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ABSTRACT 

INSULIN-STIMULATED COMPARTMENTALIZATION AND ACTN ATION OF 

aPKCVA- IN OBESE ZUCKER RAT SKELETAL MUSCLE 

By 

Tania Y adira Figueroa 

Master of Science in Biology 

In the obese Zucker rat, a genetic model of insulin resistance, it is well established that 

rates of insulin-stimulated skeletal muscle glucose transport are impaired due to an 

inability to appropriately translocate the glucose transporter (GLUT4) to the plasma 

membrane. However, it has not been extensively investigated if the reduced plasma 

membrane GLUT4 protein concentration results from impaitments in the activation 

and/or compartmentalization of the distal components of the insulin signaling cascade in 

this rodent model of insulin resistance. Sixteen male lean (LZR, n=8) and obese (OZR, 

n=8) Zucker rats that were 4 weeks of age were provided nonnal rat chow ad libitum for 

4 weeks and then subjected to hindlimb perfusions. In the absence of insulin, plasma 

membrane aPKCVA- protein concentration was reduced in the OZR compared to the LZR. 

In response to insulin stimulation, the OZR exhibited decreased translocation of aPKCl/A­

to the plasma membrane, as well as exhibiting decreased activation of aPKCVA- in both 

the cytosolic and plasma membrane fractions. The decreased insulin-stimulated activation 

and translocation of aPKCl/A- appeared to be due to insulin-stimulated activation of PI3-

K being reduced in the OZR. This in tum reduced the activation and appropriate 

compmtmentalization of aPKCVA- in the skeletal muscle of the OZR and it is likely that 

tllis impainnent in the distal component of the insulin signaling cascade partially 

accounts for why plasma membrane GLUT4 protein concentration and rates of glucose 
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transpmi were decreased in the skeletal muscle of the OZR compared to the LZR. 
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INTRODUCTION 

The high-fat fed rodent model has been widely used to study how environmental 

factors, specifically diet, contribute to the development of insulin resistance in rat skeletal 

muscle (13, 18, 23, 24, 26, 28). It is suggested that insulin resistance in high-fat fed 

animals is a result of alterations in the insulin signaling cascade beginning at 

phosphatidylinositol3' kinase (PI3-I() and including distal components ofthe cascade (1, 

10, 14, 18, 19, 23). Such alterations decrease skeletal muscle insulin-stimulated GLUT4 

translocation to the plasma membrane and impair glucose uptake. Specifically, our lab 

has found reductions in IRS-1 associated PB-K activity, GLUT4 protein concentration, 

and insulin-stimulated plasma membrane-associated aPKC~/A, protein concentration and 

activity (13, 18, 23, 26) in skeletal muscle of high-fat fed animals. 

It has been shown that aPKC~/A, activation is necessary for insulin-stimulated 

GLUT4 translocation and glucose uptake; functions that are largely impaired in insulin 

resistant tissues (2, 4, 5, 11, 12, 17, 24). Of interest, Etgen et al. (11) found that in vivo 

adenoviral delivery of aPKC stimulated glucose transport in rat skeletal muscle and 

Kotani et al. (13) repmied that aPKC is required for insulin-stimulated glucose uptake in 

3T3-L1 adipocytes. A more recent investigation by Bandyopadhyay et al. (3) found that 

insulin-stimulated glucose transpmi is impaired in embryonic cell lines and adipocytes in 

which both alleles that encode for aPKC have been knocked out. The same study found 

that the impairments were diminished by the adenoviral-mediated expression of aPKC in 

the cells (3). 

The impairments in the skeletal muscle insulin signaling cascade attributed to 

effects of a high-fat diet have also been found in the skeletal muscle of the obese Zucker 
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rat; which has been studied as a genetic model of insulin resistance (1, 8, 9, 10, 15, 16, 

22). Skeletal muscle insulin resistance occurring in the obese Zucker rat is largely a result 

of the inability of insulin to incorporate glucose transporters to the plasma membrane. 

Similar to high-fat fed rodents, tllis impairment in insulin signaling begins at PB-K as 

evidenced by decreased IRS-1 associated PB-K activity in skeletal muscle of the obese 

Zucker rat (1 ). Additionally, plasma membrane GLUT4 protein concentration is 

decreased in obese Zucker rats (7, 16), a phenomenon that is also present in lligh-fat fed 

rodents. Apart from these findings, little else is known about the other components of the 

insulin signaling cascade in the Zucker rat. Taking into account the similar alterations in 

proximal components of the insulin signaling cascade found in both rodent models, it is 

possible that these models may also share alterations in distal components of the cascade. 

Numerous studies have found that aPKC~/A. protein concentration and activation are 

decreased in the lligh-fat fed rodent (9, 10, 14, 21); however similar impailments of 

aPKCVA. in Zucker skeletal muscle have not been well elucidated. Therefore the aim of 

the present investigation was to measure aPKC~/A. compartmentalization and activation in 

skeletal muscle of the genetically obese Zucker rat. 
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METHODS 

Experimental Design. Sixteen male Zucker rats (n=8 obese, n=8 lean) 

approximately four weeks of age were obtained from Charles River Laboratories 

(Wilmington, MA). The animals were fed normal rat chow (LabDiet #5001, PMI 

Nutrition International, LLC; Brentwood, MO) and water ad libitum for 4 wk. Animals 

were housed 2 per cage according to their type (lean/lean, obese/obese) in a temperature­

controlled environment at 21 o C with an artificial12-12 h light-dark cycle. 

All experimental procedures were approved by the h1stitutional Animal Care and 

Use Cmmnittee at California State University, Nmihridge and confonned to the 

guidelines for the use of laboratory animals published by the U.S. Depatiment of Health 

and Human Services. 

Hindlimb Per[usions. Following the 4 wk feeding period all animals were fasted 

for 8-12 h and prepared for hindlimb perfusions. Animals were anesthetized with an 

intraperitoneal injection of sodium pentobarbital (6.5 mg-100 g body wf1
) and surgically 

prepared for hindlimb perfusion as previously described by Rudennan et al. ( 44) and 

modified by Ivy et al. (27). Following surgical preparation the iliac atiery was tied off 

and the red quadriceps (RQ) muscle on the right hindlimb was collected, freeze clamped 

in liquid nitrogen and stored at -80° C for later analysis as basal tissue. hnmediately 

following the removal of the right red quadriceps, catheters were inserted into the 

abdominal a01ia and vena cava at1d the animals were sacrificed via an intracardiac 

injection of pentobarbital as the left hindlimb was washed out with 30mL of Krebs­

Henseleit buffer (KHB) (pH 7.55). The catheters were placed in line with a non­

recirculating perfusion system and the right hindlimb was allowed to stabilize during a 5 
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min washout period. The perfusate was continuously gassed with a mixture of 95% 0 2-

5% C02 and warmed to 37° C. Perfusate flow rate was set at 7.5 mL·min-1 during the 

stabilization and subsequent perfusion during which rates of glucose transport were 

determined. 

Perfusions were perf01med in the presence of 500~-tUmL- 1 insulin for all animals. 

The basic perfusate medium consisted of 30% washed time-expired human erytlu·ocytes 

(Ogden Medical Center, Ogden, UT), KHB, 4% dialysed bovine serum albumin (BSA) 

(EQUITECH-BIO, INC., KeiTville, TX) and 0.2 mM pyruvate. The hindlimbs were 

washed out with perfusate containing 1 mM glucose for 5 min in preparation for the 

measurements of glucose transport. Glucose transport was measured over an 8 min period 

using an 8 mM concentration of non-metabolized glucose analogue 3-0-methylglucose 

(3M G) (32 ~-tCi 3-eHJ MG-mM-1
, PerkinElmer Life Sciences, Boston, MA) and 2mM 

mannitol (60 ~-tCi-e 4CJ mannitohnM-1
, Perkin Ehner Life Sciences). Rates of insulin­

stimulated skeletal muscle 3-MG transport were calculated as previously described (38, 

57, 60). Immediately after the transp01i period portions of the RQ were excised from the 

right hindlimb, blotted on gauze dampened with cold KHB, freeze clamped in liquid N2 

and stored at -80° C for later analysis as insulin-stimulated tissue. 

Muscle Lysate Preparation. RQ muscle samples were weighed and homogenized 

1:10 in homogenization buffer (HB) that contained 50InM HEPES, 150InM NaCl, 200 

mM sodium pyrophosphate, 20mM ~-glycerophosphate, 20mM NaF, 2mM sodium 

vanadate, 20mM EDTA, 1% IGP AL, 10% glycerol, 2mM phenylmethylsufonylfluoride, 

1mM MgC12, 1 mM CaC}z, 10~-tg·mL-1 leupeptin, and 10 ~-tg·mL- 1 aprotinin. Muscles were 

homogenized on ice using aPT 2100 polytron homogenizer (Kinematica, Littau/Luzem, 
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Switzerland) and centrifuged at 18,300 x g for 15 mm at 4° C (Micromax RF, 

Intemational Equipment Co., Needham Heights, MA). The supematant was collected, 

labeled as lysate and quantified for protein content by the Bradford Method (11) using a 

Benclunark microplate reader (BioRad, Riclm1ond, CA). 

Plasma Membrane Fractionation. Plasma membrane fractions were prepared 

from RQ as described previously ( 40). Briefly, a portion of the RQ was homogenized 

using a PT 2100 polytron homogenizer (Kinematica) in 8x (wt/vol) ice-cold buffer 

containing 20mM HEPES (pH 7.4), 2mM EGTA, 50mM ~-glycerophosphate, 1mM 

dithiothreitol, 1mM Na3V04, 10% glycerol, 3 mM benzamidine, 10 )lM pepstain A, and 

1mM phenyhnethylsulfonylfluoride. The homogenate was centrifuged at 100,000 x g for 

30 min at 4° C in a Beckman Coulter Optima L-100 XP Ultracentrifuge (Beclanan 

Coulter Inc., Fullerton, CA) using a T50.2i rotor. The supematant was collected as the 

cytosolic fi·action. The pellet was resuspended in 4x (wt/vol) ice-cold HB with 1% Triton 

X added. The resuspended pellet was then centrifuged at 15,000 x g for 10 min at 4° C 

and the supematant was collected as the plasma membrane fi·action. 

IRS-I Associated PI3- ldnase Activity. IRS-1 associated activity was detennined 

as we have described previously (47). Two hundred micrograms of protein lysate was 

i1mnunoprecipitated with 4 )lg of anti-IRS-1 antibody (Cat# 06-248, Millipore, Billerica, 

MA) and HB for 2 hours at 4° C. Following 1 h of separation the TLC plate was dried, 

exposed to a storage phosphor screen (Eastman Kodak Company, Rochester, NY) and 

scmmed with a phosphor imager (Personal Molecular Imager FX System, BioRad). The 

linage was iinported into a Macii1tosh G4 computer and quantified using Quantity One 
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analysis software (BioRad). Kinase activity was calculated as a percentage of an insulin-

stimulated muscle standard run on each TLC plate. 

Western Blotting. Western blot analysis for aPKC~/A, and GLUT4 was determined 

in the plasma membrane and cytosolic fractions of RQ muscle samples. Samples were 

combined (1: 1) with Lae1mnli sample buffer and heated at 100° C for 5 minutes. Two 

hundred micrograms of muscle protein were subjected to sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) run under reducing conditions on 10% 

resolving gels using a Mini-Protean Ill dual slab cell (BioRad). Resolved gels were 

equilibrated in a Bjerrum and Schafer-Nielson Transfer Buffer for 30 min. Resolved 

proteins were then transfeiTed to Polyvinylidene difluoride (PVDF) membranes using a 

semidry-transfer unit (20V for 20 min). The membranes were blocked in 5% non-fat dry 

mille-Tween 20 tris buffered saline (NFDM-TTBS) blocking solution and incubated with 

either affinity purified rabbit polyclonal anti-aPKC~ (Cat#sc-216, Santa Cruz 

' Biotechnology (SCBT), Santa Cruz, CA) or anti-GLUT4 (donated by Dr. Samuel W. 

Cushman, National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, 

MD) followed by incubation with a species specific secondary antibody conjugated to 

horse radish peroxidase (HRP). Antibody binding was visualized using enhanced 

chemihuninescence (ECL) in accordance to the manufacturer's instructions. lnlages were 

captured using a ChemiDoc system (BioRad) equipped with a charged coupled device 

camera and saved to a Macintosh G4 computer. Protein bands were quantified as a 

percentage of a standard muscle run on each gel using Quantity One analysis software 

(BioRad). 
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aPKC(!J. Kinase Activity Assay. Sixty microliters of Pro-A sluny was incubated 

with 5 ~Lg of anti-PKC~ (Cat# sc-216, SCBT) ovemight at 4° C with rotation. Following 

an overnight incubation 500 !lg of either cytosolic or plasma membrane protein samples 

were added to the immunocomplexes and placed on rotation for 2 h at 4° C. The 

immunocomplexes were then washed by using the same protocol as described for 

immunoprecipitation (45). After the final wash the supernatant was completely removed 

:fi-mn the Pro-A beads. The kinase reaction was started by adding 30 IlL of PKC reaction 

buffer, 5 IlL myelin basic protein (MS-184, Sigma-Aldrich, St. Louis, MO) and 0.5 IlL of 

[y-32P] ATP (PerkinElmer Life Sciences) to each sample. The samples were vmiexed 

periodically while incubating for 12 min at 37° C. Reactions were terminated by the 

addition of Laemmli buffer (1: 1 ). For analysis, seven microliters of sample were 

subjected to SDS-PAGE mn under reducing conditions on a 20% Tris-tricine resolving 

gel. After electrophoresis the gels were wrapped in plastic wrap and exposed to a 

phosphor screen (Eastman Kodak Company) for 8 h. Images were captured and 

quantified as described above. 

Statistical Analysis. An analysis of variance (ANOV A) was used on all variables 

to detennine whether significant differences existed between groups. When a significant 

F-ratio was obtained, a Tukey HSD post hoc test was used to identify statistically 

significant differences (p<0.05) among the means. Statistical analyses were perfmmed 

using JMP software (SAS h1stih1te h1c., Cary, NC) and all values are expressed as means 

±SE. 
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RESULTS 

Glucose Transport. Rates of insulin-stimulated 3-0 methylglucose (3-MG) 

transport in obese Zucker rats were significantly (p<0.05) decreased when compared to 

lean littennates in both the RG (lean: 2.83±0.60 J..Lmol i 1·h-1 vs. obese: 0.90±0.18 J..Lmol g-

IRS-I Associated PI3-K Activity. In the absence of insulin IRS-I associated PI3-K 

activity was similar among lean and obese Zucker rats (Fig. 1). Under insulin-stimulated 

conditions PI3-K activity was significantly decreased (p<0.05) in the obese Zucker rat 

when compared to lean littermates. 

250 

200 

.a.~ 
·~ = ·.a p !50 

<~ ::.: ... 
ci;e 100 
Pot..: 

50 

0 

• Basal 0 Insulin 

Lean Obese 

Figure 1. IRS-I associated PI3-K activity obtained from lean and obese animals. *, 
Significantly different :liom group lean condition (p< 0.05). Values are expressed as 
means± SE. 

GLUT4 Protein Concentration. Cytosolic GLUT4 protein concentration was 

significantly lower (p<0.05) in obese Zucker rats in both basal and insulin-stimulated 

conditions when compared to lean litte1mates (Fig. 2A). Cytosolic GLUT4 protein 

concentration of both lean and obese Zuckers fell below basal levels in insulin-stimulated 

conditions. In the absence of insulin plasma membrane GLUT4 protein concentration was 

similar in lean and obese Zucker rats (Fig 2B). Under insulin-stimulated conditions 

plasma membrane GLUT4 protein concentration increased above basal levels in both 
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groups, however, the increase was significantly lower (p<0.05) in obese Zucker rats when 

compared to lean littermates. 

A. B. 

• Basal D Insulin • Basal D Insulin 

100 

Lean Obese 

Figure 2. Cytosolic glucose transpmier 4 (GLUT4) protein concentration (A) and plasma 
membrane GLUT4 protein concentration (B) obtained from lean and obese animals. *, 
Significantly different from group lean condition (p<0.05). t, Significantly different from 
obese basal condition (p<0.05). Values are expressed as means± SE. 

aP KC(!A. Protein Concentration. In the absence of insulin cytosolic aPKCs (Fig. 

3A) and aPKCA. (Fig. 3B) protein concentrations were similar in obese and lean animals. 

Under insulin-stimulated conditions cytosolic aPKCs and aPKCA. protein concentrations 

were significantly decreased (p<0.05) in obese Zucker rats when compared to lean 

littermates. In the absence of insulin plasma membrane-associated aPKCs (Fig. 4A) and 

aPKCA. (Fig. 4B) protein concentrations were significantly reduced in obese Zucker rats 

compared to lean littermates. Under insulin-stimulated conditions plasma membrane-

associated aPKCs and aPKCA. were significantly reduced (p<0.05) in obese Zucker rats 

when compared to lean littermates. 
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Figure 3. Cytosolic aPKC~ protein concentration (A) and cytosolic aPKCA, protein 
concentration (B) obtained from lean and obese animals. *, Significantly different from 
group lean condition (p<0.05). t, Significantly different from obese basal condition 
(p<0.05). Values are expressed as means± SE. 
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Figure 4. Plasma membrane aPKC~ protein concentration (A) and plasma membrane 
aPKCA, protein concentration (B) obtained from lean and obese animals. *, Significantly 
different from group lean condition (p<0.05). Values are expressed as means± SE. 

aP KC(/2 Kinase Activity. In the absence of insulin cytosolic aPKC~/A, activity was 

similar among lean and obese Zucker rats (Fig. 5A). Under insulin-stimulated conditions 

there was a significant reduction (p<0.05) in cytosolic aPKCVA- activity in obese Zucker 

rats when compared to lean litte1mates. In the absence of insulin plasma membrane 

10 



aPKCt;;/A. activity was similar among lean and obese Zucker rats (Fig. 5B). Under insulin-

stimulated conditions there was a significant decrease (p<0.05) in plasma membrane 

aPKCs/A. activity in obese Zucker rats when compared to lean littennates. 

A. B. 

• Basal D Insulin II Basal 0 Insulin 
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Figure 5. Cytosolic aPKCt;;/A. activity (A) and plasma membrane aPKCs/A. activity (B) 
obtained from lean and obese animals. *, Significantly different from group lean 
condition (p<0.05). Values are expressed as means± SE. 
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DISCUSSION 

The obese Zucker rat has been widely used to study insulin resistance and obesity 

(1, 5, 10, 12, 13, 16, 17, 18, 32, 46). It has been shown that insulin resistance in the 

skeletal muscle of the obese Zucker rat is associated with abnormalities in glucose uptake 

including alterations in insulin binding, reduced insulin receptor number and reduced 

glucose metabolism (16, 17, 36). Although there have been several studies that have 

evaluated proximal components of the insulin signaling cascade in the skeletal muscle of 

the Zucker rat (1, 14, 17, 55), there is a demih of research on the distal components of the 

insulin signaling cascade. Christ et al. (16) have suggested that a reduction in PI3-K 

activity in the obese Zucker rat results in impairments to the insulin signaling cascade 

eventually resulting in a reduction in glucose uptake. We have found that a reduction in 

insulin-stimulated PI3-K activity in the skeletal muscle of high-fat fed rats leads to 

alterations in compmimentalization and activity of distal components of the insulin 

signaling cascade, specifically Akt2 and aPKC(/A, (9, 24, 38, 47), resulting in a reduction 

in glucose transpmi. Thus, it was of interest to investigate whether insulin-stimulated 

aPKCs/A. protein compartmentalization and activity are also altered in the skeletal muscle 

of the obese Zucker rat that would contribute to reduced rates of glucose transport. 

In agreement with a number of previous investigations (10, 11, 12, 13, 16, 17, 19, 

36, 46), we found that the obese Zucker rat exhibits a significant reduction in insulin­

stimulated rates of 3-MG transpmi compared to lean counterparts. Concunently, we 

found a significant reduction in insulin-stimulated plasma membrane GLUT4 protein 

concentration in the skeletal muscle of the obese Zucker rat. It has been suggested in the 

obese Zucker rat that alterations in the glucose transport seem to be the main cause of 
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insulin resistance (12, 13, 36). It has been shown that insufficient activation of PI3-K 

results in a reduction of the activity of distal components of the insulin signaling cascade 

(8, 26, 30, 34, 35, 49, 50, 54). Therefore, our initial measurement was directed at the 

insulin-stimulated activation of PI3-K in the obese Zucker rat. The obese Zucker rat 

exhibited a significant reduction in insulin-stimulated IRS-1 associated PI3-K activity 

when compared to lean littennates. This observation parallels that of Christ et al. (16), 

who found a reduction in insulin-stimulated PI3-K activity in the obese Zucker rat, and 

raises the possibility that insulin-stimulated activation of distal components of the insulin 

signaling cascade would also be affected in the skeletal muscle of the obese Zucker rat. 

A growing body of literature suggests that aPKC~/A, is a key component of the 

distal portions of the insulin signaling cascade, and that it is required for insulin­

stimulated GLUT4 translocation (2, 3, 19, 20, 21, 24, 37, 42, 48). Previous investigations 

have found defective aPKC~/A, activation in muscles of Type II diabetic rats (8, 34, 49), 

obese diabetic ob/ob and db/db mice (26, 50) and in cultured myotubes of obese humans 

(34). In addition to these studies, we have previously found that insulin-stimulated 

aPKC~/A, activity is reduced in the skeletal muscle of high-fat fed rats (24, 38, 59). In the 

present investigation we found a significant reduction in plasma membrane aPKC~/A, 

protein concentration in the obese Zucker rat, although there was no difference in 

cytosolic aPKC~/A, protein concentration, under basal conditions. We also found that 

insulin-stimulated cytosolic and plasma membrane aPKCVA. protein concentration was 

decreased in the obese Zucker rat compared to lean littermates. In addition, we found 

alterations in aPKCVA. compartmentalization to the plasma membrane in the obese 

Zucker rat. Finally, there was a reduction in insulin-stimulated cytosolic and plasma 
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membrane aPKCSfA. activity in the obese Zucker rat. We are unaware of any 

investigations that have evaluated aPKCVA. protein concentration and activity in the 

obese Zucker rat, thus our observations appear to be novel. However, these fmdings have 

also been observed in the high-fat fed rat (23, 24, 29, 38, 51, 59) as we have repmied 

reductions in insulin-stimulated PI3-K activity, insulin-stimulated plasma membrane 

aPKCS/A. protein concentration and insulin-stimulated cytosolic and plasma membrane 

aPKCVA. activities. Taken collectively these findings suggest that the insulin resistance 

observed in divergent models is a result of key defects in the insulin signaling cascade. 

Furthermore, the findings suggest that the defects are not unique to one model of insulin 

resistance, but that there is an underlying impairment in all models that exhibit insulin 

resistance. 

The alterations in insulin-stimulated aPKCVA. protein compartmentalization and 

activity observed in the obese Zucker rat are likely significant as insulin-stimulated 

plasma membrane-associated aPKCl,/A. is believed to play a critical role in the trafficking 

of the GLUT4 containing vesicles to the plasma membrane. aPKC~/A, is targeted to the 

plasma membrane by TClO via its association with the Par6-Par3 complex (28, 32, 41, 

43). TClO is a component of the novel CAP/c-Cbl insulin signaling cascade and has been 

observed to remodel cortical actin for the trafficking of GLUT4 to the plasma membrane 

(6, 15, 56). Of particular note, components of the classical insulin signaling cascade (i.e. 

aPKC~/A.) and the novel CAP/c-Cbl insulin signaling cascade (i.e. TClO) may work in 

conce1i to facilitate insulin-stimulated GLUT4 translocation to the plasma membrane 

( 45). Fmihennore, we (1 0) have recently repmied that the obese Zucker rat exhibits a 

reduced insulin-stimulated TCl 0 protein concentration when compared to its lean 
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littennates. Taken collectively, these findings suggest that decreased insulin-stimulated 

plasma membrane GLUT4 protein concentration may result from a reduction in insulin­

stimulated plasma membrane aPKCs/A. protein concentration and activity and a reduction 

in TC10 protein concentration, further decreasing the interaction between aPKCS/A. and 

TC10, thereby reducing GLUT4 trafficking. 

The mechanisms behind the reduction in aPKCs/A. protein concentration and 

activity in the obese Zucker rat are largely unknown. However, we have recently found 

possible contributors to the decrease in insulin-stimulated aPKCs/A. activity in these 

animals. We have found that co-localization of a proinflammatory cytoldne, SOCS-3, is 

increased with both IR -~ and IRS-1 in the skeletal muscle of the obese Zucker rats, and 

that tllis likely resulted in why the interaction between IR-~ and IRS-1 was decreased and 

accounts for the reduced insulin-stimulated PI3-K activity in the skeletal muscle of the 

obese Zucker rat (39). In addition, IKK~ serine phosphorylation was also increased in the 

skeletal muscle of the obese Zucker rat (39), whlch signifies an increased activation of 

IKK~. Activated IKK~ phosphorylates IRS-1 on serine residues (22) and serine 

phosphorylation of IRS-1 has been linked to decreased PI3-K activity and inhibition of 

the distal components of the insulin signaling cascade (25, 33, 53, 61). Therefore, the 

reduction in insulin-stimulated PI3-K activity appears to be due to the combined effects 

of both SOCS-3 and IKK~, and the reduction in insulin-stimulated PI3-K activity likely 

resulted in the reduced plasma membrane aPKCs/A. concentration and activity observed in 

the present investigation. 
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Summary 

In this investigation we show that plasma membrane aPKC{jA, protein 

concentration is reduced in the obese Zucker rat under basal and insulin-stimulated 

conditions. We also show that insulin-stimulated translocation of aPKC{jA, to the plasma 

membrane is reduced in the obese Zucker rat. Finally, we show that plasma membrane 

and cytosolic aPKC{jA, activity is reduced in the skeletal muscle of the obese Zucker rat. 

It is of interest to note that alterations in insulin-stimulated aPKC{jA, protein 

compmimentalization and activity found in the obese Zucker rat parallel those that we 

have previously observed in the high-fat fed rat (24, 38, 59). Therefore, it may be 

plausible that alterations in insulin-stimulated aPKC~/A, compartmentalization a11d 

activity are not unique to any particular model of insulin resistance but instead that this 

may be a universal defect that is common to skeletal muscle insulin resistance regardless 

of its etiology. 
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REVIEW OF LITERATURE 

Introduction 

Glucose is a simple sugar sometimes referred to as blood sugar or com sugar and 

IS a major source of energy for our bodies. Our bodies produce glucose in the liver; 

however, the food we consume also serves as a source of glucose. The digestive system 

breaks food down into glucose, which is then delivered to cells through the bloodstream. 

As blood glucose levels rise pancreatic beta cells produce and release insulin, the 

honnone utilized to stimulate the transpmi of glucose from the blood into cells. In 

healthy individuals insulin successfully mediates the transpmi of glucose into the cell; 

however in individuals suffering from insulin resistance and diabetes, glucose transport is 

impaired. 

Insulin resistance is a condition that occurs when the body does not properly 

utilize the insulin produced in the pancreas. As a result, increasing amounts of insulin are 

needed to regulate glucose transpmi into the cells and the pancreas begins to produces 

more insulin to compensate for the impaim1ent in insulin function. Unfortunately, the 

pancreas is eventually exhausted, levels of blood glucose continue to rise in the 

bloodstream and our bodies become resistant to the effects of insulin thus setting the 

stage for diabetes (47). 

Diabetes is a disease characterized by high levels of blood glucose resulting fi-om 

defective insulin action, insulin production, or both. There are two major types of 

diabetes: type 1 diabetes and type 2 diabetes. Type 1 diabetes, also called insulin­

dependent diabetes mellitus (IDDM) or juvenile-onset diabetes results when the body's 

immune system destroys the pancreatic beta cells that produce insulin. Approximately 5-
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10% of diagnosed cases are type 1 diabetes. Type 2 diabetes also known as non-insulin­

dependent diabetes mellitus (NIDDM) or adult onset diabetes accounts for about 90-95% 

of all diagnosed cases, usually begins as insulin resistance and is associated with older 

age, obesity, physical inactivity, family medical history, and race/ethnicity (23). 

Diabetes was the seventh leading cause of death in the United States in 2006. As 

of2007, 23.6 million people in the United States suffer from diabetes. In that year alone, 

1.6 million new cases were diagnosed in people age 20 years or older. In addition, 

complications associated with diabetes are also on the rise including: heart disease, 

strokes, high blood pressure, kidney disease, nervous system disease, amputations, dental 

disease and complications during pregnancy (23). In 2006, the direct and indirect costs of 

diabetes added up to an astonishing 17 4 billion dollars. 

Taking into consideration the amount of money that is spent treating diabetics and 

complications related to diabetes it is not surprising that much money has gone into 

research associated with diabetes and insulin resistance. Below is a review of literature 

related to obesity and insulin resistance, as the latter is a presumed precursor to diabetes. 

All aspects of tllis condition including glucose transport, the insulin signaling cascade 

and alterations in both have been reviewed. In addition, two rodent models widely used to 

study insulin resistance and obesity, the high-fat fed rat and the genetically obese Zucker 

rat, are extensively surveyed. 

Glucose Transport 

Insulin controls glucose levels in the blood by suppressing the production of 

glucose in the liver and by stimulating glucose transport into muscle and adipocytes. The 

transport of glucose from the blood into skeletal muscle and adipocytes is mediated by 
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the GLUT family of facilitative glucose transpmiers (62). To date, there are thi1ieen 

members of the family, GLUT1-12 and the myo-inositol transporter HMITl. Of these 

family members GLUT1-4, the class I glucose transporters, are the best characterized. 

GLUT1 is widely expressed in tissue and is involved in glucose uptake under basal 

conditions. GLUT2 is expressed in beta cells and in the liver and is thought to be pati of 

the glucose sensor. GLUT3 has a high affinity for glucose and is expressed in neurons 

and during fetal development. Finally GLUT4 expression is restricted to fat and muscle 

and is involved in insulin-stimulated glucose uptake (29, 62). 

Under basal conditions, GLUT4 repeatedly recycles to and from the plasma 

membrane and intracellular storage vesicles. In the basal state approximately 5% of the 

total GLUT4 protein is continuously localized to the plasma membrane while 

approximately 90% of GLUT4 remains situated in intracellular storage vesicles (32) that 

contain proteins such as insulin-responsive aminopeptidases, synaptobrevins (v­

SNARES) and Rab-4 (48, 56, 62). In response to insulin approximately 50% of GLUT4 

storage vesicles move to the plas1na membrane where R-SNARE V AMP2 (synaptobrevin 

2) makes contact with plasma membrane localized Qa SNARE syntaxin 4 and Qbc 

SNARE SNAP-23 thus forming a four helix complex that is a necessary step before the 

vesicle fuses to the plasma membrane. Following this step other molecules including 

Munc18c, tomosyn and synip are thought to regulate the fusion process of GLUT4 to the 

plasma membrane (60). The increasing number of GLUT4 molecules at the plasma 

membrane increases the rate of glucose transpmi into the cell. Upon insulin removal, 

GLUT4 is intemalized by the budding of clathrin-coated vesicles fi·om the plasma 

19 



membrane and co-localizes with the early endosome marker EEA1 and the transferrin 

receptor where it is distributed back to intracellular vesicles (32). 

Insulin Signaling 

Signal transduction pathways are utilized in cells as a means to carry a signal 

:fi"mn one cell compartment to another. Many cellular processes are made possible by 

these pathways including insulin signaling. Insulin signaling is the intracellular pathway 

used to dispose of blood glucose by causing the translocation of glucose transporters 

from intracellular compartments to the cell membrane. Once fused with the membrane; 

glucose transporters uptake glucose into skeletal muscle and/ or adipocytes where it is 

stored intracellularly. Presently there are two insulin signaling pathways that allow for 

the translocation of glucose transpmiers; a classical and novel cascade. The classical 

insulin signaling cascade begins when the insulin molecule binds to its receptor causing 

the activation of PI3-K and resulting in the translocation of glucose transporters to the 

plasma membrane. Because the translocation of glucose transporters is dependent on PI3-

K, tins cascade is also lmown as the PI3-K-dependent pathway. The novel insulin 

signaling cascade, which will not be discussed in detail, is believed to be involved in the 

docking and/or fusing of glucose transporters to the plasma membrane (11, 61). 

Classical Insulin Signaling Cascade 

The insulin receptor (IR) is a heterotetrameric transmembrane glycoprotein 

composed of two a and two ~subunits, IRa and IR~. The IRa subunits are extracellular 

ligand binding domains that control the kinase activity of the IR~ subunits which are 

composed of an extracellular domain, a membrane spam1ing domain and an intracellular 

tail (24, 44, 58, 63, 65). TheIR is activated when insulin binds to the a subunits resulting 
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m the transautophosporylation of the IR~ subunits on three tyrosine residue sites 

including the juxtamembrane region. The phosphorylated IR~ subunits then interact with 

a family of downstream proteins; the insulin receptor substrates (IRS). To date four 

members of the IRS family have been identified, IRS 1-4. Two of these isofonns, IRS-1 

and IRS-2, are widely distributed in human and mice with IRS-1 being the most 

dominantly expressed in skeletal muscle (63). All IRS family members share a N­

terminal pleckstrin homology (PH) and a phosphotryrosine-binding (PTB) domain. The 

PTB domain binds to the juxtamembrane region of the IR~ subunits at an NPEY motif 

(32, 48) resulting in the phosphorylation of IRS-1 at multiple sites and its subsequent 

activation. The phoshorylated sites on IRS-1 provide docking sites for proteins that 

contain Src Homology 2 (SH2) domains. Type IA phosphatidylinositol 3' kinase (PI3-I<) 

exists in the cytosol as a heterodimer composed of a covalently associated regulatory p85 

subunit and a catalytic p 110 subunit. The p85 regulatory subunit contains two SH2 

domains whose major role is to facilitate tyrosine kinase-dependent regulation of PB-K 

activity by increasing the catalytic activity of p 110. The SH2 domains of p85 have high 

specificity for binding phosphorylated YxxM sequences, especially YMxM motifs. IRS-1 

contains YMxM motifs that once phosphorylated occupy the SH2 domains of the p85 

subunit (3, 48). The binding of IRS-1 to the p85 subunit activates the catalytic pliO 

subunit. Once activated it dissociates from p85 and is recruited to the plasma membrane 

where it catalyzes the fmmation of PI(3, 4, 5)-trisphosphate (PIP3) from PI(4, 5) 

bisphosphate (PIP2), PIP3 being the major product ofPI3-K (63). The rise ofPIP3 levels 

at the plasma membrane results in the recruitment and activation of proteins that contain 

pleckstrin homology domains, such as 3' phosphoinositide-dependent kinase-1 and 2 
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(PDK-1/2). Activated PDK1/2 then phosphorylates and activates downstream proteins 

Akt/protein kinase B (PKB) on threonine 308 and atypical protein kinase zeta and lambda 

( aPKC~/A,) on threonine 41 0. It is impmiant to note that the activation of Akt/PKB and 

aPKCSfA, are parallel events that stem off from PI3-K and PDK-1 and therefore do not 

depend on each others' functionality (52). Finally Akt/PKB and aPKC~/A, promote the 

translocation of GLUT4 to the plasma membrane where it docks and fuses to the plasma 

membrane to uptake glucose. 

Atypical protein kinase C zeta and lambda (aPKC(!},) 

Atypical PKCSfA, is pmi of the protein kinase C (PKC) family of proteins. This 

family is involved in many cellular functions throughout the animal and plant kingdoms. 

Presently there are ten PKC isotypes which are separated into three distinct groups: the 

classical, novel and atypical PKCs. The atypical PKC group consists of the zeta (~) and 

lambda (A,) isotypes. This group differs from the two other groups because unlike the 

classical and novel PKCs the aPKCs are insensitive to both calcium (Ca2+) and 

diacylglycerol (DAG) ( 46) and are instead activated by phosphatidic acids and PIP3 ( 43). 

Atypical PKC~/A, consists of four functional domains and motifs including a PB 1 domain, 

a pseudosubstrate (PS) sequence, a Cl domain with a single zinc finger in the N­

tenninus, and a kinase domain in the C-tenninus. The kinase region of aPKCSfA, contains 

an ATP-binding region, and activation loop, a tum motif, and a hydrophobic motif. The 

PS sequence blocks the substrate binding cavity of the kinase domain in what is thought 

of as an autoinhibition mechanism. Threonine residues 410 and 560, located in the 

activation loop and tum motif, respectively, are two important phosphorylation sites on 
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aPKCVA.. In addition, the protein has a phospholipid binding domain that interacts with 

the plasma membrane (43, 62). 

The atypical PKCs exist in a folded state in which a pseudosubstrate sequence 

aligns with the substrate binding site and inhibits the phosphorylation of extrinsic 

substrates and of specific threonine residues utilized as auto and/or transphosphorylation 

sites by the aPKCs themselves. Acidic lipids such as PIP3 bind to regulatory regions on 

aPKCVA. resulting in molecular unfolding and in the increase of enzymatic activity 

through the exposure of threonine residues, specifically threonines 410 and 411. In 

addition, binding of acidic lipids also increases auto and/or transphosphorylation of other 

threonine residues within aPKCs/A. catalytic domains and facilitates the allosteric relief of 

pseudosubstrate-dependent autoinhibition (26). 

Insulin activates aPKCs/A. via phosphorylation of aPKCs/A. by PDK-1 in the 

insulin signaling cascade (18, 42). PDK-1 phosphorylates the atypical PKCs on Thr 410 

which lies on the T-loop of the kinase domain and also on Glu 579; an acidic residue 

located in the hydrophobic motif. During this process the hydrophobic motifs of aPKCs/A. 

also serve as docking sites for PDK-1 (4). After this process, PIP3 increases the 

autophosphorylation of Thr 560 which causes a confom1ational alteration resulting in the 

release of pseudosubstrate autoinhibition. Both the increase in autophosphmylation and 

PDK -1 dependent phosphorylation are required for complete activation of aPKCs/A. (51). 

A growing body of research suggests that aPKCs/A. is an integral part of the 

insulin signaling cascade and its requirement for insulin-stimulated GLUT4 translocation 

is widely accepted (5, 8, 25, 26, 28, 30, 40, 43, 52). h1 support of tlus notion, studies 

which have used aPKCs/A. inhibitors have found that insulin-stimulated glucose transport 
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is hindered in rat adipocytes, mouse-derived 3T3-L1 adipocytes, rat skeletal muscle 

preparations and rat-derived L6 myotubes (2, 6, 8, 9). Expression of kinase -inactive or 

activation -resistant aPKCs in the aforementioned cell lines has also resulted in inhibition 

of GLUT4 translocation and glucose transport (27). h1 addition, insulin effects on glucose 

transpmi have been hampered in mouse embryonic cell lines in which both alleles that 

encode aPKC{/A, have been knocked out. Interestingly, adenoviral-mediated expression of 

aPKC{/A, in these cells has completely alleviated all deleterious effects (7). 

Research suggests there is defective aPKCI::JA, activation in muscles of Type II 

diabetic rats, monkeys and humans (13, 33, 34, 37, 38, 53, 59). Interestingly, the same 

defects have been found in muscles of obese diabetic ob/ob and db/db mice (31, 55), 

obese prediabetic mice (53), obese glucose intolerant humans (13, 59) and obese glucose 

tolerant humans (12, 37). In addition, insulin-stimulated aPKC~/A, activity is decreased in 

cultured myotubes of obese humans and in muscle of obese diabetic monkeys (38). From 

tlris research one can also surmise that defects in aPKC{/A, activation are seen in obesity 

even in the absence of diabetes; an assumption that was tested in skeletal muscle of 

humans with obesity and type 2 diabetes (38). Kim et al. were the first to demonstrate 

that in vivo insulin adnrinistration in humans activates aPKC~/A, in skeletal muscle. In 

addition, they found that aPKC~/A, protein levels were normal and that activation of 

aPKC{/A, was reduced in these subjects. The conclusions ofthe studies mentioned above 

all point to impairments in the activation of IRS-1 dependent PI3-K and poor 

responsiveness of aPKC~/A, to PIP3 as the cause for defective activation of aPKC~/A,. 

Atypical PKC~/A, activity has also been measured in high-fat fed rats. The lrigh-fat 

fed rat is a rodent model that has been repeatedly used to study insulin resistance and 
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impairments of the insulin signaling cascade (30, 34, 41, 50, 57, 64, 66). In this model the 

rodents become insulin resistant by consuming a diet that is high in fat where 

approximately forty percent of caloric intake is derived from fat. Research has found that 

insulin-stimulated glucose uptake is impaired in skeletal muscle from these animals (30, 

34, 57, 64). Work by Yaspelkis et al. showed a reduction in GLUT4 protein concentration 

and cytosolic insulin-stimulated aPKCQ'A. activity although aPKCt;/A. protein 

concentration was unchanged (64). In accordance with the above data, defective insulin­

stimulated GLUT4 translocation was associated with reduced aPKCt;/A. activity in 

skeletal muscle of high-fat fed rats (34, 57). Finally, another study found that insulin­

stimulated total and plasma membrane-associated aPKCQ'A. activity was reduced in 

muscle ofhigh-fat fed animals (30). 

The Zucker "fatty" rat 

The Zucker "fatty" rat is a genetically obese rodent model used in studies on 

genetic obesity. The "fatty" rat resulted from a spontaneous mutation in the rat stock at 

the Laboratory of Comparative Pathology in Stow, Massachusetts in 1960. The condition 

associated with the mutation is due to a single recessive gene, fa/fa. The obese condition 

is first noted at three weeks of age and is characterized by increased body fat content, 

hyperinsulinism, hyperlipidemia, insulin resistance and glucose intolerance (15, 39, 68, 

69). Adult Zuckers are sixty to one hundred percent overweight, compared to lean 

littennates, with vast subcutaneous and retroperitoneal fat deposits (67, 70). Fatty rats eat 

more food than lean rats and appear to be more efficient at depositing dietary energy as 

fat stores. In addition, the rate of de novo lipogenesis and the synthesis of fatty acids fi·om 

glucose are increased in the fatty rat ( 45). h1 muscle and bone research, the obese rat 
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deposits amino acid carbon skeletons as fat instead of as muscle protein and as a result 

muscle development is impaired (22, 45). 

The Zucker rat has been extensively studied as a model for genetic obesity (1, 10, 

14, 16, 17, 19, 20, 21, 35, 49). h1cidentally, research has found that insulin resistance in 

the Zucker rat is associated with physiological abnonnalities in glucose uptake including 

alterations in insulin binding, reduced insulin receptor nmnber, glucose metabolism and 

glucose transport (19, 20, 39). Of these defects, alterations in glucose transport seem to 

be the main cause of insulin resistance in the Zucker rat (16, 17, 39). h1 agreement, it has 

been reported that Zucker rat skeletal muscle glucose uptake is decreased in response to 

maximal insulin stimulation when measured by 3-0-methylglucose transpmi in hindlimb 

(49). 

Although it is well understood that skeletal muscle glucose uptake is defective in 

Zucker rats, the point where the defect lies has not been clearly identified. Christ et al 

(19) conducted research on the skeletal muscle of the genetically obese Zucker model and 

found alterations in components of the insulin signaling cascade including: reductions in 

insulin-stimulated IR~ subunit phosphorylation, IRS-1 phosphorylation, association of 

p85 with IRS-1 and Akt phosphorylation. Most importantly the study found that both 

IRS-1 tyrosine phosphorylation and PB-K activity are decreased in skeletal muscle of the 

Zucker rat, alterations that are also found in the high-fat fed rodent model. To conclude 

their findings, Christ et al. suggested that insulin resistance in Zucker rats is associated 

with decreased insulin-stimulated GLUT4 translocation to the plasma membrane. fu 

addition, two studies conducted by Brozinick et al. (16, 17) suggest that the insulin 

resistance in Zucker skeletal muscle is due to a reduction in insulin-stimulated plasma 
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membrane GLUT4 protein concentration and activation resulting :limn an impai1ment in 

the translocation of GLUT4 to the plasma membrane, findings that are in agreement with 

Christ et al. Finally, although much work has been done on proximal components of the 

insulin signaling cascade in Zucker skeletal muscle, research has largely overlooked the 

role that aPKCl/A plays in insulin signaling in the Zucker rat, even though it has been 

proven to be required for insulin-stimulated glucose uptake (8, 26, 41, 44, 53). 

Summary 

In summary, diabetes is a disease developed as a result of genetic or 

environmental factors, specifically a poor diet and a sedentary lifestyle. The costs 

associated with diabetes and diabetes-related conditions add up to millions of dollars a 

year in medical expenses. Research conducted in efforts to better understand the disease 

has fom1d that the condition is associated with impairments in glucose uptake and 

transpmi resulting from alterations in components of the insulin signaling cascade. 

Various environmental and genetic insulin resistant animal models have been used to 

study whether elements associated to the disease differ in the models and to find possible 

similarities in the mechanism of impairment in the animal models. Collectively, the 

results obtained fi·om these investigations have enhanced the cunent body of knowledge 

and have helped to begin elucidating the many questions sunounding the origins and 

effects of the disease. 
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APPENDIX A 

Immunoprecipitation 

Solutions 

2X Treatment Buffer (2X TB) (10 mL) 

Reagent 

4X Stacking gel Buffer 

10% SDS 

Glycerol 

Bromophenol Blue 

lmMDTT 

Amount 

2.5mL 

4mL 

2mL 

2mg 

0.31 g 

Add all reagents except Bromophenol Blue to a conical tube, pH to 6.8, add 

Bromophenol Blue and bring to volume with ddH20 in a graduated cylinder. Store at 

-20° C. 

Phosphate Triton Azide (PTA) Buffer (200 mL) 

Reagent 

Tween20 

SDS 

Sodium Azide 

BSA 
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Amount 

lmL 

0.1 g 

0.04 g 

0.2 g 



Add reagents to~ 100 mL of ddHzO in a beaker with a magnetic stir bar, pH to 7.2 and 

bring to volume with ddH20 in a graduated cylinder. 

Phosphate Buffered Saline (PBS) (500 mL) 

Reagent 

NaCl 

KHzP04 

NazHP04 

KCl 

Amount 

4g 

0.7 g 

0.7 g 

0.1 g 

Add reagents to~ 400 mL of ddH20 in a beaker with a magnetic stir bar, pH to 7.4 and 

bring to volume with ddH20 in a graduate cylinder. 

Preparation of Protein-A (PRO-A) Sepharose Beads 

1. Add 0.5 g of PRO-A sepharose (Amersham) to 10 mL of ddH20 in a 15 mL test 

tube to swell the beads. Gently mix beads. 

2. Place on rotator for 20 min at 4° C. 

3. Centrifuge at 1,010 x g for 10 min at 4° C. 

4. Discard supernatant and resuspend beads in an equal volume of ddH20. Gently 

mix beads. 

5. Place on rotator for 20 min at 4 o C. 

6. Centrifuge at 1,010 x g for 10 min at 4° C. 

7. Discard supernatant and resuspend beads in an equal volume of PTA. Gently mix 

beads. 
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8. Centrifuge at 1,010 x g for 10 min at 4° C. 

9. Discard supematant and resuspend beads in an equal volume of PTA. Gently 

vortex beads. 

10. Using large orifice pipette tips, aliquot 1 mL ofPRO-A beads into 1.5 mL screw 

top tubes. Gently vortex between each aliquot and store at -20° C. 

Procedure 

Day I 

1. Prepare PRO-A beads. 

2. Add 60 j.!L of PRO-A beads in a microcentrifuge tube. 

3. Centrifuge beads at 13,000 x g for 2 min at 4°C. 

4. Discard supematant and add 180 J.!L of PBS to beads. Gently flick tubes to mix. 

5. Centrifuge beads at 13,000 x g for 2 min at 4°C. 

6. Repeat steps 4 and 5 twice. 

7. Discard supematant and add 150 j.!L of PBS and 4 j.!g of primary antibody to 

beads. 

8. Incubate ovemight at 4°C with rotation. 

Day II 

1. Centrifuge beads at 13,000 x g for 2 Inin at 4°C. 

2. Discard supematant and add 180 J.!L ofPBS to beads. Gently flick tubes to mix. 

3. Centrifuge beads at 13,000 x g for 2 min at 4°C. 

4. Repeat steps 2 and 3 twice. 
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5. Discard supernatant and add 500 )lg of protein. Gently flick tubes to mix. 

6. Place samples on rotator for 2 hat 4°C. 

7. Centrifuge beads at 13,000 x g for 2 min at 4°C. 

8. Remove supernatant and keep in -80°C for later analysis. 

9. Add 180 )..LL ofPBS to beads. Gently flick tubes to mix. 

10. Centrifuge beads at 13,000 x g for 2 min at 4°C. 

11. Discard supernatant and add 180 )..LL of PBS with 2% Triton X to beads. Gently 

flick tubes to mix. 

12. Centrifuge at 13,000 x g for 2 min at 4°C. 

13. Discard supernatant and add 180 )..LL ofPBS to beads. Gently flick tubes to mix. 

14. Centrifuge beads at 13,000 x g for 2 min at 4°C. 

15. Discard PBS, careful not to aspirate beads. 

16. Add 25 )..LL of2X TB to each sample and vortex. 

17. Heat sample at 1 00°C for 5 min. 

18. Samples can be either stored at -20°C or subjected to SDS-PAGE. 
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APPENDIXB 

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoreses (SDS-PAGE) 

Solutions 

4X Resolving Gel Buffer (200 mL): 

Reagent 

Tris~Base 

Amount 

36.3 g 

Add reagents to~ 150 mL of ddH20 in a beaker with magnetic stir bar, adjust pH to 8.8 

and bring to volume with ddH20 in a graduated cylinder. 

4X Stacking Gel Buffer (50 mL) 

Reagent 

Tris-Base 

Amount 

3g 

Add reagents to~ 40 mL of ddH20 in a beaker with magnetic stir bar, adjust pH to 6.8 

and bring to volume with ddH20 in graduated cylinder. 

10% SDS (100 mL) 

Reagent 

SDS 

Amount 

10 g 

Add reagents to ~ 80 mL of ddH20 in a beaker with magnetic stir bar and bring to 

volume with ddH20 in a graduated cylinder. 
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lOX Running Buffer (lOX RB) (1 L) 

Reagent 

0.25 M Tris-Base 

1.9 M Glycine 

Amount 

30.28 g 

144.2 g 

Add reagents to ~ 800 mL ddH20 in a beaker with magnetic stir bar and bring to volume 

with ddH20 in a graduated cylinder. 

lX Running Buffer (lX RB) (1 L) 

Reagent 

1 OX Running Buffer 

10% SDS 

ddHzO 

Add reagents in a beaker with magnetic stir bar. 

10% Ammonium Persulfate (10% APS) (1 mL) 

Reagent 

APS 

ddH20 

Add reagents to a 1.5 mL microcentrifuge tube and vortex. 
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Amount 

100tnL 

lOmL 

890mL 

Amount 

0.1 g 

1mL 



Water Saturated N-Butanol (55 mL) 

Reagent 

N-Butanol 

Add reagents to a beaker and mix with a magnetic stir bar. 

Amount 

50mL 

5mL 

Polyacrylamide Resolving Gel Solution (4 Gels, 0.75 mm Thickness) 

Reagent 7.5% Gel 

Monomer Solution 5mL 

4X Running Gel Buffer 5mL 

10% SDS 200 J.LL 

ddH20 9.8mL 

10%APS 100 J.!l 

TEMED 
6.6 11L 

10% Gel 

6.6mL 

5mL 

200 IlL 

8mL 

100 J.!l 

6.6 J.tL 

Add reagents to a conical tube and invert several times with a Pasteur pipette to mix. 
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Stacking Gel Solution (4 Gels, 0.75 mm Thickness) 

Reagent Amount 

Monomer Solution 880 ~-tL 

4X Running Gel Buffer 1.67mL 

10% SDS 66~-tL 

ddH20 4.06mL 

10% APS 33.4 IlL 

TEMED 3.4 ~-tL 

Add reagents to a conical tube and invert several times with a Pasteur pipette to mix. 

Procedure 

1. Assemble gel apparatus according to the manufacturer's directions. 

2. Prepare resolving gels. 

3. Invert several times with a Pasteur pipette, avoiding bubbles. Fill caster 

approximately 3/4 full. 

4. Overlay resolving gel with 500 ~-tL of water saturated N-Butanol and allow gel to 

polymerize for approximately 1 h. 

5. Pour N-Butanol off the resolving gel, rinse with ddH20 and dry with Kimwipe. 

6. Prepare stacking gel. 

7. hwert several times with a Pasteur pipette, avoiding bubbles. Overlay resolving 

gel with stacking gel and insert combs. Allow approximately 45 min for 

polymerization. 
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8. Assemble gel apparatus chamber for electrophoresis according to manufacturer's 

directions. 

9. Fill i1mer chamber with 1X RB and fill outer chamber approximately 1/4 full. 

10. Load appropriate amount of sample protein. 

11. Set the power supply at 200 V for 60 min. 
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Solutions 

Transfer Buffer (1 L) 

Reagent 

48 mM Tris-Base 

39 mM Glycine 

10% SDS 

20%MeOH 

APPENDIXC 

Semi-Dry Transfer 

Amount 

5.82 g 

2.93 g 

3.75 mL 

200mL 

Add reagents to ~ 700 mL of ddH20 in a beaker with magnetic stir bar and bring to 

volume with ddH20 in a graduated cylinder. pH should range between 9.0 and 9.4. Do 

not adjust pH with acid or base. 

lOX Tris Buffered Saline {TBS) (1 L) 

Reagent 

200 mM Tlis-Base 

5mMNaCl 

Amount 

24.22 g 

292.2 g 

Add reagents to~ 800 mL of ddH20 in a beaker with magnetic stir bar, pH to 7.5 and 

bring to volume with ddH20 in a graduated cylinder. 
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Tween Tris Buffered Saline (TTBS) (1 L) 

Reagent 

lOXTBS 

Tween20 

Amount 

lOOmL 

600 JlL 

Add reagents to~ 800 mL of ddH20 in a beaker with magnetic stir bar, pH to 7.5 and 

bring to volume with ddH20 in a graduated cylinder. 

Blocking Solution (20 mL) 

Reagent 

TTBS 

Non-Fat Dry Milk (NFDM) or Bovine 

Serum Albumin (BSA) 

Amount 

20mL 

1 g 

Add NFDM or BSA to TTBS and mix in beaker with magnetic stir bar. Need~ 50 mL of 

blocking solution for each PVDF membrane. 

Procedure 

1. Following the completion of SDS-PAGE, separate resolving gel from gel plates 

and soak in transfer buffer for 30 min. 

2. Soak polyvinylidene fluoride (PVDF) membrane in methanol for 30 s then soak in 

transfer buffer for 3 0 min. 

3. Wet a sheet of blot paper in transfer buffer and place on the Trans-Blot electrode. 

Secure to electrode and roll out any air bubbles with a wet glass test tube. 
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4. Place PVDF membrane on top of blot paper and roll out any air bubbles with wet 

glass test tube. Pour a small amount of transfer buffer over PVDF membrane to 

avoid membrane from drying out. 

5. Place resolving gel on top ofPVDF membrane. Roll out any air bubbles. 

6. Wet another sheet ofblot paper in transfer buffer and place on top of resolving 

gel. Roll out any air bubbles with a wet glass test tube. 

7. Set the power supply at 20 V for 30 min. 

8. Following protein transfer, place PVDF membrane in approximately 50 mL of 

blocking solution. Block overnight at 4 a C. 
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APPENDIXD 

Immunoblotting 

Solutions 

IRS1 Primary Antibody (1:1,000) (40 mL) 

Reagent 

TTBS 

PolyclonalJRS 1 Antibody 
(Cat# 06-526, Millipore) 

NaN3 

NFDM 

aPKC<;f/v Primary Antibody (1:200) (50 mL) 

Reagent 

TTBS 

Polyclonal aPKCQA. Antibody 
(Cat# sc-216, SCBT) 

NaN3 

NFDM 
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Amount 

40mL 

0.02 g 

0.40g 

Amount 

50mL 

250 J.!L 

0.02 g 

0.50 g 



GLUT4 Primary Antibody (1:1,000) (25 mL) 

Reagent 

TTBS 

Polyclonal GLUT4 Antibody 
(Donated by Dr. Cushman, NIDDK) 

NaN3 

NFDM 

IRS1 Secondary Antibody (1:10,000) (25 mL) 

Reagent 

TTBS 

Goat Anti-Rabbit (sc-2004, SCBT) 

NFDM 

aPKC~l Secondary Antibody (1:10,000) (25 mL) 

Reagent 

TTBS 

Goat Anti-Rabbit (sc-2004, SCBT) 

NFDM 

54 

Amount 

25mL 

0.0125 g 

0.25 g 

Amount 

20mL 

0.2 g 

Amount 

20mL 

0.2 g 



GLUT4 Secondary Antibody (1:10,000) (20 mL) 

Reagent 

TTBS 

Goat Anti-Rabbit (sc-2004, SCBT) 

NFDM 

Procedure 

Amount 

20mL 

2 J.tl 

0.2 g 

1. Following the overnight incubation with blocking solution, rinse membrane 2X in 

TTBS for 15 min. 

2. Incubate membrane on primary antibody solution for 1.5 h on Lab Quake. 

3. Recycle primary antibody and rinse membrane 2X in TTBS for 15 min. 

4. Incubate membrane in secondary antibody solution for 1 h on Lab Quake. 

5. Discard secondary antibody and rinse membrane 2X in TTBS for 15 min. 
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ADDENDIXE 

Enhanced Chemiluminescence 

Enhanced Chemiluminescence (ECL) (1.5 mL) 

Reagent 

Luminal/Enhancer Solution 

Peroxide Buffer 

Add solutions to 12 x 75 mm test tube and vortex. 

Procedure 

Amount 

1000 J.LL 

500J.LL 

1. Prepare Visualizer Enhanced Chemiluminescence Substrate (Millipore). 

2. Pour ECL solution directly on PVDF membrane and shake for 5 min. 

3. Place PVDF membrane between two cut transparency and remove any air 

bubbles. 

4. Tum on Chemi Doc system (BioRad, Richmond, CA) and select Quanty One 

Software on Macintosch G4 computer Chemi Doc system (BioRad). 

5. Place PVDF membrane on Chemi Doc tray. 

6. Select "auto expose" to acquire image. 

7. Capture and save image. 

8. Using the Quantity One Software, select "free hand contour tool" to quantify 

bands. 

9. Select "volume analysis" to view data report. 

10. Express samples as a percentage of the standard. 
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Solutions 

APPENDIXF 

PI3 Kinase Assay 

PI 3-Kinase Homogenization Buffer (HB) (20 mL) 

Reagent 

l.OmMHEPES 

100 mM Na-Pyrophosphate 

1.0 M ~-Glycerophosphate 

0.5NNaF 

100 mMNa3V04 

80mMEDTA 

10% IGEPAL 

100% Glycerol 

ddH20 

100mMPMSF 

0.4MMgCh 

0.5 MCaCh 

5 mg/mL Leupeptin 

1 mg/mL Aprotinin 

Add reagents to a conical tube, vortex and store at -20° C. 
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Amount 

1mL 

4mL 

400 flL 

400 flL 

400 f.LL 

500 flL 

2mL 

2mL 

7970 ).lL 

50 J.lL 

50).lL 

40 flL 

40 f.LL 

200 flL 



Phosphate Triton Azide (PTA) Buffer (200mL) 

Reagent 

Tween20 

SDS 

Sodium Azide 

BSA 

Amount 

1mL 

0.1 g 

0.04 g 

0.2 g 

Add reagents to ~ 100 mL of ddH20 in a beaker with a magenetic stir bar, pH to 7.2 and 

b1ing to volume with ddH20 in a graduated cylinder. 

"A" Wash (2500 J!L) 

Reagent 

10%IGEPAL 

1 oo mM Na3 V04 

1mMDTT 

PBS 
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Amount 

125 1-1L 

2.5 1-1L 

2.5 1-1L 

2370 1-1L 



"B" Wash (2500 f.lL) 

Reagent 

1M Tris-HCl 

2M LiClz 

1 mMDTT 

100mMNa3V04 

ddHzO 

Add reagents to 12x75 mm glass test tube and vortex. 

"C" Wash (5000 J.!l) 

Reagent 

1 MTris-HCl 

NaCl 

10mMEDTA 

1 mMDTT 

100mMNa3V04 

ddHzO 

Add reagents to a 13 x 100 mm glass test tube and vortex. 

59 

Amount 

250 ~L 

625 ~L 

2.5 ~L 

2.5 ~L 

1620 ~L 

Amount 

50 ~L 

100 ~L 

250 ~L 

5 ~L 

5p.L 

45905 ~L 



Dilute ATP 

50rnM stock ATP 

ATP Solution (For 5 samples) 

Reagent 

ddHzO 

0.4MMgClz 

4X HEPES Buffer 

DiluteATP 

Add 8 f.!L 32P in step 18 (day ofuse). 

Preparation of Protein-A (PRO-A) Sepharose Beads 

Amount 

40 f.!L 

Amount 

22.25 f.!L 

6.25 f.!L 

12.5 f.!L 

1. Add 0.5 g of PRO-A sepharose (Amersham) to 10 mL of ddH20 in a 15 mL test 

tube to swell the beads. Gently mix beads. 

2. Place on rotator for 20 min at 4 o C. 

3. Centrifuge at 1,010 x g for 10 min at 4° C. 

4. Discard supematant and resuspend beads in an equal volume of ddH20. Gently 

mix beads. 

5. Place on rotator for 20 min at 4 o C. 

6. Centrifuge at 1,010 x g for 10 min at 4° C. 
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7. Discard supematant and resuspend beads in an equal volume of PTA. Gently mix 

beads. 

8. Centrifuge at 1,010 x g for 10 min at 4° C. 

9. Discard supematant and resuspend beads in an equal volume ofPTA. Gently 

vortex beads. 

10. Using large orifice pipette tips, aliquot 1 mL ofPRO-A beads into 1.5 mL screw 

top tubes. Gently vortex between each aliquot and store at -20° C. 

Procedure 

Day I 

1. Make sure there is enough HB to last through the tissue homogenization and the 

assay. It takes approximately 4 mL ofHB to wash the beads for 9 samples. 

2. Constantly check the amount of solutions available for use in this assay. Give 

special attention to the amount of [y-32P] ATP, and protein-A Sepharose beads, 

these get depleted very quickly. 

Day II 

1. Get ice, samples (store in -80°C freezer), antibody (antibody, Cat# 06-248, UBT), 

Protein-A Sepharose and HB (-20°C freezer) and thaw on ice. Run 9 samples plus 

a standard per assay. The volume ofHB, anti-IRS-1, and sample are as follows: 

for each sample, add the following in a 500 J.!L microcentrifuge tube: volume of 

that corresponds to 250 J.lg of protein (based on Bradford assay), volume that 

correspond to 4 J.lg on anti-IRS-1, and bring to 125 J.!L with HB. 
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2. Quickly vortex, then pulse in mini microcentrifuge for 10 s each. Incubate 

samples on ice for 2 hours. 

3. During the last 40 minutes of the 2 h incubation, set out solutions for the A, B, C 

washes, tum on the sonicator and refi-igerated microcentrifuge and let cool to 4°C. 

Wash the Protein-A Sepharose beads by spinning thawed mixture for 3 min (4°C) 

at 14,000 rpm. Discard the supematant and create a 1:1 dilution ofHB to beads. 

Flick tubes to mix and centrifuge in a refrigerated microcentrifuge (14,000 rpm, 

4 °C) for 3 min. 

4. Discard supernatant and add equal volume ofHB to beads. Flick tubes to mix and 

spin in a refrigerated microcentrifuge (14,000 rpm, 4°C) for 3 min. 

5. After spin is complete, discard the supematant and add equal volume ofHB to 

beads. 

6. Using a cup pipette tip, add 80 )..LL of Protein-A beads to each sample. Vortex the 

beads between each addition. Rotate samples for 1.5 hat 4°C. 

7. Set out 100mM sodium vanadate, 50mM ATP solution and 1M DTT(-20°C 

fi·eezer) on ice. 

8. Make the dilute ATP solution in a separate microcentlifuge tube labeled "DATP". 

9. Make the ATP solution in another microcentrifuge tube labeled "ATP". Do not 

add the radioactive [y-32P] ATP yet. 

10. Preparation of the phosphatidylinositol (PI). Prior to making the wash buffers, 

get a tube of PI from the -20°C fi·eezer and place it under a light stream of air to 

evaporate. The evaporation should take approximately 7 min. After evaporating 

the PI, there should be a small white pellet at the bottom of the tube. Add 125 )..LL 
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of ice cold 4X HEPES and 375 J..LL of ice cold ddH20. Leave the PI out at room 

temperature and get a 40 mL beaker filled with ice water for use during 

sonication. 

11. Now, label two 12x75 glass test tubes. One "A" and one "B". Label a 

13x100mm glass test tube "C". Get 10 mL ddH20 and place on ice. Dilute the 

80mM EDTA (pH 8.0) (1 :8) in a 1.5 mL microcentrifuge tube and label it 

"EDTA". A, B, and C washes should be made as follows: 

12. The 1.5 h incubation should be near its end. Spin in a refrigerated 

microcentrifuge (14,000 rpm, 4°C) for 10 min. 

13. Sonication of PI: This is done during each A, Band C wash spins. Apply 

parafihn to the microcentrifuge tube and vo1iex PI for one minute. Sonicate PI in 

ice water for one minute with bursts every three seconds. If PI becomes warm 

after each minute of sonication, increase the amount of time between each burst 

and make sure the ice water is freezing. If the temperature of PI becomes too 

wmm, a conformational change of the lipid will occur rendering it useless. 

Perfonn sonication 15 times, vmiexing PI for one minute every third minute of 

sonication. 

14. When the 10 min centrifuge is complete take the satnples out of the refrigerated 

microcentrifuge and discard the supernatant of each sample. Add 200 J..LL of wash 

buffer "A" and flick tube to mix. Centrifuge for 10 min. Continue to sonciate PI. 

15. At the end of the "A" wash spin, take samples out of centrifuge and discard the 

supernatant. Add 200 J..LL of wash buffer "B" and flick tube to mix. Centrifuge 

for 1 0 min and continue to sonicate PI. 
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16. Discard supernatant, add 200 1-1L of wash buffer "C" and flick tubes to mix. 

Centrifuge spin in a refrigerated microcentrifuge (14,000 rpm, 4°C) for 10 min 

while continuing to sonicate PI. Make sure the entire supernatant is discarded as 

to mix washes during each of the spins. 

17. Repeat step 16. At this point the sonication should be complete. Set out the 

washed tubes in a microcentrifuge tube rack and discard the supernatant. No 

more than one minute after the last sonication, add 20 ~tL of sonicated PI to each 

sample tube. If PI is not milky white color, DO NOT ADD TO SAMPLES. 

V miex each sample intermittently for 7 min and place tubes behind the Plexiglass 

shield for the kinase reaction. 

18. Add 600 1-1L of chloroform and 600 1-1L ofMeOH to a 12x75 mm test tube, vortex 

thoroughly and set behind shield. Add 8 1-1L of [y-32P] ATP to "ATP" solutions, 

vmiex and place behind shield. 

19. Now get three pipettes and place behind shield. Set one at 10 1-1L for the addition 

of the [y-32P] ATP solution, another at 15 1-1L to stop the kinase reaction with 4 N 

HCl, and the third at 130 1-1L for the chloroform/MeOH. Add 10 1-11 of [y-32P] ATP 

solution (tube labeled "ATP") to the first sample tube, set timer and vmiex for 20 

sec. Continue this process for each sample tube. During the time between each 

addition of [y-32P] ATP solution, vmiex samples periodically for 5 sec. 

20. At 7.5 min, place first sample in a small microcentrifuge and pulse for 20 sec. At 

8 min, stop the reaction in the first tube by adding 15 1-1L if 4 N HCl, quickly 

vortex, and add 130 1-1L of the chlorofonn/MeOH solution. Vmiex for one 
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minute. Continue for all samples. All samples must incubate for 8 min and not 

longer. 

21. Place samples in refrigerated micro centrifuge and spin (14,000 rpm, 4 °C) for 3 

min. During this spin, make the TLC Running Buffer. After 3 min, spin all 

samples, they should have three visible layers; a pink layer on top, the beads in 

the middle and the sample of interest at the bottom. 

TLC Running Buffer 

Reagent 

Chloroform 

Methanol 

ddH20 

Ammonium Hydroxide 

Amount 

74.81 mL 

58.60mL 

14.09 mL 

2.49mL 

22. Take a TLC plate and with the white side facing up, apply nine small pencile dots 

approximately 1 em apart and 1 inch above the bottom of the TLC plate. Set the 

plexiglass shield, TLC plate, a pipette tip set at 20 )-LL, and the chloroform/MeOH 

solution inside of a working hood. Take samples out of the centrifuge and place 

them behind the shield as well. Pre-wet a pipette tip in the chloform!MeOH 

solution. Gently penetrate the top two layers of your sample tube and extract 20 

)-LL of the bottom sample layer. On the first pencil dot, spot the TLC plate with 

the sample. Do not touch the TLC plate rather, use capillary action and make 

frequent contact. Use a light air stream to dry the spots so as not to make them 
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bigger than a pencil eraser. This allows for better migration of the sample. 

Again, pre-wet a new pipette tip, and extract 20 J.!L of sample and repeat the 

spotting process as stated above. 

23. Fill the TLC tank with 130 mL ofTLC Running Buffer. Fully open the fume 

hood door and gently place TLC plate inside of the tank. Allow the TLC buffer to 

run up the plate for 1 h. 

24. After the 1 h separation of phophoinositides, take the TLC plate out of the tank 

and let it dry for 15 min. During this time, erase the Phosphor screen. Cover 

TLC plate with saran wrap and place inside a Phosphor imaging cassette, keeping 

orientation the same as spotting. After the Phosphor screen is erased, place it with 

the white side facing down on the TLC plate. Close the cassette and expose for a 

minimum of3 h. Exposure time will vary depending on the age of the [y-32P] 

ATP. 

25. Following the exposure, place the Phosphor screen into a Phosphor imager and 

generate an image of the Phosphor screen using a Quantity One, Personal FS 

software (BioRad). For each sample, you should be able to visualize a dark black 

spot on the bottom of the image, with a light straight line pointing up and ending 

with a distinct "V" pattern. The "V" pattern is your area of interest. Quantify the 

density of the "V" pattern using Quantity One (BioRad) software. Calculate each 

sample as a percentage of a standard that was spotted on the TLC plate. 
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Solutions 

APPENDIXG 

aPKC~l Kinase Activity Assay 

PKC Reaction Buffer (1 mL) 

Reagent 

50mMTris 

0.4MMgCh 

l.OmMATP 

ddHzO 

Add reagents in a microcentrifuge tube. 

40% Acrylamide/Bisacrylamide (29:1) (100 mL) 

Reagent 

Acrylamide 

Bisacrylamide 

Amount 

50 )lL 

25 )lL 

40 )lL 

885 )lL 

Amount 

38.66 g 

1.34 g 

Add reagents to~ 75 mL of ddH20 in a beaker with magnetic stir bar, bring to volume 

with ddH20 in a graduated cylinder and filter solution through 0.45 )llll filter paper. 
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3X Tris-Tricine Gel Buffer (500 mL) 

Reagent 

Tris-Base 

SDS 

Amount 

182 g 

1.5 g 

Add reagents to~ 300 mL of ddH20 in a beaker with magnetic stir bar, adjust pH to 8.45, 

bring to volume with ddH20 in a graduated cylinder and filter through 0.45 ).lm filter 

paper. 

l.SX Tris-Tricine Treatment Buffer (l.SX Tris/Tricine TB) (10 mL) 

Reagent Amount 

Tris-HCl 2mL 

Glycerol 4mL 

10% SDS 2mL 

B-Mercaptoethanol 200 )..LL 

Brilliant Blue 800 )..LL 

Add all reagents to a conical tube and bring to volume with ddH20 in a graduated 

cylinder. 
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50% Glycerol (20 mL) 

Reagent 

Glycerol 

ddHzO 

Add reagents to a conical tube and vortex. 

Amount 

10mL 

10mL 

lOX Tris-Tricine Running Buffer (lOX Tris/Tricine RB) (1 L) 

Reagent 

Tris-Base 

Tricine 

SDS 

Amount 

121.1 g 

179.2 g 

10 g 

Add reagents to ~ 800 mL of ddH20 in a beaker with magnetic stir bar and bring to 

volume with ddH20 in a graduated cylinder. 

lX Tris-Tricine Running Buffer (lX Tris/Tricine RB) (1 L) 

Reagent 

1 OX Tris/Tricine RB 

Add reagents in a beaker with magnetic stir bar. 
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Amount 

100mL 

900mL 



20% Tris-Tricine Resolving Gel (4 Gels, 0.75 mm Thickness) 

Reagent Amount 

40% Acrylamide/Bis (29:1) 10mL 

3X Tris/Tricine Gel Buffer 6.6mL 

ddH20 1.4mL 

50% Glycerol 2mL 

10% APS 100 IlL 

TEMED 10!lL 

Add reagents to a conical tube and invert several times with a Pasteur pipette to mix. 

Stacking Gel Solution (4 Gels, 0.75 mm Thickness) 

Reagent Amount 

40% Acrylamide/Bis (29: 1) 1mL 

3X Tris/Tricine Gel Buffer 3.3mL 

ddH20 5.7mL 

10%APS 50 IlL 

TEMED 10 IlL 

Add reagents to a conical tube and invert several times with a Pasteur pipette to mix. 

Procedure 

Day I 

1. Prepare PRO-A beads as described in Appendix A. 
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2. Using a large orifice pipette tip, add 100 J..LL of PRO-A sluny in microcentrifuge 

tube. 

3. Wash 3X with PBS as described in Appendix A. 

4. After final wash, discard the supematant and add 150 J..LL ofPBS and 5 J..Lg aPKCt;; 

primary antibody (Cat# sc-216, SCBT). 

5. Incubate overnight at 4 oc with rotation. 

Day II 

1. Wash beads 3X as described in Appendix A. 

2. After final wash, carefully discard the supernatant and add 100 J..Lg of protein 

lysate in each microcentrifuge tube. 

3. Place samples on rotator for 3 h at 4 oc. 

4. After incubation, centrifuge samples at 13,000 x g for 3 min at 4°C. 

5. Remove supematant and keep the sample in -80°C for later analysis. 

6. Wash beads 3X with PBS as described in Appendix A. 

7. Following the last wash, use gel loading tip to discard supematant, careful not to 

aspirate beads. 

8. Perform following reaction behind shield. 

9. Add the following in order to each sample 30 J..LL PKC reaction buffer, 5 J..LL 

Myelin basic protein, and 0.5 J..LL [y-32P] ATP. 

10. V 01iex on heating block set at room temperature (3 7°C) for 12 min. rotating 

through samples on 20 sec intervals. Stati 12 min timer after [y-32P] ATP has been 

added to the last sample. 

11. Dilute sample 1:2 (1 part sample: 2 parts buffer) with 1.5X Tris Tricine buffer. 
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12. Denature samples on heating block set at 100°C for 5 min. 

13. Store ovemight in -20°C freezer in lab. 

Day III 

1. Assemble gel apparatus according to the manufacturer's directions. 

2. Prepare 20% Tris-Tricine resolving gels. 

3. hwert several times with a Pasteur pipette, avoiding bubbles. ill caster 

approximately % full. 

4. Overlay resolving gel with 500 1-1L of water saturated N-Butanol and allow gel to 

polymerize for approximately 1 h. 

5. Pour N-Butanol off the resolving gel, rinse with ddH20 and dry with Kimwipe. 

6. Prepare stacking gel. 

7. Invert several times with Pasteur pipette, avoiding bubbles. Overlay resolving gel 

with stacking gel and inse1i combs. Allow approximately 45 min for 

polymerization. 

8. Assemble gel apparatus chamber for electrophoreses according to manufacturer's 

directions. 

9. Fill inner chamber with 1X Tris-Tricine RB and fill outer chamber approximately 

'l4 full. 

10. Load 5-10 1-1L (~ 7 1-1L) of sample to each lane. 

11. Set the power supply at 1 OOV for 130 min. 

12. Approximately 15 min before electrophoreses is complete, erase the phosphor 

screen (Eastman Kodak Company). 
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13. Following completion of electrophoreses, separate Tris-Tricine resolving gel 

plates, remove stacking gel and cut resolving gel just above the dye front. 

14. Place gels in cassette, cover with transparency and place white side of phosphor 

screen directly over transparency. 

15. Expose gels to phosphor screen ovemight. 

16. Following the exposure, place the phosphor screen into the phosphor imager 

(Eastman Kodak Company) and generate and image of the phosphor screen using 

Quantity One Software on Macintosh computer. 

17. Select "Personal FX" from file menu. 

18. Select scan area by framing the appropriate coordinates. 

19. Generate image using 200 11m resolution. 
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APPENDIXH 

Raw Data for insulin-stimulated tissue 

Body aPKC~ 
Mass RQ-3MG RG-3MG PI3-K aPKC~ Plasma 

Group in ~rams Transport Transport Activity Cytoplasm membrane 
Lean 219.1 3.0 0.94 177.9442 65.68993 81.59743 
Lean 224.1 4.8 0.99 136.8036 68.22643 82.01838 
Lean 198.0 6.4 1.93 257.9637 73.772 82.98845 

Lean 170.7 1.38 2.02 172.417 78.49023 87.93804 
Lean 215.2 6.43 5.21 84.69531 79.07636 104.1835 
Lean 230.0 3.91 2.25 220.7476 79.76833 112.9717 
Lean 199.0 2.43 2.59 261.1028 82.712 133.6042 

Lean 233.1 2.93 2.06 286.3618 82.73155 151.2605 

Obese 347.7 3.13 1.72 21.02686 89.90903 44.73709 
Obese 345.6 1.14 0.9 82.78271 101.1944 45.33314 
Obese 364.1 0.59 0.91 71.32429 102.2335 54.35442 
Obese 340.6 1.7 0.5 87.00231 108.2523 57.41151 
Obese 387.7 2.18 1.85 92.48262 118.0699 69.06434 
Obese 390.3 0.88 1.53 84.04179 118.0855 69.70624 
Obese 435.1 0.94 0.64 39.30014 121.9298 79.92527 
Obese 393.7 NIA NIA NIA 134.9352 80.39486 

aPKCgA. 
aPKCA. aPKCgA. Activity GLUT4 

aPKCA. Plasma Activity Plasma GLUT4 Plasma 
Group Cytoplasm membrane Cytoplasm membrane Cytoplasm membrane 
Lean 74.27648 89.34966 157.6996 169.6806 61.44404 95.21391 
Lean 89.8366 90.3214 181.8308 171.5384 45.81904 97.95417 
Lean 95.57362 97.88519 219.7133 174.6373 48.68091 101.2559 
Lean 93.99014 126.9935 238.1703 185.2986 63.79740 94.52656 

Lean 92.29314 147.2025 291.8603 188.2594 49.01722 98.93107 

Lean 116.5514 216.7255 310.186 209.1116 66.63867 105.4402 
Lean 113.6616 86.55074 379.5263 213.4251 43.06671 97.26594 

Lean 58.05113 88.01401 133.5087 247.094 74.25073 NIA 
Obese 62.11725 41.31413 6.091177 71.36607 38.75777 65.3785 

Obese 84.99263 48.71829 74.00777 92.31097 42.53407 69.43896 
Obese 69.096 58.67962 85.61694 99.58145 47.36865 69.02138 
Obese 61.84265 64.08412 88.81037 116.7597 29.98072 62.38535 
Obese 70.1781 70.66153 95.82535 118.5758 28.02736 73.86625 
Obese 64.56876 86.31431 131.6357 128.9748 20.01847 58.2039 
Obese 41.64017 88.17699 138.4066 134.3831 36.09373 61.82569 
Obese 39.19467 88.67073 142.1269 148.3779 NIA 69.15233 
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Raw Data for basal tissue 

aPKC~ 
Body Plasma 

Mass in RQ-3MG RG-3MG PI3-K aPKC~ membrane 
Group grams Transport Transport Activity Cytoplasm 
Lean 219.1 3.0 0.94 54.05832 39.41123 71.08187 

Lean 224.1 4.8 0.99 46.18006 41.49328 75.34418 

Lean 198.0 6.4 1.93 47.98161 48.52243 60.79022 

Lean 170.7 1.38 2.02 55.32762 50.16159 76.28867 

Lean 215.2 6.43 5.21 75.15598 59.78052 65.42769 

Lean 230.0 3.91 2.25 63.23635 64.71198 64.72412 
Lean 199.0 2.43 2.59 65.34053 66.40808 60.66309 

Lean 233.1 2.93 2.06 71.48239 71.47343 100.1139 
Obese 347.7 3.13 1.72 57.39274 40.14691 49.76069 
Obese 345.6 1.14 0.9 65.70897 40.98196 41.49104 
Obese 364.1 0.59 0.91 60.902 46.42167 45.13511 

Obese 340.6 1.7 0.5 53.82735 46.85583 45.66894 

Obese 387.7 2.18 1.85 71.03175 47.39355 44.90346 
Obese 390.3 0.88 1.53 52.2512 47.75928 40.75893 

Obese 435.1 0.94 0.64 50.4061 48.95279 50.12667 
Obese 393.7 N/A N/A 40.25078 50.10403 N/A 

aPKCgiv 
aPKCiv aPKCgiv Activity GLUT4 

aPKCiv Plasma Activity Plasma GLUT4 Plasma 
Group Cytoplasm membrane Cytoplasm membrane Cytoplasm membrane 
Lean 49.69655 92.25766 150.8086 119.2871 76.29586 47.96190 

Lean 46.83305 60.40633 155.7224 121.0649 82.4121 55.94291 
Lean 52.67286 82.42443 159.0528 156.1711 65.80856 48.27324 
Lean 51.42194 87.57303 163.2161 182.87 64.14498 49.59344 
Lean 51.45164 75.77527 165.9362 32.81095 68.57939 52.21970 
Lean 50.53445 70.06354 212.3884 69.53843 87.16169 52.54190 
Lean 48.45585 103.9751 262.7768 79.92907 76.82226 41.46354 
Lean 48.86948 N/A 497.6733 354.8252 83.41548 62.80154 
Obese 49.84206 52.71122 36.08294 39.60939 55.00647 45.91561 
Obese 48.0197 55.23837 88.67612 66.34257 44.27366 55.13351 
Obese 49.46712 54.511 93.18777 70.37669 61.42655 54.23925 
Obese 52.71523 50.12667 130.4642 72.01598 54.36815 56.70544 
Obese 42.32278 52.20963 130.8728 80.60254 52.63821 54.57583 
Obese 29.17253 26.09537 137.4511 84.66716 56.73507 61.31892 
Obese NIA 60.80089 203.5384 111.087 42.51893 56.27392 
Obese N!A NIA 238.1056 208.5533 45.0447 59.36821 
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