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The dynamin family of GTP-binding proteins are implicated in vesicular transport. These
include mammalian dynamins I, II, III, and yeast Vpslp and Dnmlp. Dynamin is involved
in the formation of clathrin-coated vesicles at the plasma membrane. On the other hand,
Vpslp and Dnmlp appear to be involved in transport from the late Golgi compartment to
vacuoles and in an endocytic process, respectively. In this study, we identified a novel
human protein, named Dnmlp/Vpslp-like protein (DVLP). It resembled more closely
Dnmlp and Vpslp than dynamins not only in the primary structure but also in the domain
organization. DVLP mRNA was expressed ubiquitously, suggesting that this protein plays
a fundamental role in cellular function. Immunofluorescence analysis of cells expressing
epitope-tagged DVLP revealed that it showed a diffused perinuclear staining pattern that
was not superimposed on that of the marker protein for the Golgi apparatus, tra/is-Golgi
network, lysosomes, endosomes, or endoplasmic reticulum. These data suggest that DVLP
is not involved in the formation of known coated vesicles.
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In eukaryotic cells, transport of proteins between mem-
brane-bound compartments along the exocytic and endo-
cytic pathways is mediated by carrier vesicles that bud
from a donor compartment and are targeted to and fuse
with an appropriate acceptor compartment (for review, see
Refs. 1-3). To date, four types of coated transport vesicles
have been identified (1-3). Clathrin-coated vesicles con-
taining the AP-1 and AP-2 adaptor complexes bud from the
irans-Golgi network (TGN) and the plasma membrane,
respectively. COP II-coated vesicles bud from the endo-
plasmic reticulum (ER). COP I-coated vesicle coats assem-
ble onto cisternae of the Golgi apparatus and onto the
intermediate compartment between the ER and Golgi. A
variety of GTP-binding proteins have been shown to play
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pivotal roles in budding, targeting and fusion of these
transport vesicles (for review, see Ref. 4). These GTP-
binding proteins are classified into three broad families: (i)
Rab/Ypt and ARF/Sarl subfamilies of small GTP-binding
proteins (4-6); (ii) heterotrimeric G proteins, which also
have well-established roles as signal transducers (7); and
(iii) the dynamin family of large GTPases, which includes
mammalian dynamins I, II, and III, and Saccharomyces
cerevisiae Vpslp and Dnmlp (for review, see Refs. 8-11).

Dynamin I was first identified as a microtubule-binding
protein that is predominantly expressed in neural tissues
(12-14). Studies using GTP-binding domain mutants of
dynamin I have suggested that it is involved in receptor-
mediated endocytosis via clathrin-coated pits (15-17).
Recent morphological studies have shown that dynamin I
assembles into rings around the necks of invaginated coated
pits, thereby suggesting a model that GTP hydrolysis of
dynamin I squeezes the necks until membrane fission
occurs (18, 19). Dynamin II is expressed ubiquitously (20,
21), while dynamin III (originally referred to as dynamin-
2) is expressed predominantly in the testis and brain (22,
23).

The VPSl gene was identified as one of more than 50
yeast genes that are required for sorting of soluble proteins
into the yeast lysosome known as the vacuole (24). Its
product, Vpslp, has been suggested to be involved in
formation of vesicles from the late Golgi compartment,
corresponding to the TGN in animal cells, and in Golgi
membrane protein retention (25, 26). A more recently
identified Vpslp homologue, Dnmlp, has been suggested to
be involved in transport of endocytosed vesicles at some
step before fusion with the late endosome (27). In view of
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the similarity to mammalian dynamins, these yeast GTP-
binding proteins may also play a role in fission of vesicles
budding from some intracellular compartments. However,
mammalian counterparts of these yeast gene products have
not yet been identified. We here report the cloning and
characterization of a human protein homologous to yeast
Vpslp and Dnmlp.

EXPERIMENTAL PROCEDURES

cDNA Cloning—A hybridization probe was generated
from random-primed HepG2 cell cDNA using polymerase
chain reaction (PCR) and oligonucleotide primers, 5'-GGT-
GCTAGAATTTGTTATATTTTCCA-3' and 5'-CATAGT-
TCTCTTCACCAAAGATGA-3', synthesized on the basis
of GenBank human expressed sequence tags (ESTs),
accession numbers R10223 and T71617, respectively, and
used to screen ~ 2 X 10s phages of a HepG2 cDNA library
(28). Six positive phages were isolated and their cDNA
insert was subcloned into the Notl site of the pBluescript-II
KS( + ) vector (Stratagene, La Jolla, CA). One of the six
cDNAs was presumed to cover the entire coding sequence,
and its sequence was determined from both strands using a
BcaBest sequencing kit (Takara Shuzo, Kyoto).

Northern Blot Analysis—Total RNAs (15//g) isolated
from mouse tissues were subjected to Northern blot
analysis as described previously (29). The probe used was
a cDNA fragment of human DVLP covering a coding region
for amino acid 489 to the COOH terminus and a 206-bp
3'-untranslated region.

Plasmid Construction—An epitope sequence of influenza
virus hemagglutinin (HA) was introduced into the pcDNA3
expression vector (Invitrogen, San Diego, CA) by ligation
of a double-stranded oligonucleotide coding for the epitope
sequence between the Hindlll and BamHI sites. The
resultant vector was designated pcDNA3-HAN. A BamHI
recognition sequence was introduced upstream of the
initiation codon of the human DVLP cDNA by PCR amplifi-
cation of the cDNA in pBluescript-II using a primer,
5'-ATGGATCCACCATGGAGGCGCTAATTCCTGTC-3'
(where the initiation codon is underlined and the
sequence is shown in italics) and the T7 sequencing primer.
A cDNA fragment between the BamHI site and a Notl site
at the 3'-terminus was ligated into the BamHl-Notl sites of
pcDNA3-HAN. The resultant expression vector for human
DVLP with an NH2-terminal HA epitope was designated
pcDNA3-HAN-DVLP.

Antibodies—Polyclonal rabbit anti-a-mannosidase II,
polyclonal rabbit anti-lamp-1, and monoclonal mouse
anti-TGN38 were kindly provided by Dr. K.W. Moremen
(University of Georgia, GA; 30), Dr. K. Akasaki (Fu-
kuyama University, Fukuyama; 31), and Dr. G. Banting
(University of Bristol, Bristol, UK; 32), respectively.
Monoclonal mouse anti-protein disulfide isomerase was
purchased from StressGen Biotechnologies (Victoria,
Canada). Monoclonal mouse (12CA5) and polyclonal rabbit
(HA. 11) antibodies against the HA epitope were from
Boehringer Mannheim GmbH (Mannheim, Germany) and
Berkeley Antibodies (Richmond, CA), respectively. FITC-
conjugated anti-mouse and anti-rabbit IgGs were from
Jackson ImmunoResearch Laboratories (West Grove, PA).
Texas Red-conjugated anti-mouse and anti-rabbit im-
munoglobulins were from Amersham International (Buck-

inghamshire, UK).
Immunofluorescence Analysis—pcDNA3-HAN-DVLP

was transfected into mammalian culture cell lines using
CellPhect (Pharmacia Biotech, Uppsala, Sweden), Clon-
fectin (Clontech, Palo Alto, CA), or Lipofectamine (Life
Technologies, Gaithersburg, MD). The cells were cultured
for 24 h and then trypsinized, plated onto wells of eight-
well Lab-Tek chamber slides (Nunc, Roskilde, Denmark),
and cultured for a further 24 h. The cells were then
processed for indirect immunofluorescence analysis as
described previously (33, 34). Briefly, the cells were fixed
and permeabilized, then incubated sequentially with either
a combination of monoclonal mouse anti-HA antibody and
polyclonal rabbit antibody against an endogenous protein or
one of polyclonal anti-HA antibody and monoclonal anti-
body against an endogenous protein, and with either a
combination of FITC-conjugated anti-mouse and Texas
Red-conjugated anti-rabbit IgGs or a combination of
FITC-conjugated anti-rabbit and Texas Red-conjugated
anti-mouse IgGs, respectively. The stained cells were
observed with a laser-scanning confocal microscope
(TCS4D, Leica Lasertechnik GmbH, Heidelberg, Ger-
many).

RESULTS AND DISCUSSION

Genetic studies in yeast have identified a panel of genes
encoding proteins involved in vesicular transport. Vpslp
and Dnmlp, both of which are homologous to mammalian
dynamins, have been identified by such studies and sug-
gested to play some role in sorting of proteins from the late
Golgi compartment (corresponding to the TGN in animal
cells) into vacuoles (corresponding to mammalian lyso-
somes) and in an endocytic process, respectively. However,
mammalian counterparts of the yeast GTP-binding pro-
teins have not been identified so far. We exploited the
availability of large data bases of ESTs to identify the
putative mammalian proteins. A search of the GenBank
EST data base using the TBLASTN algorithm revealed
that several human ESTs encoded sequences homologous to
S. cerevisiae Vpslp and Dnmlp but not significantly to
mammalian dynamins. By PCR amplification of human
hepatoma HepG2 cell cDNA using a set of primers specific
to these ESTs, we obtained a partial cDNA fragment and
used it as a hybridization probe to screen a HepG2 cDNA
library. Sequence analysis of hybridizing cDNA clones
revealed that a clone had a 2.2-kb open reading frame
(ORF) coding for a 736-amino acid protein; we hereafter
refer to this putative protein as DVLP (for Dnmlp/Vpslp-
like grotein).

Figure 1 shows the cDNA sequence and the deduced
amino acid sequence of human DVLP. Like other dynamin
family members, DVLP has a well-conserved NH2-termi-
nal GTP-binding domain containing a tripartite GTPase/
GTP-binding consensus site. Data base search revealed that
DVLP is most similar to an ORF in a cosmid clone (T12E12)
identified by the Caenorhabditis elegans genome project
with a 60% overall amino acid identity. In the amino acid
sequence and the domain organization, DVLP resembles
not only the putative C. elegans protein but also a putative
dynamin-like protein (DymA) of Dictyostelium discoideum
(42% overall identity), S. cerevisiae Dnmlp (45% overall
identity), and Vpslp (42% overall identity), and a putative
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TAAACAGGTTACTGATGCATCACATCAGAGATTGTTTACCAGAGTrGAAAACAAGAATAAATGT^ 1050
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CTATTGACArTITGACTGCCATTAGAAATCOTACTGGTCCTCGTCCTGCT^ 1350
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E L A Y I N T K H P D F A D A C G L M N N N I E E Q R R N R L A R E L P S A V S R D K S S K V P S A 5 3 9
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R G M L K T S K A £ E L L A E E K S K P I P I M P A S P Q K G H A V N L L D V P V P V A R K L S A _ R 6 3 9

GGGAACAGOGAGArTCnraGGTTATTGAACGACTCATTAAATCATATITICTCATTC^ 2100
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AGCTGTATAAATCATCCTTA':

L Y K S S L L D D L L T E S E D M A O R R K E A A D M L K A L

TATTGCTGAAATCCGGGAGACTCATCTTTGGTGAAGAG 2250

O G A S O I I A F . I R E T H L W * 736

AACTATGTAATACTGAGACTITGTTGACTCAAAACTTOCTAGTTACTGCCTACCTG^ 2400

CAGAACACATCACACATTTAATCCAAATAATAAATGGCTGTTTCTAAAG 2449

Fig. 1. Nucleotide and deduced amino acid sequences of human DVLP. GTPase and GTP-binding motifs are shown in dark boxes.
Regions that show significant homology to other dynamin family members (GTP-binding, DVH1, and DVH2 domains) are underlined.

dynamin-related protein (C12C2.08) identified by the
Schizosaccharomyces pombe genome project (42% overall
identity) (Fig. 2). The NH2-terminal GTP-binding domain
of DVLP also shows an extensive homology to mammalian
dynamins (Fig. 2; the overall identity to rat dynamin la was
37%). However, the dynamin-related proteins including
DVLP do not resemble dynamins in the COOH-terminal
half for lack of the important functional domains; namely,
the pleckstrin homology domain that has been proposed to
be important for protein-protein interaction and for pro-
tein-phospholipid interaction (reviewed in Refs. 35 and
36), and the proline-rich domain that has been shown to be
responsible for binding to proteins containing the SH3
domain and to microtubules (reviewed in Ref. 9). Another
structural feature that distinguishes the dynamin-related
proteins from dynamins is that only the former has a
relatively longer spacer sequence (18-48 amino acids) that
interrupts the NH2-terminal conserved region containing
the GTP-binding motifs, GXXXXGKS and DXXG (data not
shown). However, a central region that we designated as
the DVH1 domain (DVH for dynamin/Vpslp homology)
and a region designated as the DVH2 domain, which is
flanked by the pleckstrin homology and proline-rich do-
mains of dynamins, show a significant homology to the
corresponding regions of dynamin-related proteins (Fig. 2).
Vallee and Okamoto (9) has proposed that the DVH2
domain of dynamin forms a coiled-coil structure. By using
the COILS program, Ver. 2.2 (37, 38), we confirmed that
the DVH2 domain of dynamin-related proteins including
DVLP also has a potential to form a coiled-coil structure
(data not shown). Since the coiled-coil structure is known to

hDVLP |GTP-binding Domain] [l)VH_l]|

Fig. 2. Schematic representation of the structures of DVLP and
other dynamin family members. The percentage amino acid
identity in each domain of each member with DVLP is shown. PH,
pleckstrin homology domain; Pro-rich, Pro-rich domain; h, human;
ce, Caenorhabditis elegans; dd, Dictyostelium discoideum; sc, Sac-
charomyces cerevisiae; sp, Schizosaccharomyces pombe; r, rat.

be involved in homo- and hetero-dimerization and oligo-
merization of proteins (37, 38), the dynamin-related
proteins might form a homodimer or homo-oligomer, and/
or interact with other proteins via the DVH2 domain.
Collectively, the structural features suggest that DVLP
plays a role similar to that of yeast Vpslp and Dnmlp
rather than that of dynamins.

To determine whether DVLP performs a general vesicle
trafficking function in all tissues or is restricted to a subset
of tissues, we performed Northern blot analysis. As shown
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in Fig. 3, a predominant transcript of 3.0 kb was found in all
examined tissues, with a relatively higher expression level
in the brain, heart, and testis. A minor transcript of 2.7 kb
was also detected. It is unclear whether these transcripts
represent products via alternative splicing of the same
primary transcript or derive from a distinct, but related,
gene. We favor the former possibility, since the DVLP
cDNA probe used for the Northern blot analysis covered a
region relatively unconserved among the dynamin family
members. In any case, the ubiquitous expression suggests
that DVLP plays a fundamental role in cellular function.

To determine the subcellular localization of DVLP, we
performed indirect immunofluorescence analysis. To this
end, an expression vector for DVLP tagged with an influ-
enza virus HA epitope sequence (pcDNA3-HAN-DVLP)
was constructed and transfected into various culture cell
lines. We introduced the HA epitope at the NH2-terminus
of DVLP, since the NH2-terminal tag has been shown not to
alter the intracellular localization of dynamin I (17); we
have also confirmed that the HA tag did not affect the
dynamin localization (data not shown). As shown in Fig. 4,
staining of transfected rat Clone 9 hepatocytes with an
antibody against the HA epitope showed a diffuse perinu-
clear pattern for DVLP with an NH2 -terminal HA tag
(HA-DVLP) (panels A, C, E, and G). Expression of
COOH-terminally HA-tagged DVLP (DVLP-HA) gave rise
to a similar staining pattern (data not shown). Further-

more, a similar perinuclear staining for HA-DVLP was
observed with other cell lines, such as monkey kidney Vero
cells and Chinese hamster ovary cells (data not shown).
These make it unlikely, but not impossible, that such a tag
could have affected the subcellular localization of DVLP.

Taken together with its similarity to yeast Vpslp and

Ift-
-28S

-18S

Fig. 3. Northern blot analysis of DVLP mRNA. Total RNAs (15
//g) isolated from mouse tissues were electrophoresed, blotted onto a
membrane, and hybridized with a cDNA probe covering a region of
human DVLP relatively unconserved among the dynamin family
members, as described under "EXPERIMENTAL PROCEDURES."
The positions of 28S and 18S ribosomal RNAs are indicated. SMG,
submandibular gland.

C.DVLP

D.TGN38
Fig. 4. Indirect immunofluorescence analysis of cells expressing epitope-tagged DVLP. Clone 9 cells transiently transfected with the
expression vector for NH2-terminally HA-tagged human DVLP (pcDNA3-HAN-DVLP) were stained with a combination of anti-HA antibody
(panels A, C, E, and G) and antibody against either a -mannosidase II (Man II; panel B), TGN38 (panel D), lamp-1 (panel F), or protein disulfide
isomerase (PDI; panel H) as described under "EXPERIMENTAL PROCEDURES" and observed with a confocal microscope.
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Dnmlp in the primary structure and domain organization,
these findings suggested that DVLP might localize to the
TGN and/or lysosomal/endosomal compartments, for the
following reasons. First, Vpslp is responsible for sorting of
proteins from a late Golgi compartment into vacuoles and
for membrane protein retention in the late Golgi (24-26).
Second, Dnmlp participates at some step before fusion of
endocytosed vesicles with late endosomes (27). Third, it
has recently been reported that the Golgi complex in
mammalian cells is strongly labeled not only with peptide-
specific antibodies directed against conserved regions of the
dynamin family but also with those against yeast Vpslp
(39). However, the diffused perinuclear staining of HA-
DVLP was not superimposed on a relatively compact
perinuclear staining of a resident Golgi membrane enzyme,
a-mannosidase II (compare panels A and B), or a TGN
membrane protein, TGN38 (panels C and D). Furthermore,
the DVLP staining was not superimposed on a punctate
staining of a lysosomal membrane protein, lamp-1 (panels
E and F), or transferrin receptor (data not shown), which is
known to recycle between endosomal compartments and
the cell surface. Since the relatively broad perinuclear
staining pattern for DVLP appeared to represent an ER
structure, transfected cells were then double-stained for
DVLP and protein disulfide isomerase, a resident ER
protein (panels G and H). However, the staining for DVLP

DVLP 3-COP

Fig. 5. Effect of BFA on DVLP localization. Clone 9 cells tran-
siently transfected with pcDNA3-HAN-DVLP were incubated in the
presence (panels C and D) or absence (panels A and B) of 5 //g/ml BFA
for 30 min, then processed for staining with a combination of anti-HA
antibody (panels A and C) and antibody against /8-COP (panels B and
D), as described under "EXPERIMENTAL PROCEDURES," and
observed with a confocal microscope.

was not identical, albeit rather similar, to that for protein
disulfide isomerase.

We then examined effects of a fungal antibiotic, brefeldin
A (BFA), on the DVLP localization, since this drug affects
the organization of various intracellular organelles. Upon
treatment of cells with this drug, components of the COP I
coat and the AP-1 adaptor were first dissociated from
membranes, then the Golgi apparatus was tubulated and
fused with the ER, while tubules extending from the TGN,
lysosomes, and endosomes were concentrated around the
microtubule organizing center (for review, see Ref. 40). As
shown in Fig. 5, when Clone 9 cells transfected with
HA-DVLP were treated with BFA (5 //g/ml) for 30 min,
the DVLP staining pattern was not altered as compared
with untreated control (compare panels A and C), whereas
/J-COP, a component of the COP I coat was dissociated from
membranes by the BFA treatment (panels B and D). This
supports the observations that DVLP was co-localized with
neither of the marker protein for the Golgi apparatus,
TGN, lysosomes, nor endosomes.

BFA is known to block the formation of COP I-coated
vesicles from the Golgi and AP-1 clathrin-coated vesicles
from the TGN. On the other hand, the formation of COP II-
coated vesicles from the ER or AP-2 clathrin-coated
vesicles from the plasma membrane is not affected by this
drug (1, 40). In view of the finding that DVLP was
co-localized with neither of the examined marker proteins,
it is unlikely that DVLP is involved in the formation of
these known coated vesicles. Homologues of components of
the AP-1 and AP-2 adaptor complexes have recently been
identified and shown to form a novel adaptor complex (41).
Furthermore, by searching the EST data base, we have
found that several ESTs encode parts of proteins homol-
ogous but not identical to known clathrin adaptor compo-
nents (data not shown). Taken together, these findings
suggest that DVLP may be involved in the formation of
unidentified coated vesicles. Although morphological
studies have revealed that dynamin associates with the
necks of invaginated AP-2 clathrin-coated pits to form a
helical structure at the plasma membrane (18), there has
been no report on such a structure at other intracellular
compartments. It is therefore also possible that the func-
tion of DVLP is not similar to that of dynamins. In any case,
intracellular vesicular transport must be more complicated
than was thought previously. To gain further insight into
the role of DVLP, we are now working to identify proteins
that interact with this novel GTP-binding protein.

We would like to thank Drs. Kelley W. Moremen, Kenji Akasaki, and
George Banting for providing antibodies.

REFERENCES

1. Schmid, S.L. and Damke, H. (1995) Coated vesicles: a diversity
of form and function. FASEB J. 9, 1445-1453

2. Rothman, J.E. (1996) The protein machinery of vesicle budding
and fusion. Protein Sci. 5, 185-194

3. Harter, C. and Wieland, F. (1996) The secretory pathway:
mechanisms of protein sorting and transport. Biochim. Biophys.
Acta 1286, 75-93

4. Nuoffer, C. and Balch, W.E. (1994) GTPases: multifunctional
molecular switches regulating vesicular traffic. Annu. Rev.
Biochem. 63, 949-990

5. Simons, K. and Zerial, M. (1993) Rab proteins and the road maps
for intracellular transport. Neuron 11, 789-799

Vol. 122, No. 3, 1997

 at Peking U
niversity on O

ctober 2, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


530 H.-W. Shin et al.

6. Moss, J. and Vaughan, M. (1995) Structure and function of AEF
proteins: activator of cholera toxin and critical components of
intracellular vesicular transport processes. J. BM. Chem. 270,
12327-12330

7. Bomsel, M. and Mostov, K. (1992) Role of heterotrimeric G
proteins in membrane traffic. Mol BM. Cell 3, 1317-1328

8. Liu, J.-P. and Robinson, P.J. (1995) Dynamin and endocytosis.
Endocrine Reu. 16, 590-607

9. Vallee, R.B. and Okamoto, P.M. (1995) The regulation of
endocytosis: identifying dynamin's binding partners. Trends Cell
BM. 5, 43-47

10. Damke, H. (1996) Dynamin and receptor-mediated endocytosis.
FEBS Lett. 389, 48-51

11. Urrutia, R., Henley, J.R., Cook, T., and McNiven, M.A. (1997)
The dynamins: redundant or distinct functions for an expanding
family of related GTPases? Proc. Natl. Acad. Sci. USA 94, 377-
384

12. Shpetner, H.S. and Vallee, R.B. (1989) Identification of dyna-
min, a novel mechanochemical enzyme that mediates interactions
between microtubules. Cell 59, 421-432

13. Obar, R.A., Collins, C.A., Hammarback, J.A., Shpetner, H.S.,
and Vallee, R.B. (1990) Molecular cloning of the microtubule-
associated mechanochemical enzyme dynamin reveals homology
with a new family of GTP-binding proteins. Nature 347, 256-261

14. Nakata, T., Iwamoto, A., Noda, Y., Takemura, R., Yoshikura, H.,
and Hirokawa, N. (1991) Predominant and developmental^
regulated expression of dynamin in neurons. Neuron 7, 461-469

15. Herskovits, J.S., Burgess, C.C., Obar, R.A., and Vallee, R.B.
(1993) Effects of mutant rat dynamin on endocytosis. J. CellBM.
122, 565-578

16. van der Bliek, A.M., Redelmeier, T.E., Damke, H., Tisdale, E.J.,
Meyerowits, E.M., and Schmid, S.L. (1993) Mutations in human
dynamin block an intermediate stage in coated vesicle formation.
J. Cell BM. 122, 553-563

17. Damke, H., Baba, T., Warnock, D.E., and Schmid, S.L. (1994)
Induction of mutant dynamin specifically blocks endocytic coated
vesicle formation. J. Cell BM. 127, 915-934

18. Takei, K., McPherson, P.S., Schmid, S.L., and De Camilli, P.
(1995) Tubular membrane imaginations coated by dynamin
rings are induced by GTP-yS in nerve terminals. Nature 374,
186-190

19. Hinshaw, J.E. and Schmid, S.L. (1995) Dynamin self-assembles
into rings suggesting a mechanism for coated vesicle budding.
Nature 374, 190-192

20. Cook, T.A., Urrutia, R., and McNiven, M.A. (1994) Identification
of dynamin 2, an isoform ubiquitously expressed in rat tissues.
Proc. Natl. Acad. Sci. USA 91, 644-648

21. Sontag, J.-M., Fykse, E.M., Ushkaryov, Y., Liu, J.-P., Robinson,
P.J., and Siidhof, T.C. (1994) Differential expression and regula-
tion of multiple dynamins. J. BM. Chem. 269, 4547-4554

22. Nakata, T., Takemura, R., and Hirokawa, N. (1993) A novel
member of the dynamin family of GTP-binding proteins is
expressed specifically in the testis. J. Cell Sci. 105, 1-5

23. Cook, T., Mesa, K., and Urrutia, R. (1996) Three dynamin-
encoding genes are differentially expressed in developing rat
brain. J. Neurochem. 67, 927-931

24. Rothman, J.H., Raymond, C.K., Gilbert, T., O'Hara, P.J., and
Stevens, T.H. (1990) A putative GTP binding protein homol-
ogous to interferon-inducible Mx proteins performs an essential
function in yeast protein sorting. Cell 61, 1063-1074

25. Wilsbach, K. and Payne, G.S. (1993) Vpslp, a member of the
dynamin GTPase family, is necessary for Golgi membrane
protein retention in Saccharomyces cerevisiae. EMBO J. 12,
3049-3059

26. Nothwehr, S.F., Conibear, E., and Stevens, T.H. (1995) Golgi
and vacuolar membrane proteins reach the vacuole in upsl
mutant yeast cells via the plasma membrane. J. Cell BM. 129,
35-46

27. Gammie, A.E., Kurihara, L.J., Vallee, R.B., and Rose, M.D.
(1995) DNM1, a dynamin-related gene, participates in endo-
somal trafficking in yeast. J. Cell BM. 130, 553-566

28. Hosaka, M., Murakami, K., and Nakayama, K. (1994) PACE4A
is a ubiquitous endoprotease that has similar but not identical
substrate specificity to other Kex2-like processing endoproteases.
Bwmed. Res. 15, 383-390

29. Hatsuzawa, K., Hosaka, M., Nakagawa, T., Nagase, M., Shoda,
A., Murakami, K., and Nakayama, K. (1990) Structure and
expression of mouse furin, a yeast Kex2-related protease: lack of
processing of coexpressed prorenin in GH4d cells. J. BM. Chem.
265,22075-22078

30. Moremen, K.W., Touster, O., and Robbins, P.W. (1991) Novel
purification of the catalytic domain of Golgi <*-mannosidase II:
characterization and comparison with the intact enzyme. J. BM.
Chem. 266, 16876-16885

31. Akasaki, K., Michihara, A., Mibuka, K., Fujiwara, Y., and Tsuji,
H. (1995) Biosynthetic transport of a major lysosomal membrane
glycoprotein, Lamp-1: convergence of biosynthetic and endocytic
pathways occurs at three distinctive points. Exp. Cell Res. 220,
464-473

32. Horn, M. and Banting, G. (1994) Okadaic acid treatment leads to
a fragmentation of the trans- Golgi network and an increase in
expression of TGN38 at the cell surface. Biochem. J. 301, 69-73

33. Torii, S., Banno, T., Watanabe, T., Ikehara, Y., Murakami, K.,
and Nakayama, K. (1995) Cytotoxicity of brefeldin A correlates
with its inhibitory effect on membrane binding of COP coat
proteins. J. BM. Chem. 270, 11574-11580

34. Hosaka, M., Toda, K., Takatsu, H., Torii, S., Murakami, K., and
Nakayama, K. (1996) Structure and intracellular localization of
mouse ADP-ribosylation factors type 1 to type 6 (ARF1-ARF6).
J. Biochem. 120, 813-819

35. Gibson, T.J., Hyvonen, M., Musacchio, A., Saraste, M., and
Birney, E. (1994) PH domain: the first anniversary. Trends
Biochem. Sci. 19, 349-353

36. Lemmon, M.A., Ferguson, K.M., and Schlessinger, J. (1996) PH
domains: diverse sequences with a common fold recruit signaling
molecules to the cell surface. Cell 85, 621-624

37. Lupas, A. (1996) Prediction and analysis of coiled-coil structures.
Methods Enzymol. 266, 513-525

38. Lupas, A. (1996) Coiled coils: new structures and new functions.
Trends Biochem. Sci. 21, 375-382

39. Henley, J.R. and McNiven, M.A. (1996) Association of a dyna-
min-like protein with the Golgi apparatus in mammalian cells. J.
Cell BM. 133, 761-775

40. Klausner, R.D., Donaldson, J.G., and Lippincott-Schwartz, J.
(1992) Brefeldin A: insights into the control of membrane traffic
and organelle structure. J. Cell BM. 116, 1071-1080

41. Simpson, F., Bright, N.A., West, M.A., Newman, L.S., Darnell,
R.B., and Robinson, M.S. (1996) A novel adaptor-related protein
complex. J. Cell BM. 133, 749-760

J. Biochem.

 at Peking U
niversity on O

ctober 2, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/

