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Antimicrobial peptides (AMPs) are a diverse group of low-molecular-
weight bioactive molecules that serve as the primary defense line of
the innate immune system against infections in all multicellular
organisms. In plants, these peptides exhibit high biodiversity and
belong to  several families, being produced both
constitutive and inducible in response to environmental stresses.
Knottin antimicrobial peptides are a class of peptides found in plants,
animals, and insects which are cysteine-rich peptides. This study
aimed to identify and characterize some Knottin antimicrobial peptides
from white mustard (Sinapis alba L.). In this research, the gene
sequences of seven Knottin antimicrobial peptides from white mustard
were predicted and identified using bioinformatics and laboratory
techniques. Initially, bioinformatics methods were used to predict the
encoding sequences of the target peptides from the transcriptome of
white mustard. Subsequently, these encoding sequences were isolated
and identified using polymerase chain reaction (PCR). The PCR
products were sequenced and analyzed using various bioinformatics
tools. The physicochemical properties of the seven identified Knottin
peptides from white mustard were predicted, with molecular weights
ranging from 9.92 to 11.05 kDa, isoelectric pH values from 4.46 to
7.89, instability index from 38.06 to 63.9, aliphatic index from 62.36
to 81.82, and GRAVY values ranging from -0.249 to 0.18. It was also
found that the Knottin peptides of white mustard contain four
intramolecular disulfide bonds formed by eight conserved cysteine
residues, contributing to their unique structure and stability.
Additionally, bioinformatics analysis revealed that all the identified
Knottin peptides in white mustard have potentially antimicrobial
activities. Given that plants produce a wide range of antimicrobial
peptides, and considering that purification methods can be complex,
costly, and time-consuming, these peptides can be identified, designed,
and chemically synthesized or produced recombinantly using
bioinformatics tools and after validation through further experiments,
could be a promising therapeutic potential to develop as new
antimicrobial agents against drug-resistant pathogens.
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Introduction

All living organism from animal (mammals, insects and amphibians) to plants is constantly
exposure with attacks by a vast array of pathogens. Hence, in response to biotic infection all
organisms produce antimicrobial peptides (AMPs) as a major component of their immediately
innate defenses mechanisms. Many AMPs are cationic, hydrophobic and amphipathic molecules
that have a wide spectrum of activity and high selectivity. Interestingly, in compared to
conventional antibiotics which have specific molecular targets, AMPs not only interact with the cell
plasma membrane and causing the increase of permeability and loss of membrane function but also
minimize the development of microbial resistance. AMPs can be protecting the host against various
pathogens such as gram-negative bacteria, gram-positive bacteria, yeast, fungi and viruses. Plants
contain high concentrations of secondary metabolites such as AMP, phenols, terpenoids and others.
Plants immune system, in addition structural barriers such as cell walls, have ability the production
of AMP compounds to protect against pathogens. Plant antimicrobial peptides (PAMPs) evolve
differently from classical AMPs of other life types. They are generally cysteine-rich peptides
(CRPs) that form multiple disulfide bonds (4,6 or 8) that can be contribute to stabilize conserved
scaffolds. PAMPs are classified into families according their sequence similarity, cysteine motifs.
Cystine-rich PAMPs families including defensins, knottins, snakins, lipid transfer proteins, thionins
and hevein-like peptides. Knottins can be found in plants, animals, and insects, serving different
functions.

Material and Methods

In this study, the gene sequences of 7 knottins of white mustard plant were identified for the first
time using bioinformatics and laboratory approaches, and their various structural and functional
characteristics were analyzed. This work was carried out in three stages. In the first stage, the coding
sequences of multiple knottins peptides were predicted from the transcriptome of white mustard
using bioinformatics methods. In the next stage, the gene sequences of these peptides were isolated
and identified using polymerase chain reaction (PCR). In the third stage, PCR products were
sequenced and thorough various bioinformatics tools were analyzed for the structural, functional
and antimicrobial properties.

Results and Discussion

Our results showed that multi knottin gene family of white mustard plant, exhibit identity amino
acid sequence and structural and functional properties with Knottin of other plants. Moreover, the
analysis of the physicochemical properties of knottins indicated that a molecular weight between
9.92 to 11.05 kDa, an isoelectric point (PI) of 4.46 to 7.89, with the instability index ranging from
38.06 to 9.63, an aliphatic index of 62.36 to 81.82, and a GRAVY of -0.249 to 0.18. It was found
that knottins in its structure has four intramolecular disulfide bonds, which is mediated by 8 certain
residues of the cysteine with the various patterns. The results also revealed that knottins 1, 2 and 5
and Knottins 4 and 7 had similar disulfide patterns while knottin3 and Knottin6 was displayed a
specific binding pattern. Therefore, it increases the strength of their interaction with
biological membranes of pathogens, thereby forming transmembrane channels and cell death. The
instability index for knottins showed that these peptides have different stability, which could affect
their antimicrobial activity in the external environment. The presence of only one intron in the gene
structure of plant Knottins eliminates the possibility of alternative splicing in them, and therefore
these genes generally lack different isoforms in the cell. The results of this research also determined
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that knottins of the Sinapis alba plant potentially have antimicrobial properties. Knottins which are
naturally found in plants have potential antimicrobial activity due to their specific characteristics
such as hydrophobicity, high positive charge, specific secondary and three-dimensional structures,
and other properties. Today new antimicrobial drug compounds are in increasing demand.
Therefore, our results broaden a fundamental insight of research in the field of plant antimicrobial
peptides especially knottins AMPs. In other hand the large volume of molecular biological data
(including genomic, transcriptomic, and proteomic data) related to various plants that are available
to researchers, as well as the existence of various bioinformatics software, can assist various
biotechnologists to extract valuable information from biological data bank to identify and examine
the gene and protein characteristics of Knottin antimicrobial peptides from plant various sources.

Conclusion

Today, the indiscriminate use of antimicrobial agents led to the emergence of new microbial strains.
Therefore, due to the rapid increase in drug-resistant that is serious challenge to antimicrobial
therapies, hence need to discover novel antimicrobial agents seems necessary. Therefore, according
to the results of this experiment considering the potential antimicrobial properties of the S. alba
plant knottins could be by extracting them from various plant or by generation of recombinant form
in eukaryotic and prokaryotic expression systems thereby it may have been regarded as a promising
novel treatment for pharmaceutical (various antibiotic-resistant bacteria) and agricultural
(protection of crops via transgenic methods) applications.
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Table 2. Results of gene and peptide analysis of identified Knottins in white mustard plant
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Name Genomic coding region length (bp) Length of exons (bp) Intron length (bp)  Peptide length (aa)
Knottinl 483 233)-©7) 183 99
Knottin2 676 @233)-(67 376 99
Knottin3 445 (233)-67) 145 99
Knottin4 774 (233)-(67) 374 99
Knottin5 399 212) - 1) 126 90
Knottin6 350 210y - (58) 82 89
Knottin7 356 Q06) - 61) 89 88
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Figure 1. Electrophoresis of PCR products of white mustard Knottin genes. M) 1Kbp molecular marker and C-)
negative control
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Figure 2. Results of protein structure analysis of white mustard plant Knottins. The signal peptide at the N-terminal
side (Highlight) of the sequence and the functional domain of Toxin3 (Lowlight).

J.:.&.n d)f— AL;.? oS L;L.»L.;a L;LAKnottln &wﬁﬂ 6“;}‘} -y d}_)@-
Table 3. The physicochemical properties of identified knottins from white mustard plant

Q) S Sl P ST el 550 KT ] i (e s 2L

Name MW (kDa) (pDh Aliphatic index (GRAVY) Instability index
Knottinl 10.99 7.47 77.78 0.058 57.39
Knottin2 10.95 4.68 68.99 0.06 63.9
Knottin3 10.92 4.46 81.82 0.175 39.16
Knottin4 11.05 4.85 78.79 0.18 53.97
Knottin5 10.05 8.46 62.89 -0.084 53.53
Knottin6 10.19 8.79 62.36 -0.249 38.06
Knottin7 9.92 7.48 68.64 -0.025 39.56

Knottin5 Jlitle 53 cpttews 5 oV L oS
53 e 3 eI VT i Y el o
oV s Y sl sladd 5 Knotting ksl
Olyee N0 KnottinT lisles 53 it 5 CpaneS
Jelos 5 a2 @l:j Hlesls olanst| s |y Slol
oLS slaKnottin ;5 JsSU500 5,5 (st g5 (Lo 5y

\AK

S35 jatia dgal gladl uj\}@&u}.ﬁiﬁg@u
Sl 3 e dapl 5 ot (DS il (glaen
Ot 5 VT L (SIS wil (sladnl Knottinl
3 oIS o )5 ) il (glaensd Kinottin2 el s
(VT s ael gladend Knottind jlisle 3 s

wwel gladud Knottind jlsle 55 i 5 ansdS



Vel /Y oled VY W/ LS Sy gl iagh

oo sl Jheslad b el 55l CAMP ol
(RF) Discriminant Analysis (DA) —ilzes  Slasls
s Support Vector Machine (SVM) Random Forest
ple L s 395 |- Artificial Neural Network (ANN)
@B L3S 3 o s Sl S 2
S 3 s S S (Shs 535 pasie ) p
Lg.).:;U 595 cpl g andls 5 g 5 s Js 5 oLS slaKnottin
J3d) 5 dies 35 0lS 55 105l gl Cms
B ANO oy Jlez=l L SVM i, CAMP ylu s (0
SLKnottin _eles gl 5 1y o5 Seedd Sy deos Voo
GAY/E o dlaa=l U RF o) ol 0LiS A Js 5 olS
oS sWKnottin gl 1y o5 Sl Shs Ao, 49/10
G AoV o Jax=l LDA 5y, .5 S afde diw Js =
oS saKnottin gl 1, oy, Swds Sy Aoy 44/4
S5 s ANN iy (ol 5o ol Ol ddew s =
oS s p 3530 sWKnottin ol 3 1y s Seds

(0 J)Jg-);ls)l)ﬁ.iﬁt;)y%iwd;f

5 b hllsss Ly £ 3 3y ok J3
(6 ) sl olis Lol s 1) oslize Jlas!
G (ISl Ay Gk
Knottin5 » Knottin2 Knottinl ¢l ,, JLSG  Jlas!
s Knottind a5 55 jasie ooman 5 sl 0L
rl s oo b SLSS Jlasl 831 61 Knottin7
Ry ¢laS s KnottinG 5 Knottin3 S 55 Jl= 3
(8 Jgd) Ll QLS | (63 2 4 e JLial]
slaKnottin i 4w slajbit b fdod 5 4 s @L:J
51 L sl i 6 513 OLS ks Ja oS
S3sdomn i 5 (Ao 00 =10) W zosle 51 Lad
s s el sl wle (Uoys 0-V0) L ans,
sy oaly doys 80 B Er o s slasltle
(7 JK8) Wlesls jolazs

@oSeds s Shs s ap @B
oIS Knottin sla 55 5 it I3 5 olS sKnottin

N (glesl 5l aag b JI5 Bl 51 g ks 35 olS

J~.:5.w be ol.; LgLaKnottin DL v.‘ﬂyi)}).: L;.L:ﬂj}w‘_;b LQLAJ@}:;_ J.:bﬁ 9 44_‘):>u Gl:d -¢ J)J}

Table 4. Results of analysis of intramolecular disulfide bonds in white mustard plant knottins

ru a5 sldas Y L Y L Y L £ L
Name Number of bonds Bond 1 Bond 2 Bond 3 Bond 4
Knottinl 4 C1-C2 C3-C7 C4-C5 C6-C8
Knottin2 4 C1-C2 C3-C7 C4-C5 C6-C8
Knottin3 4 C1-C2 C3-C5 C4-C7 C6-C8
Knottin4 4 C1-C8 C2-C5 C3-C7 C4-C6
Knottin5 4 C1-C2 C3-C7 C4-C5 C6-C8
Knottin6 4 C1-C5 C2-C8 C3-C7 C4-C6
Knottin7 4 C1-C8 C2-C5 C3-C7 C4-Cé6
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Table 5. Results of the analysis of the antimicrobial properties of Knottins from white mustard plant

;’U Support vector machines Random Forest Artificial Neural Network Discriminant Analysis

Name (SVM) (RF) (ANN) (DA)

Knottin 100% 98.7% Skl S b 99.9%
Validation of Antimicrobial Activity

Knottin2 99.9% 98.65% 3l (S b 99.3%
Validation of Antimicrobial Activity

Knottin3 99.9% 95.65% 3l (S b 99.6%
Validation of Antimicrobial Activity

Knottind 100% 96.6% 3l (S b 99.6%
Validation of Antimicrobial Activity

. < B . t

Knottin5 99.6% 99.15% e e 99.2%
Validation of Antimicrobial Activity

Knottin6 100% 92.4% G SdS S s Al 99.4%
Validation of Antimicrobial Activity

Knottin7 98.5% 95.1% 3l (S b 95.7%

Validation of Antimicrobial Activity
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Figure 3. Three-dimensional structure of white mustard knottins
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