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1. ABSTRACT 
 
In recent years, pharmaceutical field has been searching for sustainable drug delivery vehicles to treat persistent 
medical conditions and diseases. With genetic engineering tools, this sector has been designing protein-based materials 
as drug vehicles, because they can overcome transport barriers. [1] This project seeks to perform a physicochemical 
analysis for OmpA’s mutants (mutant 6 and mutant 12) in order to verify their viability as transport vehicles for drug 
delivery.  For this objective, numerous computational programs were used (I-TASSER, Swiss Model, Chimera and 
ExPASy Bionformatics Resource Portal) to determine physicochemical, structural and translocation properties for both 
mutants. On the other hand, this project pursues to standardize the methodology for expression, quantification and 
purification of the mentioned mutants. The above with the aim of designing a replicable process that guarantees the 
target proteins production. The methodology for mutants’ production was based in transferring synthetized genes 
sequences from pUC-57 plasmid to pET6xHN-N cloning vector through digestion, ligation and transformation 
protocols in Escherichia coli strains. Additionally, purification and quantification process for mutant 6 was developed 
following affinity chromatography column and SDS page techniques. This procedure was unclear in terms of a 
successful purification because in polyacrylamide gel only appeared a low-resolution trace of the target bands, instead 
of high- resolution bands that confirm an effective purification. The results showed that both mutants have 
physicochemical properties (cationic- charged surface, amphipathic condition, high solubility in water and 
thermostability) and protein structures (an anti-parallel β sheet that composed the secondary structure) that allow to 
predict an effective translocation of the cell membrane. Besides, the production pathway proposed was effective, but 
purification and quantification processes should be modified for obtaining more accurate results.  
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2. INTRODUCTION 

 
Nowadays, protein engineering has been applied in 
many industries in order to improve the characteristics 
of their products. Protein engineering provides the 
tools to modify organisms in order to express the 
products or characteristics that contain added value.  
Also, it attends the global need of searching 
environmentally sustainable processes and products 
that do not depend on non-renewable resources. In 
previous work, our group found a protein called 
OmpA that was able to decrease oil-water interfacial 
activity in biosurfactants, which are a more 
environmentally friendly alternative than traditional 
surfactants used in numerous industries such as 
petroleum field. Due to OmpA protein surfactant 
behavior, there were developed several mutants of 
OmpA protein for different purposes such as 
pharmaceutical applications. In pharmaceutical field, 

many peptides and proteins have been used as drug 
delivery vehicles because they are more selective than 
traditional small-molecule drugs. In pharmaceutical 
market, small-molecule drugs are the main method for 
drug delivery, but these products are being replaced by 
peptides and proteins that can be used as therapeutic 
tools. Also, the higher selectivity of peptides and 
proteins decreases the side effects and toxicity, which 
is an important issue in pharmaceutical production. [2]  
Most of cell penetrating peptides (CPPs) and proteins 

have essential characteristics that allow them to 

translocate the cell membrane. This translocation 

ability is fundamental for drug delivery vehicles 

because they must travel through the human body to 

bind into their targets. [3] Numerous studies have 

shown that CPPs have positive-charged surfaces that 

allow them to interact with the cell membrane through 

electrostatic interactions. [4] A high value of isoelectric 

point where amino acids can protonate is also 



Page | 2  
 

important for translocation process, because it 

increases interactions by charge. [5] Moreover, an 

amphipathic condition is relevant for direct 

translocation because it allows the peptides and 

proteins to interact with the phospholipid bilayer from 

the cell membrane. This amphipathic condition is also 

related to the high values for the isoelectric point due 

to charges values in hydrophilic and hydrophobic 

structures [6] Other studies suggested that cell-

penetrating peptides and proteins must have an anti-

parallel β sheet that constructs their secondary 

structure in order to perform an effective translocation. 

[7] Additionally, high solubility in water and 

thermostability are main characteristics of cell-

penetrating peptides and proteins. Thermostability 

helps to avoid protein unfolding and denaturation. [8] 

Also, there are predictive translocation models such as 

transmembrane tendency graph and TMpred graph 

that allow to foretell translocation capabilities of 

different proteins based on their DNA sequence. Here, 

we analyzed the physicochemical properties of 

OmpA’s mutants (mutant 6 and mutant 12) that are 

important for translocation process in order to predict 

their development as drug delivery vehicles. These 

mutants were chosen from a mutants’ library for 

OmpA protein, that was constructed by DNA 

shuffling. Mutant 6 and 12 reached an interfacial 

tension value lower than the original protein, which 

implied a better performance of the mutants compared 

with OmpA protein. Additionally, previous studies 

showed that OmpA protein penetrates directly the cell 

membrane, which is the main feature for performing 

as a drug delivery vehicle.  With these results, mutants 

6 and 12 were selected because they could behave like   

OmpA protein but with a simple and compact 

structure, which is an advantage in drug delivery 

products. On the other hand, we standardized the 

production pathway of each mutant for ensuring an 

efficient and replicable manufacturing process.  

3. MATERIALS AND METHODS 
 
Properties modeling through computational 

analysis 

Obtaining 3-D structure by I-TASSER. Both 

mutants’ sequences were sent to I-TASSER server to 

obtain their 3-D structure based on assembling 

structural fragments from threading templates located 

in Protein Data Base. This assembling is made by using 

the Monte Carlo simulations [9]. A quality and 

structural analysis was performed to predicted 3-D 

models in order to identify their level precision. This 

was made with Swiss Model software, which shows 

parameters as QMEAN and Local Quality Estimate. 

The QMEAN value provides an estimate “degree of 

nativeness”, which means this parameter indicates if 

the predicted model is comparable with expected 

experimental structures of the same size. The same 

happens with Local Quality Estimate but for each 

residue in comparison with a native structure. [10]  

Analysis of transmembrane characteristics by 

Swiss Model, Chimera and ExPASy software. 

Ramachandran plots for each mutant were developed 

with Swiss Model, in which suggested primary and 

secondary structures were visualized. Secondary 

structures composed by an anti-parallel β sheet are the 

main structural characteristic for an effective 

translocation. [7] Additionally, a surface charge density 

analysis was developed with Chimera software for both 

mutants. This software calculates electrostatic potential 

according to Coulomb’s law. [11] A positive-charge 

surface is important for allowing electrostatic 

interaction in translocation procedure. [4] 

With the ExPASy Bionformatics Resource Portal tool, some 

additional physicochemical parameters such as 

theoretical isoelectric point, the aliphatic index, and the 

grand average of hydropathy (GRAVY) were obtained.  

These parameters are useful to determine properties 

that are an advantage for protein translocation. The 

meaning of these parameters is shown below. 

Theoretical isoelectric point: It is the pH value where 

the protein has a net charge of zero. In other words, 

the sum of positive charges and negative charges is 

equal to zero. To translocate the cell membrane, it is 

necessary that the isoelectric point is around values 

between 10 and 12, since this is related to a pH close 

to 7 (neutral), which represents a balanced amphipathic 

condition. Protein isoelectric point is usually 

determined by experimental methods which involve 

electro focusing, chromatography focusing and post-

translational addition of charged residues to the 

protein. [12] 
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Aliphatic index: It is defined as the relative volume 

occupied by the aliphatic side chain (alanine, valine, 

isoleucine, and leucine)  

Aliphatic Index=X(Ala)+a*X(Val)+b*[X(Ile)+X(Leu)] 

 Equation 1. Aliphatic index formula [13]  

Where X(Ala), X(Val), X(Ile) and X(Leu) are in mole 

percent (100 X mole fraction). The coefficient a is the 

relative volume of valine side chain (a=2.9) and the 

coefficient b is the relative volume of Leu/Ile side 

chains (b=3.9) to Ala side chain. [13]Cell penetrating 

peptides and proteins have to be thermally stable, 

which is important to avoid denaturation and 

unfolding. To satisfy this condition, it is necessary that 

the aliphatic index has values higher than 50, since this 

represents thermostability for a protein. [8] 

Grand Average of Hydropathy (GRAVY): This 

average was determined by the ExPASy software and 

it represents the magnitude of the aliphatic residues 

according to the topology, the antigenic sites and the 

transmembrane domains exposed on the protein 

surface. [13] When GRAVY has low values (close to 

zero 0), this represents that the protein is soluble in 

aqueous media, which is a known feature in cell-

penetrating peptides and proteins. [14] 

GRAVY=
∑ 𝐻𝑦𝑑𝑟𝑜𝑝𝑎𝑡ℎ𝑦 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑎𝑚𝑖𝑛𝑜 𝑎𝑐𝑖𝑑𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒
  

Equation 2. GRAVY formula [13] 

Finally, Kite & Doolittle, transmembrane tendency 

graphs and TMpred graphs were developed for 

identifying mutants’ tendency to translocate. It should 

be noted that the above characteristics are intended to 

yield values that are consistent with the literature in 

order to answer the question of whether the proteins 

studied have the capacity to penetrate the cell 

membrane. 

Experimental procedure 

Bacterial strains, plasmids, and media. Bacterial 

strains and plasmids used in this study are listed in 

Supplementary Table S1. E. coli cells were grown in a 

Luria Bertani (LB) medium whit the following 

composition for 1L: Tryptone 1% (w/v), Yeast Extract 

0.5% (w/v), Sodium Chloride 1% (w/v), and 

Ampicillin 0.1% (v/v). Solid medium was prepared 

with the above reagents and agar-agar 1.5% (w/v). 

Previous preparation for protein purification. First 

of all, it was necessary to know the main sequence 

result in DNA shuffling for OmpA protein made in 

previous work. According to this work, two main 

sequences were selected (mutant 6 and mutant 12) for 

their drug delivery potential.  However, these 

sequences were optimized, and 6xHis-tag residues 

were added for allowing further purification by affinity 

method. These sequences are shown below. 

Table 1. OmpA protein’s mutants sequences  

Mutant  Sequence 

Mutant 6 
(original 

sequence) 

QETAMTMITPSSELTLTKG
TSPAGLNEFALVSGQFHTS
RVPCPRANSRPLNSIRPIVSR

ITIHWPSFY 

Mutant 12 
(original 

sequence) 

LVKRRPVNCNTTHYRANIR
PRIRPWAWHSILCEIVIRSQ
GRIRLNLQDSLGLILSLASW

SLLP 

Mutant 6 
(optimized 
sequence) 

MQETAMTMITPSSELTLTK
GTSPAGLNEFALVSGQFHT
SRVPCPRANSRPLNSIRPIVS

RITIHWPSFY* 

Mutant 12 
(optimized 
sequence) 

MLVKRRPVNCNTTHYRAN
IRPRIRPWAWHSILCEIVIRS
QGRIRLNLQDSLGLILSLAS

WSLLP* 

 
Then, the sequences were represented virtually by 

Benchling tool using two plasmids, one for plasma 

DNA synthesis in pUC-57 and the other as an 

expression vector pET6xHN-N. This cloning vector is 

characterized by having antibiotic resistance and lac 

repressor (Lacl) gene sequences. These properties are 

important for ensuring the modified cells survival and 

for regulating the target genes expression. [15] After 

this, mutants’ sequences were sent to Genchem to be 

synthesized in pUC-57 and used for expression. The 

plasmids were received in a lyophilized presentation, so 

it was necessary to prepare a dilution of 1 to 50 uL to 

determine its concentration with a NanoDrop 

spectrophotometer. It was obtained a concentration of 

179 ng/uL for mutant 6 and 35.8 ng/uL for mutant 12. 

Dam Chemo-competent cells were made to perform 

the transformation of mutants 6 and 12 during 24 
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hours. After having the petri plates with the 

transformed mutants, the colonies of both samples 

were taken for purification through the Minipreps 

protocol where the plasmid DNA was extracted from 

the bacteria culture. Once the purified genes were 

obtained in high concentration (i. e. 186. 9 ng/uL and 

183. 4 ng/uL for gene 6 and 12 respectively), DNA 

digestions were carried out with the digestion protocol 

using XbaI and PstI as restriction enzymes. These 

enzymes were selected for allowing ligation and for 

avoiding that undesirable cohesive sites were 

generated, as long as the expression vector was cut with 

the same enzymes.  By linearizing both mutants with 

the restriction enzyme XbaI, PCR purification was 

performed obtaining concentrations of 95.5 ng/uL and 

90.1 ng/uL for mutant 6 and mutant 12, respectively. 

Then, the second digestion was carried out using the 

same protocol but this time with the restriction enzyme 

PstI. After, an agarose gel electrophoresis was done for 

confirming an effective digestion. (Supplementary 

Graph. S1). 

For improving the results, the running time for agarose 

gel electrophoresis was set in 30 minutes instead of 65 

minutes (standard time) because mutants’ bands were 

very small. Once the gel was obtained, a gel purification 

was accomplished where the inserts were extracted for 

subsequent ligation with the plasmid vector 

pET6xHN-N. Concentrations after this process were 

15.9 ng/uL for mutant 6 and 20.5 15.9 ng/uL for 

mutant 12.  In order to obtain the open plasmid vector 

(ligand) ready to ligate with the mutants’ inserts, the 

same digestion methodology was applied for both 

plasmid samples. At the end of the gel purification, a 

plasmid vector concentration of 9. 3 ng/uL and 14. 9 

ng/uL was obtained. When both parts were attained 

(insert and ligand), the ligation protocol was developed. 

After, the ligation product was transformed, and 

colonies were grown in petri plates with LB medium 

and ampicillin. From these plates, random samples of 

isolated and small colonies were removed and 

transferred to other petri plates forming grids for a 

total of 15 individual colonies for each mutant.                                           

After the new cultures with isolated colonies were 

formed, the Minipreps protocol was carried out for the 

first five colonies of each mutant. The above was done 

to check out if those colonies contained the desired 

ligation product or the unwanted cohesive sites. After 

plasma purification, the digestion protocol was 

performed with the restriction enzyme SwaI, in order 

to identify whether the insert and ligand corresponded 

to the theoretical molecular weight. Afterwards, an 

agarose gel electrophoresis was performed [1 % 

agarose, 100 V for 65 min], which displays that all 

samples were positive for the desired ligation product. 

Then, a second confirmation of the ligation product 

was done using another restriction enzyme HindIII-

HF, where the enzyme only cut the empty vector and 

ligation product remained complete. For this purpose, 

only strain 3 for each mutant was chosen. 

Protein purification. Once the desired ligation 

product was confirmed, a transformation with Dam 

chemo-competent cells into E. coli BL21 cells was 

performed, because this strain is widely used for 

recombinant proteins expression. With these new 

strains, the growth curve for each mutant was 

experimentally constructed (Supplementary 

Illustration. S1). These curves allow to describe strains 

growth in order to induct with IPTG molecular biology 

reactive. IPTG inactivates the lac repressor for 

allowing the target genes transcription and 

consequently, the proteins production. [15] This 

induction increases rapidly the target proteins 

concentration required for further purification and 

quantification processes. Finally, the target proteins for 

mutant 6 were purified using an affinity 

chromatography column. This method is based on 

binding properties to Ni2+ ions charged resin that 6x 

His-tag gives to the target proteins. These proteins 

bind to the resin and after, they are replaced for 

imidazole that binds to the resin and liberates the target 

proteins. [16] 

Purification analysis method: SDS-PAGE. After 

protein purification process, quantification protocol 

was developed with SDS-PAGE for mutant 6.  Protein 

electrophoresis is a standard technique in which 

proteins migrate due to an electric field. It separates 

proteins according to their mass, because all proteins 

are negatively charged due to the SDS binding. With 

this condition, all proteins will migrate to the positively 

charged electrode. Proteins with less mass will travel 

faster than heavier proteins. [17] To analyze protein 

purification by affinity chromatography column, it is 
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necessary to run all samples (Under bound protein 

fractions, Wash fractions and Elution fractions) in the 

SDS- page. This is for ensuring the target proteins 

recollection because the proteins could be located in 

any fraction.   

Protocols availability. All protocols used during this 

study are included in the Supplementary Information 

section of this article.  

4. RESULTS AND DISCUSSION  

Structural and physicochemical analysis  

For each mutant, five 3-D models were obtained. 

These models were classified by their C-score, which 

gives an idea of models’ quality. It is between [-5,2] 

where higher values represent higher quality. [18] In 

this case, models with higher quality were selected for 

each mutant. The results are shown then  

 

Illustration 1.  Predicted 3-D structure for each mutant. From 

left to right: Mutant 6 (C-score=-4.09) and mutant 12 (C-score=-

3.52).  

With these models, a quality and structural analysis was 

performed with Swiss Model.  The results are shown 

below  

Table 2. Swiss model results 

Parameter  Mutant 6 Mutant 12 

QMEAN -10.7 -7.5 

Local Quality Estimate 
(residues average) 

≅ 0.35 ≅ 0.38 

 

Graph 1.  Ramachandran plots for mutant 6 and mutant 12, 

respectively. 

This analysis shows that both models present low 

quality due to QMEAN and local quality estimate 

values.  According to Swiss Model user guide, values for 

QMEAN less than -4 represent low quality models, as 

well as values for local quality estimate less than 0.6. 

[10] From Ramachandran structure, both proteins have 

the following classification of secondary structures: 

Parallel β-sheet, Right-twisted βsheet, Anti-parallel 

βsheet, Right-handed αhelix, Collagen helix, π-helix, 

and Type II turn. However, this statement is not 

accurate because both proteins do not have an 

adequate C-score, therefore, the secondary structures 

of both proteins could change with energy 

minimization.  

With the structures obtained for each mutant, some 

parameters that are important for the translocation 

process were calculated. First, a charge residues 

mapping was developed with Chimera software.  This 

software analyzes each residue that belongs to the 

target proteins and it shows the predicted charge in 

each zone of the protein surface according to the 

localization of each residue in the 3-D structure. The 

results are shown below  
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Illustration 2.  Residues charge map for mutant 6 (first row) and 

12 (second row). Front and back view. Positive potential (blue), 

negative potential (red) and neutral potential (white). 

As it is observed in Illustration 2, both mutants are 

most positively charged in the surface. Mutant 12 is 

more positive charge in the surface than mutant 6. This 

can happen due to the presence of Arg and Lys 

residues in larger quantities for mutant 12 sequence. [3] 

Later, for both mutants, parameters as theoretical 

isoelectric point, aliphatic index and GRAVY were 

identified. These parameters were obtained from 

ExPASy Bionformatics Resource Portal software. [19] 

Table 3. Parameter results for each mutant 

        Protein 
Parameter 

Mutant 6 Mutant 12 

Value 
Theorical pI 10.03 11.71 

Aliphatic Index 63.60 100.00 
GRAVY -0.51 -0.43 

 

As it can be observed in Table 3, both proteins have a 

pI value between 10 and 12 which represents a protein 

pH close to 7. This means that their net charge is 

approximately neutral even though the protein surface 

for both mutants is mostly positively charged. On the 

other hand, the aliphatic index for both proteins is 

higher than 50, which means that the relative volume 

occupied by the aliphatic side chains produces a high 

thermo-stability. This affirmation can be validated by 

the statements of Atsushi Ikai in the article 

“Thermostability and Aliphatic Index of Globular Proteins” 

where the author establishes that proteins with 

mesophilic origin tend to be more thermo-stable if 

their aliphatic index is high (>50). [8] Finally, low 

values for GRAVY index in both mutants represent 

that the proteins can be found highly hydrated in 

aqueous media such as water. [14] Additionally, other 

parameters as Kite & Doolittle, transmembrane 

tendency plots and TMpred plots were identified. 

These graphs are useful for predicting if a peptide or 

protein is able to penetrate the cell membrane. For 

both mutants, the results are shown then  

Mutant 6 

 

Graph 2.  Kite & Doolittle plot of the mutant 6. 

 

Graph 3.  Transmembrane tendency of the mutant 6. 
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Graph 4.  Transmembrane prediction of the mutant 6. 

Mutant 12 

 

Graph 5.  Kite & Doolittle plot of the mutant 12. 

 

Graph 6.  Transmembrane tendency of the mutant 12. 

 

Graph 7.  Transmembrane prediction of the mutant 12. 

 

The Kite & Doolittle graph represents the 

hydropathicity in which the amino acids with values 

higher than zero have a hydrophobic characteristic, 

while the amino acids with values lower than zero have 

a hydrophilic characteristic. In this case, for both 

mutants, half of the amino acids present 

hydrophobicity features and the other half present 

hydrophilic features which means that they have an 

amphipathic condition. [20] [21] 

The transmembrane tendency graph, as its name 

indicates, represents the tendency or capacity that the 

protein may have for transposing the cell membrane. 

According to the scale assigned by Gang Zhao and Erwin 

London, which correlates GH scale and the Cowan-

Whittaker scale, when some amino acids take values 

higher than zero, the protein could have 

transmembrane tendency. As it can be observed, both 

mutants show transmembrane tendency but mutant 12 

has better results for this parameter. [20] [22] 

The TMpred graph represents the suggested models 

(i>o or o>i) for the transmembrane topology. 

However, these models are speculations since they are 

based on the assumption that all helix structures found 

have transmembrane characteristics. In this graph, “i” 

represents the internal propellers and “o” represents 

the external helix. The presence of a strong or 

alternative model is determined by amino acids value 

in TMpred scale. If some amino acids from the protein 

sequence have values above zero, it is supposed that 

the models suggested are able to translocate the cell 

membrane. [20] For the case of mutant 6, the graph 

shows that there is no presence of a transmembrane 
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protein model because all amino acids sequence takes 

values lower than zero. On the other hand, for mutant 

12, a strongly preferred model (i>o) and an alternative 

model (o>i) are presented with possible positive results 

in transmembrane capabilities.  

Comparison with CPPs structures and 

characteristics  

The cell penetrating peptides (CPPs) have certain 

characteristics that allows them to translocate the cell 

membrane without damaging it. The most important 

characteristic is the cationic property which is 

associated to the presence of Arg and Lys residues. 

Most of CPPs (80%) are positively charged. [3] As it is 

shown in Illustration 9, both mutants are mostly 

cationic in the protein surface. This allows that cationic 

functional groups located in the protein surface to 

interact with the anionic functional groups located in 

the membrane surface (proteoglycans), which helps the 

translocation process through electrostatic 

interactions. [4] Another relevant feature is the 

isoelectric point, which is related to pKa values. Both 

proteins have higher values of isoelectric point which 

is related to higher values of pKa (Table 3) associated 

to the presence of cationic amino acids. Higher pKa 

values are related to internalization capabilities because 

amino acids can protonate which increases the 

interaction caused by opposite charges. [5] 

Translocation effectiveness is related to electrostatic 

interaction between CPPs and the cell membrane 

which depends on transmembrane potential across the 

bilayer. [6] 

Also, amphipathic property helps the protein to 

translocate the cell membrane.  Around 40% of CPPs 

have an amphipathic structure. [3] For both mutants, 

this property is showed in Kite & Doolittle plots 

(Illustration 3 and 6), in which it can be observed that 

both proteins are amphipathic because residues are 

distributed equitably through the graphic. The 

relevance of this characteristic is related to the 

translocation mechanism. In this case, direct 

translocation is assumed because previous studies have 

shown that OmpA protein, which is the original 

sequence for both mutants, passes through the cell 

membrane without using any endocytosis pathway. 

[23] In direct translocation, the proteins must interact 

with membrane lipids that are constituted by 

hydrophobic tails and hydrophilic heads, which means 

that the target proteins must have both characteristics 

in order to translocate without help of endocytosis 

enhancers. [6] Additionally, structure configuration is 

relevant in translocation process, but a general model 

structure has not been developed. However, studies in 

various cell penetrating peptides suggested that anti-

parallel β sheet is the responsible for the translocation 

process in terms of structure configuration. [7]  In both 

mutants this secondary structure is present, which is an 

advantage for translocation. Finally, it is important to 

highlight that GRAVY average values for both mutants 

shows that they are soluble in water. Most of CPPs 

studied have higher solubility characteristics when they 

are in an aqueous media. [24]  

Expression methodology 

For digestion process, SwaI enzyme was selected 

because, according to Benchling prediction, this enzyme 

cuts in two specific sites when insert was located 

effectively in plasmid vector, which generated two 

bands with a specific molecular weight.  The same 

situation occurred with the wild-type vector, but in that 

case, the resulting bands were a little smaller in 

comparison with the modified vector bands. For the 

second confirmation, the same methodology was 

developed, but now with Hind III HF enzyme. This 

enzyme only linearized the wild-type vector while the 

modified vector remained in the original configuration. 

The results each digestion is shown below  
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Illustration 3. Agarose gel electrophoresis after digestion with 

SwaI enzyme. From left to right: Molecular weight marker 1Kb 

(1), Empty Vector (Blank) pET6xHN-N (2), Mutant 6 – Strain 1 

(3), Mutant 6 – Strain 2 (4), Mutant 6 – Strain 3 (5), Mutant 6 – 

Strain 4 (6), Mutant 6 – Strain 5 (7), Empty well (8), Mutant 12 – 

Strain 1(9), Mutant 12 – Strain 2 (10), Mutant 12 – Strain 3 (11), 

Mutant 12 – Strain 4 (12), Mutant 12 – Strain 5 (13) 

 

Illustration 4. Agarose gel electrophoresis after digestion with 

Hind III HF enzyme. From left to right: Molecular weight marker 

1Kb (1), Empty Vector (Blank) pET6xHN-N (2), Mutant 12 – 

Strain 3 (3), Mutant 6 – Strain 3 (4). 

As it can be observed in Illustration 3 and 4, the 

ligation procedure was successful because the desired 

bands for each mutant were obtained through an 

agarose gel electrophoresis, according to Benchling 

virtual digest tool. This allowed the target genes 

expression in a pertinent way because the ligation 

process was performed effectively. 

 

Quantification and purification methodology 

The target proteins for mutant 6 were purified using an 

affinity chromatography column and after, they were 

quantified with SDS-PAGE protocol. The results for 

polyacrylamide gel electrophoresis are shown in the 

following illustration  

 

Illustration 5. Polyacrylamide gel electrophoresis after purification 

protocol for mutant 6. From left to right: Molecular weight marker 

1Kb (1,7), Wash solution (first fraction) (2), Wash solution 

(second fraction) (3), Elution solution (first fraction) (4), Elution 

solution (second fraction) (5), Under bound protein (6). Orange 

circles indicate possible bands trace.  

As it can be observed in Illustration 5, it is not clear if 

the protein purification result was successful. This is 

because, even though the bands do not appear, there is 

a low-resolution trace of them at the bottom of the gel. 

The desired bands position can be fixed by changing 

parameters (voltage and running time) in the 

polyacrylamide gel electrophoresis protocol. This 

modification must satisfy the molecular weights for 

mutant 6 and 12, which are 9540.74 Da and 9412.87 

Da, respectively. On the other hand, the low resolution 

could be attributed to polyacrylamide gel 

electrophoresis parameters or to low concentration in 

the protein samples product of wrong fractions 

recollection. However, it can be highlighted that one 

single band trace appears in each sample well, which 

could mean that the purification process was successful 

and only the target protein was collected. A new 

purification is needed for ensuring better results.  
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5. CONCLUSIONS 

 By means of computational tools, it was 
possible to predict the possible potential to 
penetrate the cell membrane for both mutants 
of OmpA protein. With the physicochemical 
properties obtained by these tools, sufficient 
evidence is provided to clarify the pronounced 
potential of both mutants for drug delivery.  
 

 Both mutants have characteristics such as 

cationic property, amphipathic condition and 

secondary structure composed by anti-parallel 

β sheet that are an advantage to predict an 

effective translocation of the cell membrane. 

Transmembrane graphs reinforce that theory 

because they show translocation tendency for 

both mutants. Also, thermostability and 

solubility showed by aliphatic index and 

GRAVY average values, are properties that are 

shared with known CPPs which is an 

advantage for translocation viability.  In the 

case of TMpred graphs, only the graph for 

mutant 12 shows suggested models with 

translocation capabilities. However, these 

graphs are based on several assumptions which 

means that the results are not accurate.  

 The expression methodology was successful 

because the acrylamide gel electrophoresis 

showed the expected results for each mutant 

when they were cut with SwaI and Hind III HF 

restriction enzymes. In other words, the 

ligation process was successful for each mutant 

and the target proteins could be expressed and 

produced satisfactorily. On the other hand, the 

purification and quantification protocols 

should be repeated because the results were not 

accurate.  

6. FURTHER WORK 

It is important to repeat the purification process in 
order to obtain more accurate results. This should be 
done by following the protein purification protocol 
and SDS-PAGE protocol for polyacrylamide gel 
results. In polyacrylamide protocol is important to 
adjust the parameters for lighter molecular weights 
because the target proteins weigh less than 10 kDa. 
This means that the running time should be longer, or 
the voltage should be shorter than the ones proposed 
in the mentioned protocol. Also, the 6xHis -tag 
residues should be removed before developing the cell-
membrane translocation tests. Now, an energy 
minimization should be done for increasing quality in 
the predicted 3-D structures. This could be done with 
Swiss Model PDB Viewer where energy minimization 
tool is present. With this tool, the amino acids can be 
torsion or mutate in order to obtain lower values of 
energy and consequently, higher values of quality. [25] 
Additionally, experimental work should be developed 
for proving translocation theory. For CPPs, 
fluorescent methods with confocal microscopy are 
commonly used for visualizing protein intracellular 
localization and activity. [6] Also, it is recommended to 
provide a high protein concentration in the medium in 
order to promote a gradient flow. Finally, delivery 
cargo and medical administration should be studied for 
completing the main purpose of the mutants 6 and 12: 
drug delivery in eukaryotic cells.  
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8. SUPPLEMENTARY INFORMATION 

Supplementary Tables 

 
Supplementary Table S1. Bacterial strains and plasmids used in this study 

Strain Description Reference 

E.coli DH5α 
Reference laboratory strain 

 

Boyd, J., Oza, M. N. & Murphy, J. R. “Molecular 
cloning and DNA sequence analysis of a 
diphtheria tox iron-dependent regulatory 
element (dtxR) from Corynebacterium 
diphtheria”in Proc. Natl. Acad. Sci. 87, 1990, pp. 
5968–5972. [Online]. Available: 
https://www.jstor.org/stable/2355047?seq=1 

E.coli BL21 (DE3) 
Gold 

Competent cell with high efficiency 
T7 protein expression 

Pan, S. & Malcolm, B. A. “Reduced background 
expression and improved plasmid stability with 
pET vectors in BL21 (DE3)” in Biotechniques 29, 
2000, pp. 1234–1238. [Online]. Available: 
https://pubmed.ncbi.nlm.nih.gov/11126126/ 

E.coli Dam-/dcm- 
Competent cell for cloning plasmids 
free of Dam and Dcm methylation. 

Palmer, B. R. & Marinus, M. G. “Te dam and 
dcm strains of Escherichia coli—a review” in 
Gene 143, 1994, pp. 1–12. [Online]. Available: 
https://pubmed.ncbi.nlm.nih.gov/8200522/ 

pET6xHN-N 

Plasmid with inducible promotor 
system of IPTG (T7/lac promoter) 

and high efficiency for expression, an 
N-terminal 6xHN tag and ampicillin 

antibiotic resistance. 

Clontech. “pET6xHN expression vector set. 
Certifcate of analysis”, Clontech Laboratories 
Inc. 631432 (2015). [Online]. Available:  
https://www.takarabio.com/assets/documents
/Certificate%20of%20Analysis/631432-
021820.pdf 

DH5α-pUC57-
mutant 6 

Escherichia coli DH5α strain 
transformed with pUC57-mutant 6 

This study 

DH5α-pUC57-
mutant 12 

Escherichia coli Dam-/dcm- strain 
transformed with pUC57-mutant 12 

This study 

Dam-/Dcm- 
pUC57-mutant 6 

Escherichia coli Dam-/dcm- strain 
transformed with pUC57-mutant 6 

This study 

Dam-/Dcm- 
pUC57-mutant 12 

Escherichia coli DH5α strain 
transformed with pUC57-mutant 12 

This study 

BL21-pET6xHN-
N-mutant 6 

Escherichia coli BL21 strain transformed 
with pUC57-mutant 6 

This study 

BL21-pET6xHN-
N-mutant 12 

Escherichia coli BL21 strain transformed 
with pUC57-mutant 12 

This study 

https://www.jstor.org/stable/2355047?seq=1
https://pubmed.ncbi.nlm.nih.gov/11126126/
https://pubmed.ncbi.nlm.nih.gov/8200522/
https://www.takarabio.com/assets/documents/Certificate%20of%20Analysis/631432-021820.pdf
https://www.takarabio.com/assets/documents/Certificate%20of%20Analysis/631432-021820.pdf
https://www.takarabio.com/assets/documents/Certificate%20of%20Analysis/631432-021820.pdf
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Supplementary Illustrations 

 

Supplementary Illustration S1. Agarose gel electrophoresis after digestion with Xba I and Pst I enzymes. From left to right: Ladder (1), 
Mutant 6 (2) and Mutant 12 (3).   

 

Supplementary Graphs  

 

Supplementary Graph S1.  Growth curves for mutant 6 and mutant 12. Growth curves were developed by measuring optical 

density of mutants’ culture.  The graph shows average growth curves for 3 replicas for each mutant.  
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Protocols  

 
Dam Chemo-competent cells preparation protocol 

1. Inoculate the E. coli Dam-/Dcm- cells in a falcon tube of 15 mL. 

2. Measure the O.D. of the sample the next day and make a dilution in 40 mL medium LB in a falcon tube of 

50 mL. 

3. Measure the O. D. of the sample. 

4. Incubate at 37°C until the O.D is between 0.4 to 0.5.  

5. Transfer the falcon tube to a bucket of ice for 10 minutes. 

6. Centrifuge for 10 minutes at 6000 rpm and 4°C. Discard the supernatant 7.  

7. Resuspend the pellet in 20mL of CCB1 buffer, incubate on ice for 10 minutes.   

8. Repeat step 6 and then resuspend the pellet in 800 uL of CCB1 buffer. 

9. Incubate for two hours on ice at 4°C in the refrigerator. 

10. Add 800 uL of CCB2 buffer and mix. 

11. Store in 100 uL aliquots at -80°C per Eppendorf tube. 

 

Transformation protocol 

1. Defrost BL-21 Dam chemo-competent cells for 10 minutes. (See Annex 1 for chemo-competent cells 

preparation protocol)  

2. Add 5 uL of DNA to chemo-competent cells sample. Mix carefully.  

3. Put the sample on ice for 15 minutes.  

4. Submit the sample to thermal shock (42 ℃) for 30 seconds.  

5. Cool the sample on ice for 10 minutes.  

6. Add 500 uL of SOC medium to sample.  

7. Incubate the sample at 37 ℃ for 60 minutes at 250 rpm.  

8. Centrifuge the sample and discard the supernatant.  

9. Add the sample to a petri plate previously prepared. Incubate the sample at 37 ℃ for 24 hours. Do not forget 

to have positive and negative control samples. (See Annex 9 for petri plates preparation protocol)  

 

DNA purification protocol (Minipreps protocol) 

DNA purification protocol is developed by following Monarch® Plasmid Miniprep Kit Protocol Card.  (Visit 

https://international.neb.com/-

/media/nebus/files/protocols/t1010_quick_protocol_card_monarch_plasmid_miniprep.pdf?rev=2952444

ae2fc47b3929a70cd9e280ebc&hash=BDD942A8B13E91CB4CEBF770FCD5C3B95ED97392for more 

information.) Some considerations and modifications are presented below  

1. Pellet 2 to 4 mL bacteria culture by centrifugation for 10 minutes at 6000 rpm. Discard supernatant.  

2. Resuspend pellet in 200 uL Plasmid Resuspension Buffer (B1 pink). Vortex to ensure cells are completely 

resuspended. Lyse cells by adding 200 uL Plasmid Lysis Buffer (B2 blue/green). Invert tube gently and 

immediately, 2 to 5 times until color changes to dark pink and the solution is clear and viscous. Do not vortex! 

Incubate for 1 minute.  

3. Neutralize the lysate by adding 400 uL of Plasmid Neutralization Buffer (B3 yellow). Gently invert tube until 

color is uniformly yellow and a precipitate is formed. Do not vortex! Incubate for 2 minutes. 

4. Clarify the lysate by spinning for 10 minutes at 13000 rpm. 

https://international.neb.com/-/media/nebus/files/protocols/t1010_quick_protocol_card_monarch_plasmid_miniprep.pdf?rev=2952444ae2fc47b3929a70cd9e280ebc&hash=BDD942A8B13E91CB4CEBF770FCD5C3B95ED97392
https://international.neb.com/-/media/nebus/files/protocols/t1010_quick_protocol_card_monarch_plasmid_miniprep.pdf?rev=2952444ae2fc47b3929a70cd9e280ebc&hash=BDD942A8B13E91CB4CEBF770FCD5C3B95ED97392
https://international.neb.com/-/media/nebus/files/protocols/t1010_quick_protocol_card_monarch_plasmid_miniprep.pdf?rev=2952444ae2fc47b3929a70cd9e280ebc&hash=BDD942A8B13E91CB4CEBF770FCD5C3B95ED97392
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5. Carefully transfer supernatant to the spin column and centrifuge for 1 minute (13000 rpm). Discard flow-

through. 

6. Re-insert column in the collection tube and add 200 uL of Plasmid Wash Buffer 1. Discard flow-through. 

7. Add 400 uL of Plasmid Wash Buffer 2 and centrifuge for 1 minute. Discard flow-through. 

8. Transfer column to a clean 1.5 ml microfuge tube. Use carefully to ensure that the tip of the column has not 

come into contact with the flow-through. 

9. Add ≥ 30 uL ddH2O to the center of the matrix. Wait for 2 to 3 minutes, then spin for 1 minute (13000 rpm) 

to elute DNA. Measure the concentration with NanoDrop spectrophotometer. 

 

Digestion protocol 

1. Calculate the DNA concentration by using the NanoDrop spectrophotometer. 
2. Determine the mass to volume ratio to digest between 2000 ng and 4500 ng of DNA. 

 
𝑀𝑎𝑠𝑠 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑚𝑎𝑠𝑠
=

𝑉𝑜𝑙𝑢𝑚𝑒 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒
 

 
3. Set the digestion volumes for 50 uL. 

 
Component Sample 

Water X uL 

DNA 2000 ng - 4500 ng 

Buffer It depends about restriction enzyme 

Enzyme Restriction enzyme to cut DNA 

 50 uL 

  
X uL of water is added to gauge at 50 uL.  

 
4. Join in an Eppendorf tube and incubate at 37°C overnight. 

 

PCR purification (Pure Link PCR Purification Kit) 

1. Vortex and spin down to mix the DNA. 

2. Add 4 volumes of the buffer binding (B2). 

3. Mix the buffer and the DNA in a column tube. Centrifuge at room temperature for 2 minutes at 8000 rpm. 

Discard flow-through. 

4. Add 650 uL of Wash buffer.  

5. Repeat step 3 twice. 

6. Place the column in an Eppendorf. Add ≥ 30 uL ddH2O to the center of the matrix. 

7. Incubate at room temperature for 2 minutes. Centrifuge for 3 minutes (13000 rpm). 

8. Measure the concentration with the Nano Drop. 

 

Agarose gel electrophoresis protocol 

1. Add 45 mL of TAE 1X and agarose required depending on sequence length in an Erlenmeyer.  

2. Put the sample in the microwave for 15 seconds. Shake and put the sample in the microwave for another 15 

seconds.  Repeat the process until the sample is completely dissolved. Avoid boiling.  

3. Add 3 uL of HydraGreen to the sample. HydraGreen is a compound used for the detection of nucleic acids 

in agarose gels.  
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4. Pour the sample into the gel tray with the well comb in place. Wait for 30 minutes until the gel solidifies. 

Cover the chamber because HydraGreen degrades with light.  

5. Take out the well comb very carefully for avoiding wells’ breaking.  

6. Assemble the chamber and add TAE 1X up to the mark. It is possible to use recycled TAE 1X in this step, 

but it is not suggested.  

7. Load a molecular weight ladder into the first lane of the gel. The ladder is composed by 1 uL of Ladder, 3 uL 

of type 1 water and 1 uL of Dye.  

8. Carefully load the target samples into the additional wells of the gel. Each sample must satisfy the relation 1 

uL of Dye for 5 uL of DNA.  

9. Run the gel. A typical run time is about 1 to 1.5 hours, depending on the gel concentration and voltage. Cover 

the chamber because HydraGreen degrades with light.   

10. When the running ends, take out the agarose gel and analyze it in the Gel doc. 

 

DNA Extraction gel protocol 

1. Weigh the empty Eppendorf tubes. 

2. Excise gel slice containing the DNA fragment using a razor blade. Cut as close to the DNA as possible to 

minimize the gel volume. 

3. Weigh the tubes with the gel sample. Subtract the weight of the empty Eppendorf to determine the weight of 

the sample. 

4. Add 4 volumes of Monarch Gel Dissolving Buffer to the Eppendorf containing the sample. 

5. Incubate in a dry bath at 55°C, vortex intervals to ensure DNA is completely resuspended. 

6. Transfer the contents to a column tube. Centrifuge for 2 minutes (13000 rpm). Discard flow- through. 

7. Add 200 uL of DNA Wash Buffer. Centrifuge for 2 minutes (13000 rpm) 

8. Add 27 uL ddH2O to the center of the matrix. Wait for 2 to 3 minutes, then spin for 2 minutes (13000 rpm) 

to elute DNA. Measure the concentration with NanoDrop. 

 

Ligation protocol 

1. Calculate insert and vector amount for adding in an Eppendorf tube (sample). A NEBiocalculator software is 

recommended. Previous studies suggest that 30 ng of vector are enough for obtaining satisfactory results. Use 

Benchling software for knowing the sequences length. 

2. Measure the concentration of insert and vector in aqueous medium with a NanoDrop spectrophotometer.  

3. Add type 1 water (Ultrapure water), ligation buffer, insert, vector and T4 ligase enzyme in this order. The 

amount established for ligation buffer and T4 ligase enzyme in 20 uL sample are 2 uL and 1 uL, respectively. 

Water completes the balance. Conserve DNA and XX buffer at room temperature and do vortex and spin 

down before adding to the sample. T4 ligase must always be on ice.   

4. Do vortex and spin down to the sample. Leave on ice overnight [12-16 hours] for the ligation to happen.  

 

LB-medium petri plates preparation protocol (with ampicillin) 

1. Wash all containers and petri plates involved in medium preparation for avoiding contamination.  

2. Add 10 g of Tryptone, 10 g of NaCl, 5g of yeast extract and 15 g of agar for 1L of medium. Fill it up to 1L 

with type 1 water.  

3. Autoclave the medium. Then, add ampicillin when the medium is just warm and mix.  

4. Add 25 mL of medium to each petri plate. Wait until it solidifies. Cover the plates from light because the 

ampicillin degrades with light. Preserve at 4 ℃. 
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Growth curve protocol 

1. Put a cell colony into an Erlenmeyer that previously contains 50 mL of LB-medium with ampicillin. Make 3 

replicas.  

2. Incubate samples overnight at 37 ℃ and 250 rpm.  

3. Measure the optical density at 600 nm of each culture.  For the measurement, make a dilution (1:10) of sample 

in LB-medium with ampicillin. Always mix before adding the sample.  

4. Based on the results for initial optical density, use the dilution relation for scaling the culture to an 𝑂𝐷𝑓 = 0.2 

and 𝑉𝑓 = 200 mL.  

5. Add the samples’ volume required for scaling the culture to the Erlenmeyer that contain the medium volume 

required for a 200 mL final volume. Always mix before adding the sample.  

6. Incubate the new samples at 37 ℃ and 250 rpm for 30 minutes. After, measure optical density at 600 nm of 

each sample. This measurement is the first experimental data of the curve. Return the samples to incubator 

and after 30 minutes, measure again. Continue the measurements every 30 minutes until the curve reaches the 

stationary phase. After this point, measure optical density every 60 minutes.   

IPTG induction protocol 

1. Calculate the midpoint from the exponential phase in experimental growth curve. It is possible to use a 

mathematical linearization for this purpose.  

2. Repeat the procedure of the growth curve protocol without measuring the samples’ optical density of step 

6.  

3. When the samples (200 mL) reach the time for the midpoint calculated, add IPTG [1.5 mM].  

4. Incubate the samples at 37 ℃ and 250 rpm until the curve reaches stationary phase. 

 

Protein purification protocol 

Protein purification protocol is developed by following Profinity™ IMAC Resins Instruction Manual from 

BIO-RAD. (Visit http://www.bio-rad.com/webroot/web/pdf/lsr/literature/10001677B.PDF for more 

information). Some considerations and modifications are presented below 

1. Assemble equipment for affinity chromatography column. Add 6 mL of IMAC resin. If the resin has already 

been used, wash it previously with wash buffers.   

2. Go to Section 6: Immobilizing Metal Ions for loading ions to the column. Be careful when adding any 

buffer or sample to the column. Resin should not move for improving the results.  

3. Go to Section 7: Preparation of Clarified E. coli Lysate Using Nondenaturing Conditions for lysis 

procedure. Centrifuge until the pellet is completely decanted. For sonication process, use a sonicator tip at 

30% of amplitude. Wait 1 minute between intervals for sonication process. Keep the sample on ice.   

4. Go to Section 9: Medium-Pressure Column Purification of Histidine-Tagged (His-Tagged) Proteins 

Using Nondenaturing Conditions for affinity purification of target proteins. Measure sample’s total protein 

concentration with the NanoDrop spectrophotometer and compare it with protein maximum volume that 

the resin added can manage. Do not saturate the column. Wait 2 to 4 minutes after diluting sample in 

binding buffer. Fraction is equivalent to resin´s volume at all times.   

5. Go to Section 15: Regenerating, Cleaning, Sanitizing, and Storage for cleaning the column.  

 

 

 

http://www.bio-rad.com/webroot/web/pdf/lsr/literature/10001677B.PDF
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SDS-PAGE protocol 

SDS-PAGE protocol is developed by following protocol card. (Visit 

http://microbiology.ucdavis.edu/privalsky/sites/default/files/SDS-PAGE_0.pdf for more information) 

 

Buffers preparation protocol 

To adjust toward the desire value use HCl or NaOH. For completing the volume required use type 1 water.   

1. Dam Chemo-competent cells preparation protocol 

1.1 Buffer (CCB1): Mix 2.219 g of calcium chloride in 200 mL of deionized water. Autoclave and add 2.5 mL 

of magnesium sulfate to 1 M. Store at 4°C. 

1.2 Buffer (CCB2):  Mix 2.219g of calcium chloride in 128 mL of deionized water and 72 mL of Glycerol. 

Autoclave and add 1 mL of 1 M magnesium sulphate. Store at 4°C.  

 

2. Agarose Gel Electrophoresis  

2.1 TAE 1X: 242 g Tris, 57.1 mL pure acetic acid, 100 mL EDTA at 0.5 M for 1L of buffer. This buffer is 

TAE 50X stock.  For prepare TAE 1X from TAE 50X, dilute 20 mL of TAE 50X in 980 mL of type 1 

water.  

 

3. Protein purification  

3.1 Equilibrium Buffer: 50 Mm sodium acetate, 0.3 M NaCl. [pH 4] 

3.2 Metal Ions Solution: 0.2 M NiCl2 x 6 H2O [pH <7] 

3.3 Lysis Buffer: 6.89 g NaH2PO4, 17.55g NaCl, 100 mL Tween 20, 10 mL Triton X. This is for 1L of buffer.  

3.4 Binding/Starting Buffer: 50 mM NaH2PO4, 300 mM NaCl [pH 8] 

3.5 Wash Buffer: 50 mM NaH2PO4, 300 mM NaCl, 8 mM Imidazole [pH 8] 

3.6 Elution Buffer: 50 mM NaH2PO4, 300 mM NaCl, 500 mM Imidazole [pH 8] 

3.7 Strip Metal Ions Buffer: 50 mM NaH2PO4, 300 mM NaCl, 0.2 M EDTA [pH 7.5] 

3.8 Wash Column Buffer: 1% Acetic acid, 0.12 M Phosphoric acid [pH 1.5] 

3.9 Wash Column Buffer: 1 M NaCl 

3.10 Wash Column Buffer: 1 M NaOH 

 

4. Polyacrylamide gel electrophoresis  

4.1 Separation Buffer: 18.15 g Tris for 100 mL of buffer. [pH 8.8]. Stable at 4 ℃ for one year.  

4.2 Stacking Buffer: 6 g Tris for 100 mL of buffer. [pH 6.8]. Stable at 4 ℃ for one year.  

4.3 SDS 10% Buffer: 10 g SDS for 100 mL of buffer. [pH 6.8]. Stable at 4 ℃ for one year.  

4.4 Sample Buffer: 2.5 mL Stacking Buffer, 0.5 mL type 1 water, 1 g SDS, 0.8 mL bromophenol blue at 0.1%, 

4 mL pure glycerol for 10 mL of buffer. Add 5%  pure β-Mercaptoethanol at 14.3 M at the buffer volume 

required for sample.  

4.5 Acrylamide/Bisacrylamide Buffer: 30 g acrylamide, 0.8 g bisacrylamide for 100 mL of buffer. Filter the 

buffer with a 0.2 Mm filter.  

4.6 Staining Buffer: Use Coomassie Brilliant Blue Stain according to provider recommendations.  Some 

products required fixation with acetic acid and methanol.  

4.7 10X Running Buffer: 144 g glycine, 30,3 g Tris. Add 600 mL of type 1 water and 100 mL of SDS 10% 

Buffer.  

4.8 Wash Buffer: 50 mL Acetic acid, 100 mL absolute ethanol for 500 mL of buffer.  

4.9 APS Buffer: 16 mg APS and 160 uL of type 1 water. Prepare it at the moment of addition.  

 

http://microbiology.ucdavis.edu/privalsky/sites/default/files/SDS-PAGE_0.pdf
https://www.scbt.com/es/p/beta-mercaptoethanol-60-24-2
https://www.scbt.com/es/p/beta-mercaptoethanol-60-24-2
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LB-medium preparation protocol (with ampicillin) 

1. Wash all containers involved in medium preparation for avoiding contamination.  

2. Add 10 g of Tryptone, 10 g of NaCl and 5g of yeast extract for 1L of medium. Fill it up to 1L with type 1 

water.  

3. Autoclave the medium. After, add ampicillin when the medium is just warm and mix. Cover the container 

from light because the ampicillin degrades with light. Preserve at 4 ℃.  

 

IPTG-100mM (100X) stock preparation protocol 

1. Weigh 0.238 g of IPTG (MW = 238.3g/mol). 

2. Add 10 mL sterile H2O. Dissolve completely. 

3. Prewet a 0.22 µm syringe filter by drawing through 5 to 10 mL of sterile H2O and discard water. 

4. Sterilize IPTG Stock through the prepared 0.22 µm syringe filter. 

5. Store in 1 mL aliquots at -20°C for up to 1 year. 

 

 


