Table 1. Numbers and phenotype of lymphoid cells in —/— mice.. Thymus and spleen cellularities were
determined for 13 —/— mice at ages from 7 to 28 days; representative values are compared with values
for control (C) littermates (+/— or +/+). The phenotypes were determined by fluorescence-activated cell
sorting; the percentages staining positive are given (-, not determined).

Cellularity (%) and genotype

Total : B220+
(106 cells) CD4+CD8* (total) B220+slgM* CD4* cb8*
Cells —/= C —/— C —/— C -/—. C —/= C -/- C
) Day 7
Thymus 15 463 116 93.1 - - - - 1.3 07 01 02
Spleen 295 35.0 - - 26 220 - . - 0.7 29 0.1 1.0
) Day 9
Thymus 0.8 570 836 932 - - - - 9.0 47 03 05
Spleen 21.0 24.0 - - 21 232 - - 0.6 49 041 1.3
) Day 12
Thymus 76 1360 864 948 - - - - 10.5 39 04 06
Spleen 5.8 41.0 - - 116 625 94 602 6.6 97 04 32
Day 25
Thymus 128 151.0 81.2 88.2 - - = - 11.4 93 13 17
Spleen 22.0 81.0 - - 121 687 84 635 70 123 04 438

vating Jak3 (2) and inducing the tyrosine -

phosphorylation and activation of the DNA-
binding activity of the signal transducer and
activator of transcription 6 (Stat6) (8). Gel
shift analysis showed that although IL-4—
induced Stat6 DNA-binding activity was de-
tectable in splenocytes from the +/4+ and
+/— mice (Fig. 4B), only a faint activity that
was not affected by antisera to Stat6 was
induced in splenocytes from the —/— mice.
The absence of IL-7 or the IL-7 receptor a
chain results in profound effects on lym-
phoid differentiation (9). Because the IL-7
receptor uses the vy, chain and activates Jak3
as well as Lyn and Fyn (10), we examined
the response of bone marrow cells to IL-7
(Fig. 4A). No stimulation was observed with
bone marrow cells from the —/— mice.

The phenotype of —/— mice is similar to
that of mice lacking the -y, chain (11), the
IL-7 receptor a chain, or IL-7 (9), consis-
tent with the hypothesis that the interac-
tion of IL-7 with its receptor and the acti-
vation of Jak3 are critical, nonredundant
functions in lymphoid development. In all
cases some lymphoid development pro-
ceeds, as assessed by phenotypic markers. In
—/— mice, these cells are nonfunctional,
even in response to mitogens that do not
require Jak3 activation; this suggests a pos-
sible spectrum of effects on functional dif-
ferentiation. The difference in the differen-
tiation of CD4"* versus CD8" T cells is
readily demonstrable, and although the ba-
sis of this difference is unknown, it is also
seen in vy_-deficient mice.

Jaks are critical for signaling through
cytokine receptors in a variety of lineages.
The expression of Jak3 in myeloid cells
suggests an importance in these lineages.
The phenotype of the —/— mice clearly
demonstrates that although Jak3 is critical
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for normal lymphoid development, it is not
required (or is functionally redundant) for
myeloid lineages. Therefore, the phenotype
of mice that are deficient in other Jaks will
be of interest. Because the phenotype of the
—/— mice is that of SCID, our results sup-
port the hypothesis that mutations of Jak3
and the absence of Jak3 in humans with
SCID are sufficient to account for their im-
munodeficiency (12). Although the extent
to which Jak3 contributes to non—X-linked
SCID is not currently known, this deficiency
may be an excellent setting for gene therapy.

The availability of a mouse model will be of
value in verifying this hypothesis and con-
ducting preclinical studies.
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Superior Parietal Cortex Activation During Spatial
Attention Shifts and Visual Feature Conjunction

Maurizio Corbetta,* Gordon L. Shulman, Francis M. Miezin,
Steven E. Petersen

Positron emission tomography was used to measure changes in the regional cerebral
blood flow of normal people while they searched visual displays for targets defined by
color, by motion, or by a conjunction of color and motion. A region in the superior parietal
cortex was activated only during the conjunction task, at a location that had previously
been shown to be engaged by successive shifts of spatial attention. Correspondingly, the
time needed to detect a conjunction target increased with the number of items in the
display, which is consistent with the use of a mechanism that successively analyzes each

item in the visual field.

A central issue for theories of attention is
whether a particular visual object is detect-
ed by the simultaneous analysis of all ob-
jects across the visual field (parallel search)
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or by the successive analysis of each object
(serial search). To investigate this issue,
psychologists have used visual tasks in
which people search an array of items for
the presence of a prespecified target item
(I1). Depending on conditions, the accuracy
and speed shown in detection of a target
can be independent of the number of dis-
tractor objects in the field (a flat search
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function) or can degrade proportionally
with the number of distractors (an increas-
ing search function).

Increasing search functions can result
from either a parallel analysis that becomes
less efficient as the number of items increas-
es or from the use of a serial attentional
mechanism that is successively shifted to
items or groups of items at different loca-
tions in the field (2). Attempts to decide
between these two alternatives have mostly
focused on behavioral and computational
approaches. An alternative way is to inde-
pendently identify neural systems involved
in spatial shifts of visual attention and as-
sess their activity during tasks yielding flat
or increasing search functions.

Several lines of evidence indicate that the
parietal cortex is involved in the shifting of
attention to different objects or locations in
space. Visual responses of single cells in a
monkey’s posterior parietal cortex have been
shown to be modulated by the location of the
animal’s attention (3). In humians, lesions of
the parietal cortex commonly affect the abil-
ity to attend to contralateral objects (unilat-
eral neglect) (4). Finally, positron emission

Fig. 1. The stimulus dis- . ®

play during a target- ° LA
present color task trial. L® ° e
Each square window - —_—
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roughly 40 dots, where e

each dot (empty circles,
orange; filled circles, red-orange) was 30 min in
diameter. The arrows under each window specify
the two speeds at which the dots could move (3°
per second or 10° per second). The direction of
dot motion (left or right) varied randomly over tri-
als. During the color task, the two speeds were
assigned to two windows each, whereas during
the motion task, the target and distractor colors
were assigned to two windows each. The lumi-
nance of each dot was 30 cd/m=?, and the lumi-
nance of the background was 22 cd/m2. Each
display was presented for 500 ms, followed by a
1.5-s interval for pressing the response key.
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Fig. 2. Mean reaction time for the color, motion,
and conjunction tasks shown as a function of dis-
play size.

tomography (PET) studies have indicated
that regions of the superior parietal cortex
are activated when people shift attention to
different regions of the visual field (5).

In three visual search tasks, study partic-
ipants saw a display consisting of four square
windows containing moving colored dots
(Fig. 1). Each window appeared at the ver-
tex of an imaginary square, with a fixation
cross at the center of the display. The dots
in any window could move at 3° or 10° per
second and be colored red-orange or orange.
Participants pressed the left of two keys to
report the presence of a target or the right
key to report its absence. In the “color”
condition, all four windows displayed or-

ange dots (target absent), or one randomly -

chosen window displayed the red-orange
dots (target present). The dots in two ran-
domly chosen windows moved at the fast
speed, and the dots in the other two win-

dows moved at the slow speed. In the “mo-
tion” condition, the dots in all four win-
dows moved at the slow speed (target ab-
sent), or the dots in one randomly chosen
window moved at the fast speed (target
present). The dots in two randomly chosen
windows were colored red-orange, and the
dots in the other two windows were colored
orange. In the “conjunction” condition,
participants pressed the left key if one of the
windows contained dots that were both red-
orange and moved at the fast speed (target
present); otherwise, they pressed the right
key (target absent) (6).

A group of 17 people performed the
color, motion, and conjunction tasks during
a series of nine PET regional cerebral blood
flow (rCBF) scans with 1’0 as the tracer
(7). Two control conditions were included:
a fixation point scan in which only the
fixation point was present, and two passive

Shifts of spatial attention
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Fig. 3. The left side of the image shows PET sagittal sections through the right hemisphere (x = 18)
(anterior part of the brain on right); the right side of the image shows coronal sections through the parietal
lobe (y = -59) (left side of the brain on left) in various experimental conditions. The color scale is in
normalized PET counts. The red arrows indicate the location of the right superior parietal area that is
commonly active during feature conjunction and shifts of spatial attention. (A) Shifts of spatial attention.
(B) Conjunction of color and motion. (C) Feature color. (D) Feature motion.
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scans in which search displays (containing
two randomly positioned target and two
nontarget color and speed values) were pre-
sented but participants did not perform any
discriminations and pressed alternate keys
on successive trials (8). To determine task-
related differences in activity, we subtracted
the passive condition from the active con-
ditions, using the image subtractions that
yielded the least movement artifact. For an
analysis of visual search as a function of set
size, participants performed the three tasks
in a separate session in which one, two, or
four windows appeared during any trial (9).

Performance was worse in the conjunc-
tion than in the feature tasks for both reac-
tion times [F(2,28) = 30.4, P < 0.001] and
errors [F(2,28) = 5.26, P < 0.05]. Search
functions were flat for the feature tasks and
increasing for the conjunction task (Fig. 2).
This difference was reflected in a significant
task—by-display-size interaction [F(4,56) =
4.47, P < 0.005] (10).

Functionally, the most pronounced and

consistent difference across the entire brain
among color, motion, and conjunction con-
ditions was localized in the superior parietal
lobe (Fig. 3, B to D; Table 1). Although the
conjunction task yielded robust activations
in the superior parietal lobe and precuneus,
with the strongest activations in the right
hemisphere, the color and motion tasks did
not produce any activation in the right
hemisphere and produced weaker and less
reliable activations in the left hemisphere
(Table 1) (11). .

We determined whether these parietal
activations corresponded to those that have
previously been associated with shifts of
spatial attention (5). In that experiment,
participants detected the onset of small vi-
sual stimuli that were presented along a
series of predictable positions in the right or
left field, with a leftward or rightward di-
rection, while maintaining central fixation.
Psychophysical evidence indicated that un-
der those conditions, attention was spatially
shifted across the various locations (I12).

Table 1. Coordinates, magnitudes, and t scores for all local maxima in the parietal lobe that exceeded 20
PET counts during each task as compared with a passive control task. Activations in the superior parietal
lobule (SPL) and precuneus (PC) for the conjunction, motion, and color tasks are shown (R, right; L, left).
The t scores (f) show the consistency of activation across individuals. The corresponding P values are not
reported because they are not accurate estimators of local statistical significance. Sample size (n) varies
somewhat with coordinate because not all participants were well sampled at superior brain regions.
Coordina}_es are in millimeters (x, y, z) from a 0, 0, O point situated at the midline of the brain (x), at the
anterior commissure (y), and at the level of the anterior and posterior commissure (AC-PC line; z) (7). The
magnitude is in normalized PET counts, which are linearly related to rCBF (7).

Coordinates
Area Magnitude t n
X y z
Conjunction (passive)

R SPL 33.0 -69.0 50.0 32.0 2.70 10
31.0 —46.9 54.0 29.9 3.57 10

22.9 -79.0 46.0 31.7 3.59 11

R SPL-PC 14.9 -71.0 50.1 33.8 6.03 10
16.9 -59.0 44 1 34.8 417 13

L SPL -27.0 -58.9 55.9 21.8 4.63 7
-30.9 —53.1 43.9 21.6 2.58 13

L SPL-PC 111 —69.1 50.0 24.3 4,06 . 10
-8.9 -53.0 56.2 24.9 3.00 10

Motion (passive)

L SPL -29.1 —55.1 54.0 23.3 3.05 11
L SPL-PC -9.1 -68.9 51.8 20.4 3.59 9
-10.9 -55.0 56.0 21.3 3.24 10

Table 2. Magnitude of activity, in normalized PET counts, at superior parietal locations associated with
shifts of attention (see Table 1 for details). The t scores reflect the consistency of such foci in the
conjunction, color, and motion conditions of the experiment reported here. The ANOVA is a one-factor
(task) within-subject (n = 8) analysis. Cx-Mo and Cx-Co are preplanned contrasts between conjunction
(Cx), color (Co), and motion (Mo) conditions at defined locations. NS, not significant.

Coordinates Magnitude (¢ score) ANOVA Cx-Mo Cx-&o
Area I R

X y z  Conjunction Color Motion )
R SPL 21 —-61 50 21(2.07) -8 (—-0.82) —-14(-1.36) 5.68* <0.01 <0.05
RSPL 23 —-47 52 15(1.53) -0.7 (—0.10) 5 (0.52) 3.35 <0.05 NS
LSPL —-17 -59 58 15(4.12* 4 (0.49) 12 (1.10) 0.16 NS NS
*P<0.05. *P<0.01.
804 SCIENCE ¢ VOL. 270 ¢ 3 NOVEMBER 1995

The four attention-shifting conditions from
the earlier work (right or left visual field,
leftward or rightward direction) were aver-
aged (with a fixation condition as control)
to yield a composite image, shown in Fig.
3A. The shifting-attention and conjunction
images show similar regions of activation in
the superior parietal lobule and precuneus
in the left and right hemispheres. To quan-
tify this correspondence, the rCBF magni-
tudes at the parietal locations specified in
the shifting-attention image were deter-
mined in the conjunction and feature im-
ages for each participant (13). The mean
activation was greater and more consistent
(as measured by t scores) in the conjunction
than in the feature tasks for all superior
parietal regions (Table 2). A within-sub-
jects analysis of variance (ANOVA), cho-
sen to minimize anatomical variability,
yielded significant results of task [F(2,14) =
5.68, P < 0.05] for the right posterior focus,
with significant contrasts between the con-
junction condition and both the color
[F(1,14) = 4.92, P < 0.05] and motion
[F(1,14) = 109, P < 0.01] conditions.
There was a marginal effect for the right
anterior focus [F(2,14) = 3.35, P = 0.065]
and no effect for the left parietal focus (14).
The common parietal activations in the
attention-shifting and conjunction tasks sug-
gest that serial shifts of spatial attention do
occur during tasks that produce increasing
search functions. One alternative' explana-
tion is that people in the conjunction con-
dition are shifting attention between the
color and motion features rather than to
different spatial locations. An earlier study,
however, found no evidence for superior pa-
rietal activation under conditions in which
participants divided their attention among
the color, form, and motion of visual objects
(15). A second explanation is that nonselec-
tive attentional factors such as arousal,
which are related to the greater difficulty of
the conjunction task, might selectively acti-
vate the superior parietal lobe. This is un-
likely, because superior parietal activity has
not been observed during the performance of
other difficult visual tasks that do not in-
volve spatial shifts of attention (13, 15, 16).
The present results are therefore more
consistent with models that include at some
stage of processing a spatial serial mecha-
nism for distinguishing between targets and
distractors than they are with models advo-
cating parallel processing across multiple
objects and competitive selection (1).
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Positional Cloning and Sequence Analysis of the
Drosophila Clock Gene, timeless

Michael P. Myers, Karen Wager-Smith, Cedric S. Wesley,
Michael W. Young,* Amita Sehgal

The Drosophila genes timeless (tim) and period (per) interact, and both are required for
production of circadian rhythms. Here the positional cloning and sequencing of tim are
reported. The tim gene encodes a previously uncharacterized protein of 1389 amino acids,
and possibly another protein of 1122 amino acids. The arrhythmic mutation tim°’ is a
64-base pair deletion that truncates TIM to 749 amino acids. Absence of sequence
similarity to the PER dimerization motif (PAS) indicates that direct interaction between PER
and TIM would require a heterotypic protein association.

Clircadian behavioral thythms, such as hu-
man sleep-wake and insect locomotor activ-
ity cycles, persist in constant environmental
conditions with a period of about a day.
Although the phases of such rhythms can
be reset by environmental stimuli, particu-
larly light, propagation of the rhythms in
the absence of environmental cues indi-
cates action of-an endogenous physiological
process. Genetic studies of circadian rhyth-
micity began in earnest with the discovery
of clock mutants in D. melanogaster (1).
The mutations affected an X chromosome—
linked gene, per (1, 2). Recent work has
shown'that in wild-type flies per is expressed
with a circadian rhythm, in which peak
levels of per mRNA are observed near the
end of the day (3, 4). per mutations that
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abolish or alter the period length of behav-
ioral thythms produce parallel effects on the
per transcript rhythm (3, 4). The PER pro-
tein is predominantly nuclear (5-7) and
also accumulates with a circadian rhythm
(5, 6, 8, 9). However, PER is most abun-
dant late at night when per RNA levels are
low (5, 8, 9, 10). These observations, and
the finding that constitutive overexpression
of PER protein can substantially diminish
the per mRNA rhythm in certain cells of
the fly (10), are consistent with the propos-
al that PER negatively regulates expression
of its own mRNA (3). Such feedback con-
trol may be indirect, because PER lacks a
known DNA binding motif (11).

PER contains a sequence with homology
to a domain (PAS) found in three basic
helix-loop-helix (bHLH) transcription fac-
tors (12, 13). The PAS domain of PER can
support dimerization, or alternatively, in-
tramolecular binding to a nonhomologous
sequence located on the COOH-terminal
side of the PAS domain (14, 15). Two
proteins containing PAS, AHR and
ARNT, also interact to form the activated
aryl hydrocarbon receptor (13, 16). These
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