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Supplementary Figure 1. (a) Cumulative divalent cation release from the cross-linked alginate
measured in vitro using inductively coupled plasma mass spectrometry (n=3). (b) Cell viability
of BMM cultured in medium supplemented with different concentrations of Mg?*, Zn*, or Cu?*

(n=3). Data are mean + s.d. ¥*P<0.05 or **P<0.01 by 1-way ANOVA with Tukey’s post hoc test.

Source data are provided as a source data file.
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Supplementary Figure 2. (a) Quantitative measurements of bone perimeter (B.Pm), polar
moment of inertia (pMOI), cortical bone thickness (Ct.T), and trabecular thickness (Th.T) of
mouse femur grafted with pure alginate or divalent cation—releasing alginate. (b, ¢) Representative
immunofluorescent images showing the presence of osterix™ (b, n=3) or runt-related transcription
factor 2" (c, n=3) osteoblasts on the cortical bone surface (scale bars = 100 um). P, periosteum; Ct,
cortical bone. (d) Representative images of calcein/xylenol labeling showing periosteal new bone
formation (scale bars = 100 um, n=3). Data are mean +s.d. **P<0.01 by 1-way ANOVA with

Tukey’s post hoc test (a) or Student’s T-test (b). Source data are provided as a source data file.
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Supplementary Figure 3. (a, b) Representative H&E staining images showing the spleen, liver,

kidney, and heart tissue at week 1 (a, n=3) and week 4 (b, n=4) after the operation (scale bars =

100 pm).



Supplementary Figure 4. (a) Reconstructed uCT images (scale bars = 1 mm) showing the cross-
section of mouse femurs grafted with pure alginate (served as a control), Mg?*-releasing alginate,
Cu?*-releasing alginate or Zn?*-releasing alginate 7 days postoperatively. (b) Representative H&E
staining images showing the newly formed woven bones on day 7 postoperatively (scale bars =
100 um, n=3). (c) Representative multi-color immunofluorescent images showing the presence of
immune cells around the divalent cation-releasing alginate (n=4). Images on the right side (scale bars

=50 um) are high-resolution versions of the boxed regions in images on the left side (scale bars = 100 um).

M, bone marrow; G, grafted material.
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Supplementary Figure 5. (a, b) Representative immunofluorescent images showing the presence
of CD68" macrophages (a, n=4) and the expression of COX2 (b, n=4) at week 1 postoperatively.
Lower images (scale bars = 100 um) are high-resolution versions of the boxed regions in the upper

images (scale bars = 500 um). P, periosteum; Ct, cortical bone; M, bone marrow.
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Supplementary Figure 6. (a) Quantitative measurements of pMOI, Ct.T, and Th.T of mouse
femurs grafted with pure alginate or Mg?*-releasing alginate after the administration of diphtheria
toxin. (b) Quantitative measurements of pMOI, Ct. T, and Th.T of femurs from SW033291-injected
mice. (C) Representative H&E staining images showing periosteal new bone formation in SW033291-
injected mice (n=3). Lower images (scale bars = 100 um) are high-resolution versions of the boxed regions

in the upper images (scale bars = 500 um). P, periosteum; NB, new bone; OB, old bone. (d)
Representative immunofluorescent images showing the presence of OCN* osteoblasts on the
cortical bone surface (scale bars = 100 um, n=3). (e) Representative TRAP staining images
showing the presence of TRAP* osteoclasts on the cortical bone surface (scale bars =200 um, n=3)
P, periosteum; Ct, cortical bone. Data are mean +s.d. *P<0.05 by 1-way ANOVA with Tukey’s

post hoc test (a) or Student’s two-sided T-test (b). Source data are provided as a source data file.
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Supplementary Figure 7. (a) Quantitative measurements of pMOI, Ct.T, and Th.T of femurs from
COX2" or COX2ysm™~ mice grafted with pure alginate or Mg**-releasing alginate. (b) Co-
immunostaining of CGRP and COX2 in the periosteum of femurs from COX2" or COX2ysm™~
mice. (scale bars = 100 um). P, periosteum; Ct, cortical bone. (c) Quantitative measurements of
pMOI, Ct.T, and Tb.T of femurs from Trk A" mice or TrkAavii”~ mice grafted with pure alginate
or Mg?*-releasing alginate. (d) Quantitative measurements of pMOI, Ct.T, and Tb.T of femurs
from EP4™ or EP4avii’~ mice grafted with pure alginate or Mg?*-releasing alginate. Data are
mean + s.d. ¥P<0.05 by 1-way ANOVA with Tukey’s post hoc test. Source data are provided as a

source data file.
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Supplementary Figure 8. (a) Representative immunofluorescent images showing the presence of
OCN" osteoblasts on the cortical bone surface (scale bars = 100 um). P, periosteum; Ct, cortical
bone; M, bone marrow. (b) Representative TRAP staining images showing the presence of TRAP*
osteoclasts on the cortical bone surface (scale bars = 100 um). (c) Quantitative measurements of
pMOI, BMD of TV, Ct.T, and Th.T of femurs from mice injected with vehicle or propranolol. (d)
Representative immunofluorescent images showing the phosphorylation of CREB in the VMH of
mice injected with SW033291 at week 1 postoperatively (scale bars = 200 um). (e) The daily
distance (m) and duration (s) of running-wheel activity of mice injected with SW033291 at week
4 postoperatively. Data are mean + s.d. *P<0.05, **P<0.01 by 1-way ANOVA with Tukey’s post

hoc test (c) or Student’s two-sided T-test (€). Source data are provided as a source data file.
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Supplementary Figure 9. (a) Divalent cation-releasing alginate was placed in the left femur and
the contralateral femur was not grafted with anything after the surgical injury. (b, ¢) Reconstructed
UCT images (b, scale bars = 1 mm) and corresponding measurements of BV/TV, BMD of TV, Ct.Ar,
pMOI, and Ct.T (c) showing the cross-section of the contralateral femur after the placement of divalent
cation-releasing alginate in the left the femur. Data are mean +s.d. *P<0.05, **P<0.01, and n.s.

(nonsignificant) by 1-way ANOVA with Tukey’s post hoc test. Source data are provided as a source

data file.
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Supplementary Table 1. Primers used in the reverse transcription—quantitative polymerase

chain reaction assays.

Gene Primer
Forward: 5'-GGATGCGCTGAAACGTGGA-3'

PTGES ' |
Reverse 5'-CAGGAATGAGTACACGAAGCC-3
Forward: 5-TTCAACACACTCTATCACTGGC-3'

cox2 ' |
Reverse: 5'-AGAAGCGTTTGCGGTACTCAT-3
Forward: 5'-CGGTTCCGAGACAGCAAA-3'

EP4 ' |
Reverse: 5'-CGGTTCGATCTAGGAATGG-3
Forward: 5'-ATGTGTCCGTCGTGGATCTGA-3'

GAPDH ' |
Reverse 5'-ATGCCTGCTTCACCACCTTCTT-3

COX2, cyclooxygenase 2; EP4, prostaglandin E2 receptor 4; GAPDH, glyceraldehyde-3-

phosphate dehydrogenase; PTGES, prostaglandin E Synthase
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