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Production of polysialyvlated polypeptides i1n plants and plant

cells

Technical Field

H

[0001] The present i1nvention 1s 1n the field of glycobiology

and protein engilineering. More specifically, the present in-

vention relates to polysialylated polypeptides produced 1in
plants and plant cells and to plants and plant cells capa-
ble to produce such polypeptides.

Background Art

[0002] Recombinant proteins like monoclonal antibodies (mAbs),

hormones, growth factors etc. hold great promise as thera-

H

peutic agents against a variety of diseases. However, the

H H

efficacy of protein drugs 1s often compromised by short 1n

vivo half-lives. This limitation arises from susceptibility

to proteolvtic degradation, i1mmunocomplex formation or

—~ o~ 1

clearance from the bloodstream. As a consequence, the effi-

H

cacy of these drugs depends on freguent administration 1in

H

fects.

large doses leading to high costs and serious side e:

[0003] Efforts have been made to overcome these problems 1n-

H

cluding the conjugation of polymers to the protein to 1m-

prove the residence time and reduce the i1mmunogenicity. One

H

common modification 1s the attachment of polyethylene gly-
col (PEG) which a

H H

"ects the physicochemical features of the

protein leading, for example, to improved solubility. While

H

PEGylation of therapeutic proteins can 1ncrease the circu-

lating half-1life, PEG 1s not metabolized leading to accumu-

lation 1n tissues and PEGylated proteins can elicit the

H

formation of unwanted anti-PEG antibodies. Due to the con-

cerns related to the use of PEGylated drugs alternative
methods are explored to i1mprove the pharmacokinetic proper-

glycan pol-
vmers like polysialic acid to proteins represents another

H

tles of recombinant proteins. The attachment o:

H

H

approach to increase the half-life of therapeutic proteins.

Polysialic acid has similar physicochemical properties like
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P

L]

G. In contrast to the synthetic PEG, polysialic acid 1s

H

naturally occurring 1n mammals on a small number of pro-

teins, 1t 1s biliodegradable and nonimmunogenic.

10004 ] Polyvsialic acid 1s either chemically or enzymatically

H

conjugated to amino acids of proteins or to glycans. Both

H

methods require the separate production of the recombinant

protein, the polysialic acid (for chemical conjugation) or

the polysialyvltransferase (for enzymatic conjugation).

These 1n vitro processes are therefore technically chal-

H

lenging and expensive limiting the broadly use of polysial-

H

1c acilids for improving the therapeutic efficacy. Conse-

H

quently, 1n vivo generation of polysialic acid on therapeu-

tically relevant recombilinant proteins can provide an ad-

vantage over existing technologies.

Summary of invention

H

[0005] The polysialylation of polypeptides comprising a pol-

—

vslalylation domain or motif in plants and plant cells has

been recently described by Kallolimath S et al. (PNAS
113(20106) :9498-9503; doi:10.1073/pnas.1604371113). However,

many proteins and polypeptides, 1n particular therapeutic

—

polypeptides, lack a polysialylation domain or motif.

H

Therefore, an object of the present 1nvention 1s the provi-

—

sion of means and methods to polysialylate 1n vivo recombi-

nant (glyco)proteins or polypeptides lacking a polysialyvla-

—

tion domain or motif.

[0006] The present i1invention relates to a plant or plant cell
being capable to produce polysialylated glycoproteins com-
prising at least one recombinant nucleic acid seguence op-

erably linked to a promoter, said recombinant nucleic acid

sequence encoding for a polypeptide lacking a polysialyl-

—

transferase binding motif and comprising at least one gly-

cosylation site.

[0007] It was surprisingly found that plant cells which are
able to produce polysialylated glycoproteins (see e.g. Kal-
lolimath S et al. (PNAS 2016, doi:10.1073/pnas.1604371113)
can be used to polysialylate polypeptides lacking a pol-

—

vslalyltransferase binding motif and comprising at least
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one glycosvylation site. Such polypeptides are usually not

polysialylated 1n mammalian cells which are known to com-

prise a polysialylation machinery to polysialylate proteins

and polypeptides comprising a polysialyltransferase binding

—

motif.

[0008] A further aspect of the present invention relates to a

method for producing a polysialylated polypeptide compris-

1ng the step of cultivating a plant or plant cell as de-
fined above.

H

[0009] The plants or plant cells of the present invention can

be used to produce polysialylated polypeptides lacking a

H

polysialyltransferase binding motif and comprising at least

one glycosylation site.

H

[0010] Another aspect of the present invention relates to a

polysialylated polypeptide obtainable by a method according
to the present 1nvention.

Brief description of the figures

[0011] Fig. 1 shows a schematic presentation of the multi-gene

~—

vectors used for leaf disc transformation of Nicotiliana ben-
thamiana AXTFEFT.

[0012] Fig. 2 shows a schematic presentation of 1ndividual bi-

nary vectors used to express proteins and enzymes of the

sialic acid pathway 1n Nicotilana benthamiana AXTFT includ-

1ing the full length human alpha 2, 6-sialyltransferase (STo)

and human alphaZ?, 3-sialyltransferase (ST3).

[0013] Fig. 3 shows a schematic presentation of the binary

vectors used 1n the examples to transiently express mamma-

lian polysialyltransferases 1n Nicotiana benthamiana AXTET
and AXTET®*?,

10014] Fig. 4 shows an 1llustration of the engineered pathway

~—

for generation of polysialylated N-glycans 1n plants.

[0015] Fig. 5 shows an illustration of the domain structure of

a typical Golgi located type membrane protein including
a CTS region.
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. 0 lists examples for CTS regions for targeting and

H

retention of polysialyltransferase 1in the medial-to-trans

[001o6] Fig
Golgi of
[0017] Fig

plants.

H

. |/ shows the sequence of the rat STo CTS region

~— o~

fused to the catalytic domain of human polysialyltransfer-

ase ST8S1a- as used 1n vector STo-ST8S1a- . The CTS re-

gion and the C-terminal strep-tag (WSHPQFEK; S

L]

Q@ ID No. 39)

are shown 1n underlined/italic and bold/italic letters, re-

spectively.
[0018] Fig. 8 shows the sequence of the rat STo CTS region
fused to the catalytic domain of human polysialyltransfer-

ase ST8S1a-IV as used 1n vector STo-ST8S1a-1IV. The CTS re-

gion and the C-terminal strep-tag (WSHPQFEK,; S:

L]

Q@ ID No. 39)

are shown 1n underlined/italic and bold/italic letters, re-

spectively.

[0019] Faig

fragment

H

. 9 shows an i1mmunoblot of protein extracts obtained

from plants expressing recombinantly erythropoietin (EPO),

crystallizable (Fc¢), al-Antitrypsin (A1AT), human

T 1

transferrin (hTF) and butyryvlcholinesterase (BChE) using

anti-polySia antibodies.

[0020] Fig

F

. 10 shows an 1llustration of the englneering steps

leading to sialylated N-glycans that serve as acceptor sub-

strates for polysialylation.

(0021] Fig. 11 shows an 1llustration of the polysialylation
reaction on N-glycans.

10022] Fig. 12 shows 1llustrations of sialvylated bi-antennary
N-glycan acceptor substrates without (top) or with core fu-
cose (bottom). Illustrations are made according to the sym-

bols from the Consortium for Functional Glycomics

(http://www.functionalglycomics.orqg/). The structures are
labelled according to the PROGLYCAN nomenclature

—

(http://www.proglycan.com/). The prefix “iso” denotes the

presence
[0023] Fig

~—

of branch 1somers.

H

. 13 shows 1llustrations of examples for possible

sialyvlated tri- and tetra-antennary N-glycan structures

that may serves as acceptors for polysialyvlation. Addition-

al structures lacking di:

dues are

—

ferent galactose or GlcNAc resi-

possible.
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1 0025]

that may serve as substrates

1 0026]

F'1g. 14 shows an
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F

—hat needs to be

—

11llustration of the mucin-type O-

introduced 1n-

for the generation of sialylated O-glycans.

Fi1g. 15 lists possible sialvyvlated mucin-type O-glycans

for polysialylation.

Fi1g. 16 1llustrates the polysialylation reaction on mu-

cin-type O-glycans.

10027 ]

that can be used to target polysialyltrans:

cre
10028 ]

and

amylase signal peptide seqgquence).

quence and the C-terminal strep-tag (WSHPQFEK; S.

39)

F'i1g. 17 lists examples

ferase ST8S1a-

F'1g. 18 shows an

H

the sequence o:

(chimeric

c1on to post-Golgl organelles or

F

H

"erases

che apoplast.

for signal peptide sequences

ftor se-

11llustration of the expression vector

a secreted variant of polysialyltrans-

]

fusion to the barley alpha-
The signal peptide se-
QO 1D No.

are shown in underlined/italic and bold/italic letters,

respectively.

1 0029]

and

amylase signal peptide sequence).

quence and the C-terminal strep-tag (WSHPQFEK; SI

39)
respectively.

[0030] Fi1g.20 shows the
cha

F'i1g. 19 shows an 11llus

~—

the sequence o:

ferase ST8S1a-IV (chimeric

H

—

cration of the expression vector

a secreted variant of polysialyltrans-

]

fusion to the barley alpha-
The signal peptide se-
O 1D No.

are shown in underlined/italic and bold/italic letters,

full-length human ST8Si1ia-

C can be used for polysialylation in plan

terminal strep-tag
bold/italic letters.

10031 ]

that can be used

F'1g.21 shows the

terminal strep-tag
bold/italic letters.

10032 ]

and

the
The

scribed by Keys et al.

doi: 10.1038/nchembio.1501).

F'1g. 22 shows an

H

che sequence o3

(WSHPQFEK,; S.

full-length human

L]

Q@ ID No. 39)

for polysialylation 1in plants.
(WSHPQFEK; S.

L]

Q@ ID No. 39)

F

_he bac

cerlial polysialyl

from N. meningitides (PSTNm

R, amino acids 21

sequence

-s. The C-

1S shown 1n

ST8S1a-1IV
The C-

sequence

1S shown 1n

11llustration of the expression vector

erase

L1 dllS ]

-490)

fused to

CTS region (shown in bold/italic letters) of rat STo.

shown PSTNmB sequence carries the K690 mutation as de-

(Nature Chem

Biol 10(2014) :437-442,
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F

[0033] Fig. 23 shows an 1llustration of the expression vector

H

and the sequence of the bacterial polysialyltransferase

from N. meningitides (PSTNmB, amino acids 21-496) fused to

H

the CTS region of human polysialyltransferase ST8Si1ia-1IV

(shown 1n bold/italic letters). The shown PSTNmB seqguence

carries the K690 mutation as described by Keys et al. (Na-
ture Chem Biol, 2014, doi:10.1038/nchembio.1501).

H

[0034] Fig. 24 shows an 1llustration of the expression vector

~—

and the sequence of the bacterial alpha2?2,3-/alpha?2, 8-

sialyltransferase from Campylobacter jejuni (CstII, amino

aclds 2-200) fused to the CTS region of rat ST6 (shown 1n

bold/italic letters). The shown Cst sequence carries the

1535 mutation as described by Gilbert et al. (J Biol Chem
(JBC) 277(2002) :327-337, doi: 10.1074/37bc.M108452200) .

F

[0035] Fig. 25 shows an 1llustration of the expression vector

H

and the sequence of the bacterial alpha2,3-/alpha2, 8-

sialyltransferase from Campylobacter jejuni (Cst

, amino

acids 2-260) fused to the CTS region of human polysialyl-

transferase ST8Si1a-IV (shown i1n bold/italic letters). The

shown Cst sequence carries the I53S mutation as described
by Gilbert et al., (JBC, 2002, dozi:
10.1074/7bc.M108452200) .

Description of embodiments

1 0030] The present invention relates to a plant or plant cell

being capable to produce polysialylated glycoproteins com-

prising at least one recomblinant nucleilic acid sequence op-

erably linked to a promoter, said recombinant nucleic acid

sequence encoding for a polypeptide lacking a polysialyl-

H

transferase binding motif and comprising at least one gly-

cosylation site.

[0037] It was surprisingly found that a plant or plant cell
being capable to produce polysialyvlated glycoproteins and

comprlsing at least one recombinant nucleilc acid seqgquence

operably linked to a promoter, said recombinant nucleic ac-

1d sequence encoding for a polypeptide lacking a pol-

H

vslialyltransferase binding motif and comprising at least
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one glycosvylation site, can be used to polysialylate said
polvypeptide.
[0038] A “plant or plant cell being capable to produce pol-

vsialylated glvycoproteins”, as defined herein, refers to

H

plants or parts thereof and plant cells which are able to

polysialylate proteins and polypeptides typically compris-

ing a polysialyltransferase binding motif/domain. Since
plants and plant cells are known to not sialylate such pro-

teins and polypeptides as plants lack mammalian-type sialic

acids as shown for instance by Zeleny et al. (Planta
224 (2000) :222-227, do1:10.1007/s00425-005-0206-8) nucleic

acid molecules encoding enzymes i1nvolved 1n the sialylation

H

and polysialylation of proteins from other organisms, like

mammallan or human cells or bacteria, have to be i1ntroduced

1n said plants and plant cells. Enzymes required may 1n-

H

clude enzymes 1nvolved 1n the biosynthesis of sialic acids

H

and enzymes 1nvolved 1n the attachment of a sialic acid to

a core sugar structure present on a proteln or polypeptides

H

and the formation of a sialic acid chain thereon. Such

plants and plant cells are described, for 1nstance, 1n Kal-
lolimath S et al. (PNAS 2016, doi1i:10.1073/pnas.1604371113).

H

[0039] With the plants and plant cells of the present i1nven-

tion polysialyvlated glycoproteins can be produced which

have, 1.a., 1ncreased half-life time when administered to a

mammal compared to a non-polysialylated glycoprotein. One

H H

of the major advantages of polysialic acilid chains attached

to protelins 1s that these chailns are biodegradable and non-

1mmunogenic whereas PEG does not have these advantages.

With the present invention 1t 1s now possible to pol-

vslialylate proteins and glycoproteins which do not comprise

H

a polysialyltransferase binding motif.

10040] “Polysialvlated glycoproteins” or “polysialyvlated pro-

teins”, as used herein, refers to proteins and polypeptides

comprising a sugar chain N-linked onto an asparagine resi-

H

due of a protein or polypeptide. The polysialic acid chain

H

1s generated by stepwilise transfer of alpha-linked sialic

acid added onto a core carbohydrate seqgquence.

[0041] A “polysialic acid chain” or a “polysialic acid” (PSA),

as used herein, refers to a glycan chailn comprising at
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least two sialic acid molecules linked alpha-(2-8) and/or
alpha-(2-9) to each other.

ﬁ

[10042] Polysialic acids (PSAs) are unbranched polymers of si-

alic acid produced by certain bacterial strains and 1n mam-

mals 1n certain cells and on certain proteins. They can be

H

produced 1n various degrees of polymerization from about 2

to about 400 or more sialic acid molecules. The polysialic

H

acld chain attached to the polysialylated glycoprotein of

the present i1nvention comprises preferably sialic acid mol-
ecules of, e.g., about 2, about 3, about 4, about 5, about

o, about 7/, about 8, about 9, about 10, about 15, about 20,
about 25, about 30, about 35, about 40, about 45, about 50,
about /5, about 100, about 150, about 200, about 250, about

300, about 350 or about 400. According to another preferred

H

embodiment of the present i1nvention the polysialic acid

H

chain comprises sialic acid molecules of, e.g., at least 2,
at least 3, at least 4, at least o, at least 6, at least 7/,
at least 8, at least 9, at least 10, at least 1o, at least
20, at least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, at least /75, at least 100, at least
150, at least 200, at least 250, at least 300, at least 350

H

or at least 400. According to a further embodiment of the

present 1nvention the polysialic acid chain disclosed here-

H

1n comprises sialic acid molecules of, e.g., at most 2, at

most 3, at most 4, at most 5, at most o6, at most 7/, at most
3, at most 9, at most 10, at most 1o, at most 20, at most
20, at most 30, at most 35, at most 40, at most 45, at most
o0, at most /5, at most 100, at most 150, at most 200, at
most 250, at most 300, at most 350 or at most 400.

H

10043] According to a preferred embodiment of the present 1n-

H

vention the polysialic acid chain on the glycoprotein of

the present i1invention comprises sialic acid molecules 1in
the range of, e.g., about 2 to about 400, about 2 to about
300, about 2 to about 300, about 2 to about 250, about 2 to
about 200, about 2 to about 150, about 2 to about 100,
about 2 to about /5, about 2 to about 50, about 2 to about
40, about 2 to about 30, about 2 to about 25, about 2 to
about 20, about 2 to about 15, about 2 to about 10, about 5

to about 400, about 5 to about 350, about 5 to about 300,
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about 5 to about 250, about 5 to about 200, about 5 to
about 150, about 5 to about 100, about 5 to about 75, about
O to about 50, about 5 to about 40, about 5> to about 30,
about 5 to about 25, about 5 to about 20, about 5 to about
15, about o to about 10, about 10 to about 400, about 10 to
about 350, about 10 to about 300, about 10 to about 250,
about 10 to about 200, about 10 to about 150, about 10 to
about 100, about 10 to about 75, about 10 to about 50,
about 10 to about 40, about 10 to about 30, about 10 to
about 25, about 10 to about 20, about 10 to about 1o, about
o0 to about 400, about 50 to about 350, about 50 to about
300, about 50 to about 250, about 50 to about 200, about 50
to about 150, about 50 to about 100, about 50 to about 75,
about 100 to about 400, about 100 to about 350, about 100
to about 300, about 100 to about 250, about 100 to about
200, about 150 to about 400, about 150 to about 350, about
150 to about 300, about 150 to about 250, about 150 to
about 200, about 200 to about 400, about 200 to about 350,
about 200 to about 300 or about 200 to about 250.

[0044] The plant and plant cell of the present i1nvention com-

prise at least one, preferably at least two, more prefera-

bly at least three, more preferably at least five, recombi-

nant nucleic acid sequences/molecules which encode for a

polypeptide lacking a polysialyltransferase binding mo-

H

tif/domain. In order to allow the biosynthesis of recombi-

nant proteins and polypeptides within a cell the respective
nucleic acid sequence has to be operably linked at least to
a promoter.

[0045] “Recombinant”, as used herein, 1ndicates that the cell
replicates heterologous nucleic acid molecules or expresses

a polypeptide or protein encoded by a heterologous nucleilc

acid. Recombilinant nucleic acid sequences are not found

H

within the native (non-recombinant) form of the cell or

plant. A “recombinant polypeptide” 1s expressed by tran-

H

scription of a recombilinant nucleic acid seqguence.

H

[00406] Expression of a polypeptide, as used herein, i1ndicates

stable transformation leading to 1ntegration of the

transgene 1nto the genome as well as transient expression

using technigques like agroinfiltration. Respective methods
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and means to be used 1n these methods are well known to a

person skilled 1n the art.

10047] As used herein, “operably linked” refers to a function-

al linkage between a promoter and the nucleic acid molecule

H

encoding the polypeptide of the present 1nvention, wherein

the promoter sequence 1nitiates and mediates transcription

of the DNA sequence corresponding to said nucleic acid mol-

ccule.

(0048] The term “promoter”, as used hereiln, refers to a region

H H

of a nucleic acid molecule upstream from the start of tran-

H

scription and 1nvolved i1n recognition and binding of RNA

polymerase and other proteins to 1nitiate transcription.

Promoters are able to control (initiate) transcription 1n a

H

cell. Plant promoters are able of 1nitiating transcription

1n plant cells whether or not 1ts origin 1s a plant cell.

Such promoters include promoters obtained from plants,
plant viruses and bacteria which comprise genes expressed
1n plant cells such Agrobacterium or Rhizobium. The promot-

H

er used 1n the vector of the present 1nvention can be “in-

ducible” or “repressible”, 1.e. under environmental con-

trol. Such promoters can be controlled by changing the cul-

H

tivation conditions (e.g. temperature) or by adding specif-

H

1Cc substances. Of course, the promoter used 1n the vectors

H

of the present 1nvention may be a “constitutive” promoter.

Constitutive promoters are active under most environmental

conditions and express continuously a protein or polypep-

H

tide of i1nterest.

H

[0049] According to a preferred embodiment of the present in-

vention the promoter 1s selected from the group consisting

H

of promoters active 1n plants and plant cells, like the

cauliflower mosalc virus 35S promoter, opiline (octopine,

nopaline, etc.) synthase promoters, actin promoter, ubigqui-

tin promoter, etc.

H

[0050] In order to prevent transcriptional activation of down-

stream nucleic acid seqgquences by upstream promoters the

H

vector of the present i1nvention may comprise a “terminator”

or “terminator sequence”. According to a preferred embodi-

H

ment of the present i1nvention the vector comprises a termi-

nator which 1s preferably a g/T terminator, a octopine syn-
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thase terminator, a manopine synthase terminator, a

nopaline synthase or agropine synthase terminator.

[0051] “Polysialvltransferase”, as used herein, refers to en-

zymes that are able to produce polysialic acid chains,

H

preferably homopolymers of alpha-2,8-1linked sialic acid

H

molecules, homopolymers of alpha-2,9-linked sialic acid

H

molecules or co-polymers of alpha-2,8/alpha-2,9-1inked si-

alic acid molecules on proteins and polypeptides acting as

acceptor and using activated nucleotide sugars (uridine,

H

guanosine and cytidine monophosphate derivatives of sugars

(UMP, GMP and CMP, respectively) or diphosphate derivatives

sugars (UDP, GDP and CDP, respectively)) as donors.

[0052] A polypeptide “lacking a polysialyltransferase binding

C 7

motif” or “lacking a polysialyltransferase binding domain”,

as used herein, refers to a polypeptide or protein which

H

does not contain a polysialyltransferase binding motif or

domaln recognized by a polysialyvltransferase 1n an animal

cell, preferably a mammalian cell, known to produce pol-

vslalylated proteins. A polypeptide “lacking a polysialyl-

transferase binding motif” or “lacking a polysialvyltrans-

ferase binding domain” can be simply i1dentified by recombi-

H

nantly expressing said polypeptide 1n an animal cell, pref-

erably a mammalian cell, producing polysialylated proteins.

p— g

f no polysialic acid chailins are attached to said polypep-

t1de, the polypeptide can be considered as “lacking a pol-

C 7

vsialyltransferase binding motif” or “lacking a polysialyl-

transferase binding domain”.

[0053] The mammalian polysialyltransferases are active on a

H

limited number of glycoproteins including the neural cell

adhesion molecule (NCAM), neuropilin-2, the CD-36 scavenger

H

receptor, the alpha-subunit of the voltage-dependent sodium

channel, the svyvnaptic cell adhesion molecule (SynCAM1l), the

central chemokine receptor CCR7 and on themselves leading

H

to autopolysialylation. Together with the i1nability of pol-

vslalyltransferases to act on free N-glycans, these find-

1ngs 1ndicate that polysialylation in mammalian cells 1s a

protein-specific modification event requiring 1nitial pro-

tein-protein 1nteraction between a polysialyvltransferase

and 1ts substrate glycoprotein. The first fibronectin type
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repeat (FN1) of NCAM 1s required for binding pol-

H

vslalyltransferases and for polysialylation of N-glycans on

the NCAM Ig5 immunoglobulin domain (Thompson et al., JBC
286 (2011) :4525-4535; DOI 10.1074/37bc.M110.200386) . The NCAM

FN1 domaln represents a polysialyvltransferase binding do-

maln. Within this domain an acidic surface patch, an alpha-

helix and the QVQ sequence play a role 1n polysialyltrans-

ferase recognition and positioning (Mendiratta et al., JBC
280 (2005) :32340-32348; DOI 10.1074/37bc.M506217200;
Mendiratta et al., JBC 281 (2000) :36052-36059; DOI
10.1074/9bc.M608073200) . A polybasic region within mammali-
an polysialyltransferases (residues 71-105 1in ST8-S1ia-IV
and residues 86—-120 1n ST8-Si1a-I1) 1interacts with NCAM (Za-
pater et al., JBC 287(2012):0441-0453, DOI
10.1074/7bc.M111.322024) .

[0054] The term “plant”, as used herein, encompasses plants at

H

any stage of maturity or development, as well as any tis-

sues or organs (“plant parts”) taken or derived from any

such plant. Plant parts 1include, but are not limited to,

e~ -

plant cells, stems, roots, flowers, ovules, stamens, seeds,

leaves, embryos, meristematic regions, callus tissue, an-
ther cultures, gametophytes, sporophvyvtes, pollen, micro-
spores, protoplasts, hairy root cultures and/or the like.
As used herein, a “plant cell” includes, but 1s not limited
to, a protoplast, gamete producing cell, and a cell that

H

regenerates 1nto a whole plant. Tissue culture of various

H H

tissues of plants and regeneration of plants therefrom 1is

well known 1n the art and 1s widely published.

F

[0055] According to a preferred embodiment of the present 1n-

vention the plant or plant cell comprises at least one nu-

cleic acid sequence encoding for at least one polysialyl-

transferase operably linked to at least one promoter.

ﬁ

[0050] Polysialyltransferases catalyze the formation of pol-

vslialic acid chains by linking sialic acid molecules to

cach other.

H

[0057] According to a further preferred embodiment of the pre-

sent 1nvention the at least one polysialyltransferase 1s a

eukaryotic, preferably mammalian, more preferably human,



CcA 03040017 2015-04-10

WO 2018/069279 PCT/EP2017/075747

_13_

polysialyltransferase or bacterial polysialyltransferase or

H

a variant thereof.

100508 ]

F

A “variant” of a polysialyltransferase i1includes mole-

cules having an amino acid sequence that has at least 603,

pre:

pre:

pre:

H
H

H

erably at least 65%, more preferably at least 70%, more

erably at least 75%, more preferably at least 80%, more

erably at least 85%, more preferably at least 90%,

more preferably at least 95%, more preferably at least

97%,
29%,

H

at

more preferably at least 983, more preferably at least

amino acid sequence 1dentity, preferably over a region

H

of over a region of at least about 75, at least about 100,

least about 200 or at least about 300 amino acid resi-

dues, to an amino acid sequence encoded by a naturally oc-

curring polysialyltransferase nucleic acid or to a natural-

H

ly occurring amino acid sequence of a poly-

sialvltransferase protein.

10059

“ITdentitvy”, as used herein, refers to two Or more se-

quences or subsequences that are the same or have a speci-

are

H

fied percentage of amino acid residues or nucleotides that

the same, when compared and aligned for maximum CcoOorre-

spondence, as measured usling seguence comparison algo-

rithms. It 1s particularly preferred to use BLAST and BLAST

2.0
215 (
2o (1

F'or

algorithms (see e.g. Altschul et al. J. Mol. Biol.
1990): 403-410 and Altschul et al. Nucleic Acids Res.
97°7): 3389-3402) using standard or default parameters.

amino acid sequences, the BLASTP program (see

http://blast.ncbi.nlm.nih.gov/Blast.cgl) uses as defaults a

wordlength (W) of o, an expectation (E) of 10 and the
BLOSUM6Z2 scoring matrix (see Henikoff and Henikoff, Proc.
Natl. Acad. Sci. USA 89(1989) :10915) using Gap Costs Ex-

1stance:11 Extension:1.

[00060]
pres

leas

H

According to a particular preferred embodiment of the

ent 1nvention the plant or plant cell comprises at

C one nucleic acid sequence encoding for a bacterial

polysialyltransferase which enables the plant or plant cell

H

to produce polysialic acids 1n the absence of any addition-

al mammalian alphaZ2,3- or alphaZ2, 6-sialyltransferases.

10061 ]

The at least one polysialyltransferase 1s preferably a

alphaZ, 8-polysialyltransferase.
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F

[00062] According to a preferred embodiment of the present in-

vention the at least one polysialyltransferase 1s selected

H

from the group consisting of ST8S1ia- (e.g. GenBank
Acc.No. U33551), ST8S1a-IV (e.g. GenBank Acc.No. L41680)

H

and variants thereof.

[0063] These mammallan enzymes are Golgi-resident type mem-

H

brane proteins composed of a short N-terminal cytoplasmic

tail, a single transmembrane domain and a stem region

linked to the large catalytic domain which faces the Golgi

H

lumen. Variants 1nclude truncated variants of polysialyl-

transferases lacking N-terminal targeting and retention se-

quences. Other variants include, for example, mutations

H

near a silalyvlmotif like the E141K substitution i1n ST8S1ia-

that affects polysialyltransferase activity and results 1in

shorter polysialic acid chains (Isomura et al., JBC
286 (2011) :21535-21545, DOI 10.1074/7bc.M111.221143).

ﬁ

[0004] According to a further preferred embodiment of the pre-

sent i1nvention a cytoplasmic transmembrane stem (CTS) re-

H

gion of the at least one polysialyltransferase 1s replaced

by a heterologous CTS region, preferably by a plant CTS re-

glon.

[0065] Particularly preferred plant CTS regions to be used

herein i1nclude a CTS region from betal, 3-

galactosvyltranstferases 1 (GALT1l; Strasser et al., Plant
Cell 19(2007) :2278-2292;

http://dx.doi.0rg/10.1105/tpc.107.052985), from beta 1,3-
galactosyltransferase 3 (GALT3; e.g. Acc.No. At3g06440),

from betal,Z2-xvlosyltransferase (XylT), betal,Z2-N-

acetvlglucosaminyltransferase (GntlIlI) or from plant fuco-
syltranstferases (e.g. FUT11l to FUT13).

ﬁ

[000606] According to a further preferred embodiment of the pre-

sent i1nvention a cytoplasmic transmembrane stem (CTS) re-

H

gion of the at least one polysialyltransferase 1s replaced

by a heterologous CTS region from a mammalian Golgi-

resident glycosyltransferase, preferably by the CTS region

from rat alpha 2,6-sialyltransferase (ST6), human alpha

2,06-s1alyltransferase (STo) or human alpha?z2, 3-

sialvltransferase (ST3).
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p—

[0067] The exchange of a naturally occurring CTS region of a

H

protein or polypeptide with a CTS region of another poly-

peptide or protein allows to direct the enzymatic activity

H

of the at least one polysialyltransferase to a specific

compartment within a cell. This may have an 1nfluence on

H

the polysialylation capability and capacity of the plant or

H

plant cell so that the polysialylation efficiency can be

1ncreased.
[00068] As used herein, a “cytoplasmic transmembrane stem (CTS)
region” and a “CTS region” or a “cytoplasmic transmembrane

stem (CTS) domain” and a “CTS domain” comprises the cyto-

plasmic taill, transmembrane domain and stem region of Gol-

gl-resided proteins and polypeptides (see e.g. Fig. b5). CTS

H

regions medilate sorting of the proteins and polypeptides

attached thereto 1nto the different functional compartments

H

of the Golgl apparatus.

H

[0009] CTS regions of Golgili-resident proteins can be 1denti-

fied using methods well-known 1n the art, such as, for ex-

ample, hydropathy plot analysis and sequence alignments

i

with known CTS regions. A CTS region may consist of a sub-

H

stantial part of a CTS region, such as at least 50% or at

least o003 or at least 703 or at least 80% or at least 90%

H

of a CTS region. The CTS region/domain may consist of 1 to

100, preferably 5 to 90, more preferably 10 to 80, more

preferably 15 to 70, more preferably 15 to 00, more prefer-

ably 20 to 50, more preferably 25 to 45, more preferably 30

to 40, amino acilid residues located at the C- or N-terminus

H

of a Golgi-resident protein or polypeptide.

[0070] The term “replaced bvy”, as used herein, means that the

i

cytoplasmic transmembrane stem (CTS) region of a wild-type

polysialyltransferase 1s at least partially, preferably en-
tirely, exchanged by a heterologous CTS region, whereby
“heterologous” means that the CTS region 1s not naturally

occurring 1n sailid wild-type polysialyltransferase. Thus,

i

also CTS regions or domains of a polysialyltransferase o:

)

another organism are considered as heterologous.

[0071] In addition to CTS regions from Golgli resident enzymes,

I

the use of N-terminal membrane anchoring seqgquences for

post-Golgl targeting and retention (e.g. to the Trans Golgx

Network) or to other post-Golgil organelles may be benefi-
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10072 ]

According to a pre:

CcA 03040017 2015-04-10

sferases.
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erred embodiment o:

H

PCT/EP2017/075747

from the pol-

F

- the present 1n-

vention the plant or plant cell of the present invention

may be able to express one or more bacterial polysialyl-

Lrans:

erases.

Bacterial polysialyltrans:

"erases do not con-

tain any cytoplasmic tail and transmembrane domain region.
Thus,

tached to such bacterial polysialyltrans:
22 and 23).

Fi1gs.

[ 0073]

1t 18

preferred that a heterologous CTS region 1s at-

According to a particularly preferred

‘erases (see e.dg.

’

embodiment of the

present i1nvention the heterologous CTS region 1s selected

L]

S

S

24
10074 ]

lec

Q
Q

L]

1D
1D

NO.
NO.

L]

17, S
21, ©S.

L]

(see also Fig. 0).

Pre:

ced

from

"erably,

from the group consisting of S
Q@ ID No. 18, &SI
Q@ ID No. 22, S

H

che group o:

Neilisseria meningitides,

lvtica,

clens.

invention the bacterial polysialyltrans:
meningitides serogroup B PSTNmB
and may carry an amino acid substitution

the size distribution o:

1 0075]

According to a further pre:

According to a pre:

—

—

7]
@,

ID No. 15

[T
@,

7]
@,

gram—-negative bac

Escherichia coli,

;O
ID No. 19, &S
ID No. 23 and SEQ ID No.

L]

Q@ ID No. 1o,
@ ID No. 20,

L]

the bacterial polysialyvltransferase 1s se-

cerlia i1ncluding

Mannheimia haemo-

Pasteurella haemolytica and Moraxella nonligquefa-

—

‘erred embodiment of the present

"erase 1s from N.

(e.g. GenBank: AAAZ20478.1)

the product.

(Ko9Q) that alters

H

‘erred embodiment of the pre-

sent 1nvention the plant or plant cell comprises at least

one nucleic acid sequence encoding
tional bacterial alpha2?2,3-/alpha2?2,8-sialyltransferase Cst

(GenBank: AAL306462.1)

for at least one bifunc-

from Campylobacter jejuni, which ena-

bles the plant or plant cell to generate disialic acid con-

tailning glycoproteins.
as substrates
addi

C10n,

—

disilalilic acids may also 1ncrease

Glvcans with disialic acid can serve

for the generation of polysialic acids. In

"he half-1li1ife of

therapeutic proteins because they can slow down the step-

H

wlise removal of terminal monosaccharides that 1s required

for binding to spec:

clearance.

fic lectin receptors and subseqgquent
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[0076] According to a further preferred embodiment the bacte-

rial Cst amino acld sequence carries the I53S substitu-

tion and a C-terminal truncation (Gilbert et al., JBC,

2002, doi: 10.1074/9bc.M108452200; Chiu et al., Nat Struct
Mol BRiol. 11(2004) :163-170, do1:10.1038/nsmb720; Lindhout et
al., PNAS 108 (2011):7397-7402, doi: 10.1073/pnas.1019266108;
Cheng et al., Glycobiology 18(2008) :686-097; do1i:
10.1093/glycob/cwn047) to alter the enzyme activity

[0077] According to a further preferred embodiment the disial-

1c acid can be further elongated using bacterial or mamma-

lian polysialyltransferases to form oligosialic or pol-

vsialic acid polymers.

[0078] According to a further preferred embodiment the for-

H

mation of the disialic acid 1s i1ncreased by combilined ex-

pression with other bacterial or mammalian polysialyltrans-

ferases.

’

[0079] According to a further preferred embodiment of the pre-

sent 1nvention the N-terminal cytoplasmic tail and trans-

~—

membrane domain of the at least one polysialyltransferase,

preferably mammalian polysialyltransferase, are replaced by
a signal peptide sequence (see e.g. Figs. 18 and 19). This

replacement prevents i1ntracellular retention and targets

the enzyme for secretion to the apoplast (extracellular

space) . The signal peptide sequences (see e.g. Fig. 17) are

preferably from plants 1ncluding, for example, the signal

peptide sequence from barley alpha-amylase.

’

[0080] According to a further preferred embodiment of the pre-

sent 1nvention a signal peptide sequence for secretion to

the apoplast 1s attached to a bacterial polysialyvltransfer-

asc.

F

[0081] In order to facilitate expression of all recombinant

proteins and polypeptides within the plant and plant cell

—

codon-optimized variants of the respective nucleic acid se-

quences are 1ntroduced 1nto the plant or plant cell. In

particular, nucleic acid molecules encoding for bacterial

sialvltransferases are codon-optimized. Methods for codon

optimization are well known 1in the art. According to a fur-

H

ther preferred embodiment of the present invention the

plant or plant cell comprises nucleic acid sequences encod-
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—

1ng for enzymes 1nvolved 1in the synthesis of a sialic acid

precursor operably linked to at least one promoter.

F

[0082] The polysialylation of polypeptides and proteins re-

H H

qulres the presence of sialic acid, 1n particular of sialic

acld precursors, within a plant or plant cell. In order to
enable a plant and plant cell to produce sialic acids the

plant or plant cell may comprise nucleic acid seqgquences

which encode for proteins that are involved 1n the synthe-

~—

sis of a sialic acid precursor. These nucleilic acid sequenc-

es may be recombilinantly introduced into a plant or plant
cell.

[0083] The sialic acid precursor produced within the plant or

plant cell 1s preferably N-acetvlneuraminic acid (NeubAc),

preferably CMP-N-acetylneuraminic acid (CMP-NeubAc), or N-

glvcolylneuraminic acid (NeubGc), preferably CMP-N-

glycolylneuraminic acid (NeubGc). These enzymes and the nu-

cleic acid sequences encodiling sald enzymes are preferably

H H

of mammalian, more preferably of human, origin.

F

[0084] According to a preferred embodiment of the present 1n-

vention the plant or plant cell comprises at least one nu-

cleic acid sequence encoding for at least one enzyme 1n-

H

volved 1n the synthesis of a sialic acid precursor, wherein

the enzymes are preferably selected from the group consist-

H

ing of UDP-GlcNAc 2-epimerase/N-acetylmannosamine kinase

—/

(GNE), N-acetvyvlneuraminic acid phosphate synthase (NANS),

H

CMP-si1alic acid synthetase (CMAS) and variants thereof.

These enzymes and the nucleic acid sequences encoding said

H H

enzymes are preferably of mammalian, more preferably of hu-

H

man, origin and may comprise or consist of the amino acid

sequences deposited under UniProtKB Acc.Nos. Q9Y223 (human

GNE), 0O91WG8 (murine GNE), Q9NR45 (human NANS) and QO8NEWS
(human CMAS) .

ﬁ

[0085] According to a further preferred embodiment of the pre-

sent i1nvention the plant or plant cell comprises at least

one nucleic acid sequence encoding for at least one enzyme

H

involved i1in the synthesis of a sialic acid precursor,

wherein the mammalian GNE enzyme comprises a mutation at

arginine position 263, preferably a RZ203L mutation to pre-
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vent feedback 1nhibition (see Kallolimath S et al.; PNAS
2016, doi:10.1073/pnas.1604371113).

[00806] According to a further preferred embodiment of the pre-

sent 1nvention genes encoding beta 1,2Z2-xvlosvyltransferase
(Xy1lT; e.g. GenBank Acc.No. EF562628) and/or core alpha 1, 3-

fucosyltransferase (FucT; e.g. GenBank Acc.No. EF562630)

and/or beta-hexosaminidases (HEXOs; e.g. GenBank Acc.No.
KX192074) and/or beta 1,3-galactosvyltransferases (GALTs;
e.g. GenBank Acc.No.NM 001332728) and/or alpha 1,4-

fucosyltransferase (e.g. GenBank Acc. No.NM 105857/) occur-

ring 1n the plant or plant cell are mutated, silenced or
inhibited to reduce their enzymatic activity within said

plant or plant cell.

[0087] In order to reduce or even to abolish the formation of

plant specific N-glycans (glycan chains attached to an as-

H H

paragine of a polypeptide or protein) one or more of the

genes encoding the above mentioned enzymes are mutated, si-

lenced (e.g. using siRNA or RNA1) or 1nhibited in the plant

H

or plant cell. As a consequence thereof the respective

plants and plant cells are not able to produce N-glycans

comprlising plant specific beta 1,2-xylose and core alpha

1,3-fucose 1n an extent as the corresponding wild-type

H

plants and plant cells. Likewilise, the formation of N-

glvcans with Lewis a-type elongations (Fuc alphal,4-(Gal
betal, 3-)GlcNAc) will be prevented or reduced. The mutation

H

may 1nclude deletion or substitution of the respective

H

gene (s) or parts thereof (e.g. promoter, coding region),

whereby deletion 1s most preferred. Alternatively, 1nser-

tions within the respective genes that cause a frame shift

H

1n the open reading frame or substitutions of nucleotides

leading to nonsense or missense mutations may be used. Ac-

cording to a further preferred embodiment such mutations

are carriled out using targeted genome editing technologies

including CRISPR/Cas9, TALENs or Zinc finger nucleases
(Vazgquez-Vilar et al., Plant Methods 12(2010):10; doi:
10.1186/s813007-016-0101-2; Li et al., Plant Biotechn. J.
14(2016) :533-542, doi: 10.1111/pbi.12403) According to a

H H

further preferred embodiment the formation of plant specif-

1c N-glycans 1s abolished by sequence specific targeting of




CcA 03040017 2015-04-10

WO 2018/069279 PCT/EP2017/075747
- 20 -

mRNAs (gene silencing approaches using hairpin constructs,

antisense sequences, RNA1 technology, artificial microRNAs,

virus—-i1nduced gene silencing and the 1like). An example for

gene silencing using a hairpin construct 1s shown 1n
Strasser et al. (Plant Biotechn. J 6(2008):392-402, do1i:
10.1111/73.1467-7652.2008.00330) .

[0088] According to a further preferred embodiment the amount

H

of complex N-glycans carrvyving terminal GlcNAc that 1s used

as acceptor substrate for further elongations with beta

1,4-1linked galactose and subsequently with sialic acid 1s

H

1ncreased by 1nhibition or i1nactivation of beta-

H H

hexosaminidases from plants. Three different types of beta-

H

hexosaminidases are present 1n plants, 1nactivation of be-

ta-hexosaminidase 3 (HEXO3; e.g. GenBank Acc.No. KX192074 )

H

has been shown to 1ncrease the amounts of complex N-glycans

H

wlith terminal GlcNAcCc residues at both branches of secreted

recombinant glycoproteins (Castilho et al., Plant Physiol.
166(2014) :1839-1851, doi: 10.1104/pp.114.250720; Shin et
al., Plant Biotechn. J. 2016, doi: 10.1111/pbi.12602).

[0089] The plant or plant cell comprises preferably nucleilc

acld sequences encoding for betal,4-galactosyltransfease
(GalT; e.g. GenBank Acc.No. X55415), CMP-sialic acid trans-
porter (CST; e.g. GenBank Acc.No.D87969), alphaZ, 6-
sialyltransferase (STo; e.g. GenBank Acc.No.M18769), al-

phaZz, 3-si1alvyltransferase (ST3; e.g. GenBank Acc.No. L237067)

H

and/or variants thereof operably linked to at least one

promoter. These enzymes and the nucleic acid sequences en-

H H

coding said enzymes are preferably of mammalian, more pref-

H

erably of human, origin.

[0090] The polysialic acid chain 1s produced by attaching sin-

gle sialic acid molecules to each other. This process 1in-

volves polysialyltransferases. However, these polysialyl-

transferase are usually not able to attach the first sialic

H

aclid of the chain to any acceptor. Therefore, the plant and

plant cells are preferably able to produce the aforemen-

ti1oned enzymes to form those structures which form the core

H

region of the N-glycan comprising the polysialic acid

chain. Particularly preferred core regions comprise the

following structures: di-antennary: NaNa, ANaiso, GnNa;so,
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MNa:so (see Fi1g. 12); core fucosvylated structures (core alpha

1,3-fucose or core alpha 1,6-fucose): NaNal', ANa;:.F,

GnNa;soF', MNaisoF (see Fig. 12); tri-antennary and tetra-

antennary complex N-glyvcans with or without core fucose

(see Fig. 13).

H

[0091] According to another preferred embodiment of the pre-

sent invention the plant or plant cell comprises a nucleic

acid sequence encoding for at least one fucosyltransferase,

preferably an alpha 1,6-fucosyltranstferase (FUT8; e.g. Gen-
Bank Acc.No.NM 178155), operably linked to at least one

promoter. This enzyme and the nucleic acid seguence encod-

H

1ng sald enzyme 1s preferably of mammalian, more preferably

H

of human, origin.

10092] Mammalian and 1n particular human glycoproteins contain

usually fucose residues linked alpha 1,06 to the first Glc-

H

NAc residue of their N-glycans. Alpha 1, 6-

H

fucosyltransferase directs the addition of fucose to aspar-

agilne-linked GlcNAcC moieties.

F

[0093] According to a preferred embodiment of the present 1n-

vention the plant or plant cell comprises a nucleic acid

sequence encoding for at least one N-

acetvlglucosaminyltransferase, preferably a beta 1, 0-N-

acetvlglucosaminyltransferase (GnTV; e.g. GenBank Acc.No.

NM 002410) or a beta 1,4-N-acetylglucosaminyltransferase
(GnTIV; e.g. GenBank Acc.No. NM 012214) or a beta 1,2-N-

acetvlglucosaminyltransferase (GnTII; e.g. GenBank Acc.No.

NM 002408) operably linked to at least one promoter. These

enzymes and the nucleic acid seqguences encoding said en-

H H

zymes are preferably of mammallan, more preferably of hu-

man, origin. GnTIV and GnTV will generate tri- and tetra-

antennary N-glycans (also termed branched N-glvycans) (Cas-
ti1lho et al., Glycobiology 21(2011):813-823;
do1:10.1093/glycob/cwr009) and provide additional terminal

GlcNAc residues at the non-reducing end that can be further
extended with beta 1,4-galactose, alphaZ?2,3/alpha?2,6-liked
sialic acid (Castilho et al., Plos One 8(2013) :eb4830,

do1:10.1371/journal.pone.0054836) and serve as acceptor for

H

the attachment of polysialic acid. GnT 1s also present 1n

plants. However, on some recombinant glycoproteins, endoge-
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nous plant GnT 1s not capable to modify all N-glvycans

H

very efficiently resulting in mono-antennary N-glycans

(Dicker et al., Front Plant Sci. 29(20106) :18,

H

do1:10.3389/fpls.2016.00018). Heterologous expression of an

animal GnT enzyme, preferably human GnTII, 1in such plants

H

wlill 1ncrease the amount of processed complex N-glycans and

thus the potential acceptor glycan substrates for pol-

vslalylation.

[0094] It 1s particularly preferred that the polysialic acid

chain 1s linked to the polypeptide or protein vilia a mannose

comprlsing core sugar. In order to attach GlcNAc residues

on mannose, for instance, N-acetvyvlglucosaminvltransferases

are required.

H

[0095] According to a preferred embodiment of the present 1in-

vention the plant or plant cell comprises a nucleic acid

sequence encoding for at least one core alphal, 3-

fucosvyltransferase operably linked to at least one promot-

er. This enzyme and the nucleic acid sequence encoding said

H

enzyme 1s preferably of plant (Arabidopsis thalilana, maize,

etc.), 1nsect, nematode, trematode or snail origin. It has

H

been shown that the presence of core alpha 1,3-fucose can

H H

ficient sialvylation of recombinant glyco-

facilitate more e:

proteins when expressed i1n plants (Castilho et al, mAbs
7(2015) :863-870, DOI: 10.1080/19420862.2015.1053683). More

H H

efficient sialylatation (capping of terminal beta 1,4-

galactose) 1s beneficial as 1t will provide more acceptor

substrates for polysialylation.

H

[00906] According to a preferred embodiment of the present in-

vention the plant or plant cell comprises a nucleic acid

sequence encoding at least one polypeptide:N-

acetvlgalactosaminyltransferase (GalNAc-T; e.g. GenBank
Acc.No.NM 003774), preferably a human GalNAc-T (e.g. Gen-

Bank Acc.No. BC041120) for 1nitiation of mucin-type O-

glycan biosynthesis. Mucin-type O-glycans are another type

H

of acceptor substrates that can be used by polysialyltrans-

ferases to polysialylate polypeptides. NCAM and dendritic
cell neuropolin-2 (Foley et al., JBC 285(2010) :350506-35007,
doi: 10.1074/7bc.M110.170209; Rollenhagen et al., JBC

288 (2013) :22880-22892, doi:10.1074/7Jbc.M113.463927; Bhide
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et al., JBC 291 (20106):9444-94577, DOI
10.1074/9bc.M116.714329) can carry polysialyvlated mucin

type O-glycans. Mucin-type O-glycans are not present 1in

plants. In order to 1nitiate the formation and elongate the

O-glycans a GalNAc-T and other animal glycosyltransferases

have to be recombinantly expressed 1n plants (see Fig. 14).

Core 1 O-glycan synthesis requires, for example, human Gal-

NAc-T2 and Drosophila melanogaster core 1 beta 1, 3-

H

galactosvyltransferase. Sialylation of core 1 structures can

H

be achieved by expression of mammalian alpha 2, 3-
sialvltransferase (ST3Gal-I; e.g. GenBank Acc.No.BC018357)

and alpha 2, 06-si1alyltransferase (SToGalNAcC- ; e.g. Gen-
Bank Acc.No. BC086784) (Castilho et al., JBC

287 (2012) :36518-36526, DOI 10.1074/jbc.M112.402685; Dicker
et al., Front Plant Sci. Plant, 2010,
do1:10.3389/fpls.2016.00018). Alternatively, O-linked Gal-

NAc-residues can also be directly sialylated using an alpha

2,0-slalvyltransferase (SToGalNAc-I e.g. GenBank Acc.No.

NM 018414 or SToGalNAc- e.g. GenBank Acc.No.NM 000450)
(Dicker et al., Bioengineered, 2016,
http://dx.doi1.org/10.1080/21655979.2016.1201251). These O-

H

ferent O-linked

glycan engineering approaches result in di:

glycan structures (see Fig. 15) that serve as acceptor sub-

strates for polysialylation (see Fig. 106). In addition to
sialvlated GalNAc and mono- or disialylated core 1 struc-
tures, also sialylated core 2 or other extended or branched

sialylated mucin-type O-glycans can serve as acceptor sub-

strates for polysialylation. The plant and plant cells are

preferably able to produce the aforementioned enzymes toO

form those mucin-type O-glycan structures with a GalNAc-

residue linked to a mammalian O-glycosylation site. A mam-

malian O-glycosylation site can be simply 1dentified by ex-

H

pression of the polypeptide 1n a mammalian cell and analy-

H H

s1s of the attachment of GalNAc residues as well as further

elongations.

H

[0097] According to a further preferred embodiment of the pre-

H

sent i1nvention an N-linked trisaccharide consisting of Neu-

Ac—-Hexose-HexNAcC 1s used as acceptor substrate for pol-

vsialyltransferases. Particularly, the trisaccharide struc-
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ture 1s NeubAc-alphaZ, 3—-galactose-betal,4-G1lcNAc or NeubAc-
alphaZ, 6—galactose-betal,4-G1lcNAc. To generate this N-

linked acceptor, a nucleic acid sequence encoding for at

least one endo-beta-N-acetvyvlglucosaminidase operably linked

to at least one promoter 1s recombinantly expressed 1n

plants. Preferably, the endo-beta-N-acetvlglucosaminidase

1s an endo T as described for mammalian cells (Meuris et
al., Nature Biotechnology 32(2015) :485-489,
do1:10.1038/nbt.2885) and plants (Piron et al., Nature Bio-
technology 33(2015):1135-1137, doi1:10.1038/nbt.3359). The

resulting N-linked GlcNAc 1s extended by recombinant ex-

H

pression of beta 1,4-galactosyltransferase and alpha 2, 3-

or alpha 2,6-sialyltransferase resulting 1n the generation

H

of a (mono)sialylated trisaccharide that serves as acceptor

for polysialylation.

H

[0098] According to a further preferred embodiment of the pre-

H

sent i1nvention the polysialyvltransferase binding motif 1s a

H

fibronectin type domaln or a Ifragment thereof like the

FN1 acidic patch, preferably an acidic batch i1ncluding the

core acidic residues Aspbdb20, Glubdb2l, and Glud23 (present 1n
the DEPE motif).

[0099] The glycosylation site 1s preferably a N-glycosylation
site (Asn-X-Ser/Thr, where X can be any amino acid except
proline) or a mucin-type O-glycosvylation site (GalNAc
linked to Ser/Thr).

[0100] The polysialic acid chaln and 1ts core structure are
attached to a protein or polypeptide via an asparagine,

serine oOor threonine residue.

[0101] The polypeptide lacking a polysialyltransferase binding

H H

motif 1s preferably selected from the group consisting of

L]

antibodies, like IgG, IgA, IgM, IgD, IgE and fragments

H

thereof 1ncluding single chain antibodies (sckvs), heavy

chain antibodies, Fab-fragments, nanobodies, Fcabs and sim-

1lar truncated or engilneered antibody formats. For in-

stance, small antibody fragments or variants like single

chain Fv (ScFv) fragments are rapidly cleared from the

H

blood. Polysialylation of such antibody fragments can 1n-

crease the i1n vivo cilrculating half-1i1fe (Chen et al., Bio-
conjugate Chem 23(2012) :1524-1533,
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)

dx.dol.0rg/10.1021/bc200624a). Another important class of

polypeptides lacking polysialyltransferase motifs repre-

H

sents i1mmunoglobulins of the IgA type 1ncluding monomeric,

dimeric and secretory variants as well as the subclasses
ITgAl and IgAZ.

H

According to a preferred embodiment of the present i1nven-

tion the polypeptide lacking a polysialyltransferase bind-

H

1ng domailin 1s selected from the group consisting of anti-

H

folds 1n-

gen-binding non-immunoglobulin proteins or sca:

H

cluding designed ankyrin repeat proteins (DARPins) or af-

fibodies.

H

102] According to a preferred embodiment of the present 1n-

vention the polypeptide lacking a polysialyltransferase

H

binding domain 1s selected from the group consisting of

eryvthropoietin, ol-Antitrypsin, transferrin, butyrylcholin-

esterase, granulocyte colony-stimulating factor, DNAse 1,

clotting factors, 1n particular factor VII, factor V ,

factor IX or von Willebrand factor, follicle-stimulating

hormone, luteinizing hormone, thyroid-stimulating hormone,

interferons, 1n particular 1nterferon alpha, 1nterferon be-

ta or interferon gamma, tumor necrosis factor-alpha i1nhibi-

tors, 1n particular etanercept, viral proteins, viral anti-

H

gens, and fragments, mutants or variants thereof.

H

[0103] According to a preferred embodiment of the present 1in-

vention the polypeptide lacking a polysialyltransferase

H

binding domain 1s selected from the group consisting of 1in-

sulin or other non-glycosylated protein therapeutics. To

H

facilitate polysialylation of such proteins (i1ncluding also

non—-glvcosylated antibody fragments and non-glycosylated

H

non—-immunoglobulin scaffolds) an N-glycosylation site (Asn-

X-Ser/Thr) or Ser/Thr O-glycosylation site 1s introduced by

H

site-directed mutagenesis or by i1nsertion or attachment of

amino acid residues, small peptides or protein domains.

H

[0104] According to another preferred embodiment of the pre-

sent i1invention the plant 1s selected from the group con-

H

sisting of the genera Nicotiana, Arabidopsis, Lemna,

Physcomitrella, Zea, Orvyza, Triticum, Pisum, Lotus, Taxus

H

and Brassica or selected from the group consisting of algae

H

safflower, alfalfa, lettuce, barley, rapeseed, sovybean,
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sugar beet, sugar cane, potato, tomato, spinach, ginseng,

gingko and carrots and the plant cell 1s derived from said
plants.

)

10105] Particularly preferred are plants and plant cells o:

the genera Nicotiana, Arabidopsis or Oryza.

[0106] According to a further preferred embodiment of the pre-

sent 1nvention the plant 1s selected from the group of

plant species consisting of Nicotiana benthamiana, Nicotia-
na tabacum, Arabidopsis thaliana, Lemna minor, Physcomi-
trella patens, Zea mays, Oryza sativa, Triticum aestivum,

Pisum sativum, Lotus japonicas, Taxus cuspidate, and Bras-
s1Cca napus.

)

[0107] Particularly preferred are plants and plant cells o:

Ni1icotiana benthamiana, Nicotilana tabacum or Arabidopsis
thaliana.

[0108] According to a preferred embodiment of the present 1in-

vention the plant cell 1s selected from the group consist-

H

1ng of tobacco BY2 cells, medicago cells, carrot cells and
rice cells.

[0109] The plant cell of the present invention and used 1n the

H

methods of the present 1nvention can be derived from the

above mentioned plants, plant genera and plant species. The

cells may be derived from any part of these plants.

[0110] However, 1t 1s particularly preferred that the plant

cell 18 a cambial meristematic cell.

[0111] Another aspect of the present invention relates to a

method for producing a polysialylated polypeptide compris-

1ng the step of cultivating a plant or plant cell according
to the present 1nvention.

H

[0112] The plants or plant cells of the present invention can

be used to produce polysialylated polypeptides or proteins.
Thereby these plants and plant cells are cultivated with

methods as described for Nicotiana benthamiana plants (Chen
et al., Adv Tech Riol Med 1(2013):103,

http://dx.doi.0org/10.4172/atbm.1000103) or Arabidopsis tha-
liana (Arabidopsis Protocols, Methods in Molecular Biology,
Volume 1062, 2014, DOI 10.1007/978-1-62703-580-4) .

[0113] According to a preferred embodiment of the present 1in-

vention the plant cell 1s cultivated 1n suspension culture
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as described, for example, for tobacco BY2Z cells (Nagata et
al., Int. Rev. Cytol. 1992, DOI: 10.1016/S0074-
1096 (08) 62452-3)

[0114] Plant cell cultures can be grown as cell suspension

cultures 1n a liguid medium or as callus cultures on a sol-

1d medium. Sterile explants are usually placed on the sur-

H

face of a sterile solid culture medium, but can also be

placed directly 1nto a sterile liguid medium, particularly

when a cell suspension culture 1s desired. Explants can be

H H

ferent parts of a plant, including portions

taken from di:

H

of shoots, leaves, stems, flowers, roots, single undiffer-

H

entiated cells and from many types of mature cells provided

are they still contaln living cytoplasm and nuclei and are

able de-differentiate and resume cell division. Plant cells

are, however, preferably cultivated 1n cell suspension.

suspension cell cultures have several advantages over con-

H

ventional 1solation of products from the intact plants,

)

such as stable supply, freedom from disease and vagaries O:

climates, closer relationship between supply and demand,

H H

and growth of large amount of plant cells 1n minimal space.

F

[0115] According to a preferred embodiment of the present 1n-

vention the nucleic acid sequences are introduced 1nto the

H

plant or plant cell by agroinfiltration of the plant cell,

H

plants or parts thereof i1ncluding leaves, 1n order to tran-

siently express the polypeptides encoded by said nucleic

acld sequences.

F

[0116] A further aspect of the present invention relates to a

polysialylated polypeptide obtalnable by a method according

to the present 1nvention.

[0117] The polysialyvlated polypeptide or protein of the pre-

sent i1nvention has a unigque glycan structure because these

polypeptides and proteins are usually not polysialylated by

mammalian cells or any other cells since they lack a pol-

vsialyltransferase binding motif/domain. Furthermore, the

glycan chains comprising the polysialic acid chains com-

prise a core structure which 1s usually found 1n naturally

occurring glycoproteins.

[0118] According to a preferred embodiment of the present 1in-

vention the polysialylated polypeptide comprises a pol-
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vslalic acid chain comprising at least 2, preferably at

least 4, more preferably at least 8, sialic acid units. The

H

length of the polysialic acid chain may be influenced by

modulating the acceptor substrate binding pocket of the

polysialyltransferases. Changes 1n single amino acid resi-
dues (for instance Ko9Q, H78L and N100I) of the bacterial

polysialyltransferase from Neilisseria meningitides serogroup

B resulted i1in altered product length (Keys et al., Nature
Chem Biol, 2014, doi:10.1038/nchembio.1501). A mutant vari-

H H

ant of human ST8Sia- (E141K substitution) affects pol-

vslalyltransferase activity resulting in shorter polysialic

aclid chains (Isomura et al., JBRC, 2011, DOI
10.1074/9bc.M111.221143) ..

[0119] According to a further preferred embodiment of the pre-

sent i1nvention the polysialylated polypeptide comprises a

polysialic acid chain comprising 2 to 400, preferably 2 to

300, more preferably 2 to 250, sialic acid units.

H

[0120] Another aspect of the present i1nvention relates to the

H

use of a plant or plant cell according to the present 1n-

H

vention for producing a polysialylated polypeptide from a

H

polypeptide lacking a polysialyltransferase binding motif

and comprising at least one glycosylation site.

[0121] The present 1nvention 1s further 1llustrated by the

following examples, however, without being restricted
thereto.

10122] EXAMPLES:

[0123] Example 1: Multi-gene binary vectors for Nicotiana ben-

thamiana stable transformation

[0124] The triple gene vectors pCl44d and pG371 containing the

expression cassettes for the UDP-N-acetvlglucosamine 2-

cepimerase/N-acetylmannosamine-kinase (GNE), N-
acetylneuraminic acid phosphate-synthase (NANS), CMP-NeubAc
synthetase (CMAS), CMP-NeubAc transporter (CST), (1,4-

galactosvyltransfease fused to the cytoplasmic tail, trans-

—

membrane domain and stem region of the o2, 6-

sialvltransferase ("*'GalT) and x2,6-si1alyltransferase (STo)
were described previously (Castilho A, et al. PLoS One

3(2013) :e54836.). Here these vectors have been modified 1n

—

order to use them for co-transformation of N. benthamiana




CcA 03040017 2015-04-10

WO 2018/069279 PCT/EP2017/075747
- 20 -

AXTFT glycosylation mutant (Strasser R, et al. Plant
Biotechnol J ©6(2008) :392-402.).
[0125] In pCl4d44 an expression cassette encoding glyphosate-

resistant S-enolpyruvovlshikimate-3-phosphate synthase (EP-

SPS) gene for glyphosate-tolerance was i1ntroduced. Annealed

Epsps F1/R1 primers (Table 1) were cloned into pCl44 to in-

sert AvrlII-Ncol restriction sites. These sites were used to

introduce the epsps expression cassette as an AvrII- Ncol

fragment (Fig. 1, pCeldd).

Table 1. Primers used 1n this example.

Primer Restriction Sequence (5 -3) SEQ ID
No.

Fpsps F1 AvrII/Ncol cgcgttaatacctaggccatgggccat 1
99

Fpsps R1  Ncol/ Avr cgcgccatggcccatggecctaggtatt 2
aa

GNE™" F — agcaaggagatggttctagtgatgcgg 3
aagaag

GNE™" R - Cttcttccgcatcactagaaccatctc 4
CtTgct

AscI™" F - ccataaattctagaggcgcatcgcggc 0
cCgctcc

AscI™ R. - ggagcggccgcgatgcgcctctagaat S
ttatgg

ST3 F1 Xbal tatatctagaatggtcagcaagtcccg ]
ctggaa

ST3 R1 BamHI tataggatcctcagaaggacgtgaggt 3
CCcttga

ST8S1a- Xbal tatatctagaatgcagctgcagttccg 9

Bl gagc

ST8S1a- Bgl tataagatctttacttttcgaactgcecg 10

R1 gatggctccacgtggccccatcgcact
ggc

ST8S1a- Bqgl tataagatctcgtggccccatcgcecact 11

RZ ggc

ST8S1a-1IV Xbal tatatctagaatgcgctccattaggaa 12
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'l gag
ST8S1a-1IV BamHI tataggatccttacttttcgaactgeg 13
R1 gatggctccattgctttacacactttc
C
ST8S1a-1IV BamHI tataggatccttgctttacacactttc 14
R2 C

Restriction sites are 1n 1talic and strep-tag sequence 1n
bold.

(0126] Also, GN
version to prevent feedback 1nhibition. A point mutation on
the GNE gene (R“°°L, GNE®*™") was introduced in pSATI1-GNE
(Casti1lho A, et al., PLoS One 8(2013) :e548306) using the
QuikChange XL Site-directed Mutagenesis Kit (Strategene,
USA) and the primers GNE™F F/R (Table 1), according to manu-

L]

expression cassette was replaced by a mutated

B

R—1

facturer’s instructions. This pSATI1-GNE exXpression cas-

sette was assembled 1n pCeldd as Ascl-Ascl fragment replac-

1ng the existing one. Also, an expression cassette for

glufosinate ammonium resistance (Basta®) was transferred

into pG371 (Fig. 1, pGb371). For this, the Basta resistance

cassette was excised from pPZP-RCSZ-bar vector (GenBank

DO005454) as Ascl-Ascl fragment. Since the Ascl site was
already used to clone 1n the ST6 expression cassette 1n
pG371 (Castilho A, et al. PLoS One 8(2013) :e548306), one of
the sites was mutated as described above using the primers
AscI™'F/R (Table 1). Both Cel44 and Gb371 constructs were

transformed i1into Agrobacterium tumefaciens strain UIAl43.

[0127] Example 2: Binary vectors for transient expression of

sialyltransferases i1n N. benthamiana

[0128] c¢DNA from the human o2, 3-sialyltransferase (IMAGE clone

IRAD p970E0336D; Life sciences source bioscience, UK) was
PCR amplified with primer pair ST3 F1/R1 (Table 1) and di-

gested with Xbal/BamHI and cloned into the binary wvector
pPT2M (Strasser R, et al. Biochem J 387 (2005) :385-391) di-
gested the same way. cDNA sequences of two human pol-

vslialyltransferases ST8S1a- (IMAGE clone IRCMpb012E1Q027D)

and ST8S1a-1IV (IMAGE clone IRATp970A1079D) (both Life sci-




CcA 03040017 2015-04-10

WO 2018/069279 PCT/EP2017/075747
- 31 -

ences source bioscience, UK) were amplified with a C-

cerminal Strep -tag using primer palrs ST8Sia- F1/R1
and ST8Si1ia-1IV F1/R1 respectively (Table 1). Resulting PCR
products were digested with Xbal/Bgl (ST8S1a-11) or
Xbal/BamHI (ST8S1a-1IV) and cloned into pPT2M digested with
Xbal/Bgl or Xbal/BamHI. The resulting vectors pST3,

pST8S1a- and pST8S1a-1IV (Figs. 2 and 3) were transformed

into A. tumefaciens strain UIAl143.

[0129] Example 3: Plant material and plant transformation

[0130] Agrobacterium—-mediated leaf disc transformation of N.

benthamiana AXTFT was performed by a standard protocol
(Horsch RRB, et al. Science 227(1985):1229-1231). After se-
lection with Basta® (3 mg mL ") and Glyphosate (200 uM)

transgenic plantlets were screened by PCR for the genomic

H

insertion of the 6 mammallan genes. Positive plants were

propagated for homozygosity (AXTFT®'®). N. benthamiana AXTFT
and AXTFT&mjplants were grown in a growth chamber at 22°C
with a 16 h light/ 8 h dark photoperiod.

[0131] Example 4: Production of polysialylated glycoproteins
[0132] Material and Methods

[0133] Transient protein expression

10134] Agro—-infiltration experiments were carried using four-

H

to-five-week old plants. For modulation of the N-

glvcosylation profiles towards sialvylation or polysialyla-

tion, recombinant proteins were either expressed in AXTFT*®

or co-expressed 1in AXTFT with the necessary constructs (see
Kallolimath S et al. (PNAS 2010,
do1:10.1073/pnas.1604371113) . Agrobacteria were infiltrated

using optical density (ODgrp) 0.05-0.1. Protein expression

was monitored 3-5 days post infiltration.

[0135] Protein extraction and immunoblotting
(0136] Total soluble proteins were extracted in 1:2 w/v ex-
DTA, o500mM NaCl, 40 mM

7]

traction buffer (100 mM Tris, 1 mM

ascorbic acid). Total proteins were extracted the same way

H

fer containing 1 % v/v Triton X-100. Secreted
uid (IF)
as described previously. Proteins were fractionated in 8
or 12 s SDS—-PAGI

cei1ther stained with Coomassie Brilliant Blue or used for

1n extract bu:

e~ -

proteins were collected from the intracellular

L]

under reducing conditions and gels were
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1immunoblotting. Western blotting was carried out using an-

ti1-polySia antibodies (1:750 dilution anti-polysialic acid

mAb735) . Detection was performed using HRP-conjugated anti-

mouse—-1gG AZ2554, diluted 1:10,000 (Sigma Aldrich, St. Lou-

1s, Missouri, USA). Clarity™ Western enhanced chemilumines-

cence reagents from (Bio-Rad, Life Science, Hercules, Cali-

fornia, USA) were used as substrates.

[0137] Results

[0138] Various therapeutically 1nteresting proteins (see Fig.
4) were transiently expressed 1n Nicotiana benthamiliana

leaves together with the human sialyvation pathway and human

polysialyltransferases, ST8Sia- and ST8S1a-IV. Notably

reporters do not carry the FN1 domain carrying ST8S1a-

H

and ST8S1a-1IV docking motives or any Ifragments thereof.

Moreover, reporters do not carry any ST8Sia- or ST8-S1a-

IV 1interacting-regions from other known polysialylated mam-

malian proteins (like for example the MAM-domain from neu-
ropilin-2 (Bhide et al., JBC, 201lo, DOI
10.1074/9bc.M116.714329) .




WO 2018/069279

Claims:

CcA 03040017 2015-04-10

PCT/EP2017/075747

_33_

1. Plant or plant cell being capable to produce polysialylated

glycoproteins comprising at least one recombinant nucleic acid

sequence operably linked to a promoter,

acld sequence

transferase bi

tion site.

2. Plant or pl

sald recombinant nucleic

encoding for a polypeptide lacking a polysialyl-

H

nding motif and comprising at least one glycosyla-

ant cell according to claim 1, wherein the plant

or plant cell comprises at least one nucleic acid sequence en-

coding for at

least one polysialyltransferase operably linked to

at least one promoter.

3. Plant or pl

ant cell according to claim 2, wherein the at

least one polysialyltransferase 1s a eukarvyotic, preferably mam-

malian, more preferably human, polysialyltransferase or a bacte-

rial polysialyltransferase or a variant thereof.

4., Plant or pl

—

ant cell according to claim 2 or 3, wherein the at

least one polysialyvltransferase 1s a alphaZ, 8-

polysialyltransferase.

5. Plant or pl

wherein the at

the group cons

H

OL.

o. Plant or pl

—

ant cell according to any one of claims 2 to 4,

least one polysialyltransferase 1s selected

—

from

1sting of ST8S1a-II, ST8S1ia-1IV and variants there-

H

ant cell according to any one of claims 2 to 9,

—

whereina cytoplasmic transmembrane stem (CTS) region of the at

least one polysialyltrans:

CTS region, pr

/. Plant or pl
ologous CTS re
ID No. 15, SEQ
No. 19, SEQ ID
23 and SEQ ID

L]

eferably by a plant CTS region.

‘erase 1s replaced by a heterologous

ant cell according to claim o6, wherein the heter-

H

gion 18 selected from the group consisting o:
ID No. 1o, SEQ ID No. 17, SEQ ID No. 18, SEO

No. 20, SEQ ID No. 21, SEQ ID No. 22, S
No. 24.

L]

L]

L]

L]

Q 1D

SEO
1D
NoO.
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H

3. Plant or plant cell according to any one of claims 2 to 5,

—

wherein a cytoplasmic transmembrane stem (CTS) region of the at

least one polysialyltransferase 1s replaced by a signal peptide

sequence, preferably by a plant signal peptide sequence.

—

9. Plant or plant cell according to any one of claims 1 to 8§,

wherein the plant or plant cell comprises nucleic acid sequences

—

encoding for enzymes 1nvolved 1n the synthesis of a sialic acid

precursor operably linked to at least one promoter.

10. Plant or plant cell according to claim 9, wherein the sialic

acid precursor 1s N-acetylneuraminic acid (NeubAc), preferably

CMP-N-acetvylneuraminic acid (CMP-NeubAc), or N-

Glycolylneuraminic acid (NeubGc), preferably CMP-N-

Glycolylneuraminic acid (NeubGc).

H

11. Plant or plant cell according to any one of claims 1 to 10,

wherein the plant or plant cell comprises at least one nucleilc

acid sequence encoding for at least one enzyme 1nvolved 1in the

—

synthesis of a sialic acid precursor, wherein the enzymes are

H

preferably selected from the group consisting of UDP-GlcNAc 2Z2-

epimerase/N-acetylmannosamine kinase (GNE), N-acetylneuraminic

acid phosphate synthase (NANS), CMP-sialic acid synthetase

—

(CMAS) and variants thereof.

—

12. Plant or plant cell according to any one of claims 1 to 11,

wherein genes encoding beta 1,2-xvylosvltransferase (Xv1lT) and/or

core alpha 1,3-fucosvltransferase (FucT) and/or beta-

hexosaminidases (HEXOs) and/or beta 1,3-galactosyltransferases

(GALTs) and/or alpha 1,4-fucosvyltransferase occurring 1in the

plant or plant cell are mutated, silenced or 1nactivated to re-

duce theilr enzymatic activity within said plant or plant cell.

—

13. Plant or plant cell according to any one of claims 1 to 12,

wherein the plant or plant cell comprises nucleilic acid sequences

encoding for beta 1,4-galactosyltransfease (GalT), CMP-sialic

acid transporter (CST), alpha 2,6-sialvltransferase (ST), alpha
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2,3-s1alyltrans

at leas

one pr

L L

14.
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operably linked to

H

Plant or plant cell according to any one of claims 1 to 13,

wherein the plant or plant cell comprises a nucleic acid se-

quence encoding

a core alpha 1,

for at least one fucosvyltrans:

(FUTG) ,

o—fucosvyltransferase

erase,

preferably

operably linked to

at least one promoter and/or a core alpha 1,3-fucosyltransferase

operably linked

15.

to at least one promoter.

—

Plant or plant cell according to any one of claims 1 to 14,

wherein the plant or plant cell comprises a nucleic acid se-

quence encodilng
acetvlglucosami
acetvlglucosamai

acetvlglucosami

acetvlglucosaminyltransferase

least

one promo

16.

for at least one N-

or a beta 1,4-N-
or a beta,l,”2-N-

nyltransferase, preferably a beta 1, 6-N-
nyltransferase (GnTV)
nyltranstferase (GnTIV),

(GNnTII)

uer.

operably linked to at

H

Plant or plant cell according to any one of claims 1 to 15,

wherein the plant or plant cell comprises at least one nucleilc

acld sequence encoding

erably linked to a promoter.

17.

doglucosaminidase operably linked

N-acetvyvlglucosaminidase,

18.

wherein the polysialyltrans:

domain

cype

19.

whereiln

—

moti1f

20.

Plant or plant cell according to claim 160,

O a promo

1n particular

or a FN1 acidic patch, preferably a

c1de lacking a polysialyl

Plant or plant cell according to any one o:

cery 1s an endo-be

Endo T.

‘erase binding motif

for at least one endoglucosaminidase op-

wherein the en-

Ld—

—

Plant or plant cell according to any one of claims 1 to 17,

H

fibronectin
P.

18 a

—

motif.

]

L]

—

Plant or plant cell according to any one of claims 1 to 18,

che polypep
1s a glycoprotein.

cransferase binding

—

- claims 1 to 18,

wherein the glycosvylation site 1s a N-glycosylation site or a

mucin-type O-glycosylation site.
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H

21. Plant or plant cell according to any one of claims 1 to 20,

wherein the polypeptide lacking a polysialyltransferase binding

motif 1s selected from the group consisting of antibodies, pref-

—

and fragments thereof i1nclud-

L]

erably IgG, IgA, IgM, IgD and Idg!

1ng single chain antibodies (scFvs), heavy chain antibodies,

Fab-fragments, nanobodies and Fcabs.

—

22. Plant or plant cell according to any one of claims 1 to 21,

wherein the polypeptide lacking a polysialyltransferase binding

— —

motif 1s selected from the group consisting of antigen-binding

non-immunoglobulin proteins.

H

23. Plant or plant cell according to any one of claims 1 to 21,

wherein the polypeptide lacking a polysialyltransferase binding

H

domain 1s selected from the group consisting of ervythropoietin,

ol-Antitrypsin, transferrin, butyrylcholinesterase, granulocyte

colony-stimulating factor, DNAse 1, clotting factors, 1n partic-

ular factor VII, factor V , factor IX or von Willebrand fac-

tor, follicle-stimulating hormone, luteinizing hormone, thyroid-

stimulating hormone, 1nterferons, 1n particular interferon al-

pha, i1interferon beta or 1nterferon gamma, tumor necrosis factor-

alpha inhibitors, 1n particular etanercept, viral proteins, vi-

H

ral antigens, and fragments, mutants or variants thereof.

H

24, Plant or plant cell according to any one of claims 1 to 23,

wherein the polypeptide lacking a polysialyltransferase binding

domaln has been modified to 1ntroduce a glycosylation site.

25. Plant or plant cell according to claim 24, wherein the poly-

peptide lacking a polysialyltransferase binding domain 1s 1nsu-

1lin.

H

260. Plant or plant cell according to any one of claims 1 to 25,

—

wherein the plant 1s selected from the group consisting of the

genera Nicotiana, Arabidopsis, Lemna, Physcomitrella, Zea, Orvza,

Triticum, Pisum, Lotus, Taxus and Brassica or selected from the

H

group consisting of algae sa

H

"lower, alfalfa, lettuce, barley,

rapeseed, sovybean, sugar beet, sugar cane, potato, tomato, spin-
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ach, ginseng, gingko and carrots and the plant cell 1s derived

from said plants.

H

27. Plant or plant cell according to any one of claims 1 to 20,

—

wherein the plant 1s selected from the group of plant species

H

consisting of Nicotiana benthamiana, Nicotiana tabacum, Ara-

bidopsis thaliana, Lemna minor, Physcomitrella patens, Zea mays,
Oryza sativa, Triticum aestivum, Pisum sativum, Lotus japonicas,
Taxus cuspidate, and Brassica napus.

—

28. Plant or plant cell according to any one of claims 1 to 27,

H

wherein the plant cell 1s selected from the group consisting of

tobacco BY2 cells, carrot cells, medicago cells or rice cells.

—

29. Plant or plant cell according to any one of claims 1 to 28,

wherein the plant cell 1s a cambial meristematic cell.

H

30. Plant or plant cell according to any one of claims 1 to 29

wherein the plant cell 1s derived from Nicotiana benthamiana

leaves.

31. Method for producing a polysialylated polypeptide comprising

—

the step of cultivating a plant or plant cell according to any

H

one of claims 1 to 30.

32. Method according to claim 31, wherein the plant cell 1s cul-

tivated 1n suspension culture.

33. Method according to claim 31 or 32, whereilin the nucleic acid

sequences are 1ntroduced i1nto the plant or plant cell by agroin-

— —

filtration of the plant cell, plants or parts thereof including

leaves.

34. Polysialyvlated polypeptide obtainable by a method according

—

to any one of claims 31 to 33.

35. Polypeptide according to claim 34, wherein the polysialylat-

ed polypeptide comprises a polysialic acid chain comprising at
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least 2, preferably at least 4, more preferably at least 8, si-

alilc acid units.

30. Polypeptide according to claim 34 or 35, wherein the pol-

vslalylated polypeptide comprises a polysialic acid chain com-

prising 2 to 400, preferably 2 to 300, more preferably 2 to 250,

slialilc acid units.

—

37. Use of a plant or plant cell according to any one of claims

1 to 30 for producing a polysialylated polypeptide from a poly-

—

peptide lacking a polysialyltransferase binding motif and com-

prising at least one glycosylation site.
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Arabidopsis thaliana FUT11 CTS region (SEQ ID No: 15)
MGVFSNLRGPKIGLTHEELPVVANGSTSSSSSPSSFKRKVSTEFLPICVALYV
VIIEIGFLCRLDNAS

Arabidopsis thaliana FUT12 CTS region (SEQ ID No: 16)
MGVEFSNLRGPRAGATHDEEFPATNGSPSSSSOPSSS IKRKLSNLLPLCVALV
VIAETIGFLGRLDKVA

Arabidopsis thaliana FUT13 CTS region (SEQ ID No: 17)
MPMRYLNAMAALIMMFFTLLILSFTGILEFPSASTSMEHS IDPEPKLSDSTS
Arabidopsis thaliana XylT CTS region (SEQ ID No: 18)
MSKRNPKILKIFLYMLLLNSLELIIYEVEFHSSSEFSPEOSOPPHIYHVSVNNOS
ATQKPWPILPSYLPWTPPQRNLPTGSCEGYFGNGFTK

Arabidopsis thaliana GnT CTS region (SEQ ID No: 19)
MANLWKKORLRDTGLCRLGILFAVTLSIVLMLVSVPRTALNGSSIDDDLDGLDK
DLEAKLNASLLSVARGNRMSLR

Arabidopsis thaliana GALT1 CTS region (SEQ ID No: 20)
MKRFYGGLLVVSMCMELTVYRYVDLNTPVEKPYITAAASVVVITPNTTLPMEWLRITLPDE
Arabidopsis thaliana GALT3 CTS region (SEQ ID No: 21)
MRKOFMSVVREFKEFGEFTSVRMRDWSVGVS IMVLETLIFIIRYEOSDHTHTVDDSSIEGESVHE
PAKKPHFMTLEDLDY LESNKSFFGEEEVSNGMLVWSRMRPFLERPDALPETAQGLIEEA
Rattus norvegicus STo CTS region (SEQ ID No: 22)
MIHTNLKKKFSLEILVEFLLFAVICVWKKGSDYEALTLOAKEFOMPKSOEKVA

Homo sapiens STo CTS region (SEQ ID No: 23)
MIHTNLKKKEFSCCVLVELLFAVICVWKEKKKGSYYDSEFRLTKEFOVLKS LG

Homo sapiens ST3 CTS region (SEQ ID No: 24)
MVSKSRWKLLAMLALVLVVMVWYSISREDRYIRELEFYRFPIPEKKEPCLOGEAE

Fig. 6
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ST6-ST8SI1a-Il

(SEQ ID No. 25)

L]
o

MIHINLKKKESLELILVELLEFAVICVIWKKGSDYEALTLOARKEFOMPRKSOEKVAL!
ISEIEEETIGNSGGRGT IRSAVNSLHESKOSNRAEVVINGS S PAVVDRONES TKHNI

QPASSKWRHNQTLSLRIRKQILKEFLDAEKDISVLKGTLKPGDIIHY I FDRDSTMN
VOONLYELLPRTSPLKNKHEGTCAIVGNSGVLLNSGCGQE IDAHSEVIRCNLAPY
QEYARDVGLKTDLVTMNPSVIQORAFEDLVNATWREKLLORLHSLNGSILWI PAEFM
ARGGKERVEWVNELILKHHVNVRTAYPSLRLLHAVRGYWLTNKVHIKRPTTGLLM
YTLATRFCROIYLYGEFWPEFPLDONONPVRKYHYYDSLKYGYTSQASPHTMPLEEFKA
LKSLHEQGALKLTVGQCDGATWSHPQFEK

L]

L]

Fig. 7

ST6-ST8sia-1V
(SEQ ID No. 26)

MIHINLEKKKFSLELILVELLEAVICVWKKGSDYEALTLOAKEFOMPKSQOQKEKVALER
TEEHOETOLIGDGELSLSRSLVNSSDKI IRKAGOS TFOHNVEGWKINSSLVLE IR

KNILRFLDAERDVOVVKSSEFKPGDVIHYVLDRRRTLNISHDLHSLLPEVSPMKNR
REKTCAVVGNSGLLLDSECGKE IDSHNEFVIRCNLAPVVEFAADVGTKSDEFITMNP
SVVQOQRAFGGEFRNESDREKFVHRLSMLNDSVLWI PAFMVKGGEKHEVEWVNAL I LKN
KLKVRTAYPSLRLIHAVRGYWLTNKVPIKRPSTGLLMYTLATRFCDEIHLYGEWP
FPKDLNGKAVKYHYYDDLKYRYFSNASPHRMPLEFKTLNVLHNRGALKLTTGKCV
KOWSHPQFEKRK

Fig. 8
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Silgnal peptide sequences

Tobacco chitinase: MKTNLFLFLIFSLLLSLSSA:

EQ ID No. 27

L]

Arabidopsis alpha-glucosidase : MRSLLEVLSLICFEFCSQTALS
EQ ID No. 28

Barley alpha-amylase: NKHLSLSLEFLVLLGLSASLASG
EQ ID No. 29

N. plumbaginifolia calreticulin: MATQRRANPSSLHLITVFSLLVAVVSA
EQ ID No. 30

Fig. 17
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Fig. 8/14
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Fig. 12
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Fig. 9/14
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Fig. 13
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Fig. 10/14
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Fig. 15




CcA 03040017 2015-04-10

WO 2018/069279 PCT/EP2017/075747
11/14

Fig. 11/14

Secreted ST8Sia-Il (SEQ ID No. 31)

ll_Il— ---------------

------ =l S S-S Y e, f e oamw

MANKHLSLSLELVLLGLSASLASGDISEIEEEIGNSGGRGTIRSAVNSLHSKSNRAEVVI
NGSSSPAVVDRONES IKHNIQPASSKWRHNQTLSLRIRKQILKFLDAEKDISVLKGTLKP
GDIIHYIFDRDSTMNVSONLYELLPRTSPLKNKHEFGTCALIVGNSGVLLNSGCGQEIDAHS
FVIRCNLAPVOEYARDVGLKTDLVITMNPSVIQRAFEDLVNATWREKLLORLHSLNGS I LW
I PAFMARGGRKERVEWVNELILKHHVNVRTAY PSLRLLHAVRGYWLTNKVHIKRPTTGLLM

YTLATRFCRKOIYLYGFWPEFPLDONONPVKYHYYDSLKYGYTSQASAHTMPLEFKALKSLH
EQGALKLTVGQCDGATRS WSHPQFEK

Fig. 18

Secreted ST8Sia-1V (SEQ ID No. 32)

B I o RB
o Ju NoS m Nos { Act2 [! a-ami! ST8Sia>Strpa NOS  Jummm

MANKHLSLSLFELVLLGLSASLASGRTEEHQETOLIGDGELSLSRSLVNSSDKIIRKA
GOO LFOQHNVEGWKINSSLVLEIRKNILRELDAERDVSVVKSSFKPGDVIHYVLDRRR
TLNISHDLHSLLPEVSPMKNRREKTCAVVGNSGLILLDSECGKEIDSHNEVIRCNLAP
VVEFAADVGTKSDEITMNPSVVORAFGGEFRNESDREKFVHRLSMLNDSVLWI PAFMYV
KGGEKHVEWVNAL I LKNKLKVRTAYPSLRLIHAVRGYWLTNKVPIKRPSTGLLMYT L

ATRFCDEIHLYGFWPEFPKDLNGKAVKYHYYDDLKYRYFSNASPHRMPLEFKTLNVLH
NRGALKLTTGKCVKOGSWSHPQFEK

Fig. 19
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ST8Sia-Il (SEQ ID No. 33)

MOLOFRSWMLAALTLLVVFLIFADISEIEEEIGNSGGRGTIRSAVNSLHSKSNR
ABEVVINGSSSPAVVDRONESITKHNIQPASSKWRHNQTLOSLRIRKQILKEFLDAEK
DISVLKGTLKPGDIIHYIFDRDSTMNVOSONLYELLPRTSPLKNKHEGTCALVGN
SGVLLNSGCGQEIDAHSFVIRCNLAPVOEYARDVGLKTDLVTMNPSVIQRAFED
LVNATWREKLLORLHSLNGS ILWIPAFMARGGKERVEWVNELILKHHVNVRTAY
PSOLRLLHAVRGYWLTNKVHIKRPTTGLLMYTLATRFCRKQIYLYGEWPEFPLDONO
NPVKYHYYDSLKYGYTSQASAHTMPLEFKALKSLHEQGALKLTVGQCDGATRSW
SHPQFEK

L]

L]

Fig. 20

ST8Sia-IV (SEQ ID No. 34)

MROIRKRWITICTISLLLIFYKTKEIARTEEHOQETOLIGDGELSLSRSLVNSSDK
RKAGSSIFQHNVEGWKINSSLVLE IRKNILREFLDAERDVSVVKSSFKPGDV I
HYVLDRRRTLNISHDLHSLLPEVSPMKNRREKTCAVVGNSGLILLDSECGKE IDS
HNFVIRCNLAPVVEFAADVGTKSDE I TMNPSVVORAFGGFRNESDREKEFVHRLS
MLNDSVLWIPAFMVKGGEKHVEWVNALI LKNKLKVRTAYPSLRLIHAVRGYWLT
NKVPIKRPSTGLLMYTLATRFCDEIHLYGEWPFPKDLNGKAVKYHYYDDLKYRY
FSNASPHRMPLEFKTLNVLHNRGALKLTTGKCVKQGSWSHPQFEK

Fig. 21
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STePSTNmB
(SEQ ID No. 35)

LB R N RB
o ju Nos ' Nos 1 35S | ST6 | PSTNmB ¥ 97 e jm

MIHTNLRKRFSLFILVFLLFAVICVWKRKGSDYEALTLOAKEFOMPKSQERVALEWLTTSP
FYLTPPRNNLEVISNLGOQLNQVOSLIKIQKLTNNLLVILYTSONLKMPKLVHQSANKNLE
SIYLFELPROPNNITPKKLLY IYRSYKKILNIIQPAHLYMLOFTGHYSYLISIAKKKNI
ITTHLIDEGTGTYAPLLESEFSYHPTKLERYLIGNNLNIKGY IDHFDILEHVPFPEYAKKIEN
AKKYNREFFAHAGGLIS INNNIANLOKKYQISKNDY IFVSQRYPISDDLYYKSIVEILNSLS
LOIKGKIFIKLHPKEMGNNYVMSLELNMVEINPRLVVINEPPFLIEPLIYLTNPKGIIGL
ASSOLIYTPLLOSPSTOQCLSIGELIINLIQKYSMVENTEMIQEHLETI ITKKENEFINILNDLN
GVISNPLFRTEETEFETLLKSAEFAYKSKNYFOATFYWOQLASKNNITLLGHKALWYYNALY
NVKOIYRKMEYSDIEFYIDNISVDFHSKDKLTWEKIKHYYYSADNRIGRDR

Fig. 22

<]

L]

L]

STSPSTNmMB
(SEQ ID No. 36)

LB N N RB
o jum NoS |np||>4 Nos 1 35S ||ST8 PSTNm%; 97 i o

MRSIRRKRWTICTISLLLIFYKTKEIARTEEHQETQOQLIGDGELSLSRSLVNSGSWLTTS
PEYLTPPRNNLEVISNLGOLNOVOSLIKIQKLTNNLLVILYTSONLKMPKLVHQOSANK
NLEESIYLFELPRSPNNITPKKLLYIYRSYKKILNIIQPAHLYMLSFTGHYSYLISIA
KKKNITTHLIDEGTGTYAPLLESESYHPTKLERYLIGNNLNIKGY IDHEDILHVPEFPE
YAKKIEFNAKKYNRFFAHAGGLIS INNNIANLOKKYQISKNDY IFVOQRYPISDDLYYKS
IVEILNSISLOIKGKIFIKLHPKEMGNNYVMSLELNMVEINPRLVVINEPPFLIEPLL
YLTNPRKGLIGLASSSLIYTPLLOPSTQCLSIGELI INLIQOKYSMVENTEMIQEHLE
KKENFINILNDLNGVISNPLEFKTEETFETLLKSAEFAYKSKNYFOQATEFYWOLASKNNI

TLLGHKALWYYNALYNVKOQIYKMEYSDIFYIDNISVDEFHSKDKLTWEKIKHYYYSADN
RIGRDR

]

Fig. 23
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STeCstill

(SEQ

ID No. 37)

PCT/EP2017/075747

39S

ST6

MIHTNLKRKFSLFILVFLLFAVICVWKKGSDYEALTLOQAKEFOMPKSQEKVALEK

KV
QYYTLKHLI
K

DENAYFKEFHE

AGNGPSLKE
QNQ!

1

—

LAPNLNSNE
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