
Like all food crops, the faba, or 
fava, bean – a nutritious part of 

many the diet of many cultures  
diets – had a wild ancestor. Wild faba 
is presumed to be extinct, but  
Weizmann Institute of Science 
researchers have now identified 
14,000-year-old remains of seeds 
that offer important clues as to the 
time and place that this plant grew 
naturally. Understanding the ecology 
of the wild plants’ environment and 
the evolution they underwent in the 
course of domestication is crucial 
to improving the biodiversity of the 
modern crop. The findings were 
reported in Scientific Reports.

Dr. Elisabetta Boaretto, Head of 
the “Timing of Cultural Changes” 
track of the Max Planck-Weizmann 
Center for Integrative Archaeology 
and Anthropology, and Dr. Valen-
tina Caracuta, a former postdoctoral 
fellow in Boaretto’s group who is 
currently a researcher at the Univer-
sity of Salento-Italy, had previously 
shown that the 10,200-year-old faba 

beans discovered in three archaeolog-
ical sites in Lower Galilee were the 
earliest faba bean ever domesticated.

The new finding – faba seeds 
from an archaeological site, el-Wad, 
on Mount Carmel in Northern Israel 
– came from the earliest levels of an 
excavation that had been carried out 
by Profs. Mina Evron and Daniel 
Kaufman, and Dr. Reuven Yeshurun, 
all of Haifa University. The people 
living at that time, the Natufians, 
were hunter-gathers, and thus the 
plants there were growing wild. 
Boaretto and Caracuta performed 
radiocarbon dating and micro X-ray 
CT analysis on the preserved pieces 
of bean to pinpoint their age and 
identify them as the ancestors of the 
modern fava bean. 

“Sometime between 11,000 and 
14,000 years ago, people in this re-
gion domesticated faba – around the 
same time that others farther north 

were domesticating wheat and bar-
ley,” says Boaretto. Faba, a nutritious 
legume, is eaten around the world; 
in some places it is used for animal 
feed; and it fixes nitrogen in the soil. 
“Understanding how this plant was 
adapted to the habitat of the Carmel 
14,000 years ago can help us un-
derstand how to create new modern 
varieties that will better be able to 
withstand pests and tolerate environ-
mental stress,” she says.   ❙ 

This research is supported by the Max 
Planck-Weizmann Center for Integra-
tive Archaeology and Anthropology 
“Timing of Cultural Changes”; and the 
Exilarch Foundation for the Dangoor 
Research Accelerator Mass Spectrom-
eter. The faba bean sample was dated 
at the Dangoor Research Accelerator 
Mass Spectrometer D-REAMS, Weiz-
mann Institute of Science.
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In Search of the Wild Fava Bean 

14,000-year-old faba seeds contain clues to the timing of the plants’ domestication
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Drug cocktails such as those for 
treating cancer, like the alcoholic 

versions offered at the local bar, are 
best when the proper ingredients are 
mixed in the right proportions. And 
like the cocktails we normally drink, 
the combination of ingredients can be 
better than the sum of its parts – or  
it can leave us with unwanted side  
effects. A new model developed in 
the group of Prof. Uri Alon of the 
Weizmann Institute of Science’s 
Molecular Cell Biology Department 
can simplify the process of identifying 
the optimal blends for drug cocktails – 
even when a large number of  
ingredients is called for. 

Drug cocktails – both antibiotic 
and anti-cancer – are increasingly 
used, among other things, because 
simultaneously attacking pathogenic 
cells with several different methods 
can reduce the risk of drug resistance. 
And doctors and pharmaceutical com-
panies are interested in the advance of 
drug “mixology” because it can help 
create novel applications for existing 
drugs, since new ones are costly to 
develop and slow to reach the market. 

But adding drugs together does not 
generally result just in the sum of their 
effects. For instance, one drug can 
alert mechanisms in a cell that pump 

the other drugs out of the cell, thus 
changing the dose at which the other 
drugs will be effective. Conversely, 
side effects can add up, so researchers 
often want to identify the lowest pos-
sible dose of any given drug. And with 
typically four or more drugs added 
together in chemotherapy cocktails, 
the number of possible combinations 
and doses is astronomical: It would  
be impossible to test them all to arrive 
at the optimal mix. This hurdle is  
known as the combinatorial explosion 
problem.

Because of the combinatorial ex-
plosion problem, say research students 
Anat Zimmer and Itay Katzir, who 
led the study, drug cocktails are often 
concocted without any good way  
of predicting the end result. Zimmer, 
Katzir and Alon developed a method 
that bypasses the need for an  
astronomical number of measure-
ments. Their method requires only  
a small number of measurements  
on drug pairs. 

The tests are conducted on human 
cancer cells or bacteria grown in lab 
dishes. The group tested each drug 
– separately and in pairs – to under-
stand the effects at several different 
doses. This enabled the researchers 
to determine how drug A affects the 

actions of B, and vice versa, and the 
new mathematical model the group 
developed was then extrapolated to 
predict the interactions among three, 
four and more drugs in combination. 
Further testing showed that the model 
performs better than existing meth-
ods of dealing with the combinatorial 
explosion problem. Thus researchers 
using the model would not need to test 
every possible combination to arrive 
at the optimal doses in drug cocktails. 

“There is an urgent demand for 
methods that can predict how drug 
cocktails will work,” says Katzir. 
“This model may take much of the ex-
pensive guesswork out of the process 
of developing such cocktails.”  

“The model might prove especially 
useful for personalized medicine – for 
example, in cancer –because each 
tumor can react differently to the same 
drugs,” adds Zimmer. “It provides 
a way to mix that perfect cocktail 
without having to try out all of the 
possible combinations.”     ❙

 
Prof. Uri Alon’s research is  
supported by the Benoziyo Endow-
ment Fund for the Advancement of 
Science; the David and Fela Shapell 
Family Foundation INCPM Fund for 
Preclinical Studies; the Jeanne and 
Joseph Nissim Foundation for Life 
Sciences Research; the Gurwin  
Family Fund for Scientific Research; 
the Kahn Foundation; the Mauerberger 
Foundation Fund; Katy and Gary 
Leff, Calabasas, CA; and Dr. Miriam 
Netzer, Forest Hills, NY. Prof. Alon is 
the incumbent of the Abisch-Frenkel 
Professorial Chair. 
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Crystallization is a very basic 
chemical process: School children 

can witness it with their own eyes. 
But scientists had not, until now, been 
able to observe this process on the 
molecular level – that is, the instant 
in which molecules overcome their 
tendencies to float individually in a 
liquid solution and take their place in 
the rigid lattice of a solid crystal struc-
ture. Researchers at the Weizmann 
Institute of Science have, for the first 
time, directly observed the process of 
crystallization on the molecular level, 
validating some recent theories about 
crystallization, as well as showing 
that if one knows how the crystal 
starts growing, one can predict the end 
structure. 

The research took place in the 
lab of Prof. Ronny Neumann of the 
Weizmann Institute’s Organic Chem-
istry Department. Neumann explains 
that in order to bond to one another, 
the molecules must overcome an 
energy barrier: “The prevalent theory 
had been that chance contacts between 
molecules leads to bonding, eventual-
ly creating small clusters that become 
nuclei for larger crystals to grow. But 
the molecules, which move randomly 
in solution, must be aligned properly 
to crystalize. In recent years research-
ers have begun to think that this pro-
cess might present too high an energy 
barrier.” Theories proposed in the 
past few decades suggest that if the 
molecules were to congregate together 
in a so-called dense phase, in which 
they aggregate into a sardine-like state 
– close together but unorganized – and 
then crystallize from this state, the 
energy barrier would be lower.

To test the theories, Neumann and 
PhD student Roy Schreiber created 
large, rigid molecules and froze them 
in place in solution. They then placed 
the frozen solution under an electron 
microscope beam that warmed up the 
mixture just enough to allow some 
movement, and thus interactions 
between the molecules. Adjusting 
the makeup of the solution by adding 
different ions enabled the scientists to 
produce crystallization with and with-
out dense phases; for the first time, 
aided by Drs. Lothar Houben and Sha-
ron Wolf of the Electron Microscopy 
Unit, they were able to observe dense 

phases forming and subsequently 
transforming into crystal nuclei.

While both states yielded crystals, 
the experimental results showed that 
when dense phases form, the energy 
barrier to formation of an orderly, 
crystalline arrangement of molecules 
is, as the theory predicted, lower. 

The scientists also found that the 
growth arising from dense phases 
results in larger, more stable crystal 
nuclei. In addition they discovered 

that the arrangement of molecules 
in fully grown crystals, which they 
determined by X-ray crystallography 
with the aid of Dr. Gregory Leitus of 
Chemical Research Support, was in 
good agreement with that in the small 
clusters of just a few molecules in the 
original nuclei. “This means that the 
forces and factors that determine the 
process are constant throughout the 
growth of the crystal,” says Neumann. 

“We have really observed an 
elementary event in the world of 
chemistry,” says Neumann. “The 
findings are also leading us into new 
inquiries in this area, looking at the ef-
fects and significance of dense-phases 
on chemical reactivity.” 

Also participating in this research 
was a group led by Prof. Josep Poblet, 
Dr. Jorge Carbó and PhD student 
Zhong-Ling Lang of the University 
of Rovira i Virgili, Tarragona, Spain, 
who assisted in the calculation of the 
motion of molecules in solution.    ❙ 
 
Prof. Ronny Neumann’s research is 
supported by Dana and Yossie Hol-
lander, Israel; and the Bernice and 
Peter Cohn Catalysis Research Fund. 
Prof. Neumann is the incumbent of the 
Rebecca and Israel Sieff Professorial 
Chair of Organic Chemistry. 
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Crystallization Made Crystal Clear 

Correlation between cryo-transmission electron microscope (TEM) images and the 
crystal structure. a) TEM image showing three colliding clusters. The scale bar is  
10 nm. b) Relative positions of molecules derived from the X-ray diffraction crystal 
structure are overlaid (brown) on the TEM image. A twinning plane is shown (green 
line)
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