
Synthetic astrobiology: 
synthetic biology  
meets ET

Dr. Lynn 
Rothschild 

Planet Earth

Since the dawn of humans, we have 
wondered, “are we alone?”

For the first time in history, we can 
approach this question scientifically

How can we look for life in the universe?   
Start with Earth and ask, “could it happen 

again? Where? How will we know?”



why now?

Space missions

Life in extreme environments

Extrasolar planets

Molecular evolution

why now?

Q: How can astrobiology

use synthetic biology?

What is astrobiology?

Overview: Rothschild, L.J. (2001) “Astrobiology”.  McGraw Hill Encyclopedia of Science & Technology, 2002.  pp. 21-24; astrobiology.stanford.edu

Where do we come 
from? Where are we going?

Are we alone?

a scientific discipline focused on three of human’s oldest 
and most profound questions



What is synthetic biology?
the design and 
construction of new 
biological functions 
and systems not 
found in nature* 

“Synthetic biology, the design and 
wholesale construction of new 

biological parts and systems, and 
the re-design of existing, natural 

biological systems for tailored 
purposes, integrates engineering 

and computer-assisted design 
approaches with biological 

research.” White House National 
Bioeconomy Blueprint, 2012

metabolic 
capabilities

novel cell 
components

novel  
morphologies

re-program  
life

genes

Fuels
Food

Materials

Environmental 
Control

Manufacturing

Applications 
On Earth

Pharmaceuticals

What is iGEM?

international 
Genetically 
Engineered 
Machine 
competition 

The premier student 
competition in 

synthetic biology

2017 iGEM teams

★ 314 teams worldwide



2011: 
First Brown-

Stanford team 
at NASA Ames

s

iGEM history Back to the search for life…
a scientific discipline focused on three of human’s oldest 
and most profound questions

Overview: Rothschild, L.J. (2001) “Astrobiology”.  McGraw Hill Encyclopedia of Science & Technology, 2002.  pp. 21-24; astrobiology.stanford.edu

Where do we come 
from?

Are we alone?

know what            
you are looking for

how to search for 
life beyond earth

not trivial…so what 
do we know?

Overview: Rothschild, L.J. (2001) “Astrobiology”.  McGraw Hill Encyclopedia of Science & Technology, 2002.  pp. 21-24

What can we hypothesize?

There are limits to life because 
life is based on organic carbon 

with water as its solvent 



universal constraints on life

★ The likelihood of life based on organic 
carbon (H,N,O,P,S) and metals; 

★ The likelihood of water as a solvent; 
★ The laws of chemistry and physics; 
★ The universality in the principal of the 

natural selection; 
★ The selective tyranny of the environment; 
★ Source of energy (likelihood of the 

availability of solar radiation as a source of 
energy)
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With these universal 
constraints on life, 

There are still 
multiple possibilities

synthetic biology 
creates the possible

Alternate genetic codes

★ current status
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6-Letter PCR with 
GACTZP DNA

shamelessly borrowed from Steve 
Benner, FAME
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Or, eventually, life de novo?
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How did life originate?
The RNA world....not?! 
Dr. Kosuke Fujishima

...but with amino acids

amino

acid

H2N

O

OH

R

Amino acids that likely existed on the surface of prebiotic earth 
(Table 1. Relative Concentrations of Amino Acids Observed in Nonbiological Contexts)

Higgs & Pudritz, 2009. A 
Thermodynamic Basis for Prebiotic 

Amino Acid Synthesis and the 
Nature of the First Genetic Code. 

Astrobiology

hydrothermal 
synthesis other chemical 

syntheses
Star dust 

ice 
analogs

Prebiotic 
experimentsMeteorites

O

NH2

HS OH

cysteine 

test case:  
The synthesis of cysteine.Why cysteine? cysteine  is important for 
disulfide bonds, & cysteine is an important precursor for methionine biosynthesis in plants and microorganisms.

NH2

HO

O

OH

serine 
cysE  
serine acetyl transferase

O-acetyl serine 
+ acetyl coA

cysK/ cysM 
O-acetylserine sulfhydrylase 



O

NH2

HS OH

cysteine 

Engineered replacement enzymes in which we 
eliminated all amino acids produced via the enzyme. Specifically, we created mutants of 
CysE and CysM that lack cysteine and also methionine, which is produced from cysteine.

remove cysteine and methionine.  
• All the cysteine residues in CysE and CysM proteins were replaced with serine, since it most closely 

resembles cysteine as the only difference is a substitution of a hydroxyl group for a thiol group. We 
termed the newly designed mutant genes cysE-C and cysM-C (-cysteine) 

• All the methionine residues in CysE and CysM proteins were replaced with leucine or isoleucine. A 
methionine to leucine/isoleucine substitution is known as a ‘safe’ substitution that does not disturb 
protein structure and has a similar hydrophobicity to methionine. We termed the newly designed 
mutant genes cysE-M and cysM-M (-methionine)

NH2

HO

O

OH

serine 
cysE  
serine acetyltransferase

O-acetyl serine 
+ acetyl coA

cysM 
O-acetylserine sulfhydrylase 

Fujishima, K., Wang, K., Palmer, J., Abe, N., Nakahigashi, K., Endy, D. & Rothschild, L.J 2018. Reconstruction of cysteine biosynthesis using 
engineered cysteinefree enzymes. Scientific Reports, Nature Publishing Group 8:1776.

O

NH2

HS OH

cysteine 
NH2

HO

O

OH

serine 
cysE  
serine acetyltransferase

O-acetyl serine 
+ acetyl coA

cysM 
O-acetylserine sulfhydrylase 

Reconstructing the evolution of cysteine biosynthesis using engineered cysteine-free enzymes. Kendrick M Wang1,2,*, Kosuke Fujishima3,*, 
Nozomi Abe4, Kenji Nakahigashi4 Drew Endy1, Lynn J Rothschild5  

serine acetyl transferase function 
was recovered by cysteine and 

methionine-free enzymes 

O-acetylserine sulfhydrylase 
function was recovered by 

cysteine-free enzymes, but not 
cysteine and methionine-free 

enzymes.

conclusion can break ‘chicken and egg’ problem 
with the origin of amino acids

find the limits for 
life on earth

how to search for 
life beyond earth

know what            
you are looking for

find the limits for 
life on earth

how to search for 
life beyond earth

Unfortunately we have only one field site



To search for life, we need to know  give the minimum envelope for life

extremophiles

what are

?extremophiles

Desiccation

Salinity

e.g., Rothschild, L.J. & Mancinelli, R.L. 2001. 
Life in extreme environments.  Nature 
(London) 409: 1092-1101.

Pressure

Radiation
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map extremophiles 
 to other habitable  

bodies

find the limits for 
life on earth

how to search for 
life beyond earth

know what            
you are looking for

“Follow the water!”

Water is likely as a solvent 
because of its widespread 
occurrence and the chemical 
properties of water including that 
it is liquid at a higher 
temperature than the alternatives

Why water? Titan

★This composite was produced from images returned January 14, 2005, by the European Space Agency's Huygens probe 
during its successful descent to land on Titan. It shows the boundary between the lighter-colored uplifted terrain, marked with 
what appear to be drainage channels, and darker lower areas.  

★These images were taken from an altitude of about 8 kilometers (about 5 miles) and a resolution of about 20 meters (about 
65 feet) per pixel. The images were taken by the Descent Imager/Spectral Radiometer, one of two NASA instruments on the 
probe. 



Europa

Enceladus

Titan

Mars

Jupiter

Saturn  
spacecraft 

meteors 
comets

Ceres

Earth
Venus    

Gannymede

follow the water

Venus today
90 ATM

450°C

0 PH

300 MPH

HOTTEST PLANET IN THE SOLAR SYSTEM

BATTERY ACID

BUT 4.5 BILLION YEARS 
AGO ... 

THE SUN WAS 25 PERCENT LUMINOUS 

VENUS COULD HAVE HOUSED LIQUID 
WATER OCEANS 

“[VENUS] SHOULD NOT HAVE ESCAPED 
WHATEVER IT WAS THAT GAVE EARTH ITS 
WATER.” 
	 - DAVID GRINSPOON 

MUCH MORE EARTH-LIKE

4.5 billion years ago THE SUN WAS 25 PERCENT LUMINOUS 

VENUS COULD HAVE HOUSED LIQUID 
WATER OCEANS 

“[VENUS] SHOULD NOT HAVE ESCAPED 
WHATEVER IT WAS THAT GAVE EARTH ITS 
WATER.” 
	 - DAVID GRINSPOON 

MUCH MORE EARTH-LIKE

AS THE SUN WARMED, WATER VAPOR 
CREATED A WET GREENHOUSE

DECOMPOSITION OF CARBONATE ROCKS 
CREATED A RUNAWAY GREENHOUSE



SO WHERE COULD LIFE GO?

Today
THE SUN WAS 25 PERCENT LUMINOUS 

VENUS COULD HAVE HOUSED LIQUID 
WATER OCEANS 

“[VENUS] SHOULD NOT HAVE ESCAPED 
WHATEVER IT WAS THAT GAVE EARTH ITS 
WATER.” 
	 - DAVID GRINSPOON 

MUCH MORE EARTH-LIKE

AS THE SUN WARMED, WATER VAPOR 
CREATED A WET GREENHOUSE

DECOMPOSITION OF CARBONATE ROCKS 
CREATED A RUNAWAY GREENHOUSE

1 ATM

0-100°C

PLENTY OF SUN

CARL SAGAN ‘67:
50-60 KM IN THE 
ATMOSPHERE

HYDROGEN, CARBON, NITROGEN, 
OXYGEN

SO WHERE COULD LIFE GO?

Europa

Enceladus

Titan

Mars

Jupiter

Saturn  
spacecraft 

meteors 
comets

Ceres

Earth
Venus    

Gannymede

Mars earth

Mariners  

★Mariner 4 (launched 1964) 
gave the first glimpse of Mars 
at close range, putting to rest 
myths that Mars may have 
harbored an advanced 
civilization.  

★Mariner 9 - first Mars orbiter 
(launched 1969) 



Hot off the press:  
liquid water on Mars....today???  

Determining whether liquid water exists on the Martian surface is central to understanding the hydrologic cycle and potential for extant 
life on Mars. Recurring slope lineae, narrow streaks of low reflectance compared to the surrounding terrain, appear and grow 
incrementally in the downslope direction during warm seasons when temperatures reach about 250–300 K, a pattern consistent with the 
transient flow of a volatile species1–3. Brine flows (or seeps) have been proposed to explain the formation of recurring slope lineae1–3, 
yet no direct evidence for either liquid water or hydrated salts has been found4. Here we analyse spectral data from the Compact 
Reconnaissance Imaging Spectrometer for Mars instrument onboard the Mars Reconnaissance Orbiter from four different locations 
where recurring slope lineae are present. We find evidence for hydrated salts at all four locations in the seasons when recurring slope 
lineae are most extensive, which suggests that the source of hydration is recurring slope lineae activity. The hydrated salts most 
consistent with the spectral absorption features we detect are magnesium perchlorate, magnesium chlorate and sodium perchlorate. Our 
findings strongly support the hypothesis that recurring slope lineae form as a result of contemporary water activity on Mars. 

And now even evidence of indigenous 
fixed nitrogen!

NONONO
NONO★The Sample Analysis at Mars (SAM) investigation on the 

Mars Science Laboratory (MSL) Curiosity rover has detected 
oxidized nitrogen-bearing compounds …After subtraction of 
known N sources in SAM, the results support the equivalent 
of 110–300 ppm of nitrate in the Rocknest (RN) aeolian 
samples, and 70–260 and 330–1,100 ppm nitrate in John 
Klein (JK) and Cumberland (CB) mudstone deposits.  

★Stern et al.,  2015, Evidence for indigenous nitrogen in sedimentary and aeolian deposits 
from the Curiosity rover investigations at Gale crater, Mars . PNAS 112 (14): 4245–50

Europa

Enceladus
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Our neighborhood

Ceres

Europa

Enceladus

Titan

Mars

Jupiter

Saturn  
spacecraft 

meteors 
comets

Ceres

Earth
Venus    

Gannymede

Our Occator crater on Ceres, home to a collection of intriguing bright spots. is 56 miles (90 km) wide 
The white spot Albedo is 50% suggesting salt deposits.  
Credits: NASA/JPL-Caltech/UCLA/MPS/DLR/IDAStory/imagery updated

Occator crater on Ceres



Europa
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Our neighborhood

Europa

Thin, disrupted, ice crust.  Images 
collected in 1996 by Galileo.

Radius of Europa: 1565 km, a little smaller than 
our Moon’s radius.

iron/nickel core 
(600±150 km radius)

rock shell

water (ice or 
liquid, ~100 
±25 km)

surface ice, 
several to 10 
km thick

Why Europa?  
Liquid water, charged particle-induced chemistry, 
volcanic activity(?) (actually low water compared to other outer bodies)

A mission could be devised that would drill through the ice layer and release a probe 
("hydrobot") into the ocean beneath.  http://www.resa.net/nasa/europa_life.htm

Europa

Enceladus

Titan

Mars

Jupiter

Saturn  
spacecraft 

meteors 
comets

Ceres

Earth
Venus    

Gannymede

Our neighborhood

Titan



Our neighborhood
Headline, 14 January 2005:  

Huygens’ has touched down on Titan
•Huygens transmitted scientific data to its mothership Cassini for 
onward transmission to Earth.  

•The orbiter turned towards our planet and send the first packets 
of information.  

•These were received by the European space operations centre in 
Darmstadt, Germany, at around 1615 GMT.  

•The first signal told them that the pilot parachute had pulled off 
the probe's rear cover, allowing its antenna to start transmitting. 

Huygens' primary goal was to return 
information on the atmosphere;  

data about the surface was a bonus.  
(Image: ESA). Cassini’s mission extended through 2017

Composite of Titan’s varied terrain 
When the probe landed, it was not with a thud, or 
a splash, but a 'splat'.  It landed in Titanian 'mud'.

★This composite was produced from images returned yesterday, January 14, 2005, by the European Space 
Agency's Huygens probe during its successful descent to land on Titan. It shows the boundary between the 
lighter-colored uplifted terrain, marked with what appear to be drainage channels, and darker lower areas.  

★These images were taken from an altitude of about 8 kilometers (about 5 miles) and a resolution of about 20 
meters (about 65 feet) per pixel. The images were taken by the Descent Imager/Spectral Radiometer, one of two 
NASA instruments on the probe. 

This artist's concept shows 
a possible scenario for the 
internal structure of Titan, as 
suggested by data from 
NASA's Cassini spacecraft. 
Scientists have been trying 
to determine what is under 
Titan's organic-rich 
atmosphere and icy crust. 
Data from the radio science 
experiment make the 
strongest case yet for a 
global subsurface ocean, 
sitting above a subsurface 
layer of high-pressure ice 
and a water-infused silicate 
core.https://
www.ucl.ac.uk/earth-
sciences/research/ices

Saturn's moon Titan has a very 
salty ocean 
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Our 

Enceladus

Enceladus
“Cold Faithful” found by 
Cassini team, reported Feb. 
2006

Enceladus“Cold Faithful” found by 
the Cassini team,  
reported Feb. 2006

H2O...CO2...CO...H2... 
H2CO...CH3OH...C2H4O... 

C2H4O...H2S...Ar...NH3...N2...
HCN...CH4...C2H2...C2H4... 

C2H6...C3H4

Could Pluto have a an 
ocean beneath its  
miles-thick ice shell? 

National Geographic News, December 16, 2010



Pluto has iceberg-like water formations 
floating on a sea of frozen nitrogen

recorded by New Horizons' Multispectral Visible Imaging Camera (MVIC), shows an expanse of land about 500 by 340 kilometres (310 by 210 
miles) in sizer. Image via NASA/JHUIAPL/SwRI

Pluto’s haze layer displays a blue color in this image obtained by the New 
Horizons spacecraft's Ralph/Multispectral Visible Imaging Camera 

(MVIC). The blue color comes from complex organic molecules in Pluto's 
atmosphere called tholins, which are themselves probably gray or red but 

scatter light in blue wavelengths, much like with earth’s atmosphere.. 
Image released Oct. 8, 2015. Credit: NASA/JHUAPL/SwRI 

http://www.space.com/30784-pluto-blue-skies-new-horizons-photo.html 

Pluto Has blue skies

What’s Beyond Neptune? 
The search for planetary bodies in our solar system

Largest known trans-Neptunian objects 
(TNOs)



Europa
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and beyond

In our galaxy

Kepler Search Space
3000 light years

Kepler looked for earth-like planets

The Kepler Orrery III, Nov 2013

planet candidates found as of Nov 2013:. The colors simply go by order from the star (the most colorful is 
the 7-planet system KOI-351). The terrestrial planets of the Solar System are shown in gray.. Credit: Daniel 
Fabrycky from the Kepler science team

we know so little

Overview: Rothschild, L.J. (2001) “Astrobiology”.  McGraw Hill Encyclopedia of Science & Technology, 2002.  pp. 21-24

Before 1988, we were even.   
1 known solar system,  
1 known life form. 

25 Feb 2018: 
3704 confirmed planets,  
2759 solar systems  
959 terrestrial 
and still, ONE known life 
form. 



map extremophiles 
 to other habitable  

bodies

find the limits for 
life on earth

make  
synthetic 

extremophiles

how to search for 
life beyond earth

If there are tempting locations 
beyond the capability of 
extant, naturally-evolved 

extremophiles, why not turn 
to synthetic biology?

know what            
you are looking for

why not make an 
artificial extremophile?

Stanford 
Brown 

2012

the 

Hell Cell

Brown-Stanford iGEM 2011

Stanford-Brown iGEM 2012

pH

HeatRadiation

Cold

ex
tr

em
e

HELL CELL                           TOOLBOX

DpsMP1 
Bba_k847002

dpsMP: Protects DNA 
from superoxide 
species formed from 
ionizing radiation

Desiccation

betA Bba_K847040 

betB BBa_K847041 

otsA Bba_K847060 

otsB Bba_K847061 

MntH Bba_K847005

Bet: Betaine 
biosynthesis Pathway  
Ots: Trehalose 
biosynthesis path 
MntH: Manganese 
transporter

DpsMP1 ba_k847002 

recA Bba_K847000 

sdaB Bba_K857101

dpsMP: Protects DNA 
from superoxide species 
formed from ionizing 
radiation  
sdaB – Serine Deaminase 
recA and dps from 
radiation suite – similar 
DNA protective effects

v

sspA 

sspB 

sspE 

AB2 

AB3

Small Acid Soluble 
Proteins – DNA 
protection (sspA, sspB, 
sspE) 
Dipicolinic Acid – 
unknown, but empirically 
confers heat protection 
(AB2, AB3)

v betA Bba_K847040 

betB BBa_K847041

Glycine betaine  
pathway

v



Does this work? Well, yes.   
Example: desiccation resistance

glycine 
betaine

control

trehalose  
biosynthetic  
operon 

Mn  
transporter

Polyextremophiles

-2 

0 

2 

4 

6 

8 

10 

12 

14 

-20 0 20 40 60 80 100 120 

pH 

Temperature (ºC) 
Archaea 

Bacteria 

Eukarya 
Capece, M., Clark, E., Saleh, J.K., Halford, D., Henl, N., Hoskins, S. & Rothschild, L.J. (2013) Polyextremophiles and the constraints for terrestrial 
habitability. 2013. Polyextremophiles, Microorganisms and macroorganisms living under multiple forms of stress. Edited by J. Seckback. (in press)
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What is astrobiology?

Where do we come 
from?

Are we alone?

Where are we going?



Going forth from Planet Earth

Earth

Needs for human settlement*  
*a lot of the things are made from petrochemical products on earth

Transportation  
Habitats 
Life support (food, 

oxygen, medicine, 
waste recycling, 
clothing, etc.) 

Power  
Heat 
Light 
Radiation protection

Needs                     Challenges

Upmass/ upvolume 
Cost 
Storage 
Flexibility 
Reliability

Transportation  
Habitats 
Life support (food, 

oxygen, medicine, 
waste recycling, 
clothing, etc.) 

Power  
Heat 
Light 
Radiation protection

what’s the 
BIG IDEA?

For exploration WE WILL RELY ON 
NANOTECHNOLOGY, and what better way 
than to exploit the best nanotechnology 
production facility, living organisms

For millennia we have used 
BIOLOGY TO DO CHEMISTRY 
for us on Earth. In the future, 
we will use biology to do 
chemistry beyond Earth

We may create ALTERNATE 
BIOCHEMISTRIES (life2.0) on 
earth to use elsewhere

We will SEND CODING INFORMATION 
DIGITALLY to make drugs on Mars.

We may use synthetically altered ORGANISMS 
FOR MATERIAL PRODUCTION including 
habitat construction, food, fuel, clothes, and 
drug production, embedding biosensors. We may 
use MATERIAL from Earth or acquired in 
transit (e.g., asteroid, repurposed upmass from 
missions) or acquired in situ through biomining.

We will GENERATE and store 
ELECTRICITY.



We aren’t going to take theseBiomaterials: 
We aren’t going  
to take these

We are going  
to take theseWe are going  

to take these

We are going  
to take theseEngineered to 

make these

We are going  
to take theseInstead of taking 

these



Which is great but...

how do you go from water 
and minerals to “food”?

answer:

PowerCell

consumer

sun

CO2

H2O

C6H12O6 + 6O2 
—›6CO2 + 6H2O

6CO2 + 6H2O —› 
C6H12O6 + 6O2

How is biology 
“powered” on the Earth? 
The basic food chain

PRODUCER

C6H12O6 + 6O2 
—›6CO2 + 6H2O

6CO2 + 6H2O —› 
C6H12O6 + 6O2

sun

CO2

H2O

How is biology 
“powered” on the Earth? 
The basic food chain



C6H12O6 + 6O2 
—›6CO2 + 6H2O

6CO2 + 6H2O —› 
C6H12O6 + 6O2

sun

CO2

H2O

sun

CO2

H2O

How biology will be 
“powered” off the Earth

PowerCells on Eu:CROPIS 
A demonstration of 
synthetic biology  
technology and biology  
in space

Eu:CROPIS 
Euglena Combined Regenerative Organic 
Food Production In Space 
DLR satellite mission  
scheduled launch: March 2017 

DLR principals: 
Hartmut Müller – Eu:CROPIS PM 
Michael Leibert & Jens Hauslage 
Eu:CROPIS Science & Technology

NASA Ames PowerCell Payload 
PI: Lynn J. Rothschild, Ph.D.  

Biology: Ryan Kent, Griffin McCutcheon,     
Evie Pless & Ivan Paulino-Lima, Ph.D. 
PM: Scott Richey (Karolyn Ronzano) 

Team: Eric Tapio, Eddy Mazmanian, Dzung Hoang. 
Tony Ricco, Bruce White…) 

2011 Brown-Stanford iGEM team (PowerCell) 
2013 Stanford-Brown iGEM team (Eu:CROPIS)

Astrobiology

 will use synthetic biology!





to be human means to have 
a sense of exploration, 
curiosity, wonder … 
and yes, awe.

ad astra... “Oh, crap! I left ‘The Origin of  Species’ out 
where the kids can find it.”

Habitats
Traditional way to 

make habitats: bring 
them (e.g., spacecraft) 

Our approach:    Engineer organisms to 
agglutinate regolith either 
with calcite precipitation 
(Brown-Stanford iGEM 2011, 
STMD GCD 2012) or glues.

BioMining
Traditional way to 

access metals: Bring 
them or mine. 

Traditional mining 
machinery: bulky, 
heavy, expensive 

Our approach:    Engineer organisms to 
bind metals: cheap, light, 
precise, and non-toxic 
(2012 iGEM + AES, 
Navarette Ph.D.)



BioPlastic
Traditional way:  

Bring them. 

Our approach:    Engineer organisms to 
make bioplastics

polystyrene Poly-3-hydroxybutyrate        

Habitats
Traditional way to 

make habitats: bring 
them (e.g., spacecraft) 

Our approach:     
mycotecture

PowerCell on EuCROPIS moves the 
technology forward on two fronts

PowerCell on EuCROPIS moves the 
technology forward on two fronts



Transformation:  
a basic tool of synbio

Transformation: the 
genetic alteration of 
a cell resulting from 
the direct uptake 
and incorporation of 
exogenous DNA 
from its 
surroundings and 
taken up through 
the cell membrane

Question

Specifically, we ask: are aerosols viable microbial 
environments? 
But before we can test for life in the clouds, we have to 
develop a proper reporter to visualize cell growth in situ.  

Approach

For this purpose, we aimed to 
develop cell-growth dependent 
reporters to serve as remote 
biosensors for cell growth.  

We developed two using (1) polA 
promoter, a DNA-replication 
dependent promoter, and (2) the 
nrd operon promoter, a cell-cycle 
dependent  promoter. 

Both promoters were fused to  a 
GFP reporter and transformed 
into E. coli.



PCR products
NRD   

OPERON FOR 
RIBONUCLEOTIDE 

REDUCTASE POLA   
DNA POLYMERASE

Constructs

NRDP POLAP

RBSPROMOTER TERMINATORGFP

NRD   
OPERON FOR 

RIBONUCLEOTIDE 
REDUCTASE POLA   

DNA POLYMERASE

Do they work?

NRD-PROMOTED 
FLUORESCENCE 

SUGGESTS  
CELL CYCLE 

DEPENDENCE

CELLS SYNCHRONIZED VIA SERINE HYDROXOMATE. 
FLUORESCENCE/OD TAKEN AS CELLS GREW 

KEY: TRIAL 1, TRIAL 2, AVERAGE 
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Do they work?
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POLA-
PROMOTED 

FLUORESCENCE 
SUGGESTS  

DNA 
REPLICATION 
DEPENDENCE

NOTE THAT DNA REPLICATION TAKES 30-40 MINUTES AND 
DOUBLING TIME IS 20 MINUTES, SO WHAT HAPPENS IS DNA 

REPLICATION INITIATES MULTIPLE TIMES PER CELL CYCLE. 



Where to next? ISS.
Design flight experiment for microgravity  

Engineer chromogenic reporter 

Shorten generation time (new organism?) 
Current record 6.3 min!? (Labbe R.G., Huang T.H. 
Generation times and modeling of enterotoxin-positive and enterotoxin-negative 
strains of Clostridium perfringens in laboratory media and ground beef. J. Food 
Prot. 1995 58 (12) 1303–1306)  

or 10 min? Vibrio natriegens, a new genomic powerhouse, Henry H Lee, 
Nili Ostrov, Brandon G Wong, Michaela A Gold, Ahmad Khalil, George M Church. 
doi: https://doi.org/10.1101/058487  


