1). These two effects cancel each other,
resulting in little net change in community-
level variance.

For species-level variances, the effect of
interspecific competition depends on the
mean intrinsic rates of increase, #,, as predict-
ed by the analytical results (Fig. 2). It also
depends on the correlation in species respons-
es to environmental fluctuations, p. As p
increases, species biomasses tend to vary in
synchrony, causing the magnitudes of intra-
and interspecific competition to vary in con-
cert. This reduces the contrast between the
effects of intra- and interspecific competition
on species-level variances (Fig. 2, A versus B
and C versus D).

Increasing the number of species »n in
most cases decreases community-level
variances (Fig. 3). To understand why, we
consider two communities with » and n + 1
species having the same total biomass and
no interspecific competition. When p = 0,
species biomasses are not correlated, and
the variance in total biomass equals the
sum of variances in species biomasses.
Variances in total biomass for the two com-
munities are related by V<, = [n/(n +
1)jV<. This reduction in community-level
variance with increasing »n has been called
“statistical averaging” (/0) or the “portfo-
lio effect” (11). When species respond sim-
ilarly to environmental fluctuations (p >

0), Voo = [n/(n + DHA + np)/[1 + (n
— DpJ}Ve, where p, is the correlation

between species biomasses. Thus, when p,
and consequently p,, approaches 1, V¢,
approaches V¢, resulting in no effect of
species number on community-level vari-
ances. Finally, species number has the same
effect in communities with interspecific
competition, because the amplification of
community-level variances is independent
of whether competition is intra- or interspe-
cific (Fig. 2). Thus, increasing » decreases
community-level variances by introducing
species that respond differently to environ-
mental fluctuations.

Our main result is that interspecific
competition and species number have little
influence on community-level variances; the
variance in total community biomass depends
only on how species respond to environ-
mental fluctuations. This contrasts with ar-

- guments (3, 12) that interspecific competi-
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tion may decrease community-level vari-
ances by driving negative covariances be-
tween species abundances. We show that
negative covariances are counteracted by
increased species-level variances created
by interspecific competition.
Consequently, assessing the effect of
biodiversity on community variability should
emphasize species-environment interac-
tions and differences in species’ sensitivi-
ties to environmental fluctuations (for ex-
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ample, drought-tolerant species and phos-
phorus-limited species) (5, 13). Competi-
tive interactions are relatively unimpor-
tant except through their effects on mean
abundances. We have focused on competi-
tive communities, because much current
experimental work has addressed competi-
tion among plants. Nonetheless, the same
results can be shown to hold for more
complex models with multiple trophic
levels.
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CFTR Chloride Channel
Regulation by an Interdomain
Interaction
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The cystic fibrosis gene encodes a chloride channel, CFTR (cystic fibrosis trans-
membrane conductance regulator), that regulates salt and water transport
across epithelial tissues. Phosphorylation of the cytoplasmic regulatory (R)
domain by protein kinase A activates CFTR by an unknown mechanism. The
 amino-terminal cytoplasmic tail of CFTR was found to control protein kinase
A-dependent channel gating through a physical interaction with the R domain.
This regulatory activity mapped to a cluster of acidic residues in the NH,-
terminal tail; mutating these residues proportionately inhibited R domain bind-
ing and CFTR channel function. CFTR activity appears to be governed by an
interdomain interaction involving the amino-terminal tail, which is a potential
target for physiologic and pharmacologic modulators of this ion channel.

The CFTR chloride channel is implicated in
two major human diseases: cystic fibrosis, a
genetic disorder that is caused by reduced
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CFTR function in the lung (1), and secretory
diarrhea, a fluid and electrolyte disorder that
is caused by increased CFTR activity in the
gut (2). The development of strategies for
treating either of these diseases would be
facilitated by detailed knowledge of how to
activate or inactivate the CFTR channel. The
opening and closing of the CFTR channel
(gating) is regulated by hydrolysis of adeno-
sine triphosphate (ATP) by one or both of the
nucleotide binding domains (NBDs; Fig. 1A)
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within the channel (3—5). However, the initial
step in activating CFTR is phosphorylation of
the R domain by protein kinase A (PKA),
. which relieves an inhibitory effect of this
domain on ATP-dependent gating through a
poorly understood mechanism (6—8). Wheth-
er the phosphorylated R domain interacts
with other CFTR domains to stabilize the
activated state of the channel is unknown.

We addressed the role of the NH,-termi-
nal tail of CFTR (N-Tail) in the gating pro-
cess. The N-Tail physically links CFTR to
protein components of the membrane traffic
machinery (9—11), and one of these proteins
inhibits steady-state CFTR currents through
direct binding to the N-Tail (9, 10). These
observations suggested to us the possibility
that the N-Tail has a previously unrecognized
role in CFTR channel regulation.

In a mutational analysis of the N-Tail, we
identified a cluster of acidic residues that
regulate steady-state CFTR activity (Fig. 1).
We centered our analysis on a highly charged
region of the N-Tail that is well conserved
across species: residues 46 to 60 (Fig. 1B). [A
naturally occurring mutation at one of these
positions (Asp®®) associates with mild dis-
ease (12)]. We replaced each of the charged
residues within this region with alanine. A
subset of the mutants exhibited lower adeno-
sine 3',5'-monophosphate (CAMP )—activated
macroscopic currents than that of wild-type
channels when expressed in Xenopus oocytes
(Fig. 1C) (13). None of these alanine substi-
tutions at charged positions affected biosyn-
thesis of CFTR, with the exception of Glu®°
— Ala, which inhibited processing of the

Fig. 1. Regulation of p
CFTR activity by a clus-
ter of acidic residues in
the NH,-terminal tail.
(A) Schematic of CFTR.
MSD, membrane-span-
ning domain. (B) Se-
quence alignments of
the NH,-terminal tails C
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channel in the endoplasmic reticulum and
was not characterized further (/4). Some, but
not all, of the substitutions at acidic positions

inhibited CFTR currents, whereas the basic res-
idues within this region appeared to contribute
little to CFTR activity (Fig. 1C). The relative

Fig. 2. Stimulation of
the activity of the N-
Tail deletion mutant A2-
79 CFTR by recombi-
nant N-Tail peptide. (A)
cRNAs for A2-79 CFTR
or wild-type CFTR were
injected into oocytes 5
days before voltage
damp analysis. More
A2-79 CFTR cRNA was
injected (50 ng versus 1
ng for wild-type CFTR)
because this deletion
mutant is a biosynthetic
processing mutant (9,
10). N-Tail peptide also
had no effect on wild-
type CFTR cuments at
higher cRNA amounts
[10 ng (79)}. GST fusion
protein containing resi-

dues 1 to 75 (GST-N-.

Tail) was microinjected
to varying final concen-
trations (estimated as-
suming an oocyte vol-
ume of 1 pl) 15 to 30
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min before activating currents with 200 pM dibutyrl cAMP, 20 pM forskolin, and 5 mM IBMX. Shown
are peak cyclic AMP-induced increases in current at —50 mV holding potential (n = 4 to 9 oocytes for
each data point). Inset: Current-voltage traces for cAMP-activated A2-79 CFTR currents in the absence
of GST-N-Tail, in the presence of GST-N-Tail (3 M), and in the presence of GST-N-Tail plus 0.5 mM
DPC. (B) A2-79 CFTR currents for an individual oocyte before and 15 min after injection of 3 pM
GST-N-Tail. Currents were activated with cAMP (black bars) at —50 mV as described above. (C) Failure
of GST-N-Tail to stimulate the transport activity of the AF508 CFTR processing mutant. Amount of
cRNA, 50 ng (n = 5 to 6 oocytes for each data point). (D) Effects of mutant N-Tail fusion proteins on
cAMP-activated A2-79 CFTR currents (n = 4 to 8 oocytes for each data point). Peak cAMP-activated
current is expressed relative to that in the absence of peptide.

of the indicated spe-
cies. Strictly conserved
residues are shaded. Res-
idues 46 to 60 are en-
closed in a box. (C)
Peak cAMP-activated
currents mediated by
the indicated CFTR N-

f WT)

Current (%

Tail mutants expressed O oF T o T s

B TV B e
O Y ERY

in Xenopus oocytes.

Q

Equivalent amounts of cRNA (2 ng) were injected into oocytes 2 to 4 days
before two-electrode voltage clamp analysis (9, 70). Macroscopic currents
were activated with 100 pM dibutyryl cAMP, 1 mM 3-isobutyl-1-methyl-
xanthine (IBMX), and 20 pM forskolin, and were recorded at —50 mV
holding potential. The currents for each mutant construct are expressed as
a percentage of that for wild-type channels assayed in the same batch of
oocytes on the same day. Numbers of oocytes are shown in parentheses. (D)
Helical wheel plot of residues 46 to 63. Functionally important acidic
residues are in bold circles. (E) Graded loss of CFTR current activity by
successive elimination of negative charge in the N-Tail (double: ES4A, D58A;
triple: D47A, ES4A, D58A; quadruple: D47A, ES1A, ES4A, D58A). (F) Lower
halide transport of N-Tail mutants in COS-7 cells. Inset: Mature protein
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100 600
Time (s)

200

(band C) and immature protein (band B) after electrophoresis. COS-7 cells
were transfected as described (9, 70). Transport activity was assayed as the
increase in fluorescence of an intracellular dye that is quenched by halides
[6-methoxy-N-(3-sulfopropyl) quinolinium (77)]. Extracellular 1= was re-
placed with NOJ at the time indicated by the first arrow. A cAMP activating
mixture (10 uM forskolin, 100 uM 8-(4-chlorophenylthio}-cAMP, 100 uM
IBMX) was added (second arrow) (n = 94 to 146 cells for each data point).
Error bars denote SEM. CFTR immunoprecipitations were done on parallel
samples as described (9, 70). Abbreviations for the amino acid residues are
as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; |, lle; K, Lys; L,
Leu; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and
Y, Tyr.
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position of the acidic residues within the linear
sequence of the N-Tail was not the critical
determinant of functional importance (for ex-
ample, the Glu*® — Ala mutant functioned
normally, whereas substitutions at Glu®>* and
Asp>® caused inhibition of the maximal current
in the presence of cAMP). Residues 46 to 63 in
the N-Tail are predicted to form an « helix on
the basis of secondary structure features and
circular dichroism spectral analysis (15). The
acidic residues that appear to be most critical
for CFTR current activity partition onto one
surface of this putative helix (Fig. 1D). The
successive elimination of negative charge in
this region led to a graded inhibition of cAMP-
dependent currents in oocytes (Fig. 1E) (/6).
These N-Tail mutants also exhibited lower ac-
tivity when expressed in COS-7 fibroblasts and
assayed with a standard fluorometric assay of
halide transport (Fig. 1F), even though equiva-
lent amounts of mature wild-type or mutant
protein were produced. Thus, the sequential
removal of negative charge in this region of the
N-Tail led to a graded inhibition of CFTR
function.

The results of the mutational analysis imply
that the N-Tail is a positive regulator of CFTR
activity, and that certain acidic residues in the
tail are essential for this regulatory activity. To
verify that the N-Tail has a positive regulatory
activity, we determined whether the currents
mediated by an N-Tail deletion mutant (A2-79
CFTR) could be stimulated by microinjecting
recombinant N-Tail peptide into oocytes ex-
pressing A2-79 CFTR (Fig. 2). This N-Tail
deletion mutant (and all other NH,-terminal
deletion constructs that we have analyzed) gen-
erates very low cAMP-activated currents in 0o-
cytes, in part because these deletion mutants are
inefficiently processed in the biosynthetic path-
way (10, 11). However, A2-79 CFTR is also
inhibited because of the loss of a positive reg-
ulatory activity exerted by the N-Tail. Microin-
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jection of a glutathione-S-transferase (GST) fu-
sion protein containing the N-Tail (GST-N-
Tail) increased the cAMP-dependent currents
mediated by A2-79 CFTR in a dose-dependent
fashion (Fig. 2A). These currents were deter-
mined to be CFTR-mediated on the basis of
their approximately linear current-voltage be-
havior (Fig. 2A), their sensitivity to the chloride
channel blocker diphenylamine carboxylate
(DPC), and their single-channel properties in
cell-attached patches (/7). The stimulation of
A2-79 CFTR-mediated currents by GST-N-
Tail occurred within 15 to 30 min of microin-
jecting the peptide (representative traces, Fig.
2B) and therefore was not due to an effect on
A2-79 CFTR synthesis. The N-Tail peptide had
no effect on the currents mediated by wild-type
CFTR (Fig. 2A) or by another CFTR construct
that already has the NH,-terminal tail, AF508
CFTR [a biosynthetic processing mutant that is
the most common CF mutant (Fig. 2C) (18)].
Moreover, this stimulatory effect of GST-N-
Tail could be inhibited in a graded fashion by
mutating one or both of the acidic residues at
positions 54 and 58 in this peptide (Fig. 2D),
but not by mutating either of the basic residues
at positions 52 (Fig. 2D) and 59 (/9). Taken
together, our results indicate that the N-Tail is a
positive regulator of CFTR function, and that a
cluster of acidic residues in the tail is essential
for this regulatory activity.

The isolated N-Tail may physically interact
with another region of the molecule to stimulate
CFTR activity. To test for such a biochemical
interaction, we monitored the binding of GST—
N-Tail fusion protein to the intact CFTR mol-
ecule. Wild-type CFTR from COS-7 cell ex-
tracts associated with, and could be precipitated
by, GST-N-Tail, but not by GST alone (Fig.
3A). However, the efficiency of binding to
N-Tail was reduced for a CFTR deletion con-
struct (AR-S660A) that lacked a portion of the
R domain (amino acids 708 to 835; Fig. 3A,

right panel). Recombinant R domain (amino
acids 595 to 855) expressed in COS-7 cells also
formed a complex with the GST-N-Tail pep-
tide in a solution binding assay (Fig. 3B). The
isolated R domain did not bind to GST alone or
to the other CFTR fusion proteins that we have
tested [cytoplasmic loops 1, 2, or 3 (20)]. Bind-
ing between the intact R domain and N-Tail
was saturable, with a median effective concen-
tration of about 1 uM GST-N-Tail (Fig. 3, E
and F).

We also tested a series of R domain frag-
ments for N-Tail binding (Fig. 3, C and D).
An NH,-terminal fragment of the R domain
(amino acids 595 to 740) retained binding
activity, whereas a COOH-terminal fragment
(amino acids 708 to 835) did not bind the
N-Tail fusion protein. Similar results were
obtained in a direct binding assay with a
synthetic biotinylated N-Tail peptide (amino
acids 30 to 63) and GST-R domain fusion
proteins as binding partners (Fig. 3D). The
binding of the biotinylated peptide to the
NH,-terminal R domain fragment was specif-
ic in that it could be inhibited by a 100-fold
molar excess of unlabeled N-Tail peptide, but
not by excess irrelevant control peptide. The
fact that the COOH-terminal R domain frag-
ment (amino acids 708 to 835) has little
N-Tail binding activity seems paradoxical be-
cause the R domain deletion construct (AR-
S660A) that inefficiently interacts with GST-
N-Tail lacks only this region of the R domain
(Fig. 3A, right panel). However, in quantita-
tive binding assays the NH,-terminal frag-
ment of the R domain bound the N-Tail with
lower apparent affinity than did the intact R
domain (Fig. 3, E and F). Thus, the N-Tail
appears to bind to a region within the NH,-
terminal portion of the R domain, but the
apparent affinity of this interaction is evident-
ly enhanced by the presence of the COOH-
terminal region of this domain.
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Fig. 3. Interaction of the N-Tail with the R domain. (A) Association of
wild-type CFTR, but not AR-S660A CFTR (22), from COS cell extracts with
GST-N-Tail fusion protein (24). Input represents the amount of CFTR
protein in an equal volume of cell extract detected by quantitative
immunoprecipitation with a COOH-terminal antibody to CFTR (Genzyme).
(B) Binding of recombinant R domain to GST-N-Tail (2.85 M), but not to
GST alone or to cytoplasmic loops 1 (CL1, amino acids 138 to 194), 2 (CL2,

amino acids 241 to 308), or 3 (CL3, amino acids 932 to 991). (C) Binding

g = of the indicated R domain fragments to GST-N-Tail (2.85 p.M). Inputs were
: determined by immunoblotting 20% of lysate with a monoclonal antibody

to the R domain (Genzyme). (D) Binding of a biotinylated N-Tail peptide

3 for each bar). (E) Concentration

dependence of GST-N-Tail binding to intact R domain (amino acids 595 to 855) and NH,-terminal R domain fragment (amino acids 595 to 740),
assayed as in (B). (F) Corresponding binding curves; binding is normalized to maximal binding observed for each R domain construct.

15 OCTOBER 1999 VOL 286 SCIENCE www.sciencemag.org



The binding of the N-Tail to the R domain
was disrupted by the same N-Tail mutations
that inhibited CFTR currents (Fig. 4). The
N-Tail mutant in which alanine replaced all
four acidic residues at critical positions (ami-
no acids 47, 51, 54, and 58) exhibited reduced
binding to recombinant R domain, especially
at low peptide concentrations (Fig. 4A). This
mutant peptide was also less effective at in-
teracting with intact CFTR protein from cell
extracts (21). The double mutant (Glu>* —
Ala, Asp>® — Ala) exhibited R domain bind-
ing that was intermediate between that for

A
100 s
» GST-N-Tail |
s 30r ‘
g
= 60r
B ;
»  40r
3 “r 4 x|
& 20+ GST-N-Tail
I~ uad
B f !
0 1 2 3 -
GST-N-Tail (uM)
B 100% 45%  20% 86%
Rios.8557 -_ - — .
WT Dbl Quad K52,R59
GST-N-Tail (2.85uM)
C
100

Rggs 455 Dinding (%)

GST-N-Tail (uM)

Fig. 4. Effects on the N-Tail R domain interac-
tion of mutating acidic residues in the N-Tail
and of phosphorylation of the R domain. (A) R
domain binding to wild-type N-Tail fusion pro-
tein and to fusion protein containing all four
mutations (Quad). Assay was as described for
Fig. 3F. Binding is normalized to maximal bind-
ing observed for wild-type N-Tail fusion pro-
tein. (Repeated three times with similar re-
sults.) (B) Graded decrease in R domain binding
exhibited by double mutant (Dbl; E54A, D58A)
and by mutant lacking all four acidic residues.
Binding to K52A, R59A was unaffected. Percent
binding relative to that of wild-type N-Tail
fusion protein is shown above each lane. (Re-
peated four times with similar results.) (C)
Effect on N-Tail binding of phosphorylating
recombinant R domain in vivo. Transfected

COS-7 cells were activated with cAMP (see

Fig. 1F) for 10 min before cell lysis. Binding is
normalized to the maximal binding observed
for unphosphorylated R domain. (Repeated
three times with the same results.)
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wild-type N-Tail and the mutant that lacked
all four acidic residues, whereas the elimina-
tion of the two basic residues at positions 52
and 59 had little effect on binding (Fig. 4B).
Recombinant R domain (amino acids 595 to
855) that was expressed in COS-7 cells and
phosphorylated in vivo also was competent
for N-Tail binding, exhibiting an affinity for
the N-Tail that was equal to or slightly great-
er than that of unphosphorylated R domain
(Fig. 4C).

In kinetic studies and patch clamp exper-
iments, we observed that the activated state of
the CFTR channel was destabilized by muta-
tions in the N-Tail that disrupt R domain
binding (Fig. 5). Relative to wild-type CFTR,
the N-Tail mutants exhibited 2 to 4 times the
rate of current deactivation in oocytes after
removal of a cAMP stimulus (Fig. 5A). In
addition, the mutants that lacked three or four
of the critical acidic residues in the N-Tail
exhibited reduced channel open probabilities
and decreased burst durations (open-channel
lifetimes) in excised membrane patches under
conditions that maximally activate wild-type
CFTR (Fig. 5, B and C). To determine wheth-
er the effects of these N-Tail mutations on
channel gating require an intact R domain, we
also eliminated the four critical acidic resi-
dues from the AR-S660A CFTR construct.
This deletion mutant exhibited a small

amount of PKA-independent activity (Fig.
5D) (22, 23). Introducing the N-Tail muta-
tions had no effect on this constitutive activ-
ity in excised membrane patches. Thus, N-
Tail mutations that inhibit R domain binding
appear to affect CFTR gating in the presence,
but not absence, of an intact R domain.

Our results indicate that CFTR chloride
channel activity is stabilized by an interaction
between the R domain and the NH,-terminal
tail. This interdomain interaction is depen-
dent on a cluster of strictly conserved acidic
residues in the N-Tail. CFTR channel gating
appears to be tightly controlled by this inter-
action between the N-Tail and R domain, as
evidenced by the graded loss of activity with
the successive removal of negative charge in
the N-Tail. The N-Tail appears not to modu-
late CFTR activity by globally influencing
phosphorylation of the R domain; we detect-
ed no effects of any of the N-Tail mutations
on steady-state phosphorylation in vitro or in
vivo (21). We favor the notion that the N-Tail
modulates channel activity by controlling ac-
cess of the phosphorylated R domain to in-
hibitory or stimulatory sites within the chan-
nel (22, 23). The control of CFTR gating by
the NH,-terminal tail implies that the intra-
cellular traffic of CFTR and the gating of this
ion channel may be coupled processes, be-
cause components of the membrane traffic
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mean half-times for current deactivation, with numbers of cocytes in parentheses. D58A, double, and
quadruple mutant cRNAs were injected in amounts 5 times that of wild-type CFTR. (B) Representative
single-channel records for wild-type CFTR, triple N-Tail mutant, and quadruple N-Tail mutant in excised
membrane patches in the presence of PKA (80 U/ml) and 1.5 mM Mg-ATP. Holding potential was —80
mV. Each patch had two active channels. (C) Mean open probabilities and open-channel burst durations
estimated as described (26). Numbers of patches analyzed were 10 (wild-type), 9 (triple), and 10
(quadruple). Asterisk for each mutant indicates significant difference (p < 0.01) from wild-type levels
by unpaired t test. (D) Estimated open probabilities and open-channel burst durations for AR-S660A
CFTR (n = 5) and for AR-S660A with the four N-Tail mutations (Quad; n = 5) in the presence of 1.5

mM Mg-ATP but no PKA.
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machinery can physically interact with this
tail (9—11). Proteins that bind to this tail have
the potential to modulate CFTR gating by
stabilizing or disrupting its interaction with
the R domain. The NH,-terminal tail of
CFTR could serve as a target for physiologic
regulators of CFTR gating or for pharmaco-
logic maneuvers to modulate CFTR activity.
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Neurogenesis in the Neocortex
of Adult Primates

Elizabeth Gould,* Alison J. Reeves, Michael S. A. Graziano,
Charles G. Gross

In primates, prefrontal, inferior temporal, and posterior parietal cortex are
important for cognitive function. It is shown that in adult macaques, new
neurons are added to these three neocortical association areas, but not to a
primary sensory area (striate cortex). The new neurons appeared to originate
in the subventricular zone and to migrate through the white matter to the
neocortex, where they extended axons. These new neurons, which are contin- |
ually added in adulthood, may play a role in the functions of association

neocortex.

The traditional view of the adult primate
neocortex is that it is structurally stable and
that neurogenesis and synapse formation oc-
cur only during development (I, 2). Yet
structural plasticity in adult brains is found
both among lower vertebrates (3) and in phy-
logenetically older mammalian structures
such as the olfactory bulb and hippocampus
(4, 5), even in primates (6, 7). Furthermore,
neurogenesis is widespread in the adult avian
brain including in the hyperstriatum (8, 9), a
structure homologous to the mammalian ce-
rebral cortex (/0). Thus, it may seem para-
doxical that there is no compelling evidence
for neurogenesis in the neocortex of adult
mammals (//) and there are even strong
claims against it for primates (/). Using bro-
modeoxyuridine (BrdU) labeling, which
marks proliferating cells and their progeny
(12), combined with retrograde tract tracing
and immunohistochemistry for neuronal
markers, we attempted to resolve this para-
dox. We report that in ‘adult macaques, new
neurons are indeed added to several regions
of association cortex where they extend ax-
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ons. The presence of new neurons in brain
areas involved in learning and memory (/3)
supports earlier suggestions that adult-gener-
ated neurons may play a role in these func-
tions (9, 14, 15).

We injected 12 adult Macaca fascicularis
with BrdU and used immunohistochemistry
for cell-specific markers to examine BrdU-
labeled cells in prefrontal, inferior temporal,
posterior parietal, and striate cortex (/6). The
following markers were used: for mature neu-
rons, (i) NeuN (neuronal nuclei), (ii) NSE
(neuron-specific enolase), or (iii) MAP-2
(microtubule-associated protein-2); for im-
mature neurons, TOAD-64 (turned-on-after-
division 64-kD protein); for astroglia, GFAP
(glial fibrillary acidic protein) (/7, 18).

In animals perfused 1 week or more after
the last BrdU injection, we observed BrdU-
labeled cells in prefrontal, inferior temporal,
and parietal cortex (Figs. 1 and 2; Table 1). In
the region of the principal suicus in prefrontal
cortex, the majority (62% to 84%) of BrdU-
labeled cells had round or oval nuclei, mor-
phological characteristics of mature neurons
(nuclear diameter = 10 to 25 pwm). Confocal
laser scanning microscopic analysis of immu-
nostained tissue (/9) indicated that a subset
of these cells expressed markers of mature
neurons (Figs. 1 through 3; Table 1). BrdU-
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