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Ultrasensitive Detection of Protein Kinase Activity by Using the Fluorescence
Polarization Technique
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Abstract Protein phosphorylation by protein kinase plays a critical role in the process of cellular signal transduction, which
is closely associated with many fundamental biological processes including cell growth and apoptosis. Aberrant states of
protein kinase activities are involved in many diseases, such as diabetes, Alzheimer’s disease and cancers. Moreover, protein
kinase has now become one of the most important groups of drug targets. The screening of protein kinase inhibitors is
becoming increasingly important in the targeted therapy. Therefore, rapid and sensitive detection of protein kinase activity is
of great significance for better understanding the life process, clinical diagnosis as well as discovery of new targeted drugs. In
this study, a simple, ultrasensitive and cost-effective assay is developed for detection of protein kinase activity by using
fluorescence polarization technique based on the specific recognition ability of TiO, nanorods for kinase-induced fluorescent
phosphopeptides. In the presence of protein kinase, the fluorescence-labeled substrate peptides can be phosphorylated with
the catalysis of the protein kinase. Then the phosphopeptides can specifically bind to Ti*'on the surface of the TiO, nanorods
by means of phosphate groups, leading to remarkable change of rotation speed of the fluorophores, which subsequently
results in the great increase of fluorescence polarization signal. By monitoring the fluorescence polarization signals, protein
kinase A (PKA), a proof-of-concept kinase target, can be detected in the range of 0.0005~1.0 UsuL ™" and the detection limit
is estimated to be 0.0004 UsuL™", indicating that the proposed assay is one of the most sensitive assays for PKA activity
detection. Furthermore, the proposed assay is also sucessfully applied to PKA inhibition assay by using H-89 as the model
inhibitor of PKA. The ICs, value (inhibitor concentration producing 50% inhibition) is determined as 135 nmolsL "', which is
well consistent with that reported in the literatures. For the proposed assay, the TiO, nanorods are commercially available
with low cost and can be used without any modification. The fluorescence polarization can be directly measured in the
homogeneous solution. Therefore, the new strategy provides a simple detection procedure, easy readout and cost-effective
manner for protein kinase assay.
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Figure 1 The principle of PKA activity detection based on the fluores-
cence polarization
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Figure 2 TEM image of TiO, nanorods

2.3 SREFMAMMRKL

h T A E U 3 BT D v R R R e L
AT TiO, KB H AT T bk, [ A ik ¢
WSE N 750 nmoleL ™!, W5 T PKA KN 0.5 Uepl " i
A 10 5 6 i 9 32 55 AF Y. 25 1 9 6 D A 5 174 L 2648 B
TiO, KPR BE AR AL, 45 R 3 Fros, FEa 52
() 9 6 i I FE L R AE TiO, 9 KRN 0.5~6.0
mgemL " [ B TiO, Gl KR IR 5 38 o0 iy 3 5 T, AE
TiO, A K AW A 6.0 mgemL ™" I FE S 5 4% (4 R die Ji2

http://sioc-journal.cn 1621



W F F R

MR

Fesm K, RUIBEE KRR N TiO, DK %, 4584
HLRTH BRI IRt B W3 22, IRk, AR 26 Tk
FEGRETIG O, QRS K TiO, GKBRIR S0 RE i 54
F 1609 6 i 415 FE L A B i B AR, T RE S i TR R A
TiO, KRR LA, TLA G (U 2 5 215 ' fii 9
FERIRIN. S FRATTIE UL L R A KIN TIO, 4Kke)
WPE, B 6.0 mgemL ™' 15k TiO, 48Kk (AR ik & .
3.0+
2.8

4 ./.
2.6
24
2.2
2.0
1.8
1.6 / \

1.4
1.2
1.0

FP ratio of PKA to blank

1 T T T T 1 1T 71T ™1

0 1 2 3 4 5 6 7 8 9
[TiO,] /(mg-mL™)

Bl 3 TiO, 4KmRik 0 Tt ik L (PKA 155 /25 155 U5 ),
PKA: 0.5 UepL ', JEE#HK: 750 nmoleL

Figure 3 The influence of the TiO, nanorods concentration on the FP
ratio of PKA to blank, PKA: 0.5 UsuL "', peptide: 750 nmol+L '
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Figure 4 The effect of the peptide concentration on the FP ratio of PKA
to blank, PKA: 0.5 UspL "', TiO, nanorods: 6.0 mgemL '
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Figure 5 The relationship between fluorescence polarization and PKA
concentration
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