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Origins of pathogenic microbes:

part 1—bacteria

Warren A. Shipton

The emergence of pathogenic bacteria interests creationists because it impacts on concepts of God's character. The
ecosystem operated in a stable fashion at creation and the basic microbe types participated in maintaining a dynamic
homeostatic state. Sin brought a change to features of DNA repair and gene regulation in living systems, and stress was
introduced into the equation. This resulted in mutations and other errors giving rise to cellular malfunctions. Mechanisms
permitting re-assortment and exchange of genetic material within precise limits were disrupted. Most of these mechanisms
are well known, but additional ones have been described recently and more may be discovered. Reasonable hypotheses
are generated to account for the emergence of the main groups of pathogenic bacteria by unguided events involving
genetic material. These involve events in the microbe, in the host, and changes in the environment. Subsequent to the
Fall, changes to living organisms and the ecosystem usually are not considered dependent on the direct activity of God.

However, other external agencies could have been involved.

he biblical account of origins indicates that creation was

very good. The origin of pathogens causing suffering,
disease, and death is a challenging question. A number
of possibilities have been suggested as follows: 1) micro-
organisms (including viruses) were not disease-causing
initially. They devolved after creation as a result of mutation
and gene shuffling among themselves. As a consequence a
small number of pathogenic variants arose,' 2) God created
pathogens in the lower orders of life to ensure population
control, but this did not extend to microbes inhabiting
humans. Rather, mutations gave rise to pathogens among
populations of usually beneficial microbes inhabiting the
human body and similar mutations in animal pathogens
enabled them to jump the species barrier and infect humans,?
3) the genomes of all creatures were designed so that they
could adapt rapidly to the environment. These variant-pro-
ducing DNA segments have become compromised, giving
rise to RNA viruses and perhaps retroviruses, ostensibly on
account of the removal of the ‘regenerating healing power’
of God,’ 4) diversity can be accounted for by postulating that
transposable elements were originally designed to produce
positive altruistic outcomes, but subsequently caused near
neutral, or even deleterious, mutations,* and 5) microbes
were not initially disease-causing in creatures with pain
sensations but as a consequence of various changes they
appeared, perhaps assisted by exterior agencies.

Change after the Fall conceivably involved shifts in
ecosystem balance so that the nature and behaviour of
organisms was altered. In an extension of the suggestion
about agencies, some have postulated that an evil agent(s)
altered or added novel genetic information to the genome

of existing organisms or an entirely new line of microbes
was allowed to emerge (God’s Curse).’

To answer these proposals, several assumptions are made.
Undoubtedly, some of these will be challenged as knowledge
increases. The most significant is that the existence of
beneficial phenomena in the natural world that are widely
expressed will be taken to indicate their essential continuity
from the beginning (parsimonious approach), except where
biblical information dictates otherwise.

Events promoting the rise of pathogens?

The vast majority of microbes do not inflict damage
on their hosts. They are non-pathogenic. The majority
of microbes inhabiting humans are classically harmless
commensals (one organism benefits, the other is not harmed
or benefited).® Microbes are present in large numbers in
and on the human body and ensure our survival. They aid
digestion and provide nutrients necessary for our well-being.
In herbivores, they are absolutely vital for cellulose digestion
and the provision of some of the protein needs. Microbes
that cause damage are called pathogens. However, disease
does not depend alone on the microbe acquiring special
abilities such as toxin genes. Three factors contribute to the
expression of disease—microbe, host, and environment.’

Microbes that exhibit polysaccharide capsules (figure 1),
toxin- and melanin- forming features, tissue-invading
(enzyme) capabilities, and other characteristics frequently
are pathogenic. These may have arisen as a consequence of
a variety of events. First, elements of the gene regulatory
network, particularly the non-coding region of the
chromosome, may have been altered. As a consequence,
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feedback processes, dominant metabolic pathways, and
other aspects of cellular function were altered in the host
or microbe.? Second, microbes in mutualistic (organism
and host benefit from association) and endosymbiotic
associations (living inside another organism) may have
been modified through degenerative and other changes.
Third, saprophytic equivalents (free-living on dead material)
to the present-day pathogens may have been created and
have subsequently acquired pathogenic abilities. Fourth,
genes may have been lost that enabled the expression of
pathogenic ability. Fifth, changes may have occurred in
the host, allowing opportunistic organisms to become
pathogenic. Sixth, organisms may have adapted under
environmental stress or changes in nutrition, facilitating
the appearance of pathogens.” Seventh, intelligent agents
may have manipulated the genetic material.'® Finally, there
may have been a combination of the above events.

In environments containing a diversity of organic
materials rich in DNA, and where microbial growth and
decay activities are intense, it is more likely that organisms
exchange genetic information."! Mechanisms known today,
including recombination during sexual reproduction,
transduction, transformation, and non-random transposition
are considered to have been present from creation. Mutations
were probably also known then. There are different
categories of mutations.'? Those commonly encountered
today arise frequently through exposure of the organism to
stress (chemical, nutritional, and physical factors). DNA is
damaged and the repair mechanisms are unable to rectify
the faults, meaning that imprecision in nucleic acid copying
occurs. The entire operational strategy set in motion at
creation changed after sin’s entrance so that future outcomes
were foreseen, but are not attributable to the Planner.

Genesis and expression of pathogenic capabilities

Virulence (relative ability to cause disease) is not strictly
an intrinsic microbial characteristic but includes both
microbial and host factors. This conclusion is reached on
account of commensals and opportunists being able to
cause disease in the immunocompromised. In retrospect,
the factors classically related to virulence, such as toxicity,
aggressiveness, replication and transmission advantages,
adherence and attachment, and induction of deleterious
immunologic reactions,' still have relevance.

Changes in colonising status, such as the ability to
cause disease, ultimately indicate changes in DNA, gene
regulatory network elements and other features. DNA repair
mechanisms are variously subject to imperfections so that
variant DNA appears. As a result some viable mutants are
generated. For example, bacteria may experience mutations
on account of damage to their mismatch repair system.
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Figure 1. A schematic diagram of a bacterium showing various structures
including a polysaccharide capsule.

These mismatch defects may subsequently be removed, but
the mutations generated during the period of high mutation
are retained.” Changes in proteins coded by the genome
are expressed through the regulatory elements that involve
feedback processes, dominant metabolic pathways, and
other features. If the right combination of virulence factors
is present in an organism (many of which may be present
already in non-pathogenic organisms), then cross talk among
virulence factors may result in regulatory changes leading
to the actual expression of virulence.!®

Changes may also occur in the non-coding region of the
chromosome near the promoter (regulator changes). This
would cause gene expression levels to be altered in the
host or microbe. Sin’s entrance may have altered the repair
mechanisms’ efficiency due to the stresses introduced and
may also have involved changes in the regulatory elements.

An example involves the well-known bacterium
Escherichia coli. Its effectiveness as a gut pathogen is
influenced by the DNA modifications (base methylation)
which affect the production of an appropriate attachment
device (pilus—figure 1). This plays a role in disease
development. Methylation levels (represents an epigenetic
control mechanism) are governed by the growth conditions
of the organism. In other bacteria, virulence is partly
lost when methylation fails to occur or is overproduced.'s
Theoretically, an organism could be benign, but after the
removal of the silencing effects on a gene (influenced by
methylation state), it could become pathogenic."”
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Microbe changes

Microbes as a group can function in almost all
environments and carry out a wide range of activities.
Theoretically some microbes could adapt to the pathogenic
mode of existence. Selected examples follow.

Mutualistic and endosymbiotic organisms. Altering
mutualistic organisms to take on parasitic capabilities is one
possibility, as they already possess host entry mechanisms
and strategies to acquire nourishment. The rhizobia
bacteria are mutualistic with leguminous plants. Special
genes (bac) enable them to form intracellular structures,
permitting the fixation of atmospheric nitrogen. These
genes have a high degree of similarity with those found
in Brucella, a well-known intracellular animal pathogen,
which allows it to survive in the phagocytic cells of the
animal host. In addition, Brucella’s regulatory system for
virulence has remarkable similarities to certain genes found
in the harmless mutualist (Sinorhizobium meliloti).'® The
plant bacterium Agrobacterium, commonly considered a
pathogen, could have acquired many of its capabilities from
rhizobia.'” How the acquisition occurred is a separate issue.

The bacterium Wolbachia has achieved prominence
on account of its apparent ability to transfer information
to insect and nematode hosts. For example, the fruit
fly (Drosophila ananassae) has the entire genome of
the endosymbiotic bacterium inserted into one of its
chromosomes.?® These symbionts influence reproductive
success and strategy in insects.

Research on the Wolbachia genome has been taken by
some to suggest that endosymbionts have acquired this
ability through the loss of critical genes needed for growth
independent of a host.?’ However, introducing Wolbachia
into the mosquito is connected to the development of
resistance of this insect to transmitting a devastating form
of malaria.” This may indicate that endosymbionts had some
protective role from creation and that their present genome
imperfectly represents the original.

Saprophytes

Many saprophytic microbes are beneficial to other
organisms.”® Normally harmless inhabitants of the soil can
become pathogenic under certain favourable environmental
conditions. Soil saprophytes also often possess capsules
from which the capsule-forming ability of successful
pathogens may have been derived.?* These opportunists
also become pathogenic when the host defences are breached
or compromised? or when the organism is introduced into
the body following prosthesis implantation and the insertion
of catheters.?

Bacillus is an example of a saprophyte that has pathogenic
representatives. Some members are pathogenic, such as
B. anthracis, the causal agent of classical anthrax. It is

pathogenic due to its capsule-forming and toxin-generating
capacities. Capsule formation is conferred by transfer
of extrachromosomal DNA material in plasmids and
subsequent modification. Toxin genes are also plasmid
borne. An acquisition route for the saprophyte has been
indicated by studying a close relative of Bacillus cereus
capable of causing anthrax in chimpanzees.

B. cereus appears to be a normal inhabitant of the
intestines of soil-dwelling insects and earthworms and
may be useful partners with other insects.?’” One possibility
is that the anthrax-forming B. cereus originally had a well-
established role in the soil. Transformation (uptake of
naked nucleic acid) or transduction (transfer of genetic
information by phage), involving acquisition of plasmids
(containing genes that produce toxin) from B. anthracis,
apparently gave B. cereus the ability to induce anthrax-like
symptoms. Acquisition can occur ostensibly in soil or during
co-infection of the host.?®

Mutations. Virulence may arise through mutations, which
are expressed in a number of ways. Gene loss may lead
to the emergence of pathogenic ability. The cadaverine
gene (lysine decarboxylase activity) is able to prevent
toxin production. The majority of Escherichia coli strains
possess this gene, which appears to be connected with their
commensal status in the human gut. When cadaverine
gene activity is lost in certain strains of Escherichia coli
(EIEC) they develop pathogenic ability. The loss of activity
is associated with large deletions in the chromosome
region around the cadaverine locus. This means that toxin
production henceforth can be expressed.”” Again, in Listeria
monocytogenes, mutation of a critical gene associated with
a regulatory protein may lead to changes whereby the
normally saprophytic organism can become constitutively
pathogenic.>

Host changes

The best-known example of host changes leading to
disease is the process that causes immunocompromisation.
These hosts may be predisposed to attack from organisms
not normally considered pathogens. Sometimes around
half of such individuals experience bacterial infections. For
example, the usually saprophytic bacterium Nocardia can
be a significant cause of illness.!

Environmental influences facilitate emergence and
expression of change

Changes in the environment may be responsible for
the emergence and expression of virulence traits. Several
examples will be given in each category.

Emergence. Adaptive mutations may occur in response
to environmental stresses. Opportunistic pathogens in the
Burkholderia cepacia complex affect cystic fibrosis and
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immunocompromised patients. They may adapt through
exposure to antibiotics and other stress conditions. These
variants are more suited to colonise the lungs of fibrosis
sufferers and contribute to disease progression.*

During stress, mechanisms normally controlling transfer
of information horizontally between organisms may be
relaxed due to the inactivation of the methyl-directed
mismatch repair system. The system can be damaged
through exposure to starvation conditions, for instance.
Change in this repair system increases the mutation rate
substantially, causing hypermutation, and as a result greatly
increases the recombination success between Escherichia
and Salmonella. This may represent one mechanism
responsible for the appearance of virulence genes in the
food poisoning bacterium Escherichia coli (0157:H7) from
another strain of the same organism.* However, a number
of other possibilities have been suggested in the genesis of
the strain.**

Expression. Some microbes are not pathogens when
biological balance is maintained in a natural environment.
But saprophytic bacteria responding to change may damage
potential hosts. For example, Acinetobacter baumanni is
significant in wound situations and airway infections in
alcoholics. In hospital situations where ethanol (alcohol)
is used as a disinfectant, it can function as a nutrient that
increases the virulence of the organism by the differential
expression of certain genes. The nutrient may also
influence the expression of tissue receptors, which would
then initiate intracellular signalling, leading to differential
gene expression and heightened tissue responses that
allow increases in tissue damage by the microorganism.%
The bacterium Agrobacterium tumefaciens (commonly
saprophytic in soils) also displays a similar pattern of
virulence induction. The organism becomes pathogenic
to plants following exposure to phenolic substances and/
or saccharides released. Sensing these products occurs at
the membrane level, by sensory proteins, and ultimately to
the activation of promoters. The inducing sugars may be
released by wounded tissues.*

Mechanisms for transfer of genetic information

There are well-known methods for horizontal transfer
of information among bacteria, including transformation
(uptake of external DNA through the cell membrane),
transduction (transfer by bacterial viruses or phages), and
sexual reproduction (referred to as conjugation between
closely related types—figure 2). Less well-known is transfer
through membrane vesicles and intercellular nanotubes.

Communication of information through intercellular
nanotubes may develop between the same or different
species growing on solid surfaces. These tubes enable
acquisition of characteristics in a non-hereditary fashion

Figure 2. Bacterial conjugation where a thin tube (pilus) formed between
the cells allows exchange of heritable information

so that antibiotic resistance becomes a temporary feature of
the recipient bacterium. Some plasmids (extrachromosomal
DNA material) may be transferred reciprocally.’” Outer
membrane vesicles produced by bacteria may also facilitate
delivery of proteins and DNA and RNA between bacterial
strains.®

Horizontal gene transfer can transform normally harmless
bacteria into disease-causing ones. Indeed, it appears that
the majority of genes for pathogenicity moving across taxa
are acquired through bacterial viruses via transduction.'
These phages may stimulate toxin production, allow cell
adherence to host tissues, allow host defences to be evaded,
and may stimulate genes to replicate and transduce.* The
classic example of conversion of a non—disease-causing
bacterium to a pathogen is Corynebacterium diphtheria.*’
Acquiring a phage carrying the structural gene for exotoxin
production enables it to become pathogenic.*

Genes for exotoxins can be carried by plasmids and
phages. New pathogens may arise following the transduction
of a toxin gene from some environmental source to a
member of the normal human microbiota. For example,
Staphylococcus aureus may have acquired its exotoxin
gene from the environmental bacterium Pseudomonas (>
95% similar) via a phage.** Furthermore, genes responsible
for pathogenic ability in Corynebacterium (dtx), Shigella
(stx), and Vibrio (ctx) are present in environmental samples,
and additional sources of the Staphylococcus exotoxin-like
gene have been found there as well. Phages isolated from
the environment (water, sediment, and soil) would have
carried all but the dfx gene. Conceivably, the genes would
have functioned in the environmental bacteria to maintain
homeostasis. There are indications that complex interactions
also can occur among phages. These have enabled wild type
and defective non-pathogenic Vibrio cholera to become
pathogenic.® In the soil environment there exists a wealth
of phage types with their numbers paralleling trends in
bacterial populations.** Phage-bacterium and interphage
interactions occur in the natural environment. This allows

CREATION.com 79



JOURNAL OF CREATION 30(2) 2016 || PAPERS

Uptake of DNA by
competent bacteria

DNA may be intergrated into
genome or exist as a plasmid

/

O

Figure 3. Schematic view illustrating the uptake of naked DNA into a
bacterial cell and its integration into the chromosome (left) or its circular-
isation to form a plasmid (right)

the construction of a coherent hypothesis for the emergence

of pathogenic organisms.

An example of information transfer from an environ-
mental bacterium is suggested from a study of non-
pathogenic Escherichia coli isolates. Some of these carry
a suite of genes enabling efficient iron uptake, such as the
yersiniabactin system, which confers ecological fitness.
When similar genes are present in Yersinia they contribute
to pathogenic ability.* The transfer of the pathogenicity
island is thought to be facilitated by a conjugative plasmid
which has a wide host range.*

Other horizontal gene-transfer phenomena are known.
Few credible suggestions exist to explain the gene acquisition
noted among some organisms.*’ There are formidable
restriction enzymes and other barriers to transformation
among some bacteria and cyanobacteria. Some strains
may lack these barriers, thus permitting transformation
(figure 3).*® In other instances, stress factors override the
constraints normally experienced.*” Additional sources of
the genetic information transfer include the following:

a. Transfer of secretion-system capabilities among bacteria
and beyond. Evidence suggests that the type III secretion
proteins, widely present among plant and animal Gram
negative bacteria, have been acquired through horizontal
gene transfer from donor bacteria. Transfer also is
postulated to occur in organisms that range from bacteria
to protozoa. These secretion proteins facilitate pathogenic
and mutualistic modes of existence. Many pathogenic
bacteria use such a secretion system, which allows
proteins to enter eukaryotic cells. This secretion system
has similarities to components required for the

biosynthesis of flagella and other operational features

noted in mutualist rhizobial bacteria.” These similarities

suggest either transfer of capabilities among organisms
or experimental manipulation by intelligent agents.

b. Bacterium-to-plant transfer. The bacterium Agro-
bacterium tumefaciens transfers genes from a plasmid
(T-plasmid) to selected dicotyledonous plants, where they
integrate naturally with the plant nuclear DNA and
subsequently cause tumour formation. Tumours form as
a consequence of auxin and cytokine production and the
synthesis of supporting nutrients (opines) by the genes
transferred.”!

c. Plant-to-bacterium transfer. Genetic information acquired
by bacteria may involve sources outside the prokaryotes.
Information may come from decaying plants in the
natural environment. For example, marker genes
associated with chloroplast DNA present in residues of
tobacco plants colonizing by the pathogenic bacterium
Ralstonia solanacearum are transmissible to soil bacteria.
More significantly, plant chloroplast DNA sequences were
shown in 8% of bacteria growing on the residue. In the
same environment Acinetobacter and Pseudomonas
acquired exogenous plasmid DNA by transformation.
Even without the presence of the plant pathogenic
Ralstonia, Acinetobacter is able to transform on decaying
tissues.*? These studies raise the possibility of significant
transfer of genetic information in soil and plant
environments. Such transfer of information should not
surprise as chloroplast DNA has many features similar
to prokaryote DNA.>

Another intriguing illustration is provided by the

pathogen Xanthomonas axonopodis. It causes a disease of
citrus trees characterized by the appearance of wet lesions.
The bacterium contains a gene sequence that encodes a
protein able to influence the capacity of the plant to take
ions and water into cells. It has a high degree of similarity
with a sequence in the plant that encodes a plant natriuretic
peptide. This protein maintains homeostasis when the plant
is subjected to osmotic stress. Evidence suggests that the
gene was acquired by the bacterium through horizontal
gene transfer from the plants. This allows the bacterium to
induce plants to increase uptake of ions and water into cells,
which favours the growth and survival of the bacterium in
plant tissues.>* The acquisition of information from the plant
may have been via similar mechanisms as discussed in the
previous paragraph.

The basic assumption made in many research studies is
that if a gene sequence shows greater similarity to those held
by distantly related organisms than that by close relatives,
it has the possibility of being an acquired gene.> It may
be argued in some circumstances that similarity in DNA
signature strongly suggests the existence of a Designer.
The complexity of inferences that can be made from data
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means that a number of lines of evidence need to converge
before horizontal transfer can be asserted to have occurred
with confidence.*®

Conclusions

Several fundamental changes following the Fall
are indicated in Genesis and Job. Many of the changes
associated with the emergence of pathogenic bacteria from
non-pathogenic ones can be accounted for by naturalistic
phenomena. However, the possibility remains that intelligent
agents may have manipulated the genetic material.

There is evidence for alteration in the gene regulatory
network (mutations and other phenomena) in the presence
of stress, particularly the non-coding region of the
chromosome. As a consequence, feedback processes,
dominant metabolic pathways, and other aspects of cellular
function can be changed in the host or microbe. Evidence
has been presented for the exchange of information among
mutualists, endosymbionts, and saprophytic bacteria with the
occasional help of bacterial viruses and accession of DNA
from other organisms. Gene loss enabling the expression of
pathogenic ability has been responsible for the emergence of
some pathogens, and it also appears that changes in the host
genome have allowed opportunistic organisms to become
pathogenic. Environmental stressors have facilitated the
appearance of pathogens. Ostensibly, the massive increases
in decaying organic debris available following the Fall, with
the associated release of DNA into the environment, has
played a role in the changes I have sought to explain.
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