of thoe mwesencliimetous stolon sentun.

Li

O orenesis toiies nl-ee in the inner vesicle, vuich is cerived from accenchyre

(tr. i1, 1935). This :ethod of budding is distingnished as the sental typo.
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In Tenisnhniore

_cebred vesicle = g7.,13, a7.9, a7.,10

Cchodern = nirer e
«11 b

veg ¥ dorsal

Pesensivie = 7.6, L7.0, B7.7, 87.3, AT7.6
c4

Teursl Plute = LT7.4, Q7.8

Crorda = 47.3, A7.7

L)

Trdoderm = B7.1, B7.2, AT7.)1, 7.2, 10,0

anterior cclle cra i Or a.
Pogt.rior eclls re B or L.

..rimal hemisphere cclls tre « or b ) at 8-ccll strie
Ve zetal hemisvhere cells cre 4 or B ) and bey "nd

welft ond Right corresminding blostomeres boir same designetion exeent right ones
nre unucrscored

The first nuaber pives the gencre-tion of ccll, counting the egg s first gencration.
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CULTURING LIERYOS O5i VASELIIE-SLALED SLIDES

A1 CvZne ILIFs AND IN CELLOI HALE TUBING

It is often desirable to culture single embryos or snall nua-
vors of tllern a sriall volumne of :iediw. so thot they can be readily
(mssrveld I'roe: time to time and so that their swirswing activities do
~ot rcke sear-hing feor then too time consuning. Ior this prurpose
they rav Le kept ia a small drop i a cherber formed by a slide end
¢ ersliy sealed together with veseline. It is also often desireile

cuiiture iarcre nmymwers of eriryos In rather concentrated suspensivr.
The use of cellophane tubing helps overcore the difficulty of atte i t-
ing to transfer large numbers of swiuming embryus to fresh sea vator
and permits satisfactory developent of rather concentrated suspen-
siong, :

Ecaipment: Vaseline (fairly pure petroleum), slides, coverslips,
ordinary droppers, {ine-ti,.ed droppers, collophene tubing (Visling
cellulose sausage casings cae 1" diam.), funnel (6"), Syracusc dishes,
finzer bowls, anc scissors,

Scluticns: Filtored sea water, Diatom culture,

Vascline-S1lide lethod: Warm a small amount of vascline in a hoaker
Tc just above the mclting peint and with a warm dropper make a hollow
square of vaselinc on a clean, dry slide, A bunt metal rod can elso
be used for this purposc in place of the dropper. The outside dimen-
sions of thie square of vaseline should be roushly the sames as that

of the coverslip that is to be used and the heisht should be about

1l mm, F lace a small drop contoining the c¢ggs or embryvos within the
sguare on the slidc. This drop should be of such sizo that when

the coverslip is addec, completsoly scaled to tho slide and contact
riade vith the drop, the diameter of the drop will bo about 2 to 3 mm,
The coverslip should be presscd down sufficiently so that a completely
scaled chamber is formed, with ao air channcls running through the
vasoclire. Avoid havirg the drop come in contact with the veasoline,
The slide should be kupt In a cool place and the embryos transferrod
to a fresh preparation at invervels of once to four days depoending
upon the amount of living material present.

Cellophanc Tubing Method: Thc scamless cellophene tubing is usually
supplied in flat rolls of about 100 feet, Cui off a picce about

on¢ foot in longth and tie & knot in one end of it. Soal the pieces
in sea water For & fow minutos, then open the other end by sliding
the two sides of the flattencd tube against one enothicr. Introduco

a fumnel into the open snd of the tube and pour in about 100 cc, of
the suspension of eggs or emiryos, Tie off the tube in such a way
than an oir pocket of about one-fifth of thce volwie of fluld 1s left,
Thon place thz tube in a dish or aquarium of running sca water in
such & way that the weter tends to flow past 1t., with small cmbryos
c¢f annclids, mollusks, or «chinoderms, soverel thouscnd armbryos por
1¢C ~ec, can bte kept alive in thls manner providocd they arc chnnroed

tc fresh tulics once or tilce o weelk, To obtain later devclopricntel
stages and growth food materi:ls must be added, Fer this purpose

a amall amount of 2 donsc suspensii:n of diatems (Nitschia) should beo
added at cecch transfcer.




PREFARATION OF FIJOD A1) STAINZD MATERIAL BY

TYE FLATTENINC 1UHQOD

The following is & brief account or a rapid slide-making; that
£ asorw) Uor such purjosces as nelring chromesorice counts, delermining
~ Loowltosis, fertilization, cote., on devclopling emes ond other
~.al, = Invelves flattening the easgs or cmbryos betwon tve
- Clips W in, fhurefore, wmsuitahle for anr work in wuich %t §-
GEz ¢ to ret.n the n rmal shape ol tho cells,

‘ShLs, 2 oor mere clean .o, 1 coversliys,
(coverslip-sizo), 1 Jeresps, 1 Clssccting

Lo ‘- xins fleid, Lolaf1.2d's hepatoxylin, Alcdlel
scrice (A0, 50%, 708, AL, S8L, anr ]OON), Aricd=nleohel (27 TI0CL in
30 ‘l;Jhsl,, Xyl~1l, vanada Salses r Tuparel,

Iro'(g"“g.- e methed consists siocly In joining wnd louer separat-
inz two coversliys, onu of wh;ch contalins o aror of the fixaag 1luad,
the oither o drop of tho eag 1spenalicon,  The zcoverslips with eddbworiag

flottencd <,tq are subsaoque Ll randled in tho sone ranner as slides
¢f scectivned aterial, 7o fhv,”lt te later selarction the coverslips
chm1d¢ he joiL crossvwiscu, Thwe Iollewing illustrates the procedure,

Supprert (ne coverclip on tha sdges of two Syracusu &,oﬂhu rlaced nort
to coely ciher ((r sume othzr conveonient rvllk?t) and add o smell drep
of fixina fluid (Bouln'a). old the cther coverslipy in one hend and

add a sm:ll drep of the egp suspension ot the dussiroed "{“ge. Invert
the seccond ceverslip cver the first ir crosswvise position (so that the
corners de not colncide) an' »eleasce 1t as soor as the drops itouch,
Th~ dreops shiould not be alluwed to underge any appreciahle evapcration
before joining. The size of the 6“013 should e gich thot when

Joincd The fInid does not quite £iL) the space between the tve cover-
slips. The ogas are thus flottoncd and thic degree of this flattenine
can be rcgn“”tod te some ¢xtont 2y ihe size of thoe dreps. The fixing
fluid acte rapidly on Cf‘]" ;f smell diemetoer, vspeciclly whon thoy
arc flattcncd. Wiith mest marine c¢ogs of 0,06 to 0,2 nwim., twoe to ton
minuvtss usunlly suffices for : S fixeti m in Pﬁwin's fluid., The
joined coverslips are thuen r“C‘ul¢j placud in & Syrasuse dish and 70%

alcchoel is ~2aded whercupen: the cuversliips tond to ucp\.uto. Lift the

upper coverslip Lff by mecns of o fine fourceps using o nece’lo placed

~t tho cproesitc edpe of thoe urper covarsliv to prOVCnt it from sliding
o

wile Leing rerouvea, and ploce it CEL*SIC up in snsthor 4ich of 70%
alecknl,  Sliding of one coeverslip over the Jthoer will couse distortisn
1ad loss =f eggs or fragments thercof, Ordinarily cbhout half of tho
eoes wiill cahere to cﬂch cuverslip., if the fixing fluid had boon
allowed to cot for tva long o time bof e the czrs were actunlly
flcitened, many of thoe eggrs ol fail o cdhero to ths cowr rslips whoen
they are scparatcd, Allow tbu coversiin vo remcin in tvic or thruee
cnev ces of 708 dlechiol fer s sufficicnt dlongth of time (usuelly of
70 n an hour) o romove the ycllﬁw enlor of pieric seid (of the Lenint
fluid) from the copa,

Tronsfer the ceverslips throuch 50,0 and 50% cleohzl (ebout
sne minute i1 cach) to nelaficldals hﬂmntux"Wnn o ten inaatees or







MZASURELEYT O

¥ OOXYGIh CC‘QUﬂPmIO O 1GGS COI' ARBACIA
AITD OTHER LHIVALS

G 41T VINLILR METHOD.

The inller method for nmessuring dissolved oxyren was first
[ ~>-1ied tc the study of the respiratory rates of unfertilized ard of
Sloyine c-ue hy O, Varburg (100€) in his clessical deronstration cof

~ N
.

~c ehanre in rate resultirg Irox fertiilzation in Arbacia, Thile

- . ftitri-cetric method has now been largely superseded Ly nnl.ometric

e crients St sti1ll remeins vseful i many tyives of experivents oo’

3 'fyuhlt of creat sensitivity, Thus in a Audi“ cation emdloyed '

avr.~ (1272) for exjerirnents on fragaeents of erphibias gastrulae tiv
ions were fou.d to he rerroducinhic to vithin 0,03 cu.n:. O-.

lso, meony or the stul:nts way ot in their future wvorl: havo

. o
1v’access te the n.ore ex pew31" arnd steneretle mawowbiric ﬂqnip’“rt
o liarity with che Tinkler etnuu a7 bhe of impor °“vc. ¢ ol tho
..~ zautions te te take“ for accursa rorults cre discussed bv Thowpson
.. sobinson (1979), In tre prresent . (reise this ﬂetnod will boe uscd
*n relativelr crude form, but with sufrlicient cccurecy to enalle the

s

student tc O t‘in ouanbltat .ve data on the effects of fertilization
an¢ grogrcss of & chO ment on rato ofaxygen vptoxe, Supple-cntery
:xr~riwurts involving the -se of verious mutn%olic stimilants end de-
prSSQWbS arc listcd telow and »ar bBe undcert-lien by such stucints vho
have the tirme end Intercet,

“dving Meterial
inctra, @creis or Ust

Erprs and sperm of Arbscia, Astorios Chaetoptovus,
Gl

°
@

re

-

L

Zoulurent: - (per two students) s Scissors, forcups, bolting cloth

(for sTreining cars), 1 beaker (1000 ml), 2 bealers (500 ml), 1 bealor
(1C¢ ml), 2 mueclcine droppers, 1 ~’“du“"‘d evlinder (100 ml), 4 glass
stgpn\rcd sttlss (100 to 128 7) 2 Oy ruilor toads (to fit longth-
wise "ruund bottles), ¢ class stojroercd Loitles (50 1.1 cclitreted®), S
pipcttes { 11 with 0,1 1l graducti c*s,) 1 scrological pipette (1 ml,
wide o,énir;, delivering to tip), 6 merhles or large sluss Loods (must
pces throurh neclk of tho¢ mlass=stopper.a “otL-gu), 1 sip’on mountued in
o two-hcle rubk\r stopper to fiit the 14; nl Tettles (tiw inner arm of
the sirhon should cxtend dovmi about P/o of tnc length of the bottle

and shiould have aon upturncd opening; © ¢ outer arm should cxtend sbout

4 or 5 inches Welow the h ttow of the bottlo; the othwer opening of the
ruther stopper should heve a 3 inebh levit: of slaess tulin~g which nced
noet e o dInscertod Tortror than wh ‘Lttcn of tie stepper), 1 Lurctte

(5 ml or 10 ml graduated in 0,0z ml), 1 ring stand with burctte helder,
1 Frlonmover flask (125 ml), 1 thcruunktur.

G.ncral Lguipniont: (for class): 1 sloew speed shelzer (ca. 5 to
29 round trips per minctoed at 2 to 10 i-ahes amplitude, to neld sbout
thirty 125 rl. beotiles); 1 ralencoe cagoup te 200 grews to within
chont 0,2 groms; 2 Lrnson burrcrs and triveds with wirc scroen,

#0080 vl class stofpered bettlos 8i.ould Lo calibret d by walghing
the cmou-t of distilled voter thoy con’ cin vhor exupletely f£illed and
with stopper in plece and 1 noritlu or soeveral ploes bends inslde of
the hoittle. -ote Girporeture ond calenlalc volw . froo density Lf ile
victere
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Sulut’cns (per tvo students): 10 11, of 405 MnClg; 10 il of

0.5%, in 367 J6F NaCH; 10 ml of conc, HCM; 100 ml of N/100 Na.S
=" starch solution in dropring bottlc; 000 ml of £L1ECH 8 Sba

watvr; 50 r1 of freshly toiloed distilled vater in stoppered Yottle,

Stock Saoluticns (for cless of 15 pairs of stud\nts): 250 m1 of
407 maneonous cn.oride solution (usc ir nefrec tnCl 100 groms nede
up to 250 1 with cistilled voter); 200 =l of 157 FT in 337 YO
solution (diss2lve 90 groms of 1eOH is some distillod water, cocl,
2dd 37,5 groens of 21, wolks up to 280 nl ond kevp in derlr bottle with
rubber stopper); 220 ml cone, 01 (Ceie vith no froo Cle); 2000 to
3000 m1 N/100 sodiws thiosulyhnte soluticn (A‘A~ up in 1000 ml volue

metric flcsks if lerelr SiZbS quvallcolc° f'or cich lltor_dissolvo
2.482 grems of Ce 1o frado I .ounC in d¢qtiLlL0 veter to nmake
1000 at calihraticn tb“wxr"fﬁré or“flesl; is sclution is to be kopt

several days Lofor. usc, include 4 1l of 1Y IaCH per lit.r); 150 mi
of "W gtarch soluticn (cruls: v 1 grem of votato starch vith 25 ml
of watur and pour slowly irto cb ut 275 ml of boiling water, boill for
o few minuter longoer, allow to scitle and decont cleer ugcrwut“At' if
solution is tc b kopt longer than o foui deys cdda 5 or 10 drops of

chloroform) .

Manipulation of Lgpst Collect, strain cnd wash in fillercd sea
water a large uamplo of CEIS of Arbccic (or other cnimel cveilable)
in the manner descriled in provicus cx.rcisuvs, Allow the egns to
settle in a grodunted cylindcr for about 10 to 20 minutces ornd mcke up
(in tho litcer becakoy) approxiictcly 400 to 500 wl of a 1 to 5 pecrecnt
suspcnsion on the besis of the scttled solure. Stir ond divide suse-
pcension into rourhly cqual parts ia ¢he 500 ml. bockers (pouring
rapidly but gently). Inscminnte onc borker of cggs (noting timc ond
temperaturc) with o fow drons of o suspinsion containing just suffi-
cicnt sperm to fertilize practicalls all of the egas (ns judged by
prior tricl on & sample of the susponsion) and wash once adjusting to
original volw.c. Allow cggs in boilr Leeckers to scttle sufficlontly
to e¢n able sivhening ofr ¢nouzh supernatent to £111 the calibreated
50 ml bottle to ovbrflow1ng. lhu bottles should conteln the some
marble =r glass beads used in eelibracing and prececuticons should be
tokon to aveid much coration during (he £illing. The prevanU of a
few eggs in the supernatont will not intorfore scricusly with tho
oxygon-dotbrmin:tiun but it is best te nveld including cggs in tho

semile, Immecintcly after £illing, cnce studoint should add the
~1n]7or rcagents to thesc "initinl reoding” bottles, as doseribed
hulow, while the other student procccds ~f nce with furthcr hondling

cf the crngps.

Stir thoe suspensi-ns of cggs, £111 cemplctely the 125 ml bottlos
trining rnierble or gloss b(fdss with c¢oeh, inscrt glass stopper
ving no eir spoce, note tirce cnd towpirocture, pleee rubbor bands
thwisc around bottlees to held stuppcr In pleco rnd plece bottloes -
heltere,  wove remcinder of zuspunsions for csticcting concuntra~
5 5P cgrs ¢s desceribed belon, Allow the "resvirction bottlus' Lo
~ovnin oon the shoker for o period of tlue thrt is cstineted to gilve
a r.oatily aeasurahic oxygen uptatze, bnt woet, in oy cwent, for o
period thet vould use up more thon 3/4 .f u.u oxygren cveilabhle in the
gea=voter or for longer than twe hours, Thoe following filpgures may
ha¢ly the student decldo ¢n the roegpireticn time for Arbacle. The

]
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instructir sh~uld he counsulted for data on ¢ther animels. Ordinory
sca vinter ot 25° C contoirs b ut 5 cuam.0s por ml, Ono million
unfertiliz.d Arbacizs (ogs (% co.l ml of 1ightlr settled cgrs of 0,2 ml-
ofcentrifuccd, pocked cg=s) conswne cbrut 10 cu.n1.02/hr (sce hitekor,
1¢33), So o susiensicn contoinine 200,000 ¢rgs per ml will consume
half ¢f the svyran present in the scoo wnt‘r Iin o pericd of _no heur,
As ¢ winiliuwr, 25,00C LI“S per ml1 may be wsed for ¢ two-hour run, Thoe
fertiliz.  cgpe colsww criygen ot shout & L ¢ the cbhove rote end tho
résiration mC e be cstimated cccordingly. At the cnd of the
respivrction rericd 110w the epgs to sctile sufficicntly to cneble
siohconing ff ot Iccet 55 11 of superratent (procticnlly froe of oges).
Rcmdvu stopper, Dimedictel: iamscrt sirhon and i1l the 50 ml c\librdtcd
sttle to OJk”f‘unlng, cvoelding ceratl ne lrocccd ot .nco with
c~d 1ition of the Vinlllir rocgints as degceribed belov,

Co ing the Loes: Uith the wicde outied serological ploctte
rcm:vl‘l irrcd cgz suspension, romeininge in the beclier, to
99 rml i sca vioter, Stir this éilut.d susitewin cnd roncve 1 ml
(or less if mvrb then 500 opgs per ml ore ircoent) tu o dish for
counting. The counting is froeilitated 10 v sonple is stroclied In tho
dislh in streaks not vider than the £ic1ld of the micrcescene ot o
magnification of 20 tc 40x. Alternotiv.i,, the cgms may be counted in
the pipctte placed on the stoge of the microscope, prefoerebly in o
dish ¢f scve wotoer to focilitoto obscrvatiunse

Determinetion of Oxygen Contint: ©: the samyles in the 50 1
cclibrated & ttles cuickly add 0.2 ml of the IInCleo soluti-n and O.u r1l
of the NoCh-X1l scluti n. Yhese should .o introduced cbout helf-war
devm the bottle with 1 ml pipotte (nd noeod not be neasur.d more
accurately thon cbout 205, Irmedictilr insort stopper, forcing out
some water (subtract 0.4 ml frear colibretion volume) né av-id trapping
air bubblce, Shoke botile for cbecut o minute ond cllow it t. stond for
a couprle of winutes for the precipit-te to scttle sufficicntls to
lecve ot leest 1 cm of the upgper end of the botile freo of precipitato.
Carcfully rouove storicr ond intreducs aneut 0.4 ml of thwe HCL Just
below the surfoece of the Yigaid in the hoettle, Stopper ogoin and
shalze until rroecipitcte hes dissclvede Treonsfor to the 125 ::
Erlermmeyer flask for titrction, The mizxture now contnins froc iodino
whaoch should te titret:d foirly soun tu cvoid loss duc to its volatili-
ty. In titrating first cdd sufficicnt thicvsulphota sclution te ceouse
most of the yollow celor cuc to the isdine tu discppear. Thon add
cnowgh stereh solution to mive a distinet bluce color to the sovlution
4 or 5 dreps will prohebly suffice) and centinue the titrati-n until
thie blue color Just distppoars, Bach nl. f L/100 triosulphete corrce-
sprnés to 0,0025 millimoles of Op (=0.03 ng v 0,056 ml o uf 6¢C and
760 v3 IIg). Sincoc 50 ml of sia weier in oquilibriw. with oir contiins
~bovt 0,25 ml of ai_u Slved orgen ther nbout 4,5 ml of the 4/100
tnlcsulpiote vould be riguir.a for ¢ s-a uater blonk, ~nd cpproxinatoely
the senme cmowit for the "initisl reading” su erncti-t. Fr w tho
Al orenee in titrotion of the supcrentonts of the "iritinl reeding"
an¢ "reopiration bettles", from the colibrotion volume of the reaction
D ttiuvs, frox the durction of the run, ané from the omg counts tho
student ray ~aleculate the rate of uxyszen consumption per cgg (or per
10™ ¢pgs) . '

l

)

The rcections involved rre cg follovs, Nn(OH)g is first foimed

R
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by reaction of the inCl_ with the YaCll, &s it rfcrms some ¢omdines
vith the oxyrern present€to form MnoO-, a trewn precipitate, while the
evcess Mn(OHTg fleccculates as a whgtg prrecirtete,. “he balanced
equations are:

inllo ¢ 2¥e QX 2 Mn(OQH)o, ¢ 2lia”l
RSN ANaY & ] 4 CV & AT
T aCE) s 4 02 44..1‘1203 b ,.1.20

<
The o diticn of FC1l tren csuses the liberation of free incine from the
i 0 e ecuations:

4+ 611 = 7inCl. 4 3Hn0 ¢ Clo
Cly, + il = 2aC1 a I,

&

D

So for sach molecule cf Og present two clecules of 1, are liveratad,
In *itratiry the free ilccine reacts wit:- Lle t ra
tetrathionate snd iocdide,

e¥apSo0z 4 Ip % Wa, 5,0, & & oI
. < g0
which are tothi colorless, permitting the end poirt to be deterriined by
the cdisarpearance of the blue color thoto forms when 1odine reacts with
the starchindiceator,.

Supplerientary “ork: As additicral exercises the student nay
attempt one or mure of the followiug:

(1) Resuiratory rate at verinus stoees of development,,
(2) Effect of cyanide
(3) Effcct of dinitrophcnol

(4) Effect of idoacetate

(5) Fffcct of low pH,..

(5) Eficet of high pH.

{7} Respiration of articislly acvivsted eggs..

Consult instructor for ecliails and refcrences,

Literature Sitcd:

Bartn, L. G., 1942, Fhysiol. Zoo0l., 15:050-49

Thompson, Te Go.. 01 Re. Je. Hobinson, 1260, J. leriic Rescarch 2@ 1-8
Warburg, C., 1908,. loppe=Seylor's Zeitschr,f.lhysiol, Chenie,. 57:1-16,

Whitaker, V,.i,, 1933, J..len,. Physicl., 16: 475-495




NUCLEIC A~CILS IN EGGS O }ARINE ANINALS

It is recdily aprarent that the totel amount of nucleer material
incresses consicderably during cleavage and early development., In sea-
urchirs Godlewslki (1903) Potimated the increase to be about seventy.-
ford from the uncleaved egr in which the nucleus oscuples 0,2 of the
tetael velume, to the blastula stage, in vhich the nuclel occury 14-..
ovever chemical esti:iaticns of nucleic acids, based on determirations-
of nucleic acid phesprorus and of purine nitropgen showed (Masirg, 31210,

ciiy T, and De Teedha:', 1930) no incr:ase during the early develomient
cf < e sca-urchine. =“his praradox was largcely resolved me*nlv threoush
the vork of J. Croehet (1933-47) and Caspersson and Schultz (1938-40)
who cccwnlated eviderce to show that the cytoilasm of aniral cells
¢oubiins principelly ribonucleic acid (slso called yesst or phytonu
cleic acid) wiile the nucleur contuirs ainly desoxy-ribonuclcic acid
(also callec tl.ymonucleile ecid) ard thac the former 1s trensformed into
the latter during develogment, Tluere is, lowever, still sore dispute
concer.-~ine the transformation (sce, for cxcmple, Scrhmidt ¢t al.,, 1948),

(S a1e]

the tvo types of nucleic ecids by cvtonicriceal rethods, makin; usc of
an enzyme called ritonuclease (Jormes, 1020; Xunitz, 1939) to digcst the
ribonucleic acid., The cggs and embiryos cre to be preparced by tho
flettening tecknicue doesceribed in a sciaratce laboratory outline, This
meshod will not gsive ac rood results as scctioning, particularly with
egrs of Pibacic which are highly pigmented, but will be adequate in
most cascs Lo permiic satisfacbory stainirs. The present oxcrcise also
includcs somc semi-quentitative teosts for the sugar constitucnts, oxe-
tractions mecthods ond some prouertics of micleoprotuins and nucleic
acids which may ¢ undertaken if time pocrmits,

In the grescent exercise the student will attempt to deronstrote

Living l.oterial: Lggs snd sperm ol Arbaciae, Asterias, Mactra,
Chactopterus, neruis or Octrea,

Zguipnent (per student): 124 #1 coverslips (square), 124 micro-
scope slides, 24 coverslip staining jars, 12+ syracusc dishoes, 1 dis-
secting ncoﬂ’o, 1 forcups for handling coverslips, 6 test tubes (ca,
15 rl), 6 cuntrifure tubes (15 ml), 2 snell contrifuge tubes (for high
speed machine), 1 tust tube reck (12 pluces), 1 hecker (250 ml),

1 I'vnscn byrner, 1 tripod ond wirce screcn, 1 dropper (tu reach bottom
of 35 ml, cuntrifuge tubus).,

Solutions (pcr two stgdunts): 1 litcer of distilled watur, 50 ml
ce~r o of 50, &5, 95, and 100, alcohul an of xylol; £ ml cach of cuparal
11 of Canada balsncw in boettles vitj.glass ”00' ]O ml of 0.01%
ricvauclease in feIlwains buffer at pH 6.6 to 7.0; 10 ml of vnre
buffer; 20 m) of ¥ IiCl; 10 ml ¢f Frulgents ftchsin-sulphurous acld
(scc Rafallro, 1946):- stir 1 grea of basic fuehsin into 200 ml of
boiling distillod wetor, Allow to cool to 509C cnd filtor. Under a
cnemical hood bahble SO0 gas through thizs solution for rbout onc¢ hour,
from a Tlas)k ond thisill tubc geacratur containing sodiwr bisulphito
and dilute sulrhirie ccid; the liquid turns strawe-colorcd; add about
OO proms of sctivated chercowl (Merit), stir for cbout twe minutes and

ilter through fast papur. ~tore colurless filtrate in derk in tiphtly
faLpur 'd bottle; to ste d for 24 hours tefore usc; keop vottle well
stopperecd in dari; 50 ml - water Untble 8Os tironsh distilled
watcer for onc houry storc *ﬁ tightly stoppered fleslk; 10 ml of Unnat's
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methyl grocn-ryronin rmixiturce (0,15 grems necthyl croon, 0.25 "pams
Lrronin D, 2,5 rl 085 alecheol, 20 o c:lvcu‘in, 77.5 1 or 0,5 covrd 1lic
22 2 ); 10 ml of saturat:d agu. vus solz*&on of toluicine Llu., 20 ml

of  i2lvs roasent (18 orcinol or? 0,19 firric ¢ lovide ir conc., TC1);

2C 1 0° Tischt'o woaront (1 rem dipac yWATan ¢+ 100 m1 glcedial acotic
“c’d & L,75 1 cene,, F=free, riagert svecde, sulpieric acid); 20 ml of
Digerole Lioak roasont (ne diikhenviamine); 100 21 of 4 ! L J1; 170 rd
o 0,14 1 '2Cl; 10 11 of Carncyt!s fluid (6 vols. 93% alcohol &+ & vols,
c-rorofoir ¢ 1 vol, slocicl mcctic ccid); 20 ml of 10% tricYloroac tic
acidc,

Guner:l Iouliroent (Tor class) 1 woicr both ot 309 vith raclk to
ncid chout 290 ﬂov\f?lig-stﬁi"in ¢ Jers; 1 cointrifupe for chout 3000 ¢,
1l c rEtrifu-c for 7 cut 16,000 g3 <0 il o 1. sclution of ribose, xylosc
or ~rehinosu; 20 nl of C.1%: solution. ol ¢ soxyrid se; 1 1air of
pclarols; 1 weter bath for 10000 vit™y wiire b““wpu or rack to hold
~meut 20 tost tues (13 x 100 ).,

A, Stoildns Frocudures for tix  ueleic Acils, rreiarc, as proviously
Gescribed, opgs ond cmoryes oo various stagls of development of aay of
the above listced mnimals, or of othcrs thet mey be availlcble, Fix

urce or more scty of ¢ppc and cmbryos

by tho flettening wicthod, for 156 niinvte
fer to 2leohol and run them doen to wat

tyres of nucleic tcids as follows

1. Feulgen ction for Desoxvrilbunucle

'7(\,,
PR

in Ccrnoy's fluicd on coverslips,

Se Scperate coverslips, trans-
Cre Ther stein for the two
ic Acid. Flace one sct of

cevorslitrs in N IIC1 at 609C for 10 to 1
in water for the same ;ceriod as ¢ contr
weter and stein for ono u,ur 1n Feul zon!
cach of thr\u chenges of S ? ater, thc
in 50,85, 95 and absolutc a*cohols and

vaané's citric ¢

of F.lonunlonsc (inkcI]

ccdure ctains primarily chromctin matcrial,
reeont cHady of tho reactism,)
2. vaonueleic Acide Plece .ne sot of

- ’
coverslips in o 0,015

2 minutis, leaving snother sot

ol. Lins¢ in wetor, then 80s
s reogunt Wesk I minute in

n 10 ninut in water; dchydrate
rount in bv;arul This  pro-
(Sue Stefeno, 1948, for

sslution

cid buffer at pH G.6-7.0)

¢C%; for onc hour and « contrel sot in buffer solution vithout the
cnz mGe  Steining may be done elthor with (o) Uana's moethyl procn-
pyronane uixture of (b) t.luidinc bluc,.

(2) ctain both scts for 20 minub.s in the me sthyl  grcecen-prronine
eiuatlon, rinso An wetor, Ciffurcntiote in 95% rleohol, run through
rraolute clechel eond xylol, ~ad rount in brlsom. hilp 11 hesic
dyce will stein b th tyoes of nucluic acic, the rivorucleic reid tonds
to )t In red and the dexozyribsnucleic acid grueen in this mixturc,
Digsstion with the ribonucleasc should »oreve the red striring matericl,

(b) ain both sets for 20 minutos ir toluldiice pluc, wesh in
”JV‘P“l cloopus of cetor, differenticte i 959 cleshol (cbout 5 minvtrs)
“nd mruantl os okbove,

Hote ~nd wmake slobches of the distiibutien of the stained meterial
1y buth thoe izymc=trootcd and sontrol scts alfter onc or both ef the
“H.ve nethods of steiningr,  Contrifuge o so mplc of epgps ot about oOCO e

o

Jur ab ot 10 minutes and sucjcet tles

U

T2 the semo procedure cs

LJ OV
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Tor tia dctoection cf ribunucleic acidse *ith vhat matericl in the cgg

12¢s the riverucloic ceid ~piear to To me i 1y cossoveinted,

2 Froparati p e-d rropertics of Tueloorroteins and tests Jor suger

Torstituonts of lJucl.oic Scids, Contriftse ¢ susyension of o s to

civ oot 1 oml o of pocked cgpre, dd S5 ol oof distilled weter cnd shake

vif .roisly. Contrifuge for sbout 12 minutes ot 3,000 g., and note the

g.1rretion inte pifment, voll, nicrosomcl (cloudy) cnd oil leyers,

Tereve vo.ot oof thn micreosomel lever ana cuntrifuge this at hich speed
0l

ninutes, Lhemove e supernctant ond suspend the
¢ votere Add an ccunl Vulu_o of 20 trichloronccets
ced (BCA) te boeth sulernctont and sedfrert sclutions, Heat for 16
novates ©09¢, It hes been shovn by Schu-idcr (1945, 1940) that this
pveocodfure hydrclyzes miclcoprotoing, procipates protein and completely

c

¢y roects thie nielele oclds, Test cliguots of thoese TCA «xtrects {1
pentese oand desoxypeniase o7 the @ igl orceinedl reaction cnd tic Dische
dirtenylemine roactlion deseribed below, and comp~re the cclor irntorsi-
cius visuvally with stonderds node wp fr. the sucers to clve © rough

esvinate of the quentitics precocent, (Two m.les of pontesc or dosoxy -
e atose revresent cne vmele of tre corr.sponding nucleic ccid sinec
cnly the su rr of the purine ruclicecesides, r.t thot of the prrinidine
nreleosides, reacts with the reognts).

-

C

Propoare o 1090 suspensicon of sperm ond edd on cqual volwe ¢ of
4 - NeCl, This rusults in o highl:s viscoeus scluvi-n of nuclooprotuin
from UulCh some undisselved naturicl con bo rarcved by high speced
contrifugction,  Pour this solution inte about 6 velunes of wrier, The
nucten=protein preecivitites s o fibroas nass which 2on be vashed in
0,14 it NeCl and rcdissuvlved in 2 I NaCl., Hote the phrsical prencertice
of the scluti-n (cxawmine for Lirefrihgence ¢ flew 1f poleroids are
aveiln™le). (Sce papore of ilirskr, 1)*]wstcr, and his, 1942, 1947,
for imocrtent contributirns to ocur knovledee of the propertics and
corpeziticn of nucluoproteins and ohromc ambh.) Ixtroet the nucloo-
pr t3in ccluticn with hot TCA os desceriied chovae end tust oxtrocts
wit s u»e Bi~l and Dische rocgonte.

Diall!'s Roactine £dd 1 ml of 2iclls roogent (sce Sulutions,
abeors ) per ml of unknovn soluti-n. Hococt in b0113nw wetor beoth for
2C minutes ond compare intonsity of gruern color that duvelops with
chot of stondards prepoercd from sorial ¢iluti.rs of stocle ribuse,
x71lose or arabin:sc solutions, (Sce iojvows, 1039 fur cquentitotive usc
of this tuost,)

Dische'!s Reocti.ne To un ~liquot of Lhe unknown sclutin add an
qqual volume of Discho's recgent (sce & Jubiins, cheve) nnd te another
cliqunt ndd Dische's blank reogente. Covor vilth o pgloss vial ond ime
mersc in bHrilinc wator boath for 10 mimiose Cool under running tep
wetor ond curvore intonsity of blue color with thet of standerds of

desoxypentese, cllowins feor blan? e recdings should be Qone shortly
oftcr ceclil - since the col r intemaity irerceses on stending,
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RESrIRALCRY EVZVMES OF [ ARINL EGGS

Cellular ocxicdaticns are now known tc proceed through an elaborate
chain of enzymatically catelyzed reacti.ns by which the initial sub-
strate is broken down in stepwise fashion and in which some of the
intermediates may undergo cyclical reconstruction {e.g., the Krebs!
cycle; see Krebs, 1948). The enzymes involved are, souewhat arbitrar-
ily, termed dehvdrogenases and oxidases, based on certain properties
such as vhether or nct they are able anaerobicelly to reduce certain
dvcs like methylene blue, But this doss not imply any fundamental
difference in the mnode of acti-n of the two groups of enzymes, since
the reversible oxidation and reduction that they both undergo can Ye
exrressed similarl: on ar electronic vasis, The differcnces are due
reler to d1f¢crgn\ps in potential at which tlo o oreratc, The oxi-
dases are cape’ le of rcac t‘“f vith wolcceldar vryaen and form the
terninal cnd of t's Chﬁxﬂ. Lowever, ccertein ce~j*rogowmsks (capable
of rcducing methylene blue), such as the aldehide oxidasc (Sclardinger
¢nsyme) commonly found in nilk, are alsc able to recct with molecwlAar
ovrpen and mav e toraed acro !c dehydro;enascs in contrast to
cn=erovic ones, such as suceinic dehydrogenasc,

In the present excrcise the student is to psrform some simple
t3gts rolating to the occurrence of certain of thuse enzyres In sperm
and eggs of merinc animals, FHclativelr littloe date on marince animals
is evaileble in the litersturc. Tor referonces consult icedham (19042),
Brechet (1947), Ball ond luyerhor (1940}, Balluntine (1940), Runnstronm
(1930-135), Orstrom and Lindberg (1940),1943), and Krahl, Jondorf and
Tloves (k942).

Livinz mcterial: Arbacla, Astcrins, Mactra, ‘orcis, Ostrea or
Chactepterus,

Equipment (pbr two students): 24¢ test tubes (13x100 mm), tost
tube racks for 244 tuhos, 24 pipcttes (2 ml graduated), 24 moedicine
droppers, usual dishes for vers, spermi and embryos, 1 bosker (250 ml),
1 bunscn burncr, 1 tripo& with wire gaaze, 3 fcet of collophenc tubiug
(ca, 3/4 inch dian.), woodun splints, 2 contrifuge tubes '15 ml).

Solutivns (per two studonts): 100 rl of 0.02% mcthylenc blus in
0,5 §acl; 20 w1 of 0,02Y mcthylenc “lue in 0,500 NaCl containing 0,01M
KCN; 10 nl cach of 0,51 NaCl, 0,371 socdium succinate, 0,37} sodium
glycourephosphate, 0,371 sodiws malatu in 1k KECN (prcparc hot more
than 2 hrs, befere use), 0,5M sodiunm luctatu, 0,271 sodiunm citrate,
17 glucoscy 100 rnl mincral oil; 2 ml of O, 2% alpha=-naphthol in alco-
hel; 2 ml of 0,25 dim\Lhyl—g-prnvluquavamlne (preparcd just bbforo
usc); 5 ml of 3% hydrogen pursride; 20 ml of 105 formaldchyde; 10 ml
benzidine solution (2 gm benzidince, 16 vl glacial acutic acid
10 gr sodiwr acctete, 100 ml alcohol, 100 ml wat.r); 2 ml of 1%
scdium hydrosulfitc (NapSoO4, froshly ireparcd) .

Concral Fquipmont cnd lietoricls for class: 1 contrifuge (for
3000 g), 5 1bs., of dry icc In mCthyl c.llusolv., spuctroscope with
strong li~ht source,

A, Dohwdrorunascs,

1. Encogenous AcLivity (2) To 1.5 ml of ajproxima toly 5,3
suspensitns of spérm, cgrs and umbrvos add 0.5 ml of 0. 02% mcthyleony
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blue (in 0.5} NaCl) in a 13x100 mm tost tube. Cover with about 1 ml
of minercl oil (use medicine dropper, forms a laver of chont 1 ecnm),
Set up & control witr a&n czgg suspension that has been boiloed for 1
minutc. Ilote the time for 907 decolorization of the metiuylune blue
(using o ten-fold dilution of the methiyline blue in boiled cgg suspeon-
sic-s ¢s an end-point standard).

(%) Irepere 20% suspensions of sporn, €ogs ond crhryos.  Freeco
vZ. v oine) and thaw and add metrhylone luc and oll as above, Cor-
vio. e rotes of dccolorization witihy thoso cUtoined with the livin-s
oo rinle Do the crmbryos decolorize meth™vlens bluc uore r.pidly trto
' inclecaved ¢ in living cordaition end ofter froezirno and thaw e

Ze Taists Tur Tuvrarosceration of Vocuons D0 oourctcs: To oo
Tt senmzlcs of the frozen and thaved cioénslone veepored clove
~i3 0,5 ml of thw folloving solutions: ~ (1) 0,5i. YaCl, (2) 0.37:
suacan succinate, (3) C.37i sodiwr Slvee ovhasple to, (4) 0.37Y scdan
o it (An 1 MG eproprred net vere thier 2 hours ocforc us. - use

-

draoer Ior pipetting cnd extrome care te avoid cyenide poiscaingl
Ioic censdrogencese oxidizes malate to ~xalacctate which in turn ian-
1i0ies thwe oxidation of maletce, The cyrmide co Lines with the ’
salcectate end prevents this intidibition,), (5) 0.5 sodiur lactete,
O 0,271 sodiw citrate cnd (7) 1M cluc.sc, wducticn of tlo

o uiyrlene blue, where it occvrs here, will prohatrly toke place wi
noars.  Ccoararce the rate of roducti n vith and vitheut the adde.
suroates Dieal—rzce somples of the frozon ond thawed spern, orgs «nd
(rorves eprinst runuing sea water for € or meore hours and toest the
Ciclyzcd watericl with the cbove substrotes cnd the Neceo blenk,

the erdeaoncus activity discppeared es a recult cf dlelysis? Boil «
sampl¢ +f the dlelyzed rotericl for 1 minute and test with the
substrates that gove reductiecn of the 1 :thylens bluc. Sct up similar
tuhes [ f the dlelyzed and non-diclyzed maicricl plus substreto using
the cyanide~conticining methrlene blue sclution., Dous the cyanitde
inhibit tir¢ roduction ¢f the ricthylene blue?

34,
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The reacti.ns thot the cLiive sutstratcs undergo, if 4
dchyarcgenase 1s prescent, ars as follows:-

CollleCH CKéCOOH ~=~=% COCH*CE«CleCQOIl & 2H
succinic aciad furzoric ceid

2001 Oz Ko «CHUH CHR0H- -~~~ 3 HoCCi O3Kr ,CEOKCHO 4+ 211
glycceropl.esphete rnescorlyceric oldenyde

COOH'CHzoCHOH-COOH —————— --3 CCUHeCHg COeCORIT & 2U
melic acid xalceotic acid
CHz eCHOHeCOOH wevuacp CH5-COrCOOH % 207

lectic ceid prruvic ccid

COTe (CHLCOOI) ¢ +COOE ===3 COs (CHoGCO

i1 -
[ a "1) ‘LZ *C O
citri~s rcid a-kptgg"utcrig Y e

acla

C:iOe T0H) , VO .
‘ (CHOH)4CHoOI ¢ HpO =----3 ZOCHs (CIIOD) CU,CH 4 21
zlucosao sluconic 2cid
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and tre "yérogen set free, reduces the methylene blue to the leuco
(colorless form. If oxyrcen were adimitted to the system the methylene
tlue would be re-oxidized as fast as it is formed.

R. Oxicases., Tests for these enzymes, in general, involve rather
comtlicatec —onometric and spectrophemetric weaesurerments under verious
coniitions. Yowevar, certain of them vernit rather simple tests 1o ve
performed.

1. Indo.hencloxidase: Vix a Q.2 solutio. of alpha-narhtthol in
alcohol Witk an equii volw.e of freshily preparcd 0.2 solution of
direthyl -p-phenyleneciamine in water. Thils rixtire is called "nadi"
reagent (letters from the mords napii™ul and dianr.ine) . Add sbout S
drcprs of the "padi' reacent to 1 wl ol a 20 suspersion of sperr, cggs
and e€mbryos. Yote the tire for develeol et of the bhlue color,
Txamine sarnples of *he cacs cud ew rros vieresty clerlly from tirc to
timc. Is trore an indicabion of a srellent (sce Child, 1044)?2 Tre
recaction cetalyzed Ly the oxidrsc herc is as follows:-

X3

dimcthyl-p-phenylendiaminsg 4+ c-naphthol-<) Cimethwl indephensl blue

(CHS)Q'N'(CGH4) “Tp & (Cqyoliy) =0l & Op --35031 )o*Ne(Cglg) *lle
Colla) «N:(CypHg) :0+2H,)

Some of the oxidascs that catalyze this roeaction zare also caralble T
reducing cvtnchrome and may te termed cytochrone oxidcses (olso related
to, if not idcntical, with Varburg's ‘A rrings ferment!)

2., Catalasc: This is not strictly an oxidasc, but its action
(lihcrating cxygen from hydrogen peroxide) is closcly comected with
physiologicnl oxidetion. Add abeut 101 of 3, hydroren peroxidc to
about 0.5 =1 of a 105, or grecater, frozcen dndthowed, suspension of cgags
ané of sperm in a toct tube, As & control usc beiled cgrs and spoeril.
Tote the forratior of buhbles of gese wost with a glowing silint.

3, Puroxidesc: To¢ test for this nzyme tho coetalase shonld first
be inactivatcd by treating the suspcasions of oggs or of sperm with
105 formaldchyde for 10 mitutces and then vieshing in distilled water,
Plécce 3 ml of & 1 to 10% suspensicn of the washed cgms or sperm in a
test tubhc containing 1 ml of henzidine s~lution., (Add 1 drep of 35
hvdrogen pcroxide. Thoe developrment of' & hlne color indicates tho
presence of peroridasc, The recaction cunsists in the oxidetion of the
benzidine (4,4'-diomincbifihenyl) te o auinene (pe-cuinunce di-imide).
Does any coler dovelop before the additien of the peroxide?

4, These impertant and wicdely distributed e zymes cre detectoed
principall- by the absorntion speetra of solutions »f tho substancces
in reduced form. The reducud eytechir. oo are readily precpnred by
rcmoval of oxygen fror the systar or by addition of cyanide, or of
scodiw hydroesulfite (Nﬂ28204). i'or sreetrascopic obscrvoti-n in ops
and spurm, concentrated suspensions oa an intense light source must
be uscds  AGd £ drops of the hydrosul ite goluti n to about 3 ml of a
10% suspunsion of egrs or of gpoerm, and cxamine in the s octroscope,
Compare wiich untreated shsken susyensi. ns., he speeifie absorption
bands o5r rcduced cytochrones aro as Jcllows ;= 603 millinmicroas foo
E?g & band (of cytociiroms a), 565 f.r tic b band (of cvtochroac by,

P
I3

~r the ¢ bend (of cvtochrome c) oind alieut 520 for the @ hand




e
(curron tc o1l three cytuchromes)., Wuich, if eny, bends cdoocs your

motoerial exhibit? C.mparc with obscrvetions of Ball and icyerhof
(1240) znd Xrehl and Clowes (1339).
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