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positions of the five atoms as a function of time
from one of the MD trajectories, bending the
OCO angle from 180° to 175°, and calculating the
dipole moments of IBr–(CO2), as well as the sums
of the dipole moments of the IBr– + CO2 and
I–(CO2) + Br fragments, calculated at their
geometries in the complex. The differences be-
tween these quantities are shown in Fig. 4. After
200 fs, the presence of the CO2 molecule leads to
a shift of the excess charge away from the iodine
atom and toward the bromine atom in the
complex, compared to the charge distribution in
IBr–. This shift in the charge distribution reflects
both charge transfer to the bromine due to the
presence of the CO2 molecule and charge de-
localization between I– and CO2 in the I–(CO2)
complex. Based on these results, we conclude that,
for times between 200 and 500 fs, the charge
distribution of IBr–(CO2) is perturbed relative to both
asymptotes with greater negative charge on the Br
atom.This time range correspondswell to the time at
which the I +Br–+CO2product channel is observed
in the experiment and suggests that, at the time of the
charge hop, theMD simulations underestimate the
coupling between the adiabatic potential curves.

Taken together, the results of the calculations
lead us to a mechanism for long-range electron
transfer between I and Br in the dissociation of
IBr–(CO2) on the A′ electronic state. When the
I–∙∙∙CO2 vibration reaches its first inner turning
point (typically near a time delay of ~350 fs), the
energy gap between the A′ and X or A states is
minimized. A small number of trajectories sam-
ple regions of the potential where the gap between
the A′ and A states is ~0.01 eV, and many of the
trajectories have an energy gap that is commen-
surate with one or two quanta of CO2 bending
vibration. At these small values of RIC, the CO2

molecule will be bent, and the distorted OCO

angle projects favorably onto the bend-excited
states after the charge transfer. At the same time,
the changes in the dipole moment along the IBr
axis indicate that the presence of the CO2

molecule shifts the excess charge density toward
the bromine atom, thereby providing a mecha-
nism for the increased coupling between the A′
and X or A electronic states. The mechanism and
time scales are consistent with the observed Br–

products at ~350 fs in the TRPES experiment. It is
likely that the intimate, essential involvement of
solvent internal degrees of freedom, elucidated in
this simple example of long-range electron transfer,
will be a major component in other electron-transfer
processes taking place through solvent bridges.
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Increased Silver Activity for Direct
Propylene Epoxidation via
Subnanometer Size Effects
Y. Lei,1,2* F. Mehmood,3* S. Lee,1* J. Greeley,4 B. Lee,5 S. Seifert,5 R. E. Winans,5 J. W. Elam,6
R. J. Meyer,2 P. C. Redfern,1 D. Teschner,7 R. Schlögl,7 M. J. Pellin,3 L. A. Curtiss,1,3,4† S. Vajda1,4,8†

Production of the industrial chemical propylene oxide is energy-intensive and environmentally
unfriendly. Catalysts based on bulk silver surfaces with direct propylene epoxidation by molecular
oxygen have not resolved these problems because of substantial formation of carbon dioxide. We found
that unpromoted, size-selected Ag3 clusters and ~3.5-nanometer Ag nanoparticles on alumina supports
can catalyze this reaction with only a negligible amount of carbon dioxide formation and with high
activity at low temperatures. Density functional calculations show that, relative to extended silver
surfaces, oxidized silver trimers are more active and selective for epoxidation because of the open-shell
nature of their electronic structure. The results suggest that new architectures based on ultrasmall silver
particles may provide highly efficient catalysts for propylene epoxidation.

Propylene oxide is a key precursor for the
production of commodity chemicals. The
current methods that can produce propyl-

ene oxide on an industrial scale are either not
profitable or are environmentally unfriendly
because of the production of chlorinated or

peroxycarboxylic waste (1). Thus, direct partial
oxidation of propylene by molecular oxygen, as
shown in Scheme 1, has received considerable
attention (2–8). However, no industrial-scale
heterogeneous catalytic propylene epoxidation
process using molecular oxygen has yet been
identified. Silver has been successfully used in
the epoxidation of ethylene with high selectivity,
both in the lab (6) and on an industrial scale (9).
However, the use of silver in propylene ep-
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oxidation has been hampered by either low
conversion or poor selectivity toward propylene
oxide, and the detailed mechanism of the ep-
oxidation process is unclear (2, 5, 7, 8, 10).

The catalytic activity of metals can be altered
when used as small metal clusters or nano-
particles (11–15), and epoxidation of propylene
to propylene oxide on silver and gold nano-
particle catalysts exhibits strongly size-dependent
catalytic activity (2, 4, 5, 16). However, none of
the nanocatalysts reported to date possess both
high conversion and selectivity toward propyl-
ene oxide. Haruta and co-workers discovered a
highly selective propene epoxidation catalyst
based on titania-supported gold nanoparticles
(2 to 4 nm in diameter) when hydrogen was
co-fed with the oxygen and propylene mixture
(4), but the selectivity was extremely sensitive
to the gold nanoparticle size and shape. Size-
preselected subnanometer gold clusters stabilized
on amorphous alumina have highly selective
catalysts for this reaction (17), and supported
subnanometer Pt clusters are both highly active
and selective for oxidative propane dehydrogen-
ation (18).

A report that gas-phase anionic silver clus-
ters exhibit activity in oxidation reactions at
very low temperatures (19) led us to investi-
gate the catalytic properties of supported silver
trimers and to use quantum chemical calcula-
tions to help explain the unprecedented activity
and selectivity observed for propylene ep-
oxidation on them. In addition to size-selected
silver trimers (Ag3) supported on amorphous
alumina films, we have also investigated the
catalytic properties of very small nanoparticles
with average size of ~3.5 nm (2 nm in height
and 4 nm in diameter) resulting from agglom-
eration of the silver trimers at higher temper-

atures. The silver cluster–based catalysts were
fabricated by depositing mass-selected clusters
from a molecular beam on an ultrathin alumina
film (~3 monolayers) produced by atomic layer
deposition on top of the naturally oxidized sil-
icon wafer (20). The cluster deposition appara-
tus has been described in detail elsewhere (21).
Briefly, a narrow size distribution of Agn

+ (n = 2
to 4) clusters with dominant trimer contribution
was mass-selected using a quadrupole mass
filter and deflector assembly and deposited on
the support at 2.2% atomic monolayer coverage.

A common problem encountered with the
use of small metal particles on oxide supports is
that their catalytic performance is often di-
minished by sintering, the agglomeration of
particles caused by heating during reactions
(22, 23). In situ grazing incidence small-angle
x-ray scattering (GISAXS) is a powerful tool
to study the evolution of size and shape of
supported clusters and nanoparticles under
reaction conditions (24). GISAXS revealed
that the sintering of Ag3 clusters begins around
110°C, leading to the formation of silver
particles with average size of 3.5 nm at 200°C
(Fig. 1A). The analysis of the two-dimensional
GISAXS data revealed particle height and
diameter of 2 nm and 4 nm, respectively. These
nanoparticles did not sinter further during an
additional 1 hour of monitoring of the reaction.
There was no evidence of any sintering of the
trimers before the abrupt change at 110°C (25),
which is consistent with the results of Buratto et
al. (26), who found silver trimers to be stable on
a titania surface. Because the silver trimers
remain isolated only below 110°C, their catalyt-
ic properties are discussed for this temperature
region.

Catalytic tests on the silver trimer and nano-
particles were performed using temperature-
programmed reaction at 133 kPa and gas flow
of 30 sccm (standard cubic centimeters per
minute). The composition of the gas mixture
was 0.67% C3H6 and 0.33% O2 in helium. The

reaction products were analyzed on a differen-
tially pumped quadrupole mass spectrometer.
Propylene oxide, acrolein, and carbon dioxide
were identified as the dominant reaction products
from the silver trimers (Fig. 1B; note that for the
silver trimer, the number of surface atoms equals
the number of total atoms of the cluster). The
formation of acetone and propenol was excluded
on the basis of analysis of the mass spectra
(25). Beginning at room temperature, the rate of
both propylene oxide and acrolein formation in-
creased sharply with temperature. At 60°C we
observed the onset of combustion. The forma-
tion of CO2 coincided with the decrease of
acrolein production, which indicates that these
two channels are competitive. Figure 1C shows
two regions for product selectivity below the
sintering temperature. At temperatures up to 60°C,
the selectivity was highest for acrolein; be-
tween 70°C and 100°C, much higher propylene
oxide/acrolein product ratios (3:1) were achieved.
However, this improvement is realized at the
expense of an increase in CO2 formation of 30
to 60%.

The catalytic performance of the nano-
particle aggregates was strikingly different from
the performance of their subnanometer Ag3
counterparts under identical reaction conditions
(Fig. 2). The nanoparticles exhibited superior
selectivity toward propylene oxide at temper-
atures up to 120°C while maintaining activity
per surface atom comparable to that of Ag3
clusters. Combustion on the nanosized aggre-
gates had an onset at 130°C, a temperature 70°C
higher than on Ag3. The rate of propylene oxide
molecules formed per surface silver atom was
~1 s−1 at 110°C for both Ag3 and the silver
aggregates, which is much greater than that
reported for any silver catalyst. For example,
turnover rates per surface atom (an estimated ≤10−4

per total atom) were reported to be 10−2 s−1 for
50- to 660-nm unpromoted silver particles at
much higher temperatures [220°C (2)] and ~5 ×
10−3 s−1 for an Ag-Ni catalyst (3:1 weight ratio)Scheme 1.

Fig. 1. (A) Temperature-dependent average cluster size from GISAXS. (B)
Rate of propylene oxidation toward propylene oxide (PO), acrolein (Acr), and
CO2 per surface silver atom. (C) Selectivity of propylene oxide, acrolein, and
CO2 versus temperature. The vertical dashed lines indicate the temperature
at which the sintering of the silver trimers begins. During an additional hour

of reaction at 200°C, no change in the size of the aggregates was observed
and the turnover rate for propylene oxide decreased to 1.55 s–1, which likely
indicates annealing of the newly formed nanostructure. The data shown are
results from one run. The estimated uncertainty of GISAXS is ~ T0.2 nm and
~5% for the turnover rates (25).
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tested in the 150° to 300°C temperature range
(27). Thus, the observed turnover rates in this
work are orders of magnitude higher than the
previously reported data (25). With respect to
other subnanometer catalysts, the turnover rate
of Ag3 is greater by a factor of 4 than that
obtained for Au6-10 under identical reaction
conditions with comparable selectivity toward
propylene oxide (17). Also, x-ray photoemission
spectroscopy (XPS) analysis of carbon coverage
yielded no evidence of degradation of the
catalytic activity of the aggregates over 4 hours,
nor any evidence of deactivation by carbon.

The electronic structure of small clusters and
nanoparticles can control catalytic activity (28, 29).
We carried out an ultrahigh-vacuum x-ray
photoemission (UHV XPS) experiment on the
Ag3 clusters and in situ XPS on the Ag nano-
particles in the presence of the reactants and
under reaction conditions (25) to determine the
oxidation state of silver. The Ag3 clusters show
a typical positive shift and broadening of the Ag
3d core level characteristic for small supported
clusters (29, 30). The 3d (5/2) core level was
observed at ~368.6 eV when the energy scale
was aligned according to the Si 2p (3/2) metallic
core level of the substrate at 99.2 eV. The
observed shift of the Ag 3d core level of the
Ag3 clusters is 0.2 to 0.4 eV less than that
reported for small silver clusters of similar size
(31, 32), which indicates that the silver trimers
are partially oxidized. (If silver is oxidized, Ag
3d is negatively shifted, as opposed to the core
levels of almost all other elements.) This observa-
tion is confirmed by the results of theoretical
calculations, which show increased positive charge
on Ag3 with an oxygen atom adsorbed (25).

An in situ XPS measurement performed on
Ag particles 2 nm in height and 4 nm in
diameter (25) showed that even these particles
exhibited broadening and positive shifts in the
Ag 3d spectrum relative to the metallic reference.
Considering the magnitude of the shift and the
size of these particles, as well as the fact that the
spectrum can be described with one Gauss-Lorenz
curve, it is likely that the silver nanoparticles are
mostly metallic during propylene oxidation, with
any oxidized contribution below 5%.

We carried out periodic, self-consistent
density functional (PW91) calculations to un-
derstand the observation that Ag3 clusters on an
alumina support catalyze propylene epoxidation
with only a negligible amount of carbon dioxide
and high activity at low temperatures. Previous
computational work on this reaction has focused
exclusively on idealized single-crystal Ag surfaces
(33). Torres et al. have reported a density
functional theory (DFT) study of propylene
epoxidation on an Ag(111) surface (34). They
investigated two reaction pathways: (i) oxygen
transfer from the silver surface to the propylene
via an oxametallacycle intermediate for the
formation of propylene oxide, and (ii) hydrogen
abstraction from propylene by surface oxygen to
form an allyl radical that is postulated to lead to

combustion products. The latter pathway had a
lower barrier, which is consistent with combustion
being favored over epoxidation on Ag(111). In
contrast, combustion products are not as favorable
in ethylene epoxidation on a silver surface because
it is not possible to form an allyl-like species from
ethylene (35). The high activity and small amount
of combustion products at low temperatures
observed for Ag3 suggest that the reaction mech-
anism is different from that at the Ag(111) surface,
and this was confirmed by our DFT calculations.

Reaction pathways for propylene epoxidation
and acrolein formation were investigated; the
results, including some key intermediate struc-
tures, are summarized in Figs. 3 and 4. An Ag3
cluster adsorbed on a (010) q alumina surface
was used as a model for the catalytic reaction

site. Our calculations indicate that dissociation
of the oxygen molecule occurs at the interface
of Ag3 and the alumina surface with a barrier of
0.49 eV. This result suggests that two types of
oxygen atoms are present at Ag3 sites (Figs. 3
and 4): one at the interface of Ag3 and the
alumina surface, and the other in the three-fold
site on Ag3. The barrier for O2 dissociation at
the interface is much lower than the barrier of
1.19 eVon an Ag(111) surface for 0.33 monolayer
of O2. In the analysis that follows, given the low
dissociation barrier and strong oxygen binding, we
assume that dissociative O2 adsorption is equili-
brated and that the two types of sites available to
oxygen atoms are occupied at high coverage.

The energetics of the proposed epoxidation
mechanism from the DFT calculations are

Fig. 2. (A and B) Rate of propylene oxidation toward propylene oxide, acrolein, and CO2 per surface
silver atom (A) and selectivity (B) on the nanometer-sized, sintering-resistant silver aggregates that
formed from Ag3 clusters during the first reaction cycle. The turnover rate of 1.4 s

−1 for propylene oxide
at 200°C is in agreement with the activity data obtained after annealing of the sample at 200°C. This
finding and the comparable selectivities observed at 200°C (compare Fig. 1C with Fig. 2B) indicate a
high stability of the ~3.5-nm catalyst during 4 hours of reaction.

C3H6 + Ag3 + O2

C3H6
+ 

Ag3O(O) C3H6
---

Ag3O(O)

0.0
0.49

-1.76

-2.48

-1.64

-2.42

-1.62

-2.88

C3H6O---
Ag3(O)

C3H6O---Ag3(O)

-2.56

C3H6O
+

Ag3(O)
O2 dissociation 
at the Ag3 -Al2O3 

interface oxametallocycle

propylene oxide 
on Ag3

Fig. 3. Energies of intermediates and transition states in the
mechanism for epoxidation of propylene from DFT calcula-
tions. The apparent barrier for epoxidation is 0.12 eV relative
to gas-phase propylene and Ag3 with dissociated O2. There are two different oxygen sites resulting from
dissociation of O2 at the trimer-alumina surface interface: (i) the three-fold site on Ag3, and (ii) alumina
at the interface with Ag3. The latter oxygen is indicated in parentheses. The reaction pathway as shown
will result in excess interface oxygen, which can be removed either by migration to the three-fold site
(calculated barrier of ~1 eV) or by diffusion and recombination on the alumina surface [diffusion on the
surface should be possible according to (37)].
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summarized in Fig. 3. After O2 dissociation at
the Ag3-alumina interface, the first step involves
oxygen transfer from the three-fold site to
propylene to form an oxametallacyle (Fig. 3).
This reaction has an apparent barrier of 0.12 eV
relative to gas-phase propylene and Ag3 with
dissociated O2 (this is the appropriate reference
state for the effective barrier for epoxidation,
assuming that propylene adsorption is weakly
transient and does not compete directly with
oxygen for adsorption sites). The second step
involves oxygen addition to the double bond
and is exothermic. Reaction pathways occurring
from the oxametallacycle intermediate leading
to the formation of other products such as acrolein,
carbon dioxide, and propanal were investigated
and found to be unfavorable. The apparent barrier
for the first step of 0.12 eV is in good agreement
with the experimental estimate for propylene
oxide formation of 0.27 T 0.1 eV (25).

An alternative pathway based on hydrogen
abstraction from propylene leads to acrolein
formation (Fig. 4). The first step involves
hydrogen abstraction by the interface oxygen
from the methyl group to form an allyl-like
intermediate and an OH group. No barrier for
this reaction is found relative to the gas-phase
propylene and Ag3 with dissociated O2, in
agreement with our experimental results (25).
The second step involves oxygen addition to the
allyl-like intermediate and is again exothermic.
Formation of acrolein requires abstraction of a
second hydrogen, and the DFT calculations
indicate that it is highly unfavorable to transfer
this additional hydrogen atom to the existing
interfacial OH group (resulting in water forma-
tion). In contrast, abstraction by a second
interfacial oxygen (formed during a previous
catalytic cycle) to form an OH group is thermo-

dynamically favorable. The acrolein pathway is
also likely to result in combustion products, as it
is usually assumed that allyl-like intermediates
can initiate combustion (34). Further evidence
for this hypothesis comes from the experimental
observation that combustion and acrolein for-
mation occur in the same reaction channel.

Our DFT investigation can account for the
surprisingly high catalytic activity and selectiv-
ity found for the silver trimers. The calculations
indicate that an alumina-supported Ag3O cluster
has a substantial net spin density (~0.6) on the
Ag and O in the cluster. In contrast, there is no
spin density present when atomic oxygen is
adsorbed on an Ag(111) surface, assuming low
oxygen coverage. Such a surface has a barrier to
oxametallacycle formation of ~0.7 eV from our
calculations and those of Torres et al. (34),
which compares to 0.12 eV for the trimer. In
addition, we calculated the spin density on an
alumina-supported closed-shell Ag4O cluster and
found it to be zero. The barrier to formation of an
oxametallacycle structure was calculated on a gas-
phase Ag4O cluster and is much higher (0.5 eV)
than that of the trimer. Thus, the results for both
the Ag(111) surface and the Ag4 cluster suggest
that the partially filled s-d hybridized energy
level of the supported oxidized Ag3 cluster gives
it an open-shell electronic structure character,
which makes it highly reactive toward the
propylene double bond. This result is consistent
with the observed higher activity for propylene
oxide formation and the small amount of CO2

produced at low temperatures (because CO2

formation is initiated by C-H bond activation
rather than by oxygen attack). The experimental
barrier for CO2 formation is much greater at
0.7 T 0.2 eV (25), which is consistent with the
calculated O2 dissociation barrier of 0.5 eV and

suggests that combustion of propylene, which
requires more oxygen and involves strongly in-
teracting propylene fragment intermediates that can
impede O2 dissociation, has O2 dissociation as its
rate-limiting step. The high activity of the 2 nm ×
4 nm nanoparticles, which is the same per sur-
face atom as the Ag3 clusters, may also be due
to electronic effects involving surface spin density
sites similar to Ag3, or possibly some other elec-
tronic structure feature. The surfaces of the
nanoparticles resulting from agglomeration of the
trimers are likely to have disordered structures, as
extrapolated from scanning tunneling microscopy
and molecular dynamics studies (36) of Ag
nanoparticles with shapes and sizes similar to
those we observed. Density functional calculations
(25) indicate that Ag nanoclusters with structural
disorder have isomers very close in energy, in-
cluding some in high spin states; therefore, pro-
pylene epoxidation may be catalyzed by surface
spin density on the agglomerated nanoparticles.

In the case of acrolein formation, the oxygen
at the interface of the Ag3 cluster is highly
reactive for hydrogen abstraction from propyl-
ene, with no barrier for the first hydrogen
abstraction step from DFT calculations. This
can account for the high activity observed for
acrolein formation on the silver trimer and the
small amount of CO2 produced at low temper-
atures. The much smaller amount of acrolein
produced on the nanoparticles is consistent with
an acrolein reaction mechanism based on hydro-
gen abstraction by the interfacial oxygen, as
opposed to the oxygen adsorbed on a three-fold
site; the amount of interfacial oxygen will be
much smaller for the nanoparticles than for the
Ag trimers. The smaller fraction of nanoparticle-
alumina interfacial sites for O2 dissociation may
also explain why the combustion products
desorb at a higher temperature on the nano-
particles than on the Ag trimers. The proposed
acrolein reaction mechanism suggests that addition
of H2O to the feed stream could reduce the
acrolein production and enhance propylene ep-
oxidation formation, because water is a product on
this pathway (Fig. 4). This expectation is in accord
with the pronounced effect of water in increasing
the selectivity toward propylene oxide formation
observed in the case of Au6-10 clusters (17).
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Metabolic Syndrome and Altered
Gut Microbiota in Mice Lacking
Toll-Like Receptor 5
Matam Vijay-Kumar,1 Jesse D. Aitken,1 Frederic A. Carvalho,1 Tyler C. Cullender,2
Simon Mwangi,3 Shanthi Srinivasan,3 Shanthi V. Sitaraman,3 Rob Knight,4
Ruth E. Ley,2 Andrew T. Gewirtz1*

Metabolic syndrome is a group of obesity-related metabolic abnormalities that increase an
individual’s risk of developing type 2 diabetes and cardiovascular disease. Here, we show that
mice genetically deficient in Toll-like receptor 5 (TLR5), a component of the innate immune system
that is expressed in the gut mucosa and that helps defend against infection, exhibit hyperphagia
and develop hallmark features of metabolic syndrome, including hyperlipidemia, hypertension,
insulin resistance, and increased adiposity. These metabolic changes correlated with changes
in the composition of the gut microbiota, and transfer of the gut microbiota from TLR5-deficient
mice to wild-type germ-free mice conferred many features of metabolic syndrome to the recipients.
Food restriction prevented obesity, but not insulin resistance, in the TLR5-deficient mice.
These results support the emerging view that the gut microbiota contributes to metabolic disease
and suggest that malfunction of the innate immune system may promote the development of
metabolic syndrome.

Humanity is facing an epidemic of inter-
related metabolic diseases collectively
referred to as metabolic syndrome, the

hallmarks of which include hyperglycemia, hyper-
lipidemia, insulin resistance, obesity, and hepatic
steatosis (1). The increasing incidence of meta-
bolic syndrome is widely thought to result from
nutrient excess due to increased food consumption
and/or reduced levels of physical activity. Such
nutrient excess results in obesity and may activate

endoplasmic reticulum stress pathways resulting
in chronic activation of proinflammatory kinase
cascades that desensitize themetabolic response to
insulin (2). Such insulin resistance can result in
hyperglycemia and, in some cases, type 2 diabetes.
Recent work suggests a possible role for the gut
microbiota in obesity (3) and, consequently, other
aspects ofmetabolic syndrome. In both humans and
mice, the development of obesity correlates with
shifts in the relative abundance of the two dom-
inant bacterial phyla in the gut, the Bacteroidetes
and the Firmicutes (4–6). In addition, it has been
shown that transfer of the gut microbiota from
obese (ob/ob) mice to germ-free wild-type (WT)
recipients leads to an increase in fat mass in the
recipients, leading to speculation that the gut mi-
crobiota promotes obesity by increasing the ca-
pacity of the host to extract energy (calories) from
ingested food (7).

The gut microbiota is shaped by both envi-
ronment and host genetics, with the innate im-
mune system in particular, long appreciated for
its role in defending against infection by patho-
genic microbes, now suggested to play a key role
in regulating the gut microbiota (8). Thus, in ad-
dition to its role in infection/inflammation, innate
immunity may play a key role in promotingmeta-
bolic health. Toll-like receptor (TLR) 5 is a trans-
membrane protein that is highly expressed in the
intestinal mucosa and that recognizes bacterial
flagellin. In previous work with mice genetically
deficient in TLR5 (T5KO mice), we found that
10% of the mutant mice exhibited severe colitis
and an additional 30% exhibited gross and/or
histopathologic evidence of colitis (9). The remain-
ing 60% of the T5KO mice exhibited broadly
elevated proinflammatory gene expression but
lacked the histopathologic features that define
colitis; however, we observed that, by 4 weeks of
age, these mice had body masses that were on
average 15% higher than those of their WT lit-
termates. To eliminate potential opportunistic path-
ogens that may have been present in T5KO and
WT littermates, and to make their gut microbiota
similar to that ofmice from the Jackson Laboratory
(theworld’s largest supplier of researchmice), we
“rederived”T5KOmice by transplanting embryos
into mice purchased from this supplier (10). Such
standardization of the microbiota in the T5KO
mice greatly attenuated the severity of their colitis
and resulted in a more uniform phenotype char-
acterized by mild inflammation (fig. S1) and
obesity (Fig. 1).

Analysis of these rederivedmice showed that,
at 20 weeks of age, both male and female T5KO
mice had body masses that were 20% greater
than those of WT mice (Fig. 1A). Magnetic res-
onance imaging (MRI) revealed increased fat
mass throughout the body of the T5KO mice,
with a particular increase in visceral fat (Fig. 1B).
T5KO mice had epididymal fat pads that were
about twice as large as those in WT littermates at
20 weeks of age (Fig. 1, C and D). This increase
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