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La Cloaca Maxima (Roma, s. V adC)







Eukaryotic microbes appear

Prokaryotes appear Plants and animals appear
Cyanobacteria introduce significant
Earth’s crust cools amounts of O, into atmosphere

4 3 2 0

Billion years from present



Los tres
del arbol

Bacteria

dominiqs
de la vida

Archaea

Entamoebae

Euryarchaeota

e

Methanosarcina
Green non-sulfur bacteria )
Methanobacterium
Gram positives Crenarchaeota Methanococcus
Themmoproteus

Purple bacteria

Cyanobacteria

Flavobacteria

Thermotogales

Thermococcus celer

Pyrodictium

LUCA

Eukan:=

slds

Animals

Fungi

Plants

Ciliates

Flagellates

Trichomonads

Microsporidia

Diplomonads



Microbial properties of environmental interest

e Biodegradative pathways for recalcitrant compounds
e mineralization of toxic pollutants
e removal or organic sulphur from soll
e biosensors
e green chemistry

e Tolerance to heavy Ions
e volatilization
e bioavailability/toxicity assays
e bioaccumulation:removal of toxic ions
e biotransformation and re-speciation

e Surfactant production: bioremediation of oil spills




BIO-REMEDIACION

A




BIO-REMEDIACION

A — B

ToxXico Inocuo




BIO-REMEDIACION

A — B

ToxXico I Inocuo

Catalizador biologico




B

I nocuo




BIO-REMEDIACION

CO2 + H20
mineralizacion

B — C transformacion

e iInmovilizacion




Strategies in Bioremediation

 Natural attenuation
e Bioaugmentation
(incl. genetic engineer.)
e Biostimulation
(Eco-engineering)












Enrichment cultures




Accessing the diversity of soil microbes

- - - - - -
S S S S S S
S o o o o o

A series of |:10
dilutions is made

s A A A A A N
Dilution factor ~ Original 10" 10* 10° 10" 10° 10°
sample / \
0.1 mL of the
more dilute samples / 7 ’
spread evenly on
aﬁar plates;
ates incubated \
4-48 hours = T

Count colonies
on this plate






Cepa (Plasmido)

P. putida mt-2 (pWWO)
Pseudomonas sp, CF600 (pV1150)
Burkholderia sp. RPOO7

P. putida TMB

P. putida NAH (NAH7)
Acinetobacter sp. ADP1

R. eutropha (pJP4)
Pseudomonas sp. (pP51)

P. putida UCC22 (pTDN1)

P. oleovorans (pOCT)
Burkholderia cepacia LB400
Pseudomonas sp. VLB120

Contaminante

Tolueno

Fenol
Fenantreno
Trimetilbenceno
Naftaleno

Aril esteres

2,4 D
Triclorobenceno
Anilina
n-alcanos
Bifenilo, PCBs
Estireno




El sistema TOL de Pseudomonas putida

CH3 COOH

© = © = @OH—MCA

toluate
dioxygenase

Upper
operon i>
C2,30 et al

Lower (meta)
Xyl TEGFIQKIH
operon




Upper
operon




De la biodegradacion a la quimica verde

CH3 CH20H COOH

® == @) = (@) = ()

XYIA XyI|B XyIC




De la biodegradacion a la quimica verde

CH3 CH20H

©) == (@)

XylA

/O\

CH=CH2 CH/ = CH2

O, — (@
_ XylA .
estireno epoxido




Table 5. Comparison of outputs
Chemical process = 100

Chemical process Biological process
Material for incineration 100 0.7
Wastewater 100 90
Solvents, class | 100 0
Solvents, class 3 100 25

Zinc disposal 100 0




The Application
of Biotechnology
to Industrial
Sustainability




Diversidad conocida
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known existing
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Metagenomics

<

r ——

Metagenomic library in E. coli










Variable region

Organism | ATTCC

Organism 2 TTACG

- v

' N

Conserved region Conserved region



Segment to be amplified

Original
] D'\é\

molecule

DNA polymerase
Many cycles

]
B Many copies

of a single DNA
I scgment



16S RNA

EUB338

. class I 81-100%
. class [t 61-80%6
D class LI: 41-60%
. class Vi 21.40%
. class V. 6.20%
. clags VI 0-5%




DGGE analysis of 16 s RNAs of lindane-polluted soils
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Acceso al metagenoma microbiano

P ’ Specimen containing mixture of bacteria

IS

Digest with restriction enzymes

/\/ DNA fragments from different organisms

+ Digested plasmid

Ligate; transform E. coli

\

Bacterial colonies each containing
a different cloned DNA segment

|

Screen colonies for enzyme activity
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Extraction of intact bacterial fraction from soill




Fractionation of metagenomic
soil DNA for cloning in lambda vectors
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Pero... (podemos mejorar
a la Naturaleza?

SII pero utilizando sus
mMISMOS mecanismos




2 Generasi()n “ 33 Generacion
ﬁ

12 Generacion : 42 Generacion

L o 12 >
Chares Darwvin [1809-1852] AP o ‘f‘ € -
Padre dela Teotia Evolutiva '~',\\ Ny

\ /7

Evolucion natural Miles de millones de anos
& ® ESCALA TEMPORAL
Evolucian dingida Semanas o meses




Diferentes métodos colorimétricos para evolucionar

Plato de 96 pocillos distintas propiedades de |la enzima lacasa
Teeeese cee~e |
WUW\/"O—'UL./J\)&*
SAAN NI N A ABAAN

L K KA HOH A MM

- u'\M)Uu ~— M .
ot A A AL Uk)k. xMJ&J a
T i Nivel de expresion Transformadende  Degradadon de la lignina
\v 2 “‘{"‘{ng“.:"i;’a\’_ . en levadura xenohioticos (blanqueado del papel)

"Ganadores” de la generacion

Cdonias con diferentes colares,
contienen distintos carotenoides.
Para su analisis se empean
procesadores dgitales

Evolucion de rutas metabdlicas:
Busqueda de carotenoides
enfase sdlida

Caroknoid
identificados




absorbancia 550nm

1,400 ~

1,200

Declorination activity of linA-like clones
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842

871

900

929

958

961 clones ensayados






DIRECTED EVOLUTION OF Lindane Dechlorinase (LinA)
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ﬂ >_\ Mutagenic
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>
Screen
Activity assa

\_ ) y y

..

Data A
Analysis &~ el

Activity

—
Study of
Improved
Variants

O O O O O & M O N O d <« O 0o

O I O O € O O« A O 4 O <« O

L O L T oo O W N W < O O o O O

N 4 00 n ™M 00 ™M W 0






[inA

- (s -0 .

T-border CaMV CaMV 2X CaMV T-border

phosphinothricin

(left) polyA 35S CamVv polyA (right)

35S






Polyhydroxyalkanoates - PHA

Bacterial storage compounds

for carbon and energy

Most well-known example: Poly(3-hydroxybutyrate)




Cells of Ralstonia eutropha (TEM)




Properties of PHAs

e Thermoplastic and/or elastomeric

e Bi S ALK Uu»\i
Biodegradable )‘ )' 2 fi\;u\;_f 272 |

e Often available from renewable resources

* Insoluble in water

* High degree of polymerization

¢ Enantiomerically pure

* Non toxic — biocompatible - piezoelectric




Shampoo bottles made from
or Poly(3HB-co-3HV)
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From colonies towards products

Q

| Laboratory Research| *

Pilot Plant
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Industrial Plant

Transgenic Plants




Wild type and PHA negative
mutants of Ral/stonia eutropha

cAMP-CRP ropressor
nuci=oprotein complnx

F I

E ooll GTP-binding protein

Yeast RNA helicase

Phenotype: PHA positive

Genotype:

wild type

Phenotype: PHA negative

Genotype:

phaC::Tn5

Phenotype: PHA leaky

Genotypes:

phal::Tn5
phaP.:Tn5
phaH::Tn5
phal::Tn5s




Transgenic plants producing PHAs

Establishment of the bacterial
PHA biosynthesis pathways in
plants may allow cheap
production of bulk PHAs

Arabidopsis thaliana
Brassica napus
Gossypium hirsutum
Nicotiana tabacum

Solanum tuberosum

Zea mays




Widening of Biotechnologies

70s } Health

oo (Q ?

Os ‘ Environment
PKs ’ Chemistry

Nanotech
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Synthetic Biology

synetheesis n. 1.a. the combination of
‘separate elements to form a coherent whole.

» Synthetic biology seeks to understand
and design biological systems and their
components to address a host of
problems that cannot be solved using
naturally-occurring entities

* Enormous potential benefits to
medicine, environmental remediation
and renewable energy

* Need the ability to write a ‘blueprint’




Building a radio with parts




Building a cell with well
characterized parts
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Parts

Zif268, Paveltich & Pabo c. 1991



About the Ae

juiry

Catalog of parts

Parts leog Click on the xons delow to see parts by CMeROvY. man..

c-n
c.-ﬁ-.-’-@——! 0-.'@-2*-15—-; %o a0y -O»
RES CDS TYorminator Composite Other Plasmid
Web Site The Registry web site has been moved from rosalind csall.mit.edu to partsZmit.edu. In addition, a few
Update functions have been added:

« A BOBrick version of 3last compares equences Lo parts n the Reghitry,
« DNA repositones keep track of the location of party i Regutry or (eventually) local freezers,

The new part viewer and editer 15 now avalable. it presents more data and allows in-place editing.
The "User Experience” section of the part viewer now has some wiki features, Members of any
moderated Regutry group may edit the contents of that feld. In the future, ths wiki capabiiity will be
extended to more Nelds in the Registry,

Educational The Registry supports design classes where students make simple systems from standard,
Programs nterchangeable biological parts and operate them o (iving cells
Thirteen schools are pun(tg:a n the 200% hunolleru Genetically neered Machine
comgetition HGEM 2005) s are: Berkeley, Cal &‘:‘mm ETH Zurkh,
Harvard, MIT, Oklahoma, Penn State, Princeton, Toronto, JCSF and UT Austin.

The Registry &5 locking for full-time Technical Assistants. Please contact Staffing Services at MIT for
Employment  etais: Technical Asistant,




Abstraction Hierarchy

Systems






Devices

Lacl

Lacl — CI inverter



Bacterial promoters as logic gates (1)

o /\ BB, ' ' Promoter
RIAE TFs =~ DNA

Cooperative :
i . . i : o
———  TFsite Sterachion Degradation

Amplifier AP

0 0
> - LED r L

| S

AP
g&e o
—Do— —> P

W >

} C.g LD —r




Bacterial promoters as logic gates (11)

ABP
000
0 1 1
I 0 1
111

ABP
0 0 1
0 1 1
I 0 1
1 10

ABP
000
010
1 0 1
1 1 0




The regulation of the TOL system

benzoate

QTQ

xylU WCMAB/\> XyIXYZL TEGFJQK H—I><xyls
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Regulation of the TOL system as a whole of logic gates

xYlUWCMABN

XylR

XYIXYZLTEGF JOKIH .

o

054

NOR

A A - T
B'C B ‘C b} JeTF

= i = -
== **)
-0 N

- o - o)
=~ OoOO0OwWw
oo o r+N




Systems

Inverter.1 Inverter.2 Inverter.3



Systems

‘Can I have
three inverters?’

‘Here'’s a set of PDP
inverters, 1—»N, that each
send and receive via a

PoPS De vices fungible signal carrier, PoPS.

'I need a few DNA
binding proteins.’

‘Here's a set of DNA binding
proteins, 1N, that each

recognize a unique cognate
P arts DNA site, choose any.’
‘Get me this DNA.'

ZIf268, Paveltich & Pabo ¢. 1991 I I I '

TAATACGACTCACTATAGGGAGA DNA Here's your DNA.




Future approach: build de novo

Oligonucleotide synthesis

In silico design ol
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DNA Layout
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What can be

done with all
this?



Engineering developmental
patterns in bacterial layers
by designing genetic circuits
with Quorum-Sensing components

R. Weiss



Programming an
artificial genetic
circuit with parts of
the bacterial
Quorum Sensing
system
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Designing E. coli strains with
Light-responsive properties

Voigt



Chimaeric light receptor

* Phytochrome Cphl from Synechocystis
e EnvZ
* Phycocyanobilin (PCB) hol, pcyA

’ ompl lac

promoter




Light-dependent /acZ expression

1,200 -

..§ _
w 800+
= 1.00
> = .

400 £ 090+

O -
0.80 S e
0- = = Position

+Cph8 - + -PCB



Mercury vapor lamp

632nm

bandpass filter
35mm dlide

Double Guass
focusable lens

Projected image







Only games?



LETTERS

Vol 44013 Apeil 2006 doi10.1038/ naturs 04640

Production of the antimalarial drug precursor
artemisinic acid in engineered yeast

Dae-Kyun Ro'*, Eric M. Paradise’*, Mario Ouellet', Karl J. Fisher”, Karyn L. Newman', John M. Ndungu’,
Kimberly A. Ho', Rachel A, Eachus’, Timothy S. Ham', James Kirby®, Michelle C. Y. Chang’, Sydnor T. Withers’,

Yoichiro Shiba®, Richmond Sarpong” & Jay D. Keasling'~**

Malaria is a global health problem that threatens 300-500 million
people and kills more than one million people annually’. Discase
control is hampered by the occurrence of multi-drug-resistant
strains of the malaria parasite Plasmodium falciparum™. Syn-
thetic antimalarial drugs and malarial vaccines are currently being
developed, but their efhicacy against malaria awaits nigorous clinical
testing"’, Artemisinin, a sesquiterpene lactone endoperoxide
extracted from Artemisia annua L {lamily Asteraceae; commonly
known as sweet wormwood), is highly effective against multi-
drug-resistant Plasmodium spp., but is in short supply and
unaffordable to most malaria sufferers”. Although total synthesis
of artemisinin is difhcult and costly’, the semi-synthesis of
artemisinin or any derivative from microbially sourced artemisi-
nic acid, its immediate precursor, could be a cost-effective,
environmentally friendly, high-quality and reliable source of
artemisinin®™’. Here we report the engineering of Saccharomyces
cerevisiae to produce high titres {up to 100 mg 1™ ") of artemisinic
acid using an engincered mevalonate pathway, amorphadiene
synthase, and a novel cytochrome P450 monooxygenase
[CYP71AVI) from A. ammien that performs a three-step oxidation

To increase PP production m 5. oerevesae, the expression al
several genes responsible tor FPP synthesss was upregulated, and one
gene responsible tor FPP conversion to sterols was downregulated.
All of these modibications to the host stram were made by chromao-
sormal integration to ensure the genctic stability of the host stramn.
Overexpression of a truncated, soluble form of 3-hydroxy-3-methyl.
ghutaryl-coeneyme A reductase ((HMGR)" improved amorphadiene
production approxsmately fivefold (Fig 2, strum EYP208). Down-
regulation of ERGY, which encodes sipualene synthase (the first step
after FPP 0 the sterol biosynthetic pathway ), using 2 methionine-
repressible promoter (P ri)' " increased amorphadiene production
an additional twotold (Fig. 2, strumn EPY225) Although wpe2-1, a
serni-dominant mutant allde that enhances the actvity of U'PC2
(a global transcription factor regulating the biosynthess of sterols in
S arrevisige)'’, had only a modest effect on amorphadiene pro-
duction when overexpressed in the EPY208 background (Fig. 2,
strain EPY210), the combination of downregulating ERGY and
overexpressing nped-1 increased amorphadiene production to
105mgl ' (Fig 2, strain EPY213). Integration of an additional
copy of tHMGR into the chiromosome further increased amarpha-



Dechlorinating PCBs with Bio/inorganic catalysts
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better H,
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Towards aan H, super-producer (?)

Genetic circuit
Synthetic Computational repository
microbial core || microbial design lab Functional Protein
/ / genomics core / B
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Transcriptional regulators a la carte?
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Area Reduction:

THE DISTRIBUTED & SPECIALIZED SENSOR

specific sensor

>
mmn Moves through the scenario

i

i

< >area reduction

i
optical evidence |

q by
2 -% L ////////////// Ses

explosuve vapor =~
evidence =

N
~

q

B

The MMDS provides a distributed & specialized sensor that

detects explosive traces and reacts providing an enhanced EM
evidence.

minefield border

new minefield bor

e

A second sensor (a mobile one) easily detects the new EM

evidence, which is the translation and amplification of the
original explosive one.
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Spreading sensor bacteria on a soil microcosm




Revealing underground 2,4 DNT In a soil microcosm




