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Sequence and structure of the mouse gene for RPEG5
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Purpose: To determine the genomic organization of the mouse gene for the retinal pigment epithelium (RPE) specific
protein RPEG5.

M ethods: A genomic clone containing the entire Rpe65 gene wasisolated from amouse genomic P1 library. Fragments of
this clone were subcloned and sequenced by automated fluorescent dideoxy DNA sequencing and analyzed. Direct se-
quencing of PCR amplification products was used to complete the structure. Primer extension analysis was used to deter-
mine the transcription start site.

Results: Southern hybridization of restriction digests of mouse genomic DNA reveals alikely single autosomal gene for
Rpe65 with no evidence of pseudogenes. Sequence analysis of the mouse P1 clone for Rpe65 and fragments thereof
reveals 14 exons distributed over 27 kbp. The transcription start siteislocated 57 bp upstream of theinitiation codon. The
protein encoded by the mouse Rpe65 gene is highly conserved when compared with RPE65s from other species.
Conclusions: RPEG5 is a highly conserved protein and it appears that the genes for the mouse and human RPEG5s, at

least, are also conserved in overall structure.

A major function of theretinal pigment epithelium (RPE)
is the production of 11-cis retinal chromophore required for
the regeneration of photoreceptor opsins, in a process termed
the visual cycle[1]. A series of enzymes and retinoid binding
proteinsisknown to beinvolved in the successive steps of the
visua cycle. Most of the steps have been identified and many
have been characterized. Despite this, the identity of the
protein(s) catalyzing the central all-transto 11-cisisomeriza-
tion reaction is still not known though its enzymology has
been well studied [2-4]. Most of the proteins known to be as-
sociated with the visual cycle are highly preferentially ex-
pressed in the RPE. One such proteinis RPEGS [5,6]. Though
its precise rolein the visua cycleis till debated, its absence,
such asin the Rpe65-deficient mouse [ 7], the Briard dog model
of congenital stationary night-blindness [8-10], and in pre-
sumed null human RPE65 gene mutations [11-13], resultsin
severeblindness. Retinoid analysis of theretinae of the Rpe65-
deficient mouse reveals severe depletion of 11-cis retinoids
(noor very littlerhodopsin) and over-accumulation of all-trans-
retinyl esters in the RPE [7]. This is suggestive of arole for
RPE65 in the al-transto 11-cisisomerization of vitamin A.

The human gene for RPE65 has been cloned and se-
guenced [14]. It consists of 14 exons spread over about 25 kb
pairsof genomic DNA. Thechromosomal |ocdlizations of both
the human and mouse genes have been identified, at 1p31
[14,15] and distal 3[15], respectively. Though certain aspects
of the mouse gene have been reported upon, including the tar-
geted disruption of the mouse Rpe65 gene [7], and the analy-
sis of the promoter function of the 5' flanking region of the
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mouse Rpe65gene [16], the structure of the gene itself has
not.

In this brief report we present the structure of the mouse
Rpe65gene, the sequence of the intron/exon boundaries, and
the determination of the start site of the gene. In generdl, itis
quitesimilar to that observed for the human gene[14], further
extending the high degree of conservation of RPEG5 to the
organization of the homologous genes.

METHODS

Genomic Southern blot analysis of the mouse Rpe65 gene: A
mouse Genoblot containing mouse genomic DNA digested
with EcoRI, Hind 111, BamH |, Pst | and Bgl |1 was purchased
from Clontech (Palo Alto, CA). This blot was prehybridized
with QuikHyb (Stratagene, LaJolla, CA) and hybridized with
arandom primed [17] bovine cDNA probe [6]. The blot was
washed to afinal stringency of 0.1 X SSC+ 0.1% SDS at 63
°C.

Cloning and Sequencing of mouse Rpe65 gene:

A P1 clone containing the entire mouse Rpe65 gene was
isolated employing a PCR screening method (Incyte Genomics,
St. Louis, MO). Restriction fragments containing the 5' re-
gion of the mouse Rpe65gene wereidentified by Southern blot
hybridization to a random-primed 32P-labeled bovine cDNA
5' end probe [6]. EcoR | and BamHI restriction fragments
thereof were separated on agarose gels, excised, purified by
binding to GeneClean |1 (Biol01/Qbiogene, Carlsbad, CA)
and subcloned into pBluescript 11 SK- (Stratagene, La Jolla,
CA). pBluescript Il subclones containing the 5' region of the
RPEG5 gene were sequenced. Double-stranded dideoxy se-
guencing was performed using the Dye Terminator cycle se-
guencing protocol on a model 373A automated fluorescent
DNA sequencer (Applied Biosystems/Perkin Elmer, Foster
City, CA). A primer-walking sequencing strategy was em-
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Figure 1. Genomic Southern blot analysis of mouse Rpe65 gene.
Mouse genomic DNA digested with several restriction enzymeswas
blotted onto nylon and hybridized to arandom-primed bovine RPE65
cDNA probe. The blot was washed to a final stringency of 0.1 X
SSC+ 0.1% SDS at 63 °C.
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Figure 2. Organization of the mouse Rpe65 gene. A partial restric-
tion map of the 129/Sv mouse Rpe65 gene was derived from se-
guencing of 2 contiguous subclones (E1-12 and E2-8) of the original
P1 clone. Hind 111, BamH | and EcoR| sites are shown. No such sites
were detected in exons 7-14 or in the sequenced introns beyond exon
7. Thelargeintrons between exons 10 and 11 and 13 and 14 were not
sequenced. Only the 5" half of the 8 kb intron between exons 6 and 7
was sequenced. The position of exons 1-14 are indicated by the solid
boxes, numbered below, with the intervening introns designated by
capital letters beneath this. Sequences of exons 7-14 were derived
from direct sequencing of PCR productsamplified from thisP1 clone.

Exon Intron Exon
No. bp (No.; bp) No.
1 65 AAA ATG TCT ATC CA/ gtaagtatct--(A; 1072)-cgaatttcag/ A ATT GAA CAC CCT----- 2
M S | Q | E H P
2 83 GCT CAT GIC ACA G gttggtctca---(B; 1118)-tttgctgcag/ GC AGG ATT CCC CTC----3
A H \Y T G R | P L
3 151 ACA TAC CAC AGA AQ gtaagtccat--(C, 2680)-tattcttcag/A TTC ATC CCC ACT----- 4
T Y H R R F | R T
4 108 AAT ATA TTT TCC AQ gttaatgaaa----(D; 90)-gcttctgcag/G TTT TTT TCT TAC ----5
N | F S R F F S Y
5 142 GAG ACA ATT AAG CAG gtaggatatt-(E 1685)-cattctacag/ GIT GAT CIT TGC AAC---6
E T | K Q \% D L C N
6 148 CCA CTG AAA GCA G gtgaggttgt---(F; ~8500)-tctatttcag/ AC AAG GAA GAT CCA----7
P L K A D K E D P
7 82 TCT TAC GTA CAC AG gtaatttaaa---(G 218)-ttttgaacag/ T TTT GGI CTG ACT----- 8
S Y \Y H S F G L T

8 133 AAT GAA AGC ATG GGE gtatgtctga---(H, 95)-acttttccag/ GIT TGG CTT CAT GIT---9

M G
9 140 TGT TGC

cC C W K G
10 130 TTG ACA
I D K
11 115 GGG
R Q
D K

13 112 GAA

E E D

TGG AAA GG gt aaaaaatt---(1;

T
CcCT
P

12 95 TTT GIT CCT GAC AAGQ gt aat aagca- - (L;
\Y P
GAA

vV W L H V

746)-gttttcacag/ G TTT GAA TTT GIT----10

F E F V

ATT GAC AAG gtaactttct-(J; ~6000)-tctttcttag/ GTC GAC ACA GGC AGA--11

v D T G R

CGT CAA G gtaagatgat----- (K; 88)-tattttaaag/ CC TTT GAA TTT CCT---12

A F E F P

103) - t cat aagcag/ CTC TGT AAG CTG AAC--13

L CcC K L N

GAT GAT G gtaatggaat---(M ~1270)-taattaacag/ GI GIG GIT CIG AGTI---14
D

G V V L S

Figure 3. Intron/exon boundaries of the mouse Rpe65 gene. Each exon (numbered from 1 to 14) islisted and thelength in base pairs (bp) given
ontheleft hand side. Each intron (given alphabetically A to M) islisted and the length in bp given after the | etter designation. Exonic sequence
(with translation underneath) is given as uppercase, while intronic sequence is depicted as lowercase.
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ployed. The sequences of some exons and introns were ob-
tained from direct sequencing of PCR amplification products
using the mouse Rpe65 P1 clone as template and employing
SuperTaq Tag polymerase (Ambion, Austin, TX). Each base 8- 9
of each clone/PCR product was covered at least twice on both

strands. Some regions of particular difficulty (repetitive se-

guences, etc.) were sequenced up to 8 timesin each direction.

Sequences were assembled using the Applied Biosystems 66— .
AutoAssembler (v.1.3.0) and Sequencher v.3.1.1 (Gene Codes
Corp., Ann Arbor, MI) software.

I dentification of transcription initiation site: Animal stud-
ies were conducted in accordance with the ARVO Statement
for the Use of Animals in Ophthalmic and Vision Research.
Total RNA was isolated from mouse eyes by the method of A= .
Chomczynski and Sacchi [18]. Primer extension was carried
out as described in the Primer Extension System-AMV Re-

M PE ACGT

+1 57—

+1

GFPHEPOOPPOOPFRAHOA4ZO00POOOOAAA4Hw
w-arFo-Hoodd00dd0>» PP rHoo040000FF>>>un

Figure 4. Mapping of the mouse RPE65 mRNA transcriptioninitiation site. The mouse RPE65 mRNA transcription initiation site was mapped
by primer extension analysis. RPE/choroid RNA of mice eyeswas annealed to the antisense oligonucleotide PE. The extension reaction was
also performed without RNA, as anegative control (not shown). The extension product (PE) was analyzed on a6% denaturing sequencing gel.
+1 corresponds to the transcriptional initiation site at the cytosine residue (bold) of the mouse RPEG5 gene. The precise position of the 5' end
was determined by electrophoresis of the sequence ladder (A, C, T, G) derived from the same antisense primer (T7 Sequenase version 2.1,
DNA sequencing kit, Amersham Life Science). The complementary sense strand is shown for clarity. The lane marked M contains the dephos-
phorylated ©X174 Hinf | markers.

MBI Q EHPAGGYKKLFETVEEL SSPLTAHVTCGRI PLW. TGSL L RCGPGL FEVGSEPFYHL FDGQAL L HKFDFKEGHVT YHRRFI RTDAYVRAMIEKRI VI 100

MOUSE 1

RAT 1 T Y 100
HUVAN 1 \% 100
DOG 1 100
BOVINE 1 S 100
SALAM 1 TNRD ST VAV Q vV S Q E G | T 100
MOUSE 101 TEFGTCAFPDPCKNI FSRFFSYFKGVEVTDNALVNI YPVGEDYYACTETNFI TKI NPETLETI KQVDLCNYI SVNGATAHPHI ESDGTVYNI GNCFGKNF 200
RAT 101 R \% 200
HUVAN 101 R \% \ \% N 200
DOG 101 R \ \% N 200
BOVI NE 101 R \ \% N 200
SALAM 101 F L QL \% Y V K Vi Vv H H 200
MOUSE 201 TVAYNI | KI PPLKADKEDPI NKSEVVWQFPCSDRFKPSYVHSFGLTPNY! VFVETPVKI NLFKFL SSWSL WGANYNVDCFESNESMGVW. HVADKKRRKYF 300
RAT 201 300
HUVAN 201 Sl \% Q S | T | K L 300
DOG 201 SI \% Q S L T | K I 300
BOVI NE 201 Sl \% Q S T | K 1 300
SALAM 201 AF AK E Q | HT M E HTGE L 300
MOUSE 301 NNKYRTSPFNLFHHI NTYEDNGFLI VDL CCVKGFEFVYNYL YLANL RENVEEVKRNAVKAPQPEVRRYVLPLTI DKVDTGRNLVTLPHTTATATLRSDET 400
RAT 301 A I C 400
HUVAN 301 K R N A K N I C 400
DOG 301 S K R S N A K N 400
BOVI NE 301 HE K R N A K N I C 400
SALAM 301 | A H SEP DH N Y \% 400
MOUSE 401 | W.EPEVLFSGPRQAFEFPQ NYQKFGGKPYTYAYG. GLNHFVPDKL CKLNVKTKEI WWQEPDSYPSEPI FVSQPDAL EEDDGVVL SVWWSPGAGKPA 500
RAT 401 C 500
HUVAN 401 YC R TV H 500
DOG 401 Y R TV H 500
BOVI NE 401 Y R TV 500
SALAM 401 KH D \% R S TV T | | E 500
MOUSE 501 YLLVLNAKDLSElI ARAEVETNI PVTFHGLFKRS 533

RAT 501 KP 533

HUVAN 501 | \% | K 533

DOG 501 | \% | K 533

BOVI NE 501 | | K 533

SALAM 501 F M DS M KA 533

Figure 5. Comparison of mouse RPE65 deduced protein sequence with other RPE6G5s. Multiple sequence alignment was made using Clustal
alignment in the MacVector package.
285
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verse Transcriptasekit (Promega, Madison, WI). The antisense
oligonucleotide (5 CATTTTCTT CCAGTGAAGATTAGA
GAG AG 3') based on mouse RPE65 cDNA was labeled in
the presence of 60 puCi y*2P and hybridized with 12 pg of total
RNA extracted from RPE/choroid of miceeyes. Thefirst strand
cDNA was synthesized using AMV reverse transcriptase
(Promega) at 42 °C for 30 min and the fragments produced
were analyzed by 6% denaturing sequencing gel el ectrophore-
sis (Stratagene).

Sequenceanalysis: DNA and protein sequenceswere ana-
lyzed and aligned using the AutoAssembler (v.1.3; Applied
Biosystems, Foster City, CA), Sequencher (v. 3.1.1) and
MacVector package (v. 6.5.3; Oxford Molecular Group, Madi-
son, WI).

RESULTS & DISCUSSION
Southern blot analysis of restriction digests of mouse genomic
DNA, hybridized to abovine cDNA probe, revedled asimple
restriction pattern (Figure 1), suggestive of asingle gene and
excluding the existence of pseudogenes. Thisis consistent with
the assignation of the mouse chromosomal locus where no
cross-hybridizing locus was seen [15].

The structure of the mouse Rpe65 gene is shown in Fig-
ure 2. The subcloned 5' end fragments of the gene are shown
above. One such clone, E1-12, was found to contain the first
three exons of mouse Rpe65 and intervening introns, as well
as2.8 kb of 5' flanking region. Another clone, E2-8, contained
exons4, 5, and 6 and intervening introns. Exons 7 and beyond
were sequenced from PCR amplification products using the
mouse P1 clone as template. The gene has 14 exons distrib-
uted over 27 kb. The intron-exon boundaries, determined by
comparison of genomic sequence with the mouse RPE6GS
cDNA (unpublished data), are presented in Figure 3. Intron
length variesfrom 88 bp to about 8 kbp. The sizes of thelonger
introns F, Jand M were estimated from agarose gel electro-
phoresis of PCR products amplified using primers flanking
these introns (data not shown). In general, the donor/acceptor
sites corresponded to the GT/AG rule, though not always per-
fectly. Thisorganizationisgenerally quitesimilar to that found
for the human RPEG5 gene [14] which also has 14 exons. The
exon breaks found for the mouse gene correspond exactly to
those seen in the human gene [14]. The sequences have been
deposited in GenBank under the accession numbersAF432266,
AFA432267, and AF432268.

Thetranscription initiation site was determined by primer
extension analysisusing aprimer complementary to theknown
5" end of mouse RPEG5 cDNA. One elongation product was
identified from the RNA of RPEG5-expressing mouse RPE
cells (Figure 4), but it was not produced when the primer ex-
tension reaction was carried out without RNA (not shown).
The transcription start site corresponds to the one deduced
from the bovine RPE65 cDNA but differs by one nucleotide
from that of the human sequence [14].

The deduced protein sequence for mouse RPE65 isshown
in Figure 5 in comparison with the sequences for rat, human,
bovine, dog, chicken, and salamander RPE65s. Sequence con-
servation is, in general very high with mouse RPE6G5 being
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95% identical to its human, dog and cow homologs.

In conclusion, the organi zation and structure of the mouse
Rpe65gene is quite similar to that of the homologous human
RPEG5 gene. When taken together with the obviously close
homology at the protein level and the degree of similarity of
the 5' flanking region [16], these data speak to the marked
conservation of this gene in all aspects of its organization,
regulation, and expression.
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