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Supplementary Notes

Adiponectin resistance in db/db mice, in which AdipoRs are decreased

The % decrease in plasma glucose levels in response to adiponectin was
significantly reduced in db/db mice as compared with wild-type mice (Supplementary
Fig. 1a). Moreover, we have previously shown that in 0b/0b mice the effect of
adiponectin on the activation of AMP kinase was indeed decreased as compared with

the wild-type control micel3.

AdipoRs protein expression in the lysates and membrane fractions of liver

of db/db mice

Injection with adenoviruses expressing AdipoR112 resulted in increased
AdipoR]1 protein expression in a dose-dependent manner (Supplementary Fig. 1b top)
and also increased AdipoR2 protein expression in the lysates (Supplementary Fig. 1b

bottom) and membrane fractions of liver of db/db mice (Supplementary Fig. 1c¢).

FFA levels in db/db mice expressing AdipoR1 or AdipoR2 in the liver

Adenovirus-mediated expression of AdipoR1 or AdipoR2 in the liver of db/db
mice had no significant effect on circulating FFA levels under the fed state or fasted
state (Supplementary Fig. 1f,g). However, Adenovirus-mediated restoration of
AdipoR1 in the liver significantly decreased the gluconeogenic enzymes in the liver of
db/db mice (Fig. 2e,f), thereby decreasing the amount of insulin required for reducing
plasma glucose levels, which led to the reduced EGP, apparently increased GIR (Fig.
2a) and amelioration of diabetes in db/db mice (Fig. 1¢). These data were consistent

with that AdipoR1 reduced gluconeogenesis independently of FFA reduction.
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Increased AdipoR2 expression in AdipoR1 knockout mice

Reduced insulin action in the liver of AdipoR1 knockout mice (Fig. 4b) could
be associated with activation of FoxO1, thereby upregulating AdipoR2, as we reported
previously!3. In fact, hepatic AdipoR2 as well as Acox] expression levels
(Supplementary Fig. 4b) were significantly higher in AdipoR1 knockout mice than in
wild-type mice, which is consistent with the findings that AdipoR2 appeared to be more

involved in PPARa activation than AdipoR1 (Fig. 3).
Generation of AdipoR2 knockout mice

To clarify the physiological roles of AdipoR2, we generated AdipoR2 knockout
mice. Two distinct AdipoR2 mutant mice were generated from distinct ES cell clones
in which the AdipoR2 gene was disrupted by homologous recombination. Both mice
lines of mice showed identical phenotypes in all the experiments carried out in this

study.

Real time PCR analysis using the primer sets and the probes for detecting coding
sequence derived from exon 3 revealed the abrogation of AdipoR2 mRNA expression in
the liver, skeletal muscle and white adipose tissue from homozygous AdipoR2 knockout
mice (Supplementary Fig. 3b,d,f). However, when we performed Northern blot
analysis using probes for detecting the coding sequence derived from exon 4, we found
that the expression of AdipoR2 mRNA was not absent but rather markedly reduced in
the homozygous AdipoR2 knockout mice compared to normal wild-type littermates in
all of the tissues we studied including liver, muscle and adipose tissues
(Supplementary Fig. 2e and data not shown). We then attempted to clone the cDNA
from the liver by RT-PCR. Four different pairs of PCR primers covering the entire
AdipoR?2 coding region successfully amplified the homozygous AdipoR2 knockout and

wild-type AdipoR2 mRNA. RT-PCR from the AdipoR2 knockout mice using several
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different primer pairs consistently yielded amplified cDNA products that were
approximately 0.1 kb smaller than the corresponding products from the wild-type mice.
We then sequenced the RT-PCR products from two different primer pairs, focusing on
regions spanning exon 3. Sequence analysis showed that the cDNA from homozygous
AdipoR?2 knockout mice had a 90-bp deletion. Exon 3 was deleted in its entirety, but
the exon 1, 2, 4-8 sequence was intact (Supplementary Fig. 2d). The deletion
encompassed the coding sequence for the first predicted intracellular domain of the

AdipoR2 protein.

We next examined whether this aberrantly spliced AdipoR2 mRNA could make
a protein. Even when we carried out forced-overexpression of almost the same amount
of wild-type or mutant AdipoR2 mRNA in COS cells (Supplementary Fig. 2g)
(although the expression of AdipoR2 mRNA in liver was markedly reduced in the
homozygous AdipoR2 knockout mice compared to normal wild-type littermates
(Supplementary Fig. 2e)), we could not detect AdipoR2 protein in cells transfected
with mutant AdipoR2, whereas we could detect AdipoR2 protein in cells transfected
with wild-type AdipoR2 (Supplementary Fig. 2h), indicating that this aberrantly
spliced AdipoR2 mRNA could not make a protein. These data also indicated AdipoR2
protein is essentially abrogated in AdipoR2 knockout mice and in AdipoR1-R2 double

knockout mice.

Expression levels of AdipoR1 and AdipoR2, and plasma adiponectin levels

There were no significant differences in expression levels of AdipoR1 in liver, skeletal
muscle and white adipose tissue from AdipoR2 knockout mice as compared with
wild-type mice under basal state (Supplementary Fig. 3a,c,e). There were also no

significant differences in expression levels of AdipoR2 in liver, skeletal muscle and
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white adipose tissue from AdipoR1 knockout mice as compared with wild-type mice

under basal state (Supplementary Fig. 3b,d.f).

There were also no significant differences in plasma adiponectin levels among
wild-type, AdipoR1 knockout, AdipoR2 knockout and AdipoR1 * R2 double knockout
mice (Supplementary Fig. 3g,h). Our observations that disruption of AdipoRs was
not associated with increased adiponectin raises the possibility that AdipoRs may not be
involved in the degradation or internalization of adiponectin, although AdipoR1 and
AdipoR2 are the major adiponectin receptors, which mediate the major, if not the entire,

part of adiponectin binding and adiponectin actions in vivo.

Adiponectin sensitivity test in AdipoR1 knockout, AdipoR2 knockout and
AdipoR1 * R2 double knockout mice

The glucose-lowering effect of adiponectin tended to be reduced in AdipoR1 knockout
mice as compared with wild-type littermates, but it was not reduced in AdipoR2
knockout mice (Supplementary Fig. 4c), whereas the glucose-lowering effect of

adiponectin was completely abolished in AdipoR1-R2 double knockout mice (Fig. 5c¢).

Adiponectin-stimulated AMPK activation in AdipoR1 knockout, AdipoR2
knockout and AdipoR1 * R2 double knockout mice

In skeletal muscle, AMPK phosphorylation stimulated with adiponectin appeared to be
decreased in AdipoR1 knockout and AdipoR1+-R2 double knockout as compared with
wild-type and AdipoR2 knockout mice (Supplementary Fig. 5a), suggesting that

AdipoR1 may also play an important role in the activation of AMPK in skeletal muscle.
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The observations that adiponectin increased the phosphorylation of AMPK in the liver
and skeletal muscle in vivo and also hepatocytes ex vivo isolated from wild-type
littermates and AdipoR2 knockout mice, but failed to increase the phosphorylation of
AMPK in the liver and skeletal muscle in vivo and also hepatocytes ex vivo isolated
from AdipoR1 knockout mice and AdipoR1+*R2 double knockout mice, indicated that
AdipoR1 was required for adiponectin-mediated activation of AMPK. We previously
reported that adiponectin increased alpha2 AMPK activity in skeletal muscle, and that
adiponectin was capable of stimulating phosphorylation and activation of alphal and
alpha2 AMPK in the liver8. These observations raised the possibility that AdipoR 1
may be required for adiponectin-mediated activation of alpha2 AMPK in skeletal
muscle. How AdipoR1 might be related to adiponectin-mediated activation of alphal

and alpha2 AMPK in the liver needs to be clarified.

Insulin-stimulated Akt phosphorylation in skeletal muscle of AdipoR1 * R2 double

knockout mice

Akt phosphorylation stimulated with insulin appeared to be decreased in skeletal

muscle of AdipoR1+*R2 double knockout as compared with wild-type littermates

(Supplementary Fig. Sb).

Biochemical measurements in skeletal muscle and WAT of AdipoR1 knockout,

AdipoR2 knockout and AdipoR1 * R2 double knockout mice

The expression of genes encoding enzymes involved in fatty acid oxidation such as
Acox1 appeared to be decreased in skeletal muscle of AdipoR2 knockout and AdipoR1+

R2 double knockout as compared with wild-type and AdipoR1 knockout mice
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(Supplementary Fig. 5¢), suggesting that AdipoR2 may also play an important role in

the proper expression of enzymes involved in fatty acid oxidation in skeletal muscle.

The expression levels of Acox! in skeletal muscle (Supplementary Fig. 5¢) and Cat in
white adipose tissue (WAT) (Supplementary Fig. 5f) seemed to be decreased in
AdipoR2 knockout as compared with AdipoR1 knockout mice, raising the possibility
that the reduction of PPARa target genes such as Acox! in skeletal muscle and Cat in
WAT in AdipoR1+R2 double knockout mice may be predominantly due to R2 depletion.
Moreover, in AdipoR2 knockout mice, Ucp2 expression in skeletal muscle was
decreased (Supplemental Fig. 5d), Cc/2 expression in WAT was increased
(Supplemental Fig. Se), and Sod! expression in WAT was decreased (Supplemental
Fig. 5¢g), all of which showed alterations similar to those in AdipoR1+AdipoR2

knockout mice, albeit not significantly.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




