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INTRODUCTION 
 

Alzheimer’s disease (AD) is a chronic and irreversible 

neurodegenerative disease characterized by pro-

gressive memory impairment and cognitive 

dysfunction that ultimately leads to dementia, for 

which there is no cure [1–3]. The main clinical 

manifestations of AD are extracellular beta-

amyloid  (Aβ) deposits, neurofibrillary tangles (NFTs) 

and neuronal dystrophy and loss. The amyloid 

hypothesis posits that the aggregation of Aβ peptides 

could form extracellular deposits, which have been 

considered as the primary cause of AD for decades 

[4, 5]. Aβ peptides play a central role in AD research, 

as indicated by molecular genetics and biochemical 

pathology, due to their involvement in all known 

forms of familial AD [6]. 

 

Aβ peptide is the product of the amyloidogenic cleavage 

of the larger glycoprotein amyloid precursor protein 

(APP) by β–secretase or γ–secretase, which generates 

36–42-residue Aβ Aβ42 is the most toxic form of Aβ 

generated through amyloidogenic processing, which 

readily aggregates into soluble oligomers and insoluble 
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ABSTRACT 
 

Alzheimer’s disease (AD) is a chronic neurodegenerative disease and the common cause of dementia. The 
aggregation of beta-amyloid (Aβ peptide) leading to excessive neuroinflammation is considered to be the 
neuropathological hallmark of AD, although the precise mechanisms remain unclear. Oligomerization of these 

peptides may be associated with their 42 amino acid residue arrangement. However, the process of amyloid 
plaque formation is still not well known. The protein folding-shape code (PFSC) method is a powerful tool to 
analyze protein confirmation which could exhibit the local structural folding features in detail. In our study, we 
utilized the PFSC to analyze Aβ peptide in humans and mice and found that mouse Aβ42 is less likely to 
polymerize than human’s. Subsequently, we used the PFSC method to analyze the 42 amino acids of Aβ, 
transformed some species in human Aβ42 and obtained 7 mutants. We showed that it was not easy to aggregate 
Aβ in mutants. Herein, inflammatory responses were decreased, as indicated by the expression of cytokines. We 

confirmed that the neurotoxicity of mutant human Aβ  was decreased by preventing peptide  aggregation. This 
may represent a new therapeutic approach for treating AD. 
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fibril [7–9] The cytotoxicity of Aβ soluble oligomers 

has been confirmed, as they activate microglia and 

impair synaptic functions, leading to neuronal toxicity 

[10]. Similar results have also been observed in various 

transgenic mouse models of AD [3, 11]. NFTs are 

paired helical filaments (PHFs) formed of hyper-

phosphorylated tau protein, leading to neurotoxicity 

[12]. In familial AD, numerous genetic mutations can 

increase Aβ isoforms or alter the Aβ 40/42 ratio to cause 

the formation of amyloid plaques and the development of 

AD [13, 14]. The abnormal polymerization of amyloid 

protein can activate microglial cells, leading to the 

secretion of a large number of proinflammatory factors 

by microglial cells, which easily causes the central 

nervous system to be in a state of excessive inflammation 

[15]. Even though inflammation is primarily protective, 

excessive inflammation can lead to tissue damage and 

promote disease progression [16]. In summary, the 

production and aggregation of Aβ are pivotal in the 

pathogenesis and progression of AD. Therefore, 

reducing Aβ aggregation may exert a positive effect on 

the course of this disorder. 

 

In our study, we used an algorithm approach named 

the protein folding-shape code (PFSC) method, which 

integrates geometric, morphological, and topological 

features to provide a comprehensive description of 

folding shape patterns [17, 18]. According to the 

PFSC method and Protein Folding Variation Matrix 

(PFVM), we analyzed 42 amino acids of Aβ with 

certain folding patterns along the sequence, the 

specific number and arrangement of which played an 

important role in the polymerization of Aβ. Thus, we 

replaced some certain of these sites with other amino 

acids, and 7 mutants were obtained. The study of 

these 7 mutants indicates that they do not readily form 

oligomers under the same conditions. After 

stimulating the cells by these mutants, we found that 

the cells can reduce inflammatory response. This 

finding provides a simple way to develop therapeutic 

strategies for curing AD. 

 

RESULTS AND DISCUSSION 
 

Mouse Aβ has less probability for aggregation than 

human’s 

 

Wild-type mice are not susceptible to Alzheimer’s 

disease, and many studies have indicated that wild-type 

mice are less prone to plaque formation in the brain 

[19]. We know that the aggregation of Aβ  is a major 

cause of AD, and mouse can also generate Aβ. 

However, mice Aβ  is less likely to form plaques than 

human’s, which may be the reason that mice have a 

lower chance of developing AD. Here, we used the 

PFSC method to analyze the three-dimensional (3D) 

structure of Aβ protein in humans and mice. 

 

We used the PFSC method to predict the protein 

conformation fingerprint change matrix and the protein 

conformation fingerprint change curve of the amino 

acid sequence of amyloid protein in mice and humans. 

The results are shown in Figure 1A and 1B. First, we 

utilized the PFSC approach to simulate all feasible 

polypeptide configurations based on the Aβ sequence 

of 42 amino acids in humans and mice. Evidently, a 

higher number of conformational possibilities leads to 

increase the variability and instability at this site, 

thereby facilitating polymer formation. It is evident 

that mouse Aβ displays superior stability compared to 

its human counterpart, which may account for the 

reduced propensity towards polymerization. These 

results suggest that the probability of amyloid 

polymerization is different in mice and humans. To 

confirm these results, we used the two amino acid 

sequences to synthesize amyloid proteins, oligo-

merized them under the same conditions, and then 

found that murine Aβ  formed fewer oligomers (Figure 

1C). These results further explained why normal mice 

have fewer plaques, since murine Aβ  does not 

polymerize easily. We preliminarily concluded that the 

different amino acid sequences of Aβ  in mice 

decreased the degree of polymerization. If the mice 

were given human’s gene, they would develop plaques 

in their brains and exhibit Alzheimer’s-related 

symptoms. 

 

We used 5XFAD transgenic mice as the Alzheimer’s 

disease model in this study. These mice coexpress a 

total of five FAD mutations (APP K670N/M671L 

(Swedish) + I716V (Florida) + V717I (London) and 

PS1 M146L+ L286V). 5XFAD mice have high APP 

expression and almost exclusively produce Aβ42, 

which quickly accumulates in the brain. The 

accumulation of Aβ42 in neurons was observed from 

1.5-month-old mice in a mixed genetic background of 

C57BL/6 and SJL samples. The 5XFAD transgenic 

mice developed more plaques and produced more 

oligomers in their brains because they expressed 

human genes associated with AD. 

 

Microglia are resident innate immune cells of the brain 

and can be activated by antigens, playing critical roles 

in the recognition and clearance of Aβ in AD [20]. To 

study the activation of microglia, we obtained brain 

tissue from 8-month-old mice and then stained the 

tissue with Iba1 antibodies to identify microglia. We 

observed marked activation of microglia and found that 

the microglial cell body was significantly increased in 

5XFAD transgenic mice (Figure 1E). Statistical analysis  
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Figure 1. (A) The protein conformation fingerprint change matrix of the amino acid sequence of amyloid protein in mice and humans, (B) 

The protein conformation fingerprint change curve of the amino acid sequence of amyloid protein in mice and humans,(C) The amyloid 
protein oligomers in mice and humans, (D) The percentage area occupied by microglia in wild-type (n = 6) and AD (n = 8) samples (**P < 
0.01), (E) The cell bodies of microglia stained with Iba1 antibodies (green) in wild–type and transgenic mice as shown by confocal 
microscopy. Scale bar = 200 μm for left and 20 μm for right pictures. 
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of the percentage area occupied by microglia confirmed 

these results (Figure 1D). 

 

Excessive inflammation in 5XFAD transgenic mice 

 

It is widely accepted that neuroinflammation plays an 

important role in the progression of AD. Chronic 

neuroinflammation exerts excessive strain on neurons 

and eventually leads to neuronal death [21]. 5XFAD 

mice, which expressed five mutations in human APP and 

PS1, showed robust Aβ production and obvious plaques 

as a model of AD. We observed significant activation of 

microglia in 5XFAD transgenic mice. Microglia are the 

main trigger of the immune response in the brain. Aβ 

can bind to microglia, which induces the production of 

proinflammatory cytokines, such as interferon-γ (IFNγ), 

tumor necrosis factor α (TNFα), and interleukin-1β 

(IL-1β), promoting neuroinflammation in AD [22]. 

There is plentiful evidence that unbridled microglial 

activity can be harmful to neurons in neurodegenerative 

diseases [23, 24]. 

 

Our research showed that the inflammatory response 

was specifically induced in microglia in the early stages 

of the disease. First, we focused on inflammation in 

brain cells. We extracted total RNA from the 

hippocampus and cortex of 3-month-old mice. In the 

cortex, we found overexpression of IFNγ, IL-6, IL-1β 

and TNFα in 5XFAD mice compared to wild-type 

(WT). In the hippocampus, we also found over-

expression of TNFα and IL-1β in 5XFAD mice (Figure 

2A), and obtained total RNA from the brains of 6-

month-old mice. In addition, we observed the 

overexpression of proinflammatory cytokines such as 

interferon-γ and IL-1β in 5XFAD mice (Figure 2B). In 

summary, the 5XFAD mice showed a significant 

inflammatory response. 

 

A number of recent studies have demonstrated that 

peripheral inflammatory conditions can affect the 

microglial response through neuroimmune 

communication. If microglia have been activated in AD, 

being stimulated by peripheral proinflammatory 

cytokines can amplify this overexpression [25]. To 

investigate the peripheral inflammatory response in 

5XFAD mice serum inflammatory cytokines were 

measured in 8-month-old mice. The results indicated 

that inflammatory cytokines were highly secreted in 

5XFAD mice (Figure 2C) and verified AD disease 

symptoms. 

 

 
 

Figure 2. (A) The expression of interferon-γ (IFNγ), IL-6, interleukin-1β (IL-1β) and tumor necrosis factorα (TNFα) in the hippocampus and 

cortex in 3-month-old 5XFAD and wild-type mice (n = 4~8), (B) The expression of IFN-γ and IL-1β in 6-month-old 5XFAD and wild-type mice 
(n = 7~8), (C) The expression of inflammatory cytokines (IL-2, IL-13, IL-10, TNFα, IL-1b, IL-6, MCP-1, IL-17A, IL-1a) in the serum of 8-month-
old 5XFAD and wild-type mice (n = 3) (*P < 0.05, **P < 0.01, ***P < 0.001). 
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Aβ oligomers stimulate macrophages and microglia 

to induce inflammatory responses 

 

The Aβ monomer belongs to the class of native IDPs 

(Intrinsically Disordered Peptides), which aggregate 

into oligomeric, protofibrils and fibrillar forms that are 

toxic species that induce neuronal dysfunction [26]. 

Soluble oligomeric Aβ species are the most cytotoxic 

forms that can activate microglia to trigger the 

production of proinflammatory cytokines, ultimately 

inducing neuronal death [27]. To verify the peripheral 

immune response in AD, we stimulated macrophages 

with human Aβ in vitro. Macrophages are resident in 

almost all tissues, and these cells perform a variety of 

 

 
 

Figure 3. (A) The expression of IL-1β and IL-6 after 2 days of stimulation, (B) The expression of IL-6 after 1 hour of stimulation, (C) The 

secretion of IL-6 in the culture medium, and (D) The inflammatory responses in microglia stimulated by monomers compared with human 
Aβ oligomers (*P < 0.05). 
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Table 1. Amino acid sequences of different types of Aβ. 

Types Amino acid sequences 

Aβ-wt DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA 

Aβ-mut1 DAEFRHDSIYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA 

Aβ-mut2 DAEFRHDSGYEVHHQKLVFFAEDVASNKGAIIGLMVGGVVIA 

Aβ-mut3 DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIPLMVGGVVIA 

Aβ-mut4 DAEFRHDSIYEVHHQKLVFFAEDVASNKGAIIGLMVGGVVIA 

Aβ-mut5 DAEFRHDSIYEVHHQKLVFFAEDVGSNKGAIIPLMVGGVVIA 

Aβ-mut6 DAEFRHDSGYEVHHQKLVFFAEDVASNKGAIIPLMVGGVVIA 

Aβ-mut7 DAEFRHDSIYEVHHQKLVFFAEDVASNKGAIIPLMVGGVVIA 

 

functions throughout the innate immune responses. 

Macrophages are critical sensor cells that detect 

infection and induce inflammatory responses by 

producing cytokines such as TNFα and IL-1β. 

Therefore, we used Raw 264.7 cells to examine the 

inflammatory responses stimulated by human Aβ. 

 

The results showed that Aβ oligomers but not 

monomers could induce inflammatory responses in 

macrophages. Overexpression of IL-1β and IL-6 after 2 

days of stimulation with Aβ oligomers was found 

(Figure 3A). We observed overexpression of IL-6 after 

1 hour of stimulation with Aβ oligomers (Figure 3B). 

We also measured the secretion of IL-6 in the culture 

medium of macrophages with an ELISA kit and obtained 

consistent results (Figure 3C). In addition, we stimulated 

microglia with human Aβ in vitro. The inflammatory 

responses could be observed in microglia stimulated by 

Aβ oligomers but not monomers (Figure 3D). 

 

Transformed human Aβ is less likely to aggregate 

and has decreased neurotoxicity 

 

Site-directed antibodies that modulate the conformation 

of the Aβ peptide are the theoretical basis of the 

immunological approach for the treatment of AD. 

Changes of the amino acid sequence can directly 

prevent and reverse protein aggregation in 

conformational disorders [28]. The aim of this study is 

to explore the relationship between amino acid 

sequences, amyloid peptide conformation/aggregation 

and the signaling cascades responsible for neuro-

toxicity. Using the PFSC method, we found some 

certain sites were closely related to polymerization of 

Aβ42 in humans and amino acid substitutions could 

reduce the likelihood of Aβ aggregation. The vector 

characteristics of PFSC in the horizontal and vertical 

directions were significantly different and these sites 

were found to be key positions in protein conformation 

modulation. The way we changed these proteins is 

shown in Table 1. Protein conformational fingerprint 

change curves for the unmutated and seven mutated 

amino acid sequences are shown in Figure 4. Here, we 

defined the backbone of five amino acid residues was 

identified as a universal folder. As the X-axis showed, 

the computational sites were ordered from 1 to 38 in 

accordance with the amino acid arrangement. The 

vertical axis of the digital represented all possible 

folding shapes of local folding variations for all 

permutation of five amino acids. The results indicated 

that altering the amino acid sequence from Gly to Ile, 

Ala and Pro, was an effective strategy for improving the 

stability of protein structure and reducing the likelihood 

of forming polymers. 

 

After performing the same aggregation procedure 

in vitro, we found reduced aggregation for 7 different 

types of mutations. We verified the results by Western 

blot which were shown in Figure 5A. Under normal 

circumstances, the amino acid polypeptides of humans 

can form multiple polymers, such as 4-mers, 6-mers and 

8-mers. It is evident that the Aβ of mutant individuals 

could not undergo polymerization during in vitro 

experiments, because the molecular weight of poly-

peptide was only 4.5KD, similar to that of the Aβ 

monomer. The Western blot analysis of samples mut1, 

mut2, and mut4 did not reveal significant bands. This 

could be attributed to the conformational changes in 

protein structure caused by amino acid mutations present 

in these mutant strains, leading to incorrect peptide 

folding and an increased likelihood of protein degradation. 

 

Nonmutated and mutated Aβ oligomers were used to 

stimulate cells in vitro. The unmutated oligomeric form 

induced a more robust inflammatory response, whereas 

the mutated oligomeric and fibrillar conformations were 

less potent triggers for RAW 264.7 cells. The expression 

of IL-6 and TNFα was not significantly increased after 

stimulation with the mutant oligomers (Figure 5B). We 

also observed a decreased inflammatory response in a 

microglial cell line (SIM-A9) from C57BL/6 mice 

(Figure 5C). We confirmed these results in the BV2 
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Figure 4. The protein conformation fingerprint change curves of unmutated compared with seven mutated amino acid 
sequences. Five carbon atoms were chosen as a universal folder and all possible folding shapes of local folding variations for all 

permutation were collected by PFSC method. 
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murine microglial cell line studies (Figure 5D). After 

analyzing the secretion of inflammatory factors by 

stimulated cells, we measured the concentration of IL-6 

in the culture medium of RAW 264.7 cells and TNFα in 

the culture medium with an ELISA kit and obtained 

consistent results (Figure 5E and 5F). 

 

 

 
Figure 5. (A) Western blot analysis of non-mutants and mutants, (B) The expression of IL-6 and TNFα in response to non-mutants and 
mutants, (C, D) The inflammatory response of microglial cells to non-mutant and mutants from C57BL/6 mice and bv2 cells respectively, 
and (E, F) The concentration of IL-6 in RAW 264.7 cells and TNFα in bv2 cells in response to non-mutant and mutants, as determined by 
ELISA kits. 
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CONCLUSION 
 

In our study, we established a probable relationship 

between the aggregation of Aβ42 and its amino acid 

sequences. The polymerization of Aβ is the primary 

etiology of AD and may induce excessive neuro-

inflammation, which in turn could accelerate the 

progression of this debilitating disease. We utilized the 

PFSC method to analyze Aβ42 in humans and mice and 

showed that the probability of aggregation differed 

between them. Mouse Aβ42 was less likely to 

polymerize than human’s, which may be the reason why 

mice seem resistant to AD. Specifically, mouse Aβ42 

exhibits a lower propensity for polymerization relative 

to its human counterpart, which might account for its 

resistance to AD. We identified three distinct sites in the 

amino acid sequences of both humans and mice, and 

subsequently transformed some of these sites in human 

Aβ42 to mitigate its propensity for aggregation. This 

transformation was inspired by the PFSC method, 

which is commonly employed to analyze modified 

amino acid sequences. The PFSC method is an algo-

rithmic approach that integrates geometry, morphology, 

and topology to provide an exhaustive description of 

proteins. Additionally, the PFSC method is both 

rigorous and logical in its execution, and its validity has 

been thoroughly demonstrated. When compared with 

other methods, all of which relied on a common 

conclusion for assessing protein structure similarity and 

complexity. Moreover, we experimentally verified the 

reliability of this result by employing diverse cell types 

to confirm our in vitro findings. Our observations 

indicated that the polymerization and neurotoxicity of 

human Aβ42 were mitigated post-transformation, 

thereby presenting a potential therapeutic strategy for 

Alzheimer’s disease. 

 

MATERIALS AND METHODS 
 

Animals 

 

Male 5XFAD mice were obtained from Zhaoyan Suzhou 

New Drug Research Center Co., Ltd. All mice were fed 

under specific-pathogen-free conditions with a normal 

day-night schedule and adequate water and food. All 

procedures were approved by the Institutional Animal 

Care and Use Committee of Shenzhen Institute of 

Advanced Technology, Chinese Academy of Sciences, 

and all experimental procedures on animals were in 

accordance with the guidelines of the Animal Care and 

Use Committee. 

 

Antibodies and immunohistochemistry 

 

For immunohistochemistry, anti-Iba1 (Abcam 

ab153696) was used to identify microglia in the brain. 

Alexa Fluor® 488 AffiniPure Donkey Anti-Rabbit IgG 

(H+L) (Jackson 711-545-152) was used. After being 

anesthetized, the mice were transcardially perfused with 

PBS and then with 4% paraformaldehyde (PFA) in PBS 

(wt/vol). Brains were extracted and fixed at 4°C in 4% 

PFA overnight and then dehydrated in 30% sucrose in 

PBS. A freezing microtome was used to cut 40-μm 

coronal slices. The slices were stained with an antibody 

in a single well. The slices were incubated overnight at 

4°C in primary antibodies and then were incubated for 

2 h with secondary antibodies at room temperature. For 

counterstaining, the slices were incubated for 5 minutes 

with 4’, 6-diamidino-2-phenylindol (DAPI, 0.4 mg/mL, 

Sigma). All images were obtained with a Zeiss LSM880 

confocal microscope. 

 

Measurement of inflammatory cytokines 

 

Peripheral blood was drawn from the mice. 

Centrifugation was performed at 4°C for 20 minutes at 

3000 rpm. The supernatant serum was analyzed by a 

suspension array (Merck Millipore, t-milliplex-m18 h) 

performed at Mingyan Biological Shenzhen Co., Ltd., 

China. 

 

200 μl of Wash Buffer was added to each well of a pre-

washed 96-well plate, and the plate was shaken at room 

temperature on an oscillator for 10 minutes. Standard, 

blank, and sample wells were prepared, including 

standard wells with different concentrations of the 

standard, a blank well with standard diluent, and sample 

wells with corresponding dilutions and test samples. 

The plate was then incubated at 2-8°C in the dark 

overnight (16-18 hours). Next, 200 μl of 1x Wash 

Buffer was added to each well three times. 25 μl of 

antibody detection reagent was added to each well and 

the plate was shaken at room temperature for 1 hour in 

the dark. 25 μL of SAPE was then added to each well 

and the plate was shaken at room temperature for 30 

minutes in the dark. The plate was washed three times 

with 200 μl of 1x Wash Buffer. Finally, 150 μl of 

Sheath Fluid or Drive Fluid was added to each well, and 

the plate was shaken for 5 minutes at room temperature 

in the dark. Data were analyzed using Milliplex Analyst 

5.1 software (EMD Millipore, Billerica, MA, USA). 

 

Cell culture and stimulation 

 

All cells were routinely cultured in DMEM (Gibco, 

11995065) supplemented with 10% fetal bovine serum 

(Gibco, 10270-106), 100 units/ml penicillin, and 100 

µg/ml streptomycin in a 37°C incubator with a humidified 

atmosphere of 5% CO2. The cultured cells were passaged 

every two days and seeded at a density of approximately 

2 × 105/ml. Then, the cells were stimulated with vehicle, 

2 μM Aβ (1–42) or mAβ (Aβ monomer). 
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mAβ was prepared by dissolving Aβ (1–42) peptides 

(ANASPC, AS-20276) to 5 mM in anhydrous dimethyl 

sulfoxide (anhydrous DMSO; Sigma-Aldrich, d2650) 

and used immediately. After ultrasonic processing at 

room temperature in 10 minutes, oAβ (Aβ oligomer) 

and fAβ (Aβ fiber) were prepared by diluting the mAβ 

solution to 100 μM in DMEM F12 (Gibco, 11320033). 

The resulting solution was then incubated on ice for 24–

26 h. Centrifugation was performed at 4°C for 10 

minutes at 14,000 rpm. The supernatant contained oAβ, 

and the sediment contained fAβ. 

 

Quantification of mRNA levels by real-time PCR 

 

Total RNA was extracted from cell or tissue samples 

and purified using the TransZol Up Plus RNA Kit 

(TransGen Biotech, ER501). For mRNA analysis, 

first-strand cDNA was synthesized using TransScript® 

One-Step gDNA Removal and cDNA Synthesis 

SuperMix (TransGen Biotech, AT311). Two micro-

liters of cDNA were used for qRT-PCR, and the 

reaction was performed at 95°C for 2 min, followed by 

40 cycles of 95°C for 10 s and 60°C for 30 s using 

TransStart® Tip Green qPCR SuperMix (TransGen 

Biotech, AQ141) with gene-specific primers 

(Supplementary Table 1). Gene expression levels were 

normalized to Rps18. The data were analyzed using 

QuantStudio Design and Analysis software v1.5.1, and 

gene expression was calculated using the 2−ΔΔCt 

method. 

 

The PFSC method 

 

The PFSC method is an algorithmic approach that 

integrates geometry, morphology and topology to 

achieve an exhaustive description of protein folding 

structures, including both regular secondary structures 

and irregular tertiary structures. It contains 27 vectors 

expressed by 27 symbols (26 alphabetic letters in 

uppercase and “$” sign), and each of the letters is used 

to describe a 3D folding shape of five successive Cα 

atoms as a basic unit along the protein backbone. The 

PFSC method uses three components, which are two 

torsion angles for each of the four adjacent Cα atoms 

and one pitch distance between two ending Cα atoms 

from Cα (n−2) to Cα (n+2), to represent the folding 

shapes of protein structures. For example, the letter 

“A” represents a typical α-helix and “B” a typical β-

strand. Other letters represent various possible folding 

shapes, including those partially resembling α-helix or 

β-strand, and those describing irregular folding. Given 

a 3D protein structure input, a computer program can 

generate the PFSC as an output to describe the protein 

folding shape. The accuracy of the PFSC approach has 

been verified [17]. 
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SUPPLEMENTARY MATERIALS 
 

Supplementary Table 
 

Supplementary Table 1. Primer sequences used for qRT-PCR in this work. 

Gene name Primer sequences (5′–3′) 

Mouse-IL-1β 
Forward: TGGCAACTGTTCCTG 

Reverse: GGAAGCAGCCCTTCATCTTT 

Mouse-TNF 
Forward: GCCTCTTCTCATTCCTGCTT 

Reverse: TGGGAACTTCTCATCCCTTTG 

Mouse-IFN-γ 
Forward: CTCATGGCTGTTTCTGGCTG 

Reverse: CCTTTTGCCAGTTCCTCCAG 

Mouse-Rps18 
Forward: GGATGTGAAGGATGGGAAGT 

Reverse: CCCTCTATGGGCTCGAATTT 

Mouse-IL-6 
Forward: GACAAAGCCAGAGTCCTTCAGAGAG 

Reverse: CTAGGTTTGCCGAGTAGATCTC 

 

 


