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ECENTLY several laboratories have discovered genes 
or cDNAs encoding proteins that are 35-55 % identi- 
cal to conventional actin isoforms. The initial discov- 

eries, largely serendipitous, were unexpected, as for some 
time it had been thought that actin was a unique protein. 
These actin-related proteins apparently play profound roles 
in cells. Those discovered to date have been shown to be es- 
sential or important in yeasts (Lees-Miller et al., 1992a; 
Schwob and Martin, 1992; Muhua et al., 1994; Clark and 
Meyer, 1994; Harata et al., 1994), and one is known to co- 
polymerize with actin in vivo (Schafer et al., 1994) to form 
a short, discrete microfilament. The emerging consensus is 
that there are only a few such proteins, and that they are 
highly conserved in all eukaryotes, from protozoa to yeasts 
to mammals. 

Functional studies of the actin-related proteins are pro- 
ceeding rapidly. It was suspected from the time of their 
initial discovery that actin-relatod proteins would have dis- 
tinct cellular roles, for while their similarities to actins are 
striking, the novel proteins are much less abundant, and in 
many instances have peptide insertions never found within 
actin isoforms. Indeed, the best characterized actin-related 
protein, referred to by various authors as actin-RPV, cen- 
tractin, Saccharomyces cerevisiae Act5 protein, and S. cere- 
visiae Act3 protein (Lees-Miller et al., 1992b; Clark and 
Meyer, 1992, 1994; Muhua et al., 1994), has been found 
in vertebrates to form a short filament that facilitates move- 
monts of vesicles on microtubules by cytoplasmic dynein 
(Lees-Miller et al., 1992b; Paschal et al., 1993; Schafer et 
al., 1994), and in yeast and filamentous fungi to implement 
mitotic spindle orientation and nuclear migration (Muhua et 
al., 1994; Clark and Meyer, 1994; Plamann et al., 1994). 
In Acanthamoeba, two different actin-related proteins are 
found in a complex, four members of which bind to profilin- 
Sepharose (Machesky ot al., 1994). The importance of these 
actin relatives now seems well established, but much re- 
mains to be learned. 

In the course of analyzing primary sequences of actin- 
related proteins from several sources we have noted that 
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three families are widely distributed. As might be expected, 
very similar, and in some cases identical, proteins have been 
given a variety of names. Both the random naming and the 
fact that actin-related proteins are not designated so as to 
differentiate them from conventional actins have created con- 
fusion within the literature. Therefore, we feel that it is es- 
sential to devise a more unifying nomenclature for actin- 
related proteins, and also to point out the apparent subsets 
of equivalent proteins defined by us independently using 
phylogenetic tree analysis programs, such as CLUSTAL V. 

We propose designating actin-related proteins with the 
Arp (actin-related protein) prefix. Of the currently known 
families, the one that is most similar to conventional actin 
(•47-56% amino acid identity, small peptide insertions or 
deletions near threonine 229 of actin) is named Arpl, the 
next most similar (,,o47 % identity, one peptide insertion near 
actin alanine 321) would be named Arp2, and the least simi- 
lar (~o35 % identity, four peptide insertions near actin histi- 
dine 40, glycine 146, valine 247, and alanine 321) Arp3. In 
the summary below we group the various proteins according 
to this classification scheme. Identical superscripts designate 
identical proteins. 

Arpl: vertebrate actin-RPV* (Lees-Miller et al., 1992b), 
vertebrate centractin* (Clark and Meyer, 1992), vertebrate 
/~-centractin (Clark et al., 1994), Drosophila Arp87C (Fyr- 
berg et al., 1994), Neurospora Arpl (Plamann et al., 1994) 
Pneumocystis Arpl (Christopher et al., 1994), Saccharo- 
myces Act3p** (Clark and Meyer, 1994), Saccharomyces 
Act5p** (Muhua et al., 1994), and Caenorhabditis ActB 
(Waterston, R., D. Helfman, personal communication). 

Arp2: Saccharomyces Act2p (Schwob and Martin, 1992), 
Drosophila Arpl4D (Fyrberg et al., 1994), Acanthamoeba 
43 kD (Machesky et al., 1994), Caenorhabditis ActC 
(Waterston R., D. Helfman, personal communication), Dic- 
tyostelium44kD (Atkinson, S. J., R. Insall, P. N. Devreotes, 
and T. Pollard. 1993. Mol. Biol. Cell. 4:36a). 

Arp3: Schizosaccharomyces act2 ÷ protein (Lees-Miller 
et al., 1992a), Bovine actin-like protein; actin 2 (Tanaka et 
al., 1992), Drosophila Arp66B (Fyrberg et al., 1994), Acan- 
thamoeba 49 kD (Machesky et al., 1994), Caenorhabditis 
ActD (Waterston, R., D. Helfman, personal communica- 
tion), Dictyostelium 44 kD (Atkinson, S. J., R. Insall, P. N. 
Devreotes, and T. Pollard, 1993. Mol. Biol. Cell. 4:36a). 

Genes that encode three additional actin-related proteins, 
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none of which fit into this classification, have been discov- 
ered. Two of them, Drosophila Arpl3E (Frankel et al., 
1994), and a second Saccharomyces Act3p (Harata et al., 
1994), are more distant relatives of actin, while one of them, 
Drosophila Arp53D (Fyrberg et al., 1994), is more like ac- 
tins than Arpl-3. Until more is known about the distribution 
of these three proteins in various organisms, it seems prema- 
ture to classify them. However, our proposed nomenclature 
system can accommodate the hypothetical families repre- 
sented by these proteins as Arp4, 5, 6, etc. Isoforms of family 
members would be designated as Arpla, Arpl/~, etc. (Clark 
et al., 1994). 

Finally, we point out that while the Hsc70 protein family 
and sugar kinases are closely related to actin structurally 
(Flaherty et al., 1991; Bork et al., 1992), we do not desig- 
nate members as actin-related proteins because of their 
limited primary sequence similarity. 

Received for publication 12 October 1994 and in revised form 9 November 
1994. 

References 

Bork, P., C. Sander, and A. Valencia. 1992. An ATPase domain common to 
prokaryotic ceil cycle proteins, sugar kinases, actin, and hsp70 heat shock 
proteins. Proc. Natl. Acad. Sci. USA. 89:7290-7274. 

Christopher, L. J., L. D. Fletcher, and C. C. Dykstra. 1994. Cloning and 
identification of Arpl, an actin-related protein from Pneumocystis carinii. 
J. Eukaryot. Microbiol. In press. 

Clark, S. W., and D. I. Meyer. 1992. Centractin is an actin homologue as- 
sociated with the eentmsome. Nature (Lond.). 359:246-250. 

Clark, S. W., and D. I. Meyer. 1994. ACT3: a putative centractin homolog 
in S. cerevisiae is required for proper orientation of the mitotic spindle. J. 
Cell Biol. 127:129-138. 

Clark, S. W., O. Staub, I. Clark, E. L. F. Holzbaur, B. M. Paschal, R. B. 
Vallee, and D. I. Meyer. 1994. ~-centraetin: characterization and distribu- 

tion of a new member of the centractin family of actin-related proteins. MoL 
Biol. Cell. In press. 

Flaherty, K. M., D. B. McKay, W. Kabsch, andK. C. Holmes. 1991. Similar- 
ity of the three-dimensional structures of actin and the ATPase fragment of 
a 70-kDa heat shock cognate protein. Proc. Natl. Acad. Sci. USA. 88: 
5041-5045. 

Frankel, S,, M. B. Heintzelman, S. Artavanis-Tsakonas, and M. S, Mooseker. 
1994. Identification of a divergent aedn-related protein in Drosophila. J. 
Mol. Biol. 235:1351-1356. 

Fyrberg, C., L. Ryan, M. Kenton, and E, Fyrberg. 1994, Genes encoding 
acfin-related proteins of Drosophila melanogaster. J. MoL Biol. 241:498- 
503. 

Harata, M., A. Karwan,and U. Wintersberger. An essential gene of Sac- 
charomyces cerevisiae coding for an actin-related protein. 1994, Proc. Natl. 
Acad. Sci. USA. 91:8258-8262. 

Lees-Miller, J. P., G. Henry, and D. M. Helfman. 1992a. Identification of act2, 
an essential gene in the fission yeast Schizosaccharomyces pombe that en- 
codes a protein related to actin. Proc. Natl. Acad. Sci. USA. 89:80-83. 

Lees-Miller, J. P., D. M. H e l ~ ,  and T, A. Schroer. 1992b. A vertebrate 
actin-related protein is a component of a multisubunit complex involved in 
microtubule-based motility. Nature (Lond.). 359:244-246. 

Machesky, L. M., S. J. Atkinson, C, Ampe, J. Vandekerckhove, and T. D. 
Pollard. 1994. Purification of a cortical complex containing two unconven- 
tional actins from Acanthanoeba by affinity chromatography on profilin- 
agarose. J. Cell Biol. 127:107-115. 

Muhua, L., T. S. Karpova, and J. A. Cooper. 1994. A yeast actin-related pro- 
tein homologous to that found in the vertebrate dynactin complex. Cell. 
78:669-680. 

Paschal, B. M., E. L. F. Holzbaur, K. K. Pfister, S. W. Clark, D. I. Meyer, 
and R. B. Vallee. 1993. Characterization of a 50-kDa polypeptide in cyto- 
plasmic dynein preparations reveals a complex with p150 oLu~D and a novel 
actin. J. Biol. Chem. 268:15318-15323. 

Flamann, M., P. F. Minke, L H. Tinsley, and K. Bruno. 1994. Cytoplasmic 
dynein and actin-related protein Arpl are required for normal nuclear distri- 
bution in filamentous fungi. J. Cell Biol. 127:139-150. 

Schafer, D. A., S. R. Gill, J. A. Cooper, J. E. Heuser, and T. A. Schroer. 
1994. Ultrastructural analysis of the dynactin complex: an actin-related pro- 
tein is a component of a filament that resembles F-actin. J. Cell Biol. 
126:403-412. 

Schwob, E., and R. P. Martin. 1992. New yeast actin-like gene required late 
in the cell cycle. Nature (Lond.). 355:179-182. 

Tanaka, T., F. Shibasaki, M. Ishikawa, N. Hirano, R. Sakai, J. Nishida, T. 
Takenawa, and H. Hirai. 1992. Molecular cloning of bovine actin-like pro- 
tein, actin2. Biochem. Biophys. Res. Commun. 187:1022-1028. 

The Journal of Cell Biology, Volume 127, 1994 1778 


