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Abstract 
Methionine is a proteinogenic amino acid critical amino for the pharmaceutical, biotechnological 
and agricultural industries. The overall methionine biosynthetic pathway is as follows: 1. 
Acetylation of homoserine and its subsequent activation 2. Formation of homoserine through the 
replacement hydroxyl group by a thiol group, 3. methyl group transfer to the thiol forming 
methionine. In bacteria this process can occur in two ways: through trans-sulfurylation or direct 
sulfurylation. Direct sulfurylation is a more efficient process and has been proven to yield more 
methionine, however the enzymes catalysing this reaction are not extensively described.  MetX 
and MetY are two of these enzymes. The aim of this experimental work is to improve the 
methionine production in E. coli bacteria through the genetic and structural manipulation of Met 
X and Met Y. Hence this laboratory work was divided into three major components: screening 
system calibration, enzymatic kinetic assays and mutagenesis. Screening system calibration 
aimed to geneticall modify E.coli in order to later test the most efficient metionine production 
strain in M9 minimal media. Enzymatic assays were performed to quantitavely characterise 
methionine binding to either Acetyl-CoA or Homoserine through a DTNB reaction at 420nm. 
Lastly, mutagenesis was perfomed through an array of computational biology techniques such as 
Pymol, AlphaFold2 and PROSS to produce a table of mutations that in the future will be 
implemented using error-prone PCR.  

 

  



 
 

Abbreviation 
 

BP – Base Pairs 

CG – Corynebacterium glutamicum  

Chl – Chloramphenicol 

DG –  Deinococcus geothermalis 

DTNB – 5,5-dithio-bis-(2-nitrobenzoic acid); Ellman’s Reagent  

GMQE - Global Model Quality Estimate 

IPTG – Isopropyl β-D-thiogalactopyranoside 

MSA - Multiple Sequence Alignment 

Met X - homoserine – O – acetyltransferase;  HAT  

Met Y - O – acetylhomoserine sulfuhydrylase 

OD600 – Optical Density 600 

O. N. – Overnight  

PDB – Protein Data Bank 

PSSM - Position-Specific Score Matrices 

RMSD - Root-mean-square deviation of atomic positions 
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Introduction 
 

Methionine is a critical amino acid for the pharmaceutical, biotechnological and agricultural 
industries. It is a proteinogenic amino acids, defined by being aliphatic and hydrophobic. 
However, it is the thioester side chain that plays an important role in protein hydrophobic protein 
cores and a functional role in redox reactions (Ferla & Patrick, 2014). In addition, it is the first 
amino acid in the polypeptide chain and part of the essential amino acids that cannot be 
synthesized by mammals. According to Aledo (2019), methionine has several important functions 
in proteins, such as: antioxidant, structure stabilization, sequence-independent protein surface 
recognition, regulation of redox reactions.  

It is  synthesized from homoserine that in turn, is derived from two reductions of aspartate (Ferla 
& Patrick, 2014). The overall methionine biosynthetic pathway is as follows: 1. Acetylation of 
homoserine and its subsequent activation 2. Formation of homoserine through the replacement 
hydroxyl group by a thiol group, 3. methyl group transfer to the thiol forming methionine (Ferla 
& Patrick, 2014). In bacteria this process can occur in two ways: through trans-sulfurylation or 
direct sulfurylation (figure 1) (Ferla & Patrick, 2014). However, while the enzymes involved in the 
trans-sulfurylation pathway are extensively characterised in scientific literature, the ones 
involved in most predominant bacterial methionine pathway – direct sufurylation, are not as 
described. Among these, MetX and MetY are two of these enzymes in the direct sulfurylation 
pathway.  

Met X, also known as homoserine – O – acetyltransferase or HAT, catalyses the reaction between 
the following subtracts: Acetyl-CoA and L-homoserine giving rise to O-acetyl-L-homoserine 
through the transfer of the acetyl group to the hydroxyl present in homoserine. Moreover, 
according to Omura et al. (2003), this direct sulfurylation reaction produces a bigger Methionine 
yield - 0.93 gMet/gOAH when compared to the homologous trans-sulfurylation reaction that 
occurs through the MetA enzyme - 0.68 gMet/gOSH. However, it is important to notice that E. coli 
bacteria naturally produce through trans-sulfurylation. 

 

 

 

Figure 1 - Graphic representation of the two major bacterial methionine production 
mechanisms: A) Trans-sulfurylation and B) Direct sulfurylation. 
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Structurally speaking, according to Ferla & Patrick (2014), MetA and MetX show no homologous 
sequence or structure even if the mechanism is employed by the two enzymes is the same working 
in two different subtracts: o – succinyl – L – homoserine and o – acetyl – L – homoserine, 
respectively. However, Bastard et al. (2017) reported that the MetX enzyme from Acinetobacter 
baylyi ADP1 is complementary to the mutant MetA from E.coli bacteria characterised by Berardinis 
et al. (2008) as an L-homoserine O-succinyltransferase. Additionally, Zubieta et al., (2008) 
reported that MetA from Bacillus cereus exhibit active site substitutions of Glutamate 111 to 
Glycine correlating to the Glycine111 in E.coli bacteria. Thus, consequently, the activity of Bacillus 
cereus changed from HAT to HST. Following, the homocysteine production reaction occurs 
catalysed by MetY.  

MetY, or also known as O – acetylhomoserine sulfuhydrylase, is a crucial enzyme for the direct 
sulfurylation of methionine. This enzyme is homologous to MetZ of trans-sulfurylation that 
instead catalyses a different reaction (figure 1). Both enzymes and thus, both methionine 
production pathways, use pyridoxal 5 ഻-phosphate – PLP – as a cofactor (Brewster et al., 2021). 
PLP-dependent enzymes are common in metabolism pathways but do not show sequence 
similarities cofactor (Brewster et al., 2021). Making them hard to distinguish but not impossible. 
Protein design both computational and laboratory based, is used to answer these questions.  

Protein design and engineering are important approaches to solve synthetic biology problems, as 
it gives the researcher the computational and experimental techniques to manipulate various 
molecular structures and impart a desired function or profile to a protein that otherwise not found 
in nature. These techniques can be classified into two main categories: rational design and 
directed evolution. While rational design depends on the study of the protein’s structure, 
mechanism and dynamics following a knowledge -> hypothesis -> modification approach, directed 
evolution does not. This protein engineering technique aims to mimic natural evolution by 
ascertain experimental control over the mutation rate, the environment and the selecterion 
pressure.  

In the experimental work described below, rational design computational tools such as SWISS- 
MODEL (Waterhouse et al., 2018) and PROSS (Goldenzweig et al., 2016) were used to develop a 
model molecule and a list of molecular stabilizing mutations.   

PROSS is a stability-designing method that combines evolutionary constraints, specific mutations 
that independently contribute for molecular stability and sequence optimization in between these 
mutations to ensure that stability defects do not affect the original molecular functions 
(Goldenzweig et al., 2016). This computational tool differs with other stability-designing 
algorithms as PROSS selects all possible amino-acid mutations that can contribute to improve 
proteins energy thus, ensuring that the original function is maintained (Goldenzweig et al., 2016). 
Thus, we can be confident that these mutations will not interfer with protein reactivity.  

The aim of this experimental work is to improve the methionine production in E. coli bacteria. 
Methionine synthesis is heavily regulated, keeping low level expression with as minimal as 
possible secretion to the media. Various bottlenecks are associated with increasing bacterial 
methionine expression. We hypothesize that optimization of the MetX and MetY enzymes together 
with  the conversion of E. coli to direct sulforation in the methionine synthesis pathway  will lead 
to a higher methionine production in E. coli.. 
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Materials and methods 
This laboratory work was divided into three major components: screening system calibration, 
enzymatic kinetic assays and mutagenesis.  

Screeening System Calibration.  
The plasmid constructs MetYX from Deinococcus geothermalis (DG) and Corynebacterium 
glutamicum (CG), measuring 10577 base pairs (bp) and 10661bp respectively. Both plasmids 
contain chloramphenicol resistance (Chlr), as per figure 2.                                                                                                                                       

 

 

 

 

 

 

 

 

 

Transformation 
These plasmids were inoculated in LB and grown overnight at 37ᵒC at 250 rpm. Both starters were 
amplified in a 1:1000 ratio and incubated until the Optical Density600(OD600) reached three. The 
samples were then centrifuged at 4ᵒC at 5000 rpm. Then Midiprep was performed in accordance 
to the ZymoPure II Plasmid Midiprep kit, both the standard and low copy protocol (Zymo-
Research, 2021b). Concentration was determined using Nanodrop (Thermofisher). 
Simultaneously, two BL21 bacterial cell-lines with knock-out ∆Met AB and ∆Met ABJ genes were 
inoculated and grown overnight at 37ᵒC at 250 rpm until the OD600 =3. Then, the two bacterial cell 
lines underwent Zymo Mix&Go! Ecoli Transformation Buffer Set (Zymo-Research, 2021a) using 
SOB in order to become chemo-competent.    

Transformation was performed in accordance with the protocol in appendix 1 in LB media with 
Chloramphenicol in a 1:1000 ratio – Table 1. In which, only the standard protocol Midi-Prep 
MetYX DG and MetXY CG samples were used, pBD_CnAB Chlr was chosen as a control plasmid ( Assaf 
Mosquna Lab) and electrocompetent BL21 as a vector control. The transformants were plated in 
1:1000 chloramphenicol agar plates and left to grow overnight at 37ᵒC. 

 Table 1 - Transformation constituents. 

Media  Vector  Plasmid [Plasmid] ng/μL 
LB Chl ∆Met AB: chemo-competent MetYX DG Chlr 202.19  
LB Chl ∆Met ABJ: chemo-competent MetYX CG Chlr 214.9  
LB Chl ∆Met AB: chemo-competent MetYX CG Chlr 214.9  
LB Chl ∆Met ABJ: chemo-competent MetYX DG Chlr 202.19  
LB Chl ∆Met AB  pBD_CnAB Chlr 300 
LB Chl ∆Met ABJ  pBD_CnAB Chlr 300 
LB Chl BL21: electrocompetent MetYX DG Chlr 202.19  
LB Chl BL21: electrocompetent MetYX CG Chlr 214.9  

 

 

Figure  2 - Plasmid maps of the MetYX DG and MetXY CG. 
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Methionine Dose Response 
The colonies were counted and inoculation of 1 colony in 10ml LB was performed of the following 
samples:  ∆Met AB + MetYX DG / CG Chlr; ∆Met ABJ + MetYX DG / CG Chlr. These starters were 
shaken overnight at 250 rpm at 37ᵒC . The samples were then centrifuged ar 200 rcf for four 
minutes at room temperature. The supernantant was then discarded and resuspended in Ultra-
Pure Water (Merck) through gentle pipitation and centrifuged in the above mentioned conditions. 
Lastly, the supernant was discarded and the pellet resuspended in M9 minimal media (appendix 
2). The resuspended transformed bacteria were then plated in a 96 well plate in a 1:1000 to M9 
minimal media in duplicates, as per table 2.  

Additionally, positive controls: LB Chl transformed ∆Met AB + MetYX DG / CG Chlr; ∆Met ABJ + 
MetYX DG / CG Chlr, M9 Chl BL21 + pCC18 CTLA Chlr and negative controls: M9 no Chl transformed 
∆Met AB + MetYX DG Chlr; ∆Met ABJ + MetYX CG Chlr and untransformed ∆Met AB and ∆Met ABJ 
were plated.  An overnight growth read-out was taken at 420nm.  

 Table 2 -  96 well plate constituents with different media used antibiotic in a 1:1000 ratio,                    
vector and plasmid.   

Media  Antibiotic Vector Plasmid 

M9 Chl ∆Met ABJ MetXY CG 

M9 Chl ∆Met ABJ MetXY DG 

M9 Chl ∆Met AB MetXY CG 

M9 Chl ∆Met AB MetXY DG 

LB Chl ∆Met ABJ MetXY CG 

LB Chl ∆Met ABJ MetXY DG 

LB Chl ∆Met AB MetXY CG 

LB Chl ∆Met AB MetXY DG 

M9 Chl BL21 pCC18 CTLA Chlr 

M9 Chl BL 21  MetXY CG 

M9 Chl BL 21 MetXY DG 

M9 X ∆Met ABJ MetXY CG 

M9 X ∆Met AB MetXY DG 

M9 X Unt. ∆Met ABJ X 

M9 X Unt. ∆Met AB X 
M9 Chl ∆Met ABJ MetXY CG + 25μM Methionine 
M9 Chl ∆Met ABJ MetXY CG + 50μM Methionine 

 
Enzymatic Kinetic Assay 
Protein Purification & Concentration 
A colony of MetX Deinococcus geothermalis (MetX DG) was inoculated in LB plus 1:1000 
Kanamycin and grown overnight with 1mM Isopropyl β-D-thiogalactopyranoside (IPTG) 
(Formedium Ltd)  induction.  A validation Coomassie blue protein gel was performed with +1h 
induction IPTG and the ON IPTG samples and the sample OD600 was taken.  

His-tagged nickel protein purification was performed on ÄKTA Go and in accordance with the 
protocol in appendix 3. The purified protein concentration was measured on Nanodrop 
(Thermofisher). Another validation protein gel was executed with the following samples: Load 1, 
Load 2, Wash1, Wash2, Wash3 and Elution. Both gels used Precision Plus Protein™ Kaleidoscope™ 
Prestained Protein Standard- 10-250kD - (Bio-Rad) Ladder.  
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The purified MetX DG samples was further purified through ionic purification on ÄKTA Go in 
accordance with the protocol in appendix 4. For this, an overnight dialysis of 14.75 ug/ul MetX DG 
Kan in 50% glycerol in a buffer of 30mM of Tris at pH=8.  

Finally, the sample was concentrated using Amicon® Pro Purification System (Merck) in 
accordance with the protocol (Millipore Merck, 2022). The OD600 was measured on Nanodrop 
(Thermofisher). 

Enzymatic Kinetic Assay 
Dose response enzymatic assay was performed in a 96 well plate in triplicates for both 
Homoserine and Acetyl Co-A reactions. First, serial dilutions of both 419mM of Homoserine of 
61.7 mM of Acetyl Co-A and Ultra-Pure Water (Sigma-Aldrich) were plated starting at 1mM 
concentration.  

A reaction mix containing the serial dilution, the double-purified and concentrated enzyme, Tris-
Buffer 100 mM pH 7.4 (Merck) and Ultra-Pure Water (Merck) was prepared and left to incubate 
at room temperature for three hours.  

The DTNB (5,5-dithio-bis-(2-nitrobenzoic acid)) mix was prepared with Tris-Buffer 100 mM pH 
7.4 (Merck), Ultra-Pure Water (Merck) and DTNB 10mM (Thermofisher). To which was added to 
the reaction mix above in a 1:19 ratio.The 96 well plate was left to incubate at room temperature 
for 15 minutes before the 420nm absorbance reading was taken.  

The results were plotted using the Prism GraphPad Michaelis-Menten function eq1:   

𝑣଴ =
𝑣[𝑆] 

𝐾௠ + [𝑆]
 

 
Mutagenesis  
Computational Design 
An homolgy model was constructed based on the sequence in figure 3 and the PDB file 7KB0 
(Brewster et al., 2021). For this SWISS-MODEL (Arnold et al., 2006) was used  in accorandance 
with the protocol published by Bordoli et al. (2009). 

 

 

Figure  3 - Provided nucleotide sequence of MetY enzyme from the D. geothermalis bactium used for 
homology modelling alongside with the PDB structure 7KB0 by using SWISS-MODEL. 
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The output model molecule was manually checked for abnormal mutations using Pymol 
(Schrödinger, L., & DeLano, W., 2022). Additionally, the model molecule was aligned with a 
molecule construted with AlphaFold2 (Jumper et al., 2021) using the same inputs (Figure 3).  

The model molecule was run in PROSS (Netzer et al., 2018) with the following conserved sites: 
TYR57, ARG59 and ILE60 (heterodimer),  TYR112, ASN160, ASP185, SER208, ALA209 (active 
site) and PPL (ligand). The MSA PROSS input was left as the reference:  

- Minimal sequence identity: 35% 
- Coverage: 75% 
- E-value: 0.0001 

The chosen energy function was Reference2015. The output was evaluated and two designs were 
chosen in accordance with the provided instructions. In addition, the Position-Specific Score 
Matrices (pssm) file enclosing the mutation matrix was analysed. The results were plotted.  
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Results  
Screening System Calibration. 
 

The Midi-Prep Kit of both MetXY DG and MetXY CG plasmids performed in both Standard and the 
Low Copy Protocol, final concentration is per table 3.  

Table 3 - Nanodrop concentration (ng/nl), of the samples MetXY DG/CG in the Low-Copy and Standard 
Protocols. 

Protocol Sample Concentation (ng/ul) 
Low-Copy MetXY DG 35.5 

METXY CG 49.8 
Standard MetXY DG 2021.9 

METXY CG 214.9 
 

Dose response was performed overnight, focusing on ΔMet ABJ + Met CG vector plasmid 
combination, per Figure 4.  Here, it is important to notice the 50 μM (brown) and 25 μM (dark 
blue)  methionine doses in comparison with the positive and negative controls.  

 

Figure 4 - Overnight Methionine Dose Response, represented by 50 μL of Methionine (brown), 25 
μL of Methionine (dark blue) and the controls. 
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Enzymatic Kinetic Assay 
In order for the enzymatic kinetic assay to be performed, Met X DG has to be purified. Figure  5 
shows the protein expression gel results for both the Nickel His-Tag purification (Fig. 5A) and the 
Ion Exchange protein purification (Fig. 5B) . 

 

Dose response of aceyl-CoA and Homoserine was performed, and the results plotted in Graph Pad 
are in accordance to Figure 6.  

From here, it was possible to calculate the Vmax and KM of the reactions – Table 4, also using 
GraphPad. Constraint KM>0. 

Table 4 – Demonstrating the Vmax and KM values of the enzymatic assay, in which Vmax is in mM/Sec. 

 
 

ACETYL - COA HOMOSERINE 

Vmax 

mM/sec 
0.1204 0.222 

KM 0.1016 0.1227 

 

Figure 6 -  Absorbance vs Concentration plot for the Acetyl-CoA and Homoserine Dose 
Response. In which the inital concentrationb was 1mM. 

 

Figure 5  - Protein expression gels in which A represents the protein purification 
result using nickel his-tag technique and B ion exchange. Both performed on 
ÄKTA Go (Cytiva). Both using Precision Plus Protein™ Kaleidoscope™ Prestained 
Protein Standard 10-250kD Ladder (Bio-Rad). 

A B 
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Mutagenesis 
The homology model performed according SWISS-MODEL’s protocol. The output is comprised of 
two main figures: the identity table and the ramachandran plot.  

The output molecule, model molecule, was studied in Pymol and the results are per figure 6.  The 
active site is composed of the following amino-acids  TYR112, ASN160, ASP185, SER208, ALA209; 
while the heterodimer connetion is composed of TYR57, ARG59 and ILE60.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The AlphaFold validation model was aligned with the model molecule in Pymol, having the 
following scores- RMSD – 0.774 and Match Alignment Score – 2267.00.  

Figure 8 - Model Molecule structure, in which: A - heterodimer structure; B - location of active site (yellow)  
and heterodimer connections (orange); C - active site components (yellow) and PPL ligand (blue). 

Figure 7 - Swiss Model output in which A shows the identity results including 
5298% sequence identity, 96% coverage and 80% GMQE. 
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The model molecule was run on PROSS and the output was per Fig  10, in which nine designs 
were produced as per Fig. 10A. Here, only design one and two were chosen due to their mutation 
percentage being around five percent. Addionally, the Multiple Sequence Alignment (MSA) 
percent coverage is above 95 percent while the percent sequence identity is lower than 80 
percent, as per figure 10B. 

Given that designs 1 and 2 were chosen, these were plotted on Pymol highligting their location 
on the molecule (figure 12) in accordance to their sequence location as per table 5.  

 

Figure 9 - 90 degree x-axis views of the AlphaFold validation model (green) and model molecule (blue). 

Figure 10 - PROSS output, in which A shows the nine designs provided by the software. And B shows the 
MSA percent coverage and sequence identity of the process. 

Figure 11 - PROSS design 1 (A) and 2 (B) with mutations highligted (pink). 
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Table 5 – Amino-acid mutations table of design 1 and 2 in comparision with Wild-Type. 

Location Wild Type Design 1 Design 2 

18 H E E 

26 Q  R 

32 A  Q 

34 N T T 

35 A  S 

116 V Y Y 

158 L  I 

178 R H H 

181 A P P 

182 V L L 

218 N T T 

219 G S S 

224 L I I 

237 Y  F 

251 S V V 

283 P  A 

284 T C C 

286 A  N 

288 Q F F 

289 Q  N 

297 V L L 

319 S E E 

320 G  N 

343 T K K 

349 A F F 

358 R  K 

362 A  E 

366 A K K 

369 G N N 

371 V L L 

399 D S S 

402 A E E 
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Discussion 
Screening System Calibration 
pCC1 plasmid was chosen to test the plasmid complimentary. According to Sandoval et al. (1984),  
pCC1 was the first low molecular weight plasmid described in non-pathogenic corynebacterium. 
It is described to have 4kb and HindIII, KpmI, BaII, BgII and AvaI restriction endonuclease site 
(Sandoval et al., 1984). Given the low amount of information that can be found regarding this 
plasmid, during Midi-Prep two protocols were used – a low copy and a standard copy one. In 
accordance with Table 3, the standard protocol yielded more protein and thus, these samples 
were used throughout the rest of the experiment. However, given the size of the plasmids and the 
need to produce big amounts transformants for testing, a maxi-prep kit such as ZymoPURE II 
Plasmid Maxiprep Kit would have been more appropriate. 

The two vectors used were: BL21 bacterial cell-lines with knock-out ∆Met AB and ∆Met ABJ that 
were made chemically competent in accordance with Zymo Mix&Go! Ecoli Transformation Buffer 
Set (Zymo-Research, 2021a). According to (Chan et al., 2013) the optimal transformation method 
for BL21 E. Coli cells is CaCl2 chemical-competence method. This method is suitable for both linear 
and circular DNA fragments. In this method, the cellular membrane absorb calcium ions, and once 
inside the cell these are neutralised by the membrane phosphates present in the cytoplasm 
(Melcrová et al., 2016). Furthermore, the presence of bound calcium ions in the cellular membrane 
causes changes in membrane permeability (Li et al., 2004). Thus, making this a preferred method.  

Transformation of the MetYX DG Chlr and MetYX CG Chlr plasmids into the chemo-competent ∆Met 
AB and ∆Met ABJ was performed using a heat-shock protocol. The results shown in table 3, 
demonstrate that the transformants of ∆Met AB yielded more transformants per ug. However, the 
results were far from optimal, and this could have been due to the chosen transformation 
technique. While heat-shock transformation is a well established molecular biology, 
electroporation is a more efficient method yielding typically 104-108  CFU/ug DNA and can be 
applied to many species (Aune & Aachmann, 2010). However, it is important to notice that this 
method should be optimized for the BL21 ∆Met AB/ ABJ cells.  

In order to quantitatively assess the plasmid intake and subsequent methionine production by the  
transformed cells, M9 mineral minimal media was used to access bacterial growth overnight using 
LB as a control group – Table 2. According to Tao et al. (1999) bacterial cells that are grown in rich 
medium such as LB, turn off biosynthetic pathways but there is an increase in protein production 
gene expression. This makes sense, since all the necessary basic building blocks do not need to be 
produced by the cell, as they are freely present in the medium. On the contrary, cells grown in 
minimal media, such as M9, are required to produce all the constituents from a single carbon 
source – glucose (Tao et al., 1999). Consequently, this can be observed through the activation and 
increase in biosynthesis production and cellular stress tolerance regulators. Thus, going in line 
with the results in figure 5: the highest OD is related with the use of LB media, almost doubling 
the optical density rate of the second highest sample: 25μM Methionine in M9 medium. It is also 
possible to observe that between the two methionine dose responses, the 25 μM not only reached 
saturation earlier but also had a higher OD600 value than the 50 μM sample. This could be due to 
the fact that the optimal methionine concentration is lower than anticipated but further tests must 
the done in order to access this hypothesis.  

Enzymatic Kinetic Assay 
The aim of this experiment is to set up a standard kinetic assay that can be used to compare when 
kinetically testing the affinity of mutated MetX enzymes to the substrates Homoserine and Acetyl-
CoA. For this, protein purification and concentration of MetX had to be firstly performed.  
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Protein purification and concentration are key steps in protein production. For this BL21 is most 
commonly used E.coli strain for protein expression due to providing yield of the target protein 
(Robichon et al., 2011). Various techniques were developed for the purification and concentration 
of histidine tagged proteins, being imidazole washing the industry staple (Robichon et al., 2011). 
However, the acidic elution process is not able to precisely distinguish between the desired 
protein and other impurities (Robichon et al., 2011). Thus, in this laboratory work purification 
was achieved through a double purification – nickel his-tag and ionic exchange purification. In 
accordance to figure 5 A, it is possible to observe that the elution sample of the nickel purification 
is fairly clean, but there is a distinting band some kilobases above the desired protein. Thus, it was 
decided that a second purification round was to be performed, but this time through ion exchange. 
It is possible to observe in figure 5 B that the protein is mostly found in 20%P and 30%P samples. 
However, due to the presence of impurities in the 30%P samples, only the 20%P was further used. 
The protein from the 20%P elution was then concentrated.  Even though Millipore Merck (2022) 
states that 99% of the protein will remain, that was not observed during this procedure as the 
amount of protein post-concentration was much less than the initial sample. 

In order to further improve the methionine synthesis it is not enough to focus only on the enzyme 
but also on the reaction substrates as Acetyl-CoA and L-Homoserine are considered limiting 
factors in this reaction – figure 10. Thus, enzymatic kinetic assays were performed to assess the 
Vmax and KM, as per table 4.  

   

Knowing that Vmax  represents the maximum reaction rate and the KM can be interpreted as the 
affinity of the enzyme to the subtract, it is possible to conclude that Homoserine has better affinity 
to the MetX enzyme than Acetyl Co-A. Additionally, comparing with the results published by 
Sagong et al. (2019), in which the KM value of Homoserine 0.060 and Acetyl-CoA 0.158, it is 
possible to conclude that the experiment was overall successful but further calibration is 
necessary for this method, as outliers in the plot can be observed that may not be explained by 
human errors in carrying out the protocol.  

Mutagenesis  
Homology modelling was performed based on the molecule published by Brewster et al. (2021) 
with the PDB 7kb0.1.A (fig. 7). Even though in SWISS-MODEL output, the sequence identity was 
just above 50%, the Global Model Quality Estimate (GMQE) (Bordoli et al., 2009) score was above 
80%, thus providing confidence over the model being built.  

The model molecule was studied, and it was observed that the active sites and heterodimer 
connections remained the same as the ones accounted by Brewster et al. (2021),  thus, allowing  
for the study to be based on the characteristics reported.  

As reported by Brewster et al. (2021), Met Y’s active site is composed of TYR112, ASN160, ASP185, 
SER208, ALA209. Here a number of interactions can be described , however the presence of π–π  

Figure 12 - Homoserine and Acetyl Co-A reaction schemetic. 
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stacking between the TYR 112 and the PPL should be higlighted.. π–π  stacking is prototypical 
system that can be defined as attractive, non-covalent interation between two aromatic rings. 
(Brylinski, 2018) It plays a critical role in bio-structural organization and recognition. The 
benzene dimer is characterised by having low binding energies of about 3kcal/mol in which its 
major energetic contributors are London dispersion forces and electrostatics (Brylinski, 2018). 
This interaction was also described in Wolinella succinogenes (Tran et al., 2011), Mycobacterium 
smegmatis (Sagong et al., 2019) and in Thermotagota maritima (Brewster et al., 2021), thus 
making it an important conserved interaction.  

 

 

The AlphaFold model was performed in order to assess the validity of the homology model. While 
the RSMD values were satisfatory, a slight distortion in the physical alignment of the loop can be 
observed. Further studies using softwares such as ModLoop (Fiser & Sali, 2003) would have to be 
conducted to ascertain why this occured. 

PROSS is a stability-designing method that combines evolutionary constraints, specific mutations 
that independently contribute for molecular stability and sequence optimization  (Goldenzweig et 
al., 2016). For this, an energy function method must be chosen. According to (Alford et al., 2017), 
energy functions aid bio-computational modelling through approximating interction energies. 
These methods are based on Anfinsen’s theory: native-like protein conformations represent 
unique, low-energy, thermodynamically stable conformations. (Anfinsen, 1973). In this case 
Ref2015 but also known and Rosetta 2015 version was used. This particular energy function aims 
to aproximate a particular’s biomolecule conformation. This is achieved through eq. 2:  

∆𝐸௧௢௧௔௟ = ෍ 𝑤௜𝐸௜(𝜃௜, 𝑎𝑎௜)

௜

 

Figure 13 - Tyrosine 112 and ligand PPL π–π stacking 
(orange) and various other polar interactions (yellow) in 
active site of model molecule 
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In which:  𝑤௜ represents the weight on each turn,  ∆𝐸௧௢௧௔௟ represents the quantity computed as a 

liner function of the energy terms 𝐸௜ that in turn are calculated as geometric functions of degrees 

of freedom 𝜃௜ and chemical identities 𝑎𝑎௜  (Alford et al., 2017).  The Rosetta models are constantly 

being updated, however for this experimental work it was important to choose a experimentally 

valid energy model in order to obtain the most accurate results, thus Ref2015 was used.  

On the other hand, PROSS output was plotted on Pymol and it is important to observe that not 
only most of the mutations occur on the surface level, there is a clear shift from small amino-acids 
to big amino-acids and from hydrophilic amino-acids to hydrophiboc ones. This goes in line with 
the goal of PROSS that is to input mutations to improve molecular stabilization. 

Given that the main goal of this project is the development of a more efficient MetX anf MetY 
proteins, both the introdution of mutations in table 5 through PCR as a rational design method 
will occur, along side directed evolution techniques such as Error-Prone PCR or EMS.  

 

Ethical Considerations  
During this laboratory work, only E.coli bacterial cells were used to perform all the experiments: 
both standard bought bacterial cells and laboratory genetically modified bacterial cells. Even 
though these are considered genetically modified organisms, since they were properly discarded, 
not in contacted with specialised staff and growth-controlled. It is possible to conclude that no 
ethical considerations can be reported. 

Additionally, given that this project aims to improve methionine production in E.coli, the most 
reliable and inexpensive genetic model, positive results in this project can influence the 
pharmaceutical, biotechnological and agricultural companies since methionine is an essential 
amino-acid.  
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Appendix 
 

Appendix 1 - Heat Shock Bacterial Transformation  
 

Materials  

● SOC 
● Ice  
● Antibiotic R plates  

Procedure  

1. insert 1 ul plasmid into the bacteria wait 30 min 
2. move the tube to 2 min in 42 C . 
3. 2 min on ice 
4. add 400ul soc ( warm ) 
5. agitate 1 hour on 37C  
6. centrifuge 3 min in 4500 RPM 
7. discard 350ul 
8. mix gently the remaining medium  
9. put on a plate with antibiotic R. 
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Appendix 2 – M9 Mineral Minimal Recipe  
 
Remarks: For 1L M9 Solution. 
 
Materials  
6 g       Na2HPO4 
3 g       KH2PO4  
0.5 g    NaCl 
1.5 g    NH4Cl 
 4 g      Glucose 
 0.3 g   MgSO4 
0.02 g  CaCl2 (note 20mg, mix first in 20-30ml water and add to the m9 after dissolving) 
250 μL Metal mix 
250 μL Vitamin mix 
 

Procedure 

1. Add around 500ml of DDW to a previously sterilized bottle.  
2. Make sure to add a magnetic stirrer and add the ingredients one by one and let them 

dissolve before continuing to the next reagent  
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Appendix 3 – His-tagged protein purification protocol  
 
Remarks: 

● Prepare all buffer in advance. Filter the buffers through 0.22 um. Keep at 4°C 
● Work on ice 

 
 

1. Dilute O.N culture into fresh LB (supplemented with the appropriate antibiotic). Dilution 

should be ~1:100 (10 mL O.N culture per 1 liter LB) 

2. Grow at 37°C, 200-230 rpm, until OD600~0.8 

3. Induce by adding IPTG to 1mM (depends on the expressed protein) – 0.238 gr per liter   

4. Incubate the culture O.N at 25°C, 200-230 rpm 

5. Harvest the cells (4500 rpm, 15-30 min, 4°C) and store at -20°C 

6. Resuspend the pellet in 30 mL lysis buffer ( 

7. Add 1 uL Benzonase Nuclease, and Complete Protease inhibitor (1:500) 

8. Disrupt the cells by sonication (on ice) 

9. Spin the cell lysate at 4°C for 30 min at max speed 

10. Apply the supernatant to a 5 mL Nickel chelating column equilibrated with equilibration 

buffer. Collect flow-through. 

11.  Wash the column with equilibration buffer (10 CV) 

12. Wash the column with wash 1 buffer containing 40 mM imidazole (5-10 CV) 

13. Wash the column with wash 2 buffer containing 1M NaCl (5-10 CV) 

14. Wash the column with wash 3 buffer containing 20% glycerol (5-10 CV) 

15. Elute the protein with elution buffer. 

16. The amount of the purified protein can be determined by measuring the absorbance at 280 

nm against buffer. The absorbance coefficient can be calculated from the protein sequence 

using https://web.expasy.org/protparam/  
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Lysis and equilibration buffer  

 Stock solution Amount for 500 mL 

50 mM NaPi pH 8.0 1M 25 mL 

300 mM NaCl 4M 37.5 mL 

10 mM imidazole  0.3404 gr 

 

Wash 1 buffer (imidazole) 

 Stock solution Amount for 500 mL 

50 mM NaPi pH 8.0 1M 25 mL 

300 mM NaCl 4M 37.5 mL 

40 mM imidazole  1.36 gr 

 

Wash 2 buffer (NaCl) 

 Stock solution Amount for 500 mL 

50 mM NaPi pH 8.0 1M 25 mL 

1 M NaCl 4M 125 mL 

10 mM imidazole  0.3404 gr 

 

Wash 3 buffer (glycerol) 

 Stock solution Amount for 500 mL 

50 mM NaPi pH 8.0 1M 25 mL 

300 mM NaCl 4M 37.5 mL 

20% (v/v) glycerol   100 mL 

 

Elution Buffer  

 Stock solution Amount for 500 mL 

50 mM NaPi pH 8.0 1M 25 mL 

300 mM NaCl 4M 37.5 mL 

300 mM imidazole   10.212 gr 
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Appendix 4 – ÄKTA Go Ionic Purification 
 

Materials  
● Tris Buffer at pH 8. 
● Cartridges: HiTrap DEAE FF or HiTrapQ HP 

Procedure: 

1. Column Buffer: 50 mM Tris at pH=8 
2. Screw either the HiTrap DEAE FF or HiTrapQ HP cartridges to the column  
3. Add Column Buffer directly to the column, no extra preparation is needed.  

 

 

 

 

 

 

 

 

 




