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DR. MATT BERTONE, ENTOMOLOGIST AND PHOTOGRAPHER (SELFIE)
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» THESE AND OTHER ARTHROPOD IMAGES BY DR. MATT BERTONE.
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More than 1000 species



d‘.m,-mmnmmmmmwwﬁmF@WFmF%‘ﬁ'E%t”wf*f‘ Hrem

s i s ah iRk G

A large proportion of which are house dependent



Photos by Matt Bertone




Photos by Matt Bertone
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CONTROL VIA NON-HUMAN ANIMALS
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Chlorinating Water Favors Chlorine-tolerant Mycobacteria

Ecological Analyses of Mycobacteria in Showerhead
Biofilms and Their Relevance to Human Health
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Chimpanzee

This is even more
extreme for
hospitals
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~95% of time indoors




~95% of time indoors
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How much time did you spend outdoors today?
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Net effects

* Microbial composition that appears to
predispose people to allergy, asthma, and
other inflammatory diseases (as much via
what Is absent as what is present)



We don’t understand this effect entirely, but it is clear that it is occurring.




Net effects

* Microbial composition that appears to
predispose people to allergy, asthma, and
other inflammatory diseases (as much via
what Is absent as what is present)

* An environment that promotes survival
of biocide resistant bacteria and
opportunistic pathogens (which are
often poor competitors)



Antibiotic use + bleaching favors
resistant organisms (poor competitors)




KiLts 99.999%
of GERMS in 15 Seconds’

and VITAMIN E

Not for Retail Sale
240 mL

Pseudomonas
aerigunosa

photo of colony by
Scott Chimileski




3STATE UNIV on May 18, 2022 at 17:17:48 (UTC).

- options on how to legitimately share published articles.
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Structure and Functional Attributes of Bacterial Communities in
Premise Plumbing Across the United States

Tara M. Webster, Alexander McFarland, Matthew ]. Gebert, Angela M. Oliverio, Lauren M. Nichols,
Robert R. Dunn, Erica M. Hartmann, and Noah Fierer*

Cite This: Environ. Sci. Technol. 2021, 55, 14105-14114 I: I Read Online

ACCESS | lihl Metrics & More | Article Recommendations | @ Supporting Information

ABSTRACT: Microbes that thrive in premise plumbing can have
potentially important effects on human health. Yet, how and why

Biofilm sample +
Water chemistry

plumbing-associated microbial communities vary across broad 5;;

spatial scales remain undetermined. We characterized the bacterial & = ;’8. ’ .
communities in 496 showerheads collected from across the *° s T ad ey e ,,:v,‘;?a%‘f '
continental United States. The overall community structure, ° RS 30& g‘n ) L
determined by 16S rRNA gene amplicon sequencing, revealed ¥ N Ry ok 5:_.';;‘?_'_» Dw ;‘;l:“i"pp'y
high levels of bacterial diversity. Although a large fraction of the R e e st e s @;‘I-"E‘ai \ [ Private
observed variation in community composition could not be Aaa P s 5 AAMAA& ! Water Source
explained, differences in bacterial community composition were Sl o Lol /\ Surface water
associated with water supply (private well water vs public municipal "P',..e 2 3o O Groundwater
water), water source (groundwater vs surface water) , and associated * -9

differences in water chemistry (pH and chlorine). Most notably,
showerheads in homes supplied with public water had higher abundances of Blastomonas, Mycobacterium, and Porphyrobacter, while
Pseudorhodoplanes, Novosphingobium, and Nitrospira were more abundant in those receiving private well water. We conducted







Net effects

* Microbial composition that appears to
predispose people to allergy, asthma, and
other inflammatory diseases (as much via
what Is absent as what Is present)

* An environment that promotes survival of
antibiotic resistant bacteria and opportunistic
pathogens (which are often poor competitors)

* An environment where beneficial
microbes not acquired during birth are
very unlikely to be acquired later on.



Cell Reports Medicine

Volume 1, Issue 9, 22 December 2020, 100156

Article
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Delivery Mode Affects Stability of Early Infant Gut

Microbiota
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In Trying to Keep Life Out

* We have favored a set of species that
have adapted to the indoors (and are not
necessarily good for us)

* We have excluded beneficial species (to
our own detriment in the context of
allergy/asthma/autoimmune disorders)

* We have created homes that are less
healthy than those built by our ancestors
eight million years ago.



If not this future then what?
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FECAL TRANSPLANT THERAPY

Predictions
for the next
5-10 years
of medicine
(in 2017)




Predictions for the next 5-10 years
of medicine (2022)

An initial focus on re-introduction of outdoor
microbes into homes (plants, fermented foods,
open windows)

— This is akin to the earliest fecal transplants

nitial haphazard results (Which soil? Which
nlants? Which fermented foods?)

One thread of future interventions will focus on
oringing microbial processes into the home (e.qg.,
fermenters/digesters)

Another thread will focus on specific microbes
used as therapeutics (on surfaces, in the home)

All of this is already happening, just in remote
corners
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The Anatomy of an Old Man (Il
Vecchio)

“As a well-spent day

brings happy sleep, so
life well used brings

happy death”
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Sanaga-Yong Chimpanzee Rescue Center in Cameroon. Lucy has just died of
a heart attack. The other chimpanzees mourn.
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Yerkes National Primate Center, Emory



Human Chimpanzee

Varki, Nissi, Dan Anderson, James G. Herndon, Tho Pham, Christopher J. Gregg, Monica
Cheriyan, James Murphy et al. "Heart disease is common in humans and chimpanzees, but

is caused by different pathological processes." Evolutionary applications 2, no. 1 (2009):
101-112.
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It doesn’t
appear to be
due to
differences in
cholesterol



All humans seem to have the
propensity for atherosclerosis

Varied modern
Modern humans diet, high in

processed foods

Unangan Hunter-gatherers

Puebloans Forager-farmers
SR Farmers, including
I >
animals

. ) Farmers
A i i i
ncient Egyptians including animals \

0 10 20 30 40 50 60 70 80 90 100
Minimum proportion of adults with atherosclerosis




Ancient malaria

NeuS5Ac Neu5Gc



Ancient malaria

Neu5Ac MALARIA Neu5Gc
BINDING SITE
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Uniquely human evolution of sialic acid
genetics and biology

Ajit Varki B Authors Info & Affiliations

May 5, 2010 107(supplement_2)8939-8946 = https://doi.org/10.1073/pnas.0914634107
Broken gene associated with converting Neu5Ac to Neu5Gc
Humans
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Meat-eating has been shown to accelerate atherosclerosis via sialic acids. Human-like mice
develop atherosclerosis more rapidly in general and, especially when fed red meat.

Kawanishi, Kunio, Joanna K. Coker, Kaare V. Grunddal, Chirag Dhar, Jason Hsiao, Karsten
Zengler, Nissi Varki, Ajit Varki, and Philip LSM Gordts. "Dietary Neu5Ac Intervention Protects
Against Atherosclerosis Associated With Human-Like Neu5Gc Loss—Brief

Report." Arteriosclerosis, thrombosis, and vascular biology 41, no. 11 (2021): 2730-2739.



Human Chimpanzee

Varki, Nissi, Dan Anderson, James G. Herndon, Tho Pham, Christopher J. Gregg, Monica
Cheriyan, James Murphy et al. "Heart disease is common in humans and chimpanzees, but

is caused by different pathological processes." Evolutionary applications 2, no. 1 (2009):
101-112.
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Dr. Stephanie Mathews




Doubled... the number of bacteria species
on Earth known to be able to break down lignin










The 15 Try Works
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Lachancea thermotolerans (YB16), never before used in beer brewing

-
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Led to a patent and a start up (Lachancea LLC, John Sheppard).
Dr. Anne Madden pictured (not here tonight).
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RESEARCH ARTICLE

Sugar-seeking insects as a source of diverse bread-making yeasts
with enhanced attributes

Anne A. Madden, Caitlin Lahue, Claire L. Gordy, Joy L. Little, Lauren M. Nichols, Martha D. Calvert
... See all authors v

First published: 23 October 2021 | https://doi.org/10.1002/yea.3676 | Citations: 1

Funding information: North Carolina State University; North Carolina State University Chancellor's
Innovation Fund; North Carolina Biotechnology Center, Grant/Award Number: 2019-BIG-6513

Read the full text > T PDF A TOOLS <« SHARE

Abstract

Insects represent a particularly interesting habitat in which to search for novel yeasts of
value to industry. Insect-associated yeasts have the potential to have traits relevant to
modern food and beverage production due to insect—yeast interactions, with such traits
including diverse carbohydrate metabolisms, high sugar tolerance, and general stress






Otzi, the Iceman

(and his useful yeasts)




Note: Dr. Clint Penick (at far right)
has pillows available
for purchase



':..

% © Lauren Nichols

Omar Halawani







ant and spider by Matt Bertone (Mill moth by anonymous
Internet person)
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Heart Transplantation in Man

Developmental Studies and Report of a Case

James D. Hardy, MD, Carlos M. Chavez, MD, Fred D. Kurrus, MD,
William A. Neely, MD, Sadan Eraslan, MD, M. Don Turner, PhD,
Leonard W. Fabian, MD, and Thaddeus D. Labecki, MD, Jackson, Miss

EART TRANSPLANTATION has interested
many investigators.'* Studies of related prob-
lems were begun in our laboratory in 1956. Webb
and his associates studied such factors as practical
methods for homologous cardiac transplantation,*
cardiopulmonary transplantation,”* restoration of
function of the refrigerated heart,® and cardiac
metabolism as influenced by ischemia and refrigera-
tion.'”* The operative mortality was high, but ex-
tended survival of some dogs with orthotopic homo-
transplants was achieved. Collateral studies were
conducted by other members of the department.’* **
Thus, in the spring of 1963, Webb and the senior
author (J.D.H.) considered that the laboratory and
clinical heart work justiied a planned approach
directed toward eventual heart transplantation in
man. This objective, a natural outgrowth of trans-
plantation research, was cleared with the adminis-
trative officials of the University Medical Center
It remained for us to evaluate further the meth-
ods available for preservation of the heart during
its transplantation. While resuscitation of the trans-
planted heart preserved with cold arrest could be
achieved in most animals, it was essential that
restoration of a good beat be assured for the first
heart transplanted in man, Coronary artery perfu-
sion had previously proved superior to ice slush
during aortic valve surgery in animals'’ and in
human beings and it was now re-examined. How-
ever, the coronary arteries of the dog were often
too small and too variable to be perfused consis-
tently with the equipment available, and ventricular
ischemia and infarction occurred with some fre-
quency.
Meanwhile, two operating teams had been estab-
lished, one of which would obtain the heart from

From the departments of mrgery. snesthesiology, and medicmne, and
the Univeruty Hosptal of the Usiveruity of Mississippi Medical Conter

the donor and the other would prepare the re-
cipient. One team continued heart transplantation
in dogs (W.RW.), but the other (].D.H.) turned
to a study of beef hearts and eventually to the use
of the hearts of infant calves. It was found that
the coronary arteries of even newbomn calves were
almost equal in size to those of the human adult,
and that perfusion of both the right and left coro-
nary arteries with cold oxygenated blood under
gravity flow could routinely be achieved within
three minutes from the time of excision of the or-
gan. These small calves tolerated the supine posi-
tion poorly, and ventricular fibrillation frequently
occurred even before intrapericardial dissection had
been initiated. Even so, the animals proved satis-
factory for our purposes, in that coronary artery
perfusion was regularly achieved without undue
delay, following which the continuously perfused
organ was transferred to an adjacent operating
table and inserted into the new host who was sup-
ported with the pump oxygenator. The two oper-
ating teams were combined to complete this final
insertion of the transplant. The extracorporeal cir-
cuit was primed with “sterile” but unmatched blood
obtained from a slaughterhouse two hours previ-
ously, and the suture technique described by Lower
and associates® was employed. In contrast to ex-
perience with heart transplantation in dogs, anasto-
motic bleeding rarely constituted a problem in
calves, whose tissues were tough and held sutures
without tearing Digitalization was found helpful
when used cautiously,* but on some occasions the
digitalis produced heart block which often re-
sponded dramatically to the intravenous infusion
of isoproterenol (Isuprel) hydrochloride.
Approximately 50 calves were used in the suc-
cessful completion of 20 homotransplants.”” Coro-
nary artery perfusion was found to be satisfactory

1964, Dr. James Hardy




In the first transplant the patient lived!
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But he lived just 18 days.
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The secret was Cyclosporine.
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Kathie Hodge, Cornell
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The ‘Baby Fae’ baboon heart transplant — potential cause of rejection

David K.C. Cooper, Hidetaka Hara, C. Adam Banks, David Cleveland, and Hayato lwase

» Author information » Copyright and License information  Disclaimer
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er several weeks (1984)




Pig heart transplant

.
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Checked for inhibition of HMG-Co0A reductase



In 1971, citrinin works but causes kidney stones.
In 1973, compactin works in petri dishes, but not in rats
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A Baby Blue
Whale Heart




The organisms that get longer lives offer

Insights into longevity.

50

Life expectancy

The pace of life

—
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Beasts we want
to understand



Adenosine




Humans get about 1.5 billion extra beats.

The pace of life
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WE ARE JUST BEGINNING TO EXPLORE
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Pseudomonas
aerigunosa

photo of colony by
Scott Chimileski
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Scaling laws predict global microbial diversity

Kenneth J. Locey®' and Jay T. Lennon®'

2Department of Biology, Indiana University, Bloomington, IN 47405

Edited by David M. Karl, University of Hawaii, Honolulu, HI, and approved March 30, 2016 (received for review October 27, 2015)

Scaling laws underpin unifying theories of biodiversity and are
among the most predictively powerful relationships in biology.
However, scaling laws developed for plants and animals often go
untested or fail to hold for microorganisms. As a result, it is uncear
whether scaling laws of biodiversity will span evolutionarily distant
domains of life that encompass all modes of metabolism and scales of
abundance. Using a global-scale compilation of ~35,000 sites and
~5.6-10° species, including the largest ever inventory of high-through-
put molecular data and one of the largest compilations of plant and
animal community data, we show similar rates of scaling in common-
ness and rarity across microorganisms and macroscopic plants and
animals. We document a universal dominance scaling law that holds
across 30 orders of magnitude, an unprecedented expanse that pre-
dicts the abundance of dominant ocean bacteria. In combining this
scaling law with the lognormal model of biodiversity, we predict that
Earth is home to upward of 1 trillion (10") microbial species. Microbial
biodiversity seems greater than ever anticipated yet predictable from
the smallest to the largest microbiome.

biodiversity | microbiology | macroecology | microbiome | rare biosphere

he understanding of microbial biodiversity has rapidly trans-

formed over the past decade. High-throughput sequencing and
bioinformatics have expanded the catalog of microbial taxa by or-
ders of magnitude, whereas the unearthing of new phyla is reshaping
the tree of life (1-3). At the same time, discoveries of novel forms of
metabolism have provided insight into how microbes persist in vir-
tually all aquatic, terrestrial, engineered, and host-associated eco-
systems (4, 5). However, this period of discovery has uncovered few,

hold across genomes, cells, organisms, and communities of
greatly varying size (13-15). Among the most widely known are
the scaling of metabolic rate (B) with body size [M; B = B,M*"*
(13)] and the rate at which species richness (i.e., number of
species; S) scale with area [4; S = cA” (16)]. These scaling laws
are predicted by powerful ecological theories, although evidence
suggests that they fail for microorganisms (17-19). Beyond area
and body size, there is an equally general constraint on bio-
diversity, that is, the number of individuals in an assemblage (N).
Often referred to as total abundance, N can range from less than
10 individuals in a given area to the nearly 10*" cells of bacteria
and archaea on Earth (6, 7). This expanse outstrips the 22 orders
of magnitude that separate the mass of a Prochlorococcus
cell (317! kg) from a blue whale (1.9-10° kg) and the 26 orders of
magnitude that result from measuring Earth’s surface area at a
spatial grain equivalent to bacteria (5.1-10% pm?).

Here, we consider whether N may be one of the most powerful
constraints on commonness and rarity and one of the most ex-
pansive variables across which aspects of biodiversity could scale.
Although N imposes an obvious constraint on the number of species
(ie., S < N), empirical and theoretical studies suggest that S scales
with N at a rate of 0.25-0.5 (ie., S ~ N° and 0.25 <z < 0.5) (20-22).
Importantly, this relationship applies to samples from different
systems and does not pertain to cumulative patterns (e.g., collector’s
curves), which are based on resampling (20-22). Recent studies
have also shown that N constrains universal patterns of common-
ness and rarity by imposing a numerical constraint on how abun-
dance varies among species, across space, and through time (23, 24).
Most notably, greater N leads to increasingly uneven distributions
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Two Sets of Intertwined Stories
(of our relgtionship to the rest of life)
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