
- - - 

- - 

Thus the a-fibrinogen ATTAAC sequence is 
also within a region essential for optimum 
hnction of this promoter. 

One copy of the A'ITAAC sequence is 
present in the rat, mouse, and human albu- 
min promoters in the opposite orientation 
at position -54, and deletion of this se-
quence results in a reduction in tissue-specif- 
ic in vitro transcription (5). This region is 
protected from 1)Nase I digestion by a 
protein in liver cells (20). These results 
suggest that H N F l  also interacts with the 
albunlin promoter. 
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Dorsal, an Embryonic Polarity Gene in Drosophila, Is 

Homologous to -the vertebrate proto-oncogene, c-re1 


The Drosophila gene, dorsal, is a maternal effect locus that is essential for the 
establishment ofdorsal-ventral polarity in the developing embryo. The dorsal protein 
was predicted from the complementary DNA sequence; it is almost 50 percent 
identical, over an extensive region, to the protein encoded by the avian oncogene v-rel, 
its cellular homolog, c-rel, and a human c-re1 fragment. The oncogene v-re1 is highly 
oncogenic in avian lymphoid, spleen, and bone marrow cells. 

HE FINAL IDENTITY OF EACH CELL 

1along the dorsal-ventral axis in the 
Drosophila embryo is dependent on 

the interaction of maternal effect and zygotic .-
gene products during oogenesis and early 
embryogenesis. The maternal effect gene 
products control the expression of zygotic 
genes that are essential for the elaboration of 
the asymmetric pattern along the dorsal- 
ventral axis. Exhaustive mutant screens have 
led to the identification of 12 such genes 
I1 
\ ,

). Females homozvaous for loss or reduc- ," 
tion of function mutations in 11 of these 
genes (the "dorsal group") produce embryos 
missing the ventral pattern elements and 
body parts; all of the embryonic cells assume 
a fate normally assigned to cells at a more 
dorsal position. Genetic experiments sug- 
gest that the products of these 11 maternal 
effect genes participate in a complex mor- 
phogenetic pathway resulting in dorsal-ven- 
tral polari&in the embryo (2). 

The donal locus was the first "dorsal 
group" gene to be identified (3) .Females 
that are homozygous mutant for dorsal pro-
duce embryos that fail to establish normal 
dorsal-ventral polarity, irrespective of the 
genotype of the father. The donal phenotype 
is first observed during the formation of the 
cellular blastoderm, 2.5 to 3 hours after 
fertilization. While dorsal mutations cause 
severe ~erturbation along the dorsal-ventral " 
axis of the developing embryo, anterior- 
posterior polarity appears to be normal (4, 
5). 

Although dorsal is a maternal effect locus 
and must be expressed during oogenesis, 
two observations suggest that the gene 
product is active or required early in em- 
bryogenesis. First, temperature-shift experi- 
lnents indicate that the dorsal protein is 
active during a short period in ear6 embryo- 
genesis (between 1.25 and 2.5 hours post- -
fertilization, before cellular blastoderm for- 
mation) (6). Second. dorsal embrvos can be , , ,  
partially rescued by injection of cytoplasm 
from wild-type, cleavage-stage embryos (7 ) .  

Department of Biology, Princeton Utuversity, Princeton, 
NJ08544. 

Injection experiments also suggest that the 
distribution of the dorsal rescuing activity 
changes during early embryogenesis from a 
uniform distribution on both the ventral 
and dorsal sides of the embryo immediately 
after the egg is fertilized to an enrichment 
on the ventral side by the syncytial blasto- 
derm stage (8). It seems likely that other 
genes in the dorsal group also participate in 
this asymmetric distribution of the dorsal 
rescuing activity. 

The dorsal aerie has been cloned and 
u 

characterized (9). The dorsal transcription 
uulit is about 14 kb in length and encodes a 
polyadenylated [poly(~)c] RNA of about 
2.8 kb (Fig. 1). We found that the gene is 
only transcribed in adult females and not in 
males, or at other stages during develop- 
ment (9). In females, donal expression is 
restricted to the nurse cells of the ovary, and 
the dorsal messenger W T A  (mRNA) accu- 
mulates in a stableforrn in the maturing egg. 
The dorsal mlWA persists after fertilization, 
can be detected throughout the first 2 hours 
of embryogenesis, and then turns over rap- 
idly and can no longer be detected by cellu- 
lar blastoderm formation (2.5 hours). In 
situ hybridization to tissue sections shows 
that the dorsal mRNA is uniformly distribut- 
ed throughout the ooplasm and cytoplasm 
of early embryos (5, 10). 

To extend the characterization of the dor-
sal gene and its product (or products) we 
isolated a series of donal complementary 
DNA (cDNA) recombinants from Drosophi-

,,,,>x,,,,d, 

, ..,,,,,,., , ,,,,,,, 
'I 711' I 1 II'Iif I 

1 2 k ~ l 5
1-


O l \ l d I  

,, ,, , 
Genonllc DNA 

LONA 

9LDNA cS 
b ~ l  hp 2467 

Fig. 1.  Restriction map of the dond  region, KNA 
coding regi0n, and cDNAs. (K) Eco RI; (H) 
Hind 111; (L) Sal I; (S) Sst I; (X) Xho I. The 
cnNAs wcrc isolated from a cDNA library con- 
structed from 0- to 2-hour poly(A)+ embryonic 
RNA (12). 
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HFPNQNNGAAPGQGPAVDGQQSLNYNGLPAQQQQQLAQSTKNVRKKPYVKITEQPAGKAL 60 	 However, unlike v-re[, the actual NH2- and 
COOH-termini of c-re1 are not known

RFRYECEGRSAGSIPGVNSTPENKTYPTIEIVGYKGRAVVVVSCVTKDTPYRPHPHNLVG 120 

(cDNA or genomic sequences upstream and -

KEGCKKGVCTLEINSETHRAVFSNLGIQCVKKKDIEAALKAREEIRVDPFKTGFSHRFQP 180 	 downstream from the terminal aa indicated 
in Fig. 3 have not been isolated). Hence, it is 

S S I D L N S V R L C F Q V F H E S E Q K G R F T S P L P P V V S E P I F D K K A H S D L V I C R L C S C S A T V F G N  240 possible that the homologv between the -, 
TQIILLCEKVAKEDISVRFFEEKNGQSVUEAFGDFQHTDVHKQTAITFKTPRYHTLDITE 300 hrsal and the c-re1 protein extends further 

toward the NHz-terminus than indicated in 
PAKVFIQLRRPSDGVTSEALPFEYVPHDSDPAHLRRKRQKTGGDPHHLLLQQQQKQQLQN 360 the C O O H - ~ ~ ~ ~ ~ ~ ~ ~  Fig. 3. 	 ,.he dorsal 

DHQDGRQTNHNCUNTQNIPPIKTEPRDTSPQPLGFLIGRLLSSHPRRSRCRHRATTTTTA 420 protein has 300 aa that are not llo-
mologous to the turkey gene. I t  is most 

R P R P T T U P P R s A T N G Q Q Q L H s P N H P Q Q Q Q Q Q Q Q Y G A T D L G Q Q Q Q Q Q Q Q  480 unlikelv that there is another stretch of 

QQQHQHQHQQQgQQQQQQQQQQQQQQSLQFHANPFGNPGG UESKFSAAAVAAAAATAT 540 the yet '*low' c-rel 
terminal protein (15).The human c-re1 se- 

GAAPANGNSNNLSNLNNPFTHHNLLTSGGGPGNANNLQUNLTTNHLHNQHTLHQQQQ&QQ 600 quences identified so far are homologous to 

Q ~ Y D N T A P T N N N A N L N N N N N N N N T A G N Q A D N N G P T L S N L L F D S G Q L V H I N S E D Q Q I  660 	 exon and of the turkey gene, and 
the sequence of these two proteins differ 

LRLNSEDLQISNLSIST 6 6 7 only in-13 aa (18). The identity between the 

Fig. 2. The predicted aa sequence encoded by cDNA cl.  Bold u~~derlining, 	 protein and the human fragment isregion of homology to c-re1 
and v-rel. Normal underlining, regions of single aa residue repeats. The two Eco It1 fragments were 49%. and the hon~ology is over 80% if the 
subcloned into a bluescript vector (26). Ileletions were obtained as described (27).The DNA was conservatively changed aa are counted (Fig. 
sequenced by t l ~ e  method of Sanger (28).Single-letter abbreviations are shown (29). 3). 

In the region of homology, one possible 
serine phosphorylation site (Arg-Arg-X-Ser) 

la cDNA libraries constlxicted from po- dorsal protein has an approximately 47% is identical in dorsal, c-rel, v-rel, and human 
ly(A) ' RNA extracted from 0- to 2-hour identity with either v-re1 or c-re1 in the c-re1 (at aa 3 11  to 3 15 of the dorsal protein; 
embryos (1 1, 12). Two of these cDNAs (cl  region of overlap, while the DNA homolo- Fig. 3). A possible glycosylation site (Astl- 
and c5) (Fig. 1) are nearly full length (about gy is less than 45% in the same region (Fig. X-ThrlSer) is conserved in dorsal, c-rel, and 
2.5 kb), and were chosen for DNA sequence 3). The homology between dorsal and v- v-re1 (at aa 78 of the dona1 protein; Fig. 3). 
analysis. The entire sequence of cDNA c l  relic-re1 is even more striking if one takes The dorsal protein contains 12 cysteine resi- 
was obtained on both strands, whereas the into account that many of the difi'erences dues, 10 of which are found in the region of 
sequence of cDNA c5 was obtained only in between the Dro.~ophzla and avian proteins homology. Of the ten cysteine residues in 
part (all ends of the Eco RI fragments) to represent conservative amino acid changes. the c-rellv-re1 proteins, seven are in the 
confirm the c l  sequence. At the 5' end there In this case, the dorsal and v-relic-re1 homol- region of homology and six are conserved in 
are 274 bp of sequence that contains multi- ogy would be about 80%. In the h a 1  the dorsal protein, while one cysteine is 
ple termination sites, followed by a transla- protein the honlology starts at aa 42 and displaced by one aa position in the dorsal 
tion start codon. After a 2031-bp open extends to aa 341. In the v-re1 protein (503 protein. 
reading frame, there is a stop codon fol- aa) the homology begins at aa 16. The first The COOH-terminal region of the puta- 
lowed-bv another stretch of skquence con- 12 aa of the v-re7 represent the NH2- tive dorsal protein shows features that are 
taining multiple termination codons. At terminal of the retroviral envelope gene fol- typical of a number of other Drosuphila 
+2224 bp there is a potential poly(A) addi- lowed by 472 aa derived from several exons proteins. There are several stretches of single 
tion site (AATAAA), and the poly(A) tail of the turkey c-re1 gene. The 19 COOH- amino acid residues. At + 1417 bp, there are 
starts at +2252 bp, indicating that this terminal aa are again derived from the viral 34 glutanine residues [M or OPA repeat 
cDNA extencis to the 3' end of the dorsal envelope sequence, but are spliced to the v- (19, 20)], followed at +I585 bp by 11 
RNA. The open reading frame encodes a re1 sequence from a different frame (15). alanine residues, another 12 glutamine resi- 
protein of 677 amino acids with a ~~lolecular he homology starts at aa 5 of c-rel. dues at t 1777 bp, and finally, 14 aspara- 
weight of 75,600 and a pI of 10.2. 

The predicted amino acid (aa) sequence of Dorsal 

the dorsal protein (Fig. 2) was used in a c-re1 
v-re1 

computer search for homologous proteins 

(13, 14). The I)rosqhzla dorsal gene encodes Dorsal I?(! 


c-re1 

a protein closely related to the previously Fig. 3. Comparison of v-re1 

identified protein encoded by the turkey the predicted dorsal 
Dorsal l "'INH2-terminal aa se-

proto-oncogene c-re1 and its corresponding c-refquence w ~ t h  that of c- v-re1 
viral oncogene v-rel, the transforming gene rel, v-rel, and hu-rel. 
of the reticuloendotheliosis virus strain T Vertical ltnes under the Dorsal 

boxes, identical aa; c-re1 
(Rev-T) (1.5). This retrovirus is highly onco- 	 v-re1open boxes, conserva- hu-rclgenic in chicks and poults, and mediates tively changed aa. Cys- 
transfor~nation of spleen cells, but not of telnes are marked by *. Dorsal 

c-re1chicken embryo fibroblasts in tissue culture 'The aa sequence ho- v-re1 

(CEF) (16, 17'). mology search was hu-re1 
~ , ~ , , 

The homologous sequence begins at aa 46 done with the FastP 
Dorsalprogram (13) and the 

of the putative dorsal protein and extends Bionet aa sequence 11- c-re1 
v-!el 

over a 295-aa stretch (Fig. 2). The putative brary (14). hu-re1 
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Fig. 4. Cornparison of thc Dorsal . . . . . . . . . . . . . . .  . . . . . . . . .  537 fi~&nizatwn,S. Suhteiny and I. R. Konigskrg, Eds. 
~ ~ ~ Q H Q H ~ ~ ~ S I ~ R U K P ~ ' L ~ S U E S K F S ~ ~ A A V ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (Academic Press, New York, 1979), p. 185. 
predicted dona1 COOH-ter- ~ n a ~ ~ ; l ~ , jU Q ~ ~ ~ U Q ~ H 76 ~ ~ ~ Z A A ~ ~ ~~	 ~ I 

minal aa secluence with that 
~ - - 4. P. W. Ingham, K. R. Howard, D. Ish-Horowicz, 

of the NH2-teminal aa sc- Dorsal T A T C A - ~ A N ~ N s ~ ~ ~ ~ T 596 G G G ~ N ~ ~ ~ QNature (London) 318, 439 (1985). S	 ~ 
. . . .  . . .  	 ... 
quence of engrailed. Engrailed 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
136 

5. R. Steward, L. Amhrosio, T. Schuphach, inMolecu-

~ R J S C ~ C S P A S C S T P A S S T P L ~ D ~ G D K S ~ ~  

P ~ 

gine residues at +1837 bp. Within this 
region of the protein, the h~rsal protein is 
homologous to the glutamine repeat of the 
Notch protein (20), and to several wheat 
proteins (21). In a 144-aa overlap, 26% of 
the COOH-terminal dorsal aa are identical 
to the en1~railed protein (12), including one 
of the glutamine repeats and the alanine 
repeat. In both proteins the spacing between 
the two repeati is identical (dmral protein, 
aa 479 to 632; engrailed protein aa 19 to 
172; Fig. 4). The homology is 73%, if 
conservatively changed amino acids are tak- 
en into account. The functional significance 
of the single aa stretches in Drosophila pro- 
teins is not yet known. They are found in 
proteins with different apparent functions 
and in different positions; for example, they 
occur near the NHz-terminus in engrailed 
and the COOH-terminus in dorsal. The pre- 
sumptive dorsal protein seems to consist of 
at least two large domains: the NHz-termi- 
nal half showing homology to the re1 pro- 
teins, and the COOH-terminal half exhibit- 
ing "species specific" characteristics. 

The extent of homology between the dor- 
sal and re1 proteins indicates that they share a 
comtnon funcTi0n and possibly have closely 
related structures. Both proteins contain a 
comparable number of Gsteines (dmsal has 
13; re1 has lo),  and most are found at 
identical sites in the region of homology, 
whereas the COOH-terminal half of each 
protein contains very few and the last third 
no cysteine residues at all. The spacing of the 
cysteine residues does not follow any known 
pattern. 

Very little is known about the c-re1 gene. 
A 4-kb poly(A) ' RNA hybridizing to c-re1 
sequences has been observed in spleen, mus- 
cle, and hematopoietic tissue (22). The v-re1 
protein is phosphorylated (17), and it is 
possible that the serine (aa 3 14 in the dorsal 
protein) that is conserved in all four proteins 

is one of the aa that might be phosphorylat- 
ed. 

A variety of studies suggest that the dorsal 
gene product functions at one of the last, if 
not the last, step in the dorsal-ventral path- 
way controlled by the maternal effect genes. 
It may represent the link between this path- 
way and the ditferential activation of the 
G o t i c  genome (1, 2). The dorsal protein 
may fullcTi0n in the nucleus; a positively 
charged aa region at position 337 (five out 
of six aa are positively charged) corresponds 
to the position of four positively charged aa 
in c-re1 and v-re1 that have been shown, by 
site-directed mutagenesis, to be responsible 
for nuclear localiz&ion of the v-re1 protein 
(23). The sequence of another "dorsal 
group" gene, snake, reveals strong homolo- 
gy to a serine protease that in all probability 
must be cleaved to be activated (24). Thus, 
the dorsal-ventral pattern genes may repre- 
sent a morphogenetic pathway that causes 
the asymmetric distribution of a morpho- 
gen, possibly the dorsal protein, by an activa- 
tion cascade. This morphogen directly or 
indirectly controls ac~ivation of zygotically 
active genes expressed differentially in cells 
arrayed along the dorsal-ventral axis. 

several genes important for invertebrate 
development have been shown to be ho- 
mologous to vertebrate growth control pro- 
tein genes (20, 25). The study of these and 
related genes may enhance understanding of 
the regulatory pathways of growth control 
in normal development in vertebrates and 
the changes associated with oncogenesis. 
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