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Abstract

The complete 3' UTR sequence encoded by the human aquaporin-1 gene is reported. The sequence encompassed by two cDNA clones
showed, 33 nucleotides of 5’ UTR sequence, a coding sequence of 807 nucleotides and 1886 nucleotides corresponding to the complete 3’
UTR sequence. High similarity with 3’ UTR sequences from rat and mouse counterparts was found. Northern blot analysis of several
human tissues revealed a 2.8 kbp transcript. These data confirm the existence of water channels in the human retinal pigment epithelium.
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The transport of water across the plasma membrane of
living cells may occur by simple diffusion through the
lipid bilayer or by regulation of the membrane permeabil-
ity. The description of a new family of proteins involved in
the active movement of water through aqueous pores
known as water channels (reviewed in Ref. [1]), and most
recently referred to as aquaporins [2]; has given insight
into the molecular mechanisms of water transport. At least
five members of this family have been described currently.
The channel-forming integral protein (CHIP) initially de-
scribed in erythrocytes and renal tubules [3] and function-
ally defined as a water channel by expression in Xenopus
oocytes [4] was the first established aquaporin (AQP-1).
Subsequently, a water channel localized in the apical mem-
brane of kidney collecting ducts (WCH-CD), whose activ-
ity is regulated by vasopressin and has only 42% amino-
acid sequence identity with AQP-1, was defined as the
second aquaporin (AQP-2) [5]. The third aquaporin (AQP-
3) is mainly expressed in the basolateral membrane of
kidney collecting ducts and is differentiated from the
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previous ones by its ability to also transport nonionic
molecules such as glycerol and urea [6,7). A mercurial-in-
sensitive water channel (MIWC) initially described in lung
[8], also highly expressed in brain and defined as the
hypothalamic osmoreceptor and regulator of vasopressin
secretion is recognized as the fourth aquaporin (AQP-4)
[9]. Finally, a water channel implicated in the generation of
saliva, tears and pulmonary secretions constitutes the fifth
aquaporin member (AQP-5) [10]. Among all of them,
AQP-1 seems to be the protein most frequently found in
polarized epithelia with high water permeability. In the eye
for example, AQP-1 has been immunolocalized among
other tissues in ciliary body, lens epithelium and corneal
endothelium [11,12]. As pointed out by Stamer et al. [12],
these tissues are also known to express Na,K-ATPase, an
integral membrane protein essential for the active fluid
movement across transport epithelia in the eye.

Since this association is also observed in the choroid
plexus epithelium, a brain tissue in which the AQP-1 and
Na,K-ATPase are apically localized [11,13]. We decide to
search for AQP-1 in the retinal pigment epithelium (RPE),
a highly polarized monolayer in the eye, where the Na,K-
ATPase is also apically expressed and where all of the
subunit sequences of this protein have been recently ana-
lyzed [14-16]. Because immunohistochemical studies have
failed to demonstrate the presence of AQP-1 in RPE, we
have undertaken this issue at the molecular level.
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In this study, we describe the molecular characterization
of AQP-1 cDNA clones from human RPE (hRPE) and
report the entire 3’ untranslated region (UTR) sequence
encoded by this gene. To that end, we extracted poly(A)™
RNA from hRPE cells and obtained an RT-PCR fragment
of 680 bp corresponding to position 10-689 of the coding
sequence of AQP-1[17]. The 680 bp fragment was used as
a probe for screening a cDNA library which was primed
with oligo(dT) and constructed in the UNI-ZAP XR vector
(Stratagene) by using poly(A)™ RNA from cultured fetal
hRPE cells obtained from abortuses of 15-24 weeks gesta-
tion. Positive cDNA clones were further sequenced with
the dideoxy chain termination method by using the Seque-
nase 2.0 system (USB). Seven positive clones out of
2.5 - 10° plaques were isolated. Four of these clones had a
1.7 kbp insert while in three the insert was 2.3 kbp. As
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illustrated in Panel A of Fig. 1, both 2.3 and 1.7 kbp
c¢DNAs were overlapping with respect to the published
AQP-1 sequence [17,18]. The sequence encompassed by
these two clones contained 33 nucleotides of 5" UTR, 807
nucleotides of coding sequence encoding a polypeptide of
269 residues and 1886 nucleotides for the entire 3 UTR
sequence. The coding sequence and 5 UTR of AQP-I
from hRPE was identical to that previously described for
human bone marrow and kidney [17,18). The 1886 nu-
cleotides of 3' UTR contained in the 2.3 kbp clone is
displayed in Fig. 1, Panel B. The sequence indicated in
capital letters, represents a segment of 1129 bp which links
the flanking sequences previously reported [17]. Except for
an unpublished fragment of 413 bp from human brain
(accession # R20024), no clones matching this sequence
were found after searching the GenBank.
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Fig. 1. Analysis of the haman AQP-I cDNAs. (A) Schematic representation of the AQP-CHIP clones from human bone marrow and kidney [17,18] and
mapping of the 2.3 and 1.7 kbp cDNAs from hRPE. Hatched boxes represent coding sequence, whereas (a)n represents the poly(A) tail. (B) Complete
nucleotide sequence of the 3 UTR of AQP-I from hRPE. The new sequence (capital letters) links the flanking sequences previously reported [17). The
polyadenylation signal (underlined) and sequence indicated in boldface at the 3 end, are represented as solid black boxes in panel A.



Biophysica Acta 1282 (1996) 174178

A. Ruiz, D. Bok / Biochimica et

176

JyFu oY) wo paRaIpuUl a1k dsuanbas urwny Y} 10§ suonisod IpHo[ONN uawudipe szruixew o) pajelodsoour srom sayse(
“Amuopt wasardar sysuaisy ¢ Kijeuad ded ‘of (1500 del yun ‘gf 32is mopuim s3upos suivied Suimo]|o] AUl Yyum (SI12UIDI]ISIUT) weidoid FNIDO 2up Ul papnjour juawudife wo:usvom o_m_:w:E _wgm.M—U
uE. Sursn pazA[eue atom [02] () s1se[qoIqy asnow pue [61] () uiviq 181 (H) 9ddy woy saouanbas apnoaonN “satoads jeiasas woly sudd [-4Jy Y Aq papodus soouanbas WY1 £ Ay jo usuwudny g 3id
...........................................................
D1OOVVLALIOVOLYYOVOOVYYIVYYVOVYIOOIVILOLY ~DLLLVYOLLYYODLLIOLLLOLVIOL--o101 A

_ DLOOYYIOLLOVOLVYIVOOVVVIVYYYOVYIOOLYIIOIYOOLIVYDOLIVYIOLLIOLLIOLYIOL--O10- ¥
€692 DLOOVYLOLLOVOLYYVYOOVYYI YYVYOVYLLOLVIVILVOLLLYYODLLOVOOLLLOLOLOLVIVIVIOLOL  H

ccccccccccccccccccccccccccccccccccccccccccccccc

49 o8 5 @ ey ses
110001019010 YIVIDLIDVI-VIALY.LYIDNL SDOVODVYILOY % BELE S8 888 a%e 3% ISENIIINES HENE  SYNEYS
1IVOD1DL1OIOVIYIDLINI-YLIVIVIOOL - - oV ug‘5408§3§§ ~LLYOVYIODYOVDOOVVALOLLYD~ SOYVLLIDIDLILOVIOVIILOODLOY u
VLT LIVIDIOLLILILOVIOVIDLILYIVILYIALOVIOVIL LOVYLLIODT OV IV DOVID- - DDOVOVOIVYOVIILYIONYI -0 mkﬁ<<u<< <u<uu0<u<§80<<88&2. ...... L L L oD

ccccccccccccccccc

YYIIVIIILVYVIALLYIILLVLLODALILOLYIVLLLYODLLIDOOVILIOVIL- ~ IYODLOVOVILOLI VOV - --~ ¥
§61Z DYIOVIILLYVOLLIODLOVYIVOVIOLY LOLLVIDLOD- - OVYOLLLIVOLYIOVIL Y OY DY O LLOVO Y OOVYIIIONIOLLOYIVLOOVIOOVOLYYLIOVOLLIOOYILOOVOYODIOVIALIIVOLLYIDLILIDIILIDOYIOY H

ccccc

kU.MU(MYnic'QG s hdd s » . B985 98 & o s s 25 & 5 & (2] L3 28 5 S003 35 » . e sse L I ) . . sse sas X

E(‘E<§§§2§F¥§§‘Uhl =¥ILLOVILIOIOLYDOLLIODDVYOVIVIOOALIDLVYIOISHL YOVIVODLIDOVIVOVYIDLVIDDVIOOYIIVYOVIVIOYILOLILYD

ZE61 ~L0LL D00 Do e <§§§é§ll§§§§U§§¢l§g§§§g§<u<0<g§ui§§2<u y
=000~~~ LOJLLIOIDL YOV~ - =DOVODLYIOD0-¥ILODVIDLYIALIDIVIVVYINIVIONILDw =« = e m e e o DOVYYIO0OTEOLILOL -~ DDOVOLLOVOOVD -~ YYVILY-LLIOLVIOLOOLD- Ol VL H

-----

5 & ses8s sesas ® ssabs ssssNEsEsNS s ser ¥ N33 N335 0 SNE & UUS GIAV S KRGV B WY & 2085 9% 54 S389 s e
- VALV ALIYILIDDIVILIOLOLIOOLOLLY Y DDLLOOVOVYLILOVILIVYDLLY 300 - LIV OOVIILIOVALIVOLIL O8], - LLISOOLLLLOVVIO- DDDLODVYDOVIVODOVILLIIVODOY  H
22¥ILVILOVILIDDIVALIALVLIODLLLLYY ODLIOIVOVY LOLO VAL OV LI -3 - LODIVIOVIILIOVLLIVILILIOL - LI~ LILIOVLL. SOOLOYVODYIVODOVALLLIOVOOOY ¥
L6ET SLOOVILOVILIDAOIVALYLY LI DO LOOL VY ODLL IO VLA LINL IVIDOLI203D YALIDIIDVVIIOLIDLLI~ DL ALLOVALLINLIALLLIO YV OO D000V DD LIVIDLODYDOVIODL YOVOVYOODIDVIOLLINLOOL H

cccccccccccc

. "800 sas ’ SesvesIVIIININYF @ %9 BISBLUIISGIBIN 4 B B8 S U U b U SUD BIANNS % 303335000 5% SEES [ Y3
VYOOLILVALLIOVIDOY - = wmm A2 ALLIAIIIOIVIDIOVOLLLIOAL ALLLIDGLAL Y YOO LILL YO0 DI IOVILIO VI~ D0 LIYYIOVI DI ALITVYYIILIVIL - IDI0DLOVYOOVIIDLOL - ~ - =~ = ===~ = O¥ W
Y¥OIDIDVILIOVIIOY - v = m = OOV LIIOLIOI0DL YOI YOLLLLIDL AL VAL AL YOO DLILLYDOOIOIDLI0YLLID VIO~ SV OVONYIONDIDDLLOVYYIOLIVILOO IO IOV YOV LIBLOL= =« == = = m == = D¥ ¥
$1T1 Y¥IO0ISLIOOVO L YOV YLIOLLLLILLI LI 00~ ¥ ODIALLIOIALOLLLIDLIYY L OO DV LLY DI IDLOVYInIDLIOYILIVO-~ 0VOLIBLLOVYYIIDI A3 LIDIIITLOVYVOVIOOLOLOOVODDIVOLVOOY  H

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

VILIOOILILLON, OVONDOLYIL VVOLYLLLVOVYOOVIDDOIOOLLIOVOVILILODLIIILALILL - = LOLLLILOLIOVILVL - ¥V IIVOODOOLIL
DYILIOOILALLIY. OVODVDOLYIL VLIDYOVYIDODO9DLIILLIDOVIVILILIDLIOLLLOLILE - = LLLLDLO- JOVOLYL- VYIOVODDDDLOL
01T 2VALIIOI-DOLIY, DLODYODVODLILLOYYOLLOOOLOYIOD- VOLLYVIOVLLL YOV IIVOOOALINLLIDOVOVILI DDA OLILLLALILLIAL - LIJIOLVIILLLOLID D ODL
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
ALLIOOVIOLIAL OLOYILIVYYID - YALIDYYIVILILOVY LOLIVIV-ILYVYSODDOVIDODVIIDINDIDIDDDLYODINIDDIDALDIDODL LALVIDODLODODLLIDDIVIOVIV.
ALLIIDVIDLOALVIVISILOLIDALII VO VYIIIDLI VILIVY YOO~ VOLIOVYIVALILIVIVOV LY LLVIV - DLIVYOLIDDO VOOV IDOVIDODOOLY DOV IODOALIDIDALY LY~ = DILYIDIDIIIODLLIDIVIDVOY

- YOVl
1§56 LOLODOVYILDALYIDLIOVINIOALILYDVYIIILIIVILIVYYIIDISLIOVYIVOLILIVIVIVLOLIN IO ALYV YL OO0V 900DV IOV DD 0D IDD0DVIDIONIDDODOVIOOVIILYIONIDIDIALILIDOOVYIYL



A. Ruiz, D. Bok / Biochimica et Biophysica Acta 1282 (1996) 174-178 177

A peculiarity in these two clones was the fact that clone
1.7 showed a shorter 3’ UTR, than the 2.3 clone. However,
they conserved the same AAUAAA polyadenylation signal
and 3’ end sequence (Panel B, sequence in boldface) as in
the published AQP-1 (Panel A, solid black boxes). In
order to analyze this finding, we performed RT-PCR ex-
periments using poly(A)" RNA from hRPE and a set of
primers which spanned the region between 1302 and the 3'
end. The idea was to generate two possible fragments of
different size, to account for messages with a long and a
short 3' UTR, respectively. Only the fragment correspond-
ing to the large 3’ UTR was amplified (data not shown).
Therefore, this observation could be the result of a com-
plex secondary structure in this region of the AQP-1 RNA
messenger.

Alignment of 3 UTR sequences of AQP-I from rat
brain [19], mouse fibroblasts [20] and hRPE showed a high
nucleotide similarity (Fig. 2). The conservation of the 3’
UTR from these species may have important implications
for the mRNA distribution and expression of the active
protein. Interestingly, a large region of 118 nucleotides
(from 2004 to 2120) was unique to the human sequence. A
region which could be used as a human specific probe in
future in situ hybridization assays.

Northern blot analysis was performed to determine
relative abundance and tissue distribution (Fig. 3). 1 pg of
poly(A)* RNA from hRPE was electrophoresed in a 1.2%
agarose-formaldehyde gel and blotted onto a nylon mem-
brane. A filter membrane containing 2 pg of poly(A)*
RNA from several human tissues (Clontech cat. # 7760-1)
was also included in the analysis. These filters were hy-
bridized with the 2.3 kbp ¢DNA labeled with [a- 2pldCTP
by Nick translation. A 2.8 kbp transcript was detected in
hRPE mRNA in close agreement with the 2728 bp spanned
by our cDNA clones (panel A). A transcript with the same
size was also found in heart, lung, skeletal muscle, kidney
and pancreas (panel B). After longer exposure of samples
in panel B, weak bands were also detected in brain,
placenta and liver mRNAs (panel C). The same results
were obtained when the filters were probed with the 1.7
kbp cDNA clone. Interestingly, no transcripts other than
2.8 kbp were detected in skeletal muscie and lung mRNAs
unlike the ones found in total RNA from the same tissues
in rat [18].

Recently, using polyclonal anti-AQP-1 antibodies kindly
provided by Dr. Peter Agre at Johns Hopkins University
we have been able to detect a 27.5 kDa band by Western
blot analysis of hRPE cells. This molecular mass is typical
of the AQP-1 protein (data not shown). Our current experi-
ments on protein localization will resolve the question
whether this protein is apically localized like the Na,K-
ATPase. If this is the case, it is tempting to hypothesize
that other undiscovered Aquaporins could be responsible
for the promotion of water transport across these cells.

Recently, the AQP-1 gene has been suggested as a
potential candidate for Dominant Cystoid Macular Dystro-
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Fig. 3. Northem blot analysis of AQP-I mRNA in human tissues. (A) 1
pg of poly(A)* RNA from hRPE cells, and (B) 2 pg of poly(A)* RNA
from heart (1), brain (2), placenta (3), lung (4), liver (5), skeletal muscle
(6), kidney (7) and pancreas (8) were hybridized with a *> P-labeled 2.3
kbp cDNA probe specific for AQP-] and exposed for 2 h (A and B). A
16 h exposure of panel B is also shown (C). Size of the RNA markers is
indicated in kbp.

phy (DCMD), a disease characterized by dysfunction of
the RPE [21]. Thus, it is reasonable to consider our results
as a tentative starting point for comparative analysis with
samples from patients carrying this disease.

In summary, we have demonstrated the presence of
AQP-1 in hRPE. The data support the existence of water
channels which provide a mechanism for movement of
water in conjunction with the active jon transport per-
formed by the Na,K-ATPase and other transporters in
these cells.
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