
yielded estimates of processing time with 
a standard error of -5 msec (that is, by 
taking into account response variability 
and the slope of the psychometric 
curve). Experiments were performed 
with highly trained observers who were 
familiar with psychophysical experi- 
ments in which displays are rapid and, in 
particular, with these experiments 
(through thousands of trials); except for 
one of them (D.S.), subjects were not 
familiar with the purpose of the experi- 
ments. 

The mean slope of the detection 
curves is 1.9 msec per target with a 
standard deviation of 6.3 msec per target 
(Fig. 2). Thus, there was no significant 
increase in processing time with increas- 
ing number of targets. However, pro- 
cessing time for discrimination increased 
at a constant rate with the number of 
targets (Fig. 2). The average slope is 16.6 
msec per target with standard deviation 
of 3.2 msec per target. Detection and 
discrimination of orientation clearly dif- 
fer qualitatively. During a first stage, 
local gradients of orientation can be de- 
tected in parallel, but the direction and 
the magnitude of these gradients are un- 
known. In order to know what the orien- 
tation is in the neighborhood of the gradi- 
ents, a second stage of serial inspection 
is required. The inspection time is -17 
msec per target, a time that seems to be 
independent of the detection time, which 
varies among observers. Interestingly, 
for each observer the discrimination time 
for two targets is the same as the detec- 
tion time (Fig. 2). 

Thus, knowing what the target is al- 
ready requires serial inspection by focal 
attention. We next asked what process 
underlies knowing where a target is. We 
devised another experiment to show that 
at the detection stage observers are ac- 
curate in positional judgment. The ob- 
servers were presented with either two 
or three targets; the three targets were 
arranged in two different patterns that 
can be described as triangles, one having 
a right angle and the other not (Fig. 3). 
The observers reported the number of 
targets, and when there were three, 
which spatial arrangement was present- 
ed. The psychometric curves for detec- 
tion and localization overlap (Fig. 4). 
Localization reached its maximum at the 
same SOA as detection. Observer D.S. 
could perform the localization task with 
no better than 90 percent accuracy; that 
level was reached at the same time the 
targets could be detected-longer SOA's 
did not improve localization perfor- 
mance. Localization could be equated to 
detection by increasing the difference 
between the two triangles. The position- 
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a1 accuracy required to tell the two kinds 
of triangles apart was one or two line 
spacings between line elements; thus po- 
sitional judgment is quite accurate at the 
detection stage. 

Thus, detecting feature (orientation) 
gradients and locating them can be done 
in parallel, but identifying the features 
(orientation) and knowing what they are 
requires serial inspection with focal at- 
tention. What is surprising is that we find 
such scrutiny to be necessary for as 
simple a feature as the orientation of a 
line element that is regarded as a basic 
dimension in vision (4-6). This finding is 
inconsistent with the proposal that initial 
parallel feature processing in nontopo- 
graphical feature spaces is followed by 
serial processing (with focal attention) to 
localize different features and to com- 
bine them according to their location (I, 
7). In our experiments, the location of an 
object can be found by the parallel preat- 
tentive system; that parallel system is 
probably limited by its ability to detect 
feature gradients (over short spatial 
range) but not what occurs at these gra- 
dients. The role of focal attention might 
be suggested now as a necessary condi- 
tion for knowing what actual features an 
object has. Whether our interpretation of 
detection versus discrimination as two 

different processes-parallel versus seri- 
al-will hold beyond orientation, that is, 
for other single features, such as color, 
direction of movement, and line segment 
width, remains to be seen. 

Note added in proof: Recently we 
briefly presented a mixture of a few red 
and green disks (targets) embedded in an 
aggregate of yellow disks (each having 
the same size and luminance) followed 
by a mask of an aggregate of bipartite 
red-green disks. We found again that 
detecting and locating the colored targets 
could be done in parallel, whereas dis- 
criminating between their red and green 
colors required serial search by focal 
attention. 
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Measles Virus Matrix Protein Synthesized in a Subacute 
Sclerosing Panencephalitis Cell Line 

Abstract. Measles virus generally produces acute illness. Rarely, however, 
persistent infection of brain cells occurs, resulting in a chronic and fatal neurological 
disease, subacute sclerosing panencephalitis (SSPE). Evidence indicates that ex- 
pression of the measles virus matrix protein is selectively restricted in this persistent 
infection, but the mechanism underlying this restriction has not been identiJied. 
Defective translation of matrix messenger RNA has been described in one SSPE cell 
line. This report presents evidence that in a different SSPE tissue culture cell line ZP- 
3-Ca, the matrix protein is synthesized but fails to accumulate. A general scheme is 
proposed to reconcile the different levels at which restriction of matrix protein has 
been observed. 

Subacute sclerosing panencephalitis 
(SSPE) is a rare, chronic, and invariably 
fatal disease resulting from persistent 
measles virus (MV) infection of the hu- 
man central nervous system (I). Distin- 
guishing SSPE from the far more com- 
mon acute MV infection is the failure of 
virion progeny to be produced by the 
persistently infected brain cells (I). The 
inability to consummate viral reproduc- 
tion has been ascribed to a defect in the 
expression of a single MV gene product, 
the matrix protein (2,3). This conclusion 
is supported by studies showing matrix 
protein to be the only structural protein 
of MV undetected in brain cells from 

patients with SSPE or in derivative 
SSPE cell lines (2) and by the presum- 
ably related observation that patients 
with this disease have a selective defi- 
ciency of antibodies to matrix protein 
(3). To investigate the mechanism by 
which matrix protein is restricted, we 
examined the MV matrix gene products 
of the SSPE cell line IP-3-Ca. In contrast 
to the results of prior studies of SSPE, 
IP-3-Ca was found to direct the synthesis 
of all MV proteins, including matrix pro- 
tein. Once synthesized, however, matrix 
protein did not accumulate because it 
was unstable. 

The IP-3-Ca cell line was originally 



obtained by subculturing the IP-3 cell 
line-the product of the cocultivation of 
SSPE brain cells and BSc-1 African 
green monkey kidney cells (4). IP-3-Ca 
replicates as a stable carrier culture, 
develops syncytia that "heal" spontane- 
ously, and does not produce viral proge- 
ny (5). It is further characterized by the 
presence of MV-related antigen in all 
cells, as determined by ultrastructural 
and immunocytochemical analyses; the 
ability to adsorb rhesus monkey red 

blood cells; and the capacity to transfer 
viral macromolecules to susceptible cells 
by membrane fusion (5). The demon- 
strated cell-to-cell spreading of viral ma- 
terial in the absence of assembly, bud- 
ding, or release of virions appears to 
mimic SSPE in vivo. 

The MV-related proteins synthesized 
by and accumulated within the IP-3-Ca 
cell were characterized by electrophore- 
sis of viral proteins immunoprecipitated 
from radioactively labeled infected cell 

was labeled with 
[35S]methionine (400 

F~ pCi.ml) in complete 
M - nutrient medium for 

M - the duration of acute 
infection, while an- 
other was labeled (800 
pCi/ml) for 2 hours in 

medium lacking methionine after significant viral cytopathology developed. Cell lysates were 
prepared and immunoprecipitated and the MV proteins were analyzed by SDS-PAGE (12, 14). 
Fluorograms of 10 percent polyacrylamide gels are shown. Lane 1 shows structural proteins 
from purified measles virions; lane 2, MV proteins immunoprecipitated from infected BSc-1 
cells (since the distribution of label among the MV proteins was unaffected by the duration of 
isotope incorporation, only the immunoprecipitate obtained from cells labeled throughout the 
infection is shown); and lane 3, immunoprecipitate from labeled uninfected BSc-1 cells. (b) The 
MV proteins of the IP-3-Ca cells were similarly analyzed after monolayer cultures were labeled 
with [35S]methionine for 48 or 2 hours. Lane 1 shows measles virion proteins; lane 2, 
immunoprecipitated MV proteins accumulated after 48 hours of labeling; lane 3, immunopreci- 
pitated MV proteins after 2 hours; and lane 4, control immunoprecipitate of labeled IP-3-Ca cell 
lysate treated with preimmunization serum. The nonspecific background radioactivity in lanes 2 
and 3 was exaggerated by the prolonged (14-day) fluorographic exposure used to detect the 
presence of any labeled polypeptide corresponding to the MV matrix protein (compare Fig. 3). 
The asterisk denotes the -38K putative matrix protein found in IP-3-Ca cells labeled for 2 
hours. Abbreviations: L and P, nucleocapsid-associated proteins; H, hemagglutinin protein; F,, 
fusion protein; M, matrix protein; and NP, nucleocapsid protein. 

Fig. 1. Identification 
of a putative matrix 
protein synthesized 
but not accumulated 
in IP-3-Ca cells. (a) 
Confluent BSc-1 cell 
monolayers were in- 
fected with Edmon- 
ston MV (multiplicity 
of infection, 5 plaque- 
forming units per 
cell). One culture 

lysates. Edmonston MV proteins pro- 
duced during lytic infection of BSc-1 
cells were examined in parallel. Selec- 
tion of the BSc-1 line for this compara- 
tive analysis was based on its parental 
relation to the IP-3-Ca virus-camer cell 
line. The serological probe used was a 
polyvalent hyperimmune rabbit serum 
generated by immunization with highly 
purified, detergent-disrupted Edmonston 
MV (6). Its capacity to recognize the 
MV-related antigens of the SSPE virus 
carrier cell was confirmed by immuno- 
fluorescence microscopy. Subsequent 
immunoprecipitations performed with 
this hyperimmune serum revealed that 8 
to 10 percent of the labeled BSc-1 intra- 
cellular proteins accumulated late in 
acute infection were virus-specified. So- 
dium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) of such 
immunoprecipitates demonstrated that 
each of the major Edmonston MV struc- 
tural proteins (6, 7) was synthesized and 
accumulated (Fig. la). Polypeptides oth- 
er than the major viral structural proteins 
described above were usually immuno- 
precipitated as well. These included dis- 
crete polypeptide fragments of the MV 
nucleocapsid (NP) protein and a major 
protein of -90K. The latter species also 
appears to be related to the NP protein 
(8), although its origin and its role in MV 
replication are unknown. 

Immunoprecipitation of lysates de- 
rived from IP-3-Ca cells exposed to 
[3SS]methionine for 48 hours (two cell 
doublings) revealed that 2 to 3 percent of 
the labeled protein that accumulated in 
these persistently infected cells was MV- 
specified. The electrophoretic profile of 
the immunoprecipitated MV proteins did 
not show a labeled polypeptide corre- 
sponding to the MV matrix protein (lane 
2 in Fig. lb). Otherwise the MV structur- 

Fig. 2. Confirmation of the assignment of the -38K IP-3-Ca polypep- 
8 1 2 3 4  b 1 2 3  tide as matrix protein. (a) Peptide maps of the -38K IP-3-Ca protein -T.Tw r - and the matrix protein of Edmonston MV. These two proteins were 

identified and excised from gels like those shown in Fig. la, lane 2, 
- %) - 

and Fig. lb, lane 3. They were then subjected to limited proteolysis 
with Staphylococcus aureus V8 protease and the peptides generated 
were analyzed by electrophoresis in 17 percent polyacrylamide gel H - 
(15). Lanes 1 and 2 show the IP-3-Ca protein untreated and protease- P - 
digested, respectively; lanes 3 and 4, the corresponding undigested 
and digested Edmonston matrix protein. Arrows denote the proteolyt- + @ - N P -  - 8 
ic cleavage products. (b) Immunoprecipitation of the IP-3-Ca protein 

- i y l -  

d 
by monospecific antibodies to the Edmonston matrix protein. Lysates 
of labeled IP-3-Ca cells were prepared and subjected to preliminary 
immunoprecipitation with monospecific antiserum to NP. This proce- 
dure was used to immunoselect NP, the nucleocapsid-associated - 0  I * 
proteins (L and P), potential NP-matrix protein complexes, and the 
fragments of NP that might comigrate with matrix protein (lane 2). 
The portion of the IP-3-Ca cell lysate that was not removed by the 
antiserum was then exposed to monospecific antiserum to the Edmon- 
ston MV matrix protein (lane 3). The asterisk denotes the single major 
labeled protein of -38K immunoprecipitated by this procedure. For 
comparison, the proteins of purified MV were analyzed in parallel 
(lane 1). 
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al proteins accumulated in IP-3-Ca cells 
and in acutely infected BSc-1 cells were 
similar. Although undetected by the 
above analysis, synthesis of a putative 
matrix protein was evident in immuno- 
precipitates of briefly labeled IP-3-Ca 
cells (lane 3 in Fig. lb). The electropho- 
retic mobility of this labeled protein 
(-38K) was similar to that of the Ed- 
monston MV matrix protein (-36K) and 
was well correlated with the estimated 
mass of matrix proteins specified by sev- 
eral other MV strains (9). The tentative 
assignment of the -38K protein as ma- 
trix protein was confirmed by demon- 
strating both primary structure similarity 
(Fig. 2a) and antigenic relatedness (Fig. 
2b) to the matrix protein of Edmonston 
MV. 

Restriction of matrix protein expres- 
sion in SSPE has been observed by sev- 
eral investigators (2), who proposed that 
the restriction may occur at transcription 
or translation. Recently, Carter et al. 
(lo), studying the SSPE cell line N-1, 
showed that transcription of the matrix 
messenger RNA (mRNA) occurred, but 
that this transcript was unable to direct 
synthesis of matrix protein. The failure 
to program matrix protein translation 
occurred in vivo and in vitro, indicating 
that the restriction was unlikely to be 
host cell-specified. In our study the IP-3- 
Ca line also manifested restricted 
expression of this protein, but the re- 
striction was not due to a defect in 
transcription or translation of the matrix 
gene product but rather to failure of the 
synthesized protein to accumulate nor- 
mally. Additional evidence for this was 
obtained by comparing the rates at which 
matrix protein and the other MV pro- 
teins accumulated in IP-3-Ca cells (Fig. 
3). A prominent band of newly synthe- 
sized matrix protein was readily appar- 
ent after short periods of labeling (0.5 to 
2 hours). Thereafter, however, the con- 
tribution of matrix protein to the total 
accumulated labeled viral proteins di- 
minished progressively, becoming barely 
detectable within 12 hours of continuous 
labeling. 

These experiments and more recent 
studies (11) showing both adequate tran- 
scription and efficient translation of the 
IP-3-Ca matrix mRNA lead us to con- 
clude that the matrix protein undergoes 
rapid posttranslational degradation. To 
our knowledge this is the first indication 
that an unstable matrix protein may be 
synthesized in SSPE (assuming, of 
course, that the IP-3-Ca cell adequately 
models SSPE in vivo). While host cell 
factors may be responsible for restricted 
expression of matrix protein, the identifi- 
cation of at least two disparate mecha- 

nisms by which the restriction may oc- 
cur, defective translation of matrix 
mRNA (10) and posttranslational degra- 
dation of matrix protein, suggests other 
explanations. Furthermore, the recent 
demonstration of posttranslational deg- 
radation of matrix protein in BHK cells 
persistently infected with Sendai virus 
(12) indicates that defects in the products 
of the gene coding for matrix protein are 
not unique to SSPE, but rather may be 
common in persistent paramyxovirus in- 
fections. 

How can the restriction of matrix pro- 
tein expression in persistent infections of 
different host cells by different viruses be 
regulated by different molecular mecha- 
nisms? The answer may lie in the pro- 
pensity of replicating RNA virus ge- 
nomes to mutate frequently and in the 
capacity of these mutant genomes to 
survive during persistent infection (13). 
Certainly SSPE can be viewed as a per- 
sistent infection by an RNA virus. Since 
the matrix gene products are required 
neither for genome replication and tran- 
scription nor for cell-to-cell propagation 
of this infection, there should be no 
constraint on the survival of genomes 
containing mutations in the nucleotide 
sequence of the MV matrix gene. The 
nature and position of each mutation will 
then determine the level at which matrix 

0.5 1 2 4 12 24 36 48 hours 
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Fig. 3. Evaluation of the rate at which the 
matrix protein contribution to the total MV 
proteins accumulated in IP-3-Ca cells be- 
comes negligible. Identical monolayers of IP- 
3-Ca cells were labeled for increasing periods 
of time, as described in the legend to Fig. 1. 
Immunoprecipitates prepared from each cell 
lysate were solubilized and a portion was 
assessed for radioactivity. The volume of 
solubilized immunoprecipitate subjected to 
SDS-PAGE was adjusted so that each sample 
contained identical amounts of radioactivity. 
The track at the far left shows the Edmonston 
MV structural proteins; this is followed in 
temporal sequence by the immunoprecipitates 
of IP-3-Ca cells. 

protein restriction occurs. Missense mu- 
tations may result in the synthesis of 
matrix proteins that are biologically inac- 
tive, inherently unstable, or selectively 
degradable by host cell proteases. Nu- 
cleotide substitutions in noncoding re- 
gions may ablate or diminish binding of 
matrix mRNA to ribosomes or may alter 
translational efficiency. Other mutations 
may produce new nonsense codons, re- 
sulting in premature termination of ma- 
trix protein chain elongation. The nature 
and the role of these mutations in SSPE 
remain to be elucidated. 
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