
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Immunoassay and Immunochemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597271

Evaluation of Mouse Salivary IgA Directed Against Indigenous Oral
Bacteria
Harold Marcottea; Marc C. Lavoiea

a Groupe de Recherche en Écologie Buccale, Faculté de Médecine dentaire Université Laval, Québec,
Canada

To cite this Article Marcotte, Harold and Lavoie, Marc C.(1993) 'Evaluation of Mouse Salivary IgA Directed Against
Indigenous Oral Bacteria', Journal of Immunoassay and Immunochemistry, 14: 1, 63 — 81
To link to this Article: DOI: 10.1080/15321819308019841
URL: http://dx.doi.org/10.1080/15321819308019841

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597271
http://dx.doi.org/10.1080/15321819308019841
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURANL OF IMMUNOASSAY, 14(1&2), 63-81 (1993) 

EVALUATION OF MOUSE SALIVARY IGA 
DIRECTED AGAINST INDIGENOUS ORAL BACTERIA 

Harold Marcotte and Marc C. Lavoie 
Groupe de Recherche en Ecologie Buccale, Faculte de Medecine dentaire 

Universite Laval, Quebec, Canada G 1 K 7P4 

We are developing an ELISA to follow the evolution of specific salivary IgA 
directed against the indigenous oral bacteria of the BALBk mouse. To reduce the 
variability of the IgA levels detected between different mice, we standardized the 
method used for sampling saliva and the method used for bacterial cell fixation. 
Incubation of whole bacteria for one hour at 4°C in poly-L-lysine-treated plates followed 
by glutaraldehyde fixation increased ELISA reactivities by improving cell fixation. Our 
results also indicate that salivary IgA concentrations in BALBk mice peak at the age of 
three months and that biweekly carbachol-stimulated saliva sampling does not 
significantly affect the amount of salivary IgA detected. 

(KEY WORDS: ELISA, Bacterial fixation, Poly-L-lysine, Salivary IgA, IgA 
variability, Indigenous bacteria) 

ODUCTION 

Immunoglobulin A is the major species of immunoglobulin found in external 

secretions, particularly in saliva (1,2). In mice, total salivary IgA (s-IgA) concentrations 

and the reactivities of IgA specific to indigenous oral bacteria were found to vary greatly 
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64 MARCOTIE AND LAVOIE 

from one individual to another and between different samples from the Same individual 

(1). In humans, salivary flow (3), age (4), hormonal changes (5). genetic background 

(a), diet (7), stress (8) and oral infections (9) have been identified as sources of 

variability in the concentrations of s-IgA. In rodents, most of these factors can be 

controlled and salivary flow, sampling frequency and age are recognized as the major 

sources of variability in s-IgA concentrations (10,ll). The detection technique used can 

also introduce variability. Antibodies specific to bacterial antigens have been detected 

and quantified by different methods such as immunofluorescence (12), agglutination 

(13). radioimmunoassay (RIA) (14). and enzyme-linked-immunoasay (ELISA). The 

detection of specific antibodies by indirect ELISA can be carried out using whole 

bacteria, bacterial membrane extracts and purified antigens (15). The use of whole 

bacterial cells avoids lengthy antigen purification procedures and probably more closely 

duplicates the antigen-antibody interactions which occur in Yiya The adsorption of 

whole bacteria to ELISA plates is, however, unstable and different strategies have been 

used to increase bacterial fixation (1,14-19). 

In this work, we show that a technique usually used to fix human cells (20), and 

not often used for bacterial cell fixation (17,18), was more effective in fixing 

indigenous oral bacterial cells from the BALB/c mouse than a previously reported 

technique (1). Results also indicate that s-IgA concentrations peak at the age of three 

months in BALB/c mice and that biweekly carbachol-stimulated saliva sampling does 

not sisnificantly affect the amount of s-IgA detected. 

Mu2 

BALB/c male mice, from Charles River Canada Inc. (St-Constant, Quebec, 

Canada), were housed individually in plastic cages on wood chip bedding, fed a 
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MOUSE SALIVARY IgA 65 

standard diet (Charles River Rat Chow RMH 4020. St-Constant, Quebec, Canada) and 

tap water aQ libitum. All the experiments started one week after the mice arrived at the 

Universite Lava1 animal care unit. All animals were cared for in accordance with 

institutional guidelines. 

The standard strains (Lactobaclllus * murinus 2D2.05. Enterococc~ faecalis 
M2.01, W & , l o c o c c ~ ~  allreu~ S0.6, Staphvlococcu- . ' 2S3.03, 

V s & . i  S3.11, S f a P b v l o c o c c u ~ ~  M1.O1, ProteUmirabilis 

2L3.22, Escherlchla * . a 2D4.05, E.a&robacwcloacae 2D1.18, Clostrldtum 

bifermentans 2D1.04, Bacillus sp. L2.09). representing the major species previously 

isolated from the oral cavity of the BALB/c m o w  (21). were grown overnight from 

frozen or freeze dried stock cultures in Trypticase Soy Broth (BBL, Becton-Dickinson 

and Co., Cockeysville, MD, USA) enriched with 0.3% yeast extract (BBL), at 37OC 

under anaerobic conditions (80% N2: 10% H2: 10% C02, Coy Glove Box, Coy 

Manufacturing Co. Ltd., Ann Arbor, MI, USA). The bacterial cells were harvested by 

centrifugation (5000 x g, 15 min) and washed twice in sterile phosphate buffered saline 

(PBS-phosphate buffer 100 mM, pH 7.2,128 mM NaCl). The bacterial cells were then 

resuspended in PBS and this suspension was used for testing the three fixation 

methods. As they form aggregates, the suspensions of L. a, E. faecalis. S. 

-, & w. and S. warneri were dispersed by ultrasonication before being 

used (10 seconds, 1/8 inch special microtip ,50% duty cycle, output 5, Sonifier@ cell 

disruptor. Model W350, Heat Systems-Ultrasonics Inc., Plainview, NY, USA). 

. .  

. .  

Bacterial suspensions were adjusted to an O.D. 660 nm of 0.5 (SpectroNc@ 20 

spectrophotometer, Bausch and Lomb Inc., Rochester, NY, USA) and the cell 
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66 MARCOTI'E AND LAVOIE 

concentration was evaluated using a Petroff-Hausser counting chamber (C.A. Hausser 

and Son, Philadelphia, PA, USA), Different dilutions of the standardized cell 

suspensions of each bacterial species were deposited in duplicate in round bottom wells 

of polystyrene Immulon 11 ELISA plates (Dynatech Laboratoires Inc., Chantilly, VA, 

USA ) 

In (l), the bacteria were resuspended in carbonate buffer (pH 9.6) 

and 50 pl of the bacterial suspension was added to the wells. The plates were dried 

overnight at 37°C. To fix the bacterial cells, a solution of 0.5% (v/v) glutaraldehyde 

(Sigma) in cold PBS was added to the wells (50 @/well). The plates were incubated for 

15 minutes at room temperature (22). 

&%hod B was modified from Carroll et al. (20). The Immulon plates were 

pretreated with a solution of poly-L-lysine (MW 70 000-150 000, Sigma) (0.01% (v/v) 

in PBS) for 90 minutes at 37°C. After three PBS washes, the bacterial suspensions 

were added (50 Wwell) and incubated for 1 hour at 4°C. The cells were then fixed with 

0.5% glutaraldehyde (50 @/well) for 15 minutes at room temperature and the plates 

were washed with PBS. 

In method C, the bacterial cells were resuspended in PBS and 50 Wwell was 

added to plates pretreated with poly-L-lysine (as in Method B) and dried overnight at 

37°C. The bacteria were then fmed with glutaraldehyde. 

In all three methods, the glutaraldehyde residue was blocked with 100 mM 

glycine buffer containing 0.1% bovine serum albumin (BSA, Sigma Chemical Co., St. 

Louis, MO, USA) (150 @/well) for 30 minutes at 25°C (22). The plates were then 

stored at -20°C until used. 

ILImwmd 
Rabbit antisera against each bacterial species obtained as previously described 

(23) were used to evaluate the three methods of cell fixation as too much mouse saliva 
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MOUSE SALIVARY IgA 67 

would have been needed to determine optimal experimental conditions. A dilution of the 

specific antisera that gave a satisfactory reading (that did not exceed an O.D. 414 of 

2.0 on the EIA reader) in preliminary experiments was used. The dilution to be used 

varied from 1:5000 to 1:8oooO depending of the mtisemm. 

The Immulon plates to which the bacteria were fixed rn brought to room 

temperature, washed three times with 10 mM PBS containing 0.05% Tween 20@ (ICN 

Biomedicals Ltd) and blocked with a solution of 2.5% (v/v) BSA in PBS-Tween 20@ 

(200 Wwell). After three rinses with PBS-Tween 20@, the appropriate dilutions of the 

specific antiserum were added (50 Wwell) to the corresponding plates which were then 

incubated for 1 hour at 37OC. After three washes with PBS-Tween@, peroxidase- 

labelled goat anti-rabbit I@ serum (1:3OOO) (Bio-Rad Laboratories, Mississauga, 

Ontario. Canada) was added to the wells and the plates were incubated for 1 hour at 

37OC. After two washes with PBS-Tween 20@ and one wash with PBS, 100 pL of 

2,2'-azino-di-3-ethylbenzthiazoline sulfanate (ABTS) substrate (Kirkegaard and Peny 

Laboratories, Gaithersburg, MD, USA) was added and the plates were incubated for 30 

minutes in the dark at 37% The reaction was blocked with a 2% (vhr) sodium dodecyl 

sulfate (SDS, Sigma) solution (50 Wwell). The optical densities were read at 414 nm 

(EM Reader model 2550, Bio-Rad Laboratories). Negative conmls included wells 

without bacteria and wells without added antisera. 

B f o r m  

Lactobacillusmurinus 2D2.05 cells were fmed to the plates as described in 

method B. A pool of carbachol (Lentol@, MTC Pharmaceutical, Cambridge, Ont., 

Canada)-stimulated saliva. obtained as previously described (1). fmm 30 BALB/c male 

mice (6-8 weeks old) was added to 14 wells. The serum from a mouse subcutaneously 

immunized with L. mwians was also used (1: 1000- 1 : 10000) in duplicate to test 

variations using three separately prepared plates. The reactions were visualized either 
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68 MARCOTTE AND LAVOIE 

with peroxidase-labelled goat anti-mouse IgA serum (1:2000) or with a peroxidase- 

labelled goat anti-mouse IgG serum (1:6000) (Kirkegaard and Perry Laboratories). 

Carbachol-stimulated saliva samples were obtained from three groups of six 

BALB/c male mice aged 2,3 and 4 months. Two months later, the same mice were 

resampled. 

Carbachol-stimulated saliva was obtained from four groups of five BALB/c 

male mice (6-8 weeks old) sampled every 1 (group I), 2 (group II), 4 (group 111) and 6 

weeks (group IV) respectively. 

Total s-IgA concentrations were determined by ELISA. The wells of the 

Immulon 11 plates (96 round bottom wells) were coated with goat anti-mouse IgA 

(Kirkegaard and Perry Laboratories) diluted (1:2000) in carbonate buffer pH 9.6. The 

saliva samples were tested at dilutions of 1:lO and 1:lOO and the reactions were 

visualized using peroxidase-labelled goat anti-mouse IgA (1:8000) after the addition of 

the substrate as described above. Standard IgA curves were determined simultaneously 

using a reference mouse serum (lot 0022, ICN). 

statistics 
The Mann-Whitney test was used to compare s-IgA concentrations and volumes 

of saliva sampled. The correlation between saliva volumes and s-IgA concentrations 

was determined by the Spearman rank test. The level of significance was fiied at P < 

0.05. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
2
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



MOUSE SALIVARY IgA 69 

The number of bacteria quired to obtain maximal reactivities varied according 

to the bacterial species and the method used (Table 1). For most of the eleven species 

fured using method C, fewer bacterial cells had to be added to achieve an optimal 

reaction and more had to be added for method B. Method A gave lower peaks of 

reactivitiy than methods B and C except for Bacillus sp. and S. &. Method C gave 

higher maximal reactivities for all species except k- S, and S, s d u i  

(the predominant species encountered in the oral cavity of mice) which were better fued 

by method B. Comparisons of the methods in relation to the number of bacteria added 

are presented in Figures la and lb for L. murinus and E m. Similar results were 

obtained with the other bacterial species. Methods A and C, in which the wells were 

allowed to dry, resulted in the fornation of cell deposits. We adopted fixation method B 

to further improve our ELISA technique. 

As good fixation of L- was obtained with method B, we fust 

deternined if specific s-IgA against this predominanf species (60% ofthe tdal cultivable 

flora) of the oral cavity of the BALB/c mouse could be detected before proceedhg with 

the standardization of our method. SpecifK: s-IgA and serum IgG were detected (Table 

2) and low variability coefficients were obtained in the nxctivities. "le controls without 

bacteria gave no reading and the optical densities of controls without saliva or s e ~ m  

gave 0.08 for the peroxidase-labelled goat anti-mouse IgA and 0.045 for the 

pemxidase-labelled goat anii-mouse I@. 
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MOUSE SALIVARY IgA 73 

The volumes of carbachol-stimulated saliva were similar (P > 0.05) for mice 

from different age groups. The mean volume obtained per mouse was 48 f 5 p1. The s- 

IgA concentrations generally increased with age but reached a peak at the age of three 

months as noted by the only statistically significant difference (P c 0.05) observed 

between the two-month-old group and the other groups (Figure 2). The median of s- 

IgA concentration calculated from the three- to six-month-old groups was 3.55 clglml 

(range, 1.52-20.52 pg/ml) and the average concentration was 7.18 f 6.46 pg/ml. No 

significant correlation (P > 0.05) between salivary volumes and s-IgA concentration 

was observed. 

Salivary IgA concentrations generally increased with time (Figure 3). The 

increase was more significant for groups III and IV. For the samples taken at week 12, 

s-IgA concentrations were significantly (P c 0.05) higher for groups III and IV as 

compared to groups I and II. 

Salivary volumes generally decreased after multiple stimulations (Figure 3). 

even for groups III and IV. The decrease was greater in group I in which some mice 

were not stimulated at all at the third sampling (week 2). Significant differences were 

observed only at week 6 between groups II and IV and at week 12 between groups I 

and II. A significant negative correlation (P < 0.05) was observed at week 12 between 

s-IgA concentrations and salivary volumes for the four groups. 

No significant differences in the total s-IgA (s-IgA concentration x volume 

sampled) were observed between groups 11, III and IV. However, for group I, total s- 

IgA levels fluctuated between samples, and occasionally (weeks 8 and 121, were 

significantly (P < 0.05) lower than for samples obtained from the other groups. 
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FIGURE 3: Influence of the sampling frequency on salivary IgA concentrations. 
For corresponding weeks, (b) significantly higher than (a). 
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DISCUSSION 

MARCOTTE AND LAVOIE 

It has already been shown that poly-llysine is very effective in promoting the 

binding of human cells to ELISA plates (20), but, to our knowledge, poly-llysine has 

been rarely used to fix bacterial cells (17,18). Although Verschoor et al. (18) found no 

advantage in using poly-L-lysine as an undercoat for the absorption of whole cells of 

mycobacteria, probably due to the unique cell wall of these bacteria (24), our results 

demonstrate the effectiveness of this technique for fixing cells from various bacterial 

species. This method gave highly reproducible results for evaluating the reactivities of 

m o w  s-IgA and serum IgG specific to an indigenous bacteria (L murinus) of the oral 

cavity of BALBk mice. The coefficients of variation inter-assay and intra-assay were 

lower than 12%. which is comparable with other published results (15,161. 

Poly-llysine is a cationic polymer used to coat solid surfaces and enhance the 

adherence of negatively charged molecules (25). As bacterial cells have negatively 

charged surfaces, they bind to the poly-L-lysine. The amount of bacteria to obtain 

maximal reactivities varied according to the bacterial species indicating different degrees 

of cell binding. This may be due to the different surface charges, different cell wall 

structures and appendages (26) and different cell volumes. 

It has been observed that, in carbonate buffer (method A), hydrophobic 

interactions between bacterial cells and polystyrene are unstable (15). By increasing the 

number of interactions between the bacterial cells and the polystyrene, the poly-llysine 

probably stabilized the attachment process and increased cell fvation which resulted in 

the detection of higher specific reactivities. Drying bacterial suspensions overnight in 

the precoated well (method C) results in a higher level of cell fmation for most of the 

bacterial species tested than a l-hour incubation at 4OC (method B). However, 

undesirable deposits were formed (method C) which could affect the detection of 
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specific s-IgA. We adopted method B because it gave higher reactivities with the 

predominant bacterial speeies of the oral cavity of mice (L. murinuS. S. auw& and S. 

W, no deposit is formeU in the bottom of the web and it takes only one hour to f i i  

the bacteria. Although bacterial cell fixation to Immukm plates was improved with 

method B, the sensitivity of the method cannot be determined using one dilution of 

antisera. Furthermore, optimal conditions for use with antisera m not necessarily the 

same as would be required when using saliva. The technique will have thus to be 

further improved for use with saliva by testing Mefent types of plates, peroxidase 

substrates and tbe number of bacteria added. 

Glutaraldehyde fixes bacterial cells by interacting with the amino groups on the 

cell surface (27). This polyaldehyde can sometimes fix nonspecifically to serum 

components or to the conjugate used in the ELISA (20). In our experiments, no such 

w m c  mactim were observed, confirming previous observations (1,19). 

The average total s-IgA concentration detected in BALBk mouse saliva in the 

present work (7.2 f 6.5 pg/ml) was generally lower than the previously reported 

concentration (24.3 f 12.5 pg/ml) (1) for similar salivation ratm but agrees with recent 

results reported by Russell and Wu (28) (7.26 f 4.27 pg/ml). A modification in the 

proportions of the indigenous oral bacterial flora of the BALB/c mice from Charles 

River could, in part, explain this discrepency. As compared to previous results (21), we 

recently observed that tfie oral cavity of this mouse strain was predominently (usually 

more than 60% of the total cultivable flora) colonized by LixWmbi * m ( 2 9 ) .  It 

has been reported that the development of the mucosal immune system is dependent on 

the indigenous bacterial flora (30). The immunogenicity of bacterial species varies 

considerably and a modification of the oral or intestinal microflora could result in a 

change in s-IgA concenaations. 

As has been reported previously (1). the concentration of s-IgA varies 

considerably from mouse to mouse. In humans, this variability can be attributed to 
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many different factors (3-9). In the present study, most of these variables could be 

controlled as mice with the same characteristics (genetic background, age, sex, specific 

pathogen free, diet), housed and sampled under controlled conditions, were used. 

Different rates of salivary flow could contribute to the variability observed between 

individual mice. We also observed that under apparently the same conditions, the 

indigenous oral bacterial flora could vary considerably from mouse to mouse (21) and, 

for the reasons mentioned above, could affect salivary IgA concentrations. 

Levels of s-IgA in BALB/c mice peaked at 3 months of age (Fig. 2). These 

results are similar to those obtained by Van der Heijden et al. (31) who reported that the 

increase in intestinal secretory IgA paralleled an increase in intestinal antibody- 

producing cells which could be explained by a greater stimulation of the Peyer's patches 

by intestinal bacteria. A similar increase in s-IgA (Fig. 3) was observed during the 

evaluation of sampling frequency on the variability of s-IgA concentrations and could be 

attributed to the age of the mice, as it was observed whether they were sampled every 2, 

4 or 6 weeks. As previously reported (1). carbachol stimulation every two weeks does 

not seem to significantly influence saliva volumes or total s-IgA concentrations (Fig. 3). 

More frequent sampling did, however, reduce saliva volumes and the amount of s-IgA 

fluctuated from week to week. With less fkequent sampling, the amount of s-IgA tended 

to increase steadily (Fig. 3). Contrary to the cholinergic and adrenergic actions of 

pilocarpin which, after multiple injections, result in an increase in salivary volume, thus 

reducing the s-IgA concentrations (10). cholinergic stimulation alone, with carbachol, 

can reduce salivary gland secretions. Our results could also be explained by an 

increased tolerance by the mice, which after multiple injections, no longer react to 

carbachol stimulation. 

The present results indicate that adherence of bacterial cells to poly-l-lysine- 

treated ELISA plates and fixation with glutaddehyde constitute an adequate method for 

f i g  indigenous bacterial species from BALB/c mice for the quantification of specific 
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s-IgA. Optimal s-IgA concentrations are obtained by sampling no more frequently than 

every two weeks and by beginning the sampling period at the age of 3 months. 

This work was support by the medical research Council of Canada (MT-11047). The 

authors thank Gene Bourgeau for editorial assistance and Nicole Robichaud for 

secretarial assistance. 

REFERENCES 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

Deslauriers. N., Oudghiri, M., Sguin, J. and Trudel L. The oral immune system: 
dynamics of salivary immunoglobulin production in the inbred mouse. Immunol. 
Invest. 1986; 15: 339-49 

Tomasi, T.B. and Ziegelbaum, S.D. The selective occurrenq? of yl-globulins in 
certain body fluids. J. Clin. Invest. 1963; 2 1552-60 

Brandtzaeg, P. Human secretory immunoglobulins-VII. Concentrations of parotid 
IgA and other secretory proteins in relation to the rate of flow and duration of 
sec~tory stimulus. Arch. Oral Biol. 1971; 16: 1295-1310 

Ben-Aryeh, H., Fisher, M., Szar el, R. and Laufer, D. Composition of whole 
unstimulated saliva of heaIthy c hlf ' dren: changes with age. Arch. Oral Biol. 1990; 
35: 929-31 

WidersMm, L. and Bratthall, D. Increased IgA levels in saliva during pregnancy. 
Scand. J. Dent. Res. 1984; 92: 33-37 

Grundbacher, FJ. Variation in levels of immunoglobulins A, G, and E in human 
saliva. Arch. Oral Biol. 1988; 33: 121-6 

McMurray, D.N., Humberto, R., Casazza, L.J. and Watson, R.R. Effect of 
moderate malnutrition on concentrations of immunoglobulins and enzymes in tears 
and saliva of young Colombian children. Am. J. Clin. Nu&. 1977; 3 0  1944-8 

Jemmott, J.B., Boryensko, J.Z., Boryensko, M., McClelland, C., Chapman, R. 
and Meyer, D. Academic stress, power motivation, and decrease in secretion rate 
of salivary secretory immunoglobulin A. Lancet 1983; 25: 1400-2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
2
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



80 MARCOTTE AND LAVOIE 

9. Challacombe, S.J. Serum and salivary antibodies to S $ ~ ~ U ~ o c c ~ ~ m u t a n s  in 
relation to the development and treatment of human dental caries. Arch. Oral Biol. 

10. Smith, D.J., Taubman, M.A., Ebersole, J.L. and King, W. Relationship between 
frequency of pilocarpine administration and salivary IgA level. J. Dent. Res. 

1980; 25: 495-502 

1982; 61: 1451-3 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

Smith, D.J., Ebersole, J.L. and Taubman, M.A. Local and systemic immune 
response in aged hamsters. Immunology 1983; 50 407-13 

Lehner, T., Challacombe, S.J., Wilton, J.M.A. and Caldwell, J. Cellular and 
humoral immune response in vaccination against dental caries. Nature 1976; 264: 

Challacombe, S.J. and Lehner, T. Salivary antibody response in rhesus monkeys 
immunized with & g i t o c o c c u ~  by the oral, submucosal or subcutaneous 
routes. Arch. Oral Biol. 1980; 2 4  917-25 

Czerkinsky, C., Rees, AS., Bergmeier, L.A. and Challacombe, S.J. The 
detection and specificity of class specific antibodies to whole bacterial cells using a 
solid phase radioimmunoassay. Clin. Exp. Immunol. 1983; 53: 192-200 

Challacombe, S.J. Application of ELISA to microbiology. In: ELISA and other 
solid phase immunoassays: theorical and practical aspects, D.M. Kemeny, D.M 
and S.J. Challacombe (eds), Chichester: John Wiley & Sons, 1988: 319-43 

Barka, N., Tomasi, J.-P. and Stadtsbaeder, S. Use of whole - Q  
cells as a solid phase sorbent for C-reactive protein measurement by 

ELISA. J. Immunol. Methods 1985; 82: 57-63. 

Ison, C.A., Hadfield, S.G. and Glynn, A.A. Enzyme-linked immunosorbent 
assay (ELISA) to detect antibodies in gonorrhoea using whole cells. J. Clin. 
Pathol. 1981; 34: 1040-3 

Verschoor, J.A., Meiring, M.J., van Wyngaardt, S. and Weyer, K. Polystyrene, 
poly-L-lysine and nylon as adsorptive surfaces for the binding of whole cells of 

tuberculosis H37 RV to ELISA plates. J. Immunoassay 1990; 11: 

Brett, M.M., Ghoneim, A.T.M., Littlewood, J.M. and Losowsky, M.S. 
Development of an enzyme linked immunosorbent assay (ELISA) to detect 
antibodies to PseudomQnas aeruginosa cell surface antigens in sera of patients 
with cystic fibrosis. J. Chn. Pathol. 1986; 39: 1124-9 

Carroll, K., Lannon, B. and OKennedy, R Optimal fixation of cells for use in 
solid-phase ELISA. J. Immunol. Methods 1990; 129: 71-6 

Trudel, L., St-Amand, L., Bareil, M., Cardinal, P. and Lavoie, M.C. 
Bacteriology of the oral cavity of the BALBk mice. Can. J. Microbiol. 1986; 32: 

69-72 

413-28 

673-8 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
2
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



MOUSE SALIVARY IgA 81 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Ebersole, J.L., Frey, D.E., Taubman, M.A., Smith, D.J., Socransky, S.S. and 
Tanner, A.C.R. Serological identification of oral - spp. by enzyme- 
linked immunosorbent assay. J. Clin. Microbiol. 1984; 19: 639-44 

Rodrigue, L., Marion, D., Trudel, L., Barthe, C. and Lavoie, M.C. Comparison 
of methods for the evaluation of the oral microbiota of mice. J. Microbiol. 
Methods 1989; 10: 71-82 

Kubica, G.P. and Wayne, L.G. (1984) The mycobacteria. A sourcebook. New 
York: Marcel Dekker, 1984: 301-415 

Mazia, D., Schatten G. and Sale, W. Adhesion of cells to surfaces coated with 
polylysine. J. Cell Biol. 1975; 66: 198-200 

Cowan, M.M., van der Mei, H.C., Rouxhet, P.G. and Busscher, H.J. 
Physicochemical and structural investigation of the surfaces of some anaerobic 
subgingival bacteria. Appl. Environ. Microbiol. 1992; 58: 1326-34 

Peters, K. and Richards, F.M. Chemical cross-linking reagents and problems in 
studies of membrane structure. Anal. Biochem. 1978; 46: 523-51 

Russell, M.W. and Wu, H.-Y. Distribution, persistence, and recall of serum and 
salivary antibody responses to peroral immunization with protein antigen I/II of 
b o t o c o c c u S  mutanS coupled to the cholera toxin B subunit. Infect. Immun. 

Rodrigue, L., Barras, M.J., Marcotte, H. and Lavoie, M.C. Bacterial 
colonization of the oral cavity of BALBk mice. Submitted to Microbial Ecol. 

Van der Heijden, P.J., Bianchi, A.T.J., Heidt, P.J., Stock, W. and Bokhout, 
B.A. Background (spontaneous) immunoglobulin production in the murine small 
intestine before and after weaning. Reprod. Immunol. 1989; 15: 217-27 

Van der Heijden, P.J., Bianchi, A.T.J., Stock, W. and Bokhout, B.A. (1988) 
Background (spontaneous) immunoglobulin production in the murine small 
intestine as a function of age. Immunology 1988; 65: 243-8 

1991; 59: 4061-70 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
2
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


