
The goal of this IPRO is to create a novel organism. In this project, we are 
attempting to insert a "glowing" gene into a bacterial cell (E. coli) so that it will 

flash. There are two parts to this project. The first part involves creating a 
computational model through Matlab to simulate the genetic modification cycle 
of the E. coli. The second part involves the actual laboratory experimentation

creating a florescent plasmid that will be inserted into the E. coli cell. This 
plasmid will go through the cycle of "rock", "paper", "scissors". Two teams are 
created for the purposes mentioned above: modeling team and cloning team.
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Molecule: pUHD172-1, 4474 bps DNA Circular
Description: pUHD172-1
File Name: pUHD172-1.cm5, dated 16 Sep 2004
Printed: 796-1413 bps, format Translated, Frame 1

TetRKpnIPfor ipro302008
Kpn I

ggtaccatgatgTCTAGATTAG ATAAAAGT
796 tctagattag ataaaagtaa agtgattaac agcgcattag agctgcttaa tgaggtcgga

S R L D K S K V I N S A L E L L N E V G
856 atcgaaggtt taacaacccg taaactcgcc cagaagcttg gtgtagagca gcctacactg

I E G L T T R K L A Q K L G V E Q P T L
916 tattggcatg taaaaaataa gcgggctttg ctcgacgcct tagccattga gatgttagat

Y W H V K N K R A L L D A L A I E M L D
976 aggcaccata ctcacttttg ccctttaaaa ggggaaagct ggcaagattt tttacgcaat

R H H T H F C P L K G E S W Q D F L R N
1036 aacgctaaaa gttttagatg tgctttacta agtcatcgca atggagcaaa agtacattca

N A K S F R C A L L S H R N G A K V H S
1096 gatacacggc ctacagaaaa acagtatgaa actctcgaaa atcaattagc ctttttatgc

D T R P T E K Q Y E T L E N Q L A F L C
1156 caacaaggtt tttcactaga gaacgcgtta tatgcactca gcgctgtggg gcattttact

Q Q G F S L E N A L Y A L S A V G H F T
1216 ttaggttgcg tattggaaga tcaagagcat caagtcgcta aagaagaaag ggaaacacct

L G C V L E D Q E H Q V A K E E R E T P
1276 actactgata gtatgccgcc attattacga caagctatcg aattatttga tcaccaaggt

T T D S M P P L L R Q A I E L F D H Q G
1336 gcagagccag ccttcttatt cggccttgaa ttgatcatat gcggattaga aaaacaactt

A E P A F L F G L E L I I C G L E K Q L
BspEI

1396 aaatgtgaaa gtgggtccgcagcaaatgatgagaattatgcagcagctgtataagtccgga
3'-TTTACACTTT CACCCAGGcgtcgtttactactcttaatacgtcgccgacatattcaggcct

K C E S G S A A N D E N Y A A A V -
Ssv degradation tag

TetRKpnIPfor ipro302008
5'-ggtaccatgatgTCTAGATTAGATAAAAGT-3'

TetRBspEIPrev ipro302026
5'-tccggacttatacagctgctgcataattctcatcatttgctgcggacccactttcacattt-3'
or, written backwards

3'-TTTACACTTTCACCCAGGcgtcgtttactactcttaatacgtcgccgacatattcaggcct-5'

pLTetO1
ctggagTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATAC

CTATCAGTGATAGAGATACTGAGCACATCAGCAGGACGCACTGACCggatcc
TCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATACTGAGCACATCAGCAGGACGCACTGACC

pLlacO1
cttaagATAAATGTGAGCGGATAACATTGACATTGTGAGCGGATAACAAGATAC

TGAGCGGATAACAAGATACTAGCAGGACGCACTGACCGAGCACATCggtacc
ATAAATGTGAGCGGATAACATTGACATTGTGAGCGGATAACAAGATACTAGCAGGACGCACTGACCGAGCACATC

oriSC101  (oriLC)
agatctGGGCGCACGTTTCTGAACGAAGTGAAGAAAGTC

GAACGAAGTGAAGAAAGTCTAAGTGCGCCCTctggag
GGGCGCACGTTTCTGAACGAAGTGAAGAAAGTCTAAGTGCGCCCT
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Cloning Experimentation
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RE afte recognition sequence template
kU/$50 Rebefore #homologous mod seq 5' start of gene Pforward

XhoI c\tcgag 5 ctcgag
OK p OSC 1 pR pLTetO BamHI g\gatcc 10 ggatcc syn XhoI 47 ctcgag TCCCTATCAGTGATAGAGATTGA 53 ctcgagTCCCT
OK p OSC 1 P cI Mfe I c\aattg 0.5 caattg lambda BamHI 18 ggatcc ATGAGCACAAAAAAGAAA 24 ggatccATGA
OK p OSC 1 x t7 Sal I g\tcgac 2 gtcgac pET19 Mfe I 18 caattg CAAAAAACCCCTCAAGAC 24 caattgCAAAA
OK p OSC 1 pP PrO1O2 EcoRI gaatt\c 10 gaattc lambda Sal I 18 gtcgac TAACACCGTGCGTGTTGA 24 gtcgacTAAC
OK p OSC 1 S laci Eag I c\ggccg 0.5 cggccg pGEX EcoRI 18 gaattc GTGAAACCAGTAACGTTA 24 gaattcGTGAA
OK p OSC 1 x t7 Afl II c\ttaag 2 cttaag pET19 Eag I 18 cggccg CAAAAAACCCCTCAAGAC 24 cggccgCAAA
OK p OSC 1 pS pLlacO1KpnI ggtac\c 3 ggtacc syn Afl II 48 cttaag ATAAATGTGAGCGGATAACATTG 54 cttaagATAAA
OK p OSC 1 R TetR BspEI t\ccgga 1 tccgga pUDH172 KpnI 18 ggtacc atgatg TCTAGATTAGATAAAAGT 30 ggtaccatgatg
OK p OSC 1 x t7 Sac I gagct\c 2 gagctc pET19 BspEI 18 tccgga CAAAAAACCCCTCAAGAC 24 tccggaCAAA
OK p OSC 1 antibioticbla Bgl II a\gatct 2 agatct pGEX Sac I 18 gagctc AAATATGTATCCGCTCAT 24 gagctcAAAT
OK p OSC 1 oriLC oriLC XhoI c\tcgag 5 ctcgag syn Bgl II 33 agatct GGGCGCACGTTTCTGAACGAAGT 39 agatctGGGCG

# person before after template name Pforward name Preverse

1 sheryl pOSC1 pR pLTetO1 XhoI BamHI syn pLTetO1XhoIPfor ipro302001 pLTetO1BamHIPrev ipro302019
2 sheryl pOSC1 P cI BamHI Mfe I lambda cIBamHIPfor ipro302002 cIMfe IPrev ipro302020
3 av pOSC1 x t7 Mfe I Sal I pET19 t7Mfe IPfor ipro302003 t7Sal IPrev ipro302021
4 sheryl pOSC1 pP PrO1O2 Sal I EcoRI lambda PrO1O2Sal IPfor ipro302004 PrO1O2EcoRIPrev ipro302022
5 sheryl pOSC1 S laci EcoRI Eag I pGEX laciEcoRIPfor ipro302005 laciEag IPrev ipro302023
6 av pOSC1 x t7 Eag I Afl II pET19 t7Eag IPfor ipro302006 t7Afl IIPrev ipro302024
7 sheryl pOSC1 pS pLlacO1 Afl II KpnI syn pLlacO1Afl IIPfor ipro302007 pLlacO1KpnIPrev ipro302025
8 ag pOSC1 R TetR KpnI BspEI pUDH172 TetRKpnIPfor ipro302008 TetRBspEIPrev ipro302026
9 av pOSC1 x t7 BspEI Sac I pET19 t7BspEIPfor ipro302009 t7Sac IPrev ipro302027

10 av pOSC1 antibio bla Sac I Bgl II pGEX blaSac IPfor ipro302010 blaBgl IIPrev ipro302028
11 sheryl pOSC1 oriLC oriLC Bgl II XhoI syn oriLCBgl IIPfor ipro302011 oriLCXhoIPrev ipro302029
12 bui pREPbis P CFP BamHI Eag I pET-CFP CFPBamHIPfor ipro302012 CFPEag IPrev ipro302030
13 bui pREPbis S YFP KpnI PstI pEYFP-nu YFPKpnIPfor ipro302013 YFPPstIPrev ipro302031
14 ag pREPbis x AspA PstI Sac I pThioHisAAspAPstIPfor ipro302014 AspASac IPrev ipro302032
15 sheryl pREPbis antibio Cam Sac I HindIII pCRScriptCamSac IPfor ipro302015 CamHindIIIPrev ipro302033
16 bui pREPbis orihC oriHC HindIII XhoI pGEX oriHCHindIIIPfor ipro302016 oriHCXhoIPrev ipro302034
17 av pREPmonopP pLlacO1 XhoI KpnI syn pLlacO1XhoIPfor ipro302017 pLlacO1KpnIPrev ipro302025
18 av pREPmono 0 Kan Sac I HindIII pET29 KanSac IPfor ipro302018 KanHindIIIPrev ipro302035

name # sequence
pLTetO1XhoIPfor ipro302001 ctggagTCCCTATCAGTGATAGAGATTG
cIBamHIPfor ipro302002 ggatccATGAGCACAAAAAAGAAA
t7Mfe IPfor ipro302003 caattgCAAAAAACCCCTCAAGAC
PrO1O2Sal IPfor ipro302004 gtcgacTAACACCGTGCGTGTTGA
laciEcoRIPfor ipro302005 gaattcGTGAAACCAGTAACGTTA
t7Eag IPfor ipro302006 cggccgCAAAAAACCCCTCAAGAC
pLlacO1Afl IIPfor ipro302007 cttaagATAAATGTGAGCGGATAACATT
TetRKpnIPfor ipro302008 ggtaccatgatgTCTAGATTAGATAAAAGT
t7BspEIPfor ipro302009 tccggaCAAAAAACCCCTCAAGAC
blaSac IPfor ipro302010 gagctcAAATATGTATCCGCTCAT
oriLCBgl IIPfor ipro302011 agatctGGGCGCACGTTTCTGAACGAAG
CFPBamHIPfor ipro302012 ggatccATGGTGAGCAAGGGCGAGGA
YFPKpnIPfor ipro302013 ggtaccATGGTGAGCAAGGGCGAGGA
AspAPstIPfor ipro302014 ctgcagTAATCGTACAGGGTAGTA
CamSac IPfor ipro302015 gagctcTGGCGAAAATGAGACGTT
oriHCHindIIIPfor ipro302016 aagcttGTAGAAAAGATCAAAGGA
pLlacO1XhoIPfor ipro302017 ctggagATAAATGTGAGCGGATAACATT
KanSac IPfor ipro302018 gagctcGGATTTTGGTCATGAACA
pLTetO1BamHIPrev ipro302019 ggatccggtcagtgcgtcctgctgatgtgctcagtat
cIMfe IPrev ipro302020 ttgcttatacagctgctgcataattctcatcatttgctg
t7Sal IPrev ipro302021 gtcgactagcataaccccttgg
PrO1O2EcoRIPrev ipro302022 gaattcacctccttagtacatgcaac
laciEag IPrev ipro302023 ccgcttatacagctgctgcataattctcatcatttgctg
t7Afl IIPrev ipro302024 cttaagtagcataaccccttgg
pLlacO1KpnIPrev ipro302025 ggtaccgatgtgctcggtcagtgcgtcctgctagtat
TetRBspEIPrev ipro302026 ggacttatacagctgctgcataattctcatcatttgctg
t7Sac IPrev ipro302027 gagctctagcataaccccttgg
blaBgl IIPrev ipro302028 agatctttaccaatgcttaatcag
oriLCXhoIPrev ipro302029 ctccagagggcgcacttagactttcttcacttcgttc
CFPEag IPrev ipro302030 ccgcttatacagctgctgcataattctcatcatttgctg
YFPPstIPrev ipro302031 cagcttatacagctgctgcataattctcatcatttgctg
AspASac IPrev ipro302032 gagctcactgctcacaagaaaaaagg
CamHindIIIPrev ipro302033 aagctttcagcaccttgtcgcctt
oriHCXhoIPrev ipro302034 ctccaggagcaaaaggccagcaaaag
KanHindIIIPrev ipro302035 aagcttttagaaaaactcatcgag

Team Leader: James Anderson
Team Members: Phuong Bui, Ahren 
Ceisel, Jason Fessel, Anthony Gaddini, 
Sheryl Lau, Khiem Nguyen, Anthony Vu, 
Elizabeth Young

The equations on the left describe the rate of change of three different mRNA 
concentrations in the cell.  The equations on the right describe the rate of 
change of three different protein concentrations (each produced by the mRNA 
with the same subscript).  

Anthony Gaddini*, Phuong Bui, Anthony Vu, Sheryl Lau
*Cloning Team Leader

The mathematical modeling 
was performed using 
MATLAB.  MATLAB was 
chosen instead of similar 
programs like Mathematica
and Maple primarily because 
of its GUIDE(Graphical User 
Interface Development 
Environment) feature.  

Future Works

Sheryl Lau, Khiem Nguyen, Ahren Ceisel, Jason Fessel, James Anderson* 
*Modeling Team Leader Six-coupled first order 

differential equations

The synthesis of plasmid 
components required the 
molecular biology technique 
of transformation, and the 
construction of the plasmids 
required DNA preparations 
from live cells, PCR, gel 
electrophoresis, and ligation 
techniques.

This semester the genetic elements 
are cloned and tested for accuracy, 
the next step is the ligation and 
plasmid generation and using the 
mathematical model to predict results.  
If we are successful with E. coli, we 
aspire to use yeast.
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• Deterministic Model          (b) Stochastic Model
The deterministic model (a) shows plots created in the GUI representing 
concentrations of three proteins in systems with two different alpha0 values. The 
stochastic simulation (b) represents the same 3 protein concentrations, but takes 
into account the randomness involved in these systems.

Resources
Elowitz, MB and Leibler S. 

"A synthetic oscillatory network of transcriptional
regulators.“ Nature, 2000, 403(6767): 335-338.

All documentations were put on our 
website including group meeting minutes, 
lab procedures and an on-going glossary.  
A more detailed list of resources are also 
found on our website.

http://www.iit.edu/~ipro302f04
Elizabeth Young Jason Fessel, Khiem Nguyen* 
*Website Team Leader
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The plasmid pOSC-1 controls the system through 
a coupled system of transcription regulators. Each 

promoter/regulator pair is colored identically.       
As each promoter is turned off by its repressor, 

it shuts down production of  the next 
repressor in the cycle, thus turning the 

next promoter back on. This 
behavior is described by the 
mathematics to the right. The 
system has been developed for 
actual implementation to the left. 

Reporter plasmids, pREPmono 
and pREPbis are developed in which 
various fluorescent proteins are 

controlled by these same repressors that 
track this behavior in a more readily visible 

fashion.

Tet Repressor (TetR)
Found in what plasmid:

Synthesized in lab
Base Pairs Long: 4474
Website (or other information source):

NAR paper  "Independent and tight 
regulation of transcriptional.....". It can be 
found on page 2, Figure 1, first row, 
operator position PLtet01.
Description of gene:

TetR is a protein. In the absence of 
tetracycline, an antibiotic that inhibits 
protein production in bacteria, this protein 
binds to DNA and disables a pLtet
promoter in this genetic system.  
However, when tetracycline is present, it 
binds to TetR, which then is no longer 
able to bind DNA - thus allowing the pLtet
promoter to become functional again.
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x α0:
The repression may not be 
perfect, and there may be some 
background rate of translation

α:
When the promoter is unbound, it 
is ON and has some rate of 
transcription

βm:
The mRNA is unstable, with a 
finite  half life for destruction

βp: 
An Ssv destruction tag was added to 

the proteins, so they also have a 
significant half life for destruction

Kd,n:
The repressor 
proteins bind 

to the 
promoter and  
turn them off. 

The binding 
may be 

cooperative.

αΤ:
The mRNA is translated to protein

[m]

[p]

Expedient choice of dimensions allows us to 
reduce the number of parameters in 
simulations.  The concentration pf species 
are expressed in terms of Kd instead of 
standard units, which removes it. Time is 
expressed in terms of βm, so that only the 
ratio β= βp/βm is needed.  Finally, αT is 
folded into α and α0.


