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DREW ENDY TH’98 IS CONSTRUCTING
A TOOLKIT FOR ENGINEERING LIVING SYSTEMS.

In the surrealist René Magritte’s 1936 painting, La Clairvoyance, an artist paints a bird while eye-
ing an egg. The implication, as the title of the work suggests, is that the man is clairvoyant—
that he can predict that the egg he’s looking at will turn into a particular type of bird. But there
are other ways to explain the painting. Perhaps the man has had experiences that allow him to
draw the appropriate bird for the type of egg he sees. Or, if he knows enough about the gener-
al relationship between eggs and birds, he can draw the correct bird for any kind of egg that’s
on his table.

To Drew Endy, the different ways of understanding the Magritte painting mirror the trans-
formation he underwent while studying biological systems for his doctorate in biochemical
engineering at Thayer School. Endy was attempting to build a computer model that represent-
ed the behavior of bacteriophage T7, a virus that infects the bacteria E. coli. His computer sim-
ulation worked well to describe how T7 would grow in its natural state. But when he changed
the organization of the virus’ genetic material, the model couldn’t predict the behavior of the
new mutant virus. Endy was frustrated by his model’s inability to explain what he was seeing in
the lab. “This is one of the best-studied biological systems in the world. But, the most interest-
ing predictions we made were always wrong,” he says. It was as if the painter, faced with a new
type of egg, suddenly lacked the knowledge to determine which kind of bird to draw.

After a detailed failure analysis, conducted once he left Thayer and moved to Berkeley’s
Molecular Sciences Institute, Endy eventually determined two key problems with the system
whose principles he was trying to abstract. First, the functions of only 33 of the 56 genes of T7
were well understood, and second, “the architecture of the parts was screwy,” as if the steering
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BUILDING BLOCKS Drew Endy'’s vials of
BioBricks form standardized parts for the
new field of synthetic biology.




It was as if the painter, faced with a new
suddenly lacked the knowledge to determine which kind of

wheel in a car were controlling the radio. The
problems led him to the realization that it
would be easier to study and model the virus
if he built it himself. “We inherit beautiful liv-
ing systems from nature. But natural living
systems are not designed to be easy to under-
stand and interact with. Engineered living
systems could be designed that are easier to
describe, model, modify, and predict,” con-
cluded Endy. “The question is whether or not
engineered living systems will work.”

Since joining MIT’s biology and biological
engineering departments in 2002, Endy has
been leading the new field of synthetic biolo-
gy to discover what is actually possible. In a
key innovation, he has helped to establish an
inventory of 1,205 “BioBricks”—snippets of
DNA that can be used as standard biological
parts. (The term BioBricks, coined by MIT
colleague Tom Knight, is meant to evoke
Legos.) To build new living systems, a biolog-
ical engineer can deploy these components in
various combinations, just as a mechanical
engineer can pick up screws and bolts at the
hardware store before constructing a new
automobile engine. Funded by grants,
BioBricks are available to researchers free of
charge.

“Instead of discovering these proteins in
the wild, you can go online and get one off the
shelf. The whole collection is designed to
work together,” says Endy.

ENDY SAYS THAT THE GOAL OF BIOLOGICAL
engineering isn’t to create life from scratch,
but to redefine biology as a technology plat-
form for constructing useful biological sys-
tems. Suppose, for example, that a liver cell
could be implanted with a counter that
records how many times the cell divides.
Then, once the counter reached 200, the cell
could be programmed to kill itself. That could
be a powerful tool to study—and perhaps,
fight—cancer. Biological engineering could
aid the development of nanotechnology, new
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La Clairvoyance by René Magritte

energy sources, better materials, and cheaper
drugs, among other applications.

“Drew is bringing a new manufacturing
technology into the conceptual framework of
traditional engineering,” says Thayer School
professor Lee Lynd.

In an effort to get more people building
with BioBricks, Endy has organized an inter-
collegiate competition for students from MIT
and several other schools, and he has taught a
synthetic biology seminar during MIT’s
January intersession for the last three years. So
far the most complicated biological machines
anyone has designed are simple genetic cir-
cuits such as cellular clocks and bacteria that
have been programmed to form patterns or
swim in formation. Endy freely admits that
many designs run into problems.

Fortunately, that doesn’t faze him one bit.
Endy says he cares much less about building
any particular application than figuring out a
technological platform that will let anyone
build anything that the substrate of biology
can physically support. To do this, he concen-
trates most of his effort on distilling the key
principles of the nascent field.

“All of our engineering disciplines are so
advanced that we take their foundations for
granted,” says Endy. “At no point during my
engineering education did anyone sit down
and teach me the core ideas that make engi-
neering happen.”

According to Endy, synthetic biology can
learn at least three lessons from other fields
of engineering, although each might need to
be adapted to fit the unique nature of biolog-
ical systems. The first lesson is to standardize
parts. Up until about 125 years ago, Endy
points out, you couldn’t replace a screw or
bolt in a machine without going back to the
manufacturer who made it. Now all fields of
engineering take standardized parts for
granted. With BioBricks Endy is demonstrat-
ing that standardization works in biological
engineering, too.

The second lesson is to decouple system
design from fabrication. In civil engineering,
for example, the architect of a structure is dif-
ferent from the contractor. The same princi-
ple can apply to engineered genetic systems:
once students design a biological system, they
send the information specifying its DNA off
to a company for manufacture.

The final lesson is abstraction. For exam-
ple, when computer engineers want to design
a new microprocessor, they don’t start by
worrying about the inner workings of indi-
vidual transistors or where the silicon for the
chip is going to come from. Similarly, Endy
posits, biological systems engineers don’t
need to understand the inner workings of a
genetic inverter to make a cellular clock.
Instead, they can simply take the inverter
devices off the shelf and hook them together.

IF ANYBODY CAN PULL BIOLOGICAL PARTS
off the shelf, however, it’s possible that some-
one might use the technology to cause harm.
Endy says that questions of biological risk are
ever-present, and that building a constructive
community is the best defense against terror-
ists or disgruntled researchers who might
want to unleash harmful biological systems.
“The question is: What more should we do to
continue to foster a society of individuals
who are developing and applying biological
technology responsibly?” he says.

Endy is working to keep issues of ethics
and risk front and center. When MIT hosted
the First International Conference on
Synthetic Biology last year, the 300 conferees
discussed ethical considerations as well as
current research in the field. Endy’s synthetic
biology competitions involve building “cool
genetic machines,” he says, not super strains
of bacteria. And he’s instilling a sense of
accountability by requiring students to “sign”
their BioBrick works with barcodes—though
he’s unsure if barcodes make it harder for the
biological systems to function properly.
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type of egg,
bird to draw.

Endy’s view that a responsible community
can prevent misuse of technology grew out of
a Thayer School seminar given by emeritus
professor Arthur Kantrowitz. Kantrowitz had
argued that the concept of sustainable devel-
opment was inherently pessimistic, because if
you talked about running out of oil, then you
would. Although at the time Endy didn’t buy
Kantrowitz’s argument, he came to realize
that optimism is as much a self-fulfilling
prophecy as pessimism. “It would be irre-
sponsible to develop a new technology and
not think about the consequences of success,”
says Endy. “We’ll get as many people as possi-
ble informed and working together to mini-
mize any risk.”

Endy embraces the idea that biological
engineering can be used to change “the
human experience we get by default,” but
stresses the need to consider the conse-
quences. For example, he envisions that syn-
thetic biology will one day allow parents to
design their children’s genetic code to avoid
disease. “I'd be perfectly happy to be able to
reprogram myself;” he says, “as long as I could
reboot if something didn’t work out right.”

Endy recognizes that such grandiose
visions for synthetic biology are mere specu-
lation, not clairvoyance—considering that the
most complicated genetic machines yet pro-
duced have just a few dozen components. But
even as he grapples with the specter of new
biological problems—such as unstoppable
destructive  errors in  self-replicating
machines—he’s more and more confident
that the widespread engineering of biology
will eventually work. “I'm the sort of person
who wakes up every day rethinking every-
thing. But all of this doesn’t seem as mysteri-
ous to me as it used to,” says Endy. “There’s a
hint of light, way, way down at the end of the
tunnel” O

|

Jon Douglas is a freelance writer based in
Chicago.

The Making of a Cellular Clock

As a Ph.D.candidate at Thayer School, Drew Endy dreamed of building a clock
in a worm but couldn’t figure out how to do it. Meanwhile, Princeton gradu-
ate student Michael Elowitz, now a biologist and applied physicist at CalTech,
managed to construct a simple cellular clock. It took him two years.”We were
allinspired by Michael's work,” says Endy,“and have since been working to fig-
ure out how to engineer genetic clocks and other systems in much less time.
Any electrical engineering undergraduate could make a simple electric clock
in about five minutes. We want to be able to work just as fast.”

An inverter—now available as one of Endy’s standardized BioBrick
parts—is the key to cellular clocks. As the term inverter suggests, what goes
in is the opposite of what comes out. When the input signal—in this case,
the rate at which RNA polymerase molecules move along DNA—for protein
A'is high, the output will be low, inhibiting the synthesis of protein B.

The cellular clock consists of three interlocking inverters, such that the
production of protein A inhibits the synthesis of protein B, B inhibits C, and
Cinhibits A.Starting with a high level of protein A will produce a low output
of protein B.In turn, this low input signal to B makes the output of protein C
high. And finally, this high amount of protein C means that the output signal
to A will be low. Running through the loop a second time completes the cir-
cuit. If the clock is engineered to produce a fluorescent protein only at a
high level of A, it will blink on and off as it oscillates through the cycle.

Follow Drew Endy’s work at
See projects Endy has inspired at

For BioBricks, see the Registry of Standard Biological Parts at
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DARTMOUTH SOCIETY OF ENGINEERS

The DSE and You

BY KATHRYN MILLER '97, DSE PRESIDENT

HELLO FROM the Dartmouth Society of Engineers. As
president of the DSE, I'd like to invite you to take advantage
of and get involved with the DSE.

The DSE is the best way I know to keep in touch with
Thayer School and Thayer alumni/ae. Thayer graduates
share a special approach to engineering. Although we might
call ourselves mechanical engineers or chemical engineers,
we know how to apply fundamental concepts to problems
in different disciplines—and that differentiates us from our
peers from other institutions. As a graduate student at MIT
in chemical engineering doing research in a biological engi-
neering laboratory, I constantly rely on my Thayer training.
Many engineering schools consider the multi-disciplinary
approach new; Thayer grads consider it standard.

The DSE provides opportunities for us to get together
to talk about what we like most: engineering. At the DSE’s
2004-2005 annual meeting, held in October in Boston,
Professor Charles Wyman talked about his research
progress toward achieving efficient conversion of biomass
to ethanol. He gave a similar presentation in December at a
DSE, Thayer, and Dartmouth Club event in Washington,
D.C. In January professors Keith Paulsen and Brian Pogue
discussed their research on alternative breast-cancer imag-
ing techniques, including near-infrared hemoglobin
tomography, at DSE events co-hosted by Thayer,
Dartmouth Medical School, and the Dartmouth clubs of
Los Angeles and the Silicon Valley.

I've enjoyed the opportunity to hear what our faculty
are doing, and I've enjoyed reconnecting with classmates
and meeting new alumni. When I am back in Hanover for
DSE Executive Committee meetings, I look forward to the
stories vice president Jolin Salazar-Kish "88, Th'91 tells
about her Upper Valley contracting and rental business.
Treasurer John Kennedy ’53, Th’54 not only updates me
on his work as a consultant on alternative-fuel vehicles,
but also shares his tips on the best places to cross-country
ski. I feel like I am back at Thayer, chatting with classmates
around a table in the Great Hall.

If you would like information on how you can become
involved with the DSE or how you can help host and plan
a DSE event in your area, please call 1-877-584-2937,
e-mail DSEAlumniChapter@dartmouth.edu, or visit the
Thayer School and DSE website at http://engineering.dart
mouth.edu/thayer/alumni-ae/DSE.html.
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Forbes magazine recently featured
Mike Collins ‘86, founder and CEO of
The Big Idea Group, a New
Hampshire-based company that
helps inventors come up with the
right idea at the right time for the
right market. Sometimes Collins
pays inventors an advance and a
royalty, then turns their ideas into
products he sells. Alternatively, he

spotlights

Mike Collins 86

may license an idea directly to a
manufacturer or a retailer, then
split advances and royalties equal-
ly with the inventor. Collins’
seven-person company also spear-
heads “idea hunts,” challenging
inventors to work on specific
projects. “Ultimately, I'd like to
have inventors anywhere in the
world have a place to take their
invention and get a good audi-
ence to review it,” Collins told
Forbes. Big Idea recently signed
licenses for Game Time, an elec-
tronic timing device that gives
video-game players a daily or
weekly time allowance. The com-
pany is currently trawling for
ideas for bike and power sports
accessories. Visit the company
online at www.bigideagroup.net.
Mike Adams ‘83, president of
Bechtel Civil, an aviation, rail and
infrastructure business, is work-
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ing to make London’s famed sub-
way system a smoother ride for
commuters and sightseers. Adams
oversees the Bechtel-led team that
is designing and building several
billion dollars worth of upgrades
to the Jubilee, Picadilly, and
Northern Lines of the 140-year-
old Underground. Adams
described the project, which
began two years ago, as one of the
most complex improvement pro-
grams in the world. To minimize
disruption to passengers, crews
can only work when trains stop
running between 1 and 5 a.m.
“Already, people are starting to see
cleaner stations and trains,” said
Adams. “And the new signaling
system will shorten journey times
and allow trains to run more fre-
quently.” See the project at
www.bechtel.com/briefs/1104/
underground.htm.

Burt Keirstead '76, Th'82 leads
efforts at BAE Systems to support
the Department of Homeland
Security’s initiative to protect
commercial airliners from mis-
siles. The BAE team was selected
last August to build and test pro-
totypes for anti-missile systems
to defend U.S. commercial planes
against shoulder-fired rockets.
The missiles have been increas-
ingly regarded as a serious threat

since the terrorist attacks of
September 11, 2001. As missile
defense program manager for
BAE Systems in Nashua, N.H.,
Keirstead is heading a team that
is developing a system that will fit
into the belly of a jet. He predicts
that missile protection systems
will be installed on airliners dur-
ing the next five to 10 years. “I
think it’s viable,” Keirstead
recently told The Wall Street
Journal. “Clearly the technology
supports it.”

As chairman and chief execu-
tive officer of Network Computer
Systems in Ghana, Nii Narku
Quaynor '72,Th'73 has helped sever-
al African nations adopt or
strengthen Internet infrastruc-
tures. He chairs AfriNIC, the
Regional Internet Registry for
Africa, is African director of the
Internet Corporation for
Assigned Names and Numbers,
and is a member of the United
Nations Secretary General
Advisory Group on Information
and Communication
Technologies. Quaynor also
established the computer science
department at Ghana’s University
of Cape-Coast.

John D. Pavlidis Th'89 was appoint-
ed president and chief executive
officer of R2 Technology, a med-
ical software company headquar-
tered in Sunnyvale, Calif. R2’s
Image Checker CT system is used
in diagnosing and treating breast
cancer. The December announce-
ment followed Pavlidis’ four years
as president of the ultrasound
division of Siemens Medical
Systems.

Thayer School overseer Charles
Nearburg '72, Th'73,'74 was profiled in
the September 2004 issue of Texas
Driver Magazine. A road-racing
and endurance specialist,

John Icke '59, Th'60 .

Nearburg has raced such speed-
sters as a Ferrari 333 SP and a Goy
Racing Mustang and now often
races one of the vintage cars he
has collected and restored.
Nearburg told Texas Driver that
when he was deciding what to
take in college, engineering was a
natural fit because he wanted to
“understand the things affecting a
race car.”

The Atlanta Journal-
Constitution spotlighted Eddie
Amoakuh '83,Th’83,85 in a
December story about Right At
Home, Amoakuh’s home-care
business for senior citizens. The
Atlanta company provides com-
panions for senior citizens who
need help with tasks such as
bathing and dressing so they can
continue to live in their own
homes. Right At Home employs
more than 100 caregivers. “This is
the right fit for me,” Amoakuh
told the Journal-Constitution.
“My heritage is that in Ghana,
our elders are not ‘throwaways.
When I was a child, everyone was
your mother, and your grand-
mothers vied to take care of you.
Day care was never an issue. Nor
was it a problem to take care of
the elders when that time came.
That’s why I like this business so
much.”

The Wisconsin State Journal
recently featured John Icke '59, Th'60,
for his work as a volunteer docent
at the Wisconsin Veterans
Museum. Icke is the retired presi-
dent of Icke Construction Co. of
Madison. Almost a decade ago his
company was working near the
museum when he strolled in for
his first look at the exhibits.

“I walked through here and I
thought, ‘Wow! This is so awe-
some, ” Icke told the State
Journal.

W. Haskins Hobson "95, Th'96, was
elected to represent engineers ages
35 and under on the executive
committee of the Missouri Society
of Professional Engineers. The
statewide engineering association
promotes strong licensure laws and
engineering ethics. Hobson works
at Missouri’s Department of
Natural Resources Air Pollution
Control Program.

—Jennifer Seaton

Let Us Know

If you've seen news of Thayer
School alumni/ae, please pass
it along to Dartmouth
Engineer. We welcome arti-
cles, press releases, and web-
sites that feature the profes-
sional or personal accom-
plishments of Thayer School
graduates

E-mail:  dartmouth.engineer@
dartmouth.edu
Dartmouth Engineer
Office of Communications
8000 Cummings Hall
Dartmouth College
Hanover, NH 03755

Write:
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alumni/ae news not available online
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CarTalk

Left, Ford’s
Kristen Morrow
'92,Th'94 gave
students career
advice during
fall term. Right,
Tom Brady 66,
Th'68 is restor-
ing a '66 Ford
Mustang.

alumni/ae news not available online
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Get your Six Sigma Certification
at Thayer School this summer
http://engineering.dartmouth.edu/other/sixsigma/

v

alumni/ae news not available online
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continued from page 13

OBITUARIES

Desmond Canavan ‘60, former assis-
tant dean of Thayer School, died
March 30 at age 92 in Hanover,
N.H. Canavan led Dartmouth’s
Navy ROTC program before join-
ing Thayer in 1962. He served as
an admissions officer, counselor to
foreign students, and liaison
between the dean and overseers
before his 1978 retirement.

Stelios Orphanoudakis ‘71, Th'76 died
March 18 at age 57 in his native
Greece. A specialist in computa-
tional and knowledge-based
vision, robotics, medical informat-
ics, medical and diagnostic imag-
ing, and intelligent image process-
ing, he founded the division of
Imaging Science at Yale School of
Medicine, led the computer sci-
ence department at the University
of Crete, and chaired the board of
the Foundation for Research and
Technology-Hellas.

Alumni/ae
Directory

Thayer School’s Development
and Alumni/ae Relations Office
is working with PCl, a publishing
company, to produce the 2006
edition of the Thayer School of
Engineering Alumni/ae
Directory.The directory will
include names, addresses,
phone numbers, academic
degrees, employment informa-
tion, and e-mail addresses and
will be available for alumni/ae
purchase. Beginning in April, PCI
will e-mail and send question-
naires to alumni/ae for updated
information. If you prefer not to
be listed in the directory, please
contact Courtney Peschel ‘99,
Th'00,'01 by e-mailing
cpeschel@dartmouth.edu

or calling 877-584-2937 toll-free.

was one of the most significant problems fac-
ing the industry. “The approach we took was
to create a membrane that could be opened
by the flow of gasoline, but would stay shut
when there were just a few drops,” he
explains. Although the team wasn’t able to
create a working model before the term
ended, their research into existing patents
revealed that there was nothing like their idea
already on the books. With the help of one
teammate’s venture capitalist father, the drip-
less gas nozzle developed by the team cur-
rently is in the process of being patented.

The “real-world” focus of ENGS 21 has
made the class Grossman’s favorite at
Dartmouth. “We saw what we were accom-
plishing, and it was really rewarding,” he says.

This kind of entrepreneurship education
works because it engages students viscerally,
notes Fairbrothers. “If you're out there on the
ridge yourself,” he says, “your emotions kick
in, and you remember and learn.”

THE OTHER SIDE
OF THE COIN

Victor Petrenko’s decade of research into the
structure and adhesion of ice has the poten-
tial to make even a New Hampshire winter
bearable. Technology he developed makes it
easier to de-ice planes and power lines,
increase car-tire friction on icy roads, and
improve the performance of skis and other
winter sports equipment. This research has
produced 27 patents, with another 20 in
progress. His technology also has been
licensed to several outside companies.

Petrenko says that, had he understood
what lay ahead when he formed Ice
Engineering LLC in 2001, he probably would-
n’t have made the leap. “I enjoy on the one
hand seeing that some fundamental discover-
ies we made years ago can be transformed into
useful products. But there’s a bloody price we
pay for it with financial pressure,” he says.

One of the big challenges has been navi-
gating the red tape associated with having a
business on campus. The level of scrutiny, he
says, is “very stressful.”

“We all the time are under strong inspec-
tion by Dartmouth officials who suspect we
are trying to use College facilities to do some-
thing for the company,” he says. “In the past I
kept a significant number of graduate stu-
dents working on real engineering contracts.
But now I have moved all the students away
from practical applications because I am
afraid I will be accused of misusing students.”

Garmire, who helped write the policy on

commercial ventures at the University of
Southern California before she came to Thayer
School, is concerned about what she perceives
as an excess of caution at Dartmouth. In addi-
tion to the Thayer committee, entrepreneurs
are also accountable to another College-wide
committee. In her estimation, this is both
unnecessary and a detriment to innovation.
She also thinks the College’s policies suggest
that administrators “don’t really understand
what goes on in a research lab.”

“The policy says that research done for the
company has to be completely separate from
what you’re doing as a faculty member. But
usually when youre doing research for a
company, it's fundamental research to
advance the technology and meshes closely
with projects that are funded by other means.
Once it gets to a certain point where you
actually have a product, that’s when you need
to move it into a separate space,” she says.

Garmire is particularly concerned about
the effect of excessive oversight of early-stage
SBIR and STTR companies. College adminis-
trators who aren’t familiar with these kinds of
companies may unintentionally defeat the
purpose for which the programs were devel-
oped—to promote free-wheeling innovation.
She would like to see the College cede the
oversight for these very embryonic compa-
nies to the Thayer oversight committee. “The
point to be worried about keeping things sep-
arate is when people start to bring venture
capitalists in,” she says.

Neither Garmire nor Petrenko sees these
issues as unique to Dartmouth. Like many
other colleges and universities, Dartmouth is
experiencing growing pains in dealing with
increased entrepreneurial activity.

“The College is changing; I can see that.
think in a few years this won’t be a problem.
The change in mentality takes time,” says
Petrenko.

Regardless of whether faculty and stu-
dents eventually become business owners,
Fairbrothers reminds people that the ability
to think entrepreneurially is in great demand
in businesses and organizations of all kinds.
“Entrepreneurs can be made; they’re not just
born,” he says. “That doesn’t mean everyone
is interested or will succeed at being his or
her own boss. But everyone can develop
entrepreneurial behaviors and attitudes that
can be valuable in many contexts—and make
life a lot more interesting and fun.” |

|

Tamara Steinert is a freelance writer based in
Kansas.
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THE SYNCLAVIER

SYDNEY ALSONSO
CAMERON JONES 75, TH'77

The Moog synthesizer, the prime
electronic instrument of the
1970s, linked a piano keyboard to
an analog computer—but it had
no memory. Wanting something
better, Dartmouth music profes-
sor and composer Jon Appleton
turned to Thayer School.

The resulting Synclavier was
the world’s first digital synthe-
sizer. Built in 1975 by Thayer
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School research professor Sydney
Alonso and programmed by
then-B.E. candidate Cameron
Jones ’75, Th’77, the Synclavier
pioneered digital sampling,
hard-disk recording, and pro-
fessional sound editing. It was
just what Appleton wanted. “It
did so many things, and the
software was so beautifully
integrated,” he says.

Alonso and Jones left
Dartmouth and went into busi-
ness, founding New England
Digital Corporation in 1977.
The Synclavier rapidly became

the Rolls Royce of the music
industry. Despite price tags
ranging from $75,000 to
$500,000, the Synclavier was the
instrument of choice for Sting,
Stevie Wonder, Frank Zappa,
and many others. When jazz
guitarist Pat Metheny asked how
he could plug in, Synclavier
engineers worked with him to
develop a guitar interface.
Pianist Oscar Peterson’s wish for
better response led to the touch-
sensitive keyboard. Lucasfilm’s
interest in the sound editor
function resulted in a new soft-

ware interface that made post-
production editing as easy as
music recording.

Throughout the 1980s
Synclavier led all comers. But as
personal computers flooded the
market with low-cost digital
samplers and audio editing soft-
ware, Synclavier sales faltered. In
1992 New England Digital
Corporation closed its doors.

Today a hundred or so die-
hard customers keep the
Synclavier alive. Hardware
and software are available at
www.synclavier.com.
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