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The heparin-binding hemagglutinin (HBHA) protein belonging to
Mycobacterium tuberculosis is known as a molecular adjuvant.

Hence, the expression of this protein in the prokaryotic system is essential.

To predict an appropriate signal peptide for the expression of the HBHA protein,
50 signal peptides were selected from the signal peptide database. Then, the crucial
parameters of signal peptides, including the probability of signal peptide, different regions
of signal peptides, physicochemical features, sorting of signal peptides, and sub-cellular
location were completely investigated by reliable tools. After the best-predicted signal
peptide was identified, it was linked to the HBHA protein, and its secondary structure,
tertiary structure, and in silico cloning in pET21a (+) was assessed.

The results of different evaluations confirmed that only 13 signal peptides
passed all features, including clearance of N, H, and C regions, D-score >0.7, instability
index >40, and periplasmic localization. Finally, based on D-scores, among these 13 signal
peptides, the asr (acid shock RNA) peptide with D-score=90 was selected as the best-
predicted signal peptide to apply. Moreover, the results showed that the secondary structure
of the adjuvant linked to asr peptide contained 88.18% alpha helix and 9.5% random coil.
Also, the results of in silico cloning showed that the nucleotide sequences of the adjuvant
linked to the asr peptide were successfully cloned between BamHI and Xhol enzymes in
the multiple cloning site of pET21a (+).

The results of this study confirmed that the asr peptide can be used as an
appropriate signal peptide for the expression of the HBHA protein in the prokaryotic system.
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he  heparin-binding  hemagglutinin

(HBHA) is a lectin-like factor that can

be extracted from Mycobacterium tuber-

culosis (M. tuberculosis) [1]. It has been

reported that HBHA can not only agglu-

tinate erythrocytes but also can fortify at-
tachment and invasion of M. tuberculosis to epithelial
cells [2-4]. Also, many researchers have shown that this
protein has a vital role in dendritic cell maturation, over-
expression of surface molecules (e.g. CD40, CD80 and
CD86), and stimulation of proinflammatory cytokines,
such as IL6, IL12 [5]. Consequently, HBHA protein
can be applied as a molecular adjuvant to reinforce im-
mune responses. In many studies, HBHA protein has
been employed as a fusion protein in a new generation
of vaccines against different infections [6-8]. Hence, the
expression of HBHA as a recombinant protein in an ef-
ficient condition should be considered. Nowadays, eu-
karyotic and prokaryotic systems are known as the vital
hosts to express recombinant proteins [9]. The eukary-
otic system is extensively applied to express recombi-
nant proteins which have post-translational modification
(PTM) and complex structure, while the prokaryotic sys-
tem is widely employed to express simple recombinant
proteins without PTM [10]. Given that the prokaryotic
system is more cost-effective and user-friendly than the
eukaryotic system, consequently, this system is strongly
recommended to express simple proteins, such as HBHA
which do not need PTM [11]. Although the prokaryotic
system has advantages, success in purification of a re-
combinant protein in this system completely depends on
the existence of an appropriate signal peptide at the N-
terminal of the nascent protein to be expressed [10, 12].

A signal peptide is an amino acid sequence with 15-25
residues in length that, from N-terminal to the C terminal,
contains three obvious parts, including N, H, and C regions.
N and H regions of a signal peptide participate in the trans-
location of nascent protein in the periplasmic compartment,
while the C region is known as a cleavable site [13]. It is
essential to note that without an appropriate signal peptide,
nascent protein cannot be directed to the periplasmic com-
partment. As a result, the nascent protein will be sediment
in the cytoplasm of its host, and it can negatively impact
folding and purification processes [10]. Despite the impor-
tance of signal peptide role in the expression of a recombi-
nant protein, identification of an appropriate signal peptide
using experimental analysis is too expensive and time-con-
suming. Hence, an alternative strategy should be developed
to identify an appropriate signal peptide for each protein.
Bioinformatics is known as an affordable strategy that can

precisely analyze a large amount of data in a short time us-
ing a combination of biology, statistics, and computer sci-
ences. Moreover, along with the extension of bioinformat-
ics, many databases have been developed that can provide
researchers with reliable data [10, 13]. Therefore, it seems
that applying both bioinformatics and information data-
bases can introduce a vital strategy to find an appropriate
signal peptide. The current study was designed to predict
an appropriate signal peptide for the expression of HBHA
protein in a prokaryotic system. This study was conducted
to investigate some signal peptides retrieved from the da-
tabase and introduce the best signal peptide for the proper
folding of HBHA protein in the Escherichia coli expression
system using some reliable online tools.

Amino acid sequences retrieving

In this bioinformatics study, amino acid sequences
of 50 initial signal peptides (Table 1) were collected
from the signal peptide database. Also, an amino acid
sequence of HBHA protein with the accession number
NC_000962.3 was extracted from the national center for
biotechnology information database.

Investigation of signal peptide probability

To assess signal peptide probabilities, SignalP 4.1
server was applied. In this case, each signal peptide was
linked to the N-terminal of the HBHA amino acid se-
quence and pasted to the server. Filtration of signal pep-
tides was performed based on D-score (discrimination
score) with cut-off=0.7 [10]. The signal peptides with
a D-score less than 0.7 were deleted from subsequent
analysis.

Investigation of different regions of signal pep-
tides and physicochemical features

To determine different parts of remained signal pep-
tides, including N, H, and C regions. Signal P 3.0 server
was employed. In this case, each signal peptide was em-
bedded at the N-terminal of the HBHA protein and the
whole amino acid sequence was pasted in the mentioned
server. In this step, the signal peptides with unknown
cleavable sites were eliminated from the study. Also, dif-
ferent physicochemical features of the remained signal
peptides, including pl, instability index (instability in-
dex<40), aliphatic index, and grand average of hydro-
pathicity (GRAVY) were assessed by ProtParam server
and unstable signal peptide were deleted from the list.
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Identification of signal peptide type and sub-
cellular location

To identify the type of remained signal peptides, the
PRED-TAT server was used. Also, different sub-cellu-
lar locations of protein, including cytoplasmic, mem-
brane, secreted, and periplasmic compartments were
predicted by ProtcompB server version 9. It should be
mentioned that the signal peptides that were not able to
locate a protein in the periplasmic compartment were
deleted from the study.

Selection of the best signal peptide

To introduce the best signal peptide for optimized
expression of HBHA protein, the remained signal pep-
tides which were able to pass all steps of the analysis
were ranked based on D-score. The biggest D-score
belonged to the best signal peptide.

Secondary and tertiary structures

To investigate the secondary structure of HBHA
protein in the presence of the best signal peptide, the
SOPMA server was applied. Also, to model the tertia-
ry structure of the HBHA protein associated with the
best signal peptide, I-TASSER was employed. In both
cases, the amino acid sequence of the best-predicted
signal peptide was embedded in the N-terminal of the
HBHA protein.

Codon optimization and in silico cloning

In the current study, the nucleotide sequence of the
HBHA protein associated with the best-predicted signal
peptide was codon-optimized by JCat server expres-
sion of the prokaryotic system. Then, restriction sites
of BamHI and Xhol enzymes were added to the 5 and
3 of the codon-optimized sequences, respectively. After
double digestion with the Ncol and Xhol enzymes, the
digested sequence was pasted in multiple cloning sites of
the pET21a (+) vector.

Investigation of signal peptide probability

As mentioned, in the current study, the signal peptide
probability of 50 signal peptides was evaluated based
on D-score with cut-off=0.7 According to the results,
the highest D-score belonged to asr (0.90) and the
lowest value belonged to traV (0.25). Moreover, the
results revealed that 36 signal peptides of the initial
list had D-score more than 0.7, while the D-score of

14 signal peptides, including sbp, surA, yaeT, phoA,
cusF, pldA, rlpB, nlpE, slp, Ipp, ompT, dacB, nlpl, and
traV were less 0.7 (Table 1). Therefore, these signal
peptides were deleted from the study, and subsequent
analysis was performed by the remaining signal pep-
tides (36 signal peptides) [14].

Investigation of different regions of the signal
peptides

The results of these analyses demonstrated that all
signal peptides had clear N, H, and C regions with
a length of 3-6, 8-11, and 6-7 residues, respectively.
Also, the results showed that all signal peptides ex-
cept tortB, thiB, pspE, mepA, dsbD, ampC, cpdB,
ygiW, ompL, ynfD, trbC, lolA, yfdX, ybcL, phoE,
erfK, tolB, and hdeA had known cleavable sites with
Alanine-X-Alanine (AXA) (Table 1). In this step, the
signal peptides with unknown cleavable sites were
deleted and subsequent analysis continued the re-
maining 18 signal peptides.

Physicochemical features of signal peptides

The results of the physicochemical analysis showed that
the highest grand average of hydropathicity (GRAVY)
belonged to csgA (1.725) and the lowest belonged to skp
(0.860). Moreover, the range of the aliphatic index was
between 78.50 (dsbC) and 171.90 (ompC). Also, the re-
sults revealed that pI was between 8.50 (nanM and eco)
and 11 (sodC and ytfQ), while the instability index was
between -7.48 (csgA) and 56.98 (ytfQ). It is essential to
note that when the instability index of a protein is less
than 40, it is considered a stable protein. On the contrary,
when the instability index of a protein is more than 40, it
is known as an unstable protein [14]. Based on this defini-
tion, the unstable signal peptides, including ytfJ (43.30),
ytfQ (56.98), and ompG (53.39) were eliminated from the
current study (Table 2). Hence, the project continued us-
ing the remained signal peptides (15 signal peptides).

Identification of signal peptide type and sub-cel-
lular location

The results of signal peptide sorting demonstrated
that all remaining signal peptides belonged to the
secretory (Sec) pathway. Also, the results of the sub-
cellular location showed that all remaining signal
peptides except art I (secreted) and btuB (membrane)
could translocate a nascent protein to the periplasmic
compartment. Consequently, artl and btuB were fil-
tered from the study, and other signal peptides were
kept to introduce the best signal peptide (Table 2).
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Table 1. Primary list of the signal peptides and investigation of different regions (N, H, and C) and cleavable sites of the
signal peptides

List of the Signal Peptides Evaluation of Different Regions (N, H, and C) and Cleavable Sites
Accession . . . . q A
Row Gene No Organism Signal Sequence Length D-score N Region HRegion CRegion Cleavable Site
Escherichia
1 rlpB POADC1 coli MRYLATLLLSLAVLITAG 18 0.56 - - - -
Escherichia
2 slp P37194 coli MNMTKGALILSLSFLLAA 18 0.54 - - - -
3 thiB  P31550 ESChczrl’iCh’a MLKKCLPLLLLCTAPVFA 18 0.73 1-4(4)  512(8) 13-18(6)  unknown
Escherichia
4 traV P41069 coli MKQTSFFIPLLGTLLLYG 18 0.25 - - - -
5  torT  P38683 ESChC‘Z’I’I.Ch’” MRVLLFLLLSLFMLPAFS 18 0.81 1-3(3)  4-12(9) 13-18(6)  unknown

Escherichia

6  nlpl  POAFBL il MKPFLRWCFVATALTLAG 18 0.40 - - - -
Escherichia MKKLVLAALLASFTF-
7  art)  P30860 il GASA 19 082  13(3) 412(9) 13-19(7) ASA
P o9 POAGTS Escherl'ch/a MNKWGVGLTFLLAATS- 19 0.67 _ . _ :
coli VMA
9  dsbD  P36655 ESChC‘Z’/’I.Ch’” MAQRIFTLILLLCSTSVFA 19 080  14(4) 513(9) 14-19(6)  unknown
10 dsbA  POAEGa  EScherichia  MKKIWLALAGWVLAF- 10 g5 1404  513(9) 14-19(6) ASA
coli SASA
11 pspE  P23857 ESCh;'I’I.Ch’” MFKKGLLALALVFSLPVFA 19 0.85 1-4(4)  513(9) 14-19(6)  unknown
Escherichia MKRFSLAILALVVAT-
12 sodC  POAGD1 il o 19 077  14(4) 513(9) 14-19(6) AQA
Escherichia  MNKTITALAIMMAS-
13 nanM  P39371 it FAANA 19 074  14(4) 513(9) 14-19(6) ANA
14  mepA  POCOTS Esc”:o'/’fh’” MNKTAIALLALLASSASLA 19 0.84  14(4) 513(9) 14-19(6)  unknown
15  cpdB  PO8131 ESCh;’I’I.Ch’" MIKFSATLLATLIAASVNA 19 0.71 1-4(4)  513(9) 14-19(6)  unknown
16 ampC  P00811 Es‘:h;'/’fh’” MFKTTLCALLITASCSTFA 19 0.76 1-4(4)  5-13(9) 14-19(6)  unknown
17 artl  P30859 ESChC‘Z’I’I.Ch’” MKKVLIAALIAGFSLSATA 19 0.82 13(3)  412(9) 13-19(7) ATA
Escherichia MTLRKILALTCLLLPM-
18  ytfl  P39187 il MASA 20 088  15(5) 614(9) 15-20(6) ASA
Escherichia MKKGFMLFTLLAAFS-
19  dsbC  POAEG6 il GFAQA 20 079  14(4) 513(9) 14-20(7) AQA
20 bt Poglag  Eecherichia  MIKKASLLTAGSVIAFSA- - 5, 441 140  s543(9) 14-20(7) AWA
coli WA
Escherichia MVKKAIVTAMAVIS-
21 nlpE  P40710 il LFTLMG 20 0.55 - - - -
22 ompL  P7e773  ESCherichia i iNAILLSSLTSASVFA 20 077  1-5(5) 614(9) 1520(6)  unknown

coli

Escherichia MKNWKTLLLGIAMI-
23 surA POABZ coli ANTSFA 20 0.67 - - - -

Escherichia MAMKKLLIASLLFS-
24 yaeT POA940 coli SATVYG 20 0.63 = = = =



http://journal.qums.ac.ir/

List of the Signal Peptides

Evaluation of Different Regions (N, H, and C) and Cleavable Sites

Accession

Row Gene No Organism Signal Sequence Length D-score NRegion HRegion CRegion Cleavable Site
Escherichia ~ MKATKLVLGAVILGSTL-
25 Ipp  P69776 s G 20 0.53 - - - -
. Escherichia  MKKFAAVIAVMALC-
26 ygiw POADUS oli SAPVMA 20 0.85 1-4 (4) 5-14 (10) 15-20(6) unknown
Escherichia MKLLKVAAIAAIVF-
27 csgA  P28307 s SGSALA 20 0.83 1-5(5)  6-14(9) 15-20(6) ALA
28  ompT  P09169 ESC”C‘Z’I’I,Ch"’ MRAKLLGIVLTTPIAISSFA 20 0.52 - - - -
29 dacB P24278 Escherl‘chla MRFSRFIIGLTSCIAFS- 20 0.48 . ) . )
coli VQA
@ g poiuy ool ISEIHNE RISy 0.82 1-4(4) 5-14(10) 15-20(6) AQA
coli SAQA
Escherichia  MRTLQGWLLPVFMLP-
31 pldA  POA921 it VIAVYA 20 0.58 - - - -
Escherichia ~ MKTILPAVLFAAFATT-
32 eco  P23827 pafs CAWA 20 0.79 14(4)  5-14(10) 15-20(6) AWA
Escherichia  MKRLIMATMVTAILAS-
33 yfdX  P76520 s STVWA 21 0.82 1-5(5)  6-15(10) 16-21(6)  unknown
Escherichiam  MWKRLLIVSAVSAAMS-
34 ytfQa  P39325 b SMALA 21 0.84  1-4(4) 514(10) 1521(7) ALA
Escherichia MKKSTLALVVMGIVA-
35  phoE  P02932 pafh SASVOA 21 0.77 15(5)  6-15(10) 16-21(6)  unknown
Escherichia MKTLIVSTVLAFITF-
36 ybcl  P77368 s SAQAAA 21 0.81 14(4) 513(9) 14-21(8)  unknown
Escherichia MKKLTVAALAVT-
37 ompW  POA915 it TLLSGSAA 21 0.85 15(5)  6-15(10) 16-21(6) AFA
Escherichia MKKVLALV-
38 asr  P36560 e VAAAMGLSSAAFA 21 090  1-4(4) 515(11) 16-21(6) AFA
Escherichia ~ MKKLLPCTALVMCAG-
39 ompG  P76045 s MACAQA 21 074  1-4(4) 514(10) 15-21(7) AQA
M wppd  Foeeap o WISIRRERERE o 0.82 14(4) 514(10) 15-21(7) AQA
coli VAQA
41  tols  poagss  Escherichia  MKQALRVAFGFLILWAS- -, 0.75 16(6) 7-15(9) 16-21(6)  unknown
coli VLHA
Escherichia MKVKVLSLLVPALL-
42 ompC  P06996 s VAGAANA 21 0.85 14(4)  5-14(10) 15-21(7) ANA
Escherichia MKQSTIALALLPLLFT-
43 phoA  P00634 it BVTKA 21 0.61 - - - -
Escherichia MKSKVLALLIPAL-
44  ompN  P77747 e LAAGAAHA 21 0.86  15(5) 6-14(9) 15-21(7) AHA
45 oA pe131e  Lscherichia  MKKIAITCALLSSLVASS- 0.83 1-4(4) 5-15(11) 16-21(6)  unknown
coli VWA
46  erfk  P39176 ESChC‘Z’I’I.Ch’” MRRVN'L(;SLZALLFASHT' 21 0.77 15(5) 6-15(10) 1621(6)  unknown
Escherichia ~ MKLSTCCAALLLALAS-
47  ynfD  P76172 il oAVLA 21 0.89 15(5)  6-15(10) 16-21(6)  unknown
18 cusk pryaia  Escherichia  MKKALQUAMFSLFTVIG- . 0.60 ) ) ) )
coli FNAQ
49 hdeA  poagsg  Escherichia  MKKVLGVILGGLLLLPV-— 51 43 14() 545(11) 16-21(6)  unknown
coli VSNA
Escherichia  MKLSMKSLAALLMMLN-
50  trbC  P18473 e CAVMA 21 0.86  16(6) 7-15(9) 16-21(6)  unknown

Signal peptides with a D-score less than 0.7 (36 signal peptides) were deleted from further evaluation of different regions (N, H,

and C) and cleavable sites which have been shown with " - ".
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Table 3. Ranking the best predicted signal peptides

Rank* Gene Signal Sequence Location Protein Classification Cleavable Site D-score
1 asr MKKVLALVVAAAMGLSSAAFA Periplasmic Stable AFA 0.90
2 ompN MKSKVLALLIPALLAAGAAHA Periplasmic Stable AHA 0.86
3 ompW MKKLTVAALAVTTLLSGSAFA Periplasmic Stable AFA 0.85
4 ompC MKVKVLSLLVPALLVAGAANA Periplasmic Stable ANA 0.85
5 csgA MKLLKVAAIAAIVFSGSALA Periplasmic Stable ALA 0.83
6 art) MKKLVLAALLASFTFGASA Periplasmic Stable ASA 0.82
7 dsbA MKKIWLALAGLVLAFSASA Periplasmic Stable ASA 0.82
8 skp MKKWLLAAGLGLALATSAQA Periplasmic Stable AQA 0.82
9 ompA MKKTAIAIAVALAGFATVAQA Periplasmic Stable AQA 0.82
10 dsbC MKKGFMLFTLLAAFSGFAQA Periplasmic Stable AQA 0.79
11 eco MKTILPAVLFAAFATTSAWA Periplasmic Stable AWA 0.79
12 sodC MKRFSLAILALVVATGAQA Periplasmic Stable AQA 0.77
13 nanM MNKTITALAIMMASFAANA Periplasmic Stable ANA 0.74

*The signal peptides have been ranked based on their D-score; rank 1 has been devoted to the highest D-score.

Selection of the best signal peptide

To introduce the best-predicted signal peptide among
the top 13 signal peptides, D-score was considered.
These results showed that the asr peptide with D-
score=90 can be an appropriate candidate for the ex-
pression of HBHA protein in E. coli (Table 3).

Secondary and tertiary structures

To investigate the secondary structure of the HPHA
protein related to the asr peptide, the SOPMA server
was used. These results revealed that this protein con-
tained 88.18 % alpha helix, 1.82% extended strand,
0.45 % beta-turn, and 9.55 % random coil (Figure 1A).
Also, the result of the I-TASSER server showed that
the HBHA protein related to the asr peptide was well
modeled with a C-sore of -2.97 (Figure 1B).

Codon optimization and in silico cloning

As mentioned, in this study JCat server was applied
to perform codon optimization. The results of codon
optimization showed that the Codon Adaptation In-
dex (CAI) of HBHA protein associated with asr pep-
tide before and after optimization were 0.18 and 0.94
respectively (Figure 1C). Moreover, the results of in

silico cloning revealed that the nucleotide sequence
of HPHA protein related to asr peptide with 660 base
pairs in length could be successfully cloned in multiple
cloning sites of pET21a (+) (Figure 1D).

Nowadays, E. coli as a prokaryotic system is widely
applied to express simple proteins worldwide. A Sec
protein can be purified in both cytoplasmic and peri-
plasmic compartments of E. coli. It has been reported
that the cytoplasm of E. coli is more crowded than the
periplasm, thus it is difficult to purify a protein from the
cytoplasm. Also, in contrast to the periplasm, the cyto-
plasm is a reductive environment that can inhibit pro-
tein folding with disulfide bonds [15-17]. Therefore, a
strategy should be considered to translocate a nascent
protein to the periplasmic compartment. Applying an
appropriate signal peptide can lead to the transloca-
tion of a Sec protein to the periplasmic compartment.
Based on these important issues, the current study was
conducted to find an appropriate signal peptide for the
expression of HBHA protein in the periplasm environ-
ment of E. coli. To do this, 50 initial signal peptides
extracted from E. coli were analyzed based on their
D-scores. D-score is a parameter applied to distin-
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Figure 1. Structure of Heparin-Binding Hemagglutinin (HBHA) protein

A: Secondary structure of Heparin-Binding Hemagglutinin (HBHA) protein related to asr peptide, different regions, including
alpha helix, extended strand, beta-turn and random coil have been colored blue, red, green, and orange, respectively.

B: Tertiary structure of Heparin-Binding Hemagglutinin (HPHA) protein (white colore) related to asr peptide (red colore), the

structure was visualized by PyMol software.

C: Codon optimization plots of Heparin-Binding Hemagglutinin (HBHA) protein related to asr peptide before (left-hand) and

after (right hand) optimization.

D: In silico cloning of nucleotide sequence of Heparin-Binding Hemagglutinin (HBHA) protein related to asr peptide in pET21a (+) us-
ing CLC main workbench 5 software, (A) digestion product of bamhi and Xhol enzymes; (B) pET21a (+) which contains insert fragment.

guish between a signal and non-signal peptides [13],
this parameter is usually considered with cutoff=0.57,
but in the current study to increase the precision of the
project, cutoff=0.7 was exerted. Using this threshold,
14 signal peptides were omitted and the remaining 36
signal peptides were used for further study. In the next
step, the N, H, and C regions of the remaining signal
peptides were evaluated. It has been confirmed that
the N region of a signal peptide has a vital role in the
interaction between the signal peptide and phospho-
lipid membrane [10, 13, 18]. The results revealed that
all signal peptides had clear N regions with a length of
3-6 residues. A direct relationship is observed between
the length of the H region and the transmission rate
of a signal peptide from the phospholipid membrane.
A length of 9-12 residues has been reported to be ac-
ceptable for the H region [19]. As shown in Table 2, all
36 signal peptides had a clear H region with a length
of 8-11 residues. One of the crucial features of an ap-
propriate signal peptide is its cleavable site which con-

tains three residues with an AXA box. In this pattern, a
big amino acid, such as phenylalanine and tryptophan
is embedded between two alanines [20].

As shown in Table 2, 18 signal peptides followed the
AXA pattern. Therefore, other signal peptides which
did not have the mentioned pattern were removed from
further evaluations. In subsequent analysis, the physi-
cochemical feature of the remaining 18 signal peptides
was evaluated. The aliphatic index and GRVY are two
parameters related to the hydrophobicity of a signal
peptide [6]. As shown in Table 3, all remained signal
peptides had an acceptable aliphatic index and GRAVY.
The instability index is an index that is considered a
valuable factor in determining the stability or instabil-
ity of proteins. A protein with an instability index >40
is known as an unstable protein while a protein with an
instability index <40 is recognized as a stable protein
[12, 14, 21]. As reported in Table 3, three signal pep-
tides, including ytfJ, ytfQ and ompG are unstable; then
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they were excluded from the current study. In the next
analysis, the type of remaining 15 signal peptides was
determined, the results of this analysis confirmed that
all remained 15 signal peptides belonged to the Sec
pathway. Three ways, including twin-arginine translo-
cation (TAT), Sec, and signal recognition particle (SRP)
pathways have been detected for the translocation of a
nascent protein to the periplasmic compartment. It has
been reported that the Sec and signal recognition parti-
cle (SRP) pathways can translocate an unfolded protein
to the periplasmic compartment, while the TAT path-
way translocates a folded protein to this area [22, 23].
Moreover, sub-cellular location analysis confirmed that,
except artl and btuB signal peptides, the remaining 13
signal peptides can transmit the nascent protein to the
periplasmic compartment. Hence, artl and btuB were
deleted and the rest were the candidate to choose the
best signal peptide for the expression of HBHA protein
in E. coli. Given that the final 13 signal peptides were
able to successfully pass all analysis steps; they were
ranked based on D-score as crucial features. The results
of this ranking showed that the asr peptide was the best-
predicted signal peptide to express HBHA protein in the
periplasmic compartment of E. coli. After selecting the
asr peptide as the best signal peptide, it was connected
to the N-terminal of the HBHA protein and the second-
ary and tertiary structures of the protein were assessed.
The result of the secondary structure revealed that the
alpha helix (88.18%) was the main region of the HPHA
protein associated with the asr peptide (Figure 1A).

The tertiary structure results showed that HPHA pro-
tein in the presence of the asr peptide can be success-
fully folded with C-score=-2.97 (Figure 1B). Finally,
in silico cloning results confirmed that the nucleotide
sequence of the HPHA protein associated with the asr
peptide with 660 base pairs in length was successfully
cloned in pET21a (+).

The results of the present study to identify the ap-
propriate signal peptide for proper folding of HBHA
protein confirmed that the asr signal peptide can be
an appropriate candidate to express HBHA protein in
the periplasmic compartment of E. coli. Therefore, by
using this signal peptide to express HBHA protein, we
can benefit from the biological properties of this pro-
tein (for example, using it as a molecular adjuvant in
the design of recombinant vaccines).
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