
response to the change in plate motion that 
occurred after chron 3a (Fig. 4). 

The Le GCographe and L'Astronome TFs 
survived the changes in plate motion and 
apparently only evolved into WFZs, proba- 
bly because the initial offset was too large to 
allow the transition from FZ to GOSC. In- 
stead, they may have followed one of the 
alternative models described in (1 5) .  O n  the 
other hand, the traces of two FZs (respec- 
tively named FZ A and Antipodes FZ) are 
interrupted at the boundary of the large V, 
south of the Udintsev FZ. A t  their intersec- 
tion with the ridge axis, OSCs are present, 
respectively, near 60'1 llS, 152"15'W and 
near 58"23'S, 148"401W. The transitions 
from TFs to OSCs occurred between chrons 
6c and 5d for FZ A, and between chrons 4a 
and 3a for Antipodes FZ, coincidentally with 
changes in plate motions. 

The  proximity of the Euler poles of ro- 
tation of the Pacific and the Antarctic 
plates and the fact that the spreading rate is 
close to the threshold value over most of 
the ridge length amplify the effects of the 
changes in plate motions. The increase in 
spreading rate and the clockwise change in 
the direction of the Pacific-Antarctic rela- 
tive motion since 6 Ma have had three 
main consequences: (i) the axial morphol- 
ogy has changed from a rift valley to an  
axial high, (ii) rift propagation was trig- 
gered, and (iii) axial geometry has been 
rearranged, with the linkage of ridge seg- 
ments and transitions from FZs to OSCs. 
Extrapolation of shipboard data interpreta- 
tions suggests that this scheme has persisted 
over the last 30 to 35 My and explains most 
of the large V-shaped structure. This V, 
which initiated south of the Udintsev FZ 
shortly after chron 130 (33.5 Ma), results 
from a change in axial morphology that 
propagated southward. Its boundaries are 
the fossil traces of pseudofaults related to 
ancient PRs (such as on the Antarctic plate 
near 59"201S, 132"W, near 6 1 5 ,  141°W, 
and near 61°30'S, 146"201W), or the fossil 
traces left on the sea floor by numerous 
transitions from FZ to giant OSC. 
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Inner Core Rotation Rate from Small-Scale 
Heterogeneity and Time-Varying Travel Times 

Kenneth C. Creager 

The time it takes seismic waves to propagate from South Atlantic earthquakes through 
the inner core to station COL in Alaska has decreased systematically over the past 30 
years. Travel times from three earthquakes in 1991 to an array of 37 seismometers in 
Alaska suggest that lateral gradients in seismic wavespeeds are steep in this part of the 
inner core. This combination of observations can be explained by postulating that the 
inner core is rotating 0.2" to 0.3" per year faster than the mantle. 

Numerical  modeling of fluid flow in 
Earth's outer core has produced realistic 
models for the geodynamo that generates 
Earth's magnetic field (1-4). Rotation of 
the inner core should be coupled by mag- 
netic Lorentz forces to fluid flow near the 
base of the outer core which, in some cal- 
culations, is consistently faster than the 
rotation rate of the mantle (2,  3) and in 
others fluctuates between faster and slower 
(4). Systematic variations in the travel 
times of seismic waves through the inner 
core during the past 30 years have led some 
seismologists to conclude that the inner 
core is rotating faster than the mantle by 1" 
per year (5) to 3" per year (6). O n  the other 
hand, gravitational coupling between small 
aspherical variations in the topography of 
the inner core and in the density structure 
of the mantle are thought to prevent differ- 
ential rotation between the inner core and 

mantle unless the inner core can deform its 
large-scale shape on time scales of years. T o  
reconcile these fast differential rotation 
rates with gravitational coupling seems to 
require that the viscosity of the inner core is 
less than 3 X 1016 Pass (7, 8). 

The ~ r ima rv  evidence that the inner 
core is rotating at a different rate than the 
mantle comes from careful observations by 
Song and Richards (5) of differential travel- 
time residuals between the phases PIBc and 
PI,,. The PIDF (or PKPDF) ray goes through 
the solid inner core, while the PIBC ray 
traverses nearly the same path throughout 
the mantle, but turns near the base of the 
fluid outer core. As a result, the difference 
in travel times for these two rays is sensitive 
to the structure of the inner core but is 
much less sensitive to structure in the crust 
and mantle. Song and Richards found that 

D 

the differential time residuals observed at 

Geophysics Program, Box 351 650, University of Wash- 
station COL in Alaska from earthquakes 

inston, seattie, WA 98195-1650, USA, ~ . ~ ~ i l :  near the South Sandwich Islands increase 
kchgeophys washngton edu systematically by about 0.3 s as a function of 
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Event date 

Fig. 1. (A) Observed PI,-PIDF travel-time residuals and (B) percent resid- 
uals normalized by total travel time through the inner core for station COL in 
Fairbanks, Alaska, as a function of event date. Epicentral distance (in de- 
grees) of each observation is shown by symbol type in the key. SEM is shown 

the earthquake dates during the past 30 
years. Apparently, something has changed 
along the ray paths of either PfBC or PIDF 
during this time interval. The most likely 
cause for time-varying changes in structure 
within Earth is that the inner core is rotat- 
ing with respect to the mantle and that the 
elastic structure of the inner core is not 
axi-symmetric. Indeed, the inner core ap- 
pears to be strongly anisotropic with a sym- 
metry axis that is close to, but not exactly 
parallel to, the spin axis (5, 6, 9, 10). 
Alternatively, the inner core may be later- 
ally heterogeneous (1 1-13). Either type of 
structure would cause travel times from a 
source-region to a station to vary as a func- 
tion of earthquake date if the inner core is 
rotating with respect to the mantle. Song 
and Richards (5) estimated the rotation 
rate of the inner core from the observations 
at COL and an inner core model that is 
homogeneous and anisotropic with a sym- 
metry axis that is tilted with respect to the 
spin axis. Here, I analyze 51 PrBC-PrDF 
times recorded at 37 stations of the Alaska 
Seismic Network (ASN) and find that this 
part of the inner core exhibits steep lateral 
gradients in wavespeeds, such that small 
values of differential rotation rates explain 
the observations at COL. 

I analyzed data from station COL in 
Fairbanks, Alaska, that were recorded be- 
tween 1967 and 1996. This station was 
upgraded from short-period analog to short- 
period digital in January 1982, to broadband 
in February 1987, and then to a higher- 
quality broadband station in March 1991. 
The instrument responses for these seis- 
mometers are known. I deconvolved the 
known instrument responses and recon- 
volved in a standard DWWSSN (Digital 
World-Wide Standardized Seismograph 
Network) short-period response so that the 
seismograms appear as if they all came from 
the same seismometer. This response is 
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as bars for four time bins separated by the years 1973, 1980, and 1987. 
Predictions from model 1 (Table 1 and Eqs. 1 through 3) are shown as solid 
lines. They are calculated at the mean epicentral distance of the data 
(1 50.7"). 

peaked at a period of 1 s. I also analyzed 
seismograms recorded at the ASN for three 
earthquakes on 15 June and 27 and 28 
December 1991, a period spanning only 6 
months. Instrument responses for these sta- 
tions are not as well calibrated as COL. I 
deconvolved the resDonse of an L4 seis- 
mometer and reconvolved with the stan- 
dard DWWSSN resDonse. The am~litude 
responses of the ASN seismometers are sim- 
ilar to one another in the pass band of the 
DWWSSN seismometer, so the errors asso- 
ciated with inexact knowledge of the re- 
sponses are expected to cause differential 
travel-time errors less than 0.1 s. The PrDF 
and PrBC phases were windowed by hand 
and cross-correlated to obtain accurate dif- 
ferential travel times with picking uncer- 
tainties of 0.1 s (14). Only unambiguous 
seismograms were analyzed, so it is unlikely 

that there are any cycle-skipping problems, 
which would produce errors on the order of 
1 s. Travel-time residuals were calculated 
from the observed differential times, using 
earthquake locations from Engdahl and 
others (1 5), the radial earth model AK135 
(1 6), and ellipticity corrections (1 7). 

My observations at COL confirm those 
of Song and Richards (5) that the residuals 
increase at a rate of nearly 0.1 s per decade 
during the past 30 years (Fig. 1). The linear 
correlation coefficient between the 36 
event dates and the observed residuals is 
0.61. Given this observed correlation, the 
null hypothesis that there is no correlation 
between event date and travel-time residual 
can be rejected with 99.98% confidence 
(1 8). Souriau and others (19) propose that 
a correlation between body-wave magni- 
tude and travel-time residuals provide an 

Fig. 2. (A) Vertical cross A 
sect~on AB showing inner- 

A \.- '-;- -- core ray turning depths 1060 km - . . --. 
and location along the . =- a -, 

1- . 
4- < 1 2  0% 

section (no vertical exag- - - --. -71: L -. 
gerat~on) and (B) map -A 

1 ' 

wew of ray turning points. lL 1. 
%-, 

1, , '-. -.. ' 2 2% 
Rays are nearly parallel to 1 
one another and perpen- 2 6% 

900 km 2.8% 2 4% 
dicular to the section. 
They sample a volume B 
500 km horizontally, 50 
km vertically, and 1400 
km along the ray paths. 
Symbols represent P',- 
PfDF travel-t~me residuals .g 
normalized by the tlme j 5 
through the mner core -A+ / 
(8tpbs/~,) X 1 m%. Obser- 

i 
vations vary from 1.8 to 0 r' 

I 

2.8%, circles are less than 265 270 275 280 285 290 295 300 305 
2.4%, and plusses (+) Longitude 
and crosses (x) are great- 
er than 2.4%. Observations at COL are white in (A) and crosses in (B). Other symbols are ASN stations. 
Contours indicate percent velocity anomaly averaged along paths petpendicular to cross section AB as given 
by the parameters in model 1 (Table 1). 
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alternative explanation for the COL data 
(5). O n  the other hand, the correlations 
between my normalized residuals and body- 
wave magnitude, epicentral distance, or 
back azimuth from the station are weak. 
The null hypothesis that they are not cor- 
related can be rejected with only 33, 88, 
and 23% confidence, respectively. 

Each of the 87 rays to COL and the ASN 
exhibit large positive P1,,-PIDF residuals, 
varying from 2.2 to 3.5 s. These early PIDF 
times correspond to ray paths in the inner 
core that are close to being parallel to Earth's 
s ~ i n  axis and have been attributed to inner 
core anisotropy [for example (9)]. Standard 
radial earth models such as AK135 116) , , 

predict that each ray follows a nearly straight 
path through the inner core, bending by only 
about lo .  Each of the rays analyzed here are 
nearlv ~aral lel  to one another. The median , A 

ray path direction through the inner core is 
26.4"N, 179.6"E. The root-mean-square 
(rms) variation of ray path directions with 
respect to this direction is only lo .  Thus, 
their inner core sampling can be visualized 
by a map view of turning points and by the 
cross section AB through the inner core that 
is perpendicular to the rays (Fig. 2). These 
rays sampled a region of the inner core that 
varies by 24' in longitude (500 km horizon- 
tally) and 2" in epicentral distance (150" to 
152.1"; 50 km variation in ray turning radi- 
US), whereas the path lengths within the 
inner core vary from 1300 to 1440 km. I 
parametrized each path by its epicentral dis- 
tance A, and the azimuth 5, of the turning 
point relative to a reference source location 
(5S0S, 27'W) at the mean position of the 
earthquakes. This angle parametrizes dis- 
tance along the cross section ranging from 
295" to 325" at points A and B, respectively 
(Fig. 2). I consider a model of the following 
form 

where N is the number of observations and 
S t , ~ ~ % r e  the observed PtBC-P' differen- 
tial travel-time residuals. Stlobs ZFintelpret- 
ed in terms of contributions from the inner 
core (St:c, whose sign is negative because it 
dewends on the P',, branch of the differen- ur 

tial time) and two small corrections for the 
aspherical structure beneath Alaska: St,,,,,, 
and Sto, PI is 1 for stations within 120 km 
of COL and 0 otherwise, and 6, is 1 for 
station COL and 0 otherwise. The inner 
core contribution is parametrized by 

where Av is a three-dimensional perturba- 
tion of the anisotropic compressional wave 
speed to v,, the reference model AK135. 
The integrals are over travel time (dt) along 
the inner core ray paths, T is the theoretical 
total travel time through the inner core, and 
Sv(5,A) is the dimensionless fractional ve- 
locity anomaly averaged along ray paths 
through the inner core. Because inner-core 
ray paths are nearly straight and parallel, the 
complex three-dimensional variations in 
anisotropic velocity structure of the inner 
core can be parametrized as variations with 
respect to 5 and A, which describe ray posi- 
tion in cross section AB (Fig. 2). I expanded 
Sv in a first-order Taylor Series with respect 
to distance and azimuth 

A I I. ' 

ASN far from COL 

I 

T, is the earthquake origin time in years 
since a reference date of 1991.8, 5, and A, 
are reference values of 3 1 1 " and 15 1 ", and y 
= 1.1 is a dimensionless factor relating the 
change in distance 5 along AB to change in 
longitude, which is directly related to inner- 
core rotation (Fig. 2). There are four free 
parameters: a (degrees per year) is the rel- 
ative rotation rate of the inner core with 
respect to the mantle, and Sv,, aviag, and 
av/aA describe the velocity anomalies of 
this small Dart of the inner core. The first 
parameter is dimensionless, and the other 
two have dimensions of 1 per degree. 

In contrast to the small but consistent 
temporal variations of 0.2 to 0.3 s at COL, 
PtBC-P',, times observed at the ASN 
stations from three South Sandwich Island 
events vary systematically by 1 s. This 
signal is most plausibly explained by small- 
scale heterogeneity within the inner core, 
most likely lateral variations in the degree 
or direction of crystal alignment (Figs. 2 
and 3 ) .  Normalized residuals (Figs. lB, 2, 
3, and 4B), defined as differential times 
divided by the predicted total time 
through the inner core (St,Ob"~i) x 100%, 
have been analyzed for two reasons. First, 
there is a significant increase in the ob- 
served residuals with increasing epicentral 
distance, which is reduced in the normal- 
ized residuals. Second, the dimensionless 
normalized times should equal the dimen- 
sionless model Sv(5,A) x 100%. Normal- 
ized residuals, superimposed on model 1 
(Table I ) ,  determined from ASN data 
only assuming Stmantle = 0 show a system- 
atic decrease with increasing azimuth at a 
rate of -0.019 2 0.003% per degree, 
which amounts to 0.5% over the 27" range 
of azimuths sampled (Figs. 2A and 3A) .  
The  uncertainty is optimistic because it 
assumes uncorrelated uncertainties in 

Azimuth Azimuth 

Fig. 3. (A) Observed PI,,-P',, residuals normalized by time through the except times are corrected for 6t ,,,,,, (all circles) and 6tc,, (open circles) 
inner core versus azimuth (5 measured along cross sectlon AB of Fig. 2). Solid before normalization, data are shlfted in 5 to account for a rotation rate of 0.21 " 
l~ne is model 1 evaluated at an epicentral distance of 150.7". (B) Same as (A) per year using the parameters In model 2 (Table I),  and sold line is model 2. 
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each observation of 0.15 s, which overes- 
timates picking errors, but may underesti- 
mate unmodeled mantle heterogeneity 
that would produce correlated errors. The 
equivalent total radial variation is only 
0.15%. This steep horizontal variation is 
of importance in determining the rate of 
rotation. The mean time through the in- 
ner core is 125 s, so the variation across 
the 24" of longitude sampled here (Fig. 
2B) is 0.5% of 125 s = 0.6 s. A variation 
in the tiines at COL of 0.2 s per 30 years 
(Fig. 1) translates to (0.2 s per 30 years)/ 
(0.6 s per 24") equals 0.3" per year. To 
quantify this rate, I used the three param- 
eters of model 1 describing the velocitv 

u 

heterogeneity of the inner core, still as- 
suming Stmantl, = 0, and combined Eqs. 1 
through 3 to invert the COL data only for 
a and St,,,. The best-fitting rotation rate 
is 0.31" per year, and St,,, = 0.33 s (Fig. 
1, A and B). 

In principle, the parameter Stco, would 
not be needed, but the COL data are about 
0.3 s above the line describing the model 
from the ASN data (Fig. 3A). To track . - 
down the source of this discrepancy, I 
picked the PrBc times for the ASN data 
(Fig. 4A). Note that the stations within 1" 
of COL (Fie. 4A; inside dashed circle) con- . -  . 
sistently exhibit negative residuals, suggest- 
ing a fast anomaly along paths to these 
stations. If the slab descending beneath 
Alaska turns to a near vertical dip beneath 
the deeoest seismicitv (-100 km in this , ~ 

region) then rays to stations near COL 
would come up through the slab (Fig. 4A). 
For stations within about 1" of COL, the 
PfBc times are consistently early by about 

1 s, but P'BC-PIDF are anomalously large by 
0.3 s, so the PrDF would be early by 1.3 s. If 
the descending slab is causing PfBC to be 
early, it is causing Pr,, to be even earlier, 
consistent with a steeply dipping slab. In- 
deed, stations near COL (Fig. 3A; filled 
circles) also exhibit anomalously large 
PfB,-PfDF observations. Because the abso- 
lute PrBC and the differential-time anoma- 
lies appear to correlate with the station 
locations, they probably have a common 
cause that is related to aspherical mantle 
structure on the receiver side of the paths, 
possibly, but not necessarily related to the 
subducting slab. 

A second model is constructed assumine " 
that whatever is affecting COL is also af- 
fecting the surrounding stations. I inverted 
the ASN data only for Stmantle and the three 
parameters describing Sv to construct mod- 
el 2 (Table 1). The correction most consis- 
tent with the ASN data is Stmantl, = 0.20 s, 
and the estimated horizontal gradient in 
inner-core velocity anomalies increases by 
50% over model 1. I then inverted the COL 
data only for a and Stco, and obtained 
values of 0.21" per year and 0.16 s. The 
rotation rate in model 2 is smaller than that 
of model 1, because the estimated horizon- 
tal velocity gradients are steeper (Fig. 3B). 

How confident are we that the inner core 
is rotating slightly faster than the mantle? 
First, this result depends on the observation 
that differential times at COL increase sys- 
tematically with event date. This appears to 
be a robust inference based on my results and 
those of Song and Richards (5). Secondly, 
the ASN data showed a much larger signal of 
0.6 s (model 1) to 0.9 s (model 2) of system- 

Longitude Longitude 

Fig. 4. Map vlews of Alaska showing station locations (circles and pluses), contours of the subducting 
slab at depths of 50, 100, and 150 km (heavy lines), a dashed circle l o  from COL, and a dotted line 
showing points that are equidistant from the source region. (A) P',, residuals averaged at each stat~on. 
Residuals were determined by cross-correlating the P',, phases at each station and removing the 
mean residual for each event. Circles are negative, plusses are positive, and largest circles represent 
residuals of about 1 s. End points of bars represent location of points where the P',, and P',, rays 
intersect 660-km depth. Th~ck bars correspond to stations near COL. (B) Normaiized PI,,-P',, 
residuals averaged at each station. All residuals are strongly positive. Circles are less than 2.4%, plusses 
are greater than 2.4%, and total range is 1.8 to 2.8%. 

atic variation with respect to horizontal sam- 
pling location of the inner core. The varia- 
tion of the 87 travel-time residuals with re- 
spect to ray path direction is such that rays 
more nearly parallel to the spin axis [or 
closest to the "fast axis" estimated in previ- 
ous studies (5, 9,  10, 20)) correspond to 
systematically smaller residuals, whereas all 
these studies predict the opposite variation. 
Correcting for this effect would increase the 
horizontal gradients slightly, and decrease 
the estimated rotation rates. The primary 
source of uncertainty is separating the ef- 
fects of inner core heteroeeneitv from 
mantle heterogeneity In theY ASN data. 
The standard deviation of 158 highest 
quality, globally distributed, hand-picked 
PrBC-PIDF times (21 ) in the same epicen- 
tral distance range analyzed here is 0.24 s 
after correction for a three-narameter 
model of large-scale inner core heteroge- 
neity. This places an upper bound on av- 
erage contributions from source misloca- 
tions and the mantle (including the D" - 
region). Furthermore, given the complex- 
ity of inner core structure inferred here, 
much of the 0.24 s signal from the globally 
distributed data is ~robablv due to the 
inner core. Thus, tLe systematic 0.6 to 
0.9 s variation in times across the ASN is 
more likely caused by the inner core than 
by the mantle. 

Given that the travel-times change sys- 
tematically by 0.6 to 0.9 s across the ASN, 
but only 0.2 to 0.3 s as a function of time 
for station COL, 0.3" per year is an upper 
bound on the rotation rate for the inner 
core relative to the mantle. If the inner 
core is rotating faster, a larger signal at 
COL should be observed. O n  the other 
hand, a lower bound is less certain. This is 
because the inner core may contain lateral 
velocity gradients over small scales that 
are locally much steeper than the mean 
gradient over the 500-km region I sample. 
Each observed travel time is sensitive to 

Table 1. First three parameters, and their 65% 
confidence intervals, describe the perturbation of 
velocities in the inner core from a spherical model 
(Eq. 3). Sv0 is dimensionless, and the other two 
parameters have units of 1 per degree. a is the 
inner-core rotation rate w~th respect to the mantle 
(in degreedyear). FtmantIe and 6tc0, (in seconds) 
are corrections for aspherical structure under 
Alaska (Eq. 1). 

Parameter Model 1 Model 2 

The 65% confdence intervals are: *, 0.0002; f ,  0.00003; 
and $, 0.00035. 
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structure within a volume along the ray 
path whose Fresnel width (22) for 1-Hz 
PrDF rays in the inner core is about 150 km. 
Lateral variations at much smaller scales will 
be smeared by the physical propagation of 
the waves. My observations exhibit consid- 
erable coherence on length scales up to 100 
km, but variability at longer scales (Fig. 2A). 
The steepest lateral gradient that is admissi- 
ble by the ASN data at 100-km length scales 
is 0.1 % per degree (Fig. 3A; azimuths 3 10" to 
317"). The rotation rate inferred from the 
COL observations and this gradient is 0.05" 
per year. 

Mv oreferred estimate is that the inner , A 

core currently rotates 0.2 to 0.3" per year 
faster than the mantle, but rates as low as 
0.05" per year cannot be ruled out by the 
available data. The   referred values are 3 
to 15 times smaller than, but in the same 
direction as, previous estimates (5, 6) .  
This lower rotation rate raises Buffett's (8) 
estimate of the upper limit for inner core 
viscosity from 3 x 1016 to 1017 Paes. The  
low inferred differential rotation rate is as 
much as 10 times slower than predicted 
from some dynamo calculations (3) and 
can be used to constrain parameters for 
future dynamo models. 
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Regulation of Distinct Stages of Skeletal Muscle 
Differentiation by Mitogen-Activated 

Protein Kinases 
Anton M. Bennett and Nicholas K. Tonks* 

The signal transduction pathway or pathways linking extracellular signals to myogenesis 
are poorly defined. Upon mitogen withdrawal from C2C12 myoblasts, the mitogen- 
activated protein kinase (MAPK) p42Erk2 is inactivated concomitant with up-regulation 
of muscle-specific genes. Overexpression of MAPK phosphatase-1 (MKP-1) inhibited 
p42Erk2 activity and was sufficient to relieve the inhibitory effects of mitogens on 
muscle-specific gene expression. Later during myogenesis, endogenous expression of 
MKP-1 decreased. MKP-1 overexpression during differentiation prevented myotube 
formation despite appropriate expression of myosin heavy chain. This indicates that 
muscle-specific gene expression is necessary but not sufficient to commit differentiated 
myocytes to myotubes and suggests a function for the MAPKs during the early and late 
stages of skeletal muscle differentiation. 

C 2 ~ 1 2  myoblasts. proliferate in response 
to mitogens and upon mitogen withdrawal 
differentiate into multinucleated myotubes 
(1). Although much progress has been 
made in defining the mechanisms govern- 
ing myogenesis at the transcriptional level 
(1 ,  2) ,  the signal transduction pathways 
involved in myogenesis are poorly defined. 
Differentiation of C2C12 myoblasts is in- 
hibited by serum, growth factors ( 3 ) ,  onco- 
genic tyrosine kinases (4), and oncogenic 
forms of the small guanine nucleotide-bind- 
ing protein Ras (5). These observations 
implicate the Ras pathway in relaying to 
the nucleus extracellular signals that re- 
press myogenesis. One of the effector path- 
wavs of Ras leads to activation of MAPKs. 
which have been implicated directly in reg- 
ulating proliferation and differentiation by 
phosphorylation of transcription factors in 
a variety of cellular systems (6,  7). Howev- 
er, the function of the MAPKs during skel- 
etal muscle differentiation has not been 
elucidated. 
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We induced C2C12 ~nyoblasts to differen- 
tiate by transfer from growth medium (GM) 
to differentiation medium (DM) (8). Within 
24 hours in DM, p42Erk2 activity (9) was 
reduced by 50%, whereas the activity of the 
related MAPK, c-Jun NH2-terminal kinase 
(JNK), remained unaffected (Fig. 1A). Con- 
comitantly, expression of the skeletal muscle- 
specific basic helix-loop-helix transcription 
factors MyoD and myogenin and the cell cy- 
cle inhibitor p21 (10) were increased, mark- 
ing the onset of myogenesis and cell cycle 
withdrawal (Fig. 1B). By day 3, multinucleat- 
ed myotubes had formed (11), correlating 
with expression of the terminal differentiation 
marker myosin heavy chain (MHC) (Fig. 1B). 
Between davs 2 and 3 of differentiation. 
p42Erk2 activity remained low, whereas JNK 
activity increased by 1.8-fold (Fig. 1A). The 
amount of p42Erk2 and JNK proteins re- 
mained constant throughout differentiation 
(11). 

These results suggest that inactivation of 
p42Erk2 might be required for C2C12 myo- 
blasts to initiate myogenesis. If so, ectopic 
expression of a dual-specificity protein phos- 
phatase with substrate specificity toward the 
MAPKs should facilitate myogenesis in the 
presence of mitogens. We sought to overex- 
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