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the cells for 2 seconds and allowed them 
to rest again. At different times after these 
treatments, we prepared cell extracts from 
aliquots of these cells and analysed them 
by immune kinase assays for the determi
nation of activity levels of p44MMK4 kinase. 

In contrast to constan~ shaken cells, 
which contain active p44 MK4 kinase (s), 
we detected no active p44MMK4 kinase in 
the 'rested' cells (r). After agitation, how
ever, p44MMK4 kinase activation became 
apparent within 5 minutes (see figure). 
The activation is transient, because kinase 
activity decreases to nondetectable levels 
at 30 minutes after the mechanical agita
tion (see figure), indicating that short
term mechanical stimulation produces 
only a transient activation of the MAP 
kinase pathway. The constitutive activa
tion of p44MMK4 kinase probably results 
from the continuous restimulation of the 
pathway. 

The very fast activation of p44MMK4 

kinase after mechanical stimulation sug
gests that the activation of the MMK4 

pathway must be one of the cell's immedi
ate responses to this stimulus. Although it 
is unclear what factors might be responsi
ble for activation of the MAP kinase path
way, mechanosensitive ion channels have 
been described in several organisms6•8 and 
could be involved in mediating the pri
mary signals. Moreover, mechanical stim
ulation of plant cells induces rapid fluxes 
of calcium ions2, suggesting that this ion 
may be important in mechanosignalling. 
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Old head on young shoulders 
SIR - A complex head is a fundamental 
defining feature of the vertebrates, but the 
origins and antiquity of many characters 
within the head are obscure. These can be 
investigated by comparison with cephalo
chordates (amphioxus), which retain 
characteristics of vertebrate ancestors1•2. 

Here we report the developmental ex
pression of AmphiOtx, the amphioxus 
member of the Otx homeobox gene class. 
Otx genes are essential for the formation 
of anterior head regions in the mouse3.4, 

with conserved embryonic expression pat
terns across higher vertebrates5•6• 

Whole-mount in situ hybridization 
to amphioxus (Branchiostoma floridae) 
embryos reveals that the temporal and 
spatial expression pattern ofAmphiOtx has 
intriguing similarities with that described 
for the vertebrate Otx gene family. Wide
spread expression in anterior tissues of 
vertebrates at early developmental stages 
is mirrored in amphioxus by strong early 
expression in anterior neurectoderm and 
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Whole-mount in-situ hybridization using a digoxygenin-labelled 
Amphi0tx riboprobe. a, Dorsal view of an early neurula stage 
(7 hour), anterior at bottom left, showing strong expression in 
the anterior neural plate and underlying mesendoderm. A 
lower level of expression is detected in the lateral endoderm. 
b,c, Mid and late neuruta stage (14 hour and 18 hour) with 
expression localized in the cerebral vesicle and anterior endo
derm. Anterior to left, dorsal at top. d, Rostral end of early lar
val stage (36 hour) with neural expression confined to two 
clusters of cells in the anterior cerebral vesicle. A few ectoder
mal cells just anterior to the cerebral vesicle also stain; endo
dermal expression persists in the anterior pharynx. cv, 
anterior cerebral vesicle; ae, anterior endoderm; m, forming 
mouth; no, notochord; n, neural plate or tube. Scale bar: a, 75 
µm; b, 100 µm; c, 150 µm; d, 50 µm. 
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mesendoderm (a in the fig
ure). In both taxa there is a 
sharp posterior expression 
boundary in the neurecto
derm, which stays in regis
ter with the underlying 
mesendoderm, suggesting a 
common neural induc
tion/maintenance mecha
nism. At later develop
mental stages, Otx gene 
expression becomes re
stricted to specific cell 
groups in the anterior neur
al tube of both vertebrates 
and amphioxus (b-d in the 
figure): comparison of 
these cell types is particu
larly informative. 

AmphiOtx expression is 
detected in the anterior tip 
of the cerebral vesicle, in 
the frontal eye region ( con
taining putative receptor 
cells and future pigment 
spot), ventral to the neuro
pore. This is comparable to 
the conserved expression of 
vertebrate Otx genes in the 

eyes, including the retina. An ancient role 
for this gene family in vision-associated 
cells is also supported by the requirement 
of the Otx homologue, orthodenticle, for 
the specification of the Drosophila eye 7. 

AmphiOtx is also expressed in the cere
bral vesicle at the anterior margin of the 
floor plate, a region known as the 
infundibular organ (10). This expression 
site is intriguing, as this organ is the 
source of Reissuer's fibre; an acellular 
fibre in the chordate neural canal impli
cated in neuronal survival8• Although the 
source of this fibre is dorsally located in 
adult vertebrates, in the subcommissural 
organ (SCO) in the diencephalic roof, it is 
initially produced in the ventral flexural 
organ at the anterior margin of the floor
plate in at least some embryonic verte
brates9. Both regions express Otx during 
embryogenesis; thus, regulatory gene 
expression and function concur in suggest
ing the IO and the diencephalic SCO have 
a common evolutionary origin. 

Gene expression is a useful clue to evo
lutionary homology, but care must be 
taken to distinguish different hierarchical 
levels of homology (for example, position
al versus structural homology)1 . In the 
Otx case reported here, we argue for 
homology of region and differentiated 
characters. We suggest that the conserved 
early deployment of Otx regulatory genes 
in the anterior mesendoderm and overly
ing neurectoderm of vertebrates and 
cephalochordates indicates a common 
gene regulatory network between these 
two taxa. The later conserved neural 
expression of Otx genes suggests to us that 
the cephalochordate frontal eye is an 
unpaired homologue of the vertebrate 
paired eyes and that the ventral IO is 
homologous to the dorsal SCO. These 
assignments are consistent with a hypoth
esis proposed on the basis of cellular 
architecture11• Our results imply that a 
distinct differentiated forebrain evolved 
before the separation of cephalochordates 
and vertebrates, predating skeletal tissues, 
migratory neural crest and elaboration of 
the vertebrate genome. 
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