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transmitted from the motor to the rotor 
because of insufficient steric interaction. 
Thus, the motor acts merely as a switch.

In the design of Štacko et al., a naphthyl 
rotor was appended to the indanyl half of 
a second-generation rotary motor (see the 
figure, right) to secure the motion of the ro-
tor with the light-powered rotation of the 
motor. Nuclear magnetic resonance and cir-
cular dichroism spectroscopy showed that 
during the complete rotation of the mo-
tor, the naphthyl paddle slides along and 
rotates around the fluorenyl unit, always 
facing it with the same side. Hence, the ro-
tations around the rotor and the motor axes 
are locked and synchronized, like the mo-
tion of the Moon around Earth.

Leaving aside the stereochemical consider-
ations required for a detailed understanding 
of the coupling mechanism, the key message 
conveyed by the study of Štacko et al. is that 
the transmission of motion relies on an ap-
propriate tuning of the energy barriers as-
sociated with the different rotary motions. 
Another important requirement is the pres-
ence of diagnostic elements that enable the 
unambiguous experimental identification of 
the structures involved in the operation cycle. 
Both goals have been achieved by means of 
an ingenuous molecular design.

An important feature of the present sys-
tem compared with previous examples of 
controlled movements transferred within 
synthetic molecular devices (4) is that the 
rotation generated by the motor is unidirec-
tional, continuous, and autonomous (that 
is, it takes place under steady experimental 
conditions as long as light energy is avail-
able). Such extremely valuable properties 
are preserved upon transmission of motion. 
In living organisms, tasks ranging from sig-
nal transduction to motility are carried out 
by propagating molecular movements via 
mechanical connections. Although we are 
still far from reaching similar goals with 
artificial systems, the field of molecular ma-
chines is rapidly progressing, and elements 
now exist for taking up the challenge of 
making sophisticated nanoscale devices by 
coupling mechanical parts.   j
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T
he healthy vaginal microbiota is 
typically characterized by the pre-
dominance of Lactobacillus species 
(including L. crispatus, L. jensenii, 

L. gasseri, and L. iners). These bac-
teria are thought to protect against 

pathogens through a variety of mecha-
nisms, including competitive inhibition, 
secretion of bacteriocins (substances that 
inhibit the growth of bacteria), and the 
production of lactic acid, which lowers the 
vaginal pH and has immunomodulatory 
effects (1). Consequently, vaginal dysbio-
sis is currently defined by the presence of 
polymicrobial bacterial populations with 
reduced or absent lactobacilli. This low-

lactobacillus state characterizes bacte-
rial vaginosis, a clinical condition that is 
a common cause of vaginal symptoms in 
reproductive-aged women (2). Decreased 
bacterial diversity in the gut has been 
linked to a number of pathologic condi-
tions (3), whereas increased vaginal bac-
terial diversity has been associated with 
a variety of poor patient outcomes includ-
ing preterm birth and the acquisition and 
spread of sexually transmitted infections 
(4, 5). On page 938 of this issue, Klatt et al. 
(6) add to this list a decrease in the efficacy 
of the vaginal antiretroviral gel tenofovir 
to prevent HIV acquisition. 

Klatt et al. used samples collected from 
a subset of participants in a randomized 
controlled trial that evaluated the effi-
cacy of tenofovir intravaginal gel for the 
prevention of HIV acquisition in South 

African women (7). Using mass spectrom-
etry to estimate microbial relative abun-
dance in cervicovaginal lavage samples, 
the authors broadly grouped the samples 
into Lactobacillus-dominant, or diverse, 
non–Lactobacillus-dominant categories. The 
authors found that even in women with 
high drug adherence, vaginal tenofovir 
concentrations were lower and the drug 
was substantially less efficacious in pre-
venting HIV acquisition in the non–Lacto-

bacillus-dominant group. In vitro studies 
showed that Gardnerella vaginalis and 
other anaerobes metabolized tenofovir, 
but two Lactobacillus species did not. 
There are important limitations in the 
data that the authors acknowledge, such as 
a cross-sectional design that fails to take 
into account the temporal dynamics of the 
vaginal microbiota, the absence of clinical 
information on bacterial vaginosis, and the 
lack of a mechanism for tenofovir metabo-
lism. Nevertheless, the findings of Klatt et 

al. are strengthened by other in vitro (8) 

and human studies (9). 
As understanding of the vaginal micro-

biota and its potential impact on women’s 
health continues to develop, the study by 
Klatt et al. highlights the importance of 
“pharmacomicrobiomics”—a term that re-
flects the study of drug-microbiota interac-
tions (10). The finding that components of 
the human microbiota may affect the con-
centration of a drug in vivo is not without 
precedent. The ability of specific gut bacte-
ria to metabolize medications is well estab-
lished. One of the best-known examples is 
digoxin, a drug used to treat various heart 
conditions. Metabolism of digoxin was re-
cently attributed to Eggerthella lenta (3). 
Although the mechanistic details of how 
G. vaginalis and other anaerobes metabo-
lize tenofovir are not defined, Klatt et al. 
show that individual variability in tenofo-
vir concentrations among study partici-
pants goes beyond drug adherence, thereby 
adding yet another variable to the HIV-
prevention equation. 

The introduction of “multiomic” tech-
nologies to examine nucleic acid, protein, 
and other profiles, elicited high hopes that 
the mysteries of vaginal eubiosis and dys-
biosis—that is, optimal and suboptimal 
vaginal bacterial communities—would be 
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“…without a deeper 
understanding of the...
vaginal microbiome, 
successful interventions...
will remain elusive.”
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quickly elucidated. Although the study by 

Klatt et al. simply grouped participants into 

Lactobacillus-dominant (i.e., eubiotic) and 

non–Lactobacillus-dominant (i.e., dysbiotic) 

groups, emerging data now hint that the 

complexities of these conditions are consid-

erably more nuanced, perhaps an important 

lesson for the broader field of microbiota 

research. Molecular techniques that enable 

species-level classification of Lactobacilli 

suggest that not all Lactobacilli are created 

equal with respect to their ability to protect 

the female reproductive tract. For example, 

vaginal microbiota dominated by L. iners 

have been associated with increased acqui-

sition of sexually transmitted infections (11) 

and preterm birth (12). There is emerging 

evidence that within the same species, dif-

ferent strains of L. iners may be more or less 

beneficial (13). Similarly, strain-specific dif-

ferences in the anaerobe Gardnerella have 

been documented (14). 

Precision medicine, defined by the U.S. Na-

tional Institutes of Health as “an emerging 

approach for disease treatment and preven-

tion that takes into account individual vari-

ability in genes, environment, and lifestyle 

for each person,” must also account for the 

variability of the individual’s microbiota. 

This raises a critical question: Can a woman’s 

vaginal microbiota be altered? Unfortunately, 

dysbiosis is difficult to treat: Although in the 

short-term, antibiotic therapy substantially 

alters the structure and composition of the 

vaginal microbiota in women with bacterial 

vaginosis, nearly 60% will have a recurrence 

within a year following therapy (15). Thus, ef-

fective antibiotic-sparing pre- and probiotics 

are actively being sought. 

To date, variability in study designs, out-

comes (prevention versus treatment of dys-

biosis as well as methods of measurement 

of the vaginal microbiota), and strains 

limit the ability to draw definitive con-

clusions on probiotic efficacy. The study 

by Klatt et al. is a reminder that without 

a deeper understanding of the structure, 

function, and dynamics of the vaginal mi-

crobiome, successful interventions to opti-

mize it and improve women’s health will 

remain elusive.   j
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Applying 
plasmonics to 
a sustainable 
future
Plasmonic technologies may 
form components of a future 
clean and sustainable society

By Alberto Naldoni,1,2 Vladimir M. 

Shalaev,1 Mark L. Brongersma3

C
hemistry is fundamental for powering 

our society. A flurry of very promising 

experiments demonstrate that plas-

monics may have a transformative 

impact on the way we will drive, ma-

nipulate, enhance, and monitor chemi-

cal processes in the future. Plasmonics offers 

the ultimate spatial and temporal control 

over light and photochemistry, with the help 

of metallic nanostructures capable of con-

centrating electromagnetic energy into na-

noscale volumes. Surface plasmons (SPs) are 

charge-density oscillations at the surface of 

a conducting material and decay by reemis-

sion of a photon or through the creation of 

highly energetic (“hot”) electrons and holes. 

The subsequent equilibration of hot carriers 

with lattice phonons can lead to appreciable 

local heating. 

All these physical phenomena can be lever-

aged to efficiently produce fuels and chemi-

cals. One example is the use of resonant 

nanostructures combined with semiconduc-

tor photocatalysts to increase the rate of inter-

band transitions or to extend light harvesting 

to sub-bandgap photons (1, 2). Plasmonic or 

high-index dielectric nanostructures could 

be used to engineer ultrathin semiconduc-

tor layers, which, through field-enhancement 

or light-trapping effects, reach broadband 

near-unity absorption with an accompany-

ing reduction in materials and device cost. 

In contrast to semiconductor photocatalysis, 

hot-carrier–driven transformations on metal 

surfaces offer the opportunity to explore new 
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The microbicide tenofovir 

prevents retroviral replication. As 

a vaginal gel, it offers a feasible 

method for preventing HIV infection.

908    2 JUNE 2017 • VOL 356 ISSUE 6341

Published by AAAS

 o
n 

Ju
ne

 1
, 2

01
7

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

http://science.sciencemag.org/


 (6341), 907-908. [doi: 10.1126/science.aan6103]356Science 
Susan Tuddenham and Khalil G. Ghanem (June 1, 2017) 
A microbiome variable in the HIV-prevention equation

 
Editor's Summary

 
 
 

This copy is for your personal, non-commercial use only. 

Article Tools

http://science.sciencemag.org/content/356/6341/907
article tools: 
Visit the online version of this article to access the personalization and

Permissions
http://www.sciencemag.org/about/permissions.dtl
Obtain information about reproducing this article: 

 is a registered trademark of AAAS. ScienceAdvancement of Science; all rights reserved. The title 
Avenue NW, Washington, DC 20005. Copyright 2016 by the American Association for the
in December, by the American Association for the Advancement of Science, 1200 New York 

(print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last weekScience 

 o
n 

Ju
ne

 1
, 2

01
7

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

http://science.sciencemag.org/content/356/6341/907
http://www.sciencemag.org/about/permissions.dtl
http://science.sciencemag.org/

