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A
re you a man or a mouse? A new
book by Hebrew University bone
lab researchers that examines

murine skeletal structure demonstrates a
surprising similarity between the rodents
and humans.

The book,Micro-Tomographic Atlas of
the Mouse Skeleton, was written by bone
lab director Prof. Itai Bab; Dr. Carmit
Hajbi-Yonissi and Dr. Yankel Gabet, with
Dr. Ralph Müller of the ETH of Zürich.
Published by Springer of New York, it

reveals mouse skeletal structure in great
detail, utilizing micro-tomographic
imaging.

The authors observe that there are many
areas of comparison between the mouse
and human skeleton, with the exception
of the facial, hand and foot bones. This is
vital information because, for example,
mice – like people – suffer from bone-
thinning osteoporosis. Thus research on
osteoporosis in mice can have great
relevance for humans. The same is true in
relation to other problems related to
fractures, skeletal development and
illnesses, including testing of drugs.

According to Bab, earlier anatomical
works on the mouse skeleton were based
on visual observations only, and are
insufficient for modern research. Those
books contained inexact material,
insufficient detail, and only partial
descriptions of the various skeletal
components, said Bab. He explained that
in the past decade, computerized micro-
tomographic technology provides
excellent skeletal imaging. Using this
technology, one can see two and three-
dimensional images showing details down
to one six-thousandth of a millimeter. The
new atlas presents almost 200 such
images, showing all external portions of
the mouse skeleton and the internal
anatomy of the bones. Also presented are
three-dimensional images of the
relationships between bones at various

joint positions. One chapter of the book,
based on measurements of skeletons at
various ages, describes aging and also the
differences between males and females.

GOLDEN SHOWERS
Scientists in Finland have discovered a

cheap organic crop fertilizer of which
there is an unlimited supply – human
urine. Although the yellow liquid has been
used as fertilizer since ancient times, its
use is rare today. But in some parts of the
world, farmers are again becoming
enthusiastic about urine for organic
production that minimizes the use of
chemical fertilizers. When urine comes
from healthy donors, it’s free of pathogens
and naturally rich in nitrogen and other
nutrients.

University of Kuopio scientists Surendra
Pradhan, Helvi Heinonen-Tanski and
colleagues recently collected urine from
private homes in Finland and used it at
cabbage farms. They then compared the
urine-fertilized crops with those grown
using conventional industrial fertilizer
and no fertilizer. The analysis showed
growth and biomass were slightly higher
with urine than with conventional
fertilizer. There was no difference in the

nutritional value of the cabbage. 
“Our results show that human urine

could be used as a fertilizer for cabbage
and does not pose any significant
hygienic threats or leave any distinctive
flavor in food products,” the scientists
reported in the Journal of Agricultural and
Food Chemistry.

A RAINY CAVE
The University of Haifa, the Hebrew

University and the University of Freiburg
in Germany have created artificial rain in
a cave above Nahal Oren in the Carmel
in an experiment. The precipitation was
equal to half  the rain that falls in the
area in a year. Some 270 millimeters of
“rain” fell. The rain came from water
supplied by fire trucks, which sprayed
the water at the roof of the cave, which
is 100 meters high. 

In a complex logistical operation, the
water was “tagged” with special material
so the “flood” movement could be
observed as drops fell off the mineral
“icicles” on the roof. 

Why did the researchers do this? They
wanted to see if the flow of water was via
holes in the rock or through the ground,
at what speed it moved and what
materials it collected on the way, said Dr.
Noam Breenbaum of the University of
Haifa’s geography department. This is
important to know when real rain seeps
into the ground, they said. 

BLUE, WHITE & GREEN
Blue Planet, a package for middle-school

students written by Weizmann Institute
scientists on the link between man and the
environment, has won recognition by
UNESCO as a worldwide model. This
organization is financing the translation of this
program into various languages, and helping
distribute it in schools worldwide. 

Blue Planet was launched by UNESCO’s
deputy assistant Prof. Andras Szollosi-Nagy,
director of water sciences; Weizmann Institute
vice president of resource development Prof.
Israel Bar-Joseph; Prof. Nir Orion from the
science education department (who
developed the program with his former
student Dr. Orit Ben-Zvi Assaraf), and the
Weizmann Institute’s Prof. Dan Yakir, head of
the environmental sciences and energy
research department. 

The program focuses on the water cycle
in the Earth’s ecosystems, and is intended
for use as a learning tool through its
systematic approach, including various
activities, experiments and field work. 

The ceremony was held in the EcoSphere
– a glass-enclosed geodesic dome at the
Rehovot institute’s Clore Garden of
Science, where a Spanish version of the
book was presented to the UNESCO
representative. The authors plan to visit
Latin America soon, where they will help
teachers implement the program. The
book will then be translated into Chinese
and three other languages. 

Of men, mice and medicine
NEW WORLDS

• By JUDY SIEGEL-ITZKOVICH

Curious George
Prof. George Whitesides has a mind that knows few limits. It has made him an expert in multiple fields
and among the world’s most-cited scientists. Judy Siegel-Itzkovich spoke to him after a recent conference.

A
Renaissance man who is an expert in
fields running from chemistry and
nanotechnology to materials science
and molecular biology, Prof. George M.
Whitesides naturally learns from

everything. He is not only the world’s most-quoted
chemist (his article Formulation of Monolayer Films
by the Spontaneous Assembly of Organic Thiols from a
Solution onto Gold alone has been cited over 1,400
times), but also reportedly the most-cited scientist
in any discipline. 

Thus while floating in the Dead Sea and slathering
himself with mud during a break in the Second
International Symposium on Bio-Inspired
Engineering earlier this month, Whitesides was
undoubtedly thinking of the principles of buoyancy,
the mineral composition of water and earth, and how
they might benefit mankind. 

He was invited to attend the conference at the Dead
Sea – along with some 150 other scientists,
businessmen and hi-tech experts from Israel and
abroad – by Prof. Ehud Keinan, president of the
International Forum of Bio-Inspired Engineering and
a leading chemist and nanotechnology expert at the
Technion Institute in Haifa. The symposium will be
followed up in 2009 in Taiwan. 

Keinan noted that the symposium reflected “the
rapidly growing activity at the interfaces between the
molecular life sciences and the engineering
disciplines. This trend is manifested by two
intellectual paradigms. One aims at new
biological/biomedical functions and structures by
modification and re-design of the natural systems.
The second paradigm targets new materials and
processes in non-biological environments. In recent
years, this interdisciplinary activity has created new
strategies in drug discovery and innovative
biomedical devices, and new materials, including
nano-materials, catalysts, electronic, magnetic and
photonic devices, molecular machines and molecular
computing devices.”  

WHAT IS chemistry, he rhetorically asked the
participants at the end of the symposium. “I think
you’ll all agree that chemistry is the common
denominator of everything that went on in this room
in the past two-and-a-half days. Yet it is remarkable
that there wasn’t a single lecture or a single poster
that can be regarded as chemistry in the traditional
way. The symposium reflects the amazing, two-way
traffic of information on the main road between the
biological sciences and the technological sciences.
This extremely busy highway, which involves so
much imagination and creativity, is called chemistry.” 

There is something unique about chemistry, Keinan
concluded, “that makes it the center of the scientific
universe: it is sufficiently rigorous to deal seriously
with scientific problems, and still sufficiently practical
to fit the dictum of Albert Einstein: ‘Make it as simple
as possible –  but not too simple to be wrong.’ I
remember that in various occasions in the past,
George [Whitesides] ... has expressed his concerns
that chemists tend to be reductionists, focusing on
narrow aspects of big problems, and become sort of
molecular technicians who leave scientific leadership
to others. I think that what went on in this room
proves that this opinion is no longer true.” 

Whitesides pays so much attention to the
phenomena he observes with his naked eye or
advanced microscopes that a few years ago he
published with photographer Felice Frankel a book
called On the Surface of Things: Images of the
Extraordinary in Science. The stunning collection of
nearly five dozen photos took a close look at
mundane objects like a spider’s web, the pattern of
wine on a glass, rusted metal, oil floating on water, or
intriguing things like Shakespeare’s smudged
signature (which he dated by the rate of migration of
iron in the ink). A scientist must have a sensitive soul
if he pays attention to details like this. 

HE WAS BORN in Louisville, Kentucky 68 years ago,
and some of his character  must have been genetically
transmitted. “My father was a chemical engineer and
entrepreneur at the height of the Depression,” he told
The Jerusalem Post after the symposium ended. “He
survived by making materials that repaired concrete
and kept rope from rotting. He put material on
bowling pins to keep them from being damaged by
bowling balls. As a teenager, I was a lab technician,
and learned how to keep a neat lab notebook.” 

His brother Tom Whitesides is also a chemist, now
working at Eastman Kodak developing electronic
paper and books.  

George and his wife, Barbara – a former professor of
English and now editor who is interested in teaching
Arabic to US children, have two sons: George T.
Whitesides is the executive director of the National
Space Society, a small foundation that aims to
promote the commercialization of space. Ben
Whitesides is the lead singer and songwriter of The
Joggers, a rock band based in Portland, Oregon. “He’s
figuring out whether he can make a living from it,”
his father commented. 

Asked about the origin of his unusual surname,
Whitesides said: “I’m not sure where it comes from, but
if one goes to Edinburgh, Scotland, there are quite a few.
The first one probably lived in a house with white sides.” 

In any case, as a teenager, George M. attended the
Andover prep school far  from Louisville and then
went on to Harvard and the California Institute of
Technology. He worked for half his career (1963 to
1982) at MIT, and the other half (1982-2004) at
Harvard. He and his Whitesides Research Group of
some 40 researchers (including one Israeli) work in
biochemistry, materials science, catalysis and physical
organic chemistry. Having published more than 900
professional articles, he is a member of the prestigious
American Academy of Arts and Sciences, National
Academy of Sciences, American Philosophical Society
and the American Association for the Advancement of
Science, among others. 

He is also the recipient of the American Chemical
Society’s esteemed Priestley Medal; at the ceremony, he
was called a “legend in chemistry” by ACS president
Catherine Hunt. “Tonight, I have the distinct honor of
introducing a legend in chemistry. In all fairness, I
should say a legend in physical and organic chemistry,
materials science, biophysics, bioorganic chemistry,
biotechnology, surface science, self-assembly,
nanotechnology, microfluidics … Well, anyway, you get
the idea. George’s contributions are encyclopedic.” 

THE MEDAL, its famous recipient said in the interview,
“is an end-of-career award. You don’t get it when you’re
young. You get it for your long contribution to
chemistry. It’s always nice to have colleagues scratch
your back, but I don’t consider this the end of my career.
My team and I work a lot with biology, information in
biology, robotics and origin of life.” 

While lecture topics such as “A Phospho-counting
Switch for Sequential Activation of a Checkpoint
Kinase Cascade” or “Building Software and Hardware
for Genomes: Polydactyl Zinc Finger Proteins” might
leave a layman scratching his head, Whitesides found
the Dead Sea symposium exhilarating. 

“It was a look at how nature does its business, such
as considering how worms move as a possible
improvement on robotics. You ask what principles
are in their design. Maybe they can provide new
solutions or models for new problems that are not
biological,” he explained. “There are a lot of
applications in drug design, new ways to make
antibiotics and possible targets for therapies for a
variety of diseases.  

Whitesides warmly praises Israeli colleagues. “They
are good at science, and some – like Prof. Ada Yonath
at the Weizmann Institute and Prof. Ehud Gazit of Tel
Aviv University to name only two – are really world
class. It’s interesting that science is a part of some
cultures and not a part of others. In our countries,
society looks to science and technology to solve

problems. But there are countries where the creation
of knowledge is not part of the culture. I don’t
understand why.” 

He added that in both the US and Israel, “part of their
strength in science comes from national security
concerns. It’s hard to see how totalitarian regimes would
do this well. Part of science is the questioning of
authority, absolute freedom of ideology. The Soviets did
some very good science, but when science ran into
ideology, it had trouble. Science flourishes best in a
democracy. The scientific system in China is still a work
in progress. They are investing, and I think the Chinese
will be extremely good. They have  four times as many
people as the US, but only a fifth of the water supply,
and the water is not necessarily where the people are. So
they have a big problem. Nanotechnology will be a very
important part of that story.”  

NANO SCIENCE is the future of science, he suggests,
sounding like the character in The Graduate who said
plastics was the next big thing. The biggest
application of nanotechnology, he adds, “will be in
catalysts for energy production, pores for cleaning
water and creating commodities. There are also
applications in human health, with little particles in
blood vessels delivering drugs or enhancing contrast
in imaging.”

Nano-Terra, one of the privately held research and
development companies Whitesides co-founded, has
licenses for more than 50 issued and pending patents.
Nano-Terra’s nanoscale molecular methods can be used
to fabricate advanced materials and devices that
enhance existing products or create entirely new
products in a broad range of areas, including smart
materials and surfaces; flexible electronics such as
displays and electronic packaging; fuel cells, batteries
and solar-powered devices; sensors; industrial products
and processes; and a wide range of consumer goods.

“I do a lot of work in startups, mostly in bio-tech
and bio-medicine. Nano-Terra, with a starting staff of
20 in Cambridge, Massachusetts, will manufacture
small things, nanoscale to microscale, using soft
lithography, moulding and stamping. It’s making new
structures. But the process of applying something that
works very well in the lab to industry and creating
jobs is very complicated.” 

He worries that too few young Americans are going
into science. 

“Capitalism is a wonderful economic engine, but it
assigns little value to long-term projects or societal
problems. We will have to figure out a mechanism to
help the weak sectors. 

“Science,” concludes Whitesides, “has the potential
to solve all kinds of problems, but it depends on what
a society wants to accomplish. There is unequal
distribution of benefits among a population. There is
Darfur. And there are still big differences in lifespan.
There are people who have clean water and those who
don’t. Societies have to figure out how to use
resources while ironing out such disparities. 

“If lots of people are unhappy, there won’t be peace.
Mischief will be done.” DEAD SEA life! (L to R): Prof. Doron Shabat (Tel Aviv University), Prof. George Whitesides (Harvard), Dr. Ashraf Brik (Ben-Gurion University), Prof. Ehud Keinan (Technion). 

PROF. GEORGE WHITESIDES: ‘Science has the potential
to solve all kinds of problems, but it depends on what a
society wants to accomplish.’ (Courtesy photos)


