1 MEMBRANE COWVPRI SI NG CONSTI TUTI VELY OPEN AQUAPORI NS Technical Field The
present invention relates to a constitutively open aquaporin. Further, it 5
rel at es twoaomamissane conpri sing such an aquaporin and 2CTEP2@(fl/06156H
menbrane to purify water. The present invention also relates to a nethod of
converting aquaporins, to constitutivehy open aquaporins. Background
10Naturally occuring biol ogical nenbranes have only limted intrinsic water
perneability cells maintain the flux of water into and out of the cell via
a famly of water-specific, nmenbrane protein channels called aquaporins.
Menber s of the aquaporin famly are well known in literature, and found in

archea, eyRag §§ﬁﬁﬁr 5§b§ and pl ant s.
They serve an onls i ng §§$§§I rggkﬁﬁ§3|o oglca ‘%Pnc ions and are

easily identifled by sequence S|nllar|ty across all kingdons of life. In
hi gher eukaryotE@ﬂnﬁﬁMéﬁddransport activity of aquaporins is frequently

regul ated by PhERPALN BhLAfn RHAN] jQBTRIGHdYon AMBRRI NP ARLpL ants and

aninmal s are COI’]SGI’V forml ar ge pro Ies W f
nmenbers i ¢ %@Sgtﬁ@rm‘ﬁnlafﬁ%c%lfﬁﬁmﬂ%% BgUANQTIR #RE 1S ODRKE dPrfyaRe to

phyl ogeneﬁmﬁy@m&rymeprepé@ HveAGHRRIOS FdlicPo thethbMEf cahiviitie dqidPofink,ayr
subfam lies and their Fresence in primtive plants such as the bryophyte

Physconltgeppgmﬁﬁyéﬁgn HPPESS-t hat this specialization was al ready present
in an ancient plant-ancestor. There are 13 remarkably conserved plasna
menbr ane aquapoié%ljagga glfsna 25menbrane Intrinsic Proteins or PIPs) which
are all regulate hese further separate into two distinct

phyl obfenetic gr NetueallyRicparingnbio ogiea) membranes hggramheliingedrmtinsaneston t h

aguapor i ”ﬁerhi%ﬁﬁhﬂpcre@i% %1ﬁt5‘1nttﬂé3ﬂﬁx St bt Hl'%(?aﬂbﬁd‘tﬁ oIP ﬁf‘erbeﬁev%a% fa@ﬁiﬁz i
literature, e.g. , B2, US 2009/ 0007555 Al
water-spemﬁc rnernbrane proteln channels called aquaporins.

Members of the aquaporin family are well known in literature, and found in
archea, eubacteria and eukaryotes, including fungi, animals and plants. They serve an

15  astonishing variety of physiological functions and are easily identified by sequence
similarity across all kingdoms of life. In higher eukaryotes, water transport activity of
aquaporins is frequently regulated by phosphorylation, pH and osmolarity. Aquaporins
in plants and animals are highly conserved and form large protein families with 35
members in higher plants and 13 members in humans.

20 Based upon phylogenetic analyses, plant aquaporins are further divided into
four subfamilies and their presence in primitive plants such as the bryophyte
Physcomitrella patens implies that this specialization was already present in an ancient
plant-ancestor.

There are 13 remarkably conserved plasma membrane aquaporins (Plasma

25  membrane Intrinsic Proteins or PIPs) which are all regulated, and these further separate
into two distinct phylogenetic groups (PIP1 and PIP2).

Synthetic membranes with aquaporins incorporated in their structure have been
described in literature, e.g. in US 7,857,978 B2, US 2009/0007555 A1, and
EP 1 885 477 B1, as well as use of such membranes for purifying water.

30 However, the synthetic membranes are often not very effective, since the
natural limitations of aquaporins are also present in the synthetic membranes
comprising such aquaporins.

Hence, an improved membrane, device or use for purifying water would be
advantageous.
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EP 1 885 477 Bl, as well as use of such nenbranes for purifying water.
30However, the synthetic nenbranes are often not very effective, since the
nat ural |Iwoi20etG0e3s3 of aquaporins are al so present in tIReTEPAMINO61569
menbranes conpri sing such aquapori ns. Hence, an inproved nenbrane,
device or use for purifying water woul d be advantageous. 2 Sunmary
Accordingly, the present invention preferably seeks to mtigate, alleviate
or elimnate one or nore of the above-identified deficiencies in the art
and di sadvantages singly or in any conbination and solves at |east the
above nentioned probl ens by 5providing a device, a nethod and a use,
according to th&ﬁg&gﬂded patent cl ai ns. The general sol ution
according to the invention is to utilize constitutively open aquaporins in
a synthetic nendeepidingly, the prespatdayditiog prafergblyi seels ta spegateofllevigee ¢tnvent i on a
nenbrane gaARkicInRBr tdr@BSht bbb RbY i RRER fitichct @ HURE aAAHABRAIVANtaFePT OVi ded.
10The constitutively gggn Hi s-tagged 3qua orbn may have at Ieagt 90 % such
as at | ea¥PSlySr iygnygronyyeationdad saives Mt BIgyoart MOmiRaC Brolsmsby The
nmenbr ane pwyidignpdides, a neoinst drddut useedcgopgnothsaipRadgebaasisapans.n havi ng

am no acid sequence accordi.ng to SEQ I.D NO 2. 1n an.enbodinent, the
Squapor i of -t nEngEs Ll PadeRnificto s ivenifanssite i BRI Mo BlF dopsi
t hal i ana, aepommeyis a sPnijizac s@mbvancor Physcomitrel | a patens. The

aquaporin may c i [ 9 : as at | east
95, 97 or 99% §g%%1§ é&?ﬁ?ﬁ%ﬁ%&%ﬁ? %?@%@%ﬁé%ﬁ%ﬁof%gﬁgnp%%g& ID NO 4,
SEQ | D Nceonstitugrehy jopenbis-BeesERurppNgs POVIGED | D NO 8, SEQ ID NO 9, SEQ

I'D NQo 10, SEQ Tk dastithlivelPlon BidNabgcdlaquifsein iaNelivelad leaSES0 4Dsl¥@as14, SEQ
' D NO 15ét least 95, 97 or 99%, sequence homology with SEQ ID NO: 2.
The membrane may comprise a constitutively open His-tagged aquaporin
having amino acid sequence according to SEQ ID NO: 2.
In an embodiment, the aquaporin of the membrane originates from Spinacia
15 oleracea, Arabidopsis thaliana, Zea mays, Oryza sativa or Physcomitrella patens.
The aquaporin may comprise a sequence having at least 90 %, such as at least
95, 97 or 99%, sequence homology with any of SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID
NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: §, SEQ ID NO: 9, SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15,
20 SEQID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25,
SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, or SEQ ID NO: 30.
The aquaporin may comprise a C-terminal His-tag having at least 90 %, such
as at least 95, 97 or 99%, sequence homology with SEQ ID NO: 3.
25 In an embodiment, the aquaporin comprises the sequence according to SEQ ID
NO: 1, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: §,
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18,
SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23,
30  SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28,
SEQ ID NO: 29, or SEQ ID NO: 30, and a C-terminal His-tag having according to SEQ
ID NO: 3.
According to a second aspect of the invention, a device for purifying water is
provided. The device comprises an inlet connected to a first chamber, for receiving dirty

35  water, and an outlet connected to a second chamber for dispensing clean water, and a



20 SEQ ID NO 16, SEQID NO 17, SEQID NGO 18, SEQ ID NGO 19, SEQ ID NO
20, SEQ ID NO 21, SEQID NO 22, SEQID NO 23, SEQID NO 24, SEQ ID NO
25, SEQ I'RoN@m2/d@&357SEQ | D NO. 27, SEQ I D NO 28, SEQ | DPRODEP2@,1/061r53GEQ | D
NGO 30. The aquaporin may conprise a Ctermnal H s-tag having at
| east 90 % such as at |east 95, 97 or399% sequence honology with SEQ ID
NG 3. 25In an enbodi nent, the aquaporin conprises the sequence according
to SEQIDNO 1, SEQIDNO 4, SEQIDNO 5, SEQID NO 6, SEQID NO 7,
SEQID NO 8, SEQIDNGC 9, SEQID NO 10, SEQID NO 11, SEQID NG 12,
SEQ ID NO 13, SEQID NO 14, SEQID NGO 15, SEQ ID NGO 16, SEQ I D NO 17

£ |5 N BB fory L Be “%fﬂl%gniég%%ﬁ% (&R 5 oy
27, SEQ I@PR@; arpgigeSEPItmepiche Figst apd thoeer 80, and a Ctermnal

Hi s-tag having Ae&RaidhkR9a irdkRedt Bf h@ 1naent10n use of the@ﬁ@rﬁlil‘ah@gccb‘f&% gecond
aspect of q% i nventi o The

a devigce fo urifyin ter..i.s provide
devi ce coffsriTg&speghoy ‘i‘la%‘flcec%?ﬁﬂréié‘l tﬂtg%ge&m?‘i gsé’tegtc%rﬁ’ﬂgf yIng $RteF Bcei ving dirty
35 wat®r, pmndieém outl et connected to a second chanber for di spensi ng cl ean

wat er , and a 3 et e(rhpg ffc}'dr{?l Pectgf%nen&eoggﬁlﬁsj&? é rt%% rane accordi ng

to accordl ng to e asp ee rr it and the
second chewindranc accordlngmdr@rfdstrvgpmb mprt)mdc@t sasipecihoci)comlbmsmg]ﬂlerstqp@n use of

the ”e”br@f“gltrcﬁl% ﬁ’ig‘l'ﬁ‘ﬁ t%% ng&u Wgoflﬁtwﬁ‘l%ﬂ‘?scéon% gvéi%b&ne aﬁ&ﬁ% R0 the

second as uri I's 5provi Acco |ng to a
fourth as @ﬂuﬁormhﬁtolaﬂ@ﬁ?fla@% a method for producing a nenbrane according

to Ej hg first Hasm@lsresem RiveNticieshs tﬁé‘mit]dizaﬁﬁ bheekreRpH: dr%irtr‘tﬁ?ttlhﬁffér’é eps gf
producing. a Hi u orJ n nstiptutive en; an

i ncor por at°HgsEh ﬁg&f’ﬁ‘&ﬁ%ﬁ Y Wighpupn ﬁ@%ﬁ?lﬁﬁé{é SW%QEﬁﬁC t¥ention has
t he advantage over the prior art that it offers increased water

perneability w i}ﬁgf'%?&?ﬂﬁitohvﬁtﬂe Bfr;‘e%gjsng the water purification. Brief

Description of hese an t her aspects, features and
advant ages of whhash atlchethphwmts deatikss m&a@abtagemf wihich theanegnpiganent and

el uci gal gy L vb abhAWi NG SRR KA dRTAR 1R fo RIDAYI IRRItioRbI L he pr esent
i nvention, reference bei ng made to the accorrpanyl ng draw ngs, .in which Fig.

1is a gréphodimenisaf Hy RrescannNsHSoa: Wé@fﬁn@f cigdnigpiaths gompanying

drawings, in which

Fig. 1 is a graph according to an embodiment of the invention.

20 Description of embodiments

Several embodiments of the present invention will be described in more detail
below with reference to the accompanying drawings in order for those skilled in the art
to be able to carry out the invention. The invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set forth

25  herein. Rather, these embodiments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the invention to those skilled in the art.
The embodiments do not limit the invention, but the invention is only limited by the
appended patent claims. Furthermore, the terminology used in the detailed description
of the particular embodiments illustrated in the accompanying drawings is not intended
30  to be limiting of the invention.

The following description focuses on an embodiment of the present invention
applicable to a membrane comprising a constitutively open His-tagged aquaporin and in
particular to a membrane comprising a constitutively open His-tagged aquaporin
derived from Spinacia oleracea, SoPIP2;1 (SEQ ID NO: 1). However, it will be

35  appreciated that the invention is not limited to this application but may be applied to



20Descri ption of enbodi nents Several enbodi ments of the present
invention will be described in nore detail belowwth reference to the
acconpanywogotvawssngs i n order for those skilled in thePartEPe@1loelsabl e to
carry out the invention. The invention may, however, be enbodied in many
different forns and should not be construed as limted to the enbodi nents
set forth 25herein. Rather, these enbodi nents are provided so that this

di scl osure will be thorough and conplete, and will fully convey the scope
of the invention to those skilled in the art. The enbodi nents do not limt
the invention, but the invention is only limted by the appended patent

claims. Fyf f@S(h@Pn%l?s dta%%: atqﬁé;fqrﬂﬁ i dlggﬁﬁl ekﬂm{al@%gﬂﬁ%%k Qi e Sf%rhp&r' on of

the particula ustra In the ac I'ng ravmngs is not
i nt ended S0giBatHe ﬁrcvrm/diiaﬁgiomzsm@am\/@qtm@m ryza sativay iqun@me
descri pti ggrefocuses on an enbodi nent of the present invention appl icable to
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parti cul ar 0O a

aquaploTl nold&rcvey)eGorhredmcsmd;mizaﬁph@rt&e@aepoﬁe&’td% thglgéiE@bylﬂld\IO ﬁ) However,
it w ba cl at t hat. the. i nv n it to thi

appl | cat | ST BTG BT b e R SRHYS I HESfietic Rabdehiiaisfions

i ncl udi ngS¢ran léxmﬂmseirhaquapﬂrthmﬁ dmhldQ)meHIBfrhandtSeﬁZﬁﬂgn tia?t(i-mgnﬁma(bm

Ar abi dOPS#e'glotn*’(@J)r}s%R%d €S8 MB%ven, ShyY E@Tﬁq% g}{@ o‘?&h{&lﬁ%%#db@h% ﬁg@ﬁ ens.

C osure o ant aquaporin SoPl (? ( Spi naci a
50l eracea?Othfrﬁlﬁ’tf‘rSIai@ @mareédnm@smsusm gshest) atik@ddes-ed to be triggered by the

dephogphor yl at i pie w‘fa% &Weré@fréé@é‘d axﬁﬁp&Ma %Jolﬁa@of |ah ¥ dINhRSArigen I00p B
(conserve Si s Ps) and

Ser 274 .nﬁ'w}e@ Shepvh tﬁi fﬁ%ﬁ}O&ﬁl V(l&%wgw@al?%dsmtgearm 1@@9@%& Shift V‘T"hr in
one, of tbenatahpht foAsakradapsitis dadR3roteddgtit degaddisahaas eccaired dtignl this

consensusy RIORRIGENLSI LRGBS IO IR0 AL RYRIEX B SaRRERNT, Purl i o

aquapori ns of functi onal when
reconsti tnmewranmm‘rhﬁtf@ﬁn @ﬁmbtenhmpmégremlﬁw@mn stabl e for several

mont his and no pf&h%%' a}’édn%ngﬁ%ra%gé’sk 'tcPI&r%@éﬁ%r&i@s%{fﬂu?éjaﬂyﬁlh&%ﬁahécﬁlaﬁbﬁ@

Aquapori ns % econstituted Into artificial
menbr aneslS|0ﬁuq1 éOITfBP ﬁ?Yﬁ Om?%teéwaﬁégéﬁ%l lerbdonatmgiicangrabrapgsn PHii9ip8 have a
cont i NUOUfoRGRHAES] s‘oﬁrde@fsgﬁnl@dmnlbﬁl &prdatiog laeth dnd REiceRidl tootpapey i n s

(I;lrjlrjlc:‘ ?lcat &r %etly reléj[eallsopopms 0% aquap\o'\r’%s?r per meabl e bi om netic nenbranes.
Heterologous overexpression in the yeast Pichia pastoris has proven to be an
20  efficient method to circumvent these problems and the expression of the spinach
aquaporin SoPIP2;1 (SEQ ID NO: 1) was the first demonstration of the potential of this
system for membrane proteins (Karlsson et al. FEBS Lett 537, 68-72, 2003). The
aquaporin was cloned into the expression vector allowing the addition of a stretch of
histidines at the C-terminus of the protein, facilitating the purification of the
25  overexpressed aquaporin using a Ni-affinity column. This resulted in the first published
report of a heterologously overexpressed, purified, crystallized and structurally
characterized eukaryotic membrane protein (Kukulski et al. J Mol Biol 350. 611-616,
2005). The high yields of a characterized highly permeable aquaporin of plant origin
elected this protein as the best candidate for the development of the biomimetic
30 membranes.
SoPIP2;1 (SEQ ID NO: 1) belong to one of the best characterized classes of
aquaporins, the PIPs. In contrast to most aquaporins where the regulation of the
permeability remains to be explored, PIPs are known to be gated by phosphorylation of

serine amino acids causing the channel to open and by protonation of a histidine amino



fromnatural sources is limted by |ow expression |levels and difficulties
to separate closely related isoforns of aquaporins. Heterol ogous

over expr esoi2or/iomsrhe yeast Pichia pastoris has proven POTHEP2@N/02(339
efficient nethod to circunvent these problens and the expression of the
spi nach aquaporin SoPIP2;1 (SEQ ID NO .1) was the first denonstration of
the potential of this systen1for nenbrgne proteins (Karlsson et al. FEBS
Lett 537, 68-72, 2003). The aquaporin was cloned into the expression vector
allowing the addition of a stretch of histidines at the C-termnus of the
protein, facilitating the purification of the 25overexpressed aquaporin
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t h P R t al
at o © aPbrkBEfor s BAECE BRI ol Dt BURGRR A tn SOPHIEHES, ™O0506) and
recently reasanahlgdo axmt@lélﬁﬁMWgaiaél@n&mpmmgliyéms pphppfound.desienstthe ut ed i n
prot eol | p@&%&&hf%v@frtﬁ@mag%e@gomﬁz AGRED 1D NO1D) ind8bilfsor@PRhs Since all

of the am nqg_aci d residues
una fected both by changes in ph and Ca®' (Fig. 1). As can be scen in Fig. 1, the

samples at ImM Ca”', pH 7.5, pH 5.86, pH 7.01 and pH 6.07 lead to substantially the
25  same curve, which is higher than the control curve in all time points except 0. It seems
most likely that the C-terminal His-tag is converting SoPIP2;1 into a stable open
conformation, i.e. constitutively open, since the gated AtPIP2;1 and the protein used to
generate closed structure of SoPIP2;1 was lacking any His-tag whereas the open
structure of SoPIP2;1 was generated from SoPIP2;1 with a C-terminal His-tag.
30
Overexpression and purification of aquaporin
The SoPIP2;1 aquaporin was overexpressed and purified as described by
Karlsson et al. FEBS Lett 537, 68-72, 2003.
A P. pastoris expression kit, including vectors and host cells, was purchased
35  from Invitrogen. The pm28a cDNA (GenBank accession number L77969) was



20i nportant for the pH and Ca2' gating of PIPs are conserved also in SoPl P2;
1 it is reasonable to expect a simlar regulation. Surprisingly this was
not foundwoiznet@azs7t he perneability of the His-tagged SePTRZ2d11(0&8858 | D NO
2) in proteoliposones was unaffected both by changes in pH and Ca2+ (Fig.
1). As can be seen in Fig. 1, the sarrp%es at 1mM Ca2+, pH 7.5, pH 5.86, pH
7.01 and pH 6.07 lead to substantially the 25sanme curve, which is higher
than the control curve in all tine points except 0. It seens nost likely
that the Gtermnal His-tag is converting SoPIP2;1 into a stable open

conformation, i.e. constitutively open, since the gated AtPIP2;1 and the
protein u ng any
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shaking at) 6@1{&%@@%@1 Eﬁ'ﬁafﬂéﬁ"ﬁas‘f(%ﬂ §0 @ev(n?h aek! I%ta%§2§)i/prﬁem&1ﬁ$ﬁégatl on and
resuspended_in 1200 of f ered net hanol l{g&ex medi'um to gbtain an

0D600 15= @Q%Véew@ %@Wa@ﬁ%ﬁtwhwwwem%ﬁs peingaringuetips 18k ng at 225
rpm Addi ¢digRadre ﬁ&vé%d/w&enﬁem@ami aﬁwszaadeachnu@tdr&ﬁatcgbwre every 24 h to

ets Weret awed and resuspende 1n aking buffer sodium i
Ea;zéals?olrggugz The fl \ge % harve%t bPé en% tlf u(gstml\gi g.fter 72-120

phosphate buffer pH 7.5, 5% glycerol). The cells were disrupted by three passages

20  through a French pressure cell at 16 000 psi and lysates were clarified by centrifugation
at 3000 rpm for 30 min. Membranes were collected by centrifugation at 200 000xg for
120 min at 4°C, resuspended in breaking buffer and stored at -80°C. Between 400 and
500 mg of crude membrane protein per liter of cell culture, or about 13 mg/g of cells,
was routinely obtained. Peripheral membrane proteins and proteins adhering to the

25  membranes were removed by urea/alkali treatment (such as described in Fotiadis, D
Jeno, P., Mini, T., Wirtz, S., Miiller, S.A., Fraysse, L., Kjellbom, P. and Engel, A.
(2001) J. Biol. Chem. 276, 1707- 1714). The stripped membranes were resuspended in
20 mM HEPES-NaOH, pH 7.8, 50 mM NaCl, 10% glycerol, 2 mM L-mercaptoethanol
(buffer A) at a protein concentration of about 10 mg/ml and stored frozen at -80°C until

30  further use.

Stripped membranes containing 20 mg of protein were diluted to a protein
concentration of 2 mg/ml and solubilized in 3% octyl-f-p-thioglucopyranoside (OTG)
by dropwise addition from a stock solution of 10% OTG in buffer A. After 30 min at
room temperature, unsolubilized material was pelleted at 160 000xg for 30 min.

35  Solubilized protein was mixed for 2 h at 4°C with 2 ml of Ni-NTA agarose slurry



Cell pellets were thawed and resuspended in breaking buffer (50 nmM sodi um
phosphate buffer, pH 7.5, 5%glycerol). The cells were disrupted by three
passages WOthrowgis7a French pressure cell at 16 000 psi PamEPRYyIIAGEB39 wer e
clarified by centrifugation at 3000 rpmfor 30 min. Menbranes were

coll ected by centrifugation at 200 000xg for 120 mn at 4C, resuspended in
breaki ng buffer and stored at -80C. Between 400 and 500 ng of crude
menbrane protein per liter of cell culture, or about 13 ng/g of cells, was
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types of industrial membranes for water filtration are being explored. In this, the nature
may be used as a model for the development of a novel nanobiotechnological water
membrane technology. Pilot membrane systems may be developed for three
25  applications: A water purification application, an ocean energy application (salinity
gradient energy) and an application for industrial wastewater reclamation and reuse.
As will be appreciated by a person skilled in the art, any kind of membrane
suitable for purifying water, such as comprising a biological membrane, lipid membrane
etc. with incorporated aquaporins, such as disclosed in US 7,857,978 B2, US
30 2009/0007555 A1, EP 1 885 477 B1, or Helix Nielsen, Anal Bioanal Chem (2009)
395:697-718, may be used to incorporate a constitutively open His-tagged aquaporin
according to embodiments of the invention.
Thus, according to an embodiment, a method for producing a membrane

according to embodiments of the invention is provided, said method comprising the
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20 Thus, according to an embodiment a constitutively open His-tagged aquaporin
having at least 90 %, such as at least 95, 97 or 99%, sequence homology with SEQ ID
NO: 2 is provided.

Another embodiment relates to a constitutively open aquaporin having amino
acid sequence according to SEQ ID NO: 2.

25 As described above, the plant aquaporin AtTIP2;1 have been overexpressed
and purified in high yields. AtTIP2;1 was shown to be an active water channel when
reconstituted in proteo-liposomes. AtTIP2;1 is most likely a constitutively open isoform
according to measurements in proteoliposomes.

Aquaporins from Zea mays, Oryza sativa or Physcomitrella patens may also be

30  useful for the purpose of the invention.

As discussed above, there are 13 remarkably conserved plasma membrane
aquaporins (Plasma membrane Intrinsic Proteins or PIPs) which are all regulated. These
may further be separated into two distinct phylogenetic groups (PIP1 and PIP2).

According to a non-limiting theory of the inventors, the constitutively open

35  conformation of aquaporin is achieved when the C-terminal His-tag prevents interaction



having at |east 90 % such as at |east 95, 97 or 99% sequence honol ogy
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ID NO 2. 25As described above, the plant aquaporin AtTlIP2;1 have been
overexpressed and purified in high yields. AtTIP2;1 was shown to be an
active water channel when reconstituted in proteo-liposones. AtTIP2;1 is
nost likely a constitutively open isoformaccording to neasurenents in
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Another embodiment relates to a membrane comprising a constitutively open

aquaporin as disclosed herein.

According to an embodiment, sequence homology, i.e. sequence identity, is

intended to mean the alignment sequence homology obtained by use of the BLAST-
20  algorithm using default settings.

Although the present invention has been described above with reference to
specific embodiments, it is not intended to be limited to the specific form set forth
herein. Rather, the invention is limited only by the accompanying claims and, other
embodiments than the specific above are equally possible within the scope of these

25  appended claims.

In an embodiment, the membrane according to embodiments of the invention is
incorporated into a device for purifying water. Said device comprises an inlet connected
to a first chamber, for receiving dirty water, and an outlet connected to a second
chamber for dispensing clean water. A water purifying membrane, comprising the

30  membrane according to embodiments of the invention, is arranged in between the first
and the second chamber, so that water may pass from the first to the second chamber.
The properties of the water purifying membrane and the membrane will be easily
appreciated by a person skilled in the art, such as in view of US 7,857,978 B2, US
2009/0007555 A1, EP 1 885 477 B1, or Helix Nielsen, Anal Bioanal Chem (2009)

35  395:697-718.
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i nventi on has been described above with reference to specific enbodi nents,
it is not intended to be limted to thlb specific formset forth herein.
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15clains in any way. 11 C ains 1. A nenbrane for water purification
conprising a constitutively open Hi s-tagged aquaporin. 5 2. The
menbr ane wocordiomsf7t o cl aim 1, wherein the constitutivelPgTmpPen1lobes3e agged
aquaporin has at least 90 % such as at |east 95, 97 or 99% sequence
honol ogy with SEQ ID NGO 2. 103. The nPlnlbr ane according to claiml1,
conprising a constitutively open Hi s-tagged aquaporin having amno acid
sequence according to SEQ ID NGO 2. 4. The menbrane according to
claim11l, wherein the aquaporin originates from Spinacia ol eracea,

Ar abi dopsi s thaliana, Zea mays, Oryza sativa or 15Physcomtrella patens.

5. The rrenbranecﬂﬁlgl?rdi ng to claim4, wherein the aquaporin conprises a
sequence having at lTeast 90 % such as at |east 95, 97 or 99% sequence
honol ogy with any of SEQID NO 1, SEQID NO 4, SEQID NO 5, SEQ ID NO
6, SEQ ID NG 7). 20ASE@bEhd\Ner witer pERXiELHONCGonPris EQ dobsthdivclPopcaba@sl D NO.
11, SEQID NO 12, SEQID NO 13, SEQID NG 14, SEQ ID NO 15, SEQ ID NG
16, SEQ Ingﬁaqil?PorSEQ ID NO 18, SEQ ID NGO 19, SEQ ID NO 20, SEQ ID NG
21, SEQ ID NO 22, SEQID NGO 23, SEQID NO 24, SEQID NO 25, SEQ ID NO
26, SEQ ID NO 27, SEQ LD NO. 28, ..SEO |.D NO 29 . SEQ.| r 30,25

6. The rrenbraneg‘acc@}ec?in ﬁré[%b]{ageg %?’r%lfl E¢ gﬁl%wwgﬁelgﬁﬁ%?on%%@g?wgop ﬁ%Hésduapori n
conpr i sestaggdd aquponmahaskdt ast) Yoasichgs at lchse 851 90@ 0. sagienas hamologast 95,
97 or 99(V%itﬁ§ﬁéfﬂfﬁld’9@' ogy with SEQ ID NO 3. 307. The menbrane accordi ng
to claimd4, erein the aquaporin conprises the sequence according to SEQ
IDNO 1, SEQIDNO 4, SEQIDNO 5 SEQIDNO 6, SEQID NO 7, SEQID

NO 810 SEQ I D N  I9ThsSE&nbianNetcotding &F&hinb1 N@'r\lnglribin SELnkfRutlly bgen SEQ | D
NO 13, Sﬁng%(Og. 14, . SEQ.1 D NO %‘%, SEQ I D 15’8@5%:%%% 17, SEQ ID
NO 18, SEOPEEHEIUIRPIISERESRNEL 2 ,S%ffg“f RIS iD NO 22, SEQ
ID NGO 23, SEQID NO 24, SEQ ID NO 25, SEQ ID NO 26,
4. The membrane according to claim 1, wherein the aquaporin originates
from Spinacia oleracea, Arabidopsis thaliana, Zea mays, Oryza sativa or

15 Physcomitrella patens.

5. The membrane according to claim 4, wherein the aquaporin comprises a
sequence having at least 90 %, such as at least 95, 97 or 99%, sequence homology with
any of SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7,

20 SEQIDNO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12,

SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17,
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27,
SEQ ID NO: 28, SEQ ID NO: 29, or SEQ ID NO: 30.

25
6.  The membrane according to any of claims 1, 4 or 5, wherein the
aquaporin comprises a C-terminal His-tag having at least 90 %, such as at least 95, 97
or 99%, sequence homology with SEQ ID NO: 3.
30 7. The membrane according to claim 4, wherein the aquaporin comprises

the sequence according to SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO:
6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11,
SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16,
SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21,
35 SEQIDNO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26,



12 SEQ ID NO 27, SEQID NO 28, SEQID NO 29, or SEQID NO 30, and a
C-termnal Hi s-tag having according to SEQ ID NO 3. 8. A device for
puri fyi ngveabey004350npri sing an inlet connected to a fireCTHPh@M0Ers39 f Or
receiving dirty water, and an outlet connected to a second chanber for

di spensing cl ean water, and a water p rj' fying nenbrane, conprising the
menbr ane according to any of clains 1to 7, arranged in between the first
and the second chanber. 9. Use of the nenbrane, according to any one of the
claims 1 to 7, or a 10device according to claim8, for purifying water.

10. A method for producing a nenbrane according to any of clains 1 to 7,

conprisi ”QEQ{]? Iggg%ﬁ Po 1 NOACDS B ﬁbSZé,?ﬁg%g%ﬂﬂW%bi fhg dLCh 1S

constitutivel ; - i ncorporatin uaporin’into a nenbrane.
11. A et tsoaingf Hpoteg hgying ageerding éo Qil@ilﬁéiﬁ-he steps of: providing a
menbrane according to any of the clains 1 to 7; and passing water to be

purified over sgid RREDLARS JubifAhg¥atd CoMpRNingenAHlct Edflce@ VR Bfst
5  chamber, for receiving dirty water, and an outlet connected to a second chamber for
dispensing clean water, and a water purifying membrane, comprising the membrane

according to any of claims 1 to 7, arranged in between the first and the second chamber.

9. Use of the membrane, according to any one of the claims 1 to 7, or a

10 device according to claim 8, for purifying water.

10. A method for producing a membrane according to any of claims 1 to 7,
comprising the steps of:
- producing a His-tagged aquaporin, which is constitutively open; and

15 - incorporating the aquaporin into a membrane.

11. A method of purifying water comprising the steps of:
- providing a membrane according to any of the claims 1 to 7; and
- passing water to be purified over said membrane in order to provide purified

20 water.



