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Tanja Kortemme Profile: Unraveling and redesigning the protein 

networks governing cellular complexity   
By Geoffrey Montgomery 

 

 

Tanja Kortemme likes to summarize a central goal of her scientific 

investigations with an Italian proverb:  ñTell me with whom you go 

and Iôll tell you what you are.ò  The subject of the path-breaking 

project Kortemme pursued as an HFSP long-term fellow are the 

molecular interfaces used by proteins to recognize and bind to 

each other, thus creating the macromolecular complexes and 

networks underlying cellular regulation and complexity.  Since 

proteins in a living cell rarely act in isolation, it is only by 

understanding the interfaces mediating these molecular recognition 

events that one can hope to comprehend a proteinôs biological 

function.   The Italian proverb, says Kortemme, symbolizes the 

biological fact ñthat to truly understand the function of a protein 

within the context of a living organism, you need to understand the network of interactions it is 

making.ò 

 

Working in David Bakerôs laboratory at the Howard Hughes Medical Institute at the University of 

Washington in Seattle, Kortemme undertook two pioneering and complementary approaches to 

the structural biology of protein-protein interfaces.  First, she developed an all-atom 

computational model for predicting which amino-acid side-chains present at an interface are 

critical for molecular recognition and binding.  Second, in collaboration with Brett Chevalier and 

Barry Stoddard at the Fred Hutchinson Cancer Research Center, she used her computational 

model to design an artificial protein-protein interface that unites two DNA-binding domains that 

never come face to face in nature.  This lab-created chimeric protein provided the first proof of 

principle of Kortemmeôs computationally-based design method, and also helped set the stage for 

the development of a new class of gene-specific reagents for use in research and perhaps also 

for medical diagnosis and therapy.  More recently, Kortemme extended this computational 

strategy to alter the specificity of an existing interface between two proteins.  Now working in her 

own lab at UCSF, Kortemme aims to use this computational design method to pursue the long-

term goal enunciated in her HFSP fellowship application:  to unravel and re-engineer the complex 

signaling networks operating within living cells, one of the most exciting areas in the new field of 

Synthetic Biology. 

 

Kortemmeôs passion for the structural biology of proteins was first kindled in 1988, early in her 

undergraduate studies in Hannover, Germany.  ñThe big story was that three German scientists 

[Hans Deisenhofer, Robert Huber, and Hartmut Michel]  won the 1988 Nobel Prize for solving the 

structure of the photosynthetic reaction center [in Rhodopseudomonas  bacteria], and they gave a 

talk at the big University lecture hall.ò  Listening to this lecture and looking at images of the 

complex of proteins that capture the energy of photons streaming from the sun, ñI was just 

fascinated by seeing how things happen in biology at the level of atoms, and I wanted to 

understand how that all works.ò  As an undergraduate, she spent a year in Stanford, working in 

the lab of Robert Baldwin.  She did her Ph.D. studies at the European Molecular Biology 

Laboratory in Heidelberg, working first with Thomas Creighton on alpha-helices, the most 

important secondary structural motif present in three-dimensional protein structures, and then 

with Luis Serrano on beta-sheets, the next most important protein structure motif.  These latter 
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studies culminated in the de novo design of a small 20 amino-acid beta-sheet peptide which was 

given the catchy name ñBetanovaò  [Kortemme et al., Science 281:253-6 (1998)]. 

 

The design of Betanova was a threshold experience for Kortemme.  Betanova was an attempt to 

create a simple model system not only to study beta-sheet formation, but also abnormal beta-

sheet aggregation, like that characterizing amyloid fibril formation in Alzheimerôs disease.  But 

other labs were attempting to design similar protein model systems, and it turned into a race who 

would finish first.  And while ñit was fascinating to get results so quickly,ò says Kortemme, she did 

not particularly enjoy running the kind of scientific races that characterize much of contemporary 

molecular biology.  ñRather, I like science that really tries to do something new, to give new 

insights, that is not sort of doing something that the field is ready for, and just doing it faster than 

other people.ò 

 

Even more important, Kortemme became vividly aware of the limitations of the protein-design 

methods she was using.   Betanova was designed on the basis of a mixed empirical and intuitive 

approach, looking at existing beta-sheet proteins structures and ñdoing a little bit of statistics on 

what specific interactions and specific amino acids are conserved at specific positions,ò and then 

using chemical intuition to forge a novel protein sequence.  ñThere was very little computational 

work involved,ò says Kortemme.  Moreover, the simple Betanova protein was not very stable.  

Kortemme could see ñthat there was really a barrier to what you can achieve just by looking at 

thingséby structure-based, intuitive design.ò  Kortemme considered switching fields altogether as 

a post-doc, in order to study computational and biological aspects of synaptic plasticity in the 

nervous system.  She knew, however, that if she stayed in the structural biology and protein 

design field, she wanted to pursue ñmore rational approaches to doing this, approaches that have 

a lot more predictive power.ò  And at a meeting at Johns Hopkins in which she presented the 

Betanova work, she met and had a long conversation with David Baker, a world-leader in 

applying computational methods to protein structure prediction. 

 

Bakerôs lab has created an ever-evolving computer program, ROSETTA, aimed at attacking one 

of the most fundamental unsolved problems in molecular biology:  the protein-folding problem.  

What functional three-dimensional structure will a linear polypeptide sequence fold itself into?  A 

general answer to this question will be critical to deciphering the meaning contained in the river of 

genome sequences now flooding biological laboratories.  At the time Kortemme talked to Baker, 

his lab was just beginning to turn their pioneering computational methods for protein structure 

prediction to the challenge of protein structure designða challenge fundamental not only to basic 

molecular biological research, but also to realizing the post-genomic promise of designing highly-

specific therapeutic molecules to treat a wide range of diseases ranging from Alzheimerôs to 

cancer.  After Kortemme visited Bakerôs Seattle lab, ñI had a very clear idea that I wanted to try to 

apply all the things that David and his lab had developed to [the problem of] protein-protein 

interfaces, to basically study the assembly of  proteins into the larger, higher-order structures that 

are biologically functional and relevant.ò 

 

Kortemme applied for and received an offer of an HFSP long-term fellowship to study in Bakerôs 

lab which she accepted without hesitation.  ñHFSP was clearly the best program out there for 

me,ò she says.  ñThey not only have the personal stipend component, they also have the research 

and travel component, so itôs like receiving a mini-grant.  You feel that people are really putting 

trust and support into you and your work.ò  Moreover, Kortemme was extremely impressed by the 

ñfantastic atmosphereò at the two HFSP Annual Awardees meetings that she attended in 2002 

and 2003 in Ottawa and Cambridge, by the quick feedback fellows received from HFSP 

incorporating several of their suggestions regarding the fellows program, and by her own 
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interactions with the HFSP secretariat.  ñPeople dealt with me in a completely unbureacratic way, 

in a very personal way.ò 

 

In addition, says Kortemme, David Bakerôs lab is a paradigm of the kind of convergent 

interdisciplinary approaches to a fundamental biological problem that HFSP seeks to promote, 

and that is also a major feature of the California Institute for Quantitative Biomedical Research 

(QB3) with which her own UCSF lab is associated. ñIn Davidôs lab there is a mathematician, 

computer scientists, biochemistsðthere was a chemical engineer for awhileðphysicists, 

biologists.  So itôs really a mix, and thatôs how the learning happens.ò (Similarly, QB3, a joint effort 

of UCSF, UC Berkeley and UC Santa Cruz, aims to bring in people from computer science, 

physics and mathematics who are thinking about biological problems in novel ways.) During the 

initial period of her time in Bakerôs lab, Kortemme planned to apply computational methods to 

continue her studies of beta-sheet interactions and to perhaps develop a model system to study 

the kind of beta-sheet aggregations characterizing Alzheimerôs disease.  But working in the 

intense, interdisciplinary environment of Bakerôs lab, her project grew more fundamental and 

more universal.  She wanted to know:  ñCan one develop a general computational method to 

understand protein-protein recognition?òðand then use that knowledge to engineer novel protein-

protein interactions? 

 
 

Kortemmeôs protein recognition project was an ambitious extension of the Baker labôs protein 

structure prediction programs, embodied in ROSETTA. These programs seek to model in silico 

how the linear amino acid sequence encoded by a gene will fold into its functional, three-

dimensional or ñnativeò state.  The ROSETTA program employs a piecemeal approach, 

identifying amino acid sequence segments that seem to correspond to local structural elements.  

The program, which generally represents the different amino acid side chains of a protein 

sequence as spheres with different chemical properties, has two basic components.  It allows 

short polypeptide segments to sample ñconformational spaceòðthe universe of possible twists 

and turns a polypeptide sequence can assumeðbased on known local protein structures.  Then, 

as these segments of the folding protein ñflickerò between various local structures, a so-called 

energy function guides the search for the most thermodynamically favorable fold-and-fit between 

these local structural elements.  
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In trying to model molecular recognition at protein-protein interfaces, however, Kortemme was 

attempting something that was almost the exact inverse of the existing protein structure prediction 

programs.  She would study interfaces in proteins belonging to classes whose crystal structures 

had already been solved, and use these crystal structures to fix the three-dimensional 

conformation of her proteinsô backbones.   But in order to model the critical elements that enable 

the faces of two proteins to interlock, Kortemme needed to model in full atomic detail the amino-

acid side chains at this interface:  precisely the parts of proteins that ROSETTA generally 

rendered as abstract spheres.  Modeling the atomic details of amino acid side chains had just 

begun when Kortemme entered the lab, ñand so I did a lot of development, making these energy 

functions high-resolution---which means you go to an all-atom picture of your protein [at the 

interface], and then model the details of the side-chain interactions on an atom per atom basis.ò 

 

At the 2002 HFSP Ottawa meeting, Kortemme displayed an animated picture of her novel 

computational method in action.  Amino acid side chains protruding at two juxtaposed faces of 

two proteins wriggled rapidly like two sets of multi-jointed fingertips attempting to find a handhold.  

Her program creates a virtual library of all possible amino acids at each position of the interface 

(the different fingertips) and also shifts the orientation of each amino acid to different states called 

ñrotamersò (each fingertipôs many joints).  The contribution of each amino acid to interface binding 

is then evaluated using an energy function Kortemme developed [Kortemme et al., J. Mol Bio 

326;1239-1259 (2003)], containing a new term that compares the specific geometric 

arrangements of hydrogen bonding atoms for each amino acid rotamer against arrangements 

found in known protein structures.  Thus, like the ROSETTA program, Kortemmeôs method is a 

powerful hybrid of a physics-based approach to protein structure, and an approach constrained 

by knowledge of the structural solutions arrived at by natural selection through hundreds of 

millions of years of evolutionary tinkering.  Systematic mutagenesis of amino acids at protein-

protein interfaces has shown that only a small number, called ñhot spots,ò contribute significantly 

to molecular recognition and binding.  Remarkably, Kortemmeôs simple computational method, 

which she is currently improving, can already predict where 79% of these protein interface hot 

spots will be.  In her paper describing this new computational model [Kortemme and Baker PNAS 

99:14116-14121 (2002)], Kortemme also offered to use her program to play Delphic oracle to the 

protein interface community: ñhot spot predictions for protein-protein complexes of known 

structure are available from the authors on request,ò she and Baker wrote, and included 

Kortemmeôs e-mail.  She received many e-mails taking her up on her offer.  (Indeed, Kortemme 

received so many e-mails asking for structural predictions that the Baker lab eventually set up an 

automated web-server to perform the task (http://www.robetta.bakerlab.org/alascansubmit.jsp).) 

ñWhen I mailed them the predictions of the hot spots,ò says Kortemme, ñpeople came back and 

said, ñWell, your predictions really fit our data well, and since you seem to be understanding 

computationally the energetics of our interface, can we do some design based on thisòðthat is, 

could Kortemme use her computational model to artificially re-engineer an interface so that a 

given protein can bind to new protein partners?  This resulted in several new collaborations.   

 

 

 

Indeed, in collaboration with Brett Chevalier and Barry Stoddard, Kortemme has already shown 

that her computational method possesses such engineering power.  Chevalier and Stoddard 

study families of proteins called homing endonucleases which cleave DNA after binding to long 

DNA target sites (15-40 base pairs) that ensure a high degree of binding specificity.  There is a 

great desire in basic biological and medical research to create gene-specific reagents, such as 

proteins re-engineered to possess new DNA binding specificities, which could deliver biochemical 

activities to a single site in a genome.  (Such a protein, for instance, could target the DNA site 

underlying either an inherited genetic disease or a somatic genetic disease such as cancer.)  
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Kortemme and her collaborators have taken a new step in this direction by using a redesigned 

protein-protein interface to join half of one existing homing endonuclease  to half of another, 

creating a chimeric protein called E-Drel [Chevalier, Kortemme, et al. Molecular Cell 10:895-905 

(2002)].  When these two halves were joined in the absence of a redesigned interface, the 

resulting chimeric protein was insoluble and unable to bind DNA at all.  But Kortemmeôs program 

led the group to mutate eight amino acid ñhot spotsò at this interface to create a functional artificial 

protein.  And just as anticipated, this chimeric E-Drel molecule recognizes a DNA target site that 

combines the two target sites recognized by each half-parent. Moreover, in predicting the 

molecular recognition properties of these mutations, Kortemmeôs computational model created a 

structural model of the redesigned interface which agreed extremely well with the actual E-Drel 

crystal structure once it was solved.  

 
Kortemme and colleagues then went on to redesign an existing interface between a DNase-

inhibitor protein pair so that they continued to bind as a functional complex, but no longer 

recognized and bound to their wild-type counterparts [Nature Structural and Molecular Biology 11: 

371-379 (2004)].  She is now applying this computational method to rewire the connections 

between proteins mediating intracellular signaling pathways. 

 

Kortemmeôs computational model operates in the middle ground between a pure, physics-based 

analysis of the free energy of binding between neighboring atoms and an empirical, data-based 

analysis of binding configurations arrived at during evolution and found in known protein crystal 

structures.  ñProbably the main improvement in this methodology is that we have an energy 

function that is extremely simpleòðand thus relatively fast computationallyðñbut that seems to be 

quite successful in describing protein-protein interfaces.ò  In collaboration with Alex Morozov, a 

physicist in Bakerôs lab, Kortemme analyzed ñthe physical origins of the hydrogen bonding 

interactions [at the protein-protein interface], to see how they match with our simple modelséto 

really sort of back up the potential for protein design with quantum mechanical calculations.  And 

it actually matches really well!ò  [Morozov, Kortemme, et al. PNAS 101: 6946-51 (2004)] 

 

Nevertheless, Kortemme is already working to improve her computational method, refining, for 

instance, its capacity to model water molecules that contribute to binding at interfaces. She 

believes her computational method also can be adapted to model and redesign another central 

class of interfaces governing the lives of cells:  the interfaces between proteins binding to specific 


