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A CRISPR Immune Response to Viruses
that Infect Bacteria
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Complex webs of observations and
experiments underlie all discoveries
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“An unusual structure was found in the 3’-end flanking region
of iap (Fig. 5). Five highly homologous sequences of 29
nucleotides were arranged as direct repeats with 32
nucleotides as spacing...So far, no sequence homologous to
these has been found elsewhere in procaryotes, and the
biological significance of these sequences is not known.”



CRISPR-associated Adaptive Immunity
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Diversity of CRISPR-mediated Immune Systems

crRNA-guided surveillance
in Escherichia coli
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Two new investigators solve a big problem:
the structure of the CRISPR CASCADE Complex
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“Us little fishes have to stick together so
we don’t get eaten by the big fishes.”



IDeA Centers of Biomedical Research Excellence:
Developing Young Investigators

INBRE: 24 statewide networks
COBRE: 101 thematic research centers
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The Wiedenheft Lab

home research people publications education & outreach contact

Support from the COBRE:
* Allowed him to return to his native Montana to do research

* Allowed him to recruit key personnel
-postdoctoral fellow Ryan Jackson: published 4 papers in 2 years; recently awarded
NRSA fellowship (F32 GM108436)

e Allowed him to incorporate undergraduates into research
-Joshua Carter (Mechanical Engineering/Microbiology double major): co-authored
2 papers; awarded HHMI research fellowship



A Dynamic Model for RNA-guided Detection of DNA

Jackson et al. Science 2014, Mulepati et al Science 2014, and Hochstrasser et al PNAS 2014



Cryo-electron microscopy moves from
blobology to atomic resolution
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Direct Electron Detectors: A major advance in cryo-
electron microscopy imported from astrophysics
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Transfer of electrons into
photons results in signal
loss and blurring



Direct Electron Detectors: A major advance in cryo-
electron microscopy imported from astrophysics
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Transfer of electrons into Direct Electron Detectors
photons results in signal eliminate these problems
loss and blurring

Far fewer images are needed and atomic resolution is now possible!



Problem: Particles move when high-energy electron
beams hit them, blurring the images
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Problem: Particles move when high-energy electron
beams hit them, blurring the images

Niko Grigorieff

beam

Electron

Solution: Take movies and correct for movement

Brilot et al.: PMC3322646



Yifan Cheng and David Agard showed the same
approach can be used for non-symmetric particles
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2014 Nobel Prize in Chemistry: Super-Resolution
Fluorescence Microscopy

Nobel Recipients: Eric Betzig, Stefan Hell
and W.E. Moerner

e Imaging at the nanometer scale, well below the
diffraction limit of conventional microscopy

* Moerner: the first to detect single fluorescent
molecules and to discover that fluorescent
proteins can be turned on and off at will —
“photoactivation”

» Photoactivation forms basis for PALM
(photoactivated localization microscopy) and
STORM (stochastic optical reconstruction
microscopy)

R » Leader in adapting super-resolution fluorescence
W.E. Moerner, Stanford UnlverSIty mlcroscopy to blologlcal Systems

| Top Image: Harold Hess, Janelia Farms HHMI m);::z:;';::::::;;m



 Molecules from nature, genetically
encoded for bioactivity, were once the
source of all drugs

e Today natural products still account for
over 50% of all drugs and remain the
inspiration for many more

e Advances in the field of organic
chemistry provide the ability to construct
molecules nature never imagined, now
providing new drugs and biological tools

Natural Products Remain An Important Resource mgiﬂ‘;’,’;‘.{?ﬂ?ﬁs"éenses



« Over 1 million fatalities annually from fungal infections

- Amphotericin B, first extracted from a soil sample in
Venezuela over 50 years ago, remains a frontline

therapy
- Though a powerful antifungal agent, Amphotericin is

also known for its severe and potentially lethal side
effects, so much so that physicians often refer to it as

Ampho-TERRIBLE

-/_R 1 I‘h—l \\\OH
Amphotericn B ipd
Complex rgction CO,H
T -
mﬁ",;wf:n \toj:Me
HO" ™" ~OH

Significant Problem

Aspergillus fumigatus

National Institute of
General Medical Sciences




Amphotericin is a sterol sponge

- New chemical methods for synthesizing molecules of greater :
complexity to probe biological function

- Revelations of how Amphotericin behaves, both in eliminating .
fungal infections and inducing debilitating side-effects E P
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University of Illlinois at Urbana-Champaign
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Amphotericin is a sterol sponge

- New chemical methods for synthesizing molecules of greater
complexity to probe biological function
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- Revelations of how Amphotericin behaves, both in eliminating
fungal infections and inducing debilitating side-effects

Martin D. Burke, M. D Ph.D
University of lllinois at Urbana-Champaign
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New finding: Amphotericin exists primarily in the form of large, greasy aggregates that
kill fungi by extracting ergosterol - their version of cholesterol — from membranes. But it
also sucks cholesterol out of human cell membranes, which is why it is toxic.

Anderson et al., PMC3992202 m) National Institute of
General Medical Sciences




Amphotericin is a sterol sponge

« New chemical methods for synthesizing molecules of greater
complexity to probe biological function

« Revelations of how Amphotericin behaves, both in eliminating

fungal infections and producing debilitating side-effects E r
- Selective new molecule with preferential binding of ergosterol
(vital for fungal cell survival) over cholesterol (critical for -\
human health). Martin D. Burke, M.D. Ph.D

University of Illlinois at Urbana-Champaign
- Tested in small animals and soon headed into clinical testing
for treatment of fungal infections without Amphotericin’s

toxicity
pat/ent
cholesterol _ Y ergosterol
higw toxicity New Drug Candidate fungal cell death

Anderson et al., PM(C3992202 National Institute of

General Medical Sciences




Aimee Shen at the University of
Vermont is elucidating the
fundamental mechanisms of bacterial
development in order to find weak
links in C. difficile’s armor
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« Antibiotic resistant, spore-
forming obligate anaerobe

e Spores are essential for
disease transmission and
recurrence
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Areas of Clinical Interest
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Peri-operative injury and pain
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Trauma

Wound healing
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Protocolized Care for Early Septic
Shock: ProCESS

Derek Angus
Donald Yealy
John Kellum
Amber Barnato
Et al.

31E.D.s
1341 patients
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ProCESS Design

® Inclusion Criteria
O 18 years of age, suspected infection, two or more SIRS criteria,

refractory hypotension

®* Treatment Arms

O Early Goal Directed Therapy, Protocolized Standard Care, Usual Care

®* Primary Outcome Measure

O Hospital Mortality

®* Secondary Outcome Measures

O Changes in markers of inflammation, oxidative stress, cellular hypoxia,
coagulation/thrombosis

National Institute of
General Medical Sciences




ProCESS Results

- Protocol-based EGDT == Protocol-based —— Usual care
standard therapy

K GRS B I 1 No significant differences in 60-day or 1-year

504

mortality, or the need for organ support.
] — No significant mortality or morbidity
S A —— advantage from protocol-based resuscitation

" over bedside care that was provided

Protocol-based EGDT 439 373 356 348 347 347 347

e e A e o e according to the treating physician's
judgment.

B Cumulative Mortality to 1 Yr
50

£ o No significant benefit from the mandated
use of central venous catheterization and

104 P=0.70 by log-rank test, 90 days

P-052 bkt L central hemodynamic monitoring in all

patients.

No. at Risk

Protocol-based EGDT 439 289 217 194 175 156 145
Protocol-based standard therapy 446 308 212 196 179 158 142
Usual care 456 285 211 199 181 164 139

New England Journal of Medicine (2014) 370:1683-1693 M) Natione Insttto of

General Medical Sciences
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Questions or Comments?
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