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ABSTRACT A cDNA clone corresponding to the DiMyo-
stelium myosin heavy chain kinase (MHCK) gene was isolated
using antibodies specific to the purified enzyme. Sequence
analysis of the cDNA revealed that the Dictyostelium MHCK
possesses all of the domains characteristic of members of the
protein kinase C family. The amino-terminal region of the
MHCK contains the cysteine-rich motif with an internal du-
plication that is present in all known protein kinase C species.
This domain precedes sequences that are highly homologous to
protein kinase catalytic domains. The carboxyl-terminal region
contains a cluster of 23 serine and threonine residues that may
represent the autophosphorylation domain of the Diclyostelium
MHCK. These results, along with previous studies that indicate
that this enzyme has very restrictive substrate specificity,
incorporates approximately 20 mol of phosphate per mol of
kinase through an autophosphorylation reaction, and is ex-
pressed only during development, suggest that the Dictyoste-
HumMHCK is a distinct member of the protein kinase C family
and imply that this kinase family, which may include members
with very specific cellular functions, may be even more heter-
ogeneous than previously thought.

The protein kinase C (PKC) family plays a crucial role in the
signal transduction system in eukaryotic cells. When a ligand
binds to certain receptors on the cell surface, phosphatidyl-
inositol 4,5-bisphosphate is hydrolyzed to diacylglycerol and
inositol 1,4,5-trisphosphate (1), which are thought to act as
second messengers. The primary effect of diacylglycerol is to
activate PKC, which in turn phosphorylates a range of
cellular proteins (2, 3). Inositol trisphosphate functions to
mobilize Ca2W from intracellular stores (4). PKC appears to
be the receptor protein for tumor-promoting phorbol ester.
The evidence available to date strongly suggests that some,
if not all, of the pleiotropic actions of tumor promoters are
mediated through this protein kinase family (5). Furthermore,
PKC shows a broad substrate specificity when tested in vitro,
suggesting that PKC possesses multifunctional catalytic ac-
tivity (2, 3, 5). Although significant progress has been made
toward understanding PKC activation, the in vivo substrates
and the steps between the activation and subsequent cellular
events remain obscure.
When cells of Dictyostelium are starved, they acquire the

ability to bind cAMP to specific cell surface receptors and to
respond to this signal by chemotaxis. Binding of cAMP
induces formation of inositol trisphosphate and diacylglyc-
erol (6). Reorganization of myosin is involved in the process
of chemotaxis. Yumura and Fukui (7) have shown that
myosin in Dictyostelium exists as thick filaments that trans-
locate to the cortex in response to cAMP. This translocation
is correlated with the in vivo increases in phosphorylation on
both the heavy chain and the 18-kDa light chain of myosin (8,

9). We have purified a membrane-associated myosin heavy
chain kinase (MHCK) that is implicated in the increase in
myosin heavy chain phosphorylation during chemotaxis (10).
This kinase phosphorylates the Dictyostelium myosin heavy
chain specifically, which results in inhibition of myosin thick
filament formation (10, 11). These studies suggest a regula-
tory role for the MHCK in the assembly process of myosin.
Here we show that the Dictyostelium MHCK is a member of
the PKC family and may provide a link between the extra-
cellular chemotactic signal and subsequent intracellular
events.t

MATERIALS AND METHODS
Growth and development of Dictyostelium AX3 was as
described (8). Preparation of the Dictyostelium cells for
immunoblot analysis was as described by De Lozanne and
Spudich (12).

Production of Anti-Dictyostelium MHCK Antibody. Poly-
clonal antibodies against the Dictyostelium MHCK were
prepared by BabCo Immunological (Berkeley, CA). A rabbit
that had been prescreened to have no major reactions to
Dictyostelium proteins was injected with MHCK purified as
described (10). Affinity-puriflied antibodies were isolated as
described (13). Immunoblot analysis was performed accord-
ing to the method of Towbin et al. (14), using the affinity-
purified MHCK antibodies diluted 1:1000 as the primary
antibody and affinity-purified goat anti-rabbit IgG horserad-
ish peroxidase conjugate (diluted 1:2000) as the secondary
antibody (Bio-Rad). Antibody conjugates were visualized
with 4-chloro-1-naphthol following the manufacturer's pro-
tocol (Bio-Rad).

Cloning and Sequence Analysis. A 2-h-developed Dictyo-
stelium cDNA library in AZAP (generously provided by
James Cardelli, University of Louisiana State University,
Medical Center) was screened with the affinity-purified
MHCK polyclonal antibodies. Nested deletions were con-
structed using the Erase-a-Base system following the manu-
facture's protocol (Promega). Sequencing was performed
using the Sequenase system (United States Biochemical).
Sequence analyses were done using the GCG sequence
analysis software package (15).

Southern Blot Analysis. Genomic Dictyostelium DNA was
prepared as described (16). The DNA was digested with
restriction enzymes, fractionated on a 0.6% agarose gel,
transferred to nitrocellulose, and probed with a fragment of
the MHCK cDNA clone labeled with [a-32P]dATP using a
random-primed DNA labeling kit (Boehringer Mannheim).

Abbreviations: MHCK, myosin heavy chain kinase; PKC, protein
kinase C.
*Present address: Department of Membrane Research and Biophys-
ics, The Weizmann Institute of Science, Rehovot 76100, Israel.
tThe sequence reported in this paper has been deposited in the
GenBank data base (accession no. M93393).
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FIG. 1. Immunoblot analysis of vegetative (lane veg) and 4-h-
developed (lane dev) Dictyostelium cells. Lysates of Dictyostelium
cells were prepared, subjected to SDS/PAGE on 10%o gels, and
blotted to nitrocellulose. The immunoblots were stained with the
affinity-purified anti-MHCK antibodies. Molecular mass marker
standards are f-galactosidase (116 kDa), phosphorylase b (94 kDa),
bovine serum albumin (67 kDa), ovalbumin (43 kDa), and carbonic
anhydrase (30 kDa).

The blots were washed at 68°C in 2x standard saline citrate/
0.5% SDS.

RESULTS
We raised polyclonal antibodies against the MHCK purified
from the membrane fraction of developed Dictyostelium
cells. These antibodies inhibit MHCK activity (data not
shown). In immunoblot analyses of developed Dictyostelium
cells, the antibodies cross react strongly with a single band
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corresponding to a molecular mass of 84 kDa (Fig. 1), which
is the molecular mass of the pure MHCK estimated by
SDS/PAGE (10). In immunoblot analyses of vegetative Dic-
tyostelium cells, the MHCK antibodies did not show any
reaction (Fig. 1), indicating that the MHCK is expressed only
during development. We used these antibodies to screen a
Dictyostelium cDNA expression library and isolated a 2.5-
kilobase (kb) clone that lacked the 5' end. We therefore used
a 250-base-pair fragment from the 5' end of this clone to
isolate a full-length clone from the cDNA library. A 2.6-kb
clone (MHCK) was isolated and sequenced completely in
both orientations (Fig. 2). The MHCK has a single open
reading frame encoding a sequence of 783 amino acids with
a predicted molecular weight of 84,564 (Fig. 2). This pre-
dicted molecular weight is consistent with that estimated for
the purified MHCK (10). The open reading frame starts with
a potential initiation codon of ATG. This codon is flanked by
sequences that fulfill Kozak's criteria for initiation (17). A
stop codon of TAA is found at nucleotides 2369-2371 in-
frame downstream from the initiation codon.
The MHCK sequence was compared with sequences in the

National Biochemical Research Foundation data bases (De-
cember 1991). The proteins most closely related to the
predicted Dictyostelium protein are all members of the PKC
family. These PKC members all consist of a single polypep-
tide with four conserved (C1-C4) and five variable regions
(18). The carboxyl-terminal half, containing two conserved
regions C3 and C4, appears to be the protein kinase domain.
The C3 region possesses the ATP-binding sequence that is
found in all protein kinases (19). The amino-terminal half,
having conserved regions C1 and C2, resembles closely the
regulatory domain of the mammalian PKCs that interacts
with calcium, phospholipid, and diacylglycerol. The C1 re-

GAAGCTGGTATCGCCAAAAACGGTCAAACTCGTGAACACGCTCTCCTTGCTTACACTTTAGGTGTAAACAAATGATCGTTGCTATCAACAAG
ATGGATCGAAAAAATCAAGCACTAACTCAGAAAGACCGTTACGACGTAAAATTCCCTAAAATTTCATACAACATCAAAATTCGAATTACAAAATTTTGTAATTATTGTAGGGAGACAACA
M D R K N Q A L T Q K D R Y D V K F P K I S Y N I K I R I T K F C N Y C R E T T
TTTACAATCTCTGGTGAACCAGTGATGTGTAGTGAATGTAGATATATTGCACATGGACATTGTCAAACAAAGGTACCATTAAATTGTATTATACCCTATTCATCACCAATCAATACGATC

40

F T I S G E P V M C S E C R Y I A H G H C Q T K V P L N C I I P Y S S P I N T I 80
AATGATGGTGGTAATGTTAGACATCATTGGGTTGAAGGTAATTTAAAAAAGAGTAAAAAGTGTATACATTGTATGGAACCATGTGAAAAATCATTCTCTTTAGCTCATTATAAATGTTTA
N D G G N V R H H W V E G N L K K S K K C I H C M E P C E K S F S L A H Y K C L 120
TGGTGTCATAAATATTTACATAGTTCATGTTTTGATAAACATAATCCAATTTGTGATTTTGGTTCATTATCTGATATGATTTTACCCACCTTCTTCAATAGATTATTATCAACAACAGCA
W C H K Y L H S S C F D K H N P I C D F G S L S D M I L P T F F N R L L S T T A
ACTACTACAAATAAAATTGAAAAGTTAATAATTGAAGAACAACAACCACAATTATCATCATCACCATCTTCACCAAGATTAAATATTAATAATAATAATAATAATAATGAAATTATTGAA
T T T N K I E K L I I E E Q Q P Q L S S S P S S P R L N I N N N N N N N E I I E
TGGGAATTAATTGAAAATTCAAATATGCCAGAAAAAGTTTTATTTGTATTTGTAAATTCAAAGAGTGGTGGTCAATTTGGTAGTACATTAATTAGAAAGTTATCATCATTATTGAATCCT
W E L I E N S N M P E K V L F V F V N S K S G G Q F G S T L I R K L S S L L N P
TTACAAATTATAGATTTAATTAAATGTGGTGGACCAGATTCAACCTTACAAATGATTAATAGATATTTAGCAAAACATCCAGAACAAACCAATAGATTTAGAATTTTAGTTTGTGGTGGT
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L Q I I D L I K C G G P D S T L Q M I N R Y L A K H P E Q T N R F R I L V C G G 280
GATGGTAGCAGGTTGGTTGGTTATTTAAACAAAATGACAAAACATTTGGTTCCATCAACTATACCCATTGGTATTATACCATTGGTACTGGTAATGATTTGGCACGTTCGTTTAGGTTGG
D G S R L V G Y L N K M T K H L V P S T I P I G I I P L V L V M I W H V R L G W 320
GGGATTGGATATGATGGTGAAAAGCTAATTGAAATCTTAAAGAGTATAAATGAAGCTAAAACAATTCAAATGGATACTTGGAGTATTGAAATGTGGGAGGATCATAAACCCGAACTAGCA
G I G Y D G E K L I E I L K S I N E A K T I Q M D T W S I E M W E D H K P E L A 360
TCAATGATCTCGATAAATTTGGATAACATAACCGATCTAATCATCAATGATACTATTACATTGGTTGATGCAATGTGCATTGGTTTCATTAGCAAGGAAGCAAATCCTCAACTTTTCACA
S M I S I N L D N I T D L I I N D T I T L V D A M C I G F I S K E A N P Q L F T 400
GGTCGTACAGTTAATAAACTTTGGTATACAAAGATTGGTCTTGAGGAATTTGTTACAAAGAATTTCGTTAGTCTAGCTAGAATCGTTAAAATTAATGTGGGAACTCGGwGAAATTAGAGTC
G R T V N K L W Y T K I G L E E F V T K N F V S L A R I V K I N V G T R E I R V 440
GATATGATCCATGAGGGTATTATCATCCTCAATTTAGGTAGTTATCGTGGTGGTGTGGGACTTATGGGGTGCCAAATAGGAAAAGGAAGTTTTGGGAAAGTTCATAGTGATGGCACTGGT
D M I H E G I I I L N L G S Y R G G V G L M G C Q I G K G S F G K V H S D G T G 480
AATCAGTTTATCGATGATCAAACTAAAGAGATTGTTGGTGTCACTGTTTTACCCCATTTAGATGATGTTTTATGTTCAATTGTTCTCCAATTAAAATGGGTCAAGCTGATGAAATTCGTA
N Q F I D D Q T K E I V G V T V L P H L D D V L C S I V L Q L K W V K L M K F V 520
TTCAAGTATCAATGCCTTCAATCATTTTTAAAGGATAAAMAGGTTATATGAAATTGAAACTGCTTTTCAAGTCGATGGTGATCTCGAACCAATTGAAGTTCAAATTGGACTTTTTAAATAT
F K Y Q C L Q S F L K D K R L Y E I E T A F 0 V D G D L E P I E V Q I G L F K Y 560
CCTTCTTTAAAAAGTTTTCGATTAACTTTAGAAATTATCTTATTTTTCCTGATTTTTGTTAAGATTACCTATAGACCTCTAAACCTTTACAACCCTACTCTATTTGGCTCTAGCATCTCA
P S L K S F R L T L E I I L F F L I F V K I T Y R P L N L Y N P T L F G S S I S 600
GTAGCTTTACTTATTGCAGATTTCGGTACACCAACCTACGTTACCACGAATCCCAAAGTAAATTGCTTCCTTACGTTTAGAGTTAGAAAAGTGTCCAGCATGTCAATTATTTTGAACCAT
V A L L I A D F G T P T Y V T T N P K V N C F L T F R V R K V S S M S I I L N H 640
ATGTCTAACCAGACTCCTAACATGTTCTTAAGAAGGGTATTAAAGTATTTTGTAGTTTTATTTAATGGTTTAAAAGATTTAATAACACTCTTCTGTTGTAAAATGTTTGAGACCTCTTTG
M S N 0 T P N M F L R R V L K Y F V V L F N G L K D L I T L F C C K M F E T S L 680
GTCACTTACACATCACTTACATCTATAATAGCTGTACCCGCAACATGTTCCATGTATTACAAACATGGAAAGTATGGTAGTATGCCTAGTACTACACATACATCTGAGTACCACTACCTA
V T Y T S L T S I I A V P A T C S M Y Y K H G K Y G S M P S T T H T S E Y H Y L 720
GATGAAATCATGATTCTGATTATCAACTTTCAATATCTCAATCACCAAATCTTTATTCTCCACCTTCTTTTAAAATCCACCACCAAATTTAAATCAATATCAACAACCACATCAACCACC
D E I M I L I I N F Q Y L N H Q I F I L H L L L K S T T K F K S I S T T T S sT T 760
TCAATCACAACCTCAACCTCAACCTCAACCTCAACAACTCACTTCAATCACCCCAATCACCAGAACCGATAAATAATAATACAATAATAATAATAATAATAATAACAATAATApkTAATAA
S I T T S T S T S T S T T H F N H P N H Q N R * 783

FIG. 2. Nucleotide sequence (numbered on the left) and predicted amino acid sequence (numbered on the right) ofthe MHCK. The predicted
amino acid sequence starts with the first methionine codon in the open reading frame.
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gion contains the putative pseudosubstrate domain and a increased substantially (67%) if conservative amino acid
tandem repeat of cysteine-rich sequence (18). Alignment of substitutions are considered. Although the regulatory domain
the MHCK sequence with bovine PKCy (18), rat PKC/3 (20), is less conserved than the kinase catalytic domain, it contains
rabbit PKCS (21), and rat PKCa (22) sequences reveals an the putative pseudosubstrate site and the two cysteine-rich
overall homology in two domains (Fig. 3). The catalytic sequence motifs that are characteristic of the PKC family
domain of the Dictyostelium MHCK shares 37% amino acid (Fig. 3A). A modest degree of sequence similarity (1o; not
identity with its mammalian PKC counterparts (Fig. 3B) and shown in Fig. 3) also exists in the region that corresponds to
includes hallmark sequences found only in the PKC family of the putative Ca2+ binding domain conserved among PKC
protein kinases (19). The degree of overall similarity is subspecies (5).

* *

A KICK 3 ... RI NQAMIT Q RYDKFP _KISYNIKIRI T MY ET TFTISGEPVM
bvPKCy 2 LFCREG. AM QKVHEVKSH KFTARFFKQP T. FC3H_DF IWGIGKQGLQ

raPKCP 21 ... RJM.A4 IQKq4VHE1K~.HIKFTARFFKQP T.M~D IWGFGKQGFQ
rbPXC8 21 ...AR Q4 VH H TARFFKQP H DF IWGIGKQGLQ

rapKCa 21 *. 9~VKH IARFFKQP H DF IWGFGKQGLQ

** * *

EICK 50 CECYIA H T PL IIPYSS INT INDGGNVRp WVEGNLKKSK
bvPKCy 51 CQVCSFWHRF CE VTF PGAGKP ... Q DPRN FRLHSYSSPT

raPXCP 67 CQVCCF EFVTF PGADKXGP ... A D$DPRSK8K FKIHTYSSPT

rbPXCS 66 F F TF PGAGK ... QT DPRN44( FRLHSYSSPT

raPKCa 67 F F TF PGADK ... D DPRSK( FKIHTYGSPT

* * * * * *

IICK 100 KMCPCE KSF . ..Y KfrHKY SSCFDKHNPI CDFGSLSDMI
bvPKC7 98 FC ...GS LLY tQGM K MN RFICVRSVPSL CIGVDHTERRG

raPKCP 114 FM C. ...GS LLY QGM |KC RB VPGL |C|GTDHTERRG
rbPXC8 113 F ...GS LLY GM R TVPSL I4VDHTERRG
raPXCa 114 4 C ... GS LLY KGM iY3 K INVPSL IGMDHTEKRG

B KICK 458 ..GVGLMGCQ I KSFGi SDGTGNQFID DQ¶IEIVG.. PHLDV
bvPKCy 334 .SDFSFLMV. LGCGSFGKV4 LAERRGSDEL YAI4.ILKKD VID.. .DDV

r&PKCP 342 .. DFNFLMV. GKGSFGKV4 LSERRGTDEL YAVX.ILKKD VVIQOD..DDV

rbPKCS 348 ISDFSFLMV. GKGSFGKV4 LAERRGSDEL YAIMOILKKDI2D DV
raPKCa 337 .TDFNFLMV. GKGSFG LADRKGTEEL YAI.NKKD ;IQD..

KICI 504 L-SIVLQ.* . KF K L K L* IETAFQV
bvPKCy 379 D-,.LV.. GRGPG GRP L L T T LY .FVMEY.V

raPXCfB 388 Wm. . E GKP.....LL .FVMEY.V

rbPKCS 394 GRGPG GRPH L .FVMEY.
raPKCO 382 DKPP. L .FVMEY.

KICK 545 DO.XPIEV K L KSFRLTLEII LFFLIFVKIT YR;2f9T
bvPKCy 423 * L4YHIQ QWKEMA AFYAAEIAIG LFFLiNQGII YRPPM
raPKCP 427 NG I YHIQ QfKEPHA VFYAAEIAIG LFFL SKGII YR P

rbPKC8 438 YHIQ Q AFYAAEI |LFFLWQG I

raPxCa 421 HIQ Q VFYAAEI LFFLRGtI

594 _FGSS. ISVA LL IADFG ... ....... IP _YVI_ CFLTFRVRK.

473 L)AEGHIK.. ..ID)FGgCK ENVFPGSII TCT YI APEIIAYQPY

477 LDSEGH IK.. .. ADFG KCK ENTWDGVr]K IFCGT. YI APEIIAYQPY

I4AEGH .... O3FG ENVFPGTR C

470 SEGH ....LADFG CK EHMMDGV C I APEIIAYQPY

631 ... H IIMIN N.~PMFLRRVL KYFVVLFN IF-C
477 GK DWW*G V LY Q EPF ....... ...... D EELFQAI
473 G VDWF IY QIIF........E ELFAI

488 GK IWWG AQ~ F........D EEEA

470 G WWAYG F........ DEMS

673 MFftL S .SIIP AT MYY.K . f. TT bEY L
473 MQ-. *VT RE. I GFLTKH P G GEP R F

477 MEHN.. KE. I. GLYH UG
488 ME...V KSRE.V I.C GFL P GEPWRI F

470 . KE. I. GL P GERD

721 DEIMILIqF QY HQ. I LHLLLKSTTK F STTTST TSITTSTSb
473 .FRWI)W DRXRLEIAP PFRPRPCGR. 3ENFDKF FTRAAPALr?

477 FRY|DW EKRRKEIP PYKPKACGR. ..NAENFDRE FTRHPPVLr4

488 ....F ERKRLEII PFRPRPCGR. ..NAENFDKF FTRHPPVL

470 FRR E 4N4P PFKPKVCGK. GAENFDKF FTRGQPVLp

FIG. 3. Alignment of the predicted
Dictyostelium MHCK amino acids with
known mammalian isoenzymes of PKC;
identical residues between Dictyostelium
MHCK and mammalian PKC isoen-
zymes are boxed; dots indicate the gaps
in alignment. (A) The region defined by
Coussens et al. (18) as C1 includes the
putative pseudosubstrate site (overline)
and the two intramolecular repeats rich in
cysteine residues (asterisks). The spac-
ings of the cysteine residues in the Dic-
tyostelium MHCK are strictly conserved
in the two repeats and are identical with
those for all mammalian PKCs. (B) The
catalytic domain. Asterisks indicate ab-
solutely conserved residues within the
ATP binding region and the arrow indi-
cates the invariant lysine. Sequences are
from the following sources: bvPKCy (bo-
vine) from Coussens et al. (18), raPKCP
(rat) from Knopf et al. (20), rbPKC5
(rabbit) from Ohno et al. (21), and
raPKCa (rat) from Ono et al. (22).
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raPXCcZ
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To estimate the number of homologous MHCK genes
within the Dictyostelium genome, we probed Southern blots
ofDictyostelium genomic DNA with a portion of the MHCK
under conditions of moderate stringency (Fig. 4). The probe
used was a 0.9-kb cDNA fragment (Fig. 4B) that contains the
coding sequence for 60%o of the C1 domain and the entire C2
domain. A relatively simple pattern of hybridizing fragments
was obtained when genomic DNA was digested with various
enzymes (Fig. 4A). This pattern is consistent with a single
genomic locus whose restriction enzyme map is shown in Fig.
4B. It is possible that Dictyostelium contains more than one
MHCK and/or PKC species and that under lower stringency
conditions other genes will hybridize with the MHCK probe.

DISCUSSION
The high homology between the Dictyostelium MHCK and
mammalian PKC, particularly at the regions that are unique
to the PKC family, indicates that the MHCK is a member of
the PKC family. This conclusion is supported by biochemical
properties of the Dictyostelium MHCK (10). MHCK is a
membrane-associated protein like all known PKCs (2, 3). It
has an apparent molecular mass (84 kDa; ref. 10) similar to
the average molecular mass of PKCs (77 kDa; ref. 23), and
like all PKCs it undergoes intramolecular autophosphoryla-
tion (10). PKCs phosphorylate serine and threonine residues
but not tyrosine (24, 25), and MHCK phosphorylates only
threonine residues on the myosin heavy chain (10). Biochem-
ical evidence from other mammalian systems also suggests
that those PKCs phosphorylate myosin heavy chains. Myo-
sin heavy chain from several nonmuscle cell sources have
been shown to undergo phosphorylation in vitro and/or in
vivo (26-31).
Although the MHCK sequence contains the domains that

are presumably involved in phospholipid, diacylglycerol, and
Ca2+ binding, the purified MHCK unlike most mammalian
PKCs is active without the addition of the above substances
(10). It is possible that the purified MHCK lost its regulation
during the purification and that in vivo this enzyme is
regulated by the above substances. Several mammalian
PKCs do not demonstrate Ca2+, phospholipid, and diacyl-

.A kh
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,;. I
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1 .6-
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A B I) 1 Fs (J 1I 1 IJ K

*....
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glycerol regulation after purification from cell extracts. It has
been assumed that regulation was lost during purification.
For example, PKC from human platelets is not sensitive to
Ca2+ (32), and in other cases, neither Ca2+ nor phospholipid
is needed for the enzymatic activity ofPKC (33, 34). It is also
possible that the mechanism ofMHCK regulation is distinct.
The cysteine-rich domain might be required only for binding
of the MHCK to the membrane and not for diacylglycerol
binding.
Each mole of Dictyostelium MHCK incorporates about 20

mol of phosphate by autophosphorylation (10). A cluster of
23 serine and threonine residues is located at the carboxyl-
terminal end of the MHCK sequence (Fig. 2) that could
represent the autophosphorylation domain. The Dictyoste-
lium MHCK autophosphorylation may be a form of regula-
tion. Indeed, autophosphorylation in a mammalian PKC has
been shown to increase its rate of histone phosphorylation
(35). The mechanism by which the autophosphorylation
regulates PKC is unknown.
The PKC family plays a crucial role in signal transduction

for the activation of multiple cellular functions by the phos-
phorylation of multiple substrates (2, 3, 5). This family
contains several discrete species, yet they all possess a
primary structure containing conserved structural motifs
with a high degree of sequence homology. Our results indi-
cate that the Dictyostelium MHCK contains the structural
motif ofPKC but is distinct from all known PKCs. Whereas
PKCs are thought to be involved in multiple cellular functions
and have multiple substrates (2, 3), the MHCK is known to
phosphorylate only myosin heavy chain and thus may affect
only myosin-related functions (10).
Although significant progress has been made toward elu-

cidation of the pathways leading to PKC activation, the steps
between this activation and subsequent cellular events re-
main uncharacterized. The finding that an enzyme that plays
a regulatory role in the control mechanism of myosin assem-
bly is a component ofthe signal transduction system provides
a link between an external stimulus and directional move-
ment by the signal transduction system. To study the role of
PKC in signal transduction, it is useful to utilize systems such
as Dictyostelium that are amenable to genetic analysis. The
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FIG. 4. Southern blot analysis of genomic Dictyostelium MHCK. (A) Dictyostelium genomic DNA was digested with restriction enzymes,
fractionated on 0.6% agarose gel, transferred to nitrocellulose, and hybridized with the probe indicated in B. Lanes: A, Bcl I digest; B, Bgi Ii
digest; C, Cla I digest; D, Cla I/BamHI digest; E, Cla I/EcoRi digest; F, Cla I/EcoRV digest; G, Cla I/HindIII digest; H, Cla I/Pst I digest;
I, Kpn I/Bcl I digest; J, Kpn I/Bgl II digest; K, Kpn I/Cla I digest. (B) Restriction enzyme map of the genomic locus (as deduced from the
Southern blot patterns) and the relative position of the probe used in A. Molecular mass standards, which were electrophoresed in both the first
and the last gel lanes (not shown), confirmed that the upper band in lanes C, D, F, and H is 5.0 kb in each case.

Proc. Nad. Acad Sci. USA 89 (1992)
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presence of only one gene of MHCK and the ability to target
genes in Dictyostelium should enable the generation of mu-
tants lacking this unique PKC. These studies should give a
better understanding of the role of PKC and MHCK in vivo.
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