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Abstract 

We show, for the first time, the spatio-temporal appearance of Cyp1b1 protein during mouse eye 

ontogeny. The protein was unambiguously identified in the adult mouse eye and newborn (P0) 

whole mouse microsomes, and shown to be localized in inner ciliary epithelium, corneal 

epithelium, retinal inner nuclear cells and ganglion cells. The enzyme protein was present in the 

lens epithelium adjacent to the developing ciliary body at 15.5 days post conception (E15.5) and 

was most strongly expressed during E17.5 - P07. Subsequently, it declined to very low levels. 

The protein was also expressed in the corneal endothelial cells adjacent to the ciliary body at 7 

days postnatally (P07). Cyp1b1 was barely detectable in the inner ciliary epithelium before 

E17.5 but increased rapidly postnatally, reaching adult levels by P28. Levels of the enzyme 

protein in the corneal epithelium were seen from E15.5 onward, rising sharply, and after a 

decline at P07, was highest in the adult animal eye. The presence of Cyp1b1 protein in the inner 

nuclear layer of the retina was very low in the prenatal eye, rising rapidly postnatally, and was 

highest in the adult animal eye. In the ganglion cell layer of the retina it increased slowly from 

E15.5 to P07, and then rapidly reached adult levels. Interestingly, Cyp1b1 was not detected in 

the trabecular meshwork at any stage of development or in the adult eye. We conclude that the 

enzyme may play important roles in the normal eye development and function in mouse as in 

human, and that the mouse may prove to be an excellent model for determination of the roles of 

CYP1B1 in human eye development and function.  
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Cytochrome P450 forms are known to function as monooxygenases, with Families 1-3 serving as 

xenobiotic-metabolizing enzymes. Their presence in the embryo and in developing tissue has 

generally been considered in terms of metabolism of xenobiotics that might enter the organism, 

or as a cause of toxic, carcinogenic or teratologic response to uptake of certain environmental 

pollutants. However, the expression of these forms of cytochrome P450 in the embryo and fetus 

appears to have both temporal and spatial components (Choudhary et al., 2003), suggesting, that 

these effects are inherent to developmental roles for the enzymes (Nebert, 1991; Stoilov et al., 

2001; Choudhary et al., 2003; Schenkman et al., 2003; Choudhary et al., 2004a).  

CYP1B1, a form of Family 1 cytochrome P450, is a protein found in many classes of 

vertebrates, from bony fish to humans (http://drnelson.utmem.edu/nelsonhomepage.html). This 

presence of evolutionary-conserved orthologous forms of the protein would suggest some critical 

developmental process associated with the enzyme. Such evolutionary retention of structure 

might suggest conservation of function, and the use of comparisons between orthologous forms 

as a way to elucidate the manner in which the enzyme effects normal eye development. In earlier 

studies, truncating mutations in CYP1B1 were linked to a disease phenotype, primary congenital 

glaucoma (PCG), by this group (Stoilov et al., 1997). Subsequently, a number of other mutations 

in this protein were also linked to PCG (Bejjani et al., 1998; Stoilov et al., 1998; Plasilova et al., 

1999). Recently, mutations in CYP1B1 have also been linked to two other types of structural 

defects in the eye, primary open angle glaucoma (POAG) and Peter's Anomaly (Edward et al., 

2004). These data strongly implicate CYP1B1 in the ontogeny of the eye. 

Cyp1b1 null mice (Cyp1b1-/-) have been shown to have developmental abnormalities of 

the drainage structures of the eye similar to that found in PCG humans (Libby et al., 2003). 

Mouse and human CYP1B1 forms have an 81% overall sequence identity, and greater than 90% 
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sequence identity in the substrate recognition sites (Choudhary et al., 2004a). In two of these 

sites, SRS-2 and SRS-4 the sequence identity is 100% between the orthologs (Choudhary et al., 

2004b). Experiments have been carried out to compare the metabolism of endogenous substrates 

of cytochrome P450 by human and mouse CYP1B1 orthologs in an attempt to determine whether 

there is also a retention of substrate and metabolite specificity. Based upon a comparison of 

metabolism of testosterone, progesterone and ß-estradiol by human and mouse orthologs of 

CYP1B1, we were able to eliminate these as the possible conserved substrates (Choudhary et al., 

2004a). We were also able to exclude the lipid, arachidonate, which similarly was metabolized 

strongly by CYP1B1, but not by Cyp1b1 (Choudhary et al., 2004b).  

The eye is the tissue with the highest concentration of vitamin A in the body (Luo et al., 

2006), and deficiency results in eye developmental defects and visual impairment. At least a 

dozen forms of human cytochrome P450 have been shown to be capable of all-trans-retinoid 

metabolism at fairly good rates (Chen et al., 2000; McSorley and Daly, 2000; Zhang et al., 2000; 

Choudhary et al., 2004b). Both human and mouse orthologs were found to be capable of 

oxidizing all-trans-retinol to all-trans-retinal and then to all-trans-retinoic acid (Choudhary et 

al., 2004b), a potent morphogen involved in early development of the conceptus (Maden et al., 

1998; Abu-Abed et al., 2002) and eye development (McCaffery et al., 1999; Mori et al., 2001). A 

comparison of metabolism of these compounds by the human and mouse CYP1B1 orthologs 

indicated Cyp1b1 to have a higher specific activity toward all-trans-retinol (ROL) than CYP1B1, 

while with all-trans-retinal (RAL) as substrate the human enzyme had a higher specific activity 

for conversion to all-trans-retinoic acid (RA) (Choudhary et al., 2004b); neither ortholog could 

metabolize RA. Thus, if the role of Cyp1b1 in eye involves retinoid metabolism, its function 

would be in synthesis rather than in elimination of an active agent. During the visual cycle, light 
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causes conversion and release of 11-cis-retinal as all-trans-retinal (McCaffery et al., 1996), part 

of which would be converted to all-trans-retinoic acid and subsequently inactivated in the retina. 

The lost RAL would have to be replaced, and perhaps CYP1B1 orthologs contribute toward this 

task. In the present study we examined the temporal and spatial location of the Cyp1b1 in mouse 

eye in an attempt to discern its role(s) in eye development and function. The retina proved to be 

one of three functionally distinct regions of the eye with high levels of Cyp1b1 expression. The 

other two regions include the cornea and the inner ciliary epithelium. 

MATERIALS and METHODS 

Mice 

The National Institutes of Health guidelines and Association for Research in Vision and 

Ophthalmology statement for the Use and Care of Animals, and procedures approved by the 

Animal Care Committee of the University of Connecticut Health Center were followed in this 

study. Wild type mouse strains, C57BL/6J and Swiss-Webster (CFW), were obtained from The 

Jackson Laboratories (Bar Harbor, ME) and Charles River (Wilmington, MA), respectively. For 

developmental studies, the C57BL/6 mice were bred in our Center for Laboratory Animal Care 

under veterinary supervision. 

Antibody preparation, western blotting 

 Mouse Cyp1b1 was heterologously expressed in Escherichia coli DH5α transformed with 

pCWori+ plasmids containing the open reading frame of the mouse transcript modified for 

optimal expression in the same manner as the human CYP1B1 ortholog (Jansson et al., 2000). 

The purified protein prepared from the bacterial membrane fragments (Choudhary et al., 2004a) 

was used to generate antibodies in male New Zealand rabbits. Pre-immunization serum was 

collected from each animal for use as negative controls. The sera were diluted appropriately with 
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0.15 M NaCl containing 6.4 mM sodium phosphate, pH 7.2 (PBS), for use in western blotting 

and immunohistochemistry. Microsomes and tissue sample proteins were separated by sodium 

dodecylsulfate (SDS) polyacrylamide gel electrophoresis (PAGE) for western blotting as 

described earlier (Jansson et al., 2000), using Bio-Rad Mini-Protean II cell with 5 mm track 

widths. The Bio-Rad Mini-Trans Blot cell was used for protein transfer to the nitrocellulose 

membrane. The specificity and sensitivity of the antibody is described in the Results section. 

Immunoinhibition of 7,12-dimethylbenz(α)anthracene (DMBA) metabolism 

Rabbit anti-Cyp1b1 serum or pre-immune serum (30-150 µl) was preincubated with a 

reconstituted system containing 0.15 nmol of purified Cyp1b1 for 30 min at room temperature 

before starting the DMBA metabolism assay. The pre-immune serum was without affect on the 

activity. The reconstituted system consisted of purified cytochrome P450 reductase, Cyp1b1 and 

DLPC liposomes at 1:1:160 molar ratio, prepared as described (Jansson et al., 1985). DMBA 

metabolism was assayed as described in detail (Choudhary et al., 2004b), measuring metabolite 

peaks eluting from the HPLC column at 285 nm.  

Protein identification by mass spectrometry 

Cyp1b1 protein bands were excised from SDS-PAGE gels and subjected to in-gel tryptic 

digestion as previously described (Rezaul et al., 2005). Digestions were carried out for 18 h at 37 

oC with sequencing grade trypsin (Promega, Madison, WI). Peptides from each gel band were 

extracted, and the peptide digests were then sequenced using a high throughput tandem mass 

spectrometer (LTQ- ion trap, ThermoFinnigan, San Jose, CA) equipped with a nanoelectrospray 

reversed phase liquid chromatography interface. Data were acquired in automated MS/MS mode 

using the data acquisition software provided with the mass spectrometer to detect and sequence 

each peptide as it eluted from the column. The dynamic exclusion and isotope exclusion 
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functions were employed to increase the number of peptide ions that were analyzed. MS/MS data 

was then analyzed and matched to protein sequences in the National Center for Biotechnology 

Information (NCBI) database using the SEQUEST search engine. For Protein identification, 

SEQUEST score was set for 1.8, 2.2 and 3.7 for +1, +2, and +3 charge-state peptide respectively. 

Histology and immunohistochemistry 

Eyes of 6 month old (P6mo) C57BL/6J and albino Swiss Webster (CFW) mice, and 1 

month old (P28) C57BL/6J mice were removed, fixed, and embedded in paraffin. Heads of 15 

day post-conception (E15.5) and E17.5 mouse fetuses and whole E12.5 embryos were similarly 

treated. Deparaffinized slices of 5 µm thickness were fixed to slides and stained with 

hematoxylin/eosin (H&E) or the non-biotin-avidin DAKO+ two-step immunohistochemical 

system. The latter slides were then incubated with DAKO Peroxidase Block (Envision, St. Louis, 

MO) to quench endogenous peroxidase activity and then reacted with 50 µl of rabbit pre-immune 

or antiserum raised to mouse Cyp1b1, at 1:500 or 1:1000 dilution in PBS, at room temperature 

for 2 hr. This was followed by incubation with a horse radish peroxidase-complexed polymer 

(Dako Envision+ system) for 30 min. Color was developed with VIP peroxidase substrate 

(Vector Labs, Youngstown, OH) for 6 min at room temp, followed by washing and 

counterstaining with methylgreen. Slides were photographed at 400x magnification. Histology 

was performed over a 1½ year period and images were obtained using different equipment, 

resulting in differences in background color development. In order to visualize changing levels 

of Cyp1b1 with development, immunostaining was assessed by 3 persons in the laboratory, who 

viewed 3 - 4 slides of each developmental time point chosen and rated the intensity of VIP 

staining in the different eye structures on a scale of 0-10. 
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In considering the spatio-temporal expression of Cyp1b1 in the development of the 

mouse eye, advantage was taken of the very excellent developmental images provided in the 

online embryology tutorial of Drs. Sulik and Bream at the University of North Carolina, Chapel 

Hill (http://www.med.unc.edu/embryo_images/), the Atlas of Mouse Development (Kaufman, 

2003). 

RESULTS 

Identification of Cyp1b1 in the mouse eye 

Examination of the transcript expression level profiles of the 62 mouse Cyp forms of 

P450 families 1-3 using the UniGene EST Profile Viewer 

(http://www.ncbi.nlm.nih.gov/UniGene/UGOrg.cgi?TAXID=10090 ) revealed the presence of 12 

of these forms in the eye. These include Cyp1b1, Cyp2b10, CYP2b13, Cyp2c29, Cyp2d22, 

Cyp2w1, Cyp3a13, Cyp3a25, as well as Cyp2f2, Cyp2g1, Cyp2j6 and Cyp2j13. The expression 

levels (transcript frequencies) of these Cyps/106 transcripts lie between 5 and 15, except for 

Cyp1b1, which has an expression frequency of 75/106 transcripts. The relative transcript levels 

of CYP1B1 and Cyp1b1 in the human and mouse eye are 5-fold higher than other cytochrome 

P450 forms and of those shown to metabolize the all-trans-retinoids, only CYP1B1 has an 

orthologous form found in the mouse. In examining the sequence identities of these mouse 

proteins in alignment with Cyp1b1, it would appear that the latter four (Cyp2f2, Cyp2g1, Cyp2j6 

and Cyp2j13) lack any contiguous clusters of 5 or more residues in common with Cyp1b1. Of 

the rest of the forms, Cyp2b10 and Cyp2d22 each have two sequence clusters of 5 residues that 

align with Cyp1b1, while the others have only one. Since linear epitopes are considered to 

contain at least 8-10 amino acids one might expect low probability of cross reactivity with anti-

Cyp1b1 antibodies. Overall sequence identities between Cyp1b1 and these 11 forms range from 
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27% to 35%, which, when taken with the sequence cluster information would also indicate a low 

probability of reaction with antibodies raised against Cyp1b1.  

The EST profile of Cyp2b10 would suggest a location only in the eye for this form. In 

contrast, Cyp2d22 has a transcript frequency in liver more than 25 fold greater than its frequency 

in the eye. Cyp1b1 transcript frequency in liver was about 10% of its frequency in the eye, and 

Cyp1b1 protein was not detected in liver microsomes using antibodies to Cyp1b1 (Figure 1A, 

left, track 3). Antibodies to Cyp1b1 did not cross-react with nor reveal any of the other 

cytochrome P450 forms in the liver microsomes (Figure 1A, left, track 3). The antibody did, 

however, detect a considerable amount of Cyp1b1 protein in mouse breast tumor 600 x g 

supernatant (Figure 1A, left, track 2), and much smaller amounts in microsomes of the P0 

mouse (Figure 1, left, track 4). Cyp1b1 protein was barely detected in adult eye microsomes 

(Figure 1A, left, track 1). The level of Cyp1b1 protein in these latter two microsomal 

preparations was extremely low, and difficult to demonstrate by western blotting without 

enhancing the background staining. Based upon the stain density of the purified Cyp1b1 in 

western blot titrations, from 200 fmol-5 fmol (Figure 1A, right), the amount of Cyp1b1 in the 

P0 mouse microsomes (track 4, left) was estimated to be less than 5 fmols, or below 0.2 pmol/ 

mg microsomal protein, and even lower in the adult eye microsomes. To demonstrate the protein 

in tissue fractions or homogenates by western blotting involves spreading of the enzyme 

throughout the homogenate, and thus its dilution from localized sites. This required extended 

development time for visualization of the very low content of reactive protein, which also 

increased non-specific background staining, and necessitated confirmation of reactive band 

identity.  
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We set out to confirm the identity of the antibody-reactive protein band in microsomes as 

Cyp1b1. The band in a track containing purified Cyp1b1, was excised from the polyacrylamide 

gel, the protein cleaved with trypsin as indicated in Methods, and subjected to LC/MS/MS 

analysis. The samples of purified Cyp1b1 excised from the gel generated 18 ion fragments 

(Figure 1B, top), each recognized in NCBI Blast sequence search as belonging to Cyp1b1. The 

sequences recognized as Cyp1b1 are shown in Figure 1B (bottom) and are in bold type.  

Adult mouse eye microsomal samples (50 µg) were applied to each of three separate 

tracks of an SDS-PAGE alongside a track containing purified Cyp1b1. The region of the gel 

corresponding to the antibody-responsive band was excised from two of the tracks for 

LC/MS/MS determination of Cyp1b1 presence. The most abundant unique ion fragment found, 

ALASSVMIFSVGKR, was successfully identified in the gel digest from the adult eye 

microsomes, corresponding to Cyp1b1 residues 455-468 (Figure 1B, bottom), confirming the 

identity of the protein in the eye revealed by the antibody.  

P0 whole mouse microsomes were similarly subjected to SDS-PAGE and the region of 

tracks corresponding to the antibody-reactive band were excised, treated with trypsin; and 

examined by LS/MS/MS. The proteolytically treated band yielded an ion fragment, MH+, of 

1462.1072 m/z (Figure 1B, middle) that had the amino acid sequence of SLAFGHYSEHWK. 

This sequence corresponded to residues 131-142 of the Cyp1b1 sequence (Figure 1B, bottom, 

underlined bold) in the NCBI Blast search, confirming the identity and presence of Cyp1b1 

protein in the P0 mouse microsomes.  

The antibody was inhibitory of DMBA metabolism, with increasing amounts of 

inhibition resulting from increasing concentrations of antibody; activity dropped to 70% at 150 

µl antiserum/ml of assay medium containing 0.15 nmol of Cyp1b1. 
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Immunohistochemical determination of Cyp1b1 distribution in eye with age in the postnatal 

mouse 

 Adult (6 month old, P6mo) C57BL/6 mouse eyes were examined for the presence of 

Cyp1b1 protein by immunohistochemistry. The Cyp1b1 protein was detected by appearance of 

reddish-purple color, and the color was not observed with pre-immune serum. Attempts to show 

removal of reacting antibodies by prior incubation of the antiserum with purified Cyp1b1 protein  

were thwarted by binding of the antibody treated protein to the tissue, thereby giving an 

increased signal. Figure 2 shows the localization of Cyp1b1 protein in the iridiocorneal (IC) 

angle region associated structures. In agreement with our earlier report indicating the presence of 

Cyp1b1 in adult mouse eye (Choudhary et al., 2006) and studies on distribution of CYP1B1 in 

human eye (Doshi et al., 2006), the protein stain could not be demonstrated in the trabecular 

meshwork (TM). The pigment was quite dense in the corneal epithelium (C), inner ciliary 

epithelium (ICE), retinal ganglion cells (G) and inner nuclear layer of the retina (IN). Staining 

intensity and patterns in the different regions varied in the retinal ganglion cells positive 

responses appeared punctate and strong (Figure 2). Similar localization of stain was seen in the 

inner ciliary epithelium (ICE), but stain also was spread through the cells, giving the cytoplasm a 

pink cast. In contrast, although reacting strongly, the distribution of stain in the corneal epithelial 

cells was more diffuse and spread throughout the cytoplasm. Figure 3 shows the 

immunohistochemical staining of regions of the eyes of mice from 6 month old adult (P6mo) to 

14-day (P14) postnatal age. As shown in Figure 3, a-c, in eyes of the 6 month old C57BL/6 

mouse, a considerable amount of Cyp1b1 was present, seen as diffuse staining in the anterior 

corneal epithelium (Figure 3, a); staining was absent in the corneal stroma between Bowman's 

membrane and Descemet's membrane and the keratinocyte cells contained therein. The inner 
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ciliary epithelium proximal to the retina and before the iris showed both punctate and diffuse 

purple stain (Figure 3, b), indicating the presence of Cyp1b1. The pigment of the outer ciliary 

epithelium prevented determination of the presence of Cyp1b1 staining in these cells. Attempts 

to bleach the pigment with hydrogen peroxide did not yield usable data. The ganglion cell layer 

and the inner nuclear layer of the retina exhibited dense, punctate staining for Cyp1b1 (Figure 3, 

c).  

In order to determine whether outer ciliary epithelium expressed Cyp1b1, we examined 

the eyes of the 6 month old albino Swiss Webster mouse. Figure 3 (d-f) indicates the expression 

pattern of Cyp1b1 in these eyes was similar to that in the C57BL/6 mouse eye. The variable 

distribution of the enzyme in different ocular structures of the eye tissue is very apparent in these 

sections. The anterior corneal epithelial cells (Figure 3, d), the inner ciliary epithelial cells 

(Figure 3, e, ICE), the ganglion cells (Figure 3, f, G) and the inner nuclear cells (Figure 3, f, 

IN) all show the presence of Cyp1b1. No clear indication was found for its presence in the outer 

ciliary epithelium (Figure 3, e, OCE). As with the C57BL/6 mouse eyes, no staining was seen in 

the TM cells. 

Immunohistochemical determination of Cyp1b1 in regions of the immature mouse eye 

Although much of eye development occurs prenatally, major developmental changes in 

the anterior chamber region of the eye occur postnatally (Pei and Rhodin, 1970). By 28 days of 

postnatal age (P28) the eye structures appeared like that of the adult eye, and Cyp1b1 protein 

was similarly distributed (Figure 3, g-i), although the intensity of staining was not as high. 

Staining was strongest in the retina (Figure 3, i). In the P14 mouse eye (Figure 3, j-l), the 

distribution of Cyp1b1 was also similar to that in the P6mo mouse eye and of lower 

concentration.  
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In the P07 mouse eye (Figure 4, a-c) the epithelial cells of the cornea (C), the inner 

ciliary epithelial cell layer (ICE), the ganglion cells (G) and inner nuclear cells (IN), stained 

much less for Cyp1b1 than in older eyes, but interestingly, a relatively high level of enzyme was 

found in the corneal endothelial cells (Figure 4 a, EN, arrow) and the lens anterior epithelial 

cells (Figure 4 b, L, arrow), both in regions adjacent to the ciliary body.  The distinctive 

trabecular meshwork structure of alternating bands of cells and stroma is not yet apparent at this 

age. 

In the P01 mouse eye (Figure 4, d-f) the ciliary process appeared as a bulge of pigmented 

retinal cells with a slight projection anterior to the lens. The bulge is coated with columnar cells 

extending from the non-pigmented, neural retinal layer (ICE). Cyp1b1 staining was faintly 

detected in the eye structures, such as cornea (Figure 4 d, arrow), ICE (Figure 4 e, arrow) and 

retinal ganglion cells (Figure 4 f, arrows). Cyp1b1 was also present in elevated levels in the lens 

epithelial cells (Figure 4 e, arrow), in the region of the developing ciliary process.  

Immunohistochemical determination of Cyp1b1 in regions of the developing mouse eye in 

utero 

 At 17.5 days post conception (E17.5) the structure of the eye has partially formed, with 

the lens present and containing an anterior epithelial cell layer (Figure 4, g, EC) which is absent 

posterior toward the end of the optic cup. The tip of the optic cup contains a fusion of the 

pigmented retinal cells (PR) with the neuroblastic retinal cells (NR) of the retina (Figure 4 h) 

and is slightly enlarged, forming an angle with the cornea. The ciliary body and iris have not yet 

formed. The anterior epithelial cell layer of the cornea contains a diffuse low amount of Cyp1b1 

(arrow), especially near the developing ciliary body, and faint staining is also seen in the 
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adjacent lens epithelial cells (Figure 4, h, arrows). Low levels of Cyp1b1 are detectable in the 

ganglion cell layer of the retina (Figure 4 i, arrow).  

Distribution and levels of Cyp1b1 in the E15.5 eye were similar to that in the E17.5 eye. 

At E15.5 the structures of the eye are even less well defined. There is a fusion of the neuroblastic 

retinal cells (NR) and pigmented retinal cells at the anterior end of the optic cup (Figure 4, k). 

The anterior corneal epithelial cells are readily seen over a multi-layered structure and contain 

low levels of Cyp1b1 (Figure 4, j, k, arrows). In some sections, the eyelids (EL), containing 

Cyp1b1, are seen, and are fused above the cornea, creating a conjunctival space (Figure 4, j). 

Cyp1b1 could be detected at E15.5 in the retinal ganglion cells (Figure 4, l) and corneal 

epithelium (Figure 4 k, arrows). Anterior lens epithelial cells in the region of the developing iris 

and prospective ciliary body also stain faintly for Cyp1b1 (not shown).  

Figure 5 shows the trend in changes in the levels of Cyp1b1 in the different structures of 

the eyes of mouse at different ages, based upon relative intensity of staining. Levels of Cyp1b1 

in the ganglion cell layer appeared to be highest in animals from P14 development to adult (6 

months), and are sharply lower at earlier ages, especially during in utero development. Levels of 

the Cyp1b1 protein in the inner nuclear layer of the retina approached the limits of detection at 

period earlier than P07, being sharply elevated from P14 onward. While levels of Cyp1b1 in the 

corneal epithelial cells were highest during postnatal development after P07, its level in the adult 

was greatly elevated from that of P28 cornea. Levels of Cyp1b1 in the inner ciliary epithelium 

appeared to parallel development of the ciliary body following appearances of the ciliary 

processes from P14. As the lens develops, Cyp1b1 is found in the anterior epithelial cells, 

especially adjacent to the developing ciliary body. Levels rise at E17.5 and are high adjacent to 

the developing ciliary process through P01 and P07, declining thereafter following formation of 
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the ciliary processes. Concomitant with the rise in levels in the lens is the appearance of Cyp1b1 

in the endothelial cells at P07 (Figure 4, a). Its presence in this location was not detected at other 

ages. 

 At E12.5 several major structures of the eye are in the process of development. The lens 

is still forming, and is separate from the retina by the hyaloid cavity. The outer corneal 

ectodermal layer overlays a thicker band of loose mesenchymal cells and the lens vesicle is 

present. Attempts to identify Cyp1b1 at this stage of development by immunohistochemistry 

were questionable. Faint staining was seen for Cyp1b1 in some sections, but stain was not 

always clearly identifiable with cells. 

DISCUSSION 

Mutations causing homozygous inactivation of CYP1B1 have been linked to the disease 

phenotype of primary congenital glaucoma (PCG) (Stoilov et al., 1997; Bejjani et al., 1998; 

Stoilov et al., 1998; Belmouden et al., 2002). In the Cyp1b1-/- mouse no gross abnormalities or 

elevated intraocular pressure were observed. However, angle abnormalities involving TM were 

seen in the Cyp1b1-/- mouse eye, including corneal basement membrane impinging on or 

overlaying the TM or deficiencies in the Schlemm canal in some sections (Libby et al., 2003).  

Development of the murine eye occurs relatively late in gestation, with most of the 

anterior chamber structures development occurring postnatally. The optic vesicle appears on day 

8 of gestation (E8) (Kaufman, 2003) with a cluster of cells in the rostral part of the anterior 

neural plate of the forebrain. Earlier, we failed to see evidence of Cyp1b1 mRNA transcripts at 

E7 (Choudhary et al., 2003). However, Cyp1b1 transcripts could be seen in eye by E9.5 using in 

situ hybridization (Stoilov et al., 2004), well before the development of the anterior chamber 

structures. The neural ectoderm of the optic vesicle approaches and induces the surface ectoderm 
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to form the lens placode, which becomes the lens vesicle, and the optic vesicle part of the neural 

ectoderm forms the lens cup, which differentiates into two retinal layers by E12, the neural retina 

and the future pigmented retinal epithelium. Although RT-PCR experiments clearly showed the 

presence of mRNA transcripts at this stage of ontogeny (Choudhary et al., 2003), Cyp1b1 protein 

in the eye tissue was at a level just barely, and not consistently, detectable at E12.5 by 

immunohistochemical analyses. The approach of the lens to the surface ectoderm appears to 

induce corneal and anterior chamber formation, and the development of the ciliary body (Beebe, 

1986). By E15 there is a distinctive tapering of the anterior optic cup to an inner neural and outer 

pigmented region, forming a boundary from which the iris and ciliary body will appear (Napier 

and Kidson, 2005). Cyp1b1 transcripts have been seen in the developing mouse embryo at E15.5 

(Choudhary et al., 2005), and in the E15 mouse retina (Bejjani et al., 2002), and at this stage of 

development Cyp1b1 protein is readily located in the eye structures (Figures 4, 5).  

In the present study, polyclonal antibodies to mouse Cyp1b1 demonstrated the presence 

of that protein in mouse breast tumor tissue, newborn whole mouse microsomes, and in adult eye 

microsomes. The antibody was capable of inhibition of DMBA metabolism by purified Cyp1b1 

by about 30%, an observation consistent with the observed non-inhibitory to variable levels of 

inhibition of other forms of cytochrome P450 by monoclonal antibodies (Gelboin et al., 1995; 

Gelboin et al., 1996). In agreement with an earlier report that levels of CYP1B1 could not be 

immunodetected in normal human tissues (McFadyen et al., 1999), the ortholog Cyp1b1 was not 

detected in mouse liver microsomes, and required prolonged development to detect the low fmol 

levels present in newborn mouse microsomes and adult mouse eye microsomes. The protein 

detected in these latter tissues was unambiguously identified by LC/MS/MS. The antibody was 

used for detection of this protein localized in the eye structures. In agreement with earlier reports 
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that human tumors have elevated levels of CYP1B1 protein (Murray et al., 1997), we could show 

elevated levels in mouse breast tumors. The eye has three functionally different regions, the 

corneal region, the anterior chamber region, and the retinal region. Using immunohistochemical 

procedures, Cyp1b1 protein could be shown in substructures of all of these regions.  

The ciliary processes begin to form by E18.5 in the anterior edge of the optic cup. By 

P01, the first day after birth, to P02, a faster proliferation of the outer ciliary epithelium appears 

to initiate the formation of the ciliary process, resulting in a discrete body by P07 (Napier and 

Kidson, 2005). Interestingly, between E17.5 and P07, Cyp1b1 protein was at very low levels in 

the corneal epithelium, but was elevated in anterior lens epithelium (Figure 5). Further, the 

presence of Cyp1b1 protein could be shown in the corneal endothelial cells in the region adjacent 

to the developing ciliary body at P07 (Figure 4). The lens has been shown to influence 

development of adjacent ocular structures like the ciliary body (Beebe, 1986). The transient 

appearance of Cyp1b1 in the corneal endothelial cells and in the anterior lens epithelium 

suggests a role for the hemoprotein in development of the ciliary body. By P14 the protein has 

begun to increase in the inner ciliary epithelium and the rest of the eye structures, and to decline 

in the lens. The location of Cyp1b1 in the different eye structures at P28 mirrors the distribution 

in the adult mouse eye, although levels were lower. Similarly, the iridiocorneal angle does not 

reach maturity until 2 months of age (Smith et al., 2001). Cyp1b1 protein was not found in the 

TM of the adult mouse eye (Figure 2), nor in the region of its development from P28 or earlier, 

in agreement with a similar observation in the human eye (Doshi et al., 2006). We suspect that 

Cyp1b1 in structures adjacent to the TM may act to modulate levels of some endobiotic 

metabolite in the anterior chamber fluid that influences development and later modulates the 

function of the TM.  
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The cornea, formed from the outer epidermal layer and the inner neural crest cells begins 

to resemble the mature cornea by E15 (Pei and Rhodin, 1970). Cyp1b1 protein was found in the 

outermost epithelial cell layer of the forming cornea as well as in the sclera from which it 

extends; Cyp1b1 protein was not seen in the inner stromal layers of the cornea. Levels of 

Cyp1b1 in the corneal epithelium begin to rise at 2 weeks postnatally. Appreciable levels were 

seen at P14-P28, but the level was dramatically increased in the 6-month-old mouse eye (Figure 

3). The lens interfaces with the environment. We suspect that Cyp1b1 may serve in a xenobiotic 

metabolizing role in this structure. It is possible that exposure to body wastes plus rising steroid 

levels as the animals mature may serve to dramatically elevate (induce) the Cyp1b1 levels in the 

cornea, serving as protection against environmental agents impacting the eye.  

The body of the retina appears as an inner neuroblastic layer and a denser outer 

neuroblastic layer (Pei and Rhodin, 1970). By E17.5 there is a distinct dense nuclear layer and a 

less dense ganglion cell layer anterior to it. By P01 the nuclear layer develops into a denser outer 

nuclear layer and a less dense inner nuclear layer underlying the retinal ganglion cells. While at 

P01 the presence of Cyp1b1 was barely detectable in the inner nuclear layer of the retina, by P07 

it was present in modest amount (Figure 4). Levels in the ganglion cell layer were higher than 

the inner nuclear layer and levels in both layers increased dramatically in content by P14 to adult 

levels. The hemoprotein was not detectable in the outer nuclear layer of the retina at any age 

investigated. We suspect that the presence of Cyp1b1 in the retina may have a different function 

than for the cornea and for the anterior chamber structures.  

In the visual cycle the light absorbing chromophore, 11-cis-retinal, is converted by 

absorption of a photon to RAL which dissociates from the opsin and is rapidly converted to all-

trans-retinoic acid (RA), an irreversible reaction (McCaffery et al., 1996). RA, a potent 
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morphogen, is rapidly inactivated by a family of CYP26 enzymes located in the eye (Luo et al., 

2006). A portion of the RAL is recovered in the retinal pigmented epithelium by an isomerase 

enzyme that re-forms 11-cis-retinal (Mata et al., 2005). The retinal protein Rpe65 has been 

purified from bovine retina and shown to have isomerase activity, aiding in converting RAL to 

11-cis retinal (Jin et al., 2005) Its direct role in cone pigment regeneration remains controversial, 

but death of photoreceptor cells occurs in the Rpe65-/-mouse (Cottet et al., 2006). The presence 

of Cyp1b1 in the retina may indicate a role in the maintenance or replenishment of RAL lost 

during the visual cycle. Alternatively, or perhaps in addition, the hemoprotein may serve to 

protect against potentially toxic lipophilic compounds that reach the retina. Further studies on 

this potential role of CYP1B1 orthologs and its precise cellular localization in the retina should 

help elucidate its role in retinal functions.  

The present study is in agreement with recent reports in which the immunolocalization of 

CYP1B1 has been reported in human adult and fetal eyes (Doshi et al., 2006) and in adult mouse 

eye (Choudhary et al., 2006). In those studies CYP1B1 protein was reported to be present in the 

inner ciliary epithelium and corneal epithelium, but to be absent from the outer ciliary epithelium 

and TM. Some differences between the former study and the present study include the reported 

presence of CYP1B1 protein in the human corneal keratinocytes and the pigmented epithelium 

of iris and retina. Cyp1b1 protein was not detected in these regions of the mouse eye at any stage 

of development in the present studies. However, in situ hybridization experiments have shown 

the presence of Cyp1b1 transcripts in the pigmented ciliary epithelium as well as in the neural 

retina of the E15.5 mouse eye (Bejjani et al., 2002).  

The present report supports our suggestions (Jansson et al., 2001; Stoilov et al., 2001; 

Choudhary et al., 2003; Schenkman et al., 2003; Choudhary et al., 2004a; Choudhary et al., 
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2004b; Stoilov et al., 2004; Choudhary et al., 2005; Choudhary et al., 2006) that the existence of 

the orthologous forms of cytochrome P450 and their presence in ontogeny may be an indication 

of roles other than in xenobiotics metabolism for these enzymes, such as in development, and 

perhaps physiological function.  
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Figure Legends 

 

Figure 1 A, left. Western blot for Cyp1b1 detection in tissues. Track 1, 50 µg adult mouse eye 

microsomes; track 2, 20 µg spontaneous mouse breast tumor 600 x g supernatant; track 3, 25 µg 

mouse liver microsomes; track 4, 25 µg P0 whole mouse microsomes; track 5, 0.05 pmol 

Cyp1b1 protein standard. A, right. Western blot titration of Cyp1b1 standards: 200, 100, 50, 25, 

10, and 5 fmol (tracks 1-6).  B. Identification of Cyp1b1 in adult mouse eye microsomes and P0 

whole mouse microsomes. Microsomes were subjected to SDS-PAGE as described in Methods 

and the band corresponding to anti-Cyp1b1 reactive protein was excised, trypsinized, and 

subjected to LC/MS/MS. Uppermost figure shows peptide fragments of purified Cyp1b1. Middle 

figure shows an ion fragment of the trypsinized, band corresponding to the antibody-reactive 

band in whole P0 mouse microsomes. The lower panel shows the blast search results with the 

sequences of all of the ion fragments identified as from Cyp1b1 (bold). 

 

Figure 2. Visualization of iridocorneal angle (IC) of 6 month old mouse eye with adjacent 

structures. Slide was of 6 month old C57BL/6 mouse eye photographed at 400X magnification. 

The slide was reacted with antiserum diluted 1:500 and stained for 10 min, in order to 

demonstrate lack of CYP1B1 (purple stain) in trabecular meshwork (TM) structure. IN, inner 

nuclear layer; ON, outer nuclear cell layer; G, ganglion cell layer; ICE, inner ciliary epithelium; 

I, iris; C, corneal epithelium; TM, trabecular meshwork. 

 

Figure 3. Immunolocalization of Cyp1b1 in mouse eye structures. a-c, 6 month old (P6mo) 

C57BL/6 mice; d-f, 6 month old albino Swiss Webster mice; g-i, P28 C57BL/6 mice; j-l, P14 
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C57BL/6 mice. Immunohistochemistry as described in Methods. Slides were photographed at 

400X magnification and bars represent 50 µm. C, cornea; ICE, inner ciliary epithelium; G, 

retinal ganglion cells; IN, retinal inner nuclear layer; OCE, outer ciliary epithelium. Arrows point 

to immunostaining. 

 

Figure 4. Immunolocalization of Cyp1b1 in P07, P01, E17.5 and E15.5. C57BL/6 mouse eyes. 

a-c, P07 mice; d-f, P01 mice; g-i, E17.5, and j-l, E15.5 mice. Immunohistochemistry is as 

described in Methods. Slides were photographed at 400X magnification and bars represent 50 

µm. CS, conjunctival space; C, cornea; ICE, inner ciliary epithelium; G, retinal ganglion cells; 

IN, retinal inner nuclear layer; ON, retinal outer nuclear layer; L, lens; PR, pigmented retinal 

layer, NR, neural retina, anterior tip of optic cup; EL, eyelid; EC, lens epithelial cells; EN, 

corneal endothelial cells. Arrows point to immunostaining. 

 

Figure 5. Comparison of Cyp1b1 immunohistochemical stain density in the mouse eye 

structures during development. Data from Figures 4 and 5 are displayed. See description under 

Methods. 
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