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Abstract

Mambalgine-1 is a protein that acts by blocking ASICs channels in neurons as a potent analgesic such as
morphine while having no adverse effects of morphine, such as addiction and respiratory distress. In this
study, in order to produce inexpensive and scalable Mambalgin-1 protein, recombinant PVX-Mambalgin-1
viral vector was designed and optimized for transient expression in apoplastic space of Nicotiana bentham-
iana. To compensate for the lack of methionine at the beginning of Mambalgin-1 and also secretion of this
protein into apopalstic space Glucanase inhibitor protein 2 (GIP2) signal peptide was added to the N-
terminal of Mambalgin-1. The 6xhis-tag was added to the C-terminal of Mambalgin-1 for downstream pro-
cesses and protein purification. Probability of signal peptide cleavage and secretory of Mambalgin-1 as-
sessed by SignalP.5 server. The desired protein was reverse translated into nucleotide sequences based on
N. benthamiana Codon Usage from Kazusa Database; then mRNA destabilizing sequences, polyadenyla-
tion signal and hidden stop codons were modified using Visual Gene Developer 1.9 and Mega4 softwares.
CAI and GC were kept as high as possible. Clal/Sall restriction enzyme sites were added at the 3° and 5’
end of the construct. The results showed that the GIP2 signal peptide would most likely (0.96) be cleaved
from Mambalgin-1 and Mambalgin-1 expression will be highly secretory (0.998) into the apopalstic space
after expression. After optimization, cloning and transfection of Agrobacterium, the existence and transfor-

mation of recombinant PVX-Mambalgin-1 vector was confirmed by colony PCR
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1.Introduction ance than morphine in mice. (1-3). Most of the

) ) ) ) ) . researches that have been performed on Mam-
Mambalgin-1 is a 57-amino acid peptide discov- ) )
) balgin-1 has focused more on its structure and re-
ered from Mamba snake venom, having a potent ) ) ) o
) _ ) ) ) lationship with ASICs (3-5). Plants have signifi-
analgesic effect like morphine by blocking Acid _
. ) cant advantages compared to hosts producing re-
Sensing Ton Channels (ASICs) in central and pe- ) ) .
) ) ) combinant proteins, such as scalability, low cost,
ripheral nervous system (1). This peptide has no o .
) _ ) non-contamination with human pathogens, and the
side effect like morphine such as naloxone suscep- o )
o _ ) ability to perform post-translational processes
tibility, respiratory distress and much less toler- )
such as glycosylation (6-10).
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Transient expression systems for recombinant pro-
tein production, have advantages over permanent
transgenic plants such as simplicity, lower cost,
omitting tissue culture and regeneration costs and
ease of large-scale plans (11-14). In transient ex-
pression systems, the use of hybrid viral vectors
based on plant viruses and Agrobacterium T-DNA
has become very attractive due to the high recom-
binant protein production in a short time. Until
now, various therapeutic proteins for influenza,
hepatitis, plague, smallpox, West Nile virus, etc.
have been produced using transient expression sys-
tems based on plant viral vectors (11, 12, 15, 16).
In this study, Mambalgin-1 gene cassette compo-
nents were designed, codon-optimized and con-
structed in the hybrid potato virus X (PVX) vector
for Nicotiana benthamiana, these laid a foundation
for the transient expression and purification of re-

combinant Mambalgin-1 in the future.
2. Materials and methods

Design of gene construct for recombinant pro-

tein components

To compensate for methionine at the beginning of
Mambalgin-1 protein, Secretory and removable
Glucanase inhibitor protein 2 (GIP2) signal peptide
derived from (amino acid
MASSCCLHAILLCSLLFITSTTA) (Uniprot ac-

cession number: PODO21.1) of Nicotiana ben-

sequence:

thamiana (17) added to N-terminal of Mambalgin-
1. The probability of cleavage of the GIP2 signal
peptide from the Mamblagin-1 protein was deter-
mined by the SignalP-5.0 server (18) (http:/
Also,
histidine (6xHis-tag) tag for nickel or cobalt affini-

www.cbs.dtu.dk/services/SignalP/). Hexa

ty purification added to C-terminal of Mambalgin-
1.
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Codon optimization of desired protein and con-

struction of the vector

The desired protein obtained in previous step was
reverse translated from amino acid to DNA. Codon
optimization was performed with Visual Gene De-
veloper Software Ver. 1.9 (19). In foregoing pro-
cess of codon optimization the following factors
were considered such as: 1) try to keep up the
Codon Adaptation Index (CAI) of nuclear-encoded
genes of Nicotiana benthamiana (20, 21) i) try to
keep up of GC content of optimized sequence 1iii)
Removing mRNA destabilizing sequences iv) de-
tection of restriction enzyme sites and removing
them v) Modification of polyadenylation signals
vi) addition of stop codon at the 3’ end and modifi-
cation of the hidden stop codon between sequence
codons viii) addition of Clal and Xbal restriction
sites at the 5’ and addition Sacl and Sall,restriction
sites at the 3' of the gene cassette. The optimized
sequence for expression in Nicotiana bentamiana
was chemically synthesized and cloned in Clal/
Sall restriction sites of PVX-GW vector under the
control of duplicated PVX-coat protein subge-

nomic promoter (CPP).

Transformation of Agrobacterium tumefaciens

by plant expression vector

Transformation of PVX-Mambalgin-1 into Agro-
bacterium tumefaciens strain GV3101 was done by
standard freeze-thaw protocol (Hofgen and Will-
mitzer, 1988). Transformed Agrobacterium were
selected on selective medium containing 100 ng/
mL rifampicin (RIF) and 50 pg/mL kanamycin
(KAN), incubated for 72 hours at 28°C. Trans-
formed Agrobacterium was confirmed by colony
PCR using forward and reverse primers (Table 1,
were designed with the Oligo Primer Analysis

Software version 7 (22).


https://www.oligo.net/
https://www.oligo.net/

Mambalgin-1 gene cassette

Table 1: Sequences of primers used in the colony PCR

Primer Name

Oligo sequence 5" =3~

Fragment length
Nomber of Bases

(bp)
CACCAGCTAGCATCGATTC
Forward ‘—(—L—% - 19
PVX-GW Clal
300
QQTCGAC AGCTCITATT TG
Reverse ton Chdoms 22
PVX-GW  Sal Sac ® Histag
3. RESULTS

Design of recombinant protein components

Figure 1 shows the recombinant protein compo-
nents, including signal peptide, Mambalgin-1
and His-tag sequences and their arrangement.

As can be seen in figure 2 (output of results

Separate and secretory signal peptide

from SignalP-5.0 server) the prediction of the
precise cleavage between the signal peptide and
Mambalgin-1 is highly probable (0.9652) and
after the signal peptide is cleaved by the signal
peptidase I enzyme, Mambalgin-1 will be se-

creted into the secretory space (Probability:
0.9984).

Mambalgin-1 6xHis-tag

Figure 1. The amino acid sequence of the desired protein and its components comprising the Glucanase inhibitor
protein 2 (GIP2) peptide signal at the N-terminal and the His-tag sequence at the C-terminal of Mambalgin-1. Uni-
Prot accession numbers of signal peptide and Mambalgin-1 are PODO21.1 and PODKRG6 respectively.
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Figure 2. Output of prediction of cleavage site between the signal peptide (Glucanase inhibitor protein 2 (Nicotiana
benthamiana)) and Mambalgin-1 in desired protein sequence from SignalP-5.0 Server; Cleavage site between position

23 and 24: TTA-LK. Probability: 0.9652. The signal peptide is secretory and will be cleaved by the signal peptidase 1.
Probability: 0.9984
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Codon optimization of desired construction of (25). The hidden stop codons found between the

the protein and vector

Figure 3 shows the nucleotide modification in the
nucleotide sequence resulting from the reverse
translated amino acid sequence for efficient and
effective expression in Nicotiana bentamiana. Se-
“ATAGAT” 239-244),

(nucleotides and

quences (nucleotides

“TTTTT” 59-63)
“GGTAAG” (nucleotides 100-105) were modified
as mRNA destabilizing sequences (23, 24). The
“AATAAT” (nucleotides 59-63) sequence was

identified and modified as a polyadenylation signal

Amino acid Clal Xbal M A S S
Back translated ATG Gl TR TCl
Optimal ATCGAT TCTAGA  ATG  GCA  TCC  TCC
Amino acid L C N L L F I T
Bucktonskied  ©If Tl D O @ B AT AT
Opfimal M6 T6C AGC CIG  TIG TIC AT ACT
Amino acid Y Q H G K v Y T
Backtmnslted ~ TAT CAA  CAT GGl AAG  GIT  GIT  ACT
Optimal TAT CAA  CAT GGG AAG  GIT  GIT  ACT
Amino acid C Y H N T G M P
Backtraslated ~ TGT  TAT  CAE  AM§  ACT 66T ATG (]
Opimal TGT TAT CAC AAC  ACT GGT ATG  CCG
Amino acid L Q G C S S N C
Backtranslated ~ CTT  CAA GGT  TGT  TCT  TCT TCT  TGT
Optimal CIT CAA  GGT  TGT  TCT  TCT  TCT  TGT
Amino acid C C S T D R C N
Backtnshied  TGT 16T 7cT  ACE  GAf  AG 1o AAf
Optimal T6I 16T TCT ACC GAC AGG TGC  AAC

main codons were identified and changed for
“TAA” (nucleotides 84, 102, 144, 171, 219, 222,
246 and 249), “TGA” (nucleotides 208, 213 and
237) and “TAG” (121, 162 and 240). The other
codon changes seen in figure 3 were due to the
higher GC content and codon optimization. Re-
striction enzyme sites were added to the 5 and 3’
ends. As can be seen in figure 4, after optimiza-
tion, the GC content and Nc¢ increased from 31%
and 12.5 to 41% and 19.5, respectively. The codon
adaptation index (CAI) also declined from 1 to 0.8.

c ¢ L H A I L
Tof 6T MW AT Ger AT CTf
T6C T6T TTIA CAT GCT  ATT (TG
s T T A L K C
7 A Af o ol aac T6r
TCT  ACC ACA GCA CIC  AAG  TGT
c H R D M K F
167 AT B AT AT AAG TR
T6T CAT (GG GAT ATG  AAG  TIC
F R N L K L 1
i oAy T il @ clf oamr
TIC AGA AAT CTC  AAA  CTC  ATT
s E T E N N K
T G A GAA A AAl AAG
TCA  GAG ACA GAA  AAC  AAC  AAG
K ® H H®H H H H
AAG  CAT  CAT CAT CAT CAT  CAT
AAG  CAT  CAT CAT CAT CAT CAT  GAGCTC  GTCGAC
Sacl Sall

Figure 3. Nucleotide sequence comparison between back translated of desired protein and Nicotiana

benthamiana plant optimized Mambalgin-1.

Parameter | Value
w-table file for CAl Nicotiana benthamiana.vgw
CAl |1.0000
Nc 12528
Overall GC content (%) 31.0078
GCconlentat 1atpiace (%) |305349
GC content at 2nd place (%) .43A0233
GC content at 3rd place (%) 10.4651
Before optimization

=

Parameter Value

w-table file for CAl Nicotiana benthamiana.vgw

CAl 10.8093

Nc 19.541

Overall GC content (%) 41.0853

GC content at 1st place (%) | 37.2093

GC content at 2nd place (%) | 43.0233

e B

After optimization

Figure 4. Status of codon optimization parameters before and after optimization obtained from Visual
Gene Developer 1.7 software, CAI: codon adaptation index, Nc: number of effective codons.
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Construction of recombinant vector and confir- According to the results of colony PCR using spe-
mation of its presence in Agrobacterium cific primers (table 1) in figure 6, the presence of

) recombinant vector containing gene cassette
Figure 5 shows the gene cassette entry under the ) . . .
) (signal peptide +mature Mambalgin-1 + 6 His tag)
CP promoter and upstream of the NOS-terminator
o _ ) was confirmed.
transcription terminator in the PVX-GW vector.

Xbal GI{)‘:;:;E:*" Mambalgin-1 | 6xHistag | Sacl
Clal Sall
RB | LB
CaMV3ss RdRp _%'_ o N.os
terminator
TGB
cpp cpp

Figure 5. Schematic diagram of the constructed PVX—Mambalgin-1 vector: The synthetic and opti-
mized gene was inserted into the Clal/Sall sites of PVX-GW vector under the control of duplicated
PVX-coat protein subgenomic-promoter (CPP). RdRp: RNA dependent RNA polymerase, TGB:
Triple-gene-block.

Figure 6. Colony PCR analysis; lane 1: 10kb DNA
ladder, lane 2: non-transformed Agrobacterium tu-
mefaciens GV3101, lanes 3, 4 and 5 positive clones
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4. Discussion

The presence of methionine amino acids is essen-
tial for translation at the N-terminal of protein
and, as can be seen in figure 1, the Mambalgin-1
protein lacks methionine and the GIP2 signal
peptide was used to compensate for it. On the
other hand, after expression, the possibility of
separation and cleavage of the signal peptide
should be investigated to produce the signal-free
mature recombinant protein. The SignalP-5.0
server was used to investigate the probability of
cleavage and detachment. In the results obtained
in figure 2, the probability of GIP2 signal peptide
cleavage is very high (0.9652) and can release
mature Mambalgin-1. Given the nature of the
GIP signal to be secreted, the results also indicate
that the highly probable. Mambalgin-1 protein
will become a secretory protein and will move
into the apoplastic space after expression. The
secretion of recombinant protein into the extra-
cellular space is an advantage that does not re-
quire complex purification (26). Polyadenylation
signals can cause undesirable processing of
mRNA (27, 28), and according to this logic, the
“AATAAT” (nucleotides 59-63) sequence was
identified and modified as a polyadenylation sig-
nal (25). Given that there is a direct relationship
between the GC content and the expression level
of the recombinant protein, after optimization,
the GC content increased from 30% to 41%
(figure 4). One of the most important factors for
effective and efficient expression of recombinant
protein in transient expression systems is the co-
don adaptation index (CAI) in the host plant (29,
30). As can be seen in figure 1, the CAI de-
creased from 1 to 0.8 due to the balancing of all
optimization parameters. In addition to balanc-

ing all the optimizations and in the optimization

process, it has attempted to have a CAI above 0.8
and this value shown in figure 1 is scientifically
acceptable (31). Transfer and presence of recom-
binant vector in Agrobacterium tumefaciens
GV3101 was confirmed by colony PCR assay
and this Agrobacterium was stored and prepared
for agroinfiltration of Nicotiana benthamiana
leaves to high levels of transient expression of

Mambalgin-1 protein.
5. Conclusion

In silico studies are required before any effort to
produce a recombinant protein. Our study re-
vealed that addition of GIP2 signal peptide to
mature mambalgin-1 protein guaranties its effi-
cient production and secretion into the apopalstic
space while avoiding Methionine addition to its
N-terminal may affect structure and function of
the mature protein. Codon optimization of re-
verse translated gene construct and removing
polyadenylation signals and hidden stop codons
results in maximum expression of heterologous
protein in the host is aimed to produce mam-

balgin-1 protein as an efficient biofactory.
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