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Evolution of Cariogenic Character in
Streptococcus mutans: Horizontal
Transmission of Glycosyl Hydrolase
Family 70 Genes

Tomonori Hoshino!, Taky Fujiwara & Shigetada Kawabata®

Dep: ry, Nagasoki Uriversity Graducte School of Biomedical Scences, 171 Sokanalo, Nagasoki852-
5535 Jopan, “Department of Oralond Molecul Graduote e University Graduae Schoal ofDenfis” 1-8 Yamadaoka,
Suit, Osaka 5650871, Japan.

Acquisition of the ability to produce polysaccharides from sucrose, i.. the gtf gene encoding
glucosyltransferase (GTE),is the key evolutionary event enabling “dental biofilm formation by streptococei-
By the ancestry of streptococcal oo i of its occurrence, and order of specific events, we

e estigated the distribution of GTFS amoré e eria by phylogenetic analysis of the glycosyl hydrolase
family 70 enzymes. We found that Eoeptococcal GTFs were derived from, other lactic acid bacteria such as
B bacillus and Leuconostoc, and propott he following evolutionary model: ‘horizontal gene transfer via
{ransposons occurred when ireptococci encountered lactic O bacteria contained in fermented food.
Intra-genomic gene duplication D red by a secondary selection PIesSue ch as consumption of refined
ngar-Our findings concerning this evolution in Strep! mutans provide an important background
o tudies of the relationship betweert he historical spread of dental caries and pological factors.

from fermentable substrates such s ‘monosaccharides, oligosaccharides. " processed polysaceharides’
The dental caries pandemic has beer previously discussed from an nthropological and archacological View:
points in terms of the consumption O entable carbohydrates*” Indeed, e emergence of dental caries
positively correlates ith the nrcased consumption of carbohydrates hrough the main source, grain”, follow-
Ing the advent ofprehistoric farming ‘At that time, the degree of caries Was comparatively mild, since oral bacteriy
produced only low amounts of organic acid. However, the idespread use of refined sugar during the industrial
P volution due to improvements i food processing techniques, stbilisation of plantation-based sugar cane
sapplics, and the abolition of the Corn T Jed to o sudden increase in the prevalence of caries

“Thus far, onl L of e H0r ke those described above, have been o msidered in the development of
dontal cares in humans, whilefactors afiecing the oo teria themselves have been largely ignored.
e may be based on the firmly held belief that caries-causing bacteri preceded the development of caries
However, presently, there are no studics e serbing the origin of caries-causing DaCeE, Today, Streptococcs
N fans i considered the principal CRUSAINe organisms of dental carcs. These bacteria have the ability not only to

© P from various sugars but lso 1o firmly dhere to the tooth surface usingadhesive
ghucans produced from refined sugar by N (GTF9, This later property of caries-causing
bacteria is the principal characteristic tmguishing prehistoric caries fom ‘modern caries.

Because of their role in the formation e val biofims,streptococcal GTF enzymes e thought to be one of
he primary virulence factors of tr o fans responsible for the development o dental caries' . Thus, phylo-
genetic analysis of the origin O GTFs may provide novel insights Into he acaquisition of cariogenicity by 517
e fans, GTFs (EC: 24.1.3), which are e aded by gif genes, belong to the glycosyl hydrolase family 70 and
catalyse the transfer of o glucopyranosyl units ffom SUCTose 1o ‘eveptor molecules. To predict the ancestry of
reptococcal GTEs, phylogenetic tees for the putative amino acid sequences of glycosyl hydrolase family 70
broteins were constructed using the neighbour-joining (N)), minimum “olution (ME), and maximum par-
Simony (MP) methods. The e rounding scquences of the genes ‘ancoding the glycosyl hydrolase family
50 proteins were also analyzed: Ou indings suggest that the genus SHEPIOCOLEHS acquired the gif genes via

‘  humans, dental caries s defined as the demineraisation of teeth by the bacterisl production of organic acid

78 | DO 10.1038/ep00518 1 7t
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