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The complete genome sequence of Lactobacillus bacteriophage LL-H was determined
in 1996. Accordingly, LL-H has been used as a model phage for the infection of dairy
Lactobacillus, speci�cally for thermophilic Lactobacillus delbrueckii ssp. lactis host strains,
such as ATCC 15808. One of the major goals of phage LL-H research consisted of the
characterization of the �rst phage-host interactions at the level of phage adsorption and
phage DNA injection steps to determine effective and practical methods to minimize the
risks associated with the appearance and attack of phages in the manufacture of yogurt,
and Swiss or Italian hard type cheeses, which typically use thermophilic lactic acid bacteria
starter cultures containing L. delbrueckii strains among others. This mini review article
summarizes the present data concerning (i) the special features, particle structure, and
components of phage LL-H and (ii) the structure and properties of lipoteichoic acids (LTAs),
which are the phage LL-H receptor components of L. delbrueckii ssp. lactis host strains.
Moreover, a model of the �rst, extracellular, phage-host interactions for the infection of
L. delbrueckii ssp. lactis ATCC 15808 by phage LL-H is presented and further discussed.
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INTRODUCTION
The food industry bene�ts from the use of microbes as �work
horses� in food processing, which contribute to the texture, chem-
ical, and sensory properties of �nal food products. Lactic acid
bacteria (LAB) are perhaps the most common bacteria applied as
starter cultures for food manufacture. At an industrial scale, LAB
starter-based lactic fermentations are performed in tanks with vol-
umes of up to tens of cubic meters. The high number of starter
cells comprising a single or a few strains makes these types of
food processes highly susceptible to sudden appearance and attack
of bacterial viruses, that is (bacterio)phages, and consequently
increases the risk of the failure to control food fermentations and
the quality of food products. LAB phages and phage resistance
in LAB starter cultures have been intensively studied for decades
because of the economic impact of the phage problems on the food
industry. To obtain an in-depth scienti�c basis for the develop-
ment of tools and approaches to minimize the risks of LAB phage
infections in industrial food preparations associated with LAB fer-
mentations, a better understanding of the origin, genetic diversity,
and evolution of phages and phage biology, including phage�
host interactions and phage resistance mechanisms (Samson et al.,
2013), is needed.

The bacteriophage LL-H was isolated in 1972 from a whey sam-
ple originating from a problematic Emmental cheese production
lot at a co-operative cheese processing plant in Hauho (Finland).
The cheese starter culture employed at this dairy contained the
Lactobacillus delbrueckii ssp. lactis (formerly L. lactis) strain LL23,
which is sensitive to phage LL-H infection (Alatossava and Pyhtilä,

1980). Presently phage LL-H is one of the most thoroughly studied
LAB phages and the �rst Lactobacillus phage, for which the com-
plete genome sequence has been determined (Mikkonen, 1996;
Mikkonen et al., 1996). Subsequently in the research, strain LL23
has been replaced with ATCC 15808, a more phage LL-H sensitive
and widely available strain compared to LL23 strain.

STRUCTURE OF PHAGE LL-H PARTICLE
The results from electron microscopy (EM) studies on phage LL-
H have revealed that this phage represents the most common
morphological group among phages having an icosahedral head
(capsid coat containing compactly packed linear phage DNA)
and a long, non-contractile tail. A small base plate and a �exi-
ble tail �ber are located at the end of the tail, as summarized in
Figure 1 (Alatossava and Pyhtilä, 1980; Alatossava, 1987; Forsman
and Alatossava, 1991; Forsman, 1994). Phage LL-H belongs to the
pac-type phages comprising a linear ds-DNA molecule of approx-
imately 38 kb with a 3 kb terminal repeat, packaged inside each
phage capsid (Forsman and Alatossava, 1991). The linear LL-H
DNA inside the capsid likely complexes with the divalent cations
Ca2+ and/or Mg2+, which are co-transported into the cell as coun-
terions of LL-H DNA during phage DNA injection (Alatossava,
1987; Alatossava et al., 1987). Phage LL-H particles are sensitive to
Tris-buffer treatment (dialysis or gel �ltration with Tris-buffer),
which promotes in vitro phage DNA ejection (Alatossava, 1982).
LL-H phages readily form clusters comprising �lled and empty
phage (ghost) particles connected together at the ends of the tails
(Alatossava and Pyhtilä, 1980).

www.frontiersin.org December 2013 | Volume 4 | Article 408 | 1

http://www.frontiersin.org/Microbiology/
http://www.frontiersin.org/Microbiology/editorialboard
http://www.frontiersin.org/Microbiology/editorialboard
http://www.frontiersin.org/Microbiology/editorialboard
http://www.frontiersin.org/Microbiology/about
http://www.frontiersin.org/Journal/10.3389/fmicb.2013.00408/abstract
http://community.frontiersin.org/people/PatriciaMunsch-Alatossava/128049
http://www.frontiersin.org/people/u/108687
mailto:tapani.alatossava@helsinki.fi
http://www.frontiersin.org/
http://www.frontiersin.org/Virology/archive









