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Hl Hiaton. S~ype. and Subtype ~",the.il S"i tche. in 

.Nor.al aneS Delobed b"'yros of 1 lr.na... ObtOle~ 

The .uct snail, 11r....... oblolet., provid •• a .ay to 

•• plore th. relati~n.hip bet.e.n histone lubtype c~leai ty and 

ajor develo~ntal .venta auch a. oogen.li., el".age, 

ga.trulation and or,-nog.ne.il. "".al of tb. polar lobe, an 

anueleate protruaion of legregattid ~gCJ cytopla., re.ult. in an 

eabryo which lackl bil.teral .,-try, organl,' and organ 

ly.te"l, .1thoUCJh diUerenti.ted cell type.. of aberrant 

Itructures .. y be pre .. nt. 

In thil .tudy Hl hi'tone lubtype caaplexi ty and Hl biatone 

.ubtype synthe.il I.itchea ".re firlt cbar.cter.ised during the , 

de.elo~nt of nor_l .lIbryol. Th. ef feet of the reao •• l of 

the pol.r lobe on tbe norwal Hl pattern of .ynthe.il .a. th.n 
8 

in ••• tlgated in the delobed .lIbryo to clet.naine if cla •• ic.l 

polar lobe ef fectl are accoapan ied bll a perturbat ion of Hl 

1 _tabol i _ dur i ng de.elos-ent. 

IDS ,el electropborelis and fluorograpbl' of radiolabelled 
\ 5' perchloric acid soluble nuçlear e.tracte relolved Sill Hl 

proteinl in the Ilf.na'l • .-bryo. 'l'h •••• ;1 d.signatecS bande 

1 - 6. Bandl '1 - 5 .igrate a •• elu.ter vitb similar aol.cular 

.,.lgbtl. land 6 ha. a lubatantially bigher 1lO1ecular •• ight. 
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of band , il predOilinant "during the 

bourl po.t-tr.foil. D~ing cl •• vag_ and ga.trulation band.' 1 

and 2 are precJo.inant while band. 3, f, and 5 beCOM 

precJoainent during prg.nogen •• il. nev.lo_ntel synthe.il 

patterns and electrophoretic .,biliti •• indicate that band 6, . ' 

band l, band 2, and the group of bands 3, 'and' 5.y be 

~ different subtypea. In addition, it has been found tut 
1 

r_oval of· the polar lobe delay. the of f -."i tch of the eer ly , . 
band. 6, l, and 2 and the on-•• iteh of the late "nds 3, f, and 

5. Cell nUllber data of nor .. l and delobed ellbr~o. rev •• l t.,..bat 
f 

the dela! in subtype Iynth.sia .witching i. not cau.ee! bJ an 

ov.rall delay of cell divi.ion in th. d.lobed ellbryo • 
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sou.-t~. d' hiltone Hl et Mterainant. de la .",tbè.. de. 

soul-typel: &tude rialiMe chez Ilrant ... oblolet. (ellbryon. 

nonauz et eabryon. priv.s de globule. polairel) 

L'e.cargot Ilxan.IH oblol.ta bffre un lIode d'.xploration 

du rapport entre la coaplexité du SOul-type d'histone et 1 •• 

principaux évine_nts du développement tels que l' ovog'nA.e, 11{ . 

.. pentation, la g •• trulation et l'organogénèle. L'ablation du 

globule polaire, une protrusion anuclée du cytopla .. e de 

l'oeuf, clonne un e-.bryon dépourvu de .ymétrie bilatérale, de 

,certains organe. et de systè ... dt organe., quoique présentant 

parfois certain.- typel de cellule. différenciées de structure 
l' 

aberrante. 

Au cours de 

sous-types d' histone Hl et lei déterminant. de la synthè.e d •• 

aou.-types d' hiltone Hl ont d'abord été caractéri sés au cours 

du développement d' elllbryons nor_ux. Le. effets de l'ablation 

du globule polai re lur le schè.e nor_l de synthèse de 

l'hiltone Hl a ensuite fait l'objet d'étude. chez l'embryon 

privé de globule afin de déterminer s'ill s' accOJapagnent d'une 

perturbation du atétabolis .. de l' Hl au cours du développement. 

L'électrophorise lur gel 'âvec SDS et la' fluorographie sur 

la fraction soluble, dan. l'acide perchlorique' 5', d'extraita 
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n~16.iJ;e. ra4io.arqu6., ont perlli. d. distinguer 'lis ,,~otéin'I 

Hl cbez 1- ellbryon dt Il'.n •••• ; Celles-ci .ont "a'.ignées lei 

bandes 1 à 6. Lei bandes 1 à 5 sont très rapprochées, ayadt un 

poids lIo1éculaire li.ilaire. La bande 6 presente un poids 

aoléculaire netteDent plus élevé. La synthèse de la bande 6 

elt prédOBlinante au cours des six premières heures qui suivent 

Au cours de la segmentation et de la .. la prellière seglMtntation. 

ga.trulation, les bande. 1 et 2 sont prédominantes tandis que 

le. bande. 3, .. et 5 deviennent prédominantes au ,cours de 

l 'organogéni.e. Le •• chè.. de syntbè.e et de .obi!"i té à 

l'électrophorè.e au cour. du développeaent révil.nt que la 
l 

bande 6, la band l, la band;2 et le groupe de bande. 3, .. et 5 

peuvent repré.enter différent. sou.-type •• Bn outre, on a 

ob.ervé que l'abla.tion du globule polaire retarde 

l'interruption de la .ynthè.e de. pre.i'res band •• 6, 1 et 2 et 

'le c16clenebe.nt de la .ynthè.e 'de. bande. tardive. 3, • et 5. 

Les donn' •• relativ.. au no.abre de. cellule. tant che. 1 •• 

Hbryon. nor_us que chez les 88lbryon. priy'. cl. globule. 

polaire. r'vilent que le retard du déclenche.nt de la .yntW .. 

de. sou.-types n' e.t pas eau.é par un retard "n'ral ct. la 

division cellulaire che. l '.-l:tryon privé "e globule. polair... . 
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INTRODUCTION 

Barly Studies 

Inv@stigation of the basic prot@ins of the c@ll nucleus 

began in 1868. Johann Fri@drich Miescher, a student vith Ernst 

Hoppe-Seyler in Tubingen, Germany (Luck, 1964) isolated nuclei 
1 
1\ 

alkaline extraction and acid from pus cells. With 

precipitation, he obtained what he termed soluble and insoluble 

nuclein. The soluble nuclein vas a crude preparation of DNA 

(Luek, 1964). Later, in 1874, vhile vorking on salmon sperm, 

Miesher isolated a combinat ion of an acidic substance, later 

call@d nucleie acid, and an organie base vhich he named 

protamine (Johns, 1971). Protamines are no~ knovn to b@ th@ 

histone-like basic proteins associated vith sperm DNA. 

Albrecht Kossel, also a student of Hoppe-Seyler, continued 

Miescher's york in 1877 (Luek, 1964). Using goos@ 

erythrocytes, Kossel isolated the basic material associated 

vith the nucleie acid by extraction vith dilute hydrochloric 

acid and named it histone (Johns, 1971). 

Sinee this first isolation of histones atte.pts have heen 

made to characterize and define them and postulate their 

funetion in the cell. Barly chromatographie studies shoved 

that histone preparations vere not a homogeneous group of 

proteins. These descriptrons of histone fractions utilized the 

ratio of their arginine:lysine content to distinguish 

subfractions vhich vere lysine-rich, slightly or aoderately 



'. 

-2-

lysine-rich, and arqinine rich (revieved by Murray, 196&a). 

Analysis of these subfractions by ion-exchange chromatography, 

starch gel electrophoresis and tryptic digests indicated a 

great heterogeneity of histones (see Murray, 1964b). Hovever 

the early characterization of histones vas plagued vith many 

technical problems (see Johns, 1971). The analysis of histones 

solely by total acid amino analysis vas not Adequate since many 

proteins vith similar molecular veight, also have a hi9h 

content of basic amine acids, and co-purify vith the histones. 

Also, under the conditions of electrophoresis first used for 

histones, many histones aggregated producing multiple bands and 

taIse heterogeneity. In addition, the histone extraction 
1" 

procedures vere not adequate. Preparations contained 

cytoplasmic and nuclear non-histone contamina~ts and, in some 

cases, enzymatic degradation pr0'4uced artifactual 

heterogenei ty. These pr~blems vere resolved vith iaproved 

extraction techniques, including proteolytic inhibitors, and 

improved isolation and "analytical techniques. 

The ClBÀ Foundation symposium (191&) propo •• d a universal 

noaenclature replace the nomenclature vhich vas based upon 

diverse fractionatian protocols. lt vas decided that the 

lysine-rich histones (FI, la) vou1d be naaed Hl, the slight1y 

lysine-rich histones (F2a2, IIbl and F2b, IIb2) vere na.ed H2A 

and H2B respectively and the arginine rich histon.s (F3, III 

and r2a1, IV) vere na .. d H3 and H& respectively (Bradbury, 

1975) • The CISA nOlienclature i. used througbout thi. th •• il. 

\ 

, 
/ , 



( 

-3-

Through the vort of .. ny laboratories coabining phyaical 

and biochemieal analyses, the ezistenee of a regular repeating 

pattern of ehro .. tin vas elucidated. This repeat structure ia 

the nueleosome or core particle. It ia an octa.eric complez of 

tvo proteins of each of the core histones H2A, H2B, H3, and Ht 

around which is wrapped 146 base pairs of DNA. Histone Hl 

ezists in half the stoehiometric amount of the core histones 

and is believed to he loealized at the point wher~ DNA enters 

and ezits from the core particle and forms a lint betveen tvo 

core particles (MeGhee and Felsenfeld, 1980; Igo-Ke .. nes et 

al., 1982). 

Core Histones 

In chromatin, core histones are organized vith DNA to for. 

the 'Rueleosolle (Kornberg, 1977; McGhee and Pelsenfeld, 1980; 

Igo-&e .. nes et al., 1982). Core histones H2A and ,H21 exhibit 

evolutionary divergence although it is not nearly as extenaive 

a. that of Hl. Hl and H' show mucb lea. divergence then ttie 

other classes of histone, with H3 .ho.ing more divergence than 

Ht (Isenberg, 1979). Histone classes H2A, H2B and H3 contain 

several different p~oteins which differ in amino .cid .eq~ence 

(lsenberg, 1979). This heteregeneity ha. co.. to be ter .. a 
·subtypes- or ·variant- for •• within a cla ••• Additional 

histone beterogeneity i. created by covalent .edifications.of 

of .. ino acide. 'l'he se .edifications are acetl'lation, 

pho.phorylation, .. thylation, ADP-riboal'lation and, in the c ••• 
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of H2A, linkage to the protein ubiquitin <see Oixon et al., 

1975; Isenberg, 1979). Functional .edifications eould arise by 

either directly affécting the histone according tO the nature 

of the amine acid substitutions a.ong subtypes or by providing 

for an altered ability to undergo allino .cid ·side chain 

modifications. Theae alterations in core histones are believed 

to alter histone:histone and histone:DNA interactions and thus 

affect chromatin structure (Dizon et al., 1975; McGhee and 

Felaenfeld, 1980). 

The observation of core histone subtypes raised the 

possibility that within a cla.s of histones there might be 

subtypes vith distinct and si.ilar functions. The diseovery 

that the subtypes are stage specific in their synthesis during 

development raiàed the po.sibility that the.e subtypes '" be 

funetionally signifieant during eabryogenesis (Coben et al., 

1975; Nevrock et al., 1978). Sinçe the early discoveries of 

histone subtypes and histone sVltching patterns in develop.ent, 

tb!s phen a.e non has been found to occur in .. n, speei •• 

altbough different specle. show a large a.ount ot individual 

variation (see Maxson et al., 1983b). 

This brief presentation of the histone. is to orient tbe 

reader to the histones' and their role ,in cbra.atin structure. 

Detailed discussion of the core histon.s can be found in 

reviews by McGhee and Fel •• nfeld (1980) and Igo-& ... nes et al. 

(1982) • The vork pres.ntee} in tbis the.is is pri_rilJ 
\ 

concerned with histone H1. !'bus, the r_in4er of thi. 

1 
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introduction deals vith Hl .ith an .-phasil on the 
....... 
developaental aspect. of this proteine 

runct ~n of Hl 

Hl bas heen implicatêd in maintaining and controlling 

higher order chromatin structures above the level of the 

nucleosoDe (Finch and Klug, 1976; see Igo-Ke .. nes et al., 

1982) • Little is tnovn about how histone Hl interacts in 
"'#~1 

r J 

chroaatin to fora such higher order structures although it is 

known that ita removal destroys the. (Thome et al., 1979). 

Analysis of the secondery and tertiary structure of Hl reveals 

that it consists of three distinct domains. a flexible basic 

N-terminal tail; an apolar globular central region; and a long 

very basic flexible C-terainal tail (Thome et al., 1983). The 

globular central dcaain, corresponding to the se~nt of 

# highest sequence conlervation (Isenberg, 1979) il able, alone, 

to close tvo full turns of DNA in the nucl.os~ and thus 

locates Hl in chra.atin (Allan et al., 1980) • Th. globu1ar . 
d~in cannpt, hov.ver, achieve total condensation of the 

nucleofila .. nt vithout the C-terainal da.ain. The very basic, 

hrdropbilic sequence of the C-terainal da-ain.are lui table 

properties for extandad ionie interactions .itb the DMA (Allan 

et al., 1980). Tbe N-terainal da.ain has considerable sequence 

and length variability (Allan et al., 1980). As sucb, • 

funa.-ental structural role is not litelf for thi. da.ain 

altbougb it i. believ.Cl to be involved in the for.ation of 
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higher order .tructure. (Thea. ~t al., 1979). The very natu~e 

of the N-ter.inal variability sugge.ts it a. a region to 

provide a functional distinction betw.en different Hl species 

(Allan et al., 1980) HI-DNA c~plezing Itudies indicate that 

different Hl subtypes do, in fact, differ in their interactions 

vith DNA in isolated dinucleosoaes (Liao and Cole, 1981). 

Additional heterogeneity of histones, over and above amino 

acid sequence variations, is created by post-translational 

modifications such as IMt't:hylation, acetylation, 

phosphorylation, and ADP-ribosylation (see Dizon et al., 1975, 

see Isenberg, 1979, Ho~nn, 1983). It is po.sible that tb ... 

aodifications affect histone-histone and histone-DNA 
r-~ 

interactions and thus affect ~hr~tin structure (Iaenberg, 

1979). The available .edifications ~ an Hl aolecule would he 

amino acid sequence dependent. Thus, aecondary aodificatloni 

and sequence aodiflcationa could work togetber to cr •• te 

diversity of funetion. 

Reaov.1 of Hl fra. chra.atin reaults in • gre.ter 

sUlceptibility of the DRA to endonuel •••• dig •• tion both in the 

linter region .nd in the DNA wrapped around th. cor. hi.ton •• 

(Noll and Kornberg, 1977). Additional atudi •• on the nuel •••• 

aenaitivity of chr~tin have ahown that activ. gan.. .re 
• 

preferenti.llf .. naitive to aicrococc.l nucl •••• (welntraub .nd 

Groudine, 1976; Wu at al., 1979). 

ait.. e.ilt near active g.n.a .nd ,.naa wbicb bave been 

previouslf •• pre.sed (WU, 1980, Wu and Gilbe~t, 1981; Burch and 
, 

"intraub, 1983). ~... .tudie. i.plie.te a relationlhip 
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betw .. n ehra.atin Itructure and th. regul*tion of ehra.atin 

funetion .. 

Hl SubtYp! Nultiplicitf 

Hi.tone Hl is the hiatone with the aost subtype 

variability <aee I.enberg, 1979). Hl variability wa. first 

elearly de80n.trated by Kinkad. and Cole (19668) who found that 

four Hl histone .ublractions could be r •• o1ved trom a 

preparation of calf tbyaua Hl. Aaino acid analysis confiraed 

tbat the four lyaine-rich histones were distinct aolecular 

species (Kinkade and Cole, 1966b). Purtber ehra.etograpbic, ~ 

electrophoretic, and .. ino acid analy... of. Hl proteine froa a 

variety of vert.brate, .vian, amPhibiàn, and other specie. 

verified this aultip1ieity and showed that the Hl histon.s are 

qualitatively diflerent froa specie. to speei.s (Bustin and 

Cole, 1968, Kinka~e, 1969, Panyia et al.', 1971, Allage .. et 
\ 

al., 1974). The au1tiplicity of Hl aolecule. ha. alsoibeen 
'(-

found in clone4 ti.sue eulture cell. indicating tbat .everal 

aubtypea can ind.ed be pr ... nt in one eell type (Hohaenn, 

1980) • 

7be diff.rent Hl histon •• of an organi .. are .a~.s •• d in 

varying relative quantitie • .-on9 aifler.nt tis~ue. (Kinkaae, 

1969, Ho~nn, 1980, Ajiro et àl., 1981, Lennoa and Cohen, . 
1983). Thi. finding has incre •• ad speculation tbat they are 

i~rtant in deteraination 01 cell type. In addition, tbe 

relati.e a.,unt of Hl .ubtfPII syntbesi. b7 __ l'y gland tisaue 
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can he altered by hormone .tl.ul.tion~(Ho~nn -.04 Col., 1969, 

Hohaann ana Cole, 1971). Tbere is so .. controverayabout the 

signifi~anee of tbese quantitative 'differenees .. ong tissues 

sinee many different tissues express tbe .... Hl histone 

patterns. It has been suggested that the alteratione of the Hl 

composition of chromatin and tbe differences in total amounts 

of histone Hl are not tissue-specifie but either related to the 

state of differentiation of the cella (Ajiro et al., 1981; 

Unger-Ull .. nn and Nodak, 1979) or dependant on whether tbe 

eells are in a divi4ing or non-dividing stat. (Lennox and 

Coben, 1983). 

Hl Subtype Syntb •• l. Svitch •• ouring Dev.lop!!nt 

On •• ay in vh~eh cells co ld ca.. tq contain diff.ring 

a.ounts of .everal 

their syntb.sie at dift.r.nt 

be.n. found that bistone Hl, 

Hl is that th.y could bagin 

during deve10paent. It has 

•• 11 as tbe core histone. H2A 

.nd H28, .xhibit relat.d s.itch.s of synthe.i. 

~~ng s.veral lubtypes. Sinee the first d.velo~nt.l •• itebe. 

of Hl lubtype synthesis vere reported in the sea urebin, 

inve.tig.tion. have rev •• l.d tbat thi. pbenOBlnon occurs in 

.. nJ div.rse speei... Tb.s. speel •• are discu •• ea ~ndividual1J 
beIo •• 
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_ Drchin 
, 

Hl histone chang.. in e.rly dev.lop.ent •• r. initiall! 

char.c~erized in th ••• a urchin by S.al. and Aron.on (1973), 

Ruderaen and Gross (197.), and Ruder .. n, Baglioni, -and Gros. 

(197'). There vas initially s~ controvarsy as to .hen Hl va. 

frrst found associated in chra.atin. 5 •• 1. and Aron,on (°1973) 

rèported that Hl vas not present in s.a urchin .~ryo. before 

the 16-cell stage, after vhich tvo Hl subtype. .er. 

synthesiaed, Hla at l6-cell stage and Hlb .t 12 - 16 hour. of 

develo~nt. Ruder .. n and Gro.s (197.) found, hov.ver, that 

nevly ayntheaized Hl va. in fact a •• ociated .ith the chra.atin 

aa aarly a. the first cell division in both Arheeia puctp~ta 

and Lytechinu. pictu •• An Alteration in the Hl pattern of 

synthesis occura but differ. in the tvo .peeiea. Arhleia 

aorulae s,~th •• ize Hl-a < .. ternal) a. ear~y as the fir.t 

cleavage and, at hatching, incorporation appear. in • nev 

lysine-rieh histone Hl-h. In LItechinu. pietus, a transition 

of syntb •• i. tat.s place from Hl-. in aarly cleavage to Hl-g at 

the lata bla.tula-early ga.trula stage (Ruder .. n and Gros., 

197., poceia and Hinegardner, 1975, Arceci et al., 1976). High~ 

r.solution SDS slab gals s~oved that Hl-a, Hl-h and 8l-g .. ch 

contain.d at lea.t tvo re.olv.ble subfractions. 

Lytechinu. pictu. blasto .. ras isolat.d' at the l6-cell 

stage .ynthe.ize only the early (s) Hl histon... Tb. cultured' 

prog.ny cella of each bl •• toaere perfora th..... ..itcb of 

... rly (0) to late (1 and y) Hl histone fora. as occur. in the 

intact eabryo (~rc.ci and Gro.s, 1980). ".rock.t al. (197.) .. 
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reported furtber hatarogenaitJ in the hiatona Hl aubt".. of 

ltroe971oc·htrotHl purpuratu •• identifi~ a Hl 

hi.tone-lite protein tbat i. .Jftthe.iaed and incorporated into 

~r~tin dUting th fir.t S-pha .. of 4e.eIo~nt. Tbi. protein 

ha. a con.iderably bigher .olecular veigbt tban the .1r •• dJ 

identified Hl proteins. lt i. the .. jor chra.o.a.al Hl prot.in 

during e.rly- cl •••• g. and v •• thUi called c1ea.age stage ~ 

(CSHl) (a •• roct ft al.,1918). 

In th. past decad. vork fra. .. nJ laboratori.. ha. 
'" 1 g.ne. and ~. vb·leh ~re .zpr •• ...s char.ct.ri." the bi.tone 

in tbe .. rIy de •• lo~nt of a.a urebin .abrl0 •• Pre .. nted 

bIIlov is. ..-ry of tb. .aJ in vhieh the.. progres.i •• 

change. occur in de.810~nt. 
. 

Tb. unf.rtiliaed ... urchin 899 contain •• large .. ternal 

.tore of hi.tone .-.A. eneading botb the. aubtJPe .nd aa.e CS 

aubtfPe (Arceci et al., 1976; "'rock et al., 1978,. Child •• t 

.1., 1979~ weinberg et al., 1983). The .gg allO contaln. a 

store of cs hi atone. vhich are utili • ., in pronucleua 

fo~tion, repl.eing .per.-.pecific hiatone. a.aoci.ted vith 

1 ..-ra DIA (PoCeia et al., 1981). 

Daring the firat ai. houra of de •• los-ent, tranacription 

of -the hiatone gane. can be detected but tbl. nev transcription 

cannot a1on. account for the ,~ laId incr.... . in hi.tone 

peotein SJntb •• i. .hicb oceura at tbl. ti... Tbi. lncr •••• 

.uat therefore be the re.ult of post-transcription.1 regul.tion 

of stored biston. transcripts fra. th.~ .. t.rnai ..... ng.r ARP 

pool (Gou.tin, 1981). 1.-.41at.1y following fertili .. tion the 
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es hi.tone ia the .jor apt.aia product but vi tbin tbr .. 

bours, s711tbe.is of tbe. aubtype bec... pred~in.nt. After 

the 16 c.ll stage, rapid cell division is acca.panied by a 

rapid incr .... in the rat. of • aubtype hiatone ~ syntheats 

(Weinberg.t al., 19.3). Tbese earlf .aRAs .re tranacribed 

fra. tand •• ly organi_ed, highly reiterated eatly histone genes. 

In tb ... cluatera, Hl and core histones are present in a 

defined order (S'-HI-Ht-H2B-Hl-H2A-l') (Maason et al., 1983a) • .. 
~ The rate of .. rIy hiatone aRIA s,ntbe.is reeches a peak et the 

200 cell stage after vhich it declin... At thi. point there i. 

a 50t reduction in the balf-life of .arly tranacripts (Mauron 

et al., 1982; weinberg et al., 1983). Iy the hatching blastula 

stag, _rly subtype synthesis is baralf detectable and bas been 

replace" by late subtype synthesis (Childs et al., 1979). Tbe 

lat. .ubtypes are, on the other band, encoclec1 by a _Il, 

~isper .. d, 1rregul.rlf arranged cl... of histone ganes (Maason 

et al., 19838). The .witch fra. .arly to late histone gene 

eapres.ion coae. about by the'ltecline of the transcription of 

e.rly histone gene., • coincident sbarp increa.. in the levels 

of late gene tr.nscripts, and occurs during the period of the 

reduction in cell 4iviaion rate. (revie.ed by Maason et al., 

In3}) • 

Tbe incorporatiQn of histone subtypes into the chra.ati~ 

.~ars to be controlled by the abunàance of syntheais 

(reviewed by Mazson et al., 1983b). The CS and .arly subtypes 

do not .ppear to be actively re.oved and replace" hy the late 

bi.tone variant. ainee both CS and _ .ubtypes are aetectable in 
) 
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chr~tin long after tb.ir synthe.i. c..... (Cohen et al., 

1975; .... rock et al., 1978). '!'he abundanee of the earlf 

\variants is inst.acS diluted bf the iner_ •• in 8mtheai. of t_ 

lat. variant •• 

Orechi. caupo 

'!'he .ora, 
..$ 

• 
Orechis caupo, undergoe. Hl 8ubtfPt 

synthesis •• itches in .arlf dev.lo~nt. Gerainal .. sicl •• and 

cleavage-stage nuelei are enricbed in HlM ( .. ternal fora). 

During la te cl.avaga a faster aigrating Hl, HIB (eabryonic 

form), .eppeara. As eabryogen •• is continues, HlB replace. HlM 

as the predominant Hl (Fra~ks and Davis, 1983; Das et al., 

1982) • Nuclei at the gastrula and trocophore larva stages 

contain predominantly HlB (Pranks and Davis, 1983). 

HlB synthesis is disproportionately high from .ideleavaga 

~o midblastula stage and is not balanced vith the' core histone. 

until the gastrula stage. This observation indicate. tbat 

"there ia a non-coordinate regulation of Hl and core histone 

synthesis during Urechis development (Franks and Davis, 1983). 

Franks and Davis (1983)' suggest several possibilities to 

explain this, (1) The germinal vesicle pattern is not 

y 

representative of the histones in mature oocytes as core 

histones may Pa accumulated in excess of histone Hl in tbe 

cytoplasm; (2) HlB is synthesized in large quantitie~ so tbat 

it will replace HlM during sub.equent developaent;. (3) HlM .. 
J 

turns over more rapidl! then the core histon •• and the incr •••• 
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of HlI aynthe.i. i. nec .... ry to provide .ufficient Hl to 

Spi.ula .olidi .... 
, 

ln early eabryogene.i. of the surf el .. , Spi.ula 

.01i4i •• i .. , .ynthe.i. of tvo Hl s~ype. oecurs. H11 is 

.ynthe.i.ed e.rly in develo~nt. Later, at tbe 32-'t cell 

stage, a bigber-.alecular veight Hl bistone (designated HIL) is 

s,"th •• i.ed (Gabrielli and Baglioni, 1975). The trocophore 

larva .ynthe.iae ••• elusively histone ~L althougb the .arly Hl 
~ 

hi.tone, HIB, is Itill detectable. 

Analysis of the aRMA stored in Spi,ul! ~g. indicates tbat 

the ..... ge. for hi.tone Hl are pr ... nt in bigber a.aunts then 

~ core histone .aRA (Gabri.lli and Baglioni, 1977). 

-1 

"nopu! lae.i, 

Thar. e.iat. sa.. controvers, regarding vbetber er not 

Zenopu. laevis undergces stage .pecifie ·.witehing of Hl 

histones during deYelo~nt (Plynn and Woo4land, 1980, Rille, 
~ 

and Ickhardt~ 1981). Plynn and Woadland (1980) c08p8red tbe Hl 

hi.tones in the oocyte, e9g, and gastrula and blastula eabryo. 

of Xenopus usrng 2D gel analjsis and found thr.. Hl bi.tones

HlA, H1B, and HlC. Results of labelling studies suggelt tbat 
" " 

Zenopu! Hl bistone. do not Iho. a •• iteb in type during 
• 

developaent. Rilely and Bckbardt (1981) resolved tvo 

additional l,.ine-rich hi.tone. HlD and Hli a ••• 11 a. the HlA, 
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Hl., and HIC previously reported by Flynn and Woodland (1980). 

After eX,amini~g the histone composi tion of em'bryos (mid-neurula 

to early tailbud) and various adult tissues (erythrocytes, 

liver, intestine and testes) it was found that the faster 

mobility histones H1A, H1B, and ~lC were ,found in both 

embryonic and adult tissues whereas HID and HIE were found only 

in adult tissues. These resu1ts suggest that additional Hl 

heterogeneity is introduced into the Xenopus embryo chromatin 

during or following metamorphosis (Risley and Eckhardt, 1981). 

Sinee the Hl subtypes HID and HlE were'found only in adult 

tissues it was suggested that these subtypes may be associated 

with non-mitotically active or s~owly dividing cells of the 

adu1t tissues similar to Hl o which -is enriched in mammalien 

non-dividing cells (panyim and Chalkley,v 1969) • Several 

observations on the binding capacity of the Hl subtypes sU9gest 

that the relative binding strengths are HIA < HlB < HIC < HID < 

HIB (Risley and Eck~ardt, 1981). This raised the possibility 

that the Hl histones of adu1t cells may impose greater 
~ 

restraints on chromatin structure through a greater binding 

affinity for DNA than the Hl of embryo cells. 
1 

Bovine 

Valkonen (1980) • has e~amined the ,post-cleavage stage 

developmental changes of Hl histones from bovine liver. The Hl 

histones of young embryo liver (1 6 months) has two 

coaponentB, HIa and Hlb. At s.ven months a ne" cOlbponent, Hl,c, , 

\ 
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having a lower molecular veight than HIa or Hlb is present. 

Older embryo liver as well as that of çalves and adult covs has 

four components, the fourth component corresponding to an Hl D 

subtype (Valtonen, 1980). However the two early Hl proteins, 

HIa and HIb, continue t~ be synthesized in the greatest amounts 

throughout development. Piha and Valkonen (1979) also observed 

that the relative amount of Hl histone to core histone in the 

liver increased two fold during the bovine prenatal period and 

3 fold during the whole of ontogeny. They be1ieve that the 

increase in the amount of the Hl histone during bovine ontogeny 

may refiect an age related condensation of chromatin and a 

reduction of RNA synthesis and temp1ate activity. 

Mouse 

Lennox and Cohen (1983) examined the Hl complements of 

1iver, kidney, lung, and 
/ . 

thymus tlssue of the mouse and the 

accompanying postnatal developmental changes. In the liver, 

kidney, and 1ung two of the major Hl subtypes present l veet 

after birth, HIa and HIb, decline to almost undetectable levels 

by B - 16 weeks. A third Hl subtype, Hld, also diminishes et 

this time. The amounts of two other Hl subtypes, HIe and Hlo, 

increase noticeably while HIc also increases. Tbe 

disappearance of the tvo major subtypes, HIa and Hlb, occurs et 

different times 
1 

during development. The disappearance of Hla 

is almost complete by 4 veeks, vhereas the decline in Hlb 

occura mainly betveen 4 and 16 weeks, a period when most cella 
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are non-di viding. Lennox and Cohen (1983) bel ieve that Hlb is 

removed from the chromatin without cell division, that is, its 

decline is not due to a dilution of Hlb by the other Hl 

proteins. 
, 

In the thymus of the mouse, nevly formed non-dividing 

cells have as much HIa and Hlb as the di viding cells from .hic~ 

they are derived, but laek Hl o even though 90' of the thymus 

tissue does not di vide. The, peripheral blood lymphocytes have 

less HIa and Hlb but more HIe than the small thymocytes f rom 

vhich they are deri ved. Therefore, Lennox and Cohen (1983) 

believe that HIa and Hlb molecules are differentially lost 

during the transition betveen small thymocyte and lymphocyte 

vhile greater amounts of HIe are incorporated inta the 

chromatin. It is concluded that the Hl subtypes are not tissue 

specifie in somatie tissues but rather the changes in Hl 

subtypes are related to the formation of non-dividing cells 

(Lennox and Cohen, 1983). 

Lennox and Cohen (1983') character ized e.ch of the Hl 

subtypes of the mouse using paralleters luch al .ynthesil ratel, 

number of phosphorylated forms, IDaximua mJllber of phosphate 

groups per molecule, synthesis in dividing and non-dividing 

cells, presence in non-dividing lymphoid and non-Iympboid 

cells, and necessi ty for cell division. They found that e.ch 

Hl subtype differs frolR the others in so .. e of- the properties 

exami ned support i n9 the idea that i ndi vidual Hl subtypel di f fer 

from each other in SOIle of their functions. 
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Tet rah)'!!!na 

Gorovsky 
'li 

and co~workers have studied the histone 

rearrangements which accompany nuclear differentiation and 

dedifferentiation in the cil ia ted prot ozan Tetrahymena 

thermophila. There is a clear cut difference in the histone Hl 

composition between the transcriptionally active sQmatic 

mac ronuc leus vhich supports vegetative growth, yet is 

eliminated in every sexual generat ion, and the 

transcriptionally inactive germinal micronucleus whose cellular 

function is to provide genetic continuity from generation to 

generation (Allis and Wiggins, 1984). Gorovsky and Keevert 

(1975) have shown that macronuclei contain an Hl which is 

absent in micronuclei. Micronuclei, on the other band" contain 

three un igue proteins c, _, and T. These proteins do not have 

typical Hl solubility properties but are associated vith linker 

regions of micronuclear chromatin (Allia et al, 1979) and lDây 

be the equivalent of Hl in some respects al though they could 

have a unique function. During conjugation in TetrabYll!na, 

observations by Allis and Wiggins (1984) demonstrate that the 

micronuclei dedifferentiate (by losing micronuclear-specific 

histones) prior to di fferentiation into new IUcronuclei. The 
" '. 

dedifferentiation process allows nev macronuclei, developing 
" , 

from- ,micronuclei, to gain macronuclear-lpeeific Hl histones 

(Allis and Wiggins, 1984). The se relul ta sU9gelt that 

selective synthesis and deposition of specifie histone lubtypes 

plays an important role in the nuc1ear differenU.tion pree •• s 

in Tetrahyaena (Allia and Wiggins, 198.). 
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Chick Irytbropoiesis 

The avian erythrocyte undergoes a 1er i el of Dlolecular 

alterations, including a genetic shut down, as part of its 

differentiation (Moss et al., 1973). ,1 Erythrocytes contain 

cell-speci f ie histone H5 (Neelin et al., 1964) which has bee~~ 

implicated in both genetie repression (Neelin et al., 196') and 

chromatin condensation (Brasch et al., 1972; Brasch, 1976) 

during erythroid aaaturation. This hiltone is deteetable in lov 

aDlounta in the day 'chiek elllbryo, increases to 13.5\ of a11 

histones by day 19 of incubation and finally reaches a level of 

21' of aIl histones in adult hens (Moss et al., 1973). The 

inerease of histone' 5 corresponds in t i.e to the transi tion 

from primitive to definitive erythroid cell line. in the cbick 

ellbryo and also to the terminal division of the prillli tive 

erythroid cells (Moss et al., 1973; Urban et al., 1980). 

Hi'stone HS is located in the linker regio. of cbroutin and hal 

three structural do.ins, si.ilar to tut of other histone Hl 

moleculel (cary et al., 1981). 

Relation of Hl ta CeU Cycle 

A apecialized Hl hiltone, Hl·, bas be.n postulat.cl to he 

involved in cell cycle regulation. Recent data br D'Anna et 

al. (1982) aU9gestl a dynUlic picture of chrOlMtin in which 

nevly syntbesized histone Hl° il aeposi tecl onto ebroutin of 

Chinese haIuIter ovary cells during Gl and s. Histone Hl, on 

\ 
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the other band, il po •• ibly lost or becomes dil.ocieted from 

chroaaatin during the early stages of DNA replication • . 
Studies co.paring the rate o,f Hl o 

chromatin, relative to the core histones, 

incorporation into \ 

i ndicate that Hl°). 

incorporation i5 greeter in Gl arrested cells and in GI 

traversing cells than in exponent ia11y 9~oving cultures. Hl o 

has also been found in large amountl in cells that, have sloved 

do"n or stoppeâ' DNA synthesis (panyim and Chelkley, 1969). 
~ 

This led to the general ization that the cellular content of Hl o 

is inversely proportional ta the rate of DNA syntl)esis (0 9 anna 

et al., 1982). 

Phosphorylation of Hl o as weIl as other Hl subtypes ia 

also believed to occur in a cell-cycle dependent manner. As 

cells are released from GI arrest a portion of "the Hl molecules 

becoDle phosphorylated at the C-terDlinal part of the Dlolecule. 

As the cella enter S phase, Hl beCOIDeS addi tionally 

phosphorylated in the C-terminal tails so that by l.te 

interphase 55-60' of Hl molecules are phosphorl'lated. Pinal1f, 

during mitoèis, aIl Hl Diolecules beCOlle phospborylated in both 

their N-terlllinal and C-terllinal tails (revieved bl' D'anna et 

al., 1981) • The telllpOral correlation of Hl phospborylation 

vith the cell cycle sU9geit tbat Hl phosphorl'lation .. y take 

part in the ini t iation of cell prolif'eration, DRA synth •• il, 

leparation of nevly synthesized daughter chroaola.ea during . 
cell cycle and chromosoul condensation (se. D'anna et al., 

1981) • The aechani"s luggested by which Hl phoapborylation 

aight alter cbroaatin Itructure are al 10110.., (1), Hl 
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phospborylation .. y indue. change. in Hl conforaation which 

could alter th,. orientation of nucleo.œes and higher order. of 

chrOlUtin structure, (2) phosphorylation .. y induee H1aHI 
-

interactions, vhich could affect cbro.osa.a1 condensation, (3) 

Hl pbosphorylation may alter Hl interaction 

chroDlosomal proteins (see D'anna et al., 1981). 

Studie. on Ill.na ••• oblolet. 

Although histone syntheaia svitching has been 

nuaber of. organis •• the re.son for 

vith other 

remained elusive. lt ia not clear if the • .,i tching reflects 

other underl~ing tran.criptional changes, or, if the histone 

subtypes are the.selves separately functional. In this study 

an organisa has been utilized in vhich the • .,i tching patterns 

'of histone Hl subtypel can he related to de •• los-enta1 events, 

in particUlar, 00g8ne.is, cleav.ge, .nd org.nogene.i.. Thia 

study, thus, cannot define s.per.te funetions for individuel 

aubtypes but it can pinpoint "bere in ellbryogene.ia to look for 

such functions. 

Tbe organi •• cho.en for thi. stucly i. the .. rine lIUd anail 

Il'.n.... obsoleta. Thi. aolluacan .lIbryo 1.IIl4ergoe. 110" le 

develos-ent (deterainate c1_vag_) in which th.r. i. a 

segregation of egg cytopl ... into the e.rly bl •• tOMr... '!'hia. 

cl'topla!!ic aegregation cou. about bJ the extruaion of \ a 

_rie. of .nucle.te cytopl ... ie protruaion. called polar lobe •• 

'l'be fi rat aneS second polar lobe. are eztrude4 durin, _turatien • 
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of 'the egg .nd the thi rd .nd fourtb polar lobes .re forMe! .t 

the firlt and .econd cleavage division. (Crampton, 1896, 

Cle_fit, 1952). pol.r lobe for_tion in Ill.n.... embryos i. 

illustrated in Figure 1. The third polar lobe, for~d during 

the first cleava-ge division, called the trefoil stage, is 

segregated into ' the "CD" blastomere and finally into the "0" 
, 

blastomere. (Bach of the first four bla-stomeres, or 

Mcroaaeres, is labelled "ith a capital letter. Small celll 

foraed from these cells are called micromeres and are indiceted 

by a small letter.) At the trefoil stage the polar lobe can he 

easily mechanically removed from the embryo resulting in a 

"delobed" or "lobeless" embryo. The delobed embryo develops 

lacking mesodermally derived and induceà structures such ès \ 

heart, eyes, intestine, and foot (Clement, 1952). Such embryg,a-
, 

are viable for a period, but since they have no organized gut, 

and thus, cannat feed, they die "ben, they bave exhaueted their 

supply of yolk. A detailed histological Itudy, by Atkinson 

(1971) revealed that la.e cell types of the ai •• ing organs are 

pr.lent but e.ilt ,in disorganized .. s.... Polar lobe relloval, 

the subsequent lack of a fourth polar lobe, and tbe larva which 

clevelops in the ablence of tbe contents of the polar lobe i. 

sbown in figure U. : 

'rhe polar lobe contains "deterainative factors" of cell 
i 

fate such tut cell lineagel which COlle to contain th •• develop 

into specifie cells and organa. Cle_nt (1968) found tbat 

tb... "det.~in.nts" are attacbed to the cortex in the polar 

10be ar •• of the vegetal pole of the e99 since c:.tr.i fugat ion 
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Figure 1 . pol.r lobe formation cSuring Ill.na... oblolet. 

• mbryogenesis. (A) 1 lluatr.ted il the for_t,ion of' the four 

polar lobes. Thele for. auring the two .. iotie divisionl and 

the first t'Wo mitotic clea!age divisions. The normal ve11ger 

larva is also shown. (B) Illustrated il develo~ent during the 

corresponding period of (A 4-9) after the removal of tbe thi rd 

polar lobe. Also shawn is the abnor .. l veliger larva. 

(Id -(1) The fertilized egg. (2) The first polar lobe. Thi. 
1 

lobe i8 barell" visible. The insert shows tbe roundecS .99 .fter 

the first polar lobe has been resorbed. Tbe firlt polar body 

is seen as a small bleb at tbe ani .. 1 pole. (3) The lecond 

polar lobe. The insert shows the second polar lobe in tbe 

proces8 of be ing resorbed .nd two pol.r bodiel at the ani_1 

pole. Col) The third polar lobe (trefoil stage). (5) fte third 

polar lobe in the proc.s. of re.orption into "bat "ill bec~ 

tb. AB blasto_re. ( 6) '!'h. t"o cell .tage. ( 7) 'l'be fourth polar 

lobe. (8) The third cleavage division. (9) '!'he four, cell .t .... 

The large bla.tomera at the botta. is the D bl •• tOller. wbieJa 

hal received the contents of the polar lobe. (iO) '1'be nomal 

v~l iger larva • (B ) (1) The thi rd polar lobe (lov.r r igbt ) . 

rellOved et the trefoil stage. (2) 'rh. t"o cell st.ge. (3) 'f'be 

tbird eleavaga division. No polar lobe for ••• (f) l'our ce1l 

stage. (5) 'l'be abnoraal v.Uger larva for .. a .lt.r th. third 

polar lobe ls removea. &gg ancS cle.vage stages are orienteeS 

.i th the an1_1 pole.t tbe top, and the veg.tal pole at the 

bottoa, of the photographe Bllbryos ".re photographed unc)er 

brightfl.1d Ma.ar.ki optie.. 1( 175. 

o 

o 
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of the -99 doe. not di .lodg_ the •• In addition, if the e99 is 

separ.ted into the ani_1 and vegetal hal"es, .nd if the 

"eg_tal,.lf cont.ins a nucleu., tbe partial egg can for. a 

rec09niaable, although ... 11er v,liger 1arva (Cl •• nt, 1968). 

The.e studies de.on.trate clearly that the Ilfena ••• 899 

contain. in itB vegetal pole information iaportant to early 

develo~nt. This inforution il normalll' legregated into tb. 

D blastomere durin9 cleavage vi. the pol.r lobe, and can be 

re.oved vith the lobe. Il'.n •••• is not unique in thia regard 

aa _ny IDOlluscs and annel id. 

Davidson, 1976). 

Cle.ent (1962) perfor-.d a 

contain polar lobe. (se. 

detailea study of the 

à_velopaent of Ilx.n.... eabryo. follo"ing reaoval of the -Dw 

_cr~re (vhicb recei"e. tbe content. of the pol.r lobe) at 

.ucce •• ive stages. '!'his atudy reveeled that the aorphogenetië 

influence of the pol.r lobe region ia exe~ted during thé period 

of fo~tion of the firat four quartets of .icro.ere. (3rd, 

tth, 5th, and 6th cell divisions). After thi. ti_, the 'D 

ucr_re ie nutritive but is of no IIOrpbogenetic i8pOrtanc:e. 

'l'he lobe-dependent larve1. feature. .re not aIl clet.nain.d 

at the .... tille. The nOrllal structur.l pattern qf _,.es, foot, 

shell, and v.lUll i. determined at the ti .. of the forwation of 

the third quartet of' aicroaerea. S.art and inte.t ine .rt __ 
) 

deter.ineeS at the ti_ of foraation . of the 'd .icra.ere, an4 

< are probably aerived in part froa thia ce1.1 (Cl_nt., 1962). A 

proc ••• of cytopla .. ic .egregation appears .dequat. to account 

for tbe aetenining influence of tbe polar lobe region 'in the 
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developaent of heart and intestine. In the case of tbe eyes, 

foot, shell, and velum a aechaniaBl of induction ia probably 

involved since cell lineage atudies indicate that i t i s highly 

iaprobable that aIl of these structures arise from the 3d 

microaere (Clement, 1962). This idea is supported by studies 

on shell gland formation. Cether (1967) has observed an 

inductive inhibitive interaction between cells of the D 

bl.sto_re and those cells arising from the A, B, and C 

bl.stOlMtres • Cells containing polar lobe uterial form the 

• hell gland (2d .icra.ere) bovever, if the polar lobe is 

re.oved, several internal shell masses ~y be for_de 

Therefore, C8ther (1967) reasoned that the polar lobe eserts an 

inhibi tor; influence on the cella arialng froa the other 

bl •• tOlleres vhich prevents diff.rentiation leading to shell 

eacretion in "the int.ct eabryo. 

A nuaber of studies have addre •• ed the blocheaistry of 

Il'.n.... develo~nt. Investigat iona of nuelaie aeid 

_t.boli .. indic.tec! tut rel109al of the polar lobe at tiret 

cle •• age had no eff.ct on the ti_ that raRA synth.sis cou14 

firat be 4.tected ( .... rock .nd Raff, 1975). Ito_r and Collier 

(1976) found no atectabl. effect on the pattern of total 8A 

synthe.ia, a. vi.ualiled by polyacrJl_i4e gel elec:tropbore.ie; 

4uring the firat day of delobed cJevelos-nt (loHr .nd Collier, 

1976). ~r. il, ho.ever, a aiae 4ifference distribution of 

BA .. de br the poat-gaatrul.r norul and delobed abrfos. fte 

noral .-brJo .ccu.ulat.. IIOre radioacti"i tJ then the 4elobecl 

""r:ro in the higta 1I01ec:u1ar .. iglat (,.S) fraction of .-& 
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(8u9gested to he transcribed hnRNA) while the delobed embryo 

accumulates proportionately more radioactivity in the low 

molecular weight range (16S and l2S) of RNA vhich possibly 

arises from the accumulation of messenger RNAs that vere not 

translated (Koser and Collier, 1976) • A reduetion of the 

overall rate of RNA synthesis in the g8strular (Collier, 1976) 

and post-gastrular (Davidson et al., 1965) delobed embryo has 

also heen reported. Collier (1975) also reports a decrease in 

the rate of DNA synthesis in the delobed #' embryos after the 

fourth dey of developaent. 

Investigations of the electrophoretic patter.ns of protein 

synthesis of normal and delobed eabryo. have been done in order 

to aearch for proteinl wbose synthesil i8 lobe-dependent. 

Donoboo and Kafatos (1973) dissoc iated lll.n.... eabryoa into 

their AB and CD bl.sto_res and using a double radioactive 

isotope labelling procedure, detected protein differances 

betveen the •• rly cle.vage progeny of the.. two bla.t~r.s. 

Ife.rock .nd Raff (1975) reported diff.rence. between nOr8a1 and 

de 1 obed "'r,os at 2. hour., .1so utiliaing double' isotope 

1 •• 11in9 procedure.. Tbese Itudie. could not diltinguish 

quantitati"e frOli qualitati"e 4ifferanc ••• inee tbel ellployed a 

one-di .. naional IDS gel .nal,tical technique in wbich groupa of 

proteinl frOil bo'-.-bryo type •• ere inclucSed in c~ gel 

slic ••• Brandborlt and ".rock (1981) and ~oll 1er (1981a) 

anallMd tbe protein synthesi, pattern of noral .nd delobed ~ 

abrlos and isolat" polar lobe. u.ing 
, 

,Usoelectric focUs ancJ IDS) gel electroplaor .. i. to circ ..... nt 
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some of these problems. There "ere no unique proteins found in 

the normal embrl'o, delobed embryo or i solated polar lobe during 
# 

early cleavage (2-12 cell stage). 'l'he se studies did not , 

analyse very basic or acidic proteins, high molecular weight 

proteins or any proteins which failed to focus in the first 

dimension. The synthesi s of polypept ides in i solated polar 

lobes demonstrates that concomitant transcription of the genome 

i8 not r'equired for their synthesis. Therefore, the mRNAs that 

are being transcribed must be of oogenic origine The 

predominantly oogenic origin of these mRNAs vas confirmed bl' 

the failure of Actinomycin 0 (an inhibi tor _of transcription) to 

alter the rate of accumulation of any of the polypeptides 

synthesized during early cleavage (Collier and McCarthy, 1981). 
• 

These studies indicate that Most major proteins are not 

involved in the etiology of the polar lobe ef fect ~ , 

.\n8ly8is of the polypeptides synthesized by the 24 hour 

normal and delobed Ilyanassa embryo, as compared to those of 

early cleavage, show stage-speci f ic proteins (Brandhorst and 
, 

Newrock, 1981; Collier and McCarthy, 1981). The effect of the 

re.oval of the polar lobe is restricted to quantitative changes 

in both proteins which show stage spec i f ic synthes i sand those 

which do not (Collier and McCerthl', 1981). Collier and 

McC8rthy (1981) report that these proteins "hich are 

synth.sized in different quantities in the delobed compared to 

the nor_1 ellbryo are aIl trans1ated from IRRNAs transcribed 
/ 

during oogen •• i.. In addition, a sub.et of the developalental 

cban-ges in prot.in Iynth •• ia which occur between the 4 hour and 
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24 hour embryo occurs in isolated polar lobes, (Brandhorst and 

Newroc'k, 1981; Collier and McCarthy, 1981) • Proteins 

synthesized by the ~polar lobe shôwed both a decrease in the 

rate of accumulation of some proteins and an increase of some 

others. This regulation must 

independent events and may involve 

occur by transcriptionally 

the se 1ec t ive regula t i on of 
C> 

the translation of mRNA stored in the egg fBrandhorst and 

Newrock, 1981; Collier and McCarthy, 1981). No proteins vere 

detected which were synthesized exclusively in the polar lO~$. - ~ 

COl~983) compared proteins1t; synthesized by normal and 

delobed embryo~ing late organogenesi s ~ Two-di,mensional gel 

elëctrophoresis reso'lved the same sët of proteins in the two 

embryo types. This may relate, to the finding of Atkinson 

(1971) that many cell types of disorganized organs are still . 
present in the delobed embryo. 

Attempts to determine why the removal of the lobe result~ 

in such a di sorgsnized embryo have been unsuccessful. Analysis 

of total protein fract ions c·annot determine the sites of action 

of the putative determinants which are loca1ized in the polar 

lobe. It is necessary to exam'ine specifie proteins in specifie 
o 

locations vhich are amenable to a functiona1 interpretation ,and 
0 

examine the effect delobing has on tbese ,specifie proteins. 

Thé histones are one such group of proteins as they are 

specifically located in the nucleus. Thus, this study f irst 

elucidates the pattern of histone Hl synthesis in normal 
~ 

Ilyanassa embyros and then focuses on' the effect that delobi.ng 

has on this ~l synthesis pattern. 
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MATER! ALS AND METHODS 

Maintaining Snails and Obtaining Embryos 

Mud snails, Ilyanassa obsoleta, vere obtained from the 

Marine Biologieal Laboratories, Woods Hole, Massachusetts. 

Snail stocks vere maintained in hibernation at 4°C in aerated 

tanks filtered vith glass wool and ehareoal and contained a 

gravel layer at the bottom to remove nitrogenous wastes. 

Breeding snails vere maintained at 17 D C either in Instant Ocean 

salts (Aquarium Systems, Inc.) dissolved in deionized water to 

a density of 1.025 or in natural sea water obtained from the 

Marine Biological Laboratories. The ten-gallon breeding tanks 

vere well-aerated and fil tered wi th glass wool, charcoal, 

diatomaceous earth, and gravel. Snails were fed frozen shrimp 

approximately once a veek. Laying snails vere kept on a 

light-dark cycle of 14 hours in light and 10 hours in darkness. 

Fertilized Ilyanassa eggs are laid in gelatin-filled 

capsules vhich are deposited in strings on the sides of the 

tanks. Capsules vere collected by scraping them from the sides 

of the tanks vith a razor blade, sorted according to embryo 

stage utilizing a dissecting microscope, and cleaned of 

adhering algae and other debris vith vatchmakers forceps. The 

embryos vere allowed to develop up to the point of labelling 

ei ther vi thin the capsules or removed from the capsules as 

required by experimentàl protocol. AIl experi .. nts vere done 

at l6°C in Millipor,e-filtered artificiel sea •• ter (MPASWI .. 0.'5 
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M sodium chloride, 0.025 M m8gnesium chloride, 0.018 M 

m8gnesium sulphate, 0.009 M potassium chloride, 0.005 M calcium 

chloride, 0.002 M sodium bicarbonate) (Cohen et al., 1975) 

containing 0.1 g/1 each of penicillin G sodium and streptomycin 

sulphate (Sigma). Collier (198lb) has published a useful 

directive on obtaining and handling Ilyanassa obsoleta. 

Polar Lobe Remova1 

Egg capsules vere maintained on a vater-cooled cold plate 

at 9°C to retard development until sorted and cleaned. Single 

capsules containing 50 to 200 closely synchronous eggs vere 

opened vith curved scissors individually in 35 mm X 10 mm 

polystyrene petri dishes (Corning) and the embryos vere 

released into MFASW vith vater from a mouth-operated micropipet 

fashioned trom a Pasteur pipet. The brand of petri dish is 

important since it vas found that embryos of some stages Adhere 

to some brands. 

In the delobing process embryos vere alloved to develop at 

room temperature (= 22·C) until many eabryos of a capsule vere 

at the trefoil stage. Q The petri dish containing the eabryos 

was then placed on a Nev Brunsvick rota tory shaker and the 

polar lobes reaoved by brief rotatory agitation at 250 r~ 

(Ne.rock and Raff, 1975). The ..aIl dia.eter of the petri 

dishes aids the delobing pracees. Delobed eabryos vere 

collected i..ediate1y after lobe r~val utilizing a 

.auth-operated micropipet. This is nec .... ry sinee eontinued 
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delobed e~s can result in the separation of 

CD blastomeres. To maintain synchrony between 

normal and delobed embryos, equal numbers of control embryos 
" 

(i.e. those embryos from vhich the polar l~be had not been 

removed) and delobed embryos vere collected from each capsule. 

Immediately post-trefoil was considered Time 0, and 

consequently, the first round of DNA synthesis after 

fertilization vas not monitored in experiments reported here. 

Normal and delobed embryos vere then cultured under identical 

conditions in MFASW until the desired developmental stage. 

Normal development 
. ~ 

of agltated control eabryos shows that 

rota tory agitation bas no deleteriou& effects. 

Labelling of Babryos 

Eabryos vere labelled with 35 ~i/.l of 'H-Lysine (81.8 

Ci/mmole; New England Muclear) in 3al of ,MPASW. Sabryos 1 day 

old and older were labelled for 3 hours as detailed in the 

figure legends. In order to avoid collecting the fragile 

nuclei of early eabryos, but to still obtain an early time 

point, embryos were labelled either early (0 - 6 hours) and 

chased to 24 hours vith cold lysine (Sig8B; 1 ~ in 3 al MPASW) 

before nuclear isolation or during the entire first 2' hour 

period and collected without a chase period. 

1 
l 
J 
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Hl Histone Isolation 

Delobed embryos of Illanassa obsoleta are difficult to 

obtain in large numbers as they must be collected individuelly 
t 

after delpbing.' This material limitation made it necessary to 

develop a histone isolation technique on a microlevel utilizing 

the Beckman air-driven ultracentrifuge. With this centrifuge 

extractions could he accompli shed in a total volume of 250 ~l. 

Normal and delobed embryos (approximately 250 of each) 

vere labelled in petri dishes as described above. 

Unincorporated label vas removed by vashing th~ embryos tvice 

vith MFASW by gravit y transfer trom a vide-mouthed pipet. The 

seavater vas removed by vashing e.~ryos vith l M dextrose-O.l M 

NaCl made up in Zveidler's (Z) medium (50 mM glycine; 10 ~ 

potassium-tris-maleate butfer, PH.7.3; 5 mM .. gnesium cbloride; 
, 

10 mM ,--*rcaptoethanol; 0.5' thiodiglycol; 0.1 ~ 
) 

L-1-tosy1amide-2-pheny1-ethylchlorome~hyl ketone, Si~; O.l~ 

pbenyl .. thylsulphonyl fluoride, Boehringer Nannhei.) (Cohen et 

al., 1975). The eabryos vere transferred in the dextro.e-MaCI 

solution to a 250 ~l airtuge tube, allowea to settle and t~e 'l' 

dextro.e-NaCl was reaoved. The eabryoa were then ba.ogeniaed 

in Z .. diu. vith. siliconized pestl ... de to fit the airfuge 

tube. The hoaogenate v •• then underlayered vith 50 .1 of 0.1 • 

suc rose and a 10 ~l, 60' sucrose ped (both prepared in 1 

.. diUB), accelerated to 125,000 g, and i.-.diately allowed to 

decelerete. Tbe aupernatant ••• r..oved fra. above the pellet 
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vhich contained the nuclei. Nuclei vere then homogenized in 

the airfuge tube vith a b~ffer containing 0.25' (v/v) Triton 

X-IOO detergent in Z medium. The chromatin vas pelleted by 

acceleration to 125,000 9 folloved by immediate deceleration, 

and the supernatant vas removed (modified from Cohen et al., 

1975). The chromatin pellet was then homogenized in 20 ~l of 

5' perchloric acid (PCA) and alloved to Bit at ,DC for 45 

minutes vith intermittent stirring (Johns, 1964). The PCA 

insoluble material vas pelleted by acceleration ,to 125,000 9 

folloved br immediate deceleration and the PCA soluble 

supernatant vas removed to another airfuge tube. The PCA 

extraction was repeated and the second supernatant pooled with 

the t i rst. PCA' soluble mater ial vas tben prepered for SDS 

elect~ophoresis by adding an equal aaount of 2 Z SDS • .-ple 

butter and adjusting the pH to 7 vith so4iua hydroxide. 

Blectrophor •• i. 

SDS polyacryl .. ide gel electropbore.i. v •• perfo~ uaing 

slab gels 14.5 c. x 13 ca a 0.1 c.. A ~ri.-9lfcine buffer 

system vas used according to the procedure of La ... li (1970). 

Tbe 12 cm separating gel contained 15' aeryl .. ide and O." 

bisacrylaaide (pH 8.8). The 2.5 ca stacking gel eonteine(! " 

eeryle.ide and 0.0" bisaeryla.ide (pH 6.8) vith .. ~l. v.ll. 

1.5 c. Z 0.3 c. X 0.1 CIl. Sulple. of equal vo1u.e and 

epproai_tely equal counta v.re prepareeS u.ing 1 .& Ullple 

buffer (0.625 M Tria-Hel, pH 6.8, 2' (v/v) .octi_ dodec:rl 
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sulfate, 10' .(v/v) glycerol; 5' (v/v) ,- .. rcaptoethanol; 

0.001' (v/v) broaophénol blue)(Lae .. li, 1970) to a volu.. of 20 
. 

~l. To these samples approximately 2 ~g of unlabellea 

Il!anassa obsoleta Hl histone carrier (prepared fro ••• bryos 

ranging in age from egg to late veliger larvae) and 3 _g of 

unlabelled calf thymus total histone carrier (Worthington) vere 

added. 

Gels vere run at 100 volts until the tracking dye 

(bromophenol blue) entered the separating gel. The voltage vas 

then increased to 150 volts and electrophoresis continued for a 

total of 1000 volt/hours. Gels vere stained vith t.4' ~.ido 

black in 22' methanol and &.5' acetic acid in distilled ~ter. 

Gels vere then neutralized vith ,a saturated solution of sodiua 

phosphate and fixed in 0.1' glutaraldehyde for 1 hour. After 

fixation gelS vere restained using Caa.assie blue. 5taining 

vith amido black first, tben Cooaassie blue, is necess.ry as Hl 

bistones sa.eti .. s elute out of gels stained i..ediately vith 

Coo.assie blue (K. M. Nevrock and L. H. Cohen, personal 

co.aunication). Destained gels .ere photograpbed, prepared for 

fluorography using Inhance (Nev Bngland Hucl •• r), dried,.nd 

esposed to preflashed Kodak za1 fil. .t -70·e (Laskey .nd 

Nills, 1975). ~ 

Cl ••• land Di".ts of prot.ina froe Dr1eO Gel, 
1 

Protein dig •• t. ..r. perforae4 u.in, Stapbl9C!Fsua ."'MI 

prot •••• (5igaa, aodifie4 froa Cle •• land .t al.,1977). ~l .. 

,1 
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for dige.tion v.re prepered and electrophoresed a. de.eribed 

above. Gels were stained as above, but not fized vith 

glutaraldehyde, prepared for fluorography, dried, and exposed 

at -70·C. Pilm and dried gel vere notehed and .. rked vith int 

eontaining l·C-leueine prior to exposu~e so that the developed 

film eould be aeeurately~perimposed on the dried gel. The 

bands eorresponding to radioactive Hl proteins vere eut feom 

the film and thi. film vas then utilized to eut "out the 

eorresponding Hl protein bands from the dried ~el. The dried 

protein bands vere soaked for et least 10 minutes in buffer 

(0.125 M Tris-HCl, pH 6.8; 0.1' (v/v) SDS; lmM BDTA) vhieh 

svelled the gel and re.oved the supporting filter paper from 

the aerylamide. The bands .ere the~n in buffer 

stored until needed. A second 15' aerylamide , 

and 

O.f' 

bisaerylamide gel vas prepared and the iabibed protein bands 

vere plaeed at tbe bottom of the 1.5 e. X 0.6 em X 0.1 ea 

.. aple vells. Tbes. band. vere tben overlayed vith the above 
" 

buffer solution containing 20~ (v/v) glycerol and tben vitb 1 

~g of s. aurau. protease in the .... buffer but containing lOt 

(v/v) glyéerol. SampI es vere electropbore.ed at 100 volta 

until the broaophenol blue dye front réacbed tbe end of the 

staeking gel. Ilectrophoresia va. then balted for 60 ainut.s, 

to facilitate prot.ase digestion of the protein l and cDntinued 

at 150 volts for a total of 800 voltlboura. Tbe gel .a. then 

prepared for fluorographl', and espo.ed. A preliainarl' te.t 

ca.pering calf th,.us histone (Worthington) banda eut fra. a 
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vet gel to thos. cut frOli an Bnbanced, dri." gel iftdicatec.' no 

difference. in digestion. 
! 

Bmbr 0 Cell Nuaber Deterainati 

Normal and delobed e.or •• ere collected a. described 

above and .a.hed in 1 M destrose-O.l M MaCl to re.ove s.a 

veter. Individual e.oryo. vere placed in a drop of Mithra.ycin 

(125 ~g/.l,Sigma)(Cole .. n et al., 1981) prepered in Z .. diua 
1 

and squashed vith a gla •• cov.~slip on slld •• coated vith a 

mixture of eg9 vhite and 9lycerol (1,1). Muel.ar fluore.cence 

va. visualized u.ing a Leitz Orthoplan microscope equipped with 

incident illvaination, fluoreacence. ~.hes vere photograpbed 

and fluore.cent nue lei later counted on the negative. or on 

.nlarged projections. Nuele! lying out.ide the field of the 

photographs vere counted vithout the aid of photography and 

later added to the count. Typical squash.s of nor_l and . 

delobed eabryos of .arly and late atage. are shown in Pigure. 5 

and 6. Values obtained for the ca.periaon of c.ll n~r. of 

nor .. l and delobed eabryo. vere then analf • .a using Stpdent's t 

test lSAS Institut. Ine., Raleigh, M.C.). Tb. pereent 

differenc.s in cell 'nuaber1of noraaJ and delo..a eabrfOi •• re 

calculated fra. tbe ..-na. , 

!plecular .. lght Rlt'r-inetion 

,lIol.cul'ar •• lgbt. of ~ ... Jl __ Hl protei ..... 

. cSet.nained br IDS polPC171_t.cJa ,.1 .lectropllo .... t. utiliai,. 

( 

.. 
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~evious1y reported bistone .c1ecular v.lght. as -.. rkers. ·Tbe 

.. rker. used •• re calf tbyaus 84 -(11,282; Delange et al., 

1969), th~u. H3 (15,324; Delang. et al., 1972) and •• a urchin 

R1. (Levy et al., 1982) (calculated ~lecu1ar •• ight of 

25,824). Ill.n .... H3 and R4, a. ezpec:ted, bave tbe .... 

aobility in SDS polyaeryla.ide ge18 a. the calf th~u. histone. 

and I1rana... Hl band 3 ha. th. • ... ItObi1ity a. _ urchin' 

hi.tone Hl. -<Maekay and ••• rock, 1982) • 

• 

1 ',1 
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R&SUL'rS 

Hl Hi.tone Synthe.i. During Mor .. l De.elop!!nt 
• 

The syntheai. of Hl proteina waa firat studied 4uring 

normal development, after which the nor .. l pattern wa. compared 

to that of delobed eabryonic develop.ent. Radioactive Hl 

proteins were isolated a. 5' perchloric acid soluble nuelear 

proteins, displayed by electrophoresis and visualized hy 

fluorography al de.cr~bed in Methods. Saposures were adjusted 

for both accurate depiction of relative band lntenaitiea and 

band clarit,. For .11 but the •• rli •• t ti.. point, for which 

there was a .. terial liaitation, eatended e.po.ur.. war. done 

to dateraine tr.ce .aount. of incorporation. Sucb eapo.ure. 

.re depicted in di.gr .... tic fora only (Pigure 7). 

During Il'.n .... developaent sia r.dioactive band. c.o be 

detected which ara Hl proteins according to the .bo"e criteria. 

The.e banda are de.ignated -1 - 6- in pigure 2. land. 1 - 5 

are clu.tered and have aolecular .aight. in tbe r.nge Qf 26,800 

-=~2',700 wber ••• , band 6 ha ••• ubstanti.ll, bigh.r ~lecular 

.eigbt of approai .. tely 29,500. Tbr .. of the.. band. (3,&,5) 

ba"e bHn previou.ly o.er,," (Macke, and "'rock, 1982). ..ftd 

3 ,... aolecular _igbt of approai_telr 25,100. It .... the 

_ IIGbi 1 i t, in SDS gel ttiectrophor .. ia a. _ urcbin biat:one 

Hl, • ("'cuJ and ... rock, 1912). 
-

During .arl, cl ...... (t~.foil unt!1 approa~t.lf tbe 32 

- " cell atate) the p" ... inant 81 ..... 1 ..... 6. 1 Durta, 
,J 1 

; 



-38-

Pigure 2. Hl histones of normal llyana... eabryos. 

vere prepared, resolved and displa,ed by 

Histones 

SDS gel 

electropboresis and visualiaed by fluorography as described in 

Methods. 0 - 6 hour eabryos .ere labelled vith 'H-lysine for 6 

hours beginning at the trefoil stage and cbased .itb cold 

lYline to 24 hourI. A 3 bour labelling period beginning at 24 

bour intervals .a. u.ea for all other I~age.. l - 6 indicate 

Hl bistone band.. 'l'be day of develos-ent for each laoe il 

indicated. 

, , 
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early eleavage, incorporation into band 6 is greater than into 

either bands 1 or 2 (Figure 2, 0-6 hrs). By tventy-four hours 

of developnent (gastrulation), only a trace amount of 

radioactivity into band 6 can be seen and only in extended 

fluorographic exposures. By day tvo bands 1 and -2 are 

predominant and show incorporation in nearly equal amounts 

(Figure 2, day 1). At tvo days of develôpment band 2 shovs a 
r - -'- .. -'- --- / 

relative intensity'and by day five is detectable decrease in 

only in a minor amount (Figure 2). Aft.r this time it is 

detectable only vith very long exposure times vhen other 

proteins are overezposed. Incorporation into band 1 decreases 

and becomes a trace vith a different schedule than band 2. 

Band 1 is still seen as a relatively intense band at day six 

and is seen in a minor amount by day nine, the next time point 

(Figure 2). 

Ba~ds of faster mobility, ~nds 3, f, and 5, are firat 

present in relatively large amounts et dey three of development 

(during early organogenesia) (Figure 2, day 3) • They are 

present a. early as day one but only in trace a.ounta. At day 

four, bands 3, ", and 5 show the same aalOunt of incorporation 

as bands 1 and 2. By dey five, bands 3, f, and 5 becoae the 

predOilinant Hl histone bands and continue to be so throughout 

th. r ... inder of d.v.lo~nt (Figure 2). Of these three bands, 

band 3 i. the ,predOilinant band. Band • and band 5 appear in 

lo.er and approzi .. tely equal UIOunts to one another. 

Occ •• ionally, another band of fa.ter ~bility tban band 5 i. 

re.olv" (e.g_ Figure 2, daf 13). A .~rf of tbe Hl hi.ton. 
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synthesis during normal developmen~ is presented 

diagrammatically in Figure 7. 

lDuring early spiralian development cleavage does not 

necessarily progress geometrically. Hovever, in the absence of 

a detailed study 
, 

of these ~~rly stages in this report average 

cell numbers are used. 

Hl Histone Synthesis in Embryos Delobed during the 

First Cleavage 

During the first twenty-four hours of normal developme'nt, 

when the labelling protocol is to label for the entire period, 

bands 1 and 2 show incorporation of isotope in equal amounts 

while incorporation into band 6 is lover (Figure 3, trefoil -

day 1). The situation is different in delobed embryos. In 

these embryos, incorporation into band 1 is less than band 2 

while band 6 is dominant (Figure 3, trefoil - day 1). Such 

differences in incorporation patterns between normal and 

delobed embryos are found throughout development. These 

differences represent a de1ay in the timing of tWe histone 

switches as illustrated by examining subsequ~nt development. 

At day four, when incorporation into bands 3, 4, and 5 lS , 

significant and incorporation into band 6 is reduced to only a 

trace in normal embryos, in delobed embryos the incorporation 

into bands l, 2, and 6 resembles more closely that found in 

normal embryos labelled for the first tventy-four hours of 
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Figure 3. Hl hIstones of d~lobed Ilyanassa embryos. The 

histones of normal embryos are included for comperison. One 

day embryos vere label1ed for 24 hours beginning at the trefoil 

stage. 4, S, 9, and 12 day embryos vere labelled for 3 hours. 

Histones vere prepared, resolved and dlsplayed by SDS 

polyacrylamide gel ~lectrophoresi5 and visualized by 

fluorography as described in M~thods. Bands l - 6 at the far 

left indicate the Hl protein bands. The small squares are an 

aid for easy alignment. Deys l, 4, and 12 are from the sa.e 

gel. Day 5 and 9 are from a separate gel. N, nor.al eabryo; 

D, delobed embryo. 
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development (Figure 3, trefoil - day 1). Incorporation into 

bands 2 and 6 is 8pproximately·equal "hile incorporation into 

band 1 is somevhat less although its relative incorporation has 

greatly increased compared to that seen in the trefoil-dal' one 
1 

labelling period. The onset of synthesis of bands 3, 4, and 5 

15 also delayed in the delo.bed embryo. Incorporation into 

these bands i s det~ctable in the four day delobed embryo only 

after a very long fluorographic exposure whereas in the four 

day normal embryo incorporation into bands 3, 4, and 5 is 

pronounced relat ive to bands land 2. 

At day five of development, normal embryos show 

incorporation into bands l, 3, 4, and 5 (Figure 2) although in 

this gel bands 4 and 5 did not resolve "ell (Figure 3, day 5). 

1 ncorporat ion i nto band 2 occurs only in very lov amounts 

(Figure 3, day 5). The five day delobed embryo, on the other 

band, shovs a substant ial amount of incorporat ion into band 2 

relative to bands l, 3, 4, and 5. Incorporation into bands 3, 

4, and 5 has increased greatly (P'igure 3, clay 5) cOlllpared to 

day f our of del~bed dêvelopment. These bands are nov present 

in a.ounts similar to bands 1 and 2 (Figure 3, day 5). 

Delayed svi tching is again apparent in the nine day 

delobed eRlbryo. In the nine day nor_l embryo band l can be 

detected only in lovamounts. However, in the day nine delobed 

embryo band 1 continues to show a relatively high level of 

incorporation (Figure 3, day 9). The nine dal' deldbed ellbrl'o 

also shows a high level of incorporation into band~ 2 whicb il 

synthesized only in ainor UlOuntl after clay four in tbe no~l 
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embryo (P' igure 3 and Figure 2). In faet, at day nine of 

delobed develo~nt band 2 bas begun to decrease in a manner 

consistent vith the normal pattern such that it shovs 

relatively' lover incorporation than band 1. Incorporation into 

bands 3, 4-, and 5 also occurs in the nine clay delobed embryo to 

give a pattern which resembles that seen on day four of normal 

development (Figure 3, day 9). 

By day tvel ve of development, bands 1 and 2 have ceased to 

he synthesized in both normal and delobed eDlbryos (P'igure 3, 

day 12). Thus, the of f -svi tch of synthes i s of these bands does 

eventually occur in the delobed embryos, albeit, in a delayed 

manner. Bands 3, 4, and 5 of this preparation, and in all 

other day tvelve preparations made for this type of compar ison, 

did not resolve vell. As such, no comparisons of incorporation 

among these bands betveen normal and delobed embryos is 

possible. A diagrammat ic sUllllDary of the Hl histone synthesis 

schedule during delobed developnent is found in Figure 7. 

There is no differenee in the timing of the Hl svitches in 

normal embryos cultured free in seavater (Pigure 3) as coapared 

to those embryos maintained in their capsules until labelling 

(Figure 2). 

Cell Humbers of Normal and xJIlobed Bllbryos 

Cell nUlllbers vere determined by counting the nuclei of 

embryos at tventy-four hour intervall througbout develos-ent 

(Table 1; pigures 4, 5, and 6). Tbe data val eollected in tvo 
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Table 1. Cell nuabers of nor .. l and delobed eabryos. The data 

vere collected in tvo data sets as indicated by • procedures 

described in Methods. The cell counta of nOr1lal and delobed 

elllbryos aged day l to day 12 .ere cOllpllred using the Student' s 

t test. Signifieant differences .ere calculated at the l' 
level of probabi1ity. 

.. 

-
f ) 
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Table 1 

Day Ellbryo Nulltler .... n of Cell R.nge T bagr ... of PrObabtltty Stgn1f tcent % 0 t ftaranca 
Type of ~,.a :t 0' Value FreedQM of > ITI o tfferance et between 

Ellbryos St.ndard Cel " '" Probabll t ty .... n. 0' 
Oevl.tton Nullbera Leve 1 Cell Nullbera 

o.t. Set 1 

1 N if 31.3i 3." 21- "0 0.85 t6 9 o 36 NO 006 
1 0 13 31.U 7.1 27- .. 1 
2 N ft 12.1i 7.1 61- 13 -2.20 21 0 o 0" NO o 07 
2 0 12 71.'i ..... 70- U 
3 N 6 104.2i 1.7 83- 1115 1.24 12.0 o 24 NO o 07 
3 D 8 1 ft. S± 12.0 83- 134 
4 N 10 14'.U Il 7 116- , •• -1 82 13 2 o 13 NO O.De 
4 D 1 137.3t 7.2 131- 153 
Il N 7 tat.7t tl.6 t3'- 111 0.26 13 0 o 10 NO o 02 
5 D 8 1 .... 3± 20.4 t35- 200 
6 N 8 248.0:t 33 .. 185- 307 -2 84 t5.0 o 01 YES 18 5 
6 0 8 202 .• t 33.3 110- 248 
7' N 7 3215.3t 43.15 241- 371 -3.97 11 0 0.002 YES 25 
7 0 6 243 li 26.' 217- 2 •• 

O.t. Set 2 

7 N 9 1" I± ..... "'4- 711 -4.37 17 .0 o 0004 YES 20 7 
7 0 tO 153.S± 87.5 386- .7S 
a N tO .34.5:t 62 .• 100-1022 -5 23 ".0 o 0001 VES 21 .. 

• 0 10 731.0:!103.0 837- HI 
1 N 9 1311."1".;1 .7.-1 •• 1 -3.21 Il.0 O.OOS YES 21 1 

• D 8 1021 .Utt2.' 711-1311 
10 N 1 1144. otla? .1 1114-1"2 -5.57 12.0 0.0001 YES 25.0 
10 0 8 13Oe .• :tt".7 107.-1433 
12 N 8 2434.3± ".5 2280-2141 -'1.52 14 0 o 000' YES 22.8 
12 0 8 ,.7 .... :t ".1 1147-2015 

" 

\ 

't 'M... n ... ~-~----= ... --.----- -........ -
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. 
Figure 4. Graphie representation of cell nuabers of nor_l 

embryos as coalpared to delobed embryos. The plottea values are 

the means obtained from Table 1. • Normal embryos. 0 Delobed 

embryos. Day l - 7 , data set 1. Day 7 - 12., clata set 2. 

1 
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Figure 5. Muel •• r r fluoreacence of nor_l .lIbryoa. (A) Day"l. 

(1) Dlay 12. s.hryos •• re aquashed in aitbrallJCiI125 ,,9/.1) 

ana fluorescence viaualizea a. aescribed ~n MethocJs '1'he 1 day 

eûryo squash containa 3' brightly fluoreseing nuc i plua 2 

very dia nuclei. The 12 day .éryo Iquash ~. 2.32 nuelei plu. 

70 nuclei which la, out.ide the' fr .. of the aontage. Z 100 

) 

o 

o 

r 
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Figure 6. Nuclear fluoreacence of delobed elllbryos. (A) Day 1. 

(B) Dey 12. The l day ellbryo haa '2 brightly fluorescing 

nuclei and 'very di. nuclei while the 12 day e.bryo hal 1859 

fluorescing nue lei • X 100 
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sets, the' first set consisted of embryos one to seven days old 

and the second set of seven to twe1 ve day old embryos. ,The 

nUilber of cells in the day seven e.bryos of the second data set 

is approsimately tvice that in the first data set. This 

difference represents one round of cell division and cou1d be a 

result of embryo variation betveen the tvo experimenta1 groups. 

Delobed embryos vere cultured to only tvelve ,days. It i s not 

possible to culture such embryos much longer as they deplete 

their stored nutrient supply and die. 

Stat i stical analysis of the cell numbers indicated that 

there vas no significant difference at the 1% probability level 

betveen the cell number means of normal and delobed embryos 

from day one to dey fi ve of development. On the other band, 

means of the cell numbers of normal and delobed embryos from 

day six to day t"el ve are signi f icent ly di f ferent at the 1"\ ... 

level of probability (Table 1). The results from day seven of 

both data sets agree in that there is a significant difference 

in celi number bet"een normal and delobed embryos. 

Betveen day five and day seven, during mid-organogenesis, 

the normal embryos undergo cell di visions "hich do not occur in 

the delobed embryos (Table l and Figure 4). These cell 

di visions resul t in an 18' difference in cell nuaber betveen 

the normal and delobed embryos. The di ffer_g,ce in cell number 

is maintained at 18-25_ for the r~_inder of the develos-ental 

period stuàied (Table 1). Thus; this phenoaM!non occurs only 

once during the obaerved degelo~nt.l period. At the end of 

the period ex •• ïned, tbe cella of bath nor .. l and de10bed 
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embryos are still dividing at a rapid rate. This rate has 

changed little since early development" (Figure 4). 

Nuclear Size in Normal and Delobed Embryos 

The n ucle i of one day sQuashes of embryos have an 

approximately 3 times greater diameter than do the twelve day ,. 
embryos. This result is the same for both the normal and 

delobed embryos (Figures 5 and 6). The size limi ts of the 

nue lei of normal as compared to delobed embryos are similar B,t 

these stages (Figures 5 and 6). 
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DISCUSSION 

Hl HIstone Subtype Complezlty and Subtype Synthesls SVltehes: 

Normal Development 

Hl hlstone synthesls ln Ilyanassa is slml1ar to that of 

the sea urehln (Sea1e and Aronson, 1973: Ruderman and Gross, 

1974; Poce la et al., 1975). 1 t 1 s possible tha t band 6 i S the 

I1yanassa equlvalent of the sea urchln CSHI (Newrock et al., 

1978). In a manner Slmllar to the sea urehln CSHI, band 6 has 

a slgnlfleant1y slower mob1l1ty than the other components of 

the Hl fractIon, and, agaln llke the sea urchln CSHl, its 

synthesls durlng development is eonfined to early e1eavage. 

Ilyanassa embryos also have early forms (a) (bands 1 and 2) and 

1ate forms (1) (bands 3, 4, and 5) similar to the sea urehin. 

In the sea urehln, the CS and a forms are maintained in 

ehromatin long after thelr synthesis ceases (Cohen et al., 

1975; Nevrock et al., 1978). No evidenee on this point has 

been obtained in this study for Ilyanassa. 

Wi th the ava i lable data i t 15 not poss i ble to make a 

definitive statement as to whether or not each of the six bands 

deseribed in this study represent subtypes wit"h different 

pr imary ailli no ae id sequences, or, instead a r i se due to 

post-translationa1 modifications of one or a tev subtypes. 

However, the data indicate that at least four distinct 

polypeptides are involved. Band 6 is synthesized only during 

c leavage and i s a larger molecule than the other Hl proteins. 
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Bands land 2 have synthesis patterns distinct from aIl other 

bands as vell as from one another. In addition, V8 protease 

peptide maps indIcate that these proteins, although related to 

one another, are different (see Appendix 1). Hovever, peptide 

mapping data are not conclusive since amIno aCld modificatIons 

could affect peptlde mobility. Bands 3, 4, and 5 can be 

distinguished from bands l, 2, and 6 by their developmental 

synthesis patterns. It is entlrely possible, hovever, that 

they differ from one another only by post-translatlonal 

modificatIons. The question regarding vhether or not each of 

the SIX bands represent subtypes can only be unequivocally 

answered by amino acid or gene sequencing. 

In an earlier study of the Hl histones of Ilyanassa Neckay 

and Nevrock (1982) described three Hl protein bands in the 

veliger larvae. These bands correspond to bands 3, 4, and 5 

observed in this study_ They found differential incorporation 

of isotope (3)>4>5) into these bands at the veliger stage, 

although the three proteins vere present in equivalent mas!. 

In this study it has been found that the rel,ative synthesis 

pat tern among these proteins i 5 establ i shed ear ly in 

embryogenesis and is maintained throughout develo~ent. How 

the three proteins come to have equivalent masses, given the 

non-equivalent incorporation patterns, is not clear, although 

it mey indicate that they are modified forms which can be 

converted into one another. 

Onlike the sea urchin embryo,. Ilyana ... eabryos undergo a 

complex organogenesis. Under these eaperiaental ~condition. 
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between the third and fourth day of 

complet ion of gastrulation), and it 

contInues for several days. At some point during this process, 

the relative amount of synthesis of bands land 2 decreases 

rapidly, vhile bands 3, 4, and 5 lncrease accordingly (Figure 

7). The changes ln Hl synthesis descrlbed here lntroduce nev 

Hl proteins lnto chromatin. If these Hl subtypes are 

functlonally different, then the introduction of a new subtype 

lnto chromatin would he developmentally slgnlficant. Since 

several of these switches occur during organogenesls they .. y 

be functlonally related to thlS event vhether or not each of 

the subtypes has a distinct functlon. 

Hl Hi4stone Subtype Complexitl and Subtyp! Synthesis Switches: 

Delobed Develop!!nt 

The Hl histone subtype synthesis pattern of the delobed 

embryo differs fram thet of the normal e.hryb. The differenees 

are shown in diagram.atic form in Figure 7. ln general, in the 

delobed eabryo there is a delay of the svitehing of early (CS 

and œ) Hl protelns to late (Il Hl proteins. However, the 

switch from early to late Hl hIstone proteins does eventually 

oceur in delobed eabryos. Therefore, the presence of the polar 

lobe Blterial is not necessarJ for the switches to oceur but 

rather for the/' proper timing of the switches. The coaplexity 

of the Hl fraction in the two eabryo types is tbe ..... 
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Figure 7. Diagra~tic summary of the Hl histone synthesis 

svitches during the development of normal and delobed IIIanassa 

embryos. The Hl synthesis patterns from the data of Figùres 2 

and 3 are s~rized. The corresponding mean cell number is 

located beneath the synthesis data as t"o tiers of numbers, 

each tier representing one data set. 

Black circles represent the data 

lndicate substantial synthesis of an 

points. 

Hl band., 

Solid 

Open 

bars 

bars 

represent considerable relative synthesis at an undetermined 

time. Open triangles represent an increase or a decrease in 

synthesis betveen the days indicated. A .61i~ line, indicates a 

lov amount of synthesis and a dashe. line indicates a trace 

synthesis. The asterisk represents a ti.e point for vhich 

there ".5 insufficient ezposure to deter.ine if there vas a 

trace a.ount of synthesis. 
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It seemed possible that the observed, delay of Hl synthesis 

svitches could he due to a general delay of development of the 

entire embryo. To explore this possihility the number of cells 

comprising normal and delobed embryos vere determined for the 

first tvelve days of development. Embryo cell number vas then 

used as a marker for developmental progresse A positive 

correlation of cell number to the Hl subtype svitches vould 

exist if delobed embryos shoved a delayed increase of cell 

number, and if the Hl switches occurred in the delobed embryo 

when it ~d the same number of cells as the normal emhryo has 

when the svitches occur. This conjecture vas not the case. In 

fact, st the time bands 2 and 6 decrease in relative synthesis • 

in the normal embryo, and when their decrease is first 

noticeably delayed in the delobed eabryo, the tvo eabryo types 

have the ~ n~r of cella (Pigure 7). When the off 

svitches of bands 2 and 6, and band 1, finally do occur in the 

de10bed eabryo the eabryo bas .. ny acre cells then its nor .. 1 

counterpart does at the sa .. switch. Thu., there is no si~le 

relationship betvaen an Hl histone .witcb and the nuaber of 

cella in an eabryo. The switching ach.du1a auat he re1ated to 

another phena.enon. 

de 1 obed e.oryo shows aberrant organ09.n •• is 

(Craapton,1896; C1eaent, 1952; Atkinson, 1971). Thua, tbe 

polar lobe ia nec .... ry for proper org.nogen.aia. Po •• ibl, tb. 

Hl .witçh •• observed ber. are related to organogen •• ia ainee 

1 
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durin9 normal development bands land 2 show a rapid decline 

and bands 3, " and 5 a rapid rise in relative synthesis during 

this periode 

lt il possible that either Hl histone proteins, Hl histone 

mRNA, or factors vhich affect the transcription and translation 

of Hl histone mANAs are removed vith the polar lobe. Removal 

of any of these molecules could affect the ti.ing of the Hl 

switches. In the sea urchin the histones and his~one aRMAs of 

the CS and G subtypes are stored in the e9g and transcribed and 

translated during early cleavage (Nevrock et al., 1978; 

Weinberg et al., 1983). If CS and _ histones and .aNAs are 

stored in the Ilyanassa 

these molecules are 

egg, as in the s.a urchin e99, *nd if 
1 

re.oved and not replaced by nev 

transcription and translation of early histone ~A, then tbe 

expression of the late subtypes .ight be9in earlier. If, on 

the other band, nev transcription of CS and early subt~. doe. 

occur, there would be no effect ~at all on the Hl protein 

switch.s. If there are late histones or late histone aRMA • 

• tored in th. e9g, and, if th.ae are reaoved, then the ob •• rv.d 

pben~non could result. The pre •• nce of lat. histone. .nd 

late bistone aRMAs in the I1I.n .... e99 is not likely ainee the 

evidenc. in s.a urchin fr~ inhibitor studie. (Ne.rock et al., 

1978) .nd fra. la vitro translation of.aNA i.ol.ted fra. e99. 

(Areeci et al., 1976; Weinberg et al., 1983) .nd eabr70 • 
• 

(N •• rock et .1., 1978; Childe et .1., 1979; Areeci et .1., 

1976) indie.te that l.te hiltone..... .re not Itored in the 

-99 but are 17ntbeeiaed later in de.el~nt. '!'bUI, it i. not 
st1 
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likely tbat re.aval of histone. or histone aRMA. vith the polar 

lobe cau.e. the observed phena.enon. 

A Cell-Cell Interaction Nay Be Part of the No~l 

Hiltone Svitch Mechanis. in llrana.sa 

The data indicate that during normal development cell-cell 

interactions may be part of an eabryo-vide coordinated hi.tone 

synthesis svitch. During early development aIl cell lineages 

are dividing, ~resumably aIl are incorporating Hl histones 

into the genome. The Hl histones .. de during thil period are 

bands 1 and 2 and 6 (CS and G forms). The synthesis of the 

early histones then aIl but ceases in the entire .abryo, as 

evidenc.d by the absence of nevly synthesized material from 

total embryo chromatin preparations. Removal of the polar lobe 

contents results in a delay in histone subtype svitching in the 

entire .abryo even though the tontent. of the polar lobe are 

segregated into only one cell lineage. Thus, in the delobed 

eabryo, the wD w lineage affects the Iwitch of Hl synthesis in 

the entire embryo. If the entire eabryo vas not affectea, a 

delay in Hl subtype synthesis Ivitcblng vould not have been 

... n .i~ce t~e •• itching vould bave occurrad at the proper ti .. 

in the A, B, and C cell linaage •• 

Difference in C,ll MU!b!r blt.,en Mor .. l and Delobtf a-bryo. 

In the period fr_ clay one to day fi". nOrMl and delobed 
\l 

eab~,.o. hava •• iai1ar n .... r of c.lla. ften, at .0INt point 
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during the sixth day of dey.Io~nt, tbere is a preferentiai 

incr ••• e in the cell n~r in the nor_l eabryo such that i,t 

ultimately contains 20-25' more cells then the delobed eabryo. 

This increase is co.plete by the end of day,~seven. The 
~' 

difference betveen the tvo embryo types is then maintained 

vithout substantial fluctuation throughout the remainder of 

development studied. The inerease in the normal embryo does 

not represent a doubling of cell number. Thus, there must be a 

subpopulation of cells vhich divide in the normal embryo but 

vhich do not divide in the delobed embryo betveen daY5 five and 

• seven. These divisions occur in the normal embryo during 

organogenesis, a period of development vhen polar lobe effeets 

might be expected sinee the delobed embryo shows aberrant 

organogenesis. It is possible that the increase in cell number 

is related to this process. 

later catches up in cell number, 

Of course, the delobed embryo 
f' 

but, from this point on,there 
1 

may be a (an additional) qualitive difference between the cells 

of the tvo embryo types sueh that they are irreversibly 

altered. 

At tveive days of development the normal embryo is 

increasing in cell number as rapidly as at Any point in 

post-cleavage development. As such, the maximum number of 

cells in the veliger larva has not yet been determined. At the 

time of death the delobed embryo has 20' fever cells than the 

normal embryo, the difference established betveen days five and 

seven. Hovever, its cells are incre.sing in number .t tbis 

point at the .... rate as tho •• of th. nor .. l eabryo. It ..... 

, 
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po.sible tbat if tbe delobed eabryo Bad not died due to lack of 

nutrient. there would bave been a furtber increa.e in cell 

nuaber in these e.oryo. al.o. 

Iquivalent rates of early develo~nt of nor .. l and 

delobed e.bryos Agrees vitb the results of Davidson et al., 

(1965) who found the cell number ~f normal and delobed eabryos 

vas similar up to sixt y- t_o hours, the time period studied, 

and vith Ne_rock and Raff, (1975) who found that the appearance 

of ribosomal RNA synthesis, the appearance of apical cilia, and 

the formation of velar structures occurred at the same time in 

normal and delobed Ilyanassa embryos. Results shoving later 

differences in cell number betveen the tvo embryo types are 

also consistant vith those of Collier (1975) _ho measured DNA 

cont~nt of normal and delobed embryos as a function of 

development. 

During early cleavage it has been reported (Clement, 1952) 

that normal and delobed embryos have slightly different numbers 

of cells due to an altered rate of division in the "0" lineage. 

This cannot be the cause of the differences observed in this 

study since no significant numerical differences are observed 

by these methods from day one to fi~e of development. This 

does not Mean that differences seen earlier are not 

developmentally significant, but that such differences are not 

directIy translated into the 

observed here. 

differences in cell number 

At first glance it ma1 •••• po •• ibl. tbat tber. are fever 

cella in the delobed eabryo bec.u .. one third of it ..... v •• 
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reaoved w i th the polar lobe. '!'wo points argue against tbil 

eaplanet ion. P'irst of aIl, "ben tbe polar lobe is rellOved no 

nue lei are Te80ved. ThuI, no potential centres for cell 

division were re.aoved. Secondly, during nor_l develop.ent, 

the "0" macro.ere, after the micro .. res bave for .. d, stOPI 

dividing and becomes a source of nutrient (Clement, 1952), not 

cells. Thus, the presence of this extra mass cannot account 

for the 18 - 25% additional cells in the normal e~ryo. 

The Influence of Maternall! Stored Information 

This study shows an effect on Hl subtype synthesis 

schedules after removal of the polar lobe. The polar lobe 

presumably contains oogenetically synthesized and stored 

information and the differences observed between nor .. l and 

delobed embryos are due to the deletion of these products. 

Thus, there is litely a maternaI influence on chra.atin 

remodeling during development. The precise develop.ental 

consequences to the delobed embryo of the perturbation of the 

Hl swi tches, which could he o'ne of several perturbat ions 

associated vith polar lobe removal, will depend upon wbat, if 

any, distinct functions the individuel Hl subtypes have. 

Alternatively, it remains possible tbat the observed effect i. 

indirect and could be the consequerice of another aberr.tion 

which then affects Hl synthesis. 
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Nuel.ar Si •• Change. during Develop!!nt 

The decrea.e in nuclear .ize a. a function of develo~nt 

.. y be related to the incorporation of difterent Hl IRolecules . 
into the nucleus. To fully explore thi. pos.ibility it is 

necessary to determine the full distribution of nuclear sizes 

in individuel eabryos at progressive stages of develo~ent and 

co.pare this distribution to the Hl svitching schedule. 

Alternatively, a procedure to identify individuel subtypes in 

different sized nuclei could be used. 

Cell Type Distribution of Hl Subtypes Mu.t be Deterained 

This study has involved whole e~ryos. It is i~rtant to 

deter.ine the subtype coaposition of distinct cell type.. In a 

highly IRosaic organi.. such as Il'.n.... this can be 

acca.pli.hed by isolating A, B, C, and D blasta.eres after the 

second claavage. A. these bla.ta.ere. viII aevelop in 

isolation (Donohoo and Kafatos, 1973) thair .ubtfPes could be 

coaparad a. a function of developaent. ln .ddition, the 

ca.pla.ity of the v.li9.r larva alla.. for th. isolation of 

ti •• ue and organ types. Analy.i. of tb. Hl prot.ins vould 

a.ter_ine if ther. i •• n association of .pecific Hl .ubtypes 

vith .pecific ti •• u.. and organ.. A priori it ••••• .are 

lit.ly that the subtype. will he ••• ociat.d with w •• rly-late W 

ev.nt. in th. entir. .~ryo and not .ith .pecific c.ll type 

deter.ination.. Thi. po •• ibility ..... litely •• tb.re .r. no 

coapl.t.ly d.t.~ined cell t~. at the CS •• itch but ratber 

·' 
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cells with a great dea1 of developmental potentiel. At the 

\ later .witch organogenesis bas begun but there are not as many 

different Hl subtypes as there are cell types. 

\ 
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APPENDIX l 

va Protease Digest ion of Hl Hi stone Bands , 

prelilllinary data from' the VS protease digestions in'dicates 

that the sil Hl bands have both amino acid sequence hODlOlogy 

and ddfecenees among them. Band 6 has similar major 

digestions products as thos~ peptides produced by digestion of 

bands land 2 (Fi gure 8 f. This further conf i rms i ts 

identification as an Hl proteine Band l has a digest ion 

product that is misling in band 2 and the relative amounts of 

several peptides vary in the digestion patterns of the two 

bands. The two major digestion produets of band 3 have siniilar 

mobilities to tvo peptides of band 2. The major digest ion 

product of bands 3, • and 5 increases in mObility in the order 

5>4> 3 (Figure 8). A di fference such aS thi s could be due to 

sequence differences or to amine acid modification. A longer 

fluorograph exposure is necessary to see the full digestion 

products of bands 6, l, 3, 4, and 5. wi thout this exposure no 

conclusions can be dravn from this data • 
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Figure 8. vS protease digest ion of Hl hi stone bands l - 6. 

Lanes a f correspond to bands 6, l, 2, 3, 4, ano 5 

respeetiveIy. The two a~rows indicate the tw0l'ot ~ain digestion 
\ 

produets of band 6 which correspond in mobili ty tG'1 peptides of " 

bands l, 2, and 3. Prote i n digests flere di splayed by SOS 

polyae rylamide gel electrophoresis and visual ized by 

f luorography as described in Methods. 
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