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Abstract

Objective
This study aimed to clone the human basic fibroblast growth factor (hbFGF) gene into the
pCAMBIA1304 binary vector for recombinant bFGF protein production in plant expression

systems.

Materials and Methods

The full-length open reading frame (ORF) encoding the hbFGF gene was inserted into the
pCAMBIA1304 binary vector and subsequently cloned into Escherichia coli strain DH5a. The
recombinant expression vector, designated pCAMBIA-hbFGF, was then introduced into
competent Agrobacterium tumefaciens strains EHA105, GVV3101, and LBA4404.

Results

The hbFGF gene, comprising 561 nucleotides, encoded a protein of 155 amino acid residues. The
calculated molecular mass and predicted isoelectric point (pl) of the deduced polypeptide
sequence were 17.25 kDa and 9.58, respectively. The instability index, aliphatic index, and
hydrophobicity index of the bFGF protein were calculated as 36.60, 68.00, and -0.511,
respectively, indicating high stability and a hydrophilic nature. Analysis using ProtScale and

TMHMM programs confirmed the hydrophilic properties of bFGF and the absence of
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transmembrane domains. Additionally, the MotifScan program identified a conserved fibroblast
growth factor (FGF) family domain in the hbFGF sequence, while no potential N-glycosylation
sites were detected. The predicted secondary structure of the mRNA sequence, calculated using
the RNAfold program, exhibited a minimum free energy of approximately -136.90 kcal/mol,
indicating relatively high stability with low entropy. The simulated three-dimensional structure
of the hbFGF protein revealed a pyramidal arrangement of 10 non-parallel B-sheets.
Ramachandran plot analysis confirmed that 86.3% of the amino acid residues were organized in
regular structures, primarily non-parallel B-sheets, with only two residues (Thr8 and Gly24)
exhibiting unusual ¢ and y angles. Phylogenetic analysis demonstrated a high degree of similarity
with Pan troglodytes, Pongo abelii, and Camelus dromedarius, showing 100%, 100%, and
98.71% sequence similarity, respectively.

Conclusions

The bFGF protein was identified as a stable, hydrophilic protein without potential N-
glycosylation sites. These characteristics suggest that the bFGF protein may be successfully
produced heterologously in plant expression systems for potential commercialization.
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Figure 1. A) The map of recombinant expression vector pCAMBIA-hbFGF and B)
Confirmation it by PCR, enzyme digestion and 1.2% agarose gel electrophoresis. M) 1 kb
DNA ladder, 1) PCR negative control without template, 2) PCR negative control with
pCAMBIA1304 binary vector, 3) The hbFgf gene amplified in PCR containing the
recombinant expression vector pCAMBIA-hbFGF as a template, 4) The pPCAMBIA1304
binary vector, 5) The recombinant expression vector pCAMBIA-hbFGF, 6-8) The
pCAMBIA1304 binary vector digested with Nco I, BsStE 11, and Ncol/BstE 11, respectively,
9-11) The recombinant expression vector pCAMBIA-hbFGF digested with Nco |, BstE I,
and Ncol/BstE 11, respectively
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Figure 2. Confirmation of the recombinant Agrobacterium colonies by PCR and 1.2%
agarose gel electrophoresis. M) 1 kb DNA ladder, 1-3) The pCAMBIA1304 binary vector
extracted from EHA105, GV3101, and LBA4404 strains, respectively, 4-6) The recombinant
expression vector pCAMBIA-hbFGF extracted from EHAL105, GV3101, and LBA4404
strains, respectively, 7-9) The hbFgf gene amplified in PCR containing the recombinant
expression vector pCAMBIA-hbFGF extracted from EHAL105, GV3101, and LBA4404
strains, respectively, 10) PCR negative control without template, 11) PCR negative control
with pCAMBIA1304 binary vector
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Figure 3. Hydrophobicity features of hbFGF deduced amino acid sequence. A) Hydropathic
index analysis of hbFGF deduced amino acid sequence by using ProtScale. Hydrophobic
domains are above the line, and hydrophilic domains are below. B) Prediction of cell

membrane domains and transmembrane helices via TMHMM program
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Figure 4. Prediction of functional domains and the potential sites for N-glycosylation in the
hbFGF deduced amino acid sequence. A) Prediction of the FGF domain using MotifScan
program. The conserved and non-conserved regions in the FGF domain are showed by
green and red bands, respectively. The degree of conservation is also indicated via band

length. B) Prediction of the potential sites for N-glycosylation through NetNGlyc program
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Figure 8. Three-dimensional models for hbFGF predicted by SWISS-MODEL program. A)
Cartoon display of the three-dimensional structure of hbFGF including 10 p-sheets and
amino acid residues involving in interaction with heparin
(K12sRTGQYKLGSKTGPGQKau44). B) Sphere display of the three-dimensional structure of

hbFGF. C) Superimposition of 3D model of hbFGF (green) and the templates from other
mammalians using 3d-SS service
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Figure 10. A) Construction of phylogenetic tree and B) Multiple sequence alignment of
hbFGF and selected bFGFs from different mammalians using ClustalW?2 with Neighbour-
Joining algorithm. Heparin-binding site, Cys residues, and potential phosphorylation sites
are indicated in the box and with triangle and square symbols, respectively
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phylogenetic tree drawing and multiple alignment

wamsml,

(st Lo Oax sode o 03j d9290 U a3,
Accession no. Protein Specific name Organisms No.

NP_001103711.1 PtbFGF Pan troglodytes Chimpanzee oplols 1

PNJ83978.1 PabFGF Pongo abelii Orangutan bsSil,i 2

XP_032148259.1 SabFGF Sapajus paella Capuchin monkey c 08 see 3

NP_001182150.1 EcbFGF Equus caballus Horse cwl 4

XP_035148890.2 CjbFGF Callithrix jacchus Marmoset monkey cusgejls 5

XP_012328437.2 AnbFGF Aotus nancymaae Night monkey s ygee 6

MBZ3874512.1 SchFGF Sciurus carolinensis squirrel Glvws 7

NP_776481.2 BthFGF Bos taurus Cow 45 8

XP_034879159.1 MIbFGF Mirounga leonina Walrus oLy & 9

XP_006866328.1 CabFGF Chrysochloris asiatica Mole ;8" 59e 10
NP_001009769.1 OabFGF Ovis aries Sheep wawss 11
XP_010983858.2 CdbFGF Camelus dromedarius Camel 5 12
XP_006079005.1 BbbFGF Bubalus bubalis Buffalo gy 13
XP_044769019.1 NsbFGF Neomonachus schauinslandi Seal i s 14
XP_027958051.1 EjbFGF Eumetopias jubatus Sealion 4l ys 15
XP_011747595.1 MnbFGF Macaca nemestrina Macaca Kb (ysae 16
XP_029807018.1 SsbFGF Suricata suricatta Meerkat (g uad) &S pe 17
XP_042792627.1 PIbFGF Panthera leo Lion 5 1g
XP_022372242.1 EIbFGF Enhydra lutris Otter sy 19
XP_047713548.1 PVbFGF Prionailurus viverrinus Wildcat _isg )5 20
XP_040823319.1 OcbFGF Ochotona curzoniae Plateau pika S, 590 21
XP_043412008.1 PbbFGF Prionailurus bengalensis Leopard i, 29
XP_004748022.1 MpbFGF Mustela putorius Ferret Loy> o0 23
XP_039097538.1 HhbFGF Hyaena hyaena Hyena ks 24
XP_025729824.1 CubFGF Callorhinus ursinus Northern fur seal & 25
NP_062178.1 RnbFGF Rattus norvegicus Field mouse _glxo bse 26
XP_038203292.1 AabFGF Arvicola amphibius European water vole _obs)) ol 5 27
XP_051041744.1 ProFGF Phodopus roborovskii Hamster yiues 28
XP_021052229.1 MpabFGF Mus pahari Mouse _bge 29
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