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The primary purpose of the present siudy was Lo compare the microbial profiles of the tongue dorsa of
healthy subjects and subjects with halitosis by using cullure-independent molecular methods. Our overall goal
was to determine the bacterial diversity on the surface of the tongue dorsum as part of our ongoing efforls Lo
identify all cultivable and not-yet-cultivated species of the oral cavity. Tongue dorsum scrapings were analyzed
from healthy subjects with no complaints of halitosis and subjects with halitosis, defined as an organoleptic
score of 2 or more and volatile sulfur compound levels preater than 200 pph. 168 rRNA genes from DNA
isolated from tongue dorsum serapings were amplified by PCR with universally conserved bacterial primers
and cloned inte Escherichin coli. Typically, 50 to 100 clones were analyzed from each subject. Filty-one simins
isolated from the tongoe dorsa of healthy subjects were also analyzed. Partial sequences of approximately S0
bases of cloned inserts from the 165 rRNA genes of isolates were compared wilh sequences of known species
or phylotypes to determine species identity or closest relatives. Nearly complete sequences of about 1,500 hases
were obtained for potentially novel species or phylotypes. In an analysis of approximately 750 clones, %2
different hacterial species were ideniified. About half of the clones were identified as phylotypes, of which 29
were novel to the tongue microbiota. Fifty-one of the 92 species or phylotypes were detected in more than one
subject. Those species must associated with healthy subjects were Strepfocaccns safivarius, Rothia mucilaginosa,
and an uncharacierized species of Eubacterium (strain FIBA1). Streptococcus salivarius was the predominant
species in healthy subjects, as il represented 12 to 409 of the total clones analyzed from each healthy subject.
Overall, the préedominant microbiota on the tongue dorsa of healthy subjecls was different from that on the
tongue dorsa of subjects with halitosis. Those species most associated with halilosis were Afopobivm parvalum,
a phylotype (clone BS095) of Dialister, Eubacterium swelei, a phylotype {clone DRO34) of the uncultivated phylum
TMT, Solvbacterivm moorei, and a phylotype (clone BWODY) of Streptococcus. On the hasis of our ongoping efforts
to obtain full 165 rRNA sequences for all cultivable and nol-yet-cultivated species that colonize the oral cavity,

there are now over 600 species,

Halitosis, or oral malodor, is a common camplaint of up (o
one-third of the gencral population and a larpe concern for the
many individoals whom it affects (6, 19). Halitosis can arise
from a variety of sources including the sinuses, gastrointesting]
tract, ingested food, lungs, and, most frequently, the oral cav-
iy, Oral production of malodorous substances is most com-
monly associated with by-products of bacterial metabolic dep-
radarion ancd occurs on oral surfaces, in periodontal pockets,
and especially on the dorsal tongue surface. These products
result from microbial fermentation of proteins, peptides, and
mucins found in saliva, blood, gingival crevicular fluid, lysed
neutraphils, desquamared epithelial cells, and any residual
food retained on the oral surfaces {16). The most conspicuous
malodorous compounds are termed volatile sulfur compounds
{W5Cs), with hydrogen sullide, methyl mercaptan, and di-
methyl sullide accounting for roughly 0% of the VSCs (32).
Many oral bacteria, especially gram-negative anaerobic species
[ound in the subgingival plaque, produce a diverse array of
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malodorous compounds as by-products of their metabolism
including V5Cs and short-chain organic acids such as valeric
avid, butyric acid, putrescine, and skatole (16}, Species that
produce such malodorous compounds include Treponena den-
ticeln, Porphyromonay gingivalis, Prevotelle intermedia, Tan-
nevelln forsypchensiz, Porplivromonas endodontelis, and Eubacte-
rm specics (25, 26).

Halitosis has been correlated with the presence anc severity
of periodontal disease and by the amount of coating on the
tongue (3, 20, 21). Various methods of detecting and quanti-
fying oral odor have been proposed, including arganoleptic
odor rating schemes (smelling the breath) (27, 29, 33) and
analytical techniques involving pas chromatography, mass
spectrometry, and cryo-osmoscopy. Rosenberg and colleagues
(28) have reported on the wse of a portable sulfide monitor
called a Halimeter {Inlerscan, Chatsworth, Calif.) to quanti-
tate the levels of ¥5Cs in mouth breath and have shown that
these levels significantly correlate with the measurements
made by organoleptic odor rating schemes. In individuals with
aral malodor, tongue-coating samples have been shown to
hydrolyee  M-benzoyl-oi-arginine-2-naphthylamide (BANA)
(2, 4,11, 21). Since the BAMNA rest detects an argining hydro-
lase produced by protealytic bacteria, this test provides addi-
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TABLE 1. Clinicel parameters of study population

: Volatile sulfur BAMMA 151
Chdor stz Sl.llhjtct D:‘Eanohﬁplh: compound Tung.u': resilt f-::l:
clone Rre R, [p]:-h]" conling tongue
Maladar Ml 3 350 + +H—
M2 4 411 i £
M3 3 432 + =
M 4 642 * +f=
M3 4 36 + -
Ma 4 Ta9 + +
Henlthy HI 1 a7 = =
HZ ¥X 160 = +=
H3 2 1ad =+ -
H4 2 113 = =
Ha 2 132 b =

" osgore of =2 08 assoclated with malbodor,
B A& level of =200 ppkr s associated with malodor {Halimeter; Interscan Cor-
poration).

tional information on the bacterial fora associated wilth mal-
ordor.

Effective treatments of oral malodor consist of reducing the
bacterial load on the tongue and teeth through twice-caily
taoth brushing with fluoride toothpaste and daily tongue de-
bridement with & loothbrush or other mechanical device, alone
or in combination with the use of antimicrobial mouth rinses
sich as chlothexidine (4, 11, 33, 36).

Although the bacterin of the tongue have been implicated as
a major source of odor production in subjects with halitosis,
the bacterial composition of the tongue is still not well char-
acterized, Studies of cultivable tongue microbiota have been
limited by the difliculties of in vitro growth technigues, the low
percentage of recovery of total organisms, and the inadequacy
of microbial identification (7, 107, For example, Kazor ¢t al,
{10} were able to recover only up to 30% of the viable micro-
bial count using a growth medium supplemented with human
blood and saliva. These findings suggest that much of the
tongue microbiota has not yet been cultivated, necessitaling
the wse of molecular approaches to better characterize the
tongue microflora.

Using culturc-independent molecular methods, we had pre-
viously detected over 500 species or phylorypes in the subgin-
gival plague of healthy subjects and subjects with periodontal
diseases (22), dental plaque in children with rampant caries
{13, and noma (24). Other investigators have used similar tech-
niques to determine the bacterial diversity of saliva (31), den-
woalveolar abscesses (5], and subgingival plaque of a subject
with piogivitis (12}, The purpose of this study was 1o determine
the bacterial diversity on the tongue dorsum and to compare
the predominant bacteria (including not-yet-cultivated species)
that are present on the surface of the tongue dorsa of subjects
with and without oral malodor.

MATERIALS AND METIIODS

Subject population. Halitosis in healthy adult subjects with self-reportied ha-
litasis {r = &) was confirmed by an organolepic rating of 2 or more and VSC
measurements greater than 200 ppb (Table 1). BANA hydrolysis (BANA Test;
OraTec Corp, Manassas, Vo) was also determimed (Table 1), since positive
scores by the BANA et have previously been nssociated with o componenr of
oral maledor (2, 4, 11, 210, Five healthy subjects without evidence of halitass
were used as controls,
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Sample eollection. Samples were collected by scraping the tengue surface from
the vallue papilla area to the anterior tongue border with a sterile wooden
tonpus depressor, All tongue scrapings were wsed directly Tor elonal analysis ws
deseribed below. Strdos were solaled (rom some samples on either ETSA
medivn (enrichad Tryplicise soy agar 1o which bemin, menadione, nitrate, and
Tty were added (o suppont growth of oral species) or MM10 medivm (1710
dilution of ETSA medium) (17),

Sample Iysis. Pure cultures o7 longue scoapings were directly suspended in 50
jel af 50 mM Tris buller (pH 7.6)-1 mbM EDTA {pH 8)-<25% Tween 20. Pro-
teinase K (200 pefml) was added. Tle sanples were flen heated ot 55°C lor 2 h,
Proteimase K was insctivated by heating 1 9570 for 5 min,

Amplificntion of 165 rENA clstrons by PCHR and purifiention of PCR products.
The 165 tRMA penes (rDNAs) were amplificd under standard conditions with
upiversal primer set {forward primer, $=0AG AGT TTG ATY MTG GCT
CAG; reverse primer, 5°- GAA GGA GGT GWT CCA RCC GCA) {22).
Primers were synthesized commercially (Operon Technologies, Alamada, Calif,)
PCR was performed in thin-walled tubes with a Perkin-Elmer 9700 thermocycler.
Cne microliter of the DNA template was added 1o o reaction mixteee {final
volume, 50 ) containing 20 peool of each peimer, 40 nmol of deosynucleoside
teiphespliates, and 1 U of Tag 2000 polymerase [Siratagene, La Jolla, Calif.) in
bufler containing Tagsturt antitody (Sigma Chemical Co.). In a hot-stanl proto-
col, the samples were preheated at 5°C for 8 min, follewed by amplilication
under e following conditions: demturation a 95°C for 45 5, annealing at §0°C
45 5, and elongation for 1S min, with an additional 3 = for each cycle. A total of
M eycles were performed; this was then followed by a final clongation step at
T2°C for 10 min. The results of PCR amplificiion were examined by electro-
phoresds in o 1% agarose gel, DNA was stained with ethidium Bromide and
viswillized vnder short-wavelength UV light.

Clening procedures, Cloning of PCR-amplificd DN A was pecfooned with the
TOMD TA cloning kit (Invilrogen, Sun Diegn, Calif) according 1o the insires-
teons of the mnufscturer, Trunsformation wis done with competent Escherichin
coli TOPID cells provided by the manufactoeer, The transformed cells were then
plated ento Luria-Bestani agar plves supplemented with kanamycin, and the
plates were incubated overnight at 37C, The colonies were then placed into 40
plof 10 mM Tris. One microliter was used a8 e template o delermine the
corcect sizes of the bserls inoa POR with an M2 (=30 forwacd primer wnd an
M13 reverse primer. The sizes of the inserls (approximaotely 1,500 bp) were
tletermined by PCR with Danking vector primess, followed by electrophoresiz on
u 190 agarose gel. Prios to sequencing of the fragments, the PCR-amplifisd 165
rDNA feagments were purified and concentrated with Microcen 100 {Amicon),
follewed by use of the OlAquick PCR purification kit (Qiagen).

165 rRMA sequencing. Purified DNA [rom the PCH was sequenced with an
ABL Prism cpcle ssquencing kil (BigDye Terminator Cyele Sequencing kil with
AanpliTag DA Polymerss FS; Perkin-Elmer). The primers used for sequene-
ing have been reporied previowsly (22}, Quarter dye chemistry was used with 80
M primees and 1.5 ol of PCR product in o final volume of 20 pl Cycle
sequencing was performed with an ABIT 9700 instrument, with 25 cyveles of
denaturation 96°C for 10 s, annealing, and extension ol 80°C four 4 min, The
sequencing reactions were run on an ABL 377 DMNA sequencer,

165 rRMNA sequencing and data analysis of unrecognized fnserts, A total of
741 clones wilh the inserl of the correct size of npproximatcly 1,500 bases were
amilyzed (tvpically, 30w U0 per subjeet), In addition, 51 strains from healthy
subjeets without halitosis were analyvzed, A sequence of approximately 500 bases
was oltained first 10 determine identity or approximate phylogenetic pasitica,
Full sequences of about L300 bases were obtained by using five to six additional
sequencing prinsers {22 for those species deemed novel, For identilication of
closest relatives, the sequences of the enrecognized inserts were compared Lo the
L% TRMA gene sequences of over 4000 microorganisms in our database wd
over 50000 sequences in the Ribosooal Database Project (18) and CenBank
databases. Programs for dita entry, editing, sequence alignment, secondany
siruclure comparison, similarity matrix generation, and phylogenetic frec con-
struction were written Iy F, E. Dewhirst (23}, The similarity matrices were
corrected for multiple base changes at single positions by the method of Jukes
and Cantor (%), Similarity matrices were constrocied from e alipned sequences
by using only those sequence positions for which datn were available for 90% of
the strains fested, Phylogenetic trees were constructed by the neighbor-joining
method of Saiton and Mei (305, TREECON, o sollware packape for the Mi-
ceosoft Windows environment, wis used for the construction and drawing of
evolutionnry frees {34).

We are pware of the potential creation of 165 rDMNA chimera molecules during
the PCR (14), The pereentage of chimeric inssrts in 165 rRMA libraries ranged
from 1 to 15%. Chimeric sequences were identified by using the Chimers check
program of the Ribescanal Dalabase Frojec, treemy snalysis, or base sienature
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TABLE 2. Fercentage of prevalenl species or phylotypes on tongue dorsum

% Clones [ron:
Species or phylotype Healthy subjects (no. of clones analyzed) Halitosis subjects (no. of clones analyvzed)
HE (102} HZ (81} M3 (68) M4 (63) HS{76) ML(30) M2 (58] M3 (46)  MIGBL) M5 (T MG (47)

Aropobinm pareulivm 3 f q E 51
Cryplotircierium curtum 14
Dialister sp. clone BSOS 4 ] 2
Eubacterium sulel 2 4 4 &
Fusobacterdum perodotictm 5 24
Graruelicatella adiacens 8 21 5 14 4 2 7 i 4
MNeivseria flavescens 4 7 4
Raothig mreilcpinosg fi 4 3 10 3 4
Streptococeus infantis 1 z ] & 3 4 4 b} 1
Streptococcus parasanguis 27 15 7 32 & 18 a 2 T o 4
Sirgplococcus prelmontie 1 Lk 3
Streptococcous salivarius 41 24 26 12 12 5 f
Streptococcus sp. clone BWOU L 1%
Streptococeus strain HalTd-E3 1 2 24 B f
Veillomella parvilall, disgar 3 fi 3 11 22 2 1 I
Mo of species detected 21 22 18 16 [ 1 2 15 26 28 . 12
% of lotal detected B3 fifl T 6 i &8 0 ! il U 4

" Walues in boldface indicate that the species comprised at least 109 of the tongue microbiota,

analysis. Species identificntions of the chimems were obluined, but the parial
sequences were wol inchaded i the phylopenetic annlysis for tree constewetion,

Nucleatide sequence necession numbcers. The complete 185 rDMNA sequences
of clopes representing novel phylorypes defined in this study, the sequences of
known specics not reported previously, and published sequences are availabls for
clectronie retricval from the EMBGL, GenBank, and DDBJ nscleotide sequence
databases under the accession numbers shown in Fig. 1.

RESULTS AND DISCUSSION

A phylogenetic tree of the prevalent species and phylotypes
detected on the surface of the tongue dorsum for each of the
subjects is shown in Fig. 1. Collectively, the overall bacterial
diversity of the tongue dorswm is striking: 92 different bacterial
taxa or phylotypes belonging Lo six bacterial phyla. Only 38, or
about 40%%, of the total number were identified as koown
species. Consequently, about 60% of the total were identified
as phylotypes. As shown in Fig. 1, 29 of these phylotypes were
unique to the tongue dorsum, in that they were not found feom
the sequence analysis of over 6,000 clones from other aral sites,
including the subgingival plague of healthy subjects and sub-
jects with, perindontitis, acute necrotizing ulcerative gingivitis,
and refractory periodontitis (22); the supragingival plague of
children with rampant caries (1); or advanced noma lesions
(24}); nor were they found on or in crevicular epithelial cells of
healthy subjects and subjects with periodontitis {13). In our
ongoing studies, we have detected over 300 novel phylotypes
and 200 known species in oral sites. At present, we cstimate
that over 700 bacterial species arc present in the oral cavity,

over half of which we cannot presently cultivate. At the time of
this publication, a list of 630 species or phylotypes of the oral
cavity was compiled. The crealion of & website is in progress;
however, an updated version of this list can be obtained from
Lthe corresponding author.

The number of species or phylotypes that were detected in
each subject ranged from 12 to 29, with 18 to 21 species or
phylotypes in tongue samples from subjects without malodor
and from 12 to 2% species or phylotypes in tongue samples
from subjects with malodor (Table 2), The bacterial profiles for
cach of these subjects are depicted in the colored columns of
boxes in Fig, 1. Those species most associated with health were
Streptococens salfvarius, Rothie mucilaginosa (Stomaiococons
mucilaginosus), and an uncharacterized, cultivable species of
Eubacterium (strain FTB41) (Fig. 1 and Table 2). The 15 most
prevalent species or phvlotypes are listed in Table 2, where
they comprise 60 to 853% of the total clones in subjects without
malodor and 20 1o 88% of the total clones in subjects with
malodor. A prevalent species is defined as a species that was
detected in at least three subjects. 11 is noteworthy that S
salivarius was by far the most predominant species detected in
healthy subjects: in one subject (subject H1), 5. salivarius rep-
resented more than 40% of the detectable species. In contrast,
8. salivarius was detected in only one of the subjects with
halitosis and was detected at very low levels.

Those species most associated with halitosis were déapobium
parvudum, Eubacterium sulci, Fusobacterium periodonticum, a
phylolype (clonc BS093) of Dislister, a phylotype (clone

FIG. 1. Phylogenetic tree of bacterial species ar phylotypes of six phyla idemtified [rom the tonpue dorsa of healthy subjects and subjects with
halitosis, The information presented includes bacterial species or phylotype clone and sequence accession numbers, Novel phylotypes are delined
as those taxa that are <98.5 1o 99% similar in sequence comparisans o their closest relatives. Species or phylotypes detected only on the tongee
darsum and not at any other oral sile are highlighted in red. Color-coordinatled characters indicale health status category or some other site at
which each species was identified. Bar, 5% difference in nucleotide sequence. ANUG, acute necrotizing uleerative gingivitis; NUT, necrotizing

uleerative periodontitis.
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BWO0H of Streptococeus, a phylotype (clone DRO34) of the
uncultivated phylum TMT (8), and Salobacterium moorei (Fig,
1 and Table 2). Note that in most of the samples, several
species or phylotypes represented a significant proportion of
the total (Table 2). Although some species were not detected
in all subjects, they were the predominant species in one or
more samples. For example, Crptobacierium curtum was de-
tected in only one of the samples from a subject with halitosis,
bt it represented about 20% of the clones analyzed in that
subject. Other speecics, such as Gramuficatella (Abiowophia)
adincens, Streploceccns parasanguis, Streptococens Infantiy, and
Veillonefla spp., were commonly detected in most of the sam-
ples {Table 2).

The tongue dorsum harbors a highly diverse, yet character-
istie, bacterial population. In healthy subjects, 5. safivarius was
by far the predominant species. In contrast, 8. saffvarfus was
lypically absent from subjects with halitosis, Althouph bacteria
other than 5 saffvarius appeared to be associated with halito-
515, il 18 not known if they are directly involved in oral malodor,
Cultural studies have associated R mucilaginosa with malodor
(7 and 8. safivarius and Feillonella parvda or Veillonella dispar
as commaon bealthy tongue organisms (C. E. Kazor and W. 1.
Loesche, unpublished data),

Cin the basis of our sequence analyses, the tongue dorsum
possesses a unigue microbiota: about one-third of the bacterial
population was found only on the tongue and not in or on the
surfaces of other oral sires. However, a sample of sufficient size
(e.g., in alarge clinical trial} is necessary to provide the power
to detect differences in microbial compositions to identify
more precisely those species that are associated with halitosis
and health, Such studies will be accomplished by vsing 165
rRMA-based oliponucleotide probes in checkerboard DMNA-
DMA bybridization assays (1) or eventually by using oligonu-
cleatide microarrays.

It has been suggested that the majority of cases of oral
malodar are due to bacterial proteolytic activity in the mouth,
such as might be measured by the BANA test (L&), Since
keown BANA test-posilive oral species typically found in sub-
pingival plaque, ie., P gingivalis, T. denticola, T forspthensis,
and various Caprocyiophaga speeics, were not detected (15),
other tonpue bacterial species are likely responsible far the
BANA reaction of the longuc coating. Now that we have
identified additional predominant bacterial species present on
the tongue dorsa of individuals with halitosis, it would be of
interest to examine the ability of these other cultivable species
to hydrolyze the BANA subsirate and to produce VSCs and
other by-products that may contribute to the clinical presen-
tation of malodor.
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