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Differential regulation of melatonin synthesis genes and
phototransduction genesin embryonic chicken retinaand cultured
retinal precursor cells

Virginie Cailleau, Marianne Bernard, Fabrice Morin, Jerome Guerlotte, PierreVoisin
UMR CNRS 6187 Ingtitut de Physiologie et Biologie Cellulaires, Poitiers, France

Purpose: Photoreceptor differentiation involves the activation of two specific sets of genes; those encoding the proteins
of the phototransduction cascade and those encoding the enzymes of the melatonin synthesis pathway, arylalkylamine N-
acetyltransferase (AANAT) and hydroxyindole O-methyltransferase (HIOMT). The purpose of the present study was to
examine the conditions of AANAT and HIOMT gene activation, relative to that of selected phototransduction mearkers (
transducin and opsins), in both in vivo and in vitro differentiating photoreceptors of the chicken retina.

Methods: Neural retina RNA was obtained between embryonic day 7 (E7) and posthatch day 8 (P8) and analyzed on
northern blots with cDNA probes to AANAT, HIOMT, visinia;transducin, rhodopsin, and the four cone opsins. Cell
cultures were prepared from E7 chicken neural retina and incubated for two to four days in vitro, either in basal medium
or in serum-supplemented medium or in medium containing an insulin-based supplement. RNA from the cultured cells
was analyzed on northern blots as above. Real time RT-PCR was used to confirm in vitro changes in HHOMT and red opsin
MRNA levels. The cultured cells were transfected with promoter-reporter plasmids for direct analysis of HHOMT pro-
moter regulation by the dual luciferase method.

Results: The different mMRNAs composing the photoreceptor phenotype appeared at E7 (visinin}tab8ducin), E14
(HIOMT), E15 (rhodopsin, red opsin, and green opsin), E16 (AANAT), E17 (blue opsin), and E18 (violet opsin). In the
early differentiating cones of the central retina, HHOMT mRNA appeared two days earlier than red opsin and green opsin
MRNAs (E12 rather than E14). In cultured embryonic neural retina cells, basal medium was sufficient tooactivate
transducin gene transcription, an insulin-based supplement was sufficient to activate HHOMT gene transcription, whereas
serum was required for red opsin gene transcription after two days in vitro. All serum batches were able to activate red
opsin gene transcription, whereas some of them failed to activate HIOMT gene transcription. Activation of the HIOMT
gene promoter by an insulin-based supplement and by serum was confirmed after transfection of chicken embryonic
neural retina cells with promoter-reporter plasmids.

Conclusions: Activation of the melatonin synthesis genes in vivo takes place in a time window very close to that of early
opsins. However, a 24-48 h lead of HHOMT gene expression over early opsins was clearly observed. Our in vitro experi-
ments indicate that different exogenous signals are required to activate the different genes encoding photoreceptor spe-
cific functions. Significantly, marker genes for light sensitivity (red opsin) and for melatonin synthesis (HIOMT) appear

to be activated in response to different signals.

In addition to the role they play in vision by affecting thetions, functional differentiation of photoreceptors in embry-
phototransduction cascade, retinal photoreceptors specificalynic life would appear to rely on the activation of at least two
convert the photoperiodic component of ambient light into &pecific sets of genes: those of the phototransduction cascade
day/night rhythm of melatonin synthesis. Melatonin is pro-and those of the melatonin synthesis pathway.
duced with a large amplitude peak at night and regulates sev- The relative timing of expression of these two sets of genes
eral aspects of retinal physiology, including disk shedding fronduring photoreceptor differentiation has not been examined
rod outer segments and dopamine release from amacrine cedisd it is not known whether they are activated in response to
[1,2]. Melatonin is synthesized from serotonin in two enzy-similar or different developmental signals. A number of histo-
matic steps catalyzed by arylalkylamine N-acetyltransferasiegical studies have shown that photoreceptor differentiation
(AANAT, EC 2.3.1.87) and by hydroxyindole O- inthe chicken retinais a protracted phenomenon, starting when
methyltransferase (HIOMT, EC 2.1.1.4). Photoreceptor spegarecursors exit mitosis around embryonic day 6 (E6) and ex-
cific expression of AANAT and HIOMT has been documentedending over two weeks, with stepwise appearance of the dif-
by immunocytochemical and in situ hybridization studies inferent cellular components that characterize the photorecep-
the chicken pineal and retina [3-10]. Based on these observiar phenotype [11]. A similar picture was derived from gene
expression studies, showing that photoreceptor precursors
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mammalian species appear to confirm the stepwise activatidhat different culture conditions were required to support
of phototransduction genes, as examplified by the sequentiBlOMT, a-transducin, and red opsin gene transcription.
expression of transducin, rhodopsin, phosphodiesterase 6, and
arrestin over a period of several days or weeks [13-15]. A de- METHODS
velopmental study of a larger number of photoreceptor markAnimals: Fertilized chicken eggs (Gallus domesticus) were
ers in the chicken retina would be required to examine wheth@urchased from Rumolo Cie (Quincay, France) and were in-
there are any intermediate steps in photoreceptor specific geagbated at 37C in an atmosphere of 70% humidity. Embryos
activation between visinin expression at E6 and the activatiowere staged according to the method of Hamburger and
of the opsin genes around E15. In this context, special interedamilton [21]. Newly-hatched chicks were transferred to a
in the melatonin synthesis genes is warranted because inférvet room maintained at 2T, with food and water ad libitum.
mation on the timing of expression of AANAT and HIOMT in Cell culture: Primary retinal cell cultures were prepared
the embryonic chicken retina is relatively scarce [16-18], whictas described by Adler [22]. Embryonic day 7 (E7) neural reti-
makes it difficult to compare with the developmental expresnas, free of pigment epithelial cells, were dissociated and cul-
sion of the phototransduction genes. To obtain a better dasred at 37C in 6 well or 24 well polyornithine-coated plates
scription of these two aspects of photoreceptor differentiation(3x1® cells/well and 6x10cells/well, respectively), in an at-
we simultaneously analyzed the mRNAs encoding HIOMTmosphere of 5% C(n air. Basal culture medium was M199
AANAT, visinin, a-transducin, rhodopsin, and the four cone(Sigma, Saint Quentin Fallavier, France) supplemented with
opsins in the developing chicken retina. The results indicat®00 U/mL penicillin/streptomycin, 2 mM glutamine, and 0.5%
that a-transducin and HIOMT expressions start two to fourbovine serum albumin (BSA). Serum-supplemented medium
days before opsin expression, thus suggesting intermediatentained 0.1% BSA and either 10% newborn calf serum
steps in photoreceptor differentiation. (NCS; Invitrogen, Cergy Pontoise, France) or 10% fetal calf
The next question we wished to examine was whetheserum (FCS; Invitrogen). ITS-supplemented medium con-
the phototransduction genes and the melatonin synthesis genaimed 0.5% BSA and 1X ITS (118M insulin, 69 nM trans-
were activated by similar signals or by different signals durferrin and 38 nM selenium, Invitrogen).
ing photoreceptor differentiation. To address this question, we  cDNAprobes. The cDNA probes were produced by PCR
took advantage of a dispersed cell culture of chicken retinamplification of either plasmid clones or total retinal cDNA,
precursors that was previously shown to accelerate the diffewith the primer pairs listed in Table 1, purified by agarose gel
entiation of red cones [19,20]. In this system, we observedlectrophoresis and silica gel adsorbtion (QIAquick, QIAGEN,
Coutaboeuf, France or GENECLEAN, Qbiogene, lllkirch,
France) and verified by DNA sequencing (Big Dye, Perkin
Elmer, Courtaboeuf, France). The chicken HIOMT probe was

TaBLE 1. PRIMERS

Pri mer Accessi on produced by PCR amplification of a 518-bp fragment from a
| hame Sequence number previously described Blue-pGEM clone [23]. The chicken
Hovr E 5 - TTACTGCATTTGACCTTTOOC 3 X62309 AANAT probe was produced by PCR amplification of a 1388-

R 5 - CCTCOCCAGAACAGCATCATA- 3 bp fragment from a previously described pBK-CMV clone
[10]. The chicken visinin probe was produced by PCR ampli-
Red opsin F: 5' - CACGAAGAGGAGGACACCAC- 3' X57490 fication of a 444-bp fragment from total retinal cDNA. The

RS- CHATCTECTTEATEACSCT & chickena-transducin probe was a 479-bp fragment of 89%

identical sequence for the rod and cone forms (positions 574
to 1052 of the coding region in the cone form), produced by
PCR amplification from total retinal cDNA. The presence of
a mix of rod and cone forms in the PCR product was verified
. by DNA sequencing. Hybridization of this probe on northern
e s e 5. w2037 blots of total retinal RNA sometimes showed two bands around
2 to 2.5 kb, in agreement with the reported sizes of rod and
cone forms oéi-transducin mMRNA [24]. More generally, how-

Rhodopsi n F: 5' - AAGGCCAAGACTTCTACGTGC- 3' D00702
R 5' - ATGATCCAGGAGAACGCGACC- 3'

Green opsin F: 5' - TCCTCATCTCCACTGGICTGC- 3' V2038
R 5' - ACGTAGGACTCGTITGIGGTAG- 3'

Violet opsin F: 5' - CATCGGACGACGACTTCTACC- 3' M2039

R 5'- GATGTAACGCTCGAAGGCCAA- 3' ever, the two forms af-transducin mMRNA were not resolved
on our northern blots due to the large quantity of material
Visinin E: 5' - GTTACACGGAGGAGGAGCTGA: 3' MBA729 loaded on the gels. Becausedhiansducin probe also showed
R 5" - CCTCGGCGATCTTATCGTTCT- 3 82% sequence identity with Gi2-subunit, we verified the
o-transducin  E 5' - AAGGACCTCAACTTCAGGATGT- 3 NM 204690 absence of cross-hybridization on northern blots of total brain
R 5' - CAGTCCTTGAGGTTCTCCTTG 3 - RNA. The different chicken opsins probes were produced by
PCR amplification of pPGEM-T-cloned fragments of the fol-
GAPDH F: 5'- AGGCGAGATGGTGAAAGTCG 3' NM_ 204305 lowing sizes: rhodopsin 475 bp, red opsin 300 bp, green opsin

RS- TCTGOCCATTTGATGITCCT- 3 475 bp, blue opsin 429 bp, violet opsin 392 bp. Each opsin

Forward (F) and reverse (R) primers used in this study. All primerprobe had less than 70% sequence identity with any other op-
are for chicken sequence. sin and hybridized only with the mRNA of expected size on
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northern blots: rhodopsin at 1.6 kb (major band) and 3 kiMix (Roche Applied Science), containing the specific primer
(minor band); red opsin at 1.6 kb; green opsin at 2.8 kb; blugairs (final 0.5uM each). The PCR temperature cycle was 95
opsin at 3.1 kb, and violet opsin at 3.7 kb [25]. °C 10 min, followed by 45 cycles of 98 10 s, 65C 10 s, 72
Northern blot analysis: Neural retinas were obtained at °C 20 s, with SYBR Green fluorescence recording at the end
the beginning of day time, from at least 10 animals for eacbf each elongation segment. The PCR reaction was followed
experimental point, dissected free of the pigment epitheliurby a melting curve analysis: 9& 10 s, 60°C 10 s, linear
and rapidly frozen in liquid nitrogen as pools. For center tancrease to 98C at 0.1°C/s, with continuous SYBR Green
periphery gradient studies, a 4 to 9 mm piece of retina weffliorescence recording. The primer pairs used in this study
dissected at the tip of the pecten (area centralis), and anottier HHOMT (S518, AS1035), red opsin (S47, AS488) and glyc-
36 mm piece of retina was dissected from the nasal periphesgraldehyde 3-phosphate dehydrogenase (GAPDH, S7, AS260;
Total RNA was extracted as previously described [26]. TisTable 1) were validated as follows: They gave a single PCR
sues were sonicated in a suitable volume (20809 of tis-  product as verified by melting curve analysis, agarose gel elec-
sue) of ice-cold LiCl/urea solution (3 M LiCl, 6 M urea). The trophoresis, and DNA sequencing, and the distribution of the
homogenates were incubated overnight &C4Total RNA  PCR sigmoids was linear (r was 0.99 to 1) over 5 logs of tem-
was pelleted by centrifugation at 15000x g for 30 min. Pelletplate concentration with an efficiency of 1.85 to 1.98. The
were washed once with 1 volume of LiCl/urea solution anctritical cycle of each sigmoid PCR curve was calculated by
were then resuspended in TE/SDS buffer (10 mM Tris-HClthe LightCycler Software 3.5® (Roche Applied Science) as
pH 7.4, 1 mM EDTA, pH 8, 0.5% sodium dodecyl sulfate).the PCR cycle corresponding to the maximum of the second
Total RNA was then purified by extraction with phenol/chlo- derivative. Total cDNA from each cell culture sample was
roform and precipitated with ice-cold ethanol. RNA concen-analyzed by real time PCR for HIOMT, red opsin, and
trations were measured by the optical density at 260 nm. Tot&lAPDH. Critical cycle values of GAPDH PCR reactions were
RNA was denatured with 48% formamide and 6.4% formalused for correction of the RNA load in the RT reactions. After
dehyde at 95C for 5 min, and loaded (1 per lane) on 1% this correction, critical cycle differences for HHOMT or for
agarose/0.7 M formaldehyde gels containing @g/ml  red opsin, between samples cultured in basal medium and
ethidium bromide. After electrophoresis, the RNA was transsamples cultured in either ITS- or NCS-supplemented medium
ferred overnight onto nitrocellulose membrane in 10X NaClivere converted into fold increase over control.
Citrate buffer (1.5 M NaCl, 0.15 M sodium citrate, pH 7). Promoter-reporter analysis: Embryonic retinal cells were
Nonspecific sites were blocked by incubating the membranseeded at a density of 3¥I@lls per well in 6 well plates, one
for 2 h at 42C in the high-stringency hybridization solution day before transfection. Cells were transfected with promoter-
(40% formamide, 10% dextran sulfate, 4X NaCl/Cit, 0.02%reporter constructs (2g/well) containing either 3 kbp or 225
polyvinylpyrrolidone, 0.02% BSA fraction V, 0.02% Ficoll bp of the chicken HHOMT promoter, upstream of the firefly
400, 20 mM Tris-HCI, pH 7.4, and 0.3 mg/ml denatured salmotuciferase reporter gene, as previously described [28], or with
sperm DNA). the promoterless plasmid pGL3-Basic (Promega). To correct
The cDNA probes described above were labeled to simfor variations in transfection efficiencies, each experimental
lar specific radioactivities by random priming [27] witl-[  group was cotransfected with a plasmid containing the Renilla
$2P]dCTP (3000 Ci/mmol). The chicken 18S rRNA probe waduciferase reporter gene, under control of the SV40 promoter
a 21-mer antisense oligonucleotide corresponding to bp 95&nd enhancer (pRL-SV40, Promega; dgdwell). Transfec-
936 (GenBank accession number M59389) and was labeléidns were performed following the CaP@ethod. Briefly,
with [a-*P]dCTP (3000 Ci/mmol) using Terminal plasmid DNA was diluted in 75l of 250 mM CaCland was
Deoxynucleotidyl Transferase (Amersham Biosciences, Orsagdded dropwise to 48 of 2X HeBS (280 mM NacCl, 1.4 mM
France). The prehybridized membranes were incubated ovedtaHPO,, 50 mM HEPES, pH 7.1). Cells were incubated over-
night at 42°C with the radiolabelled probes diluted at@i/  night with the precipitate (15@/well in 2 ml of culture me-
ml in high-stringency hybridization solution. Membranes weredium) and were cultured for 24 h in fresh medium before be-
then washed for 1 h at room temperature in 2X NaCl/Citraténg assayed for luciferase activities. Transfections and assays
0.1% SDS and for 2 h at 52 in 0.1X NaCl/Citrate, 0.1% were performed in triplicate for each experimental group. Basal
SDS and exposed on the screen of a Phosphorimager (Stommedium alone (M199 with 0.1% BSA) could not be used in
820, Amersham Biosciences). these experiments because it generated a major GaO
Real time RT-PCR: Totd RNA (1 ug) from cultured reti-  cipitate that was lethal to the cells. Instead, culture and trans-
nal cells was reverse transcribed with M-MLV (Promegafections were performed in basal medium supplemented ei-
Charbonnieres, France) and random hexamers (Amershaier with 10% NCS, or with 10% FCS from a batch that did
Biosciences) at 37C for 2 h and the reaction was terminatednot induce northern blot-detectable levels of HHOMT mRNA
by a 1/5 dilution with double-distilled water. Real time PCR(this batch is thereafter termed inactive FCS). Firefly and
was performed on a LightCycler (Roche Applied ScienceRenilla luciferase activities, were assayed using the Dual-Glo
Meylan, France) according to the manufacturer’s instructionduciferase assay system (Promega). Light emission was mea-
A typical reaction was performed in 1) consisting of Gul sured on a Beckman LS 6500 counter, on the luminometer
of a 1/5 diluted RT reaction andubof SYBR Green Master program (Beckman Instruments, Gagny, France). The differ-
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Figure 1. Development of mMRNA levels for melatonin-synthesizing
enzymes and phototransduction proteins. Total RNAu@5was
extracted from 10 to 30 neural retinas at the indicated development

o-Transducin
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ences in transfection efficiency between the experimental
groups were normalized by calculating the ratio between the
firefly and Renilla luciferase activities.

RESULTS
Developmental expression of melatoninergic and
phototransduction genes in the embryonic chicken retina:
Developmental activation of the genes encoding melatonin-
synthesizing enzymes and phototransduction proteins was
examined by northern blot, at 3-7 days intervals between em-
bryonic day 7 (E7) and posthatch day 8 (P8) and at 1 day
intervals between E14 and E18 (Figure 1). Analysis on the
wide time scale indicated that visinin mMRNA was present from
E7 onwardsg-transducin mRNA appeared at E10; HHOMT
mMmRNA at E14, while AANAT and all opsins mRNAs were
detected from E18 onwards (Figure 1A). Minor mRNA bands
(about 10% of the signal) were observed for HIOMT (at 4 kb)
and for rhodopsin (at 3 kb), in agreement with previous re-
ports [20,25,29]. The intensity of these minor bands increased
in parallel with the major signal (not illustrated). Analysis on
a more resolutive time scale allowed us to accurately define
the order of appearance of the mRNAs encoding the melato-
nin-synthesizing enzymes, relative to the mRNAs encoding
the different opsins. HIOMT gene expression at E14 was con-
firmed, while AANAT mRNA became clearly detectable at
E16, with only a faint trace at E15 (Figure 1B). In agreement
with a previous in situ hybridization study [12], rhodopsin,
red opsin, and green opsin mMRNAs became detectable at E15,
while blue opsin mMRNA appeared at E17 and violet opsin
MRNA only at E18 (Figure 1B). The antecedence of HIOMT
gene transcription over early cone opsins (red and green) was
confirmed in three independent experiments.

To further analyze this time difference in gene expres-
sion, we examined the spatial distribution of HHOMT mRNA
in the developing retina, based on the notion that cone photo-
receptors differentiate in a center to periphery gradient [12].
When the area centralis and the nasal periphery of the retina

E12 E13 E14 E15
9] o o] ) o o 9] o
¢ 2 g g 8§ 2 8 2
g S & 5 § 35 & 3§
ot [,

- - “'*—(1 & Kb)
Red opsin
R
Green opsin
o R

stages and analyzed on northern blots with the indié@Reldbeled e —-
cDNA probes. A2P-labeled 18S rRNA oligonucleotide was used to “ ‘ -ﬁ ‘.“4-235|'RNA
verify equal RNA loading in the different lanés.After analysison ' N
a broad time scale, the successive appearances of visinin,
transducin, HIOMT, and AANAT mRNAs are illustrated. For clar- Figure 2. Gradients of HHOMT and opsin mRNAs in the embryonic
ity, the detection of all opsin mRNAs is summarized by (-) or (+).chicken retina. Center to periphery gradients of HIOMT, red opsin,
The results are representative of two independent experiments arsxd green opsin mMRNAs in the embryonic chicken retina are pre-
lyzed on four northern blot8: Analysis on a higher resolution time sented. At the indicated developmental stages, the area centralis and
scale allows a closer comparison of the different timing of gene actthe nasal periphery of 10 to 16 neural retinas were dissected sepa-
vation for the melatonin-synthesizing enzymes and for the five oprately. Total RNA (151g) was analyzed by northern blot and probed
sins. The results are representative of one experiment analyzed with the indicated?P-labeled cDNAs. 28S rRNA was visualized by
two northern blots. BrEt-induced fluorescence.
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were dissected separately, northern blot analysis allowed gentralis. The relative precocity of HHOMT gene transcription
to detect HHOMT mRNA in the central retina as early as E12(Figure 3) would appear to make it a valuable marker to ex-
whereas it became detectable in the peripheral retina at Ea#nine the early events controling melatoninergic differentia-
(Figure 2). The previously described center to periphery grdion of photoreceptors.

dient of red opsin and green opsin expression [12] could be Differential regulation of HIOMT, a-transducin, and red
observed at E14 and E15 (Figure 2). Thus, the data clearbpsin geneexpressioninretinal precursorsinvitro: Inagree-
indicated a 48 h lead of HIOMT over red opsin and greement with previous reports [19,20], retinal precursors disso-
opsin in the early-differentiating photoreceptors of the areaiated at E7 and cultured for 2-3 days in serum-supplemented

' Figure 3. Schematic repre-
Red CI]JBIH_ sentation of gene activa-
Green opsin tion steps in the develop-
ing chicken retina. This

R.l‘]DdIJ[.‘ISII‘I graph summarizes the data

presented in Figure 1 and

HIOMT AAMNAT Figure 2. On a time scale

. spanning embryonic day 7

Visinin  o-Transducin Blue opsin (E7) to E21 (hatching), ar-
Violet GpSit’I rows point to the dates of

l appearance of the indi-
k 4‘ cated mRNAs, as detected

Il ]I ]I JI Il Il Il I Il I I Il Il P by northern blot analysis.
- The dates refer to analyses
E7 E10 El2 El4 El5 Elé E17 El18 E21 performed on total retina,
* ‘Il except when otherwise in-

. dicated (italics).
HIOMT Red opsin,
(central retind)  Green opsin
feentral reting

A B 2 days 2 days

2days 3 da_krs Control BSA NCS
in vivo in vitro in vivo

A A
4 ™
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o > , Visinin _, . .
- M s

a-Transducin
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o-Transducin
(2kb) *

HIOMT | HIOMT
(1.6 kb) | - . (1.6 kb) ™
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(1.6 kb) (1.6’kb) >
rRNA 185 i rRNA 18S
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Figure 4. Effect of media serum on mRNA levels in cultured retinal cells. Visirirgnsducin, HIOMT, and red opsin mRNA levels in
retinal cells cultured with or without serum were assessed. Total RNAY(fi&r lane) extracted from approximately d@itured cells or from

a pool of 10 embryonic (E10) retinas, was analyzed on northern blot with the indi®atalleled cDNA probes. ZP-labeled 18S rRNA
oligonucleotide was used to verify equal RNA loading in the different l&nds7 retinal cells were cultured for two to three days in serum-
supplemented medium. Their profile of gene expression is compared with that of neural retinas from E10 embryos. Therepse$israre
tative of at least eight experimerBs.Duplicate cultures of E7 retinal cells were kept for two days in either basal medium (0.5% bovine serum
albumin) or serum-supplemented medium (10% newborn calf serum). A batch of cells cultured for two days in basal medisfereas tran

to serum-supplemented medium for two additional days.
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medium showed a precocious activation of red opsin gene traRurther experiments indicated that different batches of fetal

scription and an increase in visinin mRNA levels, when comealf serum (FCS) varied strongly in their ability to activate

pared to in vivo E10 retinas (Figure 4A). With all due cautiorHIOMT gene transcription, although they all proved capable

when comparing in vitro and in vivo situations that do notto activate red opsin gene transcription (Figure 5). This was

necessarily reflect the same embryonic stages, our data gpe first hint at a differential regulation of these two genes

peared to confirm that red cones undergo an accelerated difuring photoreceptor differentiation in vitro. In contrast to the

ferentiation in vitro. Our experiments also confirmed that retivariability of FCS batches, newborn calf serum (NCS) con-

nal precursor cells failed to differentiate into other cones osistently activated both HIOMT and red opsin gene transcrip-

into rods, as indicated by the absence of rhodopsin, greetipn (Figure 5).

blue or violet opsins mMRNAs (data not shown). In addition,

we observed that the cultured cells expressed other compo-

nents of the photoreceptor phenotype (i.e., the mRNA trar A

scripts ofa-transducin and HIOMT genes; Figure 4A).

AANAT mRNA was hardly detectable on northern blots after

two or three days of culture (data not shown) and therefot o

was not further investigated. "'('.f ll?llx')‘*

The different mRNA transcripts composing the photore-

ceptor phenotype were differentially affected when cells wer y-Transducin

cultured in serum-free (basal) medium. Red opsin and HIOM' (2 kb)

transcripts remained undetectable after two days of culture

basal medium (Figure 4B). In contrast, visinin mRNA was HIOMT , 2 days NCS

still present at a concentration about half that observed in s (1.6 kb) "W W (—)“ﬁ

rum-supplemented cultures (Figure 4B). Moreowet, '
. - - - Red opsm

transducin gene transcription was clearly activated in cell (1.6 kb) ™

cultured in basal medium, albeit less efficiently than in the
presence of serum (Figure 4B). Cell counts indicated 60% ple 188 rRNA ﬁ ﬁ - - ﬁ
ing efficiency after two days of culture in both basal and se

rum-supplemented media. Although cell viability dropped rap-
idly in basal medium (30% after three days and about 10%
after four days), cells cultured for two days in basal mediun
remained capable to activate red opsin and HIOMT gene tra

2 days ITS 2 days NCS

2 days ITS
+

—
scription when transferred to serum-supplemented medium fi - § E _ E
two additional days (Figure 4B). Together, the data seemed ? % e 2.3
S = = 3 e c*e
indicate that photoreceptor precursors cultured for two day o S = 5 = 3

in basal medium were viable and actively differentiating (ac
tivation of thea-transducin gene), but were lacking a serum HIDMT+ g
factor to activate red opsin and HIOMT gene transcription (1.6 kb) vl “

FCSn™ FCSn2FCSn°3 NCS 18S rRNA _, |
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Figure 6. Effect of insulin-based culture supplement on HHOMT and

Red op 3'“... - - - . red opsin gene regulation. The effect of an insulin-based culture

{1 6 kh} supplement on HIOMT and red opsin gene regulation was assessed.
Total RNA (15ug per lane) extracted from approximately &6lls
Figure 5. Sensitivity of HIOMT gene transcription to different lots was analyzed on northern blot with the indicaf@dlabeled cDNA
of serum. E7 retinal cells were cultured for three days in mediurprobes. 18S rRNA BrEt-induced fluorescence was used to verify equal
supplemented with different lots of fetal calf serum (FCS) or withRNA loading in the lanedA: Duplicate cultures of E7 retinal cells
newborn calf serum (NCS). Total RNA (1§ per lane) extracted were kept for 2 days in medium supplemented with either insulin-
from approximately 10 million cells was analyzed on northern blotransferrin-selenium (ITS) or newborn calf serum (NCS). Two batches
with the indicatedP-labeled cDNA probes. HIOMT gene transcrip- of cells cultured for two days in ITS-supplemented medium were
tion was efficiently activated by one lot of FCS out of three, whereagansferred to NCS-supplemented medium for two additional days.
red opsin gene transcription was activated by all lots of FCS. ThiB: E7 retinal cells were cultured for three days in medium containing
variability was not observed for NCS, which consistently activatedeach component of the ITS supplement, as indicated (insulitVL,.5
transcription of both HIOMT and red opsin. selenium 38 nM, transferrin 69 nM).
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Tofurther compare HIOMT and red opsin gene transcripfirst series of five consecutive experiments, this quantitation
tion in vitro, retinal precursors were cultured in a chemically+evealed a 17 fold increase in HHOMT mRNA levels with ITS
defined medium, where serum was replaced by an insulirand a 40 fold increase with NCS, compared to no supplement
based culture supplement (insulin, transferrin, selenium: ITS{Figure 7A). In the same experiments, red opsin mMRNA levels
After two days of culture in the presence of ITS, HHOMT geneshowed a 300 fold increase with NCS and no significant in-
transcription was strongly activated, whereas red opsin mRNArease with ITS (Figure 7A). Another series of eight experi-
remained undetectable (Figure 6A). Photoreceptor precursomsents confirmed this observation, albeit with less dramatic
survival in ITS-supplemented medium could be verified bychanges in mRNA levels: HHOMT mRNA concentration was
the presence of visinin ardtransducin mMRNAs (Figure 6A). increased 9 fold by ITS and 15 fold by NCS, while red opsin
In addition, cells cultured for two days in ITS-supplementednRNA concentration was increased 25 fold by NCS and not
medium retained the ability to activate red opsin gene trarincreased by ITS (Figure 7B).
scription, if further-cultured for two additional days in the pres-  Accumulation of HHOMT mRNA in response to NCS or
ence of NCS (Figure 6A). When the components of the ITSTS appeared to reflect transcriptional activation rather than
culture supplement were tested separately, transferrin had ntRNA stabilization, because both culture conditions also ac-
effect, whereas insulin (18V) and selenium (38 nM) both tivated promoter-reporter constructs consisting of the luciferase
activated HIOMT gene transcription, without apparent addifreporter under control of either a 3 kbp or a 225 bp version of
tivity (Figure 6B). The effect of insulin was not observed atthe chicken HIOMT promoter (Figure 8). Due to constraints
15 nM concentration (data not shown). on transfection efficiency (see Methods), basal conditions in

Real time RT-PCR was used to confirm the effects of ITShese experiments did not correspond to unsupplemented me-
and NCS on HIOMT and red opsin mRNA levels. Due to itdium, but to medium supplemented with a batch of inactive
higher sensitivity, real time RT-PCR detected small amountBCS (i.e., a batch of FCS that did not induce northern blot-
of both HIOMT and red opsin mRNAs in cells cultured in detectable levels of HHOMT mRNA). By comparison with a
basal medium, which allowed for quantitation of the relative
increase in MRNA levels evoked by either ITS or NCS. In ¢

> 1 inactive FCS

S I inactive FCS+ITS
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HIOMT Red opsin HIOMT Red opsin . . .
Figure 8. Effect of insulin-based culture supplement or serum on

HIOMT promoter activity. Activation of the chicken HIOMT pro-

Figure 7. Effect of insulin-based culture supplement or serum omoter by newborn calf serum (NCS) and by the insulin-transferrin-
HIOMT and red opsin gene regulation. Real time RT-PCR analysiselenium culture supplement (ITS) was assessed. E7 retinal cells were
was conducted to assess the effects of serum or an insulin-basadtured in medium supplemented with either 10% newborn calf se-
supplement in culture media on HIOMT and red opsin mRNA levrum (NCS) or 10% inactive fetal calf serum (i.e., FCS that did not
els. E7 retinal cells were cultured for two days in either basal meénduce northern blot-detectable levels of HHOMT mRNA expression)
dium containing 0.5% bovine serum albumin (BSA) or mediumor with 10% inactive FCS plus insulin-transferrin-selenium (ITS).
supplemented with insulin-transferrin-selenium (ITS) or mediumThe cells were transfected with plasmids containing the firefly lu-
supplemented with newborn calf serum (NCS). Total RNA (about Tiferase reporter gene alone (pGL3-Basic) or under control of either
ug) was reverse transcribed and cDNA aliquots (a tenth of the R kbp or 225 bp of the chicken HIOMT promoter (pGL3-HIOMT1
reaction) were analyzed successively by real time PCR with primeand pGL3-HIOMT2, respectively). To correct for variations in trans-
pairs specific for HIOMT, red opsin, and GAPDH. For both HIOMT fection efficiencies, all experimental groups were cotransfected with
PCR curves and red opsin PCR curves, the differences in critical second plasmid (pRL-SV40) containing the renilla luciferase re-
cycle number observed between the different culture conditions weporter gene under control of the SV40 promoter. The levels of lu-
converted into fold increase over control culture in basal mediunxiferase activities were measured 24 h post-transfection. The ratios
after correction of the RNA load in each sample by the critical cycl®f firefly/renilla luciferase activities were calculated and were ex-
number of GAPDH PCR (only marginal corrections were required)pressed relative to pGL3-Basic. Histograms represent the mean (3 in
A first series of 5 duplicate culture&) and a second series of eight each experimental group) from one representative experiment; error
duplicate culturesR) were analyzed. Bars represent means for n=1(ars represent the SEM. Similar results were obtained in four inde-
(A) and n=16 B); error bars represent the SEM. pendent experiments.
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promoterless plasmid, some HIOMT promoter activity was  The photoreceptor precursor cells placed in culture at E7
clearly observed in the presence of inactive FCS. Howeveappeared to be fated in as much as they continued to express
transcription of the promoterless plasmid did not change imisinin mMRNA and were able to activatetransducin tran-
the presence of NCS or ITS, whereas both supplements iseription, in the absence of any culture supplement. However,
creased HIOMT promoter activity about 3 fold (Figure 8). they were unable to activate HHOMT and red opsin gene tran-
scription after two days in basal medium, at least not to a level
DISCUSSION that would be sufficient for detection by northern blot. The
The present study describes the timing of gene activation faustained and even increased expression of visinin mRNA in
core proteins of the phototransduction cascade (opsing-and culture is in agreement with previous reports [20]. The activa-
transducin) and for the enzymes of the melatonin synthest®n of a-transducin gene transcription in basal medium is new
pathway (AANAT and HIOMT), in the developing chicken information, which adds support to previous studies indicat-
retina. In addition, our in vitro experiments allowed us to deing that photoreceptor precursors can achieve a certain degree
fine culture conditions that differentially stimulated  of phenotypic differentiation in a cell-autonomous manner
transducin, HIOMT, and red opsin gene transcription irf35]. The absence of northern blot-detectable red opsin mRNA
chicken retina precursor cells. Although AANAT gene tran-after culture in basal medium contrasts with previous reports
scription could not be analyzed in our short-term cultures, othéndicating that red opsin-positive cells can be detected by in
studies have documented the regulation of this gene by ligkttu hybridization after four days of culture in serum-free me-
and circadian oscillators after longer culture times [30,31]. Itium [20]. The sensitivity cut-off of northern blot analysis
should also be mentioned that a minor proportion of thand the shorter culture duration used in our experiments (two
AANAT mRNA detected in vivo might be contributed by reti- days rather than four days) may be responsible for these con-
nal ganglion cells, because this cell type was recently showrasted results. Indeed, our real time PCR analysis confirmed
to express low levels of AANAT [32]. the presence of small amounts of red opsin mMRNA in cells

Our in vivo experiments indicated that transcriptional accultured in basal medium, but it also showed that serum causes
tivation of the melatonin synthesis genes takes place in a tineedramatic increase in the concentration of this transcript (up
window very close to that of early opsins gene activationto 300 fold). This large increase in red opsin mRNA levels,
However, the antecedence of HIOMT gene expression wasghich appeared to be required for detection on northern blot,
clear, especially when the center to periphery gradient of difvould represent a more advanced degree of phenotypic dif-
ferentiation was taken into account. It is tempting to speculatierentiation achieved in response to serum factors. Like red
on a possible relationship between this early onset of HHOM®psin, HHOMT mRNA levels were increased by serum to north-
gene transcription and the detoxifying role played by this enern blot-detectable levels. This observation generalizes the
zyme in the bis-retinyl arylalkylamine scenario recently pro+egulation of HIOMT gene transcription by serum that we
posed by Klein [33] to explain the evolution of photoreceppreviouly observed in embryonic chicken pineal gland and in
tors and pinealocytes. human retinoblastoma Y79 cells [26,36].

The timings of expression of HIOMT ardtransducin One unexpected result of the present study is that all
genes in vivo, between visinin expression at E6 and early ojpatches of serum were able to increase red opsin mRNA lev-
sins at E15 [12], are of special interest because they defirds, whereas only some of them activated HIOMT gene tran-
intermediate steps in photoreceptor differentiation. Previouscription. This is reminiscent of another study on chicken retina
studies in mammals have also shown that transcriptional actirecursor cells, indicating that multiple lots of serum had to
vation of the genes encoding beta-PDEB6, opsing}-, and  be screened to obtain a high proportion of photoreceptors and
y-transducin, arrestin and recoverin occur at several days ihigh levels of AANAT activity [31]. These observations stress
tervals during retinogenegis [13-15]. In the chicken retina, #he sensitivity of retinal precursor cells to serum composition
more complete study, including a larger number of photoreand should to be taken into account in further studies utilizing
ceptor markers (phosphodiesterase 6, arrestin, phosducthijs culture system. In the present study, the variability among
peripherin, etc.) would still be needed to precisely delineatserum batches was meaningful, because it was the first hint at
all the successive steps of specific gene activation. Nevertha-differential regulation of HHOMT and red opsin gene tran-
less, our data strengthen the view that photoreceptor differereription. This was further supported by the use of an insulin-
tiation, in terms of specific gene activation, is a stepwise prdased culture supplement which activated HHOMT gene tran-
cess that extends over several days, as previously noted aription without increasing red opsin mRNA levels. The high
morphological traits such as the production of outer segment®ncentration of insulin required for HHOMT gene activation
or the establishment of synaptic contacts [11]. As previouslguggests a honspecific effect. However, this response was also
stated by Adler [34], this protracted differentiation might rep-observed with selenium, which has been characterized as an
resent the execution of an endogenously-timed program initinsulinomimetic in several model systems [37,38] and whose
ated at the exit of mitosis, or the successive actions of exogffects have been related to activation of both the PI3K and
enous signals required to activate each functional gene cortire MAP kinase pathways, downstream of the insulin recep-
posing the photoreceptor phenotype. Our in vitro experiment®r [39]. Further studies using insulin-like growth factors and
suggest that both hypotheses apply, depending on which funather peptides known to activate the same intracellular sig-
tional gene is being considered. naling pathways should help elucidate the mechanism of
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HIOMT gene activation. This would improve our knowledge6.
of signal-dependent gene activation in developing chicken
photoreceptors, which was first evidenced with the CNTF-
dependent activation of green opsin gene expression [20]. Aldo
of interest is the fact that ITS and NCS activated transcription
of promoter-reporter constructs containing both long and short
versions of the HIOMT promoter. Although no single conseng

©2005 Molecular Vision

Greve P, Bernard M, \Voisin P, Cogne M, Collin JP, Guerlotte J.
Cellular localization of hydroxyindole-O-methyltransferase
mMRNA in the chicken pineal gland. Neuroreport 1993; 4:803-6.

Wiechmann AF, Craft CM. Localization of mRNA encoding the
indolamine synthesizing enzyme, hydroxyindole-O-
methyltransferase, in chicken pineal gland and retina by in situ
hybridization. Neurosci Lett 1993; 150:207-11.

Wiechmann AF. Hydroxyindole-O-methyltransferase mRNA ex-

Sus insulin-response element has been defined, examination pression in a subpopulation of photoreceptors in the chicken

of the HIOMT promoter sequence revealed several regions
sharing up to 73% identity with DNA elements previously9.
shown to mediate insulin effects in other gene promoters [40].
Further studies on truncated or mutated versions of the HHOMT
promoter should lead to the identification of the cis-regula-

tory elements involved in this response. Comparative studies”

with other promoters known to be activated in retinal precur-
sor cells, like the IRBP promoter [41], would also be of inter-

est to elucidate the signaling mechanisms governing functiong .

differentiation of photoreceptors. Ultimately, a comparison

with red opsin, transducin, and visinin promoters should bé2.

most informative.

Together, the different culture conditions used in thel3:

present study have allowed us to selectively activate the tran-
scription of eitheti-transducin (basal medium), HIOMT (ITS),

or red opsin (some lots of FCS), in chicken retinal precursoy,
cells. Although our short-term cultures do not rule out the pos-
sibility that photoreceptor precursors might differentiate in a
cell-autonomous manner if they were cultured long enough in

basal medium, they do indicate that different exogenous sig-.

nals are involved in activating the different genes encoding
photoreceptor specific functions. Significantly, marker genes
for light sensitivity (red opsin) and for melatonin synthesis
(HIOMT) appear to be activated in response to different sig-
nals.
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