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FIG. 2.  Auachment of E. coli cells to red blood cells (RBCs). E.
coli cells and RBCs were incubated separately in urine samples at
37°C for 3 hours. The two were then mixed and incubated at 37°C for
90 minutes to allow bacteria to attach onto RBCs. The number of
bacteria retained on RBCs was counted under a light microscope. and
the mean number of bacteria attached per RBC was calculated. The
difference between CJC consumption (left-hand columns) and water
consumption (right-hand columns) is statistically significant for all
the clinical strains but not for HBI101.

consumption, indicating that cranberry juice is effective in
preventing nonspecific adhesion of these antibiotic-resistant
E. coli strains.

For many years, it has been recognized that uropathogenic
E. coli strains typically demonstrate mannose-resistant
adhesion in MRHA experiments.”** Many phytochemicals
in other fruits can inhibit mannose-sensitive adhesion,
but cranberry is one of the only fruits found to inhibit
mannose-resistant adhesion.”>**® Therefore, it is important to
investigate the adhesive properties of uropathogenic E. coli
strains that demonstrate MRHA, especially how oral con-
sumption of cranberry juice affects the adhesion of these
strains in a simulated physiological environment (urine col-
lected from a volunteer after CIC consumption). Therefore,
strains wsed in this study are from two MRHA-positive
subcategories: B37, CFT073, BF1023, and J96 have P-fim-
briae, whereas strains B73 and B78 do not have P-fimbriae
but exhibit MRHA.

P-fimbriae are considered the dominant virulence factors
in upper UTIs.”” They were named after the P blood group
antigens [a family of oligosaccharides with the Galx(1 —
4)Galff moiety] to which they bind. Although Galx(1—
4)Galff-containing receptors are not abundant in the mem-
brane of shed human epithelial cells,™ they are dominant in
human renal cell membranes.”” P-fimbriae adhere to epi-
thelial cells in multiple tissues in upper urinary tract,”” ex-
plaining the high probability of P-fimbriae-mediated upper
UTIs, such as acute pyelonephritis. P-fimbriae also adhere to
the epithelial and muscular layers of the bladder.” indi-
cating their involvement in lower UTIs. In addition, human

polymorphonuclear leukocytes in blood only have trace
amounts of glycolipids containing Gala(1— 4)Galf,****
rendering a poor binding of human polymorphonuclear
leukocytes with pathogenic P-fimbriated bacteria and thus
the killing of these bacteria. We showed a significant de-
crease in adhesion of P-fimbriated strains (B37. CFT073,
BF1023, and 196) after incubation with urine samples that
were collected after CJC consumption compared with the
non-fimbriated strain HB101, which demonstrated low ad-
hesion forces throughout the 8 hours after CIC consumption.
These results indicated that the anti-adhesive components or
metabolites of CJC remaining in urine have an inhibitive
effect on uropathogenic E. coli adhesion.

The adhesins of the other two MRHA-positive strains,
B73 and B78. have not been clearly identified yet: they may
be Dr adhesins. which belong to the X adhesin family. The X
adhesin family consists of Dr adhesins, S fimbriae. FIC
fimbriae, M adhesins, G fimbriae, and other unidentified X
adhesins.” The Dr adhesins differ from fimbriae because
they are not distinet filaments. They can exist as a fine mesh,
a coil-like structure, or a filamentous capsular coating.” The
receptors for Dr adhesins are the Dr blood group antigens
located on the decay-accelerating factor, a group of cell
membrane proteins regulating the complement cascade.™
The binding site of Dr adhesins in the urinary tract include
the renal interstitium. Bowman’s capsule, tubular basement
membrane, ureteral transitional epithelial cells, and exfoli-
ated cells in urine.™

B73 and B78 were isolated from cystitis patients, and the
Dr adhesin family constitutes 78% of X adhesin strains
among isolates from cystitis patients.”* Therefore, it is likely
that B73 and B78 have Dr adhesins. Our results showed that,
similar to P-fimbriated strains, B73 and B78 showed de-
creased adhesion forces after being treated with urine from
the volunteer who consumed CIC. Although the molecular
binding mechanisms of Dr adhesin and P-fimbriae are dif-
ferent in the urinary tract, CJC can inhibit the adhesion of
both, which could be a result of decreased nonspecific ad-
hesion induced by CJC metabolites remaining in urine.
Using contact angle measurements, a previous study’®
showed that cranberry juice could induce a decrease in
nonspecific adhesion between P-fimbriated E. coli and ur-
oepithelial cells. Because nonspecific adhesive interactions,
including van der Waals forces, electrostatic forces, and
hydrophobic interactions, do not involve the specific ad-
hesin-receptor binding, it is likely that CJC metabolites
influence the strains without P-fimbriae similar to the way
they affect P-fimbriated strains by diminishing nonspecific
interactions.”~* It is also possible that CIC metabolites can
change the amount and conformation of E. coli surface
macromolecules and thus the adhesion activity.”*? We
showed previously that cranberry juice reduced the equi-
librium length of E. coli P-fimbriae from ~ l48nm to
~48nm." suggesting the compressing of surface macro-
molecules on E. coli could be a mechanism of decreased
adhesion, which could explain the nonspecific adhesion
decrease after CJC consumption in both P-fimbriated and
non—P-fimbriated E. eoli strains,



744 TAO ET AL.

RBC agglutination assay

Although the adhesion forces measured with a silicon
nitride AFM probe represent the nonspecific adhesion of E.
coli cell surfaces, including van der Waals forces and
electrostatic and hydrophobic interactions, biological inter-
actions also include specific types of adhesion. such as re-
ceptor—ligand bonds. AFM adhesion force measurements
represent nonspecific adhesion between the silicon nitride
AFM probe and the bacterial surfaces, whereas the RBC
agglutination assay represents overall interaction between
bacterial cells and human cells, which contains both non-
specific and specific adhesion.

Compared with the control strain HB101, all the clinical
strains demonstrated high retention to RBCs after co-
culturing with the urine sample collected 6-8 hours after
water consumption (Fig. 2), which can be explained by the
fact that HB101 does not have any adhesins. When co-
cultured with the urine sample collected 68 hours after CIC
consumption, the retention of HB101 did not change com-
pared with urine collected 6-8 hours after water consump-
tion. These results suggest that CIC metabolites remaining
in urine can inhibit overall adhesion of uropathogenic E.
coli.

In conclusion, by incubating uropathogenic E. coli with
urine collected after water or CJC consumption and mea-
suring the resulting change of adhesion force between E.
coli cell surface and an AFM probe, we were able to dem-
onstrate that the anti-adhesive components in CJC could
reach the urinary tract and that these components were ac-
tive in preventing nonspecific adhesion. We also confirmed
that CJC components remaining in urine played a role in
inhibiting specific adhesion of E. coli by means of the
HRBC agglutination assay. In order to further investigate
the effects of CJC for longer periods after consumption and
the variance between individuals, we are currently working
on a study involving 11 volunteers, and the urine samples
will be collected over a 48-hour period after CJC or placebo
consumption.
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