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A MAP kinase docking site is required for phosphorylation and
activation of p90rsk/MAPKAP kinase-1
Anne-Claude Gavin and Angel R. Nebreda

Activation of the various mitogen-activated protein
(MAP) kinase pathways converts many different
extracellular stimuli into specific cellular responses by
inducing the phosphorylation of particular groups of
substrates. One important determinant for substrate
specificity is likely to be the amino-acid sequence
surrounding the phosphorylation site; however, these
sites overlap significantly between different MAP
kinase family members. The idea is now emerging that
specific docking sites for protein kinases are involved in
the efficient binding and phosphorylation of some
substrates [1-4]. The MAP kinase-activated protein
(MAPKAP) kinase p90rsk contains two kinase domains
[5]: the amino-terminal domain (D1) is required for the
phosphorylation of exogenous substrates whereas the
carboxy-terminal domain (D2) is involved in
autophosphorylation. Association between the
extracellular signal-regulated kinase (Erk) MAP kinases
and p90rsk family members has been detected in various
cell types including Xenopus oocytes [6-8], where
inactive p90rsk is bound to the inactive form of the Erk2-
like MAP kinase p42mPkl, Here, we identify a new MAP
kinase docking site located at the carboxyl terminus of
p9o0rsk, This docking site was required for the efficient
phosphorylation and activation of p90rsk in vitro and in
vivo and was also both necessary and sufficient for the
stable and specific association with p42mpkl, The
sequence of the docking site was conserved in other
MAPKAP kinases, suggesting that it might represent a
new class of interaction motif that facilitates efficient
and specific signal transduction by MAP kinases.
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Results and discussion

Using a yeast two-hybrid assay, we confirmed that full-
length p90rsk associates with p42mpk!l (see Supplemen-
tary material published with this paper on the internet).

Moreover, the D2 domain of p90k (amino acids
309-733) alone, but not the D1 domain (amino acids
1-308) alone, could also associate with p42mpkl We
tested the specificity of this interaction by using as a bait
the related Xenopus MAP kinase p38mPkZ; this MAP
kinase did not interact with either full-length p90rsk or
the D2 domain alone. As a further control, p38mPkZ but
not p42mpkl interacted with another MAPKAP kinase,
MAPKAP kinase-2. Consistent with these results, we
found that a fusion protein containing glutathione-S-
transferase (GST) fused to the D2 domain (GST-D2),
but not a similar fusion protein containing the D1
domain (GST-D1), was efficiently phosphorylated 7
vitro by purified active p42™Pk!, In contrast, p38mPkZ was
much less efficient at phosphorylating GST-D2 (see
Supplementary material).

The interaction between the D2 domain of p90=k and
p42mpk! was confirmed using bacterially produced GST
fusion proteins bound to glutathione beads for ‘pull-down’
experiments. We found that Myc-tagged p42mpk! expressed
in Xenopus oocytes bound to GST-D2 but not to either
GS'T alone or GST-D1 (see Supplementary material). The
association was observed using either control oocytes or
oocytes treated with progesterone to activate p42mpkl sug-
gesting that GST-D2 can also bind active p42mpkl, This
was confirmed by using antibodies specific for the phospho-
rylated form of p42mPkl  which could detect both Myc-
tagged p42mPkl and endogenous p42mPkl in GST-D2
pull-down assays. The phosphorylated full-length form of
p90rsk however, did not appear to bind efficiently to active
p42mpkl (data not shown).

To further characterise the interaction between Xenopus
p90sk and p42mPkl| we prepared truncated forms of p90rsk
and the D2 domain that lacked the last 43 amino acids
(p907kA43 and D2A43, respectively). Deletion of this
carboxy-terminal region has been shown to impair associa-
tion between human Rsk3 and the MAP kinase Erk2 [8].
Using the yeast two-hybrid system we found that the
removal of only the last 43 amino acids of p90rsk completely
abrogated the ability of both p90rk and the D2 domain to
interact with p42mpk! (Figure 1a). We then investigated
whether these carboxy-terminal 43 amino acids were also
required for the association between D2 and p42mpk! in
Xenopus oocytes. For this experiment, Myc-tagged D2 and
D2A43 were expressed in Xezopus oocytes, immunoprecipi-
tated with anti-Myc antibodies and analysed by
immunoblotting using either anti-Myc or anti-p42™Pk! anti-
bodies. Anti-Myc antibodies immunoprecipitated D2 and
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D2A43 with the same efficiency (Figure 1b, upper panel),
but the endogenous p42mPk! co-immunoprecipitated only
with D2 (Figure 1b, lower panel), confirming that the
removal of the last 43 amino acids completely abrogates the
ability of D2 to interact with p42mpkl,

We then wanted to determine whether the carboxy-termi-
nal 43 amino acids of p90rk alone (43Ct) were sufficient
for interaction with p42mpkl, We found that 43Ct either
alone or fused to the carboxyl terminus of MAPKAP
kinase-2 (MAPKAPK-2-43Ct) was able to interact with
p42mpkl in a yeast two-hybrid assay (Figure 1a). To
confirm these results, Myc-tagged forms of D2, DI,
D1-43Ct, MAPKAP kinase-2 and MAPKAPK-2-43Ct,
were expressed in Xenopus oocytes and analysed for
binding to p42mPkl a5 described above. All proteins were
recovered in anti-Myc immunoprecipitates with the same
efficiency (Figure 1c, upper panel). Although p42mpk! was
detected neither in D1 nor in MAPKAP kinase-2
immunoprecipitates, it did co-immunoprecipitate with
both D1-43Ct and MAPKAPK-2-43Ci, albeit to a lesser
extent than with D2 (Figure 1c, lower panel). These
results demonstrate that the fusion of the 43Ct region to
proteins that normally do not associate with p42mpkl can
target these proteins to this MAP kinase.

To evaluate the importance of the docking site in the 43Ct
region for efficient phosphorylation by p42mpk! we incu-
bated different amounts of recombinant GST-D2 and
GST-D2A43 with active p42mpk! and [y->2P]JATP in an iz
vitro kinase assay (Figure 2a and Supplementary material).
The deletion of the carboxy-terminal 43 amino acids
reduced the efficiency of D2 phosphorylation by p42mpkl
in vitro by more than 10-fold (Figure 2a, left panel). This
effect was not due to the removal of p42mPk! phosphory-
lation sites on D2, because GST-43Ct alone was very
poorly phosphorylated by p42mpkl jx virro (Figure 2a, right
panel), which is consistent with the absence of MAP kinase
phosphorylation sites in 43Ct [9]. We also investigated the
importance of 43Ct for the 7/# vivo phosphory-lation and
activation of p90rsk by p42mpkl. For this experiment we
expressed both p90sk and p90kA43 in Xenopus oocytes
and then triggered the activation of p42mPkl by proges-
terone stimulation (Figure 2b). We found that the deletion
of the 43 carboxy-terminal amino acids in p90rkA43
severely impaired its ability to be phosphorylated during
oocyte maturation, although both endogenous p90rk and
endogenous p42mpk! were phosphorylated to the same
extent in all progesterone-treated samples (Figure 2b, left
panels). Furthermore, when p901skA43 was immunoprecip-
itated from oocyte lysates, it showed a significant inhibi-
tion of both its autophosphorylation activity (Figure 2c,
upper panel) and its ability to phosphorylate exogenous
substrates (Figure 2c, middle and lower panels) when com-
pared with full-length p90rsk, These results suggest that
the 43 carboxy-terminal amino acids are required for the

Figure 1
(a) Growth after mating (b) Q Q
(+p42mpit) g
K NN
po0' + FSFE
poorskA43  — SRV o
D2 + - )
D2A43 _ _-Antl-Myc blot
43Ct + Ul Anti-p42mpk1
MAPKAPK-2 - blot
MAPKAPK-2—43Ct + D2 D2p43
(c) x <
& &
v v v v
o Q5™ o Q5™
P PEE
; PP, FPIIIY
kDa = -
45 _ _— -
g = Anti-Myc blot
35— - —
— - == = Anti-p42mpkl
blot
Lysate Anti-Myc IP Current Biology

Identification of a docking site in p90rsk that is necessary and
sufficient for p42mPk1 binding. (a) Interaction in the yeast two-hybrid
assay between p42mpkl and the indicated proteins. Growth on
selective media after mating is indicated by +. All mating mixtures had
the same rate of growth on non-selective media. (b,c) Interaction in co-
immunoprecipitation (IP) experiments between the Myc-tagged
versions of the indicated proteins expressed in Xenopus oocytes and
endogenous p42mpkL, Lysates prepared from 30 oocytes were
immunoprecipitated with anti-Myc antibody and both the total lysates
and the anti-Myc immunoprecipitates were analysed by immunoblotting
with anti-Myc antibodies (upper panel) and anti-p42mPk! antibodies
(lower panel), as previously described [17].

efficient phosphorylation and activation of p90©k by
p42mpkl in Xenopus oocytes. Moreover, GST—43Ct inhib-
ited the phosphorylation of p90rmsk by pd2mekl iy virrg
(Figure 2d), further suggesting an important role for the
interaction between the 43Ct docking site and p42mpk1,

Interestingly, the D1 domain of p90rsk, which is not phos-
phorylated by p42mpk! either 7z vitro (see Supplementary
material) or during oocyte maturation (Figure 2b and data
not shown), might become phosphorylated by p42mpkl
when fused to 43Ct as suggested by the upward mobility
shift of the D1-43Ct fusion protein following electrophore-
sis of progesterone-treated oocyte samples (Figure 2b,
middle panels). Similarly, MAPKAP Kkinase-2 fused to
43Ct but not MAPKAP kinase-2 alone showed reduced
electrophoretic mobility upon expression in oocytes
injected with recombinant Mos protein to activate p42mpk!
(Figure 2b, right panels), suggesting that MAPKAPK-
2-43Ct was more heavily phosphorylated by p42mpk!, Fur-
thermore, although MAPKAP kinase-2 is efficiently



Figure 2
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The MAP kinase docking site is required for
efficient phosphorylation and activation of
p90rsk, (a) Active p42mPkl (200 ng) was
examined for its ability to phosphorylate
decreasing amounts (1 pg, 500 ng, 100 ng) of
either GST-D2, GST-D2A43, GST—43Ct or
GST alone in an in vitro kinase assay. The
arrowheads indicate the positions of the
recombinant proteins. (b) Myc-tagged versions
of the indicated proteins were expressed in
Xenopus oocytes which then were either left
untreated (—), treated with progesterone for
12 h (+) or injected with recombinant Mos
protein (Mos) and incubated for 5 h. The
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phosphorylation states of the Myc-tagged
proteins (upper panel), the endogenous p90rsk
(middle panel) and the endogenous p42mpkl
(lower panel) were analysed by mobility shifts
on immunoblots. The anti-p90rsk antibody does
not recognise p90rskA43. (c) Lysates prepared
from eight oocytes expressing either p90rsk or
p90rskA43 and either left untreated or treated
with progesterone were immunoprecipitated
with anti-Myc antibody and the activity of the
Myc-tagged p90rsk proteins was measured in
an in vitro kinase assay as described [17]. The
upper panel shows the autophosphorylation
activity of p90rsk (Auto-P) and the middle and
lower panels the activity of the Myc-tagged
p90rsk proteins on the exogenous substrates
S6 (S6-P; 2 pg) and GST-Mytl (Myt1-P;

0.5 ug), respectively. (d) GST—43Ct inhibits
phosphorylation of p90rsk by p42mpkL in vitro.
Active p42mPkl was preincubated with 4 pg of
either GST-43Ct or GST alone and then
incubated with 35S-labelled p90rsk prepared in
rabbit reticulocyte lysate.
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activated by p42mPk! when overexpressed in oocytes, we
could still measure a small but reproducible increase (about
twofold) in the #z vitro kinase activity of MAPKAPK-
2-43Ct upon p42mpkl activation in oocytes. Addition of the
43Ct region to MAPKAP kinase-2, however, did not affect
the activation of this MAPKAP kinase by p38mpkZ in
oocytes (data not shown). These results indicate that 43Ct
can direct p42mPkl-mediated phosphorylation of proteins
other than p90rsk 7z vivo. To define a shorter sequence for
the MAP kinase docking site in 43Ct, we prepared a trun-
cated form of D2 lacking the last 18 amino acids (D2A18),
which did not associate with p42mpPkl in the yeast two-
hybrid assay (Figure 3a). We also found that the carboxy-
terminal 25 amino acids of p90rsk (25Ct) alone were able to
interact with p42mpkl in the vyeast two-hybrid assay
(Figure 3a). Furthermore, GST-25Ct was able to pull
down p42mPk! from oocyte lysates with the same efficiency

as GST-43Ct (Figure 3b) and GST-D2 (data not shown).

In summary, we have identified an Erk MAP-kinase
docking site at the carboxyl terminus of p90rk that is

specific for p42mpk! binding and is required for the efficient
phosphorylation and activation of p90rsk by p42mpk! both in
vitro and in vive. 'This 25 amino acid sequence contains a
motif that is highly conserved in all the Rsk isoforms iden-
tified so far [10-12], as well as in the Erk substrates Mnk
and Msk [13-15] (Figure 3c). Interestingly, the carboxy-
terminal half of both Mnk1 and Mnk?2 is involved in Erk2
binding [14]. This suggests that the p42mpk! interaction
motif that we have identified in Xerzopus p90rc may be a
relevant docking site in other Erk MAPKAP kinases.

We have also found that mutation of the four most con-
served amino acids in 25Ct (LAQRR to ASQGA) impaired
p42mpk! binding (Figure 3). A sequence of 16 amino acids
that is required for Erk1/2 binding and also contains the
motif LxxRR has been identified recently in the protein
tyrosine phosphatases PTP-SL. and STEP [16]. In con-
trast, the 25Ct region shows no significant sequence simi-
larity with the motif R/Kxxxx[.xI., which is involved in
the binding of MAP kinases to nuclear substrates [4].
T'hus, 25Ct may represent the first of a new class of MAP
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The carboxy-terminal 25 amino acids of p90rsk are sufficient for
p42mpk! pinding and mutation of four amino acids in this sequence
impairs p42mpkL binding. (a) Interaction in the yeast two-hybrid system
between p42mpkl and the indicated proteins was determined as in
Figure 1. GST-43Ct(ASxGA) represents GST-43Ct with the
sequence LAQRR mutated to ASQGA (in the single-letter amino-acid
code). (b) Lysates were prepared from oocytes expressing Myc-
tagged p42mPkL and used for pull-downs with either GST, GST-25Ct,
GST-43Ct or GST-43Ct(ASxGA). The total lysate and the pull-down
assays were analysed by immunoblotting with anti-p42mPkL antibodies.
(c) Comparison of the carboxy-terminal amino-acid sequences in
protein kinases activated by Erk MAP kinases: Xenopus p90rska,
mouse Rskland Rsk2, human Rsk3, chicken p90 S6 kinase II,
Drosophila p90 S6 kinase I, human Msk1, mouse Msk2 and mouse
Mnk1 and Mnk2. Amino-acid numbers of the amino-terminal and
carboxy-terminal residues are indicated. The consensus shows the
amino acids that are conserved in at least 8 out of the 10 sequences.
The asterisks indicate the four amino acids that are conserved in all of
the sequences and are required for p90rsk binding to p42mpk,

kinase docking site, which is present on cytoplasmic
targets of Erks and allows the preassembly of complexes
between MAP kinases and substrates before MAP kinase
activation. This association would ensure the preferential
phosphorylation of the associated substrate, especially for
those cases in which partial or transient levels of active
MAP Kkinase are produced, and it may be of particular
importance when the targets themselves are protein
kinases with the potential for further signal amplification.

Supplementary material
Additional methodological details and three figures showing interaction
between D2 and p42mPkl but not p38MmPk2, specific phosphorylation of

D2 by p42mpkl and the requirement for 43Ct for efficient D2 phospho-
rylation in vitro are published with this paper on the internet.

Acknowledgements
We are grateful to A.N. Ainle for preparing the DNA constructs shown in
Figure 1a, E. Chierici for GST—43Ct, A. Palmer for GST-Myt1, P. Orban for
anti-Myc ascites, M. Jones for the anti-p42mPk! antiserum and D. Bohmann
and R. Klein for critically reading the manuscript. A-C.G. was supported by
the Swiss FNRS and the EMBL.

References

1. Hibi M, Lin A, Smeal T, Minden A, Karin M: Identification of an
oncoprotein- and UV-responsive protein kinase that binds and
potentiates the c-Jun activation domain. Genes Dev 1993,
7:2135-2148.

2. Adams PD, Sellers WR, Sharma SK, Wu AD, Nalin CM, Kaeling WG:
Identification of a cyclin-cdk2 recognition motif present in
substrates and p21-like cyclin-dependent kinase inhibitors. Mol
Cell Biol 1996, 16:6623-6633.

3. Lo RS, Chen YG, Shi Y, Pavletich NP, Massague J: The L3 loop: a
structural motif determining specific interactions between SMAD
proteins and TGF-beta receptors. EMBO J 1998, 17:996-1005.

4. Yang SH, Whitmarsh AJ, Davis RJ, Sharrocks AD: Differential
targeting of MAP kinases to the ETS-domain transcription factor
Elk-1. EMBO J 1998, 17:1740-1749.

5. Jones SW, Erikson E, Blenis J, Maller JL, Erikson RL: A Xenopus
ribosomal protein S6 kinase has two apparent kinase domains
that are each similar to distinct protein kinases. Proc Natl Acad
Sci USA 1988, 85:3377-3381.

6. Hsiao KM, Chou SY, Shin SJ, Ferrell JE: Evidence that inactive p42
mitogen-activated protein kinase and inactive Rsk exist as a
heterodimer in vivo. Proc Natl Acad Sci USA 1994, 91:5480-5484.

7. Scimeca JC, Nguyen TT, Filloux C, Van Obberghen E: Nerve growth
factor-induced phosphorylation cascade in PC12
pheochromocytoma cells. Association of S6 kinase Il with the
microtubule-associated protein kinase, ERK1. J Biol Chem 1992,
267:17369-17374.

8. ZhaoY, Bjgrboek C, Moller DE: Regulation and interaction of
pp90rsk isoforms with mitogen-activated protein kinases. J Biol
Chem 1996, 271:29773-29779.

9. Dalby KN, Morrice N, Caudwell FB, Avruch J, Cohen P: Identification
of regulatory phosphorylation sites in Mitogen-activated protein
kinase (MAPK)-activated protein kinase-1a/p90rsk that are
inducible by MAPK. J Biol Chem 1998, 273:1496-1505.

10. Alcorta DA, Crews CM, Sweet LJ, Bankston L, Jones SW, Erikson RL:
Sequence and expression of chicken and mouse rsk: homologs
of Xenopus laevis ribosomal S6 kinase. Mol Cell Biol 1989,
9:3850-3859.

11. Zhao'Y, Bjerbaeck C, Weremowicz S, Morton CC, Moller DE: RSK3
encodes a novel pp90rsk isoform with a unique N-terminal
sequence: growth factor-stimulated kinase function and nuclear
translocation. Mol Cell Biol 1995, 15:4353-4363.

12. Wassarman D, Solomon NM, Rubin, GM: The Drosophila
melanogaster ribosomal S6 kinase Il-encoding sequence. Gene
1994, 144:309-310.

13. Fukunaga R, Hunter T: MNK1, a new MAP kinase-activated protein
kinase, isolated by a novel expression screening method for
identifying protein kinase substrates. EMBO J 1997,
16:1921-1933.

14. Waskiewicz AJ, Flynn A, Proud CG, Cooper JA: Mitogen-activated
protein kinases activate the serine/threonine kinases Mnk1 and
Mnk2. EMBO J 1997, 16:1909-1920.

15. Deak M, Clifton AD, Lucocq JM, Alessi DR: Mitogen- and stress-
activated protein kinase-1 (MSK1) is directly activated by MAPK
and SAPK2/p38, and may mediate activation of CREB. EMBO J
1998, 17:4426-4441.

16. Pulido R, Zuniga A, Ullrich A: PTP-SL and STEP protein tyrosine
phosphatases regulate the activation of the extracellular signal-
regulated kinases ERK1 and ERK2 by association through a
kinase interaction motif. EMBO J 1998, 17:7337-7350.

17. Palmer A, Gavin AC, Nebreda AR: A link between MAP kinase and
p34cdc2/cyclin B during oocyte maturation: p90rsk
phosphorylates and inactivates the p34cdc2 inhibitory kinase
Mytl. EMBO J 1998, 17:5037-5047.



Supplementary material

S1

A MAP kinase docking site is required for phosphorylation and
activation of p90rsk/MAPKAP kinase-1

Anne-Claude Gavin and Angel R. Nebreda

Current Biology 1 March 1999, 9:281-284

Figure S1

Figure S2
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The D2 domain of p90rsk interacts with p42mPkL, (a) Schematic
representation of full-length p90rsk and the two p90rsk kinase

domain constructs D1 and D2. The three phosphorylation sites at
Thr360, Ser364 and Thr574 are indicated by asterisks. (b) Lysates
prepared from 10 oocytes expressing Myc-tagged p42mpk! and
either left untreated (control) or treated with progesterone were used
in pull-down assays with 4 pg of either GST, GST-D1 or GST-D2,
as previously described [S1]; a ‘lysate only’ sample is also shown.
The samples were analysed by immunoblotting with anti-Myc
antibodies (upper panel) and anti-phospho-p42mrkL antibodies
(Promega; lower panel). The two arrowheads indicate the positions of
the Myc-tagged (upper) and the endogenous (lower) forms of
phosphorylated p42mpkL,

Supplementary materials and methods

Cloning, mutagenesis and expression of Myc-tagged proteins
in Xenopus oocytes

The cloning of Xenopus p90rsk and the truncated D1 and D2 domains
[S1] and of Xenopus p42mPkl and p38mPk2 [S2] has been described. A
rabbit MAPKAP kinase-2 cDNA was provided by P. Cohen (MRC,
Dundee). The p90rskA43 and D2A18 deletion mutants were prepared
by the introduction of stop codons following amino acid 690 and 715,
respectively, using the QuikChange mutagenesis kit (Stratagene). DNA
fragments containing either the last 43 or the last 25 amino acids of
p90rsk were obtained by PCR. All constructs were verified by DNA
sequencing. Complete details of the oligonucleotides and PCR condi-
tions will be provided upon request. All mMRNAs were prepared from lin-
earized FTX5 expression constructs [S1] using the MEGAscript in vitro
transcription kit (Ambion).

Immunoblotting, immunoprecipitation, GST pull-downs and in
vitro kinase assays

Oocyte microinjection and lysis, SDS—PAGE, immunoblotting with anti-
Myc, anti-p90rsk and anti-p42mpPkl antibodies and the in vitro kinase
assay with Myc-tagged p90rsk were performed as described [S1]. For
co-immunoprecipitation experiments, oocytes were lysed in 1pl H1
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The D2 domain of p90rsk interacts with and is phosphorylated by
p42mpkl hut not p38mrk2, (a) Interaction in the yeast two-hybrid
system of p42mpkl and p38mprk2 with full-length p90rsk, the D1 or D2
domains alone or MAPKAP kinase-2. Growth on selective media after
mating is shown. All mating mixtures grew at the same rate on non-
selective media. We observed the same results using as a bait either
the wild-type p42mrkl, a kinase-inactive mutant (K56R), mutants with
changes in the phosphorylation sites (TEY to either AEF or EEY, in
the single-letter amino-acid code), or a mutant with the activation
loop sequence DHTGFLTEY replaced by GATL. (b) In vitro
phosphorylation of GST-D1 and GST-D2 (1 pg) by the same
activity (normalised using myelin basic protein (MBP) as a substrate)
of p42mpk1 (100 ng) and p38MPk2 (200 ng). After electrophoresis

and Coomassie blue staining, the radioactive bands were detected
by autoradiography.

kinase buffer per oocyte [S1] and clarified by two sequential centrifu-
gation steps at 14,000 rpm (Eppendorf) for 90sec and 10 min,
respectively. GST pull-down assays were performed as described [S1]
using 4 ug of GST fusion proteins pre-bound to glutathione beads
(20 pl) which were mixed with lysates prepared from 10 oocytes. After
2h at 4°C, the beads were washed three times and analysed by
immunoblotting. For the in vitro phosphorylation, GST fusion proteins
were incubated for 20 min at 30°C with active maltose-binding protein
(MalE)—p42mPkl or MalE—p38™MPkL in 50 mM Tris pH 7.5, 2 uM micro-
cystin, 10mM MgCl,, 10uM ATP, 2mM DTT, 2uCi [y-32P]ATP
(3000 Ci/mmol). MalE—p42mrkl and MalE—p38mPk2 were activated by
in vitro phosphorylation with recombinant MKK1 and MKK®6, respec-
tively. The 35S-labelled p90rsk was prepared in rabbit reticulocyte lysate
and then incubated with active MalE—p42mpkl at 30°C in the above
kinase buffer but without [y-32P]ATP.
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Figure S3
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Yeast transformation and mating

The GAL4 DNA-binding domain constructs were prepared in vector
pAS2-1 and the GAL4 activation domain constructs in vector pACT2
(Clontech). Transformation, mating and plating on both selective (His™)
and non-selective media were performed as described [S1].
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