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ABSTRACT: Shigella is the etiological agent 

of shigellosis. Antimicrobial peptides and 

proteins are biologically active substances 

produced by prokaryotes and eukaryotes that 

may present antagonistic activity against a 

wide range of microorganism. In this study, the 
intracellular extract of a Shigella sonnei isolate 

was precipitated with 75% ammonium sulfate 
and puri昀椀ed by sequential chromatography 
steps using ion exchange, molecular exclusion, 

and reversed-phase columns. Analysis by 

mass spectrometry identi昀椀ed three substances 
with molecular masses of 7.2, 9.2 and 10.7 
kDa, active against another Shigella sonnei 

isolate. The amino acid sequences of the active 
substances were evaluated with the aid of BLAST 
- P software. The antagonistic substances were 
identi昀椀ed, respectively, as 50S ribosomal protein 
L29 of Escherichia coli, DNA-binding protein HU-
beta and ribosome hibernation promoting factor 

both of Shigella sonnei. Data demonstrated that 
Shigella sonnei synthesizes three antimicrobial 

substances that present other classical functions, 

active against another isolate of the same 

species.
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INTRODUCTION  

Shigella is a genus of Gram-negative enteric pathogens including four species, 

Shigella sonnei, S. 昀氀exneri, S. dysenteriae, and S. boydii, that are heterogeneously worldwide 
distributed (Puzari et al. 2018; Sheikh et al. 2019). All of them are agents of shigellosis, 

a disease that affects about 165 million people around the world with approximately one 
million deaths per year, mostly children from underdeveloped regions (González-Torralba 
et al. 2018; McCrickard et al. 2018; Aslam and Okafor, 2019). When infected, the individual 
may present from watery diarrhea to a severe in昀氀ammatory disease, with abscesses and 
ulcerations in the mucous intestinal membrane. The infection is also characterized by 
abdominal pain, anorexia, vomiting, fever, and mucous bloody feces (Niyogi 2005; Phalipon 
and Sansonetti, 2007; Marteyn et al. 2012; Carayol and Nhieu, 2013; Nygren et al. 2013; 

The et al. 2016; Kotloff et al. 2018; Aslam and Okafor, 2019). In some cases, the patient may 
develop sequelae after infection healing, such as arthritis, sepsis, seizures, and haemolytic 

uremic syndrome (Duggan and Mostowy, 2018). The development of resistance to antibiotics 
by Shigella is an emerging problem and according the World Health Organization (WHO), 
Shigella is among the twelve pathogens that require urgent intervention, such as discovery 
and development of new antibiotics targeting the organism (WHO report, 2017; Duggan and 
Mostowy, 2018; Micoli et al., 2022).

Antimicrobial proteins and peptides may be synthesized by several organisms 

including prokaryotes and both upper and lower eukaryotes (Wilson et al. 1999; Nuding 
et al. 2007; Meyer-Hoffert et al. 2008; Hegedus and Marx, 2013; Saggese et al. 2022). 

Examples of such compounds synthesized by ribosomes active against bacteria, fungi, 

and viruses include defensins produced by vertebrates, arthropods, and plants (Bulet et 

al. 1999; Ganz, 2003; Wilson et al. 2016); cecropin (Ouyang et al. 2015) and drosomycin 
(Bulet et al. 1999 ; Lee et al. 2002a) synthesized by insects; magainin II and ranatuerin 2Mb 
produced by amphibians (Rollins-Smith, 2009); bacteriocins expressed by Gram-negative 
(Rebuffat 2011; Micenková et al. 2016) and Gram-positive bacteria (Rea et al. 2011; Ha, 
2016); histone-like proteins produced by 昀椀shes (Park et al. 1996; Noga et al. 2001; Bergsson 
et al. 2005), toads (Cho et al. 2009), and bacteria (Carvalho et al. 2010); ribosomal proteins 

synthesized by mice (Meyer-Hoffer et al. 2008), 昀椀shes (Bergsson et al. 2005), and bacteria 
( Putsep et al. 1999; Lee et al. 2002a,b; Carvalho et al. 2010, 2018).

Antimicrobial peptides (AMPs) are generally substances made up of as many as 100 
amino acids with cationic or anionic charges, although anionic peptides are less commonly 
reported (Bahar and Ren, 2013; Leite et al. 2019). The attraction between the antimicrobial 
peptide and the target bacterium culminates in formation of electrostatic bonds between 
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either the anionic or the cationic portions of the peptide with the bacterium (Brogden, 2005). 
Thus, anionic AMPs are generally rich in glutamine and aspartic acid and some of the use 
metal ions, as zinc, to create cationic salt bridges with negatively charged substances of 
microbial membranes, which allows its penetration by the membrane and acting against 
intracellular components, such as ribosomes (Jeżowska-Bojczuk and Stokowa-Sołtys, 
2018). Already the cationic AMPs are attracted to the anionic structures of the bacterial wall, 
such as anionic phospholipids and phosphate groups on lipopolysaccharide (LPS) of Gram-
negative bacteria and the teichoic acids on the surface of Gram-positive bacteria (Brogden, 

2005; Jenssen et al. 2006). After this contact, it translocate the bacterial cell wall and may 
act against the bacterial target, which may be the cytoplasmic membrane and intracellular 
components (Brogden, 2005; Jenssen et al. 2006; Bahar and Ren, 2013) In this study, 
we puri昀椀ed three antibacterial substances produced by S. sonnei that express antagonism 

against an isolate of the same species.

MATERIAL AND METHODS

Bacterial strains

Two strains of S. sonnei, named as SS9 and SS12 were included in the study as 
producer of antagonist substance(s) and indicator of antagonism expression, respectively. 

They were obtained from fecal specimens of children presenting acute diarrhea who 
searched for assistance at Hospital Infantil João Paulo II, Belo Horizonte, Brazil (Sousa et 
al. 2010). Bacterial isolates have been kept in Brucella Broth (BBL, Sparks, MD, USA) added 
with 10% glycerol (v/v) at -80 °C. Before use, they were cultivated for three consecutive 
days in Tryptic Soy Agar (TSA; Difco, Sparks, MD, USA) at 37 °C, for 24 h, in aerobiosis 
(Sousa et al. 2010).

Isoantagonist activity assay
Antimicrobial activity of SS9 against SS12 was con昀椀rmed by the double-layer 

diffusion test (Farias et al. 1994; Sousa et al. 2010). Ten microliters of SS9 culture was 
spotted onto the surface of TSA. After drying of the drop the plate was incubated at 37 °C, 
for 24 h, in aerobiosis. The viable cells were eliminated with chloroform vapor for 30 min 
followed by keeping the plate partly open, in sterile environment, for evaporation of residual 
chloroform. The plate was covered with 3.5 mL of semisolid TSA (TSB + 0.7% agar) added 
with 10 µL of a 24h culture of the SS12 and incubated as described above. The positive 
result for isoantagonistic action was determined by observation of an inhibition halo around 
the spot of SS9.

Intracellular protein extraction

Colonies of S. sonnei SS9 obtained from the third day of cultivation were inoculated 
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in 60 mL of Tryptic Soy Broth (TSB; Difco) and incubated at 37 ºC, for 24 h, under aerobic 
conditions. After this period, the culture was added to 1,740 mL of TSB and incubated at 
37 °C, in aerobiosis. After 12 h, the culture was centrifuged at 16,200 g, for 30 min, at 4 

°C and the sediment was suspended in 20 mmol.L-1 Tris-HCl buffer, pH 8.0, centrifuged 
and resuspended in the same buffer. The suspension was sonicated at 50 W for 12 cycles 
of 1 min with 30 s intervals, in an ice bath. After that, the material was centrifuged and 
the supernatant was kept in an ice bath and undergone protein precipitation by means of 
ammonium sulfate addition (concentrations 0-30 and 30-75% p/v; Vetec, Duque de Caxias, 
RJ, Brazil). After centrifugation at 29,830 g, for 30 min, at 4° C sediments were dissolved in 
the same buffer, generating the intracellular extracts named as C-30 and C-75. C-75 was 
dialyzed against the same buffer at 4°C overnight, aliquoted, and kept at -80 °C (Moreira, 

2011, Sousa et al. 2013).

Evaluation of antagonism expression, titration and determination of protein 
concentration

Antagonism expression was evaluated by the double-layer diffusion test. A 10 μL 
aliquot of C-75 was dripped onto the surface of TSA. After exposure to chloroform vapor for 
30 min and evaporation of residual chloroform, 3.5 mL of semisolid TSA added with 10 µL of 
a 24 h culture of the indicator strain was poured over TSA layer. After incubation at the same 
conditions described before, the presence of inhibition zones was considered indicative of 
antagonistic activity. Tris-HCl buffer and ultrapure water were employed as controls (Booth 
et al. 1977; Sousa et al. 2013).  The assay was used to determine the antagonistic activity 
of the samples obtained from the puri昀椀cation steps.

C-75 and the pools of the fractions of chromatography on ion exchange and molecular 

exclusion columns were titrated through serial dilutions in ultrapure water and tested for 
antagonistic activity. Results were expressed as arbitrary units per milliliter (AU.mL−1) which 
is de昀椀ned as the highest dilution that results in a clear zone of inhibition of the indicator 
strain (Batdorj et al. 2006).

Protein concentration of C-75 and the pools of the fractions of chromatography on ion 
exchange and molecular exclusion columns were determined according to the methodology 
described by Bradford (1976) using bovine serum albumin (Sigma-Aldrich, St. Louis, MO, 
USA) as standard.

Purification of antibacterial peptides

C-75 was submitted to sequential chromatography steps as speci昀椀ed. The 昀椀rst 
puri昀椀cation step was performed in a Mono-Q™ ion exchange column, Tricorn 5/50 GL™ 
(GE Healthcare, Uppsala, Sweden) coupled to a FPLC system (Pharmacia, GMI, Ramsey, 
MN). The column was previously equilibrated in 20 mmol L-1 Tris-HCl buffer, pH 8.0, at 
a 昀氀ow rate of 60 mL.h-1. For elution, the same buffer with addition of 1 M of NaCl was 
used in a linear gradient from 0-100% in 60 min with detection at 280 nm. Fractions were 
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collected, lyophilized, re-suspended in ultrapure water, and assessed for antagonist activity. 
Selected fractions were combined into a pool that was submitted to a Superose 12HR 10/30 
molecular exclusion column (Pharmacia Biotech, Piscataway, NJ, USA) coupled to a FPLC 
system. The mobile phase was Tris-HCl buffer, pH 8.0, at a rate of 30 mL.h-1. Fractions were 
monitored at 280 nm. The fractions were lyophilized, solubilized, and tested concerning 
their antagonism expression. Selected pools of fractions were separately chromatographed 
in a C8-Supelco reversed-phase column (4,6 mm x 25 cm, 5 µm) coupled to an HPLC 
(Shimadzu Prominence, Kyoto, Japan) system. The column had been previously eluted with 
H

2
O:ACN:TFA (20:80:0.1, by volume) and equilibrated with H

2
O:TFA (100:0.1, by volume). 

The fractions were eluted with at a 昀氀ow rate of 1.0 mL.min-1, with the following solvent 
conditions: H

2
O:TFA (100:0.1) for 10 min, followed by a linear gradient to H

2
O:ACN:TFA 

(20:80:0.1) during 30 minutes and an isocratic condition at H
2
O:ACN:TFA (20:80:0.1) for 

40-45 min. The fractions were monitored at ƛ 220 and ƛ 280 nm. They were lyophilized, 
solubilized, and tested concerning their antagonism expression. Selected fraction and pool 
were separately injected into a C18-SephasilTM Peptide reversed-phase column (4,6 mm 
x 25 cm x 5 µm) coupled to HPLC, following the same protocol described for C8 column. 
Active fractions analyzed by mass spectrometry (Moreira, 2011).

Mass spectrometry
Fractions and puri昀椀ed proteins were lyophilized, and solubilized in 0.1 % TFA 

solution. Then, 1 µL of protein solution was mixed to 3 µL of matrix solution (α-cyano-4-
hydroxycinnamic acid, α-CHCA,), which was prepared at 50 mmol/L in in H

2
O:ACN:TFA 

(1:1:0.3, v:v:v). This mixture spotted onto the MALDI acquisition plate (MTP Anchor Chip 
384 x 600, Bruker Daltonics, Billerica, MA, USA) that was kept at room temperature. For 
determining the protein molecular mass, an Auto昀氀ex® III MALDI-TOF/TOF spectrometer 
(Bruker Daltonics) was operated in the positive linear mode. For external linear calibration, 
either Peptide Calibration Standard II, or Protein Calibration Standard I (Bruker Daltonics) 
were employed. Mass analysis ranged from m/z 500 to m/z 4000 for peptides and from 
m/z 4,000 to m/z 20,000 for proteins, using the respective voltage parameters determined 

by Bruker Daltonics. Partial peptide sequences employed for protein identi昀椀cation were 
obtained by in-source dissociation (ISD-MALDI) in an Ultra昀氀ex III mass spectrometer 
(Bruker Daltonics).  As matrix, a solution of 1,5-diaminonaphthalene at 60 mmol/L was 
prepared in H

2
O:ACN:TFA (1:1:0.3, v:v:v). This solution (1 µL) was mixed with an aqueous 

solution (1 µL) of the puri昀椀ed proteins and spotted onto the MALDI acquisition plate. The 
following analytical voltage parameters were employed:  ion source 1, 25.00 kV; ion source 
2, 22.40 kV; lens, 9.40 kV; re昀氀ector, 26.50 kV; re昀氀ector 2, 13.46 kV. The m/z values are not 
calibrated. One analyzed the results by using the Flex Analysis program (Bruker Daltonics).
Amino acid sequencing of the antagonist substances 

The sequence of amino acid residues of the puri昀椀ed antibacterial substances was 
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determined by fragmentation Lift and ISD on a mass spectrometer. Sequences obtained 
were analyzed by comparison with known protein sequences using the BLAST-P software.

RESULTS AND DISCUSSION

S. sonnei SS9 is able to produce proteic antagonist substances active against the 
same species. Following lysis by sonication and protein precipitation, it was possible to 
recover 23 mL of C-75. The extract was active against SS12, with an antagonistic activity 
titer 3.60 x 1018 AU/mL and a protein concentration of 113 mg/mL. The high titer obtained is 
important considering that loss of material should be expected as a result of chromatographic 

processes employed for puri昀椀cation.
C75 was subjected to puri昀椀cation by chromatographic sequential steps. The pools 

of the selected active fractions obtained from ion exchange and molecular exclusion 

chromatography were analyzed by titration of the antagonistic action, volume and protein 
dosage (Tab.1). The same parameters were not analyzed for the samples obtained from 
reversed-phase chromatography steps due to the reduced amount of material obtained. 

Forty active fractions were recovered from the ion exchange column. Among them, fractions 
1 to 7 that presented positive or neutral liquid charge were pooled and submitted to molecular 
exclusion chromatography. Among the 25 fractions generated, 14 were active against SS12. 
Two pools including fractions 2 to 6 and 7 to 9 were subsequently submitted to reserved-
phase chromatography. Active fractions named B15 (P1) obtained from pool 2 to 6, C1 to 
C3 (P2) and C4 to C10 (P3) from pool 7 a 9 were re-chromatographed in Sephasil™ Peptide 
reversed-phase column. The active fractions 35 (F1), 34 (F2) and 34 (F3) generated by this 
last chromatographic step, originated from P1, P2 and P3, respectively, were eluted in 67%, 
64% and 64% acetonitrile, suggesting that they are hydrophobic molecules (Figs. 1, 2, 3).

Mass spectrometry analysis of sample F1 showed a puri昀椀ed active substance with 
molecular mass of 9,215 Da (Fig. 4). The following partial 昀椀fty-two amino acid residues sequence 
was obtained: MNKSQLIDKIAAGADISKAAAGRALDAIIASVTESLKEGDDVALVGFGTFAV. 

The sequence demonstrated 100% identity and query coverage with DNA-binding protein 
HU beta from S. sonnei, which is composed of 90 amino acid residues (Tab. 2). One must 
point out that the neither glutamine may be distinguished from lysine nor leucine may be 

distinguished from its isomer isoleucine in the MALDI mass spectrometry method employed.
The puri昀椀ed active sample F2 corresponded to a substance with a molecular mass 

of 10,742 Da (Fig. 5). The partial sequencing of the substance identi昀椀ed nineteen amino 
acid residues correspondent to the sequence LREFVTAKFAKLEQYFDRI, which presented 
100% identity and query coverage with ribosome hibernation   promoting factor from S. 

sonnei, a protein that is constituted of 95 amino acid residues (Tab. 2).
The sample F3 presented a puri昀椀ed substance with molecular mass of 7,271 Da. 

(Fig. 6). Sequence analysis of seventeen amino acids residues, SVEELNTELNLNLRKEF, 
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identi昀椀ed the substance as 50S ribosomal protein L29 of Escherichia coli, which is composed 
of 63 amino acid residues. The analysis demonstrated 83% identity e 100% query coverage 
with the reported sequence (Tab.2). 

Antimicrobial peptides present from 12 to 100 residues of amino acids which are 
usually cationic and amphiphilic. Regardless of their mechanism of action, the antibacterial 
action depends on the contact with the cell membrane promoted by electrostatic and 
hydrophobic interactions. Therefore, the 昀椀rst contact between the antimicrobial peptide and 
the target bacteria is given by the electrostatic interactions between the cationic peptide 
and the negatively charged component found in the bacterial envelope, as the phosphate of 

lipopolysaccharide and anionic phospholipids of Gram-negative bacteria or the lipoteichoic 

acid of Gram-positive bacteria. After their 昀椀rst contact, the hydrophobic interactions occur, 
by the insertion of the antibacterial peptide into the outer membrane of Gram-negative 

bacteria, which provides a perturbation that promotes the entry of the peptide into the 
periplasmic space. In the periplasmic space the peptide may integrate with the negatively 
charged lipids present in the monolayer of the cytoplasmic membrane, or they may cross 

the membrane and interact with intracellular compounds (Brogden 2005; Jenssen et al; 
2006, Bahar and Ren, 2013; Gupta et al. 2014; Seo et al. 2017; Jeżowska-Bojczuk and 
Stokowa-Sołtys, 2018).

Carvalho et al. (2010) puri昀椀ed a DNA-binding HV histone from Lactobacillus. 

sakei subsp. Sakei 23K supernatant that showed antagonistic action against Listeria 

monocytogenes and Enterococcus faecalis. The authors suggest that the antagonistic 
action of the substance may be due to the interaction of the molecule with DNA structure and 
replication. Similar results are known in the literature for a histone fragment, denominated 
as Buforin II, isolated from the gastric tissue of the Asian toad (Bufo bufo garagrizans). 

The molecule is able of crossing the cell membrane of the target bacterium and of strongly 
interacting with nucleic acids causing bacterial death (Park et al. 2000). Other peptides 
with antibacterial action derived from histones were also isolated, such as oncorhyncin 
II, oncorhyncin III, HLP1, and H2B from Oncorhynchus mykiss (Rainbow trout); hipposin-I 
from Hippoglossus hippoglossus (Atlantic halibut); and SAMP H1 from Salmo salar (Atlantic 

salmon) (Valero et al., 2013).

Another interesting result was obtained by Mryer-Hoffert et al. (2008). The authors 
isolated a ribosomal protein (L29) from mouse’s lung and small intestine that showed 
antagonist activity against intestinal and pulmonary microorganisms L. monocytogenes, 

Streptococcus pyogenes, E. coli, and different lineages of Pseudomonas aeruginosa. 

Similar data were obtained by Pidutti et al (2018), that isolated from the extracellular 
medium of  Lactobacillus salivarius SGL03 the L27 and L30 ribosomal proteins belonging to 

50S subunit that present antagonistc action against S. pyogenes, Streptococcus uberis and 

Enterococcus faecium. Furthermore, these two substances presented bactericidal action 
against S. pyogenes. Four ribosomal proteins and a translation initiation factor IF-1 peptide 
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of L. sakei were also active against Listeria spp., E. faecalis and L. sakei isolates (Carvalho 

et al. 2018). In addition, hemoglobin derived peptides Hbβ P1, P2, and P3 obtained from 
Ictalurus punctatus (Channel cat昀椀sh) showed antibacterial and antiparasitc properties 
(Ullal et al. 2008). Other hemoglobin derived peptide, denominated as SHβAP, presented 
antagonist activity against Gram-positive bacteria, such as Bacillus subtilis, Staphylococcus 

aureus, and Streptococcus iniae as well as Gram-negative bacteria, such as E. coli, P. 

aeruginosa, Salmonella enterica, S. sonnei, and Vibrio parahaemolyticus (Seo et al. 
2014). Astacin-1, a hemocyanin derived peptide originating from Pacifastacus leniusculus 

(Cray昀椀sh) also shows antibacterial action (Lee et al. 2003).
In conclusion, S. sonnei SS9 isolate is able to produce three proteic multifunctional 

compounds that express antimicrobial activity against other S. sonnei isolates. These 
substances may be candidates for new drugs against shigellosis. Other studies to evaluate 

their mechanism of action, stability, activity against indigenous microbiota and eukaryotic 

cells, among others, should be performed for verifying the biotechnological potential of 

these molecules.
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Fig.1 C18-SephasilTM Peptide reversed-phase column chromatography.  The inverse order for obtaining 
the sample is as follows: fraction B15 (P1) of C8-Supelco reversed-phase chromatography; a pool of 

fractions 2 to 6 of molecular exclusion chromatography, which  pool of fractions 1 to 7 of ion exchange 
chromatography; intracellular extract of S. sonnei SS9 precipitated at 75% ammonium sulfate. The 

fractions were eluted with at a 昀氀ow rate of 1.0 mL/min, with the following solvent conditions: H
2
O:TFA 

(100:0.1) for 10 min, followed by a linear gradient to H
2
O:ACN:TFA (20:80:0.1) during 30 minutes and an 

isocratic condition at H
2
O:ACN:TFA (20:80:0.1) for 40-45 min. The puri昀椀ed fraction 35 is highlighted.

Fig.2 C18-SephasilTM Peptide reversed-phase column chromatography. The inverse order for obtaining 
the sample is as follows: pool fractions  C1 to C3 (P2) of C8-Supelco reversed-phase chromatography; 
pool of fractions 7 to 9 of molecular exclusion chromatography; pool of fractions 1 to 7 of ion exchange 

chromatography; intracellular extract of S. sonnei SS9 precipitated at 75% ammonium sulfate. The 
fractions were eluted with at a 昀氀ow rate of 1.0 mL/min, with the following solvent conditions: H

2
O:TFA 

(100:0.1) for 10 min, followed by a linear gradient to H
2
O:ACN:TFA (20:80:0.1) during 30 minutes and an 

isocratic condition at H
2
O:ACN:TFA (20:80:0.1) for 40-45 min. The puri昀椀ed fraction 34 is highlighted. 
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Fig. 3 C18-SephasilTM Peptide reversed-phase column chromatography. The inverse order for obtaining 
the sample is as follows: pool fractions C4 to C10 (P3) of C8-Supelco reversed-phase chromatography; 
pool of fractions 7 to 9 of molecular exclusion chromatography; pool of fractions 1 to 7 of ion exchange 

chromatography; intracellular extract of S. sonnei SS9 precipitated at 75% ammonium sulfate]. C18-
Sephasil™ The fractions were eluted with at a 昀氀ow rate of 1.0 mL/min, with the following solvent 

conditions: H
2
O:TFA (100:0.1) for 10 min, followed by a linear gradient to H

2
O:ACN:TFA (20:80:0.1) 

during 30 minutes and an isocratic condition at H
2
O:ACN:TFA (20:80:0.1) for 40-45 min. The puri昀椀ed 

fraction 34 is highlighted. 

Fig. 4 MALDI mass spectrum of F1 sample, obtained in a Bruker Auto昀氀ex® equipment operated in 
the linear positive mode (Bruker Daltonics, Bilerica, MA). The inverse order for obtaining the sample 
is as follows: fraction 35 of C18-SephasilTM Peptide reversed-phase chromatography; fraction B15 

of C-8 Supelco reversed-phase chromatography; pool of fractions 2 to 6 of molecular exclusion 
chromatography; pool of fractions 1 to 7 of ion exchange chromatography.
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Fig. 5 MALDI mass spectrum of F2 sample, obtained in a Bruker Auto昀氀ex® equipment operated in the 
linear positive mode (Bruker Daltonics, Bilerica, MA). The inverse order for obtaining the sample is 

as follows: fraction 34 of C18-SephasilTM Peptide reversed-phase chromatography; pool fractions C1 
to C3 of C-8 Supelco reversed-phase chromatography; pool of fractions 7 to 9 of molecular exclusion 

chromatography; pool of fractions 1 to 7of ion exchange chromatography.

Fig. 6 MALDI mass spectrum of F3 sample, obtained in a Bruker Auto昀氀ex® equipment operated in the 
linear positive mode (Bruker Daltonics, Bilerica, MA). The inverse order for obtaining the sample is as 
follows: fraction 34 of C18-SephasilTM Peptide reversed-phase chromatography; pool fractions C4 to 
C10 of C-8 Supelco reversed-phase chromatography; pool of fractions 7 to 9 of molecular exclusion 

chromatography; pool of fractions 1 to 7 of ion exchange chromatography.
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Sample Volume
(ml)

Titration of the 
antagonistic 

action
(AU/ml)

Total 
activity
(AU)a

Pr
otein 

(mg/ml)

Total 
protein 

(mg)

Speci昀椀c 
activity 
(AU/mg)

C-75 23 3.6 x 1018 8.3 x 
10 19

113 2599 3.2 x 
1016

Pool of fractions 1 to 7 of 
Mono-Q™ ion exchange 

chromatography

8
1.4 x 1016

1.1 x 
10 17

24 192 5.7 x 
10 14

Pool of fractions 2 to 6 of 
Superose 12 molecular 

exclusion chromatography

3 2.5 x 104 7.5 x 104 17 51 1.5 x 103

Pool of fractions 7 to 9 of 
Superose 12 molecular 

exclusion chromatography

1.8 800 1.4 x 103 0.9 1.6 8.7 x 102

a: arbitrary unit

Tab. 1 Volume, titration of the antagonistic action, total activity, protein, total protein, speci昀椀c activity of 
the C-75 extract and the partially puri昀椀ed fractions produced by Shigella sonnei SS9

Mass spectrometry

Sample Experimental 
molecular 
mass (Da)

Amino acid 
sequence 
identi昀椀ed

Identi昀椀cation 
of the 

molecule

Amino 
acids

Identity Query 
coverage

Accession a Predicted 
isoelectric 

point b

F1
9,215 

MNKSQL 
IDKIAAGA 
DISKAAA 
GRALDAII 
ASVTESLK 
EGDDVAL 

VGFGTFAV

DNA-binding
protein HU-

beta (Shigella 
sonnei)

90 100% 100% WP_ 
052978778

8.9

F2 10,742 LREFVTA 
KFAKLE 
QYFDRI

Ribosome 
hibernation 
promoting 

factor (Shigella 
sonnei)

95 100% 100% WP_ 
052983145.1

6.3

F3 7,271 SVEEL 
NTELNL 
NLRKEF

50S ribosomal 
protein L29 
(Escherichia 

coli)

63 83% 100% WP_ 
023146509.1

9.5

a: The puri昀椀ed substances were identi昀椀ed by comparison with the deposited sequences on the Basic 
Local Alignment Search Tool (BLAST- P) program. (https://blast.ncbi.nlm.nih.gov)

b: The isoelectric point was determined using protein isoelectric point calculator website (http://
isoelectric.org/calculate.php)

Tab. 2 Identi昀椀cation of molecular mass, partial amino acid sequence and predicted isoelectric point of 
the puri昀椀ed antagonist substances F1, F2 and F3 synthesized by Shigella sonnei with isoantagonist 

action


