
1975 the summer mortality of similarly 
age-structured 2- and 3-year-old Macro- 
cystis plants located at the main study 
site in the center of the forest (5) was 14 
percent (N = 128) and 9 percent (N = 
45), respectively. In 1982, summer mor- 
tality of the 2-year-old plants was 2 per- 
cent (N = 52); and during the El Nifio of 
1983, summer mortality of the normally 
robust 3-year-old plants was 59 percent 
(N = 27) (7). In other areas of the kelp 
forest, mortality of adult plants in 400-m2 
transects between April and November 
1983 ranged from 22 percent at the north- 
ern edge, 20 percent at the southern 
edge, and 58 percent in the central part 
of the forest to 61 percent at the outer 
and 67 percent at the inner edge of the 
forest. The northern and southern edges 
of the forest face into long shore cur- 
rents, where they may be exposed to 
water which has not been scrubbed of 
nutrients by other plants. By late sum- 
mer, few plants had healthy upper fronds 
and most plants had lost their fronds 
altogether. Immediately after the winter 
storms there was a strong recruitment of 
Macrocystis in all but the south portion 
of the Point Loma kelp forest. By May 
1983 we observed hundreds of Macro- 
cystis per square meter in patches along 
the transect lines not already dominat- 
ed by understory algae. However, there 
was also a heavy recruitment of under- 
story algae, especially Pterygophora and 
Laminaria, in most areas and unusually 
large areas of 100 percent cover of two 
annuals, Dictyopteris undulata in deeper 
water and Desmarestia ligulata in shal- 
low water. Thus there was a scramble 
competition during the spring and early 
summer which, under "normal" condi- 
tions of light and nutrients, Macrocystis 
would have won easily (5). 

The massive spring recruitment of 
Macrocystis during the El Niiio summer 
had virtually no survivors, partly be- 
cause of the heavy understory canopies 
which are known to interfere with giant 
kelp recruitment in this area (5). Those 
Macrocystis that had escaped the under- 
story invasion grew slowly and were 
discolored and often diseased, and by 
September the fronds in many areas had 
died 2 to 3 m above the bottom; this was 
especially pronounced in the shallow 
area. Recruitment was first observed in 
April at this site, but by September the 
mean plant size was only 137 cm (stan- 
dard deviation = 61 cm; N = 60), poor 
growth for a species that can grow as 
much as 5 to 15 cmlday under optimal 
conditions (1 7). 

Wind and minor storms in November 
1983 accompanying the slow deteriora- 
tion of the El Niiio have resulted in a 
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drop in water temperature (Fig. 1). At 
this point there were scattered young 
Macrocystis plants ranging from 1 to 10 
m in height; these plants may survive, 
but dense canopies of understories were 
also present. Isolated Macrocystis plants 
do not survive well because they are 
subject to relatively heavy encrustation 
by invertebrates that settle on the fronds 
and to fish grazing (4, 18). If most sur- 
vive to reproduce, they are sufficiently 
dominant to slowly displace the under- 
story algae which have become en- 
trenched: but the resistance of these 
understory patches of perennial algae (5) 
can make this a long process. However, 
two sites were dominated by understo- 
ries of annual algae which also could 
have inhibited successful recruitment of 
perennial understories. These canopies 
are now breaking up, and if the few 
remaining young Macrocystis survive, 
these areas may yet have scramble com- 
petition favoring Macrocystis. 

PAUL K. DAYTON 
MIA 3. TEGNER 

Scripps Iristitution of Oceanography, 
La Jolla, California 92093 
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Primary Structure of v-raf: Relatedness to the src 
Family of Oncogenes 

Abstract. A replication-defective, acute transforming retrovirus (murine sarcoma 
virus 3611) was isolated from mouse and molecularly cloned. The nucleotide se- 
quence of 1.5 kilobases encompassing the transforming gene (v-raf) was determined. 
This sequence, which predicts the amino acid sequence of a gag-raf fusion protein, 
terminates 180 nucleotides from the 3' end of the acquired cellular sequence. 
Comparison of the predicted amino acid sequence of v-raf with the predicted amino 
acid sequences of other oncogenes reveals signz'jicant homologies to the src family of 
oncogenes. There is a lack of homology within the sequence of the tyrosine acceptor 
domain described for the phosphotyrosine kinase members of the src family of 
transforming proteins. Phylogenetic arrangement of this family of oncogenes s u p  
gests that tyrosine-specific phosphorylation may be a recently acquired activity. 

Viral oncogenes are derived from cel- 
lular genes (proto-oncogenes) (I) that 
endow the virus with the capacity to 
transform cells in vitro and induce rapid 
tumors in vivo, The proto-oncogenes are 
generally single-copy sequences and are 
highly conserved in evolution. Viral on- 
cogenes may be functionally grouped 
into those that code for a tyrosine-specif- 
ic protein kinase and those that are nega- 
tive for this activity. The protein kinase- 
negative oncogenes fall into several 
functional categories: v-sis (2) is derived 

from a growth factor; v-myc (3) and v- 
myb (4) encode DNA-binding proteins; 
v-mil (4) encodes an RNA-binding pro- 
tein; and Ha-ras (5) and Ki-ras encode 
guanosine nucleotide-binding proteins. 
Although their physiological significance 
is still unclear, proto-oncogenes have 
been directly implicated in the develop- 
ment of certain human tumors because 
their positions are adjacent to break- 
points in tumor-specific chromosomal 
translocations (6). 

We have isolated and molecularly 
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cloned a replication-defective, onco- 
gene-transducing retrovirus, murine sar- 
coma virus 3611 (3611-MSV) (7). The 
oncogene of 3611-MSV, v-raf, has ho- 
mologs in eukaryotes, including cells 
from yeast, Drosophila (8), birds (7), and 
man (7). Cells transformed by 3611-MSV 
contain two gag-raf fusion proteins, P75 
and P90, which represent modifications 
of the same core protein. Tyrosine-spe- 
cific protein kinase activity has not been 
shown in these transformed cells (9). 
Two v-raf homologs are present in 
man-a functional gene (c-rafl) on 
chromosome 3 and a pseudogene (c-raf 
2) on chromosome 4 (10). Although v- 
rafspecific R N A  has been detected in 

small cell lung carcinomas (which exhibit 
alterations in chromosome 3), it has not 
been found in normal human bronchial 
epithelial cells (8). 

N o  relation between the v-raf onco- 
gene and previously isolated retroviral 
oncogenes is observed on nucleic acid 
hybridization. To  assess the possibility 
of a distant relationship between this 
gene and other oncogenes, we deter- 
mined the nucleic acid sequence of v-raf. 
Comparison of the predicted amino acid 
sequence of v-raf with that of other 
oncogenes revealed significant homolo- 
gies throughout the v-raf sequence and 
the oncogene family that includes v-src 
( l l ) ,  v-yes (12), v-abl (13), v-fps (I#), v- 

fes (15), v-ros (16), v-erb B ( I n ,  v-fms 
(18), and v-mos (19). 

The restriction map of 361 1-MSV 
DNA and the strategy of sequencing are 
shown in Fig. 1A. The 1514-base-pair 
(bp) nucleotide sequence of v-raf and 
adjacent viral gag  (p30) and polymerase 
gene domains is shown in Fig. 1B. Ex- 
amination reveals no sequences charac- 
teristic of promoter o r  splice acceptor 
regions, nor a polyadenylation signal. 
This is consistent with the expression of 
v-raf as a gag-x polyprotein that depends 
on the virus for transcriptional and trans- 
lational controls. The single open read- 
ing frame translating the gag-raf gene is 
terminated by an amber codon approxi- 
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Fig. 1. (A) Restriction endonuclease cleavage map and sequencing strategy of v-raf. The dashed-line box defides the v-ra,f sequences. The Bal I 
and Bst EII restriction sites are equivalent to the identical sites in Moloney-MuLV (33) (positions 1672 and 4214, respectively). Vertical lines 
correspond to positions of labeled termini at the indicated restriction sites. The arrow lengths reflect the number of nucleotides for which 
sequence was determined according to the methods of Maxam and Gilbert (34). (B) Nucleotide sequence and predicted amino acid sequence of v- 
raf, including the neighboring p30 and polymerase gene regions. Indicated are the proposed limits of unique v-raf sequence (vertical broken lines 
at nucleotides 11 1 and 1260), unique restriction endonuclease sites (underlined), and the in-frame amber termination codon (boxed). The one- 
letter symbols for the amino acids are A, alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G ,  glycine; H, histidine; I. iso- 
leucine; K, lysine; L, leucine; M. methionine; N. asparagine; P, proline; Q, glutamine; R,  arginine; S, serine; T, threonine; V, valine; W, 
tryptophan; and Y, tyrosine. 
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mately 180 nucleotides from the pre- tides would be expected in transformed acids and 329 raf-specific amino acids, 
sumed 3' end of the inserted cellular cells. The smaller one would be initiated has a predicted molecular size of 79,000 
sequences. By analogy to the synthesis at the AUG (A, adenine; U, uracil; G, daltons. The larger polyprotein, repre- 
and posttranslational modification of guanine) from which the translation of senting the initiation product character- 
Moloney murine leukemia virus (MuLV) P1-65~"~ begins. This gag-raf polyprotein, istic of gPr8Wag, the glycosylated form 
P165~"~ (20), two raf-containing polypep which contains 383 gag-specific amino of Pr65gag, should migrate as if it has a 
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Fig. 2. (A) Comparison of the deduced amino acid sequences of the src family oncogenes of murine origin and that of v-src and its cellular 
homolog (c-src). The sequences are aligned by the computer method of Dayhoff and Barker (30). Amino acid homologies are shaded. Homologies 
not shared by v-src are weakly shaded. Open circles locate the canonical -Gly-X-Gly-X-X-Gly- sequence of a putative nucleotide binding region. 
The tyrosine acceptors of v-src and v-abl are circled. The location of the exon junctions of c-src are represented by circles in which the number of 
the exon to the right is indicated. The v-src (11) sequence begins at amino acid 240; v-abl(13) begins at amino acid 336; v-mos (19) begins at amino 
acid 67. (B) Comparison of the sequences surrounding the phosphotyrosine acceptor sites, or analogous domains, of the src family transforming 
proteins. The phosphotyrosine acceptor of v-src is circled and a sequence present in all but the v-erb B (35) protein is underlined. Identical amino 
acids are represented as dashes, deletions are indicated with triangles, and insertions are shown by amino acids above the linear sequences. 
Amino acids that conform to the consensus sequence are shaded. 
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molecular size of 94,000 daltons. These 
predictions agree well with the 90,000- 
and 75,000-dalton gag-fusion polypep- 
tides observed in 361 1-MSV transformed 
cells (7, 9). The glycosylation of P90 may 
involve sites on gag as well as a potential 
site (21) (NRS, nucleotides 984 to 992; 
Fig. IB) near the carboxyl terminal end 
of v-raf. In further analogy with the gag 
precursor proteins, we find that only the 
nonglycosylated form, P75, is phospho- 
rylated at a serine residue and myristilat- 
ed at the NH2 terminal (22). 

The predicted amino acid sequence of 
v-raf (Fig. IB) was compared by two- 
dimensional dot matrix analysis (23) with 
the predicted amino acid sequences of 
other oncogenes. Comparison with the 
proposed sequences for v-src, v-yes, v- 
abl, v-fps, v-fes, v-mos, and the bovine 
adenosine 3',5'-monophosphate-depen- 
dent protein kinase (24) revealed regions 
of significant homology throughout the 
v-raf sequence. This suggests that the v- 
raf oncogene is a member of the evolu- 
tionarily related "src family" of trans- 
forming proteins (25). Comparison of v- 
raf with the DNA sequence of the v-mil 
transduced by the avian carcinoma virus 
MH2 (26) revealed mil (also called mht) 
to be the avian homolog of raf. No 
significant homologies were observed in 
comparisons of v-raf with the oncogene 
sequences of myc, fos, rel, sis, Blym, 
ras, ski, or myb. 

Examination of the v-raf amino acid 
sequence shows that it aligns exclusively 
with the kinase half of the src family 
progenitor. The homology begins within 
a region corresponding to exon 7 of c-src 
(27) (Fig. 2A) and terminates near the 
location of v-src-c-src sequence diver- 
gence. From this analysis v-raf appears 
to be as closely related to v-src as are v- 
fps, v-fes, or v-abl. This is surprising 
since the oncogene proteins of v-fps, v- 
fes, and v-abl have readily detectable 
tyrosine-specific kinase activity, where- 
as we have been unable to detect a 
similar activity for v-raf. We find that v- 
mos, another tyrosine kinase-negative 
src family oncogene, is distantly related 
to v-raf, although extensive regions of 
homology were prominent at the termini 
of each sequence. The amino acid se- 
quence relatedness between v-raf and 
the src family oncogenes varied from 26 
percent for v-mos to 29 percent and 35 
percent for v-fes and v-src, respectively 
(Fig. 2A). By comparison, the corre- 
sponding regions of v-src and v-fes show 
a 39 percent amino acid homology. 

Near the amino end of the v-raf se- 
quence lies one of the several regions of 
greater than 57 percent homology detect- 
ed in the dot matrix comparisons (amino 

Fig. 3. Deduced phylogeny of the src family of 
oncogenes based on the relatedness of their 
conserved sequences. Intercomparisons of 
the protein sequences homologous to the v- 
raf sequences between amino acids 35 and 251 
(numbered as in Fig. 2A) were performed with 
the computer programs ALIGN (30) and 
MATTOP (31). These regions encompass the 
most conserved sequences of the src family. 
This is true for the relationship between raf 
and its avian homolog (mil) where more than 
95 percent of their protein sequences are 
identical in this region (26). The fps and fes 
sequences are presumed to represent a single 
ancestral gene (14, 15) that diverged 200 to 
225 million years ago into avian (fps) or mam- 
malian (fes) species. 

acid positions 30 to 61; see Fig. 2A). 
This domain is predicted to fold into 
a p-sheet-a-helix-p-sheet configuration 
analogous to that exhibited by lactate 
dehydrogenase and the ras family of 
oncogenes (28). This amino acid se- 
quence is thought to be responsible for a 
nucleotide binding activity. Such a bind- 
ing activity has been demonstrated for 
the ras p21 protein (5) and for p6OSrc (29). 

The most distinctive feature in the 
remainder of the v-raf oncogene se- 
quence lies in the region corresponding 
to exons 10 and 11 of c-src (amino acid 
positions 140 to 250; Fig. 2A). Centrally 
located in this region is the tyrosine 
acceptor site (amino acid position 199; 
Fig. 2A) of the tyrosine kinase-positive 
oncogenes. In v-raf, two regions of more 
than 60 percent homology are separated 
by 32 amino acids of unique sequence 
(amino acid positions 190 to 222). The 
proteins coded for by the five oncogenes 
capable of phosphorylating tyrosine 
show identical or conservatively altered 
amino acid sequences (matches occur in 
20 of 20 amino acids; Fig. 2B) throughout 
this acceptor site region and identical 
predicted secondary structures. The on- 
cogenes v-mos and v-raf, both of which 
lack a tyrosine acceptor, and also v-erb 
B, exhibit variations from the consensus 
sequence (matches in 6 of 20,8 of 20, and 
13 of 20 amino acids, respectively; Fig. 
2B) as well as alterations in the predicted 
secondary structures. When these differ- 
ences, which are multifocal, are ar- 

ranged in a gradient of severity relative 
to the tyrosine acceptor genotype, a time 
table for their emergence in evolution is 
suggested (see below). Although all of 
the members of this family have unique 
carboxyl terminal sequences, they all 
contain positively charged amino acids 
within a predicted a-helical domain. De- 
letion of these sequences in v-raf re- 
moves its transforming activity (8). 

Using the computer programs ALIGN 
(30) and MATTOP (31) we compared src 
family members according to the related- 
ness of their sequences between amino 
acid positions 35 and 251 (Fig. 2A). The 
phylogenetic tree built from these com- 
parisons (Fig. 3) suggests that the src 
family of oncogenes evolved from a com- 
mon ancestor. This phylogenetic ar- 
rangement predicts that genetic loci re- 
lated to v-raf and v-erb B sequences 
should be present in Drosophila melano- 
gaster and separate from the loci deter- 
mined for the v-abl, v-src, and v-fps 
sequences (32). We have found this to be 
the case for v-raf (8). We hypothesize 
that the v-mos sequence represents the 
oldest known derivative of the ancestral 
gene, marking a time in evolution at 
which introns were not present within 
the family progenitor. The next se- 
quences for which we have a record of 
diverging would be those of v-raf and v- 
erb B. It is only after this point in evolu- 
tion that tyrosine-specific kinase activity 
is a characteristic of the src family mem- 
bers. Consistent with this evolutionary 
pattern is the absence of detectable 
phosphotyrosine in yeast proteins. The 
possibility, however, exists that the 
dominant tyrosine-specific kinase de- 
monstrable in the most recent evolution- 
ary members of this family represents a 
broadening of substrate specificity. 
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Characterization of Exogenous Type D Retrovirus from a 
Fibroma of a Macaque with Simian AIDS and Fibromatosis 

Abstract. A novel type D retrovirus was isolated by cocultivation of explants of 
fibromatous tissue from a rhesus monkey (Macaca mulatta) with immunodeficiency 
and retroperitoneal fibromatosis. This type D virus, isolated from a macaque with 
simian acquired immunodeficiency syndrome (SAIDS-DIWashingtonj, is exogenous 
and is partially related to the Mason-Pfizer and the langur monkey type D viruses. 
The SAIDS-D virus can be distinguished from all other primate retroviruses by 
antigenicity and molecular hybridization. Nucleic acid hybridization studies reveal 
that the origin of the SAIDS-D isolate may reside in Old World monkey (subfamily 
Colobinae) cellular DNA.  

Human acquired immunodeficiency 
syndrome (AIDS) is characterized 
pathologically by lymphoid depletion, 
depressed cellular and humoral immune 
functions, opportunistic infections, and 
unusual neoplasms, particularly Kapo- 
si's sarcoma and, less frequently, lym- 
phomas (1). An acquired immunodefi- 
ciency syndrome similar in certain re- 
spects to human AIDS has been ob- 
served in macaques at the New England 
(2) and California (3) Regional Primate 
Research Centers (RPRC). The simian 
AIDS (SAIDS) at the New England 
RPRC occurs primarily in Macaca cyclo- 
pis in which some of the affected animals 
died with lymphoproliferative lesions 
(2). SAIDS in the California facility is 
epidemic in M ,  mulatta and two cases of 
cutaneous fibrosarcomas have been re- 
ported in rhesus monkeys (4). At the 
RPRC at the University of Washington, 
various macaques, primarily M ,  nemes- 
trina but also M ,  mulatta, M ,  fuscata, 
and M ,  fascicularis, show an immunode- 
ficiency syndrome characterized by per- 

sistent diarrhea, progressive weight loss, 
anemia, lymphocytopenia, unusual 
chronic infections (noma and crypto- 
sporidiosis), and a peculiar fibromatous 
tumor termed retroperitoneal fibromato- 
sis (RF) (5, 6). Histologically, there is 
marked thymic atrophy, follicular and 
paracortical atrophy of lymph nodes, 
and variable myeloid and lymphoid hy- 
perplasia in bone marrow. Neither RF 
nor immunodeficiency has been ob- 
served among colony-born or feral ba- 
boons housed at the Washington RPRC. 
Retroperitoneal fibromatosis, which is 
characterized by an aggressive prolifera- 
tion of highly vascular fibrous tissue, 
often remains localized to the peritone- 
um. However, in over one-fourth of the 
cases it progresses to involve the entire 
abdominal cavity, inguinal canal, and 
thoracic cavity. A cutaneous form has 
been recognized in a small number of 
RF-affected animals and resembles the 
cutaneous fibrosarcomas seen in the Cal- 
ifornia colony (3). Immunohistochemical 
studies have shown factor VIII-related 

antigen in endothelial and scattered fi- 
broblast-like cells throughout the RF le- 
sions (6 ) ,  similar to that described for 
Kaposi's sarcoma (7). Thus, in its pro- 
gressive form, SAIDS at the RPRC in 
Washington includes the triad of lym- 
phoid depletion, opportunistic infec- 
tions, and an unusual neoplasm (RF). 

We have investigated the immune sta- 
tus of monkeys with RF. In an experi- 
ment involving four M.  nemestrina mon- 
keys with biopsy-confirmed lesions of 
RF and three age- and sex-matched con- 
trols, peripheral blood mononuclear cells 
were cultured in the presence of optimal 
concentrations of phytohemagglutinin 
(PHA), concanavalin A (Con A), or 
pokeweed mitogen (PWM) (8). Results 
for the RF-affected animals were ex- 
pressed as the percentage of the average 
net [3H]thymidine incorporation by lym- 
phoid cells of the three controls. The 
results showed that responses of lym- 
phoid cells of RF animals were 2 to 12 
percent of the control value for PHA, 1 
to 13 percent of the control value for Con 
A, and 5 to 66 percent of the control 
value for PWM. Antibody responses to 
the T-cell-dependent antigen bacteri- 
ophage 4x174 (9) were measured in two 
rhesus monkeys with biopsy-confirmed 
RF and two age- and sex-matched con- 
trols. Control monkeys showed a typical 
primary immunoglobulin M (IgM) re- 
sponse and a brisk and amplified second- 
ary response consisting mainly of immu- 
noglobulin G (IgG) antibody. In contrast, 
RF-affected animals had a markedly de- 
pressed primary response (both animals 
less than 1 percent of controls) and failed 
to amplify and switch from IgM to IgG 
during the secondary response. Similarly 
depressed immune responses have been 
observed in homosexual men with 
lymphadenopathy and reversed ratios of 
helper to suppressor lymphocytes (10). 

To examine the etiology of SAIDS at 
the Washington RPRC, RF tissue from 
an immunodeficient rhesus monkey was 
cocultivated with heterologous mamma- 
lian cells known to support the replica- 
tion of a wide variety of primate viruses 
(11). After only 2 weeks, a ~ g ~ + - d e ~ e n -  
dent reverse transcriptase activity was 
detected in the conditioned medium from 
a dog thymus cell line (FCf2Th). Elec- 
tron microscopic examination of the vi- 
rus (Fig. 1) revealed typical (12) type D 
retroviral particles, indistinguishable 
from Mason-Pfizer monkey virus 
(MPMV), in which intracytoplasmic type 
A particles were common (Fig. lA), and 
budding occurred by envelopment of 
preformed A particles (Fig. 1B). Budding 
of virions with incomplete nucleoids was 
also observed (Fig. 1C) and, characteris- 

20 APRIL 1984 




