Supplemental methods
Gene expression analysis. 
[bookmark: _GoBack]Total RNA was isolated from tissues using Qiazol (Qiagen, Valencia, CA) following the manufacturer’s protocol. Reverse transcription reactions were performed using the High Capacity cDNA Synthesis Kit (Applied Biosystems, Foster, CA). S3 Table shows the primer sequences used in this study. Quantitative reverse transcriptase PCR (qRT-PCR) was performed with SYBR green fluorescent dye using an ABI 7500 Fast Real-Time PCR System. Relative mRNA expression was determined by relative standard curve methods using 18S as an internal control to normalize the samples.

Microarray analysis. 
We first normalized the log2 intensities of all probes using the quantile normalization method [1]. Before identifying differentially expressed genes (DEGs) (genes that were up- or downregulated in Zip13-KO compared with WT cells), we first confirmed the expression of individual probes using a Gaussian-mixture modeling method as previously described [2]. We used normalized log2 intensities to identify DEGs  when comparing WT and Zip13-KO cells using a previously reported integrative statistical hypothesis testing method that computes adjusted p values (p) by combining a two-tailed t-test and a median-ratio test [3]. Genes with p < 0.05 and log2-median-ratios > 0.58 (1.5-fold) among the expressed genes were identified as DEGs.

Functional enrichment analysis. 
To identify cellular processes or pathways represented by the DEGs, we performed functional enrichment analysis for the DEGs using ConsensusPathDB [4] and selected the GPBPs (level 3 and 4) and KEGG pathways with a p value < 0.01 and gene count ≧ 5 as the ones represented by the DEGs.

Body composition analysis and locomotor activity.  
Body fat percentage, visceral fat mass and subcutaneous fat mass were measured using an X-ray CT scanner (LaTheta LCT-200; Hitachi Aloka Medical, Tokyo, Japan). Locomotor activity was measured in a metabolic chamber using an infrared light beam detection system (ACTIMO-100; Shinfactory, Fukuoka, Japan). Total locomotor activity during a 12-h period was measured. 

Measurement of blood glucose levels and insulin levels. 
The intraperitoneal glucose tolerance test (IPGTT) and insulin tolerance test (ITT) were performed as described previously [5]. For IPGTT, animals were fasted for 13 h, and then injected intraperitoneally with 2 g/kg glucose. Glucose levels were measured using a glucose analyzer (Glutest mint, Sanwa Chemical Co., Japan). Insulin levels were measured by enzyme-linked immunosorbent assay (ELISA) kit (Morinaga Co., Kanagawa, Japan). For the ITT, mice were injected intraperitoneally with insulin (0.75 units/kg). 

Tissue respiration assay and cellular respiration assay. 
Tissue respiration was analyzed using a Clark-type oxygen electrode (YSI Incorporated, Yellow Springs, OH). Freshly isolated inguinal WAT and interscapular BAT tissues were minced until homogenous. Oxygen consumption rate (OCR) was normalized to protein concentration measured using the micro BCA protein assay kit (Pierce Protein Biology, Thermo Fisher Scientific, Waltham, MA). For the cellular respiration assay, immortalized white adipocytes were differentiated using a brown adipogenic cocktail. On day 6 of differentiation, adipocytes were detached and re-seeded at 2 x 104 cells/well into XFe24 cell culture microplates (Seahorse Bioscience). OCR was measured using an XFe24 Extracellular Flux Analyzer. Oligomycin was used to determine uncoupled respiration. 
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