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The vegetalizing factor

A member of the evolutionarily highly conserved activin family
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The mesoderm and endoderm inducing vegetalizing factor was partially sequenced after BrCN cleavage. A sequence which is highly conserved in
activin A near the C-terminal end was identified. This shows that the factor belongs to the activin family. The activins are not confined to embryos
and gonads, but widely distributed in other tissues like calf kidney and calf liver. Functional aspects are discussed.
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1. INTRODUCTION

Chemical factors are involved in the determination ~f
organ paitern in vertebrate embryos, which takes place
during the very early stages of embryonic development.
The factors are protein in nature. An clectrophoretically
homogencous factor, which was isolated from chicken
embryos, induces endodermal and mesodermal tissucs
[1-3]. The factor has been called vegetalizing factor,
because these tissues are formed in the vegetal half of
the embryo. The factor has an cstimated molecular
mass of 26 kDa, an isoelcctric point at about pH 8.0 and
is dissociated into two subunits of 13 kDa after the
reduction of disulfide bonds. Reduction completcly in-
activates the factor, It has recently been shown that the
transforming growth factors S1 and B2 (TGF B%s).
which are refated to the vegetalizi g factor in their
chemical propertics, also induce mesodermal organs
{4,5). This suggesied that the vegetalizing factor could
be related to the TGF-8 superfamily of proteins, but the
inducing activity of the TGF's is much lower. In 1989,
Asashima showed that activin A has a mesoderm induc-
ing activity similar to the vegetalizing factor [6]. Activin
A, a member of the TGF-f superfamily of proteins, was
originally known as a gonadal protcin which stimulates
the release of pituitary follicle-stimulating hormone
(FSH {7.8). It is identical with the erythroid differentia-
tion {actor (EDF), which is capable of inducing Friend
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erythroleukemia cefls into more mature hemoglobin
producing erythroid cells [9]. Further experiments have
shown that the vegetalizing factor has the same
erythroid diiferentiation activity as recombinant EDF
[3] and that the facior is, like activin A (EDF), inhibited
by follistatin [10], a protein which possesses activin-
binding activity [11]. In this communication we describe
a partial senuence of the chicken vegetalizing factor.
Similar factors have been isolated from other sources.
Their chemical properties are compared.

2. MATERIALS AND METHODS

2.4, Isolation and bivlogival tests of the inducing facrors

The vegetalizing fuctor was isolawd from 1000 g batches of 1-day-
old chicken embryo trunks as described previousty 17 3] Culf Hidn_y
and calf liver w re immediately frozen in dry ice, s .1 the extraction
of these tissues 800 g batches were homogenized with 4000 mi 96%
cthanol, 80 mi 92% HCI and 1200 mi distilled water, Columns with
Eurosil Bioscleet 300-Ci8-5 um (Knauer, Berlin) were used for the
first RE-HPLC, SDS-polvacrviumide gel clectrophoresis wus carried
out as deseribed [12)

The inducing activity was tested by the implantation method on
carly gustulae of Triturus alpestis [13- 15} or on isolated ectoderm from
middle 10 late blastula stages of Xemopus fuevis {16). After inspection
under the dissection microscope, the explants and embryos were fised
in Bouin solution and the histological seetions examined.

2.2, Amine acid sequence wuldysis of the vegetalizing jactor

1 up of pure vegeralizing factor with § up dithivervthritol was
incubsited with 200 g 109 cvanogen bromide (wiv) in T formtic acid
for S hoai room wmpermure o e ark . Alter dilution with destilled
water and cvaporation toabout 3¢ abtbe cleavage misture sas applicd
onto reversed phiase HPLC. A Supersphere Sefeet B eolumin (2 x 128
man. Merek, Darmistadt) was used and a pradient from 0 to W%
avetonitrid 10 019 rfduernacene wid was applicd ata fow rate of
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0.3 mi min. Detection was porformed a1 206 nm. Amino acid sequenoc
analvsis was done using 2 gas phase soquenoer 477A equipped with
an oa-line 120A PTH amino acid analvser (both Applied Biosystems,
Weaterstadt) 2coconding to the instrctions of the manufacturer.

3. RESULTS AND DISCUSSION

The vegetalizing factor was extracted from chicken
embryos with acid—zthanol and purified by extraction
with phenol, chromatography on Sephadex G100. iso-
electric focusing and four consecutive steps of reversed
phase (RP)}-HPLC as previously described (see [2.3]). A
direct N-terminal sequence analysis revealed that the
factor is blocked at the amino terminal end. The factor
was therefore subjected to cyanogen bromide cleavage
and the peptides separated by RP-HPLC. At 30% aceto-
nitrile a peptide was eluted which gave the amino acid
sequence Leu-Tyr-Tyr-Asp-Asp-Gly-Gin-Asn-(lle)-lie-
?2-Lys. The sequence Met-Leu-Tyr-Tyr-Asp-Asp-Gly-
Gin-Asn-lle-fle-Lys-Lys is part of the activin A (EDF)
sequence near the C-terminal end [9). It is conserved in
activin A isolated from different species. whereas in
activin B four amino acids of this sequence (Tyr=Phe:
Gly=Glu: GIn=Tyr: He=2Val) are replaced [17]. The
<losely related DPP-C pretein, which contributes to the
determination of dorsal structures in  Drosophila
embryos [18], and the bone morphogenetic proteins
(BMP’s) have a homologous region, which includes the
first six amino acids. in common with the activin A
partial sequence. In the homologous region two amino
acids are replaced in the DPP-C protein (Tyr=Leu:
Asp=tAsn [I19]) and in the BMP's (Tyr=Lcu:
Asp=Glu [20]). Transcripts of the BMP4 gene are pres-
ent in amphibian oocytes and very carly developmental
stages [21]. The activin A partial sequence is not at all
found in the TGF-Bs [22]. This shows that the vegetaliz-
ing factor is cither activin A or an activin A homologue.

By the same procedure as used for the purification of
the vegetalizing factor from chicken embrvos. meso-
derm inducing factors were extracted from calf liver and
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Fig. 2. Final RP-HPLC of calf kidney factor on a Nugleosil 300-CN-

7 gm microbore column (60 x 2 mm). Solvent A, 0.1% TFA: solvent

B, ¢.08% TFA/100% acctonitril: gretent, 0-15% B/4 min, then 15-

60% B65 min; flow rate. G.1 mi/min at 32°C: bar, position of inducing
activity,

calf kidnecy. These factors are eluted from Sephadex
G100 columns in the saise molecular weight range (24
28 kDa) as the chicken factor (Fig. 1). The inducing
activity of these fractions is oniy sligh.iv towet thaa the
inducing activity of the similar {raction (0. chicken
embryos (Table I). The fraction from liver induces (be-
sides trunk and tail structures which contain muscle,
notochord. nephric tubules and blood cells) hindheads

Table |

Inducing activity of Sephadex G108 lractions from calf fiver, calf
kidney and chicken embryvos tested by the implantation method on
Triturus alpestris

Positive  Size of induction (%) Induced tissucs (%)
%) -

Large Med, Small Hind'h Trunk/tail

Calf hver us3 4 13 0Mm 13 94
Calf kidney KK 63 19 6 v 8%
Chickcn embrvo 100 7B G 1)
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with rhombencephalon and car vesicles (deuterence-
phalic structures) in a lower percentage. This is due to
contamination with a neural inducing factor, which is
present in calf liver with a higher activity than in calf
kidney or chicken cmbryos, and at this step of the pu-
rification procedure is not yet completely separated
from the vegetalizing factor. Liver from several ver-
tebrate species has been shown to induce forcheads with
telencephalon, diencephalon and eyes (archencephalic
structures) as well as deuterencephalic structures be-
sides mesodermal tissues [23]. Archencephalic struc-
tures are induced by a neuralizing factor, deuterence-
phalic structures by the combined action of mesoder-
malizing and neuralizing factors [24-26].

The factor from calf kidney was further purified to
homogeneity by the same methods used for the chicken
factor (Fig. 2). When tested on Xenopus cctoderm, 50%
of the explants are induced at a concentration of 1.0-1.5
ng/ml, The molecular weight is about 26 kDa, the iso-
electric point (in 6 M urea) at pH 8.0. The factor is
completely inactivated after reduction with mercapto-
ethanol. The yield is about 0.7 ug/kg kidney. Similar
factors which are activin or activin homologues are
secreted from a Xenopus transformed fibroblast cell
{(XTC) tinc [27] and other cell lines [28.29]. They have
been found in bovine amnictic yana [30] and in human
blood platelets [31]. Activin genes are transcribed in
Xenopus embryos {32]. Mesoderm inducing activins
have, however, not been found in neuroblastoma and
retinoblastoma cell lines (Tiedemann et al., unpub-
fished).

The activins arc obviously evolutionarily highly con-
served proteins which are not confined to functioning
as embryonic inducing factors and gonadal hormones.
but are synthesized in a number of organs of meso-
dermal and endodermal origin long after embryoge-
nesis. The total amount of the inducing factors in calf
kidney and liver is only slightly lower than in chicken
embryos. The inducing activity depends on the con-
centration of the biologically active factor. It has been
shown that the vegetalizing factor is in part bound ina
latent form to protein complexes of higher molecular
weight [33-36). Whether follistatin. an activin binding
proiein which was isolated from ovaries [37], is present
in these complexes is not yet known. The factor can be
activated by different means like acidification or treat-
ment with phenol, which Icad to a dissociation of pro-
tein complexes.

Whether the activins have regulatory functions in the
maintenance of the differentiated state or in the control
of certain differentiated functions in later stages of de-
velopment is not yet known. They could be needed to
maintain the equilibrium between factors promoting or
constraining celfl division {38] and factors regulating dif-
furentistion. Which genes of the gene network are ac-
tivated or inhibited by the activins remzins to be shown.
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