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E. coli can do a lot more than wreak havoc within
your digestive system. Scientists have made strides
over the years turning the little microbe species into
computational workhorses. Now a team of scientists
Eiissouri State Western University CURIeEEELY)
University has devised a bacterial computer that can
solve complex equations, using the bacteria as the
brains.
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E. coli can do a lot more than wreak havoc within your digestive system. Scientists have made
strides over the years turning the little microbe species into computational workhorses. Now a
team of scientists at [ETMISE I amand Davidson University has devised a
bacterial computer that can solve complex equations, using the bacteria as the brains.

The E. coli were able to solve a problem known as the Hamiltonian Path Problem-—-wherein,
amongst a series of points, the challenge is to route a path on a graph from beginning to end,
visiting each point only once.

This featis accomplished by programming a genetic circuit in the colony of bacteria, which then
generates all possible paths it could take to reach the end goal in Hamiltonian fashion. The
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http://www.guardian.co.uk/science/blog/2009/jul/24/bacteria-computer




Bacteria make computers look like

pocket calculators
Biologists have created a living computer from E. coli bacteria that
can solve complex mathematical problems
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Computers are evolving — literally. While the tech world argues netbooks
vs notebooks, synthetic biologists are leaving traditional computers
behind altogether. A team of US scientists have engineered bacteria that
can solve complex mathematical problems faster than anything made
from silicon

The research, published today in the Journal of Biological Engineering
proves that bacteria can be used to solve a puzzle known as the
Hamiltonian Path Problem. Imagine you want to tour the 10 biggest cities
in the UK, starting in London (number 1) and finishing in Bristol (number
10). The solution to the Hamiltonian Path Problem is the the shortest
possible route you can take
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ST. JOSEPH, Mo., July 23 (UPI) -- Researchers
report creating what they call "bacterial Drive one.
computers" which potentially can solve

complicated human mathematical problems.

The findings of the research, published in
BioMed Central's Journal of Biological
Engineering, demonstrate computing in living
cells is feasible and can open the door to a
number of applications, the report says.
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Finally, a computer anyone can use. Just plug it in and GO. o
www.theGOcomputer.com
Last year we looked at how a research team had genetically engineered Escherichia Sections
coli, (E. coli), bacteria to solve a classic mathematical puzzle known as the burnt Aero Gizmo
pancake problem. At the time the researchers indicated their intention to adapt und The Home
‘bacterial computers' for other, related math problems, and it appears they've been Automotive
true to their word by solving another classic mathematical problem, the Hamiltonian Baby Gizmo
Path Problem Cameras and Imaging
The Hamiltonian Path Problem asks whether there is a route in a network from a Childsplay
beginning node to an ending node, visiting each node exactly once. The ecoGizmo
researchers modified the genetic circuitry of the bacteria to enable them to find a Electronice
Hamiltonian path in a three-node graph. The bacteria that successfully solved the J—
problem reported their success by fluorescing both red and green, resulting in
! Good Thinking =
yellow colonies J
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US boffins create bacterial computer

Multiplication inherent
By Nick Farrell

US BOFFINS have emerged from their smoke-filled labs with a bacterial computer
which they say can solve complicated maths problems.

According to BioMed Central's open access Journal of Biological Engineering (which
we subscribe to for the spot-the-amoeba competition), the boffins have proved
that it is possible to get some serious number crunching done within living cells.
Well not on a Friday afternoon obviously.

A research team made up of four faculty members and 15 undergraduate students
from the biology and mathematics departments at

and Davidson College in North Carolina, engineered the DNA of
escherichia coli bacteria.

The bacteria were able to solve a classic mathematical problem known as the
Hamiltonian Path Problem by finding a Hamiltonian path in a three-node graph
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'‘Bacterial Computers': Genetically Engineered Bacteria Have Potential
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To Solve Complicated Mathematical Problems

ScienceDaily (July 23, 2009) — US researchers
have created 'bacterial computers' with the potential
to solve complicated mathematics problems. The
findings of the research demonstrate that computing
inliving cells is feasible, opening the door to a
number of applications. The second-generation
bacterial computers illustrate the feasibility of
extending the approach to other computationally
challenging math problems.

—— Aresearch team made up of four
faculty members and 15
undergraduate students from the
biology and mathematics
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USA engineered the DNA of
Escherichia coli bacteria, creating
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- Darmbakterien als Computer [34]
Darmbakterien als Computer -
27.Juli 2009, 18:16 Wiener Physiker beobachten
Metallatome beim Springen [24]
Forscher zeigen, dass man mit der DNA von Durchbruch firr Physiker um Gero Vogl
Mikroorganismen rechnen kann von der Universkit Wien
-, - “REINER VEGETARIER"
London - Es k!lngt verrlckt. Aber geht es nach denvjungsten Geriichte um Leichen-fressenden
Forschungen im Bereich der sogenannten Synthetischen Militarroboter [57]
Biologie, dann kénnte man in Zukunft Darmbakterien oder ; Neue Energie-autonome
- ] 1aschine erahrt sich
andere lebende Organismen dafir einsetzen, mehr oder Simieiwh
weniger knifflige mathematische Aufgaben zu I6sen - wie zum pflanziicher Materie, wie
= " y . die Entwickler betonen
Beispiel das "Problem des Handlungsreisenden” .
CERN
Das besteht in seiner konventionellen Version darin, eine Geplanter Neustart des LHC
Route zwischen, sagen wir, acht Orten so zu wahlen, dass abermals verschoben [6]
die Wegstrecke so kurz wie maglich ist. Dieses Problem ist PRI T
wiederum eine spezielle Variante des sogenannten Relativitatstheorie im Labor [21]
Hamiltonkreisproblems, bei dem - vereinfacht gesagt und um Us-Forscher entwickeln
) o ; ) ; optische Materialien, die
beim Beispiel zu bleiben - gefragt wird, ob es eine Route ohne e e
Kreuzung der Wegstrecken gibt, wenn die Stadte etwa ihrer simulieren
> GréRe nach besucht werden sollen. ARS ELECTRONICA
oot Sorte Eac > Der Forscher und sein kiinstlicher P
Ein Haufen Bakterien der Sorte Escherichia coli. . . er F
S e e g A ety e res Weil solche Aufgabgq aus der sogenannten Graphentheone Zuilling (8]
des Darms so programmiert, dass sie einfache  Schnell an Komplexitat und Rechenaufwand gewinnen, wenn Japanischer Professor
mathematische Probleme losen kann.  man die Anzahl der Stadte bzw. Knoten erhoht, wurden sie zu Bl
einem wichtigen Bereich der Informatik. Und sie haben dazu erstmals auRerhalb des
beigetragen, die Definition dessen, was tberhaupt ein Eoc R AL o)
Computer ist, zu erweitern. Hamburger Physiker lassen
brillantes Licht erstrahlen [1]
Biologen werden Ingenieure Weltweit heliste
e s R et 3
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Biologen werden Ingenieure Darmbakterien als Computer [34]
Eine der radikalsten dieser Erweiterungen treiben die Wiener Physiker beobachten
Vertreter der Synthetischen Biologie voran, einem der zurzeit Metallatome beim Springen [24]
heiResten Forschungsfelder, das an den Schnittstellen von Durchbruch fir Physiker um Gero Vogl

- N - - . von der Universitat Wien
Molekularbiologie, Ingenieurwissenschaften und Informatik

angesiedelt ist. Das Ziel dabei: die Biologie letztlich zu einem
Zweig der Ingenieurwissenschaften zu machen. Und im
vorliegenden Fall: Bakterien zu Computern.

“REINER VEGETARIER"
Geriichte um Leichen-fressenden
Militarroboter [87)
Neue Energie-autonome
: . . il Maschine emahrt sich
Das ist nun einem US-Forscherteam - zumindest dem ausschiieBlich von

- - B . - S pflanziicher Materie, wie
Prinzip nach - gelungen. Wie sie im gratis zuganglichen die Entwickier betonen
Journal of Biological Engeneering berichten, haben sie die

DNA des Darmbakteriums Escherichia coli so manipuliert,

CERN
Geplanter Neustart des LHC

dass bestimmte Einzeller die richtige L6sung des abermals verschoben [5)
Hamiltonkreisproblems fur drei Stadte bzw. Knoten Neuer Termin: Mitte November
"ausrechneten” .

Relativitatstheorie im Labor [31]
US-Forscher entwickein
ptische Materialien, die
schwarze Locher
simulieren

Fur diese vergleichsweise einfache mathematische Aufgabe
war allerdings einiges an komplizierter genetischer
Programmierung nétig. Dafur statteten Forscher um Todd T.

Eckdahl von der[{ RGNS E A VABakterien | ARS ELECTRONICA

mit einer Art genetischem Schaltkreis aus, der aus ?:”'”i]';s[‘;he’ undisein ktinstlicher o

eingeftigten und zufallig verteilten DNA-Abschnitten bestand. - rTrTTErT BT
[}

zeigt bei "Human Nature”
seinen "Geminoiden”
erstmals aufterhalb des
Labors - mit Video

Die drei "Stadte" des Pfades wiederum wurden durch
zusammengehorige, entweder rot oder gruin leuchtende
Halften von Genen dargestellt. Kamen zufallig alle richtigen
Halften zusammen, leuchteten die Bakterien gelb. Diese
stellten also eine richtige L6sung dar, was sich bei der

Hamburger Physiker lassen
brillantes Licht erstrahlen [1]
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US scientists create living computer out of bacteria

Researchers have programmed a virulent microbe, the E. coli, to
potentially solve complicated mathematics problems. The
researchers have found that computing in living cells is feasible,
opening the door to a number of applications. The second-
generation bacterial computers illustrate the feasibility of
extending the approach to other computationally challenging
maths problems. A research team from
and Davidson College in North Carolina engineered the
DNA of E. coli. They were able to create bacterial computers
capable of solving a classic mathematical problem known as the
Hamiltonian Path Problem. The Hamiltonian Path Problem asks
whether there is a route in a network from a beginning node to an

end node, visiting each node exactly once. The researchers

modified the genetic circuitry of the bacteria to enable them to

find a Hamiltonian path in a three-node graph. Bacteria that
successfully solved the problem reported their success by
fluorescing both red and green, resulting in yellow colonies.
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The research extends previous work published last year in the same journal to produce bacterial computers that could solve the Burnt Pancake Problem.

The Hamiltonian Path Problem asks whether there is a route in a network from a beginning node to an ending node, visiting each node exactly once. The student and faculty
researchers modified the genetic circuitry of the bacteria to enable them to find a Hamiltonian path in a three-node graph. Bacteria that successfully solved the problem reported
their success by fluorescing both red and green, resulting in yellow colonies
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Genetically engineered bacteria compute the route

US researchers have created 'bacterial computers' with the potential to solve complicated mathematics problems. The findings of the research, published in BioMed Central's open
access Journal of Biological Engineering, demonstrate that computing in living cells is feasible, opening the door to a number of applications. The second-generation bacterial computers
illustrate the feasibility of extending the approach to other computationally challenging math problems.

A research team made up of four faculty members and 15 undergraduate students from the biology and mathematics departments at U TR =E e g il = =00 1= 5= s din Missouri and
Davidson College in North Carolina, USA engineered the DNA of Escherichia coli bacteria, creating bacterial computers capable of solving a classic mathematical problem known as the
Hamiltonian Path Problem.

The research extends previous work published last year in the same journal to produce bacterial computers that could solve the Burnt Pancake Problem.

The Hamiltonian Path Problem asks whether there is a route in a network from a beginning node to an ending node, visiting each node exactly once. The student and faculty
researchers modified the genetic circuitry of the bacteria to enable them to find a Hamiltonian path in a three-node graph. Bacteria that successfully solved the problem reported their
success by fluorescing both red and green, resulting in yellow colonies.

Synthetic biology is the use of molecular biology techniques, engineering principles, and mathematical modeling to design and construct genetic circuits that enable living cells to carry
out novel functions. "Our research contributed more than 60 parts to the Registry of Standard Biological Parts, which are available for use by the larger synthetic biology community,
mcludmg the newly split red fluorescent protein and green fluorescent protein genes,” said Jordan Baumgardner, recent graduate of Missouri Western and first author of the research
paper. "The research provides yet another example of how powerful and dynamic synthetic biology can be. We used synthetic biology to solve mathematical problems; others find
applications in medicine, energy and the environment. Synthetic biology has great potential in the real world.”

According to Dr. Eckdahl, the corresponding author of the article, synthetic biology affords a new opportunity for multidisciplinary undergraduate research training. "We have found
synthetic biology to be an excellent way to engage students in research that connects biology and mathematics. Our students learn firsthand the value of crossing traditional
disciplinary lines.”

Notes to Editors:

1. The faculty mentors of the undergraduate research team are Dr. Todd Eckdahl and Dr. Jeff Poet, of Missouri Western State University, and Dr. A. Malcolm Campbell and Dr. Laurie
Heyer of Davidson College.

2. Solving a Hamiltonian Path Problem with a bacterial computer
Jordan Baumgardner, Karen Acker, Oyinade Adefuye, Samuel THOMAS Crowley, Will DeLoache, James O Dickson, Lane Heard, Andrew T Martens, Nickolaus Morton, Michelle Ritter,
Amber Shoecraft, Jessica Treece, Matthew Unzicker, Amanda Valencia, Mike Waters, A. MALCOLM Campbell, Laurie J. Heyer, Jeffrey L. Poet and Todd T. Eckdahl v

[® € nternet H100% ~



http://www.mygreentreasure.com/2009/07/escherichia-coli-bacteria-have-potential-to-solve-

mathematical-problems/

Trecasure

My,
€en

/4| Done, but with errors on page.

Green Energy Investment
Tax Benefits, Quarterly Cash Flow Cogeneration

Solar, Wind and Biofuels
How to Invest in Today's Hottest CleanTech
Sectors. New Report

The Ultimate Free Energy
100% Money Back Guarentee. Full 24/7 Support
Get It Here Cheaper.

Solar Energy Systems
Find Solar Panel & Cell Providers. Get Reliable
Advice In Your Area.

Ads by Google

Science evolves every day and
researchers found many things
that can lead to a better
future. Nowadays, science is so

[ Home “ RSS ][ Green Treasures ][ Environment ][ Technology ] [ Place Your Ad on MyGreenTreasure.com ]
“Escherichia _coli” Bacteria Have Potential To Solve
Mathematical Problems Recent Posts Search

Cycling Safety Improved by

Lacoste Eco-Friendly Bike »
Enter your email address:

|

Delivered by FeedBurner

Most Efficient Non-Electric
Portable Water Purification

SystemAqualris

15.000 “Fisker Karma” Hybrid
Luxury Car Models on Market

EY FEEOBURNER

Categories

advanced that today we have e Ig’ﬁfﬂf\wﬁﬁ:le
thousands of PC models s Pree Epargy
available in different sizes and gumﬂ?\w 4 °||""ng(’,‘
performances In this area elec :itv env runm(
cce W“J
Sy Elect ic Fields

[§ € Internet

ulousdnus Ul FU ouers TT G YY
available in different sizes and .,,,,,“F,,Ew#r ollutlon
owered
performances. In this area elec"ﬂcﬂv env ronme | -
recently a team of researchers ,wb,‘d SRIETE Ly Electr ic Fields
found a new type of B
“BTEETFi Electronics

computer, bacterial computer,
which is actually the DNA |8
studies result on Escherichia
coli bacteria, a new form of life
which can solve mathematical
problems (eg.Hamiltonian Path
Problem).

The researchers team consists of four members and 15 students from biology
and mathematics departments, at [V nlc e WM. They
have managed to modify the genetically circuit of this bacteria, so the
microoranisms can easily solve the Hamiltonian Path problem for a 3 nodes
graph. This problem is not so complicated but this discovery could lead to
creation of many applications in this field.

"Our research contributed more than 60 parts to the Registry of Standard
Biological Parts, which are available for use by the larger synthetic biology
community, including the newly split red fluorescent protein and green
fluorescent protein genes.. The research provides yet another example of
how powerful and dynamic synthetic biology can be. We used synthetic
biology to solve mathematical problems; others find applications in medicine,
energy and the environment. Synthetic biology has great potential in the real
world.” - says a recent graduate of Missouri Western, Jordan Baumgardner.
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potential to solve complicated mathematics problems. The
findings of the research, published in the open access
Journal of Biological Engineering, demonstrate that
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Newly discovered gene fusion
may improve prostate cancer
diagnosis

Researchers have found a new gene
fusion that is highly expressed in a
subset of prostate cancers-a
discovery that could lead to more
accurate prostate cancer testing and
new targets for potential treatments.
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Bacterial computers to revolutionise genetic research

Scientists from RS R e s dand Davidson College in
North Carolina, USA have developed bacterial computers that can
revolutionise genetic research.
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Washington, July 24 : Scientists from Missouri Western State University
and Davidson College in North Carolina, USA have developed 'bacterial
computers' that can revolutionise genetic research.
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DNA of Escherichia coli bacteria and created bacterial computers capable
of solving a classic mathematical problem known as the Hamiltonian Path Problem.

They modified the genetic circuitry of the bacteria to enable them to find a Hamiltonian path in a three-
node graph.
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Bacterial computers to Bacteria that successfully solved the problem reported their success by fluorescing both red and green, resulting in yellow colonies.

revolutionise genetic research
Scientists from Missouri Western

State University and Davidson College
in North Carolina, USA have
developed bacterial computers that
can revolutionise genetic research.
AND

The study demonstrates that computing in living cells is feasible.

enable living cells to carry out novel functions.

Synthetic biology is the use of molecular biology techniques, engineering principles, and mathematical modelling to design and construct genetic circuits that

"Our research contributed more than 60 parts to the Registry of Standard Biological Parts, which are available for use by the larger synthetic biology

community, including the newly split red fluorescent protein and green fluorescent protein genes,” said Jordan Baumgardner, recent graduate of Missouri

c"alf““ exposure linked to Western and first author of the research paper. |
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US researchers have created bacterial computers’ with the potential to solve complicated
mathematics problems The ﬁndmgs of the research, published in BioMed Central's open access
Journal of Bit I ing, d rate that computing in living cells is feasible, opening
the door to a number of applications. The second-generation bacterial computers illustrate the
feasibility of extending the approach to other computationally challenging math problems.

A research team made up of four faculty members and 15 undergraduate students from the biology
and mathematics departments at iU ISy WS e Siagin Missouri and Davidson
College in North Carolina, USA engineered the DNA of Escherichia coli bacteria, creating bacterial

computers capable of solving a classic mathematical problem known as the Hamiltonian Path
Problem.

The research extends previous work published last year in the same journal to produce bacterial
computers that could solve the Burnt Pancake Problem.

The Hamiltonian Path Problem asks whether there is aroute in a network from a beginning node to
an ending node, visiting each node exactly once. The student and faculty researchers modified the
genetic circuitry of the bacteria to enable them to find a Hamiltonian path in a three-node graph.
Bacteria that successfully solved the problem reported their success by fluorescing both red and
green, resulting in yellow colonies.
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Synthetic biology is the use of molecular biology h ing pri and
mathematical modeling to design and construct genetlc Cerll“S that enableh\'mg cells to carry out
novel functions. "Our research contributed more than 60 parts to the Registry of Standard
Biological Parts, which are available for use by the larger synthetic biology community, including
the newly split red fluorescent protein and green fluorescent protein genes,” said Jordan
Baumgardner, recent graduate of Missouri Western and first author of the research paper. The
research provides yet another example of how powerful and dynamic synthetic biology can be. We
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'‘Bacterial computers' to revolutionise genetic
research
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WASHINGTON: Scientists from [JEERIESCOES S GAOIIEEIand Davidson
College in North Carolina, USA have developed ‘bacterial computers’ that can
genetic research.
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The research team including four
faculty members and 15
undergraduate students from the
biology and mathematics
departments engineered the DNA of
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A team of faculty members and undergraduate students from two universities in the United States has
recently demonstrated clearly that computing within living bacterial cells is a distinct possibility, and,
moreover, has managed to prove the concept in real-life. The "bacterial computers” showed the
remarkable ability of being able to resolve highly complex mathematical problems, the four faculty
embers and 15 undergraduate students reveal. Details of the breakthrough were published in the latest
e of the Journal of Biological Engineering, a publication of BioMed Central.
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"Our research contributed more than 60 parts to
the Registry of Standard Biological Pa
S=ljGuchle are available for use by the larger s
biclogy community, including the newly split red fluorescent protein and
green fluorescent protein genes. The research provides yet another
example of how powerful and dynamic synthetic biology can be. We
used synthetic biology to solve mathematical problems; others find
applications in medicine, energy and the environment. Synthetic biology
has great potential in the real world,”
graduate Jordan Baumgardner, who has been the first author of the new
study, explains.
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