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STABLE FORMULATION OF HUMAN PAPILLOMAVIRUS VIRUS-LIKE PARTICLE 
VACCINE 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Chinese patent application 

202110049777.7 filed on January 14, 2021, the contents of which are incorporated 

herein by reference. 

 

FIELD 

[0002] The invention relates to the field of biological pharmaceutical formulations, in 
particular to a stable human papillomavirus virus-like particle vaccine formulation. 

 

BACKGROUND 

[0003] Cervical cancer is one of the most common female malignant tumors, with 

about 500,000 new patients worldwide every year, and the incidence rate is the second 

among female tumors. More than 95% of cervical cancer is associated with Human 

Papillomavirus, HPV) infection. In addition to the direct cause of cervical cancer, HPV is 

also strongly associated with bronchogenic cancer, rectal cancer, oral cancer and skin 

cancer. In addition, HPV is also the main pathogenic factor causing skin and mucosal 

warts. 

[0004] At present, more than 100 HPV types have been found, and different HPV types 

can cause different diseases. According to its close relationship with cervical cancer, 

HPV can be divided into high-risk type, suspected carcinogenic type and low-risk type. 

High risk type and suspected carcinogenic type can induce cancer such as cervical 

cancer; the high-risk types included types16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 

59. Suspected carcinogenic types include types 26, 53, 66, 68, 73 and 82. The low-risk 

types are mostly related to genital warts, condyloma acuminatum and other diseases, 

including types 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81 and 89. HPV types 6, 11 and 16 

were the subtypes with the highest detection rate in patients with genital lesions. 

[0005] HPV vaccine is an effective way to block the infection of papillomavirus. Virus-

like particle (VLP) vaccine is the most advantageous vaccine form among many vaccine 

forms. However, the VLP-based HPV vaccine is type specific, i.e., it only shows strong 
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protection against HPV types in the VLP vaccine. To provide broad protection, the 

development of multivalent HPV vaccines is necessary. 

[0006] However, prior to administration, the human papillomavirus vaccine formulation 

undergoes a storage and transportation process during which the antigen undergoes 

physical and chemical degradation, and these instabilities may reduce the 

immunogenicity and/or safety of the antigen, and thus a stable formulation is needed to 

ensure that the antigen still maintains the immunogenicity and safety satisfying 

prevention purpose just prior to administration. 

 
SUMMARY 

[0007] In one aspect, the present invention provides a stable formulation of multivalent 

human papillomavirus virus-like particle vaccine for the prevention of HPV-related 

diseases or infections comprising a plurality of papillomavirus virus-like particles 

adsorbed on an adjuvant; a physiologically acceptable concentration of a buffer, an 

osmotic pressure regulator, and optionally a surfactant. 

[0008] Wherein the human papillomavirus virus-like particles are selected from HPV 
virus-like particles assembled by L1 proteins of HPV types 6, 11, 16, 18, 31, 33, 45, 52 

and 58 respectively; and 

one or more HPV virus-like particles assembled from L1 proteins of other pathogenic 

HPV types. 

[0009] In one embodiment, 

the buffer is selected from one or more of citric acid buffer, acetic acid buffer or histidine 

buffer; 

the osmotic pressure regulator is selected from one or more of sodium chloride, sodium 

phosphate or sodium sulfate; 

the surfactant is a polyethoxy ether, preferably polysorbate 80; 

the adjuvant is selected from one or more of aluminum hydroxyphosphate (AlPO4), 

amorphous aluminum hydroxyphosphate sulfate (AAHS), or aluminum hydroxide 

(Al(OH)3), preferably aluminum hydroxyphosphate (AlPO4). 

[0010] In one embodiment, 

(a) the total concentration of papillomavirus virus-like particles of all types is 40 μg/mL 

to 740 μg/mL; (b) the concentration of the buffer is 10mM to 26 mM, preferably 10 mM, 

18mM or 26 mM; 
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(c) the concentration of the osmotic pressure regulator is 150mM to 320 mM, preferably 

150 mM or 320 mM; 

(d) the concentration of the surfactant is 0 to 0.02% by weight; 

(e) the concentration of the adjuvant is about 1.0 mg/mL; 

(f) the pH of the formulation is 5.9-6.5, preferably 5.9, 6.2 or 6.5. 

[0011] In one embodiment, the concentration of any single type of papillomavirus virus-

like particles included in the multivalent papillomavirus virus-like particles is 40 μg/mL to 

120 μg/mL. 

[0012] In one embodiment, that formulation comprises a total of 0.74mg/mL of 

papillomavirus virus-like particles of all types, 1.0mg/mL of aluminum phosphate 

adjuvant, 18mM histidine buff, 320mM sodium chloride, a pH of the formulation solution 

of 6.2; optionally, polysorbate 80 at a concentration of not more than 0.3mg/mL. 

[0013] In one embodiment, the one or more other pathogenic HPV types are selected 

from HPV types 35, 39, 51, 56 and 59. 

[0014] In one embodiment, wherein at least one of the HPV virus-like particles is a 

chimeric HPV virus-like particle comprising a chimeric HPV L1 protein; the chimeric 

HPV L1 protein comprise from that N-terminal to the C-terminal thereof: 

a. an N-terminal fragment derived from a papillomavirus L1 protein of a first type, that N-

terminal fragment maintaining the immunogenicity of the L1 protein of that type, wherein 

the papillomavirus of the first type is selected from HPV type 6, 11, 16, 18, 31, 33, 45, 

52 and 58 and one or more other pathogenic HPV types; and 

b. a C-terminal fragment derived from a second type of papillomavirus L1 protein having 

better characteristics of expression and solubility compared to L1 proteins of other 

types; 

wherein the chimeric HPV L1 protein has immunogenicity of the first type of 

papillomavirus L1 protein. 

[0015] In one embodiment, Said N-terminal fragment is a fragment obtained by 

truncating the C-terminus of the natural sequence of said L1 protein of the first 

papilloma virus type at any amino acid position within its α5 region, and a fragment 

having at least 98% identity therewith; and Said C-terminal fragment is a fragment 

obtained by truncating the N-terminus of the natural sequence of said L1 protein of the 

second papilloma virus type at any amino acid position within its α5 region and 
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functional variants resulting from further mutations, deletions and/or additions to the 

fragment.  

[0016] In one embodiment, the C-terminal fragment comprises one or more nuclear 

localization sequences. 

[0017] In one embodiment, wherein the papilloma L1 protein of the first type is selected 

from HPV type 6, 11, 16, 18, 31, 35, 39, 45, 51, 52, 56 or 58; preferably, the natural 

sequence thereof is an amino acid sequence encoded by a coding gene as shown in 

SEQ ID No: 30, SEQ ID No: 31, SEQ ID No: 32, SEQ ID No: 33, SEQ ID No: 34, SEQ 

ID No: 35, SEQ ID No: 36, SEQ ID No: 37, SEQ ID No: 38, SEQ ID No: 39, SEQ ID No: 

40, or SEQ ID No: 41, respectively; 

the papilloma L1 protein of the second type is selected from HPV type 16, 28, 33, 59, or 

68 L1 protein; 

more preferably, the papilloma L1 protein of the second type is selected from an HPV 

type 33 or HPV type 59 L1 protein. 

[0018] In one embodiment, that C-terminal fragment is SEQ ID No: 1; or a fragment 

thereof having a length of m1 amino acids, preferably a fragment covering amino acids 

1-m1 of SEQ ID No:1; wherein m1 is an integer from 8 to 26; or that C-terminal 

fragment is SEQ ID No: 2; or a fragment thereof having a length of m2 amino acids, 

preferably a fragment covering amino acids 1-m2 of SEQ ID No:2; wherein m2 is an 

integer from 13 to 31. 

[0019] In one embodiment, that C-terminal fragment is SEQ ID No: 3; or a fragment 

thereof having a length of n amino acids, preferably a fragment covering amino acids 1-

n of SEQ ID No:3; wherein n is an integer from 16 to 38. 

[0020] In one embodiment, the N-terminal fragment of the HPV type 6 L1 protein has 

98%, 98.5%, 99%, 99.5%, 99% or 100% identity with a fragment obtained by truncating 

the C-terminal of the sequence shown in SEQ ID No:4  at any amino acid site within 

the α5 region thereof; 

the N-terminal fragment of the HPV type 11 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:5 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 16 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:6 at any amino acid site within the α5 region thereof; 



 

5 
 

the N-terminal fragment of the HPV type 18 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:7 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 31 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:8 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 35 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:9 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 39 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No: 10 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 45 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:11 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 51 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:12 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 52 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:13  at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 56 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:14  at any amino acid site within the α5 region thereof; 

and 

the N-terminal fragment of the HPV type 58 L1 protein has 98%, 98.5%, 99%, 99.5%, 

99% or 100% identity with a fragment obtained by truncating the C-terminal of the 

sequence shown in SEQ ID No:15 at any amino acid site within the α5 region thereof. 

[0021] In one embodiment, the C-terminal of the N-terminal fragment is connected 

directly to the N-terminal of the C-terminal fragment or by a linker. 

[0022] In one embodiment, when the C-terminus of said N-terminal fragment is 

connected to the N-terminus of said C-terminal fragment, the continuous amino acid 

sequence RKFL is present within a range of plus or minus 4 amino acid positions of the 

splicing site, 
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Preferably, the continuous amino acid sequence LGRKFL is present within a range of 

plus or minus 6 amino acid positions of the splicing site. 

[0023] In one embodiment, the chimeric HPV type 6, 11, 16, 18, 31, 35, 39, 45, 51, 52, 

56, and 58 chimeric HPV L1 proteins have 98%, 98.5%, 99%, 99.5% or 100% identity to 

SEQ ID No:16, SEQ ID No:17, SEQ ID No:18, SEQ ID No:19, SEQ ID No:20, SEQ ID 

No:21, SEQ ID No:22, SEQ ID No:23, SEQ ID No:24, SEQ ID No:25, SEQ ID No:26 

and SEQ ID No: 27, respectively; and the HPV type 33 L1 protein and the HPV type 59 

L1 protein have 98%, 98.5%, 99%, 99.5% or 100% identity to SEQ ID No:28 and SEQ 

ID No:29, respectively. 

[0024] In one embodiment, the formulation comprises HPV types 6, 11, 16, 18, 31, 35, 

39, 45, 51, 52, 56 and 58 chimeric HPV L1 protein having the amino acid sequences 

shown in SEQ ID No:16, SEQ ID No:17, SEQ ID No:18, SEQ ID No:19, SEQ ID No:20, 

SEQ ID No:21, SEQ ID No:22, SEQ ID No:23, SEQ ID No:24, SEQ ID No:25, SEQ ID 

No:26 and SEQ ID No: 27, respectively; and  

HPV type 33 L1 protein and HPV type 59 L1 protein having the amino acid sequences 

shown in SEQ ID No:28 and SEQ ID No: 29, respectively. 

[0025] In one aspect, the present invention provides a method of preventing an HPV-

related disease or infection comprising administering to a subject a stable formulation of 

the multivalent human papillomavirus virus-like particle vaccine formulation. The 

prevention may be considered as a treatment and the two terms are used 

interchangeably. In one embodiment, the subject is human. 

[0026] In one aspect, the formulation is stable at 2 to 8 °C for at least 24 month and at 
25 °C for at least 16 weeks. 

[0027] In one aspect, the present invention provides the use of the human 

papillomavirus virus-like particle vaccine formulation in the preparation of a vaccine for 

the prevention of HPV-related diseases or infections. 

 

BRIEF DESCRITION OF THE DRAWINGS 

[0028] Figure 1 shows the results of the adsorption degree test of each formulation 

sample in Example 1. 

[0029] Figure 2 shows the analysis result of antigen content of each formulation 

sample in Example 1. T0:37 °C, week 0; 37 °C _1W: 37 °C, week 1; 37 °C _ 2 W:  

37 °C, week 2; 37 °C 4 W: 37 °C week 4. 
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[0030] Figure 3 shows the results of the adsorption degree test of each formulation 

sample in Example 2. 

[0031] Figure 4 shows the analysis results of antigen content of each formulation 

sample in Example 2. T0:37 °C, week 0; 37 °C _1W: 37 °C, week 1; 37 °C _ 2 W:  

37 °C, week 2; 37 °C 4 W: 37 °C week 4. 

[0032] Figure 5 shows the results of the adsorption degree test of each formulation 

sample in Example 3. 

[0033] Figure 6 shows the analysis results of antigen content of each formulation 
sample in Example 3. T0:37 °C, week 0; 37 °C _1W: 37 °C, week 1; 37 °C _ 2 W:  

37 °C, week 2; 37 °C 4 W: 37 °C week 4. 

[0034] Figure 7 shows the results of the adsorption degree test of each formulation 

sample in Example 4. 

[0035] Figure 8 shows the analysis results of antigen content of each formulation 

sample in Example 4. T0:37 °C, week 0; 37 °C _1W: 37 °C, week 1; 37 °C _ 2 W:  

37 °C, week 2; 37 °C 4 W: 37 °C week 4. 

 

DETAILED DESCRIPTION 

[0036] The invention provides a stable formulation of a human papillomavirus vaccine, 

solves the problem of antibody stability in the processes of storage and transportation, 

and ensures that the pre-dose antigen still has the immunogenicity and safety satisfying 

the prevention purpose 

[0037] The term "formulation" refers to a composition that maintains the biological 

activity of the active component in an effective manner and does not contain other 

components that are unacceptably toxic to the subject. Such formulations are sterile. 

The term "sterile" refers to the absence of live bacteria or the absence or substantial 

absence of all live microorganisms and their spores. 

[0038] As used herein, a "stable" formulation refers to a formulation in which the active 

ingredient substantially retains its physical and/or chemical stability and/or biological 

activity after storage. Preferably, the formulation substantially retains its physical and 

chemical stability as well as its biological activity after storage. 

[0039] The terms "patient" or "subject" are used interchangeably and refer to any 

mammal suffering from a condition or disease in accordance with the present invention. 

Preferably, human. 



 

8 
 

[0040] As used herein, "physiologically acceptable" means a concentration or ionic 

strength of a buffer, excipient, or salt makes the formulation biologically compatible with 

the immunized target host, e.g., human. 

[0041] The stable formulation of the present invention comprises human papillomavirus 
virus-like particles, a buffer, an osmotic pressure regulator, and an aluminum adjuvant. 

[0042] The terms "comprising" and "containing" mean that additional components may 

be included in addition to the components mentioned. 

[0043] As use herein and in that appended claim, the singular forms "a", "an", "the" and 
"said" include plural referents unless the context clearly dictates otherwise. 

[0044] As used herein, "buffer" refers to a buffer solution that resists pH change by the 

action of its conjugate acid-base pair. In one embodiment of the present invention, 

histidine buffer is used and the pH of the formulation solution is preferably about 5.9 to 

6.5, more preferably 6.2. 

[0045] As used herein, "surfactant" refers to a surface active agent, and in one 

embodiment, the surfactant herein is polysorbate 80. 

[0046] The term "osmotic pressure regulator" means a pharmaceutically acceptable 

osmotic pressure regulator. Suitable osmotic regulators include, but are not limited to 

salts, and in one embodiment of the present invention are sodium chloride (NaCl) with a 

concentration of about 150mM to 320mM. 

[0047] The term "adjuvant" refers to a compound or mixture that enhances an immune 

response. In particular, the vaccine may comprise an adjuvant. Adjuvants used in the 

present invention are selected from one or more of aluminum hydroxyphosphate 

(AlPO4), amorphous aluminum hydroxyphosphate sulfate (AAHS), or aluminum 

hydroxide (Al (OH)3), preferably aluminum hydroxyphosphate (AlPO4). 

[0048] The "stability" of protein after storage at a selected temperature for a selected 

period of time may be assessed qualitatively and/or quantitatively in a number of 

different ways. In the embodiment of the invention, Enzyme-linked immunosorbent 

assay (ELISA) was used to measure the content of active antigen binding to the 

recombinant human papillomavirus neutralizing antibody, and the ratio of the active 

antigen content  at each time point to T0 was used to compare the stability of 

corresponding formulation; Enzyme-linked immunosorbent assay (ELISA) was used to 

measure the content of the antigen not adsorbed on aluminum phosphate adjuvant with 

the aid of centrifugation and then to calculate the absorption degree; Determining the 
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EC50 of the human papillomavirus vaccine formulation and the positive control to the 

recombinant human papillomavirus neutralizing antibody respectively , calculating the 

EC50 ratio of the vaccine formulation to the positive control thereby determining the in 

vitro relative potency of the vaccine. 

[0049] The term "immunogenicity" refers to the ability of a substance, such as a protein 

or polypeptide, to stimulate an immune response, i.e., to stimulate the production of 

antibodies, particularly responses that generates humoral or stimulated cell-mediated 

responses. 

[0050] The term "HPV" or "HPV virus" refers to a papillomavirus of the family 

Papillomaviridae, which is an uncoated DNA virus having a double-stranded closed-loop 

DNA genome of about 8kb in size and which can generally be divided into three 

regions: ① the early region (E) comprising six open reading frames encoding 

nonstructural proteins related to E1, E2, E4-E7 virus replication, transcription and 

transformation, as well as E3 and E8 open reading frames; ② the late region (L) 

comprises a reading frame encoding the major capsid protein L1 and the minor capsid 

protein L2; ③ long regulatory region (LCR) does not encode any protein, but it has the 

origin of replication and multiple transcription factor binding sites. 

[0051] The terms "HPV L1 protein" and "HPV L2 protein" refer to proteins encoded by 

the late region (L) of the HPV gene and synthesized in the middle and late period of the 

HPV infection cycle. L1 protein is the major capsid protein and has a molecular weight 

of 55-60kDa. L2 protein is the minor capsid protein. Seventy-two L1 pentamers form the 

shell of icosahedral HPV virus particles, wrapping the closed-loop double-stranded DNA 

micro-chromosome. L2 protein is located inner lining of the L1 protein. 

[0052] The term "virus-like particles" is a hollow particle containing one or more 

structural proteins of a virus without viral nucleic acid. 

[0053] The term "concentration of papillomavirus virus-like particle of any single type" 

refers to the content of papillomavirus virus-like particle of any single type in the 

formulation, and the term "total concentration of papillomavirus virus-like particles of all 

types" is the sum of the concentrations of papillomavirus virus-like particle of each 

single type included in the formulation. 

[0054] In one embodiment of the invention, the human papillomavirus multivalent 

immunogenic composition described in patent application PCT/CN2020/102601 filed on 
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July 17, 2020 is adopted, and PCT/CN2020/102601 is incorporated by reference into 

the present specification and claims. 

[0055] In a particularly preferred embodiment of the invention, the formulation 

comprises 0.74mg/mL of papillomavirus virus-like particles, 1.0mg/mL of aluminum 

phosphate adjuvant, 18mM histidine buffer, 320mM sodium chloride, and a pH of 6.2. 

Wherein the vaccine comprises polysorbate 80 at a concentration of not more than 

0.3mg/mL due to process residues during preparation. The formulation has good 

stability, and can be stably stored at 2 to 8 °C for at least 24 months and at 25 °C for at 

least 16 weeks. 

[0056] The formulations of the present invention may be provided in liquid form or may 

be provided in lyophilized form. The lyophilized formulation may be reconstituted prior to 

administration. 

 

EXAMPLE 

[0057] The present invention will be more fully understood by reference to the following 

examples. However, they should not be construed as limiting the scope of the invention. 

All documents, patents and patent applications are incorporated herein by reference. 

[0058] In the examples below, the preparation, characterization and performance 

identification of various types of papillomavirus virus-like particles used are described in 

patent application PCT/CN2020/102601, filed on July 17, 2020. 

[0059] In the following examples, the detection method used was as follows: 

[0060] 1) Analysis of antigen content  (Enzyme-linked Immunosorbent Assay (ELISA) 

[0061] The positive control (human papillomavirus virus-like particle standard, source: 

SinoCellTech Ltd., chimeric HPV type 6, 16, 18, 31, 35, 30, 45, 51, 52, and 56 chimeric 

HPV L1 protein and HPV type 33 and HPV type 59 L1 protein, corresponding to the 

amino acid sequence of SEQ ID NO:16-29 respectively, the same as below) and the 

analyte were completely dissolved using the desorption buffer, serving as the positive 

control and the analyte to be detected. 

[0062] The recombinant human papillomavirus neutralizing antibody (source: Sino 

Biological, Inc., the same as below) was combined with a solid-phase carrier to form a 

solid-phase antibody. Diluting the positive control and the analyte to be detected with 

the sample diluent, and then combining with the solid phase antibody to form a solid 

phase antigen antibody complex; enzyme-labeled antibody was then added and the 



 

11 
 

substrate was added for developing, and the color product was read at a wavelength of 

450nm. Performing linear regression on the concentration of a series of positive controls 

and the corresponding absorbance, substituting the absorbance value of the analyte 

into a linear regression equation, and obtaining the antigen content of the sample to be 

detected (M. Shank-Retzlaff, F. Wang, T. Morley et al. Correlation between Mouse 

Potency and In Vitro Relative Potency for Human Papillomavirus Type 16 Virus-Like 

Particles and Gardasil Vaccine Samples. Human Vaccines, 1:5, 191-197). 

[0063] 2) Adsorption degree analysis (enzyme-linked immunosorbent assay (ELISA) 

[0064] The recombinant human papillomavirus neutralizing antibody is combined with a 

solid phase carrier to form a solid phase antibody. Centrifuging the sample to be 

detected, and taking the supernatant as an analyte. Diluting the positive control and the 

analyte accordingly with the sample diluent, and then combining with the solid phase 

antibody to form a solid phase antigen antibody complex; enzyme-labeled antibody was 

then added and the substrate was added for developing, and the color product was read 

at a wavelength of 450nm. Performing linear regression on the concentration of a series 

of positive controls and the corresponding absorbance, substituting the absorbance 

value measured with the analyte into a linear regression equation to obtain the antigen 

concentration of the supernatant, and calculating the adsorption degree of the sample to 

be detected by the following equation (Michael J. Caulfield, Li Shi,  Su Wang et al. 

Effect of Alternative Aluminum Adjuvants on the Absorption and Immunogenicity of 

HPV16 L1 VLPs in Mice. Human Vaccines 3:4, 139-146). 

[0065] Adsorption degree (%) = (1- antigen concentration in supernatant/antigen 

concentration of sample to be detected)%. 

[0066] 3) Determination of In Vitro Relative Potency, IVRP (IVRP) 

[0067] The positive control (14 valent human papillomavirus vaccine (types 6, 11, 16, 

18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59) control product obtained from 

SinoCellTech Ltd, with the sequence same as the protein sequence in the test sample) 

and the analyte were completely dissolved using desorption buffer, and used as the 

positive control and the analyte to be detected. The recombinant human papillomavirus 

neutralizing antibody was diluted to a final concentration of 2μg/mL, added to 96-well 

plates at 100μL/ well, the plates were tapped to mix the samples, and the samples were 

coated overnight at 4 °C; the plates were washed with washing solution at a dose of 

200μL/ well once and the ELISA plate was dried. Then the ELISA plate was blocked 
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with blocking solution at 300μL/ well for one hour at room temperature. The samples 

were washed twice with washing solution at 300μL/ well, and 100μL treated blank 

control (buffer solution corresponding to analyte), positive control and analyte to be 

detected were added into each well and incubated for 1 hour at room temperature. After 

the plates were washed three times with washing solution at 200μL/ well, diluted 

enzyme-labeled recombinant human papillomavirus neutralizing antibody was added at 

100μL/ well. After incubated at room temperature for 1 h, the plates were washed with 

washing solution at 200μL/ well for three times, and the developing solution was added 

at 200μL/ well and placed at room temperature for 20±5min. The reaction was 

terminated by adding a stop solution at 50μL/well; the absorbance at 450nm was 

detected by a microplate reader. Processing by using a computer program Origin or a 

four-parameter fitting method, taking the concentration of the positive control or the 

analyte as an abscissa and the average absorbance as an ordinate to obtain the EC50 

of the analyte and the positive control, and dividing the EC50 of the analyte by the EC50 

of the positive control to obtain the in vitro relative potency of the analyte(M. Shank-

Retzlaff, F. Wang, T. Morley et al. Correlation between Mouse Potency and In Vitro 

Relative Potency for Human Papillomavirus Type 16 Virus-Like Particles and Gardasil 

Vaccine Samples. Human Vaccines, 1:5, 191-197). 

[0068] Example 1: Screening study of surfactant concentration 

[0069] The composition of the papillomavirus virus-like particle vaccine formulation of 

this example is shown in the following table: 

Table 1 Formulations of different surfactant concentrations 

Composition 

number 

Papillomavirus 

virus-like particle 

Aluminum 

phosphate 

adjuvant 

Histidine 

buffer 
NaCl 

Polysorbate 

80 
pH 

F1 0.74mg/mL 1.0mg/mL 18mM 320mM 0.00wt% 6.5 

F2 0.74mg/mL 1.0mg/mL 18mM 320mM 0.02wt% 6.5 

 

[0070] Preparation method of papillomavirus virus-like particle vaccine formulation: 

[0071] Took a certain amount of HPV 18 virus-like particles appropriate to the 
formulation, and then mixed it with aluminum phosphate adjuvant, and adsorbed it 

overnight at 4 °C, so that the pH, the corresponding concentrations of 
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papillomavirus virus-like particles, aluminum phosphate adjuvant, histidine, sodium 

chloride, and polysorbate 80 in the papillomavirus virus-like particle vaccine 

formulation respective met the requirements of Table 1, dispensed it in aliquot. 

Marked it with the corresponding numbers, placed the samples in a 37 °C incubator, 

and took it out for analysis of adsorption degree and antigen content at week 0, and 

for antigen content analysis at weeks 1, 2, and 4. 

[0072] Analytical test method: 

[0073] Adsorption degree analysis: the detection principle is that antigens not adsorbed 

onto aluminum phosphate adjuvant are obtained by centrifugation and the content is 

analyzed to calculate the adsorption degree. 

[0074] Antigen content analysis: the detection principle is that the active antigen 

content capable of binding to the recombinant human papillomavirus neutralizing 

antibody is measured by ELISA, and the stability of each formulation is compared by 

comparing the ratio of the active antigen content at each time point with that of T0. The 

higher the ratio, the higher the active antigen content in the formulation and the better 

the activity maintained. 

[0075] The test results are shown in tables 2-3 and figures 1-2. 

 

Table 2 Adsorption degree of HPV18 virus-like particle formulation 

Num %HPV18 VLPs binding to aluminum adjuvant 
F1 99.8 

F2 99.9 

Table 3 Antigen content of HPV18 virus-like particle formulation 

Time 
point 

HPV18VLP content (percentage with T0, %) 
F1 F2 

T0 100 100 

37°C_1W 87.9 88.2 

37 °C_2W 84.8 85.3 

37 °C_4W 54.5 55.9 
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[0076] The test results showed that the adsorption degrees of both two papillomavirus 

virus-like particle vaccine formulations were above 99%, and there was no significant 

difference in the changes of antigen content between F1 and F2, that is, the stability of 

F1 and F2 was comparable. 

 

[0077] Example 2: Screening study of pH 

 

[0078] The composition of the papillomavirus virus-like particle vaccine formulation of 

this example is shown in the following table: 

Table 4 Formulations with different pH 

Composition number 

Papillomavirus 

virus-like 

particle 

Aluminum 

phosphate 

adjuvant 

Histidine 

buffer 
NaCl 

Polysorbate 

80 
pH 

F1 0.74mg/mL 1.0mg/mL 18mM 320mM 0.00wt% 5.9 

F2 0.74mg/mL 1.0mg/mL 18mM 320mM 0.00wt% 6.2 

F3 0.74mg/mL 1.0mg/mL 18mM 320mM 0.00wt% 6.5 

 

[0079] Preparation method of papillomavirus virus-like particle vaccine formulation: 

[0080] Took a certain amount of HPV 18 virus-like particles appropriate to the 

formulation, and then mixed it with aluminum phosphate adjuvant, and adsorbed it 

overnight at 4 °C, so that the pH, the corresponding concentrations of papillomavirus 

virus-like particles, aluminum phosphate adjuvant, histidine, sodium chloride, and 

polysorbate 80 in the papillomavirus virus-like particle vaccine formulation respective 

met the requirements of Table 4, dispensed it in aliquot. Marked it with the 

corresponding numbers, placed the samples in a 37 °C incubator, and took it out for 

analysis of adsorption degree and antigen content at week 0, and for antigen content 

analysis at weeks 1, 2, and 4. 

[0081] Analytical test method: 
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[0082] Adsorption degree analysis: the detection principle is that antigens not adsorbed 

onto aluminum phosphate adjuvant are obtained by centrifugation and the content is 

analyzed to calculate the adsorption degree. 

 

[0083] Antigen content analysis: the detection principle is that the active antigen 

content capable of binding to the recombinant human papillomavirus neutralizing 

antibody is measured by ELISA, and the stability of each formulation is compared by 

comparing the ratio of the active antigen content at each time point with that of T0. The 

higher the ratio, the higher the active antigen content in the formulation and the better 

the activity maintained. 

[0084] The test results are shown in tables 5-6 and figures 3-4. 

 

Table 5 Adsorption degree of HPV18 virus-like particle formulation 

Num %HPV18 VLPs binding to aluminum adjuvant 
F1 99.4 

F2 99.4 

F3 99.8 

 

Table 6 Antigen content of HPV18 virus-like particle formulation 

Time point 
HPV18VLP content (percentage with T0, %) 

F1 F2 F3 
T0 100 100 100 

37°C_1W 93.5 100 87.9 

37 °C_2W 87.1 96.6 84.8 

37 °C_4W 90.3 82.8 54.5 

 

[0085] The test results showed that the adsorption degrees of the three papillomavirus 

virus-like particle vaccine formulations were above 99%, and the antigen content 

change trends of the papillomavirus virus-like particle vaccines in F1 and F2 were better 
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than that of the F3 formulation, that is, the stability of F1 and F2 was better than that of 

F3. 

 

[0086] Example 3: Screening study of osmotic pressure regulator concentration 

[0087] The composition of the papillomavirus virus-like particle vaccine formulation of 

this example is shown in the following table: 

Table 7 Formulations of different osmotic pressure regulator concentrations 

Composition 

number 

Papillomavirus 

virus-like 

particle 

Aluminum 

phosphate 

adjuvant 

Histidine 

buffer 
NaCl 

Polysorbate 

80 
pH 

F1 0.74mg/mL 1.0mg/mL 18mM 320mM 0.00wt% 6.2 

F2 0.74mg/mL 1.0mg/mL 18mM 150mM 0.00wt% 6.2 

 

[0088] Preparation method of papillomavirus virus-like particle vaccine formulation: 

[0089] Took a certain amount of HPV 18 virus-like particles appropriate to the 

formulation, and then mixed it with aluminum phosphate adjuvant, and adsorbed it 

overnight at 4 °C, so that the pH, the corresponding concentrations of papillomavirus 

virus-like particles, aluminum phosphate adjuvant, histidine, sodium chloride, and 

polysorbate 80 in the papillomavirus virus-like particle vaccine formulation respective 

met the requirements of Table 7, dispensed it in aliquot. Marked it with the 

corresponding numbers, placed the samples in a 37 °C incubator, and took it out for 

analysis of adsorption degree and antigen content at week 0, and for antigen content 

analysis at weeks 1, 2, and 4. 

[0090] Analytical test method: 

[0091] Adsorption degree analysis: the detection principle is that antigens not adsorbed 

onto aluminum phosphate adjuvant are obtained by centrifugation and the content is 

analyzed to calculate the adsorption degree. 

[0092] Antigen content analysis: the detection principle is that the active antigen 

content capable of binding to the recombinant human papillomavirus neutralizing 

antibody is measured by ELISA, and the stability of each formulation is compared by 

comparing the ratio of the active antigen content at each time point with that of T0. The 
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higher the ratio, the higher the active antigen content in the formulation and the better 

the activity maintained. 

[0093] The test results are shown in tables 8-9 and figures 5-6. 

 

Table 8 Adsorption degree of HPV18 virus-like particle formulation 

Num %HPV18 VLPs binding to aluminum adjuvant 
F1 99.4 

F2 99.6 

 

Table 9 Antigen content of HPV18 virus-like particle formulation 

Time 
point 

HPV18VLP content (percentage with T0, %) 
F1 F2 

T0 100 100 

37°C_1W 87.9 88.2 

37 °C_2W 84.8 85.3 

37 °C_4W 54.5 55.9 

 

[0094] The test results showed that the adsorption degrees of the two papillomavirus 

virus-like particle vaccine formulations were above 99%. There was no significant 

difference in the active antigen content s changes of F1 and F2 formulations at 4 weeks 

under 37 °C , that is, the stability of F1 and F2 was comparable. 

 

[0095] Example 4: screening study of buffer concentration 

[0096] The composition of the papillomavirus virus-like particle vaccine formulation of 

this example is shown in the following table: 

Table 10 Formulations of different buffer concentrations 

Composition 

number 

Papillomavirus 

virus-like particle 

Aluminum 

phosphate 

adjuvant 

Histidine 

buffer 
NaCl 

Polysorbate 

80 
pH 
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F1 0.74mg/mL 1.0mg/mL 10mM 320mM 0.00wt% 6.2 

F2 0.74mg/mL 1.0mg/mL 18mM 320mM 0.00wt% 6.2 

F3 0.74mg/mL 1.0mg/mL 26mM 320mM 0.00wt% 6.2 

 

[0097] Preparation method of papillomavirus virus-like particle vaccine formulation; 

[0098] Took a certain amount of HPV 18 virus-like particles appropriate to the 
formulation, and then mixed it with aluminum phosphate adjuvant, and adsorbed it 

overnight at 4 °C, so that the pH, the corresponding concentrations of papillomavirus 

virus-like particles, aluminum phosphate adjuvant, histidine, sodium chloride, and 

polysorbate 80 in the papillomavirus virus-like particle vaccine formulation respective 

met the requirements of Table 10, dispensed it in aliquot. Marked it with the 

corresponding numbers, placed the samples in a 37 °C incubator, and took it out for 

analysis of adsorption degree and antigen content at week 0, and for antigen content 

analysis at weeks 1, 2, and 4. 

[0099] Analytical test method: 

[00100] Adsorption degree analysis: the detection principle is that antigens not 

adsorbed onto aluminum phosphate adjuvant are obtained by centrifugation and the 

content is analyzed to calculate the adsorption degree. 

[00101] Antigen content analysis: the detection principle is that the active antigen 
content capable of binding to the recombinant human papillomavirus neutralizing 

antibody is measured by ELISA, and the stability of each formulation is compared by 

comparing the ratio of the active antigen content at each time point with that of T0. The 

higher the ratio, the higher the active antigen content in the formulation and the better 

the activity maintained. 

[00102] The test results are shown in tables 11-12 and figures 7-8. 

Table 11 Adsorption degree of HPV18 virus-like particle formulation 

Num %HPV18 VLPs binding to aluminum adjuvant 
F1 99.6 

F2 99.4 

F3 99.6 
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Table 12 antigen content of HPV18 virus-like particle formulation 

Time point 
HPV18VLP content (percentage with T0, %) 

F1 F2 F3 
T0 100 100 100 

37°C_1W 96.6 100 76.5 

37 °C_2W 96.6 96.6 70.6 

37 °C_4W 89.7 82.8 70.6 

 

[00103] The test results showed that the adsorption degrees of the three 

papillomavirus virus-like particle vaccine formulations were above 99%, and the antigen 

content change trends of the papillomavirus virus-like particle vaccines in F1 and F2 

were better than those of the F3 formulation, that is, the stability of F1 and F2 was 

better than that of F3. 

[00104] Example 5: Composition confirmation study of each single type (type 6, 11, 

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) papillomavirus virus-like particles vaccine 

formulation 

[00105] Each single type (type 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 

59) of papillomavirus virus-like particle vaccine formulations (formulation: 0.74mg/mL 

papillomavirus virus-like particle +1.0mg/mL aluminum phosphate adjuvant +18mM 

histidine buffer +320mM sodium chloride at pH 6.2) was subjected to stability monitoring  

at 2–8 °C , respectively. Wherein the vaccine contained polysorbate 80 at a 

concentration of not more than 0.3mg/mL due to process residues in preparation. The 

monitoring time points were 3m(3 months), 6m(6 months), 9m(9 months) and 12m(12 

months), and the adsorption degree and in vitro relative potency were monitored. 

[00106] Analytical test method: 

[00107] Adsorption degree analysis: the detection principle is that antigens not 

adsorbed onto aluminum phosphate adjuvant are obtained by centrifugation and the 

content is analyzed to calculate the adsorption degree. 

[00108] In vitro relative potency: the detection principle of this method is to detect 
the EC50 of the analyte and the positive control with the recombinant human 
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papillomavirus neutralization antibody respectively, then to calculate the percentage 

ration of EC50 thereof. The higher the value, the higher the in vitro relative efficacy 

and the better quality of the test sample. 

[00109] The experimental results are shown in Table 13. 

[00110] Experimental results show that each single type of papillomavirus virus-like 

particle vaccine formulations disclosed by the invention has good stability and can be 

stably stored for at least 12 months under the condition of 2-8 °C . 

 

Table 13 Stability data of all 14 single types (6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 

58, and 59) Papillomavirus-like particles adjuvant adsorption liquid composition 

 

[00111] Example 6 Formulation preparation and composition confirmation of 14 

valent human papillomavirus vaccine (type 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 

58, 59) 

 

Papillomavirus 
virus-like particle 

type 

Adsorption degree (%) In vitro relative potency (%) 

T0 4℃-
3m 

4℃-
6m 

4℃-
9m 

4℃-
12m 

T0 4℃-
3m 

4℃-
6m 

4℃-
9m 

4℃-
12m 

6 98 99 99 100 >99 101 117 99 116 113 
11 99 100 100 >99 >99 96 113 108 143 113 

16 >99 >99 >99 >99 >99 92 116 100 130 97 

18 >99 >99 >99 >99 >99 86 110 106 97 109 

31 >99 >99 >99 >99 >99 109 108 98 113 92 

33 >99 >99 >99 >99 >99 96 113 107 108 103 

35 >99 >99 >99 >99 >99 85 86 91 88 97 

39 >99 >99 >99 >99 >99 101 110 109 105 102 

45 99 >99 >99 >99 >99 88 119 115 107 120 

51 >99 >99 >99 >99 >99 94 118 98 110 117 

52 >99 >99 >99 >99 >99 90 120 104 103 106 

56 >99 >99 >99 >99 >99 90 108 99 92 101 

58 >99 >99 >99 >99 >99 97 98 106 113 108 

59 >99 >99 >99 >99 >99 96 104 106 114 115 
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[00112] Preparation method of 14 valent human papillomavirus vaccine (type 6, 11, 

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59): 

[00113] Each single type (type 6,11,16,18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59) 

of papillomavirus virus-like particle vaccine formulation (Composition: 0.74mg/mL 

papillomavirus virus-like particles +1.0mg/mL aluminum phosphate adjuvant +18mM 

histidine buffer +320mM sodium chloride, pH value: 6.2) was respectively taken and 

mixed in a certain volume ratio (type 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 

=1.5:2:3:2:1:1:1:1:1:1:1:1:1:1) to obtain a 14 valent human papillomavirus vaccine (type 

6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) semi-finished product, 

corresponding to the concentration of 0.06mg/mL, 0.08mg/mL, 0.12mg/mL, 0.08mg/mL, 

0.04mg/mL, 0.04mg/mL, 0.04mg/mL, 0.04mg/mL, 0.04mg/mL, 0.04mg/mL, 0.04mg/mL, 

0.04mg/mL, 0.04mg/mL, 0.04mg/mL of each type of virus-like particle, respectively; 

then filled into Penicillin vials which were then corked, capped, and labeled to prepare 

recombinant 14 valent human papillomavirus vaccine (type 6, 11, 16, 18, 31, 33, 35, 39, 

45, 51, 52, 56, 58 and 59), wherein the vaccine comprised polysorbate 80 in a 

concentration of not more than 0.3mg/mL due to process residues in the preparation 

process. The stability monitoring was then conducted at 2–8 °C  (time points are 3, 6, 9, 

12, 18, and 24 months) and 25±2 °C  (time points are 2 weeks, 4 weeks, 8 weeks, and 

16 weeks), and the in vitro relative potency and adsorption degree were monitored. 

[00114] Analytical test method: 

[00115] Adsorption degree analysis: the detection principle is that antigens not 

adsorbed onto aluminum phosphate adjuvant are obtained by centrifugation and the 

content is analyzed to calculate the adsorption degree. 

[00116] Antigen content analysis: the detection principle is that the active antigen 
content capable of binding to the recombinant human papillomavirus neutralizing 

antibody is measured by ELISA, and the stability of each formulation is compared by 

comparing the ratio of the active antigen content at each time point with that of T0. The 

higher the ratio, the higher the active antigen content in the formulation and the better 

the activity maintained. 

[00117] The experimental results are shown in tables 14-17. 

[00118]  

Table 14 In vitro relative potency (25 °C ) of recombinant 14 valent human 
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papillomavirus vaccine (type 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) 
 

In vitro relative potency(%) 

6 11 16 18 31 33 35 39 45 51 52 56 58 59 

Lot1 

0 weeks 95 97 95 107 97 95 107 95 97 103 106 93 97 89 
2 weeks 90 96 89 85 96 97 91 83 86 88 84 92 87 90 
4 weeks 91 93 87 79 85 101 103 101 99 94 106 95 94 92 
8 weeks 92 92 89 88 88 87 87 105 81 92 88 93 88 91 
16 weeks 89 85 95 82 80 87 85 96 84 94 89 88 90 85 

Lot2 

0 weeks 103 95 93 114 113 93 118 113 94 88 107 101 113 99 
2 weeks 86 92 84 92 87 88 87 96 84 88 78 93 97 87 
4 weeks 94 89 75 84 82 90 100 92 93 94 96 92 101 96 
8 weeks 97 90 86 93 79 84 84 104 76 100 80 90 93 96 
16 weeks 86 74 90 79 69 87 80 96 78 101 73 68 80 82 

Lot3 

0 weeks 90 97 98 105 118 91 115 106 95 93 102 92 118 98 
2 weeks 76 94 76 86 81 76 84 97 87 92 78 93 104 84 
4 weeks 85 92 76 78 71 84 94 89 88 88 93 90 95 86 
8 weeks 86 94 90 86 73 80 80 91 72 89 72 84 92 87 
16 weeks 73 82 94 70 72 89 92 85 69 85 64 69 90 80 

 

Table 15 Adsorption degree (25 °C ) of recombinant 14 valent human papillomavirus 

vaccine (type 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) 
 

Adsorption degree(%) 

6 11 16 18 31 33 35 39 45 51 52 56 58 59 

Lot1 

0 weeks 98 99 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

2 weeks 99 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

4 weeks 99 99 >99 >99 >99 99 99 >99 >99 >99 >99 99 >99 >99 

8 weeks >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

16 weeks >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

Lot2 

0 weeks 99 100 100 >99 >99 >99 >99 >99 100 >99 >99 >99 >99 >99 

2 weeks >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

4 weeks >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

8 weeks >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

16 weeks >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

Lot3 
0 weeks 99 99 99 >99 >99 >99 >99 >99 99 >99 >99 >99 >99 >99 

2 weeks 99 99 99 100 99 99 >99 >99 >99 >99 >99 >99 >99 >99 

Type 

Time Lot 

Type 

Time Lot 
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4 weeks 100 100 100 >99 >99 >99 >99 >99 >99 >99 >99 100 >99 >99 

8 weeks >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

16 weeks >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

 

Table 16 In vitro relative potency (4 °C ) of recombinant 14 valent human 

papillomavirus vaccine (type 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) 

 
 

In vitro relative potency(%) 

6 11 16 18 31 33 35 39 45 51 52 56 58 59 

Lot1 

0 months 95 97 95 107 97 95 107 95 97 103 106 93 97 89 
3 months 113 115 100 99 109 103 107 113 112 112 110 132 114 127 
6 months 109 102 98 114 114 100 102 105 104 104 100 100 105 102 
9 months 125 119 111 108 118 122 115 107 105 98 95 100 92 94 
12 months 93 97 92 87 97 94 96 96 102 97 97 100 97 99 
18 months 110 102 103 99 100 98 105 100 99 108 99 96 101 104 
24 months 113 101 96 95 98 99 95 98 101 95 97 95 96 100 

Lot2 

0 months 103 95 93 114 113 93 118 113 94 88 107 101 113 99 
3 months 109 103 94 102 97 86 101 129 106 114 108 116 112 132 
6 months 96 88 81 105 109 94 96 111 105 111 95 100 99 108 
9 months 123 112 103 106 107 114 110 112 96 101 87 95 95 96 
12 months 133 89 92 88 93 92 98 100 89 84 89 86 89 98 
18 months 107 94 103 101 98 82 96 107 99 105 99 100 106 117 
24 months 110 90 90 92 88 96 95 100 97 99 95 94 100 102 

Lot3 

0 months 90 97 98 105 118 91 115 106 95 93 102 92 118 98 
3 months 100 95 95 103 93 76 107 121 104 115 109 92 121 121 
6 months 96 96 81 96 124 79 90 98 100 115 98 93 101 104 
9 months 113 113 103 99 118 94 103 102 103 97 82 91 93 96 
12 months 115 98 100 89 99 78 92 104 109 95 99 88 104 106 
18 months 93 96 101 87 96 69 96 102 99 94 97 97 104 110 
24 months 103 93 92 89 84 72 91 94 92 80 83 79 97 91 

 

Table 17 Adsorption degree (4 °C ) of recombinant 14 valent human papillomavirus 

vaccine (type 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) 
 

Adsorption degree(%) 

6 11 16 18 31 33 35 39 45 51 52 56 58 59 

Lot1 0 months 98 99 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

Type 

Time Lot 

Type 

Time Lot 
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3 months 98 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

6 months 99 100 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

9 months 99 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

12 months 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

18 months >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

24 months >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

Lot2 

0months 99 100 100 >99 >99 >99 >99 >99 100 >99 >99 >99 >99 >99 

3months 99 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

6months 100 >99 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

9months 100 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

12months 100 >99 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

18months >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

24months >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

Lot3 

0months 99 99 99 >99 >99 >99 >99 >99 99 >99 >99 >99 >99 >99 

3months 99 100 100 >99 >99 >99 >99 >99 100 >99 >99 >99 >99 >99 

6months 100 100 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

9months 100 100 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

12months 100 >99 100 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

18months >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

24months >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

 

[00119] Experimental results show that the 14 valent human papillomavirus vaccine 

(type 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59) preparation disclosed 

by the invention has good stability, and can be stably stored for at least 24 months 

at the temperature of 2 - 8 °C  and at least 16 weeks at the temperature of 25 °C . 
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SEQUENCE LISTING 
SEQ 
ID NO 

Sequence 
description  

Amino acid or nucleic acid sequence 

SEQ 
ID 
No: 1 

Amino acid 
sequence of 
aa 474-499 
of HPV type 
33 L1 
protein 

KAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 2 

Amino acid 
sequence of 
aa 469-499 
of HPV type 
33 L1 
protein 

LQAGLKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 3 

Amino acid 
sequence of 
aa 471-508 
of HPV type 
59 L1 
protein 

LQLGARPKPTIGPRKRAAPAPTSTPSPKRVKRRKSSRK 

SEQ 
ID 
No: 4 

Amino acid 
sequence of 
aa 1-469 of 
HPV type 6 
L1 protein 

MWRPSDSTVYVPPPNPVSKVVATDAYVTRTNIFYHASSSRLLAVGHPYFSIKRANKTVVPKVS
GYQYRVFKVVLPDPNKFALPDSSLFDPTTQRLVWACTGLEVGRGQPLGVGVSGHPFLNKYDD
VENSGSGGNPGQDNRVNVGMDYKQTQLCMVGCAPPLGEHWGKGKQCTNTPVQAGDCPP
LELITSVIQDGDMVDTGFGAMNFADLQTNKSDVPIDICGTTCKYPDYLQMAADPYGDRLFFFL
RKEQMFARHFFNRAGEVGEPVPDTLIIKGSGNRTSVGSSIYVNTPSGSLVSSEAQLFNKPYWL
QKAQGHNNGICWGNQLFVTVVDTTRSTNMTLCASVTTSSTYTNSDYKEYMRHVEEYDLQFIF
QLCSITLSAEVMAYIHTMNPSVLEDWNFGLSPPPNGTLEDTYRYVQSQAITCQKPTPEKEKPD
PYKNLSFWEVNLKEKFSSELDQYPLGRKFLLQSGY 

SEQ 
ID 
No: 5 

Amino acid 
sequence of 
aa 1-470 of 
HPV type 11 
L1 protein 

MWRPSDSTVYVPPPNPVSKVVATDAYVKRTNIFYHASSSRLLAVGHPYYSIKKVNKTVVPKVS
GYQYRVFKVVLPDPNKFALPDSSLFDPTTQRLVWACTGLEVGRGQPLGVGVSGHPLLNKYDD
VENSGGYGGNPGQDNRVNVGMDYKQTQLCMVGCAPPLGEHWGKGTQCSNTSVQNGDC
PPLELITSVIQDGDMVDTGFGAMNFADLQTNKSDVPLDICGTVCKYPDYLQMAADPYGDRLF
FYLRKEQMFARHFFNRAGTVGEPVPDDLLVKGGNNRSSVASSIYVHTPSGSLVSSEAQLFNKP
YWLQKAQGHNNGICWGNHLFVTVVDTTRSTNMTLCASVSKSATYTNSDYKEYMRHVEEFDL
QFIFQLCSITLSAEVMAYIHTMNPSVLEDWNFGLSPPPNGTLEDTYRYVQSQAITCQKPTPEKE
KQDPYKDMSFWEVNLKEKFSSELDQFPLGRKFLLQSGY 

SEQ 
ID 
No: 6 

Amino acid 
sequence of 
aa of aa 1-
474 of HPV 
type 16 L1 
protein 

MSLWLPSEATVYLPPVPVSKVVSTDEYVARTNIYYHAGTSRLLAVGHPYFPIKKPNNNKILVPK
VSGLQYRVFRIHLPDPNKFGFPDTSFYNPDTQRLVWACVGVEVGRGQPLGVGISGHPLLNKL
DDTENASAYAANAGVDNRECISMDYKQTQLCLIGCKPPIGEHWGKGSPCTNVAVNPGDCPP
LELINTVIQDGDMVDTGFGAMDFTTLQANKSEVPLDICTSICKYPDYIKMVSEPYGDSLFFYLRR
EQMFVRHLFNRAGAVGENVPDDLYIKGSGSTANLASSNYFPTPSGSMVTSDAQIFNKPYWLQ
RAQGHNNGICWGNQLFVTVVDTTRSTNMSLCAAISTSETTYKNTNFKEYLRHGEEYDLQFIFQ
LCKITLTADVMTYIHSMNSTILEDWNFGLQPPPGGTLEDTYRFVTSQAIACQKHTPPAPKEDPL
KKYTFWEVNLKEKFSADLDQFPLGRKFLLQAGL 

SEQ 
ID 
No: 7 

Amino acid 
sequence of 
aa 1-470 of 

MALWRPSDNTVYLPPPSVARVVNTDDYVTRTSIFYHAGSSRLLTVGNPYFRVPAGGGNKQDI
PKVSAYQYRVFRVQLPDPNKFGLPDTSIYNPETQRLVWACAGVEIGRGQPLGVGLSGHPFYNK
LDDTESSHAATSNVSEDVRDNVSVDYKQTQLCILGCAPAIGEHWAKGTACKSRPLSQGDCPPL
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HPV type 18 
L1 protein 

ELKNTVLEDGDMVDTGYGAMDFSTLQDTKCEVPLDICQSICKYPDYLQMSADPYGDSMFFCL
RREQLFARHFWNRAGTMGDTVPQSLYIKGTGMRASPGSCVYSPSPSGSIVTSDSQLFNKPYW
LHKAQGHNNGVCWHNQLFVTVVDTTRSTNLTICASTQSPVPGQYDATKFKQYSRHVEEYDL
QFIFQLCTITLTADVMSYIHSMNSSILEDWNFGVPPPPTTSLVDTYRFVQSVAITCQKDAAPAE
NKDPYDKLKFWNVDLKEKFSLDLDQYPLGRKFL 

SEQ 
ID 
No: 8 

Amino acid 
sequence of 
aa 1-475 of 
HPV type 31 
L1 protein 

MSLWRPSEATVYLPPVPVSKVVSTDEYVTRTNIYYHAGSARLLTVGHPYYSIPKSDNPKKIVVPK
VSGLQYRVFRVRLPDPNKFGFPDTSFYNPETQRLVWACVGLEVGRGQPLGVGISGHPLLNKF
DDTENSNRYAGGPGTDNRECISMDYKQTQLCLLGCKPPIGEHWGKGSPCSNNAITPGDCPPL
ELKNSVIQDGDMVDTGFGAMDFTALQDTKSNVPLDICNSICKYPDYLKMVAEPYGDTLFFYLR
REQMFVRHFFNRSGTVGESVPTDLYIKGSGSTATLANSTYFPTPSGSMVTSDAQIFNKPYWM
QRAQGHNNGICWGNQLFVTVVDTTRSTNMSVCAAIANSDTTFKSSNFKEYLRHGEEFDLQFI
FQLCKITLSADIMTYIHSMNPAILEDWNFGLTTPPSGSLEDTYRFVTSQAITCQKSAPQKPKEDP
FKDYVFWEVNLKEKFSADLDQFPLGRKFLLQAGY 

SEQ 
ID 
No: 9 

Amino acid 
sequence of 
aa 1-472 of 
HPV type 35 
L1 protein 

MSLWRSNEATVYLPPVSVSKVVSTDEYVTRTNIYYHAGSSRLLAVGHPYYAIKKQDSNKIAVPK
VSGLQYRVFRVKLPDPNKFGFPDTSFYDPASQRLVWACTGVEVGRGQPLGVGISGHPLLNKL
DDTENSNKYVGNSGTDNRECISMDYKQTQLCLIGCRPPIGEHWGKGTPCNANQVKAGECPP
LELLNTVLQDGDMVDTGFGAMDFTTLQANKSDVPLDICSSICKYPDYLKMVSEPYGDMLFFYL
RREQMFVRHLFNRAGTVGETVPADLYIKGTTGTLPSTSYFPTPSGSMVTSDAQIFNKPYWLQR
AQGHNNGICWSNQLFVTVVDTTRSTNMSVCSAVSSSDSTYKNDNFKEYLRHGEEYDLQFIFQ
LCKITLTADVMTYIHSMNPSILEDWNFGLTPPPSGTLEDTYRYVTSQAVTCQKPSAPKPKDDPL
KNYTFWEVDLKEKFSADLDQFPLGRKFLLQAGL 

SEQ 
ID 
No: 
10 

Amino acid 
sequence of 
aa 1-469 of 
HPV type 39 
L1 protein 

MAMWRSSDSMVYLPPPSVAKVVNTDDYVTRTGIYYYAGSSRLLTVGHPYFKVGMNGGRKQ
DIPKVSAYQYRVFRVTLPDPNKFSIPDASLYNPETQRLVWACVGVEVGRGQPLGVGISGHPLY
NRQDDTENSPFSSTTNKDSRDNVSVDYKQTQLCIIGCVPAIGEHWGKGKACKPNNVSTGDCP
PLELVNTPIEDGDMIDTGYGAMDFGALQETKSEVPLDICQSICKYPDYLQMSADVYGDSMFFC
LRREQLFARHFWNRGGMVGDAIPAQLYIKGTDIRANPGSSVYCPSPSGSMVTSDSQLFNKPY
WLHKAQGHNNGICWHNQLFLTVVDTTRSTNFTLSTSIESSIPSTYDPSKFKEYTRHVEEYDLQFI
FQLCTVTLTTDVMSYIHTMNSSILDNWNFAVAPPPSASLVDTYRYLQSAAITCQKDAPAPEKK
DPYDGLKFWNVDLREKFSLELDQFPLGRKFL 

SEQ 
ID 
No: 
11 

Amino acid 
sequence of 
aa 1-478 of 
HPV type 45 
L1 protein 

MALWRPSDSTVYLPPPSVARVVNTDDYVSRTSIFYHAGSSRLLTVGNPYFRVVPSGAGNKQA
VPKVSAYQYRVFRVALPDPNKFGLPDSTIYNPETQRLVWACVGMEIGRGQPLGIGLSGHPFYN
KLDDTESAHAATAVITQDVRDNVSVDYKQTQLCILGCVPAIGEHWAKGTLCKPAQLQPGDCP
PLELKNTIIEDGDMVDTGYGAMDFSTLQDTKCEVPLDICQSICKYPDYLQMSADPYGDSMFFC
LRREQLFARHFWNRAGVMGDTVPTDLYIKGTSANMRETPGSCVYSPSPSGSITTSDSQLFNKP
YWLHKAQGHNNGICWHNQLFVTVVDTTRSTNLTLCASTQNPVPNTYDPTKFKHYSRHVEEY
DLQFIFQLCTITLTAEVMSYIHSMNSSILENWNFGVPPPPTTSLVDTYRFVQSVAVTCQKDTTP
PEKQDPYDKLKFWTVDLKEKFSSDLDQYPLGRKFLVQAGL 

SEQ 
ID 
No: 
12 

Amino acid 
sequence of 
aa 1-474 of 
HPV type 51 
L1 protein 

MALWRTNDSKVYLPPAPVSRIVNTEEYITRTGIYYYAGSSRLITLGHPYFPIPKTSTRAAIPKVSAF
QYRVFRVQLPDPNKFGLPDPNLYNPDTDRLVWGCVGVEVGRGQPLGVGLSGHPLFNKYDDT
ENSRIANGNAQQDVRDNTSVDNKQTQLCIIGCAPPIGEHWGIGTTCKNTPVPPGDCPPLELVS
SVIQDGDMIDTGFGAMDFAALQATKSDVPLDISQSVCKYPDYLKMSADTYGNSMFFHLRRE
QIFARHYYNKLVGVGEDIPNDYYIKGSGNGRDPIESYIYSATPSGSMITSDSQIFNKPYWLHRAQ
GHNNGICWNNQLFITCVDTTRSTNLTISTATAAVSPTFTPSNFKQYIRHGEEYELQFIFQLCKITL
TTEVMAYLHTMDPTILEQWNFGLTLPPSASLEDAYRFVRNAATSCQKDTPPQAKPDPLAKYKF
WDVDLKERFSLDLDQFALGRKFLLQVGV 

SEQ 
ID 
No: 
13 

Amino acid 
sequence of 
aa 1-478 of 
HPV type 52 
L1 protein 

MSVWRPSEATVYLPPVPVSKVVSTDEYVSRTSIYYYAGSSRLLTVGHPYFSIKNTSSGNGKKVLV
PKVSGLQYRVFRIKLPDPNKFGFPDTSFYNPETQRLVWACTGLEIGRGQPLGVGISGHPLLNKF
DDTETSNKYAGKPGIDNRECLSMDYKQTQLCILGCKPPIGEHWGKGTPCNNNSGNPGDCPPL
QLINSVIQDGDMVDTGFGCMDFNTLQASKSDVPIDICSSVCKYPDYLQMASEPYGDSLFFFLR
REQMFVRHFFNRAGTLGDPVPGDLYIQGSNSGNTATVQSSAFFPTPSGSMVTSESQLFNKPY
WLQRAQGHNNGICWGNQLFVTVVDTTRSTNMTLCAEVKKESTYKNENFKEYLRHGEEFDLQ
FIFQLCKITLTADVMTYIHKMDATILEDWQFGLTPPPSASLEDTYRFVTSTAITCQKNTPPKGKE
DPLKDYMFWEVDLKEKFSADLDQFPLGRKFLLQAGL 

SEQ Amino acid MATWRPSENKVYLPPTPVSKVVATDSYVKRTSIFYHAGSSRLLAVGHPYYSVTKDNTKTNIPKV
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ID 
No: 
14 

sequence of 
aa 1-467 of 
HPV type 56 
L1 protein 

SAYQYRVFRVRLPDPNKFGLPDTNIYNPDQERLVWACVGLEVGRGQPLGAGLSGHPLFNRLD
DTESSNLANNNVIEDSRDNISVDGKQTQLCIVGCTPAMGEHWTKGAVCKSTQVTTGDCPPLA
LINTPIEDGDMIDTGFGAMDFKVLQESKAEVPLDIVQSTCKYPDYLKMSADAYGDSMWFYLR
REQLFARHYFNRAGKVGETIPAELYLKGSNGREPPPSSVYVATPSGSMITSEAQLFNKPYWLQR
AQGHNNGICWGNQLFVTVVDTTRSTNMTISTATEQLSKYDARKINQYLRHVEEYELQFVFQL
CKITLSAEVMAYLHNMNANLLEDWNIGLSPPVATSLEDKYRYVRSTAITCQREQPPTEKQDPL
AKYKFWDVNLQDSFSTDLDQFPLGRKFL 

SEQ 
ID 
No: 
15 

Amino acid 
sequence of 
aa 1-473 of 
HPV type 58 
L1 protein 

MSVWRPSEATVYLPPVPVSKVVSTDEYVSRTSIYYYAGSSRLLAVGNPYFSIKSPNNNKKVLVPK
VSGLQYRVFRVRLPDPNKFGFPDTSFYNPDTQRLVWACVGLEIGRGQPLGVGVSGHPYLNKF
DDTETSNRYPAQPGSDNRECLSMDYKQTQLCLIGCKPPTGEHWGKGVACNNNAAATDCPPL
ELFNSIIEDGDMVDTGFGCMDFGTLQANKSDVPIDICNSTCKYPDYLKMASEPYGDSLFFFLRR
EQMFVRHFFNRAGKLGEAVPDDLYIKGSGNTAVIQSSAFFPTPSGSIVTSESQLFNKPYWLQR
AQGHNNGICWGNQLFVTVVDTTRSTNMTLCTEVTKEGTYKNDNFKEYVRHVEEYDLQFVFQ
LCKITLTAEIMTYIHTMDSNILEDWQFGLTPPPSASLQDTYRFVTSQAITCQKTAPPKEKEDPLN
KYTFWEVNLKEKFSADLDQFPLGRKFLLQSGL 

SEQ 
ID 
No: 
16 

Amino acid 
sequence of 
chimeric 
HPV type 6 
L1 protein 

MWRPSDSTVYVPPPNPVSKVVATDAYVTRTNIFYHASSSRLLAVGHPYFSIKRANKTVVPKVS
GYQYRVFKVVLPDPNKFALPDSSLFDPTTQRLVWACTGLEVGRGQPLGVGVSGHPFLNKYDD
VENSGSGGNPGQDNRVNVGMDYKQTQLCMVGCAPPLGEHWGKGKQCTNTPVQAGDCPP
LELITSVIQDGDMVDTGFGAMNFADLQTNKSDVPIDICGTTCKYPDYLQMAADPYGDRLFFFL
RKEQMFARHFFNRAGEVGEPVPDTLIIKGSGNRTSVGSSIYVNTPSGSLVSSEAQLFNKPYWL
QKAQGHNNGICWGNQLFVTVVDTTRSTNMTLCASVTTSSTYTNSDYKEYMRHVEEYDLQFIF
QLCSITLSAEVMAYIHTMNPSVLEDWNFGLSPPPNGTLEDTYRYVQSQAITCQKPTPEKEKPD
PYKNLSFWEVNLKEKFSSELDQYPLGRKFLLQSGYKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 
17 

Amino acid 
sequence of 
chimeric 
HPV type 11 
L1 protein  

MWRPSDSTVYVPPPNPVSKVVATDAYVKRTNIFYHASSSRLLAVGHPYYSIKKVNKTVVPKVS
GYQYRVFKVVLPDPNKFALPDSSLFDPTTQRLVWACTGLEVGRGQPLGVGVSGHPLLNKYDD
VENSGGYGGNPGQDNRVNVGMDYKQTQLCMVGCAPPLGEHWGKGTQCSNTSVQNGDC
PPLELITSVIQDGDMVDTGFGAMNFADLQTNKSDVPLDICGTVCKYPDYLQMAADPYGDRLF
FYLRKEQMFARHFFNRAGTVGEPVPDDLLVKGGNNRSSVASSIYVHTPSGSLVSSEAQLFNKP
YWLQKAQGHNNGICWGNHLFVTVVDTTRSTNMTLCASVSKSATYTNSDYKEYMRHVEEFDL
QFIFQLCSITLSAEVMAYIHTMNPSVLEDWNFGLSPPPNGTLEDTYRYVQSQAITCQKPTPEKE
KQDPYKDMSFWEVNLKEKFSSELDQFPLGRKFLLQSGYKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 
18 

Amino acid 
sequence of 
chimeric 
HPV type 16 
L1 protein 

MSLWLPSEATVYLPPVPVSKVVSTDEYVARTNIYYHAGTSRLLAVGHPYFPIKKPNNNKILVPK
VSGLQYRVFRIHLPDPNKFGFPDTSFYNPDTQRLVWACVGVEVGRGQPLGVGISGHPLLNKL
DDTENASAYAANAGVDNRECISMDYKQTQLCLIGCKPPIGEHWGKGSPCTNVAVNPGDCPP
LELINTVIQDGDMVDTGFGAMDFTTLQANKSEVPLDICTSICKYPDYIKMVSEPYGDSLFFYLRR
EQMFVRHLFNRAGAVGENVPDDLYIKGSGSTANLASSNYFPTPSGSMVTSDAQIFNKPYWLQ
RAQGHNNGICWGNQLFVTVVDTTRSTNMSLCAAISTSETTYKNTNFKEYLRHGEEYDLQFIFQ
LCKITLTADVMTYIHSMNSTILEDWNFGLQPPPGGTLEDTYRFVTSQAIACQKHTPPAPKEDPL
KKYTFWEVNLKEKFSADLDQFPLGRKFLLQAGLKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 
19 

Amino acid 
sequence of 
chimeric 
HPV type 18 
L1 protein  

MALWRPSDNTVYLPPPSVARVVNTDDYVTRTSIFYHAGSSRLLTVGNPYFRVPAGGGNKQDI
PKVSAYQYRVFRVQLPDPNKFGLPDTSIYNPETQRLVWACAGVEIGRGQPLGVGLSGHPFYNK
LDDTESSHAATSNVSEDVRDNVSVDYKQTQLCILGCAPAIGEHWAKGTACKSRPLSQGDCPPL
ELKNTVLEDGDMVDTGYGAMDFSTLQDTKCEVPLDICQSICKYPDYLQMSADPYGDSMFFCL
RREQLFARHFWNRAGTMGDTVPQSLYIKGTGMRASPGSCVYSPSPSGSIVTSDSQLFNKPYW
LHKAQGHNNGVCWHNQLFVTVVDTTRSTNLTICASTQSPVPGQYDATKFKQYSRHVEEYDL
QFIFQLCTITLTADVMSYIHSMNSSILEDWNFGVPPPPTTSLVDTYRFVQSVAITCQKDAAPAE
NKDPYDKLKFWNVDLKEKFSLDLDQYPLGRKFLKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 
20 

Amino acid 
sequence of 
chimeric 
HPV type 31 
L1 protein 

MSLWRPSEATVYLPPVPVSKVVSTDEYVTRTNIYYHAGSARLLTVGHPYYSIPKSDNPKKIVVPK
VSGLQYRVFRVRLPDPNKFGFPDTSFYNPETQRLVWACVGLEVGRGQPLGVGISGHPLLNKF
DDTENSNRYAGGPGTDNRECISMDYKQTQLCLLGCKPPIGEHWGKGSPCSNNAITPGDCPPL
ELKNSVIQDGDMVDTGFGAMDFTALQDTKSNVPLDICNSICKYPDYLKMVAEPYGDTLFFYLR
REQMFVRHFFNRSGTVGESVPTDLYIKGSGSTATLANSTYFPTPSGSMVTSDAQIFNKPYWM
QRAQGHNNGICWGNQLFVTVVDTTRSTNMSVCAAIANSDTTFKSSNFKEYLRHGEEFDLQFI
FQLCKITLSADIMTYIHSMNPAILEDWNFGLTTPPSGSLEDTYRFVTSQAITCQKSAPQKPKEDP



 

28 
 

FKDYVFWEVNLKEKFSADLDQFPLGRKFLLQAGYKAKPKLKRAAPTSTRTSSAKRKKVKK 
SEQ 
ID 
No: 
21 

Amino acid 
sequence of 
chimeric 
HPV type 35 
L1 protein 

MSLWRSNEATVYLPPVSVSKVVSTDEYVTRTNIYYHAGSSRLLAVGHPYYAIKKQDSNKIAVPK
VSGLQYRVFRVKLPDPNKFGFPDTSFYDPASQRLVWACTGVEVGRGQPLGVGISGHPLLNKL
DDTENSNKYVGNSGTDNRECISMDYKQTQLCLIGCRPPIGEHWGKGTPCNANQVKAGECPP
LELLNTVLQDGDMVDTGFGAMDFTTLQANKSDVPLDICSSICKYPDYLKMVSEPYGDMLFFYL
RREQMFVRHLFNRAGTVGETVPADLYIKGTTGTLPSTSYFPTPSGSMVTSDAQIFNKPYWLQR
AQGHNNGICWSNQLFVTVVDTTRSTNMSVCSAVSSSDSTYKNDNFKEYLRHGEEYDLQFIFQ
LCKITLTADVMTYIHSMNPSILEDWNFGLTPPPSGTLEDTYRYVTSQAVTCQKPSAPKPKDDPL
KNYTFWEVDLKEKFSADLDQFPLGRKFLLQAGLKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 
22 

Amino acid 
sequence of 
chimeric 
HPV type 39 
L1 protein 

MAMWRSSDSMVYLPPPSVAKVVNTDDYVTRTGIYYYAGSSRLLTVGHPYFKVGMNGGRKQ
DIPKVSAYQYRVFRVTLPDPNKFSIPDASLYNPETQRLVWACVGVEVGRGQPLGVGISGHPLY
NRQDDTENSPFSSTTNKDSRDNVSVDYKQTQLCIIGCVPAIGEHWGKGKACKPNNVSTGDCP
PLELVNTPIEDGDMIDTGYGAMDFGALQETKSEVPLDICQSICKYPDYLQMSADVYGDSMFFC
LRREQLFARHFWNRGGMVGDAIPAQLYIKGTDIRANPGSSVYCPSPSGSMVTSDSQLFNKPY
WLHKAQGHNNGICWHNQLFLTVVDTTRSTNFTLSTSIESSIPSTYDPSKFKEYTRHVEEYDLQFI
FQLCTVTLTTDVMSYIHTMNSSILDNWNFAVAPPPSASLVDTYRYLQSAAITCQKDAPAPEKK
DPYDGLKFWNVDLREKFSLELDQFPLGRKFLLQLGARPKPTIGPRKRAAPAPTSTPSPKRVKRR
KSSRK 

SEQ 
ID 
No: 
23 

Amino acid 
sequence of 
chimeric 
HPV type 45 
L1 protein 

MALWRPSDSTVYLPPPSVARVVNTDDYVSRTSIFYHAGSSRLLTVGNPYFRVVPSGAGNKQA
VPKVSAYQYRVFRVALPDPNKFGLPDSTIYNPETQRLVWACVGMEIGRGQPLGIGLSGHPFYN
KLDDTESAHAATAVITQDVRDNVSVDYKQTQLCILGCVPAIGEHWAKGTLCKPAQLQPGDCP
PLELKNTIIEDGDMVDTGYGAMDFSTLQDTKCEVPLDICQSICKYPDYLQMSADPYGDSMFFC
LRREQLFARHFWNRAGVMGDTVPTDLYIKGTSANMRETPGSCVYSPSPSGSITTSDSQLFNKP
YWLHKAQGHNNGICWHNQLFVTVVDTTRSTNLTLCASTQNPVPNTYDPTKFKHYSRHVEEY
DLQFIFQLCTITLTAEVMSYIHSMNSSILENWNFGVPPPPTTSLVDTYRFVQSVAVTCQKDTTP
PEKQDPYDKLKFWTVDLKEKFSSDLDQYPLGRKFLVQAGLKAKPKLKRAAPTSTRTSSAKRKKV
KK 

SEQ 
ID 
No: 
24 

Amino acid 
sequence of 
chimeric 
HPV type 51 
L1 protein 

MALWRTNDSKVYLPPAPVSRIVNTEEYITRTGIYYYAGSSRLITLGHPYFPIPKTSTRAAIPKVSAF
QYRVFRVQLPDPNKFGLPDPNLYNPDTDRLVWGCVGVEVGRGQPLGVGLSGHPLFNKYDDT
ENSRIANGNAQQDVRDNTSVDNKQTQLCIIGCAPPIGEHWGIGTTCKNTPVPPGDCPPLELVS
SVIQDGDMIDTGFGAMDFAALQATKSDVPLDISQSVCKYPDYLKMSADTYGNSMFFHLRRE
QIFARHYYNKLVGVGEDIPNDYYIKGSGNGRDPIESYIYSATPSGSMITSDSQIFNKPYWLHRAQ
GHNNGICWNNQLFITCVDTTRSTNLTISTATAAVSPTFTPSNFKQYIRHGEEYELQFIFQLCKITL
TTEVMAYLHTMDPTILEQWNFGLTLPPSASLEDAYRFVRNAATSCQKDTPPQAKPDPLAKYKF
WDVDLKERFSLDLDQFALGRKFLLQVGVKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No:2
5 

Amino acid 
sequence of 
chimeric 
HPV type 52 
L1 protein 

MSVWRPSEATVYLPPVPVSKVVSTDEYVSRTSIYYYAGSSRLLTVGHPYFSIKNTSSGNGKKVLV
PKVSGLQYRVFRIKLPDPNKFGFPDTSFYNPETQRLVWACTGLEIGRGQPLGVGISGHPLLNKF
DDTETSNKYAGKPGIDNRECLSMDYKQTQLCILGCKPPIGEHWGKGTPCNNNSGNPGDCPPL
QLINSVIQDGDMVDTGFGCMDFNTLQASKSDVPIDICSSVCKYPDYLQMASEPYGDSLFFFLR
REQMFVRHFFNRAGTLGDPVPGDLYIQGSNSGNTATVQSSAFFPTPSGSMVTSESQLFNKPY
WLQRAQGHNNGICWGNQLFVTVVDTTRSTNMTLCAEVKKESTYKNENFKEYLRHGEEFDLQ
FIFQLCKITLTADVMTYIHKMDATILEDWQFGLTPPPSASLEDTYRFVTSTAITCQKNTPPKGKE
DPLKDYMFWEVDLKEKFSADLDQFPLGRKFLLQAGLKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 
26 

Amino acid 
sequence of 
chimeric 
HPV type 56 
L1 protein 

MATWRPSENKVYLPPTPVSKVVATDSYVKRTSIFYHAGSSRLLAVGHPYYSVTKDNTKTNIPKV
SAYQYRVFRVRLPDPNKFGLPDTNIYNPDQERLVWACVGLEVGRGQPLGAGLSGHPLFNRLD
DTESSNLANNNVIEDSRDNISVDGKQTQLCIVGCTPAMGEHWTKGAVCKSTQVTTGDCPPLA
LINTPIEDGDMIDTGFGAMDFKVLQESKAEVPLDIVQSTCKYPDYLKMSADAYGDSMWFYLR
REQLFARHYFNRAGKVGETIPAELYLKGSNGREPPPSSVYVATPSGSMITSEAQLFNKPYWLQR
AQGHNNGICWGNQLFVTVVDTTRSTNMTISTATEQLSKYDARKINQYLRHVEEYELQFVFQL
CKITLSAEVMAYLHNMNANLLEDWNIGLSPPVATSLEDKYRYVRSTAITCQREQPPTEKQDPL
AKYKFWDVNLQDSFSTDLDQFPLGRKFLLQAGLKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 

Amino acid 
sequence of 
chimeric 

MSVWRPSEATVYLPPVPVSKVVSTDEYVSRTSIYYYAGSSRLLAVGNPYFSIKSPNNNKKVLVPK
VSGLQYRVFRVRLPDPNKFGFPDTSFYNPDTQRLVWACVGLEIGRGQPLGVGVSGHPYLNKF
DDTETSNRYPAQPGSDNRECLSMDYKQTQLCLIGCKPPTGEHWGKGVACNNNAAATDCPPL
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27 HPV type 58 
L1 protein 

ELFNSIIEDGDMVDTGFGCMDFGTLQANKSDVPIDICNSTCKYPDYLKMASEPYGDSLFFFLRR
EQMFVRHFFNRAGKLGEAVPDDLYIKGSGNTAVIQSSAFFPTPSGSIVTSESQLFNKPYWLQR
AQGHNNGICWGNQLFVTVVDTTRSTNMTLCTEVTKEGTYKNDNFKEYVRHVEEYDLQFVFQ
LCKITLTAEIMTYIHTMDSNILEDWQFGLTPPPSASLQDTYRFVTSQAITCQKTAPPKEKEDPLN
KYTFWEVNLKEKFSADLDQFPLGRKFLLQSGLKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 
28 

Amino acid 
sequence of 
HPV type 33 
L1 protein 

MSVWRPSEATVYLPPVPVSKVVSTDEYVSRTSIYYYAGSSRLLAVGHPYFSIKNPTNAKKLLVPK
VSGLQYRVFRVRLPDPNKFGFPDTSFYNPDTQRLVWACVGLEIGRGQPLGVGISGHPLLNKFD
DTETGNKYPGQPGADNRECLSMDYKQTQLCLLGCKPPTGEHWGKGVACTNAAPANDCPPL
ELINTIIEDGDMVDTGFGCMDFKTLQANKSDVPIDICGSTCKYPDYLKMTSEPYGDSLFFFLRRE
QMFVRHFFNRAGTLGEAVPDDLYIKGSGTTASIQSSAFFPTPSGSMVTSESQLFNKPYWLQRA
QGHNNGICWGNQVFVTVVDTTRSTNMTLCTQVTSDSTYKNENFKEYIRHVEEYDLQFVFQLC
KVTLTAEVMTYIHAMNPDILEDWQFGLTPPPSASLQDTYRFVTSQAITCQKTVPPKEKEDPLG
KYTFWEVDLKEKFSADLDQFPLGRKFLLQAGLKAKPKLKRAAPTSTRTSSAKRKKVKK 

SEQ 
ID 
No: 
29 

Amino acid 
sequence of 
HPV type 59 
L1 protein 

MALWRSSDNKVYLPPPSVAKVVSTDEYVTRTSIFYHAGSSRLLTVGHPYFKVPKGGNGRQDVP
KVSAYQYRVFRVKLPDPNKFGLPDNTVYDPNSQRLVWACVGVEIGRGQPLGVGLSGHPLYNK
LDDTENSHVASAVDTKDTRDNVSVDYKQTQLCIIGCVPAIGEHWTKGTACKPTTVVQGDCPP
LELINTPIEDGDMVDTGYGAMDFKLLQDNKSEVPLDICQSICKYPDYLQMSADAYGDSMFFCL
RREQVFARHFWNRSGTMGDQLPESLYIKGTDIRANPGSYLYSPSPSGSVVTSDSQLFNKPYWL
HKAQGLNNGICWHNQLFLTVVDTTRSTNLSVCASTTSSIPNVYTPTSFKEYARHVEEFDLQFIF
QLCKITLTTEVMSYIHNMNTTILEDWNFGVTPPPTASLVDTYRFVQSAAVTCQKDTAPPVKQD
PYDKLKFWPVDLKERFSADLDQFPLGRKFLLQLGARPKPTIGPRKRAAPAPTSTPSPKRVKRRK
SSRK 

SEQ 
ID 
No: 
30 

Synthetic 
HPV6L1 
gene 

ctgggtaccATGTGGAGACCATCTGACAGCACAGTCTATGTGCCTCCTCCAAACCCTGTGAGC
AAGGTGGTGGCTACAGATGCCTATGTGACCAGGACCAACATCTTCTACCATGCCTCCTCCA
GCAGACTGCTGGCTGTGGGACACCCATACTTCAGCATCAAGAGGGCTAACAAGACAGTGG
TGCCAAAGGTGTCTGGCTACCAATACAGGGTGTTCAAGGTGGTGCTGCCTGACCCAAACA
AGTTTGCCCTGCCTGACTCCTCCCTGTTTGACCCAACCACCCAGAGACTGGTGTGGGCTTG
TACTGGATTGGAGGTGGGCAGGGGACAACCACTGGGAGTGGGAGTGTCTGGACACCCAT
TCCTGAACAAATATGATGATGTGGAGAACTCTGGCTCTGGAGGCAACCCTGGACAAGACA
ACAGGGTGAATGTGGGGATGGACTACAAGCAGACCCAACTTTGTATGGTGGGCTGTGCC
CCTCCACTGGGAGAACACTGGGGCAAGGGCAAGCAGTGTACCAACACACCTGTCCAGGCT
GGAGACTGTCCTCCATTGGAACTGATTACCTCTGTGATTCAGGATGGAGATATGGTGGAC
ACAGGCTTTGGAGCTATGAACTTTGCTGACCTCCAAACCAACAAGTCTGATGTGCCAATTG
ACATCTGTGGCACCACTTGTAAATACCCTGACTACCTCCAAATGGCTGCTGACCCATATGG
AGACAGACTGTTCTTCTTCCTGAGGAAGGAACAGATGTTTGCCAGACACTTCTTCAACAGG
GCTGGAGAGGTGGGAGAACCTGTGCCTGACACCCTGATTATCAAGGGCTCTGGCAACAG
GACCTCTGTGGGCTCCAGCATCTATGTGAACACACCATCTGGCTCCCTGGTGTCCTCTGAG
GCTCAACTTTTCAACAAGCCATACTGGCTCCAAAAGGCTCAAGGACACAACAATGGCATCT
GTTGGGGCAACCAACTTTTTGTGACAGTGGTGGACACCACCAGGAGCACCAATATGACCC
TGTGTGCCTCTGTGACCACCTCCAGCACCTACACCAACTCTGACTACAAGGAATATATGAG
GCATGTGGAGGAATATGACCTCCAATTCATCTTCCAACTTTGTAGCATCACCCTGTCTGCTG
AGGTGATGGCTTACATCCACACAATGAACCCATCTGTGTTGGAGGACTGGAACTTTGGAC
TGAGCCCTCCTCCAAATGGCACCTTGGAGGACACCTACAGATATGTCCAGAGCCAGGCTAT
CACTTGTCAGAAGCCAACACCTGAGAAGGAGAAGCCTGACCCATACAAGAACCTGTCCTT
CTGGGAGGTGAACCTGAAAGAGAAGTTCTCCTCTGAACTGGACCAATACCCACTGGGCAG
GAAGTTCCTGCTCCAATCTGGCTACAGGGGCAGGTCCAGCATCAGGACAGGAGTGAAGA
GACCTGCTGTGAGCAAGGCATCTGCTGCCCCAAAGAGGAAGAGGGCTAAGACCAAGAGG
TAAActcgagctc 

SEQ 
ID 
No: 
31 

Synthetic 
HPV11L1 
gene 
Synthetic 
HPV 11 L1 
gene 

ctgggtaccATGTGGAGACCATCTGACAGCACAGTCTATGTGCCTCCTCCAAACCCTGTGAGC
AAGGTGGTGGCTACAGATGCCTATGTGAAGAGGACCAACATCTTCTACCATGCCTCCTCCA
GCAGACTGCTGGCTGTGGGACACCCATACTACAGCATCAAGAAGGTGAACAAGACAGTG
GTGCCAAAGGTGTCTGGCTACCAATACAGGGTGTTCAAGGTGGTGCTGCCTGACCCAAAC
AAGTTTGCCCTGCCTGACTCCTCCCTGTTTGACCCAACCACCCAGAGACTGGTGTGGGCTT
GTACTGGATTGGAGGTGGGCAGGGGACAACCACTGGGAGTGGGAGTGTCTGGACACCCA
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CTGCTGAACAAATATGATGATGTGGAGAACTCTGGAGGCTATGGAGGCAACCCTGGACAA
GACAACAGGGTGAATGTGGGGATGGACTACAAGCAGACCCAACTTTGTATGGTGGGCTG
TGCCCCTCCACTGGGAGAACACTGGGGCAAGGGCACCCAGTGTAGCAACACCTCTGTCCA
GAATGGAGACTGTCCTCCATTGGAACTGATTACCTCTGTGATTCAGGATGGAGATATGGT
GGACACAGGCTTTGGAGCTATGAACTTTGCTGACCTCCAAACCAACAAGTCTGATGTGCCA
CTGGACATCTGTGGCACAGTGTGTAAATACCCTGACTACCTCCAAATGGCTGCTGACCCAT
ATGGAGACAGACTGTTCTTCTACCTGAGGAAGGAACAGATGTTTGCCAGACACTTCTTCAA
CAGGGCTGGCACAGTGGGAGAACCTGTGCCTGATGACCTGCTGGTGAAGGGAGGCAACA
ACAGGTCCTCTGTGGCATCCAGCATCTATGTGCATACACCATCTGGCTCCCTGGTGTCCTCT
GAGGCTCAACTTTTCAACAAGCCATACTGGCTCCAAAAGGCTCAAGGACACAACAATGGC
ATCTGTTGGGGCAACCACCTGTTTGTGACAGTGGTGGACACCACCAGGAGCACCAATATG
ACCCTGTGTGCCTCTGTGAGCAAGTCTGCCACCTACACCAACTCTGACTACAAGGAATATA
TGAGGCATGTGGAGGAGTTTGACCTCCAATTCATCTTCCAACTTTGTAGCATCACCCTGTCT
GCTGAGGTGATGGCTTACATCCACACAATGAACCCATCTGTGTTGGAGGACTGGAACTTT
GGACTGAGCCCTCCTCCAAATGGCACCTTGGAGGACACCTACAGATATGTCCAGAGCCAG
GCTATCACTTGTCAGAAGCCAACACCTGAGAAGGAGAAGCAGGACCCATACAAGGATATG
AGTTTCTGGGAGGTGAACCTGAAAGAGAAGTTCTCCTCTGAACTGGACCAGTTTCCACTG
GGCAGGAAGTTCCTGCTCCAATCTGGCTACAGGGGCAGGACCTCTGCCAGGACAGGCATC
AAGAGACCTGCTGTGAGCAAGCCAAGCACAGCCCCAAAGAGGAAGAGGACCAAGACCAA
GAAGTAAActcgagctc 

SEQ 
ID 
No: 
32 

Synthetic 
HPV16L1 
gene 

ctgggtaccATGAGTCTGTGGCTGCCATCTGAGGCTACAGTCTACCTGCCTCCTGTGCCTGTG
AGCAAGGTGGTGAGCACAGATGAATATGTGGCAAGGACCAACATCTACTACCATGCTGGC
ACCAGCAGACTGCTGGCTGTGGGACACCCATACTTTCCAATCAAGAAGCCAAACAACAAC
AAGATTCTGGTGCCAAAGGTGTCTGGACTCCAATACAGGGTGTTCAGGATTCACCTGCCT
GACCCAAACAAGTTTGGCTTTCCTGACACCTCCTTCTACAACCCTGACACCCAGAGACTGG
TGTGGGCTTGTGTGGGAGTGGAGGTGGGCAGGGGACAACCACTGGGAGTGGGCATCTCT
GGACACCCACTGCTGAACAAACTGGATGACACAGAGAATGCCTCTGCCTATGCTGCCAAT
GCTGGAGTGGACAACAGGGAGTGTATCAGTATGGACTACAAGCAGACCCAACTTTGTCTG
ATTGGCTGTAAGCCTCCAATTGGAGAACACTGGGGCAAGGGCAGCCCATGTACCAATGTG
GCTGTGAACCCTGGAGACTGTCCTCCATTGGAACTGATAAACACAGTGATTCAGGATGGA
GATATGGTGGACACAGGCTTTGGAGCTATGGACTTCACCACCCTCCAAGCCAACAAGTCT
GAGGTGCCACTGGACATCTGTACCAGCATCTGTAAATACCCTGACTACATCAAGATGGTGT
CTGAACCATATGGAGACTCCCTGTTCTTCTACCTGAGGAGGGAACAGATGTTTGTGAGAC
ACCTGTTCAACAGGGCTGGAGCAGTGGGAGAGAATGTGCCTGATGACCTCTACATCAAGG
GCTCTGGCAGCACAGCCAACCTGGCATCCAGCAACTACTTTCCAACACCATCTGGCAGTAT
GGTGACCTCTGATGCCCAGATTTTCAACAAGCCATACTGGCTCCAAAGGGCTCAAGGACA
CAACAATGGCATCTGTTGGGGCAACCAACTTTTTGTGACAGTGGTGGACACCACCAGGAG
CACCAATATGAGTCTGTGTGCTGCCATCAGCACCTCTGAGACCACCTACAAGAACACCAAC
TTCAAGGAATACCTGAGACATGGAGAGGAATATGACCTCCAATTCATCTTCCAACTTTGTA
AGATTACCCTGACAGCAGATGTGATGACCTACATCCACAGTATGAACAGCACCATCTTGGA
GGACTGGAACTTTGGACTCCAACCTCCTCCTGGAGGCACCTTGGAGGACACCTACAGGTTT
GTGACCAGCCAGGCTATTGCCTGTCAGAAACACACACCTCCTGCCCCAAAGGAGGACCCA
CTGAAAAAATACACCTTCTGGGAGGTGAACCTGAAAGAGAAGTTCTCTGCTGACCTGGAC
CAGTTTCCACTGGGCAGGAAGTTCCTGCTCCAAGCAGGACTGAAAGCCAAGCCAAAGTTC
ACCCTGGGCAAGAGGAAGGCTACACCAACCACCTCCAGCACCAGCACCACAGCCAAGAG
GAAGAAGAGGAAACTGTAAActcgagctc 

SEQ 
ID 
No: 
33 

Synthetic 
HPV18L1 
gene 

ctgggtaccATGGCCCTCTGGAGACCATCCGATAACACAGTGTACTTGCCCCCACCCAGCGTC
GCCCGGGTGGTGAACACAGACGACTACGTCACCAGAACCTCAATCTTCTACCACGCCGGG
TCCAGCCGGCTGCTGACCGTGGGCAACCCCTACTTCCGCGTGCCCGCCGGCGGCGGAAAC
AAACAAGACATCCCCAAAGTCAGCGCCTATCAGTACCGGGTGTTCCGCGTCCAACTGCCCG
ATCCCAACAAGTTCGGCCTGCCCGACACCTCCATCTACAACCCCGAGACCCAGAGGCTGGT
CTGGGCTTGCGCCGGCGTCGAGATCGGGAGGGGCCAACCCCTGGGCGTGGGGTTGTCCG
GCCACCCCTTCTACAACAAGCTGGACGATACCGAGTCCAGCCACGCAGCAACCAGCAACG
TCTCCGAAGATGTGCGCGATAACGTCAGCGTGGACTACAAACAAACCCAACTGTGCATCCT
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GGGATGCGCACCCGCCATCGGCGAGCATTGGGCCAAGGGGACCGCCTGCAAGAGCAGGC
CCCTGAGCCAAGGGGACTGTCCACCCCTGGAGTTGAAGAATACCGTGCTCGAGGACGGC
GACATGGTGGACACCGGCTACGGCGCTATGGATTTCTCCACCCTCCAGGACACCAAGTGC
GAAGTGCCCCTCGACATCTGCCAAAGCATCTGCAAGTACCCCGACTACCTCCAGATGAGCG
CCGACCCCTACGGCGACAGCATGTTCTTCTGTCTCAGAAGGGAACAATTGTTCGCCCGCCA
CTTCTGGAACCGGGCCGGCACAATGGGAGATACAGTCCCCCAGAGCCTGTACATCAAGGG
GACCGGAATGAGGGCCAGCCCCGGGTCCTGCGTCTACAGCCCAAGCCCCTCCGGGAGCAT
CGTCACAAGCGATAGCCAACTCTTCAACAAGCCCTACTGGCTCCACAAAGCCCAAGGCCAC
AATAACGGGGTGTGTTGGCACAACCAGCTGTTCGTGACCGTCGTGGACACAACCAGGTCC
ACAAACCTGACCATCTGCGCCAGCACCCAAAGCCCCGTGCCCGGCCAGTACGACGCCACA
AAGTTCAAACAATACTCTCGGCACGTGGAAGAGTACGACCTCCAATTCATCTTCCAACTCT
GCACCATCACCCTCACCGCCGACGTGATGAGCTACATCCACTCCATGAACTCCTCCATCCTG
GAAGACTGGAATTTCGGCGTGCCACCACCCCCTACCACCTCCCTCGTCGACACCTACAGAT
TCGTGCAGAGCGTGGCCATCACATGCCAGAAAGACGCCGCCCCCGCCGAGAACAAAGAC
CCATACGACAAACTGAAATTCTGGAACGTCGACCTGAAAGAGAAATTCAGCCTGGATCTG
GACCAGTACCCATTGGGCAGGAAGTTCCTCGTGCAAGCCGGCCTCAGGAGAAAACCAACA
ATCGGGCCCAGGAAGAGGAGCGCCCCCAGCGCAACCACCAGCAGCAAGCCCGCAAAAAG
GGTCAGAGTGAGGGCACGCAAATAAActcgagctc 

SEQ 
ID 
No: 
34 

Synthetic 
HPV31L1 
gene 

ctgggtaccATGAGCCTGTGGAGGCCCAGCGAGGCCACCGTGTACCTGCCCCCCGTGCCCGT
GAGCAAGGTGGTGAGCACCGACGAGTACGTGACCAGGACCAACATCTACTACCACGCCG
GCAGCGCCAGGCTGCTGACCGTGGGCCACCCCTACTACAGCATCCCCAAGAGCGACAACC
CCAAGAAGATCGTGGTGCCCAAGGTGAGCGGCCTGCAGTACAGGGTGTTCAGGGTGAGG
CTGCCCGACCCCAACAAGTTCGGCTTCCCCGACACCAGCTTCTACAACCCCGAGACCCAGA
GGCTGGTGTGGGCCTGCGTGGGCCTGGAGGTGGGCAGGGGCCAGCCCCTGGGCGTGGG
CATCAGCGGCCACCCCCTGCTGAACAAGTTCGACGACACCGAGAACAGCAACAGGTACGC
CGGCGGCCCCGGCACCGACAACAGGGAGTGCATCAGCATGGACTACAAGCAGACCCAGC
TGTGCCTGCTGGGCTGCAAGCCCCCCATCGGCGAGCACTGGGGCAAGGGCAGCCCCTGC
AGCAACAACGCCATCACCCCCGGCGACTGCCCCCCCCTGGAGCTGAAGAACAGCGTGATC
CAGGACGGCGACATGGTGGACACCGGCTTCGGCGCCATGGACTTCACCGCCCTGCAGGA
CACCAAGAGCAACGTGCCCCTGGACATCTGCAACAGCATCTGCAAGTACCCCGACTACCTG
AAGATGGTGGCCGAGCCCTACGGCGACACCCTGTTCTTCTACCTGAGGAGGGAGCAGATG
TTCGTGAGGCACTTCTTCAACAGGAGCGGCACCGTGGGCGAGAGCGTGCCCACCGACCTG
TACATCAAGGGCAGCGGCAGCACCGCCACCCTGGCCAACAGCACCTACTTCCCCACCCCCA
GCGGCAGCATGGTGACCAGCGACGCCCAGATCTTCAACAAGCCCTACTGGATGCAGAGG
GCCCAGGGCCACAACAACGGCATCTGCTGGGGCAACCAGCTGTTCGTGACCGTGGTGGA
CACCACCAGGAGCACCAACATGAGCGTGTGCGCCGCCATCGCCAACAGCGACACCACCTT
CAAGAGCAGCAACTTCAAGGAGTACCTGAGGCACGGCGAGGAGTTCGACCTGCAGTTCAT
CTTCCAGCTGTGCAAGATCACCCTGAGCGCCGACATCATGACCTACATCCACAGCATGAAC
CCCGCCATCCTGGAGGACTGGAACTTCGGCCTGACCACCCCCCCCAGCGGCAGCCTGGAG
GACACCTACAGGTTCGTGACCAGCCAGGCCATCACCTGCCAGAAGTCCGCCCCCCAGAAG
CCCAAGGAGGACCCCTTCAAGGACTACGTGTTCTGGGAGGTGAACCTGAAGGAGAAGTTC
AGCGCCGACCTGGACCAGTTCCCCCTGGGCAGGAAGTTCCTGCTGCAGGCCGGCTACAGG
GCCAGGCCCAAGTTCAAGGCCGGCAAGAGGAGCGCCCCCAGCGCCAGCACCACCACCCC
CGCCAAGAGGAAGAAGACCAAGAAGTAAActcgagctc 

SEQ 
ID 
No: 
35 

Synthetic 
HPV35L1 
gene 

ctgggtaccATGAGTCTGTGGAGGAGCAATGAGGCTACAGTCTACCTGCCTCCTGTGTCTGTG
AGCAAGGTGGTGAGCACAGATGAATATGTGACCAGGACCAACATCTACTACCATGCTGGC
TCCAGCAGACTGCTGGCTGTGGGACACCCATACTATGCCATCAAGAAGCAGGACAGCAAC
AAGATTGCTGTGCCAAAGGTGTCTGGACTCCAATACAGGGTGTTCAGGGTGAAACTGCCT
GACCCAAACAAGTTTGGCTTTCCTGACACCTCCTTCTATGACCCTGCCAGCCAGAGACTGG
TGTGGGCTTGTACTGGAGTGGAGGTGGGCAGGGGACAACCACTGGGAGTGGGCATCTCT
GGACACCCACTGCTGAACAAACTGGATGACACAGAGAACAGCAACAAATATGTGGGCAA
CTCTGGCACAGACAACAGGGAGTGTATCAGTATGGACTACAAGCAGACCCAACTTTGTCT
GATTGGCTGTAGACCTCCAATTGGAGAACACTGGGGCAAGGGCACACCATGTAATGCCAA
CCAGGTGAAGGCTGGAGAGTGTCCTCCATTGGAACTGCTGAACACAGTGCTCCAAGATGG
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AGATATGGTGGACACAGGCTTTGGAGCTATGGACTTCACCACCCTCCAAGCCAACAAGTCT
GATGTGCCACTGGACATCTGTTCCAGCATCTGTAAATACCCTGACTACCTGAAAATGGTGT
CTGAACCATATGGAGATATGCTGTTCTTCTACCTGAGGAGGGAACAGATGTTTGTGAGAC
ACCTGTTCAACAGGGCTGGCACAGTGGGAGAGACAGTGCCTGCTGACCTCTACATCAAGG
GCACCACAGGCACCCTGCCAAGCACCTCCTACTTTCCAACACCATCTGGCAGTATGGTGAC
CTCTGATGCCCAGATTTTCAACAAGCCATACTGGCTCCAAAGGGCTCAAGGACACAACAAT
GGCATCTGTTGGAGCAACCAACTTTTTGTGACAGTGGTGGACACCACCAGGAGCACCAAT
ATGAGTGTGTGTTCTGCTGTGTCCTCCTCTGACAGCACCTACAAGAATGACAACTTCAAGG
AATACCTGAGACATGGAGAGGAATATGACCTCCAATTCATCTTCCAACTTTGTAAGATTAC
CCTGACAGCAGATGTGATGACCTACATCCACAGTATGAACCCAAGCATCTTGGAGGACTG
GAACTTTGGACTGACACCTCCTCCATCTGGCACCTTGGAGGACACCTACAGATATGTGACC
AGCCAGGCTGTGACTTGTCAGAAGCCATCTGCCCCAAAGCCAAAGGATGACCCACTGAAA
AACTACACCTTCTGGGAGGTGGACCTGAAAGAGAAGTTCTCTGCTGACCTGGACCAGTTT
CCACTGGGCAGGAAGTTCCTGCTCCAAGCAGGACTGAAAGCCAGACCAAACTTCAGACTG
GGCAAGAGGGCTGCCCCTGCCAGCACCAGCAAGAAGTCCAGCACCAAGAGGAGGAAGGT
GAAGAGCTAAActcgagctc 

SEQ 
ID 
No: 
36 

Synthetic 
HPV39L1 
gene 

ctgggtaccATGGCTATGTGGAGGTCCTCTGACAGTATGGTCTACCTGCCTCCTCCATCTGTG
GCTAAGGTGGTGAACACAGATGACTATGTGACCAGGACAGGCATCTACTACTATGCTGGC
TCCAGCAGACTGCTGACAGTGGGACACCCATACTTCAAGGTGGGGATGAATGGAGGCAG
GAAGCAGGACATCCCAAAGGTGTCTGCCTACCAATACAGGGTGTTCAGGGTGACCCTGCC
TGACCCAAACAAGTTCAGCATCCCTGATGCCTCCCTCTACAACCCTGAGACCCAGAGACTG
GTGTGGGCTTGTGTGGGAGTGGAGGTGGGCAGGGGACAACCACTGGGAGTGGGCATCT
CTGGACACCCACTCTACAACAGACAGGATGACACAGAGAACAGCCCATTCTCCAGCACCA
CCAACAAGGACAGCAGGGACAATGTGTCTGTGGACTACAAGCAGACCCAACTTTGTATCA
TTGGCTGTGTGCCTGCCATTGGAGAACACTGGGGCAAGGGCAAGGCTTGTAAGCCAAAC
AATGTGAGCACAGGAGACTGTCCTCCATTGGAACTGGTGAACACACCAATTGAGGATGGA
GATATGATTGACACAGGCTATGGAGCTATGGACTTTGGAGCCCTCCAAGAGACCAAGTCT
GAGGTGCCACTGGACATCTGTCAGAGCATCTGTAAATACCCTGACTACCTCCAAATGAGTG
CTGATGTCTATGGAGACAGTATGTTCTTCTGTCTGAGGAGGGAACAACTTTTTGCCAGACA
CTTCTGGAACAGGGGAGGGATGGTGGGAGATGCCATCCCTGCCCAACTCTACATCAAGG
GCACAGACATCAGGGCTAACCCTGGCTCCTCTGTCTACTGTCCAAGCCCATCTGGCAGTAT
GGTGACCTCTGACAGCCAACTTTTCAACAAGCCATACTGGCTGCACAAGGCTCAAGGACA
CAACAATGGCATCTGTTGGCACAACCAACTTTTCCTGACAGTGGTGGACACCACCAGGAG
CACCAACTTCACCCTGAGCACCAGCATTGAGTCCAGCATCCCAAGCACCTATGACCCAAGC
AAGTTCAAGGAATACACCAGGCATGTGGAGGAATATGACCTCCAATTCATCTTCCAACTTT
GTACTGTGACCCTGACCACAGATGTGATGAGTTACATCCACACAATGAACTCCAGCATCCT
GGACAACTGGAACTTTGCTGTGGCTCCTCCTCCATCTGCCTCCCTGGTGGACACCTACAGA
TACCTCCAATCTGCTGCCATCACTTGTCAGAAGGATGCCCCTGCCCCTGAGAAGAAGGACC
CATATGATGGACTGAAGTTCTGGAATGTGGACCTGAGGGAGAAGTTCTCCTTGGAACTGG
ACCAGTTTCCACTGGGCAGGAAGTTCCTGCTCCAAGCCAGGGTGAGGAGGAGACCAACCA
TTGGACCAAGGAAGAGACCTGCTGCCAGCACCTCCTCCTCCTCTGCCACCAAACACAAGAG
GAAGAGGGTGAGCAAGTAAActcgagctc 

SEQ 
ID 
No: 
37 

Synthetic 
HPV45L1 
gene 

ctgggtaccATGGCTCTGTGGAGACCATCTGACAGCACAGTCTACCTGCCTCCTCCATCTGTG
GCAAGGGTGGTGAACACAGATGACTATGTGAGCAGGACCAGCATCTTCTACCATGCTGGC
TCCAGCAGACTGCTGACAGTGGGCAACCCATACTTCAGGGTGGTGCCAAGTGGAGCAGG
CAACAAGCAGGCTGTGCCAAAGGTGTCTGCCTACCAATACAGGGTGTTCAGGGTGGCTCT
GCCTGACCCAAACAAGTTTGGACTGCCTGACAGCACCATCTACAACCCTGAGACCCAGAG
ACTGGTGTGGGCTTGTGTGGGGATGGAGATTGGCAGGGGACAACCACTGGGCATTGGAC
TGTCTGGACACCCATTCTACAACAAACTGGATGACACAGAGTCTGCCCATGCTGCCACAGC
AGTGATTACCCAGGATGTGAGGGACAATGTGTCTGTGGACTACAAGCAGACCCAACTTTG
TATCCTGGGCTGTGTGCCTGCCATTGGAGAACACTGGGCTAAGGGCACCCTGTGTAAGCC
TGCCCAACTCCAACCTGGAGACTGTCCTCCATTGGAACTGAAAAACACCATCATTGAGGAT
GGAGATATGGTGGACACAGGCTATGGAGCTATGGACTTCAGCACCCTCCAAGACACCAAG
TGTGAGGTGCCACTGGACATCTGTCAGAGCATCTGTAAATACCCTGACTACCTCCAAATGA
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GTGCTGACCCATATGGAGACAGTATGTTCTTCTGTCTGAGGAGGGAACAACTTTTTGCCAG
ACACTTCTGGAACAGGGCTGGAGTGATGGGAGACACAGTGCCAACAGACCTCTACATCAA
GGGCACCTCTGCCAATATGAGGGAGACACCTGGCTCCTGTGTCTACAGCCCAAGCCCATCT
GGCAGCATCACCACCTCTGACAGCCAACTTTTCAACAAGCCATACTGGCTGCACAAGGCTC
AAGGACACAACAATGGCATCTGTTGGCACAACCAACTTTTTGTGACAGTGGTGGACACCA
CCAGGAGCACCAACCTGACCCTGTGTGCCAGCACCCAGAACCCTGTGCCAAACACCTATG
ACCCAACCAAGTTCAAGCACTACAGCAGGCATGTGGAGGAATATGACCTCCAATTCATCTT
CCAACTTTGTACCATCACCCTGACAGCAGAGGTGATGAGTTACATCCACAGTATGAACTCC
AGCATCTTGGAGAACTGGAACTTTGGAGTGCCTCCTCCTCCAACCACCTCCCTGGTGGACA
CCTACAGGTTTGTCCAGTCTGTGGCTGTGACTTGTCAGAAGGACACCACACCTCCTGAGAA
GCAGGACCCATATGACAAACTGAAGTTCTGGACAGTGGACCTGAAAGAGAAGTTCTCCTC
TGACCTGGACCAATACCCACTGGGCAGGAAGTTCCTGGTCCAGGCTGGACTGAGGAGGA
GACCAACCATTGGACCAAGGAAGAGACCTGCTGCCAGCACCAGCACAGCCAGCAGACCT
GCCAAGAGGGTGAGGATTAGGAGCAAGAAGTAAA ctcgagctc 

SEQ 
ID 
No: 
38 

Synthetic 
HPV51L1 
gene 

ctgggtaccATGGCTCTGTGGAGGACCAATGACAGCAAGGTCTACCTGCCTCCTGCCCCTGTG
AGCAGGATTGTGAACACAGAGGAATACATCACCAGGACAGGCATCTACTACTATGCTGGC
TCCAGCAGACTGATTACCCTGGGACACCCATACTTTCCAATCCCAAAGACCAGCACCAGGG
CTGCCATCCCAAAGGTGTCTGCCTTCCAATACAGGGTGTTCAGGGTCCAACTTCCTGACCC
AAACAAGTTTGGACTGCCTGACCCAAACCTCTACAACCCTGACACAGACAGACTGGTGTG
GGGCTGTGTGGGAGTGGAGGTGGGCAGGGGACAACCACTGGGAGTGGGACTGTCTGGA
CACCCACTGTTCAACAAATATGATGACACAGAGAACAGCAGGATTGCCAATGGCAATGCC
CAACAGGATGTGAGGGACAACACCTCTGTGGACAACAAGCAGACCCAACTTTGTATCATT
GGCTGTGCCCCTCCAATTGGAGAACACTGGGGCATTGGCACCACTTGTAAGAACACACCT
GTGCCTCCTGGAGACTGTCCTCCATTGGAACTGGTGTCCTCTGTGATTCAGGATGGAGATA
TGATTGACACAGGCTTTGGAGCTATGGACTTTGCTGCCCTCCAAGCCACCAAGTCTGATGT
GCCACTGGACATCAGCCAGTCTGTGTGTAAATACCCTGACTACCTGAAAATGAGTGCTGAC
ACCTATGGCAACAGTATGTTCTTCCACCTGAGGAGGGAACAGATTTTTGCCAGACACTACT
ACAACAAACTGGTGGGAGTGGGAGAGGACATCCCAAATGACTACTACATCAAGGGCTCT
GGCAATGGCAGGGACCCAATTGAGTCCTACATCTACTCTGCCACACCATCTGGCAGTATGA
TTACCTCTGACAGCCAGATTTTCAACAAGCCATACTGGCTGCACAGGGCTCAAGGACACAA
CAATGGCATCTGTTGGAACAACCAACTTTTCATCACTTGTGTGGACACCACCAGGAGCACC
AACCTGACCATCAGCACAGCCACAGCAGCAGTGAGCCCAACCTTCACACCAAGCAACTTCA
AGCAATACATCAGACATGGAGAGGAATATGAACTCCAATTCATCTTCCAACTTTGTAAGAT
TACCCTGACCACAGAGGTGATGGCTTACCTGCACACAATGGACCCAACCATCTTGGAACA
GTGGAACTTTGGACTGACCCTGCCTCCATCTGCCTCCTTGGAGGATGCCTACAGGTTTGTG
AGGAATGCTGCCACCTCCTGTCAGAAGGACACACCTCCACAGGCTAAGCCTGACCCACTG
GCTAAATACAAGTTCTGGGATGTGGACCTGAAAGAGAGGTTCTCCCTGGACCTGGACCAG
TTTGCCCTGGGCAGGAAGTTCCTGCTCCAAGTGGGAGTCCAGAGGAAGCCAAGACCTGG
ACTGAAAAGACCTGCCTCCTCTGCCTCCTCCTCCTCCTCCTCCTCTGCCAAGAGGAAGAGG
GTGAAGAAGTAAActcgagctc 

SEQ 
ID 
No: 
39 

Synthetic 
HPV52L1 
gene 

ctgggtaccATGAGCGTGTGGAGGCCCAGCGAGGCCACCGTGTACCTGCCCCCCGTGCCCGT
GAGCAAGGTGGTGAGCACCGACGAGTACGTGAGCAGGACCAGCATCTACTACTACGCCG
GCAGCAGCAGGCTGCTGACCGTGGGCCACCCCTACTTCAGCATCAAGAACACCAGCAGCG
GCAACGGCAAGAAGGTGCTGGTGCCCAAGGTGAGCGGCCTGCAGTACAGGGTGTTCAGG
ATCAAGCTGCCCGACCCCAACAAGTTCGGCTTCCCCGACACCAGCTTCTACAACCCCGAGA
CCCAGAGGCTGGTGTGGGCCTGCACCGGCCTGGAGATCGGCAGGGGCCAGCCCCTGGGC
GTGGGCATCAGCGGCCACCCCCTGCTGAACAAGTTCGACGACACCGAGACCAGCAACAAG
TACGCCGGCAAGCCCGGCATCGACAACAGGGAGTGCCTGAGCATGGACTACAAGCAGAC
CCAGCTGTGCATCCTGGGCTGCAAGCCCCCCATCGGCGAGCACTGGGGCAAGGGCACCCC
CTGCAACAACAACAGCGGCAACCCCGGCGACTGCCCCCCCCTGCAGCTGATCAACAGCGT
GATCCAGGACGGCGACATGGTGGACACCGGCTTCGGCTGCATGGACTTCAACACCCTGCA
GGCCAGCAAGAGCGACGTGCCCATCGACATCTGCAGCAGCGTGTGCAAGTACCCCGACTA
CCTGCAGATGGCCAGCGAGCCCTACGGCGACAGCCTGTTCTTCTTCCTGAGGAGGGAGCA
GATGTTCGTGAGGCACTTCTTCAACAGGGCCGGCACCCTGGGCGACCCCGTGCCCGGCGA
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CCTGTACATCCAGGGCAGCAACAGCGGCAACACCGCCACCGTGCAGAGCAGCGCCTTCTT
CCCCACCCCCAGCGGCAGCATGGTGACCAGCGAGAGCCAGCTGTTCAACAAGCCCTACTG
GCTGCAGAGGGCCCAGGGCCACAACAACGGCATCTGCTGGGGCAACCAGCTGTTCGTGA
CCGTGGTGGACACCACCAGGAGCACCAACATGACCCTGTGCGCCGAGGTGAAGAAGGAG
AGCACCTACAAGAACGAGAACTTCAAGGAGTACCTGAGGCACGGCGAGGAGTTCGACCT
GCAGTTCATCTTCCAGCTGTGCAAGATCACCCTGACCGCCGACGTGATGACCTACATCCAC
AAGATGGACGCCACCATCCTGGAGGACTGGCAGTTCGGCCTGACCCCCCCCCCCAGCGCC
AGCCTGGAGGACACCTACAGGTTCGTGACCAGCACCGCCATCACCTGCCAGAAGAACACC
CCCCCCAAGGGCAAGGAGGACCCCCTGAAGGACTACATGTTCTGGGAGGTGGACCTGAA
GGAGAAGTTCAGCGCCGACCTGGACCAGTTCCCCCTGGGCAGGAAGTTCCTGCTGCAGGC
CGGCCTGCAGGCCAGGCCCAAGCTGAAGAGGCCCGCCAGCAGCGCCCCCAGGACCAGCA
CCAAGAAGAAGAAGGTGAAGAGGTAAActcgagctc 

SEQ 
ID 
No: 
40 

Synthetic 
HPV56L1 
gene 

ctgggtaccATGGCTACCTGGAGACCATCTGAGAACAAGGTCTACCTGCCTCCAACACCTGTG
AGCAAGGTGGTGGCTACAGACTCCTATGTGAAGAGGACCAGCATCTTCTACCATGCTGGC
TCCAGCAGACTGCTGGCTGTGGGACACCCATACTACTCTGTGACCAAGGACAACACCAAG
ACCAACATCCCAAAGGTGTCTGCCTACCAATACAGGGTGTTCAGGGTGAGACTGCCTGAC
CCAAACAAGTTTGGACTGCCTGACACCAACATCTACAACCCTGACCAGGAGAGACTGGTG
TGGGCTTGTGTGGGATTGGAGGTGGGCAGGGGACAACCACTGGGAGCAGGACTGTCTG
GACACCCACTGTTCAACAGACTGGATGACACAGAGTCCAGCAACCTGGCTAACAACAATG
TGATTGAGGACAGCAGGGACAACATCTCTGTGGATGGCAAGCAGACCCAACTTTGTATTG
TGGGCTGTACTCCTGCTATGGGAGAACACTGGACCAAGGGAGCAGTGTGTAAGAGCACC
CAGGTGACCACAGGAGACTGTCCTCCACTGGCTCTGATAAACACACCAATTGAGGATGGA
GATATGATTGACACAGGCTTTGGAGCTATGGACTTCAAGGTGCTCCAAGAGAGCAAGGCT
GAGGTGCCACTGGACATTGTCCAGAGCACTTGTAAATACCCTGACTACCTGAAAATGAGT
GCTGATGCCTATGGAGACAGTATGTGGTTCTACCTGAGGAGGGAACAACTTTTTGCCAGA
CACTACTTCAACAGGGCTGGCAAGGTGGGAGAGACCATCCCTGCTGAACTCTACCTGAAA
GGCAGCAATGGCAGGGAACCTCCTCCATCCTCTGTCTATGTGGCTACACCATCTGGCAGTA
TGATTACCTCTGAGGCTCAACTTTTCAACAAGCCATACTGGCTCCAAAGGGCTCAAGGACA
CAACAATGGCATCTGTTGGGGCAACCAACTTTTTGTGACAGTGGTGGACACCACCAGGAG
CACCAATATGACCATCAGCACAGCCACAGAACAACTTAGCAAATATGATGCCAGGAAGAT
AAACCAATACCTGAGGCATGTGGAGGAATATGAACTCCAATTTGTGTTCCAACTTTGTAAG
ATTACCCTGTCTGCTGAGGTGATGGCTTACCTGCACAATATGAATGCCAACCTGTTGGAGG
ACTGGAACATTGGACTGAGCCCTCCTGTGGCTACCTCCTTGGAGGACAAATACAGATATGT
GAGGAGCACAGCCATCACTTGTCAGAGGGAACAACCTCCAACAGAGAAGCAGGACCCAC
TGGCTAAATACAAGTTCTGGGATGTGAACCTCCAAGACTCCTTCAGCACAGACCTGGACCA
GTTTCCACTGGGCAGGAAGTTCCTGATGCAACTTGGCACCAGGAGCAAGCCTGCTGTGGC
TACCAGCAAGAAGAGGTCTGCCCCAACCAGCACCAGCACACCTGCCAAGAGGAAGAGGA
GGTAAActcgagctc 

SEQ 
ID 
No: 
41 

Synthetic 
HPV58L1 
gene 

ctgggtaccATGAGCGTGTGGAGGCCCAGCGAGGCCACCGTGTACCTGCCCCCCGTGCCCGT
GAGCAAGGTGGTGAGCACCGACGAGTACGTGAGCAGGACCAGCATCTACTACTACGCCG
GCAGCAGCAGGCTGCTGGCCGTGGGCAACCCCTACTTCAGCATCAAGAGCCCCAACAACA
ACAAGAAGGTGCTGGTGCCCAAGGTGAGCGGCCTGCAGTACAGGGTGTTCAGGGTGAGG
CTGCCCGACCCCAACAAGTTCGGCTTCCCCGACACCAGCTTCTACAACCCCGACACCCAGA
GGCTGGTGTGGGCCTGCGTGGGCCTGGAGATCGGCAGGGGCCAGCCCCTGGGCGTGGG
CGTGAGCGGCCACCCCTACCTGAACAAGTTCGACGACACCGAGACCAGCAACAGGTACCC
CGCCCAGCCCGGCAGCGACAACAGGGAGTGCCTGAGCATGGACTACAAGCAGACCCAGC
TGTGCCTGATCGGCTGCAAGCCCCCCACCGGCGAGCACTGGGGCAAGGGCGTGGCCTGC
AACAACAACGCCGCCGCCACCGACTGCCCCCCCCTGGAGCTGTTCAACAGCATCATCGAG
GACGGCGACATGGTGGACACCGGCTTCGGCTGCATGGACTTCGGCACCCTGCAGGCCAAC
AAGAGCGACGTGCCCATCGACATCTGCAACAGCACCTGCAAGTACCCCGACTACCTGAAG
ATGGCCAGCGAGCCCTACGGCGACAGCCTGTTCTTCTTCCTGAGGAGGGAGCAGATGTTC
GTGAGGCACTTCTTCAACAGGGCCGGCAAGCTGGGCGAGGCCGTGCCCGACGACCTGTA
CATCAAGGGCAGCGGCAACACCGCCGTGATCCAGAGCAGCGCCTTCTTCCCCACCCCCAG
CGGCAGCATCGTGACCAGCGAGAGCCAGCTGTTCAACAAGCCCTACTGGCTGCAGAGGG
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CCCAGGGCCACAACAACGGCATCTGCTGGGGCAACCAGCTGTTCGTGACCGTGGTGGACA
CCACCAGGAGCACCAACATGACCCTGTGCACCGAGGTGACCAAGGAGGGCACCTACAAG
AACGACAACTTCAAGGAGTACGTGAGGCACGTGGAGGAGTACGACCTGCAGTTCGTGTTC
CAGCTGTGCAAGATCACCCTGACCGCCGAGATCATGACCTACATCCACACCATGGACAGC
AACATCCTGGAGGACTGGCAGTTCGGCCTGACCCCCCCCCCCAGCGCCAGCCTGCAGGAC
ACCTACAGGTTCGTGACCAGCCAGGCCATCACCTGCCAGAAGACCGCCCCCCCCAAGGAG
AAGGAGGACCCCCTGAACAAGTACACCTTCTGGGAGGTGAACCTGAAGGAGAAGTTCAG
CGCCGACCTGGACCAGTTCCCCCTGGGCAGGAAGTTCCTGCTGCAGAGCGGCCTGAAGGC
CAAGCCCAGGCTGAAGAGGAGCGCCCCCACCACCAGGGCCCCCAGCACCAAGAGGAAGA
AGGTGAAGAAGTAAA ctcgagctc 
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Claims 

 

1. A stable formulation of a multivalent human papillomavirus virus-like particle 

vaccine for the prevention of HPV-related diseases or infections comprising 

（a） a plurality of human papillomavirus virus-like particles; 

（b） an adjuvant; 

（c） a physiologically acceptable concentration of a buffer; 

（d） a physiologically acceptable concentration of an osmotic pressure regulator; and 

optionally 

（e） a physiologically acceptable concentration of a surfactant, 

wherein the human papillomavirus virus-like particles are selected from HPV virus-

like particles assembled by L1 proteins of HPV types 6, 11, 16, 18, 31, 33, 45, 52 and 

58; and 

one or more HPV virus-like particles assembled from L1 proteins of other 

pathogenic HPV types, 

wherein that human papillomavirus virus-like particle are adsorbed on an adjuvant. 

2. The formulation according to claim 1, wherein 

the buffer is selected from one or more of citric acid buffer, acetic acid buffer or 

histidine buffer; 

the osmotic pressure regulator is selected from one or more of sodium chloride, 

sodium phosphate or sodium sulfate; 

the surfactant is a polyethoxy ether, preferably polysorbate 80; 

the adjuvant is preferably an aluminum adjuvant, more preferably one or more of 

aluminum hydroxyphosphate (AlPO4), amorphous aluminum hydroxyphosphate sulfate 

(AAHS) or aluminum hydroxide (Al (OH)3), most preferably aluminum hydroxyphosphate 

(AlPO4). 

3. The formulation according to claim 1 or 2, wherein 
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(a) the total concentration of papillomavirus virus-like particles of all types is 40 to 

740 μ g/mL; 

(b) the concentration of the buffer is 10mM to 26 mM, preferably 10 mM, 18mM or 

26 mM; 

(c) the concentration of the osmotic pressure regulator is 150mM to 320 mM, 

preferably 150 mM or 320 mM; 

(d) the concentration of the surfactant is 0 to 0.02 wt%; 

(e) the concentration of the adjuvant is about 1.0mg/mL; 

(f) the pH of the formulation is from 5.9 to 6.5, preferably 5.9, 6.2 or 6.5. 

4. The formulation according to claim 3, wherein the concentration of any single 

type of papillomavirus virus-like particles included in the multivalent papillomavirus 

virus-like particles is 40 μg/mL to 120 μg/mL. 

5. The formulation according to any of claims 1-4, comprising 0.74mg/mL of the 

total papillomavirus virus-like particles of all types , 1.0mg/mL of aluminum phosphate 

adjuvant, 18mM histidine buffer, 320mM sodium chloride, a pH of 6.2;and 

optionally, polysorbate 80 at a concentration of not more than 0.3mg/mL. 

6. The formulation according to claim 5, wherein the one or more other pathogenic 

HPV types are selected from HPV type 35, 39, 51, 56 and 59. 

7. The  formulation according to claim 6, wherein at least one of the HPV virus-like 

particles is a chimeric HPV virus-like particle comprising a chimeric HPV L1 protein; the 

chimeric HPV L1 protein comprises from that N-terminal to the C-terminal thereof: 

a. an N-terminal fragment derived from L1 protein of the first papilloma virus type, 

said N-terminal fragment maintains the immunogenicity of the L1 protein of the first 

papilloma virus type, wherein said L1 protein of the first papilloma virus type is selected 

from HPV Types 6, 11, 16, 18, 31, 35, 39, 45, 51, 52, 56, 58, and one or more other 

pathogenic HPV types; and  

b. a C-terminal fragment derived from L1 protein of the second papilloma virus 

type, said L1 protein of the second papilloma virus type has a better expression level 

and solubility compared to L1 proteins of other types;  
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wherein the chimeric HPV L1 protein has the immunogenicity of the L1 protein of 

the first papilloma virus type. 

 

8. The formulation according to claim 7, wherein 

said N-terminal fragment is a fragment obtained by truncating the C-terminus of the 

natural sequence of said L1 protein of the first papilloma virus type at any amino acid 

position within its α5 region, and a fragment having at least 98% identity therewith; and 

said C-terminal fragment is a fragment obtained by truncating the N-terminus of the 

natural sequence of said L1 protein of the second papilloma virus type at any amino 

acid position within its α5 region and functional variants resulting from further mutations, 

deletions and/or additions to the fragment. 

9. The formulation according to claim 8, wherein the C-terminal fragment comprises 

one or more nuclear localization sequences. 

10. The formulation according to claim 7, 

wherein the papilloma L1 protein of the first type is selected from HPV type 6, 11, 

16, 18, 31, 35, 39, 45, 51, 52, 56 or 58; preferably, the natural sequence thereof is an 

amino acid sequence encoded by a coding gene shown in SEQ ID No: 30, SEQ ID No: 

31, SEQ ID No: 32, SEQ ID No: 33, SEQ ID No: 34, SEQ ID No: 35, SEQ ID No: 36, 

SEQ ID No: 37, SEQ ID No: 38, SEQ ID No: 39, SEQ ID No: 40, or SEQ ID No: 41, 

respectively; 

wherein that papillomavirus L1 protein of the second type is selected from HPV 

type 16, 28, 33, 59 or 68 L1 protein; 

more preferably, the papilloma L1 protein of the second type is selected from the 

group consisting of an HPV type 33 or 59 L1 protein. 

11. The  formulation according to claim 10, wherein the C-terminal fragment is 

SEQ ID No: 1; or a fragment thereof having a length of m1 amino acids, preferably a 

fragment covering amino acids 1-m1 of SEQ ID No: 1; wherein m1 is an integer from 8 

to 26; or that C-terminal fragment is SEQ ID No: 2； or fragments thereof having a 

length of m2 amino acids, 
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preferably a fragment comprising amino acids 1-m2 of SEQ ID No: 2; wherein m2 is 

an integer from 13 to 31. 

12. The  formulation according to claim 10, wherein the C-terminal fragment is 

SEQ ID No: 3; or a fragment thereof having a length of n amino acids, preferably a 

fragment covering amino acids 1-n of SEQ ID No: 3; wherein n is an integer from 16 to 

38. 

13. The formulation according to claim 7, wherein 

the N-terminal fragment of the HPV type 6 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No:4 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 11 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No:5 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 16 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No:6 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 18 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No: 7 at any amino acid site within the α5 region 

thereof; 

the N-terminal fragment of the HPV type 31 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No:8 at any amino acid site within the α5 region thereof; 

the N-terminal fragment of the HPV type 35 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No: 9 at any amino acid site within the α5 region 

thereof; 

the N-terminal fragment of the HPV type 39 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 
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the sequence shown in SEQ ID No: 10 at any amino acid site within the α5 region 

thereof; 

the N-terminal fragment of the HPV type 45 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No: 11 at any amino acid site within the α5 region 

thereof; 

the N-terminal fragment of the HPV type 51 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No: 12 at any amino acid site within the α5 region 

thereof; 

the N-terminal fragment of the HPV type 52 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No:13 to any amino acid site in the α5 region; 

the N-terminal fragment of the HPV type 56 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No:14 to any amino acid site in the α5 region; and 

the N-terminal fragment of the HPV type 58 L1 protein has 98%, 98.5%, 99%, 

99.5%, 99% or 100% identity with a fragment obtained by truncating the C-terminal of 

the sequence shown in SEQ ID No: 15 at any amino acid site within the α5 region 

thereof. 

14. The formulation according to claim 7, wherein the C-terminal of the N-terminal 

fragment is connected directly to the N-terminal of the C-terminal fragment or by a 

linker. 

15. The  formulation according to claim 7, wherein when the C-terminus of said N-

terminal fragment is connected to the N-terminus of said C-terminal fragment, the 

continuous amino acid sequence RKFL is present within a range of plus or minus 4 

amino acid positions of the splicing site, 

preferably, the continuous amino acid sequence LGRKFL is present within a range 

of plus or minus 6 amino acid positions of the splicing site. 

16. The formulation according to claim 7, wherein 
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the chimeric HPV L1 protein of  type 6, 11, 16, 18, 31, 35, 39, 45, 51, 52, 56, and 

58 have 98%, 98.5%, 99%, 99.5% or 100% identity to SEQ ID No:16, SEQ ID No:17, 

SEQ ID No:18, SEQ ID No:19, SEQ ID No:20, SEQ ID No:21, SEQ ID No:22, SEQ ID 

No:23, SEQ ID No:24, SEQ ID No:25, SEQ ID No:26 and SEQ ID No: 27, respectively; 

and 

the HPV type 33 L1 protein and the HPV type 59 L1 protein have 98%, 98.5%, 

99%, 99.5%, or 100% identity to SEQ ID No:28 and SEQ ID No: 29, respectively. 

17. The formulation according to claim 16, comprising 

HPV type 6, 11, 16, 18, 31, 35, 39, 45, 51, 52, 56 and 58 chimeric HPV L1 protein 

having the amino acid sequences shown in SEQ ID No:16, SEQ ID No:17, SEQ ID 

No:18, SEQ ID No:19, SEQ ID No:20, SEQ ID No:21, SEQ ID No:22, SEQ ID No:23, 

SEQ ID No:24, SEQ ID No:25, SEQ ID No:26 and SEQ ID No: 27, respectively; and 

HPV type 33 L1 protein and HPV type 59 L1 protein having the amino acid 

sequences shown in SEQ ID No:28 and SEQ ID No: 29, respectively. 

18. The formulation of a papilloma virus vaccine according to claims 1-17, 

characterized in that it can be stably stored at 2 to 8 °C for at least 24 months and at 

25 °C for at least 16 weeks. 

19. A method of preventing an HPV-related disease or infection comprising: 

administering the formulation according to any of claims 1-18 to a subject. 

20. Use of the formulation according to any of claims 1-18 in the formulation of a 

vaccine for the prevention of HPV-related diseases or infections. 

 


