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From single cells to populations…

Bacteria cell division
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Figure 5 | Fellowship of the ring. a | A model of the Escherichia coli Z ring and its essential protein partners is shown in cross
section. FtsZ
is shown as a series of single
at the membrane, although and
the actual structure of FtsZ in the Z ring is
separate FtsZ
homologues
forprotofilaments
their chloroplasts
unknown. Both ZipA and FtsA contact FtsZ as well as the membrane in E. coli. However, FtsZ contacts FtsW directly in
Mycobacterium tuberculosis (asterisk), which lacks ZipA and FtsA. A single transmembrane subassembly associated with an
mitochondria
(see below). Higher plants contain
FtsA dimer is shown, based on the low relative amounts of most of the integral membrane proteins that are essential for cell
division. These membrane proteins include FtsQ, FtsB, FtsL, FtsI and FtsN, which are bitopic proteins that each have a single
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Figure 1 | A typical cell-division cycle in Escherichia coli.
In step 1, newborn cells grown at low growth rates contain a
single, non-replicating chromosome in a structure known as
a nucleoid. Soon after chromosome replication initiates, the

ment of all downstream proteins, but because it can
be bypassed, it cannot be recruiting these proteins by
direct, unique protein–protein contacts. Instead, ZipA
probably indirectly enhances the recruitment activity of
the Z ring by stabilizing the ring components. In other
cases, direct protein–protein interactions are important for subassemblies of later septal proteins. This is
particularly
clear for FtsQ, which is needed midway
3
in the recruitment pathway. FtsQ can co-purify with
its downstream partners FtsL and FtsB87. Moreover,
when targeted prematurely to the Z ring by fusion to
ZapA, FtsQ can recruit FtsL, FtsB and the later protein
FtsI (but not FtsN) to the Z ring in the absence of the
upstream proteins FtsW or FtsA88. The failure of FtsN
to be recruited in this system indicates that the proper
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Zoonoses

Sir Ronald Ross
1857-1932

“He made many contributions to the
epidemiology of malaria and to methods of
its survey and assessment, but perhaps his
greatest was the development of
mathematical models for the study of its
epidemiology, initiated in his report on
Mauritius in 1908, elaborated in his
Prevention of Malaria in 1911 and further
elaborated in a more generalized form in
scientific papers published by the Royal
Society in 1915 and 1916. These papers
represented a profound mathematical
interest which was not confined to
epidemiology, but led him to make material
contributions to both pure and applied
mathematics.”
Nobel Prize Web Site

Nobel Prize in Medicine 1902

Zoonoses

MODELING OF VIRAL ZOONOSES IN WILDLIF

• 75% of human infectious diseases
originate from an animal reservoir,
many caused by viruses.
• Human diseases originating from a
nonhuman animal reservoir are
FIGURE 1.
referred to as zoonoses.

Zoonotic viruses infect animal hosts and spill over into

• Some recent emerging anda review
re- of some of the mathematical modeling frameworks
the study of viral zoonoses in wildlife and to provide
emerging viral zoonoses includeforHIV,
for more detailed analyses. A recent survey of 442 modeli
Ebola virus, SARS coronavirus, rabies
of zoonotic pathogens by Lloyd-Smith et al. [2009] found few
virus, avian influenza viruses (AIV),
cal models that account for multi-host pathogens, multiple p
N i p a h v i r u s , H e n d r a v iwithin-host
r u s , pathogen dynamics in zoonotic transmission and
In this review, we highlight these gaps and oth
Hantaviruses, West Nile virus… evolution.
modeling process that need to be filled to address important

about viral zoonoses in wildlife. We examine some of the facto
ing viral maintenance and transmission in the primary animal
how these factors have been accounted for in mathematical m
where additional modeling eﬀorts are needed.
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FIGURE 1. Bimonthly Normalized Difference Vegetation Index (NDVI) seasonal average of each reported Ebola incidence (dott
versus the NDVI signal of the area during the months before and after the appearance of Ebola (dark line). The bisecting vertical
the first reported appearance of Ebola for the given site, except the figure for Nzara, which draws comparison between Nzara and K

Figure 6. Intertropical convergence zone showing location of spo-
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Zoonoses

• Human diseases originating from a nonhuman animal reservoir are
referred to as zoonoses.
• Understanding ecology is key!
• “Mathematical epidemiology is not an oxymoron” (BMC Public Health,
9:S2, 2009)
• Climate changes can lead to outbreaks of diseases (Hantavirus)
• Ebola seems to be correlated with changes in climate conditions that alter
the bats’ lifestyle

