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Protein Kinase Inhibitors...(continued)

inhibitors are generally needed to suppress the activity of
a protein kinase in cells (where the ATP concentration is in
the millimolar range) compared to the amounts required
for inhibition in vitro (where assays are performed at
much lower ATP concentrations, typically 0.01-0.1 mM).
There are, however, a few inhibitors that are actually more
potent in cell-based assays than they are in vitro. For
example, PD 98059 (Prod. No. P-215) and U0126 (Prod.
No. U-120), which are non-competitive inhibitors of mito-
gen-activated protein kinase kinase 1 (MKK1), bind much
more strongly to the dephosphorylated, inactive form of
this protein kinase than the phosphorylated, active
enzyme. These compounds prevent the conformational
change required for activation of MKK1 and therefore
suppress the classical MAPK cascade at much lower con-
centrations than those needed to inhibit activated MKK1
in vitro [3,8]. Similarly, lithium ions, a relatively specific
inhibitor of GSK-3, compete for binding with magnesium
ions. The free concentration of magnesium ions in cells is
less than 0.5 mM, much lower than the concentration
used to assay GSK-3 routinely (10 mM, see Table 1). For
this reason, lithium ions inhibit GSK-3 more potently in
cells than in vitro [3].

In recent years, potent and highly specific inhibitors of a
variety of protein kinases have been developed by several
pharmaceutical companies. Many have entered human
clinical trials and, in two cases (Glivec and Iressa) have
been approved for the treatment of different types of
cancer [9]. Over the next ten years, one can therefore
expect that many more protein kinase inhibitors will
become available to the scientific community, which
should advance at an even faster pace our understanding
of the function of these enzymes.
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Target Kinase(s)***

mTOR

MKK1

MKK1

MKK1, MKK5

MKK1, MKK5

SAPK2a/p38a, SAPK2b/p38p2
SAPK2a/p38a, SAPK2b/p38p2
CaM-Kll, other CaM-Ks

PI3K

PI3K

ROCK, PRK2
ROCK, PRK2
GSK-3
GSK-3, CDKs
CDKs

Src, Fyn, Lck
Src, Fyn, Lck
Src, Fyn, Lck
Sm-MLCK
PKA

PKA, MSKs, but not RSKs
Conventional PKCs

PKCs, MSKs, RSKs, etc

PDK1 and CHK1, but not CHK2

Inhibitor Specificity
Rapamycin (R 0395) Very high
PD 98059 (P-215) High
PD 184352** High
PD 184352** High
U0126 (U-120) High
SB-203580 (S 8307) High
SB-202190 (S 7067) High
KN62 (12142) High
Wortmannin (W 1628) High
LY 294002 (L 9908) Quite high
Y27632 Quite high
HA1077 (H-139) Medium
LiCl (L 0505) Quite high
Kenpaullone (K 3888) Quite high
Roscovitine (R 7772) High
PP1 Quite high
PP2 Quite high
SU6656 (S 9692) Medium
ML7 (12764) Quite high
H89** (B 1427) Medium
H89** (B 1427) Medium
Ro 31-8220** (R-136) Medium
Ro 31-8220** (R-136) Medium
UCNO1 Quite low
discussed in the text. Sigma-RBI product numbers are shown in red.
***Kinase names are provided in the Table 1 legend.

Table 2. How to use the more specific inhibitors of protein kinases in cell-based assays

Concentration to use in
Culture Medium (pM)*

0.1
50
1-2
10-20
5-10
1-10
1-5
10
0.1
50-100
10-20
10-100
10
10
10-100
0.1-1.0
0.1-1.0
10-50
50-100
5-10
10-25
1
5
0.3-1

* The suggested concentrations are only guidelines. The optimal concentrations can vary and need to be defined for each cell used, as

**Depending on the concentration range at which they are used, these kinase inhibitors can be used to target different groups of protein kinases.
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