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SUMMARY

The impor tance o f  bac ter ia l  adhes ion  to  sor id  subs t ra ta  in
var ious  app l ica t ions  o f  env í ronmentar ,  med icar  and indus t r ia l
in te res t  i s  po in ted  ou t  in  chapter  1  o f  th is  thes is .  Adhes ion
of  o ra l  bac ter ia  to  tee th  can be  fo r lowed by  bac ter ia l  g rowth
and metabo l ic  ac t i v i t y  and causes  denta l  car iès  and per ioáontar
d íseases .  An unders tand ing  o f  the  mechan ism o f  bac ter ia r
adhesion contr ibutes to the development of new preventive
measures  in  dent is t ry ;  th is  requ i res  a  de ta i led  knówledge o f
the  chemicar  compos i t ion  and phys ico-chemicar  p roper t ies  o f  the
b a c t e r i a l -  c e I 1  s u r f a c e s .
The a j -ms o f  th is  s tudy  were :
(  1 '  )  to  charac ter ize  orar  s t rep tococca l  ce11 sur faces  by  the i r

ze ta  po ten t ia l ,  sur face  f ree  energy  and e l -ementa l  and
molecu la r  compos i t ion

( 2 )  t o  e x p l a i n  p o s s i b l e  r e l a t i o n s  b e t w e e n  t h e  d i f f e r e n t  s u r f a c e
parameters

( 3 )  t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  s a r i v a  t r e a t m e n t  o f  o r a l
s t rep tococc i  on  the  sur face  proper t ies .

As  a  secondary  a im,  the  sur face  proper t ies  o f  o ra l_
s t rep tococc i  were  compared w i th  those o f  non-encapsura ted  and
encapsura ted  coagurase-negat ive  s taphy lococc i .  Th is  was done
to  es t imate  the  generar  var id i ty  o f  the  prev ious  resu l ts .
chapter  2  p resents  a  t i te ra tu re  survey  on  bac ter i -a t  cer t  war t
p roper t ies .  spec ia r  a t ten t ion  has  been g iven to  a  cornp i ra t ion
of  the  phys ico-chemica l  sur face  proper t ies  o f  bac ter ia  re levant
fo r  adhes ion  (ze ta  po ten t ia l ,  hydrophob ic i ty  and chemica l
compos i t ion) .  Desp i te  the  abundant  l i te ra tu re  on  the  bac ter ia f
cer r  war l  and the  phys ico-chemica l  sur face  proper t ies  o f  these
cer l -  wa l rs ,  no  de ta i led  compar isons  be tween the  four  phys ico-
chemica l  sur face  proper t ies  ment ioned ( re revant  fo r  aàhès ion)
have been made.
rn chapter 3 an overview of the major experimentar- techniques
employed in  th is  s tudy  is  p resented :  e rec t rophores is ,  con tac t
ang le  measurements ,  X- ray  photoerec t ron  spec t roscopy  and
t ransmiss ion  in f ra red  spec t roscopy .  The ra t te r  two techn iques
were  appr ied  to  f reeze-dr ied  cer rs ;  the  erec t rophores is  was
used on  fu r ry  hydra ted  ce11s ,  whereas  the  coàtac t  ang le
measurements  were  employed on  par t l y  dehydra ted  bac ter ia .
rn  chapter  4  phys ico-chemica l  sur face  charac ter is t i cs  and
adhes ive  proper t ies  o f  a  ser ies  o f  mutants  o f  s .  sar ívar iu ,s  HB,
wi th  de f ined ce t r  sur face  s t ruc tu res  are  descr ibed and
d iscussed.  ze ta  po ten t ia ls  re la ted  ne i ther  w i th  the  presence
or  absence o f  spec i f i c  an t igens  on  the  bac ter ia l  ce l - r  sur face
nor  w i th  the  adhes ive  proper t ies  o f  the  ce t ls .  The remova l  o f
f ib r i rs  f rom these cer l  sur faces  resur ted  in  a  more  hydroph i l i c
charac ter  (h igher  sur face  f ree  energy) .  Bac ter ia l  adhes ion  to
the  po lymer  po lymethy lmethacry la te  inc reased w i th  inc reas inq
hydrophobicity of the mutants
The resu l ts  ob ta ined by  severa l  methods ,  commonly  empl -oyed in
mic rob io logy  to  de termine bac ter ia r  ce l l  sur face  hydrophoÉic i ty
inc lud ing  the  adsorp t ion  to  hexadecane,  hydrophob ic  in te rac t ion
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chromatography ,  sa l t  aggregat ion  and contac t  ang le  measurements
are  compared in  chapter  5 .  No cor re la t ions  were  observed
between the  resu l ts  o f  the  var ious  tes ts  when app l ied  to  a  w ide
var ie ty  o f  o ra l  s t rep tococcaL s t ra ins .  However ,  good
cor re la t ions  be tween the  ment ioned hydrophob ic i ty  tes ts  were
obta ined fo r  S .  sa7 ívar ius  HB and the  range o f  mutants
depr ived  o f  sur face  s t ruc tu res .  I t  i s  conc luded tha t  i t  i s
imposs ib le  to  de f ine  the  sur face  "hydrophob ic i ty "  o f  a
bac ter ium o therwÍse  than on  a  compara t ive  leve t  in  c lose ly
re la ted  s t ra ins .  Fur thermore ,  we conc lude tha t  the  express ion
"hydrophob ic i ty "  shou ld  no t  be  used w i thout  exp l i c i te ly
ment ion ing  o f  the  techn ica l  de ta i l s  o f  the  measurements .
Chapter  6  descr ibes  the  in f luence o f  sa l i va  coat ing  on  the
sur face  f ree  energy  o f  a  range o f  o ra l  s t rep tococc i .  The Iow
sur face  f ree  energy  s t ra ins  showed a  s ign i f i can t  inc rease in
th is  parameter  a f te r  sa l i va  t rea tment .  The h igh  sur face  f ree
energy  s t ra ins ,  however ,  were  no t  s ign i f i can t ly  a f fec ted  by  the
s a l i v a  t r e a t m e n t .
The de terminat ion  o f  bac ter ia l  ce l l  sur face  f ree  energ ies  f rom
contac t  ang les  measurements  i s  ted ious  and de l i ca te ,  as
emphas ized in  chapter  7 .  Espec ia l l y  excess ive  dry ing  o f  ce11
sur faces  can cause dev ia t ions  f rom the  phys io log ica l l y
re levant  resu l ts  due to  co l lapse o f  hydrophob ic  sur face
s t ruc tures .  Th is  can be  conc luded f rom a  compar ison o f  water
contac t  ang les  measured on  par t l y  dehydra ted  and f reeze-dr ied
ora l .  s t rep tococc i .
Chapter  I  p resents  the  e lementa l  sur face  compos i t ions  o f  S .
sa-l i .yar- ius HB and mutants as measured by X-ray photoelectron
spec t roscopy .  An increas ing  loss  o f  p ro te inaceous f ib r i l l a r
sur face  an t igens  was concur ren t  w i th  a  decrease in  the  N/C
(n i t rogen/carbon)  sur face  concent ra t ion  ra t io  and a  decrease in
the  isoe lec t r i c  po in t .
In  chapter  9 ,  the  ze ta  po ten t ia ls ,  sur face  f ree  energ ies  and
e lementa l  sur face  compos i t ions  o f  a  much broader  var ie ty  o f
o ra l  s t rep tococca l  s t ra ins  a re  compared.  A  decrease in  the  N/C
surface concentrat ion rat io was found to be concurrent with an
increase in  the  O/C (oxygen/carbon)  ra t io .  S imu l taneous ly ,  w i th
the  decrease in  the  N/C concent ra t ion  ra t io  the  isoe lec t r i c
po in t  decreased and the  sur face  f ree  energy  inc reased.  I t  i s
conc luded tha t  ze ta  po tên t ia fs ,  sur face  f ree  energ ies  and
e lementa l  compos i t ions  o f  bac ter ia l  ce l l  sur faces  show c lear
re la t ionsh ips ,  desp i te  the  fac t  tha t  these parameters  were
measured in  d i f fe ren t  hydra t ion  s ta tes  o f  the  sur face .
The in f luence o f  sa l i va  t rea tment  o f  o ra l  s t rep tococc i  on  the i r
ze ta  po ten t ia ls ,  sur face  f ree  energ ies  and e lementa l  sur face
composit ions is presented in chapter 10. The adsorption of
sa l i vary  cons t i tuents  was de tec tab le  w i th  a I l  techn iques
app l ied .  S imi la r  re la t ionsh ips  as  ind ica ted  above fo r  the
unt rea ted  s t ra ins  (descr ibed in  chapter  9 )  were  a lso  observed
for  the  sa l i va- t rea ted  s t ra ins .  Àn increase in  the  N, /C sur face
concent ra t ion  ra t io  was concur ren t  w i th  an  inc rease ln  the
isoe lec t r i c  po in t ,  a  decrease in  the  O/C sur face  concent ra t ion
ra t io  and a  decrease in  the  sur face  f ree  energy .
In  chapter  1L ,  the  mofecu la r  compos i t ion  o f  o ra l  s t rep tococc i
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s t rep tococc i

i s  de termined by  t ransmiss ion  Ín f ra red  spec t roscopy .  A t -1
s t ra ins  inves t iga ted  show s imi la r ly  shaped spec t ra .  They
d i f fe red  however  in  absorp t i -on  band ra t ios .  Two pos i t i ve
r e l a t i o n s h i p s  c o u t d  b e  e s t a b l i s h e d  b e t w e e n  t h e  A m I I / C H  ( N - H
bend ing  in  amide bonds)  absorp t ion  band ra t io  and the  N/C
sur face  concent ra t ion  ra t io  de termined by  X- ray  photoe lec t ron
spec t roscopy  as  we l l  as  be tween the  AmI , /CH (C=O s t re tch  in
amide bonds )  and the  f rac t ion  o f  carbon a toms a t  the  sur face
invo lved in  an ide  bonds.  These reLat ionsh ips  ind ica te  tha t ,
desp i te  the  fac t  tha t  t ransmiss ion  in f ra red  spec t roscopy  is  a
bu lk  techn ique,  i t  re f lec ts  the  sur face  compos i t ion  o f  f reeze-
d r i e d  b a c t e r i a .
Add i t iona l  ev idence fo r  th is  sur face  sens i t l v i t y  o f
t ransmiss ion  in f ra red  spec t roscopy  in  the  s tudy  o f  bac ter ia l
ce l l  sur faces  is  p rov ided in  chapter  L2 ,  where  i t  was  found
tha t  the  amide absorp t ion  bands o f  the  ce t ts  s ign i f i can t ly
increased a f te r  adsorp t ion  o f  sa l i vary  cons t i tuents .
In  an  a t tempt  to  de termine whether  the  re la t ionsh ips  be tween
the  ze ta  po ten t ia ls ,  sur face  f ree  energ ies  and e lementa l -  and
molecu la r  conpos i t ions  observed fo r  o ra l  s t rep tococc i  have any
genera l  va l id i t y ,  phys ico-chemj -ca l  p roper t Íes  o f  non-
encapsu la ted  and encapsu l -a ted  coagu lase-negat ive  s taphy lococc i
a re  de termined in  chapter  13  and compared w i th  those o f  o ra l
s t rep tococc Í .  Wi th in  the  re la t ionsh ips  be tween sur face
proper t ies  observed,  an  lnc rease in  the  O/C sur face
concent ra t ion  ra t io  was a lways  concur ren t  w i th  a  decrease in
the  N/C sur face  concent ra t ion  ra t io  and an  inc rease in  the
sur face  f ree  energy .  The N/C and P/C (phosphorus /carbon)
sur face  concent ra t io r r  ra t ios  showed pos i t i ve  cor re la t ions  w i th
the  AnI I /CH and Pf /CH (phosphate)  absorp t ion  band ra t ios .  The
s taphy lococc i  cou ld  be  d is t ingu ished f rom the  s t rep tococc i  by
t h e i r  d i f f e r e n t  a b s o l u t e  v a l u e s .
In  the  genera l  d iscuss ion  (chapter  14)  o f  th is  thes is  the
phys ico-chemica l  sur face  proper t i -es  o f  the  ora l  s t rep tococca l
s t ra ins  a re  d iscussed in  re la t ion  w i th  the i r  adhes ion  to  so l id
subs t ra ta .  I t  i s  conc luded tha t  a l l  parameters  inves t iga ted
show re la t ions  w i - th  bac ter ia l  adhes ion  under  ín  v í t ro  and in
v iyo  cond i t ions .
Summar íz ing ,  i t  can  be  s ta ted  tha t  the  four  phys Íco-chemica l ,
techn iques  used in  th is  thes is  to  s tudy  bac ter ia l  ce I I  sur face
proper t ies  a re  un ique in  the  sense tha t  they  show
comprehens ib lê  re la t ionsh ips .
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