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Table 1. Compounds used in the PCR reaction
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Component Volume (uL)
LS yies 115
Master mix
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9t ol 125
R-primer '
dges !
Template
by Lgs ol 10
DDW
oz 25

Final volume
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Table 2. Used primers

ST Sy ST b o,

Primer Sequence Primer Name Row
5'TCGATCCATGACCGTTCGTCT3’ GH-F )
5'GTCTCCAGCAGCAGGCATGA3’ GH-R Y

YYA :axkd Job
Fragment length: 238
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1. Polymerase chain reaction
2. Sinaclon
3. Agroinfiltration
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Recombinant fusion gene design

Insert: 1269 bp
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Figure 1. Schematic design of the recombinant construct

oLss Anti-CP 13 8le 5 ¥ o 59518 5]
sl Sie sl scaiobl g a S o as
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1. Support Vector Machine



Peptides Scanned from Original Protein
Peptide Sequence 4 SVM score # | Prediction ¢
ENMKYLYDDNHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNYRVEFKNK 0.74 Anticp
NMKVLYDDNHYSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKD 0.74 Anticp
MKVLYDDNHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDL 0.74 Anticp
KVLYDDNHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLA 0.73 Anticp
VLYDDNHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNYRVEFKNKDLAD 0.74 Anticp
LYDDNHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADK 0.74 Anticp
YDDNHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKY 0.74 Anticp
DDNHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRYVEFKNKDLADKYK 0.74 Anticp
DNHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKD 0.73 Anticp
NHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDK 0.73 Anticp
HVSAINVKSIDQFLYFDLIYSIKDTKLGNY DNVRVEFKNKDLADKYKDKY 0.74 Anticp
VSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYV 0.74 Anticp
SAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVD 0.74 Anticp
AINVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVDY 0.74 Anticp
INVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVDVF 0.74 Anticp
NVKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVDVFG 0.74 Anticp
VKSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVDVFGA 0.74 Anticp
KSIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVDVFGAN 0.74 Anticp
SIDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVDVFGANY 0.74 Anticp
IDQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVDVFGANYY 0.74 Anticp
DQFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVDVFGANYYY 0.74 Anticp
QFLYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKDKYVDVFGANYYYQ 073 Anticp

Anti-CP g, 5l sowlcawsas slacols -V S
Figure 2. Data obtained from the Anti-CP server
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1. Grand Average of Hydropathy
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Table 3. Physicochemical parameters of fusion protein using Expasy's ProtParam server

leord oS 58 sla il )b Jlade
Physiochemical parameters Value
aiel gl olows
Number of amino acids 423
LTSI
Molecular weight 47853/03
(PI) 5,585 o iSly 50l dlaii

8/66

Theoretical isoelectric point (pI)

(in vitro oy, 3o o)l jlaibny sbocamslsSs ) celu Y-
in vivo Ll )8 ese) el Yoo 5l s
AN Vivo |yl jo o IS iy i) el Ve 5l G

Estimated half-life 30 hours (mamma.han' reticulocytes, in vitro)
20> hours (yeast, in vivo)
10> hours (Escherichia coli, in vivo)
(D) s bl s Glab) Yo.se
Instability index (II) 35/66 (Stable)
Sl jasls
Aliphatic index 76172
Wby (5 (Sile -0/449

Grand Average of Hydropathicity (GRAVY)

mmm  Alpha Helix
msm  Extended Strand
Random Coil

Extended strand (Ee): 103 is 25.08%
Alpha helix (Hh): 152is 34.51%
Random coil (Cc): 173 is 40.41%

GOR4 I3l 5 b oS 5 oo p &gl JlSlo (pnin s -Y S0
Figure 3. Prediction results of the secondary structure of the recombinant protein with GOR4 software




Figure 4. Protein tertiary structure modeled by the I-TASSER server.
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Figure 5. Ramachandran diagram by RAMPAGE server (A) and Z-score analysis using ProSA-web (B)
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Figure 6. Plate containing transformed colonies (A) and confirmation of transformation and construct using

colony PCR (B).
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Figure 7. Recombinant protein expression and confirmation using SDS-PAGE (A) and Western blot (B).
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Abstract

Introduction: Due to the increasing drug resistance, there is a critical need to identify novel anticancer agents
and develop innovative therapeutic strategies. Many bacteria produce peptides known as toxins, which exhibit
antitumor effects on various cancer cell lines. Despite significant advancements in cancer therapy, the limitations
associated with conventional anticancer agents have directed research toward natural compounds, particularly
enterotoxins. The objective of this study was to design and verify the expression of the
Anticancer-cTxB-linker-enTA-Ligand fusion protein in Populus euramericana, one of the most economically
significant tree species. This species is highly valued for its rapid growth, making it a viable candidate for
medium- to long-term investment.

Materials and Methods: To design the target protein, the sequences of enterotoxin A and cholera toxin B were
retrieved from the NCBI genomic database. A linker sequence was inserted between the two enterotoxin
sequences to enhance flexibility and maintain structural integrity, and an anticancer sequence was added to the
gene to boost antitumor activity. Finally, the recombinant fusion gene was synthesized, and expression and
purification processes were conducted. The expression of the target recombinant protein was verified using
SDS-PAGE and Western blot.

Results: The results demonstrated that the designed fusion protein possesses a suitable structure and favorable
physicochemical stability, showing high resistance under simulated aqueous conditions. Furthermore, the successful
transfer of the recombinant vector was confirmed using colony PCR, and the observation of a distinct 238 bp band
indicated the presence of the recombinant fusion gene. SDS-PAGE and Western blot results clearly confirmed the
successful expression of the recombinant protein, with a molecular weight of 47 kDa, in poplar leaves.

Conclusion: The fusion protein, derived from the combination of enterotoxin A, cholera toxin B, and the
anticancer sequence, exhibits significant antitumor properties. Therefore, preclinical evaluations, including
animal studies, are currently underway to assess the potential of this compound as a complementary or
alternative strategy in cancer therapy.
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