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Abstract. In Indonesia, there are an estimated 800-100,000 cases of typhoid fever, with 91 percent of cases being children aged 3 to 19
year old and 20,000 deaths occurring each year. Blood culture is the gold standard for diagnosing typhoid fever, but it has limitations
such as media and laboratory equipment, specimen volume, and examination time. However, the Academy of Pediatrics does not
recommend serology due to its low sensitivity. The purpose of this study was to determine the molecular properties of the protein pilli of
S. typhi that the findings can be used to develop a typhoid fever diagnostic reagent. The SDS-PAGE method was used, as well sequence
analysis with ProtParam, ProtScale, and PSIPRED. The SDS-PAGE profile reveals one major protein (42 kDa) and fourteen minor
proteins. The pili protein subunit 42 kDa had an amino acid sequence with a length of 390 aa, according to bioinformatics analysis.
According to the ProtParam results, the pili protein subunit 42 kDa has good stability with a value of 40 and is a hydrophilic protein
with an average GRAVY value of -0.950. PSIPRED results show that among the secondary structural elements, coil strand
predominates, followed by -helix and -strand. It is concluded that this protein is immunogenic and that it can be used to develop a more
specific and sensitive diagnostic reagent for typhoid fever.

Key words: Pili protein; Salmonella typhi; Major Protein; Typhoid fever

INTRODUCTION

Typhoid fever is an infectious condition that spreads throughout the body and is caused by the bacteria Salmonella
typhi (S. typhi) (Tran et al., 2017; Ajibola et al., 2018). This is one of the leading causes of mortality in many
underdeveloped countries, including Indonesia. Typhoid fever commonly exhibits non-specific clinical symptoms
comparable to malaria, dengue fever, influenza, leptospirosis, and Rickettsia infection, thus a definite diagnosis must be
verified by laboratory tests (Azmatullah et al., 2015; Arora et al., 2019).

Blood culture is widely recommended as a method for laboratory diagnosis, however its sensitivity ranges from 40 to
80 percent, not all laboratories have bacterial culture facilities, it is expensive, and it takes 2-3 days to complete (Ajibola et
al., 2018). Serological tests such as Widal are also often employed in laboratories because they are quick, easy, and
affordable, but their sensitivity and specificity are problematic due to the frequent sharing of epitopes between the antigens
of S. typhi, and other Gram-negative rods (Darmawati et al., 2015). It also makes use of a Rapid Diagnostic Test (RDT) for
antibody detection. Typhidot, Typhidot M, Typhi Rapid IgM, IgG IgM (Combo), and Tubex TF (anti LPS antibody
detection) are 50kDa outer membrane anti-proteins with a wide range of sensitivity and specificity (47-100%) (Ajibola et
al. , 2018).

As a result, other ways for acquiring specific antigens, such as the 42kDa protein component pili from Salmonella
typhi, must be explored. Pili which is made up of 14-15 protein subunits, is a tool for attachment to the surface of host
cells, which is the initial step in infection; pili proteins are also immunogenic.

The purpose of this study was to characterize the 42kDa subunit pili protein of Salmonella typhi by examining
physicochemical parameters such as amino acid composition, molecular weight, extinction coefficient, half-life, instability
index, isoelectric point (pl), grand average of hydropathicity (GRAVY), aliphatic index, and total number of positive and
negative residues, as well as secondary structure analysis.

MATERIALS AND METHODS
Culture and Identification of Salmonella typhi

The Bacteria Salmonella typhi strain used in this study was taken from a blood culture of a positive Widal patient.
For bacterial identification, APl 20E and APl 50CHB /E medium (Bio Merieux Inc.) were utilized (Darmawati, et al.,
2012). Bacterial cultures were cultured in biphasic medium (BHI Agar slant and BHI broth media) for 48 hours at 37°C
without agitation (Darmawati et al., 2019).
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Isolation and Separation of Pili Protein

Pili protein was isolated using the Ehara approach. After 48 hours, bacterial cultures on biphasic media were collected,
and a 3% concentration of Tricloro Acetid Acid (TCA) was added (6 mL TCA into 200 mL bacteria), held at room
temperature, and centrifuged at 3000 rpm for 20 minutes at 4°C. The pellets were washed twice with 10mL of 0.1M PBS
(pH 7.4) before being sliced for 3 minutes with a vortex super mixer and rested for 3 minutes before being repeated 5
times at 4°C. The resulting suspension was centrifuged for 20 minutes at 4°C at 3000 rpm, and the supernatant was protein
pili.

The pili protein profile was analyzed using the SDS-PAGE 12 percent procedure (Laemli, 1970) stained with 0.25
percent Coomassie Brilliant Blue R250 after purification with 40 percent ammonium sulfate.

SDS-PAGE, Sequencing and Bioinformatics Analysis of 42 kDa Subunit Protein
The pili subunit protein (major band) from SDS-PAGE was cut and sequenced. The sequenced peptide segments were
aligned using the Basic Local Alignment Search Tool Protein (BLASTP).

Physicochemical Analysis of 42 kDa Subunit Protein

Expasy ProtParam was used to examine physicochemical data such as amino acid composition, molecular weight,
extinction coefficient, half-life, instability index, isoelectric point (pl), grand average of hydropathicity (GRAVY),
aliphatic index, and total number of positive and negative residues (http://us.expasy.org/tools/protparam.html/).

Protein Hydrophobicity Analysis

Analysis of protein  hydrophilicity with the ExPASy SOSUI server (http://harrier.nagahama-i-
bio.ac.jp/sosui/sosui_submit.html), and ProtScale program application (http://web.expasy.org/protscale/). The
hydrophobicity of proteins was then determined using the HpHob./Kyte & Doolitle hydrophobic chart plot to predict
solvent-accessible regions and estimate hydrophobic sites.

Protein Secondary Structure Analysis

PSIPRED software was used to do secondary structure analysis on the EXPASYy server. For forecasting secondary
structure, this method is both easy and accurate. This program can estimate the secondary structure of proteins such as the
beta strand, alpha helix, and coil based on the amino acid sequence. PSIPRED features the DMPFold tool, which may be
used to see the three-dimensional structure of amino acid sequences.

RESULTS AND DISCUSSIONS

Profile of S. typhi Pili Protein Determined Using SDS-PAGE

Bacteria that have previously been discovered and cultivated are subsequently extracted pili proteins to separate pili
from bacteria. Pili protein dialysis was used to concentrate protein such that pure pili protein may be produced. The
findings of the pili protein isolation were subsequently subjected to SDS-PAGE in order to examine and characterize the
pili protein profile, as shown in Figure 1.
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Figure 1. SDS-PAGE analysis of S.typhi pili protein (M: Protein markers, 1-7 Pili proteins)


http://us.expasy.org/tools/protparam.html/
http://harrier.nagahama-i-bio.ac.jp/sosui/sosui_submit.html
http://harrier.nagahama-i-bio.ac.jp/sosui/sosui_submit.html
http://web.expasy.org/protscale/

127
128
129
130
131
132
133

134
135
136
137

138
139
140
141
142
143

144
145

146
147
148
149
150
151
152
153
154
155

156
157

158
159
160
161
162

Figure 1 shows the SDS-PAGE results, which show 15 protein bands of varying thicknesses. The protein concentration
is indicated by the thickness of the protein band. The thicker the protein band, the higher the concentration (Albert et al,
2002). Among these 15 bands, there is one band of thick protein subunits called major protein subunits with a molecular
weight of 42 kDa and 14 thin protein bands called minor protein subunits. According to Darmawati (2019), there are two
major protein subunits in the pili protein of S. typhi isolate BA07.4, namely 42 kDa and 87 kDa, and 14 minor bands using
serum extract BHI media, which serves to add nutrients for growth. bacteria and increase the growth rate (Darmawati, S.,
2019).

Pili protein 42 kDa is an immunogenic protein based on its protein weight. However, additional research, such as
immunoblotting and vaccination tests, are required to prove the imogenicity of this protein. Protein immunogenicity is
determined by several criteria, including the protein being a macromolecule with a complex chemical structure and having
foreign properties where the nature of the material is recognized as a foreign object (Tizard, 1987).

Sequencing of S. typhi Pili Protein

Sequencing analysis was performed to determine the amino acid sequence in the 42 kDa protein subunit of S.typhi.
The bands visible on SDS-PAGE (Figure 1) are cut and sequenced at Genetic Science in Tangerang, Banten, and the
sequencing results are analyzed at Bio Computing House in Bogor Indonesia. To obtain homologous values and genomic
information, the BLAST (Basic Local Alignment Search Tool) program was used to obtain alignment results (Figure 2).
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Figure 2. The 42 kDa subunit pili protein sequence of S. typhi

Salmonella enterica bacteria (Accession: EAA0576724.1) had the highest protein homolog value from the alignment
results, with a percentage similarity value of 100 percent identity and an E-Value of 0.0, and nine other sequences were S.
enterica bacteria with an identity similarity percentage value >99 percent and an E-Value of 0.0. Two proteins are said to
have structural similarities in homology and folding is based on sequence similarity, if they have a percent identity value
of at least 25% and an E-Value of 0.0 or 0.5. (Claverie and Notredame, 2007). The difference in nucleotide and amino acid
homology is due to the fact that not all nucleotide changes result in a change in amino acid sequence (Jose et al., 2009).

Gene information derived from the overall sequence of the 42 kDa subunit (Fig. 2) is part of the spore coat protein,
CotH, which is in the amino acid sequence 12,775 — 13,947 is a protein found in the spore coat (Figure 3).
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Figure 3. The 42 kDa subunit pili protein sequence of S. typhi contains information on the location of the spore coat
protein gene (CotH)

The protein CotH spore coat is found in the Spore Coat. Some adult eukaryotic and bacterial spores have a thick layer
beneath their perispores called the spore coat. Alvarez-Fraga et al. (2016) discovered that spore coat proteins are involved
in biofilm formation and bacterial attachment to the host in Acinetobacter baumannii strains (Alvarez-Fraga et al., 2016).
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Composition, Physicochemical and Hydrophobicity Analysis of 42 kDa Subunit Protein

The Expasy website's ProtParam program (http://us.expasy.org/tools/protparam.html) was used to analyze the primary
structure of the 42 kDa pili subunit protein, which included molecular weight, atomic composition, formula, atomic
number, instability index, aliphatic index, and GRAVY (Table 1 and Table 2).

Table 1. Amino acid composition of 42 kDa subunit protein

No Amino Percentage Content
Acid (%)
Composition
1 Ala (A) 4.4 Netral
2 Arg (R) 6.4 Positif
3 Asn (N) 5.1 Netral
4 Asp (D) 5.9 Negatif
5 Cys (C) 0.8 Netral
6 GIn (Q) 5.6 Netral
7 Glu (E) 6.4 Negatif
8 Gly (G) 74 Netral
9 His (H) 4.1 Positif
10 lle (1) 44 Netral
11 Leu (L) 6.4 Netral
12 Lys (K) 13.6 Positif
13 Met (M) 2.3 Netral
14 Phe (F) 2.3 Netral
15 Pro (P) 2.8 Netral
16 Ser (S) 5.9 Netral
17 Thr (T) 3.8 Netral
18 Trp (W) 1.3 Netral
19 Tyr (Y) 2.6 Netral
20 Val (V) 8.5 Netral

Further investigation of the Expasy website's ProtScale program (www.expasy.org) to determine the hydrophobic level

of the 42 kDa subunit protein (Figure 4).

Table 2. Physicochemical profile of 42 kDa subunit protein

Parameters Results
Jumlah asam amino 390
Berat molekul 44738.2
Nilai Titik 1so Elektrik 9.85
Komposisi Atom C (Carbon) 1961
Komposisi Atom H (Hidrogen) 3181
Komposisi Atom N (Nitrogen) 597
Komposisi Atom O (Oksigen) 577
Komposisi Atom S (Sulfur) 12
Formula C1961H3181N5970577S12
Jumlah Atom 6328

Estimasi Paruh Waktu
Indeks Instabilitas

30 hours (mammalian reticulocytes, in vitro)
31.42 (Protein stabil)
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Indeks Aliphatic 70.90
Grand Average of Hydrophaticity

(GRAVY) -0.95
Jumlah total residu negatif (Asp +
Glu) 48
Jumlah total residu positif (Arg + Lys) 78

Note: C = Carbon, H = Hydrogen, N = Nitrogen, O = Oxygen, S = Sulfur

According to Tables 1 and 2, the 42 kDa subunit pili protein of S. typhi has 390 aa amino acids with a molecular
weight of 44738.20 Daltons and 20 types of amino acids, with lysine (L) being the dominant amino acid and low amino
acids being cysteine (C). The ProtParam analysis (Table 2) revealed that the 42 kDa subunit pili protein of S. typhi had a
value >7, which was 9.85, indicating that the protein was basic. According to Shaw et al., (2001), protein with a pl value
of 7 is acidic, whereas protein with a pl value greater than 7 is alkaline. The isoelectric point (pl) is the pH of the protein's
surface. The protein purification process relies heavily on pl, which is used in the development of buffers for protein
purification (Wilkins et al., 2008).

The pili protein, a 42 kDa subunit, had a stability index of 31.42. (Table 2). Protein is predicted to be stable if it has a
stability index value of less than or less than 40 with a value range of 13.57 to 37.23, whereas protein is predicted to be
unstable if it has a stability index value greater than 40. (Guruprasad, 2019). The stability index is used to classify a
protein's stability and instability (Gangadhar et al, 2016, Sivakumar, 2010).

The aliphatic index of the 42 kDa subunit pili protein is 70.90 (Table 2), indicating that this protein is predicted to be
stable over a wide temperature range (thermostable). This result is consistent with previous research (Gangadhar et al,
2016), which mentions a high aliphatic index. The high range of 74.14 to 80.45 may be stable over a wide temperature
range, and (Sivakumar et al., 2007) mentions the aliphatic index of antifreeze protein, which ranges from 57.89 to 125.23
based on sequence comparisons of various varieties.

Table 1 shows that proteins with a high number of aliphatic side chains have Ala 4.4 percent, Val 8.5 percent, llu 4.4
percent, and Leu 6.4 percent of the amino acid composition. It is expected that Ala, Val, llu, and Leu will be thermostable
(Gangadhar et al, 2016, Gasteiger et al., 2005). The aliphatic index (Al), defined as the relative volume of protein occupied
by aliphatic side chains, was thought to be a positive factor in globular protein thermal stability. The GRAVY index of the
42 kDa subunit pili protein is -0.950 (Table 2), where the lower the GRAVY value, the better the protein's interaction with
water (Sivakumar et al, 2007). This result was also confirmed using the SOSUI program (http://harrier.nagahama-i-
bio.ac.jp/sosui/sosui submit.html), which revealed that this protein was water soluble.

ProtScale output for user_sequence

Hphob. 7/ Kyte & Doolittle

Score

Position

Figure 4. Plot graph of the HpHob./Kyte & Doolitle hydropathy protein of 42 kDa subunit protein S. typhi

Based on the ProtScale program results (Figure 4), the number of graphs that are less than 0 strengthens the results of
ProtParam and SOSUI. According to Kyte and Doolittle (1982), the hydropathic value ranges from -2 to +2, with the
higher (positive) hydropathic value indicating that the protein is more hydrophobic. Hydrophobicity is an important
physicochemical property to understand because it has the potential to be exposed to and interact with immunoglobulins
during the process of foreign protein expression in the host.

Secondary Structure of the 42 kDa subunit Protein Analysis

The secondary structure is used to determine the structure and function of the protein, which is dependent on the
secondary structure's prediction accuracy. The PSIPRED program on the www.expasy.org website was used to analyze the
secondary structure of the 42 kDa subunit pili protein. The protein structure is made up of folded polypeptide chains in the
shape of an alpha helix (H), which is a spiral shaped chain of amino acids, a strand/beta sheet (E), which is a chain in the
form of sheets composed of amino acids that are bonded to each other through hydrogen bonds, and other structures in the
shape of coils or coils (C), which resemble ropes (Figure 5).
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Figure 5. Secondary structure of the 42 kDa subunit protein of S. typhi

The results of this study (figure 5) show that the coil strand (elongated strand) dominates the secondary structural
elements with a percentage of 38.21 percent. The coil strand functions in flexibility and change, where the peptide bond is
not involved in intra-protein hydrogen bonding, and this structure can interact with water molecules, small ligands, or
other proteins (Filiz and Koc, 2014; Buxbaum, 2007). Then comes the alpha helix strand (-helix), which has a percentage
of 33.08 percent, followed by the strand, which has a percentage of 20.77 percent, and the beta strand (-strand), which has
a percentage of 7.95 percent. With t, the protein structure becomes more stable. Figure 6 shows an example of protein
structure prediction obtained by using DMPFold in the PSIPRED program.

DMPFold Structure

Figure 6. Secondary structure prediction of the 42 kDa subunit protein of S. typh
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Molecular characterization of a 42 kDa subunit pili protein of
Salmonella typhi causes typhoid fever

Blood culture is the gold standard for dlagnosmg typh0|d fever but it has I|m|tat|ons
such as media and laboratory equipment, specimen volume, and examination time. However, the Academy of Pediatrics does not
recommend serology due to its low sensitivity. The purpose of this study was to determine the molecular properties of the protein pilli of
Salmonella: typhi (S. typhi) that the findings can be used to develop a typhoid fever diagnostic reagent. The SDS-PAGE method was

used, as well sequence analysis with ProtParam, ProtScale, and PSIPRED. The SDS-PAGE profile reveals one major protein (42 kDa)
and fourteen minor proteins. The pili protein subunit 42 kDa had an amine-acidAA (AA) sequence with a length of 390 AAaa,
according to bioinformatics analysis. According to the ProtParam results, the pili protein subunit 42 kDa has good stability with a value
of 40 and is a hydrophilic protein with an average GRAVY value of -0.950. PSIPRED results show that among the secondary structural
elements, coil strand predominates, followed by -helix and -strand. It is concluded that this protein is immunogenic and that it can be
used to develop a more specific and sensitive diagnostic reagent for typhoid fever.

Keywords: Pili protein; Salmonella typhi; molecular characterizationajerpreteir; typhoid fever

INTRODUCTION

Typhoid fever is an infectious condition that spreads throughout the body and is caused by the Gram-negative
bacterium Salmonella gnterica subspecies enterica serovar typhi (S. typhi) (Tran et al., 2017; Ajibola et al., 2018). Typhoid

fever is usually contracted by ingestion of water or food contaminated by faecal or urinary carriers excreting S. Typhi.
This is one of the leading causes of mortality in many underdeveloped countries, including Indonesia. Globally, in 2010
typhoid fever was reported in 26.9 million cases (Buckle et al, 2012). World health organizationWHOS estimates the
incidence of typhoid fever at 21 million cases and approximately 161000 deaths (World Health Organization, 2018). In
Indonesia, in August 2002 and July 2004 typhoid fever is an endemic disease, with 81.7 cases per 100 000 people per year
for children aged 24-60 months 148.7 per 100 000 (Wain et al, 2015). Cases of typhoid fever in the city of Semarang
shows that there is always an infection every month and is a disease that often occurs in large numbers. Based on the
recapitulation of typhoid reports at the Semarang City Health Center, in 2015 there were 6,958 cases while in 2016 there
were 7,796 cases (Andayani and Arulita, 2018). Children (aged 5 to 15 years of age) are the most affected age group with
a peak incidence known to occur in individuals (Pitzer et al., 2014). Due to the high incidence of typhoid in developing
countries predominantly in Asia including Indonesia, prevention has become a global health priority (Jamka et al., 2019;
Sahastrabuddhe and Saluja, 2019).

Symptoms of typhoid infection include fever which lasts 1 to 4 weeks. Fever is accompanied by headache, chills,
abdominal pain, nausea, and dry cough (Paul and Bandyopadhyay, 2017). Typhoid fever commonly exhibits non-specific
clinical symptoms comparable to malaria, dengue fever, influenza, leptospirosis, and Rickettsia infection, thus a definite
diagnosis must be verified by laboratory tests (Azmatullah et al., 2015; Arora et al., 2019).

Blood culture is widely recommended as a method for laboratory diagnosis, however its sensitivity ranges from 40 to
80%-pereent, not all laboratories have bacterial culture facilities, it is expensive, and it takes 2-3 days to complete (Ajibola
et al., 2018). Serological tests such as Widal are also often employed in laboratories because they are quick, easy, and
affordable, but their sensitivity and specificity are problematic due to the frequent sharing of epitopes between the antigens
of S. typhi, and other Gram-negative rods (Darmawati et al., 2015). It also makes use of a Rapid Diagnostic Test (RDT) for
antibody detection. Typhidot, Typhidot M, Typhi Rapid IgM, 1gG IgM (Combo), and Tubex TF (anti LPS antibody
detection) are 50kDa outer membrane anti-proteins with a wide range of sensitivity and specificity (47-100%) (Ajibola et
al. 2018).

Pili in S. typhi have two basic types, namely short attachment pili and long conjugate pili. At the ends of the pili shafts
are adhesive end structures that are shaped according to specific glycoprotein or glycolipid receptors on the host cell. Pili
play a role in the adhesion (sticking) of bacteria to host cells. and can stimulate an immune response. Adhesion to host
cells is considered a key factor during bacterial pathogenesis (Darmawati et al, 2019; Darmawati et al., 2015).
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Pili are composed of pili protein which consists of several sub-units of pili protein. The pilin protein is encoded by the
pilus-S gene, which is classified into the pill operon. Pili contain proteins that are able to bind to sugar molecules that
make up cell membranes, called hemagglutinin proteins and proteins that can bind to host cell surface receptors called
adhesin proteins (Khater et al., 2015). Hemagglutinin protein is a lectin, which can interact with carbohydrates on the
surface of human erythrocytes specifically and is reversible, resulting in agglutination (clumping). Blood type A has N-
Acetyl-D-Galactosamine carbohydrates, blood group B has D-Galactose, and blood group O has L-fucose (Darmawati et
al, 2019).

Based on the results of an analysis of the pili protein conducted by Darmawati (2019) from isolates of S. typhi BA07.4
and S. typhi KD30.4, two main protein subunits measuring 87 and 42 kDa were observed on SDS-PAGE. Proteins that are
immunogenic have a molecular weight of 10-100 kDa (Parslow et al., 2001). Based on the hema-agglutination test, it was
found that pilus proteins from S. typhi BAO07.4 and S. typhi KD30.4 can agglutinate human erythrocytes in groups A, B,
AB and O because they are able to identify receptors on the surface of erythrocytes (Darmawati et al, 2019).

Research conducted by Darmawati (2015) showed that the hemagglutinin protein of the pili sub-unit of S.typhi isolates
at Kariadi Hospital Semarang was able to stimulate the formation of antibodies, and pili protein was an immonogenic
substance and needed for the attachment of bacteria to host cells (Darmawati et al, 2015) . Previous studies have looked at
the SDS-PAGE profile and tested the hemagglutination of S. typhi BA07.4

As a result, other ways for acquiring specific antigens, such as the 42kDa protein component pili from SalmeneHa-S.
typhi, must be explored. Pili which is made up of 14-15 protein subunits, is a tool for attachment to the surface of host
cells, which is the initial step in infection; pili proteins are also immunogenic. The purpose of this study was to
characterize the 42kDa subunit pili protein of SalmeneHa-S. typhi by examining physicochemical parameters such as
AAamino—acid composition, molecular weight, extinction coefficient, half-life, instability index, isoelectric point (pl),
grand average of hydropathicity (GRAVY), aliphatic index, and total number of positive and negative residues, as well as
secondary structure analysis.

MATERIALS AND METHODS

Culture and identification of Salmonella typhi
The Bacteria SalmeneHla-S. typhi strain BA07.4 used in this study was taken from a blood culture of a positive Widal

patient. bacterial Forbacterial-lidentification_use; APl 20E and APl 50CHB /E medium (Bio Merieux Inc.) were utilized
(Darmawati, et al., 2012). Bacterial cultures were cultured in biphasic medium (BHI Agar slant and BHI broth media) for
48 hours at 37°C without agitation (Darmawati et al., 2019). One bacterial colony on MC media was grown in 50 mL of
liquid BHI as a starter, then the culture was incubated for 24 hours at 37°C with agitation. After that, 50 mL of BHI
bacterial culture was added to 500 mL liquid BHI media and incubated for 6 hours at 37°C with agitation. Furthermore, the
culture was implanted into biphasic media (BHI so it tilted) as much as + 50 mL and incubated for 48 hours at 37°C
without agitation. The culture is ready to be harvested.

Isolation and separation of pili protein

Pili protein was isolated using the Ehara approach_(Ehara, 1987). After 48 hours, bacterial cultures on biphasic media
were collected, and a 3% concentration of trichloroacetic acidFriclere-Acetid-Aeid (TCA) was added (6 mL TCA into 200
mL bacteria), held at room temperature (for 10 minutes), and centrifuged at 3000 rpm for 20 minutes at 4°C. The pellets
were washed twice with 10mL of 0.1M PBS (pH 7.4) before being sliced for 3 minutes with a vortex super mixer and
rested for 3 minutes before being repeated 5 times at 4°C. The resulting suspension was centrifuged for 20 minutes at 4°C
at 3000 rpm, and the supernatant was protein pili.

The bacterial pili were then cut using a vortex supermixer with the step of 3 minutes the supermixer was turned on then
3 minutes the supermixer was turned off, this process was repeated 5 times with a temperature of 4°C. The results of the
cutting using a vortex supermixer were centrifuged and the supernatant was taken. In the protein dialysis process, 40%
ammonium sulfate was added to the supernatant (22 g ammonium sulfate in 50 mL supernatant), then the supernatant was
dissolved with a stirrer at 4°C until completely dissolved. Then the supernatant was centrifuged at 3000 rpm for 20 minutes
at 4°C, after which the pellet (sediment) was resuspended in 1 mL PBS pH 7.4. Pili protein suspension was put into the
dialysis bag. The dialysis bag was opened by boiling in distilled water with 3 drops of 10% EDTA added for 10 minutes
(Ehara et al., 1987). Dialysis of the pili protein suspension with PBS for 24 hours was carried out with the aim of removing
ammonium sulfate from the pili protein suspension, the dialysis solution was replaced 2 times. The pili protein profile was
analyzed using the SDS-PAGE 12 percentprocedure-0.25% coomassie brilliant blue (Banta et al, 2021) stained with
0.25%-pereent Coomassie Brilliant Blue R250 after purification with 40-pereent% ammonium sulfate.

SDS-PAGE, sequencing and bioinformatics analysis of 42 kDa subunit protein

The pili subunit protein (major band) from SDS-PAGE was cut and sequenced. Protein samples were heated for 5
minutes at 100°C in a buffer solution containing 5 mM pH 6.8 Tris HCL, 2-mercapto ethanol 5%, sodium dodecyl sulfate
2.5%, glycerol 10%, with Bromophenol Blue color. Then 20 L of the sample was pipetted into the gel well. The electrodes
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are installed according to the poles. The voltage used is 125 mV with a running time of 90 minutes. After electrophoresis,
dye with 0.05% (w/v) coomasive brilliant blue R-250 in 15% (v/v) methanol and 5% (v/v) acetic acid was heated in a
microwave for 15 seconds _and—Fhen incubated for 1 hour. The gel was rinsed by immersing it in a mixture of 30%
methanol and 10% acetic acid and incubated in a water bath for up to 2-3 hours. Then to determine the molecular weight
of the desired protein compared with protein markers whose molecular weight is known. The sequenced peptide segments
were aligned using the bbasic local alignment search tool protein (BLASTP).

Physicochemical analysis of 42 kDa subunit protein

Expasy ProtParam was used to examine physicochemical data such as amine-acidAA composition, molecular weight,
extinction coefficient, half-life, instability index, isoelectric point (pl), grand average of hydropathicity (GRAVY),
aliphatic index, and total number of positive and negative residues (http://us.expasy.org/tools/protparam.html/).

Protein hydrophobicity analysis

Analysis of protein  hydrophilicity with the ExPASy SOSUI server (http://harrier.nagahama-i-
bio.ac.jp/sosui/sosui_submit.html), and ProtScale program application (http://web.expasy.org/protscale/). The
hydrophobicity of proteins was then determined using the HpHob./Kyte & Doolitle hydrophobic chart plot to predict
solvent-accessible regions and estimate hydrophobic sites.

Protein secondary structure analysis

PSIPRED software was used to do secondary structure analysis on the EXPASy server. For forecasting secondary
structure, this method is both easy and accurate. This program can estimate the secondary structure of proteins such as the
beta strand, alpha helix, and coil based on the amire-acidAA sequence. PSIPRED features the DMPFold tool, which may
be used to see the three-dimensional structure of amine-acidAA sequences.

RESULTS AND DISCUSSIONS

Profile of S. typhi pili protein determined using SDS-PAGE

Bacteria that have previously been discovered and cultivated are subsequently extracted pili proteins to separate pili
from bacteria. Pili protein dialysis was used to concentrate protein such that pure pili protein may be produced. The
findings of the pili protein isolation were subsequently subjected to SDS-PAGE in order to examine and characterize the
pili protein profile, as shown in Figure 1.

M 1 2 3 4 5 6 7 (kDa)p 4 2 3 4 5 6 7
!%'&; 180 m—
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35 KDY g — — — — — — —

72 kDa e —_———_—_— — —
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55 kDa W —— ——— — —
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43kDa v _—,— e, e = ==
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26kDa — e m—— o —

——— — — — — —

Figure 1. SDS-PAGE analysis of S.typhi pili protein (M: Protein markers, 1-7 Pili proteins)

Figure-tshews-theThe SDS-PAGE results_showing; which show 15 protein bands of varying thicknesses. The protein
concentration is indicated by the thickness of the protein band. The thicker the protein band, the higher the concentration
(Sulistyarsi et al, 2012). Among these 15 bands, there is one band of thick protein subunits called major protein subunits
with a molecular weight of 42 kDa and 14 thin protein bands called minor protein subunits. According to Darmawati
(2019), there are two major protein subunits in the pili protein of S. typhi isolate BA07.4, namely 42 kDa and 87 kDa, and
14 minor bands using serum extract BHI media, which serves to add nutrients for growth. bacteria and increase the growth
rate (Darmawati, S., 2019).

Pili protein 42 kDa is an immunogenic protein based on its protein weight. However, additional research, such as
immunoblotting and vaccination tests, are required to prove the imogenicity of this protein. Protein immunogenicity is
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determined by several criteria, including the protein being a macromolecule with a complex chemical structure and having
foreign properties where the nature of the material is recognized as a foreign object (Chiu et al, 2019).

Sequencing of S. typhi Pili protein

Sequencing analysis was performed to determine the amine—acidAA sequence in the 42 kDa protein subunit of
S.typhi. The bands visible on SDS-PAGE (Figure 1) are cut and sequenced at Genetic Science in Tangerang, Banten, and
the sequencing results are analyzed at Bio Computing House in Bogor Indonesia. To obtain homologous values and
genomic information, the BLAST (Basic Local Alignment Search Tool) program was used to obtain alignment results
(Figure 2).

MIMGVYVDKEHRVKRKSSENGREKSAFAHKVENGGENY SRNVQERINREGASKEVV
VEKISGGAVTROGIRNSIDYMSRESELPVMSESGRVWIGDEILEAKEHMIDRANDP
QHVMNDKGEENKEKITQNIVESPPVSAKVEPEDLLESVRETMOEKKY PNHRFVLGYH
CDEKEHPHVHVVFRIRDNDGKRADIRKKEDLEEIRTGFCEELKLKGY DVKATHEQQ
HGLNQSVKDAHNTAPKRQKGVYEVVDIGY DHYONDKTKSKQHF IKLKTLNKGVEK
TYWGADEFGDLCSRESVKAGDLVRLEKLGOKEVKIPALDKNGVOHGWKTVHRNEWQ
LENLGVKGVDRTPSASKELVLNSPDMLLKQQORMAQFTQOKASTLOSEQRLKTGT

KFWGL
Figure 2. The 42 kDa subunit pili protein sequence of S. typhi

Salmonella enterica bacteria (Accession: EAA0576724.1) had the highest protein homolog value from the alignment
results, with a percentage similarity value of 100-pereent% identity and an E-Value of 0.0, and nine other sequences were
S. enterica bacteria with an identity similarity percentage value >99-pereent% and an E-Value of 0.0. Two proteins are
said to have structural similarities in homology and folding is based on sequence similarity, if they have a percent identity
value of at least 25% and an E-Value of 0.0 or 0.5 (Wong et al., 2014). The difference in nucleotide and amine-acidAA
homology is due to the fact that not all nucleotide changes result in a change in amine-acidAA sequence (Mitra et al.,
2016).

Gene information derived from the overall sequence of the 42 kDa subunit (Fig. 2) is part of the spore coat protein,
CotH, which is in the amine-acid AA sequence 12,775 — 13,947 is a protein found in the spore coat (Figure 3).

12.IIJDO N.POO 'Ii.l.JDﬂ IB.IODD 2;.'?.:]1]3 22,000 ZG.IUOIJ 25.1'34.‘.0
SN D.  ee— 1. 3 4. B conjugal Sursfer prolein .. piki. 0 plS 85, B pil. oConj. S vrE1l.. ESS—
sparco.. o & hpels., _eonjugal tansly
|
fargal_proten
3000 11.000 12000 12775 13,847 15000 TE000 17.000
th = v b = A ah = == DN.. spore coat p.. tra.. o= fran.. e conjugal transfer prot
h.

Figure 3. The 42 kDa subunit pili protein sequence of S. typhi contains information on the Ioca't}on of the spore coat protein gene
(CotH)

The protein CotH spore coat is found in the Spore Coat. Some adult eukaryotic and bacterial spores have a thick layer
beneath their perispores called the spore coat. Alvarez-Fraga et al. (2016) discovered that spore coat proteins are involved
in biofilm formation and bacterial attachment to the host in Acinetobacter baumannii strains (Alvarez-Fraga et al., 2016).

Composition, physicochemical and hydrophobicity analysis of 42 kDa subunit protein

The Expasy website's ProtParam program (http://us.expasy.org/tools/protparam.html) was used to analyze the primary
structure of the 42 kDa pili subunit protein, which included molecular weight, atomic composition, formula, atomic
number, instability index, aliphatic index, and GRAVY (Table 1 and Table 2).

Further investigation of the Expasy website's ProtScale program (www.expasy.org) to determine the hydrophobic level
of the 42 kDa subunit protein (Figure 4).

According to Tables 1 and 2, the 42 kDa subunit pili protein of S. typhi has 390 aa amine-acidAAs with a molecular

weight of 44738.20 Daltons and 20 types of amine-acidAAs, with lysine (L) being the dominant amire-acidAA and low
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amine-acidAAs being cysteine (C). The ProtParam analysis (Table 2) revealed that the 42 kDa subunit pili protein of S.
typhi had a value >7, which was 9.85, indicating that the protein was basic. According to Shaw et al., (2001), protein with

a pl value of 7 is acidic, whereas protein with a pl value greater than 7 is alkaline. The isoelectric point (pl) is the pH of
the protein's surface. The protein purification process relies heavily on pl, which is used in the development of buffers for
protein purification (Wingfield, 2016).

The pili protein, a 42 kDa subunit, had a stability index of 31.42. (Table 2). Protein is predicted to be stable if it has a
stability index value of less than or less than 40 with a value range of 13.57 to 37.23, whereas protein is predicted to be
unstable if it has a stability index value greater than 40. (Guruprasad, 2019). The stability index is used to classify a
protein’s stability and instability (Gangadhar et al, 2016).

The aliphatic index of the 42 kDa subunit pili protein is 70.90 (Table 2), indicating that this protein is predicted to be
stable over a wide temperature range (thermostable). This result is consistent with previous research (Gangadhar et al,
2016), which mentions a high aliphatic index. The high range of 74.14 to 80.45 may be stable over a wide temperature
range, and (Sivakumar et al., 2007) mentions the aliphatic index of antifreeze protein, which ranges from 57.89 to 125.23
based on sequence comparisons of various varieties.

Fable1This result shows that proteins with a high number of aliphatic side chains have Ala 4.4-pereent%, Val 8.5
pereent%, llu 4.4-pereent%, and Leu 6.4-pereent-% of the amine-acidAA composition_(Table 1). It is expected that Ala,
Val, llu, and Leu will be thermostable (Gangadhar et al, 2016, Gasteiger et al., 2005). The aliphatic index (Al), defined as
the relative volume of protein occupied by aliphatic side chains, was thought to be a positive factor in globular protein
thermal stability. The GRAVY index of the 42 kDa subunit pili protein is -0.950 (Table 2), where the lower the GRAVY
value, the better the protein's interaction with water (Sivakumar et al, 2007). This result was also confirmed using the
SOSUI program (http://harrier.nagahama-i-bio.ac.jp/sosui/sosui submit.html), which revealed that this protein was water
soluble.

Table 1. Amine-acidAA composition of 42 kDa subunit protein

No. Amine-AcidAA Composition Percentage (%) Content
1 Ala (A) 4.4 Netral
2 Arg (R) 6.4 Positif
3 Asn (N) 51 Netral
4 Asp (D) 5.9 Negatif
5 Cys (C) 0.8 Netral
6 GIn (Q) 5.6 Netral
7 Glu (E) 6.4 Negatif
8 Gly (G) 7.4 Netral
9 His (H) 4.1 Positif
10 Ile (1) 4.4 Netral
11 Leu (L) 6.4 Netral
12 Lys (K) 13.6 Positif
13 Met (M) 23 Netral
14 Phe (F) 2.3 Netral
15 Pro (P) 2.8 Netral
16 Ser (S) 5.9 Netral
17 Thr (T) 3.8 Netral
18 Trp (W) 13 Netral
19 Tyr (Y) 2.6 Netral
20 Val (V) 8.5 Netral

Table 2. Physicochemical profile of 42 kDa subunit protein

Parameters Results
Jumlah asam amino 390
Berat molekul 44738.2
Nilai Titik Iso Elektrik 9.85
Komposisi Atom C (Carbon) 1961
Komposisi Atom H (Hidrogen) 3181
Komposisi Atom N (Nitrogen) 597
Komposisi Atom O (Oksigen) 577
Komposisi Atom S (Sulfur) 12
Formula C1961H3181N5970577S12
Jumlah Atom 6328
Estimasi Paruh Waktu 30 hours (mammalian reticulocytes, in vitro)
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Figure 4. Plot graph of the HpHob./Kyte & Doolitle hydropathy protein of 42 kDa subunit protein S. typhi

Based on the ProtScale program results (Figure 4), the number of graphs that are less than 0 strengthens the results of
ProtParam and SOSUI. According to Kyte and Doolittle (1982), the hydropathic value ranges from -2 to +2, with the
higher (positive) hydropathic value indicating that the protein is more hydrophobic. Hydrophobicity is an important
physicochemical property to understand because it has the potential to be exposed to and interact with immunoglobulins
during the process of foreign protein expression in the host.

Secondary structure of the 42 kDa subunit protein analysis

The secondary structure is used to determine the structure and function of the protein, which is dependent on the
secondary structure's prediction accuracy. The PSIPRED program on the www.expasy.org website was used to analyze the
secondary structure of the 42 kDa subunit pili protein. The protein structure is made up of folded polypeptide chains in the
shape of an alpha helix (H), which is a spiral shaped chain of amine-acidAAs, a strand/beta sheet (E), which is a chain in
the form of sheets composed of amine-acidAAS that are bonded to each other through hydrogen bonds, and other structures
in the shape of coils or coils (C), which resemble ropes (Figure 5).
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Figure 5. Secondary structure of the 42 kDa subunit protein of S. typhi

The results of this study {figure-5)-show that the coil strand (elongated strand) dominates the secondary structural
elements with a percentage of 38.21-pereent% (figure 5). The coil strand functions in flexibility and change, where the
peptide bond is not involved in intra-protein hydrogen bonding, and this structure can interact with water molecules, small
ligands, or other proteins (Filiz and Koc, 2014). Then comes the alpha helix strand (-helix), which has a percentage of
33.08% pereent, followed by the strand, which has a percentage of 20.77-pereent%, and the beta strand (-strand), which
has a percentage of 7.95%percent. With t, the protein structure becomes more stable._The results of this study Figure-6
shows an example of protein structure prediction obtained by using DMPFold in the PSIPRED program (Figure 6).

DMPFold Structure

Figure 6. Secondary structure prediction of the 42 kDa subunit protein of S. typh

It is concluded that this protein is immunogenic and that it can be used to develop a more specific and sensitive

diagnostic reagent for typhoid fever
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Molecular characterization of a 42 kDa subunit pili protein of
Salmonella typhi causes typhoid fever

Abstract. Blood culture is the gold standard for diagnosing typhoid fever, but it has limitations such as media and laboratory equipment,
specimen volume, and examination time. However, the Academy of Pediatrics does not recommend serology due to its low sensitivity.
The purpose of this study was to determine the molecular properties of the protein pilli of Salmonella typhi (S. typhi) that the findings
can be used to develop a typhoid fever diagnostic reagent. The SDS-PAGE method was used, as well sequence analysis with ProtParam,
ProtScale, and PSIPRED. The SDS-PAGE profile reveals one major protein (42 kDa) and fourteen minor proteins. The pili protein
subunit 42 kDa had an amino acid (AA) sequence with a length of 390 AA, according to bioinformatics analysis. According to the
ProtParam results, the pili protein subunit 42 kDa has good stability with a value of 40 and is a hydrophilic protein with an average
GRAVY value of -0.950. PSIPRED results show that among the secondary structural elements, coil strand predominates, followed by -
helix and -strand. It is concluded that this protein is immunogenic and that it can be used to develop a more specific and sensitive
diagnostic reagent for typhoid fever.

Keywords: Pili protein; Salmonella typhi; molecular characterization; typhoid fever

INTRODUCTION

Typhoid fever is an infectious condition that spreads throughout the body and is caused by the Gram-negative
bacterium Salmonella enterica subspecies enterica serovar typhi (S. typhi) (Tran et al., 2017; Ajibola et al., 2018). Typhoid
fever is usually contracted by ingestion of water or food contaminated by faecal or urinary carriers excreting S. Typhi.
This is one of the leading causes of mortality in many underdeveloped countries, including Indonesia. Globally, in 2010
typhoid fever was reported in 26.9 million cases (Buckle et al, 2012). World health organization estimates the incidence of
typhoid fever at 21 million cases and approximately 161000 deaths (World Health Organization, 2018). In Indonesia, in
August 2002 and July 2004 typhoid fever is an endemic disease, with 81.7 cases per 100 000 people per year for children
aged 24-60 months 148.7 per 100 000 (Wain et al, 2015). Cases of typhoid fever in the city of Semarang shows that there
is always an infection every month and is a disease that often occurs in large numbers. Based on the recapitulation of
typhoid reports at the Semarang City Health Center, in 2015 there were 6,958 cases while in 2016 there were 7,796 cases
(Andayani and Arulita, 2018). Children (aged 5 to 15 years of age) are the most affected age group with a peak incidence
known to occur in individuals (Pitzer et al., 2014). Due to the high incidence of typhoid in developing countries
predominantly in Asia including Indonesia, prevention has become a global health priority (Jamka et al., 2019;
Sahastrabuddhe and Saluja, 2019).

Symptoms of typhoid infection include fever which lasts 1 to 4 weeks. Fever is accompanied by headache, chills,
abdominal pain, nausea, and dry cough (Paul and Bandyopadhyay, 2017). Typhoid fever commonly exhibits non-specific
clinical symptoms comparable to malaria, dengue fever, influenza, leptospirosis, and Rickettsia infection, thus a definite
diagnosis must be verified by laboratory tests (Azmatullah et al., 2015; Arora et al., 2019).

Blood culture is widely recommended as a method for laboratory diagnosis, however its sensitivity ranges from 40 to
80%, not all laboratories have bacterial culture facilities, it is expensive, and it takes 2-3 days to complete (Ajibola et al.,
2018). Serological tests such as Widal are also often employed in laboratories because they are quick, easy, and affordable,
but their sensitivity and specificity are problematic due to the frequent sharing of epitopes between the antigens of S. typhi,
and other Gram-negative rods (Darmawati et al., 2015). It also makes use of a Rapid Diagnostic Test (RDT) for antibody
detection. Typhidot, Typhidot M, Typhi Rapid IgM, IgG IgM (Combo), and Tubex TF (anti LPS antibody detection) are
50kDa outer membrane anti-proteins with a wide range of sensitivity and specificity (47-100%) (Ajibola et al. 2018).

Pili in S. typhi have two basic types, namely short attachment pili and long conjugate pili. At the ends of the pili shafts
are adhesive end structures that are shaped according to specific glycoprotein or glycolipid receptors on the host cell. Pili
play a role in the adhesion (sticking) of bacteria to host cells. and can stimulate an immune response. Adhesion to host
cells is considered a key factor during bacterial pathogenesis (Darmawati et al, 2019; Darmawati et al., 2015).

Pili are composed of pili protein which consists of several sub-units of pili protein. The pilin protein is encoded by the
pilus-S gene, which is classified into the pill operon. Pili contain proteins that are able to bind to sugar molecules that
make up cell membranes, called hemagglutinin proteins and proteins that can bind to host cell surface receptors called
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adhesin proteins (Khater et al., 2015). Hemagglutinin protein is a lectin, which can interact with carbohydrates on the
surface of human erythrocytes specifically and is reversible, resulting in agglutination (clumping). Blood type A has N-
Acetyl-D-Galactosamine carbohydrates, blood group B has D-Galactose, and blood group O has L-fucose (Darmawati et
al, 2019).

Based on the results of an analysis of the pili protein conducted by Darmawati (2019) from isolates of S. typhi BA07.4
and S. typhi KD30.4, two main protein subunits measuring 87 and 42 kDa were observed on SDS-PAGE. Proteins that are
immunogenic have a molecular weight of 10-100 kDa (Parslow et al., 2001). Based on the hema-agglutination test, it was
found that pilus proteins from S. typhi BAO07.4 and S. typhi KD30.4 can agglutinate human erythrocytes in groups A, B,
AB and O because they are able to identify receptors on the surface of erythrocytes (Darmawati et al, 2019).

Research conducted by Darmawati (2015) showed that the hemagglutinin protein of the pili sub-unit of S.typhi isolates
at Kariadi Hospital Semarang was able to stimulate the formation of antibodies, and pili protein was an immonogenic
substance and needed for the attachment of bacteria to host cells (Darmawati et al, 2015) . Previous studies have looked at
the SDS-PAGE profile and tested the hemagglutination of S. typhi BA07.4

As a result, other ways for acquiring specific antigens, such as the 42kDa protein component pili from S. typhi, must be
explored. Pili which is made up of 14-15 protein subunits, is a tool for attachment to the surface of host cells, which is the
initial step in infection; pili proteins are also immunogenic. The purpose of this study was to characterize the 42kDa
subunit pili protein of S. typhi by examining physicochemical parameters such as AA composition, molecular weight,
extinction coefficient, half-life, instability index, isoelectric point (pl), grand average of hydropathicity (GRAVY),
aliphatic index, and total number of positive and negative residues, as well as secondary structure analysis.

MATERIALS AND METHODS

Culture and identification of Salmonella typhi

The Baeteria-bacteria S. typhi strain BA07.4 used in this study was taken from a blood culture of a positive Widal
patient. APl 20E and API1 50CHB /E medium (Bio Merieux Inc.) were utilized for identification of bacteria (Darmawati, et
al., 2012). Bacterial cultures were cultured in biphasic medium (BHI Agar slant and BHI broth media) for 48 hours at 37°C
without agitation (Darmawati et al., 2019). One bacterial colony on MC media was grown in 50 mL of liquid BHI as a
starter, then the culture was incubated for 24 hours at 37°C with agitation. After that, 50 mL of BHI bacterial culture was
added to 500 mL liquid BHI media and incubated for 6 hours at 37°C with agitation. Furthermore, the culture was
implanted into biphasic media (BHI so it tilted) as much as + 50 mL and incubated for 48 hours at 37°C without agitation.
The culture is ready to be harvested.

Isolation and separation of pili protein

Pili protein was isolated using the Ehara approach (Ehara, 1987). After 48 hours, bacterial cultures on biphasic media
were collected, and a 3% concentration of trichloroacetic acid (TCA) was added (6 mL TCA into 200 mL bacteria), held at
room temperature (for 10 minutes), and centrifuged at 3000 rpm for 20 minutes at 4°C. The pellets were washed twice with
10mL of 0.1M PBS (pH 7.4) before being sliced for 3 minutes with a vortex super mixer and rested for 3 minutes before
being repeated 5 times at 4°C. The resulting suspension was centrifuged for 20 minutes at 4°C at 3000 rpm, and the
supernatant was protein pili.

The bacterial pili were then cut using a vortex supermixer with the step of 3 minutes the supermixer was turned on then
3 minutes the supermixer was turned off, this process was repeated 5 times with a temperature of 4°C. The results of the
cutting using a vortex supermixer were centrifuged and the supernatant was taken. In the protein dialysis process, 40%
ammonium sulfate was added to the supernatant (22 g ammonium sulfate in 50 mL supernatant), then the supernatant was
dissolved with a stirrer at 4°C until completely dissolved. Then the supernatant was centrifuged at 3000 rpm for 20 minutes
at 4°C, after which the pellet (sediment) was resuspended in 1 mL PBS pH 7.4. Pili protein suspension was put into the
dialysis bag. The dialysis bag was opened by boiling in distilled water with 3 drops of 10% EDTA added for 10 minutes
(Ehara et al., 1987). Dialysis of the pili protein suspension with PBS for 24 hours was carried out with the aim of removing
ammonium sulfate from the pili protein suspension, the dialysis solution was replaced 2 times. The pili protein profile was
analyzed using the SDS-PAGE 0.25% coomassie brilliant blue (Banta et al, 2021) stained with 0.25% Coomassie Brilliant
Blue R250 after purification with 40% ammonium sulfate.

SDS-PAGE, sequencing and bioinformatics analysis of 42 kDa subunit protein

The pili subunit protein (major band) from SDS-PAGE was cut and sequenced. Protein samples were heated for 5
minutes at 100°C in a buffer solution containing 5 mM pH 6.8 Tris HCL, 2-mercapto ethanol 5%, sodium dodecyl sulfate
2.5%, glycerol 10%, with Bromophenol Blue color. Then 20 L of the sample was pipetted into the gel well. The electrodes
are installed according to the poles. The voltage used is 125 mV with a running time of 90 minutes. After electrophoresis,
dye with 0.05% (w/v) coomasive brilliant blue R-250 in 15% (v/v) methanol and 5% (v/v) acetic acid was heated in a
microwave for 15 seconds and incubated for 1 hour. The gel was rinsed by immersing it in a mixture of 30% methanol and
10% acetic acid and incubated in a water bath for up to 2-3 hours. Then to determine the molecular weight of the desired
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protein compared with protein markers whose molecular weight is known. The sequenced peptide segments were aligned
using the basic local alignment search tool protein (BLASTP).

Physicochemical analysis of 42 kDa subunit protein

Expasy ProtParam was used to examine physicochemical data such as AA composition, molecular weight, extinction
coefficient, half-life, instability index, isoelectric point (pl), grand average of hydropathicity (GRAVY), aliphatic index,
and total number of positive and negative residues (http://us.expasy.org/tools/protparam.html/).

Protein hydrophobicity analysis

Analysis  of protein  hydrophilicity ~with the ExPASy SOSUI server (http://harrier.nagahama-i-
bio.ac.jp/sosui/sosui_submit.html), and ProtScale program application (http://web.expasy.org/protscale/). The
hydrophobicity of proteins was then determined using the HpHob./Kyte & Doolitle hydrophobic chart plot to predict
solvent-accessible regions and estimate hydrophaobic sites.

Protein secondary structure analysis

PSIPRED software was used to do secondary structure analysis on the EXPASy server. For forecasting secondary
structure, this method is both easy and accurate. This program can estimate the secondary structure of proteins such as the
beta strand, alpha helix, and coil based on the AA sequence. PSIPRED features the DMPFold tool, which may be used to
see the three-dimensional structure of AA sequences.

RESULTS AND DISCUSSIONS

Profile of S. typhi pili protein determined using SDS-PAGE

Bacteria that have previously been discovered and cultivated are subsequently extracted pili proteins to separate pili
from bacteria. Pili protein dialysis was used to concentrate protein such that pure pili protein may be produced. The
findings of the pili protein isolation were subsequently subjected to SDS-PAGE in order to examine and characterize the
pili protein profile, as shown in Figure 1.
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Figure 1. SDS-PAGE analysis of S.typhi pili protein (M: Protein markers, 1-7 Pili proteins)

fThe SDS-PAGE results showing—which-shew 15 protein bands of varying thicknesses_(Figure 1). The protein

concentration is indicated by the thickness of the protein band. The thicker the protein band, the higher the concentration
(Sulistyarsi et al, 2012). Among these 15 bands, there is one band of thick protein subunits called major protein subunits
with a molecular weight of 42 kDa and 14 thin protein bands called minor protein subunits. Pili protein 42 kDa is an
immunogenic protein based on its protein weight. Protein immunogenicity is determined by several criteria, including the
protein being a macromolecule with a complex chemical structure and having foreign properties where the nature of the
material is recognized as a foreign object (Chiu et al, 2019).

Sequencing of S. typhi Pili protein

Sequencing analysis was performed to determine the AA sequence in the 42 kDa protein subunit of S.typhi. The
bands visible on SDS-PAGE (Figure 1) are cut and sequenced at Genetic Science in Tangerang, Banten, and the
sequencing results are analyzed at Bio Computing House in Bogor Indonesia. To obtain homologous values and genomic
information, the BLAST (Basic Local Alignment Search Tool) program was used to obtain alignment results (Figure 2).
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LNSPDMLLKQQORMAQFTQOKASTLOSEQKLKTGIKFWGL
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VKISGGAVTROGIRNSIDYMSRESELPVMSESGRVWIGDEILEAKEHMIDRANDP
QHVMNDKGEKENEKITQNIVESPPVSAKVEPEDLLESVREKTMOKKY PNHRFVLGYH
CDEKEHPHVHVVFRIRDNDGKERADIRKKDLEEIRTGFCEELKLKGYDVKATHKQOQ

HGLNQSVEDAHNTAPEKRQKGVYEVVDIGY DHYQNDETKSKQHE IKLKTLNKGVEK
TYWGADEFGDLCSRESVEKAGDLVRLEKLGOKEVEKIPALDKNGVQHGWKTVHRNEWQ
LENLGVKGVDRTPSASKELVLNSPDMLLKQOQRMAQFTQOKASTLOSEQKLKTGT
KFWGL

Figure 2. The 42 kDa subunit pili protein sequence of S. typhi

Salmonella enterica bacteria-(Accession_number: EAA0576724.1) had the highest protein homolog value from the
alignment results, with a percentage similarity value of 100% identity and an E-Value of 0.0, and nine other sequences
were S. enterica bacteria with an identity similarity percentage value >99% and an E-Value of 0.0. Two proteins are said
to have structural similarities in homology and folding is based on sequence similarity, if they have a percent identity
value of at least 25% and an E-Value of 0.0 or 0.5 (Wong et al., 2014). The difference in nucleotide and AA homology is
due to the fact that not all nucleotide changes result in a change in AA sequence (Mitra et al., 2016).

Gene information derived from the overall sequence of the 42 kDa subunit (Fig. 2) is part of the spore coat protein,
CotH, which is in the AA sequence 12,775 — 13,947 is a protein found in the spore coat (Figure 3).
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Figure 3. The 42 kDa subunit pili protein sequence of S. typhi contains information on the location of the spore coat protein gene
(CotH)

The protein CotH spore coat is found in the Spore Coat. Some adult eukaryotic and bacterial spores have a thick layer
beneath their perispores called the spore coat. Alvarez-Fraga et al. (2016) discovered that spore coat proteins are involved
in biofilm formation and bacterial attachment to the host in Acinetobacter baumannii strains (Alvarez-Fraga et al., 2016).

Composition, physicochemical and hydrophobicity analysis of 42 kDa subunit protein

The Expasy website's ProtParam program (http://us.expasy.org/tools/protparam.html) was used to analyze the primary
structure of the 42 kDa pili subunit protein, which included molecular weight, atomic composition, formula, atomic
number, instability index, aliphatic index, and GRAVY (Table 1 and Table 2).

Further investigation of the Expasy website's ProtScale program (www.expasy.org) to determine the hydrophobic level
of the 42 kDa subunit protein (Figure 4).

According to Tables 1 and 2, the 42 kDa subunit pili protein of S. typhi has 390 amino acids with a molecular weight of
44738.20 Daltons and 20 types of AA, with lysine (L) being the dominant AA and low AA being cysteine (C). The
ProtParam analysis (Table 2) revealed that the 42 kDa subunit pili protein of S. typhi had a value >7, which was 9.85,

29

[ Formatted: Font color: Auto

Comment [AN Yadav2]: Paste the
sequences here (Do not give in image)

[ Formatted: Font: Italic




188 |
189
190
191
192
193
194
195
196
197
198
199
200
201
202 |
203
204
205
206
207
208
209
210

211
212
213

indicating that the protein was basic. According to Shaw et al., (2001), protein with a pl value of 7 is acidic, whereas

protein with a pl value greater than 7 is alkaline. The isoelectric point (pl) is the pH of the protein's surface. The protein
purification process relies heavily on pl, which is used in the development of buffers for protein purification (Wingfield,
2016).

The pili protein, a 42 kDa subunit, had a stability index of 31.42. (Table 2). Protein is predicted to be stable if it has a
stability index value of less than or less than 40 with a value range of 13.57 to 37.23, whereas protein is predicted to be
unstable if it has a stability index value greater than 40. (Guruprasad, 2019). The stability index is used to classify a
protein's stability and instability (Gangadhar et al, 2016).

The aliphatic index of the 42 kDa subunit pili protein is 70.90 (Table 2), indicating that this protein is predicted to be
stable over a wide temperature range (thermostable). This result is consistent with previous research (Gangadhar et al,
2016), which mentions a high aliphatic index. The high range of 74.14 to 80.45 may be stable over a wide temperature
range, and (Sivakumar et al., 2007) mentions the aliphatic index of antifreeze protein, which ranges from 57.89 to 125.23
based on sequence comparisons of various varieties.

This result shows that proteins with a high number of aliphatic side chains have Ala 4.4%, Val 8.5%, Ilu 4.4%, and Leu
6.4% of the AA composition_(Table 1). It is expected that Ala, Val, Ilu, and Leu will be thermostable (Gangadhar et al,
2016, Gasteiger et al., 2005). The aliphatic index (Al), defined as the relative volume of protein occupied by aliphatic side
chains, was thought to be a positive factor in globular protein thermal stability. The GRAVY index of the 42 kDa subunit
pili protein is -0.950 (Table 2), where the lower the GRAVY value, the better the protein's interaction with water
(Sivakumar et al, 2007). This result was also confirmed using the SOSUI program (http://harrier.nagahama-i-
bio.ac.jp/sosui/sosui submit.html), which revealed that this protein was water soluble.

Table 1. Amino acid composition of 42 kDa subunit protein

No. Amino Acid Composition Percentage (%) Content
1 Ala (A) 4.4 Netral
2 Arg (R) 6.4 Positif
3 Asn (N) 5.1 Netral
4 Asp (D) 5.9 Negatif
5 Cys (C) 0.8 Netral
6 GIn (Q) 5.6 Netral
7 Glu (E) 6.4 Negatif
8 Gly (G) 7.4 Netral
9 His (H) 4.1 Positif
10 Ile (1) 4.4 Netral
11 Leu (L) 6.4 Netral
12 Lys (K) 13.6 Positif
13 Met (M) 2.3 Netral
14 Phe (F) 2.3 Netral
15 Pro (P) 2.8 Netral
16 Ser (S) 5.9 Netral
17 Thr (T) 3.8 Netral
18 Trp (W) 13 Netral
19 Tyr (Y) 2.6 Netral
20 Val (V) 8.5 Netral

Table 2. Physicochemical profile of 42 kDa subunit protein

Parameters Results
Jumlah asam amino 390
Berat molekul 44738.2
Nilai Titik Iso Elektrik 9.85
Komposisi Atom C (Carbon) 1961
Komposisi Atom H (Hidrogen) 3181
Komposisi Atom N (Nitrogen) 597
Komposisi Atom O (Oksigen) 577
Komposisi Atom S (Sulfur) 12
Formula C1961H3181N5970577S512
Jumlah Atom 6328
Estimasi Paruh Waktu 30 hours (mammalian reticulocytes, in vitro)
Indeks Instabilitas 31.42 (Protein stabil)
Indeks Aliphatic 70.90
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Grand Average of Hydrophaticity (GRAVY) -0.95
Jumlah total residu negatif (Asp + Glu) 48
Jumlah total residu positif (Arg + Lys) 78

Note: C = Carbon, H = Hydrogen, N = Nitrogen, O = Oxygen, S = Sulfur
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Figure 4. Plot graph of the HpHob./Kyte & Doolitle hydropathy protein of 42 kDa subunit protein S. typhi

Based on the ProtScale program results (Figure 4), the number of graphs that are less than 0 strengthens the results of
ProtParam and SOSUI. According to Kyte and Doolittle (1982), the hydropathic value ranges from -2 to +2, with the
higher (positive) hydropathic value indicating that the protein is more hydrophobic. Hydrophobicity is an important
physicochemical property to understand because it has the potential to be exposed to and interact with immunoglobulins
during the process of foreign protein expression in the host.

Secondary structure of the 42 kDa subunit protein analysis

The secondary structure is used to determine the structure and function of the protein, which is dependent on the
secondary structure's prediction accuracy. The PSIPRED program on the www.expasy.org website was used to analyze the
secondary structure of the 42 kDa subunit pili protein. The protein structure is made up of folded polypeptide chains in the
shape of an alpha helix (H), which is a spiral shaped chain of amino acids, a strand/beta sheet (E), which is a chain in the
form of sheets composed of amino acids that are bonded to each other through hydrogen bonds, and other structures in the
shape of coils or coils (C), which resemble ropes (Figure 5).
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Figure 5. Secondary structure of the 42 kDa subunit protein of S. typhi

The results of this study show that the coil strand (elongated strand) dominates the secondary structural elements with a
percentage of 38.21% (figure-Figure 5). The coil strand functions in flexibility and change, where the peptide bond is not

involved in intra-protein hydrogen bonding, and this structure can interact with water molecules, small ligands, or other
proteins (Filiz and Koc, 2014). Then comes the alpha helix strand (-helix), which has a percentage of 33.08%-, followed by
the strand, which has a percentage of 20.77%, and the beta strand (-strand), which has a percentage of 7.95%. With t, the
protein structure becomes more stable. The results of this study shows an example of protein structure prediction obtained
by using DMPFold in the PSIPRED program (Figure 6).

DMPFold Structure

Figure 6. Secondary structure prediction of the 42 kDa subunit protein of S. typh

concluded that this 42 kDa subunit pili protein of Salmonella typhi is immunogenic and that it can be used to

ACKNOWLEDGEMENTS
We acknowledge the support of the Ministry of Science and Technology / National Agency for Research and

Innovation of the Republic of Indonesia and the Ministry of Education ((RISTEK/BRIN) Grant No SP DIPA-
023.17.1.690439/2021 We also thanks to Universitas Muhammadiyah Semarang for facilitated this research

REFERENCES

AjibelaAjibola 10, Mshelia MB, Gulumbe BH, Eze AA. 2018. Typhoid Fever Diagnosis in Endemic Countries: A Clog in the Wheel of Progress?
Medicina-{iaunas). Apr-25;54(2):23. doi: 10.3390/medicina54020023.

Alvarez-Fraga, Perez A, Rumbo-Feal S, Merino M, Vallejo JA, Ohneck EJ, Edelmann RE, Beceiro A, Vazquez-Ucha JC, Valle J, Actis LA, Bou G, Poza
M. 2016. Analysis of the role of the LH92_11085 gene of a biofilm hyper-producing Acinetobacter baumannii strain on biofilm formation and
attachment to eukaryotic cells. Virulence.Faylor & Franeis; 7(4):-pp-443-455. doi: 10.1080/21505594.2016.1145335.

Andayani, Fibriana Al. 2018 Kejadian Demam Tifoid di Wilyah Kerja Puskesmas Karangmalang: b ; Higeia Journal Of

[Formatted: Highlight

Comment [AN Yadav3]: Revise
Please add at least 50-100 words

| Comment [AN Yadav4]: Please see

the instructions of journal for reference
list

1. Scientific name should be “Italic”
2. Reference should be complete.

3. Name of Journal should be
Abbreviated form

Formatted: Font: Not Italic

Public Health Research And Development, 2(1):-pp- 57-68,

Arora P, Thorlund K, Brenner DR, Andrews JR. 2019. Comparative accuracy of typhoid diagnostic tools: A Bayesian latent-class network analysis.
PLoS Negl. Trop. Dis. 13, 1-23. https://doi.org/10.1371/journal.pntd.0007303

Azmatullah A, Qamar FN, Thaver D, Zaidi AK, Bhutta ZA. 2015. Systematic review of the global epidemiology, clinical and laboratory profile of enteric
fever. J. Glob. Health 5. https://doi.org/10.7189/jogh.05.020407

Banta N, Singh R, Singh N. 2021. Comparative protein profile analysis by SDS-PAGE of different grain cereals. Fhe-Pharma Innovation Jeurnal. 10(9):
104-108

Buckle GC, Walker CLF, Black RE. 2012. Typhoid fever and paratyphoid fever: systematic review to estimate global morbidity and mortality for. 2010.
J Glob Health. 2:1-9

Chiu ML,Goulet DR, Teplyakov A, Gilliland GL. 2019. Antibody Structure and Function: The Basis for Engineering Therapeutics. Antibodies (Basel).
Dec; 8(4): 55.

Darmawati S, Sembiring L, Asmara W, Artama WT. 2015. Identifikasi bakteri batang gram negatif pada darah widal positif berdasarkan karakter
fenotipik, in: Universitas Muhammadiyah Semarang. pp. 89-96

32

{ Formatted: English (U.S.)

'| Formatted: English (U.S.)

| Formatted: Font: (Default) Times

New Roman, 8 pt, Not Bold, Font
color: Auto, English (U.S.)

\ kk Formatted: English (U.S.)

Formatted: English (U.S.)

(
[ Formatted: English (U.S.)
[



https://pubmed.ncbi.nlm.nih.gov/?term=Ajibola+O&cauthor_id=30344254
https://pubmed.ncbi.nlm.nih.gov/30344254/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/30344254/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Mshelia+MB&cauthor_id=30344254
https://pubmed.ncbi.nlm.nih.gov/?term=Gulumbe+BH&cauthor_id=30344254
https://pubmed.ncbi.nlm.nih.gov/?term=Eze+AA&cauthor_id=30344254
https://journal.unnes.ac.id/sju/index.php/higeia/article/view/17656
https://doi.org/10.7189/jogh.05.020407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiu%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=31816964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goulet%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=31816964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teplyakov%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31816964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilliland%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=31816964
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6963682/

281
282
283
284
285
286
287 |
288
289
290
291
292
293

295
296
297
298
299
300
301
302

304
305
306
307

309
310
311
312
313
314
315
316
317
318
319 |

Darmawati S, Haribi R. Anwar S. 2012. Analisis Molekuler Profil Protein Pilli untuk Mengungkap Hubungan Similaritas 26 Strain Salmonella typhi
Isolat Jawa. Prosiding Seminar Nasional Universitas Muhammadiyah Semarang. ISBN: 978-602-18809-0-6, 14(3), pp. 13-19.

Darmawati S, Ethica SN, Dewi SS. 2019. Protein profile and hemagglutination activity of pilli, an adhesion factor causing typhoid fever by Salmonella
typhi. in 10P Conference Series: Earth and Environmental Science. doi: 10.1088/1755-1315/292/1/012049.

Ehara MM. 1987. Purification and Partial Characterization of Pili of Vibrio cholerae O1, Vaccine, 5(4).

Filiz E, Koc I. 2014. In silico sequence analysis and homology modeling of predicted beta-amylase 7-like protein in brachypodium distachyon I. Journal
of Bioscience and Biotechnology 3 (1):-—pp- 61-67.

Gangadhar CG, Rohit BK, Basappa BK. 2016. In silico characterization of beta-galactosidase using computational tools. Journal of Bioinformatics and
Sequence Analysis, 8(1), pp. 1-11. doi: 10.5897/jbsa2015.0101.

Gasteiger E. 2005. Protein Identification and Analysis Tools on the ExPASy Server. In: Walker J.M. (eds) The Proteomics Protocols Handbook. In:
Walker. Edited by Springer Protocols Handbooks. Humana Press. doi: https://doi.org/10.1385/1-59259-890-0:571.

Guruprasad L. 2019. Protein Structure. Resonance, 24(3), pp. 327-338. doi: 10.1007/s12045-019-0783-7.
Jamka L, Simiyu K, Bentsi-Enchill A, Mwisongo A, Matzger H, Marfin A. 2019. ccelerating typhoid conjugate vaccine introduction: what can be learned
from prior new vaccine introduction initiatives?. Clin Infect Dis. 68: March (Supplement_2)):S171-6, doi:http://dx.doi.org/10.1093/cid/ciy1118
Khater FD, Balestrino D, Charbonnel , Dufayard JF, Brisse S, dan Forestier C. 2015. In silico analysis of usher encoding genes in klebsiella pneumoniae
and characterization of their role in adhesion and colonization. PLoS ONE. 10(3):1-24

Kyte J, Doolittle R F. 1982. A simple method for displaying the hydropathic character of a protein. Journal of Molecular Biology. doi:
https://doi.org/10.1016/0022-2836(82)90515-0.

Mitra S, Ray SK, Banerjee R. 2016. Synonymous codons influencing gene expression in organisms. Research and Report in Biochemistry. 6:6. 57-56

Paul UK, Bandyopadhyay A. 2017. Typhoid fever: a review. Int J Adv Med.4(2). 300-6, doi:http://dx.doi.org/10.18203/2349-3933.ijam20171035

Pitzer VE, Bowles CC, Baker S, Kang G, Balaji V, Farrar J. 2014. Predicting the impact of vaccination on the transmission dynamics of typhoid in South
Asia: a Mathematical Modeling Study. PLoS One;8(1).

Sahastrabuddhe S, Saluja T. 2019. Overview of the Typhoid Conjugate Vaccine Pipeline: Current Status and Future Plans. Clinical Infectious Diseases.
68 (15): S22-S26. https://doi.org/10.1093/cid/ciy884

Sivakumar K, Balaji S, Gangaradhakrishnan. 2007. In silico characterization of antifreeze proteins using computational tools and servers. Journal of
Chemical Sciences, 119(5), pp. 571-579. doi: 10.1007/s12039-007-0072-y.

Shaw KL, Grimsley GR, Yakovlev GI, Makarov AA, C. Pace CN. 2021. The effect of net charge on the solubility, activity, and stability of ribonuclease
Sa. Protein Sci. 10(6): 1206-1215.

Sulistyarsi A, Suranto, Supriyadi. 2012. The total protein band pattern of the green leafhoppers (Nephotettix virescens) and the leaves of rice (Oryza

sativa) infected by tungro virus. Nusantara Bioscience 4: 32-35.
JThieu NTV, Van TT, Tuan AT, Klemm EJ, Minh CNN, Vinh PV, Thanh DP, Dan THN, Duc TP, Lagat P, Martin LB, Wijedoru L, Dougan G, Parry

CM, Baker S FranN-—2017, An evaluation of purified Salmonella Typhi protein antigens for the serological diagnosis of acute typhoid fever’,

Journal of Infection. Elsevier Ltd, 75(2), pp. 104-114. doi: 10.1016/j.jinf.2017.05.007

Wain J, Hendriksen RS, Mikoleit ML, Keddy KH, Ochiai RL. 2015. Typhoid fever. Lancet. 385:1136-45.

Wingfield PT. 2016. Overview of the Purification of Recombinant Proteins. Curr Protoc Protein Sci.; 80: 6.1.1-6.1.35.
d0i:10.1002/0471140864.ps0601s80.

Wong W, Maurer-stroh, Eisenhaber B, Eisenhaber F. 2014.0n the necessity of dissecting sequence similarity scores into segment-specific contributions
for inferring protein homology, function prediction and annotation. BMC Bioinformatics. 15(1):166

World Health Organization. 2018. WHO position paper on typhoid vaccines.Vol 93: p. 153-72 March. -«

33

{

(
B\
\\l
\l

[Formatted: Font: Italic

Formatted: Hyperlink, Font:
(Default) Times New Roman,
Pattern: Clear

Formatted: Hyperlink

Formatted: Hyperlink, Indonesian

Formatted: Hyperlink

Formatted: Hyperlink, Indonesian

Formatted: Hyperlink

| Formatted: jbd-dafpus8, Indent:
Left: 0 cm, First line: 0 cm,
Widow/Orphan control

!
)
)
)
)
)
!



https://doi.org/10.1093/cid/ciy884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaw%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=11369859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grimsley%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=11369859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yakovlev%20GI%5BAuthor%5D&cauthor=true&cauthor_uid=11369859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Makarov%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=11369859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pace%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=11369859
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2374010/
https://pubmed.ncbi.nlm.nih.gov/?term=Tran+Vu+Thieu+N&cauthor_id=28551371
https://www.researchgate.net/journal/BMC-Bioinformatics-1471-2105

[EEN

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4
42
43
44
45
46
47
48

Lampiran 7
Revised Reviewer | and 2

Molecular characterization of a 42 kDa subunit pili protein of
Salmonella typhi causes typhoid fever

Abstract. Blood culture is the gold standard for diagnosing typhoid fever, but it has limitations such as media and laboratory equipment,
specimen volume, and examination time. However, the Academy of Pediatrics does not recommend serology due to its low sensitivity.
The purpose of this study was to determine the molecular properties of the protein pilli of Salmonella typhi (S. typhi) that the findings
can be used to develop a typhoid fever diagnostic reagent. The SDS-PAGE method was used, as well sequence analysis with ProtParam,
ProtScale, and PSIPRED. The SDS-PAGE profile reveals one major protein (42 kDa) and fourteen minor proteins. The pili protein
subunit 42 kDa had an AA (AA) sequence with a length of 390 AA, according to bioinformatics analysis. According to the ProtParam
results, the pili protein subunit 42 kDa has good stability with a value of 40 and is a hydrophilic protein with an average GRAVY value
of -0.950. PSIPRED results show that among the secondary structural elements, coil strand predominates, followed by -helix and -
strand. It is concluded that this protein is immunogenic and that it can be used to develop a more specific and sensitive diagnostic
reagent for typhoid fever.

Keywords: Pili protein; Salmonella typhi; molecular characterization; typhoid fever

INTRODUCTION

Typhoid fever is an infectious condition that spreads throughout the body and is caused by the Gram-negative
bacterium Salmonella enterica subspecies enterica serovar typhi (S. typhi) (Tran et al., 2017; Ajibola et al., 2018). Typhoid
fever is usually contracted by ingestion of water or food contaminated by faecal or urinary carriers excreting S. Typhi.
This is one of the leading causes of mortality in many underdeveloped countries, including Indonesia. Globally, in 2010
typhoid fever was reported in 26.9 million cases (Buckle et al, 2012). World health organization estimates the incidence of
typhoid fever at 21 million cases and approximately 161000 deaths (World Health Organization, 2018). In Indonesia, in
August 2002 and July 2004 typhoid fever is an endemic disease, with 81.7 cases per 100 000 people per year for children
aged 24-60 months 148.7 per 100 000 (Wain et al, 2015). Cases of typhoid fever in the city of Semarang shows that there
is always an infection every month and is a disease that often occurs in large numbers. Based on the recapitulation of
typhoid reports at the Semarang City Health Center, in 2015 there were 6,958 cases while in 2016 there were 7,796 cases
(Andayani and Arulita, 2018). Children (aged 5 to 15 years of age) are the most affected age group with a peak incidence
known to occur in individuals (Pitzer et al., 2014). Due to the high incidence of typhoid in developing countries
predominantly in Asia including Indonesia, prevention has become a global health priority (Jamka et al., 2019;
Sahastrabuddhe and Saluja, 2019).

Symptoms of typhoid infection include fever which lasts 1 to 4 weeks. Fever is accompanied by headache, chills,
abdominal pain, nausea, and dry cough (Paul and Bandyopadhyay, 2017). Typhoid fever commonly exhibits non-specific
clinical symptoms comparable to malaria, dengue fever, influenza, leptospirosis, and Rickettsia infection, thus a definite
diagnosis must be verified by laboratory tests (Azmatullah et al., 2015; Arora et al., 2019).

Blood culture is widely recommended as a method for laboratory diagnosis, however its sensitivity ranges from 40 to
80%, not all laboratories have bacterial culture facilities, it is expensive, and it takes 2-3 days to complete (Ajibola et al.,
2018). Serological tests such as Widal are also often employed in laboratories because they are quick, easy, and affordable,
but their sensitivity and specificity are problematic due to the frequent sharing of epitopes between the antigens of S. typhi,
and other Gram-negative rods (Darmawati et al., 2015). It also makes use of a Rapid Diagnostic Test (RDT) for antibody
detection. Typhidot, Typhidot M, Typhi Rapid IgM, 1gG IgM (Combo), and Tubex TF (anti LPS antibody detection) are
50kDa outer membrane anti-proteins with a wide range of sensitivity and specificity (47-100%) (Ajibola et al. 2018).

Pili in S. typhi have two basic types, namely short attachment pili and long conjugate pili. At the ends of the pili shafts
are adhesive end structures that are shaped according to specific glycoprotein or glycolipid receptors on the host cell. Pili
play a role in the adhesion (sticking) of bacteria to host cells. and can stimulate an immune response. Adhesion to host
cells is considered a key factor during bacterial pathogenesis (Darmawati et al, 2019; Darmawati et al., 2015).

Pili are composed of pili protein which consists of several sub-units of pili protein. The pilin protein is encoded by the
pilus-S gene, which is classified into the pill operon. Pili contain proteins that are able to bind to sugar molecules that
make up cell membranes, called hemagglutinin proteins and proteins that can bind to host cell surface receptors called
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adhesin proteins (Khater et al., 2015). Hemagglutinin protein is a lectin, which can interact with carbohydrates on the
surface of human erythrocytes specifically and is reversible, resulting in agglutination (clumping). Blood type A has N-
Acetyl-D-Galactosamine carbohydrates, blood group B has D-Galactose, and blood group O has L-fucose (Darmawati et
al, 2019).

Based on the results of an analysis of the pili protein conducted by Darmawati (2019) from isolates of S. typhi BA07.4
and S. typhi KD30.4, two main protein subunits measuring 87 and 42 kDa were observed on SDS-PAGE. Proteins that are
immunogenic have a molecular weight of 10-100 kDa (Parslow et al., 2001). Based on the hema-agglutination test, it was
found that pilus proteins from S. typhi BA07.4 and S. typhi KD30.4 can agglutinate human erythrocytes in groups A, B,
AB and O because they are able to identify receptors on the surface of erythrocytes (Darmawati et al, 2019).

Research conducted by Darmawati (2015) showed that the hemagglutinin protein of the pili sub-unit of S.typhi isolates
at Kariadi Hospital Semarang was able to stimulate the formation of antibodies, and pili protein was an immonogenic
substance and needed for the attachment of bacteria to host cells (Darmawati et al, 2015) . Previous studies have looked at
the SDS-PAGE profile and tested the hemagglutination of S. typhi BA07.4

As aresult, other ways for acquiring specific antigens, such as the 42kDa protein component pili from S. typhi, must be
explored. Pili which is made up of 14-15 protein subunits, is a tool for attachment to the surface of host cells, which is the
initial step in infection; pili proteins are also immunogenic. The purpose of this study was to characterize the 42kDa
subunit pili protein of S. typhi by examining physicochemical parameters such as AA composition, molecular weight,
extinction coefficient, half-life, instability index, isoelectric point (pl), grand average of hydropathicity (GRAVY),
aliphatic index, and total number of positive and negative residues, as well as secondary structure analysis.

MATERIALS AND METHODS

Culture and identification of Salmonella typhi

The Bacteria S. typhi strain BA07.4 used in this study was taken from a blood culture of a positive Widal patient.
bacterial Identification use API 20E and APl 50CHB /E medium (Bio Merieux Inc.) were utilized (Darmawati, et al.,
2012). Bacterial cultures were cultured in biphasic medium (BHI Agar slant and BHI broth media) for 48 hours at 37°C
without agitation (Darmawati et al., 2019). One bacterial colony on MC media was grown in 50 mL of liquid BHI as a
starter, then the culture was incubated for 24 hours at 37°C with agitation. After that, 50 mL of BHI bacterial culture was
added to 500 mL liquid BHI media and incubated for 6 hours at 37°C with agitation. Furthermore, the culture was
implanted into biphasic media (BHI so it tilted) as much as + 50 mL and incubated for 48 hours at 37°C without agitation.
The culture is ready to be harvested.

Isolation and separation of pili protein

Pili protein was isolated using the Ehara approach (Ehara, 1987). After 48 hours, bacterial cultures on biphasic media
were collected, and a 3% concentration of trichloroacetic acid (TCA) was added (6 mL TCA into 200 mL bacteria), held at
room temperature (for 10 minutes), and centrifuged at 3000 rpm for 20 minutes at 4°C. The pellets were washed twice with
10mL of 0.1M PBS (pH 7.4) before being sliced for 3 minutes with a vortex super mixer and rested for 3 minutes before
being repeated 5 times at 4°C. The resulting suspension was centrifuged for 20 minutes at 4°C at 3000 rpm, and the
supernatant was protein pili.

The bacterial pili were then cut using a vortex supermixer with the step of 3 minutes the supermixer was turned on then
3 minutes the supermixer was turned off, this process was repeated 5 times with a temperature of 4°C. The results of the
cutting using a vortex supermixer were centrifuged and the supernatant was taken. In the protein dialysis process, 40%
ammonium sulfate was added to the supernatant (22 g ammonium sulfate in 50 mL supernatant), then the supernatant was
dissolved with a stirrer at 4°C until completely dissolved. Then the supernatant was centrifuged at 3000 rpm for 20 minutes
at 4°C, after which the pellet (sediment) was resuspended in 1 mL PBS pH 7.4. Pili protein suspension was put into the
dialysis bag. The dialysis bag was opened by boiling in distilled water with 3 drops of 10% EDTA added for 10 minutes
(Ehara et al., 1987). Dialysis of the pili protein suspension with PBS for 24 hours was carried out with the aim of removing
ammonium sulfate from the pili protein suspension, the dialysis solution was replaced 2 times. The pili protein profile was
analyzed using the SDS-PAGE 0.25% coomassie brilliant blue (Banta et al, 2021) stained with 0.25% Coomassie Brilliant
Blue R250 after purification with 40% ammonium sulfate.

SDS-PAGE, sequencing and bioinformatics analysis of 42 kDa subunit protein

The pili subunit protein (major band) from SDS-PAGE was cut and sequenced. Protein samples were heated for 5
minutes at 100°C in a buffer solution containing 5 mM pH 6.8 Tris HCL, 2-mercapto ethanol 5%, sodium dodecyl sulfate
2.5%, glycerol 10%, with Bromophenol Blue color. Then 20 L of the sample was pipetted into the gel well. The electrodes
are installed according to the poles. The voltage used is 125 mV with a running time of 90 minutes. After electrophoresis,
dye with 0.05% (w/v) coomasive brilliant blue R-250 in 15% (v/v) methanol and 5% (v/v) acetic acid was heated in a
microwave for 15 seconds and incubated for 1 hour. The gel was rinsed by immersing it in a mixture of 30% methanol and
10% acetic acid and incubated in a water bath for up to 2-3 hours. Then to determine the molecular weight of the desired
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protein compared with protein markers whose molecular weight is known. The sequenced peptide segments were aligned
using the basic local alignment search tool protein (BLASTP).

Physicochemical analysis of 42 kDa subunit protein

Expasy ProtParam was used to examine physicochemical data such as AA composition, molecular weight, extinction
coefficient, half-life, instability index, isoelectric point (pl), grand average of hydropathicity (GRAVY), aliphatic index,
and total number of positive and negative residues (http://us.expasy.org/tools/protparam.html/).

Protein hydrophobicity analysis

Analysis of protein  hydrophilicity with the ExPASy SOSUI server (http://harrier.nagahama-i-
bio.ac.jp/sosui/sosui_submit.ntml), and ProtScale program application (http://web.expasy.org/protscale/). The
hydrophobicity of proteins was then determined using the HpHob./Kyte & Doolitle hydrophobic chart plot to predict
solvent-accessible regions and estimate hydrophobic sites.

Protein secondary structure analysis

PSIPRED software was used to do secondary structure analysis on the ExXPASYy server. For forecasting secondary
structure, this method is both easy and accurate. This program can estimate the secondary structure of proteins such as the
beta strand, alpha helix, and coil based on the AA sequence. PSIPRED features the DMPFold tool, which may be used to
see the three-dimensional structure of AA sequences.

RESULTS AND DISCUSSIONS

Profile of S. typhi pili protein determined using SDS-PAGE

Bacteria that have previously been discovered and cultivated are subsequently extracted pili proteins to separate pili
from bacteria. Pili protein dialysis was used to concentrate protein such that pure pili protein may be produced. The
findings of the pili protein isolation were subsequently subjected to SDS-PAGE in order to examine and characterize the
pili protein profile, as shown in Figure 1.
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Figure 1. SDS-PAGE analysis of S.typhi pili protein (M: Protein markers, 1-7 Pili proteins)

The SDS-PAGE results showing which show 15 protein bands of varying thicknesses. The protein concentration is
indicated by the thickness of the protein band. The thicker the protein band, the higher the concentration (Sulistyarsi et al,
2012). Among these 15 bands, there is one band of thick protein subunits called major protein subunits with a molecular
weight of 42 kDa and 14 thin protein bands called minor protein subunits. According to Darmawati (2019), there are two
major protein subunits in the pili protein of S. typhi isolate BA07.4, namely 42 kDa and 87 kDa, and 14 minor bands using
serum extract BHI media, which serves to add nutrients for growth. bacteria and increase the growth rate (Darmawati, S.,
2019).

Pili protein 42 kDa is an immunogenic protein based on its protein weight. However, additional research, such as
immunoblotting and vaccination tests, are required to prove the imogenicity of this protein. Protein immunogenicity is
determined by several criteria, including the protein being a macromolecule with a complex chemical structure and having
foreign properties where the nature of the material is recognized as a foreign object (Chiu et al, 2019).
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Sequencing of S. typhi Pili protein

Sequencing analysis was performed to determine the AA sequence in the 42 kDa protein subunit of S.typhi. The
bands visible on SDS-PAGE (Figure 1) are cut and sequenced at Genetic Science in Tangerang, Banten, and the
sequencing results are analyzed at Bio Computing House in Bogor Indonesia. To obtain homologous values and genomic
information, the BLAST (Basic Local Alignment Search Tool) program was used to obtain alignment results (Figure 2).

MIMGVYVDKEHRVEKRKSSENGRKSAFAHKVEKNGGENY SRNVQERINRKGASKEVV
VEISGGAVTROGIRNSIDYMSRESELPVMSESGRVWTGDEILEAKEHMIDRANDP
QHVMNDKGEKENKKITONIVFSPPVSAKVEPEDLLESVRKTMOKKY PNHREFVLGYH
CDERKEHPHVHVVFRIRDNDGKRADIRKKDLREIRTGFCEELKLKGYDVKATHKQQ
HGLNQSVEDAHNTAPKRQKGVYEVVDIGYDHYQNDKTKSKQHE IKLETLNEGVEK
TYWGADFGDLCSRESVKAGDLVRLEKLGOKEVKIPALDKNGVQHGWKTVHRNEWQ
LENLGVKGVDRTPSASKELVLNSPDMLLKQQORMAQFTQOKASTLOSEQKLKTGT

KEFWGL
Figure 2. The 42 kDa subunit pili protein sequence of S. typhi

Salmonella enterica bacteria (Accession: EAA0576724.1) had the highest protein homolog value from the alignment
results, with a percentage similarity value of 100% identity and an E-Value of 0.0, and nine other sequences were S.
enterica bacteria with an identity similarity percentage value >99% and an E-Value of 0.0. Two proteins are said to have
structural similarities in homology and folding is based on sequence similarity, if they have a percent identity value of at
least 25% and an E-Value of 0.0 or 0.5 (Wong et al., 2014). The difference in nucleotide and AA homology is due to the
fact that not all nucleotide changes result in a change in AA sequence (Mitra et al., 2016).

Gene information derived from the overall sequence of the 42 kDa subunit (Fig. 2) is part of the spore coat protein,
CotH, which is in the AA sequence 12,775 — 13,947 is a protein found in the spore coat (Figure 3).
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Figure 3. The 42 kDa subunit pili protein sequence of S. typhi contains information on the location of the spore coat protein gene
(CotH)

The protein CotH spore coat is found in the Spore Coat. Some adult eukaryotic and bacterial spores have a thick layer
beneath their perispores called the spore coat. Alvarez-Fraga et al. (2016) discovered that spore coat proteins are involved
in biofilm formation and bacterial attachment to the host in Acinetobacter baumannii strains (Alvarez-Fraga et al., 2016).

Composition, physicochemical and hydrophobicity analysis of 42 kDa subunit protein

The Expasy website's ProtParam program (http://us.expasy.org/tools/protparam.html) was used to analyze the primary
structure of the 42 kDa pili subunit protein, which included molecular weight, atomic composition, formula, atomic
number, instability index, aliphatic index, and GRAVY (Table 1 and Table 2).

Further investigation of the Expasy website's ProtScale program (www.expasy.org) to determine the hydrophobic level
of the 42 kDa subunit protein (Figure 4).

According to Tables 1 and 2, the 42 kDa subunit pili protein of S. typhi has 390 aa AAs with a molecular weight of
44738.20 Daltons and 20 types of AAs, with lysine (L) being the dominant AA and low AAs being cysteine (C). The
ProtParam analysis (Table 2) revealed that the 42 kDa subunit pili protein of S. typhi had a value >7, which was 9.85,
indicating that the protein was basic. According to Shaw et al., (2001), protein with a pl value of 7 is acidic, whereas
protein with a pl value greater than 7 is alkaline. The isoelectric point (pl) is the pH of the protein's surface. The protein
purification process relies heavily on pl, which is used in the development of buffers for protein purification (Wingfield,
2016).
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The pili protein, a 42 kDa subunit, had a stability index of 31.42. (Table 2). Protein is predicted to be stable if it has a
stability index value of less than or less than 40 with a value range of 13.57 to 37.23, whereas protein is predicted to be
unstable if it has a stability index value greater than 40. (Guruprasad, 2019). The stability index is used to classify a
protein's stability and instability (Gangadhar et al, 2016).

The aliphatic index of the 42 kDa subunit pili protein is 70.90 (Table 2), indicating that this protein is predicted to be
stable over a wide temperature range (thermostable). This result is consistent with previous research (Gangadhar et al,
2016), which mentions a high aliphatic index. The high range of 74.14 to 80.45 may be stable over a wide temperature
range, and (Sivakumar et al., 2007) mentions the aliphatic index of antifreeze protein, which ranges from 57.89 to 125.23
based on sequence comparisons of various varieties.

This result shows that proteins with a high number of aliphatic side chains have Ala 4.4%, Val 8.5%, Ilu 4.4%, and Leu
6.4% of the AA composition (Table 1). It is expected that Ala, Val, llu, and Leu will be thermostable (Gangadhar et al,
2016, Gasteiger et al., 2005). The aliphatic index (Al), defined as the relative volume of protein occupied by aliphatic side
chains, was thought to be a positive factor in globular protein thermal stability. The GRAVY index of the 42 kDa subunit
pili protein is -0.950 (Table 2), where the lower the GRAVY value, the better the protein's interaction with water
(Sivakumar et al, 2007). This result was also confirmed using the SOSUI program (http://harrier.nagahama-i-
bio.ac.jp/sosui/sosui submit.html), which revealed that this protein was water soluble.

Table 1. AA composition of 42 kDa subunit protein

No. AA Composition Percentage (%) Content
1 Ala (A) 44 Netral
2 Arg (R) 6.4 Positif
3 Asn (N) 51 Netral
4 Asp (D) 5.9 Negatif
5 Cys (C) 0.8 Netral
6 GIn (Q) 5.6 Netral
7 Glu (E) 6.4 Negatif
8 Gly (G) 7.4 Netral
9 His (H) 41 Positif
10 le (1) 4.4 Netral
11 Leu (L) 6.4 Netral
12 Lys (K) 13.6 Positif
13 Met (M) 2.3 Netral
14 Phe (F) 2.3 Netral
15 Pro (P) 2.8 Netral
16 Ser (S) 5.9 Netral
17 Thr (T) 3.8 Netral
18 Trp (W) 13 Netral
19 Tyr (Y) 2.6 Netral
20 Val (V) 8.5 Netral

Table 2. Physicochemical profile of 42 kDa subunit protein

Parameters Results
Jumlah asam amino 390
Berat molekul 44738.2
Nilai Titik Iso Elektrik 9.85
Komposisi Atom C (Carbon) 1961
Komposisi Atom H (Hidrogen) 3181
Komposisi Atom N (Nitrogen) 597
Komposisi Atom O (Oksigen) 577
Komposisi Atom S (Sulfur) 12
Formula C1961H3181N5970577S12
Jumlah Atom 6328
Estimasi Paruh Waktu 30 hours (mammalian reticulocytes, in vitro)
Indeks Instabilitas 31.42 (Protein stabil)
Indeks Aliphatic 70.90
Grand Average of Hydrophaticity (GRAVY) -0.95
Jumlah total residu negatif (Asp + Glu) 48
Jumlah total residu positif (Arg + Lys) 78

Note: C = Carbon, H = Hydrogen, N = Nitrogen, O = Oxygen, S = Sulfur
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Figure 4. Plot graph of the HpHob./Kyte & Doolitle hydropathy protein of 42 kDa subunit protein S. typhi

Based on the ProtScale program results (Figure 4), the number of graphs that are less than 0 strengthens the results of
ProtParam and SOSUI. According to Kyte and Doolittle (1982), the hydropathic value ranges from -2 to +2, with the
higher (positive) hydropathic value indicating that the protein is more hydrophobic. Hydrophobicity is an important
physicochemical property to understand because it has the potential to be exposed to and interact with immunoglobulins
during the process of foreign protein expression in the host.

Secondary structure of the 42 kDa subunit protein analysis

The secondary structure is used to determine the structure and function of the protein, which is dependent on the
secondary structure's prediction accuracy. The PSIPRED program on the www.expasy.org website was used to analyze the
secondary structure of the 42 kDa subunit pili protein. The protein structure is made up of folded polypeptide chains in the
shape of an alpha helix (H), which is a spiral shaped chain of AAs, a strand/beta sheet (E), which is a chain in the form of
sheets composed of AAs that are bonded to each other through hydrogen bonds, and other structures in the shape of coils
or coils (C), which resemble ropes (Figure 5).

Figure 5. Secondary structure of the 42 kDa subunit protein of S. typhi

The results of this study show that the coil strand (elongated strand) dominates the secondary structural elements with a
percentage of 38.21% (figure 5). The coil strand functions in flexibility and change, where the peptide bond is not involved
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in intra-protein hydrogen bonding, and this structure can interact with water molecules, small ligands, or other proteins
(Filiz and Koc, 2014). Then comes the alpha helix strand (-helix), which has a percentage of 33.08% , followed by the
strand, which has a percentage of 20.77%, and the beta strand (-strand), which has a percentage of 7.95%. With t, the
protein structure becomes more stable. The results of this study shows an example of protein structure prediction obtained
by using DMPFold in the PSIPRED program (Figure 6).

DMPFold Structure

Figure 6. Secondary structure prediction of the 42 kDa subunit protein of S. typh

It is concluded that this protein is immunogenic and that it can be used to develop a more specific and sensitive
diagnostic reagent for typhoid fever
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Abstract. Darmawati S, Ethica SN, Prastiyanto ME, Depamede SN, Putri EO, Kamaruddin M. 2022. Molecular characterization of a
42 kDa subunit pili protein of Salmonella typhi causes typhoid fever. Biodiversitas 23: xxxx. Blood culture is the gold standard for
diagnosing typhoid fever, but it has limitations such as media and laboratory equipment, specimen volume, and examination time.
However, the Academy of Pediatrics does not recommend serology due to its low sensitivity. The purpose of this study was to determine
the molecular properties of the protein pilli of Salmonella typhi (S. typhi) that the findings can be used to develop a typhoid fever
diagnostic reagent. The SDS-PAGE method was used, as well sequence analysis with ProtParam, ProtScale, and PSIPRED. The SDS-
PAGE profile reveals one major protein (42 kDa) and fourteen minor proteins. The pili protein subunit 42 kDa had an amino acid (AA)
sequence with a length of 390 AA, according to bioinformatics analysis. According to the ProtParam results, the pili protein subunit 42
kDa has good stability with a value of 40 and is a hydrophilic protein with an average GRAVY value of -0.950. PSIPRED results show
that among the secondary structural elements, coil strand predominates, followed by -helix and -strand. It is concluded that this protein

is immunogenic and that it can be used to develop a more specific and sensitive diagnostic reagent for typhoid fever.

Keywords: Pili protein, Salmonella typhi, molecular characterization, typhoid fever

INTRODUCTION

Typhoid fever is an infectious condition that spreads
throughout the body and is caused by the Gram-negative
bacterium Salmonella enterica subspecies enterica serovar
typhi (S. typhi) (Thieu et al. 2017; Ajibola et al. 2018).
Typhoid fever is usually contracted by ingestion of water
or food contaminated by faecal or urinary carriers excreting
S. Typhi. This is one of the leading causes of mortality in
many underdeveloped countries, including Indonesia.
Globally, in 2010 typhoid fever was reported in 26.9
million cases (Buckle et al. 2012). World health
organization estimates the incidence of typhoid fever at 21
million cases and approximately 161000 deaths (World
Health Organization 2018). In Indonesia, in August 2002
and July 2004 typhoid fever is an endemic disease, with
81.7 cases per 100 000 people per year for children aged
24-60 months 148.7 per 100 000 (Wain et al. 2015). Cases
of typhoid fever in the city of Semarang shows that there is
always an infection every month and is a disease that often
occurs in large numbers. Based on the recapitulation of
typhoid reports at the Semarang City Health Center, in
2015 there were 6,958 cases while in 2016 there were
7,796 cases (Andayani and Arulita 2018). Children (aged 5
to 15 years of age) are the most affected age group with a
peak incidence known to occur in individuals (Pitzer et al.

2014). Due to the high incidence of typhoid in developing
countries predominantly in Asia including Indonesia,
prevention has become a global health priority (Jamka et al.
2019; Sahastrabuddhe and Saluja 2019).

Symptoms of typhoid infection include fever which
lasts 1 to 4 weeks. Fever is accompanied by headache,
chills, abdominal pain, nausea, and dry cough (Paul and
Bandyopadhyay 2017). Typhoid fever commonly exhibits
non-specific clinical symptoms comparable to malaria,
dengue fever, influenza, leptospirosis, and Rickettsia
infection, thus a definite diagnosis must be verified by
laboratory tests (Azmatullah et al. 2015; Arora et al. 2019).

Blood culture is widely recommended as a method for
laboratory diagnosis, however its sensitivity ranges from 40
to 80%, not all laboratories have bacterial culture facilities,
it is expensive, and it takes 2-3 days to complete (Ajibola et
al. 2018). Serological tests such as Widal are also often
employed in laboratories because they are quick, easy, and
affordable, but their sensitivity and specificity are
problematic due to the frequent sharing of epitopes
between the antigens of S. typhi, and other Gram-negative
rods (Darmawati et al. 2015). It also makes use of a Rapid
Diagnostic Test (RDT) for antibody detection. Typhidot,
Typhidot M, Typhi Rapid IgM, 1gG IgM (Combo), and
Tubex TF (anti LPS antibody detection) are 50kDa outer
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membrane anti-proteins with a wide range of sensitivity
and specificity (47-100%) (Ajibola et al. 2018).

Pili in S. typhi have two basic types, namely short
attachment pili and long conjugate pili. At the ends of the
pili shafts are adhesive end structures that are shaped
according to specific glycoprotein or glycolipid receptors
on the host cell. Pili play a role in the adhesion (sticking) of
bacteria to host cells. and can stimulate an immune
response. Adhesion to host cells is considered a key factor
during bacterial pathogenesis (Darmawati et al. 2019;
Darmawati et al. 2015).

Pili are composed of pili protein which consists of
several sub-units of pili protein. The pilin protein is
encoded by the pilus-S gene, which is classified into the
pill operon. Pili contain proteins that are able to bind to
sugar molecules that make up cell membranes, called
hemagglutinin proteins and proteins that can bind to host
cell surface receptors called adhesin proteins (Khater et al.
2015). Hemagglutinin protein is a lectin, which can interact
with carbohydrates on the surface of human erythrocytes
specifically and is reversible, resulting in agglutination
(clumping). Blood type A has N-Acetyl-D-Galactosamine
carbohydrates, blood group B has D-Galactose, and blood
group O has L-fucose (Darmawati et al. 2019).

Based on the results of an analysis of the pili protein
conducted by Darmawati (2019) from isolates of S. typhi
BAOQ7.4 and S. typhi KD30.4, two main protein subunits
measuring 87 and 42 kDa were observed on SDS-PAGE.
Proteins that are immunogenic have a molecular weight of
10-100 kDa (Parslow et al. 2001). Based on the hema-
agglutination test, it was found that pilus proteins from S.
typhi BAO7.4 and S. typhi KD30.4 can agglutinate human
erythrocytes in groups A, B, AB and O because they are
able to identify receptors on the surface of erythrocytes
(Darmawati et al. 2019).

Research conducted by Darmawati (2015) showed that
the hemagglutinin protein of the pili sub-unit of S.typhi
isolates at Kariadi Hospital Semarang was able to stimulate
the formation of antibodies, and pili protein was an
immonogenic substance and needed for the attachment of
bacteria to host cells (Darmawati et al. 2015) . Previous
studies have looked at the SDS-PAGE profile and tested
the hemagglutination of S. typhi BA07.4

As a result, other ways for acquiring specific antigens,
such as the 42kDa protein component pili from S. typhi,
must be explored. Pili which is made up of 14-15 protein
subunits, is a tool for attachment to the surface of host
cells, which is the initial step in infection; pili proteins are
also immunogenic. The purpose of this study was to
characterize the 42kDa subunit pili protein of S. typhi by
examining physicochemical parameters such as AA
composition, molecular weight, extinction coefficient, half-
life, instability index, isoelectric point (pl), grand average
of hydropathicity (GRAVY), aliphatic index, and total
number of positive and negative residues, as well as
secondary structure analysis.

MATERIALS AND METHODS

Culture and identification of Salmonella typhi

The bacteria S. typhi strain BA07.4 used in this study
was taken from a blood culture of a positive Widal patient.
API 20E and APl 50CHB /E medium (Bio Merieux Inc.)
were utilized for identification of bacteria (Darmawati et al.
2012). Bacterial cultures were cultured in biphasic medium
(BHI Agar slant and BHI broth media) for 48 hours at 37°C
without agitation (Darmawati et al. 2019). One bacterial
colony on MC media was grown in 50 mL of liquid BHI as
a starter, then the culture was incubated for 24 hours at
37°C with agitation. After that, 50 mL of BHI bacterial
culture was added to 500 mL liquid BHI media and
incubated for 6 hours at 37°C with agitation. Furthermore,
the culture was implanted into biphasic media (BHI so it
tilted) as much as + 50 mL and incubated for 48 hours at
37°C without agitation. The culture is ready to be
harvested.

Isolation and separation of pili protein

Pili protein was isolated using the Ehara approach
(Ehara 1987). After 48 hours, bacterial cultures on biphasic
media were collected, and a 3% concentration of
trichloroacetic acid (TCA) was added (6 mL TCA into 200
mL bacteria), held at room temperature (for 10 minutes),
and centrifuged at 3000 rpm for 20 minutes at 4°C. The
pellets were washed twice with 10mL of 0.1M PBS (pH
7.4) before being sliced for 3 minutes with a vortex super
mixer and rested for 3 minutes before being repeated 5
times at 4°C. The resulting suspension was centrifuged for
20 minutes at 4°C at 3000 rpm, and the supernatant was
protein pili.

The bacterial pili were then cut using a vortex
supermixer with the step of 3 minutes the supermixer was
turned on then 3 minutes the supermixer was turned off,
this process was repeated 5 times with a temperature of
4°C. The results of the cutting using a vortex supermixer
were centrifuged and the supernatant was taken. In the
protein dialysis process, 40% ammonium sulfate was added
to the supernatant (22 g ammonium sulfate in 50 mL
supernatant), then the supernatant was dissolved with a
stirrer at 4°C until completely dissolved. Then the
supernatant was centrifuged at 3000 rpm for 20 minutes at
4°C, after which the pellet (sediment) was resuspended in 1
mL PBS pH 7.4. Pili protein suspension was put into the
dialysis bag. The dialysis bag was opened by boiling in
distilled water with 3 drops of 10% EDTA added for 10
minutes (Ehara et al. 1987). Dialysis of the pili protein
suspension with PBS for 24 hours was carried out with the
aim of removing ammonium sulfate from the pili protein
suspension, the dialysis solution was replaced 2 times. The
pili protein profile was analyzed using the SDS-PAGE
0.25% coomassie brilliant blue (Banta et al. 2021) stained
with  0.25% Coomassie Brilliant Blue R250 after
purification with 40% ammonium sulfate.
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SDS-PAGE, sequencing and bioinformatics analysis of
42 kDa subunit protein

The pili subunit protein (major band) from SDS-PAGE
was cut and sequenced. Protein samples were heated for 5
minutes at 100°C in a buffer solution containing 5 mM pH
6.8 Tris HCL, 2-mercapto ethanol 5%, sodium dodecyl
sulfate 2.5%, glycerol 10%, with Bromophenol Blue color.
Then 20 L of the sample was pipetted into the gel well. The
electrodes are installed according to the poles. The voltage
used is 125 mV with a running time of 90 minutes. After
electrophoresis, dye with 0.05% (w/v) coomasive brilliant
blue R-250 in 15% (v/v) methanol and 5% (v/v) acetic acid
was heated in a microwave for 15 seconds and incubated
for 1 hour. The gel was rinsed by immersing it in a mixture
of 30% methanol and 10% acetic acid and incubated in a
water bath for up to 2-3 hours. Then to determine the
molecular weight of the desired protein compared with
protein markers whose molecular weight is known. The
sequenced peptide segments were aligned using the basic
local alignment search tool protein (BLASTP).

Physicochemical analysis of 42 kDa subunit protein
Expasy  ProtParam was used to examine
physicochemical data such as AA composition, molecular
weight, extinction coefficient, half-life, instability index,
isoelectric point (pl), grand average of hydropathicity
(GRAVY), aliphatic index, and total number of positive
and negative residues
(http://us.expasy.org/tools/protparam.html/).

Protein hydrophobicity analysis

Analysis of protein hydrophilicity with the EXPASy
SOSUI server (http://harrier.nagahama-i-
bio.ac.jp/sosui/sosui_submit.html), and ProtScale program
application (http://web.expasy.org/protscale/). The
hydrophobicity of proteins was then determined using the
HpHob./Kyte & Doolitle hydrophobic chart plot to predict
solvent-accessible regions and estimate hydrophaobic sites.
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Protein secondary structure analysis

PSIPRED software was used to do secondary structure
analysis on the ExPASYy server. For forecasting secondary
structure, this method is both easy and accurate. This
program can estimate the secondary structure of proteins
such as the beta strand, alpha helix, and coil based on the
AA sequence. PSIPRED features the DMPFold tool, which
may be used to see the three-dimensional structure of AA
sequences.

RESULTS AND DISCUSSIONS

Profile of S. typhi pili protein determined using SDS-
PAGE

Bacteria that have previously been discovered and
cultivated are subsequently extracted pili proteins to
separate pili from bacteria. Pili protein dialysis was used to
concentrate protein such that pure pili protein may be
produced. The findings of the pili protein isolation were
subsequently subjected to SDS-PAGE in order to examine
and characterize the pili protein profile, as shown in Figure
1.

The SDS-PAGE results showing 15 protein bands of
varying thicknesses (Figure 1). The protein concentration is
indicated by the thickness of the protein band. The thicker
the protein band, the higher the concentration (Sulistyarsi
et al. 2012). Among these 15 bands, there is one band of
thick protein subunits called major protein subunits with a
molecular weight of 42 kDa and 14 thin protein bands
called minor protein subunits. Pili protein 42 kDa is an
immunogenic protein based on its protein weight. Protein
immunogenicity is determined by several criteria, including
the protein being a macromolecule with a complex
chemical structure and having foreign properties where the
nature of the material is recognized as a foreign object
(Chiu et al. 2019).

woag 1 2 3 4 5 6 7

Figure 1. SDS-PAGE analysis of S. typhi pili protein. M: Protein markers. 1-7: Pili proteins
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Sequencing of S. typhi pili protein

Sequencing analysis was performed to determine the
AA sequence in the 42 kDa protein subunit of S.typhi. The
bands visible on SDS-PAGE (Figure 1) are cut and
sequenced at Genetic Science in Tangerang, Banten, and
the sequencing results are analyzed at Bio Computing
House in Bogor Indonesia. To obtain homologous values
and genomic information, the BLAST (Basic Local
Alignment Search Tool) program was used to obtain
alignment results (Figure 2).

Salmonella enterica (Accession number:
EAAO0576724.1) had the highest protein homolog value
from the alignment results, with a percentage similarity
value of 100% identity and an E-Value of 0.0, and nine
other sequences were S. enterica bacteria with an identity
similarity percentage value >99% and an E-Value of 0.0.
Two proteins are said to have structural similarities in
homology and folding is based on sequence similarity, if
they have a percent identity value of at least 25% and an E-
Value of 0.0 or 0.5 (Wong et al. 2014). The difference in
nucleotide and AA homology is due to the fact that not all
nucleotide changes result in a change in AA sequence
(Mitra et al. 2016).

Gene information derived from the overall sequence of
the 42 kDa subunit (Fig. 2) is part of the spore coat protein,
CotH, which is in the AA sequence 12,775 — 13,947 is a
protein found in the spore coat (Figure 3).

The protein CotH spore coat is found in the spore coat.
Some adult eukaryotic and bacterial spores have a thick
layer beneath their perispores called the spore coat.
Alvarez-Fraga et al. (2016) discovered that spore coat
proteins are involved in biofilm formation and bacterial
attachment to the host in Acinetobacter baumannii strains
(Alvarez-Fraga et al. 2016).

Composition, physicochemical and hydrophobicity
analysis of 42 kDa subunit protein

The  Expasy  website's  ProtParam  program
(http://us.expasy.org/tools/protparam.html) was used to
analyze the primary structure of the 42 kDa pili subunit
protein, which included molecular weight, atomic
composition, formula, atomic number, instability index,
aliphatic index, and GRAVY (Table 1 and Table 2).

Further investigation of the Expasy website's ProtScale
program (www.expasy.org) to determine the hydrophobic
level of the 42 kDa subunit protein (Figure 4).

According to Tables 1 and 2, the 42 kDa subunit pili
protein of S. typhi has 390 amino acids with a molecular
weight of 44738.20 Daltons and 20 types of AA, with
lysine (L) being the dominant AA and low AA being
cysteine (C). The ProtParam analysis (Table 2) revealed
that the 42 kDa subunit pili protein of S. typhi had a value
>7, which was 9.85, indicating that the protein was basic.
According to Shaw et al. (2001), protein with a pl value of
7 is acidic, whereas protein with a pl value greater than 7 is
alkaline. The isoelectric point (pl) is the pH of the protein's
surface. The protein purification process relies heavily on
pl, which is used in the development of buffers for protein
purification (Wingfield 2016).

The pili protein, a 42 kDa subunit, had a stability index
of 31.42. (Table 2). Protein is predicted to be stable if it has
a stability index value of less than or less than 40 with a
value range of 13.57 to 37.23, whereas protein is predicted
to be unstable if it has a stability index value greater than
40. (Guruprasad 2019). The stability index is used to
classify a protein's stability and instability (Gangadhar et
al. 2016).

MIMGVYVDKEHRVKRKSSENGRKSAFAHKVKNGGKNYSRNVQERINRKGASKEVVVKISGGAITRQGIRN
SIDYMSRESELPVMSESGRVWTGDEILEAKEHMIDRANDPQHVMNDKGKENKKITONIVESPPVSAKVKP
EDLLESVRKTMQKKYPNHRFVLGYHCDKKEHPHVHVVFRIRDNDGKRADIRKKDLREIRTGFCEELKLKG
YDVKATHKQQHGLNQSVKDAHNTAPKRQKGVYEVVDIGYDHYONDKTKSKQHFIKLKTLNKGVEKTYWGA
DFGDLCSRESVKAGDLVRLKKLGQKEVKIPALDKNGVQHGWKTVHRNEWQLENLGVKGVDRTPSASKELV
LNSPDMLLKQQORMAQFTQOKASTLOSEQKLKTGIKEFWGL

Figure 2. The 42 kDa subunit pili protein sequence of S. typhi
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Figure 3. The 42 kDa subunit pili protein sequence of S. typhi contains information on the location of the spore coat protein gene

(CotH)

45



DARMAWATI et al. — Characterization of pili protein of Salmonella typhi 5

Table 1. Amino acid composition of 42 kDa subunit protein

Table 2. Physicochemical profile of 42 kDa subunit protein

Amino acid composition  Percentage (%) Content Parameters Results

Ala (A) 44 Netral Jumlah asam amino 390

Arg (R) 6.4 Positif Berat molekul 44738.2

Asn (N) 51 Netral Nilai Titik Iso Elektrik 9.85

Asp (D) 5.9 Negatif Komposisi Atom C (Carbon) 1961

Cys (C) 0.8 Netral Komposisi Atom H (Hidrogen) 3181

Gin (Q) 5.6 Netral Komposisi Atom N (Nitrogen) 597

Glu (E) 6.4 Negatif Komposisi Atom O (Oksigen) 577

Gly (G) 7.4 Netral Komposisi Atom S (Sulfur) 12

His (H) 41 Positif Formula C1961H3181N5970577S12
lle (1) 44 Netral Jumlah Atom 6328

Leu (L) 6.4 Netral Estimasi Paruh Waktu 30 hours (mammalian
Lys (K) 13.6 Positif reticulocytes, in vitro)

Met (M) 2.3 Netral Indeks Instabilitas 31.42 (Protein stabil)
Phe (F) 2.3 Netral Indeks Aliphatic 70.90

Pro (P) 238 Netral Grand Average of -0.95

Ser (S) 5.9 Netral Hydrophaticity (GRAVY)

Thr (T) 3.8 Netral Jumlah total residu negatif 48

Trp (W) 1.3 Netral (Asp + Glu)

Tyr (Y) 2.6 Netral Jumlah total residu positif (Arg 78|

Val (V) 8.5 Netral + Lys)

The aliphatic index of the 42 kDa subunit pili protein is
70.90 (Table 2), indicating that this protein is predicted to
be stable over a wide temperature range (thermostable).
This result is consistent with previous research (Gangadhar
et al. 2016), which mentions a high aliphatic index. The
high range of 74.14 to 80.45 may be stable over a wide
temperature range, and (Sivakumar et al. 2007) mentions
the aliphatic index of antifreeze protein, which ranges from
57.89 to 125.23 based on sequence comparisons of various
varieties.

This result shows that proteins with a high number of
aliphatic side chains have Ala 4.4%, Val 8.5%, llu 4.4%,
and Leu 6.4% of the AA composition (Table 1). It is
expected that Ala, Val, llu, and Leu will be thermostable
(Gangadhar et al. 2016, Gasteiger et al. 2005). The
aliphatic index (Al), defined as the relative volume of
protein occupied by aliphatic side chains, was thought to be
a positive factor in globular protein thermal stability. The
GRAVY index of the 42 kDa subunit pili protein is -0.950
(Table 2), where the lower the GRAVY value, the better
the protein’s interaction with water (Sivakumar et al. 2007).
This result was also confirmed using the SOSUI program
(http://harrier.nagahama-i-bio.ac.jp/sosui/sosui
submit.html), which revealed that this protein was water
soluble.

Based on the ProtScale program results (Figure 4), the
number of graphs that are less than 0 strengthens the results
of ProtParam and SOSUI. According to Kyte and Doolittle
(1982), the hydropathic value ranges from -2 to +2, with
the higher (positive) hydropathic value indicating that the
protein is more hydrophobic. Hydrophobicity is an
important physicochemical property to understand because
it has the potential to be exposed to and interact with
immunoglobulins during the process of foreign protein
expression in the host.

Note: C: Carbon, H: Hydrogen, N: Nitrogen, O: Oxygen, S:
Sulfur

Secondary structure of the 42 kDa subunit protein
analysis

The secondary structure is used to determine the
structure and function of the protein, which is dependent on
the secondary structure's prediction accuracy. The
PSIPRED program on the www.expasy.org website was
used to analyze the secondary structure of the 42 kDa
subunit pili protein. The protein structure is made up of
folded polypeptide chains in the shape of an alpha helix
(H), which is a spiral shaped chain of amino acids, a
strand/beta sheet (E), which is a chain in the form of sheets
composed of amino acids that are bonded to each other
through hydrogen bonds, and other structures in the shape
of coils or coils (C), which resemble ropes (Figure 5).

The results of this study show that the coil strand
(elongated strand) dominates the secondary structural
elements with a percentage of 38.21% (Figure 5). The coil
strand functions in flexibility and change, where the
peptide bond is not involved in intra-protein hydrogen
bonding, and this structure can interact with water
molecules, small ligands, or other proteins (Filiz and Koc
2014). Then comes the alpha helix strand (-helix), which
has a percentage of 33.08%, followed by the strand, which
has a percentage of 20.77%, and the beta strand (-strand),
which has a percentage of 7.95%. With t, the protein
structure becomes more stable. The results of this study
show an example of protein structure prediction obtained
by using DMPFold in the PSIPRED program (Figure 6).

In conclusion, 42 kDa subunit pili protein of Salmonella
typhi is immunogenic and that it can be used to develop a
more specific and sensitive diagnostic reagent for typhoid
fever.
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Figure 4. Plot graph of the HpHob./Kyte & Doolitle hydropathy protein of 42 kDa subunit protein S. typhi
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Figure 5. Secondary structure of the 42 kDa subunit protein of S. typhi

DMPFold Structure

Figure 6. Secondary structure prediction of the 42 kDa subunit protein of S. typi
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Abstract. Darmawati S, Ethica SN, Prastiyanto ME, Depamede SN, Putri EO, Kamaruddin M. 2022. Molecular characterization of a
42 kDa subunit pili protein of Salmonella typhi causes typhoid fever. Biodiversitas 23: 962-968. Blood culture is the gold standard for
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However, the Academy of Pediatrics does not recommend serology due to its low sensitivity. The purpose of this study was to determine
the molecular properties of the protein pilli of Salmonella typhi (S. typhi) that the findings can be used to develop a typhoid fever
diagnostic reagent. The SDS-PAGE method was used, as well sequence analysis with ProtParam, ProtScale, and PSIPRED. The SDS-
PAGE profile reveals one major protein (42 kDa) and fourteen minor proteins. The pili protein subunit 42 kDa had an amino acid (AA)
sequence with a length of 390 AA, according to bioinformatics analysis. According to the ProtParam results, the pili protein subunit 42
kDa has good stability with a value of 40 and is a hydrophilic protein with an average GRAVY value of -0.950. PSIPRED results show
that among the secondary structural elements, coil strand predominates, followed by -helix and -strand. It is concluded that this protein
is immunogenic and that it can be used to develop a more specific and sensitive diagnostic reagent for typhoid fever.

Keywords: Pili protein, Salmonella typhi, molecular characterization, typhoid fever

INTRODUCTION 2014). Due to the high incidence of typhoid in developing
countries predominantly in Asia including Indonesia,
Typhoid fever is an infectious condition that spreads prevention has become a global health priority (Jamka et al.
throughout the body and is caused by the Gram-negative ~ 2019; Sahastrabuddhe and Saluja 2019).
bacterium Salmonella enterica subspecies enterica serovar Symptoms of typhoid infection include fever which
typhi (S. typhi) (Thieu et al. 2017; Ajibola et al. 2018). lasts 1 to 4 weeks. Fever is accompanied by headache,
Typhoid fever is usually contracted by ingestion of water  chills, abdominal pain, nausea, and dry cough (Paul and
or food contaminated by fecal or urinary carriers excreting ~ Bandyopadhyay 2017). Typhoid fever commonly exhibits
S. Typhi. This is one of the leading causes of mortality in  non-specific clinical symptoms comparable to malaria,
many underdeveloped countries, including Indonesia. dengue fever, influenza, leptospirosis, and Rickettsia
Globally, in 2010 typhoid fever was reported in 26.9 infection, thus a definite diagnosis must be verified by
million cases (Buckle et al. 2012). World health laboratory tests (Azmatullah et al. 2015; Arora et al. 2019).
organization estimates the incidence of typhoid fever at 21 Blood culture is widely recommended as a method for
million cases and approximately 161000 deaths (World laboratory diagnosis, however its sensitivity ranges from 40
Health Organization 2018). In Indonesia, in August 2002  to 80%, not all laboratories have bacterial culture facilities,
and July 2004 typhoid fever is an endemic disease, with it is expensive, and it takes 2-3 days to complete (Ajibola et
81.7 cases per 100 000 people per year for children aged al. 2018). Serological tests such as Widal are also often
24-60 months 148.7 per 100 000 (Wain et al. 2015). Cases  employed in laboratories because they are quick, easy, and
of typhoid fever in the city of Semarang show that there is  affordable, but their sensitivity and specificity are
always an infection every month and is a disease that often  problematic due to the frequent sharing of epitopes
occurs in large numbers. Based on the recapitulation of  between the antigens of S. typhi, and other Gram-negative
typhoid reports at the Semarang City Health Center, in  rods (Darmawati et al. 2015). It also makes use of a Rapid
2015 there were 6,958 cases while in 2016 there were Diagnostic Test (RDT) for antibody detection. Typhidot,
7,796 cases (Andayani and Arulita 2018). Children (aged 5  Typhidot M, Typhi Rapid IgM, IgG IgM (Combo), and
to 15 years of age) are the most affected age group with a  Tubex TF (anti LPS antibody detection) are 50kDa outer
peak incidence known to occur in individuals (Pitzer et al.  membrane anti-proteins with a wide range of sensitivity
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and specificity (47-100%) (Ajibola et al. 2018).

Pili in S. typhi have two basic types, namely short
attachment pili and long conjugate pili. At the ends of the
pili shafts are adhesive end structures that are shaped
according to specific glycoprotein or glycolipid receptors
on the host cell. Pili play a role in the adhesion (sticking) of
bacteria to host cells. and can stimulate an immune
response. Adhesion to host cells is considered a key factor
during bacterial pathogenesis (Darmawati et al. 2015;
Darmawati et al. 2019).

Pili are composed of pili protein which consists of
several sub-units of pili protein. The pilin protein is
encoded by the pilus-S gene, which is classified into the
pill operon. Pili contain proteins that are able to bind to
sugar molecules that make up cell membranes, called
hemagglutinin proteins and proteins that can bind to host
cell surface receptors called adhesin proteins (Khater et al.
2015). Hemagglutinin protein is a lectin, which can interact
with carbohydrates on the surface of human erythrocytes
specifically and is reversible, resulting in agglutination
(clumping). Blood type A has N-Acetyl-D-Galactosamine
carbohydrates, blood group B has D-Galactose, and blood
group O has L-fucose (Darmawati et al. 2019).

Based on the results of an analysis of the pili protein
conducted by Darmawati (2019) from isolates of S. typhi
BAOQ7.4 and S. typhi KD30.4, two main protein subunits
measuring 87 and 42 kDa were observed on SDS-PAGE.
Proteins that are immunogenic have a molecular weight of
10-100 kDa (Parslow et al. 2001). Based on the hema-
agglutination test, it was found that pilus proteins from S.
typhi BA07.4 and S. typhi KD30.4 can agglutinate human
erythrocytes in groups A, B, AB and O because they are
able to identify receptors on the surface of erythrocytes
(Darmawati et al. 2019).

Research conducted by Darmawati (2015) showed that
the hemagglutinin protein of the pili sub-unit of S.typhi
isolates at Kariadi Hospital Semarang was able to stimulate
the formation of antibodies, and pili protein was an
immunogenic substance and needed for the attachment of
bacteria to host cells (Darmawati et al. 2015) . Previous
studies have looked at the SDS-PAGE profile and tested
the hemagglutination of S. typhi BA07.4

As a result, other ways for acquiring specific antigens,
such as the 42kDa protein component pili from S. typhi,
must be explored. Pili which is made up of 14-15 protein
subunits, is a tool for attachment to the surface of host
cells, which is the initial step in infection, pili proteins are
also immunogenic. The purpose of this study was to
characterize the 42kDa subunit pili protein of S. typhi by
examining physicochemical parameters such as AA
composition, molecular weight, extinction coefficient, half-
life, instability index, isoelectric point (pl), grand average
of hydropathicity (GRAVY), aliphatic index, and total
number of positive and negative residues, as well as
secondary structure analysis.
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MATERIALS AND METHODS

Culture and identification of Salmonella typhi

The bacteria S. typhi strain BA07.4 used in this study
was taken from a blood culture of a positive Widal patient.
API 20E and APl 50CHB /E medium (Bio Merieux Inc.)
were utilized for identification of bacteria (Darmawati et al.
2012). Bacterial cultures were cultured in biphasic medium
(BHI Agar slant and BHI broth media) for 48 hours at 37°C
without agitation (Darmawati et al. 2019). One bacterial
colony on MC media was grown in 50 mL of liquid BHI as
a starter, then the culture was incubated for 24 hours at
37°C with agitation. After that, 50 mL of BHI bacterial
culture was added to 500 mL liquid BHI media and
incubated for 6 hours at 37°C with agitation. Furthermore,
the culture was implanted into biphasic media (BHI so it
tilted) as much as 50 mL and incubated for 48 hours at
37°C without agitation. The culture is ready to be
harvested.

Isolation and separation of pili protein

Pili protein was isolated using the Ehara approach
(Ehara 1987). After 48 hours, bacterial cultures on biphasic
media were collected, and a 3% concentration of
trichloroacetic acid (TCA) was added (6 mL TCA into 200
mL bacteria), held at room temperature (for 10 minutes),
and centrifuged at 3000 rpm for 20 minutes at 4°C. The
pellets were washed twice with 10mL of 0.1M PBS (pH
7.4) before being sliced for 3 minutes with a vortex super
mixer and rested for 3 minutes before being repeated 5
times at 4°C. The resulting suspension was centrifuged for
20 minutes at 4°C at 3000 rpm, and the supernatant was
protein pili.

The bacterial pili were then cut using a vortex
supermixer with the step of 3 minutes the supermixer was
turned on then 3 minutes the supermixer was turned off,
this process was repeated 5 times with a temperature of
4°C. The results of the cutting using a vortex supermixer
were centrifuged and the supernatant was taken. In the
protein dialysis process, 40% ammonium sulfate was added
to the supernatant (22 g ammonium sulfate in 50 mL
supernatant), then the supernatant was dissolved with a
stirrer at 4°C until completely dissolved. Then the
supernatant was centrifuged at 3000 rpm for 20 minutes at
4°C, after which the pellet (sediment) was resuspended in 1
mL PBS pH 7.4. Pili protein suspension was put into the
dialysis bag. The dialysis bag was opened by boiling in
distilled water with 3 drops of 10% EDTA added for 10
minutes (Ehara et al. 1987). Dialysis of the pili protein
suspension with PBS for 24 hours was carried out with the
aim of removing ammonium sulfate from the pili protein
suspension, the dialysis solution was replaced 2 times. The
pili protein profile was analyzed using the SDS-PAGE
0.25% coomassie brilliant blue (Banta et al. 2021) stained
with 0.25% Coomassie Brilliant Blue R250 after
purification with 40% ammonium sulfate.
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SDS-PAGE, sequencing and bioinformatics analysis of
42 kDa subunit protein

The pili subunit protein (major band) from SDS-PAGE
was cut and sequenced. Protein samples were heated for 5
minutes at 100°C in a buffer solution containing 5 mM pH
6.8 Tris HCL, 2-mercapto ethanol 5%, sodium dodecyl
sulfate 2.5%, glycerol 10%, with Bromophenol Blue color.
Then 20 L of the sample was pipetted into the gel well. The
electrodes are installed according to the poles. The voltage
used is 125 mV with a running time of 90 minutes. After
electrophoresis, dye with 0.05% (w/v) coomasive brilliant
blue R-250 in 15% (v/v) methanol and 5% (v/v) acetic acid
was heated in a microwave for 15 seconds and incubated
for 1 hour. The gel was rinsed by immersing it in a mixture
of 30% methanol and 10% acetic acid and incubated in a
water bath for up to 2-3 hours. Then to determine the
molecular weight of the desired protein compared with
protein markers whose molecular weight is known. The
sequenced peptide segments were aligned using the basic
local alignment search tool protein (BLASTP).

Physicochemical analysis of 42 kDa subunit protein
Expasy ProtParam was used to examine
physicochemical data such as AA composition, molecular
weight, extinction coefficient, half-life, instability index,
isoelectric point (pl), grand average of hydropathicity
(GRAVY), aliphatic index, and total number of positive and
negative residues (http://us.expasy.org/tools/protparam.html/).

Protein hydrophobicity analysis

Analysis of protein hydrophilicity with the ExXPASy
SOsuUlI server (http://harrier.nagahama-i-
bio.ac.jp/sosui/sosui_submit.html), and ProtScale program
application (http://web.expasy.org/protscale/). The
hydrophobicity of proteins was then determined using the
HpHob./Kyte & Doolitle hydrophobic chart plot to predict
solvent-accessible regions and estimate hydrophobic sites.
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Protein secondary structure analysis

PSIPRED software was used to do secondary structure
analysis on the ExPASYy server. For forecasting secondary
structure, this method is both easy and accurate. This
program can estimate the secondary structure of proteins
such as the beta strand, alpha helix, and coil based on the
AA sequence. PSIPRED features the DMPFold tool, which
may be used to see the three-dimensional structure of AA
sequences.

RESULTS AND DISCUSSIONS

Profile of S. typhi pili protein determined using SDS-
PAGE

Bacteria that have previously been discovered and
cultivated are subsequently extracted pili proteins to
separate pili from bacteria. Pili protein dialysis was used to
concentrate protein such that pure pili protein may be
produced. The findings of the pili protein isolation were
subsequently subjected to SDS-PAGE in order to examine
and characterize the pili protein profile, as shown in Figure
1.

The SDS-PAGE results show 15 protein bands of
varying thicknesses (Figure 1). The protein concentration is
indicated by the thickness of the protein band. The thicker
the protein band, the higher the concentration (Sulistyarsi
et al. 2012). Among these 15 bands, there is one band of
thick protein subunits called major protein subunits with a
molecular weight of 42 kDa and 14 thin protein bands
called minor protein subunits. Pili protein 42 kDa is an
immunogenic protein based on its protein weight. Protein
immunogenicity is determined by several criteria, including
the protein being a macromolecule with a complex
chemical structure and having foreign properties where the
nature of the material is recognized as a foreign object
(Chiu et al. 2019).
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a5 .
72 N

— — e e — — —

55

43 R —— == — —

Figure 1. SDS-PAGE analysis of Salmonella typhi pili protein. M: Protein markers. 1-7: Pili proteins
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Sequencing of S. typhi pili protein

Sequencing analysis was performed to determine the
AA sequence in the 42 kDa protein subunit of S. typhi.
The bands visible on SDS-PAGE (Figure 1) are cut and
sequenced at Genetic Science in Tangerang, Banten, and
the sequencing results are analyzed at Bio Computing
House in Bogor Indonesia. To obtain homologous values
and genomic information, the BLAST (Basic Local
Alignment Search Tool) program was used to obtain
alignment results (Figure 2).

Salmonella enterica (Accession number: EAA0576724.1)
had the highest protein homolog value from the alignment
results, with a percentage similarity value of 100% identity
and an E-Value of 0.0, and nine other sequences were S.
enterica bacteria with an identity similarity percentage
value >99% and an E-Value of 0.0. Two proteins are said
to have structural similarities in homology and folding is
based on sequence similarity, if they have a percent identity
value of at least 25% and an E-Value of 0.0 or 0.5 (Wong
et al. 2014). The difference in nucleotide and AA
homology is due to the fact that not all nucleotide changes
result in a change in AA sequence (Mitra et al. 2016).

Gene information derived from the overall sequence of
the 42 kDa subunit (Fig. 2) is part of the spore coat protein,
CotH, which is in the AA sequence 12,775-13,947 is a
protein found in the spore coat (Figure 3).

The protein CotH spore coat is found in the spore coat.
Some adult eukaryotic and bacterial spores have a thick
layer beneath their perispores called the spore coat.
Alvarez-Fraga et al. (2016) discovered that spore coat
proteins are involved in biofilm formation and bacterial
attachment to the host in Acinetobacter baumannii strains
(Alvarez-Fraga et al. 2016).
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Composition, physicochemical and hydrophobicity
analysis of 42 kDa subunit protein
The  Expasy  website's  ProtParam  program

(http://us.expasy.org/tools/protparam.html) was used to
analyze the primary structure of the 42 kDa pili subunit
protein, which included molecular weight, atomic
composition, formula, atomic number, instability index,
aliphatic index, and GRAVY (Tables 1 and 2). Further
investigation of the Expasy website's ProtScale program
(www.expasy.org) to determine the hydrophobic level of
the 42 kDa subunit protein (Figure 4).

According to Tables 1 and 2, the 42 kDa subunit pili
protein of S. typhi has 390 amino acids with a molecular
weight of 44738.20 Daltons and 20 types of AA, with
lysine (L) being the dominant AA and low AA being
cysteine (C). The ProtParam analysis (Table 2) revealed
that the 42 kDa subunit pili protein of S. typhi had a value
>7, which was 9.85, indicating that the protein was basic.
According to Shaw et al. (2001), protein with a pl value of
7 is acidic, whereas protein with a pl value greater than 7 is
alkaline. The isoelectric point (pl) is the pH of the protein's
surface. The protein purification process relies heavily on
pl, which is used in the development of buffers for protein
purification (Wingfield 2016).

The pili protein, a 42 kDa subunit, had a stability index
of 31.42. (Table 2). Protein is predicted to be stable if it has
a stability index value of less than or less than 40 with a
value range of 13.57 to 37.23, whereas protein is predicted
to be unstable if it has a stability index value greater than
40. (Guruprasad 2019). The stability index is used to
classify a protein's stability and instability (Gangadhar et
al. 2016).

MIMGVYVDKEHRVKRKSSENGRKSAFAHKVKNGGKNY SRNVQERINRKGASKEVVVKISGGAITRQGIRN
SIDYMSRESELPVMSESGRVWTGDE ILEAKEHMIDRANDPQHVMNDKGKENKKITONIVESPPVSAKVKP
EDLLESVRKTMOKKYPNHRFVLGYHCDKKEHPHVHVVFRIRDNDGKRADIRKKDLREIRTGFCEELKLKG
YDVKATHKQQOHGLNQSVKDAHNTAPKROKGVYEVVDIGYDHYQONDKTKSKQHEFIKLKTLNKGVEKTYWGA
DFGDLCSRESVKAGDLVRLKKLGQOKEVKIPALDKNGVQHGWKTVHRNEWQLENLGVKGVDRTPSASKELV
LNSPDMLLKQQORMAQFTQQOKASTLOSEQKLKTGIKEFWGL

Figure 2. The 42 kDa subunit pili protein sequence of Salmonella typhi
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Figure 3. The 42 kDa subunit pili protein sequence of Salmonella typhi contains information on the location of the spore coat protein

gene (CotH)
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Table 1. Amino acid composition of 42 kDa subunit protein

BIODIVERSITAS 23 (2): 962-968, February 2022

Table 2. Physicochemical profile of 42 kDa subunit protein

Amino acid composition  Percentage (%) Content Parameters Results
Ala (A) 44 Netral Number of amino acids 390
Arg (R) 6.4 Positif Molecular weight 44738.2
Asn (N) 5.1 Netral Isoelectric Point Value 9.85
Asp (D) 5.9 Negatif Atomic Composition of C (Carbon) 1961
Cys (C) 0.8 Netral Atomic Composition of H (Hydrogen) 3181
GIn (Q) 5.6 Netral Atomic Composition of N (Nitrogen) 597
Glu (E) 6.4 Negatif Atomic Composition of O (Oxygen) 577
Gly (G) 7.4 Netral Atomic Composition of S (Sulfur) 12
His (H) 4.1 Positif Formula C1961H3181N5970
lle (1) 4.4 Netral 577512
Leu (L) 6.4 Netral Number of Atoms 6328
Lys (K) 13.6 Positif Part Time Estimate 30 hours (mammalian
Met (M) 2.3 Netral reticulocytes, in vitro
Phe (F) 2.3 Netral Instability Index 31.42 (protein stabil)
Pro (P) 2.8 Netral Aliphatic Index 70.90
Ser (S) 5.9 Netral Grand Average of Hydrophaticity (GRAVY) -0.95
Thr (T) 3.8 Netral Total number of negative residues (Asp + Glu) 48
Trp (W) 1.3 Netral Total number of positive residues (Arg + Lys) 78
Tyr (Y) 2.6 Netral Note: C: Carbon, H: Hydrogen, N: Nitrogen, O: Oxygen, S: Sulfur
Val (V) 8.5 Netral

The aliphatic index of the 42 kDa subunit pili protein is
70.90 (Table 2), indicating that this protein is predicted to
be stable over a wide temperature range (thermostable).
This result is consistent with previous research (Gangadhar
et al. 2016), which mentions a high aliphatic index. The
high range of 74.14 to 80.45 may be stable over a wide
temperature range, and (Sivakumar et al. 2007) mention the
aliphatic index of antifreeze protein, which ranges from
57.89 to 125.23 based on sequence comparisons of various
varieties.

This result shows that proteins with a high number of
aliphatic side chains have Ala 4.4%, Val 8.5%, llu 4.4%,
and Leu 6.4% of the AA composition (Table 1). It is
expected that Ala, Val, Ilu, and Leu will be thermostable
(Gasteiger et al. 2005; Gangadhar et al. 2016). The
aliphatic index (Al), defined as the relative volume of
protein occupied by aliphatic side chains, was thought to be
a positive factor in globular protein thermal stability. The
GRAVY index of the 42 kDa subunit pili protein is -0.950
(Table 2), where the lower the GRAVY value, the better
the protein’s interaction with water (Sivakumar et al. 2007).
This result was also confirmed using the SOSUI program
(http://harrier.nagahama-i-bio.ac.jp/sosui/sosui
submit.html), which revealed that this protein was water
soluble.

Based on the ProtScale program results (Figure 4), the
number of graphs that are less than 0 strengthens the results
of ProtParam and SOSUI. According to Kyte and Doolittle
(1982), the hydropathic value ranges from -2 to +2, with
the higher (positive) hydropathic value indicating that the
protein is more hydrophobic. Hydrophobicity is an
important physicochemical property to understand because
it has the potential to be exposed to and interact with
immunoglobulins during the process of foreign protein
expression in the host.
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Figure 4. Plot graph of the HpHob./Kyte & Doolitle hydropathy
protein of 42 kDa subunit protein Salmonella typhi

Secondary structure of the 42 kDa subunit protein
analysis

The secondary structure is used to determine the
structure and function of the protein, which is dependent on
the secondary structure's prediction accuracy. The
PSIPRED program on the www.expasy.org website was
used to analyze the secondary structure of the 42 kDa
subunit pili protein. The protein structure is made up of
folded polypeptide chains in the shape of an alpha helix
(H), which is a spiral shaped chain of amino acids, a
strand/beta sheet (E), which is a chain in the form of sheets
composed of amino acids that are bonded to each other
through hydrogen bonds, and other structures in the shape
of coils or coils (C), which resemble ropes (Figure 5).
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Figure 5. Secondary structure of the 42 kDa subunit protein of Salmonella typhi

DMPFold Structure

Figure 6. Secondary structure prediction of the 42 kDa subunit
protein of Salmonella typhi

The results of this study show that the coil strand
(elongated strand) dominates the secondary structural
elements with a percentage of 38.21% (Figure 5). The coil
strand functions in flexibility and change, where the
peptide bond is not involved in intra-protein hydrogen
bonding, and this structure can interact with water
molecules, small ligands, or other proteins (Filiz and Koc
2014). Then comes the alpha helix strand (-helix), which
has a percentage of 33.08%, followed by the strand, which
has a percentage of 20.77%, and the beta strand (-strand),
which has a percentage of 7.95%. With t, the protein
structure becomes more stable. The results of this study
show an example of protein structure prediction obtained
by using DMPFold in the PSIPRED program (Figure 6).

In conclusion, 42 kDa subunit pili protein of Salmonella
typhi is immunogenic and it can be used to develop a more
specific and sensitive diagnostic reagent for typhoid fever.
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