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I. Role of the Endoplasmic Reticulum Chaperone DsbA-L Glutathione S-Transferase 
Activity in the Assembly of Adipocyte Hormone Adiponectin 
 
II. Abstract 

 Adiponectin is an adipocyte-derived hormone with anti-inflammatory and insulin-

sensitizing actions. Adiponectin circulates in the body as trimers, hexamers, and higher 

molecular weight (HMW) species. Studies have shown HMW adiponectin is the most active 

toward inhibition of hepatic glucose production, but the assembly of HMW adiponectin is poorly 

understood. DsbA-L is a protein present in the endoplasmic reticulum (ER) that has been shown 

to bind adiponectin and increase the production of the HMW species. DsbA-L was originally 

described as mGSTK1, the lone member of the kappa family of mammalian glutathione S-

transferases (GSTs). To determine the mechanism by which DsbA-L promotes HMW 

adiponectin assembly, we examined whether DsbA-L’s ability to increase HMW adiponectin 

depends upon its GST activity. DsbA-L with S16A substitution in the critical SXXS motif could 

not promote HMW adiponectin oligomerization but S19A substitution could. We recombinantly 

expressed and purified 6x-histidine-tagged wild-type (WT), S16A, and S19A DsbA-L using 

nickel affinity chromatography and will test whether they have GST activity.  If GST activity is 

found in WT and S19A DsbA-L but not in S16A DsbA-L, then it supports the hypothesis that 

GST activity is necessary for increased adiponectin oligomerization due to DsbA-L. If S16A 

DsbA-L retains normal GST activity, then it likely promotes adiponectin oligomerization as a 

chaperone and not as a GST. These studies could potentially uncover the causes responsible for 

decreased concentrations of HMW adiponectin associated with type 2 diabetes. 



III. Introduction 

 

 Diabetes is a disease that affects millions of people in America. In 2007 the Center for 

Disease Control reported that 23.6 million Americans have diabetes, with approximately 1.6 

million new cases reported each year. (1). Type 2 diabetes, also known as non-insulin-dependent 

diabetes mellitus, occurs due to a decrease in the ability of the body to respond to the hormone 

insulin (2,3). Obesity is known to decrease responsiveness to insulin and increase the risk for 

developing type 2 diabetes (2,3). In individuals with obesity the amount of white adipose tissue 

(WAT) increases to store excess energy. 

WAT is also an endocrine organ that secretes biologically important hormones known as 

adipokines that have the ability to affect the body’s responsiveness to insulin, and secretion 

patterns of adipokines are altered in obesity (4,7). One important adipokine is adiponectin, a 30 

kDa hormone protein linked to development of type 2 diabetes. Adiponectin is the most 

abundant adipokine found in the bloodstream, where it circulates in three different forms: trimer, 

hexamer, and high molecular weight (HMW) (8). It has been found that the HMW form is 

present in smaller quantities in individuals with diabetes when compared to individuals without 

the disease (5). This correlation is also found in individuals who are obese, showing that plasma 

levels of adiponectin are inversely related to levels of insulin resistance (7). 

Adiponectin circulation is beneficial to health in many ways, due to its insulin-sensitizing, 

anti-inflammatory, anti-atherogenic, and cardioprotective capabilities (8). It is possible that the 

decrease in adiponectin shown in obese pre-diabetic individuals is a contributing factor to the 

prevalence of type 2 diabetes in obese individuals. In fact, studies have shown that monitoring 

the amount of HMW adiponectin circulating in an individual is considered to be a “good 



predictable marker for type 2 diabetes” (7).   

Currently the mechanism of oligomerization of adiponectin remains unknown. It is 

understood that a disulfide bond between monomers involving the Cys36 residue in humans is 

necessary for the production of stable hexamer and HMW adiponectin. However, an 

understanding of the mechanism of the formation of this disulfide bond remains elusive. 

Recently studies have shown that there are chaperone proteins present in the endoplasmic 

reticulum of adipocytes that are able to interact with adiponectin (8). The study showed that low 

levels of chaperone expression in obese individuals or those with type 2 diabetes correlated with 

decrease in adiponectin circulation.   

Further studies have shown that HMW adiponectin spontaneously assembles in vitro (9). In 

the course of the study conducted it was seen that adiponectin would not oligmerize in oxidative 

conditions, however oligomerization did occur spontaneously in reduced conditions. It was also 

noted that while oligomrization would not occur in oxidative conditions, oxidized HMW 

adiponectin was found to be stable. Base on the results of this study it has been hypothesized that 

chaperones of adiponectin act to protect adiponectin from an oxidative environment therefore 

allowing the assembly of adiponectin in vivo.  

One such adiponectin chaperone protein is DsbA-L, or Disufide-bond oxidoreductase A-Like 

(5).  Originally discovered as the lone member of the kappa family of glutathione S-transferase 

(GSTK-1), DsbA-L’s role in adiponectin assembly was identified by screening a yeast 2-hybrid 

cDNA library using adiponectin as bait. It was named DsbA-L because of its sequence similarity 

to the bacterial thiol-disulfide oxidoreductase DsbA. Additionally it was discovered that DsbA-L 

contains two thioredoxin-like domain structures similar to protein disulfide isomerase (PDI). 

DsbA-L has been shown to have the capability to increase the oligomerization and secretion of 



adiponectin both in vivo and in vitro (5,6). Using adenovirus-mediated infection it was seen that 

an increase in DsbA-L expression lead do a higher expression of HMW adiponectin in cell 

lysates and cell culture medium. Additional studies were performed using both normal diet and 

high-fat-diet mice. It was seen that a correlation between a decrease in DsbA-L and adiponectin 

was seen in the high-fat-diet mice. These studies indicate that DsbA-L is involved in the 

oligmerization of adiponectin in vivo.  

Little is currently known about the mechanism by which DsbA-L promotes adiponectin 

assembly. DsbA-L has glutathione S-transferase (GST) activity. It is possible that it enhances 

adiponectin oligomerization by conjugating adiponectin with glutathione to prevent premature 

disulfide bond formation in adiponectin. Another possibility is that DsbA-L contains a SXXS 

motif in residues 16-19 of the protein and this site may interact with the Cys36 residue of 

adiponectin to prevent its premature oxidation to disulfides.  

This experiment was performed with the hope of determining if the effects of DsbA-L on 

adiponectin are due to GST activity of DsbA-L or due to its chaperone potential. Specifically the 

GST active site of the protein was studied to determine the mechanism of increased 

oligomerization.  

 

IV. Methods and Materials 

 Method 1: Primers were designed for DsbA-L and two mutants: S16C, and S19C. Their 

sequences were: S16C upstream, GACGTGCTGTGCCCGTACTCC; S16C downstream, 

GGAGTACGGGCACAGCACGTC; S19C upstream, CCGTACTGCTGGCTGGGC; S19C 

downstream, GCCCAGCCAGCAGTACGG.  These sequences were then propagated using PCR. 

A ligation independent cloning (LIC) reaction was then performed to insert the protein into a 



petHSUL vector from the SUMO class containing a His tag for later purification. This was done 

by digesting both the vector and insert using T4 DNA Polymerase. Following the digestion 0.001 

pmol of vector and 0.005 pmol of insert were combined to a final volume of 8 µL and incubated 

at 70ºC for 30 seconds. The reaction was then placed at 22ºC for 2 minutes to cool. 2 µL of 0.05 

mM EDTA  was than added to each reaction and incubated at 22ºC for 5 minutes. The protein 

was transformed in Escherichia coli (E. coli) cell line DH5alpha. The mutation of the DNA 

sequence was then verified by sequencing after being extracted from cells. The wild-type and 

mutant DsbA-L constructes were then transformed into BL21 E. coli cell line.  Expression was 

induced by IPTG at a concentration of 1g/L for 2 hours at 37 ºC. 

 

 Method 2:  Following centrifugation, cells were lysed by sonication in a buffer containing 

10 mM imidazole, 0.02M sodium phosphate, 0.5 M NaCl and protease inhibitors, 0.17 mg/mL 

DMSF, 1:2000 Leupeptin, 1:2000 Pepstatin, and 1:2000 Aprotinin. After centrifuging to remove 

cell debris, the protein sample was then loaded on a charged Hi-Trap Chelating Nickel Column. 

Bound proteins were eluted in step gradients of: 8 mM, 15 mM, 32 mM 62 mM 125 mM 250 

mM and 50 mM with 8 column volumes applied at each step. Fractions containing DsbA-L were 

pooled following SDS-PAGE. The samples were then dialyzed overnight into a buffer containing 

20 mM Tris, 150 mM Nacl, and 1mM DTT. SUMO hydrolase was then added to the sample at a 

ratio of 1 µg SUMO hydrolase: 60 µg protein per sample. This reaction took place over 36 hours 

at 4°C. The sample was then loaded on a newly charged Hi-Trap Chelating Nickel Column. The 

protein was eluted at a concentration of 20 mM imidazole as the SUMO moiety was retained in 

the column.  

V. Results 



A. Section 1 Expression in E. coli 

 SUMO is a fusion protein that was attached to the protein DsbA-L in the process of 

generating a plasmid. Figure 1 demonstrates that the DNA obtained from PCR was successful in 

being transformed into samples S16C-1 through S16C-6 and also S19C-1,2, 4, 5, and 6 samples. 

The S16C and S19C substitutions were confirmed by sequencing. These samples were then 

utilized due to their high concentrations for transformation into the BL21 cell line for high 

expression yield.  

  Figure 2 demonstrates the success of the transformation into the BL21 cell line. After 

growth of the cell line to an OD of 0.5 each cell growth was induced using IPTG. These gels 

demonstrate the appearance of a protein band in the post-induction phase that has the molecular 

weight expected of DsbA-L. 

B. Section 2 Purification Process 

 The gel obtained from purification of the DsbA-L from the cell lysate (Figure 3) is shown 

to have high concentrations of WT and S19C DsbA-L. However, there is a low prevalence of 

S16C. Additionally there are excessive bands when compared to the bands expected in this 

purification, demonstrating a lack of purity of the sample.  

 The post-SUMO hydrolase gel (Figure 4) shows that the SUMO hydrolase was successful 

in cleaving some of the protein, however in the case of both the WT and S19C DsbA-L there 

remained protein that was not cleaved. Additionally there are multiple unexpected bands 

implying that the sample lacked purity and had excess protein left from the cell lysate. 

VI. Discussion 

 There were multiple issues found in both the expression and purification of DsbA-L. In 

each of the gels there were impurities in the sample. The proteins that made up these impurities 



should not have been able to bind to the nickel column and should have eluted in the initial 

fractions prior to the elution of the DsbA-L. In order to prevent this in the future, the column will 

be washed in buffers containing 20 mM imidazole to remove any proteins that exhibit 

nonspecific binding. 

 The gels obtained after reaction with SUMO hydrolase show the presence of DsbA-L that 

has been fully digested by SUMO hydrolase, and also DsbA-L still bound to SUMO in the same 

sample. This implies two different problems. First is that the SUMO is not properly binding to 

the column. Due to this inability to properly bind both the cleaved and uncleaved samples eluted 

simultaneously. It is possible that the buffer conditions prevented proper folding of the protein as 

it entered the column, and that the tag itself was not properly oriented to interact with the 

column. This would have prevented the protein from binding and remaining in the column until 

the addition of imidazole  A second problem is found in the fact that the SUMO hydrolase did 

not cleave the SUMO from the DsbA-L in an efficient manner. This can be seen in the quantity 

of protein that retained its bond to SUMO. This could be due to a lack of activity of the SUMO 

or due to the reaction buffer of the protein. In order to improve results a buffer exchange could 

be performed to ensure optimal activity of the SUMO hydrolase. 

 Lastly there was very little S16C sample obtained. This could possibly be due to the 

specific codon introduced. The specific mutation made required a specific tRNA that would code 

for cysteine. If this tRNA is found in low quantities within BL21 cells that could explain the 

inability of the cell to produce large quantities of DsbA-L after induction. In order to remedy this 

situation a different mutation will need to be made that has a codon recognized by a more 

abundant tRNA. This will allow for the higher production of the S16C mutant. 

 After the cleaved protein has been separated it can then be utilized to determine its 



significance in the oligomerization of adiponectin. In order to do this an experiment will be 

conducted with DsbA-L and adiponectin. Initially the GST activity of the protein will be 

determined using 1-Chloro-2,4-Dinitrobenzene (CNDB). After testing for potential GST activity, 

then the potential of each protein to assist in adiponectin oligomerization will be determined. The 

GST capabilities of both wildtype and mutant proteins will then be compared to their ability to 

increase adiponectin oligomerization. If GST activity is found in and S19A DsbA-L but not in 

S16A DsbA-L, then it supports the hypothesis that GST activity is necessary for increased 

adiponectin oligomerization due to the presence DsbA-L. If S16A DsbA-L retains normal GST 

activity, then it likely serves as a chaperone for adiponectin rather than acting through GST 

activity. 
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Figure 1. Miniprep of S16C and S19C mutants of DsbA-L. After transformation of the SUMO 



and DsbA-L insert into an E. coli, the culture was allowed to grow overnight. Utilizing a 

miniprep kit from Genescript the genomic E. coli DNA was removed, leaving only the 

unmethylated DNA that had been inserted into the plasmid. The agarose gel was stained with 

ethidium bromide and then placed in a chamber and exposed to UV light as shown above. 

 

 

 

Figure 2. Gel of cell lysate both prior and post induction. Two 200 µL samples were obtained 

during the transfection into BL21 Cells. After growing the cell culture overnight to OD 0.5 the 

first aliquot was obtained to be utilized in testing. Then IPTG was added to induce the growth of 

the protein within the samples. After induction over two hours the second sample was obtained. 

Each sample was run on an SDS-PAGE gel to determine if the induction had been successful.  



 

 

Figure 3. SDS-PAGE gel of the protein samples after elution from a High-Trap chelating nickel 

column. Following lysis by sonication, samples obtained from BL21 cells were loaded onto a 

High-Trap chelating nickel column. The His-tag present on the DsbA-L caused it to be retained 

within the column. In order to remove it from the column a step gradient was applied using 8 

column volumes for each step, and increasing the concentration of imidazole in each step from 

7.8125 mM imidazole to 500 mM imidazole.  



 

Figure 4. SDS-PAGE gel of the protein samples after cleavage using SUMO hydrolase. The 

SUMO moiety on the protein was removed using SUMO hydrolase in a buffer containing 20 

mM Tris, 150 mM Nacl, and 1mM DTT. This process removed the His-tag and therefore made it 

so that the protein would no longer be retained by the High-Trap chelating nickel column. The 

sample was then loaded onto the column, and an elution was performed using a step gradient 

which was applied using 5 column volumes for each step, and increasing the concentration of 

imidazole in each step from 7.8125 mM imidazole to 500 mM imidazole.  


