
fortnation tnay be generated within the cell 
by internal processes or obtained from ex- 
ternal signals. Storing information in a sig- 
naling pathway that functions as a gate al- 
lows the information to be used in a condi- 
tional manner. Infortnation storage within 
a transtnittal pathway requires sustained ac- 
tivation of cotnponents of the pathway, a 
process that is almost always deleterious. 
For example, continuous activation of Ras 
or Raf contributes to malignant transforma- 
tion. Continuous activation of the gating 
pathway, however, would not cause poten- 
tially harmful- overstimulation but would 
only modify the response generated by the 
signaling pathway upon receipt of external 
signals. Thus interactions between signal- 
ing and gating pathways could provide a 
biochemical basis for information storage 
and processing within the cell. 
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BM P-1 : Resurrection As 
Procollagen C-Proteinase 

A. H. Reddi 

B o n e  tnorphogenetic proteins (BMPs) 
are bone-inducing tnolecules that have 
been isolated and cloned from the ex- 
tracellular matrix IECM). Unlike the 
other bone morphogens, BMP-1 is not a 
metnber of the transfortning growth fac- 
tor-P (TGF-P) family, but rather looks 
more like a orotease-some researchers 
have suggested that it cleaves and acti- 
vates TGF-P. In last week's issue of Sci- 
ence, Kessler et al. (1 )  reported that 
BMP-1 is indeed a protease, but that its 
substrate is procollagen, not TGF-P. 
BMP-1 is identical to procollagen C- 
proteinase (PCP), an enzyme essential 
for the proper assembly of collagen 
within the ECM. 

The ECM is a supramolecular assem- 
bly of collagens, proteoglycans, and gly- 
coproteins ( 2 )  that holds cells together. 
Its appearance in evolution coincided 
with that of multicellular Metazoa. The 
ECM and its interaction with cells al- 
lowed the organization of cells into tis- 
sues. The ECM has an intimate relation 
with cells. It is secreted as a cellular prod- 
uct. but can itself act uoon cells and tis- 
sues. For example, implantation of demin- 
eralized ECM derived frotn bone results 
in the fortnation of new bone (3). 

The active factors in the ECM that 
mediate this morphogenetic effect com- 
prise a family of proteins-the BMPs. A 
simple bioassay facilitated their cloning 
(4, 5 ) .  Reconstitution of a soluble ex- , ,  , 

tract of the matrix with insoluble col- 
lagen allows bone formation (6). Al- 
most all of the dozen or so members of 
the BMP fatnily are tnembers of the 
TGF-P superfamily, the one exception 
being BMP-1. The black sheep status of 
BMP-1 tnay be a result of flaws in the 
original bioassays for osteogenesis (4). 
From the photographs in the published 

The deduced amino acid sequence of 
the human BMP-1 ~ ro te in  reveals a do- 
main structure of a metalloprotease 
from the astacin fatnilv, an e~idermal 
growth factor (EGF)-like dotnain, and 
three dotnains with considerable se- 
quence similarity. Thus, BMP-1 is re- 
lated to the Drosophila gene tolloid, 
which is implicated in the patterning 
controlled by the decapentapeptide gene 
by virtue of its ability to activate TGF- 
P-like tnorphogens. 

If BMP-1 is not a true TGF-P family 
metnber, how does it function? Is it ac- 
tually a protease that activates TGF-P, 
as its homology to tolloid would suggest? 
The incisive work of Kessler et al. ( 1 )  ~, 

shows unexpected similarities becween 
BMP-1 and a protease they have been 
studying (PCP). These investigators ex- 
oressed a recombinant BMP-1 in a 
baculovirus system and purified the 
protein. The recotnbinant BMP-1 and 
purified mouse PCP yielded sitnilar 
COOH-terminal procollagen peptides. 

Morphogenesis is the culmination of 
the cascade of Dattern formation, bodv 
plan establishment, and attaintnent of 
adult form. An integral Dart of the mor- 
phogenetic cascade is the assetnbly of 
the ECM. The su~ramolecular self as- 
setnbly of triple-helical collagen is 
triggered by the processing of COOH- 
terminal procollagen peptide by the 
newlv discovered function of BMP-1. 
The iecent work by Kessler et al. pre- 
sents a new solution to the old riddle of 
the biological function of BMP-1 and 
places it directly at an essential control 
point of tnorphogenesis. 
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