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Summary. T a m m - H o r s f a l l  g lycopro te in  (THP) ,  at  con- 
cen t ra t ions  occur r ing  in n o r m a l  urine,  was d e m o n s t r a t e d  
to show an t i -adherence  act ivi ty  for  type-1 f imbr i a t ed  
Escherichia coli. Urine  also showed an t i -adherence  ac- 
t ivity,  and  ur ine  f rom which the T H P  was p rec ip i t a t ed  
showed a s ignif icant  d rop  in activity.  The add i t i on  of  
ca lc ium to the incuba t ion  m e d i u m  with THP,  at concen-  
t ra t ions  n o r m a l l y  found  in the urine,  had  no effect on the 
an t i -adherence  act ivi ty  o f  THP.  However ,  concen t ra t ions  
of  ca lc ium higher  than  those  n o r m a l l y  occur r ing  in the 
ur ine  s ignif icant ly  decreased  the an t i -adherence  act ivi ty  o f  
THP.  It  is sugges ted  tha t  ind iv idua ls  with above  n o r m a l  
concen t ra t ions  of  ca lc ium in the ur ine m a y  be at  increased 
r isk for  u r ina ry  t rac t  infect ions since the pro tec t ive  effect 
of  T H P  is compromised .  

Key words: Ur ina ry  t rac t  infect ion - T a m m - H o r s f a l l  
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T a m m - H o r s f a l l  p ro t e in  (THP) ,  a renal  g lycopro te in ,  is the 
mos t  a b u n d a n t  p ro t e in  in n o r m a l  urine.  Orskov  et al. [9] 
d e m o n s t r a t e d  tha t  type-1 f imbr i a t ed  Escherichia coli are 
t r a p p e d  by  T H P  and  suggested this prevents  a t t a chmen t  
of  the bac te r i a  to u roep i the l ia l  cells, thus p revent ing  
infect ion.  K u r i y a m a  and  Si lverb la t t  [7] demons t r a t ed ,  via 
e lec t ron  mic roscopy ,  tha t  T H P  forms a p seudocapsu le  
a r o u n d  bac te r ia  with type-1 f imbr iae ,  and  in the absence 
o f  the f imbr iae  no capsule  was formed.  The b ind ing  o f  
T H P  to the f imbr iae  is p r e s u m a b l y  due to ma nnose  
con ta ined  in the T H P  and  is s u p p o r t e d  by  their  observ-  
a t ion  tha t  methyl  mannos ide  reduced  the aff ini ty  of  
pur i f ied  f imbr iae  for  T H P  on an aff ini ty column.  D u l a w a  
et al. [30] d e m o n s t r a t e d  tha t  bac ter ia l  adherence ,  media t -  
ed by  mannose-sens i t ive  type  1 f imbr iae ,  can be inhib i ted  
by  THP.  The  adherence  was specific and  dose dependen t ,  
with high concen t ra t ions  inhib i t ing  adherence  while low 
concen t ra t ions  showed only a marg ina l  inh ib i t ion  and  in 
some p r e p a r a t i o n s  even enhanced  adherence.  D u n c a n  [4] 
also obse rved  tha t  at  concen t ra t ions  greater  than  30 g g / m l  
T H P  inhib i ted  bac te r ia l  adherence.  However ,  at  lower  
concen t ra t ions  T H P  s t imula ted  bac te r ia l  adherence.  
Since type-1 f imbr i a t ed  E. coli have been i so la ted  f rom 
pat ien ts  with lower  u r ina ry  t rac t  infect ions [6], the 
b ind ing  of  T H P  of  these bac te r ia  m a y  represent  an 
i m p o r t a n t  hos t -defense  mechan i sm in bac ter ia l  c learance 
of  the u r i na ry  t ract .  In  a p rev ious  pub l i ca t i on  we demon-  

s t ra ted  tha t  if  the diet  is supp lemen ted  with calc ium,  there 
is an increase  in the concen t ra t ion  of  ca lc ium in the urine,  
and  when bac te r ia  and  uroep i the l ia l  cells are incuba ted  in 
this ur ine  there  is a co r r e spond ing  increase  in bac te r ia l  
adherence  [1]. In  this s tudy we demons t r a t e  tha t  ca lc ium 
ions, at  concen t ra t ions  higher  than  n o r m a l l y  occur r ing  in 
the urine,  s t rongly  inhibi t  the an t i -adherence  effect of  
THP.  This observa t ion  has impl ica t ions  for  ind iv idua ls  on 
calc ium supplements ,  suggest ing a decrease in the n o r m a l  
an t i -adherence  effect of  T H P  in the ur ine  and  implies  an 
increased risk for u r ina ry  t rac t  infections.  

Materials and methods 

E. coli strain 1401 was used in this study. The organism was obtained 
from the microbiology laboratory of Alliance City Hospital and was 
isolated from a patient with diagnosed urinary tract infection. 
AP120E strips (Fisher Scientific, Pittsburgh, Pa./USA) were used to 
confirm the identity of the isolate. The organism was shown to 
express type-1 fimbriae by testing for mannose sensitivity using a 
suspension ofSaccharornycetes cerevisiae [7]. For long-term storage, 
8.5ml of an overnight culture was mixed with 1.5 ml of sterile 
glycerol and stored at --20~ [8]. 

Epithelial cells were obtained from one healthy female volunteer 
with no history of urinary tract infection. Thirty milliliters of freshly 
voided urine was centrifuged at 4,500g for 10 rain to pellet the cells, 
and the pellet was washed one time with 0.01 M phosphate-buffered 
saline (PBS), pH 7.4. 

Bacterial adherence to exfoliated uroepithelial cells was 
measured as previously described [1, 10, 11]. One milliliter samples 
of bacteria containing 109 bacteria and 105 epithelial cells were 
combined and incubated in a shaking water bath at 50 oscillations/ 
rain for 30 min. Following incubation, a 1 ml sample was removed 
and filtered through at 8-gin polycarbonate membrane and washed 2 
times with 60ml of deionized water to remove the nonadherent 
bacteria. The filters were then placed on a glass slide, allowed to dry, 
and then removed. The adhering cells were gram-stained and a total 
of 50 epithelial cells were scored for each sample using a light 
microscope. Statistical comparasions between means were done by 
analysis of variance (ANOVA). For the incubation studies, 1 ml 
samples of the bacteria were centrifuged, resuspended in the test 
medium, and incubated at 37~ for 10min with shaking. The 
samples were then mixed with the epithelial cells and subjected to the 
adherence assay. The test medium included buffer, THP at 8.8, 17.5, 
35.0 and 105/ag/ml, urine plus or minus THP, THP at 35.0 gg/ml 
and calcium chloride at concentrations of 100,300,500 and 700 rag/ 
ml. Sodium, potassium and magnesium salts were used at a 
concentration of 500mg/1. For each experiment, controls were 
included in which uroepithelial cells were incubated with and 
without the addition ofE. coli without further treatment. 

The normal concentration of calcium in the urine ranges from 50 
to 250mg/1 [13] and increases to 500 to 660rag/1 after dietary 
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Table 1. Adherence of E. co# to exfoliated uroepithelial cells after 
incubation in urine plus or minus THP or buffer with increasing 
concentrations of THP 

Treatment Mean bacteria per cell 

Buffer 15.73 
Urine 12.27" 
Urine minus THP 17.04 
THP 105 lag/ml 4.86** 
THP 35.0 lag/ml 9.96** 
THP 17.5 lag/ml 20.55** 
THP 8.8 lag/ml 22.23** 

* Significantly different from the buffer control (P < 0.05) 
** Significantly different from the buffer control (P < 0.001) 

Table 2. Adherence of E. coli to exfoliated uroepithelial cells after 
incubation in THP and increasing concentrations of calcium 

Treatment Mean bacteria 
per cell 

Buffer 
THP 35 gg/ml 
THP 35 ~tg/ml and 100 rag/1 calcium 
THP 35 ~tg/ml and 300 mg/1 calcium 
THP 35 lag/ml and 500 mg/1 calcium 
THP 35 lag/ml and 700 mg/1 calcium 

15.68 
7.58* 

10.94 
13.38'* 
36.36*** 
37.50*** 

* and *** Significantly different from buffer control (P <0.001) 
** and *** Significantly different from THP minus calcium 
(P <0.01 and 0.001, resepectively) 

supplementation with 1,500mg of calcium carbonate [1]. The 
normal concentration of THP in the urine ranges from 30 to 
50 ~tg/ml [3, 12]. 

In a time study adherence of E. coli to epithelial cells was 
examined after preincubation of the bacteria in buffer, THP (35 lag/ 
ml), calcium chloride (500mg/1) or a combination of THP and 
calcium chloride at the same concentrations. The preincubation 
periods were 1, 5, 10, 30, and 120min. After preincubation, the E. 
coli were mixed with the epithelial cells and subjected to the 
adherence test described above. 

Tamm-Horsfall glycoprotein was prepared from human urine by 
a slight modification of the method of Tamm and Horsfall [12]. All 
steps were performed at 4~ Freshly voided urine was brought to 
0.58 M with NaC1 and refrigerated for 48 h. The precipitate was 
collected by centrifugation for 30 min at 4,500 g. The supernatant 
was used immediately for frozen for future use. The pellet was 
washed 3 times with 50 volumes of 0.58 M CaC1 and then resus- 
pended in deionized water and centrifuged one additional time for 
30 rain at 4,500 g to remove any undissolved material. The sample 
was then dialyzed overnight against two changes of 100 volumes of 
distilled water. One milliliter of the sample was dried in a vacuum 
over silica gel to constant weight. The yield ranged from 23 to 
28 lag/ml of THP/1 or urine. 

To determine the homogeneity of the THP preparations, samples 
were subjected to one-dimensional gel electrophoresis in the pres- 
ence of0.1% sodium dodecyl. Since previous determinations [3, 4, 7] 
estimated the molecular weight of the THP to be between 90 and 
100 kD, a 5 % polyacrylamide gel was used with a 2.5 % stacking gel 
[2]. The preparations of Tamm-Horsfall protein migrated as a single 
descreet band having a molecular weight of approximately 90 kD as 
compared to the protein standards of ovalbumin, 45 kD, bovine 
serum albumin, 66 kD and B - galactosidase, 116 kD. 

Results 

Effect o f  THP on bacterial adherence 

I nc uba t i on  ofE.  coli and  epi thel ia l  cells in ur ine resul ted in 
a s ignif icant  decrease in bac ter ia l  adherence  as c o m p a r e d  
to incuba t ion  in buffer  (Table  1). W h e n  urine,  f rom which 
the T H P  was removed ,  was used as the incuba t ion  
med ium,  the level of  bac ter ia l  adherence  was not  signifi- 
cant ly  different  f rom the buffer  control .  Since the ur ine  
minus  T H P  also con ta ined  0 . 5 8 M  NaC1, used in the 
p rec ip i t a t ion  step, a separa te  i ncuba t ion  was car r ied  out  
in 0.58 M NaC1. The  adherence  value in 0.58 M NaC1 was 
not  s ignif icant ly  different  f rom the value ob t a ined  when 
urine minus  T H P  was used as the incuba t ion  m e d i u m  
(P = 0.129). As an add i t iona l  control ,  n o r m a l  ur ine con- 
ta in ing T H P  was made  0 .58M with NaC1 and  used 
immedia t e ly  as an incuba t ion  medium.  W h e n  c o m p a r e d  
to n o r m a l  ur ine  conta in ing  THP,  there  was no signif icant  
difference in adherence  (P = 0.889). 

The add i t i on  of  T H P  at concen t ra t ions  of  35 and  
105 g g / m l  s ignif icant ly  r educed  the n u m b e r  o f  adher ing  
bac te r ia  as c o m p a r e d  to the con t ro l  with no a d d e d  THP.  
Concen t ra t ions  o f  T H P  at 17.5 and  8.8 g g / m l  s ignif icant ly  
increased the n u m b e r  o f  adher ing  bac ter ia  as c o m p a r e d  to 
the cont ro l  value (Table  1). 

Effect o f  calcium on the anti-adherence activity of  THP 

It can be observed  f rom Table  2 tha t  the add i t i on  of  T H P  
at a concen t ra t ion  of  35 g g / m l  s ignif icant ly  decreased  
bac te r ia l  adherence  as c o m p a r e d  to the con t ro l  value.  The 
add i t i on  of  ca lc ium to the incuba t ion  m e d i u m  at a 
concen t ra t ion  of  100 mg/1, plus THP,  increased the num-  
ber  of  adher ing  bac te r ia  c o m p a r e d  to T H P  alone.  The  
value,  however ,  was not  s ignif icant ly  higher.  Concen t r a -  
t ions of  calcium, 300 mg/1 or  greater ,  s ignif icant ly  in- 
creased the number  of  adher ing  bac te r ia  c o m p a r e d  to the 
value with T H P  alone.  Ca lc ium at concen t ra t ions  of  500 
and  700 mg/1 plus 35 ~tg/ml T H P  increased the n u m b e r  of  
adher ing  bac te r ia  to values greater  than  the con t ro l  with 
no a d d e d  THP.  

Time study on the adherence of  E. coli to uroepithelial cells 
after various treatments 

E. coli and  uroep i the l ia l  cells were incuba ted  for  1, 5, 10, 
30, and  120 min with var ious  t rea tments ,  and  the cells 
were then scored for  bac te r ia l  adherence  (Table  3). F o r  the 
cont ro ls  in buffer,  adherence  values increased  to a b o u t  
30ra in  and  then stabi l ized.  There  was no s ignif icant  
difference between incuba t ions  of  30 and  120rain 
(P = 0.297), whereas  incuba t ion  per iods  of  1, 5 and  10 min 
were s ignif icant ly  different  ( P < 0 . 0 5 )  f rom the 30-min 
incuba t ion  per iod.  

W h e n  T H P  (35 gg /ml )  was inc luded in the incuba t ion  
med ium and  adherence  was m o n i t o r e d  at the var ious  t ime 
per iods ,  there  was no signif icant  difference if  the read ing  
at 3 0 m i n  is c o m p a r e d  to 1 (P-=0.396) ,  5 ( P = 0 . 6 0 8 ) ,  10 



Table 3. Adherence of E. coli to exfoliated uroepithelial cells after 
incubation in buffer, THP, calcium, or THP and calcium for 
increasing periods of time 

Time Treatment/mean bacteria per cell 
(min) 

Buffer THP Calcium THP + Calcium 

i 20.01" 10.40"** 21.90'*** 21.06'***** 
5 24.55* 10.36"** 34.56**** 31.05'***** 

10 26.02* 10.12"** 44.66***** 37.74******* 
30 32.63 12.54 40.86 38.38 

120 30.53******* 14.56"** 48.21"*** 47.76****** 

* Significantly different from 30-min incubation period (P < 0.05) 
** Not significantly different from 30-min incubation period 
(P 0.297) 
*** Not significantly different from 30-rain incubation period; 
1 min (P--  0.396), 5 rain (P -- 0.608), 10 rain (P = 0.400), and 120 rain 
(P -- 0.544) 
**** Significantly different from 30-min incubation period 
(P<0.05) 
***** Not significantly different from 30-min incubation period 
(P=0.153) 
****** Significantly different from 30-min incubation period 
(P<0.05) 
******* Not significantly different from 30-min incubation period 
(P=0.618) 

( P = 0 . 4 0 0 ) ,  and  120min ( P = 0 . 5 4 4 ) .  The  inc lus ion of  
ca lc ium (500 mg/1) in the incuba t ion  m e d i u m  resul ted in 
an increase in adherence  at  10 min  [30 min  is s ignif icant ly  
different  f rom 1 and  5 min ( P > 0 . 0 5 ) ] ,  no increase be- 
tween 10 and  3 0 m i n  ( P = 0 . 1 5 3 )  and  an add i t i ona l  
increase at  120 min c o m p a r e d  to 30 min (P < 0.05). W h e n  
bo th  T H P  (35 btg/ml) and  calc ium (500mg/1) were in- 
c luded in the i ncuba t ion  med ium,  the pa t t e rn  was the 
same as obse rved  for  ca lc ium alone;  30 min  was signifi-  
cant ly  different  f rom 1, 5 and  120 min  ( P > 0 . 0 5 )  and  no t  
s ignif icant ly  different  f rom 10 min (P - -  0.618). 
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Table 4. Restoration of THP anti-adherence activity after successive 
washes with distilled water 

Treatment Mean bacteria 
per cell 

Buffer 
THP 35 I-tg/ml 
THP 35 lag/ml and calcium 500 mg/1 
THP and calcium; wash 1 
THP and calcium; wash 2 
THP and calcium; wash 3 
THP and calcium; wash 4 

20.12 
13.00" 
32.34** 
29.06*** 
29.34*** 
17.92"*** 
12.80'**** 

* Significantly different from control (buffer) (P < 0.01) 
** Significantly different from THP 35 gg/ml (P < 0.001) 
*** Not significantly different from THP and calcium with no wash 
(/ '=0.317 and 0.374) 
**** and ***** Significantly different from THP and calcium with 
no wash (P<0.001) 
***** Not significantly different from THP 35 gg/ml (P--0.948) 

Table 5. Effect of additional ions on the anti-adherence activity of 
THP 

Treatment Mean bacteria 
per cell 

Buffer 
THP 35 lag/ml 
THP 35 lag/ml + 500 rag/1 calcium 
THP 35 gg/ml + 500 rag/1 sodium 
THP 35 gg/ml + 500 rag/1 potassium 
THP 35 btg/ml + 500 mg/1 magnesium 

32.50 
22.36* 
44.34** 
27,50*** 
26.80*** 
23.32*** 

* Significantly different from the control (buffer) (P < 0.001) 
** Significantly different from control and THP 35btg/ml 
(~~ 
*** Not significantly different from THP 35 ~tg/mi (P 0.074, 0.123 
and 0.750, respectively) 

Reversal of calcium-induced inhibition 
of THP anti-adherence activity 

A n  a t t emp t  was made  to reduce the effect of  ca lc ium on 
T H P  by successively washing  the p r epa ra t i ons  with 
dis t i l led water .  E. coli was incuba ted  with T H P  and  
ca lc ium and  then subjec ted  to a series of  washes p r io r  to 
i ncuba t ion  with the u roep i the l ia l  cells. The  results  can be 
obse rved  in Tab le4 .  As in the previous  results,  T H P  
s ignif icant ly  r educed  the n u m b e r  of  adher ing  bac te r ia  
c o m p a r e d  to the buffer  cont ro l ,  and  the add i t i on  o f  
ca lc ium to the i ncuba t ion  m e d i u m  reversed this effect. 
Two washes with dist i l led water  d id  not  s ignif icant ly  
reduce the n u m b e r  of  adher ing  bacter ia .  However ,  af ter  
the th i rd  and  four th  wash, there  was a s ignif icant  decrease  
in the n u m b e r  of  adher ing  bac te r i a  c o m p a r e d  to incuba-  
t ions inc luding  calc ium and  T H P  tha t  had  not  been 
washed.  Also,  af ter  four  washes the n u m b e r  o f  adher ing  
bac te r ia  was no t  s ignif icant ly  different  f rom the incu-  
ba t i on  in which T H P  bu t  no ca lc ium was inc luded  in the 
incuba t ion  med ium.  

Effect of ions other than calcium on the 
anti-adherence activity of THP 

Chlor ine  salts of  sod ium,  po t a s s ium and  magnes ium 
(500 mg/1) were also examined  for  their  effect on the ant i -  
adherence  act iv i ty  o f  T H P  (Table  5). Only  when calc ium 
chlor ide  (500 mg/1) was inc luded in the incuba t ion  me- 
d ium was there a s ignif icant  increase  in adherence  
(P < 0.001). There  was no s ignif icant  change in adherence  
when chlor ine  salts of  sod ium,  po t a s s ium and  magnes ium 
( P - -  0.074, 0.123, and  0.750, respect ively)  were inc luded  
in the incuba t ion  medium.  

Discussion 

It  has been p r o s p o s e d  tha t  T a m m - H o r s f a l l  g lycopro te in  
acts in the b l a dde r  to t rap  u r ina ry  pa thogens  con ta in ing  
type-1 f imbr iae  [9] and  m a y  also p r o m o t e  or  p revent  
adherence  o f  these pa thogens ,  depend ing  u p o n  the con-  
cen t ra t ion  [3, 4]. We have conf i rmed  tha t  T H P  m a y  ei ther  
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promote or prevent adherence E. coli to uroepithelial cells, 
depending upon the concentration. At concentrations of 
about 35 gg/ml and above, THP acts as an anti-adherence 
factor while at concentrations of about 17gg/ml and 
below, the THP acts to promote bacterial attachment. 
Normal concentrations of THP in the urine range from 
about 30 to 50 gg/ml [3, 5, 13]. Thus, it would appear that 
there is sufficient THP in the urine to inhibit attachment 
of bacterial pathogens containing type-1 fimbriae. We 
were able to confirm this suggestion by demonstrating 
that normal urine significantly reduces bacterial adher- 
ence to uroepithelial cells compared to urine from which 
the THP had been precipitated. 

In a previous publication we demonstrated that excess 
calcium in the urine acts to increase bacterial aderence [1]. 
In the present investigation we examined the effect of 
calcium on the anti-adherence activity of THP. At a 
concentration of 300 mg/1 and above, there was a signifi- 
cant decrease in the anti-adherent activity of THP. This is 
higher than the normal concentration of calcium in the 
urine which ranges from about 50 to 250 rag/1 for a 24-h 
sample [131. Thus, only concentrations of calcium higher 
than those normally occurring in the urine will effectively 
inhibit the anti-adherence activity of THP. This would 
suggest that individuals with higher than normal concen- 
trations of calcium in the urine would tend to lose the anti- 
adherence protection that is normally afforded by THP. 
Other cations including sodium, potassium and mag- 
nesium, even at concentrations almost twice the effective 
concentration of calcium, had no significant effect on the 
anti-adherence activity of the THP. 

Since it became apparent that high concentrations of 
calcium in the urine had a detrimental effect on the 
activity of THP, we wanted to determine how quickly this 
effect could be observed. Normally we incubated the 
bacteria and uroepithelial cells for 30 min to allow adher- 
ence to occur. In buffer, adherence stabilizes after 30 min. 
When THP was included in the incubation medium, 
maximum activity was observed at 1 min with no signifi- 
cant change in adherence up to 120 min. Thus, while it 
takes about 30 min for maximum adherence to occur, the 
protective activity of THP is available almost immediate- 
ly. The inclusion of calcium in the incubation medium 
resulted in a progressive increase in adherence up to the 
maximum time period of 120 min, and THP with calcium 
showed the same pattern. Therefore, calcium is a very 
strong promoter of bacterial adherence and quickly 
negates the anti-adherence effect of THP. 

To determine how strongly the calcium was associated 
with the THP on the bacterial cells, bacteria incubated 
with THP and calcium were subjected to a series of 
washes. It was found that after three washes there was a 
significant decrease in bacterial adherence, and after the 
fourth wash the adherence value was the same as the THP 
control. Thus, the association of calcium with the THP on 
the bacterial cell surface seems to be transient. We 
previously demonstrated the calcium could be washed 
from the surface of both bacterial and epithelial cells with 
a concurrent decrease in bacterial adherence. In a pre- 
vious publication we demonstrated that washing the 
bacteria four times had no effect on bacterial adherence 

[1]. In the current investigation it was observed that after 
four washes the anti-adherent activity of THP was still 
evident, indicating the washing process did not remove 
THP. A similar observation has been made by Duncan [4]. 

In conclusion, THP can act as an anti-adherence agent 
at concentrations that occur in normal urine and thus may 
act as a protective agent for urinary tract infections. THP 
activity is reversed by calcium at concentrations higher 
than normally occurring in the urine. Therefore, individu- 
als with increased concentrations of calcium in the urine 
could be at increased risk for urinary tract infections. This 
may be particularly significant for individuals who are 
using calcium supplements. THP activity is retained after 
washing the cells with an aqueous solution whereas 
calcium activity is lost. This suggests that as the level of 
calcium is reduced in the urine, the association of THP 
with calcium is reduced, thus restoring the anti-adherence 
activity of THP. 
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