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PERMANENT ATTACHMENT OF MYXOBACTERIA 
M YX O C O C C U S X A N T H U S

The perm anent attachm ent o f M yxococcus xan thus V-25 and M. 
xanthus 422 to the hydrophobic and hydrophilic surface was studied. 
The strains attached m ostly to the hydrophobic surface. Protease and  
chloramphenicol did not promote the cells to detach from both surfaces, 
but sodium  periodate did. This suggests that exopolysaccharide m ay  
play a role in their perm anent attachment. The presence o f  Zn, Pb, 
Cd and Cr induced the changes in the perm anent attachm ent o f the 
strains to both types o f the surfaces. It appeared to be reflected in the 
changes to the charge and hydrophobic characteristics o f the cell 
surfaces m easured by hydrophobic and electrosta tic interaction  
chromatography. There was a decline in attachm ent for death phase 
cells compared exponential and stationary phase cells but there were 
no major changes in the cell surface characteristics with growth phase. 
This suggests  tha t cell physiological a c tiv ity  m ay  contribute to 
irreversible adhesion for myxobacteria, however, ClCCP, a metabolic 
inhibitor, did  not affect the perm anent attachm ent o f the cells. The 
attachm ent o f both strains declined with increasing pH. Possible 
m echanism s for the perm anent attachm ent are discussed in the light 
of these results.

K  e y  w  o r  d s: myxobacteria, attachment, hydrophobic and hydrophilic 
surface

M yxobacteria are gliding bacteria which have complex life cycles involving 
extensive communication and co-operation between cells e.g. in fructuation [1]. 
The gliding habit of myxobacteria m akes contact with solid surfaces crucial [2], but 
although the mechanisms for their gliding motility have been m uch studied, little is 
known about the other surface contact interactions e.g. the perm anent attachment.

Gliding motility involves tem porary attachm ent to a solid surface. Myxococcus 
xanthus  Beebe, 1941 shows two distinct forms of gliding motility. The first is 
m ovem ent that involves co-operation betw een cells and cell-cell proximity term ed 
S-motility. S-motility appears based on the extension pili and their adhesion to a 
matrix of fibrils, composed of proteins and carbohydrates, followed by the retraction 
of the pili. The second type of m ovement, A-motility, allows individual cell 
m ovem ent and is driven by the extrusion of slime. A-motility under some conditions 
may contribute to group motility. S-motility ap p ears  to  d o m in a te  th e  m o v em en t 
of M. xanthus  on soft surfaces while A-motility is m ore im portant on hard surfaces

© O. L. Rakhimova, V.O. Ivanytsya, S. M cEldowney

18 MiKpo6ioAoriR i бютехнолопя № 1/2007

L

mailto:rakhimo@mail.ru


PERMANENT ATTACHMENT OF MYXOBACTERIA MYXOCOCCUS XANTHUS

such as hard agar. The com plex developm ental life-cycle of myxobacteria requires 
cell-cell signaling, motility and contact with solid surfaces. In low nutrient conditions 
vegeta tive cells ag g reg a te  and  d ifferen tiate  in to  fru iting  bodies. S-m otility 
contributes substantially to this process [2, 3]. O ther gliding bacteria, such as 
Flexibacter sp., are capable of both  the tem porary adhesion, allowing lateral 
movement, to substrata th a t is prerequisite of gliding motility and perm anent 
(irreversible) attachm ent. Perm anent attachm ent is characterized by bacterial cells 
being firmly a ttached  to one site on the surface even when exposed to the 
considerable sheer forces. There are two phases in perm anent attachm ent of 
bacterial cells, reversible and irreversible adhesion. The former is controlled by 
long-range forces e.g. London-van der W aals forces, while the irreversible adhesion 
is driven by short-range interactions e.g. hydrophobic and charge interactions 
betw een the solid and cell surfaces. The ex ten t of perm anent attachm ent to the 
surfaces is determ ined by a num ber of factors including the characteristics of the 
bacterial cell surface, the nature of the solid surface and liquid phase [4].

The aim of this study was to investigate the permanent (irreversible) attachment of 
two M. xanthus strains to the hydrophobic and relatively hydrophilic polystyrene surface.

Materials and Methods

M yxococcus xanthus V-25, isolated from U krainian soil, and M. xanthus 422 
(provided by Professor J. M a Arias-Penalver, G ranada University, Spain) were 
used in this study.

CT bro th  (100 ml) containing 2 % (w/v) casitone (Difco) and 0.2% M gSO4 □  
H2O in 0.01M potassium  phosphate buffer (pH 7.6) was in o cu la ted  w ith 1 ml 
M. xanthus  from CT starter cultures. The cultures were grown under 30 °C 
before harvesting (11,000 av. g, 4 oC) and suspending  in 10 ml 0.2 mM  m aleate 
buffer (pH 7). The cells were w ashed once and resuspended  in m aleate buffer 
(pH 7) to cell density  of 1-2 x 109 cells ml-1. Five ml of each cell suspension 
were transferred  to duplicate 5 cm polystyrene petri dishes (PD) (Sterilin), a 
hydrophobic surface, and duplicate tissue culture trea ted  polystyrene dishes 
(TCD) (Costar), relatively hydrophilic surface. The a ttachm ent substrata were 
incubated  for 2 h a t 30 °C and  then  w ashed gently  th ree tim es with 0.2 mM 
m aleate buffer (pH 7) to  rem ove loosely attached  bacteria. The a ttached  bacteria 
were then  fixed and stained with crystal violet. Bacterial attachm ent was estim ated 
by m easuring the A540 of the stained attached  bacteria. Four readings of random ly 
selected  areas were taken  from each of the duplicate dishes. The results were 
expressed as A540 (x 103) of the a ttached  cells with the 95 % confidence limits of 
the m ean (n =  8).

T h e  a d h e s io n  a s s a y s  d e te rm in e d  th e  e f fe c t  of g ro w th  p h a s e  on 
a ttach m en t, th e  e ffec t of se lec ted  heavy  m eta ls  on ad h esio n , th e  effec t of 
th e  inh ib ito r carbon il cyan ide m -ch lo ropheny l-hydrazone  (ClCCP), th e  effect 
of pH  on adh esio n .

To determ ine the detachm ent assay the substrata with the a ttached  cells 
inoculated  with 5-ml volum es of one of the following: (i) 0.2 mM  m aleate buffer 
(pH 7) (control); (ii) 5 m g chloram phenicol m l-1 (Sigma) in m aleate buffer; (iii) 1 
un it per 5 ml bacterial pro tease (Sigma) in m aleate buffer; (iv) 1% (w/v) sodium  
periodate (Sigma). The duplicate p lates were incubated  at 30 oC for further 2 hrs 
before washing, staining and determ ining the A540 of a ttached  cells. The results 
were expressed as the percen tage of A540(x 103) detached  by  the trea tm ent in 
com parison with the detachm ent control. If the 95% confidence limits of the 
m ean (n =  8) for treatm ents and control overlapped then  no additional detachm ent 
was considered to  have occurred.

C ell surface charac teristics  w ere investigated  by ad ap tin g  the  m ethod  
previously described [16]. The strains were grown in CT m edium  a t 30 oC to
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exponential, stationary, or death  phase. The cells were harvested, w ashed once 
and resuspended  in m aleate buffer (pH 7) or buffer containing 1.0 mM ClCCP. 
The strains were also grown for 48 h in CT m edium  containing 0 mM  (control) 
or 0.1 mM  C r(N O 3)3. 9 H 2O, ZnSO4. 7 H 2O, C dC l2. H2O or Pb(NO3)2. The cells were 
harvested  by centrifugation, w ashed once and resuspended  in m aleate buffer 
(pH 7) to optical density  of 1 — 2 x 109 cells ml-1.

The results were e xpressed as the percen tage of A540 re tained in the column: 
the larger percentage, the m ore hydrophobic, anionic, or cationic the cells. 
D iscrepancy of < ±  5 % betw een duplicate colum ns was considered acceptable.

All experim ents were repeated  a t least once.

Results and discussion

Attachm ent of both myxobacterial strains was far greater to the hydrophobic 
surface than the relatively hydrophilic surface in all the growth phases (Table 1). 
There was no significant difference in perm anent attachm ent between the late 
exponential phase cells and the stationary phase cells for both strains. There was, 
however, a significant reduction in the attachm ent for death phase cells (Table 1). 
The presence of ClCCP did not inhibit attachm ent in any growth phase for either 
strain, in fact there was a slight rise in the attachm ent induced by ClCCP for death 
phase cells. M. xanthus 422 showed higher attachm ent to the relatively hydrophilic 
surface (TCD) than M. xanthus V-25, but the extent of the attachm ent to the 
hydrophobic surface was similar for both strains (Table 1).

Table 1
The effect of growth phase and ClCCP on the attachment of M. xanthus strains 

to the hydrophobic surface (PD) and relatively hydrophilic surface (TCD)

A-540 o f  a ttached  ce lls  (x  103)

S train
M. xanthus

Surface C ond ition E xponen tia l 

p h ase  cells

S ta tionary  

p h ase  cells

D eath  

phase  cells

PD C ontro l 27 .00  ±  4 .0 0 a 30 .00  ±  3.00 1 .5 0 1 0 .0 2

V -25
+ C lC C P b 36.00  ±  5.00 3 1 .0 5 1 4 .0 0 1 .7 2 1 0 .0 3

T C D C ontro l 3 .00  ± 0 .2 0 3.17 ±  1.00 0.35 1 0 .0 6

+C1CCP 3.00  ±  0 .30 3 .2 0 1 1 .0 0 0 .7 1 1 0 .0 1

PD C ontro l 32 .00  ±  6.00 35.55 1 5 .0 0 2 .4 6 1 0 .0 3

422
+C1CCP 43 .0 0  ±  7 .00 3 6 .1 7 1 3 .0 0 2 .8 2 1 0 .0 4

T C D C ontro l 8 .00  +  0 .80 8 .5 0 1 0 .8 0 0 .68  1 0 .0 6

+C1CCP 8 .9 0 1 0 .9 0 8.57 1  0.60 1 .5 0 1 0 .0 6

a 95 % confidence limits of mean (n =  8) 
b 1 mM carbonil cyanide m-chlorophenyl-hydrazone

The effect of the heavy m etals on the perm anen t a ttachm ent of the two 
strains was broadly  similar, b u t varied with the solid surface (Table 2). The 
presence of each metal, in general, significantly increased  the a ttachm ent of the 
strains to  the relatively hydrophilic surface. There was no rise in a ttachm ent to 
this surface with increasing m etal concentration (0,1 and 5,0 mM). The attachm ent
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to the hydrophobic surface, however, increased significantly in the presence of 
0,1 mM concentrations of all three metals but showed the marked decline at 5,0 mM 
concentrations of the m etals (Table 2).

Table 2
The effect of selected heavy metals on the attachm ent of M. xanthus  strains 

to the relatively hydrophilic surface (TCD) and hydrophobic surface (PD)

Strain 

M. xanthus

V-25

Heavy A540 of attached cells (x 1 0 3)

metal PD TCD

0,0 mM 0,1 mM 5,0 mM 0,0 mM 0,1 mM 5,0 mM

Cr 27.0 ±0.5a 33.0 ± 1.0 16.0 ±5.0 3.0 ±0.2 8 . 0  ± 2 . 0 7.0 ±2.0

Zn 27.0 ±0.5 30.0 ±1.0 15.0 ±3.0 3.0 ±0.2 4.0 ±0.5 4.0 ±0.1

Cd 27.0 ±0.5 31.0 ±1.0 15.0 ±4.0 3.0 ±0.2 6 . 0  ± 1 .0 5.0 ±0.5

Pb 27.0 ±0.5 32.0 ±1.0 16.0 ±5.0 3.0 ±0.2 4.0 ±0.5 4.0 ±0.1

Cr 32.0 ±1.0 39.0 ±3.0 18.0 ±3.0 8 . 0  ± 0 . 8 15.0 ±4.0 15.0±1.0

Zn 32.0 ±1.0 38.0 ± 3.0 15.0 ±3.0 8 . 0  ± 0 . 8 9.0 ±2.0 10.0 ±0.5

Cd 32.0 ±1.0 37.0 ±2.0 15.0 ±3.0 8 . 0  ± 0 . 8 10.0 ±3.0 1 2 .0 ±1 .0

Pb 32.0 ±1.0 38.0 ± 2.0 16.0 ±4.0 8 . 0  ± 0 . 8 11.0 ±0.5 1 2 . 0  ± 1 .0422

95 % confidence limits of mean (n =  8)

As pH  increased so the levels of the perm anent attachm ent to the hydrophobic 
and the hydrophilic surface declined and  looks similar for bo th  strains (Fig. 1).

5 5,5 6 6,5 7  7,5 8 8,5 9 9,5

pH
Fig. 1. Effect of pH  on the perm anen t attachm en t of M. xanthus  V-25 to the 

hydrophobic (PD) surface M  ) and relatively hydrophilic (TCD) surface ( D . )The 
bars rep resen t the 95% confidence limits of the m ean (n =  8)
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The a ttach ed  cells of M. xan thus  V-25 and  422 did n o t desorb  in the 
presence of either chloram phenicol, the inhibitor of protein synthesis, or protease. 
The presence of sodium  periodate, which denatu res e x opolysaccharide, resulted  
in 30% and 10% detachm ent of M. xan thus V-25 from PD and TCD respectively. 
In the case of M. xanthus 422 a 40% and 20% detachm ent occurred from PD and 
TCD respectively after trea tm ent with sodium  periodate.

C ell surface h y d ro p h o b ic ity  (m easured  by  HIC) of th e  two m yxobacterial 
s tra in s  w as sim ilar an d  rem a in ed  re la tiv e ly  c o n s ta n t w ith  grow th  p h ase  
(Table 3). T here was m ore varia tion  in the  e lec tro sta tic  in te rac tio n s (m easured 
by  EIC) for th e  tw o organ ism s. Both stra in s  show ed g re a te r  b in d in g  to  the  
EIC (A + C ) ex ch an g e  resin , w hich  b in d s b o th  n eg a tiv e  an d  p ositive  groups, 
th an  to  EIC (A), w hich  b in d s  n eg a tiv e  g roups, in all th re e  grow th  phases. 
T his su g g es ts  th a t  th e  ce lls  of b o th  stra in s  te n d e d  to  be  e lec tro p o sitiv e . In 
g en era l, th e  p re sen ce  of C lCC P, th e  m etab o lic  inh ib ito r, h ad  little  e ffec t on 
th e  cell su rface  ch a rac te ris tic s  of e ith e r s tra in s  (Table 3).

Table 3
The effect of growth phase on the cell surface characteristics of M. xanthus 

strains measured by electrostatic and hydrophobic interaction 
__________________ __________ chromatography_____________________________

Strain Columnb
% of cells retained in the columns3

M. xanthus
Exponential 

Growth phase

Stationäre 

Growth phase

Death

Growth phase

Control ClCCPc Control ClCCPc Control ClCCPc

HIC 84 ± 4  d 90 ± 5 88 ± 5 90 ± 6 96 ± 8 97 ± 6

V-25
EIC(A+C) 73 ± 4 69 ± 3 74 ± 5 71 ± 3 95 ± 8 73 ± 7

EIC(A) 53 ± 2 48 ± 3 48 ± 2 46 ± 2 51 ± 4 70 ± 7

HIC 80 ± 4 85 ± 5 90 ± 6 91 ± 5 92 ± 6 95 ± 6

422
EIC(A+C) 60 ± 3 50 ± 2 85 ± 6 80 ± 7 91 ± 8 90 ± 6

EIC(A) 50 ± 2 45 ± 2 55 ± 2 50 ± 1 65 ± 3 60 ± 4

a Calculated as the percentage of A540 retained in the column.
b HIC, hydrophobic interaction chrom atography column; EIC(A +  C), mixed anion and cation 
interation column; EIC(A), anion interaction column. 
c 1 mM carbonil cyanide m-chlorophenyl-hydrazone 
d SEM (n =  3)

T he p re sen ce  of Cr, Zn, C d and  Pb in c re ased  b o th  th e  h y d ro p h o b ic  and  
charge charac teristics  of th e  M. xa n th u s V-25 and  M. xa n th u s 422 cell surfaces 
(Table 4). T he m ost su b s tan tia l in c reas in g  w as found  for EIC (A) su g g es tin g  
th e  in c rease  in th e  positive  ch a rg e  of th e  ce lls  in th e  p re sen ce  of th e  m eta ls  
(Table 4).
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Table 4
The effect of heavy metal cations on the cell surface characteristics of M.xanthus 
strains measured by electrostatic and hydrophobic interaction chromatography

Strain Columnb
% o f cells retained in the columns3

Control Cr Zn Cd Pb

V-25

HIC 90 ± Ie 97 ±2 99 ± 1 98 ± 2 99 ± 1

EIC(A+C) 70 ± 3 88 ± 2 87 ± 3 90 ± 4 79 ± 4

EIC(A) 50 ± 3 90 ± 2 90 ± 4 100 ± 1 83 ± 2

422

HIC 90 ± 1 99 ± 1 97 ± 4 96 ± 2 97 ± 3

EIC(A+C) 70 ± 2 81 ± 3 88 ± 3 86 ± 2 85 ± 3

EIC(A) 55 ± 4 90 ± 4 92 ± 4 87 ± 1 89 ± 3

a Calculated as the percentage of A540 retained in the column.
b HIC, hydrophobic interaction chrom atography column; EIC(A+C), mixed anion and cation 
interation column; EIC(A), anion interaction column. 
c SEM (n =  2)

This research dem onstrates th a t M. xan thus  strains no t only exhibit the 
tem porary  adhesion  of g lid ing  m otility  b u t are also capable of perm anen t 
a ttach m en t to  solid substrata . O ur resu lts  su g g est th a t the  m echanism  of 
perm anen t attachm en t of these organism s m ay involve com plex interactions 
betw een several different cell characteristics.

M. xanthus 422 and  M. xan thus V-25 bo th  showed far g reater perm anen t 
adhesion  to the hydrophobic surface than  to the relatively hydrophilic surface 
(Table 1 and Table 2, Fig. 1). H ydrophobic in teractions are believed to be key 
determ inants of bacterial a ttachm ent [1], th a t is well known th a t cell surface 
charge is only im portan t a t cell low surface hydrophobicity. The m yxobacterial 
strains studied both  had high surface hydrophobicity  and, we are sure cell 
hydrophobicity  m ight be considered largely  responsible for their perm anen t 
attachm ent. This is supported  by  the greater adhesion to the hydrophobic surface, 
and by the fact tha t cells becam e m ore hydrophobic, as well as m ore highly 
charged (Table 4), after accum ulating all the heavy m etals studied, w hen they  
also ten d ed  to show increased  adhesion (Table 2).

H ydrophobicity  was not, however, the  only  d e term in an t of p e rm an en t 
attachm en t for the two M. xan thus  strains. This was ind icated  by the findings 
th a t death  phase cells a ttached  least (Table 1), despite these cells have similar 
hydrophobicity  to stationary  and exponential phase cells (Table 3). M oreover, 
exposure to  5 mM  m etal so lu tions resu lted  in red u ced  a ttach m en t to  the 
hydrophobic bu t n o t the relatively hydrophilic surface (Table 2), even though 
the cell surface hydrophobicity  increased  after exposure to the m etals (Table 3). 
In their classic study M arshall e t al [4] proposed activly related  adhesion process 
specifically th rough  the production  of exopolym er. A role for bacterial activity 
and  exopolym er production in perm anen t attachm en t has subsequently  been  
su p p o rted  by a num ber of s tud ies [1, 5]. The red u ced  a ttach m en t of the
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m yxobacterial strains we observed in dea th  phase m ay have been  due to some 
activity driven com ponent in their perm anent attachm ent. The m etabolic inhibitor, 
ClCCP, however, did n o t reduce their a ttachm ent (Table 1). The life-cycle of 
m yxobacteria requires sophisticated co-operation and aggregation of cells largely 
controlled by  cell-cell signaling [3]. Com m unication and co-operation betw een 
cells has b een  su g g ested  to  be excep tionally  im portan t in the  p erm an en t 
a ttachm ent of bacteria  [6]. The app aren t contradiction betw een the reduced  
a ttachm ent for dea th  phase cells b u t no similar reduction  for C lC C P-treated  
ce lls , m ay  b e  d u e  to  d iffe re n t e ffec ts  on  th e  fu n c tio n in g  of in te r-c e ll  
com m unication and co-operation mechanisms. The role of cell-cell com m unication 
and  co-operation in  perm anen t a ttachm ent of these m icro-organism s certainly 
w arrants further study.

The results of our investigation suggest tha t exopolym er contributes to the 
irreversible attachm en t of M. xanthus  and  it is probable tha t a key  effect of 
m e ta ls  on a t ta c h m e n t w as th ro u g h  an  e ffec t on e x o p o ly m er. N e ith e r  
ch loram phenico l nor p ro tease  caused  the  d e tach m en t of the  m yxobacteria 
perm anently  attached to the solid surfaces, bu t sodium periodate, which denatures 
exopolysaccharide, did. A ttachm ent of the strains to the hydrophobic surface 
ten d ed  to decline with increasing pH  (Fig. 1), as was found for Flexibacter sp, 
an o th e r type of g lid ing  bac terium  [18]. The effects of pH  are, of course, 
m ultifaceted, b u t it is notew orthy th a t changes in pH  can cause the alterations 
in the viscosity of e x opolymer. Similarly, binding of m etal cations to e x opolym er 
m ight increase its viscosity. C adm ium  bound to  the exopolym er of C itrobacter 
sp. changed  the m orphology of the exopolym er from diffuse and am orphous to 
electron opaque and structured  [7]. V iscosity has been  suggested  as one factor 
th a t determ ines w hether exopolym er acts as a tem porary  adhesive in  gliding 
m otility or as a perm anen t adhesive [8]. Binding of m etals to bacterial cell walls 
also substantially  changes the charge and hydrophobic characteristics of the 
cell surface [5], w hich in tu rn  m ay in flu en ce  a ttach m en t. In th e  case of 
m yxobacteria we found tha t there was increasing in both  hydrophobicity  and 
charge interactions, particularly  the positive charge in teractions of the cells 
(Table 4). Cadm ium  and zinc have previously been found to cause similar increases 
in the charge and hydrophobic characteristics of the cell surface of Pseudom onas 
fluorescens H2 [5]. In addition, the presence of the m etals had a considerable 
im pact on the physiological activity of the strains, clearly  dem onstrated  by the 
reduction  in respiration rate. V ariations in the physiological status of bacteria 
are known to induce changes in the cell surface characteristics [5]. M etal induced 
changes in the cell surface characteristics of the M yxococcus strains are likely to 
have im pacts on the cell-surface in teractions perm anen t adhesion  influencing 
the levels of a ttachm ent as observed in this study.

It is clear from our research  th a t m yxobacteria are capable perm anen t 
attachm ent to solid surfaces and tha t a num ber of different cellular characteristics 
contribute to this process. The life-style and gliding m otility of these bacteria 
m akes the contact with the surfaces essential. W hether the ability to irreversibly 
attach  plays a role for M. xanthus  in soil environm ents is unclear, bu t is worthy 
of further study.
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ДОЛГОСРОЧНОЕ ПРИКРЕПЛЕНИЕ 
МИКСОБАКТЕРИЙ MYXOCOCCUS XANTHUS

Реферат

Изучено долгосрочное прикрепление бактерий Myxococcus xanthus 
V-25 и M. xanthus 422 к гидрофобным и гидрофильным поверхнос­
тям. Показано, что миксобактерии лучше прикреплялись к гидро­
фобным поверхностям. Периодат натрия способствовал откреплению 
от обоих типов поверхностей, в отличие от протеазы и хлорамфени- 
кола. Присутствие Zn, Pb, Cd и Cr приводило к изменениям в при­
креплении штаммов к обоим типам поверхностей. Наблюдалось сни­
ж ение прикрепления в ф азе гибели клеток, по сравнению  с экспо­
ненциальной и стационарной фазами. С ущ ественны х отличий в 
изученных свойствах клеточной поверхности на различных фазах 
роста не выявлено. Прикрепление бактерий обоих штаммов сниж а­
лось с повышением рН. В свете полученных результатов обсуждены 
возможные механизмы долгосрочного прикрепления миксобактерий.

К л ю ч е в ы е с л о в а: миксобактерии, прикрепление, гидроф об­
ные и гидрофильны е поверхности.
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Реферат

Вивчено довготривале прикріплення бактерій Мухососсш хапШш ^ 2 5  
і М. халіИш  422 до гідрофобних і гідрофільних поверхонь. Показано, що 
міксобактерії краще прикріплювалися до гідрофобних поверхонь. Пер- 
іодат натрію сприяв відкріпленню від обох типів поверхонь, на відміну 
від протеази та хлорамфеніколу. Присутність Zn, РЬ, Cd і Сг призводи­
ла до змін в прикріпленні бактерій до обох типів поверхонь. С постеріга­
лось зниження прикріплення у  фазі загибелі клітин, в порівнянні з екс­
поненціальною та стаціонарною фазами. Суттєвих відмін вивчених вла­
стивостей поверхні клітин на різних фазах росту не виявлено. При­
кріплення бактерій обох штамів знижувалось з підвищенням рН. В світлі 
одержаних результатів обговорено можливі механізми довготривалої 
адгезії міксобактерій.

К л ю ч о в і с л о в а: міксобактерії, прикріплення, гідроф обна і 
гідрофільна поверхні.
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