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Obituary

Paul Berg

(1926-2023)

Biochemist who invented recombinant DNA technology.

aul Berg was the first researcher to

incorporate DNA from one species

into the genetic material of another.In

sodoing, heinvented one of the most

powerful toolsinmodernbiology and
the basis for a biotechnology industry that is
worth hundreds of billions of dollars and has
designed therapies for many human diseases.
This alone would have been enough to estab-
lish Berg’s pre-eminent status — he received
the Nobel Prize in Chemistry in 1980 — but
he is also remembered for addressing anxie-
ties about the possible risks of ‘recombinant’
research, and leading the development of a
consensus on responsible use of the technol-
ogy.He died on 15 February, aged 96.

Berggrew up and was educated in New York
City and attended Abraham Lincoln High
School in Brooklyn. This was the alma mater
of another Nobellaureate, biochemist Arthur
Kornberg, who later became a long-standing
mentor to Berg. Berg's undergraduate educa-
tioninbiochemistry at the Pennsylvania State
University in University Park was interrupted
by the outbreak of the Second World War, dur-
ingwhich he servedinthe US Navy. To his dis-
appointment, his passionate wish to become
anaval pilot was never realized.

Berg went on to study biochemistry at what
is now Case Western Reserve University in
Cleveland, Ohio, in 1948. After a postdoc with
biochemist Herman Kalckar in Copenhagen,
Berg moved to the Department of Microbiology
at Washington University in St. Louis, Missouri,
toworkwithKornberg. There, he gained inter-
national attention for reporting the role of a
new intermediate moleculein the metabolism
of fatty acids. Having gained faculty status, he
wentontodiscover transfer RNA —firstisolated
by othersin cell-free liver extracts —inextracts
of Escherichia coli,and showed that amino acids
areactivated before beingattachedto transfer
RNA for assembly into proteins.

In 1959, Berg relocated with Kornberg to
Stanford University in California. Becoming
interested inexploring gene function further,
he spentasabbatical year at the Salk Institutein
San Diego, California, with virologist and can-
cer biologist Renato Dulbecco. This led Berg
toretool his Stanford laboratory to work with
animal cells that serve as hosts for polyoma
viruses, such as the potentially cancer-causing
DNA virus SV40. He pursued techniques that
would allow himto study the expression of viral
genes in prokaryotes such as E. coli, and the
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expression of prokaryotic genesinanimal cells.

To do this, he devised alaborious and tricky
strategy for generating DNA molecules that
contain DNA from more than one species
— recombinant DNAs. This involved using
enzymes to snip open the circular genome
of the SV40 virus and to snip out a fragment
containing three genes from the DNA of the
bacterium E. coli, then tailoring the free ends
of both molecules so that they would rejoin as
asingle circle of DNA.

“Berg was an extraordinary
scientist, teacher, mentor
and administrator.”

Theideawas to use the modified SV40 as a
viral vector to carry ‘foreign’ genetic material
into animal cells. But soon after heinitiated his
experiments, concerns arose that introduc-
ing SV40 genesinto E. coliand other common
humanintestinal bacteria could raise the risk
of human cancer. This concern prompted Berg
to call amoratorium on all recombinant DNA
workin hislaboratory until the issue could be
explored more thoroughly.

Aswordspread about what Berg was attempt-
ing, elaborate theoretical catastrophicscenar-
iosemerged, including the possible accidental
generation of Frankenstein-like monsters —and
eveninterference with natural evolution. Berg
and his colleagues responded by convening two
meetings at the Asilomar conference centre
justsouthofSanFrancisco, California. Thefirst,
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held in 1973, prompted Berg to circulate what
became known as the Berg Letter to several
journals, including Nature, requesting that
members of the scientific community tempo-
rarily cease experimentsinvolving recombinant
DNA. The historic second meeting was held in
1975 to debate the pros and cons of recombi-
nant DNA technology.

Conscious of the wide publicinterest, Berg
and the other organizers made a point of invit-
ingmembers of the press to the1975 meeting,
and encouraged them to ask questions, but
requested they not file their reports until the
conference had concluded. The conference
participants agreed toavoluntary moratorium
onresearch until guidelines could be promul-
gated for the safe use of the new technology.
The US National Institutes of Health first pub-
lished its guidelines in 1976, and these have
beenregularly updated eversince. Asaresult,
the very real threat of a total ban on recombi-
nant DNA research was averted, opening the
doortogenome sequencing and editing, and
making possible countless advances in basic
research, clinicalmedicine and drug discovery,
and other applications of biotechnology.

Berg devoted huge amounts of time to pro-
moting the safe use of recombinant DNA tech-
nology, which he went on to deploy towards
clinical application.In1980, withKornbergand
US geneticist Charles Yanofsky, he founded
the DNAX Research Institute of Cellular and
Molecular Biology in Palo Alto, California. He
also served as the first director of Stanford’s
multidisciplinary Beckman Center for Molec-
ular and Genetic Medicine, opened in1985.

Bergwas an extraordinary scientist, teacher,
mentor and administrator, and askilled propo-
nent of bringing good, old-fashioned common
sense to bear on contentious public-policy
issues, including later the use of embryonic
stem cellsin biomedical research. He formally
closed his research laboratory at the turn of
the twenty-first century, but continued to
advise his department and his university,
and to act as a consultant to biotechnology
companies. The world of academiawill sorely
miss this giant of the early days of molecular
biology and molecular genetics.
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