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Abstract

Myosin description in human laryngeal muscles is incomplete, but evidence suggests the presence
of type I, 1A, 11X, and tonic myosin heavy chain (MHC) fibers. This study describes the unloaded
shortening velocity (VO0) of chemically skinned laryngeal muscle fibers measured by the slack test
method in relation to MHC content. Skeletal fibers from human laryngeal and limb muscle biopsy
specimens were obtained for determination of VO, and subsequently, glycerol-sodium dodecyl
sulfate—polyacrylamide gel electrophoresis was used to determine the MHC isoform content. The
fibers from human limb muscle had shortening speeds similar to those in previous reports on
human skeletal fibers. Type I, lIA, and 11X fibers of laryngeal muscle had shortening speeds
similar to those of fibers from limb muscle, but laryngeal fibers with heterogeneous MHC
expression had a wide range of shortening speeds, some being nearly twice as fast as limb fibers.
In addition. MHC isoform bands from human extraocular muscle comigrated with some bands
from laryngeal muscle — a finding suggesting that extraocular myosin may also be expressed.

Keywords
laryngeal muscle fibers; myosin heavy chain; unloaded shortening velocity

INTRODUCTION

The shortening velocity of mammalian skeletal muscle fibers is principally determined by
variations in isoforms of the protein myosin. Myosin is a hexomeric molecule that has 3
basic functions: adenosine triphosphatase (ATPase) enzymatic activity, binding to actin, and
sarcomeric thick filament formation. The speed of fiber shortening is correlated to
enzymatic activity of the thick filament,1 and myofibrillar ATPase activity is isolated to the
myosin heavy chain (MHC) portion of the myosin molecule.? As such, there are many
reports that positively correlate the type and amount of MHC isoform content to cellular
shortening speed. The MHC isoforms typically found in somatic skeletal muscle include
types I, 1A, 11B, and 11X. The relative shortening speeds of fibers that homogeneously
express 1 isoform are 11B > 11X > 1A > |. However, when tested in various muscles and
species, this structure-function correlation is often variable, especially where type 11
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isoforms are concerned. Also, MHC isoform coexpression in somatic muscle fibers is
relatively common,3 with isoforms usually seen in combinations of I-11A, HHA-11X, and 11X~
I1B. The contractile velocity in coexpressing fibers may span the entire range of both
isoforms, such that correlation of shortening speed to the type and amount of MHC isoforms
is further complicated. Some cranial muscles express novel MHC isoforms, which correlate
to distinctive shortening speeds relative to somatic fibers — so much so that in theory these
myosins evolved to serve highly specialized locomotor functions.*> The jaw-closing
muscles of all carnivores and primates investigated to date (except the lesser panda and
human) express a type Il masticatory MHC (11M) that has a twitch contraction speed faster
than that of fast limb muscles. Extraocular muscles are even faster than chewing muscles,
with twitch contraction speeds as fast as about 7.5 ms.8 Mammalian extraocular muscles
also have a unique MHC termed extraocular myosin (EOM). Unlike chewing muscle fibers,
which usually homogeneously express type I1M to achieve distinctively fast contraction,
extraocular fibers coexpress EOM with other isoforms.

One of the last cranial muscle groups to be investigated for structural-functional
relationships of myosin were the intrinsic laryngeal muscles. DelGaudio et al” were the first
to report an “atypical” MHC isoform expressed in rat posterior cricoarytenoid (PCA) and
thyroarytenoid (TA) muscles that was identified by a distinctive migration pattern on
glycerol-sodium dodecy! sulfate—polyacrylamide gel electrophoresis (glycerol-SDS-PAGE).
This isoform was termed “type 1IL” when present in laryngeal muscle, even though it
comigrated with the EOM species from rat lateral rectus muscle. Lucas et al® subsequently
demonstrated the presence of EOM expression in rabbit TA muscle by tissue staining with
monoclonal antibody specific for EOM. Preliminary evidence also suggested that transcripts
from a novel MHC gene were expressed in rat TA muscle,® but further study determined
that these transcripts were from the EOM gene, and not a novel laryngeal myosin.19 Finally,
electrophoretic analyses on dogs!! and humans!2 were unable to identify additional MHC
species comparable to “lIL” or EOM MHC. Two reports, however. leave open the
possibility that atypical or novel MHC isoforms may exist in human intrinsic laryngeal
muscles. Shiotani et al'® have identified typical MHCs I, 1A, and 11B by electrophoresis in
human laryngeal muscle and, in addition, a protein band with mobility similar to that of the
rat 1L reported by Del-Gaudio et al that does not react with EOM antibodies. A subsequent
report found a similar band on glycerol gels in TA and PCA muscles of a 7-month-old
infant, but adults 40 years and older did not contain this protein species.*

In whole muscle preparations, evaluation of isometric twitch contraction speed demonstrates
shortening for TA muscle as fast as 6.5 to 14 ms in rabbits.1® dogs,16 primates,1” and cats.18
In cats!® and dogs, 1 isometric contraction speeds in PCA muscles range from 22 to 40 ms,
which are comparable to speeds of fast-contracting limb muscles such as the rabbit tibialis
anterior (24 to 28.5 ms)® and the cat extensor digitorum longus (40 ms).8 Because whole
muscle preparations that are comparable to isometric contraction experiments in animals are
impossible to perform on humans, investigators have relied upon indirect assessment of
contraction speeds. A study of changes in human vocal fold vibration after electrical
stimulation of laryngeal muscle estimated TA contraction speed to be about 35 ms.19 More
recently. Luschei et al?0 attempted to determine the speed of laryngeal muscle motor unit
recruitment by measuring interspike interval variability during phonation. According to their
data, the contraction speed of human laryngeal muscle is not faster than that of limb muscles
such as the tibialis anterior or biceps. An immunohistochemical analysis has determined that
a tonic MHC isoform is expressed in human TA muscle fibers,2! indicating that these fibers
should be optimally suited for very slow contraction speeds. Collectively, these recent
findings from humans estimate that the shortening speeds in laryngeal muscle are about the
same as or even slower than limb muscles and, hence, very different from the findings of
direct work on other mammalian larynges.
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In summary, investigations to determine structure-function relationships of myosin in human
laryngeal muscles are lacking. Further, most of the recent evidence on human laryngeal
muscle suggests that their shortening speeds are not comparable to those of other mammals.
Accordingly, the present study attempts to determine the relationship between myosin
isoform content and unloaded shortening velocity (VO0) in single fibers from human
laryngeal muscles.

MATERIALS AND METHODS

Materials

Samples of TA and PCA muscles were obtained from 4 patients who underwent
laryngectomy as a treatment for cancer. Presurgical diagnostic laryngeal evaluation by
flexible laryngoscopy was done to ensure that normal neuromotor laryngeal function (ie,
normal breathing, swallowing, and phonation) was present in these subjects. No individuals
with vocal fold paralysis were included. Excision of 3 TA muscles and 2 PCA muscles from
uninvolved areas of the larynx was performed immediately after laryngectomy and before
pathology submission. The subject population was of mixed race and sex and had an average
age of 67 years (range, 50 to 78 years). Two control muscle biopsy samples were obtained
from vastus muscles (24-year-old woman and 46-year-old man), | sample was obtained from
a tibialis muscle (33-year-old man), and 1 sample was obtained from an external oblique
muscle (57-year-old woman). The control muscles were functionally normal and were
obtained from a population being treated by an orthopedic oncology surgeon for removal of
a tumor that did not involve the sampled muscle. The samples for this study were obtained
according to the guidelines established by the university's Internal Review Board for Human
Subjects.

Biochemistry

The samples of whole muscle were minced and then homogenized in buffer containing 0.1
mol/L potassium chloride, 5 mmol/L ethylenediaminetetraacetic acid (EDTA), 5 mmol/L
ethyleneglycoltetraacetic acid (EGTA), and 1 mmol/L dithiothreitol, pH 7.0, and the
contractile proteins were sedimented by centrifugation.?2 The final pellet was resuspended
in electrophoresis sample buffer (0.15 mol/L Tris-hydrochloric acid [HCI], 4% SDS, 20%
glycerol, 10% B-mercaptoethanol, and 0.002% bromophenol blue, pH 6.8). These protein
samples were vortexed, heated to 100°C for 5 minutes, and then stored at —=70°C until
electrophoresis was carried out. Individual segments of single fibers that were used for VO
measurements were placed in sample buffer, ultrasonicated for 15 minutes, and then heated
and frozen.

Discontinuous glycerol-SDS-PAGE was conducted on 0.75-mm-thick separating gels of 9%
(wt/vol) acrylamide cross-linked with bisacrylamide (200:1.0, acrylamide:bisacrylamide),
10% SDS, and 6.0% glycerol, buffered with 0.75 mol/L Tris-HCI at pH 8.8. The stacking
gel contained 4% acrylamide cross-linked with bisacrylamide (20:1.0,
acrylamide:bisacrylamide) with 0.5 mol/L Tris buffer at pH 6.8. The running buffer
consisted of 0.3% Tris-HCI, 1.44% glycine, and 0.1% SDS. The upper electrode running
buffer also contained 0.1% B-mercaptoethanol. Proteins were electrophoresed at 4°C with a
constant current of 25 mA for about 2 hours to allow the samples to pass from the stacking
gel into the separating gel. The current was increased to 40 mA, and electrophoresis
continued until 8,000 volt-hours (approximately 22 hours of total running time). The gels
were stained with silver according to the method of Merril et al.2% Densitometric analyses
were done on the stained gels in an AGFA DuoScan with Quantity 1 analysis software
(BioRad Corp, Hercules, California).
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Immunoblotting

Protein extracts from chemically skinned fibers or muscle homogenates placed in sample
buffer as described above were applied to nitrocellulose membrane under a gentle vacuum
with a Hoeffer PR600 slot blot apparatus. The blotted membranes were blocked with
powdered milk in phosphate-buffered saline solution and subsequently incubated in the
primary anti-MHC antibodies BA-F8 (anti-type I), SC-71 (anti-type I1A). BF-F3 (anti-type
11B), and MY-32 (anti-type Il). The antibody reactivity in the fibers was detected after
incubation in secondary antibodies by the indirect immunoperoxidase method.>

Physiology

Portions of the muscle samples were microdissected into fiber bundles 2 to 3 mm in
diameter and placed into a pre-skinning solution. This solution was prepared by adding 0.1
mmol/L phenylmethanesulfonyl fluoride (a serine protease inhibitor) to a relaxing solution
(see below). The bundles were gently agitated for 4 to 6 hours, during which the pre-
skinning solution was changed 2 or 3 times until free from discoloration. The bundles were
then placed in a 50/50 pre-skinning—glycerol solution and gently agitated for approximately
12 hours at 4°C before being stored in the same solution at —30°C for up to 2 months. On the
day of the experiment, single fibers were isolated in relaxing solution by pulling from one
end of the bundle. The relaxing solution contained (mmol/L): 20 N,N-bis(2-
hydroxyethyl)-2-aminoethanesulfonic acid (Bes), 7 potassium-EGTA, 4 sodium—adenosine
triphosphate, 14.5 creatine phosphate, 1 free magnesium ion, and sufficient potassium
propionate to adjust the ionic strength to 180 mmol/L. Propionate was the major anion in all
solutions. The free calcium ion concentrations were 10~9 for the relaxing solution and 1074
for the activating solution, respectively. Free bivalent cation and metal-ligand complex
concentrations were estimated with the computer program “Winmaxc,”24 obtained from
URL http://www.stanford.edu/~cpatton/maxc. html. Single fibers (1.5 to 5 mm long) were
mounted via small stainless steel clamps between a force transducer and the linear motor of
the physiological test rig (Scientific Instruments, Heidelberg, Germany) in relaxing solution.
The test rig was interfaced to a personal computer that controlled the experimental protocol-
acquired data via dedicated software (SKI. Scientific Instruments). All experiments were
performed at 15°C. A 670-nm helium-lanthanum laser beam was directed onto the fiber, and
the resulting diffraction pattern was focused onto a ground glass screen. The initial
sarcomere length was adjusted to approximately 2.5 um, as calculated from the first
deflection distance of the diffraction pattern produced. Before activation, the relaxing
solution was exchanged for a pre-activating solution, with reduced calcium ion-EGTA
buffering capacity, for 20 to 30 seconds. The pre-activating solution was identical to the
relaxing solution, except that the potassium-EGTA was reduced to 0.5 mmol/L; this
reduction resulted in a faster rise to steady tension after activation and improved the
maintenance of cross-striation uniformity during activation.2> The fiber was then induced to
contract in a maximal activating solution (pCa 4.0) until a stable force was recorded. A slack
test was then conducted to determine the maximum velocity of unloaded shortening of
skinned fibers (also termed \V0).28 For the slack test, the fiber was allowed to shorten by a
series of 5 incremental length changes, typically 10% to 15% of resting length for up to 3.0
seconds' duration, after which resting length was restored. For each length change (AL), the
time it took the fiber to shorten and just redevelop force (AT) was measured. The graph of
AL versus AT was fitted with a straight line by least squares regression, and VO was taken as
the slope of this line (Fig 1). Data with an r2 value greater than 0.98 were rejected.
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Electrophoresis

Physiology

Using whole muscle and single fiber samples from external oblique and vastus muscle
biopsy specimens, we were able to establish MHC control standards for type I, 1A, and 11X
isoforms (Fig 2). The fastest-migrating band on gels stained positively for the type |
antibody (BA-F8). but was negative for all of the fast antibodies on slot blots. The
intermediately migrating band on gels stained positively for the type I1A antibody (SC-71)
and the general fast antibody (MY-32), but not the 11B antibody (BF-F3). The slowest-
migrating band stained positively only for the general fast antibody. Thus, electrophoretic
standards whose relative mobilities correspond to protein species | > 1A > 11X were then
used to identify MHC isoforms from whole muscle and single fiber preparations in the TA
and PCA muscles. Whole muscle TA and PCA samples contained variable amounts and
types of MHC isoforms. Some biopsy samples contained only variable amounts of the
typical isoforms I, 1A, and 11X, but others contained 2 additional fast-migrating bands (Fig
3). Given evidence from animal studies of additional myosin isoforms present in some
species, we also investigated the pattern of isoform banding from human inferior oblique
(extraocular) muscle, fetal muscle, and atrium (cardiac) muscle. The inferior oblique muscle
contained type I, 1A, and 11X MHCs, but 3 additional fast-migrating bands were also
present. The band with a migration speed slightly faster than that of type | comigrated with
the neonatal MHC from fetal muscle. The additional 2 bands comigrated with the additional
bands seen in laryngeal muscle. The a-MHC band from the atrial sample migrated between
the type 11X and 1A bands, and was not detected in any of the skeletal muscle samples.

We determined both the VO (using the slack-test method) and the MHC isoform content
(using glycerol-SDS-PAGE) for 38 control fibers, 28 PCA fibers, and 29 TA fibers. The
vastus, tibialis, and external oblique fiber physiology results were grouped together as
control data to determine whether the results of our techniques were similar to those of
previous reports of VO in human skeletal muscle. The VO values for fibers that
homogeneously expressed MHC in control muscles were (in muscle lengths per second)
type I, 0.508 + 0.089 (mean + SEM, n = 18); type I1A, 0.783 £ 0.072 (n = 10): and type 11X,
2.218 (n = 1; see Table and Fig 4). Fibers with heterogeneous myosin expression were
grouped together, producing a VO value of 0.726 £+ 0.127 (n = 9). These results were
comparable in 2 respects to those of previous reports on human skeletal muscles.2> The VO
generally increased in homogeneous fibers in the order I, I1A, 11X. Second, the speed of
shortening in hybrid fibers correlated with the type and amount of MHC as determined by
glycerol-SDS-PAGE and densitometry. In the PCA muscle, type | fibers had V0 values of
0.491 + 0.056 (n = 23), and type IA, 1.255 (n = 2). Fibers with heterogeneous myosin
expression in the PCA muscle had a V0 value of 2.898 + 1.45 (n = 3). In the TA muscle, the
V0 values for fibers that homogeneously expressed MHC were type I, 0.787 + 0.115 (n = 3);
type 1A, 0.851 + 0.39 (n = 6); and type 11X, 1.36 + 0.729 (n = 3). Fibers heterogeneous for
MHC expression had a VO value of 1.140 + 0.28 (n = 17; Fig 4).

DISCUSSION

In this study, we present preliminary evidence that the VO in single chemically skinned
fibers from human PCA and TA muscles spans a wide range of speeds. Type I, l1A, and 11X
laryngeal fibers were comparable in VO to control fibers from human limb muscle. Some of
the laryngeal fibers, however, shortened nearly twice as rapidly as their counterparts from
fast-contracting limb muscle. The fastest-contracting fibers from laryngeal muscle always
had heterogeneous MHC expression. To our knowledge, this is the first examination of the
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physiological properties of individual skeletal fibers dissected from human laryngeal
muscles.

Myosin Expression in Human Laryngeal Muscle

Ten MHC isoforms have been identified in mammalian muscle, which may be subdivided
into the following groups: 1) developmental isoforms (embryonic and neonatal); 2) slow
isoforms (I or slow twitch contraction, and tonic or slow tonic contraction); 3) fast isoforms
(A, 1B, and 11X); 4) very fast cranial isoforms (I11M in masticatory muscles and EOM in
extraocular and laryngeal muscles); and 5) cardiac isoforms (a and B; p is the same isoform
as type | in skeletal muscle; for a general review, see Schiaffino and Reggianid). All of these
isoforms have been identified in human skeletal muscle, with the exception of type 11B.
Fibers formally classified as 11B with myofibrillar ATPase histochemistry have more
recently been determined to contain a homolog of the type 11X protein isoform, rather than
11B.27 Although 11B protein has not as yet been positively identified in human muscle, the
MHC-11B gene has been sequenced?® — a finding suggesting that a gene message may be
present.

The first reports on myosin expression in human laryngeal muscle were based on
histochemical fiber typing, which described differences in type | versus type Il fiber
populations. Most of these reports concluded that TA muscle contains the most fast fibers
(about 65%) and that the PCA muscle contains roughly equivalent proportions of type | and
type 11 fibers.2930 A recent histochemical report confirms these earlier results on human TA
muscle.3! Immunohistochemical identification of myosin isoforms has only recently been
investigated, and shows that antibodies reactive for type | MHC, general fast type |1
MHCs,32 tonic MHCs,2! and neonatal MHC do react with fibers in human TA muscles. The
neonatal MHC is thought to be expressed in regenerating fibers associated with age-related
muscle changes,33 rather than as part of normal protein expression. A comprehensive
immunohistochemical and histochemical fiber type classification scheme on TA and other
human laryngeal muscles has yet to be developed.

Biochemical isolation of MHC isoforms by electrophoresis is made possible by modifying
the SDS-PAGE technique. By variation of the proportions of acrylamide and bisacrylamide
and addition of glycerol to the gel, isoforms of myosin were shown to be separated by
properties other than molecular weight.34 Although not yet directly tested, this technique
most likely relies on variations in post-transcriptional modifications such as protein
glycosylation. Since this separation is not based on protein weight, MHC migration speeds
relative to each other sometimes vary by species rather than by isoform. For example, in
rats, 1A and 11X isoforms do not always separate from each other,” but in humans, 1A and
11X isoforms are consistently resolved as distinct bands.22 Hence, it may not always be
possible to determine isoform identity by comparing the myosin banding pattern in one
species to that in another. In rats, EOM can be separated from other fast MHC isoforms in
the extrinsic eye muscles and laryngeal muscles.” In addition to this present study, 3 reports
have described MHC banding by glycerol-SDS-PAGE in humans. One of these reports
identifies only type I, 1A, and 11X isoforms.12 The 2 other reports have identified an
additional myosin band that has yet to be positively identified.13.14

The samples from human PCA and TA muscles analyzed here contained either 1 or 2
additional MHC bands that, in comparison to whole muscle homogenates of limb control
muscle samples, were not type I, lIA, or 11X isoforms. Homogenates from human atrium,
known to contain a MHC, and from fetal muscle, known to contain neonatal MHC, were
also investigated to determine whether the additional bands in laryngeal muscle were these
isoforms. The a isoform consistently migrated intermediately between the 1A and 11X
bands, and the neonatal isoform migrated slightly faster than the type I band. The additional
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protein species in human laryngeal muscle did not comigrate with a or neonatal MHC. Since
extraocular muscle is thought to express at least 6 MHC genes,3® samples of human inferior
obliqgue muscle were obtained. The extraocular muscle contained types I, 11A, and 11X, as
found in control limb muscle, and neonatal MHC, as found in fetal muscle. Two additional
bands in extraocular muscle comigrated with the additional bands seen in laryngeal muscle.
From our control data, we excluded type 11X, a, I1A, I, and neonatal MHCs, and suggest that
one of these additional bands is human EOM and the other is either tonic or embryonic
MHC.

VO and MHC Composition

The shortening speeds of limb muscle fibers were obtained to compare the results of our
slack test protocol to those previously reported for human muscle. In a study that included
relatively large numbers of soleus and quadriceps fibers, type I, 1A, and 11X fibers had
respective shortening speeds of 0.3, 1.0, and 3.1 muscle lengths per second.2> The range of
speeds for these fibers was inclusive of the mean data of our results for I, 1A, and 11X fibers
(0.508, 0.783, and 2.218 muscle lengths per second, respectively) from human vastus,
triceps, and external oblique muscles. Also, as reported previously, the shortening speed of
chemically skinned fibers correlated to the type of MHC isoform present. Type I, I1A, and
11X fibers from TA and PCA muscles also had shortening speeds within the anticipated
range for human limb fibers. Some of the fibers with heterogeneous expression of MHCs,
however, had unusually fast contraction times, approaching twice the speed of fast-
contracting type 1l fibers. These fibers were identified in both the TA and PCA muscles
sampled. Gels from these fibers showed only type I, l1lA, and 11X MHCs, and not the
additional bands found in whole muscle homogenates of PCA and TA muscles. Why some
fibers that heterogeneously express MHCs from TA and PCA muscles have unusually fast
shortening speeds remains to be determined. Extraocular muscle fibers with comparably fast
contraction speeds are known to coexpress EOM along with other isoforms. Our
heterogeneous fibers may have small amounts of EOM that are beyond the limits of
detection with the glycerol-SDS-PAGE technique. Another possible explanation for fast
shortening speeds may be that factors other than MHC composition affect these properties.
Further descriptions of cellular kinetics in relation to the type and amount of contractile and
regulatory proteins are necessary in order for us to understand how physiological activity is
determined in laryngeal fibers. Ultimately, direct assessment of cellular activity should be
compared to indirect clinical assessments of human laryngeal muscle function, to elucidate
further the functioning of this organ. The findings in this study of diverse laryngeal muscle
fiber types (and varying contraction speed) could be explained by review of the muscle
activities and functions of the larynx. Laryngeal functions involve voice, respiration, and
swallowing. Respiratory activities of the larynx require periodic, frequent rapid firing of the
PCA muscle to abduct the vocal folds. This muscle activity is probably quite similar to the
TA muscle activities during initiation and variation of speech and singing (rapid muscle
contraction). However, laryngeal muscle activities also require constant and prolonged
muscle contraction, notably during sustained phonation (both TA and PCA muscles).

Preliminary investigations of the individual laryngeal muscles and their activities have found
that there are different subgroups of laryngeal muscles with unique functions. This
specialization is most recognized in the PCA muscle. There are 2 bellies of the PCA muscle:
horizontal and vertical. The former appears to be involved in vocal fold abduction for
respiration, and the latter in maintenance of vocal fold tone, bulk, and possibly lengthening.
There have been similar anatomic and functional subcompartments proposed for the TA
muscle.36 Given the disparate findings of the muscle fiber types and properties found in this
study, we hypothesize that our random muscle sampling involved different areas of the
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laryngeal muscles under investigation. Future studies are planned that would use a reliable
method of muscle harvesting from similar subregions of the TA and PCA muscles.
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Fig 1.

Dgtermination of unloaded shortening velocity (\VV0) in skinned skeletal muscle fibers by
slack test protocol. A) During maximal activation of fiber, series of step reductions in length
were performed (superimposed). B) Shortening times necessary for fiber to remove stack
were measured (superimposed). mN — millinewtons. C) Slope of relationship between
length change and shortening time determined VO in muscle lengths (ML) per second.
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Fig 2.

Identification of myosin heavy chain isoforms present in human limb muscle, from whole
muscle biopsy homogenates and single fibers. A) Mobilities of proteins from biopsy
homogenate of external oblique (lane 1) corresponded to type I, 1A, and 11X isoforms from
single fibers that expressed only 1 MHC (lanes 2, 3, and 4). B) Identification of MHC
isoforms from standard single fibers were confirmed in immunologic slot blots by means of
BA-F8 (anti-type 1), MY-32 (general anti-fast), SC-71 (anti-type I1A), and BF-F3 (anti—
type 11B) antibodies. No antigenic activity for 1I1B antibodies was detected in single fibers.
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Fig 3.

Glycerol-sodium dodecyl sulfate—polyacrylamide gel electrophoresis of whole muscle
biopsy homogenates of human tibialis, atria, fetal, extraocular (EO), thyroarytenoid (TA),
and posterior cricoarytenoid (PCA) muscles. Relative mobilities of known protein species
were neonatal > | > [1A > a-cardiac > 11X. Two additional bands (labeled MHCa and
MHCDb) were always present in EO muscle and sometimes present in TA and PCA muscles.
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Fig4.
Shortening speed assessed by grouping fibers according to muscle and fiber type. Het. —
heterogeneous.
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FIBER UNLOADED SHORTENING VELOCITY

Fiber Type Control Muscle PCA Muscle  TA Muscle

| 0.508 + 0.089 0.491+0.056 0.787 +0.115

(18) (23) (©)

1A 0.783 £ 0.072 1.255 0.851+0.39
(10) @ ()

11X 2.218 1.360 + 0.729
()] ©)]

Heterogeneous 0.726 + 0.127 2.898 + 1.45 1.140+0.28
9) ®) 17

Data are mean = SEM (n in parentheses).

PCA — posterior cricoarytenoid, TA — thyroarytenoid.
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