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gradually increased to 1200°C over 6 hours 
at 27 GPa. Diffraction vatterns were col- 

Amorphization of Serpentine at High Pressure lected after every 50" (0 100°C increase, 

and High Temperature and we monitored the pressure change at 
the fixed press load during the heating (7). 
The intensities of the diffraction peaks of 

Tetsuo Irifune,* Koji Kuroda, Nobumasa Funamori, antigorite decreased compared with those of 
Takeyuki Uchida, Takehiko Yagi, Toru Inoue, AU at temperatures near 20o0C, and the 

Nobuyoshi Miyajima peaks disappeared at this temperature in a 
few minutes (Fig. 2C). A diffraction halo, 
characteristic of an amorphous material, ap- 

Pressure-induced arnorphization of serpentine was observed at temperatures of 200" to peared as the diffraction peaks disappeared; 
300°C and pressures of 14 to 27 gigapascals with a combination of a multianvil apparatus thus, antigorite was converted to an amor- 
and synchrotron radiation. High-pressure phases then crystallized rapidly when the phous state at these temperatures within 10 
temperature was increased to 400°C. These results suggest that amorphization of min. With further heating, a few new dif- 
serpentine is an unlikely mechanism for generating deep-focus earthquakes, as the fraction peaks appeared at temperatures 
temperatures of subducting slabs are significantly higher than those of the rapid crys- near 400°C, and these grew rapidly (Fig. 2, 
tallization regime. D and E). X-ray diffraction and electron 

microprobe data for the sample quenched 
from 1200°C at 24 GPa show the presence 
of phase D (8) and superhydrous B. Similar 

T h e  occurrence of deep-focus earthquakes sition of Fe0.05)3Si205(OH)4 as the results were obtained with lizardite (run 
at depths of 100 to 670 km in the mantle has starting material. We also used a natural liz- ME-3) at pressures of about 26 GPa (Fig. 1). 
been a puzzle because the brittle fracture ardite to study the effect of the crystallo- We also obtained similar results near 19 
should be prohibited under the pressure and graphic form on amorphization. The pow- GPa (run ME-2, Fig. 3), except that amor- 
temperature conditions corresponding to dered sample was mixed with a Au powder for phization of serpentine started at slightly 
these depths. A number of mechanisms have pressure measurements (4) and enclosed in a higher temperatures (by - 50°C) (Fig. 1). 
been proposed for the deep-focus earth- capsule made of cemented amorphous boron. The final products of this run, at 20 GPa 
quakes (1,2), but each has certain weakness- Twin-sheet heaters of T i c  were used, and the and 1050°C, were y-(Mg, Fe)2Si04 + 
es. One proposed mechanism is pressure- temperature was monitored with a Wg7Re3- stishovite (+ water). 
induced dehydration and amorphization of W26Re,4 thermocouple (5). In situ x-ray dif- In contrast, at pressures of 10 to 13 GPa, 
serpentine, a major hydrous phase in the fraction measurements at high pressures and we did not observe any clear evidence of 
subducting oceanic lithosphere (3). Acoustic high temperatures were performed at the Na- amorphization of antigorite either at room 
emissions have been associated with either tional Laboratory for High Energy Physics temperature or at high temperatures (run 
the dehydration or amorphization of serpen- (KEK) with a hybrid anviI system (6). ME-6, Fig. 1). Although the intensity of 
tine at pressures of up to 25 GPa in a dia- We carried out four runs at pressures up some diffraction peaks decreased slightly 
mond anvil cell (2). However, the direct to 28 GPa and at temperatures up to relative to those of Au at 400°C, high- 
observations of pressure-induced amorphiza- 1500°C (Fig. 1). For the first run (ME-I), pressure phases crystallized rapidly above 
tion of serpentine were made at room tem- containing antigorite, the pressure was in- 450°C. The quenched product from 
perature only. It has thus remained unclear creased slowly to 27 GPa at room tempera- 1200°C at 11 GPa consisted of a-(Mg, 
whether the acoustic emissions observed be- ture over 14 hours. The x-ray pattern was Fe)2Si0, + clinoenstatite (+ water). 
tween 6 and 25 GPa at temperatures of up to taken for 5 to 10 min after the pressure was Thus, in all of our runs, serpentine did 
about 600°C (2) were actually related to the held for 10 to 30 min every 2 to 3 GPa. not become amorphous over 14 to 30 hours 
amorphization of serpentine. We therefore 
examined the temperature and pressure con- 
ditions for the amorphization of serpentine Fig. 1. The temperature and pres- 

using in situ synchrotron radiation x-ray dif- ,500 
sure conditions of in situ x-ray dif- 
fraction measurements and sum- fraction measurements and a double-stage mary of the experimental runs to 

multianvil high-pressure apparatus. examine the amorphization of ser- 
We used natural antigorite with a compo- - pentine. Antigorite (ME-1, ME-2, 

and ME-6) and lizardite (ME-3) 
T. lnhne and K. Kuroda. Department of Earth Sciences, 3 were used as starting materials. 
Ehime University, Matsuyama 790, Japan. 
N. Funamori, T. Uchida, T. Yagi, lnstitute for Solid State The "amorphous" region denotes 
Physics, University of Tokyo, Roppongi, Minato-ku 106, 500 the conditions where amorphiza- 
Japan. tion of serpentine was observed 
T. Inoue, Center for High Pressure Research, State Uni- while no high-pressure phases were 
versity of New York, Stony Brook, NY 1 1794, USA. encountered. 
N. Miyajima, Department of Earth and Planetary Scienc- 
es, Hokkaido University, Sapporo 060, Japan. 
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Fig. 2. Some examples of the x-ray diction 
pattems in run ME-1 taken at 28 = 4"C, where 8 is 
diffraction angle. Virtually no changes in the pat- 
terns were observed in antigorite upon compres- 
sion to 27 GPa at room temperature (A and B), but 
it became amorphous above the temperature (T) 
of 200°C (C) at a fixed press load of 300 tons. At 
temperatures near and above 400°C, rapid crystal 
growth of phase D (peaks marked "D") was ob- 
served (D and E). Note that the halos observed in 
the energy interval of 40 to 80 keV are mostly 
caused by the amorphous boron capsule. Like- 
wise, the peak identified as that of periclase is due 
to the magnesia pressure medium that surround- 
ed the boron capsule. The additional halo became 
obvious in (C) and (D), where most of the antigorite 
became amorphous. S, serpentine (antigorite); Au, 
gold used as a pressure marker; P, periclase. As- 
terisks denote the characteristic x-ray lines of gold. 

at pressures up to 28 GPa and at room 
temperature. These results are in contrast 
with those obtained with a diamond anvil 
cell, where gradual amorphization of ser- 
pentine was observed in a pressure interval 
between 6 and 22 GPa. This difference may 
be due to kinetic effects on the amorphiza- 
tion, as the diamond cell experiments were 
conducted over a longer time interval (2). 

Alternatively, the difference between 
the results with the multianvil apparatus 
and the diamond anvil cell may be due to 
the different stress environments of the 
samples. The differential stress in a dia- 
mond cell is generally larger than that in a 
multianvil apparatus by about one order of 

.. .., 

10.1 GPa 

" " A u  

19.4 GPa Fu 
18.6 GPa 

17.6 GPa 

I 11 19.5 GPa 

Fig. 3. (A through E) X-ray diffraction pattems at 
28 = 4°C observed in run ME-2. Essentially the 
same results were obtained for the amorphization 
and the crystallization of antigorite as in the other 
runs, except that the final product observed at 
19.5 GPa at 1050°C was the spinel form of 
(Mg,Fe),SiO, (y) plus stishovite (St). 

magnitude (9, 10). Although the mecha- 
nism of the pressure-induced amorphization 
is not fully understood, it is likely that such 
a transformation is enhanced by high dif- 
ferential stress by analogy with the effects of 
shear stress on pressure-induced phase 
transformations in olivine (9). 

The results of a recent phase equilibria 
study (1 1) and the present experimental re- 
sults on serpentine are summarized in Fig. 4. 
Pure antigorite dehydrates at 2 to 7 GPa and 
600" to 700°C. Other forms of serpentine 
may dehydrate at significantly lower temper- 
atures, and, accordingly, the dehydration 
mechanism seems appropriate for the cause of 
the acoustic emissions observed in lizardite at 
pressures up to 9 GPa at 600°C in the dia- 
mond anvil cell experiments. Some subduct- 
ing slabs may be warmer than 600°C as in- 
dicated in Fig. 4, and the dehydration mech- 
anism can probably cause the deep-focus 
earthquakes at depths above 200 to 300 km. 

Our results show that amorphization of 
serpentine does occur between 14 and 26 
GPa at temperatures less than 200" to 
300°C (Figs. 1 and 4). However, at about 

Fig. 4. Possible temperatures at the upper -10 
km of the subducting slabs as a function of depth 
(2, 72). The temperatures of relatively young and 
thin slabs are higher than those of older and thick- 
er ones, but most of these estimations fall in the 
shadow region. A typical mantle geotherm (74) is 
also shown for comparison. The present results 
suggest that the amorphization of serpentine 
should occur only at temperatures less than 
400°C, which are well below the temperatures of 
the slabs. The phase relations of antigorite at 
depths shallower than 250 km are based on the 
results of a recent phase equilibrium study to 8 
GPa (1 7). En, enstatiie; Fo, forsterite; Ph-A, phase 
A; Ta, talc; W, water. 

4m°C, high-pressure phases rapidly crystal- 
lized in all of our runs. If loneer run dura- " 
tions were available, crystallization might 
happen at lower temperatures. Thus, in sub- 
ducting slabs, serpentine should completely 
transform to high-pressure phases at tem- 
peratures of 400°C, or ~ r o b a b l ~  lower. Al- 
though temperatures in subducting slabs are 
not well defined and varv amonn slabs. 
temperatures at about 10 k i  from thve uppe; 
surface of the slab. where sementine mav be 
one of the major minerals, have been esti- 
mated to be 600" to 1200°C at a depth of 
600 km (12); therefore, it seems unlikely 
that serpentine experiences the pressure- 
induced amorphization if it subducts to 
these depths (Fig. 4). It follows that the 
deep-focus earthquakes observed in a depth 
interval of 450 to 650 km are unrelated to 
the amorphization of serpentine. The pres- 
ervation down to 650 km (13) of the fault 
zones, which were formed by the dehydra- 
tion of serpentine at shallower depths (2, 
1 I), may be the major cause for the deep- 
focus earthquakes at these depths. 
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Blockage by Adenovirus E4orf6 of 
Transcriptional Activation by the p53 Tumor 

Suppressor 
Thomas Dobner, Nobuo Horikoshi, Susanne Rubenwolf, 

Thomas Shenk" 

The adenovirus E4orf6 protein is shown here to interact with the cellular tumor 
suppressor protein p53 and to block p53-mediated transcriptional activation. The 
adenovirus protein inhibited the ability of p53 to bind to human TAF,,31, a component 
of transcription factor IID (TFIID). Earlier work demonstrated that the interaction of p53 
with TAF,,31 involves a sequence near the NH,-terminus of p53, whereas the E4orf6- 
p53 interaction occurs within amino acids 31 8 to 360 of p53. Thus, the E4orf6 protein 
interacts at a site on p53 distinct from the domain that binds to TAF,,31 but never- 
theless inhibits the p53-TAF,,31 interaction. 

T h e  transcriptional regulatory protein p53 mains of p53 have been defined (4): an 
(1 ) activates the expression of proteins that NH,-terminal transcriptional activation 
control cellular growth (2).  Inhibition of its domain (amino acids 1 to 42), a central 
ability to activate transcription correlates DNA binding domain (amino acids 120 to 
with oncogenesis (3). Three functional do- 290), and a COOH-terminal regulatory do- 

main (amino acids 31 1 to 393). The DNA 
T. Dobner and S. Rubenwolf, lnstitut fur Med~zinische binding domain recognizes a DNA motif in 
Mikroblologle und Hygiene, Un~versitat Regensburg, genes that are activated by $3 (5). Muta. 
D-93042 Regensburg, Germany 
N. Horikosh and T. Shenk, Howard Hughes Medical In- in p53 that arise in cancers 
stitute, Department of Molecular Biology, Princeton Uni- generally cluster in its DNA binding do- 
versty, Princeton, NJ 08544, USA. main 16). The NH,-terminal activation do- 

\ ,  
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with TAF1,31, a constituent of TFIID, in 
the transcriptional initiation complex (7). 
The MDM-2 oncoprotein (8) and the ade- 
novirus E1B 55-kD oncoprotein (9) each 
bind to this domain of p53, blocking its 
activation function. The COOH-terminal 
domain of p53 contains an oligomerization 
dolnain as well as sequences that modulate 
DNA binding by p53. An antibody that 
binds within this domain stimulates se- 
quence-specific DNA binding by p53 ( lo ) ,  
as does phosphorylation within this domain 
( 10-1 3). The COOH-terminal domain of 
p53 also can bind to single-stranded nucleic 
acids (4, 14, 15), and short single strands 
of DNA markedly stimulate sequence-spe- 
cific DNA binding by the central domain of 
p53 (15). In this report, we demonstrate 
that the adenovirus E4orf6 protein binds to 
the COOH-terminal regulatory domain of 
p53. However, rather than modulate DNA 
binding, the viral protein inhibits the in- 
teraction of the NH,-terminal activation 
dolnain with the transcriptional initiation 
complex. 

The adenovirus E1B 55-kD protein can 
bind to both p53 (9) and the adenovirus 
E4orf6 protein (16), which raises the possi- 
bility that the three proteins might form a 
colnplex within adenovirus-infected cells. 
Therefore, we examined whether the 
E4orf6 protein can influence transcriptional 
activation by p53 (17). Initially, we assayed 
the effect of E4orf6 on the activity of a 
reporter gene containing two copies of the 
p53 binding site from the muscle creatine 
kinase gene in p53-deficient SAOS-2 cells 
(Fig. 1A). Cotransfection of a plasmid ex- 
pressing p53 with the reporter enhanced 
expression by a factor of about 6, whereas 
inclusion of a third plasmid expressing the 
E4orf6 protein blocked the ability of p53 to 
enhance expression from the reporter. In 
control experiments (Fig. lA) ,  an E1B 55- 
kD protein expression plasmid blocked p53- 
mediated induction of the reporter as pre- 
dicted (9); the expression cassette without 
an inserted E4orf6 complementary DNA 
(pDCR) had no effect on activation by p53, 
which rules out the possibility that the in- 
hibition observed was the result of promoter 
competition. 

The E4orf6 protein also blocked the in- 
duction of a reporter gene containing Gal4 
DNA binding sites by a Ga14-p53 fusion 
protein within HeLa cells (Fig. 1B). The 
E4orf6 protein inhibited activation by Ga14- 
p53 in a dose-dependent fashion as efficient- 
ly as the E1B 55-kD protein did. The expres- 
sion cassette without the E4orf6 insert 
(pDCR) did not influence expression from 
the reporter (Fig. 1B); expression of the Gal4 
DNA binding dolnain with no fusion partner 
(pSG424) did not influence activity of the 
reporter (Fig. 1C). Although expression of 
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