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'fA ilLE 2. ADHESION FORCE BETWEEN A SILICON NlrK1lJ1l ATOMIC FORCE MI CROSCOPY PKOBE AND B ,\Cl 'EKIA L 

CEL LS AN D MEASURlm AFrER TREATM I! NT WITH URIN I! SAMI'LES COLLEeT El) B Ef OKE ( B ACKGROUND) 

AND AFTER CONSUMPTION OF 1602: OF W ATER OR CRANBERRY J UICE CocKTAIL 

Me(lIl±SD (ulhesiol! forre (liN) 

Strain Urine sall/ple Ire(J/lI1f'l!I Background 0-2 IWlIrs 2-4 hOllrs 4-fj hours 6-8 huurs 

B73 Wafer 1.30tO.77 1.42±O.63 1.!5±O.61 !.I HG.50 1.26±O.77 
CJC 0.52 to.3! * t O.42±O.2S* f O.30±O.17* t O.29±O.2S*t 

B7H Waler 1.30tO.86 I.37±O.72 1.33 to.88 1.44±O.91 1.33 ±Q,82 
CJC O.9R±O.73*t 0.73 iOAS"" O.66± O.3S* t 0.49 ± 0.24· ' 

B37 Water I .G7± GAI O.R4±O.49* 0.75 ±O.40* 1.04±O.62 O.96±O.42 
CJC O.69iO.30* 0.61 to.32* 0.47 to.21 * t 0.47 ± 0.22*t 

e FT073 Waler !.IHO.75 O.99±O.70 1.0HO,60 O.89±O.50 O.S2±GA7 
CJC O.77±O.SO*f OA7 ±O.36* f O.44±0.27* f O.38±0,IS* f 

IW!023 Water 1.68± I.Ol 1.61 ± I . I L82± 1.20 US± 1.21 [ .64±O.94 
CJC 0.86±O.44*t O.72±O.34*t OA5 ±O.2S· t O.29±0.[2*t 

J96 Water [ .2S±O.78 L29±O.59 !.29±O.62 l.35±0.75 [.30±0.42 
CJC O,88±O.52*f OA8±O.26*t 0.49 to.l9* t 0.38 ± O.33* t 

HB IOI Water OAO±O.O.26 OA2±OJ [ OA5 ±O.OJ2 OA3±OJ6 O.46±O.37 
CJC OA [ to.22 0.35 t027 OA3±OA6 OAI ±O.22 

·Stati,tieaUy signilicant �d �i�f �f�t�'�r�t�'�I�I�~�e� compared with background (P<.OS). 
'Statist icall)' �s �i �~�n�i�f�i�c�u�n�l� difference compared with treatment with urine sample collected at the same time point after water consumption (P < .05) . 
Cle. cranberry jui ce cocktail. 

higher than those after CJC consumption. and the difference 
between the two was not statisti cally different. After 4 hours 
the adhesion forces after water consumption increased and 
became signifi cantl y higher than the CJC group. For the 
majority or clini cal strains, namely, B73, B78. CFr073, 
BFI023, and J96, the dirference or adhesion rorces between 
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FIC. I. Adhesion forces of E. coli cell s �m�c�a�~�u�r�c �d� hy atomic force 
microscopy after incubation with urine samples at 37°C. The urine 
samples were coll ected from:! volunteer before and at certa.in time 
points after CJC consumption. The sIa.r symbol indicales a stali sti
cally signifi cant difference compared wit h the mean adhesion forces 
after treatment of a urine sample coll ected al the same time after 
water consumption. All the me:!n adhesion forces are significantly 
different from the backgrounds for each Slrain. Color images avail· 
able online al www.li ebertonlinc,colll / j mf 

CJC and water was statisti cally significant at each time in
terval, wit h adhesion forces after water consumption higher 
than those after CJC consumption. 

HRBC agglulil/(I{ioll assay 

Coculturing clinical strains with urine samples collected 
6-8 hours after CJC consumption resulted in a high degree 
of retention of bacteria on RBCs (Fig. 2). The mean number 
of attached E. coli cell s per RBC was >6, with two strains 
having especially high retention (1 1.35 bacteria/ RBC for 
CFT073 and 11.85 bacteria/ RBC for BFI023). The reten
ti on after culturing with CJC collected at 6-8 hours was 
signifi cantl y lower. being typicall y below 2 bacteria/ RBC. 
The control strain HB 101 demonstrated low retention 10 
RBCs after cul turing in urine collected 6-8 hours after 
consumption of either water (0.15 bacteria/ RBC) or CJC 
(0.35 bacteria/ RBe). and there was no sta[i sticall y signifi
cant difference between water and CJc. 

IJISCUSSION 

Adhesioll forces of £. coli 

Ant ibi otic resistance has been a major problem in the 
treatment of bacterial in fecti ons. CJC is a promising pre
ventive therapy for UTl s because it works as an anti- adhe
sive instead of a bactericide and thus does not induce the 
development of antibiotic resistance. In thi s study. three 
antibiotic-resistant strains isolated from female patients 
with cystiti s were selected to investi gate CJCs effects on 
these bacteria (Table I). All of the antibiotic-resistant 
strains showed littl e change in adhesion forces after water 
consumption compared with a significant decrease after CJC 
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FIG. 1. Atla(.:hment of £. coli cells to red blood cells (RBCs). £. 
coli cells and RBCs were incubated separalCly in urine samples at 
37"C for 3 hours. The IWO were Ihen mixed and incubated al 37°C for 
90 minutes 10 allow bacteria 10 altaeh O!1\O RBCs. The number of 
blb;tcria retained on RBCs was counted under a light microscope. and 
the mean number of bacteria allached per RBC was calcu lated. The 
difference between CJC consumplion ( I efl~hand columns) and water 
consumption (righi-hand columns) is statistically significant for all 
the dinical strains but not for HB 101. 

consumption. indicating that cranberry j uice is effective in 
preventing nonspecific adhesion of these antibiotic-resistant 
£. coli strain s. 

For many years, it has been recognized that uropathogenic 
E. coli strains typically demonstrate m:mnose-resistant 
adhesion in MRHA experimems. 7

.
8.24 Many phytochemicals 

in other fruit s can inhibit mannose-sensitive adhesion, 
but cranberry is one of the only fruits fo und to inhibit 
mannose-resistant adhesion.25

.
26 Therefore, it is important to 

investigate the adhesive propetties of uropathogenic E. coli 
strains that demonstrate MRHA, especially how oral con
sumption of cranberry juice affects the adhesion of these 
strains in a si mulated physiological environment (urine col
lected from a volunteer lifter CJC consu mption). Therefore, 
strains used in this study are from two MRHA-positive 
sulxalegories: B37. eFTa73, BFI023. 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 UTlS.27 They were named after the P blood group 
ant igens [a family of oligosaccharides with the GaICl(l-
4)GalfJ moietyJ to which they bind. Although GalCl:(I -
4)GalfJ-containing receptors are nOI abundant in the mem
brane of shed human epithelial cell s,28 they are dominant in 
human renal cell membranes. 29 P-fimbriac adhere to epi
thelial cells in multiple tissues in upper urinary tract,3Il ex 
plaining the high probability of P-fimbriae-mediated upper 
UTis. such as acute pyelonephritis. P-fi mbriae also adhere to 
the epithelial and muscular layers of the bladder.)t indi 
cating their involvement in lower UTls. In addition , human 

polymorphonuclear leukocytes in blood only have trace 
amounts of glycolipids containing GalCl:(1 _ 4)GalfJ.32.l3 

rendering a poor binding of human polymorphonuclear 
leukocytes with pathogenic P-timbriated bacteria and thus 
the killing of these bacteria. We showed a significant de
crease in adhesion of P-fimbriated strains (B37. CFTa73. 
BF I 023, and J96) after incubation with urine samples that 
were collected after CJC consumption compared with the 
non-fimbriated strain HBIOI. which demonstrated low ad
hesion forces throughout the 8 hours after CJC consu mption . 
These results indicllted that the anti -adhesive components or 
metabolites of CJC remaining in urine hllve 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 un identified X 
adhesins.5 The Dr adhesins differ from fimbriae because 
they are not distinct filaments. They can ex ist as a fine mesh. 
a coil -l ike structure, or a filamentous capsular coating.)4 The 
receptors for Dr adhesins arc the Dr blood group antigens 
located on the decay-accelerating factor. a group of cell 
membrane proteins regulating the complement cascade.35 

The bind ing site of Dr adhesins in the urinary tract include 
the renal interstitium. Bowman's capsule. tubular bOlsement 
membrane, ureteral transit ional epit helial cell s, and exfoli
ated cells in urine.J5 

B73 and B78 were isolated from cystiti s patients, and the 
Dr adhesin family consti tutes 78% of X adhcsin strain s 
among isolates from cystitis patients. 34 Therefore, it is likely 
that B73 and B78 have Dr adhesins. Our results showed that. 
similar 10 P-fimbriated strai ns. B73 lind B78 showed de
creased adhesion forces after being treated with urine from 
the volunteer who consumed CJc. 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 cOillact angle measurements, a previous studyJ6 

showed th:!t cranberry j uice could induce a decrease in 
nonspecific adhesion between P-fimbriated E, coli and ur
oepithel ial cel ls. Because nonspecific adhesive interact ions. 
including van def Waals forces. electrostat ic forces, and 
hydrophobic interactions, do not involve the specific ad
hesin- receptor binding, il is likely that CJC metabolites 
influence the strains without P-fimbriae si milar 10 the way 
they affect P-fimbriated stmins by diminish ing nonspecific 
interactions.37.38 It is also possible that CJC metabol ites can 
change lhe amount and conformation of E. coli surface 
macromolecules and thus the adhesion activity.t5.39 We 
showed previously that cranberry juice reduced the equi
li brium length of E. coli P-fimbriae from ...... 148 nm to 
-48 nm. 15 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. coli strains. 
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RBC (lgglllli l1Qfioll assay 

Although the adhesion forces measured with a silicon 
nitride AFM probe represent the nonspecific adhesion of E. 
coli cell surfaces, including van def W aals forces and 
electrostatic and hydrophobic interactions. biological inter
act ions al so incl ude specific Iypes 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 
agglut inat ion assay represents ovcmll interaction between 
bacterial cells and human cells, which contains both non
specific and specific adhesion. 

Compared with the control strain HB 10 I. all the clinical 
strains demonstrated high retention 10 RBes after co~ 
culturi ng with the urine sample collected 6~8 hours after 
water consumption (Fig. 2). which can be explained by the 
fact that HBlOI does not have any adhesins. When co
cultured with the urine sample collected 6--8 hours after CJC 
consumption, the retention of HB I 01 did not change com
pared wit h urine collected 6-8 hours after water consum p
tion. These results suggest that CJC metabolites remaining 
in urine can inhibit overall adhesion of uropathogenic E. 
coli. 

In concl usion. by incubating uropathogenic E. coli with 
urine collected after water or CJC consu mption and mea~ 

suring the result ing change of adhesion force between E. 
coli cell surface and an AFM probe. we were able to delll~ 
onstrate that the anti-adhesive components in CJC could 
reach the urinary Iract and that these components were ac~ 
tive in preventing nonspecific adhesion. We also confirmed 
that CJC components remaining in urine played a role in 
inhibit ing specific adhesion of E. coli by means of the 
HRBC agglut imltion assay. In order to further invest igate 
the effecls of CJC for longer periods after consu mption and 
the variance bel ween indi viduals. we are currently working 
on a study involving II volunteers, and the urine samples 
will be collected over a 48~hour period aFter CJC or placebo 
consumption. 
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