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Divergent distribution of cytoglobin and neuroglobin in the murine eye
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Abstract

Neuroglobin (Ngb) and cytoglobin (Cygb) are two vertebrate globins with yet poorly defined functions. Previous studies had demonstrated
a high expression level of neuroglobin in the mammalian retina, being in line with a respiratory function. Here we show that in the mouse
eye, cytoglobin is localised in fibroblasts of the ciliary processes and the choroidea. In the neuronal retina, cytoglobin is expressed in a subset
of neurons of the ganglion cell and inner nuclear layers. Cytoglobin is also present in the inner plexiform layer, but absent from the pigment
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ells. Neuroglobin is localised in photoreceptor inner segments, the plexiform layers and the ganglion cell layer. The divergent d
f neuroglobin and cytoglobin in the mammalian retina suggests distinct functions of these proteins in the vertebrate nervous sys
euroglobin seems to be associated with oxygen consumption, a respiratory function of cytoglobin is unlikely.
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ecent studies led to the discovery of neuroglobin (Ngb)
nd cytoglobin (Cygb) as novel members of the superfam-

ly of vertebrate globins[2,4,10,14,19]. These two different
lobin types show divergent evolutionary origins and tissue
istributions, which are also different from the well-known
emoglobin and myoglobin. Ngb is a predominantly neu-
onal protein[4,15,21], which is highly expressed in the mam-
alian retina[17]. Ngb displays a distinct distribution in the

etina, and is mainly localized in the ganglion cell layer, the
lexiform layers, as well as the ellipsoid region of the inner
egments. This pattern has been associated with the distribu-
ion of mitochondria and considered as support for the hy-
othesis of a respiratory function of Ngb[3]. Cytoglobin has
een identified in human, mouse, rat and zebrafish tissues

2]. The typical globin fold consisting of eight alpha-helices
nd other important globin-specific residues involved in O2-
inding are conserved in Cygb[5,9]. While Cygb has been
amed according to its expression in many different types
f mammalian tissues[1,2,19], recent studies have shown
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that this globin is mainly present in fibroblast cell linea
which also includes the osteoblasts, chondroblasts and
atic stellate cells[11,16]. The function of Cygb is still unce
tain. Most globins are involved in O2 delivery and storag
thus sustaining the aerobic metabolism in the mitochon
[20]. While initially considered a possible respiratory pro
[2,19], Kawada et al.[10] suggested Cygb to act as pero
dase involved in the detoxification of reactive oxygen spe
(ROS) in the liver. Geuens et al.[7] speculated that Cygb m
act as an oxygen sensor molecule located in the nucleus
cell and Nakatani et al.[11] suggested a function in prol
eration of vitamin A storing cells. Based on its predomin
expression in the fibroblast cell-lineage and other data
recently hypothesised some function of Cygb in the colla
metabolism[16]. Additional Cygb expression was observ
in distinct populations of neurons in the mouse brain, as
as in some ganglia of the peripheral nervous system. Fo
ther understanding of Cygb function, we have investig
the distribution of this protein in the mouse retina.

Polyclonal antibodies against Ngb and Cygb were
pared as described before[16,21]. Briefly, an anti-Ngb anti
E-mail address:burmeste@uni-mainz.de (T. Burmester). body was raised in rabbits against a synthetic Ngb-peptide
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(H2N-CLSSPEFLDHIRKVML-CONH2). Four anti-Cygb
antibodies were raised against different peptides, of which
three antibodies (�Cygb1: H2N-EKVPGEMEIERRERS-
CONH2; �Cygb2: H2N-MEDPLEMERSPQLRK-CONH2;
�Cygb3: H2N-VVENLHDPDKVSSVL-CONH2) worked in
immunostaining[16]. Perfusion-fixation of adult Balb/C
mice was carried out at a constant rate of 10 ml/min with
150–200 ml of ice-cold 4% paraformaldehyde, 1.37%l-
lysine, 0.21% sodium-periodate in PBS. Animal handling and
experiments were conducted according to an approved pro-
tocol (Bezirksregierung Rheinhessen-Pfalz, Az 177-07/961-
30). The eyes were immediately removed, postfixed for 1 h in
the same fixative and stored at 4◦C in 30% sucrose/PBS no
longer than a week. 14�m cryosections of the perfusion-fixed
retina were placed on glass slides and non-specific binding
sides were blocked at room temperature for 1 h with 1% BSA
in PBS. The sections were incubated with anti-Cygb (dilu-
tion 1:100) or anti-Ngb antibodies (1:200) overnight at 4◦C.
The sections were washed in PBS and incubated for 90 min
at room temperature in the dark with the secondary antibody
(goat anti-rabbit IgG coupled to Cy3, Dianova), diluted 1:200.
The sections were washed and embedded in Elvanol (Mowiol,
Calbiochem). The Hoechst dye 33342 (Hoechst, Warrington,
PA) was added to the Elvanol to stain the nuclei. The sections
were analyzed using an Olympus BX51 research microscope
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Fig. 1. Western blot analysis of Cygb protein in mouse brain and retina.
Cygb protein with a molecular mass of 21 kDa (arrow) was detected in
protein extracts from brain and retina. Recombinant Cygb was loaded on the
right lane as control; the band at 45 kDa may represent a stable dimer.

in the previous study by competition and pre-adsorption ex-
periments, pre-adsorption controls on retinal section show no
specific staining. All three antibodies showed identical stain-
ing results. Expression of Cygb was observed in non-neuronal
cells of the eye (Fig. 2A–C). The stained cells most likely rep-
resent stromal fibroblasts of the ciliary processes that support
the vitreous body. Weak anti-Cygb staining in the iris was also
present in cells we suspect to be the fibroblasts. Strong Cygb
staining was observed in the ganglion cell layer and the in-
ner nuclear layer of the neuronal retina, and the fibroblasts
of the choroidea (Fig. 2D–F). Co-staining with Hoechst dye,
which labels the nuclei of the cells, showed that in both the
ganglion cell layer and in the inner nuclear layer, only a frac-
tion of neurons were labelled. Anti-Cygb immunoreactivity
was also found in the inner plexiform layer and in some re-
gions of the outer plexiform layer. No Cygb was present in
the outer nuclear layer, and in the inner and outer segments of
the photoreceptor cells. Closer examination of the neuronal
retina showed that the most prominent anti-Cygb staining
was present in the nuclei of the neurons from the ganglion
cell and inner nuclear layers (Fig. 2J–L). However, only a
fraction of the nuclei was found strongly stained with the anti-
Cygb antibodies, while most nuclei displayed only weak or
no detectable anti-Cygb labelling. In addition to the nuclei,
the perinuclear regions and the nuclei-free inner plexiform
l on-
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quipped with a digital camera. Images were combined
abelled with the Adobe Photoshop 7.0 program. For W
rn blotting, proteins were extracted from brain and re
y homogenizing the tissues in PBS (7.5 mM Na2HPO4,
.5 mM NaH2PO4, 145 mM NaCl) with 0.1% SDS. Tissu
xtracts (about 100�g protein per lane) were diluted wi
ample buffer (65 mM Tris–HCl, pH 6.8, 1% SDS, 5%�-
ercaptoethanol, 10% glycerol) and denatured at 95◦C for
min. Recombinant Cygb[9] was used as positive contr
fter gel electrophoresis on a 14% SDS-polyacrylamide

he proteins were transferred on nitrocellulose filters. N
pecific binding sites were blocked by incubation for 2 h w
% BSA in TBST (10 mM Tris–HCl, pH 7.4, 140 mM NaC
.3% Tween-20). The membranes were incubated with
ygb antibodies, diluted 1:1,000 in 1% BSA/TBST. Th

he membranes were washed four times 10 min in TBST
ncubated with the goat anti-rabbit antibody coupled with
aline phosphatase (Dianova; 1:10,000 in TBST). The fi
ere washed in TBST as above and detection was carrie
ith nitroblue-tetrazolium and 5-bromo-4-chloro-3-indo
hosphate.

In Western blotting experiments�-Cygb antibodie
howed specific staining of a band with a molecular m
f 21 kDa in protein extracts from both mouse brain
etina (Fig. 1). The reaction was inhibited by pre-absorpt
f the antibodies with an excess of purified recombinant C
not shown). Cryosections of the total mouse eye were
ained from material that had been fixed by perfusion with
araformaldehyde. The sections were examined with

ndependently derived anti-Cygb antibodies[16]. The qual
ty and specificity of these antibodies had been demonst
ayer show anti-Cygb staining. Again, this result was c
rmed with independently derived anti-Cygb antisera.
unostaining of the retina with a specific anti-Ngb antib
as carried out as described[17,21]. Cryosections from th
ame animal that had been used for the Cygb-stainin
eriments were employed. The results confirmed prev
ata[17] and showed bright anti-Ngb immunofluoresce

n the ganglion cell layer, the inner and outer plexiform
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ers and the inner segments (Fig. 2M–O). Minor perinuclear
Ngb-staining was found in the nuclear layers.

Cygb was initially observed to be expressed in the hepatic
stellate cells of rat and human liver[10], while later studies
have shown that Cygb is also present in the cytoplasm of cells

that form the connective and supportive tissues, represented
by the fibroblasts, chondroblasts and bone cells[11,16]. The
basic expression pattern of Cygb in non-neuronal cells is con-
firmed by the present study of the mouse eye, which shows
Cygb in fibroblasts of structures such as the choroidea and
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ig. 2. Immunohistochemical localization of Cygb and Ngb protein in mouse
nd�Ngb (M–O) antibodies (red staining). The nuclei were counter-stained

n C, F, I and L. Experiments were carried out with antibodies�Cygb2 (A–F; J–L
broblasts (FB) of the ciliary body (A) and in the choroidea (D). Neuronal c

ayer (INL) (D, G). No Cygb was present in the outer nuclear layer (ONL), ou
lso present in the inner plexiform layer (IPL) (D, G). At higher magnificatio

ayer neurons (J, L). Ngb is located in the inner segments of the photorecep
ell layer (GC) (M, O).
eye. Indirect anti-Cygb immunofluorescence was carried out with�Cygb (A–L)
with Hoechst dye 33342 (green staining; B, E, H, K), merged pictures are shown
) and�Cygb3 (G–I). Strong anti-Cygb immunofluorescence is visible in the
ell bodies were stained in the ganglion cell layer (GC) and in the inner nuclear
ter plexiform layer (OPL) and photoreceptor layer (PL). Anti-Cygb stainingwas
n, Cygb staining was detected in the nuclei of ganglion cell and inner nuclear
tor cells (PL), the outer and inner plexiform layers (OPL, NPL) and the ganglion
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ciliary processes (Fig. 2). Additional Cygb expression had
been found in distinct neural cell populations[16]. However,
in contrast to the fibroblast-related cells, which show an ex-
clusive presence of Cygb in the cytoplasm, in neurons Cygb
was found in both the cytoplasm and nuclei.

The mammalian retina is a highly oxygen-consuming tis-
sue that is divided into morphological and functionally dis-
tinct layers[22]. In contrast to Ngb, which shows an about
50–100-fold higher concentration in the retina than in brain
[17], Cygb is expressed at similar levels in these two tissues.
Ngb is present in the inner segments, plexiform layers and the
ganglion cells, while Cygb is only localized in the ganglion
cell layer and inner nuclear layer. The divergent distribution
of Ngb and Cygb in the retina strongly suggests different
functions of these two members of the vertebrate globin fam-
ily. Recent studies favour an important role of Ngb in oxygen
homeostasis of neurons[3,17,18]. This hypothesis is in line
with the high expression and the distribution of Ngb in the
retina, which also suggests an association of Ngb with mi-
tochondria and thus oxygen consumption[17,22]. Ngb may
carry out a myoglobin-like role[20] in facilitating oxygen
diffusion from the cellular surface to the mitochondria[3].
Other proposed Ngb functions[3,14], such as a role in detox-
ification of harmful ROS, may not be formally excluded, but
considering the fact that in the retina most ROS are induced
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