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Extended Data Fig. 3 | Golgi-bounded MESH1 regulated sGAG secretion.  
a, MESH1 knockdown confirmed the co-localization of MESH1 with Golgi 
(GM130) in NIH-3T3 cells. b, MESH1 knockdown confirmed the co-localization of 
MESH1 with Golgi (GM130) in SW1353 cells. c, Validation of MESH1 knockdown 
as determined by qPCR. d, Differentiated ATDC5 cells with MESH1 knockdown 
increased GAG secretion as quantified by Alcian blue staining. e-f, MESH1 
knockdown increased GAG secretion independent of its NADPH phosphatase 

activity. Knockout of NADK (e) did not abolish the increase in GAG secretion upon 
MESH1 knockdown (f). g-i, Differentiated ATDC5 cells with MESH1 knockdown 
increased the secretion of sulfated proteoglycan, including heparan sulfate 
(HS) (g), chondroitin-4-sulfate (C4S) (h), and chondroitin-6-sulfate (C6S) (i) as 
quantified by ImageJ. (c,d,f-i) One-way ANOVA, Tukey’s multiple comparisons, 
n = 3 independent biological replicates, Data represent mean ± SD.
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Extended Data Fig. 4 | MESH1 KO mice are viable and fertile. a, Genotyping results for Mesh1+/a and Mesh1+/+. b, MESH1 expressions (arrow) in Mesh1+/+, Mesh1+/a and 
Mesh1a/a mice were confirmed in heart, kidney and brain.
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Extended Data Fig. 5 | MESH1 knockout in mice increased sGAG production 
and rescued bone density. a-d, MESH1 knockout did not alter sulfated 
proteoglycan in the articular cartilage of mice. e, Western blots confirmed 
the knockout of MESH1 protein in brachymorphic mice. f-h, Quantification 
showed that Mesh1 knockout increased HS and C6S, but not C4S in the articular 
cartilage of brachymorphic mice. i, μCT imaging showed the bone density of 

brachymorphic mice was not rescued by Mesh1 knockout. j, Quantification of 
bone density as determined by bone volume/total volume (BV/TV) showed Mesh1 
knockout did not alter bone density in brachymorphic mice (Papss2bm/bm).  
(b-d, f-h, j) Unpaired t-test. Data are mean ± SD. (b-d, j) n = 4 independent 
biological replicates. (f-h) n = 3 independent biological replicates.
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Extended Data Table 1 | X-ray data collection and refinement statistics of the MESH1 D66K-PAPS complex

X-ray data collection and refinement statistics of the MESH1 D66K-PAPS complex.
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