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During his development of the germ theory of disease, Louis
Pasteur compared cholera and anthrax infections and re-

marked “Quelle différence donc entre le vibrion septique et cette
bactéridie, et n’est-il pas remarquable de voir se multiplier dans
1=organization animale des êtres aussi dissemblables par leur
mode de nutrition!” (1). An abridged English translation of this
phrase reads “So what’s the difference between the septic vibrio
and this (anthrax) bacillus, and is it not remarkable to see the
organization of microscopic beings so dissimilar in their mode of
nutrition multiply in the animal!” While Louis Pasteur made
many seminal contributions to microbiology, one concept that
has been largely overlooked is the role of pathogen nutrition and
physiology during infection, specifically with regard to carbon nu-
trition (2). In this context, Jorth et al. (3) have explored the use of
RNA sequencing (RNA-seq) and next-generation sequencing to
obtain a high-resolution transcriptome of Aggregatibacter actino-
mycetemcomitans during growth in vitro and in a murine abscess
infection. They identified a large number of metabolic genes
whose expression is differentially upregulated during infection,
including those for formate dehydrogenase (fdhF1F2) and fuma-
rate reductase (frdA to frdD), which are associated with fermenta-
tive and anaerobic metabolism, respectively. Mutants lacking
these genes retained in vitro growth characteristics but experi-
enced a 10-fold reduction in bacterial numbers in a mouse ab-
scess, thus confirming the RNA-seq results. Previous studies of A.
actinomycetemcomitans abscess formation by other investigators
concentrated on virulence properties (4), so metabolic genes were
not identified. Overall, the experimental strategy described by
Jorth et al. (3) provides a nice template for future investigations of
bacterial physiology during infectious processes.

A. actinomycetemcomitans has a small 2.1-Mb genome with an
estimated 2,134 coding sequences (5). Although A. actinomyce-
temcomitans has been traditionally associated with periodontal
disease (5), it has also been associated with other infections, nota-
bly, endocarditis (6) and abscesses (7, 8). In their study, Jorth et al.
(3) used the murine abscess model as the infectious dose could be
better controlled and tissue sampling more easily performed than
would be the case in a periodontitis infection. One other advan-
tage of A. actinomycetemcomitans as a model for initial technique
development is the small genome of this organism (5). This would
minimize complications in data interpretation due to the poten-
tial redundancy of metabolic pathways seen in other bacterial
pathogens with larger genomes, such as Pseudomonas aeruginosa
(9) and Staphylococcus aureus (10).

The use of a chemically defined culture medium is extremely
useful during investigations of bacterial physiology (11) to ensure
in vitro experimental reproducibility and provide a point of refer-
ence. In this particular study, Jorth et al. (3) used a chemically
defined Socransky medium (12), which was developed to model
the oral environment. To our knowledge, no other defined me-

dium for A. actinomycetemcomitans exists. While one might argue
that Socransky medium does not mimic the conditions in abscess
environments, this medium does provide a basis for reproducible
physiological investigations of A. actinomycetemcomitans. While
fermentative and anaerobic metabolism genes were identified in
their most recent study, previous work by these same investigators
showed that A. actinomycetemcomitans exhibits aerobic metabo-
lism when grown in mixed culture in vitro under microaerophilic
conditions mimicking periodontitis (6) and in vivo in the murine
abscess model (13). As shown in Fig. 1, one would anticipate that
physiological changes in A. actinomycetemcomitans may accom-
pany its move from monoculture to mixed infections and mani-
festations in endocarditis. As this in vivo knowledge is gained, we
will be able to investigate this organism under more clinically rel-
evant laboratory conditions.

In 1878, Pasteur et al. recognized the importance of the host as
a culture medium during infections (1). The study of Jorth et al.
(3) provides a useful experimental strategy whereby pathogen nu-
trition and physiology can be monitored during infections by us-

Published ahead of print 13 September 2013

Address correspondence to Robert J. C. McLean, McLean@txstate.edu.

Copyright © 2013, American Society for Microbiology. All Rights Reserved.

doi:10.1128/JB.01040-13

The views expressed in this Commentary do not necessarily reflect the views of the
journal or of ASM.

FIG 1 In contrast to the often predictable nature of laboratory culture growth,
an organism such as A. actinomycetemcomitans likely adopts different physio-
logical profiles as it moves from one tissue environment to another. In spite of
the many potential nutrients present in host tissues, pathogen physiology dur-
ing infection remains a largely unexplored field (2). The RNA-seq approach
used by Jorth et al. (3) provides a mechanism whereby pathogen physiology
can be explored during infections.
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ing next-generation sequencing and genetic analysis. One would
anticipate that tissue chemistry, the immune system, and interac-
tions with other microorganisms would all influence physiology.
In all likelihood, in situ bacterial physiology will be recognized as a
major factor contributing to the onset and control of infectious
disease, as are recognized virulence factors (14).

REFERENCES
1. Pasteur L, Joubert J, Chamberland C. 1878. La théorie des germes et ses

applications à la médecine et à la chirurgie. G. Masson, Paris, France.
2. Brown SA, Palmer KL, Whiteley M. 2008. Revisiting the host as a growth

medium. Nat. Rev. Microbiol. 6:657– 666.
3. Jorth P, Trivedi U, Rumbaugh K, Whiteley M. 2013. Probing bacterial

metabolism during infection using high-resolution transcriptomics. J.
Bacteriol. 195:4991– 4998.

4. Fives-Taylor PM, Meyer DH, Mintz KP, Brissette C. 1999. Virulence
factors of Actinobacillus actinomycetemcomitans. Periodontology 2000 20:
136 –167.

5. Chen C, Kittichotirat W, Si Y, Bumgarner R. 2009. Genome Sequence of
Aggregatibacter actinomycetemcomitans serotype C strain D11S-1. J. Bac-
teriol. 191:7378 –7379.

6. Ramsey MM, Whiteley M. 2009. Polymicrobial interactions stimulate
resistance to host innate immunity through metabolite perception. Proc.
Natl. Acad. Sci. U. S. A. 106:1578 –1583.

7. Chen AC, Liu CC, Yao WJ, Chen CT, Wang JY. 1995. Actinobacillus

actinomycetemcomitans pneumonia with chest wall and subphrenic ab-
scess. Scand. J. Infect. Dis. 27:289 –290.

8. Rahamat-Langendoen JC, van Vonderen MG, Engström LJ, Manson
WL, van Winkelhoff AJ, Mooi-Kokenberg EA. 2011. Brain abscess asso-
ciated with Aggregatibacter actinomycetemcomitans: case report and review
of literature. J. Clin. Periodontol. 38:702–706.

9. Lee DG, Urbach JM, Wu G, Liberati NT, Feinbaum RL, Miyata S,
Diggins LT, He J, Saucier M, Déziel E, Friedman L, Li L, Grills G,
Montgomery K, Kucherlapati R, Rahme LG, Ausubel FM. 2006.
Genomic analysis reveals that Pseudomonas aeruginosa virulence is com-
binatorial. Genome Biol. 7:R90. doi:10.1186/gb-2006-7-10-r90.

10. Kuroda M, Ohta T, Uchiyama I, Baba T, Yuzawa H, Kobayashi I, Cui
L, Oguchi A, Aoki K, Nagai Y, Lian J, Ito T, Kanamori M, Matsumaru
H, Maruyama A, Murakami H, Hosoyama A, Mizutani-Ui Y, Takahashi
NK, Sawano T, Inoue R, Kaito C, Sekimizu K, Hirakawa H, Kuhara S,
Goto S, Yabuzaki J, Kanehisa M, Yamashita A, Oshima K, Furuya K,
Yoshino C, Shiba T, Hattori M, Ogasawara N, Hayashi H, Hiramatsu K.
2001. Whole genome sequencing of meticillin-resistant Staphylococcus au-
reus. Lancet 357:1225–1240.

11. Neidhardt FC, Bloch PL, Smith DF. 1974. Culture medium for entero-
bacteria. J. Bacteriol. 119:736 –747.

12. Socransky SS, Dzink JL, Smith CM. 1985. Chemically defined medium
for oral microorganisms. J. Clin. Microbiol. 22:303–305.

13. Ramsey MM, Rumbaugh KP, Whiteley M. 2011. Metabolite cross-
feeding enhances virulence in a model polymicrobial infection. PLoS
Pathog. 7:e1002012. doi:10.1371/journal.ppat.1002012.

14. Vasil ML, Darwin A. 2013. Regulation of bacterial virulence. ASM Press,
Washington, DC.

Commentary

4990 jb.asm.org Journal of Bacteriology

http://dx.doi.org/10.1186/gb-2006-7-10-r90
http://dx.doi.org/10.1371/journal.ppat.1002012
http://jb.asm.org

	Identifying Bacterial Menu Choices from the Host Buffet during Infections
	REFERENCES


