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Introduction

Phosphorylation, Ubiquitination, Sumoylation Signaling Events

Cell signalling pathways are largely regulated by the integrated events of protein phosphorylation and protein degradation.  Phosphorylation reactions, which are reversible,  can result in multiple, tunable 
protein states, whereas ubiquitination or sumoylation modifications determine protein turn-over or transport.  Aberrant kinases have been known for decades to be associated with various human cancers and 
diseases and have thus been popular drug targets, but only recently have the ubiquitin-and SUMO-conjugating enzymes been targeted for therapeutic intervention.  To help in the elucidation of these protein 
modifying pathways, we have followed the activity of protein kinases, E1 ubiquitin-activating enzyme, E2 ubiquitin-conjugating enzyme, and E1 SUMO-activating enzyme using Transcreener™ HTS assays for 
detection of ADP and AMP,  respectively.  Selective inhibitors of several protein kinases, including Protein Kinase A (PKA) were validated with the Transcreener™ KINASE assay. The activities of the E1 SUMO-
activating enzyme and the E1 ubiquitin-activating enzyme (alone or in combination with the E2 ubiquitin-conjugating enzyme), were evaluated in the absence of an acceptor protein substrate utilyzing one set 
of Transcreener™ PDE assay reagents.  These studies demonstrate the utility of using adenine nucleotide detection to monitor the activity of the two key enzyme families involved in cell signalling. 

Conclusions:
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Many cellular enzymes – among them validated or potential drug targets - use nucleotides either as a source of 
energy for parallel reactions or as a donor molecule for covalent modification.  BellBrook Labs has developed a 
novel assay platform called Transcreener™ HTS Assay platform that detects the invariant reaction product of a 
group transfer reaction using homogenous fluorescent immunodetection.  The assays rely on antibodies that 
differentiate between nucleotides on the basis of small structural differences, such as a single phosphate group, 
with 100-fold or greater selectivity.  A single set of Transcreener detection reagents can be used for all family 
members, regardless of the acceptor substrate.  This enables screening of any isoform in a family of group transfer 
enzymes, with any acceptor substrate, using the same assay reagents.   

Overview of the Phophorylation and Ubiquitination Pathways

 The phosphotase and ubiquitin enzymatic cascades are complex, 
reversible pathways that can be induced by various upstream 
signals.  Both pathways are indicated in a variety of disease states.  
Both are ATP dependent and both generate a nucleotide product.   
Using this network of pathways we were able to demonstrate the 
utility of homogenous nucleotide detection assays in general and 
the Transcreener HTS assay platform specifically.  The Transcreener 
KINASE and Transcreener PDE assays were used to follow the 
production of ADP and AMP respectively to monitor and elucidate 
enzymatic activity.  

A single set of reagents was used for these PKA titrations 
using both protein and peptide substrates. The physiolog-
ical substrate Histone H1 as well as the peptide are good 
PKA substrates, while MBP requires 10-fold more enzyme. 
The PKA titrations were performed at 10 μM ATP using 50 
μM Kemptide, 5 μM Histone H1, or 20 μM MBP. The PKA 
reaction was successfully stopped and exhibited excellent 
signal stability over 24 hours.

Inhibitors of PKA activity are validated with the Tran-
screener Kinase Assay.    A panel of 99 structurally diverse 
compounds consisting primarily of ATP-competitive, pro-
tein kinase inhibitors was screened for PKA inhibition.  
Compounds known to inhibit PKA activity (labeled) were 
correctly identified, displaying mP values >3 SD of the 
mean of the “no compound” controls (8% ATP conversion).  
Compounds (1 µM in 1% DMSO) were incubated with 5 
ng/mL PKA, 50 µM Kemptide, and 10 µM ATP in the 50 mM 
HEPES (pH 7.5), 4 mM MgCl2, 2 mM EGTA, and 0.01% Brij-
35 for one hour at 25ºC.  An equal volume of the ADP De-
tection Mixture was then added to each well.  Error bars 
represent standard deviations of the mean (n=3).  

AMP is produced by SUMO-1 Activating 
Enzyme (SAE1/SAE2).  Conjugation of 
the ubiquitin-like SUMO protein requires 
the activities of E1 (SAE1/SAE2) and the 
UBcH9 E2 enzyme.  SUMO-1 enzyme 
utilizes ATP to adenylate the C-terminal 
glycine residue of SUMO, forming a thio-
lester bond with SAE2, releasing AMP 
and PPi in the process. A proportional in-
crease in AMP was generated by increas-
ing SUMO-1 enzyme as detected with the 
TranscreenerTM PDE Assay.  Reactions 
conditions were the same as described 
above. 

Ubiquitination Events: AMP DetectionPhosphorylation Signalling Events: ADP Detection

The Transcreener HTS assay platform, which employs nucleotide-specific antibodies and far-red fluorescently labeled tracers, provides a generic and robust method of monitoring phosphorylation, 
ubiquitination, and sumoylation events by detecting ADP or AMP.

The same set of assay reagents can be used with a panel of substrates or across several enzyme family members.

Nanomolar levels of adenine nucleotide are detectable with the Transcreener assays enabling initial velocity enzyme conditions.

E2 (ubiquitin-conjugating enzyme) enhances AMP 
production by E1 (ubiquitin-activating enzyme).   
The initial steps in the ubiquitin conjugation cas-
cade were followed by monitoring AMP production 
utilizing the TranscreenerTM PDE Assay.  A six-fold 
increase in AMP production was observed when 30 
nM E2-UbcH2 was added to ubiquitin-conjugation 
reactions containing 1 nM E1 and 30 uM Ubiquitin; 
E3 ligase nor Histone substrate were present.  Reac-
tions (15 µL) consisted of 50 mM HEPES (pH 7.5), 10 
mM MgCl2, 2 mM EGTA, 1% DMSO, 1 µM ATP, 30 µM 
Ubiquitin, human recombinant E1 enzyme (1, 5 or 40 
nM; BostonBiochem) alone or in combination with 
human recombinant E2-UbcH2 (31, 125, 1000 nM; 
BostonBiochem), 2 nM AMP/GMP Alexa Fluor® 633 
tracer and 3.5 µg/mL AMP/GMP Antibody.  After 1.5 
hour incubation at 30 ºC, plates were read on a Tecan 
Safire2 spectrofluorometer.  Delta mP = mPno en-
zyme- mPE1 or E1+E2 .  % Conversion = % ATP con-
verted to AMP, calculated from a standard curve pre-
pared under similar conditions.  Error bars represent 
standard deviations of the mean (n=3).


