
(4), are sampled by clouds A, B, F, and G .  
The\- consistentl\- rotate Inore slowly than 
clouiis in southern latitudes. Both hemi- 
spheres follow different rotational curves 
(Fig. 3 ) ,  separated by five times the uncer- 
tainty of the data. T h e  data are collsistent 
with symmetry relative to a latitude of 2"N. 
Because of insufficient temuoral coverage 

u 

for cloud F, the solution for its rotational 
period yields three possible values (Fig. 3). 
T h e  longest perioii follo~vs the  apparent 
trenii and is thus preferred. Cloud F, closest 
to the equator, may be a n  indicator of trop- 
ical activity. 

T h e  15 investigated clouds of 1986 and 
1997 ranee over 100" of latitude alld 3.3 " 
hours of rotational period. Their rotational 
period can be fitted b\- a smooth curve to 
only 0.04 hour standard deviation. Such a 
function w i t h o ~ t  a n  attached physical sig- 
nificance is (482 - 8 sin + + 127 sin' 
+)"/da\-, where + is the  latitude (Fig. 3 ) .  It 
predicts a n  equatorial rotational period of 
17.9 hours, which is consistent with Voy- 
ager's radio occultation measurement that 
yielded 18.0 ? C.3 hours 110). ~, 

All  ~ e \ ~ e n  clouds with measured rota- 
tional periods (A, B, F, G, H, I ,  and I )  
were observed whenever they were o n  the  
illulnillated side of the  disk. There  is n o  
evidence for the  appearance or  disappear- 
ance of a cloud during the  100-day obser- 
vation interval. Of course, it is possible 
tha t  one cloud disappeared and another 
one  emerged a t  a similar location during 
the  lone intervals without observation. " 
Observations of cloud F a t  wa\relengths 
below 1 u,m came 8L? days after its obser- 
\,ations a t  longer \vavelengths. Its unusual 
l ~ e g a t i \ ~ e  slope a t  1 p,m (Fig. 2 )  may be a n  
indication of change rather t h a n  a spectral 
feature. Cloud G ruay have faded some- 
what during its 4-day observation interval. 
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Brain Activity During Speaking: From Syntax to 
Phonology in 40 Milliseconds 

Miranda van Turennout," Peter Hagoort, Colin M. Brown 

In normal conversation, speakers translate thoughts into words at high speed. To enable 
this speed, the retrieval of distinct types of linguistic knowledge has to be orchestrated 
with millisecond precision. The nature of this orchestration is still largely unknown. This 
report presents dynamic measures of the real-time activation of two basic types of 
linguistic knowledge, syntax and phonology. Electrophysiological data demonstrate that 
during noun-phrase production speakers retrieve the syntactic gender of a noun before 
its abstract phonological properties. This two-step process operates at high speed: the 
data show that phonological information is already available 40 milliseconds after syn- 
tactic properties have been retrieved. 

F r o m  earl\- in  life lye acquire knowledge 
about the  words in  our language. This 
knowledge includes information about the 
meaning of words, their syntactic properties 
(such as word class), and their phonological 
properties (such as their pllonernes and syl- 
lable structure). All this information is 
stored in a component of long-term mem- 
or\- that is usually referred to as the mental 
lexicon. During speaking, the  mental lexi- 
con is accessed autolnatically a t  very high 
speed to select words that express the  in- 
tended meaning, and to retrieve their syn- 
tactic and phonological properties. These 
properties are used to structure the  words 
according to the  syntactic constraints of 
one's language and to build LIP the  sound 
pattern of a n  utterance. A central unre- 
solved question concerns the  orchestration 
in  real time of the retriel~al of the distinct 
types of linguistic knowledge required to 
produce fluent speech (1,  2).  T h e  activa- 
tion of this knowledge necessarily precedes 
articulation, but only bv a fraction of a 
second, given the  speed with which we 
speak. Data from behavioral studies as \veil 
from neuropsychological studies of patients 
n ~ i t h  language ilnpairnlent have suggested 
that a word's semantic and syntactic nron- 

L L 

erties are retrieved before its phonological 
form is constructed ( 2 ,  3).  W e  have now 
obtained direct evidence o n  the real time 
activation of syntax and phonology in 
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Dutch noun-phrase production. W e  found 
that the s\-ntactic gender of a noun is re- 
trieved about 40 ms earlier than its first 
phonological segment. 

T h e  main experimental task was the  
production of noun phrases in  Dutch. Par- 
ticipants (4) were presented with colored 
pictures of objects and animals, which the\- 
were instructed to name using a II~LIII  

phrase w i t h o ~ t  a definite article (such as 
"rode tafel," red table). O n  half of the  trials 
the\- performed a s\-ntactic-phonological 
classification task before proiiucillg the  
noun phrase. T h e  classification task con- 
sisted of the  conjunction of a go/no-go de- 
cision and a left- or right-hand response. In 
the  first experiment, the response hand was 
determined by the  syntactic classification, 
and the  phonological classification deter- 
mined whether or not a push-button re- 
sponse should be given (Fig. 1 )  (5). T h e  
syntactic and phonological properties of the  
n~ord that are required to perform the clas- 
sification tasks become available automati- 
cally through the speech production system. 
T h e  syntactic classification involved deter- 
mining the  gender of the  noun. In  Dutch, as 
in, for example, French and German, nouns 
are characterized by syntactic gender. This 
is a purely syntactic property that needs to 
be retrieved from the  mental lexicon during 
noun-phrase production to determine the  
definite article of the  noun ("den for corn- 
rnon gender, and "het" for neuter gender), 
or the  adjectival suffix \vhen n o  definite 
article is used in the  noun phrase ("-e" for 
common gender, and n o  suffix for neuter 
gender). T h e  phonological classification in- 
volved determining the word-initial pho- 
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left hand right hand 
common gender neuter gender 

I' 

/rode beer/ /rood boeW 
(red bear) (red aook) 

' -  
/rode schoenl /rood schaapl 

(red shoe) (red sheep) 

Fig. 1. Examples of the pictures used in the syn- 
tactic-phonological categorization task in experi- 
ment 1 .  In the figure, the Dutch picture names are 
shown below the pictures. The pictures were pre- 
sented in color, and naming responses included 
the color adjective, the correct adjectival infec- 
tion, and the picture name. The four pictures de- 
picted here represent separate trials for the four 
experimental conditions. In this example, a com- 
mon gender word cues a left-hand response. and 
a neuter gender word cues a right-hand response. 
The response is executed if the picture name 
staris with a /b/ (go trials). and it is withheld if the 
picture name starts with an /s/ (no-go trials). 

neme, which necessitates that a t  least the  
beginning of the  phonological form of the 
word has been retrieved. 

T o  measure the  moments a t  lvhich syn- 
tactic and phonological information be- 
came available to execute the  classification 
task, we recorded event-related brain po- 
tentials from electrode sites located above 
the left and right motor cortices. From the 
averaged electropl~ysiological activit\- that 
was time-locked to  picture onset, we de- 
rived the  lateralized readiness uotential 
(LRP) (Fig. 2) .  T h e  LRP is a brain potential 
that is directly related to the  preparation for 
motor actions (6-8). It has been shown to 
develop as soon as task-relel~ant perceptual 
and cognitive information is available for 
the motor system and to be sensitive to low 
levels of response activation that do  not  
result in a n  overt response (8-1 0). As such, 
the  LRP can be used to detect the moments 
a t  \ v l ~ i c l ~  s\-ntactic gender and word-initial 
phonerne information become available for 
response preparation. T h e  logic behind the  
procedure is that if during noun-phrase pro- 
duction syntactic retrieval precedes the re- 
trieval of phonological form, the results of 
the  syntactic gender classification will be 
transmitted to the response system earlier 
than the results of the word-initial pho- 
neme classification. In this case, prepara- 
tion of the response hand can start on the 
basis of syntactic information before pho- 
nological inforlnation infornls the  individ- 

,5 % - I  - 4 

A mean [C3'-C41 left hand iLH1 mean [C3 -C4]  ,~gnt hand iRHi  

Pushbunon 
response on go trials 

1 4 -  + 4 -  

\\ / 
SUblraCtlon 

B LRP= mean [C3-C4j  RH - mean [C3.C4] LH 

1 -  /"- 
0 

$ 
j j 

+ 4 

3 8C3 1CC3 l5CC PCCO 

Time (ms) 

Fig. 2. Derlvaton of the LRP. (A) Flrst, on each 
trial, for each sample point, the difference is ob- 
tained between potentials recorded from elec- 
trode sites C3' and C4', located above the left and 
right motor coriices. These difference waveforms 
are averaged separately for trials in which the left 
versus the right hand is cued. (B) Second, to can- 
cel out lateralized potentials that are not specifi- 
cally related to response preparation. we sub- 
tracted the waveform obtained for the left-hand 
trials from the waveform obtained for the right- 
hand trials. The resulting LRP reflects the average 
amount of ateralization occurring as a result of the 
motor preparation of the response hands. The 
LRP deviates from the base line in an upward 
direction as soon as response preparation for the 
cued response hand occurs (7, 8). 

ual whether to respond. This is precisely 
what we observed. A n  LRP developed not 
onl\- for go trials, but initially also for no-go 
trials, without an  overt response (Fig. 3) 
( 1  1 ). T h e  early availability of syntactic in- 
formation enabled response preparation, 
but \vhen information about the noun's 
phonological form became available, this 
then overruled further response preparation 
o n  the no-go trials. 

A possible concern might be that both 
t\-pes of information become available a t  
the  same Inonlent in time during noun- - 
phrase production, but that because of the 
task configuration, the  response hand is 
always selected before the  go or no-go de- 
cision is made. Therefore, lve performed a 
second exuerilnent in  lvhich the  same task 
components were used, but now it was the  
syntactic gender information that deter- 
mined the go or no-go decision and the 
word-initial phoneme that determined the  
resvonse hand. This task configuration em- " 

phasizes the earl\- use of phonological infor- 
mation: Previous LRP studies have shown 
that in a choice reaction go or no-go task, 
participants assign priority to the extraction 
of sti~nulus inforlnation that can be used to  

- Go trials 
......... NO-go trials 

I I I 
0 150 500 1000 1500 

Picture Frame 
onset onset Time (ms) 

Fig. 3. Grand average (N = 16 pariicipants) LRPs 
on go trals and no-go trlas In experiment 1.  The 
syntactic gender decislon determined the re- 
sponse hand; the word-initial phoneme decision 
determined whether a trial was a go or a no-go 
trial. Significant ateraization of the readiness po- 
tential was obtained both on go and on no-go 
trialsfrom 370 ms after picture onset. The shaded 
area shows the time interval in which the go and 
the no-go LRPs were significantly different from 
the base line, but not from each other. The pres- 
ence of an LRP for no-go trials means that prep- 
aration of a syntactic response has started before 
phonological information is available to inform the 
motor system that a response should be withheld. 
The right border of the shaded area marks the 
moment (41 0 ms) at which phonological informa- 
tion leads to the termination of the syntactic re- 
sponse preparation on no-go trials. 

I response on go trlals 

- Go trials 
......... No-go trials 

I I I I 
0 150 500 1000 1500 

Picture Frame 
onset onset Time (ins) 

Fig. 4. Grand average (N = 16 partclpants) LRPs 
on go and no-go trials of experiment 2. The syn- 
tactic gender decision determined whether a trlal 
was a go or a no-go trial, and the word-initial 
phoneme decision determined the response 
hand. No significant ateralization of the readiness 
potential was obtained on no-go trials. 

select a response hand (9), lvhich in  exper- 
iment 2 is the phonological information. 
Nevertheless, if syntax is indeed available 
before phonolog\-, then an  LRP should de- 
velop onl\- o n  go trials and not  o n  no-go 
trials. This is exactly the  pattern of results 
that we observed (Fig. 4) .  

T h e  presence of a no-go LRP in experi- 
ment  1 together wit11 its absence in exper- 
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iment 2 demonstrates that in noun-ahrase 
productioll the sptactic gender of a noun is 
retrie\~ed before its abstract phonological 
properties. 

By colnparlng the go LRP with the no-go 
LRP ohtamed In exuellrnent 1, we can es- 
timate the length of the time interval in 
\\,hich syntactic but no phonological infor- 
mation of the noun \\,as available. Two time 
points are of interest from this comparison 
(Fig. 3). First, the go and no-go LRPs start- 
ed to develop at about 37C ms after picture 
onset, so at that moment, syntactic gender 
Ivas al~ailable to select the correct response 
hand. Second, at about 41C ms after picture 
onset the go and no-go LRPs diverged 
sharply. While the go LRP continued to 
develop, the no-go LRP gradually returned 
to the base line. This indicates that there 
was already enough pho~lological informa- 
tion available at 40 ms after LRP onset to 
make the go or no-go distinction. Thus, in 
noun-phrase product~on it takes only about 
40 ms to retrleve a noun's initial phoneme 
once its syntactic gender has been retrieved. 

These data provide fine-grained tempo- 
ral information about the moments at 
\vhich distinct word representations are re- 
trieved from the mental lexicon during the 
real-time process of speaking. The empirical 
approach that we have presented opens the 
way for f~lrther, temporally fine-grained 
neurophysiological analyses of the uniquely 
human sk~ll of speaking. 
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Targeting the Receptor-G, Interface to Inhibit in 
Vivo Pressure Overload Myocardial Hypertrophy 

Shahab A. Akhter, Louis M. Luttrell, Howard A. Rockman, 
Guido laccarino, Robert J. Lefkowitz, Walter J. Koch* 

Hormones and neurotransmitters may mediate common responses through receptors 
that couple to the same class of heterotrimeric guanine nucleotide-binding (G) protein. 
For example, several receptors that couple to G, class proteins can induce cardiomy- 
ocyte hypertrophy. Class-specific inhibition of G,-mediated signaling was produced in 
the hearts of transgenic mice by targeted expression of a carboxyl-terminal peptide of 
the a subunit Ga,. When pressure overload was surgically induced, the transgenic mice 
developed significantly less ventricular hypertrophy than control animals. The data dem- 
onstrate the role of myocardial G, in the initiation of myocardial hypertrophy and indicate 
a possible strategy for preventing pathophysiological signaling by simultaneously block- 
ing multiple receptors coupled to G,. 

Myocardial hypertrophy is an adaptive re- 
sponse to various mechanical and hormonal 
stimuli and represents an initial step in the 
pathogenesis of many cardiac diseases that 
ultimately progress to ventricular failure. 
The mecha~lisms by r\~hicl~ cardiac hyper- 
trophy is initiated and how this co~ldition 
eventually progresses to heart failure are 
poorly understood. Several independent sig- 
naling pathways have been implicated in 
the activation of the hypertrophic response 

in vitro (1 ). The G protein G, is thought to 
be important In this process because various 
ligands, such as phenylephrine, angiotensin 
I1 (AngII), and endothelin I ,  that activate 
G,-coupled receptors can trigger hypertro- 
phic responses in cultured myocytes (2 ) .  In 
vivo studies with G,-coupled receptor an- 
tagonlsts have also implicated G,-mediated 
signaling in press~lre-overload velltricular 
hypertrophy ( 3 ) ,  and transgenic mice with 
cardiac overexpression of either Ga,, a , -  
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