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Abstract 

 

 

 

 

Nowadays, medical adhesives are promising materials in fields like surgery, orthopedics, 

cardiology, and ophthalmology. Despite that, currently employed cyanoacrylate glues exhibit 

strong adhesion in dry conditions but shows chemical toxicity, which limits their usages. 

Fibrin-based adhesives are biocompatible and depend on the natural blood clotting process. 

However, their applications are also limited due to poor adhesion strength. In the current work, 

a biocompatible and biodegradable protein-based adhesive (SUP glue) was developed with 

high adhesion strengths comparable to that of cyanoacrylate superglue. We demonstrate the 

glue’s performance ex vivo and in vivo for cosmetic applications and accelerated wound healing 

by comparison to a commercial glue and surgical wound closure. All those promising results 

render SUP glue an ideal candidate for applications in biomedicine and further translation into 

the clinic. 
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3.1 Introduction 

Currently, suture materials including sutures, staples, and wires are the most commonly used 

materials for wound adhesion and closure[1,2]. However, those traditional methods often lead 

to wound infection and additional trauma requiring new approaches circumventing these 

issues[3]. Therefore, it is of interest to develop biomaterials that can supplement or replace the 

traditional suture materials in surgical procedures. As potential alternative for wound healing, 

sealing, and hemostasis, medical adhesives have received tremendous attention[4–6]. These 

medical adhesives can be categorized into two groups: biological glues (e.g. fibrin[7,8], 

gelatin[9,10], or mussel adhesion proteins[11–14]) and synthetic adhesives (e.g. cyanoacrylate[15], 

polyurethane[16], or polyethylene glycol[17]). Significant efforts have been made to develop 

medical adhesives, but none of them is widely used so far due to several limitations. Biological 

glues are biocompatible and are exploited as wound dressing but they exhibit relatively poor 

adhesion strength.[18] Synthetic adhesives, on the other hand, suffer from weak adhesion on wet 

surfaces, potential toxicity, and low biocompatibility. Therefore, it is necessary to develop new 

biomaterials that can meet the increasing demand for more effective and biocompatible medical 

adhesives. 

To date, it’s a challenge for medical adhesives to maintain their adhesion strength in wet or 

underwater conditions as the environment of the human body is humid and consists of ~60% 

water. In addition, many other aspects should be considered for developing medical adhesives 

including toxicity, immune response, stability under physiological conditions, rapid curing 

without excessive heat generation, and biodegradability. Protein-based adhesives are 

increasingly favored by researchers due to their good biocompatibility and low 

immunogenicity, while synthetic adhesives cause inflammatory responses and are potentially 

toxic[19,20]. To this end, protein-based adhesives are promising potential candidates for these 

biomedical applications. 

Herein, we investigated the bioengineered protein-based adhesive derived from SUPs and 

described in the previous chapter for its suitability as glue ex vivo and in vivo. The structural 

and biological properties of proteins afforded SUP glue with high biocompatibility and 

biodegradability. Importantly, SUP glue exhibited low cytotoxicity under different 

concentrations. As a result, external skin wounds and internal organ defects were sealed quickly 

and at the same time wound healing was accelerated. Those attractive features of the SUP glue 

render it a promising material for surgical applications. 

3.2 Results and Discussion 

The non-covalent nature of the adhesive system endows the SUP-SDBS complex with 

additional attractive features. Firstly, the glues are biodegradable, washable, and recyclable. 

We showed that after enzymatic treatment with proteinase K, the SUP component of the glue 

was digested as confirmed by gel electrophoresis (Fig. S1 and S2). Moreover, SUP glue applied 

on substrates could be completely removed when treated with water. Afterwards, the 

polypeptide material was recovered and adhesive properties were regained demonstrating the 

recyclability of the glue. It was found that the regenerated SUP-SDBS complex exhibited the 

same adhesion strength as the original, non-recycled batch (Fig. S3 and S4). 
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Furthermore, the biocompatibility of the SUP glues was investigated. We cultured HeLa cells 

in the presence of different concentrations of K72-SDBS. Without significant deviation from 

the control group, the cell viability remained higher than 90% after 24 h in all experiments (Fig. 

S5 and S6). Moreover, mice mesenchymal stem cells (D1 cells) were encapsulated into the 

SUP glue matrix for 3D culturing. Most D1 cells remained alive in the SUP gels after culturing 

for 7 d as imaged via fluorescent live/dead cell staining employing confocal laser scanning 

microscopy (Fig. S7). 

Motivated by the extraordinary performance and non-toxic nature, we investigated the SUP 

glue’s suitability for biomedical applications ex vivo and in vivo. The quantitative evaluation 

of adhesion on skin or organs is intrinsically challenging due to wet conditions in combination 

with complex as well as irregular geometries and surfaces. We used SUP-SDBS complexes to 

glue two pieces of porcine skin together (Fig. 3.1A). With these samples, uniaxial extension 

testing was performed by recording the corresponding force-extension curves. A peak force of 

110 mN with F∙w-1 = 22 N∙m-1 was measured – a value comparable to covalently cross-linked 

adhesives on soft tissues reported in the literature[21]. Additionally, proof-of-concept adhesive 

applications for cosmetics and skin healthcare were carried out on human skin and eyelids. As 

shown in Fig. 3.1B, a plastic paraffin film coated with SUP glue was firmly applied to skin on 

the arm. The SUP glue combines strong adhesion and deformability, rendering it particularly 

suitable for transdermal drug delivery, wearable device assembly, or wound dressings. 

Furthermore, the SUP glue was applied to the skin of the eyelid to achieve a reversible creased 

upper eyelid effect. This cosmetic transformation is very popular in Asian culture why even 

surgical interventions are undertaken to transform single-eyelid to double-eyelid 

appearance[22,23]. In this context, SUP glue might be useful to reduce ptosis and sagging skin, 

to recover peripheral vision, and to circumvent blepharoplasty[24–26]. Importantly, the adhering 

effect of SUP glues on skins endures more than two days, meanwhile being readily cleaned 

with water owing to the non-covalent and reversible chemical adhesion mode. 

Subsequently, the hemostatic properties of SUP glues were investigated in vivo (Fig. 3.1C). 

Firstly, an incision of l×h×w = 2×1×0.5 cm was performed on the back of a rat. Hereafter, K72-

SDBS and GFP-K72-SDBS glues were applied on those hemorrhaging skin defects as sealants. 

The wounds were sealed 10 s after the glues were applied, confirming the hemostatic properties 

of the SUP glues (Fig. 3.1C). Beyond functioning in the context of external skin defects, SUP 

glues exhibited tissue adhering and hemostatic properties internally on a bleeding rat liver (Fig. 

3.1C). 
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Figure 3.1. Applications of SUP glue dealing with skin adhesion and wound hemostasis. (A) Pre-clinical ex vivo 

adhesion model with SUP-glue on porcine skin. Fluorescent GFP-K72-SDBS glue was employed for tracing of 

the glue. (B) SUP glue on parafilm pasted on skin of the arm exhibiting strong adhesion and good conformability 

(upper left); SUP glue applied on a single eyelid (upper right) to achieve a double eyelid effect (lower right), and 

reversal of the effect after stretching (lower left). (C) Bleeding wounds on rat skin (left) and liver (right) treated 

with SUP glue. The skin wound was sealed inducing hemostasis. The second skin wound was treated with 

fluorescent GFP-SUP glue for tracing at the 9th day. SUP glue induced blood ceasing on rat liver (right). Yellow 

box indicates pasting position on the liver. Scale bars: 10 mm (black) and 50 mm (white). 

In addition, a systematic in vivo evaluation of wound healing was performed employing a rat 

model with customized linear incisions and round openings (Fig. 3.2A and S8). Four different 

animal groups for wound treatment were applied including (i) a blank without treatment, (ii) 

suture closure, (iii) commercial medical adhesive COMPONT®, and (iv) SUP glue. In the 

group (iv) treated with SUP glue, the wound was tightly sealed after the SUP glue was adjusted 

to the dynamic environment of the incision. The healing progress was evaluated quantitatively 

over 8 d (Fig. 3.2B). After 5 d, a significant increase of repaired wound area was detected for 

the SUP glue compared to the other groups, demonstrating the capacity of the SUP glue for 

regenerating skin. On day 8, the scar was almost invisible for the rats treated with SUP glue 

(4% wound area left), outperforming the commercial medical adhesive. A similar trend was 

observed in a study involving injury dressing of round wounds (Fig. S8). From these 

experiments one can conclude that the SUP glue is actively facilitating hemostasis and sealing 

wounds of different geometries. In stark contrast to suture closure and commercial chemical 

adhesives, the SUP glue with its biodegradable nature and supramolecular bonding might 

accustom well to dynamics of matrix and tissue, which might explain accelerated healing and 

regeneration of skin defects[27,28]. 
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Figure 3.2. SUP glue facilitates wound sealing and tissue regeneration in vivo characterized by histological 

investigation of rat skin tissue in an 8 d post-wounding process. (A) Different treatments for wound healing. (i) 

blank-no treatment, (ii) suture closure, (iii) commercial medical adhesive COMPONT®, and (iv) SUP glue. Scale 

bar: 10 mm. (B) Quantitative analysis of SUP glue treatment over time monitoring the wound closure area. Three 

trials were performed for each treatment. Statistics (P value) were evaluated by t-test (p-value: 0.0003). (C) 

Histological investigation: H&E staining to investigate tissue regeneration. (D) Masson’s trichrome staining to 

show collagen recovery in the wound area. (E) Red immunofluorescent staining as indicator of the level of IL-6. 

(F) Green immunofluorescent staining revealing the level of TNF-α. Scale bar: 100 µm. 

Histological analyses applying Hematoxylin and Eosin (H&E) as well as Masson’s trichrome 

staining were utilized to analyze the regeneration of healed skin tissue. H&E staining showed 

formation of new blood vessels and abundant follicle and sebaceous glands in the group treated 

with SUP glue while the recovery of control group tissues was inferior (Fig. 3.2C and S9). 

Masson’s trichrome staining revealed that there was more collagen deposition when treated 

with SUP glue (Fig. 3.2D and S10) than for the other treatment groups. On top of blood leakage, 

inflammation is another fatal consequence of severe wounds. Therefore, the efficacy of SUP 

glue to prevent injury-associated inflammation was assessed via immunofluorescence analysis. 

In this regard, pro-inflammatory cytokines including interleukin-6 (IL-6) and tumor necrosis 

factor-α (TNF-α) were measured. Obvious pink fluorescence related to IL-6 was detected in 

control groups (i), (ii), and (iii), indicating a severe inflammatory response in the wound areas 

(Fig. 3.2E and S11). Moreover, for the same control groups, green fluorescence was recorded 

suggesting high levels of secreted TNF-α (Fig. 3.2F and S12). In stark contrast, the wounds 

treated with SUP glue did not show these signs of inflammation. Interestingly, when GFP-SUP 

glue was used for the experiments, no GFP signal was detected in wound areas at the seventh 

day, which is a strong indication for the in vivo biodegradability of the glue (Fig. S12). 

Therefore, the degradation of the SUP backbone into body’s own amino acid building blocks 

might be important for the comparatively low immunogenicity and remodeling of matrix and 
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tissues. This is an attractive feature of the SUP glue for accelerating wound healing and 

especially promising for future surgical applications. 

3.3 Conclusion 

In this study, we reported SUP glues with high adhesive strength, which is comparable to 

cyanoacrylate superglue. The supramolecular buildup of cationic supercharged polypeptides 

complexed electrostatically to aromatic surfactants endows the SUP glue with washable, 

recyclable, and biodegradable properties. This unique set of features renders the material 

perfectly suited for cosmetic skincare applications and as an in vivo bio-glue enabling tissue 

regeneration after surgical interventions. The outstanding in vivo performance was highlighted 

by wound-healing studies characterized by fast hemostasis, avoidance of an inflammatory 

response, and accelerated healing. 

3.4 Experimental section 

3.4.1 Materials 

Sodium dodecylbenzenesulfonate (SDBS) and other chemicals were obtained from Sigma-

Aldrich (Netherlands and China). The water used in this research (typically 18.2 MΩ·cm at 

25 °C) was from a Milli-Q ultrapure water system (Merck, Germany). All biochemicals for 

cloning and SUP expression, such as LB medium, salts, antibiotics, and inducer compounds, 

were used as received (Sigma-Aldrich) without any further purification. The pUC19 cloning 

vector, restriction enzymes, and GeneJET Plasmid Miniprep kit were purchased from Thermo 

Fisher Scientific (Waltham, MA). Digested DNA fragments were purified using QIAquick spin 

miniprep kits from QIAGEN (Valencia, CA). E. coli XL1-Blue competent cells for plasmid 

amplification were purchased from Stratagene (La Jolla, CA). Oligonucleotides for sequencing 

were ordered from Sigma-Aldrich (St. Louis, MO). Alpha-cyano-4-hydroxycinnamic acid was 

used as matrix during MALDI mass spectrometry and was purchased from Thermo Scientific 

(Waltham, MA). All SUPs were expressed according to previous work[29,30]. Animal 

experiments and human skin adhesion experiments agreed with the guidelines of the Regional 

Ethics Committee for Animal and Clinical Experiments of Jilin University Institutional Animal 

Care and Use and the Second Hospital of Jilin University, respectively. Other solvents used in 

the work are analytical grade. 
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3.4.2 Biodegradability and recyclability of the SUP glue 

Biodegradation behavior of the SUP glue 

 

Figure S1. Degradation experiment of the SUP glue (here K144-SDBS was taken as an example). Images on the 

left side show that the SUP glue, prior to enzymatic treatment, formed a gel with opaque appearance within the 

Eppendorf vial. After the proteinase K digest, the SUP glue dispersion became transparent and formed a liquid as 

can be recognized when inverting the vial. 

 

Figure S2. Degradability test of the SUP glue (K144 glue). Lane 1 and Lane 3 represent recombinant K144 

expressed by E. coli. Amount of K144 in Lane 3 is one half of that in Lane 1. Lane 2 shows the digestion products 

of the K144-SDBS complex treated with 0.1 mg∙ml-1 of Proteinase K at 37 °C for 6 h. M, Fermentas prestained 

protein ladder. 

Water cleanability of the SUP glue 

 

Figure S3. The SUP glue (here GFP-K72-SDBS was taken as an example) can be easily cleaned. The photo on 

the left represents a PE substrate pasted with GFP-K72-SDBS glue. After cleaning with water, the substrate shows 

a glue-free surface (right photo).  
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Recyclability of the SUP glue 

 

Figure S4. The recyclability experiments of SUP glues. (A) The photos show the SUP glue (GFP-K72-SDBS) on 

polyethylene (PE) is recovered with H2O. Pure water is firstly applied on the surface of a fractured glue substrate. 

It can be subsequently collected, as the middle picture indicates. Thereafter, the recovered glue is re-applied on 

the surface of substrates for a second test (lap shear characterization). (B) Comparison between the original and 

recovered K72-SDBS glues on PE surface. The lap shear measurements indicate that the recovered glue sample 

is as strong as the original one. Statistical analysis further confirms that there is no significant difference of 

adhesion strength in the original and recovered groups. n.s.: no significant difference. 

3.4.3 Cytotoxicity Evaluation of the SUP Glue 

Both cytotoxicity of SUPs and SUP-SDBS complexes were evaluated. XTT cell viability assay 

was used for biocompatibility test of K72-SDBS (Fig. S21). Briefly, 5×103 HeLa cells per well 

were seeded in a 96 well plate and grown overnight. Various concentrations of K72-SDBS 

complex immersed in 100 µL culture medium (DMEM with 10% FBS) were incubated with 

the cells for 72 h at 37 °C, 5% CO2 (in triplicate). 50 µL of XTT solution mixed with PMS was 

added to each well, afterwards the plate was incubated for 2 h. Absorbance at 450 nm and 630 

nm was recorded. 

CellTiter-Glo cell viability assay was used for cytotoxicity test of SUPs. HeLa cells were 

seeded as above. K144, K108, K72, K36 and K18 at various concentrations dissolved in 100 

µL culture medium (DMEM with 10% FBS) were incubated with cells for 72 h at 37 °C, 5% 

CO2 (in triplicate). 100 µL CellTiter-Glo Reagent was added to each well with 2 min mixing 

and 10 min signal stabilization time at room temperature. Then luminescence was recorded 

(Fig. S22). Statistical analysis was performed using t test with GraphPad Prism 7.0 program. 
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Figure S5. Cell viability measurements carried out with different concentrations of K72-SDBS complex ranging 

from 1 to 200 μm using HeLa cells. The control group comprises cells that were treated with culture medium. 

 

Figure S6. Evaluation of cytotoxicity of the SUPs with HeLa cells. The measurements indicate that the cell 

viability is not affected by the addition of SUPs at a concentration as high as 100 µg∙mL-1 (blue columns), which 

is also consistent with our previous investigation[31]. Data is shown as mean with standard deviation. Three 

individual tests were carried out for each subgroup. 

3.4.4 Stem cell encapsulation in the SUP glue 

D1 cells were ordered from ATCC (American Type Culture Collection). General culture 

methods follow the provider’s protocol[32]. In brief, DMEM medium containing 10% FBS and 

1% penicillin/streptomycin was applied for the cell culture at 37 °C with 5% CO2. Renewal of 

fresh media was performed at an interval of 3 d. 100 nmol of K72 solution (in 100 μL ultra-

pure H2O) and 7200 nmol SDBS lipids (100 μL in ultra-pure H2O) were mixed thoroughly in 

a 1.5 mL sterile Eppendorf tube, thereafter 10,000 cells were seeded and re-suspended quickly 

into the SUP-SDBS glue. The tube, containing SUP glue and cells, was centrifuged with 800 

rpm for 5 min, and the supernatant liquid was removed after centrifugation. The soft sediment 

was transferred into a 96-well plate for 7 d culture. Prior to imaging, the matrix was pre-stained 

and co-cultured with chemical dyes (2 μM) of carboxyfluorescein diacetate succinimidyl ester 
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and ethidium homodimer-1 at 37 °C for 30 min. Afterwards, living cells in the matrix were 

imaged by confocal laser scanning microscopy (CLSM, Fig. S7). The carboxyfluorescein 

diacetate succinimidyl ester is non-fluorescent. When its acetate groups are cleaved by 

intracellular esterases of the living cells, the dye becomes fluorescent with excitation at 490 

nm and emission at 520 nm. The ethidium homodimer-1 (EthD-1) is an indicator with high-

affinity of nucleic acid. It is weakly fluorescent until bound to DNA and emits red fluorescence 

(excitation/emission ~528/617 nm). The imaging set-ups and protocols were prepared as 

recommended by the manufacturer and literature[33]. 

 

Figure S7. 3D encapsulation of mice D1 stem cells within the SUP glue matrix characterized by CLSM at day 7. 

The fluorescence stems from live/dead cell staining (green/red, respectively). Scale bar: 50 μm. 

3.4.5 Ex vivo adhesion model tests on porcine skin and human eyelids 

Fresh and clean porcine skin was cut into pieces with dimensions of 10×0.5×0.2 cm. SUP glue 

(GFP tagged for easy tracking) was applied on the surface of the skin. After adding the glue 

onto one piece of the sample, a second one was placed atop the first one to form a lap shear 

joint with an overlap area of 5×5 mm. The substrates were then allowed to cure for 10 min at 

room temperature. Office clamps were used to hold the skin substrates together during the 

curing period. The lap-shear mechanical characterization was performed similarly as in the 

protocol detailed in Chapter 2. The study protocol for producing double eyelids was approved 

by the Ethic Committee of the Second Hospital of Jilin University. A male volunteer with 

single eyelid was used for this study. 5-10 mg of SUP glue were applied on one of the upper 

eyelids. A crescent-shaped double eyelid of 1.5 cm length was formed in less than 60 s curing. 

Stretching the adhered region clearly showed that the skin of the eyelid firmly stuck together 

(Fig. 3.1B), indicating robust and efficient adhesion of SUP glue on human skin. The artificial 

double eyelid was maintained in its shape for up to 48 h. Besides, a pilot test on the cleaning 

of SUP glue in the eyelid region was performed. The glue can be removed readily with 

excessive amount of water (5 mL applied on cellulose tissue), which is consistent with in vitro 

data in Fig. S3 and Fig. S4. 

3.4.6 In vivo linear wound hemostasis and healing 
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In vivo skin wound sealing and healing: linear wounds were produced by a scalpel with 

dimension of l×h×w = 2×1×0.5 cm3 to evaluate the effect of SUP glue on wound sealing and 

healing of rat skin. Animal experiments were approved by Jilin University Institutional Animal 

Care and Use unit. Healthy female wistar rats (180-200 g) were purchased from Beijing HFK 

Biotechnology Ltd. First, the rats were randomly divided into 5 groups (n = 3) and anesthetized 

with chloral hydrate (10 wt.%). After 10 min, the rats were completely anesthetized. The back 

areas of rats were depilated with VEET hair removal cream and disinfected with 75% 

disinfecting EtOH. The wounds formed by a scalpel, except the untreated control group, were 

treated with SUP glue, saline, suture, and medical adhesive COMPONT®, respectively. 

Thereafter, each group of the rats was individually housed. The photographs of the wounds 

were taken with a digital camera every day. Then, the rats were euthanized, and fresh portions 

of the wound site from each rat were harvested rapidly at the 9th day. Then, they were fixed in 

neutral buffered formalin (10%). After that, the samples were dehydrated using grades of EtOH 

(70%, 80%, 90%, 95%, and 100%). Lastly, the samples were impregnated with molten paraffin 

wax, embedded, and blocked out. The tissue sections were cut into 2-4 μm thickness and 

mounted on the glass slides. The hematoxylin and eosin (H&E) staining, Masson’s trichrome 

staining, and immunofluorescent staining with Interleukin-6 (IL-6) and tumor necrosis factor-

 (TNF-α) were performed with protocols as described in literature[34,35]. The photographs of 

stained sections were taken by using an optical microscope (Nikon, Japan). 

In vivo liver wound hemostasis: healthy rats with the weight of 180 g (three rats for one trial) 

was randomly chosen and was anesthetized with chloral hydrate (10 wt.%). After 10 min, the 

rats were completely anesthetized. The abdomen and chest of the rats were disinfected with 75% 

disinfecting EtOH. Then, the chest of rats was opened, and surface of the heart and the liver 

were exposed. The liver of the rats was punctured to bleed with a needle (1.2 mm diameter). 

SUP adhesive was rapidly applied to the sites of the punctures. The video of the process of 

ceasing bleeding was recorded with camera. 

3.4.7 In vivo round-shape wound dressing test 

We induced wounds of round shape and a diameter of 10 mm on the back of rats with a specific 

puncher. After 6 d, excellent wound repair and skin regeneration was detected for the SUP-

glue group compared with saline, cyanoacrylate, and no treatment groups in Fig. S8. These 

results were supported by histopathologic analysis which were performed in the 7th day (Fig. 

S9). There were many new blood vessels formed and abundant granulation was detected in 

tissue treated with the SUP glue. Moreover, we performed Masson’s trichrome staining. There 

was more mature and compact collagen content in the group of SUP glue compared to other 

control groups shown in Fig. S10. Interleukin-6 (IL-6) and tumor necrosis factor- (TNF-α) 

were used to characterize the level of infection. The data not only indicate the anti-

inflammatory effect of SUP glue, but also prove its good biodegradability because almost no 

GFP signal was detected in the experiments performed with GFP-K72-SDBS (Fig. S11-S12). 
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Figure S8. Overview of in vivo wound dressing effects with different treatments. (A) Representative results of 

wound dressing on rats using different glue materials, including no treatment group, cyanoacrylate group, saline 

group as well as SUP glue (K144-SDBS) group. In the time course of six days, SUP glue actively accelerates the 

healing of round-shaped wounds. The experiments were performed in triplicate (n = 3) within each group. Scale 

bar: 10 mm. (B) The quantification of wounded areas in the course of curing. The SUP glue group has a significant 

difference compared with the control groups. The statistical analysis was performed with t-test and the p-value is 

0.0173 between saline group and SUP glue group. 
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Figure S9. Histological analysis (hematoxylin and eosin stain, H&E stain) of round-shaped wounds sealed with 

different dressing agents. There are some new blood vessels and abundant granulation of tissue in the SUP glue 

group, indicating good wound repair and skin regeneration. Scale bar: 100 µm. 

 

Figure S10. Histological analysis (Masson’s Trichrome stain) of round-shaped wounds sealed with dressing agent 

K72-SDBS glue. There was abundant, mature and compact collagen content (blue regions) in the group of SUP 

adhesive. F, follicle; S, sebaceous gland. Scale bar: 100 µm. 
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Figure S11. Red immunofluorescence as indicator of the level of the pro-inflammatory cytokine IL-6. There was 

much less IL-6 expressed in the group treated with the SUP glue compared to the other samples. This is indicative 

for few signs of inflammation as compared with the other control groups. Scale bar: 100 µm. 

 

Figure S12. Characterization of the level of pro-inflammatory factor TNF-α (in green). The results not only 

indicate the anti-inflammatory effect of SUP glue (here GFP-K72-SDBS and K144-SDBS were taken as 

examples), but also suggest its good biodegradability due to almost non GFP signal detected in the SUP glue test 

groups. Scale bar: 100 µm.  
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