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IRBP is a photoreceptor-specific glycoprotein that has been suggested as a retinoid 
carrier  in the visual process. Previous research has shown that 1.3 kb of 5'-flanking 
sequence from the huma n  IRBP gene is sufficient to promote photoreceptor-specific 
expression of reporter genes in transgenic mice. To define more narrowly the sequences 
that promote tissue-specific expression, chimeric constructs with shorter promoters were 
used to generate transgenic mice. The bacterial CAT gene was fused to fragments of 
706 bp or 212 bp from the 5' end of the human IRBP gene. Analysis of the three 
transgenic families bearing the 706 bp IRBP promoter revealed that CAT expression was 
confined to the neuro-retina and the pineal gland. Analysis of the four transgenic 
families bearing the 212 bp IRBP promoter revealed the same tissue-specific CAT 
expression in three families. These results establish that tissue-specific expression of 
IRBP can be regulated by a short 212 bp promoter which has been conserved between 
humans and mice. ~ 1991 Academic press, ~,o. 

Interphotoreceptor retinoid-binding protien (IRBP) is a photoreceptor- and pinealocyte- 

specific glycoprotein that is implicated as a retinoid card er in the visual process and during 

photoreceptor development (reviewed in Refs. 1 and 2). In the developing mouse retina, 
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IRBP expression begins when inner segments of the photoreceptors start to differentiate (3,4). 

Expression of IRBP is greatly reduced and its secretion impaired in mice (5) and cats (6) 

with inherited retinal degenerations. As a first step toward understanding how the human 

IRBP gene is regulated, we have previously tested a 1329-bp Pvu II fragment from the 5' 

end of the human IRBP gene that overlapps the transcription start site (TSS) or the cap site. 

The 1329 bp promoter was sufficient to direct the expression of reporter genes to the 

neuro-retina and the pineal gland (7), and specifically to the photoreceptor cells of the neuro- 

retina (8). In this report we describe experiments that used chimeric con structs containing 

shorter promoters in order to define more narrowly the sequences required for tissue-specific 

expression. 

MATERIALS AND METHODS 

Materials-- The plasmid pTZCAT was from K. L. Chow (Yeshiva University, New 
York, NY); pBluescript II KS was from Stratagene (La Jolla, CA). [14C]Chloramphenical (55 
mCi/mmol) was from ICN, acetyl CoA from Pharmacia LKB Biotechnology Inc, restriction 
enzymes from New England Biolabs and Stratagene, dye reagent for protein assay from 
Bio-Rad, and thin-layer chromatography sheets from Kodak. 

Generation of Transgenie Mice--The plasmid pTZ-IRBP-CAT (7) was digested with 
Ava II or HgiA I to generate shorter versions of the human IRBP promoter (Figure 1). The 
fusion genes were isolated from the vector sequences by further digestion with BamH I to 
separate the insert and the vector followed by agarose gel electrophoresis and purification 
with glass powder (GENECLEAN, BIO 101). Single-cell stage FVB/N embryos were injected 
with the purified DNA at a concentration of 1 ug/ml in 10 mM Tris, 0.1 mM EDTA, pH 8.0 
(9). Transgenic mice 1 were identified by isolation of tail DNA followed by dot blot 
hybridization to UP-labeled IRBP-CAT (7). A total of 164 FVB/N embryos were injected, 
yielding 44 newborns, three of which harbor the Ava II version IRBP-CAT construct, and four 
of which harbor the HgiA I version. All Fo mice were mated to C57BL/6 mice to generate 
F1 offspring. 

CAT Assays--CAT activities were assayed as described previously (10). 
Mouse IRBP Promoter Isolation and Sequencing --Mice were sacrificed by cervical 

dislocation, the retinas removed, frozen in liquid nitrogen, and stored in RNase-free 
microcentrifuge tubes. Total retina RNA was isolated by the extraction procedure of Chirgwin 
et al. (11). Polyadenylated RNA was selected by oligo (dT)-cellulose chromatography (12), 
and was used to make a cDNA library in Lambda ZAP II (Stratagene, La Jolla, CA). 

The mouse retina cDNA library was screened with human IRBP cDNA clones H4 
(American Type Culture Collection No. 59198) and H12 (13) and five overlapping mouse 
IRBP cDNA clones (M1-M5) were obtained. Clones M1, M3 and H12 were subsequently 
used to screen a mouse genomic library in Lambda Fix (from Dr. Steve J. Pittler, Baylor 
College of Medicine) and three overlapping clones, each with 15 to 17 kb insertions, 
designated as MIRBP#1, #4 and #5 were isolated. MIRBP#4, which spans the 5'-flanking and 
coding regions of the mouse IRBP gene, was further analyzed by subcloning and 
dideoxynucleotide sequencing (14-16). 

RESULTS AND DISCUSSION 

Construction of the Transgenes and Generation of Transgenic Mice--Our previous 

experiments demonstrated that a 1329-bp Pvu II fragment from the 5' end of the human 

tAll animals used were hanclled in accordance with the guidelines established by the 
Committee on Animal Use for Research and Education at Medical College of Georgia. 
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Fig. 1. Construction of the IRBP-CAT fusion genes. A, B: The structure of the 
human IRBP gene (13) and the construction of the initial IRBP-CAT fusion gene (7) were 
described previously. C, D: The LRBP promoter was shortened by digestion with Ava II and 
HgiA I. C, Ava II-IRBP-CAT, containing 706 hp of the 5'-flanking fragment. D, HgiA 
I-IRBP-CAT, containing 212 bp of the 5'-flanking fragment. In A, the boxes represent exons, 
unfilled boxes, non- coding and diagonal hatching, coding region of the IRBP gen¢. In B-D, 
the dotted and vertically lined boxes represent intronic and polyadenylation sequences from the 
early region of SV40, and pTZ indicates plasmid sequences. 

IRBP gene overlapping TSS or the cap site (-1311 to +19 bp) was sufficient to direct the 

expression of reporter genes to the neuro-retina (7), specifically to the photoreceptor cells 

(8). In an attempt to localize the tissue-specific regulatory sequences in this long fragment, 

we have dele ted  sequences from the 5' end of the promoter by digestion with Ava II and 

HgiA I. Two new fusion genes were generated: Ava II-IRBP-CAT containing 706 bp of 

sequences upstream from the cap site and HgiA I-IRBP-CAT with 212 bp from the cap site 

(Figure 1). Transgenic mice were generated by microinjection of these fusion genes into 

one-cell stage FVB/N embryos (9). Independent trans genic founder animals (F0) were 

identified by dot blot hybridization. The three founders generated from Ava II-IRBP-CAT 

(Ava II-IRBP) injected embryos were designated as 4474, 4477 and 4483. Four founders 

were generated with HgiA I-IRBP-CAT (HgiA I-IRBP) (designated as 4487, 4491, 4500 and 

4504). Transmission rates and the copy numbers of the transgenic families are given in 

Table 1. 

CAT Expression in Transgenic Miee--Ft mice from all families were screened to 

determine the tissue specificity of CAT gene expression. As in our previous experiment (7), 

retinas were separated into neuro-retina and retinal pigment epithelium -choroid-sclera (PECS). 

CAT assays were performed on various tissues for all transgenic families. CAT activity was 

detected in both the neuro-retina and the pineal gland in both the Ava II-IRBP and the 

HgiA I-IRBP families, with the HgiA I-IRBP families typically showing lower level of  

activity (data not shown). CAT assays on tissue extracts of  one Ava U-IRBP mouse (family 

4474) and one HgiA I-IRBP mouse (family 4500) are shown in Figure 2. CAT activity was 
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Table 1. Copy numbers, transmission rates, and specific CAT activities in the 
transgenic mouse families. Copy numbers in F~ animals were determined by dot blot 
hybridization to 32P-labeled, Ava II or HgiA I IRBP-CAT constructs, followed by scintillation 
counting of positive dots. Copy number per haploid genome was estimated by comparison 
to standards containing known amounts of the Ava II or HgiA I IRBP-CAT DNAs mixed with 
nontransgenic mouse DNA. Percent transmission was determined by screening the offspring 
of Fo x wild type matings. CAT activities were assayed as described (10) and expressed after 
the background CAT activity was subtracted. The background CAT activity for each tissue 
was obtained by assaying the activity of tissue homogenates from a nontransgenic littermate. 
The amount of soluble protein per assay was adjusted so that a linear range of acetylation 
(40% or lower) was obtained. One unit of CAT activity was defined as the amount of 
enzymatic activity catalyzing acetylation of 1 umol of chloramphenicol/min at 37°C (18). ND, 
not determined. 

Family Transmission CAT Activity, mUImg 

Copy # Neuro- Cere- 
Transgene ID # % Screened retina Pineal brum Liver 

HgiAI-IRBP 

AvaII-IRBP 

4487 1 20 5 0 0 0 0 
4491 1 40 5 0.01 0.01 0 0 
4500 5 27 11 98 10 0 0 
4504 2 14 14 0.01 0.01 0 0 

4474 2 50 8 702 746 0 7 
4477 ND 43 7 ND ND ND ND 
4483 1 32 25 ND ND ND ND 

not detected in any tissues other than neuro retina and pineal gland in family 4474. CAT 

activity was detected only in neuro retina in family 4500 (Figure 2), but was also detected 

in the pineal gland by overexposing the thin layer chromatograph (data not shown). These 

AvaII.IRBP 
" ~ ~ O -Cm-3-Ac 

(4474) : .  0 - Cm-l-Ac 

HgiAI.IRBP t - Cm.3.Ac 
l IP -Cm-l-Ac 

(4500) 

i t t t e t t l t ' e  -°" 

/ * * #,sy# * i l + .  "+ 

Fi~,. 2. CAT activities. Various tissues of F~ mice of the Ava II- IRBP family 4474 
and the HgiA I-IRBP family 4500 were assayed as described (10). Five pg of soluble protein 
was used in each assay, except for pineal, for which only 1.5 lag of protein was available. 
The unacetylate (Cm) and monoacetylated (Cm-l-Ac and Cm-3-Ac) forms of chloramphenicol 
are shown for family 4500. Only the monoacetylated forms are shown for family 4474. 
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Human IRBP Upstream Sequence 

AAGGAGTGCA TTCATCCGGA GGTGTTGGCA GCATCCCAGC CCCACCC(~ TCTCATCGTA 

AATCAGGCTC ACTTCCATTG GCTGCATACG GTGGAGTGAT GTGACCATAT GTCACTTGAG 

CATTACACAA ATCCTAATGA GCTAAAAATA TGTTTGTTTT AGCTAATTGA CCTCTTTGGC 

CTTCATAAAG CAGTTGGTAA ACATCCTCAG ATAATGATTT CCAAAGAGCA GATTGTGGGT 
PCUII 

CTCACCTGTG CAGAGAAAGC CCACGTCCCT GAGACCACCT TCTCCAG~G CCTACTGAGG 

CACACAGGGG CGCCTGCCTG CTGCCCGCTC AGCCAAGGCG GTGTTGCTGG A~CCACCTTG 

GGACAGCTCT CCCAACGCTC TGCCCTGGCC TTGCGACCCA 

TGTCTGTTAAGTGAGGAAAG TGCCCATCTC CAGAGGCATT 

CAGGTTCCGA CCCCATAGCA GGACTTCTTG GATTTCTACA 

ACCCATATTA TTTCTATAAG AAGTGGCAGG AGCTGGGATC 

CTTTCCCTGT TTCTTGTGCT TTATC~AGTC AGGAGGAATG 

CTGGGACCAC GGAGACCCAA GACTTCCTGC TTGATTCTCC 

GCTGAGCCTT CAAGAAGCAG GAGTCCCCTC TAGCCATTAA 

'[~AA'rGGGAA CACTAGTCCT GTGATGTCTG GAAGGTGGGC 

ACATGGTGGT CCAGACACAT CATTCCCAGC ATTAGAAAGC 

TCCCTGAGGC ATTAAAGGGA CATAGAAATA AATCTCAAGC 

CAGACTCAGC CTCTGCACTG TATGGGCCAA TTGTAGCCCC 

CC~CCTATCT GTCCACACCT AAAACGATGG GCTTCTATTA 

GTTTTGTTTT CCTTTGCTTT GTTTTGTTTT GTTTTTTTGT 

Mouse IRBP Upstream Sequence 

AAACAGAGGT AATATCTAAT ACAGATAACT TACCAGTAAT GAGTGCTTCC TACTTACTGG 

GTACTGGGAA GAAGTGCTTT ACACATATTT TCTCATTTAA TCTACACAAT AAGTAATTAA 

GACATTTCCC TGAGGCCACG GGAGAGACAG TGGCAGAACA GTTCTCCAAG G A G G A C ~  

GTCGACTC~A TCCTGACAGT AAGTCTGCCT CATTTCCATT GGCTGCAAAC AGTGGGGTGA 

TGAGACCATA TGTCACTTGG GTATTAAACA AATCCTAATG AGCTAAAAAT ATGTTTGTTT 

TAGCTAATTG ACCTCCTTGG CCTTCCTAAA CCACTTGGTA AACATCGTCA GATAATGGTT 

TCC~GAAACT GACTTGTAGG TTTCCAGCTC ACAGAOTAAG CTCTCTCATC CCCACCCGAA 

GACC~CCTTC TCTGGCTGCC TACTGCGTCA CTGTGGGACT CTACCTGCAG TCCACCAAGC -1234 

-1235 CCAGCCATCT GTTCTGGA~TA GAACCCAAGA AGCCAGGAAA CAGGAAGTOG CCACACCAGC 

CTCTCTGGGC CGTAGTTGTC TGCTATTCCA CGTCTATACA ACGCCCCCTA CAGGCTAACT AAAGAATACC TGCTAAATAA 

CAGCGGCAAA GCAGGGCTTC GAGAGAGGTG TCCACTAAGA GGCTCCCTGG ACAAAGCAGG AGTTCTAAGT GCAGGCTCCA 

GCCAGTCAGT TGCAACCAGC TGGTGAGTGT TCTTTGATAC CCAGAGCCAG TCAGACATGA GCAGAAGTCC ACATCACGAG 

TGAAGAGTTC AGCAGTCTAC AAAAGGGT~G C~TACAG~A ATGCTCCCTG GGACTGGCTC CCAGGTGTGA CCCTCGGGTA -934 

ATCTGGATTC CATGTGAAGC -935 TG~GAATGAC AGGTATTCTT TGTGTGACTT AGGACCACAG AGAGCCACTC ACTTCTCACG 

CTGCGAACTG CAGGCTGTGG GTGAGCACTG GACTGAAGCT GAGCCCCTAA CTATTGGGGG GGGGTGTCTC CATTCACAAA 

GAGAATGAGG CTCACTAGAT CACTTAACCT-TATCTGGTCT GAAATTATTG ATCTCATGTC CTCTCAGAGC TAACCTCATT 

CCTCTCGCTG TCACACTCTG TACTAGTGTC CGGACCTTTC ATTCATCTTG AAAGTTGTGA 
GCCTCTACAC TCCACACCCT 

A ~ H  
TCTAGG~A CCCGTTCTGT GGTACTGACA TCTATATTAT ~CCT~GAAGC ATAATAAGGG TATAGGAACA AGTTTCAATT -634 

TCTGAGGC~G ATGCCAGCCT -635 £LTGAGGCTG ACAATGGCCC TAGACTAAG( CTTCCCAGTA TCTGAGATGG TGGTGGCCTA 

TGCAGCCTTT TCTCGCTATC CGTCACCTGT CCCCATCTGA AACGGTGGGT TGAACTATCT 
AAGGACTTCT ~ A  

~CTAAACTCC CTGGTG~TAA AATAGATATG ATACTCATTA TAGAGCCTTC ATCAGT~ACT 
GTTACAGAAC TCTCTGGCCT 

TCL~6ACAC~' GC~ATGCTTT GTGAAAGCAT TCATGTTTAA TCTACCCAAT AACTTAGTCT 
TTTTTTGTTT TTTAGCTATG 

ACAGAACAAG TfAGAT~CCT TCCCCAACCT ATGAATAAAC AOTAGCAGAA CCAGACCTCC -334 

AATCGCGTCT GCCTAATT(C AGAGTCATGG GTGAGCCACA GTGGGAAAAC GATATTTrA~ 
-335 

AA_.GTTAATAA CTGGACTTTG CAAGGCTCTG GTGGAAACTG TCAGCTTGTA AAGGATGGAG 
~'= ~'t#/A X 

(~KCAGTGTCT GC~ATGTAGC AGGAACTAAA ATAATGGCAG TGATTAATGT TATGATATC*C 

A=GACACAACA CAGCAAGATA AGATGCAATG TACCTTCTGG GTCAAACCAC C ~ A C T  

~.'CTCCCCGAT ACCCAGGGTT GATGTGCTTG AATTAGACAG GATTAAAGGC TTACTGGAC~ -35 

T~GAAGCCTT GCCCCAACTC AGGAGTTTAG CCCCAGf~ACCT TCTGTCCACC AGCTGAG#*AG ÷26 

ACAAGGGCG GAAGC-CAGCT GCACAGAGCA GGGCCACGGC CTTGCACACA GTCCAGG~-AG 

~ G G A G C C A G G C  CTCCCCCTGG GTCCCCATG 1 

TGTAG~TTAA CGATTCTCAT TTGCAAGACT TTAGTAAAAA CTGTGGGTGT AGAAAGCATA 

TCACAGGGCC TCGCITGTGT CAGGAACTCA AACTAAATGC AATTGTTTGT GTTATTCTAC 

ACAGACATGG CT(AGCAAGA TGAGATGCAA TGT~CCTTCC GGGTCA~ACC ACCCTGGCCT 

('TTCTTCAGA GT~fAGCTCA TGTGCTTGAA TTAGACAGGA TTAAAGGCTT AGCAGAGCIU -34 

GAAGCCTCAC ATCTAACTCC CA£~TTGAGC CCCAGACCTT CTGTCTGCCT GCTAAGAAG~ +27 

Gf~GGGAGA GAGGCAGCTG CAGGACCACA GCCTTGTACA 

GCCAAGGCTC TGG~TCCCAA TG] 

CACGGAGCTC TTATCCAGGA 

DNA sequences of the upstream regions of the human and mouse IRBP 
genes. For the human gene the nucleotide sequence is shown from 1594 bp upstream to the 
protein initiation codon (13). The cleaving sites of Pvu II, Ava II, and HgiA I involved in 
the original transgene construct (7) and the new constructs are indicated. In mouse the 
sequence is shown from 1533 bp upstream to the protein initiation codon, which is underlined. 
The cap site is indicated by an arrow. Both the protein initiation codon and the cap site of 
the mouse IRBP gene were deduced by sequence comparison with the human IRBP gene. The 
two homologous regions are boxed in each sequence. 

observations demonstrate that retina-specific regulatory elements reside within the HgiA 

I-IRBP construct, which contains a short 212 bp promoter from the human IRBP gene. 

Quantitative CAT enzymatic assays (7) were performed to compare the levels of  CAT 

activity in the neuro-retina, pineal gland, cerebrum and liver in the Fo and F1 mice of  all of  

the HgiA I-IRBP families and one of  the Ava II-IRBP families (Table 1). In the Ava II-IRBP 

family 4474 and three of  the four HgiA I-IRBP families CAT activity was detected in the 

neuro-retina and in the pineal gland, although CAT activities were very low in the HgiA 

I-IRBP families 4491 and 4504. A low CAT activity was also detected in the liver in 

family 4474 (Table 1). The low levels of  CAT gene expression in most of  the HgiA I-IRBP 
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families may be due to inhibitory influences that originate in the chromosomal structure at 

the transgenic integration sites (17). These chromosomal influences may become stronger 

when shorter promoter sequences are used. Alternatively, it is possible that within the 

deleted upstream regions there are sequences that enhance gene expression. 

Comparison of IRBP Gene Sequences--The mouse IRBP gene, including 1534 bp of 

the 5'-flanking region and 1938 bp of the coding region downstream of the cap site, was 

sequenced. The DNA sequences of the 5' end of mouse and human IRBP genes are shown 

in Figure 3. Comparison of the 5'-flanking region of the mouse and human IRBP gene 

revealed two highly conserved regions (Figure 4). The first one is a 310 bp fragment of 79 

% identity between -1526 to -1217 bp, and the second one with 76 % identity extends from 

-277 bp to the TSS. The function of the conserved sequence found in the most upstream part 

of the promoter requires further investigation. 

Our studies of IRBP promoter function and sequence homology have identified and 

localized regions for future research toward the eventual determination and characterization 

of the cis- and trans-acting transcription elements which are essential for the understanding 

of IRBP gene regulation. 

Human 
TSS A T G  

) 

- 1200  - 

- 800  - 

- 400 - 

o -  

i I I 

- 1200 - 800 - 400 

Mouse  bp  

Fi E. 4. Upstream sequence homology between human and mouse IRBP genes. 
The upstream sequences of the human and mouse IRBP genes are compared by dot matrix 
analysis (Microgenie release 5, Beckman Instruments). The parameters were set at a window 
of 18 nucleotides with 78% stringency, so that a dot was scored when 14 out of 18 residues 
matched. The positions of the transcription start site (TSS, or cap site) and the protein 
initiation codon, ATG, are indicated by arrows. 
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