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Cloning Announcement Sparks 
Debate and Scientific Skepticism 
W- D.C.. AND -A ~fnali 
U.S. biotech f m  made headlineg ammd the 
world last week whm it a t m o d  that it had 
cloned several human e d n y s  for hnsplan- 
t a t i o n I . e s e a r c h . ' I h e ~ i t w a s  
called by scientists who did the work at a pri- 
wkly held frmq Advanced Cell T ~ l o g y  
(ACT) in Worcester, Massachusetts- 
promptedstrong~Ons.PresidentGeorge 

in early 2000, advertising for egg donors in 
Boston newspapem It cmveued an adviso- 
ry board under ethicist Ronald Green of 
Dartmouth College in Hanover, New 
Hampshire, to review and approve the pro- 
cedures. The scientists obtained 71 eggs 
from seven paid volunteers: women be- 
tween 24 and 32 years old who already had 
given birth to at least one child. 

W. ~ u s h  denounced ACT attempted several 
the mearch as Imethi- kinds of procedures. First, 
cal, European leaders the team removed the nu- 
discussed national cleus from an unfertilized 
controls on cloning, egg and replaced it with a 
and the furor could 
spur efforts to pass a 
law in the United 
States that would ban 
research on human 
cloning. AU this fuss 
w e r ~ w b o s e s c i -  
M 1 c  significance is 
questionable: Some . . ~ w S e t h a t t h e s i x - c e l l c ~ ~ -  
e d b y A c T b m l y ~ a s e m b r y o s .  

The experiments, according to ACT'S 
chief~Micbael \Nest ,we~edesigned 
totestawayofproducihumanednyos 
foruseinlransphtationthaapy.Thecom- 
pany is pmming a vision known as %era- 
~ c c l o n i n g . " T h e g o a l i s t o ~ g e n e s  
~ a p a t h t i n t o a n ~ e m b r y o  
thatcangemratehealthynewstemcells.The 
hope is that the new cells might then be re- 
implanted in the patient without causing an 

I 
inmnme mcticm, to treat common iheses. Clones & Ca CEO Michael West and human 

A six-member ACT team, including eggs after insertion of cumulus cell nuclei. 
West, scientist Jose Cibelli, and vice presi- 
dent Robert Lama, claims to have complct- nucleus taken from a skin cell of another 
ed the f d  step of this process in Ocbber, adult donor-* procedure called nuclear 
cloninghumanembryosforthefirsttime. transfk.Noneofthe11eggstreatedinthis 
They h ' b e  their "protocols for the gener- way divided. The team had better luck when 
ation of human embryos" in an online pub& it transferred nuclei from cumulus cells, 
cation called e-bwmed: 2 7 ~  .kwnd @Re- support cells that surround Wloping eggs 
~Merlycine,postedposted26N~ovem- i n t h e c r ~ a r y . ~ T h r e e f ~ ~ e g g s i n t h i s e ~ -  
ber. On the same day, they published a first- periment began dividing, but only one de- 
person narrative in Scientijk Anmican and velopedto the six-cell stage. 
\~vere profiled in a glowbg account in US. The team also atkwted to brigger embry- 
News dt W R q o r t .  onic d e v e w  m unfintiliaed eggs, a pro- 

ACI'launcheditshumancloningproject c e s s c a l l e d ~ b y e q d n g t h e  

to a mix of chemicals knuwn to prompt 
cell division (see image). WenQ of these 22 
chemically activated eggs divided at least 
once. Six formed what Clklli and his col- 
leagues call a '%blastocoele cavity," resem- 
bling the sphere of cells that a n o d  em- 
bryo forms a week after -on Haww- 
er, they did not contain the crucial inner cell 
mass, a cluster of more than 100 cells that 
giverisetoembryonicstemcells. 

Many animal species can reproduce 
through parthenogenesis, but no mammals 
are known to do so. Because a partheno- 
genetically activated egg could never pro- 
duce a fun-term baby, some have speculated 
that stem cells derived from "parthmotes" 
might skirt the ethical questions that sur- 
d the use of human embryos. Bioethi- 
cists are skeptical. For example, Norman 
Fost of the University of Wisconsin, Madi- 
son, says he's not comrinced thereka a- 
ence and notes that '%he people who are 
against any use of human embryos in re- 
gearch are still going to be opposed." 

The fact that none of the experimental 
embryos developed to eight cells suggests 
that the inserted nucleus wasn't working 
properly, says developmental biologist 
John Eppig of the Jackson Laboratory in 
Bar Harbor, Maine. In normal human em- 
bryos, the nucleus begins to express its 
genes between the four- and eight-cell 
stage. The failure to survive to eight cells 
"strongly suggests that you're not getting 
gene activation" in the transferred nucleus, 
he says. "And if you're not getting that, 
what have you got? Nothing." David 
Ayares of Edinburgh-based PPL Therapeu- 

H 
a 

tics, another company involved in animal 

stem cell lines, agrees. "The fact that they 
cloning and attempts to generate human 

only went to four cells implies incorrect a 
gene activation. . . . Those embryos aren't 8 
going to go any further," he says. 4 
West agrees that the data so far are "ad- 

mittedlyscant."Adcedwhyhedecidedtogo 
publicatthistime,hesaid:'Weareasked' 
all the the about where we are in our D- 
search; we made the decision that when we 
had enough reproducible data, we would 
p u b W H e ~ ' 0 U r n e x t g o d i s t o c r p  

contain several hrmdred cells. 

I 
ate blastocysts," early-stage embryos that 3 

International reaction was mixed. m e  [ 
Vatican denounced ACT'S research. Like- e 
wise, science ministers in Germany and 
France Mi that such work was illegal 
m their mmtrks. Earlier this month, France 
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and Germany issued a joint statement call- 
ing for an international ban on human repro- 
ductive cloning, while their legislatures are 
debating whether to allow work on embry- 
onic stem cells. In the U.K., which has the 
most tolerant rules in Europe on the use of 
human embryos in research, legislators ap- 
proved research on nuclear transfer to derive 
stem cells early this year. The House of 
Commons is planning to debate a bill that 
would explicitly outlaw the implantation of 
such an embryo. Lawmakers say ACT's an- 
nouncement adds urgency to the debate. 

The U.S. Senate, which is divided on the 
subject, has not yet voted on human cloning, 
although the House passed a bill in July that 
would make it illegal. If the House bill were 
in effect today, ACT might be prosecuted. 
The main effect of ACT's announcement, 
stem cell researcher John Gearhart of Johns 
Hopkins University told Reuters, was to 
scuttle backstage talks among congressional 
staffers on how to reach a compromise on 
the use of embryos in research. ACT's an- 
nouncement, one House aide says, "has 
made everyone a little queasy." 

-EUOTMARSHAUANDGRETCHENVOCEL 

Virus Infects Cell: 

Live and Uncut 

Reality TV has never been this good: After 
several brief kisses for its unwitting victim, 
a dazzling virus pushes inside the recum- 
bent cell, while another radiant virus, unsuc- 
cesshl in its flirtation, floats out of view. 
The camera pans to the cell interior, where 
glowing viruses glide along protein rails to 
the nucleus. There, some slip through nucle- 
ar pores, and others cruise through tunnels 
within the cell center. 

Cut to laboratory: For the first time, re- 
searchers have viewed live scenes of viral 
infection. Their lens is an imaging tech- 
nique that may open up gene therapy and 
antiviral research to highly detailed blow- 
by-blow analysis. 

On page 1929, a cadre of researchers led 
by physical chemist Christoph Brauchle of 
Ludwig Maximilian University in Munich, 

$ 	 Germany, reports having imaged-in real 
2 	 time-single adeno-associated virus (AAV)
$ 	particles entering cells and moving into the 
$ 	nucleus. The closeup view was provided by a 
g 	 technique called single-molecule fluorescence 

spectroscopy, which until now had been used 

to view chemical reactions such as the enzy- 
matic breakdown of adenosine triphosphate. 

Although single-molecule imaging tech- 
niques have advanced significantly in the last 
few years (Science, 1 June, p. 1671), the tech- 
nique had never before been used to watch a 
viral infection, says molecular virologist 
R. Jude Samulski, director of the University 
of North Carolina Gene Therapy Center in 
Chapel Hill. "This techniaue will be signifi- 
can; for helping us 
understand how the 
virus enters the cell," 
he says. "We're usual- 
ly taking a picture af- 
ter the event hap- 
pened, but this is real 
time, the live story." 

The documentary 
approach revealed 
new information 
about the small virus, 
which gene therapy 
researchers are hotly 
pursuing as a gene de- 
livery vector. Among 

To minimize such interference, the re- 
searchers tagged individual viruses with one 
or two fluorescent molecules, each of which 
is about 1/25 the size of the virus. After us- 
ing light microscopy to get a good picture of 
the mammalian cells lying on a microscope 
slide, the researchers infected each cell with 
10 to 1000 viral particles, which Brhchle 
says is much closer than typical cell cultures 
to normal conditions in the bodv. The 

molecules' glow- lasted 
1 to 10 seconds before 
it bleached out. This 
gave the researchers 
ample time to capture 
the movement of indi- 
vidual viral particles 
with snapshots every 
40 milliseconds. "Be- 
cause they're carrying 
little flashlights around, 
we can see where the 
virus is," says physical 
chemist Anne Myers 
Kelley of Kansas State 
University in Man-

their findings: AAV Caught in the act. Three viruses (yellow, hattan, an expert in 
poked through the cell green, and pink Lines) infect one cell (out- single-molecule imag- 
membrane in about 64 lined in yellow) and head straight t o  the nu- ine: who was not g art of-
milliseconds, much cleus (o i t l i ne i i n  red). 
faster than expected, 
and reached the nucleus in about 15 minutes. 
That's about an eighth of the time in which 
conventional cell culture methods, which rely 
on viral gene expression, can detect infection. 
Also, the researchers were surprised to see 
that some particles, after floating toward the 
nucleus, hopped aboard microtubule-based 
"tracks" on the nuclear surface and began to 
move in a straight line. Other viruses followed 
along the same tracks. Briiuchle suggests that 
the tracks are tube-shaped invaginations of the 
nuclear membrane, recently discovered struc- 
tures never before known to feny viruses. 

Bfiuchle's team pieced together its imag- 
ing system from commercially available 
equipment and customized it to circumvent 
obstacles such as a cell's inconvenient habit 
of autofluorescing, which would outshine 
the virus's signal. Brauchle says convention- 
al methods of measuring and imaging viral 
entry average the properties of a population 
and may introduce artifacts that affect infec- 
tion in unpredictable ways. For example, to 
see where viruses are concentrated, scien- 
tists have had to coat each particle with 
more than 300 fluorescent molecules, which 
may get in the way of the virus's activities. 

~r2uchle'steam.. 
Bfiuchle expects the 

technique to illuminate virus-host cell inter- 
actions for other types of viruses, as well as 
help screen antiviral drugs. "We can really 
see how drugs affect the uptake of virus into 
the living cell, at what stage of the infection 
pathway the drugs work, and to what extent 
[they interfere with infection]," Brauchle 
says. The ability to view viral infection close 
up will ratchet up efforts to understand viral 
processes, says Samulski. "If we can under- 
stand processes at this level of detail, then we 
have to. When somebody breaks the mile 
record, it challenges everybody to run faster." 

-MARY BECKMAN 
Mary Beckman is a writer based in southeast Idaho. 

Asian Astronomers 
Build Closer Ties 
TOKYO-The vastness of space is bringing 
Asian astronomers a little closer together. 
Meeting earlier this month in Taipei, as- 
tronomers from China, Japan, Korea, and 
Taiwan moved ahead with cooperative plans 
on both regional and international projects. 
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