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Abstract

Rod opsin, rhodopsin, is one of the photoreceptors but locates at rod cells, which
mediates dim-light vision. We have cloned rhodopsin gene from the common carp
(Cyprinus carpio). The deduced amino acid sequence of carp rhodopsin showed 95.7, 85.5
and 74.4 % identity with that of goldfish, sand goby and lamprey, respectively. However,
few significant homological regions could be found in the 5 regulatory region compared
with corresponding sequences of other terrestrial species. To define the cisacting DNA
elements required for rhodopsin expression, we generated transgenic fish carrying
sequences upstream of carp rhodopsin gene fused to the green fluorescence protein cDNA
asareporter gene.  Upstream sequences extending from —6000 to +66 bp and from —146 to
+94 bp were able to drive retinal-specific expression, whereas from —53 to +94 bp segment
was not. This suggests that element which regulates retinal-specific expression may locate
within =146~ -53 bp. Interestingly, little homology of polynucleotide sequences was shown
between the region (-146~ -53 bp) and any other known retina-specific protein binding sites

of terrestrial animals.



| ntroduction

Promoter analysis of retinal genes have recently become possible with the molecular
cloning of the visual pigment genes and their flanking sequences from a number of species,
such as rhodopsin genes of bovine (Nathans and Hogness, 1983), human (Nathans and
Hogness, 1984; Jean et al., 1995), Drosophila (Zuker et al., 1985), mouse (Baehr et al.,
1988), chicken (Takao et al., 1988), rat (Morabito et a., 1991), Xenopus (Batni et al., 1996).
Characteristically homol ogous sequences of rhodopsin upstream region can be found among
species. A sequence comparison of 2.2-kb upstream of bovine, human and mouse rhodopsin
genes shows two regions of homology. The first region encompasses ~250 bp proximal to
the transcription start site, containing CCAAT (at —80 bp) and TATA (at —30 bp) sequence
elements (Zack et al., 1991). The second region of homology (-1800 in the human, -1500 in
the mouse, and —1900 bp in the bovine) is a relatively conserved sequence spanning
approximately 100 bp (Nie et al., 1996). In addition, significant homology of rhodopsin
upstream sequences of Xenopus and bovine, human, mouse, rat and chicken isfound from —
10 to —180 (Batni et al., 1996).

Due to the lack of suitable retinal cell lines, transgenic approaches are usually applied
in defining the cisacting DNA elements required for rhodopsin expression. Upstream
sequences of the bovine rhodopsin gene extending from —2174 to +70 bp, from —734 to +70
bp and from —222 to +70 bp are able to direct photoreceptor-specific expression in the
transgenic mice (Zack et al., 1991, Gouras et al., 1994). A similar result is shown on
transgenic mice carrying 4.4 kb or 500 bp of mouse rhodopsin 5 flanking sequence fused to
the E. coli /acZ gene (Lem et al., 1991). Likewise, upstream sequences of Xenopus
rhodopsin gene from -5500 to +41 bp and from —508 to +41 are both able to direct rod-
specific expression (Knox et al., 1998). The results show that the proximal upstream portion
(~300 bp) is both necessary and sufficient for the correct tissue and developmental
expression of the reporter gene, however, sequences in more upstream regions appear to be
needed for higher and more uniform levels of expression, and more precise tempora

expression.

Furthermore, other approaches such as el ectrophoretic mobility shift assays, DNase |
footprinting analysis, /n vitro transcription analysis are used to more fully define the DNA

regulatory elements and protein factors involved in regulating rhodopsin transcription. The



Ret 1 element, for example, binds developmentally retinal nuclear proteins and is suggested
to be able and necessary to drive gene expression in rod photoreceptors in rat (Morabito et
al., 1991; Yu et al., 1996). The Ret 2 and Ret 3 sites, which are defined by footprinting
analysis, can interact with the same retina nuclear proteins (Yu et al., 1993). The Ret 4
element, which is identified with the bovine retina in vitro transcription system, is bound by
both retina-specific and ubiquitously expressed protein factors (Chen and Zack, 1996).
There is dso a putative binding site, E,q,,, binding with the basic helix-loop-helix
transcription factor Mash-1, which plays a significant role in mammalian neurogenesis
(Ahmad, 1995). Transient expression studies with CV-1 cells and primary chick retinal
cultures have implicated the bZIP family member neural retinal leucine zipper protein (Nrl)
as a trans acting regulator of rhodopsin expression and have identified its response cis
element, NRE, which is relevant to stimulating rhodopsin promoter activity (Rehentulla et
al., 1996; Kumar et al., 1996). The nucleotide sequences and position of these cis-acting

DNA elements are more or less conserved among species.

There are three conserved segments between the upstream regions of the carp type |
and type Il rhodopsin gene. Besides, some putative retina-specific protein binding sites are
also found. Among those sequences, the third conserved segments (166~ +94) exhibited
the highest similarity (92.3%) between the two types and may be crucia to tissue specific
regulation. To identify the roles of this segment in regulating rhodopsin gene expressing in
fish, chimeric gene constructs with nested deletion fragments of rhodopsin upstream region
fused to the reporter gene, green fluorescence protein (GFP), were generated and
microinjected into the one-cell stage eggs of medaka (Oryzas latipes). Thisis the first study
of visual promoter of fish and thus can be very informative to understand the mechanism of

visual gene regulation of aguatic animals.

Microinjection foreign DNA into fertilized medaka eggs is a relative simple technique
and can yield transformants in high frequency (Kinoshita and Ozato, 1995). GFP
fluorescence is stable, species-independent and can be monitored non-invasively in living
cells or transparent animals. Besides, it is more sensitive than standard reporter proteins,

such as 3 -galactosidase, which utilize enzymatic amplification (Zhang et al., 1996). These

methods are therefore very suitable for dynamic promoter analysis of fish rhodopsin gene.



M aterials and methods

Preparation of the upstream fragment from type | rhodopsin

Generation of unidirectional deletion fragmentsPlasmid DNA, pRHO1-8kb,containing
type | rhodopsin gene 5 regulatory region and partial cDNA (+659) was purified via
Plasmid Miniprep Kit (Viogene). Because there were no restriction enzyme cutting sites
suitable for excising upstream fragment from the vector and the cDNA, unidirectional
deletion fragments were generated to remove the cDNA portion of the plasmid. To generate
linear DNA with one 5 protruding cohesive end and 3 protruding cohesive end, the
plasmid DNA, pRHO1-8kb was digested with Xho | and Apa|. Before exonuclease Il (Exo
[11) digestion, the restriction enzyme activities were heat inactivated at 75  for 10 minutes
without purification by phenol/ chloroform/ isoamyl acohol. Eleven eppendorfs with 3 |
of S1 solution (S1 nuclease 400~ 600 units/ ml, 50 mM potassium acetate, pH 4.6, 316 mM
NaCl, 1.6 mM ZnSO,, 8% glycerol) were prepared. The linearized plasmid DNA was
digested with 3 units of Exolll intotal 25u | Exo 11l solution (66 mM Tris-HCI, pH 8.0, 0.6
mM MgCl,) at 30 . Every 2 minutes, 2u | of the reaction solution was transferred into the
S1 solution incubating on ice. Afterward, al 11 eppendorfs were transferred from ice and
incubated at room temperature to generate blunt-end termini. The S1 nuclease reactions
were terminated by adding 1 p | of S1 stop solution (303 mM Tris base, 50 mM EDTA)
and heat-inactivated at 65  for 10 minutes. 3y | of each sample was analyzed with 0.5 %

agarose gel (Seakem® Gold Agrose, FMC). Samples with desired sizes were circularized
with T4 ligase and trasnformed into competent cells, DH5a (described below). The above

procedures were performed according to the instruction of Double-Sranded Nested
Deletion Kit (Pharmacia Biotech). Colonies selected with ampicillin (50 g/ ml) were

culturedin3ml LBA at 37  overnight to perform minipreparation. Sequence analysis was

performed as described previoudy using specific primer 5-GGCTGCGGTTGGATGTTGT-
3’ (EPA) to select desired clones.

Competent cell preparation & transformation (Inoue et al., 1990) Frozen stock DH5a
cells were thawed, streaked on an LB plate, and cultured overnight at 37 . About 3

colonies were inoculated to 50 ml of LB medium in a 250-ml side arm flask, and grown to



an Ag, Of 0.6 at 18  (about two to three days) with vigorous shaking (200- 250 rpm). The
flask was removed from the incubator and placed on ice for 10 minutes. The culture was
transferred to two 50-ml centrifuge bottles and spun at 2500° g for 10 minutesat 4 . The
pellet was resuspended in 16 ml TB (10 mM Hepes, 55 mM MnCl,, 15 mM CaCl,, 250 mM
KCI) and incubated on ice for 10 minutes. After centrifugation, the pellet was resuspended
in4 ml TB/ 7% DM SO and dispensed by 100 p | into 1.5 ml eppendorfs. The competent
cellswere stored at =70 . Asto transformation, 1-5 p | of the plasmid solution (less than
10 ng) was added to the 100 p | competent cells and then incubated on ice for 30 minutes.
The cells were heat-shocked without agitation at 42  for 30 seconds and put on ice. After
0.9 ml of LB was added, the tubes were incubated at 37  for 1 hour. A desired portion of

the mixture was transferred onto proper selective medium plates.

Isolating insert fragments Plasmid DNA of desired unidirectional deletion clone was
digested with restriction enzyme BssH 11, which is on the multiple cloning site of the vector,
pBluescript® 11 SK (+/-), to excise the insert fragment. The digested DNA was subject to
agarose gel eectrophoresis and the insert fragment was gel-recovered by Jetsorb Gel
Extraction kit (Genomed).

Preparation of typel rhodopsin upstream deletion fragments

Phosphorylation of deletion primers Because deletion primers were synthesized with
hydroxyl group on both 5 and 3' termini, it is necessary to add phosphate group on the 5
end before ligation. 1 nmole of each deletion primer (Del-100, Del-50, Del-25, EPA) was
phosphorylated with 10 units of T4 polynucleotide kinase (Gibo BRL) in 2 nmole of r-ATP
and 1X forward reaction buffer ( 70 mM Tris-HCI, pH 7.6, 10 mM MgCl,, 100 mM KCI, 1
mM 2-mercaptoethanol) at 37  for 2.5 hours. Afterward, T4 polynucleotide kinase was

heat inactivated at 70  for 10 minutes. The primers were purified via phenol/ chloroform/

isoamyl alcohol (25: 24: 1) extraction and ethanol precipitation. The primers were

resuspended in 100p | ddH,O and the concentration was about but less than 10p M.



PCR generation of deletion fragments Three nested deletion fragments, del-146 (from —
146 to +94), del-77 (from —77 to +94) and del-53 (from -53 to +94), of type | rhodopsin
gene upstream region were generated via PCR. For every 50u | PCR reaction, it contained
50 ng template, 200y M of dNTPs (dATP, dCTP, dGTP and dTTP), 5y M of deletion
primer set, 1X ThermolPol buffer (10 mM KCI, 10 mM (NH,),SO,, 20 mM Tris-HCI, pH
8.8, 2 mM MgSO,, 0.1% Triton X-100) and 2 units of high fidelity thermophilic DNA
polymerase (Vent.° DNA Polymerase, NEB). The PCR conditionswere 94 1 minute, 58

1 minute and 72 1 minute for 25 cycles (DNA Thermal Cycler, PERKIN ELMER
CENTUS). 10u | of PCR products were subject to 0.8% agarose gel electrophoresis.

Construction of type | rhodopsin upstream-GFP chimeric genes

Vector preparation pEGFP-1 (Clontech) is an expression vector that encodes the EGFP
(enhanced green fluorescence protein) variant for monitoring the activity of promoters
cloned into the MCS (multiple cloning site). The map of the plasmid was shown in
Appendix |. Ten micrograms of pEGFP-1 was linearized by EcoR | or Agel and then filled-
in by Klenow fragment, and dephosphrylated by CIAP (calf intestine alkaline phosphotase,
Promega) to generate blunt end termini with hydroxyl group on both end. Enzyme treatment
of each step was heat inactivated and the DNA was purified via phenol/ chloroform/

isoamyl alcohol (25: 24. 1) extraction and ethanol precipitation.

Ligation and transformation Type | rhodopsin upstream fragment and del-146, del-77
and del-53 were ligated into ~25 ng plasmid vector, pEGFP-1/ EcoRl/ fill-in/ CIAP, by T4
DNA ligase with 1.2y M Co(NH,)Cl, and 5% PEGg,, a 4 for 16 hours. 2u | of the

ligation mixture (10p I) was used to transform 100p | of competent cells, DH5a as

described previously. Colonies with plasmid were selected via selection medium, LBK
plates (LB plates with 30p g/ ml kanamycin), to inoculate 3 ml LBK broth. After overnight

culture at 37 , plasmid DNA of putative clones was purified via minipreparation using

alkaline-lysis method and subject to PCR reaction as templ ates.

Examination of insert existence and orientation Insert existence and orientation were
determined via PCR using primers 5 -CAGCTCG TCCATGCCATGTG-3' (GFP-R) and 5'-
GGTAATCCCAAGCGAGCCTC-3 (Del-25), which were on the vector and insert,



respectively. Only plasmid containing insert fragment with desired orientation could

generate PCR products. For every 50u | PCR reaction, it contained 100 ng template, 200u
M of dNTPs (dATPR, dCTP, dGTP and dTTP), 0.5u4 M of GFP-R and Del-25, 1X buffer (10
mM Tris-HCI, pH 88 a 25 , 1.5 mM MgCl,, 50 mM KCI, 0.1% Triton X-100) and 2.5
units of thermostable DNA polymerase (Viotag, Viogene). The PCR conditions were 94
1minute, 58 1 minuteand 72 1 minute for 25 cycles (DNA Thermal Cycler, PERKIN
ELMER CENTUS). 10y | of PCR products were subject to 0.8% agarose ge

electrophoresis.

Generation of transgenic fish

Preparation DNA for microinjection pGREEN LANTERN-1 (Gibco BRL) contains
the cytomegalovirus (CMV) immediate early promoter for high expression of GFP and is
suitable as a reporter plasmid for transgenic animals. The map of the plasmid was shown in
Appendix Il. pPGREEN LANTERN-1 and pEGFP-1 were linearized with Sca | and Age |,
respectively, as positive and negative controls. Plasmid DNA of type | upstream-GFP
chimeric gene constructs were linearized outside the promoter-GFP region with Xho |I.
Restriction enzyme activities were heat inactivated at 65  for 15 minutes. The linearized
plasmid DNA was purified via phenol/ chloroform/ isoamyl alcohol (25: 24: 1) extraction
and ethanol precipitation. The purified DNA was resuspended in sterile ddH,O and
quantified via absorbance measurements at 260 nm with GeneQuant 1I, RNA/ DNA

Calculator (Pharmacia Biotech) and agarose gel electrophoresis.

Cytoplasmic microinjection (Kinoshita and Ozato, 1995) Linearized plasmid DNA
was diluted into 10 ng/p | in 1X PBS (1.47 mM KH,PO,, 8.06 mM NaHPO,, 137 mM
NaCl, 2.68 mM KCI)/ 0.1% phenol red before microinjection. The manipulator, injector and
microscope were set up and the loading pipettes and injection needles were prepared
according to the reference. Fertilized eggs before the first cleavage of medaka were
collected. After removing of the attaching filaments, the eggs were soaked in ddH,O at 6
To perform cytoplasmic microinjection, the egg was oriented on the egg holder to present
the animal pole of the cytoplasm under a stereoscopic microscope. After orienting, the egg
was brought under the field of a microscope and injected with 10~ 100 pl of DNA solution



by increasing pressure level of the injector. After injection, the egg was transferred from the

egg holder to a glass dish containing ddH,O and incubated at 26

Fluorescence microscopy Transgenic embryos were selected using a stereo dissecting
microscope (MZ12, Leica, Germany) equipped with a fluorescence module having an
enhanced GFP filter cube (Kramer Scientific). Embryos were observed everyday until
hatching out (about 10 to 14 days post-fertilization). Photographs were taken using MPS 60
camera (Leica, Germany) and FUJI 400 ASA film.



Results and Discussion

Chimeric gene constructs Plasmid, pRHO1-66, has been generated from 3
unidirectiona deletion of pPRHO1-8kb (Fig. 1, lane 5). It contained a insert fragment of type
I rhodopsin gene ranging from —7.5 kb to +66 bp. A 6 kb segment containing the proximal
portion of type | rhodopsin upstream region was isolated after BssHIl digestion and gel-
recovery (Fig. 2). Moreover, three nested deletion fragments were generated via PCR,
which were from —146 to +94, from —77 to +94 and from -53 to +94, respectively (Fig. 3).
These DNA fragments were blunt-end ligated into pEGFP-1 to generate four chimeric gene
constructs, pDel-6k, pDel-146, pDel-77 and pDel-53, which were named according to the
position of the 5’ -most base pair. The maps of the constructs relative to the type | rhodopsin
gene upstream region were shown. Note that putative Ret 1, which is crucia to gene

expression in rod photoreceptors in rat, was absent in pDel-77 and pDel-53 (Fig. 4).

Generation of transgenic fish Transgenic fish was generated via cytoplasmic
microinjection of foreign DNA into medaka fertilized eggs. For each construct (pDel-6k,
pDel-146, pDel-77 and pDel-53), about 100 eggs were microinjected; as to positive control
(PGREEN LANTERN) and negative control (pEGFP-1), about 30 eggs were microinjected.

Early expression The expression of GFP could be easily observed on the second day
after microinjection on the yolk sac or other portions of the embryos, i.e. early expression,
of transgenic fish carrying pPGREEN LANTERN-1, pDel-53 and pDel-77 (Fig. 5). Asto the
other three constructs, pDel-6k, pDel-143 and pEGFP-1, only very weak GFP expression
could be observed on some embryos and could merely last 3 to 4 days (stage 29 to stage 33)
(lwamatsu, 1994). pGREEN LANTERN-1 (Gibco BRL), which contains the
cytomegalovirus (CMV) immediate early promoter for high expression of GFP, had an
expression rate (number of expressing eggsy number of injected eggs) of 87.1%. The GFP
was expressed randomly on the embryos and could last even after the fish hatched out.
Nonetheless, no transgenic fish carrying pPGREEN LANTERN-1 expressed GFP on retina.
The early expression levels of pDel-77 and pDel-53, on the other hand, decreased as
embryos developed. GFP expression on the yolk sac or other portion (not on retina) of the

embryos could hardly be seen after the fish hatched out.
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Tissue specific expression Among the four constructs containing type | rhodopsin
upstream region, pDel-6k, pDel-146 and pDel-77 could direct GFP expression specific on
retina (Fig. 6), while pDel-53 could not (Fig. 7). The results suggested that the element,
which regulates tissue specific expression of rhodopsin gene, located within nucleotide
position from —77 to —53. As to the tissue specific expression rate, pDel-6k was the highest
(58.8%), while pDel-146 was the lowest (4.4%) and pDel-77 was in the middle (39.7%).
Since pDel-146 contained a larger upstream fragment than pDel-77, the lower retinal
expression rate may be attributed to the inhibiting activity within nucleotide position from —
146 to —77. Furthermore, since high level of early expression could be observed on pDel-77
(56.9%) but not on pDel-146 (8.7%), another inhibitor may exist within the same region (-
146 to —77) to constrain rhodopsin gene early expression. However, the polynuclectide
sequences of neither —77~ -53 nor —146~ -77 showed significant homology with any
reported retinal protein binding sites of other terrestrial species. In addition, pDel-77, which
lacked putative Ret 1 core region, could still drive tissue specific expression in transgenic
fish. The above results implied that the regulatory mechanism of visual gene expression of
fish may be different from that of the terrestrial animals.

1
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Figure 1. Unidirectional deletion fragments of pRHO1-8kb. Lane M: molecular weight
marker, | DNA/Hind 111; lane C: plasmid, pRHO1-8kb, linearized with Apal & Xhol; lanes
1~11: successive deletion fragments from the beginning (time = 0) with a 2-minute time
interval.
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Figure 2. Agarose gel electrophoresis of pPRHO1-66 digested by BssHll. Lane M:
molecular weight marker, | DNA/Hird I11; lane B: plasmid, pRHO1-66, linearized with
BsdHll. The 6 kb and 1.4 kb fragments contained the proximal and distal portions of the
insert, respectively. The 3 kb fragment was the vector, pBluescript® 11 SK (+/-).
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Figure 3. PCR generated deletion fragments. Lanes 1~3: three nested deletion fragments,
from —146 to +94, from -77 to +94 and from -53 to +94, respectively; lane M: molecular
weight marker, f X174/Haelll.
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Figure 4. Maps of the type | rhodopsin gene upstream-GFP fusion construct. (A):

Schematic diagram of type | rhodopsin gene upstream region. Numbers indicate nucleotide
position relative to transcription start site (+1). ‘=5 : conserved region between type | and
type Il upstream polynucleotide sequences; putative Ret-1: sequences shared 87.5% identity
with Ret-1 core region (CTAATTAG). (B): Schematic diagram of the deletion constructs.
‘E===" + green fluorescence protein (GFP) cDNA, The constructs were named according to

the position of the 5'-most base pair, which is on the left of each construct.
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Figure 5. Comparison of expression patterns in the transgenic fish embryos
microinjected with typel rhodopsin upstream-GFP chimeric genes . pDel-6k, pDel-146,
pDel-77 and pDel-53: type | rhodopsin upstream-GFP chimeric gene constructs, pEGFP-1:
negative control; pGL-1 (pbGREEN LANTERN-1): positive control. Early expression: GFP
expressed on the yolk sac or other portions of the embryo before expressing on retina
Retinal expression: GFP expressed specifically on retina.
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Figure 6. GFP expression on theretina of the transgenic fish embryo microinjected

with pDel-6k. A: bright field illumination. B: blue light. The bright green fluorescence was
seen exclusively in the eye of the medaka embryo (stage 36).
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Figure 7. GFP expression on yolk sac and embryos of transgenic fish microinjected
with pDel-53. A: stage 17; B: stage 34. The bright green fluorescence from the transgene
was seen under blue light and dim bright field illumination. The yellow color came from

endogenous fluorescence of medaka.
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