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Synthetic genetic clock keeps accurate time across a range of

temperatures

kR http://www.sciencedaily.com/releases/2014/04/140404140403.htm

a Natural circuits Synthetic circuits

OO

b Natural circadian clock circuit

A long-standing challenge in synthetic biology has been to create gene circuits that
behave in predictable and robust ways. Mathematical modeling experts from the University
of Houston (UH) collaborated with experimental biologists at Rice University to create a
synthetic genetic clock that keeps accurate time across a range of temperatures. The findings

were published in a recent issue of the Proceedings of the National Academy of Sciences.
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Overcoming structural uncertainty in computer models

KR http://www.sciencedaily.com/releases/2014/04/140401112121.htm

ts « Intermediste parameters . Output Inputs Intermediate parameters ; Output
Y Yy Y X P Y Yi) : Z

A computer model is a representation of the functional relationship between one set of
parameters, which forms the model input, and a corresponding set of target parameters,
which forms the model output. A true model for a particular problem can rarely be defined
with certainty. The most we can do to mitigate error is to quantify the uncertainty in the
model. Scientists have now offered a method to incorporate judgments into a model about

structural uncertainty that results from building an 'incorrect’ model.

New guidance system could improve minimally invasive surgery

R http://www.sciencedaily.com/releases/2014/03/140327123652.htm

A computerized process that could make minimally
invasive surgery more accurate and streamlined
using equipment already common in the operating
room has been developed by researchers.

Johns Hopkins researchers have devised a

computerized process that could make minimally


http://www.sciencedaily.com/releases/2014/04/140401112121.htm
http://www.sciencedaily.com/releases/2014/03/140327123652.htm

invasive surgery more accurate and streamlined using equipment already common in the
operating room.

In a report published recently in the journal Physics in Medicine and Biology, the
researchers say initial testing of the algorithm shows that their image-based guidance
system is potentially superior to conventional tracking systems that have been the mainstay

of surgical navigation over the last decade.

Strange materials cropping up in condensed matter laboratories

ER http://www.sciencedaily.com/releases/2014/03/140325094223.htm

Physicists are using surprising ideas and mathematical tools originating in string theory
to guide research into strange materials that are cropping up in condensed matter
laboratories. There are a handful of systems that cannot be described by considering
electrons (or any other kind of quasi-particle) moving around.

Subir Sachdev, William Witczak-Krempa, and Erik Sgrensen are condensed matter
physicists. They study exotic but tangible systems, such as superfluids. And their latest paper

about one such system has a black hole in it.
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CERN experiment traps antimatter atoms for 1000 seconds

K& : CERN press office
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Antimatter trap. Credit: Image courtesy of CERN

Today, we live in a universe apparently made entirely of matter, yet at the big bang
matter and antimatter would have existed in equal quantities. Nature seems to have a slight
preference for matter, which allows our universe and everything in it to exist. One way of
investigating nature's preference for matter is to compare hydrogen atoms with their
antimatter counterparts, and that's what makes today's result important.

"We can keep the antihydrogen atoms trapped for 1000 seconds,” explained ALPHA

spokesperson Jeffrey Hangst of Aarhus University. "This is long enough to begin to study

12



them -- even with the small number that we can catch so far."

In the paper published today, some 300 trapped antiatoms are reported to have been
studied. The trapping of antiatoms will allow antihydrogen to be mapped precisely using
laser or microwave spectroscopy so that it can be compared to the hydrogen atom, which is
among the best-known systems in physics. Any difference should become apparent under
careful scrutiny. Trapping antiatoms could also provide a complementary approach to
measuring the influence of gravity on antimatter, which will soon be investigated with
antihydrogen by the AEQIS experiment.

Another important consequence of trapping antihydrogen for long periods is that the
antiatoms have time to relax into their ground state, which will allow ALPHA to conduct the
precision measurements necessary to investigate a symmetry known as CPT. Symmetries in
physics describe how processes look under certain transformations. C, for example, involves
swapping the electric charges of the particles involved in the process. P is like looking in the
mirror, while T involves reversing the arrow of time.

Individually, each of these symmetries is broken -- processes do not always look the
same. CPT, however, says that a particle moving forward through time in our universe should
be indistinguishable from an antiparticle moving backwards through time in a mirror
universe, and it is thought to be perfectly respected by nature. CPT symmetry requires that
hydrogen and antihydrogen have identical spectra.

"Any hint of CPT symmetry breaking would require a serious rethink of our
understanding of nature,” said Hangst. "But half of the universe has gone missing, so some
kind of rethink is apparently on the agenda. "

The next step for ALPHA is to start performing measurements on trapped antihydrogen,

13



and this is due to get underway later this year. The first step is to illuminate the trapped anti-
atoms with microwaves, to determine if they absorb exactly the same frequencies (or
energies) as their matter cousins.

"If you hit the trapped antihydrogen atoms with just the right microwave frequency, they
will escape from the trap, and we can detect the annihilation -- even for just a single atom,”
explained Hangst. "This would provide the first ever look inside the structure of

antihydrogen -- element number 1 on the anti-periodic table."
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Karyotype analysis. Karyotype analysis was performed by Multicolor FISH analysis
(M-FISH). Subconfluent STAPS cells were arrested in metaphase by colcemid
(final concentration 0270 ug/ml) to the culture medium for 2.5 h at 37°C in 5%
CO2. Cells were washed with PBS, treated with trypsin/ethylenediaminetetraacetic
acid (EDTA), resuspended into cell medium and centrifuged for S min at 1200 rpm.
To the cell pellet in 3 ml of PBS, 7 ml of a prewarmed hypotonic 0.0375 M KC1
solution was added. Cells were incubated for 20 min at 37°C. Cells were
centrifuged for 5 min at 1200 rpm and the pellet was resuspended in 3-5 ml of
0.0375 M KC1 solution. The cells were fixed with methanol/acetic acid (3: 1;
vol/vol) by gently pipetting. Fixation was performed four times prior to spreading
the cells on glass slides. For the FISH procedure, mouse chromosome-specific
painting probes were combinatorially labeled using seven different fluorochromes
and hybridized as previously described (Jentsch et al, 2003). For each cell line,
9.15 metaphase spreads were acquired by using a Leica DM RXA RFS
epifluorescence microscope (Leica Mikrosysteme GmbH, Bensheim, Germany)
microscope were controlled by the Leica Q-FISH software (Leica Microsystems.
hanging solutions, Cambridge. United Kingdom). Metaphase spreads were
processed on the basis of the Leica MCK software and presented as multicolor
karvograms.+

Guo J et.al.; Multicolor Karyotype Analyses of Mouse Embryonic Stem Cells
In Vitro Cell Dev Biol Anim 41(8-9), 278-283 (2005)
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Karyotype analysis. Karyotype analysis was performed by MulkZblor FISH analysis
(M-FISH). Subconfluent STAPS cells were arrested in metaphase by colcemid |
(final concentration 0.270 pug/ml) to the culture medium for 2.5 h at 37°C in 5%

CO2. Cells were washed with PBS, treated with trypsin/ethylenediaminetetraacetic
acid (EDTA), resuspended into cell medium and centrifuged for 5 min at 1200 rpm.
To the cell pellet in 3 ml of PBS, 7 ml of a prewarmed hypotonic 0.0375 M KC1
solution was added Cells were incubated for 20 min at 37°C. Cells were
0.0375 M KCI solutlon The cells were fixed with mcthanol/accuc amd (3:-1;

yol/yol) by gently pipetting. Fixation was performed four times prior to spreading
lhc. ulls on ;.,qus slides. For (hL FISH pr(KLdUI’L mouse chromosome-specil'c
and hybndlzcd as prenously descrlbed (Jg‘nmtsgh et al, 2003). For each cell hne,
9- 15 metaphase spreads wcre acquired by using a Leica DVI RXA RF8
cqunpped wnlh a Sensys CCD camera (Photometrlcs, Tucson A7 ) Camcra and
microscope were controlled by the Leica Q-FISH software (Leica Microsystems.
hanging _solutions, Cambridge, United Kingdom), Metaphase spreads were
processed on the basis of the Leica MCK software and presented as multicolor
karyograms.s
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DIY chromosomes

Mar 29th 2014 | From the print edition, The Economist

THE science of synthetic biology took an important step forward this week with the
announcement in Science, by a team from Jef Boeke' s laboratory at Johns Hopkins
University, in Baltimore, of the first completely synthetic yeast chromosome. This takes the

field from the bacterial realm to that of creatures like man.

That fungi and people are closely related may not be obvious to the average human being.
But biologically it is true, because both are eukaryotes, meaning that they have proper cell
nuclei with several linear chromosomes in them, and also lots of other complex and well-
defined cellular structures, called organelles. Bacteria, in contrast, are prokaryotes—meaning
their DNA is arranged in small, circular chromosomes which float around in more or less

organelleless cells.
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Dr Boeke and his colleagues have taken advantage of the falling price of DNA synthesis, and
an army of willing undergraduates who did the grunt work, to make a molecule more than
270,000 base pairs (genetic “letters” ) long. This forms the basis of the new chromosome,
which is similar to yeast’ s third-smallest chromosome (out of 16), but has some important

differences from the natural version.

First, it has been cleaned up. The team have removed genetic parasites called transposons,
which use a cell' s DNA-replication machinery without contributing anything to an
organism’ s well-being. They have also tidied places near the chromosome’ s ends, where
the genetic letters repeat for no apparent reason, and chopped out regions called introns
that break up the business parts of genes. Eleven entire genes for molecules called transfer
RNAs are out, too. Transfer RNAs are important (they carry the components of proteins,
known as amino acids, to protein factories), but yeast has 275 genes for them, and there are
only 42 types of transfer RNA in yeast cells. Since transfer-RNA genes are often sites of

chromosomal instability, excising a few of them seemed to the team like a good idea.

Gene genie, let yourself go

All this was done, as the paper puts it, “in silico” —in other words, on a computer before
the chromosome was made. The team also tinkered in ways that will let them modify it
subsequently, in vivo. They have added 98 pieces of DNA called loxPsym sequences, which
mark individual genes and allow those genes, by the application of an appropriate enzyme,

to be excised. This is part of a plan to find out which genes are necessary to yeast’ s survival,
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and which merely desirable, by knocking them out. Until now, that has had to be done one
gene at a time. Using a synthetic chromosome modified in this way means it will be easier

to execute multiple, simultaneous gene knockouts.

The team have also fitted their new chromosome with the potential to make proteins that
contain unnatural amino acids which might thus have entirely new properties. They did this

by replacing some of the chromosome’ s stop codons.

Codons are three-letter DNA words. Most represent specific amino acids, and indicate where
these should fit into a protein. Stop codons, by contrast, tell gene-reading enzymes that they
have got to the end of the message. In gene-speak, a stop codon can be either TAG or TAA.
In the artificial chromosome they have all been converted to TAA. That leaves TAG free to be
used, after further appropriate tinkering, as the codon for a 21st amino acid, in addition to

the 20 natural ones.

All these changes risk destabilising the new chromosome. But that does not seem to have
happened. The team have run it through 125 generations in 30 different sets of yeast without
it coming to any apparent harm. They thus seem to have created a robust demonstration

that a synthetic eukaryotic chromosome can work.

The next step is to make more yeast chromosomes—eventually creating a completely
synthetic genome. This is the goal of the Synthetic Yeast Genome Project, of which Dr Boeke

is head. That will have practical applications, since yeast is both a model for the biochemistry
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of more complex eukaryotes, including people, and an industrially important organism. It
has been used for thousands of years to make ethanol, of course. But these days researchers
are extending its chemical portfolio. The ability to design its chromosomes in silico will make

that easier to do.

In the longer term, other eukaryotes will no doubt be treated likewise. The day of designer
plants and animals, then, is getting closer. And so too, for those who worry about such things,

is the day when designer humans might be possible.

Clarification: The Synthetic Yeast Genome Project, though based at Johns Hopkins

University when this work was carried out, has now moved, along with Dr Boeke, to the

Langone Medical Centre at New York University.
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