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Applicability of integron genes as potential archives for bio-history of resistances to environmental stresses
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Integrons are mobile DNA elements first described in multidrug-resistant pathogenic bacteria. Now, integrons are known
to occur widely in non-pathogencic microorganisms in natural environments. Microbes in nature use integrons as “reservoir”
of “imported” stress response genes to cope with various environmental stresses. Such imported genes are present in the
reservoir regions (gene cassettes, as stated below) for certain duration, and the numbers of imported genes reach 1000 or more.
That is, the “storage” regions may act as bio-records of environmental stresses that occurred against their natural habitats.
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The defining features of integrons are an integrase gene, intl, which encodes a site-specific recombinase, Intl, and an
integron-associated recognition site designated attl. This recombination system is designed to capture individual genes when
such genes are part of a mobilizable genetic element known as gene cassette. Insertion of a cassette into an integron occurs via
an Intl-mediated site-specific recombination reaction between attl and the cassette-associated recombination site, attC.

Integrons are phylogenetically diverse elements and are dispersed among a wide range of both pathogenic and
environmental bacteria. At least three integron classes contribute to the spread of antibiotic resistance. Outside the antibiotic-
resistance domain, the biological significance of environmental integrons was demonstrated in their flexibility to acquire and
express adaptive genes for several environmental stresses. This unique integron feature creates a system that provides for an
enormous pool of adaptive genes to be mobilized, rearranged and disseminated among environmental bacteria. Indeed, the
reservoir of integrons has as yet no known upper limit but must, at the very least, number in the thousands..

Environmental integron genes have been studied based on random PCR against bulk environmental DNA, particularly
from extreme environments such as deep-sea hydrothermal vents. Similar ventures are applicable to the environmental samples
from snow, icebergs, ice cores, permafrost, etc of Polar regions. History of environmental stresses causing biological responses
are thus recorded in integron genes, and re-constructed by metagenomic analyses of bulk environmental DNA, particularly
from well-preserved cryosphere habitats.
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