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RESUMEN

Desde  que  comenzó  la  producción  industrial  de  plásticos  en  la  década  de  1950,  el

volumen total producido ha superado el de casi cualquier otro material. Los plásticos son

fundamentales para la sociedad actual y los podemos encontrar en todos los aspectos de

la vida, desde envoltorios alimentarios a equipos médicos, e incluso en la ropa. Esto se

debe a que se fabrican fácilmente y tienen propiedades excepcionalmente versátiles. Sin

embargo,  la  producción en masa de este  polímero ha tenido muchas consecuencias,

como el impacto medioambiental  a largo plazo y el  efecto sobre la salud de la fauna

marina. Por estas razones, se han desarrollado varias estrategias para reciclar plásticos.

Los  principales  métodos  de  reciclaje  incluyen  el  reciclaje  mecánico,  químico  y

recientemente biológico. Sin embargo, de estas tres técnicas, solo la última proporciona

una tecnología verdaderamente “verde”. Es decir, una técnica en la que no se utilizan ni

generan productos químicos agresivos y con la que el plástico se puede descomponer por

completo y reutilizar para otros fines. Más concretamente, el bioreciclaje implica el uso de

enzimas  o  microorganismos  para  la  degradación  del  plástico.  Esta  será  la estrategia

analizada en esta tesis para la revalorización de  ácido tereftalato (TPHA) y etilenglicol

(EG),  monómeros  del  plástico  tereftalato  de  polietileno  (PET),  en  polihidroxialcanoato

(PHA)  que  es  un  biopolímero  con  propiedades  similares  al  plástico  producido  por  la

bacteria Pseudomonas putida. En concreto, se analizará el papel de EG para comprender

mejor  sus  implicaciones  en  el  metabolismo de  P.  putida y  cómo la  regulación  de  su

absorción podría ayudar en la optimización futura de la bioconversión de PET en PHA. En

primer lugar, se realizarán simulaciones computacionales de un consorcio de  P. putida

degradante de PET y productor de PHA para optimizar la absorción de EG de cada cepa.

En segundo lugar, se diseñará una estrategia que incluya sitios señuelo del represor del

metabolismo de  EG en P.  putida (GclR)  para  intentar  poder  ajustar  de  forma fina  la

utilización de EG en P. putida KT2440. Los resultados obtenidos permiten concluir que: 1)

una captación diferencial de EG de las cepas de P. putida simuladas computacionalmente

podría ayudar a una mejor producción de PHA; y 2) un sistema señuelo para factores de

transcripción  basado  en  el  sitio  de  unión  del  represor  GclR  podría,  con  mejoras

adicionales, ajustar finamente el metabolismo de EG en P. putida KT2440.
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ABSTRACT
Ever  since the industrial  production  of  plastics began in the  1950s,  the sheer  volume

produced has surpassed those of  almost  any other  material.  Plastics  are essential  to

present day society. We can find them in all aspects of life, from chewing gum to medical

equipment,  and even in clothing. They are easily manufactured and have exceptionally

versatile properties. Nevertheless, the mass production of this polymer has come with a

great deal of consequences such as the long-term environmental impact and the effect on

the health of marine fauna. For these reasons, several strategies have been developed to

recycle plastics. The main recycling methods include mechanical, chemical and recently

bio-recycling. However, out of these three techniques, only the last one provides a fully

green technology, meaning that no harsh chemicals are used or generated in the process

and plastic can be completely broken down and repurposed. More concretely, bio-recycling

involves the use of enzymes or microorganisms for the degradation of plastic. This last

strategy will be discussed in this thesis for the revaluation of terephthalate acid (TPHA)

and ethylene glycol (EG), monomers of the polyethylene terephthalate (PET) plastic, into

Polyhydroxyalkanoate (PHA) which is a biopolymer with plastic-like properties produced by

the bacterium Pseudomonas putida.  More specifically, the role of EG will be analyzed to

further understand its implications in the metabolism of P. putida and how the regulation of

its  uptake could  aid  in  the  future  optimization  of  the bioconversion of  PET into PHA .

Firstly,  computational  simulations  of  a  PET  degrading  and  PHA producing  P.  putida

consortia will be performed to optimize the EG uptake of each strain. Secondly, a strategy

involving transcription  factor  decoy sites  will  be  designed to try  to  finely  tune the EG

metabolism  in  P.  putida KT2440.  The  results  obtained,  allow  to  conclude  that:  1)  a

differential  uptake of  EG of  the simulated  P.  putida  strains  could  aid  in  a  better  PHA

production; and 2)  a transcription factor decoy system based on the binding site of the

GclR repressor could, with further improvement, possibly finely tune the EG metabolism in

P. putida KT2440.
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CHAPTER 1. INTRODUCTION AND OBJECTIVES

1.1. THE CURRENT IMPACT OF PLASTIC WASTE ACCUMULATION

One of the most common items that can be found in everyday life is, without a doubt,

plastic. It has become one of the most ubiquitous materials ever since 1907 when Bakelite

created the first entirely synthetic resin (Chalmin et al. 2019).  Therefore, it is no surprise

that  some scientists and historians are calling the current  period in  human history the

Plastic Age (Thompson Rc et al., 2009).

The International  Union of  Applied  Chemistry  (IUPAC),  defines  plastic  as a “polymeric

material that may contain other substances to improve performance and/or reduce costs”

(Michel Vert et al., 2012). Additionally, plastics are frequently categorized by their physico-

chemical characteristics and include thermoplastics and thermosets. Thermoplastics can

be  melted  when  heated  and  hardened  when  cooled  and  these  characteristics  are

reversible.  Some examples  are:  polyethylene  (PE),  polystyrene (PS)  and  polyethylene

terephthalate (PET) However, thermosets can undergo a chemical change when heated,

creating a three dimensional network, but once heated and formed this process cannot be

repeated.  Some examples  of  thermosets are:  polyurethane (PUR),  silicone and epoxy

resins (Market Data::Plasticseurope, 2021).

The production of plastic in Europe appears to be decreasing since 2017. Nevertheless,

global  production  continues  to  increase  (Table  1).  Regarding the distribution  of  global

plastics production in 2020, China accounted for 31% of the worlds production, the North

American Free Trade Agreement (NAFTA) for 19% and Europe for 16%. (Market Data ::

Plasticseurope,2021).  According to Our World in Data, of the 5800 million tons of primary

plastic no longer in use, only 9 percent has been recycled since 1950 and the rest has

mostly been taken to landfills or discarded (Ritchie, and Roser, 2021).  

Table 1. Plastic production in Europe and the World in 2017 and 2020 (Market Data :: 
Plasticseurope, 2021). Mt = million ton

Year Europe World

2017 64.4 Mt 348 Mt

2020 57.9 Mt 368 Mt
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Plastic  waste  in  the  water  is  likely  to  persist  for  centuries  due  to  its  resistance  to

degradation (Li W.C. et al., 2016) and it is estimated that, if current production and waste

management trends continue,  roughly  12,000 million tonnes of  plastic waste will  be in

landfills or in the natural environment by 2050 (Roland Geyer et al. 2017). Additionally, it is

breaking down into non-visible particles called microplastics which have been proven to

have detrimental effects on living organisms and the environment (Meng et al., 2020).

Plastic  accumulation  is  a  serious  issue  affecting  the  environment  and  wildlife  and  its

consequences are especially being noticed in aquatic environments. For example, it has

been shown that microplastic ingestion can cause endocrine disorders in adult fish, which

could result in neoplasia via epigenetic programming which correlates with the increased

incidents of neoplasia in marine animals (Egbeocha et al,. 2018). 

Currently,   the  implications  of  microplastics  in  human  health  are  yet  not  thoroughly

understood. However,  there is existing evidence of potential  human health effects. For

example,  microplastics cause oxidative stress,  cytotoxicity  and they can translocate to

other tissues (ArifurRahman et al., 2021). 

Given the rising accumulation of plastics, their detrimental effect on the environment and

their potential human health risks it has become necessary to develop different ways to

dispose of these polymers. The most common ways to treat plastics today is either through

energy recovery, mechanical recycling or chemical recycling. However, energy recovery is

usually done through incineration and releases toxic substances, mechanical recycling is

limited to thermoplastics and it can be repeated a limited number of times due to the loss

of the properties of the original plastic and chemical recycling requires high temperatures

and generates toxic  chemicals  (Grigore M.,  2017;  George & Kurian,  2014).  Therefore,

none of these options degrade plastic completely in a fully ecological way. This is why new

alternatives such as plastic biodegradation are being explored.

1.2. PLASTIC BIODEGRADATION AS A RECYCLING STRATEGY

Plastic biodegradation is a process by which enzymes and microorganisms are used to

break down synthetic and natural plastics. This process is performed at mild temperatures

and pH conditions in the absence of hazardous chemicals  (Wei & Zimmermann, 2017).

Consequently, in comparison to mechanical and chemical recycling, plastic biodegradation
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enables people to recycle plastic in a more sustainable and safe manner. Most importantly,

this process is able to reconvert plastic into other materials, increasing its market value

and allowing the plastic recycling cycle to close. (Jiang et al., 2017). 

Currently,  there are  great  efforts  being made to make plastics  through biodegradation

strategies.  A perfect example is the  MIX-UP project (MIXed plastics biodegradation and

UPcycling  using microbial  communities) where this Bachelor’s  thesis  partakes in.  This

entity is a collaboration between both Europe and China that aims to establish a circular

bio-economy for plastics using microbial consortia to recycle and upcycle plastics.  MIX-

UP’s goal is to use plastic mixtures as a starting material for biotechnological conversion

into  value-added,  sustainable  biomaterials  (Figure  1). To  do  so,  they  are  using  an

interdisciplinary approach combining different Omics, Synthetic Biology and Computational

Modelling (Mix-Up.Eu, 2021).

3

Figure 1. MIX-UP’s approach to attain the circularity of the plastic life cycle

(Mix-Up.Eu,  2021). 1)  Mechanical  pre-treatment  of  plastic  waste.  2)  Enzyme

production. 3) Hydrolization of shredded waste by specific enzimes. 4) Transfer of

released mono- and oligomers to mixed culture biorreactor. 5) Bioconversion of

plastic monomers into new components such as PHA. 6) Downstream processing

and recovery of the product. 7) Physico-chemical treatment of recalcitrant residues

to either synthesize high value products or be re-introduced in the system.
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This  Bachelor’s  thesis  will  be  focusing  on  the

thermoplastic  polyethylene  terephthalate  plastic

(PET), a copolymer of terephthalate acid (TPHA)

and  ethylene  glycol  (EG)  (Figure  2)  that  is

characterized by its high strength, transparency,

light weight, durability and safety.  (Al-Sabagh et

al, 2016).  Given its properties, it is no surprise

that PET is one of the most used thermoplastics

accounting  for  8-12%  of  global  plastic  waste

(George & Kurian, 2014).

Over the past decade, different bacterial and fungal hydrolases exhibiting hydrolytic activity

against PET have recently been reported (Billig S. et al., 2011; Chen S. et al., 2013; Wei,

Ren et al, 2014). Microbial polyester hydrolases can enable a complete depolymerization

of PET into its monomers TPHA and EG and these can be reused to re-synthesize PET or

be reconverted into  something different.  Furthermore,  these sub-products can become

substrates for Pseudomonas putida “cell factories” to produce biodegradable, value-added

bioplastics such as polyhydroxyalkanoates (PHA) (Wierckx et al., 2015). This example is of

interest as it includes the microorganism that will be used in this project. Even tough  P.

putida cannot degrade PET, its metabolic versatility enables it to metabolize sub-product

TPHA to PHA (Kenny et al., 2008).

1.3.  ETHYLENE  GLYCOL  AND  Pseudomonas  putida KT2440.

METABOLIC ENGINEERING DEREPRESSING STRATEGY.

1.3.1. The metabolic and regulatory basis of ethylene glycol in P. putida KT2440

Throughout  the  experimental  portion  of  project,  the  microorganism  of  interest  will  be

Pseudomonas putida  KT2440. This is an obligate aerobic gram negative microorganism

that can potentially use PET subproducts to produce PHA (Schmitz et al., 2015).  However,

this microorganism cannot grow naturally on ethylene glycol as its sole carbon source (Li,

Wing Jin et al 2019).‐

4

Figure 2. Alkaline  hydrolysis  of  PET

into TPHA and EG (Al-Sabagh  et  al,

2016).



Wing Jin ‐ et al.  in 2019, through adaptive laboratory evolution, isolated mutants capable to

utilize EG as their  only carbon source.  Genomic analysis of these mutants revealed a

central  role  of  the  transcriptional  regulator  GclR  which  represses  the  glyoxylate

carboligase pathway. GclR is a putative GntR-type transcriptional regulator encoded in the

gene with locus tag PP_4283 with DNA binding function called gclR (Donald et al., 2001).

Additionally, through the reverse engineering of an EG utilizing strain they revealed the

essential part of the regulatory basis for an efficient EG metabolism in P. putida KT2440. 

Through their experiments, they concluded that GclR is likely a repressor of the PP_4297-

PP_4301 gene cluster and that the disruption of  gclR,  or the disruption of the putative

GclR-binding site alleviates this repression, enabling growth on ethylene glycol. Moreover,

they  sought  to  replicate  de  EG  utilizing  phenotype  through  a  reverse  engineering

approach.  They also concluded that disruption of gclR is essential for growth on EG, as

without this mutation no growth was observed. (Li, Wing Jin et al 2019). ‐

1.3.2. Derepression of the ethylene glycol pathway using decoy transcription factor 
binding sites.

Transcription  factor  decoy  binding  sites  are  short  DNA sequences  that  can  titrate  a

transcription  factor  away  from  its  natural  binding  site,  therefore  regulating  gene

expression. Synthetic transcription factor decoy systems can be created to regulate gene

expression for metabolic pathway. Additionaly, tunability of the decoy can be engineered

via  changes  in  copy  number  or  modifications  to  the  DNA decoy  site  sequence.  An

advantage to these systems is that  decoy-based production strain retains high genetic

integrity. In contrast to a gene knockout approach where mutations were common,  (Wang,

Tiebin et al., 2020)

One of the aims of this project will be to develop a strategy to partially derepress the EG

metabolism in P. putida KT2440. In other words, try to generate P. putida KT2440 that

metabolize EG at different rates. To do so, different numbers of the GclR decoy binding

sites will be introduced into vectors via Golden Gate Cloning. Then, each vector with a

specific number of copies of the sequence will be introduced into P. putida KT2440. 
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1.4.  COMPUTATIONAL  APPROACHES  AND  TOOLS  USED  FOR

MICROBIAL CONSORTIUM PREDICTIONS

Microbial  consortia  engineering  has  become  an  established  scientific  discipline  that

encompasses  Synthetic  Biology,  Metabolic  Engineering,  Ecology  and  Computational

Modeling. This field requires processing and integrating large amounts of data regarding

microbial  metabolisms  and  interactions.  Therefore,  it  heavily  relies  on  computational

models which serve as design tools and preliminary testing methods that save time and

money (Bernstein et al. 2012).

In MIX-UP, several computational approaches are being used to design microbial consortia

and  subsequently  simplify  laboratory  work.  Specifically,  at  the  National  Center  of

Biotechnology,  three computational  strategies  have  been  designed  to  metabolize  PET

subproducts and reconvert them into PHA and their initial biomass parameters have been

optimized. The first strategy did not involve a consortium and consisted of a single strain of

P. putida that used TPHA and EG as carbon sources. The second strategy consisted of a

consortium of two P. putida strains where one used EG as a carbon source and the other

used TPHA as a carbon source. The third strategy developed (Strategy 3) showed the best

results regarding PHA production. (del Ramo Galián, Ana et al., 2021). 

Strategy 3 consists of  a  P. putida consortium in which the metabolic  tasks have been

distributed so that  TPHA and EG can be degraded and reconverted it  into PHA. This

computationally designed consortia consists of two  P. putida  strains. The first strain (P.

putida-TPHA-dPCA), is able to use EG as a carbon source and metabolize TPHA to an

intermediate metabolite called protocatechuate acid (PCA). The second strain (P. putida-

EG-PCA), is able to use EG as a carbon source and metabolize PCA to PHA which will

accumulate inside the microorganism (del Ramo Galián, Ana et al., 2021).

In this project, Strategy 3 will be further optimized for the EG uptakes parameters of each

strain in the consortium to maximize PHA production and further revalorize EG and TPHA.

Moreover, Strategy 3 will be modified to be able to perform complete PET degradation

through the incorporation of the PETase reaction.

6



1.4.1. Genome-scale metabolic models (GEMs) and Flux balance analysis (FBA)

Current  microbial  consortia  engineering  computational  tools  rely  on  Genome-scale

metabolic models (GEMs). These are models that computationally describe gene-protein-

reaction associations for entire metabolic genes in an organism, and can be simulated to

predict metabolic fluxes for various systems-level metabolic studies (Gu et al., 2019). 

These consortia modeling tools tend to use approaches such as flux balance analysis

(FBA). The FBA approach is able to analyze biochemical networks, in this case the GEM

network reconstructions, and allows to harness the knowledge encoded in these models.

FBA calculates the flow of metabolites through this metabolic network, thereby making it

possible to predict the growth rate of an organism or the rate of production of a particular

metabolite. All  GEMs contain 'knowledge gaps'  and FBA provides  the basis for several

algorithms  that  predict  which  reactions  are  missing  by  comparing  in  silico growth

simulations to experimental results (Orth et al, 2010).

1.5. OBJECTIVES

The general objective of this project is to increase the knowledge on the role of ethylene

glycol  in  PET  degrading  and  PHA  producing  P.  putida  consortia  and  on  how  the

metabolism of ethylene glycol can be derepressed and tuned in P. putida KT2440. 

The specific objectives of this project are the following:

1. Finding the optimal ethylene glycol uptake parameter for the P. putida consortia of

Strategy 3 (del Ramo Galián, Ana et al., 2021) via FLYCOP simulations to provide

and optimal performance towards TPHA and EG degradation and revalorization

into PHA to subsequently help in future laboratory work.

2. Modifying the already designed microbial consortia of Strategy 3 (del Ramo Galián,

Ana et al., 2021) through the incorporation of the PETase’s enzymatic reaction so

that  the  TPHA  consuming  strain  becomes  a  PET  degrading  strain  and  to

subsequently help in future laboratory work.

3. Designing a  synthetic  transcription factor  decoy system for  GclR that  allows to

derepress, at different levels, the ethylene glycol metabolism in P. putida KT2440. 
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CHAPTER 2. MATERIALS AND METHODS

2.1. MICROBIAL CONSORTIA SIMULATIONS

2.1.1. The GEM models used and the strategies analyzed

In order to preform the desired microbial consortia simulations for this Bachelor’s thesis,

the adequate GEM models were needed. The GEM model used for designing the strain

models present in Strategy 3 is a modified and simplified version of the model iJN1411

(Nogales  et al., 2017), called iMM1412 (Manoli  et al.,2020). This model consists of a  P.

putida KT2440  recombinant  growth-coupled  PHA  overproducing  strain.  Additional

modifications where incorporated into iMM1412,  using the COBRApy python library,  to

generate the two strains present in Strategy 3:  P. putida-TPHA-dPCA and  P. putida-EG-

dPCA (del Ramo Galián, A- et al., 2021). 

As previously mentioned in the introduction, the aim of this project, will be to optimize the

EG uptake  of  each  strain  of  Strategy 3  to  increase  PHA production.  Furthermore,  an

additional modification will be incorporated in one of the strains so that PET can be also be

degraded  into  its  subproducts  and  this  modification  will  be  called  Strategy  3.1.  More

concretely,  P. putida-TPHA-dPCA will be the strain modified and its modification will be

called  P.  putida-PET-dPCA n strategy 3.1.  A scheme of  these strategies  and how the

metabolic tasks are distributed can be found in Figure 3.
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Figure 3. Scheme of the Strategy 3 and Strategy 3.1. microbial consortia. This figure 
shows the metabolic distribution between two strains for two consortia that degrade 
PET or its suproducts TPHA and EG to produce PHA. 



2.1.2. Description of the key programs used

COnstraint-Based  Reconstruction  and  Analysis  in  Python  (COBRApy).  COBRApy  is  a

Python  package  that includes simple, object-oriented interfaces for  model construction,

that  can read to or  from sbml,  matlab,  and json formats.  Is is also able to implement

commonly  used COBRA methods such as  flux  balance  analysis  (FBA),  flux  variability

analysis (FVA), and gene deletion analysis (GDA) (Ebrahim et al., 2013). 

Computation  of  Microbial  Ecosystems  in  Time  and  Space  (COMETS).  COMETS is  a

software  platform for  performing  computer  simulations  of  spatially  structured microbial

communities.  It  is  based  on  stoichiometric  modeling  of  the  genome-scale  metabolic

network  of  individual  microbial  species  using  dynamic  FBAs,  and  on  a  discrete

approximation of diffusion (Harcombe et al., 2014).

FLexible  sYnthetic  Consortium  OPtimization (FLYCOP).  FLYCOP is  a  framework  that

improves the understanding of  the metabolic  behaviour  of  microbial  consortia  and the

automatization  of  the  modeling  of  those  communities  by  designing  and  optimizing

engineered microbial consortia given a particular goal. Moreover, FLYCOP has been able

to surpass a limitation common in current tools for designing microbial consortia such as

COMETS. The COMETS program simulates one by one a particular given scenario, not

optimizing or  selecting the best  configuration,  but  only showing single snapshots,  at  a

descriptive  level.  However,  FLYCOP is  able  to  solve  this  weakness by  combining  the

hybrid approach with a further optimization phase. (García-Jiménez et al., 2018).

2.1.2. Materials and software required.

The FLYCOP simulations where carried out in a personal computer (requirements: 50GB

of storage available and 8GB of RAM). A Linux Operative System (Ubuntu 20.04) was

used in a HyperV virtual machine. The software required and the versions used were:

• Python multi-paradigm programming language (v.3.8.5) and the following python

libraries:  COMETSpy (v.0.4.1);  COBRApy (v.0.21.0);  pandas (v.1.2.3);  matplotlib

(v.3.3.2); and numpy (v.1.20.1).

• Anaconda (v.1.7.2.) (Anaconda Software Distribution, 2020). 

• FLYCOP (García-Jiménez,  et al, 2018). FLYCOP requirements: Gurobi Optimizer

(Gurobi  Optimization  Inc),  SMAC  (v2.10.03)  in  Java(TM)  SE  (v.15.0.2),  R

programming language (v.3.6.3.) and COMETS (v2.10.0).
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2.1.3. Model modifications with COBRApy

Models for Strategy 3 were not modified. However, for Strategy 3.1., the reactions shown

in Table 2 were incorporated to the model  P.putida-TPHA-dPCA, that will now be called

P.putida-PET-dPCA, to incorporate PET degradation. The other strain remained the same.

Table 2: Reactions incorporated into model P. putida-TPHA-dPCA, using COBRApy, to 

enable PET degradation.

Name Description Reaction

PETHY (PET Hydrolase) Hydrolization of PET h2o_e + pet_e -> h_e + glycol_e + tpha_e

EX_pet_e (PET Exchange) PET transportation pet_e<=>

The COBRApy method ‘summary’ was used to analyze the models solved with FBA and 

check if they presented the expected metabolites. Then, if everything proceeded correctly, 

the model would be saved directly in sbml and COMETS format. 

2.1.4. Layout file preparation

In order to perform a COMETS simulation, this software requires an additional file apart

from the models called “layout”. This “layout” file provides COMETS with a list of all the

metabolites present in the media necessary for the simulation. For this project, the layout

file used was the same one used in the Master’s Thesis of  Ana del Ramo Galián (del

Ramo Galián, Ana et al., 2021). Nevertheless, this layout file was modified manually for

Strategy 3.1. to incorporate PET as a metabolite in the simulated medium. For Strategy 3,

the medium will include 10 mM of EG and 10 mM of TPHA while for Strategy 3.1., the

medium will only include 10 mM of PET. These metabolites will be the carbon sources and

no Glc will be added to the simulated mediums.

2.1.5. Testing and verifying models with COMETS

After  creating the models and the layout  documents,  it  is  necessary to check that  the

designed consortia functions properly,  meaning that  microorganisms grow and that  the

correct  metabolites  are  being  consumed.  This  is  done  by  running  simple  COMETS

simulations.  Once the test simulations turn out according to what is expected, the model

can be considered adequate and the following step can be carried out. 
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2.1.6. EG uptake optimization

To optimize de EG and oxygen parameters, small modifications were introduced in the

FLYCOP script which already optimized for initial strain biomass (del Ramo Galián et al.,

2021).

2.1.7. Launching FLYCOP simulation

Two simulations were carried out to searched for the optimal configuration of both initial

strain biomass and EG uptake for Strategies 3 and 3.1. For Strategy 3, 1000 simulations

were completed and for Strategy 3.1. 150 simulations were carried out.

2.2. TRANSCRIPTION FACTOR DECOY SYSTEM DEVELOPMENT 

2.2.1.  Strains used

The strains used for this project are shown in Table 3. P. putida KT2440 was used as the

wild type strain that does not grow in EG and  P. putida ΔgclR as a positive control for

growth in EG. Finally,  E. coli DH5α was used as a plasmid carrier to store and extract the

designed plasmids.

Table 3: Bacterial strains used in this study.

Strain Relevant characteristics References

E. coli DH5α fhuA2, Δ(argF-lacZ)U169, phoA, gnV44, 

φ80(lacZ)ΔM15, gyrA96, recA1, relA1, 

endA1,  thi-1, hsdR17

NewHanahan (1985) 

P. putida KT2440 wild type Nelson KE et al. 2002

P. putida ΔgclR ΔPP_4283 Prieto Jiménez, M.A. et al. CIB-

CSIC (unpublished) 

2.2.2. Transcription factor decoy site

For the construction of  the decoy plasmids,  the following GclR binding site  sequence,

which will be referred to as IdC, was used: 5’-ATACGATCGTTTCAAAATATTGTATACAAA

AATATCGCTCGTTGTGTT-3’ (Li, Wing Jin ‐ et al., author copy, 2019).

2.2.3. Construction of transcription factor decoy plasmids

A Golden Gate Cloning and modular cloning (MoClo) pipeline approach was used for the

construction of the decoy plasmids.  On the one hand,  Golden Gate cloning is used for
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assembly of multiple DNA fragments in a defined linear order in a recipient vector using a

one-pot assembly procedure. It uses type IIS restriction enzymes for digestion of the DNA

fragments  and  vectors. On  the  other  hand,  MoClo  is  a  system based  on  the  use  of

standard  parts  created  by  PCR,  cloned  into  a  vector  backbone,  and  sequenced.

(Marillonnet et al., 2020).

The construction of the transcription factor decoy plasmids was done using vectors with a

Standard European Architecture 3.0 (SEVA). The SEVA format  involves a set of rules to

physically assemble the three basic components of plasmid vectors: origin of replication

(pBBR1 was used), selection antibiotic marker and the business cargo (Lac-Z was used).

It also involves a fixed nomenclature for the designation of the corresponding constructs.

Each of the sequences destined for the various constructs have been minimized to the

shortest  DNA sequence  that  can  retain  its  functionality.  Furthermore,  SEVA plasmids

contain specific restriction sites that are purposefully placed to facilitate the incorporation

or deletion of DNA regions (Martínez-García et al., 2014). The SEVA plasmid architecture

can be seen in Figure 4. A full description of the acceptor vectors used can be found in

Annex A.
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Figure 4. SEVA plasmid construction scheme  (Martínez-García  et al.,  2019).

Each plasmid has a  three digit  code that   corresponds with  its  3  modules:  ori

(orange),  antibiotic  marker  (blue)  and cargo (green).  Each  vector  has  a  set  of

specifically positioned sites for restriction enzymes that enable the vector assembly.



Oligonucleotide synthesis. For this project, the initial oligos from Table 4 were used. 

Table 4. Oligonucleotides. For IDC5_AI, purple: IdC, blue: A linker, green: I linker. IDC3_AI

is the complementary reverse sequence of IDC5_AI (except for the nucleotides in black).

Name Sequence (5’ → 3’)

IDC5_AI
GGTCTCAGGAGATACGATCGTTTCAAAATATTGTATACAAAAATATCGCT
CGTTGTGTTCGCTAGAGACC

IDC3_AI
GGTCTCTAGCGAACACAACGAGCGATATTTTTGTATACAATATTTTGAAAC
GATCGTATCTCCTGAGACC

Level 0 vector. The level 0 vector was created through annealing  (Aparicio et al., 2019).

The pSEVA182 ("Sevahub") vector was used as an acceptor vector to the oligonucleotides

shown in Table X. The pSEVA182 digestion was done with Smal.

Level 1 vectors. The level 1 vectors were created through a MoClo reaction using the Bsal

restriction enzyme. The level 0 vector served as the IdC fragment donor to the following 6

acceptor  vectors:  v1_pSEVAM23-1AI2,  v2_pSEVAM23-2AI3,  v3_pSEVAM23-3AI4,

v4_pSEVAM23-4AI5,  v5_pSEVAM23-5AI6 and v6_pSEVAM23-6AI7. A total of 6 level 1

vectors were created with 1 copy of IdC each.

Level 2 vectors. The level 2 vectors were created through a MoClo reaction using the Bpil

restriction enzyme. The level 1 vectors served as the IdC fragment donors to the following

5  acceptor  vectors:  v7_pSEVAM63-A13B,  v8_pSEVAM63-B13C  v9_pSEVAM63-C13D,

v10_pSEVAM63-D13E and v11_pSEVAM63-E13F. A total of 5 level 2 vector were created

with 1, 2, 3,4 and 5 copies of IdC respectively.

Level 3 vector.  The level 3 vector was created through a MoClo reaction using the Bsal

restriction enzyme. The level 2 vectors served as the “multiple IdC fragment” donors to the

following acceptor vector: v45_pSEVAM23ẟ_4AF5. Only one level 3 vector was created

using all 5 level 2 vectors and it contained 20 copies of IdC.

The names of the vectors created for this project can be found in Annex B. 
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2.2.4. Plasmid sequence checking

After the creation of each new vector, a series of steps were followed to ensure that the

correct  IdC  sequence  was  introduced  correctly  and  the  desired amount  of  times.

Sequence checking steps: a) transformation of E. coli DH5-alfa strains with plasmids and

white  colony  selection;  b)  miniprep  plasmid extraction;  c)  electrophoresis  to  check for

correct  plasmid extraction and DNA quantification;  and d) sequencing  to checking that

sequenced plasmid and in silico plasmid have 100% homology for cargo region. 

2.2.5. P. putida KT2440 electroporation

Electroporation of preinocula of P. putida KT2400 with the respective decoy vectors: a level

1 plasmid with 1 copy of IdC (P. putida KT2440 + Lv1-171), a level 2 vector with 5 copies

of IdC (P. putida KT2440 + Lv2-102) and a level 3 vector with 20 copies of IdC (P. putida

KT2440 + Lv3-1). A descriptive table can be found in Annex C.

2.2.6.  Experiment  1.  Growth  curves  of  P.  putida  strains  with  different  EG

metabolizing levels using a multiplate absorbance reader (OD600nm) over 72h at 30ºC

To test if the  P. putida  KT2440 containing the decoy plasmids grew in EG, the following

experiment was carried out.   P. putida  strains were cultivated during 72h in a multiplate

absorbance reader set at 600nm. The  P. putida strains were cultivated in two different

mediums (Annex D): M9+EG (30mM) and M9+Glc(10mM). The M9 medium with glucose

served as a medium positive control. The following P. putida strains were cultivated with

three biological replicas:  P. putida  ΔgclR (as a positive control),  P. putida  KT2440 (as a

negative control),  P. putida KT2440 with Lv1-171 vector,  P. putida KT2440 with Lv2-102

vector and P. putida KT2440 with Lv3-1 vector. The initial OD (600nm) of the cultures was

0.2 and the temperature was set to 30ºC.

Experiment 2. Growth of P. putida strains with different EG metabolizing levels in a

shaker at 30 ºC during 72 h in a M9 + EG medium.

To test if P. putida KT2440 with the decoy plasmids grew in EG, the following experiment

was carried out. Flasks of 20 ml cultures of P. putida ΔgclR, P. putida KT2440,  P. putida

KT2440 + Lv1-171,  P. putida  KT2440 + Lv2-102 vector and  P. putida  KT2440 + Lv3-1

vector (1 replica per strain)  were prepared in medium M9+EG (30mM).  The initial  OD

(600nm) of the cultures was 0.2 and the temperature was set to 30ºC.
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CHAPTER 3. RESULTS

3.1.  RESULTS FOR MICROBIAL CONSORTIA SIMULATIONS

3.1.1. Strategy 3. EG uptake optimization

Strategy 3 consists of the strain P. putida-TPHA-dPCA  that metabolizes TPHA to PCA and

strain P. putida-EG-PCA that metabolizes PCA to PHA. Additionally, both microorganisms

use EG as a carbon source. The optimal configurations for this consortium are shown in

Table 5. It can be observed that the best PHA production obtained was of 3.48 mM  and of

3.45 mM for the second best scenario. Additionally, in both scenarios the EG uptake for the

strain P. putida-EG-PCA  was higher than the uptake obtained for P. putida-TPHA-dPCA. 

Table 5. Best configuration obtained for Strategy 3 for 1000 simulation in FLYCOP. Where 

A =  P. putida-TPHA-dPCA, B = P. putida-EG-PCA and  gDW = grams of dry weight

FLYCOP. Strategy 3. Optimized biomass and EG uptake. 1000 simulations

Scenario Biomass A 

(g/L)

Biomass B

(g/L)

EG uptake A   

(mM gDW-1 h-1)

EG uptake B   

(mM gDW-1 h-1)

PHA 

(mM)

Best 0.1 0.09 -3.1 -4.7 3.48

Second best 0.08 0.06 -7.67 -10.89 3.45

The simulated strain growth and metabolite consumption can be observed in Figure 5. The

initial  concentrations  of  EG  (glycopl_e)  and  TPHA (tpha_e)  are  of  10  mM.  These

metabolites are completely consumed (0 mM) by hours 5 and 15 respectively. The initial

biomasses are of 0.1 g/L and 0.9 g/L for P. putida-TPHA-dPCA (P.putida_no-pca) and P.

putida-EG-dPCA (P.putida_default-3)  respectively.  Once the EG is  consumed,   the

growth of  P. putida-TPHA-PCA starts declining and the same happens for  P. putida-EG-

dPCA once all the TPHA is consumed. P. putida-EG-dPCA reaches a higher final biomass

than  P. putida-TPHA-dPCA. Moreover,  PCA (34dhbz_e)  is  consumed by  P. putida-EG-

dPCA immediately after it  is produced. Finally, when TPHA runs out and the  P. putida-

TPHA-dPCA strain  stops  growing,  the  PHA  production  also  stops  reaching  a  final

concentration of 3.48 mM after hour 15.
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3.1.2. Strategy 3.1. EG uptake and release optimization

Strategy 3.1. accounts for the same consortia as in Strategy 3 but with a modification in

the  P. putida-TPHA-dPCA strain so that  it  can metabolize PET. This  modified strain is

called  P.  putida-PET-dPCA and  it  is  able  to  hydrolyze  PET  into  TPHA and  EG  and

metabolize  TPHA into PCA releasing EG and PCA into the extracellular  medium.  The

optimal configurations for this consortium are shown in Table 6. It can be observed that the

best PHA production obtained for the best scenario was lower than the one obtained for

Strategy 3 (3.38 mM). Additionally, for both scenarios, the EG release of  P. putida-PET-

dPCA is higher than the EG uptake of P. putida-EG-PCA.

The simulated strain growth and metabolite consumption can be observed in Figure 6.

The initial concentration of PET is 10 mM and is fully consumed by hour 14. The initial

biomasses are of 0.7 g/L for both P. putida-PET-dPCA (P.putida_no-pca) and P. putida-

EG-dPCA (P.putida_default-3).  Once the PET is consumed,  the growth of  both  P.

putida-PET-PCA and  P. putida-EG-dPCA start  declining. However, in this simulation,  P.

putida-PET-PCA acquires  a  higher  concentration  than  P.  putida-TPHA-dPCA  does  in

Strategy 3. P. putida-EG-dPCA reaches a higher final biomass than P. putida-PET-dPCA.
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Figure 5. Best simulated scenario for Strategy 3 (1000 FLYCOP simulations).  The

initial concentrations of EG (glycopl_e) and TPHA (tpha_e) are 10 mM and the initial

concentration for PCA (34dhbz_e) is 0 mM. The initial biomasses are 0.1 and 0.9 for  P.

putida-TPHA-dPCA (Pputida_no-pca)  and  P.  putida-EG-dPCA (p.putida_default-3)

respectively. The final PHA production reached is of 3.48 mM.



PCA slightly  accumulates until  the PET runs out  and no more EG is  being produced.

Finally, once PET runs out, the PHA production stops at a concentration of 3.38 mM.

Table 6.  Best configuration obtained for Strategy 3.1. (150 simulation in FLYCOP). Where 

A=P. Putida-PET-dPCA, B=P. Putida-EG-PCA and gDW = grams of dry weight.

FLYCOP. Strategy 3.1. Optimized biomass and EG uptake

Scenario Biomass A 

(g/L)

Biomass B 

(g/L)

EG release A 

(mM gDW-1 h-1)

EG uptake B 

(mM gDW-1 h-1)

PHA 

(mM)

Best 0.1 0.07 12.83 -1.05 3.38

Second best 0.1 0.07 8.5 -1.87 3.37
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Figure 6. Best simulated scenario for Strategy 3.1. (150 FLYCOP simulations). The

initial  concentration  of  PET  (pet_e)  in  the  medium  is  of  10  mM  while  the  initial

concentrations of EG (glycopl_e),TPHA (tpha_e) and PCA (34dhbz_e) are 0 mM. The

initial  biomasses  are  0.7  for  both P.  putida-TPHA-dPCA (Pputida_no-pca)  and  P.

putida-EG-dPCA  (p.putida_default-3).  The  final  PHA  (C80aPHA_e)  production

reached is of 3.48 mM.



3.2. RESULTS OBTAINED FOR THE TRANSCRIPTION FACTOR 

DECOY SYSTEM DEVELOPED FOR P. putida KT2440

3.2.1.  Experiment  1.  Growth  curves  of  P.  putida  strains  with  different  EG

metabolizing levels using a multiplate absorbance reader (OD600nm) over 72h at 30ºC

All the P. putida strains grew in the M9 + Glc (10 mM) as expected. The growth was faster

and greater than the one seen in medium M9 + EG (30 mM) (Figure 7).  P. putida ΔgclR

thrived the most with a maximum OD600nm of 1.045 (Table 7). Additionally, a slight growth

difference  could  be  observed  for  the  stains  including  a  decoy  vector.  These  strains

reached a slightly lower absorbance peak having  P. putida  KT2440 + Lv3-1 the lowest

maximum OD600nm (0.944). 

Table 7. Experiment 1. Initial and final OD600nm for P. putida strains grown in mediums M9 

+ Glc (10 mM) and M9 + EG (30 mM).  72 hours of growth at 30 ºC in a multiplate reader.

 Initial OD600nm Maximum OD600nm

Strain Glc (10 mM) EG (30 mM) Glc (10 mM) EG (30 mM)

P. putida ΔgclR 0,068 0,085 1,045 0,641

P. putida KT2440 0,080 0,086 0,963 0,104

P. putida KT2440 + Lv1-171 0,078 0,078 0,948 0,119

P. putida KT2440 + Lv2-102 0,086 0,082 0,944 0,138

P. putida KT2440 + Lv3-1 0,076 0,077 0,917 0,211

Regarding the M9 + EG (30 mM) medium, the  P. putida  Δgclr strain grew as expected.

Nevertheless, the growth was a lot slower and the maximum absorbance reached was

lower (OD600nm=0.641). Both  P. putida  KT2440 and  P. putida  KT2440 + Lv1-171 did not

grow  with  EG  and  remained  constant  around  an  OD600nm=0.11  and  OD600nm=0.12

respectively. Moreover, for the P. putida KT2440 + Lv2-102 strain, it cannot be said that it

significantly grew. However, around hour 50, the growth curve seams to be increasing very

slowly. Additionally, at hour 72, an OD600nm =0.138 was reached which was a bit higher in

comparison to the two previous strains and its initial  OD600nm  (0.082).  Finally,  P. putida

KT2440 + Lv3-1 partially grew with EG reaching a final OD600nm of 0.211 which was nearly

triple the initial OD600nm of 0.076. It is also relevant to notice that there is an anomaly in the
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Lv3-1 growth curve (Figure 7). Around hour 40 a peak is reached, then the growth goes

down and then around hour 50 the growth increases again.
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Figure 7. Experiment 1.  Growth curves of  P. putida  strains with different EG

metabolizing levels.  OD (600 nm) was measured using a NIVO multiplate reader

over 72h at 30ºC. Strains analyzed: P. putida Δgclr (positive growth control) in blue,

P. putida KT2440 (negative growth control) in orange, P. putida KT2440 + Lv1-171 in

yellow, P. putida KT2440 + Lv2-102 in green and P. putida KT2440 + Lv3-1 in purple.

The growth of  the strains was tested in  two different  mediums:  M9+ Glc 10 mM

(positive growth control) and M9 + EG 30 mM. The error bars (shading area in gray)

show the standard deviations for the biological replicates (n=3).



3.2.2.  Experiment  2.  Growth  curves  for  P.  putida  strains  with  different  EG

metabolizing levels grown in a shaker at 30 ºC during 7 days in a M9 + EG medium

The results for the second experiment can be found in Figure 8. For this experiment, the

initial OD600nm were of 0.2. P. putida KT2440 and P. putida KT2440 + Lv1-171 did not grow

and their  final  absorbance  after  7  days  was lower  than the initial  one.  The  P.  putida

KT2440 + Lv2-102 strain remained steady at an OD600nm of  0.2 until  day 5 by which it

began to grow. The  P. putida  KT2440 + Lv3-1 strain doubled its initial OD by day 3 but

then its growth slowed down drastically attaining a final OD600nm of 0.45. By day 7, P. putida

KT2440 + Lv2-102 surpased P. putida KT2440 + Lv3-1 in growth reaching a final OD600nm

of 0.53. Finally, the P. putida  Δgclr strain grew up to a maximum OD600nm of 1.5 within 2

days. 
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Figure 8. Experiment 2. Growth curves for P. putida strains with different EG 

metabolizing levels. Absorbance (OD600nm) was measured using a spectrophotometer. 

20 ml cultures were grown in a shaker at 30 ºC during 7 days in a M9 + EG (30 mM) 

medium with an initial OD600nm of 0.2. The strains used were: P. putida Δgclr (postive 

growth control), P. putida KT2440 (negative growth control), P. putida KT2440 + Lv1-171, 

P. putida KT2440 + Lv2-102 and P. putida KT2440 + Lv3-1. Only one biological replicate 

per strain was done. 

1.51.5

0.53

0.45
0.15
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CHAPTER 4. DISCUSSION

4.1.  DISCUSSION FOR MICROBIAL CONSORTIA SIMULATIONS

For the computational part of this Bachelor’s Thesis a computationally simulated P. putida

consortium that can degrade TPHA and EG and produce PHA has been optimized using

the  FLYCOP  consortium  simulator  tool.  More  specifically,  a  previously  designed

consortium called Strategy 3  (del Ramo Galián  et al.,  2021)  was optimized for the EG

uptake parameters of each of the two constituent strains. Moreover, Strategy 3 was also

modified  so  that  one  strain  could  also  metabolize  PET  monomers  in  addition  to  its

subproducts TPHA and EG by introducing the reaction of the PETase (Strategy 3.1.).

Regarding Strategy 3, the best scenarios obtained for the FLYCOP simulations showed

that,  in  the  two  most  favorable  scenarios,  the  EG  uptake  value  was  higher  for  the

P .putida-EG-PCA strain and lower for  the  P .putida-TPHA-dPCA strain (Table 6).  The

P .putida-TPHA-dPCA strain uses EG and TPHA as a carbon source and metabolizes

TPHA to PCA. The P .putida-EG-PCA strain uses both EG and PCA as a carbon source

and  can  metabolize  PCA to  produce  PHA.  The  simulations  performed are  done  in  a

medium where initially the only carbon sources are TPHA and EG (there is no PCA in the

medium). Therefore, at the beginning of the simulation, strain  P .putida-TPHA-PCA has

two metabolites to consume (TPHA and EG) while the strain P .putida-EG-PCA only has

one metabolite to consume (EG) as the PCA metabolite has not yet been produced. It

makes sense that EG uptake should be higher for the P .putida-EG-PCA strain given that

at  the  beginning  it  will  be  the main  metabolite  it  will  be  consuming.  Overall,  it  would

interesting to further explore this consortium in silico  to see how well it performs overall

and if a differential EG uptake for the strains could provide a better PHA production.

For  Strategy  3.1.,  the  PETase  reaction  was  introduced  into  P.  putida-TPHA-dPCA

obtaining the P .putida-PET-dPCA strain. For simulations done for this scenario, similar but

lower  levels  of  PHA production  were  obtained  in  comparison  to  Strategy  3.  Further

optimizations  would  have  to  be  made  in  order  to  increase  the  PHA  production.

Nevertheless, this consortium seams to be promising as it would provide a way to not just

degrade PET sub-products but PET monomers as well. In the future, it could be of interest
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to genetically engineer P. putida KT2440 to introduce a PETase enzyme to complete the

PET degrading cycle via this microorganism.

The results obtained for this portion of the Bachelor’s Thesis are merely indicative and a

further statistical study should be carried out in the future. For this project, a statistical

study was not  able to be developed to see if  the variation of  EG uptake between the

strains was significant. This was due to a flaw in the initial design of the computational

experiment. In order to have been able to design a correct statistical study that evaluated

the significance of each EG uptake on the production of PHA, an additional parameter

needed to be calculated and saved with FLYCOP. This parameter is the final biomass of

each strain. The FLYCOP script used in this study only provided the final biomass values

for the strains of the best scenario found. However, it did not save the final biomass values

of all the scenarios simulated. The final biomass parameter is very important because PHA

production is coupled to strain growth and the final biomass needs to be considered in

order to create a sturdy analysis. Consequently, doing a simple statistical test between

PHA production and the EG uptakes would not have been sufficient. The next step would

be to modify the FLYCOP script to obtain the following parameters for a given simulation:

PHA production, initial biomasses, final biomasses and EG uptakes. Finally, a statistical

study could be carried out in which a multiple correlation coefficient is calculated and then

tested via the t-test.

Overall, these simulations aim to explore different possibilities and optimize configuration

parameters to reduce the work load when designing microbial consortia in silico. Moreover,

FLYCOP has show to be a very powerful tool to evaluate consortia and optimize concrete

parameters for individual strains forming pat of the consortia.

4.2.  DISCUSSION FOR THE  GclR DECOY SYSTEM DEVELOPED

FOR P. putida KT2440

In this Bachelor’s thesis a transcription factor decoy system (Wang, Tiebin et al., 2020) for

the  GclR  repressor  in  P.  putida  KT2440  was  designed  via  Golden  Gate  Cloning  to

determine if it could effectively derepress the EG metabolism at different levels. The main

idea was to see if by including an increasing number of copies of the GclR binding site in a

decoy vector, the level of EG metabolism derepression would increase.
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The approach chosen to increase the number of copies of this decoy site was different to

the one chosen in the work of Wang et al.  (2020). Rather than using different origins of

replication that varied in their copy number to increase the number of decoy sites in the

cell, a Golden Gate Cloning approach was used. The number of decoy sequences was

changed by introducing more copies inside the plasmid instead of  more copies of  the

plasmid as a whole. This approach was chosen because P. putida has a limited number of

well-known replication origins that can be used and none of them with a high copy number.

The ori used was pBBR1 which is considered to have a low to medium copy number.

Out of the three decoy plasmids introduced into P. putida, only the one with 20 copies of

the GclR binding site was able to induce a partial derepression of the ethylene metabolism

in both experiments 1 and 2 (Figures 7 and 8). Nevertheless, 20 copies were not sufficient

for  a  complete  derepression.  The  low  derepression  could  be  a  consequence  to  an

insufficient number of decoy sites. The pBBR1 ori was chosen because it is the ori that can

be  used  in P.  putida KT2440  with  the  highest  number  of  copies.  However,  it  is  still

considered to have a low to medium copy number. Moreover, some studies suggest that it

has a lower copy number than it was traditionally thought to have and in E. coli it appears

to have a copy number of roughly 4-6. (Jahn, M. et al., 2016). This would mean that with

the level 3 (Lv3-1) vector, approximately 80 to 120 decoy copies are obtained. Meanwhile,

for E. coli, maximum derepression of the Plac promoter was attained with an ori referred to

as pMB1 that has a copy number in the region of 500. With this amount of copies the Plac

promoter was expressed at a comparable level to saturating levels of IPTG  (Wang, Tiebin

et al., 2020). Therefore, it would be of interest to use plasmids with higher copies of the

GclR  binding  site  in P.  putida  KT2440  because  it  will  most  likely  increase  the  EG

metabolism.

In regards to the growth curve of level 3 in experiments 1 and 2 (Figures 7 and 8),  a valley

could be observed around day 2. This could be due to the accumulation of an intermediary

metabolite. It  has been shown that wild type  P. putida  KT2440 can metabolize EG into

glycolic acid, glyoxylic acid and oxalic acid without growing (Mückschel, et al., 2012). What

might be happening in P putida KT2440 + Lv3-1 is that part of the EG is being redirected

to  the  production  of  these  secondary  metabolites.  This  would  also  explain  why  the
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maximum growth obtained is not as high as the one obtained with the P. putida ΔgclR as it

would mean that not all EG is being directed to biomass production.  

In  respect  to  the  level  2  decoy  vector  with  5  copies  of  IdC (Lv2-102),  no  significant

derepression occurred for experiment 1 (Figure 7) but did occur for experiment 2 (Figure

8). In this case, as no biological replicates were done in experiment 2 and that the results

for this experiment do no align with those obtained in experiment 1, it cannot be concluded

that the level 2 vector can derepress the EG metabolism. For experiment 2, the growth of

P. putida KT2440 + Lv2-102 was visible on day five and the rate of growth observed was

greater than that observed for  P. putida KT2440 + Lv3. Consequently, it is likely that the

sudden growth of  P. putida  KT2440 + Lv2-102 was due to a spontaneous mutation in a

region involving the ethylene glycol  repression and then,  due to natural  selection,  the

mutated strain took over.

Finally, if the results of experiment 1 (Figure 7) and 2 (Figure 8) are compared, it can be

observed that the growth of  P. putida ΔgclR and  P. putida  KT2440 + Lv-3 observed for

experiment 2 is higher. Experiment 1 was carried out in a multiplate reader with limited

aeration while experiment 2 was done in a shaker were the cultures were properly aerated.

Furthermore, P. putida KT2440 is know to have an obligate aerobic growth (Schmitz et al.,

2015). Therefore, the difference in the maximum growth attained in both experiments is

probably due to the difference in aeration because 

All  things considered,  this  transcription factor  decoy system, designed through Golden

Gate Cloning, could potentially be used for the fine tuning of the EG metabolism in  P.

putida KT2440 but further improvements need to be made. Moreover, this system could be

applied for the in silico design of Strategy to test a consortium in which the EG uptake of P.

putida-TPHA-dPCA is lower than the uptake of P. putida-EG-dPCA. Furthermore, applying

the Golden Gate technique to design decoy vectors could go beyond  P. putida  KT2440

and be applied to regulate the metabolic pathways of other similar microorganisms.
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CHAPTER 5. CONCLUSIONS

The main conclusions of this Bachelor’s Thesis are the following:

• FLYCOP simulations:

◦ For Strategy 3, higher PHA production levels are obtained when the P. putida-

EG-PCA strain has a higher EG uptake than the P. putida-TPHA-dPCA strain.

◦ For strategy 3.1., the PETase enzyme can be incorporated in the Strategy 3

consortia  to  degrade PET in addition  to TPHA and EG while  maintaining a

similar amount of PHA production.

• Transcription factor decoy system in P. putida KT2440:

◦ Golden Gate Cloning can be used as a technique to design transcription factor

decoy systems by combining repetitions of the decoy binding site inside the

decoy plasmid.

◦ A partial  derepression  of  the  EG metabolism in  P.  putida KT 2440  can  be

achieved using a transcription factor decoy system with 20 copies of the GclR

binding site in a decoy vector with a pBBR1 replication origin.
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ANNEXES

ANNEX A. SEVA acceptor vectors used

All the acceptor plasmids used are form the Systems Biotechnology Group at CNB-CSIC 

and are unpublished. Their construction was based on the work of Esteban Martínez-

García et al. (2020).

Table 8. Acceptor vectors used for the construction of the decoy vectors in this Bachelor's 

Thesis. The table includes their main characteristics (ori, antibiotic marker and cargo) and 

restriction enzyme used to construct the respective level vector.

Name  Ori Antibiotic

Marker

Cargo Restriction enzyme

used

Level 0 acceptor:

pSEVA182 pBBR1 Amp Lac-Z SmaI

Level 1 acceptors:

v1_pSEVAM23-1AI2 pBBR1 Km Lac-Z BsaI

v2_pSEVAM23-2AI3 pBBR1 Km Lac-Z BsaI

v3_pSEVAM23-3AI4 pBBR1 Km Lac-Z BsaI

v4_pSEVAM23-4AI5 pBBR1 Km Lac-Z BsaI

v5_pSEVAM23-5AI6 pBBR1 Km Lac-Z BsaI

v6_pSEVAM23-6AI7 pBBR1 Km Lac-Z BsaI

Level 2 acceptors:

v7_pSEVAM63-A13B pBBR1 Gm Lac-Z Bpil

v8_pSEVAM63-B13C pBBR1 Gm Lac-Z Bpil
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v9_pSEVAM63-C13D pBBR1 Gm Lac-Z Bpil

v10_pSEVAM63-D13E pBBR1 Gm Lac-Z Bpil

v11_pSEVAM63-E13F pBBR1 Gm Lac-Z Bpil

Level 3 acceptor:

v45_pSEVAM23ẟ_4AF5 pBBR1 Km Lac-Z BsaI

ANNEX B. Vectors created for this project

Table 9. Decoy vectors designed in this project through Golden Gate Cloning.

Names Ori Antibiotic

marker

IdC copies inserted 

in the cargo region

Restriction 

enzyme

Level 0 vector: v0_IdC_AI pBBR1 Amp 1 copy BsaI

Level 1 vectors: Lv1-171, Lv1-

172, Lv1-173, Lv1-174,        

Lv1-175, Lv1-176

pBBR1 Km 1 copy Bpil

Level 2 vectors: Lv2-99, Lv2-

100, Lv2-101. Lv2-102, Lv2-103

pBBR1 Gm 1,2,3,4 and 5 copies 

respectively

BsaI

Level 3 vector: Lv3-1 pBBR1 Km 20 copies -

ANNEX C. P. putida strains created with GclR decoy plasmid
Three  P. putida  KT2440 strains that incorporated a GclR decoy vector from each level

(Lv1-171, Lv2-102 and Lv3-1) were created and can be seen the following table:
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Table 10: P. putida strains containing a decoy vector created in this project.

ID Name Description References

SGB1097 P. putida KT2440 + Lv1-

171

P. putida KT2440 with Lv1-

171 (1 copy of IdC).

This project

SGB1098 P. putida KT2440 + Lv2-

102

P. putida KT2440 with Lv2-

102 (5 copies of IdC).

This project

SGB1099 P. putida KT2440 + Lv3-1 P. putida KT2440 with Lv3-1 

(20 copies of IdC).

This project

ANNEX D. Mediums used to test P. putida growth in EG.

Table 11: Mediums used in this project for testing P. putida growth in ethylene glycol ang 
glucose.

Name Components Concentration

M9 minimal medium [10x]

Na2HPO4 239 mM

KH2PO4 220 mM

NaCl 85.6 mM

NH4Cl 187 mM

dH2O to (pH=7.4, 

sterilized)

Fill till desired volume

M9 minimal medium for P. 

putida Glc/EG
M9 [1x]

MgSO4 2 mM

GOODIES [1x]
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EDTA 34 mM

Carbon Source:

• If Glc →

• If EG → 

• 10 mM

• 30 mM

H2O Fill till desired volume
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