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ABSTRACT 
Objective: Several recent reports imply the possibility of cariogenicity of denture plaque containing 
Candida albicans. Hence the purpose of this study was to investigate the effects of salivary and serum 
pellicles on C. albicans and Streptococcus mutans colonization on hydroxylapatite beads. 
Methods: The colonization of three isolates of C. albicans and two isolates of S. mutans was examined by 
the use of a bioluminescent adenosine triphosphate (ATP) assay based on the firefly luciferase-luciferin 
system. 
Results: In the preliminary study, a good correlation was observed between the cell number and ATP 
amount of each isolate tested, and the results yielded a level of significance (P<O.OOl; Student’s t-test), 
confirming the validity of this method. When the relative ATP content of the 48 h colonization of both 
isolates of S. mutans were compared, a saliva pellicle was significantly more effective in promoting 
bacterial colonization than either uncoated or serum pellicle (ANOVA; P<O.Ol). In contrast, in the case 
of colonization of C. albicans isolates, a serum pellicle was significantly more effective in promoting the 
colonization of C. albicans GDH 18 and GDH 19, than both uncoated specimens and saliva pellicle 
(ANOVA; P<O.Ol). Similar trends were observed with C. albicans GDH 16, though significant differences 
were not observed (ANOVA; P>O.O5). 
Conclusion: The results suggest that the mechanism involved in fungal colonization on hydroxylapatite 
(HAP) should be different from that of mutans streptococci. 0 1997 Elsevier Science Ltd. 
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INTRODUCTION 
Cundida albicans is frequently recovered from denture 
fitting surfaces which act as a reservoir of infection in 
Candida-associated denture stomatitis (syn. chronic 
atrophic candidiasis)‘,2. Since successful candidal colo- 
nization of denture surfaces has been recognized as an 
important step in the pathogenesis of this condition3, a 
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number of reports have described their adherence, 
colonization and biofilm formation on denture 
materials&’ ‘. 

A few recent reports have indicated a possible rela- 
tionship between C. albicans and/or denture plaque and 
caries, or root caries. Beighton et al.” have reported the 
relatively high prevalence of Candida spp. (58.5%) from 
82 root caries lesions (C albicans, 54.9%), and others 
have shown that the wearing of overdentures is often 
associated with a high risk of caries and progression of 
periodontal disease adjacent to the abutment teethi3-17. 
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In addition, it is known that the demineralization of 
root surface occurs at a pH range of 4.3-5.0, since the 
buffers or acid gels in this range of pH have been used 
for the reliable in vitro models of root caries18p21. 
Furthermore, sucrose rinses are reported to cause pro- 
nounced decrease in pH of denture plaque within 
40 min (neutral pH to 4.44.7)22 and and Zgraggen and 
Graf found that the ‘resting’ pH of denture plaque 
decreased from neutral values to a range between pH 
4.0 and 4.5 after four to seven days sucrose rinses 
twice daily23. Several in vitro studies have supported the 
high acidogenic potential of C. albicans24,25. We also 
obtained similar findings, when the yeasts were grown 
on denture materials with or without protein pellicle 
coats26.27. These reports imply the possibility of dem- 
ineralization of root or tooth surfaces in association 
with denture plaque containing C. albicans. It is note- 
worthy that the cariogenicity depends not only on the 
terminal pH, but also on several other factors, including 
the ability of the organism to colonize the tooth sur- 
face2’. However, little attention, so far, has been paid 
to the adherence or colonization of C albicans on 
hydroxylapatite. Recently Cannon et al. have reported 
that C. albicans adhered to saliva-coated hydroxyl- 
apatite with a relatively high affinity29. 

In the adherence or colonization of microorganisms 
on the cervical lesion of tooth or root surfaces, the 
surface should be coated not only with saliva but also 
with serum proteins from periodontal fluids. The latter 
is known to modify the adherence, growth, colonization 
or biofilm formation of C. albicans on host or inert 
surfaces. Therefore, to examine the contribution of 
serum to the fungal adherence or colonization should 
be important in both clinical and biological terms. 

Thus the purpose of the present study was to analyse 
the role of salivary and serum pellicles on C. albicans 
and Streptococcus mutans colonization on hydroxyl- 
apatite beads. To achieve this aim, we have adapted a 
bioluminescent adenosine triphosphate (ATP) assay 
based on the firefly luciferase-luciferin system, which is 
known as a simple and convenient method for accurate 
enumeration of viable cells3’ and has been previously 
used for assessment of gram-positive and gram-negative 
bacterial biofilms31a32. 

MATERIALS AND METHODS 

Microorganisms and growth conditions 

Candida albicans 

Candida albicans GDH 16, GDH18 and GDH 19, oral 
isolates obtained from the routine microbiology services 
of the Glasgow Dental Hospital and School were 
used in this study. The isolates were identified by a 
sugar assimilation test using the API 20C system (API 
Products, Biomeroux, Lyon, France) and ‘germ tube’ 
test33. 

A loopful of the yeast was inoculated in yeast nitro- 
gen base medium (Difco, Detroit, USA) containing 
250 mM glucose and grown aerobically at 37”C34. After 
overnight culture, the yeast was harvested in the late 
exponential growth phase, washed twice with sterile 
distilled water and resuspended to a final concentration 
of lo5 cells/ml using a haemocytometer26. All yeast cells 
suspended, remained in the blastospore phase. 

Streptococcus mutans 

Streptococcus mutans NTCC 10449 and Ingbritt, pro- 
vided by the Department of Oral Microbiology, 
Hiroshima University, were used in the study. These 
microorganisms were cultured and prepared for exper- 
iments according to Satou et al. (1987)35. Briefly, all 
strains were grown in trypticase soy broth (Difco, 
Detroit, USA) supplemented with 0.5% yeast extract 
(Difco, Detroit, USA; TSBY). The cells were harvested 
during the exponential growth phase by centrifugation 
at 1000 g, washed twice with sterile distilled water and 
resuspended in the same buffer. The cell suspensions 
were subjected to a low-intensity ultrasonic device to 
disperse bacterial aggregates36. The optical densities of 
the suspensions were measured in a 1.0 ml cuvette 
with a 1 cm light path, and the suspensions were 
adjusted to give an OD,,, of 0.3 (corresponding to 
3.65 x 10’ CFU/ml). 

In a preliminary study, we compared the viability of 
fungal or bacterial cells washed by either sterile distilled 
water or by 100 mM phosphate-buffered saline (pH 
6.8), and no significant differences in viability were 
detected using these two methods. 

SALIVA AND SERUM 

Unstimulated whole saliva was collected on ice from 
five healthy donors and an equal amount from each 
donor was pooled. The saliva was clarified by centrifu- 
gation at 12000 g for 15 min at 4”C21. Human serum 
was purchased from Sigma Chemical Co. (St Louis, 
MO, USA). Whole saliva and serum were stored at 
- 25°C before use34. 

ASSAYPROCEDURES 

Cell numbers and ATP (adenosine triphos- 
phate) analysis 

To examine the interrelation between yeast or bacterial 
cell numbers and ATP content, 100 ul of serially diluted 
yeast (102-10’ cells/ml) or bacterial (106-10’o cells/ml) 
suspensions were dispensed into a series of sterile glass 
tubes. Then 0.9 ml of the extraction reagent was added 
to the each well and allowed to react for 30 min in an 
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Fig. 7. Growth curve of each isolate of S. mutans and C. albicans. 

ultrasonicator. The relationship between cell numbers 
and the amount of ATP was established using ATP 
analysis. 

GROWTH RATE OF MICROORGANISMS 

As the growth rate of microorganisms should be im- 
portant to assess the colonization of microorganisms, 
the growth rate of each isolate of S. mutans and C. 
albicans was examined by the change of optical density 
of the medium. Briefly, 100 ~1 of yeast suspension (lo5 
cells/ml) or bacterial suspension (3.65 x 108 CFU/ml) 
was inoculated into 5 ml of Sabouraud broth (for 
yeasts) or TSBY (for streptococci) TSBY broth (for 
bacteria), and the changes in optical density at 560 nm 
of the media was monitored at 3 h intervals except for 
overnight. The growth rate (doubling time) of each 
isolate was calculated from the growth curve. 

COLONIZATION ASSAY 

The colonization assay was conducted as follows. Four 
hundred and fifty microlitres of saliva or serum was 
dispensed into each well of Multiwell tissue culture 
plates (NunclonR Delta, Nunc, Kamstrup, Denmark); 
a Chemotaxicell (pore size 3 urn; Kurabo, Osaka, 
Japan), into which 25 mg (24.96 ho.07 mg) of HAP 
beads were placed, was then inserted into the well. 
Subsequently, 150 ~1 of saliva or serum were dispensed 
into each well of Chemotaxicell and incubated for 1 h at 
37°C to allow formation of pellicle on the surface of 
HAP. Saliva or serum was substituted with an equal 
volume of sterile distilled water in the control wells. 
After incubation, 50 yl of yeast (1 x lo5 cells/ml) or 
bacterial suspension (3.65 x 10’ CFUlml) was inocu- 
lated into each well of Chemotaxicell and the whole 
assembly was incubated at 37°C for 2 h to promote 
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microbial adherence and colonization. Subsequently, 
0.8 ml of Sabouraud broth (for yeasts) or TSBY (for 
streptococci) was carefully dispensed into each well, and 
incubated for 0, 24, 48, 96 and 168 h at 37°C. After- 
wards each specimen was carefully removed, washed 
thoroughly by filtration through Watman No.41 filter- 
paper on three occasions with a total of 75 ml of 
distilled water to remove loosely adherent or uncolo- 
nized organisms. Then the HAP was immersed in 1 .O ml 
of the extraction reagent (benzalkonium)37 and allowed 
to react for 30 min in an ultrasonicator. The amount of 
ATP was quantified using a bioluminescence apparatus 
(ATPA-100, TOA Electronics Ltd, Tokyo, Japan)31. 
This apparatus used the firefly luciferase system to 
determine the concentration of cellular ATP and is 
based upon the measurement of light emission pro- 
duced during the oxidation of luciferin by molecular 
oxygen in the presence of ATP and magnesium ions. In 
this system, the light intensity is directly proportional to 
the concentration of ATP37. 

The assays were carried out on at least two indepen- 
dent occasions, with quadruplicated samples on each 
occasion. All the numerical data obtained were ana- 
lysed by analysis of variance (ANOVA) and Tukey’s 
multiple range test at 5 and 1% levels. 

RESULTS 

Growth rate of S. mufans and C. albicans 
isolates 

The growth curves of streptococcal and fungal isolates 
are shown in Fig. 1. 

The growth of each streptococcal and fungal isolate 
was plateaued within 24-33 h incubation and the 
growth rate of each isolate calculated from the growth 
curve was highest with S. mutans Ingbritt (doubling 
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Fig. 2. Relationship between cell numbers and ATP content of 
S. mutans NTCC 10449 and Ingbritt. 

time= 1.50 i. 0.17 h), decreased in the order of S. mutans 
NTCC10449 (doubling time=].71 &0.17 h), C. albicans 
GDH 18 (doubling time=].96 + 0.45 h), C. albicans 
GDH 19 (doubling time=2.13 f 0.47 h), and C. 
albicans GDH 16 showed the least (doubling 
time=2.55 i 0.10 h). 

RELATIONSHIP BETWEEN BACTERIAL 
AND YEAST CELL NUMBERS AND ATP 
CONTENT 

As shown in Fig. 2, the cell numbers of both strepto- 
coccal isolates correlated well with the ATP content 
(~0.987 for Ingbritt and ~0.887 for NTCC 10449; 
P<O.OOl; Student’s t-test). Similarly, highly significant 
correlations were obtained with all three isolates of 
C. albicans (GDH 16, r=0.988, P<O.OOl; GDH 18, 
r=0.996, P<O.OOl; GDH 19, u=O.991, P<O.OOl; data 
not shown). 

COLONIZATION ON HAP 

Colonization of HAP by S. mutans isolates reached a 
maximum after 48 h incubation then declined, irrespec- 

i 
8 

Fig. 3. Colonization of S. mufans and C. albicans on HAP beads. 

tive of the presence of saliva or serum. In contrast, the 
colonization of each isolate of C. albicans gradually 
increased and plateaued after 72 h incubation. Thus, in 
Fig. 3, two days colonization of S. mutans and three 
days colonization of C. albicans are shown. 

When the relative ATP content of the 48 h coloniza- 
tion of both isolates of S. mutans were compared, a 
saliva pellicle was significantly more effective in pro- 
moting bacterial colonization than either uncoated or 
serum pellicle (ANOVA; BO.01). In the case of S. 
mutans Ingbritt, saliva-coated beads exhibited more 
than IO-fold more extensive colonization than the con- 
trol (uncoated) and serum-coated beads. In the case of 
S. mutans NTCC 10449, the activity on the saliva- 
coated beads exceeded that of the controls or serum 
coated beads by a factor of 100. 

When the relative ATP content of the 72 h coloniza- 
tion of C albicans isolates were compared, a serum 
pellicle was significantly more effective in promoting the 
colonization of C. albicans GDH 18 and GDH 19, than 
both uncoated specimens and saliva pellicle (ANOVA; 
P<O.Ol). In the case of C. albicans GDH 18, the 
colonization on the serum-coated beads exhibited more 
than a 40-fold increase of cellular kinetics than the 
control, uncoated beads, and the activity on the saliva- 
coated beads exceeded that of the controls by a factor 
of 10. In the case of C. albicans GDH 19, the activity on 
serum-coated beads was four-fold higher than that of 
control and saliva-coated beads was two-fold higher 
than that of control. Similar trends were observed with 
C. albicans GDH 16, although significant differences 
were not observed (ANOVA; P>O.O5). 

When the ATP content of maximum microbial colo- 
nization was compared, the colonization of fungal 
isolates on both saliva- and serum-coated specimens 
was significantly higher than the colonization on saliva- 
coated HAP of either isolate of S. mutans (ANOVA; 
PcO.05). When the corresponding cell numbers of 
colonized microorganisms were calculated, S. mutans 
Ingbritt on saliva-coated HAP corresponded to ap- 
proximately 6.8 x IO’ cells/25 mg, and the cell numbers 
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of colonization of S. mutans NTCC 10449 on saliva- 
coated HAP was approximately 3.0 X lo8 cells/25 mg, 
while the cell number of colonized yeasts on saliva and 
serum-coated beads corresponded to 2.3 x lo5 and 
3.0 x lo5 cells (for GDH 16), 4.1 X lo5 and 1.5 X lo6 cells 
(for GDH 18): and 3.1 x lo5 and 7.0X lo5 cells (for 
GDH 19) per 25 mg HAP, respectively. 

DISCUSSION 

HAP beads coated with salivary components have been 
used previously to measure and to analyse the adher- 
ence of oral bacteria. However, there is only limited 
information available on the adherence of Candida to 
HAP, although various experimental approaches also 
have been made to examine the mechanisms of C. 
albicans adherence to solid surfaces, such as denture 
acryli?“. 

Even the earliest investigators of this topic, using 
visual quantification of adherent yeasts, reported the 
high affinity of C. albicans to denture acrylic and 
modulation of this attachment process due to saliva and 
serum pellicles”~38. Although the latter groups observed 
the initial suppression of C. albicans adherence on 
saliva-coated denture surfaces’, others have reported 
the opposite”. While these may reflect the modulation 
of candidal adhesion due to variables such as the 
quality of the saliva39, the yeast isolates and the growth 
media, it should also be noted that the phenomenon of 
adherence may represent only the first step in the 
colonization process4’ which, as time progresses, leads 
to a formation of a thin biofilm and then a multilayer, 
climax community of plaque. 

A deeper understanding of adherence and the subse- 
quent behaviour of Candida colonizations or biofilms 
requires first, the examination of sequential samples 
over a period of time and more importantly, a method 
for accurate quantification of yeast biofilm formation 
which may exhibit dimorphic growth patterns as well as 
coadhesion, aggregation and multilayer growth over a 
prolonged period of colonization26. The main impedi- 
ment for such research to date has been the lack of a 
relatively simple assay system to accurately quantify the 
cell growth. Recently, Hawser and Douglas reported 
fungal biofilm formation on catheter material by 
using dry weight, calorimetric (MTT) and radiometric 
assays4’. However, in preliminary studies, we found 
that the dry weight and MTT assay methods were less 
sensitive in detecting the early stage of yeast coloniza- 
tion. Furthermore, the results of MTT assay were 
affected by the salivary and serum proteins (data not 
shown). Hence we adopted another assay system, bio- 
luminescent ATP assay, which has been previously used 
to measure bacterial biofilm activity31,32. Farber and 
Wolff (1993) have conclusively shown that the result 
obtained by this ATP assay was consistent with that 
obtained by either conventional viable counts or radi- 

olabelling methods. Using this method we noted an 
excellent correlation between the yeast cells and the 
ATP content in either the test or the control samples, as 
the results of our previous studies4,42,43. This was not 
surprising as the assay was based on the fundamental 
principles of ATP analysis which states that the amount 
of cellular ATP correlates with the dry weight,. the 
volume and the number of viable cells37, irrespective of 
the morphological attributes of the yeast4. 

Experiments with a firmly adsorbed pellicle are 
widely used to analyse the mechanisms of microbial 
adherence, but these may have some disadvantages to 
simulate only an incomplete and static picture of the 
oral environment, as microbial colonization and subse- 
quent biofilm formation is a complex phenomenon with 
interactions not only between the pellicle proteins and 
the organisms but also the constituents of the solid- 
liquid interface such as the enviromnental saliva/serum 
which may modify phenomena such as coaggregation, 
coadhesion and clearance. Hence, in the present study, 
we used the Chemotaxicell system to analyse the role 
of both free and firmly adsorbed pellicle proteins. As 
the described ATP quantification method allows 
such studies, the colonization assay was carried out 
under conditions in which both adsorbed and free, 
saliva/serum proteins existed. 

Particularly, the cervical regions of teeth surfaces or 
root surfaces are usually covered not only by saliva but 
also exudate or serum components derived from sub- 
gingival fluids. The latter have been reported to modify 
or enhance the fungal adherence or biofilm forma- 
tion4”‘, thus we examined the role of both saliva and 
serum proteins in the colonization of streptococci and 
fungi. 

The amount of colonization of S. mutans isolates 
reached maximum after 48 h incubation then declined, 
irrespective of the presence of saliva or serum. In 
contrast, the colonization of C. albicans isolates gradu- 
ally increased and plateaued after 72 h incubation. 
This phenomenon may be attributed to the differences 
in growth medium and the relative growth rate of 
organisms (Fig. 1). 

When the relative ATP content of the 48 h coloniza- 
tion of both isolates of S. mutans were compared, a 
saliva pellicle was significantly more effective in pro- 
moting bacterial colonization than either uncoated or 
serum pellicle (ANOVA; P<O.Ol), concurring with 
many previous reports. The fact that serum-coated 
beads suppressed the colonization of streptococci could 
partly be attributed to the suppression of bacterial 
growth (data not shown). 

When the relative colonization potential of C, al&- 
cans isolates were compared, a serum pellicle was 
significantly more effective in promoting the coloniza- 
tion of C. albicans GDH 18 and GDH 19, than both 
uncoated specimens and saliva pellicle (ANOVA; 
P<O.Ol). Similar trends were observed with C. al&cans 
GDH 16, though significant differences were not 
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observed. These findings resemble the results of pre- 
vious similar biofilm assays where acrylic substrates 
were used4 and recent observations of Cannon et al. 
(1995) who observed the enhanced adherence of 
C albicans to saliva-coated HAP as compared with 
uncoated HAP29. 

When the ATP content of colonized microorganisms 
were compared, all fungal isolates colonized both 
saliva- and serum-coated specimens to a significantly 
higher degree than either isolate of S’. mutans. Further- 
more, the finding that serum coats promoted the fungal 
colonization on HAP should be important in clinical 
terms, since this implies that periodontitis or denture 
stomatitis should facilitate the fungal colonization on 
tooth surfaces. Whether this contributes to caries or 
root caries is still unexplained, because there should be 
the antagonism against Candida by bacteria in the oral 
cavity. 

Our results, taken together suggest that C. albicans 
possesses the potential to colonize or form biofilms on 
HAP as much as S. mutans and the fact that serum 
potentiates the fungal colonization on HAP, implies 
that the mechanism involved in fungal colonization 
on HAP should be different from that of mutans 
streptococci. 

Acknowledgements 

This study is supported by Grant-in-Aid 08877293. 

References 

1. 

2. 

3. 

4. 

5. 

6. 

I. 

Budtz-Jorgensen, E., The significance of Candida albicans 
in denture stomatitis. Scandinavian Journal of Dental 
Research, 1974, 82, 151-190. 
Davenport, J. C., The oral distribution of Candida in 
denture stomatitis. British Dental Journal, 1970, 129, 
151-156. 
Rotrosen, D., Calderone, R. A. and Edwards, J. E. Jr., 
Adherence of Candida species to host tissues and plastic 
surfaces. Reviews in Infectious Disease, 1986, 8, 73-8.5. 
Nikawa, H., Nishimura, H., Yamamoto, T., Hamada, T. 
and Samaranayake, L. P., The role of salivary or serum 
pellicle in the colonization process of Candida albicans on 
denture acrylic in vitro. Microbial Ecology of Health and 
Disease, 1996, 9, 35-48. 
Critchley, I. A. and Douglas, L. J., Differential adhesion 
of pathogenic Candida species to epithelial cells and 
inert surfaces. FEMS Microbiological Letters, 1985, 28, 
199-203. 
Edgerton, M., Scannapieco, F. A., Reddy, M. S. and 
Levine, M. J., Human submandibular-sublingual saliva 
promotes adhesion of Candida albicans to polymethyl- 
methacrylate. Infection and Immunity, 1993, 61, 2644 
2652. 

McCourtie, J. and Douglas, L. J., Relationship between 
cell surface composition of Candida albicans and adher- 
ence to acrylic after growth on different carbon sources. 
Infection and Immunity, 1981, 32, 1234-1241. 

8. 

9 

10 

11. 

12. 

13. 

14 

15 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

Minagim, S., Miyake, Y., Inagaki, K., Tsuru, H. and 
Suginaka, H., Hydrophobic interaction in Candida albi- 
cans and Candida tropicalis adherence to various denture 
base resin materials. Infection and Immunity, 1985, 47, 
11-14. 
Samaranayake, L. P., McCourtie, J. and MacFarlane, 
T. W., Factors affecting the in-vitro adherence of Candida 
albicans to acrylic surfaces. Archives of Oral Biology, 
1980, 25, 611-615. 
Vasilas, A., Molina, L., Hoffman, M. and Haidaris, C. G., 
The influence of morphological variation on Candida 
albicans adhesion to denture acrylic in vitro. Archives of 
Oral Biology, 1992, 37, 613-622. 
Samaranayake, L. P. and MacFarlane, T. W., An in vitro 
study of the adherence of Candida albicans to acrylic 
surfaces. Archives of Oral Biology, 1980, 25, 603-609. 
Beighton, D., Ludford, R., Clark, D. T., Brailsford, S. R., 
Pankhurst, C. L., Tinsley, G. F., Fiske, J., Lewis, D., 
Daly, B., Khalifa, N., Marren, V. and Lynch, E., Use of 
CHROMagar Candida medium for isolation of yeasts 
from dental samples. Journal of Clinical Microbiology, 
1995, 33, 3025-3027. 
Reitz, P. V., Weiner, M. G. and Levin, B., An overdenture 
survey. Second report. Journal of Prosthetic Dentistry, 
1980, 43, 457462. 
Ettinger, R. L., Tooth loss in an overdenture population. 
Journal of Prosthetic Dentistry, 1988, 60, 459462. 
Budtz-Jorgensen, E., Effect of controlled oral hygine in 
overdenture wearers: a 3-year study. International Journal 
of Prosthodontology, 1991, 4, 226-23 1. 
Budtz-Jorgensen, E., Prognosis of overdenture abutments 
in the aged: effect of denture wearing habits. Community 
Dentistry and Oral Epidemiology, 1992, 20, 302-306. 
Budtz-Jorgensen, E., Effects of denture-wearing habits on 
periodontal health of abutment teeth in patients with 
overdentures. Journal of Clinical Periodontology, 1994,21, 
265-269. 
Phankosol, P., Ettinger, R. L., Hicks, M. J. and Wefel, 
J. S., Histopathology of the initial lesion of the root 
surface: an in vitro study. Journal of Dental Research, 
1985, 64, 804-809. 
Phankosol, P., Ettinger, R. L., Hicks, M. J. and Wefel, 
.I. S., Depth of penetration of in vitro root surface lesions. 
Journal of Dental Research, 1985, 64, 897-899. 
Feagin, F. F. and Graves, C. N., Evaluation of the effects 
of F in acidified geratin gel on root surface lesion devel- 
opment in vitro. Caries Research, 1988, 22, 145-149. 
Wefel, J. S., Heilman, J. R. and Jordan, T. H., Compari- 
sons of in vitro root caries models. Caries Research, 1995, 
29, 204-209. 
Olsen; I. and Haanaes, H. R., Experimental palatal can- 
didosis and saliva flow in monkeys. Scandinavian Journal 
of Dental Research, 1977, 85, 135-141. 
Zgraggen, U. and Graf, H., pH-Veranderungen unter 
oberkiefervollprothesen. Schweiz Monatsschr Zahnmed, 
1975, 85; 797-812. 
Samaranayake, L. P., Geddes, D. A. M., Weetman, D. A. 
and MacFarlane, T. W., Growth and acid production of 
Candida albicans in carbohydrate supplemented media. 
Microbios, 1983, 37, 105-115. 
Samaranayake, L. P., Hughes, A., Weetman, D. A. and 
MacFarlane, T. W., Growth and acid production 



Nikawa eta/,: Colonization of S. mutans and C. albicans on HAP 37 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

of Cundida species in human saliva supplemented with 
glucose. Journal of Oral Pathology, 1986, 15, 251-254. 
Nikawa, H., Hayashi, S., Nikawa, Y., Hamada, T. and 
Samaranayake, L. P., Interactions between denture lining 
materials, protein pellicles and Candida albicans. Archives 
of Oral Biology, 1993; 38, 631-634. 
Nikawa, H., Yamamoto, T., Hayashi, S., Nikawa, Y. and 
Hamada, T., Growth and/or acid production of Candida 
albicans on soft lining materials in vitro. Journal of Oral 
Rehabilitation, 1994, 21, 5855594. 
Clarkson, B. H., Krell, D., Wefel, J. S., Crall, J. and 
Feagin, F. F., In vitro caries-like lesions production by 
Streptococcus mutans and Actinomyces viscosus using 
sucrose and starch. Journal of Dental Research, 1987, 66, 
7955798. 
Cannon, R. D., Nand, A. K. and Jenkinson, H. F., 
Adherence of Candida albicans to human salivary compo- 
nents adsorbed to hydroxylapatite. Microbiology, 1995, 
141, 213-219. 
Kricka, L. J., Clinical and biochemical application of 
luciferases and luciferins. Analytical Biochemistry, 1988, 
175, 14-21. 
Berlutti, L. S., Passariello, C., Comodi-Ballanti, M. R. 
and Thaller, M. C., Proteolytic enzymes: a new treatment 
strategy for prosthetic infections?. Antimicrobal Agents 
and Chemotherapy, 1993, 37, 2618-2621. 
Farber, B. F. and Wolff, A. G., Salicylic acid prevents the 
adherence of bacteria and yeast to silastic catheters. 
Journal of Biomedical Materials Research, 1993, 27, 
5999602. 
Silverman, Jr, S., Migliorati, C. A., Epstein, J. B. and 
Samaranayake, L. P., Laboratory diagnosis of oral can- 
didosis. In Oral Candidosis, ed. L. P. Samaranayake and 
T. W. MacFarlane. Wright, London, 1990, pp. 213-237. 
Nikawa, H. and Hamada, T., Binding of salivary or 
serum proteins to Candida albicans in vitro. Archives of 
Oral Biology, 1990, 35, 571-573. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

Satou, N., Satou, J., Shintani, H. and Okuda, K., Adher- 
ence of streptococci to surface-modified glass. Journal of 
Gen Microbiology, 1988, 134, 129991305. 
Stinson, M. W., Levine, M. J., Cavese, J. M., Prakobphol, 
A., Murray, P. A., Tabak, L. A. and Reddy, M. S., 
Adherence of Streptococcus sanguis to salivary mucin 
bound to glass. Journal of Dental Research, 1982, 61, 
1390-1393. 
Siro, R. M., Romar, H. and Lovgren, T., Continuous flow 
method for extraction and bioluminescence assay of ATP 
in baker’s yeast. European Journal of Applied Micro- 
biology and Biotechnology, 1982, 15, 2588264. 
Samaranayake, L. P., Hughes, A. and MacFarlane, T. W.: 
The proteolytic potential of Candida albicans in human 
saliva supplemented with glucose. Jounal of Medical 
Microbiology, 1984, 17, 13-22. 
Umazume, M., Ueta, E. and Osaki, T., Reduced inhibi- 
tion of Candida albicans adhesion by saliva from patients 
recieving oral cancer therapy. Journal of Clinical Micro- 
biology, 1995, 33, 432439. 
Kennedy, M. J., Methods for studying the role of 
fungal attachment in colonization and pathogenesis, 
Mycopathologia, 1990, 109, 123-137. 
Hawser, S. P. and Douglas, L. J., Biofilm formation by 
Candida species on the surface of catheter materials in 
vitro. Infection and Immunity, 1994, 62, 915-921. 
Nikawa, H., Yamamoto, T., Hamada, T., Rahardjo, 
M. B. and Murata, H., Commercial denture cleansers - 
cleansing efficacy against Candida albicans biofilm and 
compatibility with soft denture lining materials, Inter- 
national Journal of Prosthodontology, 1995, 8, 434444. 
Nikawa, H., Yamamoto, T., Agrawal, S., Sadamori, S. 
and Hamada, T., Cleansing efficacy of commercial den- 
ture cleansers. Removal ability of denture cleansers on 
Candida albicans biofilm. International Journal of 
Prosthodontology, 1995, 8, 527-534. 


