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My research interests lie in the identification of novel cell cycle kinase sub-
strates. We have brought together current work that uses chemical genetics 
to study protein kinases. I know it is important to retain specificity when 
inhibition assays are used to study enzyme function. Current small-molecule 
inhibitors of kinases do not always offer this specificity; however, chemical 
genetics techniques discussed in this review show that altering the enzyme to 
accept an unnatural ATP analogue allows us to dissect the specific substrate 
libraries and functions of individual kinases. The identification of novel cyclin 
kinase substrates will give us useful insights into the workings of the cell cycle 
and may also help to identify potential anticancer drug targets. (Read Elphick’s 
article on p 299.)
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I study molecular interactions involved in membrane receptor-mediated sig-
naling. Direct imaging of proteins in living cells allows real-time monitoring of 
protein distribution, activity, and interaction with other proteins. I have applied 
confocal microscopy and FRET techniques to explore the dynamics of proteins 
in nitric oxide signaling pathways in vascular endothelial cells. Successful imag-
ing applications require efficient and specific labeling of proteins in the cellular 
environment. We demonstrated here orthogonal labeling of two different pro-
teins in the same living cell. This holds great potential for applications in pro-
tein visualization. Using advanced molecular-scale imaging techniques coupled 
with novel protein-labeling technology, I hope to improve our understanding of 
complex intracellular signaling pathways. (Read Lin’s article on p 337.)

Ratmir Derda

My research focuses on the use of directed evolution to characterize and 
reprogram protein-protein interactions. I have applied selections and screens 
to study the carrier protein domains to which substrates are covalently teth-
ered during fatty acid, polyketide, and nonribosomal peptide biosynthesis. 
I have been particularly interested in the interaction between phosphopan-
tetheinyl transferases (PPTases) and carrier proteins because PPTases can 
be used for protein labeling. We developed 12-residue peptides that mimic 
carrier proteins by serving as orthogonal substrates for the PPTases Sfp and 
AcpS. These genetically encoded peptide tags allow us to label two proteins 
specifically with different small molecules on the surface of a single cell. 
(Read Zhou’s article on p 337.)

My interests are in drug development, discovery, and delivery. I have used syn-
thetic chemistry approaches for the discovery of new molecules, but I recently 
transitioned to a systems biology approach. My current work focuses on the 
design and expression of novel proteins that specifically target cells overex-
pressing epidermal growth factor receptor. Using a rational synthetic approach, 
we computationally modeled fusion proteins that target specific tumor cells. A 
product of a collaboration related to my current work, the report published here 
describes the use of genetically encoded peptide tags that allow us to orthogo-
nally label and study the interaction between two different receptors. (Read 
Cironi’s article on p 337.)

Embryonic development is one of the most amazing examples of the emer-
gence of an extremely complex system from a relatively simple one. The analy-
sis of development has reached an incredible degree of sophistication. Yet, 
we are still unable to synthesize and re-create the environment to imitate the 
way nature organizes complex biological systems. I am developing methods 
for the fabrication of multicomponent molecular arrays to study long-term cell 
behavior. With this technique, we can re-create hundreds of extracellular envi-
ronments on one chip and rapidly identify the substrates that have a desired 
effect on cells (growth or differentiation). Our array strategy can be used to dis-
cover synthetic substrates that support the growth and self-renewal of human 
embryonic stem cells. (Read Derda’s article on p 347.)
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We wanted to test whether fragment-based screening by NMR could be ef-
fective in identifying compounds that bind selectively to the inactive form of 
the protein kinase p38a. We sought to combine NMR experimental data with 
simple 2D pharmacophore searches based on discovered scaffolds to select 
commercially available compounds for testing. This approach could be a very 
attractive alternative to high-throughout screening (HTS). Unfortunately, HTS 
often identifies compounds with undesirable properties. For example, we 
have also screened a commercial library of 14,000 compounds, using an HTS 
fluorescence displacement assay. We found that this HTS campaign identi-
fied hits that are nonspecific “frequent hitters” and/or promiscuous protein 
aggregators. Hence, our fragment-based approach provided compounds 
that are superior to those obtained by a typical HTS approach. (Read Chen’s 
article on p 329.)

My understanding of molecular biology is that it is the study of the intercon-
nections between the nucleic acids and proteins, whereas chemical biology 
is more the study of cellular processes by unnatural interactions. The family 
of kinase enzymes is huge, and it is extremely important in terms of cell 
signaling and processing. As such, the elucidation of kinase substrates and 
signaling pathways remains one of the major challenges in molecular biology 
and, as this review illustrates, one that lends itself well to the chemical biol-
ogy approach. ATP analogues have a major role to play in answering these 
questions. The interdependence of chemistry and biology (and chemists and 
biologists!) in the design of second-generation analogues is inherent, and 
the effective design and synthesis of new and varied second generation ATP 
analogues will be necessary if we are to fully answer these questions. (Read 
Lee’s article on p 299.)
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My research has centered on the design, synthesis, and evaluation of small 
molecules that modulate quorum sensing in bacteria. Chemical biologists 
have a unique opportunity to expand the current understanding of how these 
complex bacterial cell-cell signaling networks work. Such research will also 
advance our understanding of host-bacteria interactions, which include 
important symbioses and pathogenic relationships. Quorum sensing may rep-
resent a new target for anti-infectives. Our article focuses on the Gram-nega-
tive symbiont Vibrio fischeri and the discovery of what we believe to be the 
first quorum sensing superagonist in this bacterium. Elucidating this ligand’s 
mechanism of action and applying it in vivo are some of our group’s current 
goals. (Read Geske’s article on p 315 and Point of View p 293.)
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I have always been amazed by the complexity of oncogenic signaling path-
ways and their versatility in biological regulation. I also am very interested in 
structure-aided inhibitor design. The target molecule of my research, human 
Pin1, represents a unique way of post-translational regulation that has been 
exploited by tumor cells to divide and prosper. Pin1 can amplify oncogenic 
signaling by changing the conformation of phosphorylated proteins. In this 
study, we determined the high-resolution structures of Pin1 complexed to 
high-affinity peptide inhibitors of the Pin1 prolyl peptide isomerase domain. 
These structures serve as starting points for a new direction in Pin1 inhibitor 
design. (Read Zhang’s article on p 320.)


