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We repart here the purificilion of tenasein, un extracellidir matrix mokecule involved in the control af morphoyeneis, fesm the conditioned medium
of the Xenopus XTC cell line. Tenasin was purificd by affinity chiramatography en n columa of the monelonal antibedy mAb TnM); the malecule
eluted from this colymn has # relative meleeulur mass of 210 kDa after reduction. Electrophoretic unalysis under nensreducing conditions shows
that the purified components are oligomeric disulfide-linked wmp!exes which barely enter & 4% polyuerylamide gel. Upon rotury shadowing these
motegules wppear to possess A eentrul g!abuldr domain to whigh pairs or triplets of arms sre siuuched. Polyelonul antibodies have been raised aganinst
purificd Yenopus tenascin. They recognise specifieally the unligen on Wextern blots of XTC sonditioned medism and adult brain. by immunofuares.
cence. thes. untibodics reven! laege amounts of tenasein in the sceretary vesieles as well us in the extracelluler mutrix of XTC cells, In the Xenapis
tdpole. they stiin the developing civriiluge, the busal lamina ol skin epidermis, myotendinous hg.mwms wndd rcstru.tcd regions af thie central nervous

systenm.

Tenasein; Antibody; Extracellular muteixi Yeropus

I. INTRODUCTION

Tenascin i5 a component of the extracellular matrix
(ECM) whose oxpression during development and
regeneration is closely associated with important mor-
phogenetic events [1-4]. Originally described in the
chicken as myotendinous antigen [5,6], téenascin is iden-
tical or homologous to molecules discovered simul-
tancously by wother laboratorics: cytotactin in the
chicken [7-9] <nd glioma mesenchymal extracellular
- matrix protein in human [10), It appears furthermore
that tenascin is the predominant mouse component
recognized by the J1 antibody [11]..

Electron -microscopy studies have shown that

tenascin has a six-armed structure with a central core
named hexabrachion [9,12-14]. The complete sequence
of chicken tenescin [15-18] as well as part of that of
human tenascin [19] have been deterrhined. They show
that tenascin contains EGF-like sequence repeats,
fibrinogen- like s¢quences and type III fibronectin
homologies. The latter can undergo alternative splicings

- giving rise to various molecular forms which have dif-

Terent patterns of expression [18-20]. Tenascin affects
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d:rt‘erently the adhesion of various cell types (7, 21 -24]
and inhibits the attachment of cells to FN substrates

~ [24-26]. Using fusion proteins containing different

regions of the molecule it has been shown that tenascin
contains both cell binding sites and sequences with an-

~ tiadhesive effects [18] providing a possible interpreta-

tion of its versatile behavior as it appears plausible that
tenascin modulates cell-substrate adhesnon by sevcral‘
different molecular mechanisms,

‘Tenascin expression is strongly modulated where
morphogenetic rearrangements take place both in the
developing embryo and in differentiating tissues
[8,22,27]. Tenascin has been implied in the develop-
ment of muscle and myotendinous structures [5,6], ¢ar-
tilage and bone [28], central nervous system {1,7,29,30],
intestine [31], kidney [32], mammary glands [33], tooth
[34] as well as in regenerative processes [3,35,36].

. Tenascin is deposited -in the ECM bording the neural

crest cell migration pathways in mammal, avian and
amphibian embryos where it mxght modulate the in-
teracnons of migrating cells with fibronectin
[8,22,27,37-39]. The amphibian’ provides a suitable
system for studies on early embryogenesis, metamor-

‘phosis and regeneration [40-42). Several studies have .

already appeared on tenascin distribution in amphi-
bians.[3,27,37,38]. However, all of them have made use
of cross-species antibodies and no study has so far been
performed using anti-amphibian tenascin antibodies. In
this study we report purification and characterization

. Published by Elsevier Science Publishers B.V.
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of tenascin fram the amphibian Xenopus laevis. We
have used the conditdened medium of the Xenopus
established cell line XTC as a yource of tenasein. The
praduction and specificity of ama Xenopustennscin Hn-
' llbOdlca are described.

2. MATE RIALS‘ A_ND METHODS

2.1 Prepuration of vonditionsd methio _
AW used the cenditioned media produced by four Xenupuy ol

“lines: XTC (4], XL [44). XL17? nnd KR [43] provided by Dr J.C.-

Smith (Natlonal Institute far Medieal Rosgareh, London). The cells

were eultured at 23°C in Leibovitz L-13 medium (Gibee, Franee)
© dilured ta 61 Fe and supplemented witls fostdl ¢alf serum 1o 10%., Con-
ditioned media of theve eells were prepared from conluesy el
sulturey, No need was found of using serum-lree madia ay, in ¢coniral

experiments, we dig not deveet the presence af any contaminaling.

renasein in 1he bateh af serum thar we used.

‘3.2, Autibodies, chicken renasein

The produciion and specificity of nnmerum 1o chieken libroblast -

tenusein and of moreclanal antibady MAB TnA1l have been already
reponed [$,6). Purified tenasein fram chicken embryo fibroblnstx was
obrained us- dexcrlbcd [6]

2.3, Purificorion of Xenopus mmsrm el prepamumn af the
" antibotlies
Teapascin- was purified by m\munonl‘nnlly chrommugrnphy on a
column of immobilized mAbL TaM1 as dewribed [8). The crosi
reactivily of mAb TnM! with Xenapis tenasein was fesed by im-
munoprecipitation experiments (not shown). Coupling of MAD TnM|
with CNBr-activated Sepharose CL4B (Pharmacia) was performed
according to the manufacturer's instructions, Five mi of mAb
TnMi-conjugated Sepharose were mixed with 300 ml of XTC-
© conditioned medium and incubated for 18 h at 4°C with gentle shak»
ing. Afterincubation, Sepharose beads were pouted in a 10 ml syringe
plugged with glass woel and were washed by passing 10 ml of 0.05%
Triton X-100, 0.5 M NaCl, 20 mM Tris-HCIL, pH 8.4, followed by 10
mlaf0.5 M NaCl, 20 mM Tris-HCI, pH 8.4, Tenascin was eluted with
S miof01 M triethylamine. Eluted fracions (0.25 ml) were collecicd
andd analyzed by SDS-PAGE. Fractions containing tenascin were
pealed and incubated with gelatin-Sepharose in arder to climinate any
;onmminming, fibronectin which could have co-puriried with
tenascin, After sedimentation of gelatin-Sepharose, protein concen-

_tration of the supernatant was determined by mensurmg ODzye. Poal-
ed fractions were stored al =20°C,

Anti-Xenopus tenascin antibodies were prepnrcd by injecting thc
purifled protein into rabbits in the prasence of Freund's adjuvant,
The primary injection was performed with 150 kg of tenascin
emit/sified with complete Freund's adjuvant, Rabbits were boosted
twice with 75 ug of tenascin emulsified with incomplete Freund's ad-
juvant. They were bled 2 weeks after the last injection and then every

. 2weeks during 2 months, Sera were prepared end titrated by ELISA.
1gGs were purified by ion-exchange chiromatography on DEAE-

lrisacryl.

2.4. Rarary shadowing electron nileroscopy ‘
Rowary shadowing and electron microscopy were carried out as
dascribed [25].

2.5. Etectrophoresis; Western biois
" Proteins were analyzed by SDS-PAGE acccrdmg 1o [46] Xenopus
adult braln proteins were solubﬂized accordmg to the hngh pH method
2-mercaptoelhanol to disrupt disulfide bridges (reducing conditions)
" or without 2-mercaptoethanol (non-reducing conditions), Coomassie
blue staining of gels as well as electrotransfer and lmmunodetecuon
were perl‘ormed as described [47].
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Paralfin wétiont al metamorphic .-\i‘ﬂﬂFN1 were prepurvd for
qaining and processed as praviowsly described (48], XTEC olly were
culiured on fibremeciin-voated alass gavenlips nnd slained ax dw-
swribed l-l?l. .

3, RESULTS AND DISCUSSION

3.1, Isolation and characterization of Xenopus renamn
Jrom XTC culrere supernatanis ‘

In order to find a suitable saurce of soluble tenascin.
we probed the conditioned medin of four Xenopus cell
lines, XTC, XL, XE177 and KR in Western blots with -
anti-chicken tenasein antibodies. Fig. 1A shows that

only XTC cells secrete a 210 kDa polypeptide which
reacts with anti-tenasecin, XTC-conditioned medium
was then incubated with mAb TnM! coupled to
Sepharose. Wa choose to use this monoclonal antibody

1o isolate Xenopus tenascin sinee in preliminary ex-
periments we  could establish its ability 10 im-

munaprecipitate the 210 kDa Xenopus component (not
shown)and since the conditions to elute tenascin bound
to this antibody are well established [6). SDS-PAGE
analysis of the eluted fraction shows that the 210 kDa
protein is indeed retained by the column (Fig. 1B, lane
1), Western blots of the eluted fractions and of purified

- chicken tenascin  were reacted with - anti-chicken

tenascin antiserurmn. When proteins were run under
reducing ¢conditions (Fig. 1B, lanes 2, 3), the antiserum
recognized the 220 kDa and 190-200 kDa bands of
chicken tenascin as well as the 210 kDa Xenopus com-
porent. The presence of a unique band is similar to the
results oblained with embryos of another amphibian
species, Pleurodeles waltl, where anti-chicken tenascin
antiserum immunoprecipitates only one 220 kDa
polypeptide [27]. When blots were performed after pro-
tein electrophoresis under non-reducing conditions, the
Xenopus component behaved very similar to ‘chicken
tenascin (Fig. 1C). Both proteins barely entered a 4%

. polyacrylamide. gel showing that the Xenopus compo-

nent isolated by affinity for mAb TnMI is actually a
disulfide-linked oligomer formed of 210 kDa polypep-
tides. Two distinct bands can be observed for the
purified Xenopus protein indicating that different
oligomeric forms are present.:

In order to ascertain that the purified Xenopus pro-
tein is Xenopus tenascin, we have observed its structure
by electron microscopy. Upon rotary shadowing, the
molecules appear to be formed of pairs or triplets of

" arms attached to a central globular domain at opposite

sites (Fig. 2). The arms of the molecule contain a thin
region attached to the central core followed by a thicker

part ‘which is terminated by a globular domain as

observed for tenascin isolated from other species
[1,2,9,12-14). However, molecules with 3, 4 or 5 arms’
were present but we failed to see the typical six-armed
oligomers. This might be due to some proteolytic activi-
ty present during the cell culture or the purification
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kig. 1. Puritication and characterization of Xenopus tenaiein. {A) [dentificatian of tenasein in the medium af XTE ¢olls, immundbloning of condis

tioned media with anti-chicken tenascin antiserum (1/100) and peroxidase-conjugiied gomt anti-rabbil 1gG antibedy (17200). (1) XTE; (2) XLi{d)

X177 (4 KR, (B,C) Characterization af the Xeuopus 210 kDa component, {B) Reducing condivens, (1) Caomassie blue staining of the eluted

protein; (2, 3) Western blois (same ¢onditions asin A), (2) Aenopux 210 kDa protein, (3) purified chicken tenasein, (C) Non- rcducmﬁ conditions,
Western blos (same conditions as in (A) {n .k'enupn.i protem 12) Purificd chicken 1enascin,

steps rather than indicating a difference in the
oligomeric form of the Xenopus molecule,

3.2. Production and specificity of anti-Xenopus
tenascin antibodies ‘

. Purified Xenopus tenascin was injected into rabbiis

- to produce polyclonal antibodies. The specificity of
these antibodies was determined by Western blotting.
When purified anti-Xenopus tenascin igGs were in-
‘cubated with blots of XTC-.conditioned medium they
reacted only with the 210 kDa component (Fig. 3A).
Anti-Xenopus tenascin antibodies were also tested on
adult tissue extracts, We chose adult brain since cross-
reactivity of  anti-chicken tenascin antiserum with
Pleurodeles tenascin had been studied 'on this tissue
. [27). Fig. 3B shows that the antibody reveals three
bands of 200 kDa, 210 kDa and 300 kDa. The observa-
tion that additional forms of tenascin polypeptides are
expressed in the adult brain is not surprising since 190

- kDa, 200 kDa, 220 kDa and 240 kDa compounds were:

Fig. 2; Rotary shaduWed electron micrograph of the purif[ed' Xenopus

protein, (A) Oligomeric form with five arms. (B) Trlmerac form. -

Magnification: 200 000 x .
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found to react with anti-chicken tenascin p‘olypeptidés
in the adult Plewrodeles brain. On the other hand, high
molecular mass forms of renasein polypeptides are

“present in the human (320 kDa) and the mouse (260
"kDa) [2,50).

Finally, we have determined the distribution of
tenascin by immunohistochemistry both on cultured
XTC <cell lines and on developing Xenopus tissues.

In XTC cell lines, tenascin appeared to be.
predominantly localized in secretory vesicles (Fig. 4A)
and could be found uniformly deposited in the ECM in
more advanced cultures. This subcellular distribution is
in line with the presence of tenascin in the medium con-
ditioned by this cell line. During further development

Ko -

—205 210== wedt

=116
=97

-45

AL

- Fig, 3, Specificity of anti-Xeropus tenuscin 12G. Immunoblotting

with anti-Xenopus- tenascin 1gG (20 ug/ml) and peroxidase-
cohjugated goat anti-rabbit - 1gG antibody (1/200). (A) XTC- :
conditioned medium. (B) Adult brain.
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Fig. 4. Immunohistachemival loenliztian of Nenopus tenasein, (A) Cultured XTC vells stained by anli-Nenopus enisein antibodles (1/300), The
staining is \-‘ery sreng in scs:rc‘mry vesicles and in.the Golgi appiratus, (B) Section through the developing limb of o stage 55 Xenopus tadpole,
Strong tenasein unnmnmc.mmu is present in the basal lamina of the skin and in alt the sites of cwrnl.lgs. cantensaiion. (C‘) Section through the
junetion of two museular inasses in the venitral aspest of a stage 43 Xeaopus, Tenaseln immunoretctivity is resiricted 1o the perimysium, (D) Seetion
through the tectalaren of a stage 55 Nenopus central nervous system. Tenasein immunoreactiv ity s restricted (o a small area surrounding the epen-.

. dyme. m, musele; ¢, ependyme, Magnification: A, 500 x; 8, 50 x; ¢, D, 200 x. ‘

the major sites of tenascin expression corresponded
with those found in other species such as e.g. the
developing cartilage (Fig. 4B), the basal lamina (Fig.
4B), connective tissues such as the myotendinous
ligaments, the perimysium (Fig. 4C) and the periosteum
and some restricted areas of the central nervous system

(Fig. 4D). It must be noted that when sequential sec-

tions were stained with anti-Xeropus tenascin an-
tibodies and with anti-chicken tenascin antibodies, the

latter could not reveal the presence of the molecule in

_some regions of the nervous system thus indicating the

presence of additional variants of the molecule in this

tissue which are not recognized by anti- chnck tenascin
antibodies.
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