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glycoprotein and/or glycolipid were significantly altered
compared to that of an oligosaccharide free in solution.
Clearly, further explorations of the peculiarities of the ther-
modynamics of protein—sugar binding at the cell surface are
required.
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Incorporation of 6-Carboxyfluorescein into Myosin Subfragment 1°
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ABSTRACT: We describe for the first time the introduction of a label into the “50K” domain of myosin
subfragment 1 (S-1), and we investigate the properties of this fluorescent modification in relation to the
ATPase and actin-binding activities, both residing in the myosin head. The labeling consists of a major
incorporation of 6-carboxyfluorescein into the “SOK” domain of S-1. Using different conditions for tryptic
digestion that allowed a fragmentation of the “50K” domain with a loss of 5 kilodaltons (kDa) leading to
a final product of 45 kDa, we have shown that the fluorescent dye remains in the 45-kDa final product.
By studying cross-linking as a function of time, we have demonstrated that the “SOK” domain and the 45-kDa
fluorescent peptide are equally cross-linkable to actin. We have also investigated the KYEDTA-, Ca?*-,
Mg?*-, and actin-activated ATPase activities of this modified S-1 and after purification observed no enzymatic

changes.

It was suggested early on (Kassab et al., 1981; Sutoh, 1982)
that in the formation of the rigor complex there are contacts
between actin and the “20K” region of myosin subfragment
1 (S-1)! and between actin and the “5S0K” region of S-1. This
circumstance could arise if S-1 could bind simultaneously to
two different actins, and indeed some structural reconstructions
(Amos et al., 1982) have adopted this interpretation. However,
the circumstance could also arise if, as suggested by Sutoh
(1983) {see Heaphy & Tregear (1984) and Greene (1984) for

*This work was supported by Grant HL-16683 and a postdoctoral
fellowship of the Muscular Dystrophy Association to D.M.
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recent confirmation], the same (one) actin can bind to the
“20K” and “50K” regions. The electrophoretic band corre-

! Abbreviations: S-1, chymotryptic subfragment 1 of myosin; EDC,
1-ethyl-3-{3-(dimethylamino)propyl]carbodiimide; MES, 2-(N-
morpholino)ethanesulfonic acid; TES, N-[tris(hydroxymethyl)methyl]-
2-aminoethanesulfonic acid; ADP, adenosine 5’-diphosphate; ATP,
adenosine 5’-triphosphate; kDa, kilodaiton(s); EDTA, ethylenediamine-
tetraacetic acid; 1,5-IAEDANS, N-(iodoacetyl)-N’-(5-sulfo-1-
naphthyl)ethylenediamine; PAGE, polyacrylamide gel electrophoresis;
NaDodSO,, sodium dodecyl sulfate; TPCK, L-1-(tosylamido)-2-
phenylethyl chloromethyl ketone; Tris-HCI, tris(hydroxymethyl)amino-
methane hydrochloride.
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sponding to this putative “27K”-“50K "—actin-“20K” complex,
however, has the unexpected molecular weight of 180K.
Moreover, while it is possible to label Cys-374 of actin, and
the most reactive thiol of “20K” [Takashi et al., 1975; Duke
et al., 1976; see Tong & Elzinga (1983) for numeration], and
to show that these fluorescences are imparted to the 180-kDa
band, there has been no label with which to do the analogous
experiment using the “50K” region. The inability to label the
“50K” region of S-1 has also hindered various analogous in-
vestigations that have been accomplished with “20K” and
“27K”? (Duke et al., 1976; Mornet et al., 1980).

In this paper, we describe conditions under which 6-
carboxyfluorescein can be used to label S-1 in such a way that
only its 95-kDa heavy chain (and not its light chains) is labeled.
This modification leaves all the ATPase activities unchanged.
Limited trypsinolysis reveals that the label is mainly on the
“50K” region of the heavy chain. By cross-linking such a
labeled and trypsinolyzed heavy chain to actin, it has been
possible to show that the fluorescence of “50K” is imparted
to an electrophoretic band corresponding to the union of one
actin and one “50K”, i.e., to 95 kDa. Previously, we had shown
(Mornet et al., 1981a,b) that the fluorescence of “20K” was
imparted to an electrophoretic band corresponding to the union
of one actin and one “20K”, i.e., to 62 kDa. In neither case
was fluorescence imparted to a band corresponding to the
union of actin and both “20K” and “SOK”. The
“superactivated” MgATPase of the cross-linked complex of
actin and trypsin-split S-1 was the same as that of actin and
S-1. The 45-kDa fragment obtained by further proteolysis
of “50K” retained the carboxyfluorescein label, and cross-
linking a mixture of 45-kDa and “50K” peptides generated
a fluorescent doublet of 95 and 90 kDa. Since the 5-kDa loss
is suffered by the C-terminus of “50K”? (Labbé et al., 1984),
we concluded that the 45-kDa peptide has an intact actin-
binding site. We therefore agree with Sutoh (1983) that in
the linear sequence sense the two binding sites of S-1 for actin
are separated by at least 5 kDa.

In summary, we have demonstrated more clearly than was
previously possible that in the linear sequence of S-1 heavy
chain there are two stretches, one on “20K” and one on “50K”,
that bind to actin. Our work was not directed at distinguishing
whether these two stretches bind to the same or to different
actins; however, if it is the former, then it is probable that the
actin monomer binds first to one stretch and then to the other
(Chen et al., 1984), because if they could bind simultaneously
we should have detected a covalent union of both “20K” and
“50K” with actin.

MATERIALS AND METHODS

Subfragment 1 and F-Actin Preparation. Rabbit skeletal
myosin was prepared according to Offer et al. (1973). Sub-
fragment 1 (S-1) was prepared by digestion of myosin fila-
ments with Worthington a-chymotrypsin (Weeds & Taylor,
1975) and purified on Sephacryl S-200. Elution was in 0.05

2 420K”, “27K”, and “SOK” refer to the molecular weights of peptides
obtained by trypsinolysis of S-1. Recently, Tong & Elzinga (1983), on
the basis of sequence analysis, have reported a molecular weight of 23K
for the peptide corresponding to “27K”. However, this peptide is easily
degraded, and at this writing, it is not clear that the sequenced peptide
would have had a molecular weight of 27K. For this reason, we continue
to use the operational designations “20K”, “50K”, and “27K”.

3 Labbé et al. studied the N-terminal sequence of the 45-kDa peptide,
viz., Met-GlIn-Gly-Thr-Leu..., and found that it agreed (for the first 20
residues) with the N-terminal sequence of the 50-kDa peptide previously
described by Chaussepied et al. (1983). From this, it follows that the
50-kDa peptide must be degraded from its C-terminus.
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M Tris-HCI buffer (pH 7.5) containing 0.1 mM sodium azide.
Rabbit skeletal muscle F-actin was prepared as in Eisenberg
& Kielley (1974) and labeled with 1,5-IAEDANS as described
in Takashi et al. (1976).

Tryptic Fragmentation of S-1. Limited cleavage by trypsin
was performed at 25 °C in 0.05 M Tris-HCI buffer (pH 8)
using a molar ratio of 1/25 for trypsin/S-1 (Mornet et al.,
1981c).

In the presence of nucleotide (5 mM Mg?"ATP), the molar
ratio of trypsin/S-1 was increased to 1/5 as described in
Hozumi (1983).

Concentrations were estimated by using A}%l™ = 7.5
(Wagner & Weeds, 1977) for the native S-1 or split S-1 and
ALBlm = 11,0 (West et al., 1967) for F-actin.

K*EDTA-, Ca**-, Mg**-, or Actin-Activated ATPase Ac-
tivities. These ATPase activities were measured as described
in Mornet et al. (1977) at 25 °C, in 0.05 M Tris buffer at pH
8.

Polyacrylamide Gel Electrophoresis (PAGE). At different
digestion times, aliquots were taken and applied to NaDod-
SO,PAGE, using slab gel electrophoresis (5-18% gradient
acrylamide) in a 50 mM Tris/100 mM boric acid buffer
system (Mornet et al., 1981b).

Cross-Linking of the F-Actin-Split S-1 Complex. The
zero-length cross-link promoter water-soluble carbodiimide
(EDC) was added as a solid, to a final concentration of 15
mM, to various mixtures of split S-1 and actin. A 0.1 M MES
buffer (pH 6) was used, and the condensation reactions were
followed during the first 20 min at 25 °C. A F-actin/split
S-1 molar ratio of 2/1 was always used.

Excited-State Lifetime Measurements. These measure-
ments were obtained on a pulsed single-photon counting in-
strument, with a nanosecond flashlamp, optical activity, and
photomultiplier tube supplied by PRA, Inc. Data collection
electronics were essentially as described by Mendelson et al.
(1975).

Deconvolution from the finite-width lamp pulse was ac-
complished by using an iterative reconvolution nonlinear
least-square analysis; the computer programs used were a gift
from Prof. L. Brand.

Quenching Experiments. All experiments were at 4 °C. For
each data point, S-1 at 80 uM was brought to the desired
acrylamide concentration by adding a concentrated stock so-
lution. We then measured the steady-state intensity and then
the intensity decay curve as described in Torgerson (1984) and
in Ando et al. (1982).

Chemicals. ECD was from Sigma, TPCK-trypsin and
soybean trypsin inhibitor (STI) were from Worthington, Se-
phacryl S-200 was from Pharmacia (Uppsala), and 6-
carboxyfluorescein was from Eastman (Kodak). All other
chemicals were analytical grade.

RESULTS

Subfragment | Labeling Conditions. Because, like Yam-
amoto & Sekine (1983), we found that under certain condi-
tions there is very little EDC cross-linking of light chain 1 and
heavy chain (to form a 120-kDa band), we used these con-
ditions for labeling S-1 with carboxyfluorescein: A 100-fold
molar excess of 6-carboxyfluorescein in 0.1 M MES buffer
(pH 6.0) is added to 50 uM S-1. Labeled S-1 is obtained only
after addition of EDC as a powder (1 mg/mL) and exposure
for 15 min (without EDC, even after overnight contact, the
mixture of S-1 and 6-carboxyfluorescein does not give labeled
S-1). We stopped the labeling reaction by adding an excess
of B-mercaptoethanol. Free carboxyfluorescein was first re-
moved by specifically precipitating the S-1 with saturated
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ammonium sulfate to 60% and adjusting the pH to 7.0. The
resulting pellet was easily resuspended in 50 mM Tris-HCI
buffer, pH 8.0, thus attaining an S-1 concentration of 10
mg/mL. Finally, the solution was passed through a Sephadex
G-25 column equilibrated in the same buffer. This modified
S-1 was dialyzed overnight in the same buffer containing 0.1
mM sodium azide; it was then centrifuged at 15000 rpm for
15 min in a Sorvall centrifuge. Finally, the solution was
filtered through a S-200 Sephacryl column. The labeled S-1
(yellow) was concentrated to 10 mg/mL on an XM50 Amicon
membrane.

Fluorescence Properties of 6-Carboxyfluorescein Attached
to S§-1. The absorption spectrum of bound 6-carboxy-
fluorescein has a maximum at 498 nm, and the emission
spectrum has a maximum at 520 nm as expected from
fluorescein derivatives in general (Mercola et al., 1972; Bab-
cock & Kramp, 1983). The fluorescence intensity of the
6-carboxyfluorescein attached to S-1 doubles as the pH is
increased between pH 6.0 and 9.0; for this reason, we have
measured the fluorescence of 6-carboxyfluorescein at pH 8.5
or pH 9.0, as recommended for a different fluorescein deriv-
ative of S-1 [IAF on the “20K” domain; see Takashi (1979)].
The amount of dye introduced into S-1 was estimated from
the absorption spectrum (Babcock & Kramp, 1983) of the
labeled S-1 in 4.8 M guanidinium chloride (pH 9.0); it was
n = 1.5 £ 0.2. Measuring the stoichiometry does not tell
whether we have labeled one specific residue preferentially or
are averaging over several comparably labeled residues. The
excited-state lifetimes of the modified S-1 were 4.41 ns for
S-1 alone and 4.38 ns when it was complexed with actin; i.e.,
they are the same within experimental error. We have also
prepared a covalent acto-S-1 complex using EDC as the
cross-linking agent. After the reaction was stopped with an
excess of B-mercaptoethanol, the lifetime measurement of this
very viscous solution was also approximately the same, 4.46
ns.

Using acrylamide concentrations ranging from 0.1 to 0.5
M, we studied the quenching of the fluorescence of a 6-car-
boxyfluorescein-modified S-1 in comparison with the
quenching of the fluorescence of a 6-carboxyfluorescein-
modified S-1-F-actin complex. Under our conditions (50 mM
Tris buffer, pH 7.5), a difference of only 10% in quenching
was found.

ATPase Activities of 6-Carboxyfluorescein-Modified S-1.
During the modification and after concentration in the Diaflow
apparatus, we monitored the various ATP activities of the
6-carboxyfluorescein fluorescent S-1, using as a standard a
native S-1 which had been exposed to the same EDC con-
centration and the same purification procedure. We conclude
that this modification does not affect the K*EDTA, Ca?*, or
Mg?* ATPase activities.

Tryptic Cleavage of 6-Carboxyfluorescein-Modified S-1.
We first studied the limited cleavage of labeled S-1 by trypsin
(Figure 1A). The fluorescence which was originally only in
the 95-kDa heavy chain of the S-1 (no fluorescence was de-
tectable in the alkali light chain) progressively appears in a
75-kDa fragment and finally mainly in the “50K” domain.
Fluorescence at the regular position of the “20K” domain,
however, suggests that the dye is also slightly incorporated into
the “20K” domain. After Coomassie blue staining (Figure 1B),
the time course of the trypsinolysis of labeled S-1 shows
progressive conversion of the 95-kDa heavy chain into three
main domains, in the same two-step process observed with
native S-1 (Mornet et al., 1984). The positions of the regular
“50K”, “27K”, and “20K” domains are given in the gel.
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FIGURE 1: Correlation between trypsin cleavage of fluorescein-labeled

S-1 and identification of the fragments: (A) gel viewed under ul-
traviolet light; (B) gel stained with Coomassie blue.
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FIGURE 2: Time course of Mg** ADP-modulated tryptic cleavage of
6-carboxyfluorescein-labeled S-1: (A) gel viewed under UV light;
(B) gel stained with Coomassie blue.

Comparison of panels A and B of Figure 1 shows that even
though there is a slight fluorescence in the “27K” and “20K”
domains, the bulk of the dye is introduced into the “50K”
domain.

In a second experiment, we submitted the labeled S-1 to
trypsin cleavage, using a trypsin/S-1 molar ratio of 1/5 in the
presence of 5 mM Mg?*ATP. In this case, there is the pos-
sibility of making two additional cleavages on the heavy chain:
the conversion of the “27K” domain into a 22-kDa fragment
and the degradation of the “50K” domain into a 45-kDa
fragment (Hozumi, 1983); the latter was our principal interest.
6-Carboxyfluorescein-labeled S-1 undergoes the same
MgATP-induced conformational change as native S-1. This
change opens up a small stretch of polypeptide chain to trypsin.
The resulting 50-kDa—45-kDa degradation can now be fol-
lowed by fluorescence (Figure 2A) as well as Coomassie blue
staining (Figure 2B).
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FIGURE 3: Time course of the cross-linked process between actin and
different 6-carboxyfluorescein-split S-1’s: (A) gel viewed under UV
light; (B) gel stained with Coomassie blue. The different wells
correspond to the following: (b) acto-split S-1 complex in which the
“SOK™ domain is fluorescent (c, d, and y or Y) as a result of the EDC
cross-linking process in the presence of F-actin after 5, 10, and 15
min, respectively; (e) acto-split S-1 complex in which the “S0K” domain
and its 45-kDa fragment are fluorescent; (f, g, and z or Z) result of
the EDC cross-linking process in the presence of F-actin after 5, 10,
and 15 min, respectively.

As a control for actin binding, we tested the protective effect
of bound F-actin on the 6-carboxyfluorescein-modified S-1-
F-actin complex during limited tryptic cleavage with a molar
trypsin/S-1 ratio of 1/20. Good protection of the 50-kDa—
20-kDa junction (not shown) was obtained. No “50K”
fluorescent domain appears during the first 15 min of the
cleavage, and we can easily follow the conversion of the 95-kDa
fluorescent heavy chain into a stable 70-kDa fluorescent
fragment as already known when native S-1 is used (Mornet
et al., 1979).

Cross-Linking Experiments. As before (Kassab et al., 1981;
Sutoh, 1982), we used the water-soluble carbodiimide EDC
to obtain specific cross-links in the presence of F-actin. In the
case of the 6-carboxyfluorescein-labeled S-1, a new fluorescent
product of about 180 kDa appears (not shown) as the doublet
shown previously with native S-1 (Mornet et al., 1981b).
According to Sutoh (1983), this doublet can be explained as
a covalent complex [of one actin (43 kDa) and one S-1 (95
kDa)] that migrates anomalously (this complex would have
a molecular weight of 138 K on the basis of the molecular
weight addition of the two constituents). The doublet was
thought to arise from a cross-link of the actin with the “20K”
domain (175-kDa product) or with the “5S0K” domain (185-
kDa product) of S-1 (Sutoh, 1983).

More specifically, we have studied the cross-linking process
occurring between F-actin and the two kinds of split S-1: a
“27TK™-“50K"—“20K” split S-1 with its “S0K” domain made
fluorescent and a “22K"-*50K”, “45K"“20K” split S-1 with
its “50K” domain and also its 45-kDa fragmented piece made
fluorescent. As shown in Figure 3A (first four wells), when
the fluorescent 50-kDa product is present there mainly appears
a new fluorescent 95-kDa product, and (last four wells) when
the fluorescent mixture of 50 and 45 kDa is present, there
appear two new fluorescent 95- and 90-kDa bands. The
slightly fluorescent “20K” domain cross-linked to actin also
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appears as a fluorescent 62-kDa product in both samples. In
Figure 3B, only the resulting cross-linked products are stained
with Coomassie blue, so we can easily follow the parallel
formation of the condensates: 95 and 62 kDa, or the 95/90-
kDa doublet and 62 kDa. In a different set of experiments,
we used exactly the same conditions, but the two kinds of split
S-1 were unmodified, and the fluorescence originated in the
F-actin [modification of Cys-374 by 1,5-IAEDANS as de-
scribed in Takashi (1979)]. Then, as shown in Figure 4, we
could identify the same new products in the Coomassie blue
pattern, enabling the following conclusions: (i) The 95-kDa
fluorescent product contained fluorescent actin and therefore
was a covalently linked “5S0K” domain and one actin monomer.
(ii) The 90-kDa fluorescent product also contained actin and
therefore was a covalently linked 45-kDa fragment and one
actin monomer. (iii) The fluorescent 62-kDa product was as
already described by Kassab et al. (1981) and by Sutoh (1982),
a covalently linked “20K” domain and one actin monomer.

Although the fluorescence was clearly incorporated into the
50- and 45-kDa peptides, it was difficult to show the expected
(on the basis of Coomassie blue staining) transfer for
fluorescence into the cross-linked complexes. The fluorescence
intensity of these new complexes was very low after cross-
linking. We found that when EDC is added to a mixture of
actin and 6-carboxyfluorescein-modified S-1, the fluorescence
emission spectrum is reduced by 50%. Also, when EDC is
added progressively to a solution of 6-carboxyfluorescein, in
the absence of protein, there is a progressive loss of emission
and a precipitation. Possibly EDC directly attacks the
fluorescein rings, thus quenching emission and promoting
polymerization; however, there may be other equally plausible
explanations of this phenomenon.

Relationship between Actin Cross-Linking and Mg**-
ATPase Activity. In these experiments, we have correlated
the Mg?*ATPase activity of covalent acto-S-1 complexes with
the cross-linking process. The ability of S-1 covalently com-
plexed to actin to hydrolyze ATP at a rate as high as that
which would occur in the presence of an infinite actin con-
centration has already been described (Mornet et al., 1981b;
Stein et al., 1983). Also, severing the 50-kDa—-20-kDa junction
was shown to produce a loss of actin activation at constant
actin concentration (Mornet et al., 1979) because of a loss of
actin affinity for split S-1 (Botts et al., 1982). Figure 5 shows
that “split S-1” as well as S-1 attains the same stimulated
ATPase activity. '

DISCUSSION

This work introduces the idea of “cross-linking” carboxy-
fluorescein to S-1 in much the same way as actin has been
cross-linked to S-1, viz., by using EDC (Mornet et al., 1981a).
Because activated EDC is targeted to amino groups, we had
hoped that the labeling sites would be either of the following:
First, there was the possibility of obtaining a label on the S-1
molecule at the actin-binding site, and probably inhibiting the
recognition of actin by S-1. However, from the continuing
actin protection against the trypsin cut at the 50-kDa-20-kDa
junction, from the continuing possibility of covalently cross-
linking S-1 or split S-1 with actin, and from the unchanged
lifetime measurements, we conclude that there is no label in
or near the actin-binding site. Second, there was the possibility
of labeling various other lysine targets, viz., the 27-kDa—-50-
kDa and the 50-kDa—20-kDa junctions, or lysine-83 (Tong &
Elzinga, 1983) which is on the “27K” and whose modification
affects ATPase. All these targets are known to be easily
accessible. However, from the unchanged pattern and kinetics
of the trypsinolyis of modified S-1, no label seems to be in-
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under UV light; (B) gel stained with Coomassie blue. The different wells correspond to the following: (a) actin after 15 min of EDC cross-linking;
(b) native split S-1 (“27K™-“50K"-“20K”) mixed with F-actin. (c or d) Split S-1 (“27K"-“50K”-“20K”)-actin complex after 15 min of EDC
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FIGURE 5: Comparative superactivation of the Mg?* ATPase of native
S-1 and split S-1 during covalent binding to the F-actin filament. (m)
Split S-1 activities; (@) native S-1 activities in the presence of 1.5
mM Mg ATP. Other conditions are described under Materials and
Methods.

corporated in the “connector regions”. Because ATPase ac-
tivities did not change on labeling, and because “27K” was not
made fluorescent, we concluded that Lys-83 also was unlabeled
by activated carboxyfluorescein.
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FIGURE 6: Scheme of the linear sequence of a three-domain heavy
chain of the S-1 molecule: (®) and (») represent the N-terminal
and C-terminal ends of each native segment. (O) and (&) represent
the N-terminal and C-terminal ends of new segments obtained by
additional trypsin cleavage. (M) and (w) represent the location of
the two different actin-binding sites in the S-1 molecule. The letters
X and Y do not imply an order of binding but only suggest two distinct
actin-binding sites. There is a possibility that a tertiary loop could
bring these two sites together to form a single binding site, as postulated
by Sutoh (1983). If this “loop” conformation is in rapid equilibrium
with a “straight” conformation, it is in principle possible either that
a single actin could bind (to the loop) or that two actins could bind
(to the straight conformation).

The same tests that excluded certain potential labeling sites
also demonstrated that a “S0K” fluorescent domain can be
covalently cross-linked to the actin filament. The 45-kDa
fragment, which also cross-links to actin, is formed after a loss
of 5 kDa from the C-terminal end of the “S0K” domain.

Several studies, including this one, show that S-1 touches
actin via both its 20- and its 50-kDa domains. However,
measurements of stoichiometry indicate that there is only one
actin cross-linked per S-1. These observations suggest that
the heavy chain may loop in such a way that parts of the 20-
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and 50-kDa domains (distant at least 5 kDa from each other)
come together around the same actin (Figure 6). Yet 20 and
50 kDa have somewhat independent characters. For example,
as just shown, EDC reveals both contacts, but dimethyl su-
berimidate reveals only the latter (Yamamoto & Sekine, 1979;
Labbé et al., 1982). More importantly, we have shown here
with EDC that while both 20-kDa-actin and 50-kDa-actin
unions are demonstrable, 20 kDa—actin—50 kDa is not. This
would be expected if the normal reaction pathway called for
making first one contact and then the other [cf. Chen et al.
(1984)] and if cross-linking did not alter the steady-state
concentrations of the two contacts (it must be remembered
that EDC complexes have approximately the same ATPase
as is obtained in the normal case using infinite actin concen-
tration). Being able to place a relatively selective label on the
“50K” domain is very important because it facilitates tracking
the reactions of the “50K”. Previously, it has only been sur-
mised (Yamamoto & Sekine, 1979; Mornet et al., 1981ab;
Labbé et al., 1982) that “S0K” can bind to actin on the basis
of finding a cross-linking product of 95 kDa that is fluorescent
if labeled actin has been used; it has been assumed that this
product is composed of 50 + 43 kDa. In experiments with
various cross-linking agents, however, an actin dimer manifests
itself as weighing from 85 to 103 kDa (Knight & Offer, 1978;
Mockrin & Korn, 1981; Oharra et al., 1982; Fowler et al.,
1984; Lehrer, 1981), thereby imperiling the foregoing inter-
pretation of the 95-kDa fragment. the uncertainty of inter-
pretation is totally removed in the present work, which shows
that 95 kDa can be fluorescent when either fluorescent actin
or fluorescent “SOK” has been used.

Until now, the “27K” N-terminal domain was seen as a
nucleotide-binding domain (Szilagy et al., 1979; Walker et al.,
1982; Okamoto & Yount, 1983) having some interactions with
the light chain (Labbg et al., 1981), and the “20K” C-terminal
domain was seen as an actin-binding domain (Mornet et al.,
1981a; Sutoh, 1981) also having some interactions with the
light chain (Labbé, 1982; Burke et al., 1983). Recently it was
reported that points on the “50K” domain are within 6-7 A
of the ATP-binding site (Mahmood et al., 1984). This suggests
that the “S0K” domain may be both a nucleotide-binding
domain and an actin-binding domain. This domain also bears
an essential carboxyl group (Korner et al., 1983). We an-
ticipate also that our placement of a fluorescent dye on this
domain will be helpful in the purification and renaturation of
this “SOK” domain (Muhlrad & Morales, 1984).

Another reaction has been followed with the help of this new
label. Using subtilisin cleavage, we have been able to obtain
among the degraded peptides of 50 kDa mainly one or two
strongly fluorescent fragments of 8-10 kDa. This result in-
dicates that our labeling is probably restricted to a rather small
area of the “50K” domain. However, it is left to a future
investigation to define the nature of the modified amino acid
residue and to locate that residue in the primary sequence.
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Effect of Tryptic Cleavage on the Stability of Myosin Subfragment 1. Isolation
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ABSTRACT: The procedure of thermal ion-exchange chromatography has been used to examine the effect
of prior tryptic cleavage on the stability of myosin subfragment 1 (SF1). Although it is found that digestion
does destabilize the subunit interactions at physiological temperatures, the heavy-chain subunit can be isolated
either as an equimolar complex comprised of 50K, 27K, and 21K fragments or as one comprised of 50K,
27K, and 18K peptides. Thus, the interactions within the heavy chain are considerably more stable than
those between the two subunits. Both forms of the free severed heavy chain exhibit ATPase properties similar
to those of the parent tryptic SF1. The ¥V, for the actin-activated MgATPase of the free severed heavy
chain is the same as that for both undigested and tryptic SF1(A2). Since its K, for actin is similar to that
of tryptic SF1{A2), it may be concluded that changes in the affinity of SF1 for actin induced by trypsin
[Botts, J., Muhlrad, A., Takashi, R., & Morales, M. F. (1982) Biochemistry 21, 6903-6905] are not
dependent on the presence of the associated alkali light chain. Furthermore, the communication between
the SH1 site and the ATPase site is also shown to be independent of the associated alkali light chain, and
it persists despite the cleavages present in the free heavy chain. Studies on the ability of these severed heavy
chains to reassociate with free A1 and A2 chains indicate that the binding site is retained in the 21K-severed

heavy chain but is lost in the 18K form.

’Ee subfragment 1 (SF1)! cross-bridge region of the myosin
molecule can be isolated as a stable complex comprised of a
95-kdalton polypeptide, representing the amino-terminal half
of a myosin heavy chain, together with a single alkali light
chain which exists in two chemically related forms called Al
and A2 (Yagi & Otani, 1974; Weeds & Taylor, 1975). Both
the 95K chain and its associated light chain are folded into
a very compact pear-shaped head which is approximately 190
A long and about 40 A at its widest point (Elliott & Offer,
1978). Within this head reside two distinct sites—an ATPase
site and an actin binding site—whose coupling appears to be
essential for contraction. The manner in which these sites
communicate with one another remains obscure in the absence
of detailed knowledge of the folded structure of the head, but
in recent years, significant gains in characterizing the topology
of SF1 have been made possible by the application of limited
proteolysis together with photoaffinity labeling and with lim-
ited cross-linking approaches.

Limited tryptic digestion of SF1 is confined primarily within
two small stretches of between 1 and 2 kilodaltons located at

*Supported by a grant from the National Institutes of Health (NS-
15319). Preliminary accounts of some aspects of this work have been
presented at the Biophysical Society Meeting, San Diego, CA, 1983.

'Present address: Department of Biological Sciences, Rutgers, State
University of New Jersey, Busch Campus, Pistcataway, NJ 08854,

about 75K (T1) and 27K (T2) from the amino-terminal end
of the heavy chain, and it gives rise to a stable tryptic SF1
complex comprised of the light chain and a severed heavy chain
consisting of three protease-insensitive peptides of 27K, 50K,
and 21K arranged in this order in the linear sequence (Balint
et al.,, 1975). Although the ATPase site has not been une-
quivocally characterized, it appears from photoaffinity labeling
that regions of the 27K (Szilagyi et al., 1979; Okamoto &
Yount, 1983) and 50K (Mahmood et al., 1984) segments are
involved here. The actin binding sites in the rigor acto-SF1
complex have been characterized by chemical cross-linking
and are located at the 21K and 50K segments, each of which
can bind to actin (Mornet et al., 1981a; Yamamoto & Sekine,
1979; Sutoh, 1982, 1983).

Functionally, cleavages at the T1 and T2 sites do not have
a significant effect on the ATPase properties of SF1 (Mornet

! Abbreviations: DEAE, diethylaminoethyl; SF1, SF1(Al), and
SF1(A2), myosin subfragment 1 and the Al- and A2-containing iso-
enzymes, respectively; Al and A2, two alkali light chains; T1 and T2,
two regions located at about 75 and 27 kilodaltons, respectively, from the
amino terminus of the heavy chain and which are vulnerable to tryptic
attack; HC, heavy chain of SF1; 18K-severed heavy chain and 21K-se-
vered heavy chain, 27K, 50K, and 18K and 27K, 50K, and 21K forms
of the fragmented heavy chain, respectively; EDTA, ethylenediamine-
tetraacetic acid; SDS, sodium dodecy! sulfate.
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