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Protein kinases mediate signal transduction through phosphory-Scheme 1. Tandem Approach for Creating Bio-orthogonal Affinity
lation of their protein substratédJp to one-third of proteins ina  1299€ed Kinase Substrates (Ser R = H, Thr R = Me)

cell are phosphorylatetland a major goal of phosphoproteomics Q 9 S/_O-Noz
is to characterize phosphorylation mediated signaling cascades by R~-OH R O-E;,SH x‘fx“
identifying phosphorylated proteins. This feat is analytically chal- ) o o 3=0
lenging because most phosphoproteins are of low abundance and as-kinase, 1 -3 -
substoichiometrically phosphorylated. Further, once a phospho- m._ m

phosphorylation event into signal transduction networks without
knowledge of the upstream kinase. Affinity purification techniques,
such as strong cation exchange (SCXjmmobilized metal ion Scheme 2. Immunoaffinity Purification
affinity chromatography (IMACY, chemical tagging of phospho-
rylated residues with biotihand phospho-motif specific antibodtes NH";_‘;_ 0,
can enrich phosphopeptides or proteins, but the information
regarding the kinase responsible for phosphate transfer is uncouple
from the phosphorylation event. We previously have described
methodology that allows selective labeling of direct kinase sub-
strates, using analogue specifisy kinases and orthogonal un- sepharose ® H
natural nucleotides (A*TP and A*TS);” however, it remains
challenging to biochemically isolate the labeled substrates, impeding ments, cyclin dependent kinase 1 (CdRBubstrates, Histone H1
their identification. (H1) and Swel, were derivatized and tested in immunoassays.
Here, we report a technique that combines direct substrate The o-3-IgY antibodies only successfully recognized H1 that
labeling with immunoaffinity purification (Schemes 1 and 2). To had been thiophosphorylated and PNBM alkylated. In control
label the substrates of a given kinase, @anallele is used to experiments, untreated H1, PNBM alkylated H1, or thiophospho-
enzymatically label substrates with A*JB. The selectively rylated H1 were not detected by ELISA (Supporting Information
introduced thiophosphate is then chemically derivatized to construct Figure S2). Similarlya-3-1gY recognition of the substrate Swé1l
a bio-orthogonal affinity tag. This approach is similar to other bio- also required both thiophosphorylation and alkylation (Figure 1,
orthogonal tagging strategies using ketdnes azides, except lanes 1-4). Cell lysates contain abundant free thiols and other
thiophosphate cannot be selectively tagged in a single chemicalnucleophiles, which can react with PNBM, producing close
step. For example, an alkylating agent will label both thiophosphate structural variants of8. Therefore, one of the most demanding
and other cellular nucleophiles, but we envisioned that an antibody requirements otx-3-1gY is the ability to discriminate phospho-
could discriminate the thiophosphate alkylation products from other rothioate3 from thioether2 and other undesired alkylation products.
undesired alkylation products. The alkylating agemitroben- To address this point, whole HelLa cell lysate (WCL) was treated
zylmesylate (PNBM) was selected to construct the epitope becausewith PNBM and analyzed by western blot. WCL was not recognized
we predicted antibodies could recognize the product of thiophos- by a-3-1gY irrespective of treatment with PNBM (lanes 5 and 6,
phate alkylation over other nitrobenzyl alkylated amino acid Figure 1). However, if Swel thiophosphate (Swé)lWas added
residues, based on unique size and charge. Also, several high affinityto the WCL in the presence of PNBM, Swei#PNBM was
antibodies have been raised against haptens contaimiitcppheny! readily detected (Figure 1, lane 7), indicatimgB-IgY exhibits the
moieties!? increasing the chances of eliciting an antibody capable desired specificity foB in the context of whole cell lysate. Similar
of immunoprecipitation. Antibodies raised against hapieare results were obtained with another Cdkl substrate, Mobl (Sup-
likely to be sequence independent because the binding determinant®orting Information Figure S3). These results demonstrate that
are relatively distant from the peptide backbone. alkylation of thiophosphate with PNBM produces an epitope that
Utilizing hapten4, polyclonal antibodies (IgY and 1gG) were ~can be specifically recognized in a complex protein mixture,
raised in chickens and rabbits, respectiVé§o enrich for specific ~ validating this approach.
binders, immune antibodies were purified on an affinity column ~ Because many antibodies do not recognize their targets with

protein is identified, it is difficult to integrate the role of the SH YC“

hapten 4

containing immobilized hapted. Chicken IgY antibodiesd(-3- sufficient affinity for immunoprecipitatiof? it was important to
IgY) performed best in immunoprecipitations and were used in determine if a-3-IgY could immunopurify an epitope-tagged
subsequent experiments. To investigatd-lgY binding require- substrate from a complex protein mixture. To enable rapid analysis

and quantitation of immunoprecipitation experiments, we prepared
* Program in Chemistry and Chemical Biology, UC San Francisco. rhodamine-labeled versions of the kinase sub;trate Histone H1
T Current Address: Pfizer Inc. Ann Arbor, Ml 48105. (Rh-H1-P and Rh-H1-P+PNBM). a-3-1gY or preimmune IgY,
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Figure 1. Recognition determinants far-3-1gY immunoreactivity mea-
sured by western blotting; 25 ng of Swel or Swelvs treated with
DMSO (lanes 1 and 3) or 2.5 mM PNBM in DMSO (lanes 2 and 4)ut5

of WCL was treated with DMSO (lane 5), 2.5 mM PNBM in DMSO (lane
6), and 25 ng of Sweldplus 2.5 mM PNBM in DMSO (lane 7). Lanes

8 and 9 show coomassie staining of samples identical to 6 and 7,
respectively.
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Figure 2. Immunoprecipitation of Rh-H1#-PNBM measured by fluo-
rescence of the SDSPAGE resolved immunoprecipitates. WCL* indicates
treatment with PNBM. Lanes-13 were treated wittw-3-1gY sepharose,
and lanes 45 with preimmune IgY sepharose.

immobilized on sepharose beads, were incubated with the rhodamine-

labeled proteins, washed extensively, and the bound proteins
separated by SDSPAGE and the in-gel fluorescence was imaged.
Rh-H1-P+PNBM bound toa-3-1gY sepharose beads but not to
preimmune IgY; Rh-H1-Pdid not bind to either of the antibody
conjugated beads, verifying that successful immunoprecipitation
requires both the phosphorothioate modification an@-lgY
(Supporting Information Figure S4).

To examine the dynamic range of the immunoprecipitation, we
assayed the efficiency of Rh-HIEPPNBM recovery in the
presence of varying concentrations of PNBM alkylated cellular
proteins. a-3-IgY or preimmune IgY conjugated beads were
incubated with increasing concentrations of PNBM alkylated WCL
and a constant amount of Rh-H®4"PNBM. Recovery of the
Rh-H1-P+PNBM was still possible in the presence of up to 20
mg of WCL (Figure 2, lane 3), although increasing WCL
concentrations lowered the yield. The amount of Rh-B+PNBM
present in lane 3, Figure 2, is approximately 800 fmeB( ng), a
quantity suitable for identification by mass spectrometry, indicating

strates from whole cell lysates will likely require production of
anti-3 specific monoclonal antibodies, which is currently underway.
The method we report here requires a kinase to utilize S Bs

a phosphodonor, and although it is unclear what percentage of the
kinome can utilize ATRPS, several kinases have been shown to
thiophosphorylate their substrates (see Supporting Information Table
S5 for a partial list). Combining this purification method wilk
kinase substrate labeling should provide a general route to the
identification of direct kinase substrates. Other biological questions
may be approached with tandem chemical/immunological strate-
gies® which are providing new routes to interrogate the proteome.
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