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Previous studies have indicated that in a number of 
respiratory diseases the deoxyribonucleic acid (DNA) 
content of sputum increases with the degree of purulence 
[1). This is particularly the case in cystic fibrosis (CF) 
where high levels of infection are associated with raised 
sputum DNA [2]. It has been proposed that DNA may 
influence the viscoelasticity of sputum [3], presumably 
through interaction with the major rheological determi
nants of the secretion, mucus glycoproteins. Attempts to 
correlate either the degree of purulence or the DNA 
content with the rheological properties of sputum have 
led to contradictory results [4-7]. However, the sugges
tion is supported by studies indicating that the rheologi
cal properties can be reduced by deoxyribonuclease 
(DNA-ase) treatment [8], and that in vitro addition of 
DNA to purified [9] and unpurified [1] sputum results in 
increased viscoelasticity. This may be particularly im
portant in CF where purified mucus gels appear to be 
abnormally susceptible to DNA induced changes in vis
coelasticity [10]. 

The DNA present in sputum may originate either from 
infecting organisms or from the patient's own cells. If the 
host cells are the major contributor to total sputum DNA, 
this is probably a reflection of the raised content of 
leucocytes and epithelial cells present due to inflamma
tion [11]. Furthermore, the DNA may be present either 
in inlact cells where it is unable to interact with mucus 
glycoproteins, or free, having been released due to cell 
lysis [5). In this study hybridization techniques have been 

employed to identify the origins of the DNA present in 
CF sputum. To ensure that the DNA analysed was 
representative of that fraction available to interact with 
mucus glycoproteins, only DNA eo-purifying with these 
mucins was selected for study. 

Patients 

Sputum was collected into cooled pots from 9 CF 
patients (11- 32 yrs of age; 5 males and 4 females) under 
treatment for respiratory infection at the Rigshospitalet, 
Copenhagen, Denmark. All patients were positive for 
Pseudomonas aeruginosa colonization. 

Methods 

CF sputum was solubilized in 5 volumes of protease 
inhibiting solution (0.2M sodium chloride; 0.02% w/v 
sodium azide; 5mM ethylenediaminetetra-acetic acid 
(EDTA); 1mM phenylmethylsulphonyl fluoride) by 
homogenization. Insoluble material was removed by 
centrifugation (12,000 x g, 1 h) and the supernatant frac
tionated on a Sepharose CL4B column as described 
previously [12). The excluded fractions containing mucus 
glycoproteins and associated DNA were pooled and 
concentrated 10-fold in an ultrafiltration cell (Amicon 
Corporation) equipped with a 30,000 molecular weight 
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cut off membrane. The DNA was isolated from each 
concentrate by two series of phenol extractions, precipi
tated with ethanol (13] and redissolved in lOmM 
Tris-hydrochloride pH 8.0, lmM EDTA. Control DNA 
preparations, to monitor the specificity of cDNA probes, 
were isolated from 50 ml of stationary phase cultures of 
Pseudomonas aeruginosa (non-mucoid and mucoid 
strains), Pseudomonas cepacia and Staphylococcus 
aureus grown in L-broth and Haemophilus influenzae 
grown in nutrient broth No. 2 containing 5% Fildes 
extract. Bacterial cell lysates were prepared by incuba
tion with lysozyme and treatment with sodium dodecyl 
sulphate [14] or in the case of Staphylococcus aureus by 
the lysostaphin method of EcKHARDT (15] as modified by 
PRorAN et al. [16]. Human control DNA was prepared 
from human fibroblast cells (MRC CVl) which were 
lysed by treatment with proteinase K [13]. DNA was 
isolated from all cell lysates by phenol extraction and 
ethanol precipitation [13] and redissolved in lOmM Tris
hydrochloride pH 8.0, lmM EDT A. The size limits of 
the DNA prepared from the sputum were determined by 
electrophoresis on a 1.2% agarose gel and comparison 
with molecular weight markers (13] . 

Prior to blotting the concentration of all DNA prepa
rations was measured by fluorimetric assay [ 17] and 
adjusted to 1 mg·ml·'. Aliquots containing 5 J,lg of DNA 
were taken from each preparation, diluted with 1/6 of a 
volume of 3M sodium chloride; 300mM trisodium cit
rate and heated to 95°C for 5 min before chilling on ice 
for 2 min. The denatured DNA samples were loaded 
onto nylon hybridization membrane (' Hybond' -N, 
Amersham International) mounted in a slot blot 
apparatus (BRL Ltd) and bound by placing, DNA side 
down, on a transilluminator (Model TM36, Genetic 
Research Instrumentation) for 5 min. 

The presence of human DNA sequences in the mem
brane bound samples was detected by hybridization with 
the cDNA probe BLUR 8 (a plasmid containing an Alu 
repeat sequence), which had been labelled with 
32P- deoxycytidine triphosphate to a specific activity of 
approximately 1Xl08 dpm·J.lg·' using a nick translation 
kit (Amersham International). Hybridization and subse
quent autoradiography to visualize probe binding, were 
carried out by standard methods (13]. After removal of 
the probe, which was confirmed by autoradiography, the 
membrane was sequentially hybridized with individual 
nick translated plasmid based probes for Haemophilus 
influenzae and Pseudomonas aeruginosa and genomic 
DNA probes for Pseudomonas cepacia and Staphylococ
cus aureus. In each case the preceding probe was 
removed prior to the next hybridization. The resulting 
autoradiographs were scanned in a densitometer (Joyce
Loebl, Chromoscan 3) to determine the strength of the 
signals obtained. 

Results 

Electrophoresis of each sample of sputum DNA pro
duced a long smear along the agarose gel indicating a 
wide mnge of mobilities and therefore a high degree of 

polydispersity (fig. 1). This wide size range indicates 
that considerable degmdation has occurred, probably as 
a result of endogenous nuclease activity prior to expec
toration of the sputum. The extent of degradation varied 
slightly between the CF DNA samples, the more 
degmded (e.g. CF 2) losing some of the upper end of the 
size range. This variability in size is likely to be due to 
differences in the time between the release of the DNA 
into the lung and expectoration and freezing, this being 
the period when the DNA is liable to degradation by 
endogenous nucleases. Comparison with the molecular 
weight markers (Hind Ill digest of bacteriophage Lambda 
DNA) indicated that the sputum DNA had a size range 
of approximately 300 bases to in excess of 50,000 bases. 
The exclusion limit for DNA on Sepharose CL4B is 
approximately 900 base pairs (Pharmacia Biotechnology, 
Uppsala, Sweden) and, since this is greater than the lower 
end of the CF DNA, this indicates that some of the DNA 
eo-purifying with the mucins is bound to a larger 
molecule which is excluded from the column. 

CF SAMPLE 
1 234!50789 

-23130 
-9416 
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--4361 

- 2322 
- 2027 

Fig. I. - Agarose gel electrophoresis of DNA prepared from cystic 
fibrosis sputum. Tracks 1- 9: DNA isolated from CF sputum samples; 
Track 10: Hind III digest of bacteriophage lambda (molecular sizes 
expressed in base pairs). 
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Sequential hybridization of the slot blot membrane with 
probes specific for each of the control DNA preparations 
resulted in a series of autoradiographs in which a posi
tive signal with the sputum DNA sample indicates bind
ing of the probe and therefore the presence of DNA from 
that source. In addition the binding pattern obtained with 
the control DNA samples allows probe specificity to be 
monitored. The autoradiograph produced by hybridiza
tion of the slot blot with the probe for human DNA (fig. 
2) clearly shows that all of the DNA samples prepared 
from CF sputa contained human DNA. The high speci
ficity of this probe for human DNA is indicated by the 
lack of any signal from the bacterial control prepara
tions, and the strong signal with the DNA isolated from 
cultured fibroblasts as the human control. All of the CF 
sputum DNA samples gave a strong signal (0.65-0.80 
absorbance units) with this probe, in excess of 95% of 
control value, indicating a considerable content of human 
DNA. 

• Human 

HI 
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PA 

PACm) 
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Fig. 2. - Autoradiograph of slot blot containing cystic fibrosis and 
control DNA samples hybridized with the human DNA probe, BLUR 
8. HI: H. influenzae; PC: P. cepacia; PA: P. aeruginosa (non-mucoid); 
PA (m): P. aeruginosa (mucoid); SA: S. aureus. 

By contrast with the results obtained with the human 
probe, hybridization of the slot blot with bacterial probes 
indicated negUgible levels of bacterial DNA in the spu
tum derived samples. The hybridization pattern obtained 
with the Pseudomonas aeruginosa probe (fig. 3) was 

typical of that achieved with the other bacterial probes 
(not shown). Binding of the probe was only present with 
the mucoid and non-mucoid Pseudomonas aeruginosa 
control samples indicating that it is highly specific for 
DNA from this source. The intensity of the signal 
obtained with the non-mucoid control sample (1.02 
absorbance units) was greater than that observed with 
the mucoid sample (0.71 absorbance units). The reason 
for this differential binding between mucoid and non
mucoid control DNA preparations is unclear, however 
this may reflect either differences in the amount of DNA 
bound to the membrane, or differing affinities of the probe 
for the two DNA samples. The absence of a signal with 
any of the CF DNA preparations indicates that there is 
no Pseudomonas aeruginosa DNA present in these 
samples. 

Human 

9 HI 

a 

7 PC 

s 

5 • PA 

4 

3 • PACm) 

2 

CF1 SA 

Fig. 3. - Autoradiograph of slot blot containing cystic fibrosis and 
control DNA samples hybridized with the P. aeruginosa DNA probe. 
For abbreviations see legend to figure 2. 

Densitometric scanning of the autoradiographs indi
cated that the CF DNA samples gave only very weak 
signals with the bacterial probes. These weak signals were 
strongest with the Haemophilus influenzae probe (up to 
0.04 absorbance units) whilst the Pseudomonas aerugi
nosa and Pseudomonas cepacia probes resulted in 
responses of 0.01-0.02 absorbance units. No signal could 
be detected with any of the CF DNA samples when 
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hybridized with the Staphylococcus aureus probe. In all 
cases the strength of the signal from the CF samples was 
less than 1.5% of the appropriate bacterial control value. 
In contrast, when probed with the BLUR 8 human probe, 
all of the CF samples exhibited a signal greater than 95% 
of that obtained with control DNA from cultured 
human fibroblasts. These results are consistent with the 
bulk of the DNA in the CF samples being human in 
origin. 

Discussion 

The presence in sputum of components other than 
mucus glycoproteins, e.g. DNA, proteins, lipids and cati
ons, may be important in determining the rheological 
properties of the secretion [9, 18, 19]. The role of these 
non-mucin components is of particular interest in CF, 
where patients produce an excessively viscoelastic spu
tum with altered levels of these components [20, 21]. A 
striking feature of CF sputum is an increase in the DNA 
content [3), probably associated with the high levels of 
infection characteristic of CF [2). Furthermore, it has 
been reported [1] that exogenously added DNA can alter 
the rheological properties of sputum. It is probable that 
any alteration of viscoelasticity by DNA involves an 
interaction with the mucus glycoproteins, these being the 
major rheological determinants of mucus secretions [22]. 
This view is further supported by the ability of DNA to 
alter the rheological properties of purified mucus 
glycoprotein gels [9]. Previous studies [2, 11) have 
suggested that bacteria do contribute to total sputum DNA, 
however, these samples were never subjected to DNA 
analysis and hence there is no direct evidence to support 
this. In the present study we have investigated the ori
gins of sputum DNA, in particular that which eo-purifies 
with the mucus glycoproteins. This allows the study of 
not only the DNA available to interact with the mucins 
but, in the case of smaller fragments, the DNA actually 
associated with the mucus glycoproteins. 

Electrophoresis indicated that the DNA samples pre
pared from CF sputum had a broad size range (300 to 
>50,000 bases), probably due to nuclease activity in the 
sputum, with a noticeable proportion of each sample being 
present as small fragments. It is unlikely that all of the 
DNA fragments excluded from the Sepharose CL4B are 
directly associated with the mucus glycoproteins since 
their size limits fall either side of the DNA exclusion 
limit for Sepharose CL4B (900 base pairs). Thus, those 
fragments above this Hmit may have been excluded by 
virtue of their large size. However, the presence in the 
excluded fraction of fragments below the exclusion limit, 
indicates that these smaller fragments were associated 
with some excluded molecule. Whilst chromatography 
on Sepharose CL4B removes most of the non-mucin 
components from the sample, some contaminating mate
rial, largely protein and lipid, remains [23). It is possible, 
therefore, that the low molecular weight DNA eluting in 
the excluded fraction was associated with these minor 
components. However, the large predominance of mucus 
glycopro!c.ins in this fraction, and their ability to inLeract 

with DNA [9), strongly suggests that it is these 
molecules with which the DNA was associated. 

The use of DNA hybridization techniques enabled the 
origins of the sputum DNA preparations to be deter
mined. The presence of a signal with only the probe for 
human DNA indicates either that the sputum DNA is 
almost exclusively human in origin, or that it also con
tains DNA from species other than those studied here. 
This latter possibility cannot be totally eliminated in the 
absence of a full microbiological profile of the sputum 
samples. However, whilst colonization of the CF lung 
with species other than those investigated here has been 
reported [24], Pseudomonas aeruginosa, Staphylococcus 
aureus and Haemophilus influenzae in particular [25], 
and to a lesser extent Pseudomonas cepacia [26] are the 
prevalent respiratory pathogens in CF. Hence, it appears 
likely that the DNA eo-purifying with the mucus 
glycoproteins is human in origin. 

The reason for the involvement of almost exclusively 
human DNA with the mucus glycoproteins is not clear. 
It may be that the mucus glycoproteins specifically bind 
human rather than bacterial DNA. Alternatively, the 
mucins may bind DNA from both sources, and the ab
sence of bacterial DNA in the CF preparations may reflect 
very low levels of free bacterial DNA in the lung. This 
second explanation is supported by the fact that no 
bacterial DNA was excluded from the Sepharose CL4B. 
If significant amounts of free DNA from bacterial sources 
were present, a proportion of this would be expected to 
be of sufficient molecular size to be excluded from the 
column. However, the almost complete lack of bacterial 
DNA in our samples is surprising since there is indirect 
evidence that whilst the bacterial contribution to total 
sputum DNA in CF is generally small (approximately 
2%), it may reach 30% [2]. The finding that the mucin 
associated DNA is human in origin suggests that it is the 
inflammatory processes resulting from infection, rather 
than the infection itself which are the source of the DNA 
in CF sputum. Hence, if as has been suggested, DNA has 
a role in establishing the rheological properties of CF 
sputum [1, 6, 7), then these properties will, at least in 
part, be due to inflammatory responses in the lung. To 
further clarify the importance of these processes it would 
be of interest to establish what effect the addition of 
sputum derived DNA has on the viscoelasticity of both 
purified mucus glycoprotein gels and unpurified sputum. 
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L'origine de la DNA associee aux glycoproteines du mucus 
dans /'expectoration de lafibrose kystique. M.!. Lethem, SL. 
lames, C. Marriott, J .F. Burke. 
L'importance relative de la DNA de I'hote et de celle derivee 
des bacteries dans !'augmentation de la visco/elasticite de l' 
expectoration purulente dans la fibrose kystique et d'autres 
maladies des voies aeriennes reste imprecise. Nous rapportons 
!'identification de la DNA associee aux glycoproteines du mucus 
purifie, provenant de l'expectoration purulente de 9 patients 
atteints de fibrose kystique. Les glycoproteines du mucus ont 
ete isolees de !'expectoration de fibrose kystique par une 
chromatographic en gel d'exclusion et la DNA co-purifiee a ere 
isolee par extraction au phenol. L'electrophorese a indique que 
les preparations de DNA avaient des dimensions d'environ 300 
a 50000 bases. L'origine de la DNA a ete determinee par "slot 
blotting" et par hybridisation subsequente avec des sondes DNA 
marquees au 32 p pour les sequences de DNA d'origine 
humaine et pour celle des especes oacteriennes frequemment 
isolees dans }'expectoration de fibrose kystique. Les resultats 
ont indique que, dans tous les cas, la DNA etait quasi totale
ment d'origine humaine. Ceci implique que c'est la DNA du 
patient lui-meme qui peut contribuer aux anomalies 
rheologiques de !'expectoration dans la fibrose kystique. 
Eur Respir J., 1990, 3. )9- 23. 


