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Neuroblastoma is a cancerous tumor of nerve tissue that 
develops in children and is the most common tumor found 
in children younger than 1 year of age. In the U.S. alone, 
approximately 500 children are diagnosed with neuroblas-
toma each year. Clinical behavior of this disease is variable; 
some cases show spontaneous regression, whereas others 
are untreatable despite maximally tolerable chemotherapy. 
Although much genetic data has been collected on these 
tumors, the biology responsible for this disease is not well 
understood. Current evidence suggests 
that the tropomyosin-receptor kinase 
(Trk) family of neurotrophin receptors 
plays a critical role in neuroblastoma 
phenotypes and prognosis. Tumors 
expressing TrkA are usually benign 
and prone to spontaneous regression, 
whereas tumors expressing TrkB have 
poor prognosis and are associated with 
MYCN amplifi cation.1 

Lestaurtinib is an orally active 
small-molecule inhibitor that has been 
used to treat acute myeloid leukemia 
(AML)2 and is currently being evalu-
ated for the treatment of other cancers, 
including neuroblastoma. Lestaurtinib 
is a staurosporine derivative that has 
shown specifi city for receptor tyrosine 
kinases including the tropomyosin 
receptor kinases TrkA, TrkB, and 
TrkC and FMS-like tyrosine kinase 3 
(FLT3).3 However, lestaurtinib specifi c-
ity for other kinases has not been fully 
evaluated.

Here, we examined the relative 
expression and inhibition of kinases in 
SH-SY5Y neuroblastoma cells stably 
expressing TrkA or TrkB. We employed 
a proteomic approach using desthio-
biotin nucleotide probes to specifi cally 
capture and profi le the kinome of 
each cell line using mass spectrometry 
to identify labeled kinase active-site 
peptides (Figure 1).4 In addition, we 
assessed staurosporine and lestaurtinib 
inhibition of protein kinases using 
kinase active-site probes in combina-
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tion with Tandem Mass Tag (TMT) reagents and validated 
our results using a parallel Western blot workfl ow (Figure 2). 
Finally, because this approach allows for the specifi c enrich-
ment of adenine nucleotide binding proteins of interest, 
an SRM-based workfl ow could be used to enable targeted 
quantifi cation as an alternative means of validating the 
relative expression and inhibition of the kinases, and may be 
employed as a follow-up to this study.

Figure 1. Chemical structures (A) and mechanism (B) of the ActivX® Desthiobiotin-ATP and -ADP probes 
for kinase active-site labeling.

Figure 2. Schematic of Western blot and mass spectrometry workflows.



Goal 
To identify staurosporine and lestaurtinib kinase targets 
and measure kinase expression and inhibition in TrkA and 
TrkB expressing neuroblastoma cells using kinase active 
site probes in combination with TMT reagent quantitation

Experimental Conditions

Sample Preparation 
Cell culture and kinase labeling: TrkA and TrkB stable 
SH-SY5Y cell lines were grown in RPMI media with 10% 
FBS and 0.3 mg/mL G418. Cells (107) were lysed using 
Thermo Scientific Pierce IP Lysis Buffer and desalted using 
Thermo Scientific 7K Zeba Spin Desalting Columns ac-
cording to the manufacturer’s protocol.5 Cell lysates (1 mg) 
were labeled with 5 μM of desthiobiotin-ATP or -ADP for 
10 minutes at room temperature. For inhibitor selectiv-
ity analysis, cell lysates were pretreated with 100 μM of 
staurosporine (S) or lestaurtinib (L) before labeling with 
desthiobiotin nucleotide probes. Labeled proteins were 
denatured with 6 M urea and captured with Thermo Scien-
tific High Capacity Streptavidin Agarose Resin for two 
hours. Bound proteins were washed and eluted by boiling 
in sample buffer before SDS-PAGE separation and Western 
blotting using specific antibodies. 
Active-site peptide capture and TMT reagent labeling: 
Desthiobiotin-ATP labeled proteins were reduced and 
alkylated before buffer exchange into digestion buf-
fer (20 mM Tris pH 8.0, 2 M urea). Each sample was 
tryptically digested for 2 hours; active-site peptides were 
captured with streptavidin agarose resin and eluted us-
ing 50% acetonitrile/0.1% TFA.6 For Tandem Mass Tag 
(TMT) reagent labeling, active-site-labeled peptides were 
first lyophilized to dryness and then labeled with Thermo 
Scientific TMTsixplex reagents (TrkA cells with 126-128 
and TrkB cells with 129-131 reagent) for 1 hour at room 
temperature, quenched with hydroxylamine4, desalted 
using Thermo Scientific PepClean C18 spin columns, and 
combined in one-to-one ratios before LC-MS/MS analysis.

LC/MS Analysis using LTQ Orbitrap XL Mass Spectrometer 
(Tune 2.5.5 SP1)

LC separation

Column:   Magic C18 column  
(5 μm, 20 cm x 75 μm ID, Michrom) 

Mobile phases:   0.1% formic acid in water (eluent A); 0.1% 
formic acid in acetonitrile (eluent B)

Gradient:  5% – 10% B in 10 min,  
10% – 35% B in 90 minutes

Flow:  300 nL/min

Mass Spectrometry

Mass spectrometer:  Thermo Scientific LTQ Orbitrap XL with 
nanospray source

MS resolution: 60,000

MS2 resolution: 7,500

FT MS AGC target: 5e5

FT MS/MS AGC target: 1e5 

IT MS/MS AGC target: 1e4

Injection time:  FT MS/MS: 300 ms; IT MS/MS: 100 ms

Full MS mass range (m/z): 400 – 1,600

MS/MS mass range (m/z): 100 – 2,000

Acquisition method:  Full MS with Orbitrap detection fol-
lowed by top three Data Dependent IT 
CID and top three Data Dependent HCD 
events

Collision energy:  HCD: 40%; CID: 35%

Isolation width: 2 amu

Dynamic exclusion:   Repeat count: 1  
Exclusion list size: 500  
Exclusion duration: 90 s 
Early expiration: disabled  
Exclusion mass width: low/high 10 ppm 

Charge state screening:  On; +1 and unassigned charge states 
rejected

Monoisotopic precursor: Enabled

Data Analysis
The raw data files were searched using Thermo 
Scientific Proteome Discoverer software version 1.2 with 
Mascot™ v. 2.3 (Matrix Sciences Ltd., London, UK) and 
SEQUEST® search engines against SwissProt database 
(v 57.15). Figure 3 shows the TMT quantitation data 
analysis workflow used in the Proteome Discoverer™ 
software.

For the protein identification search the following set-
tings were selected: 

Taxonomy: Homo sapiens 

Maximum number of 
missed cleavages:  4 

Precursor mass tolerance: 10 ppm 

Fragment mass tolerance:  0.8 Da (CID), 20 mmu (HCD)

Instrument type: ESI-FTICR 

Modifications static:  Carbamidomethyl cysteine (C) 
TMT 6 (N-term)

Modifications dynamic:  Desthiobiotin lysine (K)  
TMT 6 lysine (K) 
Oxidation methionine (M)

Scoring peptide  10 MUDPIT scoring  
cut off score: Protein relevance threshold: 20 
  Protein relevance factor: 1 

DTA generation Total intensity threshold: 100 
conditions: Minimum peak count: 8  
 S/N threshold: 1.5 
 Precursor mass range: 800 – 8,000 Da



The identifi ed proteins were fi ltered using medium 
and high confi dence on the peptide level, and peptide rank 
one (5% FDR). To quantify TMT ratios, 10 ppm mass 
tolerance of reporter ions and the “Apply Quan Value 
Corrections” feature in Reporter Ions Quantifi er tool were 
used. All results were manually verifi ed and ratios from 
co-isolating precursors were excluded.

Results and Discussion
Thermo Scientifi c ActivX Desthiobiotin-ATP and -ADP are 
nucleotide derivatives that covalently modify the active site 
of enzymes at conserved lysine residues in the nucleotide 
binding site (Figure 1B). The structure of these probes 
consists of a modifi ed biotin (desthiobiotin) attached to the 
nucleotide through a labile acyl-phosphate bond. Desthio-
biotin is a biotin analog that binds less tightly to biotin-
binding proteins resulting in binding that is easily reversed 
by biotin displacement, low pH, or heat denaturation.

Depending on the position of the lysine within the 
enzyme active site, either desthiobiotin-ATP or -ADP might 
be better for labeling specifi c ATPases. Both desthiobiotin-
ATP and -ADP probes can be used to selectively enrich, 
identify, and profi le target enzyme classes or assess the 
specifi city of enzyme inhibitors. Because many ATPases 
and other nucleotide-binding proteins bind nucleotides 
or inhibitors even when they are enzymatically inactive, 
the desthiobiotin probes allow profi ling of both inactive 
and active enzymes in a complex sample. Preincubation of 

samples with small-molecule inhibi-
tors that compete for active sites can 
be used to identify inhibitor targets 
and determine inhibitor binding affi n-
ity (Figure 2).

In our study, we used these probes 
in combination with TMT reagent 
quantitation to measure kinase ex-
pression and inhibition in TrkA and 
TrkB expressing neuroblastoma cells. 
TMT reagents are isobaric MS quanti-
tation reagents that produce a unique 
reporter ion during MS/MS analysis 
of peptides.6 Figure 4 shows the TMT 
sixplex reagent workfl ow for peptide 
labeling after sample treatment and 

digestion. This approach enabled the identifi cation and 
quantifi cation of more than 150 protein kinases of which 
more than 20 kinases showed greater than 50% inhibition 
by both staurosporine and lestaurtinib (Table 1). These 
data are comparable to previously published results when 
a different kinase enrichment approach such as Kino-
beads™ (Cellzome AG) was employed.7 In addition, 10 
kinases were found to have greater than two-fold increased 
expression in TrkA versus TrkB cells. Although TrkA and 
TrkB expression was confi rmed by Western blot, we did 
not detect TrkA or TrkB kinase active-site peptides using 
mass spectrometry. Since both of these tyrosine kinases 
are membrane proteins, subcellular fractionation may be 
necessary for identifi cation and quantitation. 

Figure 5 shows the difference in kinase expression as 
determined by Western blot of TrkA vs TrkB cell lysates 
after kinase enrichment using a desthiobiotin-ATP probe. 
Both PLK1 and AurA showed higher expression in TrkB 
cells compared to TrkA cells. Cdk5 had over two-fold 
lower expression in TrkB expressing cells and correlated 
well with TMT reagent quantitation by mass spectrometry 
(Figure 6). Treatment of cell lysates with staurosporine or 
lestaurtinib before labeling with desthiobiotin-ATP probe 
showed signifi cant reduction in RSK2, PLK1, AurA, and 
Cdk5 kinase enrichment for both inhibitors. In contrast, 
we observed no differences in expression or inhibition 
for mitogen-activated protein kinase 3 (ERK 1/2) and the 

Figure 3. Workflow in Proteome Discoverer software for CID/HCD relative quantitation of isobarically labeled peptides/proteins.
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Table 1. Kinase abundance and inhibition measured using TMT reagent workflow. “NI” = no inhibition, “100%” = 100% inhibition.

 ID Kinase TrkA/TrkB Staurosporine, 100 µM  Lestaurtinib, 100 µM

    TrkA TrkB TrkA TrkB

 Q9UQ88 CDK11a 3.07 NI NI NI NI

 O14757 CHK1 2.05 30% 40% 100% 100% 

 P17252 PKCa 2.16 NI NI 30% 30%

 Q96GX5 MASTL 2.10 80% 80% 70% 70%

 Q13131 AMPKa1,AMPKa2 2.19 100% 100% 100% 100%

 Q6PHR2 ULK3 2.54 100% 100% 100% 100%

 Q00535 CDK5 2.44 >90% 100% 100% 100%

 P41240 CSK 2.16 >90% >90% >80% >80%

 Q13188 MST2 2.06 100% 100% 100% 100%

 Q9C098 DCLK3 2.00 100% 100% NI NI

 O75116 ROCK2 0.41 NI NI NI NI

 Q96S44 PRPK 1.35 NI NI 70% 70%

 P16591 FER 1.5 100% 100% 100% 100%

 O95835 LATS1 1.3 100% 100% 100% 100%

 Q9Y2U5 MAP3K2 1.12 >60% >60% >60% >60%

 Q99759 MAP3K3 1.12 >60% >60% >60% >60%

 Q02750 MAP2K1,MAP2K2 1.02 >90% >90% >80% >90%

 P23443 RPS6KB1 1.18 70% 70% NI NI

 Q9HC98 NEK6 1.13 NI NI NI NI

 O43683 BUB1 1.5 >90% >90% >90% >90%

 O94804 STK10 1.5 >60% >75% >70% >70%

 Q13555 CAMK2G 1.20 >90% >90% >90% >90%

 Q13557 CAMK2D 1.01 >75% >75% >75% >75%

 P36507 MAP2K2 1.4 100% 100% 100% 100%

 Q15078 CD5R1 1.69 >80% >80% >80% >80%

CDK5

TrkA                     TrkB

Figure 5.  Kinase expression and inhibitor assessment by Western blot.

chaperone hsp90. Again, these data correlated well 
with changes in relative peptide abundance after each 
drug treatment (Figure 6). In addition, we were able 
to identify proteins that showed specific inhibition in 
response to each drug such as PRPK (TP53 kinase) for 
lestaurtinib and DCLK3 for staurosporine (Figure 6 
and Table 1). Similar experiments can be performed on 
the Thermo Scientific LTQ Orbitrap Velos mass spec-
trometer using settings from the referenced publication 
by Zhang et al.8



Figure 6.  Kinase expression and inhibitor assessment by mass spectrometry of kinase active-site peptides.
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Conclusions
• Combining active-site probe labeling with TMT reagents

resulted in the identification and relative quantitation of
over 150 kinases, more than 20 of which showed > 50%
inhibition by staurosporine and/or lestaurtinib.

• Lestaurtinib was found to have very broad kinase specific-
ity similar to staurosporine.

• At least 10 kinases were found to have > 2-fold increased
expression in TrkA versus TrkB cells indicating differences
in stable cell line remodeling.

• Mass spectrometry of active-site-labeled peptides corre-
lated with Western blot analysis of labeled proteins.

• An SRM-based workflow could be used as an alternative
means of validating the relative expression and inhibition
of the kinases.
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