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§,»j : L‘gﬂﬁf',‘”; ' EF Abstract ve . 7” . ,'L o
Dopa decarboxylase %DDC) gene expre551on throughout ;

%Eembryogenesxs in DPOSOPhIIa melanagaster was 1nvestxgated.,nf

‘7that“occur5 durlng m1d embryogené};s. Thls 51tuatlon

»

contrasts w;th thefconcurrent rise in DDC act1v1ty and

- <

ecdyster01d t1ter that occurs durlng puparlatlon suggestlng
that the relatz\onsth between the hormone and the onset of ’

DDC act1v1ty durlng embryogene51s dlffers,

! .o s

The p0551b1e reasons for the dlfferent temporal "*j

»}')relatlonshlp between the embryonlc DDC, actxvxty and the
| ecdystero1d peak were. 1nvestlgated The embryonlc
) ecdyster01ds were found ‘to be predomlnently 20-0OH ecdysone
k'and ecdysone; 91m?iar to those seen-durlng puparlatlon. The
fembryonlc DDC proteln molecule was. found to be 51m11ar, ifn
' 'not kdentlcal ‘to the puparlal/proteln by genetlc,
f»% 1mmunologlcal andelanItPo trans;atlonAstudles. Thusfthe

s i : : - NN
temporal lag between the embryonic hormone peak and the.

onsét of DDC activity is pOSSibly'due to’a'different

”1nteract10n of the two durlng thls stage..

', An examlnatlon of the RNA transcr1pt pool throughout'

o v . C %

RS
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‘are seen, however these dlseppear by the thlrd hour of

embryonlc development DDC trahscrxpts begrn to accumulate

Y

’agaln Just pr1or to: he DDC act1v1ty seen durrng late ' ﬂ l;
embryogenesxs. This result shows*that the temporal
re&§t1onsh1p between “the embryon1c ecdyéterold peak and the .
:'accumulatlon of DDC transcrlsts 1s 51m11ar to the late
puffmng response Sf the polytene chromosomes descr1bed by
Ashburner (1974) »7 S ,‘ o - .

An 1n1t1al characterlzatlon of the embryonxc

dnscrlpts are common to both early and late embryonlc‘
~':"_1th some 51m11ar1ty between embryo transcripts and
xthose seen at'pUparlatron. The transcrlpts at each embryon1c
stage are characterlzed for size, homology to varlous bppC
gene probes, and 1nteract1on wltH‘the cellular translatlon
mach1nery. A model is proposed, in 11ght of the results,
out11n1ng the productlon of mature translatable DDC mRNA

fr%m ‘the prlmary gené’transcr1pt.j
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“Regulat1on of gene expre551on 1s central to ontogeny and

i

ﬁ‘~_cellular d1fférentiat10n 1n multlcellular organ1sms. Durlng

’i'development, dlfferentlal expre551on of the éenetlc materlal‘
dreflects a cell s spatlal and temporal 1dent1ty w1th1n the
;organ1sm (Dav1dson, 1976 Arklng, 1978 Cullen et al 1980

and Blessman, p‘81¥ In order to understand the process of R

‘““development the 51gnals regulatlng gene express1on must

f1rst be deflned | 'g ‘ k

Recently, studles on the structure of eukaryot;c‘genes
lland the events leadlng to gene expre551on have revealed that
nmultlple levels of control ex1st The molecular clonlng of

\ .

"eukaryotlc proteln cod1ng g» es has shown that a largelh“

'number eﬁﬁthem have the1r codlngfieglons 1nterrupted by ‘a

f'varlable number of non proteln codlngg”ntervenlng sequences-'

(1ntrons) (see Brearhnach and Chambon, 198‘ for review),
bd3;Shortly after pr1mary transcrtﬁf'1n1t1atlon thev;ﬂ endv1sf{f"
‘:modlfled by the add1t10n of a. cap structure (Shatk1n,?h :6)
‘Both 1ntron and prote1n codlng reglons (exons) are copled \\\\
flnto the prlmary gene transcrlpt. FollOW1ng transcr1pt1on:
'ttermlnatlon; the 3' end is- also modlfled by the addltlon of
a polyadenylate ta11 (Brawerman, 1981) Flnally, the 1ntron-

'¥sequences are accurately spl1ced out to’ yleld a translatable

N ;mRNA wh1ch is then exported from the nucleus (Nev1ns, 1983)

~ Thus regulatlon of gene expre551on can and has been shown to

“occur at a number of. dlffer nt stages durlng the productlon
_ of a gene product (for rev1ews see Darnell 1982, NeV1ns,_” ‘

-



: rklmportant to the ontOgeny of an . °rganlsm.vye,’~«

)"

.1?983) In thlS 1ntroduct10n, ks shall outllne the varlety of

”levels at wh1ch the regulatlon of gene expre551on can occur ff

1n an attempt to ga1n some understandlng of. whlch levels are Ts

7 TN

The most frequent method of regulatlng eukaryotlc gene

',expres51on is’ at the level of transcrxpt 1n1t1at10n. Durlng
tgthe 1nfect10n of certaln eukaryotlc cells w1th a DNA tumorA‘
vxru5«(Adenov1rus-2 SV—40 Polyoma) the d1fferent1a1

,temporal expre551on of the v1ral genome has.been shown to be

,controlled by promoter select1on and transcrlpt 1n1t1at10n
Y

. (sie Zlff 198Q(f3¥—?év1ew)

' transcrlpt 1n1t1atlon has feen shown for the metallothlonéln

.051t1ve:regulatlon of V"‘

“gene (Hager and Palmzter, 1981) the rat a2U glob1n~gene h;l
h‘f(Kurtz,'1981),'the chlcken ovalbumln (Tsa1 et al, 1979),

'oonalhumin'(M¢Kn1ght~and Palmlter, 1979) and v1tellogen1nb"

”(Wiskooilfet‘éi 1980) genes ‘which are all. respon51ve to-
hormone st1mulat10n. Also the expre551on of the heat shock ',7
genes (Ashburner and Bonner, 1979) seems to be regulated at 3
the transcrlptlonal level The chlcken glob1n genes
XWelntraub-et al, 1981) represent developmentally regulated
igenes whose express1on is also transcrlptlonally controlled
'Thus,.51gnals regulatlng gene transfrlptlon are 1mportant 1n‘

" the control of eukaryotzc gene expre551on.



. numnyo'rrc pnonorzns
The recent advances 1n def1n1ng thvheukaryotic5promoter"t
‘have been made poss;ble by recomblnant A'A technology,

‘.ﬁwhf.‘,ﬁin VltFO or surrogate genetlcs and the a_cumulated knowledge~‘

"about the functlonal doma1ns of prokaryotic promoter i
Al .

1elements (see Reznlkoff and Abelson, 1978)
In most cloned eukaryotlc genes, trans r1bed by RNA
"polymerase II la reglon known %s the TATA box re51des 25 to
30<nucleot1des-upstream from the mRNA 1n1t1atlonv51te,(see
,_'Breathnach and Chambon, 1981 for rev1ew)‘ This'sequenoe-isv_

N ,';'1n some ways related to the - Prlbnow box found at ‘the’ —10 RN

§ p051t1on in. most prokaryotlc promoters (Reznlkoff and

;Abelson,_1978) The ‘TATA box seems to be’, 1nvolved 1n the

:p051tlon1ng of the mRNA start 51te (Ben01st and Chambon, .

1981) and is 1mportant for. eff1c1ent in v:vo transcrlptlon
'(Grosschedl and B1rnst1el 1980 Grosschedl et al, 1981;;

‘ IjGrOSVeld et al 1982 McKnlght and Klngsbury, 1982)k>}>h
,Sequences further upstream from the TATA box have also been
;Jshown to be 1mportant for in VIvo transcrlptlon of cloned

'dtgenes. ‘The reglon about the —66 nucleotlde is- 1mportant in .
':ﬂmalntalnlng eff1c1ent transcrlptlon (Pelham, 1982 McKnlght
v.sand Kingsbury, 1982' Mellon et al, 1981;,Grosveld et . ,
\\; al,-1982) Recently, D1erks et al (1983) have shown that a
reglon p051tloned about the =100 nucleot1de upstream from
.vthe MRNA cap 51te 1s also 1mportant for eff1c1ent ln VIvo
N transcrlptlon of a- ch1mer1c rabblt ﬁ globln gene transfected‘
v',*hf into 3T6 cells.,The sequence homology between these upstream

o
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.,regaons\from all genes studled h wever 15 not as strong as
I

‘<that found for the TATA ‘box.: Th;s suggests that the
N ‘.

bf eukaryotic. promoter may be}polymorphlc in structure

r

_contarnlng;"class"- : gene -spec1f1c actlve reglons. ThlS

“-type of seguence has been 1dent1f1ed for genes regulated by

\

",\the hormone progesterone in the chlcken ov1duct.

Mulv1h111 et al (1982) have found a DNA seguence in the
Vprogesterone respon51ve genes 250 to 300 nucleotldes ' ”\
~ upstream of the §' cap site which preferentlally b1nds the
1hormone.receptor complex. This sequence,may,constltute |
another.part of,the promoter‘element‘for’this class of
hormone responsxve genes. _ L
The’ exlstence of more complex regulatory mechanlsmslls'
| sug@ested by the d1scovery of Young et al (1980). The mouse
.‘a amylase gene was shown to be expressed in a- t1ssue |
bspec1f1c manner ut111z1ng two dlfferent mRNA start s1tes.'
'fx_Th1s tlssue/spec f1c express on is- due to the use of
vseparate promoters\whlch fungllon w1th dlfferent 1n1t1at10n
;,eff1c1enc1es (Sch1bler et al, -1983) Benyajat1 et al (1983)
‘uhave also shown that 1n Dnosoph1la melanogasten thev
developmental stage spec1f1c express1on of the alcohol
‘dehydrogenase (ADH) gene is brought ‘about by u51ng dlStlnCt-
promoter sequences wh1ch are reflected in the sequences of
.the mature 'mRNA at each stage. ’
| Roblns et al (1982) have: shown that transcrlptlon of a'
cloned human growth hormone gene transfected 1nto mouse L.

'°cells is respon51ve to the 1nductlon»by_glucocort1c01ds.

S



Hewever, the mouse L cell growth hormone genesisbrefractory
to‘any such hormone ihduction;’These examples.all’suggest.
that Oother mechanlsms are acting to regulate the gene' s_
ablllty to be transcrlbed and thus the effectlveness of the
promoter reglon in thlS 1n1t1atlon. It has been suggested
that one of the requ1rements for gene expre551on is a
chromatln structure which allows act1ve transcrlptlon

(Weisbrod, 1982).»Thus-before'gene transcrlptlon can occur

‘the promoter must be potentiated for expression.

’ CHROMATIN STRUCTURE AND GENE EXPRESSiON,
The DNA in eukaryotlc cells is found 1n the form of

chromatln a hlghly spec1allzed matrlx of protelns and DNA.

The ba51c subunlts of this structure are the nucleosomes 2

which are_found 1naa.11near repeatlng array along the DNA

holecule; The higher order-organizatioh arises upon

f‘ interaction of these nucleosomes w1th each other and

o

numerous non- hlstone protelns... ' S
We1ntraub and Groudlne (1976) first'providedgevidenCe
that an altered chromat in structure was correlated with‘ '

stage spec1f1c expre551on of the chlck globln genes. ThlS

altered chromatln structure was manlfested 1n a preferentlal’"

-sen51t1v1ty of the gene be1ng expressed to the endonuclease
DNase 1. Thrs—sen51t1v1ty to_DNase I was in part due to the
assoc1atlon of the non- hlstone protelns HMG 14 and HMG 17

(Welsbrod and Welntraub 1979; Welsbrod et al, 1980)’w;th

T o

" the chromatln; DNase I.senSitivity is a feature of a number
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of actively transcribed gene5¢ including the ovalbumin gene
_(Garel and- Axel, ‘1976) ‘the conalbumin gene (Kuo et
al, 1979),_and the Drosophila heat shock genes (Wu et

Jal' 1979), and is a general ph‘.pmenon of all actlvely
'expressed genes produc1ng nuclear RNA in tissue culture

cells (Weisbrod et al, 1980). SR R

When the DNase I digestion of active genes is reduced

to limit the extent‘of enzymatic(digestion, specific sites,
extremely sensitive to this tjpe of treatment, are
manifested. These hypersensitiwe“Sites are found in a
200-300 base pa1r region of DNA at both the 5' and 3' ends
of most actlvely transcrlbed genes (for rev1ew see Elgln,‘
1981) Their appearance can preceed overt express1on and
.thus are thought to be requ1red for subsequent gene

" expression and not jUSt a reflectlon ofv1t.

| A correlatlon between the occurence of DNase I.
hypersen51t1ve sites and gene act1v1ty was shown by Shermoen‘
~and Beckendorf, (1982) for the Sgs- 4 gene in DFosophl]a

—~which codes for a’glue protein expressed'only during
pupariation. Muskavitch and Hogness (1982) studying variants
'unable to express this brotein, have shown that this
inability correlates with the-deletion of one or more of the
DNase I hypersensitive sites. McGinnis et al (1983) have
also shown that a singie base pair change within a )
rhypersen51t1ve reglon correlates with a reductlon in Sgs 4

Vexpre551on.
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Recently, Burch and We1ntraub (1983) have shown that

'the chlcken v1tellogen1n gene man1fests a hormone dependent

‘DNase 1 hypersens1t1ve site only in the llver, where gene |
C. ’ ) N - ’ N ,", N .

expression takes place. Thus it seems”that’the DNase I

hypersens‘tive sites‘reflect'an altered conformation of

- chromatln which allows this enzyme to access and dlgest the

underly1ng DNA in spec1flc places.

Larsen and Wientraub, (1982) have shown that DNase I

_hypersensitive sites,May:have_an altered DNA structure as

evidenced by their'eXtreme sensitivity to digestion by
51ngle strand spec1f1c nucleases l1ke SI Welntraub (1983)
has shown that these spec1f1c S1 sensitive sites are ev1dent

in superc01led but not in nicked- c‘TEETTc ‘plasmids,

'suggestlng that tortlonal stress on the DNA backbone 1nduces

the1r formation. The author also shows that a chimeric \
plasmidus specific S1 sites are maintained in chromatin
after transfectlon and that these reglons seem to have a
substantlally lower aff1n1ty for nucleosomes. This lack of
nucleosomes may be enough to exert a localized tortlonal
stress produc1ng S1 s1tes 1n the native chromatln.f

What are these DNase I hypersen51t1ve and.S1 sen51t1ve
51tes a reflectlon of? Interestlngly, the transcr1pt10n
enhancer element found near the origin of repllcatlon in the

SV-40 genome, has been shown to contaln DNase I

hypersen51t1ve sites . (Saragost1 et al 1982) and is devoid "

of nucleosome structures (Varsharsky et al, 1979; and

- Saragosti et al, 1982). Nordheim and Rich (1983) have

. °
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.“recently shown that the negative supercoil1ng of the SV~40

_v1rus DNA. produces three SpeC1f1c reglons where the

trans1tlon from B to. Z- DNA occurs. These reglons are found

.-spec;flcally 1nside,and adjacent-to the‘enhancerselement and)

are closely related in locat1on to the DNase I
%

N

hypersen51t1ve 51tes in thls reg1on{ The sites Wthh form

Z-DNA were found to be alternatlng pur1ne pjrlmldlne tracts

about 8 base palrs 1n length and seem to occur in the

Y

act1vator or regulatory reg1ons of all virus systems

examined (Nordhe1m‘and Rlch,‘l983). It has been shown that

v

elimination of two‘%f the?three~potential'z—DNA'sites in the

sv- 40 enhancer results in the loss of enhancer act1v1ty when

%

“the mod1f1ed element is attached to the globln gene

o

f(Baner31 et al, 1981) Thus the correlatlon between DNase 1

‘hypersens1t1ve sites, S1 sens1t1ve sites: and altered DNA

structure with the enhancer element suggests that the

,chromatin induced St sensitive sites described by Weintraub :

(1983), may involve the formation of i—DNA. It islpossible

that the DNase 1I hypersenSitive sites found around.most
AN

~active genes are cellular forms of these v1ral enhancer

sequences. Enhancer type sequences have now been 1dentif1ed
in both mouse (Ffied et al, 1983) and human genomes (Conrad

anddBotchan, 1982). Regently, a cellular enhancer seguence

C . . .. ! i s
was found to stimulate immunoglobulin transcription after

recombination rearrangement from within an intron at a

" position 3' to the mRNA start site (Gillies et al, 1983;

- Banerji ét al, 1983; and Queen and Baltimore, 1983), Thus, =
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“the 1dent1f1cation of enhancer type sequences involved in

the regulatlon of gene expression is becoming more common.

F1nelly. correlations between the states of DNA

'methylation and gene exprepszon heve been observed All

Ve

_eukaryotes studled except Dnosophlla and nematodes contein
.m1nor but detectable amounts of the mod1£1ed base S-methyl

#cyt051ne (see Razin and nggs, 1980, and Doerfler, 1983 for |

reviews). The d1scovery by Waalwxjk and Flavell (1978) that

'methylated cytosines could be d1scerned from their

non- methylated counterparts w1th1n the DNR sequence CCGG led

to the implication that all actively expressed q ”
contalned fewer 5-methyl cyt051ne m01et1es than :Xep these

same genes were dormant It is known that in vitPo

- methylation of the cyt051ne re51dues of cloned genes

\adversely affects transcrlptlon by/p0551bly mod1fy1ng the

interactions of Qrotelns with the DNA (Vardlmon et

af;‘1982) Recently BussTrngw; et al (1983) have shown that

methylation of the 5! reglons of the - glob1n gene prior to :

transfection into L cells dramatlcally affects gene

expre551on in clones where this gene has been- stably

-

-1ncorc:/;ted

“Thus it seems that the chromatln structure in and

t § /o

around -a gene affects its ab111ty to be expressed and thls '

1n1t1al potentlatlon is necessary for subsequent expre551on.

:

Lo ' ; ~
. - ' . ¥



ff-ih‘«:mmnwmscmp‘ncmn CONTROLS OF GENE EXPRESSION

‘$  ‘The' initiaticn ‘of. transcripticn is only the beginninq
of a complex pathway to produca Ertnslatabla BRNA from a
eukaryotic geneg Mash oukarya&tc mRNAa«studz¢d~havo b&cn
shown to contain a modifzod nucleotide attached 1n‘a/novelf

llnkage to the 5' end of the transcrlpt (Shatkin, 1976).

———
R

Thxs cap structure has been shéwn to be involved in the
bandlng of the 40 S ribosome ' subun}t to the mRNA and
tfanslation initiatioﬁ'zkbzék?and Shatkin, 1977). Green et
al (1983) _have recently shown that ‘this cap is neceséary for
'mRNA_stability, as uncapped mRNA iﬁjeéted“into,ﬁﬁe nucleus
of Xenopus oothes‘ig'rapidly degraded. The only case where
the cap sfructure‘has'been'shown to be involved ih.the
regulation ;f gene expression is’ that descr1bed by ‘
_Kastern et al (1982) These authors show that maternal mRNA
foﬁnd in the unfertiilzed oocyte of Manduca sexta contains
an uﬁmethylaﬁed’guanosine‘cap‘gtructure which‘ébpears to
‘preclude these mRNAs from translatlon. Upon £ert1llzat1on
the mRNA caps on the Manduca embryo transcrlpts were of the
methylated variety. These authors suggest that thls
unmethylated cap structure may inhibit the interéctignfof
theSe_mRNAsvwithQiﬁe translation machinery in the oocytes
‘bﬁt upon.fertilizatioﬁ'capimethylation.allowé transcript
expression. ‘ | |
Selection qf transcription termination and
ﬁolyadenylation_sites can act to regulate geﬁé expression in

a-complex‘transcription'unit,ﬂBoth these mechanisms have.
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been shown to modulate the expresslon of the eukaryot1c -
v1rus Adenov1rus 2 }The use of alternate transcrlptlon
termlnatlon 51tes has been shown to allow spec1f1c genes to
be utlllzed whllecothens further down stream in the/vxral
genome are not transcrlbed at- certaln t1mes dur1ng v1rus.

1nfectlon. The selectlve ‘use of polyadenylatlon 51tes 1n a

l:multl c1stron1c pr1mary transcrlpt determlnes the eff1c1ency

-

1n the expre551on of - spec1f1c portlons of the genome (Nev1ns'
and Wllson, 1981°fand Shaw and Zlff 1980) |

Transcrlptlon term1nat10n may also be used to control :

= the developmental expre551on of a spec1f1c 3"exon1c

seguence codlng for a membrane anchor peptlde durlng the

| expre551on of the IgM e heavy cha1n gene (Early et al 1980%

vAlt et al 1980) The tlssue spec1f1c expre551on of an

add1t1onal 3' exon found 1n the thymus but not in the

hypothalm1c transcrlpt from the rat calc1ton1n gene, also

seems to be due to controlled transcr1pt1on term1nat10n.

. (Amara et al 1982)

Followlng transcr1pt termlnatlon and polyadenylatlon

those mRNAs produced from genes whose codlng ‘sequences are

‘:1nterrupted w1th 1nterven1ng sequences (1ntrons) must have

these elements prec1sely removed pflor to thelr export from
the nucleus.‘It has been proposed that the sp11c1ng
mechanlsm 1nvolves the removal of 1ntrons 1n multlple
exc151on rellgation events» each'progre551vely remov1ng a

portlon of the rema1n1ng 1ntron (Klnnlburgh and Ross, 1979-

rﬁ,and;Avvedlmento-et al, 1980) The exact.mechanlsm of 1ntron



‘ removal rs not yet understood however the process seens to
=he remarkably versatlle, p0553551ng the ablllty to -
b'accurately spl1ce forelgn (Green et al 1983) and ch1mer1c
(Chu and Sharp, 1981) genes transfected 1nto heterologous:in*fh
:VIVO cellular systems. The 1ntron exon Spllde ]unctlon S
‘,sequences seem to be 1mportant 1n malntalnlng eff1c1ent ”r?%ff
~spl1c1ng (wled;hga et al 1983) however only the “v
‘danCleOtldES GT at the 5‘ end and AG at the 3“ end ‘§f'
'each 1ntron are absolutely conserved (see Breathnach and, -
Chambon, 1981 for rev1ew) Recently Langford et al Q1983)}
fhave also shown that a. forelgn 1nterven1ng sequence 1nserted;u;

‘1n the yeast act1n gene 1s not spllced from the hybrld

. transcr1pt. Langford and Gallw1tz (1983) have shown that -

J,thl@ is. due to a spec1f1c octanucleot1de sequence found 1n
'~the 3' end of the yeast actln gene. ThlS sequence 1s |

1"absolutely requ1red for the removal of thls 1ntron and 1s

x-

.‘7- found w1th1n the 1ntrons of three other prote1n cod1ng

y'nuclear genes from yeast. The authors suggest that th1s
Lyeast specrf1c sequence may.be.lnvolved.ln 1ntron |
recogn1t1on and b1nd1ng of the RNA sp11c1ng apparatus.'

The role of sp11c1ng in control of gene expre551on has
'become a central 1ssue.»Alternat1ve sp11c1ng plays an- |
1mportant role 1n genome expre551on for the DNA tumor'
hv1ruses (see’ Z1ff 1980 for revlew) Selectlve sp11c1ng has
‘also been found to be " 1nvolved 1n the expre551on of the
"1mmunoglobu11n delta gene (Mak1 et al .l981) and the mouse,'

‘ah crystallln gene (Klng and Platlgorsky, 1983)‘iThusvthe



'spl1c1ng pattern used can have major effects on . gene

fexpre551on, as in the DNA tumor v1ruses, and 1s also‘

‘1mportant 1n the expre551on of complex eukaryot1c genes.»

,CYTOPLASMIC CONTROL OF- GENE EXPRESSION
Ev1dence ex1sts that cytoplamlc messenger RNA stablllty
'and decay are regulated 1n a way that contrlbutes to control

: «of gene expre551on 1n eukaryotes..AkUSJarv1 and Persson,.

"2(1981) suggest that the abundance of some v1ral mRNA

:transcrlpts found durlng Adenov1rus 1nfect1on is’ regulated

“]by dlfferentlal stablllty Guyette et al (1979) have shown.

'.-that the half llfe of the case1n mRNA 6ranscr1pt fromi

cultured mammary gland tlssue 1ncreases a- dramatlc 20 - fold h\

"glwhen stlmulated by the hormone prolactln. The productlon of

hv1tellogen1n and a Very Low Den51ty proproteln (VLDL) can'
'-be 1nduced in: roosters by the admlnlstratlon of estrogen

f Thls hormone has been shown to stlmulate transcrlptlon of

these genes, but also substantlally 1ncreases the half llves}'
"Y‘-of these transcr1pts 1n some way (W1skoc1l et al 1980)
.77Also,,dur1ng aggregatlon of 51ngle cells 1nto a

"vﬁmultlcellular structure in the sllme mold chtyostellum,j“

certaln developmentally regulated genes are expressed as’
‘ev1denced by the productlon of thelr mRNA transcrlpts. If
thlS aggregatlon is- 1nterrupted and the cells dlspersed
’transcrlpt1on of these genes is halted ‘and the mRNA 1s
.'spec1f1cally and rap1dly degraded (Chung et al 1981)

- Bastos et al (1977) have shown that durlng erythroblast

4

i
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d1fferent1at1on in mammals many dlfferent mRNAs are produced _

whose half llves vary, conserv1ng the globln ‘mRNA and

,degradlng other mRNAs durlng the f1nal stages of .
lfretlculocyte development Thls type of mRNA stab111ty may be*
.1modu1ated through spec1f1c 1nteractlons of the poly(A) tall
,w1th spec1f1c prote1ns 1n the mRNP complex (see Brawerman,

'};1981)

The f1na1 p01nt at whlch control over gene expre551on

may be exerted is transcr1pt translatlon. The control of'

"translatlon seen. durlng the "heat shock" response “has been

studled in a number of systems.»In DPosophlla tlssue culturel

l cells the."heat shock" or' stress"\response sharply curtalls““
fcellular proteln synthes1s of all but the so called "heat |
.shock" prote1ns{ Thls is. reflected by a rapld dlsappearance'

-d‘of cellular polysomes (McKenzie et al, 1975) Recently,
.Balllnger and Pardue, (1983) have demonstrated that thlS
Aréduced translat1on of all other mRNAs is due to a |

, 51gn1f1cant reductlon in’ the eff1c1ency of proteln synthe51s

1n1t1at10n and elongatlon on non heat shock mRNA

. Translat1onal control ‘may. also be studled by follow1ng the
‘recru1tment of stored maternal RNAs onto the translatlon
h~mach1nery after oocyte fertlllzat1on. Th1s phenomenon has'

':been studled in numerous systems (see Raff 1980 for

rev1ew) It has been proposed that these untranslated

messenger RNA molecules are non- polyrlbosomal ‘due to some -

»:general masklng effect of the protelns found gp the mRNP

‘ complex. Jenk1ns et al (1978) showed that mRNPs from sea‘
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’urch1n oocytes prove to be 1neffhc1ently translated in a
'cell free ln vltro translatlon system. However, Moon et
'. T (1982) have shown that mRNPs of greater purlty,d+d’T’
fact translate eff1c1ently under 51m11ar condltlons. Moreé
;recently Moon et al (1983) 'u51ng sea urchln eggs andf”\(
H‘embryos, ShOWed that the translat1on of the majorlty of
| mMRNAS takes. place in assoc1at1on w1th the cellular"
“‘cytoskeletal framework of the deve10p1ng embryo. Prlor to'
vfertlllzatlon there are substantlally lower levels of
1polyr1bosomes assoc1ated w1th thlS structure, and thlS

'-g-suggested to the authors that the assoc1atlon w1th

5,cytoskeleta1 elements could be determ1n1ng the

-

: y.translatablllty of these stored mRNAs.A.

' Other mechanlsms for controlllng the translatlon of R
vostored mRNAs have been 1nferred from stud1es in dlfferent?
'experlmental systems. In Manduca, as descrlbed earller, all
'}oocyte mRNAs lack the methyl re51due found on the 5' cap of .
ythe mRNAs in. fertlllzed embryos (Kastern et al 1982) Thesenl
jtypes of stud1es have also been reported for the ER
’.htranslat1onal recru1tment of spec1f1c gene RNAs 1n,f'
"“Dnosophrla (Mermod et al, 1980) S1n Smlttla (Jackle, Tésd);l
3 and in the surf clam Splsula (Rosenthal et al 1983) dackle
’(1980) has presented ev1dence that a dlssoc1able componentf
r_1s 1nvolved 1n the translatablllty of maternal act1n mRNA
;Rosenthal et al (1983) have shown that an 1ncrease in- the

,'.length of the 3"poly(A) ta11 is assoc1ated w1th the

'ytranslatlon ofjsome spec1f1c oocyte mRNAs. Thus -.$7



"gene spec1f1c controls over mRNA transcrlpt translatablf?ty -
l can regulate gene expre551on in: certaln c1rcumstances.
o/
',STUDYING CONTROLS OF ONTOGENY

Hlstorlcally: studles 1nto the. process of development
vhave focused on the phy51cal or genetlc 1ntervent10ns whlch
alter or affect ‘some aspect of the control of ontogeny.
;~These so called "defect experlments" allow one to observe'

"the process of ontogeny 1n a hOllSth manner. Alternat1vely,,

one may study the regulat1on of express1on of partlcularf

* .genes throughout the process of ontogeny 1n an attempt to

:d%scover developmentally 51gn1f1cant regulatory controls._ |
. The most useful types of genes for this type of ana1y51s are
_those Wthh are- regulated throughout development in e1ther a
vtemporal or a. spat1ally spec1f1c mannerjy } ;

These types of analyses have been done»u51ng the
'lchlcken globln genes as a system to 1nvestlgate the controls
-}over gene expres51on (Welntraub et al, 1981) Recently,‘
fseveral other systems ‘have been descrlbed 1n DPOSOphila
. wthh may be ut111zed to study the developmental regulat1on
.of specific genes. Alcohol dehydrogenase_(ADH) 1s a _“ |
‘developmentally regulated tlssue spec1f1c enzyme
."(Ursprung et ar, 1970) . Benyajatl et al (1983) have shown

7 that at two. spec;flc stages of°development the gene
,transcrlpt is produced from d1fferent promoter elements w1th

: alternatlve sp11c1ng events. That is, the select1on of a .

stage spec1f1c promoter and the proper sp11c1ng events are_

A

»



: QHE DOPA DECARBOXYLASE GENE ENZYME SYSTEM

'E‘ IRY

‘1nvolved in the regulatlon of the developmental express1on f‘;
of thlS gene. Rozek and Davrdson (1983) have shown that the L

. \
Dnosophlla my051n heavy chaln gene produces three stagé\

\\ A

| spec1f1c transcrlpts from a(51ngle gene.,That these o \“am*e,
transcrlpts dlffer4from each other-at the1r 3'-ends is
reflected by thelr size and\sequence. Thls Selectlve\u
express1on of dlfferent 3"exon sequences proves ‘to be an
1nterest1ng developmental phenomenon whose 51gn1f1cance 1s
{Stlll ‘not_ understood B ‘A"t?- ﬂ' ' ~f_ - B f
| | Fyrberg et al (1983) have studled the expre551on of the
f.51x actln genes in DPosophlla melanogaster. The expre551on .
kof each 1s hlghly regulated in both a temporal and a tlssue ﬁ/
spec1f1c manner maklng th1s system another w1th promlse for s
analyslng developmentally 51gn1f1cant fbgulatory 51gnals.

' F1nally, another gene whose expre551on 1s regulated R
‘»'throughout ontogeny in DFosophlla produces the enzyme dopa

v

: decarboxylase,» L

Dopa decarboxylase (DDC) 1s a key enzyme, convertlng

tL dopa to dopam1ne, in- the pathway for the productlon of the

'rrsclerotlzlng agent N acetyl dopamlne (Sekerls and Karlson,

f 1966) This. agent 1s used ‘to harden the newly forméd insect.

: 'cutlcle. The appearance of DDC act1v1ty at stages/requ1r1ng
rcutlcle sclerotlzatlon has been stddled 1n CalllﬁhOFa
'(Shaaya and Sekerls -1965) Sarcophaga (Chen and Hodgetts,
3J974),'Aedes-aegyptl (Schlaeger and Fuchs, 1974), and fip

|
|
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Drosophrla melanogast;n (Lunan and M1tchell 1969)i

In DPosophlla, s1x peaks of DDC act1v1ty occur dur1ng

‘in ect ontogeny (Flgure 15, all assoc1ated w1th stages that

requrre cutlcle sclerotlzatlon (Kramlnsky et al 1980 Marsh

and erght 1980) Lunan and Mltchell (1969) first showed

&

that the product1on of DDC act1v1ty is also tlssue spec1f1c,

~as a large portlon -of the enzyme act1v1ty durlng puparlatlon

lfls confined to the larval epldermls. Recently, L1v1ngstone

| expre551on.

and Tempel (1983) have also shown, through -genetic analy51s,

that the DDC gene product 1s 1nvolved 1n the productlon of l
dopamlne 1n adult fly bralns. ThlS suggests that the DDC
proteln may also be spec1f1cally produced ln the Dnosophlla

nervous system. Th1s tlssue spec1f1c1ty and temporal

modulatlon of DDC act1v1ty levels prov1des one- w1th a. model

: system for the study of factors regulatlng thlS gene S .

DDC EXPRESS I ON DUR I NG PUPAR I AT ION

Karlson and Sekerls (1966) showed 1n Calllphora that

the appearance of DDC act1v1ty at puparlatlon was dependent

upon the exposure of the epxdermls to 1ncreased levels of
‘the moultlng hormone 20 OH ecdysone. Fragoulls and Seker1s

(1975a,,1975b) demonstrated that thls 1ncrease 1n DDC

=

act1v1ty at pupar1at1on represented\de novo synthe51s of the

enzyme and could be correlated to the productlon of

translatable DDC mRNA In Drosophlla melanogasten the rlse‘

Y
v

18

t

"1n DDC act1V1ty and the 1ncrease 1n the ecdyster01d titer at -



jFiéu;e‘1:.DDC actjvity.and‘ecdyétefoid tifer profile

' | 'throughout ontogeny in Drosophlla melanogaster.
Thls flgure has been reprlnted from Kramlnsky et
al (1980). The DDC act1v1ty and ecdystero1d titer
measurements are represented by- the open
t:langles and the’ Qpen c1rcles respectively. A
hnitiqf‘ﬁDC actiVity in this figure is defined

- as: one nanomele of_L—dopa decarboxylated/ 20 min

‘assay/lhg protein. .
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vpupariation are.concurrent (see flgure 1) In an-elegant
experiment utilizing the mutant I(3)ecdysoneless 1%,
1solated by Garen et al (1977) Kram1nsky ‘et al (1980)
showed that the appearance of DDC act1v1ty at puparlatxon
also requlres the rise in the hormone 20~ OH ecdysode Upon
adm1n1strat1on of dletary 20- OH ecdysone to thlrd 1nstar
7(3)ecdysoneless 1R, larvae developlng at the restrlctlve
temperature (29° C) accumulatlon of notlceable amounts of
translatable DDC mRNhMoccurs w1th1n two hours. That this
accumulatlon of DDC transcrlpt still occurs in the presence

~ % ,
of proteln synthesis 1nh1b1tors (W C Clark personal
commun1cat10n) suggests that thlS response is s1m11ar to the
early pufflng response of  the salivary gland. polytene

chromosomes to 20-OH ecdysone st1mu1at10n descrlbed by

Ashburner (1974). This early putf response is thought to be -

due to the interactiOniéf the hormone:recéptor complex with -~

spec1f1c transcrlptlon signals on the DNA. The specific
assoc1at10n of ecdysOne receptor complexes with chromosomal
locatlons that produce puffs supports th1s hypothes1s |
(Gronemeyer and Pongs, 1980) .

At all ‘other t1mes during development in
DPOSOphlla melanogaster ‘the hormone- and the DDC act1v1ty
peaks occur, at different tlmes (Kraminsky et al, 1980 :seeh
Figure 1). This suggests that the relat1onsh1p between_the )

moulting hormone, 20 OH ecdysone, and the onset of DDC

: act1v1ty at these stages is dlfferent from that seen during -

puparlatlon.‘More evidence supportlng th}s has recently been

& .



j
providedkhy Estelle (1983), who descrihed‘a DDC actiyity
variant in which'the“DDC expression at pupariationlis'lowef.'v
'than w1ld ~type, while. at all ‘other tlmes the DDC gene is’

. expressed at. a%sllghtly h1gher rate. The phenotype of thlS
‘varlant also’ suggests that at puparlatlon the control of DDC

:‘e\.expre551on dlffers qualltat1Vely from that at® other tlmeS’

“when the gene 1s actlve. ThlS temporal lag between the-
hormone peak and the onset of DDC activity" at these other
stages,‘may reflect\an inter- relat10nsh1p between them

";u51m11ar to that descrlbed for the so called "late pufflng.
response" (Ashburner, 1974). Alternatlvely, some other
reason ‘may account for ;hTs\temporal lag at stages other

;than durlng puparlat}on.L” E . ' |

~The prlmary objectlve of thls thesls was to 1nvest1gate

\
the relatlonshlp between the embryonic ecdxster01d titer

[

'peak and the product1on/of DDC act1v1ty just pn;or to the

ehatchlng of the flrst instar larvae. An attempt

. .’ ) /
1) Are ‘the ecdysteroids detected.during -

////;///;,ﬁQl%O ing questlonsgwwwwwwww
. "‘“ L

_'embryogene51s of a dlfferent tyﬂe than

o - - those at pupariation? o

.
vy

N R - o 2) Is the DDC activity foundeduring.
embryogenesis produced.ftom a different
structdral gene than that at

e

pupariation?
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In response to the first question. the embryon1c ecdysteroids
were analysed u51ng ?LC and HPLC methodology The answer
proved to be negative. In response to the second question
“the embryonlc DDC molecule was comparedfto the puparial J
enzyme by both immunOIogical and genetic criteriar The
answervwasvagain'negative.al ‘ \

| I then considered theipossibility that thelrelationship
between the hormone peak and the expre551on of the DDC gene
‘was 1dent1cal to that at puparlatlon but only appeared to
differ due to the 1nteractlon of other factors causing a
delay in the appearance of DDC act1v1ty. ‘The question: does
the ecdyster01d peak cause 1mmed1ate accumulatlon of an
untranslatable DDC gene trahscr1pt was 1nvestlgated
'Northern gel blot analy51s of the RNA transcrlpt pools from
‘samples collected throughout embryogene51s was carried out
using a DDC clone kindly prov1ded-by Dr. J. lesh This
analy51s showed that the product1on of DDC RNA transcrlpts
did not occur untll Just prior to the onset of DDC activity.
From these analyses it seems that the relatlonshlp between
,the hormone peak and DDC expression during embryogene51s
' d1ffers from %haq seen a pupariation and is more 51m11ar to

/

"the late pufflng response.

o

1 Other 1nterest1ng observatlons were also noted from

- these Northern gel transcrlpt analyses. A transcrlpt spec1es
w1th homology to the probe was dlscovered in- the RNA pools
from oocytes andrpreblastoderm embryos,.and DDC.transcrlpts

of various sizes wére observed in both early and late



embryonic RNA samples.‘ N

The f1na1 part of the thesis deals with the
characterization of the DDC transcripts found at both early
aﬁd late ;mbryogehesis‘and dﬁriﬁéxbﬁhbfiation. The
transcripts werﬁ characterized for léngtﬁ, homblogy to DDC
gene intron probesg, subcéllﬁlar localiiation and'qssdéiatioﬁ
with cellular tranélatfon ﬁachinery. Also fn vitro
translation and specific iﬁmunoprecipitation was undertaken
to further analyse the gene products during embryogenesxs. A
model is presented which attempts to explaln the number and
“relatlonshlp between these DDC  transcripts 1noterms of .
A

maturation from the primary gene transcript to a

translatable form, -
/ N

§95



© 11. MATERIALS AND METHODS
:nyiDPosophlla melanogasten STOCKS
‘ R R
/ : All fly stocks were malntalned on a synthetlc medlum in

.fconstant darkness (Nash and'Bellq 1968). The stra;ns,_

- fl(3)ecdysoneless 1“ (Garen et al 1979) and I(?)Ddc“i

(erght et al v1981) were kept at -20° C A straln 1sogen1c

for’ the second°chromosome of Canton S was used to represent

fanwlld type gn all studles.-

EMBRYO COLLECTIONS e T s A

All embryo collect1ons .were done 1n constant darkness -

(%

at 20 °C. Newly e01051ng fl1es were release&,lnto a [f_-

-_‘plex1glass cage and allowed to feed for a few days on trayS’

3

":of synthetlc food llberally smeared with llve yeast paste._:'

Y

1Embryos were collected oﬁ trays of laylng medlum (1 2%(w/v)
agar,‘ 0%(w/v) sucrose) smeared wlth 11ve yeast paste.
’,Collectlons were 2 hr 1n duratlon, after wh1ch the trays:

Y e

Q’were placed at the approprlate temperature for aglng Sample
ages were t1med frdm the midpoint of the collectlon per1od

; The embryos were harvested at the appropr1ate t1mes by
"Escraplng the yeast paste off the ‘tray and floodlng it w1th
dlstllled water. The eggs vere gently freed from the med1um
“fu51ng a flne ha1r brush 'The embryos were. then collected
1nto Nltex mesh ‘and washed exten51vely with" dlStllled water."

:;The embryos ‘were’ dechorlonated by wash1ng w1th 2. 5%(w/v)

1sod1um hypochlorlte for 90 sec, followed by 70%(v/v

25



” éthanol*'”":fa?Stllle water, and frozen u51ng lquId

_n1trogen. The samples were then stored at -40 C untll B
‘needed
h~oVARYfDissachoNr :

L Canton s v1rg1n females were aged from 2 to 4 days at

25 C. Twenty f1ve flles were anaesthet1zed by coollng on 1ce- ‘

and, 51ng1e fl1es were then dlssected in a drop of 1nsect o

r1nger (o 75%(w/v) Nacl, oﬁ035% w/v) KCl, 0. 021%(w/v) Cac12,r;x;7'

_gphrusm and. Beadle, 1936)- The dlssected ovarles were
~‘transfenred to one ml of .. D 20 tlssue culture medlum _
b‘.(Echal1er and Ohane551an 1970) rgenerously suppl1ed‘by ]
Charlotte~Spencer 1n a 1. 5ml m1crocentr1fuge tube. Thedv
lj‘excess medium was drawn off and the ovarles were frozen
:u51ng llqu1d nltrogen and stored at —40 C untll needed.
ECDYSTEROID ANALYSIS SAMPLE PREPARATION
Radlo1mmunoassays for ecdyster01ds were oerformed ln

o the laboratory of Dr. J. D O Connor (u. C L.A.). on extracts
derived from llve dechorlonated embryo samples homogenlzed _t
fu51ng ‘a motor dr1ven teflon pestle glass tlssue grlnder g
(Bellco) at 0 C in 70% methanol 1x10 3M phenylthlourea at a
tlssue concentratlon of 75mg wet welght/ml The homogenates
’were cleared by centrlfugatlog at 12 000xg for 10 m1n GRS
4°C,, The supernatants were stored at -40 C untll needed For
1dent1f1cat1on and quant1f1cat10n of ecdyster01ds by TLC and

HPLC the samples were homogenlzed at 200mg tlssue wet'

v N . ‘
- L . . . y
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DOPA DECARBOXYLASE A$SAYS

All a“ssays for dopa decarboxylaSe act1v1ty were dﬁne das

7

'-.descr1bed in Clark et al (1978) One unit of act1v1ty

corresponds to the decarboxylatlon of 1 nmole of L dopa per E

=

hr. under standard assay cond1tlons

.PROTEIN DETERMINATIONS

The proteln concentrat1on ‘in crude extracts was

',.estlmated u51ng the procedure of Bradford (1976) or thel-
,procedure of Lowry et al (1951) u51ng ‘BSA ds the standard

~d ;! i -

vIgG AFFINITY CHROMATOGRAPHY

\ The’ ant1body used throughout thlS the51sgwas ralsedvu.
nﬁagalnst puparlal DDC purlfled to homogenelty 1n the
flaboratory of R B Hodgetts._The 1mmuno y globulln fractlon“‘
: of whole rabblt serum was pur1f1ed as descrlbed by Godlng
f(1979) The rabblt sera were dlluted w1th an equal volume oﬁ.

”PBS (20mM sod1um phosphate (pH 7 4)‘ 130mM NaCl), and

L

"applled to a 10ml proteln A Sepharose CL4B column

‘N(PharmaCIa) equ111brated w1th PBS at a. flow rate of 10ml/hr
at 4° 'C. The column was washed exten51vely Wi h PBS at o
20ml/hr flow rate Then the bound IgG was. eluted with 150mM .
‘NaCl 0 58%(v/v) acetlc ac1d The eluate was collected and |
-'d1alysed overnlght agalnst ‘one l1ter of PBS w1th ‘one change.

The d1alysed fract1on was then concentrated u51ng an. Amlcon‘

.-



‘Ultrafiltration,cell'Model‘52 and a ﬁMflO.membrane.i
R TS e
DOUBLE IMMUNODIFFUSION

Double 1mmunod1ffu51on analy51s was performed in‘a
'fresh IDF 1 cell (Cordls Laboratorles) with extracgsﬁat
”tlssue concentratlon of . 100mg wet weight/ml in: 10mM sod1um
”thosphate buffer (pH 7 2) contalnlng 150mM NaCl 2mMiv

d1thlothre1tol 0 13mM pyr1doxal phosphate. Sample wellS’

": were loaded w1th 50ul and the center well was loaded w1th

|- .
15ul of monospec1£1c ant1 DDC ant1body that had been labeled*_,

‘3w1th 125Iod1ne (2 88ug, 0. 223uC1/ug) u51ng the‘

S

‘lactoperoxldase method (Dav1d and Re1sfeld 1974) by the

Edmonton Rad10pharmaceut1cal Center. The plate was developed
‘0

-}for 24hr at 20 C The agarose dlsc was then removed from the

"_fplate and 1ncubated in a wash solut1on conta1n1ng 200mM NaCl

i and 0. 1%(v/v) Trlton x- 100 for 24hr at 20 C, then stainegd ;;'
| 'w1th Cooma551e br1llant blue R- 250 (0 05% w/v) _ 1n-10%(‘ -
”acetlc acid and 25%(v/v) 1sopropanol Destazngng was | -
accompllshed with' 7%(v/v) acet1c ac1d The dlSC was then p'“'

'vacuum drled to ' 3MM Whatman chromatography paper and

- autoradlographed at -40 C.
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RETICULOCYTE LYSATE PRODUCTION zfq_?j\-”r,

‘ . Young male Dutch belted rabblts were used for
51retrculocyte lysate productlon. The rabblts were made anemlc
by subcutanequs 1nject10n of a neutrallzed 1%(w/v) aqueous
'solutlon of phenylhydra21ne hydrochlor1de at a dose of

h1 ml/Kg welght. They were 1njected for 5 consecutlve days.
'wThe blood wa;Qp
_lthe schedulef;The blood was heparlnlzed durlng collectlon to

4
prevent clottlng The red cells were then washed 4 tlmes

"w1th sallne (130mM NaCl 5mM KCl 7. 5mM MgCl ) and collected{}’-

- by centrm&ugatlon at 480xg for 2 mln. o .

The cells were lysed by the addltlon ‘of 1. 5 volumes ofil
"1ce cold dlstllled delon1zed water and cellular debrls was
vkpelleted by centr1fugat1on at 30, OOOxg for 15 min at’ 4 C

liﬂThe supernatant was alﬂﬁuoted and frozen w1th llqu1d
.onltrogen tth stored untll needed at. —70 C. |

oF

B Messenger "RNA dependant lysate was produced exactly as
‘_stated in Pelham and Jackson (1976) Wh1le thaw1ng the Tkl,
1lysate 1t ~was made 50ug/ml for creatxne k1nase and 25uM for
"haemln u51ng stock solutlons of 5mg/ml creatlne klnase 1n
'50%(v/v) glycerol and 1mM haemln in 90%(v/v) ethylene' |
‘glycol 20mM Tris- HCl (pH 8.2 at 30 °c), SQmM KC1. To.dlgest.f
.”endogenou5~mRNA this lysate waS-brought toHLmM CaClz-and i
T1Oug/ml m1crococcal nuclease u51ng stock solut1ons of 0.1M

_CaClz and 1mg/ml nuclease (dlssolved 1n d1st111ed Water and.v'

‘stored at —40 C) The mlxture was’ then 1ncubated for 7 to 10

ollected via heart puncture on, the 7th day of ;f

g

m1n at room temperature for dlgestlon,‘then made 2mM EGTA



£ e a 0 M stock whlch had been neutrallzed w1th KOH ThlS
*,lysate was«then treated w1th fresh aqueous dllsopropyl—‘i‘/

fluorophosphate to a f1nal concentratlon of 1. 6mM to reduce

o endogenous proteolytlc actlvlty ThlS treatment had noyf

“_'fapparent effect on lysate translatablllty The lysate was
B then d1v1ded 1nto small allquots,vfrozen usxng 11qu1d :
’ "
~n1trogen, and stored at —70~C.

“'RNA EXTRACTION | | L
RNA was’ extracted followzhg the method of- Sp:ad11ng et
llal (1975) w1th some modlflcatlon. All glassware and plpettes”

fwere dry heat treated at 170 C. for at least three hours

A. before use. The samples were homogenlzed on 1ce 1n RNA

'Textrectlon buffer u51ng a. motor dr1ven teflon pestle 1n ‘a’

_'XWheaton glass homogenlzer at a: tlssue concentrat1on of 1: 20//,’h

w/v) or’ less. The’ homogenates were made in 30mM Trls HCl B
/f(f1nal pH 7. 5 at 4 C) conta1n1ng 100mM NaCl SmM KCl 10mM
‘.‘Mgsoa, 5mM dlthlothreltol,,4mM EGTA §m/~NEM 0.5%(v/v) m:
2~mercaptoethanol 0. 5%(v/¢7 Nonldet p- 40 25ug/ml polyv1nylv
_sulfate,_35ug/m1 spermlne. Sodlum dodecyl sulfate was added
Cafter homogenlzatlon to a flnal concentration of 1%(w/vf
The homogenate was extracted twice with’ buffer saturated »
phenol,chloroform.1soamylvalcohol.(25.24.1);and.tw1ce.w;th

_chloroform:isoamyl alcohol (24:1). If necessary the first
“ﬂjphenol interphasejwasfrefextractediwfth,additional‘RNA'
extraction}bufferrffhe ﬁnA was precipftated’from'the,final

taqueouS”phaSe by the addition of '2.5 volumes off95%(§/v) L
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. ethanol and storage at —40 C. ThlS ylelded a mlxture of

7hnuclear and cytoplasmlc RNA If cytoplasmlc RNA was de51red i

"the 1n1t1al extract was cleared of the nucle1 and cellular

v"debr1s by centrlfugatlon'at 12 OOOxg for 10 m1n The
L supernatant was. then extracted as above after the addltlon‘
fof SDS | | | |
. ‘OLIGO—dT CHROMATOGRAPHY | '
“The ol1go deoxythym1d1late chromatography was as ‘v
;{descrlbed by Av1v and Leder (1972) w1th m1nor mod1f1cat1on.
’«The ollgo dT cellulose (type 7 P L B1ochem1cals) vas -
jequ;lrbrated in appllcatlon buffer (10mM Trls HCl (pH 7. 5 at
"d22°C): 406mM NaCl 0. 5%(w/v) SDS)Z A small column was poured
i1nto a. heat treated pasteur plpette, packed and equ111brated:
-at- 10ml/hr u51ng appllcatlon buffer. The RNA to be |
vfchromatographed was dlssolved 1n elutlon buffer T; )
-(10mM Tris- Hgl\igﬂ\? .5 at 22°C), 0 05%(w/v) SDS) followed bj‘

fthe add1tlon of more NaCl and sps to make appl1catlon ";gaf

- buffer After the RNA was applled the column was washed

‘*fwlth app11cat10n buffer When the . absorbance (254nm) of the»

wash reached basellne, the poly(A) mRNA was washed from the
: column w1th elutlon buffer The fract1on conta1n1ng poly(A)_
~ RNA was collected ‘and prec1p1tated at —40 c’ by the addltlon
of sodlum acetate to a f1nal concentrat1on of ZOOmM and 2 5

_volumes of 95%(v/v) ethanol
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- NORTHERN ANALYSIS OF RNA

J%*Rﬁh'ElectropQEresls | « ‘
’ RNA - samples were electrophoresed on: formaldehyde V
,.7agarose gels as descrlbed)by Chung et al (1981) w1th some :
Imodlflcatlon All operatlons w1th these_gels were carrled _
out in a fume hood The resolutlon of the orlglnal ‘ |
v;horlzontal submarlne gel system was 1mproved by utlllzatlon\
- of a comblned horlzontal.vertlcal (H V) gel system. A‘v‘f"h
SOlUtlQn of 1. 35% to 1.5%(w/v)" agarose 1n 'RNA _‘ ,.‘
r‘electrOphores1s buffer(20mM Sodlum borate pHS8. 3 0.1mM.EDTA,v
.ior 20mM EEPS pH8 0r,. -10mM Na acetate, 0. 1mM EDTA) was“melted"
4\and cooled to 60° c and formaldehyde was added to 10% v/v)
from a 37%(w/w) stock SOlUthﬂ. A 3mm thick gel was then V
'cast 1n a hor1zontal p051t10n, between one notched and one |
rfrosted glass plate sealed w1th masklng tape completely
.- around the perlmeter The slot comb was 1nserted |
lperpendlcularly to make sample slots for horlzontal phase
electrophore51s. ?‘\rh ST R
“ The RNA samples to be electrophoresed were prec1p1tated
b‘then d1ssolved in d15t1lled delonlzed water at a-
concentratlon of 1mg/ml A 2ul allquot of each RNA sample
was- added to a denaturatlon solutlon of 50%(v/v) formam1de,v'

30%(v/v) st k formaldehyde 37%(w/w ; 20mM sodlum borate

"pH 8.3, 0. 1mM EDTA to glve a final volume of 20ul then B

heated : at 65 c for 2 to 5 min, After coollng 2ul of 50%(v/v)

7_‘glycerol contalnlng 0. 15%(w/v) BPB and 0. LS%(w/v) xylene

: cyanol was added to- each sample The.masklngltape was thenh_r
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removed from sample slot area and its opp051te edge to allow

-contact w1th the electrophore51s w1cks. The gel was placed

in a. horlzontal electrophore51s apparatus and 3MM Whatman

w1cks soaked in ‘RNA electrophores1s buffer plus Yormaldehyde

,(10%v/v) were p051t10ned to ensure good contact. The samples

were loaded and electrophoresed toward the anode at 90mA'

constant . current for about 30 min. The gel was then
. '
transferred out of the horlzontal un1t 1nto a vertlcal

\

apparatus. This mode of electrophore51s allows samples to -

-Tmlgrate more. eff1c1ently w1th lower gel temperatures Once‘

the.transfer was . complete~the electrophore51s~was continued

toward the anode. at a constant current of 45 mA. The buffer,,

durlng ‘these runs’ (usually 17 to 20 hr) was constantly

'rec1rculated between the upper and lower tanks at 200 ml/hr._

This av01ded 1on deplet1on which 1n1t1ally was a problem 1n

runs of th1s length

,<< After the run was completed the slots contalnlng TRNA

,51ze markers were- cut from t he gel and stalned in a fresh

solutlon of 200mM ammonlum a etate contalnlng 0. Sug/ml

/

Heth1d1um bromlde for- approxlmately 2 hr with gentle shak1ng

The gel- sllces were then washed for 30 min in 200mM ammon1um
acetate and the RNA v1suallzed u51ng,a long‘wave uv llght

transilluminator (UIfra-violet Products Inc, San Gabriel,

" CA).
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Northern Blotting = & RN

RNA was transferred from agarose formaldehyde gels to'

- n1trocellulose paper by blottlng in a hlgh salt solutlon

. (Thomas; 1980). The formaldehyde gel was placed on a wick of

E 3MM Whatman paper saturated in 10xSSC (1 SMlNaCl 0.15M

sodium c1trate) that extended into a reserv01r of the same.

K

The gel was overlald w1th a sheet of n1trocellulose that: ‘had

been wetted w1th water ‘and then equ111brated w1th 10xSSC.

\The n1trocellulose was overlald w1th 10 sheets of 3MM
>Whatman soaked in 10xSSC, and then a welghted stack of dry

vpaper ‘towels. The gel was blotted for 12 to 18 hr. The

nltrocellulose was removed from the gel the pos1tlons of

/
‘ the rRNA standards marked, and the blot was then baked for a

m1n1mum of 2 hr 1n a vacuum oven at 80°cC.

o .

Hybridizations
Nickjtranslated’DNA probes were.hybridiZed to RNA

immobilized on nitrocellulose as described'by Thomas (1980).

- The baked n1trocellulose f1lters were prehybr1d1zed at 42°c

for a minimum of 4. hr in 5 to 20ml)gf\a solution conta1n1ng‘

h50%(v/v) formam1de, 5xSSC, 40mM sqdlum phosphate buffer (pH
'6.5) sonlcated and denatured salmon or herrlng sperm DNA at

.250ug/ml, and 0. 02%(w7v) each of BSa, Flcoll and

RN

polyv1nylpyrr011done.(1x Denhardt's)
The hybr1d1zat10n took place in 10 to 20ml of the same
buffer or 4 parts buffer plus 1 part 50%(w/v) dextran

sulfate (M. w 5 x 105,‘s;gma) The nick- translated probes
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‘were deuatured by dilution intd hybridi%ation bufferfminusl
.dextran sulfatefand incubation in a boilind watertbath forv2
‘min. The probe was cooled te the‘hybridrzation'temperature
andladded to the hybridizatidn bag. TWenty to sixty million
cpm of fresh radipactive probe (ep act. approx. 3x108cpm/ug)
- was used for every blot hybrldlzatlon. The hybr1dlzat10ns
were carrled out at 42 C in a water bath w1th gentle shaklng
for i2 to 48 hr. | |
The blots were washed tw1ce in 250m1 of a solution of

2xSSC, 0.1%(w/y) SDS for 5 min each‘at r00m temperature, and
twice in 0. 1xS§C 0. 1%(w/v) SDS for 15 min each at 50° C The

m01st blots were wrapped 1n Saran wrap prlor to

,autoradlography. C

Autoradiography
Hybr1d1zed RNA blots were exposed to Kodak XAR 5 film
in x-ray cassettes (Plcker) mounted with Cronex 1ntenszfy1ng
screens (Dupont) at -70°C. After sufficient exposurg the
f11m was developed manually u51ng Kodak X-ray developer and
.Kodak Rapld Fixer or suitable equlvalent follow1ng the

oy

manufacturer s 1nstruct1onf;///(///
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SUCROSE GRADIENT RNA FRACTIONATION
Poly(A) RNA was size. fractlonated on sucrose grad*ents
follow1ng the procedure of Anderson and Lengyel 1979) w1th
‘some modlflcatlon. L1near 15% 30%(w/v) sucrose gradlents o
were poured into n1trocellulose SW 40 rotor tubes (Beckman)
| The sucrose solutlons vere made in 5mM Trls HCl (pH? 5 at
122° C) conta1n1ng 100mM NaCl 1mM EDTA, u51ng a 10x stock

'solutLon whlch had been treated w1th DEPC to 0. 1%(v/v) and

» autoclaved After sucrose dlssolutlon, .SDS -was then added to

a final concentration of 0.5%(w/v) us1ng a 10%(w/v). stock
solution, The grad1ents were equ111b1ated at room o
_temperature for 1 hr to allow settllng of - dlscontlnultles.
The RNA to. B/Ifractlonated was prec1p1tated and o
’diSsolved in 5mM Trls—HCI (pH7'5) containing 1mM'EDTA andii v
0.5%(w/v) SDS. The RNA was heated to 60°C for 1 min, qulckly
jcooled to room temperature and layered onto the gradlents.
'The grad1ents were centrlfuged at 40 000 rpm for 7.5 hr at
220, |
L Each gradient was fract1onated by bottom dlsplacement'
"1nto O 4ml allquots u51ng an ISCO Den51ty Gradlent o
Fractlonator Model 640 The RNA from each fract1on was then'
\prec1p1tated overnlght at -40 C by the addition of 40ul of a
solution conta1n1ng 1. 25M sodlum acetate and 1 25M ammonlum
acetate and T.1ml of 95%(v/v) ethanol ‘The RNA was collected
by centrifugat1on at 12 ,000xg for 60 m1n at Odé The
ksupernatant was asplrated and the pellet dlssolved in. 300ul

of dlstllled delonlzed water. The RNA was precipitated agaln
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by adding 30ul of 2.0M Na acetate and 850ul of 95%(v/v)

_ethanol,

RNA DOT BLOTS
e RNA samples froﬁAsucrose éradient fractions Qerebdot
blotted on nitrdcellulose eéuilibrated in 2OXSSC using a
Tyler Research dot blot apparatus followlng the\procedure
'descrlbed by Thomas (1980). Flfty ul of 20xSscC was dlspensed
1nto each sample well and up to’ Zug o{ RNA was added A
vacuum was applied for 5 m1n to.draw the l1qu1d through the
nitrocellulose membrane. The paper was then baked for 2 hr
at 80°C in a ‘vacuum oven. The baked dot blots were -
hybrldlzed follow1ng the- procedure used for northern gel

1

blots.

" In Vitro TRANSLATION

T‘A,tYpica1~translation reaction oontained 60%(v/v)
'messenger dependantflysate,'JOmM HEPES-KOH (pH7,7),'100mM
' potassium chloride, 0.5mM magnesium acetate, 10mM
_oreatine'pnosphateL 25uﬁ.of.each amino acid (excluding
methionine); 250uCi/m1_355;methionine (1000-1300 Ci/mmole, .

meCi/ml),'andzpolykA) mRNA at 25ug/ml. All reactions were
,éarried out at 37°C..Protein synthesis'was terminated by the
addltlon of 1 volume of NETE buffer (50mMTris- ~HC1 (pH 7. 5 at
4°Cc), 150mM NaCl, 5mM EDTA,‘5mM Eq@A)‘plus 0.5%(w/v) Trlton

X-100.



- IMMUNOPRECIPITATIONS G

‘supernatant was ther incubated with the anti—DDC‘

monospécific antibodyAIgG for up‘to 12 hr on ice. The

38

Incorporation of 3SS-methionine-into translation‘
products vas éhtermzned using the procedure of Mans and
Nove111 (1961). Samples of the lysate were spotted«onto
squares (lcm) of Whatman 3MM paper, and“placed in45%(w/v)
TCA in a boiling water bath for 10 min. The samples were
then rinsed in cold 5%(w/v) TCA for 10 min, in>95%(v/v)
ethanol for 2 min, in ether for 2 min, and then allowed to
air dry. The filters were then immersed in' 5 ml of Aquasol-2
(New England Nuclear) and the radioadtivity determined in a

Beckman LS-7500 liquid scintillation spectrometer.

<

Translation samples to ‘be immung itated were first

incubated with various amounts of hete Meous rabbit
preimmune‘IgG on iceﬁﬁmﬁﬁs was done to reduce the’amodnt of -
non- specific binding to the anti- DDC '1gG. This prelmmune IgG -

was removed usxng fresh Staphylococcus aureus ghosts,

prepared as described by Kessler (1976). The resultlng

1

antigen: antlbody complexes vere removed by mild
centrlfugatlon fOllOWlng 1ncubat10n wlthas aureus ghosts
for 30 min on ice. The pellet was washed three t1mes using
NETE + 0. 05%(v/v) NP- 40 and finally resuspended in SDS

reducing buffer then heated to 65 C for 5 to 10 min. The

cellular debris was pelleted by centrlfugatlon at 12, 000xg

for 10 min and the supernatant was subsequently analysed



using SDS-PAGE. %
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SDS POLYACRYLAMIDE GEL ELECTROPHORESIS e i

@ o - - ¢
~ ’ .

’~~/fRad10act1ve proteln samples were analysed on SDS

-polyacrylamlde slab gels u51ng the dlscontlnuous buffer'

3>System of Laemm11 (1970)‘w1th the mod1f1cat10ns of KlkUChl‘

-

TjFLUOROGRAPHY :

aﬂmethod of Chamberlaln (1979) Gels to be fluorographed were *,

,Li
and King (1975).
Gl %5

T — e

SDS slab gels were prepared for fluorography u51ng the

flxed 1n 10%(v/v) acetlc ac1d for 1 hr then washed w1th’a3

- minimum’ of 20 volumes of d1st111ed water for 30 m1n to_ﬁ

| reduce ac1d1ty The gel wa@ flnally soaked in 1 OM sodlumvv

'sallcylate for 30 mln\V1th moderate shaklng and then dr1ed

\& :

"_onto Whatman 3MM paper us1ng a vacuum gel drler. These gels

l'HYBRID*ARRESTED TRANSLATION JL’,

'were then exposed to X- Ray £ilm (XRP 1, XAR 5) at -70° C.‘e'

.»/

A cloned DNA fragment contalnlnggDDC structural gene

*vsequences klndly prov1ded by Dr.ﬂJ lesh (lesh and .

D avxdson, 1981) was tested for DDC mRNA homology u51ng thei

Ay

,methods of Evans and Rosenfeld (1979) wlth mod1f1cat10n. The

. DNA samples to be tested were flrst denadured in 20mM |

'HEPES KOH (pH 7.3} conta1n1ng 300mM KCl by 1ncubatlon 1n a

. Jb0111ng water bath for 2 mln. Four mlcrograms of mRNA from .

39 -

5

»

fractlonqzz_(Elgure 10)’was added to g1ve a-flnal,volume oft
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'electrophore51s.

: 1z, OOOxg #8

40

20ul then 1ncubated at 70/Q for 50 mln. "After the -

z

1ncubat10n the samples were frozen Wlth l1qu1d nltrogen

& -

;thawed,(and 55ul of a. pota551um adjusted translatlon mlxture
were added ThlS was/done to glve a flnal pota551um‘ f

\concentratlon of approxlmatéiy 100 mM ThlS was 1ncubated at

37 C for 90 min, then dlluted w1th 1 volume of NETE plus

0. 5%(v/v) Trlton X- 100 -and 1mmunoprec1p1tated The

freSUltant samples were analysed by SDS polyadrylamlde gel

. | B

‘o

POLYSOME ISOLATION-:
Polysomal analysis of embryo samples was carrled out

accord1ng to the methods of McKenz1e et al (1975) w1th mxnor"'

‘umodlflcatlon lee embryo samples were homogenlzed by hand
“in a teflon pestle glass tlssue gr1nder (Bellco) at a tlssue-‘

iconcentratlon of 150mg/ml The polySome extractlon buffer

con51sted of 50mM gEPES KOH (pH 7 4) contalnlng 250mM KCl

10mM MgClz,425mM;_GTA, 0. Smg/ml heparln, 0 1%(v/v)

'carbonate,g1%(v/v) Nonldet p- 40, 0. 25M sucrose,'

) i

diefhylp?,

and 0.1 volume of rat 11ver;§ﬁpernatant prepared as.

'vdescrlbed by Blobel and Potter (1966) The extract ‘'was

;e’cleared of cellylar debrls anﬁ nucle1 by centr1fugat1on at

10 mln at 4° C The supernatant was, then loaded
1‘,@, Y
onto a 13ml 0. 5M to 1.5M linear sucrose gradlent made in the

: same buffer mlnus NP 40 ‘The gradlents vere. centr1fuged at

38,000 rpm fpr,4uhr at s°c us1ngva>SW740 rotor-(Beckman).

/ . - K .

o e . R .
/ . . . =
/ : . : . .
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The grad1ents were fractlonated by bottom dlsplacement
: usfno an ISCO Den51ty Gradlent Fractlonator Model 640 The R
absorbance proflle was also mon1tored u51ng an ISCO UA— )
Ultrav1olet Analyzer at 254nm. The resultant fractlons were .
d1luted w1th 1 volume of RNA extractlon buffer then made ,J
J%(w/v) SDS and frozen at -40° C untll phenol extractlons
could be done. The poly(A) mRNA was 1solated from each

s

fract1on as prev1ously descrlbed

. BACTERIAL GROWTH MEDIUM 2 “f SRS R e
| The medlum used to grow all stra1ns harbourlno plasmlds
was Luria broth plus thymlne (LT) ThlS contalned per llter.‘
’12 Og Bacto Tryptone,v10 0g. NaCl 5 Og Bacto Yeast extract
1.0g dextrose,,and 50mg thymlne. SOlld complete was LT
‘.wconta1n1ng 12.0q Bacto Agar. All bacter1al sta1ns (HB101)
’-‘used for plasmld preparat1%n were grown in LT broth
contalnlng 100mg/L amp1c1111n for pBR322 derlved plasmlds,
or 125mg/L spect1nomyc1n for. pACYC184 derlved plasm1ds.
These ant1b10t1cs were added after the medlum was autoclaveg
and cooled to at least 50 C - | -
' PLASMID ISOLATION A T Lol N
Bacterlal plasmldlDNA was. purlfled on a. - \;,/
ce31um chlorlde- ethrdxumgﬁé;mlde dens1€w%g:;d1ent follow1ng '
the method of Tbompson e% B (1974) w1th modlflcatlons.‘A"

500 %1 saturated culdure ‘was harvested and lysed as

'7§?;‘descr1bed.w1th the lysozyme treatment increased to»5~mjnl,' A

 CoTorioee ik 1 frtotrme redtam dnotenped fr Smter



10 m1n. The prec1p1tate was dlssolvf

jrotary shaker for 1 hr at room t,;

gThe cleared lysate was made to 25M NaCl by the addition*of*

1 volume of a 2.5M stock and 1ncubated on ice for 1 hr.-Theh_

vlysate was spun at 30 000xg for 10 min to pellet the hlgh
;moleculazrwelght DNA The supernatant was collected and the.ﬂ
. DNA was prec1p1tated by the add1t1on of 0 54 volumes of

'1sopropanol and 1ncubat10n at -70 °C for 1 hr ?he‘

prec1p1tate was collected by centrlfugatlon at 12 000xg for-

;»x;n_7ml of TE u51ng a

Le. The undlssolved

'maggrlal wa's pelleted by centrlfugatlon at 12 000xg for 10

m1n. One gram of CsCl was then dlssolved for every ml of

supernatant and flnally 0 8m1 of an eth1d1um bromlde stock -

”‘_solut1on (10mg/ml) was added for every 10ml of supernatant.

'The s mplgs were loaded 1nto a VT165 rotor (Beckman) and

Bd at 50 000 rpm for a m1n1mum of 6 hr.'

A N 1llum1nator. A syrlnge was used to puncture the tube‘v

" T

thdraw the plasmld DNA The eth1d1um bromlde was

v'partltloned from the DNA by m1x1ng the aqueous solutlon w1th

VA

,;an equal volume of water saturated n- butanol Th1s was

i

gt

repeated untll no. eth1d1um i the aqueOUj/phase/was : SR
apparent The DNA samples were flnally a alysed overnlght 1nf

1L of TE w1th one change at 4 C.‘
Durlng the late stages of this work the procedure of
Holmes and Qu1gley (1981) was used to prepare the sample

pr1or to CsCl centr1fugat1on. The bacter1al pellet from

3

'500ml of culture was washed w1th 100ml of STE buffer (0

i
LA

anded plasmld DNA was v1suallzed u51ng a long wavej
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’NaCl 10mM Trls HCl pH 8 0, 1mM EDTA) v1a ceﬂ@?nfugatlon at
74Q90xg for 10 m1n then resuspended 1n 10ml of the'same y“
‘rbuffer. Approxlmately 10~ 20mg of . lyophlllzed lysozyme was -
| dlssolved and the mlxture was 1ncubated at room temperature‘fg
for 5-m1n. ThlS solutlon,lln a 50ml Erlenmeyer flask, é;,@“
vheabed over’ a bunsen burner untll the 11qu1d jUSt started todg
boil then 1mmedwately transferred to a b0111ng water bath :
bfor a duratlon of 40 sec. The flask vas then cooled 1n an‘

s

ice: wateg bath for 5 m1n. The contents were. flnally
yCentrlfuged in a SW40 rotor at 25, 000 rpm for 30 min at a°c,
The result1ng supernatant was. prepared for den51ty gradlent

centrlfugatlon ‘as descrlbed above.

" DNA RESTRICTION ‘ o Pe
| Spec1f1c DNA fragments were excgsed from plasmld veftor,“
DNA u51ng sequence spec1f1c restr1ct€6n enzyme cleavage |
(Cohenvet al, 1973) Reactlons were garrled ‘out . follow1ng’>-

;_the restrlctlon enzyme manufacturer s . spec1f1cat10ns.

’~vRestr1ct10ns were 1ncubated at 37°C for 2 to 4 hr after: .
T‘whlch Sul of,a dye solutlon (50%(v/v)-glycerol 15%(w/v)vh

ff BPB and 0 15%(w/v) xylene cyanol) was added The samples'
‘”were either electrophoresed 1mmed1ately or frozen at —40 C.

for later use.
. L :

Lo
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| DNA AGAROSE GEL ELECTROPHORESIS _, T.p' S =;"5, ‘"'
v | Restr1ct1on enzyme dlgests were analysed by agarose geld
: felectrophore51s (Cohen et al 1973' Thomas and DaV1s,‘1975)

‘A solutlon of 1% w/v) agarose (S1gma type II, medlum EEO) in .

”TAE (SOmM Tr1s acetate pH 8. 3, 2mM EDTA(Na) ) was melted and
l“cast in a horlzontal slab gel electrophore51s apparatus
(Tyler Research Corp). Analyt1cal gels were cast w1th 13
.slot5° preparatlve gels with a- comb contalnlng 2 large slots
and 1 reference slot; The DNA was v1sua11zed on)a long wave
uv tran51llum1nator after stalnlng the gels w1th a solut1on o
\\contalnlng 0 5ug/m1 eth1d1um brom1de for 30 mln.,Photographsr
were taken using. a Polar01d MP4 camera w1th Polaroid type 57v
»f11m and a Kodak Wratten #9 gelatln f11ter.
‘NICK TRANSLATION e

Rad1oact1v1ty was'1ncorporated lnto pur1f1ed DNA as

desorlbed byrpaylsret_al (1977) w}th somegmodlfrcatlons.
'Reaotions of‘50ul,final'volume contained 1ug DNAi-SOmM, ’
" Tris-HC1 (pH 7.2), 10mM Mgso,,,"o imM DTT, 50ug/ml BSA -
f(nucleasebfree) 10.02mM dATP, dGTP TR, 0. 107uM 32p- dcTe
(3000 Ci/mmole, 10 mC1/ml in Tr1c1ne, New England Nuclear)
'10 units of E. c011 DNA polymerase I.-and 0. 25ng activated
'calf thymus DNase Eﬁ The reactlon was carrled out at 14° C
for 3 hr. then stopped by the addltlon of 1 volume of - stop
.hsolut1on.(20mM EDTA, 2mg/ml-son1cated calf thymus DNA and
0 2%(w/v) SDS). A 2ul sample of a 0. 15%(w/v) solutlon of BPB

~ was then ‘added to the reaction. Th1s was loaded onto a 2m1



45 .

vSephadex G- 50 pasteur p1pette column equ111brated w1th TE.
hThe_column eluate was collected in 1 ml fractlons untll the
EPBdwas ev1dent Spec1f1c actlv1ty of the rad10act1ve 'DNA
"‘wasideterm1ned by countlng ah al1quot of each fractlon 1n:'ut

. 5ml of distilled water in a Beckman LS7500 11qu1d

7sc1ntlllat10n spectrophotometer.

‘DNA RESTRI CT I ON FRAGMENT "ISOLAT I ON

DNA restrlctlon fragments were pur1f1ed from agarose
:gels by electroelutlon or phenol extraction.

Restrlctlon fragments to be purlfled by'electroelutfonjﬁ
nere electrophoresed 1n a 1%(w/v) agarose gel with
preparat1ve slots as descrlbed earller. The spec1f1c.
‘fragment was. cut from the gel ﬁ1th a. m1n1mum of agarose. The
sllce was then cut 1nto pleces and dlspensed 1nto the bottom
half of a 51lan1zed 10ml glass plpette, which had been |
voutf1tt¢d w1th a 51lanlzed glass wool’ plug A d1alys1s bag
was - then attathed to the bottom end of the plpette and’
vcllpped securely. Care was taken to 1nsure no . a1r remalned
“trapped fn the plpette between the agarose and ‘the d1a1y51s
bag The agarose was then stopped 1n the plpette w1th
: another 51lan1zed glass wool plug. The plpette'was submerged
in a horlzontal electrophores1s apparatus filled w1th TAE
buffer and electrophoresed<w1th the d1aly51s bag to the

anode using a. constant current of SOmA overnight, The sample

was thqp retrleved from ‘the d1aly51s membrane

//

of buffer and prec1p1tated by add1ng sodlum acetate to 200mM

m1n1mum o




]
'and 2. 5 volumes of 95% (v/v) ethanol
The method of Welslander (1979) was used to recover DNA;:
. "restriction fragments from low gell1ng temperature agarose‘"v
gels..A ‘solution. of 1%(w/v) low gell1ng temperature |
. agarose(S1gma, type VII) in TAE buffer was - melted and cast
K\1nto a hor1zonta1 slab’ gel electrophores1s apparatus u51ng a
, preparatlve slot comb. The 'gel was allowed to set at 4 C...
"The resttlcted -DNA - samples were electrophoresed at room
'temperature until the: de51red band- was. resolved The E
'restrlctlon fragment was then cut from the gel w1th a
m;n1mum of agarose The agarose gel sllce was put 1nto a.
silanized Corex glass centrlfuge tube w1th 5 to 10ml of ' TE

'buffer and then heated to 65 c untll the agarose had

_completely melted Th1s ‘was extracted tw1ce w1th 1 volume of

'_7 water saturated phenol and tW1ce w1th 1 volume of

chloroform 1soamyl alcohol (24 1) The volume of the flnal
Aaqueous phase was reduced 1f necesSary, by m1x1ng w1th an
. Jt‘*

equal volume Of secondary butanol untll the DNA could be

’ f1nally prec1p1tated as prev1ously descrlbed..



I11. RESULTS S

iEDDC ACTIVITY AND ECDYSTEROID TITER DURING EMBRYOGENESIS

“To- begln the 1nvestlgatlon ‘both the DDC act1v1ty and
ecdyster01d titer were ascertalned during embryogene51s in’
DPOSOphIJa melanogaster All ecdyster01d RIA analysis’ was
klndly ‘done" by Dr. J. D. O Connor at U C. L A Flgure 2
'presents the data for the w1ld type straln Canton-S
.‘malntalned at 25° C. The ecdyster01d titer. peaks at 10 hr of
. development DDC act1v1ty on the other thand reaches a
maximum ]USt prlor to,-o: during theoflrst.larval hatch,

, N t ,

"which'oeCUrs approximately 22 hr after egg deposition.AThus

- thlS demonstrates that there is a temporal lag between the

‘ecdyster01d t1ter and DDC act1v1ty peaks of approxlmately

‘ 12 hr at thlS temperature..
{

/,

THE EFFECT OF THE 7(3)ecdysoneless 1“ MUTATION DURING
EMBYROGENESIS ,

The’temperatdre sensitive lethal mutation
l(3)ecdysoneless 17 was Shown to eliminate the puparial
peak of 20-OH ecdysone when mutant larvae are raised at the
restrictive temperature»of 29°C (Garen et al, 1977). |
Kraminsky et al (1980) used this mutant to demonstrate that
the rise,In DbC'activity.during pupa;%atidnbreduired a prior
" increase in 20-OH ecdysone titer. Since I'was_interested'in
the :elatibnship between echSteroids and‘the‘expression of -
DDC activity duringvembrngenesis-the effect of the

1(3)ecdysoneless-1'* mutation at this stage was

o 47



Flgure 2: Survey of DDC activity and ecdyster01d titer
;durlng embyrogenesis at. 25°C.
Canton-S w1ld—typ§ éhbryos\were tollééted'ahd
- allowed to\develop at 25°C, théh assayed for DDC
actiyity using thegﬁethod of Clark et al (1978).
The graph valﬁes fér.DDQ activity represent the
'average.of two Sééaréte'detefﬁinations. The
,:\ecdyster01d titer determlnatlons were carrled out
_on samples prepared as descrlbed in the Materyals
and Methods by Dr J D. O Connor (U C‘L A.). The
time of the flrst instar larval hatch is
1nd1cated by the downward arrow in the upper.

rlght corner.
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Eiéu;e 3: Canton-S and I(3)ecdysoneless 1t DDC act1v1ty
| and ecdyster01d t1ter measurements during
embryogene51s at 20 C. |
Embyros from both Canton- S -and _
“1(3)ecdysoneless—1“ strains we;e eollected and
allowed ;o,aevelop at'%P°C and then assayed for
DDC activity or ecdystereid tifer as in Figure 2.
* The time of the first instar larval hatch is
indicated by the downward arrow in/ihefuéper
‘right'eorner. o

-
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Figure 4: Canton-‘s“and I(3)é¢dysone)es§-—1" DDC activity
and ecdyster01d tlter measurements durlng
embryogene51s at 29°C.

Embryos from both‘Canton-S and
1(3)ecaysonéle55-1" strains were collected at h
. 20° C then allowed to}develop at 29 C. DDC
act1v1ty and ecdysterozd t1ter measurements vere
again done as in Flgure 2. The haﬁchlng time of

Y
"the first larval instar is 1nd1cated by the

“ _downward arrow,
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: inveStigated It 'was hoped that thlS mutant could be used as"
ca tool in- analy51ng the regulatlon of DDC gene expre551on at,’

G

vth1s stage,,v SR E 7" _nl‘;ﬁ . .'?;f

Flgure 3. shows the embryonlc ecdyster01d t1~f.'ﬂ‘”
‘ SNV 4 LL‘\",
act1v1ty measurements of the Canton -S w1ld type~;i~y“‘

1)

the I(3)ecdysoneless-1"}straln ma1nta1ned at 20 C ThlS
&3
: demonstrates that at the perm1551ve temperature the two

(3

stralns are 1ndlst1ngu1shable.

' Any effecta that ecd1 mlght exh1b1t dur1ng

wembryogene51s at the restrlctlve temperature were 37;‘2
/ 1nvest&?ateQJUS1ng embryos collected at 20 C for 2 hr, then
rjlncubated at 29 "C for the de51red perlod ThlS method of

ﬁcollectlon was necessary because 7(3)écdysoneless 1“,*
_females are sterlle when ma1nta1ned at- 29 C (Garen et

nal 1977) Flgure 4 demo“strates that even at the

restrlctlve temperature both stra1ns are 51m11ar.~From ‘this =

analysls 1t seems that the I(3)ecdysoneless—1'f mutat1on has

N

‘no apparent effect on ithet the embryonlc ecdystero1d
‘vaccumulatlon, or. the ohset of: DDC act1v1ty For thls reason
all further analyses ere performed with the w1ld type

B \
strain Canton-S.:



) IDENTIFICATION AND QUANTIFICATION OF EMBRYONIC ECD¥STEROIDS

N
It seemed p0551b1e that the dlffe?ent tempdﬁal

"relatlonshlp between the ecdystero1ds and the onsetdﬁf DDC”

\77

iact1v1ty durlng embryogene51s could reflect an altered )

1nteract1on between them ‘This’ could be brought about 1f the

‘embryonlc ecdyster01ds detected by RIA d1ffere§ from those'f,F
;found durlng puparlatlon. Numerous ecdystero1d types have
;been descrlbed in- many dlfferent systems (Goodwgn et gﬁ?-‘
| al, 1978) Thus the embryonlc ecdyster01d peak was analysed.

to determlne in what amounts the pupar1al ecdyster01ds, '

yecdysone and 20~ OH ecdysone, were p esent., - '-'7“ \”i'

. All TLC and HPLC analy51s was agaln done by

Dr. J D. O Connor from u. C L. A.. The ecdyster01ds found 1nﬁ'
10-12 hr (25° C) Canton S embryos are predomlnately ecdysone
jhand,20 OH ecdysone. Flgure Sa demonstrates the RIA act1v1ty

fbof the TLC zones from the chromatographed sample The:m

ecdystero1ds were qnantlfled by elutlon from TLC zones

’-;followed by hlgh performancexllquld chromatdﬂraphy (Flgure

5b c) ‘The: relatlve amounts of 20 OH ecdysone and ysone'

g LEY

'were 1 86: 1 respectlvely In @ugure 5a we also sée a

substantlal amou' of RIA p051t1ve mater;al m1grat1ng to the

10cm zone r

,have been seen by Lagueux et al (1979) in Locusta embryos

: and were 1denz1f1ed as deoxyecdysone and dehyroxyecdysone..

I

”hAlso in Flgur 5a, no RIA p051t1ve mater1al 1s v1suallzed at

the orlgln of the TLC plate. In Locusta compounds w1th

51m11ar m1gr tlon rates have been shown to be polar'

LI

'the chromatograph Compounds w1th 51m11ar-Rf 5 &



rFlgure 5' Ident1f1cat10n and quantlflcatlon of the major
"embryon1c ecdyster01dsbtv 1

All” ecdyster01d analy51s was’ klndly done by . -

. J D o' Connor (u.c. L. A ) A three,gram sample‘

-Mof 10- 12‘hr (25°C) Canton S embryos was’ extracted

S . for ecdyster01é% as descrlbed in the Materlals

and Methods.e

A TLC separatlon of~§IA acti?e‘matet}elTin 10~1
.~ hr embryo samplef "’.. | :‘ o
'B)HPLC separatlon;of the TLC- materlgl comlgratlnghnt
':w1th an’ authent1c120 OH ecdysone standard (TLC *\-5
«igne = 3,5-4.5 cmt(a)) o '_ |

:;} .eLC)HPLC separatlohhof the TLC materlal comlgratlngee
’;;;leth an’autheht;c ecdysone standard (TLC zone.
Hf4 SFGTO cm (a)). Arrows de51gnate the TLC or. HPLCQ
‘~tchromatograph1c behav1our of the 20 OH ecdysone
k'(B) .and ecdysone (a) whlle'"O"vmarks the or1g1n.ﬁ

of the TLC chromatograph
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'conjUgates of'ZO-OH ecdysone (Lagueux et aL 1979) -Their
absence is con51dered to be genu1ne as the sera. used*ln thlS'

analysls has been shown to 1dent1fy such- compounds 1n .
LOCUSta (B Sage personal communlcatlon) Thus, the ma]or
-embryonlc ecdyster01ds were found to be 1dent1cal to those
present durlng puparlatlon- therefore the 1nvest1gatlon‘
contlnued in an attempt to determlne the cause of the

b.qtemporalplag between‘the embryogenesis hormone,peak andithe

expression of the DDC gene."

AIDENTITY. OF EMBRYONVIC ﬁDC L . , .

| The 1dent1ty of embryonlc DDC was tested to determine
if 1ti%as produced frbm the ‘same structural gene respon51ble'
for the puparlal enzyme.¢The,DDCp£rom embryos,»whlte '
prepupae, and newly eclosed adults_was tested using

' immundlogical and genetic methods. for homology.

fhlmmunologlcal Analys1shr

- | Clark et al (1978) f1rst purlfled the third 1nstar
Flarval DDC prote1n and produced monospec1f1c ant1 DDC .
antlbody. This altowed me to test the spec1f1c1ty of the
'antlbody agalnst the DDC act1v1ty in an embryonlc crude
extract. (Table 1) The - 1nact1vat10n of the embryon1c enzyme
~act1v1ty suggests 51m11ar1ty to the 1arva1 proteln.
Immunologleal 51m11ar1ty between the embryonlc, the th1rd

larval 1nstar, and the adult enzyme was.conflrmed by'

immunodiffpsion analysis. Ouchterlony-pLahesjwere'developed
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T

Embryonlc DDC 1mm7;gteacti§ity

N3

””f;; wander;ng thlrd 1nstar larval extract and a

1ate embryon1c extract were both made at.a
concentratlon of 100mg t1ssue/ml as descrlbed in
Clark et al (1978). Samples were d11uted.w1th

antienDC 1gG and incubated for 2.5 hours on ice.

~The immunecomplexes were pelleted by

cenbrlfugatlon at 12000 xg for 20 m1n at 4° C The
Suﬁernatant was then assayed‘for DDC act1w1ty_as

described in Clark et al (1978).



"\)'
Lo
V TABLE 1
EMBRYONIC DDC IMMUNOREACTIVITY
PN ’
£
* oy :i(? . "", .
- DDC ACTIVITY (UNITS)
N SAMPLES ~ EMBRYOS LARVAE
- Extract S ‘
DDC Activity . 0.670 0.586
2% 1gG Diln 0.036 0.020
4% 1gG Diln 0.012 ©0.010
-
<;\
.
Q‘ 'J

" One unit =

1 ﬁanomple Lfdopa'décébeXylated/hr/mg tissue



| Figure 61

~exposed for 8 days at -40°C.

~

Immunodlffu31on analy51s of embryonlc DDC.‘
Double 1mmunod1ffu51on was performed as descr1bed . <

in the Materlals and Methods. Embryonlc (E), .

'wander1ng thlrd 1nstar larval (L), and newly

eclosed adults (A) postm1tochondr1al extracts

 where placed in the outer wells and -'25Iodine

labelled anti-DDC I1gG (2.88#9,,0.223uci/ugi was.

placed in the center well, Tne'autoradibgram was
ST






" Genetic Analysis ' . ‘ e

63

u51ng crude extracts and the results are shown in Flgure 6.

*The smooth geometry of the prec1p1t1n line 1nd1cates good

1mmunologlcal homology between antlgens at all three stages
(Kabat, 1976) S ' . -

-

In order to investigate the genetic 51m11ar1ty between

the DDC activities found durlng embryogene51s, puparaatlon

'and adult ec1051on the temperature sen51t1ve lethaf/mutatlon

7(2)560“2 1solated and characterlzed by erght et

B al (1981) ~was employed These authors have shown that this

mutatlon decreases DDC act1v1ty at adult ecM051on to

‘approx1mately 2% of the wlld type values. Recently, Wright

(personal communlcatlon) has shown that the DDC activity 1n

a ts? crude extract from young.adult tlssue 1ncubated at

56°C decays at a much faster rate than the DDC activity in a

wild- type preparatlon. Th1s result was also recently

reproduced by.R.B. Hogdetts u51ng a recombinant strain

.produced by the genetic mapping. This‘is strong evidence

that the lesion in the )(Q)Ddc“? strain resides in the
structural region of the gene,

Table 2 shows a comparlson of DDC activities between

fCanton -S and mutant I(2)Ddc“2 stralns at the three stages.

'Durlng embryogene51s, as well as at pupariation and~adult,

eclosion, the ts? mutation substantially reduces the DDC

pact1v1ty below that found in Canton-S. Thls result ‘taken

together with the evidence from the 1mmunologlcal analy51s

< P



Table 2 7(2)Ddc“2 DDC activity.
Late embryonlc, whlte prepupal .and newly eclosed
adults of both Canton-S and I(2)Ddc"2‘stra1ns -
were assayed'for DDC activity basically as L
described by Clark et al (1978). All embryonic
extracts were made at a concentratlon of 100mg/ml
while all other extracts were made at a &

&

~»concentrat10n of 50mg/m1 Akl 7(2)Ddc“2 DDC ‘.
assays were performed on 100ul of extract whlle
the Canton-S DDC assays were done with 50ul of

sample.



v/
TABLE 2

DPC ACTIVITY IN Canton-S AND 1(2)Ddc**?

-

DDC ACTIVITY (UNITS)

c-S. ts2  patio

EMBRYOS  0.572  0.016  0.027

WHITE PREPUPAE 3.048"  0.056 0.018

NEWLY ' L -

ECLOSED ADULTS 3.536 0.080 '0.022
. C |

One unit n",?ii""?ﬁangmo»le L-dopa decarboxylated/hr/mg t‘iyssue

Plieas



Figure 7:

1(2)Ddct* 2.

'DDC structural géne. locus between the genetic

iredident é% R. § Hodgetts laboratory.

» |

. . Q o . Oy
Genetic mapping scheme used to position

Laa™

° Y

This'mapping schehe was used to determine ifﬁthe
I(2)Ddéf£i mutation mapped to the position og"the
markers bjand pF, (Wright et al, 1976)., The
presence of the I‘Q}Ddc"z allele in all
recomblnants tested was determlned by 1ts lethal
phenotype dutlng pupanhatlon when ralsed at 29° C

4y

Ai& stralns used 1n these crosses were those

ey : H
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”ggest that the DDC act1v1ty at these stages 1s~
T

“ .

:str

produc” from the same structural gene. : f77fu"t"§.u
Flnally the genetlc map p051tLon of the t52 le51on was
"sdetermlned us;ng recomblnatlon analys1s.rTh1s was done to
rrule out the pOSSlblllty that a trans acmnng regulatory
,modlfler was cau51ng the decrease ‘in DDC act1v1ty 1n the

eflor1g1nal mutant straln. erght et al 41976) located the DDC

ilstructural gene between the genetlc markers hk and pP on the DR

s 7

'_l/' lidetermlne 1f the I(2)DdC“2‘mutat10n was' also located at‘l.“‘ ad,

'second chromosome. Flgure 7 dlsplays the scheme I usedtto

';fithls pos1t10n. From these CrOSSeS four types of recomblnantsi

B :.ﬁwere recovered and analysed The recomblnatlon eventsv

Dlwy,

Shetween the genetlc markers b and hk produced many b++ and
”-Jthkpn recomb1nants, Three of each tYpe were analySed for the

%lethal phenotype produced at 29 C hy the t52 mutatlon. All

,;three b++ recomb1nants produced thls Lethal phenotype-w'

1nd1cat1ng the presence af qpe ts2 mutat;on.~None of the
BT o * s-“' ,,)‘,2 ]
5[+hkpr recombrnants proved to harbour‘the mutat1on. Thls
. «i’

'usuggests that the locat1on of I(2)Ddc"2 is close to the
.ifymarker hk Recomblnatlon events between hk and pr pfoduced
”f_ten ++pn and n1ne bhk+ recomblnants. Only elght of the ++pr
’tﬂstra1ns produced the t82 lethal phenotype at 29 C The Ehree
‘@gsted for DDC act1v1ty at’ the adult stage were 1dent1cal to
lthe orlglnal ts2 allele. All n1ne bhk+ recomb1nants when ﬁ}p.i‘l
;tested for\the t52 1e51on dld not show the t52 lethal ‘hx7

flfphenotype. fhese results show that the ts2 mutat1on 1s \{f ER
r¢_31tuated betéeen;the genetlc markers hk and pn. The relatlve.f\“”

-,.34'
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° ‘1ocat1on of the ts2 mutatlon can be calculated from the data

';[us1ng a- tandard mapp1ng formula. map pos1t10n— Z+(a/a+b)x,
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hhnumber of map unlts between hk and pP, -a 1s the‘number of
ri;recomhanatfuh events between hk and the t52 mutat1on,‘and b

‘*}?ils the number of events éftween the ts2'mutat10n and the
_Ehfmarker pP Thls makes Z~'53 9, x—'O 6, a=-2,,and b- 17 The
&ehf;fmap positlon of 7(2)Ddc“2‘15 calculated to.be 53 96 wh1ch

ﬂpTV' f;ia?falls'between 54 1 and 53 295 reported by erght et

S E :eﬁal (1976 1981 respectlvely) for the Ddc structural gene.‘15.5
@"_‘ Thus nﬁrom these analyses 1t ‘seems that the tqmporal

‘tlag between the embryon1c hormone peak and onset of DDC
*

-

'act1v1ty 1s not attrlbutable to the embryonlc enzygﬁ belng
"produced by a gene dlstlnct from that respon51ble for the

,Rpuparlal DDC act1v1ty 1nijbi¢,d°”ﬂﬁ.f', >

‘ '.DDC GENE EXPRESSION DURING EMBRYOGENESIS

i S o
ke The préﬁ&ous results suggest that the ecdyster01ds,‘5.*
‘1wand the DDC A oduct present durlng embryogene51s/are

w1dent1cal to th’"r"puparlal counterparts leen th1s, 1t is

.,relatlonshlp between the hormone jﬁ
o -accumulatlon of DDC gene transcrzpt .j

fyr;dfff‘ﬁ




a’

;'used as probes 1n th1s study are shown below the map
‘Hybr1drzat1on Arrested Translat1

; \thlrd 1nstar 1arvae::SUcrose gra

"polyadenylated mRNA 1solated ffom 1nduced jf j -71~

-p7(3)ecdysoneless—1“ l%;vae wag

h‘HART assay..Flgure 9 dlsplays St

4\;:

f'Thls was done by analy51ng ‘RNA - extracted from embryos4'”

Y L

“'collected to represent t1me p01nts every 2 hr throughout § -

embryogene51s,.us1ng Northern gel blottlng technlques. A DDC

clone,wklndly prov1déd by Dr. J lesh (lesh and

.“Dav1dson 1981) was used to 1dent1fy transcrlpts from the -
;DDC gene. A restr1ct1on map for the DDC gene DNA fragment ‘
'can be found in Flgure 8 (lesh and- Davxdson,,1981- Jr.leshs
dand R. B Hodgetts personal communlcatlons ) The DDC L |
i transcr1pt is p051t1oned above the map as: 1nd1cated in

JScholnlek et al (1983) and the DNA‘restrlctlon fragments L

2 e-a . ’ : o . e 4

vUpon recelpt of a plasmld co
5fragment I dec1ded to aest 1t for
“1ent fractlonated

Th o

used due to the hlgh

| "Vconcentratlons of translatable DDC mRNA necessary for the

S_PAGE of in v1tro

'7.translatlon products and 1mmunop ec1p1table DDC from the

' ’_sucrose gradlent fractlons. Fractlon 22 was used to test the

Ay

‘_,purlfled 4. 8kb EcoR1 restrrctlon fragment shown 1n

baF1gure 10 F1gure A shows that 1 5ug of the 4 Bkb\DNA (slot

A4) completely eﬁ;&rnated 1mmunoprec1p1tabléQDDC from the In

‘}”VItFo translatlon products. Compared w1th one-. mlcrogram of

iprR322 DNA (slot A2)‘0 3ug of the 4 8kb fragment (slot A3)

“ New T e s a0 ¥ N s L B

70

dining a 4.8 EcoR1 DNA

omblogy5torpDCHmRNA»from S
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‘Figute“Gt

m o '
Restrlctlon map of. the DDC gene.

Restrlctlon 51te 1nformat10n Was obta1ned from

‘Hirsh ‘and Dav1dson (1981) and Drs. J. lesh and vv;”

“R. B Hodgetts (personal communlcatlons) The

vlocatlon of the DDC transcr1pt was p051t10ned as

.

hjf*reported in Scholnlck et al (1983). The lar‘l[

are 1ndlcatea by SOlld llnes téﬁgg thé

ks represent exonlc reglons and the

represént 1ntron ;equences.fThe DNA

¥ ‘

"probes referred to dUrlng gie¢course of thls work

’de51gnated *' and was generated by the d$1g1nai

,'clbnlng of randomly shear d DNA - w1th EcoR1

-rnl1nkers (lesh and Dav1d on, 1982),H

P S

_restr1ct10n map. The art1f1§§a1 EcoR1 sate 1§§
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F1gure 9 S:ze fractlonatlon of 1arva1 poly(A) RNA.

v T

Three hundred mlcrograms of poly(A) mRNA 1solated "

h-from 7(3)ecdysoneless 1" larvae 1nduced w1th o b

s ay
L

20- OH ecdysdhe as descrlbed by Kramlnsky et
' a] (1980) was fr&ctlonated u51ng sucrose gradrent
'f>illcentr1fugat10n as descr1bed in the Materlals and X
?;Methods. The recovered RNA from ea!h fractlon was -

L translated In VItFO in a volume,of 50ul ‘The'
i I AL

]
.

- ﬁf‘total translatlon products were analysed on a SDS o,

s

f- ' 10% acrylamlde gel loading 1.8 x 10% cpm/sl?t'
R (Total) Each fractlon was 1ﬁmunoprec1p1tag§d D
hy . fyf;r«~:ffrom 7ﬂ2 % 106 cpm of. 35S—methlonlne f{_‘?»sv@ | |
SR ‘;ncorporat1on and also gel analysed as done.w1th
‘the total products.»The 1mmunoprec1p1tat1ons were :‘ J.Q'
__,”carrled out with anthDC IgG Each gel ¢was flxed | , VQ ‘_
‘1n 10% acettc ac1d and prepared for fluorography o
“,as descrlbed in the Materlals and Methods. ‘Each
‘Vf’walx”.‘ 'fluorogram was exposed for 1 day at -40 C. The‘;c‘ '-h‘hwsi‘
sucrose grad1ent fractlon numbers are 1nd1cat$d d:~'j ‘“7*4

'below eacﬁ:slot and the molecular welght

,1nd1cated 1s that of the ma‘or MmRNA éﬁpendent

lysate translat1on product .
= = o \
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Figure 103

“.>loaded Wlth pLag T

DNA restr1ct1on fragment purlflcatlon »?
The DNA fragments used as prob/sfin northern blot
analyses were pur1f1ed py/éiectroelutlon or by
” phenol extractlon’?s described in the Materlals -
~and Methods l ik,:; S . v _—

'EcoR1 (slot 1)

n(slot 3) of 4 8k

| Figure 8.:ﬁ

['

¥
F1gure 102 repre&gnts a O*B%(w/v) agarose gel

‘ pACYC18@), conta1n1ng the

jiﬁﬁwkb EcoR1 DDC clbneé“%ragment digested with

-

¥
dkz Sug (slot 2) and 1.25ug

- CoR1vDDC DNA fragment purified

g by electroelutlon

‘Figure 1OB represents a 5% . acéylamlde TAE gel

'contalnlng the - 0 Gkb ECOR1—BamH1 DDC fragment

bearlng plasmid (pBR3%p) dlgested with ECOR1 and

o

' BamH)L (slot 1), and 0.5ug of 0.6kb EcoR1-BamH1

DDC DNA" fragment (slot 2) purlfled by phenol
extractlon of low gelllng temperatute agarose. In-
both Afand B the gel slot or1gln is de51gnated ;' e

ori. For a restrlctlon map of the DDC gene see

Y
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Flgure 113 Hybr1d1zat10n arrested translatlon. ‘
) The sequence homology of the %.8kb. ECOR1 DNA
fragment to DDC mRNA was tested Four m1crh§rams
of RNA from fractlon 22 (Figure 10) was
hybridized to denatured 4.8kb EcoR? fragment DNA
and pBR322 plasmld DNA Bhe mixture was then in'o
vitro translated and the products subjected‘to |
immuhoprecipitation._These]were then analysed on

‘a SDS 10% polyacrylamide gel and fluorographed.

The total products from the unhybrldlzed RNA
= A

..
Y

”sample (T1) and the\\hA sample after  TT——0o i

g . 3
hxbr1d1zatlon to 1. Sug oﬁ the 4. Bkb EcoRr1

meragment DNA (12) are shown along w1th the - |
1mmunoprec1p1tates from the untreated RNA sample'f
(A1) the RNA sample treated with 1, Oggzof pBR322'-{ :

.tblaSm;d DNA (AZ){ the:RNA_sample treated with

'O.Sug-of'4.8kb ECOR1 fragment'DNA }A3), and the
RNA sample treated w1th 1.5ug of the 4.8kb EcoR1

"fragment DNA (A4). The molecular weight 1nd1cated
1s that of the major mRNA dependent lysate

- translatlon product. The untreated RNA

'1mmunoprec1p1tate was der1ved frqf\ses x 108 cpm
35S-meth1on1ne 1ncorporatlon while all others f
where produced fvom approx1mately 1,2 x 1086 cpm "

355 methlonlne 1ncarporat10n.

-
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also not1ceably reduced the amount of bpc 1mmunoprec1p1tate. -
"The reduced amoqnt of 1mmunopredipitate 1 the PBR322 sample
| compared to the control sample (slot A1) 1s due to the- | Co
_ reductlon of mRNA translatab111ty after mRNA samples are . ‘
1ncubated at hybr1d1zat1on temperatures. Thus, these . :3;?;

f1nd1ngs confirm the results of Hirsh and Dav%daon (1981)

provﬁng thlS 4 8kb EcoR1 DNA fragment s utlthy as a probe | -

in Northern gel blott1ng analyses. : s’, k

L

' Northern Blot Analysis . - B N

Canton-S embr§3~samples vere collected t0‘represent
.“;/ t1me po1nts every swo: Hours throughout embryogene51s at
23 C. This temperatur?:‘tas USed to- reduce the number of . o |
A ‘

pLes whlch had to be analysed The polyadenylated mRNA

i

was . 1solated from each sample by phenol ertract18n and

olzgo dT chromd%ngraphy Thrs mRNA wasg electrophd&esed us1ng

S

. d horlzontal submarlne gek apparatus in a denatuvlng ‘ f “‘“;

\

formaldehyde agarose gel and blotted to n1trocellulose paper'

-

. which was then hybr1dlzed to nlck translated 4, Skb EcoR1
DNA Flgure 12 dlsplays a resultant autoradlogram. From th1s
- analys1s we See that transcrlpts with homol y the 4. 8kb .

\\: EcoR1 DDC probe occur ;n both early and late embryonlc RNA ;

\

samples; In the 2 ‘hr sample a transcr1pt, sllghtly larger

',\than tHe major'sesponse in the larval samples, 1s
: p b s “ ’ }’“ : /
‘sg&%izgg hr of development thms ;ranscrlpt has ; S S

’ A

iq \
occuts ﬂn 11 14- 16 hr. Thus, from these results 1t seems o
: |x v P . SN
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- Figure 12¢° DDC transcript accuhulatxon duvxhg embryogenﬁ%is. ¥
“, ; > :f
J | Two' mlcrog ams of poly(A) RNA extracted~from -
Canton-S embfyo samples representzng tlme*p01nts 7;
, §
throughout embryogenesas at 29°C were ' S f o
T 3 eleCtrophoresed in a submarzne 1 Sx(w/v) agarose o ;
B : northetn gel blotted to nitrocellulose, and ‘ :
| probed w1th 4 8kb EcoR1 DDC DNA fragment as -,d !
described in the Materlals and Méthods. The late ' /
J - ) ,
' third instar larval samples are. d s;gnated' R
eacﬁ embryo TR

and the mean deveLopméntal time. of
!

i S
N : r
i:i - Y - RNA sample is 1nd1ca;ed. The gel]orzg1n is
» designated or1, and the p051t104 of the xyley .
In thls gel system th!l“'j_‘w : g

cyanol dye front, XYC
xylene Byanol dye front m1grates wath 2 kﬁ
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”~’hat the embryonlc hormone peak occurlng at 8 hr does not

'ﬂlmmedlately st ulate the productlon of transcr1pts from the,‘

.\. o e, o ’

Cearlier. PR -y,. *l;j, B

gnumber and the size of the DDC transcr1pts in the embryonlc

1

DDC.gene. From thlS 1t seems clear that the temporal

.‘ I

o relatlonshtp between the embryonlq one peak and DDC

:jexpress1on 1s 51m11ar to the 1ate pufflng\scenarlo mentloned

/“,1,
Also notlceable from thlS Northern gel blot is that the

’vand larval RNA samples\vary The shape of the late embryonlct

N \

.ptranscr1pt bands suggests that perhaps several bands were -

f_conta1ned w1th1n them For thls reason these RNA samples

ywere analysed u51ng a hlgh resolutlon Northern gel system.

-suggested that 1t may be,maternally contr1buted /Therefore a.

'The presence ‘of the DDC transcrlpt in the 2 hr RNA sample L

RNA sample extracted from ovarles taken,irem/v1rg1n females

was 1nc1uded 1n thlS analy51s. Flgure \3 dlsplays ’ u R ;;

", autoradlograms produced u51ng the Hgv gel system descrlbed

¢
in, the Materlals and Methods. ThlS blot more dramat1cally

-

,shows the 1ndependence in the accumulatlon of DbC transcrlpt

durlng late embryogenesxs from the embryonlc ecdyster01d B

peak. We also see that the 2 hr DDC transcr1pt 1s present 1n
the ovary RNA sample (Flgure 13B slot ov) suggestlng that

\thls early transcrlpt 1s of maternal or1g1n. Thls gel blot

valso show% that the majpr DDC transcrlpt band seen Ln both'

. \

;13 ) clearly dem: nstrates that 1n both the larval and ?he

| the 12- 16 hr and the larval RNA samples is composed of

\

%;tlple transcrlpt spec1es. The shortest exposure (Flgure




'Flgureq13. ngh resolutlon northern gel analys1s of
embryonlc DDC transcr1pts.

"f"_' | Two m1crograms of edch embryonle RNA sample”

| (Flgure 12) was electrophoresed 1n a (H V) 35%

agarose northern gel as descrlbed 1n the-

Materlals and Methods. The samples were ,b.;
electrophoresed unt11 the xy}ene cyanol dye front
had mlgrated about 5 cm, the .gel blotted and then
probed w1th the 4. 8kb. ECOR1 DDC DNA fragment as
descrlbed 1n the Materlals and Methods. The late '

.\klarval 1nstar RNA samples are de51gnated L - the
ovaryIRNA sdmple;\Qv, and the mean developmental e
tlme ‘each embryonlc RNA sample 1s 1nd1cated The
S1zes 1nd1gated correspond to the mlgratlon yeast
.and Drosophlla rlbosomal RNA samples (see Flgure
19) frﬁ j;\ '._' a ,” “. ~_f. |

a) 3 day,exposure at -70°C.
n*ig\\n; B) g day expospre»at;j70 C.
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‘ \
’ mRNA from these samples should represent both nuclear and

';¢14 hr samples the major band 1s reSOIVed 1nto a d0ub1et
Flgure 13B reveals that in the 16 hr sample another w1deij1y"

» band’ 1s observed that 1s larger than the 14hr doublet., ,-;

To corroborate these results I dec1ded td,extract RNA
I J

‘from another set of embryo samples. Dur1ng the collecﬁlon-"

more attentron was g1ven to the synchrony of each embryo

C o

gmple to reduce the number of w1thheld eggs. Immedlately

_follow1ng the 2 hr collectlon per1od a small represent\t1ve. -

sample was dechorlonated andvexamlned under low“power using ‘

?

“a Zelss m1croscope equ1pped w1th phase contrast optlcs. If

the preblastoderm embryos represented less than 85% of the

sample it was not usedsfor RNA extractlons. Typlcally

samples contalned greater than 95% df the embryos betwee -
, -~ P

the preblastoderm and early gastrula stages.‘Fzgure 14

_ dep1cts the developmental landmarks~dur1ng embryon1c stages

~at 29°C. The polyadenylated mRNA was. pur1f1ed from these

embryo samples as descrlbed except SDS was ‘added to a flnal
concentrat1on of 1%(w/v) before phenol extractlon.,Thus the
cytoplasmlc spec1es.‘

For greater resolutlon two m1crograms of each poly(A)

' mRNA sample was electrophoresed u51ng the H v gel system,

funtll the xylene cyanol dye had mlgrated approx1mately 15cm.

Flgure 15A B C show 1ncrea51ng ‘exposures from ‘a northern

gel blot u51ng th1s hzgh resolut1on gel system. In thlS

northern ana1y51s varlous sized transcrlpts are ev1dent in -

& s, .
samples conta1n1ng 51Jn1f1cant amOUfts of DDCvtranscrlpts.

- ]

Y s . . R U L »
. ; N .



. Figure 14;

‘Snrvey of embryo samples develop1ng at 2§\§n U
yonic

-

‘ks_../

’The samples collected for the second embr

. RNA extractlons were examlned in a llght

-m1cr05cope to correlate the developmental tlmes

at 29°C w1th stages of embryogene51s.,Samples

. were tlmed from the m1dpo1nt of thelr 2 hrj

:collectlon period All embryos were dethorlonated

as de5cr1bed 1n the Mater1als and Methods then

placed on a glass sllde in a drop of water under

a coversllde. The plctures wvere taken u51ng a

».Zelss b1nocu1ar mzcroscope equ1pped w1th phase

contrast thlCS and ‘a’ Polar01d camera attachment

u51ng type 665 Polar01d f1lm.

‘ Note added in proof- The 8 hr and 10 hr ‘
' photographs represent 10 hr- and 8- hr embryos"

respectlvely. v ?



»

Figure 15: High resobution northefn gel analysis of

‘embryonic DDC transcripts.
The second set of embryonic samples was prepared

to yield total cellular (nuclear and cytoplasm1c)

poly(A) RNA. Two mlctograms of each sample we_“
electrophoresed in a HYV 1.35% agarose northern
gel until the xylehe cyanol dye front had N
migrated about 15.em; The gel was blotted and
probed with the 4.8kb ECORT DNA fragment as
describedein the Materials and Methods.lfhe'late |

third rnstar RNA samples are de51gnated L, the |
ovary RNA Ov, and - the average developmental age
of the embryonxc RNA samples is 1nd1cated. The '18
.+, hr slot rep;;septs a newly hatched fltst instar

‘, 7vﬁ larval“RNA(sample.

A) represents a 9 hour exposure.

'B) represents a 1‘daylexpoaure.

C) repfeaents‘a 2 day exposure,

All exposures were carried'out at -70°C.

-
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~To atmplzfy‘matters, I would lzke to focus on the prescnce

" of the transcripts about 2kb in size which I bolieva to

rcprotont the tully mature translatable mRNA molcculp:. In

analyses to follow, the relationship between each tranacripq .

*

j}sxze with respect to its place in the maturatxon scheme from

RE

primary tranqcrypt to translatable mRNAq is addressed. For
now, suffice it to say tﬁat the transcript's 1argef than |
2.2kb in length represent transcripts not as yet’completely
processed.

As seen in t;e previous ‘set of RNA samples there are
two perlods durlng embryogeneg1s where a ma)or accumulatlon
“of DDC transcrlpts occurs (Flgure 15A B). The ovary RNA
sample as well as the 1 and 2 hr embryo RNA samples again
show a major accpmulatlon of DDC transcript (Figure'15A,B).
This corroborates the éarlier reéults adding more evidence
vto the suggestlon that these preblastoderm DDC transcr1pts
are contrlbuted to the developing oocyt; by a maternal
source. However by 3 hr of development these transcripts
have disappeared and little accumulatlon of DDC transcrlpts
occur until 12-16 hr. This agan correlates well to the t1me
- DDC activity,increaées during late embryogenesis. ‘ 'ﬁx/ﬂ

Figure 16 displays a graph of the-ecdys&e}oid tite{iand
the, DDC activity'féund during embryogenesis at 299C on which
the relative amounts of ;hévékb DDC transcripts, estimated
by optical density scanning of;eachiahtoradiogfam gel slot,
is also plotted. This clearly demonstrates that DDC

transcript-accumulation does ‘not occur immediately upon the

-



Figure 16:
L

PN

The relationship bthezn DDC tranaéript

accumulation and the embryonic ecdysteroid and

DDC activity peaks.

The'DDC transcripts in the 2.0kb size range
visualized in Figure 15”wéré‘qﬁanti£ied from an
éutoradiograp{by Scanning each gel élot using'ak
Perkin—Elme;'spectrophotomgter equipped wifh a
gel scanner. The peaks répresenting the
transcripts from 2.0kb to-2.3kb were cut from-.the
éelitracing and‘weighed. The relative amounts of
transcript from each RNA sample were then ploéted-
onto g:e éraph of Canton-g émbryonic eééysteroid

titer an¢QbDC acfivity'from Figure 4. The

" hatching time of the first larval instar is

e

indicated by the downward arrow in the upper
right corner.

.
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pufflng response to hormone stlmulatlon.

"DDC TRANSCRIPT CHARACTERIZATION R PO

I
ool
IR

rise 1n embryonlc ecdystero1d t1ter. In fact no

_accumulatlon of DDC occurs unt1l Just prlor to the onset
vzembryonlc DDC act1v1ty Interestlngly, F1gure 16 . v

' demonstrates that the DDC transcr1pt accumulatlon beglns
.about 2 hr before the onset of DDC act1v1ty and also peaks»

?52 hr prlor to the peak in: DDC act1v1ty Also the amount of o

DDC transcrlpt falls off rapldly, after peak1ng at 14 hr to

hbasellne levels at 18 hr suggest1ng that the half llfe of
ﬂ”the DDC transcrlpts made dur1ng late embryogeneszs 1s

.relatlvely short

The northern analyses of both sets of embryonlc RNA

samples have shown that the relatlonshlp between the hormone

!

'1_t1ter~peak and-the onset of'DDC-gene,expre551on dxffers;from
"that seen durlng pupar1atlon. The temporal lag in the _‘g\_.
,productlon of DDC gene transcrlpts after the ecdystero1d

'.4peak durlng embryogenes1s suggests that the 1nteract10n

!

8 between the hormone and the DDC gene is 51m11ar to the latev

f"“*\
b
)

In the final part of this the51s I will now focus on /.

analy51ng the ‘numerous DDC transcrlpts seen throughout

' embryogenes1s. The major DDC transcrlpt band prev1ously

.,demonstrated 1n late embryon1c and larval RNA samples,

‘o

(Flgure 12) again appears as two d1st1nct transcrlpts of

slmllargs;ze (Flgure 15A):. Another transcrlpt spec1es, of

'slightly larger size, is'also v1suallzed in the 12 16 hr RNA :



Y

B Effioieht hybridﬁZation to a 14 hr RNA gel’blotla

: The 14 hOur'pOIY(A) RNA»sampie (Figure 15) was

electrophoresed in a H:V 1. 5% agarose ‘northern
geI, blotted and probed w1th the 4 .8kb ECOR1 DDC

DNA fragment probe as descrlbed in the Materlals

'and Methods. The autoradlogram was exposed for 36_h‘

vihours. Three addltlonal ‘bands between the tw0-

‘largest transcr1pts are 1nd1cated by the 1. The =

,51@e 1nd1cated is the p051t10n of the 2 Okb DDC

transcrlpt (see Table 3)

AT e
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samples (Figure‘15A,B)l Also»dnbthese;late embryonic RNA
“’samples,”three‘larger transcripts'are‘noticeable;.In‘the
early embryonlc RNA samples the major transcr pt-is also '
accompanled by three larger transcr1pts, the EArgest being -
‘unlque to thlS stage of embryogenes1s (Flgure ;SC) ln-i
Flgure 17,\wh1ch represents another gel blot u51ng the 14 hr .
-RNA sample, three addltlonal dlffuse transcrlpt bands of
less 1nten51ty are'v151ble between the largest transcrlpts.i
These bands were ev1dent only 1n gel blots where the
spec1f1c act1v1ty of the DNA probe was in. excess of '
“4x108cpm/ug,_and when hybr1d1zat1on was efflclent giving'ah
low background Thus, these transcrzpts were analysed to
determlne their length, homolo to spec1f1c 1ntron probes,
and’t&~determ1ne which were assoc1ated with the cellular ‘

”translatlon.machlnery., o ﬂ‘:‘ v\\§¥

LTranscriptisize.' Tl o
o The sizes ofdtheseftranSCrlpts were’determlneddby’ | ‘_ii'ﬁ‘
'comparlng their m1grat10n to that of r1bosomal RNA standardsfff$
from Saccharomyces and D;osophlla poly(A)” RNA samples.; |
Figure 18 shows an. eth1d1um bromide stained gel track :
'contalnlng these rRNA standards. A standard curve produced
comparlng the rRNA mlgratlon verses ‘the length in kllobases

is demonstrated in Flgure 19.. The length of the DPosophlIa
'rRNA standards were taken: from LlS et al (1980) and the

iyeast rRNA sizes are taken from Lewin. (1980) Table 27. 1.

- Table 3~summarlzes\theg51ze of each transcrlpt:as found in

RS . . -
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”Figure,KB:'H;Q Northern gelltRNA’slze~etendards.’ e
o ‘Two mlcrograms of a. mlxture of yeast and )
Drosophlla rlbosomal RNA vere electrophoresed in
A | the . flanklng slots of most northern gels. After
iﬁilgthe electrophore51s was complete these slots were
= cut from the gel and v1suallzed by eth1d1um

‘.]~ - bromldgfgtglnlng a

-and Methods. The

"‘",/

'descrlbed in the Mater1als e
S
"'.

' 51t10n§ of " each rRNA |
transcr1pt was transfered to the blot g;lg_ to
bak1ng and noted after autoradlography. The 51zesl

l.of the DPosophlla rRNAs were taken from LlS et’

\-al (1981). The Dnosophlla rRNAs_co:respond to'the‘
'2.32kb and the 1.9kb bands for the 2855‘and'2ash'

Q‘moledUleé”fespectivelyfand‘the 1éS‘tRNA nOIecule."
is 2 16kb in length The yeast TRNA. 285 and 185

rRNA molecules ‘are 3. 75kb and 2.0kb respect1vely.

&

/
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Figure 19:

K

ol

‘Trapscript'lengtb standard éur?e.=

A typical stanhdard curve'produced'by plotting the
Logio franscript length ¥ersus the distance -

migrated is shown here. The positions of the rRNA

'étandér%§ were visualized'by ethidium bromide

staining as described in the Materials and -
Methods. This was transfered to the gel blot

prior to baking and measured after .

o

" autoradiography. '
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. T able 3:

®

DDC trénséript sizes.
The sizes of the DDC tfanscriéts deriﬁg early ehd
late embryogenesisvand larval samplesﬂwere
estimated from etandard-curves similar to tﬁat
displayed in‘Figure 19. The sizes are the average
of two estlmatlons from two separate gels The
sizes.of the fa1nt bands between the 3.25kb and
the 4.5kb transcript in the 14 hr RNA sample were'

estlmated u51ng the sizes of the DDC transcz4pts-'



TABLE 3

DDC TRANSCRIPT LENGTH

DEVELOPMENTAL TIME

2 HR 14 HR R
- - -

(2.0) 2o iy

‘n 2.15 2.15.
2.2 . )

) 2.3 .

) 2.8 \ (2.8)
(3.25) 3.25 3.25

" (3.5) | .

3 (3.8) ]

- (4.1) .

- s 4.5

gu—
5.2 . g n
;
KEY

n not observed
() faint bands

Length in Kb
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larval and embryoniC'stages in Figure 15, It sheuld be noted
that some of these values were obtained by extrapolat1on
“from the standard curve., In these nerthern analyses (Figures
13 and‘15) the larval and the 14hr major douﬁlet differ
slightly in the size of the largest band. This difference in‘
transcript pattern‘was found to be an artifact caused by the
addition of yeast rRNA to the larval poly(A) RNA sample.

Thls was necessary as the larval RNA sample contalned a very
h1gh concentration of mature DDC transcrlpt/ug of RNA

~ compared to a late embryonic poly(A) RNA sample. To remedy
thls, immature third instar larval samples were‘collected to
ensure that the écncentrab1on of the mature DDC transcr1pt
_was comparable to léVE%ﬁ/ln late embryonlc RNA ‘samples. 'In
these larval RNA samples (L1 and L2) the transcrlpt pattern
is virtually 1dent1cal to that seen in the 14 hr embryo RNA
.sample (Figure 20). o

."The embrydni; transcript seen during early

v embryogenesis”was determined  to be'2;2£b in length (Table
3);1This difference in medlan size is noticeable when
dompared.to_the 14 hr 2.3kb transsfipt ln'adjaCentbgel slots
(Figure 21). The gualitative differences between the 2.2kb

transéript and the closely.sized.2.§kb transcript is

addressed in the analysis to follow.



]

_ Figure 20: Comparison of larval andfﬁ)(hrembryonic, : v

‘transcrfpts.

The poly(A) RNA from two waﬁdering third instar
iarval samples was prepared as described in the\
Materjals and Methods. Two micrograms |of each
sample were electrophoresed along w1t a 14 hr
embryonic RNA sample (Figure™ 15) kn a H-V 1.5%
agarose northern gel, blotted, and probed w1th
4.8kb ECOR1 DDC DNA frégment as descrlbed in the
Mater1als and Methods The two larval RNA samples
are de51gnated L1 and . LZ» A and B represent 1 and
"4 day autoradlograph1c exposureqﬁt -70°C

. respectively]|

Ny
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‘thlgure 21- Comparlson of 2 hr and 14 hr DDC transcrlpts.‘/
| “Two mlcrograms ef total cellular poly(A) mRNA
'.‘f‘from both 2 and 14 hr' RNA samples were ' B
e W._i _telectrophoresed 1n ‘a H: V 1 5% agarose northern ig'
o | ‘g 1, blotted and probed with the 4.8kb ECOR1 DD
DNA ﬁragment as in the Materlals and Methods.vThe”r
'>51ze 1nd1cated Ps the p051t10n of ‘the 2. Okb 14 hr'

DDC transcrlpt (see Table 3)

a
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- Intron Probes'-

"‘-.

P

In an- attempt to deflne the funct1onal aspects of the

A

B dlfferent transcrlpts seen durlng embryogene51s the 4 8kb

_hEcoR1 DNA fragment was subcloned 1nto smaller restrlctlon
ujfragments (see F1gure 8) Both the O 6kb EcoR1-BamH1 and the f
iO 3kb Xho1 =HindIII DNA fragments, wh1ch represent partlal |
'sequences from the 5" and the 3"1ntrons respectlvely, as'

| deFerm1ned from DNA sequence analy51s (R.B. Hodgetts,‘JZ
'personal communlcatlon) and the. ‘data presented in
l'Scholnlck et al (1983) were used as probes of northern gel
;blots. However due to the 1ncomplete nature of the- results
with the 0 3kb Xho1 HlndIII probe*%nly the autoradlogram
'from a gel blot probed w1th the 0.6kb" EcoR1~BamH1 s -
l ;presented Northern gel blots were flrst hybrldlzed to the
C 4, 8kb DNA fragment to determ1ne the. transcrlpt pattern and
bthen blots vere strlpped of all radloactlve probe with a
hlgh strlngency wash and rehybr1d1zed to the subcloned DNA

g | v
fragments. Flgure 22 d1splays an autoradlogram produced w1th

_the 0 6kb EcoR1-BamH1 subcloned fragment as probe. The -

‘ absence of the major transcrlpt response 1n both early (1

and 2) and late embryos (14 and 16) and in. the larval sample

_(L) 1s 1mmed1ately notlceable. All other transcrlpts are

v151ble when the transcrlpt pattern is compared to - that
'found w1th the. 4. 8kb ECOR1 probe (Flgure 15) Thls result is

-con51stent w1th the idea thatlthe major transcrlpts are the

‘*mature mRNA spec1es and the other mRNA transcr1pts represent :

»precursors of this mature transcrlpt The presence of thls

7



Flgure 22:

-

Northern gel analy51s w1th the 0. 6kb EcoR1- BamH1,

DDC 1ntron probe.

The northern gel blot from Flgure 15 was strlpped "

;of the 4 8kb EcoR1 DDC probe as descrlbed in the

Materials and Methods' The blot was then

re exposed at —70 Cc for 4 days whlch 1nd1cated
that all dlscernable hybrldlzatlon response of
the 4. 8kb EcoR1 prcbe to the precursor
transcrlpts was removed A small amount of 51gnal
Stlll remalned hybrldlzed to the most prevalent
larval and 14 hr transcrlpts. After
prehybrldlzatlon the blot was, probed w1th nick p“
translated o 6kb EcoR1-BamH1 DDC DNA fragment
The larval RNA samples are de51gnated L the
ovary RNA sample,_Ov,»and the mean developmental
‘age . of the embryo RNA samples is 1nd1cated The
autorad1ogram represents a: 48 hr exposure at

-70° C.
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jo Gkb EcoR1 BamH1 sequence in- all these precursor

= transcrlpts suggest that thls 1ntron may be removed from the .

‘ ﬂ‘blots. The results for‘

1n1t1al transcrlpt/ln numerous pleces.

Subcellular Local1zat1on of RNA Transcr1pts

| The complexlty of the transcrlpt patterns in both the -
early and the late embryo RNA samples prompted further
;1nvestlgatlon into thelr subcellular locallzatlon. Two and e
‘14 hr embryo samples were: collected and processed as |
descrlbed in the Materlals and Methods to recover‘
, cytoplasm1c and nuclear RNA from each The resultant

| polyadenylated RNA . samvles were analysed on northern gel

he 2 hr sample ‘séen. 1n Flgure 23
| show that most of the transcrlpt at this stage is found 1n
the cytoplasm1c fract1on of the RNA sample (2c) w1th only a’
"m1nor amount of the total transcr1pt v1suallzed in the, 2 hr
'nuclear RNA fract1on (2n) Thls could be due to the crude'
hnature of the nuclear RNA - preparat1on. .‘f: | |
| In ne1ther 14 hr sample was poly(A) was recovered from‘

thennuclear RNA preparatlons. H0wever ‘in Flgure 24’the tw0»ve
cytoplasmlc RNA samples both produce the major doublet and
vmlnor amounts of all larger transcrlpts In both cases.lt
.seemed»that all transcrlptsvare“assoc1atedhwith the -
_cytoplasmlc RNA preparatlons. As transcrlpt maturat1on 1s
.supposed to occur exclus1vely in the nucleus (Darnell 1982;t .
”Nev1ns, 1983) the reason for thlS result was not clear.

A

_Lenk et al (1977) have shown that when the detergent N? 40

. -
’u..
. ;



Figure:23:

T S
i _ . - ‘,V

'Subcellular locallzatlon of the 2 hr embryonlc o

ay

vtranscrlpts. _" ";'\7

hi A2 hr embryo sample was extracted to yleld both

<”nuclear (2n) and cytoplasmlc (2c) poly(A) RNA
'whlch was electrophoresed 1n ‘a" H V 1.35% northern

gel, blotted and ‘probed with the 4. 8kb EcoR1 poc

DNA fragment The - s1ze markers,are,as.lh Flgure

‘514.:The gel blot was exposedhfor'Zfdayslét,¥70°c,5f






Figure 24;

A) 1 day exposure. _ , T
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Subcellular localization of the 14.hr’émbryonic
transcript. ’ o : |

Two samples'of 14 .hr embryonlc cytoplasmlc
poly(a) RNA (C1, C2) were prepared as déscrlbed
in the Materials and Methods. Two miCrograms of
each’thopIasmic ﬁNA ;émple'along with.2 ug of 14
hr poly(A) RNA samplé (Figure 15) were

electrophoresed,-on a H:V 1;5%‘agarose~northern

‘gel, blotted, and then probed with the 4. 8kb

ECOR1 DDC DNA fragment The size 1ndlcated is that

of the 2.0kb DDC transcript. .

B) 3 day exposure.
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was present in an extraction buffer this caused the loss of

the.nuciear membrane -and subsequent leakage from the

unbroken nucleus.'Perhaps-the ﬁresenceponthe precursor

" transcripts in the 14 hr cytppiasmic RNA préperationfis due

to their leakage from the.NP-40 extractéd nutlei.vmo
determlne the transcrlpts that are respon51ble for the
productlon of the DDC protexn, a polysomal analy51s was

undertaken for both early and ‘late embryonic samples.

" Polysome Analysis - , . ) - "

Samples were homogenlzed using the non ionic detergeq\

NP 40 to solublllze membranes, and then size- 1ionated
—_— T

u51ng‘sucrosevgradlentmcenttlfugation. Figure 25 displays a

' ~representati§e U.V.(254nm) absorbance profile from each

stage produced during polysome gradient fractionation. These

indicate that little if any degradation of the polysomal

“integrity has occurred. Polyadenylated RNA was recovered

§l

each gradient fraction by'phenol_extractidﬁ and

ol oedT'chromatography and then analysed using .northern gel

blots. Fighre 26 shows: the result?from.three'early embryonic

polysome gradients. The first two polysome gradients were
produced_fromlsamples'as described in the.Materials‘and
Methods and ﬁepresent_embryos 1 and 2 hr of age. In both

gradients 1 and 2, the majority of the tvanscript is found

in the top portion of the sucrose gradient representing

messenger rlbonucleoproteln (mRNP) 51zed particles between

10- BOS 1n fractlons T and M respect1vely ‘In these first two

i



o | ,l/

o C L . )
Figure 25: Polysome gradient fracti?nation absorbance

proflle. /}

_The absorbance (254nm) proflle of a 14 hr

. \
embryonlc and a 2-4 hr embryonlc polysomal

gradlents are dlsplayed The fractlons/collected

/i//////f/’////_are 1nd1cated on the bot tom axls where T “

:epresents the top Qfx{he;gradlent, M, the

monosome fractidn, and P;Athe pbleome fraction
of the gradients.- S o . ~
. & . ] o - . .

»
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Figure 26:

A

Polysome‘pﬁalysis.of early embryonic DDC'

transcripts. |

Three embryonic samples with mean developmental
ages of 1, 2, and 2-3 hr ware homogenized anda
fractionated using socrose gradient -

centrifugation as described in the Materials and

Methods.-

poly(A) RNA.

A) 1 hr embryo sample: The.2 sucrose gradients
were each fractionated into 3 fractions (T,'M; P)
and'the poly(A) RNA isolated from each'fraction.
Two micrograms of the poly(A) RNA from‘eacﬁ
fraction werc analysed using northern gel blots.
B) 2 hr embgyo sample: The sucrose gradients were

fractionated into 5 fractions (T, M, P1, P2, P3)

* but only those rcpresented in the blot yielded

¢

c) 2-4hr embryo samole: The gradients were
fractionated into 7 fractions (T, Mf. M2, P1, P2,
?3, P4) as shown in Figure 22 whlch all y1elded |
poly(A) RNA. The slot designated 2 represents a 2
hr cytoplasmic poly(A) RNA sample.v

Each gel saﬁple represents 2 ug of poly(A) RNA
electrophCresedkln a H:V 1.5% agarose northern
gel, blotted, and orobed with.4.8kb EcoR1 ﬁDC DNA"

fragment.
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"~ 3'hr of age. In comparlson to the flrst two gradlents, a

123

“sample'(”nly a m1nor fractlon of the transcr1pt 1s

o v
'assoc1ated w1th r1bosomes and mlgrates to the polysome

"portlon of the gradlent
_ [ .
- The third polysome gradlent was produced us1ng a sample
! B

ollected for 4 hours at 20 c ‘and then aged at 29 C for 1.
hour.:Thls was done to give ‘a w1der age dlstr1buthon to the
.embryo sample 1n an attempt to 1nclude embryos between 2 and.
tsmaller proportlon of the total 2. 2kb transcr1pt found in _
:-thls sample 1s seen in the prepolysomal part of ‘the
:gradlent and more 1s found assoc1ated with the polysomal

B}

fractlons (see 2- 4 hr, fractlons P1 through P4, Figure .26).
'Thls suggests that th1s early transcr1pt 1s assoc1ated w1th
<the r1bosomes and p0551bly translated The last fractlon of '
_thls gradlent contalns ‘a m1nor amount of what appears to be

’\2 Okb mature transcrlpt Th1s transcrlpt is also seen in the'

, polysome fractlon P3 from gradlent 2 (Flgure 26) and in the'

3 and. 4 hr’ samples in f1gure lSB, C,‘where ‘the 2.2kb,

' ;transcript{has.oompletely disappeared The fact“that the

2. 2kb transcrlpt is prepolysomal untll after 2 hr and the

3 hr sample only contalns a small amount of 2. Okb transcrlptav“
suggests ‘that the 2, 2kb transcr1pt could be act1ng as a

lprecursor to thlS 2.0kb RNA molecule. Interestlngly, the DDC

‘.basellne act1v1ty 1ncreases sharply between 3 and 4 hr of

i embryonlc development (Table 4)' Thus-.lt seems that thef~

‘Zarly maternal DDC transcrlpt 1s not translated untll some
i

me between 2 and 3 hr of development at_whlch t1me‘1tl

a . v S R
. EE . [



Table 4°'DDC act1v1ty durlng early embryogene51s.‘o‘V} -
| ;_Early embyro samples were collected for 1 hr and

;’then aged - (at . 25° C) from the m1dpo1nt of ,
‘;collect1on perlod The samples were extracted and
 'v'¢assayed for DDC act1v1tyfas descrlbed by’Clark et

la, (1978) except the sample volume assayed was‘
€1ncreased to 200ul and the amount of dopa added

' ‘to the reaction- was doubled All assays were o

vklndly done by Charlotte Spencer.'“

"-t,\"-



TABLE 4

v

_‘DDc A¢T1vrTY IN EARLY EMBRYOGENESIS.

LI B R
' DDC ACTIVITY (UNITS)

. SAMPLE AGE = EXPT! EXPT?2

2.0 MR . 0.028 . N.D.
2.5 HR 7 0.033 . 0.039 .
C3.0HR - 0.02p . 0.033
3.5HR . 0,059 0.033
4.0 HR 0.069 ~0.031

B ; 4.5 HR Lo ‘0_.-065, - 0.077‘ : ;"‘
5.0HR  N.D.  .0.098 -

1.unit = 1 nanomole LFddpa‘decarboxylated/hr/mg tissue
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.produces a sharp 1ncrease 1n the basal DDC act1v1ty level
. Polysome analy51s was. also carrled out on 14hr embryo -

fsamples. A representatlve northern blot is d1splayed 1n
Flgure 27. In‘each exposure~the»major doublet 'is

‘ fpredom1nantly in the last gradlent fractlon (P4) This

'“sedlmentatlon behav1our 1nd1cates that both the 2 Okb and ,,:w'

the 2. 15;X”transcr1pts may be assoc1ated with rlbosomes.

Interest%ﬁgly, the 2.3kb. transcrlpt is. also promlnent in -

f.thls gradlent fractlon (P4) Thls‘hNA molecule still
'contalns 1ntron sequence as - shown by 1ts hybrldlzatlon to o
:hthe'%gskb EcoR1-BamH1,probe (Flgure 22) M1nor amounts of

‘ the‘Q;Bkb;and]2.15kb'transcripts-are‘also;seen rn:all- |
polysome fraCtions (PIhthrough'P4);and“in'thevmonosome,"t
:fractionh(M)‘ fhe 2‘0kb‘transcript:thth‘oniy.in.the léSt

" two gradlent fractqpns (P3 and P4), may be produced'from3f
,canother transcrlpt by a proce551ng event after or durlng
1_vtranslatlon. i o

Also notable is the presence of precursors ‘in the

secOnd gradlent fractlon (M) Whlch contalns 51ngle BOS
rlbosomes mRNP partlcles. All precursor transcrlpts are
j’nglble in Flgure 27B _The mlgratlon of these transcrlpts to-
,the 805 51ze fractlon of the gradient. suggests that the RNA
1s 1n the form of messenger rlbonucleoproteln complexes."
Thelr narrow size dlstributlon 1s contrasted by . the large(
{varlatlon 1n the 51ze of the 2. 2kb prepolysomal RNA |

transcrlpts seen in the early embryonlc polysome gradlents

(Flgure 26), The 51gn1f1cance of this 1s not understood

)



Figure 27:

Polysome analy51s of 14 hr’embryonianDC

bytranscrlpts. h

A three hundred mg - sample of 11ve 14 hr embryos

was homogenlzed and fractlonated u51ng sucrose

’gradTEht centrlfugatlon as descrlbed 1n the.
‘Materlals and Methods and the gradlents werey
'collected as shown 1n Flgure 25 (14 hr) Two
'hmlcrograms of-poly(A) RNA from each gradlenti

’fract1on were analysed in a H V 1 5% agarose -

northern gel,;blotted and probed w1th ‘the 4. 8kb

EcoR1 DDC.DNA”franent ‘The size’ 1nd1cated
'represents the p051tlon of the 2. Okb DDC |
.\transcrlpt -
hA) 2 day exposure,

B) 4 day exposure.
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Thus,.from this analy91s we see that the 2. 15kb and the
g2 Okb DDC transcr1pts are assoc1ated with multlple rlbosomeSQd
1nd1cat1n§ these transcrlpts are translated The 2. 3kb
'transcrlpt is also found in the hlgh molecularhwelght
Ifract1on of the sucrose gradlent however ‘due to the
presence of 1ntron se uences in thlS transcrlpt fGEthéf'
1nvest1gatlon 1s necessary to determlne if 1t is assoc1ated
with - cellular translatlon machlnery The transcrlpts larger
.than 2.3kb are exclu51vely found 1n the BOS fractlon of the
"sucrose gradlent 1nd1cat1ng they are not assoc1ated w1th

=

'mult1ple rlbosomes and are probably present in these

preparatlons due to the NP 40 in the extractlon buffer

‘jIn VltPO TRANSLATION OF EMBRYONIC mRNA ’

» The northern gel blot analy51s shown earller \A‘, ‘
(F1gure 20) revealed that the mRNA transcrlpt proflle in ;
lboth embryos ‘and prepupal stages were 51m11ar. An analy51s

. 'of the proteins produced\fy in VltPO translatlon of these

"

>

omRNAs was undertaken in an-: attempt to compare the DDC

prote1ns from each stage..Polyadenylated mRNA from each t1me(, o

point was translated u51ng a rabblt retlculocyte translatlon
uvsystem F1gure 28 dlsplays a fluorogram of a SDS - . | .)
polyacrylamlde gel’ analy51s of ‘the rad1oact1ve prote1ns .ﬂy
produce/\iy translatlonf~Thls shows that some changes occj}
in the spectrum of mRNAs present from the end of oogene51s |
i(Ov) through to the end of embryogene51s (2—16) w1th the |

«
larval RNA sample (L) produc1ng a d1st1nct proteln prof1le. b



Figuce 28:

130

In Vltﬂo translatlon products from embyonlc RNA.
The lp,VltPo translation products from each

embryonic"RNA sample (Flgure 12) were analysed on

" a-SDS 10% polyacrylam1de gel. The‘gel was fixed

A |
~weight standards,_ '¥

66.2 kd: BSA

in 10% acetic ac;d and then prepared for

fluorography as described in the Materials and

Mechods. Each slot contains approximately 8 x 105

cpm acid 1nsoluble_35$ meth1on1ne 1ncorporated

s 1nto proteln. The larval RNA samples are
ode51gnated, L,wthe ovary RNA sample, Ov, 'and the
‘mean developmental t1me of each embryo RNA sample"

is 1nd1cated The molecular we1ghts 1nd1cated are

derlved from the BioRad SDS-PAGE Low" molecular

: . f
92.5 ‘kd: Phosphorylase B |
| /

45.0 kd: Ovalbumln

‘ 21;57kd:.Soy Bean /¥951n Inh1b1tor

D

l4{4 kd:/ﬁ?sozyme _ M

//

" The fluorogram was exposed for 12 hrs at -40°C.
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Figure 29:

o }, .34

Iéaunopreoipitation of embryonic DDC.‘ -

The in vitro translation products from. the cell
free translétion.of;each emhyronic RNA sample
(Figure'ZS)'were immunoprecipitated with anti-DDC
IgG as descr1bed in the Materlals and Methods
The embryonlc (2-16 hr) 1mmunoprec1p1tates were
analysed along with larval samples (L) u51ng a .
SDSV1O% polyacrylamide gel. The gel was. flxed
with 10% acetlc acid and prepared for |
fluorography as 'described in the Material and
Methods. The arrow indicates the DDC proteln
subunit of 54 kd. The molecular welght indicated
represents the position of the majo; mRNA
dependent lysate translation'produc;. The,

fluorogram was exposed for 35 days at -40°C.
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Flgure 29 shows the fluorogram of a SDS polyacrylamlde
gel analy51s of the proteins immunoprecipitated with
anti-DDC IgG from in VItPO translat1on products from each
embryon1c RNA sample (2-16) The numerous prote:ns seen in
'each sample is due to non- spec1f1c adsorptlon of the IgG and
‘the S. aureg{/ghosts._Thls type of non- spec1f1c adsorptlon
can be controlled in samples containing large amounts of
antigen bf-pre—adsorption with preimmune IgG prior to
antibody immunoprecipitation (Fignre 105; However variations
1 in batches of antibody and §. auredé ghosts still produced
some uncontrollable non—specifie adsotption even after
preadsorption with control IgG, as notéeeable in the larval
samples (L) in Figure 29. The utilization of
| protein-A:Sepharose 4CL-B (Pharmacda) as solid phase ’
immunoadsorbant.did reduee soﬁe vathe binding probleﬁs but
the major portion of the nonspecific binding seemed-to be
attribdtable to antibody batch variation.

Protelns comparable in size to the larval DDC subunit
(1nd1cated by arrow in Figure 29) are also seen in the 14
and 16 hr samples suggestlng that the DDC protein produced
‘during embryogenesis is similar in size to the larval _
protein. However, due to the large amounts ef anti-DDC IgG
"used in each 1mmunoprec1p1tat10n each slot is overloaded
with IgG producing a major protein band of‘IgG heagy chain
peptide migrating to 50,000 daltons inisize on a SDS-PAG.

This distorts the migration of the proteins of similar size

in each slot, thus no conclusive statements can be made
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about the naturé of the translation products of these DDC
transcripts. Perhaps this,problem could be alleviated bx
denatur&ng the immunoprecipitates in the absence of
B—me:captoethanoi. In the absense of this reducing agent the
1gG molecule should not breakdown into its cbmbongnt ligqg
and heavy peptides, cauéingwit to migrate to a a{fferent
" position in the gel, not’interfering with the migration o{
the DDC ?roteins. |

Due to these ‘poor results an attempt was made to obtain -
an immunoprecipitate, in which the non- spec1f1c b1nd1ng was »ge

minimal, through partial purlflcatlon of DDC mRNA.

, Polyadenylated mRﬁa}fromearl
was size-fractionated using sucro

The location of the transcripts ho

late embryo samples

iéht‘centfifugation.

Jus to the 4.8kb

probe was determlned by RNA dot blot hybr1dlzat10n analy31s

of ‘the gradlent frsftlons (Figure 30). The fract1ons

containing the most DDC.transcrlpt‘were then. analysed u$ing

northern gel blots to determine the spectrum of transcr%pts : .

found in each. Figure 31 and 32 show the gesdlts from the

2 hr and 14 hr gradient anaiysis respeétivély..Attempts tq‘

tfanslate ahd immunopredipitate the embryonic DDC from

fractions confaining thev2.0kb and the 2.15kb RNA molecuies

failed to eliminate the "problem of nonspecificity-during’
immunoprecipitation; It seems that it is virtually .
impossible to obtain-cleankimmunoprecipitates unless’oﬂe is

dealing with a feaSonably concentrated ‘antigen. Therefore

further DDC transcript purif%dation was attehpﬁed using

p,

¢



RNA Sucrose gradlent fractlon dot blots. B

Three hundred m1crog;ams of poly(A) RNA from 2

‘and 14 hr embryo samples wbre size fractlonated

“u51ng SDS sucrose gradlentrgent41fugatlon as

Pt

'The sucrose gradlent fractlons contalnlng DDC

DDC DNA fragment as descrlbed

‘gradlentS»fraotion§”10417fére

“autoradiogram was ‘exposed for

"'v}descrlbed in the Materlals and- Methods. ": S

a5
W -

transcrlpts wvere dete;mlned by dottrng 0 75ug ofe

poly(A) RNA from each gradlent fractlon to ”
n1trocellnlose and prob1ng with the 4.8kb'EcoR1
infthefMatefials'

and Methods. Invboth the_2‘h;-andjthe;ﬁ4-ﬁrg

1

shown. The

24 hours at -70°C.

/
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Flgure 31- H V*Northern ana1y51s of 2 hr RNA gradlent

=
fract1ons. .
\

-
§

dene half a m1crogram of poly(A) RNA from gradlent
~.tfract10ns 10 through 17 was electrophoresed ina
h,H sV 1 5% agarose northern gel blotted and. »
probed w1th the 4 8kb EcoR1 DDC DNA fragment The
size 1nd1cated 1s ‘that of the 2. 2kb DDC E | |

» transcrlpt (see Table 3) The autorad1ogram was

exposed for 4 days at -70 cC.

o
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Figure 32:'H%V Northern‘anaiyéis of 14 RNA g:adieht ,
— " ftédtioné} . *f',_“ 4 “k' ‘ N .‘"
Ohg'hélfﬁa'microgram of,pbiy(Ai RNA from grad;eht rt.Y"
f:actidh 10, thru 21 wvas eleétrqphbresed onta H;VH
“1;5% agarose norfhern‘gel,bblotfed, andfthen'f
probed with the 4.8kb ECOR! DDC DNA fragment. The
1$iié‘indicé;ed;is thé bositioh“of“the 2.0kb Dbc_,
f'ranséript;:Thé autoradiogram_Qas‘exposed fqr~2f'

days at -70°C.
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hybr1dlzat10n seﬁectlon of molecules homologous to the 4.8kb

" DNA fragment (R1ccard1 et al 1979; Parnes et al 1981)

”.Thls approach worked well in purlfylng translatable DDC

\

transcrlpts from larval RNA samples, however, due to the

llmlted supply of 14 hr embryonlc RNA the recovery of
.translatable embryonlc DDC transcrlpts was never: |

‘successfully accomplished. Again it seems the low

142

oopcentration of the DDC transcripts in the 14 hr embryonic

RNA samples makes this technlque d1ff1cu1t to use In

'conclu51on, I feel that both 1mmunoprec1p1tatlon and mRNA

hybrldlzatlon selection are-technlques that are d1ff1cu1t to

'apply if one is studylng an ant1gen or RNA spec1es that 1s

“in low abundance. e v e



‘ ana1y51s of the factors 1nfluenc1ng DDC expre351on

!

IV DISCUSSION

The work presented here represents a continuation in the'

throughout development 1n Drosophlla melanogaster All

1n1t1al studies in thlS 1aboratory have 1nvestigated the

~expression of -DDC during puparlation and .its. relationship to.

~at that time.

!

the moulting hormone titer peak also at this time (see = -

Figure 1)i’Kraminsky et al (1980) showed thatwthe increase

\gn'DDC activity at'this stage was due to an ecdysone

—

stimulated increase of translatable MRNA ; Recently w.C. Clark_

(personal communicatlon) has: shown that this response seems

' to be 1ndependent of protein synthe51s, suggesting that the

induction of translatable mRNA is at the level of gene

transcription. ThlS study focuses on DDC expre551on durlng

embryogene51s and 1ts relationship to the ecdyster01d peak

. -

- o L : : C A e

N ' C . . ’(,y'
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DDC EXPRESSION‘DURING\EMBRYOGENESIS ¢

The DDC act1v1ty found during embryogene51s ig shown in

vFigure 2 These data show that the appearance of DDC

act1v1ty is limited to the end of embryogene51s, just prior
to first 1nstar 1arvae hatching, This temporal pattern
correlates wefl wgth the appearanoe of the embryonic cuticle
at 12 hr of development (25°C). reported by Hillman and
Lesnik (1970) This suggests that the DDC act1v1ty during.
embryogene51s may ‘be 1nvolved in sclerotization of théﬁr

cuticle

143
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JOf primary interest in'this studyhis the relationship
ofnthetembryonic‘ecdysteroid‘titer peak, also seen in
figure 2, tO'the appearance ot‘the DDC activity at this
stage. The apparent stlmulatory effect of 20-OH ecdysone on
DDC expre551on during pupar1at10n ralsed the questlon
~whether the moulting .hormone also stimulates or'controls the
productionjof DDC activity‘during embryogenesis. However,
the tempOral relationship between”the ecdysteroid peak and
the-DDC activity dnring embryogenesisvdiffersvfrom‘that seen
at pupariation Hodgetts et al (1977) showed that durlng ‘
‘puparlatlon both ecdystero1d titer and DDC activity rise
almost concurrently. Figure 2 shows that dur1ng
embryogene51s no substantial DDC activity is found Untillthe
hormone t1ter has dropped back to baseline levels. The'_
-temporal dlfferences in DDC expression between puparlatlon
and embryogene51s are 51m11ar to the early and late polytene
chromosome.puftlng,respgnses to 20-0OH ecdysone stlmulatlon
in the salfvafw'glands_of)DPosophila‘melanogasten.
(Ashburner,"1974), respectively..The'early,puffing
represents transcrip?ion_induced within'minutes after.zofOH'
ecdysone‘application; This is thought to be a primary
response to the interaction of‘the hormone:receptor complex
at the DNA level_as it ls_refractory to the effects of
proteln_synthesis inhibitorsr ConSersely; the late puff
induction is controlled by the hormone but occurs'hours
after the'initiallhormone application and requiresAa number

7/

of events to initiate puffing-as demonstrated by the
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o

sensitivity-ofvthsir induction to.protéin synthesi57
" inhibitors. This éYstém, exhibiting two temporai patterns in
fesponse to écdyéone stihulation[‘éotrespondsAto differeﬁt
' sets o§ molecular events at' the level of gene regulatibna'
‘The control of DDC gxpfessionlmay :epresent.a'similar
 s§$tem. | | |

~The difference in temporal relationship bétween the
moulting hd;mone titer peak and the onset of DDC activity
du;ing embryogenesish when cqmpared to that found.during‘
pﬁpariation, édggésts that.regulatioﬁ of DDC expression with
respect to thé4mohlting hormphe is similar tovthe Iate‘ /
puffing scenario. Alternatively, the temporal lag~could’be‘a
magifested for some other Jeasoh. The possibility that the
DDC'activity‘at.this stage is produééd by avdifferént ,
_structuralAgenelﬁrOm that responsibie for activity found

during pupariation'was\invéstigated.

EMBRYONIC‘DDC IDENTITY
Recently, Batterham et al (1983) have shown that.;he.

alcohoiAdéhydrogenaseAaqtivity found in Drosophif ;
mojavensis is p:oduée&xfrdm two distinct.ADH sﬁr tural
genes. These two ADH geﬁes are éxpresséd in different
tempofal agfutiséug—sbecific patteihs during the ontogenyHOf
this species. The authors believe that this situation was
produced by'a'gene duplicatiqn event giving rise toAsimilar
-ADH‘gengs-whOSe control over ekpressioﬁ have divefged to -the

present situation.
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/
The DDC enzyme found during embryogenesis'in

Drosophila melanogaster was first compared to that seen at
pupariation‘uéing antibody raised%against DDC purified from
| laté third instar larvae. The interaction of the embryonic
‘Dﬁc with.thiS'antibody in both the,immundtitratioh (Table 1)
and the double immunodiffusion (Figure 6)‘expefiments
suggest that.the enzymes at these two stages are
immunologiqally éimiiar.

| To rulé out the possibility that two structurally
‘similar genés exist'for bDC acti&ity in
DPosophiIé helanogasteﬁ the analysis was'extenaed to
determine the effeét of the mutaxioh'I(QIqu“2~6n DDC
actavity at bot§ stages. The tempefature sensitive lethal
_ mutation I(2)Ddc“2, isbla;ed by Wright et a7‘(1981), |
affects bDC'activity levéls.in both white'prebupae‘and newly
.eélosed adulis reducing it'to‘aboutAZ%’oﬁ'wild-ﬁype levels.
The DDC acti&ity found in the mutant strain, at these
stages, is more'thermolabiléfthan the wild-type enzyme when

crude extracts are incubated a£'56°C'prior to assay

S/
(T.R.F.Wright, personalfcbﬁhuniCation).’This suggests that

. -
the lesion resides in thé\structural gene. This mutation
also proved to affect DDC acfivit& levels during
émbryogenesés (TabievZ).and~was shown to map to thé location
of the DDC“siructural gene~d%fined bj Wright et

al (1976) (see résults)._These'results.along with the
Southern blot analysis of Hirsh and Davidsoﬁ (1981) and

Estelle (personal.communication) convincingly show that a

o
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dingle DDC gene exists in Drosophlla melanogaster.

The prev1ous result led us to 1nvestigate if'a
different type of embryonic ecdyster01d may be respon51ble
for the temporal lag prior to DDC expre551on. Prev1ous\
 observations u51ng RIA antibody binding showed that many
fforms of ecdysterone are detectable in ‘this manner (Chang
and o' Connor 1979) Thus the - nature of the ecdysteroids

present in the eﬁbryonic RIA peak was investigated.
N

- EMBRYONIC ECDYSTEROID ANALYSIS

t

In Manduca sexta it has been reported that the,

embryonic ecdysteroid consists of primarily 26-OH ecdysone

while at other stages of ontogeny of this 4Ansect the prlmary

ecdyster01d is 20-OH ecdysone (Kaplanis et al, 1976).
Investigation into the type of ecdyster01ds in the embryonic

titer peak showed that a large amount of RIA positive

- material was found to comigrate with authentic ecdysone and .

20-0H-echsone standards when analysed with TLC (Figure 5a).
A When re-analysed with HPLC these TLC:zones contained
compounds which oo—chromatographed_again with&authentic
ecdysone and 20-OH ecdysone 'in a molecular ratio of

approximately 1:2 respectivély (Figures 5b,c).

Thus® in DPOSOphfla me lanogaster we £ind that the

" predominant embryonic ecdysteroid is 20-OH ecdysone, similar

to ‘the situation during pupariation‘(Hodgetts et al,*1917).

Therefore the temporal lag between the embryonic ecdysteroid

peak and the onset of DDC activity does not seem to be

#
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caused by a diffefent embryonic ecdysteréid-specieg.

Also noticeable iﬁ Figure 5a is a substantial peak of
"RIA positiv;v;atefial'migrating at about 1bcm on the TLC
”plate. Compounds with similar TLC Rf's have.beeﬁ seen,in '%V
Locusta embryos and idéntified ascboth deoxyecdysanes and
dehyroxyecdysones (Lagueux et al, -1979). These compounds are
thought to repreSent pfecursors and breékdowﬁ>prbddc%s of
biologically act{ve"ecdysteroids respebtively. The embryonic
ecd_'gsteroids 'i.n Dnosophi'la melanogaster are presumably .
derived from maternally contributed precursors of the
deoxyecdysone type. - | ‘v T O

Absent in these DPOSOthIaFembryonic ecdysteroids are
the highly polar ecdysteroid conjugateé found in the ehbryos
of both Locusta migratoria (Lagueux et al, 1979) and
Shistocera gPegabia‘(Gande'and Morgan, 1979). The

conjugation of biologically active ecdysterpids is believed

.to be a rapid, od’of inactivation and the first step.in,

!I;X;;-'-J

%
i .
3al Awinia it

due to an inability to detect -these types of mbleculeg%wg

%y . N R
the aﬁtisera used, although this antisera detected

.

P 0 )

LeEt T,

ecdysteroid conjugates in 9 day old Locusta embryo extractsg

+

w

(B.Sage, personal communication). More likely, Drosophila

[

= . - ER-S ‘qr-‘ + )
embryos may inactivate the ecdysteroids.in an alternate .;~@?§
\ S ; ;

‘manner obviating the production of these highly polar
conjugates. More investigation is needed for this to be ™} Nt

determined however.

Mgy
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‘The significance of thls embryonic ecdystero1d peak in
Drosophila is-enigmatic. The titer peak does however occur
just prior to the format1on>of the embr;Lhic cuticle at 12
hours of develobment at 25°C”(Hillman and tesnik, 1970).
Lagueux et al (1979) have shown.that each of the feur
embryonfe ecdysteroid titer peaks in Locusfa migratoria
correlates temporally with the formation of an embryohie-

‘cuticle. This. suggests that in Locusta these embryonxg
ecdyster01ds are 1nvolved in the regulatlon of embryonic
cutlcle synthe51s. The 51gn1f1cance of the DPOSOphIIa
ecdysteroid peak could possibly be»resolved if mutatlonsl.

- affecting its appearance could be identified. erght (1970)
khas reviewed many of the mutants in DPosophlIa melanogaster
whose effect is manlfested dur1ng embryogene51s. Perhaps
analysig of those affecting develppment around ‘the time of

the ecdysteroid peak may identify lesidns involved in’

%% egdyster01d productlon at this stage. This ggpe off mutation

gyould be useful in determ1n1ng the effects that the

The)mutatlon 1(3)ecdysoneless 1“‘\1solated and

descrlbed by ‘Garen et al (1977) e11m1nates the puparlal

1ecdystero1d peak when raised at the restrlctlve temperature

pus

v :;'(29 C) during third instar larval growth This mutation's

“ | efiect on the embryon1c ecdysteroid peak and DDC act1v1ty
was investigated in the hope that 1t mlggt prove a useful

tool in analysing the relationship between them. R
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| THE EFFECT OF I( 3)ecdysoneless~1“ DURI)’G EMBRYOGENESI s | |
: Kram1nsky et al (1980) have shown ‘that h"' ‘
I(3)ecdysoneless 1 larvae ralsed at 29 C 1n the absence of
~d1etary 20 -OH . ecdysone fall to produce an 1ncrease in"DDC
) 'act1v1ty durlng late th1rd 1nstar. This mutant has proved to
kbe a valuable tool‘ln the analy51s of DDC expre551on dur1ng

°

puparlatlon To analyse the relatlonshlp between DDC

'

. " '
.expre551on and the ecdyster01d geak durlng embryogene51s the
’fut111ty of, the l(3)ecqysone7ess 1“’mutat1on as a ‘tool to

*r

l'study the1r 1nterrelat10nsh1ps was 1nvestlgated Flgures 3 P

| fand 4 show however ‘that at both the permlss1ve and the-

¢
‘restrlctlve temperatures the ecd1 mutant straln was

’vdlndlstlngulshable from the wlld type for both ecdystero1d
and DDC appearance. Thus thlS mutat1on proved ‘to be o; no
puse tor the analy51s of DDC expre551on and 1ts ; latlonshlp
to the ecdyster01ds present durlng embryogene51s. Redfern
and Bownes(1983) have exten51vely analysed -7//' ; f
‘74(3)ecdysoneless—1“ and belleve that 1ts plelotroplc
phenotype, 1nclud1ng the affect .on ecdyster01d accumulatlon
‘durlng late th1rd 1nstaf lS produced because the le51on 1s b
a temperature sen51t1ve cell autonomous lethal mutat1on
whlch affects spec1f1c mltotlcally active cells. Thus, not
'_dlrectly involved in ecdyster01d blosynthe51s, thls gene °
‘when mutant, only 1nd1rectly afﬁects ecdyster01d |
oaccumulatlon at puparfatlon by 1ts lethallty ‘exerted on
| cells 1nvolved 1n the hormone productlon This mutation ?oesh
~not affect ecdyster01d accumulat1on durlng embryogene51s

or

e
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'(F1gures 3 and 4) because 1ts lethal effects are not

“51gn1f1cant to the hormone s productlon wt thls stage.

DDC TRANSCRIPT EXPRESSION DURING EMBRYOGENESIS
From the prev1ous analyses we know that p ;dmbryonlc'
.ecdyster01ds and DDC enzyme molecules are of 1dent1cal types
| when compared to those found durlng pupar1at1on Therefore
the - temporal lag between the embryonlc ecdyster01d peak and
the onset of DDC act1v1ty can be con51dered to be manlfested
by an 1nteract1on between the two 51m11ar to the late
pufflng response ment1oned above. Alternatlvely, the

// i MA#) 1 " .
ﬂnteract1on between the embryonlc ecdyster01ds and the DDC

gene may be 51m11ar'to the #1tuat10n at puparlatlon causing
{

the 1mmed1ate production of DDC mRNA that 1s stored in a

/
non translatable form unt1l it 1s used later durlng

ERr o

'embryogene51s. It hes been/shown that transcrlpt1on of a
' /

gene and subsequent transbatlon to glve rise to overt
expre551on can be tempora/ly separated by translatlonal
control over the transcrnZt produced (see Kastern et -
,al 1982 Balllnger and ?ardue 1983; and Rosenthal et

al, 1983) ThlS was 1nvebt1gated using Northern gel blottlng

/ A

"methods.;7 R b | |
Two sets bf Canton-$ embryo sambles were collected‘to'
“represent time p01nts throughout embryogene51s at 29 C and
‘DDC transcr1pt accumulatlon at each stage was analysed us1ng
’Northern gel blots of the RNA extracted Substantlal |

L

'accumulatlon of transcrlpts homologeus to the 4 &kb ECOR1
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may be 1?1t1ate from a promoter unrespon51ve to hormone

'StlmUIat1¢Q<§"h'le during puparlatlon‘transcrlpt;on may be "

S [y
DDC clone.(Figure 8) are v1sual1zed at two periods during

embryogene51s (Flgures 12, 13 and 1%). A S1gnfgﬁcant amount

\

of DDC transcrlpt is f0und in the RNA pools$ of 4(

pre blastoderm embryos Thls was unexpected as only low
levels of DDC activity can be measured at th1s tlme.'

" Also notlceable from these Northern gil blots (Flgures
13 and 15) is the accumulatlon of a varlety of d1fferent

sized RNAs whlch arlse beginning at 12 hr of development

$

"~ just prlor to. the increase in DDC act1v1ty. Thus the

embryonlc ecdystero1d peak occurlng at 8 hr, seems to have

- no 1mmed1ate effect on DDC transcrlpt accumulatlon. ThlS is

'clearly demonstrated in Flgure 16 Interestlngly, DDC

transcrlpt levels peak at 14 hr of development two hours

////before the peak 1n DDC. act1v1ty, then decrease prec1p1tously

to basellne levels by 18«hr“Thls indlcates that'the
half- l1fe of the transc:fpts at thlS tlme is relatlvely

short. Thus 1t seems that the 1nteractlon between the

embryonlc ecdyster01d peak and the DDC g%Re is analogous to'

the late pufflng response of the sal1vary gland ;olytene X0

chromosomesxto the moultlngjhormone as descrlb Y Walher ‘

and Ashburner‘(1981); This is .in contrast w1th the7situation

that occurs during pupariation where .the DDC gene seems 0
respond ammedlat%ly to ecdystero1d stlmulatlon
' ThlS 51tua /ion could reflect alternate promoter usage

at the two stages. Duang embryogene51s DDC transcrlptlon

CL R
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.controlled from a promoter element réhu;rlng hormone

st1mulat10n. Schrbler et al (1983) have shown that the

B

' tlssue spec1f1c expre551on of ‘the- mouse a- amylase gene in .

the l1ver andfthe‘parotld gland is d1rected from two

dlstlnct promoter elements each def1n1ng a dlfferent mRNA
start 51te. In the parotid gland a more eff1c1ent promoter

is used to glve rise .to.a greater accumulat1on of gene

~transcript necessary in that tlssue Reéently, Benya}atl et

aal (1983) ‘have alsg)shown that the expre551on of ‘the 'ADH-

gene in Drosophila melanogasten is regulated from two.

o

‘ dl‘stin‘ct -promot"e.rs which are used to initiate transcription

fat two dlfferent stages of development.

4

In both cases mentloned the’ mature transcripts

produced from each promoter dlffered sl1ghtly from each

A 4
S other in -§ize." However the DDC° transcrlpt patterns observed

'1here, from both late embryonlc and prepupar1al stages,

proved to be 1ndlst1ngu1shable from each other in s1ze

.

(Flgure 20) If multlple mRNA promot1on 51tes were belng

ey

used at’ these stages one m1ght expect to detect 51ze’

)

,“1n1t1at10n 51te.

variation in the mature transcrlpt as well as precursor

- oy

,‘molecules and thlS is clearly not the case for the DDC-

ktranscr1pts at these two stages. Although more sequence

nformatlon on the transcrlpts at both stages 1s needed

from this analy51s it seems 11kely<that~the RNAS at both

g
t1mes 1n development are produced from Hﬁﬁ same, promoter

k3



The apparent dlchotomy 1n DDC gene‘regulatlon may.
result from the uncoverlng of aH ecdyster01d respons1ve

.enhancer type element 51m11ar to the glucocort1c01d

”irespons1ve enhancer descrlbed by Chandler et al (1983)

e

'?Poss1bly th1s ecdysteroid.enhancer may not be avallable to

-51gnals Hur1ng embryogenes1s due to constraints over 1ts

express;og 1mposed‘by the chromatln structure,around the

\7gehe“atith%tztimel Burch and Welntraub,(1983)1”have‘shown:l

' that constraints oyer gene expression are reflected by the ..

absence of DNaseI hypersens\tlve 51tes which are normally
seen both 5" and 3' to the gene ]USt prlor to expre551on.
Thus the chrom tin iiéycture in and around the DDC gene_
fshould be 1nvest'%yted at both stages. These studies in-

con]unctlon w1th an analysis of the 1nteract10n of‘the"f

- hormone: receptor complex W1th the DDC gene at- each stage may

o
prov1de some 1n51ght into the regulat1on of DDC gehe

expre551on and perhaps a better understandlng of

,developmentally 51gn1f1cant regulatory mechanlsms._

pnc,TRAnscnlprycﬂénAqrgnrknrron{.t |
. The ﬁi%alﬁpart of this thests was dertedetbva

characterization“of the numerous embrYOnic DbC ‘gene

-transcrlpts.»In ‘what follows, a model 1s put forth that

attempts to explaln the complextty in terms of the -

proce551ng of pr1mary gene transcrlpt to. a, fully mature

translatable,messenger RNA.
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: Flg&re 8 for probes)

- Late EmbrYogenesis

. 1s5.

 The transcrlpts hybrldlzlng to the 4 8kb EcoR1 DDC

hprobe ‘at- both early and late embryogene51s produce a complex v

pattern con51st1ng of multiple bands with various - steady

. state levels of accumulatlon (F1gures 15B,C). The DDC gene
has been reported to contain two 1nterven1ng sequences
»(1ntrons) each about 1 kb in length (Beale, Morgan, Morse,

- .and Hirsh as cited in Scholnick et al, 1983).-Thus this

mixture of transcripts at each stage is taken to represent
both fully mature-mRNA;and'precursor molecules. Therefore,

these transcripts were characteriged-using»Northern gel -blot

,analy51s of total cellular, cytoplasmlc and polysomal

polyadenylated RNA employlng varlous DDC probes (see

‘The transcrlpts assoc1ated with the DDC act1v1ty peak

'1n late embryogene51s were analysed first as the1r

relat1onsh1p to the transcrlpts during pupar1at10n was of

’initial,interest.'ln 14 hr embryonic total cellular RNA

-samples, six distinct transcript classes ranging_from 2.0kb

to 4.5kb in length (Table 3) can be visualized when gel.v

il)blots are hybrldlzed to the 4. 8kb EcoR1 DDC probe

(Flgure.1SB,C). In Northern gel blots which are overexposed '.

for these‘mainfbdnds, three more transcripts are appareht

between the 4 5kb and the 3. 25kb zzanscrlpts (Flgure 17).

The medlan sizes are 4.1kb, 3. 8kb and 3.5kb when cdmpared

L]

" on a standard curve‘to the other_DDC transcripts (Table 3).
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Thus, this collection of nine transcript size classes

probably représents both fully mature translatable mRNA and -

its proceSSlng precursors.

‘The doublet con

‘jpresénts the fully prOCESSEd mature

“DDS’mRNA Bgth spec1es are found aSSoc1ated with large

»

molecular weight polysome structures (Fugure 27) 1nd1cat1ng

that both seem to be translated The hypothe51s I favour is

~ that the 2.l5kb transcr1pt-glves rise to the 2.0kb molecule,

' probably_through a variation in the length of the’

polyadenylation at the 3' end. The poly(A)'tailAiS known to

decrease in length during.the-life-of a mRNA transcript,~‘

'«tlng of the 2.0kb and the 2. 15Kb RNA -

(Brawerman, 1981), ThlS varlatlon has been shown te occur in

dlscrete size classes for the globln mRNA (Gorski et

al, 974)- In the surf clam Spisula this deadenylation;euent

has been assoc1ated with translatlon (Rosenthal et
al, 1983). In both cases, mentloned the length of the poly(A)
tail rémains long enoughv(ZO) to'remaln‘1n~the poly(A)+ '

fraction'from oligo—oT chromatography'(Taylor, 191?)

‘similar to the observatlon for both -DDC transcrlpts. Both

contain enough sequence 1nformat10n to comfortably contaln

the 1, 6kb approx1mate codlng length (assumlng the average'

M w. of an amlno ac1d 1s 100 daltons) required to produqe;-7,
- the 54 000 dalton. prq¢e1n subun1t of the larval bDC enzyme‘

(Clark et al 1978) plus add1t102$1 sequence for the 5' and.

3’ nontranslated reglons and the ?ﬁ oly(A) tall found in

most\eukaryotlc mRNA (Brawerman,‘k974) Also,'hothgthe 2.0kb "

~



157

\

and the‘é 15kbrtranscripts do not contaiﬂ/sequences
Complementary He thg \0 ékb ECOR1-B'amH1%rtial §' intron
probe (Flgure 22) This 0.6kb EcoR1 BamH1 DDC subclone 1s
."con51dered to represent intron sequences because DNA
sequence 1nformat10n reveals that all three readlng frames
of the mRNA produced are closed by one or more nonsense
-codons (R.B. Hodgetts, personal communlcatlon) Thus it seems
: llkely that the 2. Okb and. the - 2 15kh transcrlpts both
krepreSent fully spllced~translatable DDC mRNAs and the
‘varlatlon in size is . llkely due to a deadenylatlon of the 3°'
’;end wh1ch occurs durlng translation,
All ‘other mRNA transcripts larger than the 2. 15kb
. molecule presumably represent’ 1ncompletely processed
precursors. The fact that these transcripts are
polyadenylated is con51stent ‘with the f1nd1ng that
polyadefylatlon precedes splicing in the cases.where poly(a)
h“.mRNA is produced (Nev1ns and Darnell, 1978; Tsai et
al, 1980). |

-r-'In most systems studied‘to date splicing precursors
have been foUnd'only in the‘nucleus (Ryffel ef aﬁ; 1980;
Tsai et al, 1980). However, splicing inté&mediates have been
found in the cytoplasm from Adenovirus-2 transcripts
ANerins, 1979 Berget and Sharp, 1979) but it is not clear
Qhether these‘transcripts are processed further,'or are
"products of abortive splicing events,‘or'are'the-event of

inuclear leakage durlng experlmental manlpulatlon. In both

cytoplasmlc and polysomal RNA preparatlons minor amounts of
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the precursor transcripts are visualized (Figures 24 and
27) However, when . compared to total cellular RNA
preparat1ons containing both nuclear and cytoplasmlc RNA,
:the minor amoun\s of these transcrlpts in Ehe cytoplasmlc
preparations clearly represent only a subset of' the total
cellular precursors. Their *presence in these cytoplasmic RNA
~ samples waa confusing as most RNA procesalng is thought to
occur in the cell nucleus. After obtaining rhis result an
effort was made to determine if other investigators had been
faced with similar reeults. Lenk et al (1977) have shown‘
'thar the use of the non-ionic detergent NP-40 }n'cellular
extrac;ion'buffers above 0.1% causeslthe solubilization and

\\‘

‘loss of the nuclear membrane. Along &ith thia a visible
change in the morphology of the chromatln occurs but: the
nucleus remalns intact, Thus, the nuclear skeleton 1s |
suff1c1ent to ma1nta1n strUctural 1ntegr1tg.but cannot_
\prevent nucle;r leakage. Therefore, the low level of
precursors v151ble in the cytoplasmlc preparat1ons is
probably due to nuclear leakage caused by the 0. 5% NP-40 in
‘the extraction buffer.

Addltlonal ev1dence that these transcrlpts are

precursors comes from thelr hybr1d1zat1on to the 0.6kb

EcoR1-BamH1 intronic probe (Figure 22) mentioned above. Also

initial hybridization results indicate that the 0. 3kb. %g

Xhot-HindIII DNA fragment is complementary, to only the 4. Slcbg@{‘?
:,;Lg 4

transcr1pt. The restriction map (Figure 8) shows thlS @

e . C . . . . A
fragment lies within the 3' intron. This, in con]unctlo?~

5
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nlth sequence data (R.B. Hogetts, personal commnn1cat10n)
‘show1ng stop codons in all® three readlng frames of this BNA
fragmq@t\ suggests that it represents intron sequence. Thus-
the‘hybrldlzatlon‘results with these two intron probes show
that these transcript53contain genomic sequences not found
in the 2.0kb.and the 2;15kb mature transcriots. V
During maturation of the ovomucoid (Tsai et al, 1980)
and‘of the mouse major}B—globin’(Kinnihnrgh and Ross;‘1979)
primary transcripts, a preferred order of intron excision
.has been recognized;thomever in other cases no order of
:intron excision has been'observea (Breathnach and Chambgn;
1981). . S
The hybridization patternsnof hothADDC intron= probes
suggest that there.is a preferred order.ofvintron splicing/
during the maturationgof the DDC primary gene transcript.
The hybridization of_thelorﬁkb'fcoR1-BamH1 probe to all
precursor molecﬁles.(Fignrev20) and the initial resnlt
showing that only the 4.5kb transcript contains sequences
'compiementary‘to the.0.3kb Xho1-HindIII probe (data not

shown), can be interpreted to 1nd1cate that the 3' intron is

‘removed f1rst followed by the excision of the 5' 1ntron

’sequences. Thus the 4. Skb transcript probably contains both

omplete intron sequences. The 3' intron, complementary to
the 0. 3kb XhoI—HlndIII probe, 'is removed first to give rise
to the 3.25kb transcrlpt which then contalns only 5' 1ntron‘
_sequences. Thls 3.25kb transcript is then processed further

%to yield the 2, 15kb fully spllced mature DDC mRNA .

{
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The removal of intron sequences by multiple excision
steps has been observed in a number of different systems.
Many intermediates have been identified in the splicing

- .
pathway used to link the Adenovirus—i’major late tripartite:

‘leader sequence to the main bodies of the late messenger

RNAs (fof review see Ziff, 1980). RNA transcripts with

‘partially excised introns have been visualized by R-1loop

mapping of Adenovirus-2 transcripts by Chow and Brokerv/

(1978). The chick a-2 procollagen mRNA is produced frdﬁ a

npfecursor transcript, from which intermediates w#th

partially excised introns have also been identif&ed
(Av?edihento et al, 1980). The»iarge introq frd& the mouse
B—globin'gene,primery transcript requires at least 2 steps
to be excised completely'ixinniburgh and Ross, 1979).
However, in most RNA tfanscripp pools ghese partielly
spliCed'ihtron transcripts are.not'easily identified.
Kihniburgh and Ross (1979) believe that this |

-

under-representation of these splicing intermediates in the

'steady state RNA population is due'to>aVCOmbination'ofvtwo

factors. The initiation of intron excision may be the
rate4determining factor of the splicing process, causing a

build- up "of molecules conta1n1ng complete intron sequences.

‘Once thlS barrier has been overcome ‘the excision of the .

71ntron is relatively rapid, occurrlng in a number of steps

giving rise to the fully sp11ced RNA transcript. Thus, this

situation would cause these splicing intermediates to be

only a dinor fraction of the steady‘stéte}RNA population and
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ie probably the reason why these trenscripts are not w
reported in the early literature deallng with RNA sp11c1ng
Kand Ross, 1979).

Considering this, the number ef DDC transcript
precursorS‘end the variation in their steady state levels
’beth suggest that the removal of.the intron sequences from
DDChtrenscripts occurs by multiple extision:religation”' y;
events (see Figures 15B, 15C, 17, and 22). Also.noticeabie
is that the precursor bands are of two types with respect to
band Wiath The 4.5kb and the 3. 2$kb precursor transcripts-
-are found in bands w1th little size varlatlon which produce
narrow intensely hybrldlzlng spots in a gel blot ‘
autoradiogram. These .transcripts are thought to,repreeent
- molecules cohteihing compiete intron sequencesf This is in
keeping with the Kinniburgh and Ross (1979) hypothesis. The
4.1kb, 3.8kb, 3.5kb, and the 2.8kb and‘é.3kb transcripts are
all character1st1cally less intense than the transcrlpts

flanklng them, Also the bands are w1dequrmd1cat1ve of a‘ .

greater var1atlon in the size of the molecules within them.
ThlS 51ze var1at10n rangee from about 100 to 150
nucleotldes. These transcrlpts, con51der1ng their steady
state prevalence, probably represent sp11c1ng intermediates
contalnlng only subunlts of the complete 1ntrons. Thus, the
splicing toéether of exonic coding sequences for the DDC
transcr1pt can be 1nterpreted to take’ placé by a number of

excision:religation events ‘to f1nally yield the pr%Perly

joined exons.
-



fhe size variation of these bands, presumably "a' '}j
conteining partially spliced intron transcripts, may.reflezégf
a .functional imprecision of the excision:religation event
during the firs% few steps of inﬁron repoval. Thus each
ekcision:religation'event, removing 300-500 bases of intron,
pfoduces partielly spliced transcripts of variable: sizes,
presumably due,éo the imprecise nature of these events. This
seems probeble as oﬂly“during the final excision:religation
event does the spiicing.process require a precise junction
to be formed for the productlon of a functional mRNA. |
Models for RNA splicing have been proposed as the
accumulatlon of information about thlS process contlnues.
Sharp (1981) has proposed that the nature of the sp11c1ng
event is progre551ve,‘start1ng at. a single 51te and worklng
in either or both directions until the intron is fully
.remooedvotilizing mﬁitiplelexoision events. This’explains
:poﬁ the process never splices the 5' site of one int;onpto
the 3" site from'anothe:, deleting exonicvreg%ons in the
prooess. Lerner et al (1980) and Rogers and Wall (1980) have
both proposed that the small nuclea; RNA U1 may be involved
~in the_precise positioning of the 5' and 3' splice sites for
thevexect‘splicing of exonic regions due to the extensive
sequence‘complementarlty of this snRNA and the regions . '
around the*5' and 3' spllce junctions. Con51der1ng this,
~Sharp also proposed that the 51gnal gu1d1ng the RNA sp11c1ng
complex to b1nd to the intron 1s probably 51m11ar to that |

used by the r1bosome to bind to the 5' end of an mRNA

>
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molecule. Recently, Langford and §allw1tz (1983) have

. _ iy i’ ’
.11hde 1f1ed"a yeast intton- spec1f1c mctanucledtiia sequence,

Fl

ound in the 3' end-of the yeast actin gene intron, which is
absolutely requ1red for 1tsﬁfemoval These authors believe

this sequence may represent the 1ntron recognxtlon element

*

which allows the positioning of the RNA splicing complex. I#

seems possible that this type of sequence,element may prove
. to be a gene;gl phenomenon of all intron sequences, however,
the investigations are-still to be done. Mount et al (1983)
have also recently'shown that the snRNﬁ'containlng the small
nuclear RNA U1l .can selgct1vely blnd a5 spllce site in
vitro. This suggests thpt the snRNA U1 could be 1nvolved in
,the exact p051tlon1ng of th: ad301n1ng exon1c regzonS'prlor
to thevflnal exclslon'rellgatlon event as proposed by Rogers

and Wall 1980513J TN

1

Thus from this 1nformatlon one could 1maglne that the

%

sp11c1ng of the mntron se%uqnces from DDC transcrlpts occurs

f1rst by the brndxng ét the spllcing éomplex to some 1ntron

. *, Ll

» x“ N
1dent1f1catlon séquence, perhaps a small nucleotlde reg1on

% .
L4

of a Sp11ce Junc%lon,‘then in a ptogre551ve fashlon, the
1mpreC1se exc1sgbn rel;gatlon of 300-500 nucleotldes of

*“iftron reglon glwes rlse.to a var1at1on in the size of

i k]

p11c1ng 1ntermed1ate SO generated “This would continue
until the COMplete 1ntron is exc1sed and the adjacent exonic
reglons are somehou,accurately Jolned ThlS mechan1sm allows
yntrons of vaflous sizes and sequences to be 1dent1f1ed -and
then remoyed accurately.w1th,11ttle chance of aelet1ng l

(RS
- E
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/exonle~reglons.‘-,-.'_‘.v"i P R
A S PR o g \
‘.//‘ A The results from the.. 14 hr polgsome gradlent _ :
4 *‘(Flgure 27) show that the DDC pre@ursorstranscrlpts are all

/ of the 80 S 51ze ClaSS° These mRNA proteln complexes may
represent sp11c1ng complexes. Klnnlburgh and Martln (1976)

, have shown that most 1f not all of the asc1te cytoplasmlc
/ S

poly(A)‘RNA represented 1ntthe nuclear polyadenylated RNA 1s

N

assoc1ated w1th a 30 ‘S, proteln complex composed of several

dlfferent proteln subunlts. Beyer et al (1981) have also :
/""-—-_\ + ‘
shown that most of the nascent RNA transcrlpts found 1n

chromatln spreads of Drosophlla embryo nucle1 are assoc1ated ;
. e !
w1th a number of 30 40 S monomer protern part1cles. These
partlcles have been proposed to be respon51ble for many
0 e

functlons durlng RNA maturatlon 1nclud1ng RNA cleavage. Itd

. '?;jilwould be 1nterest1ng to test these 80 S DDC transcrlpt mRNPs'~-
for the presence of snRNAs. More 1nvest1gat10n lS needed to o

determlne the nature of these 80 S part1cles and the1r V

R pf'relatlonshlp to the sp11c1ng pr cess.A

Flnally, the 14~ hr polysome gradlent shows a'f

s1gn1f1eant accumulation of the 2. 3kb transcrlpt 1n the same

— - T A

grad1ent fractlon conta1n1ng the translated DDC mRNAs

L B

(Flgure 27) It 1s unclear from thls result whether the

1

presence of the 2. 3kb transcr1pt 1n thlS large polysome

. ?

fractlon i§ due- to translatﬂpn of thlS mRNA or whether 1ts

S “ N

; / pos1tlon in. the gradlent 1s due to the 1nteract10n of somef~;

-

o other large macromolecule.,Because thls transcr1pt Stlll

l_.-

& contalns 1ntron sequences, 1t 1s hard to belleve that it 1s
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.“

ash ed w1th rlbosomes and is be1ng translated Flrstly,

Martln and Mlller (1983) have shown that most mRNAs be1ng

translated are completely saturated w1th r1bosomes along
£

J“thelr entlre length The p051t1on of thls transcrlpt in the
polysome gradlent 1nd1cates that if . 1t is- aseoc1ated w1th

[“rlbosomes,‘51m11ar numbers areefound on thls andrthe,otherv,

0

“»méture‘DﬁC transcripts;'DNAisequenCe‘data hasVShOwn‘that
this<5' 1ntron conta1ns multlple stop codons, therefore,

~unless all have been prec1sely removed no r1bosomes qould
L by
. 'transit past.th1s\reg;on of the transcrlpt maklng 1ts ,-,:A?’

‘;migrationﬁlntb‘the‘large pblysbme gradient.fractlon due tolo
' ? ‘ I: " . ' . ‘ .. i ' ) -' . » e . T
- some other factor. However;~1f»a11 stop codons'are

ﬁ%uccessfully removed and the extra nucleotlde sequence does
not alter the frame of translat1on, th1s extra 1ntron

‘. L e N

sequence would he translated 1nt04add1t10nal exonlc reglons,

- maklng the proté1n produced larger than that made from the ‘

.15kb and 2. Okb tranéé ”pts. Th1s wqgld be 51m1lar to theli'

e : "
51tuat1on that occurs for the aX@Csttallln gene descrlbed"

by King and Plat1gorsky (1983) Alternat1vely, if the. extra_
-linucleotlde 1nsert ‘altered the frame of translatlpn cne m1ght .
‘”expect a smaller proteln product’caused by. premature |

“translatzon term1nat1on._In1t1al results 1nd1cate that aﬂ

A54 000 dalton proteln subunlt ‘is- seen 1n the
‘;’1mmunopreC1p1tates from In VItPo translatlon products from .
‘rfthe late embryonlc mRNAs (F1gure 29) A sllghtly larger -
';}}?proteln‘:i\not\ev1dent ;n th1s gel However, due tb the -
:”5overloadld; of the gel w1th IgG proteln and the severe

S ). a’



i . . . ) . : el [
/ » L » . ’lvﬂ}j,m'.,,l :

/ | ‘ | . ' ‘.v»‘.“, N ' ' ) . B ’ ‘ ' 1‘66 N

f;problem of/non-Specific binding of smaller. proteins to the -

immunoprec7pitates, fufther investigatiOn'is necessary

l'before these p0551b111t1es may be dléaounted Itfeel that"

,;the ‘best. explanatlon for the presence of the 2. 3kb DDC

.

mtranscﬂﬂbt 1n this polysome gradlent fract1on 1s this is due .
~to an artlfact of the extractlon procedure caused by - NP 40

'f1n the extractlon bu fer. As ment1oned earller,'thls

non 1on1c detergent solublllzes the nuclear membrane that
¢ /"

allows leakage from the nuclel. Perhaps the sed1mentat1 n

mycoeff1c1ent of thlS 2 3kb complex 1s due to the assoc'atlon

~of theﬁgo S mRNP w1th ‘a nuclear transport matrxx or spl1c1ng

complex,vwh1ch upon cellular dlsruptzon is solub1llzed into

‘athe extract supernatant Recently, Peebles et al (1983) have

_ &
~shown that the yeast tRNA sp11c1ng endonuclease act1v1ty 15‘

"]assoc1ated w1th the yeast extract membrane fract1on, Wthh

—l e

can be solub111zed by treatment w1th ‘non- -ionic detergents

More experlmentatlon is needed to establlsh the nature of

this 2. 3Q§amRNP The sen51t1v1ty of the 2 3kb mRNP s

f'molecular we1ght to treatment ‘with EDTA may prov1de some ’

1ns1ght into the- nature of its components and thelr

"1nteractlons. Further 1nvestlgat1on should analyse the.hhb

bouyant den51ty of the large mRNP partlcles 1n metrlzamlde F

gradxents us1ng the methods of Ball1nger and Pardue (1983)

Thls w111 permlt the d1fferent1at1on of mRNP macromolecular-“'

“complexes from polyrlbosome complexes of dlfferent___
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are 4.1kb, 3. 8kb and EE 5kb Jinf

It is clear that numerous 1nterpretat10ns ofnthe ‘data

are p0551ble; The model present below 'is only 1ntended to

prov1de a work1ng hypothe51s to dlrect emplracle Ca

fa151f1catlon. Thrus, from llterature precedent and the”

.avallable data, thenﬁollowrng model for the maturatlon of

.the»DDC’primary~transcript is proposed. The 4 5kb- transcrlpt

represents the*polyadenYlated prlmary gene transcrlpt

produCed firstjat;about 12 hr of embryonlc development ThlS'

molecule contains both the 5' and 3' 1ntrons 1ntact The

firstlmaturatiOn step ls thevremoval of the‘3' intron, of

" which the 1n1t1at10n step of the spllglng process is-

y,' de

rate determ1n1ng After sp11c1ng 1n4t1at10n has taken place

,ssz
thlS intron 1s rapldly removs :a numberaof
exc1s;on.rel;gat10n events' to
state amounts of . thgrintermed‘

e rise to minor steady
) el

‘e sp11C1ng products which

51ze The 1n1t1al exc1s1on of

S

1ntron sequences presumably

&

‘tarts from~a‘51ngle p01nt

‘thh1n the 1ntron and prog e551vely removes 300- 500

nucleotldes w1th each event. Thls brlngs the two splice

junctlons closer together un511 the f1nal spl1c1ng event

o

prec1sely 301ns the two adjac nt exonic reglons accordlng to

~some. gu1d1ng mechanlsm The complete exc151on “of the 3'

167

1ntron glves r1se to the 3. 25kb transcrlpt. Agaln the rate;

determlnlng nature of the sp11c1ng 1n1t1at1on step for thep

removal of the 5" intron causes thlS traﬂ%crlpt to have
e
relat1vely hlgh steady state levels. The removal of thlS

1ntron also occurs by mult1ple exc151on rellgatlon events

\
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giving rlse to the 2. 8kb and the 2. 3kb q911c1ng

.1ntermed1ates and flnally the 2 15kb fully spllced DDC mRNA .,

v

This molecule is exported from the nucleus and then
',:translated to glve rise to the 54 000 dalton DDC subun1t .
E Durlng translat1on the polyadenylated 3':end of the 2, 15kb

molecule is shortened to give rlse to the 2. Okb transcrlpt
,sThls transcrlpt then becomes non- polysomal and flnally‘

degraded | | 7 |
Furtherdlnvest1gatlon should focus on the sequence

: . characterlzatlon of all the transcrapts foundat\lnw

7.

..of embryonf evelfpment% ThlS may be accompllshed using the

31 hybr1d1,‘

Fon protect1on a say of’Berk and Sharp (1977)
) ;\, ° a} Y
'however the results u51ng thlS mgthod could prove d1ff1cult

gt t,,“!'\ -

to.. 1nterpret, due to the. compleipmlature of transcplpts 1n‘,j
‘ these RNA preparatlons. Alter@§t1vely, thé plas 1d med1ated
cDNA clon1ng method of Okayama and Berg (1982) wh1ch alloih
a h1gh proportlon of full length cDNA clones to be 1solated
‘may be employed The. 1solat1on of cDNA clones made from
'f»51ze fractlonated mMRNA (Flgure 32) w1ll allow the sequence

.f : dlfferenfgé between transcrlpts to be determ1ned.

%
Early Embryogene5151‘] »'v' ‘
_Q( | ~f“ The 51gn1f1cant amount of tran5cr1pt fou a. durlng early

'-embryogene51s and in ovarles from v1rgln females (see,

&
L - - .

‘Flgures 13 and 15) was surprlslng, as very llttle or no DDC 8

._act1v1ty can be seen at thlS t1me durzng development

35(F1gures 9< 4) ThlS 2, 2kb t?ﬁnscrlpt dlffers ‘in 51ze




‘transcrlptlon from the zygotic nbcleus after fer i;

“Lengyel 1981) ,Syncytial blaStode?l.;l

',and i

; to be respon51ble%%br'1n1t1al development after

FE e

g | , 169

o,

5.

_(Flgure 21) and hybr1d1zatlon response to the 0.6kb

‘ECOR1—BamH1 1ntron probe, (Flgure 22) 1nd1cat1nQ’that it is

1qual1tat1vely dlstlnct from any at 14 hours of development
: _The presence of thls transcrlpt in both the 1 hr and 2 hr |

=embryo samples as: wefl as inm developlng ovaries suggests

. D

‘that it may be supplled durlng oqgene51s to the oocyte as a

4
maternal 'mMRNA by the nurse cells”of the ‘developing oocyte

'[ follicle. This 2 2kb transcr1p€ 1s probably not prodgced by
~M' % .

”lunt1l after cellular blastoderm _~ .,d Lalrd 1976
’McKnlght and Miller, 1976; Zalokf‘ wand Anderson and

the develop1ng embryo

’about 2 hours of development 1n this collect1on
ni ubatlon scheme ﬁF1gure 14), » "'lv, R lm

Maternal RNA in ‘other 1nsects is found i a RNA: proteln‘lﬁ

OCCUE

complex (Paglla et al, 1976) as or1g1nally SErved by |

S RET
_Sp1r1n (1969) in developlng flSh embryos. The 51ze of these

partlcles in. Drosophlla range from aﬁgzt 10 to 80 S or more

_(Goldsteln 1978). These maternal mRNA molecules are thought'

N

‘fertlllzatlon. In sea urch1ns th1s m ternal mRNA cati d1rectj

fembryonlc development through many cle vages in the absence'

gt :
of. nuclear gene empre551on (Gross and C u51neau, 1964)

Lo

In1t1al studles 1ﬂbDrosoptha by Goldsteln\and Snyder

‘”z‘(1973) and Lovett and Goldsteln (1977) have shown that after‘<

e
v -
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“*huntll much late“\&n embryonlc development’ Th1s actin réfﬁ‘

)"m

LT

Ay

fert111zat1on there seems to be an 1ncrease in polysomal

translat'

- Thls suggested to these authors that the mRNP

'8

1nh1b1t1ng the translatlon of stored maternal mRNA untll .gf*u
after oocyte ﬁe%til1zation. However, Mermod and Crlﬁpa
(1978) have shown that the translatlon in the polysomes of
oocytes dlffered l;ttle from that seen in fertxllzed embyros
whlch agrees Wlth the. result of Zalok’r (1976) in whlch hw
unfertlllzed oocytes lald by v1rgln flleS 1ncorporated
ubstant1al amounts of radloact1ve amino acids 1nto

protelns. Recently Mahowald et al (1983) ‘have’ §n§wn that

there is a 1ncrease in polyrlbosome formatlog%and 0
-

- translatlon _upon ‘oocyte act1vat1on prior to fégillrgatlon~

Thus it seem$ " that unfert1llzed eggs become translatlonally

actlvated prlor to their fertlllzatlon. | N ‘
Goldsbe1n(1978) ha?also shown that durmg early yq

embryogene51s the RNA found in the prepolysome and polysomal

fract1ons of the sucrose gradlents were qualltatlvely

'2.1dent1cal Thls 1nd1cates that at the start of embryogene51sS‘~'

the majorlty of- the mRNP molecules are releasedqfrom the = ¢

translatlonal block However, spec1f1c mRNPs still appear to

~ be translatlonally controlled’/Mermod etLQI (1980) have

“shown that some maternal mRNPs, codlng for DNA b1nd1ng

proteins, are not translated untll the thlrd hour of O B

embryogenes1s.kJackle(1980) also demonstrated that 1n:v

Smlttla maternal mRNPs codlng for act1n are not translated

-

,\.
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production is insenSitive to actinomycin-D, suggestiﬁg that
‘7it is due to. the translation of these mRNP molecules. These
“examples suggest that translational control can act by
regulating the expreSSion of specxfic genes. \“g
qaj
The majority of the 2 2kb DDC transcript found dn~the
1 hr and 2 hr embryo polysome gradients occurs in the

Vi prepolysomal fractions charaptegiitiCipf.non-translated-mRNP

Amolecules (Figure 26) The size of the particles ranges from

:‘apprQXimately 10 to 80 S as determined by their migration in

ge g
Fe’ gradién§ Only a minor fraction of the 2. Zkb

transcripts are seen assoc1ated with the polysome por%ions .
":?.»’.)?‘"2‘-“
in the 1 hr and 2 hr samples (Figure 26) The ‘$mall amount
9

&j" of polysomal 2.2kb transcript in theyge early samples is
| likely due to the variation in sample age caused by the
‘; collection scheme. Thus con51derihg this we can say that 'f
until about 2 hr of development these 2. Zkb mRNPs are. not
h"_ being translated suggesting that their expreSSion is R
‘ .regulated by specific translational control, similar to the
ﬁxamples describ,ed by Mermod et al (1980) and Jackle (1980)
In qhe third polysome gradieng <(2-4 hr, Figure 26);
Mé' representing a sample of embrY6§1w1th a mean age betweed 2
jgﬂﬁfgu and;3 hr, there sqims to be a reduction in the amount of
prepolysomal 2., 2kb DDC transcript. The polysome fractions of

*,:; :T" " '-“f ‘.

this sucrose gradient no'

‘:tain this 2. . 2kb transcript

indicating that it may bEfV"COCIatlng ﬁith numerous'

. ribosomes and 1is being translated Also noticeable in the

last fraction of 2-4 hr gradient (P4) is some 2 Okb Sized

A

. =
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transcript (Figure 26). This 2.0kb transcript is also seen 5
in the. polysome fract1on (P3) of the 2 hr polysome gradient
(Flgure 26). In Flgure 15C, minor amounts of this presumed
'2 Okb transcript are v1suallzed in most early embryoxsamples
but a% 3 and 4 hr of development there seems to be an
apparentllncrease in the steady state level of this
molecule. Slgnlflcagtly, no 2.2kb transcr1pt can be detected'

beyond 2 hr of development Thus, this may be taken td&

indicate that thew& Zfb transcr1pt may be acting as a

precursor to. the};%\'m' ranscr1pt and this conversion takes

'plaoﬁfé?ter the recru1tme:% of the 2.2kb molecule to form

polyribosome struc"V

»
:

transcript to the

s, This processrng of the 2, 2kb

,G&b tranSCrapt is probably 1nvolved w1thk
the shortenlng of tb@ 3’ polyadenylated tail, similar to
that - hypothe51zed to ocgur at 14(h5 of development. Thus,

from these results 1t seems that the 2.2kb mRNA 1s a
p , ‘ maternally contrlbuted ﬁranscrlpt put 1nto the oocyte prlor
[ 2
S ‘to the complet1on of oogene51s. The majorlty,,lf not all of

=

o
the 2. 2kb mRNPs are non polysomal until between 2 hr and

3 hr of development when these mRNP molecules are recru1ted

L4

1nto the,polysomes and translated This translat1og g1ves

rise to a deadenylatlon of the 3' end to produce the 2. Okb

4 -

transcr1pt wh1ch can be seen to increase in concentratlon at

.3 hours, The translatlon of these transcrlpts (the 2.2kb and_

theez Okb) 1s probably tespon51bﬁe for the mlnor 1ncrease in

" DDC basellne actLv1ty seen at about 3 hours of development

R

«

(Table 4),
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If this is the case, what purpose could this early
, : T
embryogenesis DDC activity serve? Schlaeger and Fuchs (1974)

have described an increase in DDC activity, found in the

oocyte ‘during the later stages of oogene51s, ‘which is
induced by a blood meal 1n the mosqulto Aedes aegyptl. These
authors bei&eve thls rlsenln bDC ‘activity 1s requ1red to
sclerotlze the egg chorlon shortly after ov1p051t10n.' .
Perhaps thlS early embryod1c DDC activity has an anaIOgous

role in Drosophlla melanogasten

The other transcripts seen at this time of development

(Figures 14C and 20) presumably represent precursors.: These

_transcripts are found to be about. 5. 2kb '4.5kb, and 3.25kb

in size (Table 3) The 4. S5kb%nd 3. 25kb transcripts are

presumably similar in sequence to the 14 hr RNA transcr1pts

, prev1ously described. of con51derable 1nteqest 1s the

‘appearance of the unlque 5.2kb tran5cr1pt The 1ncreased .
size of this transcript ppens the possibility thatodurlng W

thé'grodUction'of the 2.2kb transcript in oogeneais; the

.inrtiation of transcription at the DDC gene begins at a -

novel mRNA start site. Thus the transcriptioﬁ of the DDC’
gene at this time may qccur front a distinct'S"promoter

element. The So«nucleotlde 1ncrease in the 51ze of thej2. 2kb

'transcrlpt compared to the 2. 15$b 14 hr transcrlpt supports

.

the notién that a longer 5' mRNA~leader sequenCe’has been

,added to this transcrlpt '51m1lar to thatw?escrlbed by

- -4

Benyajatz et al (1983) for the ADH gene i

' Drosophila melanogaster. Thus, the 5.2kb transcript may

» - '

i
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.represent the prrmary gene transcript produced. dur1ng
oogenesis from an upstream MRNA transcrlptlon start site “1 9
about 700 bases 5' to the initiation s1te used'durlng late
embryoqene51s- The 4.5kh.transcr1pt is produced by the |

- splicing of this new leader sequence into place. The intrens

lare presumably spliced out'gext, giving rise to the 3.25kb \\\
'and finally the 2.2kb transcript. R '
:*j The appearance of these\g;ecursor molecules in the

early’ embryo samples and not the ovary RNA is probably a

functlon of the mechanlsm of thelr contrlbutlon to tﬁe

»

B
00cyte. Most 1f not al}e the polyadenylated mRNA found in
‘;1,@;.‘
: the cytoplasm of the fertlllzed\oocytes of A. polyphemus,

s,

is. contrlbutéd by the nurse cells durlng oogenesis

- (Paglla et al, 1976) Durlng the later stages of oo':
. ]
| s . )

in Drosophila melanogaster the purse ce115e§lso contrlbute

various macromolecular components into. the cytoplasm of the

Ny developlng oocyte as they degenerate (Klng, 1970) Perhaps
the 5.2kb, 4.5kb, and the 3.25kb transcripts represent

molecules contrlbuted Yo the maturing aocyte afteér the nurse

cells have lost the ab111ty to process them 1nto the 2. 2kb

14

mature transcrlpt The 1ncreased amounts of the 5.2kb'

.traq5cr;pt.dver the other‘two‘precuiser\molecules suggests

that a block in the processing o¢curred prior to the [ _ N\
"exclusioﬁxof nurse cells from the developing oocyte.jThe
reason there are no pnecursors evident‘in thg.ovary ;NA

. sample is probably because dissected ovaries contaln a great ‘

varlatlon in the stages ofﬁoevelop1ng oocyte that are

/o :
. -
. +
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represented, with very few being similar to the newly
fertilized egg. The persistence of these pyecursors until
4 hr of development may be due to the embryo s’ 1nab111ty to

8 "

degrade them unt1l this time.

Thus, the 2. 2kb DDC transcrlpt found in oocytes and
preblastoderm embryos seems to be contrlbuted to the egqg - by
the maternal genome‘prlor to fertllizatlon. The expression
of tnls transcript seems to be regulated by a mRNPfspécific
translatlonal control mechan1sm that does not allow this
transcrlpt to assoc1ate with rlbfsomes untll between 2 and

3 hr of development at 29°C. Further 1nvestlgatlon into the

translational control of DDC express1on at th1s stage will

\ »

no doubt prov1de valuable insight 'iato the mechanlsm

S

1nvolved in trenslatlonal oontrol Qg maternal mRNP
molecules. Fromlthese results it is‘possible that %his ovaryﬂ
specific transcrlpt may be produced us1ng a different RNA‘
‘start s1te up stream from that used later 1n development \;‘
Further 1nvest1gat1on into the sequence characterlzatmon ol

_lthls RNA transcrlpt ‘as ‘was proposed above for the late "

| embryonic transcripts, is impdrtant to)beoin'analysing tne

factors regulating DDC gene expression at this stage. Y
/ : o
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Mid Embryogenesis | .
The function of the minor amounts of mature and .

precursor transcrxpt seen between 4 and 10 hr of development

is not understood (see Flgures 13 15 and 22). Perhaps these

transcr1pts are due toa small percentage of sample

‘-'asynchrony, due to females not 1mmed1ately dep051t1ng

fertilized eggs, Alternat1vely, these mRNAs may/represent
“ the productlon of DDC. spec1f1c to the nervous system 1n44
Dnosophila melanogaster Recently, L1v1ngstone agd_mempéf/
(1983) have shown that DDC act1v1ty as respon51ble for the

‘production of the neurotransmltters dopamlne and serotonln

"1n adult Drosophilas brains. Thus thxs low level/of

\ hc0nst1tut1ve DDc éﬁhe transcrlptlon could . represent the

?

d
product1on of neuronal enzyme. Fullllove and Jacobson’ (1978)

have stated that the neuroblasts that eventually form the

larval bralnxare recognlhable as eariy as 4/hr¢after the ’

.E

beglnnlng of development at 25° C The. 10ca11zat1on of these
mid-embryonic DDC transcr1pt£ w1th1n the - embryo u51ng the

ln Situ hyhr1d1zatlon technlques of Zlmmerman et al (1983)

may help” clar1fy this p01nt

- »

coucnpnrnc REMARKS | i~

-

Q In1t1al 1nvest1gat1ons 1nto %he characteg}zatlon of the '

~ G ) . et

°

Y ogenev-s was shown to have a dafferent temporal

~ryela‘tipnshls\to the ecdyster01ds found at' this stage when

\1 o \ : T ‘

\\ n" L ) \.\
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compared to that seen fpr“DDC expresslon durxng puparzation
.:tas demonstrated by Kramunsky et al (1950;3§Pd,w C.Clark.,k

‘(personal commun;cat1on) The exact natuf® jof the.u

‘interactzon between the ecdy&&er01ds and the DDC gene, and |
'-‘ﬁthe 90851ble regulatory funct1ons of these comﬁﬂhﬂds at each .

stage is unknqwn at thls t1me, however the sxtuatlon durlng '

!

>
both embryogeneéls and puparlatlon correspond well to the

)

' ‘late and eaxly puff1ng responses respectlvely, descr1bed by

]

Ashbur?er (1974, The express1on of DDC at each stage should

- be 1nvestxgated w1th regard to the chnomatln structure in

" and around the gene as reflected by . the occurence of Uuasefjﬂﬁ/
| hypersen51t1ve s1tes—u51ng the methods of stadler et |

‘al’ (1978). Th1s type of- analySJS may proyjde Some 1ns1ght

into the dlfferences in the regulatlon of]DDC gene

. [ 4 , o ,
. express1on at both stages. Also an effort]should be made to

1nVestlgate the 1nteract1on ot the ecdystero1d recepto :

: complex with reg1ons of the gene promoter'u51ng the méihods
S1m1lar to those decr1bed by Mulv1h1ll et al (1982) hd" ”i"f
o Yamamoto et al (1982). These types of 1nvestlgat1on;;hill' /tf~

' prov1de better understandlng of/the relat1on§h1ps; e

' 1nvest1gat1on 1s ngbessaty adequately/test tﬁls hypothe51s,,!‘

u1ﬁclud1ng the establlshment of transcrlp? sequenCe.L' fﬂf”

o - ‘ - S ' R
lalnformat1on. . ;' SN s o
-~ , a T o e

e [, . B - . . i e . i



'bases 5' to the mRNA start 51te used durlng late embryonlc

"expre551on, 1nc1ud1ng the establ1shment of

embryogenes1s also requ1rés further 1nvestrg&tlon The f_/vm[V

‘(-

~,‘poss1b111ty that the 2 2kb transcrlpt produced durlng .l
‘foogenesls and maternally contr1buted to the embryo 15'7

ﬂ;;transcrlbed from a stage spec1f1c promoter located about 700~;h

,1nformat1on for these early{transcrlpts, should be

";:flnvestlgated further. The early embryonlc 2. Zkb DDC
'lyrtranscrlpt also prov1des a system to - study the mechanlsms \ '

7_'1nvolved 1n translatlonal Legulatlon of expre551on used for

4

/
'<maternally contrlbuted mRNAs._Further 1nvestagatlon here mayf.

D /

’,gbe helpful 1n understandlng the mechanlsms of spec1f1c
”!translat1onal control over gene expre551on. Thus, the studyi
of DDC gene expre551on at both early and late embryon1c L

”‘-stages may prove useful 1n analy51ng the controls over the

flow of 1nformatlon from DNA to the f1nal polypeptlde

R °

?product._
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