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Partially purified factor from embryonic chick brain can
provoke neuralization of Rana temporaria and Triturus

alpestris but not Xenopus laevis early gastrula ectoderm

ALEXANDER T. MIKHAILOV1#, NIKOLAI A. GORGOLYUK', LOTHAR TACKE2,
MIKHAYL M. MYKHOYAN' and HORST GRUNZ2.

1Laboratory of Organogenesis, Koftzov Institute of Developmental Biology, Russian Academy of Sciences, Moscow, Russia
and 20epartment of Zoophysiology, University GH Essen, Essen, Germany

ABSTRACT A high neuralizing activity has been determined in forebrain of 7.5-day old chick
embryos using Rana temporariaearly gastrula ectoderm as reacting tissue (Mikhailov and Gorgolyuk,
Soviet Scientific Reviews, Section of Physiology and General Biology, Vol. 1: 267-306, 1987). The
corresponding protease-sensitive agent was extracted, partially purified by chromatography on
DEAE-Toyopearl and Heparin-Ultragel columns, and its neuralizing activity was tested in vitro on
ectoderm isolated from early gastrulae of R. temporaria, Triturus alpestris, and Xenopus laevis at
different concentrations and for different periods of time (animal cap assay). Induction of neural
structures was found in R. temporaria and T. alpestris explants (up to 100 and 60%, respectively), but
not in cultures of X.laevisectoderm. Under our experimental conditions, so-called "autoneuralization"
of the ectoderm explants can safely be excluded. The results are discussed in relation to the neural
competence of amphibian ectoderm and the mechanisms of neuralizing actions of different factors
which might be involved in neural induction and patterning.

KEY WORDS: amPhibian ('ctoderm, neumli1.ingfruton, neural competence, specie-sJ}ecific differfllrPs,
llf!llral inducliMI

Introduction

In amphibian gastrula, the primordium of the central nervous
system is induced in Ihe ectoderm by Ihe signals from Ihe dorsal
mesoderm (Spemann and Mangold, 1924). Alfhough studies on
the mechanisms of neural induction have a long history, the direct
attempts to isolate the extracellular mediators a/this process using
biochemical purification have not been successful yet (for reviews
see Saxen, 1989; Tiedemann, 1990; Tiedemann ef a/., 1993;
Dawid et a/., 1990; Yamada, 1990; Grunz, 1992; Slack and
Tannahill, 1992; Mikhailov and Gorgolyuk, 1992a).

It has been suggested Ihat the early gastrula ectoderm (a target
tissue for neuralizing factors) balances between epidermal and
neural differentiation pathways. A variety of agents can shilt this
balance toward neural direction (see Slack, 1993). Moreover,
neural differentiation of the amphibian gastrula ectoderm in vitro
can proceed without any additional influences. In particular, axolotl
ectoderm can be easily neuralized even under physiological culture
conditions (so-called "autoneuralization"; see Tiedemann, 1984).
In contrast to that. early gastrula ecloderm of Xenopus laevis,
Triturusalpestris, Pleurodeles waftl, and Rana temporaria is resistant
to such "autoneurali2ation" (Grunz and Tiedemann, 1977; Siegel ef

a/., 1985; Mikhailov, 1988). However, neuralization of X. laevis
(Grunz and Tacke, 1989) and P. waltl (Sainl-Jeannet ef a/., 1990)
gastrula ectoderm can result from its dissociation into single cells
followed by delayed reaggregalion.

Furthermore, Xenopus and Triturusectoderm can be stimulated
by phorbol esters to differentiate into neural structures (Davids et
al., 1987; Otte et a/., 1988, 1989). Under these conditions the
neuralization of the ectoderm is mediated by several transduction
pathways into target cells. However, it is still an open question, how
the binding of extracellular ligands with their receplors on the
plasma membrane of ectodermal cells could initiate the
corresponding intracellular "neuralizing cascade". It has been
shown that diffusible macromolecular factors are transmitted
between the inducing chordamesoderm and the reacting ectodermal

A.b!m'vialiMH lord ill this jUI/Jn: E\.\I, extracellular matrix; 1':\ISr,
pht'nylnwthyhlllfonyl fluoride; :\lE\f, minimal t'ssel1lial nwc!ium; SD5-
PAGE, sodium dodt'cylsulphate polyacrylamide g-e1eleurophort'sis; I'.-\.:\G.
polyac~'lamide g"el; :-\GF, JIt'T"n-/{rowth factor; FGF, flhrohlast g-rowth factor;
RSA, bo\'inc serum albumin; Con A, COllClll;I\',dill A; TI'A/P\IA.
tt'tr.-ldt'canoyljJh(Jrbnl acetate; PKC, protein kina~t' C; cA\1P,q'clic<!(kIHJsine
monophosphatt'; ARC, ardlt°lln'phalic hrain complex.

.Address for reprints: Department of Zoophysiology, University of GH Essen, Universitatsstr. 5, 45117 Essen, Germany. FAX:49.201.1833173.
tpresent address: Department of Cell and Molecular Biology, University of Coruna. Campus de Zapateira sIn, E.15071 Lei Coruna, Spelin.

0214-6282/95/S03.00
e UBC Prc~~
Prinlcd in Spain



,1,280

"

05

"

OJ

02

J
01

--- ---

318 AT MikhailO\' er al.

FOREBRAIN

III NaGI

05

EXTRACTION pH=9
04

OJ
RNAase TREAnJENT

CH-10MATCX3RAPrY

ON DEAE-COW~N

02

01

EBONF.CONTAINING

FRACTION
"A"

c 0
o

E Friction

4
280 I,1NaCi

1

CrROMATQGRAPHY

ON HEPARN ULTRAGEL

05

j
EBDNF-COtHAINING
FRACTION 3

10 20 30 4045

Tube~o

Fig. 1. Partial purification of the neuralizing activity from forebrain of
7.5-day old chick embryos. (left) Steps of extraction and purification.
(Right) Profile of brain extract elution from a DEAE-Toyoperl 650 M
column; neuralizrng activity of fraction 'A' (450 Jlg/m/)

- 80%. Earlier the
neuralizing activiry of chick embryo brain was designated by us (Mikhailov
and Gorgolyuk, 1989) as EBDNF (embryonic brain derived neuralizing
factor). Profile of fraction 'A' elution from a Heparin-Ultragel column,
neuralizing activity of fraction 3 (80 ,ug/ml) - 40%.

cells (Saxen, 1961, 1989; John et a/., 1983; Tacke and Grunz,
1988), but so far such factors could not be precisely characterized.

On the other hand, ithas been demonstrafed that chick embryonic
brainextracts have a high neuralizing effect on R. temporaria early
gastrula ectoderm (Mikhailov and Gorgolyuk, 1987). Several indirect
data haveshown that these extracts contain notdialysable, protease-
sensitiveagent(s), which provoked the neuralization of R. temporaria
ectodermal ex plants in dose-dependent manner (Mikhailov and
Gorgolyuk, 1989). Subsequent experiments demonstrated that it
can be partially purified by ion-exchange and affinity chromatography
(see Fig. 1) and the resulting preparation is capable of binding
heparin. These facts suggest that the neuralizing "components" of
this preparation can be bound to ECM produced by gastrula
ectoderm cells.

This paper deals with data on the neuralizing activity of chick
embryo brain fractions as tested on the early gastrula ectoderm of
not only R. temporaria but also X. laevis and T. alpestris.

Results

Separation procedure and characterization of the fractions
with neuralizing activity

The high neuralizing activity has been identified in the brain and
neural retina of 7-8-day-old chick embryos using R. temporaria
ectoderm as a test-tissue (Mikhailov and Gorgolyuk, 1987, 1989,
1992a; Mikhailov, 1990). These extracts induced archencephalic
complexes and "unspecified" well-differentiated bran tissue (wifhout
mesodermal structures) in 80-90% of cultures. The isolation
procedure of partially purified neuralizing factor from chick embryo
forebrain included (Fig. 1): extraction with deionized water, pH 9.0;
treatment with RNAse; ion-exchange chromatography on a OEAE-
column, pH 8.0; affinity chromatography on a Heparin-Ultragel
column. It could be extracted with distilled water at pH 9,0 but not
with acidic (pH 2-4) solutions. The activity was found in the
supernatants after ultracentrifugation of the extracts. Sediments
obtained after the centrifugation of brain extracfs at 20000g and
then at 105000g (microsomal fraction) did not show any neuralizing
activity in the animal cap assay. Neuralizing activity of the brain
supernatants is termolable, resistant to lyophilization and RNAse
treatment but sensitive to proteinase K.

Incubation with Protein A-Sepharose did notaffectthe neuralizing
activity of the brain fraction (see Fig. 1, fraction "A"), while the
treatment with Concanavalin (Con A)- or Heparin-Sepharose
reduced its neuralizing effect by 30% and 50%, respectively.
Addition of heparin (1 mg/ml) to the culture medium with brain
extract or fractions (see Fig. 1, fraction "A") significantly decreased
neuralizing activity.

lon-exchange chromatography experiments have shown that
the entire neuralizing activity of the "starting" brain extract is bound
to the carrier although the amount of adsorbed protein was about
50% ofthetotal protein applied on the OEAE-column. Fraction «A..
(elution with 100 mM NaCI) proved to be most active. SOS-PAGE
analysis demonstrated that this fraction still contains many
polypeptides present in the initial extract (Fig. 2, lane 3). According
to the analytical isoelectrofocusing data (5% PAAG-slab containing
7 M urea and ampholytes, pH 3-1 0), fraction "A" consists of several
"bands" located in a 5.0-6.0 pH range (Mikhailov and Gorgolyuk,
1992a). The yield of fraction "A" was about 6% of the total soluble
protein of brain extract or 0.3-0.4% of wet tissue weight. The
neuralizing activity of fraction "A" calculated per total protein was
in 4-5 times higherthatof the initial brain extract. Atthe concentration
levels of 1000 ~g/ml, this fraction could provoke the formation of
archencephalic brain complexes (ABCs) in 80-90% of cultures
(see Tables 1,2 and Fig. 3), while the starting brain extract induced
ABCs in only 30-50% of explants (Mikhailov and Gorgolyuk, 1987).

In the next stage of separation, fraction "A" was applied onto a
column with heparin. About 50% of the fraction only protein was
boundwith column. The highest neuralizing activity was found ina
fraction eluted by 250 mM NaCI (see Fig. 1, fraction 3). Ifs
neuralizing activity (50%) did not statistically differ from that of total
heparin binding protein (elution in bulk by 1 M NaCI), although the
concentrations in culture medium were 100 and 1000 ~g/ml,
respectively (Mikhailov et a/., 1993). The yield of fraction 3 was
about 10% (by protein) of fraction "A", 0.3-0.4% of extracted brain
protein or 0.01-0.02% of the tissue wet weight. In the obtained
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Exposure Number Brain ABC Cartilage Muscle Epidermis**
time 01 tissue*
(hi cultures

1 1B 41221 21111 a 0 B 1441
3 17 61351 41231 1161 0 B 1471
18 14 1411001 111801 0 0 91641

TABLE 2

TISSUES FORMED IN THE EXPLANTS OF R. TEMPORARIA EARLY
GASTRULA ECTODERM TREATED WITH DIFFERENT

CONCENTRATION 150.1000 ~g/mll OF FRACTION "A" FOR 18 h

Induced structures. n ('Yo)

Fraction Number Brain ABC Cartilage Muscle Epidermis~
~"A" 01 tissue*

(~g/ml) cultures

0 30 0 0 0 a 6[201

50 15 0 0 0 0 41271
112 14 31211 1171 0 0 41291

225 14 91641 51361 0 0 91641

450 16 131811 9[561 0 0 10[631

750 18 15[831 101551 31161 41221 111641
900 14 1411001 111791 a 0 91641
1000 35 341971 311891 2[61 0 211631

Fig. 2. Silver stained gel of the extract and chromatographic fractions

of chick embryo brain. separated using 10% SDS-PAAG. (Lane 1) Initial
brain extract, neuralizing activity (2000 pglml) - 80%. (lane 2J DEAE-
unbound 'fraction' of brain extract, neuralizing activity (1500 }.ig/ml) - 0%.
(Lane 3) Fraction 'A' eluted from DEAf column by 100 mM NaCI,
neuralizing activity (450 ,ug/ml)

-
80%. (Lane 4) Fraction 3 eluted from

hepann column by 250 mM NaCI, neural/zing activity (100 1l9/ml)-
40%.

(Lane 5) Heparin-unbound proteins affraction 'A', neuralizingactivity (1000
,ug/ml) - 50%. 14,4 - 94, Molecular weight standards, kOa.

preparation SDS.PAGE revealed two major fractions of about 40
and 60 kDa (see Fig. 2, lane 4). The neuralizing fracfion containing
30 kDa. and 60 kDa-polypeptides had previously been
electrophoretically isolated by us from the same brain extract
(Mlkhailov. 1988).

At the concentration levels of about 100 ~g/ml, the neuralizing
etfect of fraction 3 was 40.50%, while fraction "A" provoked the
neuralization in 20% of explants only (see Table 2). However, in the
explant culture experiments (animal cap assay, see below) we
used fraction "A" obtained after ion-exchange chromatography
because it has been shown that the total neuralizing activity of the
brain extract was bound to the DEAE-column and could be
compietely eluted from the carrier as a separate peak (see Fig. 1).

At the same time, no more than 50% (by protein) of fraction "A"
was bound with heparin-containing column and the neuralizing
effect of fraction 3 was about 40% of the total neuralizing activity of
traction "A". It should be remembered that Heparin-Sepharose
treatment of fraction "A" (Mikhailov et al.. 1993) decreases its
neuralizing activity by about 50% as well.

Biological tests with R, temporaria ectoderm
The neuralizing etfect of fraction "A" depends on its time-

exposure with the explants and concentration in culture medium.
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TABLE 1

TISSUES FORMED IN THE EXPLANTS OF R. TEMPORARIA
GASTRULA ECTODERM TREATED WITH FRACTION "A"
1900 ~g/ml) FOR DIFFERENT PERIODS OF TIME 1,.,8 hi

Induced structures, n ('Yo)

*ABCs and "unspecified" brain tissues; Hlinear epidermis in addition to
atypical epidermis.

When R. temporariaexplants were treated with fraction "A" (900

~g/ml) for 1. 3 or 18 h the neuralization was 20%. 35% and 100%.
respectively (Table 1).

At 18.h exposure. the neuralizing effect offraction "A" appeared
to be dose.dependent. Fraction "A", at the concentration of 50.0
~g/ml did not lead to any neuralization. A minimai effect was first
observed at about 100 ~g/mL When the concentration of fraction
"A" was increased, the percentage of neural inductions increased
as weli and reached the maximum (100%) at 900 ~g/ml (Table 2).

Using high concentrations of fraction "A" (900-1 000 ~g/ml), we
could also obtain the neuralization (100%) of the ex plants (n 5)
which were not covered with the rings preventing their "closing"
(the time of complete "closing" of the inner ectodermal layer was 6-
7 h).

In addition to neural tissue (Fig. 3), cartilage and muscle
occasionally formed in the R. temporaria ex plants treated with
fraction "A". The initial extract from the forebrain of 7.8.day-old
chick embryos induced these structures in 10-20% of cultures
(Mikhailov. 1988). We suggest that the ion-exchange
chromatography of the brain extract did not result in complete
separation of neuralizing and mesodermalizing activities.

*ABCs and "unspecified" brain tissues; H\lnear epidermis in addition to
atypical epidermis.
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Fig. 3. Brain tissue
induced in R. tem-
poraria early gastrula
ectoderm by fraction
"A", (AI Archencephalic
brain (br) complex with
well formed eye (e)
containing the lens (I)
(fraction 'A', 450,ug/ml);
(B) The explant was
completely transformed
into large epithelial
vesicle containing brain
(br) tissue and eye

fragment (ef); st, sucker
tissue (fraction 'A', 750
).lg/m/J. Bars, 50 pm.



Fraction Number Brain ABC Linear Atypical

'A' of tissue. epidermis epidermis
(~glmll cultures

0 15 0 0 0 15(1001

1000 18 11(611 11(611 111611 1811001

..ABCs and 'unspecified' brain tissues.

TABLE 3

NEURAL TISSUE FORMED IN EXPLANTS OF T. ALPESTRIS
EARLY GASTRULA ECTODERM TREATED WITH

FRACTION "A" (1000 ~Ig/mll FOR 12 h

Induced structures, n (%)

A weak mesodermalizing effect of brain extract and fraction "A"
is probably due 10 lhe presence of trace amounts of fibroblast-like
growth factors (FGFs) in brain tissue of 7-8-day old chick embryos
(Risau et al., 1988) or to a touch of blood vessels and blood
elements in isolated forebrains, because neuroblastoma cell lines
were shown to have almost no mesodermalizing activity (Lopashov
et at., 1992). This view is supported by the fact that Xenopus
ectoderm differentiated into ventral mesodermal structures after
treatment with fraction "A" (see Table 4).

In control ex plants cultivated in MEM/2 (n 30) or MEM/2 with
rabbit gamma-globulin (n 15) no neuralization was observed
(Table 2).

Biological tests with T. alpestrls ectoderm
Animal caps of T. alpestris treated with fraction A (1000 jlg/ml)

for up to 12 h differentiated in 60% of the cases into ABCs only (Fig.
4) without any mesodermal structures (Table 3). On the other hand,

in the control series, animal caps (n 15) incubated in Barth solution
with 0.1 % BSA differentiated into ciliated (atypical) epidermis.

Biological tests with X. laevis ectoderm
Animal caps of middle and late blastulae (stage 8 or 9,

respectively) or early gastrulae (stage 10) treated with fraction "A"
(500-4000 j.lg/ml)did not show any neural differentiations. However,
the ventral-type mesoderm inductions (blood precursor cells,
coelomic epithelium, heart structures and small amounts of somite
muscle) at relatively high percentage were detected in these
experiments (Fig. 4). The highest induction of heart structures (43-
44%) could be observed in explants treated with fraction "A" at the
concentrations of 1and 2 mglml during 6 or 3 h, respectively (Table
4). These differentiations may be caused by the mesodermalizing
activity of acomponent (perhaps FGF-like) in the not highly purified
preparation. However, the same concentration of fraction "A"
(1000 j.lg/ml) had no mesodermalizing activity on T. atpestris
explants (see Table 3).

Untreated control explants (n 15) differentiated into ciliated
(atypical) epidermis only.

Discussion

In this paper we describe the isolation procedure of a neuralizing
factor from brain of chick embryos. The high molecular anionic
complex in the 105000g supernatant of chick brain extract was
partially purified. In this complex the neuralizingfactor(s) is probably
present primarily in inactive form. However, under our experimental
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conditions it could be partially activated by the extraction procedure
at high pH (pH 9) and following RNAase treatment. The binding of
50% (by protein) of fraction "A" to Heparin-Ultragel column
representing 50% of its neuralizing activity, indicates that either
several complexes are present in fraction "A" or that a single
complex is modified (andlor partially inactivated) by the isolation
procedure. The first possibility is more likely.

The biological test (animal cap assay) shows that middlellate
blastula and early gastrula ectoderm of different amphibian species
is characterized by "selective sensitivity" to the treatment with
partially purified neuralizing factor. We found neural induction in R.
temporaria and T. alpestris explants but no neuralization was
detected in ectodermal cultures of X. laevis. This was observed in
ex plants treated for different periods of time with different
concentrations of brain fractions, which ranged from very high (1-
4 mg/ml) to subphysiological (50-100 j.lglml) levels.

A possible explanation of these results is that the ectoderm of X.
laevis is more resistant to "unspecific" neuralization than R.
temporariaand T. alpestrisectoderm (see Slack, 1993). However,
in controls we could not detect the neuralization of R. temporaria
and T. alpestris ectoderm. Moreover, it has been shown that R.
temporariaearly gastrula ectoderm does not become neuralized in
vitro after treatment with the following agents: cyclic nucleotides,
forskolin, calcium ionophores, ouabain, Hepes-buffer, venom nerve
growth factor (NGF) and NGF-like factors from chick embryos,
chorionic gonadotropins, heparin, serum proteins, etc. (Mikhailov
and Gorgolyuk, 1987, 1992a,b; Mikhailov, 1988, 1990). Similar
results have been obtained in analogous tests with T. alpestris
early gastrula ectoderm (Siegel et al., 1985; Grunz, 1987) with the
exception of the neuralization of the explants exposed to Hepes
buffer (Tiedemann, 1986).

Using monoclonal antibodies, we could demonstrate that
mammalian-like cytokeratin N 8 (MW 57 kDa) is expressed at very
low level only in animal pole ectoderm but not in blastopore lip and
vegetal pole cells of R. temporaria early gastrula (Simirskyi et al.,
1991). The expression of this epidermal marker is significantly
increased during in vitro cultivation of R. temporaria animal caps
under neutral conditions (Mikhailov and Gorgolyuk, 1992a); similar
results have been obtained (using anti-cytokeratin N 8 antibody)
with ectoderm of P. waft! (A-M. Duprat, personal communication).

Application of the tumor promoter, tetradecanoyl phorbol acetate
(TPA or PMA), which is an activator of protein kinase C (PKC), had
a strong neural inducing effect on Trilurus (Davids et at., 1987) and
Xenopus (Olle et at., 1988) early gastrula ectoderm, when used at
high concentrations exceeding the pharmacological doses of the
agent. In analogous experiments performed with R. temporaria
explants (TPA concentration in culture medium 2-150 nM), no
neuralization could be observed and the PKC activity of control and
TPA-treated cultures was practically indistinguishable. Oleoyl acetyl
glycerol, an activator of PKC, did not produce any neuralization of
R. temporaria ex plants (Mikhailov and Gorgolyuk, 1992a).

It can also be suggested that the early gastrula ectoderm of the
amphibian species studied is characterized by different
developmental dynamics of neural competence. There is some
indirect evidence that the neural competence of ectoderm of R.
temporaria and X. laevis is quite different (Holtfreter, 1938;
Servetnick and Grainger, 1991). We have observed the induction
of neural tissue in R. temporaria explants treated with fraction "A"
for 1 or 3 h (see Table 1). Xenopus animal caps started to curl up
about 40 min after explantation and the inner ectoderm layer (the
receptive surface) became completely hidden within 4-5 h. It is
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unlikely that during this period of time Xenopus ectodermal cultures
were inaccessible to fraction "A" and could completely lose neural
competence (Lamb el al., 1993). On the other hand, animal caps
Isolated from early gastrulae of X. laevis (Grunz, 1985), T.
pyrrhogaster (Takata et al., 1981) and R. temporaria (Mikhailov
and Gorgolyuk, 1988) were neuralized in vitro when the explants
were treated with Con A (100 ~g/ml) for 1 or 3 h. Hence, the
absence of neural induction of Xlaevisectoderm after the exposure
to fraction "A", in contrast to R. temporaria and T. alpestris
ectoderm, cannot be explained by aquick loss of neural competence
in Xenopus.

This view is supported by the fact that we have detected the
ventral mesodermal structures in Xenopus explants treated with
fraction "A" which shows that the ectoderm was still competent
during at least 3 hours after explantation (Table 4). It should be
pointed out that in Xenopus and also in other amphibian species
the mesodermal competence is lost even faster than the neural
competence of the ectoderm. At the same time, we could not detect
any mesodermal inductions in Triturus explants treated with the
same concentrations of fraction "A". These results cannot be
interpreted as a quick loss of mesodermal competence in T.
alpestris ectoderm. It has been shown that the mesodermal
competence of isolated early gastrula ectoderm of T. alpestris
declines after about 15 h of cultivation in vitro and has completely
vanished after 18-20 h (Nieuwkoop et al., 1985).

Furthermore, it could be shown that Xenopus ectoderm
differentiates into neural structure in 100 % of the cases, when
animal caps are dissociated into single cells and reaggregated
after 2-4 h in Calcium/Magnesium containing medium (Grunz and
Tacke, 1989). These data suggest that inhibitory molecules are
present in the intact ectoderm tissue. This view is supported by the
observation that extracellu lar matrix components are able to prevent
neural differentiation of dissociated Xenopus ectodermal cells
(Grunz and Tacke, 1990). A neuralizing signal might represent a
removal or lifting of such inhibition. We have suggested (Mikhailov
and Gorgolyuk, 1992a) that the removal of neural inhibition could
be achieved via several pathways in which different factors havean
essential role to play.

Recent reports corroborate this standpoint. The expression of a
dominant negative mutant of the activin receptor not only prevents
the response of the ectodermal celis on mesodermalizing stimuli
(activin), but shifts the ectoderm into neural pathway ofdifferentiation
(Hemmati-Brivanlou and Melton, 1992, 1994). Similar results
(neuralization of Xenopus animal caps) were received with a
truncated form of the mouse gene Brachyury, Xbra (Rao, 1994). Of
interest is the fact that the "wildtype" molecules of both, activin and
Brachyury are able to initiate mesodermal induction in amphibian
ectoderm. From our disaggregation experiments (neuralization of
Xenopus ectodermal cells) could be speculated that activin-like

Fig. 4, Tissues induced in T, alpestr;s and X. Jaevis early gastrula
ectoderm by fraction "A". (AI Archencephalic brain complexes (ABCs)
induced in T. alpestris ear/y gastrula ectoderm (fraction 'A', 1000 )1g/ml).
neu, archencephalicbrainstructures. IB) Untreated early gastrula ectoderm
of T.alpestris. The explant has differentiated into ciliated (atypical) epidermis
only. IC) Xenopus ectoderm treated with fraction 'A' (1000 )1g/ml) was
differentiated into ventral mesodermal structures. However, no neural
tissue was induced. me, mesenchyme; co, coelomic epithelium; mu,
muscle (presumably heart muscle). (D) Untreated early gastrula ectoderm
of X. laevis. The explant has differentiated into ciliated (atypical) epidermis
only. Bars, 100 11m.



VENTRAL-TYPE MESODERM TISSUES FORMED IN EXPLANTS OF X. LAEVISLATE BLASTULA/EARLY GASTRULA ECTODERM TREATED
WITH FRACTION "A" 1500-4000 ~g/mll FOR DIFFERENT PERIODS OF TIME

Induced structures, n (%J

Fraction Exposure Number Atypical Epidermis Mesenchyme Muscle Heart Blood- Coelomic
"A" tlmethJ of epidermis (somites) structures like cells Epithelium

I~g/mll explants

o (control) 15 1611001 0 0 0 0 0 0
500 3 15 1511001 71441 71441 0 0 21131 3 1201
1000 3 18 18 11001 91501 91501 0 a 61331 71391
2000 3 14 1411001 11 1791 11 1791 41291 61431 0 11179/
4000 3 18 171941 91501 91501 1 161 31171 0 71391
1000 6 16 1611001 12 1751 121751 31191 71441 0 121751
2000 6 10 91901 7 1701 71701 31301 2 1201 0 71701
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TABLE 4

molecules are lost or unable to diffuse between the dispersed
single cells to maintain the necessary threshold concentration.

A further interesting approach was the injection of follistatin
mRNA into Xenopus embryos and animal caps cut from these
embryos, which causes the expression of neural specific markers
inectoderm (Hemmati-Brivanlou etal., 1994). The authors postulate
that the expression of follistatin inactivates activin molecules
present in/on the ectoderm cells, which results in the neural
differentiation. In this concept, the formation of epidermis is
considered as aweak activin influence upon the ectoderm. However,
no neuralization could be observed when X. laevis or T. alpestris
explants were treated in vitro with human recombinant follistatin at
the concentrations of 1-1000 ng/ml (Asashima et at., 1991; Grunz
and Schuren, unpublished results).

Meanwhile, the mentioned results are not contradictory to the
view that exogenous neuraHzing factors may primarily initiate the
neuralizing cascade in normogenesis by binding to specific receptors
on the plasma membrane of ectodermal cells. In our experiments
with chick brain Iraction "A", the ectoderm of both, R. temporaria
and T. atpestris showed a high percentage of neural inductions.
Negative results obtained with Xenopus may reflect the specie-
specific differences ("prevalences"); (1) in the mechanisms of
acceptance of exogenous neuralizing agent(s) by ectoderm, and/
or (2) in the intracellulartransductionsof neural signals. In particular,
neural induction provoked in Xenopusexplants is positively mediated
by cross-talk between the PKC and cAMP pathways (QUe et al.,
1989). However, the neuralization of R. temporaria explants could
be inhibited by forskolin (an activator of adenylate cyclase) and
dioctanoyl-cAMP (Mikhailov and Gorgolyuk, 1992b). Moreover,
during normal development the role of alternate pathways of neural
induction may be different in R. pipiens, T. alpestris and X. laevis
(Saint-Jean net and Dawid, 1994).

The results of xenoplastic transplantations of the dorsal
blastopore lip (the organizer region) have indicated that the similar
signals could be involved in neural induction in different amphibians.
However, fraction "A" had neuralizing activity in R. temporaria and
T. alpestris but not X. laevis. This suggest that the neuralizing
"components" of fraction "A" are not related with physiological
neural inducers. Conversely, the neuralizing activity of the concrete
agent depends on (more that of organizer region) the dynamic
response of the target celis which could be different in different
amphibian embryos (Slack and Tannahill, 1992; Saint-Jeannet
and Dawid, 1994).

Neural induction is a multistep process and depends on the
interactions of many different factors. It is appropriate to remind
that the different "factors" (fractions) with neuralizing activity have
been biochemically isolated from various sources (for reviews see:
Tiedemann, 1990; Tiedemann et al., 1993; Mikhaitov, 1990;
Janeczek et al., 1992). Even FGFs, a ventral mesodermal inducers,
cause neural differentiation under certain experimental conditions
(Tiedemann et al., 1994).

A good candidate for a molecule, which can play an important
role in the determination of the central nervous system in amphibian
embryos, is the secreted protein noggin (Lamb et al., 1993). Like
FGF, this protein induces neural structures in amphibian ectoderm
at high, probably unphysiological, concentrations only. If this factor
is related to the fractions isolated by us from chick brain is not yet
known. This can be decided after further purification 01 our factor.

At present, all data available suggest that neural induction is a
very complex process (even in comparison to mesoderm induction).
Many factors and mechanisms in concert may be involved in neural
induction including diffusible exogenous factors, released by distinct
processes from the inducing chordamesoderm, ECM components,
receptors on the plasma membrane, cell adhesion molecules and
various agents inside of the ectodermal target cells (Dixon and
Kintner, 1989; Grunz and Tacke, 1989, 1990; Durston and QUe,
1991; Mikhailov and Gorgolyuk, 1992a; QUe and Moon, 1992;
Harland, 1994). Neural induction may be initiated by several
"determinants" (factors) in a spatial and temporal specific manner.
This could explain why a single universal inducer (the dream of the
"old" embryologists) has not yet been found. Noggin, activin, FGFs,
follistatin (Gurdon et al., 1993; Harland, 1994) and soluble
polypeptide factors characterized by certain specie-specificity of
action may be involved in the multistep processes resulting in the
formation of mesoderm (including the organizer area) and the
central nervous system in different amphibians.

Materials and Methods

Preparation of extracts
Chick embryos incubated for 7.5 days (stage 32; Hamburger and

Hamilton, 1951)were placed into sterile Petri dishes with chilled (4~C)
Hanks' solution containing 0.1 mM phenylmethylsulfonyl fluoride (PMSF;
Sigma). Forebrains were dissected and meninges removed. Isolated tissue
was placed into a 20-fold (w/v) volume of deionized water containing, in
addition to PMSF, other protease inhibitors (1 J.lg/ml leupeptin. 1 J.lg/ml
pepstatin, 1 ~M p-Iosyl- t -Iysine-chloromethyl ketone, and 1 mM 6-
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aminocaproic acid: Sigma) and adjusted to pH g.o by adding ammonia. The
tissue was homogenized in a glass-glass homogenizer on an ice bath and
the homogenate kept overnight at 4 'C. Then the homogenate was centrifuged
(200009,60 min, 2CC) and the supernatant was lyophilized. The lyophilized
preparation was dissolved in 10 mM Tris-HCI, pH 8.0 containing 1 mM
EDT A (Merck) and centrifuged at 1050009 for 90 min at 2cC. RNAse A
(Serva) was added to the supernatant to a final concentration of 50 ).lg/ml,

and the preparation was kept at room temperature for one hour. Thereafter
the preparation was transferred into a dialysis sac. and treatment with
RNAse continued overnight at 4 °C along with simultaneous dialysis against
distilled water. The resulting extract was used for chromatography.

lon-exchange chromatography
Chromatography was performed on a C1 0/25 column (pharmacia Fine

Chem.) packed with OEAE-Toyopearl 650M (Toyo Soda) according to
recommendations of the manufacturer and equilibrated with 10 mM Tris-
HCI, pH 8.0. After loading of the sample, the column was washed with three
volumesofthe same butter, and bound proteins were eluted with a stepwise
NaCI gradient (100-500 mM. 5 steps); NaCI concentration in eluates was
measured using a Aadelkis OK-104 conductometer (Hungary).

As the result, five fractions were obtained. In tests with R. temporaria
gastrula ectoderm, the highest neuralizing activity (70-90%) was
characteristic of the fraction MA.eluted with 100 mM NaCI (Fig. 1); the effect
of the other four fractions either did not exceed 25% or was absent
(Mikhailov and Gorgolyuk, 1992a; Mikhailov et al., 1993).

The protein concentration was determined by the method of Lowry et al.
(1951) using bovine serum albumin (BSA) or rabbit gamma.globulin
(Sigma) as a standard.

Affinity chromatography
Chromatography was performed on a Heparin-Ultragel column

(Pharmacia Fine Chern.) in 10 mM Tris-HCI butter containing 10 mM NaC!.
After the sample (fraction MA-;see Fig. 1) was loaded, the column was
washed to the base line and the bound proteins were eluted by 1000 mM
NaCI (as a bulk) or stepwise NaCI gradient (50-1000 mM). As a result of
stepwise elution, fore fractions were obtained. The highest neuralizing
activity (about 50%; R. temporaria animal cap assay) was found in the
fraction 3 (see Fig. 1) eluted by 250 mM NaC!.

SDS-electrophoresis (SDS-PAGE)
50S-PAGE was performed by the procedure of Laemmli (1970) using

10% and 15% polyacrylamide gels (pAAG), which were stained by silver
nitrate (Rabilloud, 1990). The Pharmacia low molecular weight
electrophoresis kit was used for determining the apparent molecular weight
of fractions.

Biological tests
Fraction -A-and fraction 3 were dialyzed against deionized water at 4~C,

sterilized by ultrafiltration (Millipore GSWP. 0.22 11m) and lyophilized. The
Iyophilizate was dissolved in culture medium containing antibiotics (penicillin,
100 Ulml; gentamycin, 70 I1g/ml; streptomycin, 50 Ilg/ml).

Rana temporaria
Mature R. temporaria eggs obtained using hypophysial injections were

artificially inseminated and embryos reared until the early gastrula stage
(stage of -early crescent- blastopore). After mechanical removal of the jel1y

coat. early gastrulae were sterilized by placing for 15 sec into 70% ethyl
alcohol and then washed in 3-5 changes of culture medium containing
antibiotics. Vitelline membrane was mechanically removed and central
portions of animal pore ectoderm (animal caps) were isolated microsurgically.
Explants (about 1 mm in diameter) were placed upside down in glass
cultivation chambers (Mikhailov and Gorgolyuk, 1987) containing 200 111of
the test fractions in MEM (Flow Lab.) diluted by half with deionized water
(MEM/2) and, to prevent dosing of the explants, covered with Plexiglas
rings with the attached Millipore HAWP filter, pore size 0.45 um. The weight
of the ring (about 8 mg) prevented ectoderm from rolling up during 10-12
hours but did not damage its cells. The chambers were closed with
coverslips and exp!ants cultivated 1, 3 or 18 h at 2PC. The concentration

of fraction -A-in culture medium ranged from 50 f-lg/ml to 1 mg/ml (see Table
2). Then rings were removed, ex plants washed with fresh MEM/2 and
cultivated for 6-8 days in medium that replaced every 48 h. In the control
series the explants were cultivated in the presence of rabbit gamma-
globulin (1 mg/ml) or in MEM/2 only. Each animal cap assay was also
accompanied by control cultivation of 20 dejellied embryos from the same
batch of the "donors" of early gastrula ectoderm.

Xenopus laevis
Mature X. laevis eggs were obtained by injecting female frogs with 600-

1000 U chorionic gonadotropin (Schering AG. Berlin) into the dorsal lymph
sack. After in vitro fertilization the embryos were dejellied for 4-6 min using
3% cysteine-chloride in Holtfreter solution. Embryos were carefully washed
in sterile Holtfreter solution and raised until middle-late blastula! early
gastrula stages (stage 8, 9 and 10; Nieuwkoop and Faber, 1967). The

vitelline membrane was mechanically removed using sharpened
watchmakers forceps. Animal caps were isolated with fine glass needles.
Operations were performed in agarose-coated Petri dishes. Then the
explants were placed in Terasaki-plates containing (10 IJI per well) of
fraction ..A.. dissolved in Barth solution (containing 0.1 % BSA) at final
concentration of 500-4000 ).Ig/m! (pH 7.35). The ex plants were incubated
for 3 or 6 h prior to the transfer to Holtfreter solution and further cultivated
for up to 3 days at 20"C.

T riturus alpestris

The jelly coat of late blastula or early gastrula of T. alpestris was
removed by an irisectomy knife and embryos were washed in sterile
Holtfreter solution. The vitelline membrane was removed by sharpened
watchmaker's forceps. Animal caps were isolated by fine glass needles and
incubated in Terasaki plates containing (10111 per well) of fraction ..AI>(final
concentration 1000 I1g/ml) dissolved in Barth solution containing 0.1 %
BSA. After 12-hour exposure, the explants were transferred to Holtfreter
solution and cultured for 8 days at 20"C.

Ught microscopy
R. temporaria explants were fixed in Bouin's solution, processed

histologically, and serial sections (5 11m)were stained with azocarmine G
and Mallory's mixture. Explants of Xenopus and Triturus were also fixed in
Bouin's solution, gross-stained in borax-carmine and dehydrated in ethanol
series. Paraffin sections (6 IJm) were stained with aniline blue/orange G.

Statistical analysis
The results were processed using Fisher test for binomial distribution

with a small n.
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