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eMethods. Materials and Methods (In Detail) 
eFigure 1. Compound Muscle Action Potentials (CMAP) of Flexor Digitorum in 
Response to 3Hz Stimulation of Median Nerve in N-MuSK 60-Immunized Rats. 
CMAP amplitudes to single median nerve stimuli were normal in all MuSK-
immunized and control animals. A: Rat studied on day 27 after immunization with 
100ug MuSK demonstrating 9% decrement. B: Rat studied on day 33 after 
immunization with 50ug of N-MuSK 60 demonstrating 25% decrement. Scale: 
x=1msec/div, y=10mV/div. 
eFigure 2. Neuromuscular junctions from animal immunized with 100 ug MuSK 
stained at day 27 with alpha-bungarotoxin to label AChR (green) and OX6 
antibody (MHC) to label macrophages (red). The stained neuromuscular 
junctions exhibit a range of abnormalities from mild fragmentation (upper left) to 
severe fragmentation and dispersal of postsynaptic AChR aggregates (lower left 
and extreme lower right). In none of the abnormal junctions are macrophages 
identified. The red staining (center) represents background labeling of a blood 
vessel. 

 

This supplementary material has been provided by the authors to give readers 
additional information about their work. 
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eMethods 
 

Materials and Methods (In Detail) 

Cloning of Mouse MuSK cDNA 

To obtain full-length MuSK cDNA, RT-PCR was performed using total RNA from mouse 

adult (innervated) muscle (Invitrogen Corp). cDNA was synthesized employing M-MLV 

reverse transcriptase (Promega), with random hexamer as primer, and was amplified by 

PCR employing PfuUltra DNA polymerase (Stratagene) to ensure sequence fidelity. The 

PCR products were cloned into a mammalian expression vector, pcDNA 3.1/V5-His 

TOPO (Invitrogen) and both DNA strands were sequenced. In the course of DNA 

sequence analysis of these clones, we identified a variety of isotypes of mouse MuSK 

cDNA including one that conformed to the published Gene Bank sequence. Among the 

other isotypes, we identified a novel MuSK splicing variant, which contained an 

additional 60 nucleotides in frame (which we have referred as MuSK 60) in the region 

between Ig-2 and Ig-3 1. The N-terminal extracellular domain of MuSK 60 (N-MuSK 60), 

which lacks signal sequence (amino acid 1-21), was created by PCR amplification using 

full length MuSK clones as templates. The PCR products were cloned into an expression 

and secretion vector, pSecTag2/Hygro plasmids (Invitrogen) utilizing the EcoRV and the 

XhoI restriction sites. The inserted sequence was in frame to the Ig k-chain leader 

sequence at the 5’ end and to the myc-epitope tag and the polyhistidine tag at the 3’ end 

on the plasmid. 

Production, Detection and Purification of N-MuSK 60 Protein 

COS7 or CHO cells were transiently transfected with the N-MuSK constructs or an 

empty vector employing Lipofectamine 2000 (Invitrogen). The culture medium was 

collected after 72 hr and dialyzed at 4° C against 50 mM sodium phosphate buffer (pH 

8.0) containing 300 mM NaCl and 100 mM PMSF. After addition of Imidazole (10 mM) 
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the dialyzed medium was applied to a column loaded with Profinity IMAC Ni-charged 

resin (Bio-Rad). MuSK protein was eluted with sodium phosphate buffer supplemented 

with 500 mM imidazole following three consecutive column washes with a phosphate 

buffer supplemented with 10 mM imidazole. For the animal experiments effluents were 

pooled and the eluted protein was concentrated using iCON concentrator (Pierce) or 

Amicon Ultra (Millipore). The protein amount was determined by Bio-Rad Protein Assay 

(Bio-Rad). For visualization of protein the culture medium and column fractions were 

separated by SDS-gel electrophoresis and stained with Coomassie brilliant blue. For 

immunoblotting, proteins separated were transferred to PVDF membrane (Immobilon-P) 

(MILLIPORE). MuSK protein was probed with antibody raised against tagged myc-

epitope (Invitrogen) or against N terminus of MuSK (Santa Cruz) and visualized with 

horseradish peroxidase-conjugated secondary antibody and ECLplus chemo-detection 

system (Amersham). 

Animals and Immunizations 

Female Lewis rats, 175-200g, were obtained from Charles River Laboratories, complete 

Freund’s adjuvant from Difco Laboratories and Pertussis from List Biologicals. 0.25 ml of 

purified N-MuSK 60, either 50 ug or 100 ug, or buffer, was emulsified with an equal 

volume of complete Freund’s adjuvant. The emulsion was injected into three separate 

intracutaneous sites.  At the same time, 2.5 ug of pertussis vaccine was injected at a 

single separate subcutaneous site. All painful brief procedures were performed under 

Isoflurane anesthesia. Extended procedures were performed under ketamine/xylazene 

anesthesia. Blood specimens were obtained prior to, and at various times following, 

immunizations by tail vein phlebotomy and at the time of euthanasia by cardiac 

puncture. 
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Antibody Titration 

Sera were diluted as indicated with tris buffered saline containing 4% nonfat dry milk and 

0.1% tween 20 and subjected to immuno-dot blot against 0.5 ug of affinity-purified N-

MuSK 60 or 0.5 ug of bovine serum albumin (BSA) (control) blotted on nitrocellulose 

membranes. Immuno-reaction was detected as described above. 

Electrophysiologic Studies 

Repetitive stimulations (3 Hz) of median nerve, recording compound muscle action 

potentials (CMAP) from the flexor digitorum muscle, were performed on animals 

anesthetized with ketamine/xylazene, as previously described, using a Teca Model M 

Electromyograph2,3 Tracings were recorded using digital photography of the oscilloscope 

screen and the decrement of the 5th response, compared to the 1st response calculated. 

Tissue Processing 

Muscle tissue, diaphragm, gastrocnemius, and tibialis anterior, were obtained at the time 

of euthanasia, either before or following cardiac perfusion with 4 per cent 

paraformaldehyde. Specimens for histology, immunohistochemistry, histochemistry and 

electron microscopy were prepared as we have previously described 3,4.   

 

For immunostaining, frozen sections (20 μm) of diaphragm were labeled with Alexa-594 

conjugated alpha-bungarotoxin to visualize the postsynaptic AChR. Rabbit polyclonal 

antibodies to synapsin and neurofilament were used to label presynaptic nerve terminals 

and axons. The sections were then viewed with a Zeiss Axioplan 2 IE fluorescence 

microscope and digital images acquired using an Axiocam MRM camera and Axiovision 

software. To quantify junctional morphology we acquired images of all “en face” NMJs in 
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sections of diaphragm from adjuvant control and MuSK-immunized rats (20-30 NMJs per 

animal, n=4 control and 4 MuSK-immunized rats). Images were acquired using 

automatic exposure times to better compare the structure of the junctions, despite 

decreased levels of AChR staining in MuSK-immunized animals. For each NMJ, we 

applied a constant threshold to eliminate background staining and then measured the 

number of regions in each, the area of each region, and the maximal diameter of the 

junction (using Axiovision image analysis software). Quantitative analyses of the electron 

micrographs, as we have previously described, employed ImageJ software. 
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eFigure 1 Compound Muscle Action Potentials 
(CMAP) of Flexor Digitorum in Response to 3Hz 
Stimulation of Median Nerve in N-MuSK 60-
Immunized Rats.  CMAP amplitudes to single median 
nerve stimuli were normal in all MuSK-immunized and 
control animals.   A: Rat studied on day 27 after 
immunization with 100ug MuSK demonstrating 9% 
decrement.  B: Rat studied on day 33 after immunization 
with 50ug of N-MuSK 60 demonstrating 25% decrement.  
Scale: x=1msec/div, y=10mV/div. 
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eFigure 2  Neuromuscular junctions from animal immunized with 100 ug MuSK stained at day 27 with 
alpha-bungarotoxin to label AChR (green) and OX6 antibody (MHC) to label macrophages (red).  The 
stained neuromuscular junctions exhibit a range of abnormalities from mild fragmentation (upper left) to severe 
fragmentation and dispersal of postsynaptic AChR aggregates (lower left and extreme lower right).  In none of 
the abnormal junctions are macrophages identified. The red staining (center) represents background labeling of 
a blood vessel. 


