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Abstract. 125I-labeled type I collagen (Cn-I) binding of 92 flesh isolates and 18 type culture 
collection strains of lactobacilli was tested. More than 75% of the strains bound Cn-I. The 
binding was inhibited by excess of unlabeled Cn-I, gelatin, and was sensitive to proteinase K. 
Other proteins such as fibronectin and albumin and various carbohydrates such as o-galactose, 
D-fucose, and D-mannose did not inhibit the binding. Therefore, we propose binding of Cn-I to 
lactobacilli involving specific surface protein(s). 

Lactobacilli are members of the indigenous gastroin- 
testinal and genital microflora of animals and man. 
It has been proposed that bifidobacteria and lactoba- 
cilli play an important role in the host intestinal mi- 
croecology, especially in prevention of intestinal in- 
fections during the weaning period [16]. A number 
of enteropathogenic bacteria have been shown to 
colonize the intestinal mucosa by specific surface 
proteins called adhesins or colonizing factor anti- 
gens [4, 10]. Little attention has focused on how 
members of the indigenous flora, including lactoba- 
cilli, colonize the gut [21]. Enteropathogenic Esche- 
richia coli adhere and colonize intestinal mucosal 
surfaces by both fimbrial and non-fimbrial adhesins 
[i0, 22]. A number of tissue-invasive pathogens such 
as Staphylococcus aureus and other staphylococci 
bind to various tissue collagens [8, 18], fibronectin, 
and vitronectin in the extracellular matrix or in dam- 
aged tissue [9, 11, 15]. However, connective tissue 
protein binding has been found also in the noninva- 
sive enteric pathogens such as Vibrio cholerae [23] 
and enterotoxigenic E. coli [6, 20]. 

Lactobacilli colonize the intestinal mucous 
membranes and antagonize gut colonization by vari- 
ous enteropathogens [17]. Therefore, studies on the 
possible interactions of lactobacilli with proteins of 
the mammalian host cells are important. It is of inter- 
est to determine whether such commensal bacteria, 
which rarely cause infections and then only in the 
immune compromised host, share colonization strat- 
egies with pathogens. 

We now describe collagen type I (Cn-I) binding 
to 110 strains from different species of lactobacilli, 

including both flesh isolates and type culture collec- 
tion strains. Cn-I binding properties of a few selected 
strains were further characterized for binding speci- 
ficity and for growth influence on binding properties. 

Materials and Methods 

Strains. Type culture collection strains were obtained from 
Deutsche Sammlung von Mikroorganismen (DSM) (Braunsch- 
weig, Germany) and from the National Collection of Industrial 
and Marine Bacteria Ltd (NCIMB) (Aberdeen, Scotland) (Table 
1). Staphylococcus aureus strain Cowan I was used as a reference 
strain in the growth experiment [8, 15]. Fresh lactobacilli isolates 
from human, porcine, calf, and chicken were obtained from a 
culture collection at Medipharm (Angelholm, Sweden) [7, 21]. 
These isolates were biotyped by a commercial kit, API 20 CH 
(Analytab, Montalieu, Vercieu, France). 

Chemicals. Purified collagen type 1 (Cn-I) preparations (Vitrogen 
100, 95% collagen type I and 5% collagen type III, lot nos. 87H183 
and 88K283) were purchased from Collagen Corporation (Palo 
Alto, California, USA). Porcine fibronectin was a kind gift from 
BioInvent AB International (Lund, Sweden). Gelatin, D-man- 
nose, D-fucose, eggwhite lysozyme, pepsin, trypsin, papain, and 
proteinase K were purchased from Sigma Chemicals (St. Louis, 
Missouri, USA) and D-galactose from Merck (Darmstadt, Ger- 
many). Human IgG was obtained from Kabi (Stockholm, Swe- 
den), BSA from Boehringer Mannheim GmbH (Mannheim, Ger- 
many), and Tween 20 from Kebo Lab AB (Stockholm, Sweden). 
Iodobeads were purchased from Pierce Chemical Company 
(Rockford, Illinois, USA) and isotopes from Amersham (Solna, 
Sweden). All chemicals used in the preparation of buffers and 
solutions were of analytical grade. 

Bacteriological media and culture conditions. Lactobacilti were 
grown in the Man-Rogosa-Sharpe-medium (MRS Oxoid Ltd, Ba- 
singstoke, England), in Lactobacillus Carrying Medium (LCM) 
[2], and on Rogosa agar (Oxoid). Bacto agar (1.5%, Difco Labora- 
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Table 1. Reference strains and their collagen type I binding 
profiles ~ 

% Cn-I 
Strains Number Origin binding 

Lactobacillus DSM 20356 Turkey feces 7 
acidophitus 

L. acidophilus DSM 20552 Human t9 
infection 

Kefir grains 8 
Milk 11 

L. brevis DSM 20485 
L. casei subsp DSM 20244 

casei 
L. casei subsp DSM 20023 

rhamnosus 
L. casei subsp DSM 20012 

tolerans 
L. cellobiosus DSM 20055 
L. coryniformis DSM 20007 
L. fruktosus DSM 20394 
L. gasseri DSM 20077 
L. minutus DSM 20586 
L. reuteri DSM 20016 

L. reuteri DSM 20053 
L. reuteri NCIMB 11951 

L. sp DSM 20182 
L. sp. DSM 20452 
L. vaccinostercus NCIMB 11808 
L. gasseri DSM 20604 

? 11 

Pasteurized 6 
milk 

Saliva 7 
Silage 11 
Flowers 5 
Human feces 18 
Abscess 29 
Human 20 

intestine 
Human feces 7 
Human 40 

intestine 
Marinated meat 11 
Rat intestine 2I 
Bovine feces 7 
b 8 

Lactobacilli reference strains, their sources, origin of isolation, 
and their collagen type-I binding values. The strain NCIMB 11951 
was chosen for further characterization. 
b Human septic urinary infection. 

tories, Detroit, Michigan, USA) was added to the broth prior to 
autoclaving for the preparation of solid media. Agar cultures were 
incubated in a CO2 incubator (Assab AB, Stockholm, Sweden) 
with 5% CO2. All broth cultures were grown with slow agitation 
(50 rpm) in 50 ml of medium in 200-ml flasks at 37°C for 16 h 
unless otherwise stated. Staphylococcus aureus, strain Cowan-1, 
was grown in Trypticase Soy Broth (TSB, Difco). Cells were 
harvested, after 16 h, in the stationary phase of growth and 
washed twice in 0.02 M of potassium phosphate-buffered saline 
(KPB), pH 6.8. The cell density was adjusted to 5 x 109 organ- 
isms/ml in a Linson 3 photometer (Stockholm, Sweden). 

Protein binding assays. Cn-I was labeled with 12SIodine to a spe- 
cific activity of 1-3 x t05 cpm/p~g protein according to a modified 
Chloramine-T method using Iodobeads [6, 12]. Labeled Cn-I was 
stored at 4°C in 1% BSA. Labeled Cn-I was diluted in PBS (0.02 
M sodium phosphate buffer, 0.15 M NaC1, pH 7.2) with 0.1% 
BSA, to an activity of approximately 2.5 x 104 cpm/50/xl; 100 ~1 
of bacterial suspension was mixed with 50 p~l of labeled protein 
and incubated for 1 h at 20°C. After this incubation, 2 mt of ice- 
cold KPB containing 0.1% Tween 20 was added. Supernatants 
were aspirated after centrifugation (1760 g for 15 min), and the 
radioactivity of cell pellets was measured in a Multigamma 
Counter (1260 LKB-Wallac, Turku, Finland). 

Cn-I binding to lactobaciili during various phases of growth. The 
influence of growth phase on collagen binding of Lactobacillus 
sp, strain PF67, and Staphylococcus aureus, strain Cowan- 1, was 
investigated. Strains were cultured in 2 L of medium (LCM for 
PF67 and TSB for S. aureus Cowan-1) in 5-L flasks with a t% 
inoculum from overnight grown broth cultures. At indicated time 
intervals bacterial growth, culture pH, and collagen binding were 
determined. 

Bacteria from various broth and agar cultures of strains B27, 
PF67, and Lactobaciltus reuteri NCIMB 11951 were tested for 
Cn-I binding. Agar-grown bacteria were suspended from plates 
in KPB and washed twice with the same buffer. Cells of broth- 
grown strains were washed twice in KPB. The pH optimum for 
binding was determined for 10 strains in a pH range of 4.0-8.0. 
Buffers were prepared from 0.02 M KPB adjusted with 1 M of 
HCI or NaOH. Both experiments and washings were performed 
in such pH-adjusted buffers. 

Protease treatments. Proteinase K (buffer pH 8.0), lysozyme (pH 
5.0), pepsin (pH 4.0), trypsin (pH 8.0), and papain (pH 6.8) were 
added to a final concentration of 60/xg/ml to 5 x 109 cells/ml. 
Buffers were prepared from 0.02 M KPB adjusted with 1 M HC1 
or NaOH to the appropriate pH. Bacteria were washed twice with 
KPB to stop protease treatment and were resuspended in KPB 
before the binding assay was performed. Control bacterial sus- 
pensions were treated in the same way except that no enzyme 
was added. 

Saturation and inhibition of collagen type I binding. For the satura- 
tion experiments increasing amounts of unlabeled Cn-I was added 
to a constant amount (2.5 × 104 cpm, approximately 10 ng of 
protein) of labeled Cn-I to investigate when the unlabeled protein 
or carbohydrate blocked binding. For inhibition studies, 100/~g 
of various proteins and carbohydrates were added to bacterial 
suspensions. Fibronectin, BSA, IgG, gelatin, D-galactose, D- 
mannose, and D-fucose were added as potential inhibitors to 
standard cell suspensions just before the labeled protein, and the 
mixtures were incubated at 20°C for 60 min. 

Results 

Collagen-I binding of  fresh isolates and type culture 
collection strains. B i n d i n g  o f  c o l l a g e n - I  is a c o m m o n  

p r o p e r t y  a m o n g  b o t h  f r e s h  i s o l a t e s  a n d  t y p e  c u l t u r e  

c o l l e c t i o n  s t r a i n s  o f  l a c t o b a c i l l i  g r o w n  in M R S  m e -  

d i u m  ( T a b l e  1 a n d  F ig .  1). B i n d i n g  p r o p e r t i e s  w e r e  

n o t  r e s t r i c t e d  t o  a n y  s p e c i a l  o r ig in  o f  t h e  l a c t o b a c i l -  

lus  s t r a ins .  M o r e  t h a n  7 5 %  o f  t h e  s t r a i n s  p r o v e d  t o  

be  c o l l a g e n  t y p e  I b i n d e r s .  T h e  c u t - o f f  v a l u e  w a s  se t  

at  7%.  

The influence o f  growth condit ions on  collagen-I 
binding. G r o w t h - p h a s e - r e l a t e d  b i n d i n g  is s h o w n  f o r  

l a c t o b a c i l l u s  s t r a in  P F 6 7  (Fig .  2a) ,  a f r e s h  i s o l a t e  

e x h i b i t i n g  25% C n - I  b i n d i n g  in t h e  p r o t e i n - b i n d i n g  

a s s a y  a f t e r  16 h o f  g r o w t h .  T h e  r e s u l t  is p r e s e n t e d  

in c o m p a r i s o n  w i t h  t h e  S.  a u r e u s  s t r a i n  C o w a n  1 

(Fig.  2b).  I n  b o t h  s t r a in s ,  p F 6 7  a n d  S.  a u r e u s  C o w a n  

I,  C n - I  b i n d i n g  i n c r e a s e d  d u r i n g  t h e  l o g a r i t h m i c  
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Fig. 1. The incidence of binding to Cn-I 
by lactobacilli isolated from different 
sources. Strains on or below the hori- 
zontal line are negative binders. (0-7% 
negative binders, 7-15% low binders, 
15-25% medium binders, and <25% 
high binders). All fresh isolates were 
isolated from the small intestine of the 
origin species. 
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Fig. 2. Influence of growth on 
binding to Cn-I for Lactobacillus 
sp. PF67 (a) and Staphylococcus 
aureus Cowan-1 (b). O indicates 
the optical density in log OD, ~r 
gives the pH curve, and • 
shows the binding values in per- 
centage binding of added labeled 
protein. 



36 CURRENT MICROBIOLOGY go1, 23 (1991) 

Table 2. The influence of media on collagen I binding of 
strains PF67, B27, and NCIMB 11951 ° 

Binding (%) 

MRS LCM MRS 
Rogosa broth 

Strains Broth Agar Broth Agar agar (48 h) 

PF67 36 31 45 13 36 37 
B27 37 53 31 48 44 35 
L .  r eu te r i  43 52 26 51 75 47 

NCIMB 
11951 

Media-related binding for three strains, B27, PF67, and L .  reu-  

ter i  NCIMB 11951. The binding capacity of the agar-grown strains 
was higher for B27 and NCIMB 11951, but lower for PF67. 

phase of growth. Maximum binding was observed 
with cells harvested in the early stationary phase for 
strain PF67, and in the late log phase for strain 
Cowan 1. Both strains showed maximum binding 
when the pH of the culture reached a minimum 
value. 

To investigate the influence of culture media on 
the expression of Cn-I binding, we studied two types 
of broth and agar media (Table 2). Cn-I binding for 
two fresh isolates (PF67 and B27) and one reference 
strain LactobaciUus reuteri (NCIMB 11951) was 
compared. Binding values of broth- and agar-grown 
cells of MRS and LCM cultures were compared. 
Agar-grown bacteria showed higher binding capac- 
ity compared with broth-grown cells (there are some 
individual differences between the strains when the 
optimal binding capacity is expressed). Prolonged 
incubation times of broth cultures, up to 48 h, had 
no significant effect on Cn-I binding. 

pH optimum for collagen-I binding. Since Lactoba- 
cillus strain PF67 showed maximum Cn-I binding 
when harvested in a growth phase with decreased 
pH value, it seemed relevant to study how pH of 
the assay buffer affected binding (Fig. 2a). For this 
purpose Cn-I binding of 10 strains was tested in 
assay buffers adjusted to various pH values. The 
binding pattern ofL.  reuteri strain NCIMB 11951 is 
shown as a representative for all the 10 strains (Fig. 
3). All strains showed the same type of binding pro- 
file as NCIMB 11951 except that the pH optimum 
was different for different strains. The pH optimum 
for Cn-I binding for NCIMB 11951 was pH 6.8. A 
sharp decrease was observed above pH 7, and a 
more moderate decrease in binding capacity oc- 
curred below pH 7 (down to pH 4). 

Other binding characteristics. Proteinase K-treated 
cells (strain PF67, B27 and NCIMB11951) showed a 
decrease in the Cn-I binding, but the binding was 
not affected by the other proteases after incubation 
at 37°C for 1 h (Table 3). 

Gelatin blocked the binding completely, 
whereas unlabeled Cn-1 blocked up to 60% (Table 
4). No sugars tested had any effect on the binding of 
Cn-1. 

Discussion 

A number of pathogens colonize mucosal surfaces, 
and wounded mucosal tissues have been shown to 
possess specific cell surface structures (usually pro- 
teins) binding fibronectin [3, 6, 9] and various types 
of collagens [1, 13, 15]. Recent studies by Naito and 
Gibbons [13] showed that certain oral bacterioides 
bind specifically to collagen-like, proline-rich pro- 
teins in human saliva. Our findings indicate that non- 
pathogenic lactobacilli, similar to tissue-invasive 
pathogens such as Staphylococcus  aureus [8, 14], 
Escherichia coli [6], or noninvasive pathogens as 
enterotoxigenic and uropathogenic E. coli [22] and 
Vibrio cholerae [23], interact with specific connec- 
tive tissue proteins of the host. Collagen type I bind- 
ing to lactobacilli seems to be a common property 
in comparison with fibronectin, where we found no 
binding strains. The high number of collagen binders 
among type culture collection strains indicates that 
Cn-I binding is a stable genetic property. 

Binding of Cn-I was specific, since only an ex- 
cess of native or denatured homologous protein 
blocked Cn-I binding while heterologous proteins, 
various carbohydrates, or the detergent Tween 20 
failed to inhibit binding. Blocking by denatured col- 
lagen (i.e., gelatin) has also been shown for S. aureus 
[18]. Various culture conditions drastically alter the 
expression of collagen binding. Agar-grown cells 
usually bound around 15-25% more Cn-I than broth- 
grown cells. 

Though maximum binding occurs in the late log- 
arithmic to early stationary phase of growth, more 
than half of the binding capacity is relatively stable 
over a period of 30 h in broth culture (Fig. 2a). 
Collagen-binding, proteinase K-sensitive surface 
components are expressed under various growth 
conditions and over a wide pH range. Maximum 
binding is expressed when pH drops below 5. How-  
ever, a neutral pH value is preferable for maximum 
binding (pH 6.8 for L. reuteri NCIMB 11951). It 
seems as if the optimum pH for expression of the 
interaction differs from the optimum for binding ac- 
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Fig. 3. Influence of pH on binding of 
Cn-I to cells of L. reuteri NCIMB 
11951. The ~ indicates the interval 
where the other strains had their pH 
maximum for binding collagen type-I. 
Except for the optimum, all the curves 
had a similar appearance. 

Table 3. Effect of protease and lysozyme treatments on PF67, 
B27, and L. reuteri NCIMB 11951 a 

% Relative binding 

Strains B27 PF67 NCIMB 11951 

Control 100 100 100 
Proteinase K 14 31 26 
Trypsin 99 110 t 11 
Pepsin 104 120 106 
Papain I04 116 99 
Lysozyme 96 101 98 

a Effect of protease-treated lactobacilli (B27, PF67, and NCIMB 
11951) and their ability to bind Cn-I. Proteases and lysozyme 
were added to a final concentration of 60 ~g/ml. Proteinase K 
was the only protease that decreased the Cn-I binding abilities. 

t ivity.  Gu l lma r  et al. [7] and  D ickson  and  K o o h m a r -  
aie [5] s tudied cell surface hyd rophob ic i t y  and  
charge and  the poss ib le  re la t ionsh ip  of  these  proper-  
ties in the co lon iza t ion  of  the in tes t ina l  t ract  of  ani-  
mals  and  a t t a c h m e n t  to mea t  surfaces .  Our  f inding 
that  specific col lagen b ind ing  is c o m m o n  a m o n g  lac- 
tobacil l i  of  va r ious  origins may  suggest  that  these  
mic robes  are adap ted  to co lonize  va r ious  t issues  by  
in te rac t ing  wi th  col lagens  or col lagen- l ike ,  prol ine-  
r ich p ro te ins  in  the m u c i n  layer  in a s imilar  m a n n e r  
as ce r ta in  oral  bac te r io ides  in te rac t  with sa l ivary  
pro te ins  in the oral  cavi ty  [13, 19]. 

F u r t h e r  w o r k  on  the i sola t ion  and  character iza-  
t ion of the co l l agen-b ind ing ,  p ro t e inase  K-sens i t ive  
surface c o m p o n e n t  of  L a c t o b a c i l l u s  r e u t e r i  N C I M B  
11951 is n o w  in  progress  in our  l abora tory .  

Table 4. The blocking effect of some proteins and sugars on 
strain PF67, B27, and L. reuteri NCIMB 11951a 

Relative binding 
of strains (%) 

Amount of NCIMB 
added agent B27 PF76 11951 

Control 100 100 100 
Cn-I 100/zg 84 58 73 
Gelatin 100/xg 10 29 41 
BSA 10 izg 98 102 113 
Fibronectin 100/xg 113 118 109 
IgG 100/xg 109 NT NT 
D-galactose 100 tzg 102 96 105 
D-mannose 100 /zg 110 96 100 
D-fucose 100 /zg 91 98 96 
Tween 20 1% 92 104 98 

Cn-I, Collagen type I; NT, not tested. 
a Effect of various proteins and sugars on binding of Cn-I for three 
strains B27, PF67 and L. reuteri NCIMB 11951. The proteins or 
sugars were added at the same time as the radiolabeled Cn-I. 
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