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The organic matrix of bone is made up mostly 
(-90%) of the common protein, type I collagen, and 
therefore most markers of bone biochemistry will 
generally rely on the presence of noncollagenous pro- 
teins (NCP). Over the last 15 years several laborato- 
ries around the world have been characterizing all of 
the major species of NCP which can be found 
entrapped within the mineralized matrices of a varie- 
ty of vertebrate species. Virtually all of these sources 
of young bone have been found to contain essentially 
the same spectrum of NCP, although the relative lev- 
els of each protein may vary from one species to 
another. The gene products so far described in the lit- 
erature probably represent greater than two-thirds of 
the total mass of soluble proteins found entrapped 
within the mineralized matrix. The final one-third of 
the extracted NCP are comprised of a large number of 
low abundance proteins that, in general, have not 
been described. 

We can characterize each NCP as belonging to one 
of three general categories. 1) Serum-derived pro- 
teins which, because of their affinity for apatite or 
collagen, accumulate in the matrix. Examples of this 
class of NCP would include albumin and alpha 2HS 
glycoprotein. Alpha 2HS glycoprotein is frequently 
one of the most abundant NCP observed in bone 
matrices. 2) Products of the osteoblastic lineage, 
some of which are relatively specific to bone while 
others are made by many cell types. 3) Unknown. 
This last category represents a large number of pro- 
teins that may be most exciting to bone cell biology 
but due to their relatively low abundance in the final 
matrix, they have not yet been characterized. 

The propeptides of collagen can serve as good 
reminder of critically important proteins that, due to 
their low affinity for the matrix and the mineral, do 
not accumulate in the final matrix to a level in any 

way reflecting either their importance to the final 
matrix assembly and function or to their original 
abundance. If either the amino-propeptide or the car- 
boxy-propeptide were stoichiometrically retained in 
the final mineralized matrix, the mass of that propep- 
tide would be equal to all of the other NCP together. 
Yet both the amino-propeptide (Fisher 1987b) and the 
carboxy-propeptide (Fisher unpublished data) are 
present in the mineralized matrix at levels less than 
5% of that which must have been present during the 
assembly of the collagen matrix. Thus we can see that 
critically important proteins and perhaps even those 
very abundant when the matrix is first synthesized 
may not be found in the final matrix in significant 
amounts. Indeed, those proteins that do not have an 
affinity for the matrix may diffuse into the blood- 
stream and ultimately be the future ideal markers of 
bone synthesis. 

Materials and methods 

Antisera production: Purified proteins were isolated 
as previously described (Fisher 1983, 1987, Mintz 
1993). Synthetic peptides were either made at facil- 
ities at NIDR, NIH, as described (Fisher 1989a) or 
were purchased from a variety of commercial sourc- 
es. For most commercially produced custom peptides 
an additional cysteine was added to either the amino- 
terminus (for peptides meant to mimic carboxytemi- 
nal sequences) or the carboxy-terminus (for amino- 
terminal sequences). The peptides were conjugated to 
either horseshoe crab hemocyanin (LPH, US 
Biochemical Corp.), keyhole limpet hemocyanin 
(KLH, Sigma), or chicken serum albumin (CSA, US 
Biochemical Corp.) via sulfo-MBS (Pierce). 
Recombinant proteins were made in E. coli BL21 
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Table 1. cDNA probes 

(DE3) cells using Novagen’s PET 15b or 22b expres- 
sion vectors. In these cases the in-frame cDNA insert 
was made by PCR, gel purified, restriction digested 
and ligated into the vector. The resulting His-Tag 
fusion proteins were purified on a Ni2+ His-Bind 
Resin column (Novagen) and used directly for anti- 
serum production without removal of the small fusion 
peptides. In general, three series of ten intradermal 
injections (1 mg each for free peptides or peptide 
conjugates, or 100-250 pg purified proteins or 
recombinant proteins) were performed under contract 
at an AAALAC-approved facility (Hazelton 
Research Products). The first contained Freund’s 
complete adjuvant and the other two series were with 
incomplete adjuvant. Bleeds were taken at two week 
intervals. Antisera are generally checked for activity 
at 1:1000 or 1:2000 dilution against Western blots 
with each lane containing 50-100 pg of mineral com- 
partment extract proteins from the bones of a variety 
of animal species. 

cDNA probes: Most cDNA probes have been pre- 
viously described (Table 1). Other probes have not 
been specifically described in publications and have 
been cloned either by RT-PCR or direct PCR of a 
cDNA library using published sequences and syn- 
thetic oligonucleotides. The PCR products were 
either directly cloned into the TA cloning vector 

(pCRII from Invitrogen) or were designed to intro- 
duce restriction sites in the oligonucleotide domains 
for subsequent cloning into pBluescript (Stratagene). 

Results and Discussion 

The following tables show the antisera and cDNA 
probes that are available to interested scientists. 
Polyclonal antisera are, of course, limited in amounts, 
so we require that any requests for antisera be made 
only for immediate use. All of these reagents are for 
research purposes only. Any requests for use in 
human studies of any type must be accompanied by 
signed statements guaranteeing that the study will be 
conducted following all local and NIH Guidelines for 
Patient Care and Confidentiality. Co-authorships for 
use of these reagents are not required unless signifi- 
cant scientific work or discussions are given by the 
provider of the reagent. Requesters will be asked to 
report the specific name of the antiserum or plasmid 
and to generously reference, where appropriate, work 
published by our laboratories. 
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Table 2. Proteoglycan polyclonal antisera 
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Table 3. Sialoprotein polyclonal antisera 

Table 4. Collagen polyclonal antisera 
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Table 5. Miscellaneous polyclonal antisera 
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