
FBG genes contain MLTF binding sites, 
whereas the a-FBG gene does not. The 
observation that MLTF is present in cell 
types in which the y-FBG gene is not ex- 
pressed suggests that in these cell types 
either MLTF is unable to productively inter- 
act with the y-FBG promoter in vivo or a 
dominant transcriptional element is able to 
repress transcription of this gene. Evidence 
exists that tissue-specific transcriptional ex- 
tinguishers play just such a role in the 
transcription of liver-specific genes (1 6, 17). 

The fact that induction of y-FBG gene 
transcription, either by glucocorticoids or as 
part of the acute phase response, does not 
appear to require the presence of an MLTF 
binding site is analogous to mouse metal- 
lothionein I gene expression in which 
MLTF appears to contribute to the consti- 
tutive level of transcription without affect- 
ing heavy metal induction (18). Thus, 
MLTF appears to function in these induc- 
ible promoters as a constitutive transcription 
factor. Virtually no environmentally or de- 
velopmentally regulated promoter has been 
described that consists solely of a binding 
site for a regulated transcription factor. 
Rather, each of these regulated promoters 
appears to be also bound by at least one 
constitutive transcription factor, which sug- 
gests that promoters evolve by combining 
regulatory elements with constitutive ele- 
ments to establish an appropriate pattern 
and level of expression. 

-- 
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Interaction of a Liver-Specific Nuclear Factor with 
the Fibrinogen and al-Antitrypsin Promoters 

The orderly and sequential activation of genes during development is hypothesized to  
be related t o  the selective expression of groups of regulatory proteins acting primarily 
at the level of transcription. A nuclear protein was found in hepatocytes, but not other 
cell types, that binds t o  a sequence required for hepatocyte-specific transcription of the 
gene for the p chain of fibrinogen. This protein, hepatocyte nuclear factor 1 (HNPl),  
also interacts with homologous sequences required for optimal promoter function of 
the genes for the a chain of fibrinogen and al-antitrypsin. The promoter o r  enhancer 
regions for several viral and cellular genes not expressed in the liver did not compete 
for this binding. The restricted expression of H N P l  and its selective interaction with 
the control regions of several liver-specific genes indicate that it is involved in 
developmentally regulated gene expression in the liver. 

R EGIONS OF DNA I N  O R  NEAR PRO- 

moters from several genes ex- 
pressed selectively in the liver con- 

fer tissue-specific expression upon an unre- 
lated gene &hen trahsfected inEo hepatocyte 
cell lines. These tissue-specific control re- 
gions have been defined by using either 
transient transfection assays or transgenic 
mice for the albumin ( I ) ,  prealbumin (2), 
al-antitrypsin (3) ,  and a-fetoprotein genes 
( 4 ) .  At least one member of this group, 
albumin, is transcribed with greater efficien- 
cy in nuclear extracts from liver cells than 
other cell types (5). This implies that liver 
cells conta&~soluble factors capable of spe- 
cifically activating the transcription of genes 
normally expressed selectively in the liver. 
Whereas progress has been made in the 
definition b f  these nuclear factors in B lym- 
phocytes (6) and the endocrine pancreas (3, 
they have been elusive in the liver despite its 
ob;ious biochemical advantages. 

In transfection experiments we examined 
5' deletion mutations of the promoter for 
the p chain of fibrinogen for their ability to 
be expressed in several cell lines derived 
from different tissues (Table 1).  Transfec- 
tion efficiency was controlled by cotransfect- 
ing the indicated plasmid with a plasmid in 
which transcription of the firefly luciferase 
gene is directed by the SV40 early region 
promoter (8). In the two hepatocyte cell 

lines derived fiom rat (Faza) and human 
(Hep G2), deletion of sequences between 
500 and 78 bp upstream of the promoter 
resulted in a reduction to 1140 the expres- 
sion of the linked indicator gene CAT. Finer " 
deletion mutations that removed sequences 
between - 117 and -78 bp resulted in a 
decrease to 1/15 to 1/20 the activitv of this 
promoter, indicating that sequences essen- 
tial to the expression of the p-fibrinogen 
Dromoter lie within these seauences. These 
differences in expression due to the deletion 
of sequences from -500 to -78 were not 
attributable to a change in transcription 
initiation, since each of the constructs led to 
the production of properly initiated tran- 
scripts when FWA from transfected cells 
was examined by ribonuclease mapping. 

A different pattern of expression was seen 
when the same mutations were examined 
after transfection into the nonhepatocyte 
lines KB, L cells, and Jurkat T lymphocytes 
(Table 1). After normalization for transfec- 
tion efficiencv with the uSV2-luciferase in- 

I 

ternal control, expression was 1140 of or less 
that in the hepatocyte cell lines, and there 
was little or no detectable change upon 
deletion of sequences from - 117 to - 78. 

We prepared an internal deletion muta- 
tion replacing sequences between - 109 and 
-78 with an 8-bp Sph I linker that bears 
little similarity to the original sequence. This 
deletion reduced to 1/18 the expression of 

D m m e n t  of Patholo Stanford university Schnl of the p-fibrinogen promoter, which indicated 
Medicine, Stanford, ~ f d 4 3 0 5 .  that a sequence essential to the expression of 
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tected on both strands extending from 
-145 to -127 and -102 to -75 on the 
coding strand and from - 147 to - 127 and 
- 103 to - 76 on the noncoding strand (Fig. 
1, a and c). The proximal footprint was 
localized almost completely between the 5' 
deletion mutants P117 and P78, which 
delimit a sequence important for transcrip- 
tional activity of the P-fibrinogen promoter 
as described above. 

When we used nuclear extracts from other 
cell lines or tissues (Fig. 1 b) we observed the 
distal footprint in every extract, although its 
intensity was variable. In contrast, the proxi- 
mal footprint was detected with extracts 
from the ~ a z a  cell line and from the rat liver. 
which synthesize fibrinogen, but not wi& 
extracts prepared from KB, L, or EL4 cells, 
which do not synthesize fibrinogen. These 
results suggest that the - 102 to - 75 fmt- 
print could represent the interaction of a 
liver-specific nuclear protein with the p- 
fibrinogen promoter. 

The fmtprinting analysis does not allow 
the accurate determination of differences in 
the concentration of DNA-binding proteins 
since the protected region must be almost 
Illy occupied for a convincing footprint to 
be visualized. To detect low levels of pro- 
teins that bind to the - 102 to -75 region 
of the p-fibrinogen promoter, we used the 
mobility shift assay (1 0, l l ) .  A 49-bp probe, 
PSpB, which contains the proximal fmt- 

(Fig. lc), was prepared and incubated 
with various amounts of Faza nuclear extract 
(Fig. 2b). As expected, the probe formed a 
complex, confirming that the - 102 to - 75 
region binds one or more nuclear proteins. 
Furthermore, the analysis of nine different Fig. 1. Deoxyribonuclease I footprinting of the rat 8-fibrinogen promoter. (a) Analysis of the coding 

(C) and noncoding (NC) strands. Probe C extends from -291 to + 1 and probe NC extends from 
-222 to + I .  The Faza nuclear extract was prepared essentially as described (7). The nuclei were 
extracted with 0.3M (NH&So4, and the fraction that contained the nuclear proteins precipitated with 
0.2 g of ( m 4 ) 2 S 0 4  per milliliter was used for the footprint. The DNase I footprint assay was carried 
out as described (7,9) with poly(d1-dC) as nonspecific competitor. M, molecular weight markers (Msp 
I digest of pBR322); C + T and G + A, Maxam and Gilbert sequencing reactions; 0, digestion of the 
probes after incubation with 25 pg of bovine serum albumin (BSA) as control; F, digestion of the 
probe after incubation with 25 kg of nuclear extract from the Faza cell line. The brackets and numbers 
indicate, respectively, the extent and positions of the footprinted regions, the small arrows indicate the 
hypersensitive sites, and the emp arrows represent the IocaIization of the 5' deletion mutants 8117 
and 878. (b) Footprint analysis oythe &fibrinogen noncoding strand with various nudear extracts. S, 
G + A Maxam and Gilbert sequencing reaction; 0, digestion of the probe after incubation with 25 pg 
of BSA as control; F, KB, E, L, and Li, digestion of the probe after incubation with 25 pg of nuclear 
proteins from Faza, KB, EL4 (mouse T cell), and L cell lines and rat liver, respectively. (c) 
Diagrammatic summary of the protected sequences of the 8 promoter. The thick bar represents BSpB, 
the probe used in the mobility shift assay (see Fig. 3). 

cell lines or tissues indicated that this com- 
plex is exclusively formed with nuclear ex- 
tracts derived from hepatocytes. Extracts 
from the Faza cell line, the rat liver, and the 
human Hep G2 cell line gave a similar signal 
after incubation with PSpB (Fig. 2a). In 
contrast, no complex was observed with 
either the human Jurkat or KB cell lines or 
the mouse L, GCI2, EL4, or TEPC cell 
lines even when we used a fburfold seater 
amount of these extracts (Fig. 2a).-These 
differences were not related to species differ- 
ences since extracts from rat, mouse, and 
human hepatocytes bind to PSpB with simi- 
lar &N. On the basis of these results we 

the p-fibrinogen promoter in hepatocytes 
lies between - 117 and - 78. 

One interpretation of the cis-active se- 
quences detected in promoters is that they 
represent binding sites for specific nuclear 
proteins. To search for such sites in the p- 
fibrinogen promoter, we used the fmtprint- 
ing technique (9) based on the ability of a 
bound protein to protect a sequence from 
digestion by deoxyribonuclease I (DNase I). 

We first d y z e d  the 200-bp region up- 
stream of the P-fibrinogen cap site. Two 
different probes labeled either on the coding 
or the noncoding strand of the p-fibrinogen 
promoter were incubated with a nuclear 
extract prepared from the Faza cell line. 
After treatment with DNase I, the proteins 
were phenol-extracted, and the digested 
probes were analyzed on a sequencing gel 
(Fig. la). Two protected regions were de- 

estimate the concentration of the protein to 
be at least 100-fold greater in hepatic than 
nonhevatic cells. 

To k certain that the nonhepatic extracts 
were not inactivated or degraded during the 
purification, we tested their quality using 
the mobility shift assay and a labeled probe 
containing the human a-globin promoter. 
After incubation of this DNA fragment with 
the different nonhepatic extra& (Fig. 2a, 
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lower row of panels), we detected a single 
band, corresponding to a CAAT-binding 
protein, whose intensity and integrity were 
similar to the CAAT band from Faza. In 
addition, intact complexes representing the 
adenovirus major late transcription factor 
(12) could be detected in every extract with 
a probe derived from the rat y-fibrinogen 
promoter, which binds this factor (13). Fi- 
nally, to eliminate the possibility that the 
nonhepatic extracts inhibited the formation 
of the complex with the -102 to -75 

Fig. 2. A liver-specific nuclear factor interacts with the P- b 
fibrinogen promoter. (a) Electrophoretic mobility shift assay of 1 2 3 4 5 6 7 2 3 
nuclear extracts from hepatic and nonhepatic cell Lines or  tissue. 
The nuclear extracts were prepared as described in Fig. 1. The . LI 

upper row of panels shows the complex formed between the 
PSpB probe and the Faza nuclear extract (lane F in each panel, . , Mb( (b 1.7 pg analyxd) compared to the result obtained with 0.8 

d 
(lanes l ) ,  1.7 (lanes 2), 3.4 (lanes 3), and 6.8 pg (lanes 4) of 
nuclear extracts from: G, Hep G2  hepatoma cell linc; R, rat 
liver; KB, human cervical carcinoma cell line; C (C2CIZ), mouse 
mvoblast cell line; L, mouse fibroblast cell linc; J, human T cell- 
derived Jurkat cell line; E (EL4) mouse T cell-derived cell line; 
T (TEPC), mouse B ceU4erived cell line. Lower row of panels: 
analysis of the CAAT-binding protein with a human a-globin- 
promoter probe. The probe used was a 106-bp Sma I to Dde I 
fragment. The left lane represents the analysis of 5 pg of Faza 
extract and the right lane the analysis of 5 pg of the other 
extracts in the order described for the upper row of panels. The wY C, - F  

band detected corresponds to a CAAT-bmding protein, since it 
is in competition ulth the a-globin wild-type promoter but not with an a-globin promoter containing a 
mutated CAAT box (data not shown). (b) Electrophoretic mobility shift assav with a F a n  nuclear 
extract and the probe PSpB (see Fig. 1). The assay was carried out essentially as described by Singh ct al. 
( l l ) ,  with 0.2 ng (5000 cpm) of pSpB and 3 p g  of poly(d1-dC) in 15 pl of reaction volume. F, Free 
probe; R, complex formed between the nuclear proteins and the probe; nuclear proteins in micrograms: 
lane 1,O; lane 2, 1.7; lane 3, 3.5; lane 4, 7.0; lane 5, 14; lane 6, 35; lane 7,O. (c) Mixing expenrnent. 
The probe PSpR was incubated with: lane 1,1.25 p+g of Faza extract; lane 2,5 pg of KB extract; lane 3, 
1.25 kg of Faza extract + 5 pg of KR extract. 

region of $ fibrinogen, we carried out a 
mixing experiment using the Faza and KB 
extracts (Fig. 2c). No difference was ob- 
served when we incubated $SpB with the 
Faza extract alone (lane 1) or with a mixture 
of Faza and KB extracts (lane 3). These 
controls suggest that the results from the 
footprinting assay and the mobiity shift 
assay truly reflect either the absence or the 
extremely low concentration of the protein 
that binds to the - 102 to - 75 region of the 
$-fibrinogen promoter in nonhepatic cell 
lines. Hence, we propose the name HNFl 
(hepatocyte nudear factor 1) for this protein 
because only one polypeptide interacts with 
this region [cross-linking experiments with 
ultraviolet (W) light reveal a single band of 
about 85 kD (14)l. 

Competition experiments were conducted 
to analyze the sequence specificity of the 
interaction of HNFl with the - 102 to -75 
region of the $-fibrinogen promoter. The 
SV40 enhancer-promoter, the major late 
promoter of adeiovirus, the human a-glo- 
bin promoter, and the interleukin-2 (IL-2) 
receptor-promoter were unable to compete 
for the formation of the complex with $SpB 
(Fig. 3a). Using DNA fragments derived 
from the three fibrinogen genes, we ob- 
served, as expected, competition with the $ 
promoter but did not detect any competi- 
tion with the y promoter, which interacts 
with the transcription factors Spl (15), 
CAAT-binding protein (16), and major late 
transcription factor (MLTF) (12, 13). In 
contrast, competition was observed when 

MLP 
1 2 C  C 

, - *".V - - 

we used sequences extending fiom -431 to 
+32 of the a-fibrinogen promoter. Similar 
competition was observed with a shorter 

Fig. 3. (a) Lompetttlon ror the binding of H N F l  b 
to the P-fibrinogen promoter with various viral or  -64 - -35 
cellular promoters. pFg, rat P-fibrinogen promot- GGGTGATGAT TCCTG 
er; aFg, rat a-fibrinogen promoter; yFg, rat y- 
fibrinogen promoter; aGb, human a-globin pro- 
moter; aAt, human a,-antitrypsin promoter; - -74 

SV40, Hind I11 (H) to  hu I1 (P) enhanccr- CIAACTGTCAAATATTAACTMGGGAG 
promoter region of SV40; MLP, major late pro- 
moter of adcnovirus; ILZR, human IL-2 rcccp- 

e-- .48 
tor-promoter. For each experiment the competi- 
tor used is described under the autoradogram. a, -nv~~wyp>ir l .  c c ~  TGGTTMTATTCACCAGCAGCCTC 
The mobility shift assay was carried out as de- 
scribed in Fig. 3, with a Faza extract. The competitor and the probe were mixed before addition of the 
nuclear extract. The arrows indicate the cap sites; the large empty box and the small empty box in the 
SV40 fragment represent the 72-bp and the 21-bp repeats, respectively. C, control; lane 1, 20-fold 
molar excess of competitor; lane 2, 100-fold molar excess. (b) Sequence similarities bctween rat a- 
fibrinogen (25). rat p-fibrinogen (25), and human al-antitrypsin (17) promoters. The arrow indicates a 
sequence shared by the three promoters. 

n: G A C M  

- 103 

+ 
TAACCTAGTT fragment extending from -88 to + 32, sug- 

gesting that a homologous sequence present 
in a fibrinogen between -51 and -46 (Fig. 
3b) is a K i n g  site for the same factor as $ n: AAC 
fibrinogen. 

Since a similar sequence is present in the 
a,-antitrypsin promoter (17), between -69 
and -58 (Fig. 3b), we carried out a compe- 
tition experiment and found that a fragment 
derived from this promoter efficiently com- 
pered for binding of the liver-specific factor 
to p fibrinogen (Fig. 3a). This led us to 
speculate that a sequence related to AT- 
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TAAC was the binding site for HNFl and 
that this protein was -interacting not only 
with the @-fibrinogen promoter but also 
with the a-fibrinogen and al-antitrypsin 
promoters. The sequence of the y-fibrino- 
gen promoter (18) does not contain the 
A?TAAC sequence, a finding that is con- 
sistent with the lack of competition for 
HNFl by the y-fibrinogen promoter. 

To test the validity of our hypothesis, we 
performed DNase I protection experiments 
with the a-fibrinogen and al-antitrypsin 
promoters (Fig. 4). With the a-fibrinogen 
promoter, two footprinted regions were de- 
tected, one of them covering the putative 
consensus site for HNF1. With al-antitryp- 
sin a footprint was also observed in the 
expected region. Moreover, a synthetic 28- 
bp fragment corresponding to the proximal 
footprinted region of @ fibrinogen compet- 
ed for proteins that protect the ATTAAC 
region in @ fibrinogen and also in a fibrino- 
gen and al-antitrypsin, which suggests that 
HNFl binds to these three promoters. 

To confirm that the @-fibrinogen, a-fi- 
brinogen, and al-antitrypsin promoters in- 
teract with HNF1, we investigated the com- 
plexes formed with these promoters using a 
mobility shift assay. Two probes derived 
from the a-fibrinogen and the al-antitryp- 
sin promoters were isolated and incubated 

Fig. 4. Footprint analysis of a-fibrinogen and al- 
antitrypsin promoters. pFg, noncoding-strand 
analysis of rat f3-fibrinogen promoter; aFg, cod- 
ing strand analysis of rat a-fibrinogen promoter; 
aAt, coding strand analysis of human al-antitryp- 
sin promoter. 0, digestion of the probe after 
incubation with 25 pg of BSA as control; F, 
digestion of the probe after incubation with 25 
pg of Faza nuclear extract; C, same as F, except 
that a 100-fold molar excess of a synthetic 28-bp 
fragment corresponding to the -103 to -76 
region of p promoter was added to the probe 
before the nudear extract. The arrow represents 
the sequence homology between the three pro- 
moters (see Fig. 3b). 

with three different nuclear extracts derived 
from Faza, KB, and Jurkat cell lines. As 
shown in Fig. 5, the Faza cell nuclear extract 
formed a complex with the a-fibrinogen and 
al-antitrypsin probes whose characteristics 
are very similar to the complex detected with 
the @-fibrinogen probe. These characteris- 
tics can be summarized as follows: first, the 
complexes observed with @ fibrinogen, a 
fibrinogen, or al-antitrypsin migrate at the 
same position (compare lanes 1 and 3 in Fig. 
5, a and b); second, they are tissue-specific 
since we did not detect them in a KB or a 
Jurkat extract (Fig. 5% lanes 4 and 5, and 
Fig. 5b, lanes 4 to 7); third, the @ synthetic 
28-bp hgrnent, the a fibrinogen, and the 
al-antitrypsin promoters did compete for 
the binding, but the major late promoter of 
adenovirus did not compete (Fig. 5a, lanes 7 
to 10, and Fig. 5b, lanes 10 to 13). 

The ATTAAC sequence of the al-anti- 
trypsin promoter is within a region essential 
for the tissue-specific expression of the al- 

antitrypsin gene. Recently the - 345 to - 30 
region of this promoter was shown to c o n k  
hepatocyte-specificity of CAT expression 
(19). The ATTAAC sequence between posi- 
tions -69 and -58 is thus within the 
sequences necessary for optimum expression 
of a,-antitrypsin in hepatocytes. 

Moreover, we have investigated the role 
of the ATTAAC sequence of the a-fibrino- 
gen promoter by examining the behavior of 
5' deletion mutations of this region after 
transfection into hepatocytes. Although sev- 
eral regions within the a-fibrinogen pro- 
moter appear to be important, deletion of 
sequences between -88 and -33 resulted in 
a reduction to 1/10 the activity of this 
promoter in the Faza rat hepatocyte cell line. 

Table 1. The p-fibrinogen promoter is only active in hepatoma cell lines. Deletions at the 5' end of p- 
fibrinogen promoter were generated from a fusion of the -4500 to + 12 sequence of the p-fibrinogen 
promoter to the JYM-CAT plasmid (21) with Bal31 nudease (22). An internal deletion, BID -1091 
-78, was also re ared by removing nudeotides k e e n  - 109 and -78 with Bal31 and a Sph I linker. l' Cells (2 x 10 ) were cotransfected with 20 pg of each construct and 1 pg of pSV2-luciferase (8), by 
means of the calcium phosphate procedure (23). After 18 hours of exposure to the precipitate, the cells 
were shocked by exposure to glycerol for 1 to 2 minutes and incubated for 16 hours at 37°C. CAT and 
luciferase amounts were determined according to published procedures (8, 24). Each percentage 
conversion has been corrected for transfection efficiency, with pSV2-luciferase being used as intemal 
control. Values represent the percentage of CAT conversion compared to the conversion obtained with 
a pSV2-CAT plasmid aansfected in parallel. Each value represents the mean of at least two experiments. 
The results did not vary by more than 20% of the indicated value upon repeat experiments. 

Cell CAT conversion by plasmids 
line I34500 8503 f3117 878 BID - 1091-78 SV2 

Faza 20 16.2 5.4 <0.5 1.1 100 
Hep G2 20 16.7 5.8 <0.5 - 100 
KB <0.5 <0.5 <0.5 <0.5 - 100 
L <0.5 <0.5 <0.5 <0.5 - 100 
Jurkat <0.5 <0.5 <0.5 <0.5 - 100 

Fig. 5. a-Fibrinogen, p-fi- 
brinogen, and al-antiayp- 

l4 sin promoters interact with 
HNF1. (a) Electrophoretic 

L 
mobility shift assay with an 
al-antitrypsin promoter -* fragment. The probe used .* extends from -75 to -30 
(23). Lane 1, probe pSpB + 
Faza extract (1.25 pg); lane 
2, al-antitrypsin probe 
alone; lanes3,6,and l l , a l -  

p( antitrypsin probe + Faza 
(2.5 pg); lane 4, + KB (10 
pg); lane 5, + Jurkat (10 
pg); lane 7, competition 
with 100-fold molar excess 
of a-fibrinogen promoter 
(see Fig. 3a);iane 8, compe- 

tition with p-fibrinogen promoter; lane 9, competition with a l - an t iw in  promoter; lane 10, 
competition with adenovirus major late promoter. (b) Electrophoretic mobility shift asmy with an a- 
fibrinogen promoter fragment. The probe used extends from - 70 to + 32 (22). Lane 1, probe pSpB + 
Faza extract (1.25 pg); lane 2, probe a fibrinogen alone; l a m  3,8,9, and 14, probe a fibrinogen + 
Faza (2.5 pg); lane 4, + KB (2.5 pg); lane 5, + KB (5 pg); lane 6, + Jurkat (2.5 pg); lane 7, + Jurkat 
(5 pg); lane 10, competition with 100-fold molar excess of a-fibrinogen promoter; lane 11, 
wmpetition with p-fibrinogen promoter; lane 12, wmpetition with a l - an t iw in  promoter; lane 13, 
wmpetition with adenovirus major late promoter. Stars indicate interactions with the -32 to +32 
portion of the probe. 
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Thus the &-fibrinogen A?TAAC sequence is 
also within a region essential for optimum 
function of this promoter. 

One copy of the ATTAAC 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 DNase I digestion by a 
protein in liver cells (20). These results 
suggest that HNFl also interacts with the 
albumin promoter. 
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Dovsal, an Embryonic Polarity Gene in Dvosophila, Is 
Homologous to -the vertebra& proto-oncogene, c-pel 

The Drosophila gene, dorsal, is a maternal effect locus that is essential for the 
establishment ofaorsal-ventral polarity in the developing embryo. The h a 1  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-rely 
its cellular homolog, c-rely and a human c-re1 fragment. The oncogene v-re1 is highly 
oncogenic in avianiymphoid, spleen, and bone marrow cells. 

T HE FINAL IDENTITY OF EACH CELL Injection experiments also suggest that the 
along the dorsal-ventral axis in the distribution of the dorsal rescuing activity 
Drosqhila embryo is dependent on changes during early embryogenesis from a 

the interaction of maternal effect and zygotic uniform distribution on both the ventral 
gene products during oogenesis and ;ady and dorsal sides of the embryo immediately 
embryogenesis. The maternal effect gene after the egg is fertilized to an enrichment 
products control the expression of zygotic on the ventral side by the syncytial blasto- 
genes that are essential for the elaboration of derm stage (8). It seems likely that other 
;he asymmetric pattern along the dorsal- 
ventral axis. Exhaustive mutant screens have 
led to the identification of 12 such genes 
(1 ) . Females homozygous 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- 

genes in the dorsal group also participate in 
this asymmetric distribution of the dorsal 
rescuing activity. 

The dorsal gene has been cloned and 
characterized (9). The dorsal transcription 
unit is about 14 kb in length and encodes a 
polyadenylated [poly(A)+] 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- 

g:est that the ~roducts of these 11 maternal ment (9).  In females, dorsal exbression is " 
effect genes participate in a complex mor- 
phogenetic pathway resulting in dorsal-ven- 
tral polarity in the embryo (2). 

The dorsal 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 dorsal 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 

\ ,  

restricted to the nurse cells of the ovary, and 
the dorsal messenger RNA (mRNA) accu- 
mulates in a stable form in the maturing egg. 
The dorsal mRNA 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- 
L " 

axis of the developing embryo, anterior- sal gene and its product (or products) we 
posterior polarity appears to be normal (4, isolated a series of dorsal complementary 
5). DNA (cDNA) recombinants from Drossphi- 

Although dorsal is a maternal effect locus 
and must be expressed during oogenesis, P,ox,ma, Dlste1 

two observations suggest that the gene ,, ,,,,,,,x , ,, ,,,, , , , ,, 
product is active or required early in em- ' I  ~11 I '11 1 1  )I( I Genamic D ~ A  

bryogenesis. First, temperature-shift experi- p~ 3' 
cDNA 

ments indicate that the dorsal protein is 
active during a short period in ear5 embryo- 
genesis (between 1.25 and 2.5 hours post- 
Fertilization, before cellular blastoderm for- ,- 

bp 2467 
cDNA CS 

mation) (6). Second. dorsal embwos can be bPl 
r \ r 

rescued by injection of 'cytoplasm Fig. 1. Restriction map of the dorsal region, RNA 

from wild-type, cleavage-stage embryos (7). 
$ 1  ; i,R{~C&Fff !$? 
cDNAs weie 'isolated from a cDNA library con- 

Depamnent of Biology, Princeton University, Princeton, structed from 0- to 2-hour poly(A) + embryonic 
NJ 08544. RNA (12). 
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