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PERSPECTIVES

        O
f all the astonishing advances and 

discoveries of 20th-century biology, 

few compare to the elucidation of the 

genetic code in terms of importance and uni-

versal impact. The code is the Rosetta Stone 

of life, specifying how genetic information in 

the form of a linear array of four nucleotides 

in RNA directs the incorporation of each of 

the 20 amino acids into proteins.

By the mid-1950s, researchers understood 

enough about the role of RNA and DNA to 

realize that some mechanism must translate 

genetic information in the form of messen-

ger RNA (mRNA) into its fi nal form as pro-

tein. This mechanism was called the “genetic 

code,” and, coming after the determination 

of the double helical structure of DNA, it 

became the target of intense speculation and 

even some experimental probing. Such was 

the scientifi c world into which a young Mar-

shall Nirenberg entered, fascinated by the 

advances in protein synthesis and eager to try 

his hand in an experimental approach.

Nirenberg was prepared and motivated for 

the work. Born in New York City in 1927, but 

raised in central Florida, he loved tramping 

through swamps, catching all sorts of creatures, 

in particular, snakes. One photograph from that 

era shows the teenager in waders, holding a 

6-foot snake and smiling mischievously.

Later, Nirenberg would matriculate in 

the Department of Zoology at the University 

of Florida, where his master’s thesis was on 

caddisfl ies. Hoping for a more molecular ori-

entation in his work, Nirenberg entered the 

University of Michigan, where he earned a 

Ph.D. There, James Hogg, whom he often 

referred to as a wonderful teacher and friend, 

mentored him in biochemistry. In another 

and final move, Nirenberg came to the 

National Institutes of Health (NIH) as a post-

doctoral fellow in 1957, ultimately achieving 

an independent staff position. Finally, he had 

the opportunity to pursue his studies of pro-

tein synthesis.

Nirenberg realized that development of 

a cell-free protein synthetic system would 

be a valuable tool in detecting mRNA. First 

working by himself, and 

later with a postdoctoral 

fellow, Heinrich Matthaei, 

they labored, literally day 

and night, to develop con-

ditions under which the 

system was stabilized. 

Their work resulted in the 

famous polyU experiment, 

in which a synthetic RNA 

polymer consisting entirely 

of uradylic acid (U) resi-

dues directed the incorpo-

ration of only 1 of the 20 amino acids (pheny-

lalanine) into protein. Therefore, the codon or 

code word, the informational unit, for pheny-

lalanine is a stretch of U’s, probably a triplet 

as other genetic evidence suggested.

Nirenberg presented the work in August 

1961 at the International Congress of Bio-

chemistry in Moscow. Coming from an 

unknown, it initially received scant attention 

until Francis Crick, codiscoverer of the struc-

ture of DNA and a leading fi gure in molecular 

biology, organized a repeat performance in a 

larger hall.

Nirenberg had taken the fi rst step toward 

elucidating the genetic code, and it invited 

intense competition. Severo Ochoa, a dis-

tinguished Nobel Laureate who directed a 

large and very able group of biochemists at 

New York University, seized the opportunity 

and a veritable horse race to work out the 

complete code ensued. At NIH, friends and 

colleagues dropped what they were doing 

to help Nirenberg. Papers from the two labs 

seemed to appear almost monthly, and by 

1962 the composition, but not the sequence 

of nucleotides of each codon, was largely 

determined. The first phase of the race, 

the compositional code, was complete, but 

the sequence of nucleotides in each codon 

remained to be determined.

This last phase depended on the develop-

ment of a simple assay devised by the Niren-

berg group to observe the binding of aminoa-

cyl–tRNA (transfer RNA) to a ribosomal com-

plex in response to synthetic triplet codons. 

The success of this approach was announced 

at the 1964 International Congress of Bio-

chemistry, in New York City, before a large 

and very excited crowd of biochemists. Using 

this approach, the Niren-

berg group, now joined 

in the race by the chemist 

Har Gobind Khorana, had 

largely completed all the 

codon assignments. Further 

studies revealed that the 

code was virtually univer-

sal; that is, the same code 

words were used in almost 

all animal and plant spe-

cies. In 1968, Nirenberg, 

Khorana, and Robert Hol-

ley (who worked on tRNA) shared the Nobel 

Prize in Physiology or Medicine.

Although interesting details remained to 

be worked out, the coding problem was essen-

tially solved. Nirenberg, among several other 

distinguished molecular biologists seeking 

important challenges in the 1970s, turned 

to the study of the nervous system. The fi eld 

advanced slowly pending the development of 

recombinant DNA and other technologies. 

These eventually made this area one of the 

most rapidly advancing fi elds of biology, thus 

vindicating Nirenberg’s decision to move.

While Nirenberg’s tenure at NIH for his 

entire career suggests that he was averse to 

teaching, nothing could be further from the 

truth. He was a wonderful and generous one-

on-one teacher and a great supporter of his 

associates, many of whom have gone on to 

distinguished careers. Soft spoken, he would 

patiently listen to a younger colleague and 

give serious thought to his or her question or 

idea, no matter how off-beat. Colleagues were 

invariably greeted by a cheery, “So what’s 

new?” And he really wanted to hear what was 

going on in the lab. Science was clearly his 

all-consuming passion. Conversations with 

him were always stimulating. He retained that 

gleeful enthusiasm he exhibited as a teenager, 

catching snakes in a Florida swamp.

Sadly, Marshall Warren Nirenberg died 

of cancer on 15 January 2010. He was pre-

deceased by his wife of 40 years, the Brazil-

ian chemist, Perola Zaltzmann, and is sur-

vived by his present wife, Myrna Weissman, 

professor of Epidemiology and Psychiatry at 

Columbia University, College of Physicians 

and Surgeons. 
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Passion and curiosity spurred a soft-spoken 

biologist to lead the fi erce race to crack the 

code of life.
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