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Currant Opinion in Structural Biclooy

Domain architecture Repressed state
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u_ﬁ.w‘gn “Phosphatase Kinase Kinase” =

a kinase that activates a kinase

Actin polymerization .
that activates a phosphatase

Dormain architecture and autcinhibitory interactions in modular switch
proteins. (a) Src family kinases contain M-terminal SH3 and SH2
domains, and a kinase domain flanked by intramolecular SH3-binding
and SHZ-binding sites (when the C-terminal motif tywosine is
phosphoryated by Csk). The crystal structures of several family
members show that both intramolecular domain interactions function in
concert to lock the kinase in an inactive conformation. Activating stimuli
(red) include external SHZ or SH3 ligands. After initial activation, the
kinase is maintained in an active state by autophosphorylation of its
activation loop. (b) SHP-2 phosphatase contains two SHZ domains
and a phosphatase domain. The crystal structure of the phosphatase

that deactivates a protein.
shows that the M-terminal 5H2 domain participates in an autoinhibitory
interaction that directly blocks the phosphatase active site. Binding of
external SHZ ligands activates by disrupting the autcinhibitory (
interaction. (¢} NAWASP contains an Enabled YVASP homology 1
(EVH1) domain, a B motif, a GED, a proline-rich segment (proj and an
output region (YCA) that alone binds the Arp2/3 complex and # |
stimulates its actin nucleation activity. The B and GBD maotifs are

required to repress activity and, by current models, are thought to S (
participate in intracomplex interactions (only the structure of the GED

intramolecular complex for WASF is known). GTP-bound Cde4? and =
FIF; synergistically activate N-WASE,
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Thre dorulsle-acrowed [ine indicales ihal pooteins A and B
can ind 1o each otber.  The "node” placed an the line
reprezents the A:B complex.

Asgymmetric binding where protein A donates a peptide that
Linds [0 & cecepiod site o pocksl o pootein B.

Rapresentation of wmultunelecular complexes: © is &,
vz (ABIC This notation is extensible to any number
of cowtponents in a complex

Conalent inolilicetion of progein & The single-amowed
Time indicates that A can exist in a phosphorylated state.
The mnda repeesants the phosphors(ated spacies.

Cleavagre of a4 covalent bond: dephosphorylation of & by
a phrosphatase.

Proveol viie cleavage sl a specific site within a protein,
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Stonchiomeine conversion of A o B

Transpord of A from cylosol e nucleus, The node
represents & after it has been transported into the
nuclens.

Formarion of a homodimer. Filled circle on the right
represents another copy of A The node on the line
represents the homodimer A&

2 1% the combinaion of states defined by x and y.

Enzymatic sumuwlanon of a reaction.

Geperal symbaol for stimulation.
A bar behind the armowhead signifies necessity.

Gieneral symbeal for inhibition.

Shorthand aymbol for transeriptional acfivation.
Shorthand symbol for transcriptional inhibition.

Degradation products <
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| 'KKK(Q);
new dl:rl:<>
(al<d1>;(d1<>; KKK <> + k1<>;KKKst<>)) [1]substrate
@7 (4
| 'KKKst();
new d2:r2:<>
(a2<d2>;(d2<>; KKKst<> + k2<>; KKK <>) + [Z|substrate
a3(d3);(d3(); KKKst<> + k3();KKKst<>) +  [3]kinase
a5(db5); (d5(); KKK st<> + k5();KKKst<>))  [5]kinase

| 'EL();
al(dl);(d1();El<> + k1();E1<>) [1]enzyme
\{ 7 @a@m ( 4
| 'E2();
a2(d2);(d2();E2<> + k2();E2<>) [2]enzyme
| 'KKOQ;
new d3:r3:<>

(a3<d3>;(d3<>;KK <> + k3<>;KK_P<>)) [3]substrate

| TKK_P();
new d4:r4:<> new d5:r5:<>
(ad<d4>;(d4<>; KK _P<> + k4<>KK<>) +  [4]substrate
ab<d5>;(d5<>;KK_P<> + k5<>;KK _PP<>)) [5|substrate

| TKK_PP();

&

new d6:r6:<>

(a6<d6>;(d6<>; KK _PP<> + k6<>; KK _P<>) +
a7(d7);(d7();KK_PP<>+ k7();KK_PP<>) +
a9(d9);(d9(); KK _PP<> + k9(); KK _PP<>))

| TKKPs&();

ad(d4);(d4(); K K Pse<> + k4(); KK Pse<>) +
a6(d6); (d6(); K K Pse<> + k6(); K K Pse<>)

|1K0;

new d7:r7:<>

(a7<d7>;(d7<>;K<> + k7<>;K_P<>))

| 'K_PQ;

new d8:r8:<> new d9:r9:<>
(a8<d8>;(d8<>;K_P<> + k8<>;K<>) +
a9<d9>;(d9<>;K_P<> + k9<>;K _PP<>))

| TK_PP();

new d10:r10:<>

(a10<d10>;(d10<>;K_PP<> + k10<>;K_P<>))

| 'K Pse();

aB(d8); (d8(); K Pse<> + k8(); K Pse<>) +
a10(d10);(d10(); K Pse<> + k10(); K Pse<>)

[6]substrate
[7]kinase
[9]kinase

[4]phtase
[6]phtase

[7]substrate

[8]substrate
[9]substrate

[10]substrate

[8]phtase
[10]phtase
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new KKK:<>new KKKst:<>new E1:<> new E2:<>
new KK:<>new KK_P:<> new KK_PP:<> new KK Pse:<>

new K:<>new K_P:<> new K_PP:<> new K Pse:<> /I + BT

new al:1.0:<<>> new k1:1.0:<> new a2:1.0:<<>> new k2:1.0:<>
new a3:1.0:<<>> new k3:1.0:<> new a4:1.0:<<>> new k4:1.0:<>
new a5:1.0:<<>> new k5:1.0:<> new a6:1.0:<<>> new k6:1.0:<>
new a7:1.0:<<>> new k7:1.0:<> new a8:1.0:<<>> new k8:1.0:<>
new a9:1.0:<<>> new k9:1.0:<> new a10:1.0:<<>> new k10:1.0:<>

new spike:<<>,int>  (* a spike#2 high of #1 molecules*)
('spike(a,n); if n=0then () else (a<> | spike<a,n-1>)

| E1<> (* input signal *) | E2<> | KKPse<> | K Pse<>
| spike<K KK ,100> | spike<K K ,100> | spike<K,100> )
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