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Summary

The eukaryotic organism Dictyostelium discoideum has become one of the organisms of choice for the overexpression of
recombinant myosins and myosin fragments. Here, we describe a protocol that facilitates the screening of cells that have
been transformed with myosin expression constructs and allows the rapid purification of recombinant myosins.

Depletion of cellular ATP is used to recruit most of the endogenous and recombinant myosin into a rigor-like complex
with actin. Following cell lysis the insoluble actomyosin complex is precipitated by centrifugation, washed, and Mg?+-ATP
is added to extract the recombinant protein from the pellet. More than 90% of the protein in the resulting supernatant
corresponds to actin, myosin, and the recombinant myosin fragments. Therefore, it is easy to detect any differences in
expression level between individual myosin constructs on SDS-polyacrylamide gels. Additionally, the dependence of
expression on external factors, such as cell density, can be readily determined. Furthermore, the presence of a band
corresponding to the recombinant protein indicates that the overexpressed protein has at least some of the functional

properties that are characteristic for a myosin motor.

This rapid and selective extraction protocol can also be utilized to facilitate the purification of recombinant myosin
motors on a preparative scale and has proved particularly useful in the purification of myosin head fragments, that are
tagged with histidine residues, by Ni2*-chelate affinity chromatography.

Introduction

We are using the cellular slime mould Dictyostelium
discoideum as expression system for recombinant
myosins. Dictyostelium has a number of features
which makes it an attractive expression system. The
motile amoeba lack a cell wall and resemble higher
eukaryotic cells in behaviour and appearance. Furth-
ermore, Dictyostelium cells carry out mammalian-like
post-translational modifications and can be readily
cultured in petri dishes, shaken flasks, and fermen-
tors. Functional myosin head fragments can be
expressed and purified in milligram quantities using
this organism (Manstein et al., 1989), and detailed
kinetic studies (Ritchie et al., 1993), as well as
complete structural studies (Schroder et al., 1993),
have been carried out using myosin fragments ex-
pressed in Dictyostelium.

However, there are also problems associated with
the use of Dictyostelium as an expression host. The
abundance of proteolytic enzymes in Dictyostelium
poses a significant obstacle to the quantitative analy-
sis of levels at which recombinant proteins are
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expressed in transformed cells and can generate
artefacts concerning their activity, structure, and
intracellular location. Conditions that are commonly
used for protein analysis, like the boiling of the
samples in SDS, further increase the problem as they
result in enhanced protease activity. Therefore,
minimizing the exposure of the overexpressed pro-
tein of the action of endogenous Dictyostelium pro-
teases is a prerequisite for any useful screening
protocol. This can in part be achieved by milder lysis
conditions that do not result in the disruption of
lysosomes and other vacuolar organelles, as the
lysosomal proteases constitute the major source of
problems. In the special case of functional myosin
motor-fragments, additional protection of the overex-
pressed protein from post-lysis proteolytic degrada-
tion can be achieved by the formation of a tight,
insoluble complex with actin. As actin is one of the
most abundant proteins in Dictyostelium, formation of
such a complex can be accomplished simply by
depletion of cellular ATP.

The formation of a rigor-like actomyosin complex
facilitates also the rapid enrichment and purification
of recombinant myosins, both on the analytical and
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preparative scale. The complex can be precipitated
and washed to remove the bulk of the cell lysate.
Subsequently, functional myosin motors can be
selectively released into the supernatant by extraction
with Mg?*-ATP.

The screening of cells transformed with a variety of
different myosin expression constructs and the purifi-
cation of a myosin head fragment that is affinity
tagged with a histidine octamer are described.

Materials and methods

Strains and growth conditions

Dictyostelium transformants were grown at 21°C in DD-
Broth 20 containing (per litre): 20 g protease peptone
(Oxoid), 7 g yeast extract (Oxoid), 8g glucose, 0.33 g
NaH,PO, - 7H,0, and 0.35 g KH,PO,. Cells were either
grown on 9 cm plastic petri dishes or in 100 ml conical flasks
on a gyratory shaker at 190 rpm. Transformants were ob-
tained either by the calcium-phosphate transformation pro-
cedure (Nellen et al., 1984) or by electroporation (Egelhoff
et al., 1991) and continuously grown in the presence of
10 pgml-! of the aminoglycoside G418. Plasmids used for
transformation were either derivatives of the integrating
vector pB10TP2 (Early & Williams, 1987) or the extrachro-
mosomal vector pDXA-3H. The vector pDXA-3H carries
the origin of replication of the Dictyostelium high copy
number plasmid Ddp2 (Chang et al., 1990; Leiting et al.,
1990), an expression cassette consisting of the strong,
constitutive actinl5 promoter, a translational start codon
upstream from a multiple cloning site (MCS), and se-
quences for the addition of a histidine octamer at the
carboxy terminus of any protein. Plasmids derived from
pDXA-3H were transformed into orf*-cells (P. Morandini,
manuscript in preparation). These cells carry several inte-
grated copies of the rep gene which is essential in trans for
the replication of plasmids that carry the Ddp2 origin
(Leiting et al., 1990; Slade et al., 1990). The myosin-a-
actinin fusion constructs were created by linking codon 754
of the Dictyostelium mhcA gene to codon 264 of the Dictyo-
stelium o-actinin gene. Constructs fused to one central
a-actinin repeat extended to codon 387, those tagged with
two repeats to codon 505, and constructs tagged with three
repeats to codon 618 of the «-actinin gene. Details of
plasmid construction will be described elsewhere (Man-
stein et al., 1995).

Screening of transformants

Mg2+-ATP extractable cytoskeletal proteins were isolated
starting from 2 to 5 x 107 cells. Cells were washed in 15 ml
MMC-buffer (20 mm MES, 2 mm MgCl,, 0.2 mm CaCly, pH
6.8), resuspended in 1 ml MMC-buffer, transferred in an
Eppendorf microfuge tube, and pelleted by centrifugation
at 5000 rpm for 2min in an Eppendorf Model 5415C
microcentrifuge or Heraeus Biofuge 13. The pellet was
resuspended and washed once with Lysis Buffer (50 mm
Tris HCl, 2.5 mm EDTA, 1 mm DTT, 5 mMm benzamidine,
pH 8.1). Lysis was performed by resuspending the cells in
0.6 ml Lysis Buffer containing 5 unitsml-! alkaline phos-
phatase (Boehringer Mannheim), 40 ugml-! N-tosyl-L-
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lysine chloromethyl ketone (TLCK), and 10 pgml-!
leupeptin, followed by the addition of 0.6 ml of the same
buffer containing 1% (w/v) Triton-X100. Lysis was fol-
lowed by incubation for 1 h on ice or 10 min at 21° C. The
insoluble fraction was collected by centrifugation for
30 min at 14 000 rpm and washed with 0.5 ml Lysis Buffer.
Myosin and recombinant myosin fragments were extracted
by homogenizing the pellet with the aid of an Eppendorf
micropistille in 50-70 ul Lysis Buffer containing 10 mm
Mg2+-ATP. The suspension was centrifuged for 20 min at
14000 rpm. Forty pl of the supernatant were carefully re-
moved and mixed with 40 pl SDS-gel loading buffer. Sam-
ples were heat-denatured and 10-40 pl were loaded per
lane on an SDS-polyacrylamide gel. Dictyostelium whole
cell lysates were generated as described by De Lozanne
and Spudich (1987). All samples were subjected to SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) on 12%
gels. Gels were stained with a solution that was made up
from 2 g Coomassie R250, 0.5 g Coomassie G250, 50 ml
methanol, 450 ml ethanol, 100 ml glacial acetic acid, and
400 ml water. All centrifugations were carried out at 4° C.

Purification of affinity tagged myosin head fragments

Cells expressing a histidine octamer tagged fusion protein,
consisting of the catalytic domain of Dictyostelium myosin
and the first two central repeats of Dictyostelium o-actinin
(DCD-2R) were grown in 51 flasks containing 2.51 DD-
Broth 20. The flasks were incubated on a gyratory shaker
at 200 rpm and 21° C. Cells were harvested at a density of
6 x 106 ml-! by centrifugation for 7 min at 2700 rpm in a
Beckman J-6 centrifuge and washed once in phosphate
buffered saline. The wet weight of the resulting cell pellet
was determined. Typically, 35 g were obtained from a 151
shaking culture. The cells were resuspended in 140 ml of
Lysis Buffer (50 mm Tris HCI, pH 8.0, 2 mm EDTA, 0.2 mm
EGTA, 1mmMm dithiothreitol (DTT), 5 mM benzamidine,
40 uygml~! TLCK, 20pgml-! N-tosyl-L-phenylalanine
chloromethyl ketone (TPCK), 200 pm phenylmethylsulfo-
nyl fluoride (PMSF), 200 pm 1, 10-phenanthroline, 0.04%
NaN;. Cell lysis was induced by the addition of 70 ml of
Lysis Buffer containing 1% Triton-X100, 15 mgml-!
RNaseA (Sigma) and 100 units of alkaline phosphatase
(Boehringer Mannheim). The lysate was incubated on ice
for 1 h. Upon centrifugation (230000 g, 1 h), the recombi-
nant protein remained in the pellet. The pellet was washed
in 100 ml of HKM buffer (50 mm HEPES, pH 7.3, 30 mm
KAc, 10 mm MgSO,, 7 mMm f-mercaptoethenol, 5 mm ben-
zamidine, 40 pgml-! PMSF) and centrifuged for 45 min at
230000 g. The recombinant protein was released into the
supernatant by extraction of the resulting pellet with 60 ml
HKM buffer containing 10 mm ATP. After centrifugation
(500000 g, 45 min), the supernatant was loaded using a
peristaltic pump onto a Ni2*-nitrilotriacetic acid (Ni?*-
NTA) affinity column (1.5 X 10 cm) (Qiagen). The flow-
rate was adjusted to approximately 3 mlmin-!. After load-
ing was completed the column was connected to a Waters
650M chromatography system. The column was washed
briefly in Low Salt buffer (50 mm HEPES, pH 7.3, 30 mm
KAc, 3 mMm benzamidine), High Salt buffer (as Low Salt
Buffer, but with 300 mm KAc), and Low Salt Buffer con-
taining 50 mM imidazole. The recombinant myosin was
eluted using a linear gradient of Low Salt Buffer and
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Imidazole Buffer (0.5 M imidazole, pH 7.3, 3 mM benzami-
dine), starting with 10% Imidazole Buffer and reaching
100% after 15 min. The flow rate was 3 mlmin~! and 3 ml
fractions were collected. Absorbance at 280 nm was moni-
tored. SDS gels were run to check the purity of the eluted
protein (Fig. 4). The pooled fractions were dialysed
immediately against Storage Buffer (20 mm HEPES, 0.5 mm
EDTA, 1 mm DTT, pH 7.0) containing 3% sucrose and the
purified protein could be stored at —80°C for several
months without apparent loss of enzymatic activity. Actin
activated ATPase activity was measured as described by
White (1982).

Results

Screening of transformants

Figure 1 shows the results obtained by SDS-PAGE
with a transformant cell line that expresses an 88 kDa
catalytic domain fragment of the myosin head at a
level of 0.7 mg per g cells. The recombinant protein
was either enriched by recruitment into a rigor-like
complex with actin and selective solubilization upon
addition of Mg?*-ATP (lane B, C) or whole cell lysate
was directly loaded onto the gel (lane D). The
enriched fractions not only gave much clearer infor-
mation about the expression of a recombinant pro-
duct by the transformant, but the presence of an
88 kDa band also indicates that the recombinant
protein behaves like a functional myosin. The effect
of centrifugal force on the purity of the recombinant
myosin fragment can be judged from the differences
observed between lane B, where all sedimentation
steps following lysis were performed at 125000 g in a
Beckman Optima TLX benchtop ultracentrifuge
equipped with a TLA-45 rotor, and lane C, where
post-lysis sedimentation steps were carried out at
13800 g in a Heraeus Biofuge 13. Comparison of lanes
B and C shows that higher sedimentation speeds
result in a greater enrichment of the recombinant
product. However, in regard to the information that
can be gained about the expression level displayed by
a given cell line, both high and low speed centrifuga-
tions yield comparable results.

In regard to the effectiveness of different protocols
in recruiting myosin head fragments into the insolu-
ble actomyosin fraction, we found that addition of
alkaline phosphatase to the Lysis Buffer improved
the reproducibility of the protocol, especially when
screening for the expression of constructs that are
produced at lower levels. However, the protocol can
accommodate a number of changes and good results
were also obtained when a variety of other agents are
used to deplete cellular ATP (Fig. 2). In fact, a 10 min
incubation of the cell lysate at room temperature
without any external ATP-depleting factors produced
almost the same result as the standard protocol for
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constructs that show high levels of expression (data
not shown).

The result of a typical expression screen performed
on 20 transformants expressing nine different con-

A.B C D

Fig. 1. SDS-PAGE patterns of the whole cell lysate and the
supernatant of the Mg2+-ATP extracted cytoskeleton frac-
tion from a Dictyostelium transformant overexpressing the
catalytic domain of myosin. (Lane A) Purified catalytic
domain of Dictyostelium myosin; (lane B) supernatant of
Mg?*-ATP extracted cytoskeleton fraction obtained follow-
ing the protocol described in Materials and Methods, but
with all post-lysis centrifugations performed at 125000 g;
(lane C) same as lane B but centrifugations carried out at
13800 g; (lane D) whole cell lysate. Twelve per cent
acrylamide gels were used and Coomassie Blue was used as
protein stain. The asterisk marks the electrophoretic mobil-
ity of the recombinant myosin fragment on the gels.
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Fig. 2. Effect of different methods of depleting cellular ATP
on the SDS-PAGE patterns of supernatants of the Mg?*-
ATP extracted cytoskeleton fraction. (Lane A) No addition
of external ATP depleting agents. Following lysis, cells
were incubated for 1 h on ice; (lane B) cells were washed in
MMC-Buffer containing 0.04% (w/v) NaN; and the same
amount of NaN; was added to the Lysis Buffer; (lane C) 5
ATPase units apyrase were added to the Lysis Buffer; (lane
D) 5 units alkaline phosphatase were added to the Lysis
Buffer; (lane E) cells were washed in MMC-Buffer contain-
ing 0.04% (w/v) NaN; and the Lysis Buffer contained 5
units apyrase; (lane F) same as E but 5 units alkaline
phosphatase were added instead of apyrase. A 12%
acrylamide gel was used and Coomassie Blue was used as
protein stain.

structs is shown in Fig. 3. The transformants can be
grouped into two classes based on the type of
construct. CD19, CD29.1, CD29.2, 1R-a2, 1R-a3,
1R-a4, 1R-bl, 2R-b2, 2R-b3, 2R-b4, 2R-cl, 2R-c2,
2R-c3, and 2R-c4 express a catalytic domain fragment
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which in the case of the 1R and 2R transformants is
fused to one or two central w-actinin repeats, respect-
ively. All other transformants express myosin head
fragments that lack the first 80 amino acids of the
myosin heavy chain, a part of the molecule that is
assumed to be non-essential for motility as it is
missing in several single headed myosins (Pollard
et al., 1991). In the case of chicken skeletal muscle
myosin this N-terminal part of the molecule is known
to form a fairly independent domain that shares
topological similarities with the Src-homology 3
(SH3) domain of spectrin (Rayment et al., 1993).
Transformants DH-1R-1, DH-1R-2, DH-2R-2, DH-
3R-3 express catalytic domain-like fragments that are
fused to one, two, or three central «-actinin repeats
and MHF-67 and MHF-68 produce S1-like fragments.
The recombinant myosin head fragment produced by
MHEF-67 lacks the binding site for the essential light
chain.

Figure 3 shows that all nine constructs can be
expressed in Dictyostelium in functional form, as each
of the recombinant proteins binds to actin in the
absence of ATP and is released from actin by the
addition of Mg?*-ATP. The amount of recombinant
myosin produced varied from approximately 1 mg
per g of cells for cell lines CD19, CD29.1 and CD29.2
to levels < 10 pug per g of cells for cell lines DHIR-1,
DH1R-2 and DH3R-3. However, the level of express-
ion varied only slightly between cells that were
transformed with the same extrachromosomal
plasmid. This is the case for all cell lines shown in
Fig. 3 with the exception of MHF-67 and MHF-68
which were transformed with plasmids derived from
the integrating vector pB10TP2. We found that
extrachromosomal vectors are in most instances
preferable to integrating vectors. They give rise to
10-100 times high transformation efficiencies and
transformants obtained with a particular extrachro-
mosomal construct produce the same level of recom-
binant protein (see Fig. 3, lanes 2R-b2 to 2R-c4).
However, this is not always the case. Extrachromo-
somal vectors harbouring N-terminally truncated
myosins generally fail to give high expression levels
(Fig. 3, lanes DH-1R-1-DH-3R-3) while a small
subpopulation of the transformants that were ob-
tained using integrating vectors (MHF-67, MHF-68)
express the protein at high level. It should be noted
that both the extrachromosomal and integrating
constructs carry the same translational fusion of the
eighth codon of the Dictyostelium actinl5-promoter
and the 81st codon of the mhcA gene. Furthermore,
extrachromosomal vectors for the production of
myosin-a-actinin fusion proteins with intact N-ter-
minus, but otherwise identical to those used in the
transformation of cell lines DH-1R-1 and DH-2R-2,
gave high levels of expression (see Fig. 3, lanes
1R-a2-2R-c4).
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Fig. 3. Screening of Dictyostelium transformants expressing a variety of different myosin motor fragments. The 12%
SDS-polyacrylamide gel shows the range of expression levels obtained with different constructs. CD19, CD29.1, CD29.2,
1R-a2, 1R-a3, 1R-a4, 1R-b1, 2R-b2, 2R-b3, 2R-b4, 2R-c1, 2R-c2, 2R-c3, and 2R-c4 express a catalytic domain fragment which in
the case of the 1R and 2R transformants is fused to one or two central a-actinin repeats, respectively. Transformants
DH-1R-1, DH-1R-2, DH-2R-2, DH-3R-3 express catalytic domain-like fragments that lack the first 80 amino acids of the
myosin heavy chain and are fused to one, two, or three central a-actinin repeats, receptively. Transformants MHF-67 and
MHF-68 produce S1-like fragments that lack the first 80 amino acids of the myosin heavy chain. The fragment produced by
MHF-67 lacks the binding site for the essential light chain. The recombinant myosin fragments were enriched as described in
Materials and Methods. Coomassie Blue was used as protein stain. (M) molecular mass markers; (W) wild-type Dictyostelium

cells; all other lane headings refer to the name of the individual transformed cell line.

Expression of affinity tagged myosin motor domains

The purification of a fusion protein (DCD-2R) com-
posed of a 88 kDa myosin catalytic domain fragment,
a 27 kDa a-actinin fragment corresponding to two
central repeats of the protein, and a C-terminal
histidine octamer is shown in Fig. 4. Transformant
cell line 2R-bl was used for the production of the
protein (see Fig. 3). The enrichment of the recombin-
ant protein by recruitment into a rigor-like complex
with actin and selective solubilization upon addition
of Mg?"-ATP was approximately the same as that
achieved on the analytical scale (Fig. 4, lane D). The
recovery of DCD-2R was almost complete at this
stage, as the protein could not be detected by
immunoblot analysis in either the supernatant of the
first centrifugation step after cell lysis or the pellet
after ATP-extraction (data not shown). The super-
natant after ATP extraction (Fig. 4, lane D), which
contained DCD-2R at ~ 50% of the soluble protein,
was loaded onto a Ni**-NTA column and the column
was extensively washed with Low and High Salt
Buffer. An additional wash with Low Salt Bufter
containing 50 mm imidazole was essential for the

removal of most of the non-specifically bound protein
(Fig. 4, lanes F & G). DCD-2R was eluted using a
gradient from 50-500 mm imidazole. The protein was
> 95% pure as estimated from the Coomassie Blue
stained protein gel (Fig. 4, lanes H-N) and fully
functional based on actin-activated ATPase activity.
The basal ATPase rate for DCD-2R was 0.02 ™" and
at 25 um actin the ATPase rate was 1.8 s™1 a 90-fold
increase. In the absence of actin and at high ionic
strength, DCD-2R displayed a high ATPase activity in
the presence of Ca** (1.1s™") similar to that of the
native Dictyostelium myosin. The molecular weight of
DCD-2R was calculated as 114665 and a molar
extinction coefficient s, of 92500 4000 was
determined. An average of 0.25% of the total cell
protein was recovered as purified DCD-2R, which
corresponds to a yield of 1.2 mg from 10 g of cells.

Discussion

The lack of reliable and efficient methods for the
screening of transformants is one of the major
limitations of Dictyostelium as a biotechnological
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Fig. 4. Purification of a histidine-octamer tagged myosin motor. The purification of a myosin catalytic domain fragment
fused to two central a-actinin repeats and tagged with a C-terminal histidine octamer is shown. (Lane A) whole cell lysate;
(lane B) supernatant of whole cell lysate; (lane C) supernatant of wash with extraction buffer; (lane D) supernatant after
extraction with 10 mm Mg2*-ATP; (lane E) flow through of Ni?*-chelate affinity column; (lanes F, G) wash with 50 mm
imidazole; (lanes H-M) elution of the recombinant protein using a gradient from 50 to 500 mm imidazole. Ten pl aliquots
were mixed with 10 ul SDS-gel loading buffer and 10 pl of this mixture where loaded per lane, with the exception of lanes A
and B where 3 and 5 ul were loaded, respectively. A 12% polyacrylamide gel was used and Coomassie Blue was used as

protein stain.

system. This is indicated by the fact that although
very reliable transformation systems exist for Dictyos-
telium (Nellen et al., 1984; Howard et al., 1988;
Egelhoff et al., 1989) only a small number of homo-
logous and heterologous genes have been overex-
pressed. Of the heterologous genes whose overex-
pression has been reported, most served as selective
markers or phenotypic reporters (Dingermann et al.,
1991). Amongst these genes are the bacterial Tn5 and
Tn903 aminoglycoside phosphotransferases (Nellen
& Firtel, 1985; Knecht et al., 1986), Escherichia coli
hygromycin phosphotransferase (Egelhoff et al.,
1989). E. coli B-galactosidase (Dingermann et al.,
1989), E. coli B-glucuronidase (Dittrich et al., 1994),
firefly luciferase (Howard et al., 1988), and mouse
thymidylate synthase (Chang et al., 1989; Dynes &
Firtel, 1989). The bias towards proteins that are very
easy to detect in the transformed cell may be caused,
at least in part, by the phagocytic nature of Dictyoste-

lium. An abundance of lysosomal proteases can make
the detection of recombinant proteins in whole cell
lysates very difficult. Even if the expression of a
protein can be established unambiguously, is it often
impossible to quantitate expression levels which
makes it difficult to identify transformants producing
the highest levels of the recombinant protein and to
optimise the conditions affecting production.

Screening of transformants

The results presented here demonstrate that, in the
special case of functional myosin motor domains,
these limitations of the Dictyostelium system can be
readily overcome. Sequestration of the recombinant
protein into a complex with endogenous actin almost
completely prevents the proteolytic degradation that
would otherwise inevitably occur during cell lysis
and subsequent treatment. On the analytical scale a
single confluent 9 cm petri dish yields enough pro-
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tein for 4-6 lanes on a SDS-polyacrylamide gel and
the screening of large numbers of transformants is
further facilitated by the fact that all sedimentation
steps can be carried out at 13000 g with equipment
that is readily available in most molecular biology and
biochemistry laboratories.

Variations in expression levels are not only encoun-
tered with different constructs but can depend on
parameters such as cell density, growth conditions,
and the presence of external factors (Maniak &
Nellen, 1990; Blusch et al., 1992; Wetterauer et al.,
1993a, b; Blusch & Nellen, 1994). The development
and application of the screening protocol described
here, therefore, not only enhanced our ability to
identify the best expression constructs but also
helped to optimise conditions for the expression of
new and existing constructs. Currently, we are
extending this work to the expression of human
f-cardiac myosin and rabbit skeletal muscle myosin.
These investigations should provide us with useful
information about the general potential of expressing
complex proteins of mammalian origin in Dictyo-
stelium.

Expression of affinity tagged myosin motor domains

The rapid and selective enrichment of functional
myosin motors by binding to actin and release by
addition of Mg?*-ATP did considerably help in the
purification of histidine-tagged myosins. The high
selectivity of Ni**-chelate affinity chromatography
for proteins carrying a tag, consisting of six or more
consecutive histidine residues, is used in a variety of
prokaryotic and eukaryotic expression systems for
the rapid purification of proteins under native condi-
tions (Janknecht et al., 1991). For cells that are devoid
of histidine-rich proteins, purification of the tagged
protein can be accomplished by a one-step pro-
cedure. However, in the case of a host like Dictyo-
stelium that contains many histidine-rich proteins, the
usefulness of this method is greatly reduced by the
requirement to separate the recombinant protein
from the bulk of the endogenous histidine-rich
proteins prior to the affinity chromatography step.
The selective enrichment of functional myosins by
recruitment into a complex with actin and solubiliza-
tion by addition of Mg**-ATP provides a very
effective means to overcome this problem and pre-
liminary studies with a variety of myosin head
constructs have shown that the incorporation of a
histidine-tag at the C-terminus does not interfere
with enzymatic activity. Consequently, this two-step
protocol consisting of a myosin specific enrichment
step followed by Ni?*-NTA chromatography pro-
vides a convenient and rapid method for the purifica-
tion of large quantities of recombinant myosins in a
native and functional state and may greatly facilitate
the structural and functional dissection of myosin
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motor activity. The protcol may also prove to be
useful for the production of a wider range of proteins
in Dictyostelium, particularly proteins that require
mammalian-like post-translational modifications to
make them functionally and immunogenically similar
to the native protein. We have generated vectors for
the expression of double-tagged fusion proteins that
carry a myosin catalytic domain fragment at their
N-terminus and a histidine-octamer at their C-ter-
minus. As shown above for the expression of a
27 kDa w-actinin fragment as part of DCD-2R (Fig. 4),
these fusion proteins can be purified by the same
rapid procedure involving a single chromatographic
step.
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