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1. Introductien

Tt has shown carlier that the RNA population in sea
urchin embryoesat early developmental stages is charac-
terized by a high conteni of molecules complemen-
tary to the repsiitious rucleotide seguences of DNA
[11. Similar results have been reposted for 1oach [21
and amphibian [3] embryos.

Although the genoms of most enkaryoiss contains
repetitions nucleotide saguencss [4], the funciional
10lz of these DINA sequences has not been eatablished.
11 has been suggested that these nucleptide DNA ss-
Quences serve as regulatory genes [5] or as regalaior
parts of operons [6]. Another alternative assumess the
sxistence of multiple redundant stmactural genes with
messenger RNA syntherized from them {7,8). Thess
views are not muiially exclusive and there are experi-
mental data in favour of both views [8—10].

Amn attempt has been made 1o elucidate the func-
tional role of RNA molecales complementary io repe-
titicns DINA nucleotide sequences in the sarly embryoe-
genssis. The method of melscular hybridization, in
DNA exgess, was used in the apalysis of RNA isolated
from the maclens and cyvtoplasm of sea urchin embyos.

The results obiained are interpreled to mean thal
the RNA"s syrthesized in embryo cells on repetitious
DNA segions ure fransferred fo the cytoplasm. Fur-
thermors, it was found that qualitative selection of
the RNA molccules takes place during the iransport
to the cytoplasm.
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2. Materials angd methods

The embrvos of Strongyvlocentrotus drocbachiensis
weTe cultured as describad earfier [11]. The embry 35
were harrested at two developmentsl stages: hatching
blastila {36 hr of development at 7—-8°) and the late
gastrula {72 hr development at 7—87).

Nuclear and cyitoplasmic RMA were isclated from
the szame baiches of embryos. Washed embryos were
centrifuged and suspended in 10 vol of buifer (0,25
M snerese, 0.0D5 M MgCl,, D.05 M XCi, 0.025 M Tris
HC, pi 7.6). Disruption of cells was achieved by pas-
sags «nyough a hypodennic needle and the homogs-
nate centrifuged for 10 min at 2000 g The pelles was
used for isclation of nuclel and cy *oplasmic RNP-
particles were isolated from the sopernaiant Aoid.

The noclear pellet was snspended in 10 vol of buf-
fer sclution (1 M sucrose, .01 M MgCl,. 0.01 M Tris-
HO, pHa 7.5, 256 Triton X-100) with 2 glass homogen-
izer and centrifoged for 30 min at 5000 g The super-
naiant solution was discarded. The peller wes sus-
pended in 3 vol of 1 M sucrose, 5 ml of suspension
were placed on 20 ml 1.9 M buffered suerose and pur-
ified nuclei wers collected by centrifugation for 60
min zt 45000 &

Supernatant fluid after sepzaration of nueled was
centrifnged for 1D min at 10000 g and the posamito-
chondrial supematanl used for isoiztion of cytoplas-
mic RNP-particles, Triton X-100 was added 1o findl
cone. of 2% and cytoplasmic RINP-particles were iso-
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lated according to Mg2* precivitation procedure of
Takanami {12] as described for isolation of polyribo-
somes [13).

The pelizis of nuclei and cytoplasmic RMP-parii-
cles were suspended In a buffer solurion {0.1 M Nall,
0.001 M EDTA, 0.5% sodium dodecyl mlphate {SDS),
0.01 M TrisHCl pH 7.5)and homogenized in a glass ho-
mogenizer. RNA was jselated by phenol deproteiniza-
tion from mmelei ¢ otal nuclezr RNAY and cyteplasmic
RMNP-particles coni aining polyribosomes {ermde poly-
tibosormnal RNA),

The procedure of thermal phenol fractionation
[147] was followed for isolation of to1al ey toplasmic
RMNA and DNA-K: nuclear BNA {fraction exiracied
by phencl —0.74 31 NaCl at 657).

Labeled RNA »-as isdlated {rom sea nrchin em-
bryos incubated for 2 hr in millipore filtered sea
water {pore size of the filter: is 0.4 wm) with 10
PCifml of [3Aluridine (5 CifmM). The RN/ prepara-
tions were repeatedly precpitated with 2.5 M Nall
and ethanol and were treated with DNAase 1{Worth-
ington}, and Pronese {Serva) followed by phenaol de-
proteinization. DNA from sea urchin sperm was iso-
laied by the phenol-detergznt method [7]. All theop-
erations were carried out at 3°.

RNA--DNA hykridization was carried out in DNA
£els cross-linked by nltraviclet irradiation [15)in 22X
88C ot 67° {85C is 0.15 M Mall, 0.0153 M sodivm zi-
1rate). Rat liver RNA and Tetrahymena pyrijormis
RNA wete nsed in experinisnts 10 serye a5 & conirol
for non-specific RNA binding,

3, Resulis and discussion

To establish if the ENA synthesized on repetitions
DNA §s transported 1o the cytoplasm we sindied the
degree of hybridization of different blastula stage
BNA fractions at various DNA/RNA ratios. The hy-
bridization conditions of DMNA excess employed in -

this investigation enable znalysis of RNA whichis -

complementary to repetitions DNA sequences
[2.7,16). The efficiency wf hybridization nnder these
conditions reflects the proportion of RNA-species
which contain seguences semplementary to repetiti-
ous DNA nuclectide sequences. .

As seen i fig. 1 cytopiasmic and crude polyribo- -.

somal RNA’s isolated from blastula stage embrvos
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Fig. 1. Hylridization capacity ©f {1) cmde poiyribosomsal,
{2) total cytoplasmic, {3) total purlear and (4) DPIA-1Ke nu-
clear [PHIRNA isolared from sea urchin hatehing blastuls
stage embryos. [PHIRMA was incubated with DNA get (05—
3 mpdat 57° for 36 hw in 2 % S5L.

have a high hybridization capacity with DNA. The
maxihmum degree of hybridization of these RMA sam-
ples is about 650%. Fig. 1 also shows that the hybudiz-
ability of total nuclear RINA {curve 3) and of DNA-
like miclear RNA {enmve 4) is considerably lower than
that of gytoplasmic RNA. This is consistent with the
asspmption that a ceriain degree of prefereniial trans-
pori of nuglear RNA complementary 1o repetiticus
nugleoiide DNA sequences to the ¢yioplasm occurs.
Similar resulis were obtained in Ioach embivos
when the hybridizability of cytoplasmic and chromo-
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Fig. 2. Competitive hybridization studies of {a) DNA-lke nu-
clear PHIRNA and {b) cytoplasmic [PH]RNA isolated from
hatching blestula stage embryos. [PHIRMA was incubated at
6710 2 X 3SC for 36 hr with various amounts of {z) unlabel-
&d DNA-Jike moclear RNA and (b) tolal cytoplasmic RNA
from {1 betching blastala and (3} lale pastrola siape embryos.
The concentration of DINA gel par sample was {a) 1.5 me and

(b) 2 mg with a DNA;[THJRNA matio of 5.




Yolume 32, namber 2

somal-nuclectar RNA [2] were compared, Ths high de-
gree of hybvidizability was also revealed sa-lier by zn
analysis of polyribosomal RNA synthesized in sea ur-
chin embryos at the blastula stage [17].

Changes in the BNA popnlations present during
sarly smbrycgenssis of sea urchins ocerr (1,138,191t
is important to know if these changes are similar for
both cytoplasmic and noclezr RNA. We have attemnpt-
ed o answer this guestion by making us: of compsti-
tive hybridization,

Labeled preparations of DMNAJike nuclear and cy-
Toplasmic RMNA isolated from blasiula embryos ang
corresponding unlabeled preparations from blastula
and gasirla embiyos were used in conpetilive hybri-
dization experimenis. The difference between toe ca-
pacity of unlabeled blasiula and pagirala stags RNA
preparations to suppress binding of ruclzar Iabeled
RNA from blastula stage embryos is rather limited
{fip. 2a). This suggests that nuclsi of gastrula embryo
cells coniain most of the RNA species which are pres-
ent in nuclei of blasinla embryo cells. In contrast,
competitive hybridization experimenis with cytoplas
mic RIVA (Tig. 2b) revenied greater differenses in -
ficiency of compeiition between vnlabzled RNA pre-
prrations from embryos at different developmental
stages. Therefore, differences in RNA populations
synthesized in blastula and pastrula stages would seem
10 be a reffection of the changes in the oytoplasmic
RMA population.

The differences in populations of nuclear and cyto-
plasmic RNA"s were also revealed by a direct compar-
ison of nuclear RNA and RMA from cytoplasmic par-
teles in the competitive hvbridization experimense
{fig. 3). The capacity of unlabeled nucisar and crude
polyribosomal RMA preparatioas from blasiula and
gastrula embryos 1o compete in the hybridization re-
action with nuclear [PHIRNA from gaswnla embryos
was investigated. As seen from: fig. 3, muclear RNA
from gastrula stage embryos {curve 1) inhibitz bind-
ing of labeled puclear RNA 1o a greater extent than
ENA from cytoplasmic particlss of the embryos at
the same stage {zurve 3). The experiments with blas-
tula stape embryos RNA’s as compeiitors also show
sipnificant differences in compatitive efficiency be-
tween nuclear and cytoplasmic RNA (fig, 3, curves 2
and 4). Tiras, the resalts obtained {figs. 2 and 3} reveal
the qualitative differences in KNA populetions of nn-
clear and cytoplasmic RINA. Furlhermore, as can be
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Fin. 3. Cympetitive hybrndize?’ n studies of joiai nuclesr
[3AIRNA isoleted from Iate g .oala smbryes, [T JRINA was
incubated at 67° for 36 bir in 2 X S8C with various smounts
of aniabeied total muclear {1,2) and coude polyaibosomal
{3.4) RMA isolaied from {1, 3) kate pasaula and 42,4) haich-
ing blastala stage embryons. The DMNA gel conceniration per
sample s7as 0.5 mg with 2 DNA]PHIRNA ratio of 10,

seen from fig 3, nuclear blaswla RMA competes more
effectively with the gastinla stage nuclear ISHJRNA
than ¢y toplasmic RMNA derived from gastmula stage
embryos {curves 2 and 3). This indicates that there 35
more tezemblance between the pepniations of nuclear
RNA from different developmental stapes than be-
tween amclear 2ad eyioplasmic RNA of the same stage.
Nuglear RNA from blasiula and gestrula stage differs
insignitisantly in conmmpstitive efficisncy with nuclesr
blastad » |3H]RNA (fig. 22). Competitive hybridization
experi ents with labeled nuclear gastrala RMNA 1eveal
more difference: berween RNA poprlaiions of no-
<lear RNA from the two developmental stapee {fip. 3,
carves 1 and 2), sngessiing that some new nuclear
RMA spscies are synthesized during the gastmia siape.
At the same time nicst of the maclear RNA species
synihesized @ biasiuls stage embrycs can be found
also in the maclel of gastruia embryos (fis. 22). How-
ever, the low compedtive efficiency of cyoplasmic
blastula RNA with nuciear gasirula [PHIRNA {(fg. 3,
curve 4) indicates that most of the nuclear RNA’s syn-
hesized on similar repetitions DNA regions in em=
bryos at blastula and gastrila stages are no? iransport-

ed o the cytoplasm,

‘Thus, dnring early embryogenesis ths BN Wes

complemeniary o repetitioos DN A regions mve profer-
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entially transported 1o the sy toplasm. Morsover at
sach stage of developmensi particular kinds of RNA
molecules with certain nncleotide sequences are select-
ad for iransport to the cyloplasm. We have no direct
evidence that these cytoplssmic RNA molecnles
copied on repetitious DMNA sequences take part in pro-
tein synthesis. 11 is known, however, that ribosomal
RNA synthesis at the early devslopmental stages of
sea nrchin embryos 15 at a relatively low level in com-
parison with Thet of the DNA-Mke RNA [20]. There-
fore 5t is reasonable bo assume that at least part of the
RMNA molecules synthesized sarly in embryogenesis
on repetitions nucleotide DMA sequences and selec-
tively transferred into the cytoplasm is messenger
RNA.

However, a substantial parz of the RNA synthe-
sized in embryo cells on repeiitious maclentide DNA
sequsnces seems nol to be transferred to the cyto-
plasm and therefore it cannol be considered &5 mes-
senger RNA. This part of the RNA is retained. in the
nucled and is involved in some other, possibly regula-
tory, functions. 1t appears thet in embryo cells there
is a mechanism which qus:itptively selects RMA mole-
cules to be transported 1o the cytoplasm. The signifi-
cance of preferential KNA Iransport to the cytoplasm
and stabilization of particular RNA molecules there
in early embryogenesis has recer#ty been shown for
frog embryos [21].
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