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Abstract

Introduction—We adopted a proteomics-based approach to gain insights into phenotypic

differences between A/J and B10.SJL murine dysferlinopathy models.

Methods—We optimized immunoblotting of dysferlin by preparing homogenates of the tibialis

anterior (TA) muscle under several different conditions. We compared TA muscles of control,

A/J, and B10.SJL mice for levels of dysferlin; dysferlin’s partners MG53, annexin-A2 and

caveolin-3; and the endoplasmic reticulum (ER) stress marker CHOP. We performed

immunoelectron microscopy on control rat TA muscle to determine the precise location of

dysferlin.

Results—RIPA buffer and sonication improves immunoblotting of dysferlin. The endoplasmic

reticulum (ER) stress marker CHOP is elevated in A/J muscle. Dysferlin is localized mostly to

membranes close to the Z-disk that have been reported to be part of the Golgi, ER, and

sarcoplasmic reticulum (SR) networks.

Conclusion—ER stress might underlie phenotypic differences between A/J and B10.SJL mice

and play a role in human dysferlinopathies.
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INTRODUCTION

Dysferlinopathies are muscle wasting syndromes that result from mutations in the DYSF

gene that encodes the protein dysferlin 1-3. The A/J and B10.SJL murine dysferlinopathy

models arise from different dysf mutations and have distinct phenotypes 4-6. We adopted a

proteomics-based approach using immunoblots to assess whether the phenotypic differences

between the 2 murine models can be explained by the presence of small amounts of full-

length or truncated dysferlin, alterations in the levels of dysferlin binding partners, or

differences in cellular stress markers.

METHODS

We optimized our technique for immunoblot detection of dysferlin by systematically

studying different methods of extracting protein from the tibialis anterior (TA) muscles of 2

adult A/WySnJ mice (Suppl. Fig. S1A and Supplemental Methods). We then used our

optimized immunoblotting methods to compare muscle from dysferlin-sufficient A/WySnJ

mice and dysferlin-deficient A/J and B10.SJL mice (N = 3 animals per strain, male, 3-5 m

old) for levels of dysferlin, some dysferlin binding partners, and the ER stress marker CHOP

(C/EBP homologous protein).

Since ER stress was elevated in A/J muscle, we employed immunoelectron microscopy with

the Hamlet antibody to ascertain if dysferlin was enriched in membranes of the ER and SR

in TA muscle from control rats (Sprague-Dawley, N = 2, male, 4 m old) 7.

RESULTS

We tested various methods of tissue homogenization to improve the extraction of dysferlin

and reduce background noise in immunoblots (Suppl. Fig. S1A). Samples prepared with

RIPA buffer instead of 2% NP-40 alone gave more complete extraction of dysferlin with

lower background noise (Suppl. Fig. S1B). Sonicating samples for ~10 s reduced

background even further and yielded clear, well defined bands. Centrifuging the sample

buffer treated homogenates for 30 s at 13,000 RPM (10,000 × G; 5415 C centrifuge,

Eppendorf, Hamburg, Germany) only produced a slight improvement in immunoblot

quality. Dipping TA muscles into mineral oil prior to snap freezing (for histological

preservation) had no effect on the quality of blots for dysferlin.

Immunoblot labeling of dysferlin using our optimized methods showed discrete and

prominent bands at ~230 kDa in A/WySnJ muscle homogenates with both the Romeo (N-

terminal epitope) and Hamlet (C-terminal epitope) antibodies (Fig. 1A). When the blots

were exposed for an optimal duration (~1 min for Romeo and ~2 min for Hamlet) where no

additional bands appeared in control samples, dysferlin could not be detected in A/J and

B10.SJL lanes. However, with longer exposures (~ 6 min for Romeo and 45 min for

Hamlet), faint bands appeared in the B10.SJL lanes and A/J lanes, with the B10.SJL lanes

being more prominent. These data suggest the presence of low levels of full-length dysferlin

in B10.SJL muscle, and even lower amounts in A/J muscle. Quantitative analyses performed

on the overexposed blots showed that B10.SJL and A/J muscle, respectively have about 20%

and 10% of the levels of dysferlin found in control muscle (Fig. 1B). A statistically
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significant difference between B10.SJL and A/J was detected with Hamlet (P = 0.004), but

not Romeo (P = 0.056). In the overexposed blots, several additional lower molecular weight

bands appeared in the A/WySnJ lanes.

We next studied 3 dysferlin binding partners 8,9. Our improved methods also worked well

for immunoblotting MG53, annexin-A2, and caveolin-3 (Fig. 1C). Quantitative analyses

showed no significant differences in the levels of these proteins in either of the dysferlin-

deficient strains compared to the dysferlin-sufficient strain (Fig. 1D).

As mutant forms of dysferlin have been implicated in ER stress 10, we studied levels of the

ER stress marker CHOP using our optimized methods. Our earlier experiments using NP-40

alone yielded blots with high background noise and vertical streaking. The data suggest that

our improved methods result in excellent quality immunoblots of CHOP (Fig. 1E) and that it

is elevated ~4-fold in A/J muscle compared to control A/WySnJ muscle (Fig. 1F).

Interestingly, CHOP levels varied between each of the 3 B10.SJL lanes, and the mean

CHOP levels for B10.SJL were not significantly different from control A/WySnJ muscles.

We finally tested the hypothesis that dysferlin and ER stress might be linked, because

dysferlin is enriched in membranes of ER and SR. Fig. 1G-I and Suppl. Figs. S2 and S3

suggest that dysferlin is enriched in internal membranes present close to the Z-disk that are

reported to be part of the Golgi, ER, and SR networks 11. Dysferlin was less frequently

associated with the contractile apparatus and the M-band, and it was detected rarely at triad

junctions.

DISCUSSION

These studies suggest that the use of RIPA buffer and sonication results in more complete

extraction of dysferlin and minimizes background noise in immunoblots. Our

methodological modifications are not only suitable for dysferlin, but also work well for

immunoblots of GAPDH, MG53, annexin-A2, caveolin-3, and CHOP, suggesting that our

protocol can be used universally on muscle tissue, as long as denaturing conditions are not

contraindicated. With our improved methods, we demonstrate that phenotypic differences

between the A/J and B10.SJL murine dysferlinopathy models might be linked to low levels

of dysferlin in B10.SJL muscle and high levels of ER stress present in A/J muscle, but they

are not linked to changes in levels of MG53, annexin-A2, or caveolin-3. High levels of ER

stress might underlie the massive necrosis, inflammation, and delayed functional recovery

that is seen A/J muscle following contraction-induced muscle injury, and the presence of

low levels of dysferlin might be responsible for faster recovery in B10.SJL muscle 4. It is

likely that certain dysferlin mutations (example: as in the A/J mouse) induce ER stress,

because dysferlin is present normally in membranes associated with the Golgi, ER, and SR

networks 10,12,13 and might play a role in protein processing and trafficking 14. Our

endeavor to optimize immunoblotting of dysferlin has thus led to the important finding that

ER stress might play a role in dysferlinopathies.
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ABBREVIATIONS AND ACRONYMS USED

TA Tibialis anterior

ER Endoplasmic reticulum

SR Sarcoplasmic reticulum

CHOP C/EBP homologous protein

RIPA buffer Radioimmunoprecipitation assay buffer

SDS Sodium dodecyl sulfate

PAGE Polyacrylamide gel electrophoresis
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Figure 1. ER Stress is Elevated in Dysferlin-deficient A/J Mouse Muscle
A. Immunoblotting with both Romeo and Hamlet anti-dysferlin antibodies yields discrete

bands at ~230 kDa in dysferlin-sufficient A/WySnJ lanes. With longer exposures, faint

bands appear in the dysferlin-deficient A/J and B10.SJL lanes with the latter being more

prominent. B. Densitometry performed on the ~230 kDa band in the overexposed blots

shows a significant difference between A/J and B10.SJL with Hamlet but not Romeo anti-

dysferlin (N = 3; Mean ± S.E.M.; *, P < 0.05). C-D. Levels of MG53, annexin-A2, and

caveolin-3 are not altered in A/J and B10.SJL muscle (N = 3; Mean ± S.E.M). E-F. The ER

stress marker CHOP is elevated several-fold in A/J muscle compared to A/WySnJ and

B10.SJL muscle (N = 3; Mean ± S.E.M.; *, P < 0.05). G-H. Representative images of

immunogold labeling of dysferlin in ultrathin sections of TA muscle from 2 rats show that

dysferlin is enriched away from the triad junctions in membranes close to the Z-disk that are

reported to be part of the ER, SR, and Golgi networks. I. Quantitative analyses suggest that
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dysferlin is enriched in components of the ER, SR, and Golgi networks in mature skeletal

muscle (Mean ± S.E.M.; *, P < 0.05).
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