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Abstract
Computational prediction of signal peptides is one of the most important steps in genetic engineering experiments. The 
periplasmic expression cause the reducing in the inherent destructive behavior of Bofurin I against its host and also reduc-
ing its susceptibility to proteolytic degradation. In order to predict the best signal peptides for expression of Buforin I in E. 
coli, 103 signal sequences were retired from signal peptide databases. Since the purpose of this study was to introduce the 
optimal signal peptides for periplasmic expression, first, sub-cellular localization site of signal peptides was analyzed. Then, 
n, h, and c regions of signal peptide, signal peptide probability and physico-chemical features were investigated. Base on the 
results, MalE, hofQ, papK, ugpB, zraP, and sfmC were introduced as the best signal peptides. For increasing the half-life of 
mRNA and the increasing the stability of the mRNA against exonuclease activity, secondary structures of mRNA including 
Shine-Dalgarno, untranslated region of ompA, start codon, signal peptide and sequences of Buforin I were analyzed. Based 
on the total free energy pilot evaluated and mRNA conformations, papK seemed more appropriate than the rest of the signal 
peptides. The obtained result of this study can be used for design the periplasmic expression constructs.
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Abbreviations
SP  Signal peptide
SS  Signal sequence
AMP  Anti-microbial peptide
NCB  National Center of Biotechnology Information
RNA  Ribonucleic acid
GRAVY  Grand average of hydropathicity
PI  Isoelectric point

CSP  Cleavage site probability
PCP  Predicted cleavage position
PCP  Predicted cleavage location

Introduction

The definition of AMPs is short, less than 50 amino acid 
sequences (often 10–50 amino acids) with a positive charge 
(in general, + 2 to + 9) and containing hydrophobic amino 
acids (> 30%) (Pirkhezranian et al. 2020). The functional 
spectrum of these AMPs is broad, including Gram-positive 
and Gram-negative bacteria (Daneshmand et al. 2019; Tan-
haeian et al. 2018), fungi (Baltzer and Brown 2011), cancer 
cells (Pirkhezranian et al. 2019) and viruses (Tahmoorespur 
et al. 2019). Buforin I as a histone-derived family of AMPs 
is a 39-amino acid AMP that was first isolated from the 
stomach tissue of the Asian toad Bufo bufo gargarizans 
(Park et al. 1996).

Various expression systems have been used to express 
proteins, but E. coli expression system is still one of the 
most convenient and desirable expression systems (Hoff-
mann et al. 2004; Zhang et al. 2018b). In vitro refolding 
is the critical dilemma mainly expressed by recombinant 
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proteins as inclusion bodies, which are insoluble and inac-
tive. There are many ways to resolve this problem including 
the optimization of expression conditions (Hoffmann et al. 
2004), the use of fusion tags (Esposito and Chatterjee 2006), 
and the use of periplasmic and even extracellular expression 
(Shokri et al. 2003). A signal peptide can export the het-
erologous protein from the cytoplasm into the periplasmic 
space or the culture medium (Zhang et al. 2018b). Typical 
signal sequences are composed of a hydrophobic h-domain 
of about 10–20 amino acids that can be preceded by a short, 
positively charged n-domain of about two to ten amino acids 
(Choo et al. 2005). Periplasmic expression of proteins pos-
sesses several important benefits compared to intracellular: 
(i) Periplasmic expression can reduce or eliminate the toxic 
and lethal effects of some target proteins. (ii) Solubility of 
target proteins can increase by periplasmic or extracellular 
expression. (Mergulhao et al. 2005). (iii) Signal peptides 
use in periplasmic or extracellular expression prevents the 
presence of an unwanted initial methionine on a protein 
that does not typically contain it (Mergulhao et al. 2005). 
(iv) The secretion of protein into the periplasmic environ-
ment greatly simplifies the reducing downstream processing 
(Freudl 2018).

Three different types of protein secretion systems (type I, 
type II, and type III) have been described in Gram-negative 
bacteria (Choi and Lee 2004). Proteins can move to the peri-
plasmic environment through the two-step process type II 
secretion system (Johnson et al. 2006). This system consists 
of three secretory pathways (the SecB-dependent (Sec), sig-
nal recognition particle (SRP), and twin-arginine transloca-
tion (TAT) pathways (Johnson et al. 2006). Thus, choosing 
the optimal signal peptide is the first and most essential step 
in successful secretory production of recombinant proteins. 
The protein secretion efficiency is strongly influenced by 
the host strain, signal sequence, and the type of protein to be 
secreted (Choi and Lee 2004). Thus, the selection of an opti-
mal signal sequence according to in silico analysis and bio-
informatics tools is important for the efficient secretion of a 
recombinant protein (Nazifi et al. 2019; Zhang et al. 2018b). 
Consequently, in this study, the most precise bioinformat-
ics online tools were applied to assess the most important 
features of different SPs for identification of the best SP in 
order to express Buforin I by the E. coli expression system.

Material and Methods

Collection of signal peptides and amino acid 
sequences

The amino acid sequence of Buforin I was provided from 
the national center of biotechnology information (NCBI) 
database (https ://www.ncbi.nlm.nih.gov/) with accession 

number: P55897. For providing signal peptides sequences 
(SSs), Signal Peptide Database (https ://www.signa lpept ide.
de/) was used. It should be mentioned that signal peptides 
were selected based on their origin (confirmed for E. coli), 
and other in silico (Ghovvati et al. 2018; Han et al. 2017; 
Negahdaripour et al. 2017; Sletta et al. 2007; Takemori et al. 
2012) or empirical (Freiherr von Roman et al. 2014; Ortega 
et al. 1992; Zavialov et al. 2001; Zhang et al. 2018a) studies. 
Sequences of 103 signal peptides that were analyzed in this 
study are shown in Table S1 in supplementary data.

Identification of Sub‑cellular Localization Site 
of Signal Peptides

Since the purpose of this study was to introduce the signal 
peptides that are suitable for the preplasmic expression of 
the Buforin I, the localization of the protein was initially 
investigated. For evaluating protein localization ProtCompB 
version 9 (https ://www.softb erry.com/) was used (Vahedi 
et al. 2018) for identification of Sub-cellular localization 
of bacterial proteins. For Gram-positive bacterial proteins, 
three locations were predicted: Cytoplasmic, Membrane and 
Extracellular (Secreted). For Gram-negative bacterial pro-
teins, five locations were predicted: Cytoplasmic, Membrane 
(Outer and Inner), Periplasmic, and Extracellular (Secreted) 
(Forouharmehr et al. 2018; Viratyosin et al. 2008).

In Silico Prediction of n, h and c Regions, Cleavage 
Site and Signal Peptide Probability

n, h and c regions and signal peptide probability for all signal 
peptides with the same compartment, were predicted with 
the help of well-known neural network-based programs: Sig-
nalP server version 5.0 and SignalP server version 4.1 (https 
://www.cbs.dtu.dk/servi ces/Signa lP) (Darvishi et al. 2018; 
Jahandar and Forouharmehr 2018; Zamani et al. 2015). In 
order to use this server, each SP with favorable Sub-cellu-
lar Localization Site, was connected to the N-terminal of 
Buforin I amino acid sequence and methionine residues were 
inserted between each SP and Buforin I amino acid sequence 
(Forouharmehr et al. 2018).

In Silico Investigation of Physical and Chemical 
Features

Portparam (https ://web.expas y.org/cgi-bin/protp aram/protp 
aram) was applied for predicting physical and chemical 
features in clouding amino acid composition, molecular 
weight, theoretical PI, instability index, aliphatic index, 
positively and negatively charged residues and grand aver-
age of hydropathicity (GRAVY) of signal peptides (Ali et al. 
2018). Protein-Sol software was used for predicting proteins 
solubility (Hebditch et al. 2017). In order to sort SPs based 
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on the secretion properties, PRED-TAT server (https ://www.
compg en.org/tools /PRED-TAT/submi t) was applied. PRED-
TAT operates based on hidden Markov models (Bagos et al. 
2010). In order to apply Protein-Sol, PRED-TAT and Prot-
CompB, each SP was jointed to N-terminal of Buforin I 
amino acid sequence and methionine residues were also 
inserted between SPs and Buforin I amino acid sequence 
(Forouharmehr et al. 2018; Magnan et al. 2009).

Predictions of mRNA Secondary Structures

For each signal peptide secondary structure of correspond-
ing mRNA was predicted using the mfold program, based on 
the Zuker algorithm (Zuker 2003). For all the best selected 
signal peptides, a ̰ 133 bp 5′ end of its corresponding mRNA 
including Shine-Dalgarno sequence UAA GGA GG (-12 to 
-20), 118 Untranslated Region of ompA leading to the AAA 
AAA AA (-8 to 1-), AUG start codon and signal peptide 
and Buforin I sequences were analyzed based on the RNA 
secondary structures by mfold program. In addition, RNA 
structures were also analyzed using the algorithm of favorite 
thermodynamic by the Vienna RNA secondary structure pre-
diction program (https ://rna.tbi.univi e.ac.at/cgi-bin/RNAWe 
bSuit e/RNAfo ld.cgi) (Hofacker 2003).

Results and Discussion

Identification of Sub‑cellular Localization Site 
of Signal Peptides

The results of identification of sub-cellular localization site 
of signal peptides are presented in Table S2 in supplemen-
tary data. Among several algorithms that have been devel-
oped to predict the subcellular localization of proteins such 
as PSORTb, CELLO, Gneg-PLoc, and ProtComp servers 
(Yu et al. 2012), in several studies point to the high accu-
racy of ProtComp server (Gardy et al. 2004; Paladin et al. 
2017; Shen and Chou 2010; Yarabbi et al. 2019), then this 
server was used for present study. The output of this server 
contained LocDB: scores based on query’s homologies with 
proteins with known localization. PotLocDB: scores based 
on homologies with proteins, whose locations are not experi-
mentally known but are assumed from strong theoretical evi-
dence. NNets: scores assigned by neural networks. Pentam-
ers: scores based on comparisons of pentamer distributions 
calculated for QUERY and DB sequences. Integrals are final 
scores that combine all the above scores using a final neural 
net (Forouharmehr et al. 2018; Viratyosin et al. 2008). While 
interpreting output results, it must be kept in mind that: if 
both NNets and other predictions point to the same compart-
ment, this is a very reliable prediction (Forouharmehr et al. 
2018).According to the results, only for 13 peptide signals 

(MdoD, YcdO, torA, MalE, hofQ, papK, ptrA, ugpB, zraP, 
sfmC, rbsB, efeO, pbpG) were all prediction points similar. 
Therefore, the rest of the studies continued using these sig-
nal peptides.

In Silico Prediction of n, h and c Regions, Cleavage 
Site and Signal peptide Probability

The most important parameter for the diagnosis of a SP is the 
discriminating score (D-score) which is usually described 
with a cut-of value of 0.5, and when the D score of a signal 
peptide is more than 0.50, the sequence is considered as the 
signal peptide (Vahedi et al. 2018). According to the data 
presented in Table 1, only torA with D score: 0.177 did not 
have a favorable score while the other were considered as the 
signal peptides. One of the strongest indications of a SP is 
the hydrophobic α-helical region that is called the h-region. 
The h-region is near the N-terminal of the protein, but it is 
preceded by a slight positively charged n-region with high 
variability in length (approximately 1–12 amino acid resi-
dues). C-region, polar and uncharged 3–8 amino acid resi-
dues are located after the n-region and before the h-region. 
Another clear motif on the SP is the presence of small, 
neutral residues at the − 3 and − 1 relative to the cleavage 
site (Käll et al. 2004). The amino acid composition and the 
length of these three characteristic regions vary between 
SPs and they influence the efficiency of protein transloca-
tion (Burdukiewicz et al. 2018). As the results showed in 
Table 2, all signal peptides had clear n-, h- and c-regions 
except torA. Regarding the predicted cleavage location in 
Table 2, the sequence of ycdO, ptrA, rbsB, and efeO were 
cleavage in the undesirable region.

In Silico Investigation of Physical and Chemical 
Features

Table 2 showed the results of investigation of physical and 
chemical features in clouding amino acid composition, 
molecular weight, theoretical PI, instability index, aliphatic 
index, positively and negatively charged residues and grand 
average of hydropathicity (GRAVY) of signal peptides by 
Portparam. ProtParam, as a part of ExPASy and the Euro-
pean Bioinformatics Institute (EIB), is considered very 
trustable for computation of physico-chemical features of 
proteins (Gasteiger et al. 2005). This in silico study demon-
strated that studied signal peptides length varied between 18 
(hofO) and 32 (MdoD) amino acid, the lowest (1996.54 D) 
and the highest (3352.95 D) Mw belonged to the mentioned 
signal peptide respectively. The results also showed that 
the range of Net positive charge was between + 1 and + 3, 
whereas the range of PI was between 8.37 (ugpB) and 
11.17 (MalE and zraP). The grand average of hydropathic-
ity (GRAVY) is used to compare SPs overall hydropathy 

https://www.compgen.org/tools/PRED-TAT/submit
https://www.compgen.org/tools/PRED-TAT/submit
https://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
https://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
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(Zamani et al. 2015). The result showed that the lowest 
GRAVY belonged to MdoD (0.522) and the highest GRAVY 
belonged to sfmC (1.609). Aliphatic index as the relative 
volume occupied by aliphatic side chain in an amino acid 
sequence was used to show hydrophobicity. The variation 
of this index for studied SPs was between 67.50 (MdoD) 
and 165.65 (sfmC). In general when instability is more than 
40, proteins are considered unstable, (Zamani et al. 2015). 
According to our results, the stability index of MdoD and 
pbpG, were bigger than 40 and others were less than 30 and 
the lowest stability index was obtained for papK (− 2.60). 
Therefore, MalE, hofQ, papK, ugpB, zraP, sfmC were 
selected to later analysis.

In Silico Prediction of Protein Solubility

The result of solubility prediction of the selected SPs was 
showed in Table 3. Different web servers use to predict the 
tendency of protein solubility in E. coli such as SOLpro, 

Table 1  Signal peptide probability and n-, h- and c-regions of signal sequences using SignalP server version 5.0 and SignalP server version 4.1

SP signal peptide, CSP cleavage site probability, PCP predicted cleavage position, PCP predicted cleavage location

SP PCL PCP CSP types of SP C score Y score S score S mean D score n-Region h-Region c-Region

MdoD AFA-MA 32–33 0.854 TAT 0.399 0.546 0.924 0.791 0.661 1–10 (10) 11–25 (16) 26–32
(7)

YcdO AMA-GR 28–29 0.680 TAT 0.485 0.571 0.958 0.807 0.682 1–11 (11) 12–21 (10) 22–26 (4)
torA ATA-MA 39–40 0.000 TAT 0.122 0.148 0.251 0.209 0.177 0 0 0
MalE ALA-MA 26–27 0.537 Sec 0.466 0.641 0.982 0.914 0.769 1–8 (8) 9–19 (11) 20–26 (6)
hofQ VQA-MA 18–19 0.534 Sec 0.526 0.631 0.906 0.777 0.700 1–5 (5) 5–13 (8) 13–18 (5)
papK AIA-MA 21–22 0.422 Sec 0.477 0.600 0.899 0.812 0.700 1–6 (5) 6–14 (8) 15–21 (6)
ptrA AMA-GR 25–26 0.625 Sec 0.611 0.748 0.951 0.921 0.829 1–8 (8) 9–17 (8) 18–23 (5)
ugpB AQA-MA 23–24 0.616 Sec 0.653 0.702 0.902 0.801 0.749 1–7 (7) 8–17 (10) 18–23 (6)
zraP AFA-MA 26–27 0.667 Sec 0.559 0.692 0.989 0.914 0.796 1–7 (7) 8–19 (11) 20–26 (6)
sfmC AHA-MA 23–24 0.524 Sec 0.659 0.658 0.781 0.578 0.628 1–6 (6) 7–16 (10) 17–23 (7)
rbsB VSA-NA 21–22 0.273 Sec 0.590 0.684 0.979 0.875 0.773 1–6 (6) 7–17 (11) 18–25 (8)
efeO AMA-GR 28–29 0.530 TAT 0.485 0.571 0.958 0.807 0.682 1–11 (11) 12–21 (10) 22–26 (5)
pbpG AVA-MA 25–26 0.533 Sec 0.431 0.582 0.980 0.871 0.718 1–6 (6) 7–18 (12) 19–25 (7)

Table 2  Physical and chemical features of signal peptides by Portparam

*Half-life considered in Escherichia coli, in vivo
AI Aliphatic index, MW molecular weight, h hours, us unstable, s stable

Signal peptide Amino acid 
length

M.W PI Net charge Gravity AI Instability Stability half-life (h)

MdoD 32 3352.95 10.76 + 3 0.522 67.50 46.25 us > 10
MalE 26 2698.34 11.17 + 3 1.012 113.08 2.85 s > 10
hofQ 18 1996.54 8.50 + 1 1.322 162.78 21.00 s > 10
papK 21 2047.48 8.50 + 1 1.390 140.00 -2.60 s > 10
ugpB 23 2342.80 8.37 + 1 0.622 110.87 18.01 s > 10
zraP 26 2733.37 11.17 + 3 0.746 79.23 28.75 s > 10
sfmC 23 2622.37 9.70 + 2 1.609 165.65 6.47 s > 10
pbpG 25 2705.36 11.00 + 2 1.228 117.20 57.99 us > 10

Table 3  Sorting SPs base on secretion properties by PRED-TAT 
server and solubility by Protein-Sol server

Signal peptide Reliability score Pathway Solubility

MalE 0.987 Sec 0.707
hofQ 0.997 Sec 0.744
papK 0.996 Sec 0.701
ugpB 0.994 Sec 0.649
zraP 0.987 Sec 0.761
sfmC 0.987 Sec 0.701



International Journal of Peptide Research and Therapeutics 

1 3

PROSO II, ccSOLomics, Wilkinson and Harrison model, 
protein-sol and SODA web servers (Hebditch et al. 2017). 
The protein-sol server is the most accurate server among 

mentioned servers (Yarabbi et al. 2019), therefore protein-
sol server was used for solubility prediction. Solubility pre-
diction index on this server is between 0 and 1(Hebditch 

Fig. 1  RNA secondary structure prediction. Partial views of RNA 
secondary structures s of transcripts corresponding to different pre-
proteins, predicted based on the mfold program (Zuker 2003). (A) 
MalE::BuforinI, (B) hofQ:: BuforinI, (C) papK:: BuforinI, (D) 

ugpB::BuforinI, (E) zraP::BuforinI and (F) sfmC:: BuforinI. AUG 
codons and Shine-Dalgarno sequences are indicated by red and yel-
low highlight, respecvitly
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et al. 2017). The Solubility value for all SPs was predicted 
greater than 0.45. Consequently, the results illustrate that all 
SPs connected to Buforin I could make a soluble protein and 
also the reliability score for all of the SPs is higher than 0.98.

In Silico Prediction of Secretion and Sub‑cellular 
Localization

The results of prediction of secretion and sub-cellular locali-
zation of signal peptides showed that all SPs in present study 
belonged to type II protein secretion system type and Sec 
pathway (Table 3). Among protein secretion system types 
(type I, type II, and type III), type II is the most widely used 
(Choi  and Lee 2004). Type II system consists of three secre-
tory pathways (the SecB-dependent (Sec), signal recognition 
particle (SRP), and twin-arginine translocation (TAT) path-
ways, and is widely disseminated among Gram-negative bac-
teria (Johnson et al. 2006). The predicted pathway in both 
PRED-TAT server (Table 1) and SignalP server (Table 1) 
was similar.

Predictions of mRNA Secondary Structures

One of the most important mechanisms for controlling gene 
expression in all organisms is the degradation of mRNA 
(Hansen et al. 1994). This mechanism allows cells to adapt 
their patterns of protein synthesis rapidly in response to 
changing environmental conditions (Arnold et al. 1998). 
The half-life for messenger mRNA in E. coli is very differ-
ent from 2–4 min half-life of a typical mRNA to the half-
life of 17 min of ompA (outer membrane protein) mRNA 
(Hansen et al. 1994). It seems for most mRNAs degradation 
begins with endonucleolytic cleavage. The principal endo-
nucleases known to participate in mRNA decay in E. coli are 
RNase E and, less frequently, RNase III. Two functionally 
redundant 3′ exonucleases, polynucleotide phosphorylase 
(PNPase) and RNase II, then act to degrade the RNA frag-
ments generated by endonucleolytic cleavage (Arnold et al. 

1998). The substrate containing a 5′ monophosphate termi-
nus is recognized by the phosphate-sensing pocket of the 
RNase E enzyme; binding to such RNAs leads to a substan-
tial enhancement in their rate of cleavage (Mackie 2012). In 
many studies, a strong possibility of forming a hairpin struc-
ture in 5′ end of mRNA where it is captured by the transla-
tion machinery earlier than the rest of the mRNA had been 
emphasized. This leads to the stability of the mRNA against 
exonuclease activity and thus increases the half-life (Hansen 
et al. 1994; Jeiranikhameneh et al. 2017).Other factors influ-
encing translation are the Shine-Dalgarno sequences (the 
Shine-Dalgarno sequence is typically found around position 
− 8 to − 4 of the translational start codon, and this sequence 
is complementary to part of the 3′ end of 16S rRNA: …
GAU CAC CUC CUU A-3′ (Godbey 2014)), the start codons 
and the space between them. The Shine-Dalgarno sequence 
UAA GGA GG initiated translation approximately four times 
more efficiently than did the shorter AAGGA sequence. Ini-
tiation at AUG was more efficient than at GUG or UUG; 
whereas, initiation at GUG was only slightly better than 
UUG (Ringquist et al. 1992). The ompA 5′-UTR has a direct 
effect of the structure and sequence of the mRNA and will 
increase mRNA stability. The 5′-terminal stem-loop appears 
to protect ompA mRNA from internal cleavage by an E. coli 
endonuclease that is sensitive to base-pairing at the extreme 
RNA 5′ terminus (Hansen et al. 1994). To ensure the stabil-
ity of the mRNA against exonuclease activity, the coding 
sequences of the signal peptides and Buforin I were con-
nected to the 5′ end of mRNA of ompA wherein a hairpin 
structure would be formed within a 133-nt fragment cor-
responding to the transcript 5′ end, where it is captured by 
the translation machinery earlier than the rest of the mRNA 
(Fig. 1a–f). As the predicted mRNA secondary structures 
demonstrated, in contrast to the MalE, hofQ and, sfmC 
(Fig. 1a, b, and f), the transcripts of the other three signal 
peptides provided situations where the start codons were 
easily accessible by the translation machinery (Fig. 1c–e). 
Moreover the complete predicted mRNA secondary struc-
tures are presented in Figs. S1–S6 in supplementary data. 
However, the Shine-Dalgarno sequence was in the same 
position for all six signal peptides. Accordingly, the respec-
tive values of the total energies of transcripts derived from 
the three signal peptides with the optimal structure were 
papK < ugpB < zraP (Table 4). According to thermodynam-
ics, the minimum free energy structure is not only the most 
stable, but also the most probable one in thermodynamic 
equilibrium (Lorenz et al. 2016). The contribution entropy 
pilot for each nucleotide in mRNA secondary structures, was 
illustrated in Fig. 2. The result demonstrated that the entropy 
pilot of papK had more stable than others (Fig. 2c). There-
fore, papK seemed the best signal peptide for periplasmic 
overexpression of BufforinI by E. coli expression system.

Table 4  Total free energy pilots of transcripts corresponding to the 
six signal peptides

Signal peptide mRNA secondary 
structures ΔG (kcal/
mol)

MalE − 127.00
hofQ − 113.10
papK − 117.30
ugpB − 119.80
zraP − 120.30
sfmC − 110.00
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Fig. 2  The entropy pilot for each nucleotide in the corresponding mRNA secondary structures: a MalE::BuforinI, b hofQ:: BuforinI, c papK:: 
BuforinI, d ugpB::BuforinI, e zraP::BuforinI and f sfmC:: BuforinI 
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Conclusion

Today, bioinformatics studies have been considered to 
increase the possibility of success and reduce the costs of 
laboratory studies. The in silico approaches, such as bio-
informatics and data analysis, have been widely used to 
study peptide signal behavior in recombinant peptide and 
proteins expression and purification. Therefore, studying 
and introducing the most appropriate peptide signals for 
various purposes, including the periplasmic expression 
of proteins, can help biologists and protein engineers for 
designing a successful project. The purpose of this study 
was to introduce and predict the candidate SPs to express 
Buforin I by periplasmic expression in E. coli and it was 
attempted to employ the most accurate software to evaluate 
the most essential features of SPs. Sub-cellular localization 
site, n, h, and c regions and signal peptide probability SPs 
were analyzed using ProtCompB and SignalP, respectively. 
Physico-chemical features of SPs including amino acid com-
position, molecular weight, theoretical PI, instability index, 
aliphatic index, positively and negatively charged residues 
and GRAVY were calculated using Portparam. Solubility 
of peptide and the secretion pathway of SPs, were evaluated 
using Protein-Sol web and PRED-TAT servers, respectively. 
Therefore, according to these analyses, the following SPs, 
Maltose-binding periplasmic protein (MalE), Protein trans-
port protein hofQ (hofQ), Fimbrial adapter papK (papK), sn-
glycerol-3-phosphate-binding periplasmic protein (ugpB), 
Zinc resistance-associated protein (zraP) and fimbrial chap-
erone SfmC (sfmC), were presented as the best options for 
periplasmic expression of Buforin I in E. coli. Since the 
half-life of mRNA and the stability of the mRNA against 
exonuclease activity can increase by forming hair pin in 
5′ end, corresponding mRNA including Shine-Dalgarno, 
untranslated region of ompA, start codon and signal peptide 
and buforin I sequences, was analyzed based on the RNA 
secondary structures using mfold and Vienna programs. It 
should be noted that due to lower values of total free energy 
pilots among papK, ugpB and zraP with the optimal struc-
ture of mRNA (provided situations where the start codons 
were easily accessible by the translation machinery), papK 
seemed more appropriate than the rest of the SPs.
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