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ABSTRACT:. Each heavy chain of dimeric chick brain myosin V (BMV) has a neck domain consisting of
six I1Q motifs with different amino acid sequences. The six IQ motifs form binding sites for five calmodulin
(CaM) molecules and one essential light chain (either 17 or 23 kDa). When the calcium concentration is
high, a small fraction of the 10 total CaM molecules dissociates from one molecule of BMV, resulting in
loss of actin-based motor activity. At low €aconcentrations, two molecules of exogenous CaM associate
with one molecule of CaM-released BMV. This suggests that there is a single specific IQ motif responsible
for the calcium-induced dissociation of CaM. In this study, we identify the specific IQ motif to be 1Q2,
the second 1Q motif when counted from the N-terminal end of the neck domain. In addition, we showed
that the essential light chains do not reside on 1Q1 and IQ2. These findings were derived from proteolysis
of BMV at high C&" concentrations specifically at the neck region and SPAGE analyses of the
digests.

Myosin V is a double-headed molecular motor that  The motor activity of myosin V is regulated by €13,

functions as an organelle transporter in various cdis3) 16). At low C&* concentrations (pCa 7.0), myosin V has
and moves processively along actin tracks Myosin V's full motility, while at high C&" concentrations (pCa 6.0),
ATPase kinetics effectively account for the processivity ( it has no motility. At high C&" concentrations, CaM partially
7). The movement proceeds in 36 nm stefs 10), in a dissociates from the myosin V neck domaids 17, 18).
hand-over-hand fashioil, 12), with the two heads alternat- Initially, there was disagreement with regard to the potential
ing between the leading and trailing positions. relationship between CaM dissociation and loss of motor

Myosin V consists of two heavy chains and several light activity (16, 19), but it is now clear that dissociation of CaM
chains. The constituent light chains differ between chick greatly weakens the affinity of myosin V for actin, which
brain myosin V (BMV} and murine myosin V. In BMV, results in a loss of motor activity2().

each heavy chain is associated with five calmodulin (CaM) Part of the myosin V neck region that is exposed following
light chains, one essential light chain (ELC, either 23 or 17 CaM dissociation can be refilled with exogenous CaM at
kDa), and one 8 kDa light chain (identical to the 10 kDa |ow C&* concentrations4). Using exogenous Cy3-labeled
dynein light chain) {3, 14). In murine myosin V, thereisa  CaM, we previously observed that endogenous CaM that had
CaM molecule in place of the ELC7). The heavy chain  partially dissociated in a relatively high &aconcentration
has an 88 kDa head domain at the N-terminus, adjacent tosplution (pCa~ 5.0) was replaced with only 2.1 Cy3-labeled
a neck domain consisting of six 1Q motifs 6f24 amino  CaMs per BMV molecule4). This was recently confirmed
acids each5), which are the binding sites for CaM and by another group20). They estimated the number of Cy3-
ELC. Next to the neck domain is a coiled coil region that is |abeled CaM molecules associated with individual myosin
responsible for dimerization which forms a 30 nm stalk; a v molecules whose endogenous CaM had been substituted
globular tail domain lies at the end of the heavy chain.  with Cy3-labeled CaM at various €aconcentrations, using
a fluorescence microscope to quantify the number of pho-
T This study was supported by CREST/JST and a Grant-in-Aid for tobleaching steps. When pCa 5.6, almost all BMV
Basic Research (S) from the Ministry of Education, Culture, Sports, molecules had two associated Cy3-labeled CaMs, while a
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regulatory light chain; BMV, chick brain myosin V; PK, proteinase K;  we demonstrate the following novel findings. (1) At high
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is refilled with exogenous CaM at low €aconcentrations,

and the resulting reconstituted S-1 (reS-1) has motor activity.

Biochemistry

imidazole (pH 7.6), 200 mM NacCl, 2 mM Mgg&ll mM
EGTA, 1 mM 2-mercaptoethanol, and 2M PMSF] and 2

Then, we present analyses of the quantities of CaM in S-1 mM ATP. After the column was run with buffer B containing

and reS-1 and successfully identify the single specific 1Q
motif as 1Q2. This conclusion agrees with the previous
finding by Trybus et al. that 1Q2 is at least one of the sites
from which CaM dissociates in €a(16).

MATERIALS AND METHODS

Proteins BMV was prepared as previously describ2di)(
stored at 0C, and used within 10 days. Actin was prepared
from rabbit skeletal muscles and purified as previously
described 22). Bovine brain CaM, bovine serum albumin
(BSA, fraction V), and PK were purchased from Sigma-
Aldrich. Streptavidin and casein were obtained from Life
Technologies and Nacalai Tesque, respectively.

C&*-Induced Dissociation of CaM from BMVA BMV
sample (ca. 100 nM) in a Céafree solution [buffer A
containing 100 mM KCI, 20 mM imidazole (pH 7.6), 2 mM
MgCl,, 1 mM EGTA, and 2 mM 2-mercaptoethanol] was
divided into two aliquots. One was cosedimented with F-actin
(2 uM), and its pellet was subjected to SBBAGE with
five different loads to obtain a standard densityad curve.
The other was first incubated for 5 min at 26 in buffer A
and then incubated for 5 min at 2& in a C&"-containing
solution (buffer A containing 1.01 mM Cag! Bound and

ATP and then with buffer B without ATP, reS-1 was eluted
with a high-ionic strength solution (200 mM NacCl in buffer
B was replaced with 600 mM NacCl). The collected sample
was dialyzed against a low-ionic strength solution (200 mM
NacCl in buffer B was replaced with 25 mM KCI). BMV
heavy meromyosin (HMM; the C-terminal tail domain of
BMV is truncated) was prepared in the same way as S-1,
except that BMV was digested by PK in the absence éf Ca
HMM was purified by Q-Sepharose column chromatography
in the same way as reS-1.

CaM Labeling CaM (354M) was mixed with 7Q«:M Cy3
monofunctional N-hydroxysuccinimide ester (Amersham
Bioscience) or 15:M biotin-(ACs), sulfo-OSu (Dojindo
Laboratories) in a solution containing 0.3 M KCI, 20 mM
boric acid (pH 8.5), and 0.1 mM Cagand incubated for 1
h at 25°C. Following the addition of 5 mM dithiothreitol,
the samples were exhaustively dialyzed against buffer A to
remove unreacted Cy3 or biotin. The amount of incorporated
Cy3 was two molecules per CaM, with the amount of Cy3
determined from its absorbance at 550 n#gso(= 1.5 x
10° M~ cm™1) and CaM concentration determined by the
Lowry method. The amount of incorporated biotin was two
molecules per CaM, with a biotin concentration determined
as described previous|2?).

dissociated CaM were separated by cosedimentation (163000 gps-pAGE Slab-gel SDS PAGE was performed using

for 40 min) of BMV with F-actin (2uM). The pellet and
supernatant were subjected to SBFFAGE, and the ratio of

3% stacking gels and 8 to 16% linear-gradient separation
gels. Each sample (50.) to be examined was mixed with

dissociated to bound CaM was estimated from the standard25ﬂ|_ of a SDS-containing sample buffer [0.31 M Tris-HCI

density-load curve.

Digestion of BMV by Proteinase.®BMV was digested
with PK using PK:BMV ratios from 1:200 to 1:25 (w/w).
BMV (ca. 100 nM) was mixed with PK in buffer A with or
without 1.01 mM CaGland incubated for 10 min at Z%.
The reaction was quenched by the addition of 1N
phenylmethanesulfonyl fluoride (PMSF). The digests were
subsequently analyzed by SBBAGE. Actin-binding com-

(pH 6.8), 30% glycerol, 9.4% SDS, 31% 2-mercaptoethanol,
and 0.003% bromophenol blue]. After samples had been run,
the gels were stained with a silver staining solution and/or
Quick-CBB (Wako Chemicals). For analysis of band inten-
sity, the gels were stained with Quick-CBB alone. Biotin-
ylated CaM in the samples was detected using a property of
streptavidin, its persistence to SDS at even a high temperature
(25, 26). Each sample was mixed with SDS sample buffer

ponents in the samples were separated by cosedimentatiorand divided into two aliquots. One (30.) was mixed with

with F-actin (163009 for 40 min) and analyzed by SBS
PAGE.

Preparation of BMV S-1, reS-1, and HgaMeromyosin
BMV (ca. 100 nM) was digested with PK using a 1:40 ratio
(w/w) of PK to BMV for 10 min at 25°C in buffer A with
1.01 mM CaCl. After the reaction had been quenched with
the addition of 10uM PMSF, the sample was placed on
ice, mixed with 5uM F-actin and 2 mM EGTA, and
centrifuged at 2630@Pfor 40 min. The pellet was dissolved
in a high-ionic strength solution containing 20 mM imidazole
(pH 7.6), 600 mM NaCl, 2 mM MgG| 1 mM EGTA, and

streptavidin (7uM, 5 uL) and incubated for 10 min at 35
°C, and the other (3@L) was mixed with 5uL of water
and incubated for 10 min in boiling water. In the streptavidin-
mixed samples, biotinCaM species migrated in gels as a
complex with streptavidin. Each lane in the stained gels was
analyzed using analysis software developed in our lab.

In Vitro Actin Filament Sliding AssayThe assay with
intact BMV was performed as previously describdfl The
assay with reS-1 was performed as follows. A bietBSA
sample (1 mg/mL, 5@L) in buffer A was applied to a flow
cell (10-20uL) made from two nitrocellulose-coated cover

2 mM ATP, and the solution was centrifuged again. S-1 was slips and incubated for 3 min. After the sample had been
collected in the supernatant. In the preparation of reS-1, 1washed with buffer A, 5@L of casein (1 mg/mL in buffer
uM CaM or labeled CaM was added to the digested BMV A) was placed in the cell, incubated for 3 min, and washed
samples at the same time as F-actin and 2 mM EGTA. For with buffer A. Streptavidin (0.2 mg/mL, 30L) in buffer A
measurement of the motor activity of reS-1, the supernatantwas applied to the cell, incubated for 3 min, and washed
collected as reS-1 (biotinylated CaM was used) was further with buffer A. ReS-1 reconstituted using biotinylated CaM
purified using a Q-Sepharose column (Amersham Pharmacia(ca. 10 nM, 4QuL) was applied to the cell, incubated for 6
Biotech, 5 mm in diameter and 20 mm in length); the min, and washed with buffer A. Rhodamine phalloidine-
supernatant was diluted three times with a solution containing labeled F-actin (15 nM, 100L) was applied to the cell and
20 mM imidazole (pH 7.6), 2 mM MgGJand 1 mM EGTA incubated for 2 min. Last, the buffer solution was replaced
and loaded on a column equilibrated with buffer B [20 mM with motility buffer containing 2 mM ATP and an oxygen-
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Ficure 1: SDS-PAGE analysis of the light chain components pN—agokpa— 174D ELC
dissociated or undissociated from BMV at high*Ceoncentrations. [65kDat
BMV incubated at high Ca concentrations was cosedimented with Iy DLC

F-actin, and its supernatant (S) and pellet (P) were subjected to
SDS-PAGE. As a reference for band intensity, myosin V mixed
with F-actin at low C&" concentrations was also subjected to SDS
PAGE with different loads (from 1/5 to 1). The maximum load (1)

is the same as the total load of the pellet and supernatant. HC, cgiled-coil
myosin V heavy chain; DLC, 10 kDa dynein light chain; MWM, Region
molecular mass markers.

. . FiIGUrRe 2: SDS-PAGE analysis of cleavage of myosin V by PK
scavenging system (0.2 mg/mL glucpse oxidase, 0'3.6 .mg/in the presence or absence of?Ca(A) Cleavage patterns as a
mL catalase, and 4.4 mg/mL glucose) in buffer A. The sliding  function of the weight ratio of PK to BMV and the presence of
movement of actin filaments was observed at°’€5using Ca*. The weight ratio is indicated at the top. The left lane (marked
an SIT video camera (C2741-08, Hamamatsu Photonics)with BMV) contained intact BMV. The marks- and— at the top
coupled with an image intensifier (VSA-1845, Video Scope). Indicate the presence and absence, respectively, &f @aring

. . L - proteolysis. The right lane contained molecular mass markers
The image intensifier was connected to a microscope (IX71, (\wmy. (8) Separation by cosedimentation with F-actin of actin-

Olympus) equipped with an oiI-immersion_ objective (Plan-  pinding and nonbonding components of the digests obtained in the
Apo 100x, NA 1.40, Olympus) and an objective lens-type absence (left) or presence (right) ofZ€aS denotes supernatant
evanescent illumination with a diode green laser (GCL-050- and P pellet. (C) Stick diagram of the myosin V heavy chain and
L, 532 nm, Crystal Laser) and a filter set (U-MWG2 sketch of myosin V. In the stick diagram, the dotted line represents

ol Thei di d vsi f da junction corresponding to the 50 kDa/20 kDa junction of
ympus). The image recording and analysis were performed nyentional myosin I1. The shaded portion and gray bar represent

as previously describedt). the 1Q motifs and PEST site, respectively. The arrowheads denote
Atomic Force Microscopic ImagingAn atomic force the PK cleavage sites. (D) AFM images of actin-binding fractions.

microscope (AFM) developed in the lab and nearly the same The top image (scan range, 250 nm) is a sample obtained with

: : cleavage of BMV by PK in the absence of &di.e., HMM); the
as that described previousl2g, 24) was used. One drop image library in the middle line (scale bar, 10 nm) was obtained

(ca. 1.5uL) of the purified BMV S-1, reS-1, or HMM (ca.  yith S-1 (a sample obtained with cleavage of BMV by PK in the
2 nM) was placed on freshly cleaved mica (1 mm in presence of Ga), and the image library in the bottom line (scale
diameter) for 3 min, rinsed with buffer A, and imaged in a bar, 10 nm) was obtained with reS-1. (E) Light chain components

lution containing 20 mM KCI. 25 mM imidazole (oH 7. contained in BMV and S-1 obtained by cleavage of BMV by PK
Zor#lt\/loM;OCI;[aandgl ?nM EG'CI'A 5 dazole (pH 7.6), in the presence of G The faint band just above the 17 kDa ELC

(left lane) is not identified. DLC is the dynein 10 kDa light chain.
The amounts of CaM contained in the loaded BMV and S-1 are
RESULTS approximately the same (i.e., the number of moles of S-1 loaded is
Quantity of Dissociated CaMt was previouosly reported ~5 times more than that of BMV).
that approximately three CaM molecules (ca. 30% of the £10%) as that of the BMV samples whose loaded amounts
total of 10 CaMs) dissociated from one molecule of BMV were one-fifth or four-fifth, respectively, of the total load
in Ca* (17). The number was reported to be approximately (pellet and supernatant) of the Tareated sample. Thus,
two with mouse myosin V constructs having two or six IQ these analyses indicate that approximately two CaMs per
motifs (19). On the other hand, the number of exogenous BMV were released. Therefore, we can conclude that the
CaMs (Cy3-labeled CaMs) incorporated into partially CaM number of released endogenous CaMs is approximately equal
dissociated BMV was reported to be two per BMAJ;(this to the number of incorporated exogenous CaMs. Figure 1
number was recently confirmed by the fluorescence micro- additionally showed that there were two bands around 17
scopic observation of individual BMV molecules with Cy3- kDa, and the top band (fainter band) appeared in the
labeled CaM 20). Although the number of released CaMs supernatant and did not appear almost completely in the
need not necessarily equal the number of incorporatedpellet. Although at present we cannot identify this?Ga
exogenous CaMs, it is more likely that this is so. Here we sensitive light chain, there is a possibility that it is a
re-examine the number of dissociated CaMs by separatingregulatory light chain (RLC).
bound and free CaMs using an actin cosedimentation method. PK Digestion of BMVDigestion of BMV with PK in the
As shown in Figure 1, addition of Garesulted in partial absence of Ca yielded primarily a 130 kDa fragment
dissociation of CaM from the heavy chain. The densities of (Figure 2A). The amounts of the other fragments diminished
CaM in the supernatant and pellet were the same (within with an increasing amount of PK, with the exception of the
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65 kDa fragment, the amount of which slightly increased.
The 130 and 65 kDa domains demonstrated F-actin binding
(Figure 2B, left panel). These fragments’ molecular masses
and F-actin binding properties are very similar to those

CBB Cy3 MWM

produced by calpain digestion of BMV in the presence of 90k HC m——" e
C&" (17). On the basis of the previously reported analysis e MG
(17) of calpain-digested BMV fragments, we understand the Actin G 45K
130 kDa fragment to be the N-terminal half of myosin V

digested at (or near) the PEST site and the 65 kDa fragment 20K

to be the N-terminal head domain fragment (see Figure 2C).
The cleavage site that produces the 65 kDa fragment
corresponds to the 50 kDa/20 kDa junction of conventional
myosin Il, and the 65 kDa fragment is associated with a

fragmehnt Coﬁtalﬂmgda;;%k. dO’T‘a'm' h gFC Ficure 3: SDS-PAGE analysis of incorporation of Cy3-labeled
n the other hand, igestion In the presence a CcaMinto BMV S-1. Cys3-labeled CaM, F-actin, and EGTA were

yielded primarily a 90 kDa fragment (Figure 2A). This added to BMV digests obtained in the presence cfGand then
domain also demonstrated F-actin binding (Figure 2B, right centrifuged. The pellets were analyzed by SIF\GE. The left

CaM 20K

[ L B IR R AL L
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Number
=
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endogenous CaM can dissociate, and only one exogenous
CaM can reassociate with one heavy chain. On the basis of
this fact, from the ratior( of the amount of CaM contained

in S-1 to that in reS-1, we could determine the numbér (

of CaMs contained in one molecule of reSN £ 1/(1 —

r)] and use it to determine the single, specific IQ motif from

panel). On the basis of these results and the fact that Ca !ane is a Quick CBB-stained gel and t_he center Iane_a fluorescence

induces dissociation of two CaMs from one BMV molecule, image of the unstained gel, and the right lane contained molecular

we take the 90 kDa fragment to be the N-terminal head mass markers.

domain with a neck domain fragment (i.e., a heavy chain of

BMV S-1) that is produced by cleavage of the neck domain,

likely at the exposed 1Q motif. The AFM images (Figure

2D) of the actin-binding fractions produced by digestion at

low or high C&" concentrations seem to support this

interpretation. The fraction obtained at low#Ca&oncentra-

tions revealed a two-headed structure with a short tail (Figure

2D, top image), while the fraction obtained at high*Ca

concentrations revealed a single-headed structure with a

globular head domain associated with a short neck (Figure

2D, middle line). SDS-PAGE of the S-1 fraction purified 100 150 200 250

by cosedimentation with F-actin indicated that S-1 did not Velocity [nm/s]

contain ELC at all but instead CaM (Figure 2E). The apparent Figure4: Histogram of the speed of actin filament sliding propelled

molecular mass of the S-1 heavy chain, 90 kDa, suggestsby reS-1 reconstructed using biotinylated CaM.

that the neck domain may contain only IQ1 [on the basis of

the amino acid sequencé5), the molecular mass of such  motor function, and the sliding speed of actin filaments was

an N-terminal heavy chain is calculated to be 91.5 kDa]. 140 nm/s (Figure 4), one-fourth of that with BMV (560 nm/

Although the validity of this inference is uncertain, it is very s) under similar conditions.

certain that the light chain associated with IQ1 is CaM and Identification of a Single, Specific IQ Matif was difficult

not ELC. to accurately determine the concentrations of the purified
Reassociation of CaM and S-After partial dissociation ~ S-1 or reS-1, because they were quite low100 nM).

of CaM at pCa< 5.6, BMV can reassociate with two Therefore, we could not directly determine the number of

exogenous CaM molecules at low aoncentrations4, CaMs contained in S-1 or reS-1. However, only one

20). We examined whether this property persists with BMV

S-1. Cy3-labeled CaM and EGTA were added to BMV

digested with PK in the presence of &aand the sample

was copelleted with F-actin. The composition of the pellet

was analyzed by SDSPAGE, and surprisingly, Cy3-labeled

CaM was found in the pellet (Figure 3). This finding indicates

that S-1 possesses an exposed IQ motif fragment that stillwhich CaM dissociates at high &aconcentrations. First,

retains an (almost) complete sequence of the original IQ we analyzed SDSPAGE of S-1 and reS-1 to compare the

motif and therefore the ability to bind CaM. This means that band densities of the 90 kDa heavy chain fragment and CaM

PK digests the heavy chain at (or near) the junction between(Figure 5A). Although the concentration difference between

the exposed 1Q motif and the next IQ motif on the C-terminal the two samples was very small, it was compensated using

side. The AFM images of reS-1 (Figure 2D, bottom line) the 90 kDa band densities to determine the ratiénalysis

revealed a structure different from S-1 (Figure 2D, middle of SDS-PAGE with three separate sample preparations

line); the globular head domain looked similar, but the neck resulted in an averageof 0.43, which gave alN of 1.8.

region was approximately 2 times longer than that of S-1. Next, we analyzed SDSPAGE of only reS-1 (reconstituted

To examine if reS-1 possesses motor function, an in vitro using biotinylated CaM) mixed or unmixed with streptavidin

actin filament gliding assay was performed, using exogenous(Figure 5B). In this case, the concentrations of the two

biotinylated CaM, and the resulting reS-1 was being adheredsamples were nearly identical. Prior to the performance of

to a streptavidin-coated glass surface. The reS-1 retainedSDS-PAGE, the sample mixed with streptavidin was
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A B r of 0.47 results in ail of 1.9. On the basis of these analyses,
ReS-1 §-1 -SA  +SA we conclude that the single, specific IQ motif is 1Q2.
s aus YWkDa HC e
i | —— : ey DISCUSSION
In the presence of 2 mM Cagldigestion of BMV with
—-—— e Actin oy ?

a calcium-dependent cystein peptidase, calpain, yields actin
binding fragments (130 and 65 kDa) and an 80 kDa tail
fragment (7). The cleavage sites of the heavy chain are
located one amino acid from the PEST site and within the
head domain (equivalent to the 50 kDa/20 kDa junction in
conventional myosins). Judging from their molecular masses,
FicURe 5: SDS-PAGE analysis of the amounts of CaM that are these cleavage sites are very similar to those cleaved by a
contained in S-1 and reS-1. (A) The sample is a suspension of theggarine endopeptidase (PK) in the absence 6f GpCa >

pellet obtained by centrifuging a mixture of F-actin and S-1 or reS- N E the ab It with calpain digesti FBMV i

1. The left lane contained reS-1 reconstituted using nonlabeled CaM ). From the a ove result with calpain digestion of b in
and right lane S-1. (B) The sample was reconstituted using C&", the neck region exposed due to CaM dissociation does
biotinylated CaM. For the left lane, the sample in SDS sample buffer not seem to have such a flexible structure that is susceptible

SA Monomer

was heated at 10TC for 10 min, and for the right lane, the sample
mixed with streptavidin (SA) in SDS sample buffer was incubated
at 35°C for 10 min.

A
CaM

Biotin-CaM ———,

=
=

O CaM
O Biotin-CaM

Relative Intensity
(] T £ i

0 0.1 02 03 04 05 0
Load (1 g)

Ficure 6: (A) Difference in migration on the gel between
nonlabeled CaM (left five lanes) and biotinylated CaM (right five

lanes). These samples in SDS sample buffer were heated in boiling

water for 10 min. (B) The integrated band densities as a function
of load for nonlabeled CaMQ) and biotinylated CaM[). This
analysis was performed for the gel shown in panel A.

incubated in SDS sample buffer for 10 min at 36.
Streptavidin incubated in SDS at even 70 retains its
tetrameric structure and an ability to bind to biotib(26).
CaM unfolded in SDS at a temperature as low a8@%&nd
migrated on SDSPAGE at the same rate as CaM heated at
100 °C (the sample not mixed with streptavidin was
incubated in boiling water). The reS-1 not mixed with

stretpavidin showed a sharp CaM band, with a blurred band

situated just above (Figure 5B, left lane). This blurred band
was identified as biotinylated CaM (Figure 6A). Even with

to proteolytic cleavage. However, in this study, we found
that digestion of BMV with PK yielded an actin-binding 90
kDa fragment only in the presence of €aThe resulting
S-1 still retained the ability to bind to exogenous CaM,
suggesting that the exposed, specific 1Q motif is intact
following proteolysis and that the cleavage site must be
situated very near the junction between the specific IQ motif
(IQN) and the next 1Q motif (i.e., IQ+1). Dissociation of
CaM from the specific IQ motif may affect the neighboring
CaM or ELC in a way that the junction region may be forced
to assume a flexible structure susceptible to cleavage by PK.
Alternatively, binding of C&" to CaM that has attached to
IQN+1 may move the CaM toward Ip+2, thus further
exposing the junction region, which is then attacked by PK.
It has recently been suggested by Martin and Bay&§ (
28) that such movement of CaM likely takes place in
response to the binding of a €asaturated CaM to two
adjacent 1Q motifs (i.e., bridge formation). PK has a very
broad cleavage specificity. It cleaves peptide bonds adjacent
to the carboxylic group of aliphatic and aromatic amino acids.
Because of its very broad specificity, we cannot precisely
localize the cleavage site that produced the 90 kDa fragment.
We here identify the single, specific IQ motif from which
CaM dissociates at high €aconcentrations as 1Q2. This
finding seems consistent with the AFM images of S-1 and
reS-1 (Figure D) and with previously reported results, (
28, 29). The affinity of CaM for six separate peptides (IQ1
IQ6 sequences from murine myosin V) varies and depends
on the presence of €a(28). At low C&" concentrations,
the 1Q2 peptide has the lowest affinity for CaM (dissociation
constant of~1.6 uM), while the dissociation constants with
the other IQ peptides are-2 orders of magnitude smaller.
An increasing C& concentration enhances the affinity of
CaM for 1Q3-1Q6, while the affinity for 1Q1 slightly
decreases. In contrast to these changes, the affinity of CaM

such blurred bands, the integrated band densities wereg, |5 significantly decreases (dissociation constant b8
guantitatively similar to those of sharp bands of nonlabeled «M). In addition, a monomeric murine myosin V construct
CaM (Figure 6B). Therefore, the region surrounded by @ composed of the motor domain and two IQ motifs (IQ1 and
rectangle shown in the left lane of Figure 5B was analyzed 1Q2) partially releases CaM in the presence of‘Cavhile

to derive the total amount of CaM contained in the reS-1

a construct with one 1Q motif (IQ1) retains CaM both in the

sample. On the other hand, the reS-1 mixed with streptavidin presence and in the absence ofGa 6, 29). However, there
did not exhibit such a blurred band just above a sharp CaM gre reports that do not seem to agree with our view of

band (Figure 5B, right lane), indicative of binding of
biotinylated CaM to streptavidin in the gel. The mean ratio
(over five separate sample preparationsyyas 0.47+ 0.03,
similar to the result from the previous analysis (0.43). A ratio

dissociation of CaM from only 1Q230—32). Sakamoto et
al. (30, 31) were able to exchange CaM into the 2IQ HMM
construct from murine myosin V even though it contains 1Q1
and 1Q6 in this order. Since CaM does not dissociate from
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IQ1 (16), the exchange must have occurred at Q6. However, associate with CaM (not ELC), and higha&oncentrations
the affinity of C&*-saturated CaM for each 1Q motif depends induce dissociation of CaM specifically from 1Q2, which
on the neighboring IQ motifs, because one CaM molecule results in a loss of BMV motor function.

can bind to double-length 1Q sequences (i.e., bridgi2g) (
28). Therefore, it is plausible that the affinity of CaM for
1Q6 in 1Q1—-1Q6 would be much lower than that for 1Q6 in
natural 1Q5 and 1Q6. Yildiz et al.32) observed stepwise
movement of myosin V along actin tracks, in which the
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