14.
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Stage VI Xenopus oocytes were obtained by colla-
genase treatment of ovarian tissue and kept over-
night in OR2 medium {82.5 mM NaCl, 2.6 mM KCI, 1
mM CaCl,, 1 mM MgCl,, 1 mM Na,HPQO,, 5 mM
Hepes (pH 7.8) [R. A. Wallace, D. W. Jared, J. N.
Dumont, M. W. Sega, J. Exp. Zool. 184, 321
(1973)]}. Oocytes were treated with progesterone or
microinjected with purified recombinant malE-Mos,
incubated for 8 to 10 hours, and then collected indi-
vidually and frozen on dry ice. Individual oocytes
were lysed by the addition of ice cold lysis buffer (50
to 100 wl) {100 mM NaCl, 50 mM B-glycerolphos-
phate (pH 7.4), 10 mM EDTA, 2 mM NaF, 1 mM
sodium orthovanadate, leupeptin (10 pg/mi), chy-
mostatin (10 wg/ml), and pepstatin (10 wg/ml), and
crude cytoplasm was collected after centrifugation
for 2 min in a Beckman E microcentrifuge with right
angle rotor. Cytoplasm was promptly added to 0.2
volumes of .6X Laemmli sample buffer. Proteins
were separatgd on 10.5% (100:1 acrylamide:bisac-
rylamide) polyacrylamide SDS gels and transferred
to polyvinylidene difluoride membranes. p42 MAP
kinase was detected with polyclonal antiserum DC3
[K.-M. Hsiao, S.-y. Chou, S.-J. Shih, J. E. Ferrell Jr.,
Proc. Natl. Acad. Sci, U.S.A. 91, 5480 (1994)].

. Assume that the response y (MAPK phosphorylation

or activation) of an individual oocyte to a stimulus x
(progesterone or malE-Mos concentration) is well
approximated by a Hill equation, as is found experi-
mentally for MAPK responses in extracts (8):

X'

Kw 4 X
Assume that individual oocytes have different values
of k, which represents the concentration of x at
which the oocyte’s response is half-maximal, and
that the distribution of oocytes among various values
of k is given by

y (1)

daN

D= o 2
where
K™
N ©

The exponent m defines the variabllity of the cocytes;
the larger the value of m, the less variability in the
concentration of stimulus at which the oocytes re-
spond half-maximally. The constant a represents the
stimulus concentration by which half of the oocytes
have responded at least half-maximally. The distribu-
tion of oocytes among various values of the re-
sponse y is given by
F= an 4
v (@)
To evaluate Eq. 4, we solve for k in terms of x and y
using Eqg. 1, and then substitute the result into Eq. 3:

B 17}/‘l/nH
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()
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1= v ming
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Y
Taking the derivative of N with respect to y to yields
the desired formula:

_ma’ﬂ)m(1 - y)m/n”
Yy
_ mingT 2
nl:am +Xm<%/l> } (y - 1)}/

Equation 7 describes how a population of oocytes is
distributed among various values of the response y
for a given level of stimulus x and given values of the
steepness of the oocytes’ individual responses ()
and the tightness of the oocyte-to-cocyte variation
(m). This equation was used to calculate the distri-
butions shown in Fig. 1D and to infer values of the Hill
coefficient ny for the experimentally determined oo-
cyte distributions (Figs. 1 and 2).

This lower bound is calculated as the smallest Hil

coefficient for which the probability that none of the
209 oocytes will have MAPK-P between 10% and
90% Is less than 0.05.

17. A. R. Nebreda and T. Hunt, EMBO J. 12, 1979
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Woude, J. A. Cooper, Mol. Cell. Biol. 13, 2546
(1993); E. K. Shibuya and J. V. Ruderman, Mol. Biol.
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non, T. Hunt, ibid. 14, 5597 (1995).

21. Here we shall derive an expression for the steady-
state phosphorylation and activity of MAPK in re-
sponse to malE-Mos for the system shown sche-
matically in Fig. 3A. If the response of MAPK to Mos
is well approximated by a Hill function with a Hill
coefficient of ny for MAPK activation and ny' for
MAPK phosphorylation, as it is in extracts (8), then
the steady-state level of active MAPK is
active MAPK, =
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MAPK ¢ — S

ECge™ T (Mos-Pgs + malE-Mos)"

and the steady-state level of phosphorylated MAPK

is

phos. MAPK =

(Mos-Pgs + malE-Mos)™

ECs™ T (Mos-Py, + malE-Mos)™  (9)
where EC4y is the median effective concentra-
tion. The rate of Mos phosphorylation is ks
[MAPK c1velMos] (where the square brackets indi-
cate concentration), and so the steady-state con-
centration of Mos-P is

kika

Kk_ik-o
Substituting Eg. 8 into Eg. 10 yields

®

MAPK o

Mos-Pgs = [MAPK cive] (10)
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ECss™ 1 (Mos-Pg + malE-Mos)™

The roots of this equation are the possible steady-
state concentrations of Mos-P. This equation was
solved numerically with Mathematica 2.2.2 ( Wolfram
Research, Champaign, IL). Equations 8 and 9 were
then used to calculate the corresponding concentra-
tions of active and phosphorylated MAPK (Fig. 3B).
Other things being equal, as the Hill coefficient in-
creases, the concentration of malE-Mos needed for
the switching between an off state and an on state
becomes larger and the “completeness” of the
switching becomes greater. A Hill coefficient of 3 for
MAPK phosphorylation and of 5 for MAPK activation
is sufficient to produce switching with a threshold
and completeness that agree well with what is ob-
served experimentally (Fig. 3B).
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Role of Rac1 and Oxygen Radicals in
Collagenase-1 Expression Induced
by Cell Shape Change

Farrah Kheradmand, Erica Werner, Patrice Tremble,*
Marc Symons, Zena Werbt

Integrin-mediated reorganization of cell shape leads to an altered cellular phenotype.
Disruption of the actin cytoskeleton, initiated by binding of soluble antibody to «5p1
integrin, led to increased expression of the collagenase-1 gene in rabbit synovial fibro-
blasts. Activation of the guanosine triphosphate—binding protein Rac1, which was down-
stream of the integrin, was necessary for this process, and expression of activated Rac1
was sufficient to increase expression of collagenase-1. Rac1 activation generated re-
active oxygen species that were essential for nuclear factor kappa B-dependent tran-
scriptional regulation of interleukin-1a, which, in an autocrine manner, induced colla-
genase-1 gene expression. Remodeling of the extracellular matrix and consequent
alterations of integrin-mediated adhesion and cytoarchitecture are central to develop-
ment, wound healing, inflammation, and malignant disease. The resulting activation of
Rac1 may lead to altered gene regulation and alterations in cellular morphogenesis,

migration, and invasion.

Modifications of cell shape are crucial for
tissue morphogenesis, cell migration, and
invasion. These alterations in cell morphol-
ogy are thought to rely on the organization
of the actin cytoskeleton and the modula-

tion of cell adhesion. Changes in cell mor-
phology lead to specific signaling from cell
adhesion receptors and a consequent
change of gene expression (1), including
genes encoding the matrix metalloprotein-
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ase (MMP) family, which includes collage-
nase-1 (CL-1) and stromelysin-1 (2, 3).
The organization and dynamics of the var-
ious structures that constitute the actin cy-
toskeleton are controlled by members of the
Rho family of small guanosine triphosphate
(GTP)-binding proteins (4). Lysophospha-
tidic acid-induced formation of stress fiber
is governed by Rho, growth factor—stimu-
lated extension of lamellipodia and ruffling
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Fig. 1. Effect of actin reorganization and A
Rho GTPase on CL-1 expression. (A) Actin
reorganization and expression of CL-1.
RSFs were cultured on fibronectin (FN)
substrates (3, 70) in serum-free medium
for 18 hours in the absence (a and c¢) or
presence (b and d) of function-perturbing
BIIG2 anti-a5 (4 n.g/ml). The cultures were
stained simultaneously for fibrillar actin
with fluorescein-phalloidin (a and b) and
CL-1 with biotinylated mAb to CL-1 (c and
d) followed by Texas Red-abeled strepta-
vidin (3). (B) Requirement of Rac1 for cell
shape—dependent expression of CL-1.
RSFs transiently expressing -Gal {control)
or dominant interfering mutants RacN17,
RhoN19, or CdcN17 (6, 8) were cultured
on FN with anti-a5 in solution (4 pg/ml) or
on immobilized anti-a5 (3, 8). CL-1 was
detected by immunoblotting of medium ¢
(30 wl) after incubation for 18 hours with
1.5 X 10* transfected cells (5). (C) Reorga-
nization of actin in RSFs expressing acti-
vated Rho GTPases. RSF were stained
with mAb to Myc and with Texas Red-
labeled antibody to mouse IgG to detect
the Myc epitope tag of the transfected
GTPases (6, 7) (a, ¢, e, and g) or with fluo-
rescein-phalloidin for actin (b, d, f, and h).
(D) Analysis by slot immunoblot (3) of CL-1
in medium conditioned for 24 hours by
RSFs transiently transfected with mem-
bers of the Ras superfamily. Data are ex-
pressed as fold induction relative to control
(FN) and are the mean *+ SEM of three
separate experiments. (E) Transcriptional
regulation of CL-1 by Rac1. RSFs were
transfected with activated GTPases and
the hCL-1/Luc construct. The transfected
RSFs were plated onto wells coated with
FN for 18 hours, and the luciferase reporter
activity was determined (72). Data are ex-
pressed as fold induction compared with
induction of control B-Gal-transfected
cells (FN) and are the mean * SEM of the
results of six experiments. (D and E) Values
showing statistical significance in compar-

CL-1

Rac1V12

RhoAV1i4

are regulated by Rac, and filopodia forma-
tion is controlled by Cdc42. We have stud-
ied the signal transduction cascade initiated
by alteration of integrin-controlled adhe-
sion that leads to increased expression of
the gene encoding CL-1 in rabbit synovial
fibroblasts (RSFs).

Expression of CL-1 is increased when
RSFs adhere and spread on specific integrin
ligands or when the cells round and disrupt
the actin cytoskeleton (5). These processes
probably involve two distinct pathways, be-
cause they differ in integrin specificity and
kinetics. Ligation of a5@1 integrin with an
adhesion-perturbing monoclonal antibody
(mAb) to a5B1 in solution (5) reduced the
organized actin microfilament cytoskeleton
and induced CL-1 expression in RSFs (Fig.
1A). We tested whether Rho family
guanosine triphosphatases (GTPases) trans-

Contrl

Anti-o5 B

REPORTS

duce the signals from integrin ligation that
lead to CL-1 expression by transfecting RSFs
with constructs encoding the dominant in-
terfering mutants Rac1N17, RhoAN19, and
Cdc42N17 (6-8). Increased expression of
CL-1 caused by addition of soluble mAb to
a5, which inhibits substrate adhesion of cells
and causes cell rounding, was abrogated by
transient expression of RacIN17 but not by
expression of RhoAN19 or Cdc42N17 (Fig.
1B). In contrast, enhanced expression of
CL-1 caused by spreading of the cells via
a5B1 on the same mAb bound to the culture
dishes as a substrate was independent of
Racl (Fig. 1B). These data indicate that a5
integrin—mediated spreading and rounding
have distinct signaling pathways. Treatment
of cells with cytochalasin D (CD) rounds
cells directly by disrupting the actin-depen-
dent cytoarchitecture and increases expres-
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sion of CL-1 (2). This effect of CD was not
inhibited by expression of RacIN17 (9), in-
dicating that Racl either acts upstream of
shape changes in the signaling pathway or
does not participate in the effect of CD.
RacIN17 alone did not alter expression of
CL-1. Expression of a dominant negative
mitogen-activated protein (MAP) kinase ki-
nase (MEK) construct (6), which interferes
with activation of the MAP kinase pathway,
had no effect on basal expression of CL-1 or
on CL-1 expression induced by antibody to
o5 (anti-a5) in solution (9).

If Racl contributes to increased expres-

sion of CL-1 in response to binding of solu-
ble anti-a5, then constitutively activated
forms of Racl alone should increase expres-
sion of CL-1. Transient expression of
RaclV12 reduced stress fibers in >90% of
cells, stimulated formation of actin-rich la-
mellipodia and pinocytosis, and caused the
formation of some multinucleated cells (Fig.
1C). In contrast, RhoAV14 increased forma-
tion of stress fiber in >90% of cells. Cells
expressing Cdc42V12 had many filopodia
and complete dissolution of stress fibers. At
equivalent amounts of expression, Rac1V12
was effective in increasing CL-1 expression,

whereas RhoAV14 and Cdc42V12 had little
effect (Fig. 1D). Oncogenic RasV12 (6) or
Raf-1 (10) did not increase expression of
CL-1 (Fig. 1E).

We used a promoter-luciferase construct
containing the —517- to +63-bp segment of
the human collagenase promoter (hCL-1/
Luc), which includes an AP1 site, a PEA3
site, a transforming growth factor—B (TGF-
B) inhibitory element (TIE), and two AP2
sites (11, 12) to determine whether these
GTPases altered transcription of the gene
encoding CL-1. Transfection of RaclV12
with the hCL-1/Luc construct increased ex-

Rac1N17 Fig. 2. Actin reorganization—dependent induction
of hCL-1/Luc expression mediated by production
of ROS. (A) ROS production by RSFs. Control
cells transiently expressing Rac1N17 or Rac1V12
T were plated on FN in the presence of soluble anti-
f x o5 or CD as indicated and assessed for H,0,
‘ ‘ production (27). (B and €) CL-1 promoter tran-
scription, measured as luciferase expression, was
\ induced by soluble anti-a5 in (B) control celis or
(C) cells transiently expressing Rac1V12 treated
& e as indicated with 50 mM NAC or 7-nitroindazole
b (7-NI). Data are expressed as fold induction in
comparison with control cells plated on FN alone
C Ractvi2 and are the mean + SEM of four experiments. (D)
| [ Cell shape—dependent translocation of NF-«xB
g°] Tl 8= | T into nuclei of RSFs (22) and inhibition by NAC.
-_-Zﬂ B== Rac1Vi2-transfected (a) or control RSFs (b
g3 L r i m through f) were plated on cover slips coated with
2, | | ‘ || €101 FN (a through €) or immobilized anti-a5 (f) for 3
3, = & [ 3 hours and then treated with 50 uM H,0, for 3
AR RS e hours (c) or incubated with 50 mM NAC (for 1
PRGN IR FFEEFE R hour) (d) before treatment with 50 uM H,0, for 3
ol T ¥ & v“\;,' & hours, or treated with anti-a5 (4 pg/mi) in solution
& ¢ & for 3 hours (e) or left untreated for 3 hours (a and
b). Arrows, cytoplasmic NF-kB (p65); arrow-
heads, nuclear NF-kB (p65). Scale bar, 20 um.
Fig. 3. Requirement for ac- A a a B Vector RaciVv12 £
tivation of NF-xB during cell < é;:"' gF S 5 s ‘.&"Q
shape-dependent induction & BT I S eSS é\&“ S & &
of CL-1 expression by anti- i-—- g - ‘[ liﬁ'i“ & \o,é‘n}\, S FeP PSS @
a5. (A) Protein immunoblot Antiab - + + + + + R S T
of IkBa from control RSFs or IcBo - - - + S N PR o %
RSFs transfected with Rac1V12, with and without cotransfection of IkBaM % "
(23). IkBaM (upper band) was less abundant than the endogenous IkB protein. ’
(B) Enhanced nuclear translocation of NF-«B after integrin ligation and expres-  psomeia— S AR & B “ . .
sion of Rac1V12. RSFs were transfected with vector control (lanes 1 through 6)
or Rac1V12 (lanes 7 through 13) or IkBaM as indicated. Cells were plated onto p50/p50 —= - & -.‘“ - .
FN-coated plates for 18 hours, then incubated with anti-a5 (4 wg/ml) in solution
for O (Unstim), 15, 30, and 60 min; nuclear extracts from these cells were 1°2°3400 78910112 13
prepared and subjected to electromobility shift analysis (79). Unlabeled (“cold”) C D
NF-kB oligonucleotides 100-fold in excess decreased specific DNA-protein . _Control ., Rac1V1i2
binding (lanes 6 and 12). Antibody to p50 induced a supershift of the probe : T
(lane 13). Also shown is expression of the hCL-1/Luc reporter in (C) control and = | 3 12 T =
(D) Rac1V12-transfected cells. Cells were plated on anti-a5 (20 wg/ml) (Sub.), 5] E‘g o 10
or on FN (30 pg/ml) with anti-a5 (4 pg/ml) added in solution (Sol.), and > W [ T ﬁ 8 I
transfected with IkBaM as indicated. Data are expressed as fold induction E 44 ; E
relative to control on FN and are the mean = SEM of the results of three % | 2 v
experiments. 3 2 § 44 :
‘[ T 2
e 0
Antia5 Sub. Sol Sub. Sol. Sub. Sol. Sub. Sol.
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cubation of the cells with 50 mM NAC
(Fig. 2C), which is consistent with a role
for NF-kB downstream of ROS in regulat-
ing expression of CL-1. Cells expressing
RaclV12 that constitutively expressed
CL-1 also showed a nuclear localization of
NF-«kB (Fig. 2C). Expression of IkBaM, a
transdominant-negative mutant of IkBa
(15), inhibited activation and translocation
of NF-kB into the nucleus (16) (Fig. 3, A
and B) and repressed expression of both
endogenous CL-1 (9) and hCL-1/Luc (Fig.
3, C and D) in cells treated with soluble
anti-a5 or transfected with Rac1V12. Nu-
clear extracts prepared from RaclV12
transfectants showed constitutive activa-
tion of NF-kB, which was increased by sol-
uble anti-a5 (Fig. 3B).

Although NF-kB can transactivate
genes directly, the hCL-1/Luc construct has
no NF-kB/Rel consensus sequence, indicat-
ing that NF-kB-mediated induction of
CL-1 expression is indirect. Because inter-
leukin-1 (IL-1), which is an NF-kB-regu-
lated protein, can act in an autocrine man-
ner to induce CL-1 in primary fibroblasts
(17), we investigated the role of IL-1la in
integrin-mediated expression of CL-1.
Treatment of RSFs with anti-a5 in solution
stimulated synthesis of IL-la mRNA (9),
secretion of the protein (Fig. 4, A and B),
and expression of the hCL-1/Luc reporter
(Fig. 3, C and D). Expression of Rac1V12
caused a 28-fold increase in IL-1 secretion,
which was increased further by treatment
with soluble anti-a5. The ROS inhibitor
NAC blocked the IL-1 expression induced
by soluble anti-a5 and Rac1V12 (Fig. 4, A
and B). These data indicate that increased
expression of the IL-1 gene is a conse-
quence of integrin- and Racl-mediated al-
teration of cell shape and of ROS generated

pression of the luciferase reporter, similar to
what was observed for endogenous CL-1 pro-
duction, whereas expression of RhoAV14 or
Cdc42V12 did not increase expression of
luciferase significantly (f in Fig 1C). In cells
transfected with Rac1N17, CD increased ex-
pression of luciferase 21-fold (9).

In phagocytic cells, Rac constitutes part
of the multimolecular B-nicotinamide ade-
nine dinucleotide phosphate (NADH)—oxi-
dase complex that generates the reactive
oxygen species (ROS) superoxide free radi-
cal (O3) and its dismutation product H,0,
(13). The enzymes that generate ROS in
fibroblasts have not been identified. Howev-
er, RSFs treated with anti-a5 in solution or
with CD, or transfected with Rac1V12, pro-
duced H,O, (Fig. 2A). CD, but not anti-a.5,
effectively induced H,O, production in cells
transfected with RacIN17 (Fig. 2A). Scav-
engers of oxygen free radicals N-acetyl-
L-cysteine (NAC) or Tiron (1,2-dihydroxy-
benzene-3,5-disulfonate) abrogated anti-o5~
and RaclV12-mediated expression of the
hCL-1/Luc reporter, whereas inhibition of
reactive nitrogen species by 7-nitroindazole
(Fig. 2, B and C) and NC-nitro-L-arginine
methyl ester (9) had no effect. NAC also
inhibited secretion of CL-1 induced by sol-
uble anti-a5 and CD (9).

The nuclear factor kappa B (NF-«kB)/Rel
family of transcription factors, which are
activated by stimulants such as H,0, (14),
mediated Racl-induced expression of CL-1.
Cytoplasmic NF-kB exists in an inactive
complex consisting of DNA-binding com-
ponents (p50/RelA) bound to an inhibitory
component of the IkBa family (14). Treat-
ment of RSFs with anti-a5 in solution or
with 50 pM H,0O,, but not with immobi-
lized anti-a5, induced rapid nuclear trans-
location of NF-kB that was blocked by in-
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Fig. 4. Cell shape-dependent induction of -1 expression and IL-1-dependent CL-1 expression.
Expression of IL-1 (24) in (A) control and (B) Rac1V12-transfected cells. Cells were exposed to anti-a5
or 50 mM NAC as indicated. Data are expressed as means of two separate experiments done in
duplicate. (C) Control and Rac1V12-transfected cells were plated onto FN-coated wells and were left
untreated or were treated with anti-a5 in solution (4 wg/ml) in the presence or absence of IL-1RA (10
ng/ml). Medium from 5 X 10* cells cultured for 18 hours was analyzed for CL-1 by immunoblotting (3).
Data are expressed as n-fold induction in comparison with the amount of CL-1 induced from control
cells plated on FN and are shown as the mean = SEM of three separate experiments.
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in this pathway. IL-1 expression was re-
quired for shape-dependent expression of
CL-1. IL-1 receptor antagonist (IL-1RA), a
competitive inhibitor for IL-1 interaction
with its receptor, suppressed CL-1 expres-
sion induced by anti-a5 in solution,
Rac1V12 (Fig. 4C), or CD (9, 17). These
data indicate that an IL-1—controlled auto-
crine loop mediates the induction of CL-1
caused by changes in cell shape.

Our results indicate that the Rac GTPase
is an essential component in the signaling
cascade initiated by integrin-mediated cell
rounding that leads to the expression of CL-
1. MMPs are crucial in cell migration and
tumor invasion (I8, 19). Racl has been
implicated in invasion of lymphoma and ep-
ithelial cells and is essential for growth fac-
tor—induced migration of fibroblasts (4, 19).
Although Ras is important in some types of
integrin signaling (20), and acts upstream of
Racl in growth factor-mediated directed mi-
gration in mammary epithelial cells and
Ratl fibroblasts (19), we showed a distinct
signaling pathway through Racl that is func-
tional and separate from a Ras-mediated sig-
naling cascade. Interference with o5 inte-
grin—mediated cell adhesion activated Racl,
which then caused generation of ROS, in-
duced activation of NF-kB, and led to in-
duction of IL-1, an autocrine inducer of
CL-1 expression. This pathway is distinct
from that activated by a5 integrin—depen-
dent spreading, which also leads to expres-
sion of CL-1 and requires rapid activation of
AP1 (3), but does not require Rho-family
GTPases, ROS, NF-kB activation, or IL-1
expression. Thus, exposure of cells to a sol-
uble integrin ligand produces cell rounding,
whereas exposure to an insoluble integrin
ligand induces spreading. In fibroblasts,
these distinct changes in cell shape trigger
diverse signaling pathways, which happen to
impinge on the gene encoding CL-1. Regu-
lation of MMPs through integrin-mediated
disruption of the actin cytoskeleton and al-
teration of cell form may influence develop-
mental, migratory, and invasive properties of
cells. Modifications in the extracellular ma-
trix composition change both integrin-medi-
ated signaling (20) and proteolysis (18) and,
through these mechanisms, are strong deter-
minants of cell behavior in normal and
pathological settings.
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Modular Organization of Cognitive Systems
Masked by Interhemispheric Integration

Kathleen Baynes,* James C. Eliassen, Helmi L. Lutsep,
Michael S. Gazzaniga

After resection of the corpus callosum, V.J., a left-handed woman with left-hemisphere
dominance for spoken language, demonstrated a dissociation between spoken and
written language. In the key experiment, words flashed to V.J.’s dominant left hemisphere
were easily spoken out loud, but could not be written. However, when the words were
flashed to her right hemisphere, she could not speak them out loud, but could write them
with her left hand. This marked dissociation supports the view that spoken and written
language output can be controlled by independent hemispheres, even though before her
hemispheric disconnection, they appeared as inseparable cognitive entities.

One of the central challenges to cognitive
neuroscience is to unmask the apparent uni-
tary nature of perceptual, memorial, and cog-
nitive systems. Neuropsychological analyses,
functional brain imaging methodologies, and
analyses of normal reaction times have con-
tributed to revealing how seemingly unitary
processes are made up of multiple compo-
nents. Frequently these multiple compo-
nents are distributed across the hemispheres
but appear unified because of the integration

K. Baynes, Center for Neuroscience, University of Cali-
fornia at Davis, Davis, CA 95616, and VA Northern Cali-
fornia Health Care System, Martinez, CA 94553, USA.
J. C. Eliassen, Center for Neuroscience, University of
California at Davis, Davis, CA 95616, USA.

H. L. Lutsep, Oregon Stroke Center, Oregon Health Sci-
ences University, Portland, OR 97201, USA.

M. S. Gazzaniga, Center for Cognitive Neuroscience,
Dartmouth College, Hanover, NH 03654, USA.

*To whom correspondence should be addressed at
Center for Neuroscience, University of California at Davis,
Davis, CA 95616, USA. E-mail: kbaynes@ucdavis.edu

that is possible through the corpus callosum.
Examination of split-brain patients both be-
fore and after their surgery is another tool for
the unmasking of such processes. Here we
use this method to reveal a dissociation be-
tween the neural representations involved in
spoken and written language. These results
are consistent with the view that the brain
processes enabling written language do not
call upon brain representations responsible
for phonological capacity.

V.]J., a 44-year-old female with a high
school education, has a normal develop-
mental and educational history. Her moth-
er, her only sister, and her only daughter are
left-handed. No other member of her im-
mediate family has a seizure disorder. Her
first seizure occurred when she was 16-and-
a-half. V.]. is deaf in her right ear as a result
of injuries incurred during a seizure episode
in her early 30’s. She elected to undergo
surgery to resect the corpus callosum after
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