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AN intriguing and puzzling consequence of damage to the human
brain is selective loss of knowledge about a specific category of
objects. One patient may be unable to identify or name living
things'~, whereas another may have selective difficulty identify-
ing man-made objects**. To investigate the neural correlates of
this remarkable dissociation, we used positron emission tomo-
graphy to map regions of the normal brain that are associated
with naming animals and tools. We found that naming pictures of
animals and tools was associated with bilateral activation of the

FIG. 1 Regions of increased rCBF a
(P < 0.001) when subjects viewed non-
sense objects compared to viewing visual
noise patterns (a) were in the left (—38,
—82, —4) andright (+34, — 72, —8) inferior
occipital/fusiform gyrus, the left temporal
fusiform gyrus (—26, —44, —16), the right
inferior frontal region (+36, +16, +24) and
the left cerebellum (—24, —36, —28) (not
shown). Activation was also present in the
right parahippocampal gyrus (+24, —32,
—20; +28, —6, —28) and right hippocam-
pus (+26, —16, —16). Hippocampal acti-
vation was not found when naming real
objects was compared to the visual noise
baseline, suggesting that the hippocampus
may be important in the detection of
novelty??>. Regions activated (P < 0.001)
by naming real objects compared to viewing
nonsense objects (b) were in the left (—28,
—58, —16) and right (+42, —44, —12)
fusiform gyri of the temporal lobes, the left
anterior insula/inferior frontal region (—28,
+16, +8), the left thalamus (—14, —12,
+8), the calcarine sulcus (+2, —84, +8),
and the left (—6, —62, —16) and right (+4,
—66, —28) medial cerebellum (not shown).
The location of activations are expressed in
millimetres as coordinates in the Talairach
and Tournoux brain atlas®.

METHODS. Each stimulus was presented for
180ms, followed by a centrally located
fixation cross for 1,820 ms. Sets of animal
and tool drawings were equated for name
frequency and category typicality. Different
sets were presented during the silent and
overt naming conditions, counterbalanced
across subjects. PET scans were obtained
using a Scanditronix PC2048-15B tomo-
graph  (Milwaukee, Wisconsin)  which
acquires 15 continuous, 6.5-mm-thick
cross-sectional images. Within-plane reso-
Jution is 6.5mm (full width at half max-
imum). Subjects began the task ~ 30s
before injection of 37.5 mCi of H,*%0. Data
were analysed using Statistical Parametric
Mapping (SPM)?26, Data from each sub-
ject were normalized to his/her own global
mean flow (ratio correction). Contrasts
between tasks were evaluated with t-tests,
and then converted to z scores.
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ventral temporal lobes and Broca’s area. In addition, naming
animals selectively activated the left medial occipital lobe—a
region involved in the earliest stages of visual processing. In
contrast, naming tools selectively activated a left premotor area
also activated by imagined hand movements’, and an area in the
left middle temporal gyrus also activated by the generation of
action words*'’. Thus the brain regions active during object
identification are dependent, in part, on the intrinsic properties
of the object presented.

We studied sixteen (8 male, 8 female), right-handed subjects
with positron emission tomography (PET) to measure changes in
regional cerebral blood flow (rCBF) associated with identifying
line drawings of animals and of tools". These categories were
chosen because distinctions between four-legged animals are
often based on subtle differences in physical features (form,
colour and size), whereas distinctions among tools are weighted
more heavily towards differences in functional attributes (how
objects are used). For each category, subjects named the objects
silently during one scan and out loud during another scan to
provide behavioural data on naming latency and errors. To
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investigate further the object-processing system and to establish
baselines for comparison purposes, subjects were also scanned
twice while staring at visual noise patterns, and twice while staring
at novel nonsense objects'?. The data are shown from the six PET
scans during which there was no overt speech (Fig. 1).

Activation of a hierarchically organized, ventral occipitotem-
poral object processing stream" was revealed by first comparing
perception of noise patterns to nonsense objects (Fig. 1a), and
then comparing perception of nonsense objects to silent object
naming (animal and tool conditions combined) (Fig. 1b). Relative
to perceiving visual noise, perceiving nonsense objects activated
the left and right fusiform and inferior gyri of the occipital lobes
(Brodmann’s area (BA) 19). Relative to viewing nonsense objects,
naming real objects also produced bilateral ventral activation that
coincided with, and extended anterior to, the activation produced
by viewing nonsense patterns. Thus, relative to viewing nonsense
objects, the ventral temporal lobes showed increased activity
during object naming, whereas the inferior occipital regions did
not. Increased rCBF during object naming was also seen in the left
insula/Broca’s area, as reported in other PET studies of silent
word generation® (see figure legends for complete listing of
activations).

Identifying real objects also activated the calcarine sulcus (BA
17), or primary visual cortex (Fig. 1b), but calcarine activation
occurred only for naming animals (Fig. 2). In addition, although
identifying animals and tools were both associated with bilateral

a Animals —

FIG. 2 Regions of increased rCBF
(P <0.001) when subjects silently
named drawings of animals compared to
viewing nonsense objects (a) were in the
calcarine sulcus (-2, —82, +8), the left
(—24, —58, —16) and right (+34, —56,
—12) fusiform gyri of the temporal lobes,
the left putamen (20, +4, +8), left
thalamus (—18, —10, +16), left insula/
inferior frontal region (—28, +14, +8),
and the right lateral (+32, —60, —20)
and medial (+8, —56, —28) cerebellum
(not shown). Regions of increased rCBF
(P <0.001) when subjects silently
named tools compared to viewing non-
sense objects (b) were the left (—28,
—50, —12) and right (+34, —50, —12)
fusiform gyri of the temporal lobes, left
inferior temporal gyrus (—36, —48, —4),
left putamen (—24, +4, +8), left thala-
mus (—12, —18, +8), left insula/inferior
frontal region (—30, +8, +8), left precen-
tral gyrus (BA 4/6) (~36, 0, +12), right b
inferior frontal gyrus (BA 45) (+28, +28,
+4), and the right medial cerebellum (+8,
—56, —28) (not shown). The animal pic-
tures have been judged to be more visually
complex and less familiar than the tools?*,
Consistent with  these differences,
behavioural data recorded during the
overt-naming PET scans indicated that
the animal pictures were named more
slowly and less accurately than were the
tools (P < 0.01) (the mean =+ standard
error of the mean for voice response
time was 620 +£21.2ms and error rate
was 16.7 +£ 0.77% for naming animals;
mean + standard error was 566+
21.0ms and the error rate was 10.0+
0.54% for naming tools).

Sagittal

Transverse

Tools

Sagittal

Transverse

650

increases in rCBF in the ventral region of the temporal lobes, the
left temporal activation extended dorsally to include the middle
temporal gyrus for naming tools, but not animals (Fig. 2). Finally,
naming tools, but not animals, was associated with activation of
the left premotor area (BA 4/6). These category-specific rCBF
differences were also observed when the animal and tool condi-
tions were directly contrasted with each other, thus providing
strong evidence that rCBF, and hence neuronal activity, was
modulated by the type of object presented. Relative to naming
tools, naming animals produced a large area of activation in the
left medial occipital lobe centred on the calcarine sulcus (Fig. 3),
whereas, relative to naming animals, tool-naming produced activ-
ity in the left middle temporal gyrus (BA 21) and the left premotor
region (BA 6).

Selective activation of the medial aspect of the occipital lobe
during animal naming suggests that these stimuli placed greater
demands on early stages of visual processing. Indeed, the animal
pictures triggered a slower and less accurate response than the
tools. However, increased early visual processing demands could
not alone account for this finding. The viewing conditions for each
task were identical, yet the medial occipital region was activated
when naming animals, but not when naming tools, nor when
viewing visually complex nonsense objects. To rule out the effects
of stimulus complexity, a different group of subjects (n = 16) were
investigated under the same conditions as in the first study except
that objects were presented in silhouette, thereby eliminating
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internal detail. This manipulation ruled out differences between
the animal and tool stimuli in naming latency and naming errors.
Nevertheless, relative to naming tool silhouettes, naming animal
silhouettes activated the left medial occipital area (Fig. 3 legend).
Selective activation of the occipital cortex during animal naming
may reflect top-down modulation, or reactivation, of primary
visual areas, rather than increased visual processing during
input'*'6, Reactivation of this region may be necessary to identify
an object uniquely when relatively subtle differences in physical
features are the primary means by which the object can be
distinguished from other members of its category.

The region of the left middle temporal gyrus active when
identifying tools, but not animals, was nearly identical to the
area activated in previous studies in which subjects generated
action words associated with objects®'°. Thus, this region, which
lies just anterior to the area active when perceiving movement' "',
may be the site for stored knowledge about patterns of visual
motion associated with using objects. The region of the left
premotor cortex activated when subjects named tools, but not
animals, was nearly identical to the area activated when subjects

FIG. 3 Regions of increased rCBF when
subjects silently named drawings of animals
compared to silently naming tools (a), and
when they silently named tools compared to
silently naming animals (b). The strength of
these activations were not as great as when a
each naming condition was compared to
the nonsense object baseline condition
(Fig. 2). To illustrate the spatial extent of
these activations the threshold was set at
Z > 2.32 (P < 0.01, 1-tailed), whereas the
threshold for the activations depicted in Figs
1 and 2 was set at Z > 3.09, (P < 0.001,
1-tailed). Regions activated by animal
naming compared to tool naming (a) were
in the calcarine sulcus (-4, —80, +8;
Z = 3.12). There were also two small acti-
vations in the left frontal lobe (—26, —6,
+24; Z=250, and -26, +28, +16;
Z =12.41). Regions activated by tool
naming compared to animal naming (b)
were in the left middle temporal gyrus
(—36, —50, +4; Z=2.90), left anterior
cingulate (BA 32) (-6, —-38, +2;
Z=278), right supramarginal gyrus
(+48, —50, +24; Z = 2.50), and left lat-
eral inferior frontal cortex, extending from
BA 44 (-52, +10, +20; Z=2.85) to
premotor cortex (BA 6) (—48, 0, +20;
Z =2.74). Silhouette study: The voice 1))
response time was 703 +31.0ms and
error rate was 17.2 +3.01% for naming
silhouettes of animals. The voice response
time was 679 + 24.4 ms and error rate was
15.6 + 4.05% for naming tool silhouettes
(P> 0.10). A region-of-interest analysis
was applied to the rCBF data based on all
pixels that exceeded a threshold of
Z =232 (P<0.01) from the first study.
Analysis of these regions indicated that,
relative to naming silhouettes of tools,
naming animal silhouettes activated the
left medial occipital region
(F(1,15) = 3.96, P < 0.05) with maximal
peak activity at —18, —90, +12 (Z = 2.86)
and -2, -84, -4 (Z = 2.63), whereas,
relative to naming animal silhouettes, tool
silhouette naming activated the left middle
temporal region (F(1,15) = 4.29,
P < 0.05) with maximal peak activity at
—40, —62, +4 (Z =3.51), and the left
premotor region (F(1,15) = 8.43,
P < 0.005) with maximal peak activity at
—42,0, +20; Z = 2.59).
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imagined grasping objects with their right hand’. This premotor
area, therefore, may be the site for stored knowledge about how
objects are used. Both the left middle temporal gyrus and the left
premotor cortex were also selectively activated by naming tool
silhouettes relative to naming animal silhouettes (Fig. 3 legend).
Thus, identifying tools may be mediated, in part, by areas that
mediate knowledge of object motion, and of object use. Moreover,
these representations appear to be stored close to the tissue that is
active when perceiving motion and when using objects'®.
Although patients with category-specific deficits typically have
large lesions, difficulty naming living things has been associated
with posterior and ventral lesions, whereas selective difficulty
naming man-made objects has been associated with lesions that
are anterior and dorsal”. Our findings are in agreement with this
broad anatomical distinction but still provide a level of detail not
previously available from studies on brain-damaged patients.
We have the capacity to identify a tremendous number of
objects quickly and accurately. This ability is dependent, in part,
on the automatic activation of previously acquired knowledge
about the physical and functional attributes that define these
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objects®?, Our results suggest that semantic representations of
objects are stored as a distributed neural network that includes the
ventral region of the temporal lobe. The location of the other
areas recruited as part of this network depends on the intrinsic
properties of the object to be identified. O
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Creation of a biologically active
interleukin-5 monomer
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INTERLEUKIN-5 (IL-5) specifically induces the differentiation of
eosinophils, which are important in host defence and the patho-
genesis of allergies and asthma'?. Structurally, IL-5 is a unique
member of the short-chain helical-bundle subfamily of cytokines
whose canonical motif contains four helices (A-D) arranged in
an up—up—down—down topology™*. In contrast to other subfamily
members, which fold unimolecularly into a single helical
bundle®®, IL-5 forms a pair of helical bundles by the interdigita-
tion of two identical monomers that contribute a D helix to the
other’s A—C helices®. We predicted that the lack of bioactivity by
an IL-5 monomer’ was due to a short loop between helices C and
D which physically prevents unimolecular folding of helix D into a
functionally obligate structural motif. Here we report that, by
lengthening this loop, we have engineered an insertional mutant
of IL-5 that was expressed as a monomer with biological activity
similar to that of native IL-5. These studies demonstrate that all
of the structural features necessary for IL-5 to function are
contained within a single helical bundle.

The consensus motif of helical-bundle cytokines requires the
connection of helices A and B and helices C and D by long
overhand loops (loops 1 and 3), and the connection of helices B
and C by a short turn (loop 2)*. To determine the structural
element(s) of interleukin-5 (IL-5) that influence its unique inter-
digitating homodimeric configuration, we compared the primary
sequences of the secondary structural elements within IL-5 with
the four other short-chain helical-bundle cytokines, these being
IL-2, IL-4, granulocyte—macrophage-colony-stimulating factor
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FIG. 1 Modelling of mono5. The top ribbon diagram represents the IL-5
interdigitating homodimer in which one monomer, with helices labelled A—
D, is white and the other monomer, with helices labelled A'-D', is blue.
Letters are located at the N-terminal end of each helix. The bottom ribbon
diagram represents the modelled structure of mono5. This composite
structure consists of residues 1-84 of one IL-5 monomer (white), residues
85-115 of the other IL-5 monomer (blue), and an insert (red) from residues
87-94 of the analogous loop 3 region of GM—CSF (His-Cys-Pro-Pro-Thr-
Pro-Glu-Thr). This GM-CSF sequence contained three prolines, which
favoured the extended secondary structure required to span the existing
gap and did not perturb the helical-bundle conformation. To avoid aberrant
formation of disulphide bonds, the cysteine at position 2 of the GM-CSF
residues was changed to serine. The sequence for mono5 was constructed
by replacing the Eael and BspMI fragment of a previously reported human
IL-5 construct** with a synthetic double-stranded insert. The insert encoded
the native IL-5 sequence between the Eael and BspMI sites, in addition to
the eight codons of the modified GM—-CSF loop 3 sequence. These eight
codons were positioned between the native IL-5 codons for Lys 84 and Lys
85. Structural analysis of the short-chain helical-bundle cytokines used
coordinates deposited in the Brookhaven Protein Databank (IL-2, 3inkS; IL-
4, 1rcb® GM-CSF, 1gmf”; and M-CSF, 1hmc?®). The IL-5 coordinates were
provided by S. Jordan®. The structures were displayed, manipulated and
minimized on a Silicon Graphics workstation using the QUANTA software
package (Keck Center for Computational Biology).

(GM-CSF), and M-CSF**. IL-5 was distinguished by a shorter
loop 3, containing only eight amino acids, which differed signifi-
cantly from the 15-20 residues for the other short-chain helical-
bundle cytokines. We therefore considered that the length of loop
3 might determine whether a helical-bundle cytokine will be
actively expressed as a monomer or as an interdigitating homo-
dimer. Molecular modelling suggested that lengthening loop 3 of
IL-5 by eight amino acids would relieve the intramolecular folding
constraint and enable unimolecular formation of a complete, and
potentially functional, helical bundle.

A computer-generated image of the tertiary structure of IL-5
was modified by deletion of residues C-terminal to Lys 84 of one
monomer, and residues N-terminal to Lys 85 of the other
monomer. This targeted a site for insertional mutagenesis that
preserved the stabilizing interhelical interactions, the f$-strand
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