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Store at +2 to +8° C
Product overview

Formulation Lyophilizate

Toxicity LD50 = 6.6 mg/kg (i.p. in mice)

Structure

Characteristics
Formula C28H26N4O3
Molecular weight 466.5
Appearance pale yellow powder

Biochemical 
properties and 
applications

Staurosporine, a microbial alcaloid antibiotic found by 
Omura, S. et al., has been reported to have antifungal 
and strong hypotensive effects (1). It also seems that 
staurosporine is the most potent inhibitor of the phos-
pholipid/Ca2+-dependent protein kinase C with an IC50 
of 2.7 nM regarding the enzyme from rat brain (2).
Compared to other known protein kinase C inhibitors 
like trifluoperazine, chloropronaline and polymyxin B 
staurosporine is about 3 orders of magnitude more 
effective. This potent inhibitory effect makes the com-
pound very valuable in investigating the role of protein 
phosphorylation by protein kinase C, Ca2+ mobilization 
by inositol phosphates and provides a useful tool for 
the isolation and purification of protein kinase C. It also 
inhibits cAMP- and cGMP-dependent protein kinase 
with Ki -values around 7 nM and the protein tyrosine 
kinase activity of p60v-src with an IC50 value of 6.4 nM 
(3). Thus, Staurosporine is a very potent inhibitor of 
protein tyrosin kinases as well.
Besides direct blocking of protein kinases staurospo-
rine exhibits strong cytotoxic effects on various tumor 
cell lines (2) and inhibits platelet aggregation (4, 5) 
with an IC 50 of 3.4 µM or 11.6 µM, depending on 
induction of aggregation induced by either collagen or 
ADP, respectively.
The compound does not interfere with the binding of 
phosphatidylserine and phorbol esters to protein 
kinase C suggesting different binding sites.
Additionally, staurosporine does not compete with 
Ca2+, histones, DAG and ATP (2).
Different authors show correlation of protein kinase 
inhibition by staurosporine and apoptosis induction 
(10, 11,12,13).
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Inhibition of 
protein kinases by 
staurosporine

The mechanism of the inhibition of protein kinases by 
staurosporine is unclear so far.
Nakano, H. et al. (3) state that staurosporine may bind 
to the catalytic domain of serine/threonine- as well as 
tyrosine-kinases. In the presence of ATP, 100 µM even 
low staurosporine concentrations (1-8 nM) were capa-
ble of inhibiting p60v-src phosphorylation ruling out a 
competition of both compounds. As a consequence 
staurosporine should also inhibit phosphorylation in 
vivo in the presence of physiological ATP concentra-
tions.
Herbert, J. M. et al. (9) showed ATP compete with [3H]-
staurosporine binding to PKC with an IC50 of ATP, 500 
nM in the presence of tritiated inhibitor, 2 nM. The 
same authors described that isoquinolinesulfon-
amides (H-7 and H-8) and naphtalenesulfonamides 
(e.g. W-7), classes of non-selective protein kinase 
inhibitors, failed to antagonize [3H]-staurosporine 
binding to different protein kinases therefore suggest-
ing distinct binding sites.
The staurosporine concentration for half maximal inhi-
bition of PKC in presence of ATP, 10 µM and histone 
H1, 10 µM has been determined to be 10-8 M (see fig. 
1). In order to block the PKC totally in vitro a staurospo-
rine concentration of 10-7 M is required.

Fig. 1: Inhibition of protein kinase C by staurosporine.

Solubility Staurosporine is soluble in DMSO (dimethylsulfoxide), 
DMF (dimethylformamide) (both 20 mg/ml) and 
pyridine, slightly soluble in chloroform, methanol, 
acetone and insoluble in water and non-polar organic 
solvents.

Reconstitution The powder in the vial may be reconstituted in 500 µl 
DMSO.

Working 
concentration

10 nM to 10 µM

Identification The UV spectrum shows �max at 243, 292 (highest 
absorption), 335, 356, and 372 nm in methanol 
[�292nm = 57.38 (l × mmol–1 x cm–1)]
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Quality control Purity � 98% checked by absorbance at 292 nm. 
Chromatographically homogeneous.

Storage/Stability The powder is stable at +2 to +8°C, stored dry and pro-
tected from light until the expiration date printed on 
the label.
Note: Dissolved in DMSO (1 mg/ml) staurosporine is 
stable for at least 3 months at +2 to +8°C. It can also 
be stored in aliquots at -15 to -25°C.

Assay conditions and determination of activity

General Protein kinase C, like other serine/threonine-kinases, 
transfers the �-phosphate group from ATP to serine or 
threonine residues of target proteins or peptides.
For the enzymatic determination of protein kinase C 
synthetic substrate peptides as well as proteins may be 
used as phosphate acceptors (s. table 1). Depending 
on the type of acceptor different assay procedures 
have to be followed.
Table 1: Substrates of protein kinase C (PKC)

Substrate km-value
[�M]

Vmax
[�mol/min × mg]

References

Histone H1* 0.6 0.83 (6)

[Ser25]-PKC (19-31) 0.2 8.00 (7)

Additional 
reagents 
required 

The experimental set up for activated PKC has a final 
volume of 200 µl consisting of final concentrations of 
the following reagents:
• Tris*-HCl; 20 mM, pH 7.5;
• MgCl2; 10 mM
• CaCl2, 200 µM;
• Phosphatidylserine1), 8 µg/ml, 
• Diolein1), 0.8 µg/ml; 
• Phosphateacceptor2), 10 µM;
• Protein kinase C, 0.05 U (1 unit corresponds to the 

transfer of 1 mmole phosphate per min to the accep-
tor at acceptor saturation)

• [32P]ATP, 10 µM (50–100 cpm/pmol)2).
1) The lipids (solubilized in chloroform) are mixed, the 
solvent is removed by aeration with nitrogen and the 
oily residual is brought into solution with 10 mM 
CHAPS*)
2) In order to guarantee substrate saturation and lin-
earity of the reaction not more than 10% of the accep-
tor should be phosphorylated at the end of the 
reaction.

Determination of 
basal PKC

The determination of the basal PKC activity is achieved 
by replacing the stimulating agents phosphatidylserine 
and diolein by H2O whereas CaCl2, 200 µM is replaced 
by EGTA*, 500 µM.

Protocol Procedure using histone as substrate (8).
Step Action

1 The kinase reaction is started by addition of 
either:
• histone H1,
• ATP or
• enzyme

2 Incubate 3 min at +30°C.
3 Termination of the reaction:

Add 1 ml TCA (trichloroacetic acid, 25%), and 
0.1 ml bovine serum albumin (BSA)*, 1%
Note: BSA is added as a carrier to ensure a 
quantitative precipitation of the substrate.

4 Incubate 5 min at 0°C.
5 Filter samples by suction through glasfiber 

filters.
6 Wash with ice-cold 10% TCA.
7 Determination of the TCA-precipitated radioac-

tivity (phosphorylated histone H1) by 
• liquid scintillation counting or
• measuring the Cerenkov-scintillation 

( 3H-channel).
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Procedure using 
basic substrate 
peptides (7)

The composition and assay condition are identical as 
above mentioned. However, using [Ser25 ]-PKC (19–31) 
as the substrate the termination of the reaction is 
accomplished by spotting aliquots on phosphocellu-
lose filters. Not-incorporated radioactivity is separated 
by washing with 75 mM phosphoric acid.
The radioactivity is determined again by liquid 
scintillation or by measuring the Cerenkov-scintillation 
(3H-channel).
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Changes to previ-
ous version

Regulatory Disclaimer updated

Trademarks All product names and trademarks are the property of 
their respective owners.

Regulatory 
Disclaimer

For life science research only. Not for use in diagnostic 
procedures.

  * available from Roche Applied Science
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