two elements is usually on the 3 side of an A residue. In vive, the efficiency with
which different polyadenylation sites ‘are processed varies considerably. The
assembly speed of the polyadenylation protein complex is.a multistep process and
corretates with the strangth of the polyadenylation signal seguence. For example,
due o faster assembly rate cleavage in the strong §V40 lafe polyadenylation
sigrnal ocours more rapidly than in the weaker SV40 early polyadenyliation signal
{Chao et al., Molecular and Cellular Biology, Vol. 19 (8), 5588 — 5600, 1599).

There is the neead to identify sllemalive strong or even very strong polyadenylation
signals to accelerale the genera’éion of high ;:)rodu'cér cell lines for the production of
recorﬁbinaﬁt proteins, The use of strong or even very strong polyadenylation
signais enhances transcriptional termination which in twrn results in increased
production, stability, nuclear export andfor transtation of vector encoded mRNA,
Thig should lead to higher mRNA levels and hance result in higher productivity of
producer cells,

SUMMARY -G

Hare we describe a new polyadenylation signal isolated from the growth hormona
of the Chinese hamster (Cricefus griseus). Surprisingly, it has been found that this
newly identified polyadenylation signal, named HGH, outpsrforms the strong
polyadenylation signals BGH and SV40 late. When using vectors comprising HGH
as polyadenytation signal sequence prolein fiters in transient transfections of
CHO-DG44 cells were increased up 10 35 % compared (o cells ocrr&nprising BGH.
In stable cells high specific productivities up to 45 pgiceli/day ;};ﬁd fiters in fed
batch processes up to 6.3 g/l were obtained.

One embodiment of the present isvertiendisclosure is pulynuciectide sequence comprising

at lsast one HGH polyadenylation signial and at least one helerclogous niucieotide
seguence encoding a product of interest. The HGH polyadenylation signal is
downstream and operably linked fo the heterologous nuclectide sequence(s).
Another embodiment of the present iaventiendisclosure is a novel vector comprising at least

one heterologous nucleotida sequence encoding a product of interest and at least
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ong HGH polyadenyiation signal, The HGH polyadenylation signal is downstream
and operably linked to the heterologous nuclectide seguence(s). A further
embodiment of the present irvertiendisclosure is a novel vector or pgiynuc!eoﬂde seguence

comprising at least one HGH polyadenylation signal oparably linked to an
upstream mutliple cloning site which allows the cloning of the gene of intersst via
recognition seguences for restriction endonucieases. Yet another embodiment of
the present inventiendisclosure is a eukaryotic cell, preferably 2 mammalian cell, comprising
the HGH polyadenylation signal. Yet a further embodiment of the present irventiordisclosure
is & method for producing a product of interest comprising culturing eukaryotic
cells, preferably mammalian cells transfected with vectors or polynucleotide
sequences comprising the HGH polyadenylation signal. In 2 preferred embodiment
the product of interest is a polypeplide and the desired polypeptide is recovered
from the culture medium.

The data of the present inventiendisclosure show the impact of the HGH polyadenylation
signal sequence on the transient expression of sICAM (Figure 6). Surprisingly, the
highest sICAM expression is obtained with the polyadenyiation signal sequence
derived from the growth hormone gene of hamster. The titer is increased up o
21% ttransfection series #1) compared {o cells transfected with the vector pJR110
containing the BGH polyadenylalion signal and increased up to 40 % (transiection
seriss #1) compared o cslis fransfected with the vecior pJR106 containing the
SV44 late polyadenyiation signal.

The data of the present inventiondisclosure furthermore show the impact of HGH
polyadenylation signal on the liransient expression of an éf@@é antibody.
Surprisingly, titers obtained with the HGH pelyadenylation signal sequence are on
average 35% higher than jor the BGH polvadenyiation signal (Figure 7).

The data of the present inventiendisclosure additionally show a test of differeﬁt HGH varianis
{(Figure 8). The shortest HGH sequence of 113 bp coniained in the expression
vecior pJR135 leads to a up o 78 % reduced siCAM exprassion in c&mparisen o
"z’ﬂe HGH seguencs of 324 bp contained In the expression vector pJR131.
Whereas the HGH sequence of 188 bp contained in the expression vector pJR134
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results in & very good sICAM expression comparable fo the expression level
achieved with BGH (Figure 7). The best expression result is achieved with the
HGH seguence of 324 bp contained in the expression vector pJR131 (Figure 8,
which s much betier (35%) than the expression achieved with BGH
polvadenylation signal {Figure 7).

This shows that between the HGH region of bp 180 fo 324 of SEQ 1D NO:8
sequences are located which contribute fo an efficient expression of a gene of
interest.

' The data of the present investiendisclosurs furthermore show stabie expression of proteins
at high levels using the HGH polyadenyiation signal. Gell pools and cell clones
with specific productivities in the range of 10 - 45 pg/cell/day and titers in fed balch
processes of up o 8.3 g/l are obtained (Figure 8).

The inventiondisclosurs relates fo a polyadenylation sighal comprising a nucleic acid
comprising a sequence at least 75% identical to SEQ [D NO:9. The inventiendisclosure
further relates (o a polyadenylation signal comprising & nucleic acid comprising 2
sequence having at least 75% identity to SEQ 1D NO:9. The inventiondisclosure furthermore
reiates to a polyadenylation signal comprising & nucleic acid comprising a

sequence with at least 75% identity to SEQ ID NO:9. The inventlendisclosure specificaily
relates to 8 polyadenylation signal comprising g nucleic acid consisting assentially
of a sequence at lsast 75% identical to SEQ 1D NOD. _

The inventiendisclosure preferably relates to a polyadenylation signal comprising a nucieic
acid consisting of & sequence al least 75% identical to SEQ 1D NO9. The
invertendisclosure furthermore relates to a polyadenylation signal compriging a nucleic acid
comprising SEQ 1D NO:S.

in 2 specific embodiment the inventiendisclosure relates to a polyadenylation signal
c:om;ia,ﬁs%ng a nucleic acid comprising a sequence at least 75% identical to SEQ ID
NO:8. The inventiendisclosure specifically relates to a polyadenylation signal comprising a
:nucieic acld consisting essentially of a sequence at lsast 75% ideniical to SEQ 1D
NO:8. The inventiendisciosure preferably relates o a polyadenylation signal comprising a

nucteic acid consisting of 2 sequence at least 75% identical to SEQ 1D NO:8. The



inventiondisclosure furthermore relates to a polyadenylation signal comprising a nucleic acid
comprising SEQ 1D NO:8.

in a further embodiment of the present invertiendisclosure the polyadenylation signal
comprises a saquence at ieast 80%, 85%, 90%, 85% or 98% identical to SEQ ID
NO:@ or SEQ 1D NO:B. In a-spesific-embodiment-the-inventionralates-togne aspect. there is provided a

polyadenylation signal comprising a nucleic acid comprising a sequence at least
85% identical to SEQ ID NO: 9. In another specific embodiment the investiondisclosure
relates 1o a polyadenylation signal comprising 8 nucleic scid comprising a
sequence at least 95% identical o SEQ 1D NOB. In a specific embadimant the
inventiondisclosure relates to a polyadenylation signal comprising a nucleic acid comprising
a seguence at least 85% identical to SEQ ID NOB. In another spacific
embodiment the inventiondisclosure relates to a polyadenylation signat comptising a nucleic

acid comprising & sequence al least 95% identical to SEQ 1D NG:8.

The-inventionrelates-toln another aspect, there is provided a nucleic acid the sequence of which comprises SEQ 1D

NO:8. Preferably, the inventiondisclosure relates to a nucleic acid the sequence of which
consisis essentially of SEQ 1D NO:9. More preferably, the inventiondisclosure relates o a
nucleic acid the sequence of which consists of SEQ 1D NO:9.

The inventiondisclosure relates to a nucleic acid the sequence of which comprises SEQ D
NO:8. Preferably, the inventiondisciosure relates to a nucleic acid the sequence of which
consists essentially of SEQ 1D NO:8. More preferably, the inventiendisclosure relates fo a
nucteic acid the sequence of which consists of SEQ D NO:8.

In a preferred embodiment said polyadenytation signal is isolated. In a preferred
embodiment the inventiondisclosurs refates to an isolated polyadenyiation signal comprising

a nucleic acid comprising & sequence at least 75% identical o SEQ ID NO:G. in
another preferred embodiment the #wventiondisclosure relates 1o an isolated polyadenylation

signal comprising a nucleic acid comprising a sequence at least 85% identical to

SEQ ID NO:9. In still another preferred embodiment the investiondisclosure relates to an
isolaled polyadenylation signal comprising a nucleic acid comprising SEQ 1D
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NO:©. In a further preferred embodiment the inventisadisclosure relates to an isolated

polyadenylation signal comprising a nucleic acid comprising a sequence at least
75% identical to SEQ 1D NO:8. In another preferred embodiment the inventiondisclosure
relates 10 an isolated polyadenylation signal comprising a nucleic acid comprising
a sequence at least 95% identical to SEQ ID NC:8. in still another preferred
embodiment the iaventieadisciosure relates to an isolated polyadenylation signal comprising
a nucleic acid comprising SEQ 1D NO:&.

Preferably, the inventiendisclosure relates to an isolated nucleic acid the sequence of which
comprises SEQ 1D NO:8. More preferably, the mwestiendisclosure relates to an isolated

nucleic acid the sequance of which comprises SEQ 1D NO:8.

In a preferred embodiment said polyadenylation signal is opsrably linked o a
heteroiogous coding sequence. In 2 specifically preferrad embodiment said
polyadenylation signal is characterized by that the fiters / expression levels
obtained with the said polyadenylation signal are at least 10%, preferably 20% and
most preferably 30% higher than those obtained for the BGH polyadenytation
signal. In a most preferred embodiment they are at least and/or on averags 35%
higher than those obtainad for the BGH polyadenyiation signal.

The imventiondisclosure specifically relates to a nucleic acid the sequence of which
comprises SEQ 1D NO:9 operably linked to a heterologous coding sequence.
Alternatively, the sequence of which consists essentially of BEQ 1D NO:¢ operably
linked to a helerologous coding sequence. Preferably, the sequence of which
consists of SEQ 1D NO:9 operably finked to a heterologous coding sequence.

The inventiopdisclosure furthermore relales to & rmcléic acid the sequence m% which
comprises SEQ 1D NO8 operably Hinked to a heterologous coding sequence.
Alternatively, the sequence of which consists essentially of SEG 1D NO:8 operably
linked to & heterologous coding sequence. Preferably, the sequence of which
consists of SEQ 1D NO:8 operably linked 1o a heterologous coding sequence.

A nucleic acid the seguence of which comprises SEQ 1D NOB or )8 and has
'Eerminatczr function. Preferably said nucleic acid has terminator function and Is
operably {inked to a heterologous coding sequence.
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The iﬁyenﬁeadiscioszjve furihermore relates to a vector or poelynucleotide sequence }vhich
comprises any one of the polyadenylation signals or nucleic acid sequances as
described above. In another aspect, there is providad a vector or polynucleotide

seguence comprising any one of said pelyadenylation signals or sald nucleic acids as
__defined herein. In a speciiic.embodiment said polyadenylation signals or nucieic

acid sequences are operably linked to an expression unit / expression cassetie. In
another e‘mbo‘diment of the imvestiendisclosure the vector comprises the selection andior
amplification marker dihydrofolate reductase (DHFR), glutamine synthetess or
neomycin phosphatase (neo). in a preferred embodiment of the present invertiendisclosure
the vecior or polynuciectide sequence comprises a heterologous gene of iéi@res‘f
encoding for a heterologous product of imerést. Preferably said product 5 a
polypepiide. Preferably said polypeptide is an antlbody, antibody fragment or
fusion protein. '

The-invention-addiionally-relates-tein another aspect, there is provided & cell comprising any one of the veaéors or .
polynuclectide sequences as described above, Preferably, the call comprises any
one of the polyadenylation signals or nucleic acid sequences as descriibed above
operably linked fo 2 transcription unit encoding 2 product of interest.  Preferably
said product of interest 3 & nucleotide / nucleic acid of interest. In another
smbodiment of the call said product of interest is a polypeptide of interest encoded
by 8 gene of interest Praferably said pokypepﬂde is an aniibody, antibody
fragment or fusion protein.
in a specific embodiment said cell is a sukaryotic call, a mammalian call, &
vamster cell or & murine cell.  Preferably said cell s a hamster cell. More
preferably, said celt is Chinese hamster ovary {CHO) call, iviasﬁi;preferabky said
cell s a CHO DG44, CHO-K1 or DUKX-B11 csll.  In another prafersd
embodiment said cell is a NSO cell. In a preferred smbodiment said cells as
‘described are cultured celis.  Preferably, said cells are cultured in sarum~free
medium, Preferably said cells are grown in suspansion culture. in ancther
preferred embodiment of the présent irfvention the cafl is characierizeci by thaf the
titers / exprassion levels obtained with said polyadenyiation signal or nucleic acid
séquence are at least 10%, preferably 20% and most preferably 30% higher than



those obtained for the BGH polyadenylation signal. In a most preferred
embodiment they are al least and/or on average 35% higher than those obtained
for the BGH polyadenyiation signal. Preferably, said cell has 35% higher
expression levels.

Theirvention-additlenaliv-relates-toin another aspect, there is provided a method of making a polypeptide of interest

encoded by a geng of interest, the method cormprising:
{ay Providing 2 host cell com prising a vector or polynucieotide sequence
as described above or providing a cell as described ebove,
{b) Cultivating seaid cells, under conditions which aliow the proliferation
of the cells and the expression of the gene of interest,
{¢) Harvesting the polypeptide of interest and
(d) Purifying the polypeplide of interaest.
in & specific embodiment of said method the cell is a eukaryotic cell, & mammalian
cell, a hamster cell or a murine cell. Preferably said call is a CHO cell, most
praferably & CHO DG44, CHO-K1 or DUKX-B11 cell. Furthermore preferrad is a
NSO cell,
In & preferred embodiment of said method the polypeptide of interast s a
recombinant protein, preferably a secreted polypepiide, more preferably s
therapeutic protein. Most preferably the polypeptide of interest is an antibody,
such as a monoclonal, potyclonal, multispecific or single chain antibody, or 2
ragment thereo!, e.g. Fab, Fab’, Flab')2, Fc and Fc¢'-fragments, heavy and light
immunoglobulin chains and their constant, variable or hypervariableg region as well
as Fv- and Fd-fragmenis. in another preferred embodiment of said method the
polypeptide of interest is a fusion protein or a scaffold protein,

The iventiondisclosure further relates to a use of the cell as described above for the
manufacturing of proteins.
mmwmmemkn another aspect, thers is provided use of any one of the polyadenyiation

signais or nucleic acids as described abovedorthe-use as an insulator.



" Additionally, the inventiendisclosure relates to a use of any one of the polyadenylation
signals or nucleic acids as described above for the gensaration of improvad host
cell tines.

The taventiendisclosure specifically relates to a use of any one of the polyadenylation signéls
or nucleic acids as described above for the use in gene therapy.

Fhe-dnvention-further relates toln another aspact, there is providad a kit comprising any one of the polyadenylation

signals or nucleic acids as described above, a vector, a cell and g cell culture
medium for cultivation of said cell.

DESCRIFTION OF THE FIGURES

FIGURE 1: BASIC EXPRESSION VECTORS

Figure 1 schematically shows the expression vecior designs used for the
transfestion of CHO-DG44 cells. "PIE” means a compaosite unit that containg bath
CMV enhancer and promoter element, “P" a promoter element and ‘7" &
termination signal for transcriplion, which is required for polyadenylation of
transcribed meassenger RNA. The polyadenylation signals "BGH", "SV40L" and
HGH" ars termination signals fbr franscription derived from the 3 untransiated
region of bovine growth hormone (SEQ 1D NO:12), the SV40 late gene region
(SEQ 1D NO:11) and 37 untransiated region of Chinese hamster growth hormone
(SEQ D NO:8), respectively. These polyadenylation signals are flanked by
restriction enzyme siles dor "SI and “Xbal’. The position and direction of
transcription initiation within each franscription unit is indicated by an arrow. For
cloning of the gene of interest a sequence region with multiple cutling sites for
restriction endonucieases (mulliple cloning sites ~ ‘mes’y is méemﬂ after the
promoterfenhancer elemant. The amplifisble selectable marker dihydrofoiate
reductase is abbreviated fto “dhf” and the selectable marker neomycin
phosphotransferase is abbreviated to "npt”.



