007441 In onc aspect, provided is a cloning or expression vector comprising the

tollowing elements: (1) a transceriptional promoter, {2} a polynucleotide sequence having a

eukarvotic translaton initiation codon and encoding a nolvoeptide onerablv linked 1o the

transeriptional promoter, {31 a 57 untransiated sequence located between the transcriptional

promoter and the eukarvotio ranslation Initiation codon, and (4) a translational enbancer

nolvancleotide located within the 57 untranslated sequence, wherein the franslational

enhancer polvnuclectide consists of at least two translational enhancer elements (TEEs) and

one or more spacer sequences of | to 100 nucleotides n length, wherein said at least two

TELs consists of at least two full-lensth nucleotide seguences that are at least 90% identical

to 5°- GOCGAGAGA-Y (SEG D NO: I, wherein the said at least two TEES are logated

within about 1-500 nucleotides 57 of the eukarvoiic translation inttiation codon. and wherein

the cloning or expression vector exhibits mereased can-dependent translation compared to the

same veetor lacking the translational enhancer polynucleotide.

[0005] In one aspectexample, provided are isolated or synthetic polynucleotide
sequences which function as translation enhancers and include at least one mRNA
translational enhancer element (TEE). The TEE present in the polynucleotide sequences
consists of RNSGAGMGRMR (SEQ ID NO: 1) or MSCSGCNGM WA (SEQ ID NO:2), ora
substantially identical sequence thereof. Also, more than one copy (e.g., 2, 5, 10, 25, 50 or

more copies) of each TEE can be present in these polynucleotide sequences.

[6006] In an embedimentexample, the TEE consists Of RiN;S;GAGM;GR2M:RR3R4
(SEQ ID NO:3) or RsM38;CS;GCNoGM4WR, (SEQ ID NO:4), or a substantially identical
sequence thereof. In these sequences R; is absent, or A or G if present; N is absent, or A,C
or G if present, preferably A,C or G; S; is absent, or C or G if present, preferably C or G; M;
is A or C; R; is absent, or A or G if present, preferably A or G, and R and R; can be the
same or different; M is absent, or A or C if present, preferably A or C; R is absent, or A or
G if present, preferably absent; R4 is absent, or C if present, preferably absent; and Rs is
absent, or A if present, preferably absent; M is absent, or C or A if present, preferably C or
A; S, is absent, or C or G if present, preferably Cor G; S;is Gor C; Ny is G, Cor T; Myis A

or C; W is absent, or A or T if present and Ry is absent, or A if present.

[GOO7] In another smbodimentexample, the TEE consists of
RiN1S;GAGMGRMyRaR3R4. In this sequence Ry, Ry and Ry are absent; Ny is A, Cor G; §

1sCorG; M s AorC;Ryis A or Gand M; is A or C. In another emsbadimentexample, the
2



TEE consists of RsM3SCS;GCN,GMyWRs. In this sequence R and Ry are absent; Mj 1s
absent, or A or C if present; S, is C or G; S31s C or G and S; and S; can be the same or

different; N is G, C or T; Ma is A or C; W is absent, or A if present.

[6008] In some embodimentsexamples, the polynucleotide sequences include a TEE
having a sequence that is at least 90% identical to a sequence from SEQ ID NOs: 5-35. In
some embodiments, the polynucleotide sequences include a2 TEE having a sequence that is

identical to one of the sequences of SEQ ID NOs: 5-35.

[06009] In some of the polynucleotide sequences, at least 2 copies of the TEE are present.
In some of the polynucleotide sequences, more than 2 copies of the TEE are present. In some
other essbodismentsexamples, the polynucleotide sequences include at least 5 copies of the
TEE, at least 10 copies, at least 25 or more copies of the TEE.

1
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[00106] In a-celated-aspestanother example, provided are cloning or expression vectors for

recombinantly expressing a polypeptide in a eukaryotic cell. The vectors contain a eukaryotic
promoter which is operably-linked to a polynucleotide sequence that includes at least one
mRNA translational enhancer element (TEE) disclosed herein. The TEE present in the
vectors consists of RNSGAGMGRMR (SEQ ID NO: 1) or MSCSGCNGMWA (SEQ ID

NO:2), or a substantially identical sequence thereof.

[0011] In an embedimentexample, the TEE present in the vectors consists of
RiN|S;GAGMGRoM;RR;3Rs (SEQ ID NO:3) or RsM3S,CS3GCNoGMWR (SEQ 1D
NQO:4), or a substantially identical sequence thereof. In these sequences R is absent, or A or
G if present; Ny is absent, or A,C or G if present, preferably A,C or G; S, is absent, or Cor G
if present, preferably C or G; M; is A or C; R, is absent, or A or G if present, preferably A
or G, and R; and R; can be the same or different; M, is absent, or A or C if present,
preferably A or C; R; is absent, or A or G if present, preferably absent; Ry is absent, or C if
present, preferably absent; and Rs is absent, or A if present, preferably absent; Mj is absent,
or C or A if present, preferably C or A; S; is absent, or C or G if present, preferably C or G;
S3is GorC; Nyis G, Cor T; My is A or C; W is absent, or A or T if present and Rg is absent,

or A if present.

[0012] In another embedimentexample, the TEE present in the vector consists of
RiN{S{GAGMGRoMoR;R3R,. In this sequence Ry, R; and Ry are absent; Ny is A, C or G; §;
isCorG; MyisAorC;Ryis A or G and M is A or C. In another embedimentexample, the
TEE present in the vector consists Of RsM3S,CS:GCN,GM4WRe. In this sequence Rs and Rg
are absent; Mjs is absent, or A or C if present; S; 1s C or G; S31s C or G and 8; and S;3 can be

the same or different; N, is G, C or T; M is A or C; W is absent, or A if present.

[0013] In some of the vectors, the TEEs consist of a sequence that 1s substantially
identical to a sequence selected from SEQ ID NOs: 5-35. In some other vectors, the TEEs

consist of a sequence that is identical to a sequence selected from SEQ ID NOs: 5-35.

[0014] In some vectors, the mRNA translational enhancer element 1s located 3° to the
promoter and adapted for directional ligation of a second polynucleotide sequence encoding a
polypeptide of interest. Some of these vectors further include a second polynucleotide

sequence encoding a polypeptide of interest which is operably-linked to the mRNA



translational enhancer element. In some vectors, the mRNA translational enhancer element 1s
located in the 5° leader of the second polynucleotide sequence. Further provided are DNA
vaccines which include a vector expressing an antigen of interest as disclosed herein. Further
provided are host cells (e.g., eukaryotic host cells such as CHO cells) which are transfected

with the vectors.

[0014A] In another aspect, provided is a DNA vaccine compriging the cloning or

expression vector as defined herein.

[0614B]  In another aspect, provided is a eukarvotic host cell transfected with the cloning

or expression vector as defined herein,

[0015] In afurtheraspeetanother example, provided are methods for recombinantly

producing a polypeptide of interest. These methods entail constructing an expression vector

which includes a eukaryotic promoter and at least one copy (e.g., I5 2, 3, 4, 5, 10, 25, 50 or
more copies) of a mRNA translational enhancer element that are each operably-linked to a
polynucleotide encoding a polypeptide of interest. This is followed by transfecting the
expression vector into a eukaryotic host cell (e.g., CHO cell), and then culturing the host cell
transfected with the expression vector. In an embeodinentexample, the mRNA translational
enhancer element (TEE) present in the vectors consists of RNSGAGMGRMR (SEQ ID
NO:1) or MSCSGCNGMWA (SEQ 1D NO:2), or a substantially identical sequence thereof.

16015A1  In another aspect, provided is a method for recombinantly producing a

polvpeptide comprising: (1) constructing the cloning or expression vector as defined herein:

(i) transfecting said vector into a eukaryotic host cell: and (i) culturing the host cell

transfected with said vector; thereby producing the polypeptide.

[0G16] In an embedimentexample, the TEE present in the vectors consists of
RiN1S;GAGM;;GR:MR,R 3R, (SEQ ID NO:3) or RsM3S;CS;GCN,GMyWR (SEQ ID
NQ:4), or a substantially identical sequence thereof. In these sequences R, is absent, or A or
G if present; N is absent, or A,C or G if present, preferably A,C or G; Sy is absent, or Cor G
if present, preferably C or G; M, is A or C; R, is absent, or A or G if present, preferably A
or G, and R, and R, can be the same or different; M is absent, or A or C if present,
preferably A or C; R; is absent, or A or G if present, preferably absent; Ry is absent, or Cif
present, preferably absent; and Rs is absent, or A if present, preferably absent; M is absent,

or C or A if present, preferably C or A; S, is absent, or C or G if present, preferably C or G;
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S3isGorC; Nyis G, Cor T; My is A or C; W is absent, or A or T if present and Ry is absent,

or A if present.

[0017] In another embodimentexample, the TEER present in the vector consists of
RiN(S;GAGMGRoM;R;R3Ry. In this sequence R;, R; and Ry are absent; Ny is A, Cor G; §,
isCorG; M;is A or C;Ryis A or Gand M is A or C. In another embedimrentexample, the
TEE present in the vector consists Of RsM3S;CSiGCN2GMsWR. In this sequence Rs and Rg
are absent; M3 is absent, or A or C if present; S, is C or G; S31s C or-G and S, and S; can be

the same or different; N, is G, C or T; M 1s A or C; W is absent, or A if present.
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WHAT IS CLAIMED IS:
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L. An isolated polynucleotide sequence comprising at least one mRNA translag}gnal
enhancer element (TEE), wherein the TEE consists of RlNIS;GAGMIGRzMzRgRglﬁ (SEQ
ID NO:3) or RsM38;CS3;GCN2GMyWR (SEQ ID NO:4), or a substantially idertical

sequence thereof, wherein:

R;is absent, or A or G if present; Ny is absent, or A, C or G if present, preferably A,
Cor G; S; is absent, or C or G if present, preferably C or C(}/iél isAor(C; Ryis
absent, or A or G if present, preferably A or G, and R? Rz can be the same or

different; M; is absent, or A or C if present, preferably A or C, Ry isabsent,or A or

G if present, preferably absent; Ry is absent, or C if'present, preferably absent; and

Rs is absent, or A if present, preferably abse 1) Ms is absent, or C or A if present,

-

preferably C or A; S; is absent, or C or Gresent, preferably Cor G; S;is Gor C;
NyisG,Cor T; Mgis Aor C; Wis ab t, or A or T if present and R4 is absent, or A

if present.

2. The isolated polynucleotide seq fence of claim 1, wherein the TEE consists of
RiNiS1GAGM,GRsMzRaR3Ry. Ry, Ry and Ry are absent; N1 is A, Cor G; S;is Cor

G:MisAorC,RyisAor G u is A orC.

3. The isolated polynug eotide sequence of claim |, wherein the TEE consists of
RsM;38,CS:GCN,GM 4 __ /R s, wherein Rs and Ry are absent; M3 is absent, or A or C if present;
S2is C or G; Sy is C4r G and S, and S can be the same or different; N, is G, C or T; My is A

or C; Wis absenr A if present.

SEQ JD NOs: 5-35.
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s o The-tsolated-polymucteotide-sequenceof elaimi;2-or-3;-wherein-the-TEE-consists-of a

sequence that is identical to a sequence selected from the group consisting of SEQ ID NOs:

5-35.

6. The polynucleotide sequence of claim 1, 2 or 3 which comprises at ieast 2 copies of the
TEE.

7. The polynucleotide sequence of claim 1, 2 or 3 which comprises at least $/copies of the
TEE. ”

8. The polynucleotide sequence of claim 1, 2 or 3 which comprises af least 10 copies of

the TEE.

9. A vector for recombinantly expressing a polypeptide in a karyotic cell, comprising a
eukaryotic promoter operably linked to a polynucleotide sequénce comprising at least one

mRNA translational enhancer element (TEE), wherein the/TEE is selected from the TEEs of

claims 1,2 or 3.

10.  The vector of claim 9, wherein the mRNA tfanslational enhancer element consists of a
sequence that is substantially identical to a seqdence selected from the group consisting of

SEQ ID NOs: 5-35.

11, The vector of claim 9, wherein fie mRNA translational enhancer element consists of a
sequence that is identical to a sequet ce selected from the group consisting of SEQ ID NOs:

3-35.

12.  The vector of claim 9] wherein the mRNA translational enhancer element is located 3°
to the promoter and r for directional ligation of a second polynucleotide sequence

encoding a polypeptide of interest.

of claim 9, further comprising a second polynucleotide sequence encoding
a polypeptide/of interest which is operably linked to the mRNA translational enhancer

element.

14, /The vector of claim 13, wherein the mRNA translational enhancer element is located in

5" leader sequence of the second polynucleotide sequence.
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16. A eukaryotic host cell transfected with the vector of claim 9. /
17.  The host cell of claim 16, wherein the host cell is a CHO cell. Y.

18. A method for recombinantly producing a polypeptide comprising: //
/

(i) constructing an expression vector which comprises a eukaryotic promoter and a
mRNA translational enhancer element that are each operably lin:;? toa
polynucleotide encoding the polypeptide, wherein the TEE is /sjv ected from the TEEs

of any one of claims 1, 2 or 3;
(ii) transfecting the expression vector into a eukaryotic host cell; and

(iii) culturing the host cell transfected with the exppéssion vector; thereby producing

the polypeptide.

19.  The method of claim 18, wherein the mRNA translational enhancer element consists of
a sequence that is substantially identical to a scf\/ience selected from the group consisting of

SEQ ID NOs: 5-35.

20. The method of claim 18, wherei the mRNA translational enhancer element consists of

a sequence that is identical to a seq selected from the group consisting of SEQ ID NOs:

5-35.




CLAIMS

1. A cloning or expression vector comprising the following elements: (1) a
transcriptional promoter, (2) a polynucleotide sequence having a eukaryotic translation initiation
codon and encoding a polypeptide operably linked to the transcriptional promoter, (3) a 5°
untranslated sequence located between the transcriptional promoter and the eukaryotic
translation initiation codon, and (4) a translational enhancer polynucleotide located within the 5°
untranslated sequence,

wherein the transiational enhancer polynucleotide consists of at least two translational
enhancer elements (TEEs) and one or more spacer sequences of 1 to 100 nucleotides in length,
wherein said at least two TEEs consists of at least two full-length nucleotide sequences that are
at least 90% identical to 5°- GCCGAGAGA-3’ (SEQ ID NO: 17),

wherein the said at least two TEEs are located within about 1-500 nucleotides 5 of the
eukaryotic translation initiation codon, and
wherein the cloning or expression vector exhibits increased cap-dependent translation

compared to the same vector lacking the translational enhancer polynucleotide.

2. The cloning or expression vector of claim 1, wherein said at least two TEEs
consists of at least two full-length nucleotide sequences that are at Ieast 95% identical to SEQ ID
NO: 17.

3. The cloning or expression vector of claim 1, wherein said at least two TEEs
consists of at least two full-length sequences that are identical to SEQ ID NO: 17.

4. The cloning or expression vector of claim 1, wherein said translational enhancer

polynucleotide consists of at least five copies of the same translational enhancer element (TEE).

5. The cloning or expression vector of claim 1, wherein said translational enhancer

polynucleotide consists of at least ten copies of the same translational enhancer element (TEE),

6. The cloning or expression vector of any one of claims 1-3, wherein the said at
least two TEEs are identical to each other.

7. A DNA vaccine comprising the cloning or expression vector of any one of claims
1-6.
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8. A eukaryotic host cell transfected with the cloning or expression vector of any

one of claims 1-6.

9. The eukaryotic host cell of claim 8, wherein the host cell is a Chinese Hamster
Ovary (CHO) cell.

10. A method for recombinantly producing a polypeptide comprising;

(i) constructing the cloning or expression vector of any one of claims 1-6;

(i1) transfecting said vector into a eukaryotic host cell; and

(1ii) culturing the host cell transfected with said vector; thereby producing the

polypeptide.

11.  The method of claim 10,
(i) further comprising purifying the recombinant polypeptide, or
(ii) wherein the host cell is CHO cell, or
(iii) wherein the polypeptide is a therapeutic protein.
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