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Resumen 

Introducción: El factor de iniciación IF2 tiene diferentes funciones en la iniciación de la 

traducción de proteínas. Su dominio C-terminal interacciona fuertemente con fMet-tRNA. El 

objetivo principal de este estudio es aislar un aptámero específico para IF2 CTD de 

Geobacillus stearothermophilus y Escherichia coli. 

Métodos: Se utilizó el sistema de expresión de proteínas basado en E. coli BL21.  E. coli 

BL21 se transformó con un plásmido que contiene la secuencia InfB CTD.  La inducción de 

proteínas se realizó bajo diferentes temperaturas y concentraciones de IPTG para cada 

proteína. La secuencia Hexa-His se agregó al gen infB permitiendo la purificación por 

cromatografía de afinidad. 

Resultados: IF2 CTD se purificó con alto rendimiento y pureza. La concentración de E. coli 

IF2 (558,0 ng/uL) fue tres veces mayor que la de G. stearothemophilus (144,6 ng/uL). Ambas 

proteínas se purificaron con una pureza > 95%. Mediante SELEX, se obtuvieron cuatro 

aptámeros para IF” CTD, de los cuales uno específicamente a IF2 CTD G. stearothemophilus.  

Conclusión: Se ha desarrollado un protocolo rápido y eficiente de purificación de proteína 

IF2 CTD, permitiendo la producción de fragmentos termofílicos y mesofílicos de IF2. El 

aptámero obtenido podría servir como un nuevo mecanismo inhibidor de la síntesis de 

proteínas en futuros estudios. 

 

Palabras clave: traducción de proteínas, IF2, regulación de genes, Geobacillus 

Stearothermophilus, aptámeros 
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Abstract 

Introduction: The initiation factor IF2 has different functions in the initiation of protein 

translation. Its C-terminal domain interacts strongly with fMet-tRNA. The main objective of 

this study is to isolate a specific aptamer for IF2 CTD Escherichia coli and Geobacillus 

stearothermophilus. 

Methods: A protein expression system based on E. coli BL21 was used. E. coli BL21 was 

transformed with InfB CTD sequence. Protein induction was performed under different 

temperatures and IPTG concentration. His-tagged affinity chromatography was used for 

protein purification since a hexa-His coding sequence was added to the InfB genes. 

Results: IF2 CTD was purified in high yields and purity. E. coli IF2 fragment protein 

concentration (558.0 ng/uL) was three times larger than that of G. stearothemophilus (144.6 

ng/uL). Purity of both proteins were >95%. A specific aptamer for IF2 CTD G. 

stearothermophilus was obtained through SELEX. 

Conclusion: A rapid and efficient protocol for IF2 CTD protein purification has been 

developed, allowing the production of thermophilic and mesophilic IF2 fragments. The 

obtained aptamer may serve as a novel antibiotic mechanism in further studies. 

 

KEYWORDS: Translation, protein synthesis, IF2, gene regulation, Geobacillus 

Stearothermophilus, aptamers 
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Introduction 

The development of bacterial resistance to antibiotics is a natural evolutionary process of 

microorganisms, which is being accelerated worldwide by the indiscriminate use of 

antibiotics (1). According to the World Economic Forum, it represents an important risk for 

the population (2). The U.S. health system represents an expense of $21-34 trillion a year and 

more than 8 million per additional day of hospitalization. Antibiotic treatments become 

increasingly difficult and even impossible and since the decade of the 80' no new antibiotic 

classes have been approved (1). Moreover, the antibiotic market is unattractive to large 

pharmaceutical companies for the costs of clinical research, FDA approval (Food and drugs 

Administration), and a few years of investment recovery due to the rapid emergence of 

bacterial resistance (3). It is important to know the production of proteins in greater detail to 

understand the mechanism of action of each class of antibiotic that is currently on the market. 

It also helps to recognize possible new targets where new mechanisms could act. 

First, to understand how protein synthesis works, we must return to The Central Dogma of 

molecular Biology that has the purpose of expressing the genetic information both Prokaryote 

and Eukaryote, by means of three phases, first the replication of the DNA, where a new three-

dimensional chain of DNA is formed, the second, the transcription where its purpose is the 

formation of messenger RNA (MRNA) and finally the translation phase, where the genetic 

information is translated into the final product: proteins (4).  

Bacterial translation is the process by which proteins are synthesized in all cells and occurs 

through four stages: initiation, elongation, termination and recycling (5). At the same time, the 

initiation stage is divided into three phases where several ligands are involved at different 

times, these are the 30S and 50S ribosomal subunits, initiation factors IF1, IF2, IF3, fMet-

tRNA, mRNA (5). During the first phase, the mRNA, initiation factors and fMet-tRNA bind 

to the 30S subunit and form the pre-initiation complex (30S PIC). In the second phase, the 

30S PIC provides interaction with the initiation codon and becomes a functional 30S initiation 

complex (30S IC). Finally, the 50S subunit joins the 30S IC, forming the 70S initiation 
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complex (70S IC). The first transfer RNA (tRNA) enters the ribosome P site while others 

enter the A site. The ribosome contains three sites for attachment of tRNAs: A, for binding of 

the aminoacylated tRNA; P, where the peptide binds tRNA and; E, from where the tRNA 

dissociate the ribosome (4,6) 

IF2 is the largest initiation factor of prokaryotes, it has a conserved C-terminal region 

composed by G2, G3, C1 domains and another, less conserved, N-terminal regional with N1, 

N2, G1 domains (6,7) The main feature of this initiation factor is promoting the interaction 

between fMet-tRNA and 30S subunit (8,9,10). Also, it promotes 30S and 50S subunits 

interaction and stabilizes mRNA during the initiation (11,12).  The tRNA binding site is 

totally situated in the C-terminal domain of IF2 (13). Chaperone function for wrong folded 

protein like citrate synthase and alpha-glucosidase has been attributed to this protein too (14). 

Another important role of IF2 is to hydrolyze GTP during 50S subunit arrival, because 

produces energy for translation reactions, however in vitro studies suggest this may be not 

necessary (8,15). Moreover, mutagenesis studies argue that fMet-tRNA is not strictly 

necessary for translation because of a compensation mechanism (3,6) 

There are several mechanisms of action of antibiotics directed towards the ribosome that 

block the processes of the translation in the four stages of the translation, inhibition of the 

peptidyl transferase and other factors of initiation (16). At the same time, there are 

mechanisms by which bacteria become resistant to antibiotics. The decrease in permeability 

of the membrane reducing the expression of porins or replacing them by more selective 

channels, especially in Gram positive, or increase in the synthesis of efflux pumps that expel 

the molecules of antibiotics, more frequent in Gram negative, represent an access prevention 

mechanism (16,17). Another mechanism is change by mutation, where the molecular targets 

of antibiotics have changed its structure, so molecules will have diminished their affinity or 

can no longer be coupled. The modification of the target by addition of a chemical group may 

also favor the bacterium because it does not alter the primary protein sequence and maintains 

its activity (18). Finally, there is the mechanism of direct modification of the antibiotic, where 

the bacteria possess beta-lactamases, beta-lactamases of broad spectrum, carbapenemases and 

other enzymes capable of hydrolyzing the molecules of antibiotics, or can also transfer 

chemical groups that esterifies the molecules and prevent their binding (18,19,20)  
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As mention above, the therapeutic range for bacterial infections is getting narrow due to 

resistance patterns, thus new options as aptamers are being investigated. These molecules are 

short single stranded DNA or RNA that binds with high specificity to a defined target 

molecule. Aptamers have great potential in the field of treatment and diagnostic tools. Some 

examples of this are aptamers for Mycobacterium tuberculosis, Staphylococcus aureus, 

Escherichi coli and others. (21) 

This study will allow us to produce and characterize the C-terminal domain of the IF2 of two 

bacteria: Geobacillus stearothermophilus and Escherichia coli, to produce a specific aptamer 

for this protein. Thus, propose this interaction as a possible new antibiotic mechanism. Also, 

as a low-cost fMet-tRNA purification system that could be apply in other experiments using 

this protein.  These two protein bacteria have been used in several previous experiments as 

models on the research line described because of its thermo stability, c-terminal structure and 

interaction with fMet-tRNA (20,22,23,24) (Figure 1). E. coli will be chosen as the host for its 

well know advantages in this kind of studies as: fast growth kinetics (25), easily achieved 

high cell density cultures (26), media can be made from inexpensive components or get them 

ready to use, transformation with plasmids can be performed easily (27)  
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Objectives 

Main objective 

Isolate a specific aptamer for IF2 CTD Escherichia coli and Geobacillus stearothermophilus. 

Specific objectives  

Purify and characterize the c-terminal domain of IF2 CTD de Geobacillus stearothermophilus 

and Escherichia coli. 

Optimize a low-cost protein production of IF2 CTD Geobacillus stearothermophilus and 

Escherichia coli. 

Identify possible aptamers for IF2 CTD Geobacillus stearothermophilus and Escherichia coli 

through SELEX procedure. 
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Materials and methods 

Study design 

The study is experimental, pursuing technological development and biochemical research in 

vivo. The goal is to produce a new technology based currently available scientific knowledge 

and experiments that are related to the area of biochemistry, which can be executed in 

biosafety I conditions. E. coli was the only biological agent used in this study, which is an 

organism with low potential for pathogenicity and is frequently used for cloning and protein 

expression.  

 

Experimental procedures 

 

Data collection and analysis 

Data was collected using the following: laboratory notebook, Evernote, Dropbox, MS Word, 

Excel, PowerPoint, Mendeley and photographs. For analysis, different programs according to 

their utility will be used, for example: SerialCloner (analysis of DNA sequences, alignments 

and cloning), ImageJ (densitometry analysis of pixels), PyMol (3D visualization and analysis 

of molecular structures, nucleic acids and proteins), KineFold for mRNA secondary structures 

predictions. 

 

DNA constructs, DNA amplification, agarose gel electrophoresis and 

transformation 

InfB fragments corresponding to the CTD of IF2 (E. coli and G. stearothemophilus) were 

cloned in pET-24a vectors, under the T7 promoter regulation (Genscript, USA). Polymerase 
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chain reaction (PCR) were as follows: 5 uL of DNA sample, 0.5 uM reverse primer, 0.5 uM 

forward primer, 1X MasterMix (R) (Promega) in nuclease-free water with a total volume of 

100 uL. The thermocycler conditions were 95 °C Initial denaturation for 3 min; 10 cycles of 

95 °C-30 sec, 47 °C-30 sec, 72 °C-3 min; and a final extension at 72 °C for 10 min.  1.5% 

agarose gels were prepared with 1X TAE buffer and electrophoresis was set on 70 V for 50 

min. Agarose gels were photographed under UV light as DNA loading samples contained 

fluorescent dyes (SafeRun, Cleaver, USA). For E. coli transformations into cells capable of 

producing the desired protein, the Mix & Go E. coli Transformation Kit (Zymo Research, 

USA) was used with Luria-Bertani (LB) as the broth. After transformation, cells were plated 

on culture plates with SOB medium and grown overnight. Next day, colonies were streaked to 

single colonies in new plates with kanamycin, and grown overnight to select successfully 

transformed colonies. 

    

Protein expression in vitro and polyacrylamide gel electrophoresis (PAGE) 

For analytic induction experiments, 30 mL of LB broth with 18uL of 50 mg/mL kanamycin 

(final concentration of 30 ug/mL) was inoculated with a single colony and incubated at 37°C 

with shaking at 110 rpm until an optical density at wavelength of 600 (OD600) of 0.5 was 

obtained. IF2 CTD E. coli was induced with 1 mM IPTG at 37°C and IF2 CTD G. 

stearothemophilus with 0.1 mM IPTG at 42°C. 100 uL samples were taken during 0, 1, 2, 3 

and 4 hours post-induction, cells were collected by centrifugation at 4°C and 5000 rcf for 5 

minutes. The cells were lysed directly in 1X SDS-Sample buffer according to the formula: 

Vsb = (absorbance of sample x 100 uL of sample) / 2. Samples were heated at 95°C for 10 

min in a thermoblock before loading. 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 16% was prepared 

as the following: Running: acrylamide 29:1, 40%, 4 mL, TrisA ph 8.8, 6 mL, SDS 10%, 100 

uL, TEMED 7 uL, APS 70 uL; Stacking: acrylamide 29:1, 40%, 1.1 mL, TrisA ph 6.8, 1.25 

mL, SDS 10%, 100 uL, TEMED 7 uL, APS 70 uL and H2O as required until 10 mL. SDS 

10%, 100 uL, TEMED 7 uL, APS 70 uL. Electrophoresis was set on 100 V for 5 min and 

then, 200 V for 50 min. Gel photos were taken under withe light after staining with blue 

comassie and destaining with acetic acid. For large-scale protein expression, cells were grown 
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in 200 mL LB broth until an OD600 of 0.5. Induction was under the same conditions of small-

scale experiments. 

         

Protein Purification 

Before starting purification, harvested cells from liquid culture were centrifuged at 10000 x g, 

drained and mixed with 1 mL of the BugBuster MasterMix kit (Novagen) reagent. Then, it 

was incubated in a shacking platform at slow setting for 10 minutes at room temperature. For 

purification of IF2 CTD E. coli and IF2 CTD G. stearothemophilus, affinity chromatography 

was done by using the His-Spin Protein Miniprep (Zymo Research, USA) to purify His-

tagged proteins from cell-free extracts. His-Spin columns have nickel ions (Ni2+) that interact 

with the His tag of proteins. Cell lysates were loaded to the affinity His-Spin columns. The 

column was washed, all non-linkable protein was discarded and then, the protein that stay 

attached is recollected by elution with imidazole.  300 uL of Gel affinity resin is added to a 

column at 14.1 g, then 150 uL of protein sample are placed in the columns with the resin and 

spun again. 250 uL of His-wash buffer are added to remove other proteins and repeat. Finally, 

150 uL of His-elution buffer is used to obtain the purified protein. 

 

Then, protein concentration was performed with Millipore’s Amicon® Ultra-0.5 centrifugal 

filter devices. These columns allow high concentration factors and easy concentrate recovery 

from dilute and complex sample matrices. First, the purified protein was centrifuged for 20 

minutes at 14000 g, then 50 uL of Storage Buffer was added to recover the protein and 

discarded the flow-through, this last step was repeated. Then, centrifugation for 3 minutes for 

the concentrated protein. All the steps mentioned above were stored and run in SDS-PAGE. 

 

SELEX  

CTD domains from E. coli and G. stearothermophilus were immobilized on NTA magnetic 

beads (GE Healthcare, USA) in order to expose the target proteins for the SELEX procedure. 

SELEX was performed using the X-Aptamers kit from AM-Biotech (Texas, USA) and all 

experimental procedures followed the guidelines supplied with the kit. Briefly, an aptamer 

library was mixed with the beads containing the exposed proteins and incubated for 5 
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minutes. Bound aptamers were separated with a magnetic rack and amplified by PCR (see 

above) using between 10 and 15 cycles. PCR products were purified as described above using 

the ZymoResearh PCR clean Kit (USA) and analyzed by agarose gel electrophoresis, 

visualized under UV light. Pure PCR products were sent to AM-Biotech for next generation 

sequencing and bioinformatic analysis. Fluorescent aptamer candidates were chemically 

synthetized by AM- Biotech (USA). 
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Results 

Expression of InfB CTD 

pET24a vectors programmed to express each CTD variant of IF2 were commercially acquired 

(Genescript, USA). In order to make sure that the correct constructs were delivered, we 

performed PCR and agarose gel electrophoresis. PCR allows the specific amplification of 

DNA fragments as defined by base-complementarity between flanking primers and the target 

DNA. Here we used primers specific for the t7 promoter and terminator sequences, being 

located respectively before and after CTD coding regions respectively. Due to the expected 

length of DNA amplicons (374 and 384, for E. coli and G. stearothemophilus, respectively) 

we used 1.5% Agarose gel electrophoresis. Presence of InfB CTD gene in the vector pET24a 

was confirmed as bands corresponding to the hypothetical length were observed. InfB CTD G. 

stearothemophilus and E. coli are 374 and 384 bp respectively, as calculated from a DNA 

ladder. Quantification in Nanodrop 3300 showed more amplification after PCR in G. 

stearothemophilus (27.44 ng/dL) than E. coli (12.84 ng/dL) (Figure 2). Both pET24a vectors 

used in this study contained the intended genes to be expressed.  

 

Transformation of E. coli for IF2 CTD protein production 

In order to induce protein synthesis from the pET24a vectors, it is first necessary to introduce 

these coding sequences in appropriate bacterial strains. For this we used E. coli BL21 

competent cells that were transformed with pET24a vector containing the corresponding 

coding sequence. The transformation procedure consisted in an incubation of BL21 cells with 

purified plasmids followed by plating in LB agar plates supplemented with kanamycin 

(30ug/mL). Only E. Coli BL21 containing the plasmid can growth in the presence of the 

antibiotic, because of the plasmid carries a resistance gene for kanamycin and only those 

bacteria that acquire the plasmid can survive the presence of the drug. We observed growth of 

more than 50 colonies in the plates, indicating and efficient transformation of the expressing 
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strain.  However, spontaneous resistance can arise as well, so we confirmed that the resulting 

colonies did contain the plasmid by PCR and agarose gel electrophoresis. First, we extracted 

the plasmids from the cells growing, in the presence of Kanamycin and subsequently we did a 

PCR reaction and analyzed the amplification products by Agarose gel electrophoresis 1.5%. 

Our results confirmed that the transformed strains contained plasmids coding for InfB CTD E. 

coli, while G. stearothemophilus did not show correct transformation. Colony PCR from six 

different colonies of the transformation with InfB CTD from G. stearothemophilus was done, 

the product was then run again in an agarose gel. All six colonies showed the correct InfB 

CTD B stearothemophilus vector. Then, amplicons were produced with PCR and quantified in 

Nanodrop 3300 showing almost equal concentration of InfB CTD E. coli (27.89 ng/dL) and 

InfB CTD G. stearothemophilus (21.01 ng/dL) (Figure 3). Two strains of BL21 were created, 

BL21 pET24a InfB CTD coli and BL21 pET24a InfB CTD G. stearothemophilus, harboring 

the DNA sequences for expressing the respective proteins. 

 

Analytic and preparative induction of IF2 CTD 

To know the optimal conditions for protein synthesis an analytic induction must be done first. 

Analytic induction was conducted under 1 mM IPTG and 37°C for IF2 CTD E. coli (12.87 

kDa) and G. stearothemophilus (12.69 kDa) protein. The first protein showed induction, seen 

in the gel between 6.5 kDa and 14.3 kDa, while the other did not achieve induction and the 

procedure had to be repeated for G. stearothemophilus, but trying different temperature and 

IPTG concentration conditions (Figure 4). Seven different and independent scenarios were 

analyzed for five hours combining three different temperatures (25, 37, 42°C) and IPTG 

concentrations (0.1, 0.5, 1.0 mM) were considered. The experiments demonstrated that 1.0 

mM IPTG did not showed induction, while 0.1 mM and 0.5 mM combined with 42°C 

temperature resulted in induction (Figure 5). After understanding the optimal conditions for 

protein synthesis, a preparative induction was done to obtain more quantity of protein to work 

with. Preparative induction of E. coli was conducted under 1 mM IPTG and 37°C and G. 

stearothemophilus under 0.1 mM and 42°C to obtain a larger amount of protein for 

purification and further procedures. 
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Purification of IF2 CTD by affinity chromatography 

Once we produced the protein, the next step was to purify it from contaminants of the host 

cell. His-tagged affinity chromatography was chosen as the method to purify IF2 CTD since it 

contains a polyhistidine-tag cloned at the N terminus of the protein that allows it to be 

collected. In order to show the different stages of the purification process samples of each step 

(cell lysis, after wash buffer, after elution buffer and ultrafiltration) were run in SDS-PAGE 

gels, showing that both proteins were present in the different stages. It was noticed that E. coli 

IF2 CTD bands were more intense than G. stearothemophilus bands. Quantification 

confirmed thr E. coli protein concentration (558.0 ng/uL) was three times larger than G. 

stearothemophilus (144.6 ng/uL), which may indicate that this last protein has a difficult 

induction with BL21 E. coli as a host (Figure 6). The purity of IF2 CTD proteins were 

estimated with ImageJ and it resulted in a purity of >95% for both. (Figure 7) 

 

Aptamers against the CTD of IF2 

The main feature of this initiation factor is promoting the interaction between fMet-tRNA and 

30S subunit (8,9,10). Also, it promotes 30S and 50S subunits interaction and stabilizes mRNA 

during the initiation (11,12). The tRNA binding site is totally situated in the C-terminal 

domain of IF2 (13). This domain could be a novel target for antibiotic development. The IF2 

CTD of both, E. coli and G. stearothermophilus was used as targets for aptamer selection 

using the SELEX technology. Ten potential new binders were found, five for each protein. 

Testing the binding capabilities with steps of washing, elution, amplification and 

regeneration. Selected aptamers were acquired fluorescently modified with fluoresceine to 

monitor the binding to their respective targets. All resulted in one aptamer that tightly binds 

IF2 CTD from G. stearothermophilus while none resulted in binding to the same domain 

coming from E. coli (Figure 9). The new-found aptamer could be used for further studies and 

to assess whether it can inhibit the interaction with initiator tRNA.  
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Discussion 

Our study provides new insight about IF2 C-terminal domain purification process. We believe 

that affinity chromatography has showed advantages that may be considered in future studies. 

First, it is a fast method for protein purification. It takes around two days including overnight 

culture protein induction and purification while the purification methods could be more 

tedious (28). Second, high purity protein was obtained by our methods (29). Although the 

protein yield was 1.40 mg of IF2 CTD E. coli and 0.36 mg of IF2 CTD G. stearothemophilus 

per gram of bacteria, the protein purity achieved was >95% for both proteins which is 

important for future applications of this protein (Figure 7). Although the kits used were 

expensive, the short time spent for the synthesis and purification could represent a way of 

savings in project expenses.  

 

Banki et al. also compares the cost of products versus the time spent with intein mediated 

protein purification, a similar method, but with self-cleaving tags which would save resources 

in proteases that usually have a high cost (30).  Another problem also comes from the use of 

proteases: add a step for to separate the protease from the protein and the possibility that they 

attack the target protein because of its low specificity (31). Ge et al. wrote about self-cleaving 

elastin-like polypeptides tags to avoid the chromatography step, but described limitations like 

a premature in vivo cleavage of the fusion protein that could give negative results. (32). We 

believe limitations such as the limited specificity of protease and the potential protein 

degradation is a controllable factor under secure procedures and SDS-PAGE verification, and 

about the expenses, the availability of laboratory kits plays an important role together with the 

experience working with specific kits. 

 

Another result to analyze is the difference between the amount of protein produced by both 

sequences. During experimental procedures, G. stearothemophilus and E. coli proteins were 

induced at first under the same conditions, 37°C and 1.0 mM IPTG, but after unsuccessful 

induction of G. stearothemophilus, it was noticed that it needed different conditions that were 
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cataloged in the second analytic induction as 42°C and 0.1 mM IPTG. Despite this, the 

quantity of G. stearothemophilus protein was not as much as E. coli protein. This is probably 

because G. stearothermophilus IF2 CTD was being incubated inside an E. coli strain, thus 

protein induction could not be maximized, despite any adjustment of temperature or IPTG 

concentration. Also, another factor for low protein synthesis could have been the secondary 

structures of mRNA because the rate of translation initiation is determined by the molecular 

interactions between mRNA and ribosome (32) For this, mRNA sequences were plotted on 

KineFold (33) a web server that performs online stochastic folding simulations of nucleic 

acids, and showed that, while E. coli mRNA has a Shine-Dalgarno (SD) sequence greatly 

exposed to interact with the ribosome, G. stearothemophilus has a SD sequence less 

accessible. Also, the start codon appeared hidden in the thermophile mRNA. At the same 

time, this could be correlated with the improvement in protein induction under a higher 

temperature (Figures 8). As a rationale, G. stearothermophilus grows at 65 ˚C, therefore the 

mRNA coding for IF2 might be accessible at such temperatures. Unfortunately, E. coli cannot 

grow at temperatures higher than 42 ˚C. Eriksen et al. described some factors that influence in 

the translation of proteins like the distance between the SD sequence and the start codon (SC), 

and the exposure of both to tRNA. Those with a shorter distance between the SD and SC 

could reach termination phase faster. (34)  

 

Finally, we have isolated a specific aptamer for IF2 CTD B. stearothemophilus and with 

further experiments this could serve as a new antibiotic mechanism. Aptamers have a great 

potential in different fields of science, for example in therapeutics advances (35). We believe 

IF2 CTD purified protein could be useful in future experiments. By identifying its interaction 

with initiation tRNA, a system for rapid purification of tRNA could be optimized also. Some 

aptamers have already been presented as a potential solution for some bacterias, Zelada-

Guillen et al., used the S-PS8.4 aptamer as a recognizing element of potentiometric biosensor 

for Salmonella enterica detection in a solution (36). Staphylococcus aureus has also two 

aptamers SA17 and SA61 for the whole cell, found by Chang, et al, which are highly specific, 

but weakly binds to Staphylococcus epidermidis and Pseudomona aeurignosa. (37). Even 

more, there are aptamers selected against S. aureus α-toxin (38,39) that could work as markers 

or treatment. Mycobacterium tuberculosis, which is still consider dangerous particularly 

because of its drug resistance patterns, has promising aptamers that block PPK2 protein, 
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importan for the synthesis of mycolic acid, surface polysaccharides, (40) and 

acetohydroxyacid synthase (41) important for its survival (42) (Figure 1),  
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Conclusions 

A rapid and efficient protocol for IF2 CTD protein purification has been developed, allowing 

the production of thermophilic and mesophilic IF2 fragments. 

IF2 CTD isolated protein could be applicated in the development of aptamers for translation 

initiation inhibition and/or for initiation tRNA purification. 

A new specific aptamer for IF2 CTD B. stearothemophilus has been isolated. 
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Supplemental material 

 

Figure N°1: Isolated IF2 CTD Escherichia coli and possible applications 
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Figure N°2 : InfB CTD E. coli and InfB CTD G. stearothermophilus presence are verified by 

agarose gel electrophoresis 

 

 

 

 

 

 

 

 

 

 

 

 

 



30 

 

Figure N°3 : InfB CTD G. stearothermophilus and InfB CTD E. coli are correctly cloned 

within pET-24a (kanR) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 

 

Figure N°4 : IF2 CTD E. coli shows great induction, while IF2 CTD G. stearothermophilus 
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Figure N°5 : IF2 CTD G. stearothermophilus shows better induction under 42°C and 0.1 mM 

IPTG 
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Figure N°6 : IF2 CTD G. stearothermophilus and IF2 CTD E. coli are correctly isolated and 

quantified 
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Figure N°7 : Purity percentaje of IF2 CTD by purification step 

 

 

Figure N°8 : mRNA secondary structure of E. coli and G. stearothermophilus 
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Figure N°9 : Selection of aptamers against the CTD domain of IF2 
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Figure N°10 : Flowchart of experiments 
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Abbreviations 

 CTD : C terminal domain 

 fMet : N- formilmetionina 

 IF2 : Initiation factor 2 

 IPTG : isopropylthio-β-galactoside 

 LB : Luria Bertani 

 mRNA : Messenger ribonucleic acid 

 PCR : polymerase chain reaction 

 RNA : ribonucleic acid 

 SDS-PAGE : Sodium dodecyl sulfate polyacrylamide gel electrophoresis 

 SELEX : systematic evolution of ligands by exponential enrichment 

 tRNA : transfer ribonucleic acid 

 UV light : ultraviolet light 


