
COOH-tcrminal SH2 domain were used for the 
excision. Sre and Crk fusion proteins utilized natural 
restriction sites. The resulting fusion proteins con
tained the NH2-terminal 323 amino acids of TrpE 
and retained the desired reading frame for PLC^l or 
GAP. 
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with polyclonal anti-TrpE antiserum immobilized 
on protein A-Sepharose beads. Immune complexes 
were washed (29), aliquoted, flash-frozen, and 
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ilar amounts in the immune complexes incubated 
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fusion proteins were detected. 
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A Cytoplasmic Protein Inhibits the GTPase Activity 
of H-Ras in a Phospholipid-Dependent Manner 

M E N - H W E I TSAI, C H U N - L I YU, DENNIS W. STACEY 

A cytoplasmic protein has been identified that inhibits the guanosine triphosphatase 
(GTPase) activity of bacterially synthesized, cellular H-Ras protein. This GTPase 
inhibiting protein is able to counteract the activity of GTPase activating protein 
(GAP), which has been postulated to function as a negative regulator of Ras activity. 
The potential biological importance of the GTPase inhibiting protein is further 
supported by its interaction with lipids. Phospholipids produced in cells as a conse
quence of mitogenic stimulation increase the activity of the GTPase inhibiting protein, 
as well as inhibit the activity of GAP. The interaction of such lipids with each of these 
two regulatory proteins would, therefore, tend to increase the biological activity of Ras 
and stimulate cell proliferation. 

A LTHOUGH IT APPEARS THAT CELLU-

lar Ras proteins are important in 
proliferative signal transduction (1, 

2), the mechanism by which Ras is regulated 
remains unclear. As with other guanine 
nucleotide-binding proteins, Ras is thought 
to be biologically active when bound to 
guanosine triphosphate (GTP); its inherent 
GTPase activity, however, slowly converts 
Ras-GTP to Ras-GDP (guanosine diphos
phate), which is thought to be biologically 
inactive. A change in either the nucleotide 
exchange rate of Ras or the inherent GTP 
hydrolysis rate could therefore be responsi
ble for controlling the biological activity of 
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the protein. A GTPase activating protein 
(GAP) has been identified (3-5) that stimu
lates the GTPase activity of normal Ras 
more than 100-fold without affecting onco
genic mutant Ras proteins. Because GAP 
can stimulate the conversion of Ras-GTP 
into Ras-GDP, it could function in sup
pressing the biological activity of Ras (6). 
On the other hand, on the basis of mutation 
analysis indicating that GAP interacts with a 
sequence that is essential for Ras biological 
activity (3, 4), it has been suggested that 
GAP might act as the Ras effector protein. 

On the basis of results of microinjection 
experiments, we previously suggested that 
the biological activity of Ras could be con
trolled by phospholipids (7, 8). This was 
supported by our observation that GAP is 
inhibited by certain phospholipids in vitro 

(#), and we further demonstrated that GAP 
physically associates with lipids including 
phosphatidic acid (PA), phosphatidylinosi-
tol monophosphate, and arachidonic acid; 
other lipids were ineffective (9). The physi
cal association between GAP and phospho
lipids resulted in the retention of GAP on a 
lipid affinity column. GAP bound to such a 
PA column was released after treatment with 
EDTA, suggesting that its association with 
lipid requires divalent cations. When a prep
aration of soluble, cytoplasmic proteins was 
passed over a PA-containing affinity column 
and then eluted with EDTA, two protein 
fractions with opposite effect on Ras 
GTPase activity were obtained: one of these 
fractions contained GAP and stimulated 
GTPase, whereas the second fraction inhib
ited Ras GTPase activitv. We have now 
characterized this GTPase inhibitor. 

A mouse brain extract that had been 
eluted from DEAE-Sephacel was added to a 
PA affinity column. After extensive washing 
(Fig. 1), the column was then eluted with 
10 mM EDTA. The GTPase activity of 
H-Ras was inhibited by eluted fractions 1 to 
3 (10) (Fig. 1A). Later fractions eluted from 
the same column contained GAP (9). Thus, 
there were two distinct enzymatic activities 
in mouse brain extract that bind to PA in a 
cation-dependent manner. One is GAP, 
whereas the other is a GTPase inhibiting 
protein. We confirmed these results, which 
were observed with a filter binding assay 
(11) (Fig. 1A), bv immunopreeipitation 
analysis (Fig. IB) (12). 

In the immunopreeipitation assay, an in-
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creased rate of nucleotide exchange would 
result in the increased binding i f  Ras to 
[a-"PIGTP, giving the appearance of a 
decrease in GTPase activity. To rule out the 
possibility that increased nucleotide ex- 
change was responsible for the observed 
decrease in GTPase activity in the presence 
of the inhibitory protein fractions, a 600- 
fold excess of unlabeled GTP was added to 
the reaction mixture at the time of addition 
of Mg2+. Nucleotide exchange would thus 
result in the replacement of "P-labeled GTP 
by unlabeled GTP and a decrease in the 
overall labeling of Ras. Under these condi- 
tions, the total labeled nucleotide bound to 
immunoprecipitated Ras was not altered by 
the inhibitory protein fractions from the 
affinity column. This indicates that GTPase 
activity rather than exchange rate is altered. 
This conclusion was confirmed by results 
with the filter binding assay, in which an 
excess of unlabeled GTP is routinely in- 
cluded. Increased nucleotide exchange - 
would therefore result in decreased protein- 
associated 32P, whereas inhibition of GTPase 
activity would have the opposite effect. Re- 
sults from both assays show that the activity 
identified inhibits the basal level of Ras GT- 
Pase activity. No alteration in the mobility of 
Ras on an SDS-polyacrylamide gel or evi- 
dence of phosphorylation of Ras has been 
observed as a consequence ofGTPase inhibit- 
ing protein activity. 

The GTPase inhibitor isolated from the 
affinity column has an apparent molecule 
mass of 60,000 daltons on a Sephadex G-75 

ions wcrc c - . "  . ginning wit . . 

molecular exclusion column. We do not 
know if this protein is similar to any of the 
proteins of similar size that associate with 
GAP (13). The inhibitory activity was com- 
pletely abolished by treatment with chymo- 
trypsin, indicating that the inhibitor is a 
protein. It is a relatively heat-stable protein 

"0 3 6 9 12 15 
Protein (pglrnl) 

Fig. 2. Dose response and lipid enhancement of 
GTPasc inhibition. Ras was allowed to associate 
with [-y-"PIGTP and then incubated with in- 
creasing amounts of GTPasc inhibiting protcin in 
the presencc (@) or absence (0) of I-stcaroyl, 
2-arachidonoyl PA (80 pg/ml). In the prcscllcc of 
lipid, the GTPasc inhibiting protcin caused a 
maximal inhibition of -90%. Inhibition of 
GTPasc activity was calculated from the filter 
binding assay as follows: Z = the binding of 
labeled GTP at zcro time; Y = the binding aftcr 
60 min at 30°C in the absence of addcd material; 
X = the binding aftcr incubation together with 
added GTPasc inhibiting protcin with or without 
addcd lipid; percentage inhibition = [(X - Y)/ 
(< - Y)] x 100%. Similar results wcrc obtaincd 
w ~ t h  the immunoprccipitation assay. Results arc 
from a single experiment, but arc representative of 
two other experiments. 

prott 
(19).  
from 
over 
then 
volu1 
taini~ . . 

GDP 

l m  

- 
0 " 
c :in from a lipid affinity column - - % - (A) Mouse brain extract eluted - - DEAE-Sephacel (20) was passed 
4 a PA aftinity column, which was 

washed extensively (10 column 
nes) with tris-HCI (pH 7.5) con- 
~g 5 rnM MgCI,. Column frac- 

1 h the addition of buffer contalnlng 10 mM EDTA to the column. 
tach h-acnon was then assayed by the filter binding rnerhod ( 7 1 )  for its effect on Ras GTPase actitpity. 
Alteration in GTP hvdrolysis (0) is calculated by comparing the amount of 32P remaining asociated 
with Ras in the presence (P) or absence (A) of added factors. Percent alteration equals [ (A  - P)/  
A] X 100%. The basal GTP hydrolysis rate in the assav is 1.2 pmoVliter per hour at 30°C with I28 ng 
of Ras. The absorbance at 280 nm (A,,,) (@) of cach Fraction is also shown. (B) Inhibition of Ras 
GTPase activity by the factor cluted from the lipid affinity column. Fractions 1 to 3 were further tested 
for their abiliy to inhibit Ras GTPase activity with the immunoprecipitation GTPasc assay (12). The 
ratio of the amount of 32P present on GDP to that present in GDP plus GTP indicates the extent of 
GTP hvdrolysis. Lanes 1 and 2, Ras protcin without added column fractions. Lanes 3 and 4, Ras plus 
protein (20 pglml) from the combined fractions 1 to 3. In both (I :sent in the 
column fractions may lnhibit the basal rate of Ras GTPase. Data ; lsis but are 
representative of results obtaincd in rcpeated experiments. 

1) and (R),  
ue  from a 

EDTA prt 
single anal! 

because boiling for 10 and 15 min causes 
only 30% and 60% loss of activity, respec- 
tively. To more thoroughly characterize the 
GTPase inhibiting protein, we partially pu- 
rified it from bovine brain by a procedure 
including DEAE-Sephacel, a PA affinity col- 
umn, and a Sephadex G-75 size exclusion 
column, resulting in a 500-fold purification. 
This material was used for all analyses pre- 
sented below, but the preparation was con- 
currently hrther purified by heat treatment 
and high-performance liquid chromatogra- 
phy on a DEAE resin, resulting in an overall 
10,000-fold purification of the GTPase inhib- 
iting protein (14). Results presented with 
partially purified material were repeated with 
the highly purified protein. There was no 
apparent biochemical ditference between the 
properties of the partially and highly purified 
GTPase inhibiting protein. 

In the absence of phospholipid, GTPase 
inhibiting protein inhibited Ras GTPase in a 
dose-dependent manner (Fig. 2). Further- 
more, the activity of the GTPase inhibiting 
protein was stimulated twofold by 0.15 M 
NaCl. This concentration of NaCl inhibits 
the ability of GAP to stimulate the GTPase 
activity of Ras. In time course studies, the 
inhibitory factor reduced the rate of GTPase 
at all times tested between 5 and 50 min. 
Finallv, no GTP binding activitv could be 
detected in the partiall{or highly purified 
preparations of the inhibitory factor. 

The GTPase inhibiting protein was first 
identified bv virtue of its binding to a PA 
affinity column, indicating that this protein, 
like GAP, binds phospholipids. Those lipids 
able to bind GAP block its ability to stimu- 
late Ras GTPase activity (8) .  Therefore, we , , ,  

tested whether phospholipids were also able 
to alter the activity of GTPase inhibiting 
protein. H-Ras protein bound to Iy-"PI 
GTP was incubated with GTPase inhibiting 
protein along with 1-stearoyl, 2-arachi- 
donoyl PA (80 pglml) in the presence of 
0.15 M NaCl and 3 mM MgCI,. In this 
reaction, the abilitv of GTPase inhibiting 
protein to inhibit G T P ~ S ~  activity was en- 
hanced up to threefold compared to reac- 
tions without added lipid (Fig. 2). Thus, PA 
affects GAP and the GTPase inhibiting pro- 
tein in opposite directions; GAP actiCi6. is 
inhibited, whereas GTPase inhibiting pro- 
tein is stimulated. In both cases, the result of 
these lipid interactions is to increase the 
proportion of Ras associated with GTP and 
thus to increase its biological activity. PA 
itself had no direct effect on the GTPase 
activity of Ras. 

A series of phospholipids was tested for 
their abilitv to stimulate the GTPase inhib- 
iting protein. Among the phospholipids 
with the highest activity were those atFected 
metabolically by mitogenic stimulation, in- 
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eluding PA, phosphatid!~linositol mono- 
phosphate, arachidonic acid, anci diac\lgl!.c- 
erol. Phospholipids that arc major \ t n ~ c t u r ~ l  
componaits of the plasma membrane-such 
as phosphat~ci\ Ichol~nc, pho\ph,lt~d\ l c t h ~ ~ -  
nol,xm~ne, and pIiosphatid\ 1sc11nc-li~d 

~ - 

onl! a slight effcct. \\hich \vas independent 
of  lipid conccntration. Diacylgl\ccrol (dili- 
nolcin), \vhich i n d ~ ~ c c d  '1 fourfold stiniula- 
tlon of  GTPa\c inhibiting protein activit!. 
\\.as the most potent, both in the amount 
required for stimulation and in the overall 
degree of  stimulation. 1)ilinolcin \vas fol- 
lo\\cd by T'A. arachidonic acid. and phos- 
phatid!-linositol monophosphate. \vhich 
stimulated activinp thrcc-, n1.o-, anii 1.5- 
fold, respccti\,cly i Fig. 3 ) .  Among phospha- 
tidic acids, only thosc containing unsatur- 
ated fatty acids [such a\ arachidonic ,~cid 
( 2 0 : 4 ) ]  had potent stimulating effects. Ex- 
cept for diacylgl!~ccrol, the lipids that 
strongl! enhanced GTP,xsc inhibiting pro- 
tein activiw \vcrc thosc with the strongest 
abil in to  inhibit GAP ( 8 ) .  Highl!. p~~r i f i cd  
GTPasc inhibiting protcin \\as stimulated 
by phospholipids t o  the sanic cxtcnt as the 
partially pur~ficd material. 

Lipid (pglml) 

Fig. 3. Enli~nceniciit of C;TPa\c inhibiting acti\- 
i t \  . b\. . \a r iou\  lipids. Lipids \vcrc prcpdrcd as 
liposonics. ac described for l'.i ( 19) .  GTl'ase 
inli~hiti~ig protcin ( 9  pg.'nili \\,as addcd to each 
reaction along \vitli \ arious conccntrdtions of each 
t! 17' of lipid. After lncub,~tlon for 60 mln at 30°C. 
the cstcnt of GT1' hydrolysis \YJS dcterrni~icd b! 
filter binding. 1)ilinolcin ( C; I ,  1-ctcaroyl, 2-ar~ch- 
idonoyl l'.i (01. ~r~chidonic acid (A). pliocpliati- 
d\ linoeitol monophospli~te ( W ) .  .Ythough somc 
inhibition by more common \tructural phospho- 
l i p~ iuvas  ohsen,cd, tliis liiilitcd inliih~tlon \\.IS 

not ohecned to be dose-dependent and its rclc- 
Lance is tlicrcforc unclear. These lipid\ included 
ph~~p l i a t idy lc t l i n~ io l an i i~~c  (dotted circlcc), phos- 
ph~tidylcliolinc (L ) .  and ~lhosphatid!~lscri~ic ( A  i .  
l'crccntdpc of basal GTl'~cc acti\ in \\-as calculatcd 
ac the inhihition (calculatcd a c  i n  Fig. 2 )  obscn.cii 
In the }7rcxnw of dddcd lipid as J percentage o f  
the ~nliih~tion ohtdincd \\ ithout dddcd lipld. Rc- 
cults 'lrc from a 5inglc cspcrliiicnt, but are reprc- 
scntatl\e of  n\,o othcr cxperinicnt\. 

GTPase 
inhibiting + Lipids 
protein 

I 

GAP - Lipids 

Fig. 4. hloiicl for the role of lipicis in the control 
of Kas ,~cti\.in. E\.~ijcncc inciic,ites t h ~ t  Kas pro- 
tein\ are .thlc to function biologically to tr.uismit 
a prolifcrati\c \ign.ll onl! \\lien bounil to GTI'. 
GAP \\auld tlicrcti~rc tcnci to reduce the biolog- 
ic.11 <icti\in of K,ls hy incrcas~ng thc ratc of 
GTl',l\c acti\in.. In the presence of lipids pro- 
iluccd as a result of iiiitogcn stirn~l~ition this 
,icti\.in. ~vould be blocked. GTPasc inhibiting 
protcin, o n  the other 1i.unii. ~nli~bits the GI'l',isc 
ac t i \~r \  of Ras. rcs~ltiiig in ,in incrcac in the 
proportion of Kas hound to GTI' and therefore 
an incrca\c o n  biological acti\it\.. T h ~ s  cfict I \  

cnli.lnccii in the prcscncc of Iiplds. I.ipids, thcrc- 
fore, ,Ire ~ioet~tl~itcd to ~fii.ct both of thcsc rcgu- 
I,~ton. protein\ \o a\ to incre,ise the biological 
,ictl\ in- o f  RJS. 

\l'hcn crude cvtopl.~smic cxtrdcts are incu- 
bated \vith R ~ ~ , - G A P  ~ctivit!. predorni~lates 
o\.cr the G T P a c  i ~ ~ h ~ b ~ t o n -  activih dc- 
scribed here, resulting in a marked stirnula- 
tior1 in the ratc of  Ras GTPasc. \\'he11 
enough patially purified GTPasc inhibiting 
pi-otcin is added, ho\\ ever, Gr\P acti\.ity can 
be counteracted, resulting in a net decrease 
in G T P  h!~drol!,sis. \Ye tested the ~ b i l i n .  of  
pclrtiall!. purified GTPasc inhibiting protcin 
(8  p g / n ~ l i  to inhibit GAP activity in a c n ~ d e  
cytoplasmic extract. The basal ratc of  
GTl'ase 'lctivin resulted in a 33% hydrolysis 
of bouncl GTP.  The  adciition of  a GX1' 
pep.ir.~tion increaseel this t o  64% h\clroly- 
sis. \\ hcrcas ~ d d c d  GTPdsc inhibi ton pro- 
tein (\\ ~ t h o u t  G.11' 1 reduced GTP hydrol!.sis 
t o  20°/0. In the prcscrlcc of  both GAP alici 
GTl'asc inhibiting protein. 46% of  the 
bound G T P  \\,as hydrolyzed, suggesting 
that the n \ o  proteins countcr,lct c,lch othcr. 
In the p ~ x n c c  of  a partially i~l l l ib i ton 
concentration o f  1-stcaroyl, 2-arc~cliidonyl 
P.1 (30  kg ml) ,  G T P  hvclrolys~s \ T . a  reduced 
to  50% in the prcscncc of  G.11' hut t o  28% 
in the p c x r i c c  o f  both G.11' and the 
GTPaac inhibiting protcin. This result indi- 
cates that GTPasc inh~bi t ing protein is able 
to  o\,crconie the eKcct of  GAP in the ores- 
encc of a lipid concentration too lo;\ t o  
cfficicntlv inhibit GXl' ,lcti\.in. in the ~ b -  
sencc of  the inhibitory protcin.'Thc ctfc.ct o t  
GTPasc inhibiting protcin, thcrcforc, is 
more pronounced in the prcscncc o f  s t i~nu-  
l a t o n  lipids. . 

T o  cliarClctcrizc the interaction bcnvccn 
Rcls and the GTPasc inhibiton. protcin, 11.c 
carriccl ou t  a co~npctit ion assay. St,~nd.lrci 
assLl\.s with Ras bound to 1,lbelcd nuclcotidc 

ne rc  pcrfornicci In the presence o r  absence 
of  a fourfolil cscesj of  k a s  b o ~ ~ n d  t o  unla- 
beled nuclcotidc 10.3 )*&I: along n i t h  bo- 
vine serum albumin i 300  p g  rnl i '1s a carri- 
e r ] .  In the prcscncc of  c\ccss Kas bound to 
unlabclcci G T P  o r  GL)P, the <lcti\.in of  
GTPasc inhibiting protcin \\.as reduced b!. - - 
1 s  and 74%. rc\pccti\.cl\.. con~p~lre i l  t o  
thosc rcactlons n . i t h o ~ ~ t  acidcii. competing 
KJS protein. This n p c  o f  substrate cornpc- 
tition sho\vs that thcrc is a ilirect interaction 
bcn\.ccn Kas and C;TP.l\c inhibiting pr(l- 
tcin, 'lnd that GTP,lsc inhibiting protcln 1s 
able to ~ssocia tc  nit11 Ras bound cithcr to  
C;DP o r  GTP.  Fol- cornparison, C A P  asso- 
ciatcs onl! \\ it11 Ras bound to  G T P  i 1.7). 
The mcch~n i sm by n~hich the GTPasc ,lcti\.- 
it\, of  Ras is inhib~tcd b\. the G T P a c  i n h ~ b -  

anai!k indicated that the cluantip of  R'xs in 
the ma!. cxccciis that of  GTPasc inhibiting 
protcin b!. at  Ic,lst 50-fold. It sccrns possible, 
therefore, that the inhibiton- protein in- . . 

duccs 'In ' ~ l t c r ~ ~ t i o n  in the confor~nation of  
Kas that inhibits its GTP'lsc ,lcti\.in and 
\\ hich persists fol- some tlmc aftel- the n\ o 
proteins s c t ~ ~ r ~ ~ t c .  

The ~>hospholipids t h , ~ t  inhibit GAP and 
activate GTPLlsc inh~bi t lng protcin arc the 
phospholipids acti\.cly produced in mm\. 
cells by serum o r  gro\\ th fClctor s t im~~lat ion 
( 16) .  The inhibition of  GAP a c t k i n  by thcsc 
lipids \vould tcncl to increase thc proportion 
of  Ras bound t o  G T P  , ~ n d  t h l ~ s  its biological 
acti\.in. 'I'hc stimul,ltion b\. thcsc lipids of  
the GTPasc inhibiting protcin \\,auld have 
the same effect on  the biologic,ll 'lctivity of 
Ras (Fig.  4 ) .  The lipicis procluccd a a result 
of  mitogcn stimul,ltion \\.auld, thcrcforc. 
interact \\,it11 both GAP .lnd the GTPasc 
inhibiting protcin to  promote the biologic,ll 
'lctivin of  R'ls. The x t i \  lt!. of  this inh~bi-  
t o n  t-7~)tein is likely to  he most import'1nt in 
the prcscncc of  thcsc lipicls. It has been 
proposed t h ~ t  t!,roslnc kinascs 1nlti.ltc mi- 
togcnic signal that ls rccci\.cci b\. R , I ~  ( 1  ) .  

Interestingly, n,rosinc kin.lsc5 interact both 
ti~nctionally and yh!sically \\.lth enzymes 
able to  produce the t! pc of  lipids \\ c ha\ c 
sho\vn stimulate the GTPasc inhib~ting pro- 
tein (1- ,  1 8 ) .  T k c n  together, thcsc data 
s u p p o ~ t  the h!.pothcsis tliLlt lipici mct'lbo- 
lisnl forms a I n k  bcn\-ccn gro\\.th fClctor 
receptors '~nci cellular Ras prote~ns  that is 
critical in the control of  prol i f~r~l t ion 
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Mesodermal Control of Neural Cell Identity: 
Floor Plate Induction by the Notochord 

The floor plate is a specialized group of midline ~~euroepithelial cells that appears to 
regulate cell differentiation and axonal growth in the developing vertebrate nervous 
system. A floor plate-specific chemoattractant was used as a marker to examine the role 
of the notochord in avian floor plate development. Expression of this chemoattractant 
in lateral cells of the neural plate and ~leur'd tube was induced by an ectopic notochord, 
and midline neural tube cells did not express the chernoattractant after removal of the 
notochord early in development. These results provide evidence that a local signal from 
the ~ ~ o t o c h o r d  induces the functional properties of the floor plate. 

H E  1)EVELOl 'hIFNT OF T H E  VFRTE-  

br,~tc ncl-\.ous s!.stcrn hcglnj \ \-~rli  the 
induction of  the ncur,ll plate from 

~ ~ n d ~ f c r c n t i , ~ t c d  cctodcrnl In rcsponsc t o  
5ignals tIi,lt dcri\,c from adj,~ccnt nlcsodcrm 
i 1 ,  2 ) .  \Tithin the ncural platc. the first cclls 
t o  clifcrcntiatc ,ire Ioc,ltecl , ~ t  its midline ( 3 )  
xiri gi1.c rise to  the tloor pl,~tc, ,I distinct 
structure , ~ t  the \,cntr,~l mldllnc o f t h c  neural 
tube ( 4 .  5). The  Aoor pl,~te appcClr, to bc the 
source of  a signal that rcgi~latc\ the pattern 
of ccll difcrentiation d o n g  the dorso\~cntral 
'~11s of the neural tube ( 6 ,  T I .  .l'hc floor pi,ltc 
also contributes to  Lixonal p,lttcrning b!~ 
releasing a d i f ~ ~ s i b l e  f<~ctor  that niay attr.lct 
~0111ni1ssl1r~11 '~xo~ i s  to  the vciitrL11 riiiclli~ic of  
the spln'll cord (8) .und by guiding t h c c  
,nons after the!. cross the mldlinc (9). The 
speciali~cd finictions of  thc door p l ~ t c  ha\.c 
led us to  cxamlnc tlic Interaction\ that con- 
tr-01 its ditii-rentlation. 

Prospecti\.c tloor p l ~ t c  cc l l  arc loc,~tccl 
immcdi,~tcl!. ,lbo\ c the notochord, ,lnii no- 
tochord grafts placed next t o  the nciir,~l tube 

cailrc \vcdgiiig of the ,~dl ,~ccnt  nc i~ r~ i l  epitlic- 
lium sirni1,lr t o  that ob\cr \ed  cluring the 
c,u-I!. ric\.cloprncnt of  the floor pl,~te ( 1 0 ) .  
Thcsc rc\ults h,~\.c lcd to the suggestion that 
floor p l ~ t c  difir-cntlation is ~nducccl by the 
notochord ( 10,  1 1 ) .  Ho\vc\.c.r, cornpLirahlc 
cIi,~ngcs in ncuroepithcllal cell sIi,~pc occur 
in m a n \  regions o f  thc dc\.clop~ng nen.ous 
system i 12); thus it is not possible unarnbig- 
 o oil sly t o  1dcn t i5  tlic tloor platc b\ its 
rnorpholog,. 'l'hc door- plate--spcc~fic che- 
moattractant (8) pro\.idcs J m.irkcr \ \ ~ t l i  
n.hich to  detect the floor pIc1tc  nil its dc\.cl- 
opmcnt in response to  the notochord. Here, 
\\,c r e p r r  t h ~ t  t h i  chcn~o, l t t r ,~ct , l~~t  is in- 
duced in latcr,ll cells of  the chick neural p l ~ t c  
,lnd neural tuhc in \ . ~ \ . o  anil in  ti-o and that 
the chc~iio,~ttract,lnt docs not ' ~ p p c ~ r  i l l  cells 
, ~ t  tlic vcntr,ll nlidlinc of  the iieur,il tube in 
the absence of  the notochord. .\ local signal 
ti-om the notochord therefore .~ppcar\ t o  ‘let 

on  o\.erl!.ing ncilr,ll pl ,~tc cclls to induce 
floor p l ~ t c  d ~ f i r e n t l ~ ~ t i o ~ i .  

T o  t u d \  thc induction of  the tloor platc 
in the chick crnbr\,o, \vc ~niti~lllv examined 
\vhcthcr chick floor platc c a ~ l ~ s  outgro\\.th 
,Inel orlentation of commissur-'11 .Isons ti-om 
c ~ p l ~ ~ n t s  of E l  1 rdt clorsal spinal cord 1.3, 
I4 j ,  Prodiict~on of  rhc chcrno'~ttr.lct,lnr n.,Is 
qu.lntificc1 b!, coilnting the nu~i iber  of ,L\on 
bundles r h ~ t  cnicrgcci ti-om the r,lt dorsal 
cxplants. Floor plate csp1'1nrs from s t ~ g c  6 
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