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Comparison of the Motile and Enzymatic Properties of Two Microtubule 
Minus-End-Directed Motors, ncd and Cytoplasmic Dynein? 
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ABSTRACT: Cytoplasmic dynein and ncd, a kinesin-related protein from Drosophila, are motor proteins 
that move toward the minus ends of microtubules, while kinesin moves to the microtubule plus end. In 
previous work, we examined the nucleotide dependence of motility and enzymatic activity by kinesin 
[Shimizu, T., Furusawa, K., Ohashi, S., Toyoshima, Y. Y., Okuno, M., Malik, F., & Vale, R. D., (1991) 
J. Cell Biol. 112, 1189-11971. In this study, we examined these activities of the cytoplasmic dynein 
from bovine brain and ncd in order to explore what enzymatic features might be shared by these two 
minus-end-directed motors. Both ncd and cytoplasmic dynein demonstrated an activation of ATPase 
activity upon the addition of microtubules (30-fold and 6-fold, respectively). A significant difference 
between ncd and cytoplasmic dynein was their relative sensitivity to vanadate and to aluminum fluoride. 
In contrast to cytoplasmic dynein, ncd polypeptide was not cleaved by W-vanadate treatment, and its 
ATPase and motility were unaffected by vanadate (up to 0.1 a). When the nucleotide requirement for 
movement as examined using a battery of 20 nucleotides and nucleotide analogues, cytoplasmic dynein 
was found to exhibit a specificity very similar to that of axonemal dyneins from Tetrahymena. Surprisingly, 
however, the nucleotide specificities of in vitro motility produced by ncd or its construct, GSTMCl (a 
fusion protein of glutathione S-transferase and 210-700 of the predicted ncd amino acid sequence), were 
quite distinct from that of kinesin. Thus, the nucleotide specificity profiles of members of the kinesin 
motor superfamily do not appear to be identical. 

A variety of intracellular movements, such as ciliary 
beating, organelle transport, and chromosome movements, 
depend upon intracellular microtubules. Microtubule-based 
motility is driven by two distinct mechanochemical enzymes, 
dynein and kinesin, that are unrelated in their amino acid 
sequences. 

Dynein was originally found as a ciliary or flagellar 
axonemal ATPase (Gibbons, 1963), which was later shown 
to be responsible for producing sliding between adjacent 
outer doublet microtubules (Summers & Gibbons, 1971; 
Shingyoji et al., 1977). More recently, a cytoplasmic form 
of dynein has been found in various types of cells (Porter & 
Johnson, 1989; Paschal et al., 1987), where it is considered 
to transport organella and chromosomes (Schroer et al., 1989; 
Steuer et al., 1990; Pfarr et al., 1990). Both axonemal and 
cytoplasmic dyneins are very large protein complexes with 
two or three globular domains (heads) connected by short 
rods (stems) to a common base (Johnson & Wall, 1983; 
Vallee et al., 1988). The globular heads are composed 
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primarily of a very large heavy chain (500 kDa molecular 
mass), whose primary structure has recently been deduced 
from its cDNA sequence (Ogawa, 1991; Gibbons et al., 1991; 
Koonce et al., 1992). A remarkable feature of the sequence 
is the presence of four consensus sites for ATP binding. In 
addition to the heavy chains, dynein contains intermediate 
and light chains, some of which have been localized to the 
base of molecule (King & Witman, 1990). All dyneins 
examined move unidirectionally on microtubules toward their 
minus (less dynamic) ends (Vale & Toyoshima, 1988). 

Kinesin was found in squid axoplasm as a microtubule 
plus-end-directed motor (Vale et al., 1985), but now it is 
known to exist in non-neuronal cells as well. The molecule 
is a tetramer of two 120 kDa heavy chains and two 70 kDa 
light chains (Kuznetsov & Gelfand, 1986; Bloom et al., 
1988). The N-terminal400 amino acid residues of its heavy 
chain form a globular motor domain containing a single ATP 
binding site, and the rest forms a large a-helical coiled coil 
and a small globular tail domain. The light chain associates 
with the C-terminal region of the heavy chain. Morphologi- 
cally, kinesin appears by electron microscopy as an elongated 
molecule with two globular domains at each end separated 
by a long rod (Hisanaga et al., 1989). This overall shape is 
similar to that of myosin, but is quite distinct from that of 
dynein. 

Recent genetic analyses have uncovered numerous genes 
that have domains whose predicted amino acid sequences 
bear homology to the kinesin motor domain (Vale & 
Goldstein, 1990; Endow & Titus, 1992). ncd, the product 
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