
8.5 (SD) for the right-handers and -10 for the amb- 
dextrous partcpant. 

12. Rest was as deflned [P. E. Roland and B. Larsen, 
Arch filelec~rol. 33, 551 (1976)l. The arterlal partial 
pressure of CO, and 0, was measured repetitvely 
and the EEG and electrooculogram (EOG1 were re- 
corded cont~nuously None of the panicpants broke 
ther flxated gazes, and the EOG showed only eye 
b n k s  w~ th  an average frequency of 0.2 I 0.1 Hz 
(mean -t SD). The background ~Ilum~nat~on was 0.27 
cd'm2 durng all conditons. 

13. The visual stimulus for flxation was a 3" visual angle 
yellow monochrome circle 0 8 cd/m2 on a montor. 
At random ntervals ranging from 1000 to 3000 ms. 
the luminance of the c r c e  suddenly increased to 
14 5 cd/m2 for 1000 Ins. 

14. Experment partcpants durng a cond~t~ons rested 
the pad of the right ndex flnger on a polpiny plate 
havng an 1 I-mm-dameter I ioe  through whch a 
2-mm stylus drjveli by a solenod c o ~ ~ l d  protrude. 
The stylus d d  not touch the skn in the ~nterst~mulus 
Intervals. The nterst~mulus nter-ials ranged from 
1000 to 3000 ms n a randoln manner, In the so- 
matosensory task, the stylus indented the pulp of the 
ndex flnger by 2.8 mm for 1000 ms 

15. The v is~~al  reacton tme  was 315 = 39 ms (mean t 
SD). the somatosensory reaction tlme was 288 t 29 
ms The global blood flow of the bran Increased from 
46 1 I 5.3 ml/ l00 g imn  at rest to 49.5 I 4.6 ml/ l00 
g/mn and 50 5 i- 4.9 ml i l00  gimln in the vs-RT and 
soin-RT tasks, respectively. The percentage 
a-blockade in the EEG was 80.1 t 17 2 (mean ? 

SD) durng rest and 80.1 i- 20.1 during the som-RT 
task but Increased to 90 7 = 8 2 during the VIS-RT 
task (P < 0.01. i test). Hean rate did not change 
sgnificanty [62.0 I 6.0 beatsimn (rest), 62.8 t 6.6 
beatsimin ivis-RTl, and 63.2 = 6.7 beatsh in  lsom- 
RT)]. nelthkr d ~ d  h e  anerlal GO2 pressure [5 59 I 
0.23 kPa (rest), 5.56 = 0 23 kPa (vs-RT1 and 5.62 
-t 0 33 kPa (som-RT)]. 

16. The accuracy (SEMI of locaz~ng structures in the 
upper bra~nstem In P E i  and magnetlc resonance 
images was <0 35 mm. The center of gravity of the 
rlght red nucleus was determned in the branstem In 
each partcpant (231 In the anatomcaly standard- 
zed format the mean coordnates I SEM for the 10 
partcipants were x (medo-lateral) 5.1 6 = 0 19 mm; 
,v (anteror-posteriori. 18 90 I 0 31 mm, and z (su- 
perornferor) 6.86 = 0.19 mm. 

17. G. Schaltenbrand and P. Bailey, ENifuArung in die 
Stsreo-tal~ischen Operarionen init einem Arias des 
menschbchsn Gehirns (Thleme Verlag, Stuttgart. 
1959). 

18. The rCBFs In the right and eft mdbran tegmentum 
were 54.9 = 4.9 m i100  g/mn and 53.5 t 4.9 mli 
100 g imn,  respectvely for ihe som-RT (mean = 
SEM), for the vis-RT task the correspondng values 
were 54 7 = 5 3 and 53 9 i- 5.6 ml/100 g imn,  
respectvely. For the rght and left intraamnar nuclel 
of the thalamus the rCBFs were 64.5 -t 4 3 mIi100 
g/mn and 69.7 = 6.3 m/100 gimin, respectively, for 
the som-RT, and 74.9 t 4.4 m/100 g/min and 68.6 
t 6.5 m/100 g/min, respectvey, for the vs-RT task. 
For comparson, a R01 (reglon of Interest) symmetr- 
c a  to the actvated part was drawn. 

19. The experment particpants were nne normal male 
volunteers aged 23 to 29 years, eight of whom were 
rght-handed and one of whom was left-handed. In 
the task they were trained for 10 m n  to produce a 
rate acceptably close to the stpulated 0.33 Hz. The 
umnance of the liomogenous yellow g h t  on the 
screen was 4.2 cdirn2. The color coordnates werex 
= 0.51 and i/ = 0 426 (Comm~ss~on International 
d ~clalrage). The procedures and PFT measure- 
ments were dentlcal to those made n the reaction- 
t m e  group The global rCBF was 46.6 I 5.4 ml/ l00 
g/mn. The a-blockade was 79 3 = 16.5% the fre- 
quences of eye blinks 0.3 I 0.1 Hz, and the arteral 
CO, pressllre 5.56 = 0.24 kPa all of whch were 
s~mllar to the values obtalned In the rest and RT 
condtons. Specfically, there were no dfferences n 
the frequency of thumb movements in the RT con- 
d tons  and the self-generated movement condition, 
values for whch were as follows: 0.35 I 0.01 Hz 
(vs-RT). 0.31 t 0.02 Hz (som-RT1 and 0.29 -t 0.06 
Hz (self-generated thumb movements). Other proce- 

dures were as descrbed (91. 
20. J. Decety R. Kawashma, B. Guyas, P E. Roland 

NeuroReport 3 761 (1992); B. T. O'Sull~van. P E. 
Roland, R, Kawashima, Eur J file~eurosci, 6, 137 
(1 9941; R. Kawashima, B. T. O'Sulllvan P. E. Roland, 
Cerebr Cortex 2, 1 1 1 (1 9951 

21 S S. Kety,Am. J. ivled. 8.205 (19501; D. ngvaretai.. 
Arch Neurol 11 13 (1964): P. E Roland, L. Erlks- 
son, S. Stone-Elander, L. Wlden J. Neurosci 7, 
2373 (1987), P. E. Roland, Brain Actl~~ation ( W e y .  
New York, 1993). 

22. P. E. Roland et a / ,  Human Brain ivlapping 1 3 
(1 993). 

P E. Roland e i  a/. , ibid. 1 , 173 (1 994). 
The vca plane, whch IS tangent to the anterior com- 
mssure deflnes the zero coordinate In the the ante- 
ror-posterior axs (Table 1). The vcp plane s vencal 
tangent to the posterlor commissure. The ac-pc 
(comm1ssural1 plane defines the zero coordnate in 
the superior-inferlor axls. 

25 Supported by the Human Captal and Mobllty Pro- 
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Altered Reactivity of Superoxide Dismutase in 
Familial Amyotrophic Lateral Sclerosis 

Martina Wiedau-Pazos," Joy J. Goto,* Shahrooz Rabizadeh, 
Edith B. Gralla, James A. Roe, Michael K. Lee, 

Joan S. Valentine,Wale E. Bredesen? 

A subset of individuals with familial amyotrophic lateral sclerosis (FALS) possesses 
dominantly inherited mutations in the gene that encodes copper-zinc superoxide dis- 
mutase (CuZnSOD). A4V and G93A, two of the mutant enzymes associated with FALS, 
were shown to catalyze the oxidation of a model substrate (spin trap 5,5'-dimethyl- 
I-pyrroline N-oxide) by hydrogen peroxide at a higher rate than that seen with the 
wild-type enzyme. Catalysis of this reaction by A4V and G93A was more sensitive to 
inhibition by the copper chelators diethyldithiocarbamate and penicillamine than was 
catalysis by wild-type CuZnSOD. The same two chelators reversed the apoptosis- 
inducing effect of mutant enzymes expressed in a neural cell line. These results suggest 
that oxidative reactions catalyzed by mutant CuZnSOD enzymes initiate the neuro- 
pathologic changes in FALS. 

Alnrotrophic lateral sclerosis (ALS), or 
Lou Gehrig's disease, is a motor neuron 
degenerative disease that affects approxl- 
mately 1 person In 10,000. About 10 to 
15% of cases are fanlilial ( 1 ), and 20 to 25% 
of familial ALS (FALS) cases are associated 
with domi~lalltly inherited ~uutations in 
SOD1, the gene that encodes hu1na11 CuZn- 
SOD (2 ) .  Initial studies of the FALS-asso- 
ciated CuZnSOD lnutants appeared to 
delnonstrate reduced enzylllatic activ~ty (3).  
Hom-ever, subseque~lt studies with trans- 
genic mouse (4)  and cell culture (5) models 
of FALS indicated a dominant, gain-of- 
fi~nction effect of the FALS-associated 
CLIZI~SOD mutants. Moreover, yeast sod1 
null mutants were rescued as efficiently by 
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FALS-associated mutant human CuZnSOD 
as by the m-ild-type ( W T )  human enzyme, 
which indicated extensive activity of the 
mutant proteins (5).  Although these obser- 
vations supported a gain-of-filnction effect 
of the mutants, the nature of the function 
gained has relnained undetermined ( 1  ). 

In addition to its activity as a SOD ( h ) ,  
CuZnSOD catalyzes oxidatio~l of substrates 
l,y hydrogen peroxide (H,OL) at rates com- 
petitive with its own oxidative inactivation 
by the same reagent (7, 8). A con.r~enient 
substrate used to study this type of reaction 
is the spin trap 5,5 '-dimeth\~l-1-p\~rroline 
N-oxide (DMPO),  which reacts with H 2 0 ,  
to give its elects011 paralnag~letic resonance 
(EPR)-detectable hydroxyl adduct, DMPO- 
OH, in a reaction catalyzed by \WIT CuZn- 
SOD (9) .  We hypothesized that the FALS- 
associated mutant CuZnSODs might en- 
hance sinlilar oxidative reactions of sub- 
strates with H 2 0 ,  because the locations of 
the FALS-associated ~ ln~ta t ions  in this en- 
zyllle suggest the possibility of i~lcreased 
openness of the three-dimensional struc- 
tures (3) ,  which could conceivably allom- 
greater access of substrates to the active site. 
In addition, in a neuronal cell culture inod- 
el of FALS, m m ~ t a ~ ~ t  l lu~nan CuZnSODs 
[Ala4 + Val (A4V) and Gly3' + Arg 
(G37R)I illcreased apoptosis, m-hereas the 
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KIT human CuZnSOD ~nhibited apoptosis 
(5, 1 O), and apoptosls has been demonstrat- 
ed in some instances to be mediated by 
reactlve oxygen specles (1 1 ). 

T o  test the hypothesis that FALS-asso- 
ciated mutations augment the catalytic ox- 
idation of sulxxrates by H,OL, we expressed 
recombinant KIT and lnutant proteins A4V 
and G93A (Gly" + Ala) in the yeast 
Saccharom~ces cerevisiae and purified the111 
to homogeneity (6,  12). EPR studies were 
perforlned with H20,  and DklPO (9). So- 
l ~ ~ t i o n s  containing fully metallized lnutant 
or KIT enzymes produced the cluadruplet 
signal chara.cteristic of DMPO-OH (13) 
n ~ h e n  both H20 ,  and DMPO m-ere present 
(Fig. 1) .  Double ~ntegration of tlle signals 
attributable to the adduct de~nonstrated 
that significantly higher concentrations of 
Dh4PO-OH n7ere generated with the FALS- 
associated nlutant enzymes. The amplitude 
of the signal generated by the A4V mutant 
was reproducibly greater tlian that obtained 
with the G93A mutant, which in turn was 
reProducibly greater than that obtained 
wit11 KIT CuZnSOD (14). The apoenzymes 
did not produce detectable amounts of 
DMPO-OH (Fig. 2). Klith increasing ex- 
tents of nletallation by CLI'+, hon.ever, the 
en:ymes generated increasing DMPO-OH 
signals (Fig. 2 ) .  Differences betlveen \SIT 
and 11nltant enzymes n7ere apparent at all 
degrees of metallation. The increase in the 
EPR signals was not simply attributable to 
free CuL' 111 so l~~t ion ,  because free Cu'+ 
without enzyme did not generate a signifi- 
cant DMPO-OH signal (Fig. 1 ) .  

Pre~.ious studies of the oxidation of sub- 
strates by H 2 0 2  cata1y:ed by W T  CuZn- 
SOD suggested that the reaction occurs at 
the Cu2- ion bound at the active site of 

each subun~t  of the en:yme (7-9). We 
therefore inr~estigated the effect of adding 
Cu"-chelating agents, either diethyldi- 
thiocarbamate (DDC) (I  5) or d,l-penicllla- 
mine (16), to the reaction system. The W T  
enzyme showed a slllall concentration-de- 
pendent increase in DMPO-OH production 
after the addition of small amounts of DDC 
(Fig. 3 ) .  In contrast, both A4V and G93A 
showed a progressive decrease in DMPO- 
O H  generation with increasing concentra- 
tions of DDC. A concentration-dependent 
decrease in DMPO-OH production was ob- 
served for both \SIT and A4V enzymes 
(G93A was not studied) on  addition of 
penicillalnine (1 7). 

The  results of the DDC and penicilla- 
mine experinlents did not discriminate be- 
tween the possibility that these reagents 
remove Cu'- from the actlve site of the 
mutant en:ymes and the alternative possi- 
bility that they bind to the Cu'+ and thus 
inh~bit  its reaction with HIOL, DMPO, or 
both (1 8). Previous observations (1 5) indi- 
cate that, at low concelltratio~~s, DDC 
binds to W T  b o ~ ~ i n e  CuZnSOD a~ithout 
inhibiting ~ t s  SOD activity. Similar studies 
with penicillalnine and KIT CuZnSOD 
11a1.e not been reported. Nevertheless, the 
observation that each of these Cu2' chela- 
tors interferes with the ability of the mutant 
CuZnSOD enzymes to cata1y:e production 
of DMPO-OH implies that the Cu2+ in 
each enzyme participates in the catalytic 
mechanism. 

We reasoned that if si~nllar oxidative 
reactions cata1y:ed by mutant CuZnSODs 
are i~nportallt in SOD-associated FALS, 
then Cu2' chelators might likelvise inhibit 
the process of neural degeneration in our 
neural cell culture model of FALS, in ~vhich 

Fig. 1. EPR spectra of the DMPG-OH adduct formed in the A - ~ , ~ i , -  :!, -,"- 

presence of human W CuZnSOD, mutant CuZnSODs, and ! b 

C U ~ - ~ .  (A) VVT enzyme, (B) A4V mutant, (C) G93A mutant, and (D) 
copper(l1) sulfate. The signals shown are representative: mea- 
surements of mutant enzyme were repeated 5 to 10 times, always 
paired with the W proten. Reactions were performed as de- i li ,, 1 

1 1  1 '  I' 
scribed (9). with minor modifications: Reaction mixtures consisted ~'14J---r^- '~,- - - -  

of 1.25 FM proten (or 2.5 FM CuSG,) and 45 mM DMPO (Aldrich) 1 1  1 1  

in 23.5 mM NaHCO, buffer (pH 7.4) balanced wth 5% CG, and 1 I1 
95% N,. The reactlon was initiated by injection of 30 mM H,O,. 1 
Spectra developed after 30 to 45 s ,  were recorded at 5 min, and 
were stable for > 30 min. EPR spectra were recorded at room \ Il 

a I ( 1  
temperature on a Bruker ER 200 D instrument, operated at 9.5 c A/_J 
GHz with a modulation frequency of 100 kHz. Conditions were as y ,,-I;-'!i- I ' I 

follows: microwave power, 20.7 mW; modulation amplitude, 1 G; 1 1 1  

tlme constant, 10 ms; sweep width, 100 G with 2046-point res- 
olution. The samples were prepared and handled, and all mea- 

-, , n7.,-d-___ 

surements executed, in a strcty oxygen-free atmosphere to pre- 
vent radlcal scavenging by molecular oxygen. Buffers were treat- u 
ed with Cheex 100 (Bio-Rad) to eliminate the possibility of con- 10 G 

tamination by trace metals. DMPO was purified by filtration with 
neutral decolorizing charcoal (Aldrich) (25). The concentratlon of DMPO was calibrated spectrophoto- 
metrically, with an extinction coefficient at 226 nm of 7.22 x 10" M-' cm-' (26). An aqueous flat cell 
(Wilmad) was used to hold the samples. The concentrations of the apoprotelns were calculated from an 
extinction coefficent at 280 nm of 1.08 x l0%-' cm-' 

overexpression of W T  CuZnSOD inhibits 
apoptosis xhereas sinlilar levels of expres- 
sion of FALS-associated mutant CUZII- 
SODS enhance apoptosls (5). The neural 
cell line CSM14.1 (19) was transfected 
with expression constructs encoding W T  
human CuZnSOD or the mutant human 
CuZnSODs A4\7, G37R, G41D (Gly4' + 
Asp), or G85R (Glys5 + Arg). Overexpres- 
sion of the KIT CuZnSOD inhibited apo- 
ptosis induced in the cells by serunl with- 
drawal, m-hereas all four mutants tested en- 
hanced apoptosis relative to the c o ~ ~ t r o l  (5). 
DDC (25 to 1CC p.h4) inhibited by 30 to 
70% apoptosis induced by all four mutants, 
but had no effect on cells overexpressing 
W T  CuZnSOD (Fig. 4). At  a concentratlon 
of 500 l M ,  DDC decreased the viability of 
cells expressing \SIT CuZnSOD but contin- 
ued to rescue the cells expressing the mutant 
CuZnSODs. A t  a concentration of 2 1  mlvl, 
DDC was toxic in all groups. Sullilar results 
were obtained with penicllla~nine (2C). 

Our EPR results indicate that two 
FALS-associated C L I Z ~ S O D  mutants cata- 
1y:e the reaction of HzOz a ~ i t h  DklPO to 
produce substantially higher amounts of 
DMPO-OH than those produced with the 
W T  enzyme. The observations that Cu2+ 
chelators inhibit this DMPO-OH produc- 
tion and increase the viability of cultured 
neural cells expressing each of four FALS- 
associated CuZnSOD mutants suggest that 
such nnltant enzymes may similarly catalyze 

Fig. 2. EPR spectra of the DMPG-OH adduct 
formed in the presence of human \NT CuZnSOD 
and mutant A4V at different extents of copper 
metalation of the proteins, (All samples contained 
one equivalent of zinc per subunit.) (A) Copper- 
free enzyme; (B through E) \NT (left traces) and 
mutant (right traces) enzymes with 25,50,75, and 
100?6 copper metallation, respectively. Experi- 
ments were performed as descrbed in Fig. 1 and 
were repeated three times. Representative sig- 
nals, recorded at 3 min, are shown. 
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oxidation of sl~bstrates present in lllotor 
neurons. H,O, need not necessarily be the 
primary oxidant in such mutant CuZnSOD- 
catalyzed reactions, because alternative oxi- 
dants, such as peroxynitrite (21) or organic 
peroxides, may act in a sinlilar manner. In 
addition, in our EPR esperilnental system, 
M,OL acts both as a reductant of the Cu(I1) 
for111 of the enzyme and as an oxiiiant of 
DhlPO (22), whereas intracellular reducing 
agents may act as reductants of the Cu(I1) 
forlll of the enzyme i11 inotor neurons. Thus, 
oxidative reactions of H,O1 may occur in 
motor n e ~ r o n s  at lower concentrations of 
this compou~~tl  than those used in our in 
vitro studies. 

In any event, the most important differ- 
ence between the in vitro and in viva sys- 
tems is that, whereas DMPO is the substrate 
in vitro, the target substrates in motor neu- 
rons are unkno\~,n. Potential ca~ldiiiates for 
such sl11,strates include small anionic mole- 
cules, such as forlnate or glutamate, that may 
fit into the active site channel and be oxi- 
dized at the active site. Likely products of 
such reactions are forlnyl or glutamyl raiii- 
cals, rvhich in turn may participate in lorger 
range oxidative reactions. Indeed, the ability 
of glutamate to prevent the inactivation of 
WT CuZnSOD by reacting with H 2 0 ,  with- 
in the active site channel has been attributed 
to s~lch a mechanism (9). Iiientification of 

U 

10 G 

Fig. 3. (A) EPR spectra of the DMPO-OH adducts formed by human \NT (left traces). A4V (middle traces). 
and G93A (rght traces) CuZnSOD with various concentrations of DDC: (a) No DDC added; (b) 0.62 FM 
DDC; and (c) 10 FM DDC. Experiments were periormed as in Fig. 1 and were repeated two orthree times. 
DDC was prepared freshly and added to the CuZnSOD immediately before addltion of DMPO and 
~njection of H,O,. Spectra were recorded at 2.5 min. (B) Concentrations of DMPO-OH formed during the 
reaction of H,O, (30 mM) with W (E and a, which represent two separate series of experiments). A4V (3). 
and G93A (-) CuZnSOD in the presence of various concentrations of DDC. Reaction conditions were as 
in Fig. 1.  Experiments were repeated two or three times. The concentrations were determined by double 
integration of the DMPO-OH EPR signals with the spin label carbamoyl-proxy (Adrich) as a standard. 

Fig. 4. Effect of DDC on serum withdrawal-induced apo- 80 
ptosls of temperature-sensitive nigra neural cells 
(CSM14.1) expressing VVTor mutant CuZnSOD. Cells were 
transfected with the vector only (E), the \NT gene (a),  or 
A4V (-), G37R (O), G41 D (C), or G85R (C) mutant SOD - 60 - 

constructs (5). After selection in puromycin (7 kgiml), cells 
were transferred to 96-well plates and incubated in serum- ,g 
free lnedium contalnlng various concentrations of DDC. 

'i 40 - 

Viabity was assessed after 60 hours (5). There was no 5 . 

slgnfcant Improvement In vlabl~ty at any DDC concentra- 
t on  for cells transfected wlth t h e y 0  construct. In contrast, 20 - 

cells transfected . ~ l t h  mutant SODS showed slgnfcani m -  
provernents in sufvlval, Hnalyss by unpaired two-taed t 
test showed the follow~ng: For A4V and G37R. P < 0.01 : 0 I '  

0 50 100 
for G85R P < 0.01 (except at 50 pM. where P < 0.05): for 
G41 D. P < 0.05 at 50 and 100 pM and P < 0.01 at 500 PDCI  (PM) 

p M  Data are means ? SEM of four experiments, 

substrates whose oxidation is catalyzed by 
lnutant CuZnSOD enzvmes in motor neu- 
rons may provide clues to other causes of 
fatnilial and sporadic ALS. Our observation 
that Cu" chelators inhibit the ability of 
mutant CuZnSOD enzvmes both to catalyze 
oxiiiation of substrates by H,O, in vitro and 
to induce apo~tosis in cell culture suggests 

L uu 

that such agents, although potentially toxic 
(1 6 ,  23), should be tested in anilnal models 
of FALS (4), with the hope that they nlay 
ultimately be beneficial in patients with 
FALS associated with SOD1 mutations. 
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Identification of Scavenger Receptor SR-BI as a 
High Density Lipoprotein Receptor 

Susan Acton," Attilio Rigotti, Katherine T. Landschulz, 
Shangzhe Xu, Helen H. Hobbs, Monty Krieger? 

High density lipoprotein (HDL) and low density lipoprotein (LDL) are cholesterol transport 
particles whose plasma concentrations are directly (LDL) and inversely (HDL) correlated 
with risk for atherosclerosis. LDL catabolism involves cellular uptake and degradation of 
the entire particle by a well-characterized receptor. HDL, in contrast, selectively delivers 
its cholesterol, but not protein, to cells by unknown receptors. Here it is shown that the 
class B scavenger receptor SR-BI is an HDL receptor. SR-BI binds HDL with high affinity, 
is expressed primarily in liver and nonplacental steroidogenic tissues, and mediates 
selective cholesterol uptake by a mechanism distinct from the classic LDL receptor 
pathway. 

T h e  risk of developing atherosclerosis, the 
leading cause of death in Western industri- 
alized countries, is directly related to plasma 
concentrations of LDL cholesterol and in- 
versely related to concentrations of HDL 
cholesterol (1 ,  2).  Although receptor-me- 
diated LDL lnetabolisin is well defined (3) ,  
HDL inetabolisin is poorly understood (1 ,  
2 ,  4).  HDL delivers cholesteryl ester to 
nonplacental steroidogenic tissues (ovary, 
adrenal gland, and testis) for hormone syn- 
thesis (5) and transports cholesterol from 
extrahepatic tissues to the liver (reverse 
cholesterol transport) ( 1 ,  2 ,  4). Unlike the 
situation rvith LDL, delivery of the choles- 
terol of HDL to cells is generally not ac- 
companied by degradation of the protein 
component of HDL; this process is known 
as selective lipid uptake (6-13). Although 
nurnerous ligand-blotting studies revealed a 
variety of HDL-binding proteins [58 to 140 
kD, reviewed in (4)], cell surface receptors 
for selective lipid uptake have not been 
identified. Here we provide evidence that 
the class B scavenger receptor SR-BI (14) is 
an HDL receptor. 

We previously showed that hamster SR- 
BI (haSR-BI) binds native LDL, chemically 
modified LDL, and anionic phospholipids 
(14). To  f ~ ~ r t h e r  explore the lipoprotein- 
binding properties and fi~nctions of SR-BI, 
we cloned the cornplernentary DNA 
(cDNA) of the murine homolog (mSR-BI) 
and transfected it into ldlA cells [LDL re- 
ceptor-negative Chinese hamster ovary 
(CHO)  cells (15)l. '2'I-labeled HDL (16) 
specifically associated with the stable trans- 
fectants (ldlA[mSR-BI]) with high affinity 
(dissociation constant, KLI, of -30 kg of 
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protein per milliliter) and sat~~rability (Fig. 
IA) .  Control (untransfected) ldlA cells ex- 
hibited substantially less "'I-HDL associa- 
tion. Association reached a steady state in 
less than 1 hour (Fig. 1B) and was not 
affected by EDTA [ l  to 10 inM (1 7)] or by 
the removal of the trace amounts of apoli- 
poprotein E (apoE) present in the HDL 
(1 6 ,  17). There was little effect of excess 
native LDL on "'I-HDL association (1 7); 
thus, LDL in vivo u~ould not be expected to 
significantly interfere with binding of HDL 
to mSR-BI. The "'I-labeled protein com- 
ponents of HDL (apoAI and apo.411) were 
not degraded [Fig. 1 C  and (1 7)], which is in 
marked contrast to the lysoso~nal degrada- 
tion of the protein component of LDL 
(apoB) after endocytosis via the LDL recep- 
tor (3).  

W e  next compared the fates of the pro- 
tein (labeled with '"I) and lipid [labeled 
with [3H]cl~olesteryl oleate or DiI (a fluo- 
rescent lipid)] (1 6) components of HDL in 
mSR-BI-transfected cells. The amount of 
cell-associated '"I-HDL reached a steady 
state in less than 1 hour at  37OC with less 
than 0.5% of the total label bound to the 
transfected cells (Fig. ?A) .  In contrast, 
transfer of [3H]cholesteryl oleate and DiI 
increased continuously, reaching - 18% of 
the total labeled HDL lipids after 5 hours of 
incubation at 37OC. DiI accumulation was 
saturable (17). Untransfected cells dis- 
played little lipid or protein association 
(Fig. 2B). Thus, there was selective transfer 
of the lipid, but not the protein, compo- 
nents of HDL to cells expressing mSR-BI. 
Essentially identical results were observed 
with C O S  cells transiently. transfected (14) 
with either the mSR-BI vector or a control 
vector (pcDNA1, no insert) and incubated 
with HDL labeled with [3H]cl~olesteryl 
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Medeal Center, Dallas, TX 75235, USA, milliliter (1 611. After 5 hours, there was 
18% lipid and 0.3% protein association in 
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