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Abstract 
Aquaculture industry is experiencing a fast and impressive growth but is also facing economic 

losses caused by infectious diseases such as vibriosis. Antibiotics are not a good treatment since they 

present an environmental and public health threat due to resistant bacteria emergence, making the 

vaccines the most viable way to control and prevent fish infectious disease. The  aim  of  this  work  is  

to  produce  an  outer  membrane  protein-OMP  extract  rich  in  a Vibrio  OmpK protein,  a  potential  

vaccine  against  vibriosis.  Outer membrane proteins were extracted from Vibrio alginolyticus by 

centrifugal and ultracentrifugal separation. Sarkosyl, Triton X-100 and SDS detergents were used as 

solubilizing agents. Centrifugal separation of sarkosyl 1% (w/v) gave a  yield  of  5.6mg  OmpK/L  of  

culture  medium OD=4.0 while ultracentrifugation  in  the  same  conditions yielded 1.8mg of OmpK/L of 

OD=4.0 medium. 

 

Anion exchange and hydrophobic chromatography trials over the centrifugal extract showed high 

similarities in OMPs properties, leading to poor fractionation. Centrifugal membrane ultrafiltration of 

Triton X-100 and of sarkosyl centrifugal extracts showed that OMPs interactions with sarkosyl molecule 

impaired their permeation through membranes, while permeation is permitted for Triton X-100. Sarkosyl 

1% (w/v) ultracentrifugal extract was the most adequate to isolate the OMPs and permit the purification 

of OmpK but it leads to low total protein yield. Moreover, ultracentrifugation cannot be performed at large 

scale, making it improbable to produce enough amount of native OmpK protein for aquaculture fish 

vaccination. 

 

Key-words: Membrane proteins extraction, OmpK, Vibrio alginolyticus, Membrane protein purification, 
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1. Introduction  

Despite aquaculture rapid growth, fish 

infectious diseases,  constitute a big threat to 

the industry since they are responsible for fish 

mass mortality and consequently economic 

losses estimated in a range of hundreds of 

millions to billions of dollars worldwide per year 

[1]. Vibriosis is a predominant aquaculture 

infection caused by Vibrio genus bacteria and 

result in over 50% of mortalities in affected 

populations between 24h and 48h [1], [2]. 

Nowadays, there are 9 commercials vaccines 

against vibriosis but their low efficiency and 

reduced versatility impel to development of new 

effective and economically sustainable ones 

against a broad range of Vibrio species, 

applicable to large scale fish farming systems 

and to several fish species [3], [4]. Outer 

membrane proteins OMPs are highly conserved 

among the Vibrio species, and their location in 

the cell surface makes them easily recognizable 

as antigens, being eligible as potential vaccines 

against vibriosis [5], [6].   

Vibrio alginolyticus gram negative aerobic 

bacteria, with a broad geographic distribution in 

temperate marine and estuarine waters with 

moderate halophile conditions that range from 

0.5 to 6% of salt concentration, being 3% NaCl 

the optimal one. The bacterium, recognised as 

an emergent vibriosis causing agent, can be 

found at a pH range of 4.5-5 to 10.5-11 and 

temperature range of 10ºC to 42ºC but optimal 

growth is observed at pH between 7 and 8, and 

temperature range of 20ºC to 37ºC.Vibrio 

bacteria can be detected by growth in TCBS - 

thiosulfate citrate bile salts sucrose agar or by 

analysis of biochemical and phenotypic 
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characteristics but, those techniques provide 

poor identification of Vibrio species, thus DNA 

based molecular methods using PCR are the 

most reliable way to efficiently detect and 

identify Vibrio alginolyticus [7], [8].  

Vibrio alginolyticus OmpK is an approximately 

31.3 kDa protein coded by an 864 bp gene, 

composed of 281 amino-acid residues, with an 

isoelectric point between 4.78 and 4.87. As a 

receptor for a broad-host-range of vibriophages, 

the protein is believed to play an important role 

in Vibrio genus infection and pathogenicity. 

Polyclonal antibodies raised against the protein 

in guinea pig reacted with other 5 Vibrio species 

confirming that OmpK proteins from different 

species are analogous, thus a possible genus-

specific antigen, eligible as a versatile vaccine 

against Vibrio species and a potential tool in 

their detection [9], [10].  

Commonly, membrane protein extraction and 

purification steps include cell harvest, cell 

disruption and membrane preparation, followed 

by membrane solubilization to recover the 

proteins. The membrane isolation is done by 

cell fractioning technique which consists in the 

separation of cells into subcellular components. 

The technique is composed by two main steps, 

namely cell homogenization of the cells and 

fractioning of cell homogenate by centrifugation. 

Homogenization is the mechanical disruption of 

cells while maintaining the characteristics and 

morphological structure of cell fractions and 

organelles [11], [12].  

After the membrane recovery, it is solubilised 

using detergents, which are small surfactants 

with polar hydrophilic portion and a hydrophobic 

linear alkyl chain that can form micelles in 

aqueous solutions, allowing them to solubilise 

non-polar molecules [13].  

The main detergents used in OMPs 

solubilization are sarkosyl, Triton X-100, and 

sodium dodecyl sulphate (SDS). Sarkosyl is an 

anionic detergent, and the most used in OMPs 

extraction since it is known for being able to 

selectively solubilise the inner membrane of 

Gram negative bacteria, while the outer 

membrane remains intact. As sarkosyl, SDS is 

also an anionic detergent but has the 

disadvantages of being less selectivity and 

more denaturant than sarkosyl. Triton X-100 

non-ionic detergent with low denaturant effect 

on proteins but low selectivity in membrane 

solubilization [14], [15]. 

For membrane protein purification, the main 

techniques include anion exchange, 

hydrophobic interactions and size exclusion 

chromatography. The different 

chromatographic techniques can be used as 

primary or secondary according to the sample 

and target protein properties [16] .  

The goal of this work is to grow Vibrio 

alginolyticus bacteria, extract its outer 

membrane by cell fractioning, and solubilise the 

membrane to obtain a OMPs extract that can be 

further purified to obtain pure OmpK protein. 

The work also aims to evaluate the effects of 

different detergents on the extract and finally 

the process scale up.  

2. Materials and Methods  

2.1. Materials  

Phenyl Sepharose 6 Fast Flow resin (GE 

Healthcare); DE 52 Whatman resin (GE 

Healthcare); BCA Assay Kit (Thermo Scientific); 

Amicon centrifugal unit (Millipore).  

2.2. Bacterial strain  

Vibrio alginolyticus strain CECT 521 was 

provided by Olhão's fish farming station (EPPO-

Olhão Pilot Pisciculture Station of IPMA- 

Instituto Português do Mar e da Atmosfera, 

Portugal) in TCBS selective medium and LB 

plates. The bacterial was then inoculated in new 

LB and TSB plates with 3% of NaCl and liquid 

cultures were also performed to created cell 

banks in glycerol 20% (v/v) solution and frozen 

at -80ºC. 

2.3. Cell growth and lysis  

The cells were grown in LB and TSB medium 

with 3% and 1% NaCl (w/v) concentration, 

respectively. The inocula consisted on 

overnight culture that were introduced in 

1000mL flasks with 100mL of medium in order 

to have an initial optical density OD600nm of 0.05. 

The final OD600nm of the cell was around 3.0 for 

LB medium and 4.0 for TSB medium, reached 

after 8 to 10h growth. Cells were harvested by 

centrifugation in 50mL falcon tubes and washed 

3 times with phosphate buffered saline (PBS) 

(centrifugation at 5000 ×g for 5 min). Then 

ressuspended in 10ml Tris-HCl buffer with NaCl 

(50mM, 0.3%) and sonicated at 70W, 5s on/15s 

off using a Bandelin Plus sonicator using with its 

TI 13/Fz probe for 7min, on ice.  
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2.4. OMPs extraction 

2.4.1. OMPs extraction using sarkosyl 

Cell lysate was centrifuged at 10,000 ×g for 

20min in order to remove cell debris. The 

supernatant was centrifuged for 1h at 20,000xg 

(Eppendorf centrifuge 5810R) and 4ºC to collect 

the membrane fragments pellet. Pellet 

ressuspension in a sarkosyl and HEPES, 1% 

and 10mM (pH 7.4) solution, respectively and 

incubated for 30 min at room temperature. Final 

centrifugation of the solution at 20,000 ×g for 1h 

at 4ºC to separate soluble inner membrane 

particles (supernatant) and non-soluble OMPs 

(pellet). Pelleted OMPs were ressuspended in 

sterile saline 0.90% (w/v) solution and 

conserved at -20ºC [17]. 

For ultracentrifugal extraction, the same 

protocol was applied using 100,000 × 𝑔 

(Beckman XL-90 Ultracentrifuge) at 4ºC for the 

membrane and OMPs recovery steps for 1h and 

2h centrifugation times, respectively [18].  

2.4.2. OMPs extraction using Triton X-

100 

Membranes were recovered as described in 

(OMPs extraction with sarkosyl) and washed 

with 20mM Tris-HCl (pH 8) solution. The 

resultant pellet was ressuspended in 20mM 

Tris-HCl 1% Triton X-100, 10mM EDTA and 50 

mM NaCl (pH 8) solution and incubated for 

30min. OMP were obtained in the supernatant 

after centrifugation at 20,000 × 𝑔 for 1h [19]. For 

ultracentrifugation extraction the same protocol 

was used with the difference that the second 

and third  centrifugation were done using 

100,000 × 𝑔 at 4ºC 1 and 2h, respectively [19]. 

2.4.3. OMPs extraction using SDS  

Cell membranes were recovered as previously 

described and ressuspended in 10mM Tris-HCl 

pH 7.7 containing 2% SDS solution and 

incubated at room temperature for 30min. The 

suspension was centrifuged at 20,000 × 𝑔  for 

1h30min at 20ºC and pellet ressuspended in 

50mM Tris-HCl with 0.4M NaCl, 1% SDS, 5mM 

EDTA, 0.05% 2-mercaptoethanol and 3mM 

NaN3 (pH 7.7) for 2h at 37ºC. The solubilized 

suspension was centrifuged at 4ºC and 20,000 

× 𝑔 to recover the OMP in the supernatant [19]. 

In ultracentrifugation extraction with SDS, the 

protocol was the same except for the 

centrifugations which had different conditions. 

The second, third and fourth centrifugation were 

performed at 100,000 × 𝑔  for 1h, 30min and 1h, 

respectively. 

2.5. Sodium dodecyl sulphate 

polyacrylamide gel electrophoresis 

The resolving and stacking gel were prepared 

respectively with 11.68% and 3.89% of 

acrylamide/bis-acrylamide solution; resolving 

buffer (0.375M Tris-HCl, 0.1% SDS pH 8.8) and 

stacking buffer (0.125M Tris-HCl, 0.1 SDS pH 

6.8) respectively, along with Milli-Q water, APS 

and TEMED. Electrophoresis samples were 

prepared with 25µL of Laemmli buffer 2x, 5µL of 

1M DTT and 20µL of protein solution. The 

preparation was boiled for 10min at 100ºC and 

then cooled at room temperature. The run was 

performed at 90V and gels were stained by 

incubation in Coomassie blue (0.1% v/v) for 

approximately 1h with gentle mixing. Distaining 

was performed with a 30% ethanol (EtoH) and 

10% glacial acetic acid aqueous solution [20]. 

2.6.  Anion exchange chromatography 

DEAE previously prepared mini-column was  

regenerated, washed and equilibrated with 5CV 

of regeneration buffer (1M NaCl, 20mM Tris-

HCl, pH 6), 4CV of MilliQ water, and 10CV of 

binding buffer (20mM Tris-HCl, pH 6), 

respectively. Sarkosyl protein extract was 

applied to the top of the column, which was then 

percolated with 1CV of binding buffer (20mM 

Tris-HCl, pH 6). 1CV was recovered and its 

absorbance measured at 280nm using 

HITACHI U-2000 UV/VIS spectrophotometer. 

Step elution was then done using Tris-HCl 

buffer pH 6 with different NaCl concentrations 

ranging from 10mM to 1M. After elution with 1M 

NaCl, 4CV of the extract detergent solution was 

percolated through the column to verify if all the 

proteins were eluted. For each elution solution, 

the column was washed until the Abs280nm 

reaches values close to zero. Elution peaks 

were pooled and concentrated in a SpeedVac 

(Savant DNA from Thermo Scientific), desalted 

by microdialysis against MilliQ water and their 

protein profile was obtained by SDS-PAGE.  

For Triton X-100 extract purification by anion 

exchange chromatography in a mini-column, 

the eluted fractions were all concentrated in 

SpeedVac, desalted by microdialysis against 

water and their protein contend was quantified 

using BCA protein quantification kit since Triton 
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X-100 detergent highly interferes with protein 

quantification by 280nm absorbance.  

2.7.  Hydrophobic interactions 

chromatography  

Phenyl sepharose previously prepared mini 

column was washed with 5CV of MilliQ water 

and equilibrated with the binding solution 

(50mM phosphate buffer with respective 

ammonium sulphate binding concentration).  

The sample was applied on the top of the 

column and following, 1CV binding buffer was 

introduced. Then, elution began using 

decreasing ammonium sulphate concentration 

buffers steps with pH 7 until zero salt 

concentration buffer. For each step- elution 

buffer, 1CV samples were taken and quantified 

by Abs280nm measurements. After the 

chromatography, extraction detergent was 

percolated through the column, recovered and 

analysed in order to guarantee that all proteins 

were efficiently eluted from the column. 

2.8.  Microdyalisis  

The process was done using cut-off cellulose 

membranes with 23µm thickness and 12-14 

kDa molecular weight (OrDial 14, Orange 

Scientific). Samples to dialyse were introduced 

in 2mL eppendorf tubes which caps were 

removed and changed by dialysis membrane 

pieces attached to the eppendorfs with tight 

rubber bands. The eppendorfs were inverted in 

order to keep the containing liquid near the 

membrane and placed in 2L beakers filled with 

MilliQ water. The beaker was kept overnight at 

4ºC under slow agitation.  

2.9. Diafiltration and concentration  

Volumes of 500µL samples were introduced in 

2mL centrifugal filtration unit with 10kDa 

membrane (Amicon Ultra-2 30K from Millipore). 

The Amicon was then centrifuged at 4000g and 

4ºC for 20min. The process was repeated until 

reaching the desired volume of concentrated 

solution.  The permeate was discarded while 

the concentrated protein retained in the Amicon 

unit is washed with MilliQ water, recovered and 

analysed. For protein separation, the process is 

done the same way using 50kDa Amicon 

centrifugal unit and a centrifugal time of 15min. 

After reaching the desirable amount of sample, 

the permeate is concentrated in the SpeedVac 

(Savant DNA from Thermo Scientific) after 

which both permeate and concentrated proteins 

were analysed by SDS-PAGE. 

2.10. Hydrophobic interactions 

chromatography 
For calibration curve determination, 2mg/mL of 

BSA- Bovine Serum Albumin (BSA) solution 

was prepared with the working buffer and 

further diluted in order to obtain 9 standard 

solutions of known concentration that range 

from 0 (blank) to 2000µg/mL. Aliquots of 25µL 

of each standard solution were mixed with 

200µL of BCA reagent in the wells of a microtiter 

plate. Reagent was prepared according to the 

manufacturer’s indications and in duplicates. 

Highly concentrated samples were diluted in 

order to reach concentrations that fit the method 

concentration range. Solutions were mixed in a 

plate shaker (Tritamax 1000 from Heidolph) for 

30s and then incubated, according to the 

manufacturer’s instructions, for 1h at 37ºC. 

Posteriorly, absorbance of incubated mixtures 

in the microplate were read at 562nm 

(SpectraMax 340pc from Molecular Devices) 

and average values of absorbance plotted as a 

function of protein concentration.  
Protein samples/BCA reagents mixture were 

prepared as for the standard, and the respective 

protein concentrations were estimated using the 

average absorbance data and established 

calibration curve. 

3. Results and Discussion  
3.1. Cell growth  

Bacterial growth was studied for LB and TSB 

3% NaCl along with TSB 1%. Average growth 

curve and exponential log phase are illustrated 

in (Figure 1). Growth rate was µ= 1.16 h-1; 1.24 

h-1 and 1. 25 h-1 for LB 3%; TSB 1% and TSB 3% 

medium, respectively, with respective 

duplication times of and 𝑡𝑑 = 36min; 34min and 

33min, confirming that the bacterium grows 

better in TSB than LB and 3% NaCl is its optimal 

salt concentration. However,  TSB 3% doubling 

time found here was higher than in literature 

where the doubling time for 13 strains of 

V.alginolyticus ranged from 12min to 25min 

[21]. The higher doubling time can be explained 

by the differences of the strains and growth 

conditions 37ºC. 
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Figure 1: Growth curve of Vibrio alginolyticus CECT 521 at 30ºC and pH 7 representation in LB 3% NaCl; TSB 

1% NaCl and TSB 3% NaCl; and their respective representation of the exponential log phase of the culture. The 
arrow in the graph indicates the beginning of the stationary growth phase 

3.2. OMPs extraction  

3.2.1. OMPs centrifugal extraction 

According to literature, OMPs extraction with 

sarkosyl 1% is supposed to give a final pellet 

and supernatant rich in OMPs and inner 

membrane proteins, respectively [18]. Sarkosyl 

centrifugal extraction with 1% gave a final pellet 

and supernatant with an overall total protein 

yield based on total protein after cell lysis of 2% 

and 14%, respectively.  

 
Figure 2: i) Average sarkosyl 1% centrifugation extraction workflow with total protein and yield of each step.  (ii) 
SDS-PAGE profile of different supernatants and pellets during sarkosyl 1% extraction. M- Molecular weight marker. 
S1- Supernatant 1, 92 µg of proteins; S2- Supernatant 2, 80 µg; P2- Pellet 2, 55 µg of proteins, S3- supernatant 3, 
43 µg of proteins; P3- Pellet 3, 30 µg of proteins . (B) SDS-PAGE profile of concentrated S3 43µg of proteins and 
P3 30µg of proteins. The yellow rectangle include the 31kDa line band possibly identified as OmpK protein.

Figure 2 illustrates average steps of the 

extraction with respective yields and 

consequent SDS PAGE profile of the fractions 

for sarkosyl 1% centrifugal extraction. 

Observing the SDS-PAGE profile of the 

different extraction steps (Erro! A origem da 

referência não foi encontrada.), no difference 

important is observed between the profiles 

except for the protein amount in the fractions, 

which was not expected since the purpose of 

the extraction is to create a final extract S3 that 

is enriched in OMPs. The absence of 

differences in the protein profile can be due to a 

poor separation since according to literature 

[22], high speeds are indispensable for efficient 

isolation of membranes envelopes and in this 

case, it is possible that the centrifugal speeds 

used were not sufficiently high to perform the 

required separation. Furthermore, OMPs profile 

from V.alginolyticus is composed of 

approximately 15 bands and 6 major proteins, 

with pronounced bands [23], however that is not 

concordant with the protein profile obtained for 

P3. According to the fact that both S3 and P3 

have the same protein profile and a 31kDa 

molecular weight band is present in both of the 

fractions, it was assumed that the OmpK protein 

was present not only in the pellet but also in the 
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supernatant and in higher quantity in the latter, 

leading to choose the supernatant as the extract 

of interest, since it has a much higher protein 

content than P3. Isoelectric focusing was 

performed in order to confirm the proteins 

identity. The resultant profile (data not shown) 

had no clear definition, impeding OmpK 

visualization in the lane; however, all the 

proteins present in the extract appeared at 

isoelectric points below 5.85 which is consistent 

with literature values since OmpK protein pI is 

known to have pI values between 4.78 and 4.87. 

Previous SDS−PAGE and IEF results make it 

possible to infer that the band in question 

corresponds to the OmpK protein. According to 

the yields obtained in the extraction and an 

estimation of OmpK relative quantity per extract 

(4% of extract total protein) using ImageJ 

software, it was deduced that OmpK extraction 

yield is 0.6mg/L of V.alginolyticus medium with 

final OD600nm=4.0 when considering the P3 and 

5.6mg/L considering S3, respectively.  

Studies were done to analyze the effects of 

operating parameters on sarkosyl extraction 

(data not shown), and it was concluded that 

OMPs extraction by cell fractioning and sarkosyl 

extraction is not improved by increased 

centrifugation nor incubation duration but is 

dependent of sarkosyl concentration in the 

extraction solution since the total protein 

recovery in the final supernatant S3 is lower, 

when extracted with a higher sarkosyl 

concentration solution. This may be explained 

by the denaturant properties of the detergent 

which lead to a higher denaturation of proteins 

thus less recovery in the soluble S3 fraction.  

 

3.2.2. Comparing sarkosyl, SDS and 

Triton X  

SDS, Triton X-100 and sarkosyl 2% extractions 

were also performed attempting to obtain a 

better total protein yield or a higher amount of 

the target protein. Sarkosyl 1% extraction has 

the highest yield (14%), followed by Triton X-

100 and sarkosyl 2% (10%), and finally SDS. 

SDS low recovery is not surprising since the 

detergent is more denaturant than both Triton 

X-100 and sarkosyl. Furthermore, its extraction 

protocol has two solubilization steps and one 

more centrifugal step than for extraction with 

other detergents leading to a higher loss and 

denaturation of proteins. 

 From the SDS−PAGE profile of all the extracts, 

the supernatant S3 obtained in sarkosyl 1% 

extraction provides a protein profile of the 

extract similar to other detergents reinforcing 

the idea that the supernatant S3 has a higher 

content of OMPs than the pellet P3. None of the 

detergents extract have an enrichment of OmpK 

protein, however, both SDS and Triton X-100 

have a more pronounce band of a protein that 

is around 40kDa, presumably a putative porin, 

characteristic of the Vibrio genus [5], showing 

that protein was selectively enriched when 

using those detergents. 

 
Figure 3: SDS-PAGE protein profile extracts from 

different detergents. The lanes were loaded with no 
diluted final extracts Tx1%-Triton X-100 (S3) 38µg of 
protein; SDS 34µg of protein; S1%-Sarkosyl 1% 
50µg of protein; S2%-Sarkosyl 2% (S3) 20µg of 
protein. The yellow line is to point out 31kDa band.  

Sarkosyl shows to be the best detergent for 

OmpK extraction since it has a higher total 

protein and shows the same amount of OmpK 

as sarkosyl 2% and Triton X−100 extract while 

SDS extract shows an even lower OmpK 

content than the formers.  

3.2.3. OMPs ultracentrifugal extraction 

OMPs extraction were also performed in a 

protocol comprising ultracentrifugation with the 

same operating conditions as for the centrifugal 

extraction.Figure 4 illustrates the overview 

workflow subsequent yields of 

ultracentrifugation extraction using sarkosyl 1% 

(i), and the respective SDS−PAGE profile of the 

fractions (ii). OMPs final protein yield regarding 

the initial total protein present in the cell lysate 

is 4% regarding the pellet P3 and 12% 

regarding the supernatant S3. Observing SDS-

PAGE profiles of the successive fractions from 

the ultracentrifugation extraction it is possible to 

see that contrarily to what happened in the 

centrifugal extraction, all the fractions have 

diverse protein profiles and final fractions S3 

and P3 have clearly different protein content 
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denoting that ultracentrifugation separation has 

a higher separation capacity than 

centrifugation. P3 obtained with 

ultracentrifugation is composed of 

approximately 17 bands and 6 major proteins, 

which is far more concordant with the literature 

data [23] than the profile obtained for 

centrifugation. This illustrates that 

ultracentrifugation is far more suitable than 

simple centrifugation for proper outer 

membrane proteins extraction since it is able to 

successfully give an extract constituted of highly 

pure outer membrane proteins. An 

approximately 31kDa protein is present in both 

S3 and P3 confirming that even with a high 

resolution separation of the membrane 

fractions, OmpK may still be present in the inner 

membrane protein, giving validating the 

hypothesis that sarkosyl 1% is also capable of 

solubilizing part of the outer membrane [24].  

 
Figure 4:  i) protein titers and yield obtained for sarkosyl 1% ultracentrifugation extraction workflow. ii)    SDS-

PAGE profile of different supernatants and pellets during sarkosyl ultracentrifugation extraction. The samples 
were loaded using samples with no dilutions. S1- Supernatant  96 µg of proteins; S2- Supernatant 74 µg of 

proteins; P2- Pellet 2, 40 µg of proteins S3- supernatant 3, 19.2 µg of proteins; P3- Pellet 3, 16 µg of proteins. 
The yellow rectangle circumvents the OmpK Molecular weight band. 

In opposition to the centrifugal pellet extract, 

ultracentrifugal P3 protein profile is not 

coincident with that of S3 and has fewer 

proteins, indicating that probably P3 is indeed 

constituted exclusively OMPs, while S3 is 

composed of inner membrane proteins, with 

some OMPs that were not totally solubilized and 

were therefore separated in the supernatant S3. 

Although OmpK seems to have a more 

pronounced band in the supernatant fraction, it 

is far more interesting to purify it from the P3 

fraction since the extract contains less 

contaminants. 
Using ImageJ to analyse the bands, Sarkosyl 

1% extraction with ultracentrifugation technique 

yields 4.6mg OmpK/L of OD600nm=4 cell 

suspension culture in the supernatant S3 and 

1.8mg OmpK/L of the same culture in the final 

pellet P3. Compared to the centrifugation, the 

pellet yield is much higher and has less 

impurities while the supernatant yield is lower 

but comparing the SDS-PAGE profiles, the 

supernatant from the centrifugation extraction 

has more contaminants than the 

ultracentrifugation one, which is expected since 

the centrifugation did not lead to a good 

separation originating a large amount of 

cytosolic contaminants in the membrane 

fractions. 
 

3.3. Anion exchange chromatography  

3.3.1. AEXC with sarkosyl supernatant 

extract  

Anion exchange chromatography was 

performed using sarkosyl 1% centrifugal extract 

in a DEAE tertiary amine functional group. A pH 

higher that OmpK protein pI was used giving the 

protein a net negative charge that will allow its 

binding and possible differential elution from the 

resin. From the results (Figure 5), is possible to 

see proteins in the flow through and since the 

capacity of the resin was not surpassed, it was 

assumed that those proteins did not bind to the 

resin probably for not having a net charge that 

would allow their binding.
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Figure 5:  (A) Chromatogram and (B) SDS-PAGE profiles of sarkosyl 1% centrifugal extract purification by mini 

column anion exchange chromatography. M- Molecular weight marker; FTi- Initial flow through; FTf- Final flow 

through; SEi- Initial sarkosyl 1% elution; SEf- Final sarkosyl 1% elution. 

NaCl different concentrations elution did not 

cause proteins to elute from the resin. After the 

application of 2M NaCl elution buffer with no 

success in protein elution, sarkosyl 1% solution 

was application to the resin led to the elution of 

high amount of proteins. By mass balance, it 

was confirmed that the sum of protein that got 

out in the flow through with the one of the 

sarkosyl 1% elution were equal to the total 

amount of protein applied to the resin 

confirming that a lot of proteins did not bind to 

the resin. Sarkosyl is an anionic detergent, it is 

possible that its negative charge is stronger 

than the protein charge at working pH value 

allowing it to compete with proteins during the 

binding. Protein final extract may also contain 

lipids that are more strongly charged than the 

proteins and are consequently binding to the 

resin as the sarkosyl molecules. A small amount 

of proteins was probably bound to the resin by 

unspecific interactions and couldn’t be eluted by 

displacing the protein interactions with the AEX 

matrix. 

3.3.2. AEXC with Triton X−100 extract  

Triton X-100 extract was studied with respect of 

OMPs purification by anion exchange 

chromatography since this detergent does not 

have a negative charge and won’t bind to the 

resin, allowing to maintain the soluble proteins 

without interfering with the separation process. 

From the results (Figure 6), the chromatogram 

shows 4 peaks respectively at 200mM, 400mM, 

600mM and 800mM NaCl (one peak at each 

elution step) with descendent total protein 

amount in the same order as cited.  

 
Figure 6:  (A) Chromatogram and (B) SDS-PAGE profile of flow through and different salt concentration elution of 

Triton X-100 1% centrifugal extract by mini column anion exchange chromatography. M- Molecular weight marker; 
FT- Flow through. 200mM, 400mM, 600mM and 800mM NaCl indicate the elution steps at these salt 

concentration.
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Observing the SDS-PAGE profile, all peaks 

have the same content of protein bands 

showing that the protein elution profile did not 

differ with different NaCl concentration. Triton 

X−100 solution percolated through the column 

after the 4-steps elution and there was no 

protein elution solution application after the 4-

steps elution, indicating that no aggregates 

were formed during AEXC to the extract. 

Although Triton X−100 proved to be a more 

adequate detergent when performing anion 

exchange chromatography with, both 

detergents led to poor separation of centrifugal 

OMPs extracts.  

3.4. HIC with sarkosyl supernatant 

extract 

Hydrophobic interaction chromatography 

was performed in search for a more efficient 

separation. Ammonium sulphate 

precipitation of the extracts were performed 

in order to have an idea of the binding buffer 

ammonium sulphate concentration to use. 

 
Figure 7: (A) Chromatogram and (B) SDS-PAGE profile of sarkosyl 1% centrifugal extract HIC using 8% 

ammonium sulphate binding. M- Molecular weight marker; FT-Flow through; SE- sarkosyl 1% elution  

 

From the 8% ammonium sulphate binding 

chromatogram (Figure 7), a peak was obtained 

at 3% ammonium sulphate concentration and 

was analysed by SDS-PAGE profile along with 

the flow through and the sarkosyl elution. 

Protein profiles shows that not all the proteins 

bound to the column since there was a high 

amount of protein in the flow through. There was 

no separation of the proteins since almost all got 

eluted simultaneously at 3% ammonium 

sulphate and the pool SDS-PAGE profile 

matched that of sarkosyl elution and initial 

protein extract. HIC was also performed using 

6% and 13% ammonium sulphate binding 

concentration (data not shown). The results 

obtained did not differed from the one showed 

for 8%, proving that sarkosyl 1% centrifugal 

extract purification by HIC in phenyl sepharose 

resin has low efficiency.  

4. Conclusions  
This project aimed to extract OMPs from V. 

alginolyticus bacteria and further purify it to 

obtain pure OmpK protein as a vaccine 

candidate. The extraction was performed by 

centrifugation and ultracentrifugation 

techniques both combined with membrane 

solubilization with detergents, namely sarkosyl, 

Triton X−100 and SDS. Sarkosyl 1% proved to 

be the best solubilizing agent to obtain OMPs 

extract. However sarkosyl 1% ultracentrifugal 

extract has a very low OMPs yield (1.8mg 

OmpK/L of culture) that reduces scale up 

production possibility while the centrifugal 

extract, with higher protein yield (5.6mg/L 

considering S3) was difficult to purify by both 

anion exchange and hydrophobic interactions 

chromatography. For future perspectives, it 

should be made other purification trials on the 

extracts, attempt to purify one of the major 

OMPs protein since they would yield more pure 

protein than OmpK.  
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