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gene expression cassette and neomycin resistance gene expression cassette and further 

connecting its both terminals with a DNA fragment comprising a Tol2-R sequence and 

a DNA fragment comprising a Tol2-L sequence (Fig. 13). 

 [0263] 

(2) Preparation of anti-human CD98 antibody expression transposon vector comprising 5 

a modified type neomycin resistance gene 1 

 An anti-human CD98 antibody expression transposon vector B in which the 

neomycin resistance gene of the anti-human CD98 antibody expression transposon 

vector A obtained in (1) which comprises a wild type neomycin resistance gene was 

replaced by a modified type neomycin resistance gene 1 comprising the nucleotide 10 

sequence represented by SEQ ID NO:37 was prepared. 

 [0264] 

 The modified type neomycin resistance gene 1 encodes an amino acid sequence 

identical to that of the wild type neomycin resistance gene and was modified to have a 

nucleotide sequence in which 167 bases corresponding to 22% of the entire were 15 

modified. Specifically, among the total of 32 leucine residues, codons corresponding to 

25 leucine residues were modified so as to be TTA. 

 [0265] 

(3) Preparation of anti-human CD98 antibody expression transposon vector comprising 

a modified type neomycin resistance gene 2 20 

 An anti-human CD98 antibody expression transposon vector C in which the 

neomycin resistance gene of the anti-human CD98 antibody expression transposon 

vector A obtained in (1) which comprises a wild type neomycin resistance gene was 

replaced by a modified type neomycin resistance gene 2 comprising the nucleotide 

sequence represented by SEQ ID NO:38 was prepared. 25 

 [0266] 

 The modified type neomycin resistance gene 2 encoded the amino acid sequence 

identical to that of the wild type neomycin resistance gene and had a nucleotide 

sequence in which the 180 bases corresponding to 23% of the entire were modified. 

Specifically, among the total of 32 leucine residues, codons corresponding to 28 leucine 30 

residues were modified so as to be TTA. 

 [0267] 

(4) Preparation of anti-human CD98 antibody expression transposon vector having a 

modified type neomycin resistance gene 3 

 An anti-human CD98 antibody expression transposon vector D in which the 35 

neomycin resistance gene of the anti-human CD98 antibody expression transposon 

vector A obtained in (1) which comprises a wild type neomycin resistance gene was 
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replaced by a modified type neomycin resistance gene 3 comprising the nucleotide 

sequence represented by SEQ ID NO:39 was prepared. 

 [0268] 

 The modified type neomycin resistance gene 3 encoded the amino acid sequence 

identical to that of the wild type neomycin resistance gene and had a nucleotide 5 

sequence in which 203 bases corresponding to 26% of the entire were modified. 

Specifically, among the total of 32 leucine residues, codons corresponding to 30 leucine 

residues were modified so as to be TTA. 

 [0269] 

[Example 101 Antibody production by antibody producer CHO cells which expresses 10 

modified type neomycin resistance gene  

 Antibody producing cells A to D were prepared by introducing each of the anti-

human CD98 expression transposon vectors A to D prepared in Example 9(1) to (4) into 

the suspension CHO-K1 cell together with a vector pCAGGS-T2TP which expresses a 

Tol2 transposase comprising the amino acid sequence represented by SEQ ID NO:40 15 

[Kwakami K. & Noda T., Genetics, 166, 895 - 899 (2004)]. 

 [0270] 

 Introduction of vectors into the suspension CHO cell was carried out by 

suspending the CHO cell (4 x l0
6
 cells) in 400 µl of PBS buffer and co-transfecting the 

anti-human CD98 antibody expression transposon vector (10 µg) and Tol2 transposase 20 

expression vector pCAGGS-T2TP (20 µg) directly in the form of circular DNA by 

electroporation. 

 [0271] 

 In this case, the Tol2 transposase expression vector was also introduced directly 

as circular DNA in order to transiently express Tol2 transposase. 25 

 [0272] 

 In addition, as a control which did not use Tol2 transposase, the anti-human 

CD98 antibody expression transposon vector D (10 µg) of Example 19(4) was 

linearlized using a restriction enzyme PciI (TARA BIO INC.) and then introduced into 

suspension CHO-K1 cell by electroporation. 30 

 [0273] 

 The electroporation was carried out using an electroporator [Gene Pulser Xcell 

system (manufactured by Bio-Rad)] under conditions of voltage of 300 V, electrostatic 

capacity of 500 µF and room temperature and using a cuvette of 4 mm in gap width 

(manufactured by Bio-Rad). 35 

 [0274] 

 After the gene introduction by electroporation, the cells in each cuvette were 
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type puromycin resistance gene 1, the codons corresponding to leucine residues were 

changed so as to be TTA, and the codons corresponding to valine residues were 

changed so as to be GTA and the codon of serine were changed so as to be TCG. 

 [0284] 

[Example 12] Antibody production by antibody producing CHO cell which expresses 5 

modified type puromycin resistance gene 1 

 Antibody producing cells E and F were prepared by introducing the anti-human 

CD98 antibody expression transposon vector E of Example 11(1) comprising the 

modified type puromycin resistance gene 1, the anti-human CD98 antibody expression 

transposon vector F of Example 11(2) comprising the modified type puromycin 10 

resistance gene 2 and the Tol2 transposase expression vector pCAGGS-T2TP into the 

suspension CHO-K1 cell. 

 [0285] 

 Introduction of the vectors into suspension cell was carried out by suspending 

the suspension CHO cell (4 x l0
6
 cells) in 400 µl of PBS buffer and co-transfecting the 15 

anti-human CD98 antibody expression transposon vector comprising the modified type 

puromycin resistance gene in the form of circular DNA (10 µg) and the pCAGGS-T2TP 

(20 µg) directly by electroporation. 

 [0286] 

 In this case, the Tol2 transposase expression vector pCAGGS-T2TP was also 20 

introduced directly in the form of circular DNA in order to transiently express Tol2 

transposase. 

 [0287] 

 The electroporation was carried out using an electroporator [Gene Pulser Xcell 

system (manufactured by Bio-Rad)] under conditions of voltage of 300 V, electrostatic 25 

capacity of 500 µF and room temperature and using a cuvette of 4 mm in gap width 

(manufactured by Bio-Rad). 

 [0288] 

 After the gene introduction by electroporation, the cells in each cuvette were 

inoculated onto one 96-well plate and cultured for 3 days in a CO2 incubator using a CD 30 

OptiCHO medium (Invitrogen) supplemented with 5% soybean hydrolyzate. 

 [0289] 

 Next, from the medium exchange after 2 days of the gene introduction, culturing 

was carried out for 4 weeks while adding puromycin (P9620, Sigma-Aldrich) to give a 

final concentration of 5 µg/ml and carrying out the medium exchange to the puromycin-35 

containing medium at intervals of one week. 

 [0290] 
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Claims 

 

[Claim 1] 

 A method for producing a protein of interest, comprising introducing at least one 

expression vector which comprises a gene fragment comprising a DNA encoding a 5 

protein of interest and also comprises a pair of transposon sequences at both terminals 

of the gene fragment, into a suspension mammalian cell; integrating the gene fragment 

comprising the DNA encoding the protein of interest inserted between a pair of the 

transposon sequences into a chromosome of the mammalian cell to obtain a mammalian 

cell which expresses the protein of interest; and suspension-culturing the mammalian 10 

cell, 

 wherein the suspension mammalian cell is a suspension CHO cell which is 

capable of surviving and proliferating in a serum-free medium, 

 wherein the pair of the transposon sequences are nucleotide sequences derived 

from a pair of Tol2 transposons which function in a mammalian cell. 15 

[Claim 2] 

 A method for producing a protein of interest, comprising the following steps 

(A) to (C): 

(A)  a step of simultaneously introducing the following expression vectors (a) and 

(b) into a suspension mammalian cell: 20 

 (a) at least one expression vector which comprises a gene fragment comprising a 

DNA encoding a protein of interest and also comprises a pair of transposon sequences 

at both terminals of the gene fragment, 

 (b) an expression vector which comprises a DNA encoding a transposase which 

recognizes the transposon sequences and has activity of transferring a gene fragment 25 

inserted between a pair of the transposon sequences into a chromosome, 

(B)  a step of obtaining a suspension mammalian cell which expresses the protein of 

interest by expressing transiently the transposase from the expression vector which is 

introduced into the suspension mammalian cell in the step (A) to integrate the gene 

fragment inserted between a pair of the transposon sequences into a chromosome of the 30 

mammalian cell, and 

(C)  a step of suspension-culturing the suspension mammalian cell which expresses 

the protein of interest obtained in the step (B) to produce the protein of interest, 

 wherein the suspension mammalian cell is a suspension CHO cell which is 

capable of surviving and proliferating in a serum-free medium,  35 

 wherein the pair of the transposon sequences are nucleotide sequences derived 

from a pair of Tol2 transposons which function in a mammalian cell.  

[Claim 3] 
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 A method for obtaining a suspension mammalian cell which expresses a protein 

of interest, comprising introducing at least one expression vector which comprises a 

gene fragment comprising a DNA encoding a protein of interest and also comprises 

transposon sequences at both terminals of the gene fragment into a suspension 

mammalian cell, and integrating the gene fragment inserted between a pair of the 5 

transposon sequences, into a chromosome of the mammalian cell, 

 wherein the suspension mammalian cell is a suspension CHO cell which is 

capable of surviving and proliferating in a serum-free medium, 

 wherein the pair of the transposon sequences are nucleotide sequences derived 

from a pair of Tol2 transposons which function in a mammalian cell. 10 

[Claim 4] 

 The method according to any one of claims 1 to 3, wherein at least one of the 

expression vectors which comprises a gene fragment comprising a DNA encoding the 

protein of interest and also comprises a pair of transposon sequences at both terminals 

of the gene fragment is an expression vector which comprises a gene fragment 15 

comprising a DNA encoding the protein of interest and a selectable marker gene and 

also comprises a pair of transposon sequences at both terminals of the gene fragment. 

[Claim 5] 

 The method according to any one of claims 1 to 4, comprising introducing an 

expression vector which comprises a gene fragment comprising a selectable marker and 20 

comprises a pair of transposon sequences at both terminals of the gene fragment into a 

mammalian cell in addition to the expression vector which comprises a gene fragment 

comprising a DNA encoding the protein of interest and also comprises a pair of 

transposon sequences at both terminals of the gene fragment. 

[Claim 6] 25 

 The method according to any one of claims 1 to 5, wherein the DNA encoding 

the protein of interest is a DNA encoding an antibody. 

[Claim 7] 

 The method according to any one of claim 6, wherein the DNA encoding an 

antibody is at least one of a DNA encoding a H chain of the antibody and a DNA 30 

encoding a L chain of the antibody. 

[Claim 8] 

 The method according to any one of claims 4 to 7, wherein an expression vector 

selected from the following (a) to (d) is introduced into a suspension mammalian cell: 

 (a) an expression vector which comprises a gene fragment comprising a DNA 35 

encoding a H chain of an antibody and also comprises a pair of transposon sequences at 

both terminals of the gene fragment, an expression vector which comprises a gene 

fragment comprising a DNA encoding a L chain of an antibody and also comprises a 
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pair of transposon sequences at both terminals of the gene fragment and an expression 

vector which comprises a gene fragment comprising a selectable marker gene and also 

comprises a pair of transposon sequences at both terminals of the gene fragment 

 (b) an expression vector which comprises a gene fragment comprising a DNA 

encoding a H chain of an antibody and a selectable marker gene and also comprises a 5 

pair of transposon sequences at both terminals of the gene fragment and an expression 

vector which comprises a gene fragment comprising a DNA encoding a L chain of an 

antibody and also comprises a pair of transposon sequences at both terminals of the 

gene fragment, 

 (c) an expression vector which comprises a gene fragment comprising a DNA 10 

encoding a L chain of an antibody and a selectable marker gene and also comprises a 

pair of transposon sequences at both terminals of the gene fragment and an expression 

vector which comprises a gene fragment comprising a DNA encoding a H chain of an 

antibody and also comprises a pair of transposon sequences at both terminals of the 

gene fragment, and 15 

 (d) an expression vector which comprises a gene fragment comprising a DNA 

encoding a H chain and a L chain of an antibody and a selectable marker gene and also 

comprises a pair of transposon sequences at both terminals of the gene fragment. 

[Claim 9] 

 The method according to claims 1-8, wherein the CHO cell is at least one 20 

selected from CHO-K1, CHO-K1SV, DUKXB 11, CHO/DG44, Pro-3 and CHO-S. 

[Claim 10] 

 The method according to any one of claims 4 to 9, wherein the selectable marker 

gene is a cycloheximide resistance gene. 

[Claim 11] 25 

 The method according to any one of claim 10, wherein the cycloheximide 

resistance gene is a ribosome protein. 

 [Claim 12] 

 The method according to claims 1-11, wherein the nucleotide sequences derived 

from a pair of Tol2 transposons are a nucleotide sequence comprising the nucleotide 30 

sequence shown in SEQ ID NO:2 and the nucleotide sequence shown in SEQ ID NO:3. 




