
ture containing 0.3 percent water at 
100°C led to deceleration and cessation 
of the enzymatic transesterification [be- 
cause of the water-induced destabiliza- 
tion of the biocatalyst (Fig. 2B)l. 

On the basis of these data, the struc- 
ture of the dry lipase, although similar to 
that of its wet counterpart (12), appears 
to be more rigid. If so, then even though 
the wet porcine pancreatic lipase [an 
enzvme known for its wide substrate 

Analysis (McGraw-Hill, New York, ed. 2,1975). 
p. 361. 
Above 1.1 percent, the concentration of water 
begins to approach solubility in the tributyrin- 
heptanol mixture. Apparently as a result of 
some interfacial phenomena, the enzyme pow- 
der at the water content above 1.1 percent 
becomes a gluelike mass devoid of lipase activi- 
ty. 
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to enhace the conformational mobility of the 
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specificity ( 3 1  will accept nearly any 
alcohol as a nucleophile in the transes- 
terification reaction, the dry lipase will 
perhaps be unreactive toward bulky al- 
cohols because it lacks the conforma- Satellite Observations of the 1982-1983 El Niiio 
tional mobility needed to accommodate Along the U.S. Pacific Coast 
them in the active center. To test this 
prediction, we examined the reaction of Abstract. Satellite infrared temperature images illustrate several effects of the 
tributyrin with various alcohols (Table 1) 1982-1983 El Nifio: warm sea-surface temperatures with the greatest anomalies near 
catalyzed by dry and wet lipase. Upon the coast, weakened coastal upwelling, and changes in surface circulation patterns. 
increase in size or transition from pri- Phytoplankton pigment images from the Coastal Zone Color Scanner indicate re- 
mary to secondary alcohol, the reactiv- duced productivity during El Nifio, apparently related to the weakened coastal up- 
ities of the wet and dry enzyme remained welling. The satellite images provide direct evidence of mesoscale changes associ- 
comparable. However, with tertiary al- ated with the oceanwide El Nifio event. 
cohols the dry lipase, in contrast to the 
wet, was completely inactive (Table 1). The El Niiio event that has caused limited in spatial and temporal coverage. 
Thus, dehydration of the enzyme not major physical and biological changes in Global sea-surface temperature (SST) 
only enhances its thermal stability but the equatorial Pacific since early 1982 data analyzed routinely by the National 
also changes its substrate specificity 
(13). This phenomenon, should it prove 
to be a general one, may form a basis for 
a new approach to the improvement of 
catalytic properties of enzymes (14). 
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Laboratory of Applied Biochemistry, 
Department of Nutrition and Food 
Science. Massachusetts Institute o f  
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1982-1983 El Nifio. These sensors pro- 
vide extensive and synoptic coverage 
with resolution to 1 km2. Accurate esti- 
mates of SST can be retrieved from 
Advanced Very High Resolution Radi- 
ometer (AVHRR) infrared radiance data 
with sufficient precision to permit the 
detection of interannual changes. Satel- 
lite imagery of the SST field reveals 
changes in coastal upwelling intensity 
and circulation patterns, as well as gross 
SST anomalies. 

The AVHRR data from daytime 
NOAA-7 passes (- 1430 local time) 
were received and processed at Scripps 
Institution of Oceanography's Satellite 
Oceanography Facility. Calibration and 
multichannel SST retrieval were based 
on established and verified algorithms 
(4). The differential effect of water vapor 
in thermal-infrared channels 4 and 5 al- 
lows correction of the negative error 
caused by atmospheric absorption and 
reemission of infrared radiation from the 
sea surface. The matching of satellite 
SST estimates from 18 February 1982 
with ship SST measurements from 35 
stations off southern California occupied 
on the same day (5) yielded a root-mean- 
square deviation of 2 0.35"C with a neg- 
ligible bias of +0.07"C. 

On 16 December 1982, the ocean off 
the coast of southern California and 
northern Baja California was not consis- 
tently warmer than 1 year earlier (Fig. 
1A): the mean and standard deviation of 
pixel-by-pixel SST differences were 
-0.44" ? 0.89"C. However, striking dif- 
ferences in mesoscale features are appar- 
ent. The plume of cold water off Point 
Conception (top left corner) is a perenni- 
al feature formed by offshore advection 
of California Current water from the 
north augmented by coastal upwelling. 
The plume was still present in December 
1982 but was warmer by up to 3°C than in 
1981. Small patches of relatively cool 
water along the coast were less intense in 
December 1982, a sign of weakened 
coastal upwelling. 

On 10 January 1983, this region was 
considerably warmer than 1 year earlier 
(Fig. 1B). Pixel-by-pixel differences av- 
eraged + 1.72" ? 1 .20°C and were great- 
er than +4"C near the coast. Neither the 
plume of cold water off Point Conception 
nor signs of coastal upwelling were evi- 
dent. However, cooler California Cur- 
rent water was present offshore and to 
the north just beyond the comer of the 
image. February satellite data show that 
the following effects of El Nifio persist- 
ed: SST differences up to +4" to 5°C near 
the coast, very weak coastal upwelling, 
and no sign of a cold-water plume off 
Point Conception. An anomalously 
strong seasonal poleward countercurrent 

- 27 MAY 1982 10 MAY 1983 



observed off Point Conception in Febru- 
ary may account Em The &@kemeut of 
W o n r i a  Current water (6). 

In April and May, effects of El Niiio 
could not be seen iri comparisons be- 
tween 1982 and 1983 sa ta te  images. 
During April and May 1982, $ST anoma- 
lies of -0.3" to +2.2"C were observed off 
California (3), representing the "nor- 
mal" interannual variaWty of the Cali- 
fornia Current system. An increase in 
coastal upwelling to near normal levels 
during April 1983 was indicated by cool 
water along the coast south of San We- 
go, CaIiEda. By July 1983, however, 
the El Wiiio eEects observed in Decem- 
ber through February were once again 
evident: SST differences up to 4°C were 
associated with wann water intruding 
along the coast toward Point Concep- 
tion, and coastal upwelling appears to 
have been distinctly weaker than in July 
1982. 

22 JULY 1982 29 JULY 1983 On 10 May 1983, the ocean off the 

Fig. 1. Advanced Very 
High Resolution Radiom- 
eter sea-surface tempera- 
ture images off southern 
California (B), central- 
northern California (C), 
and Oregon-Washington 
(D); Coastal Zone Color 
Scanner phytoplankton 
pigment images off south- 
ern California (E). 

coast of central and northern California 
was not uniformly warmer than 1 year 
earlier (Fig. 1 C). Pixel-by-pixel diier- 
ences were + 1.58" a 1 .90°C and up to 
+ S T  north of San Francisco. However, 
coastal upwetling south d San Francisco 
appears to have been more intense in 
1983, when SST was colder by up to 
4.5T than in 1982. On 29 July 1983, 
the ocean off the coast of Washington 
and Oregon was much warmer than 1 
year earIier (Fig. ID). Pixel-by-pixel dif- 
ferences were +2.69" a 1.99"C, with 
changes up to + 6 . X  associated with 
weaker coastal upwelling. 

1982 I 
108a The Coastal -zone Color Scanner 

=ig. 2. Time series of 1982-1983 monthly anomalies dong the Pacific coast. Monthly sea- (CZCS) on Nimbus-7 provides visible 
urfa~e tem-ture anomalies from 1942-I%9  MUI IS (A) are from NOAA W s e s  of ship, color data reflecting the biological effects luoy, and sntdite data (3) averagd in 3" squares. Monthly upwelting index anomdies from 
946-1971 means (B) are nornaked  by the standard deviations of values published by Bakun El'wui0 in ofch-es in phflO- 
73). The upwelling index is equd to offshore Ekman transport, computed from surface wind plankton biomass a& productivity (7). 
trprf veptfirr ~ P A V P ~  from rvnnntip pn91rmer nf thn r a m r f n n n  ntmenrha4n ---on..re nkton p'- 



ment levels (C,,,) off southern California 
were considerably lower than on 19 April 
1982 (Fig. 1E) (8). The 1983 C,,, values 
along the coast were generally less than 
half the 1982 values. In 1982, waters with 
C,,, > 0.8 mg m-3 extended more than 
100 km offshore in plumes associated 
with upwelling near Point Conception. 
This represents typical early spring con- 
ditions in the Southern California Bight. 
In the 1983 image, only tenuous upwell- 
ing plumes can be seen at Point Concep- 
tion, with high C,,, values only in near- 
shore waters. Monthly ship transects off 
southern California since March 1983 
have shown increasing departures from 
normal: the maximum layer of chloro- 
phyll deepened along with the mixed 
layer, and integrated chlorophyll values 
in the water column declined to one- 
quarter of the normal by August (2, 9). 
The satellite images suggest that the ini- 
tial reduction of nearshore phytoplank- 
ton productivity during El  NiAo was as- 
sociated with weakened upwelling. 

These satellite data corroborate the 
results of two routine data analyses pro- 
viding more complete spatiotemporal 
coverage of El NiAo (summarized in Fig. 
2). Along the coast from 27" to  49"N, 
markedly anomalous warm temperatures 
and weak upwelling indices began in 
December 1982 and peaked in February 
and March 1983 (Fig. 2A). The slope of 
SST anomaly contours in December and 
January indicates poleward propagation 
at 105 km day-', compared to a theoreti- 
cal phase speed of 100 km day-' for 
coastal trapped internal Kelvin waves. 
In theory, poleward geostrophic flow 
induced by a Kelvin wave may transmit 
El Nido SST and sea-level anomalies 
from the equator, although Simpson 
shows that the 1982-1983 California 
anomalies were more consistent with on- 
shore transport induced by large-scale 
atmospheric forcing in the north Pacific 
(10). In fact, the anomalies in the upwell- 
ing index in Fig. 2B, which indicate 
positive onshore transport anomalies, 
appear to  propagate equatorward at  150 
km day-' .  For  several months beginning 
in April, upwelling indices returned to 
near or above normal and SST anomalies 
declined to 0.5" to  1.5"C. This modera- 
tion of El  Nino is also evident in time 
series of sea level along the California 
coast (11) and follows a transient decline 
in equatorial SST anomalies that began 
in January and February (12). 

The view of El  NiAo provided by these 
satellite images, especially the direct evi- 
dence of weakened coastal upwelling, 
could not be readily obtained from con- 
ventional ship and buoy data. One of the 
primary benefits of oceanographic sen- 

sors on satellites is that they provide 7. H. R. Gordon, 0. K. Clark, J .  W. Brown, D. B. 
Brown, R. H. Evans, W. W. Broenkow, Appl. 

extensive and synoptic coverage of lo- o p t .  22,  ?o (1983). 
calized mesoscale changes at  the sea 8. Crosses In F I ~ .  1E mark surface pigment sta- 

tions. Pigment algorithms are from R.  C. Smith 
surface. and K. A. Baker [Mar. Biol. 66. 269 (1982)l for 

pAUL C, F , ~ ~ ~ ~ ~  CSa, < 1.5 mg m-3, and from (7) for c,,, 2 1.5 
mg m-3. The C,,, values on 15 March 1983 

National Oceanic and Atmospheric matched ship values from 17 to 18 March (all 

Administration, National Marine < 0.5 mg m-', J .  A. McGowan, Scripps Institu- 
tion of Oceanoeraohv) to i 4 2  uercent. with a 

Fisheries Service, Southwest Fisheries bias of +23 The CZCS algorithms were 
less successful in matching higher ship values on 

Center, La Jolla, California 92038 19 Auril 1982 (uu to 8 mr W3. R.  W. Owen. 
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ca2+-~ependent Protein Kinase Injection in a Photoreceptor 
Mimics Biophysical Effects of Associative Learning 

Abstract. Zontophoretic injection of phosphorylase kinase, a ca2+-calmodulin- 
dependent protein kinase, increased input resistance, enhanced the long-lasting 
depolarization component of the light response, and reduced the early transient 
outward K+ current, I*, and the late K+ currents, IB,  in type B photoreceptors of 
Hermissenda crassicornis in a ca2+-dependent manner. Since behavioral and 
biophysical studies have shown that similar membrane changes persist after 
associative conditioning, these results suggest that ca2+-dependent protein phos- 
phorylation could mediate the long-term modulation of speciJic K+ channels as a 
step in the generation of a conditioned behavioral change. 

A learned behavioral change is ac- 
quired by the nudibranch mollusk Her- 
missenda crassicornis when trained with 
paired light and rotation but not with 
randomized stimuli (1). Biophysical 
changes intrinsic to  the soma membrane 
of the type B photoreceptors have re- 
peatedly been found only in conditioned 
animals during the acquisition and reten- 
tion of the learned behavior. These 
changes, which have been implicated in 
the generation of conditioning in Hermis- 
senda, consist of an increase in the dark 
membrane input resistance (Ri,), an en- 
hancement of the light response, notably 
the long-lasting depolarization (LLD) 
component that follows a light step (2, 
3), and reduction of the early transient 
K +  current (IA) (4). Preliminary studies 
suggest that other membrane currents 
also change with conditioning (3, as has 
recently been proposed (6, 7). 

A number of studies taken together 
have suggested how these biophysical 
changes may occur during acquisition of 
the learning and how c a 2 +  might be 

involved in this process. Synaptic and 
light-induced depolarization of the type 
B cells is enhanced and more prolonged 
when light and rotation are paired (6). 
With repeated light and rotation pairings 
membrane depolarization persists (2, 8). 
Light- and voltage-dependent depolar- 
ization of the type B cell is accompanied 
by a rise in intracellular Ca2+ ([Ca2+li) 
(9). Elevation of [ca2+]i in turn causes 
long-lasting inactivation of ZA (10) and 
possibly a Ca2+-activated K +  current 
(11). During retention of the conditioned 
response, the type B cell does not remain 
depolarized, but the IA reduction per- 
sists and the L L D  remains enhanced. 

What biochemical process might un- 
derlie the long-term biophysical effects 
of conditioning, which seem to be related 
to elevated [Ca2+li? Previously, we 
found that phosphorylation in a 20,000- 
dalton protein was altered in the eyes of 
conditioned animals (12) and that ionto- 
phoretic injection of the catalytic subunit 
of adenosine 3',5'-monophosphate (cy- 
clic AMP)-dependent protein kinase into 

SCIENCE, VOL. 224 




