
membranes of large vessels nor neigh-
boring ectodermal or endodermal base- 
ment membranes were affected. It is 
possible that loss of basement membrane 
scaffolding to which anchorage-depen- 
dent endothelial cells are normally at-
tached may be involved in the associated 
capillary involution. 

Our findings open the possibility of the 
chemical manipulation of angiogenesis. 
For example, this new class of steroids, 
when administered with an appropriate 
heparin fragment, may be of potential 
therapeutic benefit in some diseases 
dominated by a pathologic process 
which is angiogenesis-dependent. 
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Promoter Region of the Human Harvey ras Proto-oncogene: 

Similarity to the EGF Receptor Proto-oncogene Promoter 

Abstract. Regulation of transcription of members of the ras gene family undoubta- 
bly plays an important role in controlling cellular growth. Examination of this level of 
regulation requires identijication of the promoter regions of the ras proto-oncogenes. 
Four major transcriptional start sites were detected in the human Harvey ras I proto-
oncogene. The promoter region contains neither a TATA box nor a CAAT box in 
their characteristic upstream positions, has an extremely high G+C content (80 
percent), and contains multiple GC boxes including seven CCGCCC repeats and 
three repeats of the inverted complement, GGGCGG. This region has strong 
promoter activity when placed upstream from the chloramphenicol acetyl transfer- 
use gene and transfected into monkey CV1 cells. In these ways the Harvey ras 1 
proto-oncogene promoter resembles the promoter of the gene encoding the epider- 
mal growth factor (EGF) receptor. The similarity between the two proto-oncogene 
promoters may be relevant to the mechanism by which the expression of such 
"growth control" genes is regulated. 
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The ras genes were first characterized 
as the transforming genes of the Harvey 
and Kirsten murine sarcoma viruses (v- 
Ha-ras and v-Ki-ras, respectively) (I). 
The H-ras, K-ras, N-ras, and rho genes 
constitute a family of conserved mam- 

malian genes that encode structurally 
related proteins of approximately 21,000 
daltons (p21) (1-3). Mutant ras genes 
encoding altered proteins are found in 
many human and rodent tumor cells and 
are capable of the malignant transforma- 
tion of NIH 3T3 cells, an established 
murine cell line (2,4-9). The mammalian 
ras gene products are associated with the 
cytoplasmic face of the cell membrane 
(10, l l ) ,  bind guanosine triphosphate 
(12), and exhibit a low level of guanosine 
triphosphatase activity (13). Little is 
known about the regulation of the 
expression of the ras genes. This is part- 

ly because the promoters of the ras 
genes have not been definitively identi- 
fied even though the sequence at the 5' 
terminus of some of the ras genes is 
known (14, 15). 

We recently identified the promoter 
region of the gene coding for the proto- 
oncogene of the human epidermal 
growth factor (EGF) receptor (16). The 
EGF receptor is thought to be the cellu- 
lar homolog of the v-erbB oncogene (1 7-
20). The promoter region of the human 
EGF receptor proto-oncogene lacks a 
characteristic TATA box and CAAT 
box. It contains the repeat sequence 
CCGCCC, which is also found in the 21- 
base pair (bp) repeats of the simian virus 
(SV40) early promoter. We speculated 
that these features may be relevant to the 
mechanism by which the expression of 
some "growth control" genes is regulat- 
ed (16). To investigate this possibility, 
we have identified and characterized the 
promoter region of another such gene- 
the human c-Ha-ras 1 gene. 

To define the 5' end of the c-Ha-ras 1 
messenger RNA (mRNA), we first used 
primer extension analysis. A 32~-labeled 
51-bp Pvu 11-Alu I DNA fragment (Fig. 
1, nucleotides 1735 to 1684), which en- 
codes a portion of the amino terminus of 
the ras protein, was hybridized to po- 
ly(A)' RNA of either the human epider- 
moid carcinoma cell line A431 or the 
mouse NIH 3T3 fibroblast cell line trans- 
formed by pEJ6.6 DNA, which contains 
the activated c-Ha-ras 1 gene of the 
human EJ bladder carcinoma (21). The 
primer was extended with reverse tran- 
scriptase, and the size of the products 
was determined by denaturing gel elec- 
trophoresis and autoradiography. When 
A431 mRNA was used, the most abun- 
dant extended products had lengths of 
135, 142, 147, and 159 nucleotides (Fig. 
2, lane 1). The mRNA of pEJ6.6-trans- 
formed NIH 3T3 cells served as template 
to synthesize the same set of extended 
products (Fig. 2, lane 2). The DNA se- 
quence of these extended primers was 
determined and compared with the se- 
quence of the c-Ha-ras 1 genomic clone 
reported earlier (14, 15). The comparison 
of the two sequences showed that an 
intron is located between nucleotides 577 
and 1616 in the genomic clone (Fig. 1). 
The sequence at the exon 1-intron 1 
boundary (nucleotide 576) is CGGT, 
whereas the intron 1-exon 2 boundary 
(nucleotide 1616) is AGGT. The se-
quences of the minor species of extended 
primers, which are longer than the four 
major species (see Fig. 2), are different 
from the sequence of the c-Ha-ras 1 
genomic clone. We conclude that the 
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Fig. 1. Nucleotide sequence of the 5' end of the human c-Ha-ras 1 gene (14, 15). The transcriptional initiation sites, determined by primer 
extension, are indicated by arrows 1 to 4. The hru 11-411 I DNA fragment (nucleotides 1735 to 1684) used as primer is underlined by a thin solid 
line. The repeated sequence CCGCCC and its complementary sequence GGGCGG are underlined by thick solid lines. The donor and acceptor 
splice signals are indicated. 

minor species of extended primers are 
not generated from c-Ha-ras 1 mRNA. 
Figure 1 shows that the primers were 
extended to positions 537, 549, 554, and 
561. These data are consistent with the 
likelihood that transcription of RNA ini- 
tiates at four major sites; however, we 
cannot exclude the possibility that some 
of these result from reverse transcriptase 
strong stops. S1 nuclease mapping could 
not be performed at this region because 
of its proximity to the first intron (Fig. 
1). The size of exon 1 is 40 bp (nucleo- 
tides 537 to 576) and it specifies only a 5' 
untranslated segment of c-Ha-ras 1 
mRNA. The 1040-bp first intron (nucleo- 
tides 577 to 1616) includes the region 
originally proposed to contain the pro- 
moter, as judged from sequence similar- 
ities to the canonical TATA and CAAT 
boxes (14, 15). The second exon is 164 
bp long (nucleotides 1617 to 1780) and 
specifies 53 bp of the 5' untranslated 
region and Ill-bp coding for the first 
37 amino acids of the p21 ras gene pro- 
duct. 

To establish that the primer-extended 
region contains exon 1 and is transcribed 
in vivo, we fractionated A431 poly(A)+ 
RNA electrophoretically, transferred the 
fractionated material to nitrocellulose, 
and hybridized it to either a 3ZP-labeled 
Xma 111-Bgl I DNA ;fragment (nucleo- 
tides 595 to 259) containing exon 1 se- 
quences or to a "P-labeled Bgl I-Bam 
HI DNA fragment (nucleotides 259 to 2) 
containing sequences upstream from the 
observed transcriptional initiation re- 
gion. Figure 3 shows that the 1.2-kilo- 
base (kb) c-Ha-ras 1 mRNA species from 

A431 cells hybridizes with the exon 1- 
containing probe (Xma 111-Bgl I), but 
not with the upstream-specific Bgl 1- 
Bam HI probe. These data are consist- 
ent with our identification of this 
coding region as the exon nearest the 5' 
end. 

We have presented evidence that au- 
thentic c-Ha-ras 1 mRNA is initiated at 
four major sites between positions 537 
and 561. If the region upstream from 
these start sites constitutes the c-Ha-ras 
1 promoter, it should be capable of act- 
ing as a promoter in vivo. One way to 
demonstrate promoter activity is to in- 
sert the putative promoter sequences up- 
stream from the bacterial chlorampheni- 

col acetyl transferase (CAT) gene (22). 
Therefore, the 551-bp Nae I-Nae I DNA 
fragment (nucleotides 116 to 666), which 
contains about 420 bp of DNA upstream 
from the putative transcriptional initia- 
tion sites as well as 40 bp of the first exon 
and 90 bp of the first intron, was placed 
on the 5' side of the CAT gene derived 
from the plasmic pSVOCAT (Fig. 4) 
(22). The ability of this construct (pras- 
CAT1) to express CAT activity was test- 
ed by DNA transfection. Calcium phos- 
phate-precipitated DNA was introduced 
into African Green monkey CV1 cells 
(23). After 48 hours, cells transfected 
with pras-CAT 1 expressed CAT activity 
almost equivalent to that obtained when 

Fig. 2. Primer exten- 
sion of human c-Ha- 
ras 1 mRNA and se- 
quence of the result- 
ing extended primers. 

1 2 3 4 I Soiiee lunction Primer extension was 
3- . *  * .  . .I 

~ c c c m c c c m a c c c ~ u G ~ c G a : c c I c r c ~ a : c ~ c C c G ~ ~ G A c c m G ~ i  performed as 
scribed (36, 37). The 

4- . 5' end-labeled Pvu XI- 
~ C f f i C A C C C ~ G C c G u a C C C C P G A G C A G f f i A T G h ~ G M T A T M G ~ W : T U ; T C C T C  Mu I DNA fragment 

(nucleotides 17% to 
1684) was hybridized 
to 5 clg of poly(A)+ 
RNA ' -froi either 
A431 cells (lane 1) or 
pEJ6.6 - transformed 
NIH 3T3 cells (lane 
2). Primer-extended 

~rirner, products (arrows 1 to 
4) were analyzed in a 

7M urea-8 percent polyacrylamide gel. No products were observed in the absence of poly(A)+ 
RNA. To determine the sequence of the extended primers, we repeated the experiment using 50 
a of A431 poly(A)+ RNA. The DNA sequence of the extended primers is shown at the bottom. 
The numbered asterisks represent the 5' end of each extended primer. The sequence of the 51- 
bp primer DNA is underlined. 
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1.2 kb- 

Promoter 

RNA start sites 

Bam HI 8g1l  i 234 Xma Ill Fig. 3 (left). Northern blot analysis of c-Ha- 
I I 1 1 1 1 1 -  ras 1 mRNA. A431 poly(A)+ RNA was frac- 

tionated in 1 percent agarose containing form- 
I I aldehyde and transferred to nitmceUulose 

(38). Hybridization probes were either the 
exon I-containing 336-bp Xma 111-Bgl I DNA fragment (nucleotides 595 to 259) (lane 1) or the 
upstream 257-bp Bgl I-Barn HI DNA fragment (nucleotides 259 to 2) (lane 2). Hybridization and 
washing were performed as described previously (20). Number at left indicates the size (in 
kilobases) of the c-Ha-ras 1 gene mRNA species. The partial restriction enzyme map of the 5' 
untranslated region is shown at the bottom. The transcriptional initiation sites (1 to 4) are 
indicated. The two hybridization probes are depicted above the genomic map. Fig. 4 (right). 
Transient expression of the CAT gene directed by the c-Ha-ras 1 promoter. The structure of the 
pras-CAT1 construct is shown at left. The diagram depicts the region of the c-Ha-ras 1 putative 
promoter region placed 5' relative to the CAT gene (Ap, ampicillin resistance gene). The 
transcriptional initiation sites and the exon 1-intron 1 boundary as detenrrined by primer 
extension are indicated. CV1 cells (4 x Id)  were seeded on 100-mm dishes 24 hours before 
addition of the Capo4-DNA precipitate. One milliliter of the precipitate containing 10 pg of 
pras-CAT1 (lane I), pRSVCAT (lane 2), or no DNA (lane 3) was added to the medium, and the 
cells were incubated for 4 hours at 37OC and then exposed to glycerol for 3 minutes (31). Cells 
were harvested 48 hours after transfection, and cellular extracts were prepared by freeze- 
thawing three times and by sonication. After a brief centrifugation to remove cell debris, 
extracts were incubated with ['4C]chloramphenicol and acetyl coenzyme A for 30 minutes, and 
CAT activity was measured by thin-layer chromatography as described (22,23). 

the long terminal repeat (LTR) promoter 
of the Rous sarcoma virus (pRSVCAT) 
(23) was used (Fig. 4). Because the RSV 
LTR promoter was found to be very 
active in CV1 cells (23), the c-Ha-ras 1 
promoter must be fairly strong in these 
cells. From these results we conclude 
that the 420 bp of DNA located 5' to the 
observed transcriptional initiation sites 
of the c-Ha-ras 1 gene contains promoter 
activity. 

The published nucleotide sequence 
(14, 15) of DNA upstream from the mul- 
tiple transcriptional initiation sites of the 
c-Ha-ras 1 gene is shown in Fig. 1. This 
promoter region (nucleotides 117 to 536) 
has a G+C content of 80 percent. Rela- 
tive to the newly identified 5' ends of the 
ras RNA, no TATA box or CAAT box 
could be found in their characteristic 
upstream positions (about -30 and -80 
bp, respectively). However, a DNA se- 
quence at positions 362 to 368-about 
170 bp upstream fram the first detectable 
RNA start site (Fig. l tmatches  the 
canonical CAAT box consensus se- 
quence (24,25). We have been unable to 
detect an RNA start site in the region 80 
bp downstream from this CAAT box- 
like sequence by S1 nuclease mapping. 
However, we cannot rule out the possi- 

1380 

bility that a minor RNA transcription 
start site exists here. 

Further analysis of the 5' flanking re- 
gion of the c-Ha-ras 1 gene shows that a 
6-bp sequence, the GC box CCGCCC, is 
repeated seven times in the promoter 
region at positions 157, 292, 420, 435, 
512, 518, and 523. The inverted comple- 
ment of this sequence, the GC box 
GGGCGG, occurs three times at posi- 
tions 46, 341, and 401. The 6-bp se- 
quence CCGCCC is the same sequence 
that is repeated six times within the 
SV40 early promoter (26). In the SV40 
promoter, these GC boxes are about 80 
bp upstream from the RNA start site and 
are essential for transcription (27-30). A 
DNA region just upstream from the first 
exon of the human c-Ki-ras 2 proto- 
oncogene also contains a high G+C con- 
tent, three repeats of the CCGCCC se- 
quence and one GGGCGG sequence 
(31). 

These features of the c-Ha-ras 1 gene 
promoter region are also very similar to 
those of the human EGF receptor proto- 
oncogene promoter, which has a high 
G+C content (88 percent), contains five 
GC boxes, and lacks both a TATA box 
and a CAAT box (16). Other gene pro- 
moters have been described that are rich 

in G+C, contain multiple GC boxes, and 
lack the characteristic TATA and CAAT 
boxes, including those genes encoding 
hypoxanthine phosphoribosyltransferase 
(HPRT) (32), 3-hydroxy-3-methyl glu- 
taryl coenzyme A (HMGCoA) reductase 
(33), and adenosine deaminase (34). Al- 
though the exact relation between the 
EGF receptor, c-Ha-ras 1, HPRT, 
HMGCoA reductase, and adenosine de- 
arninase is not obvious, all are in some 
way involved in cellular growth control. 
One hypothesis is that the promoters of 
many of the genes involved in growth 
control have features similar to those 
described here and that regulation of 
their expression might involve binding of 
related factors. The GC boxes are pre- 
sent in all of these genes and may serve 
as attachment sites for DNA binding 
proteins. Gidoni et al. (35) demonstrated 
that the positive transcription factor pu- 
rified from HeLa cells, Spl, binds to the 
GC boxes of the SV40 promoter. There- 
fore, Spl or related factors may bind to 
these promoters and play a role in their 
control. Finally, the similarity between 
the EGF receptor-gene promoter and the 
c-Ha-ras 1 gene promoter may provide a 
clue as to how the expression of some 
proto-oncogenes is regulated. 
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Sequence of the Immunodominant Epitope for the Surface 
Protein on Sporozoites of Plasmodium vivax 

Abstract. Plasmodium vivax is one of the four malaria parasites that cause disease 
in humans. The structure of the immunodominant repeating peptide of the circum- 
sporozoite (CS) protein of P. vivax was determined. A fragment of P. vivax DNA 
that encodes this tandemly repeating epitope was isolated by use of an oligonucleo- 
tide probe whose sequence is thought to be conserved in CS protein genes. DNA 
sequence analysis of the P. vivax clone indicates that the CS repeat is nine amino 
acids in length (Gly-Asp-Arg-Ala-Asp-Gly-Gln-Pro-Ala).The structure of the repeat- 
ing region was confirmed with synthetic peptides and monoclonal antibodies 
directed against P. vivax sporozoites. This information should allow synthesis of a 
vaccine for P. vivax that is similar to the one being tested for P. falciparum. 
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Of the four human malarias, those due 
to the parasites Plasmodium vivax and 
Plasmodium falciparum are the most 
common and are a major cause of dis- 
ease in the tropics. Controlling these two 
infections would improve health in this 
region. One research approach has been 
the development of vaccines against the 
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parasite at different stages in its life cycle 
(I). Sporozoites, the form inoculated by 
mosquitoes to initiate the human infec- 
tion, are covered with a protein known 
as the circumsporozoite (CS) protein (2). 
Antibodies to the CS protein block infec- 
tion in vivo (3). The gene for the CS 
protein of P.  falciparum has been cloned 
by using an antibody to the CS protein to 
screen a genomic library constructed 
with mung bean nuclease-digested frag-
ments (4) or a complementary DNA 
(cDNA) library from sporozoite messen- 
ger RNA (5). Recombinant (6) and syn- 
thetic peptide antigens (7) of the repeat 
region in the middle of the CS protein of 
P.  falciparum induce antibodies that 
block sporozoite invasion of liver cells in 
vitro. These antigens will be used for 
vaccine testing in man. We now report 
the sequence of the immunodominant 
repeat region of the CS protein of P.  
vivax. 

- 4 

0.1 

'id 
Fig. 1 .  General structure and partial restric- 
tion map of the CS protein gene of P. vivax. 
DNA sequence analysis (arrows) established 
the orientation of the gene (box) (the amino- 
terminus is to the left, the carboxyl-terminus 
to the right) and yielded the nucleotide se-
quence of the repeating epitope as shown in 
Fig. 2. Regions I and I1 are indicated by black 
boxes. The repeat region is indicated by stip- 
pling. Restriction enzyme sites indicated: D, 
Dra I; F, Fok I; H, Hinf I; X, Xba I. 

Our strategy for cloning the gene for 
the CS protein of P .  vivax with an oligo- 
nucleotide probe from a region of nucle- 
otide homology between P.  falciparum 
and P .  knowlesi (region 11) (4) was based 
on the observation (8) that P.  vivax is 
more closely related to P .  knowlesi than 
to P .  falciparum. Therefore, if a se-
quence is conserved in P.  knowlesi and 
P.  falciparum, it should Blso be con-
served in P.  vivax. A 27-base oligonucle- 
otide probe to region I1 (9) hybridized to 
a single fragment 1.3 kilobases in length 
of Dra I-digested genomic DNA (10) of 
an El Salvador strain (Sal-I) of P.  vivax 
(11). The same probe was then used to 
screen a Dra I genomic library cloned in 
the bacterial plasmid pUC9. 

The general structure of the CS pro- 
tein gene from P.  vivax as deduced from 
the pPvl insert is shown in Fig. 1. The 
nucleotide sequence of a segment of the 
gene containing the repeats of the CS 
protein of P.  vivax is shown in Fig. 2. It 
contains tandem repeats of nine amino 
acids (Gly-Asp-Arg-Ala-Asp-Gly-Gln-
Pro-Ala). The peptide on the amino-ter- 
minal side of the repeat region has an 
overall structure similar to those of the 
CS proteins of P.  knowlesi (12) and P.  
falciparuvi (4), including a charged re- 
gion and the homologous region I (Fig. 
3). Because of the high degree of homol- 
ogy between P.  bivax and P.  knowlesi 
(see below), we predicted that the 5' 
coding region of the gene missing from 
our Dra I clone would encode the start 
codon for translation, a signal sequence, 
and a few amino acids between the signal 
sequence and the Dra I recognition se- 
auence. 

Monoclonal antibodies against sporo- 
zoites of P .  knowlesi, P .  falciparum, and 
P .  cynomolgi reacted with tandemly re- 
peated peptides in the CS proteins (4, 5, 
12, 13). Therefore, to prove that the 
sequence was indeed the CS protein of 
P.  vivax, we investigated how monoclo- 
nal antibodies to P.  vivax sporozoites 
would react to a synthetic peptide of two 
tandem repeats (14) in the deduced P.  
vivax CS peptide. The peptide (at 100 
p,g/ml) blocked the binding of two differ- 
ent horseradish peroxidase-labeled 
monoclonal antibodies (219c and 427) to 
P .  vivax sporozoites in an enzyme-linked 
immunosorbent assay. As a control for 
specificity, we determined the effect of 
the repeat peptide (four repeats) of the 
CS protein of P .  falciparum on the bind- 
ing of these two antibodies to P .  vivax 
sporozoites. The P.  falciparum peptide 
did not block the binding of antibody to 
P .  vivax sporozoites. Furthermore, anti- 
body 219c reacted with the P. vivax 
peptide in a two-sided immunoassay 


