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residues from the C-terminal domain (the catalytic domain, composed of residues 113–373) of an 

adjacent subunit.  Genetic studies in S. cerevisiae and E. coli showed that certain GS mutations 

displayed intragenic complementation, where some mutations that mapped to the 5’ end of the GS 

gene could complement those in the 3’ end (Mitchell, A. P. Genetics 111, 243-258 (1985); MacNeil, 

T., et al. Journal of Bacteriology 150, 1302-1313 (1982)).  Accordingly, identifying a selection 5 

system based on a metabolic enzyme, such as one that utilizes intragenic complementation of 

glutamine synthetase, would prove useful for expressing molecules with more than two unique 

polypeptide chains (e.g. monoclonal antibodies and other recombinant proteins).  

SUMMARY 

In one aspect, the present disclosure refers to a vector comprising: 10 

a) a first nucleic acid encoding a first polypeptide, and 

b) a second nucleic acid encoding a an initial mutant  that is a N-terminal mutant of glutamine 

synthetase (mutGS-NT) having two or more mutations selected from the group consisting of 

W60A N61A D63A D63R S66A and D76A, 

wherein the transcription of the first nucleic acid is operably linked to transcription of the 15 

second nucleic acid,  

further comprising: 

c) a third nucleic acid encoding a third polypeptide wherein the third polypeptide is capable of 

associating with the first polypeptide to form a heteromeric complex, and 

d) a fourth nucleic acid which encodes a complementary mutant  that is a C-terminal mutant of 20 

glutamine synthetase (mutGS-CT) having one or more mutations selected from the group 

consisting of E134A E136A E196A E203A N248A H253A N255A R319A and R324A,  

wherein the transcription of the third nucleic acid is operably linked to transcription of the 

fourth nucleic acid, 

wherein the initial mutant subunit and the complementary mutant subunit of glutamine synthetase 25 

interact to provide a selectable activity, and further wherein the vector is capable of being transfected 

into mammalian cells. 

In another aspect, the present disclosure refers to an expression system comprising: 

a) a first vector encoding a bicistronic transcript comprising a first nucleic acid encoding a 

first polypeptide that is operably linked to a second nucleic acid encoding an initial mutant  30 

that is  a  N-terminal mutant of glutamine synthetase (mutGS-NT) comprising two or more 

mutations selected from the group consisting of W60A N61A D63A D63R S66A and D76A, 

and
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b)  a second vector encoding a bicistronic transcript comprising a third nucleic acid encoding 

a third polypeptide that is operably linked to a fourth nucleic acid encoding a complementary 

mutant subunit  that is a C-terminal mutant of glutamine synthetase (mutGS-CT) comprising 

one or more mutations selected from the group consisting of E134A E136A E196A E203A 5 

N248A H253A N255A R319A and R324A that is capable of associating with the initial 

mutant subunit,  

further wherein the third polypeptide is capable of associating with the first polypeptide to 

form a heteromeric complex; wherein each mutant subunit of glutamine synthetase does not 

have selectable activity when expressed alone and co-expression of the mutGS-NT with the 10 

mutGS-CT provides glutamine synthetase activity, 

and further wherein the expression system is capable of being transfected into mammalian cells.  

In another aspect, the present disclosure refers to an expression system comprising a first vector 

comprising a first nucleic acid encoding a heavy chain of an antibody operably linked to a second 

nucleic acid that encodes an N-terminal mutant glutamine synthetase (mutGS-NT), and a second 15 

vector comprising a third nucleic acid encoding a light chain of an antibody operably linked a fourth 

nucleic acid that encodes a C-terminal mutant glutamine synthetase (mutGS-CT), wherein the mutGS-

NT comprises two or more mutations selected from the group consisting of W60A N61A D63A D63R 

S66A and D76A and the mutGS-CT comprises one or more mutations selected from the group 

consisting of E134A E136A E196A E203A N248A H253A N255A R319A and R324A wherein each 20 

mutant subunit of glutamine synthetase does not have selectable activity when expressed alone and 

co-expression of the mutGS-NT with the mutGS-CT provides glutamine synthetase activity, wherein 

the expression system is capable of being transfected into mammalian cells. 

In another aspect, the present disclosure refers to an expression system comprising a first vector 

encoding a bicistronic transcript comprising a first nucleic acid encoding a desired polypeptide, 25 

operably linked to a second nucleic acid encoding an initial mutant subunit  of glutamine synthetase 

that is a N-terminal mutant having mutations selected from the group consisting of W60A N61A 

D63A S66A and combinations thereof, and a second vector encoding a bicistronic transcript 

comprising a third nucleic acid encoding a desired polypeptide, operably linked to a fourth nucleic 

acid encoding a complementary mutant subunit of glutamine synthetase that is a C-terminal mutant 30 

having mutations selected from the group consisting of is selected from the group consisting of 

E134A E136A E196A E203A N248A H253A N255A R319A R324A, and combinations thereof, 

wherein the first and complementary mutant subunits associate to provide a selectable activity, and 

wherein the expression system is capable of being transfected into mammalian cells, and further 
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wherein the first nucleic acid encodes an antibody heavy chain and the third nucleic acid encodes an 

antibody light chain. 

In another aspect, the present disclosure refers to a vector comprising: 

a) a first nucleic acid encoding a first polypeptide, and 

b) a second nucleic acid encoding an initial fragment of  the N-terminal fragment of glutamine 5 

synthetase, 

wherein the transcription of the first nucleic acid is operably linked to transcription of the 

c) second nucleic acid,  

further comprising: 

d) a third nucleic acid encoding a third polypeptide wherein the third polypeptide is capable of 10 

associating with the first polypeptide to form a heteromeric complex, and 

e) a fourth nucleic acid which encodes a complementary fragment of  the C-terminal fragment 

of glutamine synthetase,  

wherein the transcription of the third nucleic acid is operably linked to transcription of the 

fourth nucleic acid, 15 

wherein N-terminal fragment and/or C-terminal fragments of glutamine synthetase are split at an 

amino acid of glutamine synthetase selected from the group consisting of:  E110, Y104, S125, N126, 

E264, T111, N105, N126, Q127, and N265 and the initial fragment and the complementary fragment 

of glutamine synthetase interact to provide a selectable activity, and further wherein the vector is 

capable of being transfected into mammalian cells. 20 

In another aspect, the present disclosure refers to an expression system comprising: 

a) a first vector encoding a bicistronic transcript comprising a first nucleic acid encoding a first 

polypeptide  that is operably linked to a second nucleic acid encoding a second polypeptide, 

wherein the second polypeptide is an initial fragment of  that is the N-terminal fragment of 

glutamine synthetase, and 25 

b)  a second vector encoding a bicistronic transcript comprising a third nucleic acid encoding a 

third polypeptide that is operably linked to a fourth nucleic acid encoding a fourth polypeptide, 

wherein the fourth polypeptide is a complementary fragment of  that is the C-terminal fragment 

of glutamine synthetase that is capable of associating with the initial fragment of the selectable 

marker to provide a selectable activity,  30 

wherein the N-terminal fragment and/or C-terminal fragments of glutamine synthetase are split 

at an amino acid of glutamine synthetase selected from the group consisting of:  E110, Y104, 

S125, N126, E264, T111, N105, N126, Q127, and N265, 
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wherein the third polypeptide is capable of associating with the first polypeptide to form a 

heteromeric complex; 

and further wherein the expression system is capable of being transfected into mammalian cells. 

In another aspect, the present disclosure refers to an expression system comprising a first vector 5 

comprising a first nucleic acid encoding a heavy chain of an antibody operably linked to a second 

nucleic acid that encodes an N-terminal fragment of glutamine synthetase, and a second vector 

comprising a third nucleic acid encoding a light chain of an antibody operably linked a fourth nucleic 

acid that encodes a C-terminal fragment of glutamine synthetase, wherein the N-terminal fragment 

and/or C-terminal fragments of glutamine synthetase are split at an amino acid of glutamine 10 

synthetase selected from the group consisting of:  E110, Y104, S125, N126, E264, T111, N105, 

N126, Q127, and N265, wherein each fragment of glutamine synthetase does not have selectable 

activity when expressed alone and co-expression of the N-terminal fragment and C-terminal fragment 

of glutamine synthetase provides glutamine synthetase activity, wherein the expression system is 

capable of being transfected into mammalian cells. 15 

In another aspect, the present disclosure refers to an isolated host cell transfected, transformed or 

transduced with the expression system as disclosed herein. 

In another aspect, the present disclosure refers to an isolated host cell that has been transfected, 

transformed or transduced with the vector as disclosed herein. 

In another aspect, the present disclosure refers to a method of producing a heteromeric complex 20 

comprising the step of culturing the host cell as disclosed herein under conditions wherein the 

heteromeric complex is expressed by the host cell.

 

One example of the disclosure provides a vector comprising:  

a. a first nucleic acid encoding a first polypeptide, and 25 

b. a second nucleic acid encoding a second polypeptide, wherein the second polypeptide is an 

initial mutant subunit of a selectable marker, 

wherein the transcription of the first nucleic acid is operably linked to transcription of the 

second nucleic acid, further comprising: 

c. a third nucleic acid encoding a third polypeptide wherein the third polypeptide is capable of 30 

associating with the first polypeptide to form a heteromeric complex, and 

d. a fourth nucleic acid which encodes fourth polypeptide, wherein the fourth polypeptide is a 

complementary mutant subunit of the selectable marker,  
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wherein the transcription of the third nucleic acid is operably linked to transcription of the 

fourth nucleic acid, 

wherein the initial mutant subunit and the complementary mutant subunit of the selectable marker 

interact to provide a selectable activity, and further wherein the vector is capable of being transfected 

into mammalian cells and improving selection of transfected cells.   5 

Another example of the disclosure provides a vector comprising:  

e. a first nucleic acid encoding a first polypeptide, and 

f. a second nucleic acid encoding a second polypeptide, wherein the second polypeptide is an 

initial fragment of a selectable marker, 

wherein the transcription of the first nucleic acid is operably linked to transcription of the 10 

second nucleic acid, further comprising: 

g. a third nucleic acid encoding a third polypeptide wherein the third polypeptide is capable of 

associating with the first polypeptide to form a heteromeric complex, and 

h. a fourth nucleic acid which encodes fourth polypeptide, wherein the fourth polypeptide is a 

complementary fragment of the selectable marker, 15 
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wherein the transcription of the third nucleic acid is operably linked to transcription of the 

fourth nucleic acid, 

wherein the initial mutant subunit and the complementary mutant subunit of the selectable marker 

interact to provide a selectable activity, and further wherein the vector is capable of being transfected 

into mammalian cells and improving selection of transfected cells.   5 

In a further example, the heteromeric complex is an immunoglobulin. In one example, the 

first nucleic acid encodes an immunoglobulin heavy chain, and the third nucleic acid encodes an 

immunoglobulin light chain, in an alternative example, the first nucleic acid encodes an 

immunoglobulin light chain, and the third nucleic acid encodes an immunoglobulin heavy chain.  In 

the aforementioned examples, the selectable marker is metabolic enzyme is selected from the group 10 

consisting of glutamine synthetase, threonine dehydratase, adenylosuccinate synthetase, and 

glutamate dehydrogenase. 

The disclosure may include an internal ribosomal entry site (IRES); in one example, an IRES 

occurs at a site selected from the group consisting of: a site between the first nucleic acid and the 

second nucleic acid; a site between the third nucleic acid and the fourth nucleic acid, and at sites 15 

between both first and second, and third and fourth nucleic acids.  In a further example, the internal 

ribosomal entry site comprises SEQ ID NO:23.  

For any of the herein described examples, when the initial mutant subunit of the selectable 

marker is an N-terminal mutant of glutamine synthetase (mutGS-NT) the complementary mutant 

subunit of the selectable marker is a C-terminal mutant of glutamine synthetase (mutGS-CT). In one 20 

such example of the disclosure, the mutGS-NT comprises two or more mutations selected from the 

group consisting of W60A N61A D63A D63R S66A and D76A and the mutGS-CT comprises one or 

more mutations selected from the group consisting of E134A E136A E196A E203A N248A H253A 

N255A R319A and R324A.  In one example,  mutGS-NT is selected from the group consisting of 

W60A N61A D63A (mutGS-NT1; SEQ ID NO:6), W60A N61A D63A S66A (mutGS-NT2; SEQ ID 25 

NO:10) W60A N61A D63A S66A D76A (mutGS-NT3; SEQ ID NO:25), and W60A N61A D63R 

S66A (mutGS-NT4; SEQ ID NO:19); and the mutGS-CT is selected from the group consisting of 

E134A E136A E196A E203A (mutGS-CT1; SEQ ID NO:21) and N248A H253A N255A (mutGS-

CT2; SEQ ID NO:22). 

In other examples, N-terminal and C-terminal fragments of glutamine synthetase are created 30 

by splitting the protein at one or more amino acids of the glutamine synthetase protein. In one such 

example of the disclosure, the N-terminal fragment and/or C-terminal fragments of glutamine 

synthetase are split at an amino acid of glutamine synthetase selected from the group consisting of:  

E110, Y104, S125, N126, E264, T111, N105, N126, Q127, and N265 



   

 

4 

 

The disclosure also provides an isolated host cell that has been transfected, transformed or 

transduced with the vector as described above.  The host cell may be selected from the group consisting of 

CHO, VERO, BHK, HeLa, Cos, MDCK, 293, 3T3, a myeloma cell line, and WI38 cells. One example of 

the disclosure provides a method of producing a heteromeric complex comprising the step of culturing 

such a host cell under conditions wherein the heteromeric complex is expressed by the host cell. In one 5 

example, the heteromeric complex is an antibody.  The inventive methods of claim may also comprise 

isolating the heteromeric complex.  

One example of the disclosure provides an expression system comprising: 

a)  a first vector encoding a bicistronic transcript comprising a first nucleic acid encoding a first 

polypeptide that is operably linked to a second nucleic acid encoding a second polypeptide, wherein 10 

the second polypeptide is an initial mutant subunit of a selectable marker, and 

b)  a second vector encoding a bicistronic transcript comprising a third nucleic acid encoding a third 

polypeptide that is operably linked to a fourth nucleic acid encoding a fourth polypeptide, wherein the 

fourth polypeptide is a complementary mutant subunit of the selectable marker that is capable of 

associating with the initial mutant subunit of the selectable marker to provide a selectable activity,  15 

further wherein the third polypeptide is capable of associating with the first polypeptide to form a 

heteromeric complex; 

and further wherein the expression system is capable of being transfected into mammalian cells and 

improving selection of said cells.  

Another example of the disclosure provides an expression system comprising: 20 

c)  a first vector encoding a bicistronic transcript comprising a first nucleic acid encoding a first 

polypeptide that is operably linked to a second nucleic acid encoding a second polypeptide, wherein 

the second polypeptide is an initial fragment of a selectable marker, and 

d)  a second vector encoding a bicistronic transcript comprising a third nucleic acid encoding a third 

polypeptide that is operably linked to a fourth nucleic acid encoding a fourth polypeptide, wherein the 25 

fourth polypeptide is a complementary fragment of the selectable marker that is capable of associating 

with the initial fragment of the selectable marker to provide a selectable activity,  

further wherein the third polypeptide is capable of associating with the first polypeptide to form a 

heteromeric complex; 

and further wherein the expression system is capable of being transfected into mammalian cells and 30 

improving selection of said cells.  

In a further example, the heteromeric complex is an immunoglobulin. In one example, the first 

nucleic acid encodes an immunoglobulin heavy chain, and the third nucleic acid encodes an 

immunoglobulin light chain, in an alternative example, the first nucleic acid encodes an   
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immunoglobulin light chain, and the third nucleic acid encodes an immunoglobulin heavy chain.  In 

the aforementioned examples, the selectable marker is metabolic enzyme is selected from the group 

consisting of glutamine synthetase, threoninedehydratase, adenylosuccinate synthetase, and glutamate 

dehydrogenase. 

The inventive expression system described above may include an internal ribosomal entry site 5 

(IRES); in one example, an IRES occurs at a site selected from the group consisting of: a site between 

the first nucleic acid and the second nucleic acid; a site between the third nucleic acid and the fourth 

nucleic acid, and at sites between both first and second, and third and fourth nucleic acids. In a further 

example, the internal ribosomal entry site comprises SEQ ID NO:23.  

In the herein described expression system, when the initial mutant subunit of the selectable 10 

marker is an N-terminal mutant of glutamine synthetase (mutGS-NT) the complementary mutant 

subunit of the selectable marker is a C-terminal mutant of glutamine synthetase (mutGS-CT).  In one 

such example of the disclosure, the mutGS-NT comprises two or more mutations selected from the 

group consisting of W60A N61A D63A D63R S66A and D76A and the mutGS-CT comprises one or 

more mutations selected from the group consisting of E134A E136A E196A E203A N248A H253A 15 

N255A R319A and R324A.  In one example,  mutGS-NT is selected from the group consisting of 

W60A N61A D63A (mutGS-NT1; SEQ ID NO:6), W60A N61A D63A S66A (mutGS-NT2; SEQ ID 

NO:10) W60A N61A D63A S66A D76A (mutGS-NT3; SEQ ID NO:25), and W60A N61A D63R 

S66A (mutGS-NT4; SEQ ID NO:19); and the mutGS-CT is selected from the group consisting of 

E134A E136A E196A E203A (mutGS-CT1; SEQ ID NO:21) and N248A H253A N255A (mutGS-20 

CT2; SEQ ID NO:22). 

In other examples, N-terminal and C-terminal fragments of glutamine synthetase are created by 

splitting the protein at one or more amino acids of the glutamine synthetase protein. In one such example 

of the disclosure, the N-terminal fragment and/or C-terminal fragments of glutamine synthetase are split at 

an amino acid of glutamine synthetase selected from the group consisting of:  E110, Y104, S125, N126, 25 

E264, T111, N105, N126, Q127, and N265 

The disclosure also provides an isolated host cell that has been transfected, transformed or 

transduced with the vector as described above.  The host cell may be selected from the group consisting of 

CHO, VERO, BHK, HeLa, Cos, MDCK, 293, 3T3, a myeloma cell line, and WI38 cells. One example of 

the disclosure provides a method of producing a heteromeric complex comprising the step of culturing 30 

such a host cell under conditions wherein the heteromeric complex is expressed by the host cell.  In one 

example, the heteromeric complex is an antibody.  The inventive methods of claim may also comprise 

isolating the heteromeric complex.  

In one example, the disclosure provides an expression system comprising a first vector comprising 

a first nucleic acid encoding a heavy chain of an antibody operably linked to a second   35 
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nucleic acid that encodes an N-terminal mutant glutamine synthetase (mutGS-NT), and a second 

vector comprising a third nucleic acid encoding a light chain of an antibody operably linked a fourth 

nucleic acid that encodes a C-terminal mutant glutamine synthetase (mutGS-CT), wherein each 

mutant subunit of glutamine synthetase does not have selectable activity when expressed alone and 

co-expression of the mutGS-NT with the mutGS-CT provides glutamine synthetase activity, wherein 5 

the expression system is capable of being transfected into mammalian cells and improving selection 

of transfected cells. 

In one example, the disclosure provides an expression system comprising a first vector 

comprising a first nucleic acid encoding a heavy chain of an antibody operably linked to a second 

nucleic acid that encodes an N-terminal fragment of  glutamine synthetase, and a second vector 10 

comprising a third nucleic acid encoding a light chain of an antibody operably linked a fourth nucleic 

acid that encodes a C-terminal fragment of glutamine synthetase, wherein each mutant subunit of 

glutamine synthetase does not have selectable activity when expressed alone and co-expression of the 

N-terminal and C-terminal fragments of glutamine synthetase provides glutamine synthetase activity, 

wherein the expression system is capable of being transfected into mammalian cells and improving 15 

selection of transfected cells. 

In another example, the disclosure provides an expression system comprising a first vector 

comprising a first nucleic acid encoding a light chain of an antibody operably linked to a second 

nucleic acid that encodes an N-terminal mutant glutamine synthetase (mutGS-NT), and a second 

vector comprising a third nucleic acid encoding a heavy chain of an antibody operably linked a fourth 20 

nucleic acid that encodes a C-terminal mutant glutamine synthetase (mutGS-CT), wherein each 

mutant subunit of glutamine synthetase does not have selectable activity when expressed alone and 

co-expression of the mutGS-NT with the mutGS-CT provides glutamine synthetase activity, wherein 

the expression system is capable of being transfected into mammalian cells and improving selection 

of transfected cells. 25 

In another example, the disclosure provides an expression system comprising a first vector 

comprising a first nucleic acid encoding a light chain of an antibody operably linked to a second 

nucleic acid that encodes an N-terminal fragment of glutamine synthetase, and a second vector 

comprising a third nucleic acid encoding a heavy chain of an antibody operably linked a fourth 

nucleic acid that encodes a C-terminal fragment of glutamine synthetase, wherein each fragment of 30 

glutamine synthetase does not have selectable activity when expressed alone and co-expression of the 

N-terminal and C-terminal fragments of glutamine synthetase provides glutamine synthetase activity, 

wherein the expression system is capable of being transfected into mammalian cells and improving 

selection of transfected cells. 
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For any of the forgoing examples, in one example of the disclosure the mutGS-NT comprises 

two or more mutations selected from the group consisting of W60A N61A D63A D63R S66A and 

D76A and the mutGS-CT comprises one or more mutations selected from the group consisting of 

E134A E136A E196A E203A N248A H253A N255A R319A and R324A. In one example,  mutGS-

NT is selected from the group consisting of W60A N61A D63A (mutGS-NT1; SEQ ID NO:6), W60A 5 

N61A D63A S66A (mutGS-NT2; SEQ ID NO:10) W60A N61A D63A S66A D76A (mutGS-NT3; 

SEQ ID NO:25), and W60A N61A D63R S66A (mutGS-NT4; SEQ ID NO:19); and the mutGS-CT is 

selected from the group consisting of E134A E136A E196A E203A (mutGS-CT1; SEQ ID NO:21) 

and N248A H253A N255A (mutGS-CT2; SEQ ID NO:22). 

In other examples, N-terminal and C-terminal fragments of glutamine synthetase are created 10 

by splitting the protein at one or more amino acids of the glutamine synthetase protein. In one such 

example of the disclosure, the N-terminal fragment and/or C-terminal fragments of glutamine 

synthetase are split at an amino acid of glutamine synthetase selected from the group consisting of:  

E110, Y104, S125, N126, E264, T111, N105, N126, Q127, and N265.  

Similarly, the disclosure also provides an isolated host cell that has been transfected, transformed 15 

or transduced with the vector as described above. The host cell may be selected from the group consisting 

of CHO, VERO, BHK, HeLa, Cos, MDCK, 293, 3T3, a myeloma cell line, and WI38 cells.  One example 

of the disclosure provides a method of producing a heteromeric complex comprising the step of culturing 

such a host cell under conditions wherein the heteromeric complex is expressed by the host cell. In one 

example, the heteromeric complex is an antibody.  The inventive methods of claim may also comprise 20 

isolating the heteromeric complex.  

Still further examples of the disclosure include an expression system comprising a first vector 

encoding a bicistronic transcript comprising a first nucleic acid encoding a desired polypeptide, 

operably linked to a second nucleic acid encoding an initial mutant subunit of a selectable marker, and 

a second vector encoding a bicistronic transcript comprising a third nucleic acid, operably linked to a 25 

fourth nucleic acid encoding a complementary mutant subunit of a selectable marker, wherein the first 

and complementary mutant subunits of the selectable marker associate to provide a selectable activity, 

and wherein the expression system is capable of being transfected into mammalian cells and 

improving selection of the transfected cells, and further wherein the first nucleic acid encodes an 

antibody heavy chain and the third nucleic acid encodes an antibody light chain. In one example, the 30 

selectable marker is glutamine synthetase.  

Still other examples of the disclosure include an expression system comprising a first vector 

encoding a bicistronic transcript comprising a first nucleic acid encoding a desired polypeptide, 

operably linked to a second nucleic acid encoding an initial fragment of a selectable marker, and a 

second vector encoding a bicistronic transcript comprising a third nucleic acid, operably linked to a  35 
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fourth nucleic acid encoding a complementary fragment of a selectable marker, wherein the first and 

complementary fragments of the selectable marker associate to provide a selectable activity, and 

wherein the expression system is capable of being transfected into mammalian cells and improving 

selection of the transfected cells, and further wherein the first nucleic acid encodes an antibody heavy 

chain and the third nucleic acid encodes an antibody light chain. In one example, the selectable 5 

marker is glutamine synthetase.  

In one such example of the disclosure, the glutamine synthetase comprises two 

complementary mutations; thus, the mutGS-NT comprises two or more mutations selected from the 

group consisting of W60A N61A D63A D63R S66A and D76A and the mutGS-CT comprises one or 

more mutations selected from the group consisting of E134A E136A E196A E203A N248A H253A 10 

N255A R319A and R324A.  In one example, mutGS-NT is selected from the group consisting of 

W60A N61A D63A (mutGS-NT1; SEQ ID NO:6), W60A N61A D63A S66A (mutGS-NT2; SEQ ID 

NO:10) W60A N61A D63A S66A D76A (mutGS-NT3; SEQ ID NO:25), and W60A N61A D63R 

S66A (mutGS-NT4; SEQ ID NO:19); and the mutGS-CT is selected from the group consisting of 

E134A E136A E196A E203A (mutGS-CT1; SEQ ID NO:21) and N248A H253A N255A (mutGS-15 

CT2; SEQ ID NO:22). 

In other such examples, N-terminal and C-terminal fragments of glutamine synthetase are 

created by splitting the protein at one or more amino acids of the glutamine synthetase protein. In one 

such example of the disclosure, the N-terminal fragment and/or C-terminal fragments of glutamine 

synthetase are split at an amino acid of glutamine synthetase selected from the group consisting of:  20 

E110, Y104, S125, N126, E264, T111, N105, N126, Q127, and N265.  

The disclosure also provides an isolated host cell that has been transfected, transformed or 

transduced with the vector as described above.  The host cell may be selected from the group 

consisting of CHO, VERO, BHK, HeLa, Cos, MDCK, 293, 3T3, a myeloma cell line, and WI38 cells. 

One example of the disclosure provides a method of producing a heteromeric complex comprising the 25 

step of culturing such a host cell under conditions wherein the heteromeric complex is expressed by 

the host cell. In one example, the heteromeric complex is an antibody.  The inventive methods of 

claim may also comprise isolating the heteromeric complex.  

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representation of the nucleic acid constructs utilized in Examples 1-5, 30 

each comprising a subunit of a selectable marker and expressing different polypeptides, which can 

associate to form a heteromeric complex in a cell.  Abbreviations are as follows:muGS, mutant 

glutamine synthetase; Ampr, ampicillin resistance.  Figure 1(A) depicts vector A (LC:mutGS-CT) and 

Figure 1(B) depicts vector B (HC:mutGS-NT). 
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CLAIMS 

What is claimed is:  

 

1. A vector comprising: 

a) a first nucleic acid encoding a first polypeptide, and 

b) a second nucleic acid encoding an initial mutant  that is a N-terminal mutant of glutamine 

synthetase (mutGS-NT) having two or more mutations selected from the group consisting of 

W60A N61A D63A D63R S66A and D76A, 

wherein the transcription of the first nucleic acid is operably linked to transcription of the second 

nucleic acid,  

further comprising: 

c) a third nucleic acid encoding a third polypeptide wherein the third polypeptide is capable of 

associating with the first polypeptide to form a heteromeric complex, and 

d) a fourth nucleic acid which encodes a complementary mutant  that is a C-terminal mutant of 

glutamine synthetase (mutGS-CT) having one or more mutations selected from the group 

consisting of E134A E136A E196A E203A N248A H253A N255A R319A and R324A,  

wherein the transcription of the third nucleic acid is operably linked to transcription of the fourth 

nucleic acid, 

wherein the initial mutant subunit and the complementary mutant subunit of glutamine synthetase do 

not have selectable activity when expressed alone and co-expression of the mutGS-NT with the 

mutGS-CT provides glutamine synthetase activity, and further wherein the vector is capable of being 

transfected into mammalian cells.  

 

2. The vector of claim 1 wherein the heteromeric complex is an immunoglobulin.  

 

3. The vector of claim 2 wherein the first nucleic acid encodes an immunoglobulin heavy chain, and 

the third nucleic acid encodes an immunoglobulin light chain.   

 

4. The vector of any one of claims 1 - 3, wherein an internal ribosomal entry site (IRES) occurs at a 

site selected from the group consisting of: 

a) a site between the first nucleic acid and the second nucleic acid; 
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b) a site between the third nucleic acid and the fourth nucleic acid, and  

c) at sites between both first and second, and third and fourth nucleic acids.  

5. The vector of claim 4, wherein the internal ribosomal entry site comprises SEQ ID NO:23.     

 

 

6. The vector  of claim 1, wherein the mutGS-NT is selected from the group consisting of W60A 

N61A D63A (mutGS-NT1; SEQ ID NO:6), W60A N61A D63A S66A (mutGS-NT2; SEQ ID 

NO:10) W60A N61A D63A S66A D76A (mutGS-NT3; SEQ ID NO:25), and W60A N61A D63R 

S66A (mutGS-NT4; SEQ ID NO:19); and the mutGS-CT is selected from the group consisting of 

E134A E136A E196A E203A (mutGS-CT1; SEQ ID NO:21) and N248A H253A N255A (mutGS-

CT2; SEQ ID NO:22). 

7. An isolated host cell that has been transfected, transformed or transduced with the vector of any 

one of claims 1 - 6.  

 

8. The host cell of claim 7, which is selected from the group consisting of CHO, VERO, BHK, HeLa, 

Cos, MDCK, 293, 3T3, a myeloma cell line, and WI38 cells.  

 

9. A method of producing a heteromeric complex comprising the step of culturing the host cell of 

claim 8 under conditions wherein the heteromeric complex is expressed by the host cell.  

 

10. The method of claim 9, wherein the heteromeric complex is an antibody.  

 

11. The method of claim 10, further comprising isolating the heteromeric complex.  

 

12. An expression system comprising: 

a) a first vector encoding a bicistronic transcript comprising a first nucleic acid encoding a first 

polypeptide that is operably linked to a second nucleic acid encoding an initial mutant  that is  a  N-

terminal mutant of glutamine synthetase (mutGS-NT) comprising two or more mutations selected from 

the group consisting of W60A N61A D63A D63R S66A and D76A, and 
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b)  a second vector encoding a bicistronic transcript comprising a third nucleic acid encoding a third 

polypeptide that is operably linked to a fourth nucleic acid encoding a complementary mutant subunit  

that is a C-terminal mutant of glutamine synthetase (mutGS-CT) comprising one or more mutations 

selected from the group consisting of E134A E136A E196A E203A N248A H253A N255A R319A and 

R324A that is capable of associating with the initial mutant subunit,  

further wherein the third polypeptide is capable of associating with the first polypeptide to form a 

heteromeric complex;  

wherein each mutant subunit of glutamine synthetase does not have selectable activity when 

expressed alone and co-expression of the mutGS-NT with the mutGS-CT provides glutamine synthetase 

activity, 

and further wherein the expression system is capable of being transfected into mammalian cells.  

 

13. The expression system of claim 12, wherein the heteromeric complex is an immunoglobulin.  

 

14. The expression system of claim 13, wherein the first nucleic acid encodes an immunoglobulin 

heavy chain, and the third nucleic acid encodes an immunoglobulin light chain. 

 

15. The expression system of any one of claims 12-14, wherein an internal ribosomal entry site 

(IRES) occurs at a site selected from the group consisting of: 

a) a site between the first nucleic acid and the second nucleic acid; 

b) a site between the third nucleic acid and the fourth nucleic acid, and  

c) at sites between both first and second, and third and fourth nucleic acids.   

 

16. The expression system of claim 15, wherein the internal ribosomal entry site comprises SEQ ID 

NO:23.  

 

 

17. The expression system of 12, wherein the mutGS-NT is selected from the group consisting of 

W60A N61A D63A (mutGS-NT1; SEQ ID NO:6), W60A N61A D63A S66A (mutGS-NT2; SEQ ID 

NO:10) W60A N61A D63A S66A D76A (mutGS-NT3; SEQ ID NO:25), and W60A N61A D63R 

S66A (mutGS-NT4; SEQ ID NO:19); and the mutGS-CT is selected from the group consisting of 

E134A E136A E196A E203A (mutGS-CT1; SEQ ID NO:21) and N248A H253A N255A (mutGS-

CT2; SEQ ID NO:22).  
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18. An isolated host cell transfected, transformed or transduced with the expression system of any 

one of claims 11-17.  

 

19 The host cell of claim 18, which is selected from the group consisting of CHO, VERO, BHK, 

HeLa, Cos, MDCK, 293, 3T3, a myeloma cell line, and WI38 cells.  

 

20. A method of producing a heteromeric complex comprising the step of culturing the host cell of 

claim 19 under conditions wherein the heteromeric complex is expressed by the host cell.  

 

21. The method of claim 20, further comprising isolating the heteromeric complex.  

 

22. An expression system comprising a first vector comprising a first nucleic acid encoding a heavy 

chain of an antibody operably linked to a second nucleic acid that encodes an N-terminal mutant 

glutamine synthetase (mutGS-NT), and a second vector comprising a third nucleic acid encoding a 

light chain of an antibody operably linked a fourth nucleic acid that encodes a C-terminal mutant 

glutamine synthetase (mutGS-CT), wherein the mutGS-NT comprises two or more mutations 

selected from the group consisting of W60A N61A D63A D63R S66A and D76A and the mutGS-CT 

comprises one or more mutations selected from the group consisting of E134A E136A E196A 

E203A N248A H253A N255A R319A and R324A wherein each mutant subunit of glutamine 

synthetase does not have selectable activity when expressed alone and co-expression of the mutGS-

NT with the mutGS-CT provides glutamine synthetase activity, wherein the expression system is 

capable of being transfected into mammalian cells.  

 

23. The expression system of claim 22, wherein the mutGS-NT is selected from the group consisting 

of W60A N61A D63A (mutGS-NT1; SEQ ID NO:6), W60A N61A D63A S66A (mutGS-NT2; SEQ 

ID NO:10) W60A N61A D63A S66A D76A (mutGS-NT3; SEQ ID NO:25), and W60A N61A 

D63R S66A (mutGS-NT4; SEQ ID NO:19); and the mutGS-CT is selected from the group consisting 

of E134A E136A E196A E203A (mutGS-CT1; SEQ ID NO:21) and N248A H253A N255A 

(mutGS-CT2; SEQ ID NO:22). 

 

24. An isolated host cell transfected, transformed or transduced with the expression system of claims 

22 or 23.  
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25. An expression system comprising a first vector encoding a bicistronic transcript comprising a 

first nucleic acid encoding a desired polypeptide, operably linked to a second nucleic acid encoding 

an initial mutant subunit  of glutamine synthetase that is a N-terminal mutant having mutations 

selected from the group consisting of W60A N61A D63A S66A and combinations thereof, and a 

second vector encoding a bicistronic transcript comprising a third nucleic acid encoding a desired 

polypeptide, operably linked to a fourth nucleic acid encoding a complementary mutant subunit of 

glutamine synthetase that is a C-terminal mutant having mutations selected from the group consisting 

of is selected from the group consisting of E134A E136A E196A E203A N248A H253A N255A 

R319A R324A, and combinations thereof, wherein the first and complementary mutant subunits 

associate to provide a selectable activity, and wherein the expression system is capable of being 

transfected into mammalian cells, and further wherein the first nucleic acid encodes an antibody 

heavy chain and the third nucleic acid encodes an antibody light chain.  

 

26. The expression system of claim 25, wherein the mutGS-NT is selected from the group consisting 

of W60A N61A D63A (mutGS-NT1; SEQ ID NO:6), W60A N61A D63A S66A (mutGS-NT2; SEQ 

ID NO:10) W60A N61A D63A S66A D76A (mutGS-NT3; SEQ ID NO:25), and W60A N61A 

D63R S66A (mutGS-NT4; SEQ ID NO:19); and the mutGS-CT is selected from the group consisting 

of E134A E136A E196A E203A (mutGS-CT1; SEQ ID NO:21) and N248A H253A N255A 

(mutGS-CT2; SEQ ID NO:22). 

 

27. An isolated host transfected, transformed or transduced with the expression system of– claim 25 

or 26. 

28. A vector comprising: 

a) a first nucleic acid encoding a first polypeptide, and 

b) a second nucleic acid encoding an initial fragment of  the N-terminal fragment of glutamine 

synthetase, 

wherein the transcription of the first nucleic acid is operably linked to transcription of the second 

nucleic acid,  

further comprising: 

c) a third nucleic acid encoding a third polypeptide wherein the third polypeptide is capable of 

associating with the first polypeptide to form a heteromeric complex, and 

d) a fourth nucleic acid which encodes a complementary fragment of  the C-terminal fragment of 

glutamine synthetase,  
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wherein the transcription of the third nucleic acid is operably linked to transcription of the fourth 

nucleic acid, 

wherein N-terminal fragment and/or C-terminal fragments of glutamine synthetase are split at an 

amino acid of glutamine synthetase selected from the group consisting of:  E110, Y104, S125, N126, 

E264, T111, N105, N126, Q127, and N265 and the initial fragment and the complementary fragment 

of glutamine synthetase interact to provide a selectable activity, and further wherein the vector is 

capable of being transfected into mammalian cells.  

 

29. The vector of claim 28 wherein the heteromeric complex is an immunoglobulin.  

 

30. The vector of claim 29 wherein the first nucleic acid encodes an immunoglobulin heavy chain, 

and the third nucleic acid encodes an immunoglobulin light chain 

 

31. The vector of any one of claims 28-30, wherein an internal ribosomal entry site (IRES) occurs at 

a site selected from the group consisting of: 

a) a site between the first nucleic acid and the second nucleic acid; 

b) a site between the third nucleic acid and the fourth nucleic acid, and  

c) at sites between both first and second, and third and fourth nucleic acids.  

 

32. The vector of claim 31, wherein the internal ribosomal entry site comprises SEQ ID NO:23.  

 

33. The vector of claim 28, further comprising an N terminal leucine zipper or a C terminal leucine 

zipper. 

34. An isolated host cell that has been transfected, transformed or transduced with the vector of any 

one of claims 28-33.  

35. The host cell of claim 34, which is selected from the group consisting of CHO, VERO, BHK, 

HeLa, Cos, MDCK, 293, 3T3, a myeloma cell line, and WI38 cells.  

36. A method of producing a heteromeric complex comprising the step of culturing the host cell of 

claim 35 under conditions wherein the heteromeric complex is expressed by the host cell.  
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37. The method of claim 36, wherein the heteromeric complex is an antibody.  

38. The method of claim 37, further comprising isolating the heteromeric complex. 

39. An expression system comprising: 

a) a first vector encoding a bicistronic transcript comprising a first nucleic acid encoding a first 

polypeptide  that is operably linked to a second nucleic acid encoding a second polypeptide, wherein the 

second polypeptide is an initial fragment of  that is the N-terminal fragment of glutamine synthetase, and 

b)  a second vector encoding a bicistronic transcript comprising a third nucleic acid encoding a third 

polypeptide that is operably linked to a fourth nucleic acid encoding a fourth polypeptide, wherein the 

fourth polypeptide is a complementary fragment of  that is the C-terminal fragment of glutamine 

synthetase that is capable of associating with the initial fragment of the selectable marker to provide a 

selectable activity,  

wherein the N-terminal fragment and/or C-terminal fragments of glutamine synthetase are split at an 

amino acid of glutamine synthetase selected from the group consisting of:  E110, Y104, S125, N126, 

E264, T111, N105, N126, Q127, and N265,  

wherein the third polypeptide is capable of associating with the first polypeptide to form a 

heteromeric complex; 

and further wherein the expression system is capable of being transfected into mammalian cells.  

40. The expression system of claim 39, wherein the heteromeric complex is an immunoglobulin.  

41. The expression system of claim 40, wherein the first nucleic acid encodes an immunoglobulin 

heavy chain, and the third nucleic acid encodes an immunoglobulin light chain. 

42. The expression system of any one of claims 39-41, wherein an internal ribosomal entry site 

(IRES) occurs at a site selected from the group consisting of: 

a) a site between the first nucleic acid and the second nucleic acid; 

b) a site between the third nucleic acid and the fourth nucleic acid, and  

c) at sites between both first and second, and third and fourth nucleic acids.   

 

43. The expression system of claim 42, wherein the internal ribosomal entry site comprises SEQ ID 

NO:23.  
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44. The expression system of any one of claims 39-43, wherein the initial fragment of the selectable 

marker is an N-terminal fragment of glutamine synthetase and the complementary fragment subunit 

of the selectable marker is a C-terminal fragment of glutamine synthetase.  

45. An isolated host cell transfected, transformed or transduced with the expression system of any 

one of claims 39-44.  

46. The host cell of claim 45, which is selected from the group consisting of CHO, VERO, BHK, 

HeLa, Cos, MDCK, 293, 3T3, a myeloma cell line, and WI38 cells.  

47. A method of producing a heteromeric complex comprising the step of culturing the host cell of 

claim 46 under conditions wherein the heteromeric complex is expressed by the host cell.  

48. The method of claim 47, further comprising isolating the heteromeric complex.  

49. An expression system comprising a first vector comprising a first nucleic acid encoding a heavy 

chain of an antibody operably linked to a second nucleic acid that encodes an N-terminal fragment of 

glutamine synthetase, and a second vector comprising a third nucleic acid encoding a light chain of 

an antibody operably linked a fourth nucleic acid that encodes a C-terminal fragment of glutamine 

synthetase, wherein the N-terminal fragment and/or C-terminal fragments of glutamine synthetase 

are split at an amino acid of glutamine synthetase selected from the group consisting of:  E110, 

Y104, S125, N126, E264, T111, N105, N126, Q127, and N265, wherein each fragment of glutamine 

synthetase does not have selectable activity when expressed alone and co-expression of the N-

terminal fragment and C-terminal fragment of glutamine synthetase provides glutamine synthetase 

activity, wherein the expression system is capable of being transfected into mammalian cells.  

50. An isolated host cell transfected, transformed or transduced with the expression system of claim 

49.  
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