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Recent studies on saliva ( 1 )  and sweat ( 2 )  
from patients with cystic fibrosis (CF) have 
demonstrated a material or materials in CF 
secretions that inhibits sodium transport in 
the rat parotid gland ( 1 ,  2 )  and human sweat 
gland ( 3 ) .  An active inhibitory material is 
present in CF serum that disorganizes the 
rhythmic ciliary beat in rabbit trachea (4) 
and inhibits ciliary movement in the oyster 
( 5 )  and fresh water mussel (6).  The salivary 
material does not act by inhibition of mem- 
brane Na+K+ATPase ( l ) ,  the most impor- 
tant enzyme involved in active sodium trans- 
port. Little else is known about these materi- 
als or their mechanism of action. One attrac- 
tive hypothesis is that this material has a net 
positive charge. Positively charged molecules 
have a proifound effect on cell surfaces, 
probably by effecting organizational changes 
in the lipid of the negatively charged mem- 
brane ( 7 ) .  Mangos and McSherry (8) have 
demonstrated that polycations, such as poly- 
L-lysine, inhibit sodium transport in the rat 
parotid gland in a manner similar to the 
active CF material. The sodium transport 
inhibition by CF saliva and poly-L-lysine 
may be neutralized by the negatively charged 
polyanion heparin (8). Bowman et al. (9) 
have suggested that the oyster inhibitory ma- 
terial in serum has a positive charge since it 
moves to the cathode with gamma globulin in 
starch gel preparations. This report de- 
scribes our search for a unique polycation in 
CF saliva utilizing biological membrane assay 
systems affected by poly-1;-lysine. 

Materials and Methods. Patients with CF 
were taken from among those seen at  the 
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University of Wisconsin Cystic Fibrosis Clin- 
ic. All patients had a positive sweat test with 
signs and symptoms of the disease and all 
patients were receiving pancreatic replace- 
ment therapy. Patients and controls were giv- 
en Parafilm to chew and mixed saliva was 
collected in a plastic container and centri- 
fuged at  12,OOOg for 10 min. 

14C-succinate was purchased from the 
New England Nuclear Corp., Boston, Mass., 
1311-albumin from Squibb, New Brunswick, 
N. J., and 35S-thiamine from Amersham 
Serle, Des Plaines, Illinois. Sarcoma 180 cells 
were a gift of Dr. R. Rueckert of the De- 
partment of Biophysics. All chemicals were 
reagent grade. 

Acrylamide gel isoelectric focusing. 8 % 
acrylamide was mixed with 280-300 pg saliva 
and ampholite, pH 3-10 (LKB), and the 
mixture was photopolymerized (10). The 
general procedure used in these studies was 
that of Dale (11). Gels were washed exhaus- 
tively in 10% trichloroacetic acid to remove 
the ampholite and stained with 0.05% 
Coomassie blue ( 1 2 ) .  

Inspection of the gels near the cathode end 
did not demonstrate an unusual basic pro- 
tein with a high isoelectric point in CF saliva 
(Fig. 1).  Five patients and six controls were 
tested. Gels obtained demonstrated 17-2 2 
bands, depending on the protein concentra- 
tion, and patterns olf CF saliva were similar 
to controls. 

Separation of mixed saliva and sweat pro- 
teins by gel electrophoresis at low pH.  Acry- 
lamide gel electrophoresis of CF and normal 
saliva has previously been reported with mi- 
gration from the ne,gative pole (cathode) to 
the positive pole (anode) a t  high pH (13, 
14). In  order to examine CF saliva for the 
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FIG. 1. Isoelectric pH focusing on acrylamide gels: 
ampholite range pH 3-10 with cathode (-) a t  
the top; 300 pg of protein of normal saliva ( A ) ;  
and cystic fibrosis saliva (B) mixed with gel before 
photopolymerization ; electrophoresis carried out for 
15 hr at 110 V and 1-2 mA4; gels stained with 
Coomassie blue. 

presence of a unique positively charged pep- 
tide or protein i t  was necessary to carry out 
the migration to 'the cathode a t  low pH. 7.570 
acrylamide gels, p H  4.5, were prepared by 
the method of Reisfeld et al. (1 5 ) .  Fifty pl of 
saliva, containing 100-250 pg of protein, 
were made hypertonic by the addition of sol- 
id sucrose and this solution was layered over 
the gel. A methylene blue marker was util- 
ized. Migration was towards the cathode a t  4 
mA/gel. The  gels were stained for protein 
with Coomassie blue (12).  

Inspection of gels of salivary proteins from 
10 patients and over 201 controls revealed 
12-15 bands but did not demonstrate differ- 
ences in C F  and normal saliva (Fig. 2 ) .  A 
unique basic peptide or macromolecule was 
not demonstrated in C F  saliva. Stained gels 

were scanned a t  a wavelength of 700 mp with 
a Gilford gel scanner. Gel scanning was of 
value in demonstrating a basic peptide near 
the cathode end which was present in CF 
patients and controls and which frequently 
was not well demonstrated by visual inspec- 
tion (Fig. 3).  

1,4J iC-Succinate oxidation b y  mitochon- 
drial membranes. Rat liver mitochondria 
were prepared by differential centrifugation 
in 0.37 1M sucrose, 0.05 mM EDTA, p H  7.4 
(16, 17). Saliva from patients and controls 
were collected immediately before assay and 
dialyzed for 2 hr with two changes of 1000 
ml of 0.001 il4 K2HP04  buffer, p H  7.4. De- 
carboxylation of 1-4-l"C succinate was mea- 
sured by collecting radioactive C02  produced 
in a center well containing paper saturated 
with Hyamine (16, 17). The reaction was 
stopped by the addition of 0.1 ml of 2 M 
H2S04. The Hyamine-saturated paper con- 
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FIG. 2. Basic protein electrophoresis pH 4.5: 160 
pg of normal saliva ( 1 )  ; and cystic fibrosis saliva 
( 2 )  layered on top of gel in hypertonic sucrose; 
migration to bottom (cathode) ; gels stained with 
Coomassie blue. 
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FIG. 3. Gel scan of stained acrylamide gels: 150 (ug 
of protein of normal saliva (A) ; and CF saliva 
(B) layered over gels and electrophoresis oarried out 
as described in Mtethods. A Gilford gel scanning 
device was used to scan Coomassie blue stained gels 
at  700 mp. Scanning of gels revealed a basic peptide 
near cathode that was not readily visualized by 
inspection. (C) demonstrates increased resolution be- 
tween 1-3 cm migration with normal saliva. 

taining 14C02 was counted in a Packard 
liquid scintillation counter with Liquiflor- 
toluene. 

Table I demonstrates that small amounts 
of polylysine stimulate succinate decar- 
boxylation as previously described ( 16). 

Gamma globulin had a nonspecific inhibitory 
effect on succinate decarboxylation (Table 
I). Dialized CF saliva also inhibited this pro- 
cess. This inhibition was proportionally de- 
creased on dilution. We interpret this to mean 
that the inhibition demonstrated by CF saliva 
is nonspecific and related to the increased pro- 
tein concentration in CF saliva (26, 2 7 ) .  

1311-Albumin uptake by sarcoma 180 
cells. The general procedures of Ryser were 
used to determine 1311-albumin uptake by 
sarcoma 180 cells (18, 19). Dialyzed lalI- 
albumin, cystic fibrosis saliva (0.3 m1/3 ml 
of cuEture media), or polylysine at loM7 M 
were incubated with about 5 x lo6 cells for 
varying lengths of time. Attached cells were 
washed with Hanks’ media, trypsinized, cen- 
trifuged, washed in Hanks’ media, centri- 
fuged, and the uptake of 1311-albumin into 
the cells determined ( 17) .  

il4 Concentration had a 
marked enhancing effect on the uptake of 
1311-albumin by sarcoma 180 cells in culture 
(Fig. 4) .  Cystic fibrosis saliva, 0.3 m1/3 ml 
of culture media, did not have this effect. 

T h i a w ~ i n e - ~ ~ S  release by  cultured human 
fibroblasts. Recently it has been demonstrat- 
ed that drugs which affect active movement 
of sodium across membranes in the central 
nervous system may also stimulate the efflux 
af 35S-thiamine from cells (20, 21). We have 
tested polylysine, normal saliva and CF 
saliva on this effect in cultured human cells. 
About 5 x 1oP attached fibroblasits were in- 
cubated with 2.5-5.0 pCi of 35S-thiamine in 
Fla media with 15% fetal calf serum fo’r 
24-26 hr. Cells were washed five times with 
Hanks’ solution, incubated 1 hr in Hanks’ 
solution and washed three times before incu- 
bation with saliva or poly-L-lysine. Released 
thiamine was counted by liquid scintillation. 
Poly-L-lysine had a marked effect in the re- 
Iease of 35S; CF saliva did not have this 
effect (Table 11). 

Discussion. The fundamental defect re- 
sponsible for cystic fibrosis (CF) has not 
been demonstrated. Several recent observa- 
tions, such as the metachromasia of CF fibro- 
blasts ( 2 2 ) , and the increased mucopolysac- 
charide (23) and glycogen content (24) of 
CF fibroblasts are secondary findings related 

Polylysine a t  
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TABLE I. Effect of Cystic Fibrosis and Normal Saliva, Polylysine and Gamma Globulin on 
l-4-14CC-Succinatc Oxidation in Mitochondria. 

Values given are +_ 1 SD. Saliva was dialized in 0.001 M K,HPO,, p H  7.8, at 4" for  2 hr  
and added in  a volume of 01.3 ml/l  ml assay. 

Test substance Inhibition (%) Stimulation (%) 

Normal saliva (15) 21.8 & 18.7 

Cystic fibrosis saliva (4)" 
(2) 

69.5 2 7.5 
30.1 

Polylysine, 10 pg 80 
Gamma globulin, 0.5 mg 42 

a p < .01 compared to normal saliva. 
bDiluted by one-third t o  give protein concentrations in  same range as  normal controls; 

p > .05 compared to  normal saliva. 

to an unknown primary abnormality. Other 
findings in the pathology of CF may also be 
secondary. Increased bradykinin content of 
CF saliva (25) is as likely related to the 
general increased content of organic material 
in CF saliva (26, 27) as it is to the patho- 
genesis of the disease. Decrease in p-glu- 
curonidase activity in sweat glands of pa- 
tients with CF (28) is not found in cultured 
fibroblasts cfrom affected patients (29). Pan- 
creatic replacement therapy may complicate 
the pathophysiology of CF. Pancreatic en- 
zymes increase the size of secretory glands 
and cause abnormalities in viscosity, protein, 
and ion content of secretions in experimental 

30001 

animals (30). Beta adrenergic agents such as 
isoproterenol duplicated some of the patholo- 
gy of CF in rats (31), and this plays an 
unknown role in the clinical and chemical 
findings. It is not possible at present to deter- 
mine the importance of several recent obser- 
vations in erythrocytes of CF patients. These 
include decreased sodium efflux (32), de- 
creased Ca2+ATPase (33), increased glu- 
cose-6-phosphate dehydrogenase activity and 
decreased NADPH/NADP ratios (34) in 
red cells from affected patients. 

This study began as an attempt to find an 
assay for the sodium inhibitory material in 
CF saliva since we felt identification of this 
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FIG. 4. Uptake of I3'I-albumin by Sarcoma 180 cells in culture: procedure as described in 
Methods; polylysine, lo-' M or CF saliva 0.3 m1/3 ml of media were added to incubation media. 
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TABLE 11. Release of 35S-Thiamine by Cultured Human Cells. 
Fibroblasts i n  log phase were grown in  F,, with 15% fetal  calf serum and 2.5-5.0 pCi of 

36S-thiamine for  24-26 hr. Polylysine, normal saliva and C F  saliva was incubated with the 
washed cells for 10 (A) and 20 (By C) min. Data are expressed in  counitls pelr minute of 38S 
released above a control incubation 1 SD with number of observations in  parentheses. 

Expt. : A B C 

CF saliva 

Control saliva 

Mean 218 & 17 (2) 313 & 351 (4) 300 & 118 (3) 

Mean 248 -c 12 (2)" 3310 f 202 (5)" 481 2 217 (4)" 

Polyly sine 
2 pug 1170 1200 

" p  > .05 compared to control saliva. 

material would enable us to identify primary 
and secondary factors in 'this disease. The 
assay systems available, that of retrograde 
injection into rat parotid glands (1, 2 )  and 
human sweat glands (3) are difficult to mas- 
ter and not amenable to the large number of 
analyses required if isolation were attempted. 
Several assay systems were then tested for 
possible use based on the hypothesis that this 
material has a positive charge. Poly-L-lysine, 
a basic polypeptide, is also a strong inhibitor 
af sodium transport in the rat parotid gland 
(8), accelerates the uptake of 1311-albumin 
by sarcoma 180 cells (19), stimulates the 
oxidation of succinate by isolated rat liver 
mitochondria (15), and effects the release of 
thiamine from cultured human fibroblasts 
(Table 11). We find that saliva from patients 
with CF does not act like poly-L-lysine un- 
der similar conditions. The acrylamide gels 
and acrylamide isoeleetric focusing also did 
not reveal a positively charged polypeptide or 
protein unique to CF saliva (Fig. 1, 2 ) .  All 
patients were receiving pancreatic replace- 
ment therapy, which alters the patterns of 
basic secretory proteins in experimental ani- 
mals (30). Since CF salivary protein patterns 
were similar to conitrols, this suggests CF 
saliva does not contain a unique basic protein 
or polypeptide in amounts greater than 3 
pg/100 pl of saliva, and i t  also suggests that 
pancreatic replacement has no effect on basic 
secretary proteins in these patients. 

Studies with biological assay systems, such 
as rabbit (4), oyster and mussel cilia (5, 6 ) ,  
and sodium transport in the rat parotid (1, 

2,  8) and the membrane assay systems re- 
ported here, suffer the disadvantage (that they 
are not specific for the active CF material. 
Ouabain, as well as poly-L-lysine, affects rab- 
bit cilia (4) and sodium transport in the rat 
(1, 8). From this i t  might be expected that 
selection of basic proteins by ion exchange 
chromatography would affect the assay sys- 
tems available. We find that basic proteins 
isolated by ion exchange chromatography 
from normal saliva stimulates succinate ox- 
idation in isolated rat liver mitochondria 
(29). Although the systems described here 
did not detect the presence of a unique basic 
polypeptide or protein in unfractionated CF 
saliva, such a search should not be discontin- 
ued. The active serum dyskinesis factor may 
have a positive charge (9). Identification of 
such a material in CF saliva would shed light 
on the metabolic delfect in CF and might 
suggest a rational approach to therapy. 

Summary. A recent hypothesis is that un- 
known positively charged molecules are in- 
volved in the pathophysiology of cystic fibro- 
sis. 1311-albumin uptake by sarcoma 180 
cells in culture, 1-4-l4C-succinate oxidation 
by isolated mitochondria and 35S-thiamine 
released by cultured fibroblasts are affected 
by poly-L-lysine, a positively charged poly- 
peptide. CF saliva does not have this effect. 
Polyacrylamide gel electrophoresis and acry- 
lamide isoelectric focusing suggests that basic 
secretory proteins are normal in CF saliva. 
Conventional pancreatic replacement therapy 
does not affect basic charged secretory pro- 
teins as i t  does in experimental animals. 
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