
E fleld by changng the frequency between o w  \ I 0  
HZ) and hgh  (10.000 Hz) \iaiues whle the materal 
vias curng The drec ton of ttie nematc dlrector 
could be rotated from tiomeotrop~c [peroendcuar 
to f m  plane) to planar (parallel to f m  pane, a g t i -  
tnent vi~tt i  respect to the electrode surface that IS, 
at o w  f req~~ences,  we observed mesogens orlent- 
ed parallel to the E i l ed ,  but at t igh irequencles, the 
compound changed t s  drector by 90". Compared 
to known ovi-molec~~lar weght compounds wlth 
smlar  structure, we expect the crossover frequen- 
cy at 190cC to be on the order of 5000 Hz, but 
detaed d~electr~c measurements durlng curlng 
tiave yet to be carred out to c l a r ~ f ~  thls question. 

13 At 190°C, DCN cures wlth~n 3 hours. and at 250'C. 
In 30 mln, forlnlng a densely cross-Inked structure. 

14 The calculat~ons were carred out w~t t i  the approprate 
correctons for ~~naxa l l y  orented fbers after back- 
ground correcton The d spacngs frop vide-angle 
XRD data were 5 2 A for DCN and 4.8 A for CHDCN. 

15, In contrast, the radlal v id th  of ttie refectons, whlch 
can approx~mately descr~be the order of the 
nematc phase, shovis a hgher order for CHDCN 
than for DCN where ttie wde-angle refections are 
unusually broad along the r a d a  dlrecton. Ttie ra- 
d a  wldtti of a refection offers nformaton about 
the doman slze of the nematc ptiase of a polymer. 
Although the orentaton for CHDCN 1s vieaker, t s  

Imaging and Time-Resolved Spectroscopy of 
Single Molecules at an Interface 

J. J. Macklin," J. K. Trautman," T. D. Harris, L. E. Brus 

Far-field microscopy was used to noninvasively measure the room-temperature optical 
properties of single dye molecules located on a polymer-air interface. Shifts in the 
fluorescence spectrum, due to perturbation by the locally varying molecular environment, 
and the orientation of the transition dipole moment were correlated to variation in the 
excited-state lifetime. The lifetime dependence on spectral shift is argued to result from 
the frequency dependence of the spontaneous emission rate; the lifetime dependence on 
dipole orientation was found to be a consequence of the electromagnetic boundary 
conditions on the fluorescent radiation at the polymer-air interface. 

O p t i c a l  spectroscopy of siilgle nlolec~~les  
can reveal the  variation in molecular envi- 
ronments normallv averaped over in ensein- 
ble measurements. A m o l e c ~ ~ l a r  emission 
sDectrum and excited-state lifetime, oer- 
turbed by local fields and neighboring di- 
poles, can be a sensitive microscopic probe 
of chemical and biological processes, partic- 
ularly if correlated to nlolecular location 
and orientation. High-resolution spectros- 
copy of single impurity molecules in bulk 
media has been obtained a t  crvoeenic tein- , - 
peratures (1-5), and a t  room temperature, 
near-field microscoov has been used to 

L ,  

study spatially resolved molecules a t  surfac- 
es 16-10). However, the near-f~eld method 
requires proximity of a molecule to a met- 
allized near-field probe, which can perturb 
the molecular properties under study (8- 
10).  Noninvasive far-field i l l~~mina t ion  of 
single molecules in liquids (1 1 )  and surfaces 
(1 2 )  has recently been reported, but far- 
field room-temperature spectroscopy has 
not been done. In  the  present study the 
location, orientation, f l~~orescence lifetime. 
and spectrum of single carbocyanine dye 
molecules a t  a polymer-air interface were 
measured by far-field microscopy. T h e  
method is not limited to molecules a t  a 
surface, allowing quantitative comparison 
with, molecules in bulk media. O n  the basis 
of such a com~ar i son ,  the d e ~ e n d e n c e  of 
the excited-state lifetime o n  spectral shifts 

AT&T B e  Laborator~es, Murray H I .  NJ 07974, USA 
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and o n  dipole orientation was determined. 
W e  obtained fluorescence images and 

spectral measurements of single molecules 
in an  epi- i l l~~minat ion scanning inicroscope 
using a focused 532-nm laser beam for ex- 
citation (13).  In the  imaging we used raster- 
scanning of a sample across the focused 
laser spot: we performed spectroscopy by 
positioning and holding one molecule a t  a 
time under laser i l luminat~on. T h e  samples 
consisted of randomly oriented carbocya- 
nine dye molecules, DiICI2(3) (14) ,  in a 
polymethylmethacrylate (PMMA) film 20- 
nil1 thick o n  a quartz cover slip ( l j ) ,  pre- 
pared by spin-coating so that the  areal den- 
sity was one to five illolecules per square 
micrometer. A t  this low coverage, mole- 
cules could be easily resolved spatially. 
Measurements were made at an  excitation 
laser intensity of -500 W well below 
the  s a t ~ ~ r a t i o n  intensity of 10  k W  c m p 2  
(16).  

Fluorescence images were used to locate 
nlolec~lles irnnlobilized in the PivIMA film 
(Fig. 1 ) .  Next,  polarized excitation with 
unpolarized-fluoresceilce detection was 
~ ~ s e d  to determine the comoonent of the  
absorption transition dipole in the  plane of 
the sample ( the  x-y plane in Fig. 1).  For an  
absorption dipole oriented with polar and 
azimuthal angles of 0 ,  and +,, respectively, 
illuminated with laser light polarized in the  
x-y plane a t  a n  angle & from the x axis, the  
detected fluorescence rate R is 

domaln slze IS larger than that for DCN 
16. We thank the Cornel Materas Scence Center and 

ttie Natona Scence Foundaton [DMR-9321573) for 
partal suppori of ths  work Support for H K from ttie 
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where RJ is the detected fluorescence rate for 
a molecule aligned entirely along the polar- 
ization axis of the laser field (1 7). By rotating 
the laser polarization from bL = 0 to +L = 
90". we found that the azimuthal orientation 
of molecules a to d was along the x axis ( & c i  

= O), molecules e to i along the y axis, and 
molecules j and k a t  about +, = 45". T h e  
polar angle O,,  and hence the 7 component 
of the absorption dipole, cannot be measured 
directly here because the : component of the 
laser field is too small (18).  T h e  polar orien- 
tation can be estimated from Ea. 1 if 6. is 
measured and the maximum fluorescence 
rate R, is known or estimated. blolecular 
orientation, and in particular the emission 
dipole [which is not collinear with the ab- 
sorption dipole for DiICI2(3) (19)], can sig- 
nificantly affect the excited-state lifetime of 
a molecule near an  interface. 

Time-resolved spectroscopy (Fig. 2)  was 
a t t em~ted  on more than 200 molecules, of 
whicl; about 30% survived irreversible photo- 
bleaching for a sufficient period to allow a 
measurement with good counting statistics. 
Molecules were characterized by their excited- 
state lifetime 'T and their peak fluorescence 
wavelength A,, both of which varied from 
molecule to molecule. O n  the basis of 68 
single-molecule measurements, a distribution 
of fluorescence lifetimes (Fig. 3A)  and peak 
wavelengths (Fig. 3B) and the correlation of 
lifetime with peak wavelength (Fig. 3 C )  were 
determined. T h e  mean values of T and A, 
were 2.67 ns and 565 nm, res~ectively, in 
agreement with an  ensemble measurement of 
T = 2.7 11s and A, = 565 nin shown in Fig. 2. 
However, the dispersion and correlation of 
these spectral properties, which we discuss 
below. could not be obtained from an  ensem- 
ble measurement. 

First, the peak fluorescence wavelength 
shifted by up to 30 nin, and the distribution 
had a width of 8 nm,  or 30 meV, which is 
slightly larger than the thermal energy at 
room temperature. These spectral shifts, con- 
sistent with those observed with the use of 
near-field spectroscopy (7 ) ,  are attributed to 
variation in the local PMMA environment. 
The  PblblA polymer is polar and polarizable, 
whereas DiIC,:(3) has a large excited-state 
polarizibilit\-. The  perturbed molecular transi- 
tion energies and hence the wavelength of the 
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fluorescence emission are sensitive probes of 
the locally varying environment. In addition 
to the observed spectral shifts, about 10% of 
the molecules exhibited a redistribution in the 
intensity of the spectral components, as com- 
pared with the average spectrum. 

Second, the fluorescence lifetime varied 
by greater than 50% and exhibited a trend 
of increasing duration for molecules with 
red-shifted spectra (Fig. 3C). If the lifetime 
is purely radiative, this wavelength-depen- 
dent trend can be understood as follows. 
The total radiative rate is the sum of the 
rates for the individual vibronic transitions 
that make up the emission spectrum, each 
of which is proportional to I pull 03u1, 
where kuI  is the dipole matrix element be- 
tween the upper (u) and lower (1) states at 
emission frequency oul. For a broad spec- 
trum, the total radiative lifetime is approx- 
imately (20) proportional to the cube of the 
peak fluorescence wavelength, (A,)~.  If the 
dipole matrix elements kuI  are independent 
of the environmentally induced perturba- 
tion that shifts the transition energies, then 

molecules with red-shifted peak wave- 
lengths will have longer lifetimes that in- 
crease as (AJ3. A small nonradiative rate 
would not substantially alter this result. 

A cubic dependence on peak wave- 
length cannot be responsible for the fact 
that molecules with indistinguishable fluo- 
rescence spectra had lifetimes that varied by 
up to 50%. However, this large variation 
can arise for a molecule near a dielectric 
interface, which modifies the radiative 
component of the excited-state lifetime be- 
cause of the boundary conditions imposed 
on the radiated field (21 ): 

1 1  1 
- - -  - + - X  
7 Tnr Tmd 

L,(z) [g sin20e + - 
L, cos2e,] (2) 

where 1/~,, and 1 / ~ , , ~  are the nonradiative 
and radiative rates, respectively. The quan- 
tity in brackets accounts for the proximity 

LmwRekt 
Fig. 1. Sequential fluorescence images (A) and (B) 
of the same sample area showing single dye mol- 
ecules at a PMMA-air interface, taken with 532- 
nm laser excitation polarized as indicated by the 
arrows. The brightest molecules had count rates 
of 280 counts per pixel (1 pixel = 10 ms) and a 
signal-to-background ratio of 30: 1. (C) Geometry 
used in Eq. 1 to determine the orientation of the 
absorption dipole moment in the x-y plane. 

of a molecule to the PMMA-air dielectric 
interface; this quantity depends on the po- 
lar orientation of the emission dipole, 0,; 
the distance, 7, of the molecule from the 
interface (negligible here); and the ratio of 
refractive indices of the dielectrics consti- 
tuting the interface. Algebraic expressions 
for the normalized radiated powers LII/L, 
and L,/L, are given in (21 ); for a PMMA- 
air interface, they are 0.92 and 0.34, respec- 
tively. Thus, a molecule with a perpendic- 
ularly oriented emission dipole should have 
a lifetime 2.7 times that of a molecule ori- 
ented ~arallel to the interface (22). If a . . 
molecule is moved far from the interface 
(farther than a few optical wavelengths) or 
if the refractive index difference of the in- 
terface is reduced to zero, both LIL, and 
L,/L, approach unity, and the liletime is 
independent of orientation. The quantum 
yield, defined as QF = 1 - (TIT,,), also 
depends on the emission-dipole orientation 
through Eq. 2. 

l i f e t k n e s w m .  
shot--* $ tmtwen 0.94 and 

and llmmame ilq ,'Vq r=270ne \ ]  
mo 600 mo o 4 a 12 - (nm) nrfm 

10 
0 - 
j;, 
5 5 
I 

O 
2.0 2.5 3.0 3.5 

Lifetime T (ns) Peak wavelength A,, (nm) 
Peak wavelength $ (nm) 

Fig. 3. Distribution of (A) lifetime T and (6) peak fluorescence wavelength A, and the correlation (C) of 
lifetime with peak wavelength for 68 molecules at a PMMA-air interface. Mean lifetime 7 was 2.67 ns 
(standard deviation, a,, of 0.30 ns) and mean peak wavelength X, was 565 nm (akp = 8 nm). Error bars 
in (C) reflect the uncertainty in the measured lifetime, determined by changing the fitted lifetime until x2 
increased by one (28). 
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To test the effect of the interface, are vironmentallv i~lduced ~erturbat ion of the lnolecules with low fluorescence rates 
(Fig. 5 ) .  If the quantum yield and cross 
section are approxi~nately constant, then 
according to Eq. 1 a small fluoresce~lce 
rate is i~ldicative of a lllolecule having an 
absorption transition dipole with a large 2 
component. The  interface thus produced a 
large ~nodification of the excited-state 
lifetime. Molecular orientation can thus 
be established by using the relative fluo- 
rescence rate to estimate the 7 colnpollellt 
of the absorption dipole and by using the 
lifetime to estimate the orientation of the 
emission dipole (inset to Fig. 5 ) .  

It would in principle be possible to use a 
higher order spatial heam profile, which at 
the focus of a high nulnerical aperture optic 
would have a substantial lo~lgitudi~lal elec- 
tric field (26). This would allow direct mea- 
surement of all three components of the 
absorption transition-dipole mornent. 

performed an experiment that reduced the 
dielectric contrast of the interface while 

intramolecular matrix ' elements, varied 
from molecule to ~nolecule bv less than 1120 

preserving the orie~ltatio~lal distribution of 
molecules s~in-coated on the PMMA film. 

ns-'. In addition, this set of rneasuremek 
appears to have a wavelength-depende~lt 
upper bound on lifetime. Assuming that the 
lifetilne was radiative and varied as the cube 
of the peak a7avelengtl1, a fit to the upper 
bound is given by .rrclL1 = 2.57(X,,/565)j and 
is plotted in Fig. 4A. A radiative lifetilne of 
2.57 11s in PMMA at a peak \vavelength of 
565 nm agrees with that found ( T , ,  = 2.84 
ns in ethanol, X, = 565 nm) for the short- 
chain analoe DiIC,13) 125). 

A sample was prepared as described above 
and then coated with either a drop of in- 
dex-matching fluid (refractive index 71 = 
1.48) (23) or with several rnicrorneters of 
PMMA (71 = 1.48) (24). I11 both cases, the 
refractive index difference of the interface 
was reduced from 0.48 to less than 0.02. 
Fluorescence decays and spectra wele ob- 
tamed as before for 3 1 ~ndlvldual molecules 
on  an oil-covered sample and for an addi- 
tional 31 molecules on a PMMA-covered 

, ~ ,  , , 

Using this wavelength-dependent radia- 
tive lifetilne in Ea. 2. we vlotted the calcu- 

sample. 
In the correlation  lot of T versus X .  for 

. ,  L 

lated T for a molecule located at the 
PMMA-air interface in Fie. 4B for an emis- 

these molecules (Fig. 4A),  it is appirent 
that the scatter in lifetime is sienificantlv 

L2 

sion dipole oriented ( i )  parallel to the sur- 
face (8, = 90°), (ii) tilted with 8, = 60" 
from the surface normal, and (iii) parallel to 
the surface ~ v i t h  a nonradiative rate of 1 / ~ , ~ . {  
of 1/20 11s~ ' .  Comparison to the experi- 
mental data sho\vs that the measured fluo- 
rescence lifetimes are consistent with emis- 
sion dipoles tilted by 90" to 60" from the 
surface normal. Short fluorescence lifetillles 

u 

reduced even though the spectral shifts are 
nearly as large as before, with no systematic 
difference in lifetime between the oil- and 
the PMMA-overcoated samples. The small 
residual decay rate, possibly due to an en- 
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f l~~orescent  lifetimes were observed for 

I I I I 

550 560 570 580 590 

Peak wavelength hp (nm) 

Z a  b c d e P M M A -  

- 
C Alr 

OI 0.5 1 .O 1.5 

Fluorescence rate R (lo4 count s-') 

- 
l- 

; 4 -  .- - 
L 
-I 

Fig. 4. (A) Fluorescence lifetime versus peak 
emission wavelength for molecules spin-coated 
on PMMA and overcoated with several mi- 
crometers of ether a hydrocarbon immersion oil 
(circles) or PMMA (crosses), both of whlch re- 
duce the refractive index difference of the inter- 
face to less than 0.02. Representative error bars 
are shown. The solid line is an approximaton to 
the maxmum observed lifetime. (6) The data of 
Flg. 3C are repotted; the solid hnes are the cal- 
culated Ifetmes (Eq, 2) for dfferent polar oren- 
tatlons 0, and nonradiat~ve decay rates l i ~ , ,  of 
the emission d p o e .  

*Absorption dipole + <+Emission dlpole - 

b 

Fig. 5. Measured Ilfet~me versus fluorescence 
rate for molecules with the same azmuthal ori- 
entaton ( + ,  = 90") of the absorpton dipole and 
with a peak wavelength of 560 nm. Inset shows 
polar orientation of the absorption (0,) and ems- 
sion (0,) dpoes  determined from the fluores- 
cence intensity (Eq. 1 ,  with R, = 2 x 10' count 
s- '  based on the brightest molecules observed 
under these conditions) and from Ifetme (Eq. 2), 
respectively. 
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Probes These molecules have low photobleachlng 
rates (10-"0 l o - @  per excitation), near-unity quan- 
tum yield In a semirigid environment. and an absorp- 
tion cross secton of 1 35 X cm2 at 532 nm. 
estimated by us on the basis of the measured ab- 
sorption in methanol. 

15 A quartz cover slip was frst spin-coated wlth one 
drop (0 2 mi) of 0 1 Oia by weight PMMA In choroben- 
zene and then spin-coated wlth one drop of a 1 -nM 
solutlon of Dil,,C(12) In toluene. The nanomolar 
dye solution was freshly prepared from a micromo- 
a r  dye solution with each sample. 

16. Although the calculated saturation intensity 1s 1 MW 
cm-'. In a separate study we found that the satura- 
tion of the fluorescent transition was determined by 
transitions from the excited snget  state to a meta- 
stable state, probably the trlplet state, with an nter- 
svstem crosslna rate of about 0 15% and a trioet 
liietme of 0.4 m i  

17, The maximum fluorescence rate is R, = q O,(ulN~v), 
where u is the absorption cross seslon at the laser 
frequency v .  a, 1s the fluorescence quantum y e d .  
1 IS the laser intensty, and is the collection efficlen- 
cy, In general, both q and OF can depend on the 

emlssion dipole orentation. However, the 1.25-NA 
oil-mmerslon objectve used here collected a calcu- 
lated 65O6 of the total light emltted by a molecule at 
the PMMA-a~r interface [E. H Helen and D Axelrod, 
J. Opt. Soc. Am. B 4. 337 (198711, nearly ndepen- 
dent of the emission-dipole orientaton, The total c o -  
lection or detection efficiency was 1596. 

18 A focused laser beam has a very small longitudinal 
field component along the z axs,  on the order of 
Elkw, where E 1s the tangential laser field, li is 2?iih, 
and w IS the focused spot size [M Lax, W H 
Lou~sell, W B. McKnght.  Phys Rev. A 11. 1365 
(1 97511. 

19, The emission dpole, which lies along the long axis of 
the molecule that connects the two indole rings, is 
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Biophys. J 26, 557 (1 979)] 
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A. Berg. J. Ct~em. Pt~ys. 37,814 (1 962)] or. to a small 
approxlmatlon, proportional to the cube of the peak 
fluorescence wavelength. 

21 W Lukosz and R.  E. Kunz. Opt. Cornmiin. 20. 195 

Positional Cloning of the Werner's 
Syndrome Gene 

Chang-En Yu," Junko Oshima," Ying-Hui Fu," Ellen M. Wijsman, 
Fuki Hisama, Reid Alisch, Shellie Matthews, Jun Nakura, 

Tetsuro Miki, Samir Ouais, George M. Martin, 
John Mulligan, Gerard D. Schellenberg-k 

Werner's syndrome (WS) is an inherited disease with clinical symptoms resembling 
premature aging. Early susceptibility to a number of major age-related diseases is a key 
feature of this disorder. The gene responsible for WS (known as WRN) was identified by 
positional cloning. The predicted protein is 1432 amino acids in length and shows sig- 
nificant similarity to DNA helicases. Four mutations in WS patients were identified. Two 
of the mutations are splice-junction mutations, with the predicted result being the ex- 
clusion of exons from the final messenger RNA, One of these mutations, which results in 
a frameshift and a predicted truncated protein, was found in the homozygous state in 60 
percent of Japanese WS patients examined. The other two mutations are nonsense 
mutations. The identification of a mutated putative helicase as the gene product of the 
WS gene suggests that defective DNA metabolism is involved in the complex process of 
aging in WS patients. 

W e r n e r ' s  syndrome is a rare autosoma1 
recessive disorder that  is considered a par- 
tial model of human  aging (1-3). WS 
patients pretnaturely develop a varlety of 
the  major age-related diseases, ~nc lud ing  
several forms of arteriosclerosis, malignant 
neoplasms, type I1 d ~ a b e t e s  mellitus, osteo- 
porosls, and ocular cataracts; these ~ n d i -  
viduals also manifest early graying and loss 
of h a ~ r ,  skin atrophy, and a generally aged 
appearance. Gro\vth retardation occurs, 
typically around the  t m e  of puberty, but 
ruedical uroblems are rare during c h ~ l d -  " 

hood. Cell  culture studies also suggest a 
parallel between WS and aglng; the  repll- 
cative life-span of fibroblasts from WS 
patients is reduced compared with age- 
~ n a t c h e d  controls and is simllar to  the  
life-span of f~broblasts taken from more 
elderly ind~viduals (4) .  However, some 

prevalent ger ia t r~c d~sorders  such as Alz- 
heimer's disease and hvuertension are not  , 
observed in  WS. bloreover, there are sub- 
tle discordances between LVS and nortnal 
aging, such as a disproportionately severe 
osteouorosis of the  limbs relative to the  
trunk and the  h ~ g h  prevalence of nonepl- 
thelial neoplasms in LVS. F~nal ly ,  there are 
unusual clinlcal features unrelated to ag- 
ing, ~nc lud ing  ~ ~ l c e r a t ~ o n s  around the  an-  
kles and soft tissue c a l c ~ f i c a t ~ o n  ( 1 ,  2 ) .  

T h e  WS locus (LVRN) was in~tiallp lo- 
calized to 8p12 (5) hp linkage analysis and 
the genetic pos~t ion ref~ned by both meiotic 
and homozpgositp lnapplng (5-7). Initial 
mapping (6-8) placed WRN in an  8.3- 
centlmorgan (cM)  interval flanked by 
markers D8S137 and D8S87 (Fig. 1) ;  
D8S339, located w ~ t h i n  this interval, was 
the closest marker. Subsey~~ent lp ,  short tan- 

(1 977); J. Opt. Soc. Am. 67, 1607 (1 977) 
22 For a dpole on the air slde of the inrerface, LiL, IS 

0 92, L lL ,  IS 1.6. and the radative lfetime IS de- 
creased for a perpendicular emsson dipole 

23 Al~phatic hydrocarbon immersion oil, type FF: 
Cargile Laboratores, Cedar Grove, NJ 

24. We deposited sejieral micrometers of PMMA by spin- 
coating several drops of a souton of 5% by weight 
PMMA In toluene and heatng the sample to d r j  

25. E. Akesson, V. Sundstrom, T Gillbro Chem Pt~ys. 
Lett. 121, 513 (1 985). 

26. M. 0 Sculy, Appi Phys. B 51, 238 (1990). 
27. We obtained an ensemble measurement by raster- 

scanning a 36-km2 sample area prepared wlth 20 
times higher coverage of molecules at a laser inten- 
sty of 500 W c m 2 ,  while continuously collecting 
fluorescence. It thus averaged over several hundred 
molecules. 

28. P. R.  Be\ilngton. Data Reduction and ErrorAnaIys~s 
for t t ~ e  Physrcal Sciences (McGraw-Hill. New York. 
1969), chap 1 1 
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dem repeat polymorphism (STRP) markers 
a t  the gluta th~one reductase (GSR) gene 
and D8S339 ne re  shown to be 111 linkage 
disequilibrium with LVS in Japanese WS 
patients ( 9 ,  l o ) ,  indicating that these mark- 
ers are most likely close to WRN. 

T o  clone the  LVS gene, we generated a 
map from yeast artif~cial chromosomes 
(YACs), P1 clones, and cosmid contigs 
(Fig. I ) ,  starting a t  GSR and extended by 
walking methods to cover approximately 3 
blb (1 1 ). Eighteen STRP markers (Fig. 1B) 
arere identified in  the  contig; probable re- 
conlbinants ne re  detected a t  D8S2194 
(which excluded the region telomeric to 
t h ~ s  marker) and a t  D8S2186 [which ex- 
cluded the  region centrolneric to this mark- 
er (12)],  m a k ~ n g  the 1.2 to 1.4 Mb ~nterval  

C.-E. Yu and S Matthews, Geriatr~c Research Education 
and Clncal Center (1 82B), Veterans Affars Puget Sound 
Health Care System. Seattle Divison. 1660 South Co- 
umban  Way. Seattle, WA 98108. USA. and Department 
of Neurology, Unlhiersity of Washlngton, Seattle, WA 
981 95, USA. 
J. Oshlma. Ger~atric Research Education and Cllnlcal 
Center (1 8281, Veterans Affars Puget Sound Health Care 
System. Seattle Dlvslon, 1660 South Columbian Way. 
Seattle, WA 98108, USA, and Department of Pathology. 
Uniiiersity of Washlngton, Seattle, WA 98195, USA. 
Y.-H Fu. R Alisch. J Mull~gan. Danfidln Molecular Corpo- 
ration. 1631 220th Street, S E., Bothell, WA98021. USA. 
E. M Wijsman, Di\iison of Medical Genetics, Department 
of Medcine, and Department of Biostatistics, Unlhiersity 
of Washington, Seattle WA 98195. USA. 
F. Hlsama, Department of Neurology, Yale Unlverslty 
School of Medicine, New Haven. CT 06510. USA. 
J. Nakura and T Miki, Department of Ger~atric Medicne, 
Osaka University Medical Sclioo. 2-2 Yamadaoka Suita, 
Osaka 565, Japan 
S Ouais. Section of Endocrnoogy, Damascus Cty  Hos- 
pital, Damascus, Syria. 
G M Martin, Department of Pathology, University of 
Washlngton, Seattle, WA 981 95, USA. 
G D Schelenberg, Geriatrlc Research Education and 
Clinical Center (1828). Veterans Affairs Puget S o ~ ~ n d  
Health Care System. Seattle D IV IS IO~ ,  1660 South Co- 
umbian Way. Seatile. WA 98108. USA. and the Depart- 
lnents of Medicine. Neurology, and Pharmacology, Un -  
versity of Washlngton. Seattle, WA 98195, USA. 

'These authors contributed equally to this work 
T o  whom correspondence should be addressed 

SCIEKCE VOL 272  12 APRIL 1996 




