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Abstract 

Synthetic biology is the combination of many research fields like bioinformatics, genetic engineering, 
systems biology, protein design and computational modeling for the design and assembly of new 
biological parts, devices and systems. 
 
The cyanobacterium Synechocystis is enveloped in a mucilaginous sheet that could restrict the 
diffusion of IPTG into the cell, possibly hindering an efficient induction of Ptrc2O promoter The 
Ptrc20 promoter can be repressed upon applying the expressed lac repressor but cannot be induced 
back to its normal levels upon the addition of 2mM IPTG even when increasing the concentration to 
10mM IPTG. It is believed that the thick cell walls reduce the diffusion of IPTG into the cell. 
Therefore, we expect that the introduction of lactose permease in Synechocystis will actively 
transport more IPTG into the cell, leading to a better induction of the Ptrc2O promoter. 
 
In my degree project, synthetic biology tools were applied for the introduction of Lactose permease  
LacY (a lactose/proton symporter) into the unicellular cyanobacterium Synechocystis sp. PCC 6803. 
Our aim is to actively transport IPTG into the cells for a better induction of the Ptrc2O promoter 
(Hsin- Ho Huang et al., 2010). Genetic constructs were designed using Device editor for expressing 
the Escherichia coli lactose permease in Synechocystis and to test for its intracellular localization 
using a GFP-fusion and confocal microscopy. The correct localization of lactose permease to the 
cytoplasmic membrane in Synechocystis is important to confirm as cyanobacteria contain thylakoid 
membranes not present in E.coli. Also, I designed other genetic constructs to test for the ability of 
lactose permease to enhance the IPTG-mediated induction of Ptrc2O in Synechocystis. 
 
To construct these designs, basic techniques of molecular biology and microbiology were performed, 
but also more advanced methods such as splicing by overlap extension (SOE) and isothermal Gibson 
DNA assembly. The main work was on the developing and optimizing the PCR to allow for testing of 
the constructs in E.coli and Synechocystis. 
 
There were difficulties in assembling lacY in the localization construct. Our hypothesis can be due to 

problems with Gibson assembly at the lacY junctions by chance. Another hypothesis can be 

problems due to toxicity from large amounts of expressed LacY gene. 
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1. Introduction 

1.1 Synthetic Biology Definition 

In my degree project, I applied synthetic biology tools for optimizing transcriptional control systems 

for cyanobacteria through the introduction of Lactose Permease into Synechocystis sp. PCC 6803. 

Synthetic biology is the combination of many research fields like bioinformatics, genetic engineering, 

systems biology, protein design and computational modeling for the design and assembly of new 

biological parts, devices and systems. Also, the re-designing of existing biological systems for 

different functions (http://syntheticbiology.org). There are short parts like promoters that can be 

constructed from synthetic oligos, especially parts with short sequences such as ribosome binding 

sites, spacers, linkers and terminators. Longer sequences such as protein coding sequences and 

replication origins can be obtained through PCR or de novo DNA synthesis. Synthetic biology has a 

lot of applications in different fields as the constructed devices that can be inserted into living cells 

could program them to produce biofuels or function as biosensors for detecting toxins and many 

other applications. Moreover, they can be used in medicine for the production of insulin according 

to body needs (Roberta Kwok, 2010).  

1.2 Challenges facing Synthetic Biologists 

There are a lot of challenges that face synthetic biologists, as unexpected interactions and cross talk 

can occur between different when they are combined together. This could result in nonfunctional 

parts or changes in the level of expression between different genes. As a result, computer modelling 

has been suggested to reduce the time, effort and money as computer simulations will be carried 

out with different combinations instead of testing them in the lab. Also, the assembled parts could 

not function properly. Therefore, scientists thought of directed evolution where mutations will be 

applied to DNA sequences. On the other hand, a post transcriptional control can be applied to 

control the level of gene expression through riboswitches in which they are RNA regulatory systems 

encoded in the transcript causing conformational changes of RNA structures between different 

binding states in response to an effector molecule.  Therefore, having a posttranscriptional control 

like antisense RNA will reduce the frequency of non-specific target binding in the absence of an 

effector molecule (Bayer et al., 2005). Antisense RNA strategies can be used to down regulate the 

levels of targeted gene products in prokaryotes through the inhibition of translation because of the 

formation of the duplex RNA structure blocking the ribosome binding site or by the rapid 

degradation of the mRNA through the duplex RNA-specific RNases (Delihas N. et al., 1994) (Sinons 

R.W. and Kleckner N., 1988). Actually, some challenging questions have arised like how to make sure 

that the inserted genetic circuit will not affect the normal cell expression or cell growth. How to limit 

genetic mutations that would affect the circuit’s function. Although 5000 biological parts have been 

registered in the Registry of the Standard Biological Parts, only 1,500 parts have been confirmed to 

be working. Therefore, there is still little characterization and standardization of biological parts. As a 

result, documentation is needed for the function and the performance of each biological part. 

(Roberta Kwok, 2010). 

 

 

http://syntheticbiology.org/
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1.3 Synthetic Biology Tools 

 One of the tools used in synthetic biology is Gibson assembly which is used in assembling synthetic 

constructs in vitro up to entire genomes as large as 583kb by joining single stranded DNA over hangs. 

In my project, I used the one-step-isothermal method where the overlapping PCR amplicons are 

assembled into one single piece. According to figure 1, the DNA fragments are mixed with Gibson 

Master Mix containing T5 exonuclease, Phusion DNA polymerase and Taq ligase. The T5 exonuclease 

removes nucleotides from the 5’ ends. Then, the DNA polymerase fills in the gaps and DNA ligase 

seal the nicks. The one-step-isothermal method is commonly used because it is simple, versatile, no 

scars created and cloning of multiple inserts into a vector without relying on the availability of the 

restriction sites. Moreover, it can be used to assemble DNA molecules of unprecedented sizes and 

linear assemblies can be generated as the exonuclease is inactivated during the 50°C incubation 

(Daniel G Gibson et al., 2009).  

 

 

Fig.1- The one-step-isothermal-method assembles overlapping DNA segments in a single step in a thermocycler at 50°C for 

one hour (Daniel G Gibson et al., 2009) 

Splicing Overlap Extension (SOE) is carried out for fragments lower than 250bp to avoid being 

digested by the T5 exonuclease. Therefore, The SOE method fuses the 250 bp fragment with the 

larger one without the use of restriction endonuclease or ligase. Since, the PCR products contain 

complementary sequences; the 3’ ends overlap and act as primers for one another. Then, it will be 

extended by the polymerase to form a full length double stranded DNA molecule (Ho et al., 1991). 

Therefore, constructions can be done much faster instead of spending unnecessary time in nuclease 

digestion, fragment purification and ligation. One common disadvantage for all PCR reactions is 

mutations that can occur because the error frequency of the DNA polymerase which is proportional 

to the number of nucleotides. SOE can be used in preparing end-labeled DNA fragments for chemical 

sequencing reactions and site directed mutagenesis (R.Higuchi et al., 1988).  
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1.4 Introduction to Cyanobacteria 

Cyanobacteria are gram negative prokaryotes. They can be in a unicellular form and reproduce by 

binary fission, colonial or filamentous strains (Waterbury, 2006). About 39 cyano-bacterial genomes 

have been sequenced (http://genome.kazusa.or.jp/cyanobase), facilitating genetic engineering, 

proteomics and transcriptomic applications. They are photosynthetic and hence fix carbon from air 

and use water as an electron donor (Heidorn et al., 2011). Cyanobacteria represent 20-30% of the 

overall photosynthetic productivity in oceans (Hall and Rao, 1999). A few strains of cyanobacteria 

are considered to be extremophiles, and can for instance be found at extreme temperatures ranging 

from freezing to 40°C, extreme pH values (from acidic hot springs to neutral to alkaline pH between 

8 and 11 but not in highly acidic environment) and high salinity. Moreover, some strains may live in 

symbiosis with plants and fungi (waterburry, 2006). Some of them can be seen by naked eye. They 

were termed historically as blue-green algae (Rippka et al.,1979; Stanier et al.,1978) and are 

considered to be a good model for research studies as the lipid composition and the assembly of the 

membranes of the plasma and thylakoid membranes are similar to those of chloroplasts of plants 

(Los and Murata, 2004) Upon nitrogen starvation, some filamentous strains can be differentiated to 

heterocysts  having nitrogenase enzyme which is used in nitrogen fixation (Berman-Frank et al., 

2003; Tomitani et al., 2006). The heterocysts have a microaerobic environment for the oxygen 

sensitive nitrogenase enzyme which is used to convert atmospheric nitrogen to ammonium. The 

heterocysts have an envelope that consists of glycolipids and polysaccharides. The glycolipids act as 

a barrier preventing oxygen from reaching the nitrogenase enzyme. On the other hand, the 

polysaccharides act as a stabilizer for supporting the glycolipid layer formation (Nicolaisen et al., 

2009). Trichodesmium (marine nitrogen fixers ) is considered to be one of the unique species of 

cyanobacteria as it applies completely different mechanisms for carrying out oxygenic 

photosynthesis and nitrogen fixation at the same time (Berman-Frank et al.,2003). Cyanobacteria are 

easy to culture as they need only water, sun, air and few minerals and some strains need a source of 

fixed nitrogen. From the genetic engineering perspective, there is an ease in the introduction of 

genetic materials through conjugation, transformation or electroporation (Herrero A and E.Flores, 

2008).  

1.5 Biotechnology and Applications 

Cyanobacteria have a promising future in biotechnological applications. For example, they can be 

used in the production of bioactive compounds mostly lipopeptides. The bioactive compounds 

produced by cyanobacteria includes antibacterial, antifungal, antiviral, antiprotozoan and antialgal 

agents (Dahms et al., 2006). Cyanobacteria  can be used in the production of bioplastics such as 

polyhydroxyalkonoates (PHAs: biodegradable material that can be completely mineralized by 

naturally occurring microorganisms). In the presence of carbon sources, cyanobacteria  will 

biochemically process carbon sources into hydroxyalkonate monomers which will be polymerized 

and stored in the form of water insoluble granules in the cytoplasm (Anderson and Dowes,1990). 

Moreover, cyanobacteria can be used for bioremediation purposes in removing pollutants through 

the oxidizing oil components and organic compounds such as surfactants and herbicides (Yan et 

al.,1998). They play a role in degradation of petroleum compounds by producing oxygen from 

photosynthesis, providing simple organics from photosynthesis and fermentation and providing 

nitrogen from heterocysts (Abed and Coster, 2005). Also, heterocystous cyanobacteria can be used 

in the production of biofetilizers increasing the fertility of soils (Watanabe and Cholitkul, 1979). 

http://genome.kazusa.or.jp/cyanobase
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Cyanobacteria can be used in hydrogen gas production. They can produce biological hydrogen either 

through nitrogen fixation by heterocysts containing nitrogenase grown under nitrogen limiting 

conditions or through reversible activity of the hydrogenase enzyme (Pinzon-Gamez et al., 2005). In 

addition, some cyanobacterial strains like Gloeocapsa alpicola produce hydrogen under sulphur 

starvation (Antal and Lindblad, 2005).  

1.6 Biological hydrogen production in Synechocystis sp. PCC 6803 

 The unicellular cyanobacteria Synechocystis sp. PCC 6803 produces hydrogen during anaerobic cells 

break down of accumulated glycogen in the dark and during the onset of photosynthesis upon light 

exposure. This is discussed in figure2 where at photosystem II, water molecules are splitted into 

protons causing a potential gradient across the thylakoid membranes producing ATP from ADP and 

phosphate. Also, electrons are produced from the split of water molecules which will enter the 

electron transport chain which will be carried by electron carriers to photosystem I. The excited 

electrons reduce NADP+ to NADPH which will be used in the calvin cycle for carbon fixation. On the 

other hand, the oxygen sensitive hydrogenase enzyme will oxidize 2 molecules of NADPH to NADP+ 

producing one molecule of H2 . Therefore, there is a competition between the hydrogenase enzyme 

and the other metabolic pathways in the usage of NADPH (Cournac et al., 2002) 

 

 

Fig. 2- Biological hydrogen production in Synechocystis, adapted from (cournac et al.,2002) 
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1.7 Topology and Function of Lactose Permease 
 
Lactose permease Lac Y belongs to the Major Facilitator Superfamily (MFS) transporter (M. H. Saier 
Jr., Mol. Microbiol. 35,699 (2000). LacY is encoded by the second structural gene encoded in the lac 
Operon which is the lacY gene (B. Muller-Hill, The lac Operon: AShort History of a Genetic Paradigm 
(de Gruyter,Berlin, 1996).  Studies showed that lactose permease is an important factor in 
transporting the inducer isopropyl-b-D-thiogalactopyranoside (IPTG) across the membrane of the  P. 

fluorescens. Also, it has been demonstrated that the introduction of lactose permease increased the 

expression of β-galactosidase more than fivefold from a wild-type lac promoter in P. fluorescens 

SS1001 suggesting an increase in the rate of protein synthesis from lac-type promoters (Lars H. 
Hansen et al., 1997). The lactose permease favours the topology of 12 transmembrane  helical 
segments over the 14 membrane spanning helices with a large internal hydrophilic cavity open to 
the cytoplasmic side representing the inward facing conformation (J.Calamia and C.Manoil, 1990) 
possessing amino acid residues like Glu126 and Arg144 which are responsible for substrate binding and 
recognition, Glu269 is  responsible for both substrate binding and recognition and Arg302, His322, Glu325 
responsible for proton translocation in response to an electrochemically proton gradient to actively 
transport lactose against concentration gradient(For a review, see H. R. Kaback, M. Sahin-To´th, A. 
B.Weinglass, Nature Rev. Mol. Cell Biol. 2, 610 (2001).  
 
 
 
 
 
 

 

 
Fig. 3- the topology of 12 transmembrane helices of lactose permease (Jeff Abramson et al., 2003) 
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1.8 Synechocystis posses Slr1471 protein which assists in membrane protein folding 

Studies show that the YidC protein is important in the assembly of inner membrane proteins and 

assists in membrane protein folding for lactose permease (lacY) in E.coli (Shushi N. et al., 2004). YidC 

binds to SecD and SecF, which interacts with the Sec YEG complex that plays a vital role in the 

insertion and folding of membrane proteins (Nouwen and Driessen, 2002). The YidC homologous 

protein Slr1471 is localized in the cytoplasmic membrane of Synechocystis sp. PCC 6803 (Gathmann 

et al., 2008). Although, the Slr1471 protein is 14% identical to the E.Coli YidC protein and 12% 

identical to Albino 3 protein from Arabidopsis thaliana (Spence et al., 2004). On the other hand, 

Slr1471 can restore the growth of E.coli that does not have YidC performing its function in vivo, 

giving strong evidence that orf Slr1471 from Synechocystis sp. strain PCC 6803 codes for a functional 

member of the YidC/Alb3/Oxa1 protein family (Gathmann et al., 2008). To sum up, we expect that 

lactose permease will fold properly and will be correctly localized to the plasma membrane of 

Synechocystis sp. PCC 6803. Accordingly, we designed a construct to test for the correct localization 

and two control constructs in which GFP is bound to plasma membrane and the other construct 

where GFP is bound to the thylakoid membrane. 

1.9 Aim and objective of this research 

Synechocystis is enveloped in a mucilaginous sheet that could restrict the diffusion of IPTG into the 

cell, possibly hindering an efficient induction of Ptrc2O promoter (contains two lac operators where 

the distance between the middle of the two operators is 88 bp where the first operator is located 6 

bp downstream of the -10 element and the second operator is located 34 bp upstream of the -35 

element). In figure 4, the Ptrc20 promoter can be repressed upon applying the expressed lac 

repressor but cannot be induced back to its normal levels upon the addition of 2mM IPTG even 

when increasing the concentration to 10mM IPTG. It is believed that the thick cell walls reduce the 

diffusion of IPTG into the cells (Hsin- Ho Huang et al., 2010). Therefore, we believe that the 

introduction of lactose permease in Synechocystis will actively transport more IPTG into the cell, 

leading to a better induction of the Ptrc20 promoter. I am applying methods of synthetic biology and 

Gibson DNA assembly to construct and introduce tools to control the level of gene expression in 

Synechocystis by introducing lactose permease (lactose/proton symporter) into Synechocystis. I am 

designing genetic constructs for expressing the E.coli lactose permease and assemble this constructs 

using Gibson assembly. First, the correct localization of LacY in Synechocystis will be confirmed by 

using a Lactose permease to Green fluorescent reporter protein (LacY-GFP) translational fusion and 

laser-scanning confocal microscopy. The Lactose permease must be bound to the plasma membrane 

of Synechocystis and not to its thylakoid membrane which is not present in E.coli. Otherwise, the 

Lactose permease will not be functional, since it will not be able to actively transport IPTG into the 

cell. Then, IPTG-induction assays will be performed to investigate the function of LacY in 

Synechocystis. This problem was solved in P. fluorescenes by introducing E. coli lactose permease 

gene lacY allowing the expression of β-galactosidase to increase more than fivefold from a wild type 

lac-type promoter in P.fluorescenes SS1001 upon the introduction of 1mM IPTG (Hansen et al., 

1998). Accordingly, two constructs are designed where the first construct will possess the lacY to 

test its functionality and the other will be used as control which does not have lacY. 
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Fig.4- specific activity of Ptrc10 and Ptrc20 promoters in Synechocystis sp. Strain PCC 6803 in which they are subjected to 

expressed lac repressor (+) driven by PrnpB and PrbcL2A promoters and a control not having the lac repressor (-). Induction 

is done by the addition of 2 mM IPTG representing grey bars and the black bars represent the non-induced conditions. The 

activities were measured by means of GFPmut3B fluorescence and divided by the absorbance of the cultures at 750nm 

(Hsin- Ho Huang et al., 2010). 

 

2- Materials and Methods 

2.1-Organisms and growth conditions 

Escherichia coli strains NEB5a (Invitrogen) was grown in LB medium at 37°C using rotary shaker at 

225 rpm, or on agar plates, supplemented with relevant antibiotics depending on the plasmid. 

 

2.2-Chemicals 

Finnzymes’ Phusion® Hot Start High-Fidelity DNA Polymerase was used for preparative PCR 

reactions. The GenEluteTM Plasmid Miniprep Kit (Sigma-Aldrich) was used for all plasmid 

preparations. The gel band extraction and the PCR purification kits (GE Healthcare) were used for 

purifications of DNA from agarose gels and PCR reactions. Native Taq polymerase (Fermentas) was 

used for colony PCR.  All oligonucleotides for PCR amplifications were purchased from Thermo Fisher 

Scientific GmbH (Germany) and are listed in Table 2.2.1.  
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Table 2.2.1 primers used for PCR 

Primer Sequence Purpose 

 
j5_00011_(pBlue)_for
ward 
 

 

GAATGACTGTCTACTAGTTGAGCAAAAGGCCAGCAAAAGG  

  
 

Forward primer 
for the pBlue 
localization 
construct 

 
j5_00012_(pBlue)_(Eco
RI-
site)_(promoter101)_(
spacer1)_reverse 
 

 
ACATGATCAAACCTCCACTACTCTAGTAGCTAGCATAATACC
TAGGACTGAGCTAGCTGTAAACTCTAGAAGCGGCCGCGAA 
TTCTTCTAAATACAT TCAAATATGTATCCGCTC 

Reverse primer 
for the 
pBlue,EcoRI, 
promoter 101 
localization 
consrtuct 

 
j5_00013_(RBS)_(spac
er2)_(LacY)_forward 
 

 
GCTAGCTACTAGAGTAGTGGAGGTTTGATCATGTACTATTT
AAAAAAC ACAAACTTTTGGATG 
 

Forward primer 
for the 
ribosome 
binding site, 
spacer, Lac Y 
localization 
consrtuct 

 
j5_00006_(LacY)_(linke
r)_reverse 
 
 

 

CTCCTTTACGCATCCCGCTCCCGCTCCCGCTCCCGCTCCCAG   

CGACTTCATTCACCTGACGAC  
 

Reverse primer 
for the Lac Y, 
linkerlocalizatio
n construct 

 
j5_00007_(GFP)_forwa
rd 
 

 
GAGCGGGAGCGGGATGCGTAAAGGAGAAGAACTTTTCACT
GGAG 

Forward primer 
for the 
GFPlocalization 
construct 

 
j5_00014_(GFP)_rever
se 
 

 
GTAAATCAGGTGAAACTGACCGATTATTATTTGTATAGTTCA
TCCATGCCATGTGTA 

Reverse primer 
for the 
GFPlocalization 
consrtuct 

 
j5_00009_(rnpB-
T1)_forward 
 

   
GGATGAACTATACAAATAATAATCGGTCAGTTTCACCTGATT
TACG 

Forward primer 
for the rnpB-T1 
of the 
localization 
construct 

 
j5_00015_(rnpB-
T1)_(SpeI-site)_reverse 
 

 
CTGGCCTTTTGCTCAACTAGTAGACAGTCATTCATCTTTCTG 
CCCCTCC 

  
 

Reverse primer 
for the  rnpB-
T1 of the 
localization 
consrtuct 

 
 
j5_00001_(pblue)_for
ward 
 

GAGGAGCAGACATACTAGTTGAGCAAAAGGCCAGCAAAAG
G 
 

Forward primer 
for the pBlue of 
the main & 
control 
constructs 
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j5_00024_(pblue)_(Eco
RI-site)_reverse 
 

 
GAACACTCTCCCGCTCTAGAAGCGGCCGCGAATTCTTCTAA
ATACATT CAAATATGTATCCGCTC 
 

Reverse primer 
for the pBlue of 
the main & 
control 
constructs 

 
j5_00025_(rrnD-
T1_rc)_forward 
 

 

GCCGCTTCTAGAGCGGGAGAGTGTTCACCGACAAACAAC  
 

Forward primer 
for the rrnD-T1 
of the main & 
control 
constructs 

 
 
j5_00034_(rrnD-
T1_rc)_reverse 
 

GGATGAACTATACAAATAATAAGGGAACTGCCAGACATCAA
ATAAAACAAAAGG 
 

Reverse primer 
for the rrnD-T1 
of the main & 
control 
constructs 

 
j5_00005_(GFP_rc)_for
ward 
 

 
GATGTCTGGCAGTTCCCTTATTATTTGTATAGTTCATCCATG
CCATGTGTA 

Forward primer 
for the GFP of 
the main & 
control 
constructs 

 
j5_00035_(GFP_rc)_(s
pacer2_rc)_(RBS_rc)_(
spacer1)_reverse 
 

 
GCGGATAACAATTTCACACACTCTAGTATAGTGGAGGTTTG
ATCATGCGTAAAGGAGAAGAACTTTTCACTGGAG 

Reverse primer 
for the GFP, 
ribosome 
binding site, 
spacer2 the 
main & control 
constructs 

 
j5_00036_(Ptrc20_rc)_
forward 
 

 
CCTCCACTATACTAGAGTGTGTGAAATTGTTATCCGC 

Forward primer 
for the Ptrc20 
the main & 
control 
constructs 

 
j5_00029_(Ptrc20_rc)_
(B1006_rc)_reverse 
 

 
GGACTGAGCTAGCTGTAAAAAAAAAAAACCCCGCCCCTGAC
AGGGCGGGGTTTTTTTTCGAATTGTGAGCGCTCAC 
 

Reverse primer 
for the Ptrc20, 
B1006 of the 
main construct  

 
j5_00037_(promoter1
01)_(spacer11)_(RBSS)
_(spacer22)_(LacY)_for
ward 
 

 
GCGGGGTTTTTTTTTTTTACAGCTAGCTCAGTCCTAGGTATT 
ATGCTAGCTACTAGAGTAGTGGAGGTTTGATCATGTACTAT
TTAAAAAACACAAACTTTTGGATG 

Forward primer 
for the 
promoter101, 
spacer1, 
ribosome 
binding site, 
spacer2, LacY 
of the main 
construct 

 
j5_00022_(LacY)_rever
se 
 

 
GTAAATCAGGTGAAACTGACCGATTATTAAGCGACTTCATT
CACCTGACGAC 

 
Reverse primer 
for the LacY for 
the main 
construct 
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j5_00038_(rnpB-
T1)_forward 
 

 
GGTGAATGAAGTCGCTTAATAATCGGTCAGTTTCACCTGATT
TACG 

Forward primer 
for the rnpB-T1 
of the main 
construct 

 
j5_00010_(rnpB-
T1)_(P105)_(spacer1)_
(RBSS)_(spacer2)_reve
rse 
 

 
CTGGTTTCACATTCACCATGATCAAACCTCCACTACTCTAGT
AGCTAGCATAGTACCTAGGACTGAGCTAGCCGTAAAGACA
GTCATTCATCTTTCTGCCCCTCC 

Reverse primer 
for the rnpB-
T1, promoter 
105, spacer1, 
ribosome 
binding site, 
spacer2 the 
main & control 
constructs 

 
j5_00020_(LacI)_forwa
rd 
 

 
GTAGTGGAGGTTTGATCATGGTGAATGTGAAACCAGTAAC
GTTATACGATG 

 
 

Forward primer 
for the LacI of 
the main 
construct 

 
j5_00012_(LacI)_rever
se 
 

 
GTTCGTTAAGGCTTGATCTCTATTATTACTGCCCGCTTTCCA
GTCGG 

Reverse primer 
for the LacI the 
main & control 
constructs 

 
j5_00013_(ilvGEDA-
T1)_forward 
 

 
GGAAAGCGGGCAGTAATAATAGAGATCAAGCCTTAACGAA 
CTAAGACCCC 
 

Forward primer 
for the 
ilvGEDA-T1 the 
main & control 
constructs 

 
j5_00031_(ilvGEDA-
T1)_(SpeI-site)_reverse 
 

 
GCTGGCCTTTTGCTCAACTAGTATGTCTGCTCCTCGGTTATG
TTTTTAAGGTC 

Reverse primer 
for the 
ilvGEDA-T1, 
SpeI-site the 
main & control 
constructs 

 
j5_00032_(Ptrc20_rc)_
(B1006_rc)_reverse 
 

 
AGGTGAAACTGACCGAAAAAAAAAACCCCGCCCCTGACAG
GGCGGGGTTTTTTTTCGAATTGTGAGCGCTCAC 

Reverse primer 
for the Ptrc20, 
B1006 of the 
control 
construct 

 
j5_00033_(rnpB-
T1)_forward 
 

 
CGGGGTTTTTTTTTTCGGTCAGTTTCACCTGATTTACG 

Forward primer 
for the rnpB-T1 
of the control 
construct  

 
j5_00011_(LacI)_forwa
rd 
 

 
AGTGGAGGTTTGATCATGGTGAATGTGAAACCAGTAACGTT
ATACGATG 

Forward primer 
for the LacI of 
the control 
construct 
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pbluetetR101R 
 

 
 
 
AGGGAGCTAGCATAATACCTAGGACTGAGCTAGCTGTAAAC
TCTAGAAGCGGCCGCGAATTCTTCTA 
AATACATTCAAATATGTATCCGCTC 

 
 
 
reverse primer  
for the pBlue 
having part of 
repressed 
J23101 
promoter 

 
tetR101F 
 

 
TCAGTCCTAGGTATTATGCTAGCTCCCTATCAGTGATAGAGA
TACTAGAGTAGTGGAGGTTTGATCATGTACTATTTAAAAAA
CACAAACTTTTG   

Forward primer 
for the LacY 
having part of 
repressed 
J23105 
promoter 

 
pbluetetR105R 
 

 
AGGGAGCTAGCATAGTACCTAGGACTGAGCTAGCCGTAAA
CTCTAGAAGCGGCCGCGAATTCTT 
CTAAATACATTCAAATATGTATCCGCTC 

Reverse primer 
for the pblue 
having part of 
repressed 
J23105 
promoter 

 
tetR105F 
 

 
TCAGTCCTAGGTACTATGCTAGCTCCCTATCAGTGATAGAGA
TACTAGAGTAGTGGAGGTTTGATCATGTACTATTTAAAAAA
CACAAACTTTTG 

Forward primer 
for the LacY 
having part of 
repressed 
J23105 
promoter 

 
pbluenotetR105R 
 

 
AGCTAGCATAGTACCTAGGACTGAGCTAGCCGTAAACTCTA
GAAGCGGCCGCGAATTCTTCTAAATACATTCAAATATGTATC
CGCTC 

Reverse primer 
for the pBlue 
having part of 
J23105 
promoter 
without having 
tetR operator 

 
notetR105F 
 

 
CTAGCTCAGTCCTAGGTACTATGCTAGCTACTAG 
AGTAGTGGAGGTTTGATCATGTACTAAAAAACACAAACTTT
TG 

Forward primer 
for the LacY 
having part of 
J23105 
promoter 
without having 
tetR operator 

LacY-BBC-f1 GTAGAATTCCGCGGCCGCTTCTAGATGTACTATTTAAAAAAC
ACAAACTTTTGG 

Forward primer 
for LacY 

LacY-BBF-r1 GGACTGCAGCGGCCGCTACTAGTATTAACCGGTTTATTAAG
CGACTTCATTCACCTGAC 

Reverse primer 
for LacY 

 
1f 

 
CAAAAAAGGGAATAAGGGCGACAC  

 

Sequencing 
primers for the 
localization 
construct 
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2f 

 
GGAACTGTTCAGACAGCCAAAACT  

 

Sequencing 
primers for the 
localization 
construct 

 
 
3f  

 
 
CAGTGGAGAGGGTGAAGGTGA  

 

 
Sequencing 
primers for the 
localization 
construct 

 
1r 

 
CTCTGACTTGAGCGTCGATTT  

 

Sequencing 
primers for the 
localization 
construct 

 
2r 

 
TCTTCTCCTTTACGCATCCCG  

 

Sequencing 
primers for the 
localization 
construct 

 
3r 

 
CGCATCCGTTTTGGCGAA  

 

Sequencing 
primers for the 
localization 
construct 

 

 

 

Table2.2.2 parts and Plasmids 

part description source 

pBluesciptIISK(+) High copy number 
plasmid with ampicillin 
resistance 

Stratagene 

LacI Lac repressor with start 
codon GTG changed to 
ATG and stop codon TGA 
changed to TAATAA 

Genomic DNA from E.coli strain JM107 

LacY for the localization 
construct 

Lactose permease with 
start codon ATG and stop 
codon TAA is removed 

Genomic DNA from Top10 cells & BL21 
cells 

LacY for the main and 
control constructs 

Lactose permease with 
start codon ATG and stop 
codon TAATAA are added 

Genomic DNA from BL21 cells 

GFPmut3B  reporter BBa_E0040 (BioBrick Registry) 

rrnD-T1 terminator Synthetic DNA 
http://biofab.jbei.org/services/studio/dac/ 

ilvGEDA-T1 terminator Synthetic DNA 
http://biofab.jbei.org/services/studio/dac/ 

rnpB-T1 terminator Synthetic DNA 
http://biofab.jbei.org/services/studio/dac/ 
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B1006 Bidirectional terminator   Synthetic DNA 
BBa_B10006 (BioBrick Registry) 

Ptrc20 Contain two lac 
operators. LacI 
repressible. 

(Hsin- Ho Huang et al., 2010). 

Ribosome binding site Ribosome binding site Synthetic DNA 
BBa_B0034 (BioBrick Registry) 

Promoter 101 Constitutive promoter 
family member of high 
strength 

Synthetic DNA 
BBa_J23101 (BioBrick Registry) 
 

Promoter 105 Constitutive promoter 
family member of 
medium strength 

Synthetic DNA 
BBa_J23105 (BioBrick Registry) 

EcoRI Restriction enzyme cut 
sites 

Synthetic DNA 
BioBrick Prefix 

SpeI Restriction enzyme cut 
sites 

Synthetic DNA 
BioBrick Suffix 

TetR  operator Synthetic DNA 
(Rolf Lutz and Hermann Bujard, 1997) 

 

 

2.3- Construction strategy 

I used the J5 software (Device Editor) that is a program designed by researchers at the joint 

BioEnergy institute (JBEI) (Chen J et al., 2012). J5 automates and optimizes DNA construction 

through the input of DNA sequences as genbank or FASTA format.  

For all the 3 constructs, the replicon and the antibiotic resistance cassette were taken from 

pBluesciptIISK(+) (Stratagene) vector DNA. Sequence for pUC origin 

(http://www.ncbi.nlm.nih.gov/nuccore/X52328) that was used: 1158-1825. I used promoter 

prediction tools (http://www.fruitfly.org/seq_tools/promoter.html ) to look for promoters in the 

ampicillin resistance cassette 

Start   End    Score                Promoter Sequence 

   86   131    0.97    ttcaatattattgaagcatttatcagggttattgtctcatgagcggatac 

  106   151    0.90    tatcagggttattgtctcatgagcggatacatatttgaatgtatttagaa 

 

Sequence for ampicillin that was used: 1976-2914 (http://www.ncbi.nlm.nih.gov/nuccore/X52328) 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/nuccore/X52328
http://www.fruitfly.org/seq_tools/promoter.html
http://www.ncbi.nlm.nih.gov/nuccore/X52328
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2.3.1 Construction for the test of the localization 

 

 

Fig.5- shows the construct testing for the localization of lacY in Synechocystis in which the functions of all different parts 

are illustrated in table2.3.1 

The place of attachment of GFP to lacY was designed according to (Nagamori S. et al., 2004) where 

GFP is attached to COOH terminus of the LacY (LacY-GFP). The linker consists of 9 uncharged polar 

amino acids of glycines and serines. Two different spacers were used to avoid replication slippage 

(recombinations between short repeats) and deletions of repeated units which could cause genome 

instabilities (Michel B, 2000). 
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2.3.2- Construction for the control of the main design 

 

 

Fig.6- shows the control of the main design in which the functions of all different parts are illustrated in table2.3.1 

 

 

The test cassette (ptrc20-spacer1-ribosome binding site-spacer2-GFP-rrnD-T1) was put on the 

reverse direction, so not to be transcriptionally driven by the promoter (p105) and used for 

expressing the LacI. The B1006 terminator was added to protect our test cassette from the 

promoters present in the ampicillin resistance cassette.  Two different spacers were used to avoid 

replication slippage (recombinations between short repeats) and deletions of repeated units which 

could cause genome instabilities (Michel B, 2000). 
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2.3.3- Construction of the main design 

 

 

Fig.7- shows the main design testing for the functionality of LacY in which the functions of all different parts are illustrated 

in table 2.3.1 

 

 

The test cassette (ptrc20-spacer1-ribosome binding site-spacer2-GFP-rrnD-T1) was put on the 

reverse direction, so not to be transcriptionally driven by the promoter 101 used for expressing the 

lacY gene and the promoter 105 (p105) used for expressing the LacI gene. The B1006 terminator was 

added to protect our test cassette from the promoters present in the ampicillin resistance cassette. 

Two different spacers were used to avoid replication slippage (recombinations between short 

repeats) and deletions of repeated units which could cause genome instabilities (Michel B, 2000). 
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2.4- Preparative PCR 

Our desired pieces of DNA template were amplified by using forward and reverse primers in table1 
by applying polymerase chain reaction. The PCR reaction mixtures used for amplification are shown 
in Table 3 and the program used for the amplification is shown in Table 4. 
 

Table2.4.1 Mixture for preparative PCR reactions 

Ingredients Volume 

5X HF buffer 10 ul 

10mM dNTP 1 ul 

DNA Template (small part under 250bp) 2ul 

Forward primer 2.5 ul 

Reverse primer 2.5 

Phusion enzyme 0.5 (1U) ul 

Distilled water Up to 50 ul (31.5 ul) 

Final Volume 50 ul 

 

Table 2.4.2 Preparative PCR protocol 

program Denaturation Annealing Extension 

Initial denaturation 98°C for 30 sec   

PCR cycles (20 cycles) 98°C for 10 sec 72°C for 30sec 72°C for 15-30 sec/kb 

Final extension   72°C for 10min 

Hold at 4 forever    

Note: the extension time for plasmid is 15 seconds/kb and for genomic DNA is 30 seconds/kb. 

2.5-Agarose gel electrophoresis 

It is an analytical method which is used to analyze our PCR products where the negatively charged 

DNA samples migrate towards the positive electrode with respect to their sizes. 0.8% agarose were 

used for fragments larger than 1kb and 1.5% agarose were used for fragments smaller than 1kb. The 

electphoretic tank was filled by SB buffer which is used as the running buffer. The DNA samples were 

mixed with loading dye. Then, the samples were loaded in wells of the agarose gel. The gels were 

run at 200 volts for 30 minutes. Finally, the gels were checked under the UV lamp. 
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2.6- DpnI digestion 

The parental double stranded methylated DNA was digested by DpnI enzyme. The PCR products 

were mixed with DpnI enzyme, distilled water and 10X fast digest buffer. Finally, the PCR tubes were 

incubated at 37 for 1 hour. 

Table 2.6.1 Mixture for DpnI digestion 

Ingredients Volume 

PCR product 48 ul 

DpnI enzyme 2 ul 

10X fast digest buffer 6 ul 

Distilled water 4 ul 

Final volume 60 ul 

 

2.7- Purification of PCR products 

1:1 volume of binding buffer was added to the PCR mixture and 2:1 volume of 100% isopropanol to 

the PCR mixture for DNA fragments less than 500 bp. The solution was transferred to GeneJET 

purification column. Centrifugation was applied at 14000 rpm for 60 seconds. The flow-through was 

removed. 700 ul wash buffer diluted with ethanol was added to the purification column. Then, 

Centrifugation was applied at 14000 rpm for 60 seconds. Then, the flow-through was removed. After 

that, centrifugation of the empty purification column was performed for additional 1 minute. The 

purification column was transferred to 1.5 ml microcentrifuge tube. 50 ul of elution buffer was 

added to the purification column. Finally, centrifugation was applied at 14000 rpm for 60 seconds. 

The purification column was discarded and the purified DNA was stored at -20°C. 

 

2.8- Gel extraction of the PCR product and purification 

The desired band found on the gel was excised by using a clean razor. The sliced gel was placed into 

1.5 ml tube. Then the weight was recorded. 100 ul of binding buffer was added for every 100 mg 

agarose gel. The gel mixture was placed in the incubator at 50-60°C for 10 minutes (the gel slice 

must be completely dissolved). For DNA fragments less than 500 base pairs, 100 ul of isopropanol 

should be added to 100mg gel slice and 100 ul of binding buffer. The solution was transferred to 

GeneJET purification column. Centrifugation was applied at 14000rpm for 60 seconds. The flow-

through was removed. 700 ul wash buffer diluted with ethanol was added to the purification 

column. Then, Centrifugation was applied at 14000 rpm for 60 seconds. Then, the flow-through was 

removed. After that, centrifugation of the empty purification column was performed for additional 1 

minute. The purification column was transferred to 1.5 ml microcentrifuge tube. 50 ul of elution 

buffer was added to the purification column. Finally, centrifugation was applied at 14000 rpm for 60 

seconds. The purification column was discarded and the purified DNA was stored at -20°C. 
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2.9-Preparing competent cells 

The desired bacterial strain was streaked with a pipette tip. The tip was put in 10 ul LB. Then, 5ml LB 

was added. Incubation was performed in the shaker at 250 rpm at 37 °C over night. The optical 

density was measured using spectrophotometer by setting the wavelength at 600nm (LB is used as 

blank). The calculated volume was added to 100ml flask (autoclave flask filled ¾ with deionized 

water). The 100ml flask was put on the shaker at 25°C. The optical density was measured (it must 

not reach 0.3). The volume was transferred at 2 falcon tubes (50ml each). Centrifugation was applied 

at 3000g at 4°C for 10 minutes. The supernatant was discarded. (Note: the 2 falcon tubes must be in 

ice) then, 32ml cold CCMB80 buffer was added. Gentle resuspension and incubation were done on 

ice for 20 minutes. Centrifugation was repeated at 3000g at 4°C for 10 minutes. The supernatant was 

discarded. 2ml CCMB80 buffer was added in each falcon tube and resuspended. Each 100ml was 

taken and was put in many 1.5 ml eppendorfs. Finally, the eppendorfs were stored in the -80°C 

freezer. 

2.10- Gibson one-step isothermal assembly protocol (Daniel G Gibson et al., 2009). 

Overlapping PCR amplicons were assembled into one single piece. 

2.10.1-Preparation of 300 ul assembly master mix (AMM) for 20 reactions 

 80ul 5X isothermal reaction buffer, 1.6ul 1U/ul diluted T5 exonuclease (T5 exonuclease 1: 10 into 

10ul), 5 ul of 2U/ ul Phusion and 40 ul of 40U/ ul Taq DNA ligase were mixed. Then, Distilled water 

was added up to 300 ul (173.4 with diluted T5). Then, 15ul aliquots were prepared into 20 tubes and 

stored at -20°C. 

2.10.2- Assembly 

Pieces lower than 250 bp were fused with the larger parts by applying splicing overlap extension 

(SOE) protocol.  

 

Table 2.10.2.1 Mixture for SOE reactions 

Ingredients Volume 

5X HF buffer 10 ul 

10mM dNTP 1 ul 

DNA Template (small part under 250bp) x ul 

DNA Template (larger part) y ul 

Phusion enzyme 0.5 (1U) ul 

Distilled water Up to 50 ul 

Final Volume 50 ul 
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Table 2.10.2.2 SOE protocol 

program Denaturation Annealing Extension 

Initial denaturation 98°C for 30 sec   

PCR cycles (20 cycles) 98°C for 10 sec X°C for 15sec 72°C for 15 sec/kb 

Final extension   72°C for 10min 

Hold at 4 forever    

Note annealing temperatures were calculated using Finnzymes annealing temperature calculator. 

All pieces of DNA were combined in approximately equimolar quantities. Then distilled water was 

added up to 5 ul. 

Note: it is advised to use 25 fmole of each part, but I used 300 fmoles. By using the pSB1A3 vector to 

calculate an average mass per mole and DNA bp: 

Table 2.10.2.3 Masses of DNA parts 

DNA length in bp Mass of 300 fmole in ng 

50 9.6 

100 18 

200 37.2 

500 92.4 

1000 184.8 

5000 924 

 

Then, 15 ul AMM was combined with the 5 DNA parts and incubated at 50°C for 60 minutes. 

2.11-Transformation 

 DNA (5 ul) and competent cells (100 ul) were mixed gently. Tapping on the tube was performed 6-

10 times. Incubation was done in ice for 30 minutes. Heat shock was performed at 42 °C for 45 

seconds-60 seconds. Cooling down in ice was done for 2 minutes. 900 ul LB medium was added in 

the tube. The tube was put on the shaker at 250 rpm at 37°C for 1 hour. Then, Plating for 100-200ul. 

 

2.12- Analytical colony PCR (1 reaction) 

Screening for colonies having the desired plasmids by picking single colonies from the plate. Then 

putting them separately in eppindorf tubes containing 15 ul LB medium each. Then, vortexing was 

applied and 0.5 ul was taken from each tube as DNA template.  

Table 2.12.1 mixture for colony PCR reactions 

Ingredients Volume 

10X Dream Taq buffer 2 ul 

dNTPs 0.4 ul 

Forward primer 0.4 ul 

Reverse primer 0.4 ul 

Template 0.5 ul 
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Dream Taq enzyme 0.08 ul 

Distilled water  Up to 20 ul (16.22 ul) 

Final volume 20 ul 

 

 

Table 2.12.2 Protocol for colony PCR 

program Denaturation Annealing Extension 

Initial denaturation 95°C for 3 min   

PCR cycles (35 cycles) 95°C for 30 sec Tm-5°C for 30sec 72°C for 1min/kb 

Final extension   72°C for 10min 

Hold at 4 forever    

 

 

2.13- Plasmid Mini preparation 

The desired bacterial strain was streaked with a pipette tip containing the desired plasmid. The tip 

was put in 5ml LB medium in growth tube. Incubation was done in the shaker at 250 rpm at 37 °C 

over night. Centrifugation was performed at 14000 rpm for 5 minutes at room temperature. The 

supernatant was poured. The pelleted cells were resuspended  in 250 ul resuspension solution 

containing RNase A. The cell suspension was transferred to a microcentrifuge tube. Then, vortexing 

for complete resuspension. 250ul of lysis solution was added with efficient mixing. 350 ul of the 

neutralization solution was added with efficient mixing. Centrifugation was performed at 14000 rpm 

for 5 minutes at room temperature. The supernatant was transferred to GeneJET spin column 

without taking the white precipitate. Centrifugation was done at 14000 rpm for 60 seconds. The flow 

through was removed and the column was returned to the same collection tube. 500 ul of wash 

solution diluted with ethanol was added to the spin column. Centrifugation was done for 60 

seconds. Then, the flow-through was discarded. The column was returned to the collection tube. The 

wash step was repeated using 500 ul of the wash solution. Centrifugation was done for 60 seconds 

and the flow-through was discarded. The column was returned to the collection tube. The spin 

column was transferred to 1.5ml micro-centrifuge tube. 50 ul of the elution buffer was added to the 

center of the spin column membrane. Incubation was done for 2 minutes at room temperature and 

Centrifugation was performed at 14000 rpm. The column was discarded. The plasmid DNA was 

stored at -20°C. 

 

 

 

 

 



25 | P a g e  
 

3- Results 

3.1- Localization construct 

3.1.1-Preparative PCR   

In figure 8, the correct sizes of different DNA fragments were obtained. 

                                                                                                                                                         

  

                              1                            2                                      3                                      4                                                

Figure 8, Preparative PCR for the parts of the localization construct at annealing temperature                                                                   

temperature 72°C. Lane 1 corresponds to 1 Kb Ladder, lane2 corresponds to pBlue, lane3                    

corresponds  to lacY and lane 4 corresponds to GFP. 
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3.1.2-preparative PCR 

In figure 9, the correct size of rnpB-T1 (terminator) DNA fragment was obtained. 

 

 

                                                    1                         2 

Figure 9. Preparative PCR   for the parts of the localization construct at annealing temperature 

72°C.  Lane1 corresponds to 100bp ladder, lane 2 corresponds to rnpB-T1.                                                                                                                                                                                                                                   
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3.1.3-SOE (GFP-rnpB-T1) 

In figure 10, Successful SOE reaction has been done by fusing the rnpB-T1 to the GFP. The band in 

lane 3 which corresponds to the GFP fused to rnpB-T1 is higher than the band in lane2 that 

corresponds to GFP. 

 

                         

 

                                                               1               2              3                 4                 

  Figure 10. splicing overlap extension at annealing temperature 58°C where GFP is fused to rnpB-

T1. Lane 1 corresponds to 1Kb Ladder, lane 2 corresponds to GFP, lane 3 corresponds to GFP fused to 

rnpB-T1, and lane 4 corresponds to 100bp Ladder. 
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3.1.4-Gibson assembly       

 In figure 11, the multiple DNA fragments were joined using the one-step-isothermal method. In 

figure 4, the bands in lane2 which corresponds to DNA parts with the assembly master mix are 

fainter than the bands in lane3 which corresponds to DNA parts without the assembly master mix. 

Moreover, the lower band in lane 3 has disappeared in lane2 indicating the incorporation of this 

DNA fragment to the other fragments. Also, in lane, a nice smear can be seen indicating the 

formation of an assembled circular DNA.                                                                                                                            

  

                                                              1                   2                    3               4 

Figure 11. Gibson assembly. Lane 1 corresponds to 1 Kb Ladder, lane 2 corresponds to the DNA parts 

with the assembly master mix, lane 3 corresponds to DNA parts without the assembly master mix 

and lane 4 corresponds to 1 kb ladder.  

 

 

 

 

 

 

 

 

 

 

 



29 | P a g e  
 

3.1.5-Colony PCR 

After that, the DNA was transformed to the competent cells (NEB5α). 30 colonies were obtained. 

Then, colony PCR was performed. Primers from table1 which are {j5_00011_(pBlue)_forward} and 

{j5_00006 _(LacY)_(linker)_reverse} were used that will give a product of 3kb in size. Primers 

{j5_00012_(pBlue)_(EcoRIsite)_(promoter101)_(spacer1)_reverse} and {j5_00014_(GFP)_reverse} 

were used that will give a product of 2.4kb in size. In figure5, 2.4kb and the 3kb products were 

obtained. Therefore, 7 samples were sent to be sequenced. The sequencing results showed that the 

whole parts of the construct were present except the LacY was missing in the 7 samples. The reason 

behind that LacY was already present in the bacterial genome of my bacterial strain NEB5α. 

 

 

                  1              2         3          4              5             6      7           8         9            10       11         12         13         14            

Figure 12. Colony PCR. Lane1 corresponds to 1Kb ladder, lane2 to lane7 correspond to the 2.4kb 

product size by using primers: {j5_00012_(pBlue)_(EcoRIsite)_(promoter101)_(spacer1)_reverse} and 

{j5_00014_(GFP)_reverse}. Lane8 to lane13 correspond to the 3kb product size by using primers: 

{j5_00011_(pBlue)_forward} and {j5_00006 _(LacY)_(linker)_reverse} . lane14 corresponds to 1kb 

ladder.   
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3.1.6-Colony PCR 

Therefore, more colonies were screened. Colony PCR was performed using the sequencing primers 

that are specific to LacY from table 1 which are {1F} and {2R} which will give a 1.5kb product. In 

figure 13, the lacY was also missing since I got product sizes around 300 base pairs. The problem is 

that I acquired plasmids without LacY. 

 

 

                      1              2              3          4            5             6          7            8         9            10       11         12                   

Figure 13. colony PCR. Lane1 corresponds to 1Kb ladder. Lane2 to lane12 correspond to PCR product 

by using primers :{1F} and {2R} 
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3.1.7-SOE (Pblue-LacY)(LacY-GFP+term) 

Splicing overlap extension was performed to fuse pblue with LacY and to fuse lacY with the fused 

GFP and rnpB-T1. In figure 14, the upper faint band in lane2 is the correct band where pblue was 

fused to lacY and in lane4 where the SOE reactions worked nicely in fusing lacY to the fused GFP-

rnpB-T1 fragment. 

 

                 1               2               3                   4                 5 

Figure 14. Splicing overlap extension at annealing temperature 59°C. Lane 1 corresponds to 1Kb 

ladder, lane 2 corresponds to pBlue, lane 3 corresponds to pblue fused to LacY, lane4 corresponds to 

LacY and lane 5 corresponds to LacY fused to GFP+ rnpB-T1. 
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3.1.8-Gibson assembly 

Then, Gibson was done. In figure15, at lane 2, the Gibson reaction did not work for the fused pBlue 

and LacY. On the other hand, in lane 3, the Gibson reaction looks promising for the fused lacY with 

the GFP-rnpB-T1, since the band looks fainter than the band in lane4. Also, there is a very nice smear 

indicating the assembly of circular DNA. 

 

                                1                2                   3                  4                5 

Figure 15. Gibson assembly. Lane 1 corresponds to 1kb ladder, lanes 2, 3 correspond to the DNA 

parts where pblue fused with lacY with and without the assembly master mix respectively, lanes  4,5 

correspond to the DNA parts where lacY fused with GFP+ rnpB-T1 with and without the assembly 

master mix respectively. 

 

3.1.9-Colony PCR 

After that, the assembled fragments of the fused lacY with the GFP-rnpB-T1 were transformed to 

competent cells (NEB5α). 24 colonies were formed. Then, colony PCR was performed for the 24 

colonies using the sequencing primers from table1 which are {1F} and {2R} specific to lacY of the 

localization construct. 1.5kb product size was exected, but in figures 16 and 17, 300 basepairs 

product size was the result for most of the colonies. Therefore, the same result was reached which is 

acquiring plasmids without the lacY. 
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                        1           2         3          4              5            6            7          8           9             10            11              12         13          14                                        

 Figure 16. Colony PCR. Lane1 corresponds to 1kb ladder. Lane2 to lane13 correspond to PCR product 

by using primers :{1F} and {2R}. Lane 14 correspond to 1kb ladder 

 

 

      

             

                       1         2         3           4            5          6                7         8            9          10            11           12          13         14   

Figure 17. Colony PCR.  Lane1 corresponds to 1kb ladder. Lane2 to lane13 correspond to PCR product 

by using primers:{1F} and {2R}. Lane 14 correspond to 1kb ladder. 
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3.1.10-Preparative PCR 

In figure 18, the correct sizes of different DNA fragments were obtained. 

 

 

                  1        2       3         4          5          6          7         8          9       10 

Figure 18. Preparative PCR at annealing temperatue 72°C. Lane1 corresponds to 1kb, Lane2 

corresponds to pBlue having part of repressed J23101 promoter, lane3 corresponds to pblue having 

part of repressed J23105 promoter, lane4 corresponds to pBlue having part of J23105 promoter 

without having tetR operator, Lane5 corresponds to lacY having part of repressed J23101 promoter, 

lane6 corresponds to lacY having part of repressed J23105 promoter and Lane7 corresponds to lacY 

having part of J23105 promoter without having tetR operator. Lane 8 and 9 corresponds to GFP. 

Lane10 corresponds to 1kb ladder. 
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3.1.11-SOE reactions 

In figure 19, SOE reactions were performed in which pBlue was fused to lacY. The bands in lanes 3, 4 

and 5 which correspond to the pBlue fused to lacY are higher than the bands in lane2 and lane 5 that 

correspond to GFP. Three constructs were designed in which the first has the repressed J23101 

promoter, the second has the repressed J23105 promoter and the third has j23105 without the tetR 

operator. In figure 18, the correct sizes from the preparative PCR were obtained for the parts of the 

new constructs. In figure 19, the upper bands in lane 3, 4 and 5 represent the successful splicing 

overlap extension for fusing pblue to lacY having the J23101 and the TetR operator at different 

annealing temperatures. Also, the upper bands in lanes 7, 8 and 9 represent the successful splicing 

overlap extension for pblue fused with lacY having the J23105 promoter and the TetR operator at 

different annealing temperatures. 

 

                1       2       3      4        5          6           7           8        9     10        11       12      13      

Figure 19. splicing overlap extension where pBlue is fused with lacY at different annealing 

temperatures . Lane1 corresponds to 1kb ladder, lane2 corresponds to pblue, lane 3, 4, 5 correspond 

to pblue fused to lacY having the J23101 and the TetR operator at annealing temperatures 62°C, 67°C 

and 72°C respectively, lane 6 corresponds to pblue, lane7, 8 and 9 correspond to pblue fused with 

lacY having the J23105 promoter and the TetR operator at annealing temperatures 62°C, 67°C and 

72°C respectively, lane10 corresponds to GFP, lane 11 and 12 correspond to GFP fused to rnpB-T1.  
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3.2-Main and control constructs 

3.2.1-Preparative PCR 

In figure 20, the correct sizes of different DNA fragments were obtained. 

      

                         1            2             3             4             5              6               7          8                                   

Figure 20. Preparative PCR at annealing temperature 72°C for the parts of the main design from 

lane 2 to lane 5 and parts of the control designs from lane 6 to lane 8. Lane1 corresponds to 1Kb 

ladder, lane 2 corresponds to pBlue, lane3 corresponds to GFP,   lane 4 corresponds to lacY,  lane 5 

corresponds to lacI, lane 6 corresponds  to pBlue, lane 7 corresponds to GFP and lane 8 corresponds                                                                                                                                                                                                                                                                                                                                                                                             

to lacI.                                                                                                                                   
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3.2.2-Preparative PCR 

In figure 21, the correct sizes of different DNA fragments were obtained. 

 

 

 

                                        1                 2                  3                   4                  5 

 

Figure 21, preparative PCR at annealing temperature 72°C. Lane1 corresponds to                                                                                

1Kb ladder, lane 2 and lane 3 corresponds  to pBlue, lane 4 corresponds to lac Y and  lane 5 

corresponds to 1 kb ladder.                                                                                                                                                                                                                                                                                                                                                                                                            
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3.2.3-Preparative PCR 

In figures 22, the correct sizes of different DNA fragments were obtained. 

 

 

 

                          1      2        3      4       5        6       7        8      9     10      11 

Figure 22, Preparative PCR at annealing  temperature 72°C for the parts of the  main design from 

lane 2 to lane 5 and parts of the control designs from lane 7 to lane 10. Lane 1 corresponds to 100 

bb ladder, lane 2 corresponds to rrnD-T1, lane 3 corresponds to Ptrc20, lane 4 corresponds to rnpB-

T1, lane 5 corresponds to ilvGEDA-T1, lane 6 corresponds to corresponds to 100 bp ladder, lane 7 

corresponds to rrnD-T1, lane 8 corresponds to Ptrc20, lane 9 corresponds to rnpB-T1, lane 10 

corresponds to ilvGEDA-T1 and lane 11 corresponds to 100 bp ladder.                                                                  
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3.2.4-Preparative PCR   

In figure 23, the correct sizes of different DNA fragments were obtained. 

 

 

                                                   1           2          3           4             5 

Figure 23, Preparative PCR for Ptrc20 at different annealing temperatures. Lane 1 corresponds to 

100 bp ladder, lane 2, lane 3 and lane 4 correspond to annealing temperatures at 65°C, 69°C and 

72°C, lane 5 corresponds to100 bp ladder.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 | P a g e  
 

3.2.5-SOE for the main and control designs 

In figure 24, successful SOE reactions were performed. GFP was fused to rrnD-T1. The bands in lanes 

3 and 6 which correspond to the GFP fused to rnpB-T1 are higher than the bands in lane2 and lane 5 

that correspond only to GFP. The bands in lanes 4 and lane9 correspond to lacI fused to ilvGEDA-T1 

are higher than bands in lanes 4 and 8 that correspond only to lacI. 

 

               1                  2                 3                   4              5                  6                7                    8         9 

Figure 24. splicing overlap extension. Lane 1 corresponds to 1 kb ladder, lane 2 corresponds to GFP, 

Lane 3 corresponds to GFP fused to rrnD-T1, lane 4 corresponds to lacI, lane 5 corresponds to lacI 

fused to ilvGEDA-T1, lane 6 corresponds to GFP, lane 7 corresponds to GFP fused to rrnD-T1, lane 8 

corresponds to LacI and lane 9 corresponds to lacI fused to ilvGEDA-T1. 
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In figure 25, successful SOE reactions were performed. The rnpB-T1 was fused to lacI-ilvGEDA-T1. 

The bands in lanes 3 and 5 which correspond to the rnpB-T1 fused to lacI-ilvGEDA-T1 are higher than 

the bands in lane2 and lane 4 that correspond only to lacI-ilvGEDA-T1. 

 

              1                   2                    3                     4                  5                    6  

Figure 25. splicing overlap extension at annealing  temperature 60°C. Lane 1 corresponds to 1 kb 

ladder, lanes 2 and 4 correspond to lacI-ilvGEDA-T1, lanes 3 and 5 correspond to rnpB-T1 fused to 

lacI-ilvGEDA-T1 and Lane 6 corresponds to 1 kb ladder. 
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In figure 26, successful SOE reactions were performed. The Ptr2O was fused to GFP- rrnD-T1. The 

bands in lanes 3 and 5 which correspond to the Ptrc2O fused to GFP- rrnD-T1 are higher than the 

bands in lane2 and lane 4 that correspond only to GFP- rrnD-T1. 

 

 

             1                  2                 3                     4                        5                 6 

Figure 26. splicing overlap extension at annealing  temperature 60°C. Lane 1 corresponds to 1 kb 

ladder, lanes 2 and 4 correspond to GFP- rrnD-T1, lanes 3 and 5 correspond to Ptrc2O fused to GFP- 

rrnD-T1 and Lane 6 corresponds to 1 kb ladder. 
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4-Discussion 

4.1-Localization construct 

 There were difficulties in assembling lacY in our genetic constructs. Our hypothesis can be due to 

problems with Gibson assembly at the lacY junctions by chance. Therefore, Gibson was performed 

with more favorable conditions by redesigning problematic junctions around the lacY gene. 

Another hypothesis can be problems due to toxicity from large amounts of expressed LacY. 

According to (Calamia and Manoil, 1990), it is shown that the high level of production of LacY hybrid 

proteins were toxic to the cells carrying the lacY- phoA fusion plasmids. In order to test for toxicity, 

the j23101 promoter will be repressed by putting a tetR operator after the transcription start point 

(TSP) of the J23101 using PCR: Upstream sequence-Core promoter-tetR operator-Downstream 

sequence. Also, a weaker promoter which is j23105 was designed by adding tetR using the same 

strategy.Therefore, testing the toxicity of LacY on the cells. At the same time problematic junctions 

were designed by changing the overlapping sequences. 

Figure 14 shows that the problematic junction is between the pblue and the lacY genes because of 

the unspecific products in lane3 that formed from the unspecific binding. Figure 19 shows that less 

than 50% of the products were formed indicating that the junction is still problematic even by 

changing the overlapping sequences. Gibson assembly was not optimal to assemble the different 

DNA parts of the localization construct. Therefore, it has been suggested to perform cloning using 

restriction enzymes in order to overcome the problematic junction. 

 

4.2-Main and Control constructs 

Successful splicing overlapping extensions were performed for both the main and control constructs. 

Problematic junctions were not experienced, since very sharp bands of the desired products were 

obtained. On the other hand, figure 26 shows unspecific products, but the upper bands in lanes 3 

and 5 that correspond to the desired products formed are more than 50%.Therefore; it has been 

suggested to apply Gibson assembly to combine the different DNA parts together. 
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