
rests on the Pacific plate (Fig. 3), and the 
interface between them plays the role of the 
main thrust zone (that is, there is no slip on 
the surface) during the strain accumulation 
interval. The ultimate rupture. however. 

I ' 

does not follow that interface all the way to 
the trailing edge of the Yakutat block but 
rather breaks upward through the block 
(12) along one or more of thklistric, imbri- 
cate thrust faults between the Pamplona 
fault zone and the Chugach-St. Elias fault 
(Fig. 3). A model for subduction and colli- 
sion in the Yakataga gap and the associated 
strain rate (P22) profile is shown in Fig. 3. 
The down-dip end of the main thrust zone 
in that model is located at a change in dip in 
the plate interface inferred from seismicity 
(13). The model predicts a rate of strain 
accumulatio~ across the Yakataga trilatera- 
tion network with 1 2 2  equal to -0.15 
ystrain per year and PI1  and P12 both equal 
to zero. The equivalent shear strain rates are 

= 0.15 yradiyear and j2 = 0. The ob- 
served value of jl (0.26 r 0.05 yradlyear) 
is somewhat larger than predicted but is 
within the range that could be accounted for 
bv movement-of the north end of the main 
thrust zone up-dip. The observed value of j2 
(0.19 r 0.04 pradiyear) indicates a right- 
lateral transverse shear not predicted bv the 
model. This transverse shear may indicate 

that the plate convergence in the Yakataga 
gap is more oblique than suggested by the 
N15"W direction given by the model of 
Minster and Jordan (7). A more oblique 
convergence is supported by the coincidence 
between the N38"W direction of maximum 
compression and the N37"W strike of the 
Fairweather fault (locus of the 1958 rupture 
in Fig. l ) ,  which is the right-slip transform 
that forms the lateral, North Arnerican- 
Pacific plate boundary in southeastern Alas- 
ka. This oblique convergence may be a 
product of slip-line flow (14) in which the 
Yakutat plate is squeezed to the west. In any 
case we are satisfied that strain is accumulat- 
ing in the Yakataga gap at a rate commensu- 
rate with the eventual occurrence of a great 
plate-margin earthquake. 
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Translocation of Protein Kinase C Aaivity 
May Mediate Hippocampal Long-Term Potentiation 

Protein kinase C activity in rat hippocampal membranes and cytosol was determined 1 
minute and 1 hour after induction of the synaptic plasticity of long-term potentiation. 
At 1 hour after long-term potentiation, but not at 1 minute, protein kinase C activity 
was increased twofold in membranes and decreased proportionately in cytosol, 
suggesting translocation of the activity. This time-dependent redistribution of enzyme 
activity was directly related to the persistence of synaptic plasticity, suggesting a novel 
mechanism regulating the strength of synaptic transmission. 

ROTEIN KINASE ACTIVATION LEAD- 

ing to phosphorylation of neural pro- 
teins appears to occupy a pivotal role 

in the development and expression of synap- 
tic plasticity ( I ) .  We have suggested that the 
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protein kinase C (PKC) and the phosphoryl- 
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4.5) (4). This increase in F1 phosphoryl- 
ation persisted for 3 days after the induction 
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cerol formation could account for a more 
prolonged activation of PKC, as would be 
required to maintain the long-term elevation 
of protein F1 phosphorylation after LTP. 
This prolonged activation might result from 
a redistribution of PKC from cytosol to 
membranes, similar to the strong attach- 
ment of PKC to membranes produced by 
the tumor-promoting phorbol esters (10, 
11 ) . Such a stable attachment could account 
for an extended period of enzyme activation 
necessary for the maintenance of elevated F1 
phosphorylation levels during long-term 
plasticity. Accordingly, we determined 
whether the synaptic plasticity of LTP 
would result in the translocation of PKC 
activity to membranes. 

Male albino rats were anesthetized with 
urethane and stimulating electrodes were 
placed in the perforant path, the axonal 
system that connects the entorhinal cortex 
with the dentate gyms. A single recording 
electrode was placed in several different dor- 
sal hippocampal positions to define the ex- 
tent of synaptic invasion elicited by perfor- 
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Fig. 1. Increase in PKC activity in membranes 1 hour after LTP. The extent of perforant path activation of 
the dentate gyms in male albino rats was first determined. High-frequency repetitive stimulation (eight 
trains of eight 100-Hz pulses) or low-frequency control stimulation (64 pulses at 0.1 Hz) was then 
delivered. One minute or 1 hour later the animals were Wed  by rapid freezing in liquid nitrogen. The 
innervated regions of the dorsal hippocampus were dissected on a block of dry ice and homogenized in 50 

2,0 
mM tris (pH 7.2), 0.1 rnM EDTA, and leupeptin (10 pg/ml). To obtain particulate and soluble fractions .$ 
for each dorsal hippocampus, homogenates were spun at lOO,OOO8 for 1 hour and the resulting g- Control LTP 
supernatants were collected. The pellets were washed and the supernatants were combined. The .s 2 
supernatants, containing PKC activity from the cytosolic fraction, were then applied to a 0.4 by 1.0 cm 8.2 
DEAE-cellulose column equilibrated with 50 mM tris (pH 7.2), 2 mM EGTA, and 2 mM EDTA. After I 1.5 
sample addition, the columns were washed with 2 ml of equilibration buffer and PKC activity was eluted 2 $ 
with 400 p,1 of 0 . W  NaCI. To obtain particulate PKC activity, the 100,0008 pellet was resuspended in 50 .E 

mM tris (pH 7.2), 0.1 percent Triton X-100,2 mM EDTA, 2 mM EGTA, and leupeptin (10 pglml), and 2 $ 
the mixture was stirred for 1 hour at 4°C. After centrihgation at 100,0008 for 1 hour to remove debris, the ,$ % l,o supernatants, containing PKC activity extracted from membranes, were applied to DEAE-cellulose - 
columns and PKC activity was eluted as before. PKC activity was determined in the following assay mix: 50 5 
mMtris(pH7.2),1.5mMCaCIZ,0.5mMEGTA,0.5mMEDTA,100p,gofhistoneH1,3to5p,gofen- :s 
zyme preparation, and 0.5 mM [y-3ZP]ATP (specific activity, 50 cpdpmol), with or without phosphatidyl- 2 5 serine (100 pglml). The reaction was run for 10 minutes at 30"C, quenched with a saturated EDTA s g 0.5 

solution, and spotted onto phosphocellulose paper. The papers were washed and radioactivity was counted g n 
by liquid scintillation spectrometry. PKC activity was taken as the difference between activity seen in the 
presence or absence of phosphatidylserine. All enzyme assays were linear with respect to time and enzyme 5 
concentration. Values are means -t- standard errors (only the -standard error is shown; n = 6 for all I 
groups except controls, where n = 7); Student's t-test was used for calculating probability. 

control 

ant path stimulation (2). High-frequency 
(400 Hz) repetitive stimulation and control 
stimulation (0.2 Hz) were used (3). Anes- 
thetized animals were killed 1 minute or 1 
hour after delivery of the final stimulus train 
by application of liquid nitrogen to a retain- 
ing cup overlying the cerebral cortex. The 
regions of the dorsal hippocampus deter- 
mined to be activated by perforant path 
stimulation were then dissecied at 4 " ~ - a n d  
used in subsequent biochemical assays. PKC 
activity in particulate (membrane) and solu- 
ble (cytosolic) fractions was then assayed 
110). In addition. PKC activities were deter- 
\ ,  

mined after partial protein purification of 
individual particulate or soluble samples by 
DEAE-cellulose chromatography, designed 
to remove substances interfering with the 
assay of PKC activity (Fig. 1) (10). 

We observed a twofold increase (relative 
to low-frequency-stimulated or unoperated 
controls) in membrane PKC activity 1 hour 
after LTP stimulation (Fig. 1). Basal kinase 
activity (measured in the absence of added 
phospholipid) did not differ significantly 
between 1-hour LTP and control groups 
(LTP: 1.13 t 0 . 0 9  nmol P,/min - mg pro- 
tein; control: 1.25 & 0.11 nmol Pi/min . mg 
protein, n = 19). The increase in membrane 
PKC activitv was not observed 1 minute 
after tetanic stimulation; membrane PKC 
activity in the 1-minute LTP group was 
similar to both 1-minute and 1-hour low- 
frequency-stimulated controls as well as un- 
operated, unstimulated controls (Fig. 1). 
Thus the increase in membrane PKC activitv 
was not an immediate consequence of high- 
frequency tetanic stimulation, but required 
time to develop (12). 

Along with the increase in PKC activity in 
the membrane fraction 1 hour after LTP, 
there was a concomitant decrease in PKC 

activity in the cytosolic fraction (Fig. 2A). 
This decrease was nearly equivalent to the 
increase since the sum total of membrane 
and soluble PKC activities did not differ 
significantly between 1-hour LTP and stim- 
ulated control groups (Fig. 2B). These alter- 
ations in PKC levels after LTP stimulation 
may be attributed most simply to a redistri- 
bution or translocation of PKC activity 
from the soluble to the particulate phase. 

The observed alterations in PKC activity 
could not be attributed to synaptic transmis- 
sion per se, since low-frequency stimulation, 
which evoked more than 300 "population" 
excitatory postsynaptic potentials and spike 
responses, did not promote a translocation 
of PKC activity to membranes (relative to 
unoperated controls). This suggests that re- 
distribution of PKC activity may be specifi- 
cally related to the process of enhancement 
of synaptic transmission initiated by high- 
frequency repetitive stimulation. 

We wished to determine whether the 
increase in membrane PKC activity, like 
protein F1 phosphorylation (5), was directly 

related to the regulation of the persistence of 
synaptic plasticity. PKC activity in the mem- 
brane fraction of 1-hour LTP animals was 
therefore related to the electrophysiological 
persistence of the enhanced response. This 
persistence was defined as the percent 
change in spike amplitude from 1 minute to 
1 hour after LTP stimulation. We found 
that membrane PKC activity was directly 
related to the persistence of the synaptic 
enhancement (r = 0.852, P < 0.05, slope 
= + 0.42 2 0.24). Soluble PKC activity, as 
expected, was inversely related to the persis- 
tence of plasticity, but not significantly so 
( r  = -0.726; P < 0.10, slope = 0.40 -t 
0.31). These results indicate that the greater 
the LTP-induced growth in spike ampli- 
tude, the greater the PKC activity in mem- 
branes. Interestingly, membrane PKC activ- 
ity was not related to the percent increase in 
spike amplitude from pre-LTP to 1 minute 
or 1 hour after LTP stimulation (1-minute 
LTP: r = 0.21, P > 0.20; 1-hour LTP: 
r = -0.42; P > 0.20). This supports the 
suggestion (5) that PKC and protein F1 

Supernatant Membrane 

Fig. 2. Translocation of PKC 
activity by LTP stimulation. 
Methods were as described in 
the legend to Fig. 1. All animals 
were killed 1 hour after LTP. 
Values are means a standard 
errors (n = 6 per group). 
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play an important role in regulating the 
persistence of the enhanced response but not 
its amplitude. Since protein F1 appears to be 
identical to axonal growth-associated pro- 
teins [GAP-43 (13) and pp 46 (14)] and B- 
50, which is related to PI turnover (15)) its 
direct relation to synaptic enhancement (3, 
5)  may require such mechanisms, particular- 
ly presynaptic growth (1 6). 

The present results suggest a new mecha- 
nism for the long-term regulation of synap- 
tic plasticity. The redistribution of PKC 
activity between membrane and soluble frac- 
tions after LTP may indicate that PKC is 
physically translocated from the cytosol to 
the membrane. Since ion chelation (with 
EDTA) was unable to dissociate PKC activi- 
ty from LTP-stimulated membranes, it is 
likely that PKC became strongly attached to 
membranes after LTP. It has been proposed 
that PKC is activated after its association 
with the membrane (17)' and strong attach- 
ment of PKC to synaptic membranes could 
result in prolonged activation following 

LTP. Increasing the proximity of PKC to its 
membrane-bound substrates could result in 
the persistent elevation of substrate phos- 
phorylation, as has been observed with pro- 
tein F1 phosphorylation 1 hour after LTP 
(18). Consistent with this scenario is the 
recent observation (19) that iontophoretic 
application of phorbol ester, known to asso- 
ciate PKC with membranes (10, 11)) en- 
hances the persistence of long-term synaptic 
plasticity in the dentate gyms after LTP 
induction. 
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Equine Infectious Anemia Virus gag and pol Genes: 
Relatedness to Visna and AIDS Virus 

Comparison of HTLV-111, the putative AIDS virus, with other related viruses, may 
help to reveal more about the origin of  AIDS in humans. In this study, the nucleotide 
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analysis of visna proviral DNA has con- ~ 2 6  nL - - 
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determine more precisely the extent to 
which EIAV is related to HTLV-111, we 
analyzed the nucleotide sequence of a cloned 
EIAV proviral genome. Since it is possible 
to detect even auite distant relatedness if 
one analyzes highly conserved regions of the 
genome, we concentrated on theflag. andpol 
genes. 

Full-length EIAV proviral DNA was 
cloned from infected equine fibroblasts (8), 
and after appropriate subcloning the 5' half 
of the genome was sequenced by the meth- 
od of Maxam and Gilbert (9-1 1 ) . The orga- 
nization of the coding regions is dia- 
grammed in Fig. l ,  and the full sequence 
from the primer binding site (PBS) to the 3' 
end of the pol gene is shown in Fig. 2. 

As in HTLV-III(12) and mouse mamma- 
ry tumor virus (M-MTV) (13), the EIAV 
PBS is complementary to tlWAkYS, while 
the visna PBS is complementary to the 
isoaccepting tRNAkF (2). The two PBS 
sequences differ at five positions. In con- 
trast, the mammalian type C viruses use 
tRNATft as a primer (14) and the avian type 
C viruses, tRNATV (14). 

Beginning 116 bases after the PBS, there 
is an eight of nine match with the consensus 
splice donor sequence (15). This is the best 
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