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Materials and methods 

 

Preparation of a monoclonal anti-ZnT-8 antibody 

 An anti-ZnT-8 monoclonal antibody was created by subcutaneous immunization of 

Balb/cByJ mice with a refolded preparation of human HIS-tagged ZnT8 (R325 at the c-terminus) in 

Freunds adjuvant.  Immune Balb/cByJ spleen cells were fused with SP2/0 myeloma cells using PEG 

1500 (Roche Diagnostics).  Screening for positive clones was performed by a radio-immunoassay 

with [35S] labeled full length human ZnT-8, prepared using the TNT Quick Coupled In vitro 

Transcription/Translation system (Promega).  Culture 17H2 was cloned by limiting dilution and then 

107 cells were injected intraperitoneally into pristaned Balb/c mice for the collection of ascites fluid.  

The specificity of the monoclonal antibody produced by culture 17H2 was assessed by Western 

blotting and immunohistochemistry.  The antibody detects a single band on Western blots and 

selectively binds islets derived from wild type but not Slc30a8 knockout mice (data not shown).  

Further studies showed that the antibody recognizes the C terminus of ZnT-8, a region that is poorly 

conserved in comparison with other ZnT isoforms (data not shown). 

 

Fusion gene plasmid construction 

 The pGL3-Mod and pGL4-Mod vectors were generated by replacing the polylinker in the pGL3- 

or pGL4-Basic vectors (Promega, Madison, WI, USA) with a polylinker containing the following 

restriction endonuclease recognition sites: Kpn I, BamH I, HinD III, Xba I, Xho I and Bgl II (Martin, et 

al. 2002). 



 The construction of human SLC30A8- and mouse Slc30a8-luciferase fusion genes in the pGL3 

Mod or pGL4 Mod expression vectors was as follows: gene promoter regions were isolated by PCR 

amplification using the BAC clones RP11-654G14 (human; Accession number AC027419) and RP24-

279I22 (mouse; Accession number AC127562) as templates in conjunction with the following primers: 

human sense primer (5'-CCGCTCGAGCCAGGACTTTTCATCTGGCCAGTT-3'; Xho I cloning site 

underlined) and antisense primer (5'-CCGCTCGAGGACGGCCAGGATGAGCTGCGGCTG-3'; Xho I 

cloning site underlined); mouse sense primer (5'-CCCAAGCTTGCAGTACAGTCTCAAGCC-3'; HinD 

III cloning site underlined) and antisense primer (5'-

CCGCTCGAGGGTAGTTGGGACAGGAGCTGATAC-3'; Xho I cloning site underlined).  Human and 

mouse promoter fragments were digested and ligated into Xho I-digested or HinD III-Xho I digested 

pGEM7 (Promega), respectively, for sequencing.  The human SLC30A8 promoter fragment was re-

isolated from the pGEM7 plasmid and ligated into Xho I digested pGL3 or pGL4 Mod.  The mouse 

Slc30a8 promoter fragment was re-isolated from the pGEM7 plasmid and ligated into HinD III-Xho I 

digested pGL3 or pGL4 Mod.  The resulting plasmids contain the human -6154 to -1 or mouse -1803 to 

-1 promoter sequences, relative to the translation start site, respectively.   

 Two 3' truncated human SLC30A8 promoter fragments were generated by PCR amplification 

using the -6154/-1 SLC30A8-luciferase plasmid as the template and the following primer pairs: sense 

primer (5'-GGGGTACCTTGGCCAGGAAG-3'; Kpn I site underlined) and either antisense primer (5'-

CCGCTCGAGTTTTCTAGGGAGACTTGC-3'; Xho I site underlined) or antisense primer (5'-

CCGCTCGAGTTTACTTGTCTCTCCTAG-3' Xho I site underlined).  These primers generate human 

SLC30A8 promoter sequence between -739 and -235 and between -739 and -522, respectively.  These 

fragments were digested and ligated into Kpn I-Xho I digested pGEM7 for sequencing and then re-

isolated and ligated into Kpn I-Xho I digested pGL3 MOD.  The SLC30A8 promoter region between -

6154 and -739 was isolated from the -6154/-1 SLC30A8-luciferase plasmid as a Kpn I fragment then 

ligated into the Kpn I digested -739/-235 and -739/-522 pGL3 MOD plasmids.   

 A 3' truncated mouse Slc30a8 promoter fragment representing the sequence between -1803 and -

335 was generated by PCR amplification using BAC clone RP24-279I22 as the template with the same 



mouse sense primer described above and the following mouse antisense primer: (5'-

CCGCTCGAGTGAGCATATGTGTGATCTCTCTGTG-3'; Xho I cloning site underlined).  The 

resulting fragment was digested with HinD III and Xho I, ligated into HinD III-Xho I digested pGEM7 

for sequencing and then re-isolated and ligated into HinD III-Xho I digested pGL3 MOD. 

 Three putative mouse Slc30a8 promoter enhancers, designated 1, 2 & 3, were isolated by PCR 

amplification using the RP24-279I22 BAC clone as a template in conjunction with the following 

primers: for enhancer 1: sense primer (5'-CCCAAGCTTGAAACTCTCATTGTGGGAGTGAAG-3') 

and antisense primer (5'-CCCAAGCTTTTTCATCACAGCTCCAAATTTTGTC-3'); enhancer 2: sense 

primer (5'-CCCAAGCTTGGTTTGAGTAACTGTTTTGTGAAC-3') and antisense primer (5'-

CCCAAGCTTTGTGGTTGTTTCCACCATATG-3'); enhancer 3: sense primer (5'-

CCCAAGCTTGATGCTGGAATCAGCCAAAGCCAGG-3') and antisense primer (5'-

CCCAAGCTTTAGATGTTCAACTCTCCTTTGTAAATTC-3').  HinD III cloning sites are underlined.  

Enhancer fragments were digested and ligated into HinD III digested pGEM7 for sequencing.  The 

enhancer fragments were then re-isolated from the pGEM7 plasmids and ligated in either orientation, 

relative to the endogenous gene, into HinD III digested thymidine kinase (TK)-luciferase or G6PC2-

luciferase pGL3 MOD fusion gene plasmids.  The TK-luciferase plasmid contains a HinD III cloning 

site followed by TK gene sequence from -105 to +51, relative to the transcription start site (Vander 

Kooi, et al. 2005).  The G6PC2-luciferase plasmid contains a HinD III cloning site followed by G6PC2 

gene sequence from -150 to +3, relative to the transcription start site. 

 A putative human SLC30A8 intron 2 enhancer was isolated by PCR using human genomic DNA 

as the template and the following primers: sense (5'-

CCCAAGCTTACTATATTTCAGCCCAGCACATAG-3') and antisense (5'-

CCCAAGCTTCTAATCCTCCTTTGAGAAAAGACC-3'); HinD III cloning sites are underlined.  The 

boundaries of this PCR fragment were designed to match the boundaries of the enhancer in intron 2 of 

the mouse Slc30a8 gene (Pound, et al. 2010) but because this human SLC30A8 PCR fragment contains 

an internal HinD III site, following digestion with HinD III the fragment ligated into HinD III digested 

pGEM7 for sequencing represents just the SLC30A8 region between +16579 and +16954.  This putative 



enhancer fragment was then re-isolated from the pGEM7 plasmid and ligated in either orientation, 

relative to the endogenous gene, into the HinD III digested G6PC2-luciferase pGL3 MOD fusion gene 

plasmid described above. 

 Site directed mutagenesis of the SLC30A8 intron 2 enhancer in the G6PC2-luciferase pGL3 

MOD fusion gene plasmid was performed using the QuikChange II Site-Directed Mutagenesis Kit 

(Stratagene, La Jolla, CA).  The following primers were used to change the sequence of rs62510556 

(underlined) to the alternate allele: sense (5'- 

CCATCTATGTAATTTTTAAAAATTAGGCGAGACAAGGTGAGTCTGATGATGGCGG-3') and 

antisense (5'-

CCGCCATCATCAGACTCACCTTGTCTCGCCTAATTTTTAAAAATTACATAGATGG-3').  The 

site directed mutants generated using the QuikChange II Site-Directed Mutagenesis Kit were sequenced 

to confirm the presence of the desired mutated sequence and the absence of secondary polymerase 

errors.  In addition, to avoid indirect effects of secondary polymerase errors in the plasmid backbone, 

mutated enhancer fragments were isolated and re-ligated into HinD III digested G6PC2-luciferase pGL3 

MOD fusion gene plasmid that had not been used in the mutagenesis reaction. 

 

Gel retardation assay 

 A) Labeled Probes: Complementary sense and anti-sense oligonucleotides with overhanging 

AGCT ends were synthesized, annealed and labeled with [α32P]dATP using the Klenow fragment of 

Escherichia coli DNA Polymerase I to a specific activity of approximately 2.5 μCi/pmol (Shapiro, et al. 

1988).  [α-32P]dATP (>3000 Ci mmol-1) was obtained from Perkin Elmer, Inc. 

 B) Nuclear Extract Preparation: The preparation of βTC-3, αTC-6, HeLa, and H4IIE nuclear 

extracts through extraction of nuclei with either 800 mM (high salt) or 200 mM (low salt) NaCl was as 

previously described (Martin, et al. 2004). 

 C) Binding Assays: ~7 fmol of radiolabled probe (~30,000 cpm) was incubated with 4 μg of 

βTC-3, αTC-6, HeLa or H4IIE nuclear extract in a 20 μl reaction volume.  For experiments using high 

salt nuclear extract these reactions contained 20 mM Hepes pH 7.9, 0.1 mM EDTA, 0.1 mM EGTA, 



10% glycerol (v/v), 2 mM dithiothreitol, 1 μg poly(dI-dC)⋅poly(dI-dC) or poly(dG-dC)⋅poly(dG-dC) and 

50 mM KCl.  In experiments using low salt nuclear extract the final concentrations of EGTA and 

glycerol were 1 mM and 12.5%, respectively.  In addition the binding reaction contained 0.375 mM 

spermidine, 0.075 mM spermine, and 100 mM NaCl instead of 50 mM KCl.  After incubation at room 

temperature for 20 min, samples were loaded on to a 6% polyacrylamide gel containing 1X TGE (25 

mM Tris Base, 190 mM glycine, 1 mM EDTA) and 2.5% (v/v) glycerol.  Samples were electrophoresed 

for 1.5 hrs at 150V in 1X TGE buffer before the gel was dried and exposed to Kodak XB film with 

intensifying screens. 

 E) Competition Experiments: For competition experiments, unlabeled competitor DNA was 

mixed with the radiolabeled oligomer at the indicated molar excess prior to addition of nuclear extract.  

All subsequent steps were carried out as described above. 

 

Genetic analyses 

 Genome-wide association study data were made available from the Diabetes Gene Discovery 

Group. All French sample characteristics and statistics remain the same as previously described (Sladek, 

et al. 2007).  IMPUTE version 2 was used for genotype imputation of the rs62510556 variant and 

SNPTEST version 2 was used to estimate the association with type 2 diabetes.  Correlation between 

rs13266634 and rs62510556 was estimated using pilot release data of the 1000 Genomes Project 

(Patterson 2011). 

 

Results 

 

The rs62510556 SNP in the SLC30A8 second intron enhancer alters enhancer activity and 

transcription factor binding 

 Given the interest in the identification of potentially causative SNPs that could explain the 

connection between genes identified in GWA studies and type 2 diabetes we scanned available 



databases for SNPs in the SLC30A8 second intron enhancer.  This analysis identified a SNP, 

rs62510556, located in region that is conserved in the mouse Slc30a8 gene (Supplemental Fig. 4A). 

 To investigate whether this SNP has the potential to be functionally significant, fusion genes 

containing each of the rs62510556 alleles, present in the context of the SLC30A8 enhancer-G6PC2-

luciferase vector described above, were analyzed by transient transfection of βTC-3 cells.  Supplemental 

Fig. 4B shows that the rs62510556-T allele was associated with an approximately 20% decrease in 

reporter gene expression in comparison to that obtained with the rs62510556-C allele. 

 The SLC30A8 enhancer region that encompasses rs62510556 was analyzed using MatInspector 

sequence analysis software (Quandt, et al. 1995) with the goal of identifying a cis-acting element whose 

binding of its cognate trans-acting factor was likely to be affected by the alternate rs62510556 alleles.  

However, this analysis failed to identify candidate elements.  Therefore, to identify candidate binding 

proteins, labeled oligonucleotides, representing the SLC30A8 region between +16690 and +16716 and 

the alternate alleles of rs62510556 (Supplemental Fig. 4A), were incubated with nuclear extract 

prepared from βTC-3 cells under different gel retardation conditions.  The effect of using different non-

specific competitors and βTC-3 nuclear extract prepared by high salt or low salt extraction were 

examined since both variables can affect the nature (O'Brien, et al. 1995) and abundance (Martin et al. 

2004) of protein-DNA complexes detected in this assay.  Multiple protein-DNA complexes were formed 

with both labeled probes but only the formation of a single major complex was affected by the alternate 

alleles of rs62510556 (Supplemental Fig. 4C; see arrow). 

 Because the oligonucleotide probes contain a conserved TAAT motif (Supplemental Fig. 4D), 

which represents the core binding site recognized for multiple homeodomain proteins (Laughon 1991), it 

was possible that the alternate alleles of rs62510556 in the region flanking this motif were modulating 

the binding affinity of a homeodomain protein.  To address this possibility, the effect of mutating the 

TAAT motif on the formation of the rs62510556 allele-sensitive complex was investigated 

(Supplemental Fig. 4D). Supplemental Figure 4E shows that the wild-type unlabeled +16690/+16716 

rs62510556-C oligonucleotide competed for formation of the allele-sensitive protein-DNA complex as 

did an oligonucleotide containing just two point mutations in the TAAT motif (Supplemental Fig. 4D), 



though with a slightly reduced efficiency.  This suggests that the formation of the allele-sensitive 

complex is not dependent on the TAAT motif though nucleotides within this motif influence the binding 

affinity of the allele-sensitive factor.  Interestingly a block mutation of this TAAT motif in the context of 

the mouse Slc30a8 intron 2 enhancer had little effect on fusion gene expression (data not shown) 

whereas a block mutation of the mouse Slc30a8 intron 2 enhancer region that includes the nucleotide 

equivalent to rs62510556 markedly reduced fusion gene expression (MUT 18 in Ref. (Pound et al. 

2010)).  This suggests that the factor whose binding is affected by rs62510556 may be critical for the 

activity of the intron 2 enhancer. 

 Supplemental Figure 4F shows that the allele-sensitive complex is detected using nuclear extract 

prepared from βTC-3, αTC-6, H4IIE and HeLa cells, indicating that the factor present in the complex is 

not β cell-specific or -enriched.   

 The identity of the factor whose binding is affected by rs62510556 remains to be determined.  It 

may appear paradoxical that a factor that is not expressed specifically in islet beta-cells (Supplemental 

Figure 4F) is still critical for the beta-cell specific activity of the intron 2 enhancer, based on mutational 

analyses of the equivalent element in the mouse Slc30a8 intron 2 enhancer (Pound et al. 2010).  

However, this situation is actually commonly seen with many islet-specific promoters, which utilize a 

similar mechanism to achieve tissue-specific expression, specifically a complex interaction between 

islet-enriched and ubiquitous factors (Oliver-Krasinski and Stoffers 2008).  Indeed, we recently showed 

that a beta cell-enriched factor, Pdx-1, is also critical for the beta-cell specific activity of the intron 2 

enhancer in the mouse Slc30a8 gene (Pound et al. 2010).  Thus the activity of the intron 2 enhancer 

appears to be dependent on the interaction of both the islet-enriched factor Pdx-1 and the ubiquitous 

factor whose binding is modulated by rs62510556.  

 

The rs62510556 SNP does not affect susceptibility to type 2 diabetes 

 Since the rs13266634 variant, which affects zinc transport by ZnT-8 in cultured cell studies 

(Nicolson, et al. 2009), is linked to altered susceptibility to type 2 diabetes we explored whether the 

rs62510556 variant, which affects SLC30A8 enhancer activity, is also linked to altered susceptibility to 



type 2 diabetes. The rs62510556 variant was identified in Europeans, Asians and Africans by the 1000 

Genomes Project in August 2010. After imputation in a French genome-wide association study of type 2 

diabetes (Sladek et al. 2007), no association with the disease was detected (OR=0.95[0.78-1.16] 

, p=0.62). Furthermore, no linkage disequilibrium between rs62510556 and rs13266634 was observed in 

Europeans, Asians and Africans (Supplemental Table 1). 
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