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Abstract. The subcommissural organ is an ependymaknown as Reissner’s fiber (RF), that continuously grows
brain gland that secretes, into the ventricular cerebrospalong the brain ventricles and the spinal central canal.
nal fluid, high molecular weight glycoproteins that form The SCO is highly active during ontogenesis and is a
Reissner’s fiber. Precursor and processed forms of secrpersistent structure of the vertebrate brain. Mannose-rich
tion have been demonstrated by immunoblotting in thejlycoproteins are synthesized in the rough endoplasmic
subcommissural organ of mammals and fish. In theeticulum (precursor forms) and undergo maturation in
chicken only a processed form has as yet been identifiethe Golgi apparatus; this leads to the production of sial-
In the present report, we have studied the subcommissic-acid-rich glycoproteins (mature or processed forms)
ral organ of 13-day-old chick embryos using (1) an antithat are released into the cerebrospinal fluid of the third
serum against bovine Reissner’s fiber, and (2) the lecrentricle. Precursor and processed forms can be distin-
tins, concanavalin A andimax flavusagglutinin. Paraf- guished by their affinities to lectins (Rodriguez et al.
fin sections of the subcommissural organ and blots 01986; Meiniel et al. 1988). Blotting studies of SCO ex-
subcommissural organ extracts have been analyzed. Th&cts using specific antisera and lectins have confirmed
ependymal cells of sectioned subcommissural organ atée presence of mature and immature secretory materials
strongly stained with the antiserum. Concanavalin Ain bovine (Nualart et al. 1991) and dogfish (Grondona et
binds to materials in all cytoplasmatic regions, whereasl. 1994; Lopez-Avalos et al. 1996) SCO. Recently, Di-
Limax flavusagglutinin identifies materials confined to dier et al. (1995) have reported the presence, in the chick
the apex of the ependymal cells. In the blots, a band @&mbryo, of a secretory compound that is considered to
540 kDa is immunostained. This band is positive forbe a processed form on the basis of its lectin-binding
concanavalin A positive but negative fbimax flavus properties. In the present study, we characterize a high
agglutinin and is thereby regarded as representing a preiolecular-weight glycoprotein in the subcommissural
cursor form of the secretion. organ of chick embryos that may, according to its affini-
ty to lectins, correspond to a precursor form.
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Immunocytochemistry and lectin histochemistry

Introduction Ten chick embryosQGallus domesticyswWhite Leghorn) at onto-
genetic stage 39 (13 days old; Hamburger and Hamilton 1951)

. . were dissected and the brains immersed in Bouin’s fluid for 3
The subcommissural organ (SCO) is an ependymal braifl, s They were dehydrated, embedded in paraffin and cut into

gland located in the roof of the third ventricle (Oksche eagittal 10pm-thick sections. Rehydrated sections were stained
al. 1993). Histochemical, immunocytochemical, autora-according to the peroxidase antiperoxidase (PAP) method of
diographic and ultrastructural studies have demonstrategternberger et al. (1970). They were sequentially incubated in: (1)
that SCO is highly specialized in the secretion of glyco-2an antiserum against bovine RF (AFRU), developed in our labora-

; i _li tory according to Rodriguez et al. (1984), diluted 1:1000 in TCT
proteins that condense into a thread-like Strucwreéolution, composed of 0.1 M TRIS buffer, pH 7.8, containing

- 0.7% non-gelling seaweed lambda carrageenan (Sigma, Madrid,
;\r/lhlz yéork (\;vg;/iléggofrted g?’sgﬁngs.gB 93-0979 from DGICYT.gpain) as the saturating agent and 0.5% Triton X-100 (Sigma), for

adnd, an rom Fls, Madnd. 18 h at 25°C in a moist chamber; (2) anti-rabbit IgG developed in
Correspondence td. Fernandez-Lebr »z goat (from our laboratory) diluted 1:50 in TCT, for 30 min at



544

25°C; and (3) rabbit PAP (Sigma) diluted 1:100 in TCT, for ed with LFA in the presence of 1 M sialic acid. Peroxidase was
30 min at 25°C. To reveal peroxidase,'8i@minobenzidine tetra- detected by the use of perhydrol and 4-chloro-1-naphthol.
hydrochloride (DAB; Sigma) was used as the electron donor.

The lectins, concanavalin-A agglutinin (Con A), wheat germ
agglutinin (WGA) andLimax flavusagglutinin (LFA), were used. ; ;
For Con A and WGA binding, the sections were incubated in per-Resur[s and discussion
oxidase-labeled lectin (Con A gg/ml, WGA 3 pg/ml; Sigma) . .
dissolved in TCT buffer for 2 h at 25°C in a moist chamber; DAB Schoebitz et al. (1986) have studied the SCO of the de-
(Sigma) was used as the electron donor. For LFA binding, the seaeloping chick embryo with an AFRU similar to that
tions were incubated in @g/ml non-labeled LFA (Calbiochem, used in this study. According to these authors, at day 13,
San Diego, Calif., USA) in phosphate-buffered saline (PBS) forthe SCO of the chick embryo was fully developed and

1 h and revealed by immunocytochemistry using an anti-LFA anti- ; ; P :
serum (from E.M. Rodriguez, Valdivia, Chile) diluted 1:5000 in .Showed (;O.nSpécuouds ITmunoreaCtIV[[ty'tl?hour ma}enal’.
TCT buffer for 18 h, as described above. Immunostainea proaucts are present a € apical, peri-

nuclear and basal cytoplasmic regions. A strongly im-
munoreactive band is evident at the apex of the ependy-
mal cells. Immunoreactive fibrillary material of the pre-
RF can be identified in the ventricle (Fig. 1). The secre-

We used 50 bovine SCOs obtained from a local slaughterhousté)r.y activity c_)f the ChICk. emts)'g%s has alsc])c beenhs_tllidled
and 100 chick embryo SCOs obtained in our laboratory. DissecHSINg an antiserum against extracts from chick em-

tion, homogenization, sonication, and centrifugation were perryo with similar results (Karoumi et al. 1990a).

formed according to a procedure described previously (Pérez et al. Con A lectin (mannose affinity) binds to materials in
1993; Grondona et al. 1994). The extraction medium was comthe perinuclear and apical cytoplasm (Fig. 2). LFA lectin
posed of 50 mM ammonium bicarbonate, pH 8, containing the(sjalic acid affinity) weakly stains the apical cytoplasm
following protease inhibitors: 1 mM ethylene diamine tetraacetateand strongly stains the pre-RF and the band at the apex

(Sigma), 1 mM phenylmethylsulfonyl fluoride (Merck, Darmstadt, -
Germany), 1uM pepstatin (Sigma), and dM leupeptin (Sigma). of the ependymal SCO cells (Fig. 3). These results are

The protein content of extracts was determined according to BradSimilar to those reported by Karoumi et al. (1990a) in
ford (1976). the chick embryo with Con A and WGA.
In the SCO of several vertebrate species, it has been
reported that Con A lectin binds to immature secretory
Immunoblotting of chick embryo SCO extracts products, whereas LFA or WGA lectins bind to sialic-ac-
id-containing mature secretory products (Rodriguez et

SDS polyacrylamide gel electrophoresis (PAGE) was performed
according to Laemmli (1970) by use of 100x100x0.75-mm slab
gels, containing a 5-15% polyacrylamide linear gradient; bisac-
rylamide was used at a concentration of 2.6%. Molecular weigh
standards and samples (8- proteins) of the SCO and other & }
brain areas were dissolved in 125 mM TRIS-HCI, pH 6.8, (Sig- '
ma), containing 2% sodium dodecyl sulphate (Serva, Heidelberc = .* =
Germany), 5%/B-mercaptoethanol (Sigma) and 10% glycerol /.

(Sigma), heated at 95°C for 2 min, and loaded on the stacking ge . .

Electrophoresis was performed at 15 mA for 1 h. Gels were trans + *

ferred onto PVDF membranes (Millipore, Bedford, Mass., USA)Ii.f
according to the procedure of Towbin et al. (1979; for further de- *
tails, see Grondona et al. 1994). The molecular weight standar
used were: glycoproteins of the bovine subcommissural orgal
(540, 450, and 320 kDa; Nualart et al. 1991), myosin (205 kDa)
B-galactosidase (116 kDa), phosphorylase b (97 kDa), ovalbumi
(45 kDa), and carbonic anhydrase (29 kDa; Sigma). Blots of SC
and brain tissue were incubated with: (1) 5% non-fat milk in PB
buffer, pH 7.3; (2) AFRU, 1:1000 dilution for 18 h; (3) anti-rabbit
IgG (raised in our laboratory) developed in sheep, 1:50 dilutio
for 2 h; (4) rabbit PAP (Sigma), 1:200 dilution for 1 h; and (5)
0.06% 4-chloro-1-naphthol (Sigma), 0.075% perhydrol (Merck),
20% methanol, in PBS, pH 7.3. Control blots were incubated witl
rabbit pre-immune serum.

SCO extracts

L CON-A
Y LK

Lectin binding

Blots parallel to those used for immunostaining were used for Iecl-:. 1-3.Details of ittal tion th h th b .
tin binding. The blots were sequentially incubated with oxidized '?S' > fe ails or a ?aglh_aksec '°T,‘ rough the subcommissu-
bovine serum albumin (Sigma) and with peroxidase-labeled lectd! organ ot a 13-day-old chick embro.

tins for 1 h. The lectins used were (1)pg/ml Con A (affini- Fig. 1. Immunostaining with an antiserum against bovine Reiss-
ty=mannose, glucose; Sigma), control transfers being incubateder’s fiber (AFRU).Fig. 2. Concanavalin-A agglutinin (Con A)
with Con A in the presence of 1 Btmannose; and (2) fig/ml binding. Fig. 3. Limax flavusagglutinin (LFA) binding.Arrow,

LFA (affinity=sialic acid; Sigma), control transfers being incubat- Positive pre-Reissner’s fibeaisterisk leptomeninx. x13:3
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Bov. Chick (Nualart et al. 1991; present results) and the 600-kDa
precursor of the dogfish (LOpez-Avalos et al. 1996). The
presence of high molecular weight precursor forms in
the SCO of cow, dogdfish, and chick embryo suggests
that this may be universal among vertebrates.

LFA-positive bands of molecular weight under
500 kDa are evident in the chick blots (Fig. 4), but none
of them is AFRU-positive. Thus, the processed form(s)
stained by LFA in sections and in blots (Fig. 3) of our
extracts may be in an amount too low to be detected by
AFRU in immunoblot.

Karoumi et al. (1990b) have performed immunoaffin-
ity chromatography of chick embryo SCO extracts using
a specific antiserum. In blots of the eluted fractions, they
found several bands of molecular weight lower than
250 kDa that were stained by lectins and thus considered
to represent secretory glycoproteins. Using an antiserum
against bovine RF and two-dimensional electrophoresis,
Didier et al. (1995) have also studied the secretory mate-
rial of the chick embryo SCO. They describe a com-
— pound of a molecular weight of 390 kDa that is immuno-

AFRU CON-A LFA reactive to AFRU and that binds Con A and WGA lec-
tins. Thus, they regard this compound as a mature (pro-

Fig. 4. Blots of SDS-PAGE of subcomissural organ extracts of the . : ;
bovine and chick embryo; immunostaining with an AFRU and cessed) form of SCO secretion. With their protocol, they

lectins Con A and LFA. in the bovine, four immunoreactive bandsN@veé been unable to detect polypeptides of molecular

are evident, but only a band of molecular weight 540 kDa isweight higher than 500 kDa. The reason that Didier et al.

AFRU-positive and Con-A-positive in the ch'ck (1995) have not found the precursor form in their study
may therefore be that the precursor has a molecular
weight over 500 kDa, as we report here. Taking together

al. 1986; Meiniel et al. 1988; Peruzzo et al. 1990; Gronthe results of Didier et al. (1995) and those of the pres-

dona et al. 1994). Our results thus indicate that the SCeént work, it can be concluded that the SCO of the chick

of the developing chick embryo must contain precursoembryo probably contains at least one precursor and one

(immature) and processed (mature) secretory products. processed form of secretion, as appears to be the rule

We have performed immunoblot and lectin-blot anal-among vertebrates.

ysis of chick embryo SCO extracts. For a comparison, an
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