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Small volume fractions of metal-rich, iron-nickel-sulfur-oxygen melt do not form an in- 
terconnected network in polycrystalline olivine at pressures up to 11 gigapascals. These 
results suggest that iron-rich melts could not have migrated downward along olivine grain 
edges to form Earth's core. Core separation at pressures below 11 gigapascals within 
planetary bodies must have been facilitated by large degrees of partial melting, resulting 
in either separation of immiscible silicate and metal-sulfide melts or extraction of the 
silicate melt to concentrate the metallic remainder. 

Earth  and other terrestrial planets, moons, 
and smaller bodies have metallic cores con- 
sisting primarily of Fe and Ni, yet the pro- 
cess by which these cores separated from 
the silicate mantles is uncertain. Did Earth's 
core grow by separation of immiscible metal 
and silicate melts in a planet-scale magma 
ocean that formed after a large accretionary 
impact, or did metal-sulfide melt percolate 
down through an assemblage of silicate 
minerals? Recent contributions ( I  ) have fo- 
cused on the chemical implications of core 
formation, but an understanding of the pro- 
cess is required to develop better models of 
the composition and early thermal history 
of Earth's core and mantle. Core separation 
by means of liquid immiscibility would pre- 
serve elemental partitioning imposed at far 
different thermodynamic conditions than a 
grain-edge metallic melt percolating toward 
Earth's center in contact with solid silicate 
minerals. 

Core separation accomplished by porous 
flow of Fe-Ni-S-0 melt through a solid 
matrix has been viewed as unlikely because 
the high interfacial energies of metallic 
melts in contact with silicate minerals ob- 
served at low pressures do not allow the 
melt to wet silicate grains, precluding for- 
mation of an interconnected melt at low 
melt fraction (2). The melt-solid interfacial 
energy of the system can be minimized if 
the melt contact area is reduced; this pro- 
cess results in melt pockets isolated at grain 
comers, leading to zero permeability. The 
relative interfacial energies of the melt- 
grain edge contact can be parameterized by 
the dihedral angle 0, which is defined by 

where y s - ~  and YS-L are, respectively, the 
solid-solid and the solid-liquid interfacial 
energies; 0 > 60" represents nonwetting 

melts, and 0 < 60" represents wetting 
melts. Recent experiments (3) have sug- 
gested that at higher pressures, increased 
solubility of 0 in the metal-sulfide melt 
may reduce the interfacial energy of the 
melt against silicate minerals and allow the 
metal-sulfide melt to wet grain edges and 
interconnect. To address this suggestion, we 
performed experiments at pressures up to 11 
GPa to determine the microstructural dis- 
tribution of metallic melts in an olivine 
matrix. 

Our sam~les combined a sulfide-oxide 
mixture with olivine (grain size <38 ~ m )  
se~arated from a lhenolite xenolith (San 
Carlos, New Mexico) to simulate the upper 
protomantle of Earth. The initial sulfide 
composition was the interpolated eutectic 
in the Fe-Ni-S system at 10 GPa (3), 
Fe59,4Ni9,0S31,6 (in atomic percent). The 
sulfide-oxide mixture was produced from 
natura! pyrite and reagent-grade Fe and Ni 
powders to which an oxide component 
(powdered Fe203 and NiO) was added to 
ensure 0 saturation of the sulfide melt and 
the presence of a solid oxide phase. Addi- 
tional Fe metal was added to the eutectic 
sulfide mixture to replace Fe lost from the 
melt to produce Fe-enriched olivine and 
(Mg,Fe) oxide (4). 

We conducted experiments at or below 
4 GPa in a piston-cylinder device (5) .  In 
order to reduce the porosity in the sample 
and ca~sule before the sulfide melted. we 
maintained runs at the final pressure and 
700°C for 30 min before increasing the 
temperature to 1500°C (6). The sulfide- 
olivine mix was contained within MgO or 
graphite capsules (both with and without a 
Pt outer capsule) and separated from the 
graphite furnace by a ceramic sleeve. No 
difference was seen between graphite-en- 
ca~sulated runs with and without a Pt outer 
capsule, suggesting that the graphite cap- ,,,,, G, F. J. Ryerson, Geophysics sules are sealed with respect t;~-iich vapbr 
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composition of the system, the oxygen fu- 
gacity (fO2), and the pressure-dependent 
partitioning of Fe, Ni, and Mg between 
melt, olivine, and oxide. We did not con- 
trol fo2 in these experiments, but it is con- 
strained to be greater than that needed to 
stabilize (Mp.Fe)O and olivine and less . ". , 

than the maximum stability limit of the 
era~hi te  or diamond ca~sule. No carbonate - .  
or orthopyroxene was observed, which fur- 
ther constrained fO2 to be below the olivine 
+ diamond + O2 = pyroxene + carbonate 
reaction [or EMOD (1 O)]. The 0 content of 
the sulfide melt was ex~ected to increase 
with increasing pressure and temperature 
(3); however, we found that the 0 contents 
of the melts at 3 to 4 and 9 to 11 GPa are 
roughly similar but poorly determined, as 
the 0 content has been modified by the 
precipitation of oxide during quenching 
from high temperature (Table 1). 

We measured 0 for each experiment (all 
sam~les contained auenched sulfide melt 
dispersed along the grain comers of the 
olivine and oxide matrix). The sulfide melt 
quenched to an intergrowth of dendritic 
metal and Fe-Ni sulfide (Fig. 1). No gravi- 
tational segregation of sulfide was observed 
in our samples that contained up to 9% (by 
volume) metal-sulfide melt. We ran three 
experiments with the same melt composi- 
tion for 4, 24, and 96 hours at 3.9 GPa to 

Fig. 1. (A and B) Backscattered electron photos 
of the 9-GPa (MA-1 8) experiment showing metal- 
sulfide pockets (light gray) at olivine grain comers 
(dark gray), now composed of an intergrowth of 
metal alloy, sulfide, and oxide formed on quench. 
Oxide has separated on quench as a thin rim on 
the sulfide pockets and is also present as a stable 
phase (medium gray). The grain edges are sulfide- 
free and sulfide is included within the olivine 
grains, consistent with the large apparent values 
of 8 at the comer of the melt pockets. 
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Table 1. Experimental conditions and average compositions of the quenched JEOL 733 electron microprobe at 15 keV. We measured the K, oxygen line 
sulfide melt recalculated to atomic percent. All experiments were performed at directly with an Ovonyx Ni/C multilayer crystal, using AI,O, as a standard. We 
1500°C. Because the melts quench to a heterogeneous assemblage of phas- analyzed sulfides at a current of 25 nA, using a rastered defocused beam; to 
es, there is considerable variation among analyses, even with broad-beam measure oxides and olivine, we used a current of 50 nA and a focused beam. 
analysis. The standard deviation about the average is given in parentheses. All We corrected x-ray raw intensity ratios for matrix effects using a phi-rho-Z 
totals lay within the range of 97.5 to 100.5% (by weight). We analyzed samples program supplied by Tracor-Northem. 
for Fe, Ni, S, Si, Mg, and 0 using metal, sulfide, and oxide standards on a 

Experiment Pressure Duration Capsule Number of Composition (atomic %) 

number (GPa) (hours) material analyses 
Fe Ni S 0 

MgO 
MgO + C 
Graphite 
Graphite 
Graphite 
Graphite 
Graphiie 
Diamond 
Diamond 

investigate the effect of run duration o n  
microstructure (experiments PC- 191, -148, 
and -190). Small olivine grains and small 
sulfide pockets coalesced in the longer runs 
as the olivine coarsened and the overall 
interfacial energy of the system was re- 
duced, but no  significant difference in 0 was 
observed (Table 2). 

The solid-melt interfacial energy y,, is 
a function of composition and is expected 
to decrease wi th increasing structural simi- 
larity between the melt and solid, resulting 

Obsewed dihedral angle tl (degrees) 

Fig. 2. Apparent values of 8 determined from 133 
sulfide-olivine contacts (bars) for sulfide-olivine 
contacts in the 9-GPa experiment along with the 
expected distribution (line) for a single 8 centered 
at the median 8 value of 93". The solid-solid-melt 
boundaries of a sectioned experiment will show a 
distribution of apparent 8 due to the plane of the 
section crossing the grain edge at a random ori- 
entation. The median value of 8 of this distribution 
is an approximation of the true 8 in systems with a 
single characteristic wetting angle (27). We have 
broadened the theoretical distribution assuming a 
measurement error with a standard deviation of 
2". In general, silicates and oxides have anisotro- 
pic surface energies (surface energy varies with 
crystallographic orientation) that will broaden the 
observed 8 distribution (28). The inset defines 8 
and its relation to the interfacial energies. 

in a decrease in 0 for a constant solid-solid 
interfacial energy ys-~. The values of 0 de- 
termined at 9 and 11 GPa are slightly larger 
but similar to those of the runs at 3 to 4 
GPa for similar contents o f  light elements 
(Figs. 2 and 3). The high values o f  0 of the 
runs at 9 to 11 GPa indicate that changes in 
melt composition or structure up to these 
pressures are not  sufficient to alter the high 
olivine-sulfide melt interfacial energy and 
allow an interconnected melt to exist at low 
melt fraction. 

The measured values o f  0 decreased as 
the S or S + 0 content increased in the 
melts. The results o f  an experiment (PC- 
117) w i th  a high-S melt [(S + 0 )  > (Fe + 
Ni)] at a pressure o f  4 GPa suggested that 
this melt does partially interconnect, w i th  
0 near the critical 60" angle. This trend is 

50 
40 45 50 5 5 

Oxygen + sulfur (atomic percent) 

Fig. 3. Median measured values of 8 as a function 
of the content of light elements in the melt. Only 
when S + 0 exceeds -50 mol% do the melts 
begin to form an interconnected network along 
grain edges. Values of 8 remain large at pressures 
up to 11 GPa and show no systematic variation 
with 0 content. Error bars show 1 SD about the 
mean of the electron microprobe analyses from 
Table 2 and show an uncertainty in 8 of 2 3". 
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consistent w i th  the low surface energy in 
S-rich Fe-Ni slag systems at low pressure 
(1 1 ) and wi th  the observation from exper- 
iments w i th  an LL3 chondrite in which 
sulfide-rich melts were mobile and seemed 
to produce an interconnected grain-edge 
liquid (1 2). The eutectic composition be- 
comes more Fe-rich w i th  increasing pres- 
sure (3), making the PC-1 17 melt compo- 
sition more S-rich than the eutectic com- 
position at a l l  pressures, and it would not  
be the first melt formed during sulfide 
melting. 

~ x ~ i r i m e n t s  performed by Shannon and 
Agee (13) show that sulfide melts produced 
by melting an ordinary chondrite do not  
wet silicate minerals up to pressures of 9 
GPa, consistent wi th our results. Herpfer 
and Larimer (14) reported that at 1300°C 

Table 2. Number of angles measured and the 
median measured value of 8 for each experiment. 
We digitized each interface of a melt-olivine con- 
tact angle with 4 to 8 points at x 1560 power using 
a digitizing tablet and a through-the-scope light- 
emitting diode display designed for fission-track 
measurements. A polynomial was fitted to these 
digitized points, and the tangents to the curves at 
the intersection point (the vertex) were used to 
define the measured angle. All measurable angles 
within an area of the section were digitized to 
avoid adding selection bias to the resulting distri- 
bution. The standard deviation about the average 
is given in parentheses. 

Experi- Number Median + 

ment of angles (atomic %) number measured (degrees) 



,and 1 GPa the Fe-FeS eutzctic comyi>.;ltion 
111 contact n-lth i>livillc 11~1,s H = 55' ankl 
\vi)uld L)rm ~111 ~ntcrconnccted melt. X'e w e  
IIL> cviilc~lce id ii~lleiiral angles ln thl.  a an ye 
bcrn-ccn the  curcct~c ant1 rllc jFc,S1\S 
composition at 15917°C 31111 4 ti) 1 I GPx. 
T h e  ~ne l t s  in the  zrperiment\ c>f Hcrytc'r 
a n J  Larilner lost Fe to the ol l \ .~ne,  r c u l t ~ n g  
in a n  actual melt composltlon more 5 - r ~ c h  
than the  Fz-FeS eutzctic. Their lon. mca- 
sllrccl ~ ~ a l u c s  ~ > t  8 are consistent \\.it11 our. ~ t '  
their mclrh have FciS < 1.  

These csrerllilellrs .Icmonstr,3te rl l ,~t 
tertl lr ,~l e i j ~ l ~ l ~ l i r , ~ t ~ c > n  of met,3lLsulfi,le melts 
' ~ n d  0111 lnz .iozs ni>t result in a mlcri>srruc- 
rurc that noulii allon. qcparatlon by porous 
t'lo~l- at lo\\ illelt fraction. A t  .;ufficlc~-irl\- 
11ii.h mzlt f1-actiim, melts that do  nc>t n e t  
cr-all-i ciiges ( t h ~ s t  ~11th H > 6P0) e v c ~ l t u ; ~ l l ~ .  
l~zc(>lnz i~-iterci>nnzcteJ. Thz  ~i lc l t  fraction 
at n~h ich  c~>nnectivity occurs can be ?.;ti- 
m ~ r e i l  tllcorctlc,~lly for 57-stems \\-ith hi3mo- 
gcllek)u.;ly clistr~liurcii lilclr 1.7- j 15): 

volume). Ho\\-evzl-, the inelt iloes not reniain 
Ilomoceneixlsl\- L1i;tril.~uteLl at thc.;c high 1-al- 
ues of H. hlelr-free erain eiigez arc r i l l  cncr- 
i.ctically fa~~orei i ,  causinq the ~ilclt  blcbs to 
ci>alc.;cc 111to larger blebs qurrc-iunilcil by iirv , , 

:rain e~lgci.  P c r m z a l ~ l ~ t \ -  therefore remains 
ion at melt tractlo~ls l-e'lter than the theo- 
re t~cal  \ d u e  fol- ~lltzrconnect~\-itv ( 2 ) .  Tes -  , , 

tllrcs olxcrvc~i in our runs ani] t h o c  rcpi)rrcil 
fix orllcr cxper~~ i i c~ l t s  in \\-hich sultiilc melts 
\\-ere u.;eii (5. 16) she\\- l a ~ - ~ e l -  I>lcb> i>t .;ulf~ide 
~ n e l t  aurri~uniied 1-T. Lir\- e l - ~ i n  eiices. These 
errerllnelltal texture< ~ n ~ l  lllcrcorire s tud ie  
.;u%cst rh,lt tllc actll,31 lllclt ti-actii~n fiir tlle 
h r r n ~ r ~ o n  o t  all inrcrci)nncctcd mctC~llic 
~ n e l t  inay 1~ as hlqh ;IS 4Z"o (13). volume) ( 2 .  
IT). Jul-e~vic: and J L ~ n c .  jl R) rzporteL1 t h ~ t  
h ~ l l ~ ~ i > l ~ ~ i ~ l >  c r ~ ~ c r ~ ~ l ~ c ~ ~ t s  \\-it11 Fe 111zt~11 in '111 

olil-inc niarrlx became clecrr~c;~ll\- conilllc- 
rive anil helice intcrcollncctc~i n c ~ r  717% (17y 

volume) metal. 
CJlr result> 1111pl\- that ~neral-rich melts 

iJlllli)t 'Wpc11.<3tc' fri1111 i~l i \ . i~lc  I'T. p~~rc lu \  tlc~\v 
at lo\\. lllclt fr,3crion 111 boilie.; 1c.h tllall 759C 
l\m ill i l~ ,~mctc r  jcorrc>pc>niiillg ti> center 
p r c s ~ ~ ~ r c s  of 1 1 GPa)  ( 19) .  1rk~11 ;111~i , . ; to~~v- 
iri>n meteorites arc interred tk> represent 
relicts c>t cores in the parel-it l ~ l a ~ ~ c r c i m a l s .  
Textural a11d cheinlcal evldcnce iln1:liei 
that metal-s~licatc scl-.aratiiin 111 t l i c c  boil- 
~ c s  require~l hie11 teml:eratul-cs anLi csten- 
q~vc  m c l t ~ n g  o t  the  silicate portions, xvhcre- 
as mete~>rltes t l l ,~ t  iiisplay incolnl:lete metal 
scyclrari~)n arc characteri:cil 1.7. cmall c s -  
tents of silicate illeltillq ( 1  7). Tllc p rcq \~~rc  
at the centel- of Eartll's mi>on iz 4.6 GPa,  
1 I I l i e  t a b ~ l l t ~ .  tielLl, , I ~ J  
tlic 11ioo11 is Ilkel\- ,ieplete~i ill S as it 1.; in 

otliei- vo1:ltlle elements. Hellit., ~el~ai-, i tron 
of ~111 S-p>or  mcral col-e in the  mi>i>ll [ c r i -  
matcil ti> be 17 ti) 7"n 01- the  lunar mass (.?;)I 
1vol11ii r e i l~ l~ rc  e x t c ~ ~ . ; ~ \ - e  i ~ ~ c l t i ~ ~ y  c > f  the  ,il- 

prcicnt Earth' mantle: tllc s ~ l ~ c , ~ t c  sk>l~dus 
here 1.; near 1 Si?GcC ( 2  1 ) ,  anil iii>\vn\v;ird 
r-crcol;itii>~-i of llletalllc melt.; 1s ~irecludcii t o  

L , 

t;)rm,~rli>n that 1111.ol;e inci>mplcrc zcl:;1r,3- 
t ~ o n  of ~lletalllc core trom h111c;rte mantle. 
S111all aln~>unt.: i ~ t '  metallic melt ci>ulii l ~ e  
left lwhinii ,iftcl- core ~cpara t~k>n  [the "lncf- 
tlciellt (01-e f i~ rm; i t~on  inoiicl" (?.?)I 211- 

rr,ippeL1 ;I 1hol;iteil l~ic l t  pc>ckcta 'it g l -L~l~ l  
corners. Late-<rage accrct i~>n of metal atrcr 
ci>rc fill-mat1011 ,111il the I d i t  I J ~ L ' c - ~ I ~ L ~ ~ c ~  
melting coulil a l s ~ >  1.t. retciincLd 111 the  man- 
tle [ (23)  or the "late-kta-e vellce~- i~~c~ i l e l "  
(24)j .  In  both cases, the 1nzt;illic 1nelt 1-e- 
tallleLl 111 tllc mC1ntle \\-nulJ c ~ ) n t r i i ~ u t e  .iil- 
erophilc clcmc~-its a d  pro~luce ,3 lllalltlc 
tll;~r nas  nor in cllclnic,~l eilu~llhrluln \u t l l  
the  core. Ciirc fi>rmatlon I l 7  $ e p a r ; l t ~ ~ n  of a 
curccric sult'lde melt in.tcail o t  a metal alloy 
(25) alic 1-zqLure meltin? ~>1' rllc .;illcare 
matris. T h e  eutzctic wlfidc ~ilclt  doer not 
contain enouch S tk7 i;>rm a11 ~ntcrci>nncct- 
211 melt ~ n i i  hence .i\.oulii not separarz at 
1011 1nelt fraction anil pcrci)larc ti)\\-arc1 the 
core. Heterageneou.; accretion mnLiels that 
req~ure  ciinrinllc~l core accumulatinn 1-T. 
s c ~ > ~ r a r i a l l  o t  'I >mall amount iit metcil-.;ul- 
fiJc ;rre ~lltficult to rcconc~lc  ~v l rh  tllcsc 
rculrs  unless accc~mranicil b y  rcpcS1tcii cs-  , L 

re~-i.~\-e mal-itle meltiny (26) .  
E ~ ~ r t h ' s  core m . 1 ~  h a w  bee11 a.;scilll~lc~i 

kL>m the ciil-zs of ;iccrctcil plalictcsimals 
\vhoac C I ~ I I I ~ C > ~ I ~ I L ) I I ~  reflect l l l~k- t e l l~per~ i -  
rllrc, li)\v-~ircccurc ciiuilll~rium anil n.t.1-e then 
111oLilfieii liver t i ~ n e  hy llltcracrlon n .~ th  111;11i- 

tle $illc,~tc> at corc-mantle I-ouniiar)- pres- 
sure.;. I t  tllc m x m ~  acc,in clld nnt encinnl?a.;s 
rllc entire volume of the lx>~ly, a piin.1 k~t  
mc t ;~ l l~c  ~liclr at tllc l ~ i ~ t t ~ ~ m  k ~ t  an  ~ l n l ? ~ c r -  
heated :i)~-ic \\-(>lllLi only I>c cil~lc tc> iL>in the 
core ~f it \vas masl\.e cn<)uph tcl 5111Ii d ~ a p ~ r i -  
call\- t l ~ r t c l l ~ l ~  the so11d hilic~tc l>eli~\\.. 

Our  rcq~lltq ~ l c l  nor ~ r c c l u d c  the e s ~ s r c ~ l c c  
of ~nrcrciinllcctcd metal->ultiilc m c l t ~  at 
hieher pressul-es. T h e  ij~lantlt\- H is scn.;itlvc 
ti] .mall cha11ges 111 tllc mclr-wlid i ~ ~ r c r f ~ i -  
cl,il e11eruv; a reLluctii>n ln H fro111 70' to 6C0 
requil-es L>nl\ a 5"0 ilccrcn,.;c ill tllc relatl\ e 
111elt-olivi~~e ~ ~ ~ t e ~ - f a c i ; ~ l  c~lcrgv. ~ ~ l c ~ ~ l i f i c a -  
tliln of illelt ci~lnposltii>n icf structllrc at p r c -  
sul-es > 11 GPa may Liecrease rllc H o t  a 11l\cly 
c~ire-fi~i-ming compiisit~con cnougli tic alli~n. 
~t to inrcrc~>nnect.  Siimll,~rl!-, ,I c h ~ n g e  in 
v c l ~ ~ i  assemblaee from i>li\-11lc-~li31n111~3tcil to 
spinel-, ~naiorite q~rllct-, or (hlp,Fc)SiO, 
~ ~ c r ~ ~ ~ ~ \ l ; i t c - I l i > ~ i i ~ ~ l a t c d  llssellll~la~es ct-iul~i 
alco rciiuce H. 
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Role of Type I Myosins in Receptor-Mediated Dictyostellt~m rnyosl~l IB (7 ) .  ~ ~ t h  myoslns 
locallze to the plasma membrane. The  phos- 

Endocytosis in Yeast uhorvlated form of AMIB concentrates to - A ,  

act~vely motile regions of the plasma mem- 
M. Isabel Geli and Howard Riezman* hrane (7). Do~tble-deletion mutants in Dic- 

tyostelum type I myosins (myoAlmyoB or 
Type I myosins are thought to drive actin-dependent membrane motility, but the direct myoClmyoB-) show condit~onal defects in 
demonstration in vivo of their involvement in specific cellular processes has been difficult. fluid-phase pinocytosis (7). Deletion of 
Deletion of the genes MY03 and MY05, which encode the yeast type I myosins, almost MYO5, as with deletion of MY03 ( 3 ) ,  did 
abolished growth. A double-deleted mutant complemented with a MY05 temperature- not lead to any ohservable alterations in 
sensitive allele (myo5-1) showed a strong defect in the internalization step of receptor- growth properties (8). However, combina- 
mediated endocytosis, whereas the secretory pathway remained apparently unaffected. tion of both deletions in the same haploid 
Thus, myosin I activity is required for a budding event in endocytosis but not for several resulted in a severe growth defect (9). 
other aspects of membrane traffic. One of the main processes that requires 

plasma membrane deformation in nonmi- 
totic yeast is the internalization step of 
endocytosis. Actin and calinod~~lin, two key 

T y p e  I myosins constitute a large family of between the ATP and the actin binding proteins associated with myosin function, 
ubiquitous actin- and adenosine triphos- sites [S357 (Ser3j7)] (5).  Phosphorylation in are required in this process (19). Thus, it is 
phate (ATP)-dependent molecular motors vitro of the ameboid type 1 myosins causes a possible that a type I myosin could play a 
with a distinct COOH-terminal tail do- 20-fold activation of the adenosine triphos- role in the uptake step of receptor-mediated 
main. Instead of the coiled-coil region that phatase activity (5).  The  tail of ivlyojp endocytosis. 
allows dimerization of conventional myo- contains two distinct features that are Endocytic internalization can he moni- 
sins, type 1 inyosins possess a short positive- shareil with other yeast and anlehoid type I tored hy measurement of the percentage of 
ly charged tail that in many cases binds myosins: a proline-rich region that may "S-labeled a-factor bound to its receptor 
acidic phospholipids (1 ). Their biochemical constitute a second ATP-independent actin (Ste2p), which becomes resistant to an acid 
characteristics and subcellular localization binding site, and an SH3 (Src homology 3)  wash (pH 1) over time (1 1).  W e  used this 
to intracellular membranes suggest an in- domain proposed to mediate protein-pro- assay to measure the efficiency of receptor- 
volvement in actin-dependent membrane tein interaction (2) .  Recently, two SH3- mediated internalization in my031 and 
motility processes such as organelle move- containing type 1 myosins have been isolat- myo5A mutant strains (9 )  (Fig. 1, B and C ) .  
ment, vesicle trafficking, phagocytosis, pi- ed from mammalian cells (6). The yeast The my031 strain showed wild-type ( W T )  
nocytosis, membrane ruffling, or lainellipo- Myojp and ivlyo3p show maximal homolo- internalization kinetics. In contrast, we de- 
dia formation (2) .  However, direct demon- gy to Acnnthnmoeba myosin IB (AMIB) and tected a strong internalization defect in the 
stration of their requirement in vivo for 
these functions has heen difficult because of Fig. , , myo54 but not is A 
their f~~nct ional  redundancy and the lack of defective for cr.factor i n t e r n a l i z a t i o n ,  - - - - 

LT = - 
established quantitative f~lnctional assays (A) Structure of ~ y 0 5  (GenBank/ 

- 
0 '2 * m 

(1 ) .  EMBUDDBJ access~on number a" m 7 Head Tail 
Oinly one type I myosin has heen de- SC9718: open readng frame 15772 

scribed in the yeast Saccharomyces cerevisine: to 19429). IQ, IQ motlfs; ATP, ATP 4 1 1 1  M I  
Myo3p. Deletion of the MY03 gene does binding site; S357, ~utati'le ~ h o s -  a % $ 2  2 o 2 v, 

not lead to any phenotypic change, which phovlaton site; SH3' SH3 domain, 

suggests functional redundancy (3). We (6) RH3376 (W, trangles), RH3377 
(my03A, diamonds), and RH3378 5 

have used a polymerase chain reaction (myo54, squares) (9) were assayed 
(PCR) screening approacll (4) to isolate a at 240C lines) or 3 7 0 ~  (dashed loo 
secolld gelle, MYO.5, that encodes a type I lines) as described (1 1). C e s  were 3 80 
myosin with 87% amino acid seiluence grown to logarithmic phase in syn- ; 60 
identity to Myo3p (Fig. 1A).  The head and thetic dextrose yeast extract (SDYE) 40 

tail domains are separated by three IQ (iso- at 24°C. Biosynthetically labeled 5 20 

leucine-glutamine) motifs, which would be 35S-a-factor was bound for 45 min o 
predicted to bind calinod~~lin, a key regula- 0" ice in Yeast extract' peptones ura- . Minutes 
tor of myosin 1 activity (2 ) .  A second level Cil '  adeninee, and dextrose IYPUAD) 

medium. Cells werecentr~fuged and resuspended in YPUAD medium at 24°C or 37°C. Samples were taken of regulation is specifically provided in type at the indicated time points into pH 1 and pH 6 buffer to monitor internalized versus total cell-associated 
lnyosins by a phosphorylation site placed radioactivity. The results are expressed as the percentage of total counts internalized. The values corre- 

spond to the average of at least two independent experiments. with standard deviations smaller than 10% 
Department of B ochemistry, Biozentrum, Un~versity of (20% at the initla time pont), (C) The initial uptake rates (internalized counts per minute) were calculated for 

Kingebergstrasse70, CH-4056,Switzer1and, each experiment in the linear range. The average value of each mutant stran was dlvided by the corre- 
'To whom correspondence should be addressed sponding WT values at the appropriate temperature and expressed as a percentage. 
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