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A. Personal Statement

I am a biologist.  Over the past four decades I have used a variety of methods to study a wide 

range of biological phenomena.  As a student I studied gene anatomy in fruit fly embryos by use of 

Oscar Miller’s technique of chromosome spreading and electron microscopy.  As a postdoctoral 

fellow I cloned the herpes simplex virus thymidine kinase gene and found that when injected into the 

nucleus of frog oocytes, it was accurately transcribed.  Using this oocyte injection assay I 

studied the regulatory sequences that allow the thymidine kinase gene to be accurately 

transcribed.  I developed a method termed linker scanning mutagenesis that allowed definition of 

cis-regulatory sequences essential for transcription initiation.  I later found that these sequences 

were responsible for binding of the TFIID, SP1 and C/EBP transcription factors. 

As a young independent scientist I used biochemical methods to purify the C/EBP, VP16 and 

GABP transcription factors.  After deriving partial amino acid sequences by Edman degradation 

sequencing, my colleagues and I were able to clone the genes encoding these transcription 

factors.  By use of functional assays combined with biochemistry and molecular biology, my lab 

group discovered the leucine zipper DNA binding motif, the ETS DNA binding motif, the ankyrin 

repeats that allow GABPα and to the ETS domain of GABPα, and the acidic activation domain of 

VP16.  In 



the late 1990’s we discovered the HIF2α transcription factor as well as the family of prolyl-

hydroxylase enzymes that modify the HIF proteins under normoxic conditions leading to their rapid 

degradation. 

I have always been curious about biological phenomena.  This curiosity led my group to discover 

that mouse embryonic stem cells are unique in their dependence upon threonine as a hydrocarbon 

fuel.  This led to the finding that mouse ES cells express the threonine dehydrogenase enzyme at a 

2000-fold higher level than any other mouse cell or tissue type.  By high throughput screening we 

discovered a potent and selective chemical inhibitor of the threonine dehydrogenase enzyme.  This 

TDH inhibitor kills ES cells without having any toxicity whatsoever to somatic cells.  My curiosity in 

biology extended to the peculiar ability of prototrophic (wild-type) yeast strains to enter into robust 

metabolic cycles 4-5 hours in length.  Together with Ben Tu, I helped define both the regulatory logic 

and physiological benefits of the yeast metabolic cycle. 

Over the past decade my laboratory group performed a target agnostic in vivo screen in search of 

pro-neurogenic, neuroprotective chemicals.  We screened 1,000 diverse chemicals administered 

directly into the left ventricle of the adult mouse brain (via stereotactic canulation and week-long 

infusion by Alzet minipumps).  This effort led to the discovery of an aminopropyl carbazol designated 

P7C3.  Analysis of hundreds of SAR derivatives led to potent, orally bioavailable derivatives having 

robust neuroprotective activity.  We recently succeeded in discovering the mechanism of action of 

P7C3.  The compound binds and activates nicotinamide phosphoribosyltransferase (NAMPT), the 

rate limiting enzyme in the salvage of NAD from nicotinamide. 

Most recently my colleagues and I have been studying the low complexity sequences ubiquitously 

associated with transcription factors and RNA regulatory proteins.  Ever since the discovery of 

regulatory proteins three decades ago, the field has been both intrigued and stymied by the enigma 

of unfolded domains characterized by the repetitive use of only a small distribution of amino acids.  

We have found that these “low complexity” (LC) sequences polymerize into amyloid-like polymers.  

Unlike pathogenic amyloids, our LC domain polymers are labile to depolymerization.  We 

hypothesize that the polymerization of the thousands of LC domains associated with transcription 

factors and RNA regulatory proteins is used to create an “informational cytoskeleton” responsible for 

the properly organized flow of information from gene to message to protein. 

 
B. Positions and Honors 
Research and Professional Experience 
1977-1981 Staff Associate, Carnegie Institution of Washington, Baltimore, MD  
1981-1984 Assistant Staff Member, Fred Hutchinson Cancer Research Center  
1984-1992 Staff Member, Carnegie Institution of Washington, Baltimore, MD  
1988-1992 Investigator, Howard Hughes Medical Institute  
1992-1995 Founder and Research Director, Tularik, Inc.  
1995-2016 Professor and Chairman, Department of Biochemistry, UTSWMC, Dallas, TX 
 
Honors and Awards 
1970  ARCOM Medal, Republic of Vietnam   
1975  Virginia Society of Fellows   
1977  Andrew Fleming Award for Biological Research, University of Virginia   
1977  Helen Hay Whitney Foundation Fellowship   
1985  Dai Nakada Memorial Lecture, University of Pittsburgh   
1987  DeWitt Stetten Lecture, National Institutes of Health   



1989  Eli Lilly Award   
1989  Newcomb Cleveland Award-AAAS   
1990  Steinberg/Wylie Lecture, University of Maryland 
1990  Burroughs Wellcome Lecture, Indiana University Medical School 
1991  University Lecture, University of Texas Southwestern Medical School 
1991  Monsanto Award - National Academy of Sciences 
1991  Bernard Cohen Lecture, University of Pennsylvania  
1991  Gerhard Schmidt Lecture, Tufts University  
1992  Harvey Lecture, Rockefeller University  
1992  John Enders Lecture, Harvard Medical School  
1995  Commencement Address, College of Natural Sciences, University of Texas  
2004  NIH Pioneer Award 
2005  Chancellors Lecture, UC San Diego 
2005  Mendel Lecture, Brno, Czch Republic 
2005  Sabel Lecture, Case Western Reserve University 
2007  Burdette Lecture, University of Texas 
2007  Pritchett Memorial Lecture, University of Pennsylvania 
2008  David Sigmund Lecture, UCLA 
2008  Daniel Nathans Memorial Lecture, Johns Hopkins University 
2010  Russell Marker Lecture, Pennsylvania State University 
2010  Jean Weigel Lecture, University of Geneva 
2010  EMBL Distinguished Lecture, Heidelberg 
2011  Jack Schultz Memorial Lecture, Fox Chase Cancer Center 
2012  Denis McGarry Lecture, Montreal University 
2012  Christian B. Anfinsen Lecture, Johns Hopkins University 
2013  Konrad Bloch Lecture, Harvard University 
2013  Paul Sigler Lecture, Yale University 
2014  Wiley Prize in Biomedical Sciences 
2014  Danny Thomas Lecture, St. Jude Children’s Research Hospital  
2014  Marian E. Koshland Lecture, University of California, Berkeley  
2015  Philip Handler Lecture, Duke University School of Medicine   
 
Professional Memberships 
National Academy of Sciences 
National Academy of Medicine 
 
C. Contributions to Science 
1. Anatomical properties of genes.  Between 1974 and 1977 I used transmission electron 
microscopic methods to study the anatomical features of genes expressed in fruit fly embryos.  These 
efforts cataloged the sizes of genes, encoding both ribosomal and messenger RNA, the independent 
nature of gene activation, and the variance in transcriptional frequency as deduced by the density of 
RNA polymerase molecules. 
a. McKnight, S.L. and Miller, O.L., Jr. (1976).  Ultrastructural Patterns of RNA Synthesis During the 

Early Embryogenesis of Drosophila melanogaster.  Cell 8:305-319. 
b. McKnight, S.L. and Miller, O.L., Jr. (1977).  Electron Microscopic Analysis of Chromatin 

Replication in the Cellular Blastoderm Drosophilia melanogaster Embryo.  Cell 12:795-804. 
c. McKnight, S.L. and Miller, O.L., Jr. (1979).  Post-Replicative Non-Ribosomal Transcription Units 

of Drosophilia melanogaster Embryos.  Cell 17:551-563. 
d. Beyer, A.L., Miller, O.L., Jr. and McKnight, S.L. (1980).  Ribonucleoprotein Structure in Nascent 

hnRNA is Non-Random and Sequence Dependent.  Cell 17:551-563.Boyer, L.A., Lee, T.I., Cole, 
M.F., Johnstone, S.E., Levine, S.S., Zucker, J.P., Guenther, M.G., Kumar, R.M., Murray, H.L., 
D.P., Melton, D.A., Gifford, D.K., Jaenisch, R. and Young, R.A. Core transcriptional regulatory 
circuitry in human embryonic stem cells. Cell 122: 947-956 (2005). PMC3006442 

 
2. Functional mapping of a transcriptional promoter.  Between 1977 and 1982 I mapped the cis-
regulatory elements constituting the promoter of the herpes simplex virus thymidine kinase gene.  
To do so I first demonstrated that the HSV tk gene was accurately transcribed upon injection into the 
nucleus of Xenopus oocytes.  I then used molecular biological methods to perform both deletion and 
linker scanning mutagenesis to map promoter domains that revealed the sites of interaction of TFIID, 
SP1 and C/EBP. 



a. McKnight, S.L., Kingsbury, R.C., Gavis, E.R. and Axel, R. (1981).  Analysis of Transcriptional 
Regulatory Signals of the Herpes Thymidine Kinase Gene: Identification of an Upstream Control 
Region.  Cell 25:385-398. 

b. McKnight, S.L. and Kingsbury, R. (1982).  Transcriptional Control Signals of a Eukaryotic Protein-
Coding Gene.  Science 217:316-325. 

c. McKnight, S.L.  (1982).  Functional Relationships Between Transcriptional Control Signals of the 
HSV Thymidine Kinase Gene.  Cell 31:355-365. 

d. McKnight, S.L., Kingsbury, R.C., Spence, A. and Smith, M. (1984).  The Distal Transcription 
Signals of the Herpes Virus tk Gene Share a Common Hexanucleotide Control Sequence.  Cell 
37:253-262. 

 
3. Purification and molecular cloning of the gene encoding C/EBP.  Between 1983 and 1988 my 
colleagues and I purified CCAAT/enhancer binding protein from rat liver nuclei.  After determining a 
partial amino acid sequence of C/EBP my colleagues and I were able to clone its encoding gene. 
a. Graves, B.J., Johnson, P.F. and McKnight, S.L. (1986).  Homologous Recognition of a Promoter 

Domain Common to the MSV LTR and the HSV tk Gene.  Cell 44:565-576. 
b. Johnson, P.F., Landschulz, W.H., Graves, B.J. and McKnight, S.L. (1987).  Identification of a Rat 

Liver Nuclear Protein that Binds to the Enhancer Core Element of Three Animal Viruses.  Genes 
and Dev. 1:133-146. 

c. Landschulz, W.H., Johnson, P.F., Adashi, E.Y., Graves, B.J. and McKnight, S.L. (1988).  Isolation 
of a Recombinant Copy of the Gene Encoding C/EBP.  Genes and Dev. 2:786-800. 

 
4. Derivation of the leucine zipper class of DNA binding domains.  Between 1985 and 1989 my 
colleagues and I conceptualized and confirmed the leucine zipper category of DNA binding domains.  
We correctly predicted that the FOS and JUN proto-oncogenes would heterodimerize via their 
respective leucine zippers.  We further predicted that the cMyc proto-oncogene would bind DNA via 
its leucine zipper domain.  Subsequently, hundreds of transcription factors have been shown to 
employ this category of DNA binding domain. 
a. Landschulz, W.H., Johnson, P.F. and McKnight, S.L. (1988).  The Leucine Zipper: A Hypothetical 

Structure Common to a New Class of DNA Binding Proteins.  Science 240:1759-1764. 
b. Landshulz, W.H., Johnson, P.F. and McKnight, S.L. (1989).  The DNA Binding Domain of C/EBP 

is Bipartite.  Science 243:1681-1688. 
c. Vinson, C.R., Sigler, P.B. and McKnight, S.L. (1989).  A Scissors-Grip Model for DNA Recognition 

by a Family of Leucine Zipper Proteins.  Science 246:911-916. 
d. Agre, P., Johnson, P.F. and McKnight, S.L. (1989).  Cognate DNA Binding Specificity is Retained 

After Reciprocal Exchange of Leucine Zippers Between GCN4 and C/EBP.  Science 246:922-
926. 

 
5. Discovery of the acidic activation domain of VP16.  Between 1987 and 1989 my colleagues and I 
discovered the acidic activation domain of the herpes simplex virus VP16 protein.  Virions of HSV 
contain hundreds of copies of the VP16 protein which migrate to the cell nucleus upon infection.  The 
McKnight lab found that VP16 is a transcriptional activator that utilizes a disordered, acidic domain 
of roughly 150 amino acids located at its carboxyl terminus, as well as an ordered, amino terminal 
domain that facilitates interaction with viral immediate early genes solely via protein:protein 
interactions. The acidic activation domain of VP16 became the field’s most versatile and well-studied 
activation domain.  That interaction of VP16 with IE genes was mediated via protein:protein 
interactions with host cell factor (HCF) and the GABP heterotetramer formed the cornerstone for 
the “two hybrid” methodology of discovering new paradigms of protein:protein interaction. 
a. Triezenberg, S.J., Kingsbury, R.C. and McKnight, S.L. (1988).  Functional Dissection of VP16, the 

trans-activator of Herpes Simplex Virus Immediate Early Gene Expression. Genes and Dev. 
2:718-729. 

b. Treizenberg, S.J., LaMarco, K.L. and McKnight, S.L. (1988).  Evidence of DNA:protein Interactions 
that Mediate HSV Immediate Early Gen Activation by VP16.  Genes and Dev. 2:730-742. 



c. Friedman, A.D., Triezenberg, S.J. and McKnight, S.L. (1988).  Expression of a Truncated Viral 
trans-activator in Mammalian Cells Selectively Impedes Lytic Infection by its Cognate Virus.  
Nature 335:452-454. 

 
6. Discovery of HIF2α and the HIF prolyl hydroxylase enzymes.  Between 1997 and 2001 my 
colleagues and I discovered the HIF2α transcription factor and the family of α-ketoglutarate 
dependent enzymes that hydroxylate the HIF transcription factors under normoxic conditions, 
triggering their degradation.  A chemical inhibitor of the HIF2α transcription factor discovered by my 
trainees in our Department of Biochemistry at UTSWMC, and advanced by a local biotechnology 
company, is now in human clinical trials as a potential treatment for kidney cancer. 
a. Tian, H., McKnight, S.L. and Russell, D.W. (1997).  Endothelial PAS Domain Protein 1 (EPAS1), 

a Transcription Factor Selectively Expressed in Endothelial Cells.   Genes and Dev. 11:72-82. 
b. Tian, H., Hammer, R.E., Matsumoto, A.M., Russell, D.W. and McKnight, S.L. (1998).  The 

Hypoxia-Responsive Transcription Factor EPAS1 is Essential for Catecholamine Homeostasis 
and Protection Against Heart Failure During Embryonic Development.   Genes & Dev. 12:3320-
3324. 

c. Bruick, R.K., McKnight, S.L. (2001).  A Conserved Family of Prolyl-4-Hydroxylases That Modify 
HIF.  Science 294:1337-1340. 

 
7. Characterization of the yeast metabolic cycle.  Between 2004 and 2007 Ben Tu and I characterized 
the yeast metabolic cycle.  Prototrophic (wild-type) strains of yeast, when grown at high density under 
nutrient-limiting conditions in a chemostat, enter into a robustly periodic metabolic cycle.  The 4-5 
hour YMC was shown to be sub-divided into three phases; reductive building, reductive charging, 
and oxidative.  By use of a variety of experimental approaches we deduced the regulatory logic and 
physiological utility of the YMC. 
a. Tu, B.P., Kudlicki, A., Rowicka, M., and McKnight, S.L. (2005).  Logic of the Yeast Metabolic Cycle: 

Temporal Compartmentalization of Cellular Processes.  Science 310:1152-1158. 
b. Chen, Z., Odstrcil, E.A., Tu, B., and McKnight, S.L. (2007).  Restriction of DNA Replication to the 

Reductive Phase of the Metabolic Cycle Protects Genome Integrity.  Science 316:1916-1919. 
 
8. Threonine dependence of mouse embryonic stem cell growth.  Between 2008 and 2011 my 
colleagues and I discovered that mouse embryonic stem cells are uniquely dependent upon 
threonine as a carbon source essential for growth.  We discovered that this dependence is reliant 
on a 2000-fold higher level of expression of the threonine dehydrogenase enzyme than any other 
mouse cell line or tissue.  By high throughput screening we discovered a potent and selective 
chemical inhibitor of the TDH enzyme that kills ES cells without harming any other cell type tested. 
a. Wang, J., Alexander, P., Wu, L., Hammer, R., Cleaver, O. and McKnight, S.L. (2009).  

Dependence of Mouse Embryonic Stem Cells on Threonine Catabolism.  Science 325:435-439. 
b. Alexander, P. B., Wang, J. and McKnight, S. L. (2011).  Targeted Killing of a Mammalian Cell 

Based Upon its Specialized Metabolic State.  Proc. Nat. Acad. Sci. 108:15828-15833. 
 
9. Discovery of a neuroprotective chemical.  Between 2006 and 2015 my colleagues and I performed 
and advanced from a phenotypic screen in living mice in search of pro-neurogenic, neuroprotective 
chemicals.  The screen took two years and led to the discovery of an aminopropyl carbozol 
designated P7C3.  We subsequently discovered the mechanism of action of P7C3 to result from its 
activation of NAMPT, the rate limiting enzyme in the salvage of NAD from nicotinamide.  Combined 
with genetic studies of the Wallerian-degeneration slow mutation of mice, and the SARM1 signaling 
pathway in flies, these studies of P7C3 give evidence that NAD decline may be central to many 
forms of nerve cell damage, degeneration or death. 
a. Pieper, A.A., Xie, S., Capota, E., Estill, S., Zhong, J., Long, J., Becker, G.L., Huntington, P., 

Goldman, S., Shen C-H., Capota, M., Britt, J.K., Kotti, T., Ure, K., Brat, D.J., Williams, N.S., 



 
  
 

 

 

MacMillan, K.S., Naidoo, J., Melito, L., Hsieh, J., DeBrabander, J., Ready, J. and McKnight, S.L. 
(2010).  Discovery of a Pro-neurogenic, Neuroprotective Chemical.  Cell 148:39-51. 

b. Wang, G., Han, T., Nijhawan, D., Theodoropoulos, P., Naidoo, J., Yadavalli, S., Mirzaei, H., 
Pieper, A. A., Ready, J. M., and McKnight, S.L. (2014).  P7C3 Neuroprotective Chemicals 
Function by Activating the Rate-limiting Enzyme in NAD Salvage.  Cell 158:1324-1334.  

 
10. Polymerization of low complexity domains as the architectural basis of RNA granule 
formation.  Between 2010 and 2015 my colleagues and I found that the low complexity domains 
associated with both transcription factors and RNA binding proteins polymerize to form amyloid-like 
fibers.  Unlike pathogenic amyloids, polymers of low complexity domains are reversible.  We 
hypothesize that the thousands of regulatory proteins endowed with low complexity domains interact 
as dynamic polymers that facilitate a solid-state pathway of information transfer from gene to 
message to protein. 
a. Kato, M., Han, T.W., Xie, S., Shi, K., Du, X., Wu, L.C., Mirzaei, H., Goldsmith, E.J., Longgood, J., 

Pei, J., Grishin, N.V., Frantz, D.E., Schneider, J.W., Chen, S., Li, L., Sawaya, M.R., Eisenberg, 
D., Tycko, R. and McKnight, S.L. (2012).  Cell-Free Formation of RNA Granules:  Low Complexity 
Sequence Domains Form Dynamic Fibers within Hydrogels.  Cell 149:753-767. 

b. Han, T. W., Kato, M., Xie, S., Wu, L. C., Mirzaei, H., Pei, J., Chen, M., Xie, Y., Allen, J., Xiao, G. 
and McKnight, S. L. (2012).  Cell-Free Formation of RNA Granules:  Bound RNAs Identify 
Features and Components of Cellular Assemblies.  Cell 149:768-779. 

c. Kwon, I., Kato, M., Xiang, S., Wu, L., Theodoropoulos, P., Mirzaei, H., Han, T., Xie, S., Corden, 
J.L., and McKnight, S.L. (2013).  Phosphorylation-regulated Binding of RNA Polymerase II to 
Fibrous Polymers of Low Complexity Domains.  Cell 155:1049-1060.  

d. Kwon, I., Xiang, S., Kato, M., Wu, L., Theodoropoulos, P., Wang, T., Kim, J., Yun,Y., Xie, Y. and  
McKnight, S.L. (2014).  Poly-dipeptides Encoded by the C9ORF72 Repeats Bind Nucleoli, 
Impede RNA Biogenesis, and Kill Cells.  Science 345:1139-1145. 

e. Xiang, S., Kato, M., Wu, L., Lin, Y., Ding, M., Zhang, Y., Yu, Y., and McKnight, S.L. (2015).  The 
LC Domain of hnRNPA2 Adopts Similar Conformations in Hydrogel Polymers, Liquid-like 
Droplets, and Nuclei.  Cell 163, 829-839. 

f. Lin, Y., Mori, E., Kato, M., Xiang, S., Wu, L., Kwon, I., and McKnight, S.L. (2016).  Toxic PR Poly-
dipeptides Encoded by the C9orf72 Repeat Expansion Target LC Domain Polymers. Cell 167, 
789-802. 

 
D. Research Support 
Ongoing Research Support 
5 R01 CA185169-02 (McKnight) 
04/01/14-02/28/19 
Targeting Acetyl-CoA Metabolism for the Discovery of New Anti-Cancer Therapeutics (MPI). 
The goal is to comprehensively investigate the feasibility of targeting aspects of acetyl-CoA 
metabolism for the discovery of anti-cancer therapeutics. 
Role: Co–PI 
 
1 U01 GM107623-01A1 (McKnight) 
08/01/14-07/31/18 
Reversible Polymerization of Low Complexity Polypeptide Sequences as a Framework for 
Transcriptional Control in Eukaryotic Cells.  The goal is to comprehensively investigate cellular 
organization and regulatory events ranging from localized, synaptic translation to the regulation of 
transcriptional activation by assessing the framework of low complexity polypeptide sequences. 
Role:  PI 




