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The unconventional life of Kary Mullis and the history of invention of Polymerase Chain
Reaction (PCR): the begin of new era in Dentistry and Medicine scientific research
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The unconventional life of Kary Mullis and the history of invention of Polymerase Chain Reaction (PCR): the begin of new era in

Dentistry and Medicine scientific research

1| INTRODUCTION

The history of progress in the experimental
sciences is normally characterized by small
advances made by many researchers around the
world; in this way, there is a slow, but constant and
steady growth of knowledge. But every now and
then there is the "miracle": a sudden, exponential,
incredible progress due to the intuition of some
genius, perhaps even an unlikely character: after all,
the saying "genius and recklessness" arises with
good reason.

And certainly, this is the case of Kary Mullis and the
invention of the PCR technique, which has
revolutionized the world of molecular biology and
of all biological science in general. (Figure 1).

Figure 1. Kary Mullis in his "favorite place to play with
DNA".

It is no overstatement to say that a modern
laboratory of biochemical, genetic or cell biology
research owes much of its existence to the
Polymerase Chain Reaction (PCR), without which it
would not even be possible to hypothesize the
dizzying development that these experimental
sciences have reached in the last 30 vyears.
Grandiose, epochal projects such as the Human
Genome (2001-2013), Microbiome (2008-2017), and
the very recent completion of the human genome
thanks to the international consortium called
Telomere-to-Telomere (T2T) of (2019-2022), would
not be in the least conceivable without the stroke of
genius of Mullis [1, 2, 3].
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Who was this scientist?:

Kary Banks Mullis was born on December 28, 1944,
in Lenoir, South Carolina, near the Blue Ridge
Mountains. His family was a typical American middle
class and did not have a prominent scientific
background: his father a furniture salesman, her
mother was a housewife. However, since he was a boy,
Mullis has been passionate about science, doing
experiments of all kinds, particularly in chemistry,
designing alternative method for the synthesis of
various chemical substances. His academic career was
brief: after graduating in Chemistry at the Georgia
Institute of Technology of Atlanta in 1966, he
received his Ph.D. in Biochemistry from the
University of California Berkeley in 1972, about his
research on protein structure and synthesis.
Later Mullis moved to Lawrence, having won a
research fellowship in pediatric cardiology from the
University of Kansas Medical School. Subsequently he
completed a two-year post-doc in Pharmaceutical
Chemistry at the University of California at San
Francisco (UCSEF).

After those experience, Mullis became disillusioned
about the academic world; he deemed himself
unfitted for the role, because he did not find academic
life sufficiently stimulating. Hence, Mullis's scientific
path - as throughout his life -was also quite peculiar:
after his doctorate he abandoned the university and
choose to be a directing manager of a friend’s bakery,
and in his spare time dedicating himself to writing
science fiction stories. Only later he returned to
science, also thanks to the encouragement of his
friend Thomas White, who helped him get a job at the
Cetus Corporation, a biotechnology company based
in Emeryville, California.

The history of PCR discovery:

At the Cetus his job was under White supervision,
who was at the time the Cetus director of
molecular research, and Mullis worked as a
chemist. Eventually Mullis will work 7 years at
Cetus, where in 1985 he will invent PCR (Figure 2)

[4].

PCR buffer
+ MgCla

Figure 2. Schematic representation of PCR discovered from
Kary Mullis.
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Later he will become director of molecular biology of
another company, Xytronyx, and in the subsequent
years he will work mainly as a consultant on DNA and
chemistry of nucleic acids in general for several
companies, and also for forensic analysis: in his
autobiography he recalls his role in the O.] Simpson
trial, a hugely popular event in the USA.

In the late 90’s and 2000’s Mullis founded a company
with the intent of selling jewelry pieces containing the
amplified DNA of deceased famous people such as
Elvis Presley and Marilyn Monroe.
It is not possible to write about Kary Mullis and not
talk about his uniqueness: after all, it is quite unusual
to find a Nobel prize winner that candidly admit his
experience with LSD, even giving it credit for the birth
of PCR.

We are somewhat used to think about a scientist like a
rather serious, no frills- guy who is totally
concentrated on her/his work, leaving very few
moments for the rest of his life. To hear about the
Kary Mullis life, filled with so many different interests,
activities, is somewhat refreshing. A Nobel prize does
not have to be a boring person: it can surf every dayj, it
can be passionate about life, sport, and much more. In
his writing, Mullis affirmed the importance of
creativity, passion, and enthusiasm about science,
encouraging especially the young scientist to have a
multidisciplinary approach, who can allow to see
relationships otherwise indistinguishable [5].

Yet the Kary Mullis life can teach us also something
else about experimental science, or maybe better about
the science publishing system. All of us are very
familiar with the motto “publish or perish”, i.e., the
necessity for academic people to publish rapidly and
frequently the results of their work; otherwise, they are
destined to be at the margin of the scientific
community, with no real possibility to access to
financing and  ultimately perform adequate
experimental research.

The notorious Mullis experience with the Nature
journal is quite amusing: they accepted a purely
speculative article about matter of the universe and
time regression [6] made by a young, unproven
scientist at the beginning of his career; and yet 20
years later the same journal rejected a manuscript
from Mullis that described for the first time the
Polymerase Chain Reaction. If it hadn't really
happened, no one could believe such an experience;
definitely scientific publication procedure - in spite of
his name -is not a perfect science, but rather a
tumultuous process where even an article worth a
Nobel Prize can be lost.
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Mullis therefore decided to publish his work in a less
heralded journal, the Cold Spring Harbor Symposia on
Quantitative Biology in 1986 [7]. The scientific
community did not wait too long to recognize the
potential of PCR: within a few years, it became a
technique used daily in everyone. biological research
laboratories, and in the following years Mullis received
numerous prestigious awards, including the Robert Koch
Prize in 1992 and the Japan Prize in 1993.
Also, in 1993 Kary Mullis received the Nobel Prize in
Chemistry together with Michael Smith, for their
eminent contribute to DNA analysis: Mullis for
developing the Polymerase Chain reaction, and Smith for
setting up an efficient method for site-directed
mutagenesis [8].

Today it is inconceivable to imagine a biological
laboratory without a PCR thermocycler: there is no
biological field that does not use PCR - classical or real
time - in its experiments. Just think about an actual or
future scientific breakthrough: preventive screening for a
conspicuous amount of genetic disease, gene therapy,
vaccine production, personalized medicine, genome, and
microbiota analysis, CRISPR, SARS COV2 virus
detection, to name a few..... without this simple but
elegant technique, none of them would be possible
[9-10].

PCR allows selective amplification of any DNA region of
our choice, starting even from a single DNA molecule
[11]. The PCR technique consists in cycles, usually
repeated 20-30 times. Every cycle of the PCR reaction
consists in 3 steps:

1. Denaturation: the double-strand helix must be
separated;

2. Annealing: the primers - their sequence designed
to be specific for the chosen DNA sequence - bind the
complementary DNA region;
3. Extension: by using a DNA polymerase the
elongation of the newly formed DNA strands begins.
By cycle repetition, the number of copies of the desired
DNA sequence grows exponentially, reaching billions of
copies in just over an hour (Figure 2).
To pinpoint the breakthrough that the PCR was for the
biological research, we can divide the research in before
and after the PCR development. Without this technique,
all the work on genetic material was rather amateurish,
with no clear possibility to study DNA molecule in detail,
to know the genetic sequence, the gene expression, to
clone a DNA sequence in a vector, and so on [12, 13, 14].
New research fields like molecular biology, genetics
practically were born with the PCR.
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By no means Kary Mullis was a role model: the
habitual use of several drugs — LSD included — [15,
16], eccentric ideas (to put it politely) about aliens
kidnapping — [17], self-admitted livestock taunting
with electric fences [18], are really questionable. Even
at the beginning of his work at the Cetus company, his
behavior was so creep that he was not fired because of
his friendship with the director White [19]. Also some
of his position about scientific topics — he was casting
doubts about the HIV as the cause of AIDS -, are
somewhat controversial[20].
Was the invention of the PCR a stroke of luck for
Mullis, one night while driving in the hills of
Mendicino in California [21], probably - by his own
admission - under the influence of drugs? We don't
know, we can't say for sure, and perhaps the answer to
that question isn't even that important.

2| CONCLUSIONS

The eccentricity of Mullis' life and thoughts does not
in any way diminish the value of his contribution to
scientific progress: we will be eternally grateful to him
for allowing us to effectively manipulate DNA,
opening the doors to new knowledge and research,
therapeutic and clinical possibilities hardly imaginable
without him.
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