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N-Myristoyltransferase (NMT) is an essential eu-
karyotic enzyme that catalyzes the cotranslational
and/or posttranslational transfer of myristate to the
amino terminal glycine residue of a number of impor-
tant proteins especially the non-receptor tyrosine Ki-
nases whose activity is important for tumorigenesis.
Human NMT was found to be phosphorylated by non-
receptor tyrosine kinase family members of Lyn, Fyn
and Lck and dephosphorylated by the Ca**/calmodu-
lin-dependent protein phosphatase, calcineurin. Dele-
tion of 149 amino acids from the N-terminal end re-
sulted in the absence of phosphorylation suggesting
that the phosphorylation sites are located in the
N-terminal end of NMT. Furthermore, a site-directed
mutagenesis study indicated that substitution of ty-
rosine 100 with phenylalanine served NMT as a poor
substrate for the Lyn Kinase. A synthetic peptide cor-
responding to the amino-terminal region encompass-
ing tyrosine 100 of NMT served as a good substrate for
the Lyn and Fyn kinases. Our studies also indicated
that NMT was found to interact with Lyn through its
N-terminal end in a phosphorylation-dependent man-
ner. This is the first study demonstrating the cross-
talk between NMT and their myristoylated protein
substrates in signaling pathways. © 2001 Academic Press
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All Src family members, as well as nearly 100 other
cellular, viral, and oncoproteins contain a consen-
sus sequence for attachment of the 14-carbon fatty
acid, myristate catalyzed by the enzyme N-myristoyl-
transferase (NMT) (1-4). This protein modification
normally occurs cotranslationally after the initiating
methionine has been removed by an aminopeptidase to
allow acyl group transfer to the first position glycine
prior to protein folding (5, 6). Posttranslational myris-
toylation has been reported for a 68 kDa protein D.
discoideum (7). Myristoylation of P. syrinagae effector
protein occurs after the proteins have entered the plant
host cell and serves to target the bacterial proteins to
the host plasma membrane (8). Cleavage of the pro-
apoptotic BID protein by caspase 8 generates a post-
translational myristoylation site that enables the BID
pl5 fragment to localize at the mitochondria and in-
duce cell death (9). For the Src oncoprotein to effect
transformation, it must be co-translationally modified
with a myristoyl-group catalyzed by the enzyme NMT.
Many of the cellular proteins that are myristoylated
are known to be involved in signal transduction and
oncogenesis (1). The importance of myristoylation of
proteins in tumorigenesis has been suggested by stud-
ies demonstrating that myristoylation of the viral on-
cogene product v-Src is required for membrane associ-
ation and cell transformation (10). Activation of Src
has been reported in human colon carcinoma (11), co-
lon tumor derived cell lines (11) and colonic polyps with
a high potential for developing cancer (12). Blockage of
the myristoylation of c-Src in colonic cell lines de-
pressed colony formation, cell proliferation, and local-
ization of c-Src to the plasma membrane (13). Previ-
ously, we have demonstrated that the elevated levels of
NMT activity and NMT protein in animal and human
colon cancer tissues suggested a role for NMT in tumor
progression (14, 15).
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Protein phosphorylation is one of the best-under-
stood and well-studied mechanisms for cellular regu-
lation. In this study we demonstrate the phosphoryla-
tion of NMT by its own myristoylated substrates, the
Src family members, and dephosphorylation by the
protein phosphatase, calcineurin. In addition, we dem-
onstrate the phosphorylation-dependent binding of
NMT to Src family members suggesting that there is
cross talk between enzyme and substrate. Also, we
describe the phosphorylation of NMT, catalytic charac-
terization, stoichiometry, deletion mutagenesis and
site-directed mutagenesis to map out the essential ty-
rosine residues responsible for phosphorylation and
interaction with Src tyrosine kinases.

EXPERIMENTAL PROCEDURES

Materials

[9,10-°H]Myristic acid (39.3 Ci/mmol) and [1-**C]myristic acid
(54.7 Ci/mmol) purchased from DuPont NEN and [y-**P]JATP was
purchased from ICN Pharmaceuticals, Inc. (California). Pseudomo-
nas acyl-CoA synthetase, coenzyme A, benzamidine, phenylmethyl-
sulfonyl fluoride, and leupeptin were obtained from Sigma. Peptide
substrates based on the N-terminal ends of cAMP-dependent protein
kinase (GNAAAAKKRR) and Src (GSSKSKPKR) were synthesized
by the Alberta Peptide Institute, Canada. The peptide NENYVED-
DDNMFRFD, corresponding to the amino-terminal region of hNMT
(amino acids 97-112) (15) was also synthesized by the Alberta Pep-
tide Institute, Canada. The peptide was coupled to bovine serum
albumin at a peptide to protein ratio of 14:1. The Ca*'/calmodulin-
dependent protein phosphatase, calcineurin, was purified as de-
scribed (16).

Methods

Purification of Src family kinases and NMT. Src family tyrosine
kinase members of p56"" (Lyn), p55"" (Fyn) and p56'* (Lck) were
purified from bovine thymus according to the method described (17).
A synthetic peptide corresponding in sequence to residues 6—20 of
cdc2 (KVEKIGEGTYGVVKK) was used as a tyrosine kinase sub-
strate (18).

Construction of the human NMT (hNMT) vector and protein ex-
pression (amino acids 1-416; pT7-7-hNMT) have been previously
described (19). Subcloning and expression of hNMT (amino acids
9-416) into the pTrcHisC vector (pTrcHisC:hNMT) (20) and the
generation of N-terminal (amino acids 149-416) and C-terminal
(amino acids 9-377) have also been described (21).

Other methods. Protein concentrations were determined by the
method of Bradford (22) using bovine serum albumin as a standard.
Purified proteins were resolved by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) (23) and visualized using
Coomassie brilliant blue staining. Site-directed mutagenesis (SDM)
was carried out using QuikChange site-directed mutagenesis kit
(Stratagene Inc, LaJolla, CA) according to the method described
earlier (21). A synthetic peptide corresponding in sequence to resi-
dues 6-20 of cdc2 (KVEKIGEGTYGVVKK) was used as positive
control for Src tyrosine kinase family members and the phosphory-
lation reaction was carried out as described previously (18). NMT
activity was carried out according to the method described earlier
(24, 25).
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FIG. 1. Phosphorylation of ANMT by Src family tyrosine kinase

members of Lyn, Fyn, and Lck. Recombinant hNMT (255 ug/ml) was
phosphorylated by either Lyn (560 U/ml), Fyn (440 U/ml), or Lck
(340 U/ml) for 45 min, as described under Experimental Procedures.
After phosphorylation, aliquots of the samples were subjected to
SDS-PAGE. Lanes: 1, hNMT alone; 2, Lyn alone; 3, hNMT and Lyn;
4, hNMT and Fyn; 5, hNMT and Lck; 6, same as lane 3 but the
phosphorylated sample was incubated with an hNMT antibody fol-
lowed by protein A Sepharose precipitation and the supernatent was
resolved by SDS-PAGE. Lanes 7-12, respective autoradiographs of
lanes 1-6.

RESULTS
Phosphorylation and Dephosphorylation of hANMT

When purified hNMT (residues 1-416) was incu-
bated with the Src family tyrosine kinase members of
Lyn, Fyn and Lck in the presence of [y-*P] ATP, the
hNMT was phosphorylated (Fig. 1). Furthermore,
these results suggest that hNMT is a good substrate for
Lyn and Fyn; however, it is a poor substrate for Lck.
The phosphorylation of hNMT was essentially abol-
ished (Fig. 1, lane 12) when the Lyn phosphorylated
hNMT was removed from the sample with an hNMT
antibody followed by protein A Sepharose precipita-
tion. These results further suggest that hNMT was
phosphorylated by the Lyn kinase. Phosphorylation of
hNMT by Lyn resulted in the incorporation of about 0.5
pmol phosphate per mol of ANMT at 60 min and did not
reach plateau levels after 60 min. (Fig. 2A). Similar
stoichiometry of hNMT phosphorylation was observed
with Fyn (data not shown).

Dephosphorylation of phosphorylated hNMT was ex-
amined using calcineurin from bovine brain. The de-
phosphorylation reaction was carried out with Ni**-
stimulated calcineurin at 20 pg/ml and 40 wg/ml (Fig.
2B). At lower concentration (20 ug/ml) of calcineurin,
the rate of reaction is reduced; however, the final de-
phosphorylation of hNMT after 60 min is the same
using either 20 or 40 ug/ml calcineurin (Fig. 2B). These
results suggest that hANMT dephosphorylation could be
mediated by calcineurin.
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(A) Time course of phosphorylation of ANMT by Lyn. Human NMT (400 pg/ml) was phosphorylated in the absence (open circles)

and presence Lyn (560 U/ml) (closed circles) in a standard reaction mixture. At various time intervals indicated, aliquots were removed for
analysis of phosphate incorporation. (Inset) After incubation for 60 min, aliquots were subjected to SDS-PAGE and autoradiography. Lane
1, hNMT alone; lane 2, hANMT and Lyn; lane 3, Lyn alone. (B) Time course of dephosphorylation of the phosphorylated hNMT by calcineurin.
Phosphorylated hNMT (282 pg/ml) was incubated at 30°C in a reaction mixture containing 100 mM Tris—HCI (pH 7.0), 5 mM magnesium
acetate, 5 mM 2-mercaptoethanol, 20 wg/ml calcineurin, (open circles) and 40 wg/ml (closed circles) calcineurin with 10 ug/ml calmodulin, and
0.1 mM Ni*". The calcineurin sample was incubated with 1 mM Ni?* at room temperature for 1 h prior to the dephosphorylation reaction.
At various time intervals indicated aliquots were removed for quantification of dephosphorylation. (Inset) Autoradiogram: lane 1, 0 min; lane

2, 60 min dephosphorylation.

Effect of Phosphorylation on hNMT Activity

The kinetic properties of the non-phosphorylated
and phosphorylated hNMT were compared with Src or
cAMP-dependent protein kinase-derived peptide sub-
strates. Under all conditions, essentially similar activ-
ities were found in the non-phosphorylated and phos-
phorylated enzyme. Initial experiments suggested that
phosphorylated hNMT exhibited an increased V.
compared to non-phosphorylated hNMT. Subsequent
studies indicated that the NP-40, which was present in
kinase elution buffer (17), stimulated the hNMT activ-
ity several fold independent of phosphorylation. We
have attempted to remove the NP-40 from the kinase
preparation by employing various methods: dialysis,
fast protein liquid chromatography, anion exchange
chromatography on Mono Q or absorbent beads (Bio-
Rad). The kinase protein recovered from all these
treatments possesses a drastically reduced kinase ac-
tivity <10% towards a cdc2-based peptide substrate
(data not shown). In addition, detergents have been
shown to stimulate the NMT activity in brain tissues
(24), which is not a surprising observation. These lim-
itations have made it difficult to address the effect of
hNMT phosphorylation on its ability to myristoylate
either Src or cAMP-dependent protein kinase-derived
peptide substrates. Therefore, we have focussed on the
characterization of hNMT phosphorylation by, and
binding to, the Lyn kinase.

Identification of the Major Lyn Phosphorylation
Site on hANMT

We have expressed the wild type hNMT protein (49
kDa, residues 9—416), an N-terminal deletion mutant
(32 kDa, residues 149-416) and a C-terminal deletion
mutant (45 kDa, residues 9-377) (20, 21). The first 8
amino acids of hNMT are not present since the 5’
cloning site used was located between the codons for
the 8th and 9th amino acids (20). The wild type hNMT,
N-terminal and C-terminal deletion mutant proteins
were subjected to phosphorylation by Lyn tyrosine ki-
nase as above. The wild type hNMT protein was phos-
phorylated by Lyn (as shown in Fig. 1; assigned value
of 100%), and the N-terminal deletion mutant protein
served as a poor substrate for the Lyn kinase (15% as
compared to wild type hNMT) (data not shown). The
C-terminal deletion mutant showed a 1.8-fold increase
in phosphorylation by Lyn (i.e., 184%, as compared to
wild type hNMT) (data not shown). These results sug-
gest that the N-terminal end of hNMT may contain
phosphorylation sites for the Lyn kinase. The increase
in phosphorylation of the hNMT C-terminal deletion
mutant indicated an inhibitory motif may be present in
the C-terminal end; and that this end may be masked
in wild type hNMT.

The phosphorylation site prediction program (26)
(http://www.cbs.dtu.dk/services/NetPhos/) was used to
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TABLE |

Site-Directed Mutagenesis of Selected
Tyrosine Residues in NMT

NMT Ability of Lyn to
Position activity phosphorylate
of Tyr* Sequence’ (%)** mutant NMT*® Score®
WT 100 100 —
37 SKRSYQFWD 100 45 0.582
70 RQERNTLPQ 67 49 0.749
93 LKELYTLLN 30 45 0.535
100 LNENYVEDD 1.7 16.6 0.863

! Point mutation of Tyr to Phe at the indicated residues using
site-directed mutagenesis according to the method described under
Experimental Procedures. WT is the full-length wild-type NMT (ami-
no acids 1-416) with no mutations. The number indicates the Tyr
residue mutated in the context of the full-length NMT protein.

> The amino acid sequence surrounding the Tyr (Y), where the
mutated Tyr is underlined.

® Mutant NMT proteins (9—12 ug/assay) were subjected to an NMT
assay using a Src-derived peptide substrate (500 uM), and are ex-
pressed as percent activity as compared to the wild-type NMT
(100%).

* All assays were carried out at least in triplicate with similar
results.

® The ability of the Lyn tyrosine kinase (560 U/ml) to phosphory-
late the mutant NMT proteins (350—480 wg/ml) expressed as percent
activity towards wild-type NMT (100%).

¢ Phosphorylation scores were calculated based on the phosphory-
lation site prediction program (26) (http://www.cbs.dtu.dk/services/
NetPhos/). Scores above 0.5 are deemed to be possible phosphoryla-
tion sites and the higher the score, the more likely a particular site
will be phosphorylated.

indicate which tyrosine residues within the hNMT se-
quence are the most likely to be phosphorylated. This
program looks at the sequence context of each tyrosine
residue (i.e. the 4 residues before and after each ty-
rosine) and assigns an output score between zero and
one. Scores above 0.5 are deemed to be possible phos-
phorylation sites and the higher the score, the more
likely a particular site will be phosphorylated. This
approach predicts phosphorylation sites in indepen-
dent sequences with a sensitivity of 69 to 96% (26).
This analysis indicated that of the 17 tyrosine residues
in the hNMT protein, the 13 most C-terminal residues
were unlikely phosphorylation sites, with scores all
less than 0.1. The most likely tyrosine phosphorylation
sites were the 4 residues present within the first 100
amino acids at the N-terminal end of hANMT at residues
37, 70, 93 and 100, respectively (Table ).
Site-directed mutagenesis studies were employed to
substitute tyrosine with phenylalanine to understand
the role of these amino acids in the hNMT sequence.
The results indicate that substitution of Tyr37 with
Phe was found to have no effect on hNMT activity;
however, a 55% reduction in the ability of the Lyn
kinase to phosphorylate this mutant hNMT was ob-
served (Table I). Substitution of Tyr70 and Tyr93 with
Phe, resulted in 33 and 70 percent reduction in hNMT
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activity and 51 and 55 percent reduction in the ability
of Lyn to phosphorylate these hNMT mutant proteins
(Table I). Whereas, substitution of Tyr100 with Phe not
only resulted in the loss of hNMT activity, but also
made this mutant hNMT a poor substrate for Lyn
kinase (Table I). These results suggested that Tyr100
(LNENYVEDD) may be the major site at which Lyn
phosphorylates hNMT. It is interesting to note that the
inability of Lyn to phosphorylate these mutant hANMT
proteins, correlated well with the high scores assigned
using the phosphorylation prediction program (Table
1). For example, Tyrl00 has a high phosphorylation
prediction score of 0.863 and its respective mutant
served as a poor substrate for Lyn kinase (16.6%) and
also had a decreased hNMT activity towards a Src
peptide (1.7%). However, mutation of each of thirteen
other tyrosine residues in the hNMT sequence with low
phosphorylation prediction scores (0.007 to 0.079) did
not affect their ability to serve as substrates for Lyn
kinase (data not shown). Therefore, phosphorylation
prediction analysis and site-directed mutagenesis
studies suggest that Tyr100 may be the major phos-
phorylation site in hNMT.

Phosphorylation of NMT-Peptide by Src Family
Tyrosine Kinases

The phosphorylation predictions and site-directed
mutagenesis studies clearly indicated that Tyr100
might be the major phosphorylation site on hNMT. To
address whether phosphorylation can be achieved on a
small peptide independent of the full-length NMT pro-
tein and also to demonstrate specific phosphorylation
on Tyrl00, a peptide from the N-terminal region of
hNMT corresponding to amino acids 97-112 (contain-
ing Tyrl00) was synthesized and coupled to BSA.
NMT-Peptide-BSA and BSA were subjected to phos-
phorylation by Src tyrosine kinase family members of
Lyn, Fyn and Lck. The results of the experiment indi-
cate that the NMT peptide could be phosphorylated by
the Src family tyrosine kinases Lyn and Fyn, but not
Lck (Fig. 3). Similar results were observed when we
used the full length NMT protein (Fig. 1). BSA was not
phosphorylated by any of these Src family tyrosine
kinases. These results further suggest that Tyr100 is
the principle phosphorylation site on hNMT for Lyn
and Fyn.

Phosphorylation-Dependent Binding of NMT
to the Lyn Tyrosine Kinase

The N-terminal, C-terminal and wild type NMT
proteins were subjected to phosphorylation by Lyn fol-
lowed by immunoprecipitation with anti-hNMT anti-
body. The immune complexes were washed and sub-
jected to kinase assay using a cdc2 peptide substrate to
determine if Lyn remained bound to the hNMT im-
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FIG. 3. The incorporation of phosphate into the peptide corresponding to the amino-terminal region of hNMT by Src family tyrosine
kinase members of Lyn, Fyn, and Lck. NMT-peptide-BSA (1260 ng/ml) and BSA (1260 pg/ml) was phosphorylated by either Lyn (560 U/ml),
Fyn (440 U/ml), or Lck (340 U/ml) in a standard reaction mixture as described under Experimental Procedures. Bars: 1, NMT-peptide or BSA
and tyrosine kinase; 2, tyrosine kinase alone; and 3, NMT-peptide or BSA alone.

mune complex. Lyn kinase activity was found to be
bound to wild type NMT (Fig. 4). In contrast, the
N-terminal deleted NMT, which lacks the first 148
amino acids including Tyr100, failed to bind Lyn ki-
nase activity. In the C-terminal deleted NMT protein,
close to 50% kinase activity was observed (Fig. 4).
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FIG. 4. Phosphorylation of various NMT mutant proteins. Dele-
tion mutants were generated as described under Experimental Pro-
cedures. Human NMT wild type (192 ug/ml), N-terminal deletion
mutant (104 wg/ml) and C-terminal deletion mutants (56 ng/ml)
were incubated in the presence of either Lyn (560 U/ml) (bar 1) or the
absence of Lyn (560 U/ml) (bar 2) or cold ATP (bar 3). NMT was
immunoprecipitated with anti-hNMT antibody (5 ng) overnight fol-
lowed by 2 h incubation with 40 ul of protein A Sepharose. The
immune complexes were washed and the tyrosine kinase activity
was measured as described under Experimental Procedures employ-
ing a cdc2 peptide as substrate. Kinase activity was expressed as the
percent of phosphorylation observed with the Lyn kinase associated
with wild-type hNMT under phosphorylation conditions.

DISCUSSION

Our observation that hNMT is phosphorylated by
Src family tyrosine kinases (Lyn, Fyn and to a lesser
extent Lck) and dephosphorylated by calcineurin indi-
cates cross-talk between NMT and its N-myristoylated
substrates. These results showing hNMT phosphoryla-
tion by Src family tyrosine kinases and dephosphory-
lation by calcineurin now offers a possible mechanism
for NMT regulation. Deletion of 149 amino acids from
the N-terminal end resulted in the absence of phos-
phorylation suggesting that the phosphorylation sites
are located in the N-terminal end of NMT. A site-
directed mutagenesis study indicated that substitution
of tyrosine 100 with phenylalanine resulted in the loss
of 98% NMT activity towards a Src-derived peptide
substrate. When this mutant NMT protein was used as
a Lyn Kkinase substrate, it was poorly phosphorylated
(17% as compared to wild type NMT). A synthetic pep-
tide corresponding to the amino-terminal region en-
compassing tyrosine 100 of NMT served as a good
substrate for the Lyn and Fyn kinases. Our studies
also indicate the phosphorylation-dependent interac-
tion of ANMT with the Lyn tyrosine kinase. This inter-
action with Lyn could be completely abolished when we
used an N-terminal deletion mutant hNMT protein.
However, approximately 50% of the interaction was
maintained with C-terminal deletion mutant protein,
suggesting that an intact C-terminal domain may pro-
vide optimal conditions for phosphorylation, such as
the correct folding. These experiments suggest a role
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for the N-terminal end of hNMT in mediating the in-
teraction with the tyrosine kinase.

Previous reports regarding the regulation of NMT
indicated that the C-terminal region was important for
the catalytic activity in yeast (27), human (28, 29),
bovine (30) and plant (Arabidopsis) (31) NMT. The
N-terminal region has been suggested as a targeting
signal allowing the enzyme to access myristoyl-CoA
pools produced by the activation of the exogenous my-
ristate (27). The full-length enzymes from human and
mouse NMT have a poly-lysine region (KKKKKKQ-
KRKKEK) near the N-terminus (32, 33). Similar poly-
lysine regions in other proteins involved in co-
translational processing of nascent proteins have been
identified as being ribosomal targeting signals, such
as rat N-methionylaminopeptidase (AKKKRRKKKKS/
GKS) (34) and the initiation factor elF-23 subunit from
yeast (ALKKKKKTKKVPID) (35) and human (MSK-
KKKKKKKPFML) (36). Therefore, cytosolic versus ri-
bosomal subcellular localization and peptide substrate
preferences provide a plausible reason for the presence
of multiple NMT isozymes. Additionally, lower molec-
ular weight forms of the NMT enzyme such as those
found in bovine spleen, plants, yeast, and drosophila do
not contain the putative poly-lysine ribosomal target-
ing signal found at the N-terminal end of longer forms
(32, 33). Differential centrifugation of human CEM,
MOLT-4, and HeLa cells has shown the majority of
NMT activity could be found in the ribosomal subcel-
lular fractions, and an approximately 60 kDa protein
in these ribosomal fractions could be immunoblotted
with anti-hNMT antibody (32). On the other hand, in
plant NMT that does not possess this poly-lysine re-
gion, the majority of NMT activity has been associated
with ribosomal subcellular fractions (31). These results
suggest that there may be other targeting signals in
short NMT isoforms. This is true in the case of Dro-
sophila NMT, which has been purified through toll
affinity chromatography (37). Toll is a cytoplasmic
leucine rich repeat protein which mediates protein—
protein interactions and this protein has 60% homology
to a four leucine-rich repeat of p34 ribosomal binding
protein (37). Binding of NMT to such ribosomal binding
proteins could direct the localization of NMT to the site of
protein synthesis independent of poly-lysine regions.

The significance of a phosphorylation-dependent in-
teraction between NMT and a tyrosine kinase is not
known at present. However, it is tempting to speculate
that phosphorylated NMT may be binding to Src family
tyrosine kinases upon phosphorylation and this bind-
ing may have a regulatory role for the tyrosine kinases.
c-Src is regulated through the cytoplasmic CSK (c-Src
kinase) which phosphorylates a tyrosine residue near
the C-terminus, which then binds to its own SH2 group
and leads to the inactivation of Src (38). Binding of
phosphorylated NMT to the c-Src SH2 group could
bypass this regulation perhaps resulting in the consti-
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tutive activation of c-Src. The SH2 domain is a non-
catalytic domain of Src family tyrosine kinases and
other proteins that participate in intermolecular and
intramolecular interactions of tyrosine phosphorylated
proteins (39). It has also been shown that the accessi-
bility of the c-Src-SH2 domain for binding to cellular
proteins in vivo is increased during mitosis (40).

We have observed NMT activities in membrane frac-
tions of various tissues (41, 42). Src family members
are localized to the plasma membrane after they are
myristoylated by NMT (1). Perhaps the presence of
NMT in these fractions could be a result of NMT trans-
location from the cytoplasm by binding to Src family
tyrosine kinases, once the NMT is phosphorylated.

It will be important now to assess whether the phos-
phorylation occurs in vivo. Certainly, the phosphoryla-
tion of NMT and site-directed mutagenesis studies to
map out the essential tyrosine residue(s) responsible
for phosphorylation and interaction with Src family
tyrosine kinases are suggestive that they could be
physiological. Our observations lead to several intrigu-
ing questions. Does the binding of phosphorylated
NMT to Src family members have a regulatory role for
either NMT or the tyrosine kinase in vivo? Myristoyl-
ation is required for Src family members to function in
signal transduction pathways. Our studies indicate
that cross talk exists between NMT and their protein
substrates; myristoylation of protein substrates and
phosphorylation of NMT by N-myristoylated protein
substrates. The cross-talk between NMT, tyrosine ki-
nases and phosphatases are probably determined by
their subcellular localization and by the physiological
state of the cell.
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