a molecular tracer (21). Specific ques-
tions concerning the seasonal input of
DOM that might result from either phy-
toplankton productivity or litterfall and
increased leaching could be evaluated by
this technique. Moreover, the degree of
oxidation of the lignin signature might be
used to distinguish inputs of soil organic
matter from fresh leachate. For river
systems draining different vegetative re-
gions, lignin analysis could reveal the
geographic sources of DOM by identifi-
cation of the regionally characteristic
vascular plant sources. Also, differences
in the lignin signature of humic and fulvic
acids could be exploited to determine
their relative conservation during estua-
rine mixing (22). Finally, the production
of lignin-derived phenols from the CuO
oxidation of marine humic substances
would be an unambiguous indicator that
terrestrially derived carbon is present in
the marine dissolved organic pool (23).
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Human Proto-Oncogene Nucleotide Sequences Corresponding

to the Transforming Region of Simian Sarcoma Virus

Abstract. The nucleotide sequences of the six regions within the normal human
cellular locus (c-sis) that correspond to the entire transforming region of the simian
sarcoma virus (SSV) genome (v-sis) were determined. The regions are bounded by
acceptor and donor splice sites and, except for region 6, resemble exons. Region 6
lacks a 3' donor splice site and terminates —5 base pairs from the 3’ v-sis-helper-viral
Junction. This is consistent with a model proposing that SSV was generated by
recombination between proviral DNA of simian sarcoma associated virus and proto-
sis and that introns were spliced out subsequently from a fused viral-sis messenger
RNA. This also suggests that the 3' recombination occurred within an exon of the
woolly monkey (Lagothrix) genome. The open reading frames predicting the v-sis
and c-sis gene products coincide with the stop codon of c-sis located 123 nucleotides
into the fifth region of homology. The overall nucleotide homology was 91 percent
with substitutions mainly in the third codon positions within the open reading frame
and with greatest divergence within the untranslated 3' portion of the sequences. The
predicted protein products for v-sis and c-sis are 93 percent homologous. The
predicted c-sis gene product is identical in 31 of 31 amino acids to one of the
published sequences of platelet-derived growth factor. Thus, c-sis encodes one chain

of human platelet-derived growth factor.

The simian sarcoma virus (SSV) is the
only acutely transforming retrovirus
(causing disease within a short latency
period) that has been obtained from pri-
mates. After isolation of this virus from a
fibrosarcoma of a pet woolly monkey
(Lagothrix) (I), the molecularly cloned
genome was shown to contain 1.0 kilo-
base (kb) of woolly monkey—derived cel-
lular sequences that are responsible for
the transforming potential of the virus
(2-4). Since SSV is related to the non-
acutely transforming gibbon ape leuke-
mia viruses, infection of the woolly mon-
key with a virus from this group proba-
bly preceded the recombination event
giving rise to SSV (9).

The complete nucleotide sequence of
the viral transforming gene as well as
immunological data have shown that the
transforming product of SSV is a 28,000
dalton protein, p28*, that is probably
encoded mostly by sequences derived
from woolly monkey cellular DNA (6).
Several amino acid residues at the amino
terminus of p28 are thought to be coded
by the envelope (env) gene of the helper
virus derived sequences.

The human cellilar homolog of the
SSV genome, c-sis, contains 1.0 kb of
coding regions, distributed over 12.5 kb,
that are interspersed by at least four

introns (7). Sis-related messenger RNA’s
(mRNA’s) of 4.2 kb can be detected in
sarcomas, glioblastomas, and some hu-
man T-cell leukemia virus (HTLV)-in-
fected cell lines (8). These results and the
nucleotide sequence data of the 5' cellu-
lar (c-sis) gene indicate that additional
exons must be present 5' and may also
be present 3’ to the v-sis region of ho-
mology (9).

Recent sequence comparisons indicat-
ed that the predicted v-sis transforming
product is highly homologous to human
platelet-derived growth factor (PDGF)
(10, 11). 1t is likely that most of the
sequence differences are species specif-
ic; however, it is not known whether
additional changes could have occurred
which give v-sis its transforming poten-
tial. Although v-sis is known to trans-
form mouse fibroblasts in vitro (8), addi-
tion of PDGF to the cells does not cause
morphological transformation (12). Thus,
it is not known whether transformation is
due to intracellular expression of a func-
tionally normal or altered sis gene prod-
uct. Transformed cells of mesenchymal
origin that express the sis message corre-
late well with tissues known to be mito-
genically stimulated by PDGF, that is,
fibroblasts and glial cells (8, 13). The
restricted expression of sis in a large
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Table 1. Flanking sequences of v-sis homologous regions in cloned AL.33. The left-hand column
shows the acceptor splice sequences CAG] while the right-hand column lists the donor splice
sequences [GT directly adjacent to the regions indicated. Region 6 lacks a 3’ donor sequence.

Acceptor c-sis region Donor
GTGTCTGCCCGGCAQG] 1 [GTAAATGGAATCCCG
TGACTTCTCCT GCAG] 2 [GTAAGACTGAGACAC
TTCATCTCCTC CCAG] 3 [GTGCGTAGGCTCCGG
CCTCTCCAGCT CCAQG] 4 [GTAACCACCTTTCCA
CTTTTTCTTGT GCAG] S [GTGAGGGCCAGGCGG
CCACCCTTCCATCAQG] 6 ACTCCATGGCTAGGA

5 3
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Fig. 1. The organization of clone AL33 showing the regions (black boxes numbered 1 through 6)
homologous to v-sis. Arrows indicate the regions sequenced. Dots show the approximate
locations of the Alu family of repeated sequences (7).

number of cell types suggests that the 4.2
kb c-sis product may play a role in
transformation. This is further suggested
by the finding that sis is located on
a region of human chromosome 22
(14) that is translocated in 90 percent
of chronic myelogenous leukemias
(CML’s) (15) and in some Ewing sarco-
mas (16).

To further define the relations among
c-sis, v-sis, and PDGF, we studied the
nucleotide sequence of the region of c-sis
homologous to our v-sis sequences, the
amino acid sequences of the predicted
products, and the homology of the pre-
dicted c-sis product to the published
sequences of PDGF.

Our human ¢-sis clone AL33 (Fig. 1) is
14.5 kb in length and contains 1.0 kb of
v-sis homologous sequences (c-sis re-
gions). These are represented as black
boxes numbered 1 through 6 which are
separated by five nonhomologous
stretches of DNA. We previously deter-
mined the nucleotide sequence of region
1 (9) and have now determined the nucle-
otide sequences of regions 2 through 6,
these regions including their flanking se-
quences shown below the arrows in Fig.
1. Each region is bordered by acceptor
CAG] and donor [GT splice sites and,
except for region 6, these regions resem-
ble complete exons (/7) (Table 1). Re-
gion 6 lacks a donor splice site at the 3’
end and resembles only a 5’ portion of an
exon. No polyadenylation signal (AA-
TAAA) (I18) could be found in the 250
bases downstream from this region.
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These data support a model in which
RNA processing occurred as a step dur-
ing the recombination events that gener-
ated SSV (9) and suggest that the 3’
recombination event occurred within the
woolly monkey exon sequences homolo-
gous to the human c-sis region 6.
Figure 2 shows the alignment of our v-
sis nucleotide sequence (top line) and the
predicted translation product (second
line) to the c-sis nucleotide sequence and
predicted translation product (third and
fourth lines, respectively). Here the ho-
mologies in the c-sis nucleotide sequence
and translation product are indicated by
dashes and asterisks, respectively, while
the differences from v-sis are indicated
by substituting the changes. Of the re-
striction enzyme sites indicated by solid
triangles, Bgl II, Pvu II, Sma I, and Bst
EII are conserved between v-sis and c-
sis. The v-sis sequences at positions 1
through 58 are derived from the helper-
viral envelope region (6). The c-sis se-
quences are arranged in a spliced fashion
and begin —6 base pairs from the 5’ v-sis
helper viral junction at position 59.
Splice points are indicated by the large
open triangles. We were able to place the
splice point for regions —1 and 1 at
position 58 by comparison to the se-
quence of a human c-sis complementary
DNA (cDNA) clone (/9). The splice
points for regions 1 and 2 at position 155,
regions 2 and 3 at position 245, regions 3
and 4 at position 451, regions 4 and 5 at
position 596, and regions 5 and 6 at
position 749 were determined by com-

parison to the v-sis sequences. The num-
ber of nucleotides in regions 1 to 6 are
97, 90, 206, 145, 153, and 300 base pairs,
respectively. We are reluctant to call
these regions exons since comparisons
have been made to woolly monkey-de-
rived sequences and alternative splice
sites may be utilized in the human
mRNA.

Our entire v-sis sequence derived from
clone C60 (2) confirms the previously
predicted open reading frame reported
by Devare et al. (6). However, a guanine
to adenine change at position 118 in our
open reading frame results in a codon
change from aspartate to asparagine.
Several other sequence differences were
found in the 3’ noncoding region (not
shown).

The spliced c-sis sequences are 991
base pairs long and contain an open
reading frame with the same phase and
terminator codon position as v-sis. The
terminator codons at position 718 for v-
sis and c-sis are TAA and TAG, respec-
tively. The open reading frame of c-sis
covers 660 nucleotides and terminates
123 base pairs within c-sis region 5. The
viral open reading frame begins with an
initiator ATG at position 40 located 5’ to
the v-sis helper viral junction (6). The
human c-sis open reading frame also
extends further 5’ to the v-sis region of
homology based on the larger size of the
human message, the presence of splice
points at the 5’ border region 1, and lack
of a promoter signal (TATAAA) in the
250 base pairs upstream from this region
(9). This has been confirmed by determi-
nations of the nucleotide sequences of a
c-sis cDNA clone (19).

We found 43 base pair differences be-
tween v-sis and c-sis within the open
reading frames, giving a nucleotide se-
quence homology of 93 percent. The
differences occurred mostly at third co-
don positions and resulted in 18 amino
acid changes out of 220 encoded. The
predicted products are completely ho-
mologous in the center of the open read-
ing frames between the alanine residue at
codon position 259 and glutamic acid
535, which suggests a functional conser-
vation within this region. In addition to
being 93 percent homologous, the pre-
dicted products are hydrophilic and con-
tain a relatively large number of basic
residues, findings that are consistent for
the pI (9.7 to 10.2) of human PDGF (10,
11, 20). Slightly greater sequence differ-
ences were found in the 3’ untranslated
region with 51 mismatches and gaps in
331 nucleotides, accounting for a nucleo-
tide sequence homology of 85 percent. A
gap of two nucleotides in v-sis was found
at position 742 and gaps of 2 and 12

SCIENCE, VOL.. 223



nucleotides were found in c-sis at posi-
tions 772 and 963, respectively. The se-
quence within the gap at 963 was bound-
ed by the inverted repeat sequence CA/
TG. It is possible that this symmetry was
involved in a deletion or insertion event
at this position (27). The homology be-
tween c-sis and v-sis ends —5 base pairs
from the v-sis helper viral junction. No
short repeat sequence could be found at
this position related to the 5’ helper viral
junction. Furthermore, no homology to
any 3’ helper virus sequence was found.
Divergence from the woolly monkey se-
quences may thus have occurred at this
location prior to the recombination
event. This may have obscured any se-
quences that may have participated in
strand selection—the proposed mecha-
nism for regenerating the 3’ viral se-
quences in oncogene-containing retrovi-

ruses (22). Alternatively, the proposed
mechanism could be more random than
once thought. Another explanation, al-
though less likely, is that post-recombi-
nation divergence could have occurred.
The sequence analysis of a woolly mon-
key sis clone may answer these ques-
tions.

The homology of the predicted amino
acid sequences of our clones to se-
quences of human PDGF is shown in
Fig. 3. The homology to human PDGF
begins with serine at position 67 (posi-
tion 238 in the sequence of Fig. 2) (see
Fig. 3). This follows the c-sis posttrans-
lational-processing signal arginine-argi-
nine which is a conservative change from
lysine-arginine seen in the predicted viral
product, suggesting that the upstream c-
sis sequences encode the amino terminal
portion of a PDGF precurser molecule

v-sis-helper
viral junction
Splice .Splice 0

Sst I

that is processed (6, 10, 11, 23). Two
groups of investigators have reported
PDGF sequences under different termi-
nologies (10, 11, 24). We have listed the
sequences of Antoniades and Hunka-
piller under the original designations 1la,
1b, 2a, and 2b, and we refer to the five
peptides partially sequenced by Water-
field er al. as peptides I to V. The PDGF
peptide I sequence completely agreed
with the c-sis predicted product in 31 of
31 amino acid residues. Therefore, c-sis
encodes this portion of the PDGF mole-
cule. The threonine and isoleucine at 72
to 73 of human PDGF, which were found
to differ from the v-sis predicted prod-
uct, are in fact coded by the c-sis se-
quence.

Peptides 2a and 2b, although contain-
ing the threonine and isoleucine at posi-
tions 72 to 73 were reported to contain

Hinf I 120

Hinf I 30 P . v 90 Bal I
v-sis: GGCGGAACGAGTCTGCAAAATAAAAACCCCCACCAGQCTATGACCCTCACCTGGCAEBGGGACCCCATTCCTGAGGAGCTCTATAAGATGCTGAGTGE%CACTCGATTCGCTCCTTCAAT
MetThrLeuThrTrpGlnGlyAspProIleProGluGluLeuTerysMetLeuSerGlyHlsSerIleArgSerPheAsn
C A C

. Pst I Hinf I

Z}: * X % % % %
Splice (-1)-1

* Asp

210 240

180
GACCTCCAGCGCCTGCTGCREGGAGACTCCGGAAAAGAAGATGGGGCTGAGCTGGACCTGAACATGACCCGCTCCCATTCTGGTGGCGAGCTGGAGAGCTTGGCTCGTGGGAAAAGGAGC

AspLeuGlnArgLeuLeuGlnGlyAspSerGlyLysGluAspGlyAlaGluLeuAspLeuAsnMetThrArgSerH1sSerGlyGlyGluLeuGluSerLeuAlaArgGlyLysArgSer
A

~-Temmmm Ammmmmmmm e e Cmmmm e Commmmm G-G-
LI * Pro * Glu *

* K X X X X X X X X 0% * * %

/\ splice 1-2

270 330
CTGGGTTCCCTGAGCGTTGCCGAGCCAGCCATGATTGCCGAGTGCAAGACACGAACCGAGGTGTTCGAGATCTCCCGGCGCCTCATCGACCGCACCAATGCCAACTTCCTGGTGTGGCCG

300 Bgl IT

360

LeuGlySerLeuSerValAlaGluProAlaMetIleAlaGluCysLysThrArgThrGluValPheGluIleSerArgArgleulleAspArgThrAsnAlaAsnPheLeuValTrpPro

------------- CoAmmm-TomeeeGemmmmm==aCommmmm

¥ % % ¥ Thrlle * % % % % % %
Splice 2-3

________ Ge-Commmm e -
* * * * * * * * * * * * * *

* %R % X X X ¥ X X X ¥ 0¥

390 420 V¥ Pvu II 450 480
CCCTGCGTGGAGGTGCAGCGCTGCTCCGGCTGTTGCAACAACCGCAACGTGCAGTGCCGGCCCACCCAGGTGCAGCTGCGGCCAGTCCAGGTGAGAAAGATCGAGATTGTGCGGAAGAAG
ProCysValGluValGlnArgCysSerGlyCysCysAsnAsnArgAsnValGlnCysArgProThrGlnValGlnLeuArgProValGlnValArgLysIleGlulleValArgLysLys

C C A--T

kK KX %
A Splice 3-U4
540 570 Sma I. 600

510
CCAATCTTTAAGAAGGCCACGGTGACGCTGGAGGACCACCTGGCATGCAAGTGTGAGATAGTGGCAGCTGCACGGGCTGTGACCCGAAGCCCGGGGACTTCCCAGGAGCAGCGAGCCAAA
ProIlePheLysLysAlaThrValThrLeuGluAslesLeuAlaCysLysCysGluIleValAlaAlaAlaArgAlaValThrArgSerProGlyThrSerGlnGluGlnArgAlaLys

Splice 4-5
Bst EII 630 W Hinf I 660 690 720
ACGACCCAAAGTCGGGTGACCATCCGGACGGTGCGAGTCCGCCGGCCCCCCAAGGGCAAGCACCGGAAATGCAAGCACACGCATGACAAGACGGCACTGAAGGAGACCCTCGGAGCCTAA
ThrThrGlnSerArgValThrIleArgThrValArgValArgArgRo ProLysGlyLysHlsArgLysCysLysHlsThrHlsAspLysThrAlaLeuLysGluThrLeuGlyAlaEND
T T G

* Ppo * Thr ¥ % X X X X X X X X X X * ® ® ® x %

750 780 810 840
GGGCATCGGCAGGAGAATATG GGCAGCGGGTCTCCTGCCAGCGGCCTCCAGCATCTTGCCCAGCAGCTCAAGAAGAGAAAAAAGGACTGAACTCCACCACCATCTTCTTCCCTTAACTCC
---------------------------------------------- I e -A---G mmmm TG mmm e
A Splice 5- 6
900 930 Bgl I 960
AAAAACTTGAAATAAGAGTGTGAAAGAGACTGATAGGGTCGCTGTTTGAAAAAAACTGGCTCCTTCCTCTGCACCTGGCCTGGGCCACACCCAAGTGCTGTGGACTGGCCCGAGGGGCCC
-=G-=-=-=-=-GGmmmmmm e Gemmmmme -G e e - = C-=---GGGG~==~G==T=mmme = Cmmmmm e TG-=Cmmmmm e TeeT=mm=A-===
v-sis-helper
viral junction
990 Bal I 1020 1050 Xba I 1080
TGCACGTGGCCCTGAGCACCTCTCAGCATAGCCTGCCTGGTCCCTGGACCCCTGGCCAGCTCCAAGGGGAGGCACCTCCAGGCAGGCCAGGCTACCTCGGGGG CTAGAGCGCCAGAAGA
- B et L it Aeema— Ammme e TGmmmmm e Gemmm= end c-sis homology

Fig. 2. Nucleotide sequence and translation product comparison of v-sis and spliced c-sis. The v-sis and c-sis nucleotide sequences are on lines 1
and 3 while the respective translation products are on lines 2 and 4. Dashes and asterisks show homology of the nucleotide sequences and
translation products of c-sis to the respective v-sis sequences while differences are indicated by substitution. Restriction enzyme sites are
indicated by solid triangles. Splice points are indicated by the large open triangles. Sequencing was as previously described by Maxam and
Gilbert (27) except for the small Pst I fragment containing region 4 which was subcloned into phage M13 and sequenced by the dideoxy chain ter-
mination technique as described by Sanger ez al. (28). Abbreviations for the nucleic acid residues are: A, adenine; C, cytosine; G, guanine; and T,
thymine. Abbreviations for amino acid residues are: Ala, alanine; Arg, arginine; Asn, asparagine; Asp, aspartic acid; Cys, cysteine; Glu, glutamic
acid; Gln, glutamine; Gly, glycine; His, histidine; Ile, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe, phenylalanine; Pro, proline;
Ser, serine; Thr, threonine; Trp, tryptophan; Tyr, tyrosine; and Val, valine.
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glutamic acid at position 86 instead of
threonine and cysteines at 90 and 92
instead of glutamic acid and serine. If
real, these differences could reflect a
polymorphism in the pooled population
from which PDGF was isolated or could
indicate that a genetic region other than
c-sis encodes these peptides. The extent
of the differences makes the first expla-
nation unlikely, since one change from
glutamic acid to cysteine requires
changes in all three base pairs of the
codon GA& — TG{ while the others re-
quire two or one base pair change. The
second explanation is unlikely since the
peptides have such high homology to the
predicted v-sis and c-sis products and
peptide I. A more likely explanation is
that the protein sequence is inaccurate
and that peptide I is the correct se-
quence. We therefore hold that peptides
I, 2a, and 2b are encoded by c-sis.

No differences are seen in the overlap-
ping sequences of peptides II, 1a, and 1b
(10, 11, 24). The composite sequence of
these three peptides differs from the pre-
dicted c-sis product in 15 amino acids
within the 34 reported amino terminal
sequences and are clearly encoded by
another genetic region. Peptides II and
IIT are reported to contain serine resi-
dues at position 100 while the predicted
c-sis and v-sis products have an aspara-
gine at this position. Peptide III could be
derived from peptide II because of the

(97)
20

conserved serine residue at position 100.
Peptide IV contains threonine instead of
asparagine or serine at position 100. This
could be due to an error in amino acid
sequencing or to polymorphism, or pep-
tide IV could be encoded by a genetic
region other than peptide I, 2a, and 2b.
After residue 100, the reported se-
quences of peptides II to IV agree com-
pletely in 42 of 42 overlapping residues
with the c-sis predicted product. A thre-
onine is seen in the predicted c-sis prod-
uct at position 167 rather than isoleucine
reported for peptide V. Threonine is also
predicted at the equivalent position in
our human sis cDNA clone (/9). There-
fore, the isoleucine of peptide V could be
due to an error in amino acid sequence or
to polymorphism, or peptide V could be
encoded by some genetic region other
than that for peptide I. In all, peptide V
agrees with the c-sis predicted product in
22 of 23 reported amino acids.

The final processed PDGF has two
forms, PDGF 1 (molecular weight
32,000) and PDGF II (molecular weight
28,000), which have essentially the same
amino acid composition but differ in ex-
tent of glycosylation (25). When either
PDGF I or PDGF 1II is reduced two or
more different peptides can be obtained
which can be classified into two groups.
We define group A to include peptide I
and peptides 2a and 2b of Fig. 3 on the
basis of the high or complete homology

(157) (217)
40 60

| |
EDGAELDLNMTRSHSGGELES

v-sis: MTLWQGDPIPEEL:DMLS SIRSJILQRH G
c-sis: GDP IPEEL YEMLSDHS IRSFDLQRLL

EEDGAELDLNMTRSHSGGELES Fig. 3. Comparison of

the v-sis and c-sis pre-

(277) (337) (397)  dicted translation
8? 1?0 12? products showing the
v-sis LARGRRSLGSLEVAEPAMIAECKTRTEVF EISRRL IDRTNANFLVHPPCVEVQRCSGCEN  Tegion  overlapping
- the reported se-
c-sis LARGRRSLGSLITIAEPAMIAECK TRTEVFE I SRRL IDRTNANFLVWPPCVEVQRCSGCCN quences of PDGF.
Peptide 1: SLGSLTIAEPAMIAECKTRTEVFEISRRL ID-m - o m cmmmmm e e Numbering starts at
the possible viral ini-
Peptide 2a: SLGSLTIAEPAMIAECK TRIBEVFTIER 2L tiator ATG. The posi-
Peptide 2b: AEPAMIAECK TREEVACIIICR?L tions in the nuc]eptnde
. _ sequences of Fig. 2
Peptide II: KTRTFTYE IPREQUOBITENF LVWPPCVE ---- ----- are given in parenthe-
Peptide la: AMCKTRTV IY[E] ses. PDGF peptides I
) to IV and la, 1b, 2a,
Peptide 1b: CKTRTLLYEL and 2b were reported
Peptide II1: TSANFLVWPPCVEVQRCSGCCN  previously (10, 11,
i NFLVHPPCVEVQRCSGCCN 23). The boxes high-
Peptide IV: 0 light the differences of
the peptides from the
(ﬁé) (féé) (%Z)) predicted v-sis and c-
| I sis protein products.
v-sis: NRNVQCRPTQVQLRPVQVRKIEIVRKKPIFKKATVTLEDHLACKCEWAAAR@TRSPGD Dashes indicate that
the lengths of the indi-
-sis: RPVQVRK IEIVRKKP IFKK, HLACKCE[TVARARPN TRSPG] . .
c-sis NRNVOCRP TQVQLRPVQV KPIFKKATVTLED! vidual peptides ex-
Peptide I:  wommmcmmceomcmooooon R s » (EEEEEEREEE tend beyond the re-
T €T | R gions sequenced as
' previously described
Peptide I1I: NRNVQCRPTQVQL PVQ-------- * by Waterfield er al.
Peptide IV:  NENVQCRPTQVQLRPVQVRKIE---* an.
Peptide V: KKPIFKKA V LEDHLACKC [IVAAA*
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of their 31 amino terminal amino acids to
the v-sis or c-sis predicted products.
Group B, which includes peptides II, 1a,
1b, and probably III is approximately 50
percent homologous to this region. Pep-
tides IV and V could belong to either
group A or B but may represent products
encoded by other members of a family of
sis-related genes. However, we think
this is unlikely because of the extremely
high homology of these peptides to the c-
sis predicted product. The size differ-
ences among peptides within each group
are thought to be due to variable proc-
essing or the effects of degradation (10,
24). In any case, at least two different
genetic regions are responsible for en-
coding the group A and group B mole-
cules. Because of the pattern after reduc-
tion, PDGF is thought to consist of a
cysteine cross-linked complex com-
prised of at least one peptide from each
group (24). Group A and B molecules are
therefore probably derived from poly-
peptide chains that we suggest be called
chains A and B, respectively. The c-sis
sequence we report here encodes the
sequences of group (chain) A. It is not
known whether both groups are con-
tained in a single precurser molecule, are
encoded by separate mRNA’s, or occur
as a result of reinitiation during the trans-
lation of a common mRNA. It is interest-
ing that the divergence among the pep-
tides is within or upstream of coding
region 3. Thus, it is conceivable that the
two groups may occur as a result’ of
alternative splicing of a more divergent
upstream coding region to an acceptor
splice site at or upstream from region 4.
Studies show that PDGF-like activity
can be demonstrated in lysates of SSV-
transformed cells and that the SSV-
transforming protein product is structur-
ally and immunologically similar to
PDGF (26). Thus, the biological activity
of the v-sis product stems from expres-
sion of the coding region analogous to
the c-sis sequence reported here.
STEVEN F. JOSEPHS
CHaN Guo
LEE RATNER
FLOSSIE WONG-STAAL
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National Cancer Institute,
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Selenium Deficiency in Cattle Associated with

Heinz Bodies and Anemia

Abstract. Cattle grazing St. Augustine grass growing on peaty muck soils in the
Florida Everglades developed anemia associated with the presence of Heinz bodies
and suboptimal concentrations of selenium in blood. Selenium supplementation
corrected the anemia, prevented Heinz body formation, increased the body weight of
cows and calves, and elevated blood selenium. This may be the first recorded
example of widespread anemia in a population due to selenium deficiency.

Glutathione peroxidase (E.C.1.11.1.9)
protects red blood cells from oxidative
damage due to hydrogen peroxide and
other peroxides (/). The enzyme cata-
lyzes the reduction of hydrogen peroxide
to water and a large range of lipid perox-
ides to hydroxy acids (2). Reduced gluta-
thione, the unique hydrogen donor in
this process, is regenerated by reduced
nicotinamide adenine dinucleotide phos-
phate and glutathione reductase. Gluta-
thione peroxidase is a selenium-contain-
ing enzyme (3); in bovines it contains 4 g-
atoms of selenium per mole (4).

Rotruck et al. (5) found that dietary
selenium in the presence of glucose re-
duced ascorbic acid-induced hemolysis
of rat erythrocytes, oxidation of hemo-
globin, and the proportion of cells with
Heinz bodies. Dietary a-tocopherol had
no effect on hemoglobin oxidation or
Heinz body formation.

Some cases of hemolytic anemia in
humans appear to be associated with
reduced levels of glutathione peroxidase
in erythrocytes. Investigators have at-
tributed the reduced enzyme activity to
genetic causes (5a); however, it is possi-
ble that dietary selenium deficiency has a
significant role in some instances. We
report here an investigation of selenium
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deficiency—associated anemia in grazing
beef cattle.

We studied a herd of Santa Gertrudis

cattle grazing St. Augustine grass grow-
ing on peaty muck soils in the Ever-
glades region of Florida. When subjected
to standard ranch practice [96 cows per
40-ha paddock with access to one water
trough and one mineral box containing a

m

ixture of dicalcium phosphate, sodium

chloride, vitamin A, and trace elements
(6)], most cattle thrived, but a few devel-
oped a wasting condition and anemia. A
multifactorial experimental design re-
vealed that, in the absence of mineral
supplementation, the cattle developed
severe cobalt and copper deficiencies,
anorexia, wasting, and anemia. These
conditions were, in the main, reversed
by the addition of cobalt and copper to
the drinking water. Clearly, provision of
a trace element mixture in a single box
for a herd of cattle is an inadequate
method of supplementation for a signifi-
cant proportion of animals. While provi-
sion of cobalt in the drinking water sub-
stantially reduced the incidence of ane-
mic animals to about one quarter of
those previously shown to be anemic, a
residual number with low hemoglobin
persisted, particularly through the sum-
mer.

In investigating this residual anemia,
we established that the grass had a very
low selenium content (< 0.02 to 0.055
ppm dry matter, N = 20; detection limit,
0.02 ppm). Furthermore, examination of
blood smears revealed a high incidence
of Heinz bodies in anemic animals. Be-
cause of the previous rat studies (5)
showing that oxidative damage of red
cells could be prevented by selenium,
the following field trial was undertaken.

Santa Gertrudis heifers (N = 144)
pregnant with their first calves were se-
lected for uniformity and randomly di-
vided into four groups (A to D) of 36
animals each. Each group was randomly
assigned to one of four 22.7-ha pastures,
each with a separate water tank of ap-
proximately 10,000 liters, the sole source
of free water available. Beginning on 11
July 1980 a concentrated solution of so-
dium selenate was added to the water of
groups B, C, and D once weekly such

Table 1. Effect of dietary selenium on hematological parameters and concentration of selenium
in whole blood of Santa Gertrudis heifers. Values are means + standard errors. For each
sampling, means in the same column with different superscripts are significantly different
(P < 0.01, analysis of variance).

Selenium Selenium Packed cell Hemoglobin Numbey of cows with
intake in blood volume (grams per Heinz bodies
(mg/day) (pg/dl) (percent) 100 ml) 0 +1 +2 +3
92 days after treatment
0.0* 0.38 = 0.02 30.7 = 0.56 10.5 = 0.23 5 13 6 11
0.5 0.75 = 0.03*  40.5 = 0.43* 14.0 = 0.90* 36 0 0 0
1.0 1.1 *£0.03> 409 + 0.38* 14.2 = 0.10* 36 0 0 0
2.0 2.3 £0.10°  40.5 = 0.44* 14.2 = 0.122 36 0 0 0
1 year after treatment ]
0.0 0.8 *=0.1 32.9 = 0.81 12.0 £ 0.26° 0 7 7 22
1.0 54 *0.2° 38.7 = 0.43* 12.2 + 0.20° 31 4 0 0
2.0 62 *0.3 39.6 + 0.53* 14.2 = 0.17° 35 1 0 0
0.5to > 4.0 5.0 +0.32 39.8 = 0.50* 13.5 £ 0.23° 35 1 0 0

*N = 35. One cow in this group died of undetermined causes before the 92 days after treatment sampling. A
replacement cow of similar age was substituted to restore the number to 36.
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