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with a reporter plasmid (0.2 pg) carrying the firefly luciferase gene and the ref-
erence plasmid pRL-SV40 (0.02 pg) carrying the Renilla luciferase gene under
the control of the SV40 enhancer and promoter (Promega) with 0.2 pg of each
plasmid expressing effector proteins>*. After 30 h, cells were lysed in Passive
Lysis Buffer (200 pl; Promega). Firefly luciferase and Renilla luciferase activities
were measured in cell lysates (10 pl) using the Dual-Luciferase Reporter Assay
System (Promega) and a luminometer (Berthold Technologies). Relative activity
was defined as the ratio of firefly luciferase activity to that of Renilla luciferase.
Values are the means from six independent experiments.

Electrophoretic mobility shift and Chromatin immunoprecipitation
assays. Electrophoretic mobility shift assay was performed as described pre-
viously’. The sequences of the oligonucleotides used in the binding were:
5"-AGCTGCCCACGGCCAGCGACGTGGCTCCCTCCCCTTCTGT-3’
(UPRE-wt) and 5-AGCTGCCCACGGCCAGCGAaGgGGCTCCCTCCCCT-
TCTGT-3" (UPRE-mt) (lower-case letters indicate mutations). For supershift
experiments, samples were treated with an anti-Flag antibody at 4 °C for 1 h before
incubation with a radiolabelled probe. Chromatin immunoprecipitation (ChIP)
assay was performed as described previously’. The primers used for the endogenous

METHODS

mouse Collal promoter were: 5-CATTGCTGTCTCCAGCTCTGCTTC-3’ (for-
ward) and 5-TCCAAACCATCCAAGATTCCATTG-3' (reverse), yielding a 245-
bp product. PCR products were electrophoresed in a 4.8% polyacrylamide gel.

Microarray analysis. Experimental sample RNAs were isolated using RNeasy
(Qiagen) and analysed using Mouse 385K Array (MM8 60mer expr) and Mouse
Genome 430 2.0 Array (Affymetrix) by NimbleGen Systems, Inc. and Miyazaki
Prefectural Industrial Support Foundation, respectively.

Accession number of microarray data. The complete microarray data are available
in Gene Expression Omnibus (GEO; accession number, GSE18062).
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Figure S2 Electron microscopic analysis in tibiae of 4-month-old WT and Bar = 3 um), osteoclasts (scale Bar = 6 um), and chondrocytes (scale
OASIS-/- mice. No structural changes are observed in osteocytes (scale Bar = 6 um) in OAS/S-/- mice.
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Figure S3 Comparison of gene expressions in bone tissues between
WT and OAS/S-/- mice at postnatal 4 days (P4). (a) RT-PCR analysis of
P4 calvaria from WT and OAS/S-/- mice. Collal and Col1a2 mRNAs
are down-regulated, and Osteocalcin (Ocn), Osteopontin (Opn), Bone
sialoprotein (Bsp), and Alkaline phosphatase (Alp) mRNAs are

up-regulated in calvaria of OAS/S-/- mice. (b) /n situ hybridization
analysis of Ocn and Opn using P4 WT and OAS/S-/- tibiae (scale Bar =
200 pm). (c) RT-PCR analysis of various genes in cultured osteoblasts
from WT and OAS/S-/- mice. Right panel, quantitative analysis of RT-PCR
(mean + SD, N = 3, **p<0.01; t-test).
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Figure S4 ER stress response in OAS/S-/- osteoblasts. (a) RT-PCR analysis
of P4 calvaria in WT and OAS/S-/- mice. The indicated UPR-related genes
in OASIS-/- calvaria are not changed compared with those of WT. A right
panel shows the quantitative analysis of RT-PCR (mean + SD, N = 3).

(b) /n situ hybridization analysis of BiPand CHOP in WT and OAS/S-/-
tibiae at P4. There are no differences in the expressions of BiP and CHOP

0 .
BiP CHOP ATF4 XBP1 PDI ERdj4 EDEM

OowTt
m-/-

WT -I-
0 6 12 0 6 12 (h)

Tm

between WT and OAS/S-/- tibia (scale Bar = 200 um). (c) RT-PCR analysis of
UPR-related genes in primary cultured osteoblasts in WT and OAS/S-/- mice.
Osteoblasts were exposed to 3 pg mi-! tunicamycin (Tm) for the indicated
time, and mRNA was then extracted to examine the inductive level of each
gene. The induction of each gene is almost the same in WT and OAS/S-/-
osteoblasts.
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Figure S5 Alterations of genes in MC3T3-E1 cells infected with adenovirus
expressing OASIS and immunostaining of OASIS in primary osteoblasts.

(a) Western blotting of lysates from MC3T3-E1 cells infected with each
adenovirus using anti-OASIS antibody. OA-C1 and C2 are the adenovirus
indicated as expressing OASIS clonel and clone2, respectively. The expression
levels of OASIS in infected cells are shown. (b) RT-PCR analysis of bone
formation-related genes and ER stress-related genes in MC3T3-E1 cells
infected with adenovirus expressing OASI/S. The expression levels of these
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BFA BMP2 -I-

genes were not affected. (c) Indirect immunofluorescence with anti-OASIS
antibodies showing the subcellular localization of OASIS. Hoechst staining
showing the nucleus. Cells were treated with 1 uM thapsigargin (TG) or 1 pg
mi! brefeldin A (BFA) for 4 h. For BMP2 treatments, cells were cultured with
100 ng mI'! BMP2 for 5 days. Note that the immunoreactivities of OASIS are
detected in the perinuclear area and also weak signals in nucleus under normal
conditions. By contrast, OASIS signals accumulate in the nucleus after ER
stress or treatments with BMP2 (scale Bar = 10 ym). -/-; OAS/S-/- osteoblasts.
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Figure S6 Putative mechanisms responsible for bone formation by OASIS in osteoblasts.
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Figure S7 Full scans of key figures
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Supplement table

OASIS-fwd CCTTGTGCCTGTCAAGATGGAG
OASIS-rev GCAGCAGCCATGGCAGAGGAG

osteocalcin-fwd AAGCAGGAGGGCAATAAGGT
osteocalcin-rev AGCTGCTGTGACATCCATAC

beta-actin-fwd TCCTCCCTGGAGAAGAGCTAC
beta-actin-rev TCCTGCTTGCTGATCCACAT

TRAP-fwd AAATCACTCTTTAAGACCAG
TRAP-rev TTATTGAATAGCAGTGACAG

procollagen 1a1-fwd CCCCAACCCTGGAAACAGAC

procollagen 1a1-rev GGTCACGTTCAGTTGGTCAAAGG

procollagen 1a2-fwd GCAATCGGGATCAGTACGAA
procollagen 1a2-rev CTTTCACGCCTTTGAAGCCA

OPN-fwd TCACCATTCGGATGAGTCTG
OPN-rev ACTTGTGGCTCTGATGTTCC

ALP-fwd GCCCTCTCCAAGACATATA
ALP-rev CCATGATCACGTCGATATCC

Runx2-fwd CCGCACGACAACCGCACCAT
Runx2-rev CGCTCCGGCCCACAAATCTC

Osterix-fwd CTGGGGAAAGGAGGCACAAAGAAG
Osterix-rev GGGTTAAGGGGAGCAAAGTCAGAT

osteonectin-fwd ATTTGAGGACGGTGCAGAGG
osteonectin-rev TCTCGTCCAGCTCACACACCT

HSP47-fwd ACCACAGGATGGTGGACAACCGT
HSP47-rev ATCTCGCATCTTGTCTCCCTTGGG

P3H1-fwd GTGCAGGCAGATGACCTGGT
P3H1-rev TCACGCTGCTGACGGCAGCT

BiP-fwd GTTTGCTGAGGAAGACAAAAAGCTC
BiP-rev CACTTCCATAGAGTTTGCTGATAAT

CHOP-fwd GTCCAGCTGGGAGCTGGAAG
CHOP-rev CTGACTGGAATCTGGAGAG

XBP1-fwd ACACGCTTGGGAATGGACAC
XBP1-rev CCATGGGAAGATGTTCTGGG

ATF4-fwd GGACAGATTGGATGTTGGAGAAAATG
ATF4-rev GGAGATGGCCAATTGGGTTCAC

PDI-fwd CAAGATCAAGCCCCACCTGAT
PDI-rev AGTTCGCCCCAACCAGTACTT

ERdj4-fwd CCCCAGTGTCAAACTGTACCAG
ERdj4-rev AGCGTTTCCAATTTTCCATAAATT

EDEM-fwd TGGGTTGGAAAGCAGAGTGGC
EDEM-rev TCCATTCCTACATGGAGGTAGAAGGG

PERK-fwd TCTTGGTTGGGTCTGATGAAT
PERK-rev GATGTTCTTGCTGTAGTGGGGG

ATF6-fwd GGATTTGATGCCTTGGGAGTCAGAC
ATF6-rev ATTTTTTTCTTTGGAGTCAGTCCAT

BSP-fwd AACAATCCGTGCCACTCA
BSP-rev GGAGGGGGCTTCACTGAT

OPG-fwd AACCCCAGAGCGAAACACAGT
OPG-rev GGCTCTCCATCAAGGCAAGAA

RANKL-fwd CCAGCATCAAAATCCCAAGTT
RANKL-rev TCAAGGTTCTCAGTGGCACAT

Sec23a-fwd GACCTACCACCCATCCAGTACGAG
Sec23a-rev CTGCATGGACTCCTTCAGAGCCTG

Sec23b-fwd CAGGAGATGCTGGGCCTGACCAAGTC
Sec23b-rev CCACAGATCTTCCACTGACTTGTG
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