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Src Homology III (SH3) domains are small (55~70 amino
acids) receptor domains that are found in many signaling
proteins and are involved in intracellular signaling events.1?
For example, the SH3 domain in the adaptor protein
GRB-2 facilitates the coupling of growth factor receptors
to an essential switch in growth-related signaling path-
ways—the guanine nucleotide binding protein Ras.3
Another example is the SH3 domain in the signaling
protein PLC-+; this domain is essential for its subcellular
localization at actin microfilaments, where signaling results
in PLC-y-mediated cytoskeletal rearrangements.* Other
SH3 domains such as those in the Abl and Src tyrosine
kinases have been implicated in oncogenic pathways.5
The molecular details of SH3-mediated signaling, however,
remain elusive.

Recent evidence suggests that SH3 domains bind to
proline-rich peptide motifs found in SH3-binding proteins
(3BPs). By screening a Agtll cDNA expression library
with the SH3 domain of Abl fused to glutathione S-
transferase (GST), Baltimore and co-workers were able to
isolate an SH3-binding protein, 3BP1.5 Subsequent filter
binding assays using GST-3BP1 and several biotinylated
GST-SH3 fusion proteins revealed that 3BP1 also binds
specifically to the SH3 domain of Src. Colorimetric
detection of the 3BP1-SH3 complexes using streptavidin
alkaline phosphatase yielded similar intensities for the
SH3 domains of Abl and Src, indicating that they have
comparable affinities for 3BP1. Other GST-fusion protein
probes containing the SH3 domains of neural Src and Crk
produced much weaker signals. Similar experiments
localized the binding site of 3BP1 for the Abl SH3 domain
to a ten amino acid region, APTMPPPLPP.” The

(1) For reviewssee: (a) Musacchio, A.; Gibson, T.; Lehto, V.; Sarastes,
M. FEBS Lett. 1992, 307, 55. (b) Pawson, T.; Schlessinger, J. Curr. Biol.
1993, 3, 434.

(2) Structures of SH3 domains. Spectrin: (a) Musacchio, A.; Noble,
M,; Pauptit, R.; Wierenga, R. K.; Saraste, M. Nature 1992, 359, 851. Src:
(b) Yy, H.; Rosen, M. K.; Shin, T. B; Seidel-Dugan, C.; Brugge, J. S.;
Schreiber, S. L. Science 1992, 258, 1665. PI3K: (c) Koyama, S.; Yu, H.;
Dalgarno, D.; Shin, T. B.; Zydowsky, L. D.; Schreiber, S. L. Cell 1993, 72,
945. PLCy: (d) Kohda, D.; Hatanaka, H.; Odaka, M.; Mandiyan, V.;
Ullrich, A.; Schlessinger, J.; Inagaki, F. Cell 1993, 72,953. Fyn: (e) Noble,
M.; Musacchio, A.; Saraste, M.; Courtneidge, S. A.; Wierenga, R. K. EMBO
J. 1993, 12, 2617.

(3) (a) Simon, M. A,; Dodson, G. S.; Rubin, G. M. Cell 1993, 73, 169.
(b) Olivier, J. P.; Raabe, T.; Henkemeyer, M.; Dickson, B.; Mbamalu, G.;

Margolis, B.; Schlessinger, J.; Hafen, E.; Pawson, T. Cell 1993, 73, 179. -

(c) Buday, L.; Downward, J. Cell 1993, 73,611. (d) Egan, S. E.; Giddings,
B. W.; Brooks, M. W.; Buday, L.; Sizeland, A. M.; Weinberg, R. A. Nature
1993, 363, 45. (e) Rozakis-Adcock, M.; Fernley, R.; Wade, J.; Pawson, T.;
Bowtell, D. Nature 1993, 363, 83. (f) Li, N.; Batzer, A_; Daly, R.; Yajnik,
V,; Skolnik, E.; Chardin, P.; Bar-Sagi, D.; Margolis, B.; Schlessinger, J.
Nature 1993, 363, 85. (g) Gale, N. W.; Kaplan, S.; Lowenstein, E. J.;
Schlessinger, J.; Bar-Sagi, D. Nature 1993, 363, 88.

(4) Bar-Sagi, D.; Rotin, D.; Batzer, A.; Mandiyan, V.; Schlessinger, J.
Cell 1993, 74, 83.

(5) (a) Jackson, P.; Baltimore, D. EMBO J. 1989, 8, 449. (b) Siedel-
Dugan, C.; Meyer, B. E; Thomas, S. M.; Brugge, J. S. Mol. Cell. Biol.
1992, 12, 1835.

(6) Cicchetti, P.; Mayer, B. J.; Thiel, G.; Baltimore, D. Science 1992,
257, 803.

E Abl HHM [1].uM
MO ec 1240

T MU

‘ o 620
M“’“"“"‘W*M‘v;\xw AN

I3 %: 320
“"“\o\* N NP
° 160

~* Moo

Cd
o 9 80
A
.
o :]f' 40
e o—; “}-’\/WM
o 20
PRyt )
fod

10

q ®

o ©
-t—qzbrvr\\-«w—\_ww >

o c ® 0
AR

! | : i

160 200 240
t (sec)

® Abl- Tyrosine Kinase Abl SH3 Domain
© MO - Mesityl Oxide

2 HHM - Horse Heart Myoglobin

% Inverted peak

’ |
foh
@ N {=®~ AuADI/1]!
S5l o T |
3 . |
E 4 !
L |
S 34 '\ ‘
= 2 . ;
E 1 \' i
é 1, \°. i

0.0+ - ; i

0.0 1 2 3 4 5

Au (105 em? V-1 sec)

Figure 1. Affinity capillary electrophoresis (ACE) of the Abl
SH3 domain in 192 mM glycine, 25 mM Tris (pH 8.3) containing
various concentrations of 1. The total analysis time in each
experiment was approximately 4.0 min at 30 kV using a 50 cm
(inlet to detector), 50 um diameter quartz capillary. Mesityl
oxide (MO) and horse heart myoglobin (HHM) were used as
internal standards to estimate the velocity of electroosmotic (EO)
flow. (A) A representative set of electropherograms with
increasing ligand concentration in the buffer. (B) Scatchard plot
of the data, obtained after correcting for variable EQO flow.!! The
inverted peaks in the electropherograms resulted from the dilution
of the electrophoresis buffer at the point of injection.

qualitative nature of these binding assays, however,
precludes quantitative assessments of SH3-ligand affini-
ties. Little is known about the specificity or strength of
these interactions.

We have used the SH3 domains of Abl and Src and a
fragment of 3BP1 as a model system for investigating
SH3-peptideinteractions. To evaluate the specificity and
avidity of these interactions, we measured the affinities
of Abl and Src SH3 domains for peptide 1 using affinity
capillary electrophoresis (ACE).8 This peptide contains
the proline-rich region of 3BP1 responsible for Abl SH3
binding and four additional residues from the 3BP1
sequence. A1G,P2A, P7A, and P10A mutations in 1 were
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Notes

Table 1. Dissociation Constants Ky (uM), Values for Aupp™e*2 (10-5 cm? V-! s71), and dup;, of Peptide Ligands for the SH3
Domains of the Protein Tyrosine Kinases Abl and Src?

Abl Src
peptide ligand® ACE Fd ACE
sequence 2 m K Aupr™=  fupre Supr® K4  Ka  Appr®™=  dupp® Supyf
R-APTMPPPLPPVPPQ-NH, (1) +1 1665 67 4.8 -0.60 -0.58 40 110% 5.6 -0.38 -0.35
R-GPTMPPPLPPVPPQ-NH; (1-A1G) +1 1651 52 4.5 -0.58 -0.58 26 120 5.2 -0.37 -0.35
R-AATMPPPLPPVPPQ-NH; (1-P2A) +1 1639 >1000 140 5.5 -0.39 -0.35
R-APTMPPALPPVPPQ-NH; (1-P7A) +1 1639 410 4.4 —0.56 -0.58 160 5.3 040 -0.35
R-APTMPPPLPAVPPQ-NH; (1-P10A) +1 1639 190 4.7 -0.59 -0.58 110 240 5.3 -0.39 -0.35
R-APTMPPPLPP-NH; (2) +1 1243 72 4.6 -0.59 -0.56 37 940 4.2 -0.31 -0.33

¢ Appy™e* maximum change in the electrophoretic mobility of the protein on binding the ligand. ® The recombinant Src SH3 domain was
actually two isoforms due to stop codon read-through. The results from one are shown. The values of K4 are similar for both isoforms.c R
= CF3C0Os *H3N(CH2)sC(0)—; m is the mass; z is the net charge of the carboxyamide peptide calculated from the sequence. The amino acid
that differs from 1 is italicized. ¢ F = fluorescence assay. ¢ This value of éupy = Aup™#*/up was obtained from the Scatchard analysis: up is
the electrophoretic mobility of the protein in the absence of ligand. f This value was estimated from the sequence of the peptide using the
expression dupl = (1 + (2/Z)(M/M + m))2/3 - 1, where Z and M (~1.9 and 6632 for Abl; -3.9 and 7099 for Src) are the charge and mass of the
protein, respectively. & A value of ~0.53 was estimated using the expression dupy =~ (C/L)(m/M)%/3(ur/up) where C and L are constants that
relate the charge and mass of the protein and ligand to their respective mobilities and up is the electrophoretic mobility of the protein. # A

fluorescence assay gave a Kg of 89 uM.

also analyzed since these single amino acid changes were
reported by Ren et al. to abolish binding to the Abl SH3
domain.” Figure 1A shows representative electrophero-
grams for the interactions between 1 and the SH3 domain
of Abl. Figure 1B is a Scatchard plot of the data.® Exper-
imentally observed changes in the electrophoretic mobility
(Appy) of the SH3 domains agree with semiquantitative
estimations based on mass and change (Table 1). The
dissociation constants (Kg4) obtained by ACE are compa-
rable to those measured by fluorescence spectroscopy.!?

Consistent with the results of Ren et al., our experiments
with the Abl SH3 domain demonstrate that the P2A, P7A,
and P10A mutations significantly diminish binding affinity
(Figure 2). In contrast with these results, our findings
indicate that the A1G mutation slightly increases the
affinity of the peptide for the Abl SH3 domain. Thereason
for this discrepancy is unclear. Surprisingly, the Src SH3
domain exhibits a different binding profile for 1 and its
mutants. The A1G, P2A, and P7A mutations in 1 do not
significantly affect binding affinity. Only the PI10A
mutation reduces the peptide’s affinity for Src SH3. The
SH3 domains of Src and Abl also interact differently with
atruncated ligand 2. The Abl SH3 domain bindsto 1 and
2 with similar affinities. The ability of the Src SH3 domain
to bind 2 is compromised, demonstrating the importance
of the VPPQ sequence for binding.

Thedivergent affinities of the Abl and Src SH3 domains
for 1, its mutated derivatives, and 2 indicate that the two
SH3domains bind the 3BP1 fragment differently. Several
mutations in 1 that abolish Abl SH3 binding have little
effect on Src SH3 bindng. Likewise, deleting the four
C-terminal residues of 1 only reduces its affinity for the
SH3 domain of Src. These results demonstrate that the
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Figure 2. Comparison of the affinities of Src and Abl SH3
domains for peptides derived from 3BP1.

SH3 domains of Abl and Src bind to two distinct sites in
the 3BP1 fragment.

In summary, this paper demonstrates that ACE is a
useful method for the quantitative evaluation of peptide
ligands for SH3 domains and suggests the value of this
new analytical methodology for other problems involving
the interactions of proteins with peptides. Based on the
measured values of binding constants, we propose that
the SH3 domains of Abl and Src bind to distinct sites of
the 3BP1-derived peptide and therefore probably to
distinct sites on the 3BP1 protein.
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