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ABSTRACT

A THERANOSTIC BIO-DEVICE FOR BIOMEDICAL APPLICATIONS
Nedim Haciosmanoglu
M.S in Materials Science and Nanotechnology
Advisor: Urartu Ozgiir Safak Seker

August, 2019

Biological systems are programmable by their nature. With using the abilities of
these systems, scientists have designed, engineered and repurposed living
machines for various tasks including biological sensing, recording of cellular
events, drug production and disease treatment. Compared to the current
methodology for these tasks, engineering biological systems provide a promising
tool for the future of medicine, especially in the case of disease treatment. Type 11
Diabetes Mellitus (T2DM) is a medical condition which occurs by the deficiency
of insulinotropic hormones inside the body, and affects nearly half billion people
worldwide. Treatment strategies for this disease includes monitoring patient for
blood glucose levels, fine production of insulinotropic hormones and providing
dose-controlled treatment for the patients. All these operations increase the cost of
the treatment and cause a global problem for both medical professionals and the
patients. In this thesis, we propose novel systems for developing theranostic
strategies for T2DM by using synthetic biology principles and genetically
controlled sense-and-response cascades inside living cells. Proposed systems

include a whole-cell glucose biosensor module, which can detect glucose



concentrations by using internal glycolysis machinery of a probiotic Escherichia
coli (E. coli) bacteria, and a release module, which can controllably secrete
therapeutic molecules from the E. coli cell surface. To do that, we engineered an
enzyme based biosensor module which takes the pyruvate synthesized as a result
of glycolysis and turns that molecule into hydrogen peroxide via SpxB pyruvate
oxidase enzyme to later detect that signal with an optimized hydrogen peroxide
biosensor. In order to later incorporate this biosensor with a release mechanism,
we designed and engineered an Antigen-43 (Ag43) autotransporter based peptide
release system. In that system, we used Ag43 autotransporter fused GLP-1
peptide, an insulinotropic hormone for the type II diabetes treatment that is
controllably displayed on the cell surface. Another Ag43 fused protein, TEV
protease, with a different control mechanism is also cooperated in the system to
release GLP-1 from the surface by cutting the peptide from its recognition site.
Taking the ability of glucose sensing and the successfully engineered release
mechanisms, our proposed system has a huge potential to be used as an alternative

system for treatment of the T2DM.

Keywords: Synthetic biology, Whole cell biosensor, Protein release, Living

therapeutics
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OZET

BIYOMEDIKAL UYGULAMALAR ICIN TESHIS VE TEDAVI BIYO-ARACI
Nedim Haciosmanoglu
Malzeme Bilimi ve Nanoteknoloji, Yiiksek Lisans
Danisman: Urartu Ozgiir Safak Seker

Agustos, 2019

Biyolojik sistemler dogalar1 geregi programlanabilirdir. Bilim insanlar1 bu
sistemlerin  yeteneklerini kullanarak biyolojik teshis, hiicresel olaylarin
kaydedilmesi, ilag {iretimi ve hastalik tedavisi gibi konular icin “yasayan
sistemler” tasarlamis, gelistirmis ve bu ilaclar1 yeniden amaglandirmistir. Bu
amaglar i¢in kullanilan gilincel yontemlerle kiyaslandiginda biyolojik sistemler
miihendisligi tibbin ve 6zellikle hastalik tedavisinin gelecegi igin umut verici bir
ara¢c sunmaktadir. Tip 2 diyabet (T2D) viicutta insiilinotropik hormonlarin
eksikliginden kaynaklanan ve diinya genelinde yarim milyar insam etkileyen bir
hastalik durumudur. Bu hastaligin tedavi stratejileri hasta kanindaki glikoz
seviyelerinin izlenmesini, insiilinotropik hormonlarin ilag kalitesinde {iretilmesini
ve hastaya dozaja gore uygulanmasii kapsar. Tiim bu operasyonlar tedavinin
fiyatim1 arttirmakta ve hem saglik profesyonelleri hem de hastalar icin global bir
problem olusturmaktadir. Bu tez calismasinda biz, T2D igin sentetik biyoloji
prensipleri ve genetik miihendisligine dayali hiicre i¢i duyu ve cevap yolaklarini
kullanan &zgiin sistemler dnermekteyiz. Onerilen stratejiler, Escherichia coli (E.

coli) bakterisinin hiicre i¢i glikoliz mekanizmasini kullanan ve glikoz miktarini
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belirleyebilen bir tiim hiicre biyosensor modiiliinii, ve hiicre yiizeyinden kontrollii
sekilde tedavi edici molekiiler salgilayabilen bir salinim modiilii igermektedir. Bu
amagla glikoliz sonucu iiretilen piruvatt hidrojen perokside ceviren piruvat
dehidrogenaz enzimi SpxB kullanilmis ve sonrasinda iiretilen hidrojen peroksiti
algilayabilen gelistirilmis bir tim hiicre biyosensorii olusturulmustur. Bu
biyosensoriin olusturdugu sinyalin ise daha sonraki asamalarda hiicre igerisinde
iligskilendirilmesi i¢in Antijen-43 (Ag43) ototransporterine bagl hiicresel salinim
sistemi gelistirilmistir. Bu sistemde T2D tedavisinde kullanilan insiilinotropik
GLP-1 hormonu ile birlestirilmis Ag43 ototransporteri kontrollii olarak hiicre
yiizeyinde ifade edilmis, farkli orijinli bir model Ag43 ototransporterinin
kontroliiyle ise birlestirildigi TEV proteaz enzimi ile GLP-1 hormonunun TEV
taninma bolgesinden kesilip ortama salinmasi saglanmistir. Glukoz tespit sistemi
ve Dbasariyla calistirllan cevap mekanizmast g6z Oniine alindiginda

olusturdugumuz sistem T2D tedavisi i¢in biiyiik bir potansiyel tagimaktadir.

Anahtar Kelimeler: Sentetik biyoloji, Tiim hiicre biyosensorleri, Protein salimi,

Yasayan ilaglar
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CHAPTER 1

INTRODUCTION

Repurposing biological elements is the newest form of engineering since it
harbours many of the well-known principles from the field. From an analytical
perspective, insights of molecular biology shows most prominent examples of
cellular structures and chemical reactions where design and engineering meets in a
highly optimized and effective manner. After the emergence of biotechnology in
the late 80’s and development of screening and testing tools, scientists started to
use knowledge derived from living systems for the sake of humanity, and
recently, this knowledge increased enough to redesign and create complex
systems for many different tasks. Starting from bio-mining to biological
computing (Figure 1), synthetically designed living systems emerged on many

different fields to contribute human good [1-3].
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Figure 1: Application fields of synthetic biology
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Among these fields, a concept named as “living medicines” or “living
therapeutics” has gained huge attention since the overall perspective may provide
a cheaper and better alternative for the all known therapies for different diseases
[4, 5]. Main power of this new approach lies on the principles of synthetic
biology, and applied smart-design principles which eventually creates theranostic
bio-devices [6, 7]. Synthetic biology is a newly developed research field which is
aiming to discover, redesign and utilize biological elements by combining them
separately as parts of an electronic device [8, 9]. This utilization creates amazing
flexibility to the researchers which can eventually resulted by development of
optimized biological parts such as biological sensors, genetic recorders,
production and delivery systems (Figure 2) in addition to chassis development

strategies like biological containment and genome modifications [10-15].
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Figure 2: Main design elements on living therapeutics that are representing special

duties assigned to biological systems

These genetic tools or modules can be separately used or may incorporated for
high level machineries. As for derived from them, living organisms are the main

chassis to plug and play those modules and their variety is ranging from



prokaryotes to archaea and mammalian cells, although this is also about to change
by cell-free systems. When it comes to probiotics among these chassis, our ability
to engineer them becomes more and more important with the emerging genetic
technologies. Probiotics could simply be described as microorganisms that are
living residents in our body and contribute to the many health benefits for us. As a
very hot topic on current research, human probiotics and human microbiota
gained huge attention since their positive effects including immune system
boosting, defending body against pathogens and synthesizing some of the
supplementary molecules revealed clearly [16, 17]. If we could see those
probiotics from the side of a biological designer, they provide an amazing chassis
for further operations due to their natural abilities including naturally colonizing
gastrointestinal system and being invisible for the immune system [18, 19].
Besides, biological tools which are designed for wild type bacterial strains can
also be used for the probiotics, and for many cases, these tools can be used
between different bacterial strains [20, 21]. As micro-scale machineries that can
mainly colonize human gastrointestinal system and having a large portfolio of
genetic modules, probiotics are the most suitable organisms to transform medicine
and the fate of diseases. From the perspective of medicine, problems on disease
treatment has entered a new era that cost of diagnostics and modulation of
treatment strategies becomes a challenging task for the medical professionals.
Evolving of infectious diseases and lack of optimized or personalized therapy for
the patients is a huge problem that humanity is about to face with in the future.
Among the recent effort (Figure 3) on optimization for the disease treatment,

living medicines are the ones which showing great diversity on the application



scale [22]. Although the probiotics are mainly inhabiting the gastrointestinal tract,
they can be implemented against metabolic, infectious and, autoimmune diseases,
and even against cancer [23]. For instance, in a recent study on hypertension, a
probiotic strain (Lactobacillus plantarum NC8) engineered to secrete a modified
peptide and that treatment successfully reduced blood pressure in rats [24]. In an
another work, engineered Lactobacillus lactis equipped with a sensor module to
sense metabolic molecules from an enterotoxic bacteria, Enterococcus faecalis,
and respond this stimulus with a bacteriocin that can kill E. faecalis [25]. On the
other hand, Bifidobacterium longum probiotic is also engineered to deliver

proliferation inhibiting drugs for the cancer treatment [26].

Infections
(Mycobacterium tuberculosis,
Psendomonas aeruginosa)

Hypertension
Obesity, Hyperammonia,
Phenylketonuria
Diabetes (Type I and II)
Helicobacter pylori

infection

Infections
(Clostridium difficike,
Shigella dysenteriae,
Vibrio cholera)

Figure 3: Different diseases that are targeted by living therapeutics
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1.1. Escherichia Strain Probiotics: Escherichia coli

Nissle 917

Among these probiotic strains that are showing some of the state-of-art examples
of living therapeutics design, one probiotic strain is having the title of
“workhorse” since its ability to harbour most of the well-characterized genetic
modules, and being handy for genetic manipulations with variety of tools.
Escherichia coli (E.coli) Nissle 1917 (EcN) is a bacterial strain which is isolated
and used as a probiotic since the beginning of 1920°s [27]. In addition to that, this
strain could be presented in the feces in a very high concentration since its ability
to adopt gut microflora by metabolic characteristics. Despite being presented in
high amounts in large intestine, EcN is reported to be safe for the human body
from the site of causing any inflammatory effects. In the literature, EcN is
encountered for various tasks as a suitable chassis candidate for a living
therapeutic due to above mentioned properties. In recent works, EcN reported to
be used for the prevention of Vibrio cholerae virulence, to target pathogens with
antimicrobial peptides, and for killing colorectal cancer cells [28-30]. As
mentioned, all these studies showing that EcN is a very useful chassis for
developing novel systems and using the well-characterized tools of synthetic
biology to achieve complicated operations which never operated from a complex
cascade before. Besides, flexible and well-characterized engineering techniques
could allow us to develop personalized living medicines with probiotic bacterial
strains in a shorter time compared to the current production and treatment

strategies.



1.2. Type II Diabetes: Current Therapies and

Advancements

Diabetes mellitus is a metabolic disorder that is caused from deficiency of insulin
secretion or decreasing/demolishing of insulin action in the body. There are two
main forms of diabetes mellitus known as Type I diabetes mellitus (T1DM), and
Type II diabetes mellitus (T2DM), which is observed in 95% of the diabetes cases
[31, 32]. The problem in T2DM generally encounters with the mismatch in insulin
production with lipid, carbohydrate and protein metabolism, and eventually,
emergence serious health problems for the individuals [33]. There are many
factors which are influencing T2DM development in the patients. Although the
mechanism is not clearly understood, genetic content is considered as one of the
major influences [34]. Research on certain genetic regions with genome wide
association studies showing that there is a high correlation for genes involving £-
cell development and metabolic regulation [35]. In addition, living style is also a
very important factor for the development of T2DM [35]. Recently, it is also
shown by metagenome-wide association studies that gut microbiota has showing
characteristic changes in T2DM patients, and this change leads to development of
the disease by altering vitamin and carbohydrate metabolism [36].

By the 2050, it is estimated that there will be half billion patients who are
suffering from T2DM or the complications, and these life-quality decreasing
medical conditions include cardiovascular diseases, retinopathy, neuropathy,
nephropathy, and even different types of cancer [37-39]. When all these

conditions and their possible load for the global medical care considered, adopting



the concept of living medicines as an alternative treatment or preventive strategy
for the T2DM becomes very important for the future of humanity. Current
treatment strategies for T2DM include non-insulinotropic drugs (including
Glucagon-like peptide 1 (GLP-1)) and Insulin or Insulin analogs. Detailed
information about medical treatment standarts and usage of these drugs can be
found at “Standards of Medical Care in Diabetes” published by American
Diabetes Association [40]. Among these drugs, usage of Insulin and GLP-1 is a
debated topic among different applications since they provide the most efficient
treatment strategies. In their action, insulin works on body homeostasis by acting
on his cognate receptor, and GLP-1 is an effector that promotes insulin secretion
[41]. Current research on treatment strategies for T2DM includes combinatorial
therapies with both insulin and GLP-1, viral therapies for insulin and other. In
addition to these strategies, there are also some examples from the literature that
are aiming to generate new technologies for T2DM therapy by using synthetic
biology and living therapeutics. In the literature, probiotics including
Lactobacillus gasseri, and Lactobacillus paracasei engineered before to produce
GLP-1 inside human body [42, 43]. Advantage of using GLP-1 for the treatment
of T2DM is coming from its promising pharmacokinetics that is preventing
hyperglycemia and other side effects [44]. Current research and therapies are
lacking a theranostic strategy that can adjust delivered drug levels and ability to
be useful for combinatorial therapies. Our strategy is suitable for solving both of
these issues in T2DM due to highly utilized genetic modules that are derived from

current synthetic biology repertoire.



1.3.  Genetic Tools to Design a Bio-Device: Whole Cell

Biosensors

By the definition, “biosensor” is a device which can sense the environmental
signals by using biological elements [45]. Living systems are good examples of
biosensors since giving response to the signals coming from the environment is
very crucial for their survival. When a living organism itself used as a biosensor
device by employing its whole cellular machinery, it is known as a “whole-cell
biosensor”. With the emergence of biotechnology, scientists started discovering
and engineering core elements that are responsible from this sensing function and
later, whole cell biosensors emerged as better alternatives for other sensing
technologies. Core element of a whole-cell biosensor is known as “promoter”, and
a promoter is simply a deoxyribonucleic acid (DNA) part that is naturally
controlling the expression of a gene inside the genome [46]. By driving the
expression to a reporter, which is an analytically measurable biological molecule
(i.e., fluorescent or luminescent proteins), whole-cell biosensors can report
various chemicals in their environment [47]. From the side of living therapeutics,
this is a huge advantage since very few of the current treatment strategies are
incorporating drug production and detection strategies with the treatment in a
single, autonomous device. There are three main strategies to design a whole cell
biosensor, and all of these strategies mined from the living systems. In this thesis,
we will discuss and use two of these strategies including two component systems

(TCS) and transcription factor (TF) based biosensors.



1.4. Two Component Systems

In living systems, signalling pathways are used to convert chemical or biological
signal to the messages that can downstream genetic machinery can understand and
respond. This strategy forms the basic function of life. Due to that, there are many
mechanisms that are specifically developed for signal transduction. Two-
component systems are well-known signalling pathways that are presented with
many different forms in prokaryotes to eukaryotes [48, 49]. Generally, a two-
component system is composed of a kinase, which is generally located in outer or
inner membrane to receive specific molecules, emit signal to downstream
pathway by changing its kinase activity and phosphorylating the effector, and an
effector molecule, which gets the signal from kinase and activates a specific
promoter by binding its cognate promoter region. TCSs have many different
applications as sensor modules due to their simplicity and well-characterized
function. For instance, TCSs used in the literature for many different applications
including optogenetics and heavy metal sensing [50, 51]. Most of these studies
using engineered version of EnvZ TCS kinase. In his pioneering work, Dr. James
Baumgartner engineered bacterial EnvZ-OmpR two component system with a
periplasmic glucose binding protein and its effector to detect changing glucose
concentrations in E. coli bacteria [52]. This study later repeated by Dr. Jan T.
Panteli to utilize the design for the same purpose [53]. Although having low
specificity that causes false signals, complex design that causes metabolic burden
and narrow dynamic range that limits detection, these two studies are showing the

potential of TCSs as biosensor systems.



1.5.  Transcription Factor Based Biosensors

Transcription Factors are protein molecules that can interact with a specific
promoter and assist promoter to control transcription of specific gene/gene
clusters. In addition to these, they can respond to specific molecules by binding,
changing conformation and by altering their activity. Just like an electrical circuit,
by changing the types of promoters and TFs with plug-and-play fashion, these
molecules can be used to generate or multiplex many different whole cell
biosensors. In theory, one TF can be used to engineer one biosensor, and in
nature, thousands of different TFs working inside cells to regulate metabolism by
controlling and transmitting cellular signals [54]. This flexibility and diversity
allow scientists to engineer many different TF based whole-cell biosensors.
Although TFs are widely used systems for biosensors, they have some limitations
due to their nature. Firstly, although the diversity is high, there is only a limited
number of TFs available for specific molecules [55]. Secondly, off-target activity
of TFs upon different promoters may cause serious problems for the TF based
biosensor operations [56]. Finally, same TF can be activated by different inducers.
With the emergence of synthetic biology, second and final problem about TF
based biosensors resolved by engineering internal promoter elements
(transcription initiation region, TF binding region etc.) and ribosome binding sites
(RBSs) or engineering TFs [57]. For the first problem, Libis and colleagues
developed a unique approach that involves enzymes to convert molecules that
cannot recognized by TFs to molecules that have a defined TF-promoter couple
[55]. With that, this study doubled the known repertoire of TF based biosensors.

This strategy promises a great opportunity to design unique sensor and response
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systems for living therapeutics, if coupled with release systems and designer

proteins.

1.6.  Genetic Tools to Design a Bio-Device: Designer

Proteins

Proteins are the building blocks of biology. Depending on the organism, pathway
or genetic combination, they can occupy different functions inside cells. With the
development of cloning and sequencing techniques, scientist characterized
functions of various proteins by adopting different strategies including deletion,
fusion and sequence shuffling to identify functions of the specific regions of the
proteins [58]. These proteins are also known as recombinant proteins. After that,
these characterized regions again used for many different applications to give
proteins new functions and properties. One of the well-known example of this
technique is generation of antibodies with different chains to obtain enhanced
functions and therapeutics [59]. In addition to binding properties, different
functions can be introduced to proteins by fusing specific proteins or protein tags.
This strategy allows scientists to relocalize, live-track, release, and process
proteins in a controllable fashion [60, 61]. Knowing the principles of these
processing strategies could build the response molecules for living therapeutics

with state-of-art strategies.

1.7.  Fusion Proteins and Release Strategies

Releasing specific proteins with a controllable manner from the bacterial cells is a
long lasting goal of scientists since the overall idea can simplify protein
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purification processes dramatically. Tremendous effort has been shown to
characterize and design proteins, protein tags and other systems (membrane
leakage, cell lysis etc.) to release proteins from the cells as final products [62].
Recent technologies have also evolved to use these genetic tools as modules to
incorporate in biological design. From the side of living therapeutics design,
release systems are critical tools to build a response module to incorporate with
processed signal. In E. coli, there are highly optimized tools for protein or peptide
release to the extracellular environment [63]. Many of these strategies involve
fusion of target proteins with either specific transporter proteins from SEC or
TAT transportation systems, or naturally secretable proteins such as YebF [63,
64]. Although these tools provide useful strategies to send target proteins to the
extracellular environment, they are generally lack of precise control and titratable
release strategies. Recently, a different class of proteins known as autotransporters
employed to design cell display and release strategies, in order to solve the above
mentioned problems. Naturally, this class of proteins are transported to the
periplasmic space and later translocated on outer membrane by folding. By
designing fusion proteins with an autotransporter, display of different proteins can
be achieved [65]. As an additional tool, site-specific proteases also incorporated in
recent studies to precisely control protein release from displayed autotransporters
[66]. Overall, protease mediated release strategy from autotransporter fusion
proteins could compose one of the best response modules to drive biosensor
responses to design sense-and-response cascades for future living therapeutics.
Besides, these strategy could be best suited for multiplexing the type of released

products.
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1.8.  Protein Processing with Site Specific Proteases

Proteases are the class of proteins which are known with their ability of cutting or
degrading different proteins and/or peptides. Among these proteins, a subclass
known as site-specific proteases (SSPs) are gained attention due to their ability of
recognizing specific amino acid sequences and cutting the peptide bond from a
specific point [67]. This property have applications ranging from affinity tag
removal to transcription control, and also promising a special tool for designing
protein release strategies [68, 69]. Tobacco Etch Virus (TEV) protease is a well-
known example of SSPs which derived from viruses and used to cut peptide bond
among proteins between Arginine (Q) and Glycine (G) amino acids of ENLYFQG
recognition site [70]. In a very recent study, Ag43 fused TEV protease co-
expressed with Ag43 fused cargo proteins to successfully deliver target proteins to
the environment with a self-actuated, logic gate embedded protein delivery
machinery [66]. Considering autotransporter mediated display and TEV protease
controlled release strategies, this strategy promises a prominent tool to design
controllable release strategies if fused with biological sensors or other control

strategies

1.9.  Characterization of Fusion Proteins via Folding
Tools
In addition to wet lab experiments, there are also many in silico tools to

characterize fusion proteins before embedding into the living systems. These

computational methods could provide useful information about protein folding
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and ligand binding before cloning the engineered constructs. Swiss-Model is a
widely used, web-based server to determine homology models of designed protein
structures [71]. Although the server is useful to predict small tags with a short run
time, it is not useful for larger fusion proteins which does not have crystal
structures. I-TASSER is considered as a better alternative for structure prediction
of large fusion proteins due to its optimized energy-minimization algorithm for
folding pattern prediction [72]. After design and in silico folding for designed
proteins, docking studies may require to predict their activity and modification-
dependent conformational changes. Docking is a computational method to send
target molecules on native or designed proteins to calculate binding energies and
estimate affinity for a specific molecule. Autodoc Vina is the most cited docking
software in the literature which uses a hybrid scoring system and optimized
energy minimization for scoring the binding candidates [73]. As an alternative,
web based docking tool, Swiss-Dock and HPEPDOCK servers can be used for
fast estimations of binding molecules [74, 75]. With its user-friendly interface and
interconnected library with chemical databases, Swiss-Dock could provide a
preliminary platform to easy test designed constructs for their ligand binding
score. HPEPDOCK is on the other hand, a peptide docking server that can use
peptide sequence as an input and derives successful docking strategies by using
iterative model generation to give docking results on protein-peptide interactions.
As an alternative strategy, computational techniques could be very useful tools to
make intelligent guesses on biological design preliminary to production steps and
also to discover alternative regulation strategies for fusion proteins in addition to

be be less expensive and more analytical characterization techniques.
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1.10. The Aim of Study

Although there are different attempts to generate living therapeutics for the
T2DMs, literature is lacking of high specificity, theranostic and multiplexible
modules for biological design. In this thesis, we are aiming to generate engineered
genetic circuits that can measure glucose levels in human gut and that can be
controlled to release therapeutic GLP-1 hormone to the cellular environment. To
achieve this, cellular modules of glucose biosensor and peptide release system
defined and different strategies proposed to equip bacteria with these modules.
Our first module aimed to detect glucose concentrations in physiological levels by
measuring the hydrogen peroxide generation inside the cell as a product of
glucose consumption. In that system, it is aimed to use SpxB enzyme which can
convert glycolysis product of glucose, pyruvate, to hydrogen peroxide, for later
detecting this signal with an engineered hydrogen peroxide biosensor part. On the
other hand, our second module is aimed to release therapeutic peptide molecules
by an engineered, Ag43 autotransporter protein based release strategy which
produces Ag43 fused TEV protease to release again controllably displayed, Ag43
fused GLP-1 peptide. By these proposed strategies, we are aiming to contribute

synthetic biology toolbox to build a living therapeutic for the treatment of T2DM.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Bacterial Strains, Growth and Maintenance

For cloning and characterization purposes, Escherichia coli (E. coli) DH5a strain
used as the main chassis. Primary cell stocks are stored in -80 °C with storage
medium (Lysogeny Broth, LB (Appendix E1) with 25% Glycerol). This bacterial
strain is specially developed for cloning purposes by mutating some of the
endonucleases, and provide a better alternative for long term storage with plasmid
vectors. For the production of proteins and T7 promoter induction experiments, E.
coli BL21(DE3) strain used. Different from the other strain contains, this strain
has T7 polymerase and Lacl repressor, which are necessary to activate and control
T7 promoter upon induction with IPTG (Isopropyl B-D-1-thiogalactopyranoside).
In addition to that, strain is knocked out for some proteases for protein
overproduction. E. coli JW3367-7 is a knockout strain that is purchased from Coli
Genetic Stock Center and has AenvZ738::kan mutation. Probiotic strain E. coli

Nissle 1917 is isolated from Mutaflor® pill by dissolving pill powder in 10 mL

distilled and autoclaved water, streaking the dissolved powder on LB Agar plate
(Appendix E1) to obtain a single colony and by selecting a single colony to grow
overnight in LB medium for preparing primary stocks to proceed with further
experiments. Isolation of E. coli Nissle 1917 cells verified by a strain specific
PCR (Polymerase Chain Reaction) as previously described [76].
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2.2. Chemical Transformation of Bacterial Cells

Bacterial cells are chemically transformed to clone, test and maintain plasmid
constructs. To prepare chemically competent cells, primary cell stocks grown in
LB medium at 37 °C, 200 rpm for 16 hours. After that, cells inoculated in 1:100
volume of fresh LB medium and grown until an ODgoo of 0.2-0.4 value. Then,
cells cooled in ice for 10 minutes, and centrifuged down in 3000 rpm for another
10 minutes. Finally, supernatant removed from the centrifuged cells and cell pellet
dissolved in 1:10 growth volume of TSS buffer (Appendix E2). Cells stored in -80
°C for further experiments. For the transformation of plasmids, competent cells
ice thawed for 20 minutes and gently mixed with 1-100 ng plasmids, or with
ligation mix for the T4 ligation (Appendix E3), or with Gibson Assembly Mix
(Appendix E4) for the cloning. After inoculation for 30 minutes, heat shock
applied at 42 °C for 30 seconds. Then, cells inoculated on ice for 2 more minutes
before addition of 1 mL SOC (Super Optimal Broth with Catabolite Repression)
medium (Appendix ES5). As final step, cells grown with SOC medium for 1 hour,
centrifuged down at 8000 rpm for 5 minutes and spreaded on LB Agar plates with

relevant antibiotics.

2.3. Cloning of Plasmid Vector Constructs

In order to clone pET22B-T7-Ag43-GLP1 construct, template plasmid pET22B-
Ag43-ap40 (built before by our lab member Cemile Elif Ozgelik) digested with
AfIIIT and Spel to obtain 7.9 kb plasmid backbone. In order to obtain GLP-1

insert, Ag43 gene with TEV cut site amplified with forward REA21 and reverse
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Ag43-GLP1-FOR-1, Ag43-GLP1-FOR-2, Ag43-GLP1-FOR-3 primers to obtain
Ag43-GLP-1 gene by extension PCR as 2729, 2765 and 2800 bp fragments.
pET22B-Ag43-af40 plasmid again use as template for Ist step of extension PCR
with Ag43 gene. After that without visualizing fragments, GLP-1 insert amplified
from this construct with GLP1-Lig-For and GLP1-Lig-Rev, as 183 bp fragment
and digested with AfIIII and Spel to obtain 132 bp insert. Then this insert ligated
to the backbone by T4 Ligase (NEB) by using 1:5 insert-backbone ratio.
Backbone and insert visualized in 1% agarose gel by running in 140V for 30
minutes in 1XTAE buffer (Appendix E6). After that, fragments isolated from
agarose gel and joined together with Gibson Assembly mix as described. Resulted
Gibson mix transformed in E. coli DH5a for further characterizations by
previously described chemical transformation method. Then, two colonies
selected from resulted transformation plate, plasmid isolation protocol operated
and plasmid samples send to the sequencing.

For cloning pET22B-T7-sfGLP1 construct, sequence verified pET22B-T7-Ag43-
GLP1 plasmid digested with Spel and 8 kb fragment directly used as backbone.
To insert sfGFP, gene amplified from pET22B-T7-Ag43-sfGFP plasmid
(previously built by Recep Erdem Ahan) with sfGLP1-F and sfGLP1-R primers as
a 775 bp amplicon. DNA parts visualized in 1% agarose gel by running in 140V
for 30 minutes in 1XTAE buffer. After that, fragments isolated from agarose gel
as described. Backbone and insert joined together by Gibson assembly with using
1:3 backbone to insert ratio. Gibson mix transformed into E. coli DH5a cells by
previously described method. Two colonies selected after transformation, grown

for plasmid isolation with described procedure and plasmids send to the Sanger
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sequencing for verification. To clone alternative GLP-1 analogs in pET22B-T7-
Ag43-Exentin-4-Penetratin, pET22B-T7-Ag43-mGLP1-Penetratin, and pET22B-
T7-Ag43-mGLP1-His plasmids, pET22B-Ag43-GLP1 plasmid digested before
with AfIIII and Spel enzymes and 7.9 kb fragment used as backbone. Inserts that
encoding Exentin-4-Penetratin (293), mGLP1-Penetratin (266 bp) and mGLP1-
His (238 bp) genes ordered from IDT with backbone overlaps and inserted to the
plasmid backbone by Gibson assembly with using 1:10 backbone-insert ratio.
Gibson mix chemically transformed into E. coli DH5a. Plasmid isolation
procedure operated as previously described and samples from two colonies send
to the Sanger sequencing.

In order to clone pSR59.4-Trz1 plasmid, partial Trg receptor gene amplified from
E. coli MG1655 genome by using NH1 and NH5-NW primers and 825 bp insert
obtained. To obtain backbone, pSR59.4 plasmid (Addgene/63175, Dr. Jeffrey
Tabor's lab) amplified with NH4-NW and NH6 primers and 5.3 kb backbone
fragment obtained. DNA parts visualized in 1% agarose gel by running in 140V
for 30 minutes in 1XTAE buffer. After that, fragments isolated from agarose gel
as described. Two fragments joined together by 1:3 backbone to insert ratio
Gibson Assembly. Selected colonies send to the sequencing for verification.

In order to clone pET22B-T7-GoX-Trx plasmid, GoX-Trx gene ordered from IDT
as 4 fragment pieces with Gibson assembly overlaps. 4 fragments mixed in water
to use as PCR template and amplified with GOX-PET22B-FOR and GOX-
PET22B-REV primers as a 2290 bp amplicon. Backbone to generate this plasmid
obtained by using a previously built pET22B-T7 expression plasmid by digesting

with Xhol-Kpnl and using the 5.2 bp fragment as backbone. DNA parts visualized
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in 1% agarose gel by running in 140V for 30 minutes in 1XTAE buffer. After that,
fragments isolated from agarose gel as described. Two fragments joined together
by gibson assembly with using 1:2 backbone to insert ratio. Selected colonies then
send to the sequencing for verification

For cloning the pET22B-PROD-OxyR-stGFP-AhpCp1 plasmid, a previously built
biosensor plasmid (built and kindly provided by Recep Erdem Ahan) digested
with BamHI-Spel and 6 kb fragment used as backbone to insert OxyR gene which
amplified by Oxy6-Oxy7 primers and obtained as a 998 bp amplicon. DNA parts
visualized in 1% agarose gel by running in 140V for 30 minutes in 1 XTAE buffer.
After that, fragments isolated from agarose gel as described. 1:3 backbone-insert
ratio applied for joining two fragments with Gibson assembly. After verification
of OxyR gene with colony PCR as a 998 bp amplicon by using PFU polymerase,
new plasmid digested with XhoI-EcoRI to use as 6.2 kb backbone. sfGFP gene
amplified with NH-ECNKO forward primer and three step of reverse primers
(AhpCpl-1, AhpCpl-2, AhpCpl-3) to attach AhpCpl synthetic primer with
extension PCR. Final 876 bp fragment visualized and isolated from agarose gel to
join together with backbone by Gibson Assembly by using standard protocol.
After cloning, plasmids isolated and send to the sequencing for verification with
described procedures.

In order to clone pZA-PROD-PerR-Ahp/Per-sfGFP, pZA backbone with PROD
promoter (2.9 kb) amplified with pZA-H202-S3-For and pZA-H202-S3-Rev
primers. Then PerR gene insert amplified from Bacillus subtilis genome with
PerR-For and PerR-Rev primers as 511 bp amplicon. DNA parts visualized in 1%

agarose gel by running in 140V for 30 minutes in 1XTAE buffer. After that,
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fragments isolated from agarose gel as described. Two fragments joined with
Gibson assembly by using 1:3 backbone-insert ratio. After verification of PerR
with colony PCR by using insert primers, PerR carrying backbone (2.5 kb)
amplified with pZA-H202-R-Revl and pZA-H202-BB-F primers. DNA parts
visualized in 1% agarose gel by running in 140V for 30 minutes in 1XTAE buffer.
In order to generate Ahp/Per hybrid promoter, sfGFP attached insert amplified by
a 3-step PCR with forward pZA-H202-R-Forl primer and three set of revers
primers named as AhpCpl-PerR-R2 (875 bp), AhpCpl-PerR-R2 (913 bp), and
pZA-H202-Insert-R (953 bp). DNA parts visualized in 1% agarose gel by running
in 140V for 30 minutes in 1XTAE buffer. After that, fragments isolated from
agarose gel as described. Two fragments joined together with Gibson assembly by
using 1:3 backbone to insert ratio. Selected colonies send to the sequencing for
verification.

In order to build pZA-PROD-SpxB-PerR-Ahp/Per-stGFP plasmid, previously
built pZA-PROD-PerR-Ahp/Per-sfGFP plasmid digested with BamHI and 3.2 kb
fragment used as backbone. To obtain SpxB insert, SpxB gene amplified from
1GEM 2019 distribution kit by SpxB-For and SpxB-Rev fragments and 2007 bp
amplicon obtained. Backbone and insert visualized in 1% agarose gel by running
in 140V for 30 minutes in TAE buffer. After that, fragments isolated from agarose
gel as described. Two fragments joined together by Gibson assembly by using 1:3
backbone-insert ratio. Insert checked with colony PCR by using insert
amplification primers. To clone pZA-PROD-PerR-Ahp/Per-SpxB-sfGFP plasmid,
SpxB-M2-BB-For and SpxB-M2-BB-Rev primers used to amplify 3.3 kb

backbone from previously built pZA-PROD-PerR-Ahp/Per-sfGFP. SpxB gene
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amplified from iGEM 2019 distribution kit by using SpxB-M2-For and SpxB-M2-
Rev primers. Obtained 1898 bp amplicon used as insert and joined with backbone
by using Gibson Assembly and 1:3 bacbone-insert ratio. After that, two colonies
selected for sequencing and standard procedure applied.

In order to build pZS-PROD-SpxB-Ag43-sftGLP1 plasmid, pZS backbone
amplified by REA97 and REA98 primers. PROD-SpxB module as first insert
amplified by pZS-PRODMC-Rev and SpxB-EF as 2004 bp amplicon and Ag43-
sfGLP1 gene obtained by using PELB-SpxBE-rev and Ag43-sfGLP1-pZS-For
primers as 3474 bp amplicon. DNA parts visualized in 1% agarose gel by running
in 140V for 30 minutes in 1XTAE buffer. After that, fragments isolated from
agarose gel as described. These three fragments joined together with Gibson
Assembly by using 1:3:3 backbone-insert 1-insert 2 ratio. Colonies checked by
fluorescence to determine functionality. In order to build pZA-PROD-PerR-
Ahp/Per-Ag43-TEV plasmid, previously built pZA-PROD-PerR-Ahp/Per-sfGFP
plasmid amplified to obtain 2.6 kb backbone by pZA-H202-R-Revl and pZA-V3-
Rel-BB-For primers. In order to amplify Ag43-sfGLP1 insert, pZA-V3-Rel-For
and pZA-V3-Rel-Rev primers and 3369 bp amplicon obtained. DNA parts
visualized in 1% agarose gel by running in 140V for 30 minutes in 1XTAE buffer.
After that, fragments isolated from agarose gel as described. Two fragments
joined together by Gibson assembly with 1:3 backbone to insert ratio. Positive
colonies selected by colony PCR with insert primers.

Unless the otherwise stated, Polymerase Chain Reaction (PCR) procedures
operated with NEB QS5 High Fidelity DNA Polymerase. Standard procedure

provided by the company used for setting reactions. On the other hand, colony
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PCR procedure operated with Pfu polymerase. Melting temperature (Tm) values

for primers calculated by using NEB Tm calculator (http://tmcalculator.neb.com/).

Gibson assembly procedure operated by using standard 50 ng backbone DNA in
Gibson mix and insert DNA with predetermined backbone to insert ratio. Reaction
set in one tube and incubated in 50 ‘C for one hour. After that, gibson mix
transformed to the competent bacteria by previously described method. NEB T4
Ligase used during the ligation procedure. Standardized protocol provided by the
company used to set up the reactions. After ligation, ligation mix transformed to
the competent cells by previously defined chemical transformation procedures.
Enzymatic digests operated by using NEB restriction enzymes and company's
standard reaction protocols used. Agarose gel electrophoresis used to visualize
PCR and digestion products. During the procedure, 1-2% agarose gel prepared by
using agarose (Sigma-Aldrich) as v/w, that is dissolved in TAE buffer and melted
in a microwave. To visualize DNA in agarose gel, SYBR SAFE (Thermo
Scientific) DNA dye used. Gel extraction of visualized DNA operated by MN Gel

Extraction kit and standard procedures used that is given by the company.

2.4. Plasmid Isolation and Sequencing

Plasmid isolation after cloning for characterization and other purposes has been
done by using Thermo Scientific GeneJet® plasmid isolation kit by using
standardized protocol with some modifications. In order to isolate plasmids, 2-5
mL of cell overnight growth centrifuged down at 11000 rpm for 3 minutes. After
that, supernatant discarded and cell pellet resuspended in 200 uLL Resuspension

Buffer. Then, 200 puL Lysis Buffer added, cells gently mixed by inverting sample
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tube 6-8 times, and incubated for 5 minutes in room temperature. Next, 250 pL
Neutralization Buffer added on samples, sample tubes gently mixed again by
inverting sample tube 6-8 times and the samples centrifuged down at 11000 rpm
for 10 minutes. In next step, supernatant carefully removed and transferred to a
spin filter DNA binding column. By using a vacuum chamber, supernatant that
contains plasmids filtered and binded to the column. After that, column washed 2
times with Washing Buffer and spin columns centrifuged down at maximum
speed for 3 minutes to remove residual liquids. As final step, columns dried in
heat block at 60 °C for 2 minutes to evaporate alcohol contaminants, and plasmids
eluted by using 20-50 pL, double distilled, sterile H.O addition to the column.
Additional 5 minutes of incubation applied with water and elution step made by
centrifuging down columna at maximum speed for 2 minutes. Plasmid DNA
stored in -20 °C for further use. Characterization of DNA amount has been
operated by wusing Nanodrop® microvolume spectrophotometer. By using
Nanodrop 2000 software>Nucleic Acid Characterization section, concentration of
the isolated plasmids measured as ng/puL. By inspecting 230/260 and 260/280
ratio to, contamination of phenolic compounds and alcohol also investigated
respectively. Sequencing samples send to the Genewiz company by preparing 50-
100 ng/pL sample in 10 pL volume and mixing with 5 pLL. OF 5 uM sequencing

primer. Sanger Sequencing service selected for readouts.

2.5. Sequence Alignment and Design

All the construct designs and alignments made with online Benchling software

(http://benchling.com). Sequence files obtained from sequencing services of
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Genewiz company uploaded to the Genewiz server as .abl or .seq files. From the
control panel of the server, alignment option selected and MAFFT ( Multiple
Alignment using Fast Fourier Transform) algorithm used for creating analyses.

Standard parameters used during the analyses.

2.6. Glucose Oxidase: Expression and Hydrogen

Peroxide Production Test

Glucose Oxidase (GoX) enzyme cloned under T7 promoter in pET22B plasmid
with previously described workflow and protein sequence verified by Sanger
sequencing. After that, production of the protein induced by auto-induction
medium (recipe available in the reference) with 16h growth at 200 rpm, 30 °C
[77]. In order to test and functionally characterize dthe produced hydrogen

peroxide via GoX, an enzyme based assay operated as described below.

Hydrogen peroxide production by the addition of glucose tested by ABTS (2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)) method. In that method,
overnight induced cultures of wild type E. coli and E. coli BL21(DE3) strain that
harbors T7 controlled Glucose Oxidase production plasmid centrifuged down at
8000 rpm for 5 min and washed 2 times with 1X PBS Buffer (Phosphate Buffered
Saline, Appendix E). After that, GOX test buffer (Appendix E) that contains
ABTS added on cells AS 250 pL final volume in a 96-well plate. In that assay,
and ABTS oxidation due to hyrdogen peroxide mediated and HRP (Horseradish
Peroxidase) catalzied reaction cascade can be tracked due to colorimetric change
in ABTS dye and measured with M5 spectramax as absorbance at 415 nm for 5

minutes.

26



2.7. Expression and Characterization of Surface

Displayed Proteins and Peptides

Ag43 mediated surface display of GLP-1 analogues and sfGFP fused GLP-1
(sfGLP1) is induced by 1 mM IPTG to control protein expression from T7
promoter with BL21(DE3) strain. Characterization of the surface displayed
sfGLP1 has been firstly done by heat release experiment. To do that, primary cell
stock grown at 37 °C, 200 rpm for 16 hours in LB medium with relevant
antibiotics. After that, cells inoculated in fresh LB medium as 1:100 diluted,
induced with IPTG at ODy, 0.4-0.6, and grown at 30 °C, 200 rpm for 16 hours. In
order to check surface display with heat release, overnight induced cells
centrifuged down at maximum speed for 2 minutes and washed 3 times with 1x
PBS and resuspended in 1x PBS. After that, cells heated at 60 °C for 5 minutes,
while keeping a sample without heating. Finally, samples centrifuged down at
maximum speed for 2 minutes and fluorescence of the supernatant for both heated
and control samples measured by M5 Spectrophotometer with using 495
excitation and 510 emission values.

In order to check release of the sfGLP1 with purified TEV protease, overnight
induced cells washed with TEV buffer (Appendix E) twice, resuspended in 250
uL TEV buffer and added 10 pg GST-TEV (produced by Recep Erdem Ahan,
Biisra Kirpat and Gokge Ozkul) enzyme while adding PBS as negative control to
the similar set of samples. Cells inoculated in +4 °C for 16 hours in rotator. In

final step, 250 puL of cells centrifuged down at maximum speed for 2 minutes,
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fluorescence of the supernatant for both GST-TEV added and control samples

measured by M5 Spectrometer with using 495 excitation and 510 emission values.

2.8. SDS-PAGE Analyses

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
applied to visualize protein samples. Biorad Mini-PROTEAN gel casting and
electrophoresis system used during the analysis. TEV released protein samples
heated at 95 °C for 5 minutes by mixing with 6X SDS loading dye (375 mM Tris-
HCI, 9% Sodium deodecyl sulfate, 50% Glycerol, 9% Betamercatoethanol and
0.03% Bromophenol blue dye). After that, heated samples loaded into 12% SDS-
PAGE gel (BioRad recipe) with Page Ruler (Sigma-Aldrich) protein marker. Gel
run operated at 120 V inside running buffer for 1.5-2 hours. After that, SDS-
PAGE gel stained by Coomassie Blue staining. To do that, gel soaked into
Coomassie blue staining solution (0.1% Coomassie Brilliant Blue R250 dye, 50%
Methanol and 10% glacial acetic acid) and heat-boiled for 45 seconds with
microwave oven. Then, gel incubated for 20 minutes inside the solution on a
shaker at room temperature. After that, gel transferred into destaining buffer (40%
Methanol and 10% Glacial acetic acid) and again heat-boiled at microwave oven
for 45 seconds. After 1 hours of incubation at room temperature in destaining
buffer, gel transferred into fresh destaining buffer and incubated overnight. For
visualizing the gel and analysis of protein bands, ImageLab software and

ChemiDoc Imaging system (BioRad) used.
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2.9. Genetically Controlled Protein and Peptide Release

from Cell Surface

In order to genetically control the release of Ag43 displayed sfGLP1, E. coli
BL21(DE3) cells carrying pET22B-T7-(Ag43-sfGLP1)-AmpR construct co-
transformed with REA83 plasmid (constructed by Recep Erdem Ahan for Ahan et
al, 2019 study and contains aTc, anhydrotetracycline, inducible tetO promoter that
controls the expression of Ag43 mediated TEV protease display) that has
chloramphenicol resistance. After co-transformation, a single colony selected and
grown in dual antibiotic supplemented LB medium for overnight at 30 °C, 200
rpm for 16 hours. After that, cells transferred in 2x MOPS medium (recipe
available in reference) with dual antibiotics as 1:100 dilution [78]. When cells
reach to an OD600 value of 0.4, induced with 0.2 mM IPTG and grown overnight
at 30 °C, 200 rpm for 16 hours. After that, cells centrifuged down at 2700 rpm for
10 minutes, medium renewed and 125 nM aTc added to induce Ag43-TEV
expression. After 16 hours of aTc induction at 30 °C, 200 rpm, cells centrifuged
down at maximum speed for 2 minutes and fluorescence of the supernatant for
both aTc induced and control samples measured by M5 Spectrophotometer with

using 495 excitation and 510 emission values.

2.10. Mass Spectrometry Analyses

Mass Spectrometry (MS) analysis has been operated at Hacettepe University’s
HUNITEK Analysis Laboratories by the assistance of Dog. Dr. Omiir Celikbigak

by using MALDI-TOF (Matrix Assisted Laser Desorption Ionization Time of
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Flight) MS instrument (Ultraflex Extreme MALDI-TOF, Bruker Daltonics).
During the analyses, instrument operated with linear positive mode and ground

steel used as target.

In addition, HCCA (Alpha-Cyano-4-Hydroxycinnamic acid) matrix used for
peptide analysis, SA (Sinapinic acid) matrix used for peptide analysis. During the
sample preparation, three different solutions used including Solution 1 (Saturated
HCCA solution, 30:70 (v/v), Asetonitril: TFA 0.1% H20), Solution 2 (Saturated
SA solution prepared in ethanol) and Solution 3 (Saturated SA solution, 30:70
(v/v), Acetonitril : TFA 0.1% H20). Each sample that is investigated for target
peptides prepared by mixing sample with Solution 1 as 1:1 or 1:10 sample
volume/matrix volume ratio and taking 0.5 pL of the solution to dry on target
plate (dry droplet method). Similarly, each sample that is investigated for target
proteins prepared by first drying 2 pLL of Solution 2 as a thin layer on target plate,
then mixing sample with Solution 3 as 1:1 or 1:10 sample volume/matrix volume
ratio and taking 0.5 puL of this solution to dry on target plate as a second layer
(double layer method). Calibration of the device made by using Bruker Peptide

Calibration Mix (700-3500 Da).

MALDI-MS analyses operated by using 20 kV accelerating voltage for the real-
time analysis of ion flight. Spectrums obtained by using SmartBeam laser at 355
nm and 1000 average laser pulse. Final data analysed by Bruker FlexAnalysis
software. Calculations of sfGLP-1 and GLP-1 moleculer weights both made by

MS device and Benchling protein analysis tool.
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2.11. Modelling and Docking Studies

In order to determine binding affinities of the newly designed GLP-1 analogues
and native human GLP-1, receptor structures investigated from Protein Data Bank

(PDB) web server (http://www.rcsb.org). From the database, a structure named as

SOTT selected as the receptor candidate for peptide docking since it represents
extracellular portion of GLP-1 Receptor bounded with a modified ligand.
Structure edited by PyMol software to delete water ions and remove native
peptide structure on the crystal. After that, modified receptor structure saved as
.pdb file to later use as docking template. Peptide sequences derived from
Benchling design and noted as plain text. Shortly, candidate sequences named as
hGLP1 to represent human GLP-1(7-36), mGLP-1h to represent modified, his
tagged human GLP-1(7-36). In final step, these informations loaded to the

HPEPDOCK server (http://huanglab.phys.hust.edu.cn/hpepdock) to operate a

global docking analysis with the candidate peptides. Results investigated with
PyMol molecular viewing software after the analyses by using alignment function
of the program. Aligned receptor-peptide complex images exported for

visualization.

2.12. Biosensor Induction and Measurement

Biosensor measurements are operated for hydrogen peroxide, and glucose
biosensor separately for either E. coli DH5a or E. coli Nissle 1917. For the
hydrogen peroxide biosensors, candidate circuits in bacterial chassis grown from -

80 °C stock for 16 hours in 37 °C, 200 rpm in LB medium supplemented with
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relevant antibiotics. After that, cells transferred into fresh LB medium with 1:100
dilution ratio. Then, cells tracked to an OD, value of 0.4 for the induction.
Hydrogen Peroxide (H.O.) is purchased from Sigma Aldrich and 30% solution
stock contains nearly 10 M H.O.. Experiments carried in both LB medium and 2X
MOPS medium supplemented with Casamino Acid (0.2%) and Glucose (2%). For
the glucose sensor measurements, again the cell stocks grown overnight in LB
medium with relevant antibiotics at 37°C, 200 rpm. After that, cells transferred in
fresh LB or 2X MOPS medium that contains Casamino Acid (0.2%) and Glucose
(2%). After cells reach an OD., value of 0.4, cells induced with D(+)-Glucose by
given concentrations. For all the biosensor measurements, fluorescent signal
tracked in each hour by taking 1 mL sample from the growth, centrifuging down
the sample at 14000 rpm for 1 minute, discarding supernatant, and washing the
pellet for 2 times with 1 mL 1X PBS. As final step, cells resuspended in 250 pL

1X PBS and fluorescence measured with M5 Spectramax Spectrophotometer.

2.13. Biosensor Coupled Peptide and Protein Release

from Cell Surface

Biosensor coupled release system is operated by using double transformed
constructs that carrying Ag43-sfGLP1 protein that is continuously expressed and
Ag43-TEV that is synthesized as the output of glucose sensor module. In the
experiment, E. coli cells carrying only the Ag43-sfGLP1 used as negative control.
At first, overnight grown cells inoculated in fresh LB or 2X MOPS (including
0.1% casamino acid and 2% glycerol) and grown in 30 °C until they reach an

OD value of 0.4 or near. Then, glucose introduced on the medium as 2 and 10
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mM concentrations. Uninduced cells again used as control. For each hour, 250 pL.
sample taken from the cells, centrifuged down at maximum speed for 2 minutes
and supernatant taken for measuring fluorescence at M5 Spectramax
Spectrophotometer.

All the biosensor and protein release experiments have at least three replicates.
After the experiments, collected data analysed by using GraphPad analysis
software. Whole cell fluorescence values divided into OD. value in each

measurement point to normalize the results with cell number.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1. Designing a Whole-Cell Glucose Biosensor

As our first module, we wanted to develop a whole-cell glucose biosensor for the
future applications of detecting glucose levels in human body. With that, we will

be able to develop response modules calibrated with the changing glucose levels.

3.1.1. Designing a Whole-Cell Glucose Biosensor; Two Component

System

In our first design, we adopted two component system strategy that is first used by
Baumgartner et al, 1994 study to sense glucose in E. coli cells [52]. In that
system, a chimeric protein kinase built by fusing periplasmic domain of Trg
protein and cytoplasmic domain of EnvZ sensor kinase together. Trg can naturally
interact with Glucose Galactose Binding Protein (GGBP) in periplasm when
glucose is presented and bound to GGBP. After in that system, Trg periplasmic
domain transfer signal to EnvZ kinase for activation of OmpR effector protein to
activate gene expression from pOmpC promoter in the presence of glucose as
illustrated in Figure 5 [79]. Later, Dr. Jeffrey Tabor built an engineered system to
build light switchable two component systems in E. coli, and deposited pSR59.4
plasmid to the Addgene repository. Here, we used that plasmid to change light

switchable domain of chimeric EnvZ with Trg to build a glucose sensor module.
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This plasmid contains OmpR expression module with pOmpB97 promoter and the
chimeric kinase can control sfGFP expression by pOmpF146 promoter. Overall,
we aimed to use Jeffrey Tabor’s optimized two component system with the
Baumgartner’s chimeric EnvZ to build an effective whole cell glucose sensor for
E. coli bacteria (Figure 6).

OSMOLARITY GLUCOSE

GGBP

OQuter Membrane

Inner Membrane

Figure 5: Illustration of Native and engineered EnvZ pathways.

Gweos?

Figure 6: Illustration of Trg-EnvZ based whole-cell glucose biosensor mechanism.
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3.1.2. Construction of pSR59.4-Trz1 Plasmid

In order to modify pSR59.4 plasmid as a glucose sensor construct, backbone of
the plasmid which contains cytoplasmic segment of EnvZ and promoter regions
amplified with NH4-NW and NH6 primers and 5.3 kb backbone fragment
obtained as expected (Figure 7). After that, periplasmic region of Trg protein
amplified from E. coli DH5a genome with NH1 and NH5-NW primers and an
825 bp insert obtained (Figure 7). After verification of the sequence by plasmid
isolation for 2 colonies and sequencing (Appendix D6), existence of Trg gene
fused to EnvZ confirmed, and cells transformed to an EnvZ deletion mutant E.

coli strain (JW3367-7) purchased from Coli Genetic Stock Center.

Figure 7. Agarose gel image for backbone of pSR59.4 (5.3 kb, left) visualized
with 2-log (NEB, middle) DNA ladder and Trg periplasmic region (825 bp, right).

36



3.1.3. Characterization of pSR59.4-Trzl Construct as Glucose

Sensor Candidate

In order to characterize the glucose sensing abilities of the pSR59.4-Trzl
construct as a glucose sensor candidate, we adopted experimental procedure that
is applied in Baumgartner et al, 1994 study and induced cells that growing at 37
°C with 100 uM glucose and observed the fluorescence increase for the next 2
hours. In the article, it is reported that 100 uM is the lowest concentration that is
not affecting the growth of the cells in LB medium. After investigations, a low
degree of fluorescence signal increase recorded in 2 hours (Figure 8), but in
physiological level, this signal did not show any significant increase (data not

shown).

2000+
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RfU/OD,q,
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Figure 8: Glucose sensor candidate pSR59.4 characterized by 100 uM glucose in
LB medium. Low degree of signal recorded for the samples after 2 hours.

37



Statistical Analysis made for triplicates of samples with Student’s T-Test. Results

minimized with wild type cell fluorescence.

3.2. Designing an Enzyme Based Whole-Cell Glucose

Sensor System

Two components systems are hard to optimize and they require high level of
metabolic burden for the bacterial cells. Besides, during the experiments, fold
change of the signal remained low and we evaluated that as a possible problem for
the future designs. Due to that, we changed our strategy to build a different whole
cell biosensor which utilizes an enzyme to convert glucose to detectable
metabolites in E. coli bacteria. During our literature search, we found that a class
of enzymes known as Glucose Oxidases (from now on, this enzyme will be
referred as GoX) can convert glucose to D-Glucano-1,5-Lactone and Hydrogen
Peroxide. Besides, in the literature, we saw that there are many systems
characterized specifically for measuring hydrogen peroxide concentrations by a
whole cell biosensor mechanism in E. coli (Figure 9). Overall, we proposed that
expressing glucose oxidase and a hydrogen peroxide biosensor construct together
in E. coli could provide us a fast acting whole cell biosensor mechanism. With
that purpose and as a first step to build proposed system, pET22B-T7-GoX

construct build to express GoX gene in E. coli bacteria.
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Figure 9: Illustration of GoX based whole-cell glucose sensor strategy.
3.2.1. Construction of pET22B-T7-GoX-Trx plasmid

For amplifying GoX gene derived from Penicillium amagasakiense, we ordered 4
different gene fragments that has sequential Gibson Assembly overlaps to form
2290 bp GoX gene fragment. In order to amplify this gene, 4 fragments mixed in
distilled water as equal amounts and the 2.2 kb long gene amplified by PCR
reaction with GOX-PET22B-FOR and GOX-PET22B-REV fragments (Figure
10). After that, this gene part joined together with pET22B-T7 backbone obtained
as a 5.2 kb digest product of previously built pET22B-T7-RbmA plasmid
(previously built by Musa Efe Isilak and kindly provided for this study) with Xhol
and Kpnl enzymes (Figure 11). Gibson mix prepared with using 1:2 backbone to
insert ratio and resulted colonies transformed to E. coli DH5a. After that, two
colonies selected from the cloning plate and plasmid isolation procedure operated

to verify sequence with Sanger sequencing (Appendix D7).

39



Kilobases

-
#

&

e b n i1
=—l=E==1=1—

0.1 2-Log Ladder

Figure 10: Agarose gel image for 2290 bp GoX gene amplified from synthesized

gene fragments and visualized with 2-log (NEB) DNA ladder.

2-Log Ladder

Figure 11: Agarose gel image for pET227-T7 backbone obtained from pET22B-
T7-RbmA backbone by digestion with Kpnl-Xhol. 5.2 kb fragment obtained as

expected. 2-Log Ladder (left) used for the characterization.
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3.2.2. Detection of Hydrogen Peroxide Produced by GoX

In order to detect hydrogen peroxide produced by expressed GoX, sequence
verified plasmids transformed into E. coli BL21(DE3) cells with previously
described chemical transformation method. Then, a single colony selected from
the transformation plate and grown in LB medium supplemented with 1 mM
IPTG. By using uninduced and wild type cells as control, hydrogen peroxide
production by the addition of glucose tested with the previously described method

(Figure 12).

From these results, it can be concluded that hydrogen peroxide could be produced
by the bacterial cells coupled with the addition of glucose to the environment.
Although GoX producing cells detected as the highest signal producing cells for
hydrogen peroxide, other cells and even wild type cells detected as to producing
hydrogen peroxide from glucose. In the literature, it is found that glucose addition
may lead to the production of hydrogen peroxide naturally by glycolysis fallowing
regeneration of NAD" from NADH [80]. Overall these results are indicating that
addition of glucose could be converted to hydrogen peroxide in the bacterial
systems with higher ratio when glucose oxidase is presented. Besides, visual
inspection of the reaction after 5 minutes also showing the high degree of

oxidation of the ABTS dye for GoX sample incubated with 50 mM glucose.

In addition to this experiment, hydrogen peroxide production with the changing
amount of GoX also tested with ABTS assay (Figure 13), and it is observed that
the oxidation state of the ABTS could remain steady with 1 mM IPTG induction

which maximizes protein production from T7 promoter.
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Figure 12: Hydrogen peroxide production test for GoX by ABTS assay including

visual inspection of the reaction after 5 minutes (top).
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Figure 13: Hydrogen peroxide production test with ABTS assay by changing GoX
expression rates. Genetic circuit to control GoX induction also illustrated (top).
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3.3. Designing a Whole-Cell Hydrogen Peroxide Biosensor

After the characterization of GoX generated hydrogen peroxide, we continued
with building a hydrogen peroxide biosensor as the second part of our glucose
sensor design. From the literature, we checked internal mechanisms of the
hydrogen peroxide resistance of the E. coli bacteria, and we realized that there is a
transcriptional activator in the genome named as OxyR (Figure 14) which can be

activated in the presence of hydrogen peroxide.[50]

l Pconst

> —_—

-

PAhpCp1 oxyR

Figure 14: Illustration of OxyR based hydrogen peroxide biosensor mechanism

This natural mechanism of OxyR is discovered to be protecting bacteria on the
effect of hydrogen peroxide by activating defence genes from the genome.
Besides, we also realized that there is an engineered promoter in the Registry of
Standard Biological Parts known as AhpCpl, and it is characterized on its
activation by hydrogen peroxide. In order to use that module as hydrogen
peroxide biosensor, we constructed pET22B-PROD OxyR-AhpCpl-sfGFP

plasmid to couple with GoX as glucose sensor.
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3.3.1. Construction of Hydrogen Peroxide Biosensor Plasmid;

pET22B - PROD - OxyR - AhpCpl1 - stGFP

6 kb backbone fragment to generate pET22B-PROD-OxyR-AhpCpl-sfGFP
plasmid obtained from a previously designed sensor plasmid by our lab member
Sila Kose, by digesting the plasmid with BamHI-Spel enzyme (Figure 14). After
that, OxyR fragment generated by PCR reaction operated with Oxy6-Oxy7
primers as a 998 bp amplicon (Figure 15). Two fragments joined together with
Gibson Assembly and Gibson mix transformed in E. coli DHS5a cells by
previously described chemical transformation protocol. After that, 6 colonies
selected from cloning plate and grown for plasmid isolation. Then, in order to
detect the OxyR in the backbone, insert PCR repeated with same primers by but
using PFu polymerase by using plasmids obtained from the colonies as templates.
Resulted PCR fragments visualized in the agarose gel as described and positive

colonies detected (Figure 16).

Figure 15: Agarose gel image for BamHI-Spel digested backbone (6 kb, left) and
OxyR insert (1 kb, right) visualized in agarose gel with 2-log (NEB) DNA ladder.
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Figure 16: Agarose gel image for colony PCR of OxyR detection in colonies.
Colony 1-2-4 and 6 (left to right) interpreted as positive. 2-log (NEB) DNA ladder

used for characterization of amplicons on agarose gel.

After that, positive colony plasmids digested with Xhol-EcoRI to obtain 6.2 kb
backbone (Figure 17) for final stage of cloning and isolated from the gel as
described before. In order to introduce AhpCpl promoter downstream of sfGFP,
gene fragment amplified with NH-ECNKO forward primer and three different
reverse primers named AhpCpl-1, AhpCpl-2, AhpCpl-3 sequentially. Resulted
876 bp PCR product visualized on agarose gel to be used as insert (Figure 17).
After joining two fragments together with Gibson assembly, Gibson mix
transformer in E. coli DH5a by using previously described methods. Resulted
colonies identified by fluorescence and two colonies selected for sequence
verification. After plasmid isolation procedure, samples send to the Sanger

sequencing and results verified for AhpCp1 promoter (Appendix DS).
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Figure 17: Agarose gel image for OxyR including pET22B backbone that is
digested with EcoRI-Xhol (6.2 kb, left) and AhpCp1-sfGPF insert (876 bp, right)

wit 2-log (NEB) DNA ladder on agarose gel.

3.3.3. Characterization of OxyR Based Hydrogen Peroxide

Biosensor

In order to characterize OxyR based hydrogen peroxide biosensor introduced in
pET22B-PROD-OxyR-AhpCpl-sfGPF plasmid, sequence verified cells grown
and characterized with a gradient of hydrogen peroxide as described (Figure 18,
19). From the results it can be seen that our hydrogen peroxide biosensor shows
analogue signal output with the applied inducer concentration. Besides, there is a
fold change increase in fluorescence signal reported for every 1 mM increase in
hydrogen peroxide concentration. Although the signal increase is sufficient to
detect low levels of hydrogen peroxide, background signal is also interpreted as
high for our future applications. In order to reduce background signal, we
designed and cloned a modified version of this biosensor with following

strategies.
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Figure 18: Characterization of pET22B - PROD - OxyR - AhpCpl - sfGFP with

hydrogen peroxide gradient by M5 Spectramax. Note that cells are dying after 10
mM of hydrogen peroxide and this causes the decay on sfGFP fluorescence in the

graph.
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Figure 19: Fluorescence image of the hydrogen peroxide sensor characterization
of pET22B - PROD - OxyR - AhpCp1 — sfGFP
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3.3.4. Design Strategies for Reducing Background Signal for

Hydrogen Peroxide Biosensor

Transcription based biosensor design incorporates two different transcription
factors, activators or repressors. As a fundamental difference between these two
design elements, activators generally cause high level of background signal since
they can activate gene expression even in low amounts. In the case of living
therapeutics, this may cause problems in the form of unintended therapeutic
release from the cells. To prevent that, we modified our sensor design with a
transcriptional repressor by searching the literature and built pZA-PROD-PerR-
Ahp/Per-sfGFP plasmid for further experiments. In that plasmid there is a hybrid
promoter engineered for this study named as Ahp/Per. This promoter constructed
by inserting a PerR binding site to the -10 -35 region of the AhpCpl promoter
(Figure 20) as illustrated below and created a repressible promoter (Figure 21) for
improving the leakage of AhpCpl. Main mechanism of PerR baseh hydrogen

peroxide biosensor also illustrated below (Figure 22).

OxyR Binding Sites

AhpCp1 Promoter

Figure 20: Illustration of genetic elements of the AhpCpl promoter
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Figure 21: Illustration of genetic elements of the hybrid Ahp/Per promoter

PerR
Hydrogen Peroxide — .
l Pconst
PAhpPer perR

Figure 22: Illustration of PerR based hydrogen peroxide biosensor mechanism

3.3.5. Construction of pZA - PROD - PerR - Ahp/Per - sfGFP

plasmid

For the construction of pZA - PROD - PerR - Ahp/Per - sfGFP plasmid, pZA-
PROD backbone (2.9 kb) amplified from previously built sensor plasmid (built
and kindly provided by Sila Kdse) with with pZA-H202-S3-For and pZA-H202-
S3-Rev primers (Figure 23). In order to insert PerR gene to downstream of
PROD, insert amplified from Bacillus subtilis genome by PerR-For and PerR-Rev

primers as 511 bp fragment (Figure 23). Backbone and insert joined together as
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described before, and PerR gene verified from the colonies by colony PCR with
PFu polymerase (Figure 24). PerR verification followed by generation of hybrid
Ahp/Per promoter by amplifying PerR containing backbone with pZA-H202-R-
Revl and pZA-H202-BB-F primers (Figure 25) and sfGFP extended promoter
and ribosome binding site (RBS) region with pZA-H202-R-Forl primer and three
sequential reverse primers named as AhpCpl-PerR-R2 (875 bp), AhpCpl-PerR-
R2 (913 bp), and pZA-H202-Insert-R (953). Obtained 953 bp fragment (Figure
25) joined with backbone by Gibson assembly, and characterized by Sanger

sequencing (Appendix D9,10).

Figure 23: Agarose gel image for pZA-H202-PerR backbone (left, 3 kb) and PerR
insert (511 bp, right) amplified with PCR and visualized on agarose gel with 2-log

DNA ladder (NEB)
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Figure 24: Agarose gel image for colony PCR verification of PerR. 511 bp

amplicons obtained for colony 2-3-4 as expected.

Figure 25: Agarose gel image for PCR results for pZA-PROD-PerR containing
backbone (2.5 kb) and Ahp/Per-sfGFP insert (953 bp) visualized on agarose gel

with 2-log (NEB) DNA ladder for characterization.
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3.3.6. Characterization of PerR based Hydrogen Peroxide

Biosensor

In order to characterize PerR based hydrogen peroxide biosensor, same
experiments that are operated for OxyR based biosensor measurements operated

and the following results are obtained (Figure 26 and 27)

From the results it can be seen that background signal reduced while the fold
change for each milimolar of hydrogen peroxide added to the system is preserved.
With these results, we are confident that we engineered a novel, low background

hydrogen peroxide biosensor for the future applications.
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Figure 26: Characterization of cell fluorescence for of pZA - PROD - PerR -

Ahp/Per - stGFP with hydrogen peroxide gradient by M5 Spectramax.
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Figure 27: Fluorescence image of the hydrogen peroxide sensor characterization

of pET22B - PROD - OxyR - AhpCpl1 - sfGFP.

3.3.7. Co-Transformation and Characterization of Hydrogen

Peroxide Biosensor Constructs with GoX

To build our glucose biosensor with previously proposed design, we co-
transformed OxyR and PerR based biosensor plasmids with E. coli BL21(DE3)
cells that harboring pET22B-T7-GoX-Trx plasmid. With that way, we are aiming
to couple hydrogen peroxide production mediated by GoX with hydrogen
peroxide biosensor to have a whole cell glucose biosensor. After co-
transformation, cells harboring candidate glucose sensor systems tested for their

response against glucose (Figure 28).
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Figure 28: Results for GoX coupled hydrogen peroxide biosensor. Measurements
operated by the addition of 5 or 10 mM glucose as the sensor input. Statistical
Analysis made for triplicates of samples with Tukey’s Multiple Comparison Test

(*: p<0.1, (**: p<0.01). Results minimized with wild type cell fluorescence.

Although the results are showing a slight increase upon addition of glucose into
the system, overall design requires optimization for achieving a high degree of
signal upon induction. We suppose that low signal ratio in this design may be
caused from low amount of hydrogen peroxide produced via GoX and maybe the

resistance by integral hydrogen peroxide defense mechanisms.
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3.4. Design Strategies for SpxB Based Whole-Cell Glucose

Sensor

As an alternative strategy to GoX based glucose sensor and increase the overall
signal strength, we designed a different strategy based on the production of
pyruvate from glucose via internal glycolysis pathway. In that system, glucose
consumption of bacteria resulted with the production of pyruvate as a product of
glycolysis, and this pyruvate molecule then converted to the hydrogen peroxide
via SpxB pyruvate oxidase. After that, optimized hydrogen peroxide biosensor
detects its inducer to give the output signal as a function of glucose presented.

In this system, we designed two different approach (Figure 29) to build a SpxB
based glucose sensor strategy. In first design, production of PerR and SpxB
modulated by a constitutive promoter, PROD, to prepare system for glucose
detection. Upon consumption of glucose via glycolysis, system planned to be
triggered by the production of hydrogen peroxide and retardation in PerR
function, which allows Ahp/Per hybrid promoter to produce sfGFP. This design
named as simple regulation construct since it is inspired from the basic form of
whole cell biosensor design (Figure 30).

In second strategy, we wanted to build a positive autoregulation circuit, which can
trigger itself by the production of hydrogen peroxide from glucose consumption.
In this system, SpxB gene transferred to the downstream of Ahp/Per promoter
with sfGFP to reduce background coming from glycerol consumption during E.

coli growth (Figure 31).
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Figure 29: Illustration of SpxB based glucose biosensors. A) Simple Regulation

Circuit, B) Positive Autoregulation Circuit)

—_—

— - 1 -

PerR SpxB sfGFP

ProD ‘ 1 Ahp/Per

Figure 30: Circuit representation of simple regulation circuit for SpxB based

glucose sensor
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Figure 31: Circuit representation of positive autoregulation circuit for SpxB based

glucose sensor

3.4.1. Cloning for Simple Regulation and Positive Feedback

Constructs for SpxB Based Glucose Sensor

In order to clone simple regulation glucose sensor plasmid, PerR based hydrogen
peroxide biosensor plasmid digested with BamHI and 3.2 kb fragment used as
backbone (Figure 32). As insert, SpxB gene obtained from iGEM 2019
distribution kit by PCR amplification with SpxB-For and SpxB-Rev primers as a
2007 bp fragment (Figure 32). Two fragments joined together as previously

described and SpxB gene checked by colony PCR (Figure 33).

Figure 32: Agarose gel image for 3.2 kb backbone and 2007 bp SpxB insert
amplified by PCR for cloning simple regulation circuit. Amplicons visualized on
agarose gel with 2-log (NEB) DNA ladder.
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2007 bp

Figure 33: Agarose gel image for colony PCR to detect 2007 bp SpxB insert.

Amplicons visualized on agarose gel with 2-log (NEB) DNA ladder.

Figure 34: Agarose gel image for 3.3 kb backbone and 1898 bp SpxB insert
amplified by PCR for cloning positive autoregulation circuit. Amplicons

visualized on agarose gel with 2-log (NEB) DNA ladder.
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For cloning the positive autoregulation construct, backbone (3.3 kb) amplified by
PCR via SpxB-M2-BB-For and SpxB-M2-BB-Rev primers by using PerR based
hydrogen peroxide biosensor as template (Figure 34). SpxB insert amplified again
from iGEM 2019 distribution kit by SpxB-M2-For and SpxB-M2-Rev primers
and 1898 by fragment used as insert to join two fragments as described before
(Figure 34). SpxB gene initial region detected by Sanger Sequencing (Appendix

D).

3.4.2 Characterization of SpxB Based Glucose Sensors with

Probiotic Bacteria

In order to characterize two sensor constructs, we transformed simple regulation
and positive autoregulation plasmids to the E. coli Nissle 1917 probiotic bacteria
by previously described method. Overall procedure to isolate, characterize and

transform E. coli Nissle 1917 operated as illustrated below (Figure 35);

Dried probiotic cells Streaked in LB Agar
— % dissolved in 10 mL plate without
sterile water antibiotics, selection of
single colony and
growth (with 5
antibiotics contro)l

2nd check with Nissle 1st check with Nissle Specific PCR,
Specific PCR for single only Nissle specific genes amplified
colonies of transformations

Competent cell preparation
and transformation of
isolated strain with glucose t—
sensor plasmids

Figure 35: Experimental workflow to isolate and identify E. coli Nissle
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After transformation into E. coli Nissle 1917 by chemical transformation, sensor
constructs characterized by growing cells in LB medium at 37 °C, 200 rpm for
overnight and inoculation in 2x MOPS (supplemented with 2% glycerol) medium
to grow until an OD600 value of 0.4-0.5. Then, cells induced with given amounts
of glucose to test system response. Biosensor measurements operated by standard
procedures that are described before. As figures illustrate below (Figure 36, 37),
up to 2.5 fold change in signal response recorded by simple regulation circuit and
by positive autoregulation circuit. Considering that intestinal L-cells that are
natural sources of GLP-1 hormone, are regulating their expression with 4-fold
change in gene expression, these circuits are showing near ideal output for our
designs. Signal outputs of the circuits are also distinguishable by naked eye under

transilluminator device (Figure 36, 37).

As a comparison of three different whole-cell glucose biosensor strategies (Figure
38), we can conclude that we solved the detection problem by engineering
enzyme based biosensor strategies with glucose or pyruvate oxidases. With
glucose oxidase, we obtained 1-fold change for diabetic blood glucose levels, but
at the same time, we had high background which can later cause instability for the
therapeutics release. In our last strategy, we obtained a low background glucose
biosensor which has up to 2.5-fold signal change with diabetic blood glucose
levels. Besides, low background will provide o steadier and less leaky system in

the future applications.
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Figure 36: Characterization of simple regulation circuit with physiologic levels of
glucose fluorescence analysis and visual fluorescence check. Analysis made for
triplicates of samples with Tukey’s Multiple Comparison Test (*: p<0.1, ***:

p<0.001). Results minimized with wild type cell fluorescence.
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Figure 37: Characterization of positive autoregulation circuit with physiologic
levels of glucose by fluorescence analysis and visual fluorescence check. Analysis
made for triplicates of samples with Tukey’s Multiple Comparison Test (*:

p<0.1). Results minimized with wild type cell fluorescence.
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Figure 38: Comparison of three differend biosensor strategies
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3.5. Displaying Wild Type and Mutant GLP-1 peptides on

Cell Surface

In a recent study, it is shown that cargo protein that is incorporated between signal
peptide and N-terminal passenger portion of Ag43 autotransporter can be
displayed in the E. coli cell surface efficiently.[66] Besides, by adding a TEV
recognition site between Ag43-alpha passenger domain and cargo protein can
allow specific control on the release of the protein after the display. Overall
topology and the strategy of the Ag43 mediated release design illustrated below

(Figure 39).

Signal Peptide Ag43-alpha passenger domain

Cargo Protein Ag43-beta translocation domain

Figure 39: Structure of engineered Ag43 for the display and release of proteins
from cell surface. TEV cut site specifically placed between cargo and alpha

passenger domain to mediate release.

In our strategy, this system utilized to display active form of human GLP-1
peptide hormone (7-36 amino acids of native hormone) to build an inducer-
dependant release machinery. With that purpose, pET22B - T7 - Ag43 - GLP1
plasmid built to display GLP-1(7-36) hormone at E. coli cell surface and later
pET22B - T7 - Ag43 - sfGLP1 built by fusing sfGFP gene to GLP-1 peptide for

further characterization. TEV recognition site also preserved at the constructs for
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engineering controlled release strategies. Overall system illustrated below (Figure

40);
Cargo
——%Y——- TEV Cut Site Display on surface
No Release
Ag43 Autotransporter
TEV Protease
Release from the surface
+ . 4+ byTEVaction
Ag43 Autotransporter
-—
Surface Displayed
Cargo
Ag43-Cargo -
-
AT
\
c.ed //
0 Ao Released
g du°°° Ag43-TEV Ferag

Figure 40: Illustration of overall strategy to release therapeutic peptides

3.5.1. Construction of pET22B - T7 - Ag43 - GLP1 and pET22B -

T7 - Ag43 - stGLP1 plasmids

In order to construct pET22B-T7-Ag43-GLP1 plasmid, backbone fragment
obtained by digesting pET22B-T7-ap40 plasmid (built by Cemile Elif Ozcelik
and kindly provided for this study) digested with AfIIII and Spel to obtain 7.9 kb
expected backbone (Figure 41). GLP-1 gene obtained by amplifying with GLP1-
Lig-For and GLP1-Lig-Rev primers. Ag43-GLP1 fragment amplified by

extension PCR to add GLP-1 gene as described in methods used as template.
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Finally, obtained GLP-1 gene fragment digested with AfIIII and Spel, visualized
in 1% agarose gel with expected 132 bp length (Figure 41) and isolated from the
gel with previously described methods. As a last step, digested GLP-1 gene and
T7-Ag43 carrying pET22B backbone fused together with T4 Ligation. Later,
DNA sequence verified with Sanger Sequencing (Appendix D1). Since peptide
molecules are hard to identify and visualize in liquid solutions, we decided to fuse
sfGFP protein for easy tracking the release of the peptide from the cell surface. To
do that, pET22B-T7-Ag43-sfGLP1 plasmid constructed. As the backbone of that
plasmid for direct usage, sequence verified pET22B-T7-Ag43-sfGLP1 plasmid

digested with Spel which has a cut site on N-terminal portion of GLP-1.

2-Log Ladder

Figure 41: Agarose gel image for AfIIIl and Spel digested GLP-1 fragment (132
bp) and 2-log ladder (NEB) at left. AfIIII and Spel digested backbone (7.9 kb) and

2-Log ladder (NEB) right.

sfGFP gene amplified from pET22B-T7-Ag43-sfGFP plasmid (previously built
and kindly provided by Recep Erdem Ahan) by using sfGLP1-F and sfGLP1-R

primers as an expected 775 bp amplicon (Figure 42) to fuse on this cut site with
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Gibson assembly. After the transformation of E. coli DHS5a, three colonies
selected and plasmid isolation procedure applied for these colonies. Isolated
plasmids chemically transformed in E. coli BL21(DE3) strain to induce protein
production with T7 promoter, and colonies selected by visual inspection of
fluorescence (Figure 41) during the growth in auto-induction medium , which
prevents Lacl repression on T7 promoter and keeps expression of this promoter
open without induction. Lastly, visually characterized colonies grown for plasmid
isolation from DHS5a stock and plasmid sequences verified by Sanger sequencing

(Appendix D2).

2-Log Ladder

Figure 42: Agarose gel image for 2-Log ladder (NEB) left and sfGFP fragment
with GLP-1 insert overlaps (775 bp amplicon) at middle, sfGLP1 fluorescence

shown after transformation to the BL21(DE3) (left)

3.5.2. Characterization of Surface Displayed Proteins by Heat
Release Assay

In order to characterize sfGFP fused GLP-1 display on surface (from now on

fusion protein will be referred as sfGLP1), heat release assay applied. It is known
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that while passing from the membrane, alpha-passenger domain is cleaved by
internal protease of the autotransporter machinery and weak interaction between
alpha-passenger and beta-translocation domain of Ag43 autotransporter keeps
alpha-passenger domain on the surface [81]. It is also characterized that by briefly
heating the cells, this weak interactions can be disrupted to detach alpha-
passenger domain and attached cargo from the surface. With that aim, cells that
display Ag43 mediated sfGLP1 protein grown in auto-induction medium at 30 °C,
200 rpm for overnight by using Ag43 mediated sfGFP displaying cells as positive
control. After that, cells washed 2 times with 1x PBS by centrifuging down at
3000 rpm for 10 minutes. Finally, cells heated for 5 minutes at 60 °C in heat block
to release proteins from the surface while keeping a set of non-treated cells as
negative control. After that, cells centrifuged down and supernatant fluorescence

measured by M5 Spectramax (Figure 43).
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Figure 43: Fluorescence measurement by heat release of sfGLP1. Statistical
analyses made for triplicates of experimental samples with Student’s T-Test. (***:

p<0.001, **: p<0.01)
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It can be seen that supernatant fluorescence increases for both positive control and
sfGLP1 construct, which is an indicator of the detachment of alpha-passenger
domain from the cell surface. Although this assay is a useful way to prove surface
display, results are not showing indications about TEV controlled release.
Besides, in that strategy, cargo protein remains attached to the alpha-passenger
domain, which may cause functional problems for the cargo in the case of

enzymes or other proteins.

3.5.3. Characterization of Surface Displayed Proteins by Purified

TEV Release Assay

In this thesis, our aim is to generate peptide release systems which can be
precisely controlled by genetically produced TEV protease. To do that, we
constructed GLP-1 and sfGLP-1 fused with alpha-passenger and beta-
translocation domain of Ag43 autotransporter. Although the heat release and
weak-bond disruption between alpha-passenger and beta-translocation domain
shows dislocation of cargo protein with passenger domain, release of displayed
proteins with TEV protease also critical for our design. To prove that, TEV
release assay operated with using purified TEV protease. sfGFP and sfGLPI
displaying cells grown overnight in autoinduction medium at 30 °C, 200 rpm.
After that, cells washed with 1xPBS (Phosphate Buffered Saline) for 2 times by
centrifuging down at 3000 rpm for 10 minutes. Then, cells resuspended in 1x
TEV buffer and 10 pg purified GST-TEV protein. After 16 hours of incubation at
+4 °C in rotator, 250 uL cell sample taken and centrifuged down. Supernatant

analyzed at M5 spectramax to detect released fluorescence levels (Figure 44).
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From the results it can be seen that TEV protease can access its recognition site on
the surface displayed proteins and can facilitate the release by cleaving the peptide
backbone. In our design, TEV protease is not aimed to produce extracellularly,
but with that assay, it is shown that biologically produced TEV could be the main
element of our strategy that is designed to have controlled release of the surface
displayed proteins. From the results it can also be seen that, although the release
ratio for sfGFP and sfGLPIl obtained around 1-fold change, their maximum

fluorescence is not same.

sfGFP

B -Tev

+ TEV

M -TEV

GLP-1/sfGFP

N N O
Q Q Q Q

Fluorescence Signal [538 nm]

Figure 44: Supernatant fluorescence after TEV release assay. sfGFP displaying
cells that carrying pET22B-T7-Ag43-sfGFP used as positive control. sfGLP1
displaying, pET22B-T7-Ag43-sfGFP carrying cells used as test group. Samples

were divided into two groups as TEV uninduced (-) and TEV induced (+).
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This is probably an indication of display efficiency for free sftGFP and GLP-1
tagged sfGFP protein. Although sfGFP is a fast folding mutant of fluorescent
proteins, changes in the terminal regions can affect the folding and fluorescence

efficiency [82].

3.5.4. Characterization of Surface Displayed Proteins by

Genetically Produced TEV protease

In our strategy, we are aiming to build a response system that can sense
extracellular stimulus and show its response by releasing target molecules.
Experiments with TEV protease mediated release of surface displayed proteins
including sfGLP1 can be released from the surface (Figure 45). As stated before,
our strategy does not include addition of purified TEV protease to release the
proteins, apart from this, we are aiming to produce TEV protease genetically as a
control element for the release with an input molecule. To model that system, we
co transformed pET22B-T7-Ag43-sfGLP1 carrying E. coli BL21(DE3) cells with
pZA-tetO-Ag43-TEV plasmid (produced by Recep Erdem Ahan and kindly
provided for this study, carrying Kanamycin resistance) which carries an
inducible expression system that can be controlled with the addition
of anhydrotetracycline (aTc). Genetic circuits that describe these modules
illustrated in Figure 46. In that system, addition of aTc causes retardation of the
repressing function of TetR transcriptional repressor, and this functional change
starts the protein production from tetO promoter. In our case, this system can also
be a suitable model for biosensor coupled release of the target proteins from the

cell surface.
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Figure 45: Illustration of overall mechanism to release sfGLP-1 from cell surface

A. aTc B. IPTG
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Ag43-TEV Ag43-sfGLP1

Figure 46: Co-transformed modules for genetically produced TEV protease
release assay, A) aTc controlled Ag43-TEV expression circuit, B) IPTG
controlled Ag43-sfGLP1 expression circuit

For testing the functionality of genetically produced TEV strategy, double
plasmid carrying E. coli BL21(DE3) bacteria (which can produce both Ag43-TEV
and Ag43-sfGLP1) and single plasmid carrying (which can only produce Ag43-
sfGLP1) grown overnight in autoinduction at 200 rpm, 30 °C in LB medium to
display proteins on cell surface. After that, cells transferred in 2XMOPS medium
by centrifuging down cells at 3000 rpm for 10 minutes and washing the cells with
1xPBS for 2 times. After that, cells resuspended in 2XMOPS medium and each
group divided into two subgroups as aTc (50 ng/uL) induced and uninduced.
After 18h induction at 30 °C and 200 rpm shaker, 250 pL samples taken from the
cells, samples centrifuged down at maximum speed for 2 minutes and

fluorescence of supernatant measured by M5 spectramax (Figure 47).
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Figure 47: Genetically produced TEV release experiment for cells carrying Ag43-
sfGFP or Ag43-sfGLP1 gene transformed with/without Ag43-TEV production
plasmid. Statistical Analysis made for triplicates of samples with Student’s T-Test

(****: p<0.0001). Results minimized with wild type cell fluorescence.

In here, results are showing that genetically induced TEV protease could be
displayed on the cell surface, can also protect its enzymatic activity to find its
cognate sequence and can cleave peptide bond from that site to release surface
displayed proteins. Overall, this model system strongly indicating that our system
could be used to deliver surface displayed proteins to the environment if the
production of Ag43-TEV could be coupled with a sensor mechanism as an output
of the sensor. As also stated in our aim, we are later planning to design a glucose

sensitive system which can control release of the surface displayed proteins by
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changing glucose levels. Nearly 3-fold change in the supernatant fluorescence in
that experiment shows that our system is a potential candidate for our future

designs.
3.5.5. SDS-PAGE Analysis for the Surface Released Proteins

In order to detect and visualize the existence of sftGLP1 in heat released samples,
we operated SDS-PAGE analysis as previously described method. Here, we are
aimed to observe 52 kDa fragment of alpha-passenger domain and sfGLP-1

released from the surface (Figure 48).
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Figure 48: SDS-PAGE analysis with 12% SDS PAGE gel and Page Ruler
(Thermo Scientific) protein ladder. 52 kDa overexpression band observed as

expected near 55 kDa ladder band.

Here, we are also observing additional bands in the SDS PAGE gel in addition to
predicted 52 kDa protein band. The reason behind this could be the burst of the

cells during the procedures, or whole cell contamination during the experiments.
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3.5.6. Mass Spectrometry (MS) Analyses

In order to analytically show the release of our target proteins from the surface,
we operated MS analyses with the help of Dr. Omiir Celikbigak from Hacettepe
University’s HUNITEK analysis laboratories. Sample preparation and analyses
operated by previously described methods and techniques. Results from the MS
analyses for extracellular TEV release and genetically induced TEV release of
sfGLP1 and GLP-1 obtained as illustrated below (Figure 49-56). Molecular
weights for GLP-1 and sfGLP-1 calculated as 4778.59 Da and 32653.98 Da
respectively. Note that for this experiment, GLP-1 is also produced with the same

strategy that sfGLP1 release operated during two different TEV release strategies.

Experimental results above are showing that there is a strong evidence of released
target protein/peptide to the supernatant by the TEV controlled release strategies.
It should be stated that diverse bands in the results are also observed in SDS
Analyses (Figure 11) operated during the release experiments. For the future of
the experiments, toxicity or immunologic response to these bulk proteins might be
investigated, but in the literature it is shown that E. coli Nissle 1917 strain is a
safe probiotic strain which is naturally colonizes the human gut without causing
immunologic effect. Images generated by Bruker Flex Analysis software. In the
data, X-axis in the graph represents mass (since in m/z, z is generally considered

as 1) and Y-axis in the graph represents intensity.
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Figure 49: MS analysis results for wild type E. coli BL21(DE3) sample given as
negative control for release experiment with purified TEV. Lower spectrum peaks
(0-14 kDa) showing peaks for different molecular weight samples as expected. No

trace detected for GLP-1.
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Figure 50: MS analysis results for wild type E. coli BL21(DE3) sample given as
negative control for release experiment with purified TEV. Upper spectrum peaks
(14-40 kDa) showing peaks for different molecular weight samples as expected.

No trace detected for sfGLP-1.
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Figure 51: MS analysis results for E. coli BL21(DE3) - GLP-1 sample given for
release experiment with purified TEV and expected GLP-1 in solution. Sample
produced by extracellular TEV release of the GLP-1 from the surface. 4765.902
Da peak (squared in red) in the spectrum is interpreted as GLP-1 since it highly

corresponds with expected molecular weight.
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Figure 52: MS analysis results for E. coli BL21(DE3) - sfGLP-1 sample given for

release experiment with purified TEV and expected sfGLP-1 in solution. Sample

produced by extracellular TEV release of the sfGLP-1 from the surface.

32281.590 Da peak (squared in red) in the spectrum is interpreted as sfGLP-1

since it highly corresponds with expected molecular weight.
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Figure 53: MS analysis results for wild type E. coli BL21(DE3) sample given as
negative control for genetically produced TEV release experiment. Upper
spectrum peaks showing peaks for different molecular weight samples as

expected. No trace detected for sSftGLP-1 or GLP-1.
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Figure 54: MS analysis results for E. coli BL21(DE3) - sfGLP-1 sample given for
genetically produced TEV release experiment and expected sfGLP-1 in solution.
Sample produced by genetically induced and surface displayed TEV release of the
sfGLP-1 from the surface. 32287.054 Da peak (squared in red) in the spectrum is
interpreted as sfGLP-1 since it highly corresponds with expected molecular

weight.
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Figure 55: MS analysis results for E. coli BL21(DE3) - GLP-1 sample given for

genetically produced TEV release experiment and expected GLP-1 in solution.

Sample produced by genetically induced and surface displayed TEV release of the

GLP-1 from the surface. 4672.843 Da peak (squared in red) in the spectrum is

interpreted as GLP-1 since it highly corresponds with expected molecular weight.
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Figure 56: MS analysis results for E. coli BL21(DE3) - sfGLP-1 sample given for

genetically produced TEV release experiment and expected sfGLP-1 in solution.

Different from Figure 17, this sample generated by a longer genetic induction for

Ag43-TEV display and sfGLP-1 release. Sample produced by genetically induced

and surface displayed TEV release of the sfGLP-1 from the surface. 32290.365

Da peak (squared in red) in the spectrum is interpreted as sfGLP-1 since it highly

corresponds with expected molecular weight.
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3.5.7. Docking Studies for the Comparison of GLP-1 Analogues

After characterization and evaluation of the potential of TEV mediated release
systems, we wanted to increase potential of our peptide release system by
increasing the number of peptides in our repertoire. With that purpose, new GLP-
1 analogues selected from the literature. Before cloning, selected peptide
molecules characterized by peptide docking by using an online server,
HPEPDOCK. In that server, possible structures for given peptide molecules
calculated by MODPEP program and without long simulations, possible models
for docking generated. After the docking analyses, structures investigated and
visualized in PyMol molecular viewer (Figure 59). Binding energies for mGLP-1-

His and human GLP-1(7-36) also obtained as shown below (Figure 57, 58);

Rank 1 2 3 4 5 6 7 8 9 10
Docking Score -283.229 -278.311 -277.105 -274.813 -270.142 -258.948 -258.000 -256.699 -255.694 -253.008

Figure 57: Binding energies for best 10 models for the docking of human GLP-

1(7-36) to human GLP1 receptor.

Rank 1 2 3 4 5 6 7 8 9 10
Docking Score -280.809 -271.644 -267.458 -260.158 -255.454 -254.966 -254.775 -245.753 -248.904 -248.025

Figure 58: Binding energies for best 10 models for the docking of mGLP-1(7-36)-

His to human GLP1 receptor.
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Human GLP1
Receptor

Native human

GLP-1(7-36)

mGLP-1(7-36)-His

Figure 59: Docking results representing green (human GLP-1 receptor), purple

(mGLP-1(7-36)-His) and blue (native human GLP-1(7-36)).

In the literature, binding site of the human GLP-1(7-36) hormone to the human
GLP-1 receptor defined with a full length, peptide bound X-Ray crystal structure
[83]. Here our docking results showing very strong correlation with this study, as
the two of the candidate peptides calculated to bind alpha-helical regions between
extracellular domain and periplasmic domain. It can be suggested that
modifications on peptide structures for incorporation with peptide release systems
may not be affecting binding capabilities of our candidate peptides. Besides, very
low difference between binding energies of native and engineered structures of
peptide molecules are showing that essential residues are neither affected by the
modifications, nor changing the folding kinetics. Prior to in vitro activity studies,
our docking results showing promising binding kinetics for designed peptides.
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3.5.8. Construction of pET22B-T7 Plasmids for GLP-1 Analogues

After the docking studies, three GLP-1 analogues designed to enrich the peptide
release repertoire in our study (Figure 60). These analogues named as mGLP1 (7-
36)-His, which has a modified version of GLP-1 hormone for proteases,
mGLP1(7-36)-PEN, which has mGLP1 fused with a cell penetrating peptide, and
Exentin-4-PEN, which has an another GLP-1 analogue fused with cell penetrating
peptide. These analogues ordered from IDT Company as gene fragments with
Gibson assembly overlaps and assembled with plasmid backbone that is used to
construct pET22B-T7-Ag43-GLP1 plasmid by using 1:8 backbone to insert ratio.
After cloning, two colonies selected for each analogue and send to the Sanger
sequencing (Appendix D3, 4, 5). With that, we will also be able to test different

GLP-1 mutants for their ability to lower glucose levels in the future.

TEV

A. | Penetratin | Ag43-alpha Ag43-beta
Exendin-4

| Penetratin Ag43-alpha Ag43-beta
mGLP1(7-36)

xHis Ag43-alpha | Ag43-beta |
mGLP1(7-36)

Figure 60: Illustration of GLP-1 analogues A) Exentin-4-PEN, B) mGLP1(7-36)-

PEN, C) mGLP1 (7-36)-His
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3.6. Design Strategies for Glucose Sensor Coupled sfGLP-

1 release from E. coli Bacteria

As a final experiment to test our system, we designed two different constructs to
control the release of sfGLP-1 from the surface of E. coli bacteria. This
experiment designed to be a model for our main aim in this thesis, which is to
build a biological system to detect glucose and respond by synthesizing

therapeutic molecules with detection signal strength.

In order to do that, sfGLP-1 continuously displayed on cell surface by transferring
its gene to the downstream region of a constitutive promoter, PROD, with SpxB
enzyme to continuously express these two proteins. In a different plasmid, we
cloned PerR continuously expressed from PROD promoter and Ag43-TEV from
Ahp/Per hybrid promoter. With this design, it is aimed to display Ag43-TEV on
the cell surface with correlated amount of glucose presented in the environment.
Eventually, it is aimed to release Ag43-stGLP1 to the environment by glucose

controlled Ag43-TEV expression with illustrated strategies below (Figure 61).

During the experiments, cells grown in glycerol supplemented 2XMOPS medium
at a certain cell number to provide continuous display of sfGLP1 to the surface.
After that, glucose added to the medium with given concentrations to start Ag43-
TEV display to the surface coupled by glucose sensor mechanism. At the end of
the experiments, growth samples collected and supernatant fluorescence
measured. Overall design and characterization strategy build to represent cell

growth in living conditions and introduction of glucose to the environment.
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Figure 61: Illustration of glucose sensor coupled release strategy A) and genetic

circuits for pZA-Ahp/Per-Ag43-TEV B) and pZS-PROD-SpxB-Ag43-sfGLP1 C).

3.6.1 Cloning for pZS - SpxB - Ag43 - sfGLP1 and pZA - Ahp/Per

- Ag43 - TEV plasmids

In order to construct pZA - PROD - PerR - Ahp/Per - Ag43 - TEV plasmid,
previously built, PerR based hydrogen peroxide biosensor plasmid used as
template to amplify 2.6 kb backbone with pZA-H202-R-Revl and pZA-V3-Rel-
BB-For primers. Ag43-TEV insert (3369 bp) to generate that plasmid obtained
from REAS83 plasmid (previously built and kindly provided by Recep Erdem

Ahan) with using pZA-V3-Rel-For and pZA-V3-Rel-Rev primers (Figure 62).
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Two fragments joined together as previously described and Ag43-TEV gene

characterized by colony PCR.
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Figure 62: Agarose gel image for pZA - Ahp/Per - Ag43-TEV construct insert
(right, 3369 bp) and backbone (right, 2.6 kb). 2-log (NEB) DNA ladder used for

characterizations.
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Figure 63: Agarose gel image for colony PCR to detect 3369 bp Ag43-TEV insert

in for pZA - Ahp/Per - Ag43-TEV construct
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For the construction of continuous expression of SpxB and continuous display of
Ag43-sfGLP1, pZS-PROD-SpxB-Ag43-sfGLP1 plasmid built as previously
described. In order to amplify backbone (3.7 kb), pZS-PROD plasmid previously
built gold sensor plasmid amplified with REA97 and REA9S8 primers (Figure 64).
After that, first insert SpxB gene amplified with pZS-PRODMC-Rev and SpxB-
EF primers as 2004 bp amplicon (Figure 64) and Ag43-sfGLP1 gene amplified by
using PELB-SpxBE-rev and Ag43-sfGLP1-pZS-For primers as 3474 bp amplicon
(Figure 64). These three fragments joined together as previously described and

characterized. sfGFP fluorescence also visually inspected for characterization.

Figure 64: Agarose gel image for pZS-PROD-SpxB-Ag43-sfGLP1 construct.
Backnone and first insert (left, 3.7 kb backbone, 2 kb insert) and second insert

(right, 2.6 kb). 2-log (NEB) DNA ladder used for characterizations.
3.6.2 Characterization of Glucose Sensor Coupled Release System

In order to preliminarily test the release of sfGLP-1 from cell surface, we co-
transformed pZS - PRD - SpxB - Ag43 - sfGLP1 and pZA - PROD - PerR -
Ahp/Per - Ag43 - TEV plasmids into E. coli DH5a. In that experiment, we are

aimed to continuously display sfGLP1 on E. coli surface, and by controlling the
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expression of AG43-TEV via the glucose sensor, we wanted to adjust the release
of the sfGLPI. SpxB and PerR also continuously expressed to build the system
inside cell. During the experiment, cells grown in LB medium overnight at 37 °C,
200 rpm for overnight. After that cells passaged into fresh 2x MOPS
(supplemented with 2% glycerol) medium with 1:100 dilution to grow until an
OD600 value of 0.4-0.5. Then, cells induced with given amounts of glucose to test
system response. Next, cells transferred in 30 °C, 200 rpm for overnight growth.
Finally, fluorescence of cell supernatant measured as described before and

following results obtained (Figure 65).

According to the results, it can be said that there is a significant change in
fluorescence of the supernatant of growth media which is statistically significant.
Although the signal ratio is very low, these results indicating that our system
could be a good basis for optimizing glucose sensor mediated peptide release from
the surface. In addition, it is known that glycerol, which is the primary carbon
source during the experiments, can also be converted to the pyruvate by the E. coli
metabolism. This is probably the main reason of high background fluorescence in
low glucose growth conditions. To prevent this, experiment will repeated with
alternative carbon sources such as acetate or succinate, which are not converted

into pyruvate, yet supporting the growth.

Overall, whole-cell glucose biosensor coupled release strategy has a flexible and
robust design which can be engineered more to optimize therapeutic strategies
with the proposed system. Although physiological conditions are different inside
the human body, we believe that our systems providing ideal basis modules to
optimize complex operations.
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Figure 65: Glucose sensor controlled sfGLP-1 release characterized by measuring
fluorescence at M5 Spectramax. Statistical analyses made by using triplicates of
samples and by incorporating Tukey’s Multiple Comparison Test (One Way

ANOVA, ***: p<0.001, ****: p<0.0001).
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CHAPTER 4

CONCLUSIONS

In conclusion, our prototype biological device can detect glucose levels and
respond these glucose levels by releasing therapeutic molecules in a certain level.
To achieve this, we engineered two different modules by also trying different
strategies from the literature. Although they promise high specificity, two
component systems having problems in physiological levels of glucose since the
cell chassis also affected from the inducer. As an alternative strategy, GoX
mediated glucose sensor design experiments showed us that hydrogen peroxide
can be produced inside the cell but resistance mechanisms and internal generation
of hydrogen peroxide could have negative effects on enzyme mediated designs on
metabolite biosensors. Yet, SpxB mediated designs provided a better solution for
our glucose sensor design by yielding sufficient levels of signal output. Apart
from the sensor module, characterizations on release system resulted with positive
and promising data about release characterization and future biological activity
assays. Our heat release and extracellular TEV release experiments gave positive
results as expected about the release of targeted molecules, and later MS analyses
also confirmed our predictions. Besides, docking studies resulted with promising
models that is giving valuable pre-visions about binding kinetics of our
engineered peptides. Finally, preliminary experiments on incorporating release
and sensing modules also yielded positive results and gave us insights about
future characterizations. Overall, experiments on proposed strategy resulted with
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promising outcomes for the design of the system. Development of such modules
can also support research on different disease conditions, and could be an optimal
basis for the development of theranostic biodevices for other biomedical

applications.
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APPENDIX A

DNA sequences used in this study

Table Al: DNA sequences of genes and genetic elements used in this study

Gene / Element

Sequence

T7 Terminator

CAAAAAACCCCTCAAGACCCGTTTAGAGGCCCCAAG
GGGTTATGCTAG

Ag43 Beta
Translocation
Domain

GAAGGTCACATTCAGTGTGGCCTGACCGTTATACCC
TTCAGCGCTGCTGCCGCTGACGCTGTGGGCATAACC
GGCCTGAACGCCCAGGGTGATATTTTCCCGGACACG
GGCTTCCAGTCCGGCCTGCAGGTCCAGTGATGTGCC
ATTCTGTGAGGGAGAGAACGTCATCCCGCTGCCTGC
AGTGGAAGTCCCCACACGCATATCTCCCCGGGAGCT
GAAGGTGCGGATAACAGAAGGCTGTACCCACCAGTT
CACCGGTAATTCACTCACACTGTGTTTTGCACTGTCA
CGCAGGGGGGCACGGGATGAGGTGCCTTCGCCAAA
GGTCATATCGTTGTGGCTGCCCAGACGGAAACCGGC
ACGCACATGTTGTGCACTGCCATGCCCGAACTTCAC
ATAACCGGCGTTGTCCTTACCGTCATCCAGGGAAAG
TCCCTGCCAGGTATACTGCAGTTGTGGCTCCAGCATC
AGGTTGTCAGTGATACTGAAGGGCAGACCGGTTTCC
AGTGAGCCCAGCCAGCCCCAGCCCCGGGCGCGGAA
GTCGTTATTGTCCGATGACGCTTTCATGCTGTGGCGG
GTTCCCTGTGCCACAATGTCAGCCCACAGGCCGGAG
GACGTGTGTACCAGATTCAGGTATCCGCCCAGGCTG
CCGGCATCATCCCGGACCGTGCCGGCACGGGAGCCG
TCATCATCCTTAACATCAACGGAAGAATGGCCAGCA
GCACCATATACCCCCGCGGTCACAGACATACCGGCA
ACCTCTGTTCTCATCAGGTCACCCTCCAGACGGACG
AATCCATAGCTGCCGCTGCTTTCCGGCGTGGCCCCA
CGGGCAATACCGCCATTGTTATCGTGACCGAGATGA
CCGCCCTGAATGCTGAGACGGACGCTGTTGTTTTCA
CCATTTACACCGGTCTGATGGCTGCGGGAGCCTGCC
ACAATCCGGTCATAGTCCATTGCCTGTGTCAGCATG
GAGGCATACAGGGGGACTTCTGCACGATAAGCATTT
TCACTGCGCAGATACCAGCTCTCATCACTGTCCCGGT
TGAGGGAGTAGTTAAAGGCACCGGCCTGCAGCCTGT
TCCCCTGGACAAAGGCCCCTTCCTCCGTGGTGGCAC
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CGTTAATGGCTTCCACCACCTGAATACCCTTACCGCT
GGTCGCCAGCCCCGACGCACTGTTGCCGGCGTTCAC
CAGGTTCAGGATGGTTTTTCCGGTTGCCCTGCCGCCG
TCAATGACCAGTCTGTCAGCATTGTTCTGTGCCATAT
CCGGGCGTACACGCAGGCTGATGGTGCCATTCTGTC
CGTTCAGGTTTTTCACTTTCAGGGTTGCCGGTACGAA
CTTCCCTGTGCGGGTGGAGGTGAAATGAATCTGTCC
GGCATGGCTGAGGTCATCCACCACCGACTGCACCGT
GGCGTTATCGGGGATATTCCAGGTGGCACCGGAGGC
GAGAGTGACATTCGTGGG

Ag43 Alpha
Subunit

CGCACAACCATCAATAAAAACGGTCGCCAGATTGTG
AGAGCTGAAGGAACGGCAAATACCACTGTGGTTTAT
GCCGGCGGCGACCAGACTGTACATGGTCACGCACTG
GATACCACGCTGAATGGGGGATACCAGTATGTGCAC
AACGGCGGTACAGCGTCTGACACTGTTGTGAACAGT
GACGGCTGGCAGATTGTCAAAAACGGGGGTGTGGCC
GGGAATACCACCGTTAATCAGAAGGGCAGACTGCA
GGTGGACGCCGGTGGTACAGCCACGAATGTCACCCT
GAAGCAGGGCGGCGCACTGGTTACCAGTACGGCTGC
AACCGTTACCGGCATAAACCGCCTGGGAGCATTCTC
TGTTGTGGAGGGTAAAGCTGATAATGTCGTACTGGA
AAATGGCGGACGCCTGGATGTGCTGACCGGACACAC
AGCCACTAATACCCGCGTGGATGATGGCGGAACGCT
GGATGTCCGCAACGGTGGCACCGCCACCACCGTATC
CATGGGAAATGGCGGTGTACTGCTGGCCGATTCCGG
TGCCGCTGTCAGTGGTACCCGGAGCGACGGAAAGGC
ATTCAGTATCGGAGGCGGTCAGGCGGATGCCCTGAT
GCTGGAAAAAGGCAGTTCATTCACGCTGAACGCCGG
TGATACGGCCACGGATACCACGGTAAATGGCGGACT
GTTCACCGCCAGGGGCGGCACACTGGCGGGCACCAC
CACGCTGAATAACGGCGCCATACTTACCCTTTCCGG
GAAGACGGTGAACAACGATACCCTGACCATCCGTGA
AGGCGATGCACTCCTGCAGGGAGGCTCTCTCACCGG
TAACGGCAGCGTGGAAAAATCAGGAAGTGGCACAC
TCACTGTCAGCAACACCACACTCACCCAGAAAGCCG
TCAACCTGAATGAAGGCACGCTGACGCTGAACGACA
GTACCGTCACCACGGATGTCATTGCTCAGCGCGGTA
CAGCCCTGAAGCTGACCGGCAGCACTGTGCTGAACG
GTGCCATTGAC

TEV
Recognition Site

GAAAACCTGTACTTTCAGGGC

GLP-1 (7-36) E.
Coli Optimized

CATGCGGAAGGCACCTTTACCAGCGATGTGAGCAGC
TATCTGGAAGGCCAGGCGGCGAAAGAATTTATTGCG
TGGCTGGTGAAAGGCCGC
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PELB Signal
Sequence

ATGAAATACCTGCTGCCGACCGCTGCTGCTGGTCTG
CTGCTCCTCGCTGCCCAGCCGGCGATGGCC

T7 Promoter

TAATACGACTCACTATAGG

sfGFP

ATGCGTAAAGGCGAAGAGCTGTTCACTGGTGTCGTC
CCTATTCTGGTGGAACTGGATGGTGATGTCAACGGT
CATAAGTTTTCCGTGCGTGGCGAGGGTGAAGGTGAC
GCAACTAATGGTAAACTGACGCTGAAGTTCATCTGT
ACTACTGGTAAACTGCCGGTACCTTGGCCGACTCTG
GTAACGACGCTGACTTATGGTGTTCAGTGCTTTGCTC
GTTATCCGGACCATATGAAGCAGCATGACTTCTTCA
AGTCCGCCATGCCGGAAGGCTATGTGCAGGAACGCA
CGATTTCCTTTAAGGATGACGGCACGTACAAAACGC
GTGCGGAAGTGAAATTTGAAGGCGATACCCTGGTAA
ACCGCATTGAGCTGAAAGGCATTGACTTTAAAGAAG
ACGGCAATATCCTGGGCCATAAGCTGGAATACAATT
TTAACAGCCACAATGTTTACATCACCGCCGATAAAC
AAAAAAATGGCATTAAAGCGAATTTTAAAATTCGCC
ACAACGTGGAGGATGGCAGCGTGCAGCTGGCTGATC
ACTACCAGCAAAACACTCCAATCGGTGATGGTCCTG
TTCTGCTGCCAGACAATCACTATCTGAGCACGCAAA
GCGTTCTGTCTAAAGATCCGAACGAGAAACGCGATC
ATATGGTTCTGCTGGAGTTCGTAACCGCAGCGGGCA
TCACGCATGGTATGGATGAACTGTACAAA

Modified GLP-1

CATGGCGAAGGCACCTTTACCAGCGATGTGAGCAGC

(7-36) E. coli TATCTGGAAGGCCAGGCGGCGCAGGAATTTATTGCG
optimized TGGCTGGTGGACGGCTGTCGC
PENETRATIN | CGTCAGATTAAAATTTGGTTTCAGAATCGTCGTATG

E. coli optimized

AAATGGAAAAAA

EXENTIN-4 E.
coli optimized

CATGGCGAAGGCACCTTTACCAGCGATCTGAGCAAA
CAGATGGAAGAAGAAGCGGTGCGCCTGTTTATTGAA
TGGCTGAAAAACGGCGGCCCGAGCAGCGGCGCGCC
GCCGCCGAGC

PROD Promoter

CACAGCTAACACCACGTCGTCCCTATCTGCTGCCCTA
GGTCTATGAGTGGTTGCTGGATAACTTTACGGGCAT
GCATAAGGCTCGTATAATATATTCAGGGAGACCACA
ACGGTTTCCCTCTACAAATAATTTTGTTTAACTTT

Ribosome AAGGAG

Binding Site,

HucR

OxyR Gene ATGAATATTCGTGATCTTGAGTACCTGGTGGCATTG

GCTGAACACCGCCATTTTCGGCGTGCGGCAGATTCC
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TGCCACGTTAGCCAGCCGACGCTTAGCGGGCAAATT
CGTAAGCTGGAAGATGAGCTGGGCGTGATGTTGCTG
GAGCGGACCAGCCGTAAAGTGTTGTTCACCCAGGCG
GGAATGCTGCTGGTGGATCAGGCGCGTACCGTGCTG
CGTGAGGTGAAAGTCCTTAAAGAGATGGCAAGCCA
GCAGGGCGAGACGATGTCCGGACCGCTGCACATTGG
TTTGATTCCCACAGTTGGACCGTACCTGCTACCGCAT
ATTATCCCTATGCTGCACCAGACCTTTCCAAAGCTGG
AAATGTATCTGCATGAAGCACAGACCCACCAGTTAC
TGGCGCAACTGGACAGCGGCAAACTCGATTGCGTGA
TCCTCGCGCTGGTGAAAGAGAGCGAAGCATTCATTG
AAGTGCCGTTGTTTGATGAGCCAATGTTGCTGGCTAT
CTATGAAGATCACCCGTGGGCGAACCGCGAATGCGT
ACCGATGGCCGATCTGGCAGGGGAAAAACTGCTGAT
GCTGGAAGATGGTCACTGTTTGCGCGATCAGGCAAT
GGGTTTCTGTTTTGAAGCCGGGGCGGATGAAGATAC
ACACTTCCGCGCGACCAGCCTGGAAACTCTGCGCAA
CATGGTGGCGGCAGGTAGCGGGATCACTTTACTGCC
AGCGCTGGCTGTGCCGCCGGAGCGCAAACGCGATGG
GGTTGTTTATCTGCCGTGCATTAAGCCGGAACCACG
CCGCACTATTGGCCTGGTTTATCGTCCTGGCTCACCG
CTGCGCAGCCGCTATGAGCAGCTGGCAGAGGCCATC
CGCGCAAGAATGGATGGCCATTTCGATAAAGTTTTA
AAACAGGCGGTTTAA

rrnb_T1 CAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGC
Transcriptional | CTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCC
Terminator TGAGTAGGACAAAT

Ribosome CTAGAGATTAAAGAGGAGAAATACTAGATG
Binding Site

(RBS30)

AhpCpl TACGAAGGTTGTAAGGTAAAACTTATCGATTTGATA

Promoter

ATGGAAACGCATTAGCCGAATCGGCAAAAATTGGTT
ACCTTACATCTCATCGAAAACACGGAGGAAGTATAG

Trg Periplasmic
Domain

ATGAATACAACTCCCTCACAGCGATTAGGTTTTTTGC
ATCACATCAGGTTGGTTCCGTTATTTGCCTGCATTCT
AGGCGGTATCTTAGTTCTATTCGCATTAAGTTCAGCC
CTGGCTGGCTATTTCCTCTGGCAGGCCGATCGCGATC
AGCGTGATGTTACTGCGGAGATTGAGATTCGGACCG
GGTTAGCGAACAGTTCAGATTTTTTGCGTTCAGCCCG
GATCAATATGATTCAGGCCGGGGCTGCGAGTCGTAT
TGCGGAAATGGAAGCAATGAAGCGAAATATTGCGC
AAGCCGAATCGGAGATTAAACAGTCGCAGCAAGGTT
ATCGTGCTTATCAGAATCGACCGGTGAAAACACCTG
CTGATGAAGCCCTCGACACTGAATTAAATCAACGCT
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TTCAGGCTTATATCACGGGTATGCAACCTATGTTGA
AATATGCCAAAAATGGCATGTTTGAAGCGATTATCA
ATCATGAAAGTGAGCAGATCCGACCGCTGGATAATG
CTTATACCGATATTTTGAACAAAGCCGTTAAGATAC
GTAGCACCAGAGCCAACCAACTGGCGGAACTGGCCC
ATCAGCGCACCCGCCTGGGTGGGATGTTCATGATTG
GCGCGTTTGTGCTTGCCCTGGTCATGACGCTGATAAC
ATTTATGGTGCTACGTCGGATCGTCATTCGTCCACTG
CAACATGCCGCACAACGGATTGAAAAAATCGCCAGT
GGCGATCTGACGATGAATGATGAACCGGCGGGTCGT
AATGAAATCGGTCGCTTAAGTCGTCATTTACAG

PerR from
Bacillus Subtillis

ATGGCTGCACATGAACTAAAAGAAGCCTTAGAAACG
TTGAAGGAAACCGGAGTTCGCATTACTCCTCAACGT
CATGCGATTCTGGAATATCTCGTTAACTCTATGGCTC
ATCCAACAGCGGACGATATATATAAAGCTCTGGAAG
GGAAATTTCCTAACATGAGCGTAGCGACGGTATATA
ACAATTTGCGTGTGTTCCGGGAATCAGGTTTGGTAA
AAGAGCTCACATACGGTGATGCTTCCAGCAGATTCG
ATTTTGTCACATCCGATCACTATCACGCGATTTGCGA
AAACTGCGGTAAAATTGTGGACTTCCACTACCCGGG
CCTTGATGAAGTGGAGCAGCTCGCTGCCCACGTCAC
GGGCTTCAAGGTAAGCCACCACCGTTTAGAAATTTA
CGGCGTCTGCCAAGAGTGTTCGAAAAAAGAAAATCA
TTAA

B1002
Transcriptional
Terminator

CGCAAAAAACCCCGCTTCGGCGGGGTTTTTTCGC

Ahp/Per Hybrid
Promoter

TACGAAGGTTGTAAGGTAAAACTTATCGATTTGATA
ATGGAAACGCATTAGCCGTTATAATTATTATAAGTT
ACCTTACATCTCATCGAAAACACGGAGGAAGTATAG

TEYV Protease

GGTGAGAGCCTGTTTAAGGGTCCTCGCGATTACAAC
CCGATCAGCAGTACCATCTGCCACCTGACCAACGAG
AGTGATGGCCATACCACCAGCCTGTATGGCATCGGC
TTCGGCCCGTTTATCATCACCAACAAACACCTGTTTC
GCCGCAACAATGGCACCCTGCTGGTGCAGAGCCTGC
ATGGCGTGTTCAAAGTGAAGAACACCACCACCCTGC
AGCAGCACCTGATCGATGGCCGCGACATGATTATCA
TCCGCATGCCGAAAGACTTCCCGCCGTTTCCGCAGA
AACTGAAATTCCGCGAACCGCAGCGCGAAGAACGC
ATTTGTCTGGTGACCACCAATTTTCAGACCAAAAGC
ATGAGCAGCATGGTGAGCGATACCAGTTGCACCTTT
CCGAGCAGCGATGGCATCTTCTGGAAACACTGGATT
CAAACCAAAGATGGCCAGTGTGGCAGCCCGCTGGTG
AGTACCCGCGATGGCTTTATCGTGGGCATTCATAGT
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GCCAGTAATTTTACCAACACCAATAATTACTTTACCA
GCGTGCCGAAGAACTTCATGGAACTGCTGACCAACC
AGGAAGCACAGCAGTGGGTGAGCGGTTGGCGCCTG
AATGCAGATAGCGTGCTGTGGGGCGGCCATAAAGTG
TTCATGGTGAAACCGGAAGAACCGTTCCAGCCGGTG
AAAGAAGCCACCCAGCTGATGAAT

SpxB Gene

ATGACTCAAGGGAAAATTACTGCATCGGCAGCAATG
CTTAACGTATTGAAAACATGGGGCGTAGATACAATC
TACGGTATCCCATCAGGAACACTCAGCTCATTGATG
GACGCTTTGGCTGAAGACAAAGATATCCGCTTCTTA
CAAGTTCGCCACGAAGAGACAGGTGCTCTTGCAGCG
GTTATGCAAGCTAAATTCGGCGGCTCAATCGGGGTT
GCAGTTGGTTCAGGTGGTCCAGGTGCGACTCACTTG
ATTAACGGTGTTTACGATGCAGCTATGGATGACACT
CCATTCCTAGCGATCCTTGGATCACGTCCAGTTAACG
AATTGAACATGGATGCTTTCCAAGAGCTTAACCAAA
ACCCAATGTACAACGGTATCGCTGTTTACAACAAAC
GTGTAGCTTACGCTGAGCAATTGCCAAAAGTAATTG
ACGAAGCCTGCCGTGCTGCAATTTCTAAAAAAGGTC
CAGCTGTTGTTGAAATTCCAGTAAACTTCGGTTTCCA
AGAAATCGACGAAAACTCATACTACGGTTCAGGTTC
ATACGAACGCTCATTCATCGCTCCTGCTTTGAACGA
AGTTGAAATCGACAAAGCTGTTGAAATCTTGAACAA
TGCTGAACGCCCAGTTATCTATGCTGGATTTGGTGGT
GTTAAAGCTGGTGAAGTGATTACTGAATTGTCACGT
AAAATCAAAGCACCAATCATCACAACTGGTAAAAAC
TTTGAAGCTTTCGAATGGAACTATGAAGGTTTGACA
GGTTCTGCTTACCGTGTTGGTTGGAAACCAGCCAAC
GAAGTGGTCTTTGAAGCAGACACAGTTCTTTTCCTTG
GTTCAAACTTCGCATTTGCTGAAGTTTACGAAGCATT
CAAGAACACTGAAAAATTCATACAAGTCGATATCGA
CCCTTACAAACTTGGTAAACGTCATGCCCTTGACGCT
TCAATCCTTGGTGATGCTGGTCAAGCAGCTAAAGCT
ATCCTTGACAAAGTAAACCCAGTTGAATCAACTCCA
TGGTGGCGTGCAAACGTTAAGAACAACCAAAACTGG
CGTGATTACATGAACAAACTCGAAGGTAAAACTGAG
GGTGAATTGCAATTGTATCAAGTTTACAATGCAATC
AACAAACATGCTGATCAAGACGCTATCTACTCAATC
GACGTAGGTAACACTACTCAAACATCTACTCGTCAC
CTTCACATGACACCTAAGAATATGTGGCGTACATCT
CCGCTCTTTGCGACAATGGGTATTGCCCTTCCTGGTG
GTATCGCTGCTAAGAAAGACAATCCAGATCGCCAAG
TATGGAACATCATGGGTGATGGAGCATTCAACATGT
GCTACCCAGACGTTATCACAAACGTTCAATACGACC
TTCCAGTTATCAACCTTGTCTTCTCAAATGCTGAGTA
CGGCTTCATCAAGAACAAATACGAAGATACAAACA
AACACTTGTTTGGTGTAGACTTCACAAACGCTGACT
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ACGCTAAAATTGCGGAAGCTCAAGGAGCTGTTGGAT
TCACAGTTGACCGTATCGAAGACATCGATGCAGTTG
TTGCAGAAGCTGTTAAATTGAACAAAGAAGGTAAAA
CTGTTGTCATCGATGCTCGCATCACTCAACACCGTCC
ACTTCCAGTAGAAGTACTTGAATTGGATCCAAAACT
TCACTCAGAAGAAGCTATCAAAGCCTTCAAGGAAAA
ATACGAAGCAGAAGAACTCGTACCATTCCGTCTCTT
CTTGGAAGAAGAAGGATTGCAATCACGCGCAATTAA
ATAATAA

111




APPENDIX B

List of primers used in this thesis

Table B1: PCR Primers used in this thesis

Primer Name

Sequence 5°-3°

Ag43-GLP1-FOR1

AGGCCAGGCGGCGAAAGAATTTATTGCGTG
GCTGGTGAAAGGCCGCGAAAACCTGTACTTT
CAGGGCG

Ag43-GLP1-FOR2

AGGCACCTTTACCAGCGATGTGAGCAGCTAT
CTGGAAGGCCAGGCGGCGAAAGAATTTATT
GCGT

Ag43-GLP1-FOR3

GTTTTTATTGATGGTTGTGCGCTTAAGGCTGC
CACCGCCCTGAAAGTACAGGTTTTCGCGGCC

TTTCACCAG
4 GLP1-Lig-For CTGCTCCTCGCTGCCCAGCCGGCGATGGCCA
TGGGCCATGCGGAAGGCACCTTTACCAGCGA
TGT
5 GLPI1-Lig-Rev GCCCAGCCGGCGATGGCCATGGgcactagtatgggc
catgcggaaggc
6 sfGLP1-F GGTAAAGGTGCCTTCCGCATGGCCCATACCT
TTGTACAGTTCATCCATACCATGCGTG
7 sfGLP1-R TGCCCAGCCGGCGATGGCCATGGGCACTAGT
ATGCGTAAAGGCGAAGAGCTGT
8 NH1 TGCGAACCTTTGGGAGTACAAACAGAATTCA
TGAATACAACTCCCTCA
9 NHS5-NW CTGTAAATGACGACTTAAGCGACC
10 NH4-NW GGGTCGTAATGAAATCGGTCGCTTAAGTCGT

CATTTACAGCATATGGCGGCTGGTGTT
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11

NH6

GAATTCTGTTTGTACTCCCAAAGG

12

GOX-PET22B-FOR

ATAACAATTCCCCTCTAGAATTAAAGAGGAG
AAAGGTACCATGAAATACCTGCTGCCGA

13

GOX-PET22B-REV

TAGCAGCCGGATCTCAGTGGTGGTGGTGGTG
GTGCTCGAGTTATTACCCACGAGGGACTAAC

14

Oxy6

CTGAGCCTTTCGTTTTATTTGATGCCACGCGT
TCACTAGTTTAAACCGCCTGTTTTAAAACT

15

Oxy7

CCTCTACAAATAATTTTGTTTAACTTTAAGGA
GGGATCCAATGAATATTCGTGATCTTGAGTA
C

16

AhpCpl-1

GGTTACCTTACATCTCATCGAAAACACGGAG
GAAGTATAGTCTAGAATTAACTTTAAGCTAG
AGATTAA

17

AhpCp1-2

CTTATCGATTTGATAATGGAAACGCATTAGC
CGAATCGGCAAAAATTGGTTACCTTACATCT
CATCGA

18

AhpCp1-3

ATCAGCCCACTGACGCGGAATTCTACGAAGG
TTGTAAGGTAAAACTTATCGATTTGATAATG
GAAACG

19

NH-ECNKO

TCAGCAAAAAACCCCTCAAGAC

20

pZA-H202-S3-For

ACTAGTGAACGCGTGGCATCAAATAAAACG
AA

21

pZA-H202-S3-Rev

TGGATCCCTCCTTAAAGTTAAACAAAA

22 PerR-For CCTCTACAAATAATTTTGTTTAACTTTAAGGA
GGGATCCAATGGCTGCACATGAACTAAAAG
AAGCC
23 PerR-Rev CGTTTTATTTGATGCCACGCGTTCACTAGTTT

ATTAATGATTTTCTTTTTTCGAACACTCTTGG
CA

24

pZA-H202-R-Revl

CGCAAAAAACCCCGCTTCGGCGGGGTTTTTT
CGCCTCGAGATTTGTCCTACTCAGGAGAGCG
TTCAC
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25

pZA-H202-BB-F

CGATAAGTTTTACCTTACAACCTTCGTAGAA
TTCCCGCCGCCCTAGACCTAGGGGATATATT
CCG

26

pZA-H202-R-Forl

GCGAAAAAACCCCGCCGAAGCGGGGTTTTTT
GCGTCATCATTTGTACAGTTCATCCATACCAT
GCGTG

27

AhpCpl-PerR-R1

GATAATGGAAACGCATTAGCCGTTATAATTA
TTATAAGTTACCTTACATCTCATCGAAAAC

28

AhpCpl-PerR-R2

GAATTCTACGAAGGTTGTAAGGTAAAACTTA
TCGATTTGATAATGGAAACGCATTAGCCGTT

29

pZA-H202-Insert-R

GCGAGGAAGCGGAATATATCCCCTAGGTCTA
GGGCGGCGGGAATTCTACGAAGGTTGTAAG

GT
30 SpxB-For TACAAATAATTTTGTTTAACTTTAAGGAGGG
ATCCATGACTCAAGGGAAAATTACTGCATCG
G
31 SpxB-Rev TTCTTTTAGTTCATGTGCAGCCATTGGATCCC

TCCTTAAGCTTTTATTATTTAATTGCGCGTGA
TTGC

32

SpxB-M2-BB-For

CTATACTTCCTCCGTGTTTTCGATGAGATG

33

SpxB-M2-BB-Rev

ATGCGTAAAGGCGAAGAGCTG

34

REA97

GACGTCGGAATTGCCAGCTG

35

REA98

AAGCTTGGATCCCTGCAG

36

pZS-PRODMC-Rev

AGGGCTTCCCAACCTTACCAGAGGGCGCCCC
AGCTGGCAATTCCGACGTCCACAGCTAACAC
CACGTC

37

SpxB-EF

TGGATCCCTCCTTAAGCTTTTATTATTTAATT

38

PELB-SpxBE-rev

TTAAATAATAAAAGCTTAAGGAGGGATCCA
ATGAAATACCTGCTGCCGACCG

39

Ag43-sfGLP1-pZS-

GGGCCCTGAGGCCTGCAGGGATCCAAGCTTT
TATCAGAAGGTCACATTCAGTGTGGC
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For

40

pZA-V3-Rel-BB-

For

CTAGTATTTCTCCTCTTTAATCTCTAGCTTAA
AGTTAA

41

pZA-V3-Rel-For

AAAAACCCCGCCGAAGCGGGGTTTTTTGCGT
CATCAGAAGGTCACATTCAGTGTGGCC

42

pZA-V3-Rel-Rev

TTTAAGCTAGAGATTAAAGAGGAGAAATACT
AGATGAAATACCTGCTGCCGACCG
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APPENDIX C

Plasmid maps used in this study

T7 terminator

Beta subunit

pET22b_Ag43_160N_AB40/E
8142 bp

F———— consensus protease site |
160N alpha subunit

pelB signal sequence

T7 promoter

Figure C1: Map of PET22b — T7 - Ag43 — Exentin — 4 — PEN plasmid
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pET22b_Ag43_160N_AB40/G
8061 bp

consensus protease site |

~\—| 160N alpha subunit

T7 promoter

Figure C2: Map of PET22b — T7 - Ag43 — GLP-1 (7-36) plasmid
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t

pET22b_Ag43 160N_AB40/m
8088 bp

T7 promoter

Figure C3: Map of PET22b — T7 - Ag43 — mGLP-1 (7-36) plasmid
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160N alpha subunit

pelB signal sequence
T7 promoter

Figure C4: Map of PET22b — T7 - Ag43 — mGLP-1 (7-36) — PEN plasmid
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T7 terminator
AmpR promoter

/‘—\

l
pET22b_Ag43_160N_AB40/G 760N alpha subunit
8778 bp

A S GS Linker

T\
=
(X

A pelB signal sequence

RBS

T7 promoter
lacl promoter

Figure C5: Map of PET22b — T7 - Ag43 — sfGLP-1 (7-36) plasmid
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MTS orighn

chloramphenicol resistance
_
GS Linker '
TEV cut stie ke

B
ColE1 origin

<
///
‘-

!

-—l
\

GoX_- trx_- pet22b
7584 bp

7

pelB signal sequence

RBS

Figure C6: Map of PET22b — T7 — GoX - Trx plasmid
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rmB_T1_terminator

pSR59.4 - Trz1
6149 bp

AmpR_promoter

rrnB_T1_terminator

Figure C7: Map of PSR59.5-Trz1 plasmid
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OxyR binding site3
OxyR binding site4

lambda t0 terminator

pZA-H202-AhpCp1/PerR
3358 bp

chloramphenicol resistance

B1002 Terminator
B T1 Terminator

Cat Promoter

PerR Bacillus

Figure C8: Map of PZA-PROD-PerR-Ahp/Per-SFGFP plasmid
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lambda t0 terminator

pZA-PROD-PERR-Ag43-Te
5959 bp

Beta subunit

pelB signal sequence
TEV protease

160N alpha subunit

Figure C9: Map of PZA-PROD-PERR-AHP/PER-AG43-TEV plasmid
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Cat Promoter

chloramphenicol resistance

lambda t0 terminator

pZA-PROD-SpxB-PerR-AhpC
5155 bp

Figure C10: Map PZA-PROD-SPXB-PERR-AHP/PER-SFGFP plasmid
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pZA-PROD-PerR-AhpCp1/Pe
5123 bp

rbs hucr

Figure C11: Map of PZA-PROD-PERR-AHP/PER-SPXB-SFGFP plasmid
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| lambda TO terminator l

Kan/neoR

Kan promoter

T7 terminator

pZs_Kan ProD SpxB Ag43
8884 bp

Beta subunit

GLP-1(7-36)
GS Linker

160N alpha subunit

Figure C12: Map of PZS-PROD-SPXB-AG43-SFGLP1 plasmid
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T7 terminator

xyR regulator Coding

Figure C13: Map of PET22B-PROD-OXYR-AHPCP1-SFGFP plasmid
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APPENDIX D

Sanger sequencing results for the plasmids used in this
thesis.
Note that template sequences squared in red, and sequencing results squared in

blue in all of the alignment figures. Mismatches investigated from trace file and

verified from the signal.

TTTGCCGTTCCTTCAGCTCTCACAATCTGGCGACCGTTTTTATTGATGGT TGTGCGCTTAAGGCTGCCACCGCCCTGAAAGTACAGGTTTTCgcggectttcaccagecacgcaataaattettt

2,640 2,660 2,680 2,760 2,720 2,748

15 16 14 12

NATG-AmQ-G N-N-T T-

88 8 84 82 80 78 76 74 72 70 68 66 64 62 60 58 56 54

NA T 6IELARIVIT 0/R 6 NIK NITI T TmSGGGO_N“GmﬂAm

4 Tev recognition GLP-1 (7-36)
= 168N alpha subunit K From GLP=1 Insert »

WS/ TSI IS ITITISIL e T TSI TI TSI
I TITI T T IV TS TEFOTETA I A I XTI TLIETEIT T

template sequence pET2Zb Ag43 160N AB48/GLP-1 AmpR

TTTGCCGTTCCTTCAGCTCTCACAATCTGGCGACCGTTTTTATTGATGGTTGTGCGCTTAAGGCTGCCACCGCCCTGAAAGTACAGGTTTTAGCGGCCTTTCACCAGCCACGCAATAAATTCTTT

2,640 2,660 . 2,700 2,720 2,740

790 858

cgececgectggoettocagatagetgetcacategetggtaaaggtgecttocgeatggoccatactagtgeCCATGGCCATCGCCGGCTGEGCAGCGAGGAGCAGCAGACCAGCAGCAGCGGTCG

2,760 2,780 2,800 2,820 2,840 2,860

2,720 2,738 2,740 2,750 2,760 2,770 2,780 2,79 2,800 2,810 2,820 2,830 2,840

2322212019 1817 161514 13121110 9 8 7 6

M A M AP QA ALILILLIG A A ATP

46 44 42 40 38 36 34 32 3@ 28 26 24 22 20 18 16 14 12 1@ 8 6

A A Q GUEILIW s sivipl s TORL T GUELA H G M ST GMAMAPG QAAILILILILIG A A ATP

GLP-1 (7-36)

= From GLP-1 Insert < pelB signal sequence

WIS GLP1-Lig-Rev

WITITITI T BERT T T TSI

template sequence pET22b Ag43 160N AB4G/GLP-1 AmpR

CGCCGCCTGGCCTTCCAGATAGCTGCTCACATCGCTGGTAAAGGTGCCTTCCGCATGGCCCATACTAGTGCCCATGGCCACCGCCCTGAMGTA CAGGT'I'I'TCGCGGCCTTI’CAOCAG----CC

.80 2,800 2,820 2,840 2,860

ERTY L oo0

Figure D1: Sequencing result alignment of GLP-1 (7-36) generated by Benchling.
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CAGTCTCE T oG OGE CEG AT AAACCACAGT GG TAT T TECCGT TCCT T CAGC TC T CACAATC TEECGACCCTT TTTATTGA TEE T TG TGOGC TTAA-GEL TGLCA- COGCCCTEAAMGTACAGGT TTTCgoggoct ttcace

T
2,588 2,608 2,640 2,660 2,688
T

EC) 28 26 24 22 2a 18 16 14 12 18 & 4 2
[ & Q-Gﬁk_TTNATG-A_Q-G NOKD N@E T TgRD
338 336 334 332 330 326 326 324 322 320 318 316 314 312 318 308 306 304 342 298 296 294
T Q‘GGA_TTNATG-A_Q-G NOKINEE T TORUKNLY s 6 6 GO—N—G
= 166N alpha subunit K K. . Tew recognition

LTSI TP
PEP AP I P PIIIIAIOE T SIS TS TSI TLSTLS TS

tesplate sequence pET22h Agdd 168N AB4O/GLP-1-sFGFP Amph

e Lo A 23
ATGTNCAMTCNMTAANNUJCAGTMTNNWT' BCHTCTCACANTCTGEOGNCCETT TTT!«TT&\‘I'GETTGTGEGETTmETGECmEENGMAGTMTTTTmETTTCM

560 2,580 2, 600 2,620 a.éae 2,668 2,680

Y " T T
148 158 168 178 s 150 208 218 220 234 248 250 268 278

aligned sequence M1-t7 {1} (MH1-t7 (1)_ab1}

agcracgoaataaat tet ttcgocgoctggoct tocagatagotgotcacatogotggtaaaggtgoct tocgoatggooratacctttgtacagt teatocataccatgogtgatgoocg ctgoggt tacgaact ceagea
T
2,700 2,720 2,760 2,800 2,820 2,848

T T
el . 2,728 . - , 2, T84 A . 8 2, 800 . 2, 828

AKEEEDRENENDL 1 G M T G oW A T GUEEEDIEIEEL

292 299 za8 286 284 282 278 276 274 272 27a 268 266 264 262 260 258 256 254 252 258 248 246
I-A—unqc_ SENEDL = TEE 7 c@ElA H ¢ M cKENNNEENGT # c H TEH c (Al A T IEEENENIEN
I From GLP-1 Insert

GLP-1 (7-36) [ sFGFP

T E T RACATRN TTS T, LES TS TS
¥ VR A PV IIPIT IS AD S TS TS TSI TS TSIE

template sequence pET22h Ag43 168N ABAS/GLP-1-sFEFP AmpR

. N, LAl 1.7, 0. e R0 00 AL Ao AN oI X
:mrmnarms:mcc‘rmn:uuuac ecr:acarmcm:Tmmrc:crrccmm:c::nacﬂrn:uc.u:.rrur::nmm:cmnm:m:mTm:su:rccm

2,700 2,720 2,760 2,788 2,500 2,520 2,840

aligned sequence MHI-t7 {1} (NH1-t7 (1).abl}

gaaccatatgatcgcgtttotogttcggatotttagacagaacgctitgcgtgctcagatagtgat tgtc tggcagragaacaggaccatcaccgattggagtgttttgctggtagtgatcagccagetgcacgctgocate

T
2,888 X o . 2,948 2,968

218 216 214 212 219 208 206 204 2e2 zae 198 196 194 192 192 188 186 182 182 178 176 174
NI M HEOITRTDKTNET N P JDINKD S QENIWD s @ T s QU 0 N DD P QDLW P G-E-PTNQQ-H-A-Q-S G @Br

244 242 248 238 236 234 232  23@ 228 236 224 222 230 218 216 214 212 1@ 208 284 282 204
O AIECRCKCEL N POBUK s QLU s g T s OLN W WO POEDLOW P G-E-PTNQQ-H-A-Q- G B
=fGFP

tesplate sequence pET23h Agd3 168N ABAR/GLP-1-sFGFP AmpR

ALK - b
GMECA‘I’.&TGRTEGEGTT TCTCGTTEGGaTCTTTch.GMlCGETTTGCG TGECTCAGATAG TG&TTGTETEGC»G:AEMCAGG&CCATEAC\:E&TTGEAETGTT TTCIT-EGT.\.GTGD\TCAEEEAGCTCI&EGETGC\‘:&TC

2,888 a,aas 2,900 2,528 2,540 2,968

dz8 458 448 45 aga ame 488 490 See Sie S2e 53 )
aligned sequence N1-t7 (1) (NM1-t7 (1).ably

ctocacgtigtggogaattttaaaattcgotttaatgocatttttitgttitatoggcggtgatgtaaacattgtggctgttaaaattgtattccagottatggcccaggatattgecgtctictitaaagtoaatgectite

T T
EN) 1,820 3,040 EN ER- 3,100 3,120

172 178 168 166 164 162 168 158 156 154 152 150 1 146 144 142 14 13& 136 134 132 138 128 126

-N HR T KIF N A KL c N-Q-AT_NHﬁﬂ- —“ - E—E-

198 194 192 198 188 186 184 182 178 176 174 172 17a 168 162 158 154 152

-N H ORIGETENEL N A (K H-Q-A T_NHSN-H_II E-N E_Eﬂ.
sfGFP

template sequence pET22h Ag4l 168N ABSR/GLP-

sFGFP Amph

CTCCACE TTGTEGI:-EM‘I’ TTTmATTCGCTTTMTGCtAT TTTTTTG‘I"I’TaTCGEEEGTGATGTmEA‘I’TE TCKTGTTMMTTGTATTCCA.GCTT).TEGO‘.‘\?&O;&TATTGCCGTCTTETT‘I’MAGTCAATEC\‘_‘T TTC

J,M 1,020 3,040 EN 3,889 2,1&3 3,120

SE# 57 588 538 G &1 620 638 2 58 bR 6Te & [
aligned sequence MHI-t7 (1) (MH1-t7 (1).abl}
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tatggtccggataacgagcaaagcactgaacaccataagtcagcgtogitaccagagtcgEccasggtaccggcagt ttaccagtagtacagatgaact teagcgtcagttiaccat tagt tgcgteaccticaccetegee |

T
3,288 R 3,18 3,348 3,368 33 3,488

34 3z

S6 B4 52 53 4B 46 44 42 4@ 38 36
W oPOND PODNRL G T T COENNEEDNKINN TOINED ¢ N T OAWE G §El G El G

76 T4 72 Ta B8 13 B4 62 E@ 3
HEEE P@NRT AR c NV G TOI T TN T P
la2 18 98 L 94 92 98 £ 86 24 a2 sa 78 TE 74 72 Ta BE 86 B4 62 e 58
HA P @RS c o o TEN T TENENN T POW PN POENNKM ¢ T T c@IEENINKENN TENKT c N T OAEEK c 4E G @EK
afGFP

template sequence pET2ih Agdd 168N AB4Q/GLP-1-sFGFP AmpR

! I | I | | [ I. I | I 18 1 il
L Y A L N T Ty YT v YT A YWV A

TATGETCOGEATAAC G AL CAAAGCAL TE AACACCATAAL TCAGCETCG TTACCAGAGT CECCCAAGETACCECCAGT TTACCAC TAGT ACAGATC AACT TCAG CETCAGT TTACCATTAGT TGOE TCACCTTCACCCTCGEC

T
3,288 3,388 3,3 3,342 3,360 3,380 3,400

&5 £ 70 e B S8 a1e axe 9319 4949 a5 268 are 988

aligned sequence MHI-t7 (1) (NH1-t7 (1).abl}

acgcacggaaaacttatgaccgttgacatcaccatccagttocaccagaat agggacgacaccagtgaacagotocttcgecttitacgcatactagtgcCCATGECCATOGCOGGETEGGCAGOGAGCAGCAGCAGACTAGCA —

T
3,420 1,440 31,460 3,480 3,500 1,528 3,548

T T
3@ 28 26 24 22 28 18 16 14 12 18 5 & @ 2 23 7 21 2@ 19 18 1T 16 15 14 13 12 11 18
RNV s @EDKI H G NOOVINDD G SDINEENVINNNI FOVIWE ¢ T @FINDNENE] ¢ OKINRL HIA MIA P QA AN G A

S6 54 52 5@ 48 46 44 42 48 38 36 34 32 3@ 28 26 24 22 28 1& 16 14 12 18
SN s GEDNED H ¢ N OONINED c OEDNENNERIVINIUNTY P OVENNT c T OEDNENENNEY c GKINEI v s T ¢ WA MAL P 0 A4 SDDNERNNY G (A

sFGFP

template sequence pET2lh Ag4l 168W ABSO/CLP-1-=fCFP AmpR

ACGCACEGAAAACTT ATEACCGT TGACATCACCATCCAG TTOCACCAGAAT AGSGACGACACCART GAACAGC TCTTCGCC TTTAGECATAC TAG TGCCCATGECCATCGEORGCTOBECAGTEAG EAGCAGCAGACCAGCA —J

T
3,428 3,840 1,488 3,280 3,500 3,528 3,548

990 1,089 1,818 1,020 1,030 1,048 1,058 1,068 1,87¢ 1,880 1,899 1,109 1,118 1,120
aligned sequence M4l-t7 (1) (WH1-t7 (1).abl)

GLAGOGG T OGGCAGCAGETAT T TCATATG TATATCTCCTTC T TAAAGT TAAACAAAAT TATT TCTAGAGGGEAATTGTTAT COGCTCACAAT TCCCCTATAGT GAGTOGTATTAATT TOGCGEEA TCGAGAT CTCGATCCTC

T
3,58 3,600 3,620 3,640 3,668 3,680

template sequence pET22h Agd3 168N ABJQ/GLP-1-sFGFP AmpR

AP Ll |l ; o
LIV AU TTVVETTWVVYYIVATW P SR AU\

GCAGCGLTOEGCAGCAGGETATTTCATATCTATATCTCCTTC TTAAAGT TAAACAAAATTATTCTAG INHM MMM NN NC

T
1,568 1,58 3,600 3,620 3,640 3,668 3,680

1,138 1,148 1,158 1,168 1,178 1,188 I.I‘D 1,209 1,218
aligned sequence MHI-t7 (1) (WH1-tT (1).abl}

Figure D2: Sequencing result allignment of sfGLP-1 generated by Benchling.
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GTTCCTTCAGCTCTCACAATCTGGCGACCGTTTTTATTGATGGTTGTGCGCTTAAGGCTGCCACCGCCCTGAAAGTACAGGTTTTCgcgacagecgtceca

T T
2,618 2,628 2,630 2,648 LG50 2, 640 2,678 2,688 2,680 2, Toe

95 85 84 82 78 75 74 65 64

TG-AmQ-G NCK NCILT T“S G G G Q_N“C G foN
s T6eN algha SuBGRIE K K . Tev recognition < RGLPL (738)

template sequence pET2Zh Ag43 UGBN AB4@/modGLP-1 AmpR

GTTCC'I_I'CAGCTCTCACMTCTGGCGACCGT'I_I"I'I'ATTGATGGTTGTGCGCTTMGGCTGCCACCGCCCTG&MGT#CAGGT TT CGCGAC.&GCCGTCCA

T T
2,618 2,620 2,630 2,640 . 2, 640 2,678 2,688 2,690 2,Tee

aligned sequence MHZ-T7 (NHZ-T7. abl)

ccagccacgcaataaattectgegecgectggecttocagatagetgetcacatcgetggtaaaggtgocttegecatggoccaccgecgtgatggtggty

T T
2,7e 2,720 2,7 2,740 2,750 2,760 2,77e 2,78 2,790 2,808

(1] 58 56 54 52 5@ 46 44 42 4@ 38 36 34 32 3@

_uA_QAAQG_SS—ST-TG-GHGGGHHHH
I WGLP-1 (7-36) ]

template sequence pET22h Ag43 160N AB4O/modGLP-1 Amph

O Y l l'l'l' ALY lfl Al H.I' PN Il'l'i'! !’l‘l U L U T il'l- l‘l I'lTI'ﬂl.‘l‘l NATEUABN AN

CCAGCCACGCAATAAATTCCTGCGCCGCCTGGCCTTCCAGATAGCTGCTCACATCGCTGGTAAAGGTGCCTTCGCCATGGCCACCGCCGTGATGGTGGTG

T T
2,7e 2,720 2,7 2,740 2,750 2,760 2,778 2,78 2,790 2,808

aligned sequence NHZ-T7 (NH2-T7.abl)

gtggtgcatactagtgcCCATGGCCATCGCCGGCTGGGECAGCGAGGAGCAGCAGACCAGCAGCAGCGGTCGGCAGC-AGGTATTTCATATGTATATCTCY

T T
2,810 2,820 2,83 2,849 2,850 2,860 2,870 2, 888 2,890 2,504

2l L2 8 L E5 2,808
28 26 24 22 29 18 16 14 12 1@ B 3]
HHMSTGMAMaPQAA“GnAATP_M
< pelB signal sequemee | ==

tesplate sequence pET22H Ag43 168N AB4/wodGLP-1 AmpR

GTGGTGCAT.-\CTAGTGCCCATGGCC&TCGCCGGCTGGGC.-\GCGAGGAGCAGCAGACCAGCAGCAGCGGTCGGCAGCMGGTAI T CATATGTATATCTC

T T
2,810 2,820 2,83 2,849 2 850 2,860 2,870 2, 888 2,89 2,00l —

1,15 1,148 1,15 i.188 1,178 1,188 1,19 1,204 1,218 1,228
aligned sequence MHZ-TT {MHZ-T7 abl)

Figure D3: Sequencing result allignment of mGLP-1 (7-36) generated by

Benchling.
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ATCTGGCGACCGTTTTTATTGATGGTTGTGCGCTTAAGGCTGCCACCGCCCTGAAAGTACAGGTTTTCg cteggeggcggegegecgetgctegggecge

T T
2,818 2,820 2,88 2,848 2,850 2,868 2,870 2,88 2,888 2,500

2,628 2,638 2, 640 2,650 2,668 2,670 2,688 2,699 P 2,10
188 1e6 1084 182 106 98 96 94 92 9@ 88 86 84 82 8@ 78 76
IQ-GN-N-Trmssssq_NISPPPAGSSPGG
« 168N alpha subunit K ; Tev recognition Exendin=-4 o

template sequence pET23h Agd4d 168H AB4R/Exendin-4 -I-pﬂ

Py I

ATCTGGCGACCGTTTTTATTGATGGT TGTGCGCTTAAGGCTGCCACCGCCATGAAAGTACAGGTTTTCGCTCGGCGGCGGCGCGCCGCTGCTCGGGCCGT

T T
2,818 2,428 2, B3 2,848 2, 858 2, Bhi , 878 2, 880 2,850 2, i

se0 30) a2 238 0 858 e e 288 s
aligned sequence MIS-TT_R (MI5-T7_8. ab1)

cgtttttcag ccattcaataaacaggegeaccgettcttcttecatetgtttgoteag a‘tcgctggtaaaggtgccttcg ccatggeccgecgeetttttt

2, 910 2,920 2,55 2,948 2,950 2,968 1,978 2.98@ 2,998 I, e

2,720 2,738 2,148 2,750 2,768 2,178 2,708 2,790 2,808 2,810
48 46 44 42
N“*mﬁ_ﬁ Q-S-S T-T G-GHGGG“

T Exendin-4 ] L]
template sequence pET2iH Agdd 168N ABSS/Exendin-4 AmpR

TTCTTARTTOCATCTGTG T

2,948 2,950

Sa8

ccatttcatacgacgattctgasaccaaattttaatctgacgecatactagtgecCCATGGCCATCGCCGGCTGEGCAGCGAGGAGCAGCAGACCAGCAGCA

T T
1,818 1,028 1,038 1,848 1,850 3,068 1,878 3,888 1,888 1,108

2,8 2,808 2,5« 2,858 2,858 2,878 2, éna 2,858 2,508 2,918

42 38 36 34 32 30 26 24 22 20 18 16 18
*.H“NQ-Hm-HSTGMAHAPQAA_G!“*
E Fenetratin | N R T |

template sequence pET22h Apdd 168N ABSQ/Exendin-4 AmpR

PPN,

CCATTTCATANGAGGA'ITMGMACCAGGTT'I'I'MTMMCGC&TANTAGTNCCCATGGCCATCGCCGTCTGGGC»\GMAGGAGCAGCAGG —————————

T
J,Gi& 3,828 3,038 3,848 1,858 3, @ 3.878 3, 843 1,358 3, 18

T T
1,808 1,818 1,828 1,038 1,848 1,858 1,060 1,878 1,888
aligned sequence MAS-TT_R (MHS-T7_R.ab1)

Figure D4: Sequencing result alignment of Exentin-4-PEN generated by

Benchling
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CAGTGGTATTTGCCGTTCCTTCAGCTCTCACAATCTGGCGACCGTTTTTATTGATGGTTGTGCGCTTAAGGCTGCCACCGCCCTGAAAGTACAGGTTTTC #—

T T
2,618 2,620 2,63 2,648 2,650 2,658 2,678 2,658 2,680 2,7

2,550 2,600 2,618 2,620 2,639 2,640 2,658 2,664 2,670 2,680
116 188 186 1@4 1@2 16 &6 84 =1
CT T NAT G-Amq-G N-N-T Tms G G G Q_N-
W 168N alpha subunit k. K k Tev recognition

tesplate sequence pET2h Ag4d 168N ABAG/modGLP-1-PEN Ampl

CATGGTATTI'GCCGTTCCTTCAGCTCTCACAATCTGGCGRCCG]TTI'TATI'GATGGTI'GTGCGCTTMGGCTGCCACCGCCCTGAAAGTACAGGTT'ITC

T T
2,618 2,628 2,863 2,648 2,658 2,658 2,678 2,688 2,658 2,Te8

860 70 1] 850 500 516 524 230 S4b 454
aligned sequence HE-TT (MB3-T7.ab1)

gcgacagecgteocaccagecacgeaataaattectgegeegectggeocttecagatagetgetcacategetggtaaaggtgecttegecatggeegeeg
T T

T T
2,658 2,700 2,7 2,72 2,71 2,748 2,758 2,768 2,7 2,788

64 58 54 48 46
-c G—w A_Q A A Q G_s s-s T-T G-G HGG
mELF=1 (7-36) |

template sequence pET2Mh Agdd 168N ABSO/modGLP-1-PEN Amplt

6o st e E 1,808 1,018 1,028 1,834 1,040 1,050
aligned sequence MHI-T7 (MHI-T7.abl)

ccttttttccatttcatacgacgattctgaaaccaaattttaatetgacgecatactagtgcCCATGGCCATCGCCGGCTGGGCAGCGAGGAGCAGCAGALC f—

T T
2,818 Z, 820 2,83 840 2,850 2,868 .87 2,888 2,850 2,508

2,75 2_bod 2,818 2 A28 2,63»3 2, 840 2,856 2,884 2, éi‘b 2,888
44 42 38 30 28 26 24 22 20 18 16 14
nn-nnu u-w_o-n S TG M AMAPGOQA A_G
Penetratin ) < peld signal sequenee &

template sequence pET2h Ag4d 168N ABAQ/modGLP-1-PEN Ampd

AN '"j l'i'ﬂl"l.‘l‘llﬂlftﬂl'iiﬂmﬂl‘ﬂﬂﬂl‘ﬂﬂi I'i‘l'i"}'lfl i ﬂlf,‘.l‘l-‘l'i'i."l‘l'ﬂ‘:ﬂmlI. ’ﬂ N OV AU VY
CTTTTTTCCATTTCATACGACGATTCTGAAACCAAATTTTAATCTGACGCATACTAGTGCCCATGGCCATCGCCGGCTGRGCAGCGAGGAGCAGCAGAC

T T
2,818 2,80 2,85 2,848 2,858 2,868 2,878 2, 8% 2,858 2,508

]
1,064 1,87 1, b 1,090 1,188 1,118 1,128 1,13 1,148 1,158
aligned sequence NHI-T7 {NHI-TT. abl)

Figure DS5: Sequencing result alignment of mGLP-1 — PEN generated by

Benchling
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TCATACCAGATTTAGCTGGTGACGAACGTGAGCTTTTTTAAGAATACACGCTTACAMATTGTTGCGAACCTTTGGGAGTACAAACAGAATTCatgaatac
T

T
3,610 3,620 1,630 1648 1,650 1,660 1,678 1,688 1,680 1,700
3,610 3,620 1,630 3,648 1,450 3,660 1,678 3,688 1,600 1,708
2
M N T
trg ot
THIS TS TP T TS

template sequence pSRS3.4 - PCR - seq - his

"!j.'M!l'1l';.ﬁ'll-i!lllll-l’l'iililIlllll”ﬂl.l"‘ a-II“Llllllllll'l‘ﬂ'll"ll-lllllllllll

WO A
T;;TACCNahNTTAGCTGGTGACGAACGTGAGCTTTTTTAAGAATACACGCTTACAAATTGTTGCGAACCTTTGGG&GTACAAACAGAATTCATG&ATAC _
,(Ine 3,620 3,638 1,848 1,658 3, 668 1,678 J,Asa 1,680 1, Ton
2 48 E ] (1] T L] £l 1ge ile
aligned sequence 28-TS-FORI-MH (20-T5-FORI-WH.abi)
aactcecctcacagegattaggttttttgeatcacatcaggttggttecgttatttgectgeattetaggeggtatettagttctattogeattaagttea
3.::'1& 3,70 3,7 3,740 3,750 3, Tew 3,7 A.I:‘N 3,79 3, Bhe
3.:;'10 3,720 3,7 3,748 3,750 3,768 3. 7e 3, f's:a 3,Tee 3, e
4 6 32 36
T PSS Q—G-H H“P-A c-s G_A-s s
® trg »
ST

template sequence pSRES.4 - PCR - seq - his

AMCTCCCTCACAGCGATTAGGTTTTTTGCATCACATCAGGTTGGTTCCGTTATTTGCCTGCATTCTAGGCGGTATCTTAGTTCTATTCGCATTAAGTTCA
T

3,

T
3,710 3,70 3,7

3,

168

TER

1,

iTe

Tee

188

e

3,

iz

TE

3,

ET]

Toe

3, e

218

iz 138 14w
aligned sequence 28-T5-FORI-NM (20-TS-FORI-HH.abl)

gecoctggetggetatttectetggeaggecgatcgegatcagegtgatgttactgeggagattgagatteggaccgggttagegaacagtteagattttt

T
1,810 3,80 18

1,840

3 85

1,860

1,878

31,878

T
N

N

3,850

3,830

1,500

3,508

1,818 3,80 I,em

48

3,840

52

3 85

3,860
56

60

64

68

38 a0 42
AN A G-* Q AQOT A_T G-i NS s D

"
template sequence pSR55.4 - PCR - seq - his

trg

T Ty rerery I 0 ITII l'i'l"’l‘l'i'l’l’l I’i’l ﬂ’l T Il'lll'l"l'ﬂ'l ll.‘lifl'l'ilT l I'FI‘I'ITI DAY TR
GCCCTGGCTGGCTATTTCCTCTGGCAGGCCGATCGCGATCAGCGTGATGTTACTGCGGAGAT TGAGATTCGGACCGGGT TAGCGAACAGT TCAGATTTTT

T
1,818 3,820 1,80

1,840

1,850

1,868

1,878

IBe

1,888

250

1,880

ee

1,808

ne

2
aligned sequence 28-TS-FORI-MH (20-TS-FORI-MM.abl)

259

260

135

e




tgcgtteageecggateaatatgatteaggecggggetgegagtegtatigoggasatggaageaatgaagegaaatatigegeaagecgaateggagat
T

1,510 3,520 1,9m 1,548 1,850 3,560 1,978 3,988 1,500 4 000
1,818 1,820 1,0M 1,848 1,880 [ 1,978 3,088 1,980 4,000
72 1] 82 86 94 98 lae 182
]I!III S A lllilli N M III Q AG A A S R I A lIIIH ]III A M KRN lIlDA Q AJEDS JENT
trg w

)

tesplate sequence piR53.4 - PCR - seq - his

I\ I A [l i
COPVVA AN ANV AT AV VA AN WA AN WA AN VAWV WA WAV WV VN WA W T
TGCGTTCAGCCCGGATCAATATGATTCAGGCCGGGGCTGCGAGTCGTA TTGCGGAAATGGAAGCAATGAAGCGAAATATTGCGCAAGCCGAATCGGAGAT

T
3,518 3,528 3,538 1,848 3,558 3,368
)
488 418

]
kR ] e ap kL] 388 ate kL kL]

aligned sequence 28-TS-FORI-NH {28-TS-FORI-MHH.abl)

taaacagtcgcagcaaggttatcgtgettatcagaatcgaccggtgaaaacacctgetgatgaagecctcgacactgaattaaatcaacgetttcagget

T T
4,010 4,08 4,058 4,840 4,058 LN 4,878 4, a8d 4,90 4, o
T T
4,818 4,020 4,038 4, 848 4,050 LN 4,878 4, a0d 4,890 4, e

116 118 126 122 124 126 128 13@ 132 134 136

le4 106 1e8 116 112 114
TK'Q S 0 0 ¢ WUR'ANIQ NJRVP WIK'T P A TDIED A TLUBN T JENLON Q RIFRQ A

B

trg

0

template sequence piR5%.4 - PCR - seg - his

4 [l | i

WA WA AT WAV YWYV WAV VWY ARV WY A AAN YA ANV YA AN VWA Y
TAAACAGTCGCAGCAAGGT TATCGTGCTTATCAGAATCGACCGGTGAAAACACCTGCTGATGAAGCCCTCGACACTGAATTAAATCAACGCTTTCAGGCT
-l.!lm 4,90 4, o

T
4,018 4,08 4,058 4,848 4,058 LN 4,878

a5 See B3t

am a5 460 478 488

48
aligned sequence 28-TS-FORI-MH (20-T5-FORI-NH_abl)

tatatcacgggtatgcaacctatgttgaaatatgccaaaaatggcatgtttgaagcgattatcaatcatgaaagtgagcagatccgaccgctggataatg

a, 110 4,120 4,13 4,148 4,150 4,168 4,178 -I.IM 4,139 4, e
4,118 4, 130 4, 1% 4,148 4,15 4, 168 4,178 4, 18 4,19 4, b
138 140 142 144 146 148 15@ 152 154 156 158 16@ 162 164 166 168
FVINT 6 M o P M EDNKINRA KIN ¢ M JFNENA JTWINN H JER S JEN @ JIWRT P JEWIEN N
trg »

"
template sequence piR5S.4 - PCR - seq - his

TATATCACGGGTATGCAACCTATGT TGAAATATGCCAAAAATGGCATGTTTGAAGCGATTATCAAT CATGAAAGTGAGCAGATCCGACCGCTGGATAATG

T T
4,118 4,10 4,15 4,148 4,158 4, 1w 4,178 4,188 4,198 4,00

] 538 S4d 558 Shi M £ ] e [31]

aligned sequence 28-T5-FORI-MH (20-T5-FORI-NH.abl)

136




cttataccgatattttgaacaaagccgttaagatacgtageaccagagecaaccaactggeggaactggeccatcagegcacccgectgggtgggatgtt

T T
4,210 4,220 4,23 4,242 4,258 4,268 4,278 4,28

4,200 4, 1w

T T
4,218 4,228 4,238 4,248 4,250 4, 268 4,278 4,288 4,298 4, 1w

17é 172 174 176 178 18@ 182 1534 186 188 1989 192 194 196 198 200 282
ANBTIDNTLON K AWK TR S TRANOQILAELAHQRTRILGGMIF

»

trg »
template sequence piRS5%.4 - PCR - seq - his

T
¥ 638 (20 658 L5 &78 (2.1 658 Tee

T
Tie
aligned sequence 28-TS-FORI-NH (28-TS-FORI-HHM_abl)

catgattggegegtttgtgettgecctggteatgacgctgataacatttatggtgctacgteggatcgteattegtecactgcaacatgccEcacaacgg

o310 4,320 4,10 4,348 4,350 4,0 4,378 s 320 4,300 4,408
4,110 4,320 4,10 4,348 4,350 4,0 4,378 4,188 4,390 4,408
204 206 268 216 212 214 216 218 220 222 224 226 228 238 232 234 236
Iu Il A FERVILD A TNWEM T IDNIN T JERM WULVRURVINVIINRY P IERQ H A A Q RY
» tre S

template sequence pZR55.4 - PCR - seq - his

AT T T AR T RS T T T T AT A AT T A ST T T,

CATGATTGGCGCGTTTGTGCT TGCCCTGGTCATGACGCTGATAACATTTATGGTGCTACGTCGGATCGTCATTCGTCCACTGCAACATGCCGCACAACGE

T T
4,110 4,320 4,1 4,349 4,358 4, M 4,378 4,38 4,390

L] T30 " " LEL] T8

aligned sequence 2é-T5-FORI-NH (20-TS5-FORI-MH.abl)

4,400 f—

attgaaaaaatcgccagtggegatetgacgatgaatgatgaaccggeggetegtaatgaaateggtegettaagtegteatttacagCATATGGCGGCTG

ﬂ.:lh & 428 4,458 4, ddd 4,458 &, dbd 4,478 a.-:aa 4,450 4,508
4,410 4,420 4,430 4,440 4,450 4,450 4,470 4,480 4,400 4,508
2 4
H M A A
238 240 242 244 246 248 25@ 252 254 256 258 26@ 262 264 266 268
TEK T A SGDL'TMNDEPAGRNETIOGRILSRHILOQHMAA
I trg : EnvZ »

template sequence piRSS.4 - PCR - =eq - his

L7 &39 Bai a58 &b 78 1] L0 i 518
aligned sequence 28-TS-FORI-MM (20-TS-FORI-NM_abl1)

Figure D6: Sequencing result alignment of Trg generated by Benchling
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attcccctetagaATTAAAGAGGAGAAAGGTACCATGAAATACCTGCTGCCGACCGCTGCTGLTGGTCTGCTGCTCCTCGCTGCCCAGCCGGCGATGGCC

T T
4,518 4,528 4,55 4,548 4,558 4,568 4,57 4,588 4,508 4, Gan

4,518 4,528 4,55 4,548 4,558 4,568 4,578 4,588 4,588 4, Gdd
8 1a 12 14 16 18 208 22
H-PTAAAG_ARQPAHA

B I GoX=EMGINEERED 3
[ — PL >

template sequence GoX - petlib

NMNNNNMNCTAG==~~ATNNNAGGAGAAGGNACCATGAAATACCTGCTGCCGACCGCTGCTGCTGGTCTGCTGCTCCTCGCTGCCCAGCCGGLGATGGLC

4,518 4,528 4,55 4,548 4,558 4,568 4,57 4,588 4,588 4, Gan

-] EL] aw S8 2] b B L] 1o
aligned sequence MHZ-T7_All.abd

4,518 4,520 4,550 4,548 4,558 4, 56# 4,57 4,588 4,506 4, Gai

aligned sequence NH3-T7-Term_B11.a81

ATGGTTTCAGTTTTCTTGTCGACGCTTCTTCTGAGTGCCGCCGCAGTGCAGGCGTATCTTCCGGCACAGCAAATTGATGTCCAGAGCTCATTGTTATCAG

T T
4,610 4,620 4,638 4,648 4,650 4, 660 4,678 4, 680 4,699 4, T

4,618 4,620 4,630 4,648 4,650 4, 668 4,678 4,680 4,690 4, Tew
32 34 36 48 42 44 48 5@ 52
M-S_S T_S A A A-Q ANTL P A Q Q—Q s S-S)
Pegox

= Pl
template sequence Goil - petlih

ATGGTTTCAGTTTTCTTGTCGACGCTTCTTCTGAGTGCCGCCGCAGTGCAGGCGTATCTTCCGGCACAGCAAATTGATGTCCAGAGCTCATTGTTATCAG

4,610 4,620 4,63 4,648 4,650 4, 85 4,678 4,658 4,650 4, Te

T
118 128 13 lag 158 168 17 188 198 208
aligned sequence MHZ-TT_A11.shi

T
4,610 4,620 4,63 4,848 4,650 4, 850 4,678 4,658 4,650 4, Te

ACCCCTCGAAGGTGGCGGGAAAAMCATATGATTACATCATTGCAGGCGGCOGGCTGACAGGTTTAACCGTGGCTGCCAAACTTACCGAAMACCCTAAGAT

T
4,718 4,70 4,75 4,740 4,758 4, Tae L) 4,78 4,798 4, Boe

4,710 a,720 4,730 4,740 4,750 4,760 4770 4,780 4,790 4,800
58 62 72 76
‘P S—A G-T_A G G G-T G-T-A A“T-N P‘
P-gox

I GoX-ENGINEERED wE
= Pl =

ACCCCTCGAAGGTGGCGGGAAAAMCATATGATTACATCATTGCAGGCGGCOGGCTGACAGGTTTAACCGTGGCTGCCAAACTTACCGAAMACCCTAAGAT

T T
4,718 4,70 4,75 4,740 4,758 4, TaR 4,778 4,78 4,798 4, Boe

210 i 230 248 250 260 270 280 290 300
aligned sequence HHZ-TT_All.abi

T
4,718 4,70 4,78 4,740 4,758 4,760 4,770 4,78 4,798 4, 50

aligned sequence MH3-T7-Term_B11.ah1
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TAAGGTCTTAGTTATCGAGAAAGGAT TTTACGAGTCTAACGATGGCGCGATCATCGAGGATCCGAACGCATATGGACAAATCTTCGGTACGACAGTGGAT

T
4,818 4,80 4,88 4,848 4,858 4,550 4,878 4,858

4,858 4,588

4,818 4,800 4,830 4,840 4,850 4, 560 4,878 4,889 4, 8% 4,598

109 102 1e4 166 1e8 118 112 114 116 118 120 122
ms_s ND'G AL I EDP N ANIGQIFEIGTTND

P-gox

[
teavlate sequence GoX - petlib

TAAGGTCTTAGTTATCGAGAAAGGAT TTTACGAGTCTAACGATGGCGCGATCATCGAGGATCCGAACGCATATGGACAAATCTTCGGTACGACAGTGGAT

' '
4,810 4,820 4,83 4,840 4,850 4,868 4,870 4,880 4,800 4,500
T
110 120 138 340 158 68 78 0 ) 408
aligned sequence NHZ-TT_A1l.abi
T T
4,810 4,820 4,80 4,840 4,850 4,860 4,870 4,880 4,800 4,500

aligned sequence NHi-T7-Term 811,51

CAAMATTACTTGACTGTACCGTTGATCAACAAT CGCACCAACAACATCAAGGCAGGAAAGGGCCTGGGTGGCTCAACACTGATTAATGGCGACTCTTGGA

T T
4,918 4,920 4,930 4,949 4,958 4,968 4,978 4,980

4,99 5,008

4,918 4,920 4,538 4,948 4,950 LR 4,978 4,988 4,990 5,008

124 126 128 13@ 132 134 136 138 149 142 144 146 148 158 152 154
QNN L TWVWPILINNRTNNIKAGKG GILGGSTILINGDSW

P-gax
= GoX-ENGINEERED

=
Pl »

CAAAATTACTTGACTGTACCGTTGATCAACAAT CGCACCAACAACATCAAGGCAGGAAAGGGCCTGGGTGGCTCAACACTGATTAATGGCGACTCTTGGA

T T
4,518 4,920 4,83 4,548 4,550 4,560 4,878 4,580 4,550 5, 000
410 420 438 440 458 ase 478 480 4se 508
aligned sequence NHZ-TT_A1l.abi
T T
4,910 4,920 4,938 4,548 4,950 4,560 4,978 4,580 4,990 5,000

aligned sequence HHI-T7-Term 811.abi

CGCGCCCAGATARAGTTCAAATTGACTCATGGGAGAAGGT CTTTGGAATGGAGGGGTGGAACTGGGACAACATGTTTGAGTACATGAAGAAGGCCGAGGC

5,010 5,028 5,088 5,848 5,850 5,868 5,878 5,080 5,850 5,108
5,818 5,420 5,08 5,048 5,858 5,068 B 5, 4 5,088 5, 108
156 158 168 162 164 168 176 172 174 176 178 188 182 186 188
TR PO KV QI DS vr_s MIE'G W N WD N H-N K K A E A
P-gax
I GoX ~ENGINEERED

S
Pl *

CGCGCCCAGATAAAGTTCAAATTGACT CATGGGAGAAGGT CTTTGGAATGGAGGGGTGGAACTGGGACAACATGTTTGAGTACATGAAGAAGGCCGAGGC

T T
5,018 5,020 5,038 5,040 5,850 5,068 5,878 5, 080 5,098 5,108

sla Er ] 51 Sa0 550 568 578 Sae son
aligned sequence MHZ-T7_All.abl

T
5,010 5, 020 5,08 5040 5,50 5,060 5.eTe 5, 0% 5,200 5, 1ee

aligned sequence NHi-T7-Tern 811251
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AGCTCGTACTCCAACGGCGGCTCAGCTGGCTGCTGGCCACTCGTTCAATGCAACGTGTCACGGTACGAATGGCACGGTGCAGAGCGGTGCGCGTGACAAT

T T
5,118 5,120 5,13 5,140 v . 5,178 5, 188 5,190 5, 2oe

L1180 ¥ BE . 148 158 L 168 L 118 . 158 20
198 192 194 196 198 200 202 284 206 208 21@ 212 214 216 218 220 222
ARTPTAAOQILAAGHT SFNATTCHGTNSGTMNMOQSGARIDN
[ [#] =i

P-gax
R

Ix F1
template sequence GoX - petiib

AGCTCGTACTCCAACGGCGGCTCAGCTGGCTGCTGGCCACTCGTTCAATGCAACGTGTCACGGTACGAATGGCACGGTGCAGAGCGGTGCGCGTGACAAT

5,118 5,128 518 5,148 5,158 5,168 5178 5,188 5,158 5, X8

T
(30 620 638 640 650 G6d 678 [ 0] L]
aligned sequence MHZ-T7_all.abl

T
5,110 5,120 51w 8,148 5,150 5,168 E.17e 5,158 5,190 5, 30

aligned sequence NHI-T7-Term 811.ab1

GGGCAACCATGGTCACCGATCATGAAGGCTCTTATGAATACTGTCAGCGCCTTAGGCGTCCCTGTTCAGCAGGATTTTTTATGTGGGCATCCGCGCGGLG

T T
5,218 5,220 5,238 5,240 5,250 5, 268 5,210 5,280 5,298 5, 3oe

5,218 5,220 §.2m £, 24 5,250 5,268 .21 5,25 5,200 5, Jen

224 226 228 238 232 234 236 238 248 242 244 246 248 2508 252 254
G QP WS PIMKALMNTMSALGHWPNOQQDFELCGHFPIRGSGD)

> ] ]
F-gax
&= GoX ~ENGINEERED w5

GGGCAACCATGGTCACCGATCATGAAGGCTCTTATGAATACTGT CAGCGCCTTANGCGTCCCTGTTCAGC-NNNNTTTTTATGTGGGCATCCGCGCGGLG

T T
5,218 5,220 5,23 5,240 5,250 5, 268 5,210 5,280 5,298 5, 3w

e T T Tag 58 TER e T To0 ow
aligned sequence MHZ-T7_All.abl

T
5,218 5,220 §.2m £, 24 5,250 5,268 g.21e 5,289 5,200 5, Jen

aligned sequence NHI-T7-Term_ 811,351

TGTCCATGATTATGAACAACCTGGATGAAAACCAGGTACGTGTTGACGCGGCTCGTGCCTGGTTGTTGCCGAATTACCAGCGTTCCAACCTTGAGATCCT

T T
5,310 5,120 5,130 5,348 5,350 5,60 5,378 5,388 5,390 5,400

5,318 5,328 5,18 5,348 5,358 5, 360 5,378 5, 3% ) 5, 4
256 258 260 262 264 266 268 270 272 274 276 278 280 282 284 286
Vs MM N NJLUDTEIN @ WIRVIDTA AR A WILUL'P NWOQ RS N_
= (2] 3

P-gax
i GoX ~ENGINEERED %

TGTCCATGATTATGAACAACCTGGNTGAAAACC-NNTACGTGTTGACGCSGCTCGTGCCTGGTTGT TGNCGAATTACCAGCGTTCCAACCTTGAGATCCT

T T
5,318 5,30 5,13 5,348 5,358 5,368 5,378 5,358 5,398 5, daw

T
&1 a0 a3 B4 858 E-L1 aTe B 850 £l
aligned sequence MH2Z-TT_A11.abi

T T
5,318 5,328 5,330 5,348 5,350 5,368 5,37 5,380 5,380 5,408

aligned sequence MH3-T7-Term_B11.a41
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GGGTCAGGCCGTCTTCTTCGCTAACTTCACCGAAACATTCGGCGATTACGCT CCGCAGGCACGCGACTTGTTAAACACCAAGCTTGACCAGTGGGCTGAA

5,710 5,720 5,738 5,748 5,750 5,760 5,77 5,780 5,798 5, 200

5,718 5,720 5,730 5,748 5,750 5,760 5,77 5,780 5,780 5,800

398 392 394 39 398 400 482 484 406 408 418 414 416 418 428 422
G Q ANVIFUFYA NJENT JENT JFRG DUWRA P Q A—N TKLDQ W AEY

> P2 >
P-gax
E GoX-ENGINEERED wt
I P3 B
tesplate sequence GoX - petZh
T T
5,718 5,720 5,730 5,740 5,750 5,760 5,77 5,720 5,790 5,800

aligned sequence MHZ-T7_all.abl

GGGTCAGGCCGTCTTCTTCGCTAACTTCACCGAAACATTCGGCGATTACGNT CCGCAGGCACGCGACTTGTTAAACACCAAGCTTGACCAGTGGGCTGAA

8,718 5,720 5.7 5,740 5,750 5,760 .17 5,788 5,790 5, tae

T T
1) ] 50 100 118 120 138 148 158
aligned sequence NH1-T7-Term_811.2h1

GAGACTGTTGCCCGCGGCGGATTCCACAACGTTACCGCCTTAAAGGTACAATATGAAAACTACCGTAATTGGCTGT TAGACGAAGACGTTGCCTTTGCAG

5,810 5,820 5,838 5,848 5,850 5, 860 5,878 5,880 5,850 5,508
5,818 5,820 5,838 5,848 5,850 5, 860 5,878 5, 880 5,859 5,508
424 426 428 430 432 434 436 438 440 442 444 446 448 452 454
JE'T W ARG GIFIH NVIT ALKV Q¥WENNRN *—A-A)
Pogax
= GoN-ENGINEERED =
i Lo -3
template sequence GoX - pet2ib
: 5,850 5,508

T
5,810 5, 8@ 5,83 5,840 5,850 5,60 5,878 5,889

aligned sequence MHZ-TT_Ail.abi

GAGACTGTTGCCCGCGGCGGATTCCACAACGTTACCGCCTTAAAGGTACAATATGAAAACTACCGTAATTGGCTGTTAGACGAAGACGTTGCCTTTGCAG

T
178 180 15 200 28 220 238
aligned sequence NH3-T7-Term 811,251

AACTTTTCATGGATACAGAGGGGAAGATCAATTTTGATCTTTGGGACCTTATTCCGTTCACTCGTGGTAGCGTCCATATCCTGTCGAGCGATCCCTATTT

5.!!10 5,920 5,938 5,948 5,958 5,968 5,978 5.;!3 5,950 LN
5,818 5,928 5,958 5,548 5,458 5,568 5,478 5, o8 5,95 LN
458 460 462 464 468 470 472 474 476 478 480 482 484 486 488
-H-T-G—'N_l‘-P-T-G s N+ NN s s IO P NED
P-gax
= Gl -ENGINEERED i
3 F3 £33
template sequence GoX - petizh
5,9!19 5,820 5,530 5,948 5,950 5,568 5,878 5,;s=a 5, 900 &, b0

aligned sequence N2-T7_A1l.abi

AACTTTTCATGGATACAGAGGGGAAGATCAATTTTGATCTTTGGGACCTTATTCCGTTCACTCGTGGTAGCGTCCATATCCTGTCGAGCGATCCCTATTT
5,950 &, b

5,910 5,920 5,93 5,948 5,950 5,560 5,978 5,088
T T
e 280 259 £ ne iz 319 lae 58 168

aligned sequence Mi1-T7-Term_B11.ak1
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GTGGCAATTTGCCAACGATCCTAAATTTTTCCTTAACGAGT TTGATTTGCTTGGCCAGGCAGCTGCTTCAAAACTTGCTCGCGACTTGACGT CACAAGGT

496 492 494 495 498 504 506 598 518 512 514 516 518 528 522

IW QFElA N-P—N—GQAA A'SKLARDLTSOQG

P-gox
= GoX-ERGINEERED W
p<3 P3 3
tesplate sequence GoX - petlib
T T
6,810 6,020 6,038 6,848 6,850 6,068 6,878 6, 880 6,850 6,108

aligned sequence NHZ-T7_all.abl

GTGGCAATTTGCCAACGATCCTAAATTTTTCCTTAACGAGTTTGATTTGCTTGGCCAGGCAGCTGCTTCAAAACTTGCTCGCGACTTGACGTCACAAGGT

6,010 6,020 6, 038 6,040 6,050 6, 060 6,878 6,0 6,090 6, 108

T T
iTe ELY 3% due 41e axn 438 440 458 A58

aligned sequence HHI-T7-Tern 811,251

GCCATGAAAGAGTACTTCGCGGGCGAAACGTTGCCTGGTTATAACCTTGTCCAGAACGCAACGCTTTCCCAGTGGTCGGACTATGTCTTGCAAAACTTCC
T
6,178 6,188 6,150 &, 200

T
&, 118 6,120 6,138 6,148 6,158 6,168

&, 118 6,120 6,138 6,148 6,158 6,168 6,178 6,188 6,198 6, bbb

524 526 528 53® 532 534 536 538 548 542 544 546 548 550 552 554

A MKIENVEERA ¢ ERT JEDP ¢ MBON JINWRQ N A TIs o W s DNVEVIINe N JE

P-gax
b GoX=ENGINEERED wE
b3 F31 »f
template sequence Gal - petiih
T T
6,118 6,120 6,138 6,148 6,158 6,168 6,178 6,18 6,198 6,200

aligned sequence MHZ-T7_All.abl

GCCATGAAAGAGTACTTCGCGGGCGAAACGTTGCCTGGTTATAACCTTGTCCAGAACGCAACGCTTTCCCAGTGGTCGGACTATGTCTTGCAAAACTTCC

478 ase 4
aligned sequence MHI-T7-Tern 811,201

GCCCAAACTGGCATGCCGTTTCCAGTTGTAGTATGATGTCTCGTGAGT TGGGCGGTGTGGTGGACGCAACCGCGAAGGTTTATGGCACGCAAGGACTGCG

5.2‘19 6,220 6,23 6,249 6,250 6, 260 6,278 ﬁ.;sﬂ 6,290 6, 2oe

6,218 6,228 6,238 6,248 &, 2?0 &, 268 6,278 6,288 6,290 6,300
556 558 6@ 562 564 566 568 578 572 574 576 578 H&a 582 584 586 588
RPN WHAWSSCSMMSRELGGCGNVMVDATAKWVEGTOQQGILR

P-gax
I GoX ~ENGINEERED w
B P3 g
tesplate sequence GoX - petllh
6.2‘10 6,228 6,238 6,248 6,258 &, 268 6,278 5.$se 6,290 6,300

aligned sequence MHZ-T7_A11. abi

GCCCAAMACTGGCATGCCGTTTCCAGTTGTAGTATGATGTCTCGTGAGT TGGGCGGETGTEGTGGACGCAACCGCGAAGGTTTATGGCACGCAAGGACTGCG
6, 300

6,218 6,220 6,250 &, 248 6,258 L) 6,27 6, 288 6,200

T T
STe 5 ] [0 [0 (] LEL] a9 (] (2]

aligned sequence HHI-T7-Term B11.bi
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CGTGATCGATGGGAGTATCCCCCCAACTCAGGTTTCGTCTCACGTAATGACAATCTTTTATGGAATGGCGCTGAAAGTTGCTGATGCTATTCTGGACGAC

T T
6,318 6, 128 6,138 &, 348 &, 358 L) B, 378 &, 358 6, 3190 &, dae

6,310 6,220 6,150 6,340 6,350 6,360 6,370 6,388 6,350 &, 400
588 592 594 586 588 6O@@ 6@2 604 6086 688 61@ 612 614 616 618 620 622

IR c s HERP P T QMBS s WERv T HNENEDG v ATINENNEAHNA

P-gox
o GoX-ENGINEERED w5
I Py Ey
template sequence Goll - pet2ib
T T
6,318 6, 128 6,138 &, 348 &, 358 b, J60 B,378 &, 388 6, 390 &, doe

aligned sequence HHZ-TT_All.abi

CGTGATCGATGGGAGTATCCCCCCAACTCAGGTTTCGTCTCACGTAATGACAATCTTTTATGGAATGGCGCTGAAAGTTGCTGATGCTATTCTGGACGAC

6,310 &, 120 6, 13 £, 348 6,350 &, 160 E.378 6,35 &, 390 &, 40

T T
(3] 1 ] Tee 8 T30 k2L 40 758 768
aligned sequence MH3-T7-Term_B11.ah1

TACGCAMAGTCTGCTggtgetageggtegtggt CACATGCATCATCACCATCACCATTCTAGCGGGTTAGTCCCTCGTGGGt aataactcgageaccace

T T
&,410 6,420 6, 4% 6,449 6,450 &, 450 B, 478 &, 458 6,490 &, 5o

624 626 628 630 632 634 636 638 640 642 644 646 648 650
¥ A K S AGGSGGGHMHHIHUBHE HEHIHSSGILUVYPRG * =
P-gox
I GoX-EMGINEERED >
b5 (] [

TS TLT LTS BRI T I T IS

template sequence GoX - petilh

T
6,418 6,420 6,438 6,448 6,450 6,468 6,478 6,480 6,450 6,508

aligned sequence NHZ-T7_A11.abi

TACGCAAAGTCTGCTGGTGGTAGCGGTGETGGT CACATGCATCATCACCATCACCATTCTAGCGGGTTAGTCCCTCGTGGGTAATAACTCGAGCACCACC

&,410 6,428 6,430 6,440 6,450 6, db B, 478 &, a8 6,450 6, S0

T T
e 50 750 s00 18 28 #38 B30 50 60
aligned sequence NH3-T7-Term B11.ah1

Figure D7: Sequencing result alignment of GoX generated by Benchling.
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gaatagggacgacaccagtgaacagetcttegectttacgCATCTAGTATTTCTCCTCTTTAATCTCTAGCTTAAAGTTAATTCTAGactatacttecte

T T
2,410 2,4 2,430 2,449 2,450 2,468 2,470 2,48 2,450 2,508

2,418 2,40 2,43 2,448 2,458 2,460 2,478 2,45 2,45 2,588
12 1@ 8 [} 4 2 1
O - S - T GEEEEE - GREE
W From OxyR=Tracp "
+FCFP ¥ rbs38 | < epsilen | AhpCal

tesplate sequence pET22b ROS AmpR - AhpCpl

GAATAGGGACGACACCAGTGAACAGCTCTTCGCCTTTACGCATCTAGTATTTCTCCTCTTTAATCTCTAGCTTAAAGTTAATTCTAGACTATACTTCCTC

2,418 2,420 2,430 2,448 2,458 2, 4kl 2.4Te 2,488 2,450 2,508

T
880 asin 400 418 528 538 448 450 shir 78
aligned sequence NHI-pZs_B_GOB.abl {MH1-pZa_R.seq)

cgtgttttcgatgagatgtaaggtaaccaatttttgecgatteggctaatgegtttecattatcaaatcgataagttttaccttacaaccttegtagaat

T T
2,510 2,520 2,53 Z,540 2,550 z,568 2,578 2,580 2,599 2,6

2,510 2,520 2,53 2,549 2,550 2,560 2,570 2, 588 2,580 FRT
OayR binding sited
-1 =35 | < OxyR binding sited
Ahatpl #%
AL TITTTTIETTTTTI TS TS T TS TS TS TS TSI TITITSTITS
oo i e

tesplate sequence pET22h ROS AmpR - AhpCpl

CGTGTTTTCGATGAGATGTAAGGTAACCAATTTTTGCCGATTCGGCTAATGCGTTTCCATTATCAAATCGATAAGTTTTACCTTACAACCTTCGTAGAAT

_— ——
2,518 2,528 R 548 2,550 2,568 2,578 2,588 2,589 N

T T
a8 9 1,008 1,819 1,020 1,030 1,048 1,858 1,068 1,078
aligned sequence MH1-pZA_R_GO8. abl (MH1-pZA_R._seq)

Figure D8: Sequence alignment of AhpCp1 promoter generated by Benchling.
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actttAAGGAGggatccAatggetgcacatgaactaaaagaagecttagasacgttgaaggaaaccggagttegeattactectcaacgteatgegatte

T T
1,618 1,620 1,638 1,648 1,650 1,668 1,670 1,680 1,688 1,700

1,548 1,558 1,548 i. 56 1,588 1,598 1. 608 1,818 1,62 1,63
2 22 26
M A A H—A-T_T G_T P 0-H A )
{ [ PerR Bacillus »
™ E T

tesplate sequence pZA-H202-ahpCpl/Perk

sig 520 Sk 54d 558 Sk 57 58 548 (2]
aligned sequence MH1-rec-seq-rev (MH1-rec-seq-rev.abl)

tggaatatctcgttaactctatggetcatccaacagoggacgatatatataaagetctggaagggaaatttcctaacatgagegtagegacggtatataa

T T
1,718 1,70 1,7 1,749 1,758 1,768 1,778 1,78 1, 7o 1,588

1,688 1,650 1,668 1,678 1,680 1,698 1,708 1,710 1,720 1,738

32 34 36 38 49 42 44 54 56 58 60
_NSHAHFTA—A-G-PNMS-A T NN N
» PerR Bacillus »

tesplate sequence pZA-H202-AhpCpl/Perfl

TGGAATATCTCGTTAACTCTATGGCTCATCCAACAGCGGACGATATAT#TAAAGCTCTGGMGGGAAAWTCCTAACATGAGCGTAGCGACGGTATATAA _

o
1,710 1,720 1.?!& 1,740 1.?50 1,768 1,778 1,78 1, 7o 1,508

T
618 620 &30 G40 650 68 67 680 690 708
aligned sequence MHl-rec-seq-rev (NH1-rec-seq-rev.abl)

caatttgcgtgtgttccgggaatcaggtttggtaaaagagctcacatacggtgatgcttecagecagattegattttgtcacatecgatcactatecacgeg

T T
1,818 1,820 1,88 1,848 1,850 1,068 1,878 1,858 1,899 1,508

-— -

1,748 1,75 1,760 1,778 i, Tie 1,75 1,808 1,618 1820 1,83

64 94
N_S G—T-G-A s S—T S-H.H A
= Perft Bacillus %

template sequence pZA-H202-AhpCpl/Perk

CAATTTGCGTGTG]TCCGGGAATCAGGTI'I'GGTAAAAGAGCTCACATACGGTGATGCTI'CCAGCAGATTCGATI'TTGTCACATCCGATCACTATCACGCG

1,810 1,820 1,83 1,848 1,850 1,868 1,878 1,888 1,890 1,508

T
e T T Tan 750 T e T Tae E
aligned sequence NHl-rec-seg-rev (MH1-rec-seg-rev.abl)
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atttgcgaaaactgcggtasaattgtggacttccactacccgggecttgatgaagtgeageagctegetgeccacgtcacgggcttecaaggtaagecace

T T
1,918 1,920 1,988 1,948 1,950 1,568 1,97 1,95 1,990 2,008

1, 840 1,858 1,868 1,878 1,888 1,898 1,908 1,918 1,928 1,938
98 100 102 104 106 les 110 114 116 118 120 122 124 126
-E‘N ¢ 6 JKIINVNDNES H B P G_Q-A A HNIT 6 JFRK Vs H
» Perfk Bacillus »

template sequence pIA-H202-AhpCpl/Perk

ATTTGCG&AAACTGCGGT&AAATTGTGGhCTTCCACTACCCGGGCCTTGATGAAGTGGAGChGCTCGCTGCCCﬁCGTCACGGGCTTCAAGGTAAGCChCC

1,918 1,920 1,938 1,948 1,950 1,568 1,978 1,958 1,980 2,008

T
10 220 30 849 250 £ aTe e 290 S08
aligned sequence MHl-rec-seg-rev (MH1-rec-seg-rev.abl)

accgtttagaaatttacggcgtctgocaagagtgttcgaaaaaagaaaatcattaataaaCTAGTGAACGCGTGGCATCAAATAAAACGAAAGGCTCAGT

T T
2,010 2,020 2,038 204 2,050 2,68 rate 2,08 2,050 2,108

128 139 132 134 136 138 140 142 144 146
HRULVENTOWD G Wic o JERC s IKUKTENN H =

w PerR Bacillus >
Z TSI OAT BRI TP TP IS
PerR-Rev WA SIS

template sequence pZa-H202-ahpCpl/Perh

| ACCGT]TAGAAAT]TACGGCGTCTGCCMGAGTGTTCGMMAAGAAMTCATTMTAMCT AGTGMCGCGTGGCATCAMTAMACGMAGGCT CAGT

2,010 2,020 2,03 040 2,050 2,060 rate 2,080 2,050 108

T
a1e G20 S8 40 S50 S 4T £ a58 1,080
aligned sequence MiHi-rec-seq-rev (MHi-rec-seq-rev.abi}

Figure D9: Sequencing result alignment of PerR generated by Benchling.
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TCCTCTTTAATCTCTAGCTTAAAGTTAATTCTAGactatacttectecgtgttttcgatgagatgtaaggtaacttataataattataacggctaatgeg

T
3,35 3,348 1,358 3 360 3,378 1,38

3,310 3,320 3,130 1340 J.Es 3,360 1,378 1,38 3,380 3, 400
£ 4
-1 | Added <_=35
= rhs3@ ] < epsilon | AhpCpl
THIFTTILE
T et ReRs TantealRel T

TS TTTTTTE T TS BB S XTI TS TS TITTF

template sequence pZA-FROD-SpuB-PerR-AhpCpl/Perf-sfGFP-¥1

| hhmu.hmnuuuummm.mudl.uumummu_hmumummmunmn.um,u

TCCTCTTTAATCTCTAGCTTAAAGTTAATTCTAGACTATACTTCCTCCGTGTTTTCGATGAGATGTAAGGTAACTTATAATAATTATAACGGCTAATGCG

3,ne 1,3 31w 1,349 1,350 1,368 31,378 1,35 1,390 3,408

T T
e TH Tia Tam 758 Tea me Tae T3 Bed
aligned sequence MH1-EKP-COLEL (WM1-EXP-COLEL abl)

Figure D10: Sequencing result alignment of hybrid Ahp/Per generated by

Benchling.
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getggtttecaaccaacacggtaageagaacctgtcaaaccttecatagtteccattegaaagettcaaagtttttaccagttgtgatgattggtegctttga
T

264 252 260 258 256 254 252 250 246 242 240 238 236 234 232

APK W GIN RIY A 5 G T-s-ﬂ w-a-u-s T T r A

sk %

template sequence pIA-PROD-PerR-AhpCpliPerfi-spxB-sfGFP-v2

GCTGGTITCCMCCAACACGGTMGCAGAACCTGTCAAACCNTCATAGTTCCA'I_I'CGAMGCTTCMAGTTWACCAGWGTGATGMTGGTGCTTTGA

2,510 2,520 2,5 2,548 2,550 2,560 2,578 2, 588 2,590 2,608

T
10 128 138 348 350 168 17 188 390 408
aligned sequence NHS-PTTD (NHS-PTTO. abl)

ttttacgtgacaattcagtaatcacttcaccagctttaacaccaccaaatccageatagataactgggegttcageattgttcaagatttcaacagettt

T T
2,610 2,620 2,65 640 2,650 2,068 2,678 2, 680 2,699 2, Tow

2,610 2,620 2,60 2,640 2,650 2,660 2,67 2,680 2,650 2,Te0

230 226 222 220 218 216 214 212 210 208 206 204 202 200 198
S-T_G AGKI ¢ ¢ @ 6 AGNINIOVI P ORENED A N N QIENIENEDSVE A ORI

ET =

template sequence pZA-PROD-PerR-AhpCpl/Perfl-spxB-sfGFP-v2

2,610 2,620 2,63 2,640 2, 650 2,668 2,678 2, 680 2,690 2,Tow

410 am 43 a0 450 45 aTe a2 258 00
aligned sequence NHS-PTTO (HH5-ETTO. ak1)

gtcgatttcaacttegttcaaagcaggagegatgaatgagegttegtatgaacctgaaccgtagtatgagttttegtegatttcttggaaaccgaagttt

T T
2, Te 2,7 2,7 740 2,758 2,768 178 2,78 2,79 Z, e

2,718 2,720 2,73 2,140 2,758 2,768 2,78 2,18 2,790 2,800
196 194 182 198 188 18 188 178 176 174 72 178 168 166
_N-APA-S_SGSG-S H_Q-G-N(

B *

template sequence pZA-PROD-Perfi-AbpCpl/Perf-spuB-sFGFP-v2

00 N / )
GTCGATI'I'CAACTTCGTI'CAAAGCAGGAGCGATGMTGAGCGTNNGTATGAACNTGAACCGTAGTATGAGTTITCGTCGATTTCT TGGAMCCGAAGTI’T —

2,78 2,7 2,75 2,748 2,758 2, Tek 3778 2,78 2,788 2, e

- T
510 549 550 S68 5Te 589 590 Eae
aligned sequence ms PTTO (WS- me nbl]
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actggaatttcaacaacagctggaccttttttagaaattgeageacggeaggettcgtcaattacttttggeaattgetcagegtaagetacacgtttgt

T T
2,818 2,80 2,85 2,849 2,850 2,850 28T 2,88 2,80 2,508

164 162 16@ 153 156 154 152 158 148 146 142 1l4@ 138 136 134 132
WPIIEW ¥ A P GlKK SII.a AR C a“P-Q-A-AmN
w spad &

template sequence pZA-PROD-PerR-ahpCpl/Perf-spuB-sfGFP-¥i

ACTGGAATTTCAACMCAGCTGGACCTTFFTTAGMATTGCAGCACGGCAGGKI'I'CGTCAATI’ACT 'I'I'TGGCAATTGCTCAGCGTMGCTACACGTTTGT

2,818 2,800 2,85 2,840 Bt 2,860 2,878 2,888 2,850 2,500
T T

10 620 31 640 650 e 678 620 80 o0

aligned sequence HAS-PTTO (WHE-BTTO.abl)

tgtasacagcgataccgttgtacattggpttttggttaagetettggaaageateccatgttcaattegttaactggacgtgatccaaggategetaggaa

T T
2,818 2,928 2,85 2,948 2,858 2,560 24978 2,988 2,558 N

2,518 2,920 2,93 2,540 2,550 2,568 2,578 2,588 2,850 3, 000
136 128 126 124 122 120 118 116 114 11@ 188 1@6 182 1ee 98
YOV AT e NOWIM P N Q NOLTE Q -A-M N-N-F-S G (I A SR
w soad [

tesplate sequence pZA-PROD-PerR-AhpCpl/Perfl-spxB-sfGFP-v2

vt bttt ol

TGTAAACAGCGATACCGTTGTACATTGGGTTTTGGTTAAGCTCT TGGAAAGCATCCATGTTCAATTCGTTAACTGGACGTGATCCAAGGATCGCTAGGAA

T T
2,910 z,920 2,938 2,940 2,950 2,968 978 2,988 2,959 3, ede

T
e 720 T8 48 50 760 8 788 40 o0
aligned sequence NHS-PTTO (WHS-PTTO. ab1)

tggagtgtcatccatagetgeatcgtaaacaccgttaatcaagtgagtcgeacctggaccacctgaaccaactgeaaccecgattgagecgecgaattta

T T
3,018 320 Iem 1049 1,250 1,060 1eTe 3,08 3,20 3108

3,000 3,020 3,08 1,040 3,050 3,060 1,078 31,080 3,008 3,100
96 94 92 84 82 e 78 76 74 72 68 66
FT-HAA_GN“HTAGFGGSG-A-G-SGG-
= spab [

template sequence pZA-PROD-PerR-AhpCpl/Perf-spxB-sfGFP-v2

|

O A e

TGGAGTGTCATCCATAGCTGCATCGTAAMCACCGTTAATCAAGTGAGT CGCACCTGGACCACCTGAACCAACTGCAACCCCGATTGAGCCGCCGAATTTA

T T
3,00 3,20 3,0 3040 1,250 I, obe 1ete EN - EN 3108

| T
810 848 A58 268 are asa 89 S0

aligned sequence ms PTTO (WS- pm: abl]
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gcttgcataaccgetgeaagageacctgtotettegtggcgaacttgtaagaageggatatctttgtcttcagecaaagegtecatcaatgagetgagtg

T T
3118 31 1% 3,148 1,188 3,160 31T 3188 3,188 LR

1110 3120 im 3,140 1,180 3,160 11T 1,18 1,100 3,200
64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32
AQ MONI A AT A ¢ TUEVE HIRTV QLUFIRIIVD KIDEl ATl AT MLl s sl T

= spxB S
template sequence pZi-FROD-Perf-AhpCpl/Perf-spxB-sfEFP-v2

|

ot e o i)

GCTTGCATAACCGCTGCAAGAGCACCTGTCTCTTCGTGGCGAACTTGTAAGAAGCGGATATCTTTGTCTTCAGCCAAAGCGTCCATCAATGAGCTGAGTG

3118 31 1% 3,148 1,188 3,160 31T 3188 3,188 LR

T T
a18 520 a3 940 ELY it aTe 88 550 1,080
aligned sequence NHS-PTTO (WHS-PTTO.ab1)

ttectgatgggataccgtagattgtatctacgecceatgttttcaatacgttaageattgetgecgatgeagtaattttecccttgagteatggatecCTC

1210 3,20 1,29 1,240 1,250 3,268 1,278 3,280 1,200 3,308
1,218 3,20 1,23 1,240 3,250 3,268 3,278 1,288 31,200 3,308
30 28 26 24 22 29 18 16 14 12 1a 8 6

4 2
G SPIIIcVMT TADNV 6 W TIKTLOVI NTLIM A A S A TII'K G Q T M

4

= spxB <=
VS XS ETE T BEIRATI TS TETT

template sequence pIA-PROD-Perfi-AhpCpl/Perfi-spxB-sfGFP-v2

| 1 | | | | g
TTCCTGATGGGATACCGTAGATTGTATCTACGCCCCATGTTTTCAATACGTTAAGCATTGCTGCCGATGCAGTAATTTTCCCTTGAGTCATGGATCCCTC

3218 3,20 1 3,240 1,250 3,268 3278 3,28 1,290 3,308

T T
1,010 1,820 1,020 1,040 1,850 1,060 1,070 1,088 1,85 1,1¢0
aligned sequence NHS-PTTD (MHS-PTTE. abi)

Figure D11: Sequencing result alignment of SpxB initial region generated by

Benchling.
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APPENDIX E

Additional reaction recipes and methods

LB Medium Recipe for 1 L

H20 950 mL
Tryptone 10g
NaCl 10g
Yeast Extract 5¢
Agar (For LB Agar) I5¢g
Table E1: LB and LB Agar medium recipes

TSS Buffer

PEG 8000 Sg

IM MgClL 15¢g

DMSO 25¢g

Add LB to 50 mL, filter sterilize

Table E2: TSS Buffer recipe
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T4 Ligation Mix 20 pL

T4 DNA Ligase Buffer (10X) 2 ulL
Backbone DNA 50 ng
Insert DNA 37.5ng
T4 DNA Ligase 1 uL

Add water up to 20 uL

Table E3: T4 Ligation Mix recipe

Gibson Mix Stock

Taq ligase (40u/pl) 50ul

5x 1sothermal buffer 100l

T5 exonuclease (1u/pl) 2ul
Phusion polymerase 6.25ul
Nuclease-free water 216.75ul

Table E4: Gibson Mix stock recipe

152




SOC Medium

Yeast Extract 0.5%
Tryptone 2%
NaCl 10 mM
KCl 2.5mM
MgCI2 10 mM
MgSO4 10 mM
Glucose 20 mM
Table E5: SOC medium recipe

TAE Buffer (50X)

EDTA disodium salt 50 Mm
Tris 2M
Glacial accetic acid IM

Table E6: TAE Buffer (50X) recipe

1X PBS (Phosphate Buffered Saline) Buffer, 1 L

NaCl 8g
KClI 02¢g
NaxHPO4 144 ¢
KH,POy4 024 ¢

Table E7: 1X PBS (Phosphate Buffered Saline) Buffer recipe
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GOX Test Buffer

ABTS 50 mg
D-Glucose 90 mg
HRP 50 mg
PBS 50 mL

Table E8: GOX Test Buffer recipe

TEV Protease Buffer

Tris-HCI (pH 7.5) 50 mM
DTT 5 mM
EDTA 1 mM
Triton X-100 0.1%
Glycerol 50% (v/v)

Table E9: TEV Protease Buffer recipe
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Stacking Gel Resolving Gel (12%)

30% Acrylamide-Bis 1.98 mL 6 mL

0.5 M Tris-HCI (pH: 6.8) 3.78 mL -

1.5 M Tris-HCI (pH: 8.8) - 3.75mL

10% SDS 150 uL 150 uL
Distilled water 9 mL 5.03 mL
TEMED 15 uL 7.5 uL

10% SDS 75 uL 75 uL

Total volume 15 mL 15 mL

Table E10: 12% SDS-PAGE Gel recipe
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