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ABSTRACT
RECOMBINANT PRODUCTION of GLP-1 ANALOGUE USING
Escherichia coli HOST ORGANISM

Burak Calig
MSc. in Bioengineering
Advisor: Asst. Prof. Ozkan Fidan
August 2024

Diabetes is the most serious metabolic disorder correlated with obesity, hypertension and
cardiovascular conditions. High prevalence of Type II Diabetes Mellitus (T2DM) indicates
the need for new medication development. In developing therapeutics, higher efficiency
and fewer adverse effect features are targeted primarily. Recombinant protein-based
biotechnological drug molecules have been developed and used for the treatment of T2DM.
Especially, GLP-1 analogues are known by their self-limiting mechanism and
insulinotropic effect. In this study, a novel GLP-1 analogue with increased stability and
efficiency is produced using recombinant E. coli. The expression plasmid was constructed
and confirmed by restriction digestion and whole plasmid sequencing. Then, itwas
transformed into various E. coli strains followed by optimized lysis, growth and expression
conditions to maximize the yield of the GLP-1 analogue. Various parameters such as pre-
induction time, induction point, induction IPTG concentration and post-induction
temperature were tested for the succesfull expression with maximum yield. Consequently,
it was achieved that E. coli BL21(DE23) as strain, 0.2 mM IPTG induction at ODgoonm 0f 0.6
and 18 °C overnight post-induction growth was the most promising conditions. Under these
conditions, the GLP-1 analogue was obtained in the insoluble fraction. Following protein
analysis and purification, quantification was performed and the highest titer of GLP-1
analogue was measured as 626 pg/ml. As future prospect, using another host organism and
changing growth conditions can provide obtaining target protein in the soluble form.
Keywords: T2DM, GLP-1 analogue, recombinant DNA technology, protein expression, E.

coli



OZET
Escherichia coli KONAK ORGANIZMADA GLP-1
ANALOGUNUN REKOMBINANT URETIMI

Burak Calis
Biyomiihendislik Anabilim Dal1 Yiiksek Lisans
Tez Danismani: Asst. Prof. Ozkan Fidan
Agustos 2024

Diyabet, obezite, hipertansiyon ve kardiyovaskiiler hastaliklarla iligkilendirilen en ciddi
metabolik bozukluktur. Ozellikle Tip II Diyabet’in yiiksek prevalansi, buna kars1 yeni ilag
gelistirme ihtiyacin1 isaret etmektedir. Gelistirilen ilaglarda Oncelikle daha yiiksek
verimlilik ve daha az yan etki hedeflenmektedir. Rekombinant protein temelli
biyoteknolojik ilag molekiilleri bu amag i¢in umut vericidir. Ozellikle GLP-1 analoglari,
kendi kendini sinirlayan mekanizmalar1 ve insiilinotropik etkileriyle bilinmektedir. Bu
calismada, rekombinant E. coli kullanilarak artirilmis stabilite ve verimlilige sahip yeni bir
GLP-1 analogu fretilmistir. Ekspresyon plazmidi, restriksiyon-ligasyon yontemi ile
olusturulmus ve tim plazmit dizilimi ile dogrulanmistir. Daha sonra, GLP-1 analogunun
verimini en Ust diizeye ¢ikarmak icin optimize edilmis lizis, biliylime ve ekspresyon
kosullar1 izlenerek ¢esitli E. coli suslarma transform edilmistir. On indiiksiyon siiresi,
indiiksiyon noktasi, indiiksiyon IPTG konsantrasyonu ve indiiksiyon sonrasi sicaklik gibi
cesitli parametreler, maksimum verimle basarili ifade i¢in test edilmistir. Sonug olarak, E.
coli BL21(DE3) susu, 0.6 ODsoonm'de 0.2 mM IPTG indiiksiyonu ve 18 °C'de gece boyunca
indiiksiyon sonrasi biiylimenin en verimli kosullar oldugu sonucuna ulasildi. Bu kosullar
altinda hedef protein GLP-1 analogu, ¢oziinmeyen fraksiyon halinde elde edildi. Protein
analizi ve saflastirmanin ardindan kantifikasyon yapildi ve GLP-1 analogunun en yiiksek
titresi 626 pg/ml olarak olgiildii. Gelecekteki beklentiler olarak, baska bir konak organizma
kullanmak ve biliylime kosullarim1 degistirmek, hedef proteinin ¢oziiniir formda elde
edilmesini saglayabilir.

Anahtar kelimeler: T2DM, GLP-1 analogu, rekombinant DNA teknolojisi, protein

ekspresyonu, E. coli
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Chapter 1

Introduction

1.1. Diabetes Prevalence and Mechanism

Diabetes and obesity are two interconnected health problems that are becoming
increasingly common in Turkey and the world. It is a chronic condition that affects the
body's ability to produce or use insulin, a hormone that regulates blood sugar. There are
two main types of diabetes: type I diabetes, which is an autoimmune disorder that typically
develops in childhood, and type II diabetes, which is often linked to lifestyle factors such as
poor diet, lack of physical activity, and obesity [1]. The incidence of diabetes in Turkey has
been increasing steadily over the last few decades. Ministry of Health's 2022 data on
diabetes prevalence shows that there are approximately 7 million diabetic patients in the
20-79 age range in Turkey and this corresponds to approximately 15% of the total adult
population [2]. In another study, it was stated that the most common metabolic disease is
type II diabetes, and approximately 5-10% of the population in developed countries has
type II diabetes. In addition, 90-95% of diabetes cases worldwide are type II diabetes, 5-
10% are type I diabetes, and 2-3% are other types of diabetes [3]. International Diabetes
Federation stated that nearly there were 463 million diabetes patients in 2019, and this
number was expected to be 700 million after 2040 [4]. Increase of T2DM prevalence is
greatly correlated with the obesity and sedentary life style. Urbanization and the Western
dietary habit’s, preference of high-calorie and low-nutrient foods influenced the T2DM
prevalence [5]. Additionally, impact of genetic tendency on T2DM is undeniable. Because,
various genetic variations are associated with insulin sensitivity and beta-cells’
functionality [6]. So, it can be said that environmental factors, life-style and genetic

disposition all together have impacts on T2DM development.



Main mechanism of T2DM is caused by insulin resistance which is a condition of less
sensitivity of body’s cell to insulin. Thus, need of insulin is increased and secretion is
enhanced to keep blood glucose levels within standard range. Pancreatic beta-cells are
responsible for insulin production and they become dysfunctional over time. Eventually,
these cells can’t meet the body’s elevated insulin requirement which is resulted by
hyperglycemia [7].

T2DM is a complex condition which is not only correlated with death rate and
disorder prevalence, but also it has a serious financial impact on global healthcare system.
Because T2DM is closely linked with development of hypertension, obesity,
hypercholesterolemia, cardiovascular conditions, neuropathy and Alzheimer's Disease as
secondary complications [8]. It is reported that the average person with diabetes could
spend between $3,300 and $4,600 a year on out-of-pocket costs, including prescription
medications, provider visits, over-the-counter supplies, and lost wages. Patients who have
chronic complications from the disease can expect to pay an additional $470 each year on
average to manage their other conditions. Also, the total annual cost of diabetes in 2022 is
$412.9 billion, including $306.6 billion in direct medical costs and $106.3 billion in
indirect costs. So, the economic perspective of the T2DM is another factor that shows

significant need of treatment [74, 75].

1.2. Current Treatments Against T2DM

The treatment of T2DM is a long period started by the use of insulin from pancreatic
animal cells in 1922 by Leonard Thompson and insulin injection is accepted as primary
treatment still [9]. Current treatments consist of orally administered drugs and injectable
ones and they can be used alone or in combination depending on the patient status.
Managing blood glucose levels, reducing body weight and easing cardiovascular risks are
common targets of modern T2DM treatments [10]. However, the medications in that
category usually have adverse effects with varying degrees including weight loss,
hypoglycemia, gastrointestinal issues, edema, increased risk of heart failure, bone fractures,
headache, pancreas inflammation, vomiting, renal failure and diarrhea [11]. Antidiabetic
drugs can be divided into many classes: insulin sensitizers including biguanides and
thiazolidinediones, insulin secretagogues such as sulfonylureas and meglitinides, alpha-
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glucosidase inhibitors, Sodium-Glucose Transport Protein 2 (SGLT2) inhibitors and
incretin-based medications including glucagon like peptide-1 (GLP-1) analogues and
dipeptidyl peptidase 4 (DPP-IV) inhibitors. All these drug classes have distinct mechanisms
and targets [12].

Among insulin sensitizers, metformin as an example, which is belong to biguanides
class, is extracted from the Galega officinalis plant and helps to restrict hepatic glucose
production, resulted in increased insulin sensitivity of peripheral tissue cells.
Gastrointestinal side effects and lactic acidosis risks are associated with metformin drug
[13]. Other class of insulin sensitizers is thiazolidinediones including pioglitazone and
rosiglitazone. They help to increase insulin sensitivity and decrease blood glucose levels by
activating peroxisome proliferator-activated receptor gamma (PPAR-y) receptor. Weight
gain, fluid retention and elevated fracture possibility are counted as side effects for that
group of drugs [14]. Another T2DM medication class is insulin secretagogues which
stimulate insulin release from B-cells in pancreas and controlling postprandial blood
glucose levels. Commonly, weight gain and hypoglycemia are indicated as adverse effect
for insulin secretagogues drugs. Sulfonylureas and meglitinides such as nateglinide and
repaglinide are involved in that group [15-17]. Alpha-glucosidase inhibitors including
acarbose, voglibose and miglitol help to delay absorption of carbohydrate in the small
intestine and decreasing glucose levels in postprandial blood. As side -effects,
gastrointestinal problems like flatulence and diarrhea are associated with this medication
group [18, 19]. SGLT2 inhibitors such as canagliflozin and depagliflozin are another
alternative drug group against T2DM. Their mechanism of action is inhibiting glucose
reabsorption together with improving urinary glucose excretion. However, it is known that
they can cause urinary and genital infections [20]. The last class of antidiabetic drugs is
incretin based ones which consist of GLP-1 receptor agonists (GLP-1 analogues) and DPP-
IV inhibitors. GLP-1 analogues like exenatide, liraglutide, dulaglutide, albiglutide and
lixisenatide help to elevate insulin secretion from pancreas by inhibiting glucagon release at
the same time. Blood glucose reduction effect and benefits for obesity are reported by
clinical studies. Also cardiovascular benefits of some GLP-1 analogues have been reported.
DPP-IV inhibitors including sitagliptin, saxagliptin and vildagliptin are generally orally

administered in order to prevent incretin degredation by DPP-IV protease. Both those
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antidiabetic medication groups are usually well tolerated but still have risks with long-term
use [21-24].

Exogenous insulin injection is the primary treatment against T2DM but it can cause
many negative consequences over time. Comparing to endogenous insulin, injection from
outside can lead a different insulin gradient since endogenously secreted insulin is taken by
liver firstly and less than half can reach the peripheral tissue. Exogenously administered
insulin cannot be taken by liver at first, it must circulate through the peripheral tissue
before the liver and this situation causes peripheral hyperinsulinemia [25]. At the same
time, excessively decreased blood glucose levels lead to hypoglycemia which can be life-
threatening. Glucose uptake is promoted by highly concentrated insulin leading to weight
gain and insulin resistance. Another negative impact of exogenous insulin uptake is
increasing cardiovascular risks by promoting lipid synthesis together with inflammatory
processes which is resulted in atherogenesis. Additionally, frequent injections can stimulate
complications like lipodystrophy which is defined by unusual fat accumulation. Apart from
physical impacts, the need of daily insulin injection may cause stress, reduced adherence

and decreased quality of life which are important social/psychological impacts [26, 27].

1.3. GLP-1 Mechanism and Structure

Glucagon-like peptide-1 (GLP-1) is an incretin hormone that primarily takes role on
glucose homeostasis. Secretion of GLP-1 is carried out by enteroendocrine L cells which is
located in the mucosa of the distal part of the small intestine and colon [28]. The GLP-1
receptor (GLP-1R), which belongs to G-protein-coupled receptor (GPCR) family, provides
an affinity for GLP-1 molecule and its effect is exerted in response to carbohydrate and fat
ingestion. GLP-1R is expressed in different tissues like pancreas, brain, heart and
gastrointestinal tract whose cells can be target for GLP-1 [29].

Mechanism of action of GLP-1 is started by nutrient intake which causes release of
GLP-1 into the bloodstream and its binding with GLP-1 receptors on panctreatic  cells.
Upon this binding, Gs alpha subunit of GLP-1R activates adenylate cyclase, leading to
elevated cyclic AMP (cAMP). Increased cAMP concentration triggers the activation of
protein kinase A (PKA) resulted in raised transcription of insulin gene and insulin secretion
in those cells (Figure 1.1.). The risk of hypoglycemia is minimized by this insulinotropic
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effect in a glucose-dependent manner when blood glucose level is above normal level.
Additionally, glucagon release from pancreatic a cells is inhibited by GLP-1 action as

supportive contribution to the decreased glucose level in blood [30,31].
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Figure 1.1. Mechanism of action of GLP-1 [31].

Structure of GLP-1 peptide is composed of 30 amino acid residue derived from the
proglucagon (GCG). There are two biologically active GLP-1 forms whose primary
sequences are GLP-1 (7-37) and GLP-1(7-36) amide and the second one is predominant
form in humans [32]. GLP-1 structure is characterized by alpha-helix arrangement which is
crucial for its binding to GLP-1 receptor [33]. GLP-1R from class B GPCR family has a
wide extracellular N-terminal domain which is required for ligand attachment. Intracellular
signalling pathway is activated by conformational change caused by binding of GLP-1 to
the receptor as it was mentioned (Figure 1.1.). The hormone-receptor complex stability is

predominantly determined by the binding interface between GLP-1 and GLP-1R [34].



1.4. DPP-1V Protease Enzyme as GLP-1 Inhibitor

DPP-IV is an aminopeptidase enzyme consisting of 766 amino acids. Crystal
structure of DPP-IV is composed of a tetramer and each subunit of that tetramer contains
two structural N-terminal [ propeller domain and C-terminal catalytic domain [35].
Primary action of DPP-IV is known as cleavage of post-proline bonds which are located
downstream of the N-terminus of the proteins. Cleavage site is preferred as X-Pro or X-Ala,
where X can be any residue differing from proline. Generally, it is stated that enzymatic
activity requires glycosylation of an integral protein. Controversially, DPP IV is an
exception in that case [36]. In vitro studies showed that the variety of candidate DPP-IV
substrates such as growth hormone-releasing hormone, bradykinin, particular chemokines,
neuropeptide Y, eotaxin, gastric inhibitory peptide (GIP), prolactin identified previously
but only some of them, GLP-1 and GIP, are defined as endogenous substrates. Thus, GLP-1
is degraded by DPP-IV significantly because of being an endogenous substrate of the
enzyme [37]. That’s why GLP-1 analogues against DPP-IV are developed considering
DPP-1V cleavage site in native GLP-1.

1.5. Production of GLP-1 Analogues Against T2DM

GLP-1 protein discovery dates back to the early 1980s and it has gained significant
attention as therapeutic against diabetes [38]. Unlike other antidiabetics, the insulinotropic
effect of GLP-1 has a self-limiting mechanism as it diminishes when the blood glucose
concentration turns back to the normal range. Thus, hypoglycemia risk is minimized by
GLP-1 therapeutics [39]. Additionally, GLP-1 blocks gastric emptying and induces satiety
resulted in reduction in body weight. The cardioprotective effects of GLP-1 therapy are also
reported by clinical studies [28]. All of these physiological benefits of GLP-1 made it a
promising therapeutic agent against T2DM. On the other hand, the half-life (t!2) of the
endogenous GLP-1 is shortened to 1-2 minutes by proteases like DPP-IV with its rapid
metabolic degradative mechanism [40]. The cleavage site of DPP-IV is Alas-Glue which is
resulted in GLP-1(9-36)-NH: metabolite that is known having 100-fold lower binding

capacity compared to native peptide to GLP-1 receptor [41].
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GLP-1 analogues have a longer half-life due to the amino acid modifications and
their increased resistance to DPP-IV compared to GLP-1. Additionally, increased receptor
binding affinity is another significant advantage of the analogues [33]. Among the currently
approved GLP-1 analogue drugs, exenatide is the first incretin analogue approved for
clinical use and is also the longest studied analogue so far. Approximately 50% of the
amino acid sequence of exenatide is identical to human GLP-1 and has a similar affinity for
GLP-1 receptor. Since its half-life (t'2) is 2-4 hours, it is administered twice a day. Early
studies showed that after 30 weeks of twice daily treatment improved fasting and
postprandial glucose levels [42]. Another GLP-1 analogue, lixisenatide, has a six-fold
lysine sequence at the C-terminus of the peptide and differs from the natural GLP-1
sequence by removing a proline. Approximately 55% of lixisenatide is bound to receptor
protein and its half-life (t'2) is 2-4 hours [43]. Another GLP-1 analogue, liraglutide, was
obtained by replacing the serine amino acid in GLP-1 with arginine and attaching palmitoyl
fatty acid to Lyszs. Thanks to the conjugated fatty acid, it can bind to serum albumin,
providing resistance to degradation by DPP-IV [44]. Semaglutide, another GLP-1 analogue
used against type II diabetes and obesity, is 94% similar to natural GLP-1. The amino acid
alanine at position 8 was replaced by Aib (2-aminobutyric acid). As in liraglutide, the
amino acid lysine at position 34 in native GLP-1 was replaced by arginine in semaglutide.
Additionally, the lysine amino acid at position 26 was acylated to bind with C18 fatty
diacid via a hydrophilic linker “gamma-glutamyl-2xOEG (yGlu-2xOEG)” consisting of
gamma-glutamic acid and two units of 8-amino-3,6-dioxaoctanoic acid (OEG). This
modification increased albumin binding capacity, extending its systemic half-life and
reducing renal clearance [45]. In order to overcome disadvantage of rapid clearance of
peptide based drugs, fusion proteins have been developed and longer plasma circulation
was provided. Albiglutide is a GLP-1 analogue harboring human serum albumin fusion
protein attached to dimer of the modified GLP-1 sequence. It has gained longer plasma
half-life by albumin and resistance to DPP-IV by replacing the Ala8 with Gly [76]. Lastly,
tandem repeats of modified GLP-1 analogues also showed resistance against DPP-IV and
enhanced stability. Positive glucoregulatory effect is exerted by oral glucose tolerance test.
Thus, significant glucose lowering effect of GLP-1 tandem construct peptides was reported

[46]. Another example of tandem repeated analogues of GLP-1 is that expression of fusion

7



protein containing 10 tandem repeated GLP-1 analogue in yeast was studied. The produced
peptide was injected into diabetic rat models and lowered level of serum glucose
significantly [77]. According to all these GLP-1 mimicking therapeutics, a GLP-1 analogue
consisting of modified amino acid sequence in a repeated tandem form produced in the

study is shown below.

Native GLP-1Amino Acid sequence:
H’AEGT'"'FTSDV'*SSYLE?'GQAAK?*EFIAW?3'LVKGR?3**-NH,

GLP-1 Analogue-1:
[H'GEGT!''FTSDV!SSYLE*!GQAAK*EFIAW*'LVRGR?*G]>

GLP-1 Analogue-2:
[H'GEGT!'FTSDL'*SKOME? EEAVR**LFIEW* LKDGG*°PSSGAPPPS]

GLP-1 Analogue-3:
[H'GEGT!'FTSDV!'* SSYLE>!GQAAK?*EFIAW3'LCKGR*GGGGGGCGGGGGGGGG]:

Lixisenatide Amino Acid Sequence:

[H'GEGT"'FTSDL'*SKOME?' EEAVR*LFIEW* LKNGG*°PSSGAPPSKKKKKK-NH?2

Albiglutide Amino Acid Sequence:
[H’GEGT!''FTSDV'’SSYLE2'GQAAK2EFIAW3'LVKGR¢], - Albumin

GLP-1 Tandem Repeat [46]:
[H'SEGT'"'"FTSDV'*SSYLE*'GQAAQ*EFIAW3'LVNGR?*%]¢

Native GLP-1, GLP-1 analogues to be produced in this study, commercial GLP-1
analogues and GLP-1 tandem repeat construct from the literature can be seen above. The
bold-underlined residues are differing from the native human GLP-1. The analogue-1
peptide sequence is very similar to the currently marketed FDA-approved recombinant drug
liraglutide. As a difference, liraglutide contains a palmitic acid group attached to the 26th
amino acid in its structure. Substitution of Alas for Gly, which takes place in all analogues,
circumvented the DPP-IV degredative action resulted in longer half-life [47]. Substitution
of Lyss4 for Arg causes a two-fold reduction in the half maximal effective concentration

(EC50) [48]. GLP-1 analogue-2 is dimeric form of antidiabetic drug exenatide peptide
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sequence. It has amino acid replacements like Gly2 for Glu and Lys34 for Arg which lead to
an increased affinity and activity [49, 50]. Also, it includes Tyrio for Gln due to hydrogen
bond interaction between GLP-1 and GLP-1R at this site and Gln is an alternative for Tyr
in this manner [48]. Analogue-3 is constructed based on commercial albiglutide drug
peptide sequence with slight differences. Alag for Gly substitution takes place as it is seen
in other analogues due to increased resistance against DPP-IV. Additionally, Vals3 for Cys
and addition of a Gly wil with a Cys at the middle is a modification that is provided in
purpose of forming intramolecular disulfide bonds for increased stability and longer half-
life proven in animal experiments [51]. All taken together, dimeric forms of constructed 3
different GLP-1 analogues in a repeated tandem is determined as target antidiabetic peptide

to be produced in this study.
1.6. E. coli as Expression System

Recombinant production is possible with bioproduction platforms, and some host
organisms are used as platforms. It is known that the most commonly used host
microorganisms are Escherichia coli (E. coli) as bacterial cells, Saccharomyces cerevisiae
(S. cerevisiae) and Pichia pastoris (P. pastoris) as yeast cells [52]. Because they are
frequently used, these host organisms have benefits such as lower cost and practicality in
accessing resources, abundance of findings within the framework of recombinant protein
production in the literature, successful efficiency in the products obtained, etc. [53]. Among
technical advantages of using E. coli as expression system, high growth rate can be counted
because of 20 minutes doubling time under optimum conditions allowing quick biomass
accumulation and production of target molecules. When using strong promoters with an
appropriate plasmid, recombinant protein can be produced in large amounts. Also, the
advantages of scalability and efficient transformation offer short production time [54].
Additionally, it was reported that there are more than 100 recombinant protein products in
biopharmaceutical market of US and Europe in 2012 and 34% of them are produced in E.
coli recombinantly [55]. According to recombinant protein producing studies in the
literature, E. coli was found to be a proper expression system for GLP-1 protein. Gao et al.
stated that the expression and purification of a GLP-1 analogue was successfully performed

by using E. coli and 1.58 mg of modified GLP-1 with the purity of up to 98% was obtained
9



from 1 g wet bacterial cells. Also, a significant dose-dependent glucose-lowering activity
was reported in the bioactivity tests [56]. Yuliawati et al. reported that recombinant GLP-1
as a tandem multicopy of the GLP-1 encoding sequence, just like in this thesis, was
expressed by optimizing codon for E. coli. Recombinant eight multicopy GLP-1 protein

was successfully produced and purified by affinity chromatography [57].

This thesis focuses to produce a recombinant GLP-1 analogue using E. coli as host
microorganism to develop a biotechnological therapeutic agent against T2DM. The thesis
was aimed to optimize protein expression conditions for maximizing the yield as much as
possible. The purpose of the whole project from wider perspective is to overcome the

drawbacks of current T2DM therapeutics by biotechnologically produced GLP-1 analogue.
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Chapter 2

Materials and Method

2.1. Materials

2.1.1. Strains, Plasmids and Media

E. coli TOP10 was used for cloning purposes, while E. coli strains BL21(DE3)pLysS,
Origami2(DE3), BL21-CodonPlus(DE3)-RIL, BL21(DE3), BL21 Star(DE3) were used for
the expression of the GLP-1 analogue peptide as tandem repeat (Table 2.1.). Bacterial cells
were grown in LB media composed of 1% tryptone, 0.5% east extract, 1% NaCl with the
supplementation of 50 pg/mL of kanamycin to provide selectivity. pUC57 was the cloning
plasmid, while pET28a (+) was used for expression (Table 2.2.).

Table 2.1. E. coli strains used in the study [63].

Strain Description Source

E.coli TOP10 F; mcrA; A(mrr-hsdRMS-mcrBC),; | Lab Stock
080lacZAM15; AlacX74;, nupG,; recAl;
araD139; A(ara-leu)7697; galE15(GalS);
galK16; rpsL(StrR); endAl; -

E.coli BL21(DE3) pLysS F; ompT; gal; dcm; hsdSs(re= mp), | Lab Stock
MDE3);rnel31,pLysS[T7p20 oripis4] (Cm®)
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E.coli Origami2(DE3)

A(ara-leu)7697; AlacX74; AphoA; Pvull; | Lab Stock
phoR;araD139;  ahpC; galE; galK;
rpsL(Str®);

F'[lact lacl? pro];(DE3);gor522::Tnl0;trx
B;pLysS[T7p20 oripi54] (Cm®)

E.coli BL21-CodonPlus (DE3)-RIL

F-; ompT; hsdSe(rs my); dem*; Tet®; gal; | Lab Stock
(DE3); endA; Hte;, [argU ileY leulW
Cam®]:[argU ileY leuW Strep/Spec?]

E.coli BL21(DE3)

F; ompT; gal; dcm; lon;, hsdSp(rg mp | Lab Stock
);,AMDE3 [lacl lacUV5-
T7p07 indl sam?7 nin5]); [malB" Jk.12(A5)

E. coli BL21 Star(DE3)

F; ompT; gal; dem; hsdSp(rg mp); rnel31; | Lab Stock
(DE3)

E.coli TOP10/ pBAT1

E. coli TOP10 harboring pBAT]1 plasmid This study

E.coli BL21(DE3) pLysS/pBAT1

E. coli BL21(DE3) pLysS harboring | This study
pBAT1 plasmid to express GLP-1

Analogue

E.coli Origami2(DE3)/pBAT1

E. coli Origami2(DE3) harboring pBAT!1 | This study
plasmid to express GLP-1 Analogue

E.coli BL21-CodonPlus (DE3)-RIL /
pBAT1

E. coli BL21-CodonPlus (DE3)-RIL | This study
harboring pBAT]1 plasmid to express GLP-
1 Analogue 1

E. coli BL21(DE3) / pBAT1

E. coli BL21(DE3) harboring pBATI | This study
plasmid to express GLP-1 Analogue 1

E. coli BL21 Star(DE3) / pPBAT1

E. coli BL21 Star(DE3) harboring pBAT1 | This study
plasmid to express GLP-1 Analogue 1

Table 2.2. Plasmids used in the study

Plasmids

Features

pET-28a (+)

N-terminal His*Tag/thrombin/T7Tag configuration
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plus a C-terminal His*Tag sequence [64]

pBATI1 pET-28a (+) carrying GLP-1 Tandem inserted
between BamHI and HindIlII sites

pUCS57 A derivative of pUCI19. Multiple cloning site
(MCS) contains 6 restriction sites with protruding 3'-

ends that resistant to E. coli exonuclease I1I [65]

pUC57-Albumin and GLP-1 Tandem pUC57 plasmid carrying Albumin-GLP1 Tandem
insert between EcoRI and BamHI

2.2. Plasmid Construction

Plasmid construction was started with double digestion of expression plasmid (pET-
28a(+)) with BamHI and HindIII restriction enzymes to get backbone for following
assembly. Thus, linearized vector was obtained for cloning. Restriction digestion reaction
components and their amounts are listed in Table 2.3. All components were added into
eppendorf tube and the tube was incubated for 6 hours in a water bath set at 37 °C. The
GLP-1 Tandem Analogue coding DNA fragment was amplified by Touchdown-PCR
reaction in order to be used as insert in cloning. Template used in the PCR reaction was
GLP-1 Tandem (GLP-1 analogue designed for this study) carrying pUC57 plasmid ordered
from Gene Universal Inc. Primers were designed to obtain PCR products with overhang
regions and restriction sites for Gibson Assembly reaction (Table 2.4.) and were ordered
from Oligomer Biyoteknoloji Co. PCR components and conditions are listed in Table 2.5
and Table 2.6. respectively. Since the target DNA fragment is relatively short (around 700
bp), the annealing temperature and PCR conditions were optimized to obtain the brightest

target DNA bands on the gel. Optimized PCR conditions are listed in Table 2.6.
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Table 2.3. Restriction digestion components

Materials Amounts
10 X Tango Buffer 2 ul
BamHI 0.3 ul
HindIII 0.3 pl
Template (pET-28a(+) plasmid DNA) 4 ul
dH20 13.6 ul

Table 2.4. Primer set of GLP-1 Tandem

Oligo 1 (BamHI)
Forward Primer

AATGGGTCGCGGATCCCATGGTGAAGGTACATTCACATCTG

Oligo 2 (HindIII)

Reverse Primer

GTGCGGCCGCAAGCTTACCACCACCACCACCACC

Table 2.5. PCR components of GLP-1 Tandem

Materials Amounts

5 X Phusion Buffer 4 ul

Template (pUC57-GLP-1 Tandem) 0.4 ul
dNTP(10 mM) 0.4 pl

DMSO 0.4l
Phusion Polymerase 0.3 ul

Primers (Forward and Reverse) 0.4 pl for each
dH20 14.1 pl

14




Table 2.6. PCR conditions of GLP-1 Tandem

Step Temperature (°C) Duration Cycles
Denaturing 98 1 min. 1
Amplification 98 10 sec.
80 to 70 30 sec.
36
72 30 sec.
Elongation 72 10 min. 1

Both restriction digestion and PCR products (20 pl) were loaded into 1% agarose gel
and it was run for 45 minutes at 100 V. The gel was screened by gel imager (BIO-RAD
Molecular Imager® Gel Doc™ XR System). Gel pieces from both restriction digestion and
PCR were extracted by using commercial kit (FavorPrep™ GEL/PCR Purification Kit).
Instruction of the producer was followed during the protocol. Briefly, interested gel pieces
were sliced and lysed, DNA binding to column was provided and washed. After that,
column matrix were dried and attached DNA was eluted by elution buffer. After the gel
extraction, 3 pl of each elute was loaded into 1% agarose gel and run for 45 minutes at 100
V in order to confirm gel size and purity. Purified restriction digestion and PCR products
were fused by Gibson Assembly Reaction technique. DNA concentrations were measured
and added into the Master mixture by following protocol provided by the producer (Takara
In-Fusion® Snap Assembly Master Mix). The reaction mixture composed of 1 pl of insert
DNA fragment, 8 pl of vector DNA fragment, 1 pl of 5X In-Fusion Snap Assembly Master
Mix and the final mixture in a PCR tube was incubated at 50 °C for 15 minutes. Thus, the
construction of the expression plasmid for GLP-1 analogue (named as pBATI) was
completed. The construct plasmid pBAT1 was transformed into E.coli TOP10 strain
followed by isolation and the confirmation with restriction digestion as well as sequencing.
Ilustration of the construct plasmids are shown in Figure 2.1. T7 RNA Polymerase in the
pBATI provides the formation of RNA from DNA followed by protein synthesis. His-tag
in the pBAT]1 provided the purification of target protein after production.
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Figure 2.1. Plasmid maps visualized by SnapGene software. (a) pUC57 harboring gene
coding for albumin-GLP-1 Tandem (designed and synthesized). (b) pBATI expression
plasmid harboring the gene for GLP-1 Tandem in pET-28a(+).
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2.3. Transformation

First of all, E. coli TOP10 strain was made competent by CaCl, treatment. The
protocol was as follows: The liquid culture of E. coli TOP10 strain was incubated at 37 °C
overnight to grow. Then, it was inoculated to 50 ml flask and incubated at 37 °C until
ODsoo reached to 0.35-0.40. The cells were collected by centrifugation at 6,000 rpm for 8
minutes at 4 °C. Cells were resuspended by ice-cold 10 ml 50 mM CacCl; and incubated on
ice for 20 minutes. After incubation, cells were collected by centrifugation as in previous
step. Finally, cells were resuspended by 50 mM CaCl, containing 10% glycerol and
aliquoted (150 pL) to be stored at -80 °C for further use. Plasmid was up-taken into
bacterial competent cells by heat-shock transformation method. Firstly, total assembly
product (10 pl) was added into 100 pl competent E. coli TOP10 cell and stayed on ice for
30 minutes. After that, the tube was placed into water bath at 42 °C and incubated for 1
minute, then placed back to ice immediately. 1 mL LB was added onto cells and incubated
at 37 °C for 30 minutes. Finally, the mixture in the tube was poured onto LB agar
(containing 50 pg/ml kanamycin) plate and spreaded. It was kept until it dried and
incubated at 37 °C overnight. All these steps were made in biocabinet in order to prevent

contamination.

2.4. Plasmid Isolation and Confirmation

Because of the selective antibiotic in the plate, colonies that have grown were
considered successful transformants. However, isolating and screening plasmids were
required for the confirmation. For that purpose, manual plasmid extraction was performed
without a commercial kit. This method utilizes DNA precipitation without column. Instead,
isopropanol was used to precipitate DNA. The protocol was performed as follows: Firstly,
1.5 ml of culture was added to 1.5 ml eppendorf tube and centrifuged at 16,000 g for 2
minutes to pellet cells. Supernatant was discarded and this step was repeated three times
because of 5 ml starting culture. After that, 250 ul of P1 buffer (50 mM Tris-HCI, 10 mM
EDTA, 100 pg/ml RNAse I) was used to resuspend cells followed by addition of 250 pl of
P2 buffer (8 gr of NaOH, 50 ml of 20% SDS in 950 ml dH20) and inverted 4-6 times to
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mix. Finally, 350 pl of P3 buffer was added and the tube was inverted immediately. Lysis
of the cells was completed with these steps. The cloudy solution was centrifuged at 16,000
g for 10 minutes to pellet cell debris. 700 pl of the supernatant was transferred to a tube
containing 700 pl of isopropanol and cooled on ice for 15 minutes followed by
centrifugation at 16,000 g for 10 minutes to pellet plasmid DNA. After that, 350 pl of
chilled 70% ethanol was added to resuspend pellet and spinned at 16,000 g for 5 minutes.
The remaining supernatant was removed and pellet was dried via air for 20 minutes. Finally,
the pellet was resuspended in 20 pul of TE buffer to be used in downstream processes. After
that, the identification of isolated plasmids was provided by gel electrophoresis. 3 pl of
isolates was loaded into 1% agarose gel and it was run for 45 minutes at 100 V. The gel
was screened by gel imager. Secondary confirmation of the constructed plasmid is
performed through the restriction digestion with EcoORV enzyme. Because, EcoRV cuts
pET-28a(+) from one point (at 1573™" bp position) without any manipulation. The insert
DNA fragment has EcoRV recognition site (5'-GATATC-3") at 427" bp position. Thus, the
restriction digestion of the correctly constructed plasmid by EcoRV must give a two DNA
pieces as around 1800 bp and around 4200 bp.

As the most reliable demonstration, constructed plasmid was sent out for sequencing.
Whole plasmid sequencing was performed by GetGenome Laboratory (Norwich, UK).
Sequence alignment was performed to ensure the succesful insertion of DNA of interest
into the expression plasmid without any mutations. This confirmed plasmid was named as

pBATI1(pET28a-GLP1 Tandem), which will be used this way in following sections.

2.5. Protein Expression

Protein producing culture requires an expression strain rather than E. coli TOP10
which is widely used for cloning purposes. Heat-shock transformation was performed by
using 3 ul of isolated pBAT1 and competent E. coli BL21(DE3)cells. Competent E. coli
BL21(DE3) cells was prepared as described in section 2.3 and transformation was also
performed as described in the same section. E. coli BL21(DE3) harboring pBAT1 was
inoculated to 50 ml LB shake-flask, containing 50 pg/ml Kanamycin, as 1% and incubated
at 37 °C until OD reached to 0.6-0.8 at 600 nm absorbance measured by spectrophotometer
(GENESYS™ 10S UV-Visible Spectrophotometer, Thermo Scientific). After that, 0.2 mM
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isopropyl B- d-1-thiogalactopyranoside (IPTG) was added to culture and incubated at 18 °C
overnight. In order to check expression of the target protein, SDS-PAGE analysis was
performed as follows: Firstly, cells were precipitated at 8,000 rpm for 10 minutes at 4 °C. 5
ml of lysis buffer containing 20 mM Tris-HCl, 0.5 M NaCl, 20 mM imidazole and 0.2 mM
phenylmethylsulfonyl fluoride (PMSF) was added to pellet and resuspended on ice. After
that, cells were disrupted by sonicator (Bandelin Sonopuls HD 4400). Sonication was
performed at 60% Amp. for 10 minutes with 30 seconds breaks after each 30 seconds
sonication on ice. 200 pul of the lysate was centrifuged at 16,000 rpm at 4 °C and 80 pl of
supernatant was taken as soluble fraction. 200 pl of 8M urea was added to pellet and
resuspended on ice followed by centrifugation at 16,000 rpm at 4 °C. This time, 80 ul of
supernatant was taken as insoluble fraction and 20 pl of 5X protein loading dye containing
10% sodium dodecyl sulfate (SDS), 10 mM dithiothreitol(DTT), 20% glycerol, 0.2 M Tris-
HCI, 0.05% bromophenol blue was added to both fractions. Finally, the tube containing
proteins and loading dye were place in a heat rock at 95 °C for 10 minutes and stayed at
room temperature for 1-2 minutes to cool down. At that point, samples were ready to be
loaded into gel. SDS-PAGE resolving gel was prepared as 18% because expected light
molecular weight (25 kDa) of the target protein and the stacking gel was prepared as 5%.
After all the samples were loaded, the gel was run at 70 V for 35 minutes followed by 200
V for 110 minutes by using power supply (CleaverScientific, PowerPRO 300 Power Supply)
and electrophoresis tank (Biocomdirect, OMNIPAGE MINI, VS10DSYS). Protein bands
were imaged by using imager (Bio-Rad ChemiDoc™ MP Imaging System).

The expression of the protein of interest was tried to be maximized by changing culture
conditions. Parameters including different expression strains, IPTG concentrations,
induction OD values and post-induction temperatures were tested. Protein concentration
was measured by comparing SDS-PAGE results considering band thickness before
purification process. The most promising culture and lysis condition were selected and used
for the purification of the target protein. During this period, SDS-PAGE protocol was also
optimized. Because of various parameters like lysis conditions, boiling conditions, the gel
concentration, running duration, running voltage etc. the proteins on the gel image were not
clear in all the experiments. That’s why the SDS-PAGE protocol was created as the final

version after modifications.
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2.6. Protein Purification and Quantification

The purification of the target protein was conducted via His-tag affinity
chromatograpy and the measurement of purified protein concentration was performed by
Bradford Protein Assay. Purification protocol was performed as follows: 5 ml of fresh
lysate was prepared as same with previous section. Since the target protein was expressed
as insoluble, 2.5 ml of insoluble fraction was taken as same with the method in previous
section. At the same time, 300 pl of the resin (Thermo Scientific™ HisPur™ Ni-NTA
Resin) was taken and they were transferred into an eppendorf tube. The tube was incubated
on shaker (HEIDOLPH Duomax 1030 Platform Shaker) at 50 rpm at 4 °C overnight to
provide attachment of His-tagged target protein with nickel resin. After the incubation, the
solution was centrifuged at 700 rpm for 2 minutes at 4 °C. 80 ul of supernatant was taken
as flow-through fraction in order to be loaded to gel. After removing the whole flow-though
fraction carefully without disrupting the resin, 1 ml of the wash buffer (0.05 M NaH:POsa,
0.3 M NaCl and 5 mM imidazole) was added to resin pellet and the tube was gently
inverted 8-10 times followed by centrifugation at 700 rpm for 2 minutes at 4 °C. The
supernatant was taken was Wash-1 fraction for SDS-PAGE analysis. After removing the
wash buffer completely, the washing step was repeated twice and totally three washing
fractions were kept. Next, 1 ml of elution buffer (0.025 M NaH2POs, 0.15 M NaCl and 500
mM imidazole) was added to resin pellet and the same inverting and centrifugation steps
were performed. Finally, three wash; three elution fractions were obtained to load to the gel.

Protein concentration was determined by Bradford Protein Assay. The protocol was
performed according to manufacturer’s (Pierce™ Bradford Protein Assay Kit) instructions.
The measurement was conducted with Elution-1 fraction from purification protocol. Since
its imidazole concentration was 500 mM which is not compatible with Bradford reagent, it
was diluted as 1:10. Also, the elution buffer was diluted with same ratio to be used as
diluent in the protocol. After that, BSA standards and the target protein were prepared by
given protocol and measured at 595 nm by plate reader (Varioskan LUX Multimode

Microplate Reader, Thermo Scientific).
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Chapter 3

Results

3.1. pBAT1 Construction

Constructing a plasmid requires linearized vector backbone at first. For that purpose,
pET-28a(+) was digested with BamHI and HindlIII restriction enzymes. Linearized pET-
28a(+) is expected to be 5369 bp length on the gel which is shown in Figure 3.1. (a). The
amplification of the DNA fragment coding for GLP-1 tandem was conducted with PCR.
The target fragment is expected to be around 700 bp length. Its gel image can be seen in
Figure 3.1. (b).

3000 bp
Ladder

PET28a(+) pET28a(+) pET28a (+) pET28a (+)

1000 bp <

L — B reem

500 bp <

Figure 3.1. (a) Linearized pET-28a(+). (b) PCR product of GLP-1 Tandem.

Four separeted restriction digestion (pET28a(+)) tubes were prepared with exactly
same components including restriction enzymes BamHI and HindIII. All of the bands are
seen just above 5000 bp. The gel pieces containing linearized pET28a(+) were cut and
stored for further steps. Amplification of GLP-1 tandem analogue coding DNA fragments

was performed in seven separated PCR reactions with exactly same components. All of
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them are seen just below the 750 bp length band of the ladder as it was expected. The gel
pieces containing GLP-1 tandem were cut and stored for further steps.

Template plasmid (constructed pUC57-Albumin and GLP-1 Tandem) contains
similar GLP-1 fragments as tandem. Amino acid sequence of the GLP-1 analogue in the
tandem is shown in Chapter 1. Primers used in the reaction are complement to 5’ of the 1*
analogue fragment and 3’ of the 3™ analogue fragment. However, 5’ site of the analogues
are very similar to each other and forward primer can bind to 5° of the 2" and 3™ analogue.
Thus, shorter PCR products than the target one can be obtained because of this similar
sections. And the target longest tandem is relatively concentrated which stands on the top
of among amplified fragments. So, the target GLP-1 triple tandem was clearly observed and
shown in Figure 3.1. Linearized backbone and amplified insert DNA fragments were
purified from the agarose gel for Gibson Assembly cloning (Figure 3.2.), in which the first
line refers to purified GLP-1 Tandem DNA fragment as insert (just below 750 bp as it was
expected) and the second line refers to purified linear pET28a(+) as backbone (just above

5000 bp as it was expected).

GLP-1Tandem Linear pET28a

2000 bp
6000 bp
5000 bp

3000 bp

1500 bp

1000 bp

750 bp

500 bp

Figure 3.2. Purified pET-28a(+) vector and GLP-1 tandem insert.

Following Gibson Assembly with purified vector and insert, transformation to E. coli
E. coli TOP10 competent cells took place. Colonies obtained from transformation were on
a selective media as it contains Kanamycin antibiotic. The grown single colonies shown in
Figure 3.3 (a) were accepted as successfully transformed cells but further confirmation was
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required. Thus, plasmid isolation, confirmative restriction digestion and whole plasmid
sequencing were performed. Plasmids were isolated from 5 separated colonies because of
the possibility of unsuccessful transformant colony formation. Original pET28a(+) has
Kanamycin resistance feature and the E. coli TOP10 cells took up pET28a(+) instead of
pBAT1 were also able to grow on the plate. DNA bp length of the isolated plasmids are
seen in Figure 3.3. (b). pBATI construct had linear pET28a(+) (5369 bp) as backbone and
GLP-1 Tandem (678 bp) as insert. Thus, the constructed plasmid should be around 6000 bp
length on the gel. However, it is seen around 4000 bp because it is in circular form instead
of linear. So, it cannot be totally confirmed about DNA bp length without linearization. For
that purpose, confirmative restriction digestion was performed by two restriction sites
where insert DNA fragment locates between them and secondary confirmative restriction
digest was performed by EcoRV only. Because original pET28a(+) has one EcoRV
restriction site which should cut from that point only. However, GLP-1 Tandem DNA
fragment has an EcoRYV restriction site inside (between 427-432 nt in whole insert fragment)
and the correct construct must be cut by EcoRV from two sites giving around a 4100 bp
length fragment and around a 900 bp length fragment. These confirmative restriction
digestion gel images are shown in Figure 3.4. As a final confirmation of the construct,
whole plasmid sequencing result is shown in Figure 3.5. as aligned with target DNA
sequence. It was demonstrated that constructed plasmid pBAT1 contains exactly the same

nucleotides with designed GLP-1 Tandem coding DNA sequence.
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Figure 3.3. E. coli TOP10-pBAT1 colonies and pBAT1 isolates. (a) Grown TOPI10
colonies on the Kanamycin containing LB agar were candidate to be successful
transformants. There were no contamination observed considering morphology on the plate,
(b) agarose gel electrophoresis imaging of isolated pBAT1 plasmids.

8000 bp

6000 bp
5000 bp
4000 bp

3000 bp

1000 bp

750 bp

500 bp

Figure 3.4. Confirmative restriction digestion of pET28a-GLP-1 Tandem isolates. (a)
Correct construct’s restriction products should be seen at around 5300 bp (pET28a(+)) and
around 700 bp (GLP-1 Tandem) which are in red frames. (b) Further confirmation was
performed on these two constructs (2" and 4" lines) by restricting with EcoRV  whose
products should be seen around 4200 bp and around 1800 bp as it is in both constructs.
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Figure 3.5. DNA sequence alignment. Whole plasmid sequencing was performed and the
insert containing section was compared to target GLP-1 Tandem coding DNA sequence.
First line refers to designed GLP-1 Tandem protein coding DNA sequence, second line
refers to sequencing result of whole pBAT1 construct plasmid and matching nucleotides
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3.2. Protein Expression and Culture Optimization

After verifying the construct pET28a-GLP1 Tandem, the isolated plasmid was
transformed into E. coli BL21(DE3) strain for protein expression. E. coli BL21(DE3)-
pBATI colonies are shown in Figure 3.6. Protein expression shake-flask (50 ml) culture
induction and growth conditions were set as indicated in methodology section. Both soluble
and insoluble proteins were analyzed by SDS-PAGE by comparing with control group
which is E. coli BL21(DE3)-pET28a(+) without insert. According to molecular weight
calculation by Expasy MW Tool, protein of interest should be seen at around 25 kDa on the

gel. Resulting protein bands are shown in Figure 3.7. below.

Figure 3.6. E. coli BL21(DE3)-pBATI1 transformants. Colonies on the Kanamycin
containing agar plate are bigger than E. coli TOP10 colonies and they grew up apart which
confirm E. coli BL21(DE3) morphology.
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Figure 3.7. SDS-PAGE gel image of protein expression in E. coli BL-21(DE3). Target
protein size is expected as around 25 kDa. Both soluble and insoluble fractions were
analyzed, pET28a(+) bands were loaded as control. Red framed band is referred as GLP-1
Tandem protein whose control line (pET28a ins) has no any intense band at around 25 kDa.

It is the E. coli BL21(DE3)-pBAT]1 culture which was induced with 0.2 mM IPTG
and incubated at 18 °C overnight. It is clearly seen that target protein was expressed as
insoluble in E. coli BL21(DE3)-pBATI1 culture. Also, different E. coli strains were tested
together to check any positive effect on protein expression amount and solubility. Other
parameters remained same as 0.2 mM IPTG induction when OD reached to 0.6-0.8 and
18 °C post-induction overnight growth. E. coli strains BL-21(DE3), Origami (tig), BL-
21(DE3)RIL, BL21(DE3)STAR and BL21(DE3)pLysS were tested for better expression

and their protein expression profiles are shown in Figure 3.8.
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Figure 3.8. SDS-PAGE gel image of protein expression in different strains. (a) E. coli BL-
21(DE3), E. coli Origami (tig), E. coli BL-21(DE3)RIL, E. coli BL21(DE3)STAR strains.
(b) E. coli BL21(DE3)pLysS.

As it was mentioned before, protein concentration was measured by comparing band
thickness of different strains carrying pBAT1. As soluble fraction, E. coli Origami and E.
coli RIL strains have bands differing from control group but the size is below 25 kDa
which cannot be considered as target protein. Thick bands of E. coli Origami(tig) strain at
around 55 kDa is trigger factor(tig) protein which is expressed as chaperone by a second

plasmid in E. coli Origami cells. That constructed strain was tested due to solubility
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enhancer tig protein [58]. However, there was no any intense soluble band at around 25
kDa in E. coli Origami cells. Success of soluble recombinant protein expression depends on
various parameters and one of them is the expression strain because host E. coli strains
have been specifically designed by genetic modifications, shown in Table 2.1., to improve
heterologous protein production. For example, E. coli BL-21(DE3), E. coli
BL21(DE3)STAR strains are deficient of ompT and lon proteases which degrades T7 RNA
polymerase and misfolded recombinant proteins, respectively [66]. Also, supressed rne
gene in E. coli BL21(DE3)STAR encodes for RNase E which helps to prevent mRNA
degradation. So, use of that strain provides enhanced mRNA stability followed by protein
expression, stated as 2- to 10-fold [71]. Another host strain E. coli Origami has mutations
in thioredoxin reductase (z7xB) and glutathione reductase (gor) genes which are responsible
for reducing the cytosolic environment. Reduced cytsol catalyzes the disulfide bond
formation in the expressed proteins [72]. So, the formation of intramolecular disulfide bond
leading to increased stability and longer half-life, in analogue-3, was supported in E. coli
Origami strain. Considering all these features of the strains, pBAT1 was transformed to all
of shown E. coli strains and it was obtained that the E. coli BL21(DE3) / pBAT1 produced
the insoluble form of GLP-1 Tandem most among them. In order to check post-induction
incubation temperature parameter, 6 hours at 37 °C incubation was tested in E. coli
BL21(DE3) strain while other parameters remained same. Its protein expression profile is

shown in Figure 3.9.
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Figure 3.9. SDS-PAGE gel image of protein expression at 37 °C. Target protein size is
around 25 kDa and that sized protein bands were considered while comparing.

As it can be seen in the Figure 3.9., there is no any thick band that differs from the
control group at around 25 kDa. So, it can be said that higher incubation temperature did
not show a positive effect on the target protein expression. Based on the previous studies, it
is already stated that lower expression temperature usually enhances the amount and the
solubility of target recombinant protein. Because, cell metabolism slows down at lower
temperatures which leads to decreased transcription, translation and cell division. Thus,
protein aggregation and activity of proteases are reduced [69]. Cultivating bacterial culture
at 37 °C until the induction point and then inducing at 15 °C to 25 °C is suggested due to
mentioned reasons [70]. As another expression parameter, induction point was tested. For
that purpose, IPTG was added when ODsoo value reached to 0.4, 0.6, 0.8 and 1. Protein

expression analysis of that group is shown in Figure 3.10.
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Figure 3.10. SDS-PAGE gel image of protein expression in different induction points.
Both soluble and insoluble fractions were loaded and pET28a 0.6 OD was used as control.
Target protein size is expected as around 25 kDa. Red framed bands are referred as GLP-1

Tandem protein whose control line (pET28a insoluble) has no any intense band at around
25 kDa.

Plasmids have various components which are required for protein expression and
some of the most critical ones can be counted as origin of replication and the promoter.
Plasmid copy number (PCN) is controlled by the origin of replication. High PCN elevates
gene dosage and it is generally accepted as a favorable situation for high levels of target
recombinant protein. However, it is not always the case [67]. It has been demonstrated that
a very high gene expression is able to lead to a metabolic burden which reduces the
bacterial growth rate. Thus, plasmid instability is induced followed by decreased protein
synthesis [68]. Since IPTG induces /ac operon and initiates the gene expression, different
IPTG induction points were tested to decide optimum gene expression amount. Because

earlier IPTG induction corresponds to greater gene expression during cultivation.

According to the obtained results from different induction points, it can be stated that
relatively higher ODsoonm value is better since there is a clear difference between the 25 kDa
band of 0.4 ODsoonm and others. Induction points of 0.6, 0.8 and 1 were resulted in almost
same band profiles. 0.6 ODsoonm induction point was already supposed to be the optimum
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one as a general knowledge. So, further expression cultures were induced when ODsoo value
reached to 0.6. After the induction point was determined, IPTG concentration optimization
followed the experimental step. For that purpose, 0.1 mM, 0.2 mM, 0.5 mM and 1 mM
IPTG concentrations were tested to observe its impact on protein expression efficiency.

SDS-PAGE analysis of IPTG concentration parameter is shown in Figure 3.11.

- ladder ' pET28a0.2 pBATL10.  pBAT10.2 pBAT10.5  pBATL1mM
pET28a0,2  pBAT10.1 pBAT1 0.2 pBAT10.5 PBAT11mM mMIPTG ns mM IPTGins mMIPTGins mM IPTG ins JIPTG
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Figure 3.11. SDS-PAGE gel image of protein expression with different IPTG
concentrations.

Both soluble and insoluble fractions were loaded and pET28a 0.2 mM IPTG was used
as control. Target protein size is expected as around 25 kDa. Red framed bands are referred
as GLP-1 Tandem protein whose control line (pET28a insoluble) has no any intense band
at around 25 kDa. pBAT1 0.1 mM IPTG, 0.2 mM IPTG, 0.5 mM IPTG and 1 mM IPTG

labeled cultures expressed the target protein which are seen in red frame.

Optimization of IPTG concentration revealed that 0.1 mM, 0.2 mM and 1 mM shows
the similar band profiles which has relatively intense bands at around 25 kDa. However, 0.5
mM IPTG concentration did not show as intense band as them. IPTG concentration range is
indicated as 0.1 mM to ImM commonly and it is reported that reduced IPTG inducer
concentration can improve the production and solubility [69]. For instance, recombinant
cyclomaltodextrinase (CDase) is very sensitive to inducer concentration whose soluble

active production was successful by 0.05 mM IPTG but insoluble and inactive by 0.1 mM
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IPTG [73]. So, it can be said that even minor changes on inducer concentration can be

resulted in exactly the opposite.

According to all performed protein expression in changed conditions, it can be clearly
stated that E. coli BL21(DE3) as strain, 0.2 mM IPTG induction at 0.6 ODsoonm and 18 °C
overnight post-induction growth was the most promising conditions. Under these
conditions, target protein GLP-1 Tandem was obtained as insoluble fraction. That’s why
insoluble fraction from that culture was used in following protein purification. Soluble form

of the target protein could not be produced under any of changed parameters.
3.3. Protein Purification and Quantification

Constructed pBAT1 plasmid has 6xHis-tag sequence at both N-terminal and C-
terminal of the inserted protein as it was seen in the Figure 2.1.(b). Thus, purifying the
target protein by using His-tag affinity of the Ni-NTA resin was the following experiment.
GLP-1 Tandem protein that purified from other cellular proteins is shown and explained in

the Figure 3.12.

Figure 3.12. SDS-PAGE gel image of purified GLP-1 Tandem protein.

In the figure below, first line refers to insoluble fraction without performing any extra
protocol after SDS-PAGE analysis. Second line refers to flow-through fraction that was
took after attachment of the resin and His-tagged proteins in the sample. Thus the thick

band around 25 kDa in the starting sample is not seen in the flow-through. Third, fourth
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and fifth lines refer to washing fractions and almost there is no protein is seen as it is
expected. Seventh line refers to first elution fraction and there is a clear intense 25 kDa
band which is GLP-1 Tandem protein. Eighth and ninth lines refer to further elution

fractions and almost there is no protein is seen as it is expected.

Bradford Protein Assay was performed to measure produced protein concentration.
The first elute, whose band is seen in Figure 3.12., was used in quantification protocol.
Albumin standard was used to obtain a standard curve seen in Figure 3.13. According to
sketched graph, the equation of y = 0,0007x + 0,0078 was used to calculate protein

concentration. Also, R? value of the curve was 0,9736 which is acceptable.

GLP-1 Tandem Protein Quantification y =0,0007x + 0,0078
RZ=0,9736
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Figure 3.13. Standard curve for GLP-1 Tandem protein purification. X axis refers to
protein concentration (pg/ml); y axis refers to measured absorbance value at 595 nm. The
standard curve graph was created based on different concentrations of BSA that 1000 pg/ml,
750 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml and the blank.

Based on the obtained equation (y = 0,0007x + 0,0078), target protein concentration
was determined. Absorbance value of the target protein was measured as 0,446 and it was
used in the equation to calculate concentration. The calculation gives the protein
concentration as 62.6 pg/ml. The measured protein was 1:10 diluted form in order to
provide imidazole and Bradford reagent compatibility. Because the producer states that
higher imidazole concentration like 500 mM is not compatible with the reagent and it needs
to be decreased at the beginning of the experiment. Thus, concentration of target protein

becomes 626 pg/ml (626 mg/L).
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Chapter 4

Conclusions and Future Prospects

4.1. Conclusions and Discussion

T2DM is the most serious metabolic disease with its high correlation with
development of hypertension, obesity, hypercholesterolemia, cardiovascular conditions,
neuropathy and Alzheimer's Disease as secondary complications. Millions of people suffer
from this disorder worldwide that indicates need of novel medication development. That
was the main motivation of this thesis. In that manner, the study mainly purposed to
produce GLP-1 analogue using E. coli as host organism. Basis of this purpose arised from
the benefits of GLP-1 compared to alternative approaches against T2DM. Primary benefits
are the lower risk of hypoglycemia and weight loss which make GLP-1 analogues safer and
more preferable for long-term use. The adverse effects of usual treatments like different
insulin gradient, hypoglycemia, cardiovascular risks, lipodystrophy and lowered life quality
were aimed to be eliminated by recombinantly producing a GLP-1 analogue as GLP-1
analogues eliminate these adverse effects. The results of the study in various contexts
proved that the target protein was successfully produced. But it was in insoluble form
which makes it non-functional without further process. In the field of recombinant protein,
obtaining high yields of soluble protein can be a troublesome process. The experiment can
be delayed due to required complex steps to obtain native protein in that case [60].
Because inclusion body formation is a well-known consequence of using E. coli expression
system and there are some methods to enhance solubility. For instance, using mutant strains,
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decreasing post-induction temperature, changing IPTG concentration, cell lysis conditions
etc. [58]. In purpose of enhancing both expression and solubility, mentioned parameters
were optimized in this study. Optimum conditions were provided for expression amount
which can be seen in result section. However, solubility could not be provided in applied
optimization conditions. As an example from the literature, Yuliawati et al. produced eight
multicopy of GLP-1 analogue by using E. coli as inclusion body form [57]. On the other
hand, Sharma and Chaudhuri reported a study using almost same expression system and
conditions as our system which resulted in soluble recombinant human serum albumin
(HSA) production [58]. In order to facilitate expression and purification of target protein,
fusion proteins like Thioredoxin (Trx) and Glutathione S-transferase (GST) can also be
constructed [56]. Also, solubility of the protein is exactly correlated with amino acid
content of the protein because of chemical interactions and physiological properties that
determines folding [59]. That’s why same recombinant systems with same expression
conditions may not show same results for a different protein. In conclusion, it can be said
that GLP-1 Tandem analogue can be produced (626 pg/ml) in E. coli BL21(DE3) strain
under the conditions of 0.2 mM IPTG induction at 0.6 ODsoo and overnight post-induction
growth as most promising parameters. All taken together, it can be unquestionably stated
that various parameters have significant impact on efficiency of recombinant protein

production.

4.2. Societal Impact and Contribution to Global
Sustainability

Producing high-yield recombinant GLP-1 analogue using microorganism provide an
important advancement in the field of biotechnology which includes societal and
sustainable implications. T2DM and obesity are two correlated disorders that stand as a
global health concern. Using E. coli to produce recombinant protein is an approach that
offers cost-effective and scalable method to meet the elevating demand for T2DM
therapeutics. Thus, making them accessible and affordable for patients worldwide is an
important basis of this study. As societal perspective, successful GLP-1 analogue
therapeutics are able to reduce the prevalence of T2DM and obesity-related diseases. In that

manner, healthcare costs can be decreased resulted in increased life quality for all patients
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around the world. In addition to its direct impact on health expenditures as an economic
benefit, indirect positive effects can also be mentioned. Because in healthier societies,
productivity increases, absenteeism decreases, and as a result, economic growth and
stability occur. The mentioned results can be considered as social benefit and contribution
to global sustainability. Additionally, the use of E. coli host expression system meets with
global sustainability principles because it is a well-known, rapid growing microorganism
which can be cultured in renewable resources. Thus, environmental footprint of the
production process is diminished. Moreover, it will also contribute to the sustainable
pharmaceutical manufacturing since recombinant protein production significantly reduces
the harms of traditional chemical synthesis. Because, recombinant GLP-1 production does
nor require using toxic materials and its production process does not generate hazardous
chemical waste. Also, as it was mentioned before, using E. coli expression system has
advantages like being not expensive and easier to obtain required related materials. The
drugs currently used against type 2 diabetes and their side effects have been mentioned
before. It was also mentioned that glp-1 analogues are able to eliminate some of these side
effects. In other words, health expenses may be higher than expected during the treatment
of type 2 diabetes in conventional methods. Based on all these, the positive effects of
recombinant glp-1 analogues on social and economic sustainability in many aspects cannot

be ignored.
4.3. Future Prospects

The study mainly focused on producing target GLP-1 Tandem protein under optimum
conditions. Although expression amount was good enough, formation of inclusion bodies is
the main challenge that needs to be considered in further researches. In the case of using E.
coli expression system, fusion proteins can be integrated to construct, amino acid content
can be modified, induction parameters can be changed in a wider range, additive molecules
like osmolyte or co-expressing chaperones like DnaK, DnalJ and GroEL/ES can be used to
favor soluble protein production [61]. In the case of obtaining insoluble form of the target
protein like in the study, refolding process is an alternative approach. However, it is still a
labor-intensive, low-yield and complex task in current field of biotechnology [62]. Lastly,

culture growth steps were performed in 50 mL shake-flask which was not large-scale
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production. So, large-scale production of the functional GLP-1 analogue can be provided in
bioreactor by using another host organism like yeast. Our following project is designed to
produce novel high-yield GLP-1 analogues with biological activity. As a final future
prospect, it can be said that some of the approved recombinant GLP-1 analogue drugs
mentioned in section 1.2. have been able to overcome drawbacks of other types of
therapeutics. That’s why analyzing clinical consequences of similar drugs is a valuable

guide for planning further studies.
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