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ABSTRACT: Conventional kinesin is a multifunctional motor protein that transports numerous organelles
along microtubules. The specificity of kinesin-cargo binding is thought to depend on the type(s) of light
chains that a kinesin molecule contains. We have shown previously that different isoforms of kinesin
light chains are associated with different types of cargo, mitochondria and membranes of the Golgi complex.
Here, we provide evidence that the two light chains present within each kinesin molecule are always of
the same type. Further, we demonstrate that kinesin heavy chains interact with nascent light-chain
polypeptides on ribosomes. These data suggest that incorporation of the two identical light chains into a
single kinesin molecule most likely occurs cotranslationally.

Intracellular transport is a well-organized system, which
is served by multiple motor proteins transporting organelles
and protein complexes along either microtubules or actin
filaments. Conventional kinesin (hereafter called kinesin)
carries cargoes along microtubules toward their plus ends.
The list of the recognized kinesin cargoes grows rapidly,
and it now includes not only membranous organelles but also
nonmembrane complexes, such as RNPs. Most of the newly
found kinesin partners are neuronal in origin (for the recent
review, see ref1). However, the positioning and motility of
some organelles in nonneuronal cells, e.g., mitochondria,
lysosomes, secretory vesicles, and vimentin filaments, have
also been shown to depend on kinesin (2-5).

Kinesin has been isolated from various cells and tissues
as a tetrameric complex consisting of two heavy chains
(KHC)1 and two light chains (KLC). Recent findings,
however, revealed that this configuration is not obligatory.
For example, kinesin isolated from fungi proved to lack
KLCs (6), while in cultured HeLa cells, the kinesin pool
contains both tetrameric molecules and KHC dimers (7).
KHCs interact with microtubules and perform the mechano-
chemical work by the N-terminal motor domains. The
C-terminal tail domains of KHCs bind KLCs and are also
involved in the interaction with a cargo (8, 9).

Movement and/or positioning in the cytoplasm of most
kinesin cargoes depend on KLC. The central portion of KLC

contains several long imperfect repeats, referred to as
tetratrico-peptide repeats (TPR). Because TPR repeats are
usually involved in protein-protein interactions the KLC
TPR domain is considered to be the main candidate for the
cargo-attachment site (10). Consistent with this idea, direct
binding of kinesin to some specific cargoes has been shown
to occur through the TPR repeats of KLC (11-14). Further,
blocking this domain with a specific antibody releases kinesin
from the membranous vesicles in extruded squid axoplasm
(15).

Outside the TPR domain, the N-terminal portion of KLC
provides the binding site for KHC (16). The C-terminal
region of KLC is, as a rule, variable because of alternative
splicing of the pre-mRNA and gives rise to multiple isoforms
(17-21). The variable C-terminal region of KLC has been
proposed to contribute to the discrimination between different
kinesin cargoes (17). Indeed, various KLC isoforms have
been shown to associate with different organelles, e.g.,
mitochondria, vimentin filaments, and Golgi membranes
(21-23). This fact suggests that the variability of the light-
chain C termini most likely produces the functional diversity,
so that the intracellular kinesin pool comprises a mixture of
molecules able to interact with different types of cargo. The
question remains, however, whether a single kinesin molecule
is capable of binding to just one or multiple types of cargo.
We reasoned that this question could be addressed by
determining whether a single kinesin molecule contains
mixed KLCs or two copies of the same KLC isoform.

Here, we provide new evidence that an individual kinesin
molecule always contains two identical KLC polypeptides.
Further, we find that KHC dimers associate with nascent
KLC polypeptides on polyribosomes and hypothesize that
the kinesin molecules are assembled cotranslationally.

EXPERIMENTAL PROCEDURES

Antibodies. The rabbit polyclonal antibodiesRKLC,
RHCT, RB/C, andRD/E have been characterized earlier (21,
23). The mouse monoclonal antibody 63-90 was a generous
gift from Dr. Scott T. Brady. Mouse hybridoma cells
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producing cMyc antibody were obtained from the American
Tissue Culture Collection (Rockville, MD).

Expression Constructs.pcDNA3 encoding the full-length
human uKHC was kindly provided by Dr. Richard Wubbolts.
To express the tagged full-length KLC isoforms in cultured
animal cells, the following strategy was used.

1. The rat KLC-A was recloned from pBluescript KS+
plasmid (kindly provided by Dr. Janet Cyr and Dr. Scott
Brady) into pcDNA3 vector (Invitrogen, Carlsbad, CA),
usingPVuI site in the 5′-UTR andEcoRI site in the 3′-UTR;
in this reaction, theHindIII site in pcDNA3 was eliminated
so that the internalHindIII site could be further used for
subcloning.

2. The cMyc sequence was subcloned into pGEX-3XUZ-
KLC-A at theHindIII site located between 18 and 19 amino
acid residues, so that theHindIII site was restored just
upstream of the cMyc sequence and that the treatment with
HindIII endonuclease formed the sequence encoding the
fragment of KLC: cMyc-Gln-(19th amino acid residue)-
end.

3. This tagged fragment was inserted into the pcDNA3-
KLC-A instead of the untagged one, usingHindIII and the
ORF-downstreamXhoI sites; the resulted sequence encoded
the full-length rat KLC-A with the cMyc sequence between
18 and 19 amino acid residues.

4. The internal siteNotI and the downstream siteXhoI
were utilized to substitute the C-terminal portion of the rat
KLC-A with those of the hamster KLC isoforms B, C, D,
E, and H (21).

Cell Cultures and Transfections.Green monkey kidney
epithelial cells CV-1 (ATCC) and rat embryo fibroblasts
REF52 (kindly provided by Dr. P. Chumakov) were main-
tained in DMEM (Sigma) supplemented with 10% calf serum
(Biolot, St. Petersburg, Russia), 100 units/mL penicillin, and
100µg/mL streptomycin. The cultures were grown at 37°C
in a 5% CO2 atmosphere.

To obtain the cell lines stably expressing cMyc-tagged
KLCs, CV-1 cells were transfected with the pcDNA3
encoding the chimeric rat-hamster KLC isoforms B, C, D,
E, or H (see the previous section). For selection, transfected
cells were grown in the presence of 1 mg/mL geneticin
(Gibco BRL, Grand Island, NY).

Cell Fractionation.Cultured cells of various lines were
grown to confluence on 90-mm cell culture plates. All
procedures were done on ice or at 4°C, unless otherwise
indicated.

To analyze the Triton-soluble kinesin by immunoprecipi-
tation, cells were rinsed 3 times in phosphate-buffered saline
(PBS) at room temperature and collected with a rubber
scraper in ice-cold PIPES buffer containing 50 mM K+-
PIPES (pH 6.8), 1 mM MgCl2, 1 mM K+-EGTA, supple-
mented with 1% Triton X-100, and protease inhibitors: 1
mM phenylmethylsulfonyl fluoride, 1µg/mL leupeptin, 1
µg/mL pepstatin A, 1µg/mL aprotinin, and 1µg/mL N2-p-
tosyl-L-arginine methyl ester (TAME) (0.3-1.0 mL of the
buffer per each plate). The lysate was passed 10× through
a 25-gauge needle and centrifuged at 5000g to remove nuclei
and at 250000g to obtain the high-speed supernatant (here-
after called S250) that was used for immunoprecipitation.

To analyze membrane-bound kinesin, cells were lysed in
HEPES buffer containing 20 mM K+-HEPES (pH 7.5), 1
mM MgCl2, and 1 mM K+-EGTA, supplemented with 0.25

M sucrose and protease inhibitors, and homogenized using
a 25-gauge needle (1 mL of the buffer per plate). Homoge-
nate was centrifuged at 5000g, and then organelles were
pelleted at 100000g. The 100000g supernatant was used as
a cytosol fraction. The pellet was suspended in 1 mL of
HEPES buffer supplemented with 1% Triton X-100 and
protease inhibitors, and the insoluble material was removed
by centrifugation.

For polyribosomes isolation, cells were rinsed 3 times at
room temperature with HEPES buffer supplemented with
0.25 M sucrose and 10µg/mL cycloheximide (Sigma
Chemical Co., St. Louis, MO), collected with the rubber
scraper in HEPES buffer supplemented with 1% Triton
X-100, 10µg/mL cycloheximide, and protease inhibitors (1
mL per each plate), passed 10× through a 25-gauge needle,
and centrifuged at 5000g and 12000g. The supernatant was
then layered onto a cushion of 1 M sucrose in HEPES buffer
supplemented with 10µg/mL cycloheximide and centrifuged
for 2 h at250000g in the TLS55 rotor. The pellet containing
polyribosomes was suspended in the same buffer and
analyzed by immunoprecipitation and Western blots.

Microtubule Sedimentation Assay.Microtubules were
polymerized from purified bovine brain tubulin isolated by
the cycles of polymerization-depolymerization. Polymerized
microtubules were stabilized with 20µM Taxol. To isolate
microtubule-bound kinesin, cells were lysed in PIPES buffer
at pH 6.8, to provide conditions favorable for the interaction
of kinesin with microtubules (24). S250 was immunodepleted
of KLC using sequential incubations with the antibodyRKLC
(see below) and mixed with microtubules in the presence of
either 1 mM AMP-PNP and 4 units/mL apyrase (Sigma) or
1 mM ATP; as a control, nondepleted S250 was used. After
incubation for 30 min at room temperature, the mixtures were
layered onto cushions of 4 M glycerol in PIPES buffer,
supplemented with 5µM Taxol and either apyrase or ATP
and centrifuged at 200000g for 30 min at 20°C. The pellets
were analyzed in Western blots.

Gel Electrophoresis and Western Blot Analysis.Samples
were analyzed by SDS-PAGE in 4-12% linear-gradient
gels according to the method of Laemmli (25) and electro-
blotted onto nitrocellulose membrane (HybondECL, Amer-
sham, Germany). After the blots were stained with Ponceau
S, they were blocked for 1 h in 5% goat serum in TPBS
(PBS supplemented with 0.1% Tween 20) and incubated with
1-5 µg/mL primary antibody in blocking solution for 1 h
at room temperature, followed by horseradish peroxidase-
conjugated goat anti-rabbit or anti-mouse IgG (Jackson
ImmunoResearch Labs, West Grove, PN) at 1:5000 dilution.
For detection, diaminobenzidine (Sigma) was used.

To compare KHC/KLC ratios in different preparations,
serial dilutions were analyzed by Western blots with antibod-
ies RHCT andRKLC. Developed blots were scanned with
Microtek ScanMaker E6, and ImageJ was used to measure
the staining intensities for individual bands. The relative
content of KHC and KLC in samples was determined as a
ratio of the slopes of the titration curves.

Immunoprecipitation.This method was used in three
variations: (i) For the cell extract immunodepletion of KLC,
a 1-mL portion of S250 was incubated sequentially with three
10-µg portions of the antibodyRKLC bound to Protein
A-Sepharose beads (Sigma) for each incubation of 40-60
min; (ii) To precipitate KHC or KLC-D/E, Protein A beads
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with 10 µg of any antibody were incubated with the cell
fraction for 1 h; (iii) For immunoprecipitation of the nascent
polypeptides, the 250000g pellet obtained by centrifugation
of the postmitochondrial supernatant through the sucrose
cushion was suspended in 100µL of HEPES buffer
supplemented with 1% Triton X-100, protease inhibitors, and
10µg/mL RNAse A (Sigma). The suspension was incubated
for 40 min at 25°C, diluted with HEPES buffer to the final
volume 1 mL, and passed 5 times through the syringe needle
25. The preparation was then mixed with the Protein
A-Sepharose beads carrying 10µg of the cMyc antibody and
incubated overnight.

In each case, the beads were washed 3 times in lysis buffer
plus 1% Triton X-100, 3 times in this buffer supplemented
with 0.5 M NaCl, 3 times in buffer alone, and finally boiled
in Laemmli sample buffer containing 2% SDS.

RESULTS

Both of the Light Chains within a Kinesin Molecule Are
of the Same Isoform Type.To explore interactions between
spliced variants of KLC, we tested whether different KLC
isoforms could be coprecipitated from cell and tissue extracts
using antibodies specific for individual KLC isoforms.

In the first series of experiments, KLCs were precipitated
with the isoform-specific antibodyRD/E and analyzed in
Western blots using two pan-KLC antibodies, polyclonal
RKLC and monoclonal 63-90. The antibodyRD/E was raised
against the unique C-terminal sequence of 56 amino acid
residues shared by the KLC isoforms D and E that have been
isolated from a hamster cDNA library (21). In Western blots
of homogenates of rat brain and cultured cells of several
lines, this antibody selectively recognized only some of KLCs
(Figure 1A). Western blot analysis of theRD/E precipitates
from cytosol fractions revealed the presence of KHC, thus
indicating that this antibody pulled down the whole kinesin
molecules (data not shown). Germane here is thatRD/E
precipitated no additional KLC polypeptides besides those
that it recognized in Western blots (Figure 1B). Moreover,
the antibodyRB/C specific for the KLC isoforms B and C
(21) did not detect any polypeptides of this kind in theRD/E
precipitate (Figure 1B).

Upon the cell lysis, most of kinesin is found in the cytosol
fraction and only a small fraction of the motor is bound to
membranous organelles. To explore the cargo-associated
kinesin molecules, fractions of membranous organelles were
isolated from cultured cells and rat brain. A comparison
between theRD/E precipitates from the cytosol and mem-

brane fractions revealed that the D/E KLC isoforms did not
mix with other types (Figure 1B; only precipitates for the
rat brain fractions are shown). The same data were obtained
using the cytosol and membrane fractions of cultured cells
REF52 and CV-1. Thus, various KLC isoforms do not mix
within a single kinesin molecule, whether the motor is bound
to a membranous cargo or not.

These data were supported by the experiments with the
stable cell lines. Six cMyc-tagged KLC variants, KLC-A,
-B, -C, -D, -E, and -H, were stably expressed in CV-1 cells
(isoforms C and E are schematically shown in Figure 3A).
According to Western blots, the level of expression of the
cMyc-tagged protein in the cells of each cell line was
moderate, so that it was not a major KLC component (Figure
2A; the results for the lines C and E are shown). When the
tagged proteins were precipitated from the cell extracts with
cMyc antibody and analyzed in Western blots withRCT and
RKLC, the precipitate from each cell line proved to contain,
along with KHC (data not shown), only one KLC polypeptide
(Figure 2B).

Another available KLC antibody, the monoclonal 63-90,
did not recognize the cMyc-tagged variants, although it
reacted in Western blots with the endogenous CV-1 KLCs
(data not shown). The lack of interaction was probably due
to the insertion of the cMyc sequence into the N-terminal
region of the KLC polypeptide that could destroy the epitope.
In Western blots with the cMyc precipitates, the antibody
63-90 did not detect any KLC polypeptides, thus confirming
the absence of the endogenous KLCs (Figure 2B). We,
therefore, concluded that each tagged KLC isoform bound
to KHC but no additional KLC polypeptides entered the
complex.

We then probed the interaction within the cells of two
recombinant KLCs, KLC-C and -E. These cMyc-tagged
polypeptides were identical throughout the entire length
except the C-terminal sequences, from which only the unique
sequence of the isoform E was recognized by the antibody
RD/E (Figure 3A). It has been previously reported that
overexpressed KLC aggregated in the cytoplasm and that
simultaneous expression of KHC could prevent KLC ag-
gregation (24). Taking this finding into account, we trans-
fected CV-1 cells with two KLC constructs and a plasmid
encoding the full-length human ubiquitous KHC.

Western blots with the cMyc antibody showed that the
homogenate and cytosolic fraction of transfected cells, as
well as the cMyc precipitate from the cytosolic fraction,

FIGURE 1: KLC isoforms of the D/E type do not combine with
others. The precipitates from the cytosol and membrane fractions
of the rat brain with the antibodyRD/E (lower panel) was compared
in Western blots with the total brain homogenate (upper panel).
The position of the 66-kDa molecular mass protein marker is shown
at the left.

FIGURE 2: Exogenous cMyc-tagged KLC polypeptides do not
combine with the endogenous KLC isoforms. The stable lines of
CV-1 cells expressing cMyc-tagged KLC isoforms C and E at the
moderate level (A) were fractionated to obtain S250 fractions, and
kinesin was precipitated from these fractions by the cMyc antibody.
The cMyc precipitates were examined in Western blots with anti-
kinesin antibodies (B). The position of the 66-kDa molecular mass
protein marker is shown at the left.
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contained the cMyc-tagged proteins in comparable amounts
(Figure 3B). However, in contrast to cMyc antibody,RD/E
precipitated from this fraction only cMyc-KLC-E but not
cMyc-KLC-C (Figure 3B).

Thus, three different experimental approaches revealed that
only the same KLC-isoform polypeptides combine with
KHCs to form a whole kinesin molecule. This finding raises
an important question of how this uniformity is achieved.
We hypothesized that the KHC dimer interacts with two
nascent KLCs on neighbor ribosomes translating an indi-
vidual mRNA. However, this mechanism requires that a
sufficient amount of KLC-free KHC dimers is present in
cells. Thus, to prove the feasibility of our hypothesis, we
first had to demonstrate the existence of a significant pool
of KLC-free KHC in cells.

KHC Not Associated with KLC Is Present in Cells.The
presence of kinesin molecules lacking the full-length KLC
has been previously reported in kinesin preparations isolated
from bovine brain (26) and HeLa cells (7). In the former
work, however, this kinesin species was considered to result
from the degradation of KLC during kinesin isolation.
Therefore, we applied an immunochemical approach to
examine whether KLC-free kinesin was present in CV-1 cells
and whether it was a result of the KLC degradation. For
this, the total cell homogenate was compared in the same
Western blot with theRKLC and RHCT precipitates from
the S250 fraction. Because the slopes of the dilution curves
reflected the relative content of the kinesin subunits (within
the linear detection range), their ratio characterized the ratio
between the KHC and KLCs. The typical dilution curves
that are shown at Figure 4 revealed that the KHC/KLC ratio
in the cell homogenate was much higher than that in the
RKLC precipitate, thus indicating the significant molar excess
of KHC over KLC in cells. On the contrary, theRHCT
precipitate did not differ from the cell homogenate in the
KHC/KLC ratio (data not shown). The amount of the KHC
excess varied from experiment to experiment, even for the
same samples; however, the fraction of KLC-free kinesin
could roughly be estimated at no less than 50%.

To confirm the data of the Western blot analysis, cells
were lysed in the presence of Triton X-100 and the 250000g
supernatant (S250) was immunodepleted of either KHC or
KLC. According to Western blots, no KLC could be detected
in S250 thoroughly depleted of KHC with the antibody
RHCT (data not shown). In contrast, preparations depleted
of KLC still contained substantial amounts of KHC (Figure

5A). UsingRKLC antibody for immunodepletion, this KLC-
free kinesin fraction was found in the Triton extracts of
various cell lines and in both cytosolic and membrane
fractions (data not shown). The KLC-free kinesin was able
to bind to Taxol-stabilized microtubules in the absence of
ATP and release from the complex upon ATP addition
(Figure 5B), thus demonstrating the features typical for the
functional KHC.

Judging from the molar excess of KHC over KLC in the
total cell homogenate, the KLC-free kinesin was present in
cells initially and did not arise from proteolysis of KLC
during cell lysis or incubation with the antibody. Neverthe-
less, because its content proved to be rather high, we
performed control experiments to surely eliminate protein
degradation. For this, cells were lysed with Triton X-100 in
either HEPES buffer at pH 7.5 or PIPES buffer at pH 6.8
and incubated for up to 6 h at 4°C. The samples taken during
the incubation were compared in Western blots with the
control sample obtained by boiling the whole cells in
Laemmli buffer. Quantitative analysis of the blots demon-
strated that the KHC/KLC ratio in these preparations
remained constant throughout the incubation and was close
to that of the control sample (data not shown).

These data confirmed that, in addition to tetrameric
molecules, the intracellular kinesin pool contains KLC-free
molecules that are most likely KHC dimers. Thus, there is
enough KLC-free KHC in cells that could be involved in
the assembly of the tetrameric kinesin molecules.

FIGURE 3: Two recombinant KLC variants do not combine within
a kinesin molecule. The cMyc-tagged KLC-C and -E (A) were
coexpressed with KHC in CV-1 cells. The tagged KLCs were
precipitated from the cell extract with either cMyc orRD/E
antibody, and precipitates were compared in Western blots with
cMyc antibody (B). FIGURE 4: CV-1 cells contain a molar excess of KHC. The serial

dilutions of the CV-1 homogenate andRKLC precipitate were
compared in Western blots withRHCT andRKLC antibodies.

FIGURE 5: KLC-free KHC interacts with microtubules in the ATP-
sensitive manner. The Triton-S250 fraction was depleted of KLCs
by three successiveRKLC precipitations, and the residual kinesin
was either precipitated with the antibodyRHCT (A) or probed for
cosedimentation with microtubules (B). Precipitates and MT pellets
were analyzed in Western blots withRHCT andRKLC antibodies.
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KLC-free KHC Associates with Polyribosomes.To test
whether KHC interacts with nascent KLC peptides, cells
were lysed in Triton X-100 in the presence of cycloheximide
and polyribosomes were pelleted from the Triton extract by
centrifugation through 1 M sucrose at 250000g. Western blot
analysis of this fraction withRHCT antibody detected the
presence of KHC (Figure 6A). This KHC polypeptide could
only be the full size, because the epitope that is recognized
by RHCT is located right at the C terminus of KHC (21).
The presence of KHC in the 250000g pellet strongly
depended on cycloheximide and was sensitive to agents that
destroy ribosomes; in the presence of 20 mM EDTA or 0.5
M NaCl, KHC was not detected in Western blots of the
250000g pellet (Figure 6B).

Remarkably, no full-length KLC polypeptides were de-
tected in the fraction of polyribosomes in Western blots with
the antibody RKLC (Figure 6A). Two immunoreactive
components of the lower molecular mass that are seen at
the blot represent, presumably, the nascent KLC polypep-
tides.

Thus, a portion of the intracellular kinesin copurified with
cycloheximide-stabilized polysomes; this polysome-associ-
ated kinesin did not contain the full-length KLCs.

KHC Interacts with the KLC Polypeptides of the Incom-
plete Size.To examine whether the ribosome-associated KHC
interacts with nascent KLC peptides, we used the cell line
stably expressing the cMyc-tagged KLC isoform E (Figure
3A). Because of the N-terminal position of the tag sequence,
this 68-kDa protein could be precipitated with the cMyc
antibody not only as a full-length protein but also as a nascent
peptide yet attached to ribosomes. On the contrary, theRD/E
antibody could be used to distinguish between the nascent
and mature KLC polypeptides, because of the C-terminal
position of the epitope.

The cells were fractionated in the presence of cyclohex-
imide and Triton X-100, to obtain polysomes and the

postribosomal 250000g supernatant (S250). The tagged
polypeptides were then precipitated from these two fractions
using cMyc antibody. Western blots of the precipitates with
theRHCT antibody showed that KHC was pulled down from
both S250 and polysomes (Figure 7). In the control experi-
ment with the ordinary CV-1 cells, the cMyc antibody did
not precipitate KHC from the polysome fraction (data not
shown); therefore, it was unlikely that any other component
of the translating complex, besides the cMyc-containing
nascent peptides, could be responsible for the KHC binding.
Moreover, the same results were obtained when the poly-
some-bound mRNA was subjected, prior to immunoprecipi-
tation, to the limited treatment with RNAse A. Centrifugation
of the RNAse-treated preparation in the 0.5-1.5 M sucrose
gradient proved that such treatment induced dissociation of
polysomes to monoribosomes but did not destroy ribosomes
themselves (data not shown). Additionally, the beads with
cMyc precipitates were washed in buffer containing 0.5 M
NaCl, so that the association of KHC with the precipitates
proved to be resistant to high ionic strength. This is typical
for KHC-KLC binding (27) but not for ribosomes that
dissociate to individual components under these conditions
(28). Thus, we concluded that KHC specifically interacted
with the cMyc-containing peptides.

To analyze these peptides, the samples were equalized in
the KHC content and probed in Western blots. The precipitate
from S250 contained a 68-kDa component that was recog-
nized byRD/E (Figure 7); additionally, it reacted in Western
blots with RKLC antibody (data not shown). Thus, it was
regarded as the full-length KLC-E. In the cMyc precipitate
from the ribosome suspension, the antibodyRKLC interacted
with a few peptides of the lower molecular mass (data not
shown) and neitherRD/E (Figure 7) norRKLC detected a
polypeptide with the molecular mass of cMyc-KLC-E.

These results indicate that the ribosome-associated KHC
is bound to nascent KLC peptides that already have N-
terminal regions (containing the cMyc sequence) but lack
the C-terminal portion.

DISCUSSION

There are 3 genes (klc1-3) that encode KLCs in mammals
(29, 30). It has been reported that the products of two genes
KLC1 and KLC2 never coprecipitate (29). Further, neuronal
kinesins containing KLC1 and KLC2 (31) and testis kinesin
containing KLC3 (30) all differ in their properties. This
clearly demonstrates that the structural diversity stipulates
the functional variety of the motor molecules. At the same
time, kinesin diversity is not confined within combinations
of different gene products, because the transcripts of the KLC
genes have been shown to undergo alternative splicing, which

FIGURE 6: KLC-free KHC associates with polysomes. The poly-
some fraction (Pol) was isolated from the postmitochondrial
supernatant (PMS) of CV-1 cells in the presence of cycloheximide
and analyzed in Western blots withRHCT andRKLC antibodies
(A). The same fractions obtained in different conditions were
compared by the presence of KHC in Western blots withRHCT
antibody (B). The positions of the molecular mass protein markers
are shown at the left.

FIGURE 7: Ribosome-associated KHC is bound to KLC polypep-
tides lacking the C termini. The cells of the stable cell line
expressing the cMyc-tagged KLC-E were fractionated to S250 and
polyribosome fractions, and the cMyc-containing polypeptides were
precipitated from both fractions using cMyc antibody. The pre-
cipitates were equalized by the KHC contents and analyzed in
Western blots with the antibodyRD/E. The positions of the
molecular mass protein markers are shown at the left.
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gives rise to multiple variants of the protein with unique C
termini (17, 21, 24, 32). We show in this study that different
endogenous KLC isoforms do not combine with each other,
as well as with an exogenous KLC variant. Further, two
recombinant KLC isoforms, differing only in a short C-
terminal sequence, do not form the joint molecules within
the cell. Thus, our data reveal that each heterotetrameric
kinesin molecule always contains two identical KLC iso-
forms.

Data presented here allow us to propose a particular
mechanism that would ensure the identity of two KLCs
during kinesin assembly. We suggest that the KHC dimers
associate with nascent KLC polypeptides, so that two KLCs
that are being synthesized on a single mRNA become
incorporated into a single kinesin molecule.

There are two major conditions that must be met for such
a mechanism to work. First, there must be a pool of kinesin
molecules that contain the heavy but no light chains. The
presence of such KLC-free molecules in the kinesin prepara-
tions has been reported previously. For example, the KHC/
KLC ratio in kinesin purified from bovine adrenal medulla
was determined as 2:1 (33). Further, KLC-free fractions of
KHC have been described in gel filtrates of kinesin isolated
from bovine brain (26, 34) and sea-urchin embryos (35).
Using immunochemical analysis of the kinesin pool, we also
found in various cultured animal cells a noticeable fraction
of kinesin that does not include the light chains. Thus, the
first condition of our model, the existence of KLC-free
kinesin dimers, is met in cells.

In the aforementioned studies, the absence of KLCs was
explained by specific degradation of the light-chain polypep-
tides. Finding the specific PEST sequences in KLC that form
sites of likely protease attack (19) supported the idea of
preferential KLC degradation. We tested this suggestion and
found that, at least in the case of cultured cells, KLC
degradation could not be the source of the KLC-free kinesin
molecules. Our data are in agreement with the study of De
Luca and co-workers who recently isolated dimeric KHCs
from mitotic HeLa cells (7). Importantly, the KLC-free KHCs
are present in cells as full-length intact polypeptides, capable
of binding to microtubules in the ATP-sensitive manner (our
data) and promoting their gliding in vitro (7). When taken
together, these data reveal that the KLC-free kinesin mol-
ecules found in various cultured cells represent functional
KHC dimers that possess motor properties of conventional
kinesin.

Further studies will elucidate if this KLC-free kinesin
fulfills motor functions. Recent data revealed that some
kinesin cargoes, as well as the putative kinesin receptor
kinectin, bind directly to KHC (36-39). Additionally, KHC
has been shown to be involved in transporting mRNA, e.g.,
oskar in Drosophila melanogasteroocytes in the KLC-
independent manner (9). This raises a concern that our
polyribosome fractions can be contaminated with KHC
because of the interaction between KHC and mRNAs
unrelated to KLC. However, the fact that the ribosome-
associated KHC coprecipitates with nascent KLC polypep-
tides indicates that these particular kinesin molecules play a
specific nonmotor role in the light chains folding even though
it does not exclude the possibility that some kinesin associ-
ates with ribosomes independently of KLCs.

The second condition of our model is that KHC dimers
must be able to bind nascent KLC polypeptides. In this
respect, the binding site for the ubiquitous KHC has been
mapped close to the N terminus of KLC (16). Further,
although depletion of cell extracts withRKLC antibody never
brings down all KHC, the residual KHC is capable of
forming a complex with nascent light chains on ribosomes.
Importantly, in the presence of cycloheximide, this complex
remains detectable even after the RNAse treatment that
destroys mRNA and induces disassembly of polyribosomes
to individual ribosomes. Furthermore, the complex is resistant
to high ionic strength that is characteristic for the isolated
heterotetrameric kinesin (40, 41), as well as for the interaction
of the recombinant KHC and KLC in vitro (16, 27).

An important question is whether two KLCs synthesized
on the same mRNA interact with KHC independently or if
they first dimerize cotranslationally and then join with the
heavy chains to form a complete molecule. While, admit-
tedly, our work does not provide direct evidence to dif-
ferentiate between these two possibilities, there are multiple
circumstantial indications that the former is more likely. In
this regard, it has been noticed that, in transiently transfected
animal cells, the overexpressed KLC requires extra amounts
of KHC to avoid aggregation (24). This observation can be
easily explained if we assume that KHC cotranslationally
interacts with the growing KLC polypeptides, similar to the
formation of the intermolecular bonds between the heavy
and light chains of immunoglobulins G in the mouse
myeloma cells (42). Further, the fact that despite our best
efforts we were unable to detect KHC-free KLCs using
immunodepletion argues against KLC dimerization.
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