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About Dr. Semenza

His Work 
Dr. Semenza evaluated gene expression in transgenic 

animals during a postdoctoral research at Johns Hopkins 

University to determine how low oxygen levels affected the 

productions of EPO. He was able to determine the gene 

sequences that expressed hypoxia inducible factors (HIF-1).

His work overlapped with that of William Kaelin and Peter J. 

Ratcliffe on determining the mechanisms of cellular oxygen 

detection. Together, their work has led to the development 

of drugs that help regulate processes involving low oxygen 

levels with patients with anemia, and kidney failure as well 

as sports performance enhancing drugs. 

The Big Idea

Dr. Semenza’s Methods
● Purified HIF-1 subunits were fractionated by SDS/PAGE, and 

the polypeptides were transferred to poly membranes and 
individually digested with trypsin on site, and peptides were 
fractionated by reverse-phase HPLC

● cDNA was synthesized by using oligo(dT)
● Degenerate oligonucleotide primers were designed by using 

codon preference rules.
● PCR was performed by denaturation of 108 phage or 10 ng of 

phage DNA at 95°C for 10 minutes
● Complete unambiguous double-stranded nucleotide 

sequences were obtained by incorporation of 
fluorescence-labeled dideoxynucleotides into thermal-cycle 
sequencing reactions using T3, T7, and custom-synthesized 
primers. 

● Total RNA (15 ,ug) was fractionated by 2.2 M 
formaldehyde/1.4% agarose gel electrophoresis.

● The purified HIF-lA polypeptide was digested with trypsin, 
peptides were fractionated by reverse-phase HPLC. Each 
fraction contained two tryptic peptides, for which virtually 
complete amino acid sequences were obtained.

Hypoxia In Sports
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Got Oxygen?

Genetic scientist Gregg L. 
Semanza was born in 
1956 in New York City, 
New York. He has four 
siblings all of whom grew 
up in Westchester County. 
He studied medical 
genetics and mapped 
genes on chromosome 21 
during his time as an 
undergraduate at Harvard 
University. For his PhD at 
the University of 
Pennsylvania, he 
sequenced genes linked to the recessive genetic 
disorder beta-thalassemia and completed his residency 
at Duke University Hospital.

Hypoxia is the absence of enough 
oxygen in the tissues to sustain 
bodily functions. This can occur 
in human cancers and results in 
adaptive changes in cell 
metabolism. Hypoxia inducible 
factor (HIF-1) regulates the 
balance of oxygen supply and 
demand. In addition to cancer, 
HIF can be activated by the lack 
of oxygen during physical 
exercise or high altitudes. 

In professional sports, 
aerobic power and time trial 
performance is crucial. High 
intensity sports such as 
soccer, boxing, track, and 
swimming are all 
aerobically demanding. 
Conditioning for top 
performance in these sports 
requires extensive training.
Some athletes go the extra mile and train in regions that are 
low in oxygen in order to condition their bodies for optimal 
performance during competitions. Big Bear Lake in California 
(Fig. 1) for example is located 6752 ft above sea level. Another 
example is the U.S. Olympic Training Center in Colorado 
Springs located 6000 ft above sea level. 

Figure 1: Olympic silver medalist Gennady 
Golovkin training in Big Bear California

However, some athletes like to 
cut corners (Fig. 2) and take 
performance enhancing drugs. 
These drugs known as 
erythropoietin (EPO) stimulate 
red blood cell production which 
in turn allows for more oxygen 
intake for an enhanced 
performance in competitions. 

Figure 2:  Shane Mosley (black) vs Oscar 
De La Hoya (red) 2003. Mosley used EPO 
which enhanced his endurance.


