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Basic fibroblast growth factor (bFGF) plays a crucial role in wound healing, but its inherent 

instability and inefficient penetration have prevented researchers from using it in practice. The 

short half-life, which is about 7.6 hours, diminishes its wound-healing function; the need of its 

application by injection indicates its inefficient penetration. 30Kc19α, bombyx mori-origin 

protein, was exclusively studied for enhancing stability and penetration efficiency of target 

proteins. The conjugation of 30Kc19α to bFGF thus enhanced the stability and increased 

penetration efficiency of bFGF. Prior to testing the wound healing functions, bFGF enzyme-

linked immunosorbent assay showed the increased longevity of 30Kc19α-bFGF, indicating the 

enhanced stability. Immunocytochemical analysis showed 30Kc19α-bFGF penetrated more 

efficient than bFGF. Resolving the two defects allowed for reexamination of the wound healing 



 

ii 

 

functions. Treatment of 30Kc19α-bFGF stimulated more proliferation of cells that that of bFGF 

due to the increased bioactivities of 30Kc19α-bFGF. Furthermore, wound healing assay, or 

wound closure assay, was conducted to evaluate effects on 30Kc19α-bFGF on cell migration 

and collagen synthesis. 30Kc19α-bFGF-treated cells migrated faster and synthesized more 

collagen, indicating accelerated wound healing in vitro.  
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1. Introduction  

 

1.1 Previous studies of silkworm hemolymph 

 

The previous studies extensively investigated the properties of silkworm hemolymph of 

Bombyx mori, in the hopes of replacing fetal bovine serum, an expensive necessity in culturing 

insect and mammalian cells. The effort at studying the silkworm hemolymph revealed its 

various functions: anti-apoptosis, protein stabilization and cellular penetration.  

The anti-apoptotic effect of the silkworm hemolymph was investigated through 

experimentation on various types of cells. The addition of the silkworm hemolymph to insect 

cell-baculovirus, human cell and Chinese hamster ovary (CHO) cell system inhibited apoptosis 

of the cells [1, 2, 3]. The treatment of the silkworm hemolymph-supplemented culture medium 

to the cells increased the cellular longevity [1, 2, 3]. The functional domain of the anti-apoptotic 

effect was identified and isolated as 30Kc6 gene encoding a 30K protein, which was termed 

after its size, 30 kDa [4]. The application of 30Kc6 gene to CHO cells by the transient 

expression increased the production of human erythropoietin (EPO) and interferon (IFN)-β [5]. 

Further investigation on the 30K protein family revealed the protein-stabilizing and cell-

penetrating effect of 30Kc19. The supplementation of 30Kc19 in distilled-deionized water 

(DDW) enhanced the stability of alkaline phosphate and horseradish peroxidase in the system, 

and conjugation of 30Kc19 to transcription factors also enhanced the stability of the 

transcription factors [6, 7]. Green fluorescence protein (GFP), which is incapable of cellular 

penetration, was conjugated to 30Kc19 and was delivered into cells and organ tissues [8].  

file://///https:/en.wikipedia.org/wiki/IFN-Î²
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Lastly, the biological functions of the α-helix and β-trefoil domains of 30Kc19 was studied. 

The α-helix truncated 30Kc19, or 30Kc19α maintained the protein-stabilizing and cell-

penetrating effect of 30Kc19 [9]. By conjugating 30Kc19α to GFP, in vitro protein-stabilizing 

and intracellular penetration properties of 30Kc19α were tested [9].  

 

1.2 Characterization of 30Kc19α  

 

 1.2.1 Protein-stabilizing effect 

 

Although enzymes are involved in most catalytic reactions, their optimal condition must 

remain undisturbed for their proper functions [10]. A slight change in pH or temperature would 

destabilize the enzymes and thus causing them to lose their properties. A considerable amount 

of efforts has been put in to stabilize the enzymes [11, 12]. Protein immobilization, the 

encapsulation of proteins in liposomes, and additive supplementation on buffers have not been 

applied therapeutically [13, 14]. The previous studies have revealed that the conjugation of 

30Kc19α has enhanced the stability of cargo proteins [9]. Assessing the stability with 

intracellular β-gal activity in the absence or presence of 30Kc19α has revealed the protein-

stabilizing effect of 30Kc19α [9].  

 

 

file://///https:/en.wikipedia.org/wiki/IFN-Î²
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 1.2.2 Cell-penetrating effect 

 

As lipid bilayers of mammalian cells exhibits hydrophobicity, most of the large biomolecules 

are prevented from penetrating through the lipid bilayer [15]. One of the researches has 

developed human immunodeficiency virus-1 (HIV-1)-derived trans-activator of transcription 

(TAT) to resolve the difficulty in delivering the molecules [16]. TAT consists of 11 amino 

acids and is capable of penetrating the mammalian cells [16]. Subsequent researches has 

discovered the functions of herpes simplex virus-1 (HSV-1)-derived VP22 and Drosophilia-

derived Antennapedia (Antp), which exhibit similar functions to that of TAT [17, 18].  

Such cell-penetrating peptides (CPPs) contain protein transduction domain (PTD), and their 

conjugation to non-penetrating biomolecules have been exclusively studied to deliver the 

conjugated complexes into the cells [17, 19, 20]. The compositional analysis of 30Kc19α has 

revealed a type of the CPPs named Pep-c19 [21]. Immunocytochemical analysis of GFP-

30Kc19α has shown the increased intracellular fluorescence compared to GFP alone [9].  

 

1.3 Characterization of basic Fibroblast Growth Factor 

 

The versatility of basic fibroblast growth factor (bFGF) has been known for its involvement 

in wound healing, angiogenesis, osteoporosis treatment, and differentiation blockage [22]. 

Several attempts have been made to use bFGF in practice, but its inherent instability and 

inefficient cell penetration have haltered it from various therapeutic and research applications 

[23].  
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As the previous studies of 30Kc19α have discovered its potency to stabilize its cargo protein 

and penetrate cells efficiently, conjugating 30Kc19α to bFGF would resolve the two defects, 

instability and inefficient cell penetration. Among the functions of bFGF, this research focuses 

on the wound healing function of bFGF, and 30Kc19α-bFGF is expected to accelerate the 

wound healing processes.  
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2. Materials and methods  

 

2.1 Plasmid construction of 30Kc19α, bFGF and 30Kc19α-bFGF  

 

Primers containing specific restriction enzyme recognition sequences were designed to insert 

30Kc19α and bFGF into pET-23a expression vector (Novagen, USA) as designed in Fig. 2. 

The pET-23a expression vector was used because it contains not only various restriction 

enzyme recognition but also T7 tag on its N terminal and His-6 tag on its C terminal for 

purification and identification. The primers for 30Kc19α contained BamHI and EcoRI, on the 

N and C terminals, respectively. The primers designed were following: forward primer: 5’-

AAA GGA TCC GCA GAT TCC GAC GTC CCT A-3’; reverse primer: 5’-AAA GAA TTC 

GTT TTC GGC GAA GAT AAG TCT-3’. The primers for bFGF contained EcoRI and XhoI, 

on the N and C terminals, respectively. The primers designed were following: forward primer: 

5’-AAA GAA TTC GCA GCC GGG A-3’; reverse primer: 5’-AAA CTC GAG GCT CTT 

AGC AGA CAT TG-3’. PCR was conducted with a 20 μl reaction mixture containing 2 μl 

PCR premix, 1 μl each of the forward and reverse primers, 2 μl DNA template, and 14 μl DDW. 

The PCR products and pET-23a expression vectors were digested with the appropriate 

restriction enzymes to create the pET-23a/30Kc19α and pET-23a/bFGF constructs. The 

constructs were digested EcoRI and XhoI, and the digested bFGF was inserted to pET-

23a/30Kc19α, thus creating pET-23a/30Kc19α-bFGF construct. pET-23a/bFGF and pET-

23a/30Kc19α-bFGF were transformed into DH5α competent cells (Novagen). The gene 

sequences were confirmed with GenoTech, Corporation. After the confirmation, the expression 
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vectors were transformed into BL21 competent cells (Novagen) for protein production.  
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Figure 2. Plasmid construction pET-23a/30Kc19α, pET-23a/bFGF and pET-23a/30Kc19α-bFGF 
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2.2 Protein expression and purification of bFGF and 30Kc19α-

bFGF  

 

The transformed E. coli was cultured in 25 ml Luria-Bertani (LB) medium (10 g/L trypton, 

5 g/L yeast extract, 10 g/L NaCl) with 25 μl of ampicillin (100 μg/ml) at 37°C overnight with 

shaking at 150 rpm/min. The LB medium was transferred to 1 L LB medium and cultured at 

the 37°C, shaking at 150 rpm/min. When OD600 reached between 0.4 and 0.6, 1 mM isopropyl-

β-D-thiogalactopyranoside (IPTG) was added to induce the protein production and cultured for 

4 hours.  

The cells were harvested by centrifugation at 12,000 rpm for 10 minutes at 4°C. After 

discarding the supernatant, the pellets were resuspended with binding buffer (20 mM Tris, 500 

mM NaCl, 20 mM imidazole, pH 8.0) and sonicated at 22% amplification for 10 minutes in an 

ice rack. The lysates were centrifuged at 12,000 rpm for 30 minutes at 4°C. The supernatants 

were filtered with 0.45 μm bottle top filters (Jetbiofil, South Korea). As all of the expressed 

proteins should contain His-6 tag, His-tag affinity chromatography using His-Trap HP column 

(GE healthcare, Sweden) was conducted by a fast protein liquid chromatography (FPLC; GE 

Healthcare, Sweden). The binding, washing (20 mM Tris, 500 mM NaCl, 50 mM imidazole, 

pH 8.0), and elution (20 mM Tris, 500 mM NaCl, 350 mM imidazole, pH 8.0) buffers were 

used for the protein purification. The purified proteins were dialyzed against sodium 

bicarbonate buffer (44 mM sodium bicarbonate, 110 mM NaCl, pH 8.0) and stored at -70°C 

until further use.  
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2.3 Immunoblot analysis 

 

In order to quantify and identify the purified proteins, sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) and western blot was conducted. The purified 

proteins were diluted 10-1 and pre-stained with 5x reducing buffer prior to loading to 10% SDS-

PAGE. 10, 50, 100, 200 μg/ml of bovine serum albumin (BSA; Fluka, USA) were loaded as 

the reference concentrations, Image J software was used to quantify the unknown 

concentrations of the purified proteins. The purified products on SDS-PAGE was transferred 

to a polyvinylidene difluoride (PVDF) membrane for western blot. As the pET-23a vector 

contains the T7 tag, anti-T7 primary antibody (Abcam, UK) and anti-rabbit HRP-conjugated 

antibody (Milipore, USA) were used to label the purified proteins. 1 ml of Lumina Forte 

Western HRP Substrate (Merck Millipore, USA) was treated to visualize the proteins on 

G:BOXChemi XL system (Syngene, UK). 

 

2.4 Protein stability assay 

 

The stability of the proteins was assessed by Human FGF basic DuoSet enzyme-linked 

immunosorbent assay kit (ELISA; R&D systems, USA). The quantified proteins were diluted 

to 10 nM, which is within the detection range of the kit. The diluted proteins were incubated at 

37°C from 0 to 24 hours prior to the addition to a 96-well microplate (R&D systems). The 

absorbance was measured at 450 nm by Spark 10M (Tecan, Switzerland). 
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2.5 Cell penetration assay 

 

Immunocytochemistry was conducted to assess the cellular penetration. Human dermal 

fibroblasts (HDFs) were seeded to an 8-well confocal plate (Thermo Fisher Scientific, USA) 

and incubated with Dulbecco’s Modified Eagle Medium (DMEM; WelGENE Inc., Korea) 

supplemented with 10% fetal bovine serum (FBS; Gibco, Scotland) and 1% penicillin-

streptomycin (PS; Gibco) at 37°C with 5% CO2 until it reached 30% confluency. 100 μM of 

the proteins were treated for 30 minutes or 4 hours. The proteins were labeled with Alexa 

Flour®  (Invitrogen, USA) and the nucleus was counter-stained with 2 μg/ml of Hoechst 33342 

(Life Technologies, USA). The fluorescence was observed using Carl Zeiss LSM710 (Zeiss, 

Germany) 

 

2.6 Cell proliferation assay  

 

Cell counting kit (CCK)-8 (Dojindo, USA) was used to assess the proliferation of HDFs. 

7x103 cells per well were seeded on a 96-well plate (Thermo Fisher Scientific) and incubated 

in DMEM supplemented with 10% FBS and 1% PS at 37°C with 5% CO2 for 6 hours. The 

media was changed to DMEM with 1% PS for the purposes of cell starvation and cycle 

synchronization. The cells were treated with various concentrations of the proteins in DMEM 

with 0.5% FBS and 1% PS and incubated for 48 hours. 10 μl CCK solution was added to each 

well and incubated for 2 hours. The same experiment with 4 μM of the proteins was also 

conducted for 24, 48 and 72 hours. The absorbance was measured at 450 nm by Spark 10M.  
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2.7 Wound healing assay and qRT-PCR 

 

HDFs were seeded on a 6-well plate (Thermo Fisher Scientific) and incubated at 37°C with 

5% CO2 until 100% confluency. A micropipette tip was used to scrape a straight line to create 

a scratch on the 6-well plate to detach the HDFs on the line. After washing with Dulbecco’s 

phosphate-buffered saline (DPBS; WelGENE Inc.) twice, the HDFs were starved overnight at 

37°C with 5% CO2. 4 μM of the proteins in DMEM with 1% PS were treated for 48 hours. The 

gap closure was measured by counting the HDFs that crossed into the scratch area.  

For quantitative reverse transcription polymerase chain reaction (qRT-PCR), reverse 

transcription using a cDNA synthesis kit (Enzynomics, South Korea) was conducted after total 

cellular RNA extraction. By mixing DDW, SYBR green premix (Enzynomics), each primer 

set, and synthesized cDNA according to the protocol, qRT-PCR was performed on Veriti 96-

well Thermal Cycler (Applied Biosystems, USA).  
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3. Results and discussion 

 

3.1 Plasmid construction and protein expression of bFGF and 

30Kc19α-bFGF  

 

30Kc19α and bFGF were amplified with the designed primers by PCR (Fig. 3). The PCR 

product of 30Kc19α and pET-23a expression vector were digested with BamHI and EcoRI and 

ligated; the PCR products of bFGF and pET-23a expression vector were digested with EcoRI 

and XhoI and ligated (Fig. 4). Both pET-23a/30Kc19α and pET-23a/bFGF were subsequently 

digested with EcoRI and XhoI for the ligation of bFGF into pET-23a/30Kc19α. The ligated 

products were digested with EcoRI and XhoI again for reconfirmation (Fig. 5). On Fig. 5B, all 

of the lanes except lane 2 had the same size. The lengths of the products were in accordance 

with their theoretical values.  

The proteins were expressed in a soluble form by the transformed E.coli. The soluble 

expression of the proteins was critical for subsequent experiments, as refolded proteins from 

inclusion bodies, an insoluble form of proteins, do not guarantee the same bioactivity of the 

original proteins and the same concentration prior to refolding [24].  

SDS-PAGE was conducted to calculate the concentrations of bFGF and 30Kc19α-bFGF, 

which were 850 μg/ml and 2,500 μg/ml, respectively (Fig. 6). Furthermore, the molar 

concentrations were 5.15 μM and 6.93 μM, respectively, indicating the conjugation of 

30Kc19α enhanced the soluble expression of bFGF.  
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As the proteins contain T7 or His-6 tags, western blot analysis was appropriate for 

identification of the proteins. The bands on the western blot corresponded to the theoretical 

sizes of bFGF and 30Kc19α-bFGF, which are 17.2 and 27.4 kDa, respectively (Fig. 7).  
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Figure 3. Gel electrophoresis of the PCR products 
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Figure 4. Gel electrophoresis of restriction digests of pET-23a and PCR products 
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Figure 5. Gel electrophoresis of EcoRI and XhoI restriction digests on 

 pET-23a/bFGF and pET-23a/30Kc19α-bFGF 
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3.2 Stability analysis of 30Kc19α-bFGF 

 

For the stability assay, bFGF ELISA kit was used. A decrease in the absorbance at 450 nm 

indicates the denaturation of the functional domain of bFGF. Since the protein-stabilizing effect 

of 30Kc19α was proven with its conjugation to GFP, 30Kc19α-bFGF was expected to stabilize 

the cargo protein [9]. On Fig. 8, the stability of 30Kc19α-bFGF was significantly enhanced 

after 6 hours of the incubation when compared to the stability of bFGF. The reported half-life 

of bFGF is 7.6 hours [22], and the assay showed that the produced bFGF with the tags reached 

its half-life in 6 hours. The conjugation of 30Kc19α to bFGF enhanced the stability. **p < 0.01, 

***p < 0.001 compared with bFGF group (n = 6). Error bars represent standard deviation. 

The calculations of the protein concentrations from SDS-PAGE were reinforced with the 

experiment. The relative values of the same molar concentration of the proteins had similar 

absorbance at 450 nm. Furthermore, a standard solution of bFGF was provided from the kit 

and was also diluted to the same concentration for comparison. The absorbance value of the 

standard bFGF did not deviate from that of the proteins.  

The reason of the enhanced stability was considered to be a shielding effect rather than a 

specific binding between 30Kc19α and bFGF. In the previous studies, the mechanism of the 

stabilizing effect of 30Kc19 was suggested to be hydrophobic interactions between 30Kc19α 

and enzymes, and 30Kc19 was applied to transcription factors for stability enhancement [6, 7]. 

This experiment proved that the applicability of 30Kc19α to growth factors.   
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3.3 Cell-penetrating effect of 30Kc19α-bFGF 

 

To visualize the penetration efficiency of the proteins into cells, immunocytocheimcal 

analysis was conducted using a confocal laser scanning microscope. 100 μM of the proteins 

were treated to HDFs for 30 minutes or 4 hours. The proteins were tagged with Alexa Fluro®  

488, and the nucleus with Hoechst 33342. The green fluorescence, which indicates the proteins, 

was not observed in the control, or media-treated, group, while it was observed in bFGF and 

30Kc19α-bFGF-treated groups (Fig. 9). Furthermore, the 30Kc19α-bFGF-treated group 

showed higher fluorescence than the bFGF-treated group in both of the intervals (Fig. 9, 10). 

Although CPPs are known for assisting cell penetration, some of them possess 

multifunctional properties [9]. Hunter-killer peptides (HKPs), one of the CPPs, possess not 

only cell-penetrating but also cationic antibacterial properties [25]. Likewise, the 

multifunctional properties of 30Kc19α increased penetration efficiency.  
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Figure 9. Intracellular penetration using 30Kc19α at 30 minutes of incubation 
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Figure 10. Intracellular penetration using 30Kc19α at 4 hours of incubation 
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3.4 Mitogenic activity of 30Kc19α-bFGF 

 

By using the CCK-8 kit, cell proliferation, one of the prime functions of bFGF, was tested. 

Various concentrations of the proteins were treated to HDFs for optimization. Because FBS 

contains various growth factors and serum that accelerate proliferation, minimal concentration 

of FBS (0.5 %) was used to evaluate the functions of the proteins. The cell proliferation was 

normalized with each concentration of the controls. At 4 μM, the relative cell proliferation of 

30Kc19α-bFGF-treated group was significantly higher than that of bFGF-treated group at 48 

hours of incubation (Fig. 11). *p < 0.05, compared with the bFGF group (n = 6). Error bars 

represent standard deviation. 

4 μM of the proteins were treated for 24, 48 and 72 hours for the further investigation. The 

relative proliferation of 30Kc19α-bFGF-treated group was significantly higher than that of 

bFGF-treated group in the three time intervals (Fig. 12). The enhanced bioactivity of 30Kc19α-

bFGF enhanced the proliferation of HDFs. **p < 0.01, compared to the bFGF group (n = 8). 

Error bars represent standard deviation.   

  The enhanced mitogenic activity by 30Kc19α-bFGF treatment was verified by stimulating 

HDF proliferation. In the cell proliferation assay of TAT-bFGF, the author speculates TAT 

may not only assist penetration but also deposit bFGF at the receptor location [16]. Although 

effects of 30Kc19α on receptor bindings of cargo proteins have not been studied, it could be 

hypothesized that 30Kc19α may have assisted the deposition at the receptor location.  
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Figure 11. Effect of various concentrations of bFGF and 30Kc19α-bFGF on HDF proliferation  
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3.5 In vitro wound healing by 30Kc19α-bFGF 

 

Type I collagen is critical in repairing injured tissues and facilitating intercellular 

interactions. Under wounded conditions, bFGF stimulates the synthesis of type I collagen and 

thus facilitates migration of the cells [22]. Therefore, enhancing the bioactivities of bFGF 

would also increase the synthesis of type I collagen. After treating the proteins for 24 hours, 

the percent gap closure of the control, bFGF, 30Kc19α-bFGF-treated groups were 11, 16 and 

23%, respectively, and 18, 25, and 41%, respectively, after 48 hours (Fig. 14). The 30Kc19α-

bFGF-treated HDFs closed the wounded sites significantly faster than the other groups in both 

of the time intervals (Fig. 14). *p < 0.05, **p < 0.01, ***p < 0.001 (n = 3). 

qRT-PCR was conducted to quantify the amount of type I collagen mRNA. The relative fold 

induction (RFI) was normalized with the control. The RFI values of bFGF and 30Kc19α-bFGF 

were 1.05 and 1.25 at 24 hours and 1.16 and 1.81 at 48 hours, respectively (Fig. 15). The 

amount of type I collagen synthesized was significantly higher in the 30Kc19α-bFGF-treated 

group than that in bFGF-treated group in both of the time intervals (Fig. 15). *p < 0.05, **p < 

0.01, compared to the bFGF group (n = 5).  
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Figure 15. Type I collagen expression of control, bFGF and 30Kc19α-bFGF-treated HDFs. 
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4. Conclusions 

 

To resolve the two defects of bFGF, 30Kc19α was conjugated to resolve the problem of 

instability and penetration inefficiency. By using bFGF ELISA kit, the stability of the proteins 

could be evaluated. The stability of 30Kc19α-bFGF was significant enhanced due to the 

protein-stabilizing effect of 30Kc19α. The conjugation of 30Kc19α prevented its functional 

domain from degradation. Immunocytochemical analysis successfully visualized the 

penetration of the proteins into the cells. Despite the increased size by the conjugation, 

30Kc19α-bFGF penetrated the cells faster and more efficiently.  

After proving the protein-stabilizing and cell-penetrating effect of 30Kc19α-bFGF, it was 

applied to cell proliferation and wound healing assay to evaluate its applicability. The HDFs 

treated with 30Kc19α-bFGF proliferated more than the HDFs treated with bFGF. The enhanced 

bioactivities of 30Kc19α-bFGF stimulated the proliferation of the HDFs. The wound healing 

assay showed the HDFs treated 30Kc19α-bFGF migrated toward the wounded site faster than 

the HDFs treated with bFGF. The rationale behind the experiment was analyzed using qRT-

PCR of type I collagen.  

The increased penetration efficiency and enhanced protein stability through the conjugation 

of 30Kc19α successfully enhanced the bioactivities of bFGF, such as cell proliferation, 

migration rate, and collagen synthesis. The 30Kc19α delivery platform could be a novel 

delivery platform in the therapeutic and research application 
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30Kc19α를 이용한 bFGF의 투과성과 안정성 향상 및 상처치료

분야에 응용 
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Basic fibroblast growth (bFGF) 는 성장인자의 한 종류로서 상처치료의 다양

한 과정에서 중요한 역할을 하지만, 단백질의 안정성과 세포 투과성이 매우 낮은 

것이 단점으로 알려져 있다. bFGF는 반감기가 7.6 시간 밖에 되지 않아서 상처치

료 기능의 약화를 유발하고, 낮은 세포 투과성으로 인하여 bFGF를 주사기를 통해 

침습적으로 주입하여야 하는 문제점을 가지고 있다. 이전의 연구에서, 유전자 발

현 혹은 대장균에서 생산한 30Kc19α 단백질을 사용함으로써 목적 단백질의 안

정화와 세포 투과성 향상의 효과를 얻은 바 있다. 본 연구에서는 이러한 효과를 

가진 30Kc19α 를 bFGF에 접합하여 bFGF의 안정성 및 세포 투과성 상향 효

과를 연구하였다. 상처치료 관련 실험에 적용하기 전에 우선적으로, bFGF 
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enzyme-linked immunosorbent assay (ELISA) 를 사용하여 융합 단백질인 

30Kc19α-bFGF가 bFGF보다 활성이 더 오래 지속됨으로써 안정성 상향에 효

과를 보였다. 또한, 면역세포화학 분석을 통하여 30Kc19α-bFGF 가 bFGF 보

다 더 빠르고 효율적으로 세포를 투과하는 것을 관찰하였다. bFGF 의 두 단점을 

보완한 30Kc19α-bFGF 으로 상처치료 실험을 진행한 결과, 30Kc19α-bFGF 

를 처리한 경우가 bFGF를 처리한 경우보다 세포의 증식, 세포의 이동, 콜라겐 

합성 측면에서 보다 향상된 결과를 보였다.  

 

 

주요단어: 30Kc19α, bFGF, 안정성, 세포 투과성, 상처치료 
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