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I. INTRODUCTION 

A. Statement of Problem: 

It is well recognized that host and environmental factors play an important role 

in regulating the gingival microbiota although these factors have yet to be defined 

(Wolff et al., 1994). Most work to date, that has studied the relationship between the 

host and the invading bacteria, has focused on the specific immune system (Newman 

1992, Fleming 1990, Haffajee et al., 1984) whereas little attention has been paid to 

non-specific immunity and other potential influencing factors such as bacterial 

nutrition. Iron is an essential nutrient for the growth and metabolism. of almost all 

prokmyotic organisms, as well as for the initiation and progression qf many infectious 

diseases (Bullen, 1981). The ability of the Rathogenic organism to procure iron at the 

specific site of infection may be considered pre-requisite to bacterial virulence 

(Koskelo and Muller-Eberhard, 1977) . The host is able to defend itself against 

bacterial iron appropriatio~ by the synthesis of iron-sequestering proteins including 

transferrin, lactoferrin, albumin, haptoglobin and hemopexin, limiting the availability 

of free iron or its compounds (Muller-Eberhard and Morgan, 1975). On the other 
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hand, the ·growth of the opportunistic bacterium is dependent.upon· its ability to 

compete efficiently with the host iron-sequestering proteins (Martinez et al., 1990). 

In th~ complex subgingival environment, the ability of_the gingival bacteria to survive 

depends, amongst ·other factors, on their ability to obtain iron in an iron-restricted 

environment (Martinez et al., 1990). The relationship between the iron-sequestering 
' 

proteins and the gingival ba~teria is not well known~ A recent study suggests that 

plasma levels of h~mopexin anq haptoglobin are elevated in gingivitis and 

periodontitis patients compared to the accepted "normal" ranges of these proteins 

(Tompkins and Oppenheimer, 1995). The study did not report a significant difference 

in heme-sequestering proteins levels between the· gingivitis group and the 

periodontitis group. However, since the study had a different objective, it involved 

only-a small number of subjects (five) in each group. 

The role and influence of the heme-sequestering-proteins on the pathogenesis 

. of the sub-gingival bacteria needs further investigation. A larger group of patients is 

needed to determine the possible interaction between the periodontal bacteria and the 

plasma proteins. 

B. Review of Related Literature: 

The black-pigmented bacteroides (BPB) are anaerobic, gram-negative, non

motile, rod-shaped bacteria that are commonly isolated from severe infections of the 
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respiratory tract, intestinal tract, and female genital tract (Finegold, 1977). The 

periodontal BPB species Prevotella intermedia and Porphyromonas gingivalis have 

been implicated in the pathogenesis of adult periodontitis, rapidly progressive 

periodontitis and other gingival inflammatory conditions (Dzink et al., 1985, Slots · 

1977, Speigel et al., 1979, Tanner et al., 1979, White & Mayrand 1981, Zam.hon et 

al., 1981 ). Elevated levels of P. gingivalis and P. intermedia may be useful indicators 

of active periodontitis and increased risk of attachment loss (Bragd et al., 1987, Peros 

et al., 1988). The odds ratios of finclirtg high levels of these bacterial pathogens at 

greater than 5 mm probing depth are3.9 for P. gingivalis and 4.0 for P. intermedia 

(Wolff et al., 1993). Both species possess an .age-related distribution and they tend 

to be encountered more frequently with increasing age· (Papapanou et al., 1993). 

Although these organisms are more likely found at sites with greater attachment loss, 

greater probing depth or greater bone loss, they are also found at sites with little or 

no evidence of disease (Dahlen et al., 1992). The obsetVation that these pathogenic 

bacteria may inhabit the subgingival environment but not cause advanced disease and 

attachment loss, suggests that a susceptible host is required for progression of disease 

(Wolff, 1994). 

In culture, heme or related compounds are required for the growth of both BPB 

species (Gibbons and MacDonald, 1960). BPB form black or brown pigments on 

blood-containing agar as a result ofprotoheme accumulation (Shah et al., 1979). The 

BPB are traditionally categorized according to their abilities to ferment carbohydrates. 
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P. gingivalis, Bacteroides asaccharolyticus, and Bacteroides endodontalis are non-

saccharolytic whereas P. intermedia is saccharolytic (Van Winkelhoff et al., 1988). 

The term "acute phase response" {APR) includes a number of complex 

neurological, endocrine, and metabolic changes observed both locally and 

systemically in an organism a short time after the onset of inflammatory processes 

triggered by either injmy or infection (Dinarello, 1984). Each form of injury or tissue 

disorder that precipitates an inflammatory response, including bacterial infection, 

smgical or other trauma, bum injury, tissue infarction, a number of immunologically 

mediated or crystal-induced inflammatoiy states, neoplasm, and even severe exertion 

also cause an acute phase reaction characterized by an increase in the numbers of 

peripheral leukocytes, in particular an increase in the numbers of circulating 

neutrophils and their precursors (Kushner, 1988). At the same time, cellular and 

biochemical alterations are observed, especially the coordinated synthesis and release 

of acute phase proteins by the liver (Andus et al., 1991). The study of acute phase 

response in experimental animals has often been carried out following inflammation 

induced by infection, trauma, burns or transplantable neoplasms (Kushner, 1988). 

The production of aseptic inflammation by injection of turpentine or some other 

locally inflammatoiy substances such as bacterial lipopolysaccharide is a simpler and 

more commonly employed experimental approach (Maxim and Mengoli, 1981). 

Acute phase proteins (APP) is the collective name given to a group-of approximately 

thirty biochemically and functionally unrelated proteins (Koj, 1985). C-reactive 
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protein (CRP), complement components (C3, C4 and C9), a I-anti.trypsin, fibrinogen 

and serum amyloid A (SAA) are some of the more intensively studied human APP 

(Steel and.Whitehead, 1994). The levels of APP in the serum are either increased 

( e.g. CRP) or reduced ( e.g. albumin) approximately _90 minutes after the onset of an 

inflammatory reaction (Liao et al., 1986). Each hepatocyte possesses the capacity to 

produce the entire spectrum of these proteins (De Simone et al., 1988). APP regulate 

immune responses, and act as transport proteins for products generated during the 

inflammatory process (heme and hemoglobin-binding proteins [ see below]) 

(Bowman, 1988). For example, CRP alone, ligand-complexed CRP, and CRP 

fragments have been reported to show a variety of effector functions, including 

complement activation, binding to phagocytic cells, opsonization, and effects on 

platelets and platelet-activating factor (Kushner, 1988). APP also play an active role 

in tissue repair and remodeling (Bowman, 1988). For example, fibrinogen, the central 

protein involved in blood coagulation and a crucial component in wound healing 

process, is considered one of the positive AP.P, since its circulating levels increase 3-

to -4 fold during the first 24 hours of the acute inflammatory reaction (Fuller et al., 

1988). Some APP possess anti.proteolytic activity (e.g. a1-antitrypsin) and 

presumably block the migration of cells into the lumen of blood vessels thus helping 

to prevent the establishment of a generalized systemic inflammation. A failure to 

control these processes, i.e., an uncontrolled APR, may eventually produce severe 

pathological consequences such as septic shock (Dofferhoff et al., 1992). _ 
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The initiation of APR is thought to be caused by the production and release of 

cytokines such as tumor necrosis factor (TNF a), interferons (IFN) and interleukins 

(11). Some of these mediators (TNFa and Il-lP) are simultaneously pro~uced by 

activated mononuclear cells such as monocytes and macrophages (Oldenburg et al., 

1993). However, the orchestrated synthesis of all cytokines i~ not fully und~rstood 

and is not unvatying since the intensity of the APR differs with the invading pathogen 

or toxin given (Richards et al., 1991; Oldenburg et al., 1993). 

The elevated serum concentrations of certain acute phase proteins are of 

diagnostic relevance.and aiso of prognostic value. For example, their measurement 

allows inflammatoiy processes to be distinguished from functional disturbances with 
. . ~. 

similar or identical clinical pictures. Under normal circumstances an acute phase 

response is not observed with functional disturbanc_es that are not the result of an 

inflammatoiy process, thereby allowing the differentiation between failure of function 

and organic disease (Thompson et al., 1992). On the other hand, some persisting 

inflammatoiy conditions ( e.g. rheumatoid arthritis) are accompanied by a semantically 

paradoxical, chronic APR (Kushner, 1988). Some of the chronic disorders where 

APP are observed are rheumatoid arthritis and chronic infections while malignant 

. diseases are almost invariably associated with APR and therefore the determination 

of APP levels cannot be used for differential diagnoses in these instances (Desai et 

al., 1990). There are many diseases in which the rise in the synthesis of acute phase 

proteins parallels the degree and progression -of ·the inflammatory processes 
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(Thompson et al., 1992). 

The hemoglobin-binding protein haptoglobin is a heterotetrameric glycoprotein 

and is present in the plasma of humans and other mammals (Bowman et al., 1988). 

The circulating concentration and metabolism of haptoglobin both change in response 

to tissue damage, hence it is considered an APP (Smith, 1990). In human populations 

there are three common genetic haptoglobin types, Hp 1, Hp2, and the heterozygous 

genotype Hp2-l, reflecting inherited variations observed in the Hpa polypeptides 

(Smithies et al., 1962). One important known functional role of haptoglobin is 

protecting the kidneys from tissue destruction by binding free hemoglobin following 

hemolysis (Bowman et al., 1988). The concentration ofhaptoglobin in normal serum 

varies within the range of 1.2 - 3 mg/ml and it tends to be consistent and stable in 

each individual (Smith, 1990). Haptoglobin is found in granulocytes (Anderson, 

1983) as well as in plasma and is exocytosed following neutrophil activation (Wagner 

et al., 1996). In rats, an extracellular proteolytic activity exists in plasma that cleaves 

prohaptoglobin, the precursor of haptoglobin, in the same site-specific cleavage of the 

intracellular hepatic protease (Hanley et al., 1985). Hemopexin is also regarded as 

an APP reactant in rodents (Meniman et al., 1978; Cannel and Gross, 1977; Bauman 

et al., 1984, 1987; Bauman and Muller-Eberhard, 1987), but the status of hemopexin 

with respect to· the APR in humans has not been established (Smith, 1990). 

Hemopexin is produced in the parenchymal cells of the liver, has a very rapid rate of 

glycosylation and subsequent secretion from the .hepatocytes (Muller-Eberhard, 



8 

1988). Hemopexin also has the capacity to specifically bind heme (Smith and 

Morgan, 1979). Following intravenous administration of large amounts of heme (in 

severe hemolytic disorders) the increased rate of heme binding by hemopexin 

increases the rate of hemopexin catabolism, thus lowering the hemopexin levels 

(Wochner et al., 1974). The concentration ofhemopexin in the norm.al serum varies 

from 0.5 - 1.2 mg/ml (Hrkal, 1974). Both haptoglobin and hemopexin function as 

hepatic scavengers by transporting heme compounds to the liver and preventing the 

potential oxidative effects of heme (Smith, 1990). 

The gingival crevicular fluid ( GCF) in healthy sites is similar to plasma (from 

which it is derived) in its protein concentration and composition (Cimasoni, 1983) 

and contains significant concentrations of the specific heme-binding proteins. human 

serum albumin (HSA) and hemopexin as well as haptoglobin (Tollefsen and Saltvedt, 

1980). 

Since the availability of heme-containing compounds such as hemoglobin 

influences the growth of BPB (Gibbons and MacDonald, 1959), the question arises 

as to whether heme-sequestering proteins may restrict the growth of the BPB in the 

gingival crevice. Haptoglobin appears to play a defensive role against opportunistic 

pathogens, such as Escherichia coli by withholding heme (Eaton et al., 1982). 

However, P. gingivalis is able to degrade hemopexin, albumin, transferrin and 

haptoglobin into fragments, possibly increasing heme and iron availability, whereas 

breakdown of hemopexin and haptoglobin by P. intermedia is insignificant (Carlson 
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et al., 1984). 

Several methods have been described for the identification and enumeration 
_) 

of periodontal bacteria in order to define the microbial c01~position of sub-gingival 

sites (Armitage, 1992, Greenstein, 1988) . Direct microscopy of plaque samples 

(Listgarten and Heelden, 1978), microscopy of in situ plaque (Listgarten, 1976, 

Newman, 1976), the use of selective and elective media (Palenstein Helderman, 

1975a, b) and the use of non-selective media ( Tanner et al., 1979) have all been used 

for this purpose. However, these approaches do not allow the quantitation of bacteria 

with high accuracy, require immediate transport and processing of specimens 

( especially when sampling subgingi.val plaque) and are time consuming (Tanner et al., 
; 

1979). Furthermore, the periodontal bacteria are predominantly anaerobic making the 

transport and culture of these organism a complicated task (Tanner et al., 1979). The 

use of oligonucleotide DNA probes circumvent many of these short-comings. For 

example, the bacteria do not have to be processed immediately, but can be stored 

frozen for later analysis. The need for an anaerobic environment is also eliminated. 

In addition, this method offers higher sensitivity and specificity than the enzyme

linked immunosorbent assay (Melvin et al., 1994). Oligonucleotide DNA probes have 

shown less cross-reactivity with other organisms than whole genomic probes 

(Strzempko et al., 1987). 

Nucleic-acid detection methods can be divided into two general types: 

radioactive and non-radioactive (usually chemiluminescent). Chemiluminescent DNA 
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probes are relatively inexpensive and they eliminate the need for the use and disposal 

of radioactive materials. The chemiluminescent method can be further subdivided into 

two subtypes: direct and indirect. 

The Indirect System (for example ECL 3'-oligolabelling and detection systems, 

Amersham International plc, Buckinghamshire, England), the method upon which 

most commercial systems are based, uses hapten-modified nucleotides that are 

detected by binding of a secondary reagent (Whitehead, 1983). In these systems, 

hapten-modified nucleotides are incorporated into a probe molecule by internal 

incorporation, end labeling or chemical modification. ·Following hybridization, 

haptens ( e.g. biotin, digoxigenin, sulfonated bases) are detected by affinity 

recognition with a binding moiety ( e.g. avidin, immunoglobulin) covalently coupled 

to a signaling enzyme such as alkaline phosphatase. Theoretically, these systems can 

magnify the signal since they offer multiple sites for the binding of the signaling 

enzyme ( alkaline phosphatase) attached to the binding moiety. In practice, indirect 

detection methods often yield low signal~to-noise ratios because of either low binding 

of the secondary reagent to the modified probe or. high nonspecific binding of the 

secondary reagent to the membrane. 

The Direct System (for example Light Smith I, Promega Corporation, Madison, WI.) 

involves direct covalent attachment of the signaling enzyme to the nucleic acid probe, 

typically a synthetic oligonucleotide. This direct attachment eliminates the need to 

add a secondary reagent, reducing the number of detection steps and potentially 
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increasing signal-to-noise ratio. 

C. Specific Aims of the Study: -

The purpose of the present study was to correlate the distribution of P. 

intermedia and P. gingivalis in the sub-gingival plaque of adult periodontitis patients 

to the circulating concentrations ofhemopexin, haptoglobin, and hemoglobin. 



Il. MATERIALS AND METHODS 

A. Patient Selection: 

Twenty-five subjects diagnosed with adult periodontitis were selected from 

amongst patients referred for initial periodontal assessment (i.e. before initiating a 

treatment plan) at the Department of Periodontics at the Medical College of Georgia, 

Augusta, Georgia Patient inclusion in the study required the presence of a minimum 

of four pockets with probing depth 2:: 5 mm, bleeding on probing and attachment loss 

> 4 mm (Genco, 1990). All subjects were free of compromising systemic diseases 

and had not received antibiotic therapy within the last six months, nor had they 

received any periodontal treatment, including scaling and root planning within the last 

four months. 

B. Sample Collection: 

The procedures were explained to the patient and consent was obtained in 

accordance with the regulation of the Human Assurance Committee of The Medical 

College of Georgia (Appendix B). A peripheral blood sample (5 ml) was drawn from 

12 
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the arm of each subject and divided into two aliquots. A sample of whole blood was 

stored (-20°C) while the plasma was recovered from the second aliquot and frozen. 

(-20°C) until the time of analysis. Four pockets from each patient were selected for 

sampling according to the following criteria: Probing depth ~ 5 mm but < 8 mm with 

bleeding on probing and loss of attachment ~ 4 mm and < 7 mm. The supra-gingival 

plaque was removed using a scaler and the site dried and isolated using sterile cotton 

rolls. Subgingival plaque was collected with a sterile curette inserted in the pocket 

and the sample removed using one stroke against the root surface (Dwyer and 

Socransky, 1968). The plaque samples from all sites from one patient were pooled 

in a pre-weighed vial containing 100 µ1 of a transport medium (Appendix Al) (Dix 

et al., 1989) and the vial re-weighed. The samples were then frozen (-20°C) until the 

time of analysis. · 

C. Determination of Circulating Hemoglobin Levels: 

Total blood hemoglobin was measured colorimetrically after conversion to its 

cyano-derivative (Stadie, 1920) using a commercially available kit (Sigma Chemical 

Company, St. Louis, MO). The hemoglobin standard (Sigma) was offered as a dry· 

vial containing a standardized amount of methemoglobin prepared from human 

hemoglobin. Reconstituting the hemoglobin standard with 50.0 ml Drabkin's solution 

(Appendix A2) yielded the cyanmethemoglobin standard solution. Dilutions of the 
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cyamnethemoglobin standard solution were used to prepare a calibration curve with 

concentrations corresponding to the following blood hemoglobin concentrations: 

0 g/dl, 6.0 g/dl, 12.0 g/dl, 18.0 g/dl. 

D. Immunoelectrophoresis: 

Plasma concentrations of hemopexin and haptoglobin were determined by 

Laurell rocket immunoelectrophoresis as described by (Weeke, 1973) using 

commercially available rabbit anti.sera to human hemopexin and to hapt(?globin (Dako 

Corporation, Carpinteria, CA.) (Figure 9). Purified human haptoglobin (Sigma) and 

human hemopexin were used as concentration standards. Hemopexin, purified from 

human plasma by a combination of hemin-agarose affinity chromatography and ion 

exchange chromatography (Tsutsui, 1986) was obtained from Dr. Tompkins~ 

laboratory. 

The immunoelectrophoresis buffer was prepar~d by combining 0.06 M 

barbital-Na, 0.01 M barbital in dH20 with 0.75 M glycine, 0.34 M tris-base in dH20 

at 1:1 ratio and adjusted to pH 8.8+ 0.1. Agarose (1% w/v) was dissolved in 

imm.1moelectrophoresis buffer by heating in a microwave oven ( approx 2.5 minutes). 

Gel bond film (FMC Bio-products, Rockland, ME) was cut to the size of the glass 

imm.1moelectrophoreti.c plates (8.5 X 9.5 cm) and a few drops of deionized water were 

placed in between to bind the film to the plate. The molten agarose was combined 
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with either anti-haptoglobin (1.35 µI/ml agarose) or anti-hemopexin serum (1 µI/ml 

agarose) and the mixture was poured onto the leveled glass plate and allowed to 

solidify. The wells (2 mm diameter) were then prepared in the solidified gel using a 

vacuum apparatus (Pharmacia LBK-Biotechnology, Bromma, Sweden). The wicks 

were measured and cut to the width of the gel plate and long enough to extend into 

the buff er reservoirs. Running tap water was used to cool the electrophoretic 

apparatus ( 2117 Multithotp, Phannacia LBK). The buffer reservoirs were filled and 

the gel plate was placed onto the cooled sutface allowing the wicks t~ contact the gel. 

Four wells on either side of the plate were filled with dilutions of protein standards. 

The haptoglobin standard was diluted to the following concentrations: 0.2 mg/ml, 

0.15 mg/ml, 0.1 mg/ml and 0.05 mg/ml; and the hemopexin standard diluted to 0.5 

mg/ml, 0.25 mg/ml, 0.1 mg/ml and 0.05 mg/ml. The plasma samples were diluted in 

dH20 (1:20 for haptoglobin and 1:3 for hemopexin) and loaded into the wells (4 

µI/well) in duplicate. The electric power, provided by an F3500 source (Fisher 

Biotech), was adjusted to constant voltage {170 volts for haptoglobin and 200 volts 

for hemopexin) and electrophoresis continued for 4 hours. The gels were then 

removed and dehydrated by pressing overnight between multiple layers of filter 

paper. The gels were rehydrated in water and dried again in the same manner. The 

dried gels were then stained by rehydration with Coomassie blue brilliant solution 

(Appendix A3) for 30 minutes and destained by washing in dH20 overnight. Plasma 

protein concentrations were determined by comparing the rockets height (migration 
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distance of the samples) with those of the standards. 

E. Bacterial Enumeration: 

The subgingival concentrations of P. gingivalis and P. intermedia were 

determined using chemiluminescent oligonucleotide hybridization probes . 

. 1. Bacterial Lyses and DNA Binding: 

In order to detect bacteria using a DNA probe, the organisms must be lysed to 

release the DNA . Different methods have been proposed in the literature (Smith et 

al., 1989) and several were evaluated for the pmpose of this study. A 48 hour culture 

(5 ml) of P. gingivalis ATCC 33277 grown in tryptic soy broth (Difeo Laboratory, 

Detroit, MI) supplemented with menadione (0.5 µg/ml)(TSB-menadione) was 

harvested and deep frozen (-80°C). The bacteria were thawed, washed twice in PBS, 

and centrifuged. The pellet was resuspended and diluted in PBS to achieve an 

absorption of 0.35 ± 0.1 at 540 nm. The bacterial suspension was divided into four 

aliquots (100 µ1) which were treated in the following ways: 1) incubated in 0.5 ml 

0.3M NaOH. 2) incubated in 0.5 ml 10% SDS. 3) incubated in 0.5 ml 500mM 

EDTA. 4) incubated in 0.5 ml PBS (control). After 20 minutes of incubation, groups 

1-3 were further incubated in 0.5 ml neutralizing solution (Appendix A4) for 20 
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minutes. The A540 for the four preparations was then measured. 

In order to optimize hybridization of the P. intermedia oligonucleotide probe, 

DNA binding to blotting membranes of different compositions and charge was 

examined. Bacteria were grown for 48 hours in TSB menadione supplemented with 

[
3H]thymidine (10 µCi/ml) in order to radiolabel the DNA. Bacteria were harvested 

and washed as described above and the optical density at 540 nm adjusted to 0.1 . 

The following membranes were tested: positively charged nylon membrane (Hybond

N+, Amersham), Zeta-probe blotting media (Bio-Rad Laboratories, Hercules, 

California), Magna NT Nylon Transfer Membrane (MS_I, Westboro, Massachusetts), 

and Magna Charged Nylon Transfer Membrane (MSI). Two samples (50 µL each) 

of [3H]thymidine-labeled P. intermedia were placed in two vials containing 5 ml 

scintillation fluid (Scintiverse BD, Fisher) and radioactivity determined by liquid 

scintillation spectroscopy (Beckman LS 3801). The bacteria (50 µl) were then 

applied to the different membranes (1 cm2each) in triplicates, lysed with 0.3M NaOH 

and then neutralized for 10 minutes with neutralizing solution. The membranes were 

then placed again in the vials containing scintillation fluid (Fisher) and their 

radioactivity determined. The DNA binding was determined by comparing the 

bacterial radioactivity prior to lysis with the radioactivity of the DNA bound- to the 

different membranes. 

2. Probe Construction Methods: 
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a. Direct DNA Probe: 

Using a commercially available kit (LightSmith II, Promega), and following 

manufacturer instructions, the P. intermedia DNA probe was conjugated directly to 

alkaline phosphatase. The custom-made oligonucleo.tide specific for P. intermedia 

(Dix et al.,, 1990) had 24 bases with the following sequence: TTG CCC TAG GTC 

GCT CCT CGC GGT (Midland Certified Reagent Company. Midland, TX). The 

tailing reaction was initiated by incubating the oligonucleotide for 90 minutes at 3 7 ° C 

with 5 µ1 terminal transferase (Promega). The mixture was then precipitated by. 

adding 10 µ1 of LighSmith II precipitant (Promega) and 400 µl of 95% ethanol (room 

temperature) and centrifuged for 5 minutes twice. Following the tailing reaction, the 

3'-amino-modified oligonucleotide was activated in the presence of 10 µl acyl transfer 

catalyst and incubated for 15 minutes. This reaction converted the amino groups to 

protected sulfhydtyl (SH) groups. After the activation step, 10 µ1 O.lM DTT in 0.5M 

EDTA was added to the mixture and incubated for an additiona110 minutes at room 

temperature. The excess OTT was removed by precipitating the oligonucleotide as 

described above. The oligonucleotide was then resuspended in 50 µl of nucJease-free 

water, mixed with 2 µ1 of activated alkaline phosphatase (Promega) and incubated at 

room temperature for 30 minutes during which time the conjugate was formed. After 

the 30-minute incubation, 350 µ1 of PBS was added to the mixture. The 400 µ1 

conjugation mixture was then transferred to a microcon-100 concentrator (Promega), 
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sealed with a spin cap and centrifuged until the volume in the concentrator cup was 

approximately 20-50 µI. The purified conjugate was diluted to a final volume of 400 

µl in PBS. The purity of the P. intermedia probe was determined by measuring the 

A260/280 in a small volume cuvette (without further dilution). The concentration of the 

conjugate was approximately 175 fmol/µL in the PBS. The final 260/280 absorbance 

ratio was 1.4265 and well within th~ value given by the Promega protocol (1.0 to 1.8) 

. The conjugate was stored_in 50% glycerol at-20°C reducing the concentration to 

_ approximately 90 fmol/µ1. 

The . above method was a.Jso used to construct a· P. gingivalis probe. The 

custom made oligonucleotide specific for_P. 'gingivalis-1 (Dix et al., 1990) had 24 

bases with the following sequence: CAA TAC TCG TAT CGC CCG TTA TTC 

(Midland). The probe was conjugated to alkaline phosp~atase ( as above) following 

the Promega protocol. The final concentration of the conjugate was approximately 

175 fmol/µl in PBS. · 

b. Indirect DNA Probe: 

The oligonucleotide specific for P. intermedia (Midland) was labeled with 

fluorescein-dUTP on the 3'-end using a commercially available kit (Amersham). The 

reaction was catalyzed by terminal deoxynucleotidyl transferase. The oligonucleotide 

(10·10 moles), fluorescein-11-dUTP (Amersham), cacodylate buffer (Amersham), 
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water, and terminal transferase (Amersham) were placed in a 1.5 ml conical 

polypropylene tube, mixed and incubated at 37 ° C for 90 minutes. The probe was 

stored at -15°C to -30°C in a frost-free freezer. 

3. P. intermedia DNA Probe Hybridization: 

Plaque samples (10 µl) were dispersed by vortexing (max speed, 30 sec.) in 

a microcentrifuge tube. The dispersed bacteria were lysed by addition of 90 µl of 

0.3M NaqH followed by standing for 10 minutes at room temperature. Neutralizing 

solution (100 µl) was then added and the preparation remained at room temperature 

for 10 minutes. The mixture was then applied by vacuum filtration to a positively 

charged nylon membrane (Hybond-N+, Amersham) mounted in a dot blotter (Bio

Rad). Duplicate applications were prepared and applied for each sample. A 48 hour 

culture (5 ml) of P. intermedia ATCC 25611 grown in TSB menadione, was 

harvested for use as concentration standard. The bacteria were washed twice with 

PBS and the resuspended pellet was diluted in PBS to A540 = 0.65 ± 0.05. The 

number of bacteria was determined by light microscopy using a bacterial counting 

chamber and the following equation was used to calculate the concentration of 

bacteria in the original preparation: 



Number of bacteria = Total bacteria counted x dilution factor x 4 x 108 

Number of small squares counted X filling depth 

21 

P. intermedia cells at the above density were lysed, neutralized and diluted by ten

fold ~erials to 106
, 105

, 104, and 1D3 cell equivalent/ml. Aliquots of each dilution were 

applied to the membrane in duplicate ( as above) and the filters were then washed with 

100 µVwell of 2xSSC (Appendix A5) for 10 minutes. · The membrane was then 

allowed to chy at room temperature by placing it on filter paper. When chy, the 

· membrane was baked in a vacuum diying oven (National Appliance Co. Portland, 

OR) at 80°C for 60 minutes. Hybridization with both detection systems used 

bacterial samples prepared in this way. 

a. Hybridization with direct reporter system: 

The cooled membrane was prehybridized in blocking solution (Promega) at 

50°C for 30 minutes in ahybricliz.ation oven (Techne Hybridizer, Princeton, NJ). The 

blocking solution was discarded and the P. intermedia oligonucleotide probe ( 5 µl) 

was :added to 5 ml of preheated low stringency hybridization solution (Promega) and 

the hybriruz.8:ti.on petformed at 58 °C for 30 minutes. The membrane was then washed 

twice (at the hybridization temperature) using 2xSSC containing 0.1%SDS foi: 10 

minutes each wash and then equilibrated at room temperature in sufficient amount of 
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lOOmM diethanolamine containing lmM MgC12 ( pH 10.0) for 5 minutes. An amount 

of the chemiluminescent substrate (Promega) sufficient to cover the membrane was 

added and the preparation remained at room temperature for 5 minutes. The excess 

substrate was discarded, the membrane placed in a hybridization folder (Promega) 

and exposed to x-ray film (Hyper.film-MP, Amersham) for at least 12 hours. The 

specificity of the P. in~ermedia probe was assessed by testing against P. gingivalis 

and E. coli according to the final method described for P. intermedia detection (See 

below). 

b. Hybridization with indirect reporter system: 

The nylon membrane (Amersham) was placed in hybridization buffer 

(Appendix A6) ati.d prehybridized at 56°C for 30 minutes in a hybridization oven. 

The labeled oligonucleotide was then added to the hybridization buffer at a final 

concentration of 5-10 ng/ml. The membrane was incubated at 56 ° C for 1-2 hours, 

removed from the hybridization solution, rinsed with an excess of wash buffer 

(Appendix A 7) and then incubated in the same wash buffer at room temperature for 

5 minutes with constant agitation. The buffer was then replaced and incubation 

continued for a further 5 minutes. The wash solution was then discarded and the 

membrane placed in a clean vessel · containing an excess of pre-warmed low 

stringency wash buffer (Appendix AS). The preparation was incubated at 54 °C for 
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15 minutes in the hybridization oven, the buffer was replaced ~d washing continued 

for a further 15 minutes at the same temperature. The membrane was then placed in 

a clean container and washed with buffer 1 (Appendix A9) for 1 minute at room 

temperature. Buffer 1 was then discarded and replaced with block solution (20 fold 

dilution of"liquid block" [supplied] in buffer 1) and incubated for 30 minutes. The 

anti-fluorescein-HRP conjugate was diluted 1000-fold in buffer 2 (Appendix Al0) 

containing 0.5% (w/v) bovine serum albumin and added to the membrane to incubate 

for 30 minutes at room temperature. The membrane was then placed in a clean 

container and rinsed three times with an excess of buffer 2 for 5 minutes, and 

repeated three times to ensure complete removal of unbound antibody. Signal 

generation and detection was performed by mixing equal volumes of detection 

solutions 1 and 2 (both supplied). The membrane was removed from the wash buffer 

and placed on a sheet of Saran Wrap™, sample side up~ The detection buffer was 

added directly to the membrane on the side carry~g the DNA and incubated for 

precisely one minute at room temperature. The excess detection buffer was drained 

and the membrane sheathed with the Saran.Wrap™. The membrane was placed in the 

film cassette with a sheet of autoradiography film (Hyperfilm-MP, Amersham) and 

exposed for at least 12 hours. The probe was also tested against P. gingivalis in order 

to assess cross-reactivity. 
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4. Signal Detection: 

For both described methods, the x-ray films were developed (Figure 10) and 

the intensity of the signal measured by computerized scanning densitometry (Hoefer 

Scientific Instruments). A calibration curve was prepared by plotting the signal height 

of the bacterial standard series and the number of P. intermedia in diluted plaque 

samples was determined directly from the calibration curve. The concentration of the 

bacteria in plaque samples was calculated by dividing the total number of bacteria by 

the weight of the plaque sample. 

5. P. gingivalis DNA Probe Hybridization: 

The P. gingivalis probe was tested using the final method described for the 

detection of P. intermedia (direct chemiluminescent probe). A 48 hour culture (5 ml) 

of P. gingivalis ATCC 33277 grown in TSB menadione was harvested for use as 

c.oncentration standard. The hybridization was performed for 30 minutes at 64 ° C and 

the concentration of the probe was 1 µ1/ml. The specificity of the P. gingivalis probe 

was tested against P. intermedia and-E. coli according to the same method. 
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Testing For The Effect OfLysing Method On The Probe Sensitivity: 

In order to assess the efficiencies of various lysing methods on DNA probe· 

sensitivity, P. intermedia cells were lysed by three different methods: (1) 10% 

(w/v)SDS followed by 0.3M NaOH solution, (2)500mM EDTA followed by 0.3M . 

NaOH, or (3) 0.3M NaOH alone. The hybridization was performed using the direct 

.method at 58°C .. The strength of the signal ·was compared.for the three lysing 

methods. 



ID~ RESULTS 

· A. Bacterial Lyses and DNA Binding:_ 

The effectiveness of various methods of lysing black-pigmented bacteria are 

shown in Table 1. Overall, 10% SDS was the most effective lysing agent, though 

0.3M NaOH was also fairly effective. 

The effect of the different lysing methods on the dµ-ect P. intermedia DNA 

probe (Promega) sensitivity was tested. SDS (10% w/v) was the most effective 

bacteriolyti.c agent, and when used in combination with 0.3M NaOH and neutralizing 

solution resulted in lowest background noise but also reduced the probe sensitivity. 

The positively charged nylon membrane (Hybond-N+, Am.ersham) showed the 

highest retention of radiolabeled bacterial DNA compared to other membranes (Table 

2) and therefore was selected for subsequent experiments (Table 2). 

The P. intermedia DNA probe would not detect lower than 104 bacteria under 

these circumstances. However when SDS was omitted from the bacterial lysing step, 

the probe detected 102 bacteria despite the decrease in the signal to noise ratio (i.e. 

26 
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increasing the background noise). This method, using 0.3M NaOH, was hence 

chosen for the bacterial lysing and blotting due to increased sensitivity. 

B. Bacterial Enumeration: 

Using an identical probe sequence, the direct method (Promega) was able to 

detect P. intermedia down to the level of 102 bacteria ( as described above) whereas 

the indirect method (Amersham) was ·able to detect bacteria only to the levels of 105 

bacteria. Neither P. intermediaprobes (direct and indirect) ci;-oss-reacted with either 

P. gingivalis or E. coli. On the other hand, the P. gingivalis probe cross-reacted with 

both E. coli and P. intermedia( using the direct method [Promega ]). 

The weight of the collected plaque ranged from 1.0 - 31.8 ing (Table 3). The 

background noise on the radiographic film (Figure· 1) was compensated for using 

computerized densitometer and software. The height of the peaks was measured and 

the concentrations of P. intermedia in the subgingival plaque calculated (Figure 2). 

P. intermedia concentrations ranged from 4xl03 to 3xl07 bacteria/mg plaque with a 
I 

mean concentration of 6.5xl06 ± Sx-106 bacteria/mg plaque (Table 3). 

C. Protein Concentrations: 

The levels of hemoglobin measured by the cyanmethemoglobin method ranged 

from 7.63 g/dl to 23.65 g/dl (mean= 15.60 ± 3.4 mg/dl). The plasma concentration 
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of hemopexin measured by immunoelectrophoresis ranged from O to 0.894 mg/ml 

(mean = 0.59 ± 0.22 mg/ml). The plasma levels of haptoglobin measured by 

immunoelectrophoresis ranged from O to 5.2 mg/ml (mean = 2.24 ± 1.41 

mg/ml)(Table 3). 

D. Correlation Analysis: 

Figures 1, 2, 3, 4, and 5 show the distribution of P. intermedia in relation to 

haptoglobin, hemopexin, hemoglobin, hemoglobin/hemopexin (Hb/Hpx) and 

hemoglobin/haptoglobin (Hb/Hpt) respectively. The concentrations of hemoglobin, 

hemopexin and haptoglobin and the levels of P. intermedia were not significantly 

correlated (Table 4). However, the correlation of hemoglobin and P. intermedia 

could be considered to approach significance (p = 0.135) (Table 4) but curiously the 

correlation was negative. Similarly, the correlation between the ratio Hb/Hpx with 

P. intermedia and between Hb/Hpt and P. intermedia were not statistically significant 

{Table 4). 
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Table 1 

Effect of various age1J,ts on lysis of P. gingi17:alis cells {As40 = 0.349). Washed 

bacteria were incub~ted for 2(J'!'linutes at 37 °C in 'the indicated agent followed by 20 

minutes incubation in 0.5 ml neutrali~)ng solution with the exception of the control 

which was incubated for 40 minutes in :PBS. All experimentf:11 and control groups 

were comprised of three samples each. 

0.324 ± 0.05 6.67 ± 1.52 

iiiiliijiiiiiiiiiiilliliiliiiiiiiiiiiililiillilililillilllililll 0.032 ± 0.01 90.33 ± 3.21 

0.056 ± 0.007 83.34 ± 2.08 

0.002 ± 0.0005 99.41 ± 0.005 
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Table2 

Binding off H]thymidine-labeled P. intermedia DNA (314 CPM prior to lysing) to 

blotting membranes of different composition and charge. Bound DNA was measured 

by liquid scintillation spectroscopy. Each experimental groups comprised of three 

samples. 

271 ± 31.22 86 ±9.92 

274 ± 28.16 87 ± 8.95 

284 ± 8.38 90.51 ± 2.66 

261 ± 24.43 83 ± 7.7 
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Table4 

Summary of correlation between the levels of plasma proteins and plaque 

concentrations of P. intermedia. 

::-0.094 0.6728 

iiiiiiiiiiiiiiiii1iiiiiliiiii1iiiliiiiiilliiiiiililiiilil -0.161 0.4456 

lil!lilil!llllll!llii&ilililililJlilillf lllllilililililililil -0.332 0.135 

ililililililililililillllllillillllilil~ilillllll!lllllililililililililililili 0.0517 0.8881 

!!!!!!l!l!l!lll!l!!!!lllllll!llll!lll!!!lll!ll!llll!!!!!!l!ll!l!!l!!!I!! -0.011 0.9971 



Figure 1 

Relationship between subgingival levels of P. intermedia and plasma concentration of 

haptoglobin. 
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Figure2 

Relationship between subgingival levels of P. intermedia and plasma concentration of 

hemopexin. 
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Figure3 

Relationship between subgingival levels of P. intermedia and pl~ma concentration of 

hemoglobin. 
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Figure4 

Relationship between subgingival levels of P. intermedia and the Hb/Hpx ratio. 
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Figures 

Relationship between subgingival levels of P. intermedia and the Hb/Hpt ratio. 
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Figure 6 

Example of an unedited scanning densitometry plot of the signal generated by the P. 

intermedia DNA probe following hybridization with diluted plaque samples. 
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Figure 7 

An example of an edited scanning densitometry "quick integration" data set after the 

compensation for the background noise and identification of the peaks._ 
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Table 5 

Quick integration analysis· of the peaks shown in figure 7. Peak height was used for 

the calculation of P. intermdia levels. 

lllllllllllllilllililillllllllilililllllllilllllilllllillllli 41 204 89 4937 27.4 

!!!!!!11!!!!!!!!!!!!!!!!1!!!1!!!!!1!!!!!!!!!!!!!!!!!!!!!!!!1 
107 204 51 1830 10.1 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiiiiiiii 172 121 43 544 3.0 

tilililililililililililililiiiiililiiiliiiliiiiilililiiillli 235 53 63 421 2.3 -

111111111111111111111111111111111111111111111111111111111111 I 297 20 101 2523 14.0 

llllil!lllllllllllllllllllilllililll!IIIIIIIIIIIIIIIIIIIIIII 366 35 39 806 4.5 

430 47 90 1605 8.9 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiliiiiiiiiiiiiiiiiii 491 53 37 790 4.4 

iiiiiiiiiiiiiiiiiiiliiiliiiiiiiliiliiiiiiiiiiiiiiiiiiiiiliii 555 38 74 1426 7.9 

!!!!!!!!1!!!!!!!!!!!!!!!!111!!!!!!!!!!!!!!!!!!!!!!!!!!! 
622 95 53 1701 9.4 

111111111111111111111111111;1111111111111111111111111111 
688 . 66 73 1102 6.1 

749 27 71 365 2.0 
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Fig.ure8 

Detection of P. intermedia by oligonucleotide DNA probes. Lanes 1 - 4 contained 

P. intermedia ATCC 25611 following decreasing concentration per slot from 1 OS-

1 (J2 bacteria. Lanes 5 - 12 contained patients plaque samples. Lanes A & B are 

replicated 

·:::::::::•:::•·•::i:!::•· 

A \ l"'. 

B 

STANDARD SAMPLES 



IV. DISCUSSION 

The nutritional requirements of the invading microbiota influence their 

di~tribution and their ability to initiate infection in different environments (Koskela 

and Muller-Eberhard, 1977). Despite this widely accepted tenet, there has been little 

investigation of the nutritional requirements of pathogenic bacteria in relation to 
\ ·- . . . ·~ 

disease initiation. A distinguishing feature of BPB is their requirement for heme as 

a major source of iron (Gibbons and MacDonald, 1960). The accumulation of free 

heme in the plasma, during hemolysis or any other infectious or inflammatory 

condition, is not desirable because its oxidative effects are toxic to mammalian 

tissues, especially to the kidneys and the endothelium (Bowman et al., 1988). 

Mammals maintain a heme-free extracellular environment by a very ·efficient 

scavenging system coor~ated by the liver (Kushner et al., 1988). The hepatocytes 

produce and excrete into the blood stream a wide variety of proteins with different 

functions. Among these, haptoglobin and hemopexin are launched into the 

circulation to trap heme and heme-compounds, returning them to the liver where they 

are detoxified. Heme-requiring bacteria must therefore acquire the necessary nutrient 

in the presence of these high affinity heme-sequestering proteins and there is evidence 
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development but, since the results achieved with the direct method were slightly 

better than those reported by Dix et al., (1990), (approximately 103 bacte~a in 

standards) who used racliolabeled DNA probes, it was not expected that the sensitivity 

of the indirect method would be greater than the direct probe. The direct 

oligonucleotide probe also required fewer procedural steps, minimizing the possible 

errors and increasing the definitude of the pro}?e. On the other hand, the indirect 

DNA probe .(Amersham) should, theoretically, have higher sensitivity because by 

binding multiple haptens the signal should be amplified. 

The concentrations of P. intermedia among 25 patients ranged from 4 x 103 to 

3 x 107 (bacteria/in mg ofplaque)(mean 5.4 x 105 ± 89 x 105 
). These results seem 

to be in accordance with the :findings of Gunaratnam et al., (1992) who reported the 

mean concentration of P. intermedia in plaque samples collected from periodontitis 

subjects at 2.3 x 105 ± 9.4 x 105 bacteria per plaque sample. However, it should be 

noted that Gunaratnam's study, ·as well as most other reports in the recent literature, 

report their results as the total number of bacteria in a plaque (or·· GCF) sample 

without factoring in either the volume or the weight of the sample (Dix et al., 1990, 

Gunaratnam et al.,· 1992). It is difficult to accept such studies because in the cUITent 

study the mass of plaque samples varied considerably (1-32 mg). Other studies report 

their findings as a percentage of total bacterial count in plaque or culture samples 

(Haffajee et al., 1992, Soder et al., 1993). In the current investigation it was deemed 
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essential to calculate the concentration of bacteria m defined plaque units 

(bacteria/mg plaque). 

P. intermedia was detected in 100% of sampled patients (samples from all sites 

in one patient were pooled into one vial). These levels are slightly ~gher but very 

similar to those reported by Haffaje_e et al., (1992) who examined the distribution of 

14 subgingival species from 2,299 sites in 90 subjects, (using digoxygenin-labeled 

genomic DNA probes), and reported the presence of P. intermedia I in 98% of 

subjects and P. intermedia II in 95% of total ·subjects. Soder et al., 1993, also used 

species-specific DNA probes to determine the presenc.e of bacteria in 20 patients with 

advanced periodontal disease and found that P. intermedia was present in at least one 

site in 90% of the patients. Gunaratnam et al., (1992) was also able to find P. 

intermedia in 25 of 26 (96%) subjects using a colony-lift DNA probe method. 

In the present study, the levels of P. intermedia were not significantly 

correlated with the concentrations of any of the measured plasma proteins indicating 

that P. intermedia is dependent on none of these proteins or alternatively that P. 

intermedia does not stimulate the production of any of these proteins. This is in 

accordance with the findings of Tompkins and Oppenheimer (1995) who reported no 

correlation between the levels of P. intermedia and those of either haptoglobin or 

hemopexin. The current study included a greater number of subjects (25 vs. 5) and 

used in-house bacterial detection method while that of Tompkins and Oppenheimer 

{1995) used a commercial laboratory that had limitations on the detection range. The 



47 

precedent study (Tompkins and Oppenheimer, 1995) found an unexpected positively 

correlated trend of P. gingivalis with -both hemopexin and haptoglobiri which they 

- suggested may relate more to hemoglobin rather than heme-sequestering proteins. 

Thus the current study also included hemoglobin measurements. The determination 

of the hemoglobin levels further allowed for the examination of the correlation 

between the concen~tion of P. intermedir;i and the Hb/Hpx and Hb/Hpt ratios. This 

is important because there are interactions between the heme-sequestering proteins 

and the hemoglobin components. There was however no correlation between the P._ 

intermedia levels and these ratios. Extra cellular hemoglobin cannot be a~curately 

measured because phlebotomy inevitably results in some hemolysis. Nonetheless, as 

plasma hemoglobin concentrations are dependent on the total circulating hemoglobin 

concentration, this seemed a warranted compromise. 

The negatively correlated trend between the level of P. intermedia and 

hemoglobin (which approached statistical significance) is hard to rationalize since 

heme is a nutritional requirement for the BPB and should, if anything, foster the 

proliferation of heme-requiring bacteria. This negative correlation could possibly 

relate to the promotion of P. gingivalis, which is a more efficient heme-scavenger 

than is P. intermedia (Tompkins et al., 1997). An increase in the P. gingivalis 

concentration would reduce the availability of other essential nutrients to competing 

organisms such as P. intermedia. Further studies examining the relationship of P. 

gingivalis to hemoglobin should further indicate the validity of this theory. 
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In the current study the plasma concentrations of hemopexin were lower than 

the normal range reported in the literature (0-0.894 mg/ml compared with 0.5-1.2 

mg/ml) (Hrkal, 1974) . In contrast, Tompkins and Oppenheimer (1996) reported 

elevated levels of hemopexin in gingivitis -and periodontitis patients. This disparity 

- may perhaps be attributable to the small number of patients examined in the earlier 

study (Tompkins_ and Oppenheimer, 1995). Curiously, there has been very little 

investigation of the relationship of hemopexin to either acute or chronic disease. 

In contrast, the role of haptoglobin as an acute phase protein is well established 

(Bowman et al., 1988) and its levels are elevated up to five folds in rabbits in the 

presence of some gram-negative bacterial infections ( e.g., Citrobacter freundii) 

(Baseler et al., 1983). In the present study, the concentration of haptoglobin were 

elevated in comparison with the values reported in the literature for healthy 

individuals (0-5.2 mg/ml compared with 1.2-3 mg/ml) (Smith, 1990, Shrijver et al., 

1984). However the current results are in accordance with the findings of Tompkins 

and Oppenhiemer (1995) who also found elevated levels ofhaptogl~bin in gingivitis 

and adult periodontitis patients. The current study did not require a normal healthy 

cohort free of periodontal disease (because periodontal disease itself might be a factor 

facilitating the appearance of BPB) and it is perhaps inappropriate to compare the 

levels of the proteins between different laboratories. The ideal control for 

determining the influence of heme-sequestering proteins on the presence of BPB 

would be periodontally involved individuals deficient in the expression of the 
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proteins. One such individual was identified in the present investigation ( sample # 

33) and such a study may therefore be feasible but the exact incidence of hemopexin

and haptoglobin-deficient individuals is unknown. Patient # 33 had no overt signs of 

systemic disease despite the absence of both haptoglobin and hemopexin. Such 

individuals have been reported in the literature (Smith, 1990). 

The determination of the levels ofhaptoglobin for the diagnosis of hemolytic 

disorders had a ve:ry high sensitivity and specificity ( 83% and 96%, respectively), 

providing 87% probability for predicting hemolytic disease when _the serum 

haptoglobin level falls below 2.5 mg/ml (Marchand et al., 1980). The use of 

haptoglobin as an indicator of chronic disease has_ also been proposed for monitoring 

the progression of rheumatoid arthritis (Cart, 1983), cervical cancer (Lundqvist et al.,· 

1991, Neale et al., 1989), and Hodgkin's and non-Hodgkin's lymphoma (Desai et al., 

1990), suggesting that the study ofhaptoglobin could enhance the understanding of 

the regression or relapse of various .. drromc conditions.· 

Although periodontal disease is a chronic continuing process, it has been 

proposed that attachment loss occurs in bursts (Goodson, 1982). The most common 

predictor of a future attachment loss is the periodic measurement of probing depth and 

of bleeding on probing (Lang et al., 1986). The bleeding on probing measurement 

has relatively low sensitivity making it a poor predictor of periodontal disease (Lang 

et al., 1986). Increased levels of PG~ are associated with recent attachment lossand 

its measurement has high sensitivity and specificity providing fairly reliable 
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indication of progressing periodontal disease (Offenbacher et al., 1986). There are 

veiy few other reliable predictors of further breakdown and attachment loss. A study 

comparing the levels of haptoglobin in periodontitis patients with those of healthy, 

age, gender and race matched cohorts is necessary to further evaluate the possible use 

of haptoglobin as an indicator of active periodontal disease. Furthermore, examining 

the possible correlation between the levels of either haptoglobin or hemopexin to the 

pocket depth and the degree of attachment loss could indicate the possible use of 

those proteins as predict~rs of periodontal disease. 

The finding of Carlson et·al., (1984) that P. intermedia is able to degrade 

haptoglobin suggests that the levels of bacteria should positively correlate with the 

concentration of the proteins. However, iri. Carlson's study the proteins were exposed 

to the bacterial proteolytic· effect for extended periods (24-48 hours). Such static 

conditions are not provided by the dynamic environment of the periodontal pocket 

since the constant flow_ of the GCF would not allow such long exposures. 

Furthermore, since P. gingivalis has a greater affinity for binding heme than does P. 

intermedia (Tompkins et al., 1997), proteolytic release of heme would not necessarily 

advantage the P. _intermedia. 

A P. gingivalis oligonucleotide probe, constructed by the same technique as 

the P. intermedia probe in the direct system (Promega), was not able to specifically 

detect P. gingivalis, because it cross-reacted with other bacteria, such as P. 

intermedia and E. coli. The strength of the signal generated by the probe did not 
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correlate with either the concentration or the type of the bacteria. On the contrary, 

at high bacterial concentrations, the bound DNA sample acted as a barrier preventing 

the binding of the probe in the area where the DNA was bound. Such findings 

suggest that an error was likely made during the construction of the probe that 

prevented the alkaline phosphatase from binding completely to the oligonucleotide. 

For example, the omittance of OTT from the reaction would limit the conjugation 

resulting in unconjugated alkaline phosphatase molecules capable of binding to the 

blotting filter regardless of the bacterial concentration. 

The failure of this probe was particularly unfortunate because the preliminary 

evidence of Tompkins an~ Oppenheimer (1995) strongly suggested thatP. gingivalis 

(butnotP. intermedia) is correlated with the concentrations of both hemopexin and 

haptoglobin. The detection of P. gingivalis using a new DNA probe will shed more 

light on the relationship between the BPB and heme-sequestering proteins. 

Identifying the underlying host factors promoting the appearance of specific bacteria 

will be central to understanding the pathogenesis of periodontal dise_ase. 
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· VII. A. APPENDIX 

1. Transport Medium: 

150mMNaCl 

20 mM Tris hydrochloride (pH 8.0) 

l0mMEDTA 

· lOmMEGTA ( ethylene glycol -bis[P-aminoethyl ether]

N.N.N'.N '-te~aacetic acid) 
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2. Darbkin's Solution (Sigma Co.), Catalog No. 525-2: 

Sodium bicarbonate, 100 parts, 

potassium fenicyanide, 20 parts 

potassium cyanide, 5 parts. 

3. Coomassie Brilliant Blue: 

135 ml Ethanol 95% 

30 ml glacial acetic acid 

13 5 ml distilled water 

1.5 g Coomassie Brilliant Blue G-250. 

4. Neutralizing solution: 

1.5MNaCl 

0.5M Tris-HCl, pH 7.4 

5. 20X SSC: 

3M NaCl 

0.3M sodium citrate, pH 7.0 

6. Hybridization Buffer (Amershaiµ): 

5XSSC 
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0.1% (w/v) Hybridization buffer component (supplied) 

7. Wash Buffer (Amersham): 

sxssc 
0.1% (w/v).SDS 

8. Stringency Wash Buffer '(Amersham): 

lXSSC 

0.1% (w/v) SOS 

9. Buffer.1: 

0.15MNaC1 

O.lM Tris Base 

pH=7.5 

1 O. Buffer 2: 

0.4MNaCL 

O.lM Tris Base 

pH=7.5 
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Relationship of Heme-Sequestering Plasma Protein 
Concentration to Subgingival Black-Pigmented ·Bacteria 

Waddah Diab, D.D.S., Principal Investigator 
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I have been invited to participate in a study which will try to_ determine if patients with adult 
periodontitis have elevated levels of certain blood proteins. I have been asked to participate because 
I have adult periodontitis. I understand I am or~e of fifty patients to participate in this study. 

In one session, 15-30 minutes long, three samples of periodontal pocket, · fluid will- pe 
obtained from three different sites in my mouth using capillaries that will be introduced in the pockets. 
There will be soine minor discomfort similar to a normal periodontal exam. In addition, 
approximately one tablespoon of blood will be·drawri from a veiri in ·my arm. There will be some 
minor discomfort from having blood drawn and there is a chance of a bruise forming where the needle 

, has been stuck. · · · 

I will neither be paid nor charged anythiqg for participating in this project. While no direct 
benefits to me are expected from this study, the results will be available for my dentists. I will not 
be personally identified if the results of this study are published· and my participation will be kept 
confidential. I may refuse to participate or withdraw from the study at any time simply by refusing 
to have my blood drawn or the samples taken. Refusing to participate or withdrawing from the study 
will not affect my other dental care. 

I understand that my participation in this research study, and the research records specifically 
related to it will be confidential, unless specifically required to be disclosed by state or federal law. 

I have read this document and it has been explained to me. · I have had an 
r . 

opportunity to ask questions and they have been answered to my satisfaction. If 
I have further questions, I may call Dr. Diab at 721-2441. With this understanding, 
I hereby consent to participate in this study. 

Subject's Signature Date 

Witness' Signature Date 

Signature of Investigator Obtaining Consent Date 




