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DESCRIPTION 

 

TITLE OF INVENTION: RECOMBINANT SMALL-MOLECULE 

COLLAGEN, EXPRESSION SYSTEM THEREOF, AND PREPARATION 

METHOD THEREOF 

 

TECHNICAL FIELD 

The present disclosure relates to a recombinant small-molecule collagen, an expression 

system thereof, and a preparation method thereof, and belongs to the fields of synthetic 

biology, genetic engineering, and biotechnology. 

 

BACKGROUND 

A collagen possesses a plurality of biological functions, excellent biocompatibility, 

bioactivity, degradability, and other unique functional features, is an ideal source of a 

biomaterial, finds extensive applications across numerous sectors including chemical 

engineering, a pharmaceutical, food, and a cosmetic, and has broad application prospects. 

Currently, an animal-derived collagen dominates the market. In recent years, a genetically 

engineered recombinant collagen has begun to emerge. However, both the animal-derived 

collagen and a recombinant collagen are proteins with typically long amino acid sequences 

and high molecular weights. The animal-derived collagen generally has a molecular weight 

of 100-300 kDa or more, while the molecular weight of the recombinant collagen typically 

exceeds 20 kDa (over 200 amino acids), with 50 kDa being common. Such 

high-molecular-weight collagen is suitable for biomaterial applications in tissue regeneration 

and repair, an implantable medical device, and a delivery-type aesthetic medical product but 

is not ideal for an application scenario requiring transdermal absorption. 

The animal-derived collagen with a smaller molecular weight is predominantly a 

small-molecule collagen peptide, which is frequently used in transdermal absorption 

application, such as a small-molecule collagen peptide sourced from an aquatic product. 
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However, these products are typically prepared through enzymolysis, hydrolysis, or acid-base 

degradation. The resulted small-molecule collagen peptide is not a small-molecule collagen 

with an amino acid sequence, a defined molecular weight and a uniform molecular size. 

Instead, the resulted small-molecule collagen peptide represents a broad category 

encompassing everything from an extremely small oligopeptide to a small-molecule collagen 

peptide with a specific amino acid sequence length. When the type and quantity of the 

collagen peptide are virtually impossible to determine, the amino acid sequence is random 

(unknown). The quality of the small-molecule collagen peptides produced in different batches 

is also largely random, and the amino acid sequences, molecular weight distributions, and 

proportions of the small-molecule collagen peptides are all uncontrollable. In summary, an 

existing small-molecule collagen product has been extensively studied, but most are 

compounds derived from the animal-derived collagen processed through enzymolysis and 

hydrolysis. While the existing small-molecule collagen product has applications related to 

transdermal absorption, factors such as the amino acid sequence, the molecular weight, and 

batch-to-batch variability remain difficult to effectively control. 

Disclosed in Patent application CN202211579848.5 is a small-molecule recombinant 

collagen peptide and a preparation method thereof. Essentially, the method remains a 

preparation method similar to that for an animal-derived small collagen peptide. The resulted 

small-molecule recombinant collagen peptide is a mixture of collagen peptides with diverse 

amino acid sequences and varying molecular weights (only the average molecular weight 

thereof can be calculated) but is not a single recombinant small-molecule collagen with an 

amino acid sequence and a single defined molecular weight (a polypeptide). Other existing 

recombinant small-molecule collagen peptides struggle to achieve a balance between a low 

molecular weight and biological activity. A recombinant collagen produced through synthetic 

biology and genetic engineering are predominantly medium-to-high molecular weight 

products (some R&D outcomes are labeled as peptides but contain well over 100 amino acids, 

exceeding the small-molecule category). Only the recombinant collagens of a handful of 

recombinant small-molecule collagen peptide study outcomes feature amino acid sequences 

with relatively low molecular weights. As an active substance, the collagen requires specific 

amino acid sequences and sequence lengths to support the biological activity thereof. That is, 
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a balanced state between low molecular weight and biological activity is essential for being 

meaningful. However, the existing small-molecule recombinant collagen peptide lacks 

corresponding evidence demonstrating good biological activity. 

Similar challenges exist for other small-molecule proteins or peptides during 

recombinant expression. The recombinant small-molecule collagen, characterized by fewer 

total amino acids and low molecular weight, faced significant limitations in expression 

efficiency and yield in recombinant expression systems—particularly eukaryotic expression 

systems like Pichia pastoris or mammalian cell expression systems. Some technical means, 

such as tandem expression to increase gene copy numbers, often introduce a non-essential 

amino acid into the small-molecule protein or peptide. The collagen is a unique protein 

characterized by the typical amino acid sequence of a G-X-Y triplet repeat structure. 

Introducing the non-essential amino acids frequently disrupts this triplet repeat structure, 

impairing the functional activity thereof. 

Existing research on the recombinant small-molecule collagen or a 

multiple-recombinant small-molecule collagen peptide is scarce. A defined recombinant 

small-molecule collagen products is virtually nonexistent, and expression level issues are 

even less addressed. Some studies employ a method for fusing a leader peptide to enhance the 

expression amount of the small-molecule protein, such as Patent Publication CN108148114B. 

However, the small-molecule protein to be expressed requires protease digestion in vitro (in a 

cell) to remove the leader peptide. A foreign protein is artificially introduced into an 

expression product, which increases purification steps and costs while introducing a risk of a 

foreign protein residue. Additionally, some studies employ a method of tandem expression of 

small proteins to enhance expression efficiency and yield, such as CN110305890A, which 

employs recombinant expression for five antimicrobial peptides in tandem, but uses formic 

acid to cut a tandem polypeptide. A cleavage site can only be positioned between two amino 

acid residues of DP, which restricts a design space. Further, the cleaved DP cannot be 

effectively removed, becoming a non-natural amino acid—thus also introducing an 

exogenous protein. None of these solutions has been applied to the expression and production 

of the recombinant small-molecule collagen. 

Therefore, the expression of the recombinant small-molecule collagen in the technical 
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field requires a balanced method addressing a plurality of challenges: achieving a low 

molecular weight, maintaining biological activity, enabling scalable production, ensuring a 

high expression level, and ensuring a single, clearly defined amino acid sequence and 

molecular weight rather than a mixture. Therefore, an effective solution is urgently needed. 

 

SUMMARY 

An objective of the present disclosure provides a recombinant small-molecule collagen, 

an expression system thereof, and a preparation method thereof to overcome some technical 

problems in the prior art.  

To achieve the above objective, the present disclosure employs the following technical 

solutions:  

The present disclosure first provides a recombinant small-molecule collagen, 

including an amino acid sequence shown in SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, 

SEQ ID NO: 7, SEQ ID NO: 63, or SEQ ID NO: 67, or an amino acid sequence sharing 

identity of 80% or more, 85% or more, 90% or more, 95% or more, 96% or more, 97% or 

more, 98% or more, or 99% or more with SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, 

SEQ ID NO: 63, or SEQ ID NO: 67, while maintaining the biological activity of the collagen. 

Furthermore, a carboxy-terminus of the recombinant small-molecule collagen has a 

plurality of Hises capable of forming a 6×His Tag. 

Furthermore, the recombinant small-molecule collagen includes the amino acid 

sequence shown in SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, or SEQ ID NO: 8, or the 

amino acid sequence sharing identity of 80% or more, 85% or more, 90% or more, 95% or 

more, 96% or more, 97% or more, 98% or more, or 99% or more with SEQ ID NO: 2, SEQ 

ID NO: 4, SEQ ID NO: 6, or SEQ ID NO: 8, while maintaining the biological activity of the 

collagen. The present disclosure further provides a nucleic acid for encoding a recombinant 

small-molecule collagen. Furthermore, the nucleic acid includes nucleotide sequences shown 

in SEQ ID NOS: 9-16, or degenerate sequences thereof. 

The present disclosure further provides a recombinant vector containing a nucleic acid. 

The vector includes pPICZαB, pFLDα, and pPIC9K, with a connecting site positioned 

between a cleavage site sequence of a Kex2 enzyme and a cleavage site of a NotI enzyme. 
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The present disclosure further provides a recombinant engineered strain containing a 

nucleic acid or a recombinant vector or expressing a recombinant small-molecule collagen. 

Furthermore, host strains of the engineered strain include Pichia pastoris, 

Saccharomyces cerevisiae, and hansenula polymorpha, with Pichia pastoris being preferred. 

According to an embodiment of the present disclosure, the engineered strain is deposited 

at China General Microbiological Culture Collection Center, with deposit numbers of 

CGMCC No.25811, CGMCC No.25823, CGMCC No. 25812, CGMCC No. 25824, CGMCC 

No. 25825, CGMCC No. 25813, CGMCC No. 25826, and CGMCC No. 25814. 

The present disclosure further provides a tandem repeat expression sequence of a 

recombinant small-molecule collagen. The tandem repeat expression sequences are 

connected in series and repeated by taking as basic units the recombinant small-molecule 

collagen, an artificially designed collagen with a typical G-X-Y triplet structure, or a protein 

combined by two or more regions of a human collagen sequence. Sites recognized and 

cleaved by Kex2 and CPB enzymes are provided between every the two adjacent 

recombinant small-molecule collagens in the tandem repeat expression sequence, and sites 

recognized and cleaved by a Ste13 enzyme can additionally be provided between every the 

two adjacent recombinant small-molecule collagens in the tandem repeat expression sequence 

at the same time. 

The tandem repeat expression sequence includes sequences shown in SEQ ID NO: 30, 

SEQ ID NO: 33, SEQ ID NO: 36, SEQ ID NO: 39, SEQ ID NO: 42, SEQ ID NO: 45, SEQ 

ID NO: 48, SEQ ID NO: 51, SEQ ID NO: 54, SEQ ID NO: 57, SEQ ID NO: 60, SEQ ID NO: 

64, and SEQ ID NO: 68, or amino acid sequences sharing identity of 80% or more, 85% or 

more, 90% or more, 95% or more, 96% or more, 97% or more, 98% or more, or 99% or more 

with the above sequences.  

According to an embodiment of the present disclosure, the site recognized and cleaved 

by the Kex2 enzyme includes a KR or RR dibasic amino acid residue, followed by an EA, an 

EAEA, or other amino acid residues that facilitate recognition and cleavage by the Kex2 

enzyme or the Ste13 enzyme. 

According to an embodiment of the present disclosure, the site recognized and cleaved 

by the CPB enzyme includes a basic amino acid residue at a carboxy terminus of a protein, 
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including K and R. 

According to an embodiment of the present disclosure, an amino acid sequence of a 

tandem repeat small-molecule collagen monomer (or fragment) can be any sequence, with no 

restrictions on the specific order of amino acid residues, sequence length, or the number of 

tandem repeats in the monomer (or the fragment), provided that the amino acid sequence 

possesses the typical G-X-Y triplet structure. 

The present disclosure further provides a nucleic acid for encoding a tandem repeat 

expression sequence. Furthermore, the nucleic acid further includes sequences shown in SEQ 

ID NOS: 71-81 or degenerate sequences thereof. 

The present disclosure further provides a recombinant vector containing a nucleic acid 

for encoding a tandem repeat expression sequence. According to an embodiment of the 

present disclosure, the vector includes but is not limited to expression vectors such as 

pPICZαB, pFLDα, and pPIC9K.  

The present disclosure further provides an engineered strain containing a nucleic acid or 

a recombinant vector.  

According to an embodiment of the present disclosure, a host strain of the engineered 

strain includes Pichia pastoris, Saccharomyces cerevisiae, and hansenula polymorpha, with 

Pichia pastoris being preferred. According to an embodiment of the present disclosure, the 

engineered strain is deposited at China General Microbiological Culture Collection Center, 

with deposit numbers of CGMCC No.25819, CGMCC No.25821, CGMCC No.25827, 

CGMCC No.25829, CGMCC No.25828, CGMCC No.25820 and CGMCC No.25822. 

The present disclosure further provides a method for obtaining a recombinant 

small-molecule collagen, including: 

constructing a tandem repeat expression sequence of the recombinant small-molecule 

collagen described herein.  

constructing a positioning fusion functional protein; and transforming a positioning 

fusion functional protein-linked vector into a host strain to obtain a chassis cell or a chassis 

engineered strain;  

transferring the tandem repeat expression sequence of the recombinant small-molecule 

collagen into a chassis cell or a chassis engineered strain after being connected to an 
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expression vector to obtain a recombinant engineered strain containing or expressing the 

recombinant small-molecule collagen; inducing an expression through fermentation to obtain 

the recombinant small-molecule collagen. 

According to an embodiment of the present disclosure, a positioning fusion functional 

protein includes a CPB enzyme and a functional region with intracellular membrane 

positioning or conversion and transport functions among respective organelles. 

Furthermore, the positioning fusion functional protein further includes a connecting 

sequence for connecting the CPB enzyme to the functional region sequence with the 

intracellular membrane positioning or the conversion and transport functions among the 

respective organelles during fusion expression. Preferably, the connecting sequence is a 

Linker sequence such as GGSGSGSGGS as shown in SEQ ID NO: 21. 

According to an embodiment of the present disclosure, preferably, the CPB enzyme is 

derived from human or a rat. Sequences of the CPB enzyme are as shown in SEQ ID NOS: 

17-18. 

The functional region sequence with the intracellular membrane positioning or the 

conversion and transport functions among the respective organelles is derived from the Kex2 

enzyme of Saccharomyces cerevisiae or Pichia pastoris, or other functional regions of a 

protein with similar functions, such as a Ste13 protease. 

Furthermore, the functional region sequences with the intracellular membrane 

positioning or the conversion and transport functions among the respective organelles are as 

shown in SEQ ID NOS: 19-20. 

According to an embodiment of the present disclosure, sites recognized and cleaved by 

the Kex2 enzyme and the CPB enzyme are provided between every the two adjacent 

recombinant small-molecule collagens in the tandem repeat expression sequence, and sites 

recognized and cleaved by a Ste13 enzyme can additionally be included between every the 

two adjacent recombinant small-molecule collagens in the tandem repeat expression sequence. 

The small-molecule collagen is preferably the recombinant small-molecule collagen 

described herein. 

According to an embodiment of the present disclosure, the site recognized and cleaved 

by the Kex2 enzyme includes a KR or RR dibasic amino acid residue, followed by an EA, an 
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EAEA, or other amino acid residues that facilitate recognition and cleavage by the Kex2 

enzyme or the Ste13 enzyme. 

According to an embodiment of the present disclosure, the site recognized and cleaved 

by the CPB enzyme includes a basic amino acid residue at a carboxy terminus of a protein, 

including K and R. 

Furthermore, the recombinant small-molecule collagen has a typical G-X-Y triplet 

structure. Preferably, the small-molecule collagen is the recombinant small-molecule 

collagen described herein, an artificially designed collagen with the typical G-X-Y triplet 

structure, or a collagen combined by two or more regions of a human collagen sequence. 

According to an embodiment of the present disclosure, the vector includes but is not 

limited to expression vectors such as pPICZαB, pFLDα, and pPIC9K. According to an 

embodiment of the present disclosure, the recombinant engineered strain containing or 

expressing the recombinant small-molecule collagen is deposited at China General 

Microbiological Culture Collection Center, with deposit numbers of CGMCC No. 25819, 

CGMCC No. 25821, CGMCC No. 25827, CGMCC No. 25828, CGMCC No. 25829, 

CGMCC No. 25820, and CGMCC No. 25822. 

According to an embodiment of the present disclosure, the recombinant small-molecule 

collagen expressed by the above method includes an amino acid sequence shown in SEQ ID 

NO: 32, SEQ ID NO: 35, SEQ ID NO: 38, SEQ ID NO: 41, SEQ ID NO: 44, SEQ ID NO: 47, 

SEQ ID NO: 50, SEQ ID NO: 53, SEQ ID NO: 56, SEQ ID NO: 59, SEQ ID NO: 62, SEQ 

ID NO: 66, or SEQ ID NO: 70, or an amino acid sequence sharing identity of 80% or more, 

85% or more, 90% or more, 95% or more, 96% or more, 97% or more, 98% or more, 99% or 

more of SEQ ID NO: 32, SEQ ID NO: 35, SEQ ID NO: 38, SEQ ID NO: 41, SEQ ID NO: 44, 

SEQ ID NO: 47, SEQ ID NO: 50, SEQ ID NO: 53, SEQ ID NO: 56, SEQ ID NO: 59, SEQ 

ID NO: 62, SEQ ID NO: 66, or SEQ ID NO: 70. 

The present disclosure further provides a positioning fusion functional protein. The 

positioning fusion functional protein is configured for the cleavage and removal of 

C-terminus basic amino acid residues (K, R) after a plurality of tandem repeat recombinant 

small-molecule collagens are cleaved into monomers by a Kex2 enzyme. 

The positioning fusion functional protein includes a mature peptide sequence of a CPB 
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enzyme and a functional region sequence with intracellular membrane positioning or 

conversion and transport functions among respective organelles. 

Furthermore, the positioning fusion functional protein further includes a connecting 

sequence for connecting the CPB enzyme to the functional region sequence with the 

intracellular membrane positioning or the conversion and transport functions among the 

respective organelles during fusion expression. 

According to an embodiment of the present disclosure, the CPB enzyme is derived from 

human or a rat. Furthermore, the CPB enzyme is preferably sequences shown in SEQ ID 

NOS: 17-18. 

According to an embodiment of the present disclosure, the functional region sequence 

with the intracellular membrane positioning or the conversion and transport functions among 

the respective organelles is derived from a Kex2 enzyme of Saccharomyces cerevisiae or 

Pichia pastoris, or other functional regions of a protein with similar functions, such as a Ste13 

protease. 

Furthermore, the sequences of the CPB enzyme are as shown in SEQ ID NOS: 17-18. 

The functional region sequences with the intracellular membrane positioning or the 

conversion and transport functions among the respective organelles are as shown in SEQ ID 

NOS: 19-20. 

According to an embodiment of the present disclosure, a connecting sequence is a 

Linker sequence such as GGSGSGSGGS as shown in SEQ ID NO: 21. 

According to an embodiment of the present disclosure, the positioning fusion functional 

protein includes an amino acid sequence shown in SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID 

NO: 26, or SEQ ID NO: 28, or an amino acid sequence sharing identity of 80% or more, 85% 

or more, 90% or more, 95% or more, 96% or more, 97% or more, 98% or more, or 99% or 

more with SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, or SEQ ID NO: 28. 

The present disclosure further provides a nucleic acid for encoding a positioning fusion 

functional protein described herein. 

According to an embodiment of the present disclosure, the nucleic acid for encoding the 

positioning fusion functional protein of the present disclosure includes a nucleotide sequence 

shown in SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, or SEQ ID NO: 29, or a 
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degenerate sequence thereof. 

The present disclosure further provides a recombinant vector containing a nucleic acid 

for encoding a positioning fusion functional protein of the present disclosure.  

According to an embodiment of the present disclosure, the vector includes but is not 

limited to expression vectors such as pPICZαB, pFLDα, and pPIC9K, with a connecting site 

positioned between a site sequence of a Kex2 enzyme and a termination codon “TGA” on the 

vector.  

The present disclosure further provides a chassis cell or a chassis engineered strain. 

The chassis cell or the chassis engineered strain contains a nucleic acid for encoding a 

positioning fusion functional protein of the present disclosure, contains a recombinant vector 

of a nucleic acid for encoding a positioning fusion functional protein of the present disclosure, 

or expresses a positioning fusion functional protein. 

According to an embodiment of the present disclosure, a host strain of the engineered 

strain includes Pichia pastoris, Saccharomyces cerevisiae, or hansenula polymorpha, with 

Pichia pastoris being preferred. The constructed chassis cell or the chassis engineered strain is 

deposited at China General Microbiological Culture Collection Center, with deposit numbers 

of CGMCC No. 25815, CGMCC No. 25817, CGMCC No. 25816, CGMCC No. 25818. 

The present disclosure further provides an expression system for a recombinant 

small-molecule collagen. The expression system includes a positioning fusion functional 

protein, a chassis cell or a chassis engineered strain, and the tandem repeat expression 

sequence of the recombinant small-molecule collagen. 

The present disclosure further provides application of a positioning fusion functional 

protein, a chassis cell or a chassis engineered strain, and a tandem repeat expression sequence 

of a recombinant small-molecule collagen in expressing the recombinant small-molecule 

collagen. 

The recombinant small-molecule collagen described in the present disclosure, or the 

small-molecule collagen obtained by the above method, has cell adhesion activity, cell 

proliferation-promoting activity, and good skin permeability. 

The present disclosure further provides use of a recombinant small-molecule collagen, a 

nucleic acid, a recombinant vector, a host cell or a recombinant engineered strain, or a 
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composition, or a product in preparation of a pharmaceutical, a medical device, a biomaterial, 

a tissue engineering product, a cosmetic, or a health care product. 

Advantages of the present disclosure: 

(1) The present disclosure first provides a recombinant small-molecule collagen derived 

from a plurality of sources of Type-III and Type-XVII collagens, and expresses the 

recombinant small-molecule collagen from the plurality of sources of Type-III and 

Type-XVII collagens. Although the amino acid sequence lengths and molecular weights of 

the collagens differ, the collagens can all be expressed as the small-molecule collagen with a 

single band and a clearly defined amino acid sequence. At the same time, the collagens have 

excellent transdermal absorption performance and biological activity, achieving a balance 

among a small molecular size, transdermal absorption, and biological activity. Furthermore, 

large-scale production has been realized in a 500L-scale fermenter, enabling the widespread 

application of the recombinant small-molecule collagen. The present disclosure addresses the 

problem of lack of a current product of a recombinant small-molecule collagen, particularly 

the recombinant small-molecule collagens derived from Type-III and Type-XVII collagens. 

(2) The present disclosure establishes one expression system for the recombinant 

small-molecule collagen and a preparation method for the small-molecule collagen, including 

the construction of a dedicated chassis cell and a design method for a collagen tandem repeat 

sequence. The technical solution of the present disclosure significantly enhances the yield of 

the expression of the small-molecule collagen and avoids introducing an exogenous protein 

or employing any in vitro enzymatic cleavage. During intracellular secretion, the 

small-molecule collagen removes a residual amino acid residue of the cleavage site of the 

enzyme during repeat, tandem, and design, yielding recombinant small-molecule collagen 

free of a non-collagen sequence or exhibiting 100% homology with a corresponding region of 

a natural collagen. The entire expression system avoids the cost associated with in vitro 

protease enzymatic cleavage and the risk of an exogenous protein residue, while also 

reducing the time and cost of a subsequent purification process. 

The small-molecule collagen obtained from the present disclosure is underwent with 

N-terminus and C-terminus as well as full-sequence verification, demonstrating the efficacy 

of the entire expression system—particularly the chassis cell engineered strain as a host strain 
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for expressing the recombinant small-molecule collagen. Furthermore, validation through 

fermentation and purification in a 500L-scale fermentation tank confirms the feasibility for 

large-scale industrial production. Results indicate that the expression system constructed 

using a repeat tandem expression strategy can increase the yield of the recombinant 

small-molecule collagen by 4-5 times. 

(3) The cell adhesion activity, cell proliferation-promoting activity, and transdermal 

absorption of the recombinant small molecules of the present disclosure are evaluated. The 

results indicate that, in addition to exhibiting excellent transdermal absorption, the 

recombinant small-molecule collagen possesses cell adhesion activity comparable to those of 

a natural collagen and a homologous high-molecular-weight recombinant collagen, along 

with cell proliferation-promoting activity. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the Tricine-PAGE inspection results of eight purified recombinant 

small-molecule collagens: 3A5D1NT, 3A5D1, 3A5D2NT, 3A5D2, 17S1NNT, 17S1N, 

17S3NT, and 17S3. 

FIG. 2 shows the deconvoluted molecular weight results obtained by LC-MS analysis of 

recombinant small-molecule collagens 3A5D1NT and 3A5D1 expressed in the present 

disclosure. 

FIG. 3 shows the deconvoluted molecular weight results obtained by LC-MS analysis of 

recombinant small-molecule collagens 3A5D2 expressed in the present disclosure. 

FIG. 4 shows the deconvoluted molecular weight results obtained by LC-MS analysis of 

recombinant small-molecule collagens 17S1NNT and 17S1N expressed in the present 

disclosure. 

FIG. 5 shows the deconvoluted molecular weight results obtained by LC-MS analysis of 

recombinant small-molecule collagens 17S3NT and 17S3 expressed in the present disclosure. 

FIG. 6 shows the Western blot inspection results for the N-terminus 6×His tags of 

3A5D1, 3A5D2, 17S1N, and 17S3 using an anti-6×His Tag antibody. In the figure, + 

indicates positive control, and - indicates negative control. 
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FIG. 7 shows the results of comparing a peptide fragment obtained by trypsin 

enzymolysis of a lyophilized product of recombinant small-molecule collagens 3A5D1 and 

3A5D1NT from Embodiment 1 of the present disclosure with an original sequence thereof 

after Nano-HPLC-MS/MS mass spectrometry inspection. 

FIG. 8 shows the results of comparing a peptide fragment obtained by trypsin 

enzymolysis of a lyophilized product of recombinant small-molecule collagens 3A5D2 and 

3A5D2NT from Embodiment 1 of the present disclosure with an original sequence thereof 

after Nano-HPLC-MS/MS mass spectrometry inspection. 

FIG. 9 shows the results of comparing a peptide fragment obtained by trypsin 

enzymolysis of a lyophilized product of recombinant small-molecule collagens 17S1N and 

17S1NNT from Embodiment 1 of the present disclosure with an original sequence thereof 

after Nano-HPLC-MS/MS mass spectrometry inspection. 

FIG. 10 shows the results of comparing a peptide fragment obtained by trypsin 

enzymolysis of a lyophilized product of recombinant small-molecule collagens 17S3 and 

17S3NT from Embodiment 1 of the present disclosure with an original sequence thereof after 

Nano-HPLC-MS/MS mass spectrometry inspection. 

FIG. 11 shows a map of a recombinant expression vector pPICZαB-RCPB-SCKEX2 in 

the present disclosure.  

FIG. 12 shows a map of a recombinant expression vector pPICZαB-HCPB-SCKEX2 in 

the present disclosure.  

FIG. 13 shows a map of a recombinant expression vector pPICZαB-RCPB-PPKEX2 in 

the present disclosure.  

FIG. 14 shows a map of a recombinant expression vector pPICZαB-HCPB-PPKEX2 in 

the present disclosure. 

FIG. 15 shows detection results of CPB positioning fusion functional proteins 

HCPB-PPKEX2, HCPB-SCKEX2, RCPB-PPKEX2, and RCPB-SCKEX2 expressed in an 

intracellular lysate and a culture supernatant. 

Lanes in the left figure: 1: HCPB-SCKEX2 strain lysate; 2: HCPB-SCKEX2 strain 

culture supernatant; 3: 6: HCPB-PPKEX2 culture supernatant; 4, 5: HCPB-PPKEX2 strain 

lysate; (–): Negative control; (+): Positive control, recombinant human CPB enzyme; /: 
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Non-sample well. 

Lanes in the right figure: (–): Negative control; (+): Positive control, a CPB enzyme of a 

recombinant rat; /: Non-sample well; 7: an RCPB-SCKEX2 strain culture supernatant; 8: a 

RCPB-SCKEX2 strain lysate; 9, 10, 12, 13: an RCPB-PPKEX2 culture supernatant; 11, 14: 

an RCPB-PPKEX2 strain lysate. 

FIG. 16 shows the SDS-PAGE inspection results of a supernatant from expression of 

3A5D29N-9 and 17S28-8 in HCPB-PPKEX2 and RCPB-PPKEX2 chassis cell engineered 

strains, respectively. 

The lanes in the figure represent: 1: the supernatant from expression of 3A5D29N-9 in 

the HCPB-PPKEX2 chassis cell engineered strain; 2: the supernatant from expression of 

3A5D29N-9 in the RCPB-PPKEX2 chassis cell engineered strain; 3: the supernatant from 

expression of 17S28-8 in the HCPB-PPKEX2 chassis cell engineered strain; 4: the 

supernatant from  expression of 17S28-8 in the RCPB-PPKEX2 chassis cell engineered 

strain.  

FIG. 17 shows the SDS-PAGE inspection results of a supernatant from expression of 

17S1N6-6, 17S1N7-7 and 17S1NK-7 in HCPB-PPKEX2 and RCPB-PPKEX2 chassis cell 

engineered strains, respectively. 

The lanes in the figure are: 1: the supernatant from expression of 17S1N6-6 in the 

HCPB-PPKEX2 chassis cell engineered strain; 2: the supernatant from expression of 

17S1N6-6 in an RCPB-PPKEX2 chassis cell engineered strain; 3: the supernatant from 

expression of 17S1N7-7 in the HCPB-PPKEX2 chassis cell engineered strain; 4: the 

supernatant from expression in 17S1N7-7 in the RCPB-PPKEX2 chassis cell engineered 

strain; 5: the supernatant from expression of 17S1NK-7 in the HCPB-PPKEX2 chassis cell 

engineered strain; 6: the supernatant from expression of 17S1NK-7 in the RCPB-PPKEX2 

chassis cell engineered strain; (-) Negative control: a pPIC9K empty vector transferring into 

the HCPB-PPKEX2 chassis cell engineered strain to express the supernatant. 

FIG. 18 shows a supernatant from expression of 3A5D15D-5, 3A5D15E-5, 3A5D15G-6, 

and 3A5D15EKR-6 in the RCPB-PPKEX2 chassis cell engineered strain, and SDS-PAGE 

inspection results of a supernatant from expression of 3A5D15R-6 in an HCPB-RPKEX2 

chassis cell engineered strain. 
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The lanes in the figure are: 1: the supernatant from expression of 3A5D15D-5 in the 

RCPB-PPKEX2 chassis cell engineered strain; 2: the supernatant from expression of 

3A5D15E-5 in the RCPB-PPKEX2 chassis cell engineered strain; 3: the supernatant from 

expression of 3A5D15G-6 in the RCPB-PPKEX2 chassis cell engineered strain; 4: the 

supernatant from expression of 3A5D15EKR-6 in the RCPB-PPKEX2 chassis cell 

engineered strain; 5: the supernatant from expression of 3A5D15KR-6 in the RCPB-PPKEX2 

chassis cell engineered strain; 6: the supernatant from expression of 3A5D15R-6 in the 

HCPB-RPKEX2 chassis cell engineered strain; (-): Negative control, the supernatant from 

expression of a pPIC9K empty vector transferred into the RCPB-RPKEX2 chassis cell 

engineered strain. 

FIG. 19 shows SDS-PAGE inspection results of a supernatant from expression of 

3A5D15D-5, 3A5D15E-5, 3A5D15G-6, A5D15EKR-6, 3A5D15KR-6, and 3A5D15R-6 in 

HCPB-PPKEX2 chassis cell engineered strains.  

The lanes in the figure represent: 1: the supernatant from expression of 3A5D15D-5 in 

the HCPB-PPKEX2 chassis cell engineered strain; 2: the supernatant from expression of 

3A5D15E-5 in the HCPB-PPKEX2 chassis cell engineered strain; 3: the supernatant from 

expression of 3A5D15G-6 in the HCPB-PPKEX2 chassis cell engineered strain; 4: the 

supernatant from expression of 3A5D15EKR-6 in the HCPB-PPKEX2 chassis cell 

engineered strain; 5: the supernatant from expression of 3A5D15KR-6 in the HCPB-PPKEX2 

chassis cell engineered strain; 6: the supernatant from expression of 3A5D15R-6 in the 

HCPB-PPKEX2 chassis cell engineered strain. 

FIG. 20 shows the results of comparing a peptide fragment obtained by trypsin 

enzymolysis of lyophilized products of 3A5D29N and 33A5D15D with original sequences 

thereof after Nano-HPLC-MS/MS mass spectrometry inspection. 

FIG. 21 shows the results of comparing a peptide fragment obtained by trypsin 

enzymolysis of lyophilized products of 17S28 and 17S1N6 with original sequences thereof 

after Nano-HPLC-MS/MS mass spectrometry inspection. 

FIG. 22 shows the deconvoluted molecular weight results of 3A5D29N and 17S28 

obtained by LC-MS analysis. 

FIG. 23 shows a secondary mass spectrum of a C-terminus peptide fragment of 
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recombinant small-molecule collagen 3A5D29N expressed in the HCPB-PPKEX2 and 

RCPB-PPKEX2 chassis cell engineered strains. 

FIG. 24 shows a secondary mass spectrum of a C-terminus peptide fragment of 

recombinant small-molecule collagen 17S28 expressed in the HCPB-PPKEX2 and 

RCPB-PPKEX2 chassis cell engineered strains. 

FIG. 25 shows SDS-PAGE inspection results of a fermentation supernatant from an 

engineered strain expressing 3A5D2NT and 3A5D29N after induction for a specific duration. 

The lanes in the figure represent: Lane 1: a fermentation supernatant from an engineered 

strain expressing 3A5D2NT (CGMCC No. 25812) after induction for 48 hours; Lane 2: a 

fermentation supernatant from an engineered strain expressing 3A5D29N (CGMCC No. 

25819) after induction for 43 hours. 

FIG. 26 shows the comparative results of cell adhesion activity for recombinant 

small-molecule collagens 3A5D29N, 3A5D2NT, 3A5D1NT, 17S1NNT, 17S3NT, 17S28, a 

recombinant type III collagen, a recombinant type XVII collagen, and a natural human 

collagen. 

FIG. 27 shows the validation results of the cell proliferation-promoting effect of 

recombinant small-molecule collagens 3A5D29N and 17S28. 

FIG. 28 shows the average values of fluorescence IOD detected in a full-thickness skin 

model tissue after a 1 mg/mL recombinant small-molecule collagen 3A5D29N, a 

recombinant type III collagen, a hydrolyzed hyaluronic acid, and a fish skin collagen are 

applied for 1 hour. Here, * denotes significance relative to the 1 mg/mL recombinant 

small-molecule collagen 3A5D29N (* indicates significant difference, P < 0.05; ** indicates 

highly significant difference, P < 0.01), while # denotes significance relative to the 

recombinant type III collagen (# indicates significant difference, P < 0.05; ## indicates highly 

significant difference, P < 0.01).  

FIG. 29 shows the percentage diffusion (i.e., cumulative permeability) of a sample 

permeated into a culture solution after 12-hour application of a recombinant small-molecule 

collagen 3A5D29N in different concentrations and a 1 mg/mL hydrolyzed hyaluronic acid. 

2# represents the recombinant small-molecule collagen 3A5D29N, and 4# represents the 

hydrolyzed hyaluronic acid. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 

To enable a person skilled in the art to better understand the technical solutions of the 

present disclosure, the following detailed description provides preferred embodiments of the 

present disclosure. However, the scope of protection of the present disclosure is not limited to 

the following embodiments. 

In the embodiments of the present disclosure, unless otherwise specified, conventional 

experimental methods are employed. Processes described herein that are not elaborated upon 

are understood and readily achievable by a person skilled in the art based on product manuals 

or fundamental knowledge in the art, and thus are not described in detail again. 

Embodiment 1: Single-sequence recombinant expression of recombinant 

small-molecule collagen 

(1) The amino acid sequence design of the single-sequence recombinant expression 

strategy of a recombinant small-molecule collagen 

Amino acid sequences from positions 990 to 1085 of a full-length human type III 

collagen (including an N-terminus propeptide, a mature polypeptide chain, and a C-terminus 

propeptide) was selected (refer to  the protein sequence with ID P02461 in Uniprot database, 

https://www.uniprot.org/uniprotkb/P02461). The recombinant small-molecule collagen 

expressed from this sequence was designated as 3A5D1NT, including 96 amino acids with a 

theoretical molecular weight of 8596.08 Da. A sequence thereof was shown in SEQ ID NO: 

1: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGH 

By adding five histidine (H) residues to a C-terminus of the 3A5D1NT sequence, the 

recombinant small-molecule collagen expressed from this sequence was designated as 

3A5D1, including 101 amino acids with a theoretical molecular weight of 9281.78 Da. A 

sequence thereof is shown in SEQ ID NO: 2: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHHHHHH 
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Amino acid sequences from positions 1036 to 1085 of a full-length human type III 

collagen (including an N-terminus propeptide, a mature polypeptide chain, and a C-terminus 

propeptide) was selected (refer to the protein sequence with ID P02461 in Uniprot database, 

https://www.uniprot.org/uniprotkb/P02461). The recombinant small-molecule collagen 

expressed from this sequence was designated as 3A5D2NT, including 50 amino acids with a 

theoretical molecular weight of 4532.83Da. A sequence thereof was shown in SEQ ID NO: 3: 

GKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGH 

By adding five histidine (H) residues to a C-terminus of the 3A5D2NT sequence, the 

recombinant small-molecule collagen expressed from this sequence was designated as 

3A5D2, including 55 amino acids with a theoretical molecular weight of 5218.54 Da. A 

sequence thereof is shown in SEQ ID NO: 4: 

GKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHHHH

HH 

The amino acid sequence from positions 636 to 718 of a full-length human collagen 

XVII sequence (refer to protein ID Q9UMD9-1 in the Uniprot database, 

https://www.uniprot.org/uniprot/Q9UMD9) was selected. The recombinant small-molecule 

collagen expressed from this sequence fragment was designated as 17S1NNT, including 82 

amino acids with a theoretical molecular weight of 7483.28 Da. A sequence thereof was 

shown in SEQ ID NO: 5: 

GPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRG

EVGLPG VKGDKGPMGPPGPKGDQGEKGP 

By adding six histidine (H) residues to a C-terminus of the 17S1NNT sequence, the 

recombinant small-molecule collagen expressed from this sequence was designated as 17S1N, 

including 88 amino acids with a theoretical molecular weight of 8306.13 Da. A sequence 

thereof is shown in SEQ ID NO: 6: 

GPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRG

EVGLPG VKGDKGPMGPPGPKGDQGEKGPHHHHHH 

The amino acid sequence from positions 659 to 717 of a full-length human collagen 

XVII sequence (refer to protein ID Q9UMD9-1 in the Uniprot database, 

https://www.uniprot.org/uniprot/Q9UMD9) was selected. The recombinant small-molecule 
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collagen expressed from this sequence fragment was designated as 17S3NT, including 59 

amino acids with a theoretical molecular weight of 5406.08 Da. A sequence thereof was 

shown in SEQ ID NO: 7: 

GVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGD

QGEKGP 

By adding six histidine (H) residues to a C-terminus of the 17S3NT sequence, the 

recombinant small-molecule collagen expressed from this sequence was designated as 17S3, 

including 65 amino acids with a theoretical molecular weight of 6228.93 Da. A sequence 

thereof is shown in SEQ ID NO: 8: 

GVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGD

QGEKGP HHHHHH 

(2) Construction of a recombinant expression vector and an engineered strain for 

the single-sequence recombinant expression strategy of the small-molecule collagen 

A DNA sequence for encoding 3A5D1NT was codon-optimized with Pichia pastoris as 

a host. An optimized sequence was shown in SEQ ID NO: 9: 

gacgggaacccagggagtgatggcctgccaggacgcgatggctccccgggagggaagggggaccggggcgaaaatggt

tcgcccggagcgccgggtgctcctggtcaccctggtccgcccgggcctgtcggaccagccggcaaatctggcgatcgaggagaga

gcggcccagctggtcccgctggggcaccaggtccggctgggtcaaggggtgcacctggccctcagggacccagaggagacaag

ggcgagaccggtgaacgtggagccgcgggtattaaaggtcactaa 

A DNA sequence for encoding 3A5D1 was codon-optimized with Pichia pastoris as a 

host. An optimized sequence was shown in SEQ ID NO: 10: 

gacgggaacccagggagtgatggcctgccaggacgcgatggctccccgggagggaagggggaccggggcgaaaatggt

tcgcccggagcgccgggtgctcctggtcaccctggtccgcccgggcctgtcggaccagccggcaaatctggcgatcgaggagaga

gcggcccagctggtcccgctggggcaccaggtccggctgggtcaaggggtgcacctggccctcagggacccagaggagacaag

ggcgagaccggtgaacgtggagccgcgggtattaaaggtcaccatcatcatcaccactaa 

A DNA sequence for encoding 3A5D2NT was codon-optimized with Pichia pastoris as 

a host. An optimized sequence was shown in SEQ ID NO: 11: 

gaggcagggaagtccggtgacaggggggagagcggacctgctggtcctgctggagccccgggtcctgctggctctcgcgg

cgcgccag gaccgcaaggcccacgtggtgataaaggagaaacaggggaaagaggggccgcaggtattaaaggtcactaa 

A DNA sequence for encoding 3A5D2 was codon-optimized with Pichia pastoris as a 
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host. An optimized sequence was shown in SEQ ID NO: 12: 

gaggcagggaagtccggtgacaggggggagagcggacctgctggtcctgctggagccccgggtcctgctggctctcgcgg

cgcgccag 

gaccgcaaggcccacgtggtgataaaggagaaacaggggaaagaggggccgcaggtattaaaggtcaccatcaccatcatcacta

a 

A DNA sequence for encoding 17S1NNT was codon-optimized with Pichia pastoris as a 

host. An optimized sequence was shown in SEQ ID NO: 13: 

gaggccggccctccaggttcgggcgagaaaggggaaagaggggcggcaggagaacccggaccccacggtcctcctgga

gtcccgggttccgtaggcccaaaaggcagctctggaagtccggggccacaagggcctccaggccccgttggtttacagggtctacg

cggcgaagtgggattgccaggggtaaagggcgacaagggtccgatgggacctcccggtcctaagggtgatcaaggggagaaagg

accgtaa 

A DNA sequence for encoding 17S1N was codon-optimized with Pichia pastoris as a 

host. An optimized sequence was shown in SEQ ID NO: 14: 

gaggccggccctccaggttcgggcgagaaaggggaaagaggggcggcaggagaacccggaccccacggtcctcctgga

gtcccgggttccgtaggcccaaaaggcagctctggaagtccggggccacaagggcctccaggccccgttggtttacagggtctacg

cggcgaagtgggattgccaggggtaaagggcgacaagggtccgatgggacctcccggtcctaagggtgatcaaggggagaaagg

accgcatcaccaccatcatcattaa 

A DNA sequence for encoding 17S3NT was codon-optimized with Pichia pastoris as a 

host. An optimized sequence was shown in SEQ ID NO: 15: 

gaagccggtgtccctggctctgttggaccgaagggtagttcgggaagcccagggcctcaggggccgcccggacccgtaggt

ctgcaggggctcagaggagaggtgggcctacctggcgtcaagggcgacaaaggtccaatggggccgcctggaccaaaaggggat

caaggtgaaaaaggcccctaa 

A DNA sequence for encoding 17S3 was codon-optimized with Pichia pastoris as a host. 

An optimized sequence was shown in SEQ ID NO: 16: 

gaagccggtgtccctggctctgttggaccgaagggtagttcgggaagcccagggcctcaggggccgcccggacccgtaggt

ctgcaggggctcagaggagaggtgggcctacctggcgtcaagggcgacaaaggtccaatggggccgcctggaccaaaaggggat

caaggtgaaaaaggcccccaccatcatcaccatcactaa 

DNA sequences SEQ ID NO: 9-SEQ ID NO: 16 were synthesized by Nanjing GenScript 

Biotechnology Co., Ltd. The synthesized gene was cloned into the pPIC9K expression vector 

(Thermo Fisher Scientific (China) Co., Ltd.) between the Kex2 enzyme cleavage site 
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sequence (terminus DNA sequence of Kex2 enzyme cleavage site: 

AAAGAAGAAGGGGTATCTCTCGAGAAAAGA) in the α-factor secretion signal 

sequence (a secrete signal peptide) and an NotI enzyme cleavage site. Recombinant 

expression vectors pPIC9K-3A5D1NT, pPIC9K-3A5D1, pPIC9K-3A5D2NT, 

pPIC9K-3A5D2, pPIC9K-17S1NNT, pPIC9K-17S1N, pPIC9K-17S3NT, and pPIC9K-17S3 

were obtained. Theoretically, other expression vectors suitable for Pichia pastoris, such as 

pPICZαB and pFLDα, exhibited similar effects to pPIC9K. The corresponding recombinant 

expression vectors were all in the scope of protection of the present disclosure. 

The above recombinant expression vector plasmids (pPIC9K-3A5D1NT, 

pPIC9K-3A5D1, pPIC9K-3A5D2NT, pPIC9K-3A5D2, pPIC9K-17S1NNT, pPIC9K-17S1N, 

pPIC9K-17S3NT, pPIC9K-17S3), 10 μg each, were individually digested overnight at 37°C 

with SacI (purchased from TaKara (Dalian); specific operations were performed according to 

kit instructions), and linearized. The linearized plasmids were then purified using a PCR 

Purification Kit (purchased from Sangon Biotech (Shanghai) Co., Ltd.), and the final volume 

was adjusted to approximately 10 μL. 

The linearized plasmid was electrotransformed into Pichia pastoris GS115 (purchased 

from China Center of Industrial Culture Collection) of an empty host strain in a competent 

cell. An electrotransformed strain culture was applied onto a MD plate. One MD plate was 

applied at every 100–200 μL, kept at a room temperature for 10 minutes, then inverted and 

incubated at 30°C for 2–5 days until a single colony (a positive transformant) appeared. 

2 mL sterile double-distilled water was added to the surface of a MD plate. A His+ 

transformant was gently scraped from the surface of the plate using a sterile triangular 

spreader and transferred into a 50 mL centrifuge tube. A strain suspension was diluted with 

sterile double-distilled water. 105 cells were applied onto a YPD plate containing 0.5 mg/mL 

G418, placed upside down and incubated at 30°C for 3–4 days until a single colony appears. 

The colony was picked from the YPD plate into a sterile 96-well plate (200 μL YPD/well), 

mixed thoroughly, and incubated at 30°C for 48 hours.  A strain culture was mixed evenly 

in each well. 10 μL of the strain suspension was put onto one new sterile 96-well plate, and 

incubated at 30°C for 24 hours, and then this procedure was repeated once more. After 24 

hours, 1 μL of the strain suspension was taken out from a third 96-well plate to be dripped 
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onto the YPD plates containing 1.0 mg/mL and 4 mg/mL G418, respectively, and continue 

incubating at 30°C for 96–120 hours. If Pichia pastoris transformants grew on plates 

containing a high concentration of G418, it indicates that the transformant can efficiently 

express an exogenous gene. A further screening step yields a highly efficient recombinant 

yeast engineered strain. 

Samples of 8 engineered strains constructed were deposited at China General 

Microbiological Culture Collection Center. The corresponding strain deposited numbers are: 

A strain expressing the recombinant small-molecule collagen 3A5D1NT has a deposit 

number: CGMCC No. 25823. 

A strain expressing the recombinant small-molecule collagen 3A5D1 has a deposit 

number: CGMCC No.25811 

A strain expressing the recombinant small-molecule collagen 3A5D2NT has a deposit 

number: CGMCC No.25824 

A strain expressing the recombinant small-molecule collagen 3A5D2 has a deposit 

number: CGMCC No.25812 

A strain expressing the recombinant small-molecule collagen 17S1NNT has a deposit 

number: CGMCC No.25825 

A strain expressing the recombinant small-molecule collagen 17S1N has a deposit 

number: CGMCC No.25813 

A strain expressing the recombinant small-molecule collagen 17S3NT has a deposit 

number: CGMCC No.25826 

A strain expressing the recombinant small-molecule collagen 17S3 has a deposit number: 

CGMCC. 25814; 

The deposited address for all 8 engineered strains was as follows: No. 3, Compound 1, 

Beichen West Road, Chaoyang District, Beijing. The deposited date for all was: September 

26, 2022. Classification designation for all strains was Komagataella phaffii. 

(3) Expression, purification, and identification of a recombinant small-molecule 

collagen via a single-sequence recombinant expression strategy 

With 8 highly expressive recombinant yeast engineered strains obtained in step (2), 

high-density fermentation was conducted by employing a fed-batch method to produce a 
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recombinant small-molecule collagen. A fermentation broth containing the recombinant 

collagen was harvested, and a high-purity recombinant small-molecule collagen freeze-dried 

sponge was purified. Specific procedures were as follows: 

8 highly expressive recombinant yeast strains were selected in step (2) and inoculated 

into a 1L shake flask containing a seed culture solution YPG, incubated at 220 rpm and 30°C 

for 18-20 hours until OD600 reached 2-10. 200 mL of a seed culture was inoculated into a 5 L 

fermentation tank (purchased from Shanghai Baoxing Bio-Engineering Equipment Co., Ltd.). 

A 2 L fermentation medium was filled, and induced growth using a mixed methanol-glycerol 

carbon source (methanol:50% glycerol = 7:3). The fermentation medium was induced for 40–

60 hours. When UV measurements showed no significant increase or a decrease in protein 

concentration, then the tank can be put. The formula for protein concentration measured by 

UV: C(mg/mL) = 0.144 × (A215 - A225). 

The fermentation broth was collected and centrifuged at 2000 g at 4°C for 30 minutes to 

separate a strain from a fermentation supernatant. The fermentation supernatant was taken to 

carry out cation exchange chromatography purification (a chromatography packing material 

was UniGel-80sp resin from Suzhou NanoMicro Technology Co., Ltd., loaded onto a 

GCC-50-400 column from Lisure Technology, and processed with a GE AKTA Pure protein 

separation chromatography purification system), followed by ultrafiltration (using Shandong 

Bona Biotechnology Group Co., Ltd.’s 1KDa organic membrane filtration system with a 

model BNUF402-2-A), desalting, and concentration. The product was then lyophilized to 

obtain a recombinant small-molecule collagen freeze-dried sponge. 

The purified lyophilized sponge was dissolved in ultrapure water, mixed with a 2× 

small-molecule protein loading buffer, and heated in a 100°C water bath for 10 minutes. 

Tricine-PAGE inspection was performed (all reagents required by Tricine-PAGE 

electrophoresis suitable for a small-molecule protein were purchased from Shanghai 

Wansheng Haotian Biotechnology Co., Ltd., with electrophoresis conducted according to 

manufacturer’s instructions). The detection results were shown in FIG. 1. As depicted, 8 

recombinant small-molecule collagens were effectively secreted and expressed in the 

supernatant, exhibiting a distinct electrophoretic band. There was no issue with uncontrolled 

sizes of a hydrolyzed small-molecule collagen (The collagen exhibited a certain degree of 
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electrophoretic migration delay during electrophoresis, resulting in an apparent molecular 

weight that appears larger than expected). 

Eight high-purity recombinant small-molecule collagen lyophilized products were 

subjected to LC-MS analysis to obtain deconvoluted molecular weights (contracted to Beijing 

Biotech Pack Scientific Co, Ltd.). The results were shown in FIGS. 2-5. In some of the result 

figures, the deconvoluted molecular weight values were displayed with one decimal place 

retained, and subject to rounding. As shown in the figures: 3A5D1NT had a theoretical 

molecular weight of 8596.08 Da and a measured deconvoluted molecular weight of 8796.68 

Da; 3A5D1 had a theoretical molecular weight of 9281.78 Da and a measured deconvoluted 

molecular weight of 9333.96 Da; 3A5D2NT had a theoretical molecular weight of 4532.83 

Da and a measured deconvoluted molecular weight of 4591.46 Da; 3A5D2 had a theoretical 

molecular weight of 5218.54 Da and a measured deconvoluted molecular weight of 5173.04 

Da; 17S1NNT had a theoretical molecular weight of 7483.28 Da and a measured 

deconvoluted molecular weight of 7648.41 Da; 17S1N had a theoretical molecular weight of 

8306.13 Da and a measured deconvoluted molecular weight of 8306.00 Da; 17S3NT had a 

theoretical molecular weight of 5406.08 Da and a measured deconvoluted molecular weight 

of 5499.72 Da; 17S3 had a theoretical molecular weight of 6228.93 Da and a measured 

deconvoluted molecular weight of 6503.79 Da. An observed deviation arose from potential 

glycosylation modification during protein expression, and a detection error. Therefore, the 

measured deconvoluted molecular weights of the recombinant small-molecule collagens 

3A5D1NT, 3A5D1, 3A5D2NT, 3A5D2, 17S1NNT, 17S1N, 17S3NT, and 17S3 were 

essentially consistent with the theoretical values thereof. 

Since 3A5D1, 3A5D2, 17S1N, and 17S3 bore a 6×His tag at carboxyl-termini, Western 

blot detection was performed using an anti-6×His Tag antibody (purchased from Nanjing 

GenScript Biotechnology Co., Ltd.) with color development by ECL chemiluminescence and 

inspection by an automated chemiluminescence imaging system (Tanon 5200). The results 

were shown in FIG. 6. 6×His tags were successfully detected in 3A5D1, 3A5D2, 17S1N, and 

17S3 (negative control (-) was a culture supernatant of a GS115 empty vector strain. Positive 

control (+) was His-tagged recombinant human MIF purchased from Sangon Biotech 

(Shanghai) Co., Ltd., both were normal), and the corresponding band positions matched 
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expected sizes. 

A lyophilized product was enzymatically digested with trypsin. Nano-HPLC-MS/MS 

mass spectrometry was used to detect an enzymatically digested trypsin peptide fragment of 

the recombinant collagen (contracted to Suzhou ProtTech Biotechnology Co., Ltd.). The 

detected peptide fragment was then compared with sequences of various natural proteins in 

Uniprot database. Results were shown in FIGS 7–10. Mass spectrometry inspection results 

indicated that peptide fragments obtained by the tryptic digestion of recombinant 

small-molecule collagens 3A5D1, 3A5D2, 17S1N, 17S3, 3A5D1NT, 3A5D2NT, 17S1NNT, 

and 17S3NT and sequences covered by the peptide fragments all belonged to relevant regions 

of human collagen sequences, confirming successful expression of the recombinant 

small-molecule collagens. 

Embodiment 2: Construction of a highly expressive system, a highly expressive 

chassis cell or a chassis engineered strain 

(1) Design of a CPB positioning functional fusion protein 

The present disclosure used Pichia pastoris as a starting cell and was combined with the 

design of a specialized expression sequence. The present disclosure first constructed a 

dedicated chassis cell or a dedicated chassis engineered strain. The chassis cell or the chassis 

engineered strain included a positioning fusion functional protein. The positioning fusion 

functional protein was configured  to sequentially cleave and remove  basic amino acid 

residues (K andR) at the C-termini of the recombinant small-molecule collagens after the 

plurality of recombinant small-molecule collagens for tandem repeat were cleaved by a Kex2 

enzyme into monomers. 

The positioning fusion functional protein included a mature peptide sequence of the 

CPB enzyme, a functional region sequence with intracellular membrane positioning or 

conversion and transport functions among respective organelles and a connecting sequence 

for connecting the CPB enzyme to the functional region sequence with the intracellular 

membrane positioning or the conversion and transport functions among the respective 

organelles during fusion expression; 

The CPB enzyme may be derived  from any species and preferably derived from a 

human or a rat in the present disclosure. 
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The functional region sequence with the intracellular membrane positioning or the 

conversion and transport functions among the respective organelles was preferably derived 

from Saccharomyces cerevisiae or Pichia pastoris. The functional region was preferably 

derived from the Kex2 enzyme or other functional regions of a protein with similar functions, 

such as a Ste13 protease. 

The connecting sequence, that is, a linker sequence, was not limited, as long as the 

sequence could play a connecting role that did not interfere with the functional region with 

the intracellular membrane positioning or the conversion and transport functions among the 

respective organelles. 

In this embodiment, the CPB enzyme preferred amino acid sequences at positions 

111-417 (i.e., a mature peptide sequence of a human CPB enzyme) in a full-length (including 

a signal peptide, a propeptide, and a mature peptide) human CPB enzyme sequence  

(Uniprot database ID was P15086, ) as a preferable human CPB enzyme amino acid sequence 

in the present disclosure, as shown in SEQ ID NO: 17: 

ATGHSYEKYNKWETIEAWTQQVATENPALISRSVIGTTFEGRAIYLLKVGKAGQ

NKPAIFMDCGFHAREWISPAFCQWFVREAVRTYGREIQVTELLDKLDFYVLPVLNID

GYIYTWTKSRFWRKTRSTHTGSSCIGTDPNRNFDAGWCEIGASRNPCDETYCGPAAE

SEKETKALADFIRNKLSSIKAYLTIHSYSQMMIYPYSYAYKLGENNAELNALAKATV

KELASLHGTKYTYGPGATTIYPAAGGSDDWAYDQGIRYSFTFELRDTGRYGFLLPES

QIRATCEETFLAIKYVASYVLEHLY 

In this embodiment, the CPB enzyme further preferred amino acid sequences at 

positions 109-415 (i.e., a mature peptide sequence of a rat CPB enzyme) in a full-length 

(including the signal peptide, the propeptide, and the mature peptide) rat CPB enzyme 

sequence  (Uniprot database ID was P19223, https://www.uniprot.org/uniprotkb/P19223) as, 

a preferable rat CPB enzyme amino acid sequence in the present disclosure, as shown in SEQ 

ID NO: 18: 

ASGHSYTKYNKWETIEAWIQQVATDNPDLVTQSVIGTTFEGRNMYVLKIGKTR

PNKPAIFIDCGFHAREWISPAFCQWFVREAVRTYNQEIHMKQLLDELDFYVLPVVNI

DGYVYTWTKDRMWRKTRSTMAGSSCLGVRPNRNFNAGWCEVGASRSPCSETYCG

PAPESEKETKALADFIRNNLSTIKAYLTIHSYSQMMLYPYSYDYKLPENYEELNALVK

https://www.uniprot.org/uniprotkb/P19223
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GAAKELATLHGTKYTYGPGATTIYPAAGGSDDWSYDQGIKYSFTFELRDTGFFGFLL

PESQIRQTCEETMLAVKYIANYVREHLY 

In this embodiment, the functional region with the intracellular membrane positioning or 

the conversion and transport functions among the respective organelles further preferred 

amino acid sequences at positions 679-814 in a full-length amino acid sequence (Uniprot 

database ID was P13134 protein, https://www.uniprot.org/uniprotkb/ P13134) of a Kex2 

enzyme of Saccharomyces cerevisiae , that is, the region with the intracellular membrane 

positioning or the conversion and transport functions among the respective organelles 

positioned at a carboxyl-terminus, with the sequence as shown in SEQ ID NO: 19: 

YFLTIFLIGATFLVLYFMFFMKSRRRIRRSRAETYEFDIIDTDSEYDSTLDNGTSGI

TEPEEVEDFDFDLSDEDHLASLSSSENGDAEHTIDSVLTNENPFSDPIKQKFPNDANAE

SASNKLQELQPDVPPSSGRS 

In this embodiment, the functional region with the intracellular membrane positioning or 

the conversion and transport functions among the respective organelles further preferred 

amino acid sequences at positions 681-777 in a full-length amino acid sequence of a Kex2 

enzyme of Komagataella phaffii (i.e., Pichia pastoris) (Uniprot database ID was C4R095 

protein, https://www.uniprot.org/uniprotkb/C4R095), that is, the region with the intracellular 

membrane positioning or the conversion and transport functions among the respective 

organelles positioned at the carboxyl-terminus, as shown in SEQ ID NO: 20: 

YLAFLLGLGFLICIIFLFTNRNKLERRQRRNRRDEYEFDLIPADDDFDTEEDQEAN

SQFTLD SDAELMFEDTSQREASPHEYQDSLGSNEHPKRAAL 

As connection during fusion expression between the carboxy-terminus sequenced of the 

CPB enzyme and the Kex2 enzyme, the linker sequence was used, as shown in SEQ ID NO: 

21: GGSGSGSGGS 

A CPB positioning fusion functional protein constructed in the present disclosure was as 

follows: 

The CPB positioning fusion functional protein constructed in the present disclosure, 

which fused an expressive human CPB enzyme with a carboxy-terminus sequence of the 

Kex2 enzyme of Pichia pastoris, was named HCPB-PPKEX2. A sequence thereof was shown 

in SEQ ID NO: 22: 
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ATGHSYEKYNKWETIEAWTQQVATENPALISRSVIGTTFEGRAIYLLKVGKAGQ

NKPAIFMDCGFHAREWISPAFCQWFVREAVRTYGREIQVTELLDKLDFYVLPVLNID

GYIYTWTKSRFWRKTRSTHTGSSCIGTDPNRNFDAGWCEIGASRNPCDETYCGPAAE

SEKETKALADFIRNKLSSIKAYLTIHSYSQMMIYPYSYAYKLGENNAELNALAKATV

KELASLHGTKYTYGPGATTIYPAAGGSDDWAYDQGIRYSFTFELRDTGRYGFLLPES

QIRATCEETFLAIKYVASYVLEHLYGGSGSGSGGSYLAFLLGLGFLICIIFLFTNRNKL

ERRQRRNRRDEYEFDLIPADDDFDTEEDQEANSQFTLDSDAELMFEDTSQREASPHE

YQDSLGSNEHPKRAAL 

A DNA sequence for encoding SEQ ID NO: 22 was shown in SEQ ID NO: 23: 

gcgacaggacacagctatgagaaatacaacaaatgggagacaatagaggcgtggacgcagcaggtggccaccgaaaacc

cggctcttatatctcgttctgtcatcggaaccactttcgaaggccgagccatctacctacttaaggtcggcaaagcaggtcaaaacaaac

cagcaatctttatggactgtggattccatgctagggagtggatctcaccagcattctgtcagtggttcgtacgggaggcggttcgaacgt

atggtagagaaattcaggtcacagagctgttggacaagctcgatttttatgtactacctgtgctgaacattgatgggtatatttatacctgga

ctaagtcccgcttttggcgcaagacgcggagtacgcacactgggtcctcttgcatcggaacagaccccaaccgtaatttcgatgcagg

ctggtgcgagataggggctagtcgtaatccgtgcgacgagacgtactgcgggcccgcggctgaatcagaaaaggaaactaaggcg

cttgcggatttcattagaaataaactttccagtatcaaagcgtatttgaccatacactcgtatagccaaatgatgatctacccctactcctac

gcgtataaacttggtgaaaacaacgccgaactgaatgccctcgccaaggcaactgtgaaggagctagcaagcttgcatggaactaaa

tacacttacgggcctggtgccacaaccatatacccggctgccgggggtagtgacgattgggcttatgatcagggtataaggtatagctt

tacgttcgagctgcgtgatacgggccgttatggattcttgctccctgagtctcaaattagggctacctgtgaagaaacatttctggctatta

aatatgttgcatcttacgtattagaacatttatacggaggctcgggatctgggtcgggtggctcatacctagccttcttactgggcctcggt

tttttaatatgtattatcttcctctttacaaaccggaataagttggaacgccggcaaaggcgaaatcgccgagatgaatatgaatttgacctt

attcccgcagatgacgactttgatactgaggaagatcaagaagcgaattcacaatttaccttagactcagacgccgagctaatgtttgaa

gatacctcgcaacgagaggcgtccccacatgagtaccaggactcgttgggcagcaatgagcacccaaaaagagctgcattataa 

The CPB positioning fusion functional protein, which fused the expressive human CPB 

enzyme with a carboxy-terminus sequence of the Kex2 enzyme of saccharomyces cerevisiae, 

was named HCPB-SCKEX2. A sequence thereof was shown in SEQ ID NO: 24: 

ATGHSYEKYNKWETIEAWTQQVATENPALISRSVIGTTFEGRAIYLLKVGKAGQ

NKPAIFMDCGFHAREWISPAFCQWFVREAVRTYGREIQVTELLDKLDFYVLPVLNID

GYIYTWTKSRFWRKTRSTHTGSSCIGTDPNRNFDAGWCEIGASRNPCDETYCGPAAE

SEKETKALADFIRNKLSSIKAYLTIHSYSQMMIYPYSYAYKLGENNAELNALAKATV
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KELASLHGTKYTYGPGATTIYPAAGGSDDWAYDQGIRYSFTFELRDTGRYGFLLPES

QIRATCEETFLAIKYVASYVLEHLYGGSGSGSGGSYFLTIFLIGATFLVLYFMFFMKSR

RRIRRSRAETYEFDIIDTDSEYDSTLDNGTSGITEPEEVEDFDFDLSDEDHLASLSSSEN

GDAEHTIDSVLTNENPFSDPIKQKFPNDANAESASNKLQELQPDVPPSSGRS 

A DNA sequence for encoding SEQ ID NO: 24 was shown in SEQ ID NO: 25: 

gcgacaggacacagctatgagaaatacaacaaatgggagacaatagaggcgtggacgcagcaggtggccaccgaaaacc

cggctcttatatctcgttctgtcatcggaaccactttcgaaggccgagccatctacctacttaaggtcggcaaagcaggtcaaaacaaac

cagcaatctttatggactgtggattccatgctagggagtggatctcaccagcattctgtcagtggttcgtacgggaggcggttcgaacgt

atggtagagaaattcaggtcacagagctgttggacaagctcgatttttatgtactacctgtgctgaacattgatgggtatatttatacctgga

ctaagtcccgcttttggcgcaagacgcggagtacgcacactgggtcctcttgcatcggaacagaccccaaccgtaatttcgatgcagg

ctggtgcgagataggggctagtcgtaatccgtgcgacgagacgtactgcgggcccgcggctgaatcagaaaaggaaactaaggcg

cttgcggatttcattagaaataaactttccagtatcaaagcgtatttgaccatacactcgtatagccaaatgatgatctacccctactcctac

gcgtataaacttggtgaaaacaacgccgaactgaatgccctcgccaaggcaactgtgaaggagctagcaagcttgcatggaactaaa

tacacttacgggcctggtgccacaaccatatacccggctgccgggggtagtgacgattgggcttatgatcagggtataaggtatagctt

tacgttcgagctgcgtgatacgggccgttatggattcttgctccctgagtctcaaattagggctacctgtgaagaaacatttctggctatta

aatatgttgcatcttacgtattagaacatttatacggaggctcgggatctgggtcgggtggctcatatttcctcacaatattcttaataggcg

caacgtttttagtgctgtattttatgtttttcatgaaatcaaggcggagaatccggcgttcacgcgcggagacctacgagttcgacatcata

gatactgactcggaatacgattcaaccctggataacgggacctcgggtattactgaacccgaggaggtagaggatttcgatttcgacct

ctctgacgaagatcatctagccagtctatcgtccagtgaaaatggagatgctgaacacacaatcgacagcgtccttacgaatgagaacc

cgttttccgatcctattaaacaaaagtttcccaacgacgcgaatgcagagagcgccagtaacaagttgcaggaattgcagccagacgtt

ccgccatcctctggtcgatcttaa 

The CPB positioning fusion functional protein, which fused a rat CPB enzyme with a 

carboxy-terminus sequence of the Kex2 enzyme of Pichia pastoris, was named 

RCPB-PPKEX2. A sequence thereof was shown in SEQ ID NO: 26: 

ASGHSYTKYNKWETIEAWIQQVATDNPDLVTQSVIGTTFEGRNMYVLKIGKTR

PNKPAIFIDCGFHAREWISPAFCQWFVREAVRTYNQEIHMKQLLDELDFYVLPVVNI

DGYVYTWTKDRMWRKTRSTMAGSSCLGVRPNRNFNAGWCEVGASRSPCSETYCG

PAPESEKETKALADFIRNNLSTIKAYLTIHSYSQMMLYPYSYDYKLPENYEELNALVK

GAAKELATLHGTKYTYGPGATTIYPAAGGSDDWSYDQGIKYSFTFELRDTGFFGFLL

PESQIRQTCEETMLAVKYIANYVREHLYGGSGSGSGGSYLAFLLGLGFLICIIFLFTNR
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NKLERRQRRNRRDEYEFDLIPADDDFDTEEDQEANSQFTLDSDAELMFEDTSQREAS

PHEYQDSLGSNEHPKRAAL 

A DNA sequence for encoding SEQ ID NO: 26 was shown in SEQ ID NO: 27: 

gcaagcggtcactcgtacacaaagtataacaaatgggaaactatcgaggcctggattcaacaagtagccacggataaccctga

tttagtcacgcaatcggtcatagggacaaccttcgagggcagaaacatgtacgtattaaagataggaaagactcgtcccaataaacctg

ctatttttatcgactgtggcttccacgctagagaatggattagccctgccttctgccaatggttcgtgagggaagcagtacggacgtacaa

ccaggaaattcatatgaagcaactgctcgacgaattagatttctatgttttaccggtagttaacatcgatggctacgtttacacatggacaa

aagaccgtatgtggcggaagactagatcgacgatggcaggctcatcctgtctgggtgtgcgtccgaataggaacttcaatgcgggttg

gtgtgaagtgggggcgtcccgctctccctgttcagagacatactgcggacctgccccagaatccgaaaaagagacgaaagctcttgc

tgattttattaggaacaacctaagtaccattaaagcatacttaaccatccatagttacagccagatgatgctgtatccctattcctacgactat

aagctaccggagaactatgaagaactcaatgctttagttaaaggagcggccaaggagttggcgacattgcatggaacgaagtacactt

atggtccaggggccactaccatctatccggcagctggtggatcagacgactggagttatgaccaaggtataaagtactctttcacctttg

aattacgtgatactggtttttttggctttctgcttccagagtcacagatccgccagacttgcgaggaaaccatgcttgcggtgaagtatata

gctaattacgtccgtgaacatctatacggcggatccgggtcggggagtggtgggagttatctagcatttttgctagggctcggcttcctg

atctgcataatattcttgtttaccaaccgcaataaattggaacgaaggcagcgacgaaatcggcgagacgaatatgagtttgacctcatt

ccggcggatgatgattttgatacggaggaggaccaggaggccaatagccaattcacattggactctgacgcggaacttatgttcgaag

atacgtcacagagagaggcctcgccccacgagtatcaagattctctgggatctaatgaacacccaaaacgggctgcactttaa 

The CPB positioning fusion functional protein, which fused the expressive rat CPB 

enzyme with the carboxy-terminus sequence of the Kex2 enzyme of saccharomyces 

cerevisiae, was named RCPB-SCKEX2. A sequence thereof was shown in SEQ ID NO: 28: 

ASGHSYTKYNKWETIEAWIQQVATDNPDLVTQSVIGTTFEGRNMYVLKIGKTR

PNKPAIFIDCGFHAREWISPAFCQWFVREAVRTYNQEIHMKQLLDELDFYVLPVVNI

DGYVYTWTKDRMWRKTRSTMAGSSCLGVRPNRNFNAGWCEVGASRSPCSETYCG

PAPESEKETKALADFIRNNLSTIKAYLTIHSYSQMMLYPYSYDYKLPENYEELNALVK

GAAKELATLHGTKYTYGPGATTIYPAAGGSDDWSYDQGIKYSFTFELRDTGFFGFLL

PESQIRQTCEETMLAVKYIANYVREHLYGGSGSGSGGSYFLTIFLIGATFLVLYFMFF

MKSRRRIRRSRAETYEFDIIDTDSEYDSTLDNGTSGITEPEEVEDFDFDLSDEDHLASL

SSSENGDAEHTIDSVLTNENPFSDPIKQKFPNDANAESASNKLQELQPDVPPSSGRS 

A DNA sequence for encoding SEQ ID NO: 28 was shown in SEQ ID NO: 29: 

gcaagcggtcactcgtacacaaagtataacaaatgggaaactatcgaggcctggattcaacaagtagccacggataaccctga
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tttagtcacgcaatcggtcatagggacaaccttcgagggcagaaacatgtacgtattaaagataggaaagactcgtcccaataaacctg

ctatttttatcgactgtggcttccacgctagagaatggattagccctgccttctgccaatggttcgtgagggaagcagtacggacgtacaa

ccaggaaattcatatgaagcaactgctcgacgaattagatttctatgttttaccggtagttaacatcgatggctacgtttacacatggacaa

aagaccgtatgtggcggaagactagatcgacgatggcaggctcatcctgtctgggtgtgcgtccgaataggaacttcaatgcgggttg

gtgtgaagtgggggcgtcccgctctccctgttcagagacatactgcggacctgccccagaatccgaaaaagagacgaaagctcttgc

tgattttattaggaacaacctaagtaccattaaagcatacttaaccatccatagttacagccagatgatgctgtatccctattcctacgactat

aagctaccggagaactatgaagaactcaatgctttagttaaaggagcggccaaggagttggcgacattgcatggaacgaagtacactt

atggtccaggggccactaccatctatccggcagctggtggatcagacgactggagttatgaccaaggtataaagtactctttcacctttg

aattacgtgatactggtttttttggctttctgcttccagagtcacagatccgccagacttgcgaggaaaccatgcttgcggtgaagtatata

gctaattacgtccgtgaacatctatacggcggatccgggtcggggagtggtgggagttatttcctcacaatattcttaataggcgcaacg

tttttagtgctgtattttatgtttttcatgaaatcaaggcggagaatccggcgttcacgcgcggagacctacgagttcgacatcatagatact

gactcggaatacgattcaaccctggataacgggacctcgggtattactgaacccgaggaggtagaggatttcgatttcgacctctctga

cgaagatcatctagccagtctatcgtccagtgaaaatggagatgctgaacacacaatcgacagcgtccttacgaatgagaacccgtttt

ccgatcctattaaacaaaagtttcccaacgacgcgaatgcagagagcgccagtaacaagttgcaggaattgcagccagacgttccgc

catcctctggtcgatcttaa 

In the design of the positioning fusion functional protein of the present disclosure, the 

preferred Kex2 enzyme was a calcium ion-dependent serine protease naturally expressed by a 

yeast strain (including Pichia species), which could specifically recognize and cleave a 

peptide bond at carboxyl-termini of dibasic amino acids such as RR and KR in the amino acid 

sequence, playing a key role in the protein secretion pathway of a yeast. Concurrently, the 

yeast strain had an STE13 gene, which could express the Ste13 protease (strictly speaking, a 

dipeptidyl aminopeptidase) intracellularly and cleave EA and EAEA amino acid sequences at 

amino-termini in proteins. 

The most common application of the Kex2 enzyme in genetic engineering was that in 

the exogenous secretion pathway of the yeast, the Kex2 enzyme cleaved a signal peptide 

sequence or a propeptide sequence in an exogenous protein precursor to release a mature 

secreted protein. The Kex2 enzyme cleaved the peptide bond at a carboxyl-terminus of a 

dibasic amino acid such as KR or RR in an exogenous protein. To enhance cleavage 

efficiency at the same time, an amino acid sequence like EA or EAEA was often added after 

KR or RR (though not mandatory; the sequence could also be the sequence from the 
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exogenous protein, but cleavage efficiency varied depending on the types of the 1-4 amino 

acid residues following KR or RR). Additionally, the Kex2 enzyme could function as an 

enzyme cleavage site between the fusion proteins, splitting one whole expression peptide 

fragment into two or more peptide fragments. This method was frequently used when 

expressing proteins with different subunits. Correspondingly, this application could be 

extended to proteins with a plurality of tandem repeat sequences. A Kex2 cleavage site was 

inserted herein, which could indirectly increase copy number, thereby enhancing the 

expression level of the exogenous protein. However, when the Kex2 enzyme acted, the 

dibasic amino acid like KR or RR was prerequisite for effective cleavage. However, after 

cleavage, KR or RR could not be removed. To enhance cleavage efficiency, 1–2 amino acid 

residues were often inserted before KR or RR (though not mandatory, the amino acid 

residues could be adjusted and designed based on actual conditions). For the recombinant 

expression protein, more additional non-natural amino acids were introduced. A collagen, 

whose typical sequence structure was a repetitive G-X-Y triplet sequence structure, often had 

this structural feature disrupted by the introduction of the non-natural amino acids. 

In the design of the positioning fusion protein of the present disclosure, the removal of 

KR and RR was required to be considered. 

A recombinant carboxypeptidase B (the CPB enzyme, an exocrine protease) could 

specifically cleave basic amino acids (particularly K and R) at the carboxyl terminus of the 

protein until all basic amino acids at the carboxyl termini were removed, leaving non-basic 

amino acids exposed at the  C-terminus of the protein. In bioengineering or 

biopharmaceutical fields, the CPB enzyme was generally used by adding the CPB enzyme 

after the expression and purification of a recombinant protein drug or a protein drug to 

remove the basic amino acids like K and R at the carboxyl termini, which equivalently 

introduced an additional exogenous substance into the expression and purification workflow 

of the recombinant protein. Besides the increased cost of purchasing the CPB enzyme, 

process steps for CPB removal and residue detection were added. Residual enzyme 

assessment may be necessitated, which increased process complexity, workflow, costs, and 

time while introducing residual enzyme contamination risks. 

Therefore, the present disclosure also required establishing a synthetic metabolic 
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pathway for the CPB enzyme in a cell, particularly in the expression and secretion pathways 

of the protein so that the CPB enzyme was positioned in a cell (the expression and secretion 

pathways of the protein constituted by an endoplasmic reticulum lumen, trans-Golgi network 

(TGN), etc.). Following cleavage of a designed long-sequence recombinant collagen amino 

acid into small fragments and small-molecule proteins by the Kex2 enzyme, the CPB enzyme 

could then synergistically collaborate with a Ste 13 protease to excise non-collagenous amino 

acids like C-terminus KR and N-terminus EA, respectively, preserving the G-X-Y triplet 

repeat structure of the collagen. 

In summary, the present disclosure required to address the challenge that the CPB 

enzyme was not only expressed in the cell but also directed into the secretion and expression 

pathways (via a mechanism identical to that of a full-length secreted protein) while being able 

to remain confined in the secretion pathway of the protein such as the endoplasmic reticulum 

lumen and the trans-Golgi network without being secreted extracellularly. Furthermore, the 

CPB enzyme maintained temporal and spatial continuity with the activation time of the Kex2 

enzyme. 

Therefore, the present disclosure fused the CPB enzyme with a sequence with the 

intracellular membrane positioning or the conversion and transport functions among the 

respective organelles in the cell, created one novel CPB-positioned fusion functional protein 

capable of secreting and positioning on the intracellular membrane, and accompanying the 

Kex2 enzyme and the recombinant collagen in the conversion and transport among 

intracellular secretory organelles—without being secreted (remaining positioned on the 

intracellular membrane and unable to detach). 

The Kex2 enzyme included seven domains as a whole: a signal peptide, a precursor 

peptide, a catalytic domain, a P-domain, an Ser/Thr-rich domain, a transmembrane region, 

and an extracellular domain. The enzymatic activity thereof was primarily realized by the 

catalytic domain, the P-domain, and the Ser/Thr-rich domain. Retaining these three domains 

preserved the activity of the Kex2 enzyme. However, a C-terminus membrane domain and 

the extracellular domain primarily governed the conversion and transport of a Kex2 protease 

among the organelles in the cell. The present disclosure selected the C-terminus functional 

region of the Kex2 enzyme to be fused with the CPB enzyme for expression. To preserve the 
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structural integrity and activity of both fused components, a flexible linker sequence 

(non-essential) was inserted between both fused components. 

Furthermore, the identical C-terminus sequence could concentrate the Kex2 enzyme and 

the CPB-positioned fusion functional protein in the same region. The reaction product of the 

Kex2 enzyme was a substrate for the CPB-positioned fusion functional protein. This 

positioned concentration enhanced synergistic activity between the two enzymes. 

(2) Construction and identification of an expression vector and a chassis cell of the 

CPB-positioned fusion protein 

A CPB chassis cell was required to express the CPB positioning fusion functional 

protein, position the CPB positioning fusion functional protein in the secretion pathway of the 

cellular protein constituted by the endoplasmic reticulum and the trans-Golgi network, and 

enable synergistic action with yeast-specific proteases such as Kex2 and Ste13. Therefore, 

constructing the expression vector of the CPB positioning fusion functional protein required 

adding a signal peptide sequence upstream to enable secretion into the endoplasmic reticulum 

and the subsequent protein secretion pathway. The signal peptide used by the protein entering 

the endoplasmic reticulum lumen shared similar functions. The present disclosure used the 

commonly used α-factor secretion signal as an exemplary signal peptide sequence. 

Numerous expression vectors were available for Pichia pastoris, with a promoter 

included in the vector playing a crucial role. Commonly used promoters included: (1) 

inducible promoters such as an AOX1 promoter, a FLD1 promoter, a FDH1 promoter, a 

DAS1 promoter, and a DAS2 promoter, which required methanol or methylamine to induce 

protein expression. The timing of the transcription and expression of the CPB-positioned 

fusion functional protein could be regulated by adding these inducers; (2) combined-type 

promoters like GAP and GCW14, which did not require the inducers. These promoters 

initiated the transcription and expression of the protein as long as the cell remained viable. 

That is, the CPB-positioned fusion functional protein was continuously transcribed and 

expressed; (3) promoters like THI4 and THI11, which did not require the specific inducers, 

activated protein expression by reducing certain culture components (e.g., thiamine), and also 

allowed for some regulation of the timing of the transcription and expression of the 

CPB-positioned fusion functional protein; (4) a promoter regulating other culture conditions, 
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such as a HSP82 promoter, was heat-inducible. During the normal growth of a strain, altering 

the growth temperature to induce a thermal stress triggered transcription initiation via the 

HSP82 promoter, thereby regulating the transcription and expression of the CPB-positioned 

fusion functional protein. Regardless of the specific promoter used, the ultimate function 

remained identical: The final effect of initiating the transcription and expression of the 

CPB-positioned fusion functional protein was indistinguishable and fell in the scope of 

protection of the present disclosure. The common AOX1 promoter was used as an exemplary 

illustration herein. Numerous expression vectors existed for Pichia pastoris or the yeast. As 

long as an ultimate goal was to achieve the expression of the CPB-positioned fusion 

functional protein, the functions thereof were equivalent. The present disclosure used the 

commonly used expression vector to construct a plurality of expression vectors. 

DNA sequences SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27 and SEQ ID NO: 29 

were synthesized by Nanjing GenScript Biotechnology Co., Ltd. Synthesized genes were 

cloned into expression vectors such as pPICZαB, pFLDα, and pPIC9K (all purchased from 

Thermo Fisher Scientific (China) Co., Ltd.). A cloning site was positioned between a KEX2 

cleavage site sequence in a α-factor secretion signal sequence (with a terminus DNA 

sequence being AAAGAAGAAGGGGTATCTCTCGAGAAAAGA) and a termination 

codon “TGA” on the vector. Three sets of recombinant expression vectors for constructing a 

chassis microorganism were obtained: 

(1) pPICZαB-HCPB-PPKEX2, pPICZαB-HCPB-SCKEX2, pPICZαB-RCPB-PPKEX2, 

and pPICZαB-RCPB-SCKEX2. The AOX1 promoter and a α-factor secretion signal peptide 

sequence were used. 

(2) pFLDα-HCPB-PPKEX2, pFLDα-HCPB-SCKEX2, pFLDα-RCPB-PPKEX2, and 

pFLDα-RCPB-SCKEX2. The FLD promoter and the α-factor secretion signal peptide 

sequence were used. 

(3) pPIC9K-HCPB-PPKEX2, pPIC9K-HCPB-SCKEX2, pPIC9K-RCPB-PPKEX2, and 

pPIC9K-RCPB-SCKEX2. The AOX1 promoter and the α-factor secretion signal peptide 

sequence were used.  

Each of these three sets of the recombinant expression vectors could be used 

independently and use the α-factor secretion signal peptide sequence. Although the promoters 
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differed, all could be induced with methanol (the FLD promoter could also use methylamine), 

yielding identical final effects. In an example of the present disclosure, the first group was 

used as an example for construction of the subsequent engineered strain. As shown in FIGS 

11-14, four recombinant expression vectors constructed in this embodiment were presented. 

A blank starting strain used for the chassis cell could be a natural pichia pastoris strain 

or commercial strains such as X-33, SMD1168, GS115, or other yeast strains. The ultimate 

effects thereof remained consistent: that is, the expression of CPB-positioned fusion 

functional protein was constructed in the secretion pathway of the cellular protein and 

synergized with yeast-specific proteases like Kex2 and Ste13 to express and cleave a long 

protein. The present disclosure used the commercial blank starting strain GS115 as an 

example. 

pPICZαB-HCPB-PPKEX2, pPICZαB-HCPB-SCKEX2, pPICZαB-RCPB-PPKEX2, 

pPICZαB-RCPB-SCKEX2 vector plasmids were digested overnight at 37°C using Pme I 

(purchased from TaKara (Dalian)) and linearized. The linearized plasmids were recovered 

using a PCR product purification kit (purchased from Sangon Biotech (Shanghai) Co., Ltd.) 

so that the volume thereof was controlled under approximately 10 μL. The linearized 

plasmids were electrotransformed into a competent cell of an empty host strain Pichia 

pastoris GS115 (purchased from China Center of Industrial Culture Collection) and applied 

onto a YPD plate containing 0.1 mg/mL Zeocin (purchased from Thermo Fisher Scientific 

(China) Co., Ltd.). After a single colony grew up, a single clone was picked with a toothpick 

and inoculated into a 96-well plate. 

After 48 hours of incubation at 30℃, the plate was spotted onto the YPD plates 

containing a 0.5 mg/mL Zeocin and a 1 mg/mL Zeocin, respectively. The strain growing on 

the high-concentration (1 mg/mL) Zeocin plate was transferred to a BMGY medium shaking 

flask. After incubation overnight at 30°C and 220 rpm, the medium was replaced with a 

BMMY medium for induction. 100% methanol was supplemented every 24 hours to a final 

concentration of 1.0%. After incubation for at least 36 hours, the supernatant and the strain 

were collected. The strain was lysed with a 8M urea. After a sample was prepared, 

SDS-PAGE inspection was carried out. An anti-human or anti-rat CPB enzyme antibody 

(purchased from Sangon Biotech (Shanghai) Co., Ltd.) was used. With a recombinant human 
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CPB enzyme protein or a recombinant rat CPB enzyme protein (purchased from Sangon 

Biotech (Shanghai) Co., Ltd.) as a positive control and a culture supernatant of an empty host 

strain as a negative control, detection was performed using the color development by ECL 

chemiluminescence and an automated chemiluminescence image analysis system (Tanon 

5200) to combine an image. 

The results were shown in FIG. 15, which showed the detection results of 

CPB-positioned fusion functional proteins HCPB-PPKEX2, HCPB-SCKEX2, 

RCPB-PPKEX2, and RCPB-SCKEX2 expressed in an intracellular lysate and a culture 

supernatant. The panel in the left figure. 1: HCPB-SCKEX2 strain lysate; 2: HCPB-SCKEX2 

culture supernatant; 3, 6: HCPB-PPKEX2 culture supernatant; 4, 5: HCPB-PPKEX2 strain 

lysate; (–): negative control; (+): positive control, a recombinant human CPB enzyme; /: no 

sample well. Lanes in the right figure: (–): Negative control; (+): Positive control, a CPB 

enzyme of a recombinant rat ; /: Non-sample well; 7: an RCPB-SCKEX2 strain culture 

supernatant; 8: a RCPB-SCKEX2 strain lysate; 9, 10, 12, 13: an RCPB-PPKEX2 culture 

supernatant; 11, 14: an RCPB-PPKEX2 strain lysate. 

The human CPB enzyme, serving as the positive control, was successfully detected. 

However, HCPB-PPKEX2, HCPB-SCKEX2, RCPB-PPKEX2, and RCPB-SCKEX2 were 

only detected in the intracellular lysate. A band was larger than the positive control, with 

band sizes consistent with an expected fusion protein (an apparent molecular weight on 

electrophoresis was naturally larger when fused to other proteins). Most importantly, no 

corresponding bands were detected in a culture supernatant. This indicates that 

HCPB-PPKEX2, HCPB-SCKEX2, RCPB-PPKEX2, and RCPB-SCKEX2 expressed as the 

fusion proteins were not secreted extracellularly but remained intracellular, which aligned 

with the design objective of the four CPB-positioned fusion functional proteins. That is, the 

human or rat CPB enzyme was fused with the region with the intracellular membrane 

positioning or the conversion and transport functions among the respective organelles derived 

from the carboxy-terminus of the Kex2 enzyme and expressed. Under the influence of the 

signal peptide, the human or rat CPB enzyme could enter the secretion pathway of the 

intracellular protein constituted by the endoplasmic reticulum lumen and the trans-Golgi 

network. However, like the Kex2 enzyme, the human or rat CPB enzyme remained confined 
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in the cell and could not be secreted extracellularly. 

Following Invitrogen's instructions, by using YPD plate gradients with varying 

concentrations of Zeocin antibiotic, a plate was spotted and screened. Combined with 

intracellular Western blot (WB) detection results, the following engineered strains of the 

chassis cells fusing the synthetic metabolic pathway of the functional protein were 

successively screened: HCPB-PPKEX2, HCPB-SCKEX2, RCPB-PPKEX2, and 

RCPB-SCKEX2. These engineered strains served as a host strain for the subsequent 

recombinant tandem expression strategy. 

All engineered chassis cell samples of the functional pathways of the constructed 

CPB-positioned fusion functional protein were deposited at China General Microbiological 

Culture Collection Center (CGMCC), with respective strain deposit numbers: 

The strain expressing HCPB-PPKEX2 was deposited as CGMCC No. 25815;  

The strain expressing RCPB-PPKEX2 was deposited as CGMCC No.25817;  

The strain expressing HCPB-SCKEX2 was deposited as CGMCC No.25816;  

The strain expressing RCPB-SCKEX2 was deposited as CGMCC No.25818; 

The deposited address for the engineered strains was as follows: No. 3, Compound 1, 

Beichen West Road, Chaoyang District, Beijing. The deposited date for all was: September 

26, 2022. Classification designation for all strains was Komagataella phaffii. 

Embodiment 3: Design of an amino acid sequence of a small-molecule collagen and 

characterization of a tandem repeat expression small-molecule collagen To achieve the 

efficient expression of the small-molecule collagen described in the present disclosure, the 

amino acid sequence of the target small-molecule collagen was designed according to the 

following requirements: 

(1) Among the tandem repeat small-molecule collagen monomers (or fragments), the 

site that could be effectively recognized and cleaved by the yeast Kex2 enzyme was designed, 

which was characterized by the presence of dibasic amino acids such as KR and RR. 

(2) Following the dibasic amino acid residues, sequences such as EA, EAEA, or other 

amino acid sequences (e.g., D or A) that facilitate the recognition and cleavage of the Kex2 

enzyme may be present, or the sequence may directly be amino acids inherent to the 

small-molecule collagen monomer (or fragment) itself (a relevant example was provided in 
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the present disclosure). 

(3) The amino acid sequence of the tandem repeat small-molecule collagen monomer 

(or fragment) may be any sequence. The specific order and the sequence length of amino acid 

residues thereof, and the number of tandem repeats for the monomer (or the fragment) were 

freely configurable and unrestricted. Of course, as the small-molecule collagen, the sequence 

generally required a typical G-X-Y triplet structure, with the amino acid sequence length 

controlled in 100 amino acids. 

An exemplary embodiment of the present disclosure was illustrated as follows:) 

(1) Referring to the amino acid sequence of 3A5D2NT, a repeat tandem sequence was 

designed and repeated nine times, designated as 3A5D29N-9. This sequence included 522 

amino acids, as shown in SEQ ID NO: 30: 

EAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHR

GLEKREAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKG

HRGLEKREAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGI

KGHRGLEKREAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGA

AGIKGHRGLEKREAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGER

GAAGIKGHRGLEKREAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGET

GERGAAGIKGHRGLEKREAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDK

GETGERGAAGIKGHRGLEKREAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRG

DKGETGERGAAGIKGHRGLEKREAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGP

RGDKGETGERGAAGIKGHRGLEKR 

When 3A5D29N-9 entered the protein secretion pathway constituted by the endoplasmic 

reticulum and the trans-Golgi network via transcription and translation, the Kex2 enzyme 

cleaved 3A5D29N-9 between KR and EA in each KREA sequence into identical small 

protein sequences as shown in SEQ ID NO: 31: 

EAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHR

GLEKR 

Two EA amino acids at amino-termini were cleaved and removed by the Ste 13 protease, 

while the two amino acids at the carboxy-terminus (KR) were cleaved and removed by the 

CPB protease. A final secreted product was a fragment of 54-amino acid recombinant small 
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collagen (designated 3A5D29N), whose amino acid sequence was the typical G-X-Y triplet 

collagen sequence, as shown in SEQ ID NO: 32: 

GKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGL

E 

(2) Referring to the amino acid sequence of 17S3NT, the repeat tandem sequence was 

designed and repeated 8 times, and designated as 17S28-8. This sequence included 536 

amino acids, as shown in SEQ ID NO: 33: 

EAGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPK

GDQGEKGPRGLEKREAGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKG

DKGPMGPPGPKGDQGEKGPRGLEKREAGVPGSVGPKGSSGSPGPQGPPGPVGLQGL

RGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRGLEKREAGVPGSVGPKGSSGSPGP

QGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRGLEKREAGVPGS

VGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRG

LEKREAGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGP

KGDQGEKGPRGLEKREAGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVK

GDKGPMGPPGPKGDQGEKGPRGLEKREAGVPGSVGPKGSSGSPGPQGPPGPVGLQG

LRGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRGLEKR 

When 17S28-8 entered the protein secretion pathway constituted by the endoplasmic 

reticulum and the trans-Golgi network via transcription and translation, the Kex2 enzyme 

cleaved 17S28-8 between KR and EA in each KREA sequence into identical small protein 

sequences as shown in SEQ ID NO: 34: 

EAGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPK

GDQGEKGP RGLEKR 

The two EA amino acids at the amino-termini were cleaved and removed by the Ste 13 

protease, while the two amino acids at the carboxy-terminus (KR) were cleaved and removed 

by the CPB protease. A final secreted product was a fragment of 63-amino acid recombinant 

small collagen (designated 17S28), whose amino acid sequence was the typical G-X-Y triplet 

collagen sequence, as shown in SEQ ID NO: 35: 

GVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGD

QGEKGPRG LE 
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(3) Referring to the amino acid sequence of 17S1NNT, the repeat tandem sequence was 

designed and repeated 6 times anddesignated as 17S1N6-6. This sequence included 540 

amino acids, as shown in SEQ ID NO: 36:  

EAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGL

RGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRGLEKREAGPPGSGEKGERGAAGEP

GPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGP

KGDQGEKGPRGLEKREAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPG

PQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRGLEKREAGPPGS

GEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGV

KGDKGPMGPPGPKGDQGEKGPRGLEKREAGPPGSGEKGERGAAGEPGPHGPPGVP

GSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGP

RGLEKREAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGL

QGLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRGLEKR 

When 17S1N6-6 entered the protein secretion pathway constituted by the endoplasmic 

reticulum and the trans-Golgi network via transcription and translation, the Kex2 enzyme 

cleaved 17S1N6-6 between KR and EA in each KREA sequence into identical small protein 

sequences as shown in SEQ ID NO: 37: 

EAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGL

RGEVGLPG VKGDKGPMGPPGPKGDQGEKGPRGLEKR 

The two EA amino acids at the amino-termini were cleaved and removed by the Ste 13 

protease, while the two amino acids at the carboxy-terminus (KR) were cleaved and removed 

by the CPB protease. A final secreted product was a fragment of 86-amino acid recombinant 

small collagen (designated 17S1N6), whose amino acid sequence was the typical G-X-Y 

triplet collagen sequence, as shown in SEQ ID NO: 38: 

GPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRG

EVGLPGVK GDKGPMGPPGPKGDQGEKGPRGLE 

(4) Referring to the amino acid sequence of 17S1NNT, the repeat tandem sequence was 

designed and repeated 7 times and designated as 17S1N7-7. This sequence included 528 

amino acids, as shown in SEQ ID NO: 39: 

EAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGL
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RGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRGKREAGPPGSGEKGERGAAGEPGP

HGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKG

DQGEKGPRGKREAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGP

PGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRGKREAGPPGSGEKGE

RGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKG

PMGPPGPKGDQGEKGPRGKREAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGS

SGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGPRGKREAG

PPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGL

PGVKGDKGPMGPPGPKGDQGEKGPRGKR 

When 17S1N7-7 entered the protein secretion pathway constituted by the endoplasmic 

reticulum and the trans-Golgi network via transcription and translation, the Kex2 enzyme 

cleaved 17S1N7-7 between KR and EA in each KREA sequence into identical small protein 

sequences as shown in SEQ ID NO: 40:  

EAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGL

RGEVGLPG VKGDKGPMGPPGPKGDQGEKGPRGKR 

The two EA amino acids at the amino-termini were cleaved and removed by the Ste 13 

protease, while the two amino acids at the carboxy-terminus (KR) were cleaved and removed 

by the CPB protease. A final secreted product was a fragment of 84-amino acid recombinant 

small collagen (designated 17S1N7), whose sequence was as shown in SEQ ID NO: 41: 

GPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRG

EVGLPG VKGDKGPMGPPGPKGDQGEKGPRG 

(5) Referring to the amino acid sequence of 17S1NNT, the repeat tandem sequence was 

designed and repeated 7 times and designated as 17S1NK-7. This sequence included 595 

amino acids, as shown in SEQ ID NO: 42: 

EAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGL

RGEVGLPGVKGDKGPMGPPGPKGDQGEKGKREAGPPGSGEKGERGAAGEPGPHGP

PGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGDQG

EKGKREAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQ

GLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGKREAGPPGSGEKGERGAAGEPGPH

GPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGD
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QGEKGKREAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPV

GLQGLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGKREAGPPGSGEKGERGAAGEP

GPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGP

KGDQGEKGKREAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPP

GPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGDQGEKGKR 

When 17S1NK-7 entered the protein secretion pathway constituted by the endoplasmic 

reticulum and the trans-Golgi network via transcription and translation, the Kex2 enzyme 

cleaved 17S1NK-7 between KR and EA in each KREA sequence into identical small protein 

sequences as shown in SEQ ID NO: 43:  

EAGPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGL

RGEVGLPG VKGDKGPMGPPGPKGDQGEKGKR 

The two EA amino acids at the amino-termini were cleaved and removed by the Ste 13 

protease, while the two amino acids at the carboxy-terminus (KR) were cleaved and removed 

by the CPB protease. A final secreted product was a fragment of 84-amino acid recombinant 

small collagen (designated 17S1NK), whose sequence was as shown in SEQ ID NO: 44: 

GPPGSGEKGERGAAGEPGPHGPPGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRG

EVGLPG VKGDKGPMGPPGPKGDQGEKGPRG 

(6) Referring to the amino acid sequence of 3A5D1, the repeat tandem sequence was 

designed and repeated 5 times and designated as 3A5D15D-5. This sequence included 510 

amino acids, as shown in SEQ ID NO: 45: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGLEKRDGNPGSD

GLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGA

PGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGLEKRDGNPGSDGLPGRDGSPG

GKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAP

GPQGPRGDKGETGERGAAGIKGHRGLEKRDGNPGSDGLPGRDGSPGGKGDRGENG

SPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDK

GETGERGAAGIKGHRGLEKRDGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPG

HPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAA

GIKGHRGLEKR 
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When 3A5D15D-5 entered the protein secretion pathway constituted by the endoplasmic 

reticulum and the trans-Golgi network via transcription and translation, the Kex2 enzyme 

cleaved 3A5D15D-5 between KR and D in each KRD sequence into identical small protein 

sequences as shown in SEQ ID NO: 46: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAG APGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGLEKR 

The two amino acids at the carboxy-termini (KR) were cleaved and removed by the CPB 

protease. A final secreted product was a fragment of 100-amino acid recombinant small 

collagen (designated 3A5D15D), which was the typical G-X-Y triplet collagen sequence, as 

shown in SEQ ID NO: 47: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAG PAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGLE 

(7) Similarly, using other cleavage sites could also achieve the same effect as 3A5D15D. 

The enzyme cleavage site region sequence was designed as KREA to create a tandem repeat 

sequence, which was repeated 5 times and named 3A5D15E-5, with a total of 520 amino 

acids. A sequence thereof was as shown in SEQ ID NO: 48. 

 

EADGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGD

RGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGLEKREADG

NPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPA

GPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGLEKREADGNPGSDGLP

GRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGP

AGSRGAPGPQGPRGDKGETGERGAAGIKGHRGLEKREADGNPGSDGLPGRDGSPG

GKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAP

GPQGPRGDKGETGERGAAGIKGHRGLEKREADGNPGSDGLPGRDGSPGGKGDRGE

NGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRG

DKGETGERGAAGIKGHRGLEKR 

When 3A5D15E-5 entered the protein secretion pathway constituted by the endoplasmic 

reticulum and the trans-Golgi network via transcription and translation, the Kex2 enzyme 

cleaved 3A5D15E-5 between KR and EA in each KRD sequence into identical small protein 
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sequences as shown in SEQ ID NO: 49: 

EADGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGD

RGESGPAGP AGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGLEKR 

The two EA amino acids at the amino-termini were cleaved and removed by the Ste 13 

protease, while the two amino acids at the carboxy-terminus (KR) were cleaved and removed 

by the CPB protease. A final secreted product was a fragment of 100-amino acid recombinant 

small collagen (same as the sequence obtained after expression and cleavage of 3A5D15D, 

designated 3A5D15E), which was the typical G-X-Y triplet collagen sequence. A sequence 

thereof wasas shown in SEQ ID NO: 50: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAG APGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGLE 

(8) Referring to the amino acid sequence of 3A5D1NT, the repeat tandem sequence was 

designed and repeated 6 times and designated as 3A5D15R-6, with a total of 570 amino acids. 

A sequence thereof wasas shown in SEQ ID NO: 51:  

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKRDGNPGSDGLPGRDG

SPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSR

GAPGPQGPRGDKGETGERGAAGIKRDGNPGSDGLPGRDGSPGGKGDRGENGSPGAP

GAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGE

RGAAGIKRDGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGK

SGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKRDGNPGSDGL

PGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPG

PAGSRGAPGPQGPRGDKGETGERGAAGIKRDGNPGSDGLPGRDGSPGGKGDRGEN

GSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGD

KGETGERGAAGIKR 

When 3A5D15R-6 entered the protein secretion pathway constituted by the endoplasmic 

reticulum and the trans-Golgi network via transcription and translation, the Kex2 enzyme 

cleaved 3A5D15R-6 between KR and D in each KRD sequence into identical small protein 

sequences as shown in SEQ ID NO: 52: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG



46 

ESGPAG PAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKR 

The two amino acids at the carboxy-termini (KR) were cleaved and removed by the CPB 

protease. A final secreted product was a fragment of 93-amino acid recombinant small 

collagen (designated 3A5D15R). A sequence thereof was as shown in SEQ ID NO: 53: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAG APGPAGSRGAPGPQGPRGDKGETGERGAAGI 

(9) Referring to the amino acid sequence of 3A5D1NT, the repeat tandem sequence was 

designed and repeated 6 times and designated as 3A5D15KR-6, with a total of 582 amino 

acids. A sequence thereof was as shown in SEQ ID NO: 54: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGKRDGNPGSDGLPGR

DGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAG

SRGAPGPQGPRGDKGETGERGAAGIKGKRDGNPGSDGLPGRDGSPGGKGDRGENG

SPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDK

GETGERGAAGIKGKRDGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPG

PVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGKR

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESG

PAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGKRDGNPGSDGLPGRDGS

PGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRG

APGPQGPRGDKGETGERGAAGIKGKR 

When 3A5D15KR-6 entered the protein secretion pathway constituted by the 

endoplasmic reticulum and the trans-Golgi network via transcription and translation, the 

Kex2 enzyme cleaved 3A5D15KR-6 between KR and D in each KRD sequence into 

identical small protein sequences as shown in SEQ ID NO: 55: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAG APGPAGSRGAPGPQGPRGDKGETGERGAAGIKGKR 

The two amino acids at the carboxy-termini (KR) were cleaved and removed by the CPB 

protease. A final secreted product was a fragment of 95-amino acid recombinant small 

collagen (designated 3A5D15KR). A sequence thereof was as shown in SEQ ID NO: 56: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG
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ESGPAGPAG APGPAGSRGAPGPQGPRGDKGETGERGAAGIKG 

(10) Referring to the amino acid sequence of 3A5D1NT, the repeat tandem sequence 

was designed and repeated 6 times and designated as 3A5D15EKR-6, with a total of 576 

amino acids. A sequence thereof was as shown in SEQ ID NO: 57: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIEKRDGNPGSDGLPGRD

GSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGS

RGAPGPQGPRGDKGETGERGAAGIEKRDGNPGSDGLPGRDGSPGGKGDRGENGSPG

APGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGET

GERGAAGIEKRDGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGP

AGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIEKRDGNPG

SDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPA

GAPGPAGSRGAPGPQGPRGDKGETGERGAAGIEKRDGNPGSDGLPGRDGSPGGKGD

RGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQG

P RGDKGETGERGAAGIEKR 

When 3A5D15EKR-6 entered the protein secretion pathway constituted by the 

endoplasmic reticulum and the trans-Golgi network via transcription and translation, the 

Kex2 enzyme cleaved 3A5D15EKR-6 between KR and D in each KRD sequence into 

identical small protein sequences as shown in SEQ ID NO: 58: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAG APGPAGSRGAPGPQGPRGDKGETGERGAAGIEKR 

The two amino acids at the carboxy-termini (KR) were cleaved and removed by the CPB 

protease. A final secreted product was a fragment of 94-amino acid recombinant small 

collagen (designated 3A5D15EKR), which was the typical G-X-Y triplet collagen sequence. 

A sequence thereof was as shown in SEQ ID NO: 59: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAG APGPAGSRGAPGPQGPRGDKGETGERGAAGIE 

(11) Referring to the amino acid sequence of 3A5D1NT, the repeat tandem sequence 

was designed and repeated 6 times and designated as 3A5D15G-6, with a total of 576 amino 

acids. A sequence thereof was as shown in SEQ ID NO: 60:  
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DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIGKRDGNPGSDGLPGRD

GSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGS

RGAPGPQGPRGDKGETGERGAAGIGKRDGNPGSDGLPGRDGSPGGKGDRGENGSP

GAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGE

TGERGAAGIGKRDGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVG

PAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIGKRDGNP

GSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGP

AGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIGKRDGNPGSDGLPGRDGSPGGK

GDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGP

QGPRGDKGETGERGAAGIGKR 

When 3A5D15G-6 entered the protein secretion pathway constituted by the endoplasmic 

reticulum and the trans-Golgi network via transcription and translation, the Kex2 enzyme 

cleaved 3A5D15G-6 between KR and D in each KRD sequence into identical small protein 

sequences as shown in SEQ ID NO: 61: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAG APGPAGSRGAPGPQGPRGDKGETGERGAAGIGKR 

The two amino acids at the carboxy-termini (KR) were cleaved and removed by the CPB 

protease. A final secreted product was a fragment of 94-amino acid recombinant small 

collagen (designated 3A5D15G), which was the typical G-X-Y triplet collagen sequence. A 

sequence thereof was as shown in SEQ ID NO: 62: 

DGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAGKSGDRG

ESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIG 

Besides one region from a human type-III collagen or a human type-XVII collagen 

being taken as the basis to design a tandem repeat sequence, sequences spliced by two or 

more regions from a human collagen sequence could also be used as monomers for tandem 

repeat. This method could also be applicable to the tandem repeat expression system 

described in the present disclosure (including the tandem repeat expression sequence design 

method and chassis cell usage) as well as a monomer expression system. 

(12) Referring to several distinct functional regions of the human type-III collagen 
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sequence (as per the protein sequence with ID P02461 in the Uniprot database, 

https://www.uniprot.org/uniprotkb/P02461), the amino acid sequences at positions 880-915, 

949-966, 1012-1038, and 1060-1074 were combined to design the recombinant 

small-molecule collagen. A total of 96 amino acids could be used for was a tandem monomer. 

A sequence thereof was as shown as SEQ ID NO: 63: 

GPPGPAGNTGAPGSPGVSGPKGDAGQPGEKGSPGAQGPQGVKGESGKPGANGL

SGENGSPGA PGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGET 

Therefore, the repeat tandem sequence was designed and repeated six times and 

designated as 3A5D16M-6 with a total of, 500 amino acids. A sequence thereof was shown in 

SEQ ID NO: 64:  

EAGPPGPAGNTGAPGSPGVSGPKGDAGQPGEKGSPGAQGPQGVKGESGKPGAN

GLSGENGSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKREAGPPGPAG

NTGAPGSPGVSGPKGDAGQPGEKGSPGAQGPQGVKGESGKPGANGLSGENGSPGAP

GAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKREAGPPGPAGNTGAPGSPGVSG

PKGDAGQPGEKGSPGAQGPQGVKGESGKPGANGLSGENGSPGAPGAPGHPGPPGPV

GPAGKSGAPGPQGPRGDKGLEKREAGPPGPAGNTGAPGSPGVSGPKGDAGQPGEKG

SPGAQGPQGVKGESGKPGANGLSGENGSPGAPGAPGHPGPPGPVGPAGKSGAPGPQ

GPRGDKGLEKREAGPPGPAGNTGAPGSPGVSGPKGDAGQPGEKGSPGAQGPQGVK

GESGKPGANGLSGENGSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKR 

When 3A5D16M-6 entered the protein secretion pathway constituted by the 

endoplasmic reticulum and the trans-Golgi network via transcription and translation, the 

Kex2 enzyme cleaved 3A5D16M-6 between KR and EA in each KREA sequence into 

identical small protein sequences as shown in SEQ ID NO: 65:  

EAGPPGPAGNTGAPGSPGVSGPKGDAGQPGEKGSPGAQGPQGVKGESGKPGAN

GLSGENGSP GAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKR 

The two EA amino acids at the amino-termini were cleaved and removed by the Ste 13 

protease, while the two amino acids at the carboxy-terminus (KR) were cleaved and removed 

by the CPB protease. A final secreted product was a fragment of 96-amino acid recombinant 

small collagen (designated 3A5D16M). A sequence thereof was as shown in SEQ ID NO: 66: 

GPPGPAGNTGAPGSPGVSGPKGDAGQPGEKGSPGAQGPQGVKGESGKPGANGL
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SGENGSPGA PGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLE 

(13) Referring to the two functional regions of the human type-III collagen sequence 

(based on protein sequence ID P02461 in the Uniprot database, 

https://www.uniprot.org/uniprotkb/P02461), namely, the amino acid sequences at positions 

1060-1074 and 1015-1038 were combined. A total of 39 amino acids could be used for 

monomer expression. A sequence thereof was shown in SEQ ID NO: 67: 

GSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGET 

Therefore, the repeat tandem sequence was designed and repeated 12 times and 

designated as 3A5D15M-12, with a total of 516 amino acids. A sequence thereof was shown 

in SEQ ID NO: 68: 

EAGSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKREAGSPGAPGA

PGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKREAGSPGAPGAPGHPGPPGPVGPAG

KSGAPGPQGPRGDKGLEKREAGSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGD

KGLEKREAGSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKREAGSPGA

PGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKREAGSPGAPGAPGHPGPPGPVG

PAGKSGAPGPQGPRGDKGLEKREAGSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGP

RGDKGLEKREAGSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKREAGS

PGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKREAGSPGAPGAPGHPGPPG

PVGPAGKSGAPGPQGPRGDKGLEKREAGSPGAPGAPGHPGPPGPVGPAGKSGAPGP

QGPRGDKGLEKR 

When 3A5D15M-12 entered the protein secretion pathway constituted by the 

endoplasmic reticulum and the trans-Golgi network via transcription and translation, the 

Kex2 enzyme cleaved 3A5D15M-12 between KR and EA in each KREA sequence into 

identical small protein sequences as shown in SEQ ID NO: 69: 

EAGSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLEKR 

The two EA amino acids at the amino-terminus were cleaved and removed by the Ste 13 

protease, while the two amino acids at the carboxy-terminus (KR) were cleaved and removed 

by the CPB protease. A final secreted product was a fragment of 39-amino acid recombinant 

small collagen (designated 3A5D15M). A sequence thereof was as shown in SEQ ID NO: 70: 

GSPGAPGAPGHPGPPGPVGPAGKSGAPGPQGPRGDKGLE 
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An artificially designed non-natural collagen sequence could theoretically also be 

applied to a repeat tandem expression system of the present disclosure. The principle was as 

described above and will not be repeated here. 

Construction of a recombinant expression vector of the repeat tandem expression 

system and identification of expression efficiency:  

In this embodiment, based on the design of the chassis cell and the above amino acid 

sequence, the expression vector used for the recombinant small-molecule collagen was not 

restricted, as long as the selected expression vector had a signal peptide sequence capable of 

importing the translated protein into the endoplasmic reticulum. Commonly used expression 

vectors such as pPICZαB, pFLDα, and pPIC9K were suitable. Construction based on other 

expression vectors with similar functions were also in the scope of protection of the present 

disclosure. Similarly, a DNA sequence for encoding the corresponding recombinant 

small-molecule collagen may be optimized. As long as the final encoded amino acid 

sequences remained identical, such optimization fell in the scope of protection of the present 

disclosure. 

A DNA sequence for encoding 3A5D29N-9 was shown in SEQ ID NO: 71: 

gaagctggaaagtccggcgaccggggagagtcagggcctgcagggcctgctggtgccccaggaccggccggcagtaga

ggtgctcctggtcctcaaggaccacggggcgacaaaggtgaaacaggtgaacgaggtgcggcaggtataaaagggcacagaggg

ctagaaaagcgggaagcaggaaaaagtggcgatcgcggggaatcaggtcccgcggggccggcgggtgcgcccggaccggcgg

ggtccagaggtgcccctggaccgcagggacctcggggtgacaaaggtgaaactggggaaaggggggctgcgggcataaaggga

caccgcggactcgagaagagagaggcaggtaaaagtggggatagaggcgaatctggtccggcaggaccagcgggcgcccccgg

tcctgctggatcacgaggtgccccgggtccgcaaggtcctaggggtgacaaaggcgagacgggcgaacgaggggcagcaggaat

taaaggccaccgagggctggagaagcgggaagcaggtaaatcaggagataggggggaaagcggaccggccggacccgctggt

gcgccgggacctgctggatcgagaggtgcaccgggtccccaagggcctcgtggagataaaggggagaccggggagcgcgggg

ctgcagggattaagggacaccgcggcttggagaagcgagaggctggtaaaagcggcgaccgcggcgaatcgggtccggcgggt

cccgcgggcgcacctgggcctgctgggtctaggggagcgccagggcctcaaggtcctcgcggtgacaagggagaaacaggcga

gcgtggggcagcgggcattaaaggtcatcgtgggttagaaaagcgtgaggctggcaaatctggcgatcgcggggagagcggtcca

gcaggtccggctggtgctccaggtccagctggtagccgtggcgccccaggtcctcaaggtcctcgtggcgacaaaggggagaccg

gcgagcgtggagcggcaggcatcaaaggtcatcgtggacttgaaaagagggaggcgggaaagtcgggcgatcggggtgaatccg

gcccagcgggtcctgctggagccccaggccccgctggatcgcggggcgcacctggcccccaaggaccgcgtggggataaaggg
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gagactggcgagagaggcgccgccggaatcaaaggtcaccggggattagaaaagagggaggcagggaagtcgggtgatcgagg

cgaatcaggtcctgctggacccgctggcgcgccgggtcctgctggtagcagaggagcccctgggcctcaaggcccgaggggtgat

aagggtgaaaccggagaacgaggcgccgctggtataaagggacatcgtggactcgagaagcgagaagcggggaaaagtgggga

cagaggagagtctggtcctgccggacccgccggtgctcctggtccagcaggctcccgcggcgcgcctggtccgcaaggtcctagg

ggagacaaaggagaaacgggcgagcgaggcgccgccgggatcaaggggcatcgggggttggagaagaggtaa 

A DNA sequence for encoding 17S28-8 was shown in SEQ ID NO: 72: 

gaggccggtgtacccggaagcgtggggccgaagggcagctcgggttcaccaggcccacaggggccaccaggcccggta

ggcctacaaggtttgcgcggtgaggtggggttacccggagtaaaaggtgataaggggcctatggggcctcccggtcctaaaggcga

ccagggtgaaaagggtccgcggggactggagaaaagagaagcgggtgttccagggtcggttggtcctaagggaagttcgggttctc

cggggccgcaaggtcctccaggtcccgtcggtttacagggcctacgtggagaagtcggactccccggagttaagggcgataaggg

acccatgggtcctcctggtcccaaaggtgaccaaggcgagaaaggcccaaggggactcgagaagcgggaagcgggagtccctgg

ctccgttggccctaagggaagttccggaagtccgggaccgcaaggtcctcctggccctgtcggcctccaaggtttgaggggagaggt

tggactccccggcgtcaagggcgacaaaggccctatggggccacctgggcctaagggcgaccaaggcgagaaaggccctcgcg

ggcttgagaagcgtgaagctggagtgcctgggtcagtaggcccaaaaggatcgtccggatcaccgggacctcaggggccaccggg

tcctgtaggtctacagggcctcaggggcgaggtaggtttacctggagtcaagggagataagggacctatggggccgccaggtccga

aaggcgatcaaggggaaaaagggcctcgtggactagaaaaacgtgaggcaggcgtccctggatcggttggtcctaaaggttcttca

ggtagtcccggtccccagggacctcccgggccggtagggctacagggcttacgaggggaggtgggcctcccaggggttaaaggg

gataaaggtcctatgggtcctccgggtccaaaaggtgatcagggtgagaagggtcctcgtgggctggaaaagagagaagcaggtgt

tccaggctctgttggaccgaaggggtcttctggaagccctggtcctcaaggtcctcctggtccggtcggacttcagggattgcgaggc

gaggtaggtctgcccggggttaagggtgacaaagggccaatgggaccgccagggccgaaaggcgaccaaggtgaaaaaggccc

tcgaggtctggaaaaaagagaagctggagtaccagggagcgtcggccccaaaggaagttcggggtcccctggaccgcaagggcc

accaggtcccgtagggttacaaggtctgcggggggaggttgggcttcccggagttaaaggtgataagggaccaatgggtcctcccg

gtccaaagggtgatcaaggagagaaaggaccgcgcgggctagaaaagagggaggccggtgtcccaggtagcgttggtcctaagg

gcagctcaggctccccaggaccccaagggccgccggggcctgtggggttgcaaggtttgcgaggagaagtgggccttcccggggt

gaagggggacaagggacctatgggaccacccggtcccaaaggtgaccagggtgaaaagggtcctcgtggacttgaaaaaagataa 

A DNA sequence for encoding 17S1N6-6 was shown in SEQ ID NO: 73: 

gaagcgggacctcccggcagtggtgaaaagggcgaacgaggcgcagccggagagcctggacctcatgggcctccgggc

gtcccgggaagtgttggtcctaaaggtagctccggatctccaggtccacagggaccacctggcccggtaggccttcaaggactgaga

ggtgaggtcggccttccaggcgtgaagggcgataaaggtcctatgggtccacctggacccaagggagatcagggggagaaaggg

ccgaggggcttagaaaaacgcgaagcagggcctcctgggagcggagaaaagggcgagcgcggagccgcaggcgagccaggtc
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ctcatggtcctccaggagtgcctgggtccgtcggcccaaaggggtcttctggttcgcctgggcctcaaggaccaccaggtcccgttgg

tttgcagggtctgcgtggagaagtgggccttccgggagttaagggcgacaagggtcctatggggcctccggggccgaagggcgatc

agggcgaaaaaggcccccgcgggttagaaaaaagagaggcaggaccacccggctcaggtgagaagggtgaaagaggagccgc

tggggagccaggaccacacggcccccccggagtcccgggatctgttggacccaaaggttcttctgggagcccgggtccccaggga

ccgccaggcccagtaggtctacaaggactcagaggggaggtgggtctaccgggggtcaaaggagataagggtcctatgggtcctc

ccggtccaaaaggggaccaaggagagaagggacctcggggtttggaaaaacgggaagctggtcctcccggtagcggtgagaaag

gcgagcgaggtgctgctggggaaccggggccacacggtcctcctggcgtgcccggctcggtcggacctaaaggttcttctggttctc

cgggtcctcaggggccgcctggtcctgtcgggcttcaaggtctccgcggtgaggttgggctccccggtgtcaagggagacaaaggg

ccgatggggccgccaggtcccaagggagaccagggagaaaaaggtcctcgtgggttagaaaaacgggaggcgggaccgcctgg

ttccggcgagaagggggaacgaggcgcggccggggaaccaggaccccatggaccgccaggtgttccggggtccgtaggtccga

aaggctcatcgggttcgcctggcccacaaggaccaccaggcccagtgggcctacaaggtctgaggggggaagttgggctccctgg

cgtaaagggagacaaagggccgatgggtcctcctggacccaaaggtgaccaaggagaaaaaggtccgaggggcttagagaaacg

tgaagcaggtccgccaggttcaggtgagaagggggaacgtggagctgccggggagcctggcccgcacggccctcccggcgttcc

cggctcagttggaccaaagggatcgagtggaagtcctggtcctcaaggcccacctggtccagtaggtctacagggcttgagggggg

aggtaggactgccgggcgtaaagggcgataagggtcccatgggtcctccagggcctaaaggtgatcagggggagaagggtcccc

gagggttggagaagcggtaa 

A DNA sequence for encoding 17S1N7-7 was shown in SEQ ID NO: 74: 

gaggcaggtcctccgggttctggtgagaagggcgaaaggggagctgcgggagaacctggcccacatggtcctcctggtgta

cccgggtcggttggtcctaaagggtcttcaggctcccccggtccccagggaccaccgggtcctgttggtctccagggcctgcgaggg

gaggtgggacttccgggagtcaaaggagacaaaggtcctatgggtcctcctggtcctaaaggcgatcagggtgaaaagggaccgc

gaggcaagagagaggctggtcctcccggaagcggtgagaagggtgagcgaggggctgctggagagccaggtccacacggacct

cccggtgttcccggcagcgtaggcccaaaagggtcgtctgggtccccggggccacaaggtccccctggacccgtagggttgcaag

gcctacggggagaagtaggattaccgggtgtgaagggcgacaaaggtcctatgggaccccccggtcccaagggtgatcagggtga

gaagggtccgaggggtaaacgcgaagctggtccaccaggatctggcgaaaagggagaacgtggtgctgcgggagagcctgggc

cacacggtcccccgggagtacctgggagtgttgggccgaagggcagtagtggctcaccggggccgcaaggcccccccggaccg

gtaggactacaaggcttacggggggaggtaggtcttcctggggtgaagggggataaaggtcctatgggaccacccggcccaaaag

gggaccagggagagaaagggccacgcggaaaaagggaggcaggcccaccggggtcgggtgaaaagggtgaacgcggagcg

gcgggggaaccggggcctcatgggccaccgggcgtgccaggttcggttggtcctaagggttcaagcggatctccaggcccgcagg

gacctcctggacccgttgggcttcagggactgcgtggcgaggtcggtctgcccggcgtcaagggagacaagggtcctatgggtcct

ccgggtccaaagggagatcagggtgagaagggacccagagggaaaagagaagctggccctccggggtccggggagaaggggg
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aacgtggggcagccggtgagccgggacctcacggcccaccaggcgtgcctgggtccgttggcccaaaggggtcctcgggctcgc

caggccctcagggaccaccgggtccagtcggattacaaggtttgcggggagaggttgggctccctggagttaaaggtgacaaaggc

cctatgggtcccccgggtcctaaaggcgaccaaggcgaaaaaggaccgagagggaaacgtgaagcaggtccacctgggtcaggt

gagaaaggcgagcgcggggccgccggggaaccggggccacacggtcctcctggcgtccccggcagcgtcggcccgaaaggaa

gttctggaagtccgggaccacagggtccgcccggtcctgtagggctacaaggtttaagaggcgaagtgggactccctggcgtgaaa

ggtgacaaaggccccatgggaccaccaggtcctaaaggggatcagggagaaaaggggcctaggggtaaacgagaggcaggtcc

ccccgggagcggagaaaagggtgagcgaggggccgccggtgaaccaggcccgcatggtccaccaggcgtccccggatcagtcg

gaccaaaaggcagttctggctcacctggaccgcaaggtccgcctggacctgtaggacttcaaggcctgcgtggtgaagttgggttgc

ctggggttaagggggataagggtcctatgggtccccctgggccaaaaggggatcaaggcgaaaagggtccccggggaaaaaggt

aa 

A DNA sequence for encoding 17S1NK-7 was shown in SEQ ID NO: 75: 

gaagcaggtccgccagggagcggtgaaaaaggagaacgcggagcggcgggcgagccaggcccgcacgggccgcccg

gtgttcccggctctgttggaccgaaaggtagttctggttcacccggacctcaaggtcctcctgggcctgttggacttcaggggcttagag

gtgaggtcggactccctggtgtgaaaggggataaagggcctatgggtcctcctgggccaaaaggggaccagggagagaagggga

agagggaggctggtcctccaggatcgggggaaaaaggagaacgtggagctgccggcgagccggggccacacggtccaccggg

cgtccccgggtccgtgggacccaagggctcatcaggatcgccaggaccgcagggtcctccaggtcctgttgggttgcaggggttac

gtggagaagtgggtctccccggtgttaaaggtgacaagggtcccatgggaccccccggtcctaaaggagaccaaggagagaaagg

taaacgagaggccgggccacctgggtccggcgagaagggcgaacgtggtgccgctggcgagcccgggcctcacggtccaccgg

gagtgcccgggtcagtaggcccgaaaggaagttccggaagtccaggtcctcaaggtcccccgggacctgtaggcctgcaagggttg

cgtggtgaggtcggtctccctggggttaagggtgacaaaggtcctatgggtcctcccggacctaaaggggatcaaggggaaaaagg

aaaacgagaggctggaccaccaggttctggcgaaaaaggtgagcgaggcgccgcgggcgaacccggcccgcatggccccccag

gcgtaccaggctctgtgggtccgaagggctcgagcggttcacctggacctcaagggccacctggaccggttgggctacaaggccta

cggggggaggtgggactaccgggcgtcaaaggtgacaaaggcccgatgggaccaccaggccctaagggagatcagggcgaga

agggtaagagagaagcaggaccgccgggaagcggcgaaaaaggtgagcgcggagcagcaggggaacccgggccgcatggtc

cccctggcgtacctggtagcgttggtcctaaagggtcgtcgggttccccaggtcctcagggtccccctggtcctgtcggtctgcaagg

gttaaggggggaagtaggattaccgggcgtgaaaggagataaaggtcctatggggccacctggtcctaagggcgaccagggtgag

aagggtaagcgcgaagctggcccgccgggtagtggtgagaaaggcgagcggggggcagcgggcgaaccaggtcctcatggtcc

tcctggtgtgccaggctccgtcggccctaagggatctagcggaagcccgggtccgcagggaccaccaggtcctgttggccttcaag

ggttgagaggtgaagtcggcttaccaggggtcaaaggtgataaaggcccgatgggtccacctgggcctaagggggatcaggggga

gaagggaaagcgggaagccggtccccccggaagtggagaaaagggggagaggggggctgcaggtgaacctgggcctcacgga
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ccaccgggtgttccaggatcagttggacccaagggtagttcgggatctcctggccctcaaggcccccctggtcctgtaggacttcaag

ggctgcggggggaggtaggtctccctggtgtcaaaggagacaaaggaccgatgggtcctcctggtcctaagggagatcaaggaga

aaaagggaagcgctaa 

A DNA sequence for encoding 3A5D15D-5 was shown in SEQ ID NO: 76: 

gatgggaacccggggtcggacggcctgccgggtcgcgacggctcaccaggtggcaaaggcgaccgtggtgagaatggat

ctccgggagcacccggtgcccctggacatcctggtccccccgggcctgtcggtcctgctggcaagtcgggtgatagaggagaatcc

gggcctgccggtcctgctggggcaccagggccagcaggaagccgtggggctcccggtcctcaaggtccccggggggacaaggg

tgagaccggagaacgcggagctgcgggaatcaaggggcatcgcggcttagagaaacgtgatggcaacccgggctctgacgggctt

cccggtcgggacggcagccccggtgggaaaggtgatcgaggggaaaacggctcgcctggggctccaggtgcccccggccaccc

tggaccgccaggtcctgtcggccctgccggtaagagcggagatcgaggtgaatcaggacctgccggcccagccggtgctcctggtc

cagctggaagccgtggtgctcccggcccgcagggtcctcgtggcgataaaggcgagacgggtgaacggggcgcagccggaatta

aaggacacagaggtcttgaaaagagggatggaaacccaggctcagatggtctaccaggcagggacgggtcacccggaggaaagg

gtgatcggggcgaaaacggctccccgggagcgccaggtgcccctgggcatcccgggccacccggaccggtgggtcccgcaggg

aaatcgggggataggggcgagtctggaccagcggggcctgcgggagcacctgggccagcaggtagtaggggggcgccgggtcc

gcaagggccacggggcgacaaaggggagactggcgagaggggggctgccggcatcaagggccaccgcggcctagaaaagag

agacggcaatcctggttctgacggattgcctggtcgagatggttctcctggtggaaagggggatagaggggagaatggatctcctgg

cgccccaggtgcgccggggcatccaggcccgcccgggccggttggaccagcgggtaaatcgggcgacaggggggaaagcggt

cctgcaggaccagcgggcgcaccggggcctgctgggagtagaggcgctccaggtccgcaaggtccccgaggggacaagggcg

aaactggggagcgtggtgcggccggcataaagggacaccgaggactcgaaaaacgcgatggaaatcccggctccgacggactcc

ctgggcgggatggcagtcccggaggtaagggagacagaggcgagaatggaagtcctggggcgcctggcgctccgggacatcca

gggccacccggaccggtaggaccggcaggaaaatccggtgaccgcggcgagtcaggtcccgcaggaccagcgggtgcacctgg

gccggcgggtagtcgtggggctcccgggccgcagggtccgagaggtgataagggagagacaggagaacgcggtgccgccggc

attaaagggcaccgaggcctggagaaacgataa 

A DNA sequence for encoding 3A5D15E-5 was shown in SEQ ID NO: 77: 

gaagccgatggtaacccaggaagtgatggcctcccggggcgcgacggttctcctggcggaaaaggcgatcgtggagaaaa

tgggtcgccaggtgccccgggagcgcccgggcatcctggtccaccaggcccggttggtcctgcagggaagagtggggaccgcgg

agagtcgggtccagcgggacctgcaggcgctcctggcccagccggcagtcgcggtgcccctgggccacagggtcccagaggag

acaagggggaaaccggggaaagaggagctgctggaataaagggacaccgggggctagagaaaagggaggccgacgggaacc

caggatcagacggtctgccgggtcgggatgggagccctggcggaaaaggggatagaggcgaaaacggtagtccgggggcgcct

ggagcacccggccacccaggtcctcctggaccagttggtccggcaggtaaatccggggatcgcggcgagagcggccccgctgga
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cctgcgggggcgccaggcccggcgggatcgcgaggtgcccctggtccgcaggggccgcgtggcgataagggtgagacaggtga

gcggggagccgcgggcatcaaaggtcataggggcttagagaagcgtgaagcagatggaaatcccggatctgatggactgccggg

acgagatggctcccctgggggcaaaggcgacagaggagaaaatggttcaccgggcgcaccaggtgctccaggccatccaggtcc

ccccggcccagttggtcctgctggcaaaagtggagacagaggtgagtcgggacccgctgggcctgcgggagcaccaggtccggc

cggctcgcgcggtgctccaggcccccagggtccgcggggcgataagggcgagacaggagagcggggagccgcaggtattaaag

ggcatcgaggtttggagaaacgtgaagcagacggaaacccgggttcagatggactaccaggccgtgacggcagcccggggggaa

agggtgaccgaggtgaaaacggttctcctggagcccccggtgccccggggcatcctgggcctccaggccccgtaggacccgcag

gcaaatctggggaccgaggggaaagcggccccgctggtcctgcgggcgcccccggtcccgcgggttctcgtggtgcacctggccc

ccaaggtcctaggggtgacaagggggaaacgggggagcgtggggcagctgggataaaaggccaccggggtcttgaaaaacgcg

aggcggatgggaatccgggaagcgacggcttaccgggacgggacggctcacccggggggaagggtgatcgcggggagaatggt

tcccccggtgctcctggggctcctgggcaccctggtccgcctggtcccgtcggaccggcagggaaatcaggggacagaggggaat

ccggacctgctggtcctgccggggctcccggtcctgctggttctcgtggagcccctggtcctcaagggccaaggggtgataagggtg

aaactggcgagaggggagctgcagggatcaagggccaccgaggactcgaaaagaggtaa 

A DNA sequence for encoding 3A5D15R-6 was shown in SEQ ID NO: 78: 

gacggaaatcccggaagcgacggtcttcccggaagggatggctcccctggcgggaaaggtgatcgcggcgaaaacgggtc

tcccggcgcgcccggcgccccgggccaccctgggccacctggtccggttggtcctgctggcaaatcaggtgaccgtggggaatcg

gggccagctggtcctgctggggcgccaggacccgcaggcagtcgtggcgcgcccgggcctcaagggccacgaggtgataaggg

agagaccggcgagaggggggcggctggaatcaaacgggacggtaatcccggttcagacggcctcccgggacgcgacggctccc

cggggggtaaaggggatcgcggtgaaaacggatcgccaggtgcgccaggggcgcccggacaccctggtcctccggggcctgtc

ggcccggcaggcaagtctggcgacaggggcgagtctggtcctgcaggccccgcaggtgctcctggcccagcaggatcacgtggc

gcccccggaccacaggggccgagaggggataagggcgaaactggtgaacggggggcggctggaattaagagagatggtaatcc

cggtagtgatgggctaccgggacgagacggttcacccgggggtaagggagatcgaggtgagaatggcagtccaggcgcccctggt

gctcctgggcatcccggcccacccggtccggttggacccgcgggcaaatccggggaccggggggagagtggcccggccggtcct

gcgggtgccccgggaccagcgggaagtaggggggctccggggccacaaggtcctcgtggagataagggcgaaacaggtgaga

gaggagctgcagggattaagagggacggaaatcccgggtcggatgggttgcctggacgggatggtagccccggtggtaaaggag

accgaggcgaaaacggatctcccggtgcgcctggagccccaggtcacccggggccacctggtcctgtaggccctgcaggtaagtc

gggtgaccgcggagagagcggaccggccggtcctgcaggagcccctggacctgccggttcccggggagcaccaggcccccaag

gaccgagaggtgacaagggggagacaggtgagcgtggggctgctgggataaaaagagatggtaacccgggctctgatgggctgc

ctggaagggatgggagcccaggtggaaaaggagatcggggtgagaacggttctcctggagccccgggagcccccggccatccgg

ggccgccgggacctgtcggtcctgctggaaaatcaggcgatcgtggggaatcaggaccagctgggcctgctggagcaccggggc
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cagcagggagcagaggtgctcctggacctcagggaccgcgaggcgacaaaggggagacgggcgaacgcggtgcggcaggtat

aaaacgagacgggaacccaggctctgatggtttaccaggtcgtgacggctcgcctggaggcaagggagatcgcggtgaaaatggtt

cccccggtgctcctggagcgcctgggcatccggggcctccaggtccggtaggtccagcaggcaagagcggggacaggggagaat

ccggaccagctggtcctgccggagcgccaggccccgcaggaagtcgaggggctcctggtccccaaggtcctcgtggcgacaaag

gcgagaccggtgaacgcggcgctgcaggcatcaagagataa 

A DNA sequence for encoding 3A5D15KR-6 was shown in SEQ ID NO: 79: 

gacggtaaccctggaagtgacggattgccggggcgagacggttcacccggaggaaagggcgatcgcggcgaaaatgggt

caccgggcgctcctggggcaccagggcatccgggtccccccggtcctgttgggccggcgggtaagtctggtgatcgaggcgagtct

ggccctgcgggtcctgctggtgcacctggacctgccggatcgagaggggctccagggccgcaaggacctaggggtgacaaaggc

gaaacgggtgagcgaggagccgccggaattaaggggaaaagggatggcaaccccgggtccgatggcctgccaggacgcgatgg

gtcgcccggaggcaagggtgacagaggggagaatggctctccaggtgcaccaggtgccccggggcaccccggtccgcctggac

cagttggaccggcgggaaagtctggagatcgcggggagagtggaccggctggtcctgcaggggcaccgggtcccgctgggtctc

gcggagcgcctggcccccaaggacccagaggggataagggcgaaactggagagcgtggcgcggcaggaataaagggcaaacg

tgatggcaatccagggtcggacggacttcctggccgggacggttccccagggggaaagggtgacagaggcgaaaacggctcgcc

cggtgcgccaggggcgcctggtcatccggggcctccgggtccagtgggaccagccggaaaaagcggggatcggggggaatctg

gaccggctggaccagccggcgcaccaggccccgccggatcgaggggggcgcccggaccgcagggtcctagaggggataaagg

tgagaccggcgagaggggcgcagctgggataaagggtaagcgggacggtaaccccggctccgacggtctcccaggacgagacg

ggtcaccgggtggtaagggagaccgaggcgaaaatgggtcacctggtgcacccggcgcccctggacaccccggtcctcctggacc

agtgggacccgcagggaagagcggtgacagaggggagagtgggcctgcaggaccagctggcgctccgggaccggccggaagt

cggggtgctcccggcccccaagggcctagaggggataaaggtgagaccggggaacgtggcgcggccggtatcaagggcaaacg

cgacggcaacccaggttcggatggactaccagggcgagatggttcacctggcggtaaaggcgatcggggggaaaatggcagccc

cggtgctcctggagcaccgggtcatcctggtccgcctggtcctgttggaccggctgggaaatccggtgaccgcggagaatccggcc

cggccggtccggctggagcccctgggccggctggcagtcgtggcgcgcctggcccacagggtccgcgtggagataaaggggaa

acaggtgagaggggcgcagcgggaatcaaggggaaacgggatggcaacccggggagcgacgggttacccgggcgagacggtt

ccccaggaggcaagggcgatcgtggcgagaatggtagccccggtgctccaggagcacctggccacccagggccaccaggaccg

gtaggacccgctggtaaatcaggcgatcggggtgagagtggccctgcgggacccgcgggcgcccccggacctgccgggagccg

cggtgctcctggaccacaaggtcctaggggcgacaaaggtgaaacaggggaacgtggcgctgcggggattaaaggaaaaaggta

a 

A DNA sequence for encoding 3A5D15EKR-6 was shown in SEQ ID NO: 80: 

gacggaaaccctggctcggatggtcttccaggacgggatggcagtcccggcggaaaaggcgaccggggagaaaacggttc
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acccggtgctcctggagcaccaggacatcctgggccacccggccccgttggtccggcggggaaatcaggcgacaggggcgaaag

tgggcctgccgggcctgcgggagccccgggtccggcaggtagccgaggggcaccaggccctcaagggccacgaggtgacaag

ggagaaacaggcgaaaggggtgctgctggaatcgagaaacgtgatgggaatcccgggtcagacggcctaccgggacgggatgg

gtcccccggcggcaaaggggaccgaggggagaatggttcgcctggtgccccaggcgcgccgggtcatcctggtcccccgggacc

cgtcggtcctgctggcaaaagtggggatcgtggagaaagtggacctgccggacctgccggggctcctggtcctgctggatcgcgcg

gcgcaccaggacctcaaggtcctagaggagacaaaggggagacgggagaaagaggagctgcagggatagaaaaacgggatgg

gaatcctggaagcgatgggttaccaggcagggacggaagccccggcgggaagggggacaggggggagaatggttcaccaggtg

cgcccggagccccgggacatcccgggccgcctggtccggtagggcctgcaggtaaatccggtgatagaggagaatccggacctg

cggggccagccggagcgccggggccggcgggtagcaggggcgcaccgggacctcaagggccacggggtgataagggagaaa

ccggtgagaggggcgcggctggaattgagaagcgtgatggtaaccctgggtccgatggactgcccggccgagacggctcgcctgg

cggcaagggcgaccgcggcgagaatgggtctcccggtgctcctggtgctcctggacaccctggtcctcccggtccggtgggtcctg

ccggcaagagtggggacagaggggaatcggggccggctggaccggcgggtgcaccgggtcccgctggctcacgaggtgcgcc

ggggccacaaggcccacgcggcgataagggggagactggtgagcgtggagctgcaggaatcgagaagcgcgatggcaaccca

ggtagcgacggattgccaggtcgtgacggatctcctgggggtaagggtgatcgaggagaaaatggctcaccgggtgctcctggggc

gcccggccacccgggacctcctggtcctgtaggtcccgccggcaaatcgggcgaccggggtgagtctgggcctgcaggcccggc

cggtgccccaggtccagcagggtctcgtggcgcgcccggtccccagggtcctcgtggggataagggcgagacgggagaaagag

gtgcggcaggcatagaaaagcgcgatgggaaccctggatctgatgggctcccagggagagacggaagccccggcggaaaaggt

gatcggggcgaaaacggaagtccaggtgcgcccggagcacccggccacccaggtccacccggaccggttggtcccgctgggaa

atctggtgacagaggggagtccgggccagcagggccggccggcgcaccaggaccagctggttctcgtggtgcccctggacctcaa

ggtcctaggggggacaaaggcgagaccggggaacgcggtgcggctgggattgagaagcgctaa 

A DNA sequence for encoding 3A5D15G-6 was shown in SEQ ID NO: 81: 

gacggcaatcctggatctgacgggctgcctggccgtgacgggagcccagggggtaaaggcgaccgcggagaaaatggta

gccctggcgctcctggtgctcccggtcatcctggtcccccgggaccagtggggccggctggaaaaagcggtgaccgtggtgaatct

ggcccagcgggacctgcgggagcccctggtcctgccggttctcgtggcgcacccggacctcaaggtccgcggggtgataaaggcg

agacaggggagcgaggtgccgcaggcattggaaaaagggacggcaatccgggttcagacggcttgccaggaagggatggctcgc

cgggtggtaagggagacaggggagaaaacggttccccaggtgctcctggcgcacctggccaccctggtcctccggggcctgtagg

accagctggcaagagtggagatcgcggagagtctgggcctgcgggtccggcaggtgctcccggacccgccggatcacgcggtgc

tcctggaccgcaaggtccgcggggtgacaagggagagactggggagaggggtgcggcgggtattggtaagcgtgatggcaatcc

aggcagcgacggtctaccggggcgggatgggagtcccggtgggaagggggataggggtgagaacggctctccaggggctcccg

gtgcccctgggcatcctggtcctcctgggcctgtgggtcctgccggcaagtcaggggatcgaggcgagagtggtcctgctggtcctg



59 

ctggggcgccaggaccagcggggtctcgaggcgcccctggcccgcagggtccaagaggtgataagggggagaccggggaacg

aggagccgctgggatagggaagcgcgacggaaatcccgggagtgatgggcttccaggccgtgatggaagtcccggagggaagg

gagatcggggcgaaaacggttctcccggtgctcctggagcgcccggacaccccggcccaccaggccctgttgggccggccggga

aaagcggcgatcgtggcgaatctggtcctgcgggtccagctggtgctcctgggccggcaggttctcgtggtgcacccggaccgcag

ggacccagaggagataaaggggaaacgggtgagcgaggggcagcaggtatcgggaaaagggacggtaaccctggctccgatgg

cttaccggggcgagacggatcgccggggggtaaaggagaccggggagagaacggttcaccaggcgcacccggcgctccaggg

catcctgggccacccggcccagttggtcctgctggtaaatcgggggaccgaggcgaatcaggacctgcaggccctgcgggtgccc

ccggccccgctgggagtcgtggtgcacctgggccacaaggcccgcgcggcgacaagggggagacgggagagcgcggtgccgc

tggaatcggcaagagagatggtaaccccgggagcgacggactcccaggcagagatgggtccccgggcggcaaaggagacagag

gtgaaaatggatcacctggtgcgcctggtgctcctggacacccaggaccgccaggtccagtcggtcctgccgggaaatcgggtgatc

gtggtgaatccgggcctgcaggtcccgctggagcgccgggtcccgcagggtcgaggggcgcgccaggtccacaaggtcctcggg

gcgataagggcgaaacaggtgaaagaggcgcggccggcataggaaaaagataa 

The above DNA sequences SEQ ID NO: 71 to SEQ ID NO: 81 were synthesized by 

Nanjing GenScript Biotechnology Co., Ltd. A synthesized gene was cloned into a pPIC9K 

vector at position 1203 bp (i.e., the α-factor secretion signal/cleavage site 1203 between a 

checking sequence AAAGAAGAAGGGGTATCTCTCGAGAAAAGA) and an enzyme 

cleavage site Not I. Recombinant expression vectors pPIC9K-3A5D29N-9, pPIC9K-17S28-8, 

pPIC9K-17S1N6-6, pPIC9K-17S1N7-7, pPIC9K-17S1NK-7, pPIC9K-3A5D15D-5, 

pPIC9K-3A5D15E-5, pPIC9K-3A5D15G-6, pPIC9K-3A5D15EKR-6, 

pPIC9K-3A5D15KR-6 and pPIC9K-3A5D15R-6 were obtained. Other expression vectors 

suitable for Pichia pastoris, such as pPICZαB and pFLDα, exhibited similar effects to 

pPIC9K. 

The above recombinant expression vector plasmids (pPIC9K-3A5D29N-9, 

pPIC9K-17S28-8, pPIC9K-17S1N6-6, pPIC9K-17S1N7-7, pPIC9K-17S1NK-7, 

pPIC9K-3A5D15D-5, pPIC9K-3A5D15E-5, pPIC9K-3A5D15G-6, pPIC9K-3A5D15EKR-6, 

pPIC9K-3A5D15KR-6, and pPIC9K-3A5D15R-6), 10 μg each, were digested overnight at 

37°C with SacI (purchased from TaKara (Dalian)), and linearized. The linearized plasmids 

were then purified using a PCR Purification Kit (purchased from Sangon Biotech (Shanghai) 

Co., Ltd.), and the final volume was adjusted to approximately 10 μL. 

The linearized plasmids were electrotransformed into competent cells of the four chassis 
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engineered strains (HCPB-PPKEX2 strain with the deposit number of CGMCC No. 25815; 

RCPB-PPKEX2 strain with the deposit number of CGMCC No. 25817; HCPB-SCKEX2 

strain with the deposit number of CGMCC No. 25816; RCPB-SCKEX2 strain with the 

deposit number of CGMCC No. 25818). An electrotransformed strain culture was applied 

onto a MD plate. One MD plate was applied at every 100–200 μL, kept at a room temperature 

for 10 minutes, then inverted and incubated at 30°C for 2–5 days until a single colony (a 

positive transformant) appeared. 

2 mL sterile double-distilled water was added to the surface of a MD plate. A His+ 

transformant was gently scraped from the surface of the plate using a sterile triangular 

spreader and transferred into a 50 mL centrifuge tube. A strain suspension was diluted with 

sterile double-distilled water. 105 cells were applied onto a YPD plate containing 0.5 mg/mL 

G418, placed upside down and incubated at 30°C for 3–4 days until a single colony appeared. 

The colony was picked from a YPD plate into a sterile 96-well plate (200 μL YPD/well), 

mixed thoroughly, and incubated at 30°C for 48 hours.  A strain culture was mixed evenly 

in each well. 10 μL of the strain culture was put onto one new sterile 96-well plate, and 

incubated at 30°C for 24 hours, and then this procedure was repeated once more. After 24 

hours, 1 μL of the strain culture was taken out from a third 96-well plate to be dripped onto 

the YPD plates containing 1.0 mg/mL and 4 mg/mL G418, respectively, and continued 

incubating at 30°C for 96–120 hours. If Pichia pastoris transformants grew on plates 

containing a high concentration of G418, it indicates that the transformant could efficiently 

express an exogenous gene. A further screening step yielded a highly efficient recombinant 

yeast engineered strain. 

Subsequently, the chassis cell engineered strain expressing HCPB-PPKEX2 (the deposit 

number of CGMCC No. 25815) and the chassis cell engineered strain expressing 

RCPB-PPKEX2 (the deposit number of CGMCC No. 25817) were taken as expression host 

cells for description. 

The repeat tandem expression system of the present disclosure constructed the plurality 

of engineered strains expressing the recombinant small-molecule collagen. Engineered strains 

constructed using five chassis cell engineered strains expressing HCPB-PPKEX2 as 

expression host cells were deposited at China General Microbiological Culture Collection 
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Center with the corresponding strain deposit numbers: 

A strain expressing the recombinant small-molecule collagen 3A5D29N has a deposit 

number: CGMCC No.25819  

A strain expressing the recombinant small-molecule collagen 17S28 has a deposit 

number: CGMCC No.25821  

A strain expressing the recombinant small-molecule collagen 3A5D15D has a deposit 

number: CGMCC No.25827  

A strain expressing the recombinant small-molecule collagen 17S1N6 has a deposit 

number: CGMCC No.25829  

A strain expressing the recombinant small-molecule collagen 3A5D15E has a deposit 

number: CGMCC No.25828. 

The engineered strains constructed using two chassis cell engineered strains expressing 

RCPB-PPKEX2 as the expression host cells were deposited at China General 

Microbiological Culture Collection Center with the corresponding strain deposit numbers 

A strain expressing the recombinant small-molecule collagen 3A5D29N has a deposit 

number: CGMCC No.25820;  

A strain expressing the recombinant small-molecule collagen 17S28 has a deposit 

number: CGMCC No.25822  

The deposited address for the above engineered strains was as follows: No. 3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing. The deposited date for all was: 

September 26, 2022. Classification designation for all strains was Komagataella phaffii. 

A single colony grown on a high-concentration G418 plate were selected and transferred 

to a 100 mL conical flask containing a 10 mL BMGY medium and cultured at 28-30°C and 

220 rpm until OD600 reached 2-6 (16-18 h). The single colony was centrifuged at 1500–3000 

g for 5 minutes at a room temperature. A strain was collected and resuspended in a BMMY 

medium to an OD600 of approximately 2, and continued growth on a shaker at 28–30°C and 

220 rpm for 3 days. A 100% methanol was added to the medium every 24 hours to maintain a 

final concentration of 1.0%. 1 mL of a strain culture sample was collected at time points 

(sampling every 24 hours after induction), placed into a 1.5 mL EP tube, and centrifuged at 

12,000 rpm for 2–3 minutes. A supernatant was collected, added with a 5× loading buffer 
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(250 mM Tris-HCl, pH 6.8; 10% SDS; 0.5% bromophenol blue; 50% glycerol; 5% 

β-mercaptoethanol), heated in a 100°C metal bath for 10 minutes and subject to SDS-PAGE 

inspection. 

SDS-PAGE detection results were shown in FIGS 16-19. pPIC9K-3A5D29N-9, 

pPIC9K-17S28-8, pPIC9K-17S1N6-6, pPIC9K-17S1N7-7, pPIC9K-17S1NK-7, 

pPIC9K-3A5D15D-5, pPIC9K-3A5D15E-5, pPIC9K-3A5D15G-6, pPIC9K-3A5D15EKR-6, 

pPIC9K-3A5D15KR-6, and pPIC9K-3A5D15R-6 successfully and efficiently expressed the 

recombinant small-molecule collagen of corresponding sizes in two chassis cell engineered 

strains and were effectively secreted and expressed into the supernatant, with electrophoresis 

showing a single band. This indicated the achievement of the present disclosure’s design 

objective for the tandem repeat amino acid sequence of a small-molecule collagen. 

Specifically, a macromolecular protein expressing hundreds or more amino acid sequences (a 

tandem repeat structure of a small-molecule collagen monomer) could ultimately express and 

obtain the recombinant small-molecule collagen with identical sequences and a single band 

(the collagen exhibited a certain degree of electrophoretic migration delay during 

electrophoresis, resulting in an apparent molecular weight that appeared larger) in the chassis 

cell engineered strain. 

Lyophilized products of small-molecule collagens 3A5D29N, 17S28, 3A5D15D, and 

17S1N6 were enzymatically digested with trypsin. An enzymatically-digested-trypsin peptide 

fragment of the recombinant collagen was detected by Nano-HPLC-MS/MS (performed by 

Suzhou ProtTech Biotechnology Co., Ltd.), and the detected peptide fragment was subjected 

to sequence alignment (Uniprot database). As shown in FIGS 20 and 21, mass spectrometry 

inspection results indicated that the peptide fragments detected by the enzymolysis of the 

recombinant small-molecule collagens 3A5D29N, 17S28, 3A5D15D, and 17S1N6 and 

sequences covered by the peptide fragments all belonged to the relevant regions of the human 

collagen sequences selected during the design of the amino acid sequence, confirming 

successful expression of the recombinant small-molecule collagens. 

Lyophilized products of 3A5D29N and 17S28 were subjected to LC-MS analysis 

(capillary HPLC: Thermo Fisher Scientific Ultimate 3000; electrospray 

ionization-quadrupole time-of-flight mass spectrometer: AB SCIEX TripleTOF 5600 Mass 
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Spectrometer; chromatographic column: ACQUITY UPLC Protein BEH C4 Column) to 

obtain deconvoluted molecular weights thereof (contracted to Beijing Biotech Pack Scientific 

Co, Ltd.). Partial results were shown in FIG. 22 (deconvoluted molecular weight values were 

displayed with one decimal place, rounded as appropriate). 3A5D29N had a theoretical 

molecular weight of 4988.35 Da and a measured deconvoluted molecular weight of 4987.5 

Da. 17S28 had a theoretical molecular weight of 5861.60 Da and a deconvoluted molecular 

weight of 5833.92 Da. Considering potential glycosylation modification during protein 

expression, and detection errors, the measured deconvoluted molecular weights of the 

recombinant small-molecule collagens 3A5D29N and 17S28 were essentially consistent with 

theoretical values. 

Effect of the chassis cell engineered strain and validation of the expression system:  

The chassis cell engineered strain constructed in the present disclosure not only cleaved 

a long protein sequence into individual short collagen monomers but also performed a crucial 

additional function. That is, the chassis cell engineered strain cleaved the non-collagen amino 

acid sequences at both amino and carboxyl termini of these single short cleaved 

small-molecule collagen monomers. With expression examples of 3A5D29N-9 and 17S28-8 

in the chassis cell engineered strains RCPB-PPKEX2 and HCPB-PPKEX2, the expressed 

recombinant small-molecule collagens 3A5D29N and 17S28 were detected at the amino and 

carboxyl termini to verify the synergistic function of Kex2, Ste 13, and CPB enzymes in the 

chassis cell engineered strains. Beijing Biotech Pack Scientific Co., Ltd. was commissioned 

to sequence and validate the N-terminus (amino-terminus) and the C-terminus 

(carboxy-terminus) of a lyophilized product of the expression recombinant small-molecule 

collagens in the chassis cell engineered strains HCPB-PPKEX2 and RCPB-PPKEX2 for 

3A5D29N-9 and 17S28-8, respectively and analyze the full sequence of the protein based on 

LC-MS/MS. 

N-Terminus sequencing: A N-terminus sequence of a sample was analyzed using a 

Shimadzu fully automated protein/polypeptide sequencer (PPSQ-33A) via an Edman 

degradation method. An appropriate amount of the lyophilized product of the recombinant 

small-molecule collagen sample was dissolved. The sample solution was spotted onto a 

PVDF membrane. The membrane was placed into a reactor, which was assembled and 
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positioned in the fixed position of an instrument. Settings were configured via PPSQ-30 

Analysis software: Sample name, sample number, test cycle number, and method file 

selection. After configuration, a test began. Standard peaks of raw data generated by the 

PPSQ-33A and a map were identified by PPSQ-30 DataProcessing software, and a 

corresponding map  was exported. After data analysis, a protein N-terminus sequence was 

determined. 

Results indicated that the N-terminus sequences of the expression recombinant 

small-molecule collagens in the chassis cell engineered strains HCPB-PPKEX2 and 

RCPB-PPKEX2 for 3A5D29N-9 were all NH₂-Gly-Lys-Ser-Gly-Asp-Arg-Gly (GKSGDRG), 

which was consistent with the N-terminus amino acid sequence of a theoretical sequence 

(GKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRG

LE). It was detected that the N-terminus sequences of the expression recombinant 

small-molecule collagens in the chassis cell engineered strains HCPB-PPKEX2 and 

RCPB-PPKEX2 for 17S28-8 were all NH2-Gly-Val-Pro-Gly-Ser-Val-Gly (GVPGSVG), 

which was consistent with the N-terminus amino acid sequence of a theoretical sequence. 

(GVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKG

DQGEK GPRGLE). 

C-terminus sequencing: An appropriate amount of lyophilized recombinant 

small-molecule collagen sample was dissolved and subjected to enzymolysis of trypsin and 

pepsin. A treated sample was then analyzed by liquid chromatography-mass spectrometry 

(LC-MS/MS), obtaining a raw mass spectrometry data file. The file was analyzed using 

Byonic software for data matching. Mass spectrometric data were subject to database 

searching to obtain identification results. A secondary mass spectrum for the detected 

C-terminus peptide fragment was shown in FIGS 23 and 24 below. 

Results indicate: (1) The detected C-terminus sequences of the recombinant 

small-molecule collagen 3A5D29N-9 expressed in both the chassis cell engineered strains 

HCPB-PPKEX2 and the RCPB-PPKEX2 were both listed as GHRGLE, which was 

consistent with the C-terminus of the theoretical sequence 

(GKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRG

LE). (2) A detected C-terminus sequence of a recombinant small-molecule collagen of 
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17S28-8 in the chassis cell engineered strain HCPB-PPKEX2 was 

VGLPGVKGDKGPMGPPGPKGDQGEKGPRGLE. A detected C-terminus sequence of the 

expression recombinant small-molecule collagen of 17S28-8 in the chassis cell engineered 

strain RCPB-PPKEX2 was KGPMGPPGPKGDQGEKGPRGLE, which was both consistent 

with C-terminus of a theoretical sequence 

(GVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKG

DQGEK GPRGLE). 

LC-MS/MS-based full-sequence protein analysis: Furthermore, a sample of a 

lyophilized product of the recombinant small-molecule collagen was subjected to 

enzymolysis of trypsin, chymotrypsin, pepsin, trypsin & Glu-C protease, and trypsin & 

Asp-N protease. The treated samples were then analyzed via liquid chromatography-mass 

spectrometry (LC-MS/MS) to obtain a raw file of an initial mass spectrometry result. The raw 

file was analyzed using Byonic software for matching data, ultimately obtaining the 

full-sequence sequencing verification results. Analysis of comprehensive detection results 

indicated that coverage rates of the amino acid sequences of the samples of the lyophilized 

products of the expression recombinant small-molecule collagens of 3A5D29N-9 and 

17S28-8 in the chassis cell engineered strains HCPB-PPKEX2 and RCPB-PPKEX2 reached 

100%, respectively. The amino acid sequence of the small-molecule collagen expressed by 

the present disclosure was identical to that of the target small-molecule collagen. 

In this embodiment, when 3A5D29N-9 entered the protein secretion pathway constituted 

by the endoplasmic reticulum and the trans-Golgi network via transcription and translation, 

the Kex2 enzyme cleaved 3A5D29N-9 into identical small protein sequence monomers: 

EAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHR

GLEKR. The two EA amino acids at the amino-termini were cleaved and removed by the Ste 

13 protease, while the two amino acids at the carboxy-terminus (KR) were cleaved and 

removed by the CPB protease. A final secreted product was a fragment of 54-amino acid 

recombinant small collagen 3A5D29N:  

GKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGL

E。  

In this embodiment, when 17S28-8 entered the protein secretion pathway constituted by 
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the endoplasmic reticulum and the trans-Golgi network via transcription and translation, the 

Kex2 enzyme cleaved 17S28-8 into an identical small protein sequence monomer: 

EAGVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPK

GDQGEK GPRGLEKR. The two EA amino acids at the amino-termini were cleaved and 

removed by the Ste 13 protease, while the two amino acids at the carboxy-terminus (KR) 

were cleaved and removed by the CPB protease. A final secreted product was a fragment of 

63-amino acid recombinant small collagen 17S28: 

GVPGSVGPKGSSGSPGPQGPPGPVGLQGLRGEVGLPGVKGDKGPMGPPGPKGD

QGEKGPRGLE。 

The accuracy of the N- and C-terminus amino acid sequences directly indicated whether 

the synthetic metabolic pathway for the CPB enzyme in the chassis cell engineered strain was 

effectively established, whether the synthetic metabolic pathway possessed biological activity 

after establishment, and how the synthetic metabolic pathway interacted synergistically with 

the yeast’s own Kex2 enzyme and Ste13 protease. The results of this example demonstrated 

that the CPB enzyme (whether a human or rat CPB) in the chassis cell engineered strain 

successfully established a synthetic metabolic pathway in Pichia pastoris, exhibited normal 

biological enzyme activity, and synergistically interacted with the yeast’s own Kex2 enzyme 

and Ste13 protease. After successful cleavage of the long-sequence large-molecule 

recombinant collagen designed with specific amino acid during expression, the non-collagen 

sequences at both termini were removed, secreting and obtaining the recombinant 

small-molecule collagen. 

Embodiment 4: 500L-scale production and validation of a small-molecule collagen 

A small fermentation tank or a shake flask could not accurately reflecte actual 

large-scale industrial production conditions. Only a 500L-scale fermentation tank had the 

potential for scale-up and characterized actual large-scale industrial production conditions. 

The present disclosure optimized the fermentation process of a high-expression engineered 

strain to verify the yield of each engineered strain in a 500L fermentation tank. 

Two recombinant small-molecule collagens 3A5D2NT and 3A5D29N exhibited highly 

similar lengths, sequence homology, and identical purification methods. The present 

disclosure specifically compared small-molecule collagen expression using these two strains. 
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As shown in the table below, after fermentation parameter optimization, the 

corresponding indicators of both engineered strains (the engineered strain expressing 

3A5D29N had CGMCC No. 25819 and the engineered strain expressing 3A5D2NT had 

CGMCC No. 25812) were largely consistent. However, significant differences were observed 

in a collagen expression amount in the fermentation supernatant (a UV method, a UV protein 

quantification empirical formula: C(mg/mL) = 0.144 × (A215 - A225) for protein 

concentration measurement) and the yield of the final purified lyophilized product. The 

expression amount in the fermentation supernatant of 3A5D29N was generally about twice 

that of 3A5D2NT (the UV method was highly susceptible to pigment interference in the 

fermentation broth, resulting in a lower ratio), and the final yield of the purified lyophilized 

product was 4–5 times that of 3A5D2NT (direct weight measurement). During an optimal 

fermentation batch, the protein yield in the fermentation supernatant (the UV method) for 

3A5D29N was twice that of 3A5D2NT. The SDS-PAGE of the fermentation supernatant was 

shown in FIG. 25. Comparing the purified lyophilized product yields obtained from the same 

volume of the fermentation broth, the yield of 3A5D29N was nearly five times that of 

3A5D2NT (direct weighing), representing a substantial increase in yield. In other repeat 

tandem expression systems of the recombinant small-molecule collagen, the yield of the 

recombinant small-molecule collagens was also 4–6 times that of the single-sequence 

expression of the small-molecule collagen. 
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3A5

D2NT 

4

0-48 h 

2

90-35

0 

3

20-35

0 g/L 

3.6-4.7 

g/L 

50~

60 g 

190 

L 

888.

3 g 
60 g 

3A5

D29N 

4

0-43 h 

3

00-36

4 

3

20-35

1 g/L 

8.1-9.0 

g/L 

257

~295 g 

190 

L 

1682

.1 g 

295 

g 

Embodiment 5: Biological activity and transdermal absorption detection of the 

recombinant small-molecule collagen 

(1) Cell adhesion activity detection 

References for Detection Method for Cell Adhesion Activity of Recombinant 

Small-Molecule Collagen: Juming Yao, Satoshi Yanagisawa, Tetsuo Asakura. Design, 

Expression and Characterization of Collagen-Like Proteins Based on the Cell Adhesive and 

Crosslinking Sequences Derived from natural Collagens, J Biochem. 136, 643-649 (2004).  

Specific implementation method: A NIH/3T3 cell was cultured under standard 

conditions (purchased from Cell Bank of the Chinese Academy of Sciences, with catalog 

number of GNM6. Culture and passage methods followed a cell instruction). Lyophilized 

products of recombinant small-molecule collagens 3A5D29N, 3A5D2NT, 3A5D1NT, 

17S1NNT, 17S3NT, and 17S28 were used. A recombinant type-III collagen (Patent 

Application No. CN201310033299.6, Date of patent: May 15, 2013, Molecular Weight: 43.6 

kDa) produced by our company (Jiangsu Trautec Medical Technology Co., Ltd.) was 

compared to a recombinant type-XVII collagen lyophilized sponge (Patent Application No. 

CN202110520499.9, Publication Date: July 30, 2021, Molecular Weight: 23.8 kDa). A 

natural human collagen (Sigma, Catalog No. C7774) was compared to a bovine serum 

albumin solution (BSA, purchased from Sangon Biotech (Shanghai) Co., Ltd.) (in ultrapure 

water or 1M HCl solution). Protein concentration was determined using the UV protein 

quantification empirical formula: C(mg/mL) = 0.144 × (A215 - A225). Then, the protein was 

diluted to 0.5 mg/mL with PBS (pH 7.4). 

100 μL of various protein solutions and blank PBS solution were added to a 96-well cell 

culture plate, and set aside 60 minutes at room temperature. Then, 105 NIH/ 3T3 cells with 
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good culture status were added to each well, and incubated at 37°C and 5% CO2 for 60 

minutes. The cells were cleaned in the wells 4 times with PBS. An absorbance value at 

OD492nm was detected using a LDH detection kit (Roche, 04744926001). Data were 

analyzed and subject to significant differential analysis (SPSS 22 software, Duncan’s method, 

P<0.05). 

The absorbance value at OD492nm characterized the cell adhesion activity of a collagen 

sample: higher adhesion activity indicated more cells adhering to the protein.The collagen 

could rapidly facilitate the attachment of the cell to a wall or the adhesion of the cell to an 

extracellular matrix, thereby promoting the establishment of a more favorable extracellular 

environment. As shown in FIG. 26, the cell adhesion activity of recombinant small-molecule 

collagens 3A5D29N, 3A5D2NT, 3A5D1NT, 17S1NNT, 17S3NT, and 17S28 was 

comparable to or superior to that of a natural human collagen. At equivalent concentrations, 

the cell adhesion activity of the three recombinant small-molecule collagens 3A5D29N, 

3A5D2NT, and 3A5D1NT significantly outperformed that of a larger-molecular-weight 

recombinant type-III collagen. At equivalent concentrations, the cell adhesion activity of 

17S1NNT, 17S3NT, and 17S28 showed no significant difference compared to the 

larger-molecular-weight recombinant type-XVII collagen. This indicated that although the 

recombinant small-molecule collagen possessed fewer amino acid residues and the shorter 

sequence, designed amino acid sequences thereof achieved a balance between low molecular 

weight (i.e., short sequence) and preservation of biological activity (i.e., retention of a 

specific biologically active site sequence). 

(2) Cell proliferation detection 

The cell proliferation activity detection for the recombinant small-molecule collagen 

referenced the “Method for Determining Biological Activity of Human Epidermal Growth 

Factor” (General Rules 3528) from the 2020 edition of the Pharmacopoeia of the People's 

Republic of China. 

Brief of implementation method: 

Lyophilized products of recombinant small-molecule collagens 3A5D29N and 17S28 

were dissolved in pure water, adjusted to have pH 7.2–7.4, sterilized by filtration through a 

0.22μm membrane, and diluted in a sterile maintenance medium (0.5% FBS + 95.5% 
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DMEM(H)) to concentrations of 1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, and 0.125 mg/mL. 

hEGF (purchased from Lonza) was used as a positive control at concentrations of 1 ng/mL, 

0.5 ng/mL, 0.25 ng/mL, and 0.125 ng/mL to maintain a medium as a negative control. A 

HaCat cell strain (purchased from Cell Bank of Chinese Academy of Sciences, with catalog 

number of SCSP-5091) was cultured in a complete culture solution (88% DMEM + 10% FBS 

+ 1% glutamine + 1% sodium pyruvate) at 37°C and 5% CO₂, maintained at a cell density of 

1.0×10⁵ to 5.0×10⁵ cells per mL, and detected for biological activity within 24–36 hours after 

passage. The culture solution was discarded from a culture flask. Cells were digested, 

collected, prepared as a cell suspension with the complete culture solution to a concentration 

of 5.0 × 10⁴ cells/mL, inoculated into a 96-well cell culture plate at 100 μL per well, and 

cultured at 37°C under 5% CO₂. After 24 hours, the culture solution was replaced with a 

maintenance culture solution and incubated at 37°C, 5% CO₂ for 24 hours. The maintenance 

culture solution was discarded from a prepared cell culture plate, added with 100 μL of a 

control sample solution and a test sample solution to each well, and cultured at 37°C and 5% 

CO₂ for 24–72 hours. A 96-well plate was removed and observed for cell morphology under 

a microscope. A supernatant was discarded. 50 μL of MTT solution (purchased from 

Beyotime Biotech Inc. (Shanghai), prepared in DPBS at a concentration of 1 mg/mL) to each 

well and cultured at 37°C in a 5% CO₂ incubator. After 4 hours, the supernatant was removed. 

100 μL of isopropanol was added to each well to dissolve a crystal. An absorbance value was 

measured at 570 nm of a wavelength using a microplate reader with 650 nm as a reference 

wavelength. Detection results were recorded. 

As shown in FIG. 27, hEGF, serving as a positive control, promoted HaCat cell 

proliferation. Recombinant small-molecule collagens 3A5D29N and 17S28 also promoted 

HaCat cell proliferation at concentrations ranging from 0.125 to 1 mg/mL. Particularly, the 

proliferation-promoting activity of 17S28 exhibited an increasing trend with rising sample 

concentration. At a higher concentration, 17S28 demonstrated proliferation-promoting effects 

comparable to those of 0.5 ng/mL hEGF. 

(3) Transdermal absorption detection 

With a full-thickness skin model as a vector, a sample was labeled with FITC 

fluorescein and applied uniformly to a model surface via surface administration. A sample 
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was applied evenly to the surface of the model. A skin penetration behavior was assessed by 

counting a fluorescence intensity in a fluorescence section and calculating diffusion 

percentage using a fluorescence microplate to measure a collection fluid. Detection was 

conducted by Shaanxi BioCell General Testing Co., Ltd. 

Brief of implementation method: 

A recombinant small-molecule collagen 3A5D29N, a recombinant type-III collagen 

(Jiangsu Trautec Medical Technology Co., Ltd., Patent Application No. CN201310033299.6, 

Date of patent: May 15, 2013, Molecular Weight: 43.6 kDa), a hydrolyzed hyaluronic acid 

(molecular weight ≤5000 Da), and a fish skin collagen (Nitta Gelatin Inc. Maringen 

SP03(PF)) were labeled with FITC (fluorescein isothiocyanate). Unconjugated FITC was 

purified and removed via a molecular sieve. FulKutis® full-thickness skin model tissue 

(Guangdong BioCell Biotechnology Co., Ltd.) was transferred to a 6-well plate, with 2 mL of 

a 3D full-thickness skin model culture solution added to each well. 

Sample preparations at different concentrations were performed according to a test 

group. A sample group received surface administration with an administration volume of 20 

μL. After being cultured for an appropriate duration, a residual test substance on the surface 

of a model can be washed off using a sterile PBS solution wash bottle. Residual liquid inside 

and outside the model was gently wiped away with a sterile cotton swab. The model was then 

ring-sectioned and immersed in a 4% paraformaldehyde solution for fixation (fixation time ≥ 

24 h). After the solution was frozen and sectioned, fluorescence imaging was performed. An 

accumulated IOD (Intensity of Optical Density) value for a target substance in a picture was 

statistically analyzed using IPP software. Intergroup comparisons were conducted using a 

two-tailed t-test. A culture solution was collected for fluorescence IOD detection. Based on 

fluorescence standard curves for different samples, the amount of the sample permeating into 

the culture solution at the 12th hour was calculated. The diffusion percentage = Sample 

amount / Theoretical sample content × 100%, i.e., cumulative transdermal rate. 

As shown in FIG. 28, at 1 hour, fluorescent signals were detected by a 1 mg/mL 

recombinant small-molecule collagen 3A5D29N and the recombinant type-III collagen in the 

full-thickness skin model, whereas no fluorescent signals were detected for hydrolyzed 

hyaluronic acid and fish skin gelatin at the same concentrations. At this point, the 
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FTIC-labeled recombinant small-molecule collagen sample had permeated into an epidermis 

and entered skin but had not yet fully penetrated an entire skin model tissue. Analysis of 

fluorescence signal intensity revealed that the fluorescence signal of the recombinant 

small-molecule collagen 3A5D29N was significantly stronger than those of the other three 

samples, indicating that a transdermal penetration rate thereof was significantly superior to 

that of the recombinant type-III collagen, the hydrolyzed hyaluronic acid, and the fish skin 

collagen. Simultaneously, as shown in FIG. 29, at the 12th hour, the recombinant 

small-molecule collagen sample had fully penetrated the full-thickness skin model tissue. As 

the administered concentration increased, the diffusion percentage (i.e., the cumulative 

transdermal rate) of the recombinant small-molecule collagen 3A5D29N continued to rise. At 

1 mg/mL, the diffusion percentage (i.e., the cumulative transdermal rate) was essentially 

consistent with that of the hydrolyzed hyaluronic acid at the same concentration, both 

exceeding 40%. These results demonstrated that the recombinant small-molecule collagen 

could achieve rapid transdermal penetration in a short timeframe and maintain a high 

cumulative transdermal rate over an extended period. The experimental results of the 

full-thickness skin model tissue in the embodiment validated the excellent skin penetration 

property of the small-molecule collagen of the present disclosure. The present disclosure also 

supported the broad prospects for the recombinant small-molecule collagen in the 

development of a related product, such as applications in a cosmetic. 
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the International Bureau 

 

10 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

10-1 Page 6 

10-2 Row No.: 17 

10-3 Collection matter  

10-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 

10-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

10-3-3 Collection date September 26, 2022(26.09.2022) 

10-3-4 Collection No. CGMCC No.25816 
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10-4 Supplementary explanations  

10-5 These explanations apply to the 

following·designated·countries All designated countries 

10-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 

 

11 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

11-1 Page 6 

11-2 Row No.: 17 

11-3 Collection matter  

11-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 

11-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

11-3-3 Collection date September 26, 2022(26.09.2022) 

11-3-4 Collection No. CGMCC No.25817 

11-4 Supplementary explanations  

11-5 These explanations apply to the 

following·designated·countries All designated countries 

11-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 
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12 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

12-1 Page 6 

12-2 Row No.: 18 

12-3 Collection matter  

12-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 

12-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

12-3-3 Collection date September 26, 2022(26.09.2022) 

12-3-4 Collection No. CGMCC No.25818 

12-4 Supplementary explanations  

12-5 These explanations apply to the 

following·designated·countries All designated countries 

12-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 

 

13 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

13-1 Page 4 

13-2 Row No.: 6 

13-3 Collection matter  

13-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 

13-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

13-3-3 Collection date September 26, 2022(26.09.2022) 

13-3-4 Collection No. CGMCC No.25819 
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13-4 Supplementary explanations  

13-5 These explanations apply to the 

following·designated·countries All designated countries 

13-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 

 

14 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

14-1 Page 4 

14-2 Row No.: 6 

14-3 Collection matter  

14-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 

14-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

14-3-3 Collection date September 26, 2022(26.09.2022) 

14-3-4 Collection No. CGMCC No.25821 

14-4 Supplementary explanations  

14-5 These explanations apply to the 

following·designated·countries All designated countries 

14-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 
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15 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

15-1 Page 4 

15-2 Row No.: 6 

15-3 Collection matter  

15-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 

15-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

15-3-3 Collection date September 26, 2022(26.09.2022) 

15-3-4 Collection No. CGMCC No.25827 

15-4 Supplementary explanations  

15-5 These explanations apply to the 

following·designated·countries All designated countries 

15-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 

 

16 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

16-1 Page 4 

16-2 Row No.: 7 

16-3 Collection matter  

16-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 

16-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

16-3-3 Collection date September 26, 2022(26.09.2022) 

16-3-4 Collection No. CGMCC No.25829 
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16-4 Supplementary explanations  

16-5 These explanations apply to the 

following·designated·countries All designated countries 

16-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 

 

17 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

17-1 Page 4 

17-2 Row No.: 7 

17-3 Collection matter  

17-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 

17-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

17-3-3 Collection date September 26, 2022(26.09.2022) 

17-3-4 Collection No. CGMCC No.25828 

17-4 Supplementary explanations  

17-5 These explanations apply to the 

following·designated·countries All designated countries 

17-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 
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18 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

18-1 Page 4 

18-2 Row No.: 7 

18-3 Collection matter  

18-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 

18-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

18-3-3 Collection date September 26, 2022(26.09.2022) 

18-3-4 Collection No. CGMCC No.25820 

18-4 Supplementary explanations  

18-5 These explanations apply to the 

following·designated·countries All designated countries 

18-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 

 

19 The following explanations are 

related to microorganisms or 

other biological materials 

mentioned herein in the 

instructions for this application: 

 

19-1 Page 4 

19-2 Row No.: 7 

19-3 Collection matter  

19-3-1 Name of the collection 

organization 

China General Microbiological Culture Collection Center 

(CGMCC) 
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19-3-2 Address of the collection 

organization 

Institute of Microbiology, Chinese Academy of Sciences, No.3, 

Compound 1, Beichen West Road, Chaoyang District, Beijing 

100101 

19-3-3 Collection date September 26, 2022(26.09.2022) 

19-3-4 Collection No. CGMCC No.25822 

19-4 Supplementary explanations  

19-5 These explanations apply to the 

following·designated·countries All designated countries 

19-6 Explanations submitted 

separately 

These explanations will 

subsequently be submitted to 

the International Bureau 

 

Filled in by the receiving office 

0-4 This form is received with the 

international application: 

(Yes or No) 

 

0-4-1 Authorized official  

Filled in by the International Bureau 

0-5 

Date of receipt of this form by 

the International Bureau: 

 

0-5-1 Authorized official  
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CLAIMS 

 

1. An expression system of a recombinant small-molecule collagen, comprising a chassis cell 

or a chassis engineered strain obtained by transforming a host strain with a positioning fusion 

functional protein linker vector; and a tandem repeat expression sequence of the recombinant 

small-molecule collagen; wherein 

the tandem repeat expression sequences are connected in series and repeated by taking as 

basic units the recombinant small-molecule collagen, or an artificially designed collagen with 

a typical G-X-Y triplet structure, a collagen combined by two or more regions of a human 

collagen sequence; recognition and cleavage sites of Kex2 and CPB enzymes are provided 

between every two adjacent basic units in the tandem repeat expression sequence; 

the positioning fusion functional protein comprises the CPB enzyme and a functional region 

with intracellular membrane positioning or conversion and transport functions among 

respective organelles; the positioning fusion functional protein further comprises a 

connecting sequence for connecting the CPB enzyme to the functional region sequence with 

the intracellular membrane positioning or the conversion and transport functions among the 

respective organelles during fusion expression; 

the positioning fusion functional protein is an amino acid sequence as shown in SEQ ID NO: 

22, SEQ ID NO: 24, SEQ ID NO: 26, or SEQ ID NO: 28; 

the chassis cell or the chassis engineered strain is selected from a yeast. 

2. The expression system according to claim 1, wherein recognition and cleavage sites of an 

Ste13 enzyme is further capable of being comprised between the every two adjacent basic 

units in the tandem repeat expression sequence. 

3. The expression system according to claim 2, wherein a site recognized and cleaved by a 

Kex2 enzyme comprises a KR or RR dibasic amino acid residue, followed by an EA, an 

EAEA, or other amino acid residues that facilitate recognition and cleavage by the Kex2 

enzyme or the Ste13 enzyme. 

4. The expression system according to claim 1, wherein a site recognized and cleaved by the 

CPB enzyme comprises a basic amino acid residue at a carboxy terminus of a protein, 

comprising K and R. 

5. The expression system according to any one of claims 1 to 4, wherein the recombinant 

small-molecule collagen is the amino acid sequence shown in SEQ ID NO: 1, SEQ ID NO: 3, 

SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 63, or SEQ ID NO: 67. 

6. The expression system according to claim 5, wherein a carboxyl terminus of the 

recombinant small-molecule collagen comprises a plurality of Hises. 

7. The expression system according to claim 6, wherein the recombinant small-molecule 

collagen comprises amino acid sequences shown in SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID 

NO: 6, and SEQ ID NO: 8. 

8. The expression system according to claim 1, wherein the tandem repeat expression 

sequence comprises the sequence shown in SEQ ID NO: 30, SEQ ID NO: 33, SEQ ID NO: 

36, SEQ ID NO: 39, SEQ ID NO: 42, SEQ ID NO: 45, SEQ ID NO: 48, SEQ ID NO: 51, 

SEQ ID NO: 54, SEQ ID NO: 57, SEQ ID NO: 60, SEQ ID NO: 64, or SEQ ID NO: 68. 

9. The expression system according to claim 8, wherein a nucleic acid for encoding the 
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tandem repeat expression sequence is sequences shown in SEQ ID NOS: 71-81 or degenerate 

sequences thereof. 

10. The expression system according to claim 1, wherein the CPB enzyme is derived from 

human or a rat. 

11. The expression system according to claim 10, wherein sequences of the CPB enzyme are 

as shown in SEQ ID NOS: 17-18. 

12. The expression system according to claim 1, wherein the functional region sequence with 

the intracellular membrane positioning or the conversion and transport functions among the 

respective organelles is derived from a Kex2 enzyme of Saccharomyces cerevisiae or Pichia 

pastoris. 

13. The expression system according to claim 12, wherein the functional region sequences 

with the intracellular membrane positioning or the conversion and transport functions among 

the organelles are as shown in SEQ ID NOS: 19-20. 

14. The expression system according to claim 1, wherein the connecting sequence is a Linker 

sequence such as GGSGSGSGGS as shown in SEQ ID NO: 21. 

15. The expression system according to claim 1, wherein a nucleic acid for encoding the 

positioning fusion functional protein is nucleotide sequences shown in SEQ ID NO: 23, SEQ 

ID NO: 25, SEQ ID NO: 27, or SEQ ID NO: 29, or degenerate sequences thereof. 

16. The expression system according to claim 1, wherein the chassis cell or the chassis 

engineered strain is deposited at China General Microbiological Culture Collection Center 

(CGMCC), with deposit numbers: CGMCC No. 25815, CGMCC No. 25817, CGMCC No. 

25816, CGMCC No. 25818. 

17. Application of the expression system according to any one of claims 1-16 for obtaining a 

recombinant small-molecule collagen. 

18. A method for preparing a recombinant small-molecule collagen, wherein the method 

employs the expression system according to any one of claims 1-16, the method comprises: 

constructing a tandem repeat expression sequence of the recombinant small-molecule 

collagen; wherein the tandem repeat expression sequences are connected in series and 

repeated by taking as basic units the recombinant small-molecule collagen, an artificially 

designed collagen with a typical G-X-Y triplet structure, or a collagen combined by two or 

more regions of a human collagen sequence; and recognition and cleavage sites of Kex2 and 

CPB enzymes are provided between every two adjacent basic units in the tandem repeat 

expression sequence; 

constructing a positioning fusion functional protein; and transforming a positioning fusion 

functional protein-linked vector into a host strain to obtain a chassis cell or a chassis 

engineered strain; 

transferring the tandem repeat expression sequence of the recombinant small-molecule 

collagen into a chassis cell or a chassis engineered strain after being connected to an 

expression vector, to obtain a recombinant engineered strain containing or expressing the 

recombinant small-molecule collagen; and inducing an expression through fermentation to 

obtain the recombinant small-molecule collagen. 

19. The method according to claim 18, wherein the recombinant engineered strain for 

containing or expressing the recombinant small-molecule collagen is deposited at China 

General Microbiological Culture Collection Center, with deposit numbers of CGMCC No. 
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25819, CGMCC No. 25821, CGMCC No. 25827, CGMCC No. 25829, CGMCC No. 25828, 

CGMCC No. 25820, CGMCC No. 25822. 

20. The method according to claim 18, wherein the recombinant small-molecule collagen 

obtained by the method is the amino acid sequence shown in SEQ ID NO: 32, SEQ ID NO: 

35, SEQ ID NO: 38, SEQ ID NO: 41, SEQ ID NO: 44, SEQ ID NO: 47, SEQ ID NO: 50, 

SEQ ID NO: 53, SEQ ID NO: 56, SEQ ID NO: 59, SEQ ID NO: 62, SEQ ID NO: 66, or SEQ 

ID NO: 70. 

21. A recombinant small-molecule collagen obtained by the method according to any one of 

claims 18-20. 

22. Use of the recombinant small-molecule collagen obtained by the method according to any 

one of claims 18-20 or the recombinant small-molecule collagen according to claim 21 in 

preparation of a biomaterial, a tissue engineering product, or a cosmetic. 

 

 


