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Sequence information 
The accesson nos. for the sequences used in Fig. 1 and Tables 1–3 are as follows: 
NP_067017.2 for hZnT1, NP_001004434.1 for hZnT2, NP_003450.2 for hZnT3, 
NP_037441.2 for hZnT4, NP_075053.2 for hZnT5, NP_060434.2 for hZnT6, 
AAM21969.1 for hZnT7, NP_776250.2 for hZnT8, NP_061183.2 for hZnT10, 
NP_740931.2 for CDF5, NP_075023.2 for ZnT5 (M. musculus), AAV98201.1 for ZnT5 
(G. gallus), NP_001015911.1 for ZnT5 (X. tropicalis), NP_001002322.1 for ZnT5 (D. 

rerio), NP_594694.1 for Cis4 (S. pombe), NP_010491.4 for Msc2 (S. cerevisiae), 
NP_178539.2 for MTP12 (A. thaliana), AAO17323.1 for ZnT7 (M. musculus), 
NP_001008788.1 for ZnT7 (G. gallus), NP_989256.1 for ZnT7 (X. tropicalis) 
NP_001093556.1 for ZnT7 (D. rerio), NP_650049.1 for ZnT86D (D. melanogaster), 
NP_014961.3 for Cot1 (S. cerevisiae), NP_593645.1 for Zhf1 (S. pombe), and 
WP_003229873.1 for CzcD (B. subtilis). 
 
The canonical HDHD core motif in the intramembranous zinc-binding site of 
hZnT5 is essential for TNAP activation 
Two mutants in the HDHD core motif in the intramembranous zinc-binding site of 
hZnT5, specifically hZnT5H451A and hZnT5D599A, lacked zinc transport activity and, thus, 
the ability to activate TNAP [1,2]. Because a previous study reported that other hZnT5 
mutants, specifically hZnT5H451D and hZnT5D599E, retained zinc transport activity [1,3], 
we examined whether they activate TNAP as well as WT hZnT5. Consistent with their 
zinc transport activity, the two mutant proteins co-localized with hZnT6 (Supplemental 
Fig. 1A) and formed heterodimers with hZnT6 in TKO cells (Supplemental Fig. 1B). 
However, unexpectedly, both mutants failed to activate TNAP, as did zinc-transport 
incompetent mutants, such as hZnT5H451A and hZnT5D599A [4] (Supplemental Fig. 1C), 
indicating that the HDHD core motif in the intramembranous zinc-binding site of 
hZnT5 is closely associated with TNAP activation. 
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FIGURE LEGENDS 
Figure S1. The canonical HDHD core motif of intramembranous zinc-binding site 
of hZnT5 is essential for TNAP activation. (A) Human ZnT5 mutants (hZnT5H451A, 
hZnT5H451D, hZnT5D599A, and hZnT5D599E) co-localized with hZnT6 in TKO cells. 
Stably expressed FLAG-hZnT5 mutants and HA-hZnT6 were double-stained using 
antibodies against either the FLAG and HA epitopes, respectively, followed by 
secondary antibodies conjugated with Alexa 488 and Alexa 594, respectively. (B) 
Human ZnT5 mutants (hZnT5H451A, hZnT5H451D, hZnT5D599A, and hZnT5D599E) form 
heterodimers with hZnT6. Membrane proteins were prepared from the indicated cells, 
and they were subjected to immunoprecipitation with antibodies against either the 
FLAG or HA epitopes. To estimate the amounts of the FLAG-hZnT5 mutants and 
HA-hZnT6 in the membrane protein fractions, 12% of each aliquot was subjected to an 
immunoblot analysis (input panels). (C) The HDHD core motif of the intramembranous 
zinc-binding site is essentail for TNAP activation. TNAP activity of membrane protein 
fractions that were prepared from the indicated cells is expressed as the mean ± SD of 
three independent experiments (milliunits (mU)/mg protein, left graph). Expression of 
hZnT5 mutants was confirmed by immunoblotting (right panels). Calnexin (CNX) is 
shown as a loading control. Measurement of TNAP activity, immunoblotting and 



immunoprecipitation experiments, and immunofluorescence staining were performed as 
described in the main text. 




