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A COLLAGEN DOMAIN-DERIVED SHORT ADIPONECTIN
PEPTIDE ACTIVATES APPL1 AND AMPK SIGNALING PATHWAYS
AND IMPROVES GLUCOSE AND FATTY ACID METABOLISMS

■Adiponectin is a fat tissue-derived adipokine with beneficial effects against diabetes, cardiovascular
diseases, and cancer. Accordingly, adiponectin-mimetic molecules possess significant pharmacological
potential. Oligomeric states of adiponectin appear to determine its biological activity. We identified a
highly conserved, 13-residue segment (ADP-1) from adiponectin's collagen domain which comprises
GXXG motifs and has one asparagine and two histidine residues that assist in oligomeric protein
assembly. We therefore hypothesized that ADP-1 promotes oligomeric assembly and thereby mediates
potential metabolic effects. We observed here that ADP-1 is stable in human serum and oligomerizes in
aqueous environments. We also found that ADP-1 activates AMP-activated protein kinase (AMPK) in an
adaptor protein, phosphotyrosine interacting with PH domain and leucine zipper 1 (APPL1)-dependent
pathway and stimulates glucose uptake in rat skeletal muscle cells (L-6 myotubes). ADP-1-induced
glucose transport coincided with ADP-1-induced biosynthesis of glucose transporter 4 and its
translocation to the plasma membrane. ADP-1 induced an interaction between APPL1 and the small
GTPase Rab5 resulting in AMPK phosphorylation, in turn leading to phosphorylation of p38MAP kinase,
acetyl coenzyme-A carboxylase, and peroxisome proliferator-activated receptor alpha. Similar to
adiponectin, ADP-1 increased the expression of the adiponectin receptor 1 gene. Of note, ADP-1
decreased blood glucose levels and enhanced insulin production in pancreatic β cells in db/db mice.
Further, ADP-1 beneficially affected lipid metabolism by enhancing lipid globule formation in mouse
3T3-L1 adipocytes. To our knowledge this is the first repo

J Biol Chem. 2018 Jul 10. pii: jbc.RA118.001801. doi: 10.1074/
jbc.RA118.001801.

SEQUENTIAL EXTRACTION OF GEL FORMING PROTEINS,
COLLAGEN AND COLLAGEN HYDROLYSATE FROM GUTTED
SILVER CARP (HYPOPHTHALMICHTHYS MOLTRIX) A BIOREFINERY
APPROACH
■ Collagen and collagen hydrolysate (CH) was recovered from the bone and skin
containing sediment residue emerging during pH-shift-based protein isolation from
silver carp. Hydrolysis resulted in higher yield (15.1-15.4%) compared to collagen
isolation by acid or pepsin (3.1-5.9%) (p<0.05). Isolated collagens were
characterized as type I and maintained their triple-helical structure, confirmed by
SDS-PAGE and FTIR. Pepsin-hydrolysis and sequential hydrolysis by pepsin and
trypsin hydrolyzed all heavy molecular weight chains of collagen but sequential
hydrolysis yielded higher degree of hydrolysis. When CH was added to a silver carp
protein isolate prior to gelation, the gel behavior was dependent on molecular weight
of the added CH. More hydrolyzed collagen emerging from sequential hydrolysis
improved water holding capacity of the gel while reducing its breaking force. Thus,
residue from pH-shift processing of fish can be used for isolation of high quality
collagen/CH and provides a promising basis for a multiple-product fish biorefinery.

Food Chem. 2018 Mar 1;242:568-578. doi: 10.1016/j.foodchem.
2017.09.045. Epub 2017 Sep 11.

DAILY ORAL CONSUMPTION OF HYDROLYZED TYPE 1
COLLAGEN IS CHONDROPROTECTIVE AND ANTIINFLAMMATORY IN MURINE POST TRAUMATIC
OSTEOARTHRITIS.
Osteoarthritis (OA) is a degenerative joint disease for which there are no disease modifying therapies. Thus, strategies that offer
chondroprotective or regenerative capability represent a critical unmet need. Recently, oral consumption of a hydrolyzed type 1
collagen(hCol1) preparation has been reported to reduce pain in human OA and support a positive influence on chondrocyte
function. To evaluate the tissue and cellular basis for these effects, we examined the impact of orally administered hCol1 in a
model of posttraumatic OA (PTOA). In addition to standard chow, male C57BL/6J mice were provided a daily oral dietary
supplement of hCol1 and a meniscal-ligamentous injury was induced on the right knee. At various time points post-injury,
hydroxyproline (hProline) assays were performed on blood samples to confirm hCol1 delivery, and joints were harvested for
tissue and molecular analyses were performed, including histomorphometry, OARSI and synovial scoring, immunohistochemistry
and mRNA expression studies. Confirming ingestion of the supplements, serum hProline levels were elevated in experimental
mice administered hCol1. In the hCol1 supplemented mice, chondroprotective effects were observed in injured knee joints, with
dose-dependent increases in cartilage area, chondrocyte number and proteoglycan matrix at 3 and 12 weeks post-injury.
Preservation of cartilage and increased chondrocyte numbers correlated with reductions in MMP13 protein levels and apoptosis,
respectively. Supplemented mice also displayed reduced synovial hyperplasia that paralleled a reduction in Tnf mRNA,
suggesting an anti-inflammatoryeffect. These findings establish that in the context of murine knee PTOA, daily oral consumption
of hCol1 is chondroprotective, anti-apoptotic in articular chondrocytes, and anti-inflammatory. While the underlying mechanism
driving these effects is yet to be determined, these findings provide the first tissue and cellular level information explaining the
already published evidence of symptom relief supported by hCol1 in human knee OA. These results suggest that oral
consumption of hCol1 is disease modifying in the context of PTOA.

PLoS One. 2017 Apr 6;12(4):e0174705. doi: 10.1371/journal.pone.0174705. eCollection 2017.
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is a fat tissue-derived adipokine with beneficial effects against diabetes, cardiovascular
diseases, and cancer. Accordingly, adiponectin-mimetic molecules possess significant pharmacological
potential. Oligomeric states of adiponectin appear to determine its biological activity. We identified a highly
conserved, 13-residue segment (ADP-1) from adiponectin's collagen domain which comprises GXXG motifs
and has one asparagine and two histidine residues that assist in oligomeric protein assembly. We therefore
hypothesized that ADP-1 promotes oligomeric assembly and thereby mediates potential metabolic effects.
We observed here that ADP-1 is stable in human serum and oligomerizes in aqueous environments. We also
found that ADP-1 activates AMP-activated protein kinase (AMPK) in an adaptor protein, phosphotyrosine
interacting with PH domain and leucine zipper 1 (APPL1)-dependent pathway and stimulates glucose
uptake in rat skeletal muscle cells (L-6 myotubes). ADP-1-induced glucose transport coincided with ADP-1induced biosynthesis of glucose transporter 4 and its translocation to the plasma membrane. ADP-1 induced
an interaction between APPL1 and the small GTPase Rab5 resulting in AMPK phosphorylation, in turn leading
to phosphorylation of p38MAP kinase, acetyl coenzyme-A carboxylase, and peroxisome proliferatoractivated receptor alpha. Similar to adiponectin, ADP-1 increased the expression of the adiponectin
receptor 1 gene. Of note, ADP-1 decreased blood glucose levels and enhanced insulin production in
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Collagen and collagen hydrolysate (CH) was recovered from the bone and skin
containing sediment residue emerging during pH-shift-based protein isolation from
silver carp. Hydrolysis resulted in higher yield (15.1-15.4%) compared to collagen
isolation by acid or pepsin (3.1-5.9%) (p<0.05). Isolated collagens were characterized
as type I and maintained their triple-helical structure, confirmed by SDS-PAGE and FTIR.
Pepsin-hydrolysis and sequential hydrolysis by pepsin and trypsin hydrolyzed all heavy
molecular weight chains of collagen but sequential hydrolysis yielded higher degree of
hydrolysis. When CH was added to a silver carp protein isolate prior to gelation, the gel
behavior was dependent on molecular weight of the added CH. More hydrolyzed
collagen emerging from sequential hydrolysis improved water holding capacity of the
gel while reducing its breaking force. Thus, residue from pH-shift processing of fish can
be used for isolation of high quality collagen/CH and provides a promising basis for a
multiple-product fish biorefinery.
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model of posttraumatic OA (PTOA). In addition to standard chow, male C57BL/6J mice were provided a daily oral dietary
supplement of hCol1 and a meniscal-ligamentous injury was induced on the right knee. At various time points post-injury,
hydroxyproline (hProline) assays were performed on blood samples to confirm hCol1 delivery, and joints were harvested for
tissue and molecular analyses were performed, including histomorphometry, OARSI and synovial scoring,
immunohistochemistry and mRNA expression studies. Confirming ingestion of the supplements, serum hProline levels were
elevated in experimental mice administered hCol1. In the hCol1 supplemented mice, chondroprotective effects were observed
in injured knee joints, with dose-dependent increases in cartilage area, chondrocyte number and proteoglycan matrix at 3 and
12 weeks post-injury. Preservation of cartilage and increased chondrocyte numbers correlated with reductions in MMP13
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reduction in Tnf mRNA, suggesting an anti-inflammatoryeffect. These findings establish that in the context of murine knee
PTOA, daily oral consumption of hCol1 is chondroprotective, anti-apoptotic in articular chondrocytes, and anti-inflammatory.
While the underlying mechanism driving these effects is yet to be determined, these findings provide the first tissue and
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