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epitopes and neuropathogenic determinants on the carboxyl
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ABSTRACT Murine coronaviruses undergo RNA recom-
bination at a very high frequency. We have obtained a series of
recombinant viruses using neutralizing monoclonal antibodies
in conjunction with temperature-sensitive markers. All of the
recombinants obtained have a crossover within gene C, which
encodes the peplomer protein of the virus. The genetic struc-
ture of these recombinants suggests that the antigenic regions
recognized by these neutralizing monoclonal antibodies are
localized on the carboxyl-terminal one-third of the peplomer
protein. Since the two monoclonal antibodies used are also
associated with the critical determinants of virus neuropatho-
genicity, we conclude that both the neutralizing antibody
binding sites and determinants of pathogenicity are localized at
the carboxyl-terminal one-third of the peplomer. The variation
of crossover sites in different recombinant viruses also allowed
precise mapping of additional antigenic sites. RNA recombi-
nation thus presents a powerful genetic tool, and the carboxyl-
terminal localization of the biological functions of peplomers
suggests a distinct conformation of these viral membrane
proteins.

Mouse hepatitis virus (MHV), a coronavirus, is an enveloped
virus containing two envelope glycoproteins, E1 and E2, and
a nucleocapsid protein, N (1). The N protein has a molecular
weight of 60,000 and is closely associated with viral RNA.
The E1 glycoprotein has a molecular weight of ~25,000 and
probably serves as a matrix protein. The E2 glycoprotein, a
180-kDa heterodimer, forms the projecting spikes or peplom-
ers on the surface of the virus particle and is involved in the
attachment of virus to target cells, in the induction of
cell-to-cell fusion, and in the elicitation of neutralizing anti-
bodies (1-3). Competitive binding studies have identified at
least six major antigenic sites on the E2, three of which are
involved in virus neutralization (refs. 4 and §5; J.O.F.,
unpublished observation). Studies on the antigenic variants
of the JHM strain of MHV suggest that E2 is important for
determining the pathogenic potential of the virus (6, 7). For
instance, neutralization-resistant variants isolated following
sequential treatment of wild-type JHM with two anti-E2
monoclonal antibodies (J.7.2 and J.2.2) have greatly reduced
ability to cause either encephalitis or demyelination (8).
Thus, the two antigenic sites recognized by these antibodies
are important components of the neuropathogenic determi-
nants of the virus. It is, therefore, of interest to identify the
functional domains of these antigenic sites.

MHYV contains a single piece of single-stranded RNA
genome of positive polarity (9). The RNA contains at least
seven genes, termed genes A through G in the 5'-3' order,
based on the finding that, in infected cells, six subgenomic
and one genomic mRNAs are expressed (10). These mRNAs
have a 3’-coterminal, nested-set structure, i.e., the sequence
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of each mRNA is contained entirely within the next larger
mRNA (10). Only the S5’-specific portions, which do not
overlap with the next smaller mRNAs, are translated. Fur-
thermore, each mRNA contains a leader sequence of =70
nucleotides, which is derived from the 5’ end of the genome
and joined to the mRNAs by a mechanism of ‘‘leader-primed
transcription’’ (11, 12). Despite the fact that MHV genome is
a single, nonsegmented RNA, our laboratory has demon-
strated that MHV can undergo RNA-RNA recombination at
an extremely high frequency (13), reminiscent of the genetic
reassortment of viruses with segmented RNA genomes. This
observation suggests that fragmented RNA intermediates
might be generated during replication of MHV RNA, prob-
ably by a mechanism of discontinuous and nonprocessive
RNA synthesis (13, 14). The availability of RNA recombi-
nants provides a powerful genetic tool to study the gene
functions of MHV.

In this study, we devised a selection scheme to isolate
RNA recombinants with possible crossovers within gene C,
which encodes the E2 protein. These recombinants reveal
that the two antigenic sites important for virus neutralization
and neuropathogenicity are surprisingly mapped within the
carboxyl-terminal one-third of the peplomer protein. The
various classes of crossover sites also allowed us to precisely
determine other antigenic sites on the protein.

MATERIALS AND METHODS

Viruses and Cells. The DL isolate of JHM strain of MHV
(15) was used throughout this study. Two temperature-
sensitive (ts) mutants of the AS9 strain of MHV, designated
LA7 and LA12, were also used (J. Egbert and S.A.S.,
unpublished data). These two mutants have RNA (+) phe-
notype. The viruses were grown in either L cells or DBT
cells, a mouse brain tumor cell line (16), as described (13).

Isolation of Recombinants. The DBT cells were infected
with the JHM strain and with ts mutant LA7 or LA12 at a
multiplicity of infection of S each at 39°C (nonpermissive
temperature for ts mutants). The released virus was harvest-
ed 16 hr after infection. The virus was then mixed with
JHM-specific anti-E2 monoclonal antibodies J.2.2 and J.7.2
(3) and incubated at 37°C for 45 min. The amount of each
monoclonal antibody used had been determined to be suffi-
cient to reduce the titer of the virus by =4 logy units. Thus,
the combined use of the two antibodies reduced the parental
JHM virus titer to nearly zero. Viruses surviving neutraliza-
tion were isolated by plating at limited dilution on DBT cells.
Isolated plaques were picked and propagated either in the
presence or in the absence of the same monoclonal antibodies
at 39°C. Individual isolates were studied by two-dimensional
RNase T;-resistant oligonucleotide fingerprinting of genomic

Abbreviations: MHV, mouse hepatitis virus; ts, temperature sensi-
tive.
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RNA to determine whether they were recombinants or
revertants derived from the ts parent.

Oligonucleotide Fingerprinting. The 32P-labeled genomic
and intracellular RN As were prepared as described (10, 13).
The intracellular RNA was separated by electrophoresis on
urea agarose gels (17). The individual RNA species was
extracted by the method of Langridge e al. (18). The RNA
was digested with RNase T, and separated by two-dimen-
sional polyacrylamide gels as described (10).

Antibody Binding Assays. The JHM-specific anti-E2 mono-
clonal antibodies used have been described (3). None of them
except J.7.5 cross-react with AS9. Likewise, the A59-derived
anti-E2 monoclonal antibodies (29) used do not react with
JHM. The ELISA tests were performed as described (6).

RESULTS

Genetic Structure of Recombinants Between A59 and JHM
Isolated Using ts Markers and Strain-Specific Monoclonal Anti-
bodies. To obtain MHV recombinants with possible crossovers
within the gene encoding the E2 protein, we devised an
experimental protocol that utilized two strains of MHV, each of
which contained a specific selectable marker. One was the
RNA(+) ts mutant, either LA7 or LA12, of the AS59 strain. The
other selection marker was the antigenic sites recognized by the
neutralizing monoclonal antibodies J.7.2 and J.2.2, which are
specific for the E2 protein of JHM and do not react with AS59 (3).
Viruses, which grew at 39°C and were resistant to neutralization
by monoclonal antibodies, were selected and examined by
oligonucleotide fingerprinting (Fig. 1). At least four types of
RNA recombinants were detected, all of which contain cross-
overs within gene C.

Among the eight viruses isolated from the cross between
LA12 and JHM, four are A59 revertants. The other four are
recombinants with one of the two following genetic struc-
tures. The first one, RL-1, has a single crossover within gene
C. The 3’ end of gene C and the remaining 3’-downstream
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genes are derived from AS9, whereas the 5’ sequence
upstream from the crossover site is derived from JHM (Fig.
2). This genetic map was established by comparing the
oligonucleotide fingerprints of the recombinant and the
parental viruses (Fig. 1). The map position of every oligo-
nucleotide has been determined for both parental viruses (10,
19). The second recombinant, RL-2, has two crossover
points. One crossover occurs in the 3’ end of gene A, and the
other is in gene C, at approximately the same position as in
RL-1. Thus, the RL-2 recombinant has A59 sequence at both
the 5’ and 3’ ends, and has the JHM sequence in gene B and
part of gene C. Both RL-1 and RL-2 appear to have
undergone a similar crossover event within gene C.

Since the fingerprint of the genomic RNA is too complex
to allow for precise determination of the crossover points, we
examined the oligonucleotide fingerprints of the intracellular
virus-specific mRNA 3, which is the functional mRNA for
gene C (10) and, in the case of RL-1, a distinct RNA, 3a,
which represents the 3'-end one-third of gene C (20) (Fig. 3A).
These mRNAs have a 3'-coterminal nested-set structure, i.e.,
they contain sequences of the gene in question and all the
3'-downstream genes. The mRNA 3 of RL-1 contains both
AS9- and JHM-derived oligonucleotides. All of the AS59-
derived oliganucleotides are localized in the 3’ half of gene C
and 3'-downstream genes, whereas the JHM-derived ones
are in the 5’ half of gene C. The crossover point was more
precisely determined by oligonucleotide fingerprinting of
mRNA 3a, which represents a new RNA initiation site within
gene C of the recombinants. This RN A species is synthesized
by all of the recombinants containing a JHM-specific leader
RNA (Fig. 3A), including B-1 recombinant virus identified
(20). It is notable that mRN A 3a of RL-1 contains mostly A59
sequences but also four JHM-specific oligonucleotides—
oligonucleotides 8, 9, 27 and 4. Oligonucleotide 8 represents
the leader sequence derived from the 5’ end of the genome,
and the remaining JHM oligonucleotides are mapped in the
middle of gene C (19). In view of the nested-set structure of

Fic. 1. Oligonucleotide fingerprints of the genomic RNA of recombinant and parental viruses. The schematic drawings of the fingerprints
of RL-1 and RL-2 are also presented. The numbering of oligonucleotides is according to Lai et al. (10) for A59 and to Makino et al. (19) for
JHM. EL-3 and RL-1 are identical, and EL-7 and RL-2 are identical except that the spots numbered in the fingerprints are missing in the

corresponding recombinants. The JHM-specific spots are underlined.
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FiG. 2. Schematic drawing of the genetic structure of the recombinants. The data were derived from Fig. 1. The positions of each
oligonucleotide have been determined (10, 19). L represents the leader region. A through G are the seven genes described (10). C’ corresponds
to mRNA 3a. The A59-specific spots are presented within the box. The crossover points in the C genes of RL-1 and RL-2 are nearly identical
except that RL-2 contains an additional small A59-specific oligonucleotide marked by the arrow (see Fig. 3B).

MHYV mRNAs, this result clearly establishes that the cross-
over point of RL-1 virus is mapped within the RNA 3a-coding
region. Since mRNA 3a has a molecular weight of 1.7 x 106,
in contrast to 2.6 x 10° for mRNA 3, the mRNA 3arepresents
a transcript from the region corresponding to the 1.5-kilobase
(kb) area at the 3’ end of gene C, which spans 4.2 kb (22).
Therefore, the E2 of the RL-1 virus must consist of mostly
JHM sequences with approximately one-third of the se-
quences at carboxyl terminus being derived from AS59.

B

Comparison of mRNA 3 of RL-2 with that of RL-1 shows
that all of the large T; oligonucleotides in the mRNA 3 of
these two viruses are identical except that RL-2 contains the
AS59-specific leader oligonucleotide, oligonucleotide 10, in-
stead of the JHM-specific one (oligonucleotide 8 in RL-1),
reflecting the fact that the 5’ end of RL-2 genome is derived
from AS9. In addition, RL-2 contains a small T,-oligonucle-
otide (pointed by an arrow in Fig. 3B) not found in RL-1. This
oligonucleotide has been mapped in gene C of A59 (10). Thus,
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FiG. 3.

Structure of the intracellular RNAs of recombinant viruses. (A) The patterns of intracellular RNAs of each recombinant. Note the

presence of RNA 3a in recombinants RL-1, EL-1, EL-3, and EL-6. RL-2 has an additional RNA 2a, the nature of which is not clear. (B) The
oligonucleotide fingerprints of RNAs 3 and 3a of RL-1 and RL-2. The JHM-derived oligonucleotides are underlined. The spots indicated by an
arrow in RL-1 RNAs are not present in the fingerprint of the viral genome and are likely the leader-body junction oligonucleotides (21). The
spot denoted with an arrow in RL-2 is the spot found only in RL-2.
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RL-2 has a crossover site slightly upstream in gene C of the
crossover site in RL-1. In other words, RL-2 has a slightly
longer A59-derived sequence in gene C.

All four isolates derived from the cross between LA7 and
JHM are recombinants. One of the recombinants, EL-6, has
a genetic structure identical to that of RL-1 (data not shown).
The other three recombinants, EL-1, EL-3, and EL-7, have
crossover sites slightly on the 5’ side of the crossover site in
RL-2. This conclusion is supported by the presence of
AS9-specific oligonucleotide 14 and the loss of JHM oligo-
nucleotide 4 in these three recombinants (Figs. 1 and 2).
Recombinant EL-7 has three additional crossover sites in
genes A and B and thus contains three discontiguous stretch-
es of AS9 sequences.

Antigenicity and Pathogenicity of Recombinant Viruses.
Genetic analysis of the recombinants shows that gene C of
these viruses contains mostly JHM sequences except for the
3'-terminal one-third, which is derived from AS59. The sub-
stitution of A59 sequences at the carboxyl-terminal one-third
of E2 encoded by gene C is most likely responsible for the
escape of the recombinants from neutralization by the JHM-
specific anti-E2 monoclonal antibodies. Thus, essential an-
tigenic sites recognized by the two monoclonal antibodies are
most likely localized within the carboxyl-terminal one-third
of E2, corresponding to the 1.5-kb region at the 3’ end of gene
C. The antigenic properties of these viruses were examined
by ELISA using JHM-specific monoclonal antibodies (Table
1). Monoclonal antibodies J.7.2 and J.2.2, which recognize
two topographically distinct E2 regions (6), designated sites
A and B, respectively, did not recognize any of the recom-
binant viruses. Other JHM-specific monoclonal antibodies,
e.g.,J.2.6and J.1.2, which recognize site A, also did not bind
to any recombinants. These results suggest that the 1.5-kb
segment at the 3’ end of JHM gene C codes for the antigenic
determinants essential for these antibody binding sites.

We have also tested monoclonal antibodies specific for E2
of AS9. Two of the monoclonal antibodies, A.2.3 and A.3.10,
have previously been shown to recognize an antigenic site,
AS59site A, which has antigenic determinants in common with
the site A of JHM (J.O.F., unpublished data). A.2.3 bound to
all of the recombinants, whereas A.3.10 bound to only
recombinants RL-2, EL-1, EL-3, and EL-7 and not recom-
binants RL-1 or EL-6. Since the latter two recombinants have
the smallest A59-derived sequence in gene C, these data
suggest that the antigenic site recognized by A.3.10 is
localized within the region encoded by the sequence close to
oligonucleotide 14. In contrast, A.1.4, which recognizes
another antigenic site on A59 (29), did not bind to any of the
recombinants. These results suggest that the crossover sites
of all of the recombinants are localized within site A of A59,
and that the AS59 site B is localized within the amino-terminal

Proc. Natl. Acad. Sci. USA 84 (1987)

two-thirds of the E2 protein. To ensure that recombination
had not induced dramatic changes in overall conformation of
peplomers in recombinant viruses, we also tested the JHM
monoclonal antibody J.7.5, which recognizes site A of both
JHM and A59. As shown in Table 1, J.7.5 binds to all of the
recombinants.

In prior studies with neutralization-resistant variants of
JHM, we have shown that the antigenic sites recognized by
J.7.2 and J.2.2 are critical for the neuropathogenicity of the
virus. Specifically, J.7.2 binds to a region essential for
paralytic disease, and J.2.2 is associated with determinants
necessary for fatal encephalitis (8). Since the recombinants
have lost JHM determinants at both these sites, we sought to
determine the pathogenicity of representative recombinant
viruses RL-1 and RL-2 by intracerebral inoculation in 6-
week-old C57BL/6 mice. Whereas the parental JHM has a
50% lethal dose of 4 plaque-forming units, neither RL-1 nor
RL-2 were lethal at 1000 plaque-forming units. Further, no
paralytic disease was observed in these mice. Although mice
appeared clinically normal after infection with RL-1 or RL-2,
histopathological examination showed subclinical encepha-
litis acutely and mild demyelination subacutely. These find-
ings are similar to those observed with neutralization-resis-
tant variants with mutations affecting both the J.7.2 and J.2.2
recognition sites (8). This result suggests that critical neuro-
pathogenic sites have been lost in RL-1 and in RL-2 and
confirms the map location of these determinants to the
carboxyl terminus of E2 protein.

DISCUSSION

In this study RNA-RNA recombination was used to map
antigenic sites and pathogenic determinants of murine coro-
naviruses. The recombinants isolated from two different
genetic crosses have similar but not identical crossover
points, at =1.5 kb from the 3’ end of the gene encoding the
E2 protein. By virtue of recombination within this gene, all
of the recombinants lost the antigenic sites for two JHM-
specific neutralizing monoclonal antibodies, which are asso-
ciated with neuropathogenic determinants of the virus (8).
Thus, the carboxyl-terminal one-third of the E2 protein is at
least partially responsible for the neutralization and neuro-
pathogenicity of MHYV, although we cannot rule out the
possibility that sequence changes at the carboxyl one-third of
E2 have caused antigenic changes in distant regions of the
protein. We have also been able to map the location of several
other epitopes recognized by different E2 monoclonal anti-
bodies. It should be cautioned that antigenic determinants
often depend upon local conformational or distant steric
effects in a protein molecule (23, 24), and any linear model of
E2 may be oversimplified. Nevertheless, there is substantial

Table 1. Binding of anti-E2 monoclonal antibodies to parental and recombinant MHV
Anti-E2 binding to virus
Antigenic site mAb JHM RL-1 RL-2 EL-1 EL-3 EL-6 EL-7 LA7 LA12 AS9
AS9 “B” Al4 - - - - - - - + + +
AS59 “A” A3.10 - - + + + - + + + +
A23 - + + + + + + + + +
JHM “A” 115 + + + + + + + + + +
J.1.2 + - - - - - - - - -
J.2.6 + - - - - - - - - -
J.7.2 + - - - - - - - — -
JHM “B” J.22 + - - - - - - - - -

Binding was determined by ELISA (6). Viruses were assayed at equivalent antigenic densities. An OD reading 50% or
greater of that achieved with homologous virus was considered positive (+). An OD of less than 50% was considered
negative (—). A59 ““A’’ and “‘B,”” and JHM ‘A"’ and *‘B’’ denote the antigenic sites on the E2 protein of A59 and JHM,
respectively, recognized by the monoclonal antibodies as determined by competitive binding studies (6, 8, 29). A59 ‘A"’
and JHM “*A” partially overlap while the ‘*B”’ sites of A59 and JHM do not overlap with each other or with other sites.
The monoclonal antibodies (mAb) designated by A were derived from A59, whereas those designated by J were from JHM.
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agreement between a linear relationship with the monoclonal
antibody binding sites and the genetic structure of recombi-
nants, suggesting that such a linear map may reflect real
spatial arrangement of antigenic sites on E2.

The localization of the neutralization epitopes on the
carboxyl-terminal one-third of E2 was unexpected. The
sequence of gene C, which encodes the E2 protein, has
suggested that the carboxyl terminus of the protein is inserted
in the viral envelope (22). Thus, the carboxyl half of the E2
would be expected to be closer to the envelope, whereas the
amino half would be more exposed. However, the 180-kDa
E2 peplomer is cleaved by cellular proteases into two
subunits, 90A and 90B (25). This cleavage is required for the
fusion-inducing activity of MHV (25). It is likely that the
cleavage of peplomer might expose the carboxyl half of the
peplomer. Since the 90A subunit contains palmitic acid (25)
and likely represents the carboxyl-terminal half of E2, this
subunit probably carries the major neutralization epitopes
and neuropathogenic determinants. Furthermore, since only
antibodies recognizing site A of E2 inhibit virus-induced
cell-to-cell fusion (ref. 2; W. Gilmore and J.O.F., unpub-
lished observation), the fusion-inducing activity of MHV may
also be localized at the carboxyl-terminal one-third of E2.
These structural arrangements suggest that the MHV pep-
lomers are likely to have unusual conformation, with the
carboxyl half of the protein being exposed.

The recombinants obtained in this study have crossovers
within a small region of gene C. The presence of additional
JHM sequences in gene A of RL-2 and EL-7 recombinants
suggests that the ts lesions of LA7 and LLA12 are in gene C or
part of B. The relative proximity of the crossover sites in
these recombinants strongly suggests that these ts lesions are
probably localized very close to the antigenic sites recog-
nized by the monoclonal antibodies. Thus, these lesions may
be localized in the amino-terminal two-thirds of gene C. The
finding that some of the recombinants have additional cross-
over sites in a region where no selectable marker was used
further confirms the high frequency of coronavirus RNA
recombination (13). The high frequency of recombination
also made possible the isolation of different recombinant
viruses with minor variations in their crossover sites. The
availability of these recombinants allowed for a fine genetic
mapping of coronaviral functions, such as monoclonal anti-
body binding sites, which had not been achieved with
recombinants (26, 27) or reassortants (28) of other RNA
viruses. Thus, RNA recombination of coronavirus provides
a particularly powerful genetic tool.
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the manuscript. This work was supported by Public Health Service
Research Grants A119244 and NS18146 from the National Institutes
of Health, Grant RG1449 from the National Multiple Sclerosis
Society, and Grant PMC-4507 from the National Science Founda-
tion.

—

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.
24.

25.

26.

27.

28.
29.

So » N o

Proc. Natl. Acad. Sci. USA 84 (1987) 6571

Sturman, L. S. & Holmes, K. V. (1983) Adv. Virus Res. 28,
35-112.
Collins, A.R., Knobler, R. L., Powell, H. & Buchmeier,

‘M. J. (1982) Virology 119, 358-371.

Fleming, J. O., Stohlman, S. A., Harmon, R.C., Lai,
M. M. C., Frelinger, J. A. & Weiner, L. P. (1983) Virology
131, 296-307.

Talbot, P.J., Salmi, A. A., Knobler, R. L. & Buchmeier,
M. J. (1984) Virology 132, 250-260.

Wege, H., Dorries, R. & Wege, H. (1984) J. Gen. Virol. 65,
1931-1942.

Fleming, J. O., Trousdale, M. D., El-Zaatari, F. A. K., Stohl-
man, S. A. & Weiner, L. P. (1986) J. Virol. 58, 869-875.
Dalziel, R. G., Lampert, P. W., Talbot, P. J. & Buchmeier,
M. J. (1986) J. Virol. 59, 463-471.

Fleming, J. O., Trousdale, M. D., Bradbury, J., Stohiman,
S. A. & Weiner, L. P. (1987) Microbiol. Pathogen., in press.
Lai, M. M. C. & Stohlman, S. A. (1978) J. Virol. 26, 236-242.
Lai, M. M. C., Brayton, P. R., Armen, R. C., Patton, C. D.,
Pugh, C. & Stohlman, S. A. (1981) J. Virol. 39, 823-834.
Baric, R. S., Stohlman, S. A. & Lai, M. M. C. (1983) J. Virol.
48, 633-640.

Baric, R. S., Stohlman, S. A., Razavi, M. K. & Lai, M. M. C.
(1985) Virus Res. 3, 19-33.

Makino, S., Keck, J. G., Stohlman, S. A. & Lai, M. M. C.
(1986) J. Virol. 57, 729-737.

Baric, R. S., Shieh, C.-K., Stohlman, S. A. & Lai, M. M. C.
(1987) Virology 156, 342-354.

Stohlman, S. A., Brayton, P. R., Fleming, J. O., Weiner,
L. P. & Lai, M. M. C. (1982) J. Gen. Virol. 63, 265-275.
Hirano, N., Fujiwara, K., Hino, S. & Matumoto, M. (1974)
Arch. Gesamte Virusforsch. 44, 298-302.

Makino, S., Taguchi, F. & Fujiwara, K. (1984) Virology 133,
9-17.

Langridge, L., Langridge, P. & Bergquist, P. L. (1980) Anal.
Biochem. 103, 264-271.

Makino, S., Taguchi, F., Hirano, N. & Fujiwara, K. (1984)
Virology 139, 138-151.

Lai, M. M. C., Baric, R. S., Makino, S., Keck, J. G., Egbert,
J., Leibowitz, J. L. & Stohlman, S. A. (1985) J. Virol. 56,
449-456.

Lai, M. M. C., Patton, C. D., Baric, R. S. & Stohlman, S. A.
(1983) J. Virol. 46, 1027-1033.

Schmidt, I., Skinner, M. & Siddell, S. (1987) J. Gen. Virol. 68,
47-56.

Berzofsky, J. A. (1985) Science 229, 932-940.

Heinz, F. X., Mand, L. C., Berger, R., Tuman, W. & Kunz,
C. (1984) Virology 133, 25-34.

Sturman, L. S., Ricard, C. Y. & Holmes, K. V. (1985) J.
Virol. 56, 904-911.

Agol, V. 1., Drozdov, S. G., Grachev, V. P., Kolesnikova,
M. S., Kozlov, V. G., Ralph, N. M., Romanova, L.,
Tolskaya, E. A., Tyufanov, A. V. & Viktorova, E. G. (1985)
Virology 143, 467-4717.

Emini, E. A., Leibowitz, J., Diamond, D. C., Bonin, J. &
Wimmer, E. (1985) Virology 137, 74-85.

Fields, B. N. (1981) Curr. Top. Microbiol. Immunol. 91, 1-24.
Gilmore, W., Fleming, J. O., Stohlman, S. A. & Weiner, L. P.
(1987) Proc. Soc. Exp. Biol. Med. 185, 177-186.

This content downloaded from 130.132.123.28 on Thu, 1 May 2014 15:32:22 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 6567
	p. 6568
	p. 6569
	p. 6570
	p. 6571

	Issue Table of Contents
	Proceedings of the National Academy of Sciences of the United States of America, Vol. 84, No. 18 (Sep. 15, 1987), pp. i-iv+6323-6610+v-vi
	Front Matter [pp. i-iv]
	Self-Excitation of a Nonlinear Scalar Field in a Random Medium [pp. 6323-6325]
	The Local Redshift--Distance Relation and Spatial Uniformity [pp. 6326]
	Continuous Partition Lattice [pp. 6327-6329]
	Tissue-Specific Expression of Insulin-Like Growth Factor II mRNAs with Distinct 5<sup>′</sup> Untranslated Regions [pp. 6330-6334]
	Influence of Altered Transcription on the Translational Control of Human Ferritin Expression [pp. 6335-6339]
	Isolation and Sequence of Complementary DNA Encoding Human Extracellular Superoxide Dismutase [pp. 6340-6344]
	Extensive Amino Acid Sequence Homologies between Animal Lectins [pp. 6345-6348]
	Uptake and Expression of Bacterial and Cyanobacterial Genes by Isolated Cucumber Etioplasts [pp. 6349-6353]
	Effects of Preventing O-glycosylation on the Secretion of Human Chorionic Gonadotropin in Chinese Hamster Ovary Cells [pp. 6354-6358]
	Inhibitor of Eukaryotic Initiation Factor 4F Activity in Unfertilized Sea Urchin Eggs [pp. 6359-6363]
	Trans-Activation of Human Immunodeficiency Virus Gene Expression is Mediated by Nuclear Events [pp. 6364-6368]
	Macrophage Synthesis of Nitrite, Nitrate, and N-nitrosamines: Precursors and Role of the Respiratory Burst [pp. 6369-6373]
	Dissociation of Bradykinin-Induced Prostaglandin Formation from Phosphatidylinositol Turnover in Swiss 3T3 Fibroblasts: Evidence for G Protein Regulation of Phospholipase A<sub>2</sub> [pp. 6374-6378]
	Sequence of MET Protooncogene cDNA Has Features Characteristic of the Tyrosine Kinase Family of Growth-Factor Receptors [pp. 6379-6383]
	Unique Pathway of Expression of an Opal Suppressor Phosphoserine tRNA [pp. 6384-6388]
	cAMP-Mediated Protein Phosphorylation of Microsomal Membranes Increases Mannosylphosphodolichol Synthase Activity [pp. 6389-6393]
	Interferon-Induced Transcription of a Gene Encoding a 15-kDa Protein Depends on an Upstream Enhancer Element [pp. 6394-6398]
	Structure of the Chicken Link Protein Gene: Exons Correlate with the Protein Domains [pp. 6399-6403]
	Glucose Transport and Antilipolysis are Differentially Regulated by the Polar Head Group of an Insulin-Sensitive Glycophospholipid [pp. 6404-6407]
	A Superactive Insulin: [B 10-aspartic Acid]Insulin(Human) [pp. 6408-6411]
	Demonstration of the Asymmetric Effect of CC-1065 on Local DNA Structure Using a Site-Directed Adduct in a 117-Base-Pair Fragment from M13mp1 [pp. 6412-6416]
	Oligonucleotide Sequence Signaling Transcriptional Termination of Vaccinia Virus Early Genes [pp. 6417-6421]
	DNA Sequence Analysis Suggests that Expression of Flagellar and Chemotaxis Genes in Escherichia coli and Salmonella typhimurium is Controlled by an Alternative σ Factor [pp. 6422-6424]
	Human Thrombomodulin Gene is Intron Depleted: Nucleic Acid Sequences of the cDNA and Gene Predict Protein Structure and Suggest Sites of Regulatory Control [pp. 6425-6429]
	Promoter Trans-Activation of Protooncogenes c-fos and c-myc, but not c-Ha-ras, by Products of Adenovirus Early Region 1A [pp. 6430-6433]
	Three-Dimensional Structure of a Genetically Engineered Variant of Porcine Growth Hormone [pp. 6434-6437]
	Structure of the Reaction Center from Rhodobacter sphaeroides R-26: Membrane--Protein Interactions [pp. 6438-6442]
	Proton/Hydroxide Conductance and Permeability through Phospholipid Bilayer Membranes [pp. 6443-6446]
	Transposon Mutagenesis and Tagging of Fluorescent Pseudomonas: Antimycotic Production is Necessary for Control of Dutch Elm Disease [pp. 6447-6451]
	Endogenous Lectins from Cultured Cells: Nuclear Localization of Carbohydrate-Binding Protein 35 in Proliferating 3T3 Fibroblasts [pp. 6452-6456]
	Cranin: A Laminin-Binding Protein of Cell Membranes [pp. 6457-6461]
	A Monoclonal Antibody against a Family of Nuclear Pore Proteins (Nucleoporins): O-Linked N-acetylglucosamine is Part of the Immunodeterminant [pp. 6462-6466]
	Induction of B-Cell Differentiation Antigens in Interferon- or Phorbol Ester-Treated Daudi Cells is Impaired by Inhibitors of ADP-Ribosyltransferase [pp. 6467-6470]
	Human Endothelial Cells Synthesize and Express an Arg-Gly-Asp-Directed Adhesion Receptor Involved in Attachment to Fibrinogen and Von Willebrand Factor [pp. 6471-6475]
	A Calcium Regenerative Potential Controlling Ciliary Reversal is Propagated along the Length of Ctenophore Comb Plates [pp. 6476-6480]
	Dimethyl Sulfoxide-Inducible Cytoplasmic Factor Involved in Erythroid Differentiation in Mouse Erythroleukemia (Friend) Cells [pp. 6481-6485]
	Early Genes that were Oligomeric Repeats Generated a Number of Divergent Domains on Their Own [pp. 6486-6490]
	Evolution of P Transposable Elements: Sequences of Drosophila nebulosa P Elements [pp. 6491-6495]
	Intramolecular Recombination between Partially Homologous Sequences in Escherichia coli and Xenopus Laevis Oocytes [pp. 6496-6500]
	Sequence Analysis of the Complete cDNA and Encoded Polypeptide for the Glued Gene of Drosophila melanogaster [pp. 6501-6505]
	Integration Host Factor is Required for the DNA Inversion that Controls Phase Variation in Escherichia coli [pp. 6506-6510]
	RNase III Stimulates the Translation of the cIII Gene of Bacteriophage λ [pp. 6511-6515]
	Autogenous Control of the S10 Ribosomal Protein Operon of Escherichia coli: Genetic Dissection of Transcriptional and Posttranscriptional Regulation [pp. 6516-6520]
	Isolation of Anonymous DNA Sequences from within a Submicroscopic X Chromosomal Deletion in a Patient with Choroideremia, Deafness, and Mental Retardation [pp. 6521-6525]
	Molecular Cloning of Complementary DNAs Encoding the Heavy Chain of the Human 4F2 Cell-Surface Antigen: A Type II Membrane Glycoprotein Involved in Normal and Neoplastic Cell Growth [pp. 6526-6530]
	Posttranscriptional Gene Regulation and Specific Binding of the Nonhistone Protein HMG-I by the 3<sup>′</sup> Untranslated Region of Bovine Interleukin 2 cDNA [pp. 6531-6535]
	Expression of the T-Cell Receptor γ -Chain Gene Products on the Surface of Peripheral T Cells and T-Cell Blasts Generated by Allogeneic Mixed Lymphocyte Reaction [pp. 6536-6540]
	Correction: Mr 26,000 Antigen of Schistosoma Japonicum Recognized by Resistant WEHI 129/J Mice is a Parasite Glutathione S-Transferase [pp. 6541]
	Detection of Disease-Specific Restriction Fragment Length Polymorphisms in Pemphigus Vulgaris Linked to the DQw1 and DQw3 Alleles of the HLA-D Region [pp. 6542-6545]
	Purified Membrane and Soluble Folate Binding Proteins from Cultured KB Cells have Similar Amino Acid Compositions and Molecular Weights but Differ in Fatty Acid Acylation [pp. 6546-6549]
	Expression of Abnormal Von Willebrand Factor by Endothelial Cells from a Patient with Type IIA Von Willebrand Disease [pp. 6550-6554]
	Treatment of Type 1 Diabetes Mellitus in Non-Obese Diabetic Mice by Transplantation of Allogeneic Bone Marrow and Pancreatic Tissue [pp. 6555-6557]
	In vitro Transformation of Immature Hematopoietic Cells by the P210 BCR/ABL Oncogene Product of the Philadelphia Chromosome [pp. 6558-6562]
	Induction of Tumor Necrosis Factor Expression and Resistance in a Human Breast Tumor Cell Line [pp. 6563-6566]
	RNA Recombination of Coronaviruses: Localization of Neutralizing Epitopes and Neuropathogenic Determinants on the Carboxyl Terminus of Peplomers [pp. 6567-6571]
	Site-Directed Serology with Synthetic Peptides Representing the Large Glycoprotein G of Respiratory Syncytial Virus [pp. 6572-6576]
	Both Barium and Calcium Activate Neuronal Potassium Currents [pp. 6577-6581]
	Visualization of Multiple Opioid-Receptor Types in Rat Striatum after Specific Mesencephalic Lesions [pp. 6582-6586]
	Characterization of a Purified Nicotinic Receptor from Rat Brain by Using Idiotypic and Anti-Idiotypic Antibodies [pp. 6587-6590]
	Regulation of Nicotinic Acetylcholine Receptor Phosphorylation in Rat Myotubes by Forskolin and cAMP [pp. 6591-6595]
	Evidence that Endogenous β Nerve Growth Factor is Responsible for the Collateral Sprouting, but not the Regeneration, of Nociceptive Axons in Adult Rats [pp. 6596-6600]
	Regulation of Phosphorylation of Nicotinic Acetylcholine Receptors in Mouse BC3H1 Myocytes [pp. 6601-6605]
	Evidence for a Mosaic Representation of the Body Surface in Area 3b of the Somatic Cortex of Cat [pp. 6606-6610]
	Back Matter [pp. v-vi]



