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Abstract 
Today, whether there is a unique satellite cell to match fast and slow twitch muscle fibers 
respectively is not yet clear. Therefore, a study which is aim to establish a method to 
isolate the unique satellite cells for fast and slow twitch skeletal muscles respectively is 
important. In this study, the two-step enzymatic digestion combined with the 
differential-speed adhesion method is established to isolate and culture satellite cells 
from fast and slow twitch skeletal muscles in rat respectively. The studies of markers, 
morphology, proliferation, and differentiation for the isolated satellite cells reveal that 
the established methodology is reliable for isolation of fast-twitch muscle satellite cells 
and slow-twitch muscle satellite cells. The findings of this study suggest that fast and 
slow twitch muscle fibers might own their unique satellite cells.  
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1. Introduction 

Skeletal muscle is mainly composed of long post-mitotic multinuclear fibers, which is essential for 
important functions such as exercise, postural support, breathing, and heat generation. Skeletal 
muscles are divided into fast twitch and slow twitch muscle fibers, which have different contractile 
and metabolic properties. From the perspective of physiological characteristics, slow-twitch muscle 
fibers have a slow contraction speed and a small contraction force, but they have a long duration and 
are anti-fatigue. They mainly rely on aerobic metabolism to produce adenosine triphosphate for 
energy. The fast-twitch muscle fibers have a fast contraction speed and a large contraction force, but 
they have a short duration and are prone to fatigue. They mainly rely on anaerobic metabolism for 
energy [1]. In rat skeletal muscles, soleus muscle (SOL) is mainly composed of slow-twitch muscle 
fibers, while extensor digitorum longus muscle (EDL) is mainly composed of fast-twitch muscle 
fibers. And EDL is mainly composed of three kinds of fast-twitch muscle fibers, of which fast-twitch 
muscle fibers account for 97% of its total MyHC content and the rest is composed of slow-twitch 
muscle fiber. Compared with EDL, slow-twitch fibers in SOL accounted for 98.5% and the rest is 
composed of MyHC-2A type fast-twitch muscle fibers [2]. 
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Lifelong maintenance of skeletal muscle tissue is mediated by its stem cells, named as satellite cells 
which are adjacent to muscle fibers. Satellite cells are usually quiescent in adult skeletal muscles, but 
as a reserve group of cells, they can be activated, proliferated and differentiated to regenerate damgae 
muscle fibers when muscle is injured. At present, the studies for comparison of the functional 
characteristics between fast and slow twitch skeletal muscles are well established. However, whether 
there is a unique satellite cell to match fast and slow twitch muscle fibers respectively is not yet clear. 
Therefore, a study which is aim to establish a method to isolate the unique satellite cells for fast and 
slow twitch skeletal muscles respectively is important. In this study, the two-step enzymatic digestion 
combined with the differential-speed adhesion method is established to isolate and culture satellite 
cells from fast and slow twitch skeletal muscles respectively. The studies of markers, morphology, 
proliferation, and differentiation for the isolated satellite cells suggest that fast and slow twitch muscle 
fibers might own their unique satellite cells. 

2. Material 

2.1 Animals 

Three-month-old female Sprague-Dawley (SD) rats (250-300 g) were utilized in the present study. 
The rats were housed for 2 weeks to allow them to adapt before experimentation. They were provided 
with food and water ad libitum. Animal care, surgery and handling procedures were performed 
according to regulations established by The Ministry of Science and Technology of the People’s 
Republic of China ([2006] 398) and approved by Jinan University Animal Care Committee. 

2.2 Reagents and Instruments 

DMEM medium (Gibco), penicillin-streptomycin (Gibco), collagenase II (Sigma (V900892), Neutral 
Protease (Dispase) (Worthington), Bovine Serum Albumin component five (BSA) (Guangzhou Sijia 
Biotechnology Co., Ltd.), Triton X-100 (Roche), MyHC mouse monoclonal antibody, PAX7 rabbit 
monoclonal antibody (Abcam), MyoD mouse monoclonal antibody (Santa Cruz Biotechnology), 
Hoechst33342, donkey Anti-rabbit FITC fluorescent secondary antibody, goat Anti-mouse CY3 
fluorescent secondary antibody (Invitrogen) CO2 incubator (SHEL LAB), horizontal low-speed 
centrifuge (Anhui Zhongke Zhongjia Scientific Instrument Co., Ltd.), culture plate, dish (Corning), 
DM4000B fluorescence microscope (Leica), IX51 fluorescence phase contrast inverted microscope 
(Olympus). 

3. Experimental Methods 

3.1 Isolation of EDL and SOL 

 
Figure 1. Procedure for isolation of EDL and SOL. 
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SD rats were sacrificed by cervical dislocation, followed by immerse in 75% ethanol for 3-5 min to 
disinfection, and quickly transferred to a biological safety cabinet for operation. The skin of the hind 
limb was cut to expose the EDL and SOL. After isolated with microsurgical forceps, EDL and SOL 
were cut by scissors. The detail protocol is shown as Figure 1. 

3.2 Isolation and Culture of EDL-Derived Satellite Cells and SOL-Derived Satellite Cells 

The isolated EDL and SOL were minced into small pieces of approximately 1-2 mm3 in size, 
respectively, and then incubated with 0.1 mg/ml type II collagenase at 37 °C on a shaker for 35 min 
to dissociate muscle fibers and connective tissue. The mixture was then centrifuged at 1600rpm for 4 
min to remove the supernatant, and the pellet was further incubated with 1 mg/ml collagenase/dispase 
solution at 37 °C on a shaker for 15 min. The digested tissue was dissociated by gentle pipetting, and 
then the supernatant was sequentially filtered through a 100-µm and then a 40-µm nylon mesh. The 
isolated cell pellet was collected by centrifugation at 1600rpm for 4 min, followed by culture in 
DMEM supplemented with 20% fetal bovine serum and 1% penicillin-streptomycin at 37 °C and 5% 
CO2 in a 95% air incubator. The isolated satellite cells were subcultured when they reached 60% to 
70% confluence.  

3.3 Inducing Myogenic Differentiation of Isolated EDL-Derived Satellite Cells and SOL-
Derived Satellite Cell 

For inducing myogenic differentiation, the isolated EDL-derived satellite cells and SOL-derived 
satellite cells which are no more than 3 passages were cultured in DMEM containing 20% fetal calf 
serum and grown to 70% confluence, and then the medium was replaced to myogenic   
differentiation medium (DMEM containing 5% fetal calf serum). The myogenic differentiation 
medium was replenished every 2 days.  

3.4 Immunofluorescence Staining 

Anti-Pax7 and Anti-MyoD (markers for skeletal muscle satellite cells) double immunofluorescent 
staining were applied to confirm isolated EDL-derived satellite cells and SOL-derived satellite cells. 
The isolated EDL-derived satellite cells and SOL-derived satellite cells (passage 3) were cultured on 
a coverslip and fixed with 4% paraformaldehyde. After washing three times with PBS (pH = 7.4), the 
cells were blocked with 1% BSA at room temperature for 1 h, and then mouse anti-rat PAX7 antibody 
(1:300 dilution) and rabbit anti-rat MyoD antibody (1:500 dilution) were added and incubated at 4°C 
for overnight. After three washes with PBS (pH = 7.4), the cells were incubated with donkey anti-
mouse FITC fluorescent secondary antibody and goat anti-rabbit CY3 fluorescent secondary antibody 
at room temperature for 30 min. The cells were then counterstained with DAPI and mounted with 
anti-fluorescence quencher. The cells were photographed using fluorescence microscopy (Leica, 
Wetzlar GmbH- DM4000B, Germany). To confirm the myogenic differentiation, mouse anti-rat 
MyHC (1:300) immunofluorescent staining were applied. The detail protocol is the same as above. 

4. Results 

4.1 Primary Culture and Morphology of Isolated Satellite Cells from EDL and SOL  

The newly isolated satellite cells from EDL and SOL skeletal muscle stem cells (SMSCs) appeared 
as small circle morphology. The density of isolated satellite cells from each SOL was significantly 
higher than that of EDL (Figure 2A, D). After culture for 1 day, both EDL isolated satellite cells and 
SOL isolated satellite cells were adhered and grown (Figure 2B, E). On day 3 of culture, most of EDL 
isolated satellite cells and SOL isolated satellite cells were found as long spindle shape morphology 
(Figure 2C, F). 
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Figure 2. Morphology of cultured satellite cells from EDL and SOL. A and D: Newly isolated 

satellite cells from EDL and SOL. B and E: The isolated satellite cells from EDL and SOL on day 1 
of culture. C and F: The isolated satellite cells from EDL and SOL on day 3 of culture. 

4.2 Immunofluorescence Staining of Satellite Cell Markers 

As Pax7 and MyoD are well established markers for skeletal muscle satellite cells [3-4], therefore, 
immunofluorescence staining for Pax7 and MyoD was conducted to confirm the isolated satellite 
cells. It was found that both EDL-isolated satellite cells and SOL-isolated satellite cells were Pax7 
and MyoD positive (Figure 3). 

 

 
Figure 3. Immunofluorescence staining confirmed that both EDL-isolated satellite cells and SOL-

isolated satellite cells were Pax7 and MyoD positive. 

4.3 Myotube Formation of EDL-Isolated Satellite Cells and SOL-Isolated Satellite Cells 

The myotube formation is unique characteristics of satellite cells, which is one of the hallmarks for 
identification of a cell as skeletal muscle stem cells. It was found that both the EDL-isolated satellite 
cells and SOL-isolated satellite cells were able to form myotube after inducing myotube 
differentiation. The myotube formation was found in both the EDL-isolated satellite cells and SOL-
isolated satellite cells after 1-day inducing myotube differentiation. In addition, it was found that the 
density of myotube in SOL-isolated satellite cells was significantly higher than that of EDL- isolated 
satellite cells (Figure 4). 
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Figure 4. Myotube formation of EDL-isolated satellite cells and SOL-isolated satellite cells. A and 

D: before inducing myotube differentiation. B and E: Myotube was found after 1-day inducing 
myotube differentiation. C and F: 2-day inducing myotube differentiation. D and G: 7-day inducing 

myotube differentiation. The density of myotube in 7-day inducing myotube differentiation was 
higher than those of 1-day and 2-day inducing myotube differentiation. The density of myotube in 

SOL-isolated satellite cells was significantly higher than that of EDL- isolated satellite cells. 

4.4 Myogenic Differentiation of EDL-Isolated Satellite Cells and SOL-Isolated Satellite Cells 

The myogenic differentiation is a unique characteristic of satellite cells, which is also regarded as a 
hallmark for identification of a cell as a skeletal muscle stem cell. Accordingly, MyHC expression, a 
specific marker of myogenic differentiation, was applied to confirm the myogenic differentiation of 
myotubes which were differentiated from EDL-isolated satellite cells and SOL-isolated satellite cells 
after 7-day inducing myogenic differentiation. The results of anti-MyHC immunofluorescence 
staining revealed that the myotubes which were differentiated from EDL-isolated satellite cells and 
SOL-isolated satellite cells were MyHC positive (Figure 5). 

 

 
Figure 5. Immunofluorescence staining documented that the myotubes which were differentiated 

from EDL-isolated satellite cells and SOL-isolated satellite cells were MyHC positive. 
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5. Discussion 

In this study, the two-step enzymatic digestion combined with the differential-speed adhesion method 
was established to isolate rat satellite cells from fast-twitch skeletal muscle (EDL) and slow-twitch 
skeletal muscle (SOL). Satellite cells are isolated and purified by a two-step digestion method of 0.1 
mg/ml type II collagenase and 1 mg/ml type II collagenase/Dispase mixed enzymes combined with 
differential-speed adhesion method. Since fibroblasts will be fully adhered in bottom of culture dish 
in around 2 hours, therefore the fibroblasts are able to be removed by the method of differential-speed 
adhesion to achieve the high purity of isolated satellite cells. The studies of markers demonstrate that 
the isolated EDL-derived satellite cells and SOL-derived satellite is Pax7 and MyoD positive. In 
addition, the studies of proliferation and differentiation for the isolated EDL-derived satellite cells 
and SOL-derived satellite reveal that the cells are able to undergo proliferation and myogenic 
differentiation. All these results suggest that the established two-step enzymatic digestion combined 
with the differential-speed adhesion method is a reliable method to isolate fast-twitch and slow-twitch 
muscle stem cells (satellite cells). 

The findings of this study also reveal that the density of isolated satellite cells from SOL was 
significantly higher than that of EDL. It might suggest that number of satellite cells in slow-twitch 
muscle was higher than that of fast-twitch muscle. In addition, the finding which the density of 
myotube formation in SOL-derived satellite cells was significantly higher than that of EDL- derived 
satellite cells also implies that potential for myogenic differentiation in slow-twitch muscle stem cells 
might be higher than that of the fast-twitch muscle stem cells. All these suggest that fast-twitch muscle 
and slow-twitch muscle might have unique satellite cells to march their structure and function 
respectively. 
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