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ABSTRACT -

P19 18 a pluriéotent embryonal carcinoma (EC) cell
line which can be specifically Anduced to differentlate in
vitro, upon treatment with retlnolc asaecld (RA), into neurcec-
todermal cell derivatlve§p_neurons'and' gllal cells, The
molecular events concomitant to the commitment of these EC
cells towards the neuronal lineage-and the controls of gene

expression ian earl; neuronal differentlatlon Temaln largely
o .
unknowna,. A ‘

A cDNA library was constructed from Messenger RNAs
Isolated from P19 neuronal derivatives and differential
hybridizatlon anaiysis was used to Identify sequences speci-
filically expressed in neurons. Eleven clones were selected for

further analysis. No evidence for exclusive expresslon of

thelr mRNAs was fouund {in P19 neurons or brain tlssue. A

second screening using end-labeled mRNA reveuled that the
above eleven clones shared homology with parental EC cell
sequences conflrming the results of the RNA blot hybridi~
zatlon. This suggested 1) that the screenlng of a cDNA ii-
brary may be more efflclent and accurate uslag end=-labeled
mRNA and 2) that neuronal specific sequeﬁces may correspond
ta low abundance mRNAs. The .RNA blot hybridization Iadl~
cated that Ewo classes of cDNA clones were isolated. Flve
clones each recognlized one RNA species while slx clones

reacted with small RNAs. ranglang in size from 200 te 600
nucleotides.



A representative cDNA clone of the second class was
sequenced and found to contain a 267rb;se»pair insert homo-
logous to a short interspersed repeateds element of the mouse
genome called B2, Further analysls on the transcription of
thls repetitive B2 element during neuronal development fndi-
cated that whereas the steady state level of the small
B2~homologous RNAs was initially Yery-high in P19 EC cells,
the additlon of RA to the culture medium reduced this level
significantly during the first hour of treatment. The steady
state level dropped from 100 % to 80 ¥ during the first hour
then was reduced to 37 % bj 24 hours and reached 0 T.dn adult
brain tissue. Furthermore, we obsgrved that thls decrease in
the steady state level of the small B2 RNAs was not res~
tricted to the neuronal lineage but was a general phenomenon
dssoclated with differentiation events.

-

By &sing single~stranded probes, small B2 RNAs were
identifiea‘as B2(+), the transcribed B2 strand featuring the
RNA polymerase III promoter whereas large B2 transcripts
were primarily B2(~). A good proportion of the small B2(+)
RNAs (mainly .the 600 nt-B2 RNAs) was located in the nuclear
fraction where the large B2(~) transcripts were exclusively
found. A small portion of the small B2(+) RNAs (primarily
the 200 ant B2 RNAs) was detected 1in polysomes but a large
population of 200 nt B2 RNAs seemed to be located ian the
cytoplasmic non-polysomal fraction of both P19 EC ijfls and

g B2(~)
transcripts were associated with the poly(A+) RNA fraction.

P19 derived-neurons. Both small B2(+) and lar

These results suggested that the B2 regetitivg elements may
play - a role in gene regulation at the level of

post-transecription (RNA procéssinglsplicing).

Y .
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RESUME

P19 est une lign€e cellulalre de carclnomes embryon=~
naires capable de se différencler in vitro, de fagon spéci~-
fique sulte 3 17inductlon par 17acide rStlanolgue, en

plusieurs d8rlvE&s neuroectodermiques tels que les cellules
‘neuronales et gliales. Ces celluh&i\s’Jvérenc un sys;éme
expérimental unique pour 178tude des 'm&canismes de contrdle
d“expresslion génétique i&pliqués lors de la dlfférenclation
des cellules 3 caractdre pluripotentlel en neurones.

Afin d7iscler Icertuins mesg:;::\ ou  informatlions
génsétiques exprimss exclusivement chez les neurcnes, une
librairie de s&quences d"ADN complSmentulres composée de
9,800 recombinants a &té construlte A l7alde d”ARN messagers
provenant de uneurones dé&rivées de& Pl9. Par la méthode

d*hybridation différentielle, onze recomblinants ant &téE

1sol&s. Cependant, aprds caract8risatlon partlelle, aucun ne

s”est av8r& sp6cifique pour les neurones. Ces onze clones ont
S§t& classés en deux cat8gorles: 1) ceux (cing} qul ont echacun
ré8agit avec une espce d7ARN messager lors de transferts
Northernm 2) ceux (six) qul ont reconnu de petits ARN de 200
3 600 nucléotides. Le second tamisage 3 L7alide de sondes
‘d’ARN messagers kinasés a r&vELS que tous ces clones
s8lectionnés Stalent homologues 3 des s&quences retrquvéés
chez la ligné&e parentale non-différenciée P19.
: La déterminatlon de la  séquence ¢7un clone~

raprésencant de la deuxi3me classe a indiqué qu”il contenalt

viii



unuo f{nncertion de 207 palres de‘bases homologue 3 un &l&ment
répleicif trds court du généme de sourls appel& B2, Une
nnalyse plus—poussfe du tuux de transcription de cet &lément
loru du ddveloppement des neuvrones a ladiqué qu alors que le
niveaau de trunscription de base des pctlts'transcrLCS d” ARN
homologuun d B2 e¢st {nitlalement trds &levE chez les cellules
pareatales P19, lﬁ simple addltion d"acilde r&tlnoique au
milleﬁ de culture rédulz ce nlveau de fugon slgnlflcaclve
lorw de 1l premidre ﬁéurc de traltement, Ce niveau de peticls
ARN B2 balsse de 100 X 4 B0 X durant la premiére heure, est
cenrutte ré&dutlt A 37 X aprds 24 heures et tend progressivement
vers O X duns le cerveasu adulte. Nous avons auss! obsarvd que
cette diminution n”est pas limitde A ls lignée neucronale mals
}cpréﬁcntc un phEndenc géndral rellé plucle a la
diftlrenclation celiulalire.

En uttilisuant des sondes 3d bdrin simple, nous Qvons
aobuerv& que les petlts transcrits d7ARN soat B2(+) (brin
contenant les sfquences du promoteur et transceric par 17ARN
‘polymerase 111) alors que les transcerics d7ARN 3 haut poids
moldculalre nroat R2(=~)., Les petits ARN B2(+) formé&s de 600
cht&otldeu nont localisds an majeure partle duns la fracclon
dARNY nucllolre od =se2 retrouvent exclusivemeat les grands
ARN  B2(-). La msjorlt& des pertizs ARN B2(+) de 200
nucl&otides =semble se retrouver dans la ftaction d7ARN
cvtoplasnique non-polysomique bhiéen qu une cetalns portion alt
fvé ansocile aux polysomes. Les petits ARN B2(+) ainsi que
le

=

grands B2(=-) 500t dgoulement associds aux ARN
polyad&nyldés. Ces résultats suggdrent que les &l&ments de
répteition B2 peuvent Jover un rBle dans la régulation

post~transcriptionnelle de i17expression génétique.

Lx
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CHAPTER 1

INTRODUCTION

Embryoniec development ﬁrgceeds by way of bilosynthetic
and restructuring events that résult fn the contlnued moldlag
of tissues and organs ianto highly restricted and speclallzed
states requlired for adult functionm., In each of the varilous
and complex steps of embryo development, h;t%eries of genes
must be activated or repressed In response to vuarlous
stimuli. Followliang the commitment of cells - to overt
differentiatlon Into organs comprising multiple specifle cell
types, a spectrum of messenger RNA (mRNA) molecules are
syntheslzed, processed ana exportea to the cytoplasm. This
population of de novo syntheslzed mRNAs, encoding specific
protelin products, i{s' responsible for the variety of

particular cellular phenotypes observed (Hastle and Bishop;
1976).

Little {is known about the mechanisms by whlch the
pluripotent embryonic genome Inftiates expression of tissue~
specifliec functions as differentiation progresses or how the
expressioﬁ of genes is restriected to those appropriate to a
cell lineage. However, witmirecent advances 1n -eukaryotice
molecular genetics, new aveﬁﬁes for investigating stéucture,
organlization and expression of‘gpecific genes have resulted
in a better wunderstanding of the mechanlsms of gene

regulation during differentiation.

Differentiation 1s currently defined 1in terms of

qualitative changes 1In gene expresslon. These changes are



elicited either by 1atrinsic or extrinsic factors whose
effects are medfated by al;;ratlona ia chromatin structure, -
modified deoxynucleotides, DNA - rearrangements,
transcriptional regulation, post~transcriptional processing,
and the modulation of translatiénal as well as
post-~translational events (Brownan, 1981). ‘
\

The purposg of this introduction 1is to outline the

current state of knowledge pertalaing to nuclectide sequences 

invdlved la the control of transcription and the processing

of RNA messagas,

l.1 Controlling transcriptional activity = Promoter and

Enhancer Sequences

It has been generally accepted that the control of
transcriptional " inficiation .of mRNA is the most important
step in determining phenotype. By altering the
transcriptfonal states of sets of genes duriag
differentiation, a spectrum of cellular phenotypes 1is
obtuined. This 1Ldea has been strongly supported by the
observation that coordinate changes Aa the abundance of
multlple RNA specles occur during embryonic development 1in
organisms such as sea urchins (Laskey et al, 1980), Xenopus
laevis (Sargent and Dawid, 1983), and the mouse (Vasseur et
al, 1985b; Linzer and Nathans, 1983), as well as during the
differentiation of Dictyostelium discoideum (Blumberg and
Lodish, 19B0; Barklis and Lodish, 1984), and of the mouse T
Tymphocyte subsets (Lobe et al, 1986). By cqmparihg the

sequences of genes that exhibit coordinate expression,



]

investiguators have been able to Ldentlify two highly conserved
elements: the TATA and CCAAT boxes located !;g}oxlmately 30
base palirs (bp) and 80 bp upstream Eroy the.mRNA cap.site.
Deletion~mutatlion~linker scanning procedures followed by
}eintroduction experiments conflrmed the role of the CCAAT
box in the level of promotion and of the TATA box as a site
for transcriptional. iniltiation. The slgniflecance of these
highly conserved sequence elemenﬁs has been verlfied both in
vitro and ia_vivo in several systems (Magram et al, 1985;

Dierks et al, 1983; Charnay et al, .1985; Renkdwitz et al,

~1984; Searle et al, 1985; Chada et al, 1985; Dean et al,

1983; Kondoh et al, 1983; Zian et al, 1983; Krumlauf et al,
1985).

A second class of regulatory elements = the enﬁancer
elements -~ was ideéntifled at the same time. These elements
cdn augment the transcriptlional activity of different genes
1n the presence of promoter elements (Khoury and Gruss, 1983;
Banerji et al, 1981l; Laimins et al, 1982a; Moreau et al,
1981; Wasylyk et al, 1983; Treisman and Maniatls, 1985).
Enhancer elements were first identified in the simlan virus
40 (SV40) genome (Benolst and Chambon, 198!; Moreau et al,
1981) but have subsequently been found 1in other viruses (de
Villiers et al, 1982) including retroviruses (Lalmins et al,
1982a; Yoshimura et al, 1985; Mitslalis et al, 1983) and have
recently been 1identified for cellular genes {Queen and
Baltimore, 1983), These p@lements are usually located at the
57 flankiag region of genes (Fromm and Berg, 1982; Rosen et
al, 1985; Gluzman‘and Shenk, 1983) but in some Instances have
been found within Iintervening sequences or at the 37 end of a

gene (Gillles et al, 1983; Queen and Baltimore, 1983; Plcuard



)
and Schaffner, 1984; Banerji et al, 1983; Laimins et al,

1984), Enhancer elements funetion in an orientatlbh' —

independent manner and over relatively long distances (Boss,
1983); Enhancer ,activity can be tissue=~ or species-~specific
(de Villiers et al, 1982; Laimtns et al, 1982b; Yoshimura et
al, 1985; Berg et al, 1983) suggesting that thelr activity
may be regulated by factors acting in trans. Becent studies
have demonstrated that transcription of certuln genes
proceeds via the formation of a stable cOmpléx between the
enhancgf element and a trans~acting factor (Zaret and
famamoto, 1984; Mercola et als\1985; Ephrussl et-al, 1985).
Sucﬁ a factor could then aéz;Qatf the promoter elther by
releasing.andther factor specific for the promoter (direct
action) or by modifying the chromatin structure whiech would
-4allow RNA polymerase II to gain access and biad to the
promoter (indirect action) (Zaret and Yamamoto, 1984). Some
enhancers may even require more than one factor to become

sctivated and the same factor may activate more than one

enhancer (Yamamoto, 1984; Mercola et al, 1985). Although the

mechanism of action of enhancers is still{speculative, such 8=~

model allows one <o fmagine how enhadecers could act as

dynamic modulators of geme transcription!

The debate as to which of these regulatory elements
{promoter or ephahcer) is more important fa confering tissue~
specifieity still prevails. For example, the immunoglobuldin
enhancer functions only in lymphoid cells but the promoter
sequence of an immunoglobulin K light~chain gene also shows
specifieclty to lymphoid cells regﬁfaless of the presence of

the enhancer sequence (Foster et al, 1985).

—
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1.2 Control at the Post~Transeriptional Level

RNA processing (splicing, translatlonal or post=
traanslational processlng) may'represent_lmportant sltes for
the:regulatloﬁ of gene expresslon. Thefe are exuhples In
whilich two tilssues express dlifferent mRNAs traunscrilibed from
the same gene by differentially processing the same prlmary
transcript (Amara et al, 1982; Henlkoff et al, 1983; Kress at
ul,.1984; Capetanaki et al, 1983; Schwarzbauer et al, 1983)
or by using different promoters (Darmnell, 1982; Carlson and
Botstein, 1982; Schibler et al, 1983; Nabeshima et al, 1984;
Kitamura et al, 1983). Alternative RNA processing hus been
shown to be a major way of regulating genes Ian neural tissues
{Amara et al, 1984; Rosenfeld et al, 1983; Rosenfeld éﬁ al,
1984). This mode of RN A processing oceurs in a
tissue~specific fashlon to produce alternatlive polypeptlde
products and therefore, serves to anfease the diversity, In
this case, of neuropeptides generated from a slngle locus.

<

Duriang development of B cells, it appears that
alterndéive_ poly(A) site selectlon, 1in wassoclatlon with
alternative RNA splicing dictate productlion of mRNASs
enceding the membrane form (um) or secreted forms (us)'
respectively, of fmmunoglobulin M (Rogers et al, 1980; Alz et
al, 1980; Early et al, 1980) or immunoglobulin D (Cheng et
alg1982). Similar events may occur in expresslon of several

developmental genomie loci f{n DProsophila (Rozek and Davidson,
1983).

What determines poly(A) site selectlion 18 still to he

understood but as 1in the cases of the braln calecitonia and



thyrofd C cell-cualcttonin gene related peptide genes, the
mechan{ism auy rescmble‘chut regulating the formatlion of the
37 termini of seu urchin histone H3I mRNAs (Stunnenberg and
Blenatlel, 1982) vhiceh I{nvolves the action of o 60 nucleotide
RNXA specles present s4s u small ribonucleoproteln particle
(RNF) (Gallil etv ul, 1981). . f

Vannice et al (1984) reported that glucocorticolds
stimulated the accumulation of X -acid glycoproteln mRNA in
rat hepuatoma cells by Lnducling an RNA procaqslng factor that
allowed production of stuble transeripts. This suggested that
RNA processing factors or enzymestinvolved Iin processing may
influence gene expression. Liston et al (1984) studied the
processing of the precursor proteln, proenkeﬁhalin, In two
different bovine tlssues and showed that two different

processilag pathways exlsted for this neuropeptlde.precursof.

Palatnlk et al (1984) presented a model Ln which
tranacriptional and tramslatlonal controls-Tould be coupled
by alterling ch; State of adenylation of the pre~exiscting
mRKA populatlon. In Dictyostelium discofdeum, a critical
poly{A) length regulated the put:efn of proteiln syathesis by
affectlng the efflelency with which mRNAs can {nteract with
the truanslationul machloery. The model allows radical changes
da the puattern of protein synthesis without wholesale

destruction of preexlsting mRNAs.



1.3 Families of genomic repetitive sequences: possible

regulatory elements

SN

1.3.1 ULgqw abundance repétitive sequenkes

/

Lafge fractlons of the genomes of many eukaryotes are
composed of ‘short,- repeated segments of DNA whicech are
laterspersed with single-copy sequences. These short repenﬁﬁ
can he found withlin {atrons, within elther terminil of genes
or -wlthid transcribed reglons and they are present In
moderuately low abundance (100 to 300 coples) in the genome of
the hbst corganism. Thelr constant occurrence [n coordlinately

expressed mRNAs suggests o role 1n regulatlon of gene

expression but the mechanism of aztlon {s stlll obscure.

g Examples of such repetitive elements are the \rut
Ldenflfter (ID) sequence (82 bp) (Sutclliffe et al, 1984a;
Sutcliffe et al, 1984b), the Dictyostellum dlscoldeum
sequence (35-150 bp) (Zuker and Lodish, 198]4s Kimmel and
Fortel, 1985), the repeat ln the Notch locus of Drosophila
melanogaster (93 bp) (Wharton et al, 1585), the elament La-
yeast genes (9 bp) (Donahue et al, 1983), the short repeat
shared among the Drosophlla heat-shock genes (15 bp) (Pelham,
1982), the 'sequence of 150-200 bp fan sea urchin (Constantlinl
et al, 1980), the repeat (n Xenopus laevis (Davidson and
Posakony, 1982) and the sequence shared by homeotlc genesn [n

Drosophlla melanogaster (Scott and Welner, 1984).



1.3.2 High abundance repetitive sequences

Highly repetitive sequenées'comprise between 15 % and
80 X of the total genomie DNA in certailn.organisms (Britten
and Davidson, 1969). Several of these highly repeJEed non=
satellite famlllies of DNA sequences have been. reported in
the ﬁoﬁse (Bennett .et al, 1984; Vizard and Yarsa, 1984) and
human (Schmlid and Jelinek, 1982; Singer and Skdwronski. 1985;
Sharp, 1983). Thésé“highly repeated sequences have been
classifled into two groups: the short ihtersperéed repeated
sequences (SINES) and the long Interspersed repeated
sequences (LINES)., These sequences range from a few hundred
to several théusand nucleotides ia lengtﬁ and are
Interspersed throughout the genbmic Dﬁh around and sometimes
within structural genes. They are present at about 10,000 to
300,000 coptes per haplold genome.

The LINES famlly of repeated sequences comprises the
primate Kpn I block repeats (Singer and Skowronski, 1985;
DLGilovannl et al, 1983; Grimaldl et al, 1984; Singer et al,
1983) hund the mouse- MI?-I/BamHI famlly (Bennett et al,

— I9B4; Bennett and Hastle, 1984; Vizard and Yarsa, 1984).

Family members are very heterogeneous in size and only a
fraction are éve; 6‘KP in length. Sequence analysls has
revealed that LUINE-]1 ‘elements are processeﬁ pseudogenes
(Martin et 41, 1984; Singer. and Skowronskl, 1985). Recently,
cxtopiaamic polyadenylated RNA (approx. 6.5 Kb) 1isolated
from the human teratocarcinoma ;eil line‘Ntera.Z clone D] was

found to hybrldize to cloned LINE~! DNA probes. This mRNA

thus represents a transcript originating from one or more

functional genes tn the LINE-] family. The authors have



further suggested- that functional LINE-1 genes may be
specifiecally actf%e ln cleavage- stage primate embryos as well
as 11 other mammals {Skowronskl and Slnger. 1985). In fact,
a similar situation has recently been reported during mouse
development (Vasseur et al, ‘19853) The above obsurvatlons
are strongly suggestive of the involvement of LINh-l rTepeat
sequences La the process~q£‘ce11 divislion.

J,  The " SINES family dincludes the Alu I family Ln
primates (Schmld and Jelgnek, 1982; Shurp, 1983) and the
murlne Bl (Alu I equlvalent) (Krayev at- al, 1980) dnd B2
famllies (Krayev et ai, 1982). These repeats are usually less

“than 500 bdp In length.

A. The Alu I family

The Alu‘I elements range {a length ffom 135 bp La the
mouse to 300 bp 1In mdn and have'long consecutlve runs of
deoxyadenosine poly(dA) at thelr 37 ends. They share sequence
homology to the small cytoplasmic 75 and 4.55 RNAs and most
are flanked by direct repeats of sequences 7-20 nucleotldes
long. Flanking direct repeats are characteflsclc of moblle
elaments that have been Integrated {n the genome; the repeats
are formed by replication from staggered nicks at the slte of
insertion; The origin of the Integrated Alu-like elements Is
suggested by the high sequence homology and structure that
exlsts between these elements and 7SL RNA genes, RNA polyme-
rase I1I genes of known functlon, Many Alu members could be
amplified 7S5L RNA pseudogenes'(Danlels and Delinlnger, 1985}.
The Intragenlic RNA polymerase III promoter that most Alu

members contaln, Lfnitlates transcription at the 5% end of the
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repeated DNA sequeﬂce and has been proposed to facilitate
the transposition and amplification of these sequences by an
RNA=intermediate mechanist(Sh;rp, 1983). Many or all of
these Alul elements have or once had the capacitg/’to
transpose during evolution. The diffusion throughout the
genome of transposable cis~regulatory sequences and thelr
occaslonal Iinsertion at pfoductive locatlons In the vieinity
of structural genes might have providedeiconvénient'meansof
creating novel coordinately Induced structural gene networks.,
Furthermore, as oanly 1 X of mammalian genomic DNA 1is
thought to encode sequences expressed as proteln, most of the
remalining 99 X may be functionally nggtral for fasertions and
deletions and may be derilved and mufgtained by a continuous

flux of such events (Davidson and Britten, 1979).

The very high degree of homology (80 %) between Alu I
fragments and small RNA species (7S) suggested E%at these
repeats may be linvolved during the processing of mRNA by
promoting the bianding of 78 RNA to one or more of the six
RNP proteins comprising the hnRNP particle (Blin et al,
1983; Walter and Blobel, 1982). It is also possibie that
slmilar complexes are formed In the nucleus between protelns
and the 1-5 2 6f hnRNA sequences that contain Alu elements
derived from introns_ and. untranslated regions. These
complexes are required for proper splicing and subsequent
transport of mRNA to the cytoplasm (Pederson, 1983; Padgett
et al, 1983). |

1

-

The signiffcance of Alu I sequences remains contro~
versial. Some reports suggested that the Alu I repeats may

represent processed 75 RNA pseudogenes (Ullu and Tschudi,

=]
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1984). This hypothesls cannot be excluded gslnce only indirect

Fats

were thought to be involved in the rocessing of primary

o

evidénce supported the former hypothesls Iin which the rep

transcripts.

B.  The B2 family

1. " Structural characteristics of the B2 elements

The other SINES family of highly repetitive sequences
Is the rodenf B2 family {(Krayev et al, 1982), These short
repeats of about 190 bp in length share many charactépysticn
with the Bl members. They_qoptaln sequences homologousnto the
split RNA polymerase Ili promoter and ILts terminatldn;
pigﬁal, they are wusually flanked by  short dlrect repeats
%yg%cal of moblile génetic elements and, aé opposed to Bl
neiements, they contain a polyadenylatlon slgnal followed by
the A~rich reglon of about 8 to 20 nucleotides. 32 sequences
are often found within introns of protein~coding genes such
as the rat growth hormone gene (Page ety al, 1981) and the
mouse cytokeratin endo A gene (Vasseurfet al, 1985b). They
have also been detecteg-at the 5%end tlrminl of the murine
X ~fetoprotein gene (Kioussis et al, 1981) and thy the 37
untranslated reglon of the murine major histocompatiblility
comple; (MHC) class I genes (Kress et al, 1984; Lalanne et
al, 1982). As a result, these repeats are very numerous In
the nuclear heterogeneous RNA (pre-mRNA) buf rare in the
mature mRNA (Kramerov et al, 1979; Ryskov et al, 1983).

o
The strong homology (54 %) observed between the B2

elements an® gerlne~trdnsfer RNA genes suggested that B2

3
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members may have evolved from tRNA genes (Daniels and
Delninger, 1985}, Transposition and amplification of these B2
re{eats may-be mediated by the Intragenic RNA polymerase
III promoter found in mostJof these B2 copigs. As suggested
by Danliels and Delninger (1985), the fiediﬁg that mouse B2
efbments may have evolved ﬁmomlRNA pelymerase III genes'of
kno&n functlon could imply that most of the members of these
famllies are slimply pseudogenes with no- physlological
function, -

2. B2 transcription and post~transcriptional processing

., B2 small RNAs are not formed in the courgé cf pre=
mRNA. processing but they are transcribed independently by
RNA polymerase 1II from many different B2 sequences 1a the
genome (Kramerov ﬂzc al, 1985b). B2 RNA polyadenylation
occurs post~transcriptionally 'and ‘the ;lze of the poly(A)
talls may be as long as 100~120 nucleotides whereas 1in
genomic coples of B2, the ol'fgo(dA) length doee-hat e%teed
7=-15 nucleotides. This difference in poly(A) length glves
rise to the slze varliations usually observed in B2
transeriptyg. Size heterogeneity of the small B2 RNAs also
results from the extension of transcription beyond the usual
"3°-terminus due to the loss of one T from the RNA pelymerase
IFX termination sequence TCTTT. Sequence TCTT does not
terminate transcription and RNA polymerase III moves along
untill it encounters another 0ligo{(dT) block (Kramerov et al,
1985b). Haynes and Jelinek (1981) showed,the formation of
extended RNA polymerese ITII transcripts .égu*vitro when

cloned hamster B2~like sequences were used as templates.
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Kramerov and his colleagues (1985b) showed that a s lar

phencmenon occurs iﬂ;_vivb ‘by isglating a 49 nucleotlde

extended transcript.

N

3. Elevated levels of B2 RNAs 'assoéiated__with__cgll

proliferation
o

h L ]

The fmall B2 RNAs were inltially Abserved ia Ehrllceh
carcinoma and MOPC plasmacytoma cells where thelr levels
were higher than &n mouse liver ‘cells (Kraﬁkrov et al, 1982;
Kramerov et al,'1985a). Reports by Scott et al (1983) and
Siagh et al (1983) added 'slgniflcance‘ te thils iaitial
observation by showing that small RNAs are 1induced Ln
various transformed mouse cells (NIH3T3 transformed with
SV40 and mouse SV3T3 cells transformed with polyoma virus).
The mechanism of control leading to thf{s amplification is not

“kaowa. Ia ’the case of  wouse cells transformed with
adenovirus, it has been shown that a product from the EIA
region 1s produced and acts as an enhancer of RNA polymerase
ITI trauscriptlon {(Rosenthal, 1985; Svensson and Akusjarvi,
1985). Elevated levels of 32 sequences have also been
observed 1n cytoplasmle RNA from serum~stimulated mouse
embryo fibroblasts {(Edwards et al, 1985). This agalin Implles
"that there may be a factor(s) in the serum  involved 1in
enhancling the transcription of RNA polymerase III. These

».factors are someho& different from epidermal growth factor,
fibroblast growth factor, insulin or l2~tetradecanoyl~
pliorbol~13~acetate, which have beea shown to be poor fnducers
‘of B2 BNAS. Small B2 RNAs have also been detected in very

high amount in mouse embryonal carflnoma cell lines (Bennett
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et al, 1?84; ﬁﬁrphy.et al, 1983). In contrast to the.high
level of B2 RNAs found in undiffereatiated and transformed
cells, reduced levels of B2 RNAs have been documénted in
some normalatissues such as heart and liver (Gr&goryan et al,
1985) and fn;some EC differentlated derivatives such as F9 .
endoderm {Murphy et al, i983).

The abundance of B2 small RNAs 4in tumor cells,
traﬂdfor@ed cells or serum~stimulated cells suggested that B2
repeats ‘%ay be iavolved. 1ia cell proliferation. The
accumulatlion of B2 RNAs 1n the very flrst events of
embryogenesils (cleavages) also suggested that regulation of
B2 transcriptioﬁ may be related to cell divisfon (Vasseur et
al, 1985a). However, the demonstratlion that B2 sequences were
restricted to the ectoderm and mesodegm In 7.5 day embryos
also implies that B2 tramscription may be assoelated with

particular pragrams of differentiation.

3

The time of activation and the role(s) played by the
small B2 RNAs In the murine cell are two major }SSUES whiegh
remain obscure. Many suggestions have been made to the effect
that B2 repeats may funection at the transcriptional, post-

transceriptional and/or translational level.

4, - Involvement of B2 repeats in transeription

The evidepce that B2 repeats are aeting at the
transcriptional level 1s 1indirect. Sutecliffe et al (1982)
found a serles of pre~mRNA molecules inm rat nerve cells

which share the same 82-nucleotide sequence in the iatrons,



.

which they deslgnated as ID-sequence. Similar ID sequences

have now been identified<in mouse and hamster genomieg DNA
(Sapienza -and St~Jucques, 1986). It was suggested that 1D
sequences may be involved in the regulation of brain~speciflc
gehe expresslion (Sutcliffe et al, 1984b). These ID sequences
possess 65 X homology with the 5° part of B2 sequence
{homology reaches 78 % in a 35 bp Qtrétch of these repeats).
In cells {n which these brailan~speclfic genes are expressed,
the ID elements themselves are also transcribed fnto small
pgly(A+) RNA by RNA polymerase IILI (Milner et al, 1984;
Sutcliffe et al, 1984b). However, as opposed to-B2 RNAs,
these ID RNAs are detectable only 1n post-natal samples, no
transecripts are deteckable in early embryos (Sutcliffe et al,
1984b). Thus, the 1ID RMNA seems to be assoclated with
differentiation events w#hereas B2 RNA seems to relate to

proliferation or the transformed -state. In addltion, the ID

sequences are more numerous Ia small hanRNAs and mRNAs

Isolated from rat brain than from rat lLiver or kldaey,
showing a tissue-spgc;flcigy ;(SutclifEe et al, 1984a;
Saplenza and St—Jacqueé, 1986).:The same situation seems to
prevall In the mousd@ and hamster total RNA samples where
ID~homologous transcripts appear ﬁore restricted to brain
than liver or kidney (Sapienza and St~Jacques, 1986). As
shown In this report and by other studles, thils does not seem

to be the case for B2 RNAs; no tissue= nor

lineage~specificlity has been found.
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5. Involvement of B2 repeats ia post=~transeriptional
' events '

Evidence for the Involvement of B2 elements in post~
transcriptioﬁ (RNA processing) and translatiop regulation is
4lso 1lndirect, The B2 sequence shows little homology to 4.5S
RMNA™(Krayev et al, 1982) which interacts with high molecular
wéight RNA in a sequence~sgpecific muanner . in the nucleus and
allows for proper processing and transport of mRNA across
the nueclear énvélope (Harada et al, 1979; Zieve; 1981). A
recent report demonstrated that In the ecell, B2 RNA I3 as~= '
soclated with protelns as a constituent of light RNP (ribo~
nukleoproteip) particles‘as Qell as. of free informosomes
(Kramerov et al, 1985a). It was further shown that roughly a
quarter of B2 RNA molecﬁles are bound to heavy cytoplasmic
RNP and seem to be assoclated with the mRNA of the RNP
complex. By analogy with other small RNA, this favours the
involvement of B2 RNA 1a the regulation of mRNA transport
or translation (Zieve, 1981).

Other provocative observatlons have recently been
made. It has been known that B2 carrles a functional polyade~
nylation slgnal (Krayev et al, 1982). This signal can be used
by Ehé.BZ gene itself (Kramerov et al, 1985b) or by any other
gene uvpon transposition of a B2 element into that particular
gene. The only example known to date of such 2n occurrence is
for the mouse MHC class I genes Iin which a B2 element inte=-
grated iato the 37 untranslated region of an H~2 gede'thereby
producing another polyadenylatlion site (Kress et al, 1984),
As—a result, the same 'antigen (H=~2D) is produced from two

different mRNAs utilizing one or the other' polyadenylation
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slignal.The second polyadenylation slgnal donated by B2 RNA
is efficiently used and demonstrates a biologlically important
function for B2 repeats. These reports are provocatlve sipce
many neuronal genes are regulated by different modes of RNA
processing (Rosenfeld et al, 1984) and Lt would be of
interest to analyse thelr 3” untranslated reglons to detect
remalning B2 Qequences that could acf as a second

polyadenylatlon signal,

Thus, although the signiflcancé nf the B2 elements
remalns obscure, the.possibility remalas tﬁét B2 may play a
role at more than one level and that some copies play
functional roles while yet others represent "junk DNAY" or

pseudogenes and are thus non=functlonal.

1.4 Embryonal carcinoma cells as a2 model system for the

study of gene expression during differentifation

Despite the recent tremendous increases ln our know=
ledge of eukaryotic genes, we have only just seratched the
surface In our understanding of their regulatlon. Sequences
tavolved in the Initiation of transcriptlon héve been iden~
tified along with enhancer elements and repetitive sequence
families. Yet, thelr role.in determianing the transcriptional
potential of the genes to which they are assoclated during

the course of embryogenesls and cytodifferentiation remalns

elusive.

The establishment of embryonal careinoma (EC) cell

lines has greatly facilitated the study of the mechanlisms of
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control underlylné tissue~specific gene expression In early
stages of mouse émbryogenesis. EC cells are derived from the
plufipotent stem cells of teratocarcinomas and share anti=~
genlie, b;pchemicgl and morphologlecal characteristics with
early undifferenciated embrybnic cells (Martin and Evans,
1975; Jones=~Villeneuve et al, 1983; McBurney et al, 1982).
Upon variations In culture conditions, many EC lines undergo
differeSEtation into derivatives of all three germ layers in
vitro. Following chemical Induction with dimethyl sulfoxide
(DMS0O), P19 EC cells differentiate into the mesodermal deri~
vatlives of skeletal and cardiac muscle whereas retinoic acid
(RA) induction will cause the same cells to develop into the
neuroectodermal c¢ell derivatives of neurons, glial cells and
fibr&blast-like cells (McBuraney et al, '1982; Jones~Villeneuve
et al, 1983).

The wvalidity of EC cells as a model system has been
substantiated by the ability of some EC lines to participate
in the development of normal chimerie mice after injection
into blastoeysts (Rossant an{ McBurney, 1982). As opposed to
Intact embryos, the EC cell system can be easily manipulated
and can provide large amounts of material. EC cells can be
growﬁ“easily in large ddmbers and as pure cdultures and their
ability to differentiate ianto mature cell types can be used
48 a convenlent model for normal embryonic development to
study early controls of tissue~specific gene expréssion. We
therefore propased to study control mechanisms underlyling
neuronal differentiation im P19 EC cells by identifying

genetlc information expressed preferentially in either uandif~

ferentiated or differentiated cells.




Our approach In investigating the regulatlon of tisg~
sue~specific gene expression during early murlne.development
via mRNA population analysis 1s based primarlly on the hypo=-
thesls of Hastle and Bishop (1976). They postulated that
since the phenotype of any givean cell is operatlonally
governed by the proteins Lt expresses, each hlstologleal call
type comprised withiln the organism would {n turn be charactes=
rized by a restricted set of abundant mRNAs encoding dis~
tinct proteins, '~ wvitally Importanc to the end=-stage
function(s) of the <cell. This hypothesls has now been
verified. It further suggests that the early stuges of deve-~
lopment or cyto~differentiatlion would yleld a dlfferent mRNA

population, specifyiag proteln effectors I[nvolved (a the

initial process of "determination",

This experlimental strategy (l.e. to lsolate and cha~-
racterize those mRNAs expressed aE elevated 1evels'ln the
cells or tissues of 1interest) has proven successful In
several systems 1ncluding the study of the heat~shock res=-
ponse in various species (Findly and Pederson, 1981; Bensaude
and Morange, 1983), the molecular clonlng of the gene spe-
cifyiag @ ~iaterferon (Gray and Goeddel, 1982) and the
isolation of a number of myoblast-specifle genes Llneluding
those of six contractlile protelins (Hastings aad Emersoan,
1982). More receqtly; the use of a "differentlal hybrtdi-
zatlon” scheme has allowed the molecular cloning of several
brain~specific genes (Milner and Sutcliffe, 1983) and the
isolation of the T-cell_antiéen receptor gene (Hedrick et al,
19843 Yanagi et al, 1984) as well as haviang faci{litated
efforts to characterize séquences Involved {in c¢ell~cycle
progresslon (Hirschhorn et al, 1984) and gastrulation (Sar=~

gent and Dawlid, 1983; Jonas et al, 1985).

//

’
!
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.9 ‘Thes!s project

" Some of the RNA transcripts synthesflzed during the
course of eurly neuronal differentfatlon should be different
from those expressed In the undlfferentiated parental or
proucnitor célls._Substuntiatfon of this working hypothesls
ts provided by ~evidence :hﬁt the artififclal inductlon of
écuroﬁzzﬂdlfferunclaclon In vitro of several embryonal‘cnrci-
noma cell 1inaes (Lncludiag P19) ;s sccompanied by noticeable
nltc;utions ta the broflle of protefas expressed. Edd& and
his colleagues (19B3) huve thus fdentified through theluse of
tuo-dimenéionul gel electrophoresis two proteins present only
tn cells with the neuronal phenotype. One of these appeaged
to bhe synthgﬁized de novo whereas the other (whose presence
was dctcctcd Ta the parental Eb cells) appears to be am-
plified upon differentf{ation, Furthermore, Jones-Villeneuve
et al (l?Bl):reﬁorted that P19 derlvedwnéurons were characten
rized by the presence of such markers as neurofilameﬁts,
acetylcholine esterase, and the receptors for both K-amino-
butyric necid and acetylecholdne. These observuations led us to
believe that by constructing a ¢DNA library from P19 derived
neurond uad screening this library through the use of a-—
differentifal hybridization sdheme, coding sequences cor~
respondiag to these and other as yet unldentlified gene pro- .
dhp:s specifylng'the.neuronurnphenocype could be readily

1dentlf£ed, isolated and thelr étruc;ure analysed,

Murlne embryonal carcinoma calls provide a model
aystem with which to study the mechanisms of control
wuwnderlyling tissue-specifiec gene exp}ession In the early

eveats of developmens. Following induction wicth retlinolie acid

.
i
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(5 X ID-YM); the P19 EC cell line can differentlate‘speclfl-
cally Into the nguroectodermal cell derlvdtives neurons and
gllag_cells found 1a the fatact embryo. To lsolate genomic
informatlion expressed excluslvely In such embryonle neurons,
I constructed a éomplementury DNA librfary from P19 dLfs= -
ferentlated cells and used the differentfal hybrldlzactun_”
procédure to detect neuronal-specifle sequences that could be

analysed and lead to a better understundiang of early tlssue~

speclfic regulatlon. . N

.The thesils takes 'the followlag -form: ChubCer 1l
contains the detutls of the e;peqtmentul procedures which
.were used; Chapter TIII foecuses on the results obtaulned for
the screeniag of thelPl9 neuron~enrlched cDNA [ilbrary und
the feasoaé why the results came as a surprlse; Chapter 1€
documents the full characterlzation of one abundant sequence
-detecteh {0 the library (mouse B2 repetitive clement) and the
novel data on the transcription rate of the small BZ RNAs
durlag neuronal development. Finally, Chapter V desgrlbes a
model for the mechanism of actlon of retlnole acf{d ona B2
transcription and glves suggestlons. to define a role for B2

repeats Ln controlling gene expresslon durlng early nmuriae

differenciatlion.

i N
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CHAPTER II

ar

MATERIALS AND METHODS

2.1 Cell Lines and Culture Techniques
’ The P19 line of embryonal carcinoma (EC) cells was
derived from a primary teratocarcinoma induced by graftlng‘ﬁ
7.5 day C3H embrye Into an adult te;tis (McBurney and Rogers,
1982). These pluripotent cells are euplold, present a normal
male karyotype and can grow rapidly {n culture in the absence
of feeders., They can form a vuriety.éf.normal embryonic
tissues when lﬁjected Iato blustbcysts (Rossant and McBurney,
1982) or when treated with ;ariﬁus drugs {a vitro (McBurney
et al, 1982, Jones-Villeneuve et al, 1982; 1983). -Upon
lnduction of differentiatlon with various concentrations. of
retlaole acid (RA), P19 EC cells can either fSrm skeletal and
cardiac muscle (lO_BH) or neurons, glial cells and fibro-
blast=like cells (5 X 10-7M). When dimethyl sﬁlfoxide (DHSO)
(1 %) 1s used as a chemical Inducer however, the spectrum of
cell typ;s Ls mafnly restricted to muscle cells.

P19S18 15 a cell line derived from a single P19 cell.
P195180JA1 {8 a 6~thfoguanline and ouabaln resltstant subclone
of the P19 parental cell line (McBurney et al, 1982). The
P19SIBRAC6S5 (RAC6S5S) and PlQélBOlAlDB (D3) are mutant cell
lines selected for thelr abllity to grow continuously in the
presence of IO-SH RA (Jones-Villeneuve et al, 1983) and 1 2
DMSO (Edwards and McBurney, 1983). RAC6S5 cells do not dif-
ferentlate Into neurons at concentration of RA as high as

IO-SM and D3 cells do not form muscle at a concentratlion of

22
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1 % DMSO whereas the parental cell line does. The RAC65 D'
cell Line-ls 8 subclone of RAC65 whlch forms more muscle
cells than the parental ecell 1Lne at the 'usual concentration
of DMSO (obtalned from Steven Smith). The Pl9 (ras )-l cell
line is a subclone of P19 EC cell line which has been trans-~
férted with the huﬁan EJ ras oncogene (Shih and Welnberg,
1982). This particuldr cell line exn\‘ s the ras product
{Bell et al, 1986). ,The P19 (ras y~-1

a llne of transformed filbroblasts

fMMroblast cell line 1s
ed from RA-treated

P19(ras*)-1 cells. These cells ar grtal and anchorage

independent (Bell a2t al, 1986). ras )=1 cell l[né Ls
a subclone of P19 EC cell line/ which has been also trans-
fected with the human EJ ras(oncogene but doeésnot eXpress
the ras product. An Immortal but anchorage dependent rell
- line derived from P19 (ras-)ﬂl 1s 3RAPI1 (Bell et al, 1986).
NIH3T3 is an immortal mouse flbroblast anchorage depehdent
cell line which was given by Cliff étanners_(JafﬁEﬁrllet al,
1969). F9 c¢clone 9 is an endodermal~like cell iine derived
from RA-treatment of the nullipotent F9 EC cell Lline (given
by Davld Solter) (Strickland and Mahdavi, 1978). The L6 ceall
line (Yaffe, 1968) i{s a rat myoblast cell Tine which was
glven by Bill Sanwal., The human neuroblastoma cell line
GM3320C (Tumilowicz et al, 1970) was obtalned from the
N.I.G.M.S. ﬂuman Genetlc Mutant Cell Repository, Instltute'
for Medical Research, Cdmb?n, N.Y.

All cell lines ‘except for the human neuroblastoma
cells were cultured 1an alpha minimal essentfial medlium
( A-MEM) (Stanners et al, 1971) (Gibco Laboratortes, Gr;nﬂ
Island, N.Y.) supplemented with 2.5 % (v/v) fetal calf serum

(FCS) (Gibco Laborutories, Chagrin Falls, Ohio) or Clex serum s
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(Dextran Producté Limited, SagrbbrOugh, Ontario) and 7.5 %
{(v/v) calf serum (CS) (Aniéal Health Laboratories Inc.,
Toronto, Ontgrto) and 500 ug/ml penicillin énd 100 ug/ml
streptomycin, They were maintained at 37°C In a 5 Z 002
atﬁosphere. The human neuroblastoma cells were grown 1in

XA -MEM supplemented with 10 % (v/v) fetal calf serum along
with both antiblotlics. They were allowed te grow on gelatin

.~

coated (0.1 Z) tissue culture dishes.

For the large scale preparation of Pl9 wundif-
ferentliated EC cells, roller bottles were used {(Canlab,
Torongo, Ontarlo). Empty roller bottles were kept at 11°C
with cap loosened for 30 mlautes to one hour in 5 % 602
stmosphere. Approximately 250 mls off{~MEM supplemented with
2.5 % FCS/7.5 % .CS were added along with four confluent
100mm plates of P19 EC cells (3 X 107 cells per bottle)w The
bottles were placed on the roller machine and the speed wis
first set at low for.a few. hours EB allow the cells to stlck
to the Inner surfa'ce of the boftles. It was then Increased to

8 higher level, These cells were growan for one to two days or

untll a high denslty was reached (5 X 108 cells per boétle.)

Differentliation of P19 EC cells Iinto neurcectodermal

cell derlvatives was cuarried ouﬁ using two different proce=

dures:

A. Cells {n exponential growth were treated with Ca++ and
Mg++— free phosphate buffered saline (PBS) containing 0.025 %
trypsin and 1 mM EDTA fo remove them from the surface of the
tissue culture dish (Canlab, Toronto), Oantario). They were

plated at a concentratlion of 105 cells per ml fnto a bac~
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terlological grade Petri dish (Canlﬁb, Toronto, Ontario)
where they aggregated spontaneously (Martin and Evans, 1975).
'The medium supﬁlemented with RA at a concentration of 5 X
lOﬁ?M was replaced every two days. After four days 1in sus~
pension, the aggregates were washed three times with PBS and
thenhplaced into tiSsue culture dishes Into medium without
‘"drug. Twenty-%our hours after platlng, the second drug,
eytosine arablnoside (ARA-C) (5ug/ml) was wudded to the
medium and aggregates contalning neurcons (90 %) were har-
vested for RNA isolatioq two days later, 1.e. day B from the
lanitlation of cthe aggregatlon., In some Instances, the P19
aggregates Qere left ten days in medlum contalnlag 5 X IO-7M
RA then were washed three tlmes with PBS and transferred to
medium depleted of the drug for a further seventeen days.
They were then plated on fibronectla (10 ug/ml) (Sigma Che~
mical Co.) and collagen(Vitrqgén 100; Flow Laboratorles,
Mississauga, Ontarfo) coated dlshes. ARA-~C was added ;olthe
medium the next day and aggregates were sgcored for neurons
two days later, iJe. 30 days after the Lnittatfon of ag-
gregation.

B. Cells in exponential growth were treated with Caf+ and
Mg++- free phosphate buffered saline (PBS) contalnihg
0;025 Z trypsin aﬁd 1 mM EDTA to remove them from the
surface of the tissue culture dish. They were plated at a
concentratioh of 105 cells per ml into a tissue culture dish,
allowed to grow 1in monolayer in the presence of RA (5 X
IO-TM) until tﬁey reached confluency (2 X 106.cells per ml);
usually two days and then washed twice‘with 5 mls of PBS.

They were trypsinized and plated at the usual concentration
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of 105”ce115 per ml Into a bacteriological grade Petri dish
to 1ni£iate aggregation (Martin and Evans, 1975). After two
ﬂays in guspension'in medium depleted of the drug, the cells
were plated 1into tissue culture éishes. Twenty=-four hours
after plating, the second drug ARA~C (5 ug/ml) was added to
the medium and aggregated contalning neurons (90 %) were

harvested for RNA isclatlon two days later, li.e. at day 8.

Differentiation of P19 EC cells into flbroblasts was
performed as follows: cells in exponential growth fl X 106
cells per ml) were treated as previously described with
—trypsin/EDTA and were plated at a concentration of 105 cells
per ml into tissue culture dishes In o{~MEMsuplementedwith
RA at a concentration of 5 X 10-7M. They were grown until
subconfluency was reached and were then passaged at low
density in ‘the same culture-medlum and dishes. This last step

was repeated untll a8 pure flbroblast culture was obtained;

usually elight to ten pussages were required.

Differentiation of P19S51801A1 and RACES D+ cell
lines into muscle-contalining cultures was performed by ag=~
gregating the cells as previously described in method A
except that DMSO was used at a final concentration of 1 % in

both cases aand that ARA~C was omitted. -~

~

2,2 Preparation of drugs

Retinoice écid (ailntrans-retinoic acid; Eastman Kodak
Co., Rochester, N.Y.) was prepared as a stock solution of

“?
10 M Iin DMSO and stored at 4°C in the dark. The stock
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solution was diluted to a concentration of IO-AM iH o ~MEM
_supplemented with serum and added to each indlvidual culture

dish to &btain the final concentration of 5 X 10-7M (Jones=

SR _
Villeneuve et al, 1982, 1983).

Cytosine arabinoside (cytos{ﬁ¢~}- @ =D-arablnofurano~-
'side; Sigma Chemicals Cile., St-Louls, Mo.) was prepared as a
stock solutlon of 5 mg/ml in PBS and éCOEEd at 4°C., The
stock solut}on was diluted directly into the culture medium

to obtain a final concentration of 5 ug/ml (Setl et al,
1980).

Dimethyl sulfoxide (Sigma Chemicals Cle., St-Louls,
Mo.) was used directly into the culture medium to get a final

concentration of 1 % (véy) (McBurney et al, \1982). /
* - R

2.3 Preparation of coating agents aund coated dishes
i

ot

Gelatin (Fisher Scfentific Co., Nepean, Ont.) was
prepared as a stock solution of 10 % (v/v) Iin water but Lt
was used as a gsolution of 0.1 % on the tissue culture dlshes.
The bottom of esach dish was covered with gelatin, the excess
was - removed with a sterfle pasteur pipette and the plates

were put in a 37°C incubator without.CO2 atmosphere to dry.

Fibronectin (Sitgma Chemicals Cie., St-Louls. Mo.) was
prepared as a stock of 1 mg/ml in PBS and was diluted to
glve a final concentration of lb'ug/ml. Tissue culture dishes

were treated the same way as gelatla~coated ones.
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_ Collagen ({Vitrogen 100; Flow Laboratories, Missis~
sauga, Ont.) was bought as a solutiom of 3 mg/ml (3 %) and
used as Is. The coating was done as previously described. For
the preparation of collagen-fibronectin~coated dishes, fibro=~

* nectin coating always followed'collagen.

2.4 3H-—Gamma aminobutyrie acid uptake experiments

The aggregates were scoreds for neurons using the
procedure of determination of 3H-*GABA uptake described by
Yamamoto et al, 198l. Aggregates of RA-~treated P19 cells were
plated di;ectly onto coverslips and the gultures waere allowed
to develop undisturbed for four days (day 8 after the
inttiation of aggregation) in the presence of ARA~C (5
ug/ml)., The coverslips were washed twice Iin prewarmed (370C)
Hank”s buffered saline solution (HBSS) (KCl 0,40 g/1,
KH,PO, 0.06 g/l, MgCl,.6H,0 0.10 /1, MgS0,.7H,0 0.10 g/,
NaCl 8.0 g/1, NaHC03 0.35 g/1, NaZHPo4 0.09 g/l1, D~glucose
1.0 g/1 pH 6.2 with NaOH) and were placed in ashumidifying

chamber (Petrl dish with a wet kleenéx)/fbr the Ilacubation of
30 minutes at 37°C with 2,3—?H)- x ~aminobutyrie aecfd (5 X
1b—BM) (spec. act. 74.5 Ci/mmole, New~England Nuclear,
Boston, Ms.); For each coverslip, 1.2 ul of \3H-GABA was
diluted 1nto 100 ul of prewarmed HBSS and only then was
added to each coverslip. The cells were then washed six timég
tn cold PBS and flxed in cold (4°C) 2.5 % (v/v) glutaralde~
hyde in PBS with gradual warming to room temperature over 15
minutes. Following a wash for 30 seconds with double distil-
led water, cells were dehydrated with ethanol as follows:

25 % ethanol for 30 sec., 50 % ethanol for 30 sec., 75 %

I
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ethanol for 2 minutes, 85 % ethanol for 5 minutes, 95 %
ethanol for 5 minutes and 100 % ethanol for 15 minutes. The
fixed and dehydrated cells were prepared for autoradiography.
The coversllips were placed cells face upAon slides and edges
were sealed with Permount (Fisher Scientlfle Co., Falirlawn,
N.J.) or transparent nail polish (Cutex) Qvoiding formation
of air bubbles. In the darkroom, slides were dlpped very
quickly (2 sec.) into prewarmed (AOOC) Ilford L4 emulsion
(I1ford Photo Canada, Don Mills, Ont.) (10 ml aliquots stored
at 4°¢ wrapped in aluminum foill) diluted 1:1 with warm dis-
tilled water, were allowed to dratin on paper towel and were
placed ian a black slide box contalning drierite wrapped In
gauze to remove humidity from the chamber. The sllde box was
covered with foll and stored at 4°C for two to four days.
Autoradiographs were developed a4t room temperature as fol-
lows: the slides were placed In a plastic sllde holder,
developed for 2 mianutes in a Kodak Dektol/water l:l, stopped
in 1.4 ZlCHBCOOH acetic acld solution for 15 seconds, fixed
1n Kodak rapid fix for 4 minutes and washed I{n water for 30
minutes. Cells were then stained quickly with methylene blue
and mounted for microscopy. The number of nucleated cells and
number of stained cell were scored. This method gives a good
estimation of the proportion of the populatlion represented by

neuroectodermal cell derfivatives. N Com e

£

2.5 Construction of a P19 neuron~enriehed c¢DNA library

2.5.1 First and second~strand ¢DNA synthesls

/
Total RNA was extracted from fifteen 100 mm confluent

plates of P19 neurons (2 X 107 cells total) by 8B modifi-



cation of the lithium chloride~urea proeedure described by
Auffray and Rougeon (1980). Cells were washedﬁoﬂgs with ice
cold PBS and were put immedlately at 4%c¢. Approiim@telylz
mls of 3M LiCl/8M urea (solutions prepared with diethylpyro-
carbonate water) were added to eacﬁ plate to lyse the cells.
The lysed cells were then pooled in a plastlc tube using a
rubber policeman and. shearing of the DNA was performed on
ice using a polytron (PT 10/35 generator PTA 105; Brinkmann
Instruments Divislion, Rexdale, Ont.) sét at 8 for 3 to 4
minutes. Samples were left on ice overnight to allow for the
precipit&tlon of RNA then were centrifuged at 40C for 10
minutes In 2 microfuge. The white resultant pellet was rinsed
twice with 3 M LiCl and resuspendqﬁ in binding buffer (BB)
(OJAM LiCi, 10 mHM Tris—HCl pH J.6) supplemented with 0.1 %
SDS and 10 mM EDTA. From‘12 to 13 plates, one to two mil~ -
ligrams of total RNA were obtained. This RNA was elther
stored at -70°C or used for the preparation of poly(A+) RNA.

Poly(A+) " RNA was Isclated by two passages of
adsorption 4nd elution from oIigo(dT) cellulose (Tyﬁe 3;
Collaborative Research Ine., Lexington, Ma.) following the
proeedure . of Aviv and Leder (1972). 0.2 g of oligo(dT)
cellulose was suspended Iin elution buffer (10 meTris-HCl pH
7.5) and poured in a 3 ml syringe barrel previously rinsed
with 0.1 % SDS and plugged with slliconized autoclavéd glass
wool. The column was washed with ten bed volumes of binding
buffer, The RNA sample in BB/SDS was heated to 65°C for 10
minutes then quick cooled on ice 3 minutes prilor to 1its
loading on the column. The eluate was heated agaln, quick
cooled and run through the column again to ensure that all

+ .
poly(A ) RNA had bound to the oligo (dT). The previous step
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was ‘repeated one more tlme. The —flnal eluate contalnling
pokyEA—) RNA was saved for further analy§;s. The column was

then! washed with BB/SDS until the ratlo 260/280 equals ze}o
'(ususﬂly 10 mls) followed by a wash with 10 mls of BB to get
rid of)\ SDS in the® preparation. The pgly(A+) RNA was then
-;luted‘fgom the column using diethylpyrocarbonate~treated
water (ﬁEPC) (0.1 X, BDH Chemicals Ltd., Poole, England)
Fedorecsak and Ehrenberg, 1966). The column was recoastituted
as follows:\it was washed with 10 bed volumes of elutlon
buffer followed by 5 mls of 0.1 N NaOH to remove all traces
of bound material then reequilibrétgd with elution buffer
followed by BB/SDS. The poly(A+) enrleched fraction collected
previously was heated at 65°C for S minutes, quick cooled on
lce and reloaded on the reconstituted column., Washes were
done as described above. 'The poly(A+)'fraction was eluted
with DEPC water anf fractlons of approximately 500 uls wére
collected (poly(A+)l.RNA was usually 'foqnd in the flirst
mls.). The optical denslty was measured for each. fraction and
those containing poly(A+) RNA were pooled and preélpitated
with 0.3 M NaOAc pH 5.5 and 2,5 volumes of cold 95 % ethanol
at -ZOOC,Bvernight. Ammonium acetate cannot be used because
1t interferes with the reverse transcriptase reactlon.
Centrifugation was done at 10,000 rpm for one hour at 4°¢ in
adRC-S Sorvall (HB~4 swingling rotor). The resultant pellet
J;s? rinsed with 70 % «cold ethanol, vacuum dried and
resuspended in 'DEPC water or water contalnling wvanidyl
ribonuclease “complex (VRC) 10 mM (Bethesda Resear;h
Laboratories, Gaithersburg, Md.) (Berger and Birkenmeler,
1979). The éaﬁple was stored at -70°C. From | mg of total
RNA, approximately 50 ug of poly(A+) RNA (1 to 5 %) was
obtalded after two passages on ollgo(dT) cellulose column,

with 2~5 % econtamination with ribosomal RNAs,.
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15 ug of mRNA was used as a template for the oligo(dT)
primed cDNA ayntﬁésis. Flrst and second strand ¢DNA syn~
theéis was performed by wusing avian myeloblastosis virus
{AMV) reverse tfanscriptuse (Life Sc¢iences, St-Petersburg,
Fl.) following ao%rocedure given by Martin Tennlswood based
on Efstratiadis and Villa=Komaroff (1979). 50 uCL of
[%i]odeTP (Amersham Co. Oakwville, Ont.) (spéc. act., 50
Ci/mmole, 1 uCi/ul) and 0.5 mM dCTP were mixed in an“Ep-‘
Pendorf tube and vacuum dried. The follo;ing components were
added at the flnal econcentration specified in a flinal volume
of 100 ul:0.1 M Tris-HC1l pH 8.3, 0.14 M KCl, 10 mM MgCl
100 ug/ml.of-oligo(dT)lz_ g’
DTT and 15 ug of poly(A ) .RNA., The reaction mixture was

. 2’
]l mM dNTPs (dA, dT, dG), 20 mM

prewarmed at 42°¢C for 5 minutes then the reverse transcrip-
tase was added at a concentrationlof 10'units/ug of mRNA and
incubation was set at 42°C for two hours. The reaction was
stopped with 10 mM EDTA pH 8.0 and NaOH at a final concen-
tration oﬁ_0.07S N was added to hydrolyse the mRNA s;rand by
incubatinggone hour ét‘ﬁSOC. To neutralize, HCl to a same
final concentration of 0.075 N was added to the mixture along
with 250 mM Tris-HT1l pH 8.0. The sample was extracted once
with phenol saturated with TE buffér (10.mM Tris-HCL pH 8.0,
I mM EDTA)/chloroform (Il:1 v/v), back extracted’ with TE
buffer and passed through a G~100 column (Pharmacifa Fine
Chemicals, Dorval, Quebec). Ten fractions of approximately
500 uls were Eollected,cbounted using the .1iquid seintil~
lation counter and the ones contalining radioactivity were
pooled, précipitated' with 0.1 Qolume of 3M NacCl and 2.5
volumes of cold 95 % ethanol at ~20°C overnight. The RNA was
centrifuged.at 10,000 rpm, 60 minutes at 4°c iﬁ a Sorvall
RC~5B (HB-4 swinging rotor). The pellet was ringéd with 70 %

En, ‘ . h o



cold ethanol, vacuum dried and resuspended in 20 ul of auto=-
elaved hater. The synthesis of the first strand was repeated
once more to {ncrease the amount of slngle-stranded c¢DNA.
Both preparatiqns were pooled. From 30 ug of mRNA (two

3
reactions), 2.45 ug of ["H] single-stranded cDNA was synthe-
sized. '

~ The second strand of the cDNA was obtailned as fol-
lows: 2.153 ug of [3H] ss-cDNA (about 40 ul) and a same
volume of 2X second strand buffer (0.2 M HEPES pH 6.9, 20 mM
MgClz, 5 mwM DTT, 0.14 M KCl, ! mM dNTPs) were mixed
together in an Eppendorf tube. Approximately 20 units of
E.coli Klenow fragment (New England Nuclear, Boston, Ms.)
were added for every microgram of single-stranded cDNA used
and the Ifncubation was set at 15°C for 18 hours. The reaction
was stopped with 10 mM EDTA and a phenol/chloroform ex-
traction (l:1 v/v) was performed before the purificatlon
through the G=100 column.,. Again, fractlons ;}\300 uls were
collacted, copntea and the desired ones were pooled, preclpi-
tated and centrifuged as previously described. The resultant
pellet was resuspended in 50 ul of distilled water and
counted. 1,30 ug of [BH] double~-stranded cDNA was obtained
using E.coll DNA polymerase I large.fragment. This ds~cDNA
was extended usiag Fhe AMV reverse transcriptase. For thls
reaction, the followlng mix was prepared at the flnal concen-
trations specified and to a flnal volume of 100 ul:l.5 ug of
[3H] ds~cDNA, 0.1 M Tris-HCl pH 8.3, 0.14 M KCLl, 10 mM
MgClz, 70 mM % ~mercaptoethanol, 2 mM dNTPs, deo. The
reaction mixture was prewarmed at 42°%¢C for 5 minutes and the
reverse transcriptase was added at a concentratien of 20

units per ug of ds~cDNA. The Incubation was set for one hour
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at 42°C and the reactlon was stopped with 10 mM EDTA. The
extraction and purlflcation steps were identical as above.
The .resultant pellet was resuspended in 60 ul of distlilled

watuer. ’ ' :

The slze distribution of the ds-cDNAs was checked by
running o smuall aliquot Ia an 8 X polyacrylaﬁ;de gel 1in
Tris~borate buffer (10X TB:0.5 M Tris, 0.66 M H3803, 10 mM
EDTA, pH 8.0) und exposiang the X-Ray film (XAR-5 Kodak fllm,
Pleker Canada, Ottawa, Oncuéio) for a short period (4 to 6A
hours) at room Cemperaturé using an 1Intenslfying screen
{Koduk). From 1.5 ug of [3H] ds-cDNA, 880 ng of extended
{3H] ds-cDNA were obtained of 200, to 2000 base pairs In

length.

The resultant ds-cDNA preparation was then treated
with nuclease Sl (Boeanger-Nannhefﬁ Co., Dorval, Quebec).

30 units (1 unit per 30 ng ds-cDNA) of nuclease S1 were used
for 45 minutes at 37°C. to destroy the halrpin loop located at
the 57 end of each cDNA. A small aliquot of single~stranded
¢cDNA was wused as a positlve control to determine when
dggestion was complete i.e. time when 0 % reslstance to S1
wus reuched. The reaction was stopped with 10 mM EDTA then
pheaol/chloroform extraéfed and passed through a G-100
column. The desired fracclons Qere-po‘led,.precipitated Qnd
the ds~cDNA was resuspended In 50 ul of\distilled water and
cqunted. From 880 ng of [BH} ds~-cDNA, 6

after S nuclease treatment, i.e. 590 ng o

"% was recovered
| : ds-cDNA. Both 57
and 37 ends were fllled in usiag Klenow fragment of E.coll
DNA polymerase 1 to obtain blunt ends. To this end, 280 ng of
Sl treuted-[3H]"dsTcDNA were added to 2 mM dNTPs, I'X Klenow
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5 units of Klenow enzyme Ia'a final volume of 35 ul and

buffer (100 mM Tris-HCL pH 7.5, 10 mM MgCl

tacubated at room temperature for 30 minutes. Ligatlon of
these complete decDNAs to 32P-end labeled BumHllllnkurs.
(New England Biolabs, Beverly, Mu.) was performed usling u
ratio of.llnker/ds—cDNA of 2/1. )

“  “The end-labeiing‘of BamH! I'inkers was done as des~
c;lbedAby Maniatls et al.‘l982. OneﬂAzbo unit of‘hlolab_
BamH!l linkers was dissolved In- 100 ul of dilstilled water and

stored at =-20°C. To 2 ug of BamHl Ilinker, 30 wuCl of
(?2p] Y ~ATP (Amersham Co., Oukville, Onctarlo, 10 ucCt/ul,
3000 Ci/mmole), 70 mM Tr{s-HCL pH 7.6, 10 mN MNgCl_, 5 mM
DTT and 10 wunits of _Ta pelynucleotide kinase (Bethesda
Research Laboratorles, Gaithersburg, Md.,) were added In a
final volume of 10 ul. Following an fneubatlon of 15 minutes
at 37°C, 70 mM Tris-HCL pH 7.6, 10 mM MgCl,, 5 mM DTT, | mM
ATP and 10 units of T& kinase were added to the reactlon
mixture to a4 final volume of 20 ul which was further Lacu-
bated for 30 minutes at 37°C. These kinased liﬁkers were
stored 4t -ZOOC. 600 ng of [32P] kinased BamH] linkers and
800 units of T, llgase (3 units pec ng of ds~cDNA) (Boerln-
ger-Mannheim Co., Dorval, Quebec) were added'to the tube
conkaining the blunt-ended ds~-¢DNAs and an Lncubatlion was
‘set at 16°¢C overnlght. The sample was then extracted once
with phenol/ehloroform (1:1 v/v), once with chloroform only
and precipitated ac ~-70°C far one hour with 0.1 volume of 3M
NaOAC and 2.5 volumes of cold 95 % éthanol. It was then
centrifuged at room temperature for IS\m;ques and rinsed
with 70 % cold ethanol, wacuum dried and-resuépendéd {a

water. The ds-cDNA was then digested to completion with
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BamH] (Amersh;m Cg” Dorval, Quebec) and size fractionated
ovér a sepharose 4B (Pharmacla -Canada Ltd.thfval, Quebgc)
mini{=column equilibrated in TEN buffer (10 mM Tris=-HCl PpH
7.4, 1 'mM EDTA, 100 mM NaCl). Fractlons of approximately 100
ul (2 drops) were collected, counted and run iIn 4n 8 X polya~
crylamide gel to check Lf the first fractlons were enricheﬂ

fn large fragments.

¢

2.5.2 Vector Preparation

The plasm{d vector pBR322 (6 ug) was digested to

'completloﬂ with BamHl usiang 10X medlum salt buffer (500 mM

NaCl, 100 mM Tris~HCl pH 7.5, 100 mM MgCl 10 mM DTT)} and

’
12 units of the enzyme. Thé sample was heaied to 65°C for 1%
ﬁinutes to fnactf{vate the enzyme and 1.5 units. of -calf
Intestinal .alkaline phosphate (CILAP) (Baghesda Research
Laboratorleg, Gaithersburg, Md.) was added for 40 minutes at

3?°C to dephosphorylate the ends of the wvector to prevent

self~annealing during the ligatlon reaction. Distlllied water

' was. then .added (to 50 ul) and the sample was heated for 10

minutes at 65°C before extraction with chloroform/isocamyl

alecohdl (24:1 w/v). The phosphatase~treated pBR322 was

.ethanol precipitated and resuspended into TE buffer. 1 ug of

BamH] cut phosphatase~treated pBR322 was added to each pool
of fractions (about 200 ul) obtained during fractionatlon of"
BamHl cut/kinased ds—cDNAs; The resultant mixture was

precipltated at -70°C for one hour with 0.1 volume of 3M

"NaOAC and 2.5 volumes of 95 % cold ethanol. The pellet'&as

rinsed with 70 % cold ethanol and resuspended ia TE buffer.

The sample was Ilacubated at 650C for 10 minutes then set
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on ice. Only 1/5 of  the total reaction mixture of

ds~-cDNA-linker/vector was used for the 11gaiion reaction

which was parformed at 15°¢ overnight In a final volume of 50
ul using llguase buffer (1X buffer: 50.mM Tris-HCL pH 7.4, 10

mM blgCiz, 10 mM DTT, | mM ATP) and 120 unlts of T, DNA
ligase. The ds-cDNA was ligated to the vector at a welght
ratio of ‘vector/cDNA of 20:1. Approxﬁhately 10 ng of

ds-eDNA was lligated to 200 ng of plasmltd vector.

2.5.3 Transformation__protocols__for__E.coli__DHl__and RR1

strains
B
E.coll strafn DHI (rec A ) (Low, 1968) glven by Marctin
Tenniswood and E.cell strain RRl (rec A+) (Bolivar'et al,
1977) givén by Ken Dimock were used as reciplent cells

G

the lilbrary. o "

for

Transformation of E. coli DH1 Lella was carried out hy'
using a high efflelency procedure adapted from Hanahan (1983)
as described by Martin Tenniswood. A fresh plate of E.coll
DHl was prepared from a frozen stock of -70°¢. The W a
place (s g/llter Bacto-yeast extract, 20 g/li&er

4 2
g/liter Bacto agar) was i{ncubated at 37°C overalght, A slagle

Bacto-tryptone, 5 g/liter ﬁgSO LJH,0 pH 7.6 with KOH, 14
fresh colony'was.picked and used to Inoculate a 5 ml culture
in Pb (Pa without agar, filltered prlor to autoclaving). The
culture was grown untll OD550 reached 0.3 (usually 4 hou?s).
Half volume of the culture was used to inoculate 100 mls OfT
QJb {prewarmed at 37°C) and cells were grown for a further 3}

hours or until 00550 reached 0.48. Cells were placed on fce 5
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minutes and centrifuged 1in sterifle 30 ml Zcorex tubes In a
Beckman J2«21M (JA=-20 rotor) at 6000 rpm, for 5 minutes at
4°C. The cells were resuspended in 40 mls of TEfbI (30 mH

99 90 2O, 153 %
glycerol (v/v), pH 5.8 with 0.2M acetic acid; sterilized by
filltration). Cells were left“on 1ice for 5 minutes then
centrifuged at 6000 rpm at AOC for 5 minutes. They were
resuspended In 1/25 volume of TfbII (10 mM MOPS or PIPES,
75 mM CaCl,, 10 mM Rb‘Clz, 15 % (v/v) glycerol, pH 6.5 with
HCl; sterilized by filtration}) and left on 1ce for 15
minutes. Competent cells were frozen quickly in dry ifce and
stored at ~70°C tn ‘aliquots of 200 ul into microfuge tubes
gsing‘prechilled plpette and tubes, -

Cells were thawed at room temperature for S minutes then
were left on fce for 10 minutes. Half of the ligation mixture
was used (5.5 ng of decDNA/100 ng vector) for each transfor~
mation. Cells were trangforped with the plasmid at a concens
tration.of 0.5 ug/ml i.e. 260 ul of competent DHI cells were
added to the DNA which was then left on 1lce for 60 mgnutes"
before the heat shock at 42°C for 2 minutes. The cells were
returned on ice for another 2 minutes and | ml of LPb broth
was added to the tube to allow“growth for one hour at 37°C
under constant gentle shaking. The plating was done on LB
plates (5 g/l yeast extract, 10 g/l Bacto~tryptone, 5 g/l
NaCl, pH 7.5 with NaOH, 15 g/l Bacto agar) supplemented with
75 ug/ml ampicillin (Sigma Chemikﬁls Cle., St.Louils, Mo.) and
colonles were grown overnight at 37°C. With this method,.l to
2 X 108 transformants per wug supercoiled pBR322 were
obtained. . '
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Transformation of E.coll RRIl cells was pecformed using
the CaCl, procedure described by Mandel and Higa (1970). 100
mls of LB broth was inoeulated with 1 ml of an overaight
E.coll RRI cuIturé: The cells were growa with vigorous sha-
king at 37°C unt!ll the OD550 reached 0.2. Cells were then
left on ice for 10 minutes. Following a centrifugatlon at
6000 rpﬁ, 4°¢ for 5 minutes, the cells were resuspended in
half of the original culture volume of an Llce=-cold, stertle
solution of 50 mM CaCl2 and 10 mM Tris=-HCL pH 8.0. They were
left sitting 1In an ifce~water bath for 20 minutes. After a
centrifugatlon at 8000 rpm, 4°Cc for 5 minutes, the superna-
tant was carefully discarded and the cells wefe resuspended
in 1/15 of the originpl volume of the same lLce-cold solutlon
of gaClZ[Tris~HCl'pH 8.0. The competent cells were dispensed
in prechilled: tubes as 200 ul allquots and left at 4°C over-
night to lacrease the efflcliency of transformatligon (Dagert
and Eﬁrlich, 1979), Half of the lléation mixture was used
(5.5 ng ds~cDNA/100 ng vector) for the transformatlon. Cells
were transformed with the plasmid at a concentration of 1
Y ug/ml i,e., 100 ul of competent cells were used for each
transformatlon reaction. Competénc cells and DNA were left
on ice 30 minutes then placed at 42°C for 2 minutes. I ml of
LB broth waé added to each tube and cells were lncubated at
37°C for one hour beforé being sp?ead onto LB ampicillin
plates. Approximately 200 ul of Ttransformation reactlon was
put on each plate. Colaoanies were grown at 370C overnight. 5 X

106 to 1 X 107 transformants per ug {ntact pBR3I2Z were

obtained using thls method.

Approximately 1500 ¢transformants per nanogram of

ds~-cDNA were obtalned+in both cases (RR]l and DH] cells).
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2.6 Screening’of the P19 neuron~enriehed eDNMA library

L resistant)

/7
-0 fresh LB

Approximately 10,000 colonies (ampicill
were transferred in an ordered array
agar/tetracyeline plates (12.5 ug/ml) (Sigma Chemicals Cle.,
St.Louls, Mo.) at 50 colonies per plate and inecubated at 37%¢
overnight. The Amp- Tet® «colonies (about 9,800) were
re~lnoculated onto fresh ampicillin plates (75 ug/ml) using a
50 ceolony grid:system and colanie§ were allowed to.grow until
they reached a dlameter of 3-4 mm. The plates were then
overlald with sterile Blodyne gircular membranes (l.2 micron;
Pall Canada Ltd., Brockville, Ontario) for 15 seconds. The
fillters were placed on fresh Lh amplcillin plates, incubated
for 4 hours—at 37°C and then processed for hybrldization as
described by Grunsteiln and Hogness (1975). Three replicas of
each of the original cgiony plates weretprepared for future
analysis. The bacterlal colonies were 1§5éd by placing the
replica filters colony side up successively on top of Whatman
3MM paper saturated. with 10 % SDS for 3 minutes, 0.5 N
NaOH/1.5 M NacCl (denéturing solution) for 5 minutes, 0.5 M
Tris~HCl pH 8.0/1.5 M WNaCl (nmeutraliziang solution) for .5
mfnutes. and 2X SSPE (0.3 M NaCl, 0.02 M NaH,P0,.H,0, 0.002
M EDTA) for 5 minutes. Gentle scrubbing with a Kleenex
tissue was performed if cellular debris were still visible on
the filfers. The filters, colony side up, were allowed to dry
at room temperature for 30 to 60 minutes on top of a sheet of
Whatman 3MHM paper and were baked at 80°C for one hour in a
vacuum oven. The processed colony filters were prehybridized
at 42°C for 12 hours in a solution contalning 50 ¥ formamide,
5X Denhart”s solution, 0.3 % SDS, 5X SSPE and 250 ug/ml of
Salmon sperm DNA.\Hybridization was performed at 42%¢ in the
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same solution containing 1-5 X 105 epm/ml of eDNA probe
synthesized from the wvarious mRNA (P19 EC cells, . P19

neurons, P19 fibroblasts.) +

Two different methods were used for the preparation of

the radlolabeled probes. The flrst one fnvolves the synthesis
of [32P] singlehstr;nded cDNAs (Efstratiadis and Villa=

Komaroff, 1979) and the second one consists Ln end-labellng

the mRNA (Crailg et al, 1979). Both procedures are detalled
below. :

A, Synthesis of [32PI Single-Stranded cDNAs

K3

4 ug of poly(A+) RNA of any of the sources (P19 EC,
P19 neurons and Pl9 fibroblasts) were added to 2 tube
contalning 100 ug/ml oligo(dT) prlmer, 100mM Tris-HCl pH
8.3, 0.14 M KCL, 10 mM MgCl,, 20 mM DTT, 1 mM dNTPs (dA,
dT, dG}, 0.1 mM dCTP, 50 uCt [32P]-d~dc (spec. act. 3000
‘Ci/mmole{llo uCi/ul, Amersham Co.) and’ 25 units of? AMV
reverse tfansariptase in a flnal volume of 100 ul., The
Incubation was made at 37°C for 2 hours. The template RNA
was hydrolyzed by the addlitlon of 2.5 ul of 3N NaOH at 65°C
for one hour. The sample was then neutralized with 2.5 ul of
3N HCl and extracted once with. phenol/chloroform (l:1 v/v)
before being precipitated with 0.8 volume of 5 M ammonium
acetate and 2.5 volumes of 95 % cold ethanol at -70°C for 15
minutes. Final purificatlhon was done by chromatography of the
resuspended sample on a G-100 column. Fractions of about 500
uls were collected and counted, and those contalning the
radlolabeled probe were pooled, botled for 5 minutes and

transferred to the bags containing the filters in
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prehybridizgtion solution. The specifie aetivity obtalaned

with this method was between 1 X 106 -1 X 107 cpm/ug mRNA.

B. End-labeiing of mRNAs

2 ug of poly(A+) of any of the sources (P19 EC or P19
neurons) were added to X ul of 50 mM Tris~HCL pH 9.5 to get ,
a final volume of 27 ul. Pdraffin (mineral oll) (about 50 ul)
was added on top of the sampie to prevent evaporation during
alkaline hydrolysis. Following an incubation of 25 minutes at
QOOQ, the paraffin layer was removed using a wvery thin
capillary. The efficlency of h;drolysis was verified by
running an aliquot on a 10 % polyscrylamide gel. The_RNA was
hydrolyzed to an averagé' slize "of about 100 bases. The
hydrelyzed "RNA sample was then brought to 50 ul in 0,04 M
Tris~HC1l pH 7.5, 10 mM MgClz, 2 m¥M DTT, 69 uCi[32P] B ~ATP
(sp.act. 3000 Ci/mmole, 10 wuCi/ul, Amersham Co.), 6.5
unlits/ug RNA of ;TA polyﬁucleotidé kinase (Amersham Co.)
(final «concentrations). Incubation was performed at 37°9¢ for
35 minutes and the sample was set on ice. The RNA was
puriflied by passage it through a G~100 mini~column (Maniatis
et al, 1982)., The [?ZP] end~labeled mRNA was- counted and
boiled for 5 minutes before being transferred to the bags
contéinigg the fllters and prehybridization solution. The
specific activity achieved with this method was about 3X

107-10§ cpm/ug RNA.

o

In both cases, hybridization was performed at 42°¢C for
24 hours with constant shaking. Fllters were then washed with
three changes of 2X S5C/0.1-% SDS (0.3 M NaCl/0.03 M sodium
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cltrate) at room temperature, 30 minutes each and once with.
0.2X $SC/0.01 % SDS ‘at 65°C for 15 minutes. For higher
stringency, three succgssiﬁe-washes,.IS ;inutes each 1w.0.ix
§§C/0.1 % SDS at 65°¢C were performed. For re~use, the
filters were washed free of radioactlve probe In 50z
formamide - 10 mM Tris-HCl pH 7.6 - 1 mM EDTA for.ome hour
at 65°C. Specific hybg}dization was detected by exposﬁre of

fillters to XAR=5 X~Ray film with Kodak fatensifying screen
) S ‘
at =707 C.

A

The second round of screening was done the same way

but only colonies glving a positive slgnal with [32P] neuron

ss-cDNA probe were plcked and transferred all together on a

fresh ampicillin plate. The coloniles remalining positive for
the [BZP] neuron s$s=cDNA after high stringency washes were

kept for further analysis.

LY

2.7 Storage of the P19 neuron~enriched cDNA library

-~

Storage of the cDNA library was performed- as
described bx Hanahan and Meselson (1980). Colonies were
replica plated onto Biodyne circular membranes (1.2 u) (100
mm diameter) and groﬁn overnight on fresh LB agar placteg
supplemented with glycerol (5 %).. Each colony fllter was
cover with a sterile filter of the same size and these
filters were sandwiched between several dry Whatman 3 MM
papers plus one wet Whatman filter to maintain ﬁumidity. They
were stored 1in individually sealed plastic bags (Fisher
Sclentiflc Ltd., Whithy, Ontario) at ~70°C. When needed, the

bags were removed from -70°¢C and brought to room temperature,
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the filters were peeled apart, lafid on fresh ampicillin
plates (75 ug/ml) and incubated until.small distinct colonles
appeareﬂ (about 6 hours). They were then transferred onto
fresh ampicillin plates supplemented with chloramphenicol
.(250 ug/ml) (Sigma Chemieals Co.) and furtheéeihcubated for
12 hours at 37°C. The library was checked .every elght months

for possible loss of plasmlids or inmserts.-

I2.8 General RNA isolation

2.8.1 Extraction of total RNA from cells gultured in roller

v

bottles

For large extraction of total RNA ,sueh as P19 EC
undifferentiated cells, roller bottles were used. When cells
reached confluency (3 X 108 cells per bottle), the medium was
removed gently ana cells were rinsed with 200 mls pf lee~cold
PBS. Ther bottle was ifmmersed in an ice=water bath for 10~15
minutes to Iinhibit RNAse. Then 30 mls of 3M LiC1/8M urea
solution were added to the bottle which was swirled to allow
spreading of the lyéing solution =211 over the cells. The
lysed cells were collected in 50 ml-polysterene tubes (10
ml/tube) and DNA was sheared using a Polytron homogenizer
set at 8 for 4 minutes. Tﬁe RNA waénallowed to precipitate
overnlght on ice. The preparations were transferred into 50
mleolycarbonate tuges pre~rinsed with 10 % SDS and a centri~
fugation was set for 10 minutes, at 4°¢c at 6,000 rpm. The
RNA pellet was rinsed twice with 3M LicCl (with centrifugation
between each rinse) and resuspended finally in binding buffer
supplemented with 0.1 % SDS and 10 mM EDTA. The RNA was
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stored at =70°C. Approximately 4 to 6~mg of total RNA were
extracted from P19 EC cell’ using thils progedure.

2.8.2 Extraction of total RNA from cells gultured in dishes

45,

Preparations of total RNA from Pl9 neurons, P19 fibro~
blast's "and all other cell lines used, were obtalned“(as
described in section 2.8.1) from fifteen to twenty non=

. g
confluent plates (2~5 X ].07 cells total}, In-each ecase, 1 to
2 mg of total RNA were extracted.

2,8.3 Total RNA extraction from various organs

[\

Total RNA from 2 1/2 = 6 month~old adult mouse braln,
spléen, liver, heart and kidney was Isolated following a
slight modificatlon of ‘Auffray and Rougeon”s method (1980).
The various organs dissected from mice were collected Ln a
dish contéining ice~cold PBS, cut in véry small pieceé using
SDS~treated sciésors and transferred te a 50 ml tube co&taiﬂ
ning 10~15 mls of 1ysing solutlion (3 M LIiCl/BM urea). The
tissues were subjected to homogenizatlon using a Polytron
homogenizer set at 10 for 4 minutes on 1ice. The RNA was
allowed to preclpiﬁate ove}night at 4°C. The RNA suspenslon
was then transferred to polycarbonate tubes, and centrifuged
at 6,000 rpm, 4°¢C for 10 minutes. The pellet was rinsed three
times with 3M LiCl to get rid of the urea, resuspended in 10
mM Tris-HCL pH 7.6/0.5 % SDS (solution prepared with -DEPC
water) and extracted with one volume of chloroform/iscamyl

aleohol (24:1 v/v) untll the Iinterphase was clean. The RNA

ix
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. ¥

was then precipitated with 0.1 volume of sodium acetate pH
5.5 (prepared in DEPC water) and 2.5 volumes of 95 % cold
ethanoi at ~70°¢ for two to three hours. The final RNA pel~
let‘was resuspended in binding buffer/0.1 ¥ SDS/10 mM EDTA

and stored at =70°C until used.

- ‘ \
2.8.4 Isolation_of mnRNA_ from small preparation of total
RNA

+
For small preparations of total RNA,: poly(A ) and
poly(Ah) RNA fractions were isolated as outlined f{a section
2.5.1,

.+
H

2.5.5 Isolation of polj(AT) from large preparation of total
" RNA: Batch method

When a veéy high amount of total RNA was use@i(é mg)
such as In the case of P19 EC cells, the batch method (modi~
fication of Maniﬁtis et al, 1982) was chosen to isolate
poly(A+) and poly(A—) RNA fractioné; It consists of mixing
the total RNA sample with oligo(dT) cellulose in 2X BB/0.1 %
8DS (1X BB 1s 0.4 M LiCl/10 mM Tris~HCl pH 7.6) and incuba~
ting the mixture at 37°C for oné hour with coastant gentle
mixing. This allows for saturatlion of all acti{ve sites on the
column by poly(Af) RNA. The column is then poured in a 3 ml’
syringe barrel prerinsed with 1 % SDS_and plugged with auto=
claved siliconized glass wool. From then on, the steps are

exactly the same as described in section 2.5.1.
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2.8.6 Isolation of polysomal RNA
‘ s |
Polysomal RNA was preparéd following the method des~-
cribed by Skup et al, 1982.- Approximately 10’ - 108 cells
(10~15 confluent 100 mm plates) were trypsinized, cnllected
in a polystyrene tube, diluted with half volume of lce~-cold
X ~MEM medium and centrifuged at 2,000 rpm for 2 minutes.

The cell pellets were poolea Ia one tube and riased twlce

with 1ice~cold PBS. 1] ml of hypotonlc solutlon contalnlng 50

mM Hepes (pH 7.6}, 0.24 M KCl, 3 mM DTT, 0.25 M sucrose, 10
m M MgSOa, 2 % NP=~40, 10 mM vanadyl-ribonucleoslde complex
(added to the solution prilor to the cells) was added to the
cells which were lysed by vortexing vigorously 2 minutes. The
efflciency.;}—lysls was monitored uander the phase. contrast
microscope. Following a centrtfugation for 15 mlautes at
14,000 rpm, 4°C f{n a JA~20 rotor, J2-21 M Beckman centrlfuge,
the supernataat was transferred Ln é sterile tube {n which 20
mM streptomycin sulfate was added (Sigma Co.) (use 0.2 M
fresh stock). The polysomes were allowed to precipitate 6
hours or overnight at 0°¢C and were centrifuged at 6,500 rpm,
400 for 15 minutes in a JA~20 rotor (Beckman J2-21 M centri-
fuge). The polysomal pellet was resuspended Ln | ml of 3IM
LiCl/Bﬁ urea and sheared by using a polytron set at 7 for 4
minutes. The RNA free of proteins was precipitated overaight

at 4°¢ and purified as described in section 2.5.1.

'2.8.7 1Isolation of nuclear RNA

Nuclear RNA was 1Isolated according to Wang et al,

(1985). The eells (2 X 107 cells total) were washed with

3
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phosphate~buffered saline {PBS) and harvested with a rubber
scraper in cold PBS. The cells were thea washed twice by
centrlfugutlod at 2,250 rpnm, QOC, 5 minutes In JA?ZO rotor
(Beckman J2-21M) and lysed in 5.0 mls of fce-cold buffac .A
(0.3 -M sucrose, 10 m#¥ Tris=-HCl pH 7'5ﬂ 5 mM MgClz, 0.4 X
Nonidet - =40, 0.5 mM dithiothreitol (DTT) by vortexiag 10
seconds. The nﬁcléi were quickly pelleted by centrlfugacion
at 2,900 rpm, 5 minutes at 4°C in a Beckman J1S-13 swinging
bucket rétor. The pellet was resuspeﬁded in,S.O mls buffer A,
vortexed, and subjected"to 31~-5 strokes {n a Dounce tlssue
hpmoéenlzer uslog the B pestle. The tLomogenate was then
layered over 5.0 mis of buffer B (same as buffer A except the
suerose Is 0.88 M) and the nuclel were purified by ceatrifu~-
gatlion at 2,900 Trpm, AOC, 10 minutes in a Beckman JS-13
swinglng,buckét totor. The nuclear‘pellet was resuspended in
1.0 ml of bwffer C (40 X glycerol, 50 mM Tris-HCL pH 8.3, S
m M MgClz, 0.1 M EDTA) and pelleted oance at 2,900 rpm for 5
minutes at QOC. The pellet was resuspended fn 1.0 ml of 3M
LiCl/8M urea, subjected to shearing usiag a Polytron homoge~
alzer set at 10 for 4 minutes. The nuclear ﬁNA_was precipl~
tated overnight and centrifuged at 12,000 rpm in'a microfuge

tube for 5 mlinutes at 4°c, The pellet was rinsed twlce with

.3M LiC1, resdsﬁbuﬂed in binding buffer/0.1 % SDS/10 mM EDTA

and stored at -70°cC.

2.9 DNA isolation

2.9.1 Plasmid DNA extraction

Plasnid DEA waa‘exCracteﬂ from the various bacterial

stralns or selected clonesdﬁy ﬁsing a modification of the

-



49,

.alkuline lysis.procedure of Blrnboim and Doly (1979). Large
(50~100~500 mls) and small (5=10 mlé) preparations of pl@smid
"DNA were prepared using the following method. From a sldgle.
cowony plcked from a plc;t:e,1 10 mls. of LB broth supplemented
with 75 ug/ml ampictllin were Lnoculated and grown overalght
at 37°¢. 250 mls of Lﬁ/ampicillin'were tnoculated with 2.5
mls of fhls overnight culture and left at 317°%¢ overnlght with
gentle sﬁaking. The cells were pelleted at 4,000 rpm, for 10
minutes at 4°C tn a Beckman JA~10 rotor. They were resus-
pended by swirling genfly fn 10 mls of solution 11650 m M
glucose, 25 mM Tris~HCl.pH 8.0, 10 mM EDTA, 5 mg/ml lyso-
.zyme prepared fresh). An incubatlon was set for 15 minutes on
ice, then 20 mis of solution 2 (0.2 N NaOH,‘l L S5DS) were
added and the. hottle was fnverted ﬁof mixing., The cells were
Lnéubated on Lce for a further 5 minutes before 1S mls of
solutlion 3 (5 M potassium acetate pH 4.8) were added hﬁd
mixed by gentle thersion. Following an Incubatlon ofIIO

minutes 55 lce, the 1ysed cells were centrtfuged at 8 000 rpm
for 30 midutes at 4°C in a Beckman JA-10 rotor. The quperna-
tant was collected 1into two 50 ml-poelystyrene tubes and
extracted twice with chloroform/isoamyl alcohol (24:% v/v).
The sample ;was transferred iato sillconized 30 ml Corex
tubes. ;"bn;;QtY volumes of fsopropanol was added to the
superndtdﬁglvmiked by faversion several times and the mixture
was left tp b?écipitate_for 36 minutes at room temperature.
Centrifugation was done at 8,000 rpm for 45 minutes at room
temperature 1In a Beckman JA~20 rotor. The pellet was rinsed

with 70 Z isopropanol and resuspended in disttillled water (100
ul). - .
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The purification of plasmid DNA was done by treating
the DNA with DNAse~free RNAse (100 mg/ml) at a final concen~
tratlon of 10 ug/ml, for one hour at room temperature.
Proteingse K (10 mg/ml) and 10 % SDS were added;co the tube
to a final concentratlon of 200 ug/ml and ! eresbectively.
The incubatfon was set at 37°C for one hour, The sample was
extracted twice with chloroform/isoamyl aleohol and brecipi~
tated with lsopropanol the same way as above. The plasmid
DNA was finally redissolved in 50~100 ul of—doubie distilled
water, Recovery was detFrmined by takiang an A

/A

260 reading and

purity by measuring the A 280 ratlo. Average yield was 1

. ~ 260
ug/ml of starting culture.

2,9.2 Genowmig DNA extraction

Mouse genomic DNA was isolated by a modification of
the procedure described by Blin and Stafford (1976). Cell
monolayers (5 to 10 confluent plates, 107-108 cells) were
washed twice with ice=cold PBS. 2 ml of solution A (10 mM
Tris=HC1 pH 8.0, 10 mM EDTA, 10 mM NaCl, 0.5 % S$DS) were
radded per plate and uéing a rubber policeman, cells wefe
scrapea and pooled into a 50 ml polystyrene tube. 50 ug/ml
proteinase X were added to the cell susﬁension.which wasg
incubated at 37°C for 3~-4 hours. The sample waé then treated
with.SO ug/ml pancreatic RNAse and 2 ug/ml RNAse T1 for one
hour at 37°C and extracted three times with phenol/chloroﬁorm
(1:1 v/v), then twice with chloroform/isoamyl alcohol (24:1
v/v)., Precipitation was done at ;7Q°C with 0.1 ﬁolume of 3IM
‘sodium acetate and 2.5 volumes of 95 % cold ethanol. The

genomlc DNA was pelleted at 8,000 rpm for 30 minutes at 4°C

h ' | B
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In a BeckmanrﬁA-ZO rotor. It was rinsed with 70 % cold
ethanol, dried under vacuum and resuspended {n 1l ml of TE
buffer. The recovery and purity were determined as described

In section 2.9.1. Average yleld of DNA was about 100 ug/~
plate. '

2.10 Southern blotting

Genomlic DNA {solated from various cell lines wagy
digested to completion with BamHl, HindIII, EcoRl, Pstl and
was subjected to electrophoresis {n 1 % (w/v) agarose gel Ln
Tris-phosphate buffer (0.08 M Tris~base, 0.08 M phosphoric
acid, 0.002 M EDTA). Lambda HindIII digested fraugments were
used as molecular welght ﬁarkers to d;termthe the length of
the detectable bands on filter. The geis stalned‘ with
ethidium bromidé (0.5 ‘ug/ml) were soaked Ln denaturing
solucion (500 mﬁ NaOH/150 mM NdCl) for one hour at room
temperature'then.in‘neutrallzing solution (500 mM Tris~HCl .
pH 8.0, 150 ﬁM NaCl) for one and & hélf hours a4t room tempe~
rature with'shéking. The gels Qere then transferred onto
Biodyne nylon membranes (1.2 micron) by the method of Sou=
thern (1975) for 12~16 hours. The flLterslwere baked for one
hour at 80°C 1in & vagcuum oven then prehybfidized for 12 hours
at 65°C tn a solution containing 5X SSPE (1X SSPE is 0,15 M
NaCl, 0.01 M NaHzPOA.H'zo, 0.001 M EDTA), 5X Denhart”s
,solution, 0.1 % §$DS, 250 ug/ml carrier DNA or at 42°C in
the same solution supplemented with 50 7% formamide. The
hybridization was done in a final volume of 15 to 20 mls at
65°C or 42°C with nick-translated selected plasmid for 24

hours. Usually 5 X 106 cpm/ml were used per bag. Filters were



52,

- . -

was%ed successively with 2X SSC/0.1 T SDS (three changes,
‘30 minutes each) at room temperatufe then with 0.1X SSc/
0.1 % SDS (three changes, 15 minutes Fach) at 65°¢C. They
were exposed to XAR~5 X~Ray films (Kodak) at -70°C with

Kodak intensifying screens. ‘ !

2.11 Northern bfot analysis

RNA samples (total, poly(A+), poly(A"), polysomal,
nuclear) were denatured in 50 % formamide, 6.5 % formalde~
hyde, 10X MOPS pH 7.0 at 65°C for 15 minutes. This solution
was added to the RNA as a ratio of 3:1 denaturing
solution/RNA sample. The RNA was quickiy cooled on ifce then
fractionated by electrophoresis in 1 % (w/v) formaldghyde
(0.6 %) agarose gel {n MOPS buffer (10X buffer is 200 mM
MOPS, 50 mM NaOAC.3H,0 10 mM EDTA pH 7.0 with acetic actd
stored ian the dark). The gels were stained with ethidium
bromide (0.5 ug/ml) and directly transferred onto Blodyne
nylon memjgpanes (1.2 micron) as described by Thomas (1980)
and Pall Manufacturer. After 12~16 hours, the blots were
baked at 80°C for one hour in a vacuum oven, prehybridized
for 12 hours and hybridized'Zk hours at 42°C in the presence
of formamide as described 1n section 2.10, Nick=~translated
plasmid DNA (5 X.IO6 cpm/ml/bag) was boiled 10 minutes 1In
the presence of oligo(A) (1 mg/ml-stock: 20 mg/ml) and plahed
at 42°¢ for 5 minutes to allow the annealing of oligo(T)
stretch preéent in the Lnserts to the oligo(A) and thereby
avold the non=-specific bilnding of the probe to all poly (A)~
tailed RNA blotted on the filter. The probe was then
directly added to the ﬁags containing the prehyﬁridization

Fs
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solution. The'blois were Gashed at high stringency as des~
cribed in section 2,10, Dextran sulfate (10 % w/v) was used
in the hybridization solution only when a very.low speclflc
activlty was obtained (104 - 105 epm/ml) (such as In the case
of M13 single~-stranded probes) to increase the efflciency of

hybridizatlon (Wahl et al, 1979; Meinkoth and Wahl, 1984).

2.12 Nick=translation of plasmid DNA

Nick=~translation of whole plasmid DNA was performed,
using the Amersham Nick-translation kit as follows. In a
tube, 1 ug of plasmid DNA was mixed with 10 ui of nucleotide
solution (100 uM dATP, 100 uM dGTP, 100 uM dTTP in 250 mM
Tris~HCl pH 7.8, 25 mM MgClz, 50 mM 2-mercaptoethanol), 6 ul
[32P]quTP (spec aét. 3000 Ci/mmole, 1| mCi/ml, Amersham
Co.), 28 ul water and 5 ul enzyme solution (2.5 units DNA
polymerase I and 50 ug DNAse I 1ia Tris~HCl pH 7.5, MgClz,
glycerol and BSA). The reac;ion mixture was fncubated for 40
minutes in a 14°C water bath. The percentage of [32P]dﬁCTP
incorporated was determined by TCA precipitation: 2 ul of
the reaction mix was diluted fn 200 ul of 0.2 M EDTA. 20 ul
of that preparation was added to 50 ul of salmon sperm DNA
(carrier DNA) at 2~4 mg/ml and 10 ml of ice~cold 10 % TCA
solution, The sample was left on Ice for 15-20 minutes and
the resultant precipltates were collected on a glass fllter
(Whatman GF/C) and washed twice wiﬁh 10 ml of 10 % TCA
under vacuum., The filters were counted along with an aliquot
of the vunprecipitated diluted sample. The nick=translated
DNA was then passed through a G~100 mini~column buffered with

a solution containing 50 mM Tris~HC1l pH 7.5, 10 mM EDTA,



150 mM NaCl, 0.1 % SDS. The purified probe was boiled 10(
minutes and added to the bags contalning the prehybri%ization
solution at 42°C. A'specific activity of about 1-2 X 108

cpm/ug DNA was obtained with this procedure. -

2.13 DNA sequence determination
. Sequence of the selected clones was determined by the

Samwger dideoxynucleotide proceﬂpre (Sanger et al, 1977;
1980).

2.13.1 Isolation of M13mpl8 RF particles

-

One blue plaque from MI13mplB8 (given by Bob Korne~-
luk)/JM109 (given. by Torben Beck-Hansen) transformation
experiments was picked and used to inscculate 10 mis of LB
medium. Fresh exponential JM109 bacterlal cells (100 ul) were
added to the culture which was Iincubated at 37°C for about 6
hours. From this culture, 2 mls were transferred i:to 200 mls
of LB plus 2 mls of exponential JM109. This culture was grown
for 8 hours at 37°C. The M13mpl8 replicative forms (RF ecir=~
cular particles) were isolated using the procedure described
in section 2.9.1 except that the precipltation step was done
with 0.1 volume of 3 M sodium acetate and 2.5 volumes of 95 %
cold et;;;;l at -70°C for 30 minutes Lnstead of isopropanol
at room temperature. The concentration of RF particles was

determined by runaning an aliquot on‘a I1 % agarose gel and

comparing 1t to a known concentration of lambda DNA. ﬂ\\
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2.13.2 Subcléning_~2£”_the__repeat__element__(Belected__cDNA
insert) into Ml3mpl$8 vector

M13mpl8 RF particles (2 ug) were digested to com~
pletion with BamH! and dephosphorylated uslng calf intes~
tinal alkaline phosphatase (0.4 unit) at 37°C for 40 minutes.
The sumple was heated to 65°C fo? 10 minutes then'ﬁQCracted
once with chloroform/isoamyl alcohol (24:1) to Lnactivate the
CIAP. Followling precipitation‘with godium acetate/ethanol,
the sample was resuspended ia 200 ul of TE. |

"The ¢DNA clone contalning the Llaosert was cut with
BamHl and fractionated on an 8 % polyacrylamlide gel Ln Tris-
borate buffer (0.089 M fris—base, 0.089. M borlc acild, 0.062 M
EDTA). The insert located by staining tﬁe gel with 0.5 ug/ml
athidium bromide, was cut from the gel and extracted using
the crush and socak method (Ma;am-and Gilbert, 1980). The band
was crushed to a paste~texture using a siliconized glass rod
in an Eppendorf tube. 400 uvl of a solution contalning 500 mM
ammonlum acetate, 10 mM mégnesium;acetate, I mM EDTA, G.1 %
SDS, 10 ug/ml transfer RNA was added to the paste and an
Incubatlion of 24 hours was set at 37°C with vigorous shaking.

The sample was then passed through a mianl=-column {(Pipetman

.P1000 disposable pipet tlp plugged with slllconized glass

wool or Kimwipes) by centrifugation at 3,000 rpm, 2 minutes.
The eolumn was rinsed with 200 ul of the same solution. Both
eluates were pocoled and ethanol precipitated (no salt added)
at —70°§. The samplérigs re~precipitated twice and finally
resuspended into SO’ul gf TE. The recovery wasg determined by
running aa aliquot inm an 8 % polyacrylamide gel.. The BamHl!
cut-insert was ligated to BamHl cut-M13mpl8 wvector at a

“%
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molar ratle of 2:1 (insert/vector) in a final volume of 35
ul. The reaction was incubated at 12°C for 6 hours.
Transformation of JMI109 with M13mpl8 hybrid RF par=-
ticles was done as follows: DNA sample (10-2d ng) wag mixed
with 300 ul of JM109 competent cells. After an incubation of
40 minutes.on ice and the heat shock at 42°C for 2 minutes,
200 ul of expoaential JMI109 ﬁells we}e added to the tube
along with ]0 ul 100 mM IPTG and 50 ul of 2 % X=-gal and 3 ml

of top agar (0.6 %2). The whole mixture was poured onto YT

plates und grown overnight at 37°¢. 4000 recombinants (wh;te

plaques) per ug of BamHl cut=RF were obtained as compared to

1.6 X 105 blue plaques/ug uncut RF (control).

/ . .
2.13.3 Isolation of single~stranded _DNA _from Ml3mpl$8

recombinants

A serles of 5 mls of LB broth were inoculated with 50
ul of an overnight cultupe of JM109. The cells were grown for
one and a half hour at 37°C with shaking. Individual white
plaques were picked from the transforming plates using a
sterlle pasteur pipette and were transferred into each 5 ml
exponential JM109., The cultures were further incubated at
37°C for 7 hours with shakiﬁg.'l.S ml of each culture was
collected and centrifuged for 10 minutes in a microfuge. 1,2
ml of supernatant was transferred to a clean tube and 300 ul
of 20 % PEG (polyethylene~glycol 8000)/2.5 M NaCl (final
concentratlion: 5 ¥ PEG/0.625 M NaCl) was added and mixed by
Inverting the tube 3-4 times. After an incubation of 30

minutes at room temperature, the M13mpl8 single~stranded DNA

Yy

”~
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was pelleted by centrifugation in 4 microfuge for 10 minutes.
The excess of PEG was wiped from the inside of the tube with
a kleenex and the pellet was resuspended in 100 ul TE pH 8.0,

., The DNA s;mple was:furtﬁer purified by~extractiﬁg
once with TE~saturated 'phenol,'once with chloroform and
precipitation with 0.1 volume of 3M sodlum acetate and 2.5
volumes of 95 % cold ethanol at =70°C for 15 minutes. The
DNA was centrifuged for 15 miﬂutes at 4°¢ in a mlerofuge,
rinsed with 70 % cold ethanol, dried under vacuum and redis=~
solved 1n 15 ul TE pH 8.0. An aliquot was run on a 1.3 %
agarose gel in Tris~phosphate buffer.

2.,13.4 Sequence determination of selected M13mpl8 hybrid

clones

Screening for positive recombinants was facllitated-by
the alpha~complementation tesé. White plaques were plcked and
the T test was performed oa each plaque to assess the orien~
tation of the Insert within the phage ss=-DNA. To thls end, 1
ug of ss-DNA was mixed with 5 ng of 15 nt BRL primer and
BRL 1X Polymerase buffer (10X buffer 1s: 70 mM Tris~HCl pH
7.5, 70 mM MgClz, 500 mM NaCl) in a final volume of 10 ul.
The sample was bolled for 3 minutes then placed in a tube
fillled with.QOOC water at room temperature for 45 minutes to
allow the annealing of the primer to the ss~DNA. The fol~
lowing reaction mixture was prepared: 3 ul [32P] A ~-dCTP
(sp. act. 3000 Ci/mmole), 20 ul T® mix (20 ul dGTP 0.5 mM,
20 ul dATP 0.5 mM, 1 ul dTTP 0.5 mM, 20 ul 10X Polymerase
buffer), 20 ul 1 mM ddT and 4 units of Klenow fragment (large
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fragment of E. eoli DNA Polymerase I). 5 ul of that reaction
mixture were added to each tube contalning the annealed
primer~ss DNA. Following an d1incubation of 15 minutes at
30°C, 1 ul of 0.5 mM dCTP was added. The reaction was incu~
bated for a further 15 minutes at 30°C then stopped with 5 ul
formamide dye [0.1 %X (w/v) xylene cyanol, 0.1 % (w/v) bromo~
phenol blue, 10 mM Na,EDTA, 95 % (v/v) defonized formanmidel.
The samples were fractionated by electrophoresis in 8 %
uresa=polyacrylamide gel (0.4 mm thick) set at 1200 volts
{constant power 60 watts) for 2 hours Iin Tris~borate buffer.
Gels were covered In Saran Wrap and were exposed at -70°¢ to
XAR~5 X~Ray £itm (35 X 43 em) with Dupont Cronex Lightaing

Plus intenslifying screens.

The complete sequence of the selected cDNA clone from
the P19 neuron ¢DNA library was determined using two M13mpl8
hybrid clones 1dentifled as presenting the positive and
negatlive orlentatlon of the Iinsert. These were referred to as
clone 3(+) and clone 9(=). 1 ug ofoss-DNA from each elone
was mixed with 5 ng of BRL 15 nucleotide primer, 1X BRL
Polymerase buffer in a final volume of 10 ul. The sample was
bolled 3 minutes tﬁeh left 45 minutes on the bench in a tube
£11led with 90°C water. Then, 1.5 ul [32P] o« ~dCTP (sp.act.
3000 Ci/mmole), ! unit of Klenow fragment and 1 ul distilled
water were added to the tube, mixed well and an equal volume
was dispensed Into each of the following tubes: reaction A
(54:1 ddA/dATP), reaction C (20:1 ddC/dCTP), reactlon G
(54:1 ddG/dGTP), rezction T (72:1 ddT/dTTP). An incubation
was set at 30°C for 15 minutes. To each of the reactions, 1
ul 0.5 mM dCTP was added and the tubes were incubated for'a
further 15 minutes at 30°C. The dideoxynucleotide reaction
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was stopped by adding 5 ul of formamide dye (same recipe as
above) to each tube., Half of each sample was loaded_ on an 8 X
urea—polyacrylamide gel (18 X 85 cm) (0.4 mm thick) in Tris=
borate buffer and run at constant power 60 watts, 3000 vofca
for 2 hours. Then, a secondlioading was made and samples were
run for a further 4 1/2 hours at samelvoltage. Gels were

exposed for 4 to 16 hours to Kodak RP=5 films at =20°¢C

without intensifying secreens.

2.14 Uniformly 1abeled’M13m918 single~stranded probes

Separate strand probes of the selected insert from the
P19 neuron-enriched c¢DNA 1llbrary were obtained by labellng
M13mpl8 clone 3(+) orientation and clone 9{(~) orlentation as
follows. 1 ug of ss-DNA of each clone was mixed with 5 ng of
BRL 15 nt primer and 1X BRL Polymerase buffer Iin a final
volume of 10 ul. The sample was boliled 3 miautes and left 45
minutes on the laboratory benchwin a tube fllled with 90°C
water. Then, 4 ul [32?] o ~dCTP (sp.act. 3000 Ci/mmole), 4
ul [32P] cA~dATP (sp.act. 30b0 Ci/mmole), 1.5 ul dGTP 1
mM, 1.5 ul dTTP I mM, 6 units Klenow fragment were added to
.the reaction. An incubation was set at 30°C for 25 minutes.
he samples were chromatographed on a G=-50 mini-column,
/;;n 1 precipitated at -70°c with 0.1 volume 3 M sodium
e and 2.5 volumes of 95 % cold ethanol, resuspended in
10.5 ul water and digested to completion with Smal (Amer~
sham) at 37°C for 3-4 hours. 5 ul of 'sequencing loading dye
(formamide dye) were added to each tube and following the
bolling step at‘QOOC, 3 minutes, the sémples were loaded on

an 8 % urea~polyacrylamide gel and run for 16 hours at 100

3
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volts in Tris-borate buffer. Radiolabeled pAT1I53 cut with
HpaIl was used as a molecular weight marker. The gel was
exposed uat 4?0; 1-3 ho;rs to XAR~5 Kodak film in a uardbba:d
cassette. The radiolabeled strands were located on the X~Ray
film, cut from the gel and extracted using the crush and soak
method described f{n section 2.13.2, After the precipitations
at -70°C, the samples weré redlssolved in 100 ul water..
Oligo(A) (1 mg/ml) (stoeck: 20 mg/ml) was added und tubes were
left at 42°C for 5 minutes. Then, they were transferred fo
respective bags with prehybridization solution. Average
speclfle activity obtained with this method: 3 X 107 cpm/fug
§s~DNA, | '

2.15 Single~stranded probes labeled using M13 hybridization
primer

_ o In this case, the priminé reaction takes place a few
nucleotides downstream from the BamHl site in which the
Insert has been subecloned. Therefore, the single~stranded
clone 3 and clone 9 are labeled within their M13 sequence
rather than within thelr {insert~hybrid sequence. In this
case, there 1s no need to separate the cold from the labeled
strands since only the mpl8 portion will be labeled. The
labeling was done as follows: 1 ug of ss~DNA from each clone
was mixed with 125 ng of M13 hybridization primer (Boeringer~
Mannheim) and 1X BRL Polymerase buffer In a8 final volume of
!5 ul. The sample was bolled at 90°C for 3 minutes and left
on the bench fn a tube ftlled with 90°C water. Then, 2.5 ul
[32P]04-dCTP (sp.act. 3000 Ci/mmole), 2.5 ul [szPIO("dATP
(sp.act. 3000 Ci/mmole), 0.6 ul dJdATP 0.5 mM, 0.6 ul dCTP

0.5 mM, 1 ul dGTP I mM, 1 ul dTTP 1 mM and 6 units Kledow
/

-
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.fragment were éhded te each tube which were lncubated ;E 30%¢
for 50 minutes. Sémples were put on lgce a ' few se}onds ﬁhen
passaged through a G-=50 mini=column to remove the non-
incorporated [BZP] 1a§e1; An alkaline gel (Manlatis et al,
1981) was prepared to determine the slze_;ange of the labeled
frugments. The samples were incubated at 4200 with oligo(A)
(1l mg/ml) for_S minutes, then were transferred la the respec~
tive bags containing prehybridization solution. Speclfic

activity was about 107 cpm/ug ss~DNA.
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clodes qas qtdbllshed through selection on umpicillin dgar'

CHAPTER IlI

L\‘; ,BXPERIMENTAL RESULTS
R

3.1 -B'sdtablishnent and differential secreening of the c¢DNA
' library '

-

Pi9 gcell cultures uere‘RA-treuted and enriched for

neurons by the procedure outlined ln section 2.1. The R¥A’

isolated from these cultures was used as the: template for the
synthesis of double -stranded cDNA in sizes spanning 200 to
Eboo‘buse bair§ (Efstradiatls uné.Viila-Koqaroff; 1979). The
cDNA was ligated to BamHl linkers and inserted iato BamHl

restrlcted pBR322 plasmld DNA. The recombi1unt cbnséructs

cweres then Introduced {n- competent E.goll DHl ﬂ1d RR]1l strulns

(Hunuhuﬂ. 1983) and a cDNA Library of more than 10,000

plutes. Of these, approximately 9800 were sensitive to tetra-

cycline-gnstaél:g that théy Eontaineﬁ a ¢cDNA insert wi;hin.

the Bﬁhﬂa'slﬁe ln the tgtracycline gene. - .

2500 recombinangt clones were thus selected at random

hnd' re-geeded fadlwvida in an ordgred array on fresh
ampliciilin-agar plates and incubated at 37°C for .18 hours.
Each of these "master" plates (supporting 50 coloanles) was

then r;pllcated three times on hybrldization membrane discs.

Replicate EL}cers were lncubated at 37°%¢C. on ampicillin agar

for 6 hours Lln order to enhance bactartal growth and proces~
el for hybfldizution by the mzthod of Grunsteln and Hogness
(1975). Hybridizaélon to eazh set of triplicate flLlters was
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carried out with 32P-labeled single~stranded c¢DNA synthe=

slzed on mRNA 1solated from 1) undifferentiated parental
P19 cell cultures, 2) fibroblast or '3) neuron~ enrlched cul~-
tures of P19 cells. The first round of differential hbeidi—
zatlon screening yielded 75 colonies demonstrating a dlge

tinctly elevated hybridization;signal to probe 3) relative to

"probes 1) and 2) fn at least two of three sets of trlplicate

fllter series prepared. Clones of transformed E.coli were
re-seeded and put through a second round of screening (again
tn ‘triplicate) and 11 of the oftginal 75 colonies stilt

~—
scored positive for probe 3) after an additional wash at very

~high striagency (0.1X $SC, 0.1 T SDS at 65°C). Examples of
some of the clones showling prefereaclal hybridizatlon to

" neuron messages are shown in Figure 3.1.

i Table 3.1 summarlnes the. main features of the PLl9
cDNA library following the second round of screening. 67 % of
the colonies did not hybridize with any of the probes used.
THese probably contained sequences correspondlng to low
abundant'mRNAs or 1Llaserts that were ‘too short and were

wdshed off during the washes. Within the remaining 33 % which
hybridized to at leaét one probe, many (9.9 Z) contalned

sequencés which were shared by all cell types l.e. which were
present iaq, oarental EC cells as well as in thelr dLE-

ferentinted derivat 6.4 7 of the ‘colonies hybrldized

“,preferentially to EC messages. OnIy 8 very small proporclon

of the library (0.5 Z) was represented by clones bearing

neu@pnar specific sequences.



64,

FIGURE 3.1 - i

Autoradioéraphs from the first qc%éening of the P19
neuron-enriched cDNA library. Triplicate filters {50
colonies per filter) wer=z respectively hybridized at 4200 for
24 hours with [32P] gsingle~gtranded cDNA synthésized from,
7P19 EC cell mRNA, P19 neuron mRNA and P19 fibroblast_mRNA.
.he specific activity was 5 X 106 cpm/ug mRNA in each case.
After high stringency.wash with 0.1X SSC/0.1 % SDS at 65°¢
for 45 minutes, fflteré vere eprséd to X-ray film for 2 days
at 77000 with intensifying screens. Colonies showing prefe-
rential hybridization fo-the neuron probe are indicated by
these arrows (=-+). Colonies :reactive with all probes are
shown by (= ). Colonies hybridizing with both P19 EC-P19
neurons or P19=neuron§fPI9 fibr blasfs or P19 EC=-P19 fibro-
fblasts are, indicated by (-=).






65.

TABLE 3.1 _ o )

Characterlstics of the ¢DNA library constructed from
P19 neuron mRNA. The double~stranded ¢DNA was insefted into
the tetracycline~resistance gene of pBR322 at the BamHl site
after the additlon of kinaused BamHl linkers and transfected
into E.coli RRI and DHl stralns. Differentlal hybridization
was used to detect clones contalining sequences speciflc for
the neuronal lineage. along with those sharing homology with
the paréntal P19 EC cells and/or P19 derived-fibrobiﬁéts.
Percentuges lndicéted are from the {Initial scfeen{hg and
represent a gross estimation of the abundaﬂﬁe of the

sequences within the library.

-



TABLE 3.1

Characteristics of the ¢DNA library*

after the first round of screenlng

FEATURES NUMBER |{PERCENTAGE
(#) (%)

Total recombinants ‘ 10,000 -
Amprets.recombinanﬁs ; 9,800 98.0
Screened recomblinants | 2,500 25,5
Positlve recombinants ﬁé
for PIQ ~ meurons only ' - 75 3.0%%

P19 .- fibroblasts only 130 | 5.2

P19 - undlfferentiated EC - 159 6.4

P19 -~ heurons, fiErobiasts . ‘ 51 2.0%%

Pl9 -~ neurons, EC B2 2.5%% ’

P19 - fibroblasts, EC 110 4.4 -

P19-~- neuroas, fibroblasts, EC 238‘ gL 5%
None of the probes 1,675 67.0

P19 neurcn~enriched cultures:
90 % neuronal cells
10 # fibroblast~like gells

Percentages indlicated after the second r@und of screen-
tag (utilizing the 75 <clones showlng pfeferential
hybridization to fneurons only) were: 0.5 % for P19~
neurons, 2,3 I for PlQneurons-fibroblascq) 4.2 % for
P19-neqrpns;EC, 9.9 % for'P19-neurons-fibrablaats-EC._



e

66.

-

3.2 Partial charagterization of the 11 potential neuronal™
specific cDNA clones

3.2.1 Size of insert

Plasmid DNA was prepared from each of the selected
clones, digested with BamHl and electrophoresed on 1.3 %
agarose gels or 10 % polyacerylamide gels to determine the
length of the 1nserts; The slze of inserts ranged from 120 to
1000 base pairs (data not shown).

3.2.2 Northern Blot Analysis

To further confirm the neuronal specificity of the 11
recombinant plasmids and determine the size of the mRNA
homologous to the ¢DNA seguence found in each of them, Nor=~
thern blot hybridization was performed. Total RNA was iso-
lated from a variety of cell sources, elgctrophoreseq on
denaturing agarose gels and transferred onto nylon membranes.,
Figure 3.2 (panels a~f) show coples of the same filter probed
with each of the eleven nick-translated plasmids 1isolated
from the selected cDNA clones. . |

To ensure that alfltracks tontalned equal amounts of
RNA, the blot was hybridized with a cloned mouse ol =tubulin
gene -which detects its homologous transcript Lo a variety of
murine cell types (plasmid MAT 1.1 o ~tubulin; kindly pro-
vided by Dr. Paul Dobner)}. A1l tracks showed a band of 2.1 kb
and of similar intensities-(FigureVB.Z, panel g). Photographs
of the ethidium bromide stained gel prior to and followiag
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FIGURE 3.2 _ o .

Northern blot analysis of the eleven ¢DNA «clones
* selected for thelr prefermntial hybridization with 32? sin=~
gle~stranded c¢DNA probe from P19 derived neurons. Total RNA
from a variety of cell sources was fractfonated on a 1'%
formaldehyde agarose éel, transferred to nylon fllters and
hybridized at 42°C {n"the presence of 50 % formamide with
each of the nick-translated recombinant plasmids (sﬁecific
activity of 5 X 10 -108 cpm/ug), Exposure was for 2 days at
-70°C with XAR=S5 films with intensifying screens. For panels
a (AD232), b (ADASO) and ¢ (AD246), 20 ug of total RNA of
the following samples were used: P19 undifferentiated EC
cells (lane 1), P19 neurons (lane 2), adult mouse brain (lane
3), mouse spleen (lane 4), mouse liver {(lane 'S), mouse kidney
(f&ne 6), rat Lé myoblast.cells (lane 7), mouse heart (lane
8), P19 RACES D+ muscle cells (lane 9) and F9 clone 9 endo-

derm cells (lane 10). The positlon of 283 and 185 rlbosomal
RNA is shown.
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FIGURE 3.2 (continued)

t

_For panels d (BD95), e (BDQBO), and f (B01121’ BD61&
BD149, BD1329, AR[‘A, ARBSO), 20 ug of total RNA from P19 EC
cells (lane 1), P19 neurons (lane 2), adult mouse brain and
heart (lanes 3,4) was used.
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FIGURE 3.2 (continued)

Panel 'g shows an ‘sudlioradiograph of a copy of the
filters wused 1an panels a, b, e which was hybridized to
oK ~tubulin ¢DNA sequence, This Internal standard was used

\ :
to ensure that the same amount of RNA was present Ila each
lane. '

_ !
- i
1

Fl

Panels h and L are tﬂe ethidium bromide stalned photo~
graphs of the gel before and after its transfer onto a nylon
filter. The same amount of ?NA was used In panels au; b, c.in
€ach track and as expected, small and middle slze RNA was
more efficlently transferred than large (>28S) RNA.
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TABLE 3.2

Cha;acteristlcs of the eleven cDNA clones lsolated
after tgq rounds of screening by differential hybridization
with [3 P] single~stranded cDNA ptobes.

e



o
TABLE 3.2

Characteristics of the potentisl neuronal-specific ¢DNA
clones. Ltsolated from the Pl9=neuron ¢DNA clone bank

SIZE OF INSERT SIZE OF RNA SPECIES
CLONE - (bp)* . (nt)** )
AD,32 560 - 300
AD,46 I 600 , . 2,100
AD, 50 1,050 900, 2,100
BD5 1,000 -/f 2,100
BD, 30 700 - 2,100
W
AR, 4 275 - 200 - 600
ARGS0 T 190 . 200 -~ 600
et
BD, 18 . 120 200 ~ 600
BD - 21 * 505 < 200 - 600
» . -
BD 9 175 200 - 600
BD 529 275 200 ~ 600

Insert slze was determined by migratfon of the BamHl
fragment oa a 10 X polygcrylamide or 1.3 % agarose gel

and comparison was made to pAT153/Hpall digest frug-
ments.

Summary of data from Northern blot dnalysis [Figure 3.2
(panels a - f)].
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‘transfer onto the nylon membrane are also shown as proof that
lanes contaln comparable amounts of RNA (Figure 3.2, panels

y 1)+ As antlc{pated, smuall and middle §1ie‘RNAs are trans-~
ferred more efficlently then the larger messages l.e. >283
(5.4 kb).

Table 3.2 summarizes the characteristlics of the W1
potentfal neuronal-specific clones .selected from the P19
‘neuron cDNA library. None of the <clones were neuroan-
specific. Each of phem presented a particular hybridization
proflle. None of them cross~reacted with rat L6 myobbagt
RNA. This suggested that thelr <DNA insert was mouse spe=~
cifle.

-

i

The pattern of hybridization revealed by clone AD232'

(panel a) indicates no speclificity for meurons although the
Intensity of a band correspoanding to 900 nucleotlides Is more
intense In the brain than in EC cells, It was also very high

in heart, kidney and F9 endoderm cells.

Clone ADASO (panel b) hybridized to an RNA species of
about 900 nt. The abundance of- -thls RNA varied, belang abun~-
dant In heart and less abundagg in Plé EC cells, F9 endoderm
cells and kidney. Although this clone was not neuronal spe=
clfic, the ‘presence of an extra band comigrating with 18S
rRNA (about 2,100 nt) aand found only in the heart and F9
e¢ndoderm renders the study of that particular clone more
.interesting since 1t may represent a case of dlfferential /

splicing (alternative KNA'processing). i~
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Clone_%QQQAB (panel c) also showed no tissue~
speciflicity reveallng a band of about 2,100 nt in all samples
auwslysed except for the--Tat L6 cells. The latensity of the
band fluctuated, belng very high in the heart, braln, F9
endoderm celis; In some instances, a second bapd wasg detected
but the level of hybridizatlon was very low.

A

The pattern of hybridizatton for clone 5095 (panel d)
was also disappolnting. A band of approximately 2,100 nt was
seen 1a all samples'ﬁssayed and It was Intense In heart. In

addition, two extra bands of about 1,350 and 850 nt were

deiected in brain and heart while only the larger one -was

seen 1in P19 EC c?lls and embryoniec neurons. The latenslty of
these bands also varled between the embryonlec (EC cells,

neurons) and adult samples (brain, heart). Thus, clone BD95

seemed to recogmize a de lopmentally regulated'mRNA.
l& .
. v
Clone 80930 {(panel e) hybrldized to a transcript that
comlgrated with 18S rRNA but was present in EC cells as well

——

as neurons, braln and heart.

The }last slx clones, BDIAQ’ BDGLS, BDll ’ l329
ARAQ, AR850 (panel g) gave the same pattern of‘hybridizatton.
The hybridization signal consisted of a smear{(spanning a 200
to 600 at reglon) rather than Hlscrete bands and was more
intense in P19 EC cells than in PLl9 neurons. It was not
detected 1n brala and heart RNA. These cDNA clones seémed
to contaln the same sequence which appeared to be developmen~
tally regulated. Chapter IV wfll be dedicated to the complete

characterization of one of these sequences which may repre=-

sant genetlc Information required Ln the earliest events of

o
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differentiation which 1is repressed in the later stages of
differentiation. '

While the characterlizatlon of the eleven eDNA clones
wus under way; another screening of the library was performed
using mRNA from P19 EC cells and Plg‘mgurons. This mRNA was
first broken up to an averuage size of 250 nucleotides then
end~labeled. Using this screenlng procedure, the 11 clones
dliscussed abgve reacted with probes from both P19 EC cells
and thelir neuronal derivatives suggesting that this 32P-mRNA
procedure was better. A completely different cDNA abundance
proflle within the 1library was obtalned. Compared to the
distribution proflle that was established with 32P-single
stranded cDNA probeg, this time looking at 1500 clones, 28 %
(420) of the tlones hybridized to at least one probe and most
of them (18 %) (270) contalned sequences which were shared by
both cell populations (P19 EC ¢ells and Pl9 neurons). Ap=-
proximately 9 % (135) of_the colonies hybridized to EC abun=~
,d?ﬂt sequences. Less thaan 1 2 (8 clones) of the library was
repraesented by clones bearing neuronal=specific sequences. No
further analysis was performed to coﬁfl%iathe'speciflclty of
these new "neuronal-specific"” colonies. |

Both screening procedures yielded different patterns
of hybridlzatiqn.(data not shown) {i.e. differené abundance
profile for the ¢DNAs, However, when refeging.to the 11
putatlve neuronal ¢DNA clones 1isolated during the screenigg
with [32P] ss~¢DNAs, the second approach usiag 32P end-
labeled mBRNA, although further trials will have to be made,
seemed to have provided a béﬁter way of 1dentifying possibdle

neuronal <¢DNA clones and eliminating false positives. The
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overall procedure seemed to be more seaslitlve than the one

involving P~siangle stranded <DNA as probes. Less material

is used 1Iin the preparation of probes and a 10-50 fold

increase Iin the speciflec actlvity is obtalned as compared to

the one for the single-stranded ¢DNAs,



" CHAPTER III

DISCUSSION

\

During animal development a pattern of differential
gene expression 18 es;ablished, resulting Iin mnRNA popu-
lations that are both qualitatively and quantitatively dis=~
tinguishable m one cell type to another (Hagstle and
Bishop, 1976). The first step in determiaing how such dif=
ferential distribution of mRNA is achieved is to prepare
pure DNA probes, K for genes expressed preferentlally 1in one
cell type. With the availability of pure DNAs that are com~
plementary to a broad sek of tlssue-sﬁé:ific ‘mRNAs, it

should be possible to define the regulatory step{s) in mRNA
biosynthesis, '

——

To identify abundant mRNAs that become expressed ia
early neuronal development, a «DNA lilbrary of 9,800 recombi~-
nants was generated from-——Pl9 neuron-enriched cultures and
screened by differential hybridization to 32? slngle-stranded
cDNA synthesized from undifferentiated P19 cells, P19 deri-
ved=fibroblasts and Pl9 neuron~eariched gultures (90 % neu=~
rons, 10 % fibroblast~like gcells). This procedure identified
1l potential neuron-gpegific ¢DNA clones. In order to elimi~
nate false positives, the screening was repeated three times.
Unfortunately, further characterization of the 1l candidate
QEquen:es by experiments ianvolving Northerna blottiﬂg indi-
cated that none contalned sequences speclific to the neuronal -
lineag®. A second round of screening, this time using 32P

end~labeled mRNA extruaeted from both the parental P19 and
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the neuron=-enrliched gultures, gave a completely different
pattern of hybridization and did not fnclude the 11 "neuron"
clones previously identified. Thus, this 320 mRNA procedure
should be a much wmore efflelent mean of identifylang dif-

ferentially abundant RNA specles,.

Whereas the construction of a ¢DNA library is a rela~
tively straight‘forward-process,,that of Ldentifying and
selecting the molecular eclones of {aterest 1is 1es9-%p. In
order to minimize discrepancies, the screening procedure is
usually repeated‘séVgral times uader constant parameters, In
our study, the s:rebﬁ%ngs waere repeated three times or more
for each probe serles used (with ﬁéw fllters In some cases)
and such variables as method of probe preparatign (always
prepared fresh with compar(ble final speciflec activity from
the-s;meﬂ mRNA stocks), hybrildizatlon conditions (including
probe concentration and specific actlivity) and autoradlo-

graphic exposure were kept gonstant.

We suspect that the most Important step Is the prepa~
ration of 'the replica fillters. Variation 1n the amount of
bacterla transferred from the master plates to the repllica
filters may be the cause of our screening problems. Three
replica‘filters were generated from every master plate and
each, randomly chosen, was then h}bridizedkto a parélpular
probe. The 1lifts, thus being made in_suc:ession deposlt more
bacteria on the flgst filter and gradually less on those
following. This would not have been a serious consideration
i1f the hybridizations ﬁid“{%en performed sequentlally using
the same fillter for each probe. The amount of DNA lost

during the steps for probe removal (or stripping) is minimal
¥ »
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(Meinkoth and Wahl, 1984) and as a consequence the interpre~
tation of the hybridization patterns 1s facilitated. With
this approach, hybridization signals are usually reprdducible
between repeated rounds of séreening and are not 1nflugnced
by the aumber of plasmidubeariﬁg bacteria 6rigina11y trans=
ferred. '
Notwithstanding technicgal difficultiqs, several other
factors lnherent to the bioloéical system 3E5ﬁﬁnd may have
haumpered our aefforts to identify neuronal meégéges. Reports
on &euronal differentiation using EC cells have demonstrgted
the de novo expression of proteins characteristic of the
differentliated state (Edd& et al, 1983; Jones-Villen?uve et
al, 1983). Yet, although these data are suggestive of gor-
responding de novo transcribed mRNA, it is possible that the
new neuranal proteins arlse by post~transeriptional regu-
lation of mRNAs whose 1levels do wnot vary during dif-
ferentiatlion. If this were fandeed the case, then the clones
we have {dentified 4s shariang. sequences with P19 EC,
P19 EC=Pl9 neurons and P19 EC-Pl9 fibroblast transcripts
should be the fotus of experiments aimed at understanding
this aspect of gene regulation during early neuronal develop~-

ment.

Work by Garrels and Schubert (1979) and Burnsteln and
Greene (1978) provided evidenee that post-transcriptional/
translatlional regulation 1s Involved during neuronal dif-~-
ferentlation. Although they demonstrated that the RA-induced
neuronal differentiation of PCLl2 pheochromocytoma <cells
requires RNA synthesls, the use of high resolfition two-~

dimensional polyacrylamide gel electrophoresis revealed no
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quali:::}ve change in the expression profile of more than 800
proteins. It was thus suggested that RA, like nerve growth
factor, may londuce differentiation by moduiating proteln
synthesls rather than 1indueing qualitatlve changes Ln the
patterwiof gene transcriptien (Levi et al, 1985). Retlnolce
acid~induced neuronul differentlation of P19 EC cells may

proceed ,the same way.

A possibility remains that new neuronal protelns may
be encoded by low abundance mRNAs, Tf that were the
gslituation, the representatlon of these mRNAs withla the
¢cDNA 1ibrary would be correspondlagly low. Ia thls case,
cDNA clones of such representative transcripts may have only
been selectable by "screaning more than 2,500 colonies.
Recently, a ecDNA llbrary was generated from differentiated
F9 gells usiag "subtractive" hybridizatlion h&%rder to remove
all house=~keaeping sequences and enrich the 1library for
sequences specific to the differentiated state (Daniel Skup,
Instltut du Cancer de MontrSal)., However, followlang the
characterization of several clones selegted on the basis of
their abundunce within the library, it soon became evident
that none were the result of transcription Iinitliated de novo.,.
Each sequence was shown toe be present in the parental EC
cells and showed substantial gchanges Iln levels of expresgion
followigg induction (D. Skup, personal communigcation)., Thus,
de novo transcribed mRNAs may only be present In low abun-~
dance. One example of such low abundant mRNA de novo trans~
eribed is that encodlng the 68K neurofllament protein (F,

Grosveld, personal communication).

RN



Two different procedufes were used to screen-odf cDNA
library: the use of labeled single~strdnded cDNAs and end~
labeled mRNAs. Both yielded different abundanee proflile for
the cDNAs. However, in reference to-the 11 putatlive neuronal
cDNA clones 1Bodated duriang the first screenling which sﬁowed
no speeificity for neurons, the second approach seemed to
have provided a better way of eliminating false positive
¢DNA clones and ideatifying clones of Interest. This state=
ment 18 based on the assumptlon that a preferential represen=~
tativeness of the 3° end sequence of most or all poly(A+)
RNAs used in the preparation of the single-stranded cDNAs
was achleved; the priming reactien with oligo(dT) taking
place at the poly(A) tall (3 énd of the mRNA). Thus, two
mRNAs sharing the sume coding sequences but having different
3 ends would be detected as different with the single~
stranded <DNA probes whereas with the end~labeled mRNA
probes, they would be classifled as similar. This Indicates
that 'cDNA library screening 1is technically tricky and shoeld
probably be done using labeled RNA rather than cDNA.

Our screenling process did not yield neuronal specific
coding sequences but has allowed the isolation of a group of
clones bearing a genetlc element whieh has some unusuel
properties and whieh may play an important role 1n gene

expression. These clones will be the object of Chapter 4,
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- sbecause they reacted strongly to ymall transcripts of

CHAPTER IV .

nu

—

EXPERIMENTAL RESULTS

t

Six of the eleven recombinant plasmids .fsolated from

the P19 ﬁéyron eDNA 1llbrasry were retained for analysls
ap~
proxihétely 200~600 nucleotides In H19 EC cells, and that the
hybridization signal was significandly reduced in"P19 neurons
énd disappeared compleEeLy in mouse adult brain tissue. The
level detected in neurons was eétlméted‘as approxlimately nine
fold 1lower than that enmounte?ed VLn parental, undtf=-

ferentiated P19 EC cells.

G ' ‘

4.1

The__six-_thA__clones__répresentt;mouse-_repetitive
sequences
Southern hybridization experiments were undertaken ln

order ,to assess the representatlon of the sequences found in

Genomic DNA was isolated from P19 EC cells, human EJ cells,
3RAPl cells as weéll as NIH 3T3 cells and restrlcted with
HamHl, EcoRI, andIII, Pstl and Taql, fractionated by elec-
troplioresis through 1 % agarose gels, transferred onto dylon
membranes and hybridized to 32P-nick translated plasmid
prepared from each clone. The hybridization pattern obtained
in each case was typlecal of that of a repetitive sequence
(Figure 4.1). The sequence was not dggeéted fn the human EJ

tell DNA thus suggested that 1t was mouse specifle. In ad=

-aaeh of the six clones withian the mouse and human genomes.
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PIGURE 4.1 ’ !

. Southern blot analysis of one of the siﬁ eDNA clones
selected from the P19 neuron~enriched cDNA library. Gepomic
DNA (20 ug) 1isolated from mouée P19 EC cells, 3RAP? cells,
3T3 cells and ‘human EJ cellslw§s digested to completion with
BamHl, EcoRI, PstI or HindIII, fractionated on a 1 ¥ aga=
.rose gel, trunsferred onto nylon filters and h&bridized ac
65°C respectively with each individual nick~translated cDNA
clone (specific activity 107 - 108 cpm/ug) for 24 hours.
Samples are Pl9 cut with BamHl (lane 1), EcoRI (lane 2),
HindIII (lane 6), PstI (lane 7), Taql (lane 8); human EJ cut
with BamHl1l (lane 3), HLiadIII (lane 9, PstIr,(lane 10);
JRAP! cut with BamH} (lane 4), BindIII (lane” 11), Pstl
(lane 12); NIH 3T3 cut with BamHl (lane 5). The pattern of
hybridization obtained after an-overnight exposure at ~-70%¢C
withdlntensifying screens was typlcal of a4 muride short

repetitive element, .
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ditlon, the hybrldlzatlon‘proflles(reveu[ed no-discrete hands

{in any of the lanes us would be expected in the case of long

Interspersed repeated sequences such as MIF (Bennett and

Hasttle, 1[984)., Thus, this suggested thut; the 91; cDNA

faserts muy rather be related to shﬁrc intergpersed repeated

clements, ’ 3
“ _

No cross-hybridlzuation experiments were done to deﬁer-
mine how muny of the clones, Lif any, represented the same
sequaence, However, the profiles of hybridizuation obtalned for
the Northera aund Southern experiments (Fig. 3.2 £ and 4.1)
which were the sume for the six clones, suggested that the
s{x cDNA {nsarts were elther the samé or closely related.
Only one cDNA, 801121, was chosen among the slx candidates

and used for further analysis.

4,2 The complete base sequence of BDllgl

To further churdcterize the structure of this repeti-
tive clement aund further {avestigate the relationship between
this element and tha murine SINES families Bl and B2, Sanger
dldeoxyﬁucleotlde sequenclag was performed. The Iinsert (about
0225 bp) vaus rgmoved fro% the plasmid by digestlon with BamHl
testriction eﬁzyme, isolated from a 10 X polyacrylamide gel
and subcloned Lnto H13mplB8 vector. The T test which consists
of nequencing using only one of the four sequenclag reactions
(In thls case the T nucleotide reaction), was used to esta=-
bilsh the 3rientutlon of the insert within the M13mpl8 hydbrid

clones, The full sequence of two of- the recomblnant M13
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clones referred to as clone 3 and clone 9 representing both

orlentations of the lasert was then obtalned (Flgure 4.2,
panels a, b).

A comparison of the sequence obtalned (Flgure 4,.3)

o :
with the B2 consensus sequence Indlicated only nine misma(khea
scatgered cthroughout the 207 bp sequence. Fifteen (195)

nucleotides at the "5 end" of the element are aot part of

the consensus,

The sequence of the element shows the presence of an
RNA polymerase TIL split promoter and Cerminatlon.signal as
well as a polyadenylation signal followed by a 13 nucleotlde
stretch of o0ligo{(A). The entire ¥epeat elament consists of
192 nucleotides with an additional 15 nt, whleh may be part
of an exon or an latervening sequence. Thils sequence I3
referred to as the positive (+) strand of B2. The Ffull 207
bases were sequenced 1ia the opposite orientatlon and no

inconslstenclies were found (See Figure 4.2 panels a,h).

e ———.

4.3 Drop in the level of small B2 éranscrig;s during P19

cell differentiation

To further favestigate the kinetlecs {avolved In the
decrease of the steady state level of the small transcripts
in differentiated P19 derivatives, a time course of trans~

cript abundance was established usiag plasmid BD, 21 to probe

11
1RNA extracted at varlous stages from Pl-treated F19 cells

{(Figure 4.4) 'The level of trunscripts decreased rapldly

LY

| )
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FIGURE 4.2

(Panel a)-Sequencing gel showing the complete sequence
of clone M13mpl8~3 as determine by Sanger dideoxynucleotide
procedurd. The BDIIZI sequence can be read cff from the
bottom to the ‘top of each B8 X urea "king kong" gel (0.4 mm
thick). These gels were run for 6 -7 hours at 3200 volts. The
pumHl linkers flgnking the repeat are shown as well as the
oligo(A) stretch of 13 nucleotides; one of the features of
the repeat, Each reai::;g/is denoted at the top of each lane

by a letter (A, ¢, G,
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FIGURE 4.2 (continued)

(Panel b) Sequencing gel showing the complete sequence
of ‘'clone M13mpl8~-9 representing the negative orientation of

BDl 21 repeat.
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FIGURE 4.3

Completé base sequence of the positive strand of the
repetitive element found in 301121 ¢DNA clone as determined
by Sanger dideoxynucleotide method. The c¢lone M13mpl8~3 was
used. The numbering is with reference to'the nuéieotide that
immedlately follows the BamHl linker used to'construct the
cDNA library. Nucleotides which differ from the B2 gconsensus
are indicated by arrows. The RNA polymerase III split pro=-
moter i{s boxed. The termination signél and the polyadeny~
lation signul are underlined. The 15 nt stretch which may fe
part of an exon or an intervening éequence is indicated by
dashes. The entlre sequence 18 192 nucleotides not ineluding
the 15 nucleotides specific to thié B2 copy. Thilis sequence
representing the RNA polymergée ITI transcribed strand of
the B2 repeat 1s referred to as the positive strand because

it contains the RNA polymerase'III promoter.

G
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PIGURE 4.4

—_——

Time course of disappearance of B2 RNAs ia* P19 RA-
treated ‘cells over a 30 day perlod. Total RNA was isclated
from P19 g¢ell cgultures on dally intervals. 20 ug of total

RNA was fractionated on a 1 T formaldehyde gel, transferred

onto nylon fllters and hybridized at 42°C in the presence of
50 %X formamide with nieck=~translated BD1121 plasmid and oli=
go(A) for 24 hours. Samples were as follows: P19 EC RNA
(lane 1), P19 RA~treated cell RNA after 1, 2, 3, 4, 5, 7, 30
days exposure to RA (langqs 2-8). Exposure was for 2 days at
-20°C with intensifying screens. The positions of 28S and 185

ribosomal RNA are shown.
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Euring the first day of exposure to the drug. These trans~
cripts were barely detectable 7 days and 30 days following RA

treatment.

Total RNA was thus prepared from aggregated P19 cells
harvested at intqrva}s during the first day of induction with
RA (Figure 4.5). A sfgnificant decrease Iin transcripts homo=
lggous to B2 occurred during the first hour of drug exposure;
By cutting the corresponding areas out of the fllters and
determining the amount of hybridized 32P-labe1ed probe by
‘liquid scintillation counting, the steady state level of the
smaller ¢transcripts was observed to drop from 100 % in
parental P19 EC cells, to 82 % In cells treated for 2 hours
with RA and 37 Z after 20 hours of treatment. The transcripts
were not detectable in adult mouse braln tissue as showa in
Figure 4.6. The data are also presented 1n another form in
Figure 4,7, in ‘order to highlight the kinetlcs of disap=
pearance of both transcripts elther iqqividually or La combi=

. nation during the initial 24 hour perfod with 5 X 10 'M RA.
The flirst few hours of exposure to RA lead to an increase in
the level of the 200 nt RNA species while the counts for the

~-600 nt transcripts decreased. After approximately 4 hours of
treatment however, both levels were coﬁpa;able and continued
to decrease,

In an atté;;t to eansure that the rapld decrease in
small messages was dye to the présence of RA In the medium
rather than to extraneous events brought about by subgultu=~
ring the cells as monolayers or aggregates, a.Northern blot
Wwag prepared using total RNA from untreated as well as RA=~

treated monolayers of P19 cells harvested at differeant times
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Level of B2 related-RNAs withln a 24 hour RA exposure

L. ‘ .
(5 X 10 7M). Total RNA from P19 RA~treated aggregates wus

isolated afger O, 1, 2, 4, 6, 8, 10, 14 , 18 and 20 hbur&

exposure to the drug. 20 ug of each RNA was fru;tionateﬁ\wn
a 1 ¥ formaldehyde gzi, blotted onlﬁylon flltér; hybridized
for 24 hours at 42°C in the presence of 50 % formamide with
BD1121 nigk=translated plasmid (spec. actﬁ of 5 X 16}_Epm/
ug). The positlon of 285 aand 185 rRN¥NAs as well as the two
diffuse bands of approximately ?00 and 600 nucleotides which

share homology with the repeat s {ndficated.

/

Panel a shows thé ethidlum bromide pleture of the gel
used for blotting. Panel b shows the fllter following problag

wy.th pBD1121 and exposure to X~ray film.

]
R



a o o
ol 2 4 s.e,_flo?'n:j,le 20 (hours)

4

T A g AN '
: G R R 2
AU PO TR - o
) g i < LA o
S S 2 R 2 ‘;‘; |

3
)
154
D

| | K -2.1
TITLLLIERE S



90.

FIGURE 4.6

Developmental regulatlon of B2 small RNAs during
neurqnal daevelopment. 20 ug of total RNA was treuted;us
previously described. Samples were as follows: P19 EC cells
{lane 1), P19 RA-treated aggregates at 2 hours (lane 2) and

20 hours (lane 3), mouse adult brain cells (lane 4).
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"FPIGURE 4.7

Kinetics of‘disuppearan\ce of the B2 small transcripts
within a 20 hour {induction of differentiatlion Lato neurocecto~
dermal cell derivacllves. Bands from the previous exposed
blots were cut using .4 razor blade and cou"g‘ted to determlne
the hybridized radioactivity (32P-;1§/D“21 .DNA) (MW ) 200 nr
RNA species; (® ) 600, nt RN A species; ( A ) both trans-
eripts comblined. Resulthre representative of three expecli~

ments. v
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within a 10 hour'period. Figure 4.8 presents evidence that
the addition of RA to the culture medium 1is responslble for
reducing the steuady state level of the small transcripts
homologous to B2, Control samples at 0 and 8 hours gave
hybridlzatlon slignals o£ Eqmparable Intensity bdt compurtson
of the B hour control to the corresponding 8 hour RA-treated
cells revealed a signiflcant reduction (approximately 27 1)

in small transcript levels.

Taken together, these resuiCS tndlcated that these
small B2~related tanscripts ar;\ﬁeuelopmentaLLy regulated,
" Thelr Llevel decreased dramatf{cally wupon RA-induced dLf~

ferentiatlion of EC cells Lato neurcectodermal derlvatives.

8

’
-
-

A

: Expression of small B2 RNAs in varilous ti{ssues’

[
To ‘further investlgate the expression of .small B2

transcripts and determine {f the reduction 1In the level of
small B2 RNAs was only restrlicted to RA-treatedrcell cul~
tures, a Northern blot was prepared with iotal RNA Iisolated
from embryonic samples of neurons, endoderm, filbroblasts,
myoblasts and adult tlssue samples of brain, spleen, heart
and liver. Three different specles were analyzed: mouse, rat

and human (Figure 4.9, panels a, b).

As compared to undlfferentlacted EC cells, 4 lower
level of small B2 RNAs was observed in &ll murine dif-
ferentlated embryonic samples analysed. The postenatal
samples (with the exception of human neuroblastoma cells used

as negatlive controls) showed very falnt _slgnals.
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PIGURE 4.8

Northérn blot showing the effect of RA on the expres--
sfon of B2 small Eranscripts. 20 ug of total RNA from
untréated P19 EC cell monolayers and thelr corresponding
RA=treuated derivatives were fractionated on a 1 % formalde~
hyde agarose gel, blotted onto a nylon filter and hybridized:
with Bﬁ1121 nlék—tranglated plasmid. The following samples
were used: P19 EC untreated cells at 0 and 8 hours (lane 1,
3), P19 treuted cells after 2 an}~8 hours exposure to the
drug (lane 2, 4). Panel a represents the ethidium bromide

plicture of the gel blotted and showed- {n panel b.

When gounted, the hybridized radliogctivity was for t =
0,8 hours untreated: 100 Z; t = 2 hours in RA: 82 X and t = 8
hours ian RA: 73 X,

-
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"FPIGURE 4.9

-

Northern blot analysis showlng the preseunce of the
small B2 RNAs i;"various tissues., 20. ug of total RNA from
various cell lines and speclies were treated as previously
described. 301121 nick=translated plasmid was used as a
probe; Panel a includes the following'samples: P19 EC cells
(lane 1}, ?19 RA=treated aggregates (24 hours) (lane 2),
adult brain (lane 3), 3RAPl cells (lane 4), mouse NIH 3T3
(Lane 5), P19 (ras+)—1 flawe 6); P19 (ras+)jl fibroblasts
(lane 7)), P19 (ras+)-2 fibroblasts (lane 8), heart (lane~9),
spleen (lane 10), liver (iane 11), human neuroblastoma cells
(lane 12), F9 gclone 9 endodermal cells (lane 11}, rat L&
- mybblast :eif l1ine (lane 14), P19 RACHS (lane 15) and@?l9:
RA-treated RAC65 (lane 16). Panel b: Pl1901Al EC cells (lane
-1), P19 DMSO~treated aggregates (2 hours) (lane 2), P19 D3
(lane 3), P19 DMSO—trea;ed D3 (lane 4), P19 DMSO~treated
RAC65 D' cells (lane 5). |

The decrease in small B2 RNAs 1s not tissue~ or linea~

ge~speciflec but 1Is rather assoelated with differentilation
events Induced elther by RA (panel a) or DMSO (panel b).

>
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EC lines similar to Pl9 showed the same extent of
hybridization (panel a: lang% 1, 6 15; panel b:1). The slight
hybridization to both 200 and 600 nucleotide cranséripts
obgserved in rat L6 myoblast cells was probably attributed to
cross-hybridizat&on since repefitive sequences very similar

to the murine B2 have been detected ian the rat genome.

Immortalize@ fibroblast cell 1iaes such as P19
(ras’)=1 flbroblast, 3RAPL, N1H 3T3, along with two mutant
cell lines derived from P19 (RAC65 and D3) were also anaw
lysed for the expression cf small B2 RNAs.

The immortalized cell l1ines showed a reduction in the
level of B2 RNAs as compared to EC cells {panel a: lanes 4,
5, 7, 8). Howeverq'the‘decrease'observed in eagh of these
cell lines {(except for PlQ(rasYuZ fibroblasts) &s not as
slgnificant as any éf the other differenﬁiated embryonic
saﬁples analysed. Both mutant P19 ¢ell Lines (which are
unable to differentiate upon 1induetion with RA or DMSOQ)
showed the same pattern of -hybridization as P19 EC ¢ells
before and after exposure to the drugs. However, and although
this plecture (Figure 4.9, panel b: lanes 1,2) does not reveal
the decrease 1in the smaller B2 RNAs In DMSO~treated P19
0lAl cells, P19 01lAl treated for 2 hours with DMSO, (1 %)
showed a 10 % reducgtion 1in B2 RNA level as compared to
untreated cells. This decrease is less than the one shown for
RA~treated cells (Figure 4.7 after 2 hours of treatment: 18
Z reduction). In additlon, RACG65 D+ which produces more
muscle gells than the usual P19 OlAl cell lines showed a
significaﬁt dgcréase in the level of expression of small B2
homologous RNAs as dompared to EC cells,

(
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L ’ Results in .banel a (Figure 4t95 ‘indicate that the
disappearance of the small traascripts 1s seen 1in All cell
lineages and correlates with the commiltment of cells to
differentiate followiag RA induction. Panel b (lanes 1,5)
show that differentiation induced by DMSO also gives rlse to
4 measurable decrease in the level of the small B2 RNAs when
compared to parental cells. Hence, differentlatton per se

appears to be assoclated with the decrecase of the small B2
RNAS.

4.5 Distribution of the small B2 RNAs within P19 EC cells

and thelr neuronal derivatives

In order to gain further Insight Lnto the posslible
role{s) played by the small B2 RNAs Iin the mouse gell, thelr
distribution was studied within undifferentiated P19 EC cells

and their neuronal derivatives. The cells were fractionated

into total RNA, poly(A+); poly(A"), polysomal and nuclear
RNA and each individual strand of the B2 element was hybri-
dized to Northefn blots prepared with these various samples,
In this experiment, B2(+) and B2(~) refer respectively to the
strand to which the probe 1Is reactlve to. The blot showan 1n
panel a (Filgure 4.10)‘was probed with the complementary
strand of B2(=) therefore the RNA 1is recognized by B2(~-).
The blot presented-in panel b was pr&bed with the gomplemen=

tary strand of B2(+) thus the RNA is recoganlzed by B2(+).
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FIGURE 4.10

- il

Distribution of the small B2 RNAs 1a the mouse P19
undifferentiated EC cells and their neuronal derivatives.
Both P19 EC cells and P19 dériveduneurons were fractionated
into nuclear, polysomal, poly(A+), poly(A ) and total RNA,
run through a ! X formaldehyde agarose gel, blotted,6 onto
nylon mémbrane and hybridfzed with single?stranded probes
MI3mpl18-3 (B2+) or MI13mpl8~9(B2~) made by primer extension
{using Mi3 hybridization primer and two radiolabeled nucleo=~
tides) through the M13 phage portion leaving the B2 insert
unlabeled anq singlé-atranged (see Méterials and Methods,
Section 2,15), Specific activities were 2 X 106 epm/ug.
Samples used were as follows: P19 EC total RNA {(lane 1), P19
EC poly(A+) (iane'Z), P19 EC poly(A.) (lane 3), P19 EC polf-
somal RNA (lane 4), P19 EC nuclear RNA (lane 5), P19 neuron _._

total RNA (lane 6)’. neuron poly(A+) (lane 7), neuron
poly(A‘) (lane 8), neuron polysomal RNA (lane 9), neuron
nuclear RNA (lane 10); 20 ug of._ total RNA, poly(A_), poly~

somal, nuelear RNA and 4 ug of poly(A+) RNA were used. The
position of 285 and 18S ribosomal RNAs is indicated.

Panel a shows a blot hybridized with complémentary
strand of clone 9 (B2-) while panel b was hybridized with the

complementary strand of clone 3 (B2+).

Panel ¢ shows the same blot but hybridized with

ol ~tubulin (medsage comman to both EC and neurons).
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Blots shown in Figure‘&.lo, panels a and_b, revealed
an 1nferest1ng feature of the B?l elements: small B2~
homologoué RNAs (low molecular weight (LMW)-RNAs) are iden=
tifled exclusively as B2(+) wheTeas the large B2-containing
transcripts (high mole:ylér welght (HMW)~RNAs) are prima=
rily 82(-5. Some HMW-RNAS are'12(+) but thelr level is much
lower than HMW—BZ(—) RNAs. This suggested that the positive
strand of B2 féaturing the’ RNA polymerase III promoter

' sequénces ge?s transcribed primarily into small RNAs.

These blots indicated also that both small B2 RNAéV
and large B2~cgontaining transcripts _are polyadenylated

(panels a, b; lanes 2,7).

A good proportlon of the small B2(+) RNAs (mainly the
600 at~-B2 smﬁll RNAs) was located in the nuclear fraction-
where the lérgé B2(~) transcripts were exclusively found. A
small portion of the small B2 (+) RNAs (primarily the 200
nt~B2 RNAs) was detected Iin polysomes whereas traces amount
of large B2(=-) transcripts weré found im this fraction. Thé
comparison of lanes 1; 4 and 5 or 6, 9 and 10 ia panel b
suggested that a large population of small B2 RNAs (200 nt
B2 RNAs) are lo.ated outside ché nucleus and not associéted

with polysomes.

Panel ¢ which represents the filter used ia panels a,
b but hybridized with tubulin, indicated that the RNA
fractionation was only partially sucecessful, Poly(A+) and
poly (Ah) fractlons (panel ¢, lanes 2, 3, 7, 8) showed_degra—
dation which explains the different apparent transcript sizes

— ¢
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observed in panel a. In addition, poly(h-) fractlions (c3, cB)
were not devoid of o ~tubulin mRNA. The nuclear fcactlons
{e5, ¢l0) had IOCS.qf,mature & ~tubulin mRNA and did not ~
reveal an qurocessed pre~-mRNA precursor, suggestling that

the ﬁreparations'were not clean.

This distribution proflle of B2 elaeaments Ln mouse P19
EC cells and thelr neuronal derlvatives {ndicated that la the
naucleus, small B2(+) RNAs (600 nt RNA specles) and large
"B2(~) containing hn RNAs were both detected Ln high levels,
especlially in P19 EC cells. In the cytoplasmm, the majority

" of small B2(+) RNAs (200 nt RNA specles) seemed to be

']

located in the non-polysomal RNA fraection although a subset
of the 200 nt RNAs was detegted I{n the polysomal fraction of

both EC gells and neurons.



-CHAPTER 1V

DISCUSSION

We hu;é described the fdentiflcation of a transceribed
repetitive clement Ilsoclated from a cDNA library made from
@aRNA prepuarad—from P19 cells Induced with RA to differentiate
into neurons. Whereus elevated expression of these trans=
cripts Is manifest Iin parental, und}fferentiated EC cells,
trnnﬁcrlptloq@l levels of the megéage‘ drop dramatically
follouigg‘cxposure to retinolc acid (5&X 10-7M). Furthermore,
this wurtne repetitive sequence (which shares extensive
homology with tiie B2 elemeant) is not expressed La adult brain

tissue. These observations on B2 expresslon during neuronal

differentiati{on supplement previous studies documentiag such’

reduction in thu‘level of small B2 RNAs during F9 endodermual
differeatfactfon (Murphy et al, 1983) and Ln some normal
tlssuces such as heart aand liver (Kramerov et al, 1982; Gri-
gofyun et al, 1985). However, this {s the First demonstration
thuat the rédu;ed expression of the small B2 RNAs octurs very
curly sand precedes or Ls concomitant with the commitment of
P19 EC cells to dIfferentiste Lato neuvrocectodermal cell
derivatives (Camplone~Piccardo et al, 1985) Thus suggesting
thut B2 repeat %equenceﬁ nay be lavolved efther 1{a the
curliest eveats of differentlation, Lian the process of deter~
minutlen, or in malatuining or modulating the proliferation
state of the cells prior to recei%ing the stilmull responsible

for the faflti{atlon of dtfferentiécion,

i
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The kinetlcs of disappesarance established for both 209
and 600 nt B2-homologous RNAs (Fig. 4.7) suggest that the
smaller species may represent the products of processing of
the larger 600 nt transcripts. To determlne'lé both 200 and
600 nt RNAs are distinct speclies or Lf the 600 nt RNA s
the precursor of the 200 nt RNA, the experiments described
for Bl should be done (Adealyi-Jones and Zasloff, 1985). Such
situation prevaills Ln the Bl family (murine AluT equlvélenc)
ia which the 210~-nt primary transcript Ls processed‘to yleld
a smaller RNA (Adenlyi-Jones and Zasloff, 1985), A simtilar

phenomenon may take place Ia the B2 family.

The length of the poly(A) tull durlng B2 polyadeny-
‘lation may also give rilse to slze varlatlons in B2 trans-
cripts, Size heterogeheity mday also result from the extenslon
of transcription beyond the gsua} 3’-£ecminus due to the loss

of one T from the TCTTT séquence. Sequence TCTT does not

terminate trupscription sand RNA polymerase TIl moves untll.

tt meets another ollgo(dT) block. Kramerov et al (1985)
isolated many of these extended-transcripts from ua cDNA

library made from the small B2 RNAs suggesting that this may

be 4 major way, along with the length of poly(A) tall, of°

produciang a population of B2 RNAs with different slzes.

Many previous reports suggested that B2 RNA syathesls
may be related to cell division or cell proliferatlion (VJs-
seur et al, 1985a; Edwards et al, 1985; Siagh et al, 1985).
Our results showing the reduction of B2 RNAs !fn fmmortalized
cell lines such as P19(ras+)-1 fibroblast or NIH 3T3 {ndicate
thag B2 may noé be related to céll pruliferation but rather

be assoclated with the transfbfmed gtate Ltself. The sume
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ocbservation was made by Grigoryun et al (1985)'§hen comparing
the level of small poly(AJ+) B2 RNA In nérmal and tumor cells
of the same origin (LLC and lung, llver and hepatoma, MOPC~-

2] plasmacytoma and spleen).

The results obtalned for RA- and DMSO~treated cells
showing n reductlion In the level of the small B2 RNAs sug-
gest thut both drugs inttiate Iintra-cellular chungés which
result In lower levels of the small B2 RNAs. This further
suggests that the changes observed ia B2 leyel are not the
dige;t effect of the drugs but are diregtly related to the
Intracellular changes medlated by the LInduction of dif--

ferfntlation.

These quantitative ch;nges ta the abundance of B2
traunscripts oceurring during in vitro differentliation of EC
cells parallel those—detected during ia vivo developmeat~of
mouse embryos {(Vasseur et al, 1985a). Transcription of Bz-.
contalning iNAs-takes place very early and persists i{a pluri-
potentiual embryonlic cells until day 7 of embryogenesis {cor~-
responding at that stage to EC cells) suggesting the vaolve-
ment of B2 Iin the early events of differentiation or deiermi—‘
nation or any of the possibllities mentioned earlier.

v
!

Previous efforts which focused on demonstrating the

transcriptional actlvity of 'B2 sequences durlag cellular

proliferation have provided evidence suggestlag Cthat sya- ..

thesils of small B2 transcripts Is elicited by RNA polymerase
I1I stimulating factore (Svensson and Akusjérvi, 1985). Since
nothing 18 currently known about regulatory mechanisms

underlying the repraession of such transcripts, the modulation
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of B2 sequence transéription may thus be achleved through

events whicﬁ influence the Llateraction of RNA polymerase

IIT with active or potentlally active chromatin by such

‘stimulatlng {or repressor) facgtors.
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CHAPTER V

- —te s

—Te T

= . CONCLUSIONS

The construction of & ¢DNA library from P19 neuronal
derlvati{ves allowed us to isolate a repetitive sequencé {the
murine B2 elemeﬁf) which 1Is Expréséed and quantitatively
regulated during differentiation of EC cells. Our observation
of the disabpearance’of small B2 transeripts during neuronal
differentiation 1is provocative and suggestive of a role for
B2 repedat sequences 1in the'differéﬁtial regulatlion of gene
expression. Several important questions howeverfhave vyet to
be answered. Whuaut are the molecular events lavolved in regu~
latiang the transecription of B2 sequences? Can the retinoic
acid induced repression of B2 RNA synthesis be attributed to
s fallure to initiate transcription or te an 1ncré@se in
transcript turnover? What purpose do B2 sequences serve 1In
the murine genome and how do they Influence or partlecipate
({f at all) in the regulation of gene expression?

L] . ‘ .

One way to distinguish between the two possibflities
(i.e. failure to initiate tranécriptioﬁ or inerease 1In tur~
nover rate) is to perform run-off transﬁfiption assa}s and
compare the levels of newly syanthesized B2 RNAs 1in EC cells
and neuron populations., If regulation of B2 is at the level

of traanscription, then this would suggest that the.site of RA

- actlon and/or the early differentiation signals would affect.

rate-limiting eveat in polymerase III transcription of B2,

- 104 =
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It remalins uneclear Asfjo-how RA brings about the
reduction of B2 RNA levels. Does RA act directly or does 1t
fnitlate, stimulate or participate ia a cascade of eveats
leadiag to the represslon of B2 trunscripts? Reports lndicate
that the uptake of RA by the cell enhances the concentration
of cAMP-protein kinase (Aanderson et al, 1983) and suggests
that the ensuing stimulation or activation of a4 proteln
phosphorylation cascade may ultimately regulate B2 expression
by phosphorylatiang the RQA polymerase Ili~transcriptlonal
factocrs (TFiII A, B, C).. ‘

“The mechanism of action of RA (if.e. what Ffollows the
uptake of RA by the cell via the membrane, its Lnteractlon
with a cytoplasmiec cellular éA-binding protelin (eRABP) and
the translocatlon of this complex into the nucleus) remalns
obscure (Jetten and Jetten, 1979; McCue et al, 1983; Sherman
et al, 1983), It is known however that RA can simultaneously,
acgtivate and suppress gene expresslion In cultured cells as
well as 1an the whole animal and 1t does so very rapldly,
within one to two hours after 1ts uptake by the cell (Omordl
and Chytil, 1982). However, the way b; which RA might Llate~
ract with the genetlc script to Lnitlate these éffectsvpas
yet to be demonstrated. An Interestlng proposal suggests that
¢cRABP~RA c¢omplex ¢ould interact digectly with the genome
and alter chromatian structure such as to favor or hinder kts

transcription (Chytil and Ong, 1979; Sherman et al, 1983;
Reeves (1984),

On the basis of this hypothesls and of our data, the

following models are suggested to explain the mechanism of

action of RA on B2 transcription, to define Its involvement
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in the reduction of the small B2 RNAs and envisage how the
small B2 RNAs could act as repressors of gene expressicayin-
early events of differentlation.

Model 1: RA as & regulator of RNA polymerase IIL activity.

This m%del proposes that RA regulates RNA polymerase
III activity-p&irectly by binding to it or indirectly by
blocking tﬁe transcription of some or all of the genes enco~
ding the transcriptional factors TFIII A, B, C required for
the formatlion of the proteln~complex to which RNA polymerase
ITIT should bind to activate B2 transcription (Lassar et al,
1983; Enver, 1985),

If & certaln affinity exists between RA/cRABP
cog%lex and poLyﬁéra%e III or any of the RNA polymerase
ITI transcriptlional factors, one would expect a decrease in
RNA polymerase III activity ia P19 neurons as compared to
P19 éC cells. Therefore, a determination of the activity of
RY% polymerase III in both cellular populations via the
analysis of- the trans:ription proflle of both 55 RNA and
tRNA (other RNA polymerase III transcribed RNAs) could vali=-
date the model.

By affecting RNA polymerase IIT activity, RA ﬁould
interfere with B2 transcriptlion aand would prevent the for=
mation of RNA~RNA duplexés thereby allowiag the p;ocessing
"and translation of the "differentlated" messages to occur

(See Model: B2(+) RNAs as repressors of gene expression).
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Model 2: RA with & speclfic affinlty for the B2 elements.

This model suggests that RA assoclated with specific
proteln (cRAﬁP) B2 eleﬁgnts and consequently prevents RNA
polymerase III ffom gaining acgcess to promoter sequences zud
initiate B2 tr nsuripflon. This model also provides us with
an explanation for _the wvarious patterns of cellular dif=-
ferentiation generated by treatment of P19 EC cells with
varlious conecentrations of RA. Neuroectodermal ¢ell deriva=~

tives. develop when P19 EC cells are exposed to 5 X 10-7H RA

9 10-8M RA ig sufflelent to-give risé to meso~

whereas 10
dermal gcell types such as skeletal and cardiac muscle. We
propose that neuronal genes host more B2 elements than the
muscle genes. Thus, to block B2 transcriptiocn, neuronal genes

would require higher concentrations of RA.

To determine 1f RA has any affinity for B2 sequences,
one could prepare columns in whiech the complex cRABP/RA
would be covalently bound and pass B2~labeled sequences over
that column. Alternative methods to use would be the blotiny~-
lated~cellulose column described by D, Ward (Yale Univefsity,
personal communication) or the affinity column described by
Levens and Howley, 1985. However, the ultimate experiment
would be to transfect proper reciplent cells, via the DNA~-
mediated gene transfer, with a B2~depleted gene and study 1its
expression after RA treatment. If B2 sequénces are required
for RA to initiate changes which trigger expressio; of that

particular gene then, this BZ~depleted gene should not be
expressed.



hY

108.

In order to determine 1f neuronal genes contain more
coéies of the B2 repeat sequénce~than muscle genes, one could
use neuronal specific ¢DNA to retrieve corresponding genomic
neuronal sequences and ultimately, entire neuronal genes.
'Thereafter, by comparing the hybridization proflle of res~
tricted genomie DNA clones.spec?fying elther neuronal or
myogenlec sequences using a4 B2 sequence probe, a reasonable
estimation of the abundance of B2 sequences within these
genes would be obtalned. One may also undertake the more
labour intensive task of DNA sequence comparlson in order to
map the distribution of B2 repegt'elements within ecellular

genes.

Model 3: RA may Induce new factors competling for B2 promoter

sequences, -
I

RA coirld promote the transcription of factors specific
to B2=~neuronal and B2~myogenle factors which would compete
with RNA polymerase III~transcriptloaal factors for B2
sequences, At IOHBM,-only certain fagtors would be produced
and at 10"7M yet other factors would be elicited to matech the
corresponding B2 sequences. Although this model offers
another explanation to why different concentrations of RA
givg rise to various cell types, it also impliéé that each
Set o% lineage~specific genes is cﬁaracterlzed by a specified
B2 element. Previous reports have 1iandicated that all B2
coples diffeE_in only 5 to 10 % of their bases and that these
diffenenceé usually spread through the sequence and do not
glive rise to any significant wvarliation between the B2

repeats. Thus, B2 coples are all consldered identical.
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Among these models suggested, only one fModel 2) 1is
more likely to glve:a realistlc;view of the situation that
could prevail in the RA-treated Tl9cell cultures. The argu="—
ment against Model 1 is that the Tahibition of RNA polyme-.
rase III by RA/e¢RABP complex would preveat the production
of 55 RNA and tRNA which are required throughout the cell
cvyele. This model would thus result in cgell death. Model 3
impllies that at least some B2 repeats have lineage~ or tils-
sue-specificify therefore have varlations Llan the nucleotlide
sequence and structure. However, all B2 repeats so far ilso=-

lated from various tissuesor cell lineages were shown to he
tdentical.

Before testing Model 2, an 1nteresting experiment to
perform would be to determine which of the RNA polymerase
I1I transcriptional\factors are Involved 1o . the transcriptlion
of the B2 elements. The presence of the RNA polymerase IIIL
split promoter within the B2 sequence and fallure to Inhibit
B2 RNA transcription by concentrations ofp{~amanitin which
would otherwise fahibit RNA polymerése 11 suggested that B2
elements are transcribed by RNA ﬁolyme:ése I1I. However, no
one has ever demonstrated the binding of RNA polymerase III
transcriptional factors (TFIII A, B, C) to B2 sequences.
This could be demonstrated wlth relative ease by following
one OF several procedures now available to Lsclate DNA-
bianding proteins. The methods described by Sancar and Rupp,
‘1983, Miskimins et al, 1985, Levens and Howley, 1985 or the
one by D. Ward (personal communication) could all be used to
define whiceh ofréhe TF IIIs bind to B2 szquences. As a final
experiment, an in vitro ctranscription assay uging RNA polyme~
rase IIT1 and the proper TF III, would show the trans=~
cription of the B2 elements by RNA polymerase IIIL.
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The previous models are sﬁggestive of a role for RA as
inhibitor of .the small B2 RNA expression. Our data on the
distribution of small ‘B2 RNAs within various subcellular
fructions of P19 EC c¢ells and their neuronal derivatives
suggested that B2 RNAs may be involved ia post=~
transcriptional (RNA processing) regulation. The stri=-
king observation was that small 600 nt B2(+) RNAs and large
B2(-) RNAs (B2(~) contalning hnRNAs) were both detected in
the nucleus in high levelé, especially in P19 EC cells. The
ensuiﬁg model presents the small B2 RNAs (60Q nt RNA
specles) as repressors of gene expression. We speeculate that
~these small transcripts interfere with RNA proces=
sing/splicing~translation by forming RNA~RNA duplexes with
laryge B2~containing hn~KNAs via their complementary
sequences. This hypothesis {s not without precedents. The
control of translation via RNA-RNA duplex formétion' has
been extensively documented 1ia prokaryotes (Mizuno et al,
1984; Coleman et al, 1985; Izant and Wefintraub, 1985) and has
recently been described in eukafyOCes (Izant and Weintraub,
1984, 1985; Rosenberg et al, 1985). Many occurrences (both in
vitro andiig vivo) of antisense inhépition 4s 4 means con*
trolling translation have been.dESc;iBed (For re%iew, see
Izant and Welatraub, 1985), Inhibition can be cytoplasmie
{(translational) as well zas nuciear (post-transcriptional/RNA
processing/splicing). Double-stranded RNA hybrid molecules
have thus been detegcted, showing that this may well he &

useful mechanlism for the control of gene expression.

- An lmportant step In the maturation of mRNAs 1s the
assembly of haRNA into RNP ¢omplexes termed haRNP pat~ .

ticles. The removal of 1intron transcripts and splicing oL

-
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mRNA sequences takes plaee 1n hnRNP part@cles (Pederson,
'1983). If one or more duplexes of B2(+)/B2(~) are formed ia
any transcript‘(nascent RNA chain), this event may Interfere
with the secondary structure of the transgript and the sub-
sequent‘packaginé of the ribonucleoprotelné around the RNA
.chain, Ehereby preventing proper polyadenylatlion (3; termianl)
and splicing of the RNA. We suspegt that such 4 phenomencn
takes place 1In the Pl9% cells where numerous B2(+) RNAs are
detected. In Plé neurons where the levels of B2?+) RNAs are
mueh lower, honRNPs would be assembled properly, and allow
the processing and the ensulng translation of the "dif-

faerentiated" messages to oecur,
£
‘e

Accordiag to our hypothesls, répré%slon of the small
B2 RNWAs 1Is required for the initiagion of dlffagentiatfen.
RA could block the formation of B2 small RNAs via'anyone of
the previously elaborated models ;zd thereby prevent Fhe
-formation of duplexes between small and large B2 transcripts
and 1ndﬁce differentlatlon. One way to determine the extent
"of B2 {involvement 1n post~transcriptional regulation would be
to isolate the RNA-RNA duplexes from P19 EC cells and P19
neurons. If the model 18 correct, more duplexes should be
isolated from the parental EC cells. Alternatively, one could
remove all B2 sequences from a neuronal gene and study the
expression of that B2~depleted gene after its reintroduction
by DNA medlated gene transfer into proper recipient cells.
These experiments would give possible blological functions to

the B2 repeats whose role(s) remain obscure.

Although our observations suggest that short B2 repeat

sequences may play a role in post=transcriptlonal regulation,
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we have no reason to. dismiss thg-possibility that the B2
elements  may serve multiple functions "within the mouse
genome. Further experimentation 1is undoubtedly needed to
clarify and understuand the physiologlical  purpose of these

abundant, short repeat sequences.

~

~
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