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Fig. 1 Relationships among the mineralization time, the weight concentration of RSF, molar

concentration of Ca®* and PO,
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Fig. 2 TEM images of the calcium phosphate produced in (a) 2 mmol/L-0.5% -1 h, (b) 2 mmol/L-0.5% -3 h,
(¢) 2 mmol/L-0.5% -24 h; (d) and (e) enlarged TEM images of the white frames in (b)

The inserted images are the selected-area electron diffraction (SAED) of the corresponding samples.
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Fig. 3 SEM images of the calcium phosphate produced in (a) 1 mmol/L-0.1% -3 h; (b) 1 mmol/L-0.2% -3 h, (c¢) 1 mmol/L -0.5% -
3 h; (d) and (e) the XRD patterns and FTIR absorption curves of the products: (1) 1 mmol/L-0.1% -3 h, (2) 1 mmol/L-0.2% -3 h,

(3) 1 mmol/L0.5% 3 h
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Fig. 4 TEM images of the calcium phosphate produced in (a) 3 mmol/L-1% -1 h, (b) 5 mmol/L-1% -1 h and (¢) 5 mmol/L-2% -1 h
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Fig. 5 Relationships among the molecular weight of RSF, weight concentration of RSF, molar concentration of Ca®* and

PO4*~ and the crystalline phase of calcium phosphate
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Fig. 6 SEM images of calcium phosphate (a) mediated by H-RSF in 1 mmol/L-0.2% -3 h, (b) and (c¢) mediated by L-RSF in 1 mmol/
L-0.2% -3 h and 1 mmol/L-0.5% -3 h, respectively
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Growth and Crystallization of Calcium Phosohate Mediated by
Bombyx Mori Silk Fibrion

Jia-jia Zhong, Zheng-zhong Shao "
(State Key Laboratory of Molecular Engineering of Polymers, Advanced Materials Laboratory ,
Department of Macromolecular Science, Fudan University, Shanghai 200433)

Abstract  Amorphous calcium phosphate ( ACP) has excellent biocompatibility, osteoconduction and
biodegradability. However, as it can be transformed easily to a more thermal stable phase ,i. e. HAP, ACP shows
poor stability in solution. As a soluble and biocompatible additive ,regenerated silk fibroin ( RSF) can mediate
the growth of inorganic crystals. If the RSF is capable of inducing and stabilizing of the ACP, it will be
desirable to expand its application to the field of bone repair. The pH value of the mineralization solution
increased slowly when the ammonia gas diffused into the solution, leading to the precipitation of calcium
phosphate. The morphology and polymorph of calcium phosphates were characterized by SEM , TEM, SAED,
XRD and FTIR. Generally,the spherical particles were ACP and the aggregated sheets were HAP in our work.
The results also showed that ACP could be obtained by adjusting the mineralization time, the weight
concentration of RSF ,the molar concentrations of calcium ion and phosphate ion. When the RSF and Ca®*/
PO, concentrations were fixed to 0.5% and 2 mmol/L,respectively ,only ACP could be obtained after 1 h;
however, both ACP and HAP could be produced when the duration of mineralization was increased to 3 h.
Moreover,all the ACP would be transformed to HAP when the time was increased to 24 h. On the other side,
when the Ca®*/P0O,” " concentrations increased , a higher RSF concentration would be needed to induce the
growth of ACP. For example , ACP could be produced under a certain condition that the mineralization time and
the RSF concentration were 1 h and 1% respectively, supplemental with 3 mmol/L Ca’>*/PO,>"
concentrations ,but ACP couldn’t be obtained at any concentration of RSF when the ion concentration was
reached to 5 mmol/L. Furthermore , it was found that RSF with higher molecular weight could induce the growth
of ACP in a lower concentration under the same condition. The stable ACP/RSF hybrid may have the great
potential in the bone repairing.

Keywords Amorphous calcium phosphate, Silk fibroin, Biomineralization
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Fig. S1 TEM images of calcium phosphate produced in (a) 1 mmol/L-0.1%-1 h, (c) 2 mmol/L-0.2%-1 h, (d) 2
mmol/L-0.5%-1 h, (¢) 3 mmol/L-0.5%-1 h, (f) 3 mmol/L-1%-1 h, (g) 5 mmol/L-1%-1 h and (h) 5 mmol/L-2%-1 h;
(b) the high resolution TEM image of (a)

The inserted images are the selected-area electron diffraction (SAED) of the samples, respectively. The SAED
images of (c), (e) and (g) show the distinct diffraction rings which assigned to the (002) and (211) faces of HAP,
respectively, indicating that the samples produced on those conditions are crystalline; while the SAED images of
(b), (d), (f) and (h) show no diffraction ring, indicating the amorphous feature of the samples.
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Fig. S2 SEM images of the calcium phosphate produced in (a) 1 mmol/L-0.1%-3 h, (b) 1 mmol/L-0.2%-3 h, (c)
1 mmol/L-0.5%-3 h, (d) 2 mmol/L-0.2%-3 h, (¢) 2 mmol/L-0.5%-3 h, (f) 2 mmol/L-1%-3 h, (g) 3 mmol/L-1%-3 h,
(h) 3 mmol/L-2%-3 h and (i) 5 mmol/L-2%-3 h

The morphology of sample in (a), (d), (g), (h) and (i) is looked like to adhesive sheets, and that of in (b), (c) and (f)
are spherical particles. Both of those two morphologies exist in (e).
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Fig. S3 SEM images of the calcium phosphate produced in (a) 1 mmol/L-0.1%-24 h, (b) 1 mmol/L-0.2%-24 h, (c)
1 mmol/L-0.5%-24 h, (d) 2 mmol/L-0.2%-24 h, (e) 2 mmol/L-0.5%-24 h, (f) 2 mmol/L-1%-24 h, (g) 3
mmol/L-1%-24 h, (h) 3 mmol/L-2%-24 h and (i) 5 mmol/L-2%-24 h

The morphology of all the sample transformed to adhesive sheets when the mineralization time reached to 24 h.



10 14 PREEEESRE: 220 A R RIR B A K B LA R 4% iii

|
>
2 k2 £
& o
5] ot
= RS
= 3 259 318
a
10 20 30 40 50 60
20(7)
>
f= 25.9
2 2 31.8
Z 8
5 E
kS
d
10 20 30 40 50 60

20(°)

Fig. S4 XRD patterns of the calcium phosphate produced in (a-1) 1 mmol/L-0.5%-3 h, (a-2) 1 mmol/L-0.2%-3 h,
(a-3) 1 mmol/L-0.1%-3 h, (b-1) 2 mmol/L-1%-3 h, (b-2) 2 mmol/L-0.5%-3 h, (b-3) 2 mmol/L-0.2%-3 h, (c-1) 3
mmol/L-2%-3 h, (c-2) 3 mmol/L-1%-3 h, (d) 5 mmol/L-2%-3 h

Sample (a-1), (a-2) and (b-1) are completely amorphous with a broadened peak between 17°-36°; while others are
HAP with characteristic peaks at 25.9° and 31.8°, respectively.
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Fig. S5 FTIR absorption curves of the calcium phosphate produced in (a-1) 1 mmol/L-0.5%-3 h, (a-2) 1
mmol/L-0.2%-3 h, (a-3) 1 mmol/L-0.1%-3 h, (b-1) 2 mmol/L-1%-3 h, (b-2) 2 mmol/L-0.5%-3 h, (b-3) 2
mmol/L-0.2%-3 h, (c-1) 3 mmol/L-2%-3 h, (c-2) 3 mmol/L-1%-3 h, (d) 5 mmol/L-2%-3h

The broad, unresolved bands around 1047 cm ™! and 565 cm ™ are attributed to the vibration of PO,>, indicating that
the calcium phosphates are in amorphous state (a-1, a-2 and b-1); while the resolved bands around1047 ¢cm ' and
565 cm ' in other samples indicats the calcium phosphates are crystalline. The bands at 1655 cm ' and1542 cm '
existing in all the curves are attributed to amide I and amide II vibration of RSF, respectively, indicating that RSF

had been involved in the formation of calcium phosphate.
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Fig. S6 TGA of the ACP hybrid produced in (1) 2 mmol/L-1%-3 h and HAP hybrid produced in (2) 2
mmol/L-1%-24 h (HAP)

Two weight lost processes happened during the measurement: water evaporation and RSF degradation. It is
thought that ACP contained about 18.6 wt% RSF and HAP contains about 35.2 wt% RSF.

Fig. S7 SEM images of calcium phosphates mediated by H-RSF in (a) 1 mmol/L-0.1%-3 h, (b) 1

mmol/L-0.2%-3 h, (¢) 1 mmol/L-0.5%-3 h, (d) 2 mmol/L-0.2%-3 h, (¢) 2 mmol/L-0.5%-3 h and (f) 2
mmol/L-1%-3 h
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Fig. S8 SEM images of calcium phosphates mediated by L-RSF in (a) 1 mmol/L-0.1%-3 h, (b) 1
mmol/L-0.2%-3 h, (¢) 1 mmol/L-0.5%-3 h, (d) 2 mmol/L-0.2%-3 h, (¢) 2 mmol/L-0.5%-3 h and (f) 2

mmol/L-1%-3 h
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Fig. S9 XRD patterns of ACP (2 mmol/L-1%-3 h) ripened in different solutions and temperatures: (a) 22 °C,
H,0; (b) 22 °C, [SF] = 0.5 wt%; (c) 22 °C, [MgCl,] = 2 mmol/L; (d) 4 °C, [SF] = 0.5 wt%

The ripened time was (1) 24 h, (2) 72 h, (3) 168 h. ACP could exist stably for 24 h in pure water at 22 °C; when the
ripen time was 72 h, ACP transformed to HAP, the characteristic peaks of HAP apperaed at 25.9° and 31.8° (a). On
the same condition, ACP could exist stably for 72 h in RSF solution (b) and even the time reached to 168 h, ACP
could still keep the amorphous state in MgCl, solution (c¢). When the temperature reduced to 4 °C, ACP could exist

in RSF solution stably at least for 168 h (d).
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Fig. S10 pH value of the upper solution in the beaker varied with the mineralization time

The molar concentration of Ca*" and PO,*~ were 2 mmol/L and the weight concentration of M-RSF was 1%.
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