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Abstract

S
ea lice are the most problematic marine 
pathogens the salmon industry has to 
deal with, significantly affecting Europe 
and America. The worst offenders are 

genera: Pseudocaligus, Caligus, and Lepeophtheirus. 
Over €305 million in losses are estimated. Recent 
results have suggested that subolesin/akirin/myo-
sin32 are good candidate antigens for the control 
of arthropod infestations such as sea lice. The 
aim of this study was to design and optimize the 
purification step of MY32/Ls protein to obtain the 
active pharmaceutical ingredient against sea lice. 
Non-chromatographic purification strategies were 
employed, based on published works, to establish 
rupture, washing, solubilization, and refolding 
conditions.

A disruption process using a bead mill was estab-
lished. Cell culture volume was flushed through the 
mill eight times. Three 60-minute process steps for 
washing inclusion bodies were performed, and 
the fourth washing step was a 20-minute process. 
The first two washes with a Tris-HCl (50 mM) buf-
fer were performed using a non-ionic surfactant 
(Triton X-100). For the third wash, the surfactant 
was omitted. The fourth washing step was carried 
out at a pH of 10.5. The inclusion body solubiliza-
tion process, in an alkaline condition of pH 12.5, 
lasted 90 minutes. For the refolding step, Tween 80 
was used as a stabilizing additive. The API obtained 
had a better immune response (IgG) than the posi-
tive control, with higher purity.

Introduction
Sea lice have been the most widely spread marine patho-

gen in the salmon industry for the last 40 years. Specifically, 
the Lepeophtheirus salmonis (Ls) genus is responsible for the 
majority of salmon farm disease outbreaks in the northern 
hemisphere. In 2006, this parasite was directly and indi-
rectly responsible for a global loss of €305 million.[1] Recent 
results have suggested that subolesin/akirin/myosin (MY) 32 
are good candidate antigens for the control of arthropod 
infestations such as sea lice.[2, 3] Carpio et al.[3] conducted 
investigations that allowed them to obtain the recombi-
nant strain Escherichia coli (BL21 DE3) expressing MY32/Ls 
protein as inclusion bodies. The MY32/Ls protein has an 
approximate molecular weight of 22 kDa. This protein 
produces a humoral immune response (immunoglobulin M 
[IgM]) in laboratory mice and tilapia. Preliminary results in 
the vaccination/challenge experiment with MY32/Ls, using 
a ‘‘water in oil’’ adjuvant for salmon, showed that total 
reduction in lice correlated significantly with antibody titers 
against MY32/Ls.[3]

The inclusion bodies (IBs) are dense particles, insoluble 
and amorphous, composed of aggregated proteins that can 
be found in the cytoplasm or periplasm.[4] IBs represent the 
main obstacle to obtaining soluble recombinant proteins 
with a similar structure to the native one.[5] They are rela-
tively easy to separate from cellular debris using different 
methods.[6] Their sizes range from 0.5–1.3 µm and have 
a porous and hydrated structure.[7] Recent studies have 
shown that the nature and characteristics of the proteins 
affect the distinguishing behaviors of IBs.[8]

Cell disruption methods widely used in pilot and indus-
trial-scale bioprocess applications are varied—they can 
be physical, chemical, or biochemical. A French press cell 
rupture device (high pressure homogenizer) is often used, 
incorporating enzymes and detergents, chaotropic agents, 
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or other combinations.[9, 10] The bead (or ball) mill is another 
device that transfers high energy to the cell suspension 
through eccentric rotating discs with cams,  pushing beads 
of glass to the chamber wall, causing about 40–50% of 
the cells in the biomass suspension to rupture. Very little 
literature is publicly available on the use of this technology 
for the rupture of E. coli. [11, 12] Due to their small molecular 
size, the disruption efficiency of bacteria is considerably 
low, often requiring multiple passes.[13]

The washing of IBs is an important step for removing 
cellular contaminants. High-contaminant concentrations 
negatively influence subsequent protein solubilization.[14] 
Usually in this stage, high ionic-strength buffers and deter-
gents are used. During washing, the partial solubilization of 
IBs can occur. Some published papers report on the use of 
Triton X-100™, EDTA, PMSF, DTT, DOC, 1–2 M urea, 1 M NaCl[15] 
and sucrose.[16] Joginapally and Dasari[14] reported that 
washes with Triton X-100 and urea removed 90 % of the 
lipopolysaccharide, 22% of ADN, and 98% of the pro-
tein present in the cell suspension, achieving a 91% IB 
recovery with 99% purity. IBs can be used in their native 
form or with small quantities of cellular contaminants 
as an immunogen.[17] IBs favor the controlled release of 
active principles or can just induce an immune response 
due to their structure.[18-20] Reported compendiums of IB 

isolation protocols have already been developed, includ-
ing those described by Palmer et al.[21] Authors such as 
Thomson et al.[22] have successfully used IB isolation and 
subsequently combined it with solubilization and refolding 
steps in chromatographic columns. Thus, the purification 
of IBs using solubilization/refolding processes may be con-
sidered an excellent strategy to bioprocess development.

The denaturing agents most commonly used are GdnHCl 
and urea[23], which achieve a total solubilization of the IB 
structure. Patra et al.[24] published studies evaluating differ-
ent methods of IB solubilization. Similar solubilization results 
were observed at pH 8.5, with 8 M urea, 6 M GdnHCl, 10 g/L 
SDS, and 10 g/L CTAB, as well as solubilization with 2 M urea 
at pH 12.5. Other reports include solubilization methods with 
NaOH and n-propanol.[15, 25, 26] High pH (≥12.0) IB solubiliza-
tion protocols have been used with hormones and other 
compounds.[24, 27, 28] Reported methods using high pH are 
attractive because of their simplicity and low cost.

The objective of this work was to purify MY32/Ls protein 
from IBs to formulate a vaccine against sea lice. The MY32/Ls 
protein expressed in the form of IBs facilitates recovery 
using conventional methods of separation. Therefore, the 
washing steps (buffer composition and number of washes) 
was optimized. An optimum pH value for refolding was 
established.

Biomass Culture and Cell Disruption
Biomass was obtained by submerged culture of E. coli 

strain BL21 (DE3 T7) transgenic expressing the MY32/Ls 
protein as inclusion bodies.[3] Expression was induced with 
IPTG in a fed-batch culture system.[29] Obtained biomass 
was disrupted using the Dyno®-Mill (Willy A. Bachofen AG) 
bead mill with 0.5 mm glass beads. The biomass suspension 
was flowed eight times at one minute each in a 50 mM Tris-
HCl buffer with 5 mM EDTA, pH 8.0.

Washing Inclusion Bodies
Optimization of Washing Buffer

To define the washing buffer composition, a D-optimal 
experimental design was used. Triton X-100, urea (at low 
concentrations), and NaCl concentration were used as 

independent parameters. The maximum concentration 
used in each of the additives was defined after consulting 
reports in the literature. Maximum concentrations tested 
for each additive were: 1% (w/v) Triton X-100, 2 M urea, and 
1 M NaCl. All variants were prepared in a 50 mM Tris-HCl 
buffer with 5 mM EDTA. Each variant was performed in 5 mL 
of volume with 100 g/L of cellular debris concentration. 
Samples were incubated for one hour at room temperature 
followed by centrifugation at 14,000 rpm for ten minutes. 
The supernatant was collected.

Establishment of Washing Stage Number
To establish the number of washes required, consecutive 

washings were evaluated using the previously optimized 
buffer. Each washing was performed with 100 g/L of IB 

Ammonium dinitramide (ADN) 
cetyl trimethylammonium bromide (CTAB)
deoxycholic acid (DOC)

ACRONYM KEY:

dithiothreitol (DTT)
ethylenediaminetetraacetic acid (EDTA)
guanidine hydrochloride (GdnHCl)

isopropyl β-D-1-thiogalactopyranoside (IPTG)
phenylmethylsulfonyl fluoride (PMSF)
sodium dodecyl sulphate (SDS)

Materials and Methods

Purification Process Development for MY32/Ls Protein Solubilizing Inclusion Bodies for Vaccine Use
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concentration for one hour. Each experiment was repli-
cated. At the end of each incubation period, the suspension 
was centrifuged at 14,000 rpm for ten minutes. The super-
natant was sampled and IBs were weighed again. A new 
washing was performed by recalculating the volume 
according to the new mass of IBs. This process was repeated 
until four washes had been completed.

Alkaline Solubilization of Inclusion Bodies

Study of the Initial Conditions
To solubilize IBs, an experimental design of response 

surface D-optimal was used. Ranges tested in each of the 
parameters were as follows: pH 8.0, 9.0, 10.0, 10.5, 11.0, 11.5, 
12.0, and 12.5; and IB concentrations: 8, 34, and 60 g/L. All 
variants were prepared in a 50 mM Tris-HCl buffer with 
5 mM EDTA and 1 M NaOH, as the pH demanded, for each 
variant. Suspensions were prepared at pH 8.0 for each of 
the concentrations tested in 50 mL volumes. Each pH tested 
was incubated for one hour and then NaOH was added until 
the value for the next evaluation point was reached. Each 
sample was centrifuged at 14,000 rpm for ten minutes and 
the supernatant was tested.

Alkaline Solubilization Establishment
Experimental design of response surface D-optimal was 

used. Ranges tested in each of the parameters were as 
follows: pH 10.5, 11.5, and 12.5. The incubation times were 
two hours for each. All variants were prepared in a 50 mM 
Tris-HCl buffer with 5 mM EDTA and 1 M NaOH, as the pH 
demanded, for each variant. Each variant was prepared in 
a volume of 5 mL. Samples were centrifuged at 14,000 rpm 
for ten minutes.

MY32/Ls Refolding by pH Variation
Solubilized IBs were refolded in changing pH levels by 

adding 1 M HCl. The pH was slowly decreased to pH 5.0. 
Samples were collected at each 0.5 increment of pH 
variation.

Analytic Techniques and Immune Assay
The Pierce™ BCA Protein Assay Kit (Thermo Scientific) 

was used for total protein determination. SDS-PAGE was 

performed under reducing conditions at 12.5% of acryl-
amide concentration.[30] Staining was performed with 
Coomassie® brilliant blue R-250 (Bio-Rad Laboratories) for 
one hour.[31-34] The Western blotting was carried out using 
the protocol described for the completion of SDS-PAGE. 
Before staining, the proteins were transferred to a nitro-
cellulose membrane. Monoclonal antibody anti-histidine 
(His6; Sigma-Aldrich) was used.

Immunogenicity in Mice
To evaluate the immune response, mice were used as 

the animal model. Eight BALB/C female mice per group 
(five weeks old) were used. The antigen dose was 50 µg 
of MY32/Ls (monomer) per mouse, non-adjuvanted. The 
administration route was intraperitoneal. Two immu-
nizations were performed at days 0 and 14. Serum was 
obtained at days 0, 14, and 28. The presence of antibodies 
in the serum of immunized animals was determined by an 
indirect ELISA system.[2, 3] Serum titers were defined as the 
reciprocal of the highest dilution for which the absorbance 
values were greater than twice the absorbance obtained 
for pre-immune serum.

In vivo experiments were carried out at the Centre for 
Genetics Engineering and Biotechnology (CIGB) Havana ani-
mal facility. Performing the study with those responsible for 
the management of animal facilities was coordinated and 
approved. Due to the characteristics and size of the experi-
ment, it was not reviewed by the ethics committee of the 
CIGB's animal facilities. The CIGB animal facility complies 
with regulations for working with animals and is certi-
fied by the Association for Assessment and Accreditation 
of Laboratory Animal Care (AAALAC) International. The 
biosecurity area is certified by the National Centre for 
Biological Safety (CNSB) in Havana.

Software Used
For the design of experiments, analysis, and subse-

quent optimization, the Design-Expert® software version 
8.0.7 (State-Ease®) was used. For analysis of the SDS-PAGE 
electrophoresis process, the Densitometric Image Analysis 
Software (DIAS) software was used. Other statistical 
analyses were performed with Statgraphics Centurion XV 
software (StatPoint Technologies, Inc.).

Isolation of Inclusion Bodies
The selection of additives was done according to their 

performance. Triton X-100 is a detergent capable of solu-
bilizing the broken cell wall of the bacteria while also 
eliminating wall-linked protein. There are no reports or 

studies where the Triton X-100 has any negative effect on 
the IBs. Urea is a chaotropic agent which causes, at low 
concentrations (≤ 2 M), selective denaturation of proteins 
linked to the wall or cellular debris. Finally, the NaCl, by its 
ionic strength, helps the removal and disaggregation of the 

Results and Discussion

Purification Process Development for MY32/Ls Protein Solubilizing Inclusion Bodies for Vaccine Use
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F I G U R E  2 .  Cu b e 
chart illustrating the 
variables evaluated 
in the percentage 
of MY32/Ls super-
natant pur it y  for 
establishing wash-
ing conditions.

F I G U R E  1 .  Cu b e 
chart illustrating the 
variables evaluated 
in the total protein 
concentration for 
establishing wash-
ing conditions.

contaminants. Figures 1 and 2 
show the interactions between 
the three additives.

The established model 
allowed us to optimize the 
wash buf fer. Optimization 
restrictions were set to guar-
antee minimal losses of the 
protein of interest and the 
e f f ic i e nt  w ashin g of  th e 
IBs (Additives: in the evalu-
ated range ***; Total protein 
concentration [TPC] in the 
supernatant: maximum ***; 
and MY32/Ls purity in super-
natant: minimum *****. [* = the 
level of significance]). A wash-
ing buffer compound of 10 g/L 
Triton X-100 and 0.75 M NaCl 
were the optimized values.

A f t e r  o p t i m i z i n g  t h e 
washing buffer, the number 
of washes was optimized. 
Figure 3 shows that in the first 
washing, the protein released 
was close to 2 mg/mL and the 
MY32/Ls purity proved to be 
high. This phenomenon can 
be explained by the damag-
ing effect of the IBs on the cell 
disruption step, and coincides 
with observations made by 
Peternel and Komel.[35]

Although the purity in the 
third and fourth washes was 
superior to those obtained in 
the first wash, these are not 
significant because of the low 
total protein concentrations. 
This result allowed us to define 
the use of Triton X-100 in the 
first two washes. For this rea-
son, it was decided to keep the 
last two washes but eliminate 
the Triton X-100 from the buf-
fer used. With the established 
design, the effects of  10 g/L 
Triton X-100 and 48.3 g/L NaCl 
in the first and second washes, 
and 48.3 g/L NaCl in the third 
and four th washings was 
ensured.

FIGURE 3. Behavior 
of total protein con-
centration and the 
purity of MY32/Ls 
in establishing the 
number of washes 
needed.

Purification Process Development for MY32/Ls Protein Solubilizing Inclusion Bodies for Vaccine Use
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FIGURE 5. Response surface of MY32/Ls protein vs. variation of IB concentration and the pH 
solubilization on establishing the washing conditions.

FIGURE 6. Response surface of total 
protein concentration vs. variation of 
incubation time and the pH solubili-
zation on establishing the washing 
conditions.

FIGURE 4. Response surface of total protein concentration vs. variation of IB concentration 
and the pH solubilization on establishing the washing conditions.

Inclusion Body 
Solubilization

In the preliminary study for the 
establishment of alkaline solubili-
zation conditions, it was observed 
that with increasing pH and the 
concentration of IBs, the total pro-
tein concentration was increased 
too (Figure 4).

Despite not obtaining an opti-
mum zone, we felt it was not 
convenient to continue evalu-
ating higher IB concentrations. 
The protein concentration levels 
obtained with the highest con-
centration of IBs (and maximum 
pH value) were considered favor-
able enough to proceed with the 
establishment of the process (it 
was not necessary to dilute or 
concentrate, ensuring one less 
step in the process). For this rea-
son, we decided to set the alkaline 
solubilization of IBs at a concen-
tration of 60 g/L.

The other variable analyzed 
was the purity of the protein 
MY32/Ls  in the supernatant. 
Figure 5 shows that as the solubi-
lization pH increases, the MY32/Ls 
purity decreases. Therefore, it 
was necessary to optimize the 
solubilization time. Only the 
MY32/Ls purity was determined 
from pH 10.0.

For the next study, the IB con-
centration of 60 g/L and the pH 
zone between 10.5 and 12.5 was 
established. The solubilization 
time was evaluated for a maxi-
mum of two hours. Figure  6 
shows how, in the ranges of the 
evaluated variables, a maximum 
concentration of total protein at 
pH 12.5 is yielded between one 
and two hours. However, within 
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FIGURE 8. SDS-PAGE of the evaluation of time and pH in the solubili-
zation of IBs. Lane 1: 0 h; Lane 2: 0.33 h; Lane 3: 0.5 h; Lane 4: 0.67 h; 
Lane 5: 0.83 h; Lane 6: 1 h; Lane 7: 1.5 h; Lane 8: 2 h.

optimized washing and solubilization conditions and outcomes 
are shown in Table 1.

Refolding  Protein
One of the main advantages of alkaline solubilization is in 

the subsequent refolding step. Taking into account that alkaline 
conditions have no severe reducing effects in proteins, and emu-
lating the native structure is the best possible outcome. Patra 
et al.[23] wrote that the renaturation of proteins is achieved with 

FI G U R E 7.  Response sur face of 
MY32/Ls purity vs. variation of incuba-
tion time and the pH solubilization on 
establishing the washing conditions.

two hours, the declining trend of MY32/Ls purity, 
through the effects of pH, begins to appear (Figure 7).

The behavior of MY32/Ls purity can be seen in 
Figure 7. It is shown that, unlike the response to total 
protein concentration, a maximum MY32/Ls purity at 
pH values between 12.0 and 12.5 is achieved between 
one and two hours.

In Figure 8, we can see the SDS-PAGE performed 
in this study. Observing the behavior of proteins solu-
bilized at pH 10.5, it is seen how the two contaminant 
bands (framed in black) are in the majority versus the 
MY32/Ls protein monomer. This feature can be used 
as a strategy to modify the fourth wash, thus remov-
ing contaminating proteins from the API.

The established model allowed us to optimize 
the solubilization time. For best results, constraints 
were set—lower losses of the protein of interest and 
a maximum of contaminants with the fourth wash  
(pH: minimum ***; time: 0.33–2.00 hours ***; total 
protein concentration in the supernatant: the range 
evaluated ***; and the supernatant MY32/Ls purity: 
minimum *****. [* = the level of significance]). The 
least losses of protein of interest and a maximum 
of contaminants in the solubilization step (param-
eters: in the range evaluated ***; total protein 
concentration in the supernatant: ***; and highest 
purity in the supernatant: maximum *****. [* = the 
level of significance]). As determined by this study, 

TABLE 1. Optimized fourth wash conditions and outcomes.

Steps pH Time Total Protein Concentration Purity Desirability

Washing Conditions 10.5 0.33 h 0.88 mg/mL 10.0 % 85.3%

Solubilization Conditions 12.5 1.50 h 6.00 mg/mL 51.6% 99.5%

Purification Process Development for MY32/Ls Protein Solubilizing Inclusion Bodies for Vaccine Use
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FIGURE 9. Total protein concentration behavior (soluble) in the supernatant 
for the establishment of refolding by pH change. (Data comparison based 
on 95% confidence with non-parametric-based test.)

regarding the total protein recov-
ery. This result states that the final 
pH would be 8.5. Previous reports 
showed pH values used for vac-
cination of salmon with different 
products and/or APIs that are below 
the selected value in this work. The 
salmon muscle has a pH of 7.52[36], 
and the works published by Traxler 
et al.[37] and Larsen et al.[38] used pH 
7.4 and 7.5 respectively, taking into 
account the pH of the inoculation 
point. Only one study of the con-
sulted literature documented the 
use of a pH near 8.5, and in this case, 
their pH was 8.0.[39] Other authors 
have not reported the specific pH 
of the inoculation solution.[40] 

The API final formulation would 
pass through an emulsion of water 
in oil, wherein the release (and its 
features) is done in a controlled 
manner. The controlled release 
ensures that the characteristics 
of the API easily dissipate into the 
salmon muscle, and in case of affec-
tations, they will be minimal.

Bioprocess Evaluation
Based on the results obtained 

at laboratory scale, the purification 
process was established (Table 2). 

pH reduction. This study allowed us to perform 
a sweep of pH. Figure 9 shows the behavior of 
the total protein concentrations in solutions with 
decreasing pH. The data were grouped by trend, 
showing two sets of data. One group shows a 
range of pH from 8.5–12.5 where there is no 
statistically significant difference in most of the 
data (with 95% confidence), except at pH 12.5. 
This difference could be due to an interference 
in the determination of total proteins in alkaline 
pH (the bicinchoninic acid [BCA] protein assay 
solution has a pH of 11.5). The second group of 
data showed a statistically significant difference 
between most of the data, except between pH 6.0 
and 7.0.

The difference between pH 8.0 and 8.5 can 
give a measure of proximity of the real isoelectric 
point. This feature makes this area very sensitive 

TABLE 2. Proposal for the non-chromatography 
purification process to obtain the API against the sea lice.

Steps Description

Inoculum/Fermentation IPTG induction, fed-batch fermentation

Separation (centrifuge) 18,000 ×g, 1.0 h

Rupture Disrupt with glass beads, 150 g/L (wet biomass)

Separation (centrifuge) 18,000 ×g, 0.5 h

Wash 1 Moderate agitation 1.0 h, 100 g/L (wet biomass), 1% Triton X-100, 
0.75 M NaCl, 6.06 g/L Tris–1.18 mL/L HCl, 1.86 g/L EDTA, pH 8.0

Separation (centrifuge) 18,000 ×g, 0.17 h

Wash 2 Moderate agitation 1.0 h, 100 g/L (wet biomass), 1% Triton X-100, 
0.75 M NaCl, 6.06 g/L Tris–1.18 mL/L HCl, 1.86 g/L EDTA, pH 8.0

Separation (centrifuge) 18,000  ×g, 0.17 h

Wash 3 Moderate agitation 1.0 h, 100 g/L (wet biomass), 0.75 M NaCl, 
6.06 g/L Tris–1.18 mL/L HCl, 1.86 g/L EDTA, pH 8.0

Separation (centrifuge) 18,000 ×g, 0.17 h

Wash 4 Moderate agitation 0.33– 0.5 h, 100 g/L (wet biomass), 6.06 g/L 
Tris, 40 g/L NaOH, 1.86 g/L EDTA, pH 10.5

Separation (centrifuge) 18,000 ×g, 0.17 h

Solubilization Moderate agitation 1.5 h, 60 g/L (wet biomass), 6.06 g/L Tris, 
1 M NaOH, 1.86 g/L EDTA, pH 12.5

Separation (centrifuge) 18,000 ×g, 0.5 h

Refolding Moderate agitation 0.5–1.0 h, 6.06 g/L Tris, 82.8 mL/L HCl, 
1.86 g/L EDTA, pH 8.5

Separation (centrifuge) 18,000 ×g, 1.0 h

API Sartobran® (Sartorius Stedim Biotech) capsules 0.2 µm, 4°C

Purification Process Development for MY32/Ls Protein Solubilizing Inclusion Bodies for Vaccine Use

http://www.sartorius.com


 Spring 2015 BioProcessing Journal www.bioprocessingjournal.com56

The evaluated process demonstrated applicability. 
Figures  10 and 11 show SDS-PAGE and Western blot 
exhibiting the output currents of the process.

A positive recognition of the bands corresponding to 
monomers and dimers is evident both in the pattern and in 
the purified APIs. It should be noted that in lanes 9 and 10, 
higher structural conformations (≥ 75 kDa) are recognized. 

This may correspond to the presence of trimers, tetramers, 
and other multimers. Table 3 shows the average values of 
total protein concentration and mass, purity percentages, 
and the corresponding quantities.

The rupture and washing steps (first, second, and third) 
behaved as expected, but the fourth wash did not. The 
supernatant from the fourth wash can be observed in 

Purification Process Development for MY32/Ls Protein Solubilizing Inclusion Bodies for Vaccine Use

FIGURE 10. SDS-PAGE for the evaluation of the proposed process of obtaining the 
API by the solubilization of IBs. Lane 1: molecular weight marker; Lane 2: positive 
control (CIGB Havana); Lane 3: rupture supernatant; Lane 4: wash 1 supernatant; 
Lane 5: wash 2 supernatant; Lane 6: wash 3 supernatant; Lane 7: wash 4 supernatant; 
Lane 8: solubilization supernatant; Lanes 9 and 10: APIs.

FIGURE 11. Western blotting for the evalu-
ation of the proposed process for obtaining 
the API by the solubilization of IBs with the 
antibody anti-His6. Lane 2: positive control 
(CIGB Havana); Lanes 9 and 10: APIs.

TABLE 3. Mass balance using the average values of the total protein concentration and purity of MY32/Ls.

STARTING MATERIAL: 52.8 g TOTAL PROTEIN MASS: 7392 mg MY32/Ls: 3696 mg

Sampling Volume (mL) Total Protein 
Concentration (mg/mL)

Total Protein 
Mass (mg) Purity (%) MY32/Ls (mg)

Rupture supernatant 512.0 7.480 3829.8 19 720.76

Wash 1 supernatant 450.0 2.290 1030.5 22 225.68

Wash 2 supernatant 422.0 0.420 177.2 16 28.89

Wash 3 supernatant 315.0 0.150 47.3 25 11.68

Wash 4 supernatant 285.0 0.394 112.3 45 50.19

Solubilization supernatant 521.4 4.720 2461.0 55 1353.55

API (monomer) 556.2 3.780 2100.2 55 1155.12

API (monomer + dimer) 556.2 3.776 2100.2 74 1554.16
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FIGURE 12. Immune response in mice to the purified API process described in this study. 
(Data comparison based on 95% confidence with non-parametric-based test.)

Purification Process Development for MY32/Ls Protein Solubilizing Inclusion Bodies for Vaccine Use

lane 7. In addition, it can be seen that the purity level of 
the representative bands is over 45%, a negative effect 
that was not present when establishing the step initially. 
Upon analyzing the operating conditions, we concluded 
that this phenomenon is mainly due to the efficiency 
achieved in the homogenization of the IB suspension. 
Taking into account the low protein concentration in wash 
four's supernatant, a re-optimization is not advised—
instead it is a recommendation for assessment. When 
establishing the process for production-scale, the time 
between 0 and 0.33 hours should be included in the 
optimization range. By studying the results shown in 
Table 3 (and also Figure 3), it is apparent that there are 
significant losses in the theoretical mass of MY32/Ls in 
the rupture step (19.5%) and the first wash supernatant 
step (6.1%). Both losses may be associated with the 
initial, high-energy cell disruption process using glass 
beads. In this case, while establishing the production-
scale process, each pass through the bead mill should 
be evaluated. Then the exact number of passes required 
could be established, bearing in mind that before the 
mechanical rupture, thawing achieves significant cell 
rupture initially. The value of the MY32/Ls purity in the 
solubilization supernatant was set equal to the value 
of the API, although in SDS-PAGE, it is not appreciated 
by the effect of pH (12.5). The densitometric analysis of 

SDS-PAGE showed a monomer purity of 55%, represent-
ing a mass of 1155 mg and a 31.3% recovery. In the API, 
in which the presence of dimer was quantified, a mass 
equivalent to 1554 mg was obtained, which is equivalent 
to a 46 % recovery.

The evaluation of this study's bioprocess design shows 
0.0414 g/g of wet biomass, when monomer is quantified 
for MY32/Ls, and 0.0557 g/g of wet biomass when quan-
tifying the monomer and dimer productivity. This could 
be increased if losses are minimized in the process of cell 
rupture and the first washing.

API Immune Response
Figure 12 shows the MY32/Ls IgG titers 14 and 28 days 

after the first immunization. No significant differences 
between the controls evaluated (positive and negative) 
were found at day 14, while the purified API showed higher 
titers as compared to both controls. At day 28, the purified 
API also showed the highest IgG titers, about 37 times 
more than the positive control. Differences between nega-
tive and positive controls were also found after booster 
administration. Thus, these results demonstrate the posi-
tive influence of solubilization by pH plus the presence of 
Tween 80 as a stabilizer. Because the design process has 
proven to be successful, the use of the API obtained for 
salmon treatment is recommended.
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Conclusions

Through the optimization of the MY32/Ls purification 
process, the ideal washing buffer was achieved. The final 
composition included 10 g/L Triton X-100, 43.8 g/L NaCl, 
6.06 g/L Tris–1.18 mL/L HCl, and 1.86 g/L EDTA. Two washes 
were defined with this optimized composition. We also 
established a third wash with optimized composition, but 
without the presence of Triton X-100. For the fourth wash, 
a pH of 10.5 was defined. In the first three washes, the 
incubation time was one hour and the fourth wash was 

0.33 hour. Additionally, alkaline solubilization at pH 12.5 and 
1.5 hours of incubation time was optimized. In all cases, the 
settings of optimization constraints responded to the char-
acteristics desired in each case. The refolding by pH change 
reached a final pH of 8.5. Based on the results obtained, a 
MY32/Ls recovery of over 30% was achieved and productiv-
ity exceeded 40 mg of MY32/Ls per gram of wet biomass. 
The immune response to the API in mice resulted in 37 times 
higher IgG titers compared to the positive control employed.
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