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Abstract
To improve bone regeneration around orthopedic biomaterials, researchers have attempted to
combine growth factors on and in implants. Equally as exciting, greater bone growth has been
demonstrated around nano-scaled materials (like helical rosette nanotubes or nanocrystalline
hydroxyapatite) which mimic the geometry of the natural components of bone. To combine these
two approaches, in this in vitro study, the ability of three short peptides (labeled for convenience: a
or SNVILKKYRN, b or KPSSAPTQLN, and c or KAISVLYFDDS chosen from the larger bone
morphogenetic protein-7 (BMP-7)) to promote osteoblast (bone-forming cells) functions were
determined. Shorter peptides of BMP-7 are required for growth factor incorporation into nano-
scale biomaterials due to their nanometer size. Results showed that of all the peptides, peptide b
and the peptide combination a,b enhanced osteoblast density the most after five days compared to
the controls (no growth factors). Furthermore, osteoblasts cultured with peptide b had a larger and
more spread morphology than controls. In addition, peptide c and its combinations (a, c; b, c; and
a, b, c) increased osteoblast calcium deposition after 14 and 21 days compared to the controls.
Since, these peptides are much smaller than BMP-7, the results of this study provided peptides that
can be easily chemically functionalized onto nano-scaled biomaterials to improve bone growth.
Thus, the present study elucidated shorter peptides in BMP-7 more appropriate for inclusion in
and on nano-materials to promote osteoblast proliferation (peptide b and the peptide combination
a,b) and osteoblast deposition of calcium containing mineral (peptide c and the peptide
combinations a,c; b,c; and a, b, c).
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Introduction
Bone fracture is one of the most common bone complications. For adults, it may take 6
weeks to achieve a sufficiently mineralized bone fracture healing callus and 3 months to
achieve 80% of the normal strength of healthy bone [1]. The long recovery time of bone
fractures clearly bring significant pain and inconvenience to patients. It is continually hoped
that orthopedic implant materials (or fixation devices) can provide solutions to improve the
treatment of bone fractures [2]. Today, one of the most widely used implant materials is
titanium. However, the use of conventional titanium (that is, micron-rough and nano-
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smooth) to provide quick bone regeneration as well as sustained, prolonged bone growth are
lagging in satisfaction. As one of many examples, 5% to 10% of all hip implants composed
of conventionally structured titanium show peri-implant bone loss, and eventually, result in
failure over a 10-year period [3]. One reason that today’s implantation materials fail is due
to a lack of promoting osteoblast (bone-forming cells) functions to form bone quickly
juxtaposed to the implant [3].

Because nanophase materials (or materials with one dimension less than 100nm) are able to
mimic the dimensions of constituent components of natural bone (for example, collagen and
hydroxyapatite), they have great potential to be successful alternative implant materials to
what is implanted today [4]. Moreover, to improve osteoblast adhesion, proliferation and
long-term differentiation functions at orthopedic implantation sites, researchers have been
immobilizing recombinant proteins or peptides onto nano-structured implants, such as nano-
particulate metals or ceramics (i.e., surface-modified titanium [5] and hydroxyapatite [6]),
and biologically-inspired naturally-derived nano-structured materials (i.e., collagen [7] and
helical rosette nanotubes [8][9]).

In this manner, several bone-related growth factors (which are produced by bone cells and
stored in the bone matrix) have been used to induce bone formation either through injection
or direct implant surface modification. These include fibroblast growth factors, insulin-like
growth factors I and II, platelet-derived growth factors, transforming growth factors-β and
bone morphogenetic proteins [10~12]. However, the most potent inducers of bone formation
utilized in and on today’s orthopedic implants are members of the bone morphogenetic
protein (BMP) family [13]. For example, BMP-7 (or osteogenic protein-1) promotes the
formation and regeneration of bone and cartilage [14~16]. However, BMPs have several
hundred amino acids making them too large and complex to chemically functionalize onto
nano-structured materials (such as particles and fibers). For example, helical rosette
nanotubes (which are biomimetic, self-assembled functionalized DNA base-pairs) have a 1.1
nm-diameter inner channel, while BMP-7 has a diameter of approximately 2~3 nm [17].
This limitation has inhibited the use of BMPs in conjunction with the advantages of nano-
materials to promote bone growth.

To use these growth factors in and on nano-materials, it is clearly important to identify
smaller bioactive regions of BMPs. Some researchers have found that short peptides in
BMPs also improve osteoblast growth. For example, a synthetic peptide
(KIPKASSVPTELSAISTLYL) derived from the “knuckle epitope” in BMP-2 has increased
alkaline phosphatase activity in osteoblasts [18]. In addition, Kirkwood et al. also found that
some peptides (for example, AISVLYFDDSSNVILKKYRN) in BMP-7 encourage the
mineralization process in osteoblasts [19]. By comparing BMP-2 and BMP-7 structures [17],
one can ascertain that certain bioactive areas are similar in function (such as the BMP type II
receptor) and amino acid sequence (Figure 1).

Thus, in order to utilize the advantageous properties of BMPs in conjunction with nano-
materials, the present study investigated the ability of three short peptides of BMP-7 (a or
SNVILKKYRN, b or KPSSAPTQLN, and c or KAISVLYFDDS) to promote osteoblast
functions in order to determine the best short peptides of BMP-7 that could eventually be
functionalized onto nano-structured implant materials. Importantly, these shorter peptides
have terminal K or S amino acids, making them easier to eventually functionalize on a
particular nanomaterial of interest (helical rosette nanotubes [8,9]). Results showed for the
first time that some of these shorter BMP-7 peptides enhanced the proliferation (specifically,
peptide b or KPSSAPTQLN and peptide combination a,b or SNVILKKYRN,
KPSSAPTQLN) and calcium deposition by osteoblasts (specifically, peptide c or
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KAISVLYFDDS and its combination with peptide a or b mentioned above) compared to no
peptide additive at all.

Materials and Methods
Peptide solution preparation

Synthetic peptide-a (SNVILKKYRN, 121~130 amino acid residue sequence of BMP-7),
peptide-b (KPSSAPTQLN, 101~110 amino acid residue sequence of BMP-7) and peptide-c
(KAISVLYFDDS, 110~120 amino acid residue sequence of BMP-7) were purchased from
GenScript Corporation (NJ, USA), and had a purity of 97% (amino acid residues different
from the sequence of BMP-7 are shown in bold). Peptide-a, b, c and their various
combinations were dissolved separately in cell culture medium to a final concentration of
100μg/mL for most of the experiments (with the exception of elucidating a dose response in
osteoblast alkaline phosphatase activity when concentrations ranging from 1 to 100μg/mL
were created); when peptide combinations were used, equal amounts of the peptides were
mixed. Human bone morphogenetic protein-7 was purchased from GenScript Corporation
(NJ, USA). BMP-7 was dissolved to a final concentration of 200ng/mL (with the exception
of elucidating a dose response in osteoblast alkaline phosphatase activity when
concentrations ranging from 200ng/ml to 1 μg/mL were created).

Osteoblast culture
Human fetal osteoblasts (bone-forming cells; CRL-11372 American Type Culture
Collection) were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Hyclone)/F-12
Ham media supplemented with 10% fetal bovine serum (FBS; Hyclone) and 1% penicillin/
streptomycin (P/S; Hyclone) under standard cell culture conditions (that is, a sterile, 37°C,
humidified, 5% CO2/95% air environment). Cells at population numbers 6–10 were used in
the experiments without further characterization.

Osteoblast adhesion
Osteoblasts were seeded at a concentration of 2500 cells/cm2 into wells of polystyrene 24-
well plates in DMEM (with or without the peptides of interest to this study) supplemented
with 10% FBS and 1% P/S and were incubated under standard cell culture conditions for 4
h. At that time, non-adherent cells were removed by rinsing with phosphate buffered saline
and adherent cells were then fixed with formaldehyde (Fisher Scientific, Pittsburgh, PA) and
stained with Hoechst 33258 dye (Sigma); the cell nuclei were, thus, visualized and counted
under a fluorescence microscope (Axiovert 200M, Zeiss). Cell counts were expressed as the
average number of cells in at least five random fields per square centimeter.

Osteoblast proliferation and morphologies
For proliferation studies, osteoblasts were seeded at 1000 cells/cm2 into wells of polystyrene
24-well plates in DMEM (with or without the peptides of interest to this study) under
standard cell culture conditions (37°C, 5% CO2, 95% air humidification) for 1, 3 and 5 days.
Medium (with and without the peptides of interest to this study) was changed every two
days. At the end of each time period, cells were fixed with formaldehyde (Fisher Scientific,
Pittsburgh, PA) and stained with 4′, 6- Diamidino-2- phenylindole (DAPI, Sigma); the cell
nuclei were, thus, visualized and counted under a fluorescence microscope (Axiovert 200M,
Zeiss). Cell counts were expressed as the average number of cells in at least five random
fields per well. For the cells cultured for 1 and 3 days, they were also stained with
rhodamine phalloidin (Invitrogen); the cell was, thus, visualized under a fluorescence
microscope (Axiovert 200M, Zeiss).
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Osteoblast long-term functions
For differentiation studies, osteoblasts were seeded at a density of 50,000 cells/cm2 into
wells of polystyrene 24-well plates. Osteoblasts were cultured in DMEM supplemented with
10% FBS, 1% P/S, 50 μg/mL l-ascorbic acid (Sigma), and 10 mM β-glycerophosphate
(Sigma) in the presence or absence of the peptides of interest to this study under standard
cell culture conditions for 7, 14, and 21 days. Medium (with and without the peptides of
interest to this study) was changed every two days. At the end of each time period, cells
were lysed to determine total protein content, total collagen content and alkaline
phosphatase activity via well-established commercially available kits (as described below).
Calcium deposited by osteoblasts were dissolved in 0.6mol/L hydrochloric acid and tested
for calcium concentration using a commercially available kit (as described below).

Total protein content—Total protein content in the cell lysates was determined using a
commercial Better Bradford Assay Kit (Pierce Biotechnology), following manufacturer’s
instructions. For this purpose, aliquots of each protein-containing, distilled water supernatant
of cell lysates were mixed with the assay reagent and incubated for 10 min at room
temperature. Light absorbance of these samples was measured at 595 nm on a Spectra MAX
190 spectrophotometer (Molecular Devices). Total protein synthesized by osteoblasts
cultured with BMP-7 short peptides of interest to the present study was determined from a
standard curve of absorbance versus known concentrations of albumin run in parallel with
experimental samples.

Total collagen content—Cell lysates were prepared as described earlier. Aliquots of the
distilled water supernatant were dried onto a microplate, mixed with 0.1% Sirius Red stain
(Sigma), and incubated for 1 h at room temperature. The microplate was washed five times
with 0.01M HCl (Mallinckrodt Technical) for 10 s per wash to remove the unbound stain.
The collagen bound stain was then desorbed by washing with 0.1M NaOH for 5 min. The
eluted stain was then mixed several times into a multichannel pipette and was placed into a
second microplate. Absorbance was then read at 540 nm in a spectrophotometer (Spectra
MAX 190, Molecular Devices). A standard curve was plotted as mg of collagen versus
absorbance at 540 nm and collagen content was calculated from this curve.

Alkaline phosphatase activity—Alkaline phosphatase is an enzyme whose production
signifies increased osteoblast differentiation [15]. An Alkaline Phosphatase Assay Kit
(Upstate) was used to assay alkaline phosphatase activity in the cell lysates prepared as
described earlier. For this purpose, aliquots of the distilled water supernatants of cell lysates
were mixed with 5 μL NiCl2, 5 μL BSA and 5 μL phosphopeptide solution in the wells of a
microplate. Then, the reaction was incubated for 15 min at 37°C. Alkaline phosphatase
activity was detected by the addition of 100 μL Malachite Green solution. The assay was
read with blank and standards at 650 nm using a spectrophotometer (Spectra MAX 190,
Molecular Devices). Alkaline phosphatase activity was calculated by comparing absorbance
values to a standard curve. Alkaline phosphatase activity values were normalized by total
protein content and expressed as nmol alkaline phosphatase/μg protein.

Cellular calcium deposition—Most importantly, calcium deposition (an indicator of
osteoblast differentiation) was also determined in this study. For this purpose, after the cells
were lysed and removed, the substrates (Petri-dish) were treated with 0.6 mol/mL HCl at
37°C overnight. After the prescribed time period, the amount of calcium present in the
acidic supernatant was quantified using a commercially available kit (Sigma) and following
the manufacturer’s instructions. Light absorbance of the samples was measured at 575 nm
using a spectrophotometer (Spectra MAX 190, Molecular Devices). Total calcium was
calculated from standard curves of absorbance versus known concentrations of calcium
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standards (Sigma) run in parallel with the experimental samples. Calcium concentration
values were normalized by total protein content and expressed as μg calcium/μg protein.

Statistical analysis
Statistics were performed using a one-tail T-Test for n=9, N=3 (triplicate experiments and
repeated three separate times) for adhesion, proliferation, and long-term differentiation
studies where p<0.10 was considered statistically significant.

Results
Osteoblast adhesion

Results showed that osteoblast adhesion cultured in the presence of the different peptides of
interest to this study was not significantly different compared with controls (no additives)
and each other (Figure 2).

Osteoblast proliferation
For proliferation studies, the number of osteoblasts increased when cultured in the presence
of peptide b, c, BMP-7 and the combinations of peptide a, b; b, c; a, c; and a, b, c compared
to controls (no additives) after 5 days (Figure 3). Most importantly, osteoblast density after 5
days in the presence of peptide b and the peptide combination a, b was the most, even higher
than BMP-7 (although at a different concentration). Of all the peptides, osteoblast density
after 5 days was the least in the presence of peptide a. Moreover, osteoblasts in the presence
of peptide b after 1 and 3 days of culture were more spread and had larger average sizes than
controls (no additives), as shown in Figures 4 and 5. However, osteoblast morphology in the
presence of peptide a and c was similar with controls (no additives) after 1 and 3 days of
culture (data not shown).

Osteoblast long-term functions
There were detectable amounts of total collagen synthesized by osteoblasts cultured with all
additives after 7, 14 and 21 days of culture, as shown in Figure 6. Generally, total collagen
synthesis by osteoblasts increased after 21 days when compared with that after 7 and 14
days for each condition of the study. After 21 days of culture, BMP-7, all the peptides and
peptide combinations enhanced the total collagen content in osteoblasts compared to
controls. Most importantly, peptide b and peptide c enhanced total collagen content in
osteoblasts after 21 days of culture compared to BMP-7.

There were detectable amounts of total proteins synthesized by osteoblasts cultured with all
additives after 7, 14 and 21 days of culture, as shown in Figure 7. The total protein content
increased with longer time periods of culture for all of the peptides studied here. Moreover,
for BMP-7, nearly all the peptides and peptide combinations (except peptide combination a,
b, c) enhanced the total protein content in osteoblasts after 21 days of culture compared to
controls. Importantly, BMP-7, peptide a and the peptide combination a, b were able to
increase total protein content in osteoblasts after 14 days of culture compared to controls (no
additives).

There were detectable amounts of alkaline phosphatase activity by osteoblasts cultured with
all additives after 7, 14 and 21 days of culture, as shown in Figure 8. Generally, the amounts
of alkaline phosphatase activity by osteoblasts were highest after 14 days when compared
with the other time periods for BMP-7 short peptides. Peptide combinations a, c; b, c; and a,
b, c increased alkaline phosphatase activity in osteoblasts after 14 days compared to controls
and BMP-7. All peptide combinations increased alkaline phosphatase activity from
osteoblasts after 21 days compared to controls and BMP-7.
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There were also detectable amounts of calcium deposited by osteoblasts cultured with all
additives after 7, 14 and 21 days of culture, as shown in Figure 9. Calcium deposited by
osteoblasts cultured with all peptides and peptide combinations increased after 21 days when
compared to after either 7 or 14 days. Specifically, compared to controls and BMP-7,
peptide c and all peptide combinations including peptide c increased calcium deposited by
osteoblasts after 7, 14, and 21 days; peptide a and all peptide combinations including peptide
a increased calcium deposited by osteoblasts after 21 days.

Lastly, to evaluate a dose-response, the amount of alkaline phosphatase synthesized by
osteoblasts was found to increase in the presence of greater amounts of BMP-7 and all
peptides of interest to this study (Figure 10). Especially, osteoblasts cultured with 1 μg/mL
BMP-7 had the highest alkaline phosphatase activity compared with the controls and other
additives.

Discussion
In this study, the ability of three BMP-7 short peptides to improve osteoblast functions was
tested. The osteoblasts in the presence of peptide b had a more well-spread morphology than
the other treatment conditions. It is known that anchorage-dependent cells, like osteoblasts,
must first adhere to a surface in order for subsequent cellular functions, such as proliferation
and the deposition of calcium containing mineral [20]. Consistent with the morphology
results, at early time points (3 and 5 days), peptide b and the peptide combination a, b was
able to improve osteoblast proliferation the most. On the other hand, peptide c and all
peptide combinations containing peptide c enhanced osteoblast calcium deposition after all
time points of this study. Thus, all of these results suggest a role for BMP-7 short peptides to
improve osteoblast functions from proliferation to calcium deposition.

In addition, the present study suggested a way of utilizing peptide combinations to achieve
better functions from osteoblasts compared to individual peptides. For example, in
osteoblast long-term function studies, peptide combinations a, c and a, b, c enhanced
alkaline phosphatase activity of osteoblast after 14 days compared to controls, but neither
peptide a nor peptide c were able to enhance osteoblast alkaline phosphatase activity after
the same time period. In another experiment, the peptide combination a, c increased calcium
deposition both after 7 or 14 days compared to peptide a alone. Furthermore, in the BMP-7
natural sequence, peptide a and peptide c are connected to each other, which suggests that
even these two peptides when functionalized separately on nano-structured materials may
complement osteoblast functions. Thus, as one example, in drug delivery applications
employing nanometer particles, if it is difficult to impregnate the entire macromolecule with
proteins due to their size, an alternative choice may be to impregnate several of these shorter
segments of BMP-7.

In this manner, design strategies for creating biomimetic materials have been a key focus
area in tissue engineering and drug delivery. Especially, compared to conventional
materials, nanostructured materials (such as particles) have many unique advantages, such as
long circulation times, high drug load efficiency and easy passage through cell membranes
[22~24]. Thus, today’s drug release studies have focused on designing nano-materials for
improved, prolonged release of drugs. For orthopedic studies, the TGF-β family of growth
factors (including BMP-2 and 7) are the most widely used drugs to improve bone growth.
However, in the traditional soaking method to load drugs into and onto biomimetic
materials, most drugs are released after very short periods [25,26]. By utilizing BMP-7 short
peptides instead of the entire BMP protein, one can expect an easier ability to functionalize
such groups onto the smaller nano-structured biomimetic materials for improved prolonged
release. It is simply not feasible to functionalize growth factors larger than the size of nano-
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particles on nano-particles. For example, helical rosette nanotubes (HRNs) are novel
biomimetic nano-materials which can increase osteoblast functions [8][9]. BMPs are too
large to functionalize onto these nano-materials. Short peptides (especially those as studied
here with terminal K or S amino acids) can be functionalized into the HRN inner channels
by hydrogen bonds or onto HRN side chains with peptide bonds [27][28]. Importantly,
results of this study can be used to improve the ability of these nanomaterials to regenerate
bone. For example, because hydrogen bonds are weaker than peptide bonds, peptide b and
peptide combinations containing peptide b can be functionalized into HRNs by hydrogen
bonds and be quickly released to increase osteoblast proliferation. In contrast, peptide c and
peptide combinations containing peptide c can be functionalized onto HRNs by peptide
bonds to be slowly released to increase osteoblast long term functions, such as calcium
deposition. In this way, BMP-7 short peptides can be more effectively used in conjuction
with nano-materials to promote osteoblast functions.

It is important to note that in this light, BMP-7 increased total protein and collagen content
from osteoblasts after 14 and 21 days compared to controls, but in terms of alkaline
phosphatase activity and calcium deposition, BMP-7 seemed to have less bioactivity than
the shorter peptides. The reason could be related to the concentration difference between
these shorter peptides (100μg/mL) and BMP-7 (200ng/mL). As a separate experiment
(Figure 10), it was found that when the BMP-7 concentration reached 1μg/mL, alkaline
phosphatase activity in osteoblasts was higher than when osteoblasts were cultured with
100μg/mL of the shorter peptides. Because shorter peptides lack secondary structures
important for BMP-7 bioactivity, the carbon backbone can easily rotate and change
conformation. On the one hand, the interchangeable conformation lowers the efficiency of
such peptides to match cell acceptors. As a result, shorter peptides need higher
concentrations to reach equivalent bioactivities as lower concentrations of the entire BMP-7
macromolecule. However, because of the complex structure of BMP-7, it is easy to degrade
or be damaged, especially, when it is functionalized into or onto nano-scaled biomaterials,
thus, shorter peptides with simpler structures can be very stable and easier to control in
experiments. In addition, many nanomaterials themselves (when not functionalized) have
been shown to promote bone formation more so than micron structured materials [4, 6, 8, 9].
As a result, shorter peptides functionalized on nanostructured biomaterials can be widely
used in the clinic in all settings to promote numerous orthopedic applications.

Lastly, researchers have known that BMPs form dimers and bind to BMP receptor type I and
II on cell surfaces to initiate cellular activities [21]. Although the precise receptor-binding
region in BMPs has not yet been clarified, some studies suggest that the region around the
“knuckle epitope” (KIPKASSVPTELSAISTLYL) of BMP-2 binds the receptor type II
complex with receptor type I on osteoblasts, to initiate signal transduction [18]. Comparing
the structure of BMP-2 and BMP-7, peptide a, b and c is at a similar region in BMP-7 as the
knuckle epitope in BMP-2 (Figure 11). This could be the reason why BMP-7 short peptides
in this study were able to improve osteoblast functions as shown here for the first time.

Conclusions
Results of this study showed that peptide b (KPSSAPTQLN) and the peptide combination
a,b (SNVILKKYRN, KPSSAPTQLN) from BMP-7 increased osteoblast proliferation, while
peptide c (KAISVLYFDDS) and the peptide combinations containing peptide c from
BMP-7 promoted osteoblast calcium deposition. These results indicate great potential for
combining BMP-7 short peptides with nano-scaled biomaterials to develop improved
materials for orthopedic applications.
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Figure 1.
The comparison of the bioactive areas in BMP-2 and BMP-7.
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Figure 2.
No significant difference in osteoblast adhesion density cultured in the presence of BMP-7
short peptides. Data are mean ± SEM (N=3).
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Figure 3.
Increased number of osteoblasts cultured in the presence of BMP-7 short peptides b and a,b.
Data are mean ± SEM (N=3). #p<0.05 and *p<0.01 compared to controls (no additives) at
respective days. **p<0.05 compared to BMP-7 and peptide a at respective days. #p<0.01
compared to peptide a at respective days and ***p<0.01 compared to the same samples at 1
and 3 days.
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Figure 4.
Osteoblast morphology cultured in (left) and not cultured in (right) the presence of peptide b
after 1 day.
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Figure 5.
Osteoblast morphology cultured in (left) and cultured not in (right) the presence of peptide b
after 3 days.
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Figure 6.
Total collagen concentration (per unit protein) in osteoblasts in the presence of BMP-7 short
peptides and BMP-7. Data are mean ± SEM (N=3). *p<0.05 compared to controls (no
additives) at respective days, **p<0.05 compared to BMP-7 at respective days, and
***p<0.05 compared to the same samples at 7 days and 14 days.
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Figure 7.
Similar total protein content in osteoblasts cultured in the presence of BMP-7 short peptides
and BMP-7. Data are mean ± SEM (N=3). *p<0.05 compared to controls (no additives) at
respective days and ***p<0.05 compared to the same samples at 7 and 14 days.
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Figure 8.
Increased alkaline phosphatase activity in osteoblasts (per unit protein) cultured in the
presence of all BMP-7 short peptides. Data are mean ± SEM (N=3). #p<0.1 and *p<0.05
compared to controls (no additives) and BMP-7 at respective days. ***p<0.05 compared to
the same samples at 7 and 21 days.
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Figure 9.
Greater calcium deposition by osteoblasts (per unit protein) in the presence of BMP-7 short
peptide c and all peptide combinations with peptide c. Data are mean ± SEM (N=3). #p<0.1
and * p<0.05 compared to controls (no additives) and BMP-7 at respective days.^^p<0.05
compared to peptide a, peptide b and peptide combination a, b at respective days. **p<0.05
compared to the same samples at 7 days ***p<0.05 compared to the same samples at 7 and
14 days.
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Figure 10.
Alkaline phosphatase activity (after 21 days) in osteoblasts (per unit protein) in the presence
of different concentrations of BMP-7 short peptides. Data are mean ± SEM (N=3). #p<0.1
compared to controls (no additives), *p<0.05 compared to lowest concentration of respective
peptide, and **p<0.05 compared to the controls (no additives).
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Figure 11.
The comparison of BMP-2 (left) and BMP-7 (right) structures. (3-D files of BMPs obtained
from the Research Collaboratory for Structural Bioinformatics (RCSB) protein data bank.)
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